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Sound engineers often have to work quickly and in difficult circumstances. They may have to set up a temporary concert venue in a warehouse or in an open space such as a park. They want to be sure that everyone in the audience has a good experience.
	A sound engineer needs to be able to reflect sound where it is needed and absorb sound where it is not.
One way to do this is to use boards which have a different surface on each side – one side will reflect sound while the other will absorb sound. 
The boards can be rotated to choose between reflecting and absorbing, and to change the direction of the reflected sound.
	




Your task is to suggest suitable materials for the two sides of one of these boards. 
You will need to compare several different materials to find out:
· Which materials are best at reflecting sound?
· Which are best at absorbing sound?
Follow the procedure below to compare samples of different materials.
To do
1   Stand a wooden board upright on the bench.
2  Clamp the two cardboard tubes so that each makes an angle of 45 with the board, as shown in the diagram.
[image: ]
3   Position the two sound sensors/microphones at the ends of the tubes, as shown in the diagram. Make sure that you can detect sounds with each microphone.
4   Make a sound next to microphone 1.
5   Record the maximum sound level at each microphone in a table.
6   Cover the wooden board with a piece of fabric or carpet. Repeat steps 4 and 5.
7   Try covering the board with other materials and repeat the measurements.

To report
1   Use your results to put the different materials in order, from best reflector to best absorber.
2   Comment on how reliable you think your results are. How could you make your results more reliable?
3   If you are designing sound boards for use at a concert venue, you may need to take other factors into consideration. For example, the boards must be easy to move around.
	Make a list of the other desirable features which the boards should have. 
4 	Of the materials you have investigated, which two would you choose and why?













Assessing learning
Jo is an acoustic engineer. She is working on the design of a concert hall.
Jo has to choose suitable materials for the ceiling, walls and seating. She needs to know which materials absorb sound and which reflect it.
If the materials in the hall absorb too much sound, the music will be faint and muffled. If the materials reflect too much sound, the music will be loud and echo-y.
Jo uses information about the sound absorption coefficient of different materials. This gives the fraction of the sound which is absorbed by a particular material. A high value (close to 1.0) means that the material is a good absorber of sound. 
The table shows the values of sound absorption coefficient for some materials which Jo might choose for concert hall. 
	Material
	Sound absorption coefficient 

	plaster walls
	0.02

	unpainted brickwork
	0.04

	3 mm plywood panel
	0.02

	12 mm fibreboard on battens
	0.35

	hardwood
	0.30

	100 mm mineral wool
	0.65

	carpet
	0.15

	wooden seating
	0.07

	wooden seating with spectator
	0.76

	flat curtains
	0.48

	pleated curtains
	0.75

	glass
	0.03

	steel
	0.03


To answer
1 The concert hall has glass windows. The interior designer suggests that curtains are hung in front of the windows. Jo says that more sound will be absorbed. Is she right?
2 The hall has wooden seating. Jo knows that when the audience is present more sound will be absorbed and the music will be more muffled. Explain why this is.
3 To take account of this, Jo wants to hang panels close to the ceiling to reflect sound down towards the audience. Would plywood be a suitable material?
4 She does not want the sound to echo (reflect) from the plaster wall at the back of the hall as this will make the music sound blurred. Suggest how this problem could be overcome.
5 Jo knows that hard, flat surfaces reflect more sound than soft, rough surfaces. Give examples from the table to support this statement.
6 Use what you know about how sound is reflected to explain why pleated curtains absorb more sound than flat curtains.
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