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GLg(oco) DWEHIUERIC K D Poisson i £D Hamiltonian system IZDWTCo

ROFBAZFHBEFLN D,
u(s)n = exp(u(s + 1) — u(s)) — exp(u(s) — u(s — 1)), (0.1)

(0.1) DEFHLEZZRE V. u(s) = u(s,t) X s & t OBFITH Do u(s) BIEAMRR operator ICL DB X (0.1) ©
BoEo 5 LEICTREHLENWE S, BEOBHLOBRICHKS & T I HRITH S phasespace
P L Z®ED Poisson bracket {,} ZHRUBYIC Hamiltonian BEBATHRBRROS = {H, f} # (0.1)
agﬁama; ST %. LrBOBIC PEFETRRAMPMZ {,} 2[5O UL HEPOFTTHIZELICE
hEgx

0f=I[H,f] feP (0.2)
EPABI B, PRAOL Y DEFTBHOHEH0R5IE (02) P S5BELPOBAHBRRIL (0.1) OBFLE
VWoTEWTH B 5. FHOBETCREFLOTREGTHIFHETF (o L—BIC Lax HER) Ot
#) Hamiltoniann BRI DOWTBFEL LEV. COHHEHRHE Y RLADBVWAHFROTIHLDIC—HILLT
coadjoint orbit ¥Z £ % Hamiltonian BIRCDOWTIEM L. DWW TREOBRFEHOMEHHUERIZ X 5 Poisson
¥ £ TO Hamiltonian THRIC DV TR %, BEICEBFLICOVTORECHERLEWN,



ON GLOBAL WEAK SOLUTIONS
OF THE NONSTATIONARY TWO-PHASE
STOKES FLOW

Shuji Takahashi
Department of Mathematical Sciences,
Faculty of Science and Engineering,
Tokyo Denki University,

Hatoyama, Saitama 350-03, Japan

A global-in-time weak solution of the nonstationary two-phase Stokes flow is constructed
for arbitrary given initial domains (under periodic boundary condition) when two viscosi-
ties are close. Our solution tracks the evolution of the interface after it develops singular-
ities. The theory of viscosity solutions is adapted to solve the interface equation. Surface

tention effects are ignored here.

Let v4 be the viscositics of each fluid. Let Q4(t) the disjoint open sets in a bounded
open rectangle R(C R™(n 2 2)) occupied with the flnids of viscosities vy at time t,
respectively. The complement of the union of Q4 (¢) and Q_(¢) is called the interface and
denoted by I'(t). To write down the equation we assume that the interface I'(¢) is a smooth
hypersurface so that I'(¢) is the boundary between 24 (¢) and 2_(t). Let ut+ = u4(¢,z) and
w4+ = 74(t,2) denote the velocities and pressures of fluids with viscosities vy, respectively.
The motion of the fluids determines the dynamics of the interface. Let V = V(t,2) denote
the speed of I'(¢) at @ € I'(¢) in the normal direction n from Q4 () to Q_(t). We consider

an interface equation for I'(¢):

(1.1) V=wus-n on I'(¢) with initial date Q4(0) = Qio

Typeset by AagS-TEX



coupled with the incompressible Stokes system:

(1.2) Ouy —veAuy +Vrye =V - fu, in (0,T) x Q4(t),
(1.3) V-ugx =0, in (0,7 x Q4(t),
(1.4) Ugp = U, on TI'(t),

(1.5) Ti(ug,m4) - n=T_(u_,m_)-n, on I(t),

(1.6) u(0,2) = 0, i 04(0),

where T4 (ug, 74 ) := va D(u4 ) — 711 denotes the stress tensors with

duk  Out
D(u) = (Dge(w)) := Ove ' Oxi

Here 0 < v— < vy < 00,0 < T < ooand V- fo =375 0frij/0z; for fo = (fa:;(t,2))
(,7 =1,---,n). The initial velocities are assumed to be zero for simplicity.

Our goal is to construct global weak solutions of the two-phase Stokes system (1.1)-(1.6)
for arbitrary given initial domains 24y and external forces fi under the assumption that
v4+ and v_ are close. Here we impose periodic boundary conditions to avoid technical
difficulties. Although local solutions have been constructed, there is an intrinsic difficulty
to construct global solutions since the interface I'(t) may develop singularities in a finite
time.

We first introduce a weak formulation of the transport equation (1.1). Since the bound-
ary of our domain 4.(t) may not be regular, we consider a generalized evolution of (1.1)
through a level set of an auxiliary function. Recently, the level set approach is extended
to other equations including the mean curvature flow equations. However, our u is merely
continuous, so one cannot apply these known theories directly to bur setting. We are forced
to extend the definition of generalized evolutioﬁs to (1.1). It turns out that our generalized
evolution uniquely exists for any initial domains and any continuous velocity wu.

Using the above interpretation of (1.1), we next introduce a step function v to give a

weak formulation of (1.2)-(1.6). The region occupied with high (resp. low) viscous fluid



corresponds to the place where v takes the value v (resp. v—). The interface corresponds
to a jump discontinuity of v. The velocity u is defined by v = w4 on Q4 and u = u_ on
Q_, and also the pressure 7 is defined in the same manner. The system (1.2) and (1.5) is

formally equivalent to
(1.7) u =V (vDu)+Vr=V-f, in (0,T)xT,

where T is the torus obtained by identifying each ends of R. The equation (1.7) should
be understood in the sense of distributions. The condition (1.5) is implicit in (1.7). The
condition ('1.4)‘ is automatic if u is assumed to be continuous. We thus obtain a weak
formulation of (1.1)-(1.6).

To construct a solution we seek a fixed point of a mapping defined as follows. For a
continuous function v we solve (1.1) with «4 = v and find generalized evolution Q} . Let
v = vy be a step function with v = vy on Q3 and v = (14 +v2)/2 outside Q3. We
next solve (1.7) with V - u = 0 and w(0,2) = 0, and obtain a mapping S : v — u.
Unfortunately S may not be continuous, so Leray-Schauder’s fixed point theory does not
apply. We extend mapping S to an upper semi-continuous convex set-valued mapping
so that we apply Kakutani’s fixed point theory. To apply Kakutani’s theory we need a
compactness which follows from a priori L? estimates (for large p) for the Stokes system
(1.7) with discontinuous viscosity. To get the L? estimates for large p we need to assume

that (v — v_)/vy is sufficiently small.

This study is a jomt work with Y. giga.



Operator Algebraic Quantum Groups (Kac Algebras)
and

Regular Representations of Locally Compact Groups

Takehiko YAMANQUCHI
Department of Mathematics

Hokkaido University

A series of Majid’s works [M1,2,3] proved that the notion of a matched pair of groups is important
in the theory of Hopf algebras as well as in the theory of Kac algebras. In these papers, Majid exhibited
a plenty of interesting examples of matched pairs, relating them to the classical Yang-Baxter equations.
He also showed ‘that, through crpssed (or smash) product construction, every matched pair (Gq, Go, «,
B) yields two Hopf algebras in the purely algerbaic case and two involutive Hopf-von Neumann algebras
L®(Gq) x4 Gy, L%(G1) Xp G2 in the operator algebraic setting. In each case, his construction, referred
to as bicrossproduct construction, produces néncommutative and noncocommutative algebras. It should
be noted too that, in the von Neumann algebra situation, the additional condition that a matched pair
is modular in the sense of Majid ensures that the resulting bicrossproduct algebras L°°(G2) xo G1 and
L*™(G1) x5 Gy are in fact Kac algebras, dual to each other. All of these would suggest that matched pairs
and their assocjated bicrossproduct algebras deserve a further detailed investigation.

When a matched pair (G1, G2, «, B) is given, one may construct another group G;4><5Gy out of it,
called the bicrossproduct group. (In what follows, Gi4><3G2 shall be denoted simply by G 1 Ga). It
is obtained by “taking the semi-direct product simultaneously.” Its underlying space is the product space

(1 x (q; its group structure is defined as follows:

(9,5) (B,8) = (Be-1(9)h, sag(t™1)71),
(g’s)—l = (:33(9_1)) ag”(s)—l)'

Majid illuminated in [M1] one connection among the given groups Gy, G2 and the bicrossproduct group in
the Hopf algebra level, by introducing a double crossproduct of a matched pair of Hopf élgebras. However,
no connection has been given so far among the bicrossproduct Kac algerbas and the bicrossproduct group.
The purpose of this note is to describe one connection among them in the operator algebra level. It is
phrased in terms of von Neumann algebras considered by Takesaki in [T]. These von Neumann algebras were
investigated to study a generalized commutation relation for the regular representation of a locally compact
group. Let us now briefly recall how they were defined. Let G be a locally compact group. Denote by A
(resp. p) the left (resp. right) regular representation of G. Suppose that H is a closed subgroup of G.

Then we consider the following von Neumann subalgebras of L®(G):

Lo(G)NAH),  L®(G)n p(H).



These are the fixed point algebras of L>°(G) with respect to the automorphism groups {AdA(h): h€ H}
and {Adp(h) : h € H}. We denote them by L*°(H \ G) and L*°(G/H), respectively, since they can be
naturally identified with the set of all essentially bounded functions on the coset spaces H \ G and G/H,
respectively, with appropriate measures. Following [T], we set
M(H\G, p(H)) = L°(H\ G)V p(HY",
M(G/H, \(H)) = L*(G/H) Vv A\(H)".
By Theorem 3 of [T], they are commutant to each other. Let us say that a von Neumann algebra P is of

Takesaki’s type if P is #-isomorphic to one of the algebras introduced above for some G.

Now we state the main result.

Theorem. Let (G1, Ga, @, ) be a modualr maiched pair. Noie that both G; and Go can be identified
with closed subgroups of the bicrossproduct group G, a4 Gy. Then the bicrossproduct Kac algerbas M =
L*>(G1) xg Go and M’ are both von Neumann algebras of Takesaki’s type. In fact, we have

M= M( Gy Gz/Gz, /\(Gz)),
M' = M(G2\ Gy =< G2, p(Gs)),

where A (resp. p) is the left (resp. right) regular representation of G1 < Go. These isomorphisms are spatial

1somorphisms.

Remark. A similar result holds true for the other Kac algebra L™(G3) X, Gy when G < Gy is
replaced by Gh x Gy with the following group structure:

(9,8) - (h,t) = (gﬁs(h_l)_lx ap-1(s)t),
(9,5)™" = (Bo-1(9)7, erg(s71)).

In this case, the group (5 in the above assertion must be replaced by G;.

Although we have seen that bicrossproduct Kac algebras are von Neumann algebras of Takesaki’s type,
it can be easily verified too that Kac algebras L*°(G), R(G) = the group von Neumann algebra, L™(G2) ®
L*(G3), L°(G1) ® R(G2) and so on are also of Takesaki’s type for general groups G, G, G3. Thus almost
all concrete examples of Kac algebras can be recovered as algebras of Takesaki’s type. Therefore we conclude
this note with the following interesting question:

Question: What kinds of conditions on H C G ensure that M(G/H, \(H)) is a Kac algebra?
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Tomita-Takesaki Theory in Algebras of Unbounded Operators

Atsushi Inoue
Department of Applied Mathematics, Fukuoka University,
Fukuoka, Japan

Algebras of unbounded operators (Op*-algebras) arise naturally in quantum
physics. Tomita-Takesaki theory plays an important role for a study of structures
of von Neumann algebras and for a study of quantum physics [4, 9, 13], and so it is
desirable to extend the results of Tomita-Takesaki theory to Op*-algebras. Such a
study has been done in [5, 6, 8, 10, 12, 14, 18, 20, 21] on the physical situations and
in [12, 15~19] for the general theory. In this report we introduce standard systems
and modular systems which are able to develop the Tomita-Takesaki theory in Op*-
algebras, and apply them to the Wightman quantum field theory and unbounded
CCR-algebras.

1. Standard systems and modular systems for general Op*-algebras

We introduce standard systems and modular systems and some results obtained
for them in [18].

Let (M,&,.A) be given, where

(i) M is an Op*-algebra on a dense subspace D in a Hilbert space # ;

(i) & € D and M¢ is densein H;

(iii) A is a von Neumann algebra on H such that A’ is dense in H and A’ is
contained in M, = {C € B(H);(CX¢|n) = (C¢| Xtn) for X € M and
¥ ¢,n €D}

- Here, we denote by L!(D) the set of all linear operators X from D to D
satisfying D(X*) DD and X*D C D. Then L!(D) is a *—algebra equipped with
the usual operations and the involution X — X! = X*[D, and a *—subalgebra
M of LY(D) with identity operator is called an Op*—algebra on D in H. In
general, the weak commutant M., of M is not necessarily a von Neumann algebra,
but by (jii) there exists the induced extension ¢ ;(M) of M by A, that is, it is the
closure of an Op*-algebra M; = {X;; X € M} on the linear span of A'D defined by
X,(Cé) =CXefor X € M, C € A and € € D [28]. Since ¢ (X) is affiliated with
A for each X € M and M§&; is dense in H, it {ollows that A& is dense in H. Hence,
both the map: X& — X1&, X € M and A& — A*&, A € A are closable in H and
their closures are denoted by S, and Sy, respectively. Let Sae, = Jae, A%,%o
and Sy = JA&A%& be the polar decompositions of Sp, and Sy, respectively.
Then we see that Sue, C Sue,-and Jag AT e, = A and AZEOAA;?; = A for all
t € R by the Tomita fundamental theorem [9]. But, we don’t know how the unitary



group {Aiieo}teR acts on the Op*-algebra M, and so we define a system which has
the best conditions.

Definition 1.1. A system (M, &, A) is said to be standard if the above
conditions (i),(ii), (m) and the following condition (iv) hold:

(iv) A%, D=D and A%, MAZE =M, €R.

A pair (M, &) is said to be a standard system if M., is ¢ von Neumann algebra
and (M, &, (M.,)") is a standard system.

We have the following results for standard systems.

Theorem 1.2.  Suppose that T = (M, &, A) is a standard system. Then,
Sre, = Sag, and the vector state wy, on M satisfies the KMS-condition with respect

to a one-parameter group {ol }ier of *-automorphisms of M defined by ol (X) =
A% XAGZE = A XA for X € M andt € R.

Important examples of standard systems are appeared in the Wightman quantum
field theory and unbounded CCR-algebras as seen in Section 2, 3. The notion.
of standard systems is useful, but the relation (iv) in Definition 1.1 doesn’t hold
in general, and so by relaxing this requirement we define the notion of modular
systems which is able to develop unbounded Tomita-Takesaki theory and which is
more applicable to examples.

Definition 1.3. A system I' = (M, &, A) is said to be modular if the above
conditions (i),(i1),(iii) and the following condition (iv)' hold:

(iv)' There emists a subspace & of D(t 4 (M)) such that & € £, t gy(M)E C €
and Aﬁfoé' C & forallt € R.

A pair (M, &) is said to be @ modular system if M., is ¢ von Neumann algebra
and (M, &, (M.,)) is a modular system.

Let ' = (M, &, A) be a modular system and F the set of all subspaces £ of
D(t 41(M)) satisfying the conditions in (iv). We put Dp = £L<-:Jr£' Then Dr is
a subspace of D(t4(M)) containing M& and A'Dr = Dr, and so U(T) = {X €
LY(Dr); XnA} is a generalized von Neumann algebra on Dr [15] and the Op*-algebra

L(T) on Dr generated by {AAe Ly (M)AZE [Dr;t € R} is an Op*-subalgebra of
U(T'). We have the following result.

Theorem 1.4.  Suppose that T = (M, &, A) is a modular system. Then
(L(T), &, A) and (U(T), &, A) are standard systems.

L(T) is said to be a left Op*-algebra of the modular system I' and U(T') is said to



be a left generalized von Neumann algebra of T. We remark that if T' = (M, &, A)
is a standard system, then Dr = D(¢ 4/(M)) and L(T) = ¢ 4/ (M).

As seen in Section 3, we need to apply Tomita-Takesaki theory to more cases,
relaxing the condition (iv) . We define a new notion of modularity as follows:

Definition 1.5. A system T = (M, &,.A) is said to be quasi-modular if the
above conditions (i), (ii), (iii) and the following conditon (iv)" hold:

(iv)" DE={£€D(ty(M)); A%, £ € D(ty(M)),Yt €ER} is dense in M.
A pair (M, &) is said to be o quasi-modular system if M. is a von Neumann
algebra and (M, &, (M.)) is a quaisi-modular system.

We denote by L1(D,H) the set of all linear operators X from D to M satis-
fying D(X*) D D. Then LI(D,H) is a *—invariant vector space with the usual
operations, the involution X! = X*[D and the partial multiplication O defined
as follows: X is a left multiplier of Y (denoted X € L¥(Y)) if and omly if
YD C D(X™) and XD C D(Y*), and then XOY = X™Y. Then we have
the following results [1,2]: X € L"(Y) if and only if Yt € L*(X!), and then
(XoY)t = Y'oxt; if X € L"(Y)NL*(Z), then X € L"(AY + pZ) for all
AMp €C,and XO(AY + pZ) = M(XOY) 4+ u(X0OZ). A t-invariant subspace M
of LY(D,H) is called a partial Op*—algebra on D if XOY € M whenever
X,Y e M with X € L¥(Y). Let T = (M, &, A) be a quasi-modualr system.
Since ¢4 (M)D} is not necessarily contained in DY, the restriction ¢ 4 (M)[D:
of t (M) to D} is not an Op*—algebra. From the definition of D& we have
A'DE C D?, and so UP(T) = {X € LY(D?, H); X is affiliated with A} is a partial
Op*—algebraon D} containing A[D% and it is said to be a partial generalized von
Neumann algebra on D} over A containing ¢, (M)[Dh. We have the following
results for quasi-modular systems.

Theorem 1.6. Suppose T' = (M,&, A) is a quasi-modualr system. Then
{Aijeo}teR implemets a one-parameter group {of}ier of *—automorphisms of
UP(T'). Hence, the partial Op*— algebra LP(T) generated by
{A% Lo (M)AZE[DE; ¢ € R} s apartial Op*—subalgebra of UP(T) such that
of (LP(T)) = LP(T) for all t € R. The vector form wg on UP(T) x UP(T)(resp.
LP(T) x LP(T)) satisfies the KMS-condition with respect to {oT }ier.

2. Standard systems in the Wightman quantum field theory

We give some examples of standard systems in the Wightman quantum field
theory, and consider the connection between standard systems obtained from wedge



regions in Minkowski space and the association of a local net of von Neumann al-
gebras with a Wightman field. The almost results stated here are obtained by
making use of the works of Bisognano and Wichmann [5,6] and Driessler, Sum-
mers and Wichmann [10]. Let ¢ be one scalar, hermitian Wightman field with
a cyclic vacuum . It is regarded as a linear map of the Schwartz space S(R?)
into an Op*-algebra L1(D;) such that ¢[f]! = ¢[f*] for f € S(R*) adhering the
standard assumptions [6,30]. For any subset R of Minkowski space M let Py(R)
be the Op*-algebra generated by {¢[f];f € S(R*),suppf C R}, and A — U(A)
be a strongly continuous unitary grdup of the Poincaré group P on the Hilbert
space H obtained by the completion of D;. Bisognano and Wichmann [4] deter-
mined the modular grbup and the modular involution for the right wedge region
Wgr = {z € M;z® >|z*|} and the left wedge region W, = {z € M;z® < — |z*|}
as follows: Since 2 is a cyclic and separating vector for Py(Wg) and Po(Wy),
XQ — X1Q, X € Po(Wg) (resp. Po(Wy)) is closable and its closure is denoted
by Spywma (tesp. Spywy)a)- Let Spywpia = JPO(WR)QA;)/O 2(WR)Q be the polar de-
composition. Then Jpwy)ya equals the antiunitary involution J = U(ws,0)0,
where 73 denotes the rotation by angle m about the 3-axis and ©, denotes the
canonical TCP-operator, and A;,{J Z(WR)Q equals a positive self-adjoint operator V(i)
obtained by analytic continuation of a one-parameter unitary group {V(¢)}.cr of
velocity transformations in the 3-direction. Spyw,)0 = Spywyye = JV(—ir). Fur-
thermore, the pair (J,{V(t)}icr) satisfies the relations : JPy(Wg)J = Po(Wy),
V (t)Po(Wgr)V(t)™! = Po(Wr) and V() Po(WL)V (1)~ = Po(Wy) for all t € R.

It is natural to-consider when there exists a von Neumann algebra A(Wg) such
that (Po(Wg), 2, A(Wg)) is a standard system. We have the following result for

this question.

Theorem 2.1. (Po(Wg), Q, A(Wg)) is a standard system if and only if there
ezists a von Neumann algebra A(Wg) on H such that A(Wg) C Po(Wg)., and
.A(WR) C ’PQ(VVL);,

We next consider the connection between the standardness of (Py(Wpg), 2, A(Wp))
and the association of a local net of von Neumann algebras with a Wightmann
field. A local net is an assignment R — A(R) of regions R of the Minkowski
space M with von Neumann algebras A(R) satisfying the conditions of isotony, i.e.
A(R1) C A(R,) if Ry C Ry, locality , ie. [A(Ry), A(R2)] = 0 if R, and R, are
spacelike separated, and covariance, i.e. U(A)A(R)U(A)™* = A(AR) for all A € P
[1,3]. A Wightman field ¢ is associated to a local net A of von Neumann algebras
if each field operator ¢[f] has an extension to a closed operator, [f]l. C @[f*]*,
that is affiliated with A(R) if the support of the test function f is contained in the
interior of R. We have the following results:



Theorem 2.2.  Let W be the set {AWgr; A € P} and K the set of all closed
double cones with a non-empty interior. Then, @ is associated to some local net
W e W — A(W) of von Neumann algebras iff there exists a standard system
(Po(Wgr), Q, A(Wg)) such that

(a) U(A)A(WR)U(A)™! = A(WRg) for each A € P s.t. AWg = Whg;

(b) UA)AWR)U(A)™! ¢ A(Wg) for each A € P s.t. AWg C Wg;

(c) U(A)A(WR)U(A)™! C A(Wg)' for each A € P s.t. AWg C Wy

Furthermore, ¢ is associated to some local net K € K — B(K) of von Neumann
algebras iff there exists a standard system (Po(Wg), Q, A(Wg)) satisfying the above
conditions (a), (b), (c) and the condition

(d):  (U{U(A)A(WR)U(A)™;AWr C K°})' C Po(K),, for each K € K, where
K¢ is the causal complement of K.

By Theorem 2.2 we have the following results under the additional assumptions.

Corollary 2.3.  Suppose that Po(Wg)., is a von Neumann algebra.  Then,
(Po(Wr), Q) is standard, iff (Po(Wg).,) = P(WL).,, iff ¢ is associated to a local net
of WeW — (Po(W),).

Corollary 2.4 Suppose that Po(K)., is a von Neumann algebra for all K €
K. Then the following statements are equivalent. (1) (Po(Wg),Q) ts a standard
system. (2) o is associated to a local net W € W — (Po(W)..)" of
von Neumann algebras. (8) ¢ is associated to some local net K € K — B(K) of
von Neumann algebras. (4) o is associated to a local net K € K — (Po(K),)" of
von Neumann algebras. (5) ¢ is associated to a local net K € K — Po(K°),, of
von Neumann algebras. |

Borchers and Yngvason have showed that the condition (5) in Corollary 2.4 is
also equivalent to a certain positivity property of the Wightman distributions in ([8]
Theorem 3.1).

Corollary 2.5. Suppose that Po(Wg) is essentially self-adjoint. Then the
following statements are equivalent. (1) (Po(Wg),Q) is standard. (2) ¢ is
associated to a local net W € W — (Po(W),,)' of von Neumann algebras. (3) ¢ is
associated to some local net K € K — B(K) of von Neumann algebras. (4) ¢ is

1

associated to a local net K € K — Po(K*),, of von Neumann algebras.

In this section we have investigated the standardness of systems (Po(W), Q, A(W))
for wedge-regions W. But, it is difficult to give examples of standard systems for
domains except wedge-regions. By the Hislop and Longo result ([14] Theorem 2)
we see that for a massless free field (P,(0), 2) is a modular system for each open



double cone O in M.

3. Standard systems and modular systems induced by trace
functionals

Many important examples of states in quantum physics are trace functionals,
that is, they are of the form ¢(X) = TrpX with a certain positive trace operator
p. It is important to consider the quantum moment problem: Under what conditions
is a state on an Op*—algebra a trace functional ? This problem was considered
by Woronowicz [32], Sherman [29], Lassner and Timmermann [23] and Schmiidgen
[27].

In this section we consider the following problem: Given a trace functional ¢
on an Op*—algebra M, under what conditions is (m,(M), \,(1)) a standard (or
modular) system? Here (m,,A,, H,,) is the GNS-construction for ¢. Let ¢ be a
trace functional on an Op*—algebra M on a dense subspace D in a Hilbert space
H, that is, (X) = TrXp, X € M for some positive trace operator p on H. Then
o(X) =< Xp* | pt >, X € M, where < | > is an inner product of the Hilbert
space H ® H of Hilbert-Schmidt operatbrs on H. Hence, to consider this problem
it is sufficient to study standard systems and modular systems for Op*—algebras on
dense subspaces in H ® H. Such a study has been done in [12,15,16,18]. Recently
we obtained better results for this problem in [19] and introduce them. Let M be
an O*—algebra on D in ‘H. We put

DoH = {Te€H®H; THCD}
0s(M) = {TeD®H; XT € H® H for all X € M},
o2(M)y = {T € 02(M); T>0}.

Then D ® H and 0,(M) are subspaces of H ® H containing {({®Z; £ € D, z € H},
and so they are dense in H®H. We put 7(X)T = XT, (X € M, T € o5(M)). Then
m(M) is an Op*—algebra on o3(M) in H ® H and it is closed (resp. self-adjoint) if
and only if M is closed (resp. self-adjoint). We have the following results:

Theorem 3.1. Let M be a closed Op*—algebra on D in H such that M., = C1
and Q a non-singular element of o3(M)4. Suppose 7(M)Q is dense in H ® H.
Then the following statements hold:

(1) (w(M), Q) is a quasi-modular system.

(2) Suppose Q € ao(LY(D))s and QD C D for allt € R. Then (7(M),Q) is
a modular system. ,

(3) Suppose there exists an element N of L}(D) such thet N-1 € HQ® H and

QD C D for all t € R. Then (m(M),Q) is a standard system.



By Theorem 3.1 we have the following

Corollary 3.2. (w(LY(D)),8) is a quasi-modular system for every non-
singular element Q of oo(LY(D))s. Furthermore, if QD C D for allt € R, then
(m(LY(D)), ) is a standard system.

We apply the above results to the Op*— algebra of the Schrédinger represen-
tation. Let Ay be the canonical algebra for one degree of freedom and my the
Schrodinger representation of A. Then M = m(Ay) is a self-adjoint Op*—algebra
on the Schwartz spaces S(R) of infinitely defferentiable rapidly decreasing functions
satisfying M, = C1 [24]. Let {fu}n=01.. C S(R) be an orthonormal basis in
L?(R) of normalized Hermite functions. We put

s={{\.} C C; supn* | X, |< co for all k € N},

sy ={{M}€s; A >0forn=0,1,---}.
Then we have the following

Theorem 3.3. (n(M),y,,}) is a standard system for every {A.} € 5.

We finally consider the case 2 is a singular element of 05(AM ), that is, the follow-
ing problem: Is (m(M)[r(M)Q, ) a quasi-modular system ? Here #(M)[r(M)Q
is an O*—algebra defined by the restriction of 7(M) to 7(M)2. We have showed
in [19] that this is not affirmative even if M is a self-adjoint maximal O*—algebra.
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Random Parallel Transport on Surfaces
and Relations to 2-dimensional Topology

by K. Iwata

Let G be a Lie group and let M be a manifold. A connection (one form) on the product
bundle M x G infinitesimally descrbes the associated parallel transport. This can be
described by a G-valued function, defined for curves in M, and satisfying

m(eice) =mler)m(es), m(c™t) =m(c)™,

where cicy designates that the curve ¢y is followed by ¢; and ¢! denotes ¢ with opposite
orientation. _

To obtain quantised field theories, one way is to construct random fields satisfying,
sample wise, these two conditions. We sketch a general construction for surfaces M of
finite type.

The particularity of gauge theory in 2 dimensions makes this possible. This fact
has certainly been known among physicists for quite some time (see [Br], [DM]). The
mathematical formulation and construction goes back to [AH-KH]|, and was given a detailed
treatment in Kaufmann [K]. Some of theseideas have appeared later in several papers [D],
[F1, 2], [GKS], [S1, 2]. There, the starting point, and the principal object, is the Yang-
Mills action functional, and the Feynman path integral formalism. It also appears, among
several other subjects, in the recent paper by Witten [W]. In this connection, see also
Atiyah’s Lincei Lecture Notes [A].

The construction presented in this lecture is based on certain inner invariant, or class,
functions, and partitionings of M. One also needs to “measure” the plaquettes. Except
for this feature, the theory is really “topological” (combinatorial; cf. the comment about
the “Hauptvermutung of topology” in Sengupta [S], and [W]), rather than based on the
differentiable structure of the manifold. Essentially, this is lattice gauge theory (see[Sei]),
but the particular family of class functions (convolution semigroups), yields invariance
under subdivision. Hence, in physics terminology, the continuum limit is in fact realized.

We remark, finally, that in our 2-dimensional case, if in addition G is simply connected,
then E = M x @ is the general principal G-bundle over M. In the general case, one must
take into account the topology of the bundle. As remarked in [S], [W], one has to sum
over all topologically inequivalent principal G-bundles F over M. For further discussions
on this point, refer to the latter article.
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Ame Jensen
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Title: Classical and Quantum Scattering Theory
Abstract

In this talk I will first give a short introduction to scattering theory for the
two-body problem, both in classical mechanics and in quantum mechanics.
After that I will present a survey of recent results in scattering theory for the
quantum problem Intuition from classical mechanics has played an
important role in recent progress on the scattering theory for the quantum
mechanical many-body problem. In the last part of the talk I will describe
joint work with T. Ozawa on the Stark Hamiltonian, where we discovered a
discrepancy between classical and quantum scattering, I will also present
some proposals for explaining this discrepancy.



J-inner matrix-functions and related extrapolation problems
D. Arov (Odessa Pedagogical Institute)

There are many extrapolation problems (Schur, Carathéodory, Nevanlinna-Pick, Ham-
burger, Krein etc.) connected with harmonic analysis and spectral theory of differential
operators, which may be formulated as the problems of describing the set of contractive
matrix-functions S(z) of order nxm, holomorphic in the unit disk D, (in short S € S(n, m))
with given data.

In the complete indefiniite case the set of solutions S(z) of one of the above mentioned

problems is described as the range of a fractional-linear transformation
S(Z) — {Wll (Z)S(Z) + Wm}{f’Vzl (Z)S(Z) -+ Wzg}“l

from S(n,m) into itself, for which the matrix-function W(z) = [W;;(2)]?,-; is a J-
contractive, meromorphic matrix-function in D with J-unitary boundary values on 0D
where J = diag(I,, —Im). Such is called a J-inner matrix-function (in short W € V(n, m)).
This matrix-function W(z) has a physical interpretation as lossless scattering matrix and
is known as the resolvent matrix of the problem.

" The description of this type first appeared in the classical work of I. Schur (1917) for the
problem, now known as the Schur problem, about the set of functions f(z), holomorphic
and |f(z)] < 1 in D with given first n Taylor’s coefficients. The Schur’s algorithm was
applied by R. Nevanlinna (1929) to the description of solutions of the so-called Nevanlinna-
Pick problem. V. P. Potapov (1971) generalized this approach to matrix-valued problems.

It is known that the resolvent matrices for the completely indefinite bitangential Schur-
Nevanlinna-Pick problems are written in the form of Blaschke-Potapov products with poles
in D, as first considered by Potapov (1955).

In my work regular J-inner matrix-functions were characterized as resolvent matrices
for generalized bitangential Schur-Nevanlinna-Pick problems while V. Katznelson showed
that singular J-inner matrix-functions are connected with extrapolation problems of sin-
gular type. A review of some properties of J-inner matrix-functions and their connections
with extrapolations, de Branges’ theory, Darlington synthesis etc. was given in the book
of H. Dym (1990). The results of Katznelson and myself will give a new step in the

development of the theory of J-inner matrix-functions.
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mBETH B, B, TRy —HiEoxs B (V) wcHHEALTVWSE, s VY
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GEOMETRY OF PLANE CURVES VIA TOROIDAL RESOLUTION
MUTSUO OKA

Department of Math., Tokyo Institute of Technology
Oh-Okayama, Meguroku-ku, Tokyo 152

81, Introduction.

Let C = {f(z,y) = 0} be a germ of a reduced plane curve. Ag examples of the
basic invariants of a plane curve, we have the Milnor number, the number of irreducible
components, the resolution complexity, the Puiseux pairs of the irreducible components and
their intersection multiplicities. In fact, the Puiseux pairs of the irreducible components
and their intersection multiplicities are enough to describe the embedding topological type
of C. See [17, 9. It is well known that C can be resolved by a composition of (ordinary)
blowing-ups. However this process is usually too long and even we know the informations of
the composition of these blowing-ups, it is not so easy to read from these informations how
the Puiseux pairs and the intersection multiplicity behave. Instead of ordinary blowing-ups,
we study the toroidal resolution of C, which is a resolution consisting of a finite composition
of admissible toric blowing-ups. Certainly a toric blowing-up is a-finite composition of an
ordinary blowing-ups but as a package, it contains more informations. In fact, it turns
out that the toroidal resolution contains the informations which is perfectly suitable for
the determination of the above invariants. In our previous paper [10], we have proved
the existence of the toroidal resolution and a basic theorem about the complexity of the
resolution. The purpose of this paper is to show how we can read Puiseux pairs and the
intersection multiplicities among the irreducible components using the data of the toroidal
resolution. See Theorem (7.3) and Theorem (7.13) in §7. As an application, we consider
a plane curve C' which is a plane curve obtained as n times iterated generic hyperplane
sections of a non-degenerate hypersurface. We will show that the resolution complexity of
such a curve is at most n+ 1 and each irreducible components has at most one Puiseux pair
(Theorem (8.1)).
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BB S UM OZ ARSI > W T
MR ES  (EETEXR)

1. YiEER L HEOERXL.

TABIOEBEEELFHICS | EZELTH S, FHICESHICROMIT. zhEefd LT
LEREDRBRERICR 2D EVIFEFELEZITHL D0 OO T EHME WS DL, stress tensor
PEBAATIITHI TV, SORELCEEMET 2> TV ABOI LA WI, BT AR
ZHROMIFIECAEHEBQ ELE I ZIT, TLAORLAEE > CREHEHEEEAMICES EiF 5,
CORDITALEOFERE S LDEDTH D, TLAEEZZN S - u: Q- R TRITI LT B L
& CORDTANF—HINBERDZODRED S Liit»TH & Ho

(A1) BT (ORAME) BHREETRRSNLY, ChEER Q &7 5,

(A2) BB 1 LRI QT 3. +4/NEL THITEER BN LIE VWS D LEET %,

CORDTZANVF—ZWNIVEDICIE220ERMND B, —2it. TABEFZ &Itk -T
%m?%%ﬁx$w$—ﬁﬁ®mT@h+HMP—QMT&%(c&ﬁfg%o%5—om\mﬁn

5@%T%Kmbél$W$—TﬁDmahqﬂm—éﬁﬂ?&ﬁ%oﬁl*wﬁ—wTMI%mi
TEHETZ L,

/Q (Tv/TE VP + (T - \/T? - 32)x{u > 0})dL™ (1.1)

LB, T LCERICEC 2HE I, CONEEH D minimizer BT 2D TH 5, < OREKOE
SFREIREE L < | radially symmetric. OB i, —HOERMBEBESH TV B IRTERT WV, ([Y] BH.)
T, CORIEA Taylor BELTELT 2 &

/ﬂ (%VUP + %,z-x({u > 0})) dcr (1.2)

EWVWHSEFNBEEBRON S,

(1.2) &\ Alt, Caffarelli 75 [AC] CEA L7 LERKICE SRV, O, TABEOWE L £ —
YTk {, ES jet problem % Cavitational flow problem 7% &% 72 ic Z D7 4 TOREEE
W B OREDEF VEAEBNICIIBEEOBEE2ZEL TVE0 T, KEHRIEETEMEIHT
ETWHRWEE->THW, AEETR. (12) REZEFEERE LT, 35D LYBHRIREERED R
B, TaBEofBNO (HHER) OEAEERE~S LHIERZE . PHENBREERD X
HC—HE LTV 5, 4\ stress tensor 25, EFHBARTH TCHEI R V—ROBEESEF L, &5
Wy BB, A S DA 2T T, stress tensor u &b Vu LB LT LT 38852 &L 5, &
N, AMORA S —BFEh~Ry b VIEKT A ,

WETHHRE N b, COXIBFAORS—MRITTAEEE. (1.2) 2HAEACERLLET &
FIREIRIRD & 512iE B, '

J(u) = L(aij(z, u, Vu) DyuDju + Q*x({u > 0})) L, (1.3)

T, D;=08/0z; & L. summation convention ZHW\W3 Z Licd 3,
D (1.3) 2 K = {u € LL (Q)|Vu € L?(Q),u = yoon S} THR/MEAXEZ 2B OHEER

{clu >0} DERIEZERE. 7 LEBSRKROED TH 5.



Domain @ € R® 0355 1% Lipschitz Graph &9 %, Q(z) ETF®HE A 5417 measurable BT
0 < Qmin S Q((IJ) S Qma.x < o0 %%E?%Q'UO Gi?’b%i’_ Bﬂf:ﬁé%ﬁ(f bounded ZA»> non-
negative T up € L _(2),Vu® € L*(Q) and J(uo) < 00 TH B0 T I T S i3 O subset T
H*1(5)>0 &9 3, {EL, H" ! it n— 1-dimensional Hausdorff measure T %, x (F45H:R
Bchdo

2. I ETOER L IAHOEE.

$R1 (Alt-Caffarelli[AC]) . a¥ =69 &L, Q % Holder #iich5Ed2Ln=2 DL &
i%, free boundary {z|u > 0} i, @ HO{EED compact set TCY*-curve TH 5. n>3 D& &3,
reduced free boundary 9*{z|u > 0} & @ HD{EERD compact set T Ch%.curve THh 5.

82 (Omata:[Om]) . ¢“(z,u,Vu) =a’(u) Ta"¥ =a’* &§ %, (a(0) =ab¥ (a>0:E
B)) LRET o ik, —MREEEKDIIV, ¥ 25 smooth TO < A¢? < a¥(u)é’¢? V¢ € R*—{0}
E5ic, 0<a(z,2)¢ VEER - {0} 2343 LT 3, ,

CD&E n =2 T free boundary 3{z|lu > 0} i, @ NOEE compact set T, countably 1
rectifiable T&b 5.

#5 3 3 (Omata-Yamaura :[OY]). LOEE & E#OIRE O, HHERZ. Ch*-curve TH 5,

BR2ICOVWTOFRHOBIEZRRTH L I FE—E & LT, minimizer @ Lipschitz ik %
Hd 3. COFHICIEETHBOTRBMHEICE - TL 5, ([Om] BHE,) FL2RELT, IhER
i, TARPERICEATIHEEL TS, 1RERCHML T, —BoRBEREE%2/ED. HHE
5 0{u >0} & countably rectifiablity T&% % C & %iFH$T 2D TH %, & T, minimizer v D&
BEX 0, FHBOWEBK T, Euler Lagrange equation

D;(a* (u)Dsu) — %dij(u)D;uDju =0 in {u>0} (2.1)

EMET I EBbR B, ik, Q 24TR, (14) OFEARELR-TED, 202 &M 5, £l
DOfE% Radon measure @ support BWEHHER L 0{u >0} KEF T 20 TH5, £/, TOLEH
HEF LTk, |Vl = Q/va(0) on 3{u > 0} 2A7cd T &b, IhT. BEOMOHERE
LTOBKRBIE»ED Ebh o,

. TDY 4 7FDOREEEIL local minimizer 3HFEAEL T, FHEE-SIF 30 b HEEVWEE I -
TW5, THIRELTE, BT 2BFEREH VDBV EODOHETH 0. BIBHS, 0
BEHET 2 BAEROBRBOATVRY, §0& 5, BEAEZEZMLL LABRROBAK
JROBERR & BHE BB O—HB D > TV BT TH %, ([NO] B,)
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Stability of the Navier-Stokes Flows in Exterior Domains

Hipeo KozoNo (WiITH TAKAYOsHI OGAWA(NAGOYA UNIVERSITY))

Abstract.
Let Q be an exterior domain in R™(n > 3) with smooth boundary §Q. Consider

the stationary Navier-Stokes equations in €):

() {-—Aw+w-Vw+V1r=f, divw=0 in 9,

w=0 on 89, w(z) >0 as |z| — oo,

In this article we show that the solution w of (S) in the class w € L™(Q) with
Vw € L*?(Q) is stable in L”-spaces. If w is perturbed by a, then the perturbed flow

v(2,t) is governed by the following non-stationary Navier-Stokes equations:

%~Av+v-Vv+Vq=0, divo=10 in Q,'t>0,
(v - 5) v=10 on dQ,t>0, v(z,t) > 0 as |z]| — oo,

v(2,0) = w(z) +a(e) for ze€Q.

We show that if ||w||, +||Vw||,/ and ||a||, are small, then there exists a unique global
strong solution v of (N — S) such that

lo(-,t) — wll, = o(¢™™/*=)2) for n<r<oo

as t — oco. Under some additional assumption on the initial disturbance a, we obtain
~ also an explicit decay rate of |Vo(-,¢) — V||, for 1 <» < n as t — oo.
Let w and v be solutions of (S) and (V—.5), respectively. Then the pair of functions

U =v—w,p = q— 7 satisfies



(%:ﬁ—-Au—i—w-Vu—i—u-Vw-}—u-Vu%-Vp:O in Q,t>0,
(¥ — 5") <div'u,=0 in Q,t>0,

vw=0 on 0Q,t>0, w(e,t) =0 as |e| — oo,

\ ult:ﬂ - a.

Hence the problem on the stability for (S) can now be reduced to investigation into
asymptotic behaviour of the solution u of (N — §').

QOur results now read:

THEOREM 1. Let a € L” and let w be a solution of (N — §') with w € L™(Q),Vw €
L*/%(Q). Then there is a positive number A = A(n) such that if

llalln <A, flw|ls + IVwll3 < A,

there exists a unique strong solution u of (N-S’) on (0, c0) with lim;_, 1o t%||u(t)||2n =
0.

Moreover, for every n < r < oo, there is a positive number 7 = 7n(n,r) such that if
llwlls + IVwllz <7,

then the above solution » has the following asymptotic properties:

(1) (mniform estimate) ||u(t)|; < Ct_"% =V forn <1< r with C = C(n,»,1)
independent of t > 0; '
(2) (behaviour near t = 0) lim,_, 1o 3=~ #)||u(t)||, = 0.

THEOREM 2. (1)(i) Let 1 < p < n and let a € L2 N L®. There is a positive number
A= X(n,p) < A such that if

(*) llalla <A, lwlla + ”V'w”% <A
then the strong solution u given in Theorem 1 belongs to the following class.

w € BC([0, 00); I N 7).



(ii) In particular, if 1 < p < % forn > 5 and if 1 < p < 2 for n = 3,4, under the

condition (*), we have also
t3Vu(-) € BC([0,00); I?).

(2)(i) Let n > 3 and 1 < p < n. Assume (*). Then for every » with p < r < oo, there
is a positive number 7' = 7'(n,p,7) <7 such that if

(++) lwlla + IVl < 7',

we have also the decay property

n

lu@)ll = O~ 3G~1)  for p<I<e

ast — oo.

(ii)) Let n > 3and 1 <p< %, p<r <mn. Incasen =34, we may let also

1 <p<»<2. Assume (*). Then under the condition (**) we have also

(1

IVa@)i = 0@~ 3G"173)  for p<i<e

ast — oo.



Mathematical Results for Some Phase Transition Problems
Songru  Zheng
Institute of Mathematics, Fudan University
Sharghai 200433, China.

In recent years, I was interested in the mathematical problems arising from the
study of phase transitions which include:

1. The phase transition of 2 binary solutiom such as polymer, binary alloys, ete.
This leads to the study of the Cahn-Hilliard eguation (in the iso-thermal cass)
and the coupled Cahn-Hilliard equations ( in the non-isothermal case).

2. Solidification #f liquid (ice) and the licuid-solid phase transiticn. This leads
to the s‘tudy of the phase-field ecuations.

3. Solid-solid phase transition (shape memory alloys). This leads to the study of
a system of partial differential equations which consist of a nonlinear fourth
order PDE and a nonlinear second order PDE (or variational inequality).

4. Liquid-vapour phase chinges in porous media (e,q, wetting and drying process in
concreta) . This leads to the study of a system of nonlinear FPDE and ODE.

We are interested in the following mathewatical problems: global existence and
uniqueness; asymptotic behavior of solution as time goes to infinity; miltiplicity
of solutions to the corresponding stationary problem; optimal control and feedback
stabilization. THESE mathematical problems beceme very challenging because of the
following festure of these problems: Higher (unusual) neonlinesrity; the system of
PDE is NOT diagonal; uniform ellipticity conditions are NOT satisfied: the. Correspo
-ding stationdry problem is a nonlinear elliptic boundary value problem with nonlocal
term and constraiafs .

The mathematical results we have obtained in the past few ¥Years will be presentd.



The formulation of free-boundary problems for -evolving phase boundaries

The study of dynamical phase transitions leads to free-boundary problems for the evolving
phase interface. These problems are basically unstable, and many are not well-posed. In this
lecture I will present an overview of the subject. I will try and explain the physical mechanisms
underlying the basic instabilities, and I will try and describe the resulting free-boundary
problems. Among the topics I will discuss are: generalized Stefan problems; instabilities

induced by supercooling and diffusion; isothermal theory and curve-shortening; anisotropic
energies, facets, and corners; diffusion within the interface and higher-order curve shortening;
hyperbolic theories and melting-freezing waves.
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Subfactors, rational conformal field theory
and topological quantum field theory

FREZ (HK - HERF)

1982 £, V. F. R. Jones it & - TEI#E & 117 subfactor O EAIIAZT I, HHIMC/EA %
BHoPLHNEEO— 21 3 EEEK, link RER, Joness BIEAOFKRIck -7, BD
BT, FUERETHELYE BTH SRR o vy—RLEE2H8EAARKERTAYEFORN
AEDH G b EER -, ChoMOHEoMER, FHEEHR OB S L, subfactor
0 combinatorial 73 #:& % X E 9 5 7 IR HIH S paragroup ZB U THbN B LB &
3. C @ paragroup ¥Eifiid, BYLEKRT (FR) HBoBTFLLRTans b7, A
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HH 1 5 combinatorial R HEDEMH ARG, MPEI W TR, ThERICLTHT L.

Paragroups | Paragroups | Lattice Quantum RCFT TQFT
(path (bimodules) | models 6j-symbols
algebras) .
- connection Boltzmann 6j-symbol. braiding | 4 & D
weight matrix local data
unitarity move II, IIT
TOREM
commuting | Frobenius crossing St symmetry tetrahedral
square | reciprocity symmetry symmetry
flatness associativity | Yang-Baxter | pentagon braiding- | move I
FHER - relation fusion TOREW
relation
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T Turaev-Viro O i #H A ZRicdEL W3, L L, ik S orbifold #kcEsh 2
D,E @ Dynkin KIFE0EE&E, 3BHEHOER - HREBREST Z2DTH 5.

NS DEEII, subfactor HEOWMEIC D, FHMATF~DBHICEISICHBILD> I &
BEEaNDE. 2L, “Subfactors and conformal field theory”, preprint 1992, (D. E.
Evans & Y. Kawahigashi) & # CicbiF o TWaBE X% R .



Greedy Codes
Richard A. Brualdi

University of Wisconsin, Madison

Abstract: Greedy codes are codes defined by a greedy algorithm. They are suprisingly
good from the point of view of error correction and have many interesting properties. They
include the lexicodes as defined by Conway and Sloane and by Levenstein and have con-
nections to the theory of impartial games. I will begin with an introduction to coding and
then explain the algorithmic construction behind greedy codes. Some computer generated

data will also be presented.

=74



BSE-Banach modules

Sin-Ei Takahasi (FE#EEBR)

R EORIEMAFR (multiplier) DRBEBEE H 2 BEOARFER 2 #/z TERBEK & UTRHE
f+1}7= Bochner-Schoenberg-Eberlein O % —f D AJ#: Banach BEOHFICHEEE L.
DX D Te DEE 2 Wiz 9 Al Banach B2 #E —PKIL BSE L4, BSE RZ/H
E U7z, T T TIEA# Banach 3 E® Banach module O #5712 BSE REREEAL
Bochner-Schoenberg-Eberlein #OE# 455k D 3L D Banach module % BSE &K,
BSE-Banach module 2§#&E %7 5,

A %TW]# Banach B, X % A E® Banachmodule &73., A OF % U T7ZER &, D%
@ IHLT, My 2T BBAER ideal &L, MyX +(1-eq)X DEBEICE S X
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CITX* X OHAZER, 1y X5 X, NOREEKEZRDT., ANS XD A-
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. EZ0BPLBNCH—BIZF0H0 LD Banach module &R TBSE Tk 5., EiZ.
XD bRl L OERREER, HER, LP-ZH (1 sp s +0) FIXZOHRLO
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OB TOB RBELRATERTH. [1hes X, 14 Banach A-module &755, Ko A
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Abstract
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PREFMUD phase DEZRLTH V. TOLMR b L OBBEMA Yy — 1 3,1 L RERD
B2y =N X\ T CRBENATVWEELEZS, (4) %2 (1) ERALTvoRETERL
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¢r = Déxx
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D< 0ol u BRESE

LEZBDTHB. COLIIRLTulr) OREH % T~ 3 Ak Phasedynamics & & IF
Ehtwt, 2, Kiramoto$] B EwRoh 3, COFERINETERuDEbD



D (1) ODROEEDH.

5) f e )
¢r = Doxx, X = vz, T = vt

THEiZ N3 &b, H4 ik Collet-Eckmann 0 R % b Lic, BERE L TW 5 HER
RENZROBEHZEZAVWT (5) OBENREL(ERS 2. TOBc, ERRBLED
ODRHEERuOEDLVO (1) OROBHELNRT 3BHMEMAr—VvERD B 7 2 -
Fo® V=3____ ERBOoBE 1

L #Bz+shoEs N
(£2 L N B+48K) tHEAkEE, COXRTFr—ADTT (5) OEHEH DY (B)

(ii) cHIshTVE—D E—HTBLEVWITLTH Do RAOBLKERIKRTS 2,

% ( Phasedynamics ® 1 2 O fig#)

(a) up(z)=T(wz+0), 6ER LB & upd (1) ODERMETH » CEMAMBEEE
HDo uem?&ﬁﬁx\f‘iéo

(by M={u ; §e€R} L2 [-L/2,L/?] ot S' F# 2 smooth manifold T& %o
(¢) &up LT Ag: L2, [-L/2,L/2) — L2,[-L/2,L/2] %

Aoy = (o — (1+ A))p — 3uzy
TEHRT D, COLE A OFFHEI>VWTY (B) (i) LEABOFMEBERILT 50
(d) (B) 0&lOTFT. MOtbhbh o local REELHETH->T. M LOER up T

B sE~s P AVEES, Lo (¢) TEONERE(-F,0] BT 5 A0 BEH Eic ik
FTEEERIPATESATVE O W(M) BEET 5.

(e) W(M) ko (1) 0RROEHRIHEMI (5) THEALAT,
111_1&¢(X,T)=0, for some # € R

BELD LD,

EiiFo

COHERET IO, RBA¥EERMEREO L E—REEBAFEEFRHFHEO
BrEEERhOAABHEREDE L, COBEBVCESBLBELLTEY,
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Multiple Unstable Periodic Solutions

for Semilinear Parabolic Equations
#EOKTF (RIK - =)

QCRY 2B o BHERNE S >EREH. g c C*(Ry x O x R) 28 1 X«
BLTAHTZ s BHiedsL s, ROBE

%tlﬁ'—- Au = g(t,z,u) inR, xQ
(P) u=20 on R, x 00

ut+T)=ut) inQ

“EABo AL, AHIRu FPEEL W, HROe>0icHLT 536>0BEELT
|vo — u(0)|z2(n) < 6703 v R KIHIME &3 3 (P) BT 2 MM EOR vic LT
[v(t) = u(t)|r2e) < eBEDILD T EZ VD, u BEFETHVWEERETEN S, —A

® Dirichlet EREH DO & L TOEFHEDFNZ 0< A < X< ---THE T

CEE1. ROQ), i) B EETS

i) IM > 0 s.t.
}‘1 S g—g'-(tazy‘s) S M; V(txm)g) € R+ X Q xR
8y 3
‘a—g‘(t,m,O) > Ag, (t,fE) €R, x 00
i) *m>13a>0st. (t,z) ERy x Qi LT —Hic

t ¢
Am+ag?%ﬁﬂ¥ﬁggnmwpﬁiﬁggAmqwa

f—+Foo

CDEE, (P) BAKERMEE b,
9(t,2,0) =0 Yt z) ER, x QD EE, u=0 RESHIT (P)ofETcd s, Licho-
T (DI BFECHPTRVWHOFEEEZTANS,



EE2. £&Mi1), i) AT,
i) 2<¥ <mym—1+113%5%, 8> 0st. (t,z) e Ry x QicBIL T—#kic

A1+ B8 < li?qiglfgﬁt—’gl@— < limsupM <N—-f

£~0 5
ERETSE.(P)REETROWALEREE D, 5, (P) BBIELTWEWEMN
TROWEEASTE, DB ES 22 0HPTHE WAL ERBBEET 50 < 2T, (P)
DffuBEL TR wER (P)ZHBEALLSOB 0 ZEFELLTSLBAVEL
ITETH Do

oy gt,z,6) = f(€) + h(t,z) DFE. ROEESKRD LD,

EE3. &)l emAic.2<F I<mm—I+1@&&FKst. Mo <g(0) <X
ERET B & Yhe CH(Q x R) 8 h# 0 T A2z - THANESE. (P) 3D
BLEB2DODDAREERMEE S Do S5, (P) 0EROEBEBMAELTVWRVWAESE
DR ESIDDREERBEBERET %,

EE4. EE3OREOBET, l=m T f25]0,00) THBIHI, (—o0,0] < T

=~
b3 ODAREERM u,ug, usZ D0 TDE E up, Uy, uzld ROFBLEH/HEFER

—Au = g(u) in Q
u=0 on 02

DRETFEIME wy, wy,0 DB BIEEICEET 5o
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Compactification of the moduli space of
Einstein-Hermitian vector bundles
by adding sheaves — a trial

Shigetoshi Bando

Let (Ej, h;) be a sequence of Einstein-Hermitian holomorphic vector bundles on an n-
dimensional compact Kéhler manifold (X, g). We assume the first and second Chern classes
c1(Ej ), ca(E;) are fixed. Then the following facts are known.

1) If (X, g) is Hodge, then there exists a subsequence of E; which converges to a semi-
stable torsion free sheaf €.

2) In general, there exist a subsequence of (E;, h;), which we still denote (E;, h;), and a
closed subset S of finite Hausdorff measure of real co-dimension 4, such that (E;, h;)
converges to an Einstein-Hermitian holomorphic vector bundle (Eoo, heo) outside S (up
to gauge transformation) and E., extends to a reflexive sheaf £, defined on the whole
space X.

In the Hodge case, we can understand their relation by: £, = £** and S becames the
singular locus of £, hence in particular an algebraic subvariety.
It is natural to expect a similar result for general Kahler manifolds.

Conjecture. There exists a subsequence of (E;, h;) which satisfies the following. We define
a presheaf £ by

E(U) = {s € T'(€uo,U)

There exists a sequence s; € I'(E;,U)
such that s; converges to s outside S [ -

Then the sheafication &, makes a coherent subsheaf of £,, and &, = *>. Moreover S is
the singular locus of €.

In higher dimensional case, the Conjecture is yet open, but one can prove it in the
surfaces case. Note that in the surface case the reflexive sheaf £, is locally free, and the
metric by, extends to the smooth one for £,. In this case we can work locally, since S is

a discrete set. The following theorem is the sequence version of the removable singularity
theorem.

Theorem. Let (Ej, h;) be a sequence of Einstein-Hermitian holomorphic vector bundles
on the unit ball B(1) C C? (with respect to not necessary Euclidean Kahler metric) such
that the squar integral of the curvature is uniformly bounded: [ B |Fi |2 < C and (E;, hj)

converges to an Einstein-Hermitian holomorphic vector bundle (Eoo, he) outside the origin.
Then there exists a constant m > 0 such that if s € T'(€eo, B(1)) vanishes up to degree m at

the origin, then there exists a sequence s; € I'(E;, B(1/2)) which converges to s on B(l /2)
outside the origin.

Conjecture for surfaces follows from Theorem.

Lemma 1. Under the assumption of Theorem, we can find a finite number of points
zjk € B(1), constants my > 0, p;x >0 (k=1,2,...,s) and C > 0 such that

IFj| < C+ Y miy/=100log(|z — zjl” + p)-
k



Theorem can be shown applying the d-method to (Ej;, h; exp(— 3., milog(|z — zjk|* +
p?,k))) The proof of the Lemma 1 is done by using the arguement of the bubbling out of
Einstein manifolds and the following Lemma proved by K. Uhlenbeck.

Lemma 2. If the curvature F of the Yang-Mills connection defined over R* is squar inte-
grable, then F decays at the order of r—* toward infinity.
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BHROW %2525, ToBMT BV THENALVE
ST Do

1 B
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B A T7F ABSEELET2REALERE TS LN
IREBICHTIONTVEDTHS,
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DTS &) RAEBELFEET S,

BUF, M@l & v ) IRRMBIS L HICH
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Muddy Children’s Puzzle  (cf.[3])
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. BEOEHFERCDEIDRDI Y EHA, IR
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(1) THEC R 2200 B 2, |

FLTC. TS L SR SHEOESRELLE S, 7. &A
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° hiE{O,l}: hi =1 3F &b P, OFEICERR
DNTWEI L,

]

hz(hly"'1hn)€E:={011}n°
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FEFHMAIE (Aczel)
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v (z 13EERE). BENE 2 T AMEAKS I
LT, Jo=U{z|zCdz} 5o

EE I RABEERERE
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(i) X C X = X C Jg.
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1 ORXIETOERE —HeckeZTRDFEIHHIZTOWT
HFRTZ 2 oKk H

COFHETIE g 251 ORERD & & DEYE—HeckeBs HgW) DRI
DNTCEEGH o TVWBE I ILOVWTISE2 B ol WH |
{81,008y} ZHERTE T HHERECoxeterfif & T 5, ge C-{0}) &9 5,
Hq(W) i3 CW @ g-analogue & L CEFK I N5, RILECAE HeW) &
C-EEL (Tw) we W)} ThH o THilE

[ TCsw) if I(s;w) > Kw),
| (g = DT(sw) + gTGw) if i(s;w) < I(w)

TEHIND, g PIDONZFRCTEVES (o LFFL { PoincareF IR
R Pwig)= D, ¢! B0 ThRVEE) HiW) id CW EFRETH2Z D

we W

THEORIHIEFHLELTHE THE-FHOEH) , COEHITEH
FREF D FRIIE OMaschke DEEHL DL & 2 o T B, —F g 251 DX
XL ZICEEREOAERK LED XS M VEM E~OFRIEDOEES
(V27 —FRIAMEFEINS) GHEUYE L T4 GEEIF HILT
BNz, ERdDE . HgS,) OEEHFERDSIE (Dipper-James)
Hq(S,) DHILDHIENFER (Dipper-James) , Hqg(W) OAREE 0 DEEH
FIHoSHE (UR) , HeW) OEEHRBEOEBSEHRE» E 9 O RE
(FH) ThHd, I-INODOFEHEEERE LY Hy (S BU
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H, Yamane: On representation theories of Iwahori-Hecke algebras at roots of unity,
Quantum Groups, Integrable Models and Knot Theory, ed. by M.L. Ge and H.J. de Vega,
World Scietific (1993).
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W-algebra DWW T
WAL REHFEHSFHE BAR X (Gen Kuroki)

g I C _E finite-dimensional simple Lie algebra & L. g iZ £NiCxF % affine
Lie algebra & ¥ %:

3=00C[tt @ CK.

Z®DY ¥, G D universal enveloping algebra ® % 3 graded completion % U t
FblL, keCkufLT, U 2Wl47 71 (K - k) TE->TTE 35E%E U,
vEb¥, corx, § 5 AY, BY, ¢ BMoHaic ([H]). level 2 critical 3
bb k= —hY(hVIX dual Coxeter number) Dt &, Uy #1522 { D central
elements 2o 2 ¥ 2 EFHE M TW3, HIC, £ @ﬁ%‘%’&ﬁﬁl\ . LoD GiTxt
9 % Kac-Kazhdan conjecture Z'ZEHH I LT3, FE AL, U_pv D center d L
X% DY) 7 subalbegra TH - T, classical W-algebra Z €T 5, Dk ¥,
classical W-algebra 1C1X HARIC Poisson algebra structure 2°A %, L5 T, 43k
D quantum W-algebra X, £D%5 2 — 2 — kI3 2 %% (Sugawara operator
? algebara) &-L THRONEEDIDOTH S,

—7% . £V —f&®D affine Lie algebra ICxf3 % Kac-Kazhdan conjecture 13, AE
Tld, Wakimoto modules (affine Lie algebra ® boson <. [W]; [FF|, [K1,2]) %
FwsZ biCk-TREATE 5 2 L ARIbhT w3,

HRRRITCOEEICIL . g D universal enveloping algebra U(g) @ center I, Harish-
Chandra, [FI&IC-X - T, Cartan subalgebra 7 bR E N5 ZIHEAD Weyl BEARZEE
AR EABCR S Z L LTV 5, Harish-Chandra FZEOFEHICIE ., Verma,
modules DEERZHICMEDNDE, £ 2T, U_pv KX T 5 Harish-Chandra [FZE
DIFLLA, Wakimoto modules ZFIFH L THBLONLWH Y I 2EXTH LS,

¥, affine Lie algebra @ boson FRICOOLCEBEICEAT S, BFLVWI
. [K1,2] #Bohizv, ) g D positive roots ©&Mk%E Ay tFEb L. g D Cartan
subalgebra % h Yt EDT, k e CITHFL T, A, i

{b6alm], zom], pilm] | € Ay, 2=1,--- ,dimbh, m € Z}
oK I N, LITORHEIRIC K > TEEI NS algebra TH B ¥ T 5:

[5a[m]7 mﬁ[n” = 6a,86m+n,0,

[pilm), p;ln]] = K(H|H;)mémn,0,
(fhDFH At commutator) = 0.

Thbb, A, FERRTEE LOBSVERFER TS, 22T, (].) X gD
normalized Killing form TH» Y, {H;} X h D basis TH 5, A, PH 5 graded
completion # A, Y&, U 7o A, ~D algebra homomorphism 7 T, n(K) =
k—hY Bkl BAOBOHELEObOLERTES, A, OEBREFER ¢



L T Fock spaces 2" EF S, « @ L T, affine Lie algebra g #* Fock spaces ®
LEZD2DTHB, A, PiEd Wakimoto modules TH 3, ¥, & D Fock
spaces }&. EBEAICIL, dimension d codimension b IERIKITTDO P % subspace E
KR ZROBEHOLERE L TERIND, .

BEEITREIEIF, k=0DHFL c£0DHEF LT, A D center DKE
IHEEI VS 2 THE, Ay Dcenter i, k =0 DL T {p;[m] | i =
1, ,dimb, m € Z} POERIN, s A0 DETIX {p]0]]|i=1,.-- ,dimb, }
POERING, CNICFFISLT, 7 2BL T, §F k=Y ¥ &F k=0 254
IBLTWBZEICHEFRBLTRLY, choDZ t20RSCTFRENEEY ., B
T2RED, .

LD 7 Uipv 25 A, ~D homomorphism # 5 %2, Th% =, LES
ZEIKFTE, ZDLERHY ILD:

mo(center of U_pv) C (center of A 0)-

Fhbb, U_pv O center DT Ay PHTIE {p;[m]} PR TEDLENE,

I DFEERITICL T, classical W-algebra = center of U_,v O, XHI1iT,
quantum W-algebra DREEZ#FTANS w5 2 v » 1 DOHETH S, Affine Lie
algebra ? boson FE/R2*', Knizhnik-Zamolodchikov 52 D D L ZE B 1Y
BOFEREE5 X5 X510, W-algebra DERRIC D RICH L 2 OHEBEVIGHE?H 2%
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INTERSECTION THEORY FOR TWISTED
CYCLES AND HYPERGEOMETRIC FUNCTIONS

MASAAKI YOSHIDA

Consider the multi-valued function on complex (¢1, .. .,t,)-space T, with parameters
zij

Ut,z) = [] L)%,
i=1
where Lj(t,z) = 3o zijti j=1,...,m, to = 1; the n hyperplanes {t | L; = 0}

of T and the hyperplane at infinity are supposed to be in general position, i.e. any
(r + 1)-minor of the matrix

1 zor -+ Zon
0 211 -+ Zin
0 Lry o Trn
does not vanish; such ¢ = (z;;) represents a point on the configuration space

X(r+1,n+1) of n+1 hyperplanes in general position in the r-dimensional projective
space. The complex constants a; are supposed to satisfy the following condition:
ajy Doty @ ¢ Z. Put Q = dU(t)/U(t); it is a holomorphic 1-form on T' = T(z) :=
T — U{t | L; = 0}. Through the covariant derivative Vo = d + QA, we have the
twisted de Rham theory (see Section 1): the twisted homogogy groups and the
twisted cohomogogy groups are defined and, roughly speaking, they are dual each
other. Let Hp(T,Lq) and Hzl)f (T, La) be the p-th twisted homology group and
the p-th locally finite twisted homology group, respectively, where Lg is a locally
constant sheaf of Vg-horizontal sections. The following is known:

0 pFET

H”ﬂc,={ 4
p (T:La) dual of H,(T,LY) p=r,

where L is the dual sheaf of Lg; dim H (T, Lg) = (":1); there is an isomorphism
rega : HY(T,Lq) — H.(T,Lq) called the regularization, which is the inverse of
the natural map H(T,Lq) — H¥(T,Lq). The non-degenerate pairing

I:H(T,L8) x HY(T,Lq) — C

is called the intersection form. The purpose of the present talk is to study this
form. ’ '
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In order to take an explicit basis of the homology group, we first assume that
the z;;’s are given by

Lo(=&)" - (=)

0 (&) -+ (&)™
:Zz(:c,-j)z

0  —& - —£

0 1 e 1

for some real {; such that § < --- < £ < -+ < &; we choose (n:l) bases
Dp € HY(T, LY,) and DY, € HY (T, Lq) indexed by

z(p17“'7p1‘)’ 1Sp1<"'<PrSn——1,

with support on chambers :
{te T | (-1)PVL;(t)>0,1<j <n},

where Tg = TNR" and P(j) := cardinarity of {7 | p; < j}. For the bases Dp({2) :=
regoDp € H(T,L$) and DY € H‘f(T Lq), we shall compute the intersection
- numbers Dp(Q) - D§.

Any other z € X = X(r+1,n+1) can be joined to z by a path in the configura-
tion space X(r+1,n+ 1), so one can know the intersection pairing at z. There are
infinitly many such paths but it does not matter which path you choose, because
the intersection form is invariant under the monodromy group. Let us state it more

precisely. The intersection matrix at  is defined by
I=Ir+1,n+1a)= (DP(Q) . DC\S)P,Q-

For any loop v in X with base point z, by the local triviality of the bundle
Ugex HA(T(z), LY), the cycles Dp € H(T(z),LY ¢ ) can be continued along «v; let
D7, be the consequent cycle. There is an 1nvert1b1e matrix M(y) = (Mpg(7))pr,o
dependmg only on the homotopy class of v such that D}, = ZQ Mpg(v)Dg. The
monodromy group I'(r + 1,n + 1; ) is the group consisting of such M(v)’s; the
entries of the matrix M(+) are rational funct:ons of ¢j := exp2my/—1aj. We have
the following invariance:

v v
MI*M =1 orequivalently I"'='MI"'M, McT(r+1,n+1;0),
where V is the operation taking a; to —a; (so that ¢; to ¢; 1Y for all j.

DEPARTMENT OF MATHEMATICS, KYUSHU UNIVERSITY 33, FUKUOKA 812, JAPAN

—100—



feter Slodouy  (Hawburg Univ.) Feb, 24 1993
"Small nilpotent orbits and simple singularities”

The purpose of this talk is to give a survey of old and more

recent constructions relating the so called simple singularities

(also called Kleinian or rational double points) and their

deformation theory to the geometry of nilpotent orbits in the

simple Lie algebras which share the same ‘Coxeter-Dynkin

diagram (of type A, D, E ). Thus, we will first sketch the Brieskorn-Grothendieck construction of 1970 invol
ving subregular, i.e.

big nilpotent orbits and transversal slices to these orbits.

Then we will explain a construction due to F. Knop (1987),

which uses hyperplane sections of the minimal nontrivial

nilpotent orbit in the projective Lie algebra. Both constructions

can be performed also with Lie algebras of type B, C, F, G. In the

first approach, this was done by us long ago (1978). Here the

situation can be understood in terms of (simple) singularities

with additional symmetries related to "foldings™ of root systems

and diagrams. Unfortunately, Knop's construction for Lie algebras

of type B, C, F, G yields quite different singularities (without symmetries), at a first glance at least. Re
cently, while visiting

RIMS, Kyoto, and in joint work with S. Helmke from Hamburg, we

have enlarged Knop's construction by taking into account some

bigger (but still "small”) nilpotent orbits as well as deformations

of singularities inside singular varieties to show that his findings

are related to our old ones in a natural way (we might talk in some more detail about these matters in a sep
arate seminar). ’ ’
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Global existence theorem for semilinear wave equations
with non compact data

BHEA L] AL E R FE T

G R OV ERE
{ ugg — Au = | u }p—lu, (x7t)‘€ R™ x (0700) (p > 1)’

(1)
'LL(:E,O):‘:f((E), ut(:c,()):g(:c), T € Rn, (77':2)3)

2EZ D, MEE f(z), 9(z) /D& l‘\%@c‘: L, fEDclass it C*°/THdET 3. kDL
HIRERBEETIRAISNATVS,

SETRAISN TV BHR
(i) ¥IEAE f(z), g(z) D8 smooth T compact support % & D&
en=30D&E
p > 14+ /2, data B3+4537/ = (1) © CCROKIFBHBELET 5 ([5]).
1< p<1+V2= (1) ORERIZEE LW ([5, 6, 9]).
on = 2 0) 2: éﬁ

1<p< BW— = (1) @Xiﬁﬁ@mﬁiftmh([z’) 9]).

(i) ¥IHAME f(z) € C3(R™), g(z) € C*(R™) #5 compact support % & 72 7% L&A

> DS f(@) + 37 IDfa(a)l <

k>0,e>0 (2)

lal<3 181<2 1+ 1 [i+e’
| f@) =0, 00)2 G e ©> 0 3)
on=30D& X
(2) 2IRET 3 &
p > 1+V2
= = (1) © CHROKBRIELT 5 ([2]).

e : +4/hdep. on p,k
3) ZRET B &

p>1+f

0 < k< p—l }==>(1) DORIEMEIIHFE LI ([2]).

n=2TREDD.

T 1 n=2&L, (2) BRETS. k> 2, p> AL ve p, kiikELTH
SINE BIE (1) © CHROKRIERENS 721 >HFES 5.
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T 2 n=2&L, 8)&RETS. p> L, 0< k< 2 BoiE (1) OKREER
FEL W, ‘ '

rE 1 Agemi and Takamurafl], Kubota[8] 33 L CED HETEEL, 2 LFEL
OB/ REHL TS,

k=2 ©LEBIEE ST B

P

TH 3 n:2,3<‘:b(2)’&fﬁﬁﬁ‘5.k:z—)——?i-,p>{:;+;{§ E:ig Te B
, y =
p, BICRE L THA/NE 51 (1) © CHE ORI 1212 1 >EET 5.
2 Kubotal8] 1% k = 2'm0k¢{}(nim‘Gkéwkﬁ%@@E%ﬂ
p—1 7 (n=2)

BHLTW53.

Wi, 0< k< ;2_—10) & & DfED life span O 5 OFFli%EE A 5. life span T* = T*(¢)
%, 2€ R"(n=23),0<t<s ik LT(1) ® CHEOMBELEST 5 & 57 s O supremum
&9 5.

EH 4 n:2,32;l,(2)>2{biﬁ“9“%.0<k<;2_—?p>{;éﬁf EZ;;; 75

(1) OFRFBBEEL, 5l pkiRETZHENEOER 0,00 >0 BEELT,
T*(e) > C’QE’TG’%MTI):7 for0<e<egp

= HBTT.

EES (3) ZIRFE L1154,

2
O<k< ——, p>
p—1

1+v2 (n=3) , .
{ 34/TF (n=2) AT
2
T*(e) < CleFon=
T 5 ([1, 2, 10)).
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E\\Tgﬁ@“ﬁ{‘)i\[_&i\(/\\ L3 B %) Symmetvy Algelva R
Rl ZoBEC>WRERT I, T, EHEHHNIR. X
HEF oW 2L ER LEW,

B A CBRAT R S RN > 2B 8D
C.AFERIL 20 introduckion LU 2 A RATBEE(
B2~ WD, =D R9BES Symnetey 120
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NEBC-RAR D 5150 = ¢ DS ARBREHD TN TR
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S'OP LAMHERDLTRHIZONT

BO #— (BFEKRZE BEIZEH)

1 AnosovZEEoPLAIk

L2 o(> 2) OB MM S L, EREEE~ 1% b0 Riemann 51 E%
A TE o TiZ 2,08~y PARET B L, RBNGR s« B T1E, kiT
EFEN, ChIRB(HSNTOWS LI Anosov i TH %o BT, TiZ,

NCAREEEE LI A RIRIT 1 DG FEET 5. F*o&EE, TE,
DET 7 4 35— LEMIERD > TWEDT, £du/ ¥ —HEFE
W, : 7 (Zy) — PSL(2,R)

BN, Chid, BED Fuchs BOEETH B, OV, i3, LITFiR

>
[

2
&

W
W odim

&y : m(E,) — PL4(SY)

ERFEHIBETH Bo < T, PLL(SY) 1 S 0% 2 E- XA BEEE
BDITETH b,

Ghys (T & » TROFEIRENT,

FE(G]). s ¥, FNEEEBHIDT, 5 A4, € SL(2,Z) M2 KT
P — 5 A~EEE S 3 Anosov MDEHEE G A, DI, AI[ED Dehn Fifi
ZhELTE ST S Anosov it & AAERICEIEITH 56

(FEE1) 17 AL B EMICRD 2 EHSTE T (H)),

Ao -1 2(s-1)
T\ g+ 27-1 )°
MEEROALEEREIL, FMICT 7 « YIBEZEFH oM, CORKTEER
2, Fw/ ¥ —%FD leaf curve [T » T Dehn FHiZHE L CB oM 5 EF
i3, ERICRIrhEZRED, RomaEtioBicids, CHLTHE

ShiEFOL o/ L —HEEEH, TH D, LOFERLD Y, &AHEHET
HBo O DEEMEERILRD SN TWS ([H2)) o '

T\ 2442, (XD Brieskorn Z4f{k
M, = {(21,22,23) € C% 20 423772 1 2272 = 0,(2)° + |zaf* + |22 = 1}

D 2g + 2 I covering TH b, Thx
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p: 1Ly — M,

&8 Myid, S’LD3HDIEE 7 7 A /x—%HD Seifert BHHETHD, %
D7 7 43— ICHEHSERN p Itk T I E,pSHBEEIND, T, H#
Eifd)

byt m(M(g+1,29 + 2,29 + 2))/(z) — PLy(S?)
BESHB ((EHN]) o CTT, zidgeneral 77 4 s¥—Dclass, Fi, Mil-
nor ik m(M(g+1,29+2,29+2))/(;y BEHET, = (11,72, 7'3;'r{""l =
3 = P =y = 1) EEBITEH Bo

5 peim(Sy) o T, MEEE N, BAHD L E Esbb B
B &y =9, 0peo
(HER2) BHHICR, 4,(n) = OB, ¢(n) OfEOHE=1,

2 ¢27®2@?§~E§

l?fF, g=2 &:"91_%0
Do ZIBEIIRICWVERIIN, T, ZEHIBIENTELINE I NnE
B,

EE1. 6203, EERICE BHEERRNT, (HEE2) D2 2DLEEE-
TEEEHESEBIEETER,

(FEE3) D = LEWIRMER, PLL(S!) Otic L 2RIETHICER

Eha,

FHE1 LD, $0d TNEOHEEAINVEVIRBEDOTTR) p. 28
BHU/EFEEIRBZ I ERTERY, —F, IRODEBERX 5,

EE2. 003, FHRZEM Hom(mi(Zy), PL4(S1))/cons. NT, EHEA4
EHOEFELILHIENTE S,
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