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90520  Demonstrate understanding of wave systems
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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 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 – 7 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. 

All formulae are provided in the separate Resource Booklet L3-PHYSR.

QUESTION ONE:  STANDING WAVES

A piece of string is held fixed between finger and 
thumb and allowed to hang vertically downwards. 

(a) When the string is rolled between the finger 
and thumb, a wave is sent down the string and a 
standing wave is set up. 

 (i) Describe how waves travelling down the string result in a standing wave being set up.

 (ii) Explain why the standing wave will have a node at the top, but not at the bottom. 
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The length of the string below the point that is held fixed by the finger and thumb is 12 cm.

(b) If the speed of the wave in the string is 2.5 m s-1, calculate the frequency of the standing wave 
that has 2 nodes (including the node at the top).

 frequency =

(c) The standing wave that has the lowest possible frequency is called the 1st harmonic (often 
called the fundamental). In the string, the next lowest frequency standing wave is called the 
3rd harmonic, because it has 3 times the frequency of the 1st harmonic. 

 Calculate the frequency that is twice the frequency of the 1st harmonic and discuss why the 
string cannot resonate at a 2nd harmonic frequency.
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QUESTION TWO:  INTERFERENCE

Seed-shrimps live in the soil in New Zealand forests. Male 
seed-shrimps have an unusual type of mating signal. The 
hairs on their antennae act as a diffraction grating, and during 
courting, a male seed-shrimp will move his antennae, causing 
other seed shrimps to see a flash of coloured light. 

(a) When white light is incident on a diffraction grating, 
the light is split into several spectra, with higher order 
spectra occurring at larger deviations. 

 (i) State why white light is split into a spectrum when it goes through a diffraction grating. 

 (ii) Explain which end of the spectrum is furthest out from the central position.

The diffraction gratings of different shrimp species have different slit separations. 

(b) Explain the effect of decreasing the slit separation on the number of spectra produced by a 
diffraction grating. 

http://thetriopsforum.com/index.
php?showtopic=324

For copyright reasons, 
this resource cannot be 

reproduced here.
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(c) The hairs on the antennae on a particular shrimp create a diffraction grating with a slit 
separation of 6.6 × 10-7 m. 

 By attempting to calculate the angle through which light of frequency 4.25 × 1014 Hz is 
diffracted in the first order spectrum, explain why this colour will not be present in the 
spectrum produced.

(d) For a different species of shrimp, the “flash” is only produced if the light that is to be 
diffracted contains some wavelengths that are less than 5.2 × 10-7 m. 

 (i) Explain this observation.

 (ii) Calculate the number of slits per mm for the hairs of this shrimp species. 

 number of slits per mm =
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QUESTION THREE:  DOPPLER EFFECT

Doppler ultrasound can be used to measure the speed at which blood flows along blood vessels. 
This is important in the detection of diseased blood vessels. Ultrasound has a frequency too high to 
be detected by human ears.

(a) If a source of waves is moving towards a detector, explain why the wavelength detected by 
the detector is less than the wavelength of the source.

(b) An ultrasound wave is sent along a blood vessel, and the moving blood cells reflect it. The 
blood cells effectively become a source of sound waves that is moving at the speed of the 
blood. 

 The speed of sound in blood is 1 545 m s-1. 

 The blood cells reflect sound waves at a frequency of 1.0522 × 106 Hz. Because the cells are 
moving, the wavelength is Doppler shifted. The reflected sound is detected with a wavelength 
of 1.4670 × 10-3 m.

 Calculate the speed of the blood cells.
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