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Dvnamic Range

Humans hear over a pressure range of 120 dB [that’s a factor of a million]
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Dvnamic Range

Humans hear over a pressure range of 120 dB [that’s a factor of a million]
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- Ear actually EMITS sound! otoacoustic emissions — OAEs

http://www6.miami.edu/UMH/CDA/UMH_Main/



- OAEs used for newborn hearing
screening (only healthy ears emit)

- Much faster/easier than evoked
electrical potentials




Otoacoustic Emissions (OAEsSs)
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> OAEs apparently a byproduct of the amplification mechanism

> Provide means to non-invasively probe inner ear (e.g., hair cell dynamics)



Ear is a Fourier analyzer (Tonotopicity)
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Hair cell = ‘Mechano-electro’ transducer

Mammalian Cochlea Uncoiled

to

Vestibular .
System Traveling Waves

l~ Helicotrema

Stapes \ Jy
:: > Acoustic Eher
1.)' si E pliant &
’ massive
to
Middle \ . .
Ear stiff & /
¢ thin
~ /
A/\ Cochlear
Round Partition ® ©
Window ® o ®
K+ i —% e \v ®
ENDOLYMPH L

Inner
Hair Cell

Afferent Auditory
Nerve Fiber (ANF)

TUNNEL \»- )
- oP '

Mo TR e e s - Transduction is nonlinear
PERILYMPH




Hair cell = amplifier?
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Cochlear micromechanics are poorly understood
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Comparative Approach

> Wide variation in morphology/physiology

> Relatively ‘simpler’ ears

> Extensive neurophysiology, behavioral measures
> OAEs fairly universal



Anolis carolinensis







Statistics

Fourier transform (spectral averaging)
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Statistics

10 2000
=
2 g 1500
[+2] S5 "
S 0 c 8
3 ) g
g £ 1000
)
]
=10
500
Human
o [Ararsonentt ) ‘ ,
1 2 3 4 5 6
Frequency [kHz]
CF= 9633 Hz, BW=80 Hz 1800
TAG4learSOAEWf1
1600
10 1400
= E\ 1200
p |
a
g 'g 1000 &
c
S 0 g 3
g E 800 G
=3
s 500
2
§ e 400
200
Barn owl i
_20 TAG4learSOAEWf1 X
2 4 6 8 10
Frequency [kHz]
CF= 1131 Hz, BW=60 Hz 2000
AC9rearSOAEW3
1800
10 -
z 1400
E g 1200
3 0 .E é’
g g 1000 §
2 g s
E - 800
= 600
= -10}
400
ACorasONEws Lizard (anole) 200
=20 ,
1 ’ y ! i x10~4
Frequency [kHz] Real

= (Noisy) Self-sustained oscillators, suggestive of an ‘active’

(@)

Pressure amplitude [unscaled Pa x1E-4)

112 14
Time [s]

-n

Pressure amplitude [unscaled Pa x1E-4)

05 06 07
Time [s]

Pressure amplitude [unscaled Pa x1E-4)

025 03
Time [s]

mechanism

035

bt

suno)

sjunod

suno)



Temperature Dependence
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- SOAEs metabolically-dependent (e.g., upward frequency shift w/ temperature)
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Interactions with External Tones
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Model — Coupled (Non)Linear Oscillators
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» Lizard (inner) ear as collection of coupled oscillators
» Nonlinearity: Limit-cycle oscillators
» Parameters primarily determined by neurophysiology

» Model predictions match data well

Bergevin & Shera (JASA, 2010)



Summary
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