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Traditional methods in 
uid me
hani
s 
ontinue to be invigorated with the infusion of

ideas from dynami
al systems, analysis of PDE's, geometri
 methods, and new develop-

ments in s
ienti�
 
omputation. This meeting was organized around the mixture of these

general themes.

The spe
i�
 themes of the 
onferen
e were as follows:

� Stability, Bifur
ation and Normal Forms.

These te
hniques 
ontinue to be of great interest in 
uid me
hani
s and this

remains an a
tive area of resear
h. These areas in
lude stability problems for liquid

drops and free boundary problems, bifur
ations in rotating 
ows, et
.

� Nonlinear Waves and Pattern Formation.

There have been interesting developments linking some of the traditional topi
s

(su
h as the Benjamin-Feir instability) with geometri
 (multisymple
ti
) stru
tures

and further links with pattern formation and symmetry 
an be expe
ted.

� Averaged Euler and Navier Stokes Equations.

These new models for 
uids have remarkable geometri
 stru
ture (
onne
tions to

di�eomorphism groups) and 
omputational properties. Current investigations that

link this approa
h with LES (large eddy simulation) and boundary layer models

(based on transient growth rates and un
ertainty modelling) will be dis
ussed.

� Control Theory.

Many of the interesting re
ent developments are motivated and enri
hed by 
on-

trol theory. This in
ludes boundary layer 
ontrol and the lo
omotion of underwater

vehi
les as well as �sh, both roboti
 and biologi
al.

� Analyti
al and Numeri
al Aspe
ts.

Re
ent formulations of 
uids as dis
rete (in the Veselov sense), multisymple
ti


systems and their numeri
al implementation should be an ex
iting emerging area.

Several groups worldwide are investigating these aspe
ts. In addition progress

has been 
ontinuing in traditional topi
s su
h as the analyti
al aspe
ts as well as

a

urate 
omputation of eigenvalues and singular values for the linearized Navier-

Stokes equations, in for example, planar Couette and pipe 
ow.

� Vortex Dynami
s.

Progress relating the averaged Euler equations and vortex blobs is also an ex
iting

area. Also, it has been re
ently shown how to 
ompute the dynami
 equations for

vorti
es intera
ting (dynami
ally) with solid and elasti
 bodies. This is important
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for underwater vehi
les as well as for propulsion of �sh et
. Again, several groups

worldwide are investigating these issues and getting them together would be most

pro�table.

The 
onferen
e aimed for, and largely su

eeded in having a healthy mix of senior re-

sear
hers, postdo
toral fellows and graduate students. Our philosophy, 
onsistent with the

general approa
h advo
ated by Oberwolfa
h was to sele
t about 20{23 people to give a

le
ture. We suggested to the Oberwolfa
h administration names of students, postdo
toral

fellows and junior fa
ulty to the meeting. We limited the number of talks so there will be

ample time for dis
ussion, but give everyone a 
han
e to parti
ipate through two poster

sessions. The posters were mounted on the �rst day and remained for most of the week,

with hours in the s
hedule spe
i�
ally for the viewing of the posters.
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Conferen
e S
hedule

Monday, July 29

� 9:00-9:15: WELCOME

Gert-Martin Greuel, Dire
tor of the Institute

Jerrold Marsden and J�urgen S
heurle, Organizers

� 9:15-10:00: Paul Newton, University of Southern California,

\Vortex 
rystals, quasi-
rystals, and beyond"

� 10:05-10:50: Guido S
hneider, Karlsruhe

\Transient self similar de
ay in Poiseuille 
ow at 
riti
ality for exponentially long

times"

� 10:55-11:30: PHOTO AND COFFEE BREAK

� 11:30-12:15: Robert M
La
hlan, Massey

\Some topi
s in the time integration of 
uid and wave equations"

� 12:30: LUNCH

� 1:30-3:30: INFORMAL DISCUSSIONS

AFTERNOON TEA AND COFFEE, 2:30-3:30

� 3:30-4:15: Mark Roberts, Surrey

\Stability Criteria for Hamiltonian Relative Equilibria"

� 4:20-5:00: BREAK

� 5:00-5:45: Bernold Fiedler, Berlin

\Plane Kolmogorov Flows"

� 6:30-7:30: DINNER

� EVENING FREE

Tuesday, July 30

� 9:00-9:45: Klaus Kir
hg�assner, Stuttgart

\Dispersive dynami
s in Euler-systems and appli
ations"

� 9:50-11:00: Poster Presenters

Ea
h person 
an present a 2 minute summary of their poster using at most two

transparen
ies

� 11:00-12:30: COFFEE BREAK AND POSTER SESSION

� 12:30: LUNCH

� 1:30-3:30: INFORMAL DISCUSSIONS

AFTERNOON TEA AND COFFEE, 2:30-3:30

� 3:30-4:15: Alexander Mielke, Stuttgart

\Energeti
 stability of solitary water waves"

� 4:20-5:00: BREAK

� 5:00-5:45: Pas
al Chossat, Valbonne

\Dynamo dynami
s in a rotating spheri
al shell"

� 6:30-7:30: DINNER

� EVENING FREE

Wednesday, July 31

� 9:00-9:45: Mar
el Oliver, T�ubingen,

\Smoothing properties of hierar
hies of

geophysi
al balan
e models"

� 9:45-10:00: BREAK
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� 10:00-10:45: Steve Shkoller, Davis

\Turbulent 
hannel 
ow in weighted Sobolev spa
es"

� 10:45-11:00: BREAK

� 11:00-11:45: Igor Mezi
, Santa Barbara

\Adiabati
 
ontrol of vortex elements"

� 12:00: LUNCH

� 1:00-6:00: HIKE

� 6:30-7:30: DINNER

� 8:00-8:45: Gerard Iooss

\Elementary bifur
ations of reversible systems with an essential spe
trum"

Thursday, August 1

� 9:00-9:45: Jerry Marsden, Pasadena

\Variational integrators for the dynami
s of point vorti
es"

� 9:45-10:00: BREAK

� 10:00-10:45: Sebastian Rei
h, London

\Multisymple
ti
 geometry and numeri
al methods

for 
uid me
hani
s"

� 10:45-11:30: BREAK

� 11:30-12:15: Claudia Wul�, Berlin

\Approximate momentum 
onservation for spatial

semi-dis
retizations of nonlinear wave equations"

� 12:30: LUNCH

� 1:30-4:00: INFORMAL DISCUSSIONS

AFTERNOON TEA AND COFFEE, 2:30-3:30

� 4:00-4:45: Jo
hen Denzler, Knoxville

\Spe
trum of the Orr-Sommerfeld equation

for plane Couette 
ow"

� 5:00-6:30: POSTER SESSION

� 6:30-7:30: DINNER

� 8:00-8:45: Tudor Ratiu, Lausanne

\Poisson bra
kets for 
omplex 
uids"

Friday, August 2

� 9:00-9:45: Genevieve Raugel

\Generi
 transversality property for the damped wave equation"

� 9:45-10:00: BREAK

� 10:00-10:45: Mariana Haragus, Talen
e

\Three dimensional traveling water waves"

� 10:45-11:30: BREAK

� 11:30-12:15: Darryl Holm, Los Alamos

\Introdu
tion to the Lagrangian-averaged

Navier-Stokes model of turbulen
e"

� 12:30: LUNCH

� 1:30-6:30 INFORMAL DISCUSSIONS

AFTERNOON TEA AND COFFEE, 2:30-3:30

� 6:30-7:30: DINNER
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Conferen
e Parti
ipants

Parti
ipant List{Le
tures

Chossat, Pas
al: 
hossat�inln.
nrs.fr

Denzler, Jo
hen: jdenzler�math.toronto.edu

Fiedler, Bernold: �edler�math.fu-berlin.de

Haragus, Mariana: haragus�math.u-bordeaux.fr

Holm, Darryl: dholm�lanl.gov

Iooss, Gerard: iooss�inln.
nrs.fr

Kir
hg�assner, Klaus: Stuttgart: kir
hg�mathematik.uni-stuttgart.de

Marsden, Jerrold: Calte
h; marsden�
ds.
alte
h.edu

M
La
hlan, Robert: Aukland: R.M
La
hlan�massey.a
.nz

Mezi
, Igor: Santa Barbara: mezi
�engineering.u
sb.edu

Mielke, Alex: mielke�mathematik.uni-stuttgart.de

Newton, Paul: USC, Los Angeles : newton�spo
k.us
.edu

Oliver, Mar
el: Tubingen: oliver�member.ams.org

Ratiu, Tudor: Lausanne; Tudor.Ratiu�ep
.
h

Raugel, Genevieve: Orsay : Genevieve.RAUGEL�math.u-psud.fr

Rei
h, Sebastian: Imperial College: s.rei
h�i
.a
.uk

Roberts, Mark: mark�maths.warwi
k.a
.uk

S
heurle, J�urgen: s
heurle�mathematik.tu-muen
hen.de

S
hneider, Guido: guido.s
hneider�uni-bayreuth.de

Shkoller, Steve: UC Davis: shkoller�math.u
davis.edu

Wul�, Claudia: wul��math.fu-berlin.de

Junior Fa
ulty/Postdo
toral/Graduate Students{Posters

Dirk Bl�omker, Aa
hen, Bloemker�instmath.rwth-aa
hen.de

Konstantin Blyuss, Surrey, K.Blyuss�surrey.a
.uk

Colin Cotter, London, 
olin.
otter�i
.a
.uk

Gottwald, Georg : Surrey, g.gottwald�eim.surrey.a
.uk

Groves, Mark: Loughborough, M.D.Groves�lboro.a
.uk

Hamza, Mohamed-Ali : Orsay, Mohamed-Ali.Hamza�math.u-psud.fr

Iones
u, Delia, Mun
hen, iones
u�ma.tum.de

JAMES, Guillaume , Toulouse, Guillaume.James�gmm.insa-tlse.fr

Khushalani, Bharat : Los Angeles, bharat�spo
k.us
.edu

Kruse, Hans-Peter, M�un
hen, kruse�mathematik.tu-muen
hen.de

Lannes, David : Bordeaux, David.Lannes�math.u-bordeaux.fr

Mohseni, Kamran, mohseni�
olorado.edu

Perlmutter, Matt, Lisbon, perl�
ds.
alte
h.edu

Peir
e, James: Davis, jpeir
e�math.u
davis.edu

Smith, Troy R : Prin
eton, trsmith�prin
eton.edu

Tudoran, Razvan : Lausanne, razvantudoran�hotmail.
om

Ue
ker, Hannes : College Park, hue
ker�math.umd.edu

Vainstein, Dmitri: Santa Barbara, dmitri�engineering.u
sb.edu

West, Matt; Calte
h, mwest�
ds.
alte
h.edu
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Abstra
ts

Dynamo Dynami
s in a Rotating Spheri
al Shell...

Pas
al Chossat, INLN (UMR 6618 du CNRS) and Ambassador of Fran
e in

New Delhi, India

We show that 
onve
tive states in a slowly rotating spheri
al shell 
an undergo a \dy-

namo" bifur
ation, whi
h leads to intermittent dynami
s with a magneti
 dipole showing

random reversals. The analysis exploits the symmetries of the system to show the ex-

isten
e of robust hetero
lini
 
y
les in the purely 
onve
tive regime undergoing, though

the dynamo bifur
ation, an instability whi
h leads to a new hetero
lini
 
y
le whi
h now

involves a self-sustained negative �eld exhibiting the intermittent-like behavior.

Spe
trum of the Orr-Sommerfeld Equation for Plane Couette Flow

Jo
hen Denzler, Knoxville

The spe
trum f�g for the Orr{Sommerfeld equation for plane Couette 
ow, i.e., for the

equation

�

R

�1

�

�

2

y

� �

2

�

� i�y � �

� �

�

2

y

� �

2

�

w(y) = 0

with

w(0) = 0 = w(1); w

0

(0) = 0 = w

0

(1);

where R is the Reynolds number and � is the wave number, is determined 
ompletely

and rigorously, as a fun
tion of the parameters R 2 [0;1℄, � > 0, with the limiting 
ases

R = 0, R =1 interpreted appropriately.

The limiting 
ase R = 0 
an be dealt with by 
lassi
al 
omplex variable methods.

Bran
hes of the spe
trum (any R > 0) 
an be numbered a

ording to their limiting be-

haviour as t :=

1

2

(�R)

1=3

! 0. Even though this limiting behaviour is quantitatively

di�erent for the 
ases R = 0 and 0 < R � 1, the ordering of the bran
hes is not af-

fe
ted by a jump dis
ontinuity as R ! 0. Continuation methods permit one to follow

the bran
hes thus identi�ed along in
reasing t all the way into a 
riti
al region in whi
h

they 
onne
t to ea
h other, ea
h su
h 
onne
tion spawning a 
ontinuation bran
h with t

in
reasing to 1 along this bran
h.

Two possible behaviours o

ur: for small R, neighbouring bran
hes 
oming from t � 0+

are 
onne
ted pairwise in the 
riti
al region, whereas for R = 1, they are 
onne
ted in

groups of four. The transitions (\mode 
rossings") a

umulate (only) as R ! 1, in an

intriguing way: for low bran
h number, only a single mode 
rossing takes pla
e. Higher

numbered bran
hes undergo mode 
rossings that are subsequently undone and then give

way to a new mode 
rossing with a di�erent (adja
ent) pairing. This pattern follows from

a 
ombined asymptoti
s in the 
riti
al region, where arg� � �

2�

3

, � bounded (or only

logarithmi
ally growing with R), and R!1.

6



Plane Kolmogorov Flows

Bernold Fiedler, FU Berlin

(joint work with Andrei Afandikov and Stefan Liebs
her)

We 
onsider the Kolmogorov problem of a vis
ous in
ompressible 
uid 
ow in a plane


hannel. Stationary solutions in a vi
inity of the 
riti
al Reynolds number are studied by

a Kir
hg�assner spatial dynami
s redu
tion to a six-dimensional 
entre manifold. Further

redu
tion yields a three-dimensional reversible system with a line of equilibria. This line of

equilibria is not indu
ed by symmetries or �rst integrals and is not normally hyperboli
. We

explore the resulting \bifur
ation without parameters" by blow-up and averaging methods.

The set of small bounded solutions 
onsists entirely of lots of hetero
lini
 orbits of various

geometri
 types and of the trivial equilibria. The hetero
lini
s, alias (multi-pulse) front

waves, form a quite 
ompli
ated but non-re
urrent set.

Introdu
tion to the Lagrangian-averaged Navier-Stokes alpha

(LANS-alpha) model of turbulen
e

Darryl D. Holm, Los Alamos National Laboratory

We sket
h some of the properties of the LANS-� model and it's predi
tions for two

fundamental experimental laws of fully developed turbulen
e. These laws are: (1) the

k

�5=3

law for the kineti
 energy spe
trum; (2) the r

2=3

law for average squared in
rements

in velo
ity parallel to a displa
ement ve
tor r. Lagrange averaging 
auses the roll{o�s

k

�5=3

! k

�3

and r

2=3

! r

2

at length s
ales smaller than the 
orrelation length � of the

Lagrangian 
uid traje
tories. These two roll{o�s are proved via the K�arm�an- Howarth

theorem for velo
ity auto
orrelation dynami
s of LANS-�. These roll{o�s establish that

energy transport balan
es with dissipation at lower wavenumbers than for NS and, thus,

allows LANS-� to 
ompute in two de
ades of resolution what would 
ost three de
ades of

resolution for Navier-Stokes.

Three-dimensional travelling water waves

Mariana Haragus (Bordeaux

(joint work with Mark Groves (Loughborough))

We present a rigorous existen
e theory for small-amplitude 3-dimensional travelling wa-

ter waves. The hydrodynami
 problem is formulated as an in�nite-dimensional Hamil-

tonian system in whi
h an arbitrary horizontal spatial dire
tion is the time-like variable.

Wave motions whi
h are periodi
 in a se
ond, di�erent horizontal dire
tion are dete
ted

using a 
entre-manifold redu
tion te
hnique by whi
h the problem is redu
ed to a lo
ally

equivalent Hamiltonian system with a �nite of degrees of freedom. A 
atalogue of bifur-


ation s
enarios is 
ompiled by means of a geometri
 argument based upon the 
lassi
al

dispersion relation for travelling water waves. Nonlinear bifur
ation theory is 
arried out

for a representative sele
tion of bifur
ation s
enarios. We �nd truly 3-dimensional waves

whi
h have periodi
, solitary-wave or generalized solitary-wave pro�les in one dire
tion and

are periodi
 in another.
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Elementary Bifur
ations of Reversible Systems with an Essential Spe
trum

Filling the Real Line

G

�

erard Iooss, Ni
e

We 
onsider reversible systems having a one parameter family of equilibria, su
h that

the linearized operator has an essential spe
trum �lling the entire real axis, in addition

to a zero eigenvalue, and a pair of simple imaginary eigenvalues diving into the essential

spe
trum at 0 when the parameter � 
rosses 0 (other eigenvalues lie far from the imaginary

axis). We give a 
hara
terization of su
h systems with examples 
oming from travelling

water wave problems, in the 
ase when one layer of 
uid is in�nitely deep. We show under

what general 
onditions haw a bifur
ation o

urs to an homo
lini
 solution (with algebrai


de
ay) of Benjamin-Ono type.

Variational Integrators and Vortex Dynami
s

Jerrold E. Marsden, CDS, Calte
h

(joint work with Clan
y Rowley and Paul Newton)

We review some of the features of dis
rete me
hani
s, whi
h is based on a dis
rete

variational prin
iple and the asso
iated variational integrators. Features of the algorithms

in
lude their symple
ti
 nature, their 
onservation properties, as well as generalizations to

the asyn
hronous 
ontext for spatially extended systems. We illustrate these properties

using the dynami
s of point vorti
es in the plane as well as on the sphere.

Dispersive Dynami
s in Eulerian Systems and Appli
ations...

Klaus Kir
hg

�

assner, Stuttgart

A new method is given for analyzing the motion of an invis
id 
uid-layer with free

boundary under the a
tion of gravity; an observer is moving with 
onstant speed 
 and the

mean depth is h. We treat the super
riti
al 
ase �

2

= gh=


2

less than one. The method is

based on the dis
ussion of the dispersion relation (s+�)

2

= �� in C

2

and the use of Paley-

Wiener. In the appropriate Hardy-Lebesgue-spa
es, we 
an formulate the full problem as a

spatially dynami
al system parametrized by the 
omplex Lapla
e-variable s. The following

results are given:

(1) For small initial values there exists a unique solution globally in time.

(2) The quies
ent state is Liapunov-stable.

(3) The solitary waves existing in the given �




-interval are bi-orbital stable, i.e., per-

turbed initial values 
onverge towards a solitary wave appropriately shifted in phase

and speed.
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A Comparison of Some Geometri
 Numeri
al Integrators for the KdV

Equation

Robert M
La
hlan, Massey University, New Zealand

This study arose from a question of Uri As
her: is there a good expli
it or semi-expli
it

s
heme for the Korteweg-de Vries equation? If so, why would one want to use an impli
it

s
heme? In addition, KdV is a good equation on whi
h to probe any di�eren
es between

symple
ti
 and multisymple
ti
 (variational) integrators. Four geometri
 integrators are


onstru
ted and 
ompared: (i) an un
onditionally stable s
heme whi
h preserves juj

2

; a

standard 
onservative Hamiltonian �nite di�eren
e s
heme, whi
h is then integrated either

by (ii) an expli
it symple
ti
 splitting method or by (iii) the symple
ti
 impli
it midpoint

rule; and (iv) a multisymple
ti
 integrator, whi
h is equivalent to the 3-time level, 12-

point Preissman s
heme proposed by Qin and Zhou. We �nd that although (i,ii) are mu
h

faster, the impli
it methods (iii,iv) are stable for mu
h larger time steps. The standard


onservative �nite di�eren
e (ii, iii) appears to generate small sawtooth waves, whi
h 
an

provoke instabilities during the time integration. The multisymple
ti
 dis
retization does

not do this and is also stable on mu
h 
oarser spatial grids for whi
h the solution is poorly

resolved.

The Algebrai
 Entropy of Classi
al Me
hani
s

Robert M
La
hlan, Massey University, New Zeeland

I des
ribe be the '`Lie algebra of 
lassi
al me
hani
s", modelled on the Lie algebra

generated by kineti
 and potential energy of a simple me
hani
al system with respe
t

to the 
anoni
al Poisson bra
ket. It is a polynomially graded Lie algebra, a 
lass we

introdu
e. We des
ribe these Lie algebras, give an algorithm to 
al
ulate the dimensions




n

of the homogeneous subspa
es of the Lie algebra of 
lassi
al me
hani
s, and determine

the value of its entropy lim

n!1




1=n

n

. It is 1:82542377420108 : : : , a fundamental 
onstant

asso
iated to 
lassi
al me
hani
s.

Fluid Parti
le Motion Control and Anti-KAM Theory

Igor Mezi
, University of California, Santa Barbara

We 
onsider questions related to 
ontrol of motion of 
uid parti
les in in
ompressible


uids, or a subset of related questions for volume-preserving and Hamiltonian systems

in arbitrary dimensions. These are in the integrable 
ase foliated by group, so a natural

problem to study is 
ontrollability of group translations. The 
ontrollability question is the

following: given g

1

; g

2

2 G, where G is a topologi
al group, is there a sequen
e u

0

; : : : ; u

n

su
h that g

2

= g

1

� u

0

� u

1

� : : : � u

n

? The answer is positive if U is of positive Haar measure

and 
ontains an ergodi
 element u

e

(i.e. translation by u

e

on G is ergodi
). A more


ompli
ated problem is that of 
ontrollability of near-integrable twist maps, of the form

x

0

= x + y + �uf(x; y); y

0

= y + �ug(x; y) where we show that, under weak 
onditions on

f; g and u 2 [0; 1℄ with arbitrary small �, there is a sequen
e of u' s su
h that the system

transitions from arbitrary initial to arbitrary �nal 
onditions. (This is joint work with U.

Vasdya). In addition to having 
onsequen
es for 
ontrol of 
uid parti
le motion, these

results show non-robustness of KAM- type theorems to bounded noise perturbations that

are arbitrarily small.
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On the Energeti
 Stability of Solitary Water Waves

Alexander Mielke, Universit

�

at Stuttgart

We study solutions of the water wave problem for a 
uid layer of �nite depth in the presen
e

of gravity and surfa
e tension. We use the 
anoni
al Hamiltonian formulation of Zakharov

in terms of the surfa
e elevation and the tra
e of the velo
ity potential on the surfa
e.

With a new 
ontinuity result for the Diri
hlet-Neumann operator in terms of the surfa
e

as a fun
tion in H

1

(R), we show 
onditional energeti
 stability of the trivial solution in


ertain regions of the parameter spa
e. In the same region we obtain stability of solitary

waves under the additional assumption that the se
ond variation of the energy has only one

negative eigenvalue. The latter assumptions is shown to be ful�lled for the small amplitude

solitary waves 
onstru
ted �rst by Ami
k and Kir
hg�assner.

Vortex Crystals, Quasi-
rystals, and Beyond

Paul K. Newton, University of Southern California

This talk will present an overview of our 
urrent knowledge of relative equilibrium pat-

terns of point vorti
es in the plane and on the sphere. Re
ent experiments on vortex

formation in Bose-Einstein 
ondensates by Ketterle et al (2002) o�er some of the 
leanest

realizations of the 
omplex latti
e stru
tures that 
olle
tions of rotating identi
al vorti
es


an display (up to 160 vorti
es in a 1mm diameter 
ir
le). Sin
e the 
ir
ulation of ea
h

vortex is quantized, and sin
e the rotation frequen
y is a known fun
tion of the geomet-

ri
 properties of the latti
e and the 
ir
ulation, these experiments present the intriguing

possibility of measuring mi
ros
opi
 quantities su
h as Plan
k's 
onstant by 
areful mea-

surements of ma
ros
opi
 properties of the latti
e, su
h as angular frequen
y and latti
e

spa
ing. On the sphere, there is a dire
t 
onne
tion to the large and growing literature on

the '
harge-on-a-sphere' problem, where one 
onsiders the equilibrium 
on�gurations of N

point 
harges repelled by their mutual Coulomb intera
tions. Also 
alled the 'dual problem

for stable mole
ules', the most 
elebrated 
on�guration is the stable 
arbon-60 mole
ule,

or bu
kminster fullerine, with atoms arranged in a so

er-ball pattern. We will des
ribe

Kelvin's variational prin
iple for vortex equilibria, the 
onne
tion between the spa
ing of

N vorti
es on a line so that the 
on�guration rotates like a rigid body and the zeros of a

well known family of orthogonal polynomials. On the sphere, we will des
ribe equilibria

generated from the Platoni
 solids and an interesting 
lass of periodi
 and quasi-periodi


orbits whi
h bifur
ate from them and have intriguing Floquet multiplier stru
ture. We will

also des
ribe the use of Monte Carlo algorithms to lo
ate ground states and ring equilibria

of identi
al vorti
es on the sphere, reminis
ent of the planar 
atalogue of two-dimensional

vortex patterns of Campbell and Zi� (1978). In the end, however, I hope to 
onvin
e you

how little is known, parti
ularly when it 
omes to asymmetri
 patterns, patterns with de-

fe
ts, vortex 
rystals made up of point vorti
es of di�erent strengths, and stability theory.

'Vortex Crystals', H. Aref, P.K. Newton, M.A. Stremler, D.L. Vain
htein, to appear in

Advan
es in Applied Me
hani
s, 2002.
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Smoothing Properties for Hierar
hies of Models for Shallow Water Wave

Geostrophy

Mar
el Oliver, Universit

�

at T

�

ubingen and Bremen

Large s
ale 
ow in the atmosphere and in the o
ean at mid-latitudes 
an often be 
on-

sidered as nearly geostrophi
, i.e. the pressure gradient for
e is almost balan
ed by the

Coriolis for
e, while inertia is a lower-order e�e
t. It is therefore desirable to �nd redu
ed

models that represent large s
ale 
ows near geostrophy while being 
omputationally less

expensive than the parent model. One important 
onsideration is the need to remove

inertia-gravity waves from the model, be
ause su
h waves do not intera
t strongly with

large s
ale 
ir
ulation, yet for
e severe step-size 
onstraints upon dire
t numeri
al simula-

tions.

There are a number of well known models for geostrophi
 
ow whi
h di�er in the assumed

parent model, in the pre
ise s
aling assumptions, and the 
hoi
e of 
oordinate system. It

is often not well understood how these di�erent models relate to ea
h other.

In this talk I will demonstrate an ansatz based on variational asymptoti
s|involving an

in�nitesimal 
hange of 
oordinates in the low-Rossby number expansion of the variational

prin
iple|whi
h 
an reprodu
e a number of known models as well as new ones. This

formulation makes it easy distinguish models based on their analyti
al properties (their

well-posedness and regularity) and 
hoose those most 
onsistent with the model setting:

Vorti
al motion at large s
ales.

Approximate Momentum Conservation for Spatial Semidis
retizations of

Nonlinear Wave Equations

Mar
el Oliver, Universit

�

at T

�

ubingen; Matt West, California Institute

of Te
hnology; Claudia Wulff, University of Warwi
k

We prove that a standard se
ond order �nite di�eren
e uniform spa
e dis
retization of

the nonlinear wave equation with periodi
 boundary 
onditions, analyti
 nonlinearity, and

analyti
 initial data 
onserves the momentum up to an error whi
h is exponentially small in

the stepsize. Our estimates are valid for as long as the traje
tories of the full nonlinear wave

equation remain real analyti
. The method of proof is that of ba
kward error analysis. We


onstru
t a modi�ed equation whi
h interpolates the dis
retized system, remains exponen-

tially 
lose to the semi-dis
rete system, but also possesses the full 
ontinuous translation

symmetry, is Hamiltonian, and therefore 
onserves momentum. These properties dire
tly

imply approximate momentum 
onservation for the semidis
rete system. We also 
onsider

dis
retizations that are not variational as well as non-uniform grids. Through numeri
al

examples as well as arguments from geometri
 me
hani
s and perturbation theory, we show

that su
h methods generi
ally do not approximately preserve momentum.
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Poisson Bra
kets for Spin Glasses and it's Constru
tion by Co
y
les

Tudor Ratiu, E
ole polyte
hnique f

�

ed

�

erale de Lausanne

Holm and Kupershmidt have given the Poisson bra
ket for spin glasses in 1988. The

formula for this bra
ket 
onsists of a relatively 
ompli
ated Lie algebra, augmented by

a two{
o
y
le. A general 
onstru
tion a for bra
kets of this type is given. It is based

on a theorem that guarantees the 
ompatibility of two Poisson bra
kets. The geometri


interpretation of the 
o
y
le in also presented.

Generi
 Transversality Property for the Damped Wave Equation

Genevieve Raugel, CNRS at Universit

�

e de Paris-Sud (Orsay)

(joint work with P. Brunovsky (Bratislava)

Genevieve Raugel, CNRS at Universit�e de Paris-Sud (Orsay); joint work with P. Brunovsky

(Bratislava)

Let 
 > 0, 
 be a bounded regular domain in R

n

, n = 1; 2 or 3. We 
onsider the damped

wave equation:

u

tt

+ 
u

t

��u+ u = f(x; u)

�u

�n

�

�

�

�

�


= 0

(u(t; x); u

t

(t; x)) j

t=0

= (u

0

; v

0

)

where f : (x; y) 2

�


� R 7! f(x; y) 2 R is a C

k

fun
tion for some k � 2.

In this talk we des
ribe a generalization of an earlier generi
 transversality result of

Burnovsky and Pola
ik (1997) for paraboli
 equations to the 
ontext of the above wave

equation. For the 
ase n = 2; 3, one 
an show that the transversality is not generi
 if f

does not depend on x.

Geometri
 Integration Methods for Geophysi
al Fluid Dynami
s

Sebastian Rei
h, Imperial College, London...

Large s
ale geophysi
al 
ows in the atmosphere and o
ean are nearly in
ompressible and

strati�ed into two-dimensional layers. As a result, vorti
ity and 
ir
ulation play a 
entral

role in geographi
al 
uid dynami
s. One might therefore expe
t that a Lagrangian parti
le

based approa
h would lead to good vorti
ity 
onservation also in a 
omputational setting.

In the talk, I developed a parti
le mesh based method that is Hamiltonian and exa
tly


onserves 
ir
ulation. To maintain solution regularity as well as balan
e in a 
onservative

setting, we �rst reformulated the equations using a smoothing operator for the layer-

depth. This model regularization is similar but di�erent to �-Euler regularizations for

in
ompressible 
uids. Numeri
al results were presented.
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Stability Criteria for Hamiltonian Relative Equilibria

Mark Roberts, Surrey

Several di�erent types of stability 
an be 
onsider for relative equilibria of left or right

invariant geodesi
 
ows on a Lie group G. Criteria for leaf-wise stability (i.e., stability of

the redu
ed equilibrium point �




for the 
ow on its 
oadjoint orbit in g

�

) are obtained from

the Arnold form. Linear and nonlinear Eulerian stability are determined by 
onsidering

the 
ow of the Euler equation on the whole of g

�

. Finally linear Lagrangian stability on

the whole phase spa
e T

�

G is determined by the Ja
obi equation.

If the \velo
ity" of the relative equilibrium is � 2 g, the \di�eren
e" between spe
tral

leafwise stability and spe
tral Eulerian stability is given by the spe
trum of

�

ad

�

j

g

�

�

�

.

Similarly, the di�eren
e between spe
tral Eulerian stability and spe
tral Lagrangian sta-

bility is given by the spe
trum of ad

�

. Examples of these spe
trum have been 
omputed

for semi-simple Lie groups and (formally) the Bott-Virasoro group.

Nonlinear Eulerian stability is typi
ally determined using the Energy-Casimir method.

This has been extensively generalized, and is foundation explored, in re
ent work of Patri
k,

Roberts and Wul� (preprint 2002). Their results also suggest a possible approa
h to

nonlinear Lagrangian stability, using an extension of the Energy-Momentum method.

Almost Global Existen
e and Transient Self Similar De
ay for Poiseuille Flow

at Criti
ality

Guido S
hneider, Karlsruhe

(joint work with Hannes Ue
ker)

We 
onsider nonlinear di�usion equations as

�

t

u = �

2

x

u+ u

3

;

with x 2 R for small initial data in L

1

\ L

1

. It is well known that all solutions of this

system explode in �nite time. However, we make the observation that in terms of the norm

of the initial 
onditions, it takes an exponentially long time. Moreover, before explosion the

L

1

-norm of su
h solutions be
omes exponentially small, whi
h makes it almost impossible

to observe the instability in experiments. As an appli
ation, we 
onsider the long time

transient self-similar de
ay to unstable Poiseuille 
ow at 
riti
ality for exponentially long

times. This, together with sub
riti
al bifur
ation and short time transient ampli�
ation,

is a prin
ipal obstru
tion in all attempts to measure the 
riti
al Reynolds number for this

experiment more and more pre
isely.

Turbulent Channel Flow in Weighted Sobolev Spa
es

Steve Shkoller, University of California Davis

Modeling the mean 
hara
teristi
s of turbulent 
hannel 
ow has been one of the long-

standing problems in 
uid dynami
s. While a great number of mathemati
al models have

been proposed for isotropi
 turbulen
e, there are relatively few, if any, turbulen
e models

in the anisotropi
 well-bounded regime whi
h hold throughout the entire 
hannel. Re-


ently, the anisotropi
 Lagrangian averaged Navier- Stokes (LANS-�) equations have been

derived. This talk is devoted to the analysis of this 
oupled system of nonlinear PDEs

13



for the mean velo
ity and 
ovarian
e tensor in the 
hannel geometry. The vanishing of

the 
ovarian
e along the walls indu
es 
ertain degenerate ellipti
 operators into the model,

whi
h require weighted Sobolev spa
es to study. We prove that when the no-slip bound-

ary 
onditions are pres
ribed for the mean velo
ity, the LANS-� equations possess unique

global weak solutions whi
h 
onverge as time tends to in�nity, towards the unique station-

ary solutions. Qualitative properties of the stationary solutions are also established. (Joint

with D. Coutand)

Edited by Jerrold E. Marsden
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