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MINI COURSES

PaorLo FACCHI

Universitd di Bari

Classical and quantum aspects of tomogra-
phy

In this course I will consider some aspects of tomo-
graphic maps.

In the first lecture I will introduce the Radon trans-
form, which is the key mathematical tool for recon-
structing the tomographic map of both the Wigner
quasidistribution of a quantum state and the prob-
ability distribution on the phase space of a classical
particle. The original transform was introduced by
Radon, who proved that a differentiable function on
the 3-dimensional Euclidean space can be determined
explicitly by means of its integral over the planes. 1
will prove the original Radon inversion formula and
its generalization to n-dimensional spaces.

In the second lecture I will consider a broader frame-
work and look at the more general problem of ex-
pressing a function on a manifold in terms of its inte-
grals over certain submanifolds. This has become an
important topic in integral geometry with many ap-
plications ranging from partial differential equations,
group representations, and X-ray technology. The fo-
cus will be on invariant (or equivariant) transforma-
tions under some simmetry groups from the space of
functions on one geometrical space to the space of
functions on another geometrical space.

In the last lecture I will show some possible gen-
eralizations of the above picture to the quantum
case. A straightforward generalization derives from
the phase-space description of quantum mechanics
through Wigner quasidistribution functions. We will
see how this map can be considered as a specific to-
mographic version of the star-product quantization.
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Recommended lectures: As a very agreeable in-
troduction to the problem I suggest the classical book
by one of the chief contributors to the modern theory
of the Radon transform, Ref. [1].

PETER J. OLVER

University of Minnesota

Moving frames, Lie pseudo-groups, and
their applications

The course will center on the theory and applica-
tions of the new, equivariant approach to the clas-
sical method of moving frames. The lecture will
begin with the case of finite-dimensional Lie group
actions, and then move on to more recent develop-
ments for infinite-dimensional pseudo-groups. A va-
riety of applications, including structure theory for
pseudo-groups, explicit construction and classifica-
tion of differential invariants, differential invariant al-
gebras, symmetry groups of differential equations, in-
variant variational problems, and equivalence prob-
lems arising in geometry, computer vision and else-
where will be presented.

Prerequisites are basic knowledge of differential geom-
etry and Lie groups. The required aspects of jets, con-
tact structures, prolongation, the variational bicom-
plex and Lie pseudo-groups will be developed during
the course of the lectures.
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[2] Olver, P.J., A survey of moving frames, in: Com-
puter Algebra and Geometric Algebra with Appli-
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ILkA AGRricoLAa

Philipps-Universitat Marburg

Connections and Dirac operators with tor-
sion

In this survey talk, I will give a general introduction
to special geometries carrying a characteristic connec-
tion with torsion - for example, contact manifolds,
almost Hermitian manifolds, G2 and Spin(7) mani-
folds. I will show how the geometry of the manifold
is visible in the torsion 3-form of the connection and
that this connection, a natural generalization of the
Levi-Civita connection, defines an interesting class of
Dirac operators that includes Kostant’s cubic Dirac
operator or the Dolbeault operator. These Dirac op-
erators are in turn the right instrument for studying
spinorial field equations on these manifolds, as they
occur in superstring theories.

References:

[1] I. Agricola, The Srnf lectures on non-integrable
geometries with torsion. Arch. Math. 42 (2006) 5-
84.

GIiL RAMOS CAVALCANTI

Utrech University

Local forms for branes in generalized com-
plex 4 manifolds

Branes in a generic generalized complex 4-manifold
can be either points in the complex locus, La-
grangians intersecting the complex locus at a few
points and the complex locus itself. A neighborhood
of each such brane is determined by data on the brane.
Some of these neighborhoods resemble a neighbor-
hood of a Lagrangian manifold in a symplectic mani-
fold while other are related to complex submanifolds
and holomorphic Poisson structures. We will present
the neighborhood theorems and, if time allows, will
give applications of such theorems.

MARIUS CRAINIC

Utrech University

Stability of symplectic leaves and normal
forms around them

I will start by reminding some of the classical results
on stability of leaves of foliations (Reeb-Thurston sta-
bility), the slice theorem, the stability of orbits of
group actions (Stowe-Hirsch).

Then I will explain the analogous result in Poisson
geometry (joint work with R. L. Fernandes) and a
normal form theorem around symplectic leaves (gen-
eralizing Conn’s linearization theorem). If there will

be time, I will explain how all these results (in folia-
tion theory, equivariant geometry, Poisson geometry)
can be unified using Lie algebroids.

FERNANDO FALCETO

Universidad de Zaragoza

Pre-Poisson branes and Poisson sigma
models

We present classical and quantum aspects of Poisson
sigma models in manifolds with boundary. We in-
troduce the notion of pre-Poisson submanifold (the
analog of pre-symplectic for Poisson geometry) and
discuss some of its properties. We show that pre-
Poisson submanifolds are the most general boundary
conditions for the Poisson sigma model compatible
with the symmetries. We also comment on several
applications of the model for integration and quanti-
zation of Poisson brackets.

XIMO GUAL-ARNAU

Universitat Jaume I, Castell6

Rotational integral formulae in space forms
Integral formulas obtained from the measure of to-
tally geodesic submanifolds (‘affine spaces or planes’)
intersecting a compact submanifold in a space form,
and applications to the theory of geometric probabil-
ity, are available from appropriate representations of
the motion invariant density (measure) of these linear
spaces [6]. Prompted by advances in microscopic sam-
pling and measurement techniques, a new branch of
stereology, local stereology, has been developed during
the last decade [1]. On the other hand, there is a re-
markable interest in geometric tomography to obtain
a correspondence between results concerning projec-
tions and those concerning sections through a fixed
point (rotational formulae), [2].

Here we derive rotational formulas for the integral of
mean curvature of a closed hypersurface in a space
form. Particular cases of interest in stereology are
considered for R?, [3, 4, 5].

References:
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CARLOS HERDEIRO

Universidade do Porto

Minimal Five dimensional supergravities
and complex geometries

Five dimensional minimal supergravities have played
an important role in recent advances in string the-
ory. In this lecture we shall discuss the relation be-
tween timelike solutions of such theories admitting
Killing spinors and four dimensional complex geome-
tries. In the ungauged theory (vanishing cosmological
constant A = 0) the solutions are determined in terms
of a hyper-Kahler base space; in the gauged theory
(A < 0) the complex geometry is Kahler; in the de
Sitter theory (A > 0) the complex geometry is hyper-
Kahler with torsion (HKT). In the latter case some
details of the derivation are given, using spinorial ge-
ometry techniques. The method for constructing ex-
plicit solutions is presented in each case, and some so-
lutions of physical importance briefly discussed. We
shall then turn to null solutions in the de Sitter the-
ory. These are defined in terms of a one parame-
ter family of 3-dimensional constrained Einstein-Weyl
spaces called Gauduchon-Tod structures. They admit
a geodesic, expansion-free, twist-free and shear-free
null vector field and therefore are a particular type of
Kundt geometry. When the Gauduchon-Tod struc-
ture reduces to the 3-sphere, the null vector becomes
recurrent, and therefore the holonomy is contained in
Sim(3), the maximal proper subgroup of the Lorentz
group SO(4,1). For these geometries, all scalar invari-
ants built from the curvature are constant. Explicit
examples will again be presented.

References:
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MELVIN LEOK

University of California, San Diego

Discrete Analogues of the Hamilton-
Pontryagin Principle, Dirac Structures,
and Dirac Mechanics

Variational integrators, which are obtained by a dis-
crete Hamilton’s principle, provide a rich class of ge-

ometric structure-preserving numerical methods, and
can be viewed as a discrete analogue of Lagrangian
mechanics, with an associated discrete symplectic
structure and a discrete Noether’s theorem. These
methods, together with discrete differential geome-
try, serve as the basis of a systematic program to
develop computational geometric mechanics and geo-
metric control theory.

We will describe how discrete Hamiltonian mechanics
can be obtained from a corresponding discretization
of Hamilton’s phase space principle that is valid in the
absence of hyperregularity of the Hamiltonian, and
further demonstrate that both discrete Lagrangian
and Hamiltonian mechanics can be derived from the
more general Hamilton- Pontryagin variational prin-
ciple.

In addition to discussing the variational formulation
of Dirac mechanics, we will also describe the discrete
Dirac structure that is associated with the flow of
Hamilton-Pontryagin integrators. Dirac structures
can be viewed as generalizations of symplectic and
Poisson structures, and the discrete analogues are
obtained by considering the geometry of symplectic
maps and their associated generating functions, in a
manner analogous to the construction of continuous
Dirac structures in terms of the geometry of symplec-
tic vector fields and their associated Hamiltonians.

References:

[1] M. Leok and T. Oshawa, Discrete Dirac Struc-
tures and Variational Discrete Dirac Mechanics,
arXiv:0810.0740v1 [math.SG]

PABLO MIRA
Universidad Politécnica de Cartagena
Conformal metrics of constant curvature
on planar domains
A conformal Riemannian metric ds® = e¢“|dz|*> on a
planar complex domain Q@ C R? = C has constant
curvature K € R if, and only if, u verifies the elliptic
PDE

Au+2Ke" =0.

In addition, the boundary 92 has constant geodesic
curvature k € R with respect to the Riemannian met-
ric ds? if and only if u satisfies the Neumann condition

% = 2Ke"/?
along 012, where here v stands for the unit conormal
of 99).

These conformal metrics of constant curvature have
been studied from a global perspective for many
years, and their study has been applied to under-
stand the behaviour of complete surfaces of constant
mean curvature in Riemannian and Lorentzian spaces
of constant curvature.

In this conference we will classify the Riemannian
metrics of constant curvature with constant geodesic
curvature on the boundary, in the case that the do-
main 2 is a disk, a half-plane or a punctured disk.
This generalizes many previous results on the same
problem. For that we will use, rather than the usual
sophisticated techniques of elliptic theory, an alter-
native approach via complex analysis and differential



geometry. These results have been obtained jointly
with Jose A. Galvez (see [1])

References:
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STANISLAW EWERT-KRZEMIENIEWSKI

West Pomeranian University of Technology at
Szczecin

Bundle-like metrics on tangent bundle

Let (M,g,F) be a semi-Riemannian manifold with
metric g and non-degenerated foliation F: Let

TM:DQBDL

and D= be the intrinsic connection on D: A metric g
on M is said to be bundle-like for the non-degenerated
foliation F if the induced semi-Riemannian metric on
D+ is parallel with respect to the intrinsic connection
D+ (see [1]).

Supposing that a Riemannian metric ¢ on M is
bundle-like we shall give a necessary and sufficient
condition for a g-natural metric G on TM to be
bundle-like. We shall also indicate another bundle-
like metrics on T'M.
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132.

ANNA FINO AND ADRIANO TOMASSINI
Universita di Parma

On the Cohomology of Almost Complex
Manifolds

Cohomological properties of manifolds has been re-
cently investigated and studied by many authors. A
very special situation is represented by Kdahler man-
ifolds, in view of the Hodge decomposition for the
cohomology ring and the consequent theory of topo-
logical obstructions. Another special class is given
by Symplectic manifolds (M*™,w) satisfying the Hard
Lefschetz Condition (see e.g. [1]).

In this talk we will study some cohomological prop-
erties of almost complex manifolds (see [3]). More
precisely, let J be an almost complex structure on a
2n-dimensional manifold M. Then J acts in a natural
way on the bundle of 2-forms Q%(M) so that

Q*(M) = Q5 (M)z @ (25" (M) © Q7 (M))z.



Then, it is natural to consider the cohomology
groups H}’I(M)]R7 Hf,z’o)’(o’Q)(M)R as the subspaces
of H*(M,R) whose elements are cohomology classes
represented by real differential forms of type (1,1),
(2,0) + (0,2) respectively.

Following Li and Zhang [5], an almost complex struc-
ture J on M is said to be C®-pure if H;'(M)g N
HEPO O (M)z = {0},

Cx-full it H*(M,R) = H>'(M)g + H?? 2 (M)

A similar definition can be given in terms of currents
(see [5]). In general, there is no relation between the
two notions.

One motivation in the study of the cohomology spaces
HY'(M)g and Hf,Q’O)’(O’Q) (M)r on a symplectic mani-
fold (M, w) is related to the description of the J-tamed
symplectic cone K5 (M), namely

K5(M) = {[w] € H*(M,R) | w is tamed by J}

In [2], it is showed that if M is a compact 4-
dimensional manifold, then any almost complex
structure J on M is C*°-pure and full.

This is a special situation which just occurs in dimen-
sion 4; indeed a 6-dimensional example in [3] provides
a compact 6-dimensional manifold endowed with an
almost complex structure which is not C°°-pure. Fur-
thermore, the relationship between the concepts of
C°°-pure and full and pure and full almost complex
structures is investigated, showing that on a com-
pact symplectic manifold, which satisfies the Hard
Lefschetz condition, a C*°-pure and full almost com-
plex structure is pure and full. Finally, some families
of C*°-pure and full almost complex structures are
carefully described.
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MAGDALENA CABALLERO
Universidad de Cérdoba

Willmore surfaces in Generalized
Robertson-Walker spacetimes and static
spacetimes

It is well known the existence of a closed link between
Willmore surfaces and elastic curves. Many examples
of this relation are:

e Willmore surfaces of revolution in R® are ob-
tained from clamped free elastic curves in the
hyperbolic plane (M. Barros).

e Willmore surfaces of revolution in L? with null
axis are generated by clamped free elastic curves

in the anti de Sitter plane (M. Barros and M.
Ortega).

o Willmore tori in S® foliated by fibers of the stan-
dard Hopf map are generated by closed elastic
curves in CP? (4), (M. Barros, O. Garay and D.
Singer).

Let (M, g) be a semi-Riemannian manifold and let -y
be a nondegenerate curve immersed in (M, g). Stis
a Willmore surface in (S* x M, edt® + f?g) if and only
if v is a free elastic curve in (M, g) (M. Barros).

The Willmore surfaces appearing in all the previous
examples, except for the second one, are invariant
under the action of a compact group of transforma-
tions. This fact is the key of the proof of those results.
We focus on the technique used to obtain Willmore
surfaces of revolution in L® with null axis. We mod-
ify it to obtain a result for Willmore surfaces in 3-
dimensional Lorentzian product spaces, from which
we get two characterizations of Willmore surfaces in-
variant under a (not necessarily compact) group of
transformations, in terms of elastic curves. The first
one in Generalized Robertson-Walker spacetimes of
dimension 3 (an extension in dimension 3 of the result
given in the last item). The second one is a result for
Willmore surfaces in 3-dimensional static spacetimes.
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I. STRUCHINER

University of Utrecht

The Classifying Lie Algebroid of a Geomet-
ric Structure

For classes of geometric structures which can be char-
acterized by coframes, we will show how to construct
its classifying Lie algebroid, which has the following
properties:

1. To each point on the base there corresponds a
germ of the geometric structure belonging to the
class.

2. Two germs of geometric structures in the class
are equivalent if and only if they correspond to
the same point on the base of the Lie algebroid.

3. The isotropy Lie algebra at a point is isomorphic
to the symmetry Lie algebra of the correspond-
ing geometry.

We will also show that if the classifying Lie algebroid
is integrable, then its Lie groupoid can be used to find
explicit examples of geometries in the class, and also
to obtain global results about their symmetries and
moduli space. This is joint work with Prof. Rui Loja
Fernandes (Instituto Superior Técnico, Lisboa).



J.C. MARRERO, A. DE NICOLA AND E. PADRON
Universidad de La Laguna

Reduction of Poisson-Nijenhuis Lie Alge-
broids

We will present our results on the reduction
of Poisson-Nijenhuis Lie algebroids to Symplectic-
Nijenhuis Lie algebroids with nondegenerate Nijen-
huis tensor. We generalize the work of Magri and

Morosi on the reduction of Poisson-Nijenhuis mani-
folds.

ANTONIO CANETE

Universidad de Sevilla

The isoperimetric problem in the plane
with a piecewise constant density

In general, the isoperimetric problem in a given sur-
face M seeks for the least-perimeter set in M enclos-
ing a prescribed quantity of area. In the last years
this problem has been studied in a density setting,
that is, considering a positive function which is used
to weight the perimeter and the area in M. We will
focus our talk in the case of R? endowed with a piece-
wise constant density, where a remarkable fact occurs:
the boundary of an isoperimetric solution may not
be a smooth curve, since when this boundary passes
through regions with different values of density, a cor-
ner is formed according to a certain rule, which is
analogous to the Snell refraction rule of Optics and
Physics. We will study this problem in some par-
ticular cases (densities taking different values inside
and outside a ball, or a strip, or with different values
in the two half-planes), describing the corresponding
isoperimetric solutions. This is part of a joint work
with Michele Miranda and Davide Vittone.

ANTONIO ALARCON AND JOSE ANTONIO
GALVEZ

Universidad de Murcia

A proper harmonic map from the unit disk
to the complex plane

Picard proved that any analytic function from the
complex plane C to C — {z,w} must be constant.
This follows from the fact that there is no noncon-
stant holomorphic functions from C to the unit disk
D. More generally, it is natural to ask wether D and C
are equivalent under harmonic diffeomorphisms. On
the one hand, Heinz proved that there is no harmonic
diffeomorphisms from D to C with flat metrics. This
result was a key step in his proof of the Bernstein The-
orem for minimal surfaces in R®. On the other hand,
Collin and Rosenberg constructed harmonic diffeo-
morphisms from C to the hyperbolic disk. It is con-
jectured by Schoen and Yau that there is no proper
harmonic maps from D to C with flat metrics. This
conjecture is related with some problems on minimal
surfaces theory. We show a counterexample to this
conjecture.

ISABEL FERNANDEZ

Universidad de Sevilla

Entire maximal graphs with singularities in
the Lorentz-Minkowski space L3

It is well-known that the unique entire maximal (i.e.,
zero mean curvature) graphs in L3 are the spacelike
planes. Therefore, it is natural to allow the existence
of singularities in theses surfaces. In this talk we will
deal with entire maximal graphs whose singular set
is the smallest possible, that is, a finite number of
points. Our main goal is to show that the number
of maximal graphs on a given circular domain (up to
biholomorphisms) is always 2", where n + 1 is the
number of singularities.
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Old and new on the exceptional Lie group
Ga

Moreover, we hereby obtain a direct definition of our
14-dimensional simple group which is as elegant as
one can wish for. With these words, Friedrich Engel
summarized his research on the exceptional Lie group
G at a talk on June 11, 1900 at the Royal Saxonian
Academy of Science. Indeed, the description initiated
by Friedrich Engel and accomplished by his doctoral
student Walter Reichel in 1907 is one of remarkable
scientific insight. It is at the foundation of many sur-
prising results and developments in modern differen-
tial geometry and leads directly to the exceptional
role that G2 is playing in current superstring mod-
els. In my talk, I will retrace the discovery of the
exceptional group G2, the history of the completely
forgotten mathematician Walter Reichel, and give an
introduction to modern developments.
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Rut LojA FERNANDES AND PEDRO FREJLICH
Instituto Superior Tecnico

h-principles in Poisson Geometry

We formulate a sufficient cohomological criterion for a
regular almost-Poisson structure on an open manifold
to be homotopic to a regular Poisson one.

RICARDO GALLEGO TORROME

University of Lancaster

There are no Strictly Landsberg Surfaces
We show that there are not pure C° regular y-
global Landsberg surfaced. The proof is based on
the averaged connection associated with the linear
Chern’s connection and the classification of irre-
ducibles holonomies of torsion-free affine connections.
It consists on exausting all the possible cases and
showing that in dimension 2 Landsberg condition im-
plies Berwald condition.

LEONARDO COLOMBO

ICMAT-CSIC and Universidad Nacional de La
Plata

A Survey of Optimal Control for Underac-
tuated Mechanical Systems in Quasiveloc-
ities

Quasivelocities are the components of a mechanical
system?s velocity relative to the set of vector fields
that span the fibres of the tangent bundle of the con-
figuration space. These vector fields need not be as-
sociated with (local) configuration coordinates.

A good example of quasivelocities is the set of com-
ponents of the body angular velocity of a rigid body
rotating about a fixed point. One of the reason for
using quasivelocities is that the Euler-Lagrange equa-
tions written in generalized coordinates are not effec-
tive for analyzing the dynamics of a mechanical sys-
tems of interest.

In this poster we use the quasivelocities for the an-
alyzed of the underactuated mechanical control sys-
tems.



R1CARDO GALLEGO TORROME

University of Lancaster

Averaged Lorentz Dynamics and Compar-
ison with Standard Lorentz Dynamics

A geometric formulation of the Lorentz law as the
differential equations for auto-parallel integral curves
of a linear connection YV is presented. We define
an associated covariant derivative also denoted by
LY. Then, we use an averaging procedure to ob-
tain the averaged connection and the associated av-
eraged dynamics. This averaged dynamics is simpler
than the original one. We proof also that in the ultra-
relativistic limit and for concentrated 1-particle prob-
ability distributions, the auto-parallel curves of the
averaged connection remain close to the auto-parallel
curves of *V.

A. HURTADO AND C. ROSALES

Universidad de Granada

Stability of constant mean curvature sur-
faces in the sub-Riemannian three-sphere
In this work, we study first and second order min-
ima of the area under volume-constraint in the sub-
Riemannian three-sphere.

RAFAEL M. RuBIO Ruiz

Universidad de Cérdoba

Uniqueness of constant mean curvature
surfaces inmersed in a slab in certain 3-
dimensional Robertson-Walker spacetimes
and Calabi-Bernstein type problem

Several uniqueness results for the spacelike slices
in certain Robertson-Walker spacetimes are proved
under boundeness assumptions either on the mean
curvature function of the spacelike surface or on
the restriction of the time coordinate on the sur-
face when the mean curvature is constant. In the
non-parametric case, a uniqueness result and a non-
existence one are proved for bounded entire solutions
of some constant mean curvature spacelike differential
equations.

S. VILARINO, J.C. MARRERO, N. ROMAN-ROY
AND M. SALGADO

Uiversidad de Santiago de Compostela
Symmetries, Noether’s theorem and reduc-
tion in k-cosymplectic field theories

The k-cosymplectic formulation provides us with a
very appropriate and simple geometric framework for
working with certain kinds of field theories, both
in the Lagrangian and the Hamiltonian formalisms.
Using this framework, we introduce a class of sym-
metries for Hamiltonian k-cosymplectic fiels theo-
ries, and study their associated conservation laws by
means of a suitable generalization of Noether’s the-
orem. For these symmetries, we propose also a ge-
ometric reduction procedure which is based on the
Marsden-Weinstein reduction theorem.

ANTONIO OTAL AND LuUIS UGARTE
Universidad de Zaragoza

Special metrics and hypo contact struc-
tures on product Lie groups

We classify product Lie groups admitting hypo struc-
tures with compatible contact form. We evolve
such structures according to Conti-Salamon evolu-
tion equations to construct Riemannian metrics with
holonomy equal to SU(3).

RAFAEL RAMIREZ AND NATALIA SHADOVSKAIA
Universitat Rovira i Virgili

Cartesian approach to constrained me-
chanical systems with three degree of free-
dom

In the history of mechanics, there have been two
points of view for studying mechanical systems:
The Newtonian and the Cartesian. According the
Descartes point of view, the motion of mechanical sys-
tems is described by the first-order differential equa-
tions in the N dimensional configuration space Q. In
this paper we develop the Cartesian approach for me-
chanical systems with three degrees of freedom and
with constraint which are linear with respect to ve-
locity. The obtained results we apply to discuss the
integrability of the geodesic flows on the surface in
the three dimensional Euclidian space and to analyze
the integrability of a heavy rigid body in the Suslov
and the Veselov cases.

ALEXANDER SHERMENEV

Russian Academy of Sciences

Wave equation in cylinder coordinates

An interaction of two acoustical waves in a cylinder
is studied within quadratic approximation. When
the cylinder coordinates are used, the usual pertur-
bation techniques in separation of variables method
inevitably lead to a series of overdetermined systems
of linear algebraic equations for the unknown coeffi-
cients (in contrast with the Cartesian coordinates).
However, if we formally introduce a new function
satisfying the first system of this series, all these
overdetermined systems become compatible (remain-
ing overdetermined) for the special case of the nonlin-
ear acoustical wave equation. Using the new function
and quadratic polynomials of the Bessel functions of
radius, we explicitly express the coefficients of the re-
sulting harmonics. It gives solutions describing two-
waves interaction which are found with the same ac-
curacy as the nonlinear acoustical equation is derived.
As a consequence, a general boundary problem can be
explicitly solved in these terms.
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Higher-Order Classical Field Theory

We propose a differential-geometric setting for the dy-
namics of a higher-order field theory, based on the
Skinner and Rusk formalism for mechanics. This ap-
proach incorporates aspects of both, the Lagrangian
and the Hamiltonian description, since the field equa-
tions are formulated using the Lagrangian on a
higher-order jet bundle and the canonical multisym-
plectic form on its affine dual. The result is that we
obtain a unique and global intrinsic description of the
dynamics.

ARI STERN

University of Califoria, San Diego

Discrete Hamilton-Pontryagin mechanics
and generating functions on Lie groupoids
We present a discrete analog of the recently intro-
duced Hamilton- Pontryagin variational principle in
Lagrangian mechanics. This unifies two, previously
disparate approaches to discrete Lagrangian mechan-
ics: either using the discrete Lagrangian to define a
finite version of Hamilton’s action principle, or treat-
ing it as a symplectic generating function. This is
demonstrated for a discrete Lagrangian defined on an
arbitrary Lie groupoid; the often encountered special
case of the pair groupoid (or Cartesian square) is also
given as a worked example.



