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Fig. 1 The structural model and coordinates for the cochlea

z
3
P1 Pz P1=_P2
i, L
m6t2 +Bat +kn =P, -P, =2P,
m m B
. Manoussaki
K
oD
V = — =
z | z=xH az

(¢) Lateral view of the cochlea



896

K — mw + ia),B.

m _ 9P
a9z (5)
2
(1)
D(rozi) =¢(r 6 Z(z) T(1) (6a)
D(r0z1) = olr 6)2(2) Lo Promne] (6b)
(6b) bo 0 K w
@ ( ) (6a) (1)
g7+ 8L, (PO, L ab, 13\, 2,
Viez+ ' Fo = (T L0 L0z T =0 (7)
(7)
Ve (d*Z/dz%) )
o - (L) (s)
I (8) (6a)
&’Z(2) dz B
e CI (9)
(9)
Z(z) = Aycosh u(z + H) (10)
(10) A, @
D(r 0 z1) =d¢y(r 6)Aycosh u(z + H ei[""fﬁeK(B)R"‘w)de] (11)
(11) do(r 6) =A(6) C u(r+R)) C u(r+R) Bessel( )
(11) (2)
- _ P — e . i[wt—LgK(ﬂ)Rm(H)d()] _
P, P ipw*dy(r 0) Ajcosh u(z + H) -e ipw®.
(12)
/ot = iwn n/ot’ =-w'n
(3)
2P, = (k - mw’ + iwp) . (13)
(11) (5)
vy = 867? = wAyby(r 0) sinh wH il ook 0 0] (14)
(14) (13) (12)
- 2ipw® = (k — mw’ + iwp) iaa% (15)
P _ 2Hpo'
uHtanh(uH) = (16)



897

(16) )
H. P~ K
(16) w Al )
m u~=K?* K =2m/A
un=2m/A A A i’
m
2 H 107" ~107%( 'm) w=10 uH<1
tanh( uH) =~ uH. (16)
2172 ZHQCOZ
wH = 5 (17)
K — mw
(17)
) 1 ’Hk
=@ - [ pIK 18
f 2w 2w 2p +,u,2mH (18)
p =0 f=01727m) Vk/m
p#0
60 -
45
K 30
15| u=10
ok
0 10 15 20
A
2 K A
Fig.2 Relationship between number of waves K and length of wave A and the value of
(18) K H . 3
K 4 H
H K
H K



898

1200 7 —— #=0.6 mm
r = — H=0.8 mm e
-
1000 L —-—H=1.0mm -
800 -
N
T 600 |
™~
N
400 |-
200
0 1 1 ; 1 1 ; 1 1 5
0 2x10"  4x10'"  6x10"  8x10'"  1x10'
x/(N/m)
3 f K
Fig.3 Relationship between frequency f'and basilar membrane stiffness « of the cochlea
[ x=2x10""N/m
900 _ _ —4x10"N/m _
[ —-= k=6x10"N/m .
800 |
700 |-
N~ 600
T L
>~
~ 500 |-
400
300 |-
200
1 1 1 1 1
0.2 0.4 0.6 0.8 1.0
H/mm
4 f H

Fig.4 Relationship between frequency f and duct height H of the cochlea
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Table 1 ~ Changes of basilar membrane stiffness x and duct height H of the cochlea with BM length x

BM length duct height H /m BM stiffness k /( N/m)

x /em function expression value range function expression

value range

human 3.50  1.00 x 1073(1 -x/8.00) ° 0.56x107° 1.00x10™% 9.22 x 103(1 - x/3.60) '  2.56x10' 9.216 x10"!

gerhil 120 8.70 x 107#(1 -x/2.00) " 0.35x107% 0.87 x107%  2.00 x 10° ¢!- 024 -4 43+ 12

2.74 x10'° 5.569 x 10'2

guinea pig  1.85  0.90 x 1073(1 -x/2.56) * 0.25x10730.90x10 7>  3.44 x 10°(1 -x/1.9) B  9.00x10'° 3.440 x10'?

(18) K H
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Influences of the Cochlear Structure on the
Dispersion of Low-¥requency Signals

LI Te LIU Shao-bao LI Meng-meng WU Ying LI Yue-ming
( State Key Laboratory for Strength and Vibration of Mechanical Strudures
(Xt an fiaotong University) ~ Xi’ an 710049  P. R. C hina)

Abstract: The cochlea is the most precise mechanical component in a human body. With frequencies
from dozens to thousands of Hertz acoustic signals can be processed by the cochlea and captured by the
sensory hair cells on the basilar membrane ( BM) . Experimental research shows that sound waves of dif-
ferent frequencies are scattered at different positions along the basilar membrane as a natural Fourier filter.

Based on Manoussaki’ s 3D fluidsolid coupling model for the spiral cochlear basilar membrane and in ad-
dition according to the longitudinal gradients of the cochlear duct height and the BM stiffness a dispersion
equation for the acoustic wave propagation along the basilar membrane was deduced. The influences of
the duct height and the BM stiffness on the dispersion characteristics were analyzed. It is found that exist—
ence of the cochlear endolymph greatly increases the low requency signal processing ability and the cap—
ture frequency reduces with the decreases of both the BM tiffness and the duct height. Finally 3 exam-—
ples of human gerbil and guinea pig were empirically studied for verification. 3 frequency-position dia—
grams corresponding to the 3 animals respectively were obtained to prove the correctness of the proposed
dispersion model and reveal the relationship between the biological adaptability and the function of co—
chlear dispersion. This study is not only beneficial to understanding of the cochlear function but also
promising to lay a theoretical basis for the development and design of sound sensors.

Key words: cochlea; basilar membrane( BM) ; low -requency signal; dispersion; frequency—position dia—

gram
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