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SECTION A

Answer ALL the questions in this section.

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 cross X.

1 The ultimate fate of the universe is uncertain.

Which of the following would result in an open universe?

] A The average density of the universe is equal to the critical density of
the universe.

[J B The average density of the universe is less than the critical density of
the universe.

[J C The mass of the universe is equal to the critical mass of the universe.
[J D The mass of the universe is greater than the critical mass of the universe.

(Total for Question 1 = 1 mark)

A hydrogen source on Earth emits a spectral line with a wavelength of 410 nm.

An observer determines the wavelength of the same line in the spectrum of a star.
The star is moving away from the Earth at 2.5% of the speed of light.

What is the wavelength of the line as determined by the observer?

L] A 400nm
] B 410nm
] C 420nm
[ D 430nm

(Total for Question 2 = 1 mark)

The distances to stars can be determined using trigonometric parallax.
Star X has twice the parallax angle of Star Y.

Which of the following statements is correct?

[ A The distance of Star X from Earth is twice the distance of Star Y from Earth.

[ B The distance of Star X from Earth is four times the distance of Star Y
from Earth.

[l C The distance of Star Y from Earth is twice the distance of Star X from Earth.

[ D The distance of Star Y from Earth is four times the distance of Star X
from Earth.

(Total for Question 3 = 1 mark)
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4 A satellite of mass m is on the Earth’s surface.
The satellite is moved into a circular orbit of height h above the Earth.
The mass of the Earth is M and the radius of the Earth is R.

Which of the following gives the change in gravitational potential energy of
the satellite?

GM  GM
(R+h) R
GMm — GMm

R (R + h)

GM  GM
(R+h)’ R
GMm — GMm

R® (R+h)

(Total for Question 4 = 1 mark)

5 Measurements related to a distant galaxy may be used to determine the value of the
Hubble constant.

Which two measurements related to a distant galaxy must be used?

distance from the Earth and mass

distance from the Earth and recession velocity
luminosity and mass

luminosity and recession velocity

(Total for Question 5 = 1 mark)

6 Buildings in earthquake zones often have a structure that includes ductile materials.
These materials help to damp oscillations of the building during an earthquake.

Which of the following describes a ductile material?

A material that behaves elastically under tension.

A material that has a large plastic deformation before it breaks.
A material that has a large value of breaking stress.

A material that has a large value of the Young modulus.

(Total for Question 6 = 1 mark)
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7 Astudent is investigating the absorption of gamma radiation by lead. Before starting the
investigation, she determines the background count.

Which of the following does not affect the background count?

]

L]
L]
L]

A the count time

B the location

C the temperature

D the type of detector

(Total for Question 7 = 1 mark)

8 Mars has approximately 8 times the mass of the Moon.

Mars has twice the diameter of the Moon.

The value of g on the surface of the Moon is 1.6 Nkg™.

What is the value of g on the surface of Mars?

N

(|
(|
(|

A 0.8Nkg™
B 1.6Nkg™
C 3.2Nkg™
D 6.4Nkg™

(Total for Question 8 = 1 mark)

9 Two gas cylinders have the same volume. One cylinder contains nitrogen gas. The other
cylinder contains oxygen gas.

Both gases are at the same temperature and pressure.

Which of the following statements is not correct?

N

(|
(|
(|

A Each cylinder contains the same number of molecules.

B The average molecular kinetic energy is the same for each gas.
C The density of gas is the same in each cylinder.

D The internal energy is the same for each gas.

(Total for Question 9 = 1 mark)
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10 A particle is undergoing simple harmonic motion.

The graph shows how the velocity v varies with time t for the particle.

v

Which of the following graphs shows how the displacement x varies with t during the
same time interval?
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(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 A nucleus of rhenium-187 decays to a nucleus of osmium by emitting a §~ particle.

(@) Complete the nuclear equation for the decay of rhenium-187.

(2)

Re —» Os + B+ v

(b) The energy released in the decay is 2.6 keV. You may assume that, in this case, the
beta particle receives all the emitted energy.

Calculate the speed of a - particle emitted in this decay.

Speed of B~ particle = ... ...

(Total for Question 11 = 5 marks)
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12 An airbag is a safety feature used in cars.

Nitrogen gas is released into an airbag. The airbag inflates to a volume of 7.08 x 102m”.
The pressure of gas in the inflated airbag is 1.24 x 10°Pa.

(@) Show that the number of molecules of nitrogen gas released into the airbag is
about 2 x 10%.

temperature of gas in airbag = 25°C

(b) Nitrogen gas escapes from small holes in the inflated airbag. The pressure decreases
to 3.45 x 10°Pa.

Calculate the number of nitrogen molecules that escape from the airbag.

The volume and temperature remain constant.

Number of nitrogen molecules that escape = ...

(Total for Question 12 = 5 marks)
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13 A cloud chamber is used to show the tracks of alpha particles and beta particles.
These particles ionise the air as they pass through the chamber.

Liquid droplets form around the ions. The droplets form visible tracks, as shown.

View from above

(Source: © sciencephotos/Alamy Stock Photo)
A student makes the following observations:
» the alpha particle tracks are thick and straight
» the beta particle tracks are thin and twisted.

Explain these observations.

(Total for Question 13 = 4 marks)
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14 Ice cubes can be made in an ice cube tray. One type of ice cube tray is shown.

(Source: © GraphicsRF.com/Shutterstock)

Each compartment in the ice cube tray has dimensions 2.5c¢cm by 2.5c¢cm by 3.5¢cm,

3.5cm

density of water = 1.00 x 10°kgm™

2.5¢cm

(@) Show that the mass of water needed to fill one compartment is about 0.02 kg.
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(b) All 6 compartments in the ice cube tray are filled with water to a depth of 3.5cm.
The ice cube tray is placed in a freezer.
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The initial temperature of the water is 22.5°C.
It takes 12 minutes for all the water to become ice at 0°C.

The manufacturer of the freezer states that the freezer can transfer energy at a rate
of 110W.

Evaluate whether energy is transferred from the water in the tray at a rate of 110W.

specific heat capacity of water = 4180Jkg™ K™
specific latent heat of fusion of water = 3.34 x 10°Jkg™
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(Total for Question 14 = 7 marks)
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15 Doctors can use ultrasound to monitor the heartbeat of a baby when it is developing
inside the mother.

(@) A baby’s heart was beating at 142 beats minute™. The wall of the baby’s heart was
moving with a maximum velocity of 22.0mms™.

Calculate the maximum displacement, in mm, of the wall of the baby’s heart.
Assume that the motion of the wall of the baby’s heart is simple harmonic.

Maximum displacement of wall of heart = ... ... mm

(b) The motion of the wall of the baby’s heart only approximates to simple harmonic.

State what is meant by simple harmonic motion.

(Total for Question 15 = 6 marks)
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16 A nucleus of thorium-230 is unstable and decays to a nucleus of radium-226 by emitting
an alpha particle.
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The table shows the masses of the particles involved.

Mass / u

Thorium-230 nucleus 230.0331

Radium-226 nucleus 226.0254

Alpha particle 4.0026
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(@) Determine the energy, in J, released when a nucleus of thorium-230 emits an
alpha particle.
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Energy released =

(b) Determine the time taken, in years, for 90% of the thorium-230 in a sample to decay
to radium-226.

half-life of thorium-230 = 75400 years
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Timetaken = .. ... years

(Total for Question 16 = 8 marks)
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17 In France, scientists from many countries are working together to build the K58
. . QLRI
International Thermonuclear Experimental Reactor (ITER). KB

(@) On the ITER website it states:

“Fusion is the energy source of the Sun and stars. In the core of these stellar bodies,
hydrogen nuclei fuse into helium nuclei and release tremendous amounts of energy.”

Explain why energy is released when hydrogen nuclei fuse to form helium nuclei.
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(b) Itis hoped that the ITER will be the first fusion device on Earth to maintain nuclear S
fusion for long periods of time. o 15

To achieve fusion in the ITER, a hot plasma is used. R

The plasma must

%
K
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* Dbe at an extremely high temperature o
e

K

» have sufficient density for fusion.

Explain why each of these two conditions must be met.

PRTATai%e!
s

S tarag%e!

S
Z

SR,

5600 1%

14

RN 00 O 0 A =
P 7 3 4 6 0RAO0 1 4 3 2



XK
XX
o
5
5
o

25
LIRS

%
0%
KL

IR,
Seleototatetetete
00‘030:0:0:0:0:0:0
ZRRRRKRKRE:

o RS ARIERRGGES

CIICIAIHAHA:

5
XK

vad 2 008
55
KR

ool e

X
<X

SR
0%
0%
SR
R

KR

X

%&&

00‘0.

'
daseNeseses
o teleds

XL

X

090

<>
%
S8
SRS
020!
RS

X
<

S
R

23

30%:%%

SRR
55

O 00
RS
ototeleds
batoetes
KRR

O
XK
%
Selotede
25
RS

0%
%

o%
5

19e%%
XK
%
&

[
SRR

0%

5

9 oo
R,

000 %
000 &

(LKLY
255

2050
Boseded

X%
K
e

XKLL
ot tetetetoteltotes
ELRREE
2 &KL
Sedelooted

0%
<

X
CRKLKS

ot
5

ZRRRRKRKRE:

%% %%
K RIIKRL
RS383%

-
e

%
[ 0
B0
RS

OO
g

R

Rateletotots

0%

(c) The graph shows the variation of binding energy per nucleon with proton number Z.

Binding energy
per nucleon/MeV

Li
5 oL

z

In one possible fusion reaction, a nucleus of °H fuses with a nucleus of *H.

A nucleus of “He and a free neutron are produced as shown in the following
nuclear equation.

H +°H - *He + ™
Determine the energy, in MeV, released when a nucleus of °H fuses with a nucleus
of °H.

Energy released = ... MeV

(Total for Question 17 = 9 marks)
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7

*18 Wax is heated until the temperature is above the melting point of the wax. The hot wax

is poured into a bowl and allowed to cool.

The graph shows how the temperature of the wax varies with time as it cools.

Temperature

|
|
|
|
|
|
|
|
i
X Y Time

Describe how the internal energy of the wax changes as the wax cools.

You should refer to the energy of the wax molecules as the liquid wax cools and
becomes solid, and the solid wax cools.

Times X and Y have been included to help you refer to the graph.

(Total for Question 18 = 6 marks)
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19 A student hangs a mass of 0.22 kg from two identical springs as shown.

She displaces the mass vertically and the mass oscillates with simple harmonic motion.

(@) The student measures the time t for the mass to complete 30 oscillations. She repeats
this measurement.

Her measurements are given in the table.

t /s t/s

1 2

13.65 13.70

The springs are taken from a box labelled k = 21Nm™.

Deduce whether the value of k stated on the label is correct.
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(b)

The student attaches the mass to one spring and holds the other end. She sets the
mass into oscillation by oscillating her hand vertically, as shown.

The student increases the frequency at which she oscillates her hand. She keeps the
amplitude of oscillation of her hand constant.

She observes that the amplitude of oscillation of the mass increases to a maximum
and then decreases.

(i) Explain this observation.

(i) The student makes the following conclusion:

O =

“As the frequency is increased, the amplitude of the mass increases to a
maximum, so energy conservation does not apply to this situation.”

Explain whether her conclusion is correct.

(Total for Question 19 = 10 marks)
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20 The Hertzsprung-Russell diagram for a star cluster is shown.

10°—

10° ...'o... ¢ © e
. . ° . '. . .o . o °
1()2" : * ‘;... ;::;: )

Luminosity / L
14 )

1074

T/K

(a) Add a scale to the horizontal axis.

(2)

(b) Explain how this Hertzsprung-Russell diagram shows that the star cluster is not a
young star cluster.

You should refer to groups of stars and their positions on this diagram.
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(c) In the early 20th century, Edwin Hubble observed the Andromeda Nebula. He saw
stars similar to the stars in our galaxy.

One star he saw was a standard candle known as V1.

Describe how measurements of this standard candle could demonstrate that the
Andromeda Nebula is not a nearby star cluster.

(Total for Question 20 = 9 marks)
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Ross-154 is one of the closest stars to the Sun. The graph shows how the power radiated
from Ross-154 depends upon wavelength 2.

Radiation power

600 700 800 900 1000 1100 1200 1300 1400
A1 nm

(@) (i) Show that the surface temperature of Ross-154 is about 3000 K.
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(i) A website states that the luminosity of Ross-154 is less than 0.5% of the
luminosity of the Sun, L.

Evaluate whether this statement is correct.

radius of Ross-154 = 1.18 x 10°m
L, = 3.83 x 10°W

(b) Scientists have observed an Earth-type planet in orbit around Ross-154. The radius
of the orbit is 0.096 AU.

Calculate the time for this planet to make one orbit of Ross-154.

1AU = 1.50 x 10" m
mass of Ross-154 = 3.38 x 10”°kg

Time for one orbit =

(Total for Question 21 = 11 marks)

TOTAL FOR SECTION B =80 MARKS
TOTAL FOR PAPER =90 MARKS
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Acceleration of free fall
Boltzmann constant

Coulomb’s law constant

Electron charge

Electron mass
Electronvolt

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

List of data, formulae and relationships

g=9.81ms>
k=138x10%JK!
k=1/4ne,
=8.99 x 10° N m? C?

e=-1.60x 10" C

m, =9.11 x 10" kg

leV =1.60x 107

G=6.67x 10" Nm?kg™
g=9.81 N kg™

£,=8.85x10"Fm
6.63 x 1034 J s
m, = 1.67 x 102" kg
c=3.00x108ms*
0=567x108Wm2K*
u=1.66 x 10 kg

=
|

Unitl
Mechanics
. : : ) (u+v)t
Kinematic equations of motion s = S
V=u+ at
— t +_.1 t2
s=u 5@
vZ = Uu?+ 2as
Forces >F =ma
F
g=—
m
W=mg
Momentum p=mv
Moment of force moment = Fx
Work and energy AW = FAs
Ek = > mv?2
o = mgAh
E
Power P= "
/4
P=—
t
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( ™)
Efficiency useful energy output
efficiency = gy_ P
total energy input
. useful power output
efficiency = P - P
total power input
Materials
Densit -2
y P=7
Stokes’ law F= 6nyrv
Hooke’s law AF = kAX
. . 1
Elastic strain energy AE, = > FAX
Young modulus E= " where
Stress o = r
77
. AX
Strain ¢ = —
X
\ y,
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Unit 2
Waves

Wave speed

I
N

Speed of a transverse wave Vv
on a string

= |-

P
Intensity of radiation I = 1

Refractive index nlsin 0, = nzsin 0,
C
n=—
A%
. . 1
Critical angle sinC = N

Diffraction grating nl =dsin@

Electricity

Potential difference V=

Resistance

Electrical power, energy

T = W WU =
n
S =
~—+

Resistivity

Current | = —

Il I
>
-
+
>
0
+
0

Resistors in series

FQ 2 3
Resistors in parallel i = i + i + i
p FQ ) Fql FQZ F23
Particle nature of light
Photon model E = nhf
. . 1
Einstein’s photoelectric hf =p+ Emvﬁ]ax
equation
) h
de Broglie wavelength A= ;
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Unit 4
Further mechanics
Impulse FAt = Ap
Kinetic energy of a E — D_2
non-relativistic particle K om
Motion in a circle v =wr
r=2"
w
V2
a=—
r
a=rw?
2
Centripetal force F=ma= mv
r
F = mra?
Electric and magnetic fields
g F
Electric field E=—
Q
Coulomb’s law F = ﬁ
4TiE,I2
E=_Q
ATE,r?
g=V
d
. . _ Q
Electrical potential V=—-
4me,r
: _Q
Capacitance C==
Vv
. . 1
Energy stored in capacitor W = EQV
W=2cr’
2
2
e
2 C
Capacitor discharge Q=Qe™¢
y,
VAR AR T Ao .,
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( ™)
Resistor-capacitor discharge I =1e"Re
V = Voe—t/RC
InQ=1InQ,- t
RC
Inl=Inl, - s
RC
_ t
InvV=InV,-—
RC
In a magnetic field F =Bqvsin ¢
F=BIllsing
—d(N
Faraday’s and Lenz’s laws &= %
Nuclear and particle physics
In a magnetic field P
BQ
Mass-energy AE = c2Am
\ y,
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Unit 5
Thermodynamics
Heating AE = mcAf
AE = LAm
Ideal gas equation pV = NKT
Molecular kinetic theory im<c?>=3KkT
Nuclear decay
Mass-energy AE =c’Am
Radioactive decay A= AN
(jj_l:l =-AN
a-In2
b
N =Nye™
A=Ae™"
Oscillations
Simple harmonic motion F = —kx
a = -wX
X = Acos wt
v =—Aw sin wt
a = -Aw’cos wt
r=l_2rn
f
w = 2nf
Simple harmonic oscillator T=2n %
T =2n L
g
\ y,
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Astrophysics and cosmology

Gravitational field strength

Gravitational force

Gravitational field

Gravitational potential
Stefan-Boltzmann law

Wien’s law

Intensity of radiation

Redshift of electromagnetic
radiation

Cosmological expansion

-Gm
r

V. =

grav
L =oAT*

AoaxT = 2.898 x 10°mK

=L
4md?
_AL _AF

T T

\"
C

v:Hp
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