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Brief Physiology of the Ear
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The Cochlea
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Features of Cochlear Response

"Frequency-Spatial Correlation

Frequency-Location Mapping

L4}
o

i
o

|5}
[}

Characteristic Frequency, KHz

Basilar Membrane Vibration

BM Displacement, nm
BM Displacement, nm

= | 1 1 1 1 e
1] 0.5 q 1.5 2 25 0 0.5 1 1.6 2
Distance from the Stapes, cm Distance from the Stapes, cm

Response to Low Frequency Response to High Frequency

SIAM, May 2015 4/13



Features of Cochlear Response

"Frequency-Spatial Correlation
=\Very Wide Dynamic Range

Basilar Membrane Response to Increasing Stimulus Intensity
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Features of Cochlear Response

"Frequency-Spatial Correlation
"\Wide Dynamic Range
=Distortion Products

Basilar Membrane Vibration
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Features of Cochlear Response

"Frequency-Spatial Correlation
"\Wide Dynamic Range

=Distortion Products

=Spontaneous Otoacoustic Emissions
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Mathematical Model
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Mathematical Model
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Mathematical Model
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Dynamic Mode Decomposition
Two Tone Sound Stimulus @ 7 kHz and 10 kHz
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System Linearization
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System Linearization

y(u(x,t)) > Vo(x)

EYP(x,t) = AY(x, t) + Bs(t)

u(x, t)] 7 0 0 0 0
v(x,t) 0
X, t) = , 0 j 0 O 'B =
YEO=licol €=1g 0 maer, o £
. 1 2
Ll v(x, t)] 0
0 0 0 m,J.
0 0 V) 0
P 0 0 9
T Vo(x)ky— (kg + k3) —vo(x)kst ks yo(x)cy—(cy+c€3) —Volx)ky+ ks

ks —(ky + k3) C3 —(c +¢3)

SIAM, May 2015 9/13



Stability Analysis (1)
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Stability Analysis (2)
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Stability Analysis (2)

Rapid Spatial Perturbation
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Stability Analysis (2)
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Conclusion

Possible Sources of Spontaneous Otoacoustic
Emissions?

*High level of active gain

*Rapid spatial perturbations in the active gain
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