gbgboogbbbooboobobooonbd

0000 0000000oooDooo (H)oooooooo

Jobooboobbobouoobobooon

¢1. 000000DODOODODOOOO0OOO0OO

gooooooooobooboooobooooooooooboobooooooooon
goooooo.oboooboboooooooooooooooobooooo
go0ooobooooooooooooooobooooooooooooooo
goooooobooooooboboboooooooobobobooooooonno
goo0oooooooooooooooooooooooooooonooon
go0o000oooooooooooooooooooooooonooooo o
godoooogoooooooooboboooooooooooooooooo
gooooooogoogoogooobooogogobooooooooogoo
gooooooooooooooooooooooooooooooonooo
go00oo0oooooooooooooooonoooonoooooooono
goooooobooooooooooobooboooooooboooooooo
goooooooooooooooooooooboooooboooooon
go00oooooooooooooooooooobooooooooooon
gopoooooooooooobooooobobooboboboboooboboobogog
gooooooooooooooooooooo oo ooooooooo
O000o0ooUoooooQULUooooo o0 RPOOD0O00O00O0D O™
o0 0000000000000 00L0L0LOLU LU0 0oL LOLOUUUUoOog
0000000000000 Agooooooog Jrzz(xl,xg,---,xn) O
00 z000 w=wu(z) 0000

0%u  0%u 0%u .

8—$%+8—$%—|—---—|—m (Laplacian, O 0O O0O0O)
g00o0ooooooooooooooooooooooooooooooon
goooooooooooooooocoboboooonooon

Au =

1.1 000000 : 0000000000000 oooooooon
Oo0d0dooo0o0ooooooooooooooooooooooonOod
00000000000 ooooooooooooooooooooooon
000000000 oooobD:+oo0dnod: 00000000 0O0OoO
v=u(t,z) (0000)00000000

9
(1.1) o Au=0 (t>0,z€Q)

ot
doddoddoQoO0000ooooooooooooooooooooon
O00ooooooooooooooooooonooooooon

(1.2) w(t,z) =0 (t>0,2€dQ) (OODODDDOD)



gooo

ggzo (t>0,2€dQ) (0DOOODO)
000000000000000
0000r00000000000000000000(1.3)0000000
0000000000000000000(1.2)0000000000000
0000000000000000000000000000000000
0000000000000000000 (1.3) 000000000000
000000000000000000000000000 Q000000
[,u(t,z)dz000000000000000000000000O000O0O

gooooboobonog

0 ou ou
%/Qu(t z)dr = /8—d$ /Autx)dx aﬂa_VdS 0

k
8t/|Vuta: de = — /‘

00 Vu(t,z) 00000 «000000000000000000000
0000000000000 u(t,z)=¢(#)®(x) 000000000000

(1.3)

dz <0

06(1) _
(@) — (1 AB(r) =0
00
1/60) 220 = (1/2()) A2 (2)

gogbdb todbbooooogb «c00000bO0DDbO0O0 —p 00
go

(1.4) AP+ pu®=0 in Q
$0 (1.2)000 (1.3) 000000000000
(1.5) =0 (z€0Q), OR 0%/ov=0 (ze€09Q),

O0000000 ¢$0000000000000000000000O00
(15) 0000000000000 [,|Ve2%dz = p f,|¢?dz 000 520
D000000¢=¢(#) 00000 ¢(t) = —pe(t) D00 $(t) =e# O
000000 (1.4),(1.5)00000000000000000000000
0 (1.4),(1.5 00000 000000 20000000000000
000000000000 0000000000000000000000
D000 (1.4)-(1.5) 00000 00000000 0000000 oo
D000000000000000000000 (cf. [7],[24]). 00000
08 Spp Lo Sy = 00000000 {py}P_, 000000000
0000000 $00000000 @, 00000{®,}®_, 0000000
000000000000000000000000000000000000
0D0000000000000000000000 ¢pt)®m(z) = e i, ()
000000000000 Y%, epe ™™ i®,(z) 000000000000
00 uw(z) 0000000 ¢, 0000000000000 000000
OD0000000000000000000000 180000000000



gogoboboboboboobbbooobbooooboobbbooobg
gbooooouogoboobbobuoooboobbooboobooo

1200000 :00b00bO0obOo0oboobbobbobobboboooooboobg
gboobuoboobobuooooootbbobot-.000bobOo g
000 w=u(t,z) DOOODDODOOOOO

2
%;—AUZO (t>0,z€Q), ggzo (t >0,z € 09)
00000«000000000000000000000000000O0
00000000000000000000000D000000O0D0ODOO0
00000QO000000000 w=u(t,z) 000000000 OOOO
00000000000,000000¢00 20000 u(t,z)DODOO
0000000000000000000000D0000000O0O0O0OO
000000000000000000000000000DO00O0000
00000000000000000000000DOO0

(1.6)

(1.7) u(t,z) = Y (ameVPml 4 bye VI &, (2)
m=1

0000000000000000000 @m,b, 000 t=000000
0000000000 eVentd, (z) 0 e WVinld, (z)000000,000
00000 (00 2n/yEm, 00000 i) O0O0O0OO0ODOOOOOOO
000D0000000000000000000000000000000
00000000000000000000000000000000000
00000000000000000000000 (1.7)000000000
000000000000000000000000 {u,}2_, 000000
0000000000000000000000000000000000
00000000000000000000000000000000000
0000000000000000000000000000000000
0000000000000000000000000000000000
000000000000000000000000000000000

0000000000000 000O00ooUoo0D (14), (L) 00000
gbobobobooboooobuoouoooooobooobooboooooon
O00oo00oUooooooUooO (14),15) 0000000000000
gooooobobood

§2. 00 00D0O0O0O0OODOOO

gobobooobbbbbobobooobooboboobboooooao
gogbobobobbbobbooooooobooboooobooob oo
0000000000000 0 QODoO0DOODODOO0O0O0ooooOooooon
000000DO0O0O0O0DO0O0O0O00O00O QOoOdobooooooooo
gogbbbobbooobobboooobuooooboobboboobooboobb
gooboobooooboboon



goboooooboooobboon
(2.1) AP+ pP =0 in Q 0®/0v=0 (z€09Q),

000000000000 o0ooooooood {@n(es)}e_, 000000
000000 [@mPdz =46, 00000000000000000000
ooooo @=(0,))0000000o0oooUoOoO0oooUOoooooo
oooooood

d*® dd dd
00000000000000000 mO0000000 pym = (m—1)2x2,
Pi(z) =1, &, (2) = V2cos(m — )z (m 2 2) 000000000000
000 mDOOOOOODOOODODOOODOODOOOOOOODOOOODOOO
0000000000000 0 DooOoooooooooooooQooo
00000 (21)00 p=00000000000000OO00OOOOOOO
wpw=0000000000000000k,>00000000000000
odoo0o0o0oDoooooDoooo0oOoooooooOooooooooon
0000000000000 DO00O00oooooooooooooooon
O00o0ooooooo(@o) 27000000 O0O00O [7fjoooood
000000000000 o00000 e (m21)0D0000O0O0O0O0ODOO
Oo0oooooooooooooooooo0ooooooooooooon
O0oDo00o0o0ooooooooooooooooonooooooon
O00o00ooooooooooooooooooooooooooooo
O00oo0o0oooooooooooooooooooooooooooon
000000000 00oOo0oOOo0OooOoO0ooOooooOoOobDOoO (vhood
0000000 Q) (¢(>0)00000000 ¢>00000 QQUOO0
00000 QO000ogdoooo ¢(—-000000000000000000
O0000000o0oooOoo0oooQQ)ooooobo0ooD ¢—0000
OO00o0o0 QOoo0o0o0o00oooooooooooooooooon
000000000 Hadamard (00 O0O0)000000C0OO0DOOOOO
000000000 (0000000000 [18).00o0oooooood
0oo00o0ooooooo0ooo0Ooo0oooooooooooooooooon
O000oo0ooooooDooooDooooooooooooooooon
0000000000000 0O0000o00oooooooOQ¢Q) U Qoo
ooo0Do0oooooooooooooooooooooooooooonn
00000000000 DO000000000D000D000d0 Schiffer-Spencer
00000000 0ODOO00D0DOD00oDO0O0D0DOO0oOO 197000000
000000000000 000000000 (Swanson, Chavel, Feldman,
Beale,Garabedian, Shiffer, Ozawa, Flucher, Jimbo, Morita, Fang, Arrieta,
Gadylshin, Courtois, ...). D00 0000000000000 O0OOOOO
000000000 (A)DoUoooooooo@B)oobooooooooo

(A)O0O0O00O0O0OU00O00OO0O00UD QUUDODODOU0ODO0OOoo:0oo

(B)UOOOOUOO0OOOUOOOODOOODODODOODODUOODDODOUOODO
goboooboboobobobooooo

(1)=0



$EEOREEMBE Q(S) IR Q

(B) EDEHELR

Q (&) ” .



0000000000000 0b0 (A)O,0000UDOOODOO0O0OOO0O0
00000000000O0O0OU00O00OU0O0O0O0OU0OOUOoOoOooooo (B)
gooooobboobobbobbooobooooboobooooo
00000000000 (Dbo)oUo0ooOoooooOobooOoooOooOod
ggobooooooooooooobobboboboooobooobon
ggoodobooooobbooboboobboboobbooboooooba
goobbooboboooooooboooboooobboooooooo
gogobobooboboboooboobobooboboooboooog
gogbobobooooooooooouooobbboboobbag

gogoobobobboobboobbobobobbboboobobog

(A) D000 (booOooooooUoon). QCcRrOooooUooooo
00000000 peQUIDO0D00OpO0OdDOO0OODOOOp>0000

B(p,n) ={z c¢R" ||z —p| <7}

00000 ¢>0000000000 Q) =Q\Bp)00000000
0000000

(2.3) AD+pud =0 in QC), =0 (z€dAQC)),

00000 {e(O)}*., 000000000¢—=0000 gm(C) = pim O
00000 Rauch-Taylor [23) 00000000000000000000
000000000000 (of. [19],[20],[21],[22) 000000000000
0000

00 1(S.0zawa [21] ). 0000 n=20000p, 000000000
goooogopoooog

2
(24) () = tim = (o7 (8) + O (log(1/€)) )

00 2 (S. Ozawa [21]). 0000 n=30000p, 100000000

goobooooog

(2.5) fim () = prm = 47 (p)2 + O(C/?)
000D ooooggoooooooono

goooboboobobobobboooboooobbobobbooooOod
gbooobboooboobboouoobooooboobuooooboog
googoobooboobbuoobbboooooooboooboobo
O0000000oU0oOOo0oOoooOoooOO (ooooo).

(B)UOOO (DOODOOOOUDOOD). bODO0ooOLoOoULOoUoUBboOoo
gbooobooobooboboboboooooooooUooRrR"ObUObOoODLO
OOoooooo Dy, Dy,---,Dy000000ooood D;0D;00000



0Lj; 1<i<j<N)00000000000000000000000
00

N

(2.6) Q, = U Dj U U Ll'j

J=1 1<i<GEN
0000000 QQooooooooo

N

(2.7) QQ)={UUDoi|ul U @i

J=1 1<i<GEN

000000 @) 000000 ¢0~—-1000070070000000
oobo0oooooooooobob¢—-000000000000D0 L;; 000
goboooooboood

(2.8) AP+ p2=0 in Q), 02/0v=0 on 92((),

),
odooooooooooo {pm(C) e 0o0oooooooo
O0000odoooooooooodoooooooooon D:Ué\f:le,
L:Uj<le'jDDDD

(2.9) Ap+wp=0 in D, 0¢/ov=0 on 08D,

(2.10) d?¢y/dz* + =0 in L, ¢¥=0 on OL.

000 oLODO0O000O0O0O0O0O0O0OU0ODOODOUO0OUDOO (booOoOd
0000000000 00)0 {wk), {2, 000000000000
00000000000 {¢e}2,,{¥e}p2, 000000000000OO

Q/¢mmﬂzﬁm,/¢w¢M$:%m(mﬂil)
D L

0000000 {wp}e, U}, 0000000000000000000
000 {pm}_, 0000000J.T.Beale [21 000000 limeyo pm(¢) =
pm 0000000000000000000O000000O00000O00
Beale 000000 pn(¢)0 p, 00000000 p, 000000000
0ooooo

(2.11) [Pm(©)Fms = (O} U RO}
00000000000 Uoo0o oooog (cf. Jimbo [16], Jimbo-Morita
[15]).
od 3. 000000 og
(212 R} N Db, =0
0o000dddbDbDw, 0000000000000 0O0
_ dV; n—
(€)= o = raa ™ [ (R - )z + o™,

L



god DVk:Vk(z)D
d*V;,
dz?
DDDDDDDD(Q.K’))DDDDDDDD (2.12)DDDDDDDDDTH_1D
R*-100000000000O000O

(2.13) 4wV =0 in L, Vp=® 2ze€dLNaD,

oooog NOOOOO pr=---=py=000000000 Vy, Vg,
- VyOOUooboobooooboooo4o NOOobbhUoobooooo
goooooo

00 pr=ps=--=py=00 0000000 Vi, Vs, --- VyODOOOO
0D000000000000000000
0o 4.

pr(€) = Tn1okC™ ! + 0(¢C"7)
000000 0<a;Son<-<ay0 NOODODOOO A= (4;) 00
00o0ooooo A0
Aij = Dopi [Dif iy for i = o
—|Di| 712D Pk for i
kij=1/|Ly| 0000
0000000000000 () DOOOoOO J. Arrieta [1], R. Gadylshin
[12], Jimbo-Kosugi [17] 00000 000000000 O0OO0OOOOO0O

0000000000 o00o00o0o0O((212)00000D0OOO0OOOOO0
gobobooboooobobbbbboooooboooobog.

3. 00000000000000000
00 (B)0O0OO0 Q)00000000000000

du

5, ~Au=0 (t2) € (0,00) x Q(Q),
(3.1) du

5, =0 (t2) € (0,00) x 2Q(Q).

gooogo

u(t,z) = Z cme Mt d,, ()
m=1

000000 oooooooooooooooon
0=m(0) S m() S () S -+ o0

000000000000000 00 e# @000 t—socoD000000
goboooobooboboobobobbobbbbooboooobooobog
000000000000 00O0000000000 uw(t,z)0 00000
gogboobooobobooboobbobobboooboobbooboon
goobobbdooooboobobooooboooooobboboooba
goooooboboboboobobobboobbobobbonooobobobobda
goobbodooooooobobuoooooboobboooooooobbo



0D000000000000000000000000000000000
0000000000000000000000000000000000
000000000000000 Q0000000000000 D, 0
NOOOOOOOOOODOOO000000000000000000000
0000000 D, 000000000000000000000 ¢000
00000000000000000000000000 b;0 D;0000
000000000000 0000000000000000000000
000000000000000 D,000000000¢(1<5<N)D
0000000000000000000000000000000000
000000000000000000000000000000000 D,
0000000000000000000000000000000000
0000 &.,&,--,6y000000000000000000000000
00000000000000000000000000000000000
0000000000000000000000000 (3.1)000000
0000 NOOOODOOOOOOOOOOOO0o0O0o0o00o

i [® 1
En
o000 O
GE) =G, n) = Y, rijl&—&) (EeRY)
1<i<GEN

D 0 ... 0

0 |Dy ... 0

M= : D :
0 0 .. |Dyl

go0o0oooooooooooooooooo
élaq)Za"'aq)N

0 ¢00000000000000000000000000000000
00000000000000000000000000000000000
000000(14],[15),[16) 00 000000000000

good

[1] J. Arrieta, Rates of eigenvalues on a dumbell domain, Trans. AMS 347
(1995), 3505-3532.

[2] J. T. Beale, Scattering frequencies of resonators, CPAM 26 (1975), 549-
563.

[3] I. Chavel and D. Feldman, Spectra of domains in compact manifolds,J.
Funct. Anal. 30 (1978), 198-222.

[4] I. Chavel and D. Feldman, Spectra of manifolds with small handles,
Comment. Math. Helv. 56 (1981), 83-102.

w



[5] I. Chavel and D. Feldman, Spectra of manifolds less a small domain,
Duke Math. J. 56 (1988), 399-414.

[6] G. Courtois, Spectra of manifolds with small holes, J. Funct. Anal. 133
(1995), 194-221.

[7]0000000000,00000000000000

[8] Q. Fang, Asymptotic behavior and domain dependency of solutions to a
class of reaction-diffusion system with large diffusion coeflicients, Hiroshima
Math. J. 20 (1990), 549-571.

[9] M. Flucher, Approximation of Dirichlet eigenvalues on domains with
small holes, J. Math. Anal. Appl. 193 (1995), 169-199.

[10] P.R. Garabedian, Partial Differential Equations, J. Wiley and Sons,
1964.

[11] P.R. Garabedian and M. Schiffer, Convexity of domain functionals, J.
Analyse Math 2 (1952-53), 281-369.

[12] R. Gadylshin, On scattering frequencies of acoustic resonator, C.R.Acad.Sci.816
(1993),959-963.

[13] J. Hadamard, Mémoire sur le probleme d’analyse relatif a I’équilibre des
plaques élastiques encastrée, Oeuvres, C.N.R.S. 2 (1968), 515-631.

[14] S. Jimbo, The singularly perturbed Domain and the Characterization
for the Eigenfunctions with Neumann Boundary Condition, JDE 77 (1989)
322-350, Correction, 84 (1990), 204.

[15] S. Jimbo and Y. Morita, Remarks on the behavior of certain eigenvalues
on a singularly perturbed domain with several thin channels, Comm. PDE
17 (1992), 523-552.

[16] S. Jimbo, Perturbation formula of eigenvalues in a singularly perturbed
domain, J. Math. Soc. Japan 42 (1993), 339-356.

[17] S. Jimbo and S. Kosugi, Spectra of domains with partial degeneration,
[18] S. Mizohata, Partial Differential Equations,

[19] S. Ozawa, Electrostatic capacity and eigenvalue of Laplacian, J. Fac.
Sci. Univ.Tokyo, 30 (1983), 53-62.

[20] S. Ozawa, Spectra of domains with small spherial Neumann boundary,
J. Fac. Sci. Univ.Tokyo, 30 (1983), 259-277.

[21] S. Ozawa, Singular variation of domains and eigenvalues of the Lapla-
cian, Duke Math. J. 48 (1981), 769-778.

[22] S. Ozawa, Hadamard’s variation of the Green kernels of heat equations
and traces, J. Math. Soc. Japan 34 (1982), 455-473.

[23] J. Rauch - M. Taylor, Potential and scattering theory on wildly per-
turbed domains, J. Func. Anal. 18 (1975), 27-59.



[24] M. Reed- B.Simon, Methods of modern mathematical physics, IV :
Analysis of Operators, Academic Press, 1978.

[25] C.A. Swanson, Asymptotic variational formulae for eigenvalues, Canad.
Math. Bull. 6 (1963), 15-25.

[26] C.A. Swanson, A domain perturbation problem for elliptic operators,
Ann. Mat. Pura Appl. 64 (1977), 229-240.

27000000000, 000, 1960.



