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Level 3 Physics, 2012
90520  Demonstrate understanding of wave systems

9.30 am Tuesday 27 November 2012 
Credits: Four

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 attempt ALL the questions in this booklet.

Make sure that you have Resource Booklet L3–PHYSR.

In your answers use clear numerical working, words and / or diagrams as required.

Numerical answers should be given with an SI unit, to an appropriate number of significant figures.

If you need more room for any answer, use the extra space provided at the back of this booklet.

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.

ASSESSOR’S USE ONLY Achievement Criteria

Achievement Achievement with Merit Achievement with Excellence
Identify or describe aspects 
of phenomena, concepts or 
principles.

Give descriptions or 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  



You are advised to spend 40 minutes answering the questions in this booklet. 

QUESTION ONE:  BOOM PIPE

http://www.asia.ru/en/ProductInfo/838981.html

A boom pipe is a simple musical instrument made from a plastic drain pipe. Instructions for making 
a boom pipe say that a pipe 1.31 m long will make the musical note ‘C’.

A tuning fork is labelled “261.6 Hz, middle C”. Jan strikes the fork, holds it over the end of a 
1.31 m boom pipe, and hears the sound of the tuning fork amplified by the pipe.

The speed of sound in the air is 343 m s–1.

(a) (i) Calculate the wavelength of middle C in air.

 Wavelength =

 (ii) Draw and label a sketch to identify the positions of nodes and antinodes for middle C. 
Add arrows to show the direction of the vibration at these positions.

1.31 m

 (iii) Describe how the amplitude and phase of the vibrating air particles vary along the pipe. 

  Your answer may use words or a labelled sketch. 
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(b) Jan closes one end of the pipe and holds the same tuning fork over the other end. 

 Explain why the tuning fork will no longer cause resonance in the pipe. 

 You may include a sketch as part of your answer. 

1.31 m

Closed pipe

(c)  Jan adds carbon dioxide from an old fire extinguisher into the closed pipe. She wants to 
investigate whether the closed pipe can be made to resonate using the “261.6 Hz” tuning fork. 
The speed of sound in pure carbon dioxide gas is 259 m s–1.

 (i) Explain how adding carbon dioxide will affect the resonant frequencies in the pipe.

 (ii) By carrying out appropriate calculations, determine whether Jan’s plan is likely to work 
and describe what resonance might occur in the pipe. 

  You may include a sketch as part of your answer. 

1.31 m

Closed pipe

3

Physics 90520, 2012

ASSESSOR’S 
USE ONLY



QUESTION TWO:  THE DOPPLER EFFECT

Jess and Tom have identical horns that both produce a frequency of 420 Hz. 

Tom stands beside the road, listening to Jess sound her horn as she rides away in a car.

The speed of sound in the air is 343 m s–1.

(a) Calculate the Doppler shifted frequency of the horn, as heard by Tom, when Jess is travelling 
away at 12.0 m s–1.

 Frequency =

Jess’s car changes to a new steady speed, and then Jess sounds her horn again.
Tom sounds his horn too, and notices beats. 

(b) Explain the phenomenon of beats. 

 Your answer could include:

  •  what beats are

  •  why beats form 

  •  why the beat frequency is the difference between the two incident wave frequencies. 
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(c) When Tom sounds his horn, he hears a beat frequency of 6.00 Hz. 

 Calculate the speed at which Jess is moving away from Tom.

 Speed =

(d) Speed cameras measure the speed of a car by measuring the Doppler shift of a radio signal 
reflected from the car. 

 Explain why a speed camera cannot measure the speed of the car at the moment when the car 
passes the camera.
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QUESTION THREE:  THE LASER POINTER

Mira is playing with a laser pointer. She finds that the laser spot on the wall is changed when she 
puts dress fabric in front of the laser.

With no fabric in front of the 
laser pointer, the spot looks 
like this. 

With fabric in front of the 
laser pointer, the spot looks 
like this.

(a) Explain why the threads in the fabric have caused the light to spread out in a pattern, as shown 
in the photograph.

Mira tries a different piece of fabric. The laser spot is spread differently because the threads, in one 
direction, are much closer together. 

Close-up of the spot on 
the wall.
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Looking carefully, Mira can see vertical stripes across the laser spot. 

(b) Describe how the light passing between the threads causes this pattern. 

Mira investigates further. She finds out that the laser has a wavelength of 650 nm (6.50 × 10–7 m). 
When her fabric is 40.0 cm from the screen, the stripes are 1.00 mm apart.

(c) Use this information to calculate the separation of the close-woven threads. 

(d) The fabric is stretched: a 16.0 cm length of fabric is pulled to become 16.3 cm long, pulling 
the close-woven threads further apart. 

 Calculate the new separation of the lines on the screen.
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Extra paper if required.
Write the question number(s) if applicable.


