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Die Tagung wurde geleitet von H.O. Cordes (Berkeley), B. Gramsch (Mainz), und H. Widom
(Santa Cruz). Sie setzte die erfolgreiche Tagung gleichen Titels vom 2. bis 8. Februar 1986 fort
(vgl. Poeuda-Dyffnential Gpimnalors Proceedings Oberwolfach 1986, Springer Lecture Notes in
Mathematics 1256, Berlin, Heidelberg, New York, Tokyo 1987). Im Mittelpunkt des Interesses
standen zum einen natiirlich die aktuellen Entwicklungen auf dem Gebiet der Pseudodifferen-
tialoperatoren unter EinschluB der Fourierintegraloperatoren. Insbesondere spielte die Untersu-
chung dieser Operatoren auf nichtkompakten und singuliren Mannigfaltigkeiten sowie auf
Mannigfaltigkeiten mit Riindern, Ecken und Kanten eine zentrale Rolle, hiufig in Verbindung
mit einem Kalkiil vom Boutet de Monvelschen Typ.

Dariiber hinaus war aber auch die gegenseitige Beeinflussung der Theorie der Pseudodifferen-
tialoperatoren und anderer Disziplinen ein wichtiges Thema. Beriihrungspunkte ergeben sich in
natiirlicher Weise im Bereich der Operatoralgebren und in der theoretischen Physik, besonders,
wenn es um Schrﬁdinﬁeropcmtoren oder semiklassische Grenzwerte geht, aber auch bei der
Betrachtung singuliirer Stdrungen.

Es war den Veranstaltern gelungeh, wiederum eine groBe Anzahl exponierter Vertreter aus den

-verschiedenen Gebieten fiir die Konferenz zu gewinnen, so daB sich viele Moglichkeiten zur

Diskussion und zum Austausch mathematischer Ideen ergaben. Dariiber hinaus wurden vor 45

Teilnehmern 38 Vortriige gehalten. Schwerpunkte waren unter anderem:

- Operatoren auf nichtkompakten und singuliiren Mannigfaltigkeiten, sowie Mannigfaltig-
keiten mit Réndern, Ecken und Kanten

- Pseudodifferentialoperatoren in Gevreyklassen

- Banach—, Fréchet— und W*—Algebren von Operatoren

- Stérungstheorie und Stetigkeitseigenschaften

- Mikrolokalisation, auch héherer Ordnung

- Anwendungen in der theoretischen Physik.
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Auf Grund des besonderen Charakters und der ausgezeichneten Resonanz unter den Teilneh-
mern wird eine Fortsetzung dieser Tagungsserie ins Auge gefaBt.

Vortragsausziige

We consider wave equations on n domains Q of poss1bly dxffemnt d1mens10ns From the spa-
n

tial parts we construct a selfadjoint operator by taking any closed subspace of ‘l'll H1 (Qi) as
1=

domain of its square root (interaction space). In this way we can describe various kinds of in-
fluence between the waves on the domains as interface problems, but also integral, pseudodif-
ferential and Fourier integral conditions. Special cases are also transmission problems on rami-
fied spaces (c.f. G. Lumer, S. Nicaise). The C™—operators with respect to an interaction opera-
tor form a W—Algebra (notion of B. Gramsch ‘84) and are thus cahdida;es for 'generalized
pseudodifferential operators'. Local or global existence for nonlinear evolution equations with
(nonlinear) interaction is treated using abstract results of Kato, Brezis, Shatah, Minty. Fourier
integral operators are used to construct parametrices for interface problems with Fourier
integral transmission conditions (c.f. J.Cl. Nosmas, S. Hansen).

J. ALVAREZ. HP Continuity Properties of Pseudo-differential Operators

The titel refers to the typical continuity properties to be expected from a Calderon-Zygmund
type operator.

In order to apply the standard techniques, two types of information are required. Locally, some
L Po qu continuity. At mfimty, some decay of the gradient of the distribution kernel.

The purpose here is to follow this pattem with a pseudo—differential operator L having symbol

or amplitude in the Hormander class s® 0.5 meR 0<8<1,0<p< 1, and distribution kernel

k(x,y). Typical results are
Ifm+n+ |a+ | >0, there exists C = Ca[i 2 0 such that

o B C
|Dx Dy k(xy) | < m+n+[o+P]

=yl P
This estimate is proved to be optimal at least when |a+8| = 0. Also, integral estimates of the
Hbérmander type are obtained.
Concemmg continuity, L is continous from LP into itself if 1 < p < =, m < —n ((1-p)- |— -

1148, where & = max (0, 30,

All this implies pointwise estimates for the sharp maximal function and HP, L9 contunity

properties for some p,q > 0, which extend known results.
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The above estimates are also used to show that an operator having a distribution kernel worse |
than a standard one will not satisfy in general the T(1) Theorem.

M. ARSENOVIC. : ar ora a I ar |

The structure of a certain C algebra V1 of singular integral operators on the Pomcaré plane I1 |

= ((x,y)]y >0} is described. The algebra £ is a perturbation of a translation invariant algebra |

on IL. The commutator ideal & of it is strictly larger than the class of compact operators K. i

Two symbol maps, ¢ and v, are defined on £ G is scalar valued, ¥ is operator valued. They |

suffice to characterize Fredholm operators in' .4 ker o n ker ¥ = K. In essence, this gives a !

. calculus of S.10. in .4 modulo K. Results on essential spectra of (pseudo)-differential }
operators and Fredholm properties of (pseudo)—differentail operators on IT can be obtained |

from this calculus. |

E.L. BASOR.
Consider the operator TY defined on Lz(l )by

(T(p(a))k-f Lo 3, k=0lI.

T
where a = (ao,al,...) and P = 2% I o(0) e

The finite Toeplitz matrices are of the form |
@)  jk=0...n. ‘

These operators can also be considered on lp"l, weighted lp spaces, where ’ |
43 = x] [P = Z1x, [Pas1)PH < ). ‘

On these weighted spaces the spectrum of T(p can be precisely described for a function ¢

having one jump discontinuity and piecewise C2 The spectrum depends on p and y.
‘ Using this result, it can be shown that the eigenvalues of the finite matrices for large n lie near
the range of the function ¢.

B. BOJARSKI. Regular and I : al
The study of interior boundary value problems for elhpuc equations was mmated by Sobolev
(1937) with the variational treatment of the Dirichlet problem for the polyharmonic equation

A™y =0 in a domain Q ¢ lzln, whose boundary 0Q = T consists of submanifolds of codimen-
m—1
sionv,1sv<2m-1,T =kul r, _x in correspondence with the Sobolev trace theorems for

functions in Wm'2 (). In the talk I gave a short review of results on LB.V.P for a general
class of elliptic operators acting on vector bundles on closed manifolds M, based on papers by
Sternin, Sternin—-Novikov and myself. Special classes of distribution spaces HIS-(M), adapted to

o®
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the study of generalized potentials P(t @8(%)) were defined (P is a pseudodifferential operator
on M, 8- the Dirac distribution of I', T € D’(I); also their analogues in the context of vector
bundles. The generalized potentials are used to reduce tﬁe elliptic LB.V.P. A = (A,Br), (Aisa
differential operator on M, BI‘ is a differential operator defining the bouhdary conditions) to a

system X(A,B) of elliptic pseudodifferential operators on I" and express the index formula for
A, ind A = indy;A + indX. These LB.V.P are called regular. Another class of I.B.V.P. arises

if the self—adjoint extensions of a symmetric differential operator Ao are studied, where Ao is
the restriction of a selfadjoint operator A in 1.2(IRn , or LZ(M). to the domain DO(M\I").By.

recent results of Popov for constant coefficient operators in R", (Mat.Sb. 1988) the extension
process, of von Neumann-Krein-Naimark type, may lead to asymptotic type "boundary condi-
tions" on I', which cannot be formulated in terms of Sobolev trace theorems and which are
called irregular I.B.V.P's. This type of problems arises in quantum modelling of various
diffraction and scattering processes in crystalic, polymeric and superconductor phenomena.
Many of these models are explicitly solvable. An important problem arises of describing the
class of irregular LB.V.P. in terms of microanalysis. Also a broad class of explicit solutions of
 regular LB.V.P's for the equation A™u = 0 in the ball or half space in R” was described.

L. CATTABRIGA.
.. 2k
DXZJ'_IXQ__DXI .
Let E(s } (IR“). s £ 1, be the space of all C” functions f on R” such that for every compact subset

K of R" there exists A > 0 such that

sup sup A Ialv.ut'—‘swaf(x)] < 4o,
xeK Zn

Then for every s 2 1
D@, +ixgD, ) ECla) = Bl

i) @, +i xak D) ESI@) g ES)@), whereD =—id ,j=12.
i

For Q a bounded domain in €" with normalized volume measure or Q = (* with Gaussian
measure, consider the L2 spaces and the associated subspaces, Hz, of holomorphic functions.
For P the orthogonal projection operator from L2 onto H2 and Mf the (densely-defined) opera-

tor of multiplication by a fixed L2 function f, the Toeplitz operators on H2 given by Tf =
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PMfI P and the Hankel operators on L2. Hf =1~ R)MfP are of considerable interest. I discuss

recently obtained results on the boundedness, compactness and symbol calculus f~°i these
operators and their relation to pseudo—differential operators.

R.G. DOUGLAS. Elliptic Operators on Manifolds with Boundary
A cycle in the K-homology KO(M) of a compact manifold M without boundary is dertermined

by an él.liptic diffemntial operator D following Aﬁyah. If dM # @ then D dertermines a class in
the relative group KOMBM). Based on joint work with Baum and Taylor, I described a con-

. crete approach, whose principal advantage is an explicit boundary n‘l‘ap in the long exact
sequence for K—theory which takes the form d[D] = Ker D — Ker D with the appropriate
interpretations. - --

Applications of this work include a generalization of the index theorem for Toeplitz operators
of Boutet de Monvel, the reduction of the AﬁyﬁhﬂSinger Index Theorem to the case of Dirac
operators, and a new proof that operators cobordant to zero-have index zero.

Geodesxc compacnﬁcauons of open (complete or not) Rlemanman mamfolds often have a na-
tural Thom stratified structure. They may be of arbitrary finite depth and not nessecarily conor-
mally conical.

Basic examples are regular parts of many singular spaces and SBB—compacuﬁcanons of local-
ly symmetric spaces.

I introduce a class‘ of pseudodifferential operators with straufied symbols on such manifolds.
They generate a C —algebra. The main results are its solvability and a complete descnptlon of
all meducnble represemauons, both reflecting the geometry of the underlying manifold.

Many Cordes companson C —algebras on open manifolds as well as Plamenevskij-Senichkin
C —algebras on manifolds with compound comcal singularities are special cases of the deve-

|
|
. loped theory. , A |
|

Y.V. EGOROV. Generalized Functions

The main deficiency of the Schwartz distribution theory consists in the impossibility of the
multiplication of distributions, which is very important for physics. In the recent works of J.F.
"Colombeau a new approach was proposed, helping in the solving of this problem. Unfortunate-
ly his theory is too complicated, what does make its applications difficult and restricted.

I would like to state some new theory, more clear and transparent and at the same time more
general. It is possible to define not only the products of the generalized functions, but any fun-
ctions of them, even generalized.- Very general theorems on the existence and the uniqueness
of the solution for the Cauchy problem can be proved. Moreover this theory can be conmdered
as the natural reflection of the real process of computations.
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A. ERKIP. Boundary Value Problems for Non—Compact Boundaries

On non—compact manifolds ellipticity may no longer be sufficient for normal solvability as can
be observed in the case of the Laplacean, A: H2(IRn) - Lz(IRn). Similar behavior occurs in boun-
dary value problems. To obtain Fredholm criteria we construct a class of non-compact mani-
folds with non—compact boundary of the SG—type of Schrohe. Roughly speaking for such a
manifold the coordinate maps extend to conic neighborhoods and changes of coordinates are of
linear growth. A Riemannian metric satisfying certain growth conditions is chosen so that com-
patible normal coordinates can be introduced in a conic neighborhood of the boundary. The
Calderon projector method can be applied via Schrohe's results on ydo's of the SG—class, and

we obtain a sufficient condition for the normal solvavility of the boundary value problem wi!h.

weighted L2-Sobolev data. The sufficient condition tumns out to be an md—version of the usual
ellipticity condition. By the md-concept we refer to a global parametrix construction of Cordes;
a ydo of order (m,0) in the class SG@R™) is md—elliptic if

' [axB)| 2c(1 + [EN™ for large |x|+[E]. :
This in turn is necessary and sufficient for a(x,D) to be Fredholm: gstm (IR”) —_ HS(IR").
As a step towards showing the necessity, we prove that if the manifold contains a cone and the
symbol p(x,E) vanishes at some finite §0 as x - = within that cone, no BVP (p(x,D),bl...,bm)

can be normally solvable. The cone here seems necessary, as the Dirichlet problem for A on
the strip S = [0,1] x R is invertible as a map H%(S) — L%(S) x HY2@S). Even though the
boundary oS is of SG—type, the strip does not satisfy to the cone condition.

L.S. FRANK. Coercive and Dispersive Singular Perturbations

The coerciveness concept for one parameter families of singular perturbations was introduced
in 1976 and the equivalence of this algebraic condition with the validity of two—sided a priori
estimates (uniformly with respect to the small paraxileter) was proved. It turned out that the
same coerciveness condition guarantees that any coercive singular perturbation can be reduced

to a regular perturbation by constructing explicitly a reducing operator S, which for each va;.

lue of the small parameter €€ (0,60] belongs to the class of operators, introduced by L. Boute

de Monvel (joint work with W.D. Wendt). As some direct applications of the constructive re-
duction procedure for coercive singular perturbations, one should mention the following ones:
1. Asymptotic formulae for their solutions with smooth or non—smooth data.

2. Asymptotics for their eigenvalues and eigenfuntions under the assumption that the reduced
operator has only a discrete spectrum.

3. Asymptotic analysis of the bifurcation phenomena for coercive singular perturbations.
Recently estimates of the error term in the reduction of a coercive singular perturbation A o
a regular perturbation of the reduced operator .Ao was improved (joint work with J. Heijstek)
and it was shown that one has:

st = ALr00, e-0,

o®
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where S€ is the reducing operator mentioned above and O(g) is interpreted in the corresponding
operator norm.

Dispersive singular perturbations (introduced in 1986) are special classes of singular. perturba-
tions of strictly hyperbolic first order systems. :

For dispersive singular perturbations mixed problems are well-posed (uniformly with respect
to the small parameter), provided that it is so also for the reduced hyperbolic system.
Construction of a parametrix, based upon Fourier Integral Operators with singularly perturbed
amplitudes and phase functions with real and complex values, is given. Singular support of the
corresponding Green and Poisson kernels, is described (some of them being spread over on one
side of the characteristics of the reduced hyperbolic system and some of them having a locali-
zed singularity of boundary layer type). . -

Some applications are indicated (e.g. asymptotics of the spectral function of aself-adjoint el-
liptic singular perturbation under various assumption on the relation between the spectral
function of -a self-adjoint elliptic singular perturbation under various assumptions on the
relation between the spectral and small parameters. '

LetL(y) = zm'y2 V(‘y), where Ye HO(O,T) Let (ev]v_ 1 be a c.o.n:s. in HO :(0,T) such

that {e } = 1 is Haar's c.o.n.s. in L (O,T) We usecoordmates
xv ('y,e ), (the inner product in H U o,T), v= 1 2
We denote by N(dx,0,Q) the Gaussian measure on H0 (0,T) .with mean 0 and variance Q(x)

= Z AY xv2 (A <1). Following K.Ito, we consider the integral:
v=1

1/2] 1h 1IOL("{)dt

n a +h-.—) - N@x,0nQ).

= Ho(o.T)

Theorem Assume that the potential V i 1s real valued and satisfies the following esummes
sup, | VO ¢w, Va22).

And assume that T is small. Then I = hmI exists. .

N-oo

This gives a mathematical meaning to the Feynman path integral.

B. GRAMSCH. A
Operators

The spectral invariance of many Fréchet algebras of pseudo—differential operators is a useful -

tool to understand manifolds of Fredholm and semi—Fredholm operators. Results on the mero-
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morphic inversion and division of operator distributions are presented (work together with W.
Kaballo, 1989) in the context of W*—algebras. Connected to results of Davie (1971) the
Arens—Royden—Oka—principle is applied to Fredholm operators in submultiplicative Fréchet
algebras of ydo's. An approach of Salinas (1988) and others to the existence of geodesics for
the manifold of symmetries in C*—algebras can be used to define some geodesics for the
standard Fréchet manifolds in the perturbation theory of W*—algebras. This is related to some
work of K. Lorentz. '

The composition of FIOs, which are smgular in the sense that they are assocmwd wn.h La

gian manifolds which are not local canonical graphs, is in general not an FIO. Since such
operators arise naturally in integral geometry and in the study of pseudodifferential operators
with multiple characteristics, it is of interest to obtain a good description of the composition of
such opeators. We will describe joint work with G. Uhlmann on some particular classes.

S. HANSEN. Computation of Amplitudes Along Rays

For systems of real principal type in the sense of N. Dencker, e.g. the system of isotropic
elastodynamics, we consider solutions which are Lagrangian distributions. Their principal
symbols, which we call amplitudes, satisfy transport equations on the Lagrangian manifold, A.
For a given way vy in A we want to compute numerically the amplitude of a solution along v. A
method for this is proposed. It consists in the following:

(1) Compute the tangent spaces Ty(t) A. This involves the solution of ordinary differential

equations of Ricatti—type for symmetric matrices L(t), the coordinates of T, y(t) A. L(t) blows up

when T‘y(t)A leaves the coordinate patch in the Lagrangian Grassmannian. A numerically stable

algorithm, developed by the speaker, is used to perform the necessary change of coordinates.

(2) Express the Lie derivative of the amplitude, a, with respect to the Hamilton—field in terms
of L(t). Solve the resulting differential equation for a o y.— The Maslov index is couect‘
accounted for, too.

The method is hoped to be useful in the numerical computation of high—ﬁequency waves.
Similar methods are used in geophysics for computing synthetic seismograms (Cerveny,
Hanyga).

J. HOUNIE. Local Integrability of Systems of Vector Fields
Consider Ll,...,L , m linearly independent vector fields in a nbhd. Q ¢ IRl1+l of the origin,

with smooth, complex coefficients. We assume:
i) there exist smooth functions ajkl such that

Deutsche
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n
[LjJuk] = J.EI ) L,  (Frobenius condition)

i) The origin is not an el_liptic point for the system and the Levi form of the system is non—de-
generate, having eigenvalues of the same sign (strong pseudo—convexxty),
then if n 2 2, the system is locally integrable, i.c., there exists a function Zina nbhd. of the

origin such that

LZ=0, j=1,.m

J
dz(0) # 0.
(This is part of a joint work w1th Malagutu)

M.LANGBNBRUCH. onti o : - artia erential Ope S
The problem of right inverses for pamal dxffetenual operators is solved in the space S' of
tempered distributions on R™; P(D) has a right inverse in S' iff P = QO"Qk’ where Qj is real,
irreducible and admits a right inverse in S', while QO has no real roots.

Let P be irreducible and real. Then P(D) has a right inverse in §' iff PC®Y) = IPY®):= (e
@y fly, =0)-

- This is the property of zeroes of R. Thom.
.The proof is based on the characterization of the Thom property by J. Bochnak and on Bier-
. stone's division theorcm, which is proved via Hironaka's theorem on the resolution of singulari-
ties and Glaeser's theorem on composition of C™—functions. For polynomials in two variables a
considerably simpler proof can be given.

The set—up from which we start is: let IRn M0 a Ml ; 3 Mk+l (0} be a sequence of

linear subspaces in R, denote by IL; R" - M; the onthogonal projection and by ()% = eI

+(1- nj)g if t € R. A function is called polyhomogeneou's of polydegree m = (mO""'mk—l) if
m.

f(u-(t)§)=t I £8), m; € R, and we wﬁwmkm'ifm0<m(') orifthereisswithm =m! for i

<s,mg > m . The xesults presented refer to a calculus of wave front sets which localize to sets

of the fonn A= (&I e G |nth &l > e m; g*Pyn_g B INg| > ¢t +

| 1§|) )}, where the Gjaxeopen conesmM 3<1,B>0. Fmtherweconsxderanalyuc

pseudo—differential operators for which elliptic polyhomogeneous symbols of polydegree m
dominate polyhomogeneous symbols of polydegree m' on sets of type A if m' <m. As a conse-
quence we obtain a result on conical refraction.

Deutsche
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K. LORENTZ. Jordan Operators in ¥*—Algebras

Recent results show that many algebras W of pseudo—differential operators of order zero are
P*—algebras, i.e.

1) ¥ c L(H), Hilbert space, ¥ is a Fréchet—*—algebra, continuously embedded in L(H)

2) L(I-I)"l A=yl (property of spectral invariance).

Following the explicit algebraic methods of B. Gramsch, we have

Thm, L The similiarity orbits of Jordan Operators contained in ¥ are locally ¥-rational

homogeneous manifolds.

This is even new in the Hilbert—space case (i.e. ¥ = L(H)), for which we further have

Thm, 2: If for T e L(H) there exists a norm continuous local cross section for the map
1:T: L(H)"1 - { ng_lz g € LH)), nT(g) = ng_l, then this can be chosen to be
rational.

Thm. 2 is a generalisation of a theorem due to D.A. Herrero.

R. MAZZEO. Spectral Theory of Hyperbolic Manifolds _

Let M = H'/T where T'is a geometrically finite group of isometries acting (freely and) properly
discontinuously on hyperbolic n—space. It is possible to give a fairly complete description of
the spectrum of the Laplacian A, = d8 + 8d acting on L? differential k—forms: the essential

spectrum occuples the same xeglon as in the case of all of K, namely it fills out the intervals
[(n—2k+1) /4 ), [(n-2k—l) /4,=) and also (0} when k = n/2. If M has infinite volume, the
only eigenvalues embedded in the continuum occur in the interval [mm(n—?.k:tl) /4,
max(n—2ict1)2/4).

Finally, the dimension of the eigenspace at O is given by a pumly topologlcal quantity (i.e.
there is a Hodge theorem).

The tools used are a calculus of degenerate pseudo—differential operators developed jointly
with Richard Melrose, and for the embedded eigenvalue problem a unique continuation
theorem for certain degenerate operators was also needed. Part of the Hodge theory (in the case
when I has parabolic elements) was done jointly with Ralph Phillips. ' ‘

Deutsche

(Jomtly wnh C. Epstem and R. Melrose) Let M be a compact mamfold with boundary, let © €
oMt Ml an have nowhere vanishing restriction 6 to dM. Let p be a defining function for

oM and extend © to a form & on M. The space Vg=1{VeC “M,TM) |8(V) ¢ p2C°°(M)} isa

Lie algebra independent of the extension & of ©. Differential operators based on this algebra
form a natural context in which to study Laplacians with respect to Kihler metrics on smooth
strictly pseudoconvex domains Q in (", n > 1 with the potential given by a strictly psh func-
tion ¢ blowing up at the boundary as log dist(y,0€2). Given such £, let M be the manifold with

boundary which is topologically Q and for which the identity map I: M - Q in local coordina-
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tes is (¥aYop_1P) (jl,...,yZn_l,,pz). Let r be 'a defining function for dQ. Let - @ =

I'(/7Tor) on 3M. Then the Laplacian with respect to r is an element in Diff,

There is a natural vector bundle 9'I'M and v.b. map eTM - TM which converts every C”

section of e'l'M to an element of Ve Each fiber 8'I‘ M, p € 0M, is a Lie algebra naturally,
which in the case of a stnctly pseudoconvex domain cormsponds to a semidirect product of the

Heisenberg gmup Hn and R* acting nonisotropically on Hn e'I‘l:.M acts on TPM as

vector fields. )
The normal operator Np(A),p € oM, which is obtained by freezing the coefficients in the

"right" way, acts on TpM+ and is in fact equal to the Bergman Laplacian Ap for the ball in "
under certain indéntifications. The precise knowlegde of the resolvent for AB can riow be used

to obtain meromorphic extension and Fredholm properties for the resolvent ofA. |

A necessary and sufﬁcxent Fredholm—cntenon is found for operators in a certain C —algebra
of bounded operators on L (€2), where Q is the product of a compact Riemannian manifold
and R. This algebra contains the operators of the form LAN, where L is an N—th order differen-
tial operator on Q with asymptotically periodic coefficients and A = (i;AQ)—llz.

As a continuation of Muramatu (Sprmger Lecture Notes 125_5 (1987)) we have found boun-
dedness results under minimal assumptions on regularity of symbols:

MAIN THEOREM. Let G be a real number, 1<p<w, 1<q<, 1/q+1/q'=1 (q'== if q=1 and q'=1 if
q==), 03851, 0<p<1, X and Y Hilbert spaces. and set

@ R =Rl

where th = max(s,t), sAt=min(s,t}
Then the pseudo—differential operator A with symbol a(x,E) is bounded from B S (IR“,X) to
(IRn Y) if one of the followmg conditions is satisfied;
(I) cr>0 and a(x,£) € Su (” ) (11’/\%; @R, AX,Y)), with the exception of the case where
O<o=A, 6=0, g>1;
(D 00, 8<1 and a(x.8) ¢ S, # BAT(D.0PAD) Gogn, gx vy,
(I =0 and s(x.) ¢ Sk 83%2; 12) @S, 4X.Y) with additional conditions that § <L,

P<1, l<p<w, and pv2 < q.

" Here Sp“ngg-:; @ l)(IR"’MR“; AX.,Y)) denotes the Besov—version of the operator—valued

symbol class. In this notation o denotes the order of regularity with respect to x, while T deno-
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2

tes that with respect to &. 4X,Y) denotes the space of all bounded linear operators from X into
Y. . . .

Sugimoto has proved the Main Theorem when symbols are numerically valued, 1<p<~ and
o<\. He also proved it for the case where 1<p<«, 0=0 and o>A or 0=A, p<1 holds. Our me-
thod is rather different from Sugimoto's, and it dogs not depend on the theory of Hardy spaces
and Fourier analysis except the Hausdorff—Young inequality.

M. NAGASE.
Hamiltoni

We give a class of essentially self—adjoint pseudo—differential operators, and also we give.
some applications to the proof of essential self—adjointness of quantum Hamiltonians of relati-
vistic (or non—telativistic) spinless particles in magnetic fields.

N. PEYERIMHOFF. The d-Operator on Algebraic Curves
(with J. Briining and Herbert Schrider) Let M be a Kihler manifold, m=dimcM and

aPsdav) = (s € P fplst®< o Ty [3s]? <),
One can consider the complex

a 3 F]

If its cohomology vector spaces H(()i) (M) are of finite dimension, one calls
. m
Xy =, Z -1 dim Hgz5 o

the L2 ithmetic genus. If M is compact, this definition coincides with the “ordinary" arith-
metic genus.

We considered irreducible algebraic curves M ¢ X with singular set ¥. M — 3 obtains a
metric by inducing the Fubini—Study—metric of the CPk onto it. Using methods of Briining and
Secley we obtained the following result: Let M, ¥ be as mentioned above and Il: M - M
desingularisation of M. Then H(()é()) (M-X) and H(()z) (M-X) are always of finite dimension

and @ indd . =x®0), ®) indd;; =xyM-5),

3, and 3, denoting the minimal and maximal L2—closed extensions of 3: QO'O(M—Z) 5

al; 1(M 3.). Moreover there is an explicit formula for the difference ind 3 —imismin

only depending on the branching orders of the branches of the desingularisation near the
singularities 3. This result yields a negative answer to a question of McPherson in the case of
algebraic curves, which he asked in the paper "Global questions in the topology of singular
spaces".
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B.A. PLAMENEVSKY. On

~ This report considers C*-algebras generated by pseudo—dlﬁerennal operators on a smooth

m-dimensional manifold. The operators act in spaces L, with weighted norms. The symbols of

the operators are allowed to have discontinuitiés along submanifolds. All irreducible represen-
tations (to within equivalence) are given for such algebras and the topology on the spectrum is
described.

D. ROBERT. Hig

In this lecture we present extensions, to non compact support pertmbatiohs of the Laplace

operator on R", of results proved about ten years ago by several people: Buslaev, Colin de

Verditre, Guillopé, Popov, for — A + V, V € Cy ®") and by Majda—Ralston for the Laplace-

Beltrami operator, ﬂAg. associated to a metric g = (gjk} such that gjk‘= sjk outside a compact

of R™. Let us denote: Lo = —A and L a perturbation of L0 s L - LO being small enough for

defining the scattering matrix at energy A > 0: S(A) and the scatteﬁng phase 6(A) by
(1) det SQA) = e2100A),

_Birman—Krein theory defines the spectral shift function s(A) by:

() wEL) - L) = — | FQ) s@ydr, fe Cy@).

We have the remarkable fact: 8(A) = — xt s(A), VA > 0.
Let us consider the following perturbations of Lo'

L=LgAV)=—G ‘1/4): (3+1A)Gl/2 &< @, +iAY G 1"‘+v

where g = {gjk] , g’k [g}_1 G = det(g), A V are smooth on R®, with values in Hmmtean

matrices in a complex Hermitean space Em of dimension m, A = (Al,...,Am) : aj = a/axj.
Assume: . S '
(Hp) (p > n) For every . € INnthereexistC > 0 such that:

10%g(x) — Id|+|3aA(x)|+|8aV(x)|SC(1+|x|2)—(p+|a|)n

for every x in R".
(N-T) The Riemannian metric g is non trapping, i.e. all the geodesic curves leave every com-

. pact set of R™.

Our result is?

Theorem: Under the assumptions (Hp)(p>n) and (N-T) we have:
FO =T padT) asd e

The a depend on g.A,V In particular, oy = Zmn"n“/l"(fi-l) f(JG(x)—l) dx. It is possible
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to compute 0ty and o, The aj are connected with the usual spectral invariants appearing in
spectral geometry. (See Gilkey).

Remark: This theorem answers an implicit question raised by R. Schrader in 1980 (Z. Physik
C. Particles and Fields 4 (1980) 27-36).

L. RODINO. Pseudo-—Differential Operators in Gevrey classes
The calculus of Gevrey infinite order pseudo—differential operators a(x,D) is presented, with
symbol a (x,£) in the classes s""g (L. Zanghirati 1985).

As an application, results of hypoellipticity are obtained for operators of the type

P= (Dxl:tlxthxz) +ROD) ®

where h 2 1, {2 2 are positive integers and R(x,D) is a classical analytic pseudo—differential
operator of order ¢-1, with x = (xl’x2""'xn)‘ Precisely (L. Cattabriga, L. Rodino, L. Zanghira-

ti): the (non)hypoellipticity of Dx1 t ixlth2 implies the (non)hypoellipticity of P in the

analytic class and in the Gevrey classes Gl. 1 <5 < {/(£-1), independently of the lower order
terms R(x,D).

The reduction of order for a pseudo—differential operator on a Lipschitz—domain
Pyo(xD): B(Z) + H (D),

(pz denotes the restriction to X ), requires the construction of ydo's, ﬁvhich are isomorphic

between FI5(T) and A5 (T) (resp. H(T) and H* (). It turns out that it is sufficient in the
local case, to construct convolution operators which are alliptic of order r # 0 and the convolu-
tion kernel is supported in a certain cone. By this means one can construct a ydo pzo‘(x,D)

equivalent (up to smoothing ops.) to ps6(x,D), which is of order zero acting on LZ(Z). As an
z

application, the Fredholm property of a special class of operators on a Lipschitz domain occur-
ing in many applications, is proved by means of reduction of order and Gﬁrdings inequality.

A classical result states that on a compact C” manifold X w1th boundary a system (P,B -
B™), consisting of a differential operator P of order 2m and m boundary operators of orders
e defines a Fredholm operator

m
®B1,..B7) By 00 + HoGO XTT Hypy 1 @)
i=1. )

if and only if P is elliptic and the system satisfies the Lopatinski Shapiro condition. This result
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extends to the case of elliptic elements in the Boutet de Monvel algebra over X.
On the other hand, the Fredholm property generally fails to hold if the manifold (and
particularly the boundary) is noncompact. In order to recover it, a class of weighted symbols
and Sobolev spaces together with a stronger notion of ellipticity was introduced for a suitable
class of manifolds [Erkip & Schrohe: Normal Solvability of Elliptic Boundary Value Problems
on Asymptotically Flat Manifolds, preprint Mainz 1988]..It was shown that this concept is
compatible with the usual framework. In particular, the geometrically defined normal
derivative is a pseudodifferential operator within the new class. This gives all the ingredients to ’ |
construct the analogue of the Boutet de Monvel algebra with pseudodifferential, Green, poten-
. tial and trace operators of the above type (E. Schrohe: A Boutet de Monvel Type ACalculvus for
Boundary Value Problems on Manifolds with Asymptotically Flat Boundary, in preparation].

A manifold with edges is locally descnbed as X" X IRq with X bemg a closed compact C”
manifold (the base of the model cone), X* = X x R the (stretched) model cone, and I{tq the
edge. If X = {point}, then we have-a manifold with boundary, locally described. by the half
“space R, x R with R _as inner normal to the boundary R, This makes it natural to establish

on XA xR (or globally on a (stretched) manifold W with edges) a pseudo—differential calculus
analogous to Boutet de Monvel's algebra with extra tracé and potential condmons along the
edge and a ydo part along the edge Z, which are matrices -

[AK] whlw) W l“;"‘F(W) -
- . 1
- H2G) - BTz, o

with "wedge Sobolev spaces" WS’Y(W) of smoothness s and weight v, and finite—dimensional
vector bundles Gi overZ. Ais a ydo with symbol ot the form t—“a(x,t,y,é tt,tn), (x.ty) € XA

x RY. Algebra and parametnx aspects show that in general we hnve as left upper comner also
‘ operators A+M+G with M being a sort of Mellin ydo and G a Green operator. A admits two
leading symbolic levels cu(A) xLyETn (= the usual ydo symbol of A) and an edge. symbol

ok(A) (y.n) as an operator fam1ly
oR@y: KN +G_ - T o g,

|
|
\
|
|
|
|
o l
yn eT X 0 with Ks’7(XA) being weighted Sobolev spaces on X'\ Ellipticity means ‘
bijectivity of both symbol components. Under this condition (1) is a Fredholm opemtor for all

s € R, and there is a parametrix B of analogous structure with c_u'(B) cv(A) c'"(B) = l

ou(A) . A special case of this calculus is the theory of \vdo ‘bouridary problems without
transmission property which contains in particular Boutet de Monvel's theory as a special case.
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The weak Bloch property (WBP) for a differential operator on a Riemannian manifold is the
following implication: » B

{there exists a bounded ¥ such that A¥Y = A¥} = A e o(A),
where G(A) is the spectrum of the closure of A in L2(M).
Theorem: Let M be a Riemannian manifold with bounded geometry and subexponential growth
of the volume, A a uniformly elliptic differential operator with C”-bounded coefficients. Then
WBP holds.

The same statement is true also for some appropriate pseudo-differential operators.
The theorem generalizes a result of T. Kobayashi, K. Ono and T. Sunada (1989) who introdu-

_ced WBP and considered the case of Schrodinger operators with potentials which are invariant

with respect to a free action of a discrete group of isometries with a compact quotient mani-
fold. ‘

The proof uses the ideas developped by G. Meladze, Ju. Kordjukov and the author. We deduce
WBP from the exponential decay of the Green function off the diagonal. The coincidence of
spectra in all spaces LPev) automatically follows.

Let H be the Weyl quantized Hamiltonian for a relativistic spinless particle in an electromag-
netic field. The Hamiltonian H depends on the velocity of light ¢, and on the mass of the
particle m. First I show that H — mc2 converges to the usual Schridinger operator in the strong
resolvent sense as c-+. From this fact I conclude that a solution of the Schridinger equation for
the Hamiltonian H converges to the solution of the usual Schridinger equation. In addition, I
discuss the pure—imaginary time Schridinger equation. Next, I show that H converges to a
Hamiltonian H0 in uniform operator topology as m - 0. This implies that e'—“H converges to

-itHy

e in uniform operator topology as m - 0. ) .

A. URIBE. Some Results on the Semi—Classical Limit
The following new result exemplifies what one means by the semi—classical limit. Let V €

‘&mn).vzl.PickE>Osuchthath<liminfV(x).Itislmownthatforsmallc>0,the

X |-

spectrum of the Schrdinger operator — h“A + V in (O,E2 + ¢) consists of finitely many

" cigenvalues, (A®). Let (¢} denote the Hamilton flow of H(x) = NEIZ+V&) on the

Deutsche

energy surface (H = E}.
Theorem: Under a generic condition on (¢l}, and assuming E is a regular value of H, one has,

/
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Vo € &AR) such that 6 € Cs ®),

Y T ciomn
] B0

-0 j20
Moreover, the right—hand side is governed by the geometry of the flow (¢t}'

Corollary Under generic assumptions V¢ >0
#(i| |V EE-E| <c) =2 Vol (H=E}h ™1 4 o 0]

These results are proved using the Hérmander theory of Lagrangian distributions.

In the previous results, the phase space (IR2 ¥.dp~dq)is considered as T [Rn It could also be
considered as €, and the symplecuc form the imaginary part of the standard Kihler structure
on (". In general, it is an mtemstmg question to study the semiclassical limit on Kithler mani-
folds. Let (X,0) be a Kiihler manifold, where [w] € H X, D). (Assume X compact, for simplici-
ty). Then there exists a holomorphic line bundle L -+ X with a hermitian structure with curva-
ture 1 @, Vm 2 0, let H_ = HOXL™). Then one can develop an analogue of the Hormander

theory, in the following sense. To every Lagrangian A ¢ X satisfying a quantization condition,
one can associate spaces Jk(A) of sequences (¢m ¢ H™, m 2 1} such that its asymptotic beha-

vior as m - = is governed by a symbol of A. Here 1/m plays the role of Planck's constant.
Using this theory, one can effectively study the semi—classical limit on Kihler manifolds. The
theory is based on the Boutet—de—Monvel/Guillemin theory of Hermite operators.

XUE PING WANG. A

This work is a continuation of our previous one on bounds of widths of resonances in Stark
effect. By constructing precise asymptotic solutions in forms of complex oscillatory integral (in
sense of J. Sjostrand), we obtain complete asymptotic expans:ons for widths of resonances for
two particular classes of potentials: V(x) 0, (x;x) € Rx R x; <R, for some R >0 and

in the one dimensional case: V(x) ~l_| (c0 + Z c X ), X0, coaﬁO 0>0. Our results show

that the leading term of the asymptotic of w1dths depends on quantum wave functions through
the vanishing order of the partial Fourier transform (in x' variables) of eigenfunctions of — A +

- V(x), at €' = 0. The proof of these results is based on a priori energy estimates for distorted

Stark Hamiltonians, which are non—selfadjoint and non—semibounded.

We are concerned with the smgulamy of soluuons of dlsperswe partial differential equations;
namely, non—kowalevskian differential equations of evolution which are globally well-posed
in both directions of time. Typical examples are the Schridinger equation and the KdV equa-

: tion. It is known that these equations admit a version of microlocal analysis, but it tells only
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the location of singularity of solutions restricted to some fixed time. That is, it does not tell the

_ time evolution of the singularity.

On the other hand, several authors found that the decay of the initial data implied the local
regularity of the solution after a finite time.
Here we are going to show, that the decay of the initial data in some direction guarantees the

microlocal regularity of the solution of such equations.

In my talk I am interested in the behav:our of the muln—dxmensxonal Mellin transforms of
solutions to linear PDE's with smooth coefficients Ru = w where R =R (xz,...,xn, Xy gi I 4
. 1

gﬂ- ) is a singular operator with regular singularities (in the sense of Kashiwara), elliptic in
n

some sense. I study 2-microlocal regularity of such solutions which amounts to the study of
the growth order of the Mellin transforms along the pure imaginary planes.. Further, I show by
means of explicit examples that Mellin transforms of solutions extend to large sets in " and it
is possible to compute. their jumps on the complements of those sets. It turns out that outside
certain singular points the jumps are analytic functions which extend to holomorphic functions
with certain singularities. This is the phenomenon called "resurgence" by J. Ecalle. Finally I
comment on "continuous asymptotics” of solutions at the point zero.

Berichterstatter: Elmar Schrohe
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