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FEFRIE Schrodinger J7FEF D
FRDZETNZDUNT

b ER (KT BESURTER)

1 FX
Z O TIE, EIZZEM 1 RITOIERIE Schrodinger FFEX DO HIHAMERTE -

i0u = —0%u + AN (u),
(NLS) { u(0, ) = up(x)

EROELD. ZTIZT, (Lz) e RxR THY, KREBE u(t, z) 1ITBEFOMEE &L 5
HLOLET D, I ITEEENERT. Fio, IERIEE IN (v) 1% p ROXFEITROD X
SR EFHEOLD LTS,

AMeR, N(u)=|uf'u (1<p)

ZOHFMBHICOWTE, w T —VElER LI2b D Pu (72721, § € R) 22
TiIHs L

N(eu) = e N (u) (1.1)

kmi@gﬁ%é P (1.1) OBET, OEZW u(t,z) 28 (NLS) OffTH 5 Z
ENbMBE, efut,x) (2721, emméﬁ) HE 72 (NLS) OfRIZR-> TS Z &

Wb, #toT, HHE (1.1) 2 T5F—DFREM] LS.
WIS (NLS) @%f?&ﬁ’]iﬁj"ﬁ— [ZDWTHIITT 5. FERE Schrodinger
%, p=3 (72 p=>5) OHEEPYEFETEL L, WK Ok OEDCET 7

4ﬂ—ﬁ%%ﬁ%f5%@%( BEE) DIRAB\NEZ LML LTS, Z
DO TIIEFRE A A=V %o TR u(t,z) ZHEETEL LT LEZVOT, N
T 7 AN—DFEEEORDOEEEED TN, T 7 A NR—FFLOEREA, tix
T AN=CHW -T2 “PE” ZE2LTEBY, o XEEETIRTD “HZ 7 T A —
ZuEFLTWD., BATBIT S t, v OFEI&IZTEDR, RELORWE S ITBREVL
720, O T, BEFESGROZERVBNDOFEBERE LT, t ZRZRT A —

1



B, 1 BALEARG A—F LIPS 22T 5. E72, R out, o) ISR LT, Okt
lu(t, z)| 1T L < IRB$ 2 EBLHOUBIMERL TS, £ LT, FHERIBEHIN (u) 13,
AT ZADRHTRENEL O S ICHMEHNLIET 20K GERE Kerr 2028) 2K
BLTEY, NIFZOFROEEEZRLTWVD [1].

X T, (NLS) OBFAHRRTIE, $EL OMAEEITL-T,

o WM RPTIR D GIME & I EIE
o IRFHIRIE DAF(E & FETFAE
o WEMIKIARDOMWITZES) « ¥ U b7 ERFERIF O LB & RN E

72 EORENEAMITHARILN TS, Z OB TIERE O filR & 5mE o ) &2 8
HT, FFET R TOFEMIONWTTEICHENTLZ LT LW THAS. £Z T, FF
W TR R TR O G & SR EIME | « TRERRIRAR D F7AE & FEAFAE) - TR DM Es
B T EEICERERD. 2 OB 2 HIRIZ T2V Al & 5220 2 HkAL
2725 TWAD, BT OFEE CIERFM R 12 B3 2 BEE DFE F & T L, %20
A CIIMR O WO 22T B3 2 BER OFERIZOW TR T 5 . IR RB B H T,
A\ DEBEOGEIROMHEEEN E S R O0HHTETETHD. 728, Ik
J& Schrodinger 2D AR Z2EEE L LT, [3, 28] 2% THL.

2 BFfERRTAE S & UK #E

(NLS) OffZrkpd 2B, TR T 2 BEEZEMEZRE L TEhRIZR LR
VY. B2 I IHIIMERTE Z i < BRI Wb TIRFRIRIRIE DS FAET Dm0 &0 95 [
EEGRE FFo TWB DT, WRFHRE DR TN~ REERETE5 X951
5 ¥ < BIBZEM & YR L TR BER D D, MRELEET BITUE, ult,z) D VLR
t OFEE EBICAWMITHEZ 2V EREE LY. ZZCTHHLEZWLON TRE
E ([2DOVWTHELZE)] ThDH. A\ BVIEHOLE, (NLS) O u(t,z) 2 ¢,z I
DVWTHWHMNT, |2] 00 DEZITWRELTNDZ LERETIIE, kDX D 72LR
GFREREFOZENHONTND.

lu®lzom)  (FBA), (2.1)
2\ 5 .
H%Mﬂﬁmm+;:ﬂW@Mﬁmm(I*”*“) (2.2)

INHOREEEMN, TRLF—EMESEDIL, Schrodinger TN BT 152 CTH Y
THIEDAETHD EEBbNS. ZNODOREFEEZEROH D HDIZT HHIT,
BI%zEfiE LT HY(R), 2F 0,

H'(R) = {f(x) € L*(R); [|0x | 2 < o0}

2



EREONBIV. EBEE, u(t,) € H(R) ® L %, Sobolev DHDIAHZEME ZI1E, =
ANF—IZEFEND |Ju(t)||pon THEROMEZ IS .

VL Eoigsmn ,0&&0%&LT<m()lﬁ%ﬁét®%§kw5ﬁﬁﬁ
THRITIZ LW Edbyotz. Z LT, MIEREE L CTE%RER S
P T — 2\l D72 3 5 Z k#u%&@f,ﬂ@ﬂgC@Hﬂ))@ﬁﬁ
HCRERET OB L. 22T, TIFELT A= OXHE—H21%, [T,
—TbHo. SHIZ, (NLS) IZEFEND du & P2u HEXEIT Lfoi<i%%ﬁ
DD, u(t,z) € CYI;H Y(R)) L WK FTHRERSIT ORI NS S.
H7'(R) X HY(R) OB EMTHSH. ZIZT, ult,r) € C(I; H(R)) v L%, ¥}
BIEIE AN (u) € O(I; HY(R)) c C(I; HY(R)) THHZ LICHbHERELTEBZ ).

Theorem 2.1 (BR/BFTf# : Ginibre-Velo [7]). up € H'(R) &£45. ZD L%,
H5T>0BFELT, (NLS) Off w e C([-T,T); H'(R))NCY[-T,T); H*(R))
IME—DIFET D

Theorem 2.2 (EffElKigf# : Ginibre-Velo [7]). ug € H'(R) £ T%. %7,
e A>0DEE 1<p<oo,
e N<0DEE 1<p<h

45, ok, (NLS) WA u e C(R; H'(R)) N C'(R; H'(R)) H3MKE
—DFET B,

(Theorem 2.1 MFFBA (ME)Y  (NLS) Z[AMEAefE D FFEICEESE LT, Ml
BHOFEBREZANS. = 2T, FEZ2RE R L1 (NLS) (2 Duhamel OJFH %
HHLTH/ONDHDT,

u(t) = O(u)
= U(t)ug —iA i Ut —7)N(u(r)) dr (2.3)

DZETHD. 12121, U(t) = exp(itd?) 1I#IE Schrodinger FFEXDFIEHFE T
HY, (2.3) OAEBIZELI TV D IEHITES /‘ ~dr 1%, HY(R) IZEZ TS BT

%9 % Bochner HrTH 5.
luollmmy < po &L, KT =[0,T] IZXLT, (2.3) DG/ & 23, L>~(I; H'(R))
DHES

E2po = {u; ||UHL°°(I;H1(R)) < 2po}

3



ECHIINEBRIZRD Z L EBRT. 12720, XF p S 1 AR D L IERIEE N (u)
B u=0 CTHRERLOILRDDT, HES By, ([CIZFIVZER L=(R; L*(R)) O
Btz AND. Ut) B LA(R) T=X IV —ThHsd Z & &, FEBBHDFHET Sobolev
DM HIAZ H' (R) C L®(R) 25 &,

|P(w)||Lermrmy) < po+ CT(2p0)°
< 2pp (T ZAV5/hE< LK)

BXIW,
[®(u1) — D(u2)|| Lo (1,22 (m))

< CTpy  lur — uall persre )

1
< §||U1 — u2||L°°(I;L2(R)) (<_ T %+§J\/J\é < [/f:) (24)

DRV SEDZ EWDND. H60T, O I INFBIZR-oTWS. Zhnb, O(1; LX(R)N
L>(I; H(R)) 1287 % (2.3) DR u DfEERDDD . 1T (2.3) OAIRIT C(I; HY(R))
BT DT, fRue CI;HY(R)) L72d. —EMECHONTIE, (24) 2L 0

&R CRli 2 9 0UXBR S IoRE 5. ok, XM I'= [-T,0] IZ8F 2IROIF(E - —

BHEICOWTHRBRICRTZ ENTE D, O

(Theorem 2.2 MFEEA (BIEE) ) ||u(t)||prw) DA BRIFZ TIED oo [ZFHK LRV T
ZaEX kv, 2550, KHRIWE EAEADRNWT (WIT—Z2 22D
MY HEZT) WrRDBANCEBWTHMNFET D2 L2 5.

I=(-T.T) £BL. ffue C; H(R)NCHI; H'(R)) IZk LT (2.1) & (2.2)
DIRAFT D Z & BRI T I2iX, 227 MO cut-off x,(z) = x(vx) Li#RILT
ne(t), n-(z) ZHND. u,. = n.(t) xn(z) * (x,u) 1L t, 2 ITOWTHELMNT, |z| — o
DEZWRTDHZLITHE. £LT, uy IFROBEBAET 27

i0puy . = —O0ru,,. + M (u,,.) + error, . (2.5)
72721, error,  1Z v — 0, — 0 DIEFTHREZ &5 & Lo (; L2(R)) OAFHTO

loc
IZ72%. (2.5) OWHIC U, Z#IT T, 2 ZHOWTHSL, DWTEHSE LS. §
D,

d

(Ol 72y = Tm(error,.q, w,< (1))

t
= e (OlL2m) = e (0)|Z2m) + /O Im(error, e, (7)) dr

LB, ZZTrv—0,e—0 &L, L VVADORGFEZRTZLENTED., =
FF— (2.2) DIRAFTO T, (2.5) OIIC yu,. ZHNT T, 2 TPV TESL,
FHE WD Z & TRERISR T Z LB TE S,
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ST, A> 00L&, EifE = RXNF—DREND, |ul)|mm) <C LD
EBDIND. o T, RHRPTRAZ DRT CRIBIREMR T HZ LN TES. KIT,
A< 0DEE, ZRXVX—DIFRIZEHIT Gagliardo-Nirenberg OAREXEZ WS &,

10:ullZ2qgy — Cllullfom 10l 2y < C (2.6)

kﬁé.::T,azl+@+UﬂJﬁz@+Dﬂ—1f%é.4,&%%6
1<p<b7RDT, <2 THDHI LITHER. HZ, (2.6) I Young ODAEFEXEHW
T, u®)|mm) < C 2RTIENRTET, FEKIBMOFELES LN TE
5. O

R 2.1 Theorem 2.2 DIETA <0 D5 <p TH->TH, u IZ H(R) DE
RTINS SEAET D LRI ZRIRBA LT D, LL, RERT—HITHL
TITA MR D 5 BT |u(t)||mmy BFREET D ERMBATND (8,22, 27 .
77 A N— DB O T ZORREMIRT 5 &, Mo\ & Z AITEIrRPRE
725 GERIE Kerr 21) O THILDERFEREDRELS 20, £ ZI2H# < BHHW
KN EATERDZ LT, HRIITEATEALRICBCIRT 2 Z Lichd. OB
DOFRERIE, EHEMRERICE PN REMTE 52 HF2D5THAD.

R 2.2 RIFEEHOTRRKIBAFE AR T2 2 &0, YEo HEECR>TW5
2, ZORRICRAFRIT (2.1), (2.2) O 2FEHBMLETH A 5 2 fEOIERAIIED D72 <
THLRAFRE (2.1) 22O TR R R 2T 2 Z L I3 TERWTH A
IMPOEY, ThiE L*(R) OFHLA TIRZMR ST 2RI 2 5. ZoRIEIE, B
TOEHIZRENTWVD LD ICTHEWNITHFR I TN S.

Theorem 2.3 (Y. Tsutsumi [29]). 1 <p <5, uy € L*(R) &T5. ZDL X%k,
R 7R
t
u(t) = U(t)ug — z')\/ Ut —7)N(u(r)) dr (2.7)
0

BT u(t,r) € C(R; LA(R)) N L) (R; LP*Y(R)) 2Me—DfFfETDH. 72721
2/r=1/2—1/(p+1) THY, (2.7) ODHEBIH DML HY(R) IZflix & 2
BI04 D Bochner By T 5.

Theorem 2.3 OFEHOIZ/2 5 H DI, Strichartz OAREX[15, 26, 31] :

U)ol minr)) < Clluol|zemy

I [ U= 0F @) drlimany < Py

5



THd. 2T, 0<2/r; =1/2-1/g; <1 (j =1,2) THY, 1/¢o+1/¢, =
1/ro+1/ry =1 T&® 5. Strichartz OARERIZ, FERIDFET D & Schrodinger
HBRROMOEAMERELS DI LE2RTHDT, 77737V 02 Bblebd
it (RO EIZERSEICRNESTLEIME) | ITERTS.

iR 2.3 AOLEAMZRSBEBZER THEMKT 2 Z LIFWETH S I 02612
X, uwe O HR)) (2L, s<0) DL RFEMETEDTHS I 0?2 EiT,
ADIERIME A FFOBIRZEM T, RICMBFEL T —EERRN D Z &%, fiRo
LEME (FRAERFR D IR —RREirE) MG 2 Z &ERMbTWVW5 (4, 16].

3 MROFHEEE

W7 7 AN—DOFENAZTEMERET DI DN THEBIZIED L S ITE L TV D
THAHID? K CTIIAMPIRNELZID 7o TWDHDT, t — oo IZBITHRD
W 250 2 LEi ISR DD M Cilim 2 ED 72V, 207Dl “/INE7RT —
Z 7k ML RN R ER A 5. KRERT —Z I ML ZEic >\ T,
Kk 7275 (pseudo-conformal identity) DIEFDNIARA ZRIERBNLEIZ/2 D [6, 20, 21]
DT, T TEHEDR.

® ### Schrodinger HIRKX DfE

WREAIES R t — oo & LTz &E1Z, (NLS) Off u(t,r) X ED X 5 RIRDEHNET
BTHAID. RO L>® JNVEPRETHZ 255 L, FERIEH N (u) O
BN E L EINELI2o T DT, (NLS) ORI #RIE Schrodinger 72
KOS ZERTREND. 22T, FTHIE Schrodinger R

i0yu = —02u,
(LS) { u(0, ) = up(x)

D U(t)ug 23t — 00 DEXIZEDEIRIBIBENETIONATEI . WE
Shrodinger FREAIZE T )P CHERFERHZLTZLTWED, ZOMETIINT 7
AN—DFHRICAE D CTilimm 2 D TNDHD T, ZIZTIEE LT OIEHRE Kerr 2R
DIENNT 7 A N—ZAnD D NP DT Z R TND EBoTEZE . &7,
Fourier 2284 Fp(&) = (27T)_1/2/e_i§ch(x) dr ZH\W5 &, (LS) Off u(t, z) 1ZK

DEIITEKHTES.
u(t,z) = F rexp(ité?)Fug

— (dmit) V2 / exp(ilz — y|? /At yuo(x) da

6



ZORBNG, WO ERDLND

&% Schrodinger ARERDBEDEE

o (LY-LTFHE) 2<q<oo0,1/q+1/¢d =1¢,F5D. ZDEE, RORELN
%0 L.

1U (ol oy < CE21D g 1y g (3.1)
e (Dollard 7M#) Mf(x) = exp(iz?/4t) f(x), Df(z) = (2it) /2 f(x/2t) &
5. ZOEE, WOEXMPY L.
U(t)ug = MDF Mug (3.2)
t—ooDEE M- 1ICHEETDIE, ZO%ELND
U(t)ug = MDFuy + o(t™/?) in L=(R) as t — oco.

=L, upe L(R) 27 5.

® 3E#RRZ Schrodinger AREXDMFEDIHEZEE (small data DIFE)

WIZ, t — oo IZBWT (NLS) O u(t,z) BEDX I ITEEI ONEEBZ LS.
IHBIEHDONRE p BREWVIEE, N(u) 1THE LT 50T, MOMTEE)%
FARRLT 2D T LIXBESITHELE SN D, T, FERIE Schrodinger FFEAX DL A,
B7RRARA O THIEBE] 23V SLT2 72V DT, W 288 O AT Ty K
RN F =Ml L 27 7V A ) RiEmmae s Z Lic s, LTI, Wk
ZENORKT D3 5 LGS (super critical case) 22 B L5150 T, £DDEEBILDIN
2R D X 5 R TR ICRELRG S (p=3 : critical case) ZHRV K 5.

A. FENBTATTIZCKBEE (4 < p: super critical case) FEREHEHD X p
DI REWE X, (NLS) OMOBEHEFEINILL Fo LY.

Theorem 3.1. 4 < P &j‘é ifl, Uy € HI(R) N LI(R) 6i, ||u0||H1(R)ﬂL1(R) <
po L1 &ZW-TbDETD, ZobE, (NLS) ORMRIEMR u ioxt L TRD Z &
NP A/RVASN

(1) (B =0+)"2 LT, JJu®)|r=m < O

2) % pe H'(R) PEELT, ult) = Ut)p +o(1) in LA(R) as t — oo



(Theorem 3.1 MFEHA (HAR)) (1) Co > 01X LT, T* = sup{T; sup (O)|lu(t)|r~m) <
0<t<T

3Copot EBWNWT, TF = 00 [ERBZEEFT. t € [0,T%) Iext LT, By Hk
(2.3) ORI L>® Jvb%E0, Ul) © L' — L™ fHMiEFIHT 5 &,

O -
< Oty Vpo+C / V2N ) s oy
< Colt)yVpy+C / (t =7y V2 () [ () 2y A (3:3)

LRB. NEVT—FORE, TRAFREND (3.3) OFBED D [u(r)| 2w,
ITEE TR BNDDT, py B Ho/hEERL,

t
lu)ll=@y < Copolt)™* +Cpf / (t — 7)Y (7)®=D/2 g7
0
< 2Copo(t)™? (3.4)

L%, T2IZL, (34) Td<p D ¥, / YV D2 g < )2 %

fHoTWnWg. ZZTC, bLT <00 &FT5&, REKX (3.4) OFAI ()2 ZHhT
Tt—T* @*@Nﬁ%kéx_kf, 300p0§200p0 kb\5z_"ﬂ§75>éﬁb'€bi 5 @;{
2 T* = 0.

(2) U(=t)u(t) 73 t — oo D& X2 HY(R) DAL TH 5 BT T 5 = & &R
XL, BHTERA (2.3) 226

U (—t)u(t) = ug — iA /O U(t — N (u(r)) dr

ThdZ &, BEO 1) 25 [N ()| mm < Cr)y~0=0/2 (p—1)/2 > 1 127k)
THDHZLIZREDTD L, limo U(—t)u(t) DIFEERTIENTE 5. O

MEBLETIX, p=3 OLGAENELKBRETHDT, ok p OfE%E NF CTHEOWIE
EE A THRAVENDH D, F1T, Theorem 3.1 DOFEBH TIXIERIZIE D M ASHL D
THD. WOEBLTIE, Z0H-) 2KERT 5.

B. #BOFRMZTEIZCRSZ LICKHHR (3 < p: super critical case) 4, (NLS)
DO u(t) 1% t BDREWVEFRIE Schrodinger FERADIZIE I EWVWHIA A=V DY
ETELREEDTND. 2FD, ut) ~Ul)p BLIZU(—tut) ~p £725Z L



LTS, 22T,

u(t) = U@)U(-t)u(?))
= U(to(t) (3.5)

LEXAZ CIFRBEZFTM L CA LS. 95 &, Theorem 3.1 DFA LD HIERR
JHDORXZH 5D L FTBHZ ENTES.

Theorem 3.2. 3 < p &35. £72, up € HY(R) 7> 2uy € L*(R) &1,
HUOHHl(R + ||1’U0||L2 <p K1 EWlcTbDETH. ZDEXE, (NLS) DIRFIR
Wi uw e C(R; HI(R)) NCYR; HY(R)) BMe—2FEL T, 2u e C(R; L*(R)) %
Wi’z L, Theorem 3.1 & [RAROREFRASHL Y SLD.

(Theorem 3.2 DFEH (HHIE))  |[u(t) |~ = [U(v(®)]| 1~ < CE 2 0() | 1wy
ROT, |o(t)|pm BERTHZOND Z & EREIZEV. 2L, L' s
Fourier 2884 F & AEMESE WD T, ||U(t)HL1(R) < C(||U(t)HL2(R) + ||xv(t)HL2(R)) DX
I L2 N—=AD ) VA THE AR, (|zvt)| 2wy DEBTHADILD Z L Z2RT.
ZZCERHE J =U@)2U(—t) = x + 2itd, = M(2itd,)M %HANT 5.

lzoll2my = [IJull2m)

1
IN(u) = p+ Pt - 25 Pl 2Ty

DRV SO Z LICHEER. & IR FREK (2.3) [/ GG FE A EH U &
V. DR,

170(w) oy
<m+C/WL! wlTu(llm) dr
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Theorem 3.2 DFEH & [F] b@”“&iﬁziﬁb\ fcﬁ*’d‘fcﬁﬁg (3.6) DAL BB B
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Ao (< 0) 11X, M7 7 A4 N—RNITIBAE L TW DA L 2 = —HK FFki
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lu()l| =@y < C) 2 (log(2 +1))7/2 (L, t>0) (3.9)

EVIOMEERT Z EMFEHEN TV, ZhE, N ICADEEEAS LA —
TR DBEN BN D Z L 2 BKT 5. £/, Kita-Shimomura [17] 12 X
HE,p=3 <022 N < V3N OFMEHEIE, KERT—ZIXILTDH
fRD L 7 VLD (39) ERUEA—F—THKET DL EBRbhroTWD. ZZT,
M| < V3| &I AHINSAE %HJu(t)H%Q(R) < 0 (Liskevich-Pelermuter MDA
[19]) ZRTEICHW S, B3 Ginzgburg-Lndau J7 2O Rl KISk 72 iR DFFRAT ¢
I<HHESh TV 5 [23).
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0000000.000000,f=00000 (1)0000000 DiBenedetto-Friedman O
000000,00Helder 0000000 O00000,000000. 000, DiBenedetto-

Friedman O, [2] 0000, f=00000 (H)OO0O Holder DO O OO0O0O0O0OO0OOOOO
1



O00,0000000000000DO00O0 HolderODODOODODODODO, Holder O
Oo00000ooOoO00ooo0ooOd0.0oo,00oo0ooog,0o0o0 fOoOoooO
OO000o0ooboog,()oOO HoelderDODODODODOOOODOOODOO,O w0 HolderD OO
goooogooo.

Theorem 1. Let u be a bounded non-negative weak solution of (1). Let us assume

ft,z,u) € L*(0,00; LP(R™))

L:l_l

for some p > n and let . Then w is uniformly Holder continuous and

1-Bxg a—1)

[u(t, z)—u(s,y)| < C||Ua||Loo(ooo xRP ”fHLoo(ooo Lp(R™)) (H “Loo (0,00) xR™) |t—s|2 +|$ yl?)
for (t,x), (s,y) € (0,00) x R™, where the constant 0 < o < 1 and C' > 0 are depending only
onn,a and p.

obobobooooDoo0,b«w0000w=00000000000000.000,u
00000 MO0D000 ' 00000000,00000000000000000.
gob,jdbbdoobbodbobwbboobbbodbbooo,booobbOoOoO
wO0Ooooboooobogoobobo.ooo,(hobooboob o, bobbooboobo
goboooooon

~ o -1 _ 046 _ 1
u(s,x) = M u(t,x) t=M s,ﬁ—l—a

Oo0ooo,0000ooogooouooooooon
Qp,M:Qp,M(tOwTO):<t07x0)+( ]\Zﬁao> x B, p,M>0
ofjoOoo.o0o0o0o0o0 M>000«0000000O00OOO0O0OO0DO0ODOOOODO,O0O

goooooooooooooooooooo,ooooooooo.

Lemma 2. Let py > 0 enough small depending only on n, o, p, ||| L ((0,00)xrn) and f. Then
there exist ) < ¢ < 1 and 0 < n < 1 depending only on n, o, p such that
sup u* < M;, osc u®= sup u®— inf u® < |[u®|re(0,00)xrn) and p;j = ¢ pg
Qpj.M; @pjon; Qpj,M; P Mj
forall j € N, where { M} cn is some monotone decreasing sequence depending on n, o, p and
u.

Oo00000,DeGiorgi 0000000, v000000000000 M;000000
O0000000.00,p0 ||f||Loo(OOO)LPRn ||u||Lm(0mXRn)DDDDDDDDDD
O00000,cloge=logn00000000,00 HolderOO OO HolderOOOOOO
OO0D0O0000O0 (cf. LadyZenskaja-Solonnikov-Ural’ceva [3, pp. 96, Lemma 5.8]).
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([ —kNO+h(0,u) = f in Q
=0 on 02
2 ue K@) ae. in Q

Find (6,u) € Hy(Q)x (H'(Q))” s.t.
I//QVU-V(u—z)dx+/(g(u)—E)-(u—z) <0

Q
V .
\ for Yz € (H'())?, z¢€ K(f) ae. in Q

0000000000000 000[3], 4000000000000 Uo p|ooooood
gbobodobgoobobooboboobobboboobobbobooboboobg
gbbboogobbbuoodobbboooobbobuoooobboboooan

2 OOoObobobobobobobod

XO0OOOOBanachOO, X*O0 XOOODOODOO, X, X*00O0OO0OD0OO0ODOOODOO
A0 XOO X*OO (DoooooooO)ooooooooo, |-|xobooo,<-->0
X 0O X O duality pairing0 000000

00 21. A:XxX—X*00O0 (SM1)00 ($M2)00000000

(SM1)  A(v,-) ;mazimal monotone , D(A(v,)) =X for Yve X
(SM2)  {v,} C X, v, — v weakly in X
= "u* € A(v,u) , ul € Alv,,u) st ul —u* oin X*

0000, AD semi-monotone0 000000

U0 semi-monotone U U U UOO0OOOODOOUOOOOO0O0O0OO0DOOOOODOOOOO
gboboboogoooobooo

00 2.2. (Y. M [}

A:D(A) =X x X — X*;00,semi-monotone,

Au = g(u,u) for'ue X, g€ X*,

K,cX;000000,

p:X x X - RU{o0}, ¢(v,);000000000 for "we X
D(p(v,)) C Koy for "v € Ky,
O000,0000(K)DoDoo0oo0oO

(K) A{v,} C Ko, v, — v weakly in X
= ©(n,") — ©(v,-) on X in the sense of Mosco.

gobob,bbbdooobbboooonobobibod«gbbn

o(u,u) < oo, u* € Au;
<u* =g u—v>+e(u,u) < o(u,v) for YveX



3 Ubuogbootgt

gbobboooobbbuoooobbbuoooobod

—kAO + h(0,u) = f in
) =0 on 0Of)
Find (0,u) € Hy(Q) x (H'(Q))"  s.t. —Au+ g(u) + 0k, (u) = ¢
% =/{ on 0N

DDD@[K((;)A(-)D dlgep()0000000000D000000O000O00O000O0000000

D0000000000MMO00000000000 semi-monotoned 00 A(-,-) : XxX —
X*:=H Q) x (H(Q))*00000000000
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DDDD[-,-] O X*0O XOOO duality pairing 0 0 0O O
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0000000 00000 00oooooooo

gobbbooooobbbouooobobbbooooboo
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Convergence rate to the nonlinear waves
for viscous conservation laws on the half space

Yoshihiro Ueda

In this talk, we study the convergence rate of solutions to the initial-boundary value
problem for scalar viscous conservation laws on the half line:

up + f(u)e = Ugy, x>0, t>0,
w(0,t) =u_, limu(z,t)=uy, t>0, (1)
u(z,0) = up(x), x> 0.

Here the flux f = f(u) is a given smooth function of u satisfying f(0) = f/(0) = 0 and u+
are given constants. In this problem, we assume that the initial function ug(z) satisfies
up(0) = u_ and lim, . uo(z) = uy as the compatibility conditions. Throughout this
talk, we impose the following condition on the flux f(u): Either

f"(u) >0 for weR, (2)
7"(0) >0, f(u) >0 for welu_,0). (3)

It is known that the asymptotic behavior of solutions to (1) is closely related to the
solution of the Riemann problem for the corresponding hyperbolic equation:

u+ f(u), =0, zeR, t>-—1,

u_, =<0, (4)
ulw, —1) = { Uy, x> 0.

In the case where the flux f(u) in (1) satisfies the convexity condition (2) and the
Riemann problem (4) has the rarefaction wave solution, Liu-Matsumura-Nishihara [2]
showed that the large-time behavior of the solutions depends on the signs of the char-
acteristic speeds f’(u4). More precisely, it is shown that the asymptotic behavior of the
solutions in this case is classified into the following three cases: (a) f'(u_) < f'(uy) <0,
(b) 0 < f'(u-) < f'(uy) and () f'(u_) <0 < f'(uy).

In the case (a) where u_ < uy < 0, the solutions of (1) converge to the stationary
solution. Here the stationary solution ¢(x) is defined by the solution of the stationary
problem corresponding to (1):

(@) =¢s,  ¢(0) =u_, lim ¢(z) = u,. ()

T—00



In the case (b) where 0 < u_ < uy, the asymptotic state of the solutions is described
by the rarefaction wave. Here the rarefaction wave 1%(x,t) is given as the solution of
the Riemann problem (4) and is given explicitly for ¢ > —1 by

U, v < flu)(t+1),
Vi) =4 (N7(F), F)ft+1) <z < flu)E+1), (6)
Uy, fllug)t+1) <w.

In the final case (c) where u_ < 0 < w4, the asymptotic state of the solutions is given
by the superposition of the stationary solution ¢(z) satisfying (5) with uy = 0 and the
rarefation wave 1%(x,t) given by (6) with u_ = 0.

Our first theorem gives the convergence rate in this last case (c¢) under the convexity
assumption (2), and is stated as follows.

Theorem 1. Suppose that (2) and u_ < 0 < uy hold. Assume that uy—u, € H' N L.
Then the initial-boundary value problem (1) has a unique global solution u(x,t) with
u—uy € C([0,00); HY). Moreover, the solution satisfies
1w = ¢ = ) (Bl < C(1+1) 7 log*(2 + 1),
I =& = M)(B)1 < C(14+8)727¢
for each p with 1 < p < oo and any € > 0, where v = (1/2)(1 —1/p), and C and C, are

positive constants; C. is depending on €. Here ¢(x) is the stationary solution satisfying
(5) with uy =0 and Y= (x,t) is the rarefaction wave given by (6) with u_ = 0.

(7)

On the other hand, the case (c) has also been studied very recently by Hashimoto-
Matsumura [1] when the flux f(u) satisfies the weaker convexity condition (3). They
proved the asymptotic stability of the superposition of the stationary solution and the
rarefaction wave under the smallness condition both on u, and the initial perturbation.

The second purpose of this talk is to get the convergence rate under the weaker
convexity condition (3). Namely, we show the following theorem.

Theorem 2. Assume (3), u_ < 0 < uy and ug —uy € H' N L'. Then there is a
positive constant g9 such that, if uy < gy and ||ug — ¢ — YE(-,0)||m; < g0, then the
initial-boundary value problem (1) has a unique global solution u(z,t) with u — uy €
C([0,00); HY). Moreover, the solution satisfies the quantitative estimates in (7).
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00 00 (000 0000)
00000000 00000000 00000000
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1 00O
00000 Schrédinger 0000 00000000000:

—Auy + Vi(z)uy = ulu? + ﬁulug in RV,
—Aug + Vo(x)ug = ﬁu%ug + ,ugug in RV, (E)
uy(z), ug(z) — 0 as || — oc.

000, u,pe, 000000, N=1,23000.00,u=(u,uw)0 (E)0000000O0
0,v0 (E)0000 u(z),ux(z)>0000000000.

0000 (E)00000000000000000000000 [1,4,6,7. 00, Vi(z), Va(x)
00000000000000000,000000: 0000<p </ 0000,8¢
[0,3) U (By,00) 000 (E)0000000.00,Vy(x)0 200000000, Vy(z) 000
00000000000 (00000000000, 00,(E)0000000000000
0000,0000 4>000000000000,(E)00000000000O0000O0

00,V,(z) 0000000000000

V1) Vi(x) = V;(|z]) = V;(r), Vi € C*([0, 00)).

V3) Vi(r) > 0 for all r > 0.

V4

(V1)
(V2) 0 < inf V;(r) <supV;(r) < co.
(V3) V,
(V4) N=30000000000:

13 8
. 1 2 e ! e
iI>lfO‘ {V (r)rs + 3 V(r)r + SV(T)} > 0.

00 1.1. (i) Vj(z) = const. >0 000, 0000 (V1)«(V4)DOOOODDO
(i) Busca Sirakov[2] 000, 00 (V1)(V3)D >0000(E)0000000000000
O000000000: u(z) =u(lz|) = (u(|x]), ua(]z])).

2 000

0oo00 (V1)«(v4)000000000000:

00 2.1. Vy(z) O (VI)(V4)O0ODOO0O00. 0000,00 B>000000, 8€(0,5)
0000 (E)00000000000000.

gbli1ogouoggoobodd.

0 2.2. Vi(z),Vo(x) OOOOOOO. ODOODO,B€e(0,6) 0000 (E)D0D0DODODOOOO
gobobooodgon.



00 2.3. (i) Wei-Yao[8| DO OO 220 000000000000.
(i) (£)00000000 4>000000000000. 0000 [6|0000V(2) = Vala) =
Lumm=p=p=100,w0

—Av+w=w® in RV
000000000000 00000,000 e (0,r/2) 0000 u = (wcosb,wsinf) O
() 0000000,

3 Ougon

0021 000000400000000:
Step 1 (E) D0 000O0D0OOOOO
Step 2 |z| 0o D000 DOOOOOOOOOODODO
Step34/=0000000(E)00000D0OODOOOOOOOO
Step4 00000000

Step 100,00000 gO00O0O 0,6 00000,(E)DOODOOODO L*O00000O0O
00000 Brow-up argument 0 Gidas[3]00000000. Step2000Step 100000
0000 poO00 [0,6)00000,00000000000D0ODO0O0O. 0000, Step 10
OO000DO0O0O0O. Step300,p=0000000000

—Auj + Vi(x)u; = pju in RY,
U; > 0, u; € Hl(RN)

O0000000000000000000. 000 Kabeya—Tanaka[5|0 00000 0O. Step 4
goo

(B, u) = Iy(u),
1

1
Is(u) = 5 /RN Vur|? + |Vug|* + Vi(z)uwd + Va(z)udde — 1 /RN pru] + 28uius + pouyde

gboboboboobodob 21000.

gooo

[1] A. Ambrosetti and E. Colorado, Standing waves of some coupled nonlinear Schrodinger
equations. J. Lond. Math. Soc. (2), 75 (2007), 67-82.

[2] J. Busca and B. Sirakov, Symmetry results for semilinear elliptic systems in the whole
space. J. Differential Equations, 163 (2000), 41-56.

[3] B. Gidas, Symmetry and isolated singularities of positive solutions of nonlinear elliptic
equations. Nonlinear Partial Differential Equations in Engineering and Applied Science
(Proc. Conf., Univ. Rhode Island, Kingston, R.I., 1979), Lecture Notes in Pure and Appl.
Math., 54 (1980), Dekker, New York, 255-273.

[4] N. Ikoma, Existence of standing waves for coupled nonlinear Schrédinger equations. to
appear in Tokyo J. Math..

[5] Y. Kabeya and K. Tanaka, Uniqueness of positive radial solutions of semilinear elliptic equa-
tions in R and Séré’s non-degeneracy condition. Comm. Partial Differential Equations,
24 (1999), 563-598.

[6] B. Sirakov, Least energy solitary waves for a system of nonlinear Schrédinger equations in
R". Comm. Math. Phys., 271 (2007), 199-221.

[7] G.-M. Wei, Existence and concentration of ground states of coupled nonlinear Schrédinger
equations. J. Math. Anal. Appl., 332 (2007), 846-862.

[8] J. Wei and Yao, Note on uniqueness of positive solutions for some coupled nonlinear
Schrodinger equations. to appear in Methods Anal. Appl..



Penrose-Fife 1 0 0000000 0OODODOOOOOOO

od og
oboboobooboob bobob DOoDOoDOo

E-mail: k.kumazaki@gmail.com

1 00
00000 (P)DooDoOoOOo0O
ee—Ada=f, e=u+ANw), &€ alu) in (0,7) x €,

(1.1)
w; + Yt (w) + g(w) —aN (w) 20  in (0,T) x €, (1.2)

a=h on(0,7)xT, (1.3)

e(0) = ep, w(0) = wy in Q. (1.4)

O0D00QO RN (1<N<3)OO0OO0O0DODO0OO0OO0OO0Tr=00000000000f,h0
QUO00D00000000e:R—-ROODDOOO0O0O0OOO0O L2 Q0000000

0¢'0000000000g¢eCYR)OXNe CXR)0000000 Hilbertt0O HOOODO
A:H—-HOODOOOOOOO

A:0000RUI+A)=H (I:H—-HOOOOOD)
000000000000000000000 ¢:H — [—o0,00]0000 0¢: H— HO
0¢(z) ={z"€ H: (", v—2)g < d(v) —d(z), YveH}

O00000p0 o0 OODOOOOO
0000000000000 00000000 (0000000 oOoOo0ooooooooO
O0000)000000O0O000000000000 199000 O.Penrose 0 P.C.FifeO O OO
0000000000 e,w,u OO00D0DO0O00OO0DODODOOODODODODOOOODODDOOOOO
0dddddooooOoo0o0oo0ooboobod0o0doooodddw=00000w =1
ooooono
0<w<l1

gbobbuoobogobobbooobobobuooobbbuoooboboboooobboooon
gooboboogooooo

a(u):—%(u>0), ot (w) = —kAw

goboboddsx>00000

00 (1.)0o0o0o0o0ooo0o0o0oooooooooooooOO V(%)DDDDDDD
OO0o0000ooooo0oooooo0oooooo(2)oopooo0oo-oooooDoooOd
guooobobbbuoooooobbboooooobbbbuoooouobobbbguuoa
0000000000000000 g(w)—(L)Vw)D0DO0000000000000000
gdddooooooobb xb0bbbbdoouboooooooUug
000000000000 (1.2)004000000000000O000000O0(.2)0000
goodooooooooobbbboodoooooboobobbbbbboooooooooaa
guoodooboobbbbtbooooooooobobbbbbooooooouobobobobo
gooooooooon

' (w) = —kAw + Ol qw

1



gobobooogobood

+00 otherwise

%M@):{o 2 €0,1]

000000000000 w<0,w>1000000000000wOO0O0,1]00000
Ooooooooooooo lpybooooooooooooooooooodoooood
oooooodn

M (w) = —KAW + Oy, (1), o+ (1) W

0000000000000 (@00000)0000(1.4)0 (1500000000 (P)000
00000000000000000000000000000

2 000

gobooboogoooo.

00 2.1. There exists a unique solution of (P) (e,w) : [0,7] — H~*(Q) x L*(Q) such that the
following items are satisfied :

(a) e e WH2(0,T; H1(Q)) N L®(0,T; L*(2)),  supg<i<r Jo d(u(t))dz < 400  and
w e Wh2(0,T; L*(2)) N L*>(0,T; H'(Q)).

(b) There exists & € L*(0,T; H'(Q)) such that & € a(u) a.e. in (0,T) x © and the following
evolution equation holds:

e'(t)+ F(a(t) — h(t)) = f(t) + Ah(t) in H'(Q) forae. te(0,7).

(¢) The following evolution equation holds:
w'(t) + 0Pt (w(t)) + g(w(t)) — a@)N(w) 20 in L*(Q) for ae. t € (0,7T).
(d) e(0) = o and w(0) = wy.

000 FO HY(Q)OO HYQ)(={H}(Q)})00D0D00000000000000000
0000000000000000000000000000000

gooo
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L & (pbha 720F)
FACRARABEBAWITE R DFFE SR
E-mail: sa4m10@math.tohoku.ac. jp

R DIERICEERGA A & BOTREA D WIS S a2 & 2 % ;

oyu = Au, reN, t>0,
o,u = uP, x €I, t>0, (1)
u(x,0) = ¢(x), =€

2ZTQ={or=(2,ony) eRN 2y >0}, N>2 0, =0/0t, 0, = —0/0xn &L,
¢eXz{femewwﬁ(Qa”“m>;fzomQ}, 2)
1+1/N<p, (N-2p<N (3)

ZIRET 5.
JERIE I IR E O IEERE O RIFZE B DOV THE TN F THRL R FIEIC X D % D%k
BirbnTE . Z DT R%EMOFIEETT R

ou=Au+u’ in RY x(0,00), u(r,0)=Xp>0 in RN (4)
D 1EfEfE X L T Kawanago [3] (c.f. Kavian [1]) 13X DFERZE TV 5.

WE 1.\ >0, ¢ L°RY)NLARY, e/ 4dz), p>1+2/N, (N-2)p< N+2,F%. 20
LEREMET N > 0DEET 5

D) A > N5, (4) D I THRKHCTEZET 5 ;

(i) A= A 72 512, (4) D u ZIFRIAIRIET, [u(t)]|pemy) = ¢ 7T ast — oo;

(i) 0 < A < A 2512, (4) DIF u (ZIFHIKIBAET, [[u(t)|emy) < t7 ast — oo.

AL I R (1) O IEEARIC R L C AT 1 & RS2 192 = & 2 i E
T3, BENFAEREENT 2HICROTERE U T CEAS.

EBE L FEDOTr>0IC LT, Ax[0,7) ETERINZBE udt (1) OFETH S L 1T,
u€ C(Qx (0,7))NL®0,0: L®(Q)), O<o<T

THH AEED (2,t) € 2 x (0,7) T
t
uat) = / Gl t,y)oy)dy + / / G,y t — s)u?(y, s)do,ds
Q 0 o0
igl-v 2Lt ThB. T

12 a2
G(z,y,t) = (47rt)_% [exp (—%) + exp (—%)}, r,y €t >0

Thb. Floy=(,yn) €EQITHL Ty, = (v, —yn) TH 5.



R (1) 120 L CTHRIIIEDS ¢ € Loo(Q) 72 613, B (1) 13 2 — R 2 K> 2 L 3h 5.
I 51T (1) DF u DERKRFAERTZ] Tag () B3 ﬁﬁﬁf% % & &, imsup, p,, )0 l[u(t)]| L@y = o0
DKL L, 2D Tay(¢) % blow-up time & PR, u&fﬁ%wtwuup | lre) £9%. XD
INBZ || x =1 lloo + I - lr2@eerian &L

K={¢eX;Tu(¢) =00}, B=X\K={¢€X;Ty(¢)<oo},

Int (K) %X Lo KON, 0K %2 X LD K OBERET . FBud 2L X =P

Flu)(t) %
1 1
:—/ |Vu|2d:t——/ uwPHdo
2 Jo p+1Jaq

EEDD.
ZDEZRDEERIELNS.

FE 1. 2) & B)DIREDTCHIE (1) 2HEZA2. COLEEAKIF0ent(K) %% X L
DIFEFRLZEAMELATH 2. SHICHHIEZ ¢ = Np EBL &, TED o € X\ {0} ITHL T,

& BEBN, BEELT,
Int (K) if A€ (0,),),
Ap

OK  if A=\,
B if A> A,

BT, & SICRDIRIT B
(i) ¢ € Int(K) \ {0} 7 512, £ g € [1, 00 KL T,

u(t)]l, < 72070 s t— o0

DIESET 5. S S ICHER

Co = 2}3& Qu(x,t)dx =2 (/Q o(x)dx + /000 /(99 up(x,t)dadt>

N
2

DHAEL T,
2D u(t) — gty < Ct 2+ CE2Pow) >
ZTcC Ciﬂf%%& g(x,t) = (4nt) N2 exp(—|z|?/4t);
( i) ¢ € OK 5513, [Ju(t)|lw =< 712070 as t — o0 ;
(iii) ¢ € B 51, hthTm #)—0 Flul(t) = —o0 DIRILT 5.
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Asymptotic behavior of solutions for the shadow
reaction-diffusion system with the nonlinearity of
the FitzHugh-Nagumo type
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September 1, 2009

Let Q@ C RY (N € {1,2,3}) be a bounded domain with smooth boundary,
and let Ry :={t € R; t > 0} and N := {1,2,...}. In this article we study the
asymptotic behavior of solutions to the shadow reaction-diffusion system

up=Au+ f(u) —af in QxRy, 7&=7(u)—pF¢ in Ry, (SS)
Ou=0 on 9N xRy and (u(z,0),£(0)) = (uo(x), &)
and its reduced system obtained by letting 7 = 0 in (SS)
up=Au+ f(u) —af in QxRy, 0=~(u)—pF¢ in Ry, (RE)

Oyu=0 on N xRy and wu(x,0)=ue(z).

Here «a, 3, T are positive constants, y(u) := fQ u(x,t)dzr, and 9, denotes the
outer normal derivative on 0.
We assume that f satisfies the following (A1) or (A2):

f(u) :== apu(u — ay)(az — u), where ag > 0 and a1, az € R, and

[ pyialitl (A1)
5 €N

f € C®, and there are p > 1, Cy > 0, and C; > 0 such that
fu < Cy— CruP if u > 0; (A2)
2 _CO -+ C’1|u|p if u S 0.

Note that if (A1) holds, then (A2) holds.

*Email: miyamoto@math.titech.ac.jp



Let (-, -) denote the L?-inner product, and let X := H% x R. We see that
(SS) (resp. (RE)) has a unique solution in CY([0, +00), X) (resp. C°([0, +00), H%)).
Therefore, (SS) (resp. (RE)) generates a global semiflow in X (resp. H%). By
D7 (t)(ug,&o) (resp. ¥(t)ug) we denote the semiflow generated by (SS) (resp.
(RE)). We denote the set consisting of all the equilibrium points of ®7(t) (resp.
U(t)) by Ess) (resp. E(rE)).

We say that a(€ H%) is an exponentially asymptotically stable steady state of
U(t) if u € Erpy and if supye,(co) Re(A) < 0, where £ denotes the linearized
operator of (RE) at 4 and o(£2) denotes the spectral set.

Theorem A. Suppose that N =1 and that (A1) holds.

(i) Let 7o := 32/(a|Q]). If T € (0,7y), then the w-limit set of (ug, &) € Hy xR
for ®7(t), war ((uo,&0o)), is a singleton.

(ii) The w-limit set of ug € Ha for U(t), wy(ug), is a singleton.

The assumptions of N =1 and (A1) come from the difficulty in proving the
non-degeneracy of the solutions to a scalar elliptic equation.

We see that (SS) (resp. (RE)) is a gradient-like system, namely, the w-limit
set of any precompact orbit belongs to Fss) (resp. Ergy). Therefore, this
theorem means that every orbit ®7(t)(ug, &o) (resp. ¥(t)ug) converges to one of
the equilibrium points of (SS) (resp. (RE)) provided that all the assumptions
in Theorem A are satisfied.

We define an injective mapping I' from HZ to X by

Tu = <u ;'y(u)> .

The functional space to which ®7(¢)(uo, &) belongs is different from one to
which U(t)ug belongs. However, using the mapping I', we can measure the
distance in X between @7 (¢)(ug, &) and T'¥P(¢)ug and show the closeness of the
two orbits.

The second result is

Theorem B. Suppose that N € {1,2,3} and that (A2) holds. Let ug € H%,.
Suppose that wy (ug) is an exponentially asymptotically stable steady state. For
any & € R, € > 0, and tg > 0, there is 79 > 0 such that if 7 € (0,70), then

war ((uo,80)) = Fwy (uo),

sup || @7 (t)(uo, o) — TW(H)uollx <&,
t>to

and wa- ((uo,&o)) is an exponentially asymptotically stable steady state.
In particular, for ug € H3, there is 71 > 0 such that if T € (0,71), then

Wer (FUO) = FW\I; (UO).



Global Existence and Asymptotic Behavior
of Solutions for Quasi-linear Dissipative
Plate Equation

Y. Liu (O O0O), S. Kawashima (OO O0O)

Faculty of Mathematics, Kyushu University

In this paper we consider the initial value problem of the following quasi-
linear dissipative plate equation in multi-dimensional space R" with n > 2:

Uy — Auy + Z b (agu)xmj +u; = 0. (1)

ij=1
The initial data are given as
U(.I', 0) :uO(x)a ut(at,()) :ul(x) (2)

Here v = wu(x,t) is the unknown function of x = (zy,---,x,) € R and
t > 0, and represents the transversal displacement of the plate at the point
x and the time ¢. Also, b = b (V) are smooth functions of V' = (V};) € S"
satisfying the following structural conditions, where S™ denotes the totality
of n x n real symmetric matrices:

[A1]  There exists ¢ = ¢(V) such that b(V') = (9¢/0V;)(V).
[A2} Zij Zaﬁ bgjﬁ(O)wiijaw@ > 0 for w = (WI, ce 7wn) c Sn—1
Here we put

ij 2
ob v D¢

Ws(V) = 5o (V) = 5o
N T o T VoV,

(V>7 ivjvaaﬁzla'”7n'

For simplicity we consider the case where the functions bgﬁ(‘/) verify bgﬁ(O) =
0ij0a3-
The equation (1) has the decay property of regularity-loss type, which is
indicated by the exponent o(k,n) = max{oy(k), o1(k,n)}, where
oo(k) =k+[55],  oulkn) =k + [,
For n > 2, we define s(n) by

8, n =2,
s(n) = 6, n =3,
3[3]+5, n>4,

which indicates the regularity of the initial data.



Theorem 1. Suppose that the conditions [Al] and bgﬁ(O) = 0,003 are
satisfied; the latter implies [A2]. Let n > 2 and s > s(n). Assume that
ug € HTHR™) N LY(R") and vy € H*(R™) N LYR"), and put

By = ol moer + lua s + [ (w0, wa) |-

Then if Ey is suitably small, then the problem (1), (2) has a unique global
solution u(x,t) satisfying the following optimal decay estimates:

|‘a§u(t>| Hs—1—o(k,n) S CEl(l + t)fgff

for k with o(k,n) < s—1, and

107w ()]

for k with o(k,n) < s — 4.

Theorem 2. Suppose that [Al] and bgﬁ(O) = 0;;00p3 are satisfied. Let n > 2
and s > s(n). Assume that ug € H*™'(R") N LI(R™) and u; € H*(R™) N
Li(R™), and put

Ey = ||Juo|

Hs+1 + HUIHHS + H(u07u1)”L}'

Let u(z,t) be the global solution to the problem (1), (2) which is constructed
in Theorem 1. Then we have the following asymptotic relations:

k+1

|05 {u(t) — MGo(t + 1)} gs2-otem < CEy(1+1¢)"5

for k with o(k,n) < s—2, and

k+5

Halg;at{u(t) - MGO(t + 1)}‘ Hs—6—0a(kn) < OE2(1 + t)*%f 1

for k with o(k,n) < s—6. Here M is a constant given by M = [..(uo +
w)(z)dz, and Go(z,t) = F e €' (z) is the fundamental solution to the
fourth-order parabolic equation u; + A%u = 0.
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1 OO0
gooooooooon U(t):eitADDDDDDDDD
Gf(t):/tU(t—s)f(s)ds, teR
0

00000. 0000000000000 ¢, /0000 ut)=Ut)¢, v(t)=—iGf(t) 000
0o

u(0,2) = ¢(z), = €R",
{mw+Av:ﬁ (t,z) € R x R",

{i@tu—i—Au:O, (t,z) € R x R",

v(0,2) =0, x € R",
00000000 0000.»00000000
00000 »,v000000000000000000000.
00 1.1 (Stricharz 00, [10, 2, 12, 4, 6], etc.). (i) 0000 C=C(gn)>000000
US| - ®;pamny) < Cll9ll2

O0000. 000 (¢g,r) D000 (admissible pair) 00 0000000000000
go.
1 2 1 n

S =2 2<g< ,
qg nr 2 _q_n—2

(i) 0000 C=C(q,qe,m)>000000

HGfHLTl(I;qu(Rn) < CHfHLTIQ(I;Lq/g(Rn))

DDDDD.DDD@MﬂJ—LQDDDDJM]é+%—1DDD.P—MﬂDD
ogoog.
00 1.2 (Kato-smoothing, [9, 11, 1, 5], etc.). (i) 0000 C=C(n)>000000
HSOU(b"L?(I;Hl/?(R“)) < C|loll2
00000. 000 p(z)={(z)?>=, >0, (z)=/1+z2. 00 I=[0,7) 0000
ogoooooo.
(i) 0000 C=C(n)>000000
l0G fll 2 m2@mny) < CNf L2 @ny)
O00o0oo. I=[0,7foooo0oo0oooog.

00 1.3.00 11000 1.20000000000000000000000000000
00000000 (@00000000000000000000000000). 0000 1.2
00000000000000, /30000 KIvoO00O0O0o0o0o0o000000o0000
0o (/8joo).



2 0Ooo

gbobbobooodgobboooobbobod.

{ i+ Au= Nul’"tu, (t,x) € R x R, (NLS)

u(0,2) = ug(x), z€R",

000 A>0,1<p< .
O0oooodooooooooooooo.

00 2.1 ([1, 7], etc.). up € H(R) 0D O000. 0000 1<n<600000 1<p<p(n)
2

0,0000 2700000 1<p<1+-——00000.000 p'(n)=occ(n=12),=
/”L_

4
1+ -—(n>3). 0000 veC(R;H'(R") 0 (NLS)00OO00,000 7>0000
n_

0 pue L20,T; H¥*(R") 0000 D0.

gooo
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1 OO
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D?u, ou; 15
—Au; + =L = Pik t>0, eR” (1<j<m),
ot2 uj+ ot I:!:Il|uk| T ( —]_m) (1)

u;(0,2) = aj(x), Owu;(0,z) =0bj(x), ze€R" (1<j<m)

0000000.000,000000000mO0m>200,0000000p,,>1000
pix=0(j,k=12--,mO00000000.000 (1)0000000 {pjs}?_, 000
0000,000000000000000.
00000000000,00000000000000000(0000)0000000
Fujita 0 000 00000000000000000000.000000000000

— — Au+ — = |u]?, t>0 zeR"
u(0,2) = a(z), Owu(0,z)=>b(x), xe&R"

0,p=1+200000000000,0000000;0000p<1+2000000
000000,p>1+2000,0000000000 (j5,[7). 00,000 ()0 m =2,
Pi=pi2=0po>1p>100000,0000000000000 ([3).

2 0OOoo

gbobboooobbboooobn.
od.oo0o0ooop,,b0bobod»mddoono P, mO00000 E,0000000000:

P11 P12 - DPim 10 ... 0
p— p2',1 pQ.,z . ijm ,Em _ O 1 O
pm,l pm,2 ... pm,m O 0 e ].

0000 d&="Y,as, ay) ERMO, 00000
(P—Epn)a="1,1,---1)

00000.0000,000000,m=20000 (1)000000(3)00000,00
oooooo.

00 2.1([1]).00000000x,=1,2,3000.0000000000 (a;,b;) € WE{(R™N
Whe(R") x LYR") N LR (1<j<m)0000,0000000

det(P—E)#0, Y pp>1 (1<j<m),
k=1

O<ozj<g (1<j<m)



00000,00000 (1)0000000000
u;(t) € C([0,00); L'(R") N L*(R™)) (1< j<m)
0oo.

O0210000¢@00000000000O00,ODO000D0O00O0OO00ODOOODOO
U;b0bouggobbbooobobboooooboo.

( 82U1 6u1

W—Aul—}-ﬁzhtmy’l, t>0, I’ER”,
0*us Ouy .
Of2 _AUQ+E:|U1|W, t>0, ze€R",
: (2)
*u,, Oy, .
ot2 _A“m‘*’wzfum—ﬂp, t>0, zeR",
ou.
k%@@:%@%—%@@:@@Lxewlﬂgjgm,
00 2.2 ([4). 00000000 R» > 1000. max o = ;, 00000, 00000

1<j<m

(aj,b;) € WH(R™) n Wh=(R™) x LYR") N L=(R™) (1< j<m) O,
/ aj(x)dz >0, / bj(x)dzr >0 (1<j<m),
n Rn
/ ajo—1(z)de>0 00O / bj,—1(x)dzr >0

0000,00000000000p;>1(1<j<m),

|3

a@<:ﬁggf%>2
0000000, {wt)}r,: 00000 (2)000,000000000.

O0. 00 210002200000000000000000 (2,60 0000000O0O
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Well-posedness for the fifth order KdV equation

oo ooooooon

00 KdvOOooooopooo s50 Kdvoooooooooooog.

{ By — OPu — 100, (u®) + 50y (Dpu)? + 100, (ud?u) =0 in (0,T) x R "

u(0,x) = up(z)

000000000000 000,00000000 SR)DDODODODOOOOOOO (1))oOooOo
gobbobouoooobobo. ogobbboooobbboooobobboooono,obobo
ooooooboo0o. ooooob,ooobobbtbobooooooobbboooooogooo
0oo0o0o0ooo, ()ooooooooOo (LWP)OOODOODODODODOOODO. 00000000
0000000000, S. Kwon 210000 Sobolev 0O H*OOOODOOO, 0000000
00000000 s>320 (1)0LWPOOOO. 0O C. E. Kenig, G. Ponce and L. Vega [1]
O,00000000000000000000000DO0O00OO00O0OO0OO, 00 KAVDOO
gO0od0o0ooDOO0obOOdO00DO0 IWPODOO. ODOOO0ODO,0000DO0O0DO 2000
000 8,(ud?u) D0D0D0000 (Picard 000000) 000000000000, 0000
iteration step 00 2000000000. 00000000000 0O0OOOO. O0O00O,0000
Dooo00 HS :={ue S MR);|ullgse = [[{€)5%&]%u(€)||2 < o0}, (a<0)00000. O
0000000000000 00000000O0,000000000000 (1))0 LWPOOO
O0.00,se000000000D0O0OOCOO, iterationstepO0 2000000 30000
goboooog.

1 3 1
sg—z, s> —2a—200 —§<a§—f (2)

4

o000, sed00 (2)D0000000O0 A**0O0O0OO0 ()0 LWPOODOOODOOODO.
000000000000000,0,(wd*w)00000000000000.

[ = €)% * (€9 emr < ClF gl en- 3)
000 XsebQ H*OOoOoOoOo Bourgain 00 OO O0OO0OOOO.
X0 = {f € S'R?) : [l geen = ()OI — €)1z < o0},

(2)000000 LWPOOOODO X+t 0O0000000000000000,0000000
ooooooO0.oo0o0,o00000 (S)DDDDDDDD.XS’“’bDDDDDDDDDDDDD
000000000, High-High-Low interaction 0 High-High-High interaction 00O, OO0



000000000000, 00 High-High-Low interaction 00000 (3) 00000000
0,(2)0000000 (3000000000000, 000000000 {|¢<1}00000
000000 [Iflya = ll1€*(r = €)57fllrz , (0<e<1)I0000. 00 High-High-High
interaction 00000,b=1000000 s=-10000log000000000000 (3)
000000.000000000,00000 {|¢§/>1}0000000000 BesovODO.

1o = [[{166°r = €03 Fllzz _ca,nm}jon, 4m0

Bl
000 4, B,0OOODOO0O0OO.

Aji={(6,1) €R?; 27 < (&) < 291} By = {(€,7) € R%; 2F < (7 — £°) < 2FF1Y

fn(€) = f(Olig>1, fil§) == Ff(§lg<1 00, 00000000000000.

Z%% = {f € S'(R?); |f]

zoa = [1fnll xo + 1 fillya + €1 fill 221 < 00}
000000000000, (2)000000000000000000.

(7 =€) f * (€29) ] 300 < Cllfll 7.l

Zs,a

3000000 0,(u)® 0 [k, Z]-multiplier norm method 0000000 (2)000000000
00000000. 00000000 Fowier J10000000000000000000,00
0ooo0ooo0ooooooo.

Theorem 1. s,a0 s> -1, s> -2¢—200 -3 <a<-1000000,(1)0 LWPODO
0oo.

0000000000000000000000000000000000000.
Thorem 2. s,a0 s>1, —1<ae<-1000000000 H**0O000(1)000000
oooooooon.

Lemma 3. -1 <a<-;000,00 7T =T(|ulm.)0C>0000000000000

ao.
2 2 2 B 2
s ](Hu<t>uH1<R> 1) gy ) < € (Ilu0ll2e gy + (ol my) + Tl s )
Uoog
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0000000000000 00O000000O0000O0OO000ObOODOO (S)ODoooo
gobogoogooooboob ¢e=1,---,MO0O0D0OO

[ (ug)e + V- Ay(x, t, P(t),u;) + Bi(w, t, P(t),u) = ABi(u;), (z,t) € Q; x (0,7T),

aﬁz‘(ui)
on
ui(a:, O) = 'LLZ'Q(QZ), U0 € LOO(QZ) N BV(Qz),

(x,t) =0, (z,t) € 0Q; x (0,T),

P(t) = (Py(t), - Pu(t)), Pilt) = / wi(@)us(z, )z, w; €Lip(Q).
\ Q;
00000 Q0 RYNOO LipschitzO OO OO0V = (8/dxy,...,8/0zy), A= SN 8%/
0 RY O spatial nabla, Laplacian 000 0[0,T]00000000000000 O Ai(x,t,€) =
(AL AN (2,t,6) 0 Qx [0, 7] xROORYODODODOD000000000 By(x,t,6) 0 Qx
0,7]xROD0OO0O00000000O000O000000 6,0 RO0O0O0000O Lipschitz
D000000000000n0dQO0000000000 400000000046 =00
0000000000000 000000000000000 (S)000000000000
00000000000000000000000000000000000000 O Stefan
000000000000 0000000000000000000000000 ([2))0
000000 (S)0000 BV-000000000000O00ODNOO0ORY-0000
00000000000000

Definition 1
O:i=1,...,MO0000up,u; € L) NBV(Q) 000000 u=(4); 0000 «, 000
0000000000000 (S0 BV-OOOOOODODODOOOOO

(1) w; € C([0,T7; LN()), L*-limy o ui(-, ) = wp;
(2) VB(u;) € L*(0, T; L2()M), 0 p € 27(RY x (0, 7)) 0 ke ROOODO

/0 /Q san(u; — B)[(us — K)o — Vi) - Voo + [Ai( £, P(E), ws) — As(w, £, P(t), k)] - Vig

—[Bi(z,t, P(t), ;) + V - Ai(x, t, P(t), k)|g|dedt
+A émﬁﬂﬂw—kWM%tP@mﬁ—m@ijmymynwmww1ﬁ20

000 7.0BV(QOO0OO0O00O0O0ODOOO

OOooooopDOooSNKrwzkovOOOOOOODOOOOOOODODODODODOOOOODOO
0000000000000 000000000oOoO0O0o0oooOD Boooooooood
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([ w+ V- Az, tu) + Bi(x, t,u) = ABi(u), (z,t) € Q x (0,7),

(IBV P); G%I(Iu) (,t) =0, (z,t) €02 x(0,7),

u(z,0) = up(x), up € L>®(Q2)N BV(Q).
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00000000000000000000[4]00 BV-OOOODOOOD L'0000000
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Theorem 1
00 w,v00000 wp,vo € L*(Q)NBV(Q)DOODO0O0O0O0O (IBVP),,(IBVP), 0000
Bv-OO0OO0O0OOOO0O0OOOO0O0OOOO0OO0oOOooooOooooooooo

1
[[u(,t) = v )@y < e*lluo = vollz@) + 2(VEIC, + o' Cu)llv/B1 = V/Ballfn

et — 1
- sup  |Ai(+, 6, &) — Ao( 1, )|Bvy +  sup  ||Bi(+ 4, &) — Ba(-, 1, €)1
«@ te(0,T),6€1 te(0,T),E€1

+

+ sup [u(Olpvie) sup  ||ZA(EE) — A1) em)
te(0,T) te(0,T),Eel

000 CRO »w,v 00000000000 C,0 C. O0sup,|u(-,t)|sv, sup, |v(-,)|sv,
supye | A1+, ) vy, supye || 5 A2 (1, )| Lip(e) Supt{HB2('t§>||BV(Q)7H\/—||L°° ||\/ﬂ_2||L°° )
\/Bs — /Bill ) DDDDDDDDDDDDDDDD@D— ;B(z,t,§) </ 000000
ooooo|- |BVDDDDDDDD

L) 0000000000 Theorem 10000000000 00OOO Schauder0 000000
goboboboooooooobbboooon

Theorem 2
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0000000000000 0000000000D00O0000 (4,7). 00,000
goodgbooodbo,obooobod,bobdbodbdooooooooooooood
([9). 00,000000000000,000000000000000O00O00O0O0O
O.dbdodooooood,gbogbodgbodabdbodooooooogogodaodn
000 (5, 6). 00,00200000000000000000000000 ([8)). O
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go,b00oogogougboaoabdabdo. gbogo,ooo0obogogoaodn.

zmeywﬂmﬂﬂwy1§p§m,¢:gQ—§)DDmLDDDDDDDDDDD:
(2) lu@®)|, <C(1+t)77, t>0.

00000000000000000 ([5,8). 00,00 L'O000000O0O0O. 00, u
U (2)DDDDDDDD,Hardy—LittlewoodSoboleVDDDDDDDD Vy Oooogn
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00,00 t—o0o0000000000. 0000, CauchydO (1)00000000
0000000000000 ([6).

t
u(t) = e®ug +/ Vell=92 . (uV(=A)u)(s)ds, t>0, z € R®
0

000, Gt,z) := (dnt) =32~ l2?/@1) oA = @Gtz —y)p(y)dy OO DO. OO0,
goooooooao.
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Vo(t,z) := G(t,x)/

RS

woy)dy, Vi(t,x) = —VG(t,x)- / yuo(y)dy,

RS

(3) J(t,x) == /Ot Vel=94 . (VoV(=A)""V) (s)ds,
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D000D00. 00, R 0000000000000, 0000000040.

00 1. ue LR} NLERY) O0D. 0000 1§p§oo,7::%<1—%>DD
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gbo,b0dgooobogooboobo,gobbboooooboobog.

002 00000000000000000:
Ju(t) = Vo1 +1) = Vi(1+1) = J(L+1)[|, < C(1+1)77 " log(2 +1).

gbbboooobbbdoodao,bu2000bbbuooobboaod.
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On smoothing effect for higher order curvature flow equations
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000 QCR'0O00000O000O00000,p¢>1,¢>0000.0000000,00
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DECAY PROPERTY FOR HYPERBOLIC SYSTEMS
OF VISCOELASTIC MATERIALS
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We consider the following second order hyperbolic systems with dissipation:

(1) Uy — Z Bjkuxjxk + Z K* Uy, + Ly =0

jk=1 jk=1
with the initial data

(2) u(z,0) = ug(x), ur(z,0) = uy(x).

Here the unknown u is an m-vector function of z = (zy,--- ,z,) € R* and t > 0, B/*
are m X m real constant matrices satisfying (B7*)T = B  K%(t) are smooth m x m
real matrix functions of ¢ > 0 satisfying K/*(¢)T = K*(t), and L is an m x m real
constant matrix; the symbol “x” denotes the convolution with respect to t. The system
(1) is a model system of viscoelasticity.

We introduce the symbols of the differential operators:

= Blrujw,  Ku(t) =Y K*(tww,

k=1 k=1
where w = (wy, -+ ,w,) € S"1. Notice that B,, and K, () are real symmetric matrices.
We impose the following structural conditions.

[A1] B, is real symmetric and positive definte, K,(t) is real symmetric and non-
neagtive definite, and L is real symmetric and nonnegative definite.
[A2] B, — KC,(t) is real symmetric and positive definte uniformlly in ¢ > 0, where

— fot K

[A3] K,(0)+ L is real symmetric and positive definite.

[A4] There are positive constants Cp and ¢y such that —Co K, (t) < K/ (t) < —coK,(t)
and —CoK,(t) < K/!(t) < CoK,(t), where K/ (t) = 0;K,(t) and K/(t) =
D2K,(1).

We are interested in the decay property of the system (1).

Theorem 1 (Decay estimate). Under the conditions [A1]-[A4], the solution u to the
problem (1), (2) satisfies the decay estimate

107w (®) 2 + (105 u(t)]| 2
< O+ 2 | n + C(L+ ) A2 g | o

+ Ce " (|0hur |2 + |05 o 12).-
1



Theorem 2 (Energy estimate). Under the conditions [A1l]-[A4], the solution to the
problem (1), (2) satisfies the energy estimate

t

10z ()5 + 105 u(®) 17 +/ 107 e ()1 Z2 + 105 u(7) 172 dr
0

< C(l0gu Iz + 110 uolln)-

Note that there is no regularity-loss in the decay estimate and the energy estimate
stated in Theorems 1 and 2, respectively. This shows that the dissipative property of
the system (1) is of the standard type.

Next we consider the following modifications of the system (1):

(3) up = Y By g+ (1= A2 " K* s, + Luy = 0,
g.k=1 j,k=1

(4) U — Z B*uy 0 + Z K% sy 0 + (1 — A2 Ly, =0,
jk=1 gk=1

where § > 0 is a parameter. The introduction of the operator (1 — A)~%?2 weakens the
dissipation and this gives the following weaker decay estimate.

Theorem 3 (Decay estimate). Under the conditions [A1]-[A4], the solution u to the
problem (3) (or (4)), (2) satisfies the decay estimate

10w ()2 + (105 u(t)]| 2
< O+ 2 |0+ C(L+ ) A2 g o
+ O+ )|y w2 + 105+ o 2)-

Theorem 4 (Energy estimate). Under the conditions [A1]-[A4], the solution u to the
problem (3) (or (4)), (2) satisfies the energy estimate

t
105w o2 + 1102 () [Fprs02 +/ 10 e ()22 + 105 u(7) 172 dr
0
< CU105urlFpsors + 1105 uollFa02)-

Note that we have the regularity-loss in the decay estimate in Theorem 3. A similar
regularity-loss occurs also in the energy estimate in Theorem 4. This means that the
dissipative property of the systems (3) and (4) is of the regularity-loss type. Such a
regularity-loss property was also observed for other intersting systems. See the refer-
ences below.
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(NS) divu=0 for te€(0,00), z€R",
u(0,z) = ug(x) for = e R™
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supp 9 C{ EER™ | fg| <V} D p(€—k)=1 forany§€R"
kezm

00000000, ge(§) == —k) OOD0. —c0 < s < o0, 1 <gq,0<oco0000,
Modulation OO M; (R*) 0000000O.

M, (R") = { f € S®") | 1fllagg ) < 00}

(X + D IF oF )" for 10 <00,
HfHM;,U(Rn) = kezn 1

:uzp(l + [k |[F " onF fllLa@n) for o= 0.
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=
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O000000,00000 Modulation 00O00000000O0O0O0O00O00O0. Modulation [
00, Feichtinger 2] 00000000, 00000000000000000D0000O. Mod-
ulation 00 0000000000000 0O00OO Wang, Zhao, Guo [8] 000, 000000
Schrodinger O O O O Navier-Stokes 0000000000 ug O Mgl(R")DDDDDDDDD
0000000. 00, Wang, Hudzik [7] 00000 Schrédinger 0000000 Klein-Gordon
0000000000 000000000.00,0000000 [3]00, 00 Navier-Stokes
0000000000 w0 M),(R") (000,1<¢<o0,1<0o<n/(n—1))000000
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The two constants and tensors of the original Navier-Stokes
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Abstract

The two-constants theory is the one now accepted for isotropic, linear elasticity. The
original Navier-Stokes equations [ NS equations | or Navier equations were introduced in
deducing the two-constants theory. From the view of NS equations, we would like to report
the deduction of tensor or equations by Navier, Poisson, Cauchy, Saint-Venant, and Stokes
and the concurrence between each other. Especially, we would like to take up a subject for
discussion on Saint-Venant, however his idea on tensor is, we think, an epock-making for
taking the concurrence among three pioneers of NS equations and contributing to Stokes’
tensor and equations, which strengthens the frame of NS equations.

1 00000 A genealogy of tensor(]

Navier[B, 4] . tfj = —8(51‘]"(14@714 +Ui7j +Uj’l'), ti; = (p—&tuhk)@-j —E(Ui,j +’U,j7¢)

/! [ N
(Euler) = --- || Poisson[5, 6]e = Saint-Venant[7]f == Stokes|8]]
N ¢ /
Cauchy][1, 2] : tfj?f = Mg 0ij + p(vig + vj4)
«— molecular deduction— ||« non-molecular deduction—

«— Navier-Poisson-Cauchy-pattern— || «—Poisson-Saint-Venant-Stokes
. 2
e Poisson : tfj = —%(&-juk,k + ui,j + Ujﬂ'), t{] = —p5w + )\Uk,k(sij + /L(Ui’j + Uj,i)

1' Saint-Venant : t{J = (%(Pxx‘f'Pyy"—Pzz)_%Uk,k)(sij+5(vi,j+vj,i>a %(Pxx—’_Pyy'}_Pzz) = —-Dp
T Stokes : t{j =(—p— %/ﬂ)k,k)(sij + p(vij 4+ vj,),

2 00000 Two constantsl]

Now, we would like to propose the uniformal methods to describe the kinetic equations such

e The partial differential equations of the elastic solid or elastic fluid are expressed by using

one or the pair of C; and (5 such that :

in the elastic solid : ‘?QT;‘ — (C1T + CoTy) =1,

In the elastic fluid : g% — (C1Ty + CoTy) + - - - = f,

where Ty, T5,--- are the tensors or terms consisting our equations. For example, in
modern notation of the incompressible Navier-Stokes equations, the kinetic equation with
the equation of continuity are conventionally described as follows :

%—?—uAu%—u-Vu—l—szf, div u = 0.

e Moreover, (1 and Cy are described as follows :

{01 = ,CTlngl, {Sl = ff gz — 03, {Ol = C’3[/7’1.91 = %‘Crlgh

Cy = Lryg0So, Sy = [[ g1 — C4, Cy = CyLrags = 3 Lrags.



Table 1: The two contsnts in the kinetic equations

’no\name \problem ‘01‘02‘03‘04‘£ \7’1 \rg\gl ‘92 \remark
Navier . . o o0 ] .
1 3 elastic solid |e 201 dplpt | fp p : radius
Navier
2 |fluid motion of fluid|e 201 dlp?| | f(p) p : radius
[4]
E| 12| dp| |p? F(p)
Poisson » . o 1 d.Lfr
3 15 elastic solid |k st -
. K %’r > % r3 fr
4 E‘flsson motion of fluidlk | || [S& b |E] log= L2 L
S0 SRS B I T N
system
Cauch; -
5 2 y of R ?5 fooo drir3| |f(r) f(r) = £[rf'(r) — £(r)]
particles

G %’r fooo dr| |r3 f(r) |f(r) #f(r)

Saint-Venant

; £

11 7] fluid € |5

Stokes . ©

12 8] fluid .
13 [S;]()kes elastic solid |4 |B A=5B

e (] and (5 are two coefficients, for example, k£ and K by Poisson, or € and F by Navier,
or R and G by Cauchy, and which are expressed by the infinite operator £ (Yo" or [;°)
by personal principles or methods, where r; and ry are the functions related to the radius
of the active sphere of the molecules, rised to the power of n.
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0<T <400, QCRY (N=1,23)0000000 r':=000000000000.00
000 0000000000000 0000O00O0O0OO0O0O0ODODODOOOOOOOO-
go.

( % =V -{Ki(\)Vn=A()nVf}+un(l—n—f) inQ(T):=02x(0,T),
W e mp Q).
%—T = Ksy(-)Am + Cin — Cym in Q(7T),

) 0<n+f<1,m>0, f>0,n>0 in Q(7T),

n=0,  inX(T):=TIx(0,T),
0
8—7: =0 inX(T),

L n(0) = ngo, f(0) = fo, m(0) =my in Q.

000, K() (i=1,2),A)0(0,7)000000000, 4,6,C,,C,00000000. n0O
000000000000000, ne,me, b0000000000000. (100,000
000,m000000000000,f0000000000000000O0.

gbobbooogbobboooobbbooodon
O0000000000O00o0o0ooo,00(p)Doo0oo00 (QvVhoooooooo

00000.000nreL20,T;L3Q)0000,000 §: L2(0,T: L3(Q)) — L*(0, T; L*(R))
0000000000000000000.

%_T = Is(t)Am+ Cin— Cym ace. in Q(T),
Sh=m <= om _ :
e 0 ae. in 3(7T),

m(0) =mg  a.e. in Q.

00,000 T:L20,T; LA(R)) — W2(0,T; L2(Q)) O

(T t) = fole)exp (=5 | i, $)is) for ¥(a.) € QUT),

00000, 0000, An:=(ToS)(n) 0000,00 (P)D00O0O00O0O0OOOOODN



(Qv)oooooooo.

(0<n<1—-An ae. in Q(7),

/ / ( —pn(l —n— [An])) (n — v)dadt

+/ / ( ){nV[An]} + Ki(t)Vn) - V(n — v)dzdt <0,
o Ja
for Yo € L*(0,T; Hy()) with 0 <v <1—An ae. in Q(T),

(QVT)

( 7(0) =np in Q.

EREERN

Definition 1. 000 (S1)-(S4) 0000 {n,m, f}0 (P)0O0DO.
(S1) n e Wh2(0,T; L*(Q)) N L=(0,T; Hy (2))

(S2) 0<n<1—f ae inQT),

/ /( ,unl—n—f))(n—v)dxdt
+/0 /Q (/\(t){an} - Kl(t)Vn) -V(n —v)dzdt <0,

for Vo € L*(0,T; H3(Q)) with 0 <v <1 — f ae. in Q(T),
(S3) n(0) =ng a.e. in
(S4) m = Sn, f=An, in L*Q).

Theorem 1.
000 (A1), (A2) 00000,

(A1) 0< Ko < K,;(t),(i=1,2)00000 K,0000O,

(A2) npe HY(Q),0<n <1, mge HY(Q),0<m <1,
fo€e H*(Q),0< f <L

0000, (P)00 {n,m,f}0[0,T] (0<T <T)DDDDODOOOOOOOOO.
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up = Au+ Ky (x,t)vP, reD, t>0,

v = Av + Ko(x, t)uP?, reD, t>0, (1)
u(z,t) =v(x,t) =0, xr€edD, t >0,

u(z,0) = up(x) >0, v(z,0) =vo(x) >0, z €D,

000py,pe > 10pipe > 1000000000 u(z) 00 v(x)0 DOODODOOOOOOOODO
OD OO ug(x) =vo(z) =0000000 K;(z,t) (i=1,2)0 D x (0,00)000000000
0ooo

A0 QDODO0OO0O- 000D00000000000{w,}>°,000000000000
0000 A00000000D00{¢,(0)}°, (000=2z/lz))0 {w,}°, 000000000
00000000004,0000009(y+N-2=w 000000000

~(N =2)+ /(N = 2)2 + 4w,
T+ = 9
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2 000

00000000 Ki(x,t) ((=1,2) 000000000000
00 Cy,Cp,>000000

g (t + 1)%‘

oF) t(h

0000, >0 (i=1,2)0
O000ay, e, 00000

(2401 +2q1) + (2 + 02 + 2¢2) 1 (24 09 +2q2) + (24 01 + 2¢1)p2

O[l == ) OZQ -
pip2 — 1 pip2 — 1
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00 0(000000000 [4)). Ki(z,t) (i=1,2)0 (A2 000000000000000
0D000000000000000;

(i) max{o,as} > N +4

(ii) H, = {¢€ € C(D);&(x) > M(x) ¢y (z/|z|) for x € D with some M >0} 000000
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v(x,t) = S(t)ve(x) +/0 S(t — s)Ky(x, s)u(x, s)P?ds,
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S(t)e(x) = /D Gy, )E () dy

00G(,y,t) =G(r,0,p,0,0) (r=|z|, p=ly|, 0 =z/lz], ¢ =y/ly| € Q)0 D cone0 0 DO
00000000000000000000000 Levine-Meier [7]0000

2 2 >
Glr0.9.6.0) = 5y lr0) 2 Poxp (<) Y n (W) vaounte) @
n=1

00000000000000000, 000000000000
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STRICHARTZ ESTIMATES FOR WAVE
EQUATIONS WITH A POTENTIAL IN AN

EXTERIOR DOMAIN
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Pu— Au+c(r)u=F(t,z), (t,x) € R xQ,
(P) u(0,2) = fo(x), Ow(0,2) = fi(z), z€Q,
u(t,z) =0, (t,z) € R x 08,

000 QO R'\QUODOODODODODDOODODR"OOO0O0OODODOOO. O
gogoooo.

Assumption A. ¢(z) e C(Q) 0 QODOODODODO.

00000 (P)00O0O00O0O Strichartz 000000000000 00OO
O0.0000000D000D0000 StrichartzOOOOOODO, Smith and
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