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You are advised to spend 50 minutes answering the questions in this booklet.

All formulae are provided on the separate Resource Sheet L1-PHYSR.

QUESTION ONE:  SOUND AND WATER WAVES 

The diagram shows the arrangement of smoke particles in air at an instant in time when sound 
waves travel through smoke-filled air. The frequency of the sound waves is 670 Hz.

4.5 m

(a) Describe the movement of one smoke particle when the sound waves travel through the 
smoke-filled air.

(b) Calculate the period of the sound waves.  

 period =

(c) Use the information in the diagram to calculate the speed of the sound waves in smoke-filled 
air.  

 speed =
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(d) A microphone is connected to a computer and is then placed 2.0 m from the speaker. The 
sound received by the microphone causes the following pattern on the computer screen.

 On the grids below, sketch the new wave patterns seen on the computer screen if the speaker:

 (i) produces a louder sound of the same frequency.

 (ii) produces a higher-pitched sound of the same amplitude.
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 (iii) Explain why the pattern changes as shown in question (d)(ii).

(e) The diagram below shows waves created by a breeze on the surface of a lake. The waves are 
travelling from the centre of the lake to the shore. 

Centre of lake A Shore

 Describe the direction of motion of a water particle at A when the waves pass through, and 
relate it to the direction of the wave.  
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(f) A piece of floating wood is bobbing up and down 12 times a minute. The speed of the wave at 
the centre of the lake is 0.80 m s–1. Near the shore, the speed and the wavelength of the waves 
decrease. The wavelength of the waves approaching the shore is ¾ that of the wavelength in 
the centre of the lake.

   
 Calculate the wavelength of the waves near the shore.

 wavelength =
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QUESTION TWO:  AQUARIUM VISIT

Sam Wendy Jay

48°

0.80 m0.80 m0.80 m 1.2 m

mirror A

mirror B Diagram is 
NOT to scale

The sketch above shows an overhead view of a waiting room in an aquarium. Two walls in the 
waiting room are lined with mirrors A and B. Sam, Wendy and Jay are seated as shown in the 
diagram. The centre of the empty seat next to Jay is 1.2 m from mirror A. The centres of the seats 
are 0.80 m apart.

(a) Calculate the distance between Sam and the image of Jay in mirror A.

 image distance =

Light from the empty seat is reflected by both mirrors and Sam sees the image of the empty seat in 
mirror B. Part of the reflected ray from the empty seat to Sam is drawn for you. 

(b) On the above diagram complete the path of the ray from the empty seat to Sam. 

 Start your drawing from the centre of the empty seat.
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(c) The reflected ray leaves mirror B at an angle of 48° to the mirror, as shown in the diagram. 

 From your ray diagram, calculate the angle of incidence of the ray from the empty seat to 
mirror A. You may show your workings below or on the diagram.

 angle of incidence =

(d) Sam looks at a fish in a tank. The fish appears to be nearer to him than it actually is, as shown 
in the diagram below.

Sam sees 
the fish 
here.

The fish 
is really 
here.

 Explain why the fish appears to be nearer to Sam than it actually is. 

 You may sketch a ray diagram to answer this question instead of the explanation.
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(e) Sam also notices that sunlight from the window travels through the corner of the tank, as 
shown in the diagram below. It makes a coloured spectrum on the floor.  

sunlight

coloured spectrum

 Explain why the coloured spectrum is formed on the floor when the sunlight travels through 
the tank.
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outer layer

fluid

lens

(f) The diagram above shows the path of light through a human eye. The light travels from the 
air through the outer layer of the eye. It then travels through the fluid before entering the eye 
lens. The outer layer of the eye and the fluid have the same refractive index. 

 The speed of light in the lens is 95% of the speed of light in the fluid.

 Refractive index of air   = 1.00
 Refractive index of the fluid  = 1.33
 Speed of light in air   = 3.00 × 108 m s–1

 Calculate the speed of light in the lens.

 speed of light =
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QUESTION THREE:  USING SOUND FOR MEASUREMENT

(a) You can work out the distance to a thunderstorm by measuring the time between seeing a 
lightning flash and hearing the thunder. A person sees a lightning flash and then hears the 
thunder from it 7.6 s later. The speed of sound in air is 340 m s–1.

 Calculate the distance between the person and the lightning flash. 

 State your answer in kilometres.

 distance = km

(b) Bats use a technique called ‘echo-location’ to find objects at night by sending out high-pitch 
sounds. These high-pitch sounds bounce off objects they hit and return to the bat as an echo. 
The time taken for the sound to return is used by the bat to estimate the position of an object.

biomicro.sdstate.edu/pederses/guide.html

 A moth and a bat are flying at the same speed in air. The bat produces a sound with a 
frequency of 23 000 Hz and a wavelength of 0.015 m. The bat receives an echo from the moth 
0.34 seconds later.

 Calculate the distance between the bat and the moth. 

 distance =

For copyright reasons, 
this resource cannot be 

reproduced here.
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The echo-vision head-set is a device that sends out ultrasound (high-
frequency sound) to help blind people navigate or “see” their way. Echoes 
from objects lying within the pathway are received by three receivers placed 
at each end and in the middle. The reflected signals are processed by an on-
board computer. The output signal from the computer has a lower frequency 
and is fed to the two ear pieces, depending on the position of the object.  

(c) Explain why the output signal from the computer needs to be of a lower 
frequency. 

A blind person wearing an echo-vision head-set walks towards a bus shelter. The bus shelter is an 
upside down “U” shape with no back wall and with a seat in the middle, as shown in the diagram. 
The beam is directed towards the bus shelter.

http://images.buycostumes.com/mgen/merchandiser/27250.jpg

(d) Explain how the blind person can “see” (visualise) the shape of the bus shelter.

For copyright reasons, 
this resource cannot be 

reproduced here.
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