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Global existence of weak solutions to general
quasilinear degenerate Keller-Segel systems*

Tomomi Yokota (Tokyo University of Science)?

1. Introduction

In this talk we consider the global existence of weak solutions to the following Cauchy
problem for general quasilinear degenerate Keller-Segel systems:

'% =V - (f(u)Vu - g(u)Vv), in R x (0, 00),
(KS) ‘ %:Av—v+u, in RV x (0, 00),
| u(z,0) = uo(2), v(z,0) =w(z), z€ RV,

where u,v : R¥ x [0,00) — [0, 00) are unknown functions, and we assume that N € N,
ug, v 2 0, f € C([0,00)) N C((0,00)), g € C*([0,00)), f,g > 0 on (0,00) and

f(0) = g(0)=0.

In particular, if f(u) = 1 and g() = u, then (KS) is the so-called (minimal) Keller-Segel
model proposed by [4] in 1970. The model describes a part of cellular slime molds with the
chemotaxis at the life cycle. Usually u(z,t) shows the density of cellular slime molds and
v(z,t) shows the density of the semiochemical at place = and time ¢. There are biological
and mathematical generalizations of the Keller-Segel model. For example, Sugiyama. [5]
and Sugiyama-Kunii (6] started mathematical studies on the global existence of weak
solutions to (KS) with f(u) = «™~! and g(u) = 4?7!; note that such porous medium-type
diffusion is motivated from a biological point of view (see [7]) and nonlinear diffusion has
been suggested by Hillen-Painter [1].

In general, the study on quasilinear degenerate parabolic systems is a challenging issue.
To study (KS), we encounter the following difficulties. Firstly, the well known theory for
non-degenerate parabolic equations (existence theorem, maximum principle, etc.) can not
be applied directly to (KS). Even if f(u) is replaced with the approximation f(u + ¢€),
the results depend strongly on € > 0. Secondly, there is no representation formula for the
solution u, and hence it is very difficult to obtain apriori estimates of solutions.

The purpose of this talk is to establish the global existence of weak solutions to (KS)
(for the definition of weak solutions see Section 2). More precisely, we generalize the
following two existence results for (KS) with f(u) = u™ ! (m > 1) and g(u) = u?!
(g > 2) which were recently obtained by [2] and [3], respectively:

e if ¢ < m + 2/N, then (KS) has a global weak solution without any restriction on
the size of initial data;

e if g > m +2/N, then (KS) has a global weak solution for small initial data.

*This talk is based on a joint work with Sachiko Ishida (Tokyo University of Science).
tE-mail: yokota®rs.kagu.tus.ac.jp



2. Main results
Before stating our result we define weak solutions to (KS).

Definition 1. Let 7 > 0. A pair (u,v) of non-negative functions defined on R" x (0,7’)
is called a weak solution to (KS) on [0,T) if

(a) u € L=(0,T; LP(R")) (Vp € [1,)), F(u) := [, f(r)dr € L*(0,T; H'(R"));

(b) v € L=(0, T; H'(R™));

(c) (u,v) satisfies (KS) in the distributional sense, i.e., for every ¢ € CF(RY x [0,T)),

JT fon(VF(u) - Vo — g(u) Vo - Vo — up,) dzdt = fpu uo(z)e(z, 0) dz,
f: Jan (Vv - Vo +vp — up — vp,) dzdt = fon vo(z)p(z, 0) dz.
We now state the main results.
Theorem 2.1 (the sub-critical case). Let N € N and T > 0. Assume that there exist
constants cg,cy,¢2 > 0 and M > m > 2 such that
(2.1) o™ < f(r) < arM™? (r20);
(2.2) g(r) < cp f(r)r® (r 20) for some o < 2/N.

Then for any ug, vo € L' (RVN)NL®(RY) with Avg € LP(RV)NL®(RY) (for some po > 1)
there exists a non-negative (global) weak solution (u,v) to (KS) on [0,T).

Theorem 2.2 (the super-critical case). Let N > 2 and T > 0. Assume that there
exist constants cg,Cy,C3,¢4 > 0 and M > m > 2 satisfying (2.1) and

(2.3) ca f(r)r® < g(r) ey f(r)r® (r 20) for some o > 2/N.

Assume further that ug,vp € L*(RY)NL®(RY), Avg € LPo (RN )NL®(RN) (for some po >

1) and ||U0||Lq., "'U'O"LDQQ: "AvOHLgH’ "A'UOHLDQGH; "A”0||Lq-+m+u+1: "AUO||L%‘I+m+a+1 are
sufficiently small. Then there exists a non-negative (global) weak solution (u,v) to (KS)
on [0,T).

References

{1] T. Hillen, K. J. Painter, A user’s guide to PDE models for chemotazis, J. Math. Biol. 58
(2009), 183-217.

[2] S.Ishida, T. Yokota, Global ezistence of weak solutions to quasilinear degenerate Keller-Segel
systems of parabolic-parabolic type, J. Differential Equations 252 (2012), 1421-1440.

[3] S.Ishida, T. Yokota, Global ezistence of weak solutions to quasilinear degenerate Keller-Segel
systems of parabolic-parabolic type with small data, J. Differential Equations 252 (2012),
2469-2491.

[4] E. F. Keller, L. A. Segel, Initiation of slime mold aggregation viewed as an instability, J.
Theor. Biol. 26 (1970), 399-415.

[5] Y. Sugiyama, Time global ezistence and asymptotic behavior of solutions to degenerate quasi-
linear parabolic systems of chemotaris, Differential Integral Equations 20 (2007), 133-180.

[6] Y. Sugiyama, H. Kunii, Global ezistence and decay properties for a degenerate Keller-Segel
model with a power factor in drift term, J. Differential Equations 227 (2006), 333-364.

[7] Z. Szymanska, C. Morales-Rodrigo, M. Lachowicz, M. A. J. Chaplain, Mathemalical mod-
elling of cancer invasion of tissue: the role and effect of nonlocal interactions, Math. Models
Methods Appl. Sci. 19 (2009), 257-281.






The Poincaré inequality for vector fields on Riemannian
manifolds with positive sectional curvature

Hig Mi—
(#BSLEE N LW R S B 4288, Tokyo Metroporitan College of Industrial Technology)

(M, g) % 2 &5t C*® Riemann S8k L1 5.
MITR3ICIIDAENATWBLEL, f: Mo R3% C® DiLhiA% (immersion) & T 5. &
biZ g 1%, R3 OENEAAHY (inner metric)(-, -) @ fIZL 551X REL (pull-back) TERIH
TWb&T5.
gp(u,v) = (Df,,(u), Df,,(v)), for Vu,v € T,M,

TZTDff it BRFOpICBIIIWAITHS.
(M, g) LB o (3513 5 BUEE (measure) f pdvy 155, M ED=Y W ABIZES
M
BL2 /A IL’(M) EROLIICERTS.

'“liz(M) = /Mg(u, u)dy, forueTM.

2 WITEKTE 52 = {(21,72,%3) € R3; 23 + 2} +23 = 12} i, BEF4 (inclusion mapping)
¢: 82 5 R3ICL % R3 MY AROF| & R L C, Riemannian metric h % #AT 5.

hp(u,v) = <Dl,,,(u), DL,,(U)), for Vu,v € TS

S2 F~7 FABIZE4 B Poincaré # 4 7ORERICTHOWTiE, KBBOLA T B
|u|L2(S) < 21(‘|V'u|L2(S) for u € T.S'2,

IZITCVIRVEFEIESRTHS.
IORSEXFAALT, M LY MBIZET 5 Poincaré ¥ 4 7 OFREXE DL 3.
RASZ L M LZHIBEOHELFLEDD, MIZROREEZMZS.
) Mz Bdige L, M olmiths K iTROREREH=TLT5.

%<6§K§1.

COFEIZEY MiZar s MIRY, EHIRKROEFEESEEYUDZ EXALATWS.
Theorem 1 (REEH). ({RE) 2WETMIXSIICABTHS.

WM T OEBREAALT, SPOL2INLAEMO L2 ) VAORMERFEERLT
Poincaré ¥ 4 7OFREXEZH L HnoMEE2HRAT 5.

"WEORM TR LERKERRRSTWS,



FEF RIS HFRNRDEED Lyapunov X

A H HA (BEREEXRE LAHED FERR)
B AR TRERE
COBMTRMEDOH2 6 ARILUX v FTH LA REFRRE LO>RIEAN HFBAROBERED

Lyapunov 3% T f{9 CRWEFKHZ bOBAICHB L G RITH>WTR~S. ZhitZE A KOELRT
O—ER ([3) DEES.2) THB. I TIIRD & I RERSROBE BRI HRAR

1) 2 — A@s(t)
@) Y _ AWy + S0 in lto,o0)

¥EETS. HBL, A(t) 12 n ROEFTHNT, BRIL [to,00) CTARERELFEEY H. FRIZ, f(2) 1T
[to, 00) THBET, z(t), y(t) X [to, 00) THRHTWNFIMERAETHD.
19, FHROIERREOBALBVMT L, AT 4 ORI MASRIZE2T, (1), (2) O—HKAR
ORERIHEETZ M5 - L A Tx 5 (§2, Ishida-Lee [2]). 22T, &4 DRI PASRRLIL
h(A)-1 /i
et = Z et Z ﬁ(A_,\E)ij
A€o (A) 3=0
54, AL, o(A) it A ORHMLSkORE, P, 3—REAEM GO AN) ={z|(A-AE)Nz =0}
~ONRESTF, h()) REHH )\ ORBMELEATHART. R, PNT—2 z(t) = w KX LT, TOHEXK
dw()) %
_JO if Paw=0,
() = {k if (A= AEY*"'P\w#0, (A= AE)*Paw =0
TEHD. FDOLE, (1) OIMT—F z(to) = w £ b RO z(t) ITOWT

lz(t)]] = const. e*t? + o0 (e*t") (t — o)

NI T 5. 22T, a = max Red, 8 = max dy(A) THD. T T, EEEHOBEID
A€a(A) A€a(A)

limsup |A(t)|| < o0 P& X o DIREHE LT, <7 bAMHBEEK u : [to, 00) — C* ® Lyapunov ¥ %
t—o0

A(u) = limsup ____log ":(t)"
t—s00

LEETSH. “oOEBIT A. M. Lyapunov BHDOHDTiXR <, O. Perron [4] IZA 5. M8, o, b REERO
L&, A(e*t?) =Rea TH3. 3T, EHMREOLELHRINTVIDIIRD 2ODEATHS -

(i) A(t) BB EIATHI Ag IS
(i) A() BRBTFNSESS. D, lim a;e(t) =0 (G # k)



(i) OHAIX—MEEICERVBHB TR TRRTS. (i) OBSL B 2WHIX, A(R) BAATHOH
A A(t) = diag(en(t), - ,aan(t)) PEFIEL, (1) 1X n WOBMBBEX z/(t) = a;;(t)z;(t) £2D, O
D Lyapunov A HiZ

t

(3) A(z;) = limsup l/ Rea;j(s)ds

{—o00 t to
TEZLNEI=OHTHS. (i) PHBACEMCHEELEEREBIOIX Perron [4) ThHs. @EE, ITTII+
SRExR tIZHLT, Rean(t) 2 Reaao(t) 2---2 Reavm(t) *FEELTHL.
EH 1 (Satz 7 in Perron [4], p. 765). KD 2 2D&HELRT.
(4) lim a;(t) =0 if j#k,
(5) liminf (Re a;;(t) — Reejr1,541(8)) > 0.

FDLE, (1) O n BO—RMSL2H] 21(t),- .- ,z™(t) BFELT
¢
(6) M) = limsup-:- / Rea;;(s)ds.
t—oo to

Z D%, Wang-Mai [5] %4 (5) #B/HOIDI L &L,
FH 2 (Corollary 2 in Wang-Mai [5], p. 903). a*(t) = max lask(t)| 6L, KD 2HOOEMEFEETS.

1 t
im - | =
&p)] thm i), a'(s)ds =0,
(8) Rea;;(t) — Reajyr,js1(t) 2 2enab(t) for large t.

z0Lx, (1) ©n BO—KMLRR 21(t),- - ,z(t) BFEELT, (6) W7
EEL. (7) T, #IC lim o(t) =0 DHABHALNE. £oT, lim (Reas;(t) - Reajs1,i41(t) =0 0

LEIZER L LR CRMRARLTIRENDHD.

#11 (Example 2 in Wang-Mai {5, p. 903). a >0 &L T

144det™ <
aw =[]

EFB. ZokE, AMz') =1, Az?) =1 Bbhd.
EFRF (2) KOV TIRROBREMERS L1,

EE3 (F 3] ©F 3.2). si(1) =, max nlfj(t)l EBL. R (N BLITHARER L IZHLTRD I DD
FHEWT. o

(9) [ rod<,
(10) Rea;;(t) — Reajs1,j+1(t) 2 2e (na'(®) + £4(2)),
(11) Reaj;(t) 2 a*(t) + e S4(t)

FOLE, (2) O n @O—KMIRHBER y' (1), -, y"(t) BFEELT
e
A(¥) = limsup % / Reaj;(s) ds.
t—+00 to

R 2. (10) i (8) IKHIELTWS. Lnl, EH2 TRAKVLEEHY Reaj;(t) 2 of(t) BELRVWOT, &
HITER2 2FATORY. BT X512, (11) HEFfR LT, RENTR.

2



KICEH 3 # BT DI LB RS ERONMMT 5. TORROIMIT Adrianova (1] TH 5.
Ww¥, (1) OEEOERTIE X(t) = [2'(t),---,z*({t) &L, AM2¥) (=1,---,n) & (1) DETORD
Lyapunov 3 st), -+ ,ptr (r S n) L OWHRETRD. MzF) =pu; &5 k OEBE n; LRTE, X

(12) Z Az*) = Zn,u,

i=1
NI S, BT, “Offix ox THRT.

3. pr, oo, pe X A(L) TEEY, ERITH X(t) OBRD FiED RV, EoT, (12) 0BEA» 6, ox 1T
HBEOMHE L 5.

]
@81 (Lyapunov OF%3X, Theorem 2.5.1 in [1]). ox = limsup%/ Retr A(s) ds.
t—00 ta

ZH# 1. (1) DERITA X(t) = [21@2), -~ ,2"(t)] IHLT, ox BEAMEEEBLE, {z1(¢), - ,2"()} &
(1) OEFHERE (normal basis) LV 3.

‘@2 WR g = lim .1-/ Retr A(s)ds BHEL, z,\(zk) = 7B, 1) OEXR X() =
[x1(2),--- ,zn(t)) ﬂ‘ﬁfﬁ‘?‘é&‘é (1) i (Lyapunov Oﬁlﬁif) iER (regular) THH LV,

EHRR (EH5.2in 2 [3]). BE2D 2448 (7), (8) 2REL, (LERTRL) ER

¢
lim %/ Reaj(s)ds (=1, ,n)
to

L~00

REET D LBRTB. oL E, HERE [ OUMNRE (9) 2RI T L2
1 L
(13) /) < Jim = / Re apn(s) ds
to

251, EE3 LR UKRIMILTS.

EE4. (9) 261 M) S0THD. R A(S) >0 26iE, f(t) HFERT, /mf”(t)dt=oo'?5>6.

I, PR ay(0) = 2- 2L (=1, ,n) DL &, AR H(t) = 2W<B. FE, (1) FRYR

doh, RARH ORI 5% (10) & (8) KBHHN TV,

FRRIX () OBEORIMBHMEREELELDOLER2IZL>TTRENS. 1 2OR Perron (4] 12X 5
ERIFDKMSTHT (Theorem 3.6.1 in (1)) 2RATH I L THS. TOFHMIBHERATSTETHD.

BE X
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On the Wavelets Having Gevrey Regularities
and Subexponential Decays

N. Fukuda, T. Kinoshita and I. Uehara

Institute of Mathematics, University of Tsukuba

An MRA wavelet 9 is determined by a scaling function ¢ as

510 (502)s §)

Meyer found orthonormal wavelets having polynomial decays or especially
subexponential decays. Actually, the subexponential decay implies the de-
generacy of the order of Gevrey type. In this talk, we shall define the subex-
ponential decay as follows:

Definition Let s > 1. A function f is called to have a subexponential decay
of order s, written f € I (R,.), if there exist some C > 0 and p > 0 such
that

|f (z)] < Cexp [—plxli] :

This kind of estimate is used in the frequency domain with the well-known
Paley-Wiener theorem and gives the regularity in the time domain. Meyer
constructed ¢ (£), which belongs to the Gevrey class in the frequency domain,
for any compact set K C R,

sup |82¢(€)| < CkR™¥* forneN (Ck >0, R>0).

The regularity of ¢ (£) comes from just the regularity of the low-pass filter
m(€). However, it would be difficult to control the decay rate of ¢ except
the band-limited case. Indeed, such a wavelet seems not to be found; there
are two blanks in the following table.



A G, Cr

Ag¢ | nonexistence | nonexistence | Battle-Lemarié, Daubechies
G§ Meyer HWW

Ct Meyer HWW

In the above table HWW denotes the wavelets introduced by E. Hernédndez,
X. Wang and G. Weiss [3]. Here the word “nonexistence” is shown by the
following theorem (see [1}, [2], etc.):

Theorem A There is no orthonormal wavelet belonging to C and having
an exponential decay.

The Daubechies type avoids this restriction by relaxing the regularity
C and thus attains Ag, especially, compact-support in the time domain.
Our strategy is to relax the regularity A in the frequency domain and seek
orthonormal wavelets having regularities beyond C2°. We shall construct new
orthonormal wavelets which fill in the blanks of the table, i.e., new wavelets
having Gevrey regularities both in time and frequency.

Main Theorem Let s* > 1. There exists a wavelet i satisfying both
Y €G3 and ¢y € Gf for

s =max{1,s* — 1}.
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ON BEHAVIOR OF SIGNS FOR THE HEAT EQUATION
AND A DIFFUSION METHOD FOR DATA SEPARATION

fEm LR ERRRFRFEFRHUEMNEHAR FEFRER)

AFRITMMEREK EAERE), BERE—HR AREHE) RUKREE
K BEKRT) LOKXRHRTH Y, ABRTILZ OP CHAISHIEHE
bol-8unaH’>.

s X oY ERIE:
u = Au, z€R%t>0, 1)
u(z,0) = ug(z), = €R’,

REZD, ZITAd>1LT5D, ZORBIWBE u DEBEZ DL
ZBEINEEZS.
FEIRE (1) ORBII BB RV
1 —ul2
we,t) = g [ e { -2 e

DFTERENBDZ LIZEL<MLATWS. FIHEOIRIZL T, BAIKZ
B D UHMEORERFMICBIT 3H BRIV TE 5. WE (1) OfE
AL TROX S ICEFEIND diffusive sign:

Soluo](z) = limsgn u(z, t)
EFRWS. ZZTHEIR
1, a>0,
sgna=<¢ -1, a<0,
0, a=0.

LEBRBEND. TD Splug)(x) HXsgn uo(z) LALT LB —F LRV, #ilx
i£d=10& EPMEN

1, z>2
w(z)=4 0, -2<z<L2
-1, z2> -2

ELIE &, Splugl(l) =1, sgnug(l) =0&,720, D HDEITRAL
5. £7=. Splug) tX well-defined & iR 5 720>,



AWHTIXRD 2 5OFBIZHOWVWTE R S. — 2B DEEIL Splug] A3
well-defined 222 B 72V 5 R % HiT 5.
Theorem 1. Ritd=1¢733, OMAEu Ak > 8IZxFL

1\" 2”41 2"‘1+1)
-—] z, € withn > 1,
uo(:v)={ ( ) [ (3)
0,

k on ' on-l
otherwise.

OFBELTVWEETS. Z0LE (1) ORIIFAITEWTt=0DEL T

EREFFET S, 2% Y Splug)(0) i well-defined THE/gV .
ZHOBDOEERTIT Spluo) 2 well-defined IZ725 Z L ALTLHAHAT

RWEEEHITH. ZOFEHMTE I A DORKHERE x4 1T

1, z€A,
Xa@) =3¢ zga

LERIND,
Theorem 2. ;Rijtd =2 &7 5. FIMMHE vy H3

!
uo(z) = Y xa,() (4)
k=1

OFETRETEH. ZZCHARKUTARMA. A X k=1,2,...,LICFL
TEAFNREMICETRIDEROEFHORKL TS, ZDEE, (1)D
BIIEED £ € RZIZBWVWT t = 0 DiE< CROZFSELIIFRE L1E
&R, DEVEED z € R?IZx LT Splug)(z) 13 well-defined TH 5.
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AW CIE, 22,37 MaSORY oHEY bR ERIC
*H 5 OMEREOROBBERNSB LN T L 2 BET S,
ROREBEE v = u(z,t) IR MMEAIB L Z 2 5,

{ Ou— Au=F(u) in R" x[0,00),

u(z,0) = f(z), u(z,0) = g(z), for = € R", (0.1)

TITC. n>2THY, f,ge COR") LRET S, FERBHICHTIEE
i, F(u)=|ulP /213, F(u) = ulf"'u (p>1) TH3B,

Fa 7 VERIMEEZ L (0.1) KR LTI, LT X5 2B8R1 M
bhTw3;
[RETFHE[1]] HBEEKC XL (f,9) 1.

flz)=0, g(z)2> fmgz_l)‘T (0.2)

EHETETH, TDLE, 0< k< ko 25T (0.1) DRI AIRFFNIPIICE
EL,

(1+le)”"( Yo IVH@I+ Y IVgg(w)I) (0.3)

laj<(n/2}+2 18I<[n/2]+1

BHHNEL, &2 ko D2 p > po(n) 22 O ITMNREHINIROICHEET S, =
T, ko= 2 ThB. po(n) B, Strauss K EFEITR. (0.1) DT

DERILAY b OBEOROBIAEHEE L ARSIHNEREE 5 5HR
BTHY,. n-1)p* - (n+1)p—-2=0 DERTHD, ZOFHIL. n=3
DHBAIZ Asakura [1] 23 & = kg DFESZHREMR L. TO&K, B4 RPIRE
ko THOZEMKTICHERINZELBRINE-BARNH S,

ZIZC, (0.2) DIRRFHEOT TIL. RMKSBBOFESRM (0.3) D f i
B4R RHDRBEENRFTATHAZ LICHEET S, ZOREEEXRSD
IKik, 20D g=0 DBADBRERLE X SLENHS, ZOHED

'Mohammad A. Rammaha %% (University of Nebraska-Lincoln). f§#H¥z %4 (2
MIZTETREKRE), ERES &4& (BAKE) & ofREATRE

1



BRI, 220 2 RITDBAIT Uesaka [3] IC & o THD Hiods, B
(2%, Takamura & Uesaka & Wakasa [2] IT & » T—RRKRIE (n > 2) TOMR
RN I, BT, (0.3) DRELURT D LITAIIL, £hai,
UTO ‘SR BATHETHS,

(‘SR BATE (2] HIEEKRBEFELT (f,9) L. |z| = RITHLT

f@)=0 M g(z)zzl—%%)m, (0.4)

(7213
f(z) >0, Af(x)+F(f(m))z(L"”"l—— #o gz)=0,  (05)

1+ |2])7+*
EHlT LT B, Tl
0<k<rKg M ¢=IEFEK, (0.6)
7203
K=Ky DD ¢ ILIEMH, aﬁﬁiﬁflﬂflxlliglx o(lz|) = o0 (0.7)

2HiE, (0.1) DRRIXARREMAICRIET B, 05,

(1+ |z])*+" (M+ Y vE@I+ Y VA g(x)l) (0.8)

bl oaisimaee BI</2+1

NREBPEL. &2 ko 72 p > po(n) 25 (0.1) OARIZFFRH RIEICHFTE
—3—60
AHETIX, —RKRTITBVT, &4) & (0.5) OBFIFTHRDLHA TRV
f #£0»D2g # 0 DEFAD (0.1) OROBRREENH O a&ﬁl‘hﬂ'
o Elo. ZORREFIEALT, ©.1) DB ulPlucl? (=
0 it p>1Hm2qg> 1) DBEORDBREENELNDI L MM‘L
AN
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Error estimates for schemes by discrete variational derivative method
for some evolution equations

RRKE KERBATEHIEHN £ERETFHER )1

HARTZ XA X¥—DOESHHEIN D EES FERICHT 5N FiE L LT, D. Furibata and M. Mori
[4] io & > TREMESHEPKEL VI FEIMBBEINTWS. Zhily\bw 3 ERTFREMRED—STH
D, ZmARTELFL> TV B RAX—REHCEELR Y OMT %, BERTHRT DL OIREBHNIAX—L %
WERT3-HOHETHD. O HBRTELH> TOREERZBERCHERT S LW H BRI, HER
BEBHL 2L —2a B ECEBRIRZIETTRL, AX—ADOREEOEFNERICESHTHD Z
ERMHENTVAS ([1]). £, TOREEOHEHZE b LICREOFHELITLA TS, L Lads, Z0M
ZEDOMEF I — OB REI T BADESAXF—LIZH L TORBAHTE DI LOTHY, —RULRE
B FBROLENS AR — A~OBRITOh TV, T CH2IL, BEEEIT O BROR A (AEE/ L)
KHHRGE2ELXD L EELT, BEFMHEELTI L ERETH. Zhicky, LY —BMR2ERSS
BROLES A X — AOBRERMATRRICAR Y, A X —L2FM+ 2 ETO—2OBRITRIEBEZTVS.

T, MHESEBEEOHMEEZRATI 0K, ARENELOBVER 1 IDRY. T2 TKRHA (a) i,
HEERIZIBVT, BT RIAX—OES P LRSS FRALE L, = RxA¥—HREFEZ L OSH % Es-
BETOHNERLTWS, FORBSFERIH L, ARESEXEM LI L E0fh K (b) THY,
B S SIBASE 2 A L1 & 2 OFNAKE (¢) THD. BRENE (KRH (b)) 0BEI, BRI FHEX
ML L TEN AR —A ¥, T2 CHRIERENRET A0, MR TLLFo TV TR F—ff
FHIA & O, BIRARCHRANATHS LIZBRL 2V (—BMIZERTERY) . Thicx LERES
HRMEE (RE (c) OBAY, STHBRIRAX—2BHBIEL THBEHZRIVX—2RHH L1 GH
»5. LT, MRAOTEN (RE (a) IZHET 3 X ) RREREBERRTIT Y. T7hbb, BEER TR
SHBXONM L BEFENRYOEANRTE LI, BRRTHLES A X — LAOHH & BBRORFEFL Y
DIEAE R 5 FENBHE S BEKETHS. L BENLRBBIEIEAREPLSEIMD (2, 3] 28I
chi-v,

Fm—————- WHER - ---- —q - BER ------- 1
| [ I | I
! REfcfE :
I BT RL¥— —(c)—» RE B R R ¥— |
| [}
| |
: N A 22 :
! ZRAX—FREM | = RAX—RIER !
I Rl & (I kil le ¥ i
! R . \ ;
! x5 (a) L OEBES (o) |
! EY (a) . EH () (b) !
( b I |
: y : : v :
: B !
) {5 Jig —(b)—> EHAR— D :
! |
oo I
—(a)— WEFOHN —(b)— HBEHEOHN

—(c)— MHESTPNIEOFNL
1: ARES L L BREIFNEEOTHN

1



AFORER, BREZRBDLR T TI0OWNTFEERTD. BRSPS E LT, ZWERK T3
NEEE N, AAEE Az T, BHEK ¢ iICHT 2028 % At TEREAERT. L, ZEMIZHSVWTHR
KTEDEM (0,L) Ex 5. £z, 2 =kAz, t =nAt, (k=0,1,...,N;n=0,1,...) 2B} 3 f(z,t) Ol
BiE% £ (™) LR 5. S L RIS T, %ﬁ&fnﬁ'@ﬁuﬂ‘é a&%ﬁﬂ‘a 90, ;M ioxt
LCERT AELTF 6+, 6-, 610, 5@ 2RO L HKERT S,

1 = f£1’1 fk 5o g = 187 = 10
v TR = Axr '
s f(n) - fk+1 fk-1 i@ f(n) I,E'l’, -2f; m 5
k 28z ' Ax? :

Hi, REOZENTRTEROLIICHAS.
§EmID = Ngm) - slImad) o s (g =1,2,...)

FNMTITEBLXERATS. 220, BBARERTRNERT Y. " 2ROX I CEERTS.

N
z”f’gn)AxE ( !(n) + Zf(n)+ (n)) Aa:z/ f(z,t)dz.
(1}

k=0

RIS % F93 S WA T sV, pV 2RO L HICERT 5.
s = fk+1 + S N fIE'-Il-)l + 2f(") + f('l)l_

2
BEDX I ICEBELL & &, S EMPIIROMRERT.
N
1) S Az = [l f:ﬁ")]: , 2"60) 18z = 5 el .
k=0 k=0

Thbb, Bo L PSPERAOBRERTH D L HIC, EFLMFLHOBBRE LD LBHH 2. T, By
BIARICHET 2 X 572, ROBIMAFDIRILT 5.

@) Z"f(") (5(1) (n)) Az + Z” (J(I)f(n)) (")AJ.' _ [f(n) ( '(cl)g,(c")) ( (l)f(")) (n)]k=° ’

k=0

3) 5 (647) (8t al”) i (5e07) (), S (625 ) Ae
k-O k=0

= 1A {8 +1) o} { (o -2) 2} (667,

R OBERE S EBISE ORI BV T SUBR O (RED (a) IS5 X 5 2REW AR T
7 LR L7223, HEX WAL OBRICHET 52O (1) 2, BaMSAKICHET 58
HAK(2), (3) ZAVS.

25X
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2 IRITHERIRIZ 1T 5 Rayleigh HICBIT 2 HEHE

EJ|RFRFRATFHER BRZEHEE OBEN
wa
— I R K ITRR SN D 3 YEMMMABIIEIL, KEd (P B). BB (S #) {22, Rayleigh ¥ &PHIE
NOREEAMBADLE Y, EMLEHETRTZ LAMONRTWS, RFFRITEEREURIC 1T 2 TEBE;

BRICREARETS LI RERELE X, BRI L > T RECEEORFERET S LEBOLT S,
Ldvs, EHELE 3RTEHFBRRKMAATRRETHIH, 2RIEICEITIRDL I HBREZR S,

4
9?u

Pw(-’”hxmt) = (A 4+ p)VV - u(z), 72, t) + pAu(z), T2,) (—c <21 <00,0<T2<00,t>0) (1)
Su; Ou .

/\(V -u)éjg +[l.(3—x2+ E(I;,O,t) =0 (-"00 <z <00, t>0,5= 1,2)

u(zy,22,0) = f(z1,22) (=00 < 21 < 00,0 < T2 < 0)

du
a(zl,zg,O) = fz(a:l,xz) (—o0o <1y <00,0< 22 < 00)

L, u=(up,u) R2KRTOEMERL., p IBUROEE, A, p i Lame OFHEEIK, § 1% Kronecker
delta Th B, ZOERELL R #HRAET S Neumann £4CH 5, Neumann HEFLUSOFERITITFEOK
HE D, BAKITERAREE 5T,

P RIZE (i
7—1) TR
X (1) 2 XK L TH 5h 3 Helmholtz HBKOEAM

P MAM L EORNEERETS Up(z, k)
S WAN & EOENBERET D Us(z, k)
R EAN & 2ORNBEATETS Fa(z, p)

FRAWTERESN S —BILES i Fourier %, RO X 5 IcH<,
Fy(0) = fy B - (@pdz (G = P,5)
Frf(p) = fRi Yr(z, p) - f(z)pdzx

ZneEX (1) DRE u(z, t) 1T

. ) ‘ sin(C; | k{t) . sin(Cg|p|t)
25 {eos(C; 1K1 Es @) + == Fyfa@) |+ Fif cos(CrlpIOFRft(e) + =g 1=
LJBIFBLRMBA TS, 2L, Cp,Cs, CRIZENRTNP ¥, S¥, REDOHETHD. hizk~»>

Tu(z, t) ik, P#¥, S, ELTRERICENETNIRTHILETED,

Fsz(-"’)}



E5k

EHAFRREPLESERNTESET S, £3°. B 2,2, FRAOMRE hy, by, Bt OMB%E s 23
b0 RIC2) =2; =ihy, 22 = 2; = jho,t =tp = ks E LT u(z;, z;,8) =u;; k LREBRIDE, K(1) X
UFo LS icERLTE S,

52
L 1 L-—
+ _2‘1;0 u;j oh1 ——5Bu (ut+lJ 2u +“'—1.1)

d k k k
+ _4ph h Biz (“s’+1.:'+1 = Wipy -1~ Wi-1,541 + ui—l,j—l)

+ ngu”_,_l 2u +uw_l)

h 2
7L, By = (*+ z 0) By = (4\-?-# *;;#) By = (5»32.:) ThHY. i, j, k DAL T, J 2HAKREL
¢0, #hERi=1,2,---,0I~1,j=1,2,---,J -1, k=0,1,2,--- Th5,
IRNF—

2 (1) ORICHT 5= XA ¥ —BEBIK e (u(t)) 1. LAFOMY ThH B,

N duy | dux\’ duy | Bug B,
e(u(t)) = { (az +3.‘L‘2) +[L(a—x2+a—zl) +2[1.(a$1) +2u

= ST K (21) @ e(ut)) 2RV TR ¥ —BEOTERLEORE
B®) = [ / e (u(t)) dzydy
0 —00

&L L, E(u(t)) = E(u(0)) BRYI-ZEFMONATWS, ZOSEXERATHI LT, BMEShi
X (L) BELKHFBEATVAINE I MRBTES,

(32) }+(3) (%)



2 WA ELIC 8 2 BUER
FRAERER BIEHERN MREEFRE /K HE

1.% §

B CREEMOTRBEIB LR, 2 RTHEBELICET 3 REH RIS >V TRET 5,
QE2RTERFRETIROBEHHRRNELXS.

ﬂ;j'—q - Av(z,t) =0 (z€) (1)
v(z,t) =0 (z€d9N) (2)

=L,
= (xla$2)
A:2RRKTTSFVT

ThD.

A TR <= ELEIL, S OFBRN ORI & B OEHSETROND A~V LRV Y HEN (EM
EHEHBER - BRHEOFER) 5RO ONB. ZORELE v A GBELIRE & T 3 BELEOR
AR RTRREINDS. ZhLORIBBEAOHRERR L TV SR L L THMEIZB W TLER
ARBHDERH>TWVS.

AMRITEREREE L BV HMIEARNTIC L Y BEREZ RO

2. PEPMHER

QEFEHIN - 2 RTEEBEMLETS.
& (1),(2) 2 E#H2HETHITKRD £ (2883 3 Helmholtz FRX L HEREHZ2H/D.

(A+r>u(z)=0 (zef) (3)
u(z) =0 (z€d) (4)

HEOERICE SV TR u(z) &
u(z) = uop(z) + us(x)
B Eiu(z) FRO X I ITHZB.
up(z) = (27) " Hexp(izk) — exp(izk)}
¥,
{N = (K1, %2)

k= (K1, —K2)
LipoTWA,
us(z) IEMICET 2 BELKR TH 5.
ug(z) 1% Helmholtz FRXZ 7= 3D T, BELE us(z) bFEERIC Helmboltz FRAZMAZ L 2B 53H
3. ZZ CHELE us(z) ICIROERE S CRE LRWRETH DY v~v—7 =)V F DT

Ous(z)
or

Dp & THRSHBALTITKROK (5) 28 5.

— kuy(z) = o(%) (r = [z] — +o00)

wl) = [ {Ga@6Ee - S oua ar @)



Dirichlet £ & ¥ (5) IFROKX (6) DL S icFKEh 3.
Ou
w@) = [ F@CE@HT ©
PEXY

we) =w(©)+ [ SL@e@or 0

N,

T T G(z,&) iX Helmholtz tEAR D EAAFTH Y Hankel B Z AV TRO L S IcRIh 5.

Gz ) = B (wlz ~ £1) ~ B (wkz — €D}

7236, H" 11 0 ¥ Hankel B3T3 5.
BELIRIE A(r, w, ¢) BROWERH TR T Z LB TES:
_ ( A( eih’.R _% R _ I 0 _ _E_
'U.(:B)—U() $)+ r,w,¢)\/ﬁ+o( ) ( _|€ ’ _R)
ZORZLULTOXIICLTHEE, KRR A(r,w,¢) ZRDB5.R - 00 ITBVWT

{u(z) - uo(2)}VRe ™" = A(r,w, ¢) + o(1)

3. Bl R4

BEREREE AV CRIERN 2§ 5 SEREREIIN (7) 06D OHBIS B u(x) (2857 % Neumann
F—sOELRERVHL, ThiE b LICHUR (7) 26 u(é) OELRERH D FETHD. EURI,
BER%E NEAOHAEZEEEAH CELL, ThThoMiRIcH T 5 BERKD 1 KEETROS. £,
EEREOHRICEBZAWTE I 2ok,

R RITERIFIR~D.



Z“EROFEADRODIRR

Bl BN (TERE w5 7T)
FAERRFRFREEN AR ECE R D2

1 EA
ABBCIUTO & > RS REEEROVHIEMEL 5 X 5.

Ou = ud,(ub;u), (¢,z)€ (0,7] xR,
{ ©(0,z) = up(z), z€R, (1)
du(0,z) = w(z), z €R,

T2 Cult,z) IXEHERMEETHS.
ZOFBRIFE_FH LFEIN S BHREHEPORERZTRTIHERXNTHS.

PIEE up I2OWVWTKREBRETD. HEIEERABFELT, EEDOz e RIZH L TKREH
=7

up(x) = A. (2)

ZOREIRE ST, HAlt =0T (1) OFBRANBEL2L 257, MEALRERGER L
RATZLHTED. RERBFROFEERLBENT S ([3).

proposition 1 (K. Katoand S.). s> 3 ¢ L, up € C'(R) N L°°(IR) Ozup, u) € H*(R) &9 5.
EHIZEER ABH>T u(z) > A (Vx € ]R) LRET . Z ORy, JIMERE (1) O R RET
BulIkDI 7 A T—EMIHEET 5.

u—ue | C(0,T); H**'(R)),
j=0,1,2

u(t,z) > A/2, (t,z)€[0,T)xR.

2 IR (RoORRE)

E_EFHOFBROMOBRIZOWVWTE X 5. Proposition 1 Z# VR LAVWT, (1) DRLIEER
LW ZE2EEXD L, fROER (Proposition 1 Z W= BOER) N TERRHIMLATIC
BOWTRD (A) & (B)DELLIHFRI B,

(A) T 10a(®llue + 10:u@®)llne = o0

- 7

(B) }1/‘1171‘ loullf u(t,z) =
ZOREETIL, (A), (B) EHLOoMHRE D L MIVRFRET S LR, (A), (B) BRI 5 +7&H
EENEThEZ5 ([2)).



Theorem 2. A #IEEH, s > 1, ¢ € H**'(R) & LT, u(t,x) &, RETHHEIC S (1) DR
T 5.

uo(e) = A+ed(3) wi(e) = ~uo(e)drua(a), 3)
Z DR, e B+ ebiX, H AR T BIEFEELTRMBEY L.

lim 10u ()l e + 10zu(t)llm- = co. (4)

Theorem 3. A #EEH LT3, (1) DA u(0,z) = A+ ¢(z) > 0, 8,u(0, z) = uy(z) BR%E
Wi+ &9 5,

¢ € Hs+l\{0}7 u € HS,
¢, u; compact 2B XD,
u1(z) £ uo(z):u0(z) <0, for z € R,

OB, HEBEAT BEELT, 1) O—8#u e CY[0,T); H*(R)) BFELHD z € RIZD
W limg,ru(t, o) = 0 HSER Y 32D,

3 HIBAZ &t
B_FBEoFBA LU FEX
Ou = c(u)O;(c(u)d,u) (5)

OYYHERIE DARB R R. T .Glassey, J. K. Hunter, Y. Zheng ([1)) i X > THEZX LHhTW 3.
UL LR biibik, ZOHFBAICHIE R e, e B¥H»-T

0<c<cfr)<ec, TER,

EVWSREZMFLTWS., ZOEREIRDLET7T 7Y A Y Fl%21TV Vv DI {H> T Theorem
1LIIR&ENh 3.

Theorem 2 iX, P. Zhang, Y. Zheng([4]) I= & 5 (5) OHIHMEREIREDAR O KIL FIARMEEH % IT
At3.
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W FEERAER I T SR — 2 —[ERE
HH @A (REX - #)

AW TIL, [5] I2ZE-SV T Hilbert ZRC BT 2 QHREBHEXOMSER LB L,
EEABEMNAKFET BRT v ¥ v V% b2 Schrédinger B HFBAD Cauchy RBIREICEA &
haZ &%,

1. Problem

Hilbert 22/ X Lo BARMERRE {A(t); t € I := [0,T]} IE2W\TC, RD X 5 2ljf
BRFIFBRADMEBA Cauchy HIEE*E 2 5.

{(d/dt)u(t) + A(t)u(t) = f(t), tel,

ACP
( ) u(0) = up.

2. Main Result

{A(t); t € I} IZOWTOERERIB~RSB =HIZEME CIHEIFERR S & EMEE SIRAE
RFEE {S(t);tel} ZREYTS:

Assumption on {S(t)}. fERFRE {S(t)} IZRD I FRHEHT LD LT S:
(S1) Y := D(Sy/?) = D(S(t)"/?) >3 EKK>1T

SIS 2ul? < (u, S(u) < KISY™lP, we DS, tel.

(S2) S()'/2 € C.(I; B(Y, X)). ZZT B(Y,X) 1Y »b X ~DHRSHEARO LK
THY, BXFO » ITRIEARNMB COMBMEELERT 5.

(S3) 5 HAMK oc L!(/) T
ft o(r)dr

Assumption on {A(t)}. {ERFIE {A(t)} BROARGEZHTLDOLTS:

(1) 5 BIFRTH a > 0 T |Re(A(L)v, v)| < allo|l’, v e DIAQR)), te .

(1) Y ¢ D(A®), t € I.

(II1) 3 BIEAEH B > o T|Re(A(t)u, S(t)u)| < BIS(E)/?u|?, v e D(S()), tel.
(IV) A() € C.(1; B(Y, X)).

FRE (5]). LROREDT, (ACP) IZMMME uo € Y RUHERE f(-) € C(I; X) N
LMI;Y) 23 LT YR u(-) € C' (L X)NCLY) 2—Bit b

ZRE. EEHIL Okazawa [3) D—BRILICHAR BT, S(t) = Sp Z7=ALS &5 L—FT
5. BWBRXNIE, EEEIL(Z) O SOERBE S, & {SH)} TRV AT TN EHLRES.
*ABFEARBE (EAEKX - ) & OIRFRICE S bOTHS.
1

[15()"/*ull = 15(s)"20ll| <

max [|S(r)'/?v)|, veY,tsel
re{s,t}




3. Schroinger equation with moving nuclei

L2(RY) := {u € H(RV); (1 +|z|)u € LARN)} £¥5. T L&, RO LS i

1< 3D Coulomb RT > & ¥ V& o 7= Schrodinger FERXOMMEMEL2Z % 3.

Ou

— - Au+ V{4, + =0,
(SE) o T Aut Ve Z FEeYo

u(-,0)=up € X? = ZQ(RN)

ZIZTN23, u iR REOKRMBEHu: IxRY 2 C,e;eR (5=1,2,...,m) LT 3.
R MEES ISRV (j=1,2,...,m) LERXTF eV I xRV 5 R LT
DRER2FE-T b0 LT 5:

(c1) c; € WH(LRY) (j=1,2,...,m),
(c2) cj(t) #c(t) (tel, j#k),

(V1) (1+|z|)'V e Wt(I; L=(RY)),

(V2) V e L\(I; W22 (RN)).

Dk &, (SE) ix D2l u € CY(I; LARN)) NC(I; Z*(RN)) —EIT b .

BFE Y VOBRANBL fod, B (SE) CEEREZBEAEIED 2 LITTE RV,
u (2 JAFTHE Galilei £ ([5]; of. Kato-Yajima [2]) &\ HBRAREREET Z L THERZ
BEL, (SE) # ROMBICEEMZ D LB TES:

Lo
=+ Daft,y)Dv + q(t, y)v + Z = =0,

(SE-v) ‘ot CJ(O)l
'U( 0) =Yg € Ez(RN)
CITCD:i=i"'"V-bt,y),a: I xRV RV*N p: IxRV 5 RV, q: IxRY 5 R.
(SE-v) K EEBELBAT 5 Z & T (SEv) RV, (SE) 0fENRELNS.

B2, m = 10 & &, BED Galilei B (EITBH) v(t,y) := u(t, y+a(t)) KL VFRR
ZEETE 5. ZOHEITOVTiX Baudoin-Kavian-Puel [1] ®°, Okazawa-Yokota-Y [4],
Y[6] E Vol RITHRDEDHS.
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1 Introduction

We study the Cauchy problem for second order weakly hyperbolic equations with time dependent coeffi-

cients:
{(3,2 —~a(t)’A)u=0, (tz)€(0,T]xR",
(u(0, ), (0, 2)) = (uo(z), ua(z)), = €R",

where a(t) > 0 and T > 0. The pioneer paper (1] shows that the smoothness of the coefficient a(t) is
crucial for the well-posedness of (1). Precisely, if a(t) is smoother in the sense of Holder continuity, then
(1) is well-posed in the Gevrey class of larger order. Furthermore, it is studied in (2] that (1) is well-posed
in the appropriate functions space, which is set between C® class and the Gevrey class, if a(t) belongs to
an intermediate class between C™ and real analytic class. In particular, it is studied in (4] that if a(t) > 0
on [0,T) and a(T) = 0 then (1) can be C™ well-posed for a(t) € C? under suitable assumptions to a(t) for
the orders of degeneration and oscillation as t — T. Generally, we cannot expect that further smoothness
of a(t) than C? brings a benefit as the results (1, 2] for the model of one point degeneration. However,
we can do it if we introduce an additional property of the coefficient, which is called the stabilization
property. Indeed, it is proved in [3] that there exists an example of a(t) such that the C* well-posedness
cannot be proved by [4] but can be done if we assume a suitable stabilization condition and a(t) € C*
simultaneously. The main purpose of this talk is to consider a possibility that further smoothness of a(t),
which belongs to the ultradifferentiable class, bring a benefit for the C* well-posedness of (1).

(1)

2 Main theorem
For a function A(t) satisfying

X(t) <0, A(t)>0 on [0,T) and XT)=0 (2)
we denote

T
A = /¢ A(s) ds. 3)

Moreover, we define the positive monotone decreasing function (t) by

T
o) = [ lats) - Xl ds. )
Let us introduce the following hypothesis:
(H1) There exists a constant Cy > 1 such that
Cy'A(t) < a(t) < Cox(t). (5)

(H2)
8(t) =o(A(t)) (t—-T). (6)



(H3) a(t) € C>°([0,00)) satisfies
la® ()|
At)
for a positive and strictly increasing function p(t) € C°([0,T)) satisfying lim,,7 p(t) = oo, and a
sequence of positive real numbers {M;}2, satisfying

M, < Mr+1
kMg, — (k+1)M;

< Mpp(t)* (k=0,1,...) (M

(k=1,2,...). (8)

Here we define the associated function M(r) of {My} by

rk

M) = Miri{e)) = s {1 > 0) ©)

Then our main theorem is represented as follows:

Theorem 1. If there exist A(t) € C1([0,T)) satisfying (2) and a sequence { M}, such that (H1), (H2)
and (H3) with

(10)

AW 1
p(t) = pym (%%%)a (G(t))

are valid for a positive strictly increasing function o(r) € C®([0, 00)), then there exists a positive constant
C such that the following estimate is established

(e, ) uatts Mzs < [P (wo(),ma (), (11)
where -
w7) = aT('r)' (12)
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REHEXDROWD ICNT SEH M E & RFEHD
BE

AR R CRIEREREBERH BB EDIRER
+H —F EWURULKRFELER)

ROFEBBBEBHBARDOCMEREZ EX 5:

a0 O2u; — ctAu; = F(0u), (t,z) € (0,00) x R3,
Ui(O,I) = 5801‘(-'5)» atui(oa .'12) = €¢i(x)a reR? (2 =1,..., N)a

BRELeG >0 A=33,0,0 =208 =20/0t,8 =08/oz; G =1,2,3), 0u =
(aaui)lsisN'OSasg, e>0 & '4-6. if:,mﬁo)f: &), Vi, 1/),- € C‘?O(R3,R) & L,;Eﬁgﬁ
Fi(ou) 3 ou iCBILTpR(p>2,p€ Z)DEARSHAL T 3.

(1) IZ2W T “SDGE D3R ) 327 L ik, Wb B ;, ¥; € CR(R3,R) I LTH+5
INEL e Z2BRUIL ) PRMAAREBREF O LZHBTDHLDOLTS.ICT,p23DLE
IFEED {c;, Fiheigny 1o L TSDGE SR Y 0%, p=2 D & EFiZid &3 L b SDGE
DBERDUDLRBOSRVI EBAONTVE D, CNEBEATUTTCRp=2¢7
3. %7, F(Ou) % Fi(Bu) = F{0u) + F'(Ou) + FM(Ou) VT D&, 7272 L

Fow= % ChOu) o) (v 368 L 2o TH),
(G.k)e{(:k)lcj#ci} a.b=0
F'(6u) = 5 S Coh(B,u)(yuy)  (BREUIE & 2348 Lk VIR,

(G.k)e{(G:k)lcj=cx#ci} ab=0

FGu) = Y > ChGu)@w)  (EEEE b BT BB,
Gk)e{(Gk)lcj=cx=c;} a,b=0

C#Hh eR(1<i,j,k<N,0<ab<3) & L7 Christodoulou [1] XU Klainerman (3]
B ENFNHLIC, FY(Ou) = {F ()} <icn = 0 22 FM(9u) = {FM0u)hicicy =0 D
& &I FM(0u) = {F™(Ou) hicicn B3 5 5tk (B5MH: LT 3) 2§57 €I SDGE %%
RYIIHZ L ERLI 208, Hl (4] & F(Ou), FY(ou) icHIBRZ & 471 SDGE #f
BYs>Z L& RL:

JBFE 1 (1L [4]). F™(3u) D354 % Hi7- ¥ 1L SDGE H3H b L.

R4DANE, FOFBEOIHZHERTIILILHS. Z2D-HIZ, ROFEFRRE
FEEHBREEZLS:

@ Bu—FAu=yg, (t,z) € (0,00) x R3,
2(0,z) = J,u(0,z) =0, z € R3,

FFUe>0& L, EFARE g = gt,z) BES LA TS DA D EDT 3.0l [4] 4
V> 7 B & R4 OFHE % B~ 37 DES 2 KT 3.



B8 0=00,V)275.F7,0>1 0L THE)=100>1),=log(2+t)@=1)
T3.36IKC>0,u, vERKE Dy, t20XNLT

9@kzuw = sup X |yl(1 + |y} +s)"(Q + |ly] - Ss])*|Z2g(s, v)l,
(8, )€(0,t)xR3 |al<k
(9(ENkzpw =  sup > @+ [y + |yl — es|)#1Z2%g(s, v)|

(3.0)€(0,t)xR2 |a|<k

LEDB,1HLZ = (20,2,...,%) = (0, V,0),V = (81,00,83), =z xV &
L7 ¥£7,¢>0,u>1v €R, (t,r) € [0,00) x RIICHLT, Dpplt,z) =
B, (t)(1 + |z|)7 (1 + ||z] = ct])™ LED .

BlL ) B3EE 1 Z23T2DIC, RCEZSNZEAFE Loo-L° fHMli% AV 7.
WE200LED. v 2 QDR.C20p>1,v>0LT3.ZDLE RMEDIUD:

@ c=¢P2v21%61E |0u(t,z) £ C(Depp(t, ) + Depult, )9 1zu0

(i) c#ER S |0u(t, 2)] € CDepplt, ) [g(t))130-

RN L TRZIZ EOFEZWE L, R | 277 DI+ RO Z B 7.

BE3uZ QDR e>0,p>1Lrv>0T5. ZDLE,RMBEYILD:
@) c=cd2v>1%61 |0ult,1)] < C(Dep(t,z) + Depult, 2)){(9(t)) 4z
(i) c#£cioid |8u(t, )] € C(Depp(t, ) + Dezult, £)){9(1))azpm-
GE2 LEE3 OBV, ME2 CAVEERO—E (1 + |y| +s) ZEE 3 T
(1+y]) BRI H 3. ZOREEMLER3 (i) ZHVWBRI LT, FY (Gu) D7 - 7
DAY FEMNB L b, i, Lo-L>° FHEDEHE H D EH 3 DIZ ) BGRETH 3.
BARRIICIZ, B8l (4] DSOEARBEZEHEHE L 72D L, BRLA B F 27 AVOREZ A
WA T EIKDFERAFEN

{Bfu ~2Au=0, (t,z) € (0,00) x R3,

3)
u(0,z) =0, 0u(0,z)=¢(z), z€R’

DR % FHil % AV 7=, 213 Klainerman [2] 2 X WY B ST ROFHETH 5:
8 4 (Klainerman [2]). v = v(t,z) % Q) DBLTH. DL &,

ool <t (1+%) [ el
T A |

T c<lyl<B. 1Y
1

1
+C
TBc lv|=Bc

TAC lyl=Ac
BRDIUD, KL r=lo, Ae=|r—ct B.=r+ct L,k €Zr,z € ROKHLT
lo(@)le = Ejoici 12%0(z)] & L1

SE R
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R a2V —F 4 VH—FRADEERIETOM
BELRIBEIZ W T
w8 Bz (FRK - &5E)

1. BEOER
FE#IE Schrodinger AR

i = —%Au + g(@)ufPu )

IZDOWTERB, Ut)f 2088 f DIRL T 3. Up(t)g % MMAE g D free solution & ¥
5.t 20oDLE, U{)f o Us()fs THBETS. ZOLE, MES: fo s [y ¥
BELERSRE WS,

Strauss I 1974 £ D [3) D742 H*T, [From knowledge of the scattering operator S
and the free dynamics Up(t), we want to recover the perturbed dynamics U(t)] &\
SEEDFEMMBIz O>VWTERL, 220H%RR U=, 1 2RI Klein-Gordon 5
BR. &5 1013 Schrodinger FRER (1) THS. ZOWWMDLRHPT, Straussi
[S & Up(t) 2 & IEABHD IR g(z) RPRETE D) LBRTWS. #JE Schrodinger 75
BROBELOFBIX I NG SHEEINT WS, JEEIE Schrodinger HRADEK
LOYRIFIZBE S AHFEIE, Strauss DEERVFADTTH A .

Strauss D HEDOEFRKIE, HELEHBEORS RS

(59)a) = ota) i [ : Us(®)a(@)lult, 2)P~ult, ) dt

ZBWT, fRu(t,z) % free solution Uy(t)p T T H L &, o(z)iT/hEWiIFTA—4
e>0%AN, BRZ2LA3ZLTHD. T4dL, ROFGAVBRVIUDI LHPEET
bH3.

i £ (S - Ded)dh= [ [ a@) as@)P* dadt. @

TIT, pz)E5ELBL, ¢(z) DEBDORDMEHEY HHE 5. Strauss HRRL 72
Bz, 2rHd, ROLSIZR5. R ERpIBRL TS, Zor &, BILEA
o MEHRIBERE] 55, EREHOE () 2 —HITRETE 3.
MEIRIEEEER ] OHFETI, 2)DEILORIIHS MTHEREREEpITEKETS. =

D=, MERIGHER] 2EX3BD, FERUERp RBEATRIThITRs RV,

Strauss DFIH 5 0 BUEERE DA, BELMERE» SIEREEEZIE T 2 HRIETIX, (8
IRIBEERR ) ZAWAEDY BREOHIZED) M—DAETHo7z. LizhoT, #
ELIERRED O IR IER p 2 e T 2MIEIRERTH - 1. X 5T, [ERIEER) %
Awnwadk, NEWHELF— 2 UL ERX Wi, £EBOKE XIDOHELT — 2 5 5 FER
KEHE-BIIRETEIPIOVWTLHTH /-,

AR TR EE (FREFS:23740104) OB E R DTH 3,
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TOWETIX, WALT—20 HRHER] 2AV3FE (1)) 2FEEEARAR
ST 32T, BEERES DS p L ERBED RN o(z) ¥ —BInHE
TEBILERBNTS. ZOHFETR, BEXEZLTVWIOT, EEOXEIOHK
HF— 2D O pqz) 2—HIRETEEZ L b3,

2. BEOENL & HBR
HELOWRIE %, ROBMADHTEXS. pkg(z) I IRDREERMTLTS.

Al:n2>3, pel:= (l +%, 1+;.4_—2) , A2:9>0, g€ WHoR")(=: Q)
ZDrE, HMEMERAES(p, () : H(R") - H'(R") iX well-defined T Y, bounded,
homeo., isometric (=: ) %5, ([2]).

HELOMRIEIL, BELER

S:1xQ53 (p,q(x))— S(p,q(z)) €H

DME, X<z (1)S DHEME, (2)S-! DEEEME, (3)SORIEAR, (4)S DIHE, 122
WTTARIEETH 5.

T I Tk, BEEEOBRIZOWTIRRS. p & g(r) DBHRARIZOWTIE, MEHO
EEIZHENT S,

4 4 n 4
.,: > I:= — . [_]’ —
Al:n>3, pel (1+n’1+n—2)n(2 1+n—2)

A.2: g€ Q, q(z) I XEEEHER! (=: Qsp).
BHE 21.pel', qe QtT5, ZOLEHETH/S : I'x Qsp > HIZEHTH 5.
B35 TR
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A Blow-up Boundary for a Semilinear Wave Equation
with Power Nonlinearity
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Caffarelli and Friedman investigated blow-up boundaries for a Cauchy problem
of semilinear wave equations with power nonlinearity and showed remarkable re-
sults(see [1]). We consider the same problem for initial data with different conditions
from theirs.

We consider the following Cauchy problem for a wave equation:

{ Ou = (82 — A)u = F(u), in R® x (0,T),
u(z,0) = f(z), du(z,0) = g(z) in R3.

where F(u) = |u|P~'u or F(u) = |ulf with p > 1.

(0.1)

The integral equation derived from (0.1):

u(z, ) = uolz, ) + o /0 ¢=)s [ (Flu+ -, (02

wj=1
where
at t
wle ) =gy [ S+ tio+ o L ol o
=— {g(:z:+tw)+w-Vf(:1:+tw)+—f(x+tw)}dw-
4 jw]=1 t

The sequence {u,},n=0,1,--- is given by
1 ¢
Un(z,t) = uo(z,t) + E/ (t — s)ds {F(un-r(z + (t — S)w, s))}dw. (0.4)
0 Jw|=1
Then u(z,t) = lim, .o un(z, ).
The blow-up boundary I' is defined by
I'=0{(z,t)/u(z,t) < 0o, t > 0}.



We can give several suitable conditions to initial data to show in some domain
Kgrr C R? x [0,T) that

1. (0.1) has a C? positive real-valued local solution w,

2. u is monotone increasing in t for any fixed z and moreover satisfies Gyu, >
|V,

3. there exists a positive T(z) for any z such that u keeps its regularity in KprN
{0 < t < T(z)} and lim, /1) u(z,t) = oo .

Then the blowup boundary I' exists and is represented by a function ¢(x) = T'(z)
satisying that
|¢(z) — d(y)| < |z — 9. (0.5)

We assume the following assumptions to obtain (0.5).
Assumption I

Let f € C3(R?) and g € C*(R3), and let R, be a positive constant.

f(z) 2 0 for |z| > Ro 6
g(a:)+w-Vf(x)+%ZOf0r |z| = Ro, ©0
where w = z/|z|.

Assumption II1

Let f € C3(R3) and g € C?*(R3). Let Ry be a positive constant. Let e be any
unit vector in R? and w = ;%. Assume for |z| > Ry

Af(z)+ F(f(x)) +e-Vg(z) +w - V(g(z) +e- Vf(z)) (0.7)
3z)teV/(z) ;’j‘lf,’ 2 > (.

{ g(z) +e-Vf(z) 20,
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