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## 6270007923 : MAJOR PHYSICS

KEYWORD: auditory system, hair-cell bundle, otoacoustic emissions
Kittisak Sawangwareesakul : A STUDY OF THE THERMAL SENSITIVITY OF SPONTANEOUS
OTOACOUSTIC EMISSIONS USING A MATHEMATICAL MODEL OF HAIR-CELL MOTILITY.
Advisor: Dr. YUTTANA ROONGTHUMSKUL

The inner ears of vertebrates can produce acoustic energy even in the absence of external
acoustic stimulation, termed spontaneous otoacoustic emissions (SOAEs). Experimental measurements of
SOAEs from frogs and lizards showed a linear increase of SOAE frequency with body temperature. The
magnitude of the frequency shift shows an exponential increase with the emission frequency measured at
room temperature. The underlying mechanisms of SOAE production, although largely undetermined, may
involve the spontaneous oscillations displayed by the bundles of hair cells. In this work, we demonstrated
the connection between the cellular active processes of hair cells and the inner ear’'s spontaneous
production of energy by investigating the effects of changes in temperature on the profile of spontaneous
oscillations of hair bundles. A mathematical model describing the transduction channel as a two-state
system tethered to a gating spring, the gating spring model, was utilized. Our results revealed that
changes in the temperature and the stiffness of the gating spring could affect the amplitude and
frequency of spontaneous oscillations exhibited by hair bundles via the alterations in the shape of the
energy landscape of the ion channels. Moreover, results from both numerical simulations and analytical
solutions revealed that an intrinsic property of the ion channel also controlled the oscillation frequency,
with an optimal range of values of dEO in which highest oscillation frequency and thermal sensitivity were
observed. When the stiffness of the gating spring was assumed to be temperature dependent, the thermal
sensitivity of spontaneous oscillation frequency was enhanced. Finally, we compared our numerical
results to experimental observations of SOAEs and showed that the thermal sensitivity obtained from the
model could be within the range corresponding to the experimental values. Our work has provided

additional evidence that SOAEs are related to the active processes of hair bundles.

Field of Study: Physics Student's Signature ........ccccccovvieeiiinnnn.

Academic Year: 2022 Advisor's Signature ..........cocceeevviiiieeans
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dl 2 o o 90’ =) -] a o/
maﬂzexp{am@_ojmﬂ_o] J AAMSUNIN Ty = 273.16 1AAIY o= 1.792x10° Alaniu
Hy

FALNATIUA @ = -1.94 b = -4.80 WAL ¢ = 6.74 [26]
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Z. 3 I(erosen::\
R g | Aniline o —
B 5 3 NN
2 Ci S~ \ Mercury
3 arby, Y
2 1x1073 e — |
< p— oy,
P ~Tlorig
3 ==
.Z‘ S s | —
< :\ Ethyl alcohol _
3 — 1 — V\I/aler—
P T Gasoline (SG 0.68)—
1x107*
6
4
3 Helium
2 —— t —
e T
&/ Carbon dioxide
™ Air I
1x1073 = ;
=t Hydrogen
1 T
5 I [
=20 0 20 40 60 80 100 120

Temperature, °C

U7 2.8 Pouuiingesreanaiingng <) AasuulasnugauunineaNsu 1 atm [26]



16

2.3 1@ENEENaUAINUTUIULLLINATUIR AR NUN TN ULAZNATRINIS

ql -l
iasuulasgungiisianis

o ol o o A 1o ¥ Qi [ a 1 o % a
ﬁﬂﬂl'ﬂﬂmﬁmmﬂ??&@ﬂ@uﬁ@ﬁiﬂLWENLLEW]’]MH’W]IHTI’]??ULZQENLLL‘]ENZQ’]EJ’]?NZQ?’]\‘ILZQEN

dzvauaanuiannudulule Inaidesaziausanainginisaniiasulainenigld i ins nu

a

aandn 1 luyaesdel nn @enasiauainyduluanuisoudaiy 2 dssinnauansniznis

nsvAu Aa @enaziauanydululuunszsi (Evoked otoacoustic emission, EOAES) uay

Lﬁmmzﬁ'ﬂumﬂ@ﬁuiu UL ATUL (Spontaneous otoacoustic emissions, SOAES)

o o al v Zj/ ¥ A a % dl a 1 QI v !
AuTy szmxm@umﬂu_ﬂﬂmmummummezﬁzmum NARAMNNNTAALAWAIADRAILTIFIN

d! v o % o 1 ] v a
] Sﬂmzmumnmuimmuna?wlummmmu:u\umﬂ@ﬂﬂLﬂuﬂﬁ‘zmmm\‘l ] 1ﬂ‘ﬂﬂlﬂ’13\1°ﬁuﬂ

Mﬁx‘mizfi’u & R ERGI GGG (Distortion-product otoacoustic emission, DPOAESs) §n

o a

Y, T a = v = = aa = .
nerfAusaeni1sdudsandaaudlngdiAsaiu 2 Aaud 1@e9dale198 (Click-evoked
otoacoustic emission, CEOAEs) wsaldtsaziauainnisnszauaae bW luyduly

(Electrically evoked otoacoustic emission)

o o a

Ausuidevaziauannydulusuuiiatwewisedaveslaaludasasieunnlas

ol A

aananydululuanizidsaanidasnsziuannniauen arnsanu e ludndninszgn

a |

wanaia W Ny, 2] 4n[5] nul3, 4] wazinuniinue, 71 s Insaulnaiuues

q

ﬁﬂ

b4
=X 1

= = v A A A P~ a P o o a
L@ﬂ\‘]lfﬂﬁiﬂ L‘ﬂ‘ﬂﬂ?gﬂ‘ﬂ‘]_lllﬂﬁQﬂWﬂV]V@’]ﬂﬂqqllﬂ LL@:::LILL?J:H‘W@Q@LLr;’mm\muﬂu‘ﬂHﬂU‘ﬁumfﬂ\i

kT

al Aaa a a (22 v = all ! 3 ] a a o =R a a o
AlTim Inedeiealaw@annsnuntuianunludes faud 1 Alatdsad 09 5 Aladend

v =

AT HUDNNARALAGIDY 10 LATLLIA

a
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3.1 msufuilgauuudaranneadiamans
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=
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nrruunIsn Uil s RN e AN NANT U NNl ae ULl aagun) N Toun
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ANPNNALFTURUNNANALTS BWALAIRNLTLANTUIIAILANNNNTLARAUN MITBILIA7
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3.1.1 maasuulasesarasaliaesnnaivaleannaedanmuni
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Ao lidpuwAansnszdan luiduan taauadinaainnisilasuulasgungiianan
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wasuwLasR Ky fugmungd suuuaesieidu Ky, fuguumniasdslidunnauudds
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v dl 1 [ % a a o 1a ] =2 d”
wiidnsasuulasan Ky nugungietalansusldidadu udlunisAnmnil i
vnsuiudseuuusnandlagdssinndli Ky HAanasuuuidaduiugomnilugag 280 -

320 ey Tnafmualinasdasuudaes K utlsiuiuguuniuazan Ky, 619899
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gounnH 300 LARTY AN
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—2=a(T,-T) (3.1)
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Tne a he dudsz@nBn19anas1ed K5 waz K g waz To Ae A1AnatFad1e8eresfitas
AT UM NENBNTIN ANV 300 1AATW AMNATAL

a

3.1.2 nMauazuulaeduilsr@nsuss i uaINNIsAAaUANNATEIGIUUYH
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i vue ldn sz AnBusesinunguunmini 300 wadu iuAdeBeuaziiulg
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(3.2)

Tmeh ﬂzexp(bTo (Tl—_l_i}ucToz [i ! D waz T, (1, AEUIUNRUATAIINNLAT 300

H T12 - ?

1 2

LAAL Ty = 273.16 LlAARY b = -4.80 WAL ¢ = 6.74

32 MINADUTIFUATUATNTIATIZUTDNA

4NN (2.4)-(2.10) IuLLuuﬁmmLmnﬁmﬂ?\igﬂﬁﬂmmé’qmuﬁﬂu?y%@q NR-ANNI

o o

aunsndngt v e

ax 1

E = E[_NVKgs(‘VX —Xg +Xc — pod) TN Ksp(X _Xsp)] = F(trX:Xa)
X,

dt —C+ S[Kgs(VX —Xg + Xc —pod) — Kes(Xg — Xes)] =G(t,X,Xa)

v
o o

suazlainnanasresmunisaasinaulas luledu An
tis1 = t; + At
Xig = X; +§(k1 + 2k, + 2ks + k) At
Xaiv1 = Xgi + % (my + 2m, + 2mg + my)At

Tt kq, ko, k3, kg waz my, my, Mg, My 670130AUI0LANN

kl = F(ti’ Xi’ Xa,i)

k,=F(t, ‘*‘lAt: Xi+ lklAt’ Xai +lmlAt)
2 2 T2
1 1 1

ky=F(t; + EAL X+ Eszt' Xai T EmZAt)
k, = F(t + AL X, + kAL X, +MAY)
m, = G(ti’ Xi' Xa,i)
1 1 1
m, = G(t +5At, X, + EklAt, X,i+ EmlAt)

m, =G(t; + %At, X, +%szt, X.i +%m2At)
m, = G(t; + At, X; + KAt X, ; + mAt)

wivdmadunszuaunisnduiannisdeyiusanioy 28] 4 mfLannis (2.5) uay (2.6)
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nazuaunsuLlasFesuuinga (Fast Fourier transform, FFT) A33eng 20 3uni d1usuues
Wﬁf;}m‘ﬁmmﬁ"ﬁlgﬂﬁ’mquﬂ’mﬂé\mﬁwmLL@NWE@@LLUUWM}WP] (Peak-to-peak amplitude)
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ad‘ a a Yy a ndlai o del a o 1 = 1 dl
grunNN 300 wadwilugunn)ianeds wazAunndnlangmgisinanEendn Avud
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a
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81984 A laslensiasuulasgungil (of /dT) Ae nsasunlasadndsenilaniog

a

2R TneAwinldainandusendnansnassauiuaza )l
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3.3 A1BEaLUeAN

¥
a o o

1A ld A duwl s e9a9aneIudTaRaunti [13, 23] InalsnaaziasALazAn

v
o

¥
Henuaesusazfulaftnigne 3.1 79l 19ramnsouieiunueing < eanduaiungs laun
1. 05 amiluanasinlaannnisdn 2 d8uamnlsaannisdssunnusigninuuaiiuaiasi

o

Tandseil uay 3.5 unlaannnislssunnunani s asunlag e da s

AN974 3.1 AN LE N1 A8 TIFR LAY

Aawls ANNENN Set 1 Set2 Set3  Set4

dFunaannnisdssunananisidasundas

Smax ARINTAROUNAIAINUNUUANAUEIGA (M/SN)  6.4x10°  6.4x10°  1.1x10°  5x10°
Congxe  BPIINITLARBUTITUAINUNULBNTLEAR (M/S) 8x10°  12x107  3x107  5x10”
kmon fnannsauiuas vl ledureuaa@an (1/sM) 30x10°  1x10° 1%x10° 1%x10°

kyor  BAInnsAaeiuseivluleumesuan@an (1/s)  15x10°  2x10°  2x10°  5x10°

USanuntluainsinlaainnisin

& futlszAnsunainuannniaadeud 1.3x10”
N uauteslean 45

Y ﬁ'ﬂmﬁ?;Lﬁmmﬂgmwdwmimﬁm waziiLlaerd 0.14
d svazvnfnTesiUaaridedaslanauilafui (nm) 7




21

z BANAIAUNUENTBIUARITEN 2
14 Anellninaag Lé’ﬂﬁNLsﬂ@@r(mV) -55
[Ca?*]y  AMudnduresunadalessunisusniaad (uM) 250
Pec, AYTNANHNTD NN FT NN WIBIUARLTEIN 1x10™
De,  AutszdvEniaunsresunaiiulenen 8x10™

UFnnnainnisdszunnsannuualuaIAd

X, srariinnanmivaiuiletedlanauda (nm) 17
Kes AnpaTigLanaasyluladu (UN/m) 140
Xop ANINANAATRIATY (Nm) 236
Xes Auniannazedluladu (nm) 0

Tm sveizanndeaiilaldaaluleady (nm) 20

Tnasiaudls Set 1 dugasoudsGudunlddonlnnjuazwiniinisldgasoulsan | azszyin s

71
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3.4 ABEMSAUIMLAUNINNAINULAZAINGIURITIUWIANE

o o

NITATUIUN AT UTRIY WlluLﬁ'ﬂ'ﬂ%lﬁHﬂﬁiﬁuﬂl@\?ﬁﬁﬁluu@Zﬂ’]ﬁ‘ﬁl'ﬂﬂiﬁuﬂx‘]Eﬂlﬂﬂﬁﬁ‘
= a = = °o 1 o ~ = N
Lﬂ@ﬂmmmamuqmzwma‘mwLmvmﬁézzmmumummzwiﬂ@éﬁﬂuLﬂmuw AINANNIT

(2.5) k99NNIZNFBNAULAD

F = =NyKy(yX — Xo + X — pod) — Kop(X — Xsp)

Muua I X 0AAsh an [dV = — [ Fdx Auiunasanudneaasdagis o sumis X,
a7 An
yx? kgT X2
V = NyKg [7 ~ (Ko = X)X +E0in(1 - po)] + Ky (5= XpX) + Vo (3.6)

LNUATNNAIIUN LARAINAITANUI AL ANNITAINAIVN AN ANNIATIZU I NADIULT D

v
a o o o

i 4
lasaulauardaniunnsrsiuliauiusiunilsaesluleodu A9iun19AIUI NIAINEITD

o o/ R a o 1 a =X o 1 o 1 o 4
MunsAngRsiiatsen ad Al luledu X, = X, mean T9AWMHEAINA197N T UHBAN
WANUAANNANNIATIENINTIABIANIUE ANHGITRINTUANEATualdanannng

AEg = % (3.7)
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ANUIUANNEARINT BN AN UAITUAN AT Vya1nann9(3.6) asanunsnasiiauas luinun

AnlunNgAuIns A 1MSUNIIANIMITER N E I AL DA N TnAMI AR NaNNNg

AXS = xZ - x1 (38)
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917 3.1 uanssoudsiineadesiunisAuununeAneilaz sz nd9qaaNna
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