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89 The diagram shows a graph of displacement against time for a sound wave.

displacement

time
00

The intensity of the sound is halved.

Which graph shows the displacement of this sound wave?

displacement

A

00

displacement

B

00

displacement

C

00

displacement

D

00

time time

time time

9702/11/O/N/12/Q26

9702/11/O/N/12/Q2790 What do not travel at the speed of light in a vacuum?

A electrons

B microwaves

C radio waves

D X-rays

91 A health inspector is measuring the intensity of a sound. Near a loudspeaker, his meter records 

an intensity I. This corresponds to an amplitude A of the sound wave. At another position, the 

meter gives an intensity reading of 2I. 

What is the corresponding amplitude of the sound wave? 

A 

2

A

B A2 C 2A D 4A 

9702/13/O/N/12/Q29
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92 Diffraction can be observed when a wave passes an obstruction. The diffraction effect is greatest 

when the wavelength and the obstruction are similar in size. 

For waves travelling through air, what is the combination of wave and obstruction that could best 

demonstrate diffraction? 

A microwaves passing a steel post 

B radio waves passing a copper wire 

C sound waves passing a human hair 

D visible light waves passing a gate post 

9702/13/O/N/12/Q28

93 A wave has a speed of 340 m s
–1

 and a period of 0.28 ms. 

What is its wavelength? 

A 0.095 m B 95 m C 1.2 × 10
3

m D 1.2 × 10
6

m 

94 

frequency

speed in a 

vacuum 

A decreases decreases

B decreases remains constant

C increases remains constant

D increases increases

95 

The amplitude of the light wave is increased to 2A. The light is then focussed on to a smaller 

area .

3

1

S

What is the power per unit area on this smaller area? 

A 36P 

B 18P 

C 12P 

D 6P 

9702/11/M/J/13/Q25 

Which line in the table summarises the change in wave characteristics on going from infra-red to 

ultraviolet in the electromagnetic spectrum? 9702/11/M/J/13/Q26

A light wave of amplitude A is incident normally on a surface of area S. The power per unit area 

reaching the surface is P.  9702/11/M/J/13/Q24
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96 The order of magnitude of the frequency of the shortest wavelength of visible light waves can be 

expressed as 10
x 

Hz.  

What is the value of x? 

A 12 B 13 C 14 D 15 

97 The diagram shows two waves X and Y. 

0 00 

displacement 

time 
0 

wave X 

wave Y 

Wave X has amplitude 8 cm and frequency 100 Hz. 

What are the amplitude and the frequency of wave Y? 

amplitude / cm frequency / Hz 

A 2 33

B 2 300

C 4 33

D 4 300

98 What is correct for all transverse waves? 

A They are all electromagnetic. 

B They can all be polarised. 

C They can all travel through a vacuum. 

D They all involve the oscillation of atoms. 

9702/12/M/J/13/Q24 

9702/12/M/J/13/Q25 

9702/12/M/J/13/Q26 

99 Which statement about different types of electromagnetic wave is correct? 

A The frequency of infra-red waves is less than the frequency of blue light. 

B The frequency of radio waves is greater than the frequency of gamma rays. 

C The wavelength of red light is less than the wavelength of ultraviolet waves. 

D The wavelength of X-rays is greater than the wavelength of microwaves. 

9702/13/M/J/13/Q22 
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9702/13/M/J/13/Q23 101 Orange light has a wavelength of 600 nm. 

What is the frequency of this light? 

A 180 GHz B 180 Hz C 500 THz D 500 kHz 

100 Electromagnetic waves of wavelength λ and frequency f travel at speed c in a vacuum. 

What describes the wavelength and speed of electromagnetic waves of frequency f / 2? 

wavelength 

speed in a 

vacuum 

A λ / 2 c / 2 

B λ / 2 c 

C 2λ c 

D 2λ 2c 

9702/13/M/J/13/Q24 

102 A sound wave has displacement y at distance x from its source at time t. 

Which graph correctly shows the amplitude a and the wavelength λ of the wave? 

A

distance x

y

a

λ

0

B

distance x

y

a

λ

0

C

time t

y

a

λ

0

D

time t

y

a

λ

0

0 0

0 0

9702/13/M/J/13/Q26 
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103 When the liquid crystal display of a calculator is observed through a polarising film, the display 

changes as the film is rotated. 

Which property describes the radiation from the calculator display? 

A unpolarised 

B a longitudinal wave 

C a transverse wave 

D a wave with a 3 cm wavelength 

9702/13/M/J/13/Q25 

104 A wave has a frequency of 5 GHz. 

What is the period of the wave? 

A 20 000 μs 

B 20 ns 

C 2 ns 

D 200 ps 

9702/11/M/J/13/Q4 

105 The diagram shows a sketch of a wave pattern, over a short period of time. 

1.0 m

Which description of this wave is correct? 

A The wave is longitudinal, has a wavelength of 20 cm and is stationary. 

B The wave is transverse, has a wavelength of 20 cm and is stationary. 

C The wave is transverse, has a wavelength of 40 cm and is progressive. 

D The wave is transverse, has a wavelength of 40 cm and is stationary. 

106 Which statement about a light wave and a sound wave is correct? 

A Both can be polarised. 

B Both can travel through free space. 

C Both have a frequency inversely proportional to their wavelength. 

D Both have an intensity proportional to their amplitude. 

9702/11/O/N/13/Q26

9702/11/O/N/13/Q25
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107 When plane-polarised light of amplitude A is passed through a polarising filter as shown, the 

amplitude of the light emerging is A cosθ. 

θ 

θ

plane-polarised 
light 

amplitude A
intensity I

amplitude A cos 

polarising filter 

The intensity of the initial beam is I.

What is the intensity of the emerging light when θ  is 60.0°? 

A 0.250 I B 0.500 I C 0.750 I D 0.866 I 

9702/11/O/N/13/Q30

108 The graph shows how the height of the water surface at a point in a harbour varies with time t as 

waves pass the point. 

t 

height 

mean height 

q 

p 

What are p and q? 

p q

A displacement period

B displacement wavelength

C amplitude period

D amplitude wavelength

9702/13/O/N/13/Q25 
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109 Electromagnetic waves from an unknown source in space were found to be significantly diffracted 

when passing through gaps of the order of 10
–5

m. 

Which type of wave are they most likely to be? 

A radio waves 

B microwaves 

C infra-red waves 

D ultraviolet waves 

9702/13/O/N/13/Q24 

110 A cathode-ray oscilloscope (c.r.o.) displays a waveform corresponding to a sound wave. 

In order to determine the frequency of the sound wave, which part of the displayed waveform 

must be measured and which c.r.o. setting must be known? 

on-screen 

measurement 

c.r.o. setting 

A amplitude time-base

B amplitude Y-gain

C wavelength time-base

D wavelength Y-gain

9702/13/M/J/14/Q25 

111 Which statement about longitudinal waves is correct? 

A Longitudinal waves include radio waves travelling through air. 

B Particles in a longitudinal wave vibrate at right-angles to the direction of transfer of wave 

energy. 

C Some types of longitudinal wave can be polarised. 

D Stationary waves can be produced by the superposition of longitudinal waves. 

112 The order of magnitude of the frequency of the longest-wavelength ultraviolet waves can be 

expressed as 10
x

 Hz. 

What is the value of x? 

A 13 B 15 C 17 D 19 

9702/11/M/J/14/Q22 

9702/11/M/J/14/Q23 
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113 What is the approximate range of frequencies of infra-red radiation? 

A 1 × 10
3

 Hz to 1 × 10
9

 Hz 

B 1 × 10
9

 Hz to 1 × 10
11

 Hz 

C 1 × 10
11

 Hz to 1 × 10
14

 Hz 

D 1 × 10
14

 Hz to 1 × 10
17

 Hz 

114 A small source emits spherical waves. 

source
r

P

The wave intensity I at any point P, a distance r from the source, is inversely proportional to r 

2

. 

What is the relationship between the wave amplitude a and the distance r ? 

A a
2

∝

r

1

B a ∝ 

r

1

C a ∝ 
2

1

r

D a ∝ 
4

1

r

9702/13/M/J/14/Q26 

9702/13/M/J/14/Q27 

115 The speed v of waves in deep water is given by the equation v 

2

 = 

π2

λg

where λ is the wavelength of the waves and g is the acceleration of free fall. 

A student measures the wavelength λ and the frequency f of a number of these waves. 

Which graph should he plot to give a straight line through the origin? 

A f 

2

 against λ 

B f against λ
2

C f against 

λ

1

D f
2

 against 

λ

1

9702/11/M/J/14/Q24 
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116 A sound wave consists of a series of moving pressure variations from the normal, constant air 

pressure. 

The graph shows these pressure variations for two waves at one instant in time. 

3.0

2.0

1.0

0

–1.0

–2.0

–3.0

1.00 2.0 3.0

pressure
variation
/ 10–2 Pa

distance
/ m

wave 2
wave 1

Wave 1 has an intensity of 1.6 × 10
–6

W m
–2

. 

What is the intensity of wave 2? 

A 2.4 × 10
–6

W m
–2

B 3.0 × 10
–6

W m
–2

C 3.6 × 10
–6

W m
–2

D 4.5 × 10
–6

W m
–2

117 The diagram shows a vertical cross-section through a water wave moving from left to right. 

At which point is the water moving upwards with maximum speed? 

A

B

C

D

9702/12/M/J/14/Q23 

9702/12/M/J/14/Q24

Waves
S T E M U P . C O . U K

https://stemup.co.uk


118 What, to two significant figures, are the period, the frequency and the amplitude of the wave 

represented by the graph? 

0

10

0 2 4 6 8 10 12

–10

displacement
/ mm

time / ms

period 

/ s 

frequency 

/ Hz 

amplitude

/ m 

A 0.0027 370 0.0067

B 0.0031 320 0.013 

C 0.0035 290 0.0067

D 0.0042 240 0.013

9702/12/M/J/14/Q22 

9702/13/O/N/14/Q26 119 Which statement about waves is correct? 

A All electromagnetic waves travel at the same speed in a vacuum. 

B Longitudinal waves can be polarised. 

C The amplitude of a wave is directly proportional to the energy transferred by the wave. 

D The frequency of infra-red light is greater than the frequency of ultra-violet light. 

120 Which statement describes a situation when polarisation could not occur? 

A Light waves are reflected. 

B Light waves are scattered. 

C Microwaves pass through a metal grid. 

D Sound waves pass through a metal grid. 

121 A stationary sound wave is produced in a tube. 

Which statement describes the wave speed? 

A It is the distance between two adjacent nodes divided by the period of the wave. 

B It is the speed at which energy is transferred from one antinode to an adjacent antinode. 

C It is the speed of a particle at an antinode. 

D It is the speed of one of the progressive waves that are producing the stationary wave. 

9702/11/O/N/14/Q24

9702/11/O/N/14/Q25
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122 The variation with distance x of the intensity I along a stationary sound wave in air is shown by 

the following graph. 

I

0
0 5.0 10.0 15.0

x / cm

The speed of sound in air is 340 m s
–1

. 

What is the frequency of the sound wave? 

A 1700 Hz B 2270 Hz C 3400 Hz D 6800 Hz 

123 Plane wavefronts in a ripple tank pass through a gap as shown. 

QP

Which property of the wave will be different at Q compared with P? 

A velocity 

B frequency 

C amplitude 

D wavelength 

9702/13/O/N/14/Q27 

9702/13/O/N/14/Q28 

124 Which statement about electromagnetic radiation is correct? 

A Waves of wavelength 5 × 10
–9

m are high-energy gamma rays. 

B Waves of wavelength 3 × 10
–8

m are ultra-violet waves. 

C Waves of wavelength 5 × 10
–7

m are infra-red waves. 

D Waves of wavelength 9 × 10
–7

m are light waves. 

9702/11/O/N/14/Q22

Waves
S T E M U P . C O . U K

https://stemup.co.uk


9702/11/O/N/14/Q23

125 When sound travels through air, the air particles vibrate. A graph of displacement against time for 

a single air particle is shown. 

0
0 T 2T

displacement

time

Which graph best shows how the kinetic energy of the air particle varies with time? 

0
0 T

A

2T

kinetic
energy

time
0
0 T

B

2T

kinetic
energy

time

0
0 T

C

2T

kinetic
energy

time
0
0 T

D

2T

kinetic
energy

time

126 Two light waves of the same frequency are represented by the diagram. 

100
0

200 300 400 500 600 phase angle / °0

displacement

What could be the phase difference between the two waves? 

A 150° B 220° C 260° D 330° 

9702/12/M/J/15/Q24 
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9702/13/M/J/15/Q26 

127 A cathode-ray oscilloscope (c.r.o.) is used to display the trace from a sound wave. The time-base 

is set at 5 μs mm
–1

. 

1 cm

1 cm

What is the frequency of the sound wave? 

A 6.7 Hz B 67 Hz C 6.7 kHz D 67 kHz 

128 A wave pulse moves along a stretched rope in the direction shown. 

P

Which diagram correctly shows the variation with time t of the displacement s of the particle P in 

the rope? 

A

s

t

B

s

t

C

s

t

D

s

t

9702/13/M/J/15/Q25 

9702/12/M/J/15/Q25 129 A sound wave has a speed of 330 m s
–1

 and a frequency of 50 Hz. 

What is a possible distance between two points on the wave that have a phase difference of 60°? 

A 0.03 m B 1.1 m C 2.2 m D 6.6 m 

Waves
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9702/13/M/J/15/Q28

130 Which electromagnetic wave would cause the most significant diffraction effect for an atomic 

lattice of spacing around 10
–10

m? 

A infra-red 

B microwave 

C ultraviolet 

D X-ray 

131 A sound wave moves with a speed of 320 m s
–1

 through air. The variation with time of the 

displacement of an air particle due to this wave is shown in the graph. 

0.2

0

–0.2

20 4 6 8 10

displacement
/ mm

time / ms

Which statement about the sound wave is correct? 

A The frequency of the wave is 500 Hz. 

B The graph shows that sound is a transverse wave. 

C The intensity of the wave will be doubled if its amplitude is increased to 0.4 mm. 

D The wavelength of the sound wave is 1.28 m. 

132 A wave of frequency 15 Hz travels at 24 m s
–1

 through a medium. 

What is the phase difference between two points 2 m apart? 

A There is no phase difference. 

B They are out of phase by a quarter of a cycle. 

C They are out of phase by half a cycle. 

D They are out of phase by 0.8 of a cycle. 

9702/11/M/J/15/Q25

9702/11/M/J/15/Q24

133 A wave of amplitude a has an intensity of 3.0 Wm
–2

. 

What is the intensity of a wave of the same frequency that has an amplitude 2a? 

A 4.2 Wm
–2

B 6.0 Wm
–2

C 9.0 Wm
–2

D 12 Wm
–2 

9702/11/M/J/15/Q26
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9702/11/M/J/15/Q27

134 An electromagnetic wave has a wavelength that is numerically of the same order of magnitude as 

the diameter of a nucleus. 

In which region of the electromagnetic spectrum does the wave occur? 

A gamma ray 

B X-ray 

C visible light 

D infra-red 

Waves
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