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Special Session 48: Nonlinear Evolution Equations

Alex Himonas, University of Notre Dame, USA
Gerson Petronilho, Federal University of Sao Carlos, Brazil

The theme of this session is nonlinear evolution equations including the NLS equation, the KdV equation,
the Camassa-Holm equation, and the Euler equations of hydrodynamics. It will focus on questions of local
and global well-posedness, dependence of solutions on the initial data, unique continuation, regularity, and
integrability. Such questions are fundamental in both theory and applications.

Linear instability of periodic traveling waves
for nonlinear dispersive models

Jaime Angulo Pava
University of Sao Paulo, Brazil
angulo@ime.usp.br
Fabio Natali

In this talk we present a study on the linear and
nonlinear instability of periodic traveling wave asso-
ciated with some general one-dimensional dispersive
models. By using analytic and asymptotic pertur-
bation theory, we establish su�cient conditions for
the existence of exponentially growing solutions to
the linearized problem and so the linear instability
of periodic profiles is obtained. Applications of this
approach are concerning with the linear/nonlinear
instability of cnoidal wave solutions for the modified
Benjamin-Bona-Mahony and the modified Korteweg-
de Vriesequations. The arguments presented in this
investigation has prospects for the study of the in-
stability of periodic traveling wave of other nonlinear
evolution equations.
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Ovsiannikov’s theorem for autonomous equa-
tions and applications

Rafael Barostichi
Universidade Federal de São Carlos, Brazil
barostichi@dm.ufscar.br
R. F. Barostichi, A. Alexandrou Himonas, G.
Petronilho

Using a refined version of Ovsiannikov’s theorem for
autonomous equations we prove local well-posedness
of an abstract Cauchy problem in a space of peri-
odic functions that extend analytically in a strip of
the complex plane around the x-axis. Then, we ap-
ply this result to some important weakly dispersive
equations.
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Nonlinear evolution equation for magneto-
convective flow in an active mushy layer

Dambaru Bhatta
University of Texas-Pan American, USA
bhattad@utpa.edu
Daniel N Riahi

Here we consider the solidification problem of a bi-
nary alloy which is cooled from below. It has been
well established by experimentalists that a horizon-
tal mushy layer is formed during the solidification
of binary alloys. This study investigates nonlinear
behavior of the convective flow in the mushy layer
in presence of a magnetic field. The mushy layer
is treated as an active porous media with variable
permeability. We derive the linear, adjoint and first-
order systems and use these solutions to obtain the
Landau coe�cients which appear in the resulting
evolution equation. Numerical results obtained from
our computations suggest that there is a slow tran-
sition of the flow to a steady state.
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Illposedness of a weakly dispersive Boussinesq
system

Ming Chen
University of Pittsburgh, USA
mingchen@pitt.edu
Yue Liu

In this talk we discuss some illposedness issues asso-
ciated to the Cauchy problem of a long-wave water
wave system. Using an abstract wellposedness theory
developed by Bejenaru-Tao for semilinear dispersive
equations, we find the critical Sobolev index below
which the solution map fails to be continuous with
respect to initial data. We also derive a criterion for
the blow-up of strong solutions. This is a joint work
with Yue Liu.
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Generalized wave maps on the sphere

Daniel da Silva
University of Rochester, USA
dasilva@math.rochester.edu

Wave maps are nonlinear generalizations of the wave
equation which have been studied for decades. In
this talk, we will consider a generalization of wave
maps based on the Adkins-Nappi model of nuclear
physics. This model yields nonlinear hyperbolic par-
tial di↵erential equations, for which we consider the
question of regularity of solutions. In particular,
we will discuss the non-concentration of energy, a
preliminary step in establishing a global regularity
theory.
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Continuity properties of the solution map for
the generalized reduced Ostrovsky equation

Melissa Davidson
University of Notre Dame, USA
mdavids4@nd.edu

It is shown that the data-to-solution map for the
generalized reduced Ostrovsky (gRO) equation is
not uniformly continuous on bounded sets in Sobolev
spaces. Considering that for this range of exponents
the gRO equation is well-posed with continuous de-
pendence on initial data, this result makes the con-
tinuity of the solution map an optimal property.
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Solutions of Björling problem for timelike sur-
face and the homogeneous wave equation

Martha Patricia Dussan Angulo
University of Sao Paulo, Brazil
dussan@ime.usp.br
Martin M. Magid

We solve the Björling problem for timelike surfaces
in R3

1 and R4
2 by constructing a split-complex repre-

sentation formula for those surfaces. Our approach
includes the construction of split-holomorphic exten-
sions in a natural way using the point of view of
solutions to the homogeneous wave equation. Then
we also establish Schwarz reflection to obtain split-
complex Börling representations in symmetric do-
mains of the split-complex plane.
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Cauchy problem for some hyperbolic equa-
tions of mathematical cosmology

Anahit Galstyan
University of Texas-Pan American, USA
agalstyan@utpa.edu

The talk is concerned with the waves propagating
in the universe modeled by the cosmological mod-
els. We will present fundamental solutions of the
wave equation in the Einstein-de Sitter spacetime.
In this talk we investigate initial value problem for
this equation and give the explicit representation
formulas for the solutions. The equation is strictly
hyperbolic in the domain with positive time. On
the initial hypersurface its coe�cients have singular-
ities that make di�culties in studying of the initial
value problem. In particular, one cannot anticipate
the well-posedness in the Cauchy problem for the
wave equation in the Einstein-de Sitter spacetime.
The initial conditions must be modified to so-called
weighted initial conditions in order to adjust them
to the equation. We will present also the Lp-Lq esti-
mates for solutions. This is a joint work with Tamotu
Kinoshita (Japan) and Karen Yagdjian(U.S.A.).
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Analysis of the b-family equation

Katelyn Grayshan
University of Notre Dame, USA
kgraysha@nd.edu

We shall consider the Cauchy problem for the b-
family of equations with initial data in Sobolev spaces
in both the periodic and non-periodic case. In par-
ticular, we shall discuss continuity properties of the
data-to-solution map. Members of this family are
intriguing since they all have peak on solutions. Fur-
thermore, the b-family contains the Camassa-Holm
and the Degasperis-Procesi equations, which are in-
tegrable.
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The initial value problem of a periodic KdV
equation

Alex Himonas
University of Notre Dame, USA
himonas.1@nd.edu

We shall discuss the periodic Cauchy problem for
a KdV equation whose dispersion is of order 2j + 1,
where j is a positive integer. The initial data consid-
ered range from Sobolev to analytic Gevrey spaces.
For s � �j/2 well-posedness in Hs is proved by
deriving the bilinear estimates corresponding to the
linear part of the KdVm equation and using appropri-
ate Bourgain spaces. When the initial data belong
to an analytic Gevrey space of order � then well-
posedness is proved by using Foias-Temam-Bourgain
type analytic Gevrey spaces.
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Next generation sequencing and di↵erential
gene expression

Curtis Holliman
University of Alabama at Birmingham, USA
cahollim@gmail.com
Degui Zhi

We give an overview of the bioinformatics associ-
ated with next generation sequencing. In particular,
we focus on the application of the RNASeq pipeline
and consider an experiment involving di↵erentially
expressed genes.
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Well-posedness of the generalized Burgers
equation in analytic Gevrey spaces

John Holmes
University of Notre Dame, USA
jholmes6@nd.edu

We consider the initial value problem for the general-
ized Burgers equation and study its well-posedness.
In particular, we show that the Cauchy problem is
well posed for initial data in a class of Soblev-Gevrey
spaces with index r greater than or equal to one..
This implies that the solution is Gevrey-r in the
spacial variable and Gevrey-2r in the time variable.
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Enhanced lifespan of smooth solutions of a
Burgers-Hilbert equation

Mihaela Ifrim
University of California, Davis, USA
ifrim@math.ucdavis.edu
John Hunter

We consider an initial value problem for a quadrat-
ically nonlinear inviscid Burgers-Hilbert equation
that models the motion of vorticity discontinuities.
We use a normal form transformation, which is im-
plemented by means of a near-identity coordinate
change of the independent spatial variable, to prove
the existence of small, smooth solutions over cubi-
cally nonlinear time-scales. For vorticity disconti-
nuities, this result means that there is a cubically
nonlinear time-scale before the onset of filamenta-
tion.
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New ill-posedness results for the boussinesq
equation

David Karapetyan
University of Notre Dame, USA
dkarapet@nd.edu
Dan-Andrei Geba, A. Alexandrou Himonas

We present new ill-posedness results for the non-
linear “good” Boussinesq equation, which improve
upon the ones previously obtained in the literature.
In particular, it is proved that the solution map is
not continuous in Sobolev spaces Hs, for all s
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Local existence of solutions of self gravitating
relativistic perfect fluids

Lavi Karp
ORT Braude College, Israel
karp@braude.ac.il
U. Brauer

The talk will be devoted to the evolution coun-
terpart of Einstein equations which are coupled to
the Euler equations. The classical result of Hughes,
Kato and Marsden yields a local in time existence
and uniqueness for the vacuum Einstein equations
in the Bessel potential spaces withregularity index
s > 5

2
. Their results rely on the technique of quasi-

linear waves equations, however, this technique is
not available when the gravitational fields are cou-
pled withthe Euler equations. We have obtained
the well-posedness of the coupled system, with the
same regularity as in the classic case, by means of
a modification of standard approach to the energy
estimates for a certain form of first order symmetric
hyperbolic systems.
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Smoothing results for Korteweg de-Vries
equations on R and T

Seungly Oh
University of Kansas, USA
soh@math.ku.edu

We discuss smoothing results for KdV under low-
regularity setting. The main technique involved in
this discussion is the normal form approach. Let
u be the solution of KdV with the initial data u0.
In R, we obtain the smoothing of 1/2-derivatives for

u�e�t@3
xu0 when the initial data lies in H�1/2\Ḣ�1.

In T, we also obtain the smoothing of 1/2-derivatives
for u � R⇤[u0] with u0 2 H�1/2 where R⇤[u0] de-
scribes the explicit solution to the resonance equation
arising from the normal form transformation.
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Well-posedness and regularity of the periodic
gKdV equation

Gerson Petronilho
University Federal of Sao Carlos, Brazil
gersonpetro@gmail.com
A. Alexandrou Himonas

In the periodic case it is proved that the general-
ized Korteweg-de Vries equation (gKdV) is locally
well-posed in a class of analytic spaces that are sim-
ilar to the ones used by Grujić and Kalisch in the
non-periodic case. Thus, the uniform analyticity ra-
dius of the solution in the space variable does not
change as time progresses. We also study regularity
in the time variable.
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Nonuniform continuity of the solution map
for CH type equations

Ryan Thompson
University of Notre Dame, USA
rthomps8@nd.edu

We consider the Cauchy problem for Camassa-Holm
type equations and prove that the data-to-solution
map is not uniformly continuous in Sobolev spaces.
The main tools to be used in the proof of this result
include, but are not limited to, approximate solutions
and well-posedness estimates.
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Generic non self-adjoint Zakharov-Shabat op-
erators

Peter Topalov
Northeastern University, USA
p.topalov@neu.edu

I will discuss the generic properties of the spec-
trum of the Zakharov-Shabat operatorwith periodic
boundary conditions.
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Global existence of the scalar field in de Sitter
spacetime

Karen Yagdjian
University of Texas-Pan American, USA
yagdjian@utpa.edu

In this talk we present global existence of the small
data solutions of the Cauchy problem for the semi-
linear Klein-Gordon equation in the de Sitter space-
time. The Klein-Gordon equation arising in relativis-
tic physics and, in particular, general relativity and
cosmology, as well as, in more recent quantum field
theories, is a covariant equation that is considered in
the curved pseudo-Riemannian manifolds.

The latest astronomical observational discovery
that the expansion of the universe is speeding sup-
ports the model of the expanding universe that is
mathematically described by the manifold with met-
ric tensor depending on time and spatial variables.
In this talk we restrict ourselves to the manifold aris-
ing in the so called de Sitter model of the universe,
which is the curved manifold due to the cosmological
constant. Unlike the same problem in the Minkowski
spacetime, we have no restriction on the order of non-
linearity and structure of the nonlinear term, pro-
vided that a physical mass of the field is outside of
some interval.
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