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JE#RAZ Schrédinger FERDEERBROREN - FREMICOINT

(Stability and instability of standing waves for
nonlinear Schrédinger equations)

LXK -2 BR B (Reika FUKUIZUMI)

We study the orbital stability of standing wave solutions e**¢,(z) for the following
nonlinear Schrédinger equations with a real valued potential V (z):

0u = —Au+V(z)u — [ufu, (t,z) € RM™, (1)

We always assume 1 < p < 2*—1, where 2* = 00 ifn =1,2, and 2* = 2n/(n—-2) if n > 3.
#.(z), w € R is a ground state of the following stationary problem

—A¢+ V(z)p +wd + |p|P ¢ =0, z €R™. (2)

When V(z) = 0, (1) arises in various physical contexts such as nonlinear optics and
plasma physics. The nonlinearity enters due to the effect of changes in the field intensity
on the wave propagation characteristics of the medium. Equation (1) with a harmonic
potential V(z) = |z|> and n = p = 3 is known as a model to describe the Bose-Einstein
condensate with attractive inter-particle interactions under a magnetic trap.

Stability and instability of the standing wave solution for the case V(z) = 0 has been
well studied in 1980’s. Cazenave and P. L. Lions proved that if p < 1 + 4/n then the
standing wave solution is stable for any w > 0. On the other hand, it is shown that if
p > 1+ 4/n then the standing wave solution is unstable for any w > 0 (Berestycki and
Cazenave showed for p > 1+ 4/n, and M. 1. Weinstein for p =1+ 4/n).

Grillakis, Shatah and Strauss gave an almost sufficient and necessary condition for
the stability and instability of stationary states for the Hamiltonian systems, including
nonlinear Schrédinger equations with other nonlinearities, or other nonlinear evolution
equations such as nonlinear Klein—-Gordon equations. By the abstract theory by Grillakis,
Shatah and Strauss, under some assumptions on the spectrum of linearized operators, the
standing wave solution is stable (resp. unstable) at w = w; if the function ||@,||? is strictly
increasing (resp. decreasing) at w = wj. In the case V(z) = 0, by the scaling invariance
of (1), it is easy to check the increase and decrease of ||@,||2. However, it seems difficult
to check this property of ||@,||3 for general V (z).

When —A+V (z) has the first eigenvalue A;, Rose and Weinstein observed by numerical
simulations that if p > 1 + 4/n, then ||@,||2 would decrease for large w, and that if
p < 1+4/n, ||u||2 would increase for large w. Moreover, they claimed that the standing
wave solution is stable for w such that w > —A; and sufficiently close to —A; using
the standard bifurcation theory. However, the standard bifurcation theory would require
nonlinearity to be regular enough, for example, p > 3.

In this talk, we present our results on the stability and instability of the standing wave
solution for the case of general potentials V(z) including unbounded ones. We explain the
effect of the potential term and we show the different phenomenon from the case V(z) = 0
which affirms the numerical simulations by Rose and Weinstein.



R HRACHME (FZ Chern/Segre HO®EH)  5/14. 2004
AE T ABERFRFREERER

ATE & H AR “BA BT OoFIcRN 22 < ORI (BEVASNTWRNTTA) MThom
R LUTHIBERTH RS CENEBZASNET GRRPICH DL OFEBNLET) .
EHROBERE n: C*0 - C***, 0 IZHT 5 Thom ZHER tp(n)(c) &1d, n DAITEETS
c1,c2, -+ DEBNEFRESERTRERMZTHDTT EUIT “generic” BEH M™ — N™+k |23t
LT, n-BRERES n(f) DEFED Poincaré BAS tp(n)(c) I ¢; = ci(f)(:= ci(f*TN -TM))
ERALEZEDDTREREIND, DXY [n(f)] = tp(n)(c(f)) ~ [M] (R. Thom 19557 - SHE K
EEDTHEHRWVICEBHINE L Z0TEHN 90 FRITA>THSTY) .

EIAT, X MR BIR) BRESREDES, c(TX) ~ [X]=x(X)+-+[X] THBZ&IZ
BELET. ZOBSERESERE X ITHEL /DD, Chern-Schwartz-MacPherson R E QY —
B CSM (X) == Cu(1lx) € Ho(X) TY :Fii MacPherson Z# (1974) C, : F(X) = H.(X)
(T aily, = ¥ ai.CM(W;)) 1, “RERP—(C{EZ$FD Euler 8N EMBRINET (T
B, 0-K degree 2 x( ) ZHRIMEMREELR/Z L (Viro DELEKTOD) ES) .

FRE: D C, DRIERBFEDF.LTY. G % reductive linear algebraic group, X % G-variety
ELET (k= C; H5WE quasi-projective, with linearlized action over k of ch =0 ThH &) .
X L0 G-FEBRHIBR2EDIZT Abel # fG(X), (Totaro-Edidin-Graham OEKT®D) G-
RAZEREOS—# HE(X) (AS(X)) MEBIN, RVMROMBEET- (5o LEKIIH B,
Euler #3# “Haar PIE" TEAEEFOLIBZHD) :

Theorem (EZ MacPherson Zift) ERLEH (x) 2Rz TEHRLR

C: FO(X) — HI(X) (AJ(X))

DNME—FET S : (») X BRI ST, CO(1x) = C(TX) ~ [X]g. G : T3 quotient stack
[X/G] X9 % MacPherson B & Riz¥3) .

G-affine space V 85X 5N /= & &, G-invariant subvarietyn C V KM LT, n OEFEHD “G-F
%5 Poincaré X" & G- HEE TR L2 b D% n ® Thom ZEREFUET 11p(n) = Dual® [n)g €
HAL(V) = Hi(pt) = H*(BG). LD [EHOBEK) OF—A TR, V = JY(C™ C™k),
G= ICﬁn,m +k = contact group of “coordinate changes” ({EL I,m — o0 KB I RENLEET S).
n DRZ Segre F% s5M(n, V) := c®(V)~!-Dualg t.CE(1,) = tp(n) +higher terms € H*(BG)
TEATHE, tp O—RLELT, BREMSM . FE (V) - H*(BG) 2HBET B x(n(f))
D AT 7 =PIV RBERRNESNET) .

—7%, Ix & CC(llx) KD BEKDB S, stabilizer subgroup & commutator DIEFHR &R IT
L-FLERMBERORTIIEETNSIZ CS 2L TH SN S “quotient Chern class” D RFUNE
ETEET (AL Q-BETEEINDG). LK G 2HRB#H LT 5L, quotient Chern class I3
(—f{bE7z) orbifold Euler #3# % leading term &9 2% Chern R EO Y —EIZZ->TW
FT (X WERERZSRAEIREOD -8 .

FAEETHELRSBOBBELT, MHHE S°X = X"/S, ORFIIIDONVTHREHR
[ F(S*X;Q) — [1"Ha(S"X; Q) BEL S,X O (orbifold) Chern o “BEIKEF"?, %
BEALR (BEHAEABO Thom 2HER) 00—k (K & S, ODHEEM) , moduli ZFHETD
“Thom ZER” (BF Thom ZER ?), HRED moduli Z#D Chern ¥ & BIFRDIRIL & DEER,
EEMITRMIIBT 2 CC DM HBFRIER, #5BD Kontsevich #7?, REEZEXTVET.



The Interstitial fluid flow in connective tissue and its

numerical simulation

Ding Guanghong YangJin Yao Wei
(Department of Mechanics and Engineering Science, Fudan University, Shanghai 200433)

Abstract
Interstitial fluid is the surroundings that organism cells live in. Its physiological importance

has been widely accepted. Researches on the interstitial fluid are very significant for studying
traditional Chinese medicine and micro-environmental adjustment. Up to now, researches on the
interstitial fluid have mainly focused on the components of interstitial fluid and great progresses
have been made. But recent researches on interstitial fluid have been changed from studying static
interstitial fluid to dynamic interstitial fluid. Interstitial fluid is not considered as isotropic stagnant
gel and the flow of interstitial fluid has been studied. This article is to investigate the interstitial
fluid flow in ligaments and tendons such as inter osseous membrane on lower limb, where there
are relatively fewer capillaries than in other tissues. Dissecting experiments have showed that the
distribution of blood capillaries in inter osseous membrane is not organized into meshes, but
parallel arrays on certain direction which is approximate to the direction of parallel collagen fibrils
on inter osseous membrane. In the traditional Chinese medicine background and according to the
distribution of capillaries we built a two-dimension model. In this model the interstitium is
thought to be vacuum and flow function-vortex function iteration method is applied to solve
equations. The result of this model testifies that parallel capillaries can arise the directional
interstitial fluid flow. Then in order to investigate the effect of parallel collagen fibrils on the
interstitial fluid flow and the effect of the interstitial fluid flow on cells that live in it, we built
two-dimension permeable model, two-dimension mast cell model, three-dimension permeable
model and three-dimension mast cell model. In these models, the parallel collagen fibrils are
assumed to be a porous media. First, through computing these models by the way of CFD, we
obtained the effect of parameters on the interstitial fluid flow, such as pressure, distance between
capillaries, permeability coefficient of the capillary’s wall, porosity and so on. And the results of
these models are according to the physiological phenomena and indicate that the parallel collagen
fibrils can play a very important role in the interstitial fluid flow. The collagen fibrils can make the
interstitial fluid flow relatively spatial uniform, so that their existence is in favor of the exchange
of substa;xce and the activities of cells in the interstitium. Second, the results indicate that the
numerical order of maximum shear stress on cells in the interstitial fluid flow is the same as or
greater than that of endothelial cell in blood flow. Due to the influence of the parameters to the

interstitial fluid flow the shear stress can also be affected by these parameters. This article puts



forward a new area in the mast cell’s research —— studying the influence of wall shear stress to
mast cell’s physiological activity and it’s micro-surroundings. In addition, the results of
three-dimension models show that the spatial specialty of capillaries’ distribution is reasonable in

physiology, which can also make the interstitial fluid flow spatial uniform.
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BE. IR T — DR THESWFDORFEETT VEZIEBEL T, ZOHHTET
STWET, BT, IR a7 52 L L LD ERREEE S D characterization %
ToTVEY, EOLDITI, BINFHEEDO N~ TRAZBLERHIET,
RBEROLEE EIZL TWDI2, Rl TRAZHEBLEIIRL B EMS
FRAEZMEIET+H45TT., T, BBEECEFRHES BRI 6 LTl B2 Bk
FEAREL TR, = FRAMND value function % BA/RANCAESZ LS AHE
T,

Z0T ROEFHREMALIIUTOLIRLDTY, AL, FFRE~1aT7 5%
EWETHIRERKZFRIICRO VO TR, TNETIDITIE2-50 Fik
BHVET, OEDIX, T=—XFATTFh (3 ba— VEREREBERD2RTD
X)) & AV TREEIE 2 R AT characterization §5 5k, value function Z{E-o
T BEBEEZATHICENHTIHETY, 7=—XFAT 7702 RARY., Kid
BRREIE IR DFEZERENTISITS saddlepoint #REE EIZHDEREE THAHZ LB LI ELT,
ZZ T, 2% B DFET saddlepoint AR H_EDBEERM 2 B REICHRIIELELZ, L
DLRDD, EDRERBONT- BB ERIE BB (policy function) 137 =—X-# AT 75
LR THFERL—BELERA,

BN, SHREOTT =L BVMIELEFHRELILO T, R, & O RIX
—BLERA, BRAT, 28 BEOR/ERB—BELR2VONFAZITDMERA,
B2 E Lo —hbLNERAR, LALEBIEWZ T idBhhvEd,



Crystallographic Texture and Residual Stress in Polycrystalline Solids:
From Mathematical Theory to Industrial Applications

Chi-Sing Man
Department of Mathematics, University of Kentucky, USA

Abstract

In this talk I shall give a sampling of some recent research work conducted by my
group and collaborators on the mathematics and mechanics of polycrystalline solids. Two
topics will be presented: one concerns the effects of crystallographic texture on elastic
response, and the other ultrasonic measurement of stress. In both instances, our work was
motivated by industrial applications. But we strive to base our analysis squarely on
rigorous mathematical theory. During this talk, for each topic, both the mathematical
theory and the intended industrial application will be discussed.



Self-similar Solutions to Nonlinear Wave Equations
(Colloquium Lecture, July 21, 2004)

T. Ozawa

This talk is mainly based on recent joint work with Jun Kato [2,3,4]. We consider the Cauchy problem for

nonlinear wave equations of the form

Ou = f(u), (NLW)

where u is a complex-valued function of (t,z) € R x R® with n > 2, O = 82 — A is the d’Alembertian,
A = 0% + ... + 82 is the Laplacian in R",8; = 8/0z;, and f(u) is a homogeneous function of degree p > 1,
eg, f(u) =% |u [P~ u,2uP, & | u [P, etc. There is a large literature on the Cauchy problem and asymptotic
: ;Behé.vior of solutions to NLW in function spaces built over the Lebesgue spaces. Self-similar solutions form
an important class of solutions to nonlinear evolution equations with scaling structure, such as nonlinear heat
equations, Navier-Stokes equations, nonlinear Schrédinger equations, generalized KdV equations, porus medium
equation, mean curvature flow equation, etc. Due to propagation of singularity along the light cone and to an
oscillatory phenomenon, self-similar solutions to NLW, however, do not fit into any framework of the available
theories above. Recently, two methods were proposed by Pecher [7,8] in three space dimensions. One is based on
the L™ — L™ estimates on the free wavefunction. The other is based on the norm due to F. John taking space-
time behavior of the free wavefunction into account. The former is naturally generalized to higher dimensions
by Ribaud and Youssfi [9] for p greater than Mochizuki-Motai’s critical exponent p;(n) and less than Sobolev’s
critical exponent 1+ 4/(n — 2). The latter is naturally generalized to two and three dimensions by Hidano [1] for
p greater than John-Strauss’ critical exponent po(n) and less than the conformal exponent 1 + 4/(n —1). Here
we note that pg(n) < p1(n) <1+4/(n—1)<1+4/(n-2).

In this talk, we present the third method to study self-similar solutions to NLW. We introduce Strichartz
estimates on weighted Lorentz spaces over space-time R x R™. The main result is the existence and uniqueness
of self-similar solutions to NLW with po(n) < p < 1+4/(n — 1) for small and radial Cauchy data.

Finally, we present an improvement to non-radial Cauchy data up to five space dimensions [5] based on the

expansion by spherical harmonics, inspired by [6].

References.

[1] K. Hidano, Scattering and self-similar solutions for the nonlinear wave equations, Differential and Integral Equations
15(2002), 405-462.
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37(2004), 93-107.

[3] J. Kato and T. Ozawa, Weighted Strichartz estimates and existence of self-similar solutions for semilinear wave
equations, Indiana University Math. J. 52(2003), 1615-1629.

[4] J. Kato and T. Ozawa, Weighted Strichartz estimates for the wave equation in even space dimensions, Math. Z.
(in press)

(5] J. Kato, M. Nakamura, and T. Ozawa, in preparation.

[6] S. Machihara, K. Nakanishi, M. Nakamura, and T. Ozawa, Endpoint Strichartz estimates and global solutions for
the nonlinear Dirac equation, J. Funct. Anal. (in press)

[7] H. Pecher, Self-similar and asymptotically self-similar solutions of nonlinear wave equations, Math. Ann. 316(2000),
259-281.
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LTWwb.
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ETFINICL BREE S FER, £ Landau-Ginzburg g EEIIN S 5D
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Numerical differentiation
and its applications

Yanbo Wang (Fudan University)

Abstract

Numerical differentiation is a classical ill-posed problem in the sense of
Hadamard. Small errors in the measurement may cause huge errors in the nu-
merical results. Some regularization methods are used to solve this problem.
In this paper, we discuss the numerical differentiation problem by Tikhonov
regularization. A simple solution based on Spline functions is used for one-
dimensional cases, and a solution based on Green function is used for two-
dimensional cases. By using a simple way to choose the regularization param-
eters, we show that many computations are saved. Here we discuss the exis-
tence and uniqueness of the solution, for both the one-dimensional case and
two-dimensional case. The error estimates are also given. For one-dimensional
cases, the high-order derivatives are discussed.

We give numerical examples and applications for both the one-dimensional
and two-dimensional cases. The applications in corrosion detection for thin
plate, image edge detection and Computer Tomography are discussed.
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Abstract
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HBHN, TITRERENA— b b ORI RESHEICST 5 R
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RIOFEETRT I EBHFREY, HHVTET ML > THIRERNREE S
MOWERETDENTREERDZETHD. £ ] 11, REL
ZF— b= by (RERKTFR) OBFHRFEORTIL, Hy 7V 7)) OF
EEWMAT, FECRLBVOLNAFEND—DOTHD. AEETIIRFZ, 2K
R 2 IEEROMERE/NVA— b= b (Domany-Kinzel model) %02, FREG
BEREZKLEZOBABDICETIHRE [t KES2HTHEHRTS.
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ERR, THYZDMAEME) NERMOBIBEKRORERRES (E—RABERER) OBEREANVZD
IMLUT, ThADHMAEME] BESEEKORZRERERDEREANDI LTI DFEL WEMEY
BERNEOND, TOXDIT. BEMSEEENO—RIENL DFEL WEAZHEREZEZ-DICED
TH5, BEFIIIITEIZE, RABBEOHIBMAENNLOTA T 7 2BATEHEEZRATE
Too FORR, BEEOESDEAFHN—RILTHIN Dy > RIVEREDERNS., SSITHELVNE
ERMFRBOND ENDI N DNDFINESNE, T, TOXDRBA%EAEE oy R
VB EIRUZ0, RBIETIE. THUAOWA%ME] OBEEN SO, Vv > RV %
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FTRESNAERREZRET S, I VIT7AF—EHEATIHEREILR - vy —2M (EER), N
HIZEf (BE®E), M (BER) O=FENEETS. 2T, NHEMIAEHREE D) -T2
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Abstract

G-Constellations, where G is a finite subgroup of GL,(C),
are a generalisation of the concept of an orbit of G in C”,
which arose out of trying to construct the crepant resolu-
tions of the quotient singularity C"/G as moduli spaces
of scheme-theoretiG-orbits. For a case of an abelian G,
we ask what are the families of G-Constellations, which
can be parametrised by a given resolution of C"/G.

A complete classification is given and the finiteness is
proved.



