The functional anatomy of hearing
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An overwiew of the ear

Mechanical and sensory receptors for
sound (& balance)

Infrasound 20-20.000 Hz ultrasound
Speech 1.500 - 3.000 Hz
Highest sensiti. 2.000 - 5.000 Hz
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middle ear - inner ear
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The middle ear

Why do we need it ?




The middle ear

Why do we need it ?
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Problem

Nar lyden skal fra luft til vaeske vil impedansforskellen
medfgre:

at 99,9% af energien reflekteres tilbage fra graensefladen

mens kun 0,1% transmitteres til veesken i cochlea

Det svarer til at lyden aendres —30 dB




Problem

Hvis lyden skulle direkte fra luft til vaeske (PLF) ville
Impedansforskellen medfgre:

at 99,9% af energien blev reflekteret tilbage fra
greensefladen

mens kun 0,1% blev transmitteret til veesken | cochlea

Det ville svare til at lyden aendres —30 dB




Tympanic membrane

Thickness: 0,1 mm
Diameter: 9-11 mm
Skyggevirkning: ~10-20dB
Area: ~85mm?

“Effective acoustic area”; ~54mm?



The middle ear ossicles

The tranformation effect of the
middle ear

Malleus (hammer)
Incus (ambolt)
lever effect P~x1,3

Stapes footplate ~1 x 3mm
tymp membr./stapes 54/3
areal effekt P~x18



Solution

Total mechanical sound pressure amplification
1,3x18 ~ 23,4x

Total mechanical sound intensity amplification
log I/l (Bell) = 10 log I/, (deciBell, dB) =

10 log P?/Py? = 10 log (P/P,)? =

20 log P/P, = 20 log 23,4 =

+ 27dB
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The Inner ear

Membraneous labyrinth
(endolymph)

Cochlea
Ductus Cochlearis

Osseous labyrinth
(perilymph)



Cochlea

22 turns

Scala Media
(endolymph)

Scala Tympani/Vestibuli
(perilymph)



Cochlea

Spiralis osseous lamina
Basilar membrane

Spiral ligament,
vascular stria

Reisners membrane
Organ of Corti
Tectorial membrane
Cochlear ganglion

sensory nerve cells
(~20.000)



The Inner ear

Dual action basic mechanism: Passive and active



Passive

Hair cells

Hight frequency Basilar membrane

Base: narrow and tight Apex: wide and loose

Low frequency
Stapes



The travelling wave.

Wave height ~ loudness
Place code for pitch



and active




and active

Inner hair cells = microphone
Outer hair cells = motor (weak sounds) / brake (loud sounds)



Damaged or absent OHC's:

Reduced Sensitivity Reduced Selectivity Reduced dynamic range



Central
connections






