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1 (a)  The first column of Table 1.1 shows four 
properties of waves. 

  Place a tick () in each row to indicate 
if the property applies to sound waves, 
electromagnetic waves, 

  or both.     [4 marks] 

Table 1.1

Property Sound 
waves

Electromagnetic 
waves Both

Transfer 
energy

Can be 
refracted

Can be 
polarised

Require a 
medium 
to travel 
through



14133.04 MV24 4 

 (b) A wave of frequency 6.0 Hz travels at a 
speed of 2.5 km s–1. 

  (i) Calculate the wavelength of the wave.     
[4 marks]

   

   Wavelength =  m
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  (ii) Calculate the phase difference 
between two points on the wave 
that are 50 m apart. State the unit of 
phase difference.     [3 marks]

   

   Phase diff erence = 

   Unit =  
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2 Water waves created in a ripple tank can be 
used to demonstrate some of the properties 
of waves.  

 Fig. 2.1 shows a ripple tank set up to 
create waves. 

Fig. 2.1

white screen

oscillating 
paddle

shallow tray 
of water

power
supply

light source
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 The ripple tank consists of a shallow tray 
of water with a transparent base, a light 
source directly above the tray and a white 
screen beneath the tray. The oscillating 
paddle creates waves that move across the 
tray and the shadows formed by the waves 
show up on the white screen as shown in 
Fig. 2.1. 
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 (a) Fig. 2.2 shows the wavefronts in a ripple 
tank approaching a gap in a barrier to 
demonstrate diffraction. 

  Fig. 2.2

  

wavefront

  

  (i) Draw four wavefronts on Fig. 2.2 
to show what happens to the water 
waves when they pass through the 
gap in the barrier.     [3 marks]
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  (ii) The gap is now adjusted so that it is 
one third of its previous width. State 
what will happen to the amount of 
diffraction and explain your answer.     
[2 marks]
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 (b) In another demonstration, the wavefronts 
appear as shown in Fig. 2.3. 

  Fig. 2.3

  

A

B
  

  (i) Describe what happens to the 
wavelength, speed and direction 
of the waves after passing into the 
region beyond the line AB.     

   [3 marks]
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  (ii) What property of waves is this 
demonstrating?

   [1 mark]
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3 (a) The Nobel Prize in Physics 1921 was 
awarded to Albert Einstein “for his 
services to Theoretical Physics, and 
especially for his discovery of the law of 
the photoelectric effect.”

  (i) Explain what is meant by the 
photoelectric effect.     [3 marks]
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  (ii) Describe the observations that led 
Einstein to use the photon model to 
explain the photoelectric effect.

   [3 marks]
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 (b) (i) Calculate the energy, in eV, of a 
photon of electromagnetic radiation of 
frequency 2.97 × 1014 Hz.

   [4 marks]
   

   Energy =  eV 
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  (ii) This radiation is shone on a metal 
with a threshold frequency 

   of 2.42 × 1014 Hz. Calculate the 
maximum velocity of an emitted 
electron.     [3 marks]

   

   Velocity =  m s–1 

  (iii)Why are other electrons released with 
a range of velocities lower than this?     
[1 mark]
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4 (a) Describe the difference between 
cosmological red shift and 
Doppler red shift.     [2 marks]

 (b) The red line emitted by a hydrogen 
discharge tube in the laboratory has a 
wavelength of 656.3 nm. The same line 
in the hydrogen spectrum of a moving 
star has a wavelength of 716.5 nm. 

  (i) Explain how it can be concluded that 
the star is moving away from Earth.     
[2 marks]
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  (ii) Calculate the speed at which the star 
is moving away from Earth.     

   [4 marks]
   

   Speed =  m s–1 
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5 (a) In an experiment to measure the critical 
angle of glass, a ray of light is directed 
towards the centre of the flat surface of a 
semicircular glass block as shown 

  in Fig. 5.1.

Fig. 5.1

position B

position A
ray of light

glass block
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  (i) Describe what will happen to the 
ray of light at the flat surface of the 
glass block when the ray of light 
is at position A and as it is moved 
from position A to a point just before 
position B.     [5 marks]

  (ii) The critical angle is found to be 44°. 
Calculate the refractive index of 
the glass.     [3 marks]

   

   Refractive index =  
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 (b) Optical fibres are used to transmit 
information over long distances. Each 
fibre consists of a core of glass A coated 
with a layer of glass B as shown 

  in Fig. 5.2.

  Fig. 5.2

  

glass B

glass A
  
  
  Which glass, A or B, has a higher 

refractive index? Explain your answer.     
[3 marks]
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 (c) Impurities in the glass used to make 
an optical fibre reduce the power 
transmitted by 20% every kilometre. 
The power of the light entering the fibre 
is 175 W. Calculate the power of the light 
when it has travelled 4 km through 
the fibre.     [3 marks] 

  

  Power =  W 
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6 In an experiment to measure the 
wavelength of light from a laser, the light 
from the laser was directed along a normal 
onto a diffraction grating with 

 600 lines per mm. 

 A diffraction pattern consisting of bright 
spots was observed on a wall 2.50 m from 
the diffraction grating. The central bright 
spot and the first two spots on each side of 
it are shown in Fig. 6.1.

Fig. 6.1

3.52 m
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 (a) Calculate the wavelength of the light 
from the laser.     [5 marks]

  

  Wavelength =  m 
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 (b) What effect does each of the following 
changes have on the spacing of the 
bright spots formed if all other factors are 
kept the same?

  (i) Using light of longer wavelength.     
   [1 mark]

  (ii) Using a diffraction grating with fewer 
lines per mm.     [1 mark]
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7 Noise-cancelling headphones have a 
microphone that picks up an incoming 
sound wave. A speaker then produces 
another sound wave which causes it and 
the incoming sound wave to destructively 
interfere and cancel each other out.

 (a) (i) State the general conditions that are 
required for complete destructive 
interference.     [3 marks]

  (ii) The noise cancellation is not perfect 
because there is a slight time delay 
between the incoming wave and the 
wave that is produced. In one set of 
headphones this delay is 1 ms.

   Fig. 7.1 opposite shows the 
   incoming wave.

   On Fig. 7.1, draw the wave produced 
by the speaker in the headphones.     
[2 marks]
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Fig. 7.1
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 (b) Fig. 7.2 represents a standing wave in a 
pipe closed at one end. The length of the 
pipe is 60 cm. 

  Fig. 7.2

  
Q R S

60 cm

  (i) What name is given to the points on 
the wave labelled Q, R and S?     

   [1 mark] 
   

 
  (ii) Calculate the wavelength of the 

standing wave.     [3 marks] 
   

   Wavelength =  m 
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  (iii)Calculate the longest wavelength of 
a sound wave that can produce a 
standing wave in the pipe.

   [2 marks]

   Wavelength =  m
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8 (a) State two differences between the 
properties of white light and laser light.     
[2 marks]

 (b) Describe how laser light is produced, 
explaining any terms used in your 
answer.     [6 marks]
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9 A small, upright object is placed in front of 
a screen and then a lens is placed between 
the object and the screen. The lens is 
moved until a focused image is formed on 
the screen. 

 The position of the object, screen and 
image is shown in Fig. 9.1 opposite.

 (a) (i) Name the type of lens used to form 
the image.     [1 mark]

   

  (ii) On Fig. 9.1, draw construction rays 
to find the position of the lens and the 
position of the principal focus.

   Draw the lens in the correct position 
using the correct symbol and label the 
principal focus F.     [5 marks]
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 Fig. 9.1
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 (b) (i) Use measurements from Fig. 9.1 to 
calculate the magnification.     

   [4 marks]

   Magnifi cation = 

  (ii) Explain why the ray diagram in 
   Fig. 9.1 does not need to be drawn 

to full scale to calculate the correct 
magnification.     [1 mark]
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 (c) (i) Lenses are used to correct defects in 
sight. State the name of one defect 
that can be corrected by a lens. 
Identify the cause of the defect and 
the type of lens used to correct it.     
[3 marks]
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  (ii) Complete both parts of Fig. 9.2 to 
show how the lens works to correct 
the defect you have chosen 

   in (c)(i).     [2 marks]

Fig. 9.2

Before correction

After correction

position of lens
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  (iii)Two lenses are compared. Lens A 
has a power of +3D and lens B has a 
power of –2D.

   Describe two differences between 
the lenses.     [2 marks]

This is the end of the 
question paper
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