TiEpaigR] 41187 A23.(20059 549), 107-116

Aol o3tel Wgd Yt AFE
BN BA} AT BF

Qstgsta s FalY
hwnam@hanmail.net

Astuistn seusgy HFE
qheung @inha.ac kr

e FAAe vAE 598 Al2d 5 Hort dojus vy RS ZE
EAQ oojtt Bl3vl WE A(Tacoma Narrows) @528 231 olF AFH F

At 2ol g A7 R Heue A dE 47k &ed APHAUG. o
ERdAe d5n P3R4 2dg 9 A4 R oFAH A7l dstd 244

FHoO vy THE AL, den HAY. e EA4Y, 29 o8

0. A&

87 e A 2dd FoA A=t dojue vy BEE e Zde
98} Al2®(nonlinear dynamical system)& o}% H&3tA MW=z £& .tr’.v‘j_o] u}
ok vME mofo] WASA HW, HulE WA AT Vi &L AFHs 47
Tl ool we} Al="e o e HE XA gk oY wAdE T8 Al

Ay Eobg bR @ o7t Afmoltt,

1940 118 79 14" FAA A& 42urde FFAA Yo gan Jzx
(Tacoma Narrow) 8su7} B35 Aol wASAT(2] ol2d 4713 X8 &
JE Qo oert B9E §, 998 AHEL vay F F714 gHdr A
g AHA 248 e A7V oA AU

* o] EEL dststm BFATAZH A dste ALHAAS.
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AolZ0l o5t el U= H4T YHAQ YA AT BE

=2e d7o 98¢ AR WANE FEHD, HAF 27 sholx AFad v
£ 9y vl we ¥R e TA4H G Baha Newrh

1L 9134 gl g8 Ha

A Fsr Fopel A3 3 Robeo] ujdE AnE LAAL OIS vy ¥&
¥, o] Tﬁﬂ]—‘?— UAAe WME¥(calculus of variations)o] <& HEs
(functional) 9] Eol4 & T3t FA(Euler-Lagrange WA4)Z WydAr) x7) WE
Hel Fd wEge °}7‘4 EolHQ IFdigt FAE FIE HolYdaw, olF EUAHG
Sold <43 (Saddle point)e] EA7F EHHAJT HolFE FE WHL Morse
index®} minimax& °]&3t= F 7FX Y43 #¥(Topological method).2 #F4€

o},

2 =&dAe ST L (minimax) FHYE AHEFT FHF4L FHE Ljusternik &
Shnirelman (1617} <t3de 244 AN ANG PPoz, Solyg Fae
A WHoZ Hridd FUIAE HE3 HYZA+ mountain pass, A,
23 o]&(linking), limit relative category A2l %¢] %t} mountain pass A&
Ambrosetti & Rabinowitz [3]°] ¢l ZH =228, saddle point A8l= Ahmad &
Lazer & Paul (113} Castro & Lazer [4]d] <3 AT linking AdE
Rabinowitz [10]] 23 =9 Ele™, Felmer {919} Figueiredo & Felmer [11]&
Hamiltonian system3¥} elliptic system® F7]d]1 Qo o8& L&5H}d =3
Marino & Micheletti & Pistoia [17]& % 3 (semilinear) &Alol -3-&3FH Tt
Fournier & Lupo & Ramos & Willem [12]2 limit relative category?] 7@ & Eo
4 Aol L3k Micheletti & Saccon [19]= d ©]23 limit relative
categoryE &3} floating beam A4 9 &9 dFEAHLS FHA

2. o n PR 2EF
Fero] X @ EHole YL T R(beam)®} WFo| ols) Yol

o EAA Be| E3 S AR vusd EAY £ & FXolonz AA
nsted Y9 dEX A H(a simply supported one-dimensional beam)Z 7}

- 108 -



towers

side-cable main cable side—céble

cable stays

T~ 1.

center-span

side-span road-bed side-span

a9 1. dxY d5ue 2d3yd A4d 8 74 82

" E¥ole A4 deH(beam)E vIFLZ AZ o] F713Q ¥
2

o] wiof wheko 2 2143+ cable stayd) E989] 43S W) o
Z#)(a sclid and immovable object)2 5 &

| ' An immovable object 1

b=

onligear 4prings unfder tensiop
\ T
] N

A bending\aeam w’it.h sup;ﬁrted ends

a9 2 g4 g9 2d

Bol ¥9 u(x, He U3 £ uAyg AgE LAY ()3 A4 24 Q= F
o]z}, :

2 4
(1) m 9 th’g tl-i—EI 0 zg(;a tl-i— b 8u(axt. ) =—xu"(x, )+ W)+ e (x, D
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]
ol

Alol=of 2lsto] tHEX Ues Sew YA HWHAI BP9

u(0, )=u(L, t)=uy,(0, t)=u,(L, t)=0,

@ w(x, t+2n)y=ulx,t), —oo<t<oo, xe((, L)

A ALY W5 e 2o

2] g Hojg AF
Young®l A+
I wwe w4 mdE
b' 1 BAAF
x cable®] 7+ A4
W B &4 ZHolg FA
ef "t utgo R AF R Fr1HA Y
L : 29 center span®] #o]

ORI

4 (7 AA 23 Q% Fol AXNE Qojrk LA AL Gr(beam)s] IF
o mAST A x9 A A M u(x, D old WFoT ZqHYo WA
Aol A WA Fe BHPL BASY T A4 B @dPolw Fwe vpx gL

3 ZAE Jeldd. ¥ FEHo wgdlgoz ZA83l= cable stayd 599
9, 281 ez Qg 9o F7134 P& yveldy. cable stays HFHL
231x @z QPP 7—9(%3} , Z(Hooke)?] M2 & m2f HYF L4Hot) wetA
cable stay¢l -‘%l’?'-ﬂ,% xutol ot FEIYW, oluf »* = max {0, w}oltt &
=EAME ABdEL 183A FEn

9ol w8 & Lazer & McKenna [14]9] 98] Aoy, d5n A7 A|¢A
02 B gAEd it LdY ol Exuy A AFE BAIA = £l
A gw3td Fele AAY fAE BE5E RoFEO,

e zol

o

Ha xo] w5 E XNl AF moez Uyrnz wAAe ¥E
gEsA e Aol f&3oh

Ut QU gy + By + xu” = Wx) + ef*(x, D,
(3) w0, =u(r, D=u, (0, ) =u, (7 t)=0,

ulx, t+2n)=u(x,t), —oo<t<co, x=(0, 7)
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g - ERE

*

b >golm ueiz 2mE FUsA gL,

AFAA dn FAHY dFE 2A A A BFez AP gt
E3AAE A WAooz wEsy] A% BE FH 9
Hge] daste] diF A7, $AT T4 FEIE Bolrl A HEd 5 A=
28] o3

FouA e vlAdd g5 s S A et HulE WA o EQAE T
st ATFoldt. McKenna & Walter[18], W& & AYAHA & McKennal5],
Humphreys[13], # 7% & A9A6le F3 23¢9 Hibert F3tlA de EAAFE
A+t

olx e weke #4a g 8 £x4 wyger FiE AFo|t. McKenna
& Waltert “hit or miss” ¥g8& &3t F7|8E T R2[15), Choi & Jen &
McKenn¥ continuation ¥ d] 9t & F3 A7 .

B oERe @4% 3349 249 fust 09 B, PR3N A D34

source terme] #A S sl 4 T"“:} source term f7} AFTFEZ AAHE 3%
d BRIP &8 0, = Hj E o83t dAxm WAHY o dFAH
source term® B[AE AT} source term F=(u*)? —(u)3Y o, linking A2

9} limit relative category 2] E o] &3l Hilbert 33tollA Aol Witae EolF
& Fomzg LW WA 3o =AML FHF)
4 244 2 BHEAA BE AT

FERE WAe A Hlstd Frld Ag¥ Fde e Fepz YA
Bu,& 0ozt 7H gt} Wso XN&E T3 4 D ©F 4 42 ¥gdr

Uyt U gy T bu+ =f in __7.[_’1[_ R
5.4)



MolZol ofstof ISR = 4D YHAS YA 67 B8

A7NA, fe a9 toll dEt] $FF(eveniol F717t xdd FAFSolv

dea FAY dSdte LFEFF 95X Hibert 33 2 7] (orthogonal
3

basis)olth. ©] =& 3<b<15°1 source term f7t g, d1o% dpll A3 A
A 339 REFTL Vel &8 o, d4n 3449 9 dFAdF source term?

i
2
o
r
‘~U
e
R

(5) wtt+w‘xxxx+(I—P)(b(v+w)+)-=0
®) . Vit Vpeex + PCO(0+w) T) = s, g0t 52010+ 536 20

®7)4 P& Hibert 7+ Hol tid V 923 Adolt). geje] ye Vel uate
4 G polg EsE SUE ANnz B4 @ dE AT A (6] o
g a3z AAEDd A 6G)) dgEdHE map O V-V E Az, VE b
o] Mz o sl REYFoT BFAT

Cr={v=c1¢n+ 20+ c3bnlc1 =0, v=cidn+ c2¢10 + cady = 0}
Co={v=cdn + 2010+ 300l ¢, 20, ve (IntC,) U(IntCy)}
Cs={v=c1dn + c2én + c3dnl c1 <0, v=1c1dy + 2610 + 305 < 0}
Ci={v=rcidp + c3d+ c3dnl c; <0, ve (IntCy) U (IntCy)}

b Suol A HHE VS $RIge UF 09 A estrictions] YA ol
gate] 0o % C,o AL Aeth Zolm AT ol fated, s,=s=00
§>09 A%el @%m 84 @E % s Yojx shtel sign-changing HE
e ZRB HAGOE degree AHS o8] G 2 A 2P0

e 1. 3<b<15A B, VA cone R, Ry, Ry Ryl EAstd thgg

o~

(1) feIntR;e1¥ WA 4)E ¥ 9 FHolx F 719 sign-changing 3} & %
=
(2) FEoRo1E WA (4= ke s9 Ho|® 3¢l sign-changing S 2

rr
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gdald - xA8

o},
(3) feIntR; (i=2, 4)old WAA D Holx 3} sign-changing 3HE 3
=, |
(@) feIntRyol® $34 @€ &9 six zer
(5) fEAR;e1E WA (e 29 g e

T A4 p7 %9 Ar4ol: source term f=(u+)2-(u')3%l o, Hilbert &2
z

#AE ATE ¥3 A8 TRUFE 42 o o

&3 ol Bl g

®
bt

i

L

Aul

s

Al

uE

o

¥

N

r\r
S0

L=+ 1P ul®= 3 1 P ul®+ 21 14" 17~ [ FlAwax

- & _ai el _ s _alel _
g4 A=R+S, S(w)= 'Z"-\]_-T Rlu)= gm, F(s)—J;f(r)dr
olt}, ol W& [,9 E¥E e 2k

vI(0)=Ptu— P u+ bA(Auw " — AF(Aw)

a9z Ly (P.S.), 23&¢ &8t vi(w)=00" w=(R+SNw)e &+

i@ A e kg (weak) sfolt). F3 H94 AAg Eaol wel F 719 Linking %
=248 Z9sch 3§ Limit relative category A& #H{3l9 oty e A¥E
3%

Ae 2. f=(u")?=(u")*Y o,

(1) A7 < —b<0°1d FAY Dt HE el AP S e
@ A7 <—b<A(i22)°18 ¥4 @WE Hol= A Ad uAPHE 2E
ot.
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5. 47 A

Hraod AEFL 71&Ee 2L Edo] Lazer & McKennaol] 23t @A H QT
[15]. Lazer & McKennad 9]3}01 AXNE Mz2g Fde Ay n]Ad3 | A 2
o7 AN&Hrt B =89 g% dF WH3ge o7 vjAdEg #Hui
A ¢ limit relative category B E A8 39 EAH 2 hFAHS dFH A4
FHAE AT AHold. ‘
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The Bridge Suspended by Cables and the History of
Investigation of the Equation Induced from It

Dept. of Mathematics, Inha Univ. Hyewon Nam
Dept. of Mathematics Edu, Inha Univ. Q-Heung Choi

A suspension bridge is an example of a nonlinear dynamical system, especially
systems with the so called jumping norlinearity. The fact that we deal with a serious
and topical problem is demonstrated for example by the collapse of the Tacoma Narrow
suspension bridge. So it would be very contributive to determine under what conditions
a similar situation cannot occur and find out safe parameters of the bridge construction.
In this paper, we show various possibilities how to model the behaviour of suspension
bridge. Then we introduce our own results concerning existence and uniqueness of

time-periodic solutions.
Key words : Nonlinear Dynamical System, Suspension Bridge Equation, Linking Theory.
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