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SECTION A
Answer ALL questions.
1 A neutron can decay to produce a proton.
Which of the following equations correctly shows neutron decay?

n—>pte +v,

B nopte +y,
C nopte +v,
D n-opte +tv,

(Total for Question 1 = 1 mark)

2 A ball of mass m travelling with velocity v strikes a wall at right angles. It bounces off
the wall in the opposite direction at the same speed.

Which of the following is the impulse on the wall?

A my

B 2mv
C -mv
D 2mv

(Total for Question 2 = 1 mark)

3 In an electron deflection tube, electrons are released by passing a current through a

metal filament.

What is the name of the process that releases the electrons?

A electron diffraction

B  ionisation

C  photoelectric effect

D  thermionic emission

(Total for Question 3 = 1 mark)

2 P87643A
EEmC



4 A potential difference of 0.2V is applied across parallel plates with a separation of 4 cm.

What is the electric field strength halfway between the plates, in units of Vm™?

0.05
B 0.1
C 5
D 10

(Total for Question 4 = 1 mark)

5 A particle of mass m has momentum p and kinetic energy E; . A second particle of
mass m/2 has momentum 2p.

What is the kinetic energy of the second particle?

EJ8
B EJN2
C 2E
D 8E,

(Total for Question 5 = 1 mark)
6 A particle has a mass of 3.17 x 10"kg.

Which of the following gives the mass in GeV/c*?

317 x107% x10° x1.6 x107"
3.00 x 10

3.17 %1077 x10° x1.6 x 107"
(3.00 108)2

317 x 107 x (3.00 x 108)2

C

1.6x107"

317 x 107 x (3.00 x 108)2
D 9 -19
10° x 1.6 x 10
(Total for Question 6 = 1 mark)
P87643A 3
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7 A charged capacitor is connected across a resistor of resistance R and the current in the
resistor is measured.

A graph of In (current) against time is plotted and the gradient of the graph
is determined.

Which of the following gives the capacitance of the capacitor?

A —gradient X R

1

B -—
gradient X R
« R
gradient
di
D _ gradient
R

(Total for Question 7 = 1 mark)

8 A particle accelerator produces a beam of very high energy protons.

Which of the following statements describes the speed of a proton as it passes through
the accelerator?

A It increases uniformly.

B It never reaches the speed of light.

C It stops increasing when it reaches the speed of light.
D It reduces as it approaches the speed of light.

(Total for Question 8 = 1 mark)
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9 A coil of wire is connected to a resistor, as shown.

4
magnetic i -
field coi resistor

The magnetic flux density of the field through the coil is increased steadily from zero to
a maximum value.

Which of the following single changes would result in a smaller current in the resistor?

increasing the area of the coil in the magnetic field
increasing the maximum flux density

increasing the number of turns on the coil

S O = »

increasing the time taken to reach the maximum flux density

(Total for Question 9 = 1 mark)

10 The structure of nucleons can be investigated using electrons with high energies.
Which of the following is the reason why high energies are required?
A to allow for the creation of new particles
B  to overcome the repulsive electrostatic forces
C  to produce a relativistic increase in particle lifetime
D  to produce short de Broglie wavelengths

(Total for Question 10 = 1 mark)

TOTAL FOR SECTION A =10 MARKS
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SECTION B

11 In 1821, Michael Faraday made what is believed to be the first electric motor, as
shown below.

stiff wire

The stiff wire was suspended freely from a stand. The mercury completed an electrical
circuit, which included the wire. When there was a current in the wire, the wire moved
around the magnet.

(a) The wire made 10 complete revolutions around the magnet in a time of 8.3s.

Calculate the angular velocity of the wire.

(b) When the current in the wire is 1.1 A, the wire is at an angle of 10° to the vertical.

The length of the wire in the horizontal magnetic field is 3.5 cm.

0.053T >L1.1A

wire
Determine the force on the wire.

magnetic flux density = 0.053 T

(Total for Question 11 = 6 marks)
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12 DART is a spacecraft sent to collide with an asteroid on course for Earth.
After colliding with one another, DART and the asteroid will stick together.

DART will have a speed of 6250ms™' when it collides with the asteroid. This causes a
change in the asteroid’s speed of 0.40mms .

(a) Determine the combined mass of DART and the asteroid.

mass of DART = 300kg

(b) DART collides at 90° to the direction of the asteroid’s velocity.
The asteroid is moving at a speed of 0.16ms .

Calculate the angle through which the velocity of the asteroid is deflected.

(Total for Question 12 = 5 marks)
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13 (a) Two point charges of 3.1 x 10”°C and —2.4 x 10°C are placed a distance of
0.043 m apart in a vacuum.

Calculate the magnitude of the force between the charges.

(b) The diagram represents the electric field around two point charges of equal
magnitude. A is a positive charge and B is a negative charge.

X

NN

(1) State the meaning of electric field strength.

(i1) Deduce the direction of the electric field at X.

You should consider the electric field at X due to A and due to B separately.

(Total for Question 13 = 7 marks)
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14 A lambda (A) particle is a baryon.

(a) State the structure of a baryon.

(b) A neutral A particle can decay into a proton and a pion.

(1) Write this decay as a particle equation.

Ny —>
(i1) Explain how the laws of conservation of momentum and mass-energy apply to
this decay process.

Assume the A particle is stationary.

(c) Scientists studying antimatter recently observed the creation of an antihelium
nucleus, which consists of two antiprotons and two antineutrons.

The diagram represents the path of a proton through a magnetic field starting at
point A.

An antihelium nucleus also starts at point A and initially travels with the same
velocity as the proton.

Explain the path of the antihelium nucleus.

You should add to the diagram the path of the antihelium nucleus.

(Total for Question 14 = 10 marks)
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15

16

Muons are produced in the Earth’s upper atmosphere at a speed of 0.994 c.

The number of muons reaching the Earth’s surface and the number reaching a position
1600 m higher up was measured. 74% of the muons detected at 1600 m reached the
Earth’s surface without decaying.

Explain whether these observations are consistent with relativistic effects.
Your answer should include a calculation.
average lifetime of muons at rest = 2.2 x 10

(Total for Question 15 = 5 marks)

A go-kart is a small racing car. A go-kart track is being designed.

The track has semicircular ends with straight track in between, as shown.

30m

The track must allow the go-kart to travel around the bends at a maximum safe speed of
35.0 km per hour (9.72ms™).

(a) The first design has a horizontal track.

As the go-kart goes round the semicircular end of the track, centripetal force is
provided by friction between the track and the tyres. This is shown in the free body
force diagram below.

normal contact force

— > Not to
friction scale
weight

Determine whether the go-kart travels around the semicircular ends without
exceeding the maximum frictional force.

maximum frictional force = 1180 N

mass of go-kart and driver = 185kg

10 P87643A
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(b) A second design uses a track that is banked at the semicircular ends. The track is
banked at an angle é to the horizontal.

go-kart normal contact force

0

weight

At a speed v, the go-kart follows the track without any frictional force perpendicular
to its motion.

(1) Show that

2
tand = ZL
gd

where d is the diameter of the semicircular end.

(i1) Calculate the angle @ for a go-kart travelling at the maximum safe speed.

(c) A banked track will cost more to build.

Suggest whether there are any significant advantages that would justify the cost.

(Total for Question 16 = 9 marks)
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( )
17 Experiments, supervised by Rutherford one hundred years ago, involved firing alpha
particles at thin gold foil.
(a) The observations from these experiments are summarised in the table.
Complete the table with the corresponding conclusions from these observations.
3)
Observation Conclusion
The vast majority of alpha particles go
straight through without any deflection.
A tiny proportion of the alpha particles is
deflected through angles greater than 90°.
(b) A gold nucleus has the symbol "5 Au.
(1) Determine the number of neutrons in a gold nucleus
1)
(i) At one moment during the experiment, an alpha particle was at a distance of
5.0 x 10"*m from the gold nucleus.
Calculate the electric potential due to the gold nucleus at this distance.
3)
(Total for Question 17 = 7 marks)
. J
12 P87643A
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18 In 1932, Carl Anderson published this photograph of a track in a cloud chamber, as
shown below. The cloud chamber contained a lead plate. There was a magnetic field
perpendicular to the plane of the track.

lead plate

(Source: © Anderson, Carl D. (1933). ‘The Positive Electron’. Physical
Review 43 (6): 491-494. DOI: 10.113/POhysREv.43.491)

The photograph shows the track of a positron from cosmic rays and is the first
photographic record of an antiparticle.

(a) State the properties of a positron that show it is the antiparticle to the electron.

(b) The cloud chamber contained a lead plate. There was a magnetic field perpendicular
to the plane of the track.

Deduce the direction of the magnetic field.

(c) In the upper part of the photograph the positron had an energy of 23 MeV.

(1) Show that the positron must have been travelling at a relativistic speed. Assume
that all of its energy is kinetic energy.

(i1) For relativistic particles such as this positron, momentum obeys the relationship
E=pc
where E = particle energy, p = particle momentum and ¢ = speed of light.
Determine the magnetic flux density of the magnetic field.

radius of curvature of path = 3.7cm

P87643A
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(d) A positron travelling at a non-relativistic speed of 1.5 x 10’ms ' collides with an
electron travelling at the same speed in the opposite direction. The positron and
electron annihilate one another resulting in the production of a photon of gamma
radiation.

Deduce whether the frequency of the gamma radiation produced
exceeds 1.0 x 10*°Hz,

4)
(Total for Question 18 = 16 marks)

J

14 P87643A
EOEC



19 A digital coulombmeter measures electric charge, as shown in the photograph below.

COULOMBMETER

B e (3 russsmmavmarryrr et | G —

The charge the coulombmeter is measuring is stored on a capacitor. A voltmeter inside
the coulombmeter measures the potential difference across the capacitor. This value is
converted so that the display shows the charge in nanocoulombs.

(a) State why the voltmeter must have a very high resistance.

(b) A coulombmeter is charged. A resistor with resistance 4.6 MQ is placed across the
terminals and the capacitor discharges through the resistor. The charge shown on the
display is recorded and a graph of charge against time is produced.

60
50
40 -
charge /nC 30
20

10 -

0 T T T T T T T T |
0 2 4 6 g8 10 12 14 16 18

time /s

(1) Show that, using data from the graph, the capacitance of the capacitor in the
coulombmeter is about 9.7 x 10 F.

(i) Calculate the energy initially stored by the capacitor.

P87643A 15
WO Turn over



(c) The notes with the coulombmeter state:

The coulombmeter has a much higher capacitance than the charged objects it is
being used with, so effectively all of the charge is transferred to the meter.

Explain why the charge will be transferred to the capacitor with a much
higher capacitance.

(d) The data for the graph was obtained by using a video camera to record the
coulombmeter display and replaying this frame by frame.

State an advantage of using this method.

(Total for Question 19 = 9 marks)

*20 The following passage is taken from an article about the history of particle physics.

Mystery Particle

By 1932, scientists knew of the existence of the subatomic particles: the electron, the
proton and the neutron. These were believed to be the fundamental particles.

In 1936, scientists were using tracks of cosmic rays to identify a predicted particle
known as a meson. Instead, another particle was discovered, the muon. This was so
surprising that Nobel Prize winning physicist Isidor Rabi said “Who ordered that?”

Describe how the underlined particles fit into the standard model.

(Total for Question 20 = 6 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 x102JK!
k= 1/4ne,

=899 x 10° Nm? C?
e=-1.60 x 10" C
m_=9.11 x 107" kg
leV=1.60x10"]
G=6.67x 10" N m?kg?
2=9.81 N kg
£,=8.85x 10" Fm'
h=6.63 x103Js
m = 1.67 x 107 kg
c=3.00%x10ms"'
0=5.67x10*Wm?K*
u=1.66 x 102" kg

Unit 1
Mechanics
. . . . (u+ v
Kinematic equations of motion s = T
v=u -+ at
1
S = ut > at
vi=u’®+ 2as
Forces YF=ma
F
8= —
m
W=mg
Momentum p=my

Moment of force

Work and energy

Power

20

moment = Fx

AW = FAs
1
E = Emv2
AE, ., = mgAh
E
p==
t
w
pP=—
{

(close to Earth’s surface)

(close to Earth’s surface)

P87643A
EEmC



( )
Efficiency efficiency = useful energy ‘output
total energy input
efficiency = useful power f)utput
total power input
Materials
Densit -
nsi = —
ensity p Vv
Stokes’ law F=6nnyrv
Hooke’s law AF = kAx
1
Elastic strain energy AE = SF Ax
o
Young modulus E= — where
€
Stress 0 = —
ress o= —
) Ax
Strain £ = —
X
L J
P87643A 21
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( )
Unit 2
Waves
Wave speed v =1
T
Speed of a transverse wave v=,[—
on a string #
. . P
Intensity of radiation 1= 4
Refractive index n sin@, = n,sin6,
c
n=—
v
. ) 1
Critical angle sinC= —
n
Diffraction grating ni =dsinf
Electricity
C /4
Potential difference V= 5
) Vv
Resistance = —
1
Electrical power, energy P=VI
P=1IR
VZ
R
W= Vit
e pl
Resistivit = —
esistivity y
AQ
Current = A
I=ngvA
Resistors in series R=R +R,+R,
Resistors i llel l—L+L+i
esistors in paralle R R R R
Particle nature of light
Photon model E=nf
Einstein’s photoelectric hf =g+ Emvi "
equation
h
de Broglie wavelength A= ;

J

22
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4 N\
Unit 4

Further mechanics

Impulse FAt = Ap
Kinetic energy of a E = p_2
non-relativistic particle “om
Motion in a circle v =or
2n
T ===
1)
V2
a=—
,
a=rw’
mv’
Centripetal force F=ma=
r
F = mre?

Electric and magnetic fields

Electric field E= F
Q
Coulomb’s law F = 00,
4me,r?
p._9
4me,r?
=L
d
. . _ 0
Electrical potential V=
4re,r
Capacitance C= Q
14
Energy stored in capacitor W = %QV
Ww=-cv’
2
w=l&
2C
Capacitor discharge 0 = Qe
- J
P87643A 23
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Resistor-capacitor discharge I=1g""¢
V= Voe—t/RC
t
mQ=InQ ——
* RC

ln[=ln[0—L
RC

an=ano—é

In a magnetic field F =Bgvsin
F=BIlsin 6
—d(N
Faraday’s and Lenz’s laws &= ((1—t¢)
Nuclear and particle physics
In a magnetic field P
BQ
Mass-energy AE = c*Am
~ J
24 P87643A
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SECTION A

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.
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(Total for Question 2 = 1 mark)

(Total for Question 3 = 1 mark)

(Total for Question 4 = 1 mark)
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