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The asymptotic behavior of Green function for wave propagation with some
singularities and the applications to scattering theory
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We studied the asymptotic behavior of Green functions concerning wave
propagation having refraction phenomena. Moreover, as the applications, we studied scattering theory of
such wave propagation. Especially, we analyzed Green functions concerning wave propagation in two layered
media of three dimensional space. And using this result, we proved that scattering wave consists of two
kinds of spherical wave characterized by each medium. Here, scattering wave means reflective wave which
is occurred by a plane wave being incident on an obstacle. Moreover, by same method as in this research,
we obtained similar results concerning three dimensional elastic wave propagation in a half space with
free boundary condition. As related results, we also obtained results concerning estimations for
solutions to stationary wave equations with dissipative terms and the regularity at interface of the
solutions to Maxwell equations, respectively.



B X C—19, F—19., Z—19 (GtaH)

1. WFERHAR LW DTS &

MBS« TRIZB W, JBGLIE (R 172 &)
WA CFE B (B 7 EOR1) 2 AH L
7o & X OBELE O 2T DRI, AT
V¥ VEGEL T Schradinger RS0 iA
BOEL T I H 28 B R e © o R & 22
EROmRW TR A5 x5, LirL, Zh
LaEZDEFEE D OTIT/ARL, B & ZEME
WESHSTDZ Lo TELNDZEME
o HD I (Helmholtz FHFER) D% H
WTERTILERD D, BRI, CEE
TR ATz AG & BGELOAE 125 Helmhol tz H#2
KOO ZEE S TOWNTEE S Emg &
REFE DO ERNEDOE CERIATEDLLE LT
bivd, Z OIREE OB GRIE) 2 BELIRIE
ZMEIN D E T, BELEROE#RZ 5 = 3 &
BRELieDd, £lo. TOBZHITESNT
LRI 2 BEFHE R ER = & b
AT O TS, PO 221779 5
LCHEE 72 D 0%, FEEE R (HELIR 2 220
A kT D Green BBOER - HETH
%o FRC, BRI © 22 MiE ) T oML
ZFENIEERBEREZHE S,
FRROB 2 FoHFEALIX, EEBEFRO
A RRAE A SR 3 N IR GE 4222 [#] (Buclid Z2[H) 1238
75 Laplacian T 5 HEER (B 21X, 2 (AR
TV VBELR AR HGEL) (2% L THESE X
LTW D (Bl 21X ColtonKress(1997) .
Newton (1989)), WFFC/NHEA 72K E 72 BRI,
% D Green B BAREY 72 BA% (ReikBA%0) <
FLIRTELHZLITH D, FFIT, ZTOWNTZEH)
XRPERBI S D E 0 HE N D, FIERIZ 3 IR
TURZERNC BT D HMERIZ X9 % Green
B b BRMICRR TE 5, F72. Maxwell
FRER A B te— i D —FER i R D A4 R EH
FIZxHT 5 Green B O BRI ZFBNIZ OV TG
Matsumura (1972) 72 £ L0 | FEL<AFZE &1L
TWb, 72120, ZOHRAT 2R EH
2 W AR RS DM B 2RI L
WCIEARL, EFMMAOFELEA L ER
M L TR FEh 2 ENTns, —H,
RO T E L TOMP TIX, Green BHIES
Helmholtz HFEEX DbV IT, AT hvsy
iR BB SV TAERIERARZRO Y VL
N fENT S D HIENERTH D, L, W
WA TH 572012, Z0EZITE S
e BT R CRELIRIRZE M T 25 2 L 1T
FE - EARTIERZWERDbNRD, Z2OF T,
Yafaev(1991) 1X VY V' X kDM 8 %
AW B BELBE R 2 R L T\ 5, £
I% Agmon-Holmander (1976) 23 HE%E L 7= 22 i iz
T OWEEBIC L > CTIREESN DA
(Agmon—Holmander (ViAH &FC9) 2 W= ERK
IbTH5DH, ZILGreen B OWHTZEE) %2 H
WEBZTO— it TbdHDH, FLT, ZD
ERIZ L Y| Yafaev 1% 2 {& Schodinger 5
Rk 5 Helmholtz R DR DO WITZE
B, Vi & BELIRIE & R oD E
BOETRATEDLILEAERLTVD,

2. WHEDOHBY
ZTOBEABEENERE AR Z NS, B
FLOEFREREDN 0 LTV 2 Vi
X, Bl zx

O 3 WItHMBEERSH&E O REMICBT 5%

J5 B 5 AR
@ ZJEIREEN DS 3 o EZEMIc BT
% BB B 7R

N5 (OIEHERZFRT5), DO
. EROH 6D F BT 2% (A H
) & AT 1T DWW IEBE GBI A R
THW(HA FR) oEREDbE TR S
Do ZOZ LIXEABRKEREHEE LT, O
122\ TiZ Dermenjian - Guillot (1988). @
IZ2WTHE Wilcox(1984) IZBWTENF
FE STV D,

AL TIETEICDO E@IZHT D Green B
DZEfiE G OWLFE 20 E LT LT, Eh
ZNOEEH R (BELELRE LS % E
)% L C Yafaev 2L L - HELER 2 B
4252 2HMET S, LT, 200
U TCHMERIEIC X 2 EGELIRE o E H 2o
WTHRTT 5, 7ok, FEZED DRI
WORFRMIZEET 5, OL@o B mFEEA
B, BERSCEA~D NS & E O S E 72
IR - FRE O EQE Y TRl X i,
B S & R D A 5 A T4y 7 TR Sy
HEEBAEDE TRV, ZHITEITKR (O
XTSI OFFEZ LK &3 5 R BT
b5, £l2. OITHOWTIE, ERATZEIC
IGEET D04 Rk (Ralyleigh &) 238 5
(1FEEDOHR), OIZOWVWTIE, FBIZBIT5
IEFEHRE DS L » T, BICHEE2afET
HHA REREND, 272 L, ZOGEOH
A REIME R REREN D, TDORET,
HEEART MV EICEERAIC L DR L
I EE 72 2 R R R CBUEE) B8N D, 1> TO
DORFFETIX, ZOFRRMEICHL-EE LT T
ASYASTAN

3. WD L

Dermenjian - Guillot & Wilcox O [EAG B4k
JEBATEHIZ Matsumura & Yafaev a2 1
5D (1)~ @) IHE> THREZHED D),
(1) Green PA%ICREE L CHN D ek LOE
5y DFEMT : Dermenjian - Guillot & Wilcox
12XV, Green BI%IE Poisson FlFE Sy TR
SND, TIITHEIELZEANTSHZ & THDL
A5 ERm B DOFE 5y % 8 AL O 5 Ik THRENT
T 5, LovL. EaSf 2 it U CHRs oy B %L
(E A BIE) 23 Al i o0 MR B3 2 fr ik 2 Fr
D7 EEERY IR E AR O IENE T &
7R (BEHERY 7 TE W AVLAR O 5 V5 XRS5y BE %k
WX LTIELNSZFEELTWD), D7
O, EHMHEOFEZHERLE LN, F
THaED D,

(2) Green BEEOMHEZFBOWRE : (1) OFER
I\Z Matsumura D& % 1 H L C Green BIELD
LB 2 RET 5, £ LT, T bIEE



FRICKT D L YR kOIS
<,
3) FBENRICXT D Helmholtz JFREIDHRMT
BIOHEGLE RO R : (2) OfERIZ Yafaev
OifimzEA L CEERICHTH LY X
v NOWRE B ARET S, E LT, T
HEHEIR I % Helmhol tz 2R D fiF O
WEENZRE LT, Ofs 0 b EELIRE %
I - RET D,

B, BERAICEE T BT TR Bk & A
FAHEBE LT, T EIREEN ED D 3
WonaZEMICB T 2 58 E F R (LT,
O Hicxt LTERW) ~G) 2FETT 5,
OITEITTEPBIN DL v TR R
FaeRT HELTH 5.,

4. WRIEEE

(1) @IZHk LT, Green BAFB IO X
> b OZEE ST COWRI A AR E Lz, B
TRAIZIE, Z2fiE 5 Tl B E 2 e L7
BRI (B o 2] & FrEM oz
NS HE 2 B ORI O AhH) O
M<IEHHES Z L&, BEAGHEOBERTRL
7-(Z3 &V Agmon-Hslmander PNFFRIZISIT 5
W& A8 b)), £ LT, ZOREN
500 H 5 EE R (O AH R HELA 2 I E
L 72 EVEHE) (2% 3 2 BkEL IR IR Ok E -
HMNFIRE L 7o 72 (Z 31k 0, Yafaev OHGEL
FEGORNAREL Zpo72), &EHIT, Z0
HRLEEIHMEICE 2 bDTHHD T, KiE
FEIC L A EELIER OMH OB % AE
LB, iU, KERB LY AR RO
TREN DB H D IEZE 2720,
SLARICIZ S D RRE O S e & (Ao )
ML o7~ ZHHDMEIZHOWVTIE,
UTFTo%2%EOQ, ©, @, ©, @, ®, @,
@, THERELL,

F7o. BAEFHFEIC L D BEURIEE O -9
OEFHRE S &=, BAEMICIOIEx4 2
Green BA¥ZBIEFTHE CRO B 72D DAKD
EIHE{To7z, 7B, XY a v TOHEEE
ELT2WILTOBEEToT2, THITDOWN
Tk, FEREOQOTREEIT- T2,

2) () TORREEHZFEEZRNT, OO
LYV s D28 [ 55 07 T O W 28 A R
ELT, ZhEHANnT, ODd5HEBERITK
LT Yafaev OBGELEwmEEMLZ, 54
LEELL B RD & ODEAREE - £ — NI,
HHEE LT, BERICET D ARKE D
END P E— R AS PG+ 5P
WALCE S B (BRI . SV =— R ASF S P+
BB S IRARCET P2, SVO B — F : AK S i+
B S P F R (P #) . SHE— K A
SIS A THA Rilte LTOR
E— K Ralyleigh ) o725, 3. LY
Ry N D ZE M GE T O M8
Agmon-Ho1mander fTFHIZRBWT, 26 %X
L 7-ERE O ERADYE TR TE S 2
LHEIRLE, LT, ZhvaAnWT, Ood
HEIRIZKT D L Z 472 Fourier 22t
DORERL. EH RO Fourier Z5HuUT X 4 K ft

T EATV, EF RO ZERE )T T oM A &

BEATAIORBZ G-, ZhbDORIE, F

2FERO, @, B®, ®THEREKL,
FLbn L, OO THZMAN D

e B oD% 9 5 BB ER SN, @

IOV, BRI eI iT B S 2o 7

2, ©LOIZHET AR A SZ I Efi

THEE LTl AT, S HIcOITk3

DHCFHIRRIZFE SN T, OIZBET 5 LR

g OBAEFHRIZ X 28 I PR L TH T

AN

BT 2R L LTk B) & (1) b7,

(3) W&+ & Schrodinger FHRFURCEEEIA 2

PE S B AR AU KT 2 E T MO TN (—4F

UYLy R 21T o 70, 2D OfER

WIEZINETIZHbNTI oz 2T

ST O A D EEN TS, EHIZ, £

DS & L THRBRAR I8 0 J B o0 BEA7 D it e

DEBIREZEATo T, THHIZHOW TR

HEO, FRREEXG., @, @, W, @, ®,

O, @ @, @ @®, ®TERELIToT

(4) Maxwell FfExl7e & 1 BERKS R

FROMIZHRF LT, Sl (ke ) 12361 582

W71 & 3BT R O IE R BT 2 AR %

SWILLL EDBE HIAD THIZ, Zhizon

TIHFERROTHEEEITT,

5. ERBERImIE

(BFZERERFE . WF9E o035 K ONEHERFSEF 1T

ERN Y

UdEssamc) GGE 1 )

@D K. Mochizuki and H. Nakazawa, Uniform
resolvent estimate for magnetic
Schrodinger operators in 2D exterior
domain and their applications to
related evolution equations,
Publications of Research Institute for
Mathematical Sciences, Zr#iA, Vol.51,
No. 2, 2015, pp.319 - 336

(Fa%ER) GE 27 1)

O EE E2, FERICKT DR
R OEF O 2, AR
2016 fFFEAE S BT 0 Bl 2, 2016 4R
3H 16 H, HEKF

@ B JEZ, Asymptotic properties of
solutions to elastic wave equations on
a half-space, Inverse problems of
differential equations and related
topics, 2016 4F 1 H 26 H, FHESKFEL
PREEATAIFZE T

@ Pl S, On scattering amplitude for
wave propagation in perturbed
two—layered media, % 13 [A] Linear and
Nonlinear Waves, 20154~ 11 A 3 H, ¥
T PR RS B RAS T v A —

@ P —ME, Maxwell FREKOMO R E
ERMEE EO—fixfk, FH2E ETFEO
HA%, 20154510 A 28 H, W7 7P~
o

©® HE FE, 2 WeIMBEBKICB TS 2

LV—F 4 U H—1ERFEO—KEY



N & 2 IS, 2 f#tro
48, 20154510 A 28 H, BET 7 ~L
=

Pl YeHE, Spectral analysis for wave
propagation in two—layered media, H
AEFE 2016 EEKERE DB
FENT oy BRI, 2015 4 9 H 13
H, REBPEZERY:

Pl SEBE, 2 ot 2 Jg s oW Enkk
W% 7 U — BT HOWT, 2015 4R
BEOERFERY VAR T L, 201549 H
5 H, 7=y 7 A7 7Y {&HH)
H15 K, Uniform resolvent estimate
for stationary dissipative wave
equations in an exterior domain and
their application to the principle of
limiting amplitude,

10th International ISAAC Congress 3-8,
20154 8 H 7 H, University of Macau
(Macau, China)

P OCHE, & o E s Rk
T5H LY N s OZEE ST OMNT 5
&, fitreI>—, 20156 £ 7 H 18 H,
IR RFIALF v /3R

P, OCHE, & o R B s Rk
T5H LY s OZERE ST OMNT 5
&), AR EE I —, 201547
A 11 H, KRMSVEKFEARF v 3R
P, OCHE, & o R B s Rk
TH LY N s OZEE ST OMNT 5
), {EMAFmtE I —, 2015 4= 6 H 26
H, FEBRFEERAEATAFZERT

i HR, BEEAME S FE RO
& MBI T 5 ik OFEL & Z DISH,
BN KPRy e sesE s, 2015 4F
6 H 13 A, EMRFRAF R
Pl OEHE, &8 o B B s Rk 1t
T2 LY S OZEME T T O S
g, JUNBEEOTRERE 2 —, 201545
H29 B, wEHRFEIF—TX
H138 K, Uniform resolvent estimate
for stationary problem of dissipative
wave equations in an exterior domain
and the ©principle of limiting
amplitude, Critical Exponents and
Nonlinear Evolution Equation 2015 ,
2015 4 2 H 20 H, HOUERELKFmhEEY
¥y N A

K% JE2Z, Asymptotic properties of
solutions to elastic wave equations on
a half-space, Inverse problems of
differential equations and related
topics, 20154F 1 H 26 H, RALKFEL
BRAEAT OISR

% Bz, -ZEMmrEks AR oE
WIRIZDOWT, A7 hVEELAE > v
R A, 201541 H 12 B, #ifETE
K%

i F, BEEEZE KB RO
ERWIRIZIIT 2 —Fk L ey Rl &

6

ZDOIGH, e I —, 2014412 H 6
H, B RKFHALF v X2
i I, EEEEZN O EE RO
Ew M E, % 12 [ Linear and
Nonlinear Waves, 2014411 H 13 H, ¥
T PRI RS R R AR v A —
TR FE, ~L ARy HRAOM
DOFHM & 2 DI, SRS 5 =
JeMES, 20144E 10 H 12 H, JLHHEHE
RFHNEEEL

B HR, BEEEA ) EE AR
OHELIE E = O, B AR¥F 22014
FEEKERE DR RGRmaoRa
FERIGHTE, 2014 4F 9 H 26 H, [KERF
THRF v /8 A

Pl OtHE, —EEUE O E SRR I
T 5 LRy hOZEE T O T
8, HARKFS 2014 FEEKBRED
B EBEIRIT 7R, 2014 42 9 H 25
H, JRERFEEF v /3R

iy F5 5, Sharp uniform resolvent
estimate and Helmholtz and
Schrddinger equations in an exterior
domain in R"2 and their applications,
The 10th AIMS Conference on Dynamical
Systems, Differential Equations and
Applications, 2014 #£ 7 H 10 H,
Madrid

i R, 2 RN EIEIC I 1T D~ L
LR FRRAO—FY VX R
fli & &= oISH, JUNBEE TRt )
—, 20144F6 A 14 H, @KFE I
— N7 A

P el B o O ENMERE (2%
T LY Ry kO ZEE ST C O T
28, EMNRFIRB TRAM LS,
2014 4E6 A 14 H, fEINRFPIRAF v
IN A

1 &, Uniform resolvent estimate
for Helmholtz equations in 2D exterior
domain and their application, fR1FHI
Z R ORI AUk 2 iR o EH]
P BPEORFSE, 201445 A 30 H, I
R BRI 52 P

T FHR, 2 IRoTAMERSEIIC 35 1T D R
£ & Schrodinger fE/AFE, H A%+ 2014
RS EHOTEGR RIS, 2014 423
H 15 A, FHBREKTF

P e, 3 RocH-2EM DM D 7Y
— VB OWT, MRS <
20134F7 H 27 H, HURERL R TS
Xy L /NA

WFFERLR

() BFFEfk %
ARG kR ( Mitsuteru Kadowaki )

BB RS RSE « T5R - bz
Fges &5 : 70300548

(2) Wk FE 53R



Hii# %% ( Hideo Nakazawa )
HARER K « B - #7
e &5 - 80383371

TS —HE (WATANABE KAZUO)
BB R - B - BhE
WFgesE 25 : 90260851

3% 1.2 (WATANABE MICHIYUKT)
FHBREE « ACHSBERFR - #EHdZ
WFgeE 25 1 90374181

(3) HHETTEA
mL



