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This ("ollferell("(~ wa,.<; orgauizcd hy G. Iooss (Nice), K. Kirchgä.~sner (Stuttgart),
.'1. E. ~1arsd{,1l (Pa...;adena) and J. Scheurle (München). There werc sixteen
pkl1a.ry sessiOIlR with t.alks ahout thc following topics:

• Solita.ry \Vaves

• HOIUocliuic auf! Difurc.ation PhCllomena

• Shallow 'Vat,f~rDYllmllics

• GpometI;e l\1d.hods in Fluid Dyuanucs

• SillF;ular Pert.urbat.ions

• St,ahility anel Illstability in Fluids

• NOlllinear \Vaves

• 3D Eulei' and Navi~r St.okes Equations

• Euler EC!,latious on Thiu Domains

• NOlllillear Evolution Equatiolls

• Compntatiollal Mf·thods

• Qua."iipc~riodic Solutions

• Systt·~IllS with SynlIuetrie-;

• Cos)"ullnetry. Integrahility and Diffusion Lilnits

• Stahility Rcsults for Plasums and Gravitational Matter
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In adclit.ioll, cveniup; ledurcH were prescuted by V. I. Arllold. (!\.1oscow mal Paris),
P. .1. Hohnes (Princctoll) amI A. Miclkc (Hailllovcr).

The organizers and 311 the participants of this conference are grea­
tly indebted to tbe Oberwolfach Institute for providillg a stitnulating
atnlosphere for discussions and the exchange of ideas concerning COlll­

mOll research interests.

Abstracts

,M. ALBER:

Conlplex Billiards on Riemann surfaces and Nonlinear PDE's (joint.
work with H.. CaInCissß., D. Holm anel J. l\1arsdcn)

We invcst.igat.c tolle dass of peakons illtroduccd hy Camassa ilW\ Holm for
a sllallow wat(~r equatioll. We put this cquat.ioll in the frallH~W()rk of COlllpl('x
illt.ep;rahle Hi-lluiltolliall sysh~nls on RieuHuIIl stlrfan~s. DeforIuat.ioIls of t.lws('
RieulallIl sllrfar:es yidd tl-solitons, solitons with ql1a.sipc~odir:ha("k~ronll(l. billi­
ards, allel lI-Peakon soll1tioIlS anel cOluplcx allgle repres(~utat.i()nsfor t.heIu. Also,
cxplicit forIl1l11u.s for phase shifts of illtcractillg peakolls are oht.aillC~d l1sill~ t.lle
lIlC~t.hod of asyulpt.otic redl1dion nf thc angle rcprcscntat.ioll.

v. ARNOLD:

Dynamical Systems Methods in Fluid Mechanics

1. Hdicit.y allCl a.o,;;Ylnptotir:aI Hopf invariant: froul kllOt.S H-lHlliuks t.o (liverllrll("(~­

fre(~ v(~d.or tic:lds.
2. Part.ides st.retching allel l:lhort-wavcs asylIlptot.ics: Anosov syst,(~nIS hydr()(ly­
muuical applic.ations.
3. Eulcrian hydrodynauucs as infillite-diuwllsiollal rigid body tlyucuuics: IZ;c~ode­

Hin; of tohe I;roups uf diffeOInorphisms 8l1d of their extensions.
4. Polyintegrahle flows: pscudoperiodical t.opology of flows wit.h seV(~rnI1l1l1lti­

valt1(~d int,cgrals.
5. Nonint.cgrability: not only absence of the illt~grals, huta.lso uf prescrV(~d

~eollwt.rical object.s of other types.

C.BARDOS:

Diffusion Limits of Deterministic Reversible Systems

SOllW cXaIuples of diffusion lill1its of kinetic cquat.iolls an: d(~SCliIH~cl.
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Tlu~ diff(~n'll("c' l)('t.we(~11 linear (illt,eradioll wit.h ohstade) and Ilouliuf'ar iu­
t.craet.iOll (sclf illt.erart.iou) is discllssed in relation with the appcarcuce of dccay
uf (·llt.ropy.

Thpsc' propert.ics an~ illust.rat,ed hy an explirit. exaIuple constnlet.ccl wit.h t.hc
Arllolcl ('at. ump.

J. BATT:

Stability Results for Plasnlas aod Gravitational Matter

Thn'C' lat,C' rpsult.s Oll t.lie st.a.hility for 1.h(~ Vlasov-Pnisson SystCIIl are .dcscri­
IH'd: ()W~ wliich is oht.aillccl hy a rcarrangcluent argl1In~llt in [1], one which is
hm.;('c\ 011 t.h(~ (·Jl('r~y-Ca ....ilnir lllet.hod [2] descrihed in [3], ano one which uses
t.lu' pxist,('w'(' of Cl cOllserv('d qllautity, callcd thc free encrgy, in [4]. Thc cxist­
('IU'C' t.lu'ory uf t.lH' Vlcl....OV- Poissou systeIll is rcvicwecl alld t.he const.rnctioll of
sta.t.ionary solnt.iolls is cl(~s('fih('d. A rcccnt resllit. of obtaining thc asyolpt.otic
profih' for th(' clistrilmtioll fnlldiull, t.he local dCllsity (charge) allcl tlw Ncwto­
uiall (t'!c'ct.ric) fidel hy using a rcscalillg Jllcthod {5] is also proscllted.

[1 J .J. Da.t.t., G. H('ill. A rigorol1s stahility rcsult. for thc Vlao;;ov-Poisson system
ill 3 dil1WllSious. Auuali (li ivIat. Pura ct. Appl. 1G4 (1993), 133-154.

[2] G. Reiu. NUllliw'ar St.ah~lit.y for t.h(~ Vla.'.;ov-Poisson System - thc Eucrgy­
Ca:-iilllir fvkt.llOd. Math. !vldh. Appl. S(·i. 17 (1994), 1129-1140.

[3] D.O. HoluL J.E. MaTsd(,ll~ T. Rat.iu, A. "Vciust.cill. N{)J1lill~ar Stability
of Fluid emd Plasu1i\ Eqnilihria. Phys. Rt~ports 123 (1985), 1-11G. .

[4} .1. BaU., Ph, ~1onisoll, G. R~in. LiJ1~ar Stahilit.y of Stationary Solutions
of du' Vlasov-Poissou SystpIIl in t.hn'(~ DiIncllsioris, Arrh. Rat. Mer.h. Anal.
130 (1995). 1G3-182.

[G] .1. DaU., ~/I. K1111.,,('. G. nt'in. Preprint. 1996.

Y. BRENIER:

On the Geoluetric Description 01 Incompressible Inviscid Ideal Fluids

Tlw lllot.ion uf an iucolllpressihl~inviscid fluid llloving in a thrcc-dimensional
yt'ss<'l D ra.u 1)(' rf'1at.~cl (followiug Arnolrl 1966, Ehin anrl Maxsdell 1970) t.o
a .e;('odt·sic ('lU'Vt' aloug t.11f' ~roup G of all orient.ation alld volUllle Ilreservillg
(liffeOlllOrphislllS of D, for thc met.ric inherited frOIn thc natural cmbedding of
G illt.O L'!(D.IR:«) . Wp adcln~ss the pruhlenl of filldiug a ~hortest path alollg G
hd,weell t.wo dt'llWUt.S 90 fiud !/I uf G. ShnirellluUl (1987) showed that such 8.

short.c·st. path lllay llot. exist. in G. He also sllOwcd that the complctiull of G fur
t.ll(~ ~t'()(I(~~ie dist.auc'c is a.,,,, large as thc senli-group S of aH rncasure prcserving
luaps uf 0 in thc J1l('a.':;lIr(~ t.heory sense.

A gCIlcrali7.ed frallu~work wa....;; illt.roduced in Brcllicr (JAMS 1989) whcre
tlH' ("ouC"C'pt. uf gent~raliz('d flow plays a erl1cial rMe. It. is eIoseIy rclated to
YOlUl.e;'S lllPasures in llOlllo.e;cni2at.ioll theory. Wc eRU show that all scqu~Ilces
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Ü/II(t); 0 :s: f ~ 1) of approximat.e shortcst paths cOIlIJcc:ting 9(1 aud!/I havc~ tlwir
fl.(~('('h~rntioll fidel g~~ 0 g;; I couvcrgiuf'; to t,he SaIue acc('lcrat.ioll field - ~ J'p( f, ;1:) •

So, thc pn~SSllre fickl tm11S out t,o he t,he relevant unkuowll of the short.('s path
prohlC'l1l.

J. BRIDGES

Illstability of Spatially Quasiperiodic Patterns

~1()t.ivat.ed hy rc<:eut resnlts on thc rigOl"OUS cxist(~l1ce uf spat.ially (~1Ut.<.;ip(·­

riodie solutiolls of dliptic partia.l differential equatiulls, allel docmw'nt(!d ('XI>(~­

rimt'ntal ohsc.rvat.iolls of spatially quasipcriodie pattt~rns, part.je,nlar (l'H'stious
ahollt, tlw ~('uUlet.ry auu liücar stahilit.y of qtlasip(~riodic pa.t.t.(~rlls in t.WO spiln'

elilllt'llSiollS af(~ cOllsidered. A dass of IllUdd partial differeutial (·(!,Iat.ious, for
which t.he tiuie-independent part is a toral equivariallt. dlipt,iC' PDE, is cOlisi­
el('r('(L First, the cOllcept of relative cqllilihriuIu, wht,l'p a. solut.ion ("oUt·sponds.
t.o flow aloup; a. group orhit, is gcncralizcd to tll(~ ease of dlipt.ic oppratOI"H in .
t.wo spaCt~ dimensions. In this setting; tlw qUH.siperiodie patt.eru corrC'spowls to
I!:COIIlctric t.ori. This geolllct.ry is t.hen uscd t.o prov(~ sllfficif'Ut. ('olHiit.iollS for
s!H'dral lincar illstability, hy projcctillg tlw linear stahilit,y prohl(~1ll onto t.ll('
t.au~Pllt. spaC'(' tu the t.onlS.

R. CAMASSA:

Weak Solutions of Completely Integrable PDE's

Tlw spc'ctral prohkrll for t,hc eql1ation u, -ll"Ert + 3uu r - 2'11. r u rJ· - '/1I1 FJ1 =
o with hOllnclary conditions ll(x,t) ~ 0 as lxI -+ 00 is c()llsi(h·f(~(l. In t.his
('as(~ tIw Spt~dnlln is pl1rely discrcte lUld a cOll11t.ahlc infinit.y of pigt'uvahlcH
(~xists. Thus, Hll infinit.e nllluber of solitons ('.8.11 he expc(:t,(~d t,o mll(~T~C from
~ellcral initia.l dat.a.. These solito11s are weak solutio~ls of tlw PDE Cl.lld lmvc a
fillit.c~ jlll11P (lisculltilluity of the first derivative at their PC~a.k.All illfillit.l~ 11\Un\)('r

uf Clls(~rvatioll laws are generated by traccs (itcrated k(:nwls) of t.lw iut.p~ral

(~ql1at.i()u fonu uf thc spcdral problem. Thc rIlotioIl of t.lle discout.iuuity of
tlü~ first derivative frolll cUlY of these conscrvatioll laws is thc: SCUlle, 1111likc Ule
c~a.s(' of hypc'rbolic: cqlla.tioIlS like Dllrger's, and didates that thc l(wat,iou of t}U'
cliscoutiuuity lU()Vt~s at Cl. speed Cqllal to t.he value of ,i at t.lmt }ocatiOIl.

P. CHOSSAT:

Symnletry Breaking Bifurcations of Convective Dynamos in a Sphe­
rical Shell

Thc so-ca.llcd "couveetive dynaruo prohlem" in Cl sphcrical shdl !las l.e(~u

extcllsivdy stuelied in the past 40 ycars bccallse of it,s gP.Ophysknl awl a.st.rophy-
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sieal implicatiollS. However luost of this work w&~ aiulCd to show that rela.tively
sitnple flow~ could illnred llfovide adynamo effect1 spccially in thc case of a
fa."it. l'otat.iong dOlnaiu. O\u' approach is different: Wc consider the non-rotating
('a~~ aud exploit thc sphcrical :e;ymmetry of thc system to apply the fonnalisnl
uf sYllunetry-breakiup; bifurcatioll thcory. A numerical code h&~ been wriHen,
which allows to iuput lY'alistic cnnvectivc steady velocities into thc inductiun
elillat,ioll awl t.lwu t.u solvc the critical cigeuvalue problenl for luagnetic pertur­
ha.t.iolls. This code is S(:t up in a way which pennits an "easy" detennillation of
t.lu· ildioll of t.lle syullllctries of tlw basic flow on critical eigenmodes. Fronl t.his,
qualitative informat.ions are Oht.aillcrl by application of the t.heory of synunetry­
hrc~akillg hifllre:ations.

This mdho<l has 1)("(~Il applied to t,he ease when thc radius ratio of the
splu'rical shdl is ('(ItUU. to 0.1, 0.3, an<! 0.4. The rcsults arc qualitativcly very
cliff(~rnllt. in t.lu·sc t.hl"('C eaSf>S, hut show a stcady-st.at.c bifurcation of a luagllctic
fklcl sllst.aiIwel hy t.hcl'llml c.oUVCct.iOll in auy c.n..o;;c.

M. DELLNITZ :

The COluputation of Invariant Sets and Invariant Measures

Complicat'('d <lyua.Inical hchavior call be described hy two luathcmatical,ob­
j('et,:-;: au invari.an t. s~t. and a (nat.ural) invariant mca.o;;urc with support on t,his
:-;f't,. Hcnn~ it. i:-ö of int('rp:-;t. t.o rlcvclop lllll11Crieal algoritlulL"i whic:h allow to ap­
proxiuli\.t.(· t.hcs(' t.wo ()hj(~ets. In t,his talk wc propose such algorit.hulS. The
iuvariaut sd, is approxilllat.pd by CL subdivis~oI1 algoritlull, for which convergcllcc
(ill Hausdorff <list.alln~) is ~l1flIaIlt.ced in a. very general setting. Onee the invari­
aut. S(·t, is kllOWll - at. l(~a.:-;t, approxilnately - wc det.erlll.illc thc dynanilcal behavior
Oll t.lmt. lo'd.. For t.hilo' \vP eOlllplltc a Markov dUUll dcserihing the dYllaInics Hp to
a. c(~l"t.ain }lCCllraey. The statiullary dist.ribution uf this process givcs an appro­
xiuwtiol1 of lw vali.ant. Illcasure, and, tmder ccrtain hypotheses, convcrgcnc.c t.o
HIl SDIl-nH';L"lU'P ('iUI !Je oht.aiuccl. The rcslllts aud properties uf thc algorithms
Hn' illllst.rat,(·d hy sC'vpral ~xalllplcs and a. video presentatioll.

P. DEUFLHARD :

Dynamic Dimension Reduction in Reaction Diffusion Systems (joint
work with .1. Hc~rot.h awl U. Maas)

DY"llmnic pro('('ss simulation requires the nnnlCrieal solution of nonlinear djf­
fllSiol1 reaet.ioll sYSt.PIllS in t,(~l'lns of physical quantities T, p, p (tcmperaturc,
<lplllo'it.y, pf($~mre) audll cheulinu !4pecies. COlnplexity redlldion tcchniqllcs for
t,his challl"'up;iug dass of prohlems include arlaptivity in time (time step control
via t.ll(' adapt.ive n()t.lu~ IIwt.huu) ami space (adaptivc multi level FEM for thc
t,n~at,IlH~llt. or ("()1llplex 3D hOlludary and interface conditions). n(~cently, split­
t.ill~ t.t~(·hlliq\ws int.o slow aud fa..,t. eOlllponcllts have revived: they are ba."cd Oll
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areal hlock-Schur dCCOIUpositioll. Thc talk focusses Oll hot.h ma.t.hC'IlHtt,i('.ally
souud mut cornputationally cheap Illonitorillg crit.~ria to det.erIIliIlf-~ t.lw fLinu~ll­

SiOll d < 11. of slow cOluponcnt.s anel the possible regeneratiou of the: spliU.in~.
These criteria havc first been worked out in thc contt~xt. of the ODE readioll
lllOdels emd are now hcing tra,llsferred iuto the PDE enviroment: first., illto Cl

larg;c Indhod of lilles soft.ware paekage, and seconu, illt.O a fuU adaptive Rotlu~

luethod for t.hc couplet! PDE systeul.

F. DIAS:

M ulti-Packets 01 Capillary-Gravity Waves

It. is now well-knowIl that symmetric solitary waves in the fonn of single
WC\.Vf' pac.ke:ts bifnrcat.e at. tQe miniInum of the pha.c;e speeo of capillary WilVf~S.

This prohh~IIl has hCCll studied hy llwt,hods of dYllarnical syst~lllS t,h('ory «("cnt~r

mauifold reductiou, llonnal form theory). The Ilornlal forul n~m' thc milliulUIll
of the pha.:-ie speed (1:1 resonance) aelmits a one-paraluetcr fcuuily of h01110di­
nie orhit:;;. ßut. only the two syuuuetrie ones per:sist.. Iu this talk, w(' pr()vid(~

evi(lence fronl aSYluptotics and fronl Illllllcrics that 1Il\1lti-packd.s cxist. They
appmtl" at. a finite value of thc bifnrcatioll paraIneter (pha:.:;e vcIoeit.y nÜllllS Iui­
uimtlm phase velodty). The aSYluptotie analysis is carricd heyoud all ord(~rs

(Yan~ allel Akylas), and two-paeket solitary waves arc coustnldf'd. Thf'H> ü; an
infinity of stH~h t.wo-pac.kct solitary waves (sYlmnct.ric and asyuuw·t.l;f·). NUllH~­

rical cOlu}>llt.ations arc performed on the {nIl Euler equatious with fn'f~ sllrfaep,
eUHI Inl1lti-packet.s an~ obtained.

A. DOELMAN:

Singularly Perturbed and Non-Local Modulation Equations for Sy­
stems with Interacting Instability Mechanisms (joint, work wit.h v. nott­
schäfer)

In t.his talk, t.wo systems of coupled modulation equations are lit.lldiecl and
compan~cl.. Thc Iuodlliation equations are dcrived tor a ccrtain chu;s of ha..c..;ic
sYSt.CIllS which are subjed to two distinct, interaeting, dcstabilizillg lllcc.hanislllR.
Wc ass\unc tImt the rat.io of thc widths of thc neutral paraholas of thc t.wo
(weakly) ullsta.blc IllOdcs is srnall - as for instance is tohe casc in double layer
c:ollvcet.ion - and use this ratio as a secolld bifl1rcation paranlett~r. Ba.."iecl Oll
these asslUuptions we derive a singularly perturhed Il1odulation cquat.ioll auf! a.
siIuplcr, modulation equatioll wit,h a non-Ioeal term. This non-Iocal equatioll
CH-U he interpreted ns a limit of the singularly pcrturbed one. Wf~ st.udy tlw
hehaviour of thc stationary solutions of both systeIllS emd COIupare them. It.
is fouud that. stationary pcriodic solutions of thc non-Iocal Syst(~IH cxi!;t. lllH.l(~r

thc sarne cOllditions as statiollary periodic solutioIlS tor the sillglllarly pcrturlwd
systenl. Moreovcr1 these solutio~s ean be interpretcd as represclltillg tlw SaJlW
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q\H\."\i-periodi(o. patterns in thc. ,mderlying ba.~ic sYStclll. Howevcr, a larKc variety
of hderodillic. ß.ucllu>IllOdillic connections are fOllnd for the Riugularly pertllrberl
:-;y:-;f,(~Ul. These ROlllt.iollS correspond t.o patterns in the lUlderlying system which
approl\('h (stahle) pcriodic. solutiolls at ±oo. It. is shown that these solutiollR do
not. have a counterpart iu t.he non-Ioeal SystClll.

J.-P. ECKMANN :

NOlllinear Stability of Periodic Solutions for the Swift-Hohenberg
Equation (joint. work with C. E. Wayne)

na~-.;cd Oll n paper hy G. Schneider (ConlDlUn. Math. Pbys., in priut) , we
show t.lmt. t.he st.atiollary solution.<:; u~(x):::::: c2cos(x)/vJ of t.be cquatioll

an' st.ahl«, for perhuhatiolls in' H{q, WhCll q anti rare sufficieutly larg~. -':"Our
md.hodfo; ("01111)1;S(' a Ilew ('pnf,cr-lllß.uifold redudion of thc problenl, after it-ha.~

l)(,f'l1 l'Pscalpd froUl :1', t t.u ~ = x/ti, T = lop;:t. These ulf~tbods show that; if

u(f = 0) = u~ + "', t.lWll u( t) ~ lt~ + f:07/.."t. t - i r.xp( -c.on:;t. x 2 /t) + o( t-!).

B. FIEDLER:

Coalescence 01 Reversible Homoclinics Causes Elliptic Resonances
(joint. work \Vi t.h D. Turaev)

Tiuw rev(~l':.-ihl«' flo\vs ('au possess robust reversible hOIllodinic orhits to a
saddlt' f'<!nilihriulll. Tlwy arf' lituits of reversihle pcrindic orbits, at, infinite
l)(~ri()d. "Vc,- cOll~id('r ('oaleseellce of t.wo such hOlllodinics in a ollc-pa.ranl.(~t.er

fatuil)' of n~versibl(' flows. We show how int.ersectioll topology then produces a
fauüly of dlipt.ic r('vcrsibh~ periodirs, i.c. wit.h COlllpkx Fluquet uiultiplicrs on
t.hn \\Hit. (~ird~, (:veu if all ('ig(~llYal.\1eS at. t.1w saddle eqnilihriunl are real.

S. FRIEDLANDER :

Linear and Nonlinear Instability for the Euter Equations (Joint work
\Vi t.h 1\-1. Vishik)

'Ve prr.sf~l1t. a. snffkicmt. condition for linear illstahility of n snlooth stcady
sta.t.f' solntioll of Hw Euler r.quatiolls. This illstahility r.riterion is givcn hy a
Lyapuuov I~XI)()lU'Jlt. t.ype' ([llalltity whkh providf$ a lowcr hound for thp. grnwth
rat~ or t.he liuearizr.d Elllcr operator. Tbc condition is effcctive: For cxarnplc, it
call he llsed t.u prove linear im;tability uf auy st.cady Eulcr flow with cxpollcutial
st.rf'tchiu~, cwen alOll~ Olle Lagrallp;iau t.rajectory.

Also, Wf! diSC\lSS aB ahstract thcoreUl which st.atcs, l111der ccrtain cOllditions,
timt. spf~d.ral illst.ability iluplir.s nonlillear illstahility. Concemillg solnt.ions uf
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t.lw Euler cquations, t.his thcorCIIl applies to shear flow with a siuusoidal profih'.
It. HWB follows t.hat this Euler ~qlllibriunl is Ilonlinf~arly nustahlf~.

Th. GALLEY:

Stability of Travelling Waves for a Damped HyperboJic Equation (joiut
work wi t.h G. Range!)

vVe cOllsider a non-linear daIupcd hypcrholic cqnfltiull Oll thc real lilH~ (h~~

pending Oll a posit.ive parameter f : Ettu + 'Ut - U TX = U .:.... u'l. For aB c > 0, t.his
eql1ation ha.,;; a oue-paraIllcter family of llnifonnly trmlslat,iutl; t.ravdlillp; wavcs
(T\V) inot'xed by the speed v E [2/ viI + 4f, 1/JE). WC show tImt. t.lH'SC T\tV's
are st.ahlt~ wit.h respec.t. t,o ~ufficielltly SIllall, ::iufficieutly dccayiu~ pf'rturhat.iolls.
Morcovel', if c « 1, we show that t.he TW's are ~t.ahlc wit.h l"f~HPf~ct t,o lar~(~

pt'rt.ur},at.iolls sat.isfying SOIIIC positivity conditionH. In bot,h easps, Wt.' oht.a.ill au
eHtiuuüt, of the decay rat.e of the perturhations as t --+ +00. Tlwse l'f':·mlt.s art' oh­
t.ailwd l1sillg st.andard ellcrgy estimates ("ornbilled with t.he maximum priueipk
for hypm'holic equatiolls.

M. GOLUBITSKY :

Meandering of the Spiral Tip: An Alternative Approach

ivleCl.uderillg of an onc-anllcd spiral tip has beeil llot.ed in chctuical readiollS
awl lltllIWrical simulations. Barkley, Kness alld Tuckennan show t.hat. I1wancle­
rin~ t:au hCKin by Hüpf bifurcat.ion fronl a ritl;idly rotatiug spiral wavf' ( Cl point
that is verifien in a D-Z reactioll by Li, Ouyang, Petrov and Swimwy). At the
CO<!itllCllsioll t.wo point whcrc (in RU appropriatc sense) t.lle frcqllcncy at a. Ho}>f
hifurcatioll t~qtlals thc frequeney of the ~piral wave, Darkley Ilotes timt. spiral t.ip
lllCHJl<leI'il1~ nm turn t.u lincarly translating spiral tip nlOtiol1.

llal'klt~y also prcsents a tllodel showing that the linear mot.ion of t,lu> spiral t.ip
iH a rcsouauce phcllomcnon, and this point i8 pl'ovcd rigorously by Fiecller awl
\Vlllff. In t.his paper wc givc an alternative fotmal developmcut of Barklc~y\; n1O­
rId exh~udillg t.1w center bundle eonstnlct.ioll of Kntpa from cOIupad .e;rOllps tu
Elldideau gnmps ancl frorn finite dinlt~nsiolls to fuudion spac~s. This approach
allows to cOllsider in olle cOlltext various bifurcations frOlll a rot.at.ill~ wave.
In part.ieular, we ean analyze in a st.raightforward Inanner thf~ eodiUlf'llsioll t.wo
Darklt~y bifllrcatioll ano the codimension two Takens-Bop;dculOV hifllrc:at.ioll from
Cl. rotating wave. We also discuss Hopf bifurcation frOlll a many anw~d spiral SI1O­

willg that. lllCRudering and reSOllant linear IllOtioll of thc spiral tip dn HOt. alwH)'s
o(;<:ur. And when nlealldering does occur, Hopf bifllrcatioll frOlll a lUauy artne<!
spiral C3.11 lead to complicated multifrequency tnotioll. Note, however, that wc
hav(~ not. rigorously provcd the extension of Kntpa's center bUlldlc results t.o
PDE-systCUlS.
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F. GUYARD:

Forced Symmetry Breaking for Periodic Orbits

Thc lllodcllillg uf physic.al phenomcna often leads tu take into account synl­
Ill~t.ries which are not prescnt in thc phenonlCna hut in au "ideal" Illodel oi it.
In ord(~r t.o lU1clerstaurl t,he Vassap;c fmln the nlOdcl to thc physical phenomena
in tlw coutt"xt uf hifnrcation theory, we study thc. following prohlcln:

Let. (1) : i = J( z) , bc a G-cquivanant. systcln of ODE's with G a cornpact
Lie gruup auo lf't (2) : i = J(z) + ch(z) , bc an L-equivanant perturbation
or (1) with L a suhgroup of G. How call we rclate thc bifurcation diagraUl
of (1) tn the (me of (2)'? A general fnunework to deal with this prohlem has
h(~n devt'loped hy R.. Lanterhach ancl ~1. Rohcrts allel applied to thc st.udy
of r.;ylllllwt,ry brcakillg perturbations of relative equilibria. We use thc sanle
frauwwork t,o study Syullllct.ry hreaking perturbat.ions of group orbits of pcrioclic
orbits. \Vf' show how to cletenlline tbc periodie orbits (as weIl as their synnnetry)
whicb art' fon'pd hy t.he J?;f~.nnet.ry uf thc problCJll to persist to the pcrtllrbatic>Il.

D.D. HOLM:

Hamiltoll's Prindple, Asymptotics and an Integrable Shallow Water
Equation

'Vc r('(h~rivp. t.lw iut.egrahlt~ oIlc-diJucnsional shallow water equatioll of Ca­
llla.'iSa alHl Holm [PR.L 71(1993), 1661] hy l1sing asymptotics in HaIllilton's
priuriplp for Ell.l{~r's c~qllations of incOIuprcssiblc stratificd fluid flow in the BOllS­
silwsq approxillultiou. This derivation darifies the equivariance of the ~'tmidi­

n'ct.iollaliznt.iou" hypotlwsis in Ca1ua..o;;sa and Holnl's orip;inal derivation.

Ph. HOLMES:

Low Dimensional Models of the Turbulent Boundary Layer

For t.nrhul~llt. flow otw ha." a wcll-acc:eptcd Inathcluat,ical model: thc Nav"ier­
St.okes ~qllatjons. \JVhy, t.hen: is thc "prohlelll of turhulence" so intractible'!
Tlw cliffknlt.y is, of ("cmrsp., that t.hc cquations appear insoluhle in any rea..o;;ona­
blc' Sf'lls('. (A clirC'd 111l111Crical sinlulatioll certainly providcs a "solutionl', hut
it, provicles lit.t.lp. llI1(h~l"StandiIlg of the process per se.) However, three rccent
(h'vdopluellts offer SOIlW hope. (1) Thc diRcovery, by experitncntal fluid lne­
dH\nics, of colwrcllt, st.nlcturcs in ccrtain fully devcloped turbulent flowsj (2)
HiP. sUAAest.ioll l by Rudl(', Takcns alld ot.hers, that strange attractors and other
idpH.S frolll (lyuCimi(:al systC'1IIs thcory migltt playa rolc in the analysis uf thc
f.!:ovcrJJillp; eqllations, and (3) the illt.roductioll of thc statistical techniquc of
KarhllHc'Il-Lo('v(~01" proper ort.hogoual deeomposition (by Lmnley in thc casc of
t,llrhulc'uf:p).
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Drawillg on work Oll low dimensional models for t.he ~lynUlllics of COhf'n'llt.
st111d.llres in turlmlcut flows done over thc past tell y(~ars, I will ch~sfTil)(' how
t.hcs(~ three t.hrea(ls ('.all be drawn togcther t,o weavc low diulellsioual IllOClds
whidl yidd lU'W lUldcrstaucling of turbuleuce generation. ~1ost. of t.his work is
non-ri,L!;onms an<! I will cDlphasise opcn Inat.lwumt.ical qucst.iolls awt 1'rohl(,;111S.

J. HUNTER:

Singularity Formation and Integrability in a Nonlinear Wave Equa­
tion

Weakly Ilolliincar solutionsof the variational1l011lillear wav<"' f'<jllat.ioll (1) :
U,' = c2(u)urr.+c(u)(;'(u)tt; are described by tlle fol1owing; aSylupt,ot.ic C·CjlUlt.ioll
(2).: (UI + U1t r L.: = 111;. Equatioll (2) is compldely integrahle' allel also ~u;:-lf's

as t.h(~ high-frecl'lCllC.y tinut of t.hc illtcgrable Caluassa-Hohu (~qllat,ioll in water
waves. SUlOoth solutioIlS of (2) hreak clowu in finit.e' tinte :-;iuce Ur --t -00.

EellIa.t.iou (2) lias glohal weak solut.ions, illclltdill~ cOllscrvat.ive soll1tiollH, which
havf' eOIl~tallt. cuergy: ftn<.1.dissipative solutions, which loose eller~y at a. lllaxinmi
rate. The int.egrability st,nu:t.urc of (2) reIuains valid for e'()llst'l"Vative~ wC'ak
solllt.iolls (~ven after t.heir c.lerivativ(~ blows up.

TIH~ wavc eqllatioll (1) does not have global slIlooth soillt.ions. in g;clH'ral.
(~ven for :-;mall data. Global (~Xistellce uf weRk sollltiolls rcmain:-; an open (l1W­

st.ieHl.

G.IOOSS

Solitary Waves on a Free Surface in the Presence of Surface Tension
and with an Infinite Depth Layer

We cou:-;i<ler a 2-diulellsiollal potential flow wit.h snrface t.ensioll at. thC' frc'f'
snrfacc. \Vc show tImt. the t,wo synunetric solitary waves, with daluppd oscilla­
t.iOllS at. infinit.y, still exist in thc infinite dcpth c~asc. However, Uw PXpcl1lPlltia.l
dcc.öy of oscillat.ions for the finite depth casc is replacccL here by polYIlOluial
dcc.a.y. To provc this, wc first show that thc SP(~<:tn.\lIl o{ tohe lim~ar part has 4
eigellva.lllcs dose to the imaginary axis, while the rCluailling part of t.hc: SPPC'.­
t,flun is t,he fuH real lille (hut with 110 eigenvalne). Split.tiug t.he spact.' iuto Cl.

4-cliulcusiollal part aud an infinite ditnensiollal "hyperholic~~ part., we llS(~ Fou­
rier tralL~for1l1 for solvillg the infinite dinlcllsiollal part culd eome hack to tlw
4-dirnensional problenl a" ill thc finite depth c.a.c;;;c. PoJynOlllial dccay O<;C11fS
whih~ wc solvc thc infinite part.

Reference: G. Iooss and P. KilTluann. Capillary gravit.y wavcs Oll t,hc frer.
sllrface of an illviscid fluid öf infinite dept,h. Existcuec of solit.ary wave~H. To
a.ppeal' in Arch. Hat. Mcch. Anal., 1996.
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E. KNOBLOCH :

Mode Interaction in Large Aspect Ratio Convection

Mc »(h, illkradioH hdw('t'll ocld amI cvcn modes in two-dimcnsiollru Boussi­
Jl(~:-;Cl conv('d.ion in a. hox is revisitccl. It is not.ed that. in Cl. large a."'pcd. rat.io
lilltit. t.llC' :-;t.rlld,nrt' of t.llf' Cl.mplit.l1ne eqllatinus ncpen(ls Oll the hOl1uclary coucli­
t.ious appliC'd at. t.lw siclmvöILc;;, howevcr distant. Wit.h no-slip sidewall boulldary
("owlit.ioll:-:; t.lw c~qna.t.iolls approach t.hose for an llnhounded layer wit.h perioclic..
houlldary c:olldit.iolls: t.hi:-> i:-> uof, t.he c:asc {or free-slip bOllndary eouditious. Tllllfi
ouly iu t.lu' fonner ("(loSC' ClUl tbc lar~c asped. ratio system he cOllsidercd a ~nilall

pc~rt.tlrha.t.ion or t.lw ullboUlldc~d system. Thc rcaSOIlS for t.he different largc aspcct
rat.io limit.s an' t.raC'C'd t,o t.lu' preSCllce uf "hidden" symmet.rics in the strcss-fref'
CH."('. HOlllOt.opic ('out.illuat.ioll is nscn t.n cxtcnd these rcslllts to other t.ypes of
l)()1uulary ccHHlit.iet1l:-i.

H.-P. KRUSE :

On the Bifurcation and Stability of Rigidly Rotationg Inviscid Liquid
Bridges (joint, work wit.h .1. Sehcurle)

,vC' e~onsi(lr'r Cl moeld clescrihing t.hc 1I1Otion of a drop of an ideal ill~OlIlPf($­

sihlp fluid whirh is t.ra.ppe<! het.wf'(~ll t.wo parallel plates. Thc drop IIloveR uuder
t.lH' influ('IlC'f' of :-i11liacc' t.(~Ilsioll at. the free surface ann adhesioll f()rcc~ alnn?; t.lw
nmt.al't. surfar('s lwt.wt'en thc drup alld thc two platcs. Vve prescnt a Hauliltoniall
st.rud.ul'C' for t.his lllodel. This Hmuiltonian st.rllc:tnre and the synll11ct.ry group
of t.lw syst.elll is llsecl t.u st.lldy the Rt.ahilit.y of rigidly rot.ating drops. Explic:it.
st,ahilit.y (Tit,('ria are' giV<'1l for rigidly rotatillg cylindrical drop~, which are soluti­
oas t.o t.hf' ('cluat.iolls of lllot.ion for arhit.rary angular vclocitics in the ahsence uf
adlwsjc)]I <'ffc~d.s. \\Tc: st.l1cly bifurcatiolls from this fanlily of soilltions llsillg thc
aU,l!.111a.r vc'locit.y aud also t.lw ~Ulgl1lar IlIOll1<'Ut.UJll as a hifllrcatioll pa.ralll('t<~r.

R. LAUTERBACH :

Mode Couplillg and Forced Synlmetry Breaking

Hd.(~r()dinic· cyclc~s C:H.Jl scrVf~ a.o;; an explanation for nonpcriodi~ hehaviollr
in e'(~rt,aill syst.t'1lls. A prominent cXaIuplc is t.hc ocr.urcllcc of reversals in thc
c~art.h mRJ!;lld,ic fidel. Cr(!atioll of such C)rcles eRU oc:cur in dynanlical systmIls
wit.h synlludry t.hrollgh scv(!ral s~enarios. One possibilit.y is the occurence of
iuvariaut plaues (~ontaining invariant lines with equilibria. Another way to ~et

hf't.(~rodiuic~ eyd('s is foree(l sYUlIuetry hrcakillg, i.e. explicit. perturbation of an
c~(plivariallt. syst,clll hy tcrnlS wit.h less sYlumetry.

\Vc~ ·illv~stigat.(~ t.hc f = 1, f. = 2 mode coupling in problems with spcrical
syullllet,ry. It. is known t.hat. this systClll c:all contain a hcterodinic eyde which
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is ('n~a.t.p.d hy dU! first. scenario. If the \lllderlyillg sphen' rot.a.t.€~s we hav(~ au
f'xc-unple uf forc,:(~cl sYllunetry breaking leading to llew dynanlical hdmviollr. Wt'
illvcstip;atoc these dYllam.ics l1sing IllCt.hods from invariant. theory,

E. LOMBARDI :

Non-Persistence of Homoclinic Connections for Reversible Perturbed
Integrable Systenls

\V(~ äre illterested in the flow of an invisc.id fluid layer UIuIer tlw illfl1U~ll("('

uf gravity aud low snrfacc tension (Froudc lllUubcr, F, dose t.o 1, B011d 1111111h('r
b < k). In t.his (:asc, t.lw following hifurcatioll of t.lu~ spcdnull of t.he ditff'f(·nt.ial
eHTllrs 11ear thc illlaginary axis: "oscillat.ory" <lynallÜc.s of order 1, in<!ucpd by
t.wo simplc~ opposit.e eigcllvalues lyillg on thc iIuaginary axis, is sllpc-~rposc~<1.01l

slow dYllmllie~s iudu<:ed hy R pair of eigf~I1values lll()vill~ froni the hypC'rbolic nu·w
( ±v'fF-=1T) to thc~ oscillatory case (±iv'fF-=1T). Tll(' ('xist,(~lln~ of n·v(·rsihlc·
hOlllOdiuic. cOIlllndiolls to expollclltially small ppriodic' orbit.s is kUOWIl, but.
t.lw cxist.e~H<·(~ of hOlllOdinic. COIlIlcctions to 0 is still an (1)(,11 prohh·lll. 111 t.his
If'ct.llrC', W(~ prove that vcdor fields obtaiucd by pertllrhatioIl o{ t.he Ilormal {OrIll

syst.e~lll of ord(~r 2 hy small a,nalyt,ic. pcrturhations, eIo Hot ac.lmit allY hOlllodinic

c011ll('diOll tn 0, althOll~h the llonllal form syst~m at. a.ny onI('r dews a.(hllit OlW.

A. MAHALOV:

Global Splitting, Integrability and Regularity of 3D Euler alld Navier­
Stokes Equatiolls for Uniforntly Rotating Fluids (joint. work wit.h A.
Dahin aud D. Nic.olaeilko)

We~ cousiclcr 3D Euler and Navicr-St.okes equat,ioIls dcscrihillg dyucuuics of
uniformly rot.atillg; fluids. Periodic bOl1nrlary c.ondit.iol1s an' iUlpm.;('d, t.1w rat.io
of dOIllalU p(~ri()ds is a..,suIued t.o be ~enerir. (nou-resollallt.). w(~ show tImt. t.lle'
solutiOllS <:au he dCc.OIuposed 80S U(t, x I, X3, x:J) = U(t, x 1, :r2) + \1 (t, ;1:1, :r:'1, :r:d +
r where [1 is a solution of thc 2D Euler/Navier-St,okcs system with vertically
a.vc~rag(~d init.ial dat.a (axis of rotation is taken alollg the vert,i(~al \\uit. v('('tor l::l).

I

H(~n~ 7' is a rClnaillder of order RoJ where ROa is th(~ allisotr()pi(~Rossby ll11Illhpr.

The vec:tor field V (t, X I , X'l, X3) is exactly solved in terms of 2D dYllaIuics ()f

vertieally averagecl fields. We show that 3D rot.atillp; t.urh\llcl1n~ deeol1plc~s int.o
phase tllrbulclH.'C for V (t, XI, X2, X3) ann 2D turb111cnce for vertically avcra.~ed

fieldti V( t, 3: I, X2) if ROa is timall. The Iuathcluat.ieally rigOI"OllS nmt.rol of tohe
error 7' is \l~c<l t.o prOVf: exist,ence on 80 loug time intcrval T * of r(~p;lliar solut,ious
tu 3D Eul(~r equat.ious (1* -+ 00, a..<:t ROn -+ 0) and global cxist.cnce of re~ular

soilltiow,; for 3D Navicr-Stokes equat.ions in the sIuall anisot.ropie Rosshy Imluh('r
c.asc.
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A. MIELKE:

Sideband Instability in Dissipative aod Convective Systems

We prescnt. a silnple lllcthod for proving instability of periodie patterns under
tlonp~riodic perturbat.ions. The method is called Principle of Rednccd Insta­
hility aud wa.~ dcvdoped joint.ly with Toul Bridges. It COIlsists in two Ivcal
redllc:tinn st.eps (either Lyapunov-Schmidt or center lnanifold reduction): Tbc
first t.rcats thc nonlillear steady systeln in order to show t.he hifurcation of the
peliodic pattenl whilc thc second reduction is applied to thc spectral problelu for
liuccuizatiol1 around thc given periodic pattern. In the latter case, thc spectral
paraIllctt~r und thc sidehand vector are considcred a.~ small paraIueters.

\Vp, cOIlsidcr the Rnyleigh-Benard cOllvcction prohlenl and cstablish in a
nmt.henul.t.ical rignrnll~ way the Eckhaus, zigzag, and skew vancose instabilit.y
whif'h where oht.aillcd earlier by fonnal approachcs involving multiple scaliugs.
Allot.hcr npplicatioll stnclics the instahility of Stokes wavcs which were found in
19G7 by Denjanlill anel Feir. Wc provide a spatial Hamiltonian fonnulation~~and

l1se s)'luplC'd.ir. C~(,llter manifold thcory.

G. MISSIOLEK :

Coojugate Points in D,.(1'l)

Tht· problem of exist,elwc~uf conjugatc points in the group of volUlnc-prcserving
diffr.OIuorphisulS uf a nat. torns (DI'(1 2

)) WR..<i suggested by V.I. Anlold. An ex­
ftmph> of a g(~()(h~si(' in D,.(7 2 ) containing cnnjugate point.s is presentcd in this
t.alk.

R.L. PEGO:

Encapsulated Vortex Solutions to Nonlinear Schrödinger Equations
(joint work with H. Wardmll)

NOlllilleal' Srhri)dillger cqnatioIlR and nonlinear Kleill-Gordon equatiOI)R in
2+1 ci.iUWllsiollS achili t. llollradial standing wave solutions in the separated form
r.illt-~ ;",8 UI( 7') . Neu fuunel t.hat tbc effectivf: interaction of such stnlr.tures rc­
~'lUhl{" tlw illtcract.ious of poilU vortices in fluid<). For two types of nonlinear
t.ernls, Iaia, WaI:chall allel Wei:.;sler have ::;hown thcrc exist expollentially locali­
i'.C'd solnt.iolls of t.lJ(~ form ahove, which we term cncapsulated vorticcs. Solution..o;
t'xist for a.n)' valm' of the "winding nUlnber" ffi, wit.h auy number of positive
uwlps 11- ~ O.

We sh.uly thC' liuC'ßlizcd stability of these wavcs, coullting ullstahic cigcllva­
hlf'S hy p\ialnat.illg Evans fundions nUlnerically. We find a new dass of appa­
f('lltly st.a.hlp, nonradial, localiz~d solutions, which occur for the cubic-quint,ic
nOlllin~arit.y anel ut.hC'rs wit.h sinlilar shape. St.ablp. solut.ions are found for any
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tu, in H I'q!;inH~ wher~ t.hc wavc stntdure ha~ a vort.ex ('on~, "(~Jl("a.pslllat.('cr' hy
a. w('akly ("l1rVl~cl111eIllhrancwhich lo('ali~e~s t.he wave.

J. PRÜSS :

Mathelnatical Modelling of Chetnical Two-Phase Reactors

A 1l10cld for du' dynanllcal behavior uf a two- phase' chelllical n~ad.()1' wi t.h a
sill~le iIT~~ve~rsihlc ft~ac:tioll and BlaSS t.raIlsf~r is pl'esent.~d. ThC' moelc'} consi!-it.s
of thn~ parts. TIH' macroscopic part. contains t.he ~iven hydroclYllalllics eh\(' to
cOIlvect.ioIl an<! dispersion, reactioll in bulk, an<! thc 1I1H..<O;S t.ransfer ratc's. To 01,­

t.ain t.he lat.t,(~r, a Ilucroseopic SUhtllOdcl is forumlat.co whic:h cOllsist.s uf n'aetioH
aud cliffw-iion iu a two-phase interface houndary layer dcnwllt wit.h tlH'l'nHHly­
llaluieal (~q\\ilihriU1n at. tlw int.erface. Fnnn thc solut.ioll of t.h~~ lllicrmwopic part..
loc:alulao.:;;s t.ransfer rates follow whic:h in thc ITlacl'oscopic ptut. uf t,he modd an'
avcra.a;ecl a~ainst aIl H.o.:;;Sllllled a~c distrihnt.ioll illcll1("(~d hy tllrhll1(~lW('.

Qualitativf' alld (l'lautitativc Illat.hcluat.icaJ ff~atllrt's of this IlleHle} a.n' t.h(,ll
disc.llss('cl. In particular, thc fa.~t reaetiOll liluit, i.f~. illst.autaw'olls 1'('adiolL
is cOllsitl(~n'cl in detail. Its dymunic:al hdmvior is sltowll to l)f~ "(pw.litativC'ly t.llt'
Sil1ll(~ as t.hat. for finite readiou sppcd. Also, tlw readioll plaw' in t.hf' IUicroscopit'
Illodd is ('Xflllünco.

G.RAUGEL:

Euler Equations on Thin Domains (joint. work wit.h .J.E. I\.1arsdt'!l alHl T.
Ratill)

Wc stlldy t.he Euler equatiolls in thin domains (JE in nfi wit.h certaiu h011Il­

dary ('ouoit.iollS. The tllodel thin dOlllains in this t.alk an' a. t.hill eyliwlt'r
Qe == S1x]o,c[ whcr~ n is a rectangle, alld a spheric.a1 shell of t.hic:klwss E. Tlw
liInit.ill~ c~quations, CIS E --+ 0; are the Eulcr equatiolls on n ( r('sp. Oll t,lw sphen'
5'1.) cOllplerl with soIlle t.ransport cquations ( "(ürection fielel " in thc laup;lla1!;c' of
clastic:ity). After resealing the dOlIlain Qc to the refercnce dOlllaill Q = nx]O, l[
(resp. Q = (r,8, q»ll < r < 2, -11" < 8 < 11",0 ~ cl> < 211") anti dcfiuillg tJw ('()rre~­

spolldiug Soboltw spaces H:(Q), s ?: 0, we show thc following propcrt.i(~s: Giv('u
a positive COllstant Ii, there cxists €o == €o(I\) > 0 ami, {or 0 < E SEil' a. tillll~

1~ == I~(I\) > 0 such that, if Jluoll{H:(Q»3 ~ K, theu t.he rescaled Elllcr C(llW.t.i­
ous havc a lUliqlle dassical solution (ll(t),p(t)) E (H:(Q))3 x (H 4 (Q)/R) for t.hc
ve!odt.y and thc prCSSllre fie1d in the tüne intcrval [0, 1~J, wlwr(' n(O) = lllJ awl
1I11.(t)lIul:(Q»:J ~ KE.- O with 0 < 0' < 1. The tÜlle T~ tenels tu +00 Cl," f ~ o.

In addition, we ean eompare u with thc solut.i911 11 uf t.he litnit.illg f~(l'Hlt.iollS

with init.ial data cqual to the average of 110 in thc thin dired.ioll nf t.he clOluaill.
For exaIllple, for 0 ~ t ~ 1~ we have lIu(t) - v(t)II(lJ~(Q)):1 S CE J1 , whf~n' C atHl
ß ~ 1 are positive constants. Similar estinlates are truc in H;(Q),.q = 1,2.
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M. RENARDY:

Hopf Bifurcation with Small Frequellcy on the Hexagonal Lattice

In t.wo-Iayc:r convection, t.llere is a possihility of oscillatory onsct \Viten the
RHylf'igh nUluhers of t.he two layers are n~arly equal. This oscillatory hifurcat.ioll
arisc's frotll a. near-crossover of real cigenvalues which fonn a complcx pair only
in i\ sllliul l'CKioll of paratlletcr space. Hence thc problcll1 should properly b(~

mmlysed as aperturbation uf a double Ir.cro eigcuvalnc. The charaeterizatioll
uf periodi<·. orbit.s thcll lead" tu a very cOlnplicated prohleIu, where Hilhert.'8
16th prohlclll ans<.·s as an "easy" spccial case. Alllore manageaLle prohleul
("ollsist,s in fiwlinf,!; solutions which are either steady or traveling wavcs. \Vith the
;L"lstlluptiou uf p(~riodicity uf the hexagonal latticc, such solutiolls are dassificd
iut.o synuuct.ry types, ewd thc algehraic systelllS of equations arising fnr vanous
t,ypes uf SOll1t.iollS nr~.~ disc.llssed.

y.v. RENARDY :

Topics in Double-Layer Convection

Two (liffc'lT'llt. illuuisr.i ble liqllids lie in layers at rest hetwecll horizont.a1 walls:
an<! an~ hcat.(·d {rolll hplow. Whcn thc tcmp~ratt1redifference betwecn thC" walls­
nmdws a tTitieal valtw. lWW so!utions bifurcate frolll thc solution at rest.. In thc
first. part of tohts paper, we focus on instabilities that invohrc interfacial defor­
lllat.iolls anti r<'port. on a part.icular crit.ical sit.uation wit.h a pair of oscilla.t.ory
11lOd(~s nt. wt\.ve mUllher 0 Rud fL ~tcady lHode at wav{~ Il\unhcr 20 (Fujimura i\ud
Rl'uanly, Physica. D 1995). In t.he second part, thc focus i8 Oll thc case wherp. tlw
illt.(~rfa("ial 11lOd(~ is st.roIl~ly st.a.hili1.cd by surface t~nsion amI a ~mitahle t lcnsi ty
st.ratifkatioll. A luechauislll for a Hopf hifurcation is the conlpetition hetw('en
thc lea....t st,ahl<, of tlw hulk modcs in each fluid. The weIl known criterion for
halancinp; tllC' c:ffect.ivc Rayleigh Ilumbers in both fluids i8 augment.ed with a
rrit,f'rion for llou-sdfadjoint.ucss of t.hc systCln, yielding a hcuristic Incthod fOT.
pi(':kill~ ~uit.ahl~ fluids WhCIl Hopf Inodes arc desired. The pattenl fonllati~;l
problem in t.hn~e dilucllsinlls is addresse<l for thc case of douhly periodic so­
lnt.iolls Oll a. ll(~Xap;ollaJ la.t.tic.r.. Of thc solutiOl1S with luaximal synunct.ry, t.hc
t.ravdillg rolls aff~ fOluul to hc stablt'!. This is in contrast with the r(~s\llts of tbc·
<Illalitativdy differe.llt lucchanisIn of interfacial illstability (ZAMP 1996).

D. SATTINGER :

A Riemann-Hilbert Problem for an Energy Dependent Schrödinger
Operator

Wc (':onsidcr an inverse scattcring problem for thc Schrödillger OperatorD2 +
E"J. + (il:p( x) + q(:r.)) whcre E2 = k2 + 1. Thc COITcspondillg isospeetral flows

/
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h·Ul he writteu, flfter a t,ransformatiou,

. k2

k, + (w + 2):r. = 0, tU, ± tl:r.:r.x + (UW):r. = 0

wh('n~ + an<! - are re.latcd to p realor p iluaginary, and p = u, or iu, q = ±(~­
~). Thn iuv~rsc scatt.cring problem is posen as a Ricl11anll-Hilh(~rt. prohl(~1l1 on
t.hc RieIuC\,llll surfa(~e E 2 = k2 + 1. Wc U8e thc uniforinizin$!; trallsfonuat.ioll

Glolml cxistellce t,hcorClns are provcd in thc casc + (p reHl) anti - (p illH\,g;illary)
nudcr cOlIlplemcllt.ary eondit,ions on thc initial dat.l\., st.a.t.cd in tenus of t,he
:·watt.f~rinp; (Int.a.

G. SCHNEIDER:

Approximation of the Korteweg.de Vries Equation by the Nonlinear
Schrödinger Equation

In 1968 Zakharov derivcd thc Nonlillcar Schrödingcr eqnat,ioll a.o;; an appro­
xiuw.t.ioll (~q11atioll for t,he water wave prohlem. It is still an open prohlcnl if
thcn~ an~ really solntions of the water wave prohlem which call he approxinm­
b-cl hy t.ht' sol11 t.iom; uf t.he NonlinearSchr()dingcr equatioll. In allswcrinl?; t.his
(Iuest.ion wc nlarie SOInc progress for a lnodd pröblcm, thc approxitllat.ioll of t.lw
Kort.(~weg-cle Vries equatioll by t.he Nonlillear Schrejdingcr eqllat.ioll. .

H. SEGUR:

Waves in Shallow Water

Thc cqua.t.ioll of KadOlutscv and Petviashili (1970), (11, + GUlt r + ·u:r.r.;r:)x +
3u yy = O~ d(~scrihes approximately thc evolution of lang, Ilcarly ollc-dillwllsional
wavcs of llloderatc amplitude R.."i thcy propagate in shallow wat.er nf mufnrlll
dq)t,h. Thc cquatioll admits exaet solutiolls in thc fonn u(x, y, t) = 2a~[l1l ON],
wlwr~ fJ N is a niemann theta function with N independent phase vaIia.hh~s.

]V = 1 c:orresponds to the cnoidal wave first descrihed by Kortcwcy anel dc Vries
(1895). N = 2 providcs an 8-paralllP.ter faluily of solutions that are l:ipnt.ially
pcrio<!ie in thc x-y plane, and that propagate RS wavcs of penuaIleut. forIll.
N = 3 provides t.he simplest gcnuinely 2-dilnensional solut.ions wit.h nOllt.rivial
t,iluC-dcl)endencc.

Corrcsponding to thc (N = 2) sohltions of the KP cquatioll, wc prescnt. cx­
pcrilllclltaJ evidcllce of spatially periodic, finite-aruplitude waves t.hat propagate
as wav(~s of uearly pcnnallent {oml, in shallow water o{ luIifonIl dcpt.h. The WH­

ves appear to he stahle in the experhnents, evcn to perturha.tions t.llflt arc not.

16
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slllHll. The KP ('quntion rlescribcs these wavcs with reasonablc accllracy. Thc
('xp~riIO(~nts includc both lahoratory experiments ano. fielel ohservations.

A. SHNIRELMAN :

On the Non- U niqueness of Weak Solutions of the Incompressible Eu­
ler Equations

A vcdor fundion u(x, t) E L 2 (1R." x IR, IR") is callcd a weak solution of
the illcomprcssihle Euler equatiolls, if for every pair of test. functions v(:r, t) E
C(~( IRn x IR, IRn), <p E Cgo(IR" x IR, IR), S.t.. ~. l' = 0, t,he followillg inte~ral

f{·lntiol1s hold:

In 1003, V. Scheffel' pllblishcd an cxaolple of a wcak solution u(x,t) E L 1 (IIfl X

IR), s. t. u(:r, t) == 0 fOI' Ix l:l + It12 > 1. In the talk wc explain a nluch 5inlplf~r­
("()llstt"lldion, disdosillg thc Ilatur~ 'of this strange ph(,llonlcnon, It. turns out
t.hat t.lH~ tuain role is played by the ~'inversp. energy ca..~cade", a vp:ry fanüliar
t.hill~ i11 thc 2-dilllcnsional hydrodYIlRmics,

M.1. WEINSTEIN:

Resonances, Radiation Damping alld Instability in Hamiltonian Non­
linear Wave Equations (joint work with A. Soffer)

W<, ("ollsiclp.r a da$s of nOlllinear Kleill-Gordon cquations which are Hanlil­
t.oniall allel an~ pert.urhatioJl5 of lill€"ar dispersivc equa.tiollS. The unpcrt.urhf~<1

dYllanlieal syst.em h~s a houud st.at.e, a spatially localizcd and tirne-periodic so­
lut.ioll. We show tImt, fnr p;pucric noulinear Hatniltonian pert.urbations, all 5111a11
iUllplitnde :-iolutiOllS decay to zero a.., tiJllf~ tcnds to illfinity at allomalously slow
ratf~. In part.ieular, ~patif\.lly localized and time-periodi<: solutiolls of t.he lillca(
pro1Jlelll an~ destroyed hy geucric nunlillcar Hamiltouian perturbations via sl~)w··

radiation of cncrgy t.o infinity. Thc maill mechanislll is a nonlinear rcsouant.
iutf'rru:t.ioll of hOUlUI statcs (eigcnfunetions land radiation (continuous spedral
lllodes), lcadillg t.u eucrgy transfer frmu the discn~te spectrn1n to contiullOllS
1ll0df~S. A hypoth(~sis ellsllring that such a rCS()nauc~ takes placc is a uouliucar
aualo,l!;l1c of the Fenui Golden R.llIe, a.rising iu thc t,heury of reSOllallces i11 quan­
t.nullucchauics. The techlliqucs llsed involve: Ci) a time"depcndent method de­
vdop~d hy the Clllthors fOT tlw trcatrnent. of thc quantunl rcsonance prohlem allel
p(·rt,l1rhat.iolls of cluhedded cigenvailles, (ii) a gencralization of thc Hanlilt.ouiau
1l0l'llal fUrIn which is appropriat.e for dispersive infinite dinlClll5ional systems
ami (iii) ideas.frOlll scatt.(~riug thcory. Thc argmnents an~ qllite general alld wc
(~xpcd theIn to apply t,o a largc cla."is of SystelllS which call bc viewcd a.s t.hc
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iut.cradion of finit.e diuwllsional and infinite diInensional dispersivc dynmnic.al
syst.{~nls.

F. VERHULST:

Periodic Solutions and Invariant Tori in Normal Forms of Nonlinear
Wave Equations

COllsidcring wave eqnations of the fonll

a'l4>
()t'l + L4> = eN(4J) & initial and bounuarycouditiolls

with L a linenr, dlipt,ie, selfadjoint operator one ean apply averag:ing and Gah!r­
kin projcction followed hy averaging / normalization. We review work hy Krnl,
vau d«~r Au, Duit.elaar and Pals. In particular we are intcrestcd in prohlellls
\vhcrc Kllksin's extension of tohe KAM theoreIIl to PDE's meets obst.rudions.
\Vc illustrate this for t.he equation <Ptt - </lxz = €rjJ3 ~hich ha.s a fuHy reSollant
spednull aud for thc eqllation <Pu - <Pxz - 0</>'111/ + ß4> = €4>3 Oll Cl. squan~ .. In
tJu: sec:oud ease there are groups of res(mances and this is a good candidatt! fOI"

ext.ensioll of KAM theory.

V.I. YUDOVICH :

CosYlnmetry and Bifurcations

Cosynunet.ry of a vcctor field F on a Inanifold is, hy definitiou, a. differential
1-fnnn L" which 1ll111ifies the given vector field at each point x : (F x, Lx) = O.
More generally, cosymmetry of a given section to a vector btmdle is a sedioll of
t.he dual ved.or buudle whieh is ort.hogonal to the given one at cac.h point. The
following topics will be eonsidereu:

1. Exaluplcs of cosymnletric dynamical systems: filtrational fluid conveetiou;
medla.llieal systcIllS with cosymnletric potential energy aud others. Trivia.l mut
Ilont.rivial cosyJumetrics.

2. Cosynuuetrie version of ilnplicit iunetion theorenl aBd cxistcn(:c of suh­
Inanifolds of cquilibria. -

3. Poinc-arc-Andronov-Hopf bifurcation in dynamical syst.em with COSYI1lIlW­

t,ry. Delay of branchillg off of the lirnit cycle.
4. Bifurcat.ions COlluccted with eosymmetry-breaking perturbations. Col­

lapse of equilibrinm cycle into a finite set of equilibria and creating' oi slow
periodic motion.

Report and abstracts edited by
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