
9702 Physics Paper 1 - Superposition
Topical questions | 256 questions

1. Question | 9702 Feb-March 2016 P1 V2 Q24

12 

© UCLES 2016 9702/12/F/M/16  

23 Diffraction is a term used to describe one aspect of wave behaviour. 
 

What does diffraction make possible? 

A the ability to hear around corners 

B the ability to hear high frequency and low frequency sound waves 

C the ability to hear loud and quiet sounds 

D the ability to hear sound through a brick wall 
 
 
24 The diagram represents the pattern of stationary waves formed by the superposition of sound 

waves from a loudspeaker and their reflection from a metal sheet (not shown). 
 

W X Y Z

 
 

W, X, Y and Z are four points on the line through the centre of these waves. 
 

Which statement about these stationary waves is correct? 

A An antinode is formed at the surface of the metal sheet. 

B A node is a quarter of a wavelength from an adjacent antinode. 

C The oscillations at X are in phase with those at Y. 

D The air particles oscillate perpendicular to the line WZ. 
 
 
25 A musical instrument called a bugle is a long tube with a mouthpiece at one end. The other end is 

open and flared, as shown. 
 

 
 

A musician maintains stationary sound waves with a node at the mouthpiece and an antinode at 
the other end. The lowest frequency of sound that the bugle can produce is 92 Hz. 

 
Which different frequencies of sound can be produced by the bugle? 

A 92 Hz, 138 Hz, 184 Hz, 230 Hz, 276 Hz 

B 92 Hz, 184 Hz, 276 Hz, 368 Hz, 460 Hz 

C 92 Hz, 276 Hz, 460 Hz, 644 Hz, 828 Hz 

D 92 Hz, 276 Hz, 828 Hz, 2484 Hz, 7452 Hz 
 
 

26 Monochromatic light of wavelength 5.30 × 10–7 m is incident normally on a diffraction grating. The 

first order maximum is observed at an angle of 15.4° to the direction of the incident light. 

 What is the angle between the first and second order diffraction maxima? 

A 7.7°  B 15.4° C 16.7° D 32.1° 
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23 Diffraction is a term used to describe one aspect of wave behaviour. 
 

What does diffraction make possible? 

A the ability to hear around corners 

B the ability to hear high frequency and low frequency sound waves 

C the ability to hear loud and quiet sounds 

D the ability to hear sound through a brick wall 
 
 
24 The diagram represents the pattern of stationary waves formed by the superposition of sound 

waves from a loudspeaker and their reflection from a metal sheet (not shown). 
 

W X Y Z

 
 

W, X, Y and Z are four points on the line through the centre of these waves. 
 

Which statement about these stationary waves is correct? 

A An antinode is formed at the surface of the metal sheet. 

B A node is a quarter of a wavelength from an adjacent antinode. 

C The oscillations at X are in phase with those at Y. 

D The air particles oscillate perpendicular to the line WZ. 
 
 
25 A musical instrument called a bugle is a long tube with a mouthpiece at one end. The other end is 

open and flared, as shown. 
 

 
 

A musician maintains stationary sound waves with a node at the mouthpiece and an antinode at 
the other end. The lowest frequency of sound that the bugle can produce is 92 Hz. 

 
Which different frequencies of sound can be produced by the bugle? 

A 92 Hz, 138 Hz, 184 Hz, 230 Hz, 276 Hz 

B 92 Hz, 184 Hz, 276 Hz, 368 Hz, 460 Hz 

C 92 Hz, 276 Hz, 460 Hz, 644 Hz, 828 Hz 

D 92 Hz, 276 Hz, 828 Hz, 2484 Hz, 7452 Hz 
 
 

26 Monochromatic light of wavelength 5.30 × 10–7 m is incident normally on a diffraction grating. The 

first order maximum is observed at an angle of 15.4° to the direction of the incident light. 

 What is the angle between the first and second order diffraction maxima? 

A 7.7°  B 15.4° C 16.7° D 32.1° 
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23 Diffraction is a term used to describe one aspect of wave behaviour. 
 

What does diffraction make possible? 

A the ability to hear around corners 

B the ability to hear high frequency and low frequency sound waves 

C the ability to hear loud and quiet sounds 

D the ability to hear sound through a brick wall 
 
 
24 The diagram represents the pattern of stationary waves formed by the superposition of sound 

waves from a loudspeaker and their reflection from a metal sheet (not shown). 
 

W X Y Z

 
 

W, X, Y and Z are four points on the line through the centre of these waves. 
 

Which statement about these stationary waves is correct? 

A An antinode is formed at the surface of the metal sheet. 

B A node is a quarter of a wavelength from an adjacent antinode. 

C The oscillations at X are in phase with those at Y. 

D The air particles oscillate perpendicular to the line WZ. 
 
 
25 A musical instrument called a bugle is a long tube with a mouthpiece at one end. The other end is 

open and flared, as shown. 
 

 
 

A musician maintains stationary sound waves with a node at the mouthpiece and an antinode at 
the other end. The lowest frequency of sound that the bugle can produce is 92 Hz. 

 
Which different frequencies of sound can be produced by the bugle? 

A 92 Hz, 138 Hz, 184 Hz, 230 Hz, 276 Hz 

B 92 Hz, 184 Hz, 276 Hz, 368 Hz, 460 Hz 

C 92 Hz, 276 Hz, 460 Hz, 644 Hz, 828 Hz 

D 92 Hz, 276 Hz, 828 Hz, 2484 Hz, 7452 Hz 
 
 

26 Monochromatic light of wavelength 5.30 × 10–7 m is incident normally on a diffraction grating. The 

first order maximum is observed at an angle of 15.4° to the direction of the incident light. 

 What is the angle between the first and second order diffraction maxima? 

A 7.7°  B 15.4° C 16.7° D 32.1° 
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23 Which electromagnetic waves have the wavelengths of 10–2 m, 10–5 m, 10–10 m and 10–13 m? 
 

 10–2 m 10–5 m 10–10 m 10–13 m 

A infra-red microwaves visible light X-rays 

B microwaves infra-red X-rays gamma rays 

C microwaves visible light ultraviolet gamma rays 

D radio waves microwaves ultraviolet X-rays 

 
 
24 Which statement concerning a stationary wave is correct? 

A All the particles between two successive nodes oscillate in phase. 

B The amplitude of the stationary wave is equal to the amplitude of one of the waves creating it. 

C The wavelength of the stationary wave is equal to the separation of two adjacent nodes. 

D There is no displacement of a particle at an antinode at any time. 
 
 
25 Continuous water waves are diffracted through a gap in a barrier in a ripple tank. 
 

Which change will cause the diffraction of the waves to increase? 

A increasing the frequency of the waves  

B increasing the width of the gap  

C reducing the wavelength of the waves 

D reducing the width of the gap 
 
 
26 A parallel beam of light of wavelength 450 nm is incident normally on a diffraction grating which 

has 300 lines / mm. 
 

What is the total number of intensity maxima observed? 

A 7 B 8 C 14 D 15 
 
 
27 Fringes of separation x are observed on a screen 1.00 m from a double slit that is illuminated by 

yellow light of wavelength 600 nm. 
 

At which distance from the slits would fringes of the same separation x be observed when using 
blue light of wavelength 400 nm? 

A 0.33 m B 0.67 m C 0.75 m D 1.50 m 
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23 Which electromagnetic waves have the wavelengths of 10–2 m, 10–5 m, 10–10 m and 10–13 m? 
 

 10–2 m 10–5 m 10–10 m 10–13 m 

A infra-red microwaves visible light X-rays 

B microwaves infra-red X-rays gamma rays 

C microwaves visible light ultraviolet gamma rays 

D radio waves microwaves ultraviolet X-rays 

 
 
24 Which statement concerning a stationary wave is correct? 

A All the particles between two successive nodes oscillate in phase. 

B The amplitude of the stationary wave is equal to the amplitude of one of the waves creating it. 

C The wavelength of the stationary wave is equal to the separation of two adjacent nodes. 

D There is no displacement of a particle at an antinode at any time. 
 
 
25 Continuous water waves are diffracted through a gap in a barrier in a ripple tank. 
 

Which change will cause the diffraction of the waves to increase? 

A increasing the frequency of the waves  

B increasing the width of the gap  

C reducing the wavelength of the waves 

D reducing the width of the gap 
 
 
26 A parallel beam of light of wavelength 450 nm is incident normally on a diffraction grating which 

has 300 lines / mm. 
 

What is the total number of intensity maxima observed? 

A 7 B 8 C 14 D 15 
 
 
27 Fringes of separation x are observed on a screen 1.00 m from a double slit that is illuminated by 

yellow light of wavelength 600 nm. 
 

At which distance from the slits would fringes of the same separation x be observed when using 
blue light of wavelength 400 nm? 

A 0.33 m B 0.67 m C 0.75 m D 1.50 m 
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23 Which electromagnetic waves have the wavelengths of 10–2 m, 10–5 m, 10–10 m and 10–13 m? 
 

 10–2 m 10–5 m 10–10 m 10–13 m 

A infra-red microwaves visible light X-rays 

B microwaves infra-red X-rays gamma rays 

C microwaves visible light ultraviolet gamma rays 

D radio waves microwaves ultraviolet X-rays 

 
 
24 Which statement concerning a stationary wave is correct? 

A All the particles between two successive nodes oscillate in phase. 

B The amplitude of the stationary wave is equal to the amplitude of one of the waves creating it. 

C The wavelength of the stationary wave is equal to the separation of two adjacent nodes. 

D There is no displacement of a particle at an antinode at any time. 
 
 
25 Continuous water waves are diffracted through a gap in a barrier in a ripple tank. 
 

Which change will cause the diffraction of the waves to increase? 

A increasing the frequency of the waves  

B increasing the width of the gap  

C reducing the wavelength of the waves 

D reducing the width of the gap 
 
 
26 A parallel beam of light of wavelength 450 nm is incident normally on a diffraction grating which 

has 300 lines / mm. 
 

What is the total number of intensity maxima observed? 

A 7 B 8 C 14 D 15 
 
 
27 Fringes of separation x are observed on a screen 1.00 m from a double slit that is illuminated by 

yellow light of wavelength 600 nm. 
 

At which distance from the slits would fringes of the same separation x be observed when using 
blue light of wavelength 400 nm? 

A 0.33 m B 0.67 m C 0.75 m D 1.50 m 
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25 A stationary wave is set up on a stretched string. 
 

The diagram shows the string at two instants of time when it has maximum displacement. 
 

P  
 

The oscillations of point P on the string have amplitude A. 
 

What is the distance moved by P from the position shown in the diagram after half a time period 
of the wave? 

A 0 B A C 2A D 4A 
 
 
26 Which statement is an example of the diffraction of light? 

A the addition of the amplitudes of two beams of light which are in phase 

B the change in direction of a beam of light when passing from air into water 

C the separation of a beam of white light into a spectrum of colours using a prism 

D the spreading of a beam of light as it passes through a small hole 
 
 

27 Sound waves of wavelength λ are emitted by a loudspeaker and pass through two slits P and Q. 
Two sound waves from the slits meet at R. 

 

sound barrier
with two slits

P
Q

loudspeaker

R
microphone

 
 

What is the condition for an intensity maximum (loud sound) to be detected by a microphone  
at R? 

A The amplitudes of the two waves at R must be the same. 

B The distance PQ must be smaller than the wavelength λ. 

C The two waves from the slits must have travelled the same distance to R. 

D The two waves must be in phase at R. 
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28 Coherent light passes through a double slit, producing bright and dark fringes on a screen placed 
parallel to the plane of the double slit. The intensity of the light from each of the slits is initially the 
same. 

 
The intensity of the light passing through one of the slits in the double slit is now increased. The 
frequency of the light remains constant. 

 
What is the effect on the appearance of the fringes on the screen? 

 

 
separation 
of fringes 

maximum intensity 
of dark fringes 

A decreases no change 

B increases greater 

C no change greater 

D no change no change 

 
 
29 Which diagram shows the pattern of the electric field between a positively charged metal sphere 

and a negatively charged metal plate? 
 

+

– – – –

A

+

– – – –

B

+

– – – –

C

+

– – – –

D
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27 A diffraction grating with N lines per metre is used to deflect light of various wavelengths λ. 
 

The graph shows a relation between the deflection angle θ and λ for different wavelengths in the 
n 

th order interference pattern. 
 

sinθ

λ
0
0

 
 

What is the gradient of the graph? 

A Nn B 
n

N
 C 

N

n
 D 

Nn

1
 

 
 
28 Which wave phenomenon is not needed to explain the pattern of observable fringes produced by 

a double slit experiment? 

A coherence 

B diffraction 

C interference 

D reflection 
 
 
29 Which diagram shows the electric field pattern of an isolated negative point charge? 
 

–

C

–

DA B

– –
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27 A diffraction grating with N lines per metre is used to deflect light of various wavelengths λ. 
 

The graph shows a relation between the deflection angle θ and λ for different wavelengths in the 
n 

th order interference pattern. 
 

sinθ

λ
0
0

 
 

What is the gradient of the graph? 

A Nn B 
n

N
 C 

N

n
 D 

Nn

1
 

 
 
28 Which wave phenomenon is not needed to explain the pattern of observable fringes produced by 

a double slit experiment? 

A coherence 

B diffraction 

C interference 

D reflection 
 
 
29 Which diagram shows the electric field pattern of an isolated negative point charge? 
 

–

C

–

DA B

– –
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26 The warning signal on an ambulance has a frequency of 600 Hz. The speed of sound is 330 m s–1. 
The ambulance is travelling with a constant velocity of 25 m s–1 towards an observer. 

 
initial position
of ambulance

final position
of ambulance

observer  
 

Which overall change in observed frequency takes place between the times at which the 
ambulance is a long way behind the observer and when it is a long way in front of the observer? 

A 49 Hz B 84 Hz C 91 Hz D 98 Hz 
 
 
27 Diagrams X and Y show the passage of water waves around an obstacle and through a gap. 
 

The thick lines are barriers to the waves and each thin line represents a wavefront. 
 

X Y  
 

Which statement is correct? 

A Diagrams X and Y both illustrate diffraction. 

B Diagrams X and Y both illustrate interference. 

C Only diagram X illustrates interference. 

D Only diagram Y illustrates diffraction. 
 
 
28 The diagram shows a long rope fixed at one end. The other end is moved up and down, setting 

up a stationary wave. 
 

vibration
up and
down

fixed
endX Y

 
 

What is the phase difference between the oscillations at X and at Y? 

A 0 B 45° C 90° D 135° 
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29 A diffraction grating is used to measure the wavelength of monochromatic light. 
 

The spacing of the slits in the grating is 1.15 × 10–6
 m. The angle between the first order 

diffraction maxima is 60.0°, as shown in the diagram. 
 

60.0°monochromatic
light

grating

 
 

What is the wavelength of the light? 

A 288 nm B 498 nm C 575 nm D 996 nm 
 
 
30 Which path shows a possible movement of an electron in the electric field shown? 
 

A

D

B

C

path of electron

 
 
 
31 The diagram shows an electric field pattern caused by two positive and two negative point 

charges of equal magnitude placed at the four corners of a square. 
 

In which direction does the force act on an electron at point X? 
 

+

+

–

–

X

CD

BA
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26 A stationary wave is formed on a stretched string. The diagram illustrates the string at an instant 
of time when the displacement of the string is at its maximum. 

 

fixed
point

fixed
point

P

string

 
 

The frequency of the wave is 250 Hz. Point P on the string has a vertical displacement of –1.0 mm. 
 

What will be the vertical displacement of the point P after a time of 5 ms? 

A –1.0 mm B zero C +0.5 mm D +1.0 mm 
 
 
27 Observable interference fringes are produced using light from a double slit. The intensity of the 

light emerging from each slit is initially the same. 
 

The intensity of the light emerging from one of the slits is now reduced. 
 

How does this affect the interference pattern? 

A The bright fringes and the dark fringes all become brighter. 

B The bright fringes and the dark fringes all become darker. 

C The bright fringes become brighter and the dark fringes become darker. 

D The bright fringes become darker and the dark fringes become brighter. 
 
 
28 Monochromatic light of wavelength 450 nm passes through two parallel slits 0.30 mm apart. Bright 

fringes are observed on a screen 2.0 m away. 
 

0.30 mm

2.0 m

slits screen(not to scale)
 

 
How far apart are the bright fringes on the screen? 

A 1.3 mm B 1.5 mm C 3.0 mm D 6.0 mm 
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26 A stationary wave is formed on a stretched string. The diagram illustrates the string at an instant 
of time when the displacement of the string is at its maximum. 

 

fixed
point

fixed
point

P

string

 
 

The frequency of the wave is 250 Hz. Point P on the string has a vertical displacement of –1.0 mm. 
 

What will be the vertical displacement of the point P after a time of 5 ms? 

A –1.0 mm B zero C +0.5 mm D +1.0 mm 
 
 
27 Observable interference fringes are produced using light from a double slit. The intensity of the 

light emerging from each slit is initially the same. 
 

The intensity of the light emerging from one of the slits is now reduced. 
 

How does this affect the interference pattern? 

A The bright fringes and the dark fringes all become brighter. 

B The bright fringes and the dark fringes all become darker. 

C The bright fringes become brighter and the dark fringes become darker. 

D The bright fringes become darker and the dark fringes become brighter. 
 
 
28 Monochromatic light of wavelength 450 nm passes through two parallel slits 0.30 mm apart. Bright 

fringes are observed on a screen 2.0 m away. 
 

0.30 mm

2.0 m

slits screen(not to scale)
 

 
How far apart are the bright fringes on the screen? 

A 1.3 mm B 1.5 mm C 3.0 mm D 6.0 mm 
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26 A stationary wave is formed on a stretched string. The diagram illustrates the string at an instant 
of time when the displacement of the string is at its maximum. 

 

fixed
point

fixed
point

P

string

 
 

The frequency of the wave is 250 Hz. Point P on the string has a vertical displacement of –1.0 mm. 
 

What will be the vertical displacement of the point P after a time of 5 ms? 

A –1.0 mm B zero C +0.5 mm D +1.0 mm 
 
 
27 Observable interference fringes are produced using light from a double slit. The intensity of the 

light emerging from each slit is initially the same. 
 

The intensity of the light emerging from one of the slits is now reduced. 
 

How does this affect the interference pattern? 

A The bright fringes and the dark fringes all become brighter. 

B The bright fringes and the dark fringes all become darker. 

C The bright fringes become brighter and the dark fringes become darker. 

D The bright fringes become darker and the dark fringes become brighter. 
 
 
28 Monochromatic light of wavelength 450 nm passes through two parallel slits 0.30 mm apart. Bright 

fringes are observed on a screen 2.0 m away. 
 

0.30 mm

2.0 m

slits screen(not to scale)
 

 
How far apart are the bright fringes on the screen? 

A 1.3 mm B 1.5 mm C 3.0 mm D 6.0 mm 
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29 A microwave transmitter is placed at a fixed distance from a flat reflecting surface, as shown. 
 

microwave
transmitter

microwave
detector

movement
of detector

reflecting
surface

X Y

 
 

A microwave detector is moved steadily in a straight line from X to Y. A series of maxima and 
minima of intensity is obtained. The distance between adjacent maxima is 1.5 cm. 

 
What is the frequency of the microwave radiation? 

A 1.0 × 108 Hz 

B 2.0 × 108 Hz 

C 1.0 × 1010 Hz 

D 2.0 × 1010 Hz 
 
 
30 Two parallel circular metal plates X and Y, each of diameter 18 cm, have a separation of 9.0 cm. 

A potential difference of 9.0 V is applied between them. 
 

–

+
9.0 V9.0 cm

18 cm

3.0 cm

6.0 cm

plate X

plate Y

P

 
 

Point P is 6.0 cm from the surface of plate X and 3.0 cm from the surface of plate Y. 
 

What is the electric field strength at P? 

A 50 N C–1 B 100 N C–1 C 150 N C–1 D 300 N C–1 
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26 The warning signal on an ambulance has a frequency of 600 Hz. The speed of sound is 330 m s–1. 
The ambulance is travelling with a constant velocity of 25 m s–1 towards an observer. 

 
initial position
of ambulance

final position
of ambulance

observer  
 

Which overall change in observed frequency takes place between the times at which the 
ambulance is a long way behind the observer and when it is a long way in front of the observer? 

A 49 Hz B 84 Hz C 91 Hz D 98 Hz 
 
 
27 Diagrams X and Y show the passage of water waves around an obstacle and through a gap. 
 

The thick lines are barriers to the waves and each thin line represents a wavefront. 
 

X Y  
 

Which statement is correct? 

A Diagrams X and Y both illustrate diffraction. 

B Diagrams X and Y both illustrate interference. 

C Only diagram X illustrates interference. 

D Only diagram Y illustrates diffraction. 
 
 
28 The diagram shows a long rope fixed at one end. The other end is moved up and down, setting 

up a stationary wave. 
 

vibration
up and
down

fixed
endX Y

 
 

What is the phase difference between the oscillations at X and at Y? 

A 0 B 45° C 90° D 135° 
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29 A diffraction grating is used to measure the wavelength of monochromatic light. 
 

The spacing of the slits in the grating is 1.15 × 10–6
 m. The angle between the first order 

diffraction maxima is 60.0°, as shown in the diagram. 
 

60.0°monochromatic
light

grating

 
 

What is the wavelength of the light? 

A 288 nm B 498 nm C 575 nm D 996 nm 
 
 
30 Which path shows a possible movement of an electron in the electric field shown? 
 

A

D

B

C

path of electron

 
 
 
31 The diagram shows an electric field pattern caused by two positive and two negative point 

charges of equal magnitude placed at the four corners of a square. 
 

In which direction does the force act on an electron at point X? 
 

+

+

–

–

X

CD

BA
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25 A source of sound waves is travelling as shown. 
 

In which situation would the stationary observer detect the largest decrease in the observed 
frequency? 

 

observer
A

source

5 m s–1

observer
B

source

10 m s–1

observer
C

source

5 m s–1

observer
D

source

10 m s–1
 

 
 
26 M and N are two electromagnetic waves. 

The ratio 

N of wavelength

M of wavelength
 = 105. 

What could M and N be? 
 

 M N 

A microwaves visible light 

B microwaves γ-rays 

C γ-rays microwaves 

D visible light microwaves 

 
 
27 A progressive wave is incident normally on a flat reflector. The reflected wave overlaps with the 

incident wave and a stationary wave is formed. 
 

At an antinode, what could be the ratio 
 wavereflected the of ntdisplaceme

 waveincident the of ntdisplaceme
 at any instant? 

A –1 B 0 C 1 D 2 
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28 A monochromatic plane wave of speed c and wavelength λ is diffracted at a small aperture. 
 

The diagram illustrates successive wavefronts. 
 

G

H

P

 
 

After what time will some portion of the wavefront GH reach point P? 

A 
c2

3λ  B 
c

λ2  C 
c

λ3  D 
c

λ4  

 
 
29 In an experiment to demonstrate two-source interference of light, a beam of light is split into two 

beams using two slits 0.50 mm apart. These two beams are incident on a laboratory wall at a 
distance of 4.0 m. 

 
The wavelength of light is 550 nm. 

 
How far apart are two adjacent interference fringes that are formed on the laboratory wall? 

A 0.22 mm B 0.44 mm C 2.2 mm D 4.4 mm 
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28 A monochromatic plane wave of speed c and wavelength λ is diffracted at a small aperture. 
 

The diagram illustrates successive wavefronts. 
 

G

H

P

 
 

After what time will some portion of the wavefront GH reach point P? 

A 
c2

3λ  B 
c

λ2  C 
c

λ3  D 
c

λ4  

 
 
29 In an experiment to demonstrate two-source interference of light, a beam of light is split into two 

beams using two slits 0.50 mm apart. These two beams are incident on a laboratory wall at a 
distance of 4.0 m. 

 
The wavelength of light is 550 nm. 

 
How far apart are two adjacent interference fringes that are formed on the laboratory wall? 

A 0.22 mm B 0.44 mm C 2.2 mm D 4.4 mm 
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27 The diagram shows a steel wire clamped at one end. The other end is attached to a weight 
hanging over a pulley. 

 

weight

fixed stand fixed supportvibrator  
 

A vibrator is attached to the wire near the clamped end. A stationary wave with one loop is 
produced. The frequency of the vibrator is f. 

 
Which frequency should be used to produce a stationary wave with two loops? 

A 
4
f  B 

2
f  C 2f D 4f 

 
 
28 A parallel beam of light of wavelength 600 nm is incident normally on a diffraction grating. The 

grating has 300 lines per millimetre. 
 

What is the total number of intensity maxima from the grating? 

A 1 B 3 C 11 D 13 
 
 
29 A pattern of interference fringes is produced using a red laser, a double slit and a screen. The 

screen is 3.5 m from the double slit. The light from the laser has a wavelength of 640 nm. 
 

The pattern of fringes is shown. 
 

72 mm

not to
scale

bright
fringe

 
 

What is the separation of the slits? 

A 1.2 × 10–4
 m B 1.6 × 10–4

 m C 3.1 × 10–5
 m D 3.3 × 10–9

 m 
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27 The diagram shows a steel wire clamped at one end. The other end is attached to a weight 
hanging over a pulley. 

 

weight

fixed stand fixed supportvibrator  
 

A vibrator is attached to the wire near the clamped end. A stationary wave with one loop is 
produced. The frequency of the vibrator is f. 

 
Which frequency should be used to produce a stationary wave with two loops? 

A 
4
f  B 

2
f  C 2f D 4f 

 
 
28 A parallel beam of light of wavelength 600 nm is incident normally on a diffraction grating. The 

grating has 300 lines per millimetre. 
 

What is the total number of intensity maxima from the grating? 

A 1 B 3 C 11 D 13 
 
 
29 A pattern of interference fringes is produced using a red laser, a double slit and a screen. The 

screen is 3.5 m from the double slit. The light from the laser has a wavelength of 640 nm. 
 

The pattern of fringes is shown. 
 

72 mm

not to
scale

bright
fringe

 
 

What is the separation of the slits? 

A 1.2 × 10–4
 m B 1.6 × 10–4

 m C 3.1 × 10–5
 m D 3.3 × 10–9

 m 
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27 The diagram shows a steel wire clamped at one end. The other end is attached to a weight 
hanging over a pulley. 

 

weight

fixed stand fixed supportvibrator  
 

A vibrator is attached to the wire near the clamped end. A stationary wave with one loop is 
produced. The frequency of the vibrator is f. 

 
Which frequency should be used to produce a stationary wave with two loops? 

A 
4
f  B 

2
f  C 2f D 4f 

 
 
28 A parallel beam of light of wavelength 600 nm is incident normally on a diffraction grating. The 

grating has 300 lines per millimetre. 
 

What is the total number of intensity maxima from the grating? 

A 1 B 3 C 11 D 13 
 
 
29 A pattern of interference fringes is produced using a red laser, a double slit and a screen. The 

screen is 3.5 m from the double slit. The light from the laser has a wavelength of 640 nm. 
 

The pattern of fringes is shown. 
 

72 mm

not to
scale

bright
fringe

 
 

What is the separation of the slits? 

A 1.2 × 10–4
 m B 1.6 × 10–4

 m C 3.1 × 10–5
 m D 3.3 × 10–9

 m 
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25 An ambulance travels along a straight road at a speed of 30.0 m s–1. Its siren emits sound of 
frequency 2000 Hz. The speed of sound in the air is 340 m s–1. The ambulance passes a man 
standing at the side of the road. 

 
What is the frequency of the sound heard by the man as the ambulance moves towards him and 
as the ambulance moves away from him? 

 

 
frequency heard as 
ambulance moves 
towards man / Hz 

frequency heard as 
ambulance moves 
away from man / Hz 

A 1820 2180 

B 1840 2190 

C 2180 1820 

D 2190 1840 

 
 
26 Three different electromagnetic waves P, Q and R have the frequencies shown. 
 

 frequency / Hz 

P 3 × 1010 

Q 3 × 1013 

R 6 × 1014 

 
Which row identifies P, Q and R? 

 

 P Q R 

A infra-red visible ultraviolet 

B microwave infra-red visible 

C ultraviolet X-ray gamma ray 

D visible ultraviolet X-ray 

 
 
27 Which row describes the oscillations of two moving particles in a stationary wave that are 

separated by a distance of half a wavelength? 
 

 
phase 

difference 
amplitude 

A 90° different 

B 90° same 

C 180° different 

D 180° same 
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28 A parallel beam of red light of wavelength 700 nm is incident normally on a diffraction grating that 
has 400 lines per millimetre. 

 
What is the total number of intensity maxima from the grating? 

A 6 B 7 C 8 D 9 
 
 

29 Two wave sources are oscillating in phase. Each source produces a wave of wavelength λ. The 

two waves from the sources meet at point X with a phase difference of 90°. 
 

What is a possible difference in the distances from the two wave sources to point X? 

A 
8

λ
 B 

4

λ
 C 

2

λ
 D λ 

 
 
30 Which diagram best illustrates the electric field around a positive point charge? 
 

+

A

+

B

+ +

C D

 
 
 
31 The path of an electron with initial speed v in the uniform electric field between two parallel plates 

is shown. 
 

xplates

 
 

The vertical deflection x is measured at the right-hand edge of the plates. 
 

The distance between the plates is halved. The potential difference between the plates remains 
the same. 

 
What will be the new deflection of the electron with the same initial speed v ? 

A x B x2  C 2x D 4x 
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26 A pipe of length 100 cm is open at both ends. A loudspeaker situated at one end of the pipe can 
emit sound of different wavelengths. 

 

pipe

loudspeaker

100 cm

 
 

At which wavelength can a stationary wave be produced in the pipe? 

A 50 cm B 75 cm C 150 cm D 300 cm 
 
 
27 Monochromatic light is incident on a diffraction grating and a diffraction pattern is observed. 
 

Which row shows possible effects of replacing the grating with one that has twice as many lines 
per millimetre? 

 

 
number of orders of 
diffraction visible 

angle between first and 
second orders of diffraction 

A decreases decreases 

B decreases increases 

C increases decreases 

D increases increases 
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26 A pipe of length 100 cm is open at both ends. A loudspeaker situated at one end of the pipe can 
emit sound of different wavelengths. 

 

pipe

loudspeaker

100 cm

 
 

At which wavelength can a stationary wave be produced in the pipe? 

A 50 cm B 75 cm C 150 cm D 300 cm 
 
 
27 Monochromatic light is incident on a diffraction grating and a diffraction pattern is observed. 
 

Which row shows possible effects of replacing the grating with one that has twice as many lines 
per millimetre? 

 

 
number of orders of 
diffraction visible 

angle between first and 
second orders of diffraction 

A decreases decreases 

B decreases increases 

C increases decreases 

D increases increases 
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28 Monochromatic light of wavelength λ is incident on two narrow slits S1 and S2, a small distance 
apart. A series of bright and dark fringes are observed on a screen a long distance away from the 
slits. 

 

P

screen
S1

S2

light
wavelength  λ

 
 

The n th dark fringe from the central bright fringe is observed at point P on the screen. 
 

Which equation is correct for all positive values of n? 

A S2P – S1P = 
2

λn
 

B S2P – S1P = nλ 

C S2P – S1P = (n – 
2

1 )λ 

D S2P – S1P = (n + 
2

1 )λ 

 
 
29 A dipole is a pair of charges of equal magnitude, one negative and one positive. The electric field 

of a dipole is shown below. 
 

In which direction does the force act on an electron when at point X? 
 

X
A D

CB

+–
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25 Light of a particular wavelength λs is emitted from the Sun. At any instant, a band of wavelengths 
ranging from less than λs to more than λs is observed on the Earth. This is caused by the Doppler 
effect. 

 

Earth
Sun

NOT TO

SCALE

 
 

What could be the explanation for this Doppler effect? 

A The Sun is moving at right-angles to a line joining the Sun and the Earth. 

B The Sun is moving away from the Earth. 

C The Sun is moving towards the Earth. 

D The Sun is rotating. 
 
 
26 What is the order of magnitude of the frequencies of electromagnetic waves in the visible 

spectrum? 

A 1010
 Hz B 1012

 Hz C 1014
 Hz D 1016

 Hz 
 
 
27 Two signals approach each other, as shown. 
 

 
 

At one instant, the signals completely overlap. 
 

According to the principle of superposition, what is the shape of the resulting signal at this 
instant? 

 
A B C D
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28 Coherent waves are produced at P and at Q and travel outwards in all directions. The line RS is 
half-way between P and Q and perpendicular to the line joining P and Q. The distance RS is 
much greater than the distance PQ. 

 
P QR

S
X Y

NOT TO

SCALE

 
 

Along which of the lines shown is an interference pattern observed? 

A both RS and XY 

B RS only 

C XY only 

D neither RS nor XY 
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29 A bar vibrates with frequency f to produce water waves in a ripple tank. 
 

bar vibrating

with frequency f

barrier with

gap of width x  
 

The waves pass through a gap of width x in a barrier so that diffraction occurs. 
 

Which combination of vibration frequency and gap width will produce the smallest angle of 
diffraction? 

 

 vibration 
frequency gap width 

A 
2
f  

2
x  

B 
2
f  2x 

C 2f 
2
x  

D 2f 2x 
 
 
30 A diffraction grating is used to measure the wavelength of monochromatic light, as shown in the 

diagram. 
 

70.0°monochromatic

light

grating

first order maximum

first order maximum

 
 

The spacing of the slits in the grating is 1.00 × 10–6
 m. The angle between the first order 

diffraction maxima is 70.0°. 
 

What is the wavelength of the light? 

A 287 nm B 470 nm C 574 nm D 940 nm 
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29 A bar vibrates with frequency f to produce water waves in a ripple tank. 
 

bar vibrating

with frequency f

barrier with

gap of width x  
 

The waves pass through a gap of width x in a barrier so that diffraction occurs. 
 

Which combination of vibration frequency and gap width will produce the smallest angle of 
diffraction? 

 

 vibration 
frequency gap width 

A 
2
f  

2
x  

B 
2
f  2x 

C 2f 
2
x  

D 2f 2x 
 
 
30 A diffraction grating is used to measure the wavelength of monochromatic light, as shown in the 

diagram. 
 

70.0°monochromatic

light

grating

first order maximum

first order maximum

 
 

The spacing of the slits in the grating is 1.00 × 10–6
 m. The angle between the first order 

diffraction maxima is 70.0°. 
 

What is the wavelength of the light? 

A 287 nm B 470 nm C 574 nm D 940 nm 
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24 A vibrating tuning fork is held above a glass cylinder filled to the top with water. The water level is 
steadily lowered. A loud sound is first heard when the water level is 83.5 cm above the bench. 
The next loud sound is heard when the water level is 17.1 cm above the bench. 

 

water

water

cylinder

tuning fork

17.1 cm

83.5 cm

NOT TO
SCALE

 
 

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

What is the frequency of the tuning fork? 

A 128 Hz B 256 Hz C 384 Hz D 512 Hz 
 
 
25 A train that is moving in a straight line along a railway track has a whistle that continuously emits 

sound of frequency f. 
 

A woman standing by the side of the track hears sound of frequency 0.85f. 
 

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

What is the velocity of the train? 

A 51 m s–1 away from the woman 

B 51 m s–1 towards the woman 

C 60 m s–1 away from the woman 

D 60 m s–1 towards the woman 
 
 
26 Orange light in a vacuum has a wavelength of 600 nm. 
 

What is the frequency of this light? 

A 180 Hz B 5.0 × 105
 Hz C 1.8 × 1011

 Hz D 5.0 × 1014
 Hz 

 
 
27 A stationary sound wave has a series of nodes. The distance between the first and the sixth node 

is 30.0 cm. 
 

What is the wavelength of the sound wave? 

A 5.0 cm B 6.0 cm C 10.0 cm D 12.0 cm 
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28 Which diagram shows the diffraction of water waves in a ripple tank? 
 

A B

C D

 
 
 
29 A hill stands between a radio transmitter and a house, as shown. 
 

hill

house radio transmitter  
 

The radio transmitter cannot be seen from the house, but radio waves from the transmitter are 
received at the house. 

 
Why is this? 

A The wavelength of light is longer than the wavelength of radio waves so there is more 
diffraction of light over the hill. 

B The wavelength of light is shorter than the wavelength of radio waves so there is more 
diffraction of light over the hill. 

C The wavelength of radio waves is longer than the wavelength of light so there is more 
diffraction of radio waves over the hill. 

D The wavelength of radio waves is shorter than the wavelength of light so there is more 
diffraction of radio waves over the hill. 
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28 Which diagram shows the diffraction of water waves in a ripple tank? 
 

A B

C D

 
 
 
29 A hill stands between a radio transmitter and a house, as shown. 
 

hill

house radio transmitter  
 

The radio transmitter cannot be seen from the house, but radio waves from the transmitter are 
received at the house. 

 
Why is this? 

A The wavelength of light is longer than the wavelength of radio waves so there is more 
diffraction of light over the hill. 

B The wavelength of light is shorter than the wavelength of radio waves so there is more 
diffraction of light over the hill. 

C The wavelength of radio waves is longer than the wavelength of light so there is more 
diffraction of radio waves over the hill. 

D The wavelength of radio waves is shorter than the wavelength of light so there is more 
diffraction of radio waves over the hill. 
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30 In an experiment to demonstrate double-slit interference using light, the distance from the slits to 
the screen is doubled and the slit separation is halved. The wavelength of the light is kept 
constant. 

 
By which factor does the separation of adjacent bright fringes change? 

A 
4
1  B 

2
1  C 2 D 4 

 
 
31 The diagram shows two metal plates connected to a constant high voltage. 
 

d  
 

Which graph shows the variation of the electric field strength E midway between the two plates as 
the distance d between the two plates is increased? 

 

0
0

A

E

d 0
0

B

E

d 0
0

C

E

d 0
0

D

E

d  
 
 
32 An electron moves between two points X and Y in a uniform electric field, as shown. 
 

X

Y uniform electric field

 
 

The distance between X and Y is 4.0 cm and the line XY is at an angle of 60° to the direction of 
the field. 

 
The field exerts the only force on the electron. 

 
The field strength is 100 N C–1. 

 
What is the change in the kinetic energy of the electron as it moves from X to Y? 

A – 4 eV B –2 eV C +2 eV D +4 eV 
 
 



9702 Physics Paper 1 - Superposition
Topical questions | 256 questions

38. Question | 9702 Oct-Nov 2017 P1 V3 Q29

14 

© UCLES 2017 9702/13/O/N/17  

28 An electromagnetic wave travels in a straight line through a vacuum. The wave has a frequency 
of 6.0 THz. 

 
What is the number of wavelengths in a distance of 1.0 m along the wave? 

A 5.0 × 10–5 B 2.0 × 101 C 2.0 × 104 D 5.0 × 107 
 
 
29 A beam of laser light is directed towards a narrow slit. 
 

panel

slit

cross-section
of beam of light

 
 

After emerging from the other side of the slit, the light then falls on a screen. 
 

What is the pattern of light seen on the screen? 
 

A B C D
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30 The diagrams show four pairs of waves. In each case the displacement y measured at a fixed 
point is plotted against time t. 

 
Which pair of waves is not coherent? 

 
y

t

y

t

A

y

t

y

t

B

y

t

y

t

C

y

t

y

t

D
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24 A vehicle carries a microwave transmitter that emits microwaves of a constant frequency. A 
stationary observer has a microwave receiver. 

 
The vehicle moves directly towards the observer at constant speed. The observer detects 
microwaves of frequency Fo. 

 
The vehicle then accelerates, still moving towards the observer, travels at higher steady speed 
for a time and then decelerates until it stops. 

 
What is the variation in the frequency of the microwaves that are detected by the observer? 

A The observed frequency will fall, then remain steady then return to the frequency Fo. 

B The observed frequency will fall, then remain steady then rise to a higher frequency than Fo. 

C The observed frequency will rise, then remain steady then fall to a lower frequency than Fo. 

D The observed frequency will rise, then remain steady then return to the frequency Fo. 
 
 
25 The diagram shows a cathode-ray oscilloscope display of an electromagnetic wave. 
 

1.0 cm

 
 

The time base setting is 0.20 µs cm–1. 
 

Which statement is correct? 

A The frequency of the wave is 2.5 MHz and it lies in the microwave region of the 
electromagnetic spectrum. 

B The frequency of the wave is 2.5 MHz and it lies in the radio-wave region of the 
electromagnetic spectrum. 

C The frequency of the wave is 5.0 MHz and it lies in the microwave region of the 
electromagnetic spectrum. 

D The frequency of the wave is 5.0 MHz and it lies in the radio-wave region of the 
electromagnetic spectrum. 

 
 
26 In a double-slit interference experiment, light of frequency 6.0 × 1014

 Hz is incident on a pair of 
slits. Bright fringes that are 3.0 mm apart are observed on a screen some distance away. 

 
What is the separation of the bright fringes when the frequency of the light is changed to 
5.0 × 1014

 Hz? 

A 1.8 mm B 2.5 mm C 3.0 mm D 3.6 mm 
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27 Monochromatic light is incident on a pair of narrow slits a distance of 0.1 mm apart. A series of 
bright and dark fringes are observed on a screen a distance of 2.0 m away. The distance between 
adjacent bright fringes is 8.0 mm. 

 

monochromatic
light

screen

second order dark fringe

‘zero’ order bright fringe

distance between
bright fringes = 8.0 mm2.0 m

(not to scale)  
 

What is the path difference between the light waves from the two slits that meet at the second 
order dark fringe? 

A 2.0 × 10–7
 m 

B 4.0 × 10–7
 m 

C 6.0 × 10–7
 m 

D 8.0 × 10–7
 m 

 
 
28 A tube of length L is open at both ends. A stationary wave is set up in this tube when a tuning fork 

vibrating with frequency fx is held at one end. This is the lowest frequency of stationary wave that 
can be formed in this tube. 

 
Another tube of length 2L is closed at one end. A stationary wave is set up in this tube when a 
tuning fork vibrating with frequency fy is held at the open end. This is the lowest frequency of 
stationary wave that can be formed in this tube. 

 

L

frequency fx

2L

frequency fy

 
 

Assume the end correction for each tube is negligible. 
 

Which equation is correct? 

A fx = 
4
yf  B fx = 

2
yf  C fx = 2fy D fx = 4fy 
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27 Monochromatic light is incident on a pair of narrow slits a distance of 0.1 mm apart. A series of 
bright and dark fringes are observed on a screen a distance of 2.0 m away. The distance between 
adjacent bright fringes is 8.0 mm. 

 

monochromatic
light

screen

second order dark fringe

‘zero’ order bright fringe

distance between
bright fringes = 8.0 mm2.0 m

(not to scale)  
 

What is the path difference between the light waves from the two slits that meet at the second 
order dark fringe? 

A 2.0 × 10–7
 m 

B 4.0 × 10–7
 m 

C 6.0 × 10–7
 m 

D 8.0 × 10–7
 m 

 
 
28 A tube of length L is open at both ends. A stationary wave is set up in this tube when a tuning fork 

vibrating with frequency fx is held at one end. This is the lowest frequency of stationary wave that 
can be formed in this tube. 

 
Another tube of length 2L is closed at one end. A stationary wave is set up in this tube when a 
tuning fork vibrating with frequency fy is held at the open end. This is the lowest frequency of 
stationary wave that can be formed in this tube. 

 

L

frequency fx

2L

frequency fy

 
 

Assume the end correction for each tube is negligible. 
 

Which equation is correct? 

A fx = 
4
yf  B fx = 

2
yf  C fx = 2fy D fx = 4fy 
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29 Which statement gives a condition that enables diffraction to occur? 

A A source of waves moves towards a stationary observer. 

B A wave is partially blocked by an obstacle. 

C Two coherent waves are superposed. 

D Two waves of equal speed and frequency are travelling through the same part of a medium 
in opposite directions. 

 
 
30 An electron passes into the space between two parallel plates that are 5.0 cm apart and which 

are maintained at electric potentials of +2000 V and –500 V, respectively. 
 

5.0 cm

+2000 V

–500 V

electron

 
 

What is the electric force on the electron? 

A 1.6 × 10–15
 N 

B 4.8 × 10–15
 N 

C 6.4 × 10–15
 N 

D 8.0 × 10–15
 N 

 
 
31 Which statement about electric charges in a uniform electric field is not correct? 

A Electric charges of the same magnitude, whether positive or negative, experience the same 
magnitude of force when placed in the same uniform electric field. 

B The direction of the force on a positive charge placed in a uniform electric field is 
independent of the magnitude of the charge. 

C The magnitude of the force on a positive charge placed in a uniform electric field is 
proportional to the magnitude of the electric field strength. 

D The work done to move a positive charge a certain distance in a uniform electric field is 
independent of the direction of the movement. 
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25 A teacher sets up the apparatus shown to demonstrate a double-slit interference pattern on the 
screen. 

 

p r

q

single

slit

source

of light

double

slit

screen

 
 

Which change to the apparatus will increase the fringe spacing? 

A decreasing the distance p 

B decreasing the distance q 

C decreasing the distance r 

D decreasing the wavelength of the light 
 
 
26 The diagram shows two sources of waves S1 and S2. The sources oscillate with a phase 

difference of 180°. 
 

S1 S2

P

5 cm

13 cm

 
 

The sources each generate a wave of wavelength 2.0 cm. Each source produces a wave that has 
amplitude x0 when it reaches point P. 

 
What is the amplitude of the oscillation at P? 

A 0 B 
2

0x  C x0 D 2x0 
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25 A teacher sets up the apparatus shown to demonstrate a double-slit interference pattern on the 
screen. 

 

p r

q

single

slit

source

of light

double

slit

screen

 
 

Which change to the apparatus will increase the fringe spacing? 

A decreasing the distance p 

B decreasing the distance q 

C decreasing the distance r 

D decreasing the wavelength of the light 
 
 
26 The diagram shows two sources of waves S1 and S2. The sources oscillate with a phase 

difference of 180°. 
 

S1 S2

P

5 cm

13 cm

 
 

The sources each generate a wave of wavelength 2.0 cm. Each source produces a wave that has 
amplitude x0 when it reaches point P. 

 
What is the amplitude of the oscillation at P? 

A 0 B 
2

0x  C x0 D 2x0 
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22 Two lasers emit light in a vacuum. One laser emits red light and the other emits green light. 
 

Which property of the two laser beams must be different? 

A amplitude 

B frequency 

C intensity 

D speed 
 
 
23 The diagram shows the screen of a cathode-ray oscilloscope (c.r.o.) displaying a wave. 
 

 
 

The time-base of the c.r.o. is set at 10 ms / division. 
 

What is the frequency of the wave? 

A 0.24 Hz B 4.2 Hz C 12 Hz D 24 Hz 
 
 
24 A string is fixed at one end and the other end is attached to a vibrator. The frequency of the 

vibrator is slowly increased from zero. A series of stationary waves is formed. Assume that for a 
stationary wave there is a node at point P. 

 

fixed

string
P

L
vibrator

 
 

What are the first five wavelengths of the stationary waves that could be formed? 

A 2
1
L , 2

2
L , 2

3
L , 2

4
L , 2

5
L  

B 2
2
L , 2

3
L , 2

4
L , 2

5
L , 2

6
L  

C 4
1
L , 4

2
L , 4

3
L , 4

4
L , 4

5
L  

D 4
1
L , 4

3
L , 4

5
L , 4

7
L , 4

9
L  
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25 Which region of the electromagnetic spectrum has waves of wavelength 1000 times smaller than 
the wavelength of visible light? 

A infra-red 

B microwaves 

C ultraviolet 

D X-rays 
 
 
26 The diagram shows apparatus for the measurement of the frequency of a sound wave. 
 

metal
plate

microphone source
of sound

D

 
 

Sound of the unknown frequency is reflected back from a metal plate. A microphone placed at a 
distance D from the metal plate detects the sound intensity. A minimum intensity is detected with 
D = 12.0 cm. The plate is moved further away from the microphone until the next minimum is 
detected with D = 15.0 cm. 

 
The speed of sound in air is 336 m s–1. 

 
What is the frequency of the sound? 

A 56 Hz B 112 Hz C 5600 Hz D 11 200 Hz 
 
 
27 An astronomer observes the light from a star that is moving away from the Earth. 
 

For the observed light, what has been increased due to the star’s motion? 

A amplitude 

B frequency 

C speed 

D wavelength 
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28 The diagram shows a stationary wave, at time t = 0, that has been set up on a string fixed 
between points P and S. 

 

P SQ
X Y

R
 

 
The nodes of the stationary wave occur on the string at P, Q, R and S. Point X is moving down at 
time t = 0. The points on the string vibrate with time period T and maximum amplitude 2 cm. 

 
The displacement s is positive in the upward direction. 

 
Which graph best shows the variation with t of the displacement s of point Y on the string? 

 

0

2

–2

0

A

s / cm

tT
2

0

2

–2

0

B

s / cm

tT
2

0

2

–2

0

C

s / cm

tT
2

0

2

–2

0

D

s / cm

tT
2

 
 
 
29 A two-source interference experiment uses the apparatus shown. 
 

lamp
double

slit
screensingle

slit  
 

What is the main purpose of the single slit? 

A to make a narrow beam of light 

B to make the same amplitude of light incident on each slit 

C to provide coherent light 

D to provide monochromatic light 
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28 The diagram shows a stationary wave, at time t = 0, that has been set up on a string fixed 
between points P and S. 

 

P SQ
X Y

R
 

 
The nodes of the stationary wave occur on the string at P, Q, R and S. Point X is moving down at 
time t = 0. The points on the string vibrate with time period T and maximum amplitude 2 cm. 

 
The displacement s is positive in the upward direction. 

 
Which graph best shows the variation with t of the displacement s of point Y on the string? 
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29 A two-source interference experiment uses the apparatus shown. 
 

lamp
double

slit
screensingle

slit  
 

What is the main purpose of the single slit? 

A to make a narrow beam of light 

B to make the same amplitude of light incident on each slit 

C to provide coherent light 

D to provide monochromatic light 
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23 A police car travels at a velocity of 30.0 m s–1 directly towards a stationary observer. The horn of 
the car emits sound of frequency 2000 Hz. The speed of sound is 340 m s–1. 

 
What is the frequency of the sound heard by the observer? 

A 1840 Hz B 2000 Hz C 2180 Hz D 2190 Hz 
 
 
24 A vibrating tuning fork is held over a measuring cylinder, as shown. 
 

tuning fork

water

 
 

Water is then gradually poured into the measuring cylinder. A much louder sound is first heard 
when the water level is 2.9 cm above the base of the measuring cylinder. A second much louder 
sound is heard when the water level reaches a height of 67.3 cm above the base. 

 
The speed of sound in air is 330 m s–1. 

 
What is the frequency of the tuning fork? 

A 128 Hz B 256 Hz C 512 Hz D 1024 Hz 
 
 
25 A water wave in a ripple tank is diffracted as it passes through a gap in a barrier. 
 

Which two factors affect the angle of diffraction of the wave? 

A the amplitude and frequency of the incident wave 

B the amplitude of the incident wave and the width of the gap 

C the wavelength and amplitude of the incident wave 

D the wavelength of the incident wave and the width of the gap 
 
 
26 A double-slit interference pattern using red light of wavelength 7.0 × 10–7

 m has a fringe spacing 
of 3.5 mm. 

 
Which fringe spacing would be observed for the same arrangement of apparatus but using blue 
light of wavelength 4.5 × 10–7

 m? 

A 2.3 mm B 3.5 mm C 5.4 mm D 9.0 mm 
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23 A police car travels at a velocity of 30.0 m s–1 directly towards a stationary observer. The horn of 
the car emits sound of frequency 2000 Hz. The speed of sound is 340 m s–1. 

 
What is the frequency of the sound heard by the observer? 

A 1840 Hz B 2000 Hz C 2180 Hz D 2190 Hz 
 
 
24 A vibrating tuning fork is held over a measuring cylinder, as shown. 
 

tuning fork

water

 
 

Water is then gradually poured into the measuring cylinder. A much louder sound is first heard 
when the water level is 2.9 cm above the base of the measuring cylinder. A second much louder 
sound is heard when the water level reaches a height of 67.3 cm above the base. 

 
The speed of sound in air is 330 m s–1. 

 
What is the frequency of the tuning fork? 

A 128 Hz B 256 Hz C 512 Hz D 1024 Hz 
 
 
25 A water wave in a ripple tank is diffracted as it passes through a gap in a barrier. 
 

Which two factors affect the angle of diffraction of the wave? 

A the amplitude and frequency of the incident wave 

B the amplitude of the incident wave and the width of the gap 

C the wavelength and amplitude of the incident wave 

D the wavelength of the incident wave and the width of the gap 
 
 
26 A double-slit interference pattern using red light of wavelength 7.0 × 10–7

 m has a fringe spacing 
of 3.5 mm. 

 
Which fringe spacing would be observed for the same arrangement of apparatus but using blue 
light of wavelength 4.5 × 10–7

 m? 

A 2.3 mm B 3.5 mm C 5.4 mm D 9.0 mm 
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23 A police car travels at a velocity of 30.0 m s–1 directly towards a stationary observer. The horn of 
the car emits sound of frequency 2000 Hz. The speed of sound is 340 m s–1. 

 
What is the frequency of the sound heard by the observer? 

A 1840 Hz B 2000 Hz C 2180 Hz D 2190 Hz 
 
 
24 A vibrating tuning fork is held over a measuring cylinder, as shown. 
 

tuning fork

water

 
 

Water is then gradually poured into the measuring cylinder. A much louder sound is first heard 
when the water level is 2.9 cm above the base of the measuring cylinder. A second much louder 
sound is heard when the water level reaches a height of 67.3 cm above the base. 

 
The speed of sound in air is 330 m s–1. 

 
What is the frequency of the tuning fork? 

A 128 Hz B 256 Hz C 512 Hz D 1024 Hz 
 
 
25 A water wave in a ripple tank is diffracted as it passes through a gap in a barrier. 
 

Which two factors affect the angle of diffraction of the wave? 

A the amplitude and frequency of the incident wave 

B the amplitude of the incident wave and the width of the gap 

C the wavelength and amplitude of the incident wave 

D the wavelength of the incident wave and the width of the gap 
 
 
26 A double-slit interference pattern using red light of wavelength 7.0 × 10–7

 m has a fringe spacing 
of 3.5 mm. 

 
Which fringe spacing would be observed for the same arrangement of apparatus but using blue 
light of wavelength 4.5 × 10–7

 m? 

A 2.3 mm B 3.5 mm C 5.4 mm D 9.0 mm 
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27 What is an example of the diffraction of a wave? 

A laser light travelling along an optic fibre 

B light waves forming images on a cinema screen 

C microwaves passing the edge of a metal plate 

D sound waves diverging as they pass through air 
 
 
28 When the light from two lamps falls on a screen, no interference pattern can be obtained. 
 

Why is this? 

A The lamps are not point sources. 

B The lamps emit light of different amplitudes. 

C The light from the lamps is not coherent. 

D The light from the lamps is white. 
 
 
29 A beam of light consists of two wavelengths of 436 nm and 654 nm. A diffraction grating of 

5.00 × 105 lines m–1 produces a diffraction pattern in which the second order of one of these 
wavelengths occurs at the same angle θ as the third order of the other wavelength. 

 

zero order436 nm
654 nm

θ
θ

overlapping orders

 
 

What is the angle θ ? 

A 19.1° B 25.8° C 40.8° D 78.8° 
 
 
30 Which diagram shows the electric field lines surrounding an isolated negative point charge? 
 

–

A

–

B

–

C

–

D
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27 What is an example of the diffraction of a wave? 

A laser light travelling along an optic fibre 

B light waves forming images on a cinema screen 

C microwaves passing the edge of a metal plate 

D sound waves diverging as they pass through air 
 
 
28 When the light from two lamps falls on a screen, no interference pattern can be obtained. 
 

Why is this? 

A The lamps are not point sources. 

B The lamps emit light of different amplitudes. 

C The light from the lamps is not coherent. 

D The light from the lamps is white. 
 
 
29 A beam of light consists of two wavelengths of 436 nm and 654 nm. A diffraction grating of 

5.00 × 105 lines m–1 produces a diffraction pattern in which the second order of one of these 
wavelengths occurs at the same angle θ as the third order of the other wavelength. 

 

zero order436 nm
654 nm

θ
θ

overlapping orders

 
 

What is the angle θ ? 

A 19.1° B 25.8° C 40.8° D 78.8° 
 
 
30 Which diagram shows the electric field lines surrounding an isolated negative point charge? 
 

–

A

–

B

–

C

–

D
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27 What is an example of the diffraction of a wave? 

A laser light travelling along an optic fibre 

B light waves forming images on a cinema screen 

C microwaves passing the edge of a metal plate 

D sound waves diverging as they pass through air 
 
 
28 When the light from two lamps falls on a screen, no interference pattern can be obtained. 
 

Why is this? 

A The lamps are not point sources. 

B The lamps emit light of different amplitudes. 

C The light from the lamps is not coherent. 

D The light from the lamps is white. 
 
 
29 A beam of light consists of two wavelengths of 436 nm and 654 nm. A diffraction grating of 

5.00 × 105 lines m–1 produces a diffraction pattern in which the second order of one of these 
wavelengths occurs at the same angle θ as the third order of the other wavelength. 

 

zero order436 nm
654 nm

θ
θ

overlapping orders

 
 

What is the angle θ ? 

A 19.1° B 25.8° C 40.8° D 78.8° 
 
 
30 Which diagram shows the electric field lines surrounding an isolated negative point charge? 
 

–

A

–

B

–

C

–

D
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26 A surveyor’s device emits a pulse of light. The light is reflected from a wall 150 m away. 
 

What is the time taken for the pulse to travel from the device to the wall and then back to the 
device? 

A 0.05 ns B 0.10 ns C 0.50 µs D 1.0 µs 
 
 
27 Progressive sound waves of wavelength 20 cm enter the air columns in a closed pipe P and an 

open pipe Q. The lengths of the pipes are shown. 
 

P

35 cm

Q

50 cm  
 

In which pipe or pipes are stationary waves formed? 

A P and Q 

B P only 

C Q only 

D neither P nor Q 
 
 
28 What happens when waves pass through a gap equal to their wavelength? 

A There is diffraction and the wavelength decreases. 

B There is diffraction and the wavelength stays the same. 

C There is no diffraction and the wavelength decreases. 

D There is no diffraction and the wavelength stays the same. 
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29 Two sources of microwaves P and Q produce coherent waves with a phase difference of 180°. 
The waves have the same wavelength λ. 

 

P

Q

S

 
 

At the point S there is a minimum in the interference pattern produced by waves from the two 
sources. The distance (QS – PS) is called the path difference. 

 
In the expressions shown, n is an integer. 

 
Which expression represents the path difference? 

A nλ B 2
1 nλ C (n + 2

1 )λ D (2n + 2
1 )λ 

 
 
30 A parallel beam of monochromatic light of wavelength λ is incident normally on a diffraction 

grating G. The angle between the directions of the two second-order diffracted beams at P1 and 
at P2 is α, as shown. 

 

α

G

light

P1

P2  
 

What is the spacing of the lines on the grating? 

A 
α
λ

sin
2  B 

α
λ

sin
 C 

)2/sin(
2
α
λ  D 

)2/sin(α
λ  
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29 Two sources of microwaves P and Q produce coherent waves with a phase difference of 180°. 
The waves have the same wavelength λ. 

 

P

Q

S

 
 

At the point S there is a minimum in the interference pattern produced by waves from the two 
sources. The distance (QS – PS) is called the path difference. 

 
In the expressions shown, n is an integer. 

 
Which expression represents the path difference? 

A nλ B 2
1 nλ C (n + 2

1 )λ D (2n + 2
1 )λ 

 
 
30 A parallel beam of monochromatic light of wavelength λ is incident normally on a diffraction 

grating G. The angle between the directions of the two second-order diffracted beams at P1 and 
at P2 is α, as shown. 

 

α

G

light

P1

P2  
 

What is the spacing of the lines on the grating? 

A 
α
λ

sin
2  B 

α
λ

sin
 C 

)2/sin(
2
α
λ  D 

)2/sin(α
λ  
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25 An electromagnetic wave has a wavelength of 1.0 × 10–7
 m. 

 
To which region of the electromagnetic spectrum does this wave belong? 

A infra-red 

B ultraviolet 

C visible 

D X-ray 
 
 
26 The diagram shows a stationary wave on a string. The stationary wave has three nodes N1, N2 

and N3. 
 

N1 N2 N3

 
 

Which statement is correct? 

A All points on the string vibrate in phase. 

B All points on the string vibrate with the same amplitude. 

C Points equidistant from N2 vibrate with the same frequency and in phase. 

D Points equidistant from N2 vibrate with the same frequency and the same amplitude. 
 
 
27 In which situation does diffraction occur? 

A A wave bounces back from a surface. 

B A wave passes from one medium into another. 

C A wave passes through an aperture. 

D Waves from two identical sources are superposed. 
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25 An electromagnetic wave has a wavelength of 1.0 × 10–7
 m. 

 
To which region of the electromagnetic spectrum does this wave belong? 

A infra-red 

B ultraviolet 

C visible 

D X-ray 
 
 
26 The diagram shows a stationary wave on a string. The stationary wave has three nodes N1, N2 

and N3. 
 

N1 N2 N3

 
 

Which statement is correct? 

A All points on the string vibrate in phase. 

B All points on the string vibrate with the same amplitude. 

C Points equidistant from N2 vibrate with the same frequency and in phase. 

D Points equidistant from N2 vibrate with the same frequency and the same amplitude. 
 
 
27 In which situation does diffraction occur? 

A A wave bounces back from a surface. 

B A wave passes from one medium into another. 

C A wave passes through an aperture. 

D Waves from two identical sources are superposed. 
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28 A student connects two loudspeakers to a signal generator. 
 

Q

P

signal
generator

 
 

As the student walks from P to Q, he notices that the loudness of the sound rises and falls 
repeatedly. 

 
What causes the loudness of the sound to vary? 

A diffraction of the sound waves 

B Doppler shift of the sound waves 

C interference of the sound waves 

D reflection of the sound waves 
 
 
29 A parallel beam of white light is incident normally on a diffraction grating. The second-order and 

third-order spectra partially overlap. 
 

Which wavelength in the third-order spectrum appears at the same angle as the wavelength of 
600 nm in the second-order spectrum? 

A 300 nm B 400 nm C 600 nm D 900 nm 
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28 A student connects two loudspeakers to a signal generator. 
 

Q

P

signal
generator

 
 

As the student walks from P to Q, he notices that the loudness of the sound rises and falls 
repeatedly. 

 
What causes the loudness of the sound to vary? 

A diffraction of the sound waves 

B Doppler shift of the sound waves 

C interference of the sound waves 

D reflection of the sound waves 
 
 
29 A parallel beam of white light is incident normally on a diffraction grating. The second-order and 

third-order spectra partially overlap. 
 

Which wavelength in the third-order spectrum appears at the same angle as the wavelength of 
600 nm in the second-order spectrum? 

A 300 nm B 400 nm C 600 nm D 900 nm 
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25 A buzzer emitting sound of frequency 846 Hz is attached to a string and rotated in a horizontal 
circle. The linear speed of the buzzer is 25.0 m s–1. 

 

observer

buzzer

 
 

The speed of sound is 340 m s–1. 
 

What is the maximum frequency heard by the observer? 

A 783 Hz B 788 Hz C 908 Hz D 913 Hz 
 
 
26 The diagram shows the principal regions of the electromagnetic spectrum, with some details 

labelled. The diagram is not to scale. 
 

wavelength increasing

Q

10–10 m

 
 

What is a typical order of magnitude of the wavelength of the radiation in region Q? 

A 10–7
 m B 10–5

 m C 10–2
 m D 100

 m 
 
 
27 P and Q are fixed points at the end of a string. A transverse stationary wave of constant 

maximum amplitude is formed on the string. 
 

P R TS Q

x x

 
 

P, R and Q are the only points on the string where nodes are formed. S and T are two points on 
the string at a distance x from R. 

 
What is the relationship between points S and T? 

A the same amplitude and in phase 

B different amplitudes and in phase 

C the same amplitude and a phase difference of 180° 

D different amplitudes and a phase difference of 180° 
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28 Two identical loudspeakers are connected in series to an a.c. supply, as shown. 
 

speaker

speaker

a.c. supply

P

Q 
 

A microphone is moved along the line PQ. 
 

Which graph best shows the variation with distance from P of the intensity of the sound detected 
by the microphone? 

 

intensity

distance

0
P

A

Q

intensity

distance

0
P

B

Q

intensity

distance

0
P

C

Q

intensity

distance

0
P

D

Q
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29 A diffraction grating experiment is set up using orange light of wavelength 600 nm. The grating 
has a slit separation of 2.00 µm. 

 

light of
wavelength

600 nm
grating

2nd order orange

1st order orange

θ1

θ2

 
 

What is the angular separation (θ2 – θ1) between the first and second order maxima of the orange 
light? 

A 17.5° B 19.4° C 36.9° D 54.3° 
 
 
30 Two horizontal parallel plate conductors are separated by a distance of 5.0 mm in air. The lower 

plate is earthed and the potential of the upper plate is +50 V. 
 

What is the electric field strength E at a point midway between the plates? 

A 1.0 × 104
 V m–1 downwards 

B 1.0 × 104
 V m–1 upwards 

C 2.0 × 104
 V m–1 downwards 

D 2.0 × 104
 V m–1 upwards 
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23 The graph shows the variation of the displacement of particles with distance along a transverse 
wave at an instant in time. The wave is moving to the right. 

 
Which position along the wave corresponds to a point where particles in the wave are travelling 
the fastest upwards? 

 

0
0

displacement

distanceA

B

C

D
direction of

travel of wave

 
 
 
24 A long tube, filled with water, has a tap fitted at its base, as shown. 
 

A tuning fork is sounded above the tube and the water is allowed to run gradually out of the tube. 
 

tube

tap

water

tuning fork

 
 

A louder sound is heard at intervals as the water runs out of the tube. The change in water level 
between louder sounds is 32 cm. 

 
What is the wavelength of the sound in the tube? 

A 16 cm B 32 cm C 64 cm D 128 cm 
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25 A stationary insect on the surface of water creates circular waves with its legs, as shown in 
diagram 1. The insect begins to travel to the right as shown in diagram 2. 

 

XXXX

insect

diagram 1 diagram 2  
 

Which row describes the change to the waves at X caused by the movement of the insect? 
 

 frequency wave speed 

A decreases increases 

B decreases stays the same 

C increases increases 

D increases stays the same 
 
 
26 A toy motorboat moving with constant velocity v vibrates up and down on the surface of a pond. 

This causes the boat to act as a source of circular water waves of frequency 2.0 Hz. The speed of 
the waves is 1.5 m s–1. 

 
A man, standing at the edge of the pond, observes that the waves from the boat approach him 
with a frequency of 3.0 Hz. 

 
The formula for Doppler effect calculations with sound waves may also be used for water waves. 

 
What is a possible value of v? 

 
 speed / m s–1 direction 

A 0.50 directly away from the man 

B 0.50 directly towards the man 

C 0.75 directly away from the man 

D 0.75 directly towards the man 
 
 
27 Two progressive waves of frequency 300 Hz superpose to produce a stationary wave in which 

adjacent nodes are 1.5 m apart. 
 

What is the speed of the progressive waves? 

A 100 m s–1 B 200 m s–1 C 450 m s–1 D 900 m s–1 
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28 The diagrams show the diffraction of water waves in a ripple tank as they pass through a gap 
between two barriers. 

 
Which diagram is correct? 

 
A B

C D

 
 
 
29 A double-slit interference experiment is set up as shown. 
 

single
slit

double
slit

screen

*
red
light

source

not to scale  
 

 Fringes are formed on the screen. The distance between successive bright fringes is found to be 
4 mm. 

 
 Two changes are then made to the experimental arrangement. The double slit is replaced by 
another double slit which has half the spacing. The screen is moved so that its distance from the 
double slit is twice as great. 

 
What is now the distance between successive bright fringes? 

A 1 mm B 4 mm C 8 mm D 16 mm 
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30 The interference patterns from a diffraction grating and a double slit are compared.  
 

Using the diffraction grating, yellow light of the first order is seen at 30° to the normal to the 
grating. 

 
The same light produces interference fringes on a screen 1.0 m from the double slit. The slit 
separation is 500 times greater than the line spacing of the grating.  

 
What is the fringe separation on the screen? 

A 2.5 × 10–7
 m 

B 1.0 × 10–5
 m 

C 1.0 × 10–3
 m 

D 1.0 × 10–1
 m 

 
 
31 Which diagram shows the pattern of the electric field lines due to a negative point charge? 
 

A B C D

 
 
 
32 In an electrolyte, the electric current is carried by charged particles (ions) in solution. 
 

What is not a possible value for the charge on an ion in solution? 

A – 4.8 × 10–19
 C 

B +1.6 × 10–19
 C 

C +3.2 × 10–19
 C 

D +4.0 × 10–19
 C 
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29 Monochromatic light is directed at a diffraction grating, as shown. 
 

 
 

Which diagram could show all the possible directions of the light, after passing through the 
grating, that give maximum intensity? 

 
A B C D

 
 
 
30 Why can an observable interference pattern never be obtained between two monochromatic 

beams of light from different lamps? 

A The frequency of the light from the two lamps can never be the same. 

B The light from the two lamps can never be coherent. 

C The temperature of the filaments of the two lamps used can never be the same. 

D The wavelength of the light from the two lamps must always be different. 
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29 Monochromatic light is directed at a diffraction grating, as shown. 
 

 
 

Which diagram could show all the possible directions of the light, after passing through the 
grating, that give maximum intensity? 

 
A B C D

 
 
 
30 Why can an observable interference pattern never be obtained between two monochromatic 

beams of light from different lamps? 

A The frequency of the light from the two lamps can never be the same. 

B The light from the two lamps can never be coherent. 

C The temperature of the filaments of the two lamps used can never be the same. 

D The wavelength of the light from the two lamps must always be different. 
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31 A student sets up apparatus to observe the double-slit interference of monochromatic light, as 
shown. 

 

double slit

monochromatic
light

screen 
 

Interference fringes are formed on the screen. 
 

Which change would increase the distance between adjacent fringes? 

A Decrease the distance between the two slits. 

B Decrease the width of each slit. 

C Move the screen closer to the double slit. 

D Use light of a higher frequency. 
 
 
32 An electron is situated in a vacuum between two charged plates, as shown. 
 

+ + + + + + + +

– – – – – – – –

electron

 
 

Which statement describes the motion of the electron due to the uniform electric field? 

A It moves downwards with a constant acceleration. 

B It moves downwards with zero acceleration. 

C It moves upwards with a constant acceleration. 

D It moves upwards with a decreasing acceleration. 
 
 

73. Question | 9702 May-June 2019 P1 V3 Q26

12 

© UCLES 2019 9702/13/M/J/19  

23 A sound wave of frequency 270 Hz is recorded by a cathode-ray oscilloscope (CRO). 
The waveform on the CRO is shown. 

 

1 cm  
 

What is the time-base setting on the CRO? 

A 0.1 ms cm–1 B 1 ms cm–1 C 10 ms cm–1 D 100 ms cm–1 
 
 
24 A motor boat vibrates in the water so that it produces water waves of frequency 0.20 Hz. The 

speed of these waves in the water is 20 m s–1. The motor boat moves with a speed of 5.0 m s–1 
directly towards a stationary sailing boat. 

 
The Doppler effect equation for sound waves also applies to water waves. 

 
What is the frequency with which the waves hit the stationary sailing boat? 

A 0.15 Hz B 0.16 Hz C 0.25 Hz D 0.27 Hz 
 
 
25 Infrared laser light is used for the transmission of data along optic fibres. 
 

What is a typical wavelength of infrared radiation? 

A 5 × 10–5
 m B 5 × 10–7

 m C 2 × 10–9
 m D 2 × 10–11

 m 
 
 
26 An elastic string is attached to an oscillator at one end and clamped at the other end so that the 

string is horizontal and in tension. 
 

The oscillator is made to oscillate vertically. The frequency of oscillation is gradually increased 
from zero until a stationary wave is set up in the string. The frequency is then increased further to 
frequency f, when a second stationary wave is set up in the string. 

 
The frequency is then increased further. 

 
At which frequency does a third stationary wave occur? 

A 1.2f B 1.5f C 2.0f D 3.0f 
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27 In an experiment, water waves in a ripple tank are incident on a gap, as shown. 
 

 
 

Some diffraction of the water waves is observed. 
 

Which change to the experiment would provide a better demonstration of diffraction? 

A Increase the amplitude of the waves. 

B Increase the frequency of the waves. 

C Increase the wavelength of the waves. 

D Increase the width of the gap. 
 
 
28 Light of wavelength λ is emitted from two point sources R and S and falls onto a distant screen. 
 

screen

P

S

R

(not to scale)  
 

At point P on the screen, the light intensity is zero. 
 

What could explain the zero intensity at P? 

A Light from the two sources is emitted 180° out of phase and the path difference to P is 1
2 .λ  

B Light from the two sources is emitted in phase and the path difference to P is λ. 

C Light from the two sources is emitted 90° out of phase and the path difference to P is λ. 

D Light from the two sources is emitted in phase and the path difference to P is 1
2 .λ  

 
 
29 Apparatus is arranged to show double-slit interference using monochromatic light. The slit 

separation is 0.10 mm. The distance from the double slit to the screen where the interference 
pattern is observed is 2.4 m and the fringe width is 12 mm. 

 
The distance to the screen is now changed to 1.8 m and the slit separation is doubled. 

 
What is the new fringe width? 

A 1.5 mm B 4.5 mm C 6.0 mm D 9.0 mm 
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27 In an experiment, water waves in a ripple tank are incident on a gap, as shown. 
 

 
 

Some diffraction of the water waves is observed. 
 

Which change to the experiment would provide a better demonstration of diffraction? 

A Increase the amplitude of the waves. 

B Increase the frequency of the waves. 

C Increase the wavelength of the waves. 

D Increase the width of the gap. 
 
 
28 Light of wavelength λ is emitted from two point sources R and S and falls onto a distant screen. 
 

screen

P

S

R

(not to scale)  
 

At point P on the screen, the light intensity is zero. 
 

What could explain the zero intensity at P? 

A Light from the two sources is emitted 180° out of phase and the path difference to P is 1
2 .λ  

B Light from the two sources is emitted in phase and the path difference to P is λ. 

C Light from the two sources is emitted 90° out of phase and the path difference to P is λ. 

D Light from the two sources is emitted in phase and the path difference to P is 1
2 .λ  

 
 
29 Apparatus is arranged to show double-slit interference using monochromatic light. The slit 

separation is 0.10 mm. The distance from the double slit to the screen where the interference 
pattern is observed is 2.4 m and the fringe width is 12 mm. 

 
The distance to the screen is now changed to 1.8 m and the slit separation is doubled. 

 
What is the new fringe width? 

A 1.5 mm B 4.5 mm C 6.0 mm D 9.0 mm 
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27 In an experiment, water waves in a ripple tank are incident on a gap, as shown. 
 

 
 

Some diffraction of the water waves is observed. 
 

Which change to the experiment would provide a better demonstration of diffraction? 

A Increase the amplitude of the waves. 

B Increase the frequency of the waves. 

C Increase the wavelength of the waves. 

D Increase the width of the gap. 
 
 
28 Light of wavelength λ is emitted from two point sources R and S and falls onto a distant screen. 
 

screen

P

S

R

(not to scale)  
 

At point P on the screen, the light intensity is zero. 
 

What could explain the zero intensity at P? 

A Light from the two sources is emitted 180° out of phase and the path difference to P is 1
2 .λ  

B Light from the two sources is emitted in phase and the path difference to P is λ. 

C Light from the two sources is emitted 90° out of phase and the path difference to P is λ. 

D Light from the two sources is emitted in phase and the path difference to P is 1
2 .λ  

 
 
29 Apparatus is arranged to show double-slit interference using monochromatic light. The slit 

separation is 0.10 mm. The distance from the double slit to the screen where the interference 
pattern is observed is 2.4 m and the fringe width is 12 mm. 

 
The distance to the screen is now changed to 1.8 m and the slit separation is doubled. 

 
What is the new fringe width? 

A 1.5 mm B 4.5 mm C 6.0 mm D 9.0 mm 
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30 Monochromatic light of wavelength 690 nm passes through a diffraction grating with 
300 lines per mm, producing a series of maxima (bright spots) on a screen. 

 

diffraction

grating

screen

 
 

What is the greatest number of maxima that can be observed? 

A 4 B 5 C 8 D 9 
 
 
31 Which diagram represents the electric field line pattern due to a combination of two positive 

charges? 
 

D

B

C

A

 
 
 
32 Which two units are used to define the volt? 

A ampere and ohm 

B coulomb and joule 

C coulomb and ohm 

D coulomb and second 
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26 Two wave pulses are travelling towards each other on a long rope. The pulses have the same 
amplitude and wavelength and are travelling at a speed of 0.50 m s–1. The diagram shows the 
rope at time t ꞊ 0. 

 

5.04.54.0 5.5

0.50 m s–1

6.0 6.5 7.0 7.5 8.0

distance / m

0.50 m s–1

 
 

Which diagram shows the rope at time t ꞊ 3.0 s? 
 

5.0 5.5 6.0 6.5 7.0 7.5

distance / m

A

5.0 5.5 6.0 6.5 7.0 7.5

distance / m

B

5.0 5.5 6.0 6.5 7.0 7.5

distance / m

C

5.0 5.5 6.0 6.5 7.0 7.5

distance / m

D
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27 Water waves of wavelength λ are incident normally on an obstacle with a narrow gap. The width 
of the gap is equal to λ. The waves from the gap emerge over an angle θ as shown. 

 

θ

λ
λ

incident
water waves

diffracted
water waves

 
 

The gap is slowly widened. 
 

Which changes, if any, occur to θ and to the wavelength of the emerging waves? 
 

 θ wavelength 

A decreases remains the same 

B increases remains the same 

C remains the same decreases 

D remains the same increases 
 
 
28 Light of wavelength 720 nm from a laser X is incident normally on a diffraction grating and a 

diffraction pattern is observed. Light from a laser Y is then also incident normally on the same 
grating. The third-order maximum due to laser Y is seen at the same place as the second-order 
maximum due to laser X. 

 
What is the wavelength of the light from laser Y? 

A 480 nm B 540 nm C 720 nm D 1080 nm 
 
 
29 Monochromatic light of frequency f is incident on a diffraction grating of line spacing d. The speed 

of light is c. 
 

Which expression can be used to determine the highest order of intensity maximum produced by 
the grating? 

A n = 
cf
d  B n = 

c
df  C n = 

f
dc  D n = 

df
c  
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27 Water waves of wavelength λ are incident normally on an obstacle with a narrow gap. The width 
of the gap is equal to λ. The waves from the gap emerge over an angle θ as shown. 

 

θ

λ
λ

incident
water waves

diffracted
water waves

 
 

The gap is slowly widened. 
 

Which changes, if any, occur to θ and to the wavelength of the emerging waves? 
 

 θ wavelength 

A decreases remains the same 

B increases remains the same 

C remains the same decreases 

D remains the same increases 
 
 
28 Light of wavelength 720 nm from a laser X is incident normally on a diffraction grating and a 

diffraction pattern is observed. Light from a laser Y is then also incident normally on the same 
grating. The third-order maximum due to laser Y is seen at the same place as the second-order 
maximum due to laser X. 

 
What is the wavelength of the light from laser Y? 

A 480 nm B 540 nm C 720 nm D 1080 nm 
 
 
29 Monochromatic light of frequency f is incident on a diffraction grating of line spacing d. The speed 

of light is c. 
 

Which expression can be used to determine the highest order of intensity maximum produced by 
the grating? 

A n = 
cf
d  B n = 

c
df  C n = 

f
dc  D n = 

df
c  
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27 Water waves of wavelength λ are incident normally on an obstacle with a narrow gap. The width 
of the gap is equal to λ. The waves from the gap emerge over an angle θ as shown. 

 

θ

λ
λ

incident
water waves

diffracted
water waves

 
 

The gap is slowly widened. 
 

Which changes, if any, occur to θ and to the wavelength of the emerging waves? 
 

 θ wavelength 

A decreases remains the same 

B increases remains the same 

C remains the same decreases 

D remains the same increases 
 
 
28 Light of wavelength 720 nm from a laser X is incident normally on a diffraction grating and a 

diffraction pattern is observed. Light from a laser Y is then also incident normally on the same 
grating. The third-order maximum due to laser Y is seen at the same place as the second-order 
maximum due to laser X. 

 
What is the wavelength of the light from laser Y? 

A 480 nm B 540 nm C 720 nm D 1080 nm 
 
 
29 Monochromatic light of frequency f is incident on a diffraction grating of line spacing d. The speed 

of light is c. 
 

Which expression can be used to determine the highest order of intensity maximum produced by 
the grating? 

A n = 
cf
d  B n = 

c
df  C n = 

f
dc  D n = 

df
c  
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24 Two electromagnetic waves have wavelengths of 5.0 × 10–7
 m and 5.0 × 10–2

 m. 
 

Which row identifies the regions of the electromagnetic spectrum to which the waves belong? 
 

 wavelength 
5.0 × 10–7

 m 
wavelength 
5.0 × 10–2

 m 

A ultraviolet infrared 

B visible microwave 

C ultraviolet microwave 

D visible infrared 
 
 
25 A transmitter of electromagnetic waves is placed 45 cm from a reflective surface. 
 

transmitter
reflective surface

45 cm

 
 

The emitted waves have a frequency of 1.00 GHz. A stationary wave is produced with a node at 
the transmitter and a node at the surface. 

 
How many antinodes are in the space between the transmitter and the surface? 

A 1 B 2 C 3 D 4 
 
 
26 Which statement about a light wave and a sound wave is correct? 

A Both can travel through free space.  

B Both have a frequency inversely proportional to their wavelength. 

C Both have an intensity proportional to their amplitude. 

D Both have oscillations perpendicular to the direction of energy transfer. 
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27 An outdoor concert has two large speakers beside the stage for broadcasting music. 
 

In order to test the speakers, they are made to emit sound of the same wavelength and the same 
amplitude. 

 
The curved lines in the diagram represent wavefronts. 

 
Where is the loudest sound heard? 

 

D
B

A C

speakers

stage  
 
 
28 An electromagnetic wave is incident normally on a diffraction grating. 
 

A second-order maximum is produced at an angle of 30° to a normal to the grating. 
 

The grating has 5000 lines per cm. 
 

What is the wavelength of the wave? 

A 2.5 × 10–7
 m B 5.0 × 10–7

 m C 1.0 × 10–6
 m D 5.0 × 10–5

 m 
 
 
29 P is a point near to charge X as shown. 
 

X
P

 
 

When a negatively charged test charge is placed at point P, it is found to experience a force of 
repulsion from X that is radially away from X. 

 
Which arrow correctly shows the direction of the electric field at point P due to the charge X? 

 
A B C D
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27 An outdoor concert has two large speakers beside the stage for broadcasting music. 
 

In order to test the speakers, they are made to emit sound of the same wavelength and the same 
amplitude. 

 
The curved lines in the diagram represent wavefronts. 

 
Where is the loudest sound heard? 

 

D
B

A C

speakers

stage  
 
 
28 An electromagnetic wave is incident normally on a diffraction grating. 
 

A second-order maximum is produced at an angle of 30° to a normal to the grating. 
 

The grating has 5000 lines per cm. 
 

What is the wavelength of the wave? 

A 2.5 × 10–7
 m B 5.0 × 10–7

 m C 1.0 × 10–6
 m D 5.0 × 10–5

 m 
 
 
29 P is a point near to charge X as shown. 
 

X
P

 
 

When a negatively charged test charge is placed at point P, it is found to experience a force of 
repulsion from X that is radially away from X. 

 
Which arrow correctly shows the direction of the electric field at point P due to the charge X? 

 
A B C D
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26 In an experiment to demonstrate a stationary wave, two microwave transmitters, emitting waves 
of wavelength 4 cm, are set facing each other, as shown. 

 
transmitter transmitter

detector

d

 
 

A detector is moved along a straight line between the transmitters. It detects positions of 
maximum and minimum signal. The detector is a distance d from the left-hand transmitter. 

 
Assume that both transmitters are at antinodes of the stationary wave. 

 
Which row gives a value of d for a maximum and for a minimum? 

 

 value of d for 
a maximum / cm 

value of d for 
a minimum / cm 

A 46 48 

B 47 48 

C 48 47 

D 49 47 
 
 
27 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 
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28 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. 
 
 
29 The double-slit experiment demonstrates interference between two coherent sources of light 

waves. In the diagram, the curved lines represent wavefronts. 
 

At which point does complete destructive interference (a minimum) occur? 
 

B

A

C

D

single slit

double slit  
 
 
30 Light of wavelength 567 nm is incident normally on a diffraction grating. The grating has 400 lines 

per mm. A number of diffraction maxima are observed on the far side of the grating. 
 

What is the angle between the second-order maximum and the third-order maximum? 

A 13.1° B 13.9° C 15.9° D 27.0° 
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28 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. 
 
 
29 The double-slit experiment demonstrates interference between two coherent sources of light 

waves. In the diagram, the curved lines represent wavefronts. 
 

At which point does complete destructive interference (a minimum) occur? 
 

B

A

C

D

single slit

double slit  
 
 
30 Light of wavelength 567 nm is incident normally on a diffraction grating. The grating has 400 lines 

per mm. A number of diffraction maxima are observed on the far side of the grating. 
 

What is the angle between the second-order maximum and the third-order maximum? 

A 13.1° B 13.9° C 15.9° D 27.0° 
 
 

88. Question | 9702 Feb-March 2020 P1 V2 Q26 13  
 

© UCLES 2020 9702/12/F/M/20 [Turn over 

26 A musical instrument is made using a long tube with a mouthpiece at one end. The other end is 
open and flared, as shown. 

 

 
 

A musician maintains stationary sound waves with a node at the mouthpiece and an antinode at 
the other end. The lowest frequency of sound that the instrument can produce is 92 Hz. 

 
Which different frequencies of sound can be produced by the instrument? 

A 92 Hz, 138 Hz, 184 Hz, 230 Hz 

B 92 Hz, 184 Hz, 276 Hz, 368 Hz 

C 92 Hz, 276 Hz, 460 Hz, 644 Hz 

D 92 Hz, 276 Hz, 828 Hz, 1288 Hz 
 
 
27 A water wave passes through a gap between two barriers. The wavefronts spread out as shown. 
 

wavefronts

barrier

direction
of travel
of wave

 
 

What is the name of this phenomenon? 

A coherence 

B diffraction 

C interference 

D superposition 
 
 



9702 Physics Paper 1 - Superposition
Topical questions | 256 questions

89. Question | 9702 Feb-March 2020 P1 V2 Q27

13  
 

© UCLES 2020 9702/12/F/M/20 [Turn over 

26 A musical instrument is made using a long tube with a mouthpiece at one end. The other end is 
open and flared, as shown. 

 

 
 

A musician maintains stationary sound waves with a node at the mouthpiece and an antinode at 
the other end. The lowest frequency of sound that the instrument can produce is 92 Hz. 

 
Which different frequencies of sound can be produced by the instrument? 

A 92 Hz, 138 Hz, 184 Hz, 230 Hz 

B 92 Hz, 184 Hz, 276 Hz, 368 Hz 

C 92 Hz, 276 Hz, 460 Hz, 644 Hz 

D 92 Hz, 276 Hz, 828 Hz, 1288 Hz 
 
 
27 A water wave passes through a gap between two barriers. The wavefronts spread out as shown. 
 

wavefronts

barrier

direction
of travel
of wave

 
 

What is the name of this phenomenon? 

A coherence 

B diffraction 

C interference 

D superposition 
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28 The table shows four possible combinations of values for the laser wavelength, slit separation 
and slit-screen distance in a two-slit interference experiment to show the interference of visible 
light on a white screen. 

 
Which combination will result in visible fringes being observed? 

 

 laser wavelength 
/ nm 

slit separation 
/ mm 

slit-screen 
distance / m 

A 200 0.10 5.0 

B 200 100 1.0 

C 600 0.10 5.0 

D 600 100 1.0 
 
 
29 Light of wavelength λ is incident normally on a diffraction grating, as shown. 
 

second-order maximum

second-order maximumdiffraction
grating

ϕ
λ

light of
wavelength  

 
 

The angle between the two second-order maxima is ϕ. 
 

Which expression gives the spacing of the lines on the diffraction grating? 

A 
sin
λ
ϕ

 B 
sin ( / 2 ) 

λ
ϕ

 C 2
sin
λ
ϕ

 D 
( / 2)
2

sin ϕ
λ  
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28 The table shows four possible combinations of values for the laser wavelength, slit separation 
and slit-screen distance in a two-slit interference experiment to show the interference of visible 
light on a white screen. 

 
Which combination will result in visible fringes being observed? 

 

 laser wavelength 
/ nm 

slit separation 
/ mm 

slit-screen 
distance / m 

A 200 0.10 5.0 

B 200 100 1.0 

C 600 0.10 5.0 

D 600 100 1.0 
 
 
29 Light of wavelength λ is incident normally on a diffraction grating, as shown. 
 

second-order maximum

second-order maximumdiffraction
grating

ϕ
λ

light of
wavelength  

 
 

The angle between the two second-order maxima is ϕ. 
 

Which expression gives the spacing of the lines on the diffraction grating? 

A 
sin
λ
ϕ

 B 
sin ( / 2 ) 

λ
ϕ

 C 2
sin
λ
ϕ

 D 
( / 2)
2

sin ϕ
λ  
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23 The graph shows the variation with time of the displacement of an electromagnetic wave at a 
point. 

 

5 10 15 20 25 30 35 40 45 50 55

3.0

0

–3.0

displacement
arbitrary units

time / µs
0

 
 

The wave is travelling in a vacuum. 
 

What is the amplitude and what is the wavelength of the wave? 
 

 amplitude 
/ arbitrary units 

wavelength 

/ m 

A 3.0 6000 

B 6.0 6000 

C 3.0 7500 

D 6.0 7500 
 
 
24 A long glass tube is almost completely immersed in a large tank of water. A tuning fork is struck 

and held just above the open end of the tube as it is slowly raised. 
 

A louder sound is first heard when the height h of the end of the tube above the water is 18.8 cm. 
A louder sound is next heard when h is 56.4 cm. The speed of sound in air is 330 m s–1. 

 

h
glass tube

water

tuning fork

 
 

What is the frequency of the sound produced by the tuning fork? 

A 220 Hz B 440 Hz C 660 Hz D 880 Hz 
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27 The diagram shows a string stretched between fixed points X and Y. There is a stationary wave 
on the string. 

 

X YRQ

T

S

P

 
 

The solid curve shows the string at a position of maximum displacement. The dashed curve 
shows the other position of maximum displacement. The straight central dashed line shows the 
mean position of the string. Point S on the string is directly above point P. Point T on the string is 
directly below Q. 

 
Which statement is correct? 

A A short time later, point R on the string will be displaced. 

B Points S and T on the string move in opposite directions. 

C The distance between P and Q is one wavelength. 

D Two points on the string that are equal distances from point R vibrate in phase. 
 
 
28 Which statement must be true for diffraction to occur when a wave passes through a gap? 

A The wave is able to travel in a vacuum. 

B The wave is progressive. 

C The wave has a large amplitude. 

D The wave has a long wavelength. 
 
 
29 Light of a single wavelength is incident normally on two slits that are 0.20 mm apart. Interference 

fringes are observed on a screen that is 5.4 m away from the slits. The distance between 
successive bright fringes is 12 mm. 

 
What is the wavelength of the light? 

A 440 nm B 540 nm C 650 nm D 900 nm 
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27 The diagram shows a string stretched between fixed points X and Y. There is a stationary wave 
on the string. 

 

X YRQ

T

S

P

 
 

The solid curve shows the string at a position of maximum displacement. The dashed curve 
shows the other position of maximum displacement. The straight central dashed line shows the 
mean position of the string. Point S on the string is directly above point P. Point T on the string is 
directly below Q. 

 
Which statement is correct? 

A A short time later, point R on the string will be displaced. 

B Points S and T on the string move in opposite directions. 

C The distance between P and Q is one wavelength. 

D Two points on the string that are equal distances from point R vibrate in phase. 
 
 
28 Which statement must be true for diffraction to occur when a wave passes through a gap? 

A The wave is able to travel in a vacuum. 

B The wave is progressive. 

C The wave has a large amplitude. 

D The wave has a long wavelength. 
 
 
29 Light of a single wavelength is incident normally on two slits that are 0.20 mm apart. Interference 

fringes are observed on a screen that is 5.4 m away from the slits. The distance between 
successive bright fringes is 12 mm. 

 
What is the wavelength of the light? 

A 440 nm B 540 nm C 650 nm D 900 nm 
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30 A diffraction grating and a screen are used to determine the single wavelength λ of the light from 
a source. 

 
What is an essential feature of this experiment? 

A A curved screen must be used. 

B The diffraction angle θ must be measured for at least two interference maxima. 

C The light waves incident on the grating must be coherent. 

D The third order intensity maximum must be produced. 
 
 
31 A small charge q is placed in the electric field of a large charge Q. 
 

Both charges experience a force F. 
 

What is the electric field strength of the charge Q at the position of the charge q? 

A 
Qq
F  B 

Q
F  C FqQ D q

F  

 
 
32 A charged particle is in a vacuum between two horizontal metal plates as shown. 
 

+300 V

0 V

2.0 cm

charged particle
horizontal plate

horizontal plate

 
 

The acceleration of the particle is 7.15 × 1011
 m s–2 downwards. The particle has a mass of 

3.34 × 10–27
 kg. 

 
What is the charge on the particle? 

A +1.6 × 10–19
 C 

B –1.6 × 10–19
 C 

C +1.6 × 10–17
 C 

D –1.6 × 10–17
 C 
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24 The diagram shows an experiment to produce a stationary wave in an air column. A tuning fork, 
placed above the column, vibrates and produces a sound wave. The length of the air column can 
be varied by altering the volume of the water in the tube. 

 

water

air column

tap

tuning fork

 
 

The tube is filled and then water is allowed to run out of it. The first two stationary waves occur 
when the air column lengths are 0.14 m and 0.42 m. 

 
What is the wavelength of the sound wave? 

A 0.14 m B 0.28 m C 0.42 m D 0.56 m 
 
 
25 A stationary person measures the speed and wavelength of the sound from a horn on a 

stationary vehicle. The person then repeats the measurements when the vehicle is approaching 
at a constant speed. 

 
Which row describes the measured wavelength and the measured speed of the sound wave from 
the moving vehicle when compared with the sound wave from the stationary vehicle? 

 

 wavelength of 
the sound wave 

speed of 
the sound wave 

A longer greater 

B shorter greater 

C longer same 

D shorter same 
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26 The table shows the wavelengths of five electromagnetic waves. 
 

Which row correctly identifies the principal radiation for each of these wavelengths? 
 

 10–14
 m 10–10

 m 10–6
 m 10–2

 m 102
 m 

A gamma-ray X-ray infrared microwave radio wave 

B radio wave microwave infrared X-ray gamma-ray 

C radio wave microwave ultraviolet infrared X-ray 

D X-ray infrared ultraviolet microwave radio wave 
 
 
27 Two progressive waves meet at a point. 
 

Which condition must be met for superposition of the waves to occur? 

A The waves must be coherent. 

B The waves must be of the same type. 

C The waves must be travelling in opposite directions. 

D The waves must meet in phase. 
 
 
28 A hill separates a television (TV) transmitter from a house. The transmitter cannot be seen from 

the house. However, the house has good TV reception. 
 

hill

houseTV transmitter  
 

By which wave effect at the hill could the TV signal reach the house? 

A coherence 

B diffraction 

C interference 

D reflection 
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29 The diagram shows an arrangement for demonstrating two-source interference using coherent 
light of a single wavelength λ. 

 

light of
wavelength   λ

X
P

Q

second bright fringe
first bright fringe
central bright fringe

Y

slits
screen

3.0 m NOT TO
SCALE

 
 

An interference pattern is observed on a screen 3.0 m away from the slits X and Y, which have a 
separation of 1.0 mm. 

 
The central bright fringe is at Q, and the second bright fringe from the centre is at P. 

 
What is the distance between Q and P? 

A 6.0 × 103
 λ 

B 3.0 × 103
 λ 

C 6.7 × 10–4
 λ 

D 3.3 × 10–4
 λ 

 
 
30 Light of wavelength λ is incident normally on a diffraction grating. The angle between the 

second-order maximum and the normal to the grating is θ. The variation with sin θ of λ is shown 
on the graph. 

 
750

500

250

0
0 0.2 0.4 0.6

/ 10–9 m

sin θ

λ

 
 

How many lines per millimetre are on the diffraction grating? 

A 400 mm–1 B 625 mm–1 C 800 mm–1 D 1250 mm–1 
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29 The diagram shows an arrangement for demonstrating two-source interference using coherent 
light of a single wavelength λ. 

 

light of
wavelength   λ

X
P

Q

second bright fringe
first bright fringe
central bright fringe

Y

slits
screen

3.0 m NOT TO
SCALE

 
 

An interference pattern is observed on a screen 3.0 m away from the slits X and Y, which have a 
separation of 1.0 mm. 

 
The central bright fringe is at Q, and the second bright fringe from the centre is at P. 

 
What is the distance between Q and P? 

A 6.0 × 103
 λ 

B 3.0 × 103
 λ 

C 6.7 × 10–4
 λ 

D 3.3 × 10–4
 λ 

 
 
30 Light of wavelength λ is incident normally on a diffraction grating. The angle between the 

second-order maximum and the normal to the grating is θ. The variation with sin θ of λ is shown 
on the graph. 

 
750

500

250

0
0 0.2 0.4 0.6

/ 10–9 m

sin θ

λ

 
 

How many lines per millimetre are on the diffraction grating? 

A 400 mm–1 B 625 mm–1 C 800 mm–1 D 1250 mm–1 
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27 A vertical tube is partially filled with water. A sound wave moves down the tube and is reflected 
by the surface of the water. The frequency of the sound wave is gradually increased from zero 
until a much louder sound is heard. 

 
sound

tube

water

 
 

Water is then removed from the tube until a second louder sound is heard. 
 

Which diagram shows the new pattern of the stationary wave that is formed? 
 

A B C D
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28 Water waves in a ripple tank are made to pass through a small gap as shown. 
 

Which diagram shows the waves after they have passed through the gap? 
 

A B

C D

 
 
 
29 A double-slit interference experiment is set up using green light. 
 

A pattern of interference fringes is formed on a screen. 
 

Which single change will increase the separation of the fringes? 

A increase the width of each slit 

B move the screen nearer to the double slit 

C use slits that are further apart 

D use red light instead of green light 
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28 Water waves in a ripple tank are made to pass through a small gap as shown. 
 

Which diagram shows the waves after they have passed through the gap? 
 

A B

C D

 
 
 
29 A double-slit interference experiment is set up using green light. 
 

A pattern of interference fringes is formed on a screen. 
 

Which single change will increase the separation of the fringes? 

A increase the width of each slit 

B move the screen nearer to the double slit 

C use slits that are further apart 

D use red light instead of green light 
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30 Light of a single wavelength from a distant point source falls normally onto a diffraction grating 
positioned with its lines vertical. 

 

eye of

student

diffraction

grating

light from

distant

point source

NOT TO SCALE  
 

The plane of the diffraction grating is at right angles to the incident light. A student looks at the 
grating from a position near to the grating. 

 
What could the student see? 

A a central point source with a series of point source images on either side 

B a central vertical line with a series of spectra on either side 

C a series of fine vertical lines 

D a single point source 
 
 
31 Which diagram best represents the electric field between two point charges of equal magnitude 

and opposite sign? 
 

–

+

A

+

B

+

C

+

D

– – –
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24 A source of sound of frequency 1000 Hz directly approaches a stationary observer. The observer 
measures the frequency of the received sound to be 1500 Hz. The speed of sound in still air is 
330 m s–1. 

 
What is the speed of the source of sound? 

A 110 m s–1 B 165 m s–1 C 220 m s–1 D 330 m s–1 
 
 
25 The graph shows how the intensity of electromagnetic radiation emitted from a distant star varies 

with wavelength. 
 

0 100 200 300 400 500 600 700 800 900 1000
0

intensity

wavelength / nm  
 

In which region of the electromagnetic spectrum is the radiation of greatest intensity? 

A infrared 

B visible light 

C ultraviolet 

D X-ray 
 
 
26 Which statement concerning a stationary wave is correct? 

A All the particles between two adjacent nodes oscillate in phase. 

B The amplitude of the stationary wave is equal to the amplitude of one of the waves creating it. 

C The wavelength of the stationary wave is equal to the separation of two adjacent nodes. 

D There is no displacement of a particle at an antinode at any time. 
 
 
27 Which waves would best demonstrate diffraction through a doorway? 

A sound waves 

B ultraviolet waves 

C visible light waves 

D X-rays 
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28 Two loudspeakers are placed near to each other and facing in the same direction. 
 

A microphone connected to an oscilloscope is moved along a line some distance away from the 
loudspeakers, as shown. 

 

loudspeakers

microphone

path of
microphone

 
 

Which statement about the waves emitted by the loudspeakers is not a necessary condition for 
the microphone to detect a fixed point along the line where there is no sound? 

A The waves must be emitted in phase. 

B The waves must be emitted with a similar amplitude. 

C The waves must have the same frequency. 

D The waves must have the same wavelength. 
 
 
29 A parallel beam of white light passes through a diffraction grating. Orange light of wavelength 

600 nm in the fourth-order diffraction maximum coincides with blue light in the fifth-order 
diffraction maximum. 

 
What is the wavelength of the blue light? 

A 450 nm B 480 nm C 500 nm D 750 nm 
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28 Two loudspeakers are placed near to each other and facing in the same direction. 
 

A microphone connected to an oscilloscope is moved along a line some distance away from the 
loudspeakers, as shown. 

 

loudspeakers

microphone

path of
microphone

 
 

Which statement about the waves emitted by the loudspeakers is not a necessary condition for 
the microphone to detect a fixed point along the line where there is no sound? 

A The waves must be emitted in phase. 

B The waves must be emitted with a similar amplitude. 

C The waves must have the same frequency. 

D The waves must have the same wavelength. 
 
 
29 A parallel beam of white light passes through a diffraction grating. Orange light of wavelength 

600 nm in the fourth-order diffraction maximum coincides with blue light in the fifth-order 
diffraction maximum. 

 
What is the wavelength of the blue light? 

A 450 nm B 480 nm C 500 nm D 750 nm 
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27 The three waves shown in each diagram have the same amplitude and frequency but different 
phase. 

 
They are added together to give a resultant wave. 

 
In which case is the resultant wave zero at this instant? 

 
A

C

B

D

 
 
 
28 A transmitting mast sends out microwaves of wavelength 1.5 cm and radio waves of wavelength 

1.5 km. 
 

mountain

NOT TO SCALE

transmitting
mast

receiving
aerial

 
 

A receiving aerial behind a mountain can detect the radio waves but not the microwaves. 
 

What is the reason for this? 

A The radio waves are coherent but the microwaves are not. 

B The radio waves are diffracted around the mountain but the microwaves are not. 

C The radio waves are reflected by the mountain but the microwaves are not. 

D The radio waves travel at the speed of light but the microwaves do not. 
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27 The three waves shown in each diagram have the same amplitude and frequency but different 
phase. 

 
They are added together to give a resultant wave. 

 
In which case is the resultant wave zero at this instant? 

 
A

C

B

D

 
 
 
28 A transmitting mast sends out microwaves of wavelength 1.5 cm and radio waves of wavelength 

1.5 km. 
 

mountain

NOT TO SCALE

transmitting
mast

receiving
aerial

 
 

A receiving aerial behind a mountain can detect the radio waves but not the microwaves. 
 

What is the reason for this? 

A The radio waves are coherent but the microwaves are not. 

B The radio waves are diffracted around the mountain but the microwaves are not. 

C The radio waves are reflected by the mountain but the microwaves are not. 

D The radio waves travel at the speed of light but the microwaves do not. 
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29 An experiment is carried out to demonstrate double-slit interference using light of wavelength 
500 nm. The distance between bright fringes in the interference pattern is 5 mm. 

 
What are possible values for the distance between the slits and the screen, and the slit 
separation? 

 

 slit–screen 
distance slit separation 

A 50 cm 0.5 mm 

B 50 cm 5 mm 

C 5 m 0.5 mm 

D 5 m 5 mm 
 
 
30 Light of a single frequency is incident on a diffraction grating. Seven bright spots are observed on 

a screen. 
 

Which change will result in an increase in the number of bright spots observed? 

A Increase the distance between the grating and the screen. 

B Increase the frequency of the incident light. 

C Increase the intensity of the incident light. 

D Increase the number of lines per metre in the grating. 
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29 An experiment is carried out to demonstrate double-slit interference using light of wavelength 
500 nm. The distance between bright fringes in the interference pattern is 5 mm. 

 
What are possible values for the distance between the slits and the screen, and the slit 
separation? 

 

 slit–screen 
distance slit separation 

A 50 cm 0.5 mm 

B 50 cm 5 mm 

C 5 m 0.5 mm 

D 5 m 5 mm 
 
 
30 Light of a single frequency is incident on a diffraction grating. Seven bright spots are observed on 

a screen. 
 

Which change will result in an increase in the number of bright spots observed? 

A Increase the distance between the grating and the screen. 

B Increase the frequency of the incident light. 

C Increase the intensity of the incident light. 

D Increase the number of lines per metre in the grating. 
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20 A platform is suspended by four steel wires. Each wire is 5.0 m long and has a diameter of 
3.0 mm. The Young modulus of steel is 2.1  1011

 Pa. 
 

200 kg

steel wires

steel wires

platform  
 

The wires obey Hooke’s law when a load of mass 200 kg is placed on the platform. 
 

How far will the platform descend because of the extension of the wires? 

A 1.7  10–4
 m B 4.1  10–4

 m C 1.7  10–3
 m D 6.6  10–3

 m 
 
 
21 A tensile force of 7.00 MN is applied to a sample of steel. This causes the sample to extend by 

5.00 mm in the direction of the force. The sample obeys Hooke’s law. 
 

What is the work done to extend the sample? 

A 17.5 J B 35.0 J C 17.5 kJ D 35.0 kJ 
 
 
22 Two waves X and Y have the same frequency. The amplitude of X is 1.5A0 and the amplitude of 

Y is 2.5A0. The waves meet at a point and superpose to form a resultant wave. 
 

For the resultant wave, what is the ratio 
maximum possible intensity
minimum possible intensity

? 

A 1.7 B 2.8 C 4.0 D 16 
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26 Two satellites in orbit around the Earth are at a constant distance of 100 km apart from each 
other. 

 
Satellite X transmits a microwave pulse towards satellite Y. The pulse takes time T to reach Y. 

 
Satellite Y then transmits a pulse of visible light towards satellite X. 

 
What is the time taken for the pulse of light to reach X? 

A 10–5
 T B 10–3

 T C 10–2
 T D T 

 
 
27 A stationary wave is formed on a stretched string. The diagram illustrates the string at an instant 

of time when the displacement of the string is at its maximum. 
 

fixed
point

fixed
point

P

string

 
 

The frequency of the wave is 250 Hz. Point P on the string has a vertical displacement of –1.0 mm. 
 

What will be the vertical displacement of the point P after a time of 5.0 ms? 

A –1.0 mm B zero C +0.5 mm D +1.0 mm 
 
 
28 What is meant by diffraction? 

A the change in observed frequency when a wave source moves relative to an observer 

B the formation of nodes and antinodes by two progressive waves travelling in opposite 
directions 

C the spreading of a wave around the edge of an obstacle 

D the superposition of two waves when they meet 
 
 
29 In a dark room, a small source of red light illuminates two slits that are 0.75 mm apart. A few 

metres beyond the slits, the light falls on a screen producing a series of equally spaced bright 
lines. 

 
Which change would cause the distance between the bright lines on the screen to be reduced? 

A Change the source for one emitting blue light. 

B Reduce the distance between the light source and the slits. 

C Reduce the distance between the slits to 0.55 mm. 

D Reduce the intensity of the light source. 
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26 Two satellites in orbit around the Earth are at a constant distance of 100 km apart from each 
other. 

 
Satellite X transmits a microwave pulse towards satellite Y. The pulse takes time T to reach Y. 

 
Satellite Y then transmits a pulse of visible light towards satellite X. 

 
What is the time taken for the pulse of light to reach X? 

A 10–5
 T B 10–3

 T C 10–2
 T D T 

 
 
27 A stationary wave is formed on a stretched string. The diagram illustrates the string at an instant 

of time when the displacement of the string is at its maximum. 
 

fixed
point

fixed
point

P

string

 
 

The frequency of the wave is 250 Hz. Point P on the string has a vertical displacement of –1.0 mm. 
 

What will be the vertical displacement of the point P after a time of 5.0 ms? 

A –1.0 mm B zero C +0.5 mm D +1.0 mm 
 
 
28 What is meant by diffraction? 

A the change in observed frequency when a wave source moves relative to an observer 

B the formation of nodes and antinodes by two progressive waves travelling in opposite 
directions 

C the spreading of a wave around the edge of an obstacle 

D the superposition of two waves when they meet 
 
 
29 In a dark room, a small source of red light illuminates two slits that are 0.75 mm apart. A few 

metres beyond the slits, the light falls on a screen producing a series of equally spaced bright 
lines. 

 
Which change would cause the distance between the bright lines on the screen to be reduced? 

A Change the source for one emitting blue light. 

B Reduce the distance between the light source and the slits. 

C Reduce the distance between the slits to 0.55 mm. 

D Reduce the intensity of the light source. 
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26 Two satellites in orbit around the Earth are at a constant distance of 100 km apart from each 
other. 

 
Satellite X transmits a microwave pulse towards satellite Y. The pulse takes time T to reach Y. 

 
Satellite Y then transmits a pulse of visible light towards satellite X. 

 
What is the time taken for the pulse of light to reach X? 

A 10–5
 T B 10–3

 T C 10–2
 T D T 

 
 
27 A stationary wave is formed on a stretched string. The diagram illustrates the string at an instant 

of time when the displacement of the string is at its maximum. 
 

fixed
point

fixed
point

P

string

 
 

The frequency of the wave is 250 Hz. Point P on the string has a vertical displacement of –1.0 mm. 
 

What will be the vertical displacement of the point P after a time of 5.0 ms? 

A –1.0 mm B zero C +0.5 mm D +1.0 mm 
 
 
28 What is meant by diffraction? 

A the change in observed frequency when a wave source moves relative to an observer 

B the formation of nodes and antinodes by two progressive waves travelling in opposite 
directions 

C the spreading of a wave around the edge of an obstacle 

D the superposition of two waves when they meet 
 
 
29 In a dark room, a small source of red light illuminates two slits that are 0.75 mm apart. A few 

metres beyond the slits, the light falls on a screen producing a series of equally spaced bright 
lines. 

 
Which change would cause the distance between the bright lines on the screen to be reduced? 

A Change the source for one emitting blue light. 

B Reduce the distance between the light source and the slits. 

C Reduce the distance between the slits to 0.55 mm. 

D Reduce the intensity of the light source. 
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30 Light of wavelength 5.30  10–7
 m is incident normally on a diffraction grating. The first-order 

maximum is observed at an angle of 15.4 to the direction of the incident light. 
 

What is the angle between the first-order and second-order diffraction maxima? 

A 7.7 B 15.4 C 16.7 D 32.1 
 
 
31 A stationary particle is in an electric field. 
 

The only force on the particle is that from the electric field. 
 

In which case is the electric field strength 5.0  105
 V m–1? 

A a force of 1.6  10–14
 N acting on an electron 

B a force of 3.2  10–14
 N acting on an alpha-particle 

C a force of 8.0  10–14
 N acting on an alpha-particle 

D a force of 8.0  10–14
 N acting on a proton 

 
 
32 A constant potential difference is applied between two horizontal metal plates. A charged oil 

droplet is held stationary by the electric field between the plates. 
 

horizontal
metal platescharged

oil droplet

 
 

As some of the oil evaporates, the droplet loses mass and starts to accelerate. Its charge 
remains constant. 

 
In which direction does the droplet accelerate, and which change needs to be made to the 
separation of the plates in order to stop this acceleration? 

 

 direction of 
acceleration 

separation 
of the plates 

A downwards decrease 

B downwards increase 

C upwards decrease 

D upwards increase 
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23 A loudspeaker emitting a sound wave of a single frequency is placed a distance L from a 
reflecting surface, as shown. 

 

loudspeaker

microphone
path of

microphone

L

reflector

 
 

A stationary wave is formed with an antinode at the loudspeaker. A microphone is moved from 
the loudspeaker to the reflector. 

 
Before the microphone reaches the reflector, it detects four points where the sound intensity is a 
minimum. 

 
What is the wavelength of the sound wave? 

A 2
9
L  B 2

8
L  C 4

9
L  D 4

8
L  

 
 
24 A source of sound of frequency F at point Z is moving at a steady speed. The pattern of the 

emitted wavefronts is shown. 
 

X YZX YZ

 
 

Which row describes the frequencies of the sound heard by stationary observers at X and Y? 
 

 frequency 
heard at X 

frequency 
heard at Y 

A <F <F 

B <F >F 

C >F <F 

D >F >F 
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25 What is not a possible value for the wavelength of the named electromagnetic waves when it is 
travelling in a vacuum? 

 

 electromagnetic 
wave wavelength / m 

A γ-rays 3 × 10–13 

B X-rays 3 × 10–10 

C infrared 3 × 10–6 

D microwaves 3 × 10–5 
 
 
26 Two waves, P and Q, meet at a point X and superpose. 
 

Initially, the two waves meet at X in phase (zero phase difference) so that the resultant wave has 
an amplitude of 14.0 cm at that point. 

 
The phase difference between the two waves is then changed so that they meet at X with a 
phase difference of 180°. The resultant wave now has an amplitude of 4.0 cm at X. 

 
What is the amplitude of one of the waves at point X? 

A 2.0 cm B 5.0 cm C 10 cm D 18 cm 
 
 
27 A water wave is diffracted as it passes through a gap between two barriers in a ripple tank. The 

wave is observed to ‘spread out’ as it moves through the gap. 
 

Which two factors both affect the amount of diffraction observed? 

A the amplitude and frequency of the incident wave 

B the amplitude of the incident wave and the width of the gap 

C the wavelength and amplitude of the incident wave 

D the wavelength of the incident wave and the width of the gap 
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28 Two sources of microwaves P and Q produce coherent waves with a phase difference of 180°. 
The waves have the same wavelength λ. 

 

P

Q

S

 
 

At the point S there is a minimum in the interference pattern produced by waves from the two 
sources. The distance (QS – PS) is called the path difference. 

 
Which expression could represent the path difference? 

A λ
4

 B λ
2

 C λ D λ3
2

 

 
 
29 A beam of red laser light of wavelength 633 nm is incident normally on a diffraction grating with 

600 lines per mm. 
 

light

beam

diffraction

grating

screen

first-order

maximum

first-order

maximum

zero-order

maximum

 
 

The beam of red light is now replaced by a beam of blue laser light of wavelength 445 nm. A 
replacement diffraction grating is used so that the first-order maximum of the blue light appears at 
the same position on the screen as the first-order maximum of the red light from the original laser. 

 
How many lines per mm are there in the replacement diffraction grating? 

A 420 mm–1 B 470 mm–1 C 600 mm–1 D 850 mm–1 
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28 Two sources of microwaves P and Q produce coherent waves with a phase difference of 180°. 
The waves have the same wavelength λ. 

 

P

Q

S

 
 

At the point S there is a minimum in the interference pattern produced by waves from the two 
sources. The distance (QS – PS) is called the path difference. 

 
Which expression could represent the path difference? 

A λ
4

 B λ
2

 C λ D λ3
2

 

 
 
29 A beam of red laser light of wavelength 633 nm is incident normally on a diffraction grating with 

600 lines per mm. 
 

light

beam

diffraction

grating

screen

first-order

maximum

first-order

maximum

zero-order

maximum

 
 

The beam of red light is now replaced by a beam of blue laser light of wavelength 445 nm. A 
replacement diffraction grating is used so that the first-order maximum of the blue light appears at 
the same position on the screen as the first-order maximum of the red light from the original laser. 

 
How many lines per mm are there in the replacement diffraction grating? 

A 420 mm–1 B 470 mm–1 C 600 mm–1 D 850 mm–1 
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21 Two identical waves are produced by sources at points P and Q. The waves travel along different 
paths to reach point R, as shown. 

 

P

Q

R

100 cm

80 cm

 
 

Both waves have a wavelength of 6.0 cm. The waves are in phase at point R. 
 

What is the phase difference between the waves as they leave points P and Q? 

A 0 B 60 C 90 D 120 
 
 
22 A longitudinal wave travelling from left to right has vibrations parallel to the direction of transfer of 

energy by the wave. 
 

The wave can be represented on a graph showing the variation with distance of the displacement 
of the particles from their equilibrium positions at one instant. 

 
Which point on the graph is the centre of a compression? 

 

0
0

displacement
to the right

displacement
to the left

distance
from source

A

B D

C

direction of
transfer of energy

 
 
 
23 A stationary wave is formed from two identical sound waves. 
 

A microphone is placed at a position of maximum loudness. It is then moved along the stationary 
wave from this first position of maximum loudness to the fourth position of maximum loudness. 
The microphone moves a distance of 12 cm. 

 
The speed of sound is 330 m s–1. 

 
What is the frequency of the sound waves? 

A 4100 Hz B 5500 Hz C 8300 Hz D 11 000 Hz 
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26 The diagram shows part of a stationary wave on a string. 
 

X and Y are points on the string. The vibrations at X and Y are 180 out of phase. 
 

X Y

string

positions of string
when X and Y are at

maximum displacement  
 

What is the distance between X and Y? 

A one-quarter of a wavelength 

B half a wavelength 

C one wavelength 

D two wavelengths 
 
 
27 Which wave behaviour is shown in the diagram? 
 

sea wall

sea

beach

sea wall
horizon

wavefronts  
 

A diffraction 

B Doppler shift 

C interference 

D superposition 
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26 The diagram shows part of a stationary wave on a string. 
 

X and Y are points on the string. The vibrations at X and Y are 180 out of phase. 
 

X Y

string

positions of string
when X and Y are at

maximum displacement  
 

What is the distance between X and Y? 

A one-quarter of a wavelength 

B half a wavelength 

C one wavelength 

D two wavelengths 
 
 
27 Which wave behaviour is shown in the diagram? 
 

sea wall

sea

beach

sea wall
horizon

wavefronts  
 

A diffraction 

B Doppler shift 

C interference 

D superposition 
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28 A teacher sets up the apparatus shown to demonstrate a double-slit interference pattern on a 
screen. 

 

p r

q

single
slit

source
of light

double
slit

screen

 
 

Which change to the apparatus will increase the fringe spacing? 

A decrease the distance p 

B decrease the distance q 

C decrease the distance r 

D decrease the wavelength of the light 
 
 
29 Light of a single unknown wavelength and blue light of a single wavelength are both incident 

normally on a diffraction grating. Two diffraction patterns are produced, one for each wavelength 
of light. 

 
The third-order maximum for the blue light occurs at the same angle as the second-order 
maximum for the light of unknown wavelength. The wavelength of the blue light is 480 nm. 

 
What is the unknown wavelength? 

A 320 nm B 720 nm C 960 nm D 1440 nm 
 
 
30 What is the electric field strength in a region where a proton accelerates at 2.00 m s–2 due to the 

field? 

A 11.4 pV m–1 B 5.22 nV m–1 C 10.4 nV m–1 D 20.9 nV m–1 
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28 A teacher sets up the apparatus shown to demonstrate a double-slit interference pattern on a 
screen. 

 

p r

q

single
slit

source
of light

double
slit

screen

 
 

Which change to the apparatus will increase the fringe spacing? 

A decrease the distance p 

B decrease the distance q 

C decrease the distance r 

D decrease the wavelength of the light 
 
 
29 Light of a single unknown wavelength and blue light of a single wavelength are both incident 

normally on a diffraction grating. Two diffraction patterns are produced, one for each wavelength 
of light. 

 
The third-order maximum for the blue light occurs at the same angle as the second-order 
maximum for the light of unknown wavelength. The wavelength of the blue light is 480 nm. 

 
What is the unknown wavelength? 

A 320 nm B 720 nm C 960 nm D 1440 nm 
 
 
30 What is the electric field strength in a region where a proton accelerates at 2.00 m s–2 due to the 

field? 

A 11.4 pV m–1 B 5.22 nV m–1 C 10.4 nV m–1 D 20.9 nV m–1 
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26 A pipe of length L is open at one end and closed at the other end. A loudspeaker is at the open 
end and emits a sound wave into the pipe. 

 

loudspeaker

pipe

L
 

 
When a stationary wave is formed, there is an antinode at the open end of the pipe. 

 
Which wavelength of sound could be used to produce a stationary wave? 

A 2
3
L  B L C 4

3
L  D 2L 

 
 
27 Which diagram best shows how water waves diffract when they pass through a gap in a barrier? 
 

gap

A B

C D

barrier

C
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28 In a two-source interference experiment, light of a single frequency is incident on a double slit. 
 

The light waves emerging from the slits are coherent. 
 

What is meant by coherent ? 

A The waves are in phase. 

B The waves have a constant phase difference. 

C The waves have the same amplitude. 

D The waves interfere constructively wherever they overlap. 
 
 
29 A parallel beam of light consists of light of wavelength 420 nm and light of wavelength 630 nm. 
 

The light is incident normally on a diffraction grating. 
 

The diffraction maxima for the two wavelengths overlap only at an angle of 31 from the direction 
of the incident light beam. 

 
What could be the line spacing of the diffraction grating? 

A 1.2 m B 1.6 m C 2.4 m D 3.7 m 
 
 
30 A positively charged particle P is in an electric field, as shown. 
 

P
X

Y

Z 
 

The field lines (lines of force) are evenly spaced and parallel. 
 

Which statement is correct? 

A Moving P a small distance in any direction will not change the electric force on P. 

B Moving P a small distance in direction Y will increase the electric force on P. 

C Moving P a small distance in direction Z will increase the electric force on P. 

D Moving P a small distance in direction X will increase the electric force on P. 
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28 In a two-source interference experiment, light of a single frequency is incident on a double slit. 
 

The light waves emerging from the slits are coherent. 
 

What is meant by coherent ? 

A The waves are in phase. 

B The waves have a constant phase difference. 

C The waves have the same amplitude. 

D The waves interfere constructively wherever they overlap. 
 
 
29 A parallel beam of light consists of light of wavelength 420 nm and light of wavelength 630 nm. 
 

The light is incident normally on a diffraction grating. 
 

The diffraction maxima for the two wavelengths overlap only at an angle of 31 from the direction 
of the incident light beam. 

 
What could be the line spacing of the diffraction grating? 

A 1.2 m B 1.6 m C 2.4 m D 3.7 m 
 
 
30 A positively charged particle P is in an electric field, as shown. 
 

P
X

Y

Z 
 

The field lines (lines of force) are evenly spaced and parallel. 
 

Which statement is correct? 

A Moving P a small distance in any direction will not change the electric force on P. 

B Moving P a small distance in direction Y will increase the electric force on P. 

C Moving P a small distance in direction Z will increase the electric force on P. 

D Moving P a small distance in direction X will increase the electric force on P. 
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26 Gamma-rays, microwaves, visible light and X-rays are four regions of the electromagnetic 
spectrum. 

 
Which list shows these four regions in order of increasing wavelength? 

A microwaves  visible light  X-rays  gamma-rays 

B gamma-rays  X-rays  visible light  microwaves 

C X-rays  gamma-rays  microwaves  visible light 

D microwaves  visible light  gamma-rays  X-rays 
 
 
27 To produce a stationary wave, two waves must travel in opposite directions through the same 

space. 
 

Which statement about the properties of the two waves must also be correct? 

A The waves must have equal frequencies, but different speeds and wavelengths. 

B The waves must have equal speeds, but different wavelengths and frequencies. 

C The waves must have equal speeds, frequencies and wavelengths. 

D The waves must have equal wavelengths, but different speeds and frequencies. 
 
 
28 The speed of sound in air is 330 m s–1. 
 

Which size of architectural features in a large concert hall would best diffract sound waves of 
frequency 0.44 kHz? 

A 1.3 mm B 750 mm C 7.5 m D 17 m 
 
 
29 A double-slit interference pattern using red light of wavelength 7.0  10–7

 m has a fringe spacing 
of 3.5 mm. 

 
Which fringe spacing would be observed for the same arrangement of apparatus but using blue 
light of wavelength 4.5  10–7

 m? 

A 2.3 mm B 3.5 mm C 5.4 mm D 9.0 mm 
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26 Gamma-rays, microwaves, visible light and X-rays are four regions of the electromagnetic 
spectrum. 

 
Which list shows these four regions in order of increasing wavelength? 

A microwaves  visible light  X-rays  gamma-rays 

B gamma-rays  X-rays  visible light  microwaves 

C X-rays  gamma-rays  microwaves  visible light 

D microwaves  visible light  gamma-rays  X-rays 
 
 
27 To produce a stationary wave, two waves must travel in opposite directions through the same 

space. 
 

Which statement about the properties of the two waves must also be correct? 

A The waves must have equal frequencies, but different speeds and wavelengths. 

B The waves must have equal speeds, but different wavelengths and frequencies. 

C The waves must have equal speeds, frequencies and wavelengths. 

D The waves must have equal wavelengths, but different speeds and frequencies. 
 
 
28 The speed of sound in air is 330 m s–1. 
 

Which size of architectural features in a large concert hall would best diffract sound waves of 
frequency 0.44 kHz? 

A 1.3 mm B 750 mm C 7.5 m D 17 m 
 
 
29 A double-slit interference pattern using red light of wavelength 7.0  10–7

 m has a fringe spacing 
of 3.5 mm. 

 
Which fringe spacing would be observed for the same arrangement of apparatus but using blue 
light of wavelength 4.5  10–7

 m? 

A 2.3 mm B 3.5 mm C 5.4 mm D 9.0 mm 
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30 A beam of light of a single wavelength is incident normally on a diffraction grating. 
 

The angle of diffraction  is measured for each order of diffraction n. The distance between 
adjacent slits in the diffraction grating is d. 

 
A graph is plotted to determine the wavelength of the light. 

 
Which graph should be plotted and how is the wavelength determined from the graph? 

 
 y-axis x-axis wavelength 

A n d sin  gradient 

B n d sin  1 / gradient 

C sin  d / n gradient 

D sin  d  n 1 / gradient 
 
 
31 A particle has a charge of +2.0 mC and is in a vertical uniform electric field. An electric force of 

1.0  10–2
 N acts upwards on the particle. 

 
What is the electric field strength? 

A 0.20 V m–1 downwards 

B 0.20 V m–1 upwards 

C 5.0 V m–1 downwards 

D 5.0 V m–1 upwards 
 
 
32 The diagram shows two parallel metal plates connected to a d.c. power supply through a resistor. 
 

+

–
 

 
There is a uniform electric field in the region between the plates. 

 
Which change would cause a decrease in the strength of the electric field? 

A a small increase in the distance between the plates 

B a small increase in the potential difference between the plates 

C a small increase in the resistance of the resistor 

D a small increase to the area of both plates 
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22 Which statement about transverse or longitudinal waves is not correct? 

A Longitudinal waves can be used to demonstrate diffraction. 

B Longitudinal waves can travel in a vacuum. 

C Transverse waves can form stationary waves. 

D Transverse waves can transfer energy. 
 
 
23 A glass tube is closed at one end and has a loudspeaker at the other end. 
 

loudspeaker

glass tube

 
 

A stationary wave is formed with a node at the closed end of the tube when the sound has 
frequency f0. There are no other nodes. 

 
The frequency of the sound is then slowly increased. 

 
What is the frequency of the sound that produces the next stationary wave? 

A 1.25f0 B 1.50f0 C 2.00f0 D 3.00f0 
 
 
24 With which waves can the Doppler effect be observed? 

A all waves including sound and light 

B light waves only 

C sound and light waves only 

D sound waves only 
 
 
25 Which radiation could consist of waves of wavelength 0.5 nm? 

A -rays 

B ultraviolet 

C visible light 

D X-rays 
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28 Light of wavelength  is incident normally on two narrow slits S1 and S2, a small distance apart. 
Bright and dark fringes are observed on a screen a long distance away from the slits. 

 
P

screen
S1

S2

light,
wavelength  �

 
 

The n th dark fringe from the central bright fringe is observed at point P on the screen. 
 

Which equation is correct for all positive values of n? 

A S2P – S1P = 
2
n  

B S2P – S1P = n 

C S2P – S1P = (n – 2
1 ) 

D S2P – S1P = (n + 2
1 ) 

 
 
29 Green light is incident normally on a diffraction grating and forms a diffraction pattern on a distant 

screen. 
 

screen
diffraction

grating

green
light

 
 

Which change, on its own, would decrease the separation of the diffraction maxima on the 
screen? 

A Increase the distance between the screen and the diffraction grating. 

B Replace the diffraction grating with a grating that has a smaller separation between the slits. 

C Replace the diffraction grating with a grating that has fewer slits per unit length. 

D Replace the green light with red light. 
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28 Light of wavelength  is incident normally on two narrow slits S1 and S2, a small distance apart. 
Bright and dark fringes are observed on a screen a long distance away from the slits. 

 
P

screen
S1

S2

light,
wavelength  �

 
 

The n th dark fringe from the central bright fringe is observed at point P on the screen. 
 

Which equation is correct for all positive values of n? 

A S2P – S1P = 
2
n  

B S2P – S1P = n 

C S2P – S1P = (n – 2
1 ) 

D S2P – S1P = (n + 2
1 ) 

 
 
29 Green light is incident normally on a diffraction grating and forms a diffraction pattern on a distant 

screen. 
 

screen
diffraction

grating

green
light

 
 

Which change, on its own, would decrease the separation of the diffraction maxima on the 
screen? 

A Increase the distance between the screen and the diffraction grating. 

B Replace the diffraction grating with a grating that has a smaller separation between the slits. 

C Replace the diffraction grating with a grating that has fewer slits per unit length. 

D Replace the green light with red light. 
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24 A sound wave from a loudspeaker is reflected back along its original path by a reflector. 
 

A microphone is initially at point X where the sound intensity is a minimum, as shown. 
 

M M M M M M M = position of
 minimum intensityX Y

reflectorloudspeaker

70.0 cm  
 

The microphone is moved towards the reflector and passes through four more intensity minima 
until reaching a fifth minimum at point Y. The distance XY is 70.0 cm. 

 
What is the wavelength of the sound? 

A 11.7 cm B 14.0 cm C 23.3 cm D 28.0 cm 
 
 
25 A train travels in a straight line at a constant speed of 30 m s–1. The train’s horn continuously 

emits sound of frequency 2400 Hz. 
 

A stationary observer stands next to the train track. The train approaches the stationary observer, 
passes him and then moves away. 

 
The speed of sound is 340 m s–1. 

 
What is the maximum difference in the frequencies of the sound heard by the stationary 
observer? 

A 190 Hz B 230 Hz C 430 Hz D 460 Hz 
 
 
26 Electromagnetic waves of frequency 30 THz are in a vacuum. 
 

In which region of the electromagnetic spectrum are the waves? 

A infrared 

B microwave 

C ultraviolet 

D visible light 
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27 A stationary wave is produced on a string that is stretched between two fixed points that are a 
distance of 1.35 m apart, as shown. 

 

1.35 m

string

 
 

The speed of the waves on the string is 450 m s–1. 
 

What is the frequency of oscillation of the stationary wave? 

A 333 Hz B 405 Hz C 500 Hz D 1000 Hz 
 
 
28 A beam of laser light is directed towards a narrow slit. 
 

panel

slit

cross-section
of beam of light

 
 

After emerging from the other side of the slit, the diffracted light then falls on a screen. 
 

What is the pattern of light seen on the screen? 
 

A B C D

 
 
 
29 Two waves, each with a constant amplitude, interfere and produce an interference pattern. The 

pattern has minima at fixed points where the displacement is zero at all times. 
 

Which statement describes the two waves? 

A They must be coherent and of the same amplitude. 

B They must be coherent but not necessarily of the same amplitude. 

C They must be of the same amplitude but not necessarily coherent. 

D They must not be coherent or of the same amplitude. 
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27 A stationary wave is produced on a string that is stretched between two fixed points that are a 
distance of 1.35 m apart, as shown. 

 

1.35 m

string

 
 

The speed of the waves on the string is 450 m s–1. 
 

What is the frequency of oscillation of the stationary wave? 

A 333 Hz B 405 Hz C 500 Hz D 1000 Hz 
 
 
28 A beam of laser light is directed towards a narrow slit. 
 

panel

slit

cross-section
of beam of light

 
 

After emerging from the other side of the slit, the diffracted light then falls on a screen. 
 

What is the pattern of light seen on the screen? 
 

A B C D

 
 
 
29 Two waves, each with a constant amplitude, interfere and produce an interference pattern. The 

pattern has minima at fixed points where the displacement is zero at all times. 
 

Which statement describes the two waves? 

A They must be coherent and of the same amplitude. 

B They must be coherent but not necessarily of the same amplitude. 

C They must be of the same amplitude but not necessarily coherent. 

D They must not be coherent or of the same amplitude. 
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27 A stationary wave is produced on a string that is stretched between two fixed points that are a 
distance of 1.35 m apart, as shown. 

 

1.35 m

string

 
 

The speed of the waves on the string is 450 m s–1. 
 

What is the frequency of oscillation of the stationary wave? 

A 333 Hz B 405 Hz C 500 Hz D 1000 Hz 
 
 
28 A beam of laser light is directed towards a narrow slit. 
 

panel

slit

cross-section
of beam of light

 
 

After emerging from the other side of the slit, the diffracted light then falls on a screen. 
 

What is the pattern of light seen on the screen? 
 

A B C D

 
 
 
29 Two waves, each with a constant amplitude, interfere and produce an interference pattern. The 

pattern has minima at fixed points where the displacement is zero at all times. 
 

Which statement describes the two waves? 

A They must be coherent and of the same amplitude. 

B They must be coherent but not necessarily of the same amplitude. 

C They must be of the same amplitude but not necessarily coherent. 

D They must not be coherent or of the same amplitude. 
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30 Light of wavelength 5.5  10–7
 m is incident normally on a diffraction grating. 

 

80�light

second-order maximum

second-order maximum

grating

 
 

The angle between the second-order diffraction maxima is 80, as shown. 
 

What is the number of lines per metre of the diffraction grating? 

A 5.8  105 lines per metre 

B 9.0  105 lines per metre 

C 1.2  106 lines per metre 

D 2.3  106 lines per metre 
 
 
31 Four diagrams representing the electric field between two oppositely charged point charges are 

shown. 
 

Which diagram correctly shows the electric field lines? 
 

A

+ –

B

+ –

C

+ –

D

+ –
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27 Two progressive waves travel in opposite directions and form a stationary wave. The graph 
shows the variation with distance x of the displacement of the stationary wave and of one of the 
two progressive waves at the same instant in time. 

 

10

5

0

–5

–10

displacement
/ mm

x / cm
0 5 10 15 20 25

progressive wave

stationary wave

J K L

 
 

What are the approximate displacements of the other progressive wave at the positions J, K  
and L? 

 

 
displacement / mm 

J K L 

A –5 0 –10 

B –5 +5 0 

C 0 +5 +10 

D +5 –5 0 
 
 
28 Which diagram shows the diffraction of water waves in a ripple tank? 
 

A B

C D
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29 Interference fringes are produced on a screen by double-slit interference using light of 
wavelength 600 nm. The fringe separation is 4.0 mm and the separation of the slits is 0.60 mm. 

 
What is the distance between the double slit and the screen? 

A 0.25 m B 0.40 m C 2.5 m D 4.0 m 
 
 
30 A ray of green light is incident normally on a diffraction grating. Several bright spots are produced 

on a screen on the other side of the grating, as shown. 
 

ray of
green light

diffraction
grating

screen
NOT TO SCALE

bright spots

 
 

Which pair of changes could result in bright spots at exactly the same angles as previously? 

A Use blue light and increase the distance between the grating and the screen. 

B Use blue light and increase the number of lines per unit length in the grating. 

C Use red light and increase the distance between the grating and the screen. 

D Use red light and increase the number of lines per unit length in the grating. 
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29 Interference fringes are produced on a screen by double-slit interference using light of 
wavelength 600 nm. The fringe separation is 4.0 mm and the separation of the slits is 0.60 mm. 

 
What is the distance between the double slit and the screen? 

A 0.25 m B 0.40 m C 2.5 m D 4.0 m 
 
 
30 A ray of green light is incident normally on a diffraction grating. Several bright spots are produced 

on a screen on the other side of the grating, as shown. 
 

ray of
green light

diffraction
grating

screen
NOT TO SCALE

bright spots

 
 

Which pair of changes could result in bright spots at exactly the same angles as previously? 

A Use blue light and increase the distance between the grating and the screen. 

B Use blue light and increase the number of lines per unit length in the grating. 

C Use red light and increase the distance between the grating and the screen. 

D Use red light and increase the number of lines per unit length in the grating. 
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22 The warning signal on an ambulance has a frequency of 600 Hz. The speed of sound is 330 m s–1. 
The ambulance is travelling with a constant velocity of 25 m s–1 towards an observer. The 
ambulance passes, and then moves away from the observer with no change in velocity. 

 
initial position
of ambulance

final position
of ambulance

observer  
 

Which overall change in observed frequency takes place between the times at which the 
ambulance is a long way behind the observer and when it is a long way in front of the observer? 

A 49 Hz B 84 Hz C 91 Hz D 98 Hz 
 
 
23 Brief pulses of red, blue and green light are emitted from the Sun at the same time. 
 

The pulses travel the same distance to reach Mars. Assume that the pulses travel in a vacuum 
for the full duration of their journey. 

 
In which order would these pulses of light arrive at Mars? 

A all arrive at the same time 

B blue first, then green, then red 

C red first, then blue, then green 

D red first, then green, then blue 
 
 
24 Two coherent progressive waves from different sources meet at a point. 
 

Which condition must be satisfied for there to be zero resultant amplitude at the point where the 
waves meet? 

A The two waves must be emitted from their sources with the same intensity. 

B The two waves must be in phase with each other at the point. 

C The two waves must be travelling in opposite directions. 

D The two waves must have the same amplitude at the point. 
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25 A corridor is 13.2 m long and has closed doors that reflect sound at both ends. The speed of 
sound in the air in the corridor is 330 m s–1. 

 
13.2 m

closed doorclosed door

wall position of node  
 

What is the lowest frequency of sound that could create a stationary wave in the corridor with a 
node halfway along it? 

A 0.040 Hz B 13 Hz C 25 Hz D 50 Hz 
 
 
26 Water waves of wavelength  are formed in a ripple tank. The waves are diffracted as they pass 

through a narrow gap of width d (d is greater than ). 
 

Which gap width and which wavelength will cause the largest decrease in the amount of 
diffraction? 

 
 gap width wavelength 

A 2
1 d 2

1  

B 2
1 d 2 

C 2d 2
1  

D 2d 2 
 
 
27 Two loudspeakers X and Y emit sound waves that are in phase and of wavelength 0.75 m. 
 

An observer O is able to stand anywhere on a straight line that passes through X and Y, as 
shown. The observer stands at a point where the sound waves from X and Y meet in phase. 

 
O

X Y

 
 

What could be the distances OY and XY? 
 

 distance OY / m distance XY / m 

A 1.25 3.50 

B 2.00 2.75 

C 2.75 2.00 

D 3.25 1.50 
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28 Light of a single wavelength is incident normally on a diffraction grating. 
 

The resulting diffraction pattern is displayed on a screen. 
 

Which change makes the first orders of intensity maxima further apart from each other on the 
screen? 

A placing the screen closer to the diffraction grating 

B using a diffraction grating with less separation between adjacent slits 

C using a diffraction grating with more slits but keeping the same separation between adjacent 
slits 

D using light with a shorter wavelength 
 
 
29 For a current-carrying wire, the current can be calculated using the equation shown. 
 

I = Anvq 
 

What is the meaning of n? 

A the number of charge carriers in the wire 

B the number of charge carriers multiplied by the volume of the wire 

C the number of charge carriers per unit length of the wire 

D the number of charge carriers per unit volume of the wire 
 
 
30 The number of free electrons passing a point in a wire in 24 hours is 6.0  1023. 
 

What is the average current in the wire? 

A 6.3 pA B 1.1 A C 67 A D 4.0 kA 
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24 A car is travelling at a constant velocity directly towards a man standing in the middle of the road. 
 

The driver sounds the car’s horn as a warning. The horn emits a sound wave of constant 
frequency. 

 
The frequency of the sound heard by the man is different from the frequency of the sound emitted 
by the horn. 

 
Which statement is correct? 

A The frequency of the sound emitted by the horn is greater than the frequency of the sound 
heard by the man. 

B The frequency of the sound heard by the man depends on the distance between the car and 
the man. 

C The sound waves continually accelerate as they move from the horn to the man. 

D The wavelength of the sound heard by the man is less than the wavelength of the sound 
emitted by the horn. 

 
 
25 Which statement about electromagnetic waves is correct? 

A A wave of wavelength 5.0  10–6
 m is invisible to the human eye. 

B They can all travel at different speeds in free space. 

C They cannot be polarised. 

D They consist of vibrating atoms. 
 
 
26 A stationary wave is set up on a string that is stretched between two fixed points that are 48 cm 

apart. 
 

At one instant, the appearance of the string is as shown. 
 

fixed point fixed point
 

 
What is the wavelength of the stationary wave? 

A 16 cm B 32 cm C 48 cm D 72 cm 
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27 A pipe, closed at one end, has a loudspeaker at the open end. For some frequencies of sound 
from the loudspeaker, a stationary sound wave is formed in the air within the pipe with an 
antinode at the open end of the pipe. 

 
0.85 m

loudspeaker pipe
 

 
The length of the pipe is 0.85 m. 

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

 
Which frequency of sound from the loudspeaker would not produce a stationary wave? 

A 100 Hz B 200 Hz C 300 Hz D 500 Hz 
 
 
28 Water waves of wavelength  are incident normally on an obstacle with a narrow gap. The width 

of the gap is equal to . The waves from the gap emerge over an angle , as shown. 
 

�

�
�

incident
water waves

emerging
water waves

 
 

The gap is slowly widened. 
 

Which changes, if any, occur to  and to the wavelength of the emerging waves? 
 

  wavelength 

A decreases remains the same 

B increases remains the same 

C remains the same decreases 

D remains the same increases 
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27 A pipe, closed at one end, has a loudspeaker at the open end. For some frequencies of sound 
from the loudspeaker, a stationary sound wave is formed in the air within the pipe with an 
antinode at the open end of the pipe. 

 
0.85 m

loudspeaker pipe
 

 
The length of the pipe is 0.85 m. 

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

 
Which frequency of sound from the loudspeaker would not produce a stationary wave? 

A 100 Hz B 200 Hz C 300 Hz D 500 Hz 
 
 
28 Water waves of wavelength  are incident normally on an obstacle with a narrow gap. The width 

of the gap is equal to . The waves from the gap emerge over an angle , as shown. 
 

�

�
�

incident
water waves

emerging
water waves

 
 

The gap is slowly widened. 
 

Which changes, if any, occur to  and to the wavelength of the emerging waves? 
 

  wavelength 

A decreases remains the same 

B increases remains the same 

C remains the same decreases 

D remains the same increases 
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29 Light of a single frequency passes through two narrow slits and produces an interference pattern 
on a screen some distance away. The interference fringes are very close together. 

 
Which change would increase the distance between the fringes? 

A Increase the brightness of the light source. 

B Increase the distance between the slits and the screen. 

C Increase the distance between the two slits. 

D Increase the frequency of the light used. 
 
 
30 Light of wavelength 5.4  10–7

 m is incident normally on a diffraction grating. 
 

The separation between adjacent lines in the grating is 2.0  10–6
 m. The light that emerges from 

the grating falls on a semicircular screen, as shown in the view from above. 
 

diffraction grating
screen

VIEW FROM ABOVE

light,
wavelength 5.4 � 10–7 m

 
 

The grating is at the centre of the semicircle, and the lines of the grating are vertical. 
 

How many bright dots are formed on the screen? 

A 3 B 4 C 6 D 7 
 
 
31 A straight copper wire of diameter 0.42  10–3

 m has a number density of free electrons of 
8.5  1028

 m–3. In a given time interval, a charge of 0.15 C moves through the wire. 
 

What is the average displacement of the free electrons along the wire in this time interval? 

A 3.3  10–8
 m B 2.0  10–5

 m C 8.0  10–5
 m D 2.5  10–4

 m 
 
 
32 What is the definition of the potential difference (p.d.) across a component? 

A the electrical power supplied to the component 

B the energy transferred to the component per unit charge 

C the product of the current in the component and its resistance 

D the voltage across the component 
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29 Light of a single frequency passes through two narrow slits and produces an interference pattern 
on a screen some distance away. The interference fringes are very close together. 

 
Which change would increase the distance between the fringes? 

A Increase the brightness of the light source. 

B Increase the distance between the slits and the screen. 

C Increase the distance between the two slits. 

D Increase the frequency of the light used. 
 
 
30 Light of wavelength 5.4  10–7

 m is incident normally on a diffraction grating. 
 

The separation between adjacent lines in the grating is 2.0  10–6
 m. The light that emerges from 

the grating falls on a semicircular screen, as shown in the view from above. 
 

diffraction grating
screen

VIEW FROM ABOVE

light,
wavelength 5.4 � 10–7 m

 
 

The grating is at the centre of the semicircle, and the lines of the grating are vertical. 
 

How many bright dots are formed on the screen? 

A 3 B 4 C 6 D 7 
 
 
31 A straight copper wire of diameter 0.42  10–3

 m has a number density of free electrons of 
8.5  1028

 m–3. In a given time interval, a charge of 0.15 C moves through the wire. 
 

What is the average displacement of the free electrons along the wire in this time interval? 

A 3.3  10–8
 m B 2.0  10–5

 m C 8.0  10–5
 m D 2.5  10–4

 m 
 
 
32 What is the definition of the potential difference (p.d.) across a component? 

A the electrical power supplied to the component 

B the energy transferred to the component per unit charge 

C the product of the current in the component and its resistance 

D the voltage across the component 
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25 An electromagnetic wave in free space has a frequency of 2.5  1014
 Hz. 

 
Which region of the electromagnetic spectrum includes this frequency? 

A infrared 

B microwave 

C ultraviolet 

D X-ray 
 
 
26 Two polarising filters are placed next to each other so that their planes are parallel. 
 

The first polarising filter has its transmission axis at an angle of 50 to the vertical. 
 

The second polarising filter has its transmission axis at an angle of 20 to the vertical. The angle 
between the transmission axes of the two polarising filters is 30 

 
A beam of vertically polarised light of intensity 8.0 W m–2 is incident normally on the first polarising 
filter. 

 
What is the intensity of the light that is transmitted from the second polarising filter? 

A zero B 2.5 W m–2 C 2.9 W m–2 D 6.0 W m–2 
 
 
27 A stationary wave on a stretched string is set up between two points P and T. 
 

P
Q

R

S

T

vibrator  
 

Which statement about the stationary wave is correct? 

A Point R is at a node. 

B Points Q and S vibrate in phase. 

C The distance between P and T is three wavelengths. 

D The wave transfers energy from P to T. 
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28 A bar vibrates with frequency f to produce water waves in a ripple tank. 
 

bar vibrating
with frequency f

barrier with
gap of width x  

 
The waves pass through a gap of width x in a barrier so that diffraction occurs. 

 
Which combination of vibration frequency and gap width will produce the smallest angle of 
diffraction? 

 

 vibration 
frequency gap width 

A 
2
f  

2
x  

B 
2
f  2x 

C 2f 
2
x  

D 2f 2x 
 
 
29 An outdoor concert has two large speakers beside the stage for broadcasting music. 
 

In order to test the speakers, they are made to emit sound of the same wavelength and the same 
amplitude. 

 
The curved lines in the diagram represent wavefronts. 

 
Where is the loudest sound heard? 

 

D
B

A C

speakers

stage  
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28 A bar vibrates with frequency f to produce water waves in a ripple tank. 
 

bar vibrating
with frequency f

barrier with
gap of width x  

 
The waves pass through a gap of width x in a barrier so that diffraction occurs. 

 
Which combination of vibration frequency and gap width will produce the smallest angle of 
diffraction? 

 

 vibration 
frequency gap width 

A 
2
f  

2
x  

B 
2
f  2x 

C 2f 
2
x  

D 2f 2x 
 
 
29 An outdoor concert has two large speakers beside the stage for broadcasting music. 
 

In order to test the speakers, they are made to emit sound of the same wavelength and the same 
amplitude. 

 
The curved lines in the diagram represent wavefronts. 

 
Where is the loudest sound heard? 

 

D
B

A C

speakers

stage  
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30 The equation 
 

 = 
n

d sin  

 
is used to calculate the wavelength  of light in an experiment that uses a diffraction grating. The 
light from the diffraction grating is displayed on a screen. 

 
What do the symbols n and d represent? 

 
 n d 

A number of slits in the grating distance between adjacent slits in the grating 

B number of slits in the grating distance from grating to screen 

C order of intensity maximum distance between adjacent slits in the grating 

D order of intensity maximum distance from grating to screen 
 
 
31 The diagram shows a metal block. 
 

a

b

c
I I

 
 

The block has sides of length a, b and c as shown, and its volume is V. Each charge carrier has a 
charge –q and the number density of the charge carriers in the metal is n. It takes each charge 
carrier an average time of t to pass through the block. 

 
What is an expression for the current I ? 

A I = nqabc B I = nqV
t

 C I = nqbc
t

 D I = nqaV 
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25 A man standing next to a stationary train hears sound of frequency 400 Hz emitted from the 
train’s horn. The train then moves directly away from the man and sounds its horn when it has a 
speed of 50 m s–1. The speed of sound in the air is 340 m s–1. 

 
What is the difference in frequency of the sound heard by the man on the two occasions? 

A 51 Hz B 69 Hz C 350 Hz D 470 Hz 
 
 
26 Which list of regions of the electromagnetic spectrum is in order of increasing wavelength from 

left to right? 

A gamma-ray  ultraviolet  infrared 

B infrared  microwave  ultraviolet 

C microwave  X-ray  infrared 

D X-ray  ultraviolet  gamma-ray 
 
 
27 The principle of superposition states that a certain quantity is added when two or more waves 

meet at a point. 
 

What is this quantity? 

A amplitude 

B displacement 

C intensity 

D wavelength 
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29 The diagrams show the diffraction of water waves in a ripple tank as they pass through a gap 
between two barriers. 

 
Which diagram is correct? 

 
A B

C D

 
 
 
30 A beam of light from a laser is incident normally on a double slit. Interference fringes are seen on 

a screen placed parallel to the double slit. 
 

The separation of the two slits is a. The distance between the slits and the screen is D. The 
distance between the centres of two adjacent bright fringes is x. 

 
D and a are both halved. 

 
What is the distance between the centres of two adjacent bright fringes after these changes? 

A 
2
x  B x C 2x D 4x 
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29 The diagrams show the diffraction of water waves in a ripple tank as they pass through a gap 
between two barriers. 

 
Which diagram is correct? 

 
A B

C D

 
 
 
30 A beam of light from a laser is incident normally on a double slit. Interference fringes are seen on 

a screen placed parallel to the double slit. 
 

The separation of the two slits is a. The distance between the slits and the screen is D. The 
distance between the centres of two adjacent bright fringes is x. 

 
D and a are both halved. 

 
What is the distance between the centres of two adjacent bright fringes after these changes? 

A 
2
x  B x C 2x D 4x 
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31 A beam of light of wavelength 400 nm is incident normally on a diffraction grating that has 
300 lines per millimetre. The light passes through the grating and produces a series of maxima 
which are observed on a semicircular screen, as shown. 

 

diffraction grating
screen

VIEW FROM ABOVE

light,
wavelength 400 nm

 
 

What is the total number of maxima observed on the screen? 

A 8 B 9 C 16 D 17 
 
 
32 Two wires, X and Y, are made from the same metal. 
 

The diameter of wire Y is twice that of wire X. 
 

Wire X, wire Y and a battery are connected in series. 
 

What is the ratio 
average drift speed of free electrons in wire X
average drift speed of free electrons in wire Y

? 

A 
4
1  B 

2
1  C 

1
2  D 

1
4  

 
 
33 A resistor has resistance R. When the potential difference (p.d.) across the resistor is V, the 

current in the resistor is I. The power dissipated in the resistor is P. Work W is done when charge 
Q flows through the resistor. 

 
What is not a valid relationship between these variables? 

A I = 
V
P  B Q = 

V
W  C R = 2I

P  D R = 
P
V  
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26 Two waves of the same type overlap. 
 

When does the principle of superposition apply? 

A always 

B only when the waves have the same amplitude 

C only when the waves have the same frequency 

D only when the waves travel in opposite directions 
 
 
27 A stationary sound wave is formed in a tube of length L that is closed at one end. 
 

The diagram shows the positions of the nodes and antinodes of the stationary wave. 
 

node

antinode

node

antinode 
 

Which graph shows the variation of the amplitude a of the wave with distance x measured from 
the closed end of the tube? 

 

a

x0
0

D
a

x0
0

C

a

x0
0

B
a

x0
0 L

A

L

L L
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26 Two waves of the same type overlap. 
 

When does the principle of superposition apply? 

A always 

B only when the waves have the same amplitude 

C only when the waves have the same frequency 

D only when the waves travel in opposite directions 
 
 
27 A stationary sound wave is formed in a tube of length L that is closed at one end. 
 

The diagram shows the positions of the nodes and antinodes of the stationary wave. 
 

node

antinode

node

antinode 
 

Which graph shows the variation of the amplitude a of the wave with distance x measured from 
the closed end of the tube? 

 

a

x0
0

D
a

x0
0

C

a

x0
0

B
a

x0
0 L

A

L

L L
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28 A wave on the surface of water passes through a gap between two barriers and is diffracted, as 
shown. 

 

barrier

barrier

 
 

What happens when the frequency of the wave is halved? 

A Less diffraction is observed. 

B More diffraction is observed. 

C There is no diffraction. 

D The same amount of diffraction is observed. 
 
 
29 Observable interference fringes are produced using light from a double slit. The intensity of the 

light emerging from each slit is initially the same. 
 

The intensity of the light emerging from one of the slits is now reduced. 
 

How does this affect the interference pattern? 

A The bright fringes and the dark fringes all become brighter. 

B The bright fringes and the dark fringes all become darker. 

C The bright fringes become brighter and the dark fringes become darker. 

D The bright fringes become darker and the dark fringes become brighter. 
 
 
30 A diffraction grating has 4.00  105 lines per metre. A beam of light of wavelength 589  10–9

 m is 
incident normally on the diffraction grating. 

 
What is the angle between the second-order maximum and the direction of the incident beam of 
light? 

A 13.6 B 27.3 C 28.1 D 56.2 
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28 A wave on the surface of water passes through a gap between two barriers and is diffracted, as 
shown. 

 

barrier

barrier

 
 

What happens when the frequency of the wave is halved? 

A Less diffraction is observed. 

B More diffraction is observed. 

C There is no diffraction. 

D The same amount of diffraction is observed. 
 
 
29 Observable interference fringes are produced using light from a double slit. The intensity of the 

light emerging from each slit is initially the same. 
 

The intensity of the light emerging from one of the slits is now reduced. 
 

How does this affect the interference pattern? 

A The bright fringes and the dark fringes all become brighter. 

B The bright fringes and the dark fringes all become darker. 

C The bright fringes become brighter and the dark fringes become darker. 

D The bright fringes become darker and the dark fringes become brighter. 
 
 
30 A diffraction grating has 4.00  105 lines per metre. A beam of light of wavelength 589  10–9

 m is 
incident normally on the diffraction grating. 

 
What is the angle between the second-order maximum and the direction of the incident beam of 
light? 

A 13.6 B 27.3 C 28.1 D 56.2 
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28 A wave on the surface of water passes through a gap between two barriers and is diffracted, as 
shown. 

 

barrier

barrier

 
 

What happens when the frequency of the wave is halved? 

A Less diffraction is observed. 

B More diffraction is observed. 

C There is no diffraction. 

D The same amount of diffraction is observed. 
 
 
29 Observable interference fringes are produced using light from a double slit. The intensity of the 

light emerging from each slit is initially the same. 
 

The intensity of the light emerging from one of the slits is now reduced. 
 

How does this affect the interference pattern? 

A The bright fringes and the dark fringes all become brighter. 

B The bright fringes and the dark fringes all become darker. 

C The bright fringes become brighter and the dark fringes become darker. 

D The bright fringes become darker and the dark fringes become brighter. 
 
 
30 A diffraction grating has 4.00  105 lines per metre. A beam of light of wavelength 589  10–9

 m is 
incident normally on the diffraction grating. 

 
What is the angle between the second-order maximum and the direction of the incident beam of 
light? 

A 13.6 B 27.3 C 28.1 D 56.2 
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26 The wavelength of sound in air may be determined by using stationary waves. 
 

In one experiment, a loudspeaker produces a sound wave of constant frequency which is 
reflected directly back along its original path by a metal plate approximately 1 m away. A 
microphone connected to a cathode-ray oscilloscope (CRO) is moved between the loudspeaker 
and plate to identify regions of high sound intensity (‘loud’ spots) and low sound intensity (‘quiet’ 
spots). 

 
The wavelength of the sound is determined using the least possible number of measured 
quantities. 

 
Which row shows the quantities that are needed? 

 

 frequency 
of sound 

mean separation 
of ‘quiet’ spots 

speed of sound 
in air  

A    key 

B     = needed 

C     = not needed 

D     
 
 
27 Two progressive waves meet at a fixed point P. The variation with time of the displacement of 

each wave at point P is shown. 
 

2

1

0

–1

–2

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

displacement
/ cm

time / s

 
 

The two waves superpose at point P. 
 

What is the resultant displacement at time 0.38 s? 

A +1.0 cm B –1.0 cm C +1.8 cm D –1.8 cm 
 
 
28 In which situation does diffraction occur? 

A A wave bounces back from a surface. 

B A wave passes from one medium into another. 

C A wave passes through a gap in a barrier. 

D Waves from two identical sources are superposed. 
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26 The wavelength of sound in air may be determined by using stationary waves. 
 

In one experiment, a loudspeaker produces a sound wave of constant frequency which is 
reflected directly back along its original path by a metal plate approximately 1 m away. A 
microphone connected to a cathode-ray oscilloscope (CRO) is moved between the loudspeaker 
and plate to identify regions of high sound intensity (‘loud’ spots) and low sound intensity (‘quiet’ 
spots). 

 
The wavelength of the sound is determined using the least possible number of measured 
quantities. 

 
Which row shows the quantities that are needed? 

 

 frequency 
of sound 

mean separation 
of ‘quiet’ spots 

speed of sound 
in air  

A    key 

B     = needed 

C     = not needed 

D     
 
 
27 Two progressive waves meet at a fixed point P. The variation with time of the displacement of 

each wave at point P is shown. 
 

2

1

0

–1

–2

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

displacement
/ cm

time / s

 
 

The two waves superpose at point P. 
 

What is the resultant displacement at time 0.38 s? 

A +1.0 cm B –1.0 cm C +1.8 cm D –1.8 cm 
 
 
28 In which situation does diffraction occur? 

A A wave bounces back from a surface. 

B A wave passes from one medium into another. 

C A wave passes through a gap in a barrier. 

D Waves from two identical sources are superposed. 
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26 The wavelength of sound in air may be determined by using stationary waves. 
 

In one experiment, a loudspeaker produces a sound wave of constant frequency which is 
reflected directly back along its original path by a metal plate approximately 1 m away. A 
microphone connected to a cathode-ray oscilloscope (CRO) is moved between the loudspeaker 
and plate to identify regions of high sound intensity (‘loud’ spots) and low sound intensity (‘quiet’ 
spots). 

 
The wavelength of the sound is determined using the least possible number of measured 
quantities. 

 
Which row shows the quantities that are needed? 

 

 frequency 
of sound 

mean separation 
of ‘quiet’ spots 

speed of sound 
in air  

A    key 

B     = needed 

C     = not needed 

D     
 
 
27 Two progressive waves meet at a fixed point P. The variation with time of the displacement of 

each wave at point P is shown. 
 

2

1

0

–1

–2

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8

displacement
/ cm

time / s

 
 

The two waves superpose at point P. 
 

What is the resultant displacement at time 0.38 s? 

A +1.0 cm B –1.0 cm C +1.8 cm D –1.8 cm 
 
 
28 In which situation does diffraction occur? 

A A wave bounces back from a surface. 

B A wave passes from one medium into another. 

C A wave passes through a gap in a barrier. 

D Waves from two identical sources are superposed. 
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29 Light of a single frequency is incident on a pair of narrow slits that are a distance of 0.10 mm 
apart. A series of bright and dark fringes is observed on a screen a distance of 2.0 m away. The 
distance between adjacent bright fringes is 8.0 mm. 

 

light

screen

second-order dark fringeslits

zero-order bright fringe

distance between
bright fringes = 8.0 mm2.0 m

NOT TO SCALE  
 

What is the path difference of the light waves from the two slits that meet at the second-order 
dark fringe? 

A 2.0  10–7
 m 

B 4.0  10–7
 m 

C 6.0  10–7
 m 

D 8.0  10–7
 m 

 
 
30 Red light of a single wavelength passes through a diffraction grating. Bright dots are formed on a 

screen, as shown. 
 

bright dot

screen

 
 

The red light is replaced with white light. 
 

Which diagram, drawn to the same scale, shows a possible pattern of bright light on the screen? 
 

A

B

C

D
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29 Light of a single frequency is incident on a pair of narrow slits that are a distance of 0.10 mm 
apart. A series of bright and dark fringes is observed on a screen a distance of 2.0 m away. The 
distance between adjacent bright fringes is 8.0 mm. 

 

light

screen

second-order dark fringeslits

zero-order bright fringe

distance between
bright fringes = 8.0 mm2.0 m

NOT TO SCALE  
 

What is the path difference of the light waves from the two slits that meet at the second-order 
dark fringe? 

A 2.0  10–7
 m 

B 4.0  10–7
 m 

C 6.0  10–7
 m 

D 8.0  10–7
 m 

 
 
30 Red light of a single wavelength passes through a diffraction grating. Bright dots are formed on a 

screen, as shown. 
 

bright dot

screen

 
 

The red light is replaced with white light. 
 

Which diagram, drawn to the same scale, shows a possible pattern of bright light on the screen? 
 

A

B

C

D
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24 Which microorganisms have a length that is equal to the wavelength in free space of an 
electromagnetic wave that is visible to the human eye? 

A algae of length 0.5 m 

B bacteria of length 5.0 m 

C fungi of length 50 m 

D protozoa of length 100 m 
 
 
25 Two progressive waves overlap. 
 

What is an essential condition for the two waves to form a stationary wave? 

A The waves are longitudinal. 

B The waves are polarised. 

C The waves travel in opposite directions. 

D The waves travel in the same direction. 
 
 
26 In an experiment to produce a stationary sound wave in air, a fine powder is initially evenly 

distributed along the length of a horizontal glass tube which is closed at one end. 
 

At the open end of the tube, a loudspeaker emits a sound wave of a constant wavelength. A 
stationary wave is formed and the powder accumulates in regularly spaced piles, as shown. 

 

loudspeaker piles of
fine powder

glass tube

 
 

Which statement explains the positions of the piles of powder within the tube? 

A The piles are where the air molecules vibrate with maximum amplitude. 

B The piles are where the air molecules vibrate with minimum amplitude. 

C The piles are where the air molecules vibrate with the highest frequency. 

D The piles are where the air molecules vibrate vertically. 
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24 Which microorganisms have a length that is equal to the wavelength in free space of an 
electromagnetic wave that is visible to the human eye? 

A algae of length 0.5 m 

B bacteria of length 5.0 m 

C fungi of length 50 m 

D protozoa of length 100 m 
 
 
25 Two progressive waves overlap. 
 

What is an essential condition for the two waves to form a stationary wave? 

A The waves are longitudinal. 

B The waves are polarised. 

C The waves travel in opposite directions. 

D The waves travel in the same direction. 
 
 
26 In an experiment to produce a stationary sound wave in air, a fine powder is initially evenly 

distributed along the length of a horizontal glass tube which is closed at one end. 
 

At the open end of the tube, a loudspeaker emits a sound wave of a constant wavelength. A 
stationary wave is formed and the powder accumulates in regularly spaced piles, as shown. 

 

loudspeaker piles of
fine powder

glass tube

 
 

Which statement explains the positions of the piles of powder within the tube? 

A The piles are where the air molecules vibrate with maximum amplitude. 

B The piles are where the air molecules vibrate with minimum amplitude. 

C The piles are where the air molecules vibrate with the highest frequency. 

D The piles are where the air molecules vibrate vertically. 
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27 A sound wave of wavelength 0.50 m passes through a doorway of width 1.0 m between two 
rooms. 

 
Which change increases the amount of diffraction that takes place? 

A Double the amplitude of the sound wave. 

B Double the width of the doorway. 

C Halve the frequency of the sound wave. 

D Halve the period of the sound wave. 
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28 A light source consists of a vertical slit illuminated by red light (R) and violet light (V). The 
wavelength of R is approximately twice the wavelength of V. A parallel vertical double slit is 
placed nearby. A white screen is placed so that fringes are formed on it. 

 

slit double slit
white screen

light source

 
 

Which graph best represents the interference fringes formed on the screen? 
 

A

intensity
V R

V RR V
R V

B

intensity

VR R
V V

C

intensity

R
V V

VV R V

D

R

V R
V R

intensity

V
R R

RR V R

V

R V
R V

distance

distance

distance

distance

0

0

0

0
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29 Which property of a light wave can be determined using a diffraction grating? 

A amplitude 

B intensity 

C speed 

D wavelength 
 
 
30 There is an electric current in a copper wire. 
 

Which statement describing the average drift speed of the charge carriers in the wire is correct? 

A It is nearly 3  108
 m s–1. 

B It is proportional to the cross-sectional area of the wire. 

C It is proportional to the length of the wire. 

D It is proportional to the magnitude of the current. 
 
 
31 A battery with a constant internal resistance is connected to a resistor of resistance 250 , as 

shown. 
 

250 �
 

 
The current in the resistor is 40 mA for a time of 60 s. During this time 6.0 J of energy is dissipated 
by the internal resistance. 

 
What is the energy supplied to the external resistor during the 60 s and the electromotive force 
(e.m.f.) of the battery? 

 
 energy / J e.m.f. / V 

A 30 2.5 

B 30 7.5 

C 24 10.0 

D 24 12.5 
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24	 Which list shows electromagnetic waves in order of increasing frequency?

	 A	 radio waves → gamma-rays → ultraviolet → infrared

	 B	 radio waves → infrared → ultraviolet → gamma-rays

	 C	 ultraviolet → gamma-rays → radio waves → infrared

	 D	 ultraviolet → infrared → radio waves → gamma-rays

25	 The diagram shows a steel wire fixed at one end. The other end is attached to a weight hanging 
over a pulley.

weight

stand oscillator

pulley

wire

	 An oscillator is attached to the wire near the fixed end. A stationary wave with one loop is produced. 
The frequency of the oscillator is f.

	 Which frequency of the oscillator produces a stationary wave with two loops?

	 A	 f
4 		  B	 f

2 	 C	 2f	 D	 4f

26	 Which statement gives a condition that enables diffraction to occur?

	 A	 A source of waves moves towards a stationary observer.

	 B	 A wave is partially blocked by an obstacle.

	 C	 Two coherent waves are superposed.

	 D	 Two waves are travelling through the same part of a medium in opposite directions.

27	 A parallel beam of light of wavelength 600 nm is incident normally on a diffraction grating. The 
grating has 300 lines per millimetre.

	 What is the total number of intensity maxima from the grating?

	 A	 1		  B	 3	 C	 11	 D	 13

174. Question | 9702 Specimen 2022 P1 Q28 13
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28	 A pattern of interference fringes is produced using a red laser, a double slit and a screen. The 
screen is 3.5 m from the double slit. The light from the laser has a wavelength of 640 nm.

	 The pattern of fringes is shown.

72 mm

not to
scale

bright
fringe

	 What is the separation of the slits?

	 A	 1.2 × 10–4 m	 B	 1.6 × 10–4 m	 C	 3.1 × 10–5 m	 D	 3.3 × 10–9 m

29	 The diagram shows the symbol for a wire carrying a current I.

I

	 What does this current represent?

	 A	 the charge flowing past a point in the wire per unit time

	 B	 the number of electrons flowing past a point in the wire per unit time

	 C	 the number of positive nuclei flowing past a point in the wire per unit time

	 D	 the number of protons flowing past a point in the wire per unit time

30	 An electric current I is given by the formula I = Anvq.

	 What do each of the symbols represent for an electric current in a metal wire?

A n v q

A area of 
cross‑section

number of free 
electrons

voltage charge of each 
nucleus

B area of 
cross‑section

number of free 
electrons per unit 

volume

average drift 
speed of free 

electrons

charge of each 
electron

C current number of free 
electrons

average drift 
speed of free 

electrons

charge of each 
nucleus

D current number of free 
electrons per unit 

volume

voltage charge of each 
electron
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25 A musical instrument is made using a long tube with a mouthpiece at one end. The other end is 
open and flared, as shown. 

 

 
 

A musician maintains stationary sound waves with a node at the mouthpiece and an antinode at 
the other end. The lowest frequency of sound that the instrument can produce is 92 Hz. 

 
Which different frequencies of sound can be produced by the instrument? 

A 92 Hz, 138 Hz, 184 Hz, 230 Hz 

B 92 Hz, 184 Hz, 276 Hz, 368 Hz 

C 92 Hz, 276 Hz, 460 Hz, 644 Hz 

D 92 Hz, 276 Hz, 828 Hz, 1288 Hz 
 
 
26 Two waves of equal frequency and amplitude are travelling in opposite directions along a stretched 

string. When they meet, they form a stationary wave with three nodes and two antinodes. 
 

The frequency of both waves is doubled and a new stationary wave is formed. 
 

How many antinodes are there in the new stationary wave? 

A 1 B 2 C 3 D 4 
 
 
27 A transmitting mast sends out microwaves of wavelength 1.5 cm and radio waves of wavelength 

1.5 km. 
 

mountain

NOT TO SCALE

transmitting
mast

receiving
aerial

 
 

A receiving aerial behind a mountain can detect the radio waves but not the microwaves. 
 

What is the reason for this? 

A The radio waves are coherent but the microwaves are not. 

B The radio waves are diffracted around the mountain but the microwaves are not. 

C The radio waves are reflected by the mountain but the microwaves are not. 

D The radio waves travel at the speed of light but the microwaves do not. 
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25 A musical instrument is made using a long tube with a mouthpiece at one end. The other end is 
open and flared, as shown. 

 

 
 

A musician maintains stationary sound waves with a node at the mouthpiece and an antinode at 
the other end. The lowest frequency of sound that the instrument can produce is 92 Hz. 

 
Which different frequencies of sound can be produced by the instrument? 

A 92 Hz, 138 Hz, 184 Hz, 230 Hz 

B 92 Hz, 184 Hz, 276 Hz, 368 Hz 

C 92 Hz, 276 Hz, 460 Hz, 644 Hz 

D 92 Hz, 276 Hz, 828 Hz, 1288 Hz 
 
 
26 Two waves of equal frequency and amplitude are travelling in opposite directions along a stretched 

string. When they meet, they form a stationary wave with three nodes and two antinodes. 
 

The frequency of both waves is doubled and a new stationary wave is formed. 
 

How many antinodes are there in the new stationary wave? 

A 1 B 2 C 3 D 4 
 
 
27 A transmitting mast sends out microwaves of wavelength 1.5 cm and radio waves of wavelength 

1.5 km. 
 

mountain

NOT TO SCALE

transmitting
mast

receiving
aerial

 
 

A receiving aerial behind a mountain can detect the radio waves but not the microwaves. 
 

What is the reason for this? 

A The radio waves are coherent but the microwaves are not. 

B The radio waves are diffracted around the mountain but the microwaves are not. 

C The radio waves are reflected by the mountain but the microwaves are not. 

D The radio waves travel at the speed of light but the microwaves do not. 
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28 Waves are emitted from two coherent sources. 
 

Which statement about the waves must be correct? 

A They are in phase. 

B They are transverse waves. 

C They have a constant phase difference. 

D They have the same amplitude. 
 
 
29 The diagram shows a screen that is a distance L from a diffraction grating. The grating has a total 

number of N lines. Any two adjacent lines are a distance d apart. A beam of parallel light of 
wavelength λ is incident normally on the grating. 

 

first-order maxima

screen

diffraction
grating

beam
of light

NOT TO
SCALE

L

 
 

Which quantities affect the distance between the first-order diffraction maxima on the screen? 
 

 d λ L N  

A     key 

B     = affects the distance 

C     = does not affect the distance 

D      
 
 
30 A wire carries a current of 0.10 µA. The potential difference across the wire is 10 mV. 
 

How much energy is dissipated by the wire in a time of 10 s? 

A 1.0 pJ B 10 pJ C 1.0 nJ D 10 nJ 
 
 
31 What is the definition of the potential difference across an electrical component? 

A energy transferred per unit charge 

B energy transferred per unit current 

C energy transferred per unit resistance 

D energy transferred per unit time 
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28 Waves are emitted from two coherent sources. 
 

Which statement about the waves must be correct? 

A They are in phase. 

B They are transverse waves. 

C They have a constant phase difference. 

D They have the same amplitude. 
 
 
29 The diagram shows a screen that is a distance L from a diffraction grating. The grating has a total 

number of N lines. Any two adjacent lines are a distance d apart. A beam of parallel light of 
wavelength λ is incident normally on the grating. 

 

first-order maxima

screen

diffraction
grating

beam
of light

NOT TO
SCALE

L

 
 

Which quantities affect the distance between the first-order diffraction maxima on the screen? 
 

 d λ L N  

A     key 

B     = affects the distance 

C     = does not affect the distance 

D      
 
 
30 A wire carries a current of 0.10 µA. The potential difference across the wire is 10 mV. 
 

How much energy is dissipated by the wire in a time of 10 s? 

A 1.0 pJ B 10 pJ C 1.0 nJ D 10 nJ 
 
 
31 What is the definition of the potential difference across an electrical component? 

A energy transferred per unit charge 

B energy transferred per unit current 

C energy transferred per unit resistance 

D energy transferred per unit time 
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24 A vertically polarised beam of light is incident normally on a polarising filter. The transmission axis 
of the filter is at an angle of 40 to the horizontal. 

 

40�

beam of vertically
polarised light

transmission axis
of polarising filter

polarising filter

beam of
transmitted light

horizontal

 
 

What is the ratio 
beam incident of amplitude

beam dtransmitte of amplitude
? 

A 0.41 B 0.59 C 0.64 D 0.77 
 
 
25 Two progressive waves meet at a point. 
 

Which condition must be met for superposition of the waves to occur? 

A The waves must be coherent. 

B The waves must be of the same type. 

C The waves must be travelling in opposite directions. 

D The waves must meet in phase. 
 
 
26 A string is stretched between a vibration generator and a fixed point. 
 

When the vibration generator is vibrating at a frequency f, a stationary wave with five nodes is 
created on the stretched string, as shown. There is a node at the end of the string that is attached 
to the vibration generator. 

 

vibration
generator

fixed point

 
 

The frequency of vibration of the vibration generator is slowly increased. 
 

What is the next frequency that produces a stationary wave on the string? 

A 1.25f B 1.50f C 1.75f D 2.00f 
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24 A vertically polarised beam of light is incident normally on a polarising filter. The transmission axis 
of the filter is at an angle of 40 to the horizontal. 

 

40�

beam of vertically
polarised light

transmission axis
of polarising filter

polarising filter

beam of
transmitted light

horizontal

 
 

What is the ratio 
beam incident of amplitude

beam dtransmitte of amplitude
? 

A 0.41 B 0.59 C 0.64 D 0.77 
 
 
25 Two progressive waves meet at a point. 
 

Which condition must be met for superposition of the waves to occur? 

A The waves must be coherent. 

B The waves must be of the same type. 

C The waves must be travelling in opposite directions. 

D The waves must meet in phase. 
 
 
26 A string is stretched between a vibration generator and a fixed point. 
 

When the vibration generator is vibrating at a frequency f, a stationary wave with five nodes is 
created on the stretched string, as shown. There is a node at the end of the string that is attached 
to the vibration generator. 

 

vibration
generator

fixed point

 
 

The frequency of vibration of the vibration generator is slowly increased. 
 

What is the next frequency that produces a stationary wave on the string? 

A 1.25f B 1.50f C 1.75f D 2.00f 
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27 A ripple tank and a barrier with a single gap are used to demonstrate the diffraction of surface 
ripples on water. Initially, the wavelength of the ripples is five times smaller than the gap in the 
barrier. 

 

gap

barrier

ripples  
 

Which change increases the amount of diffraction observed? 

A double the amplitude of the ripples 

B double the width of the gap 

C halve the frequency of the ripples 

D halve the wavelength of the ripples 
 
 
28 A laser produces a beam of light of wavelength 650 nm. The beam is incident normally on two 

slits that are a distance of 0.12 mm apart. 
 

A screen is placed parallel to the slits. The bright interference fringes on the screen have a 
separation of 7.5 cm. 

 
What is the distance between the screen and the two slits? 

A 1.4 m B 2.8 m C 7.0 m D 14 m 
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29 A beam of light from a laser is incident normally on a diffraction grating. 
 

110�

diffraction grating

light beam

 
 

The diagram shows only the second-order maxima that are produced. 
 

The grating has a line spacing of 1.0  10–6
 m. The angle between the two second-order maxima 

is 110. 
 

What is the wavelength of the light? 

A 4.1  10–7
 m 

B 4.7  10–7
 m 

C 8.2  10–7
 m 

D 9.4  10–7
 m 

 
 
30 The electric current in a metal wire is 4.0 mA. 
 

How many electrons pass a fixed point in the wire in a time of 10 hours? 

A 2.5  1017 B 2.5  1020 C 9.0  1020 D 9.0  1023 
 
 
31 What is the definition of the potential difference across an electrical component? 

A the charge per unit time passing through the component 

B the energy transferred per unit charge 

C the force per unit charge 

D the resistance per unit current 
 
 
32 Which graph shows the I–V characteristic of a filament lamp? 
 

A

V

I

D

V

I

C

V

I

B

V

I

0
0

0
0

0
0

0
0  



9702 Physics Paper 1 - Superposition
Topical questions | 256 questions

183. Question | 9702 May-June 2023 P1 V2 Q25

12 

© UCLES 2023 9702/12/M/J/23  

24 A vertically polarised beam of light of intensity I0 is incident normally on a polarising filter. 
 

The transmission axis of the filter is at 45 to the vertical. The beam of light transmitted by this 
filter is then incident normally on a second filter. The transmission axis of the second filter is 
horizontal. 

 

45�
I0

vertically

polarised

light

transmission axis

of first filter

transmission axis

of second filter

 
 

What is the intensity of the beam of light after transmission through the second filter? 

A 0 B 4
1 I0 C 2

1 I0 D I0 
 
 
25 A stationary wave is formed by two progressive waves travelling in opposite directions along the 

same line of travel. 
 

Which statement about the two progressive waves is not correct? 

A They must have a constant phase difference. 

B They must have the same frequency. 

C They must have the same wavelength. 

D They must travel at the same speed. 
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26 The sound from a loudspeaker placed above a tube causes resonance of the air in the tube. 
 

A stationary wave is formed with two nodes and two antinodes, as shown. 
 

loudspeaker

60 cm

 
 

The tube has height 60 cm. 
 

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

What is the frequency of the sound? 

A 430 Hz B 570 Hz C 850 Hz D 1700 Hz 
 
 
27 A continuous progressive water wave in a ripple tank passes through a gap in a barrier and 

diffracts. 
 

The width of the gap is greater than the wavelength of the wave. 
 

Which change causes the wave to spread over a larger angle as it passes through the gap? 

A a small decrease in the wavelength of the wave 

B a small decrease in the width of the gap 

C a small increase in the frequency of the wave 

D a small increase in the height of the barrier 
 
 

185. Question | 9702 May-June 2023 P1 V2 Q28 14 

© UCLES 2023 9702/12/M/J/23  

28 The diagram shows a view from above of a double-slit interference demonstration. 
 

L is a monochromatic light source with a vertical filament. B is a barrier with two narrow vertical 
slits and S is a screen upon which interference fringes form. 

 

L

B S

NOT TO

SCALE

 
 

The intensity is I at the point on the screen where the centre of the fringe pattern forms. 
 

When one of the slits is covered, what is the intensity at the same point on the screen? 

A 
2
I  B 

2
I  C 

22
I  D 

4
I  

 
 
29 Green light of wavelength 550 nm is incident normally on a diffraction grating and produces a 

diffraction pattern on a screen placed 3.5 m from the diffraction grating. 
 

The third-order maximum on the screen is a distance of 0.75 m from the zeroth-order (central) 
maximum. 

 
screen

3.5 m

0.75 m

green light

diffraction grating

third-order

maximum

zeroth-order

(central) maximum

NOT TO

SCALE

 
 

What is the distance between two adjacent slits in the diffraction grating? 

A 2.6  10–6
 m 

B 7.7  10–6
 m 

C 7.9  10–6
 m 

D 1.0  10–5
 m 
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28 The diagram shows a view from above of a double-slit interference demonstration. 
 

L is a monochromatic light source with a vertical filament. B is a barrier with two narrow vertical 
slits and S is a screen upon which interference fringes form. 

 

L

B S

NOT TO

SCALE

 
 

The intensity is I at the point on the screen where the centre of the fringe pattern forms. 
 

When one of the slits is covered, what is the intensity at the same point on the screen? 

A 
2
I  B 

2
I  C 

22
I  D 

4
I  

 
 
29 Green light of wavelength 550 nm is incident normally on a diffraction grating and produces a 

diffraction pattern on a screen placed 3.5 m from the diffraction grating. 
 

The third-order maximum on the screen is a distance of 0.75 m from the zeroth-order (central) 
maximum. 

 
screen

3.5 m

0.75 m

green light

diffraction grating

third-order

maximum

zeroth-order

(central) maximum

NOT TO

SCALE

 
 

What is the distance between two adjacent slits in the diffraction grating? 

A 2.6  10–6
 m 

B 7.7  10–6
 m 

C 7.9  10–6
 m 

D 1.0  10–5
 m 
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25 The diagram shows a string stretched between fixed points X and Y. There is a stationary wave 
on the string. 

 

X Y
RQ

T

S

P

 
 

The solid curve shows the string at a position of maximum displacement at time t0. The dashed 
curve shows the other position of maximum displacement. The straight central dashed line shows 
the mean position of the string. 

 
Point S on the string is directly above point P. Point T on the string is directly below point Q. 

 
Which statement is correct? 

A A short time after t0, point R on the string will be displaced. 

B A short time after t0, points S and T on the string move in opposite directions. 

C The distance between P and Q is one wavelength. 

D Two moving points on the string that are equal distances from point R vibrate in phase. 
 
 
26 The variation with distance x of the intensity I along a stationary sound wave in air is shown. 
 

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 2300 Hz C 3400 Hz D 6800 Hz 
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25 The diagram shows a string stretched between fixed points X and Y. There is a stationary wave 
on the string. 

 

X Y
RQ

T

S

P

 
 

The solid curve shows the string at a position of maximum displacement at time t0. The dashed 
curve shows the other position of maximum displacement. The straight central dashed line shows 
the mean position of the string. 

 
Point S on the string is directly above point P. Point T on the string is directly below point Q. 

 
Which statement is correct? 

A A short time after t0, point R on the string will be displaced. 

B A short time after t0, points S and T on the string move in opposite directions. 

C The distance between P and Q is one wavelength. 

D Two moving points on the string that are equal distances from point R vibrate in phase. 
 
 
26 The variation with distance x of the intensity I along a stationary sound wave in air is shown. 
 

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 2300 Hz C 3400 Hz D 6800 Hz 
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27 An experiment is set up to demonstrate the diffraction of water waves in a ripple tank. 
 

The waves pass through a gap of width w and some diffraction of the waves is observed. 
 

The wavelength of the waves is now doubled. 
 

What is the new gap width needed to cause the same amount of diffraction as before? 

A 0.5w B w C 2w D 4w 
 
 
28 Two coherent electromagnetic waves are travelling in a vacuum. The two waves meet at a point. 

At this point, the two waves have different intensities. 
 

Which statement about the waves is not correct? 

A They have a constant phase difference at the point. 

B They have the same amplitude at the point. 

C They have the same frequency. 

D They travel at the same speed. 
 
 
29 A parallel beam of light of wavelength 600 nm is incident normally on a diffraction grating. 
 

The distance between adjacent slits in the grating is 2.0  10–6
 m. A screen is placed parallel to 

the grating, at a distance of 1.50 m from the grating. Third-order diffraction maxima are observed 
at the two ends of the screen, as shown. 

 

third-order maxima

screen

diffraction

grating

beam of light of

wavelength 600 nm

NOT TO

SCALE

1.50 m

 
 

What is the distance between the two ends of the screen? 

A 1.4 m B 2.7 m C 3.1 m D 6.2 m 
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27 An experiment is set up to demonstrate the diffraction of water waves in a ripple tank. 
 

The waves pass through a gap of width w and some diffraction of the waves is observed. 
 

The wavelength of the waves is now doubled. 
 

What is the new gap width needed to cause the same amount of diffraction as before? 

A 0.5w B w C 2w D 4w 
 
 
28 Two coherent electromagnetic waves are travelling in a vacuum. The two waves meet at a point. 

At this point, the two waves have different intensities. 
 

Which statement about the waves is not correct? 

A They have a constant phase difference at the point. 

B They have the same amplitude at the point. 

C They have the same frequency. 

D They travel at the same speed. 
 
 
29 A parallel beam of light of wavelength 600 nm is incident normally on a diffraction grating. 
 

The distance between adjacent slits in the grating is 2.0  10–6
 m. A screen is placed parallel to 

the grating, at a distance of 1.50 m from the grating. Third-order diffraction maxima are observed 
at the two ends of the screen, as shown. 
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What is the distance between the two ends of the screen? 

A 1.4 m B 2.7 m C 3.1 m D 6.2 m 
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27 An experiment is set up to demonstrate the diffraction of water waves in a ripple tank. 
 

The waves pass through a gap of width w and some diffraction of the waves is observed. 
 

The wavelength of the waves is now doubled. 
 

What is the new gap width needed to cause the same amount of diffraction as before? 

A 0.5w B w C 2w D 4w 
 
 
28 Two coherent electromagnetic waves are travelling in a vacuum. The two waves meet at a point. 

At this point, the two waves have different intensities. 
 

Which statement about the waves is not correct? 

A They have a constant phase difference at the point. 

B They have the same amplitude at the point. 

C They have the same frequency. 

D They travel at the same speed. 
 
 
29 A parallel beam of light of wavelength 600 nm is incident normally on a diffraction grating. 
 

The distance between adjacent slits in the grating is 2.0  10–6
 m. A screen is placed parallel to 

the grating, at a distance of 1.50 m from the grating. Third-order diffraction maxima are observed 
at the two ends of the screen, as shown. 

 

third-order maxima

screen

diffraction

grating

beam of light of

wavelength 600 nm

NOT TO

SCALE

1.50 m

 
 

What is the distance between the two ends of the screen? 

A 1.4 m B 2.7 m C 3.1 m D 6.2 m 
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24 Vertically polarised microwaves are emitted from a source. The microwaves are detected by a 
receiver that is connected to a cathode-ray oscilloscope (CRO). The waveform displayed on the 
screen of the CRO has an amplitude of 2.6 cm. 

 
A metal wire grid that acts as a polarising filter is now placed between the source and the 
receiver. The filter is orientated so that the plane of polarisation of the transmitted wave is at an 
angle of 20° to the vertical. 

 
20°

transmission axis

of polarising filter

transmitted wave

to receiver

polarising filter
source of vertically

polarised microwaves

 
 

The distance between the source and receiver is unchanged. The settings on the CRO are also 
unchanged. 

 
What is now the amplitude of the waveform displayed on the screen of the CRO? 

A 0.30 cm B 0.89 cm C 2.3 cm D 2.4 cm 
 
 
25 In an experiment, a stationary wave is formed on a string stretched horizontally between two fixed 

points. 
 

Which statement about the experiment is correct? 

A At certain times, the string between two nodes is horizontal with all points having zero 
displacement. 

B Each point on the string between two antinodes has an oscillation of the same amplitude. 

C The number of nodes is equal to the number of antinodes. 

D Two adjacent antinodes oscillate in phase. 
 
 
26 A musical organ produces notes by blowing air into a set of pipes that are open at one end and 

closed at the other. 
 

The speed of sound in the air in the pipes is 320 m s–1. 
 

What is the lowest frequency of sound produced by a pipe of length 10 m? 

A 4 Hz B 8 Hz C 16 Hz D 32 Hz 
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24 Vertically polarised microwaves are emitted from a source. The microwaves are detected by a 
receiver that is connected to a cathode-ray oscilloscope (CRO). The waveform displayed on the 
screen of the CRO has an amplitude of 2.6 cm. 

 
A metal wire grid that acts as a polarising filter is now placed between the source and the 
receiver. The filter is orientated so that the plane of polarisation of the transmitted wave is at an 
angle of 20° to the vertical. 
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transmission axis

of polarising filter

transmitted wave

to receiver

polarising filter
source of vertically

polarised microwaves

 
 

The distance between the source and receiver is unchanged. The settings on the CRO are also 
unchanged. 

 
What is now the amplitude of the waveform displayed on the screen of the CRO? 

A 0.30 cm B 0.89 cm C 2.3 cm D 2.4 cm 
 
 
25 In an experiment, a stationary wave is formed on a string stretched horizontally between two fixed 

points. 
 

Which statement about the experiment is correct? 

A At certain times, the string between two nodes is horizontal with all points having zero 
displacement. 

B Each point on the string between two antinodes has an oscillation of the same amplitude. 

C The number of nodes is equal to the number of antinodes. 

D Two adjacent antinodes oscillate in phase. 
 
 
26 A musical organ produces notes by blowing air into a set of pipes that are open at one end and 

closed at the other. 
 

The speed of sound in the air in the pipes is 320 m s–1. 
 

What is the lowest frequency of sound produced by a pipe of length 10 m? 

A 4 Hz B 8 Hz C 16 Hz D 32 Hz 
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27 In an experiment, water waves in a ripple tank are incident on a gap, as shown. 
 

 
 

Some diffraction of the water waves is observed. 
 

Which change to the experiment would provide a better demonstration of diffraction? 

A Increase the amplitude of the waves. 

B Increase the frequency of the waves. 

C Increase the wavelength of the waves. 

D Increase the width of the gap. 
 
 
28 Light of wavelength λ is emitted from two point sources R and S and falls onto a distant screen. 
 

screen

P

S

R NOT TO

SCALE

 
 

At point P on the screen, the light intensity is zero. 
 

What could explain the zero intensity at P? 

A Light from the two sources is emitted 180° out of phase and the path difference to P is 1
2 .λ  

B Light from the two sources is emitted in phase and the path difference to P is λ. 

C Light from the two sources is emitted 90° out of phase and the path difference to P is λ. 

D Light from the two sources is emitted in phase and the path difference to P is 1
2 .λ  

 
 
29 A beam of red light of wavelength 720 nm is incident normally on a diffraction grating and 

produces a diffraction pattern on a screen placed parallel to the grating. 
 

The beam of red light is replaced with a beam of electromagnetic radiation of wavelength X, 
which is incident normally on the same diffraction grating. 

 
The third-order maximum for the electromagnetic radiation of wavelength X is at the same 
position on the screen as the second-order maximum for the red light. 

 
What is wavelength X ? 

A 480 nm B 540 nm C 960 nm D 1100 nm 

195. Question | 9702 Oct-Nov 2023 P1 V1 Q28

14 

© UCLES 2023 9702/11/O/N/23  

27 In an experiment, water waves in a ripple tank are incident on a gap, as shown. 
 

 
 

Some diffraction of the water waves is observed. 
 

Which change to the experiment would provide a better demonstration of diffraction? 

A Increase the amplitude of the waves. 

B Increase the frequency of the waves. 

C Increase the wavelength of the waves. 

D Increase the width of the gap. 
 
 
28 Light of wavelength λ is emitted from two point sources R and S and falls onto a distant screen. 
 

screen
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SCALE

 
 

At point P on the screen, the light intensity is zero. 
 

What could explain the zero intensity at P? 

A Light from the two sources is emitted 180° out of phase and the path difference to P is 1
2 .λ  

B Light from the two sources is emitted in phase and the path difference to P is λ. 

C Light from the two sources is emitted 90° out of phase and the path difference to P is λ. 

D Light from the two sources is emitted in phase and the path difference to P is 1
2 .λ  

 
 
29 A beam of red light of wavelength 720 nm is incident normally on a diffraction grating and 

produces a diffraction pattern on a screen placed parallel to the grating. 
 

The beam of red light is replaced with a beam of electromagnetic radiation of wavelength X, 
which is incident normally on the same diffraction grating. 

 
The third-order maximum for the electromagnetic radiation of wavelength X is at the same 
position on the screen as the second-order maximum for the red light. 

 
What is wavelength X ? 

A 480 nm B 540 nm C 960 nm D 1100 nm 
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27 In an experiment, water waves in a ripple tank are incident on a gap, as shown. 
 

 
 

Some diffraction of the water waves is observed. 
 

Which change to the experiment would provide a better demonstration of diffraction? 

A Increase the amplitude of the waves. 

B Increase the frequency of the waves. 

C Increase the wavelength of the waves. 

D Increase the width of the gap. 
 
 
28 Light of wavelength λ is emitted from two point sources R and S and falls onto a distant screen. 
 

screen

P

S

R NOT TO

SCALE

 
 

At point P on the screen, the light intensity is zero. 
 

What could explain the zero intensity at P? 

A Light from the two sources is emitted 180° out of phase and the path difference to P is 1
2 .λ  

B Light from the two sources is emitted in phase and the path difference to P is λ. 

C Light from the two sources is emitted 90° out of phase and the path difference to P is λ. 

D Light from the two sources is emitted in phase and the path difference to P is 1
2 .λ  

 
 
29 A beam of red light of wavelength 720 nm is incident normally on a diffraction grating and 

produces a diffraction pattern on a screen placed parallel to the grating. 
 

The beam of red light is replaced with a beam of electromagnetic radiation of wavelength X, 
which is incident normally on the same diffraction grating. 

 
The third-order maximum for the electromagnetic radiation of wavelength X is at the same 
position on the screen as the second-order maximum for the red light. 

 
What is wavelength X ? 

A 480 nm B 540 nm C 960 nm D 1100 nm 
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25 What can explain how stationary waves are formed from progressive waves? 

A diffraction 

B polarisation 

C superposition 

D the Doppler effect 
 
 
26 A pipe has a length of 2.0 m. It is open at one end and closed at the other end. 
 

A stationary sound wave is set up within the pipe. There are four nodes (N) and four  
antinodes (A) within the length of the pipe. 

 

2.0 m

N A N A N A N A

 
 

What is the wavelength of the sound wave? 

A 0.57 m B 1.1 m C 1.3 m D 1.6 m 
 
 
27 A teacher is explaining diffraction to a group of students. 
 

Which piece of apparatus is most appropriate for the teacher to use to demonstrate diffraction? 

A a long spring 

B a ripple tank 

C a rope 

D a stretched string 
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25 What can explain how stationary waves are formed from progressive waves? 

A diffraction 

B polarisation 

C superposition 

D the Doppler effect 
 
 
26 A pipe has a length of 2.0 m. It is open at one end and closed at the other end. 
 

A stationary sound wave is set up within the pipe. There are four nodes (N) and four  
antinodes (A) within the length of the pipe. 

 

2.0 m

N A N A N A N A

 
 

What is the wavelength of the sound wave? 

A 0.57 m B 1.1 m C 1.3 m D 1.6 m 
 
 
27 A teacher is explaining diffraction to a group of students. 
 

Which piece of apparatus is most appropriate for the teacher to use to demonstrate diffraction? 

A a long spring 

B a ripple tank 

C a rope 

D a stretched string 
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25 What can explain how stationary waves are formed from progressive waves? 

A diffraction 

B polarisation 

C superposition 

D the Doppler effect 
 
 
26 A pipe has a length of 2.0 m. It is open at one end and closed at the other end. 
 

A stationary sound wave is set up within the pipe. There are four nodes (N) and four  
antinodes (A) within the length of the pipe. 

 

2.0 m

N A N A N A N A

 
 

What is the wavelength of the sound wave? 

A 0.57 m B 1.1 m C 1.3 m D 1.6 m 
 
 
27 A teacher is explaining diffraction to a group of students. 
 

Which piece of apparatus is most appropriate for the teacher to use to demonstrate diffraction? 

A a long spring 

B a ripple tank 

C a rope 

D a stretched string 
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28 Coherent light of constant wavelength is incident normally on a double slit. Interference fringes 
are formed on a screen that is a fixed distance from the double slit. The screen is parallel to the 
double slit. 

 
The separation of the slits is varied. 

 
Which graph best shows the variation with slit separation a of the spacing x of the interference 
fringes? 

 

0
0

A
x

a
0

0

B
x

a

0
0

C
x

a
0

0

D
x

a  
 
 
29 Light of wavelength 690 nm passes through a diffraction grating with 300 lines per mm, producing 

a series of bright spots (maxima) on a screen. 
 

diffraction
grating

screen

 
 

What is the total number of bright spots that are produced? 

A 4 B 5 C 8 D 9 
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28 Coherent light of constant wavelength is incident normally on a double slit. Interference fringes 
are formed on a screen that is a fixed distance from the double slit. The screen is parallel to the 
double slit. 

 
The separation of the slits is varied. 

 
Which graph best shows the variation with slit separation a of the spacing x of the interference 
fringes? 
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29 Light of wavelength 690 nm passes through a diffraction grating with 300 lines per mm, producing 

a series of bright spots (maxima) on a screen. 
 

diffraction
grating

screen

 
 

What is the total number of bright spots that are produced? 

A 4 B 5 C 8 D 9 
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24 A vertically polarised electromagnetic wave of intensity I0 is incident normally on a polarising 
filter. The transmission axis of the filter is at an angle of 30 to the vertical. 

 
The transmitted wave from the first filter is then incident normally on a second polarising filter. 
The transmission axis of this filter is at an angle of 90 to the vertical. 

 

30� polarising
filters

transmission axis

transmission axis

vertically polarised
electromagnetic wave

 
 

What is the intensity of the wave after passing through the second filter? 

A 0 B 0.063 I0 C 0.19 I0 D 0.56 I0 
 
 
25 Which statement concerning a stationary wave is correct? 

A All the particles between two adjacent nodes oscillate in phase. 

B The amplitude of the stationary wave is equal to the amplitude of one of the waves creating it. 

C The wavelength of the stationary wave is equal to the separation of two adjacent nodes. 

D There is no displacement of a particle at an antinode at any time. 
 
 
26 Stationary sound waves can be formed in the air columns of pipes. One type of pipe is closed at 

one end and open at the other end. Another type of pipe is open at both ends. 
 

Which pipe can form a stationary sound wave with the lowest frequency? 
 

2L

B

2L

A

L

D

L

C
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24 A vertically polarised electromagnetic wave of intensity I0 is incident normally on a polarising 
filter. The transmission axis of the filter is at an angle of 30 to the vertical. 

 
The transmitted wave from the first filter is then incident normally on a second polarising filter. 
The transmission axis of this filter is at an angle of 90 to the vertical. 
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vertically polarised
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What is the intensity of the wave after passing through the second filter? 

A 0 B 0.063 I0 C 0.19 I0 D 0.56 I0 
 
 
25 Which statement concerning a stationary wave is correct? 

A All the particles between two adjacent nodes oscillate in phase. 

B The amplitude of the stationary wave is equal to the amplitude of one of the waves creating it. 

C The wavelength of the stationary wave is equal to the separation of two adjacent nodes. 

D There is no displacement of a particle at an antinode at any time. 
 
 
26 Stationary sound waves can be formed in the air columns of pipes. One type of pipe is closed at 

one end and open at the other end. Another type of pipe is open at both ends. 
 

Which pipe can form a stationary sound wave with the lowest frequency? 
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27 Water waves in a ripple tank are made to pass through a small gap, as shown. 
 

Which diagram shows the waves after they have passed through the gap? 
 

A B

C D

 
 
 
28 Light of a single wavelength is incident normally on a double slit. The slit separation can be 

varied. 
 

A screen is placed a fixed distance away from the double slit. The screen and double slit are 
parallel. A pattern of bright interference fringes is observed on a screen. 

 

alight

double
slit screen

NOT TO
SCALE

 
 

Which graph best shows the variation of the separation x of the bright interference fringes with 
the slit separation a? 
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27 Water waves in a ripple tank are made to pass through a small gap, as shown. 
 

Which diagram shows the waves after they have passed through the gap? 
 

A B

C D

 
 
 
28 Light of a single wavelength is incident normally on a double slit. The slit separation can be 

varied. 
 

A screen is placed a fixed distance away from the double slit. The screen and double slit are 
parallel. A pattern of bright interference fringes is observed on a screen. 
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Which graph best shows the variation of the separation x of the bright interference fringes with 
the slit separation a? 
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29 A diffraction grating is used to measure the wavelength of light. 
 

The spacing of the slits in the grating is 1.15  10–6
 m. The angle between the first-order 

diffraction maxima is 60.0, as shown. 
 

60.0�light

grating

 
 

What is the wavelength of the light? 

A 288 nm B 498 nm C 575 nm D 996 nm 
 
 
30 What could not be used to create an electric current? 

A alpha-particles 

B beta-particles 

C neutrons 

D protons 
 
 
31 What is the definition of the potential difference (p.d.) across a component? 

A the energy transferred per unit charge 

B the energy transferred per unit current 

C the power transferred per unit charge 

D the power transferred per unit current 
 
 
32 The resistance of a filament lamp increases as the current in it increases. 
 

What is the reason for this? 

A The charge of each charge carrier increases. 

B The potential difference across the filament decreases. 

C The power dissipated by the filament decreases. 

D The temperature of the filament increases.  
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28 A beam of light with power P has an area of cross-section A. 
 

The amplitude of the light waves in the beam is X. 
 

The beam of light is then changed to one with the same frequency but with an increased 

amplitude of 4X and an area of cross-section reduced to .
3
A  

 
What is the power of the new beam? 

A 1.3P B 5.3P C 12P D 48P 
 
 
29 Two loudspeakers are connected to the same signal generator. The signal generator produces a 

single frequency. The loudspeakers face each other so that a stationary sound wave is set up in 
the region between the loudspeakers. 

 
loudspeaker

microphone
to CRO  

 
A microphone is connected to a cathode-ray oscilloscope (CRO) and positioned between the two 
loudspeakers. 

 
The microphone is moved along a line joining the two loudspeakers. 

 
The signal on the CRO shows 5 maximum amplitudes as the microphone moves. The 
microphone moves a distance of 2.0 m from the position that gives the first maximum to the 
position that gives the fifth maximum. 

 
What is the wavelength of the sound wave? 

A 0.40 m B 0.50 m C 0.80 m D 1.0 m 
 
 
30 Two wave sources emit coherent waves. 
 

Which condition must be correct for the coherent waves? 

A The waves are emitted in phase. 

B The waves are emitted and move in opposite directions. 

C The waves are emitted with a constant phase difference. 

D The waves are emitted with the same amplitude. 
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28 A beam of light with power P has an area of cross-section A. 
 

The amplitude of the light waves in the beam is X. 
 

The beam of light is then changed to one with the same frequency but with an increased 

amplitude of 4X and an area of cross-section reduced to .
3
A  

 
What is the power of the new beam? 

A 1.3P B 5.3P C 12P D 48P 
 
 
29 Two loudspeakers are connected to the same signal generator. The signal generator produces a 

single frequency. The loudspeakers face each other so that a stationary sound wave is set up in 
the region between the loudspeakers. 

 
loudspeaker

microphone
to CRO  

 
A microphone is connected to a cathode-ray oscilloscope (CRO) and positioned between the two 
loudspeakers. 

 
The microphone is moved along a line joining the two loudspeakers. 

 
The signal on the CRO shows 5 maximum amplitudes as the microphone moves. The 
microphone moves a distance of 2.0 m from the position that gives the first maximum to the 
position that gives the fifth maximum. 

 
What is the wavelength of the sound wave? 

A 0.40 m B 0.50 m C 0.80 m D 1.0 m 
 
 
30 Two wave sources emit coherent waves. 
 

Which condition must be correct for the coherent waves? 

A The waves are emitted in phase. 

B The waves are emitted and move in opposite directions. 

C The waves are emitted with a constant phase difference. 

D The waves are emitted with the same amplitude. 
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31 A student sets up an experiment to investigate double-slit interference. 
 

The student uses light of a single wavelength from a laser to illuminate a double slit so that a 
pattern of interference fringes is observed on the screen. 

 

laser

r

p

double slit
q

screen
fringes
observed here

 
 

The student finds that the fringes are very close together. 
 

What could the student decrease in order to increase the separation of the fringes on the 
screen? 

A the distance p from the laser to the double slit 

B the distance q from the double slit to the screen 

C the separation r of the slits 

D the wavelength of the light from the laser 
 
 
32 What are the definitions of potential difference (p.d.) and electromotive force (e.m.f.), in terms of 

energy transfer W and charge q ? 
 

 p.d. e.m.f. 

A q
W  q

W  

B q
W  Wq 

C Wq q
W  

D Wq Wq 
 
 
33 The diagram shows a network consisting of three resistors. 
 

X Y

4.7 k�

1.2 k�

2.2 k�

 
 

What is the combined resistance of the network between terminal X and terminal Y? 

A 0.67 k B 1.6 k C 3.2 k D 8.1 k 
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25 An electromagnetic wave is travelling through a vacuum. 
 

What could be the wavelength and period of the electromagnetic wave? 
 

 wavelength period 

A 1.2  10–10
 Tm 2.5 Ms 

B 1.2 pm 2.5  1011
 Gs 

C 1.2  102
 pm 4.0  10–10

 ns 

D 1.2  103
 m 4.0 ns 

 
 
26 Light of frequency 6.7  1014

 Hz in a vacuum is incident normally on a diffraction grating that 
contains 4.0  105 lines m–1. 

 
What is the angle between the adjacent second and third order intensity maxima? 

A 12 B 21 C 33 D 54 
 
 
27 The siren of a moving police car emits a sound wave with a frequency of 440 Hz. A stationary 

observer hears sound of frequency 494 Hz. The speed of sound in the air is 340 m s–1. 
 

What could be the speed and the direction of movement of the car? 

A 37 m s–1 directly away from the observer 

B 37 m s–1 directly towards the observer 

C 42 m s–1 directly away from the observer 

D 42 m s–1 directly towards the observer 
 
 
28 The diagram shows the shape at one instant in time of part of a stretched string as a wave travels 

along it from left to right. 
 

1 2 3

 
 

What are the directions of the velocities of the points 1, 2 and 3 on the string at this instant in 
time? 

 
 point 1 point 2 point 3 

A    

B    

C    

D    
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29 Which wave cannot be a longitudinal wave? 

A a diffracted wave 

B a polarised wave 

C a reflected wave 

D a stationary wave 
 
 
30 Microwaves are emitted from two sources at points X and Y. The two waves meet at point Z. The 

diagram shows the paths of the two waves. 
 

X

Y

Z

 
 

The waves emitted from points X and Y are coherent. 
 

What is a direct consequence of the two waves being coherent? 

A There is a constant difference in the path lengths YZ and XZ. 

B There is a constant difference in phase between the two waves at Z. 

C There is a constant non-zero difference in frequency of the two waves at Z. 

D There is a constant non-zero difference in amplitude of the two waves at Z. 
 
 
31 What is the unit of resistivity? 

A  m–2 B  m–1 C  D  m 
 
 
32 A kettle is connected to a 250 V mains supply. 
 

What are possible values for the power of the kettle and the current in the kettle? 
 

 power / W current / A 

A   500 0.5 

B   500 5.0 

C 2500 0.1 

D 2500 10 
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22 A loudspeaker is playing music in a room. The door to the room is open and has a width of 
0.80 m. 

 
Sound waves of many different frequencies pass through the doorway and diffract. The speed of 
sound in air is 340 m s–1. 

 
Which frequency of sound wave diffracts the most as it passes through the doorway? 

A 2.4  10–3
 Hz 

B 8.0  10–1
 Hz 

C 2.7  102
 Hz 

D 4.3  102
 Hz 

 
 
23 A stationary sound wave is set up between a loudspeaker and a wall. 
 

A microphone is connected to a cathode-ray oscilloscope (CRO) and is moved along a line 
directly between the loudspeaker and the wall. The amplitude of the trace on the CRO rises to a 
maximum at a position X, falls to a minimum and then rises once again to a maximum at a 
position Y. 

 
The distance between X and Y is 33 cm. The speed of sound in air is 330 m s–1. 

 
Which diagram could represent the CRO trace of the sound received at X? 

 
A

1 cm

1 cm

1 cm

1 cm

time base 0.50 ms / cm

B

time base 0.50 ms / cm

C

time base 0.50 ms / cm

D

time base 0.50 ms / cm  
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24 Polarisation is associated with certain waves. 
 

Which waves cannot be polarised? 

A radio waves from a transmitter 

B sound waves from a moving source 

C ultraviolet rays from the Sun 

D X-rays from an X-ray emitter 
 
 
25 A guitar string is plucked. 
 

Which statement describes the resulting waves? 

A Longitudinal waves on the string cause longitudinal waves in the air. 

B Longitudinal waves on the string cause transverse waves in the air. 

C Transverse waves on the string cause longitudinal waves in the air. 

D Transverse waves on the string cause transverse waves in the air. 
 
 
26 A diffraction grating with N lines per metre is used to diffract light of various wavelengths . 
 

The graph shows the relation between the diffraction angle   and  for different wavelengths in 
the n 

th order interference pattern. 
 

sin �

�
0

0  
 

What is the gradient of the graph? 

A Nn B 
n
N  C 

N
n  D 

Nn
1  

 
 
27 A stationary sound wave is formed in the air column inside a tube that is open at both ends. 
 

The stationary wave has three nodes. 
 

How many antinodes does it have? 

A 1 B 2 C 3 D 4 
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24 Polarisation is associated with certain waves. 
 

Which waves cannot be polarised? 

A radio waves from a transmitter 

B sound waves from a moving source 

C ultraviolet rays from the Sun 

D X-rays from an X-ray emitter 
 
 
25 A guitar string is plucked. 
 

Which statement describes the resulting waves? 

A Longitudinal waves on the string cause longitudinal waves in the air. 

B Longitudinal waves on the string cause transverse waves in the air. 

C Transverse waves on the string cause longitudinal waves in the air. 

D Transverse waves on the string cause transverse waves in the air. 
 
 
26 A diffraction grating with N lines per metre is used to diffract light of various wavelengths . 
 

The graph shows the relation between the diffraction angle   and  for different wavelengths in 
the n 

th order interference pattern. 
 

sin �

�
0

0  
 

What is the gradient of the graph? 

A Nn B 
n
N  C 

N
n  D 

Nn
1  

 
 
27 A stationary sound wave is formed in the air column inside a tube that is open at both ends. 
 

The stationary wave has three nodes. 
 

How many antinodes does it have? 

A 1 B 2 C 3 D 4 
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28 Interference fringes of separation x are observed on a screen at a distance of 1.00 m from a 
double slit that is illuminated by yellow light of wavelength 600 nm. 

 
At which distance from the double slit would interference fringes of the same separation x be 
observed when using blue light of wavelength 400 nm? 

A 0.33 m B 0.67 m C 0.75 m D 1.50 m 
 
 
29 What is the definition of potential difference across a component? 

A energy transferred per unit charge 

B energy transferred per unit current 

C energy transferred per unit distance 

D energy transferred per unit time 
 
 
30 The diagram shows a cell of negligible internal resistance connected to a switch and two resistors 

of resistances R and 2R. 
 

A
2R

R

Y

AX

 
 

The circuit also contains two ammeters X and Y. 
 

The reading on X is 4.0 A when the switch is open. 
 

What are the readings on X and Y after the switch is closed? 
 

 reading  
on X / A 

reading 
on Y / A 

A 4.0 1.3 

B 4.0 2.7 

C 6.0 2.0 

D 6.0 4.0 
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26 A student investigates the polarisation of microwaves. The microwaves from the transmitter are 
vertically polarised. A metal grille acts as a polarising filter when placed between the microwave 
transmitter and the receiver. The reading on the voltmeter is proportional to the intensity of 
microwaves transmitted through the grille. 

 
When the transmission axis of the grille is vertical, the voltmeter reads 3.50 V. 

 

transmitter

metal grille

receiver

voltmeter

 
 

The grille is then rotated through an angle . The voltmeter now reads 2.20 V. 
 

What is  ? 

A 37.5 B 39.0 C 51.0 D 52.5 
 
 
27 Two waves superpose. A resultant wave pattern is formed. 
 

Which statement about the two waves must be correct? 

A They have the same amplitude. 

B They are of the same type. 

C They are transverse waves. 

D They travel in opposite directions. 
 
 
28 A water wave passes through a gap in a harbour wall and diffracts. The gap has a width of 8 m. 
 

8 m gap

harbour wall

direction of
wave travel

 
 

The wave travels directly towards the gap. 
 

For which wavelength is the diffraction of the wave greatest? 

A 1 m B 2 m C 4 m D 8 m 
 
 

217. Question | 9702 May-June 2024 P1 V3 Q28

12 

© UCLES 2024 9702/13/M/J/24  

26 A student investigates the polarisation of microwaves. The microwaves from the transmitter are 
vertically polarised. A metal grille acts as a polarising filter when placed between the microwave 
transmitter and the receiver. The reading on the voltmeter is proportional to the intensity of 
microwaves transmitted through the grille. 

 
When the transmission axis of the grille is vertical, the voltmeter reads 3.50 V. 

 

transmitter

metal grille

receiver

voltmeter

 
 

The grille is then rotated through an angle . The voltmeter now reads 2.20 V. 
 

What is  ? 

A 37.5 B 39.0 C 51.0 D 52.5 
 
 
27 Two waves superpose. A resultant wave pattern is formed. 
 

Which statement about the two waves must be correct? 

A They have the same amplitude. 

B They are of the same type. 

C They are transverse waves. 

D They travel in opposite directions. 
 
 
28 A water wave passes through a gap in a harbour wall and diffracts. The gap has a width of 8 m. 
 

8 m gap

harbour wall

direction of
wave travel

 
 

The wave travels directly towards the gap. 
 

For which wavelength is the diffraction of the wave greatest? 

A 1 m B 2 m C 4 m D 8 m 
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29 Light of wavelength 5.50  10–7
 m from a laser is incident normally on a diffraction grating. 

 
The diffracted light is incident on a semicircular screen, as shown in the view from above. 

 

diffraction grating

screen

light,
wavelength 5.50 � 10–7 m

view from above  
 

A total of 9 bright dots are formed on the screen. 
 

The grating is at the centre of the semicircle. The lines of the grating are vertical. The separation 
between adjacent lines in the grating is d. 

 
What is a possible value of d ? 

A 2.25  10–6
 m B 2.80  10–6

 m C 4.40  10–6
 m D 4.95  10–6

 m 
 
 
30 Which quantity is given by the product of charge and electric potential difference? 

A current 

B energy transferred 

C power dissipated 

D resistance 
 
 
31 The current in a filament lamp is increased. 
 

Which statement about the lamp is correct? 

A The brightness of the lamp decreases. 

B The potential difference across the filament decreases. 

C The resistance of the filament decreases. 

D The temperature of the filament increases. 
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25 Which group of electromagnetic waves is arranged in order from shortest wavelength to longest 
wavelength? 

A radio waves  visible light  gamma rays 

B visible light  microwaves  infrared 

C visible light  ultraviolet  X-rays 

D X-rays  infrared  microwaves 
 
 
26 A wave has a frequency of 5 GHz. 
 

What is the period of the wave? 

A 200 ps B 2 ns C 20 ns D 20 000 s 
 
 
27 Three statements about two progressive waves are listed. 
 

1 The waves have the same frequency. 

2 The waves have the same amplitude. 

3 The waves are emitted with a constant phase difference. 
 

Which statements must be correct for the two waves to be coherent? 

A 1, 2 and 3 B 1 and 2 only C 1 and 3 only D 2 and 3 only 
 
 
28 Waves P and Q have the same amplitude. The waves meet in phase at point X and interfere to 

give a resultant wave with intensity I. 
 

The amplitude of wave P is doubled. 
 

What is the new intensity of the resultant wave at X, in terms of I ? 

A 0.44I B 1.5I C 2.3I D 3.0I 
 
 
29 Radio waves can be polarised, but sound waves cannot be polarised. 
 

Which statement gives the reason for this? 

A Radio waves are generally of a higher frequency than sound waves. 

B Radio waves are transverse waves, but sound waves are longitudinal waves. 

C Radio waves can travel through a vacuum, but sound waves cannot travel through a 
vacuum. 

D Radio waves travel at a much higher speed than sound waves. 
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25 Which group of electromagnetic waves is arranged in order from shortest wavelength to longest 
wavelength? 

A radio waves  visible light  gamma rays 

B visible light  microwaves  infrared 

C visible light  ultraviolet  X-rays 

D X-rays  infrared  microwaves 
 
 
26 A wave has a frequency of 5 GHz. 
 

What is the period of the wave? 

A 200 ps B 2 ns C 20 ns D 20 000 s 
 
 
27 Three statements about two progressive waves are listed. 
 

1 The waves have the same frequency. 

2 The waves have the same amplitude. 

3 The waves are emitted with a constant phase difference. 
 

Which statements must be correct for the two waves to be coherent? 

A 1, 2 and 3 B 1 and 2 only C 1 and 3 only D 2 and 3 only 
 
 
28 Waves P and Q have the same amplitude. The waves meet in phase at point X and interfere to 

give a resultant wave with intensity I. 
 

The amplitude of wave P is doubled. 
 

What is the new intensity of the resultant wave at X, in terms of I ? 

A 0.44I B 1.5I C 2.3I D 3.0I 
 
 
29 Radio waves can be polarised, but sound waves cannot be polarised. 
 

Which statement gives the reason for this? 

A Radio waves are generally of a higher frequency than sound waves. 

B Radio waves are transverse waves, but sound waves are longitudinal waves. 

C Radio waves can travel through a vacuum, but sound waves cannot travel through a 
vacuum. 

D Radio waves travel at a much higher speed than sound waves. 
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30 Light of wavelength  is incident normally on a diffraction grating with a total number of N lines in 
width w. 

 
A second order maximum is observed at an angle of diffraction . 

 
What is N ? 

A 



sin
w  B 




sin
2w  C 




2
sinw  D 


sinw  

 
 
31 Kirchhoff’s second law is a consequence of a basic principle. 
 

What is this principle? 

A The charge flowing in an electric circuit is conserved. 

B The energy in an electric circuit is conserved. 

C The sum of the electric currents entering a point in an electric circuit is equal to the sum of 
the electric currents leaving that point. 

D The sum of the potential differences in an electric circuit is equal to the sum of the products 
of the current and resistance. 

 
 
32 The diagram shows a circuit with a light-dependent resistor (LDR). 
 

A12 V

10 k� 6.0 k�

30 k�

 
 

The ammeter reads zero current. 
 

What is the resistance of the LDR? 

A 6.0 k B 18 k C 26 k D 30 k 
 
 
33 A torch uses three lamps connected in parallel and is powered by a cell of electromotive force 

(e.m.f.) 3.0 V and negligible internal resistance. Each lamp dissipates 0.60 W of power. 
 

What is the current in the cell? 

A 0.067 A B 0.20 A C 0.60 A D 0.83 A 
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26 A source of sound emits waves of a constant frequency. The source moves at a constant speed 
in a straight line relative to a stationary observer. 

 
Which velocity of the source gives the smallest observed frequency? 

 
 speed / m s–1 direction 

A   5 away from observer 

B 10 away from observer 

C 15 towards observer 

D 20 towards observer 
 
 
27 What could describe the time-base of a cathode-ray oscilloscope (CRO)? 

A the frequency per division on the screen 

B the number of divisions on the screen per unit frequency 

C the number of divisions on the screen per unit time 

D the time per division on the screen 
 
 
28 What happens when two waves superpose at a point? 

A Their amplitudes are added together. 

B Their displacements are added together. 

C Their frequencies are added together. 

D Their velocities are added together. 
 
 
29 An electromagnetic wave is diffracted as it passes through a single slit. The width of the slit is 

larger than the wavelength of the wave. 
 

Which change will decrease the amount of diffraction of the wave? 

A Decrease the frequency of the wave. 

B Decrease the time period of the wave. 

C Decrease the width of the slit. 

D Increase the wavelength of the wave. 
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26 A source of sound emits waves of a constant frequency. The source moves at a constant speed 
in a straight line relative to a stationary observer. 

 
Which velocity of the source gives the smallest observed frequency? 

 
 speed / m s–1 direction 

A   5 away from observer 

B 10 away from observer 

C 15 towards observer 

D 20 towards observer 
 
 
27 What could describe the time-base of a cathode-ray oscilloscope (CRO)? 

A the frequency per division on the screen 

B the number of divisions on the screen per unit frequency 

C the number of divisions on the screen per unit time 

D the time per division on the screen 
 
 
28 What happens when two waves superpose at a point? 

A Their amplitudes are added together. 

B Their displacements are added together. 

C Their frequencies are added together. 

D Their velocities are added together. 
 
 
29 An electromagnetic wave is diffracted as it passes through a single slit. The width of the slit is 

larger than the wavelength of the wave. 
 

Which change will decrease the amount of diffraction of the wave? 

A Decrease the frequency of the wave. 

B Decrease the time period of the wave. 

C Decrease the width of the slit. 

D Increase the wavelength of the wave. 
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30 The diagram shows visible light incident normally on a diffraction grating. 
 

diffraction grating

incident
light

not to scale

centre line
screen

centre of fourth
order intensity
maximum

53�

 
 

A pattern of intensity maxima forms on the screen. A line connecting the centre of the fourth order 
intensity maximum with the centre of the diffraction grating forms an angle of 53 with the centre 
line. The grating has a line spacing of 2.7  10–6

 m. 
 

What is the wavelength of the incident light? 

A 4.1  10–7
 m B 5.4  10–7

 m C 1.6  10–6
 m D 2.2  10–6

 m 
 
 
31 A horizontal glass tube, closed at one end, has a layer of dust laid inside it on its lower side. 

Sound is emitted from a loudspeaker that is placed near the open end of the tube. 
 

The frequency of the sound is varied and, at one frequency, a stationary wave is formed inside 
the tube so that the dust forms small heaps. 

 
The distance between four heaps of dust is 30 cm. 

 

loudspeaker

glass tube

30 cm
 

 
The speed of sound in the air in the tube is 330 m s–1. 

 
What is the frequency of the sound emitted by the loudspeaker? 

A 1650 Hz B 2200 Hz C 3300 Hz D 6600 Hz 
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30 The diagram shows visible light incident normally on a diffraction grating. 
 

diffraction grating

incident
light

not to scale

centre line
screen

centre of fourth
order intensity
maximum

53�

 
 

A pattern of intensity maxima forms on the screen. A line connecting the centre of the fourth order 
intensity maximum with the centre of the diffraction grating forms an angle of 53 with the centre 
line. The grating has a line spacing of 2.7  10–6

 m. 
 

What is the wavelength of the incident light? 

A 4.1  10–7
 m B 5.4  10–7

 m C 1.6  10–6
 m D 2.2  10–6

 m 
 
 
31 A horizontal glass tube, closed at one end, has a layer of dust laid inside it on its lower side. 

Sound is emitted from a loudspeaker that is placed near the open end of the tube. 
 

The frequency of the sound is varied and, at one frequency, a stationary wave is formed inside 
the tube so that the dust forms small heaps. 

 
The distance between four heaps of dust is 30 cm. 

 

loudspeaker

glass tube

30 cm
 

 
The speed of sound in the air in the tube is 330 m s–1. 

 
What is the frequency of the sound emitted by the loudspeaker? 

A 1650 Hz B 2200 Hz C 3300 Hz D 6600 Hz 
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27 A wave is formed on a string. 
 

A student plots a graph of the variation of displacement d with time t for a point on the string. 
 

The student marks two points, X and Y, on the graph. 
 

0
0

d

tX Y

 
 

Which property of the wave is represented by the distance along the horizontal axis between X 
and Y? 

A amplitude 

B frequency 

C period 

D wavelength 
 
 
28 A stationary wave is set up in a stretched string. 
 

Which distance is equal to the wavelength of the wave? 

A double the distance between adjacent antinodes 

B half the distance between adjacent nodes 

C the distance between adjacent antinodes 

D the distance between a node and an adjacent antinode 
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29 A source of coherent light is incident on two slits, P and Q, which are placed 80 mm apart. The 
light has a single frequency of 1.5  1012

 Hz. The light from the slits meets on a screen that is a 
distance of 4.0 m from the slits. The screen is parallel to a line joining the slits. 

 

screen

intensity sensor

P

Q

4.0 m

80 mm

not to scale  
 

An intensity sensor is placed on the screen at the midpoint of the interference pattern such that 
the intensity reading is a maximum. The intensity sensor is moved along the screen. 

 
The sensor travels through two intensity minima, two intensity maxima and stops in the middle of 
the third intensity minimum. 

 
Which distance does the sensor move through? 

A 4.0 mm B 10 mm C 25 mm D 50 mm 
 
 
30 A vibrating bar produces surface water waves in a ripple tank. 
 

The wavelength of the waves is 5.0 cm and they pass through a gap of width 20 cm. 
 

20 cm

5.0 cm

vibrating
bar

barrier with gap

shallow water

ripple tank

 
 

Which change will increase the amount of diffraction that is observed? 

A decreasing the distance between the bar and the gap 

B decreasing the frequency of the wave 

C increasing the amplitude of the wave 

D increasing the width of the gap 
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29 A source of coherent light is incident on two slits, P and Q, which are placed 80 mm apart. The 
light has a single frequency of 1.5  1012

 Hz. The light from the slits meets on a screen that is a 
distance of 4.0 m from the slits. The screen is parallel to a line joining the slits. 

 

screen

intensity sensor

P

Q

4.0 m

80 mm

not to scale  
 

An intensity sensor is placed on the screen at the midpoint of the interference pattern such that 
the intensity reading is a maximum. The intensity sensor is moved along the screen. 

 
The sensor travels through two intensity minima, two intensity maxima and stops in the middle of 
the third intensity minimum. 

 
Which distance does the sensor move through? 

A 4.0 mm B 10 mm C 25 mm D 50 mm 
 
 
30 A vibrating bar produces surface water waves in a ripple tank. 
 

The wavelength of the waves is 5.0 cm and they pass through a gap of width 20 cm. 
 

20 cm

5.0 cm

vibrating
bar

barrier with gap

shallow water

ripple tank

 
 

Which change will increase the amount of diffraction that is observed? 

A decreasing the distance between the bar and the gap 

B decreasing the frequency of the wave 

C increasing the amplitude of the wave 

D increasing the width of the gap 
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26 A polarised beam of light with intensity I is incident normally on a polarising filter. 
 

The transmitted light has intensity I. 
 

The filter is rotated about the normal axis through an angle . 
 

The transmitted light has intensity 0.75I. 
 

What is the angle  ? 

A 30° B 42° C 49° D 60° 
 
 
27 Light waves are emitted from two sources. 
 

What is a necessary condition for observable interference fringes to be produced? 

A The waves must be polarised. 

B The waves must not be polarised. 

C The waves must be coherent. 

D The waves must have equal amplitudes. 
 
 
28 The diagram shows a water wave in a shallow tank. The wave is diffracted through a gap in a 

barrier and spreads. The wavelength of the wave is much smaller than the width of the gap. 
 

barrier

gap

 
 

The wavelength of the wave and the width of the gap are both changed by a small amount. 
 

Which combination of changes must increase the amount of spreading due to diffraction? 
 

 wavelength width of gap 

A decreases decreases 

B decreases increases 

C increases decreases 

D increases increases 
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29 Light of wavelength 567 nm is incident normally on a diffraction grating. The grating has 
400 lines per mm. A number of diffraction maxima are observed on the far side of the grating. 

 
What is the angle between the second-order maximum and the third-order maximum? 

A 13.1° B 13.9° C 15.9° D 27.0° 
 
 
30 Two cylindrical conductors, X and Y, are made from the same material. The conductors have 

equal lengths, but Y has a smaller diameter than X. 
 

X and Y are connected in series to a cell. 
 

Which row compares the number of charge carriers per unit time passing through X and through 
Y and compares the average drift speed of the charge carriers in X and in Y? 

 

 number of charge 
carriers per unit time 

average drift speed 
of charge carriers 

A Y greater than X Y greater than X 

B Y same as X Y same as X 

C Y greater than X Y same as X 

D Y same as X Y greater than X 
 
 
31 A copper wire is 6.4 m long and has a resistance of 0.92 . 
 

The resistivity of copper is 1.8  10–8
  m. 

 
What is the diameter of the wire? 

A 5.7  10–5
 m B 1.0  10–4

 m C 4.0  10–4
 m D 7.1  10–4

 m 
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27 Which wavelength of electromagnetic radiation in free space could be green light? 

A 4.9  10–9
 m B 6.6  10–9

 m C 5.5  10–7
 m D 8.6  10–7

 m 
 
 
28 Which group contains only waves that can be polarised? 

A infrared waves, radio waves, sound waves 

B visible light waves, microwaves, radio waves 

C visible light waves, radio waves, sound waves 

D microwaves, visible light waves, sound waves 
 
 

29 One wave has an amplitude of 2A. A second wave has an amplitude of .
2
A  The waves are 

otherwise identical. 
 

The two waves travel in opposite directions and overlap. 

What is the ratio ?
 wavecombined of amplitude minimum
 wavecombined of amplitude maximum  

A 
2
3  B 

3
5  C 

2
5  D 4 

 
 
30 Light of wavelength 680 nm is incident normally on a diffraction grating with 450 lines mm–1. 
 

What is the angle of diffraction of the second-order maximum in the diffraction pattern that is 
produced? 

A 1.8° B 3.5° C 18° D 38° 
 
 
31 A hollow tube is closed at one end and open at the other. 
 

A stationary sound wave of the lowest possible frequency, 820 Hz, is produced in the tube. 
 

The speed of sound in air is 330 m s–1. 
 

What is the length of the tube? 

A 10 cm B 20 cm C 40 cm D 160 cm 
 
 
32 Which expression gives the definition of resistance? 

A current divided by potential difference 

B current multiplied by potential difference 

C potential difference divided by current 

D resistivity multiplied by length 
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27 Which wavelength of electromagnetic radiation in free space could be green light? 

A 4.9  10–9
 m B 6.6  10–9

 m C 5.5  10–7
 m D 8.6  10–7

 m 
 
 
28 Which group contains only waves that can be polarised? 

A infrared waves, radio waves, sound waves 

B visible light waves, microwaves, radio waves 

C visible light waves, radio waves, sound waves 

D microwaves, visible light waves, sound waves 
 
 

29 One wave has an amplitude of 2A. A second wave has an amplitude of .
2
A  The waves are 

otherwise identical. 
 

The two waves travel in opposite directions and overlap. 

What is the ratio ?
 wavecombined of amplitude minimum
 wavecombined of amplitude maximum  

A 
2
3  B 

3
5  C 

2
5  D 4 

 
 
30 Light of wavelength 680 nm is incident normally on a diffraction grating with 450 lines mm–1. 
 

What is the angle of diffraction of the second-order maximum in the diffraction pattern that is 
produced? 

A 1.8° B 3.5° C 18° D 38° 
 
 
31 A hollow tube is closed at one end and open at the other. 
 

A stationary sound wave of the lowest possible frequency, 820 Hz, is produced in the tube. 
 

The speed of sound in air is 330 m s–1. 
 

What is the length of the tube? 

A 10 cm B 20 cm C 40 cm D 160 cm 
 
 
32 Which expression gives the definition of resistance? 

A current divided by potential difference 

B current multiplied by potential difference 

C potential difference divided by current 

D resistivity multiplied by length 
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27 Which wavelength of electromagnetic radiation in free space could be green light? 

A 4.9  10–9
 m B 6.6  10–9

 m C 5.5  10–7
 m D 8.6  10–7

 m 
 
 
28 Which group contains only waves that can be polarised? 

A infrared waves, radio waves, sound waves 

B visible light waves, microwaves, radio waves 

C visible light waves, radio waves, sound waves 

D microwaves, visible light waves, sound waves 
 
 

29 One wave has an amplitude of 2A. A second wave has an amplitude of .
2
A  The waves are 

otherwise identical. 
 

The two waves travel in opposite directions and overlap. 

What is the ratio ?
 wavecombined of amplitude minimum
 wavecombined of amplitude maximum  

A 
2
3  B 

3
5  C 

2
5  D 4 

 
 
30 Light of wavelength 680 nm is incident normally on a diffraction grating with 450 lines mm–1. 
 

What is the angle of diffraction of the second-order maximum in the diffraction pattern that is 
produced? 

A 1.8° B 3.5° C 18° D 38° 
 
 
31 A hollow tube is closed at one end and open at the other. 
 

A stationary sound wave of the lowest possible frequency, 820 Hz, is produced in the tube. 
 

The speed of sound in air is 330 m s–1. 
 

What is the length of the tube? 

A 10 cm B 20 cm C 40 cm D 160 cm 
 
 
32 Which expression gives the definition of resistance? 

A current divided by potential difference 

B current multiplied by potential difference 

C potential difference divided by current 

D resistivity multiplied by length 
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29 A student uses a diffraction grating to determine the wavelength of visible light from a source. 
 

The diffraction grating has 300 lines per mm. The student measures the angle   of each order n 
of the intensity maxima. A graph of n against sin   is plotted. The line of best fit for the plotted 
points is shown and has gradient G. 

 

0
0

n

sin�  
 

Which expression represents the wavelength, in m, of the visible light in terms of G? 

A 3  105
 G B 3.3  10–6

 G C 
G

6–10  3.3   D 
G

300  

 
 
30 Two waves meet. 
 

What is not a necessary condition for the waves to produce a stationary wave? 

A They must be of the same type. 

B They must have the same period. 

C They must have the same wavelength. 

D They must travel in the same direction. 
 
 
31 Light of a single wavelength is incident normally on a double slit. Interference fringes are 

observed on a screen. 
 

The distance from the double slit to the screen is 0.60 m and the fringe separation is 1.8 mm. 
 

The distance from the double slit to the screen increases by 0.90 m. 
 

What is the new fringe separation? 

A 1.2 mm B 2.7 mm C 4.5 mm D 5.4 mm 
 
 
32 A wire is made from a metal of constant resistivity. There is a constant current in the wire. 
 

Which statement about the potential difference across the wire is correct? 

A It is directly proportional to the length of the wire. 

B It is inversely proportional to the length of the wire. 

C It is directly proportional to the diameter of the wire. 

D It is inversely proportional to the diameter of the wire. 
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29 A student uses a diffraction grating to determine the wavelength of visible light from a source. 
 

The diffraction grating has 300 lines per mm. The student measures the angle   of each order n 
of the intensity maxima. A graph of n against sin   is plotted. The line of best fit for the plotted 
points is shown and has gradient G. 

 

0
0

n

sin�  
 

Which expression represents the wavelength, in m, of the visible light in terms of G? 

A 3  105
 G B 3.3  10–6

 G C 
G

6–10  3.3   D 
G

300  

 
 
30 Two waves meet. 
 

What is not a necessary condition for the waves to produce a stationary wave? 

A They must be of the same type. 

B They must have the same period. 

C They must have the same wavelength. 

D They must travel in the same direction. 
 
 
31 Light of a single wavelength is incident normally on a double slit. Interference fringes are 

observed on a screen. 
 

The distance from the double slit to the screen is 0.60 m and the fringe separation is 1.8 mm. 
 

The distance from the double slit to the screen increases by 0.90 m. 
 

What is the new fringe separation? 

A 1.2 mm B 2.7 mm C 4.5 mm D 5.4 mm 
 
 
32 A wire is made from a metal of constant resistivity. There is a constant current in the wire. 
 

Which statement about the potential difference across the wire is correct? 

A It is directly proportional to the length of the wire. 

B It is inversely proportional to the length of the wire. 

C It is directly proportional to the diameter of the wire. 

D It is inversely proportional to the diameter of the wire. 
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29 A student uses a diffraction grating to determine the wavelength of visible light from a source. 
 

The diffraction grating has 300 lines per mm. The student measures the angle   of each order n 
of the intensity maxima. A graph of n against sin   is plotted. The line of best fit for the plotted 
points is shown and has gradient G. 

 

0
0

n

sin�  
 

Which expression represents the wavelength, in m, of the visible light in terms of G? 

A 3  105
 G B 3.3  10–6

 G C 
G

6–10  3.3   D 
G

300  

 
 
30 Two waves meet. 
 

What is not a necessary condition for the waves to produce a stationary wave? 

A They must be of the same type. 

B They must have the same period. 

C They must have the same wavelength. 

D They must travel in the same direction. 
 
 
31 Light of a single wavelength is incident normally on a double slit. Interference fringes are 

observed on a screen. 
 

The distance from the double slit to the screen is 0.60 m and the fringe separation is 1.8 mm. 
 

The distance from the double slit to the screen increases by 0.90 m. 
 

What is the new fringe separation? 

A 1.2 mm B 2.7 mm C 4.5 mm D 5.4 mm 
 
 
32 A wire is made from a metal of constant resistivity. There is a constant current in the wire. 
 

Which statement about the potential difference across the wire is correct? 

A It is directly proportional to the length of the wire. 

B It is inversely proportional to the length of the wire. 

C It is directly proportional to the diameter of the wire. 

D It is inversely proportional to the diameter of the wire. 
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28 Electromagnetic waves of equal wavelengths are emitted from two sources, X and Y. The waves 
are emitted from X and Y with a phase difference of 180°. 

 
A detector moves along a path that is parallel to the line XY and detects a pattern of intensity 
maxima and minima. 

 
The diagram shows the arrangement of the sources and the path of the detector. 

 

Z

X Y

110 cm path of detector
70 cm

 
 

An intensity maximum is detected at point Z. Length XZ is 70 cm and length YZ is 110 cm. 
 

What is a possible wavelength of the waves? 

A 10 cm B 16 cm C 20 cm D 40 cm 
 
 
29 Two waves of the same type overlap. 
 

When does the principle of superposition apply? 

A always 

B only when the waves have the same amplitude 

C only when the waves travel in opposite directions 

D only when the waves have the same frequency 
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28 Electromagnetic waves of equal wavelengths are emitted from two sources, X and Y. The waves 
are emitted from X and Y with a phase difference of 180°. 

 
A detector moves along a path that is parallel to the line XY and detects a pattern of intensity 
maxima and minima. 

 
The diagram shows the arrangement of the sources and the path of the detector. 

 

Z

X Y

110 cm path of detector
70 cm

 
 

An intensity maximum is detected at point Z. Length XZ is 70 cm and length YZ is 110 cm. 
 

What is a possible wavelength of the waves? 

A 10 cm B 16 cm C 20 cm D 40 cm 
 
 
29 Two waves of the same type overlap. 
 

When does the principle of superposition apply? 

A always 

B only when the waves have the same amplitude 

C only when the waves travel in opposite directions 

D only when the waves have the same frequency 
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30 A ripple tank contains water at a constant depth. 
 

A water wave of constant frequency travels towards a gap in a barrier placed in the ripple tank. 
 

 
 

The gap is made smaller. 
 

Which diagram represents the wave before and after the barrier? 
 

A B

C D

 
 
 
31 Light of a single frequency from two coherent sources interferes to produce a pattern of bright 

and dark fringes on a screen. 
 

Which change results in a larger fringe separation? 

A increasing the distance between the sources and the screen 

B increasing the distance between the two sources 

C increasing the frequency of the light 

D increasing the intensity of the light 
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30 A ripple tank contains water at a constant depth. 
 

A water wave of constant frequency travels towards a gap in a barrier placed in the ripple tank. 
 

 
 

The gap is made smaller. 
 

Which diagram represents the wave before and after the barrier? 
 

A B

C D

 
 
 
31 Light of a single frequency from two coherent sources interferes to produce a pattern of bright 

and dark fringes on a screen. 
 

Which change results in a larger fringe separation? 

A increasing the distance between the sources and the screen 

B increasing the distance between the two sources 

C increasing the frequency of the light 

D increasing the intensity of the light 
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24 A horizontal beam of light is incident normally on a polarising filter. The incident light is vertically 
polarised and has an intensity of 24 W m–2. The direction of the transmission axis of the filter is at 
an angle of 30 to the vertical. 

 
What is the intensity of the light in the transmitted beam? 

A 18 W m–2 B 21 W m–2 C 28 W m–2 D 32 W m–2 
 
 
25 A pipe of length 100 cm is open at both ends. A loudspeaker situated at one end of the pipe can 

emit sound of different wavelengths. 
 

pipe

loudspeaker
100 cm

 
 

Which wavelength can produce a stationary wave in the pipe? 

A 50 cm B 75 cm C 150 cm D 300 cm 
 
 
26 A student makes a sound at point R near a building. A second student, standing at point S 

around the corner of the building, hears the sound. The building is a solid structure and there are 
no other structures nearby. 

 

building

R

S

 
 

Which effect best explains how the student at point S is able to hear the student at point R? 

A diffraction 

B interference 

C polarisation 

D reflection 
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24 A horizontal beam of light is incident normally on a polarising filter. The incident light is vertically 
polarised and has an intensity of 24 W m–2. The direction of the transmission axis of the filter is at 
an angle of 30 to the vertical. 

 
What is the intensity of the light in the transmitted beam? 

A 18 W m–2 B 21 W m–2 C 28 W m–2 D 32 W m–2 
 
 
25 A pipe of length 100 cm is open at both ends. A loudspeaker situated at one end of the pipe can 

emit sound of different wavelengths. 
 

pipe

loudspeaker
100 cm

 
 

Which wavelength can produce a stationary wave in the pipe? 

A 50 cm B 75 cm C 150 cm D 300 cm 
 
 
26 A student makes a sound at point R near a building. A second student, standing at point S 

around the corner of the building, hears the sound. The building is a solid structure and there are 
no other structures nearby. 

 

building

R

S

 
 

Which effect best explains how the student at point S is able to hear the student at point R? 

A diffraction 

B interference 

C polarisation 

D reflection 
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27 Red light of a single wavelength from a laser is incident on a double slit. 
 

A pattern of interference fringes is observed on a flat screen that is placed parallel to the double 
slit. 

 
Which change increases the separation of the interference fringes on the screen? 

A Decrease the distance from the double slit to the screen. 

B Decrease the separation of the slits. 

C Replace the red light with blue light. 

D Replace the red light with green light. 
 
 
28 An electromagnetic wave is incident normally on a diffraction grating. 
 

A second-order maximum is produced at an angle of 30 to the direction of the incident light. 
 

The grating has 5000 lines per cm. 
 

What is the wavelength of the wave? 

A 2.5  10–7
 m B 5.0  10–7

 m C 1.0  10–6
 m D 5.0  10–5

 m 
 
 
29 The resistance of a lamp is 10  and the potential difference across it is 6.0 V. 
 

How many electrons pass through the lamp in a time of 24 hours? 

A 5.2  104 B 9.0  1019 C 5.4  1021 D 3.2  1023 
 
 
30 What is equivalent to one volt? 

A one coulomb per second 

B one joule per coulomb 

C one joule per second 

D one joule second per coulomb squared 
 
 
31 The resistance of some electrical components may change with changing conditions. 
 

Which component’s resistance increases? 

A a filament lamp as the potential difference (p.d.) across it increases 

B a light-dependent resistor (LDR) as the intensity of the light incident on it increases 

C a metallic conductor at constant temperature as the current through it increases 

D a thermistor as its temperature increases 
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27 Red light of a single wavelength from a laser is incident on a double slit. 
 

A pattern of interference fringes is observed on a flat screen that is placed parallel to the double 
slit. 

 
Which change increases the separation of the interference fringes on the screen? 

A Decrease the distance from the double slit to the screen. 

B Decrease the separation of the slits. 

C Replace the red light with blue light. 

D Replace the red light with green light. 
 
 
28 An electromagnetic wave is incident normally on a diffraction grating. 
 

A second-order maximum is produced at an angle of 30 to the direction of the incident light. 
 

The grating has 5000 lines per cm. 
 

What is the wavelength of the wave? 

A 2.5  10–7
 m B 5.0  10–7

 m C 1.0  10–6
 m D 5.0  10–5

 m 
 
 
29 The resistance of a lamp is 10  and the potential difference across it is 6.0 V. 
 

How many electrons pass through the lamp in a time of 24 hours? 

A 5.2  104 B 9.0  1019 C 5.4  1021 D 3.2  1023 
 
 
30 What is equivalent to one volt? 

A one coulomb per second 

B one joule per coulomb 

C one joule per second 

D one joule second per coulomb squared 
 
 
31 The resistance of some electrical components may change with changing conditions. 
 

Which component’s resistance increases? 

A a filament lamp as the potential difference (p.d.) across it increases 

B a light-dependent resistor (LDR) as the intensity of the light incident on it increases 

C a metallic conductor at constant temperature as the current through it increases 

D a thermistor as its temperature increases 
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28 A student carries out a double-slit experiment using a laser emitting red light of wavelength of 
680 nm. The light is incident normally on a double slit. 

 
The diagram shows part of the pattern of bright fringes visible on a screen at a distance of 2.4 m 
from the slits. The distance across five bright fringes is measured as 34 mm. 

 
34 mm

 
 

What is the slit separation? 

A 8.5  10–3
 m B 2.4  10–

 
4

 m C 1.9  10–
 
4

 m D 4.8  10–5
 m 

 
 
29 The diagram shows a stationary wave on a stretched spring at an instant in time. 
 

P
Qstretched

spring

 
 

Two particles on the spring, P and Q, are shown. 
 

Which statement about the vibrations of P and Q is correct? 

A They have different frequencies. 

B They have the same amplitudes. 

C They have different periods. 

D They are always in phase. 
 
 
30 Green laser light passes through a diffraction grating and forms an interference pattern. 
 

The diffraction grating contains 400 lines per mm. 
 

The wavelength of the laser light is 550 nm. 
 

What is the highest order diffraction maximum produced by the grating? 

A 4 B 5 C 8 D 9 
 
 
31 There is a potential difference V across a resistor of resistance R. The current in the resistor is I. 
 

Which equation gives the power P dissipated by the resistor? 

A P = V 
2I B P = 

I

2
 V  C P = V 

2R D P = 
R

V 2
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28 A student carries out a double-slit experiment using a laser emitting red light of wavelength of 
680 nm. The light is incident normally on a double slit. 

 
The diagram shows part of the pattern of bright fringes visible on a screen at a distance of 2.4 m 
from the slits. The distance across five bright fringes is measured as 34 mm. 

 
34 mm

 
 

What is the slit separation? 

A 8.5  10–3
 m B 2.4  10–

 
4

 m C 1.9  10–
 
4

 m D 4.8  10–5
 m 

 
 
29 The diagram shows a stationary wave on a stretched spring at an instant in time. 
 

P
Qstretched

spring

 
 

Two particles on the spring, P and Q, are shown. 
 

Which statement about the vibrations of P and Q is correct? 

A They have different frequencies. 

B They have the same amplitudes. 

C They have different periods. 

D They are always in phase. 
 
 
30 Green laser light passes through a diffraction grating and forms an interference pattern. 
 

The diffraction grating contains 400 lines per mm. 
 

The wavelength of the laser light is 550 nm. 
 

What is the highest order diffraction maximum produced by the grating? 

A 4 B 5 C 8 D 9 
 
 
31 There is a potential difference V across a resistor of resistance R. The current in the resistor is I. 
 

Which equation gives the power P dissipated by the resistor? 

A P = V 
2I B P = 

I

2
 V  C P = V 

2R D P = 
R

V 2
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28 A student carries out a double-slit experiment using a laser emitting red light of wavelength of 
680 nm. The light is incident normally on a double slit. 

 
The diagram shows part of the pattern of bright fringes visible on a screen at a distance of 2.4 m 
from the slits. The distance across five bright fringes is measured as 34 mm. 

 
34 mm

 
 

What is the slit separation? 

A 8.5  10–3
 m B 2.4  10–

 
4

 m C 1.9  10–
 
4

 m D 4.8  10–5
 m 

 
 
29 The diagram shows a stationary wave on a stretched spring at an instant in time. 
 

P
Qstretched

spring

 
 

Two particles on the spring, P and Q, are shown. 
 

Which statement about the vibrations of P and Q is correct? 

A They have different frequencies. 

B They have the same amplitudes. 

C They have different periods. 

D They are always in phase. 
 
 
30 Green laser light passes through a diffraction grating and forms an interference pattern. 
 

The diffraction grating contains 400 lines per mm. 
 

The wavelength of the laser light is 550 nm. 
 

What is the highest order diffraction maximum produced by the grating? 

A 4 B 5 C 8 D 9 
 
 
31 There is a potential difference V across a resistor of resistance R. The current in the resistor is I. 
 

Which equation gives the power P dissipated by the resistor? 

A P = V 
2I B P = 

I

2
 V  C P = V 

2R D P = 
R

V 2
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27 A moving source emits sound of frequency 1200 Hz. 
 

A stationary observer hears sound of frequency 960 Hz. The speed of the sound is 340 m s–1. 
 

What could be the velocity of the source? 

A 68 m s–1 directly away from the observer 

B 68 m s–1 directly towards the observer 

C 85 m s–1 directly away from the observer 

D 85 m s–1 directly towards the observer 
 
 
28 A light wave passes through a single slit and a diffraction pattern forms. 
 

What happens to the frequency and the speed of the wave when it is diffracted? 
 

 frequency speed 

A decreases increases 

B increases decreases 

C no change decreases 

D no change no change 
 
 
29 The equation n = d sin  can be used with a diffraction grating to find the wavelength of visible 

light. 
 

Which quantity is not correct for use in this equation? 
 

 symbol quantity 

A d distance from grating to screen 

B  wavelength of light 

C n order of intensity maximum 

D  diffraction angle of intensity maximum 
 
 
30 Two progressive sound waves move in opposite directions and superpose to form a stationary 

wave. 
 

Which statement describes an antinode of this stationary wave? 

A a position where the phase difference between the two waves is always 0° 

B a position where the phase difference between the two waves is always 180° 

C a position where the stationary wave has maximum amplitude 

D a position where the stationary wave has minimum amplitude 
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27 A moving source emits sound of frequency 1200 Hz. 
 

A stationary observer hears sound of frequency 960 Hz. The speed of the sound is 340 m s–1. 
 

What could be the velocity of the source? 

A 68 m s–1 directly away from the observer 

B 68 m s–1 directly towards the observer 

C 85 m s–1 directly away from the observer 

D 85 m s–1 directly towards the observer 
 
 
28 A light wave passes through a single slit and a diffraction pattern forms. 
 

What happens to the frequency and the speed of the wave when it is diffracted? 
 

 frequency speed 

A decreases increases 

B increases decreases 

C no change decreases 

D no change no change 
 
 
29 The equation n = d sin  can be used with a diffraction grating to find the wavelength of visible 

light. 
 

Which quantity is not correct for use in this equation? 
 

 symbol quantity 

A d distance from grating to screen 

B  wavelength of light 

C n order of intensity maximum 

D  diffraction angle of intensity maximum 
 
 
30 Two progressive sound waves move in opposite directions and superpose to form a stationary 

wave. 
 

Which statement describes an antinode of this stationary wave? 

A a position where the phase difference between the two waves is always 0° 

B a position where the phase difference between the two waves is always 180° 

C a position where the stationary wave has maximum amplitude 

D a position where the stationary wave has minimum amplitude 
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31 A student connects two loudspeakers to a signal generator. 
 

Q

P

signal
generator

 
 

As the student walks from P to Q, he notices that the loudness of the sound rises and falls 
repeatedly. 

 
What causes the loudness of the sound to vary? 

A diffraction of the sound waves 

B Doppler shift of the sound waves 

C interference of the sound waves 

D reflection of the sound waves 
 
 
32 The current in a resistor of constant resistance is 8.0 mA. The power dissipated by the resistor  

is P. 
 

The current in the resistor is increased to 12.0 mA. 
 

What is the new power dissipated by the resistor? 

A 0.44P B 0.67P C 1.5P D 2.3P 
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28 A student carries out a double-slit experiment using a laser emitting red light of wavelength of 
680 nm. The light is incident normally on a double slit. 

 
The diagram shows part of the pattern of bright fringes visible on a screen at a distance of 2.4 m 
from the slits. The distance across five bright fringes is measured as 34 mm. 

 
34 mm

 
 

What is the slit separation? 

A 8.5  10–3
 m B 2.4  10–

 
4

 m C 1.9  10–
 
4

 m D 4.8  10–5
 m 

 
 
29 The diagram shows a stationary wave on a stretched spring at an instant in time. 
 

P
Qstretched

spring

 
 

Two particles on the spring, P and Q, are shown. 
 

Which statement about the vibrations of P and Q is correct? 

A They have different frequencies. 

B They have the same amplitudes. 

C They have different periods. 

D They are always in phase. 
 
 
30 Green laser light passes through a diffraction grating and forms an interference pattern. 
 

The diffraction grating contains 400 lines per mm. 
 

The wavelength of the laser light is 550 nm. 
 

What is the highest order diffraction maximum produced by the grating? 

A 4 B 5 C 8 D 9 
 
 
31 There is a potential difference V across a resistor of resistance R. The current in the resistor is I. 
 

Which equation gives the power P dissipated by the resistor? 

A P = V 
2I B P = 

I

2
 V  C P = V 

2R D P = 
R

V 2
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28 A student carries out a double-slit experiment using a laser emitting red light of wavelength of 
680 nm. The light is incident normally on a double slit. 

 
The diagram shows part of the pattern of bright fringes visible on a screen at a distance of 2.4 m 
from the slits. The distance across five bright fringes is measured as 34 mm. 

 
34 mm

 
 

What is the slit separation? 

A 8.5  10–3
 m B 2.4  10–

 
4

 m C 1.9  10–
 
4

 m D 4.8  10–5
 m 

 
 
29 The diagram shows a stationary wave on a stretched spring at an instant in time. 
 

P
Qstretched

spring

 
 

Two particles on the spring, P and Q, are shown. 
 

Which statement about the vibrations of P and Q is correct? 

A They have different frequencies. 

B They have the same amplitudes. 

C They have different periods. 

D They are always in phase. 
 
 
30 Green laser light passes through a diffraction grating and forms an interference pattern. 
 

The diffraction grating contains 400 lines per mm. 
 

The wavelength of the laser light is 550 nm. 
 

What is the highest order diffraction maximum produced by the grating? 

A 4 B 5 C 8 D 9 
 
 
31 There is a potential difference V across a resistor of resistance R. The current in the resistor is I. 
 

Which equation gives the power P dissipated by the resistor? 

A P = V 
2I B P = 

I

2
 V  C P = V 

2R D P = 
R

V 2
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28 A student carries out a double-slit experiment using a laser emitting red light of wavelength of 
680 nm. The light is incident normally on a double slit. 

 
The diagram shows part of the pattern of bright fringes visible on a screen at a distance of 2.4 m 
from the slits. The distance across five bright fringes is measured as 34 mm. 

 
34 mm

 
 

What is the slit separation? 

A 8.5  10–3
 m B 2.4  10–

 
4

 m C 1.9  10–
 
4

 m D 4.8  10–5
 m 

 
 
29 The diagram shows a stationary wave on a stretched spring at an instant in time. 
 

P
Qstretched

spring

 
 

Two particles on the spring, P and Q, are shown. 
 

Which statement about the vibrations of P and Q is correct? 

A They have different frequencies. 

B They have the same amplitudes. 

C They have different periods. 

D They are always in phase. 
 
 
30 Green laser light passes through a diffraction grating and forms an interference pattern. 
 

The diffraction grating contains 400 lines per mm. 
 

The wavelength of the laser light is 550 nm. 
 

What is the highest order diffraction maximum produced by the grating? 

A 4 B 5 C 8 D 9 
 
 
31 There is a potential difference V across a resistor of resistance R. The current in the resistor is I. 
 

Which equation gives the power P dissipated by the resistor? 

A P = V 
2I B P = 

I

2
 V  C P = V 

2R D P = 
R

V 2
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26 For a progressive transverse wave, what describes the term diffraction? 

A the change in observed frequency of a wave due to a movement of the wave source 

B the spreading of a wave as it passes through a gap or around an obstacle 

C when oscillations of a wave are confined to one plane 

D the resultant displacement of two waves is equal to the sum of the displacements of the 
individual waves when the waves meet 

 
 
27 An aircraft flies at a velocity vs directly away from a stationary observer. 
 

The aircraft emits a sound of constant frequency. 
 

The speed of sound in air is v. 
 

The frequency of the sound heard by the observer on the ground is 500 Hz. 
 

The speed of the aircraft is increased so that it flies away from the observer at a greater velocity. 
 

The observer now hears a sound of frequency 250 Hz. 
 

Which expression gives the new velocity of the aircraft? 

A 2(v + vs) B 
2
+ svv

 C 2vs + v D 2vs – v 

 
 
28 What may be observed with light waves but not with sound waves? 

A diffraction 

B interference 

C polarisation 

D reflection 
 
 
29 A wire is fixed at both ends and is vibrated by a source of frequency f. A stationary wave is 

formed on the wire with a total of two antinodes. 
 

The frequency of the source is increased to 3f and a new stationary wave is formed. 
 

What is the total number of antinodes on the new wave? 

A 4 B 5 C 6 D 9 
 
 
30 A parallel beam of red light of wavelength 700 nm is incident normally on a diffraction grating that 

has 400 lines per millimetre. 
 

What is the total number of intensity maxima from the grating? 

A 6 B 7 C 8 D 9 
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26 For a progressive transverse wave, what describes the term diffraction? 

A the change in observed frequency of a wave due to a movement of the wave source 

B the spreading of a wave as it passes through a gap or around an obstacle 

C when oscillations of a wave are confined to one plane 

D the resultant displacement of two waves is equal to the sum of the displacements of the 
individual waves when the waves meet 

 
 
27 An aircraft flies at a velocity vs directly away from a stationary observer. 
 

The aircraft emits a sound of constant frequency. 
 

The speed of sound in air is v. 
 

The frequency of the sound heard by the observer on the ground is 500 Hz. 
 

The speed of the aircraft is increased so that it flies away from the observer at a greater velocity. 
 

The observer now hears a sound of frequency 250 Hz. 
 

Which expression gives the new velocity of the aircraft? 

A 2(v + vs) B 
2
+ svv

 C 2vs + v D 2vs – v 

 
 
28 What may be observed with light waves but not with sound waves? 

A diffraction 

B interference 

C polarisation 

D reflection 
 
 
29 A wire is fixed at both ends and is vibrated by a source of frequency f. A stationary wave is 

formed on the wire with a total of two antinodes. 
 

The frequency of the source is increased to 3f and a new stationary wave is formed. 
 

What is the total number of antinodes on the new wave? 

A 4 B 5 C 6 D 9 
 
 
30 A parallel beam of red light of wavelength 700 nm is incident normally on a diffraction grating that 

has 400 lines per millimetre. 
 

What is the total number of intensity maxima from the grating? 

A 6 B 7 C 8 D 9 
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31 Two light sources are used to produce an interference pattern. 
 

Interference fringes appear when the two sources emit waves that are coherent. 
 

What is meant by coherent waves? 

A The two waves are emitted with the same frequency. 

B The two waves are emitted with constant phase difference. 

C The two waves are emitted with the same intensity. 

D The two waves are emitted with zero phase difference. 
 
 
32 Which component has the I–V graph shown? 
 

I

V
0

0  
 

A filament lamp 

B metallic conductor at constant temperature 

C resistor of fixed resistance 

D semiconductor diode 
 
 


