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centre number and candidate number.

Answer all questions.

Answer the questions in the spaces provided
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Show all your working out in calculations and include units where appropriate.

Information

The total mark for this paper is 90.
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to structure your answer logically, showing how the points that you make are
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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.

Which row of the table describes the mass and charge of an anti-proton?

Mass / kg Charge / C
A 1.67x 107 1.6x107"
B 1.67x 107 -1.6x107"
C -1.67x 107 1.6x107"
D -1.67x 107 -1.6x107"

(Total for Question 1 = 1 mark)

Which of the following is a valid conclusion from alpha particle scattering experiments?

N

(|
(|
(|

A Atoms contain positive and negative charge distributed evenly.
B The nucleus of an atom contains protons and neutrons.
C The nucleus of an atom is very small compared to the size of the atom.

D Atoms contain very little empty space.

(Total for Question 2 = 1 mark)

Which of the following describes why electrons are released from the metal filament
during thermionic emission?

N

(|
(|
(|

A The metal filament is heated by an electric current.

B The metal filament is contained within a vacuum.

C The metal filament is bombarded by high-energy electrons.
D

The metal filament is maintained at a high potential.

(Total for Question 3 = 1 mark)
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4 The diagram shows the shape of the electric field pattern between two charged particles,

Xand.

X has a charge of —Q.

N

Which of the following could be the charge of Y?

O

L]
L]
L]

ERECE

S O = »

-0
20
+0
+20

(Total for Question 4 = 1 mark)
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5 The graph shows how the charge Q stored on the plates of a capacitor varies with the

potential difference V across the plates.

0 /nC
550 fmmmmmmmmmmm s ,

0 12 V/V

Which of the following expressions gives the energy, in J, stored by the capacitor when
Vis 12V?

O a2
12
O B — 12
550 x 107
0 c 550 x 12
2
-9
0 b 550 x 1077 x 12

2

(Total for Question 5 = 1 mark)

The SI unit of magnetic flux density is the tesla.

Which of the following gives the base units of the tesla?

0 A NA'm'
0 B NC'm’
0 C kgA's?
0 D kgC's'

(Total for Question 6 = 1 mark)
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7 The table shows the relative charges on up and down quarks.

2
u —e

3

1
d ——e

3

Which of the following could be the quark composition for a baryon with a charge

of +2e?
L] ddd —
0 B ud —
[l C uu —
L] D uuu —
(Total for Question 7 =1 mark)
8 A linac is a particle accelerator. It consists of drift tubes of increasing length with
potential differences (p.d.) applied between them.
Which of the following is the reason the drift tubes are of increasing length?
[J A So that the p.d. can have a constant frequency. —
[J B So that the particle gains the same amount of energy in each tube. —
[J C So that the p.d. between the tubes increases for each successive tube. —
[J D So that the time spent in each successive tube increases. —
(Total for Question 8 = 1 mark)
5 L
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9 An object of mass m has momentum p and kinetic energy E.

10

Which of the following is the mass of an object with momentum 2p and
kinetic energy 4E?

N

O

A

1
—m

2m

D 4m

(Total for Question 9 =1 mark)

Two coils, L and M, are placed next to each other as shown.

L M

An alternating e.m.f. is induced across coil M.

Which of the following could produce this?

N

(|
(|
(|

A
B
C
D

an alternating current in coil L
a constant current in coil L
a decreasing current in coil L

an increasing current in coil L

(Total for Question 10 = 1 mark)

TOTAL FOR SECTION A =10 MARKS
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SECTION B
Answer ALL questions. Write your answers in the spaces provided.
11 (a) Pions belong to a group of particles known as mesons.

State the quark structure of mesons.

(b) Muons belong to a family of particles known as leptons.

State one property of leptons.

(c) Charged pions usually decay into a muon (p) and another particle X, as shown by
the decay equation:

T —>p+X
A student suggests that X is an anti-neutrino due to particle conservation laws.

Deduce whether the student is correct.

(Total for Question 11 = 6 marks)

7
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12 A defibrillator is a device that can restart a person’s heart. The defibrillator applies an
electric current to a person’s heart for a short time.

The defibrillator uses a capacitor circuit. A person’s body has an electrical resistance R.

A simplified circuit diagram is shown.

65kQ s, s,
[ 4
5000V —— 4F R

d.c. supply

(a) When the capacitor is completely discharged, the two-way switch is moved to
position S, at time ¢ = 0s.

Complete the graph to show how the current varies with time until the capacitor is
fully charged.

Current / A
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(b) The capacitor in the defibrillator discharges when the switch is moved to
position S,.

The defibrillator is required to deliver a discharge current of at least 30 A for a time
of 2.0ms.

A typical person’s body has an electrical resistance of 150 Q.

Deduce whether the design of the defibrillator meets this requirement.

(Total for Question 12 = 8 marks)

.
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13 The Proton-Antiproton Collider (SppS) was a large particle accelerator. An experiment
using the SppS proved the existence of a particle called a Z boson.

(a) The mass of the Z boson is 91 GeV/c’.

Show that the mass of the Z boson is nearly 100 times greater than the mass of
a proton.

(b) Protons and anti-protons were accelerated in the SppS to very high energies before
they collided.

Explain why the protons and anti-protons needed high energies to produce the
Z boson.
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(c) Z bosons produced by high energy collisions can have a range of lifetimes.
The Z bosons with the longest lifetimes are those that were moving very fast.

Explain this observation.

(Total for Question 13 = 9 marks)
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*14 A student uses a strong, cylindrical magnet to investigate Lenz’s law.

~

The student records the time taken for the magnet to fall through two hollow tubes of
copper, tube A and tube B.

The two tubes have the same length and cross-sectional area. Tube B has a vertical slit
cut into it, as shown.

- magnet

copper copper

vertical slit

Tube A Tube B

.
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Discuss the differences in the time taken for the magnet to fall through each tube.

(Total for Question 14 = 6 marks)

AN J
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15 Alpha particles were chosen by Rutherford for large-angle scattering experiments.

(a) Explain why alpha particles are more suitable for these experiments compared to
beta particles or gamma rays.

(b) The scaled diagram shows two equipotential lines in the electric field around a
gold nucleus.
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(1) Sketch lines to show the electric field between these two lines of equipotential.
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(i1)) The 40V line is drawn to scale correctly.

Deduce whether the 10V equipotential line is in the correct scaled position.

3)
(ii1)) An alpha particle moves from the +10V potential to the +40V potential.
Calculate the increase in the potential energy of the alpha particle in eV.
3)
Increase in potential energy = ... eV

(Total for Question 15 = 12 marks)
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16 Hockey is a sport played with a stick and a ball. The player tries to hit the ball with part

),

of the stick called the ‘heel’, as shown.

//Jd
AN

(Source: © Studio77 FX vector/Shutterstock)

stick /
1md\\\‘;;;¢¢ya

/.

ball
(a) The player swings her stick so that the heel moves horizontally in a circle of radius
0.80m across the ground, as shown below.

Plan view

Not to scale

It takes a time of 0.22s for the heel to move through an angle of 1.3 radians.

Calculate the speed of the heel.

16
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(b) A ball has a speed of 13 ms . The heel has a momentum Pheet OF 3.0N's, in the
direction of the dashed line, as shown.

The heel collides with the ball and stops.
The speed of the ball after being hit by the heel is 16ms .

/:\

ball

heel

(1) Deduce whether momentum is conserved for this collision by completing the
vector diagram below. A scaled line representing p,.. is shown.

mass of ball = 160 g
3)

17
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(i1)) Deduce whether the collision is elastic.

O 5"}, -
&o’f‘:’o\

speed of heel before collision = 5.0ms™
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(Total for Question 16 = 12 marks)
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17 An aeroplane flies in a horizontal circular path whilst waiting to land at an airport.

(a) The aeroplane flies at a constant speed v around a horizontal circular path of
radius r. The diagram shows two positions A and B of the aeroplane, on its
circular path.

The acceleration of the aeroplane is a.

2

. . v
Derive the expression a = —
r

You should include a vector diagram.

S)
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(b) The aeroplane flies in a horizontal circle by tilting to one side in a movement
called ‘banking’.

The aeroplane creates an upwards lift force, which acts in a direction perpendicular
to its wings.

(1) The diagram shows this lift force when the aeroplane is banking.

lift force

weight
(Source: © Nadezda0704/Shutterstock)

Explain how banking allows the aeroplane to fly in a horizontal circular path.
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( )
(i1) During banking, the angle between the wings and the horizontal is 5.2°.
Calculate the radius of the circular path when the aeroplane flies at a constant
speed of 530ms .
mass of aeroplane = 4.1 x 10°kg
4)
Radius= ... ...
(Total for Question 17 = 13 marks)
2N J
N O OO0 0 .
| [ i a i L ) Turn over »



VAUV SIHL NI ZLIYM LON 0a

ISR 2 2 2 2 v 2 X g KX SE KR KREKR KL KR KR IR IRIKRK KKK $
o6 SRRRRERRRKRK o % % R % R R KK 1020002002002 2000200202 0% 70220270 % 2 % 2 % e X

X

( )
18 Mass spectrometry is used to determine the masses of different isotopes of an element.
Atoms of the isotopes are ionised and accelerated. They pass through a velocity selector
and into a region with a uniform magnetic field, as shown.
uniform magnetic field
ion accelerator velocity selector detector
(a) An ion accelerator uses an electron beam to ionise atoms of oxygen gas. The positive
ions are then accelerated across a high potential difference between an anode and
a cathode, as shown in the diagram below. The cathode has a hole in it so that the
accelerated ions may pass in a fine beam to the velocity selector.
positive anode negative cathode
________ Y““““}“““““““““““'
fine beam of oxygen ions
oxygen gas
6.0cm
electron beam
(i) The electric field strength between the anode and cathode is 7.5 x 10°Vm .
Calculate the potential difference between the anode and cathode.
(2)
Potential difference = ...
. J
22
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(i1) A stationary oxygen ion is formed half-way between the anode and cathode with
a charge of +1.6 x 107" C.

Show that the velocity of the ion as it passes through the hole in the cathode is
about 5 x 10°ms .

mass of oxygen ion = 2.7 x 10 kg

(b) Oxygen ions enter the velocity selector with a range of velocities. The velocity
selector allows ions with a specific velocity to travel in a straight line, as shown.
Plate P is positive and plate Q is negative.

P+

[ ]
I oxygen ion I

(1) A uniform electric field between the plates acts on an oxygen ion. A uniform
magnetic field acts so that the magnetic force on the oxygen ion is in the
opposite direction to the electric force.

Explain the direction of the magnetic field.

23
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(i1) The velocity selector is used to produce a beam of oxygen ions travelling in a
straight line with a speed of 5.0 x 10°ms ™.

Calculate the magnetic flux density of the magnetic field that is required.

electric field strength between plates = 10 500N C™'

Magnetic flux density = ...

(c) After passing through the velocity selector, a beam of oxygen ions with the same
velocity enters a region of uniform magnetic flux density. Different isotopes of
oxygen can be present in the beam.

Explain why the detector will only detect one particular isotope.

(Total for Question 18 = 14 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 x 103 JK!
k= 1/4ne,

=8.99 x 10° Nm? C?

e=-1.60 x 10" C

m, =9.11 x 107" kg

1eV=1.60x10"]J

G=6.67*x 10" Nm? kg™
g=9.81 Nkg!

£, =885 10" Fm™
h=6.63 x103]Js

m =1.67x 107 kg
¢c=3.00x10*ms"
c=5.67x10*Wm?K*
u=1.66 x 102" kg

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

Moment of force

Work and energy

Power

ERECE

moment = Fx

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

p 71 8 6 7 A 0 2 5 3 2

(close to Earth’s surface)

(close to Earth’s surface)
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Efficiency

Materials

Density

Stokes’ law

Hooke’s law

Elastic strain energy

Young modulus

useful energy output

efficiency = .
total energy input
efficiency = useful power .Output
total power input
_m
vV
F=6nyrv
AF = kAx
1
AE, = S FAx
o
E= — where
€
St _F
ress o v
. 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

v =fA
T
v= =
u
P
A
n sinf = n,sin6,
c
n= —
v
) 1
sinC= —
n
nA=dsiné
S
0
-
R:_
I
P=VI
P=1IR
VZ
P:_
R
W =VIt
_rl
A
AQ
1= At
I =nqgvA
R=R +R +R

E=nf
1
hf =g+ Emvﬁm
h
1= —
p

o MR ARV
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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

FAt = Ap
2

p

E =2

T om
v =or
r=2"

)

V2
a=—

r
a=rw
F—ma—mv2

-
F = mro?
gL

0
. 00,

4me,r?
r-_9

Ame,r?
=L

d
V = Q

4neyr
0

v
w=Lor

T2
1 2
W =-CV
2
w=l&
2 C
0 =0 e’C
0
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Resistor-capacitor discharge

In a magnetic field

Faraday’s and Lenz’s laws

Nuclear and particle physics

In a magnetic field

Mass-energy

%

= ]Oe—t/kc
V= Voe—t/RC
t
mnQ=InQ ——
& RC

ln[=ln[0—L
RC

an=ano—é

F =Bgvsin
F=BIllsinf

_—d(N9)
&= dt

AE = c?Am

. 00 R Y R
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