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Special Session 41: New Developments in Qualitative Behavior of
Evolutionary PDEs

Ryo Ikehata, Hiroshima University, Japan
Grozdena Todorova, University of Tennessee, USA

New developments in the theory of evolutionary PDEs will be reported. The topics discussed will in-
clude well-posedness, regularity, formation of singularities, stability/instability and asymptotic behavior of
solutions to important evolutionary PDE systems. Applications of these problems will also be addressed.

Uniform decay rate estimates for Schrödinger
and Plate equations with nonlinear locally
distributed damping

Marcelo Cavalcanti
State University of Maringá, Brazil
mmcavalcanti@uem.br
Valeria Domingos Cavalcanti, Wellington J.
Correa and Cesar A. Bortot

On a compact n�dimensional Riemannian manifold
(M,g), we establish uniform decay rate estimates
for the linear Schrd̈inger and plate equations subject
to an internal nonlinear damping locally distributed
on the manifold. Our approach can be also employed
for other equations provided that inverse inequal-
ity for the linear model occurs. In the particular
case of the wave equation, where the well known
geometric control condition (GCC) is equivalent to
the observability inequality, our method generalizes
the results due to Cavalcanti et. al. (Arch. Ra-
tion. Mech. Anal. (2010), TRANSACTIONS AMS
(2009)) regarding the optimal choice of dissipative
regions.
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Energy decay of a magnetoelastic system in
an exterior 3-D domain

Ruy C. Charão
Federal University of Santa Catarina, Brazil
charao@mtm.ufsc.br
Supported by CAPES (Brazil) (Proc. AEX 7217/12-
9)
J. C. Oliveira, G. Perla Menzala

In this talk we present results of existence and uni-
form decay of the total energy of solutions for a
system of magneto-elasticity with localized damp-
ing “near” infinity in an exterior 3-D domain. The
model which we consider is motivated by a phe-
nomenon which appears frequently in nature: The
interaction between the strain and electromagnetic
fields in an elastic body. For example, this model
can be used to investigate the propagation of elas-
tic waves in the presence of Earth’s magnetic field.
The system under consideration in this work may
be viewed as a coupling between the hyperbolic sys-
tem of elastic waves and a parabolic system for the
magnetic field. Somehow, the coupled system under
consideration has a similar structure as the classi-

cal isotropic thermoelastic system . When we try to
study the asymptotic behavior of the total energy for
the model we are considering in this work, similar
di�culties as for the thermoelastic system (in n = 2
or 3 dimensions) will appear.
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Global existence and sharp decay estimates
for the semilinear wave equation with time-
dependent damping

Marcello D’Abbicco
University of Bari, Italy
m.dabbicco@gmail.com
Sandra Lucente, Michael Reissig

We recently studied the Cauchy problem for the
wave equation with time-dependent e↵ective damp-
ing. We first derive Matsumura-type estimates for
the solution to the linear problem, then we prove
the same decay rate with no loss for the semilinear
problem. We find the critical exponent 1 + 2/n for
the global existence of small data solution, where n
is the space dimension. This exponent is the same
obtained in the constant coe�cient case by Todorova
and Yordanov, and Ikehata and his collaborators. In
space dimension n > 2 we use data from weighted
energy space. We prove the sharpness of the critical
exponent by using a modified test function method.
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Regularity of solutions for a third order dif-
ferential equation

Claudio Fernandez
Pontificia Universidad Catolica de Chile, Chile
cfernand@mat.puc.cl

In this talk, which is part of a joint work with V.
Poblete and C. Lizama (Chile), we shall discuss well
posedness in Lebesgue spaces for the abstract model,
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↵u000(t) + u00(t) + �Au(t) + �Au0(t) = f(t), t � 0;
u(0) = u0,
u0(0) = u1,
u00(0) = u2.

that corresponds to a flexible space structure under
appropriate initial and boundary conditions. We also
study regularity of mild and strong solutions and ap-
ply our results showing qualitative properties of the
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trajectories in the case of the negative Laplacian op-
erator.
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Finite time blow-up for damped wave equa-
tions with nonlinear memory and space-
dependent potential

Ahmad Fino
Lebanese University & Lebanese International Uni-
versity, Lebanon
ahmad.fino01@gmail.com

In this paper, we consider the Cauchy problem in
Rn, n � 1, for a semilinear damped wave equation
with space-dependent potential and nonlinear mem-
ory term. A blow-up result under some positive data
in any dimensional space is obtained.
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On the stabilization of Timoshenko systems
with finite memory

Aissa Guesmia
Lorraine University, France
guesmia@univ-metz.fr

In this work, we consider a one-dimensional Tim-
oshenko systems with di↵erent speeds of wave prop-
agation and with only one control given by a vis-
coelastic term on the angular rotation. For a wide
class of relaxation functions and for su�ciently reg-
ular initial data, we establish a general decay result
for the energy of solution.

This is a joint work with Salim Messaoudi
(KFUPM, Dhahran, Saudi Arabia).
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Energy decay estimates for wave equations
with a fractional damping

Ryo Ikehata
Hiroshima University, Japan
ikehatar@hiroshima-u.ac.jp
Masato Natsume

We consider the Cauchy problem in the whole space
for wave equations with a fractional damping. We
will introduce our recent results concerning the en-
ergy decay estimates. The proof is based on the
energy method in the Fourier space combined with a
device which was introduced by the speaker.
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Global existence for critical nonlinear mass-
less Dirac equations with null structure in 3D

Hideo Kubo
Tohoku University, Japan
kubo@math.is.tohoku.ac.jp

In this talk I wish to present a result on the Cauchy
problem for the nonlinear massless Dirac equation
in 3D. It is known that the quadratic nonlinearity
is on the critical level for global solvability of the
Cauchy problem. We shall show that if the non-
linearity takes some special forms, then the problem
has a global solution for small initial data. Moreover,
the solution is asymptotically free. The idea of the
proof is to exploit the null structure from the special
quadratic forms. We remark that this result could
not be deduced from the global existence result for
the nonlinear wave equations with the null condition.
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Attractors for a class of Kirchho↵-Boussinesq
models with memory

To Fu Ma
ICMC - University of Sao Paulo, Brazil
matofu@icmc.usp.br

This talk is concerned with the existence of fi-
nite dimensional attractors for a class of Kirchho↵-
Boussinesq models with memory. Roughly speaking
one considers an Euler-Bernoulli plate equation with
a perturbation of p-Laplacian type and a memory
term with past history.
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Best asymptotic profile for bipolar hydrody-
namic model of semiconductors

Ming Mei
Champlain College-St.-Lambert, Canada
ming.mei8@gmail.com
D. Donatelli, B. Rubino, R. Sampalmieri

In this talk, we consider the bipolar hydrodynamic
system of semiconductors which is presented by the
coupled Euler-Poisson equations. Traditionally, the
asymptotic profiles of the solutions are regarded as
the di↵usion waves (the solutions to the correspond-
ing (parabolic) porous media equations), and the
convergence rates are showed to be algebraic. How-
ever, by a deep observation and a heuristic analysis,
we recognize that the best asymptotic profiles are the
stationary waves (the corresponding steady-state so-
lutions). We further prove that the original solutions
converge time-asymptotically to these best asymp-
totic profile with exponential rates. The adopted
approach for proof is the energy method.

This is a joint work with D. Donatelli, B. Rubino
and R. Sampalmieri.
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Uniform resolvent estimates for Helmholtz
equation in an exterior domain and their ap-
plication to scattering problems

Hideo Nakazawa
Chiba Institute of Technology, Japan
nakazawa.hideo@it-chiba.ac.jp

Uniform resolvent estimates for Helmholtz equa-
tions in an exterior domain in RN with N � 2 is
derived by using Hardy type inequalities related to
radiation conditions, which are hold for N � 1.
From this resolvent estimate, the result by Mizo-
hata and Mochizuki (1966) on the principle of lim-
iting amplitude for dissipative wave equation is im-
proved. Moreover, the smoothing estimate for the
related evolution equations (Schroedinger, relativis-
tic Schroedinger or wave (Klein-Gordon) equations)
in an exterior domain in R2 is also proved.

�!1 ⇧1 �

Orbital stability of periodic waves

Fabio Natali
Universidade Estadual de Maringá, Brazil
fmnatali@hotmail.com
Aloisio Freiria Neves

Results of existence as well as orbital stability of
periodic waves associated with evolutionary partial
di↵erential equations will be treated in this talk. Our
method establishes such results without knowing an
explicit periodic solution and we use a numerical
approach. Applications of the theory allow us to
determine the first proof of the orbital stability of a
family of periodic waves for the 3-Korteweg-de Vries
and logarithmic Schrodinger equations.
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Existence and blow-up of solutions for nonlin-
ear wave equations

Petronela Radu
University of Nebraska-Lincoln, USA
pradu@math.unl.edu

Several results on wellposedness of solutions for
nonlinear wave equations use the structure of the
problems that include damping terms to establish
local existence in time of solutions in the presence
of energy accretive source terms. We will discuss
the limitations of these methods and the intricate
balance between local existence and regularity of
solutions .
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Global existence and asymptotic behavior of
solutions of thermoelsaticity of second sound

Belkacem Said-Houari
KAUST university, Saudi Arabia
saidhouarib@yahoo.fr
Reinhard Racke and Aslan Kasimov

We consider the one dimensional Cauchy problem
in thermoelsaticity of second sound, where the heat
conduction is given by the so-called Cattaneo law.
First, for the linear problem, and based on Fourier’s
analysis and Lyapunov’s functional method, we show
that the L2-norm of solutions decays with the rate
t�1/4. In addition, by means of a careful spectral
analysis, we give sharp description on the decay
rates of solutions. In other words, all the decay rates
can be improved by t�1/2 for initial data in some
weighted spaces. For the nonlinear model, we show a
global existence result and obtain polynomial decay
rates of the global small solution when the time goes
to infinity by employing the large time decay esti-
mates of solutions to the linearized Cauchy problem.
Our decay estimates improve some early results.
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The final problem on the optimality of the
general theory for nonlinear wave equations
and related topics.

Hiroyuki Takamura
Future University Hakodate, Japan
takamura@fun.ac.jp
Kyouhei Wakasa

The general theory of the initial value problem for
fully nonlinear wave equations is to clarify lower
bounds of the lifespan, the maximal existence time,
of classical solutions in terms of the amplitude of
small initial data according to the order of smooth
nonlinear terms and space dimensions. All the re-
sults had been obtained till 1995. So we have been
interested in the optimality of the lower bounds. This
can be obtained by blow-up results for model equa-
tions. Among such several results, only the case of
the quadratic semilinear term in 4 space dimensions
has been remained open for more than 20 years. This
final problem on the optimality has been known to be
the critical case of Strauss’ conjecture on semilinear
wave equations. In this talk, I will present the final
answer for the problem. Also I will discuss its appli-
cation to systems and introduce another equation in
high dimensions which has blowing-up solutions.
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Higher order expansion of solutions to
damped wave equations

Hiroshi Takeda
Fukuoka Institute of Technology, Japan
h-takeda@fit.ac.jp

In this talk, we consider the Cauchy problem for
damped wave equations. Based on the precise analy-
sis in the Fourier space, we obtained the higher order
expansion of the solution of damped wave equations.
Our theorem states that the large time behavior of
the solution to damped wave equation is di↵erent
from that of the heat equation.
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Generalized di↵usion phenomenon in Hilbert
space

Grozdena Todorova
University of Tennessee, USA
todorova@math.utk.edu
Petronela Radu, Borislav Yordanov

We show a generalized di↵usion phenomenon in
Hilbert space. The results have important applica-
tions regarding the asymptotic behavior of damped
wave equations with variable coe�cients in exterior
domains. We establish sharp decay estimates which
apply to second order hyperbolic equations, fourth
order plate equations and hyperbolic systems.
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Asymptotic profiles for the isothermal Falk-
Konopka system of shape memory alloys with
weak damping

Shuji Yoshikawa
Ehime University, Japan
yoshikawa@ehime-u.ac.jp
Hiroshi Takeda

We will talk about the results for the weakly damped
isothermal Falk-Konopka system which describes the
martensitic phase transitions on shape memory al-
loys. We prove the unique global existence of solution
for the Cauchy problem of the system and several
asymptotic profiles of the solution. The asymptotic
profiles enable us to clarify the relation between
higher and lower order terms.
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