8
Auditory and vestibular system



Auditory system

Transduction of sound waves to the receptor and the action
potential

Transmission to CNS

Signal processing
— Sound decoding
— Interpretation
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Sound

Produced by vibration of
solid object in the air or
water

Sound characteristics
— Frequency — pitch
— Amplitude — intensity

— Timbre — given by
representation of
harmonic frequencies of
the oscillation

Pure tone
Complex sound

Dristance =
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Sound

e Pure tone

* Complex sound

— Harmonic (musical)

e periodic

Sound Waves

(a)

B
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— Disharmonic (noise)

e aperiodic
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Noise
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Figure 2.7 Waveform (left) and spectra (right) of two sine waves (A and B), combining
into a complex wave (C).

http://www.earmaster.com/music-theory-
online/ch03/chapter-3-2.html
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HUMAN
20-20,000Hz

ELEPHANT
5-12,000Hz

DOG
50-45,000Hz
CAT
45-65,000Hz
MOUSE
1,000-100,000Hz
BAT
2,000-120,000Hz

BELUGA WHALE
1,000-120,000Hz

DOLPHIN
75-150,000Hz

Audible spectrum

10 100 1,000 10,000 100,000
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The intensity and volume of sound

* Intensity of sound
— Amplitude
» Whisper —20 dB
» Speaking - 65 dB
» Jet engine — 100 dB
» Pain treshold — 120 dB
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https://www.boundless.com/physics/textbooks/boundless-physics-
textbook/sound-16/sound-intensity-and-level-129/intensity-458-6077/




The intensity and volume of sound
P, +

* Intensity of sound w ool N A e e
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* Volume —subjectively R\ ‘f%
perceived intensity i

https://www.boundless.com/physics/textbooks/boundless-physics-
textbook/sound-16/sound-intensity-and-level-129/intensity-458-6077/ 8



External ear

Transmission of acoustic signal from environment to the
tympanic membrane

Stapes  Semicircular
Malleus canals

Cral
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Middle ear

Transmission of acoustic signal from the tympanic membrane
to the oval window and perilymph

http://www.slideshare.net/drpsdeb/presentations
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A significant difference
in acoustic impedance
between air and
perilymph

Signal amplification

— Tympanic membrane
area/oval window area

— Ossicles

Protective function

— m.stapedius and
tensor tympani

— Eustachian tube

Middle ear

Malleus } ;-

Manubrium

of Malleus Stapedial

Stapes Footplate

Oval Window

{-f’ } (Small Area)

Tympanic

} \
Membrane Z- 7\
(Large Area) /// |\
g Smaller Area
’\// S]] éz:g:rF?):iz Same Force
Sy HIGHER
6y Lower Pressu _——%% PRESSURE

Force applied to a larger
area is concentrated
onto a smaller area

http://slideplayer.com/slide/3433153/



Inner ear

Transduction of endolymph vibrations to receptor and action potential

Cross section of cochlea
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Tonotopic arrangement

* Proximal part -
— high frequency -—

e Distal part 1004
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Organ of Corti

Scala
Malleus Incus vestibuli

Scala
madia

> Inner hair cells
» aprox. 3 500

> Quter hair cells
» aprox. 12 000

= Effersint
Afferert  pembrane  hairoells of Contti
SNOME
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Inner hair cells

» Sensory function
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Outer hair cells

*))))) % ===
* Modulation of the signal N
v Amplification of required ') =
frequencies *”))) Vodurm, ~= —
, d) .., =E —
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Nucleus

The Outer Hair Cell T
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Outer hair cells

* Modulation of the signal
v' Amplification of required
frequencies

* The number increases towards
apex (low frequencies)

Stereocilia

Electromotile
Response

Nucleus

The Outer Hair Cell T
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Inervation of the organ of Corti

Quter hair cells -

Fd | | . - A .
Inner hair cells f - el a
r \ ) S [ i ”

Spiral ganglion
cells

To cochlear
nucleus (afferent)

From superior
olivary complex
(efferent)
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Nucleus spiralis cochleae
Nucleus cochlearis ventralis

— Information about intensity

— Time delay — the sound direction

Nucleus cochlearis dorsalis

— Information about frequency

Olivary nuclei
— Analysis of direction

— Modulation (increase) of the outer hair
cells sensitivity

Colliculi inferiores

— Integration of information from the lower
structures

— Centre of acoustic reflexes

N. corporis geniculati medialis

— Thalamus

Auditory cortex

http://www.slideshare.net/drpsdeb/presentations



Nucleus olivaris superior medialis

Time delay based sound localization

Action potentials conver,

on an M5O neuron that & Cochlea and
responds most strongly if cochlear nucleus
their arrival is coincident

http://www.slideshare.net/drpsdeb/presentations
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Nucleus olivaris superior lateralis

Intensity analysis based sound localization

Output of LSO

40 20 0 =20 40
Left > right Right>left 1\ \NTB — medial nucleus trapezoid body
Relative loudness

i met inhabiion on aght and ne signal
=70 o hnsher centers
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Colliculi inferiores in various animal species

ECHOLOCATING BAT DOLPHIN

Gerald Schneider. 9.14 Brain Structure and Its Origins, Spring 2014. (Massachusetts Institute of Technology: MIT
OpenCourseWare), http://ocw.mit.edu (Accessed). License:Creative Commons BY-NC-SA
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(A)

Auditory cortex

(B)
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Vestibular system

Anatomic localization
Hair cells

Information about
» Position
» Acceleration

v Linear

v Angular
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Vestibular system

 Anatomic localization cndotgren ___suparor
o semicircular canal .
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Information about position and linear acceleration
-,

o utricle

* Macula
— CaCO,crystals

macula
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http://www.slideshare.net/CsillaEgri/presentations 26



Mechanism

Flexion towards stereocilia
— Opening of mechanically activated K* channels —depolarization

Flexion away from stereocilia
— Closing of the channels - hyperpolariztion

_______________ }.
Receptor potential

Merve impulses

Hyperpolarization

http://www.slideshare.net/CsillaEgri/presentations

Depolarization
LT e e L L
Hesting Increased Decreased
discharge impulse impulse
frequency frequency
Excitation Inhibition
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Information about angular acceleration

 Ampulla

* Semicircular canals
— Upper
— Horizontal
— Posterior

Cupula displacemant

Inartial flow
of endolymph

Rotation of semicircular
canal {angular acceleration)
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Vestibular area in
cerebral cortex

Ventral posterior
nucleus in thalamus

Vestibular branch of A Seulomolot
vestibulocochlear (II1) nucleu 8 nefes
(VIII) nerve -
Vestibular Trochlear nerve
ganglion \ _ (IV) motor nucleus

| ': , N g

Abducens nerve
(V) motor nucleus

Cerebellum
Accessory nerve (XI) nucleus

Spinal cord : ’ Vestibulospinal tract

Vestibular nuclei

Integration of vestibular, visual and somatosensoric information

Projections
— Cerebellum
— Oculomotoric nuclei
— Nucleus of n. Aaccessorius — the muscles of the neck
— Thalamus - cortex 59
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