
1

16 SOUND

16.1 SOUND WAVES
a) Production of sound by vibrating sources.
 Vibrating objects create disturbances which propagate as sound waves.
 The frequency of the sound produced is equal to the frequency of the vibration, and as the frequency of

the vibration changes, the frequency of the sound produced also changes.
b) Longitudinal nature of sound waves
 A longitudinal wave consists of alternate regions of compression and rarefaction.
 A compression is a region where the particles of the conducting medium are at a minimum distance

from each other. In a sound wave traveling in air, this creates a region of high pressure.
 A rarefaction is a region where the particles of the conducting medium are at a maximum distance

from each other. In a sound wave traveling in air, this creates a region of low pressure.
 The distance between two successive compressions (or two successive rarefactions) is equal to one

wavelength.
c) Audible frequency range for the humans.
 Not all frequencies of sound can be heard by the human ear.
 Human beings can hear sound of frequency between 20 Hz to 20 000 Hz. This frequency range is called

the audible frequency range.
d) Experiment to demonstrate a medium is required in order to transmit sound waves

Fig. 16.1d: the bell jar experiment

1) An electric bell is suspended by its connection leads inside a bell jar as shown.
2) The bell jar is placed on a rubber base which is connected to a vacuum pump.
3) When the electric bell is switched on, the hammer can be seen striking the gong and a ringing sound

can be heard.
4) The vacuum pump is then switched on. As air is sucked out of the jar, the sound of the ringing bell

gradually becomes fainter until it can no longer be heard, although the hammer can still be seen
striking the gong.

5) The vacuum pump is then switched off and air is allowed to fill the bell jar. As the hammer continues
striking the gong, the ringing sound can again be heard.

 Conclusion: Sound needs air (a medium) to travel and cannot travel in vacuum.
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16.2 SPEED OF SOUND
e) Experiments to measure the speed of sound in air
Experiment 1 (laboratory method)

Fig. 16.2e(i):measuring the speed of sound in the lab

 Two microphones are placed at a measured distance d from a source of (loud) sound.
 Each microphone is connected to an electric timer (or an oscilloscope) so that microphone 1 starts the

timer and microphone 2 stops the timer upon detecting the pulse of sound.
 The time interval t between the sound reaching at microphone 1 and microphone 2 is thus recorded.
 The speed of sound can then be calculated using the formula:

Speed = distance/time
Experiment 2 (open air method)

Fig. 16.2e(ii):measuring the speed of sound outside the lab

 Two persons, A and B, stand at a measured distance of at least 100 m apart.
The distance between them is measured using a measuring tape.

 Person A (the experimenter) carries a gun and person B (the observer) carries a stopwatch.
Both persons stand facing each other.

 Person A fires the gun and person B starts the stopwatch as soon as he/she sees the flash of light or
smoke from the gunshot.

 He/she then stops the stopwatch when the sound of the gunshot is heard.
 The speed of sound in air is then calculated using the value of distance and the time obtained from the

experiment.

measured time
persons  twoebetween th distance air in  sound of speed 

Note:
Two factors that can affect the speed of sound in the above experiment are:
1) Speed of the blowing wind - to avoid this, both persons may carry a gun and a stopwatch each and they
perform the experiment simultaneously from both directions. The average time measured by the two
persons is then used.

2) Reaction time of the observer - to minimise such error the distance between between the two persons
must be as large as possible.
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f) Speed of sound in air, liquids and solids.
 Sound travels at different speeds in different media.
 Generally, sound travels fastest in solids and slowest in gases.
 Some typical values of the speed of sound in air and other media are as follows:

Medium Speed (approx.)

Air 330 ms-1

Water 5x that in air

Metal 15x that in air

g) Loudness and pitch of sound
 Loudness of a sound wave is related to the

amplitude of vibrations of the particles in the
conducting medium.

 Loud sound is of high intensity and soft sound is of
low intensity.

 Pitch of a sound wave is related to its frequency
(i.e. to or number of cycles/vibrations per unit time).

 High frequency sound is said to be high pitched
(e.g. female voice)

 Low frequency sound is said to be low pitched
(e.g. male voice).

h) Production of an echo.
 An echo is the sound that is reflected from a hard surface.
 Clear echoes are produced if:
1) The distance between the source and the reflector is more than 30 metres.
2) The area of the reflector is large (compared to the wavelength of the sound).
3) The incident sound is high pitched.

 Echoes can have practical applications, for e.g. in echography and for echo sounding (sonar).
Sometimes, echoes are also a nuisance, like in an empty hall.

i) Quality (timbre) of a sound wave.
 Quality (or timbre) of a sound is related to shape of its waveform (in displacement-time graph).
 Every instrument produces sound of a distinct waveform.
 In fact, quality of sound is the property that allows us to distinguish between sound from different,

eg. Sound from different musical instruments.
 This can be demonstrated by connecting a microphone to an oscilloscope and bringing the

microphone
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(i) sound from tuning fork (ii) sound from violin (iii) sound from piano

16.3 ULTRASOUND
j) Definition of ultrasound.
 Ultrasound is a sound wave of frequency above 20 KHz .
 Therefore, not heard by human beings. Certain animals can hear ultrasound, e.g. dogs and cats.

k) Uses of ultrasound
1) For Cleaning

 Sterilisation of medical equipments can be done using high intensity ultrasound that can remove
particles from a surface at certain frequencies and high intensities.
2) In quality control

 Ultrasound is used to ensure that there is good contact between the brake linings and the wheels
of vehicles.
3) For pre-natal scanning

 Ultrasound scanning (echography) is used to monitor the proper development of an unborn baby
inside the womb of the mother.

 Ultrasound is preferred to X-rays for this purpose because:
1) it does not damage body cells.
2) it can penetrate body tissue to different depths.
3) it produces a real time image.
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