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(a) A tuning fork is sounded and creates a sound wave.

Examiner Only
Marks

		(i) What type of wave is a sound wave?
[1]
		(ii) Describe how the particles move as the sound wave passes
through the air.

[2]
(b) The sound is converted into an electrical signal by a piece of
equipment marked X.
		

This waveform is displayed on a cathode ray oscilloscope screen as
shown in the diagram below.

5 ms
2V

X
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(i) What is the piece of equipment marked X?

Examiner Only
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Remark

[1]
(ii) Use the scale provided to determine the amplitude of the wave
shown in the diagram.

Amplitude =         V [1]
(iii) Use the scale provided to calculate the frequency of the wave
shown in the diagram.
			

You are advised to show your working.

Frequency =         Hz [3]
(iv) The wave in the diagram has a speed of 340 ms−1.
			

Calculate the wavelength of this wave in m.

			

You are advised to show your working.

Wavelength =         m [3]
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(c) A different tuning fork is sounded in air. The graph below shows the
wave over a longer period of time.
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displacement

time

		(i) The table below contains some statements about the wave shown
in the above graph.
			Choose which two statements are correct by ticking the
appropriate boxes.
The amplitude is increasing
The amplitude is decreasing
The amplitude remains constant
The frequency is increasing
The frequency is decreasing
The frequency remains constant
[2]
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(ii) Give the reasons for your choice of correct answers in (c)(i).
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1.

2.
[2]
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The middle ear contains the ossicles and the Eustachian tube.
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The ossicles are a chain of small bones. They act as a series of levers to
provide a mechanical linkage that transmits oscillations. This happens
through an air-filled cavity from the ear drum to the oval window.
Tiny muscles attached to these small bones allow them to move in a way
that reduces the likelihood of damage by loud sounds.
(a) Write a detailed paragraph to discuss the function of the Eustachian
tube, including how it also prevents ear damage.

[5]
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(b) Complete the table below by stating the part of the ear or its function.
Function
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Part of the ear
Semi-circular canals

Connects to brain via the auditory
nerve.
Contains receptors which respond
to different frequencies.
Separates the air-filled middle ear
from the fluid-filled inner ear.
Auditory nerve
[5]
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(c) The outer ear consists of the pinna, auricle and tympanic membrane.
The pinna funnels sound into the auricle, which can be thought of as a
pipe closed at one end.
		

A simplified diagram of the outer ear is shown below.
auricle

pinna

tympanic
membrane

		(i) On the diagram above, draw a graphical representation of the
standing waves in the auricle observed for the first harmonic.  [1]
(ii) Mark all nodal positions using the letter N, and all antinodal
positions using the letter A, on your sketch of the standing wave
pattern. 
[1]
(iii) The fundamental resonant frequency of the auditory canal is
approximately 3.5 kHz and the speed of sound in air is 340 ms−1.
Calculate the length of the auricle in cm for a normal adult.
			

You are advised to show your working.

Length =              cm [4]
(iv) What is the significance of resonance in the auditory canal
at 3.5 kHz?
[1]
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(a) Write a detailed account of the function of a hearing aid.
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Include in your description of the hearing aid:
		 the purpose
		 who might need one
		 how it works
		 the main parts
		 any energy changes which take place
		

Quality of written communication will be assessed in this
question.

[6]
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Sound intensity level is measured in decibels. The decibel scale is
logarithmic.
Each 10 decibel increase represents a tenfold increase in sound intensity.
Human perception of loudness is also logarithmic.
A 10 decibel increase is perceived as a doubling of loudness.
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(b) A sound has an initial intensity level of 30 dB.
		(i) By what factor would the initial intensity have to be increased to
double the intensity level to 60 dB?
[1]
(ii) By what factor would the perceived loudness have increased?
[1]
(c) (i) A smoke alarm is placed 3 m from a bedroom.
When tested, the observed intensity level was 85 dB.
Calculate the sound intensity.
			

You are advised to show your working.

Intensity =              Wm−2 [3]
		(ii) When the bedroom door is closed, the new intensity is
7.9 × 10−7 Wm−2.
By how much has the intensity level changed?
			

You are advised to show your working.

Change in intensity level =           dB [4]
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(a) The eye lens produces an image of an object being viewed.
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(i) Choose which of the following correctly describe the nature of the
image produced on the retina. Tick the appropriate boxes.
			real

magnified

			virtual

inverted

			upright

diminished
[3]

		(ii) The eye is able to focus on objects at different distances.
Discuss in detail how different parts of the eye are involved in
creating a focused image for both near and far objects.

[6]
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(b) In the retina of a domestic cat there are about 25 rods to 1 cone.
Human eyes have 4 rods to 1 cone.
Based on these statements, compare a cat’s eyesight with that of
a human.
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Provide an explanation for your answer.
		Comparison

[3]
		Explanation

[3]

12395.04R

13

[Turn over

5

(a) On the diagram below, draw and label the focal length of the lens.
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[1]
(b) (i) A lens has a power of 5.0 D. What is its focal length in metres?

			

You are advised to show your working.

Focal length =             m [2]
(ii) The lens is used to produce a real image of an object placed
30 cm in front of the lens.
Calculate the distance between the lens and the image.
			

You are advised to show your working.

Distance =             m [3]
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(c) A converging lens is used to correct the vision of a long-sighted
person.
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(i) Compared to a normal eye, what vision problem does a
long‑sighted person have?
[1]
		(ii) Complete the diagram below to show how rays from nearby and
distant objects refract after passing through a long-sighted eye.
[2]

nearby object

distant object
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(iii) A long-sighted man wishes to buy a pair of reading glasses to
enable him to focus comfortably on a book held 25 cm from his
eyes.
The off-the-shelf glasses come in 3 strengths: 0.75 D, 1.25 D
and 2.75 D.
What strength should he choose if the closest he can focus
without the reading glasses is a distance of 80 cm from the eye?
			Show your working.

Strength of reading glasses =           D [3]
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(a) (i) What is the Doppler effect?
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[2]
(ii) Describe how the Doppler effect can be observed when an
emergency vehicle sounding a siren approaches and passes by a
stationary observer.

[2]
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(b) A stationary sound source produces a wave in air with a frequency, fo.
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The sound source moves towards the observer then past the
observer.
The graph below shows how the observed frequency changes as the
source moves.
f /Hz

t /s

		

		(i) Carefully label on the above graph, the time, to, when the source
passes the observer.
[1]
(ii) Carefully label on the above graph the frequency, fo, of the
stationary source.

[1]

		(iii) Using the axes above, sketch another graph to show how the
observed frequency changes with time for a faster source of
sound.
Assume the sound source is emitting waves of the same
frequency, fo, and passes the observer at the same time as
before.		[3]
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This question is about an experiment to determine the critical angle of
glass.
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(a) (i) Sketch a labelled diagram of the assembled apparatus needed to
perform this experiment. Draw and label the incident ray.

[3]
		(ii) Describe how the equipment is used to find the critical angle.

[4]
(iii) Suggest a way to ensure the result of this experiment is reliable.

[1]
		(iv) Suggest a way to improve the accuracy of this experiment.

[1]
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(b) The diagram below shows the boundary between glass and air.
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Complete the diagram below to show how a ray of light behaves when
it is incident at the critical angle at the boundary.

		Label your diagram appropriately.

Glass

Air

[5]
(c) (i) Describe the difference in the structure of a single-mode fibre and
a multi-mode fibre.

[1]
(ii) Signal distortion is a problem in multi-mode fibres. Describe how
this occurs.

[2]
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Permission to reproduce all copyright material has been applied for.
In some cases, efforts to contact copyright holders may have been unsuccessful and CCEA
will be happy to rectify any omissions of acknowledgement in future if notified.

250928

