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Q1.           

Plane wavefronts pass through a gap in a barrier. The gap is much smaller than the wavelength
of the wave.

Which diagram best shows the resultant shape of the wavefronts?

   A   

   B   

   C   

   D   

 

(Total for question = 1 mark)

 

 

Q2.           

In a concert hall, sound waves produced by an instrument are reflected from different parts of
the hall. Two coherent sound waves meet at a point where their phase difference is π.

What is the smallest possible path difference to produce this phase difference?

   A    λ / 4

   B    λ / 2

   C    3 λ / 4

   D    λ
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(Total for question = 1 mark)

 

 

Q3.           

Which of the following wave properties demonstrates that electromagnetic waves must be
transverse?

   A    diffraction

   B    interference

   C    polarisation

   D    refraction

 

(Total for question = 1 mark)

 

 

Q4.           

A wave of wavelength λ and frequency f is travelling in a medium with wave speed v1.
The wave passes into another medium with wave speed v2.

The wavelength of the wave in the second medium is

 

(Total for question = 1 mark)
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Q5.           

In 2016 the Breakthrough Starshot initiative was announced. This project intends to send a fleet
of small probes to Proxima Centauri, the nearest star to the Sun. This journey would take about
twenty years.

The composition of a star can be determined by analysis of its absorption spectrum.

Explain why there are certain specific frequencies missing from the spectrum.

(5)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 5 marks)

 

 

Q6.           

A monochromatic beam of light of wavelength λ from a laser is directed at a diffraction grating of
line spacing d.

A student calculates the value of d/λ in order to determine the expected number of visible
maxima.

The calculated value of d/λ is 4.7

How many maxima are visible?
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   A    4

   B    5

   C    9

   D    11

 

(Total for question = 1 mark)

 

 

Q7.           

The graph shows the variation of the gravitational field strength with distance from the centre of
the Earth. R0 is the radius of the Earth.

A scientist suggests that the period of oscillation for a body dropped through the tunnel would be
the same as the orbital period for a body orbiting just above the surface of the Earth. Its radius
of orbit is assumed to be R0.

(i)  Derive an expression for the period of oscillation of the body dropped through the tunnel.

(4)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(ii)  Derive an expression for the orbital period for a body that is orbiting the Earth with radius R0.
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(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 7 marks)

 

Q8.           

A student has been learning about the photoelectric effect.

This experiment demonstrates the particle nature of light.

Explain what is meant by the particle nature of light.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 2 marks)

 

 

Q9.           

Pions (π+, π −, π 0) are created in the upper atmosphere when cosmic rays collide with protons.
Pions are unstable and decay rapidly.
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(a)  Pions are the lightest of the hadrons. Charged pions (π + and π −) decay to produce muons
which then decay to positrons or electrons.

(i)  A positive pion π + has a quark composition .

State with a justification the possible quark compositions of a neutral pion π 0.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(ii)  Muons are examples of leptons whereas pions are examples of mesons.
State a structural difference between leptons and mesons.

(1)

.............................................................................................................................................

.............................................................................................................................................

(b)  Muons with a speed of 0.99c travel a distance of 15 km to reach the surface of the Earth
from the upper atmosphere.

(i)  Show that the time it takes a muon to travel this distance is about 51 μs.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(ii)  The muons are unstable particles.
Calculate the fraction of muons which would remain after a time of 51 μs.

half-life of muon = 2.2 μs

(4)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
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.............................................................................................................................................

.............................................................................................................................................

Fraction = ...........................................................

(iii)  In fact the fraction of muons reaching the surface of the Earth is about 0.1 Explain the
discrepancy.

(4)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 11 marks)

 

 

Q10.           

The photograph shows an ultrasonic mouse repeller used in a house.

The mouse repeller produces ultrasound that repels mice but cannot be heard by humans.
The mouse hears ultrasound directly and by reflection from the walls.

The mouse repeller produces ultrasound of frequency 26.0 kHz.

speed of sound = 340 m s–1

A student makes the following suggestion.

www.quantumvisionacademy.com

Page 8 of 49



"If the ultrasound reflects off a wall directly opposite the mouse repeller a standing wave is
formed, so there will be areas in the room where the mice will not hear the ultrasound."

Evaluate this suggestion.

(6)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 6 marks)

 

 

Q11.           

A set of tuning forks is used to find a value for the speed of sound in air.
A tuning fork is struck and then held near to the end of an air column formed by a moveable
tube. The moveable tube is used to adjust the length, L, of the air column until a standing wave
is set up in the tube and the loudest sound is heard. The experiment is repeated for a number of
different tuning forks.
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The following results are obtained by a student.

Student A says "These results show that the speed of sound increases as the frequency of the
sound increases".

Student B says "The speed of sound should be the same for each frequency".

By estimating the uncertainties in these results, conclude which of these statements is valid.

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 4 marks)

 

Q12.           

A book entitled Interesting Projects with a Microwave Oven suggests using chocolate to measure
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the speed of light. The chocolate is placed on a non-metallic tray in the oven.
The oven is switched on and a pattern is observed in the melting chocolate.

The photograph shows some lighter areas where the chocolate is melting and some darker areas
where the chocolate remains hard.

The book states that microwaves are emitted from the source in the oven. The microwaves
reflect off the metal walls so that the microwaves reaching any point arrive from different
directions. The microwaves produce a standing wave pattern causing hot and cold areas in the
oven.

The wavelength was determined to be 12 cm by measuring the distance between adjacent hot
and cold areas.

(a)  The diagram shows two different paths by which microwaves can reach the point Z.

Calculate the phase difference between microwaves from the source at S reaching point Z by the
two different paths.

(2)

.............................................................................................................................................
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.............................................................................................................................................

.............................................................................................................................................

Phase difference = ...........................................................

(b)  Explain how a pattern of hot and cold areas is produced in the chocolate. You should assume
that each point of the chocolate is reached by microwaves following two different paths only.

(4)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(c)  Explain why the microwaves reaching a point in the chocolate must be coherent for this
effect to occur.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(d)  The microwave frequency is stated on the oven as 2450 MHz.

Evaluate the success of this experiment at determining the speed of light.

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
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(Total for question = 11 marks)

 

Q13.           

* The photograph shows a pipe organ in a concert hall.

When the organ is played, sound travels through the air to a person in the audience as a wave. It
is found that there are some positions in the concert hall where particular frequencies are
quieter than others.

Explain why this might be the case and give an action that could be taken to eliminate this
problem.

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
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(Total for question = 6 marks)

 

Q14.           

The diagram shows two identical pendulums, A and B, side by side with a rubber band placed
over both strings.

Pendulum A is displaced and starts to oscillate. As pendulum A oscillates, pendulum B starts to
oscillate with the same time period, its amplitude increasing as the amplitude of pendulum A
decreases. At one stage pendulum A is no longer oscillating and pendulum B has its maximum
amplitude. Then pendulum A starts to oscillate again with increasing amplitude, as the
amplitude of pendulum B decreases.

The apparatus is adjusted so that the pendulums do not have the same length as each other.
When the first pendulum is set into oscillation, the second pendulum starts to oscillate, but with
very small amplitude; the first pendulum does not stop oscillating.

The graph shows how the displacement of each pendulum varies with time at one stage in the
motion.

(i)  State the phase relationship between the two pendulums.

(1)

.............................................................................................................................................

.............................................................................................................................................
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(ii)  Determine the length of pendulums A and B.

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Length = ...........................................................

 

(Total for question = 4 marks)

 

 

Q15.           

Which of the following phenomena does not occur with sound waves?

   A    diffraction

   B    interference

   C    polarisation

   D    refraction

 

(Total for question = 1 mark)

 

Q16.           

The graph shows the results for an experiment to demonstrate the photoelectric effect by
illuminating a clean metal sheet with light of increasing frequency.
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(a)  State a quantity, and its unit, which could have been plotted on the Y-axis to produce this
graph.

(2)

.............................................................................................................................................

.............................................................................................................................................

(b)  The threshold frequency is shown on the graph.

Explain why there is a threshold frequency.

(4)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 6 marks)
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Q17.           

When light is incident on the surface of a metal, electrons may be emitted by the photoelectric
effect. Observations of the photoelectric effect helped to establish that light can exhibit particle
behaviour.

Which of the following observations of the photoelectric effect could also be explained by light
behaving as a wave?

   A    Emission of photoelectrons occurs immediately the surface is illuminated.

   B    Photoelectrons are only emitted when the frequency of the light is more than a certain
minimum value.

   C    The maximum kinetic energy of the photoelectrons is independent of the intensity of the
incident light.

   D    When the intensity of the incident light increases, photoelectrons are emitted at a
greater rate.

 

(Total for question = 1 mark)

 

 

Q18.           

A student has been learning about the photoelectric effect.

The student was asked by his teacher to explain the photoelectric effect. He gave the following
explanation:

Discuss whether the student's answer fully explains the photoelectric effect.

(4)

.............................................................................................................................................
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.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 4 marks)

 

 

Q19.           

Answer the question with a cross in the box you think is correct . If you change your
mind about an answer, put a line through the box  and then mark your new answer
with a cross .

The photoelectric effect provides evidence for the particle nature of electromagnetic radiation.

Which of the following observations of the photoelectric effect could also be explained using the
wave nature of electromagnetic radiation?

   A    The emission of photoelectrons is instantaneous.

   B    The maximum kinetic energy of photoelectrons depends on frequency.

   C    The rate of emission of photoelectrons depends on intensity.

   D    There is a minimum frequency for emission of photoelectrons to occur.
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(Total for question = 1 mark)

 

 

Q20.           

&ast;In 1905 Einstein published his equation for the photoelectric effect.

In 1916 Millikan demonstrated that the maximum kinetic energy of photoelectrons is consistent
with Einstein's equation.

Discuss the extent to which our current understanding of observations of the photoelectric effect
supports the idea that light behaves as photons rather than as waves.

(6)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 6 marks)

 

 

Q21.           

The Planck constant can be determined in a school laboratory using light emitting diodes (LEDs).
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An LED emits light when the potential difference (p.d.) across it is large enough to transfer
sufficient energy to an electron to result in the emission of a photon.
The electron must have energy greater than or equal to the photon energy.

The minimum p.d. required to produce light from LEDs emitting different frequencies was
measured by increasing the p.d. from zero until light was first seen.

The graph shows the results.

Determine the value of the Planck constant given by this graph.

(4)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Value of Planck constant given by graph = ...........................................................

 

(Total for question = 4 marks)
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Q22.           

The Planck constant can be determined in a school laboratory using light emitting diodes (LEDs).

An LED emits light when the potential difference (p.d.) across it is large enough to transfer
sufficient energy to an electron to result in the emission of a photon.
The electron must have energy greater than or equal to the photon energy.

The minimum p.d. required to produce light from LEDs emitting different frequencies was
measured by increasing the p.d. from zero until light was first seen.

The graph shows the results.

There are two problems with using LEDs to determine the Planck constant:

 when the p.d. is increased and the LED first emits light it is difficult to see
 the LEDs do not emit a single frequency but also light of frequencies slightly above and
below the recorded frequency.

 

Discuss the extent to which these problems are consistent with obtaining a result from this
graph for the Planck constant which is higher than the accepted value.

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
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.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 3 marks)

 

 

Q23.           

Three polarising filters X, Y and Z, are placed in front of a source of unpolarised light. The planes
of polarisation of the filters are initially parallel.

Filter Y is rotated by 45° as shown.

Filter Z is then rotated clockwise and the intensity of light emerging from Z is measured.

Which angle of rotation of Z will result in the lowest intensity of light?

   A    90°

   B    135°

   C    180°

   D    225°

 

(Total for question = 1 mark)

 

 

Q24.           
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The lens in the eye of an octopus focuses light onto the retina at the back of the eye.

The octopus focuses on objects at different distances from the eye by changing the shape of the
eye to move the lens closer or further from the retina.

An octopus can detect the orientation of polarised light.

State what is meant by polarised light.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 2 marks)

 

 

Q25.           

The photograph shows a man wearing a virtual reality (VR) headset.

The VR headset gives the illusion of three-dimensional vision.

Inside the VR headset a pair of lenses is used to enable the user to focus on a magnified virtual
image of a screen. The lenses can be changed to suit the vision of the user.

Plastic Fresnel lenses are used in the VR headset because they are thinner and lighter than
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traditional glass lenses.

Instead of the continuous curved surface of a converging lens the Fresnel lens has circular
ridges, each with an edge at a different angle to the adjacent ridge, as shown in the simplified
cross-section in Figure 1. Figure 2 shows a ray of light entering a section of the lens.

(i)  Calculate the angle through which the ray has been deviated as it emerges from the plastic.

(4)

refractive index of plastic = 1.47

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

Angle = ...........................................................

(ii)  Explain how the lens focuses a beam of light travelling parallel to the principal axis.

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
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.............................................................................................................................................

 

(Total for question = 7 marks)

 

 

Q26.           

Iceland spar is a crystalline form of calcite. An incident ray of unpolarised light is separated into
two plane polarised rays by a sample of Iceland spar. The two rays of polarised light follow
different paths.

(a)  Explain the difference between polarised and unpolarised light.

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

*(b)  The photograph shows how the separate paths of light produce two images of an object
behind the sample.

When a polarising filter is placed on the sample shown in the photograph only one image of
6PH02/01 is seen.

Explain why only one image is seen and describe what would be seen as the filter is rotated
through 360°.
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(4)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 7 marks)

 

Q27.           

The diagram shows apparatus used to investigate polarising filters.

Light is incident on filter 1 and the intensity of the light is measured, using the light detector,
when the filters are in the positions shown.

Filter 2 is then rotated and the intensity of light is measured for different angles of rotation θ.

The intensity of light measured with no filters present is I0.

The results are shown on the graph.
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Explain the effect of the filters on the intensity of light and why the intensity varies as shown.

(6)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 6 marks)

 

 

Q28.           
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Answer the question with a cross in the box you think is correct ( ). If you change
your mind about an answer, put a line through the box ( ) and then mark your new
answer with a cross ( ).

A system of lenses consists of a converging lens and a diverging lens in contact.

The magnitude of the power of the converging lens is 9.4 D and the magnitude of the power of
the diverging lens is 4.2 D.

Which of the following is the power of this system of lenses?

   A    13.6 D

   B    5.2 D

   C    −5.2 D

   D    −13.6 D

 

(Total for question = 1 mark)

 

 

Q29.           

A converging lens has a focal length of less than 20 cm. The lens can be used to produce real
images of an illuminated object. You are required to investigate how the image distance from
the lens depends upon the object distance from the lens. Your method should lead to a graphical
method to determine the focal length of the lens.

(a)  Describe how you would obtain the data.

(4)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................
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.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(b)  Explain how you would use your results to determine a value for the focal length of the lens.

(3)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 7 marks)

 

 

Q30.           

The diagram shows the radiation curve for a black body radiator. The diagram was obtained from
experimental data.
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Experimental curve

In the late 19th century, scientists struggled to explain this experimental curve. One model used
ideas of classical physics and produced curve A. Another model incorporated the idea of energy
quantisation in the mechanism of energy emission and produced curve B. Both curve A and
curve B are shown below, with the experimental curve for comparison.

(i)  Explain how energy quantisation applies to the emission of radiation of energy from a black
body radiator.

(2)

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

(ii)  Assess the extent to which each model is successful at explaining the experimental curve.

(4)

.............................................................................................................................................

.............................................................................................................................................
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.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

.............................................................................................................................................

 

(Total for question = 6 marks)

Mark Scheme
 

Q1.           

 

 

Q2.           
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Q3.           

 

 

Q4.           

 

 

Q5.           
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Q6.           

 

 

Q7.           
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Q8.           

 

 

Q9.           
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Q10.           
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Q11.           
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Q12.           

 

Q13.           
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Q14.           
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Q15.           

 

Q16.           

 

Q17.           
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Q18.           

 

 

Q19.           
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Q20.           
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Q21.           

 

 

Q22.           
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Q23.           

 

 

Q24.           
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Q25.           

 

 

Q26.           
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Q27.           
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Q29.           
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Q30.           
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