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DATA SHEET
COMMON PHYSICAL QUANTITIES

Quantity Symbol Value Quantity Symbol Value

Gravitational  
  acceleration on Earth
Radius of Earth
Mass of Earth
Mass of Jupiter
Radius of Jupiter
Mean Radius of
  Jupiter Orbit
Solar radius
Mass of Sun
1 AU
Stefan-Boltzmann  
  constant
Universal constant
  of gravitation

g
RE
ME
MJ
RJ

σ

G

 
9·8 m s−2

6·4 × 106 m
6·0 × 1024 kg
1·90 × 1027 kg
7·15 × 107 m

7·79 × 1011 m
6·955 × 108 m
2·0 × 1030 kg
1·5 × 1011 m

5·67 × 10−8 W m−2 K−4

6·67 × 10−11 m3  kg−1 s−2

 
Mass of electron
Charge on electron
Mass of neutron
Mass of proton
Mass of alpha particle
Charge on alpha  
   particle
Planck’s constant
Permittivity of free
  space
Permeability of free
  space
Speed of light in
  vacuum
Speed of sound in
  air

 
me
e
mn
mp
mα

h

ε0

μ0

c

v

9·11 × 10−31 kg
−1·60 × 10−19 C
1·675 × 10−27 kg
1·673 × 10−27 kg
6·645 × 10−27 kg

3·20 × 10−19 C
6·63 × 10−34 J s

8·85 × 10−12 F m−1

4π × 10−7 H m−1

3·00 × 108 m s−1

3·4 × 102 m s−1

REFRACTIVE INDICES
The refractive indices refer to sodium light of wavelength 589 nm and to substances at a temperature of 273 K.

Substance Refractive index Substance Refractive index

Diamond
Glass
Ice
Perspex

2·42
1·51 
1·31
1·49

Glycerol
Water
Air
Magnesium Fluoride

1·47 
1·33
1·00
1·38

SPECTRAL LINES

Element Wavelength/nm Colour Element Wavelength/nm Colour

Hydrogen

Sodium

656
486
434
410
397
389

589

Red
Blue-green
Blue-violet
Violet
Ultraviolet
Ultraviolet

Yellow 

Cadmium 644
509
480

Red
Green
Blue

Lasers
Element Wavelength/nm Colour

Carbon dioxide

Helium-neon

9550
10 590 }

633

Infrared

Red

PROPERTIES OF SELECTED MATERIALS

Substance Density/
kg m−3

Melting
Point/

K

Boiling
Point/

K

Specific Heat
Capacity/
J kg−1 K−1 

Specific Latent
Heat of
Fusion/
J kg−1

Specific Latent
Heat of

Vaporisation/
J kg−1

Aluminium
Copper
Glass
Ice
Glycerol
Methanol
Sea Water
Water
Air
Hydrogen
Nitrogen
Oxygen

2·70 × 103

8·96 × 103

2·60 × 103

9·20 × 102

1·26 × 103

7·91 × 102

1·02 × 103

1·00 × 103

1·29
9·0   × 10−2

1·25
1·43

933
1357
1400
273
291
175
264
273

. . . .
14
63
55

2623
2853
. . . .
. . . .
563
338
377
373

. . . .
20
77
90

9·02 × 102

3·86 × 102

6·70 × 102

2·10 × 103

2·43 × 103

2·52 × 103

3·93 × 103

4·18 × 103

. . . .
1·43 × 104

1·04 × 103

9·18 × 102

3·95 × 105

2·05 × 105

. . . .
3·34 × 105

1·81 × 105

9·9   × 104

. . . .
3·34 × 105

. . . .

. . . .

. . . .

. . . .

. . . .

. . . .

. . . .

. . . .
8·30 × 105

1·12 × 106

. . . .
2·26 × 106

. . . .
4·50 × 105

2·00 × 105

2·40 × 104

The gas densities refer to a temperature of 273 K and a pressure of 1·01 × 105 Pa.
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Total marks — 140

Attempt ALL questions

	 1.	 A spacecraft accelerates from rest at time t = 0.

The velocity v of the spacecraft at time t is given by the relationship 

24 2 1 6v t t= +· ·

where v is measured in m s-1 and t is measured in s.

Using calculus methods

(a)	 determine the time at which the acceleration of the spacecraft is 24 m s-2

Space for working and answer

(b)	 determine the distance travelled by the spacecraft in this time.

Space for working and answer

3

3

[Turn over
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	 2.	 Riders on a theme park attraction sit in pods, which are suspended by wires.

This is shown in Figure 2A.

Figure 2A

(a)		  (i)	 During the ride, a pod travels at a constant speed of 8·8 m s-1 in a 
horizontal circle. 

The radius of the circle is 7·6 m.

When occupied, the pod has a mass of 380 kg.

Calculate the centripetal force acting on the pod.

Space for working and answer

	 (ii)	 State the direction of the centripetal force.

3

1
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	 2.	 (continued)

(b)		  (i)	 Figure 2B shows a simplified model of a pod following a horizontal 
circular path. The pod is suspended from a fixed point by a cord.

On Figure 2B, show the forces acting on the pod as it travels at a 
constant speed in a horizontal circle.

You must name these forces and show their directions.

θ
cord

pod

fixed point

Figure 2B

	 (ii)	 The speed of the pod decreases. 

State the effect this has on the angle θ. 

You must justify your answer in terms of the forces acting on the 
pod.

2

2

[Turn over
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 3. A gymnast, in a straight position, rotates around a high bar.

This is shown in Figure 3A.

2∙1 m

Figure 3A

The mass of the gymnast is 63 kg.

With arms extended, the total length of the gymnast is 2·1 m.

The gymnast is rotating with an angular velocity of 7·9 rad s-1.

(a) With arms extended, the gymnast can be approximated as a uniform rod.

Using this approximation, show that the moment of inertia of the gymnast 
around the bar is 93 kg m2.

Space for working and answer

2
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 3. (continued)

(b) The gymnast now makes a pike position, by bending at the waist. 

This is shown in Figure 3B.

Figure 3B

This change of position causes the moment of inertia of the gymnast to 
decrease to 62 kg m2.

 (i) Explain why making a pike position results in a decrease in the 
moment of inertia of the gymnast.

 (ii) By considering the conservation of angular momentum, determine 
the angular velocity of the gymnast in the pike position.

Space for working and answer

1

3

[Turn over
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 4. Passengers are sitting on a bus as it goes around a tight bend at speed. 

The following conversation is overheard between two of the passengers after 
the journey.

Passenger one:  ‘Did you feel that centrifugal force? It nearly tipped the 
bus over!’

Passenger two:  ‘There is no such thing as centrifugal force. It’s centripetal 
force that gets the bus around the bend.’

Passenger one:  ‘There is centrifugal force, it depends on your frame of 
reference.’

Passenger two:  ‘No, centrifugal force is just imaginary.’

Use your knowledge of physics to comment on the overheard conversation. 3
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	 4.	 (continued)

[Turn over
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 5. Juno is a spacecraft with a mission to survey Jupiter. 

Juno is in an elliptical orbit around Jupiter.

This is shown in Figure 5A.

B

not to scale

A

Figure 5A

(a) The gravitational potential at point A in the orbit of Juno is -1·70 × 109 J kg-1.

State what is meant by a gravitational potential of -1·70 × 109 J kg-1.

(b) At point B, Juno is 1·69 × 108 m from the centre of Jupiter.

Calculate the gravitational potential at point B.

Space for working and answer

1

3
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	 5.	 (continued)

(c)	 The mass of Juno is 1·6 × 103 kg.

Determine the change in gravitational potential energy of Juno when it 
has moved from point A to point B.

Space for working and answer

4

[Turn over
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	 6.	 In 1915, Albert Einstein presented his general theory of relativity. The 
equivalence principle is a key part of this theory.

(a)	 State what is meant by the equivalence principle.

(b)	 Spacetime diagrams are used to show the world line of objects.

A spacetime diagram representing the world lines of two objects, P and Q, 
is shown in Figure 6A.

position

ti
m

e

QP

Figure 6A

	 (i)	 State which of these objects is accelerating.

	 (ii)	 On Figure 6A, draw a world line that would represent a stationary 
object.

1

1

1
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	 6.	 (continued)

(c)	 General relativity explains the spacetime curvature caused by a black 
hole. This curvature causes a ray of light to appear to be deflected. This 
is known as gravitational lensing.

The angle of deflection θ, in radians, is given by the relationship

2

4GMθ
rc

=

where

G is the universal constant of gravitation

M is the mass of the black hole 

r is the distance between the black hole and the ray of light 

c is the speed of light in a vacuum.

	 (i)	 Imaging of the region around a black hole shows an angle of 
deflection of 0·0487 radians when a ray of light is 1·54 × 106 m 
from the black hole.

Determine the mass of the black hole.

Space for working and answer

2

[Turn over
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	 6.	 (c)	 (continued)

	 (ii)	 Gravitational lensing causes the deflection of light rays from 
background stars that appear close to the edge of the Sun. This 
phenomenon can be observed during a total solar eclipse.

It can be shown that the angle of deflection θ, in radians, of a ray of 
light by a star of mass M is related to the Schwarzschild radius of 
the star and the distance r between the ray of light and the centre 
of the star.

2 Schwarzschildrθ
r

=

The Schwarzschild radius of the Sun is equal to 3·0 × 103 m.

(A)	� Calculate the angle of deflection in radians of a ray of light that 
grazes the edge of the Sun.

Space for working and answer

(B)	� On the axes below, sketch a graph showing the observed 
variation of the angle of deflection of a ray of light with its 
distance from the centre of the Sun.

Numerical values are not required on either axis.

0
solar 

radius
r (m)

θ (rad)

(An additional diagram, if required, can be found on page 46.)

2

2
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	 7.	 A Hertzsprung-Russell (H-R) diagram is shown in Figure 7A.

star A

star B

lu
m

in
os

it
y

star C

surface temperature (K)

star D

Figure 7A

(a)	 Stars are classified depending on their position on the H-R diagram.

	 (i)	 Four stars are labelled on the H-R diagram.

State which of these stars is a red giant.

	 (ii)	 At present the Sun is a main sequence star. It is predicted that the 
Sun will eventually become a red giant.

(A)	� State the change that will occur in the fusion reactions within 
the core of the Sun at the point when it leaves the main 
sequence.

(B)	� Explain, in terms of gravitational force and thermal pressure, 
why the diameter of the Sun will increase as it becomes a red 
giant.

1

1

1
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	 7.	 (continued)

(b)	 Betelgeuse is a red supergiant star in the constellation Orion.

It is 6∙1 × 1018 m from Earth and has an apparent brightness of 
1∙6 × 10-7 W m-2.

	 (i)	 Calculate the luminosity of Betelgeuse.

Space for working and answer

	 (ii)	 The radius of Betelgeuse is 8∙3 × 1011 m.

Calculate the surface temperature of Betelgeuse.

Space for working and answer

(c)	 Ultimately, every main sequence star will become either a white dwarf, a 
neutron star or a black hole.

State the property of a star that determines which of these it will 
eventually become.

3

3

1

[Turn over



*X757770118*
page 18

MARKS DO NOT 
WRITE IN 

THIS 
MARGIN

	 8.	 Muons are created when cosmic rays enter the atmosphere of the Earth. This 
is shown in Figure 8A.

not to scale

muons

cosmic rays

Figure 8A

To an observer on Earth the muons appear to have a lifetime of 8·5 μs.

Instruments on Earth can detect muons and measure muon energy E.

The precision of the muon energy measurement is limited by the lifetime Δt 
of the muon.

(a)	 By considering the Heisenberg uncertainty principle, calculate the 
minimum uncertainty in muon energy ΔEmin.

Space for working and answer

3
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	 8.	 (continued)

(b)	 Some muons, detected at sea level, have an average energy of 4·1 × 109 eV.

An instrument detects 10 000 such muons in one minute.

Determine the average total energy, in joules, measured per second.

Space for working and answer

(c)	 At sea level, these muons have an average momentum of 4·87 × 10-19 kg m s-1.

By calculating the de Broglie wavelength of a muon with this momentum, 
explain why muons at sea level can be regarded as particles.

Space for working and answer

3

4

[Turn over
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	 9.	 An excerpt from a student’s notes on fusion reactions is quoted below.

Electrostatic repulsion must be overcome before fusion can occur.

Two protons repel one another because of the electrostatic force between 
them.

If two protons can be brought close enough together, however, the 
electrostatic repulsion can be overcome by the quantum effect in which 
protons can tunnel through electrostatic forces. 

The Heisenberg uncertainty principle suggests that protons can ‘borrow’ 
energy in order to overcome their electrostatic repulsion. This allows fusion 
to occur at lower temperatures than would otherwise be required.

Use your knowledge of physics to comment on this excerpt. 3
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	 9.	 (continued)

[Turn over
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	10.	 (a)	 Alpha particles are accelerated to a speed of 5·0 × 106 m s-1.

The alpha particles are then injected into a magnetic field. The path of 
the alpha particles is perpendicular to the magnetic field lines.

The magnetic induction is 1·7 T.

The alpha particles follow the circular path shown in Figure 10A.

alpha particle

Figure 10A

	 (i)	 (A)	� Calculate the magnitude of the magnetic force acting on an 
alpha particle.

Space for working and answer

3
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	10.	 (a)	 (i)		  (continued)

(B)	� This magnetic force provides the centripetal force that causes 
the alpha particles to follow the circular path.

Calculate the radius of the circular path.

Space for working and answer

	 (ii)	 The alpha particles are now replaced by protons. 

The protons also travel at 5·0 × 106 m s-1, and are injected into the 
magnetic field at the same point and in the same direction as the 
alpha particles.

On Figure 10A, sketch the path followed by the protons after they 
enter the magnetic field.

(An additional diagram, if required, can be found on page 46)

3

3

[Turn over
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	10.	 (continued)

(b)	 Cosmic rays travel through space towards Earth.

Approximately 9% of cosmic rays are alpha particles.

Alpha particles entering the magnetic field of the Earth follow a helical, 
rather than a circular path. 

Explain why alpha particles travelling through the magnetic field of the 
Earth follow a helical path. 2



*X757770125*
page 25

MARKS DO NOT 
WRITE IN 

THIS 
MARGIN

 10. (continued)

(c) The Pierre Auger Observatory is a large cosmic ray observatory in 
Argentina. The location of this observatory is shown in Figure 10B.

equator

Pierre Auger
observatory

Figure 10B

The observatory is at an altitude of 1400 m.

Explain why this choice of location for the observatory was preferred to 
locations at lower altitude and to locations closer to the equator. 2

[Turn over
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	11.	 A home improvement shop has a machine that can produce paint of any 
colour. Small amounts of pigment are added to paint in a tin. The tin is then 
shaken to produce a uniform colour of paint.

The machine is shown in Figure 11A.

IN EMERGENCY
PUSH TO STOP

tin of paint

Figure 11A

The tin is placed in the machine and clamped securely. During shaking, the 
oscillation of the tin in the vertical plane can be modelled as simple harmonic 
motion.

The tin of paint has a mass of 3·67 kg. 

The tin is shaken at a rate of 580 oscillations per minute.

The amplitude of its motion is 0·013 m.

(a)		  (i)	 Show that the angular frequency ω of the tin is 61 rad s-1.

Space for working and answer

	 (ii)	 Calculate the maximum kinetic energy of the tin.

Space for working and answer

2

3
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	11.	 (a)	 (continued)

	(iii)	 On the axes below, sketch a graph showing the variation of the 
kinetic energy Ek of the tin with the vertical displacement y from 
its equilibrium position.

Numerical values are required on both axes.

Ek (J)

y (m)0

(An additional graph, if required, can be found on page 47.)

(b)	 A coin falls onto the lid of the tin of paint as it is being clamped into 
position. The coin loses contact with the lid during the first oscillation.

	 (i)	 State the magnitude and direction of the acceleration of the tin 
when the coin just loses contact with the lid.

	 (ii)	 Determine the magnitude of the displacement of the tin from its 
equilibrium position when the coin just loses contact with the lid.

Space for working and answer

3

1

3

[Turn over
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	12.	 A student is performing an experiment to determine the speed of sound in 
air. 

The student uses the apparatus shown in Figure 12A. 

loudspeaker

signal 
generator

closed 
end

oscilloscope

L

microphone tube

Figure 12A

The microphone is in a fixed position.

The signal generator is switched on. 

A stationary wave is formed within the tube.

(a)		  (i)	 Explain how the stationary wave is formed.

	 (ii)	 At one frequency the microphone detects a loud sound. The 
frequency produced by the signal generator is now increased 
gradually.

Describe what happens to the loudness of the sound detected by 
the microphone as the frequency is being increased to twice its 
original value.

1

2
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	12.	 (continued)

(b)	 At specific frequencies the air in the tube will resonate. 

Frequencies that cause resonance can be determined by the relationship

4

nvf
L

=

where 

v is the speed of sound in air

L is the length of the tube

n is the number of half-wavelengths of sound waves in the tube.

The student measures the length of the tube to be (2∙00 ± 0∙02) m.

The student notes that the resonant frequency is (510 ± 10) Hz when 
there are eleven half-wavelengths of sound waves in the tube.

	 (i)	 Use the data obtained by the student to calculate a value for the 
speed of sound in air.

Space for working and answer.

	 (ii)	 Determine the absolute uncertainty in this value.

Space for working and answer.

2

4

[Turn over
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	12.	 (continued)

(c)	 The student now uses a graphical method to determine the speed of 
sound in air. Using a software graphing package, the student produces 
the graph shown in Figure 12B.

f (Hz) 900

800

700

500

600

400

300

200

0
2∙52∙01∙51∙00∙50∙0

100

( )1m
4

n
L

−

Figure 12B
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	12.	 (c)	 (continued)

	 (i)	 Using information from the graph, determine the speed of sound in 
air.

Space for working and answer.

	 (ii)	 Using the graphing package, the student estimates a 2% uncertainty 
in the value of the speed of sound in air obtained.

(A)	� State how the precision of the value obtained by the graphical 
method compares with the precision of the value obtained 
in (b).

(B)	� State how the accuracy of the value obtained by the graphical 
method compares with the accuracy of the value obtained 
in (b).

	(iii)	 The line of best fit on the graph does not pass through the origin as 
theory predicts. This may be due to a systematic uncertainty.

Suggest a possible source of a systematic uncertainty in the 
experiment.

3

1

1

1

[Turn over
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	13.	 A student uses a double slit to produce an interference pattern with green 
light from an LED. This is shown in Figure 13A.

green LED

double 
slit

2∙95 m

screen

not to scale
Figure 13A

The LED emits light of wavelength 550 nm.

The student makes the following measurements.

14 fringe separations 	 43·4 mm

Distance from slits to screen 	 2·95 m

(a)		  (i)	 Determine the distance between the slits.

Space for working and answer

	 (ii)	 Explain why the student measured 14 fringe separations rather 
than measuring the separation of two adjacent fringes.

4

1
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	13.	 (continued)

(b)	 The student replaces the green LED with an LED that emits red light.

Apart from colour, state how the fringe pattern now observed by the 
student differs from the pattern produced by the green LED.

You must justify your answer.

[Turn over

2
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	13.	 (continued)

(c)	 A second student uses a different arrangement to produce an interference 
pattern.

Monochromatic light of wavelength 550 nm is shone onto a soap film at 
nearly normal incidence. The light is reflected from the soap film and an 
interference pattern is visible on the film.

This arrangement is shown in Figure 13B.

Figure 13B

X

Y

wire loop

soap film

monochromatic light

reflected light

An expanded side view of the soap film and light rays is shown in 
Figure 13C.

reflected ray 2

monochromatic light

reflected ray 1

not to scale

soap film

Y

X

Figure 13C
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	13.	 (c)	 (continued)

	 (i)	 At Y the thickness of the film is 3∙39 × 10-6 m.

The refractive index of the film is 1∙46.

Determine the optical path difference between reflected ray 1 and 
reflected ray 2.

Space for working and answer

	 (ii)	 There is an area of destructive interference at Y.

The next area of destructive interference occurs at X, where the 
film is slightly thinner.

Determine the optical path difference between the reflected rays 
at X.

Space for working and answer

3

1

[Turn over
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	14.	 (a)		  (i)	 A point charge of +1∙3 × 10-14 C is placed 48 mm from point P.

Show that the electrical potential at P due to this charge is 
2∙4 × 10-3 V.

Space for working and answer.

	 (ii)	 A second point charge, of -1∙3 × 10-14 C, is now placed 52 mm 
from P.

This is shown in Figure 14A.

P
48 mm

52 mm

−1∙3 × 10−14 C

24 mm

+1∙3 × 10−14 C

Figure 14A

Determine the electrical potential at P due to both charges.

Space for working and answer.

2

3
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	14.	 (continued)

(b)	 Some virtual reality headsets detect changes in electrical potential 
caused by movement of charge within the human eye. 

The human eye can be modelled as two point charges.

In this model there is a positive charge near the front of the eye (iris), 
and a negative charge near the back of the eye (retina). 

This is shown in Figure 14B. 

Figure 14B

electrode in 
contact with 

the head

iris

retina

52 mm
24 mm

48 mm

When the eye looks from side to side, the positive charge moves while 
the negative charge remains in a fixed position.

An electrode in contact with the head can measure the electrical 
potential at that point due to these charges.

State what happens to the electrical potential at the electrode as the iris 
moves towards the electrode.

You must justify your answer. 2

[Turn over
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	15.	 A small, thin, rectangular, metal plate is connected to a d.c. power supply as 
shown in Figure 15A. 

Figure 15A

Y

d.c. power supply

X

metal plate

Electrons move through the plate from left to right.

A uniform magnetic field is now applied at right angles to the plate. 

This is shown in Figure 15B.

YX

Figure 15B

As the electrons enter the metal plate they experience a force due to the 
magnetic field. This causes the electrons to initially follow a curved path 
downwards and gather at the bottom of the metal plate.	

(a)	 Determine whether the direction of the magnetic field is into the page or 
out of the page. 1

[Turn over
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	15.	 (continued)

(b)	 After a short time, the bottom of the plate becomes negatively charged 
relative to the top of the plate, as shown in Figure 15C.

+ + + + + + +
− − − − − − −

Figure 15C

X Y

This causes a uniform electric field between the top and bottom of the 
metal plate.

Electrons moving at a fixed speed vd, called the drift velocity, will now 
travel horizontally across the plate. These electrons do not move vertically 
as the electric and magnetic forces acting on them are balanced.

	 (i)	 Show that the drift velocity is given by the relationship

d
Vv
Bd

=

where

V is the potential difference between the top and bottom of the 
metal plate

B is the magnetic induction

d is the height of the metal plate. 3
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	15.	 (b)	 (continued)

	 (ii)	 The metal plate has a height of 3∙25 × 10-2 m.

The magnetic induction is 1∙25 T. 

The potential difference between the top of the plate and the 
bottom of the plate is 3∙47 × 10-6 V.

Calculate the drift velocity of the electrons moving across the plate.

Space for working and answer

	(iii)	 The magnetic induction is now increased. The drift velocity of the 
electrons moving through the metal plate remains the same.

Explain why the drift velocity does not change.

2

2

[Turn over for next question
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	16.	 A technician finds an unlabelled capacitor and carries out an experiment to 
determine its capacitance.

The technician builds a circuit using a battery, a 2∙2 kΩ resistor, a voltmeter 
and the unlabelled capacitor. The technician constructs the circuit so that the 
potential difference across the capacitor is measured as it charges.

(a)		  (i)	 Draw a diagram of a circuit that would enable the technician to 
carry out this experiment.

	 (ii)	 The data obtained from the experiment are used to draw the graph 
of potential difference V against time t shown in Figure 16A.

t (s)

5∙0

V (V)

3∙0

4∙0

2∙0

1∙0

0∙0

7∙0

6∙0

3∙0 5∙02∙0 4∙01∙00∙0

Figure 16A

Use the graph to determine the time constant of this circuit.

Space for working and answer

1

2
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	16.	 (a)	 (continued)

	(iii)	 Calculate the capacitance of the unlabelled capacitor.

Space for working and answer.

(b)	 The technician also finds an unlabelled inductor and wishes to 
determine its inductance.

	 (i)	 The technician connects the inductor to a data logger, a switch and 
a 9·0 V d.c. supply. When the circuit is switched on, the initial rate 
of change of current is determined to be 95∙8 A s-1.

Calculate the inductance of the inductor.

Space for working and answer.

	 (ii)	 The technician connects the inductor and a d.c. ammeter to a 
9·0 V d.c. power supply. The technician records the maximum 
ammeter reading.

The technician then connects the inductor and an a.c. ammeter to 
a 9·0 V r.m.s. a.c. power supply. The technician again records the 
maximum ammeter reading.

The technician notices that the values of current recorded are 
different.

State which ammeter displays the greater current reading.

You must justify your answer.

[END OF QUESTION PAPER]

3

3

2
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Additional diagram for use with Question 6 (c) (ii) (B)

0
solar 

radius
r (m)

θ (rad)

Additional diagram for use with Question 10 (a) (ii)

alpha particle
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Additional graph for use with Question 11 (a) (iii)

Ek (J)

y (m)0
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Relationships required for Physics Advanced Higher

dsv
dt

=

2

2

dv d sa
dt dt

= =

v u at= +

21
2

s ut at= +

2 2 2v u as= +

dθω
dt

=
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dω d θα
dt dt

= =

oω ω αt= +
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2oθ ω t αt= +
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2
2

r
va rω
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= =
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=
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= −
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=
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=
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=
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=
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=
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2 21
2PE mω y=
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=
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=
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=
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Additional Relationships

Circle

Sphere

Trigonometry

Moment of inertia

point mass

rod about centre

rod about end

disc about centre

sphere about centre

Table of standard derivatives

( )f x ( )f x′

sin ax cosa ax

cosax sina ax−

Table of standard integrals

( )f x ( )f x dx∫

sin ax cos1 ax Ca− +

cosax sin1 ax Ca +

circumference 2πr=

2area πr=

2area 4πr=

34
3volume πr=

sin opposite
hypotenuse

θ =

cos adjacent
hypotenuse

θ =

tan opposite
adjacent

θ =

sin cos2 2 1θ θ+ =

2I mr=

21
12I ml=

21
3I ml=

21
2I mr=

22
5I mr=
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Electron Arrangem
ents of Elem

ents
G

roup 1
G

roup 2
G

roup 3
G

roup 4
G

roup 5
G

roup 6
G

roup 7
G

roup 0

(1)
(18)

1H1

H
ydrogen

Key
Atom

ic num
ber

Sym
bol

Electron arrangem
ent 

N
am

e

2H
e2

H
elium

(13)
(14)

(15)
(16)

(17)
(2)

3Li
2,1

Lithium

4Be2,2

Beryllium

5B2,3

Boron

6C2,4

Carbon

7N2,5

N
itrogen

8O2,6

O
xygen

9F2,7

Fluorine

10

N
e

2,8

N
eon

11

N
a

2,8,1

Sodium

12

M
g

2,8,2

M
agnesium

Transition Elem
ents

13Al
2,8,3

Alum
inium

14Si
2,8,4

Silicon

15P2,8,5

Phosphorus

16S
2,8,6

Sulfur

17Cl
2,8,7

Chlorine

18

Ar
2,8,8

Argon
(3)

(4)
(5)

(6)
(7)

(8)
(9)

(10)
(11)

(12)

19K
2,8,8,1

Potassium

20

Ca
2,8,8,2

Calcium

21Sc
2,8,9,2

Scandium

22Ti
2,8,10,2

Titanium

23V
2,8,11,2

Vanadium

24

Cr
2,8,13,1

Chrom
ium

25

M
n

2,8,13,2

M
anganese

26

Fe
2,8,14,2

Iron

27

Co
2,8,15,2

Cobalt

28N
i

2,8,16,2

N
ickel

29

Cu
2,8,18,1

Copper

30

Zn
2,8,18,2

Zinc

31

G
a

2,8,18,3

G
allium

32

G
e

2,8,18,4

G
erm

anium

33

As
2,8,18,5

Arsenic

34

Se
2,8,18,6

Selenium

35

Br
2,8,18,7

Brom
ine

36

Kr
2,8,18,8

Krypton

37

Rb
2,8,18,8,1

Rubidium

38Sr
2,8,18,8,2

Strontium

39Y
2,8,18,9,2

Yttrium

40Zr
2,8,18,

10,2
Zirconium

41

N
b

2,8,18,
12,1

N
iobium

42

M
o

2,8,18,13,
1

M
olybdenum

43Tc
2,8,18,13,

2
Technetium

44

Ru
2,8,18,15,

1
Ruthenium

45

Rh
2,8,18,16,

1
Rhodium

46

Pd
2,8,18,

18,0
Palladium

47

Ag
2,8,18,

18,1
Silver

48

Cd
2,8,18,

18,2
Cadm

ium

49In
2,8,18,

18,3
Indium

50

Sn
2,8,18,

18,4
Tin

51

Sb
2,8,18,

18,5
Antim

ony

52

Te
2,8,18,

18,6
Tellurium

53I
2,8,18,

18,7
Iodine

54

Xe
2,8,18,

18,8
Xenon

55

Cs
2,8,18,18,

8,1
Caesium

56

Ba
2,8,18,18,

8,2
Barium

57

La
2,8,18,18,

9,2
Lanthanum

72

H
f

2,8,18,32,
10,2

H
afnium

73

Ta
2,8,18,
32,11,2
Tantalum

74W
2,8,18,32,

12,2
Tungsten

75

Re
2,8,18,32,

13,2
Rhenium

76

O
s

2,8,18,32,
14,2

O
sm

ium

77Ir
2,8,18,32,

15,2
Iridium

78Pt
2,8,18,32,

17,1
Platinum

79

Au
2,8,18,
32,18,1

G
old

80

H
g

2,8,18,
32,18,2
M

ercury

81Tl
2,8,18,
32,18,3
Thallium

82

Pb
2,8,18,
32,18,4

Lead

83Bi
2,8,18,
32,18,5
Bism

uth

84

Po
2,8,18,
32,18,6
Polonium

85

At
2,8,18,
32,18,7
Astatine

86

Rn
2,8,18,
32,18,8
Radon

87Fr
2,8,18,32,

18,8,1
Francium

88

Ra
2,8,18,32,

18,8,2
Radium

89

Ac
2,8,18,32,

18,9,2
Actinium

104

Rf
2,8,18,32,

32,10,2
Rutherfordium

105

D
b

2,8,18,32,
32,11,2
D

ubnium

106

Sg
2,8,18,32,

32,12,2
Seaborgium

107

Bh
2,8,18,32,

32,13,2
Bohrium

108

H
s

2,8,18,32,
32,14,2
H

assium

109

M
t

2,8,18,32,
32,15,2

M
eitnerium

110

D
s

2,8,18,32,
32,17,1

Darm
stadtium

111

Rg
2,8,18,32,

32,18,1
Roentgenium

112

Cn
2,8,18,32,

32,18,2
Copernicium

57

La
2,8,18,
18,9,2

Lanthanum

58

Ce
2,8,18,
20,8,2
Cerium

59Pr
2,8,18,21,

8,2
Praseodym

ium

60

N
d

2,8,18,22,
8,2

N
eodym

ium

61

Pm
2,8,18,23,

8,2
Prom

ethium

62

Sm
2,8,18,24,

8,2
Sam

arium

63

Eu
2,8,18,25,

8,2
Europium

64

G
d

2,8,18,25,
9,2

G
adolinium

65

Tb
2,8,18,27,

8,2
Terbium

66

D
y

2,8,18,28,
8,2

D
ysprosium

67

H
o

2,8,18,29,
8,2

H
olm

ium

68Er
2,8,18,30,

8,2
Erbium

69

Tm
2,8,18,31,

8,2
Thulium

70

Yb
2,8,18,32,

8,2
Ytterbium

71

Lu
2,8,18,32,

9,2
Lutetium

89

Ac
2,8,18,32,

18,9,2
Actinium

90

Th
2,8,18,32,

18,10,2
Thorium

91

Pa
2,8,18,32,

20,9,2
Protactinium

92U
2,8,18,32,

21,9,2
U

ranium

93

N
p

2,8,18,32,
22,9,2

N
eptunium

94

Pu
2,8,18,32,

24,8,2
Plutonium

95

Am
2,8,18,32,

25,8,2
Am

ericium

96

Cm
2,8,18,32,

25,9,2
Curium

97

Bk
2,8,18,32,

27,8,2
Berkelium

98Cf
2,8,18,32,

28,8,2
Californium

99Es
2,8,18,32,

29,8,2
Einsteinium

100

Fm
2,8,18,32,

30,8,2
Ferm

ium

101

M
d

2,8,18,32,
31,8,2

M
endelevium

102

N
o

2,8,18,32,
32,8,2

N
obelium

103

Lr
2,8,18,32,

32,9,2
Law

rencium

Lanthanides

Actinides
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