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Achievement Achievement 
with Merit
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with Excellence

Identify or describe aspects 
of phenomena, concepts or 
principles.

Give explanations in terms of 
phenomena, concepts, principles 
and / or relationships.

Give explanations that show 
clear understanding in terms of 
phenomena, concepts, principles 
and / or relationships.

Solve straightforward problems. Solve problems. Solve complex problems.

 Overall Level of Performance (all criteria within a column are met)  

Credits: Four
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Check that the National Student Number (NSN) on your admission slip is the same as the number at the 
top of this page.

You should answer ALL the questions in this booklet.

For all numerical answers, full working must be shown, and the answer must be rounded to the correct 
number of significant figures and given with an SI unit.

For all ‘describe’ or ‘explain’ questions, the answers should be written or drawn clearly with all logic fully 
explained.

Formulae you may find useful are given on page 2.

If you need more space for any answer, use the page(s) provided at the back of this booklet and clearly 
number the question.

Check that this booklet has pages 2–8 in the correct order and that none of these pages is blank.

YOU MUST HAND THIS BOOKLET TO THE SUPERVISOR AT THE END OF THE EXAMINATION.
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You are advised to spend 35 minutes answering the questions in this booklet.

You may find the following formulae useful.
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QUESTION ONE:   REMOTE CONTROL CARS

Speed of sound in air = 3.40 × 102 m s−1 

David has been given a remote control car for his birthday. It has 
a red light on top, and a siren that produces a single note with a 
frequency of 265 Hz.

When playing with the car, David notices that the frequency of 
the note produced by the siren seems to change as the speed and 
direction of the car changes.

(a) State the name that is given to this effect.

(b) On one occasion the car is moving away from David. As it slows down and stops he notices 
the frequency of the sound changes. Explain the changes in frequency that David hears as the 
car slows down and stops. 
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(c) Explain why there is a noticeable change in the frequency of the sound from the siren, but not 
a noticeable change in the colour of the red light, as the car changes speed and direction.

 

 

 

 

 

 

(d) Calculate the apparent frequency of the sound from the siren when the car is moving towards 
David at a speed of 15.0 m s−1.  Give your answer to the correct number of significant figures.

 

 

 

 apparent frequency =

David’s cousin, Emma, has an identical car. As they are playing with the cars, they notice that when 
one car is moving away from them and the other is stationary, the sound they hear beats with a 
frequency of 10 Hz.

(e) Calculate the speed of the moving car.

 

 

 

 

 speed = 
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QUESTION TWO:  IRISh hARP

Speed of sound in air = 3.40 × 102 m s−1

www.konzak.com/harps

The picture shows an Irish harp – an instrument that is played by plucking the strings.
One of the strings of the harp is 43.2 cm long.

(a) Calculate the wavelength of the fundamental note produced on this string when it is plucked.

   wavelength = 

(b) On the line below sketch the 3rd overtone (4th harmonic) on this string.

Another harp string is 57.8 cm long and has a mass of 4.62 × 10−4 kg. The tension force in the string 
is 70.0 N.  
The wave speed on this string can be calculated using the formula: 

v =
T

µ

where T is the tension force and µ is the mass per unit length of the string.

(c) By finding the mass per unit length, show that the wave speed on this string is 296 m s−1.

For copyright 
reasons, this 

resource cannot 
be reproduced 

here.
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The tension force in the harp string is now increased. 

(d) State what happens to the size of the wavelength AND frequency of the wave on the string. 

(e) During a concert, a flute is played alongside the harp. Explain why the same note played on a 
flute sounds different to that played on the harp.

(f) A particular flute can be modelled as an open pipe of length 0.61 m. Calculate the lowest 
possible frequency note that could be played on this flute. 

 frequency = 
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QUESTION ThREE:   LASER hARP

www.laserspectacles.com

The harp ‘strings’ are the beams of light produced by shining green laser light, of wavelength 
5.32 × 10−7 m, through a diffraction grating. Each beam is detected by a light sensor connected to 
an electronic circuit. When a beam is broken by the person playing the harp (see picture above), the 
electronic circuit produces a note for that string.

Laser Light
532 nm

Diffraction
Grating

Laser ‘strings’

Light Detectors

Not to scale

(a) The angle to the detector for the first order beam is 6.00°. Show that the slit spacing on the 
diffraction grating is 5.09 × 10−6 m. 

 

 

 

For copyright reasons, 
this resource cannot be 

reproduced here.
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(b) To be able to play the harp easily, the maximum horizontal spread of the strings at a height 
of 1.00 m above the grating is 0.68 m (each outside string is 0.34 m horizontally out from the 
centre at this height). Calculate the number of ‘strings’ on the harp.

 

 

 

 

 

 

 number of strings =

(c) Explain, in terms of constructive and destructive interference, why narrow beams of light are 
produced when light shines through a diffraction grating. 
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Question 
number

Extra paper for continuation of answers if required.
Clearly number the question.
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