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Sound

Sound is normally used to denote the physiological sensation perceived by the ear.
In Physics, however, sound is taken to denote the physical cause of sensation. The source of
sound is always a body which is in a state of rapid vibration.
The vibrating body excites mechanical waves in the surrounding medium. These waves propagate
in the atmosphere in the form of a series of compressions and rarefactions of the air molecules as
shown in figure (1).

Figure 1: Sound Wave

When the waves reach the ear, they cause the eardrum to vibrate leading to a sensation of hearing.
The sound waves are longitudinal in nature i.e. the vibration of the medium is parallel to the
direction of the wave propagation and displacement of the medium is in the same (or opposite)
direction of the wave propagation.
The compressions and rarefactions caused by the vibrating body change the normal atmospheric
pressure with small pressure changes occuring regularly above and below it. Hence, a sound wave
is one complete cycle of pressure vibration.
The wave motion does not change the mean position of the vibrating particles. The average max-
imum distance of a particle from its mean position is called the amplitude of sound. Amplitude
of audible sound is of the range of 0.01 mm while sound of 0.1 mm amplitude is quite loud.
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Velocity, Wavelength and Frequency of Sound

The velocity of sound is dependent on the nature and temperature of the medium through which
it travels. The velocity of sound in a medium of density, ρ, and bulk modulus, K, is given as,

v =

√
K

ρ
(1)

The speed of sound in air is generally taken as 344 m/s for normal conditions.

The velocity (v), frequency (f) and wavelength (λ) of a wave is related as,

v = fλ (2)

Hence, we can say that the wavelength of sound will be larger in a medium having a higher velocity.

Classification of Sound Waves

Sound waves can be classified on the basis of their frequency as,

a. Sonic or Audible sound waves: The waves that produce a sensation in the human ear
i.e. which can be heard by the human ear are called sonic or audible sound waves. The
waves with frequencies lying between 20 Hz and 20 kHz are called audible waves.

b. Infrasonic sound waves: The sound waves with frequencies below the lower threshold of
audible waves i.e. 20 Hz are called infrasonic waves.

c. Ultrasonic sound waves: The sound waves with frequencies above the upper threshold of
audible waves i.e. 20 kHz are called ultrasonic waves.

Sound waves with frequencies greater than 1010 Hz are often called as hypersonic waves. These
waves correspond to thermal waves in liquids or solids.

Types of Audible Sound Waves

(a) Musical Sound (b) Noise

Figure 2: Types of Audible Sound
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Audible sound waves are of two types,

a. Musical sound: The sound which produces a pleasing sensation on the ear is called a
musical sound. This pleasing sensation is due to periodicity, regularity and continuity of
the sound waves of a musical sound as shown in figure (2a). Instruments like veena, violin,
guitar, etc. produce musical sound.

b. Noise: A noise is a sound which lacks the above features of a musical sound and causes
irritation and strain to our ears. Noise is a sound of complex nature having an irregular
period and amplitude as shown in figure (2b).

Characteristics of Musical Sound

Musical sound has the following three characteristics,

a. Loudness: It is the characteristic of sound due to which a particular sound appears to be
feeble or loud. It signifies how far and to what extent, sound is audible. This is applicable
to both music and noise.
There is a clear distinction between intensity and loudness. The intensity of sound is the
amount of sound energy crossing a unit area surrounding a point in unit time, the area being
taken normal to the direction of propagation of sound. The unit of intensity is W/m2. The
intensity of sound is proportional to the square of the pressure amplitude.
There is no direct relation of intensity of sound with our hearing because we
cannot hear infrasonic and ultrasonic sounds whatever their intensity be.
The loudness of the sound, on the other hand, is related to the sensitivity of human ear. The
sound of same intensity may appear feeble to one and loud to other. Our ear cannot hear
sound of intensity below 10-12 W/m2. This intensity is called the threshold of audibility.
In a normal conversation, the intensity of sound is 10-6 W/m2.
Loudness of a sound depends upon,

i. Amplitude of vibration of sound: As the intensity (I ) of a sound wave varies
directly as the square of the pressure amplitude, loudness (L) also varies with square
of the amplitude of the vibration of sound.

ii. Surface area of the sounding body: Intensity and hence loudness are directly
proportional to the surface area of the sounding body.

iii. Density of the medium: The loudness of the sound will be higher in medium having
larger densities.

iv. Distance between the source and the observer: The intensity of sound and hence
the loudness is inversely proportional to the square of the distance between the source
and the listener, assuming that the energy radiates out uniformly in all directions.

The velocity of wind, direction of wind and the sensitivity of ear also contribute to the
loudness of sound.

b. Pitch: The pitch of a musical note distinguishes two sounds produced by two different fre-
quencies even though the intensity of both may be the same. The greater the frequency,
higher is the pitch. A pitch of higher frequency is termed shrill. Notes of lower frequencies
are said to be flat or grave. The pitch of sounds of men is flat and that of women are shrill.
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Pitch is a complex characteristic and is not dependent on any single physical quantity. The
pitch is primarily determined by its frequency but is also the function of intensity and wave-
form to an extent.
The frequency and pitch are two very different characteristics. While frequency is a mea-
surable physical quantity, pitch is a physiological quantity which is a sensation expe-
rienced by the listener. The pitch varies in a parabolic manner with frequency in the 20 Hz
to 10 kHz range.
Experiments have proved that if a sound tone with loudness increases from a level of 40
phons to 100 phons, it may be necessary to increase the frequency by about ten percent in
order to maintain the pitch. The human ear is most sensitive in the 1 kHz - 5 kHz frequency
range. In this range, the pitch is relatively independent of loudness.

c. Quality or Timbre: A sound wave of single well-defined frequency is called tone. Every
single sinusoidal sound wave is a pure tone.
The notes emitted by musical instruments are never simple as they are not composed of just
a single frequency. They generally consist of a large number of tones of different frequencies
of varying intensity.
The tone of the smallest frequency is the loudest and is called the fundamental. This is
the dominant frequency that defines the pitch of the tone. The frequencies accompanying
the fundamental are called overtones or upper partials. The intensity of these tones
diminishes with increase in frequency.
Each instrument produces different overtones to accompany the same pitch and these over-
tones are a characteristic of that instrument. This difference defines the quality or timbre of
the note emitted by the instrument and helps in distinguishing the note produced by that
instrument from that of the other.
The quality of the note is thus marked by the composition of frequencies of the note and
depends upon the presence or absence of particular overtones and their relative intensities.
It is a complex characteristic which primarily depends upon the waveform of the tone being
heard but is also a function of its intensity and frequency.
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