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Local mountain pass for a class of elliptic systems

by
CLAUDIANOR O. ALVES*
Departamento de Matematica e estatistica,
Universidade Federal de Campina Grande,
58109-970 Campina Grande PB, Brazil
E-mail address: coalves@dme.ufcg.edu.br
Our aim is to show a result involving the existence and concentration of positive solutions for
the following class of elliptic systems

—2Au+W(x)u = Qu(u,v) in RN
—2Av + V(2)v = Qy(u,v) in RN
u(z),v(x) — 0, as |z| — oo

u,v >0 in RN

(5)

where V, W are nonnegative Holder continuous functions and @ is a p-homogeneous function with
2<p<2N/(N —2) and N > 3.
The main result completes a result due Del Pino & Felmer [1] for the problem
—2Au+V(z)u = |ulP~%u, in Q.
u=0, on 0
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Asymptotic behavior at the boundary of solutions of reaction-diffusion
equations with nonlinear boundary conditions

by
JOoSE M. ARRIETA*

Departamento de Matematica Aplicada,
Universidad Complutense de Madrid,
28040 Madrid, Spain
E-mail address: arrieta@mat.ucm.es

We consider a reaction diffusion equation with nonlinear boundary condition of the type

up — Au = f(x,u), Q
S = g(x,u), o0

in a bounded smooth domain 2. We assume that the nonlinearity f is dissipative (for instance
f(z,u) = —B(x)uP, with S(x) > 0) while g is explosive (g(x,u) = u?) and analyze how this two
mechanisms compete. We find appropriate balances between f and g that will show that the
solution starting at any smooth initial condition wug is bounded for all time. We will show, see [1],
that if these balances hold locally around certain point in the boundary, the solution is globally
bounded around this point of the boundary. This result complements another one obtained in [2]
in which we showed that if the balances between f and g are the opposite then blow-up occurs at
that point of the boundary.
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Stability of periodic travelling wave solutions for the Korteweg-de Vries
equation

by
LYNNYNGS KELLY ARRUDA®
IMECC - UNICAMP
Caixa Postal 6065
13081-970 Campinas-SP, Brazil
E-mail address: lynnyngs@ime.unicamp.br

This paper is concerned with nonlinear stability properties of periodic travelling wave solutions
of the classical Korteweg - de Vries equation,

Up + Uy + Ugze = 0, z,t € R.

It is shown the existence of a nontrivial smooth curve of periodic travelling wave solutions
depending on the classical Jacobian elliptic functions. We find positive cnoidal wave solutions.
Then we prove, by using the framework established in [1] by Grillakis, Shatah and Strauss, the
nonlinear stability of the cnoidal wave solutions in the space H1p., ([0, L]).
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Three positive solutions for a class of fourth—order boundary value problems

by
JOAO MARCOS BEZERRA-DO-O*
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E-mail address:
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We study multiplicity of positive solutions for a class of fourth—order boundary value problems
with non—homogeneous boundary conditions. For this, we use a fixed point theorem of cone expan-
sion/compression type and we establish a general theorem for a type of systems of second—order
ordinary differential equations involving parameters. In addition, we apply our result to the study
of existence of solutions for semilinear elliptic systems in bounded annular domains.



Multiplicity of solutions for a convex-concave problem with a nonlinear
boundary condition

by
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We study the existence of multiple positive solutions for a convex-concave problem with a non-
linear boundary condition involving two critical exponents and two positive parameters A and p of
the type

—Au 4+ u = du?t 4+ uP? in Q,
% = pul? + uP? on 09, (Pru)
u >0 in Q,

where 0 < ¢; < 1 < p; < o0 (i =1,2), @ ¢ RN (N > 3) is a smooth bounded domain and % is
the outer unit normal derivative.

We obtain a continuous strictly decreasing function f such that Ky = {(f(n),p) : p € [0,00)}
divides [0,00) x [0,00) \ {(0,0)} in two connected sets Ky and K5 such that problem (Pj,) has
at least two solutions for (A, u) € Ks, at least one solution for (A, ) € K; and no solution for
(A, p) € Ky. This work is related with following papers [2], [3], [4] and [6].

By sub and super solution method [1], we obtain a minimal positive solution of (Py,), and we
employ a version of the Ambrosetti-Rabinowitz Mountain Pass Theorem due to Ghoussoub and
Preiss [5] in order to get the second positive solution.
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Boundary Stabilization of the Damped wave equation with Cauchy-Ventcel
dynamic boundary conditions

by
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This work is devoted to the study of optimal and uniform decay rates of the wave equation
subject to Cauchy Ventcel dynamical boundary conditions.

ug — Au =0 in Q x]0,00[,
vy + Opu — Arpv + g(vg) =0 on I'; x ]0,00][,
u=uv on ' x]0,00],
u=20 on Iy x ]0, 00l

where 2 is a bounded domain of R" (n > 2) having a C3 boundary 02 =I', such that I' =Ty U,
with I'g and I'; closed and disjoint.

We prove that the boundary dissipation g(v¢) is strong enough to assure the asymptotic stability
of the system. The results presented in the literature deal with localized dissipations acting in a
strategic neighbourhood of the boundary (sometimes in the whole domain) in order to stabilize the
system. In this paper we prove the reciprocal procedure (which remained an open problem), namely:
to prove that a frictional dissipation acting on the boundary is strong enough, via transmission
process (u|p = v), to stabilize the whole system.

On Semi-discrete and Fully Discrete Nagamo Equations

by
SHUI-NEE CHOW*
Georgia Institute of Technology
E-mail address: chow@math.gatech.edu
We will present complete existence and stability results for traveling waves of these equations.
Some remarks on numerical schemes for conservation laws in one space dimensions will be presented.



Patterns and local minimizers for boundary reactions

by
NEUs CONSUL*

Universitat Politecnica de Catalunya,
Diagonal 647 08028, Barcelona, Spain
E-mail address: neus.consul@upc.edu

The existence of nonconstant stable solutions (so called patterns) for diffusion equations with
some kind of nonlinear boundary reactions is an important question often related with the geometry
of the domain. Basically we are going to consider
(1) ur —Au = 0, in Q

U, = éf(u), on ' =00

for a model reaction term f(u) =u —u3 = u(l — u2).

In this talk we present numerical evidence of the existence of nonconstant stable equilibria for the
unit square, computing families of equilibria branching off the unstable constant equilibria u = 0.
We remark that it is the first approximation to the existence of patterns for convex domains.

The existence of equilibria con be treated as well as a variational problem and found the solutions
minimizing the energy with a constraint as in the well known Ginzbrug-Landau vortices phenomena.
Given any € > 0 we may consider solutions of (1), u., which are local minima of the associated
energy

1 1

) Bo(u) = / Vul?dz+ © /G(u) d.
2 Jao e Jr

where G/ = —f, with a constraint, that is,
E (u.) = Jlel% E.(u)

with X, = {u € H1(Q) : ||[yu — Xpo,qo”%(r) < a2}, and, where xP9% is the characteristic function
with transition points pg, qo € I', alternating values —1 and +1.

In this way in the second part of the talk we show that we can find local minimizers as local
minimizers of the renormalized energy associated to (2). As the reaction acts on the boundary
these minimizers correspond to pairs of points of this boundary and the solution is obtained by
harmonic extension to the interior of the domain. Theses patterns present a layer in the transiton
points, or minimizing pair, where the solution goes from —1 to +1 in a very small region.

Asymptotic Behavior of Parabolic Equations with Admissible Blow-up

by
RADOSLAW CzAJA*
Centro de Analise Matematica,
Geometria e Sistemas Dinamicos, Departamento de Matematica,
Instituto Superior Técnico, 1049-001 Lisboa, Portugal
E-mail address: czaja@math.ist.utl.pt

Our aim is to describe the long-time behavior of solutions of parabolic equations in the case
when some of them may blow up in a finite or infinite time. This is done by providing a maximal
compact invariant set attracting each initial data for which the corresponding solution does not
blow up. The abstract result is applied to the Frank-Kamenetskii equation



ur = Au+ Ae, in B(0,1)
+ Dirichlet b.c., in 0B(0,1)

and to the N—dimensional Navier-Stokes system where small external force is considered.
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PDE on lattices with boundary interaction

by
Jack K. HALE®

Georgia Institute of Technology
E-mail address: hale@math.gatech.edu

Suppose that each point on a lattice corresponds to a dynamical system generated by a PDE on
a bounded domain U and there is interaction between the points on some subset V of the boundary
of the domain. If it is possible to take natural limits of this interaction, then one will obtain
another PDE on V. There seems to be very little literature on problems of this type. I review a
paper of mine in Resenhas (1994) on transmission lines on U=(0,1) with resistive coupling at the
point 1 and point out some problems that need to be investigated. Not knowing how to discuss
qualitative properties of the resulting PDE, special situations are given for which the dynamics can
be reduced to the discussion of a partial neutral functional differential equations. We mention some
generalizations of these functional differential equations and mention some other applications.

Radial Symmetry of Minimizers for a Class of Nonlocal Variational Problems

by
ORLANDO LOPES*

Departamento de Matematica-IMECC-UNICAMP,
Caixa Postal 6065,
13083-859, Campinas, SP, Brazil
E-mail address: lopes@ime.unicamp.br

MIiHAT MARIS
Univ. F-Comte, Besangon, France

We present some results about the radial symmetry of minimizers for some constrained variational
problems for nonlocal functionals. For instance, consider the problem of minimizing

1 1
By, v) = / Llaraduf? + 11— A) 402 do +/ Flu, v) dz
RN 2 2 RN
subject to
1
Q(u,v) = = G(u,v)dx = c.
2 JrN
Under smoothness and growth assumptions on F'(u,v) and G(u,v), and except for translation in
the space variable, the minimizers are radially symmetric. There is no cooperativity assumption
and we do not assume that the minimizer is positive. In that case, symmetrization cannot be used.
Our approach is a combination of reflection presented in [1] with an identity involving the nonlocal
term. Further examples are given.
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Vortex dynamics in domains with holes

by
MirtoN C. LoPES-FILHO*

Departamento de Matemaética, IMECC-UNICAMP,
Caixa Postal 6065,
13083-859 Campinas SP, Brasil
E-mail address: mlopes@ime.unicamp.br

We present a new formulation of incompressible two-dimensional ideal fluid motion in terms of
vortex dynamics. The difficulty is a topological one: how to write the harmonic, or potential, part
of the velocity in terms of vorticity. We use this reformulation of the flow equations to describe
the limiting behavior of Euler solutions in a bounded domain with multiple holes, when one of the
holes becomes very small.

Patterns in Parabolic Problems with Nonlinear Boundary Conditions

by
ALEXANDRE N. CARVALHO

Departamento de Matematica, Instituto de Ciéncias Matemdticas e de Computacao,
Universidade de Sao Paulo-Campus de Sao Carlos,
Caixa Postal 668, 13560-970 Sao Carlos SP, Brazil
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Departamento de Matematica, Instituto de Biociéncias, Letras e Ciéncias Exatas,
Universidade Estadual Paulista-Campus de Sao José do Rio Preto,
15054-000 Sao José do Rio Preto SP, Brazil
E-mail address: german@ibilce.unesp.br

We obtain existence of asymptotically stable non-constant equilibrium solutions for semilinear
parabolic equations with nonlinear boundary conditions on small domains connected by thin chan-
nels. We prove the convergence of eigenvalues and eigenfunctions of the Laplace operator in such
domains. This information is used to show that the asymptotic dynamics of the heat equation
in this domain is equivalent to the asymptotic dynamics of a system of two ordinary differential
equations diffusively (weakly) coupled. The main tools employed are the invariant manifold theory
and a uniform trace theorem.

Positive Solutions for a Fourth Order Equation of Kirchhoff Type

To Fu Ma*

Departamento de Matematica, Universidade Estadual de Maringa,
Avenida Colombo, 5790
87020-900 Maringd, PR
FE-mail address: matofu@uem. br



We study the existence of positive solutions of the fourth order boundary value problem
" —m(fy 1 (0)2dt) u" = f(t,u,u’), 0<t<1,
w(0) = u(1) = u"(0) =" =0,
where m and f are positive functions. This kind of nonlocal Kirchhoff equation models the bending
equilibrium of extensible beams. Our approach is based on fixed points theorems in cones of positive
functions.
REFERENCES
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Singular State-Dependent Delay Equations: Asymptotics and Stability

by
JOHN MALLET-PARET*
Division of Applied Mathematics, Brown University
E-mail address: jmp@dam.brown.edu

In earlier work with Roger Nussbaum, we studied the limiting shape of solutions to singularly
perturbed state-dependent delay equations, such as

ei(t) = f(z(t),x(t—r)),  r=r(z)).
Here we extend this work, and study the detailed asymptotics of these solutions. Such an analysis

is important in obtaining stability results, as well as results for problems with multiple delays.
Techniques and ideas from geometric singular perturbations are used in our analysis.

A K-theoretic proof of Boutet de Monvel’s index theorem for boundary value
problems

SEVERINO T. MELO*

Instituto de Matematica e Estatistica,
Universidade de Sao Paulo,
Caixa Postal 66281
05311-970 Sao Paulo SP, Brazil
E-mail address: toscanoQime.usp.br

The first goal of this talk is to explain how K-theory for C*-algebras can be used to express index
theorems for elliptic operators. Then I plan to report on a new proof of Boutet de Monvel’s index
theorem for boundary value problems [1] that uses K-theoretic techniques. The talk is based on
joint work with Nest, Schick and Schrohe [2, 3].
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Soliton solutions for quasilinear Schrodinger equations: the critical exponential
case

by
JoAo MARCOS BEZERRA DO O

Universidade Federal da Paraiba, Campus I - Cidade Universitaria
58.051-900 - Joao Pessoa - PB - Brasil
E-mail address:;jmbo@mat.ufpb.br

OLimMPIO H. MIYAGAKI*
Departamento de Matematica, Universidade Federal de Vicosa,
36571-000 Vigosa, MG, Brazil
E-mail address: olimpio@ufv.br

SERGIO H. M. SOARES
Departamento de Matematica, ICMC/USP,
Universidade de Sao Paulo,
13560-970 Sao Carlos, SP, Brazil
E-mail address: monari@icmc.usp.br

We consider the quasilinear elliptic equation —Au+V (z)u— (A(Ju|?))u = h(u) in R?, where V :
R? — R is a positive potential bounded away from zero, and the nonlinearity h : R — R has critical
exponential growth, that is, h behaves like exp(4ms2) — 1 as |s| — oo. Under suitable hypotheses
and by assuming some asymptotic conditions on V and h, we establish an existence result for
the problem above. This result is obtained by combining Ambrosetti-Rabinowitz mountain pass

theorem with a version of Trudinger-Moser inequality in R2.

On the existence of patterns in a reaction-diffusion equation with nonlinear
Neumann boundary condition

by
ARNALDO SIMAL DO NASCIMENTO

Departamento de Matematica, Universidade Federal de Sao Carlos,
Caixa Postal 676,
13565-905 Sao Carlos SP, Brazil
E-mail address:arnaldon@dm.ufscar.br
RENATO J. DE MOURA*
Departamento de Matemética,
Instituto de Ciéncias Exatas, Universidade Federal de Minas Gerais,
Caixa Postal 702,
30 123-970 Belo Horizonte MG, Brazil
E-mail address: moura@mat .ufmg.br

In this work we prove existence and determine the asymptotic profile of a family of layered stable
stationary solutions (patterns, for short) to the following reaction-diffusion equation

gu _ e2Au+ f(u) inQ

t
(3) ou _
€5, = 0:9(u) on 897
u(0,z) = ug(z), €

where Q C R? is a C2 simply connected bounded domain and e a small positive parameter. It is
assumed that:

e ). > 1 satisfies lim,_,gelnd. = k with 0 < Kk < 0.



° f 5 f=0
« [lg=0,
with o/ <a < <4 and f(a) = f(8) =0, g(e) = g(3') = 0.

Above relation holds, for example, when 6. = e ™, n € N as well as §, = e/, k > 0. In
particular when 8. = €' there holds that diffusibility in Q and 9 are the same.

The equal-area conditions for f and g are actually necessary for existence of such solutions (see
[2]). The nonlinear Neumann boundary condition gives rise to an involved geometric profile of the
patterns, namely, the trace of the function the family of solutions approach on 2, as € — 0, is not
the function the solutions approach on 9f2.

Main tools used are Gamma-convergence of functionals, variational techniques and results of
dynamical systems in infinite dimension.
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Stable equilibrium of a diffusion equation on convex domains induced by the
dynamics on the boundary.

by
ARNALDO SIMAL DO NASCIMENTO*

Departamento de Matematica, Universidade Federal de Sao Carlos,
Caixa Postal 676, 13565-905 Sao Carlos SP, Brazil
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We address the question of existence of nonconstant stable stationary solution (pattern, for short)
to the problem

up = Au, (t,z) eRT x Q
(4) u(0,2) = ug(z) =€)
du=Nf(u), (t,r)eRT x9N

where Q € RY is a smooth convex domain, A € RT and f a smooth assigned function.

In [1] the authors, in a computer-assisted work and using bifurcation techniques, give strong
evidence that when f(u) = u—u3, A > 2,84083164 and §2 the unit square (whence a convex planar
domain), then (1) has a pattern.

Such solutions were known to exist for dumbbell type domains [2] and not to exist when  is
the N-dimensional ball [3].

One way the sphere OBR(0) differs from any other convex hyper-surface 92 is that the mean
curvature of the former is constant whereas it varies in latter case. In order to explore this fact we
utilize convenient coordinates to write

(5) Av=NApv+ (N —-1)H(:)dv+d*v on M =099,

where H (-) is the mean curvature of M and A v = g*Pu o4 is the Laplace-Beltrami operator with
respect to the induced metric.
When the boundary condition is incorporated, we obtain the evolution equation

O At NN =) HOS @)+ 2 L patu) on

After finding a local minimizer of the functional

e [ (I[85 o]




where || v ul|? = g*uuy = wFuy, uy and wk are respectively the covariant and contravariant

components of the gradient, F' = fo f, problem (2) is shown to have a pattern, u say, for \ large
enough and f(u) = u — u3, as long as Q is:

e strictly convex
e symmetric with respect to a hyperplane through the origin
e H(-) is sufficiently small on two arbitrary disjoint sets separated by this hyperplane

Think of it as an ellipsoid whose vertical axis is much smaller than the other two.
Finally @ turns out to be the trace of the pattern for (1) we have been looking for.

REFERENCES

[1] Cénsul, N. and Jorba, A.;On the existence of patterns for a diffusion equation on a convexr domain with nonlinear
boundary reaction, preprint.

[2] Consul, N. and Sold-Morales, J.; Stability of Local Minima and Stable Nonconstant equilibria, J. Diff. Eqns., 157
(1999), 61-81.

[3] Consul, N.; On equilibrium solutions of diffusion equations with nonlinear boundary conditions, Z. Angew Math.
Phys. 47 (1995), 194-2009.

[4] Sperb, R.P.; Maximum Principles and Their Applications. Mathematics Science and Engineering, v. 157, Aca-
demic Press (1981)

[5] Simon, L.;Asymptotics for a class of non-linear equations, with applications to geometric problems, Annals of
Mathematics, 118 (1981), 525-571.

[6] Nécas,J.; “Les méthodes directes en théorie des équations elliptiques”. Prague, Academia 1969.

Geometry of constraints in a problem of rolling surfaces

by
WALDYR MUNIZ OLIVA™*

Instituto de Matematica e Estatistica (USP), Brazil
and
Instituto Superior Técnico de Lisboa (UTL), Portugal
E-mail address: wamoliva@math.ist.utl.pt

The non-holonomic mechanical problem of the rolling of a rigid ball on a surface is presented.
The constraints corresponding to rolling without slipping (resp. without slipping or twisting)
define a constant rank 3 (resp. 2) distribution on the 5-dimensional configuration space. Geometric
properties and conditions for the controlability of these two distributions are derived.

Bifurcation of equilibria for the Chafee-Infante system on a square

by
JosE CARLOS FERNANDES DE OLIVEIRA®

Departamento de Matematica, Universidade Federal do Pard
E-mail address: zecarlos@ufpa.br

We study the local bifurcations from zero of equilibrium points of the dynamical system {Sj(¢) :
t > 0}, defined by the family of solution-operators at time-t > 0, Sx(t) : ¢ € H1p(Q) — u(t) €
H1yp(Q), where u(t)(z,y) = u(t, z,y) is the mild solution of the semi-linear parabolic scalar equation
up = Au+ Mu —du3), t >0, (z,y) € Q, satisfying the Dirichlet boundary condition u(t,z,y) =
0,t > 0,(x,y) € 0Q, and the initial condition u(0,z,y) = ¢(z,y), where @ denotes the square
10, w[x]0, 7[, OQ the boundary of @, A and d positive constants, Hy1(Q) the closure of C§°(Q) in
the Sobolev space H1(Q) = W12(Q), with respect to the inner product <g01, <,02>H1 = <9017 <P2>L2 +
<v9017 V‘P2>L2-

A typical result we can prove states that, when A crosses from the left the value 50, which is an
eigenvalue with multiplicity 3, of A on Hol(Q) N W?22(Q), there appears 33 — 1 = 26 nontrivial
distinct equilibrium points near zero.



Asymptotically linear problems

by
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IMECC - UNICAMP
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E-mail address: odair@ime.unicamp.br

Our aim is to present some results on multiplicity of solutions for the semilinear problem

—Au=g(u) in
u=20 on 0f2,

where Q ¢ RY is a bounded domain with smooth boundary 99, g : R — R is a function of class
C'1 which is asymptotically linear at infinity. Assume that g(0) = 0, so u = 0 is a solution (the
trivial solution). We will give some conditions to obtain two nontrivial solutions.
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We consider the non local evolution equation

%(x,t) = —u(z,t) + tanh (BJ x u(x,t) + h)

where u(x,t) is a real function on R x Ry, J € C1(R) is a non negative even function with integral
equal to 1 supported in the interval [—1, 1], 8, h are positive constants and * denotes the convolution
product.

This equation arises as a continuum limit of one-dimensional Ising spin systems with Glauber
dynamics and Kac potentials; u represents then a magnetization density and 3! the temperature
of the system.

We show the problem is well-posed in some weighted spaces and the associated flow admits
a global compact attractor. We also prove the existence of a distinguished non homogeneous
equilibrium called a ‘bump solution’ or ‘critical droplet’ in the literature.
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Boundary perturbations have been studied by several authors through different perspectives.
Among others, we mention the work Henry in [1] where the author developed a general theory on
perturbation of domains and proved several results on boundary perturbations for second order
eliptic operators.

Using this theory as our main tool (in particular a general form of the Transversality Theorem),
we show that the eigenvalues of the problem

{(A2+)\)u(x):0 x € )
u(z) = Au(z) =0 x € 9N

are simple in a residual set of C* regular regions Q C R™ with n > 2.
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We survey the existing results on the characterization of global attractors for semiflows gener-
ated by scalar semilinear parabolic equations under periodic boundary conditions. In particular
we describe a characterization of all the Morse-Smale attractors obtained using a permutation
characterization developed for Neumann boundary conditions.
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In this talk we consider the initial value problem (IVP) associated to equation
g + Ugzw — N(HUg + Hitgyy) + uPuy, =0, 2 €R, >0,

where > 0, and H denotes the usual Hilbert transform. We will describe the local results obtained
for the IVP in Sobolev spaces H*(R) for s > 0 and k£ = 1,2,3 and the global ones in L2(R).
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In this talk we present results on the existence and multiplicity of positive solutions for singular
problems. The method combines a perturbation argument and critical point theory.
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We investigate some limit cases of Holder inequality for sums and integrals and establish some
relations between divergence rates for corresponding sums and integrals.
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The talk will deal with stable nonconstant solutions of Laplace equation in a half-space with
nonlinear boundary conditions, or the equivalent problems for the energy functional.

We will describe the recent results of the paper [1], concerning existence, uniqueness and sta-
bility properties for solutions to this problem that are monotonic in some direction parallel to the
boundary.

The knowledge of these monotonic solutions, also called layer solutions, has also been used
recently to obtain some more results on the existence of stable nonconstant solutions for this
problem in bounded domains. These results, that are due to X. Cabré and N. Consul will also be
commented, specially in relation with previously known results.



In all of these works on bounded domains, one of the main goals has been to relate the geometry
of the domain (a domain with holes, a ball, a dumb-bell shaped domain, a square, or others...)
with the property of the existence or not of these stable nonconstant solutions.
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We study the geometric qualitative behaviour of a class of discontinuous vector fields in four
dimensions around typical singularities. We are mainly interested in giving the conditions under
which there exist one-parameter families of periodic orbits (a result that can be seen as one analo-
gous to the Lyapunov centre theorem). The focus is on certain discontinuous systems having some
symmetric properties. We also present an algorithm which detects and computes periodic orbits.

Almost periodically forced circle flows
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Almost automorphy is a notion first introduced by S. Bochner in 1955 to generalize the almost
periodic one. It is proven to be a fundamental notion in characterizing multi-frequency phenomena
and their generating dynamical complexity in almost periodically forced monotone systems. The
lecture will present some recent results on almost automorphic dynamics arising in almost periodi-
cally forced circle flows that are generated from almost periodically forced nonlinear oscillators and
Hamiltonian systems.
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This lecture will be an introduction to the mathematical theory of oceanic fluid flows, with
emphasis on the longtime dynamics of the models. Some applications will be included.
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We are interested in functional differential equations (FDE) of the form
d
L Mxy = Lay,
(6) e
9= €C.

where M and L are linear continuous operators from the space state C e ([-1,0],C") to C", and
x; € C is defined as
zt(0) = z(t +0), 60,1, t>0.

We aim to show a decomposition of the space state C o C([-1,0],C") as direct sums of M) & Qj,
where M is a finite dimensional subspace of C, and estimates that reduce the large time behaviour
of solutions of the initial value problem (6) to an ordinary differential equation in C".
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