


IGCSE  Physics


Sound

Introduction

This unit will look at the production and properties of sound waves.  The human hearing range will be investigated as will an experiment to find the speed of sound in air as well as listening to echoes.

Production of sound waves

Sound waves are longitudinal waves that are produced by a vibrating source.  That is the in/out or backwards and forwards motion of the core in a loud speaker or the hand when producing such waves in a slinky spring.  This vibration causes pressure changes in the medium nearest to the source.

Naming the parts of a sound wave

As a vibrating source pushes outwards it compresses the air molecules in front of it and causes a compression.  The source then pushes inwards, which reduces the pressure in front of the source - the air ‘stretches out’ and a rarefaction is formed.

The compression and rarefaction together are considered to be one wave.

The size of the compressions and rarefactions shows the amplitude:

Large amplitude means large compression (molecules are squashed more) and large rarefactions (molecules are spread out more).  A large compression will look smaller because the molecules are more bunched up.  The reverse is true for small amplitudes.
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Sound waves and their medium
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A sound wave needs a medium to travel through.  

Without a medium no sound wave can travel.

A simple experiment demonstrates this:

As the  bell jar is evacuated, (all the air is sucked out by a vacuum pump leaving a vacuum), the sound of the ringing bell gradually fades until it can no longer be heard, even though the clapper on the bell can still be seen to be moving as before.

The speed of sound

Like all waves, the speed of sound varies depending on the medium it is travelling through.  It is fastest in solids, then liquids, and slowest in gases.  In air it is 330m/s.

Measuring the speed of sound

Like all waves sound waves can be reflected.   When a sound wave is reflected, the reflected wave is called an echo.  The echo can be used to determine the speed of sound in air.
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A person stands a measured distance, say 50m, in front of a wall.   After practice clapping two sticks together, the person should be able to produce a sound by clapping the sticks at the same time as the echo is heard.  This produces a constant frequency.
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The time taken for 100 claps to be produced and then heard as an echo is taken.  The distance travelled by the sound wave is 100m (50m there and 50m back again).

Using speed  =  distance / time       

the speed of the sound wave can be found.

(The behaviour of sound waves travelling through the rocks below the surface of  the Earth have contributed a great deal to geological knowledge).

This picture shows sound being used to find the depth of the sea bed by the time the echo takes to return.  If the sound waves bounce of a shoal of fish, their echo will show up on the screen.  Fishing boats use this to help find fish to catch.

Pitch and loudness

The pitch of a sound wave (i.e. if it is a high or a low note) is the same as the frequency of the wave.

E.g. 
A frequency of 50Hz  =  low pitch

        
A frequency of 1000Hz  =  high pitch
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In the simple case of twanging a clamped ruler, the pitch can be altered by altering the length of the vibrating ruler.

Short length  =  high frequency  =  high pitch.

The loudness (volume) is the same as the amplitude of the wave.

High amplitude  =  loud sound

Low amplitude  =  quiet sound

In the example of twanging a ruler, the volume can be altered by bending the ruler further down before releasing it.

Large displacement  =  loud sound
Small displacement  =  quiet sound

The human hearing range

An average, healthy person has a hearing range of approximately 20Hz to 20KHz.  Any frequency beyond 20KHz is referred to as ultrasound.
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Comparing sound waves
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Amplitude/time graphs (using an oscilloscope) can be used to compare sound waves.
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Homework    p 233:  q 2, 3, 6, 7, 8, 11.
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