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The human ear and its function  
 
Demands on design 
For the sound environment there are some measures that are used for 
characterising the acoustic quality. These measures can be e.g. the maximum 
allowed A-weighted sound pressure level, the reverberation time or demands on 
the air-borne or impact sound insulation in buildings. The background for the 
choice of these measures is the affect on humans. Design demands, which are 
formulated badly, are able to ruin the functioning of a building or a machine. A 
noisy office space makes work with a high level of concentration impossible. A 
concert hall with wrong reverberation time decreases the pleasure for the 
listeners and the artists. More examples are easy to find. 
In the following chapters; 
 the concept of disturbance is discussed, 
 the functioning of the human hearing is described, 
 the measures used for demands in designing are explained. 
 
The concept of disturbance – what is noise 
 
Subjective disturbance 
Noise is often defined as unwanted sound. Already in this definition, it is 
indicated that the disturbance caused by the sound may have a subjective 
aspect. A certain sound may be pleasant for one individual, while it is 
experienced as noise by another person. As examples one can mention the use of 
snow-scooters in Sweden, or such a simple thing as different kind of music. 
However, even though the sound is “welcomed” by the listener (e.g. at a 
discotheque), this does not change the impact of the sound on the physical or 
mental health if it is too high in amplitude. 
The disturbance due to noise is not necessarily related to high sound pressure 
levels. The tonality or the content of information are other factors which can 
lead to disturbances from sound. A sound that normally is masked by other 
sounds, and therefore not audible, may sometimes appear sharp and distinct. 
Examples of this effect are the dripping of a faucet or the ticking of a clock. 
Low frequency noise from fans, often with a tonal character, may be conceived 
as very annoying, even tough the level is very low. Such noise can also have a 
negative impact on human physical and mental health.  
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Sleep disturbances 
Many people are sensitive to noise during the night, and are easily woken by 
variations in the sound level due to e.g. traffic noise or aeroplane noise. 
During one night, we go through a number of so-called sleeping cycles. A sleeping 
cycle is one out of five different levels of sleeping depth. The first level, which 
we enter as we fall asleep, is the so-called REM (rapid eye movement). At this 
level the sleep is very light, and there is not much required in order to wake you 
up. Additionally, it is at this level that we dream. The fifth level is the deep 
sleep. It is very hard to wake up from this stage, but if you wake up anyway, you 
will feel very bad and tired. At this level, the body is normally regenerated. 
When we sleep, we pass through the levels from the REM sleep to the deepest 
sleep and back again a number of times. Normally, we wake up in the morning 
from the REM stage. This is the reason why we can remember our dreams. 
Investigations have shown that if humans are exposed to variations in the noise 
levels during sleep, the sleep cycles are disturbed and in particular, the deep 
sleep stage will be reached only briefly or not at all. This means that the body 
can not be regenerated enough during the night. Consequently, we might feel 
tired and faint. However, even if we do not register such effects, disturbances 
of the sleep cycles affect our health. It has been shown that sleep disturbances 
may lead to higher production of stress hormones. The research in this field is 
still active. It is still not perfectly clear what time variations of the noise levels 
that are acceptable. Today the maximum sound pressure level and the number of 
disturbances are used to define the sleep disturbance. 
 
Disturbance of the communication 
Noise is always disturbing in conversations and reduces the speech recognition. 
In order to keep the same level of speech recognition when the noise increases, 
the speaker unconsciously raise his voice up to 10 dB above the background noise 
level. Listeners with a hearing loss need an even higher increase. The sound 
pressure level of the human voice is in a quiet environment approximately 60 dB 
at 1 m distance. When shouting, the maximum noise level achieved is 
approximately 85 dB. 
In a noisy environment, the quality of the speech recognition is determined by a 
number of factors. The most important factors are 
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 the character of the noise (sound pressure level, frequency 
contents), 

 the distance between speaker and listener, 
 the properties of the room (absorption, reflecting surfaces, et al.) 
 the character of the speak (the level of the speakers voice, speed, 

articulation, et al.). 
 
Sound quality 
Disturbances may be seen as a negative sound quality. Of course, the aim during 
the planning of a new building has to bee to avoid a negative sound quality, but a 
good building is characterised by a positive sound quality adapted to the purpose 
of the building. The term a good sound quality means properties that support 
the function of the building. A meeting room should be designed to invite open 
and pleasant discussions. A lecture hall have to fulfil specific criteria, which will 
be discussed later, but additionally, the aim has to be to create an environment 
where it is a pleasure to stay for teachers and students. The sound quality is 
one of the main aspects among others, such as light, design or ventilation, which 
all determine the total quality of the function. It is still hard to define the 
sound quality in terms of physical parameters. However, there is work going on in 
this field, and it is important to be aware of that the goal is to create a good 
sound quality, not just to avoid disturbances. 
 
Hearing 
 
The physiology of the ear 
The figure on the next page shows the construction of the human ear. The ear 
can be divided into three parts; the outer ear, the middle ear and the inner ear. 
An outline of the ear’s functioning is also shown in the figure. 
The outer ear consists of the visible pinna (Swedish: öronmussla) and the 
auditory canal (hörselgången), which is the canal from the pinna to the tympanic 
membrane or the eardrum (trumhinnan). The pinna is directed forward, and we 
can not change its direction, in contrast to many animals. The construction and 
position of the pinna has an influence on the localisation of the angle of 
incidence at high frequencies. The auditory canal, which is slightly bent, ends by 
the eardrum, which is an elastic membrane between the auditory canal and the 
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middle ear. Sound pressure variations in front of the ear are transmitted 
through the auditory canal and set the tympanic membrane in motion. 
This motion is transmitted from the membrane to small bones in the middle ear. 
These bones are called, due to their form, the malleus (hammer), incus (anvil) 
and stapes (stirrup) (Swedish: hammaren, städet och stigbygeln). The hammer is 
mounted at the inside of the eardrum.  
The stirrup is mounted at the so-called oval window (Swedish: ovala fönstret) at 

the entrance to the inner ear. 
Due to the geometry and the 
arrangement, the bones work 
as a gearbox. The motion of 
the eardrum is shifted down 
by the bones while the force 
is increased, which enhance 
the sound transmission to the 
inner ear. In the chain of 
bones there are muscles 
which have a protective 
function. At 70 to 80 dB, the 
muscles are activated, and the 
motion of the bones is 
resisted. This damping can be 
up to 20 dB. However, a 
certain time is needed before 
the muscles are activated 
(approximately 100 – 200 ms), 

which imply that the muscles does not protect from impulse or hammer sounds. 
For sudden sounds, like the hitting with a hammer or the shooting of a gun, the 
muscles do not have time to react and hence do not give any protection. 
The motion of the bones is transferred by the stirrup to the oval window of the 
inner ear. The inner ear or the 
cochlea (Swedish: snäckan), is a 
spiral shaped labyrinth of bone, 
having two liquid-filled canals, see 
One of the canals starts from the 
oval window. The other one start 
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from the so-called round window (Swedish: runda fönstret). At the top of the 
cochlea, the two canals meet. The canals are separated by the actual hearing 
organ, the organ of Corti. A cross-section of the organ is shown on the right 
The motion of the oval 
window leads to 
pressure fluctuations 
in the canal behind the 
window. The pressure 
fluctuations are 
transmitted in the 
fluid to the top of the 
cochlea, and back again 
in the other canal to 
the round window. The 
functioning of the 
round window is to 
cancel the pressure 
variations. Due to the 
decrease of the cross-
section area towards the top of the cochlea, there is a clear loss of pressure 
between the both canals. Hence, the pressure is always different on the both 
sides of the organ of Corti. This effect leads to an acting force on the organ, 
which sets it into motion. 
The organ of Corti is surrounded by a tensed membrane, which stiffness varies 
along the cochlea. At the entrance, the stiffness is higher and at the end, it is 
softer. High frequencies excite vibrations mainly in the stiff part of the 
membrane. For decreasing 
frequencies the point of 
excitation is moved towards the 
end of the canals. Consequently, 
only a part of the organ of Corti 
moves, depending on the 
frequency contents of the 
signals. Asimplified presentation 
of the motion of the organ of 
Corti for high frequencies and 

höga frekvenser

ovala  fönstret

låga frekvenser
ovala  fönstret
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for low frequencies is shown on the right (ovala fönstret= the oval window). The 
motion of the organ of Corti is registered by totally approximately 15 000 hair 
cells, which are grouped into three rows along the organ of Corti. The outer hair 
cells detect relative motions between the centre of the organ and the 
membrane. The inner hair cells detect the motion of the fluid inside the organ. 
The hair cells send electric impulses through the cochlea nerve to the centre of 
hearing in the brain. Simplified it can be said that the frequency of the sound is 
determined by which hair cells that send signals to the brain, while the 
amplitude is determined by the number of signals.  
 
The properties of human hearing 
The physiology of the ear determines what sound pressures we can register and 
what frequencies that we can hear. By our hearing, we can detect a very large 
dynamic range, from very small pressure fluctuations (about 20 µPa) to very high 

variations (over 100 Pa). 
This large dynamic range 
cannot be achieved even 
with modern, sophisticated, 
electronic audio equipment. 
Thanks to the stiffness 
distribution of the organ of 
Corti, we can normally hear 
frequencies in the range 
from 16-20 Hz up to 15-20 
kHz. However, we cannot 
hear equally well in 
different frequency ranges. 
Our hearing is most 
sensitive in the frequency 
range between 2 kHz and 5 
kHz. This is partly due to 
the amplifying effect of the 
resonances in the ear canal 
on the sound signal. The 

length, L, of the ear canal is approximately 25 mm. One end is open while the 
other can be considered as closed. This means that a quarter of a wavelength 
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has to fit to the length to achieve the first resonance fres. The complete 

wavelength is therefore four times the length of the ear canal: 
    

� 

fres =
c

4L
 where 

c is the speed of sound in air. By inserting numerical values one gets fres is 
approximately 3400 Hz. For low and very high frequencies, the human hearing is 

not as sensitive as in the 
range 2-5 kHz. For the 
lowest frequencies, 
approximately 70 dB 
higher sound pressure 
level is needed, compared 
to the level at 1000 Hz, 
for us to perceive them as 
equally load. In the figure 
above, this is shown a 
typical threshold of 
audibility together with 

curves of so-called equally loudness. The unit for loudness is phon, and the 
curves are therefore sometimes called isophon curves. These curves are 
measured by test subjects comparing the experience of a tone with a reference 
tone sounding at 1 kHz. The subjects change the sound pressure level of the 
tone until the two sounds have the same loudness (i. e. they are perceived as 
equally loud). Averages of loudness levels determined in this way are shown in 
the figure. The lowest curve is the threshold of hearing. At very high sound 
pressure levels (above 130 – 140 dB) the sounds will cause strong pain. 
Due to the frequency properties of human hearing, one chooses to characterise 
the risk of disturbance by measuring the sound pressure level with certain so-
called weighting filters. The weighting curves for A, B and C filters respective 
are shown on the left. These weighting filters, which are used to measure the 
sound pressure levels as dBA, dBB and dBC respective, are based on the isophon 
curves. Originally, the dBA scale was intended to be used in the interval 20–55 
dB. However, in practice the dBA scale has been used regardless of the sound 
level. Since low frequency noise gets more usual in the society, one measures 
today often also dBC levels, which take more account for the low frequencies. 
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As stated earlier, the human hearing has a very large frequency range, but the 
hearing is not linear. If the sound pressure is increased by a factor 2, it is not 
perceived as doubling of the subjective perceived sound level. The table below 
shows how we perceive changes in the sound pressure level. 

Change in sound pressure level 
DB 

Subjective perceived change 

1-3 very small difference 
5 clear difference 
10 doubling of the noise 
20 big difference 

(A change of 10 dB corresponds to a change in sound pressure by a factor 3). 
 
Masking 
An important effect is the so-called masking effect. Observing the motions of 
the organ of Corti one can see that a larger area is activated at one single 
frequency. In special, low frequencies activate a relatively wide area from the 

top of the cochlea 
downwards. This imply 
that in order to hear a 
higher frequency 
simultaneously, this high 
frequency has to excite 
the organ stronger than 
the low frequency sound 
does. If the high 
frequency excitation is 
lower than this level, the 
sound is masked by the low 
frequency sound. (E.g. the 
masking of speech by low 
frequency fan noise). 

 
Binaural hearing 
To hear sound with both ears is called binaural hearing. This binaural hearing 
gives an experience of the room, which can not be found by one-ear, so-called 
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monaural, hearing, and it also give higher clarity. This is mainly due to the three 
phenomena; ability of localisation, disturbance suppression and decreased 
masking. 
The ability of localising a sound signal, with an angle of incidence from the side 
of the head, is determined by two factors: 
the time delay due to different distance between the source and the both ears 
(especially at low frequencies), 
the level difference due to the screening effect of the head (at high 
frequencies). 
Due to these factors, we have the ability to localise sound sources in the 
horizontal plane much better than in the vertical plane. 
Thanks to the ability of localisation, one can e.g. suppress sounds arriving from 
unwanted angles. In a group of talking people, it is possible to concentrate on 
one person in the group. The suppression of disturbances depends among other 
things on differences in the masking level between the ears. A disturbing sound 
is often diffuse in the room and has therefore approximately the same level at 
both ears. A sound that one wants to hear is then easier to perceive by moving 
the head so that one ear is facing the sound source. By the shadowing effect of 
the head and the correlation analysis, the noise will be suppressed. 
 
The hearing damage effects of noise 
The hearing damage effects of noise are well investigated and manifest itself in 
that the hair cells in the inner ear die. It can be seen as fatigue due to high 
sound levels during a long time period. 
It is the product of the time and the 
level of exposure that is important. 
Long-term exposure to lower levels 
might be as damaging as short-term 
exposure to high sound levels. In the 
same time, it is important for the 
hearing to have the chance of 
regeneration, i.e. periods of low noise 
levels are important between periods 
of exposures to high sound levels. On 
the right there is a tone audiogram 
for persons with a small (upper curve) and a severe hearing damage (lower curve) 
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respectively. The tone audiogram shows the measured threshold of hearing for 
single ear hearing compared to the ISO standardised threshold of hearing. One 
sees that the hearing damage first appear at high frequencies, especially in the 
range where the hearing is the most sensitive. 


