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· Die Tagung fand unter der Leitung von o. Müller (Bielefeld) ,

~.M. stein (Princeton) und H. Triebel (Jena) statt. Es wurden 34

Vorträge über neue Forschungsergebnisse gehalten. Ferner wurde

die Tagung zu. ~egem Gedankenaustausch und zur Zusammenarbeit
------ ._----- -- ..•_-_.._._--_._.. ----- _."-_ .. _----~_.

-"genutzt •.

In diesem Taqunqsbericht sind die Vortraqsaus.züge gemäß der

zeitlichen Reihenfolge der Vorträge zusammengestellt.

Schwerpunkte waren Themen der klassischen Fourieranalysis auf

euklidischen Räumen (Fouriersche MUltiplikatoren, singuläre

Integraloperatoren, Regularitäts- und 'Konvergenzprobleme) und

der Theorie der partiellen Differentialgleichungen (lineare und

nichtli~eare POEt Systeme von PDE). Einige Vorträge stellten

auch Resultate aus der Theorie der Funktionenräume dar

beziehungsweise behandelten verschiedene Fragestellungen unter

"Nutzung der Theorie der Pseudodifferentialoperatoren. Des

weiteren wurden Ergebnisse auf dem Gebiet der harmonischen

Analysis auf nilpotenten Gruppen und symmetrischen Gruppen sowie

auf dem Gebiet der komplexen Analysis vorgestellt.
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vortragsauszüge

D.H. PHONG

Fourier Integral Operators with Degeneraeies

This is areport on a reeent joint work with E.M. stein.

Let S(x,y) be a homogeneous p~lynomial of degree' n i~ (x,y}eR2.

We give necessa~y ~nd suffi~ient conditions for L 2 estimates for

oscillatory integrals. of the form

Here X E C;(~) is a fixed cut-off funetion. We also diseuss L 2

reqularity :and. LP-L q estimates for Radon transforms 'and related'

Fourier integral operators1

M~ CHRIST

Analytie (Non-) Hypoelliptieity of Ob

Let X,Y be real analytic (denoted C~), real veetor fields in an

open subset of R3, and d b ='X + iY. Assume X;Y are independent

at eaeh point. Set lex} = determinant (X,Y, [X,Y]) (x). Suppose

ob o~f E C fiJ in some open set Cl. Under what geometrie hypotheses

ean one conelude that o~f E C~ (C) ?
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Proposition: . For X = ax ' Y = ay+ (XlD-l+x t ") at , there exists f as

above with o~f f Cu, provided m,M are even and suffieiently

large.

The siqnifieanee of these examples is that (Ä = 0 } = { x = 0 = t}

has dimension only one, whereas it· had dimension two in all
previous examples. This supports a eonjeeture of Treves: any

eurve with certain geometrie properties, contained in (A = O},

should pose an obstruction to analyticity.
The proof combines a model case, previously treated by D. Geller.

and the speaker, with a perturbation argument.

E. DAHER

Admissib1e eonvergence for the Poisson-Szegö Integrals

-------Thls - is'·-a-' report on a --jeifnt- '·work--with Alldrzej" Hulani6ki-- and~

Riehard C. Penney.
We pr~ve almost everywhere semirestrieted admissible eo~vergenee

of the Poisson-Szegö integrals of L P funetions ("1 < P ~ 00) to

the Berqman-Shilov boundary of a si~gel domain. In the"case of

symmetrie domains the result is a eonsequence of a theorem by
Peter Sjögren.

Given a regular cone 0 in an1 let a Hermitian bilinear map

be O-positive i.e. ~ (Z2' Z2) € C for all Z2 E ~ and if

~ (Z2 ' Z2) = 0 then Z2 = o.
The domain

D = {(Zl'ZZ) E' ~x~: Im Zl - ~(Z2,Z2) E Q}

is ealled a Siegel domain determined by ~, Q. The Berqman

Shilov boundary of D is the set

B={(Zl'ZZ) E'COtx~: Imzl-~(z2,z2) =o}.

There is a step.two nilpotent group N(~) acting on D and a~ting

simply transitivelyon B.

                                   
                                                                                                       ©



. We do not assume that 0

abelian qroup· A c GL(n,R)

4

is homogeneous but we consider an

acting on 0 in a diagonal way and

having a "positive Weyl chamber". An example of such A is R+

with the action

but there are also more sophisticated examples.

Given a group A,y € N(~) and a compact set K c D we define an

approach region by

ry(K) = {yaz : a € A, z € K }.

The Poisson kernel for 0 is the function P«(i), z)

defined·by

on B x D

P«(i), z) 15(6), z) 12

S(z,z)
CA> € B, z € D

where S is the Szegö kernel .

.Given Fa E LP(B) = Ll'(..N(ib» t~e Poisson integral of Fo is

( 1) F(z) = 1 Fo(y)P{y,z)dy
---.---._.-._~~-- Nce).--.--_.__ .-.:..-- ._,_ __ . _

If F € HP (D) , 1 <p-s.oo, then F is a Poisson integral of a function

F o € LP(B). If 0 is symmetrie the Poisson integral (1) is

harmonie with respect to the Laplaee-Beltrami operator. On 'a

general Siegel domain the Poisson integral may not be harmonie.

Theorem: Let Fa € LP(N(~», 1 < p '5. co and F be the Poisson

integral (1) of Fo • Then for every compact. K c D

lim (F(z): Z€ ry(I(), dist(z,B) - O} = Fo(y) fox a.e y € B = N(~l. •

Remark: The nontangential. convergence in the sense of the

regions ry(K) seems to be somewhat more general then the notions

of convergence considered before in the context of Siegel

domains by A.KorAnyi and E.M.Stein in 1968-72.
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H.-G. LEOPOLD

Pseudodifferentialoperators and function spaces of variable and

generalized smoothness

In the classical function spaces of Besov type B~q(Rn) norms can

be defined via resolution of unity in the Fourier image R( of

the function u(x), which is connected with the symbol 1~12 of the

e Laplacian. To get scales of function spaces wherespecial·

degenerate elliptic partial differential operators or tno's of

variable order of differentiation have similar properties as the

elliptic operators in the classical function spaces of Besov

Triebel-Lizorkin-type, we replace the' Laplacian. by a suitable

hypoelliptic w.oo A(x,Dz ). Then, the definition of the Besov

spaces of variable order B::;(Rn) based o~ decomposition of
R~ x R( which are induced by the symbol a (x, ~) of this 1IJDa. This

_means_that_we._may_have_dif f erent_ resolutions._ of--Rf- ":for. _d~ffer.ent __ ...

x € R~. In order to belong to one of these spaces, now a function
will have to satisfy smoothness assumptions that can vary on

differen~ regions in R~.

w. HANSEN

                                   
                                                                                                       ©



6

In contrast to preceding work on the problem the proof is given

in a purely analy.tic way. It uses the Martin compactification,
in particular the minimal fine topology, and explolts properties·

of the Schrödinqer equatio~ 4u - ade · , du) -2 lAU = 0 ca z 10-60 ,

A a suitable subset of U).

F. TREVES.

Parametrices for Schrödinger eguations

.The equations .under study are of the type'

1 a
L=-i dt - ~x - a(x,Dx ) I

where a(x,Dx ) is a pseudodifferential operator of the followinq

kind

•
a (x, Dx ) u (x) (2n ) -n Jelx-( a (x, ~) u (~ ) d~ ( ~€ ~ ).

-~·and ,there· is CCI,It') -O--for-each· a,p -E Z~,

I~ ar a (x,~fl s CCl,It<x)p-IClI<~>q-llil. . «x> = v'1+lxI 2 )".

This is 'expressed below by saying a € sp,q(R2n) •

t The approach iso to write

e-1t6L e 1tA = ..! ....E... - e-1tAxa (x D ) eltA~
" i dt I x •

A(t,x,~) Cn f e-llzl2 a(x+zlt,'~)dz

an
We have, modul·o .S-CD,q(R2n) I •

~bJC
(=e 4~ a(x/~».

(In Theorem 1, a(x/~) € sp,q(R2n).} In the sequel, one assumes

p = q =0. Then one seeks an operator K s.t.

(*) 1 aK A ( . ) Ii at - t,X+2~tDx,Dx.K:= 0" K e-o = I.

The parametri~ of L will then be ~he.compose e 1tAK.
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To solve C*) one write

K(t)u(x) =(2n)-n J e ix ·( k(t,x,~)a(~)d~,

and k(t,x,e> is determined by transport equations. Actually one

write
~

1 f a(x+2sf,()ds

k(t,x,C) = e 0 " g(t,x,~) •

The transport equations for gare some simpler than those for.k.

~ One gets the following estimates: .

I~ ar gr( t,x, C) I s CrClp (T) t<x>-r-<CI> <c>-r-<P>M:t (x, c) -2;~ICI"'IiI,

with

where the signum ± is that of t.

The error term in the first equation C*) is an operator~' - ~M

_C~P5:t~~ _.~~ __C~ __f~nC?t~on~_ tha~ ..~.r~w at most polynomial1y at

infinity), and &'M" ,!. (&'M is a spaee of distributions that

decay rapidly at infinity).

J .~. ANKER

Multipliers on noncompact manifolds

~ This is areport on a jointwork with Andreas Seeger. We are

interested in obtaining minimal smoothness conditions cf

Hörmander type ensuring LI' boundedness for functions of the

Laplacian 4. on Riemannian symmetrie spaces G/K of noncompact

type and more generally on complete Riemannian manifolds M with

C· bounded geometry. Recall that an analoque cf the Hörmander-·

Mikhlin theorem w~s obtained in this eantext by Michael Taylor

in 1989, achieving a lang series cf effarts by several authors,

and that we extended and sharpened this theorem in the"

particular case' M = G/K in 1990. In order to state our latest
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result, let us introduce some notations. The infimum of the ~

spectrum of (-~) is denoted by 0 2 • The volume growth is

uniformly control~ed by IB(x, x) I s C(l+x) 6 e 2U" Notice that

o = 1C ~ Ipl and 6 = xank-l in the -case M = G/K.
2

Theorem: Assume that 6 < n;l," where n is the dimension of M.

Let 1 <'p < 2 n+l and let m(1) be an even holomorphic function in
n+3 .

the strip IImll:s: K» := 2K(l:. - ..!.) such that -
p 2 •

C,.,: =lfPo m (" ±iKp ) ~~p + sup IfP m( t. ±iKp ) ~ .p < 00, where fPo(l), q> (1) are
, "-oI1t;tl Bal

bump functions around 1=0, resp. 111=1 and B:f denotes the usual

Besov space of smoothness indexup = n(..!.-1:.). Then m(J-A-a2) is
. p 2

.a bounded operator on Lp(Ml with norm « Cp •

__ ~ An~!~~~~~_~es~~_~~_~e~~__.~~~~~_o~_~_~y ~~t:~~~~d_!>y _~~!~~__s~=g~~ _i_~ .
"the Euclidean case and on compact manifolds. Let us make some

comments about our theorem. A slightly weaker result is

available in the case 6 ~ n;l. The holomorphy condition is

known to be necessary for M = G/K. The condition p<2· n+l comes- n+3
from the followinq version of the Soqge-Stein-T9mas restriction

theorem.

. n+l 2
Lemma: Let 1 s P s 2· n+3 ' Ac = V-A-O +~2 with ~ > Kp and let

y € C~(R)_ be an even function with small support. Then
1

.1f(A(-t) +1'(A(+t) ILp-~ :s: C(l+t) Cl
p
-2'

Some more comments. When 2" n+l s p < 2, our theorem holds with
- . n+3 _

S:f replaced by B;: (..! < .n+l (..!-..!». It also holds more
. q 2 P 2

qenerally for the Laplacian on forms, the square of Dirac-type

operators and small perturbations of them. As far as

applications are concerned, it yields for instance good Lp"'Lp

bounds for Alt and qood Lp-~p boundedness results for the

stronqly singular operators A(-bei.A,.a (0 < a < 1) .

e
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J. BOURGAIN

Applications of multiple Fourier series to nonlinear PDE

c. SADOSKY

Interpolation in the polvdisk

It is well-known that the classical interpolation problems of

Nevanlinna-Pick, Caratheodory-Fejer, and other, can be solved

throuqh the Nehari· theorem in the circle.

Abstract lifting theorems for bounded invariant fo~ acting in

scattering systems with several - evolution groups provide

several-dimensional versions of the Nehari theorem [Cotlar

Sadosky, 1990,1991].

____tL~~119._~ .f_Q.~~l~:ti9:n .of ..~l~~_t tn_~O_~~lJl j.J1~__ e~~~ss_ed Jn terms .af

functions of "restricted bounded mean oscillation", the problem

of bounded analytic extensions to the polydisk of functions

defined in a zero variety, with con~rol of the· norm, is given a

solution.

P. SJÖLIN

e Radial tunetions and maximal estimates tor solutions to the

Schrödinger eguation

Stf(x) = u (x, t) = (2n) -nf eir(eitl(l4l i(~) de I x € Rn, t E R,
RD

where a > 1. We then .have u(X,o) = fex) and in the case a = 2

u is a solution to the Schrödinger equation ~u = iau/at. We set

S·f(x) = sup JStf(x) J, x ERn,
O<t(l

and let Hs denote Sobolev spaces. We shall study estimates of
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the type

( J 18·fex) Iqdx) l/q ~ eR Of~Hs'
B(O;R)

where B(O;R) = { x E Rn; lxi ~ R} and f is a radial funetion in

L. VEGA

Loeal regularity properties of Schrödinger equations

We present the followinq theorem.

Theorem: (with A. Ruiz) Let eit(A+V) U o be the solution of the

Sehrödi~ger equation

{
. iotu + Axu + v(x) U = 0

u (x, 0) = uo(x) •

Then
Tf ID1/2ei~(6+V) uo l2 dtdx) 1/2 s .c( 1') ßUo~L2(r)
-T

where D1 / 2 = (-A) 1/4 and' V = Vl +V2 with DV1~L.o/2·(an) < e (n) and

gV2 IL -(Rft) < +00.

e(n) is a eonstant whieh depends on the dimension.

J. PIPHER

Boundary value problems for 2nd order elliptie operators

We consider the solvability, with data in LP, of the Dir1ehlet,

Neumann and reqularity problems for operators L = div AV where

A is asymmetrie, elliptic matrix with bounded measurable

coefficients. In particular, what additional smoothness must be

imposed on the coefficients to guarantee solvability of these

problems for same p. Results of R. Fefferman - C. Kenig -
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J. Pipher and of N. Lim on the Dirichlet problem and results of
c. Kenig - J. Pipher on the Neumann and reqularity problems were

presented.

C. KENIG

~ The Poisson Egyation on LiRschitz and Cl domains

In joint work with D. Jerisson we study the Poisson equation

Au = E, ulao = 0 on bounded Lipschitz and Cl domains in Rn. We

assume that the data f belongs toSobolev spaces w/<C) or Besov

spaces B:<O). We find optimal conditions on p and u .such that

for any such domain Q and any such f, the'solution u belongs to

. __ .~tCl (Q) _c;>r _Bi~CI (0) •

N. GAROFALO

Unigue Continuation"for SUb-elliptic Operators

This is recent joint work with Zhongwei Shen. We conside~ in R3

the model Grushin operator

~ = L + L + (X2+y2)L.
ax2 ay 2 at 2

~ constitutes a basic example of sUb-elliptic operator and is

closely related to the sUb-Laplacian on the nilpotent Heisenberg

group of real dimension 3. The homogeneous dimension of ~ at the

or1g1n is Q = 4. The action of the nonisotropie delations le~ds

to conjecture that the differential inequality l~ulslVul has the

strong unique continuation property at points of the manifold

{(O,O)} x R, provided that V E Lfoc<R3) with P ~ ~. Our approach

reiies on the establishment of an (L l' I L4) Carleman estimate
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which generalizes to the present context a result of D. Jerison

and C. Kenig for the Euclidean L~placian. The main tool is a

discrete version of restrietion theorem for the projection

operators associated with the spherical harmonics of the

operator Sf.

w. TREBELS

On necessary conditions for Laguerre multipliers

This is a joint work with G. Gasper.

We study multipliers for expansions into Laguerre polynomials on

~'a) -space~

•
1

T~(x) - r(CI+l) CI >-1

where

Iflr.,fcol =(Zlf(X) e-x/2IPX&dxf'P, 1 S P <co,

and

faCk) = !fCx) L;(X)/L;(O)e-XxfJdx.
o .

Theorem: Let m E M.!(a), 1 s p < 2, ..!. +1:. =1, and let a ) -1 be such
p q

. { 1 . 1} 1 1that max -, - < (4+1) C---). Then
. 3p 4 . P 2

Iml. + s~p (t I (k+l) 1&2&1-1mk lq _'l_)l/Q s Clm1arJlol'
N Je-N/2. k+l

where 1: =(2«+1) (-!. -.1.), 112mJc=mJc-mJc+2' A&mk .= Y' Aja-lmlc+j.
p 2 ~
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From this follows immediately for finite sequences m = {mk};..o the .

cohen-type inequality

(2CI+2)(.!-1)-i I I n
(n+l) P ron S C um~~.),

essentially due to C. Markett 1983. The necessary conditions are

compared with sufficient ones.

e
D.R •. ADAMS

NXN second order elliptic systems under constraints

Let C be a bounded domain in Rn, n ~ 1, L = AA - B where A and B

NxN'real constant matrices, A = Laplacian on Rn. set'

.K ={v= (Vi ; ... , v 11) € H~ (C ) N: v 1 ' ~ .. on C }

where t€C2 (D) n CO(Q) with '. < 0 on ac; f=fl,· ...,f N) € Lm(C)N~ We

consider the variational inequality

(VI) Find U EK s.t. <Lu,V-U>~,H-l ~ <f,v-i.z> fora]l vEK.

ouestion: What are the conditions on A and B .that give
existence, uniqueness, andregularity?

The ellipticity assumption is: det(A)~O.

We consider two cases: (A -1) 11 <0 and (A -i) 11=0, where the last

case can be split into N-l subcases according to the value ofe k € h, ... ,N-l}, where k=def deg(jf) +1, and p(M;A) is .the monic

polynomial. obtained from det ( (M-AI) # ], M=SA -18S-1 , for. same

especially choosen invertible S. Here the symbol # denotes 'the

(N-l)x(N-l) "upper rig~t hand corner" of the matrix. From this
we qet canonical forms for the reduction of M via the. group

CN = invertible NxN matrices C s.t.

Cl1 = 1; C1j = 0, 2 S j :s; Ni eiN =0, 1 :s; i s N-l. From. this we get

solution classes and eventually their associated apriori

estimate. That eventually lead to' a partial answer to our

questions.
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T. RUHST

Mapping properties of nonlinear operators in function spaces

This is a survey on some recent results of a j-oint work with W.

Sickel, Jena.

We study the boundedness of the nonlinear superposition

operator: ~ :F:~Oq(Rn)-F::q(~), "So ~ Si' given by f ... G(f),

where G(t) =t lD
, m=2,3, .•• and G(t) is a sufficiently smaoth real

valued function with G(O)=O, respectively, and f belangs ~a the,

scale of spaces of. Triebel-Lizorkin type Fp~q(Rn". Results

concerning with the loss of smoothness 8 1 -80 in dependence on

'the 'parameter n-; --so ärid-p -äre- älso given.

Theorem: Let

"-0 < P < 00, 0< q ~ 00, and G E CP(~), J.I. > max,~1,8) with (;(0) = o.

Ci) Let S > op: = n • max(O, 1:.-1 ). Then there exists a constant Co
p

such that

6G(f) I~p~q~ ~ co ( ~fIFp~qB+lfIFp~qllfIL.gmax(O,B-l)

holds for all f E Fp~q(Rn) n L.(~) •

n

(ii) Let op+l<S <E and Q P • Then there exists a constantco
p E- S +l

p-

such that

~G(f) IF:,q~ s co(~fIFp~ql+~fIFp~q~Q)
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(iii) Let n -max(O,..!..-l;..!-l)< s <1. ThenthereexistsaconstantcGp q

sUch that

gG(f) IFp~q8 :s; cGI'fIFp~~ß

holds for all f E Fp~q(Rn) •

eV.o. STEPANOV

Arecent prog:ress of the Hardy-type weiahted·· norm inequalities

and related topics

Let p > 0 and Bf~ denote .the usual (quasi)norm of a function

in Lebesgue space LP(R+) ~ The weiqhted space LyP(R+) is qenerated

.)?Y. ~he w~ighted (~a~i)norm Iflp,v=_~fv._lp. We consider the weiqhted

inequality . :

I (Kf)vlq ~ Cifvßp' for all f, (1)

with the Volterra integral operator K-g~ven by
x

Kf(x) = !k(x,y) f(y) dy
o

(2)

where the kernel k satisfies the fol~o~ing condition

(i) k (x, y) ~ O. if x > y > O. and. is ·non-decreasinq _. in x or non

4It increasing in y,

(ti) D-1 (-k(x;y) +k(y, z» ~ k(x, z) ~ D(k(x;y)-+k~y~z»
if x > y > z' > o.

We prove necessary and sufficient conditions for the ineqtiality

(1) to hold and for the operator (2) to b~ 90mpact.
Similar results are valid in general· (non-Volterra) case. Also
the dual and weak-type criteria are given.

In case k(x,y) = (l/r(n» (x_y)n-l, n >1 we find out applications to

the spectral theory of the ordinary differential operators such

that the estimate of the first eigenvalue from above and below,
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criterion of discreteness of the spectrum, trace formula and etc.
The inequality (1) restricted to the cone of all non-negative
monotone functions is ~ second part of the work. We obtain the
similar criteria for this. ease and ·then eonsider the mapping
properties of a number of elassical operators of harmonie analysis
such as maximal function, Hilbert· transform, Riesz potential,
Fourier operator, ete. in the Lorentz spaces qiven by

(
_ )l/P

'"(v ) ={f: Ifl;.•= [f" (t)" v ( t) dt . < co },

r,,(v) ={f: ~fßp•• = ([f.. (t)P v (t) dtfP < coLe
In particuiar, an analog of recent result of Ariso and Mu~~enho~pt

about the aeting of the maximal fünetion in ~(v) for the normed
Lorentz spaee fp(v) is given.

C.D. SOGGE

Null forms and 10eal smoothing of Fourier integral operators

We eonsider the Cauehy problem for tbe wave operator in Rn+l, il ~ 2.:
u=O

ul e_o = f, aeul e_o = 0

Theorem (I •Peral 1980): I f (Ip = (n-l) 11:.":'.!.1 and 1 < P < 00.

. .p .2

T~en lu(·, t) ~Lp(RD) ~ Cp~e Ifl.~(RJ2). Thi~ result is sharp.

We present a proof based- on joint work with A. Seeger and EeM••
stein whieh works for variable eoefficients.
Finally, we prove loeal smoothinq estimates and show how they imply
Bourgain' s eircular maximal theorem. In particular," we have the
following joint result with G.Mockenhaupt Cind-A. Seeger.
Theorem: If 2 < P < ~, 3 ep > 0 ~uch ~hat u E Lfoc CRn+l) iff E Ll;-cl'(Rn).

No such result holds if p ~ 2 e

The proof we present relies on abilinear estimate of S.Klainerman
and M.Machedon involving null forms for the wave operator.
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H. SMITH

LP - reqularity tor ditfractive-wave eguations

tell

if x.€ an

Let C be a smoothly bounded, strictly convex, compact subset of
Rn. Let Adenote the seIt adjoint Laplacian acting on L 2 function

on Rn\c, the complement- or C, which satisfy Dirichlet conditions
on ac .. In recent joint workwith C.Sogge, we· show that the

diffracted w~ve operator elt~ has the sa~e ,mapping properties on

the LP So~olev spaces, l<p <00, as for the unobstrueted wave
~ operator: .

Theorem: ~l-A) -«,,/2 eJt..pi. is a bounded opera~~r on LP(llln\c), with
operator ._norm . Cp ( t,) . uniformly. b~unde~ for t in any compact
interval.
This establ-ishes the, sharp fixed time-regularity of solutions to
the mixed wave equation:

~u (x, t) = 4 x U (x, t)

U (x, 0) = fex)

---.-.-_._~-~~~~~-~-~~~_.. _.
u(x,t) = 0

The proof uses a nonisotropie decompo~itiop. of phase space to
deeompose the Melros~':'TaYloros~illatory integral representatio;n o,f

the S~hwartz kernel of elt~. Alt~ough not discus~ed in.th~s-t~lk,

tpese· techn~qu~s also areused to ~stablisQ:_

Theorem: Let A-be aFourier integral operator of order m assoeiated

ta a folding canonical relation. Then A:Lt~(Rn) - Lf~(Rn) if:

(1) m ~ - (n-l) 1.!-l:.1 and p f [1..,3]. P 2 . 2

(2) m< '~'...!.-(n-2)1l:.-..!.1 and pE (2,3)
. 6 P 2 2

Par n 1
2, the result (2) is also valid fo:r m= -6.
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D. GELLER.

Transversally elliptic operators on strictly pseudoconvex
eR manifolds

Let M be areal analytic, strictly pseudoconvex eR manifold. The
Kohn Lapla~ian 0band i ~s ~atural qeneralizations,' the transver
sally elliptic oper~tors,- play an'important role in ~nalysison M,
just as the Lapl~~ian and ~lliptic operators do on. Riema.nnian
manifolds. However, the theory of transversally elliptic op~rators

i8 still incomplete. Consider, for instance, the "Ob-Sc~rödinger ~

operator", ~b + V,. where V iso a (real). analytic function. If V is •
nowhere vanishinq, then this operator.has an analytic parametrix,
if V i5 identically.zero, M compact, it"has'an analytic parametrixi
only relative to a projection onto a large nullspace. For general
V, the situation is stillunclear. We .shall discuss this eX8mple
and several other recent results.

R. FELIX

Randon transforms associated with certain group actions

. .

Das Radonsehe. Inversionsproblem' besteht darin, e~ne gegebene
Funktion f auf einem Raum P von "Punkten'" zu rekonstruieren aus den
Integralen' von f längs der "Ebenen" ~n p~

Wir qehen hier von einer Abelschen Gruppe P = U x E aus " auf der
eine Gruppe G. durch Automorphismen wirkt. (Die Standard-situation
ist natürlich der Fall P = Rn.) Da das "E~enensystem"

~ := {E(q,u) I E(g,u) := q. (u+E) , g E G, u E P}

im allgemeinen zu groB und damit das Radonsehe Problem Uberbe-
stimmt ist, beschränken wir uns auf ein. "reduz~ertes System" •
~:= {E(m,u) I m E M, U E U}, .wobei Meine :geeignet zu wählende
Teilmenge von G ist. Die Radon-Transformierte af einer Funktion f

auf P kann dann als Funktion auf M x U angesehen werden~ Sei m* die
zu m EH kontragrediente Wirkung auf der dualen Gruppe Pi sei dm

ein Maß auf M und bezeichne ~ bzw. dC das Haar-Maß auf 0 bzw. Q.
Um zu einer Inversionsformel zu gelangen, treffen wir nun die
folgende entscheidende
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vor~ussetzung: Das Bildmaß des Maßes dmdq auf M x U unter der

Abbildung F:M x tJ -P, (m,tl) .. m·. tl, existiere und ~ei äquivalent

zu dg. (Diese Voraussetzung stellt sicher, daß ~ zwar reichhaltig
genug~ aber n~cht.zu groß ist.)
Ist jetzt w(m,tl) die zugehörige Dichtefunktion'und L der durch w
bestimmte Fourier-Multiplikator (bzgl. der Fourie~-Transformat~on

auf U) so lautet die Inversionsformel
f = •• L 8t f,

wobei 8t. die "duale Radon-Transformation" ist. Ferner gil~ die
.1

_ nPlancherel-Formel", welche besagt, daß L 2 8l: L2(P) --L2 (MxU) .

• -eine Isometrie ist. . - -

Das Resultat ist· anwendbar sowohl "auf" den klassischen Fall als auch
au~ die n~t~liche Wirkung einer jeden -zusammenhänqenden Gruppe
~n~potenterM~trizen, so daß die gegebene Konstruktion" insbesondere
zu einer Radon-Transformation auf beliebigen nilpotenten" Lie~

Gruppen fUhrt. Hier erweist sich L als ein Differentialoperator.

"

s. MEDA

On the best s~~~qrf?up on..n~~~~_omp~ct symme!-ric spa~es '

•
~et X=G/ K be ~ s~et~ic space of the nonc~mpact -·t'ype. Let Si' be'
(minus) the ~~pl~~e-B~ltrami'operatorass~ciated to a canonical
G-invariant metric on X. Define for all O' s 8 S 1 the operator'
~ = Si -~p.

~n a joint wo~k"with Mi~hael ~owhing and Sarains Giulini we proved
sharp-estimate~ for the LP-Lq operat~r norm of the beat ~e~igroup

(exp(-t5fo»t>o and we found exactly'when the resolvent operator'

~4/2 (here CI is a complex n~er with nonnegative real part). ~s

bounded f~om LP to L q. This is done by' using some new recent
criteria which give necessary 'cr sufficient condition for a

function f to be in LP(G) •
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P.·LEVY-BRUHL

Coherent states. spectral theory and nilp~tent Lie graups

This is a j'oint work with J .No~rrigat .. We prove the. following
abstract theorem about coherent states:

. .
Theorem 1: Let H an Hilbert·space, Z a spa~e with po~itive

measure dz, z -.~ measurable function from Z to H ~.t.:

1) I'P} ~ = K" . 2) V f:E-H, .f = f(f,"z)tpz dz (weak sense) ..

Let p·be a self-adjoint posi~ive operator i~ H wit~ domain D(P) ~
s.t. "1- E D(P) for all 8 E z. Assume P to have compact resolvent,-..•

. and let. N(A) be .~he counti~g function of eigenvalues o~ P•.Then:
i).Assume there exists a positive function·s on Z s.t.: .
(*) V I > q mes {1r I s('ä) :s; I l·· < 00 • and:

(1) V' f ED(P) (o~ a CUIV~ 0f. Po) : f S ("}) I(f,''Pz) )2dz' ~ (Pf, .f) +, Ä~f~2 • .

Then N(Ä):s; 2X2 mes {K Is(}-):s; 4A }. .
ii) Assume there exists a positive function S on Z, satisfiying,
(*), and: P

---·--·~·(2-)--V'-f·-·€--D(P) -(-on--a-cuz·ve-·of·-P)--:·_-{PC-t:)-,:f-) --:s;--!S(-Z)I (f,-tpj) I~dz.

(3) 3u~O 3c>o: f[~UP[S(3:),S(W)]]Cl+il(1f ,1p)ldW~C(~)CI
~nf[S(}),S(w)] l-" 1

then for every r > 0, there exists R > 0 and

N(Rl) ~ ~2 mes {}- IS( }- ) ~ rl)

In a second· part, we construct coherent states associated to an
induced representation D of a nilpotent Lie algebra ~ •
When the algebra is stratified, theorem 1 and the coheren~ sta~es

associated t.o n 0 61~1 (&1 is the usual di.lations]' can be used to
give an estimate of the. image n(D) of the sublaplacian of ~ und~r

D. (This result was obtained before by the authors by a much more
complicated technic). .
The cohere;nt .states constructed bere also give an "approximate
diagonalization" of ~(P), from which we can improve results of
J.Nourrigat about GArdinq inequality and l~mit sets of representa
tions.

•
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G.A. KALYABIN

On the exact values and bilateral estimates of certain capacities

The quantities of combinatorical nature introduced by Yu. V.Netrusov
(1989) are considered which are equivalent.to the capacities of

sets with respect to the generalized.Besov'spaees B~~M(ln).

The algorithm is constructed which allows to ealculate the exact
values of these mod!fied eapacities for t~e arbitrary finite uni
tion of T "elementary bricks" using only O(T) arithmetic opera
tions.
As.a corollary the effectiv:ebilateral estiamtes are obtained for
eapacities of reqular la~~ices.

The results are new even for the'ordinary classes B;(Rn).

Analytic discs in real surfaces in ~

This is areport of joint work with S.Baovendi •. A real hypersur
faee M in ~ i8 minimal at Po if there is no germ of a complex ana-

I

lytie hypersurf'ace M with Po € Me M.

Theorem 1: If M i8 minimal at Po and H: M - M is a C· mappinq,
H(po) = Po' detdH .. 0 and H extending holo~orphic~lly abQve .,M near
Po,. then H.is not flat at po. That is, some derivative of H i8

•
nonzero at po.

Theorem 2: If M c (:2 is a hypersurface of finite type at ·po

(in the sense of Kohn) .and H: M - M i8 a mapping as in Theo~em 1,
'then H i8 a loea1 diffeomorphism near .po.

The proofs of Theorems·! and 2 usethe method of analytic dises.
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H.M. RElMANN

Quasiconformal deformations on the Heisenberg group

This is a joint work with A. Koranyi, CUNY •.

Quasiconformal '.' mappinqs' '~:Hn - H n . on the Heise~b~rg 'group are
homeomorphisms with certain reqularity properties which preserve
the contact' structure a'nd distort the' conformal structureby a
bounded amo:unt' at .most. They satl.fy a system of diff'erential
equations of" Beltrami type: '

n

ZjfJc = E 1-'1jZ j fJc
1-1

k = 1, . . ·.,n+1,

with I-' symmetrie and'~ uniformly bounded.
1-1J.'1

Theorem: A veetorfield of the form
• n .

V = ~ ~ [(ZjP)Zj-(ZjP)Zj)+PT with P € C~(Hn,R) generates .a flow

of quasiconformal mappinqs provided that ~IZjZ~~_ is bounded.
tt

The problem of extendinq 'quasiconformal mappings on· .·H n =~D_.onto

Izjl2 > O} is di~cussed.

D. MÜLLER

Speetral multipliers for Heisenberg groups

The following Hörmander-Mikhlln type theorem has been obtained in •
collaboration with E.M.stein:
Suppose that G = G1 x.,.xGIc is a product of Heisenberg respectively
Euclidean groups, and let ~ =- ~l+"'+~Jc be a sUb-Laplacian on G',

where each Slj is a sub-Laplacian on Gj • LetXrJlO "be a bump function

supported in [1/2, 1], and assume" that m € L-(R+) satisfies
sup I X m( t o

) I~ < 00 .

t>o

for some CI > l:..dim G. Then the operator m(Sf) is bounded on LP(G),
2

for 1 < p < 00 and of weak' type. (1,1). This result is essentially
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1sharp with respect to the critical index -dim G.
2

The best prev~ously known results held only under the condition
a > 0/2, where Q is the homogeneous dimension of G..

N. JACOB

Pseudo differential eguations in Dirichlet spaces

e Let p:R~xRn ~ R be continuous function li!uch··that p(x,.) :Rn ~ R is
negative definite (in the sense of Beurling-Oeny). Further s~ppose

thatfor larqe I~I we have with a fixed continuous negative
definite function a 2 :Rn -Il the estimate cla2(~)s p(x,~)s c2a2(~).

In addition suppose that p(.,~) fulfills certain smoothness
conditions and that oscxp(x,~) is controlled. First it is shown

that the pseudo differential operator -p(x,D) defined onC;(Rn)

extends to a generator of a FeIler semigroup. If further -p(x,D) is

Slymmetric __ it. generates a Dirichletform B with .domainHa~.1/2(Rn) ,

Haa,B (Rn) ={ U E L 2 (Rn), f (1+a 2 (~) ) 2Bla(~) 12d~ < co o}. If this D~ri,?hlet:

space is transient, for any bounded open set 0 c Rn one .has the ~e7o

composition DeCB) =D~(B)EB Ra(e) , °Where DrfCB)' = Co(Q) (\ Ha2
• l i2 (Rn) B

and HB(Q) = ( u E Ds(B); B(u, v) = 0, V V € DcrCB)} where De(B) °is °the

extendedDir:l.chlet space associated· ~~th B. It is shown that

locally elements of Ha(C) belong to fla 2
.t(RD) for any -t € R~ This

is locally for our case the anologous result to Weyl's decompo
sition of the classical Sobolev space Hl(Q) •

A. CARBERY

Hilbert Transforms alon" flat curves in Rn

For a curve r:R .. Rn, r € Cl, rCO) = 0, let
ClO

Hrf(x) = [f(X-r(t» ~t. Write r = (Yl'0oo,Yn ) we considered the LP

boundedness if this operator in Rn, with p~rticular attention given
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to
o loeal geometry of r
o global geometry - Ca'lder6n Zygmund theory
'0 ,regularity of r .
o extensions to 'noneuclidian situation

We focussed on flat curves, gave a, brief summary of the two-
dimensional situation and then presented three theorems in Rn , one
for each o~ the T_(n,R), GL(n,R) and diag(n,R) cases.
The third one was as foliows:
Theorem: (c. and s.ziesler) If r is "balanced" an~ for t > 0

(S~mil;r~y for t < 0). satisfies f y~, ~~+dY~ incr;aSi~g. Y~ > 0, e
(Yj+i/Yj) (0) = 0, and if moreover (Yj+1!Yi) (ct) ~ 2·,(Yj+1/Yj) (t) (all

, ' -

j,t, soine C) then Hr:, L. P ·- t'P (provided also a technical condition
holds).
A sketch of the proofs was given, and,in particular a sketch of'the
proo'f that if h' (. t) ~ h ( t) / t tor ,a convex cu~ve ( t, Y ( t) ) ~ R2
(h(t) = ty/_y ) then Hr bounded in LP was giv~n. This did not use
the, Fo~rier-Transform.

Seattering tor q~neralized BBM eguation

This 1s a 'jo~nt-work with P.Bilerand J.Dzi~banski.

We study solutions with small initial data to multidimensional
generalized Benjamin-Bona-Mahony equation:
Ue-AU e ~ (~,'-~) _~ (b, vu) ~ P in Rn.

w~ give sUfficient conditions on n,s,p to have scatterinq.
We also study travelinq wave soltitions to BBM eqUation ('in- the case •
of parallel a and b).
The study of nonlinear problem is based on linearized equation. Our
estimates of L- norm in linear problem are sharp, but there is huge
gap between p in our positive results and counterexamples given by
traveling waves.
It is work on progress to find better norms in' order to improve
nonlinear estimates.
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.~. TRIEBEL:

Entropy numbers. compact embeddings in function space~. eigenvalue
distributions

1. Entropy numbers:. T :'A ~ B (quasi~Banach spaces)
. lin. compact

eJc = inf { e : TUA
(]c-tb 6l1tropy number) unle ball in A

can be 'covered by' -a. t most 2k
-

1
}

balls' of radius e in B

_ Prop. (earl 82) :T:A - A, I1k eiqe_nvalues of- T, then- Il1fl s .f2 e k ,

2. 'Non-limiting embedding

H:<C), 0 <p < 00, S E lIl, fractional Sobolev (Hardy space) -Q bounded,

smooth domain in Rn.
Theorem 1: If 8 0 - n/Po < 8 1 - n/P 1 and 8 0 < .Sl' the~

B1 -BO

id: H;: - H;; is compact, ~1c - k -n-

APplication:

__. B._~b-<x)_(id~41i/bJxL,_b~{x>-_E_.LyJQ1.,_.u ~._v_~~ ~ac.t~ng__in_._~.<'QJ __Ji.i.ttL_
';Dirichlet condition,

then III~I ~ c k-2
/
n •

Example: 0 E Q, b(x) = Ixl-l , A = B-1 = Ixl l (id-~') D Ixl1

2

If 0 < A < 1 then 11Jrl ~ c k n for some ~c>O, lk-k-th eigenvalue of A.

.Gounterexample: - A = lxi (id-&) D lxi is - not operator of pure point

.spectrum.

3. Limiting embedding
n

Hp(Q) = Hp
P (C), 0 < p < 00 HpCO)'" Ev (C) (Orlicz-Trudi~ger)

E., (0) = { f: JcI>" ( If~) I)dx S 1 for ~ome 1 > o} ~,,( t) = t exp t Y
• .-

Q .

Theorem 2: id: Hp(g) ~Ev (C) continuous iff 0 < v :s: pI

(1 < P < 00, l:.+....!-=1), in the case n<1I compact
P pI

and 1

ek - !<--p if 1+~ < 1:
p v

Application: ,Limiting differential operator.
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G. MOCKENHAUPT

Some LP-Lq estimates for oscillatory integrals

Let E~ Rn be a compact set and d~ a positive measure supported ·on·

E such that alJ. E LP(llln) for p > d~n , here dim E denotes the
~m E

Hausdorff "dimension of E. We are interested in the question for
which (p,q)~range the restriction inequality for the Fourier
transform

fltl q dJ.L ~. c ~fl~p(an) (*) ~
holds. We consider the case where E is a k-dimensional quadratic ~
submanifold, i.e. E is graph of second order polynomials,
dJoL = <pdo, cp E C~, da surface measure. Let Go(H) be the Gaussian
curvature of E at 0 with respect to the unit normal vector
H E Sn-k-1 ~ No CE), the normal plane at 0 € E.

Theorem 1: If G (H) -1 E L P (Sn-Ic-~) for p ~ co~im Ethen (*) holds
o ~mE

for 1 ::s; p < 2 (n+codim E) .and q = 2.
, n+3- codim E

We give also an endpoint' result for the optimal restriction

_ ..inequality _.f.or_E_== S~ ,~,R2 , __dJoL~.arclength measure and using a result.
of R.Salem we show ananaloq of the restr~ction phenomenon in one
dimension

Theorem 2: There are subset E ~ R of Hausdorff dimension CI >.!. and
.' , . 2

positive measures #J. on E s.t. (*) holds for 1 :!!:: P < -! and pi ~ 3q.
3

G. MAUCERI

Spectral multipliers for groups of exponential growth

This is a joint work with S.Gul1ini and A.Hulanicki. ~
We prov~ the existence of a nonholomorphic LP-functional calculus

for a distinguished Laplacean I:::. on a class of solvable Lie groups

of exponential qrowth. Let'G be a conne~ted, noncompact, semisimple
Lie group with Owasawa decomposition G = NAK. Let S = NA. ~hen S is
a solvable Lie group of exponential growth, whose Lie algebra
has an ort~ogonal decomposition 'i = E9~ E9 a , where the ~~ are

czeE+ . .
the root spaces corresponding to a chQice of positive restricted

roots E+·. Fix an orthonormal basis {H1 , '••• ,H1 ,X1 , ••• ,Xm} of \j
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witb

adapted to' the above' decomposition,' where {Hi , ••• , H1 } is an
orthonormal basis of (!l, and regard its elements aso right-invariant
vector fields on S. Define tbe right-invariant Laplacean 4 on S
by

.~ = - ( t H} + ...!. t xi) .
j-i 2 1'-1

Then 4 is a nonnegative self-adjoint operator on L 2 (S)
.respect to the left Haar measure.

Let A =!ldE(l) be its spectral resolution.
o .

For ~very measurable .function m on [0,+00) define m(A) = !m(l) dE(l) ~

Let n be the dimension of S. y the cardinality of th~ set .E~ of
sbort positive roots. .
Theorem: Suppose that there exists a positive number a such that:

i) m is in the Sobolev space H S ( [0 I a]) for same s > Y;1-;

ii) m E C k ( (a/2, +00) ), k > max (..I.:!:!. I n+l)
2 2

and supl (lD1 ) im(Ä.) Is C, i = 0, ... ,k.
1~a72

Then the operator m(4) is bounded on LP(S), 1 < p < 00 and is of
~- - ·--·weak type--l-l-.·· .

Berichterstatter: H.-G. Leopold, T. Runst
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