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Q1.           

Smartphones have built-in cameras. A lens on one side of the smartphone is used to form an
image on sensors on the opposite side.

A smartphone camera is able to form clear images of objects at distances from the camera
between 4.5 cm and infinity.

(a)  Sketch a ray diagram to show the formation of a real image for an object close to the phone.

The diagram is not expected to be to scale.

(4)

(b)  Estimate the thickness of a smartphone and use this value to determine the power of a lens
that could be used to form a clear image for an object that is 4.5 cm away from the lens.

(3)

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

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

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

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

Power = ...........................................................

 

(Total for question = 7 marks)
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Q2.           

The diagram shows a transparent tank, with thin plastic sides, that can be used to determine the
refractive index of a transparent liquid.

A rectangle of opaque card is stuck on the side of the tank containing the liquid. A light source is
placed in front of the tank and the width s of the shadow of the card, which is formed on the
back of the tank, is measured. The width t of the card and the width w of the tank are also
measured.

The angle of incidence of the light as it enters the tank is 7.2°

Show that the refractive index of the liquid is about 1.4

w = 35.0 cm
t = 4.0 cm
s = 10.2 cm

(3)

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

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

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

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

 

(Total for question = 3 marks)

 

 

Q3.           

Light in medium 1 strikes a boundary with medium 2 which is also transparent. The diagram
shows what happens.

Which of the following can be deduced?

   A    The critical angle for light travelling from medium 1 into medium 2 is 53°.

   B    The refractive index of medium 1 is greater than the refractive index of medium 2.

   C    The speed of light in medium 1 is greater than the speed of light in medium 2.

   D    The frequency of light in medium 1 is less than the frequency of light in medium 2.

 

(Total for question = 1 mark)

 

Q4.           

The photograph shows a 'quiet boil' electric kettle. The makers of the kettle claim that it boils
water with much less noise than a standard kettle.
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A laboratory technician takes some measurements to compare a 'quiet boil' electric kettle with a
standard electric kettle.

The table shows the results recorded by the technician.

A student uses the values in the table to calculate the efficiency of each kettle at heating the
water to boiling point. He calculates the efficiency of the 'quiet boil' kettle to be 0.93

Calculate the efficiency of the standard kettle.

specific heat capacity of water = 4180 J kg−1 K−1

(4)

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

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

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

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

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

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

.............................................................................................................................................
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Efficiency = ...........................................................

(b)  The intensity of the sound produced by each kettle was measured with a sound meter which
was 30.0 cm from the centre of the kettle.

Calculate the energy transferred by sound while the water in the standard kettle is brought to
the boil. You may treat the kettle as a point source.

(4)

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

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

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

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

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

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

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

Energy transferred = ...........................................................

(c)  The label on the original packaging of the quiet boil electric kettle states, 'This kettle is much
more efficient than a standard kettle because it produces less sound.'

Explain the extent to which this statement is supported by your calculations.

(2)

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

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

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

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

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

 

(Total for question = 10 marks)

 

 

Q5.           

Guitar strings can oscillate with simple harmonic motion.

www.quantumvisionacademy.com

Page 6 of 42



Shortly after the string is plucked, a standing wave exists on the string. The simplified diagram
below shows a string in three positions of the standing wave.

(a)  State what is meant by simple harmonic motion.

(2)

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

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

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

(b)  (i)  Describe the acceleration of point X on the string as it moves between the extreme
positions of its motion.

(2)

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

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

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

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

(ii)  Comment on the energy changes in the string as it moves between the extreme positions of
its motion.

(3)

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

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

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

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

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

.............................................................................................................................................
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(c)  The oscillating string has a length of 0.53 m. Calculate the frequency of the sound emitted
when the string oscillates as shown previously.

speed of the wave on the string = 270 m s−1

(3)

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

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

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

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

Frequency = ...........................................................

 

(Total for question = 10 marks)

 

Q6.           

A simple loudspeaker consists of a cone, a coil of wire and a magnet. The cone and coil are
attached to each other and are free to move. An alternating current in the coil causes the cone
to oscillate. The loudspeaker is mounted in a wooden box. A cross-section through the
loudspeaker is shown.

The student connected a signal generator to the loudspeaker, and placed the loudspeaker near
to one end of a long tube containing sand. The student adjusted the signal generator until the
sand collected in small heaps as shown.

(i)  Explain why the sand collects in heaps.

(4)
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.............................................................................................................................................

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

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

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

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

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

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

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

(ii)  The student determined the distance d between the centres of adjacent heaps.

Describe the procedure she should follow to determine an accurate value for d.

(3)

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

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

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

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

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

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

(iii)  Assess whether the experimental data is consistent with a value for the speed of sound of
340 m s−1.

signal generator frequency = 3.25 kHz.

d = 5.1 cm

(3)

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

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

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

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

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

.............................................................................................................................................
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(Total for question = 10 marks)

 

 

Q7.           

The diagram shows a transparent tank, with thin plastic sides, that can be used to determine the
refractive index of a transparent liquid.

A rectangle of opaque card is stuck on the side of the tank containing the liquid. A light source is
placed in front of the tank and the width s of the shadow of the card, which is formed on the
back of the tank, is measured. The width t of the card and the width w of the tank are also
measured.

Determine the speed of light in the liquid.

(2)

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

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

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

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

Speed of light = ...........................................................
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(Total for question = 2 marks)

 

 

Q8.           

The photograph shows a sample of the mineral selenite. Selenite is made up of many long,
narrow crystals.

Selenite has a refractive index of 1.52

Calculate the speed of light in selenite.

(2)

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

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

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

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

Speed of light in selenite = ...........................................................

 

(Total for question = 2 marks)

 

 

Q9.           

The photograph shows a guitar.
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When a guitar string is plucked, a standing wave is created.

Explain how a standing wave is created on the string.

(3)

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

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

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

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

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

 

(Total for question = 3 marks)

 

 

Q10.           

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 diagram represents an arrangement used to generate standing waves on a string.

A standing wave pattern with two nodes is obtained as shown.
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Which of the following single changes could produce a standing wave pattern with three nodes?

   A    decreasing the distance between the vibration generator and pulley

   B    decreasing the frequency of the vibration generator

   C    decreasing the mass on the mass hanger

   D    decreasing the mass per unit length of the string

 

(Total for question = 1 mark)

 

 

Q11.           

Solar panels consisting of combinations of photovoltaic cells use energy in the radiation received
from the Sun to generate electricity.

The average intensity of radiation from the Sun incident at the Earth's surface over a 24-hour
period has been determined to be 164 W m−2.

(i)  The average intensity of radiation from the Sun at the Earth's surface is much less than the
intensity incident at the top of the Earth's atmosphere.

Explain why.

(4)

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

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

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

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

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

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

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

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

(ii)  It is claimed that the area of solar panels needed to generate 100 GW of power is about 0.5%
of the surface area of the Earth.

Assess the validity of this claim.

radius of Earth = 6.4 × 106 m

typical efficiency of solar panels = 25%

(4)

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

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

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

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

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

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

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

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

 

(Total for question = 8 marks)

 

 

Q12.           

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

State what is meant by superposition of waves.

(2)

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

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

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

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

 

(Total for question = 2 marks)

 

 

Q13.           

Some sunglasses have lenses made from polarising filters.

You are given two pairs of identical sunglasses.

Devise a simple test to determine whether the sunglasses use polarising lenses.

(2)

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

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

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

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

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

 

(Total for question = 2 marks)

 

Q14.           

A student carried out an experiment to determine the focal length of a converging lens.

He placed the lens a distance u from an illuminated object. He placed a screen on the other side
of the lens and moved the screen until a sharp image of the object was produced. He measured
the corresponding image distance v.

The student repeated the procedure for four more values of u.

In his lab report he wrote:

The student's graph is shown.

Comment on whether the student's data is consistent with his initial determination of the focal
length of the lens.

(5)

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

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

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

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

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

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

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

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

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

 

(Total for question = 5 marks)

 

 

Q15.           

The idea of energy quantisation was used to explain the photoelectric effect, first observed by
Heinrich Hertz.
When ultraviolet radiation is shone onto a metal surface, electrons may be released.
A cadmium surface is illuminated with light of wavelength 2.54 × 10−7 m.

Calculate the maximum kinetic energy of the photoelectrons released from the surface.

Work function of cadmium = 4.07 eV

(4)

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

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

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

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

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

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

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

.............................................................................................................................................
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Maximum kinetic energy = ........................................................... J

 

(Total for question = 4 marks)

 

Q16.           

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 ( ).

For total internal reflection to take place, the angle of incidence must be

   A    greater than or equal to the critical angle.

   B    greater than the critical angle.

   C    less than or equal to the critical angle.

   D    less than the critical angle.

 

(Total for question = 1 mark)

 

 

Q17.           

One type of optical fibre is made from a glass core surrounded by a glass cladding of lower
refractive index. The light ray passes along the fibre by total internal reflection. The diagram
shows a light ray incident on one end of the fibre.

A light ray enters the core with an angle of incidence θ and the angle of refraction is 20°.

Show that the light ray will be totally internally reflected when it meets the boundary between
the core and the cladding.
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(4)

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

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

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

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

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

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

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

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

 

(Total for question = 4 marks)

 

Q18.           

In 1990, the Hubble Space Telescope (HST) was launched into a low Earth orbit above the Earth's
atmosphere.

The transmission of electromagnetic radiation through the atmosphere is shown on the graph.

State one advantage shown by this graph of positioning a telescope above the atmosphere.

(1)
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.............................................................................................................................................

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

 

(Total for question = 1 mark)

 

 

Q19.           

An electron gun uses a potential difference V to accelerate electrons of mass m and charge e
from rest to a speed v.
The potential difference V can be expressed as

 

(Total for question = 1 mark)

 

Q20.           

A negatively charged pion decays into a muon and an antineutrino. The diagram shows tracks in
a particle detector formed in such an event.
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Use a vector diagram to determine the momentum of the antineutrino.

The initial momentum of the muon is 1.59 × 10−19 N s.

(5)

Momentum of antineutrino = .....................................................................................

Direction of antineutrino = .....................................................................................

 

(Total for question = 5 marks)

 

 

Q21.           

Light from a laser pointer was passed through a diffraction grating. The light was perpendicular
to the diffraction grating as shown. A diffraction pattern was produced on a screen.

The distance between the first order maximum and the central maximum of the diffraction
pattern was x. The distance between the diffraction grating and the screen was D.
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Distance x was measured to be 0.500 m with a metre rule. The wavelength of light λ1 from the
laser pointer was 650 nm.

The laser pointer was replaced with one that produced light of a different wavelength. The new
distance x was measured to be 0.400 m.

D = 1.45 m

Explain one modification to this method that would decrease the uncertainty in the calculated
value of λ2.

(2)

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

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

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

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

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

 

(Total for question = 2 marks)

 

 

Q22.           

Light from a laser pointer was passed through a diffraction grating. The light was perpendicular
to the diffraction grating as shown. A diffraction pattern was produced on a screen.

The distance between the first order maximum and the central maximum of the diffraction
pattern was x. The distance between the diffraction grating and the screen was D.

In another experiment, the light from the laser pointer was not quite perpendicular to the screen.

Explain how this would change the diffraction pattern produced on the screen.

(3)
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.............................................................................................................................................

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

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

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

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

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

 

(Total for question = 3 marks)

 

 

Q23.           

A student observes a parallel beam of light through a polarising filter.

The polarising filter is rotated through 2π rad in its own plane. The intensity of the light
transmitted through the filter varies as shown.

* Explain the observed variation in intensity of the transmitted beam.

(6)
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.............................................................................................................................................

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

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

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

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

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

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

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

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

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

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

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

 

(Total for question = 6 marks)

 

Q24.           

In a model of a hydrogen atom, it is assumed that the electron behaves like a wave with a de
Broglie wavelength λ. The wave associated with the electron forms a standing wave whose
wavelength is equal to the circumference of the circular path.

Calculate the velocity of the electron based on this model.

(3)

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

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

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

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

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

Velocity = ...........................................................

 

(Total for question = 3 marks)
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Q25.           

Which of the following wave properties is not exhibited by sound waves?

(1)

   A    diffraction

   B    interference

   C    polarisation

   D    refraction

 

(Total for question = 1 mark)

 

 

Q26.           

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 .

Ultrasound can be used to investigate the structure of organs of the human body using the
pulse-echo technique.
The level of detail obtained depends on the wavelength and the length of the pulses.

Which line of the table shows a change to wavelength and a change to pulse length that would
each improve the level of detail?

 

(Total for question = 1 mark)
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Q27.           

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.

Millikan's experiments involved using different frequencies of light. These were obtained using a
mercury vapour lamp which produced an emission spectrum with a specific number of known
frequencies.

The diagram shows some energy levels for a mercury atom.

Determine which transition from the −3.71 eV energy level would produce light of wavelength
6.1 × 10−7 m.

(4)

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

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

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

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

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

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

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

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

Transition from −3.71 eV to ...........................................................

 

(Total for question = 4 marks)
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Q28.           

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

Calculate the wavelength of the ultrasound produced.

(2)

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

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

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

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

Wavelength = ...........................................................

 

(Total for question = 2 marks)
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Q1.           

 

 

Q2.           

 

 

Q3.           
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Q4.           
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Q5.          

 

Q6.           
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Q7.           

 

 

Q8.           
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Q9.           

 

 

Q10.           
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Q11.           
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Q12.           

 

 

Q13.           

 

Q14.           
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Q15.           
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Q16.           

 

 

Q17.           

 

Q18.           
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Q19.          

 

Q20.           

 

 

Q21.           
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Q22.           

 

 

Q23.           
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Q24.           
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Q25.           

 

 

Q26.           

 

 

Q27.           
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Q28.           
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