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23 The diagram shows a force–extension graph for a rubber band as the band is extended and then 
the stretching force is decreased to zero. 
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What can be deduced from the graph? 

A The rubber band does not return to its original length when the force is decreased to zero. 

B The rubber band obeys Hooke’s law for the extensions shown. 

C The rubber band remains elastic for the extensions shown. 

D The shaded area represents the work done in extending the rubber band. 
 
 
24 Which row is correct for sound waves? 
 

 can travel 
in a vacuum 

can be 
polarised 

can diffract 
through a gap 

A no no yes 

B yes no no 

C no yes no 

D no yes yes 
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Answer: A

Why

Sound needs a medium, so it cannot cross a vacuum.
It is longitudinal, so it cannot be polarised.
Diffraction happens for every wave, which is why you can hear round a corner.
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9702/11 N25 • Q25 • 1 mark
A source emits a progressive sound wave in the horizontal direction. The wave travels
away from the source in a direction towards the right.
The graph shows the variation of the displacement of the particles from their
equilibrium positions with distance from the source at a particular instant in time.
Displacements to the right of the equilibrium positions are shown as positive.
Position Y represents the displacement of a particle in the sound wave at a particular
distance from the source at this instant.
Which statement about the motion of this particle is correct? [1]

A The particle is moving away from the source.
B The particle is moving towards the source.
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C The particle is moving upwards.
D The particle is moving downwards.



Question 25

12 

© UCLES 2025 9702/11/O/N/25  

25 A source emits a progressive sound wave in the horizontal direction. The wave travels away from 
the source in a direction towards the right. 

 
The graph shows the variation of the displacement of the particles from their equilibrium positions 
with distance from the source at a particular instant in time. Displacements to the right of the 
equilibrium positions are shown as positive. 
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Position Y represents the displacement of a particle in the sound wave at a particular distance 
from the source at this instant. 

 
Which statement about the motion of this particle is correct? 

A The particle is moving away from the source. 

B The particle is moving towards the source. 

C The particle is moving upwards. 

D The particle is moving downwards. 
 
 
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 dolphin is swimming at a speed of 16.0 m s–1 directly towards a stationary underwater 

microphone. 
 

The dolphin emits a sound of frequency 122 kHz. The speed of sound in water is 1480 m s–1. 
 

What is the frequency of sound detected by the microphone? 

A 1300 Hz B 1330 Hz C 121 kHz D 123 kHz 
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A The particle is moving away from the source.

B The particle is moving towards the source. ✓

C The particle is moving upwards.

D The particle is moving downwards.

Why
Sound is longitudinal, so the particles move back and forth along the direction of travel –
never up or down, which rules out C and D.
The wave moves away from the source, so each particle next takes the displacement
currently held by the particle behind it.
At Y that makes the displacement more negative, so the particle is heading back towards the
source.
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24 Which row describes a progressive longitudinal wave? 
 

 
transfers energy in 
a direction parallel 
to the oscillations 

requires a medium 
to travel through 

always travels at 
the same speed 

A false false true 

B false true true 

C true false false 

D true true false 
 
 
25 What is the phase difference between points P and Q on the progressive wave shown in the 

diagram? 
 

P

Q

 
 

A 180° B 450° C 540° D 720° 
 
 
26 The graph shows the variation of displacement with distance for two progressive waves X and Y 

of the same type in the same medium. 
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The intensity of wave X is I. 
 

What is the intensity of wave Y? 

A 0.28I B 0.53I C 1.9I D 3.5I 
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Answer: D

Why

In a longitudinal wave the oscillations are along the direction of travel, so the
energy does travel parallel to them – true.
Sound is longitudinal and needs a medium; there is no longitudinal wave in
free space – true.
The speed depends on the medium, much faster in steel than in air, so the
third statement is false.
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Which statement about longitudinal and transverse wave motion for a progressive wave
is correct? [1]

A All transverse and longitudinal waves require a medium for propagation.
B All transverse waves travel at the same speed, but longitudinal waves can travel
at different speeds.
C In both transverse waves and longitudinal waves, a particle with zero displace-
ment has a maximum speed.
D In a longitudinal wave there is a net movement of particles in the direction of
travel of the wave, but there is no net movement of particles in a transverse wave.
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A All transverse and longitudinal waves require a medium for propagation.

B All transverse waves travel at the same speed, but longitudinal waves can travel at different
speeds.

C In both transverse waves and longitudinal waves, a particle with zero displacement has a maxi-
mum speed. ✓

D In a longitudinal wave there is a net movement of particles in the direction of travel of the
wave, but there is no net movement of particles in a transverse wave.

Why
A particle at zero displacement is passing through its equilibrium position, where it moves
fastest.
That is true of any oscillating particle, transverse or longitudinal.
A fails for electromagnetic waves, B is simply false, and in a wave there is no net movement
of particles.
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24 A teacher removes the turntable from a microwave oven and places a bar of chocolate in the 
oven. She then switches the oven on for a short time. 

 
A stationary wave is formed in the oven. 

 
When the chocolate is removed, the teacher observes that there are two small sections of melted 
chocolate 6.0 cm apart with unmelted chocolate in between. 

 
Each section of melted chocolate is located at an antinode. 

 

6.0 cm

melted
chocolate

 
 

Assume that the speed of the microwaves is 3.0  108
 m s–1. 

 
What is the frequency of the microwaves emitted by the oven? 

A 25 MHz B 50 MHz C 2.5 GHz D 5.0 GHz 
 
 
25 A sound wave travels from the left to the right. 
 

The graph shows the variation of the displacement to the right of particles in the sound wave with 
distance, at one instant. 

 
Which letter represents the centre of a compression? 
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Answer: B

Why

A compression is where the particles crowd together: those behind it are
displaced forwards and those ahead are displaced backwards.
On a graph of displacement-to-the-right that is a zero crossing running from
positive down to negative.
The peaks and troughs of the curve are where particles are furthest from
equilibrium, not where the air is densest.
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9702/12 J25 • Q28 • 1 mark
Which statement compares the behaviour of transverse and longitudinal waves? [1]

A Only longitudinal waves can be diffracted.
B Only longitudinal waves can travel in free space.
C Only transverse waves can be coherent.
D Only transverse waves can be polarised.
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A Only longitudinal waves can be diffracted.

B Only longitudinal waves can travel in free space.

C Only transverse waves can be coherent.

D Only transverse waves can be polarised. ✓

Why
Polarisation confines the oscillation to one plane, which only means something if the
oscillation is across the direction of travel.
Longitudinal oscillations are along the direction of travel, so there is no plane to restrict.
Diffraction and interference occur for both, and it is light – transverse – that crosses free
space.
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21 A progressive longitudinal wave is travelling horizontally from left to right. 
 

A graphical representation of the wave at one instant in time is shown. 
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0

 
 

Which row could give the correct labels for the x-axis and y-axis of this graph? 
 

 x-axis y-axis 

A 
 

distance 
 

displacement of 
particles to the right 

B 
 

distance 
 

displacement of 
particles upwards 

C 
 

time 
 

displacement of 
particles to the right 

D 
 

time 
 

displacement of 
particles upwards 

 
 
22 A vehicle is moving with a speed of 30.0 m s–1 directly towards a stationary observer. The horn of 

the vehicle emits sound of frequency 440 Hz. The speed of sound in air is 340 m s–1. 
 

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

A 401 Hz B 404 Hz C 479 Hz D 483 Hz 
 
 
23 Which row could describe electromagnetic waves? 
 

 type of wave speed in free space 

A longitudinal faster for shorter wavelengths 

B longitudinal the same for all wavelengths 

C transverse faster for shorter wavelengths 

D transverse the same for all wavelengths 
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Answer: A

Why

In a longitudinal wave the particles oscillate along the direction of travel, so
their displacement is to the left or right.
A snapshot “at one instant in time” is plotted against distance, not against
time.
So the axes are distance and displacement of particles to the right.


