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Sound waves are alternations of rarefaction 

and compression of an elastic medium such 

as water or air created by the movement of a 

source which is in mechanical contact with 

the medium.

The medium acquires some of the movement 

energy of the source and transfers it to other 

parts of the medium by means of collisions 

between molecules. Sound waves can be 

transmitted great distances even though the 

individual molecules move back and forth 

over only very small distances.

Sound 
Waves



When a guitar string is plucked it begins to vibrate back 

and forth. This movement causes the string to collide with 

the air molecules around it, and these molecules collide 

with others causing air compression as the string moves 

forwards and air rarefaction as it moves back. A wave of 

mechanical energy is thus formed.

Sound Waves



The simplest type of sound wave is the 

sinusoidal wave.

The wavelength llll is distance from one 

peak to the next peak, representing a 

single cycle of the wave.

The frequency f is the number of cycles 

the wave completes in one second.

The pressure amplitude is the maximum 

compression or rarefaction of the medium.

Sound Waves



Typical sounds are more complex than simple sine 

waves. Most sounds consist of many sine waves of 

different amplitude, frequency and phase summed 

together. Examples of sound waves produced by 

some musical instruments are shown above.

Sound Waves



Since the ear is a very sensitive organ, 

special measures are used to represent 

the wide range of amplitudes that can 

be heard.

When dealing with sound in terms of 

power units we compare two levels by 

asking how many powers of 10 (the 

logarithm) one exceeds the other. Each 

power of 10 is defined to be a unit of 

one bel.

For example, if one power level is 1 

million times greater than another (106

times greater) we say that it is 6 bels

greater.

Decibel Scale



The bel is a rather large unit when compared to 

normal hearing levels therefore it is common 

practice to work with units of decibels, which 

are one-tenth of a bel. When working with units 

of power the decibel value is defined as

where the reference power value is commonly 

taken to be 10-12 Watts.
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Unfortunately, no instruments directly measure 

the power of a sound source. The power is 

calculated from the measured sound pressure.

We therefore speak of the Sound Pressure 

Level (SPL) acting on the ear. The decibel 

value for a sound pressure measurement is

The reference pressure is commonly taken to 

be 0.0002 dynes/cm2 which is the average 

value of the perception threshold for sound 

measured in young adults at 1000 Hz.
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Decibel Scale

A word of caution regarding the 

use of decibel scales. Addition or 

subtraction of Sound Pressure 

Levels must be performed on the 

original pressure values, requiring 

the use of antilogs. Decibel values 

cannot simply be added together !



Nomograms are often used to simplify the 

task of adding decibel values. They specify 

the number of decibels that must be added 

to the larger value given the difference in 

decibels between the two sources.

As an example, two machines which each 

generate 100 dB of noise would, if operated 

in phase, generate a total noise of 103 dB 

(not 200 dB !)

Decibel Scale



Some typical sound pressure levels 

from everyday life are given above.

Decibel Scale



The ear can be divided into three major 

parts: the outer ear, the middle ear and 

the inner ear.

The Ear



There are three components of the outer ear:

Pinna: the fleshy outer part of the ear which directs 

sound inwards.

Auditory Canal: the passage leading towards the 

eardrum. Resonance effects in the auditory canal 

amplify sound at frequencies in the range from 

1000 to 6000 Hz.

Eardrum (Tympanum): the membrane which 

vibrates following the pressure variations of the 

incoming sound waves.

The Ear



The middle ear consists of three tiny bones 

called the ossicles. They are the malleus 

(hammer), the incus (anvil) and the stapes 

(stirrup).

The ossicles transmit the vibration of the 

eardrum to the transducer mechanism of 

the inner ear.

The Ear



The ossicles amplify sound in two ways:

The system of lever arms approximately doubles the 

output movement amplitude at the oval window with 

respect to the input amplitude at the eardrum.

The area of the oval window on the cochlea is only  

1/15 that of the vibrating area of the eardrum, thus 

the oval window sees a pressure amplification of 15 

with respect to the eardrum even without the action 

of the lever arms.

The Ear



The ossicles provide a total amplification of 

about 30. This permits tiny motions of air 

molecules against the eardrum to move the 

fluid column in the cochlea where the 

sensory organs of the inner ear are located.

The Ear



The ossicles serve a second important 

purpose which is to protect the ear from 

intense sounds by selectively decreasing 

the amplification.

When the movement amplitude is large, the 

geometry of the lever arms is such that the 

angle between the stapes and the oval 

window is reduced.

The ear is also protected against intense 

sounds by a reflex which contracts a small 

muscle attached to the stapes and another 

attached to the eardrum, thus stiffening the 

membrane.

The Ear



The ossicles are surrounded by air whose pressure 

is kept equal to that of the surroundings by means 

of the Eustachian tube. The Eustachian tubes 

connect the middle ear to the back of the throat, 

opening briefly each time we swallow.

If it were not for these tubes a pressure imbalance 

could develop between one side and the other of 

the eardrum. This would cause the membrane to 

bulge and stiffen, making it less responsive to 

incident sound waves.

The Ear



The oval window is the only part of the inner ear 

directly receiving mechanical vibration. It is at the 

end of one of the three canals which run the full 

length of the cochlea.

The vestibular and the tympanic canals are filled 

with a fluid which resembles salt water. The third 

canal, the cochlear duct, is filled with a different, 

more viscous, fluid.

Several structures are present in the cochlear duct 

and it is here that the transduction of mechanical 

energy to the electro-chemical energy of nerve 

impulses takes place.

The Ear



The most important structures of the cochlear duct 

are the basilar membrane and the organ of Corti.

The organ of Corti rests on the basilar membrane 

along its entire length and consists of about 23,500 

receptor cells which have protruding steriocilia. 

Mechanical stimulation of the steriocilia produces 

electro-chemical spike impulses which pass to the 

central nervous system by means of the auditory 

nerve.

The Ear



The neurons of the auditory nerve perform much processing 

of the electro-chemical signals of the inner ear. For example, 

there are cells which respond to complex noises but do not 

produce an output for a pure tone. Others respond only to 

brief transient sounds such as clicks, while others respond 

to a variety of pure tones.

The most common type of nerve cell, however, is called the 

tuned neuron. This cell responds maximally for only a very 

restricted range of frequencies, as shown in the case of the 

four tuned neurons presented below.

The Ear



• The frequency range of adult human hearing is 

considered to be from 20 to 20,000 Hz.

• In adults, sounds below 20 Hz are sensed only 

as vibration.

• Young children can hear higher frequencies 

than adults, reaching as much as 27,000 Hz in 

some cases.

• Whereas the minimum frequency we can hear 

remains roughly constant, the maximum drops 

progressively with age. By 60 the hearing loss 

for an 8,000 Hz pure tone is more than 40 dB.

• Various animals such as bats and dolphins can 

hear frequencies which are several time higher 

than the maximum limit of humans.

Range of Human Hearing



• The maximum pressure variation the human ear 

can tolerate is about 280 dynes/cm2 above or 

below atmospheric pressure, where 1 dyne is the 

force needed to accelerate 1 gram at 1 cm/s2.

• The minimum pressure variation detectable by 

the human ear is roughly 0.0002 dynes/cm2.

• At the threshold level of 0.0002 dynes/cm2, the 

air molecules are displaced about 0.0000000001 

cm, which is one-tenth the diameter of an 

average air molecule.

Range of Human Hearing



Range of Human Hearing



Exposure to loud sounds 

may result in temporary 

threshold shift (TTS) from 

which hearing eventually 

returns to normal after the 

sound stops. 

Physiological Effects 
of Sound



Very intense sounds can cause 

permanent threshold shift (PTS)

which is an irrecoverable loss of 

hearing. PTS consists of damage 

to the cochlear cilia, the organs of 

Corti or the auditory nerve. These 

structures become damaged by 

overstimulation of the cell 

metabolism or by exceeding the 

elastic limits.

Physiological Effects 
of Sound



Some physiological effects of intense sound are 

given in the table below.

Physiological Effects 
of Sound


