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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

cross X.

1 A main sequence star evolves into a red giant star.

Which row of the table gives the change in diameter and the change in surface
temperature when the star evolves?

Diameter of star Surface temperature of star
O A decreases decreases
0 B decreases increases
0 cC increases decreases
0 D increases increases

(Total for Question 1 =1 mark)
Ductile materials can be used in buildings to reduce the amplitude of forced oscillations
during an earthquake.

Which of the following is the reason that ductile materials are used?

[J A These materials are stiff.
[ B These materials are strong.
[l C These materials deform elastically.
[J D These materials deform plastically.
(Total for Question 2 = 1 mark)
There is an electric field around a point charge and a gravitational field around a
point mass.
Which of the following is not correct?
[J A Both fields are radial.
[J B Both fields can produce attractive forces.
[J C Both fields can produce repulsive forces.
[J D Both fields produce forces that obey an inverse square law.

(Total for Question 3 = 1 mark)
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4 The graph shows how the binding energy (B.E.) per nucleon varies with the number of
nucleons. The positions of three isotopes, P, Q and R, are marked on the curve.

B.E. / nucleon Q

R

Number of nucleons

Which row of the table lists the isotopes from least stable to most stable?

Least stable — > Most stable

0 A P Q —
1 B P R Q —
1 cC Q R P —
O b R P Q S
(Total for Question 4 = 1 mark)
5 Astronomers use trigonometric parallax to determine the distances to stars.
Which of the following must the astronomers know?
[J A The distance between the Sun and a nearby star —
[J B The diameter of the Sun —
[J C The distance between the Sun and the Earth —
[ D The diameter of the Earth —
(Total for Question 5 = 1 mark)
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6 A container is filled with a mixture of two gases, X and Y.

The root mean square velocity of molecules in gas X is twice the root mean square
velocity of molecules in gas Y.

The temperature of the gas mixture is constant.

mass of molecules of gas X 0

What is the ratio ?
mass of molecules of gas Y

O A L
4
J2

O ¢ L
2

O b1

(Total for Question 6 = 1 mark)

The value of the Hubble constant, /, was initially estimated to be 1.5 X 10"7s™.

Using this initial value, the age of the universe is 7.

Scientists now estimate H, to be 2.1 x 10™"°s™".

Which of the following is the age of the universe using this value of H?

LI A 0147
] B 071T
[J C 14r1
J D 71T

(Total for Question 7 = 1 mark)

P 7 8 4 7 9 A 0 4 3 2

|l

YIHV SIHLNIZLIHM LON Od V3HVY SIHL NI ILIHM 1ON Od

V34V SIHLNI 3LIYM LON Od



DO NOTWRITE IN THIS AREA DO NOT WRITE IN THIS AREA

DO NOT WRITE IN THIS AREA

8 A pendulum is made by attaching a light paper cone to a thin string, as shown.

P=Fme—_seP)-

string

paper cone \A

The pendulum is displaced and set into oscillation.

Plasticine is then added to the paper cone to increase the mass of the pendulum.

The pendulum is set into oscillation again.

Which of the following is correct for the paper cone with plasticine?

N

0
0
0

A

B
C
D

The frequency of oscillation has decreased.

The period of oscillation has increased.

The amplitude of oscillation decreased more quickly.
The amplitude of oscillation decreased more slowly.

(Total for Question 8 = 1 mark)

9 Due to tidal action, the Moon is slowly moving away from the Earth.

As the Moon moves away from the Earth, the gravitational force between the Earth and
the Moon changes. The gravitational potential energy of the Moon also changes.

Which row of the table correctly shows these changes?

5 ) B O
°c O = »

EmCE

Gravitational force between the | Gravitational potential energy

Earth and the Moon of the Moon
decreases decreases
decreases increases
increases decreases
increases increases

(Total for Question 9 = 1 mark)
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10 Energy is supplied at a constant rate to a material. The material is initially solid.

As energy is supplied, the solid melts to form a liquid and finally the liquid turns into a
gas. The mass remains constant during the heating process.

The graph shows how the temperature changed with time.

N

gas

Temperature
liquid

solid

v

Time

Which of the following is correct?

N

(|
(|
(|

A specific heat capacity of solid > specific heat capacity of liquid
B specific heat capacity of solid > specific heat capacity of gas
C specific heat capacity of solid = specific heat capacity of liquid
D specific heat capacity of solid = specific heat capacity of gas

(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 mass of 0.35kg is hung from a spring. The mass is displaced vertically from its
equilibrium position and released. The mass oscillates vertically with simple harmonic
motion with a period of 0.95s.

An extra mass is added and the period increases to 1.15s.

Calculate the added mass.

Added mass =

(Total for Question 11 = 3 marks)
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12 The graph shows how gravitational potential J varies with distance » from the centre of
the Earth.

0 0.2 0.4 0.6 0.8 1.0
0 r/108m

-1.0

\

AN

V/10"Tkg" /

—

(Total for Question 12 = 3 marks)

~

P 7 8 4 7 9 A 0 8 3 2

|l

SO
XXX,
XX
555
QLR

OO
S
X %00
s
GIRRRSS

X

RS
3
55

XXX
X
XX
20000,
S

0
LR
SRR
%
3K

OO

SR
050502050503
%@Qs%
QLR

¢
%
34&?
SRS
RIREIKEL

%
5%
doSoteteds

X
%
09583

deodesetetetetel

og’o
,‘
oS

<
(o K
doararalel




DO NOT WRITE IN THIS AREA

DO NOT WRITE IN THIS AREA

HIS'AREA -

ITEINT

~DONOTWR

7

13 A pan of water is heated on a ‘hot-plate’, as shown.

pan

hot-plate

(Source: © Carolyn Franks / Alamy Stock Photo)

(a) A mass of 0.65kg of water is boiled away in a time of 1250s. The power of the
hot-plate is 1800 W.

Calculate the efficiency of the boiling process.

specific latent heat of vaporisation of water = 2.26 x 10°Jkg'

Efficiency of boiling process = ...,

(b) Putting a lid on a boiling pan reduces the energy transfer needed from the hot-plate
to keep the water boiling.

Explain why.

(Total for Question 13 = 6 marks)

9
. NI O -
P 7 8 4 7 9 A 0 9 3 2 Turn over



( )

14 The Earth takes 365 days to make one complete orbit of the Sun.
(a) Show that the mass of the Sun is about 2 x 10°kg.

radius of Earth’s orbit about Sun = 1.49 x 10"'m
1 year=3.15x10"s

3)
(b) A television programme claimed that the gravitational field strength at the surface of
the Sun is 28 times the gravitational field strength at the surface of the Earth.
Deduce whether this claim is correct.
diameter of Sun = 1.39 x 10°m
3)

(Total for Question 14 = 6 marks)
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*15 The Millennium Bridge, as shown, is a suspension bridge for people to cross the River
Thames in London.

(Source: © cowardlion/Shutterstock)

The bridge developed a large swaying motion when people walked across. Dampers
were fitted to the bridge to correct the swaying motion.

Explain the cause of the large swaying motion and the effect of the dampers.

(Total for Question 15 = 6 marks)

J

11
. NN 0T R
P 7 8 4 7 9 A 0 1 1 3 2 Turn over

>



16 Cepheid variable stars are used by astronomers as standard candles.

(a) State what is meant by a standard candle.

(b) The luminosity of Cepheid variable stars varies periodically.

There is a linear relationship between the period and the mean luminosity of a
Cepheid variable star, as shown.

100000 —

20000
10000 —

Mean luminosity /
L

Sun

2000 —
1000 —

200
100 T T T T 1

Period / days

(i) The variation in luminosity L of this Cepheid variable star with time ¢ is
shown below.

LN
| | | | | | | | | |
0 2 4 6 g8 10 12 14 16 18 20
t/ days
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( )
Show that the mean luminosity of this Cepheid variable star is about 8 x 10°° W.
L, =3.83x10"W
4)
(1) When viewed from Earth, the mean intensity of this Cepheid variable star is
51x10*Wm™.
Determine the distance of this Cepheid variable star from Earth.
(2)
Distance of this Cepheid variable star from Earth = ...
(Total for Question 16 = 7 marks)
. J
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17 The graph shows how the acceleration a of an object varies with the displacement x of
the object from its equilibrium position.

a/ms>
0.8

/
y4

/

/
/

/
/
/
=)
\®}

x/m

04

|
(=]
la]
X

|
-
(a>)

ye)

/

/

/

/
/

/V
/

(a) Explain how the graph shows that the mass is moving with simple harmonic motion.

(2)
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( )
(b) (1) Calculate the maximum kinetic energy of the object.
mass of object = 0.25kg
()
Maximum kinetic energy of object = ...
(i1) Sketch a graph on the axes below to show how the kinetic energy of the object
varies with displacement x.
You do not need to do any more calculations.
(2)
Kinetic energy
X
(Total for Question 17 = 9 marks)
. J
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18 The diagram shows dark lines in the continuous spectrum of electromagnetic radiation
from the Sun.

|I|II|I|I|II|I|I|
wavelength

(a) Atoms in the outer regions of the Sun absorb electromagnetic radiation. This
produces the dark lines in the spectrum.

Explain why electromagnetic radiation is only absorbed at some wavelengths.
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(b) The Sun rotates on its axis. The diagram shows the Sun rotating at its ‘equator’.

Sun

equator of Sun

(Source: © NASA / SDO / SCIENCE PHOTO LIBRARY)
One of the dark lines in the spectrum occurs at a wavelength of 589 nm.

Radiation is received on Earth from opposite ends of the Sun’s diameter. There is a
difference between the wavelengths of radiation received from opposite ends due to
the Sun rotating about its axis.

The difference in wavelength is 7.94 x 10 nm.
A website states that at its equator, the Sun rotates once every 27 days about its axis.
Assess the accuracy of this statement.

radius of Sun = 6.96 x 10°m
1 day = 8.64 x 10*s

(Total for Question 18 = 8 marks)
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19 A filament bulb contains argon gas to extend the lifetime of the filament.

/ glass bulb

filament

argon gas

(Source: © mauritius images GmbH / Alamy Stock Photo)

While the bulb is off, the argon gas inside the bulb is at a temperature of 290 K. The
pressure of the argon gas inside the bulb is 75% of atmospheric pressure.

volume of bulb = 1.25 x 10 *m’
atmospheric pressure = 1.03 x 10°Pa

(a) Calculate the number of argon atoms in the bulb.
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(b) While the bulb is on, the pressure of the argon gas is 83% of atmospheric pressure.

The manufacturer states that the temperature of the gas inside the bulb is about 60°C
while the bulb is on.

Assess whether this statement is accurate.

(c) (1) While the bulb is on, radiation is emitted by the filament. This radiation has a
peak power output at a wavelength, 4, of 1100 nm.

Calculate the power output of the bulb.

surface area of filament = 1.55 x 10° m’

Power output of bulb =

(i1) Suggest why the actual power output of the bulb may be lower than the
value calculated.

(Total for Question 19 = 10 marks)
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Fifty years ago Henri Peteri developed a device, for the kitchen, that produces instant
boiling water. A modern version is shown.

tap

tank

&

The system consists of a small tank connected to the water supply. Water in the tank is
heated under pressure to a temperature of 110°C.

When the water flows out of the tap, the temperature falls to 100°C.

(a) Water enters the tank at a temperature of 12°C. An electrical heater increases the
temperature of the water to 110°C. The water does not boil because it is under
pressure.

Calculate the time taken to heat a full tank of water to 110°C.

potential difference across heater = 230V
current in heater = 12.6 A

volume of tank = 3.0 x 10° m’

density of water = 997kgm™

specific heat capacity of water = 4180Jkg 'K

P 7 8 4 7 9 A 0 2 0 3 2
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(b) The average rate of energy transfer from the tank to the surroundings is 9.5 W.

A full kettle contains 1.4 x 10°m’ of water. It takes 180 to bring a full kettle of
water to 100°C.

The kettle is used to bring enough water for 28 cups of tea to 100°C.

A reviewer compared the energy transferred from the tank to the surroundings in
24 hours with the energy transferred by the kettle to make the tea.

The reviewer claimed that the energy transferred from the tank would be greater
than the energy transferred by the kettle.

Assess the validity of the claim.

power of kettle = 2600 W
volume of water in 1 cup of tea = 3.5 x 10" m’

(Total for Question 20 = 10 marks)
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21 Promethium is produced as a byproduct of nuclear fission. An isotope of promethium,
Pm-147, decays by beta emission.

(a) The thickness of paper produced in a paper mill can be monitored using beta
radiation, as shown.

beta source rolle
\ﬁpaper
% U
GM-tube

(Source: SCIENCE PHOTO LIBRARY)
The count rate recorded by the GM-tube is a measure of the thickness of the paper.

(1) Explain why a source of beta radiation is suitable to monitor the thickness of
the paper.

(i1)) Pm-147 decays by beta decay to an isotope of samarium, Sm.

Complete the decay equation.

147

Pm s Sm _____________ B_

6l - T Ove
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( )
(ii1) In a particular paper mill, the Pm source was replaced when the activity of the

source had decreased to 0.75% of its initial activity.

Calculate the time that the source had been in use.

half-life of Pm-147 = 2.62 years

4)
Time source had been inuse = ...

. J
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(b) The most stable isotope of promethium is Pm-145.

Calculate the binding energy per nucleon for nucleons in a nucleus of Pm-145.
Give your answer in MeV.

mass of a Pm-145 nucleus = 144.913u
neutron mass = 1.00867u

Binding energy per nucleon =

(Total for Question 21 = 12 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=981ms?
k=138 x103JK!
k= 1/4ne,

=8.99 x 10° Nm? C?

e=-1.60x10"C

m, =9.11 x 107" kg

leV=1.60x10"]J

G=6.67*x 10" Nm? kg™
g=9.81 Nkg!

£, =885 x 10" Fm™
h=6.63x103]Js

m =1.67x 107 kg
¢c=3.00x10*ms"!
0=567x10*Wm?K*
u=1.66 x 102" kg

Unit 1
Mechanics
. . . . (u+ v
Kinematic equations of motion s = >
v=u -+ at
— + l 2
S =ut 5 at
vi=u?+ 2as
Forces XF=ma
F
&=
m
W=mg
Momentum p=my

Moment of force

Work and energy

Power

EmCE

moment = Fx

AW = FAs
— 1 2
Ek— 5 my
AE = mgAh
E
pP=—
t
w
pP=—
t

p 7 8 4 7 9 A 0 2 5 3 2

(close to Earth’s surface)

(close to Earth’s surface)
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Efficiency efficiency = useful energy .output
total energy input
efficiency = useful power .output
total power input
Materials
Densit ”
ensi = —
y P=y
Stokes’ law F=6nnry
Hooke’s law AF = kAx
1
Elastic strain energy AE = - FAx
o
Young modulus E= i where
Stress 0 = —
Tess o=
) Ax
Strain ¢ = —
X
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Unit 2
Waves

Wave speed

Speed of a transverse wave
on a string

Intensity of radiation

Refractive index

Critical angle

Diffraction grating

Electricity

Potential difference

Resistance

Electrical power, energy

Resistivity

Current

Resistors in series

Resistors in parallel
Particle nature of light

Photon model

Einstein’s photoelectric
equation

de Broglie wavelength

n, sin@1 =n

v =fa
T
v= |—
U
P
A
2sinH2
c
n=—
%
) 1
sinC= —
n
nA=dsiné

P:
P_
=Vt
pl
R =5
A
AQ
I="5
I =nqgvA
R=R +R,+R,
1 1 1 1
_— = — 4+ —
R R R R
E=hf
1
hf=¢+5mvim
h
i:_
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Unit 4
Further mechanics

Impulse

Kinetic energy of a
non-relativistic particle

Motion in a circle

Centripetal force

Electric and magnetic fields

Electric field

Coulomb’s law

Electrical potential

Capacitance

Energy stored in capacitor

Capacitor discharge

W=
2 C

Q — Q e—t/RC
0

P 7 8 4 7 9 A 0 2 8 3 2
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( )
Resistor-capacitor discharge I=1e""
V=Ve"r
InQ=InQ - Rt_C
In/=Inl - L
RC
InV=InV, - o
RC
In a magnetic field F = Bqgvsin 0
F =BIlsin 0
Faraday’s and Lenz’s laws &= _dgd—]tv@
Nuclear and particle physics
In a magnetic field =P
BQ
Mass-energy AE = c*Am
J
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Simple harmonic oscillator

x = A cos ot
y = —Aw sin wt

a = —-Aw’cos wt

_2n

p-L_2¢
f w

w =2nf

( )
Unit 5
Thermodynamics
Heating AE = mcAf
AE = LAm
Ideal gas equation pV = NkT
Molecular kinetic theory Im<c®>=3kT
Nuclear decay
Mass-energy AE =c’Am
Radioactive decay A= AN
WN_ N
dr
,_In2
t
h
N=Nge"*
A=Ae™*
Oscillations
Simple harmonic motion F=—kx
a=-wx

=
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Astrophysics and cosmology

.

Gravitational field strength

QGravitational force

Gravitational field

Gravitational potential
Stefan-Boltzmann law

Wien’s law

Intensity of radiation

Redshift of electromagnetic

radiation

Cosmological expansion

v _ —Gm

grav

7

L=cAT*

Ao T=2.898 x 10° mK

[ = L
4nd?
_M N v
) f ¢

v=Hd

EmCE
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