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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.

A radiation detector is placed near a radioactive source and measures the count rate from
the source. Different absorbers are placed between the detector and the source.
The results are shown in the table.

Absorber Corrected count rate/s™!
None 850
Paper 850
Aluminium foil 150

Lead sheet 20

Which of the following is emitted by the source?
[J A o-radiation only

[l B P-radiation only

[0 C o-radiation and B-radiation

[ D B-radiation and y-radiation

(Total for Question 1 = 1 mark)
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2 The graph shows how the binding energy per nucleon varies with nucleon number.

binding energy
per nucleon/MeV 10+

0 5|0 1(IJO 1E|30 2(|)0 25|O
nucleon number
Which of the following conclusions is supported by this graph?
[J A The total energy released is greatest when two low mass nuclei fuse.
[J B The total energy absorbed is greatest when two low mass nuclei fuse.
[0 C The total energy released is greatest when a massive nucleus undergoes fission.

[J D The total energy absorbed is greatest when a massive nucleus undergoes fission.

(Total for Question 2 = 1 mark)

3 Aclosed container holds a mixture of two gases at a constant temperature.
Each molecule of gas X has a mass four times that of each molecule of gas Y.

What is the ratio r.m.s.velocity of molecules in gas X

r.m.s.velocity of molecules in gas Y '

N|[— A=

[1D4

(Total for Question 3 = 1 mark)
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7

4 A negative temperature coefficient thermistor and a resistor are connected as shown.

~
7]

©

The temperature of the thermistor decreases.

Select the row of the table that shows how the readings on the meters change.

Ammeter Voltmeter
LI A decreases decreases
] B decreases increases
J C increases decreases
J D increases increases

(Total for Question 4 = 1 mark)

5 Asimple pendulum takes 1.00s to swing from one extreme position to the other.

Which of the following expressions gives the length of the pendulum?

(2.00)? x 9.81
0 A —rt0—
47?

(2.00)2 x 9.81

0 B ——m———
47?
47?

0 C —
(1.00)% x 9.81
A
(2.00)2 x 9.81

(Total for Question 5 = 1 mark)
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I
Questions 6 and 7 both relate to an experiment carried out by a student to investigate
the absorption of gamma radiation by lead.
The student used a GM-tube to measure the background count for 10 minutes. She then used the
apparatus below to measure the count for 2 minutes for different thicknesses of lead.
GM-tube lead gamma source
6 To correct the readings for the effect of background radiation she should
[J A add the background count to each count. —
[J B add the background count rate to each count rate. —
[J C subtract the background count from each count. —
[J D subtract the background count rate from each count rate. —
<0
% (Total for Question 6 = 1 mark)
‘0
R 7 The student discovered that a thickness of 1.0cm of lead reduced the corrected count rate
SEE to 50% of its initial value with no lead.
b
Sk Which of the following statements is correct?
§§§”§. [J A Athickness of 0.5cm would reduce the corrected count rate to 75% of its initial value. —
.”0’ - - - - .
S [0 B Athickness of 0.5cm would reduce the corrected count rate to 25% of its initial value. —
s
S _ o
5 [] C A thickness of 2.0cm would reduce the corrected count rate to 25% of its initial value. —
G
QXK
S [0 D Athickness of 2.0cm would reduce the corrected count rate to zero. —
S
N
S (Total for Question 7 = 1 mark)
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8 Assolid is heated and it melts at a constant temperature.
Which row of the table shows how the Kkinetic energy and the potential energy of the
molecules change as the solid melts?
Molecular kinetic energy | Molecular potential energy
A increases stays the same
1 B increases increases
] C stays the same increases
0 D stays the same stays the same
(Total for Question 8 = 1 mark)
9 Astudent hangs a mass from the end of a spring and sets the mass into vertical oscillation.
The period of oscillation of the mass is T.
The student then hangs the same mass from a second spring, with a spring constant four
times that of the first spring.
What is the period of oscillation of the mass on the second spring?
LI AT/A
] B T/2
0 C 2T
[0 D 4T
(Total for Question 9 = 1 mark)
10 Forcing a system into oscillation may result in resonance. For resonance to occur the
oscillating system must be driven at its
0 A natural frequency.
[J B normal frequency.
[J C optimum frequency.
[0 D damping frequency.
(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 Electrostatic forces and gravitational forces can both be modelled by the idea of a field.
Give one similarity and one difference between electric fields and gravitational fields.

Similarity...

(Total for Question 11 = 2 marks)

J
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12 A massive planet orbits the red dwarf star Gliese 876. The planet was discovered after
wavelength shifts in spectral lines were seen in the light received from the star.

(a) Explain how a massive planet orbiting a star can cause a change in the wavelength of
light received from the star.

(b) The maximum shift in a spectral line of wavelength 4.35 x 10"m in the light
received from Gliese 876 is 3.19 x 10> m.

Calculate the maximum velocity of Gliese 876 away from the Earth.

Maximum velocity = ...

(Total for Question 12 = 5 marks)
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13 Scientists have been working to achieve a practical nuclear fusion reactor for more than
70 years. So far, this has been with only limited success.

Explain the difficulties involved with fusion as a viable source of power on Earth.

You should include reference to the conditions necessary for fusion to occur.

(Total for Question 13 = 4 marks)
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14 The mean intensity of solar radiation arriving at the Earth is 1.37 kW m™.

(@) The distance of the Earth from the Sun is 1.50 x 10 m.

Show that the luminosity of the Sun is about 4 x 10% W.

(b) The energy radiated from the Sun results in a decrease in the mass of the Sun.
Calculate the decrease in the mass of the Sun due to this radiation over a period of 1 year.

1 year = 3.15 x 10’s

Decrease in mass = ...

(Total for Question 14 = 4 marks)
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7

15 The graph shows how the gravitational field strength g of the Earth varies with distance r
from the centre of the Earth.

r is given in multiples of the radius R, of the Earth.
10.0

9.0 1

8.0 1

7.0 5

6.0 -

g/Nkg™!

5.0 1

4.0 -

3.0

2.0 1

1.0

OO I I I I I I 1
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0

r/R

(@) Show that g obeys an inverse square law.
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(b) A satellite is launched from the surface of the Earth into an orbit a height 5R_ above
the surface of the Earth.

rav

(i) The change in gravitational potential energy AE__ of a mass m when it
experiences a vertical displacement Ah can be calculated using the expression

AE__ =mgAh

grav

State why this expression cannot be used to calculate the change in the
gravitational potential energy of the satellite.

(if) Calculate the change in gravitational potential energy of the satellite.

mass of the Earth = 6.0 x 10%*kg
R. = 6.4 x 10°m
mass of satellite = 3.5 x 10°kg

Change in gravitational potential energy =

(Total for Question 15 = 7 marks)
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16 Alnilam and Mintaka are stars in the constellation Orion.

The table gives some information about these stars.

Star Surface temperature/K | Luminosity/L. | Distance from the Earth/m
Alnilam 2.75 x 10* 5.37 x 10° 1.90 x 10*
Mintaka 3.00 x 10* 9.00 x 10* 8.70 x 108

L. =3.85x10%W

Sun

(a) State where these stars would be located on a Hertzsprung-Russell diagram.

( )

14
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555 (d) Deduce which of these stars gives the lower intensity of radiation at the Earth.
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(Total for Question 16 = 8 marks)
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17 According to the Football Association (FA) rules, the football used in a professional
match should have a circumference of between 68.0cm and 70.0cm. The pressure of the
air in the football must be between 60 kPa and 110 kPa above atmospheric pressure.

(a) A football was inflated with air at a temperature of 16.0°C. When inflated, the
circumference of the football was 68.5cm and it contained 2.50 x 102 molecules of air.

Deduce whether this foothall met the FA rules.

atmospheric pressure = 105kPa
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*(b) The pressure inside a football decreases as the temperature of the air inside falls.
The volume of the ball remains constant.

Explain why, in terms of the motion of the molecules.

(Total for Question 17 = 12 marks)
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7

18 Oganesson (Og) can be produced by firing calcium (Ca) ions at a target of californium
(Cf) atoms. Oganesson and a number of neutrons are produced in the nuclear reaction.

(@) Complete the equation for the reaction

1)

48 249 204\~ L o,
20ca + 98Cf — 118C)g L X n

(b) The calcium ions were accelerated to an energy of 245 MeV.

(i) State how ions of this energy could be produced.

(if) It is claimed that calcium ions with an energy of 245MeV are travelling at
relativistic speeds.

Assess the validity of this claim.

mass of calcium ion = 47.95u

18
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(c) The isotope Og-294 is extremely unstable and decays via alpha decay.
After 2.5ms, a sample contains 500 atoms of Og-294.
Calculate the original number of Og-294 atoms in the sample.

half-life of Og-294 = 0.89 ms

Original number of atoms = ... ...

(d) Explain a precaution necessary when handling a sample of an alpha emitting isotope.

(2)

(Total for Question 18 = 12 marks)
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19 Microwave ovens use microwave radiation at a frequency of 2.45 GHz to cook food.
The absorption of microwave energy by water in the food causes a heating effect.

(@) The graph shows how the energy absorbed by a water molecule depends on the
frequency of the radiation.

Energy absorbed

0.1 1 10 100
frequency/GHz

A website suggests that water molecules absorb energy because the microwaves
produced by the oven cause the water molecules to resonate.

Comment on this suggestion.

(b) The microwave radiation causes the water molecules to rotate.

(i) Explain how this cooks the food.
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(if) Suggest why the transfer of energy from the microwaves may be less efficient for
ice than for liquid water.

(2)

(c) 3259 of water at 25.0°C is heated at full power in a microwave oven. After 225s the
temperature of the water is 85.0°C.

power of microwave oven = 650 W
specific heat capacity of water = 4190J kg 'K™!

(i) The manufacturer claims that the microwave oven has an efficiency of 90%.

Assess the validity of this claim.

\. J
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(i) The 3259 of hot water at 85.0°C is poured into a polystyrene beaker containing
62.59 of ice at 0.0°C.

Calculate the final temperature of the mixture of water and melted ice.

latent heat of fusion of ice = 3.33 x 10°J kg!
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Final temperature of mixture = ... | 28
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(Total for Question 19 = 14 marks)
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20 A mass of 2509 is hung from a spring as shown. The spring extends by 16.5cm when
the mass is added to the spring.

support

spring

mass

The mass is then displaced a further 3.5cm vertically downwards and released.
The mass oscillates with simple harmonic motion.

(a) State the conditions for a mass to undergo simple harmonic motion.

Maximum Kinetic energy = ...

24

P 6 5 7 5 0 A 0 2 4 3 6

SRS
SN
s 0 0

o oY%
ALK
S
S
Pede®= T9e%
AR

%
%
:
&
%
%
1%
L

<
IR

el
K2

R

S red
Voo G Y
R

QKRR
RERRS

IR IR I IEIIIK NI
< PSSR GGG ICIKRELCSIK KL R
< RICIRCRICICRICIIRIIIRL

O
LXK
£
K
%S
9%

R RIEEIRSEEIIRICAK KKK

9%

X

N S SIS ELESRIBLES,
o2

R RRRERRRIHK

0
N
o, ’4‘0!‘::1@0,‘.: 35
ARG
SRR

XCIEAA
N
as
O
L3

<
o%
Ja

%
%

%
S

< B

5%
090009000000 000000900 %C”

‘:”.’
K
K
8

X
%

RIS
QRIHRIILLLEH

IR
SHERIHIRKAS
Sotedetotetetetetotetotels
Sl ot0tetetetotetetodotst



Josoes w3l
Fo%e s
CRRRKA

B
X5

<
0%‘::
s

0600
e
SRR

SOSeseses 1 4 &
CRREKS

S
3
CRELRAL,

.

20’:
a

45,
o

I
SINROCE

2 AL

RRIARKS

&

%
0%

“v"

RIS

QS
KRS

IR IRIEIIEI
IR

<
10
8!
oorses
baSeols

0%
(oY %
s
KX
S
.- 8
093 % %
SKBX
(%%
0‘0‘0‘:‘

<
dosegs
%
K
XN
LSS

o
9

$oe%e%
folo%es
Jotete
$oe%e%

5

3
RS
K

%
%

bt

5
&

55

X35
SRS
QXGRS

(9305
&5
%5

XX
2R
KRR

(c) The graph shows how the displacement of the oscillating mass varies over two cycles.

Displacement

Time

Add to the graph to show how the kinetic energy of the mass varies over the same
time interval.

(2)

J
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(d) The mass is submerged in water as shown.

The mass is set into oscillation as before.

Explain how the water would affect the amplitude of oscillation of the mass.

(Total for Question 20 = 12 marks)

TOTAL FOR SECTION B
TOTAL FOR PAPER

80 MARKS
90 MARKS
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List of data, formulae and relationships

Acceleration of free fall g=9.81ms> (close to Earth’s surface)
Boltzmann constant k=138x10%JK!
Coulomb’s law constant k= 1/4ne,
=8.99 x 10° N m2 C=2
Electron charge e=-1.60x10"C
Electron mass m,=9.11 x 10~'kg
Electronvolt 1leV =1.60x10"]
Gravitational constant G =6.67 x 10" N m? kg2
Gravitational field strength g=9.81Nkg™ (close to Earth’s surface)
Permittivity of free space g, =885x 10" Fm™
Planck constant h=6.63 x1034Js
Proton mass m, = 1.67 x 10%" kg
Speed of light in a vacuum c=3.00x108ms!
Stefan-Boltzmann constant 6=5.67x108Wm2K+*
Unified atomic mass unit u=166x 10% kg
Unit 1
Mechanics
. . . . (u+ vt
Kinematic equations of motion s=———
v=u-+at
- 1 o
s=ut+ - at
vZ=u?+ 2as
Forces 2F =ma
F
g=—
m
W =mg
Momentum p=mv
Moment of force moment = Fx
Work and energy AW = FAs
_ 1
E = 5 mv?
AEgrav = mgAh
E
Power P= "
w
P=—
t
ful t
Efficiency efficiency = oCTE CheTeY ,Ompu
total energy input
. useful power output
efficiency = P '

total power input
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Unit 2
Waves
Wave speed v=fL
Speed of a transverse wave V= T
on a string H
Intensity of radiation I = g
Refractive index n sind, =n,sing,
n= ¢
A%
Critical angle sinC = %
Diffraction grating nA =dsin@
Electricity
Potential difference V= g
. V
Resistance R= 7
Electrical power, energy and P=VI
efficiency P=1I%R
L/Z
iy
W = VIt
Resistivity R= %
Current I = %
I = ngvA
Resistors in series R=R +R,+R,
Resistors in parallel % = % + L + RL
Particle nature of light 2 3
Photon model E =hf
Einstein’s photoelectric hf =p+ % mvz
equation
de Broglie wavelength A= %
. J
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Unit 4
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

(0]
V2
a=" 2
mv
F=ma= r
F = mwr
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Resistor capacitor discharge I =1e"R
\ = Voe—t/RC
INnQ=InQ,- Rt_C
Inl=Inl - Rt_C
InV=InV, - RC
In a magnetic field = Bqv sind
= BIl sing
Faraday and Lenz’s law E= w
Nuclear and particle physics
In a magnetic field B_FZQ
Mass-energy AE = ¢ Am
\ y,
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Unit 5
Thermodynamics

Heating

Ideal gas equation
Molecular kinetic theory
Nuclear decay
Mass-energy

Radio-active decay

Oscillations

Simple harmonic motion

Simple harmonic oscillator

AE = mcAf
AE = LAm
pV = NKT

1 24, _ 3
sm<c™>= KT

AE = c?Am
A=)N

dN
dt

:

=
| |
> =
® o

X = A coS wt
V=—A4w Sin ot

a = -Aw? cos wt

32

P 6 5 7 5 0 A 0 3 2 3 6

5

o5
XS
SR
PeSetetotod
0%
B %

SRS
poedevar %

<
<5
QS

0.0
2555

OIS
prateSeTegeres

<
29090
YR

ogoX
LR
KR
RRILRKE

QO
09
QLK

5

%

I
XX
¢!

%
0’0

QL
<SRRGSR R ::
=

3
RERRS

NN
Ot o 2 te e e e 2ate totetotetotetetotetotetel

5
IR HIRIILRILLRILLKL A

KR ISR IR IR ICAIR N
0HRIIIRIIIRKLLIRKLLRK,

X SEERRLEEILRRLELLLLILLELKL

e
2000,
jose
0%
oS
X

o

o
%
o
%%

¢
<
‘/‘
1
%%
%

OOOKIIEAKS
SHRIRRLS
TRy

J- 59

<
%

X

<
S
(%’
X

KRR
%

”
X

g
QKRS

KRR

RS

G RRRSIIEIEK)
RERRS

IS
IR,

OOREIIEREIIKLS

Sosotetototesotetetotototet

.:
00
:’

%

o
¢
o
3%
0t



&
::’Q&:&‘»’o’
R

(ORI
X XXX XS
% &4
SIS
RRREARRIHIRLEARS

RRXLRS
2
paeleds

KKK KAX
02
S

LIRS

SRR,
0GLRILIEELIK
SRS,

<
<
%
0.0,
XX
<

LIRS

<>

o2

X
X
¢!

™
SX oo

>
S

5

o,

S
P9 %ee
SUEX
PSS
%0 & 9%
R

»
<
055

NS
Sootesoteteted % ¥
RS

LS
RRLES

<
9%

o
¢
o
::
0t

r

Astrophysics and Cosmology

Gravitational field strength F/m

«
1

. Gmm,
Gravitational force F= —
o . Gm
Gravitational field g= 3
o . -Gm
Gravitational potential V. =—
grav r

Stephan-Boltzman law L=0oT*A
Wein’s law AT =2898x10"°mK

. . L
Intensity of radiation I = 4nd?

. . AL Af v
Redshift of electromagnetic z= v ~ T R—
radiation ¢
Cosmological expansion v=Hd

.
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