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THE EAR: the HEARING sense (FEE. 5 &£ 5H<)
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The sound it is a PRESSURE WAVE
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The sound it is a PRESSURE WAVE

ZERDET] f=Frequency
b pw P(£)=P.sin (@t +k x) A=Wavelength
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The sound SPECTRUM

y=sin(t)
y=sin(t)+sin(2t)

y=sin(t)+sin(3t)

-2.0

1.0

08
06
04
0.2
a0
02
0.4
06
e
10

0 =200 400 GO0 800 1000 1200 1400 1600 1800 2000 2200

0 =200 400 600 800 1000 1200 1400 1600 1800 2000 2200

0 200 400 600 800 1000 1200 1400 1600 1800 2000 22

0o



The FOURIER trasformation
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y=sin(t)
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Eustachian tube
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Outer Ear

- the “Pinna” 1s not frequency flat.
Different frequencies are detected at
different intensities.

Pinna




Cross section of cochlea
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Sound-induced vibration
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Three Gyroscopes in our Ears !

The semicircular canals detect angular acceleration. There
are 3 canals, corresponding to the three dimensions in which
you move, so that each canal detects motion in a single
plane. Each canal 1s set up as shown below, as a continuous
endolymph-filled hoop. The actual hair cells sit in a small
swelling at the base called the ampula.
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Localization of sound

The ability to estimate just where a sound is coming from, sound localization, is dependent on
hearing ability of each of the two ears, and the exact quality of the sound. Since each ear lies on
an opposite side of the head, a sound will reach the closest ear first, and its amplitude will be
larger in that ear.

The shape of the pinna (outer ear) and of the head itself result in frequency-dependent variation
in the amount of attenuation that a sound receives as it travels from the sound source to the ear.
Furthermore, this variation depends not only on the azimuthal angle of the source, but also on
its elevation. This variation is described as the head-related transfer function, or HRTF. As a
result, humans can locate sound both in azimuth and altitude. Most of the brain's ability to
localize sound depends on interaural (between ears) intensity differences and interaural
temporal, or phase, differences. In addition, humans can also estimate the distance that a sound
comes from, based primarily on how reflections in the environment modify the sound, for
example, as in room reverberation.

Human echolocation is a technique used by some blind humans to navigate within their
environment by listening for echoes of clicking or tapping sounds that they emit.




LOCALIZATION

- Phase Difference 1378
- Intensity Difference 58

- HRTF
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HRTF Directional Dependence

on

T
-n
—
o
=
=1

1

o
L=
|1':
I
=
[=3
(=)

Response (dBE)

Ralative re:

z 4

B
Frequency (kHz)

DEED — baffle — sirmudation

Depending on the angle
we have different
acoustical response.

Arigle |Deg.|

Fragqueaerncy [kHzx]



Head-Helated Transfer Functions (HRTFs)

Frequency Domain: Magnitude
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