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= Abstract=

Electrical Transmission Line Modelling of the Cochlear Basilar Membrane

Soon Suck Jarng

The study of Cochlear biomechanics is to clearly define three biomechanical principles of
the Cochlea: Activity, Nonlinearity and Feedback. In this article, the Cochlea is linearly and
actively modelled in one dimensional time domain. The sharp tunning of the Basilar Mem-
brane displacement is shown when the amplifying activity of hair cells is added to the model.
The amplified energy of the travelling displacement wave is emitted throughout the Cochlear
fluid, so that the model becomes unstable. A new technique is introduced to reduce strong
echos from the Helicotrema. It makes the model less unstable. Both pure and click tones are
used as input stimuli onto the ear durm. When the model is normal, the click response of the
model shows that the backward emission of the amplified fluid pressure has mainly the echos
from the Helicotrema. However, when the linear and active model is assumed to be abnor-
mal, that is, some of hair cells are damaged not to produce the active process, the effect of
the hair cell damage is resulted in the Oto-acoustic emission. The frequency response of the
abnormally emitted sound pressure shows that the Oto-acoustic emission has the information
about the characteristic frequency of the damaged hair cell.

The main aim of this paper is to demonstrate the active biomechanics of the Cochlea in

the time domain.
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Al FEAel YoluyA Y= I, oz AF ¢
Hd2x BAse ane 19 gge Fusy 29
oA Uebdth 319 8ol dMa fHe 7tz g
225 0.5cm¢ 1.0cm $)X o] 3| D38l Zi(x)
FE ol52 002 ¥ do Yehde 19 4Y
o] F4 golth. 5 Mo Huge Az <
5KHz$} ¢F2KHzol|A] ol Folzv o] Fufge
TEERE Z4Z 40.5cmet oFl.0cmol P
Z1Aete] B4 Fo4Eolt &AM Zilx)e] FE
o] 5o} 0ol 8 1 #F X2 FEAMEY ¥
4 7led £4¢ 9uidc. 1d 89A 1.0em
FRA X 5 &4 ¥ DFFT #Hdjgkoj 0.
Scme} Atk gdHoz FHe RE Clicke A2
AA AHF 1024789] Al dio|H=E DFFTAI 7]
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Wgol, o BE A7 WolHg A4 ¥u 1.0cm
o st AR@e AAA AHAL Ha).

4. U 2

olA 7= @ihol@ ZiAuty At zdPE
8 YUY H7) HAYAHE Agded mdga,
a ANE 248 Bl €9old s Aute] W9
& ANEBEHoAH 37 98 olv] eHAREY A
AgM 2do] Argso] foud(13], 2 W&ol
Fage ddoxe 2EE ANsIAG. ks
A gdoMe §ge Ayl HAEH 2do B¢
Wl ¢ BAAARAA gl Ay AeH =4S
2aAsA ste F 7R & 2oz AAe CF
o Fale Ao WA VEZH Yo FF
37 Wate AR, EAEe A$Fo2RE B
S8 WALE & £ Utk B = A A7) =2
BHoja RHAoz ALHE K8 9 AYE
A7) A€M mdo] HLda AL L AL
fen, 1 AR AAH¥E 2o FUd. Diepen-
daal and Viergever[27]+= Laplace vl F4o =2
2dse @¥olT FA YN L Ao ue} 3
23 7l (U FY /8 AR JY)eR, £F
(1KHz) 3o} did 71 A d9e AT &
FaHoer 289 dAqMx g$Fos RE 9
2 A7 2R ES RAFH (IR Y [27]9
2 3(e) 11 A4 3(H) e A4 F=).

A" A Az dgsa A 2 2dy
2 A¥vnitk o) #HFste 7lAg dWeel Azt
4ol YU B =F9 7|H% 2do] FF
A Ay 2do)y] g £& A3 uE dH
g Alssgion, 71Ee Hiee nEE 9
Al & AooA de] AZH H4L Ass
A ZiAe W9le]l A7t 2Y A} Neely and
Kim[20]¢] Fu4 md Fe Aoz wlsk
Hou, Fos 2doy B 4 e J9Fozy
B9} WIALE HoFEd. o] uAlz AP mdel B
LB E, 25T AHHAM AGHdL gOEle
iR ZAAZHG. ol NEE He o %
€ 93 e AFuto] Efold YRe AF
e fA 4E e E4ste 988 1A ALl
A FHAHAT 1&g AZjHEH 2do %¢F
of 4Pl 35070 AW UASMWLAE Figo=
AW 7)1EY HAEH 2d9E FAsY AT 2d9
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ZiIAM 9 M9 ofulg e MEM AFH F
B4 NEEg A2 gAE oM Hejdry 2
7o gHAo2 wixaHd{20]. 2da FF o
Eg 2APoEMN 1 49 A E HU8A
A%st FFHeozr o ZPA €& F A 7
Hute] AFo AN FEH oA A
o] Al 7Aoo HHANEH e A ©dA
7t Z1AE Wel 4y Fote AYHoR AF¥
2 7ANUY. B =AM gfolwe] 9 d8A
g 2EH3A gk GEH3N £& AF F4unL
&Yt 28 49N BoAFE AN o v
Y g8 A7 sz mde] Frste 3o @
o2g HAolth FX oj5 g A Xet At
g8 s, 4y AFe AFI Fugd o}
HagHoz WHANEE sle AL WA F2
Pgoloh Clicks 943 A, 19 4o A7t o
g ¥ao] dd Ane 2do HY/MAY 4%
g JYeEY FUd. Y FF oY WA,
EREATA vdehde AF A4 EAH(Distortion
Product Emission) 58 A 737 A= g@8e]
% 2de vddgss d&-Holg dgHo2 F
AE ol g WA 5o A EHL Eoln

= 3%

Ay

F o5

Azt

R

L) = $F A9 &=
Vel(t) = J1A% 49 &%
Dis(t) = 1A% @9
Pi) = 49 3% 344

1

i

g = ™ o 3
it

i

Qi(t) = WMy 24 HYY
) = §EAX ¥4 &%
Im = $F §4 ¢udx

Z(x) = A7) A< 3™
N = AEd 299 AN

M7l Aed 29—

oo Axste) HIE % F4E 5 U

g@dol@ wde ALe s @foldol o
& Mg osE FANE u @ oA g
e €9l e Tutg g4 A4 A A
2 Sof $8% 5 Aok AF So 1749 24
2 9ol tiated 500709 AT W FF ©@R
g229H A£3o2 Yok NEEL d¥ol@o
N Hdz dese Y4 473 g2z e 5 U
. oldE AARN WAYSE IRAos &
¥ F At = o8 A3 &9 AsEL 2o
At Bz dd 4& ANH AE ‘#
WHoz FPsE SAHYN 2 e Ro)
o dde g4 AZEE AXEHoH oY 3
=dolHoz YUdeld UHAL s Az A
AL AN ¥, 1 GHE AX YeE g A9
NsE2 AZY AL AYE A 24 94
ol IS ES & 4 Uk Vo2 o MEA Wy
gyojwel AegA sl wa ZlAet e
ANA2E vHYHoE AR 2gd, g9
3 gdgold R4S AYYH Aol o ks
AW ol 2 o nIFSE 24 A4 X A
o 2% 4 UL FHelth

(dB]
[eycles, radian]
[Hz]
[sec]
(=2af)
[cm/sec]
[em/sec]
[nm]
[volt]
[volt]
[em/sec}

IR AL =17
g A = 850
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T = F& o|§

dx = 2zt AW Aloj9] AY

dt = 9 Nz HFF AN
Vo(t) = 1 ¢ g3 AYY
Rm = hH B4 g

Lm = PH B4 A¥dx

Cm = H B4 ARG

L1 = @¥ol# M A2

Li = @¥ol@ {AN A¥dx
L850 = ©¥ol# # A AYu2

Ri(x) = 71A% 84 A%

Li(x) = 71A% 84 dgd=

Cl(x) = 7149 &4 AgAd=
R2(x) = ©@7/% 54 Ay

L2(x) = G719 54 d9€d=

C2(x) = QA% &4 AR
R3(x) = Q@A%-2348 3¢ 54 Ay
C3(x)
R4(x) = REMX 54 AY

QAG-3AR AY 54 AgAES

=11

= 5E~-3 [em]
= 2E-6 [sec]
= -1.98E-2 sin(wt) Vi
= 400 {ohm]
= 4.5E-2 [H]
= 4.76E-6 [F]
= 0.01 [H]
= 5E-4 (i=2- 849) [H]
= 0.01 {H]
= 20.0+1500.0 % (-2.0 % x) [ohm]
= 3.0E-3 (H]

= 0.9E-9%exp(4.0%x) [F]
10.0 ®exp(-2.2 % x) [ohm]

il

= 0.5E-3 % exp(x) {H]
= 143E-7*exp(4.4%x) [F]
= 2.0%exp(-0.8 %x) [ohm]

1.0E-7 % exp(4.0 % x) [F}
= 1040.0 ®* exp(-2.0%x) [ohm]

I

Ci(x) = FEMY EXH M NEx = 1.63E-9%exp(4.0%x) [F]

CF = Characteristic Frequency (&4 F14)

DFFT = Discrete Fast Fourier Transfomation (Zg]d] ¥ §)

DPE = Distortion Product Emission (s} A4 4}4l)

FDM = Finite Difference Method (3 v|& 7|¥)

FIM = Finite Integration Method (£ & A& 7|9Y)

FTC = Frequency Threshold Curve
x =B A =V Vel(1)*+ o * Dis(t)? (A4)

{"_7‘ 1\]_@-{4_2] Z" ’éﬁql - = ) ""‘_‘ﬁ'i Vel(t) f=—wt+t an-! (Q*Dis('-)) (A5)
% %018 ALY ke Dis(t)ex s, Vel() Vel®
9} Dis(t)=[* Vel(z) dr (Al),3 #AE ZHeod.
438 #

Vel(t)ye 7IA% W9 &xo 28]n ARE g,
Dis(t)e 71Ae wsle] Srisct. 4o §
B2 e Ao wa FHA Vel(t)sh Dis(t)
of thafl, T3tz al e 4 WY AT dY £
wo EG Ag} B3 A4S 02 W Vel()=A
xcos(wt+8) (A2)2 EJE + U9 oe YU¥Y
AFe ZtFEAFoid. 4 (A2)e 4 (Al)o® %

g Dis(t)=-(1'—) * A #sin(wt+0) (A3) S} go| A

o} Vel(t), Dis(t) 223 wo t& ¢ o, 4
(A2)3} 4 (A3)e2 ¥E &zt e Ast 6
& 7% & Ao
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