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Learning objectives

· Describe and interpret an experiment to measure the speed of sound in air, including calculation.
· Extended  Recognise that sound travels faster in liquids than gases and faster in solids than in liquids.

Learning outcomes

· Be able to describe and interpret an experiment to measure the speed of sound in air, including calculation.
· Extended  Be able to recognise that sound travels faster in liquids than gases and faster in solids than in liquids.

Resources

Student Book pages 188, 192–193
Files found at www.collins.co.uk: P4_4b_Worksheet; P4_4b_Tech_notes

Approach

Introduce the activity
Recap the two equations that lead to a value for the speed of a wave (speed = frequency  wavelength and speed = distance travelled / time taken). Explain that in this lesson you are going to consider one or both of these ideas to measure a value for the speed of sound.
Develop the activity
Introduce the method or methods you have chosen. Using a cathode ray oscilloscope with a microphone allows a sound pulse to be timed over a short distance. Use the section ‘Measuring the speed of sound in air’ on page 188 of the Student Book to help with this.
Alternatively (or in addition), use a direct method for timing sound pulses over longer distances, such as timing echoes to return from a wall at that is at least 70 metres away. Worksheet P4.4b gives instructions for carrying out a practical activity to measure the speed of sound. If you do not have enough apparatus, this could be carried out as a demonstration. (Alternatively, you could use the free software package ‘Audacity’ with separated stereo headphones used as microphones.)
SAFETY INFORMATION: Make sure that the sound source does not produce sound that is too loud, as this will be uncomfortable for ears.
Students can work in pairs to study the Developing investigative skills feature on page 193 of the Student Book. Ask them to try the worked example on page 192 without the solution, then compare their answers with the given solution and discuss any differences.
Calculate a value based on the measurements obtained and consider the sources of error in the method chosen. Use this opportunity to consider experimental skills and discuss aspects such as reliability, accuracy and precision.
Extended  Discuss the speed of sound in air, liquids and solids and how it varies.
Finish the activity
Set students the following problems.
1. A sound moving through the ground has a frequency of 500 Hz and a wavelength of 4 m. How fast is it moving?
2. The speed of sound in air is 340 m/s. What is the frequency of a sound that has a wavelength of
0.34 m?
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3. The speed of sound in a metal is 5000 m/s. What is the wavelength in the metal of a sound whose frequency is 10 kHz?
Extended  4. A sound of wavelength 2.0 m moves from air into a liquid. If the speed rises from 340 m/s to 3400 m/s, what happens to the frequency and the wavelength of the wave?
