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ADAMS TYPE INEQUALITY AND APPLICATION FOR A CLASS OF
POLYHARMONIC EQUATIONS WITH CRITICAL GROWTH.

ABIEL C MACEDO* & JOAO MARcCOS po Of

In this present work we consider the following class of nonlinear elliptic problem
(=A)"u+u = f(|z|,u), in R*™, (0.1)

when the nonlinearity f(|x|,u) has the maximal growth on « which allows to treat the problem (0.1) variationally
in the Sobolev space W™2(R?™). Explicitly, we treat the case when f(|x|,u) has critical exponential growth at

infinite, i.e., there exists ag > 0 such that

0, for all «a > ag,

lim  f(|z], s)e”

[s|—+o0 +00, for all a < ay,

uniformly in z. Our study will be through the variational method by studying the associated energy functional

1
J(u) = —/ (|IV™ul?> + ) dz — / F(|z|,u) dz, u € W2 (R?™).
2 R2m R2m
where F(|z],s) = [ f(|z|,t)dt and V™u is the m-th gradient of u, i.e.,
A2y, m=2,4,6,...
VTy =

VAm=D/2y  m=1,3,5,..

This notion of criticality is motivated by the so-called Trudinger-Moser type inequality. To the study functional J

we establish a new Adams type inequality which guarantee that the functional is well define and of class C!

1 Mathematical Results

To apply variational method to study polyharmonic problem (0.1), we establish the following Adams type inequality:

m22m,+1 772711

Theorem 1.1. Let m be a positive integer and 8 < By =
that

e Then there exists a constant Cp, g > 0 such

UEW(;n’Z(Q) 2
IV mul3+ul3<t

for any domain 2 C R?™. Moreover, the supremum became infinite for 8 > Bo.
For the study of the functional J we assume also that f satisfies the following additional conditions
(fo) f:R xR — R is continuous and f(]z|,0) = 0.

(f1) There exist R > 0 and M > 0 such that

t
0<F(el.t)= [ f(olr)dr <MIf(al 0], VIH 2 R Vo € R
0

*Departamento de Matematica, UFPE, PE, Brasil, abielcosta@dmat.ufpe.br
fDepartamento de Matematica, UFPB, PB, Brasil, e-mail: jmbo@pq.cnpq.br
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(f2) There exists § > 2 such that
0 <OF(|x],t) < f(|z], )¢,

for all (x,t) € R*™ x (R\ {0}).
(fs) There exists p > 2 such that
F(jzl,s) > A P71
for all (z,t) € R*™ x (R\ {0}) and X\ > 0 sufficiently large.

In this conditions we prove the following existence result.

Theorem 1.2. Assume that [ has critical exponential growth at infinite and satisfies (f1) — (f3). In addition,

assume that

2F (Jz|,t)

(fy) lim sup < S’qQ, uniformly in x € R*™,

t—0+

where Sz = inf{||ull3 + [V™ul3 : u € W:Z(’f(R2m),||qu = 1}, for some q > 3. Then the problem (0.1) has a
nontrivial radial solution uyy € W™2(R?™). Furthermore, assuming that

(f5) (ts) "' f(|z|,ts) is an increasing function fort >0, for any s¢€ R\ {0},
the solution ups is a radial ground state solution, i.e.,
J(upr) = inf{J(u) : u € M.},

where
M, :={ue Wm’Q(RQm) \ {0} : w is a weak solution for (0.1)}.

rad

Proof of Theorem 1.1 The prove is based on the Adams type inequality proved by by N. Lam and G. Lu [2,
Theorem 1.2] in combination with an interpolation inequality which relates the norm of the lower order derivative
with the norm of the higher order derivative:

w2y < K(lulZs + [uf), YO<j<m and VueW™2(R™),

for some positive constant K = K (m), where

|u

f2= Y IDull3.

lol=j

Proof of Theorem 1.2 Using the inequality (1.1), in combination with the compact embedding of the Sobolev
space W;Z;lz (R?™) in LP(R?™) for 2 < p < 0o, we prove that the functional J satisfies the Palias-Smale compactness
condition and, applying the Mountain-pass Theorem, we prove that the functional J has a critical point up; in
the Mountain-pass level over W:_Z;f(IRzm). Hence using condition (f5) we prove that ups is a radial ground state
solution. We note that the compact embedding of the Sobolev space mentioned above is a consequence of the Radial

Lemma [1, Radial Lemma ATI].
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SOME RESULTS OF DISCRETE ALMOST AUTOMORPHIC SOLUTIONS
FOR VOLTERRA DIFFERENCE EQUATIONS WITH INFINITE DELAY

AIRTON CASTRO % CLAUDIO CUEVAS !, FILIPE DANTAS ¥ & HERME SOTO °

1 Introduction

We study the existence of discrete almost automorphic solutions and asymptotic behavior for non-linear Volterra
difference equations of convolution type with infinite delay where the nonlinear perturbation f is considered not
necessarily globally Lipschitz. The results are consequence of applications of different fixed point theorems. Let X
be an arbitrary Banach space. In this work, we study the existence of discrete almost automorphic solutions to the

following semi-linear Volterra functional difference equation in X

u(n+1) =X Y a(n—ju(j) + f(n,un), n€Z, (1.1)

j=—o0

where A is a complex number, a(n) is an C-valued summable function and u,, : Z_ — X is the history function,
which is defined by u,,(0) = u(n + 0) for all 6 € Z_.

To establish the first main result, we need introduce the following;:

We will define the phase space B axiomatically.

Specifically, B will denote a vector space of functions defined from Z_ into X endowed with a norm denoted
Il - | so that (B, ] - ||5) is a Banach space and the following axiom holds:

(A) There are a positive constant J and nonnegative functions K (-), M(-) defined on Z, having the following
property: If x : Z — X is a function such that xg € B, then for all n € Z, the following conditions are fulfilled:

(i) z, € B,
(i) Jlz(n)ll < Hllan|ls < K(n) maxocicn [[x(9)]] + M (n)[|zol|5-

To obtain our results, we consider also the following axiom:

(B) If (¢™)nen is a uniformly bounded sequence in B which converges pointwise to ¢, then ¢ € B and ||¢"™ —
¢llg = 0 as n — oo.

(H1) Assume that f : Z x B — X is locally Lipschitz with respect to the second variable, that is, for each
positive number o, for all k € Z and for all ¢, € B with ||¢||g < o and ||¢||s < o, we have ||f(k, ) — f(k,¥)|| <
Ls(o)|l¢ — ||, where Ly : R — R* is a nondecreasing function.

Definition 1.1. Assume that B is a phase space. A function w : Z x B — X s said to be discrete almost
automorphic in k € Z for each ¢ € B, if for every sequence of integers numbers (kl,), there is a subsequence (k)
such that lim, oo u(k + kn, @) =: u(k, p) is well defined for each k € Z, ¢ € B and limy,_,oc (k — kn, @) =: u(k, ¢)
for each k € Z and ¢ € B.

*Universidade Federal de Pernambuco,Recife, Brasil, airton@dmat.ufpe.br
tUniversidade Federal de Pernambuco,Recife, Brasil, cch@ufpe.br
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8Universidad de la Frontera,Temuco, Chile, herme.soto@ufrontera.cl

3



For a given A\ € C, let s(\, k) € C be the solution of the difference equation

o

sE+1) =D alk—j5)s(\ ), k=0,1,2,..., s(),0) =L
§=0

We define the set Q, :={A € C: [|s(A,)]|1 :== D pp |S(A, k)| < 00}

2 Mathematical Results

Theorem 2.1. Assume that B is a phase space that satisfies axiom (B). Let X be in Qg and let f: Z x B — X be
a discrete almost automorphic function in k € Z for each ¢ € B that satisfies the condition (H1). If there isr >0
such that

1
Il (o5 + T sup .00 < 1.
T kez
where p > 0 denotes a constant such that ||p|lp < pll¢lle for every ¢ € B(Z_,X). Then equation (1.1) has a
discrete almost automorphic solution u(n) satisfying

n

un+1)= 3 sn =) fGuy).

j=—00
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DECAY OF SOLUTIONS OF A SECOND ORDER DIFFERENTIAL
EQUATION WITH NON-SMOOTH SECOND MEMBER

A. T. LOUREDO * L. A. MEDEIROS | & M. MILLA MIRANDA *

1 Introduction

Let V and H be two Hilbert spaces whose scalar products and norms are denoted by ((u,v)) ,||u|| and (u,v),|ul,
respectively. Assume that V is continuously embedding in H and V is dense in H. Let A be the self-adjoint
operator of H defined by the triplet {V, H, ((u,v))}. With D(A%),a € R, > 0, will be denoted the domain of the
operator A®. The space D(A%) with the scalar product given by the graphic of the operator A% is a Hilbert space.
We use the notation D(A%) = D(A~%) where D(A®) is the dual of the space D(A%).

With the above consideration, we have the problem

u’(8) + Au(t) + a(| A= 2 u()P)u(t) + b A" (1)) Au' () = f(2) in (0, 00);

u(0) = u®, u'(0) = u', (1.1)

where f(t) is a vectorial function with values in D(A™%).

The objective of this work is to study the existence of solutions and the decay of the energy associated to
Problem (1.1).

In our approach, we apply the Galerkin method with a special basis of H, the Theory of Linear Operators in

Hilbert Spaces and the compactness Aubin-Lions Theorem. In the decay of energy we use a Liapunov functional.

2 Mathematical Results

We introduce the following hypotheses:

V' is compactly embedding in H; (2.2)

He VVllo’S(O,oo)7 w(t) > po >0, ¥Vt >0,( po constant); (2.3)
a € C°([0,00)), a(s) >0, Vs> 0; (2.4)

be C°([0,00)), b(s) >by >0, Vs >0,( by constant) ; (2.5)
9,n€Rwith§<n§%9. (2.6)

Theorem 2.1. Assume hypotheses (2.2)-(2.6). Consider

146

wW e DA, ut € D(A™%) and f € L2 (0, 00; D(A™%")). (2.7)

Then there exists a function u in the class

6

(0,00; D(A'T")), u” € L% _(0,00; D(A~*5%))  (2.8)

loc

u € L2.(0,00; D(A*Z")), u' € L°.(0,00; D(A=%)) N L2

loc loc loc
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satisfying the equation

146

W+ pAu—+ a(|A2u)?)u + b(| A ) Au = f in L2 ,(0,00; D(A™ %)) (2.9)

and the initial conditions

With the supplementary hypothesis

6

1 € LY(0,00) and f € L2(0,00; D(A™" %)) (2.11)
we obtain bounded solutions u of Problem (2.9)-(2.10).
Consider the energy

1 1, 1= 1 8
B(t) = SlA 5/ (0 + SIA (@) + Ja* (1475 u(®)), t € [0,00), where a”(s) :/0 a(s)ds.

Theorem 2.2. Let u be the solution obtained in Theorem (2.1) with the supplementary hypothesis (2.11) and the
hypotheses a(s)s > ka*(s), Vs >0 (k > 1 constant)); p'(t) < 0,a.e.t € (0,00). Then u satisfies

t
o) g3E(o)e—%ﬁf+de—%ﬁt/ 305 A= £ ()2, Wt € [0, 00) (2.12)
0

where

%
8 — min {2, Les, eako} s 5 = m{P PN} bIA— (1)) < N, Vi € [0,00), d= g+ £, [A~$2| <

P|A‘15€z|, Vz € D(A*lge). If|A_%ef ) <Ce ™, ae. t € (0,00), T# g Then inequality (2.12) becomes
2 d 2
E(t) < 3E(0)e” 3P 4 2/802[6_% —e 38, vt €0, 00). (2.13)
3P = T
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ON SECOND ORDER DIFFERENTIAL EQUATIONS WITH
NON-SMOOTH SECOND MEMBERS

A. T. LOUREDO *, L. A. MEDEIROS ' & M. MILLA MIRANDA ?

1 Introduction

Let V and H be two real separable Hilbert spaces with V dense and compactly embedded in H. The scalar products
and norms of V and H are represented by (u,v), |u| and ((u,v)), ||u||, respectively.
Let A be the self-adjoint operator defined by the triplet {V,H,((u,v))}. Consider a € R, o > 0. We denote by
D(A%) the Hilbert space
D(A*)={ue H;A%v e H}

equipped with the scalar product
(u,v) prany = (A%, A%).

The dual of D(A%) is denoted by D(A~%).
Consider the problem
u’" 4+ pAu+ F(u)u = f in (0,T),

(*) u(0) =u® | /(0) =ul,

where p(t) is a positive function and f a non-smooth vectorial function.

0

The objective of this paper is to study the following inverse problem: given v°, u'and a non-smooth vectorial function f,

how to determine F'(u) such that Problem (*) has a solution . We analize two cases of F'(u).

2 Mathematical Results

Teorema 2.1. Let 6 and p be two real numbers with p > 1. Consider

p e WHLO,T), u(t) > po >0, YVt €[0,T] (uo constant);
w0 e D(ATY) , ul € D(A~%) and f e WL1(0,T; D(A~5")).

Then there exists a function u in the class
we L0, T;D(A2)) , v € L®(0,T; D(A™%)) , u” € L®(0,T; D(A™"2")) (2.1)
such that u is solution of the problem
W'+ pAu+ A Su?Pu = f in L(0,T; D(A~%"));
w(0) =u | u(0) =ul.

Let A be a real number with — <\ < 152,

*DM-UEPB, C. Grande, PB, Brasil, e-mail: aldotl@cct.uepb.edu.br
TIM-UFRJ, Rio de Janeiro, RJ, Brasil e-mail: luizadauto@gmail.com
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Teorema 2.2. Assume that 0,u' and f satisfy the hypotheses of Theorem 2.1 and consider u® = 0. Then there
exists a function u in the class (2.1) such that u is solution of the problem

u’ + MAU + |‘u|‘C0([O,T];D(A>\)) U = f m LOO(O,T; D(A_#)),
w(0) =0 , «(0)=u'

The uniqueness of solutions of Theorem 2.1 is obtained when 6 = 0. In the proof of the results we use the
Galerkin method with a special basis of H and an argument of Fixed Point. Theorem 2.2 is an abstract setting of
a slightly modified open problem formulated by J.L.Lions[7]. He considers u(t) = 1 and f = vd(x — x¢), where v(¢)

is a real function and é(z — ) is the Dirac mass supported at {z¢}, xo a point of a bounded open set 2 of R".
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UMA ANALISE ASSINTOTICA DE UM SISTEMA DE PLACAS
TERMOELASTICA DO TIPO HIPERBOLICO

ALISSON RAFAEL AGUIAR BARBOSA *

Resumo
Este trabalho é dedicado ao estudo do comportamento a longo prazo de uma equagao de placas estensiveis acoplada
a uma equacao de calor. O problema corresponde a um modelo de termo-elasticidade baseado em teorias de calor
do tipo nao-Fourier. Considerando que efeitos de inércia de rotagao estao presentes no modelo, mostramos que o
efeito dissipativo do calor é suficiente para estabilizar exponencialmente o sistema, sem dissipagoes adicionais. Além
disso, provamos que o sistema possui um atrator global de dimensao fractal finita e também atratores exponenciais.

Nossos resultados generalizam e complementam diversos trabalhos existentes.

Palavras-chave: Equagoes diferenciais parciais, termoelasticidade, placas estensiveis, calor do tipo nao-Fourier,
atrator global, atratores exponenciais.

1 Introducao

O presente trabalho se insere no estudo da dindmica assintdtica de sistemas termoelasticos nao lineares. Mais pre-
cisamente, nossos resultados sao dedicados ao estudo de placas elasticas extensiveis sob efeito dissipativo térmico
originado por uma equacao de calor hiperbdlico, e portanto nao satisfazendo a lei de Fourier. Tais modelos ter-
moeldsticos sao estudados como sistemas de equagoes diferenciais parciais do tipo

uer + A%u — M( [, IVul?)Au — Auge + f(u) + vAO = h(z) in Qx R, (1.1)

0 — wAO — (1— w)/ k() A0t — 8)ds — vAu = 0 in Q x R, (1.2)
0
com condigbes iniciais e de fronteira

u(z,0) =uo(z), wue(z,0) =wui(z) 0(z,t) =6o(xz,—t) em L, (1.3)

lt<o

u=Au=0 sobre 9Q xRT, (1.4)

em que ) é uma regido do plano que representa a placa em repouso, u é o deslocamento transversal, § é a temperatura
relativa ao meio ambiente. As constantes w 1 s@o positivas, o termo M(fQ |Vu|?)Au contabiliza o efeito da extensibilidade

da placa durante as vibragoes transversais e Au é a inércia de rotagao.

2 Resultados

Notagao:
Vo=L*Q), Vi=Hy(Q), Va=H(Q)NH(Q) (2.5)
e
Va={uec H*Q)u=Au=0 em T}, (2.6)
Para a varidvel 7, definimos
Mi = Ly(RY; 1) = {?7 R — Vl;/ M(S)HU(S)lIQVIdS}, (2.7)
0
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Com essa notagao, nosso espago de fase é

Ho =Va x Vi x Vo x M1. (2.8)

Denotaremos o produto interno e sua respectiva norma de Ho por

< Uy, Uz >39= (Aur, Auz) + (Vo1, Vua) + (61,02) + (11, 172) 1

2 2 2 2 2
U113 = [Auallz + [[Voillz + [[01]2 + Il

em que U; = (us,vs,0;,m;), com i =1,2.

Teorema 2.1. O sistema dindmico (Ho, S(t)) produzido pelo problema (1.1)-(1.4) possui um atrator global A de dimensdo
fractal finita. Além disso,

A=WHN), (2.9)

em que N € o conjunto das solugées estaciondrias do problema (1.1)-(1.4).

Prova: Euzisténcia do atrator global- Para mostrar a existéncia do atrator global para o problema (1.1)-(1.4), nos seguimos
de perto o método apresentado em Chueshov & Lasiecka [2]. Mostramos que que o sistema dinamico é gradiente e que é

assintoticamente suave.[]

Teorema 2.2. Suponha que as hipdteses do Teorema 2.1 sejam vdlidas. Entdo para cada 6 € (0,1], o sistema dindmico

associado ao problema (1.1)-(1.4) possui um atrator exponencial generalizado, com dimensao fractal finita no espago estendido

H_s = Vas x Vis x Vog x LL(RT; Vi_s). (2.10)

Prova: Ezisténcia do atrator global- A prova deste teorema segue os mesmos passos de Potomkin [6]( demonstragao do
Teorema 4.5).
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STANDING WAVES FOR A HAMILTONIAN SYSTEM OF
SCHRODINGER EQUATIONS WITH ARBITRARY GROWTH

J.A. CarDOSO * J.M.po O ' & E.MEDEIROS *

1 Introduction

In this work we study the existence of standing wave solutions for the following class of elliptic Hamiltonian-type
systems

{ —h*Au+V(z)u=g(v) in RN (1.1)

—R2Av+V(z)v = f(u) in RY,

with N > 2, where % is a positive parameter and the nonlinearities f(s), g(s) are superlinear and can have arbitrary
growth at infinity. This system is in variational form and the associated energy functional is strongly indefinite.
Moreover, in view of the unboundedness of the domain RY and the arbitrary growth of the nonlinearities we
have lack of compactness. To overcome these difficulties we use a dual variational methods in combination with a
minimax procedure and we prove the existence of positive solution for A sufficiently small.

More explicitly, we consider system (1.1) when the potential V(x) satisfies the following geometric conditions:
(Vo) V : RN — [0, +00) is a radial function locally Holder continuous;
(V1) there exist 0 < Ry < r1 < re < Ry and « > 0 such that
V(z)=0, VzeA? and V(z)>a>0, VzecmathbbR" \ Agf,
where Af2 denotes the annulus of radius 0 < p1 < pa, that is,

A2 ={z e RY : p; < |z| < p2}.

We are looking for positive solutions of (1.1), and so, as usual, we set f(s) = g(s) = 0 for all s <0 and assume:
(H1) f,9 € C'(R) and f(0) = f'(0) = 0 = g(0) = ¢'(0);
(H3) there exists ¢’ > 0 such that

0<(1+8)f(s)s < f'(s)s* and 0 < (1+8)g(s)s < g'(s)s?, ¥V s>0.

2 Main Results

In our first result we guarantee the existence of solutions for (1.1) when the nonlinearities have polynomial arbitrary
growth at infinity, explicitly,

Theorem 2.1. Assume (Vo) — (V1) and (Hy) — (Hz). Furthermore, suppose that

*Departamento de Matematica, Universidade Federal de Sergipe, SE, Brazil, e-mail: andersonjvc@gmail.com
TDepartamento de Matemdtica, Universidade Federal de Parafba, PB, Brazil, e-mail: jmbo@pq.cnpg.br
IDepartamento de Matematica, Universidade Federal de Paraiba, PB, Brazil, e-mail: everaldo@mat.ufpb.br

11



(H3) there exist p,q > 2+ 0’ such that the following limits are finite:
lim 1(s)

shoo gP—1 i and  lim o)

s—+oo g4—1

=lp.

Then, there exists hg > 0 such that (1.1) has a solution (up,vp) € H} ;(RY) x H}

rad

(RN, for all h € (0, ho).
Moreover, up, vy, € C?(RY) are positive and

up(x), vp(x) =0, as |z] = oo.

Next, in complement to above result, we consider nonlinearities satisfying a kind of global condition but not

necessarily polynomial at infinity.
Theorem 2.2. Assume (V) — (V1) and (Hy) — (Hz). Moreover, suppose that

(Hy) for all e > 0, there exists C. > 0 such that
f(s)t+gt)s <e(s? +3) + C(f(s)s +g(t)t), Vs, tER.

Then there exists hg > 0 such that (1.1) has a solution (up,vs) € HY ,(RY) x H}

rad

(RN), for all h € (0, ho].
Furthermore, up, vy € C?(RN) are positive and

up(xz), va(z) =0, as |z|— oco.

Remark 2.1. Note that the hypothesis (Hs) is a growth condition at infinity, but there are no restrictions on the
values of p and q, that is, it can be allowed in the range subcritical, critical or supercritical. We recall that if N > 3,

the notion of criticality for related with the so-called critical hyperbola

1 1 2

P q N’

where p,q > 1, see Ph. Clément et al. [3] and J. Hulshof-R. Van der Vorst [5].
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UM SISTEMA DE EQUACOES PARABOLICAS MODELANDO A
INVASAO DE UM TUMOR SOLIDO
ANDERSON L. A. DE ARAUJO * & PAULO M. D. DE MAGALHAES t

Neste trabalho estudamos existéncia e unicidade para o modelo matematico bidimensional da invasao de um
tecido saudavel por um tumor sélido genérico.

1 Introducao

Neste trabalho temos o interesse em provar um resultado de existéncia e unicidade para o seguinte modelo sugerido
por Anderson [1].

on—D,An = —xV(nVf) in Q,
ogm — D,,Am = pun—Am in Q, (1.1)

of = —amf n @,

0ic— D.Ac = Bf—vu—ac in Q,

com condigoes iniciais e condigoes de fronteira do tipo Neumann, D,, coeficiente de difusao de n, D,, coeficiente de
difusao de m e D, coeficiente de difusao de c.

Este modelo matemaético é sobre o crescimento de um tumor genérico sélido, que acabou de ser vascularizado,
ou seja, um fornecimento de sangue foi estabelecido. Escolhemos focar em quatro componentes que sao as variaveis
envolvidas na invasao de células tumorais, produzindo assim um modelo minimo, caraterizado por: densidade de
células tumorais (denotado por n), concentracdo de enzimas degradantes (MDE - indicado por m), concentracao
de macro moléculas (MM - denotado por f) e concentragdo de oxigénio (designado por ¢). Cada uma das quatro
varidveis (n,m, f,c), é uma fungio da varidvel espacial x e da varidvel temporal ¢.

Como ferramenta para este trabalho, usaremos o teorema do ponto fixo de Leray-Schauder e argumentos de

principio do maximo para equagoes parabdlicas.

2 Resultados preliminares e o Teorema principal

Denotaremos por Wg’l(Q) o espago de Banach de todas as fungoes u € LP(Q) tal que Dyu, D?u, Dyu € LP(Q),

munido da norma

[ullwz1(gy = llullzo(@) + I Datll o) + IDZull Lo (@) + |1 Dettll Lo(q)-

Lema 2.1. Sejam Q C R? um dominio limitado com fronteira suficientemente suave e 1 < q < co. Entdo:

1 1
se q 2 <0, W2HQ) C L>(Q);
1 1
se o =3=0 WIQCLQ), vpelgoo);
11 2,1 p _(1_1 -
s 2>0, W (Q) C LP(Q), p_(q 2) ’

onde as imersoes sdo continuas.

*Unversidade Federal de Vigosa , UFV, MG, Brasil, anderson.araujoQufv.br
TUniversidade Federal de Ouro Preto, UFOP, MG, Brasil, e-mail: pmdm®@iceb.ufop.br
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Teorema 2.1. Seja Q C R? um dominio limitado, 0 < T < oo fizado, co,mg € HY(Q), ng € W;/S(Q) e fo € H*(Q),

com nyg, fo,mg > 0. Entdo, existe £ > 0 tal que, se
Imollzr) <&,
existem fungoes (f,m,m,c) satisfazendo:
(i) f € L>(0,T;Wi(Q)), fr € L*(Q), f(0) = fo;
(ii) n € L>(0,T; H(Q)), ny € L*(Q), n(0) = no;
(iii) m € W3 (Q), m(0) = mo;

(iv) ce WQZ’I(Q), ¢(0) = ¢

T T T
//@mpdxds—I—Dn//Vanodacdszx//anVgadxds, (2.2)
0 Q 00 0 Q

).

para todo ¢ € L*(0,T; HY(Q)

e tal que,

O f = —amf q.t.p.in Q,
om — DpyAm = un — Adm  q.t.pin Q,
0i¢c— D.Ac=Bf —yn —oc q.t.p. in Q,
Vm.np=Ven=0 q.t.p. on 9Q x (0,7T).

Além disso, f >0, n>0em >0.

Prova: FEuxisténcia - Para mostrar a existéncia de solugoes introduziremos um problema regularizado relacionado
com o sistema (1.1), para este, provaremos um resultado de existéncia de solugdes usando o teorema do ponto fixo
de Leray-Schauder e o principio do méaximo. Em seguida, provaremos que as solugdes do problema regularizado sao
limitadas e assim, obtemos uma subsequéncia que converge para uma solucao do problema original.

Um resultado que sera 1util na introdugao do problema regularizada e o seguinte: Existe um operador extensao

Ext(-) que toma qualquer fungdo w no espago
2,1 2 2 2 2
W5 (Q) ={w € L*(Q)/Dyw, D;w € L*(Q),w; € L*(Q)}
e extende esta para uma funcdo Ext(w) € W2'' (RVN*1) com suporte compacto satisfazendo:
HEXt(W)ij)l(RNH) < C||w||W22’1(Q)

com C independente de w (veja Mikhailov [3]).
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A UNIQUENESS RESULT FOR AN INVERSE PROBLEM TO THE
SYSTEM MODELING NONHOMOGENEOUS ASYMMETRIC FLUIDS

ANIBAL CORONEL* & MARKO A. ROJAS-MEDAR

In this work we study the inverse problem of determining the density functions F' and G, modeling the vector
external sources for the linear and the angular momentum of particles, in a system for the motion of nonhomogeneous
viscous incompressible asymmetric fluid on a bounded and regular domain Q C R3, with boundary 09 in a finite
time T" > 0:

(pu)t + div(pu @ u) — (u + pr)Au + Vp = 2u,curlw + pF, in Qr :=Q x [0,7T], (
divu =0, in Qr, (
(pw)t + div(pw @ w) — (¢q + ca) Aw — (co + cq — ¢o)Vdivw + 4pw = 2pcurlu + pG, in Qr,  (
pr+u-Vp=0, in Qr, (
u(z,t) = w(x,t) =0, on I'p:=90 x[0,T], (
U(:L'7O):u0(1')7 w(m,O) :wO(‘r)7 p(I7O) :p()(‘r)’ on Qv (
[ pla eyt @de = 9 (®) and [ plathule 6" (@)de = 97(0), t [0.7), (
Q Q
Here u,w,p and p denotes the velocity field, the angular velocity of rotation of the fluid particles, the mass
density and the pressure distribution, respectively. The constant p > 0 is the usual Newtonian viscosity and the
positive constants p,.,co and ¢4 are the additional viscosities related to the lack of symmetry of the stress tensor.
The functions ¢*, ¥, ¢* and ¢* in the integral overdetermination condition (0.7) are given and satisfies some
restrictions which will be specified later. The differential notation is the standard ones, i.e. the symbols u;, w; and
p¢ denotes the time derivatives and V, A, div and curl denotes the gradient, Laplacian, divergence and rotational
operators, respectively. Now, by applying the Helmholtz decomposition, the vector fields F' and G are representable

for (x,t) € Qp by the following relations
F(xz,t) = f(t)(Vh(z,t) — m(z,t)) and G(x,t) = g(t)(Vr(x,t) — q(z,t)), (0.8)

where m and ¢ are given functions and f, g, h and r are unknown functions such that

div(pVh) = div(pm), div(pVr) =div(pg), in Q (0.9)

oh or

%—h-n, o o 00 (0.10)

/ h(, t)da = 0, / r(z,t)dz =0, te0,T], (0.11)
Q Q

where n is the outward unit normal vector to Of).

*GMA, Departamento de Ciencias Bésicas, Facultad de Ciencias, Universidad del Bio-Bio, Campus Fernando May, Chilldn, Chile,
e-mail: acoronel@ubiobio.cl

TGMA, Departamento de Ciencias Bésicas, Facultad de Ciencias, Universidad del Bio-Bio, Campus Fernando May, Chilldn, Chile,
e-mail: marko@ubiobio.cl
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1 Main Results

We consider the following assumptions:

co+ca>cay po€CHQ), po(x) € o, B] CRT, wg € VN[HA(D)]?, wo € [Hy(Q)) N[HA(Q)]?, (1.12)
YUY € HY(Q) N W (Q)n HA(Q), div(y™) =div(y™) =0in Q, ¢, ¢¥ € H*(Q), h,r € C*([0,T]), (1.13)
\/on(x)(w(x,o) — m(z,0))dz| > 260 > 0, and |/Qp0(x)(Vr(a:,O) ~ (@, 0))dz| > 260 > 0, (1.14)

where V = V(Q)”'”[Hé(”)]3 with V(Q) = {v € (Cg°(2))3 & divu=01in Q } and our main results are the following:

Teorema 1.1. Assume that po,vo and wq satisfies the assumptions (1.12) and (f,g) € [H'(Q)]?. Then the direct
problem (0.6)-(0.1) and (0.8)-(0.11) possesses a unique strong solution {u,w, p,p, h,r} defined on a mazimal interval
[0, T1[C [0, T7.

Teorema 1.2. Let (1.12)-(1.14) be satisfied and To < Ty, then there exists a unique collection of functions
{u,w, p,p, f,g} solution of the inverse problem (0.6)-(0.11).

We prove the existence part of theorem 1.1 by applying the ideas of [2] and the uniqueness by the standard
estimates [7]. Meanwhile, we prove the theorem 1.2 by characterizing the inverse problem solutions using an operator
equation of second kind and introducing several estimates we deduce that the hypothesis of the Tikhonov fixed

point theorem are satisfied.
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PADROES EM UM PROBLEMA PARABOLICO COM INTERSECCAO
DAS RAIZES DA EQUACAO DEGENERADA

ARNALDO SIMAL DO NASCIMENTO * & MAICON SONEGO |

1 Introducao

Neste trabalho usamos o conceito variacional de I'-convergéncia para provar a existéncia de quatro familias de
solugbes estaciondrias, ndo-constantes e estdveis (as quais chamamos de padrées) para um problema parabdlico
singularmente perturbado. Além disso, o comportamento assintético das solucoes é apresentado.

Considere a seguinte equagao parabdlica singularmente perturbada com condi¢oes de Neumann na fronteira:

u(z) = Ediv(k(x)Vu(z)) + f(u,z) em £,
ou (1.1)
a(x) =0 sobre O
sendo 2 C R™ (n > 1) um conjunto aberto, limitado e com fronteira suave, e um pequeno parametro positvo e v o
vetor normal exterior a 9. A funcdo de difusibilidade k(-) é suave e estritamente positiva.

A funcgdo f(-) é de classe C! e satisfaz as hipéteses apresentadas abaixo.

(f1) Existem uma subvariedade (n—1)-dimensional v C € dividindo €2 em duas componentes conexas denominadas
Q, e Qp, tais que as fronteiras 9§, e 9, sdo de Lipschitz, e trés funcoes 0, a,b € C1 () que sdo raizes de f,
ou seja,

Flalw),2) = Fb(a).x) = F(O(),2) =0, ¥ €.

Além disso, a >0 >bem Q,, b >0 >aem Q,ea=0=>bem~.

(f2) O1f(a(x),2z) < 0 para todo = € (Q\ ), e d1f(b(x),z) < 0 para todo = € (Q\ 7).

max{a(z),b(x)}
(f3) / f(&, z)dE = 0, para todo = € Q (condigdo de igualdade de drea).

min{a(z),b(z)}
(f1) Existem constantes positivas c1, ¢2 e sp e um nimero p > 2 tal que ¢; |s|” < F(s,z) < co|s|”, para todo s

satisfazendo |s| > sg, onde
u

- f(&z)dg, =z e
b(x)

F(u,z) = 0, T Exy (1.2)
- /( e, e

A hipétese (f1) diz que 01 f(a(z),xz) = 01f(b(z),z) = 0, para todo x € =, ou seja, as raizes a(z) e b(z) da
equagao degenerada f(u,x) = 0 se intersectam em v e esta é a principal fonte de dificuldade do problema. Muitos
autores tém estudado este tipo de problema e o principal caso considerado é o chamado caso de mudanca de
estabilidade (veja [1,3,5]), onde assume-se que 0; f(a(x),x) > 0 para todo z € (2\ 7), e 91 f(b(x),x) < 0 para todo
x € (2\ 7). Nossa hipdtese (f2) garante que ndo estamos em um caso de mudanca de estabilidade. Em geral,

*DM, UFSCar, SP, Brasil, arnaldon@dm.ufscar.br
fIMC, UNIFEI, MG, Brasil, mcn.sonego@unifei.edu.br
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nestes problemas, sao consideradas apenas dimensoes 1 ou 2, o termo de difusibilidade constante e, devido a técnica
utilizada (expansdo assintética), assume-se que a sub-variedade v nao intercepta a fronteira do dominio. Neste
contexto os resultados limitam-se a existéncia e comportamento assintético de solugoes estaciondrias, sendo raros
aqueles que mostram a estabilidade, veja [2,3].

Nosso trabalho fornece a existéncia, o comportamento assintdtico e principalmente a estabilidade de quatro
familias de solugdes estaciondrias de (1.1). Além disso, ndo restringimos a dimensdo do dominio, ndo excluimos a

possibilidade de ~ interceptar a fronteira de € e consideramos o termo de difusibilidade nao-constante.

2 Resultado Principal

Nosso objetivo é demonstrar o teorema abaixo.

Teorema 2.1. Assuma que f satisfaz as hipdteses (f1) — (f4). Entao existe ¢ > 0 e quatro famdlias de solugies

estaciondrias estdveis {ui}0<6<60 Yoy {uﬁ}0<€<60 de (1.1) tais que

b ué|L1(Q) — 0 quando € — 0, sendo u}(x) = a(z)xq, (z) + b(z)xa, (z);

— ug’Ll(Q) — 0 quando € — 0, sendo u(z) = b(z)xq, (¥) + a(z)xa, (T);

3 ug’Ll(Q) — 0 quando € — 0, sendo u3(x) = a(z);

o |ul— ufﬂLl(Q) — 0 quando € — 0, sendo ug(z) = b(z).

A prova do teorema acima é feita usando o Teorema de Kohn e Sternberg que relaciona os minimos locais isolados
de um determinado funcional I'-limite Ep, com os minimos locais da familia de funcionais de energia {E.} ., dos
quais Ep é o I'-limite. A mesma técnica é utilizada em [4], por exemplo.

Exemplos simples podem ser construidos nos quais o Teorema 2.1 pode ser aplicado. Considere o problema (1.1)

no intervalo Q := (—1,1) com a fungao f dada por

Flu,z) = —(u+ z)(u— 2?) <u— ("””22_3”» (2.3)

Nao é dificil verificar que f satisfaz (f1) — (f14) o que permite aplicar o Teorema 2.1 para garantir a existéncia,

e exibir o perfil geométrico, de quatro familias de solucoes estaciondrias nao-constantes estaveis para este exemplo.
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FAMILIAS REGULARIZADAS E EQUACOES DE EVOLUCAO DE
TERCEIRA ORDEM

BRrRuNO DE ANDRADE *

Apresentaremos o conceito e as propriedades béasicas da teoria de familias regularizadas geradas por operadores
lineares fechados definidos em espacos de Banach e exibiremos algumas aplicagoes ao estudo de equagoes de evolugao

que modelam vibragoes em estruturas flexiveis.

1 Introducao

Seja (X - ||) um espago de Banach e considere A : D(A) C X — X um operador linear fechado. Neste trabalho

abordaremos a teoria de existéncia de solugoes globais para equacgoes de evolucao da forma

{ o () + " (t) = y A (t) = BAu(t) = f(1), ¢ >0, (1.1)

u(0) =z, v/'(0) =y, v (0) =z,

onde a, 3,7 € (0,00). Por uma solugdo global entendemos uma funcao u € C([0,00); D(A)) N C3([0,00); X) que
verifica (1.1) e tal que v’ € C([0,00); D(A)).

Do ponto de vista aplicado, uma interessante motivagado para estudar o problema de Cauchy (1.1) é dada,
por exemplo, pelos trabalhos de Bose e Gorain [3, 4] publicados no final do século 20. Na ocasido, tais autores
propuseram um modelo matematico para vibragoes viscoeldsticas de estruturas flexiveis no qual o stress nao é
simplesmente proporcional a tensao. Como resultado eles mostraram que a dinamica de vibragoes de estruturas

elasticas é governada pela equacao diferencial parcial

suplementada por condigoes iniciais e de frontera, onde «, 3,y sao constantes positivas satisfazendo af < .
Utilizaremos a teoria da transformada de Laplace para fornecer um tratamento direto para o problema (1.1) sem
que seja necessario uma reducgao para um problema de primeira ordem. Para isso, relembraremos na préxima se¢ao
o conceito de familias regularizadas. Tal abordagem para (1.1) foi utilizada pela primeira vez em [5] com a restri¢ao
u(0) = «/(0) = v”’(0) = 0. Nao obstante, em [1] os autores mostraram que esta hipétese pode ser suprimida. Nos
ultimos anos foram publicados alguns trabalhos similares, dentre os quais destacamos [2, 6]. Em [2], os autores
aplicaram as técnicas apresentadas em [1] no estudo do comportamento assintético para equagoes de Volterra. Por
sua vez, o trabalho [6] é dedicado & teoria de boa colocagdo e decaimento exponencial da energia para uma versao
nao auténoma de (1.1). Este trabalho é baseado em resultados recentes em colaboracdo com os professores Carlos

Lizama [1], Claudio Cuevas e Erwin Henriquez [2].

2 Resultados principais
Dados a, 8,7 > 0 considere as fungoes

k(t) = —a+t+ae™™ e a(t)=—(af —) + Bt + (af —7)e '/, t>0.

*Departamento de Matematica - ICMC-USP, Sao Carlos-SP, Brasil, e-mail: bruno00luis@gmail.com.
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Definicao 2.1. Um operador linear fechado A : D(A) C X — X definido em um espago de Banach X € o gerador
de uma familia regularizada {R(t)}+>0 C B(X) se as sequintes condi¢des sdo satisfeitas:

(R1) R(t) € fortemente continua em Ry e R(0) = 0;

(R2) R(t)D(A) C D(A) e AR(t)x = R(t)Ax para todo x € D(A) et > 0;

(R3) A sequinte equagao € vdlida

R(t)r = k(t)z + /0 a(t — s)R(s)Axds

para todo x € D(A) et > 0. Nesse caso, {R(t)}1>0 € chamada a famdia (o, B,7)-regularizada gerada por A.

Os seguintes resultados mostram que a classe de geradores de familias regularizadas é bastante ampla e, como

acontece na teoria de semigrupos, evidenciam interessantes relacoes entre tais familias e seus geradores.

Proposicao 2.1. Seja — A operador positivo auto-adjunto definido sobre um espago de Hilbert H. Se o, 3, € (0,00)

sao tais que af <, entdo A é o gerador de uma familia («, 3,7)-regularizada sobre H.

Proposicao 2.2. Seja {R(t)}1>0 uma familia (o, B8,7)-regularizada gerada por A. Entédo:

(a)Para todo x € D(A) temos R():tc € C%(Ry; X).
(b) Sejam x € X et > 0. Entdo / a(t —s)R(s)xds € D(A) e R(t)x = k(t)x + Afot a(t — s)R(s)zds.
0

O principal resultado desse trabalho é o seguinte

Teorema 2.1. Seja {R(t)}i>0 uma familia (o, B,7)-regularizada gerada por A. Se f € L} (Ri,D(A?%), x €
D(A3), y € D(A2) e z € D(A?) entdo u : [0,00) = X dada por

u(t) = aR"(t)z + R (t)r — yAR(t)x + aR'(t)y + R(t)y + aR(t)z + /0 R(t — s)f(s)ds, (2.3)

é uma solugdo global de (1.1).
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ALMOST AUTOMORPHIC SOLUTIONS FOR EVOLUTIONS
EQUATIONS

BRUNO DE ANDRADE *, EDER MATEUS T & ARLUcCIO C. VIANA *
)

In this work we deal with existence and uniqueness of almost automorphic solutions for abstract semilinear
evolution equations using a mix of fixed point theory and extrapolation spaces theory. We apply our abstract

results in the framework of transmission problems for the Bernoulli-Euler plate equation.

1 Introduction

This presentation is part of the paper [1]. Here, we deal with existence and uniqueness of almost automorphic

solutions for abstract semilinear evolution equations of the form
W) = Au(t)+ [t ub), LER, (1.1)

where A is an unbounded linear operator, assumed to be Hille-Yosida of negative type, with domain D(A) not

necessarily dense on some Banach space X, f : R x Xy — X is a continuous function and Xy = D(A). In our
framework we use a mix of fixed point theory and extrapolation spaces theory. Let us recall some basic definitions

and properties of some natural tools in our setting.

Definition 1.1. A continuous function f : R — X 1is called almost automorphic if for every sequence of real

numbers (s}, )nen there exists a subsequence (sp)nen C (), )nen such that

lim || f(t+ sn —sm) — f(£)|| =0.

n,m—oo

The space of all almost automorphic functions on X is denoted by AA(X). In addition, let X and Y be two
Banach spaces. A continuous function f : R x Y — X is said to be almost automorphic if f(¢,z) is almost
automorphic in ¢ € R uniformly for all z € K, where K is any bounded subset of Y. Similarly, we set AA(Y; X) to

represent the set of all almost automorphic functions in ¢ uniformly for x € Y.

Definition 1.2. Let X be a Banach space and A be a linear operator with domain D(A). One says that (A, D(A))
is a Hille-Yosida operator on X if there exist w € R and a positive constant M > 1 such that (w,0) C p(A4) and

sup{(A=w)"[[A=A)"|:neN, A>w} < M.
The infinimum of such w is called the type of A. If the constant w can be chosen smaller than zero, A is called of
negative type.

From now, let (A, D(A)) be a Hille-Yosida operator of negative type. Let X_1 and (T_1(t)):>0 be the extrapo-
lation space and the extrapolated semigroup associated to A (see [1, 4]). By a mild solution of (1.1) we understand

a continuous function u : R — X which verifies

u(t) = / T_1(t— 8)f(s,u(s))ds.

— 00
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2 Almost automorphic solutions with almost automorphic conditions

The following lemmas will be helpful in approach of (1.1).

Lemma 2.1 ([3]). If f : RxY — X is almost automorphic, and h € AA(Y), and assume that f(t,-) is uniformly
continuous on each bounded subset K C'Y wuniformly for t € R, that is, for any € > 0, there exists § > 0 such that
z,y € K and ||z — y|| < § imply that || f(t,x) — f(t,9)|| < € for all t € R, then the function f(-,h(-)) € AA(X).

Lemma 2.2. Ifu € AA(Xy), then z : R — X, defined by

2(t) :== / T_1(t — s)u(s)ds

—00
is in AA(Xo).
The main result in this presentation is the following

Theorem 2.1. Let f € AA(Xo, X) as in Lema 2.1. Assume that there exists a function L € L, (R;[0,00)) such
that
1F(t2) = FE o)l < L@Dllz = yll, t € R, 2,y € Xo. (2:2)

Let 6(t) = fjoo e(t=3)L(s)ds, t € R. Suppose that there is a positive constant K < 1 such that MO(t) < K, V t € R.
Then the Equation (1.1) has a unique mild solution in AA(Xo).

As application of our abstract result we consider the transmission problem for the Bernoulli-Euler plate equation.
Precisely, let 1 C Q C R", n > 2, be strictly convex, bounded domains with smooth boundaries I'y = 9€2; and
I'=0Q with Ty NT =0. Then O = Q\ ©; is a bounded, connected domain with boundary 00 =T'; UT. We are

going to study the following mixed boundary value problem

(02 + A% uy(z,t) = b(t) f(ur(z,t)) in Q x R,
(02 + A?)ug(x,t) = b(t) f(uz(z,t)) in O x R, (2.3)
u1lr, = uz|r,, Ovur|r, = Oyuz|r,, cAui|r, = Auslr,, cd,Aur|r, = 0, Aus|r,,
us|r = 0, Aug|r = —ad, dyus|r,

where ¢ > 1 is a constant, v denotes the inner unit normal vector to the boundary, a is a non-negative function on
I'b:R— Rand f: R — R are real functions. Following ideas of [2], system (2.3) can be regard as (1.1). Suppose
that there is a constant ag > 0 such that ap < @ on ' and assume that b € AA(R). If f : R — R is a globally
Lipschitz continuous function with constant K > 0 and K is small enough, then the problem (2.3) has a unique

almost automorphic mild solution.
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ESTIMATIVAS UNIFORMES PARA EQUAQ@ES DE SCHRODINGER E

PLACA COM DISSIPACAO NAO - LINEAR LOCALMENTE
DISTRIBUIDA

C. A. BorroT * & M. M. CAVALCANTI T &
W. J. CorrREA f & V. N. DoMINGOS CAVALCANTI §

1 Introducao

Este artigo trata da estabilizacao das equagtes de Schrédinger e Placa com dissipacao nao - linear localmente
distribuida:

iy + Ay +ia(z)gly) =0  in M x (0,00) Y + A%y +a(x) g(y,) =0  in M x (0,00)
()¢ y=0 on M x (0,00) (P){y=Ay=0 on dM x (0,00)
y(0) =yo in M, y(0) =yo, :(0) =91 in M,

onde (M, g) é uma variedade Riemannina compacta n—dimensional com fronteira regular. A fungido nio-negativa

a(-), responsdvel pelo efeito dissipativo localizado, satisfaz a seguinte condigao:
a€ L®(M);a(z) >ap>0inw C M, (1.1)

onde w é um conjunto aberto de M devidamente contido em M.
Considerando g = 0, isto é, quando (S) e (P) sdo lineares, nds assumiremos a hipétese:
Existe (w,Tp), Top > 0,w CC M, tal que as seguintes desigualdades de observabilidade séo satisfeitas:

T
llyol172 () < C/O / ly(z,t)|* dx dt, em relagio ao problema (S), (1.2)

T
||yl||%2(M) + \|Ay0||2L2(M) < C’/O / |0wy(x,t)|* dz dt, para o problema (P), (1.3)

para algum C' = C(w,T) e para todo T > Tp.

As seguintes hipdteses sobre a funcdo g provém de Lasiecka e Triggiani [4]:

(Hy) (i) g:C — C é continua, g(0) = 0.

(ii) g é a subdiferencial de Jy, isto é, g(z) = dJ1(z), onde J; : C — R = (—o00, +00] é uma funcio semi-

continua inferiormente, prépria e convexa.
(iii) Re{(9(2) — g(v))(z =)} = 0,¥2,v € C.
(iv) Im{g(2)z} = 0.
H>) Existe m,c > 0 tal que
( q

(i) mlz|> < g(2) 7z, se 2| < 1.
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(i) |g(2)] < clz|, se |z > 1.

Consideramos L?(M) o espaco das fungoes complexas sobre M. Este, é um espago de Hilbert real quando munido

com o produto interno com sua correspondente norma

)= Re [ y@E@dr ol = 0000,

Consideramos o espago HJ (M) munido com o produto escalar

(Y, 2)mrmy = (VY. V2)r2(m)-

Também denotamos V = H{ (M) N H?(M) com a correspondente norma em V' como

Iyl = [l Ay,

que é uma norma equivalente para a norma em H?2(M).

O objetivo geral é apresentar um método para tratar a estabilidade assintética para equacoes lineares sujeitas a

dissipaces nao lineares a(-)g(z). Definindo, Ey(t) := %||y(t)||2L2(M) nosso escopo é provar a seguinte desigualdade:

T
E,(T) < Cr / /M a(@)(lyl? + lg(w)[?) dee dt. (1.4)

Assumindo que (1.4) ocorre e procedendo como em Lasiecka and Triggiani [4], a solugdo do problema (S) satisfaz

a seguinte taxa de decaimento
1
E,(t) <S8 (T) E,(0) \, 0, for all t > Ty, t — oo, (1.5)
0
onde a fungao escalar S(t) (contragdo nao - linear) é a solugao da seguinte EDO:

L5 +a(s() =0, S(0) = B,(0), (1.6)

onde a funcdo ¢ é definida em Lasiecka e Triggiani [4] (veja (2.12) na pégina 492). Para a boa colocacao dos
problemas (S) e (P) fazemos uso da teoria de semigrupo nao lineares. Do exposto até entdo, temos o resultado
principal:

Teorema 1.1. Assuma que as hipdteses (1.1), (1.2), (1.3), (H1) e (Hz) sao satisfeitas. Entdo, o problema (S)

(respect. (P)) possui uma tinica solu¢io generalizada y € C([0,4+00); L2(M) (respect. y € C([0,+00); V) N
C([0,+00); L?(M)) que satisfaz a taxa de decaimento dada em (1.5).
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DECAIMENTO GERAL DA ENERGIA DE PROBLEMAS MISTOS PARA
EQUACOES DE ONDAS COM TERMO DE MEMORIA EM DOMINIOS
COM FRONTEIRA NAO LOCALMENTE REAGENTE

CICERO LOPES FROTA * & ANDRE VICENTE !

H4 algum tempo, diversos autores tem se dedicado ao estudo do decaimento uniforme de solugoes para problemas
de valores iniciais e de fronteira envolvendo equagoes de ondas, em dominios limitados, com termo de memoéria do

tipo
¢
up — Au —|—/ Bt — 7)Au(t)dr 4+ f(u,us) =0 inQ x (0, 00),
0

onde (e f sdo fungoes conhecidas, veja por exemplo [1], [3], [4] e suas referéncias, cujas equagoes contém termo de
memoria no dominio €, bem como [5] e [14] onde o termo de meméria atua na fronteira do dominio. Recentemente,
alguns autores consideraram problemas com hipdteses mais gerais no nicleo 3, mais especificamente, § é uma
funcao continuamente diferencidvel satisfazendo 8'(t) < —&(t)3(t) para todo t > 0, onde £ é uma funcgao conhecida.
Isto permitiu a obtencao de taxas de decaimento mais gerais do que as usuais taxas exponencial ou algébrica e,
com isto, a teoria ganhou destaque passando-se a ser denominada por “decaimento geral”. Mais precisamente, o
decaimento geral consiste em mostrar que a energia E = E(t) associada ao problema satisfaz, para todo tg > 0,
Et)<cie I5 &(myar para todo t > tg, onde ¢; e ¢y s@o constantes positivas. Para maiores detalhes sobre o
decaimento geral veja por exemplo [8], [9], [10], [15] e suas referéncias.

Seja 2 C R™, n > 2, um subconjunto aberto, limitado e conexo com fronteira suave denotada por I'. Considere
Ty, I'y uma particao de I'; isto é, I' = I'y U Ty, onde I'g, I'y ambos com medida positiva, I'; um subconjunto
aberto e conexo de I' com fronteira suave denotada por d'y e 'y = I'\I';. Veja que I'; é uma subvariedade de I'
el =T, U0l é uma variedade compacta, C*°, com fronteira. O objetivo deste trabalho é provar a existéncia e

unicidade de solugao, bem como o decaimento geral da energia associada, para o problema:

wy — Au+ /tﬂ(t —7)Au(r)dr =0 em Q x (0, 00); (
u=0 emI?OX(O,oo); (
g:j—/otﬁ(t—f)gg(ﬂch:ét em T x (0, 00): (
[ — AAPS + g6 + hd = —uy em Ty x (0,00); (4
§=0 em Oy x (0,00); (

(

(

u(xz,0) = ug(x), ug(x,0) =uy(x) paraz €
Ouo

0(x,0) = do(z), d¢(x,0) = 5

(x) paraz €Ty,

n
0? -
onde A = E 922 e Ar sao, respectivamente, os operadores de Laplace e Laplace-Beltrami; v é o vetor unitério
s
i=1 4

normal exterior & I';; ¢ é uma constante positiva; 3 : RT - R, f,g,h: 1 = R, ug,u; : Q > Redy:I'; = R sdo

fungoes dadas. Em Frota-Medeiros-Vicente [6], os autores consideraram um problema relacionado, sem o termo de
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memoria, ou seja com 3 = 0. Nesta referéncia considerou-se o problema (1)—(7) com a equagao (1) trocada por
U — ‘P(/ u? dm)Au + aup + b\ut\kut =0 in Qx(0,00),
Q

e as condigoes de fronteira foram denominadas de condigoes de fronteira da acustica para fronteira nao localmente
reagente. Neste caso a formulacao das condigoes de fronteira tem motivacao fisica no estudo de movimento de ondas
acusticas em fluidos. Os autores provaram a existéncia, unicidade e decaimento exponencial da solugao.

Para problemas em dominios com fronteira nao localmente reagente ver também [12] e [13]. O caso ¢ = 0
trata-se das condigbes de fronteira da acustica, introduzidas por Beale e Rosencrans [2] (veja também [7]). Neste
caso particular o decaimento geral foi estudado em [8] e [11].

Concluindo, observamos que neste nosso trabalho estendemos os resultados de [8], [9] e [11] para a classe de

problemas com fronteira nao localmente reagente.
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MULTIPLE SOLUTIONS FOR A NLS EQUATION WITH CRITICAL
GROWTH AND MAGNETIC FIELD

CLAUDIANOR O. ALVES * & Giovany M. FIGUEIREDO |

1 Introduction

In this paper, we are concerned with the multiplicity of nontrivial solutions for the following class of complex
problems

(—iV — A(px))?u = plu|??u + [u* ~2u in

(Py)
u € HQ,C),
where € is a bounded domain with smooth boundary in RY, N > 4, u is a positive parameter, 2 < ¢ < 2* = ]3—]}2

and A : RY — R¥ is a magnetic field belonging to C(RY, RY) N L= (RN, RY).

This class of problem is related with the existence of solitary waves, namely solutions of the form v (z,t) :=

e*i%tu(x), with F € R, for the nonlinear Schrédinger equation

Loy (h ?

im0 (39— a()) v UG- fue, sen (NLS)
where t > 0, N > 2, h is the Planck constant and A is a magnetic potential associated to a given magnetic B, U(x)
is a real electric potential and the nonlinear term f is a superlinear function. A direct computation shows that 1)

is a solitary wave for (NLS) if, and only if, u is a solution of the following problem
h 2
(Z_V - A(z)) u+V(2)u= f(|luu, inQ, (1.1)

where V(z) = U(z) — E. It is important to investigate the existence and the shape of such solutions in the
semiclassical limit, namely, as h — 0T. The importance of this study relies on the fact that the transition from
Quantum Mechanics to Classical Mechanics can be formally performed by sending the Planck constant to zero.
The first result was obtained by Esteban and Lions [8]. They have used the concentration-compactness principle
and minimization arguments to obtain solution for A > 0 fixed and dimensions N = 2 or N = 3. More recently,
Kurata [10] proved that the problem has a least energy solution for any h > 0 when a technical condition relating V'
and A is assumed. Under this technical condition, he proved that the associated functional satisfies the Palais-Smale
compactness condition at any level. We also would like to cite the papers [6, 7, 4, 11, 5, 1, 2] for other results

related to the problem (1.1) in the presence of magnetic field.

2 Mathematical Results

Teorema 2.1. Let 2 < g < 2*. Then, there exists pi* > 0 such that, for each p € (0, u*), problem (P,) has at least
catq () nontrivial solutions.
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OPTIMAL DECAY RATES FOR WAVE EQUATIONS WITH A
FRACTIONAL DAMPING VIA NEW METHOD

CLEVERSON ROBERTO DA Luz *, Ryo IKEHATA T & RuUY COIMBRA CHARAO ¥

1 Introduction
We consider the initial value problem for the wave equation with fractional damping in R™:
up(t, ©) — Au(t,z) + A%u(t, z) = 0, (t,x) € (0,00) x R" (1.1)

with initial data
w(0,2) = uo(z), u(0,2) =ui(z) =xeR™ (1.2)

The fractional power operator A% : H?°(R™) ¢ L*(R") — L?(R") (0 < # < 1) is defined by
Av(z) = F P F(0)(©)(2), veHP[R"), zeR"

where F denotes the usual Fourier transform in L2(R") and |- | denotes the usual norm in R".

For each (ug,u;) € HY(R") x L?R") the problem (1.1)-(1.2) admits a unique mild solution
u € C([0,00); HL(R™)) N CL([0,0); L?(R™)) provided that 0 < # < 1 (see Carvalho-Cholewa [1]).

The total energy E,(t) associated to the solution u(t) of equation (1.1) is defined by

1
Eu(t) = 5 (@1 + [ Vu(®)]),
where || - || denotes the L?-norm.
We are concerned with the total energy decay estimates of solutions to problem (1.1)-(1.2). The equation (1.1)
interpolates between the weak damping case (0 = 0) and the strong damping case (6 = 1). In the weak damping
case we have historical results due to Matsumura [5], while in the strong damping case we can cite the Ponce result

[6]. Quite recently, Tkehata-Natsume [4] proved the following estimates to the total energy:

n

_ _nt2 _n
Eu(t) < C(IVuol* + lur[|*)e™ + ClluollZa (1 + )™ "o + lua L (1 + )=, (1.3)

where o := max{2 — 26,20}, and n > 0 is a small constant. On the other hand, in the weak damping case 6 = 0 it
follows from the Matsumura [5] result that

Eu(t) < C(|Vuol* + [[ur[2)e™" + C(lfuoll: + ua ) (1 +) 7% (1.4)
If we take # = 0 in (1.3), we have
Eu(t) < C([Vuol* + [[ur[2)e ™" + Clluo|[ 72 (1 4+ 6) "% + Jlur |72 (1 +) 7% (1.5)

So, if we compare (1.4) with (1.5), we encounter a significant gap in the decay rates, i.e., the decay rate introduced

in (1.3) can’t be connected continuously at # = 0. This shows that the rate of decay of (1.3) seems not to be optimal
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at least in the case when 6 € [0,1/2]. This is our motivation to re-study decay rates of the total energy. Our new
method is relied on the energy method in the Fourier space (which has its origin in Umeda-Kawashima-Shizuta [7])
combined with the Haraux-Komornik inequality and the property of R™ that power singularities less than n are
integrable around the origin. This combination seems new. We can also apply the method to the other systems
which include the plate equation (see [3]) and the system of elastic waves and, in particular, it seems to be quite
effective in case of frictional dissipation, i.e., when 6 = 0.

2 Mathematical Results

Our main result is given by the following theorem which shows explicit decay rates for the total energy depending
on the power 6 of the fractional damping and the dimension n.

Theorem 2.1. Letn > 1 and 0 <0 < 1. If [ug,u1] € (HY(R")N LY (R™)) x (L2(R™) N L*(R™)), then there exists a
constant C' > 0 and a constant Cg > 0 depending on B, such that the total energy associated to the solution u(t,x)
of (1.1)-(1.2) satisfies

Eu(t) < Cp{luolls + a3} 72 + C{IVuoll® + |} e/, ¥ &> Ty

where 5 is any positive fized number satisfying B > with « = max{2 — 260, 20}, and Ty is a constant

n72oé+a
depending on the initial data.

Theorem 2.2. We assume the hypotheses in the Theorem 2.1. Let n > 3, then there exists a constant Cg > 0
depending on B, such that the solution u(t,x) of (1.1)-(1.2) satisfies

lu()1? < Cs {luolgs + lurllFs + lluoll? + [lua P} 717, V=T,

where Ty is a constant depending on the initial data and B is any positive fired number satisfying

2—260 1
n_aw  10=0=5
A RETE T
n—2 Y a=v="
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DISTANCES BETWEEN OPERATOR SPACES

CRISTINA RADU * & SEAN DINEEN |

The Banach Mazur distance between operator spaces was studied by Zhang [5] and Pisier [3]. We introduce

new tecniques which we use to prove more general results [1], [4].

1 Introduction

An operator space is a closed subspace of the non-commutative C* algebra
B(H)={T: H — H| T bounded linear operator, H a Hilbert space}.

Being a C*-algebra, B(H) has a unique norm which for each n induces a norm on M, (F) in the following way:

M,(E)C M,(B(H))~BH&...®H)
hy > aijh;
[aij ]Zj:l =
hn, > anjh;
There are n terms in the product H @ ...® H. For each n, the C*-algebra B(H & ...® H) induces a unique norm
on M, (E). Therefore, for each n, (M, (E),| - ||») is a Banach space. If E C B(H), the operator space structure on
E is given by the sequece of norms {|| - || }» induced by B(H @ ...® H) on M, (E) for each n.
The morpshisms which keep track of the information about the matrix norm stuctures of operator spaces are

the completely bounded maps. Let E and F' be operator spaces and u : E — F a linear map. For each n, we define

un([z45]) = [u(wi;)]
lull g = lim_ [ .
If [|ul| . < oo we say u is completely bounded. An operator space £ is homogeneous if for any u : E — E we have

llulles = ||ul|. If E, F are operator spaces we define the Banach Mazur distance
dep(E, F) = inf{||u||a|lu | | w: E — F complete isomorphism}

where ||ul|e is the completely bounded norm of the operator u: E — F.

The space I3 becomes and operator space in two different ways. The row operator space, R,,, and the column
operator space, C,,, can be viewed as the first row and the first column in the space of square matrices M, with
the operator space structure inherited from B({%,1%). As Banach spaces R,, and C,, are identical but as operator

spaces they are different, in fact R = C,,.

A pair of operator spaces E and F' are called compatible if they can be continuously injected into the same
topological vector space. This allows one to define a continuum of operator spaces, (E,F)y, 8 € [0,1], that
interpolate between E and F'. For example we interpolate between R := R,, and C := C,, to get Ry = (R, C)g,
0 <60 < 1. The spaces R, C' and Ry are homogeneous Hilbertian operator spaces. We give other examples of such

spaces (RN C, R+ C, min(¢y) max(¢y)) and compute distances between them.
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2 Results

Proposition 2.1. If0 <0 < 1, E is a homogeneous Hilbertian operator space of dimension n and Eg = (E, E*)g
then
dey(Eg, R) = dey(E, R)' ™ - d oy (E, C)°.

Proposition 2.2. If0 < a,5 <1 then
nl#=°l = dy(Ra, Rp).
Proposition 2.3. If0 <60 <1 then
dun(Ro, RN C) = dey(Ry, R+ C) = n(1120-11) /4,
Proposition 2.4. There exists a positive constant A such that for ech n and 0 € [0, 1] we have

Av/n < dey(min(€y), Rg) < v/n

Av/n < dg(max(€3), Rg) < /n.
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On the polynomial Bohnenblust—Hille inequality

DANIEL NUNEZ ALARCON*

Abstract
Recently, in a paper published in the Annals of Mathematics, it was shown that the Bohnenblust—Hille in-

equality for (complex) homogeneous polynomials is hypercontractive. However, and to the best of our knowledge,
there is no result providing (nontrivial) lower bounds for the optimal constants for n-homogeneous polynomials

(n > 2). In this work we provide lower bounds for these famous constants.

1 Introduction

The Bohnenblust-Hille inequality for complex homogeneous polynomials ([2], 1931) asserts that there is a function
D : N — [1,00) such that for every m-homogeneous polynomial P on CV, the é%—norm of the set of coeflicients
of P is bounded above by D(m) times the supremum norm of P on the unit polydisc. In ([4], 2011) it was proved
that

m—1

D(m) < <1 + ;)m_l v (v2)

which yields the hypercontractivity of the inequality.

The last few years experienced the rising of several works dedicated to estimating the Bohnenblust—Hille con-
stants ([3, 4, 5, 7, 8]) and also unexpected connections with Quantum Information Theory appeared (see, e.g., [6]).
There are in fact four cases to be investigated: polynomial (real and complex cases) and multilinear (real and com-
plex cases). We can summarize in a sentence the main information from the recent preprints: the Bohnenblust—Hille
constants are, in general, extraordinarily smaller than the first estimates predicted.

For example, now it is known that the Bohnenblust—Hille constants for the multilinear case behave in a subpoly-
nomial way. In view of this, the investigation of lower bounds for the Bohnenblust-Hille constants seems to be an
important task. The existing results for multilinear mappings and real scalars are highly nontrivial. For instance,

in [5] it is shown that for multilinear mappings and real scalars one has that
C(m) >2'"m

and it is still open whether these estimates are sharp or not. Thus, the possibility of the boundedness of the

multilinear Bohnenblust—Hille constants is open. In this work we shall show that, if m > 2, then

D(m) > (1+21-m)7 .

2 Mathematical Results

To the best of our knowledge, the only nontrivial lower bound for the constants of the (complex) polynomial
Bohnenblust—Hille inequality is
D(2) > 1.1066,

proved in [3]. The lack of known estimates for the norms of complex polynomials of higher degrees was a barrier to

obtain nontrivial lower estimates for D (m) with m > 2. Our result provides nontrivial constants:
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Theorem 2.1. For every m > 2,

1

D(m) > (1+2'7m)2 > 1.

Proof The theorem’s proof is a application of Aron-Klimek estimates of supremum norms for quadratic polyno-

mials ([1]), by generalizing the idea of the case m = 2 given in ([3]).

Acknowledgement. The author thank to professor D.M. Pellegrino by the suggestion of the problem and his

important remarks.
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ABSOLUTELY Y¥-SUMMING MULTILINEAR OPERATORS

DIANA MARCELA SERRANO RODRIGUEZ *

In this work we introduce an abstract approach to the notion of absolutely summing multilinear operators.
We show that several previous results on different contexts (absolutely summability, almost summability, Cohen

summability) are particular cases of our general results.

1 Introduction

A linear operator u : E — F is absolutely summing if ) Ju(x;) is absolutely convergent whenever ) x; is uncondi-
tionally convergent. The more general notion of absolutely (p;g)-summing operators was introduced in the 1960’s
by B. Mitiagin and A. Pelczyriski [6] and A. Pietsch [9].

The multilinear approach to absolutely summing operators was initiated by Pietsch and followed by several

authors (see [5, 8] and the references therein). The following concept was introduced by M.C. Matos ([5]):

Definition 1.1. [f% < q%+"'+% a multilinear operator T € L (Ex, ..., Ey; F) is absolutely (p; q1, ..., Gm ) -summing
at the point a = (a1, ...,anm) € E1 X ... X E,, when (T (a1 —i—:rjl,...,am +x}”) —T(al,...,am));o:1 € {, (F) for all

(a4) € b (By), b =1,...,m.

In this work we consider a quite general version of this concept. We work with quite arbitrary sequence spaces

instead of £ (E)) and £,,(F). We show that various known multilinear results are particular cases of our approach.

2 Mathematical Results

Definition 2.1. Let E be a Banach space. A sequence space in E is a vector space v (E) C EN with a complete
norm ||-||.,z)- The following properties on ~y (E) are tacitly assumed to hold:

(PL) @)y = suPn )ps L i) -

(P2) H(xn)nlev(E) = |lzk|l g, for all (), = (0,...,0,21,0,...).

Definition 2.2. Let m € N and E\, ..., Ep,, F' be Banach spaces. An operator T € L(E1, ..., Ep; F) 05 Vs, 50)-
summing at (ay,...,am) € By X -+- X E,, when
(T (a1 + xg.l), ceey Gy, + xg.m)> —T (a1, ...,am))j:1 € v (F)
whenever (xgr)) €7, (E), r=1,..,m.
j=1
We denote the space of the m-linear operators from E; x --- x FE,, to F which are v, .. s, )-Summing
at (ai,...,am) by H?y(s_s1 e (E1, ..., B F) . Tt is plain that H?y(s_s1 ) (E1, ..., B F) is a linear subspace of

L(E1, ... Em; F). When a = (0,...,0) we write Wy (B1, ..., Em; F) and when T' is (g5, ... 5,,)-Summing at

all (a1, ..., an,) we write H?(fs:ﬁ s (E1, .., B F) .

Proposition 2.1. T'eIl, (B, ...y B F) if and only if there exists a constant C > 0, such that

(G Y e 11 [E
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35

Vs (Er)

s




for all (acgr)> - € s, (Er), r = 1,...,m. Moreover, the smallest C' such that (2.1) is satisfied, denoted by = (),
P

defines a norm on 11 (B, ..o, Em; F).

V(s;s1,--,8m)
Theorem 2.1. For T € L(F,...,E; F), the following statements are equivalent:
() T e (Bt B F);
(#3) There is a constant C > 0 such that

o0
H (T (b1 + 2D, b+ :v;m)) — T (by, ...,bm)) ‘
I=Hly ()
1 o0 m o0
<C<|b1|+’ (=) >.~<||bm||+‘ (™) )
I=H ey (B1) 3=y, (Bm)

for all (by,....;by) € By X -+ X E, and (acy)) €7, (Ep),r=1,...,m.
j=1
In addition, the smallest of the constants C satisfying the above inequality, denoted by 7¢¥ (), defines a norm on

ey (E1, ..., B F). Moreover (H?;(’S )

(E1, ..., B F), 7€) is a Banach space, and considering the
RICIEI TS sm) i815--25m)

notion of ideals of multilinear mappings in the sense of [4], (Hf&’ml o) (B, ..., By F), 776”) is a Banach ideal of

m-linear mappings.

Remark 2.1. The above results recover the following particular cases:
Absolutely summing multilinear operators. See [1, Theorem 4.1] and [2, Proposition 9.4].
Almost summing multilinear operators. See [7, Theorem 3.7 and Theorem 4.4].
Cohen strongly summing multilinear operators. See [3, Proposition 6.1.10 and Proposition 6.2].

Acknowledgement. The author thank to professor D.M. Pellegrino by the suggestion of the problem and his
important remarks.
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EQUACOES LINEARES
EM ESPACOS LINEARMENTE TOPOLOGIZADOS

DINAMERICO P. POMBO JR. *

1 Introducao

Como Dieudonné mencionou em seu artigo fundamental [3], uma das principais motivagoes para o estudo da
dualidade em espagcos localmente convexos é a discussdo da solubilidade de equagbes da forma u(x) = yo, onde u
é uma aplicagado linear fracamente continua. Nesta nota anunciamos uma versao de um teorema obtido no artigo
citado, valida no contexto dos espagos linearmente topologizados.

2 O resultado

Seja K um anel de divisao discreto arbitrério. Uma topologia 7 em um espago vetorial & esquerda (respectiva-
mente & direita) F sobre K é linear, e (E,T) é um espago linearmente topologizado & esquerda (respectivamente &
direita) sobre K [4], se 7 é uma topologia de Hausdorff invariante por translagio e a origem de F admite um sis-
tema fundamental de 7-vizinhangas formado por subespacos vetoriais de E; neste caso, (E,7) é um espago vetorial
topoldgico & esquerda (respectivamente & direita) sobre K.

Sejam E um espago vetorial a esquerda sobre K e E; um espago vetorial & direita sobre K. Uma aplicacao
B: E x E; — K é uma forma K-bilinear em E X E7 se as seguintes condigoes sao satisfeitas para quaisquer z,y € E,
x1,91 € E1e X € K: B(z+y,x1) = B(z,21)+B(y,21); B(Az,z1) = AB(z,21); B(z,z1+y1) = B(x,21)+B(x,y1);
B(xz,x1)\) = B(z,z1)\. (F, E1) é um sistema dual relativamente a B [2] se B é uma forma K-bilinear em E x E;
satisfazendo as seguintes condigbes: para x € F, a relacdo B(x,x;) = 0 para todo zy € E; implica = 0; para
x1 € By, arelagdo B(z,z1) = 0 para todo « € E implica 1 = 0. Se E é um espago vetorial & esquerda sobre K e
E* é o espago vetorial & direita sobre K das formas K-lineares em E, (F,E*) é um sistema dual relativamente &
forma K-bilinear B(z, ¢) = ¢(x) em E x E*. Se E é um espago linearmente topologizado & esquerda sobre K e E’ é
o espago vetorial a direita sobre K das formas K-lineares continuas em F, (FE,E’) é um sistema dual relativamente
a forma K-bilinear B(z, ) = ¢(z) em E x E'.

Seja (E, Ey) um sistema dual relativamente a B. A topologia fraca o(E, E1) em E (respectivamente o(E1, E) em
Ey) é a topologia menos fina que torna as formas K-lineares « € E — B(x,z1) € K continuas, para x; variando em
E; (respectivamente x; € E; — B(z,z1) € K continuas, para x variando em E); o(E, E;) e o(E1, E) sao lineares.
Se (F, F1) é um sistema dual relativamente a C' e u: E — F é uma aplicagdo K-linear o(E, Ey) — o(F, F)-continua,

existe uma unica aplicagao K-linear v: F}; — E; tal que, para quaisquer x € FE e y; € F;, tem-se

C(u(z),y1) = B(z,v(y1));

v é dita a transposta de u e denotada por u'.

Seja (E, Eq) um sistema dual relativamente a B. O perpendicular de um subconjunto nao vazio X de E é o
subespago vetorial
Xt = {xl € Ey; B(xz,z1) = Opara todox € X}

*Instituto de Matemética , UFRJ, RJ, Brasil, dpombo@terra.com.br
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de Ej ; analogamente, define-se o perpendicular de um subconjunto nao vazio de FEj .

Podemos entdo enunciar o resultado prometido, do qual resulta um fato conhecido de Algebra Linear ([1], §2,
n2 8):

Teorema 2.1. Sejam (E, E1) e (F, Fy) dois sistemas duais, u: E — F uma aplicagao K-linear o(E, E1) — o (F, F1)-
continua cuja imagem € o(F, Fy)-fechada e yo € F. Para que a equagao u(x) = yo admita pelo menos uma solugdo
em E, € necessdrio e suficiente que yo € (Ker(ut))J'
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SHARP ESTIMATES FOR EIGENVALUES OF DOT PRODUCT
KERNELS ON THE SPHERE

DOUGLAS AZEVEDO* & VALDIR A. MENEGATTO |

We obtain an explicit formula to compute the eigenvalues of integral operators generated by continuous dot
product kernels defined on the sphere. It depends upon certain numerical series involving the usual gamma function.
Using the formula, we describe a procedure to deduce sharp bounds for the eigenvalues and their asymptotic behavior

near 0. We illustrate our results with an application involving a Gaussian kernel.

1 Introduction

Let S™ (m > 2) be the unit sphere in R™*! endowed with its induced Lebesgue measure o, and write L?(S™) :=
L?(S™, 0,,). This work is aligned with [2], but here we will deal with compact integral operators K : L?(S™) —
L?(S™) of the form

K(f)(z) = /Sm <Z bn(w~y)”> fy)dom(y), zeS™, felL*(S™), (1.1)
n=0

in which {b,} is an absolutely summable sequence of complex numbers. The symbol - stands for the usual inner
product of R™*!. Kernels of the form

K(@,y) = balz-y)", wyesm,
n=0

with ZZOZO b, < oo, are called dot product kernels on S™. They are bi-zonal in the sense that
K(z,y)=K'(z-y), xyes,

for some convenient function K’ : [0,1] — C. An eminent example in this category is the Gaussian kernel
(o9}
2d)"
exp(—dlle—yl?) =3 Ly esm dso,
— nl

a common entity in many branches of mathematics.

2 Mathematical Results

The focus in the present work is to deduce sharp bounds for the eigenvalues of the integral operator (1.1). If we
write
{Yi,;;6=0,1,2,...,; j=1,..,N(k,m)},

to denote the L%(S™,o,,)-orthonomal basis of 7—[2”“, the space of all spherical harmonics of degree k in m + 1
variables with respect to the inner product of L?(S™, 0,,), the eigenvalues can be computed as described in the

theorem below.

*Departamento de Economia, UFJF-GV, MG, Brasil, douglas.azevedoQufjf.edu.br
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Theorem 2.1. Let K be as in (1.1). Then each Yy ; is an eigenfunction of IC with associated eigenvalues given by

the formula

Om-1T(m/2) (2s + k)! I'(s+1/2)
Me(K) = ———— ) bos , kelZ;.
k() h+1 Z BT @) T(s+k+ (m+1)/2) +
To proceed, we introduce notation. For sequences of positive real numbers {a,} and {¢,}, we write a,, = O(c,,)
as n — 00, to indicate that {a,c; '} is bounded. On the other hand, a,, < ¢,, as n — oo, will mean that a,, = O(c,)

and ¢, = O(ay), as n — o0.

Corollary 2.1. Let K be as in (1.1). Assume {b,} is a sequence of nonnegative numbers. If 2b, 11 < b,, n=10,1,...,
then {Ax(K)} decreases to 0.

Corollary 2.2. Let K be as in (1.1). If {bx} is a sequence of nonnegative numbers, then there exists a positive
constant C, depending upon m only, so that

b k!
>C keZ,.
MEK) 2 O T T )y P e
Next, suppose the sequence {b,} is such that
by, _
|b| | | =0(n 5), (n — 00), (2.2)
n—1

for some 6 > 1/2.

Proposition 2.1. Let K be as in (1.1). If (2.2) holds, then

()| < oy TWAT/D) (Z v28)26>bk|, keZ,.
s=0 :

I'(k+ (m+1)/2) 2k+1 495 (!
The main result of this work reads like this ([1]).

Theorem 2.2. Let K be as in (1.1). If {b,} is a sequence of nonnegative numbers for which (2.2) holds, then

br

AelR) = Sz

(k — 00).

As an application, let us look at the eigenvalues of the integral operator generated by the Gaussian kernel
previously introduced. If r € (0, c0) is fixed and

o0

_r/2 ||J" B sz n m
K($7y) =e€ eXp Z Tl"f‘n ) %y S S )

then by Theorem 2.2

e/r k
Ao (K) = Iikinz/z, (k — 00).

This behavior agrees with results previously derived in [3].
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Comportamento Assintotico via Método de Nakao de um Sistema

Acoplado de Equacoes Diferenciais Parciais Fracamente Amortecido

DucivAaL C. PEREIRA * MAURO DE L.SANTOS T RENATO FABRICcIiO C. LOBATO *

Nas ultimas décadas, utilizou-se os mais variados tipos de equagoes como modelos matematicos, que descrevem
sistemas: fisicos, quimicos, biolégicos e de engenharia. Entre tais modelos, os de vibragao em estruturas flexiveis,
foram consideravelmente estimulados por um nimero crescente de questoes de interesse publico. Pesquisas estao

focadas na estabilizacao de modelos dinamicos individuais, tais como: cordas, membranas e vigas.

1 Introducao

No que se segue, sera feita a Existéncia e Unicidade de Solugao Global Fraca, bem como o Decaimento Exponencial
para o Sistema Evolutivo de Equagdes Diferenciais Degenerado de Vigas com Amortecimento Fraco (abaixo), cujo

acoplamento ocorre na Nao-Linearidade.

Ky (z, ) ug + A%u — M(||Ju]|® + [[v]|*)Au+u; =0 em Q= x (0,T), (1.1)

Koz, t)vy + A% — M(|Jul®* + [v|H)Av+v; =0 em Q= Qx (0,T), (1.2)

(u(z,0),v(x,0)) = (ug,v0), (ve(z,0),v4(x,0)) = (ug,v1) em €, (1.3)
Ju Ov

v= oo 0 sobre I'x]0,o0], (1.4)

2 Hipoéteses
H1) K; € CH[0,T); HY(Q) N L**(2)), com K;(z,t) >0,V (z,t) em Q x (0,7), i = 1,2. Existe v > 0, tal que
Ki(z,0) >vy>0,i=1,2.

0K;
Ha) ‘é)t

<5+ C(6)K;, i =1,2, paratodo d >0 .
R

Hs) M € C*([0,00[), com M(X) > —f, para todo A > 0; 0 < B < A1, sendo A; o primeiro autovalor associado ao

problema estacionario: A%w — A\(—Aw) = 0.

3 Teorema de Existéncia e Unicidade
Nas hipdteses H1 - Hg, se (ug,vo) € (HZ(Q)NHA(Q))? e (u1,v1) € (HE(Q))?, entdo existe um tnico par de fungoes
(u,v) : [0,T] — L?() solugio de (1.1)-(1.4) tais que:

2 2 2
(u,v) € L?Z)’C(O,OO;H@(Q)QH4(Q))} , (ur,ve) € | L (0,00, HF(Q))| e (use, ver) € |Line(0,00; L*(92))
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4

Comportamento Assintético

Sejam (ug,vo) € (HZ(Q) N H*(Q))? e (ur,v1) € (H3(Q))?, K; i = 1,2 ¢ M na hipéteses do Teorema de Existéncia
e Unicidade, entao a solucdo (u,v) do problema (1.1)-(1.4), satisfaz:

2 2 t+1
1P u@)] + K]+ 18u@F + 18uOF + [ (uls)? + o) P)ds < are (4.1)
t

para todo t > 1, onde a; e gy sao constantes positivas.
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POSITIVE SOLUTION FOR A CLASS OF (p, q)-LAPLACIAN
NONLINEAR SYSTEMS

EDER MARINHO MARTINS * & WENDERSON MARQUES FERREIRA |

In this work, we prove the existence of a nontrivial nonnegative solution for the elliptic system

—Apu = w(z)f(v) inQ,
—Ayv = p(z)g(u) in Q,
)

where A, denotes the p-Laplacian operator, p,¢ > 1 and € denotes a smooth bounded domain in RN (N > 2).
The weight functions w and p are continuous, nonnegative and not identically null in 2 and the non-linearities f
and ¢ are continuous and satisfy simple hypotheses of local behavior, without envolving monotonicity hypotheses

or conditions at co. We apply Fixed Point Theorem in Cone to obtain our result.

1 Introduction

Coupled systems involving quasilinear operators as the p-Laplacian have been studied for researchers of partial

differential equations. In this paper we prove the existence of a nontrivial nonnegative solution for the elliptic

System
-Apu = w(z)f(v) inQ,
—Apv = p(z)g(u) in Q, (1.1)
(u,v) = (0,0) on 0f)

where A, denotes the p-Laplacian operator defined by Aju := div (|Vu|p_2Vu)7 p,q > 1 and Q denotes a smooth
bounded domain in R (N > 2). (In other words, we will prove the existence of a pair (u,v) € C»¥(Q) x C1*(9)
such that (u,v) satisfies (1.1), with u # 0 and v # 0 in ). The weight functions w, p: ) — R are continuous,
nonnegative and not identically null in Q. The non-linearities f, g: [0, 00) x [0,00) — [0, 00) are continuous, g Z 0
in [0,¢) for some £ > 0 and both satisfy simple hypotheses of local behavior.

We suppose that the nonlinearity f is superlinear at origem and f,g are allowed to be sub or superlinear at
00. Moreover, there is no monotonicity hypotheses on these nonlinearities. We suppose the existence of positive
constants 0 < § < M such that

(H1) 0< f(v) < kiMP™1, 0 < g(u) < kMO if 0 < u,0 < M,
(H2) f(v) > kooP™1if 0 < v <4,

where the constants k1 and ks depend only on w, p and 2. These constants will be defined later on in this paper
and, as proved in [1], k1 < A, < kg, where ), is the first eigenvalue of the p-Laplacian operator.
We also consider examples of coupled systems for which is possible to apply our main theorem to guarantee the

existence of at least one positive solution.
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2 Mathematical Results

Theorem 2.1. If (H1) and (H2) are valid the problem (1.1) has at least one nontrivial, nonnegative solution.
Moreover, if (u,v) is such a solution for (1.1), then

6 < [(u, v)lloe = max{{lullo, [[v]loc} < M.

Proof Our strategy is: at first, we show an existence result for the radial case when Q = By := {x € RV : |2| = 1},
applying a Fixed Point Theorem in a cone (see, for example, [3] or [4]). Afterwards, we utilize this result to prove
our main existence result for (1.1), when  C R¥ is a bounded smooth domain. In this case, we do a symmetrization

of weigh functions and combine the comparison principle with a new application of a Fixed Point Theorem.
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Quasiperiodic Collision Solutions in the Spatial Isosceles Three-Body

Problem with Rotating Axis of Symmetry

EDER MATEUS *, ANDREA VENTURELLI ' & CLAUDIO VIDAL !

1 Introduction

In this work we prove the existence of a one parameter family of collision solutions for the system called spatial
isosceles three body problem with rotating axis of symmetry. In this problem, at all time one body is in a fixed plane,
and two bodies with equal masses are symmetric with respect to the same plane. If initial velocities are chosen
symmetrically, the symmetry of the configuration is preserved. Note that solutions of this isosceles problem are in
fact solutions of the general three body problem. In order to describe the result, let q;, q2, g3 denotes the position
of the three body system in a three dimension euclidean space, with respective masses m; = mo = m and mgz = pu.
Introducing a cartesian coordinate system (zx,, z) in the euclidean space, such that q; and g2 are symmetric with
respect to the plane z = 0, the body qs is on the same plane z = 0 and the center of mass is at the origin the

coordinates of each body can be written
q1 = (xuyvz)a q2 = (xuyv _2)7 qs = (—7$7 _7:%0) (11)

Therefore the configuration is completely determined by the position of one body. The equations of motion for the

first particle is given by

E= —(2m+p)5
13
j= —@m+p) (1.2)
P= — (f_Tm + %) z,
12 13
where
2
2m +
ri2 = |q1 — g2 = 2]z, riz=|q1 —q3| = \/<NH) (2 +y?) + 22 (1.3)
Considering a re-scaling appropriate and introducing the complex variable w = £+, system (1.2) can be rewritten
as
b= —(2m+ ) grpiewr = 25
(1.4)
o m _ ou
C - - (4|C\3 + (k\uz\21(2)3/2) C - 37(7
where the potential U is defined by
U=Uw,¢) = - (1.5)

RGN TS
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2 Mathematical Results
Equations of motion (1.2) are in fact Euler-Lagrange equations for the following Lagrangian

Lw,,8) = 5 (of? + ) + Uw, Q)

hence it is natural to search solutions of (1.2) as critical points of the Lagrangian Action functional, which is defined
by
A :C([0,7],C x R) = Ry U{+o0},
Alw.¢) = [ Lw(t). <0, wle), O,
0
where C*([0, 7], C x R) is the space of absolutely continuous curve with value in C x R.
Let €, denotes the space of absolutely continuous curves (w, {) : [0,7] — C x R satisfying the following conditions

w(0) €R, (¢(0)=0, w(r)eRe™, ((t)>0.
Our first result concerns the existence of a minimizer.

Proposition 2.1. Let « € (0,27) \ {7} and let 7 > 0. The functional A|q, has a minimizer. If t — (w,()(t) is
such a minimizer, the unique collision occurs at time t = 0, and for t € (0,7] it is a real solution of the isosceles
three-body problem. The component t — ((t) is strictly increasing and () = 0, moreover w(t) is a real multiple
of ie*.

Proposition 2.2. Given o € (0,7/2), and 7 > 0, if v = (w, ) = (re'?,¢) is a minimizer of Alg, ; then the angular
momentum C = Im(ww) does not vanish, therefore the configuration is not all the time on a fixed plane. Moreover
w(t) # 0 for all t € [0,7], and the total variation of the polar angle 6 is equal to «, that is to say |6(7) — 0(0)] = .

We can now state the main result of the paper.

Theorem 2.1. Given 0 < a < /2 and T > 0, there exists a collision solution of (1.4) satisfying the following

conditions _ _
w(0) € Ry, wt+27) = eu(t), w2r —t) = e*w(t),

¢0) =0, ((t+21) = (), (@r—t) = (1)

Moreover the solution is not all the time in a fized plane, and w(t) # 0 for all t. Collisions are regularized and

(2.6)

occurs only if t is an integer multiple of 27. If 0 denotes the argument of w, the total variation of 6 from t =0 to

t =7 is equal to a.
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A EQUACAO DE DAUGAVET PARA POLINOMIOS EM JB*-TRIPLAS E
C*-ALGEBRAS

ELISA R. SANTOS *

Neste trabalho estudamos a equacao de Daugavet e a equacao alternativa de Daugavet para polinomios em JB*-
triplas e C*-algebras. Apresentamos condigoes necessarias e suficientes sobre tais espagos de forma que determinadas
classes de polinémios satisfacam a equacao de Daugavet e a equagao alternativa de Daugavet.

1 Introducao

Seja X um espago de Banach. Dizemos que um operador linear limitado 7' : X — X satisfaz a equacao de Daugavet

se
[d+ T =1+T], (DE)
e dizemos que T satisfaz a equacdo alternativa de Daugavet se
lmlax IId +wT|| =1+ ||T]- (ADE)
w|=1

Estas defini¢oes foram apresentadas por I. K. Daugavet [3] e por J. Duncan et al. [4], respectivamente. Desde seu
surgimento, a validade destas equacoes tem sido verificada por diversos autores para varias classes de operadores
em diferentes espagos de Banach. Em particular, mencionamos os seguintes resultados de M. Martin & T. Oikhberg
[6].
Teorema 1.1. Seja U uma JB*-tripla.
(i) Todo operador fracamente compacto em U satisfaz (DE) se, e somente se, U nao possui tripotentes minimais.
(i) Todo operador fracamente compacto em U satisfaz (ADE) se, e somente se, todos os tripotentes minimais de
U sao diagonalizantes.

Teorema 1.2. Seja A uma C*-dlgebra.

(i) Todo operador fracamente compacto em A satisfaz (DE) se, e somente se, A é nao-atémica.

(i) Todo operador fracamente compacto em A satisfaz (ADE) se, e somente se, todas as proje¢des atomicas de A
sao centrais.

Recentemente Y. S. Choi et al. [1] generalizaram as defini¢ées da equagao de Daugavet e da equagdo alternativa
de Daugavet para fungoes limitadas em um espago de Banach X da seguinte forma: se /o, (Bx, X) é o espago de
Banach de todas fungoes limitadas de Bx para X, munido com a norma do supremo, dizemos que uma funcao
® € (oo (Bx, X) satisfaz a equagdo de Daugavet se

[1d+ @[ =1+ 2], (DE)
e dizemos que ® satisfaz a equacdo alternativa de Daugavet se

max 11+ w®| =1+ ||| (ADE)
Estas equagoes tem sido estudadas em particular para polinémios. Para mais detalhes, consulte [1], [2] e [5].

O objetivo deste trabalho é generalizar os Teoremas 1.1 e 1.2 para polindmios aproximaveis.
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2 Resultados

Motivados pelo Teorema 1.1, estabelecemos o seguinte resultado sobre a equacao de Daugavet e a equacao alternativa
de Daugavet para polinémios.

Teorema 2.1. Seja U uma JB*-tripla.
(i) Todo polinémio aprozimdvel P : U — U satisfaz (DE) se, e somente se, U nao possui tripotentes minimais.

(i) Todo polinémio aprozimdvel P : U — U satisfaz (ADE) se, e somente se, todos os tripotentes minimais de U

sao diagonalizantes.

A partir do Teorema 2.1 é possivel obter um resultado correspondente para C*-4lgebras. Para tanto, considere-
mos uma proposicao preparatéria que nos permitird constatar tal resultado.

Proposigao 2.1. Seja A uma C*-dlgebra. Entdo:
(a) A é uma JB*-tripla;
(b) A possui projecoes atémicas se, e somente se, possui tripotentes minimais;

(c) Todas as projecoes atomicas de A sdo centrais se, e somente se, todos os tripotentes minimais de A sao

diagonalizantes.
O seguinte resultado segue claramente do Teorema 2.1 e da Proposicao 2.1.
Teorema 2.2. Seja A uma C*-dlgebra.
(i) Todo polinémio aprozimdvel P : A — A satisfaz (DE) se, e somente se, A é ndo-atdmica.

(i) Todo polinémio aprozimdvel P : A — A satisfaz (ADE) se, e somente se, todas as projecoes atomicas de A
sao centrais.
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SISTEMAS GLOBALMENTE LIPSCHITZ GOVERNADOS PELO
p—LAPLACIANO EM DOMINIO ILIMITADO

ERIKA CAPELATO * & CLAUDIA B. GENTILE !

1 Introducao

Neste trabalho vamos provar, a patir da teoria de atrator pullback [3] e [4], a existéncia do atrator e de trajetérias

completas extremas para o sistema nao-autonomo globalmente Lipschitz envolvendo o p-Laplaciano:

{ gru — div (Ivu\”*2 Vu) +a(z) [uf ?u=C(t,z)u+ D(t,x),t > 7 an

u(t) = ug € L*(R")
com 2 < p < n, C(t) € L°R") e D(t) € L*(R") para cada t > 7; t — ICON e ®ny t = NCE 2@
et — |[D(t)|| p2(gny sdo fungdes limitadas em limitados do tempo, absolutamente continuas, nao decrescentes e
diferencidveis com derivada positiva. Assumimos que a funcdo continua a : R™ — R é ndo-negativa, a(z) > 1 q.t.p.

em R"” e satisfaz a seguinte condicao:

1
A maijor dificuldade quando trabalhamos com dominios ilimitados é estabelecer as imersdes compactas de Sobolev
dos espacos de fungoes. Neste trabalho vamos obter estes resultados em um espaco com peso, F, também considerado

nos trabalhos de [1] e [8], e definido por:

E= {u € Wl’p(R");/ a(x) [u(z)|F dr < oo}

n

Vu(z)|? + a(z) ju(x)|” dac)l/p , 0 qual é um espago de Banach reflexivo.

com norma dada por HUHE = (flR"

2 Resultados

Podemos mostrar que o operador da parte principal do sistema (1.1) é maximal monétono entéo, como a perturbagao
é globalmente Lipschitz teremos pela Proposi¢ao 3.13 em [2] que existe uma tnica solugdo para (1.1) que vamos

denotar por u(t) = u(t, 7)ug. A préxima proposi¢ao é uma adaptacao de um resultado similar encontrado em [8]:

Proposicao 1: Assuma verdadeira a condi¢ao (1.2). Entdo E — L*(R™) para 2 < s < p* = npfp. Além disso, E

estd compactamente imerso em L°(R™) para 2 < s < p*.

Considerando o resultado acima e as mesmas técnicas usadas em [7] podemos obter as seguintes estimativas

para a solugdo do problema (1.1):

*Departamento de Economia, UNESP, SP, Brasil, erikaQfclar.unesp.br
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Lema 1: Se u é solugao de (1.1) existem uma fungdo « : R — R crescente e limitada em limitados e T > 0 tal
que para todo 7 € R temos max {”u(t)”;(u@n) , ||u(t)||%} < af(t), para todo t > 7 + Tp e para todo ug € L?(R").

Considerando a definicio de Processo, ver [4], e usando o Lema 1, para cada v € L*(R"); t,7 € R com t > T
podemos mostrar que U (t,7)v = u(t, 7)v define um Processo. Com isto podemos enunciar os resultados principais
do nosso trabalho:

Teorema 1: O processo associado ao problema (1.1) possui um atrator pullback.

Prova: Pela Proposicio 1 e pelo Lema 1, para cada t € R, o fecho da bola de centro zero e raio 3(t) em L?(R")
forma uma familia de conjuntos compactos que atrai (pullback) todos os subconjuntos limitados de L?(R™) pelo

Processo. Logo, pelo Teorema 2.2 em [4], o Processo associado ao problema (1.1) possui um atrator pullback.

Teorema 2: Seja {U(t,7)},>, um processo mondtono e seja A = {A(t)},cp seu atrator pullback com U, <4 A(7)
limitado para cada ¢ € R. Entao existem Ty > 0 e z.(t), z*(t) € A tal que:

1. z.(t) (respectivamente z*(t)) é a trajetéria completa minimal (respectivamente maximal) no sentido que para
qualquer a(t) € A temos z.(t) < a(t) < z*(¢t), para todo t > 7 + Tp;

2. U(t,s)x«(s) = z.(t), para todo t > s > 74+ Ty e U(t, s)z*(s) = 2*(t), para todo t > s > 7+ T. Ou seja, . €

x* sao trajetérias completas extremas.
Prova: Adaptacao do Teorema 2 em [5].

Observamos que se A = {A(t)},.p ¢ o atrator pullback para o processo associado ao problema (1.1) entao
U,<;A(7) é limitado para cada t € R. Logo, pela hipétese imposta na perturbagao do problema (1.1) e pelo
Teorema de Comparagao 3.5 em [6] temos que o processo é mondtono, ver definigdo em [5]. Logo, as hipSteses
do Teorema 1 sdo satisfeitas garantindo a existéncia das trajetdérias completas extremas para o atrator pullback

associado ao problema (1.1).
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BLOW-UP OF SOLUTIONS FOR THE KIRCHHOFF EQUATION OF
R-LAPLACIAN TYPE WITH BOUNDARY DAMPING AND SOURCE
TERM

E. C. LAPA * & B. G.TORRES ' & J. B. BARROS ¥ & F. L. BARBOZA ¢}

Abstract

In this article we consider the Kirchhoff equation of r-Laplacian type with nonlinear boundary damping and
source term.We shall show that ,for suitable condition on the initial data and positive initial energy ,the solution
blows up whenever L ,the length of the string, is large enough.So this length makes an impact on the blow up

time.

1 Introduction

In this study we are concerned with the following initial boundary problem

L
(Juel' ), — M </0 e¢(z)uxlrdx> e (P gl ) =N i 0, DIxRT
u(0,¢) =0 (1.1)
L
M (/ e¢(”)|um7'dx) lug (L, )| 2 ug (L, t) = —|us (L, t) ™ tuy (L, t)
0
u(z,0) = u’(z), u(z,0) =u'(z),

where I, > 2, m > 1, p > 1 are constants, M is a non-negative locally Lipschitz function , 0, L[ is a bounded open
interval in R and ¢ € W1°°(0, L) .

When M =1, ¢ =0and r =1 =2 the system (1.1) has been extensively studied. Fen et al [2] considered (1.1)
and obtained the blow up results with negative initial energy and one of the following conditions A) 2m < p+ 1
B)2m >p+1and L > (;)—S%' Recently, Liu W. et al [3] extended the blow up results of [2] to solutions with
nonnegative initial energy .

When ¢ =0 and r =1=2, M is not a constant function and (1.1) has only Dirichlet boundary condition , without
the source term , is often called the wave equation of Kirchhoff-type (in the case | = 2 and r # 2, the equation is
called The Kirchhoff equation of r- Laplacian type).

When ¢ =0, M = M(¢t) and r =1 = 2, Ha T.G [4] considered the semilinear wave equation with boundary
damping and source terms. He proved blow up of solutions with positive initial energy by using potential well
theory. In [1] , the first author proved the global existence of the solutions .

In the present article, we investigate the blowing up of solutions of the initial boundary value problem for the
Kirchhoff equation of r- Laplacian type with nonlinear boundary damping and source term. We will extend to the

problem (1.1) the argument introduced in [3] to prove our result.
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2 Mathematical Results

In order to state our main result,we make the following hypothesis

(M) M is a nonnegative locally Lipschitz function satisfying M (s) > my for all s € [0, 00|
and there exists m; > 1 such that mlj\/i(s) > M(s)s for all s € [0,4+00] , / M\
By V we denote the Banach space

V={weW"(0,L): w(0) =0}

We denote |.|, to be LP — norm , p > 2 . let u be a solution of (1.1) we define the energy by

-1 L #(z) 1 1~ r o(z) T 1 . ¢(x) +1
E(t)=— e? P |y |'de + =M lug|"dx | — —— e |lu|PT dx
l 0 r 0 + 1

and the partial energy function
I(t) = molug|" — Alu"*!
where a <e®@ <A | Vz €0, L[
Let B; be the best constant of the sobolev embedding V « LP*1(0,L) given by

Byt =inf {|uy|, :u € V; |ulppr = 1}

r/(p+1-r)
We set ag = (Xgl and F; = (% — r}rl) a®+D/ (1= 0

Our main result reads as follows

Teorema 2.1. let u(x,t) be a solution of system (1.1).Assume that 2m >p+1, I(0) <0 and for any 0 < 6 < 1,
0 < E(0) < 0E1. Moreover, assume that L > C,. 9 .for some C,. 9 > 0 (to be specificated in the proof). Then the

solution blows up in finite time.

Proof We define suitable functionals and prove the inequality

th( H)>TLTa(), V>0

where I'1 , o are positive constants. This completes the proof.
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PROPRIEDADES DE IDEAL DO OPERADOR DE INTEGRACAO DE
DUNFORD

F. J. BERTOLOTO* & G. BOTELHO I & A. M. JATOBA*

1 Introducao

Em [2] séo estudadas as propriedades de ideais de operadores gozadas pelo operador de integragao em relagdo a uma
medida vetorial. Seguindo esta linha, neste trabalho investigamos as propriedades de ideais de operadores gozadas
pelo operador de integragao de Dunford.

Ao longo do trabalho F' sera um espago de Banach real ou complexo, F’ denotara seu dual topologico, (2, %, )
denotara um espago de medida finita, Idp: F — F o operador identidade em F e Jgp: F — F” o mergulho

canonico.

Definigao 1.1. Definimos o espago das fungoes fracamente Lebesgue integraveis por:
LY, F)y ={f:Q— F; @ofeL(u),VeeF}

Lema 1.1. (Diestel e Uhl [1, Lema IL.3.1], Ryan [4, p. 52|) Sejam f € L'(u, F)y € X C © um conjunto mensuravel.

Entao existe um elemento de F", denotado por | « fdp, satisfazendo

<%/deu>=/xw0fdm

Definigao 1.2. O vetor fX fdp do Lema 1.1 é denominado integral de Dunford de f sobre X. Quando fX fdpeF
para todo conjunto mensuravel X C €, dizemos que f ¢é integravel segundo Pettis, e neste caso [ < Jdp & chamado
de integral de Pettis de f sobre X.

para todo ¢ € F'.

Denotaremos por D(u, F') e P(u, F') os completamentos dos espagos de todas as fun¢bes Dunford e Pettis

integraveis, respectivamente, segundo a norma conhecida por norma de Pettis:

|fli= sup [ |po fldpu.
$pEBRr JO

Agora estamos em condigoes de definir o operador de integracao de Dunford:
Definigao 1.3. (i) O operador de integragao de Dunford é definido por
Ip: D, F) — F"
f — fQ fd,u.
(ii) O operador de integrag¢ao de Pettis é definido por
Ip: P(u,F) — F
f — fQ fdpu.
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E claro que os operadores sdo primeiramente definidos sobre L' (y, F),,, no caso de Ip, e sobre o espaco das funcoes
Pettis-integraveis, no caso de Ip, e depois estendidos aos respectivos completamentos. E facil verificar que Ip e Ip
sao operadores lineares continuos de norma 1. O objetivo deste trabalho é determinar quando Ip pertence a um
dado ideal de operadores 2 (estamos sempre considerando ideais de operadores no sentido de Pietsch [3]). O caso
do operador Ip é trivial.

2 Resultados

Proposigao 2.1. Seja 2 um ideal de operadores. Considere as seguintes afirmacgoes:
(a)[p € A(D(u, F); F").
(b)Ip € A(P(p, F); F).
(c)Idp € UA(F; F).
(d)Jp € A(F; F").
(e)Idpn € A(F; F').
As seguintes implicagoes sdo verdadeiras para todo espago de Banach F e todo espago de medida finita: (a)= (b)<
(¢)= (d)«= (e) = (a).
E 6bvio que todas as afirmacoes sdo equivalentes para um espaco reflexivo F. O proximo resultado exibe um

outro caso em que todas elas equivalentes:

Teorema 2.1. Se o ideal 2l é simétrico (cf. Pietsch [3, p. 68]), entdo as afirmagoes da Proposicao 2.1 sdo equivalentes
para todo espago de Banach F.

Temos também o seguinte:

Teorema 2.2. Se F nao contém copia de ¢y e 2 é um ideal de operadores regular (cf. Pietsch [3, p. 70]), entdo as
afirmagoes (a)-(d) da Proposicao 2.1 sao equivalentes.

Terminamos este trabalho exibindo exemplos que comprovam que as afirmagoes nem sempre sao equivalentes,
o que justifica a busca de condigoes sob as quais valem as equivaléncias. No primeiro exemplo temos um ideal nao
simétrico em que (d)# (a) e (c) % (a).
Exemplo 2.1. Considere Ip: D(p,co) — £oo(= (¢0)”), em que p ¢ a medida de Lebesgue em Q = [0, 1]. Vejamos
Ip é sobrejetor: dado y = (an)n € ¢oo, considere f:[0,1] — ¢o dada por

f(t) = (a1x10,1 (1), 2a2x(0,31 (%), - - - s nanXxo, 11 (1), - --)-

Prova-se que f € L'(p,co)w € que f[o 1] fdp = y. Chamando de S o ideal dos operadores de imagem separavel
temos Id., € S mas Ip ¢ S.

No proximo exemplo temos um caso de um ideal regular em que (a)# (e).

Exemplo 2.2. O ideal S é regular |3, Prop. 4.5.8]. Seja F' um espago separavel que ndo contém copia de ¢, com

F’ nao separavel. Entao Ip € S mas Idp» ¢ S. Um exemplo de espago de Banach que satisfaz essas hipoteses é (7.
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CONVERGENCE ESTIMATES OF THE DYNAMICS OF A HYPERBOLIC
SYSTEM WITH VARIABLE COEFFICIENTS

FLANK D. M. BEZERRA * & MARCELO J. D. NASCIMENTO |

A damped hyperbolic equation with a dissipative nonlinearity posed in the energy space H(Q) x L%(9) is
considered. The differential operator involved is not the Laplace operator but rather the operator —div(a.(z)V)
that has its coefficient depending on a parameter e. We analyze the behavior of the global attractors as the
parameter € tends to 0.

1 Introduction

In this paper we will study the damped wave hyperbolic equation with variable coefficients subject to zero Dirichlet
boundary condition
U +auy + Acuw = f(u), t >0, and w(0) =wup, u(0)=uy, (1.1)

where a > 0, and A, = —div(a.V), € € [0,1], with (ug,u1) € H() x L2(Q), @ c RY (N > 1) is a bounded
connected domain with a sufficiently smooth boundary 92, and a. are functions in L>°(€2) such that there are
constants mg and My for which the ellipticity (or “accretivity”) condition holds

0 <mo < ac(z) < My, z € Q. (1.2)

The nonlinearity f : R — R is a twice continuously differentiable function, bounded with bounded derivatives
up to second order and satisfies the dissipative condition

f(s)

limsup —= < po1 (1.3)
|s|—+o0 S
where f191 > 0 is the first eigenvalue of Ag with zero Dirichlet boundary condition.

Now, we assume some growth condition on the nonlinearity f. Suppose that there is ¢ = ¢, > 0 such that
[f' () <c(l+]s), seR (1.4)

Whereogpgﬁ if N >3and pel0,00)if N=1,2.

The hyperbolic equation (1.1) is related to the problem of the modeling of wave propagation in inhomogeneous
media. The real parameter € represents the fact that, as € goes to zero, a. converges to ag uniformly in 2. The
problem (1.1) have hyperbolic structure, but not type parabolic structure, see [4]. Since we are concerned with the
asymptotic behavior of solutions of the problem (1.1) this gave us an extra difficulty, because we will not have some
estimates inherent in the analytic C°—semigroups associated with parabolic problems.

When the differential operator involved is not the operator A, but rather the Laplace operator, issues such as
analyticity, differentiability and asymptotic stability of the C°—semigroups associated with the initial-value problem
n (1.1) have been considered in the literature.

The attractors associated with damped wave equations have been considered by many authors and much progress
has been achieved; see [3] and references therein. In general, to treat the problem of robustness (i.e. lower and

upper semicontinuous) of attractors of wave equations, the authors consider a class of perturbed wave problems
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possessing parabolic structure. But, little information on the rate of approach is given, under our point of view (see
[1]). We will use these arguments here to prove a result of convergence with rate of the attractors associated with

hyperbolic problem. In this direction, we completed the works cited above.

2 Mathematical Results

The motivation for considering the problem (1.1) lies in the fact that the assumptions (1.3) and (1.4) are enough to
prove that family of attractors behaves upper semicontinously at € = 0. To prove that the further that the family
of global attractors behaves lower semicontinuously at € we will assume that the hyperbolicity condition holds at
e=0.

Aim of this work is to use the difference ||ac — agl| (o) to compare the proximity between the perturbed and
limit attractor (cf. [2]), in this sense, we obtain

max{dist(Ae, Ap), dist(Ap, Ac)} < C|lac — aoHiw(Q), for some p € (0,1)

where dist(-,-) denotes the Hausdorff semi-distance dist(X,)) = sup,cy infpey |a — b|. For this purpose, the key
point of our analysis is to obtain first good estimates on the distance of the resolvent operators of the perturbed
wave operator, which in turn they are based on good estimates on the distance of the resolvent operators associated
to the elliptic operators. Once this is done, estimates on the linear semigroup and the nonlinear semigroup are
analyzed. Then after a detailed analysis of the convergence of the equilibria and of its unstable manifolds, and
with an estimate on how the nonlinear semigroups approach each other one can obtain a measure on the distance
of attractors. Moreover, to characterization of eigenvalues, we will use the arguments used in the Proposition 2.1

in [4] and we will see that this eigenvalues accumulate at +ioco.
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NOVOS RESULTADOS SOBRE FUNCOES CONTINUAS QUE ATINGEM
MAXIMO EM UM UNICO PONTO

G. BOTELHO, * & D. CARIELLO '& V. FAVARO ! & D. PELLEGRINO, ! & J. SEOANE T

Este trabalho visa generalizar resultados de Gurariy e Quarta [1] sobre a existéncia de espagos vetoriais,
exceto pela origem, de fungoes reais continuas que atingem méaximo num tnico ponto do dominio. Utilizando alguns
conceitos topoldgicos, provaremos que resultados ja conhecidos para fungoes definidas em certos subconjuntos de
R, também sao validos para funcoes definidas em dominios bem mais gerais. Na mesma linha de Gurariy e Quarta,

provaremos que, dependendo da dimensao requerida, tais subespacos podem existir ou nao.

Mais precisamente, dado um espacgo topolégico D, denotamos por C(D) o espago vetorial de todas as fungoes
reais definidas em D e por c (D) o subconjunto de C' (D) de todas as fungdes que atingem méximo exatamente uma
vez em D. Os principais resultados provados por Gurariy e Quarta nesta linha sdo os seguintes:

(A) C [a,b) contém, exceto pela origem, um subespago vetorial de Cla,b) com dimensao 2.

~

(B) C(R) contém, exceto pela origem, um subespago vetorial de C(R) com dimensao 2.
(C) Nao existe subespaco de C [a,b] com dimensao 2 contido em C [a,b] U {0}.

Neste trabalho, estendemos os resultados de (A) para espagos de fungoes definidas em espagos topoldgicos que
podem ser incluidos continuamente em alguma esfera euclidiana S™.

Também estendemos os resultados de (B) para espacos de fungoes definidas em dominios mais gerais e que inclui
R.

O caso mais interessante é a generalizagao de (C) para espagos de fungoes definidas em subconjuntos compactos

de R™. Nesse caso, provamos o seguinte resultado:

Teorema 0.1. Seja K um subconjunto compacto de R™. Entio C(K) U {0} nio contém subespago de C(K) com

dimensdo m + 1.

Por outro lado, exibiremos um compacto K C R™ tal que C'(K)U{0} contém subespaco de C(K) com dimensio
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NEW EXAMPLES OF m;-HOLOMORPHY TYPES

GERALDO BOTELHO *, ERHAN CALISKAN T & GISELLE MORAES*

The concept of holomorphy types (Definition 0.1), which goes back to Nachbin [10], has been refined by Favaro
and Jatobd [6, 7] and this new concept, called m-holomorphy types (Definition 0.2), has recently found interesting
applications in [2] to the hypercyclicity of convolution operators on spaces of holomorphic functions of bounded type
in infintely many complex variables. One problem is that only a few examples of m-holomorphy types are known,
essentially classes of nuclear-related homogeneous polynomials. The aim of this work is to show how composition
polynomial ideals (Definition 0.3) can be used to provide new examples of 7;-holomorphy types.

Let us fix the notation and give the basic definitions. Henceforth E, F' and G shall be real or complex Banach
spaces and P("E; F') denotes the Banach space of all continuous n-homogeneous polynomials from E to F endowed
with the usual sup norm. When F is the scalar field we simply write P("E). For P € P("E; F), a € E and k < n,
d*P(a) stands for the k-th derivative of P at a. Details can be found in [9]. Operator ideals are always considered
in the sense of Pietsch [11].

Definition 0.1. (Nachbin [10]) A holomorphy type © from the Banach space E to the Banach space F' is a
sequence of Banach spaces (Po("E;F))22,, the norm on each of them being denoted by | - ||, such that the
following conditions hold:

(i) Each Po(™E; F) is a linear subspace of P("E}; F).

(ii) Po(°E; F) coincides with P(°E; F) = F as a normed vector space.

(iii) There is a real number o > 1 for which the following is true: given any k € No, n € No, k < n, a € E and
P € Po("E; F), we have

d*P(a) € Po(*E; F) and H;‘d’cp(a)

<o"[Ple - lla]"7* .
©

Definition 0.2. [2, Definition 2.5(a)] A holomorphy type (Po("E; F))S%, from E to F is said to be a 71 -holomorphy
type if the following conditions hold:

(i) Polynomials of finite type belong to (Pe("E; F))52, and there exists K > 0 such that ||¢" @b|le < K"|¢[|™|0]]
forall p € E*, b€ F and n € N;

(ii) For each n € N, P¢("E; F) is dense in (Po("E; F),| - le)-

Definition 0.3. [5] Given an operator ideal Z, a polynomial P € P("E; F') belongs to the composition polynomial
ideal T o P, denoted P € ZoP("E; F), if there are a Banach space G, a polynomial @ € P("E;G) and an operator
u € Z(G; F) such that P=uo Q. If (Z,| - ||z) is a quasinormed operator ideal, the expression

[Pllzop = inf{[lulz - |Ql : P=uoQ, ueI(G;F), Q€ P("E;G)}.
makes 7 o P a quasinormed polynomial ideal.
1 Main results

In the scalar-valued case it is well known that Z o P("E) = P("E) isometrically [5, 3.2], so it is obvious that
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(ZoP("E))2, is a m-holomorphy type if and only if Py("E)

is norm dense in P("E) for every n € N.

As to the density condition above, according to Vieira [12], a Banach space E is said to be a Tsirelson-like
space if E is reflexive and Py (" E) is norm dense in P("E) for every n € N. The reason for this terminology is that
Tsirelson’s original space, the first example of a Banach space not containing cy or £, for 1 < p < oo, enjoys this
property (see [1]). Tsirelson-like spaces (not necessarily with this terminology) have found applications in several

contexts. As we have seen above, we shall not need the reflexivity of the space, so we define the following:
Definition 1.1. A Banach space E is said to be semi- Tsirelson if Py (™ E) is norm dense in P("E) for every n € N.

Of course every Tsirelson-like space is semi-Tsirelson. For nonreflexive spaces, ¢y and the Tsirelson-James space
T are semi-Tsirelson (see [4, Remark 23(b)]). In contrast to the scalar-valued case, in the vector-valued case the

domain space being semi-Tsirelson is no longer a sufficient condition:

Example 1.1. Let K and W be the closed ideals of compact and weakly compact operators, respectively. Let E
be an infinite-dimensional Tsirelson-like space and 0 # ¢ € E*. By [3] we know that the mapping P: E — FE,
P(z) = p(z)""1 - 2, is a non-compact weakly compact n-homogeneous polynomial. Using [5, Proposition 3.2(b)]
we can prove that P ¢ K o P("E;E) and P € Wo P("E; E). Since P;("E; E) C K o P("E; E), it follows that,
although F is a semi-Tsirelson space, (W o P("E; E))%2, fails to be a m1-holomorphy type.

In view of the example above, in addition to the domain space being semi-Tsirelson, some condition should be

imposed on the target space to obtain a m1-holomorphy type. We have found such a condition in [8]:

Definition 1.2. [8, Definition 4.3] Let (Z, || - ||z) be a normed operator ideal. A Banach space E has the (Z, || - ||z)-
approximation property if ]-'(F;E)H-HI = I(F;E) for all Banach spaces F, where F is the ideal of finite rank

operators.
Here are the new examples of 7m1-holomorphy types we provide in this work:

Theorem 1.1. Let (Z,| - ||z) be a Banach operator ideal, let E be a semi-Tsirelson Banach space and let F be a
Banach space with the (Z,|| - ||z)-approzimation property. Then (Z o P("E; F))22, is a w1 -holomorphy type.
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EXTENSOES COMPACTAS DE OPERADORES MULTILINEARES

GERALDO BOTELHO * & KUO PO LING |

O objetivo deste trabalho é provar que, sob certas condigoes, as extensoes de Nicodemi de operadores multi-
lineares compactos sd@o compactas também. Uma aplicagdo deste resultado para a teoria isométrica/isomorfa de

espacos de operadores multilineares compactos é fornecida.

Comegamos por descrever as extensoes de Nicodemi, que foram introduzidas por P. Galindo, D. Garcia, M.
Maestre e J. Mujica [6] seguindo uma idéia original de Nicodemi [10] (veja também [5] e [8]). Neste trabalho,
E, F e G sdo espagos de Banach (reais ou complexos), m é um numero inteiro positivo e L("™E;G) denota o
espaco de Banach de operadores m-lineares continuos de E™ em G munido com a norma do supremo. Quando
m = 1, simplesmente escrevemos L(E, G) para o espago dos operadores lineares, e quando G é o corpo dos escalares
K = R ou C, escrevemos L("FE) := L(ME;K) e E' := L(F;K). Dados inteiros positivos m e n, consideramos os

isomorfismos isométricos candnicos
L L("TE;G) — L(ME; L(ME;G)) 5 T n(A)(2) (y) = Az, y);

T L(ME; L("F;G)) — LO"F; L(ME; Q) Tonn(A)(2)(y) = Ay)(2).

Escrevemos I, 1 = Iy, € Tpy,1 = T, Dado um operador linear e continuo Ry: L(E;G) — L(F;G), definimos um
operador linear e continuo

R..:L(ME;G) — L(TF;G),
para todo m, por indugao, colocando
Riy1(A) := LT N (R 0 T (Ry © L, (A)))).

A sequéncia (R;,)°_; é chamada de sequéncia de Nicodemi comecando com R;. Se E é um subespago de F e,
para cada u € L(E;G), R1(u) é uma extensdo de u para F, entdo para cada m e cada A € L(™FE;G), R,,,(A) é uma
extensao de A para F™. Por L;(™E;G), denotamos o subespaco de L(™E;G) de todos os operadores m-lineares
de tipo finito. Por Li(™E;G), denotamos o subespago fechado de L(™E; G) de operadores m-lineares compactos.

O espago de operadores lineares compactos (m = 1) é denotado por K(F;G).

1 Resultados Principais

De acordo com a notacao estabelecida acima, o objetivo deste trabalho entdao é determinar condicoes sobre os
espacos de Banach E e G tais que se a extensao de um operador linear compacto por R; também é um operador
linear compacto, entao a extensao de um operador m-linear compacto por R,, também é um operador m-linear
compacto, isto é,

Ri(K(E;G)) C K(F;G) = Run(Lic("E;G)) C Lic("F;G).

Nosso resultado principal decorrerd da seguinte série de lemas:

Lema 1.1. Sejam E um espaco de Banach tal que Li(ME) = L(™E) e G um espaco de Banach com a propriedade
de aprozimagao. Entao L¢(ME;G) = Lic(™E; Q).
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A demonstragao do lema acima é uma adaptagao da demonstragao de [4, Theorem 3.6].

Lema 1.2. Seja A€ L(™E; L("F;G)). Entio A € Li(™E; Lx("F;G)) se, e somente se,
Tm,n(A) S £;C(nF; [:)C(mE; G))

A demonstracao do lema acima é uma aplicagao do refinamento do Lema da Precompacidade de Kakutani obtida
por Mujica [9].

Lema 1.3. Para todo m,n € N, I)! (Lx("E; Lx("E; G))) C Lx(™T"E; G).

Lema 1.4. Para todo m,n € N, I, , (Lic("T"E;G)) C L(ME; L ("E; Q).

O resultado principal do trabalho é o seguinte:

Teorema 1.1. Se R, (K(E;G)) C K(F;G), Lf(ME) = L(™E) para m =1,...,k, e G um espaco de Banach com
a propriedade de aproximagao, entao Ry, (Lic(ME;GQ)) C Lic(MF;G) param =1,...,k.

Como aplicagao do teorema principal obtemos o

Teorema 1.2. Sejam E um espaco de Banach tal que L(ME) = L(TE) para m = 1,...,k, e G um espago
de Banach com a propriedade de aprozimacdo. Se K(E;G) e K(F;G) sdo (isometricamente) isomorfos, entio
Lic(ME;G) e Li(™F;G) sao (isometricamente) isomorfos para cada m € {1,...,k}.

Como exemplos de espacos E satisfazendo a condicao W = L(™E) dos dois teoremas acima temos:
° W = L(™¢,) para m < p (relembre que ¢, é um espaco reflexivo com a propriedade da aproximagéo e entéo
combine [2, Proposition 4.1 e Proposition 3.5].
e L;(mcy) = L(™cp) para todo m (veja, por exemplo, [7, Theorem 3.4.1].
e Se T™ denota o espago de Tsirelson original, entao W = L(™T"*) para todo m (relembre que T é um espago
reflexivo com a propriedade da aproximacao - pois tem base de Schauder - e entdao combine [1, Theorem 6] com [2,
Proposition 3.5].

e Se T; denota o espaco de Tsirelson-James, entdao L(™T5) = L(™T7) para todo m (veja [3, Remark 23(b)].
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ON A SYSTEM OF A NON-NEWTONIAN MICROPOLAR FLUID

GERALDO M. DE ARAUJO *, MARCOS A. F. DE ARAUJO ' & ELIZARDO F. L. LUCENA ?

1 Introduction

Let Q be a bounded domain in R? with smooth boundary 02, and let 7' > 0. We denote by Q7 the time space
cylinder I x Q, with lateral boundary ¥ = I x 92, where I = (0,7 is a time interval. In this work we study the
problem described by the equation

089 [t wolew)e(w)] +(u- V)t V=V < f in Qr,
V-u=0 in Qr
0 - e Pe(w)]+ (u- Vwtaw=bY xutg in Qr, (1)

u=0, w=0 on X,
u(z,0) =up(x), w(z,0)=wo(z) in Q,

where u(z,t) € R3, w(z,t) € R3 and p(x,t) € R, denotes for (x,t) € Qr, respectively, the unknown velocity, the
microrotational velocity and the hidrostatic pressure of the fluid. The functions f = (f1, f2, f3) and g = (g1, 92,93)
stand given external body forces, e = e(u) : R® — R denote the symmetric part of the velocity gradient, i. e.,

sym
1
e(u) = 3 [Vu+ (Vu)T] (1.2)
whose components are defined as in [7] by
Ou;, = Ou;
2e;; = — L i,j=1,2 .
€ij oz, + 0z, 1,] ,2,3 (1.3)

and Ri’zm represents the set of all symmetric 3 x 3 matrices, i. e.,

R ={DeR¥;N, =N, i,j=1,2,3}.

sym

Fluids described by (1.1) are sometimes named fluids with shear-dependent viscosity. Models belonging to this
class of non-Newtonian fluid mechanics are frequently used in several fields of chemistry, glaciology, biology and
geology, as discussed in Malek, Rajagopal, Ruzicka [5].

Notice that, using the notation

(Ku, o) = (—voV.(le(u)|?e(u)), ) = 1/0/ |e(u)|2eij(u)eij(g0)dm forall p e VyNV, (1.4)
Q
we have
<IC’LL1 — ICUQ,U;I — u2> :1/0/[|e(u1)|26ij(u1) — |6(’U,2)|2€ij(UQ)] [eij(ul) - eij(UQ)] dx > 0, (15)
Q
because M = |e(u)[? is monotonous. Is not difficult to show that K : V; NV — (V4 N V)" is monotonous,

hemicontinuous and bounded.
We remember that V; = V4(Q) is usually defined as the closure of V in the space W14(Q)-norm of gradient,

1/4
that is, ||Vu||s = {/ |Vu(x)|4} . For details about the other functional spaces, see for instance, Lions [3].
Q
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2 Mathematical Results

Definicao 2.1. We consider ug € H,wo € L*(Q)3, f,g € L*(I;L*(Q)?). A weak solution to (1.1) is a pair of
functions {u,w} such that u € L*(I;V,) N L*(I; V)N L®(I; H), w € L>=(I; L*(2)3) N L*(I; HE (Q)?), satisfying the

identity
T ou T
50 dt +v a(u, )dt + b(u u, p)dt + v | Iei; (u)ei; (p)dxdt
0 0 0
T T

z/ (wa,gp)dt—i—/ (f,)dt, Yo € D(I;V),
0 0

/OT<j;:,¢>dt+/0Tb(Z,w»¢)dt+a/ w d)dt—i—z/l/ /| eij (w)eq; () dadt

:b/o (v ><u,¢>)dt+/o (g, 0)dt, Yo € D(I: D(Q)),
U(O) = Uo, U)(O) = wy.

(2.6)

Teorema 2.1. Let ug € H, wy € L*(Q)3, f,g € L?(I; L*>(Q)3). Then there exists a weak solution to Problem (1.1).

Teorema 2.2. The weak solution of the problem (1.1) is unique if n = 2.

Teorema 2.3. If ug € VNV, wo € H}(Q)3, f,g € L2(L?(Q)3) , then there exists a pair of functions {u,w}
defined for (z,t) € Qr, solution to the boundary value problem (1.1) satisfying the following regularity properties

we O H), we I¥(I V), 9 e (1 H), w e C(I IA(9), we IX(1 HY(Q)), 50 e (1 I2()°).

In the proof of Theorem 2.1 the key point is the passage to the limit in nonlinear elliptic term involving |e(u)|?e(u)
and |e(u)|?e(w). For this we use Faedo-Galerkin’s method, Lemma de Korn’s (see [1]), an argument of compactness
and standard monotone operator method (see [2] and [3]). In the proof of Theorem 2.2 we use the method of energy

and in Theorem 2.3 we obtain regularity taking ¢, = ul,, ¢, = w,, in the Galerkin’s approximation.
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ON FRACTIONAL INTEGRO-DIFFERENTIAL EQUATIONS WITH
STATE-DEPENDENT DELAY

GIOVANA SIRACUSA * RAVI AGARWAL ' & BRUNO DE ANDRADE *

1 Introduction

In the last decades, the theory of fractional calculus has gained importance and popularity, due mainly to its
demonstrated applications in the most varied fields of sciences and engineering. Likewise, it is well known that
functional differential equations with state-dependent delay appear frequently in applications as model of equations
and for this reason the study of this type of equations has received great attention in the last years.

However, research in these equations is very limited to ordinary differential equations. The main subject of this
work is to obtain sufficient conditions for the existence of mild solutions for a class of fractional integro-differential
equations with state-dependent delay described in the form

u'(t) :/0 %Au(s)ds—i— Ftupuyy), t€10,0], (1.1)

u(0) = ¢ € B, (1.2)

where 1 < a < 2, A: D(A) C X — X is a linear densely defined operator of sectorial type on a complex Banach
space X, the history z; : (—o0,0] — X given by x:(0) = x(t + 6) belongs to some abstract phase space B defined
axiomatically and f : [0,b] x B — X and p : [0,b] x B — (—00,b] are appropriated functions. Notice that the
convolution integral in (1.1) is known as the Riemann-Liouville fractional integral.

Equation (1.1)-(1.2) is the abstract version of the following fractional integro-differential equation which has
many physical applications, e.g., in the theory of heat conduction in materials with memory (see [6]):

w00 = [ (Yo et s+

u(t,0) =u(t,7) =0, t >0, (1.4)

mw(AEa—dwwﬂxw%)T, (13)

u(r,§) = p(1,6), 7<0,0<E <, (1.5)

where t € [0,0],£ € [0,7],0 < 8 <1< a<2and ¢ € Cy x L?*(g,X) . In the literature problem (1.1)-(1.2) has
been studied by several authors in the case without delay or with delay depending only on time. In [5] the authors
investigated existence and uniqueness of S-asymptotically w-periodic mild solutions of (1.1)-(1.2) with infinite delay,
while the case without delay has been considered in [1], [3] and [4] for existence of asymptotically almost periodic
mild solutions, asymptotically behavior of solutions and existence of S-asymptotically w-periodic mild solutions,
respectively.

The existence of mild solutions for the class of fractional integro-differential equations with state-dependent

described in the form (1.1)-(1.2) constitute an untreated topic and this fact is the main motivation of this paper
(see [2]).
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2 Mathematical Results

In the sequel we introduce the following conditions:

(Hy) The function f : [0,b] x B — X verifies the following conditions.

(i) The function f(t,-) : B — X is continuous for almost everywhere ¢ € [0,b], and for every ¢ € B, the
function f(-,%) : [0,b] — X is strongly measurable.

(ii) There exist m € C([0,b], [0, 00)) and a continuous non-decreasing function € : [0, 00) — (0, 00) such that

| £(t,0) < mBA & 1s), for all (t,1) € [0,8] x B.
(Hz) For all ¢,s € [0,b], t > s and r > 0, the set {f(s,9):s € [0,t],|| ¢ ||s< r} is relativelly compact in X.
(H,) The function t — ¢, is well defined and continuous from the set
R(p™) =A{p(s,®) : (s,¥) €[0,0] x B, p(s,1)) < 0}

into B and there exists a continuous and bounded function J¥ : R(p~) — (0,00) such that || ¢, ||[g< J¥#(¢) ||
¢ || for every ¢t € R(p).

Remark 2.1. The condition (H,,) is frequently verified by continuous and bounded functions.
The main results are as follows:

Theorem 2.1. Let conditions (Hy), (Hz) and (Hy) be hold. If
Q0 b
Ky M lim inf ﬁ/ m(s)ds < 1,
[T S )

then the problem (1.1)-(1.2) has at least one mild solution.
Theorem 2.2. Let conditions (H1), (Hz), (Hy) be hold. If p(t,) <t for every (t,v) € I x B and

b oo
1
KbM/msds</ ——ds,
0 2 c s
where C' = (My + Kby MH + J?) || ¢ ||, then the problem (1.1)-(1.2) has at least one mild solution.
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MULTIPLICITY AND CONCENTRATION BEHAVIOR OF POSITIVE
SOLUTIONS FOR A SCHRODINGER-KIRCHHOFF TYPE PROBLEM
VIA PENALIZATION METHOD

GI0OVANY M. FIGUEIREDO * & JOAO R. SANTOS JUNIOR f

1 Introduction

In this work we look positive solutions of the elliptic problem
(P;) Lou= f(u) in R’ and u € H'(IR?).

Here ¢ is a small positive parameter, L. is a nonlocal operator defined by

Lu=M (&1: /IRj |Vu|? + Ei?’ /W V(x)u2> [—®Au+ V(z)u],

M:Ry - Ry, V:R - Rand f: R — R are continuous functions which satisfy hypotheses that we will now
briefly describe.

We assume f has a 3-superlinear subcritical growth, satisfies a condition of type Ambrosetti-Rabinowitz, t —
f(t)/t3 is non-decreasing in (0, +-00) and f is null in (—oo,0]. The potential V satisfies hypotheses which were first
introduced in [3] for laplacian case (for p-laplacian case, see [2]). The function M is assumed to be increasing and
there is mg > 0 such that

M
(t1)  M(t2) < mo 1 1
t ta t1 to
for all t; >t > 0.

By considering the change of variable = ez in (P.) we obtain the equivalent problem

(P:) Lou= f(u) in R and v € H'(IR?),

Fou=M < /ms Vul? + /E@ V(ax)u2> [~ Au + V(ex)].

Problem (P;) is a natural extension of two classes of very important problems in applications, namely, Kirchhoff
problems (when V' = 0) and Schrédinger problems (when M = 1). Recently, many authors have studied problems
of that nature, see for instance [1], [4], [6] and references there in. We emphasize that, at least in our knowledge,
there is not in the literature actually available results involving problems Schriodinger-Kirchhoff type, where the
potential is like that introduced in [3].

Motivated by results found in [1], [3], [4] and [6], we study existence of multiple positive solutions of (P.) via
Lusternik-Schnirelmann theory, as well as the concentration behavior of maximum points of these positive solutions.

To obtain our main result we use the same type of truncation explored in [3], however, we make a new approach.
In fact, since the functions M and f are only continuous, we can not use standard arguments on the Nehari manifold
as in [2] and [3]. To overcome this difficulty we use a method introduced in [5].
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On the other hand, due to presence of function M and the fact that domain is unbounded, we have some
additional difficulty. For example, in general, the weak limit of the Palais-Smale sequences is not weak solution
of the autonomous problem and therefore becomes more delicate to show that truncated functional satisfies the
Palais-Smale condition.

2 Mathematical Results

Before to claim our main result we introduce some definitions.
Let X be a topological space and A a closed subset of X. We say A is contractible in X if there exists
h € C(]0,1] x A, X) such that, for every u,v € A,

h(t,u) =wu and h(1,u) = h(1,v).

We call category of A in X and denote by catx A to the least integer k such that there exists k closed subsets and
contractibles in X, Ay, ..., A, satisfying

-

A= ] A

i=1
Now, we are ready to claim our main result about (P.) problem.

Theorem 2.1. Suppose that the functions M,V and f are as above. Then, given 6 > 0 there is € = £(§) > 0 such
that the problem (P:) has at least catr (IT) positive solutions, for all e € (0,€). Moreover, if u. denotes one of these
positive solutions and 1. € R> its global mazximum, then

lim V(n.) = Vp := inf V(x),

e—0 zelR3
where
N={zeQ:V(z)=Vo} #0
and
Il = {x € R : dist(x, 1) < 6}.
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REMARKS ON A NONLINEAR WAVE EQUATION IN A
NONCYLINDRICAL DOMAIN

G. O. ANTUNES * L. A. MEDEIROS ' I. F. LoPEZ ! & M. D. DA SILVA }

1 Introduction

We consider a nonlinear wave equation in a domain whose boundary is moving in time. Let T be a positive

real number and let {Qt}te[o,T] be a family of bounded open sets of R™, with regular boundary I';. We de-

note by @ the noncylindrical domain of R"! defined by Q = U {Q x {t}} with regular lateral boundary
0<t<T

S = U {T"; x {t}}. We shall investigate the existence of solutions to the following problem:
0<t<T

W= Au+tlulf=f in Q
u=0 on % (1.1)
w(z,0) =ug () u (2,0) =uy (z) in Qo,

where the derivatives are in the sense of the theory of distributions, A represents the usual Laplace operator in R"™
and p is a postive real number satisfying some conditions.

The methodology, cf. Lions [1], consists of transforming (1.1) by means of a perturbation depending of a
parameter € > 0, into a problem defined in a cylindrical domain ). Then we have to solve the cylindrical problem

and get estimates to take the limit when € — 0.

2 Notations, Assumptions and Main Result

As usual we represent by L? (2) the Lebesgue space of square integrable functions on 2. We denote by L? (0, T;L? (Qt))
and L? (0,T; Hj (€)) the following spaces

LP(0,T; L% () = {v € L? (0,T; L* () ; v(t) € L* ()} 1 <p< o0
and
LP(0,T; Hy () = {v € LP (0,T; Hy (Q)); v (t) € Hy ()} .,1 <p < .

We develop our work under the following assumptions:

. .- " . < 3 3 s < - .
(H1) (Geometric condition) The family {Q }tE[O,T] is increasing in the following sense, if t; < to then Q;, C Q,
. o 1 _ . 1 .
- <L T8t ’
(H2) (Regularity condition) If v € Hy () and v =0 a.e. in  — Q; then v € Hy ()

(H3) (Immersion condition) 1 < p < "5 forn >3 and p > 1, for n = 2.
We observe that, as @ is limited, there exists a cylinder @ = Q x (0,7T) such that @ C Q.
For each € > 0 we are looking for u. : Q — R solution of the problem:
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ug—Au5+|u5|p+§MuE:f in Q
ue=0 in ¥ (2.2)

ue (,0) = U () . (2,0) =y (z) in Q,

where M is defined by

1 if (a:,t)eQ—(@u{QoX{O}})

M(x’t){o i (2,1) € QU {0 x {0},

f is a extension for f, null out of Q, Uy () and uy () are extensions for u, () and uy () respectively, null out of
Qo.
We call attention to the fact that the nonlinearity |u.|” causes troubles in the process of calculus of a priori

estimate for the problem (2.2), by energy method, because we get in certain point of our proof a term of the type

1

Vuthda:—Fi/ ue (t)]° ue (t) da
[ v @Pdr+ — [ e 01 a0

which one cannot control the sign. At this point of the proof we employ an argument contained in Tartar [2] plus
contradiction process.

The symbols || and ||-|| denote the norms of the Hilbert spaces L? (2) and H} (£2) respectively.

The main result is contained in the following Theorem:

Theorem 2.1. Given ug € H} (Q), ur € L? (Q) and f € L' (0, 00; L (Qy)). Set

N = (|al|2+||ao||+1p+1/ |ﬂo|”aodx+Hﬂ
Q

(1 N Hﬂ )ellflmo,mzmtm

where ug, uyand ]? are extensions of ug, up and f, respectively, and were defined above. Suppose, in addition to the

hypotheses (H1)-(H3), that
- 1\
ol < (206'“> (2.3)

1 1\
S —— 2.4
7<4<2C£“> , (2.4)

where Cy is the constant of the embedding of H} () into LPTL(Q). Then, there exists a global solution for the
problem (1.1), satisfying w € L> (0,T; H} (%)) and v’ € L> (0,T;L? ().

L1(0700;L2(Qt)))

L1(0,00;L2(2))

and
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STABILIZABILITY AND CRITICAL SET RESTRICTIONS FOR THE
ZAKHAROV-KUZNETSOV EQUATION

GLEB G. DORONIN * & NIKOLAT A. LARKIN |

We are concerned with initial-boundary value problems (IBVPs) posed on bounded rectangles and on a strip
located at the right half-plane {(x,y) € R? : 2 > 0} for the Zakharov-Kuznetsov (ZK) equation

Uy + (1 + u)uac + Ugge + Uzyy = 0, (01)
that is a two-dimensional analog of the well-known Korteweg-de Vries (KdV) equation
W + Uy + Uy =0 (0.2)

with clear plasma physics applications [18].

Equations (0.1) and (0.2) are typical examples of so-called dispersive equations which attract considerable
attention of both pure and applied mathematicians in the past decades. The KdV equation is probably more
studied in this context. The theory of the initial-value problem (IVP) for (0.2) is considerably advanced today
[1, 3, 8,9, 15, 17].

Recently, due to physics and numerics needs, publications on initial-boundary value problems in both bounded
and unbounded domains for dispersive equations have been appeared [2, 4, 5, 10, 19]. In particular, it has been
discovered that the KdV equation posed on a bounded interval possesses an implicit internal dissipation. This
allowed to prove the exponential decay rate of small solutions for (0.2) posed on bounded intervals without adding
of any artificial damping term [10]. Similar results were proved for a wide class of dispersive equations of any odd
order with one space variable [7].

However, (0.2) is a satisfactory approximation for real waves phenomena while the equation is posed on the
whole line (z € R); if cutting-off domains are taken into account, (0.2) is no longer expected to mirror an accurate

rendition of reality. The correct equation in this case (see, for instance, [1, 19]) should be written as

U + Uy + Uy + Upzr = 0. (0.3)

Once bounded domains are considered as a spatial region of waves propagation, their sizes appear to be restricted
by certain critical conditions. An important result regarding these conditions is the explicit description of a

spectrum-related countable critical set

N = %\/W-ﬁ-kl—i—l?; k,l € N.
While studying the controllability and stabilization of solutions for (0.3), the set N provides qualitative difficulties
when the length of a spatial interval coincides with some of its elements [14]. In fact, it suffices to see that function
u(z) =1 —cosz is a stationary (not decaying) solution for linearized (0.3) posed on (0,27), and 2w € N.

Quite recently, the interest on dispersive equations became to be extended to multi-dimensional models such as
Kadomtsev-Petviashvili (KP) and ZK equations. As far as the ZK equation is concerned, the results on both IVP
and IBVP can be found in [6, 12, 13]. Our work has been inspired by [16] where (0.1) posed on a strip bounded in
x variable was concerned with. Studying this paper, we have found that the term wu,,, in (0.1) delivers additional

*Departamento de Matematica, Universidade Estadual de Maringd, 87020-900, Maringa - PR, Brazil; ggdoronin@uem.br
TSupported by Arauciria Foundation; e-mail: nlarkine@uem.br

70



dissipation which may ensure decay of small solutions. For instance, the term 1y, provides the exponential decay
of small solutions in a channel-type domain; namely, in a half-strip unbounded in z direction [11]. However, there

are restrictions on a width of a channel. The following questions arise:
e Whether width limitations for these strip-like domains are somewhat technical?
e Are there some critical rectangles or strips in which solutions of ZK do not decay likewise in the KdV case?

In the present communication we put forward the hypotheses that there are critical restrictions on the size of
both bounded and unbounded domains (like N for (0.3)). Our main results are:

1. the existence and uniqueness of global solutions of (0.1) posed both on bounded rectangles and on a strip;
2. the exponential decay rate of these solutions for sufficiently small initial data;
3. explicit description of critical size conditions for linear (0.1);

4. comparison between size restrictions for linear and nonlinear models.
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NONLINEAR BOUNDARY DAMPING
FOR NONLINEAR KIRCHHOFF PLATES

H. R. CLARK? M. R. CLARK! A. T. LOUREDO! & A. M. OLIVEIRA

1 Introduction

Let Q be a bounded and set of R? with its boundary I' a C*- class. Suppose that I' is made up of two parts Iy
and I'y, both with positive measure and Iy N T is a empty set.

Let u : Q x (0,00) — R be a function which represents an approach for small transverse vibrations of a bar.
This kind of phenomenon can be described by a nonlinear biharmonic equation with variable coefficients. Our goal

here will be developed a study on these kind of equations. Precisely, we consider the equation
u + A%u—nt)Au+0(u) =0 in Qx (0,+00), (1.1)
subjected to the initial and boundary conditions

u(z,0) = uo(z), u/(x,O):ul(x) in Q,
ou

U= = 0 on Ty x(0,+00), (1.2)
oAu 0B1u ou ,
B +(1—p oy *77(15)% =d(z,u’) on T x(0,400),

Au+ (1 —p)Bou=0 on Ty x (0,+00).

The objects of initial-boundary value problem (1.1)-(1.2) are defined as follow: 7 : [0,00) = R, h:R — R and
6: 1 xR — R are given functions. The exterior unit normal vector at each point x € T" directed to the outwards
of 2 is denoted by v = (v1,12) and 7 = (—va,v1) is the unit tangential vector defined at each point x € I' and
oriented in the positive direction of I'. As x €  C R? then the vector x := (x,%) and thus the operators B; and
Bs are defined by

Biu(x,t) = r1vafuyy (X, ) — uge (X, )] + (v} — Vg)uwy(x, t),
Bou(x, 1) = 201Uty (X, 1) — vty (X, 1) — Vatg (X, 1),

and 0 < p < 1/2 is a constant known as coefficient of Poisson. Finally, 0813 L means the tangential derivative of the

operator B; in the direction of 7. The other elements of (1.1)-(1.2) are usual.

2 Mathematical Results

The main results of this work related to problem (1.1)-(1.2) are: existence and uniqueness of solutions, and

exponential decay rate associated with the energy. Thus, we have the following results.
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Theorem 2.1. Suppose, for T > 0 arbitrary, that
(1) n € Lips([0,T);R), n(t) =no >0 and n(t)t > 0;
(2) 0 € Lips(Ty x R;R) such that [6(x,s) — 6(x,7)](s —7) > (s — )%, 6(2,0) =0, & > 0;
(3) 0 € Lips(R,R) with 6(0) =0 and 0(s)s > 0.

Then for each set of initial data (ug, ui) € VN HA(Q) x V such that

OAug Ouyg 0Biug _
R 77(0)% +(1—p) 9 = S(ur) and Auo+ (1 —p)Boug =0 on I'y,

there exists a unique function u: Q x (0,T) — R solution of problem (1.1)-(1.2) in the class
u€ L=(0,T; VN HYQ), o €L>0,T;H*(Q)), e L>0,T;L*)),
and moreover u satisfies (1.1)-(1.2) in the following sense
u” + A%u —nAu+0(u) =0 in L>(0,T; L*(Q)),

O0Au Ou B OBiu . o0 . 173/2
2B sy i 10,7 (),

Au+ (1 —p)Bou =0 in L>=(0,T; HY*(T1)),

where V ={ue H*(Q):u=%“=0onTp}.

Let € R? = m(x) := x — 2° € R? be a function for fixed 2 € R? and Ty = {z € T; m(z) - v(z) < 0} and

'y ={zel; m(z) v(z) >0}, where “-” is the usual scalar product in R?. We also will assume that
n(z,s) = [m(z) - v(z)m(s) forall x €Ty,
[m(s) —m(r)] (s —r) > 7, (s —r)? forall s,7 €R and 7, >0, (2.1)
In1(s)|r < M|s|g for all s € R, wheren; € C°(T'1;R).
In these conditions we can state the following result.

Theorem 2.2. Suppose the hypotheses of Theorem 2.1 and (2.1) hold. Then there exist positive real constants «
and B such that the energy

E(t) = ' (&) + [u@)|” +n(t)[Vu(t)|* + /Q O (u(s))ds
satisfies
E(t) < aE(0)exp(—Bt) forall t>0,
where O(t) = [, 0(s)ds.
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ASYMPTOTICALLY PERIODIC SOLUTION OF NEUTRAL PARTIAL
DIFFERENTIAL EQUATIONS WITH INFINITE DELAY

HERNAN R. HENRIQUEZ *
&
CLAUDIO CUEVAS AND ALEJANDRO CAICEDO |

In this work we discuss the existence and uniqueness of asymptotically almost automorphic mild solutions to

some abstract nonlinear integro-differential equation of neutral type with infinite delay.

1 Introduction

The study of the existence of periodic solutions is one of the most interesting and important topics in the qualitative
theory of differential equations due to both its mathematical interest and ist applications in different field, such
that as physics, economy, mathematical biology, control theory, engineering among others.

Motivated by the fact that abstract neutral functional differential equations (abbreviated, ANFDE) arise in
many areas of applied mathematics, this type of equations has received much attention in the last decades. In
particular, the existence of almost periodic solutions of ANFDE has been considered by many authors. We refer
the reader to [1, 2, 3, 4, 5, 6] and the references therein.

2 Existence Results

Our objective in this work is to establish existence of asymptotically almost automorphic mild solutions for a class
of semi-linear ANFDE of first order, which includes the abstract differential equation and the abstract Volterra
integro-differential equation. Throughout this work, X is a Banach space endowed with a norm || -||. We denote by
A, B(t) : Dom(A) C X — X, t > 0, closed linear operators defined on the subspace Dom(A), which is independent
of t. This work is devoted to study of the existence and uniqueness of asymptotically almost automorphic and mild

solutions for the integro- differential equation of neutral type with infinite delay

A Dm) = AD(E ) —s—/tB(t— )D(s,2,)ds + glt z1), >0, (2.1)
peB (2.2)

Zo

where z(t) € X, the function z; : (—o0,0] — X, that denotes the segment of x(-) at t, is given by x+(0) = z(t + ),
D(t,¥) =¥(0)+ f(¢t,¥), and f,g:[0,00) x B— X are appropriate functions. We assume that x; for ¢ > 0 belong
to a phase space B defined axiomatically.

In this section we study the existence of asymptotically almost automorphic mild solutions of problem (2.1)-
(2.2). We assume that f,g: RT x B — X are continuous functions. We begin by studying the existence of compact
asymptotically almost automorphic mild solutions. We introduce the followings conditions: Lipschitz condition for
a function f: Rt x B — X.
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( H) There is constant Ly > 0 such that

(8 W1) = f(t, Vo) || < L[| W1 — Waln

for all (¢t,¥) € R x B,i = 1,2, and the condition

(R4) There is a positive function ¢ € L'(RT) such that ||R(t)|| < ¢(t)for all ¢ > 0.

Theorem 2.1. Let B a fading memory space. Assume that the resolvent operator R(-) satisfies condition (R4),
R(:)¢(0), R(-)f(0,4(0)) € AAA. (X). Let f,g € AAA.(RT x B,X) be functions that satisfy (H). If K(L¢ +
lolliLg) < 1, then the problem (2.1)-(2.2) has a unique mild solution x € AAA.(X).

When f and g satisfy a local Lipschitz condition, modifying slightly the argument used in the proof of Theorem
2.1 we can establish a result of existence of local type.

Theorem 2.2. Let B be a fading memory space. Assume that the resolvent operator R(-) satisfies condition (R4),
R(t) < M fort >0, R(t)p(0) — 0 and R(t)f(0,¢(0)) = 0 ast — co. Let f,g € AAA(RT x B, X) be functions
that satisfy the Lipschitz conditions

(1) = f(8 )| < Lp(r)[[¥1 — s,
lg(t, 1) —g(t, Wa)|| < Ly(r)[[ W1 — Vs

N

for each t > 0 and V1, ¥y € B such that | V|l > r, |Pa|lg > r, where Ly, Ly : RT — R are nondecreasing
continuous functions such that Ly(0) = Ly(0) = 0 and f(¢,0) = ¢g(¢,0) = 0 for all t > 0. Then there exists € > 0
such that for each ¢ € B satisfying ||d|lp < €, there is a unique compact asymptotically almost automorphic mild
solution of problem (2.1)-(2.2).
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DYNAMICAL PROPERTIES OF EXPLICIT LL-RUNGE KuTTA
METHODS FOR ODES

HUGO DE LA CRUZ * & JUAN C. JIMENEZ !

1 Introduction

For investigating the dynamics of continuos-time systems described by Ordinary Differential Equations (ODEs),
one first step is to integrate to obtain trajectories. Since most ordinary differential equations are not soluble
analytically, numerical integration is an important way to obtain information about the system. For this, the
dynamics of the map produced by the discretization (viewed as a discrete dynamical system) should correspond
closely to the dynamics of the differential equation. Is well known that conventional numerical methods used
universally (e.g., Runge-Kutta, predictor-corrector, Taylor-based and others) produce misleading dynamic in the
integration of ODEs. Therefore is desirable to construct numerical integrators computationally feasible and able to
preserve, as much as possible, the dynamic of the underlined original system.

In this work, motivated by recent progress in efficient algorithms and the stable procedures now available for
computing matrix exponentials (see, e.g., [3], [4]), an alternative approach to construct exponential-based methods
based on the Local Linearization approach is presented and dynamical properties of the discrete map resulting of
the discretization are studied. This class of methods are derived by combining the LL method with conventional
explicit Runge Kutta methods in a stable way (see [2]).

As a main result of this work it is obtained that the LLRK integrators have a number of convenient dynamical
properties: A-stability, regularity under quite general conditions, preservation of the dynamics of the exact solution
around hyperbolic equilibrium points and periodic orbits and unlike the majority of the exponential integrators, the
convergence, stability and the above mentioned dynamical properties are satisfied not only for the discretizations

but also for the numerical schemes that implement them in practice.

2 LLRK methods

Consider the initial-value problem
X' (t) = £ (x(t)), % (to) = xo (2.1)

Let us suppose that f € C! (Rd, Rd)7 fx the Jacobian of the function f. Starting from the initial value Xo = X,
approximations {X;} to {X (¢;)}, (i =1,2,..., N) can be obtained recursively as follows:

fx (X,)

Xnt1 =X +®(tt,, X,) =[Ta—1xa—1 O0gq—1x1]exp ([ 0

f(X,
X ] (t - m) Ouca s T +Z0 (bus),
where Z,, (t,,11) is an approximation in ¢ = ¢,,11 to the solution R (¢) of the equation
dR (t) =8 (ta R(t)) dta te [tn7 tn+1]a R(tn) =0, (22)

with g (¢, R) = (X, + ®(t;tn, X)) + R)—fx (X)) ® (8580, X)) — £ (Xp).
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The idea is to approximate R (t,,+1) from the initial condition R(¢,) = 0 in (2.2), by one step of an explicit
Runge-Kutta method. The resulting integrator will be called LLRK scheme. Hence, when the classic RK order p
is used, the corresponding resultant method (LL_RK,):

Xn+1 - Xn + (I)(tn+1;tnvxn)+hzbjkja (23)
j=1

where k; = g(t,+c;h,h 23;11 a;;k;), i=1,..,s, with coefficients: ¢ = [¢;], A = [a;;], b= [b;] (see [1]).

3 Dynamical properties

From the dynamical point of view, for the map resulting of the LLRK discretization we have the properties:
Theorem 3.1. The numerical schemes obtained from (2.3) are A-stable

Theorem 3.2. Suppose that the vector field £ and its derivatives up to order p are defined and bounded on R¢.
Then

i) All equilibrium points of the given ODE (2.1) are fized points of any LLRK,, discretization.

ii) If £ € Ct, then any LLRK discretization is reqular for step-sizes h small enough.

The next two theorems deal with the dynamical behavior of the LLRK discretizations in the neighborhood of
steady states:

Theorem 3.3. The phase portrait of (2.1) near a hyperbolic equilibrium point is correctly reproduced by LLRK
discretizations for sufficiently small step-sizes. Also, any trajectory of equation (2.1) can be correctly approzimated
by a trajectory of the LLRK discretization if the discrete initial value is conveniently adjusted. Furthermore, any
trajectory of a LLRK discretization approximates some trajectory of the continuous system with a suitably selection
of the starting point.

Theorem 3.4. Suppose that the equation (2.1) has a hyperbolic closed orbit ' = {X(t) : t € [0,T]} of period T in
an open bounded set Q@ C R? . Let Q be the closure of Q, then: For h sufficiently small, the LLRK discretizations
have a closed invariant curve Ty, , d.e., (1 + hp(.;h))(T) = Ty, which converges to the periodic orbit T of the
continuous system.
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AN ABSTRACT RESULT ON COHEN STRONGLY SUMMING LINEAR
OPERATORS

JAMILSON R. CAMPOS *

We present an abstract result that characterizes the coincidence of certain classes of linear operators with the
class of Cohen strongly summing linear operators. As a consequence, we establish a few alternative characterizations

for the class of Cohen strongly summing linear operators.

1 Introduction

It is a folklore that in infinite dimensional spaces always exists unconditionally convergent series which does not
converge absolutely. So, A. Grothendieck [5] introduces the concept of absolutely summing operators as those that
improve the convergence of series, towards transforming an unconditionally convergent series in an absolutely con-
vergent one. Motivated by the fact that the class of absolutely summing operators is not closed under conjugation,
J. S. Cohen [4] introduces the class of strongly p-summing linear operators which characterizes the conjugate of the
class of absolutely p*-summing linear operators, with 1/p 4+ 1/p* = 1.

The concept of Cohen strongly summing multilinear operator was introduced and studied by D. Achour and
L. Mezrag [1] and related concepts and new generalizations of concept of Cohen strongly summing multilinear
operators have been recently studied, such as the class of multiple Cohen strongly summing multilinear operators
[2].

We prove an abstract result derived from the Full General Pietsch Domination Theorem [6, Theorem 4.6] which
has an immediate application regarding the class of Cohen strongly summing linear operators. Although it is not
present in this paper, this result can be extended to the class of Cohen strongly summing multilinear operators

from where similar results are obtained (see [3]).

2 Mathematical Results

Let us denote by [,,(E) the space of absolutely p-summing sequences in a Banach space F, that is, sequences which
Yooy x| [P < oo and by 1% (E) the space of sequences in E which (p(z;));2; € I, for all € E'. We also denote
by ,(E) the space of sequences Cohen strongly p-summing in E, that is, sequences which Y ;2 |¢;(z;)| < oo, for
all ()2, € L) (E"), with 1/p+1/p* = 1.

Definition 2.1 (Cohen, [4]). Let 1 < p < co. An operator T € L(E; F) is Cohen strongly p-summing if there exists
a constant C > 0 such that for allm e N, z; € E and ¢; € F/, i=1,..,m,

Dol T @) < Cll @) llp (00w pe- (2.1)
i=1
We denote by D,(E; F) the space of Cohen strongly p-summing linear operators. The smallest C' such that
(2.1) is satisfied defines a norm on D, (E; F), with which this space is complete.
Let p* € (1,00), with 1 =1/p + 1/p*, and

I'={(q0,q1) € [1,00) x (1,00) : 1 /g0 = 1/q1 + 1/p"}.
*Departamento de Ciéncias Exatas , UFPB, PB, Brasil, jamilson@dce.ufpb.br
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We will denote by C(qq.4,:p) (£; F) the class of all operators T € £ (E; F) such that exists a constant C' > 0 satisfying

1/q0

e T @)I® | <Ol 1600 e - (2.2)
j=1

for all positive integers m and all z; € E,| ¢; € Floi=1,..m.

It follows immediately from Definition 2.1 that D,(E; F) C C(gy,q,:p)(E; F), for all (go,q1) € T. Another
noteworthy fact is that the class Cgy,q,:p) (£; F) is trivial if p < ¢;.

Under all conditions of Theorem [6, Theorem 4.6] and notations given above we will establish the following
theorem:

Theorem 2.1. Let f: X = Y be an application belonging to H and let 0 < qg, q1, po, p1,P" < 00, such that

1/qo=1/q1 +1/p* e 1/po=1/p1+1/p".

If (R1)(2,0)(-) is constant, for each x and for each b, then the following statements are equivalent:
(i) f is Ry, Ro-S-abstract (q1,p*)-summing;
(i1) f is Ry, Ra-S-abstract (p1,p*)-summing.

The consequence of the above theorem is the coincidence D, (E; F') = C(qy,q,:p)(E; F'), which implies several ways
to characterize the class of Cohen strongly summing linear operators, by means of inequalities like that (2.2). This
is shown by the following corollary:

Corollary 2.1. For all (q0,q1), (po-p1) €T, Cgo,q1:p) (B3 F) = Cpg pyip) (5 F). In particular,

C(thhi,p)(E;F) = C(l,p;p)(E;F) = DP(E;F)a for all (Qanl) er.
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ESPAQOS DE HILBERT TORCIDOS E INTERPOLAQAO COMPLEXA

JESUS CASTILLO * & VALENTIN FERENCZI | & MANUEL GONZALEZ *

1 Introducao

Dados Y e Z espacos de Banach, uma soma torcida X de Y e Z é um espago que contém uma cépia isomorfa de

Y de tal maneira que o quociente associado seja isomorfo a Z. Em outros termos temos uma sequéncia exata
0=-Y—=X—=2-=0.

Quando X é simplesmente a soma direta de Y @ Z, diz-se que a soma torcida ¢é trivial.

Quando Y ~ Z ~ {5, somas torcidas de Y com Z sao chamadas de Hilbert torcidos. O primeiro exemplo
de Hilbert torcido nao-trivial foi construido em 1975 por Enflo, Lindenstrauss and Pisier [1]. Um exemplo mais
simples apareceu em 1979: o espago Z de Kalton e Peck [4]. O espago Z; é extremo entre os Hilbert torcidos no

seguinte sentido: na sequéncia exata

0—=4ly = Zy — 4y — 0,

0 mapa quociente q : Zy — {5 é estritamente singular. Diremos nesse caso que a soma torcida é singular. Isso

equivale a dizer que Z5 nao contém copia complementada de £s.

A importancia de Zs vem também da relagao que ele tem com a teoria classica de interpolagao. Dos trabalhos
de Rochberg e Weiss [5] segue que a cada esquema de interpolagdo complexo do tipo de Calderon-Zygmund,
Xy = (Xo,X1)g, é sempre associado um jeito de definir uma soma torcida, em geral ndo trivial, de Xy com Xj.
Por exemplo o espago Z de Kalton-Peck é o Hilbert torcido associado ao esquema de interpolagao 2 = (co, £1)1/2-

Ver os trabalhos de Kalton [3] e o resumo de Godefroy [2] sobre esse assunto.

2 Resultados

Neste trabalho relacionamos propriedades do espacos Xy, X1, e possivelmente Xy, aparecendo num esquema de
interpolacao complexa, com as propriedades da soma torcida induzida. Mais especificamente encontramos condi¢oes
suficientes sobre os espagos interpolados para afirmar que a soma torcida associada é singular. Assim por exemplo
a singularidade da soma torcida definindo Z> poderd ser visto como conséquencias das propriedades de ¢y e £1 na

férmula eg = (60,51)1/2.

Dado um espago de Banach X com base de Schauder, definimos o seguinte indice ”assintético”em X:

Asympy(n) = lim sup lz1 + - 4+ x|

M=H0 1 g <<y, || || <1
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Teorema 2.1. Considere um esquema de interpolacao entre dois espacos Xg, X1 com base incondicional, e suponha
Asympy, (n) < fi(n),i=0,1.

onde fo(n) e fi(n) sdo sequéncias ndo equivalentes.
Suponha que para todo subespago de blocos W de Xy, exista k tal que para todo n, exista uma sequéncia finita
de blocos {y1,...,yn} na bola unitiria de W tal que

lyr + -+ yall = &7 fo(n) =0 fi(n)°.
FEntao a soma torcida induzida é singular.
Um exemplo de aplicacao com hipéteses mais simples:

Teorema 2.2. Considere um esquema de interpola¢ao entre dois espagos Xo, X1 com base incondicional, e suponha
que X; satisfaz uma £, -estimativa superior, onde py # p1. Seja % = 1p_09 + p%, e seja C' > 1. Suponha que todo

subespaco de blocos W de Xy contenha, para todo n, uma sequéncia finita de blocos {y1,...,yn} que é C-equivalente

com a base de 6;}.

Entao a soma torcida induzida € singular.
Como consequéncia obtemos novas construgoes de Hilbert torcidos nao-triviais.

Teorema 2.3. A interpolacdo de um espago reflexivo X com base incondicional e assintoticamente £,, p # 2, com
o espacgo dual X*, induz um Hilbert torcido singular.

Por exemplo, a interpolacao do espaco de Tsirelson T' com T* induz um Hilbert torcido singular.
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SOLUCOES RADIAIS PARA UMA CLASSE DE EQUACOES ELIPTICAS
QUE MODELAM MEMS ELETROSTATICOS

JOAO MARCOS B. DO O * & ESTEBAN P. SILVA |

1 Introducao

Neste trabalho estudamos uma classe de equagoes diferenciais quasilineares elipticas envolvendo uma nao linearidade
singular, que surge, em aplicac¢oes, na modelagem de MEMS eletrostaticos. MEMS s@o micro dispositivos compostos
por componentes mecanicos e eletronicos acoplados a um chip, formando um sistema em miniatura (medindo entre
1 e 100 micrometros - mais fino que um fio de cabelo). Sao componentes essenciais da tecnologia atual, reponsédvel
por grandes avancgos em telecomunicagao, produtos comerciais, engenharia biomédica e exploragao espacial. Como
fonte de informacao sobre as aplicagoes, desenvolvimento e modelagem desses dispositivos, sugerimos BERNSTEIN,
D. e PELESKO J. [7], além de ESPOSITO P.et al [4].

Mais especificamente, tratamos do seguinte problema:
ArY
—(Ta|u’|5u’)’ - m, r € (0,1),
0 < u(r) <1, r € (0,1), ()
u'(0) = u(1) = 0.

O operador Lu := —r®u/|%u’ em (Py) aparece, e tem sido estudado, em vérios contextos. Ele corresponde &

forma radial dos operadores p-laplaciano e k-hessiano para escolhas apropriadas dos parametros a, 5 e 7 :

Operator e 8 5y

Laplacian n—1 0 n—1
p-Laplacian (p > 1) n—1 p—2 n—1
k-Hessian n—k k—1 n—1

JACOBSEN, J.; SCHIMITT, K. [5, 6] provam resultados de existéncia e multiplicidade de solugoes radiais do problema
de Liouville-Bratu-Gelfand, com respeito a este operador. Destacamos também o trabalho de CLEMENT et al, que
aborda problemas do tipo Brezis-Niremberg. Como guia de problemas envolvendo tal operador, sugerimos [1, 2, 3]

e suas referéncias.

2 Resultados

Nosso primeiro resultado garante a axisténcia de um valor citico para o parametro J, isto é, uma barreira que delimita
a existéncia de solugao para o problema. Provamos também a existéncia de um ramo de solugoes minimais, isto
é, qualquer outra solucao deve estar por cima desta. Nossas solugoes minimais sao obtidas como limite de uma
sequencia dada de forma recursiva, o que possibilita o calculo de aproximacgoes numéricas dessas solugoes, informagao

muito relevenate em aplicagoes.
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Teorema 2.1. Eziste A\* > 0 tal que
1. Se 0 < A < \*, (Py\) admite pelo menos uma solu¢do;
2. Se A > A\*, (Py) nao admite solugdo.

Para cada X € (0, \*), (Py\) admite uma tnica solu¢do minimal positiva cldssica, que denotamos por uy, e que pode
ser obtida através do limite da sequencia (u,) dada recursivamente como seque: ug =0 e u, € a Unica solu¢ao de

Af
1 T\ r Oa 1 )
(e (Pr(m)

W1 (0) = Uny1 (1) = 0.

*7'77(7'&|U;z+1|ﬂu%+1)/ =

Além disso, a fun¢ao A — uy € estritamente crescente em (0, A*).

Proof: A prova é baseada em argumentos de comparacao via método de sub e supersolucdo. m

O Teorema seguinte caracteriza as solugoes estaveis, isto é, as solu¢oes que tém maior probabilidade de ocorrer.
Teorema 2.2. Para —1 < 3 <0, as solugdes minimais sdo as solugées estdveis de (Py).

Provamos ainda que (Py+) tem solugao tnica, a qual pode ser obtida como o limite pontual das solu¢des minimais,
isto é:
u* = lim wuy, x € (0,1).
i, (0,1)

Teorema 2.3. A funcdo u* € uma solugao minimal de (Py) com A\ = \*. Além disso, para —1 < 8 <0, u* € dnica.

Proof: Supondo, por contradigdo, que (Py) admite uma solucao alternativa v > u*, nés construimos uma solugao
para um problema dado por uma perturbagao de (Py) e entdao uma solugdo para (Py) para A > \*. Isto contradiz
a maximalidade de \*. m

Referéncias

[1] CLEMENT, P.; FIGUEIREDO, D.; MITIDIERI, E. - Quasilinear elliptic equations with critical ezponents, Topol.
Methods Nonlinear Anal. 7, 133-170, 1996.

[2] CORREA, F. J; GONGALVES, J. V.; MELO, A. L. - On positive radial solutions of quasilinear elliptic equations,
Nonlinear Analysis 52 681-701, 2003.

[3] DAVILA, J. - Singular solutions of semi-linear elliptic problems. Handbook of differential equations: stationary
partial differential equations. Vol. VI, 83-176, Handb. Differ. Equ., Elsevier/North-Holland, Amsterdam, 2008.

[4] ESPOSITO, P.; GHOUSSOUB, N.; GUO, Y. - Analysis of Partial Differential Equations Modeling Electrostatic
MEMS, Courant Lecture Notes in Mathematics, 20. Courant Institute of Mathematical Sciences, New York;
American Mathematical Society, Providence, RI, 2010.

[5] JACOBSEN, J.; SCHMITT, K. - Radial Solutions of Quasilinear Elliptic Differential Equations Handbook of
differential equatios - Ordinary Diferential Equations, volume 1, Elsevier B.V., 2004.

[6] JACOBSEN, J.; SCHMITT, K. - The Liouville- Bratu-Gelfand problem for radial operators, J. Differential Equations
184 (2002), 283-298.

[7] PALESCO, J. A.; BERNSTEIN, D. H. - Modeling MEMS and NEMS. Chapman and Hall/CRC, Boca Raton, FL,
2003.

83



ENAMA - Encontro Nacional de Anilise Matemética e Aplicagoes
UNIRIO - Universidade Federal do Estado do Rio de Janeiro
VII ENAMA - Novembro 2013

UM PROBLEMA DE CONTROLE OTIMO COM RESTRICOES
ENVOLVENDO A EQUACAO DE TRANSPORTE COM RENOVACAO

Jost L. BOLDRINI * & CIiCERO A. DA S. FiLuo f

1 Introducao

Analisamos um problema de controle étimo associado a um sistema de equagoes diferenciais (1.2) que modela as
dindmicas de certas populacoes de mosquitos levando em conta a populacao de individuos jovens, em fase aquética,
a populacao de individuos adultos e a sua interacdo com os recursos do meio ambiente (alimentos disponiveis, por
exemplo). Considera-se, além disso, que a populagdo jovem sofre um processo de maturacao de tal forma que é
estruturada por idade.

Essas populagoes estao submetidas a atuacao de um controle externo, um agente quimico por exemplo, que
afeta as taxas de mortalidade, modificando-as; no caso dos individuos jovens, tal atuacao pode depender do nivel
de maturagao (idade) do individuo. Temos assim, uma versao controlada de um modelo considerado por Calsina
e Elidrissi em [1]. Quanto ao critério de otimizagao para a escolha do controle étimo, consideramos a minimizacao

de um funcional andlogo ao considerado em Barbu e Iannelli [2], o qual ndo é necessariamente convexo.

Descricao matematica do modelo:

Dada a idade méxima (dada) de maturagio dos individuos jovens (quando se convertem em adultos), I > 0, e
também o tempo final de interesse T' > 0, denotamos @ = (0,1) x (0,T"). As varidveis de estado do sistema sdo as
seguintes: u(a,t), a € [0,1], t € [0,T], a populagao de individuos jovens (estruturada por idade), v(t), t € [0,7T], a
populacdo de adultos (considerada sem estrutura de idade) e r(t), ¢t € [0,7T] a intensidade das fontes de alimentos.

Atua-se nestas populagoes através de um um controle externo (associado & acdo do agente quimico e que em
principio pode depender do tempo e da idade de maturacdo) que deve pertencer ao conjunto dos controles definido
por:

U={velL>®(@Q);m(a) <v(at) <vz(a)},

onde 1, 72 : (0,1) = R sao fungdes mensurdveis limitadas dadas tais que 0 < v;(a) < y2(a) < Ag, q.t.p. em (0,1);
as quais estao associadas aos valores minimo e maximo da atuagao do agente quimico.

O nosso objetivo é o de mostrar a existéncia de um controle ¢ € U que minimiza o funcional:

T 1 T 1 T 1 T
min / / G(a,u(a,t))dadt + fpl/ / (a, t)dadt + *pg/ vidt + *pg/ r2dt (1.1)
o Jo 2 Jo Jo 27" Jo 27" Jo

A primeira parcela em (1.1) estd associada & busca de se minimizar uma ponderacdo da populagdo jovem; G :
(0,1) x R — R é uma funcao dada; G(a,y) é mensuravel em a, de classe C? em y com G > 0 e G, Gy, Gyy limitadas;
ela nao é convexa pois pode-se ter maior énfase na eliminagao de certas ”faixas de maturidade”. A segunda parcela
em (1.1) busca minimizar o custo de aplicagdo do agente quimico (pode levar em conta tanto aspectos financeiros
quanto ambientais); p; > 0, é um peso relativo que se atribui & esta parcela. A terceira parcela em (1.1) busca
minimizar a populagdo de adultos; p > 0. A quarta parcela em (1.1) leva em conta a possibilidade de diminuir as

fontes de alimentos das populagoes de mosquitos; p3 > 0 é o peso relativo que se atribui a esta possibilidade

*IMECC, UNICAMP, SP, Brasil, e-mail: boldrini@ime.unicamp.br
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Além disso, as varidveis de estado devem ser restritas pelas equagoes da dinamica, isto é, devem estar sujeitas
ao sistema de populagoes seguinte:

ug(a, t) + uq(a, t) + my(r(t))ula, t) + p1(cla, t))u(a, t) =0 (a,t) € Q,

v (t) +ma(r(t))v(t) + pa(La(e)(t)v(t) = ull,t) te(0,7),

r'(t) = [g(r(t)) = h(La(u, v)(8))]r = 0 te(0,1),

u(0,t) = bu(t) te (0,7, (1.2)
u(a,0) = up(a) a € (0,1),

v(0) = vy,

r(0) =rg

Na primeira equacdo de (1.2), my(r(t)) é a taxa de mortalidade natural (que pode depender dos recursos do
ambiente) dos individuos jovens; pi(c(a,t)) é a taxa adicional de mortalidade dos jovens causada pela acdo do
agente quimico (controle externo). Na segunda equacao de (1.2), ma(r(t)) é analogamente a taxa de mortalidade
natural (que também pode depender da quantia de recursos do ambiente) dos adultos; ps(L1(c)(t) é a taxa de
mortalidade adicional dos adultos também eventualmente causada pela agdo do agente quimico (controle externo);
tal agdo é mediada por Ly(c)(t) = fol c(a,t)Ho(a, t)da, em que Hy € L>®(Q) é uma dada fun¢do nao negativa. Na
terceira equagao de (1.2), ¢g(-) é uma fungdo conhecida do tipo Verhurst, e estd associada & taxa de recuperacao
do ambiente natural; h(-) é também uma funcc¢do conhecida associada & possibilidade de degradagao dos recursos
do ambiente causada pela acao do agente quimico e mediada por Lo (u,v) fo u(a, t)Hy(a,t) + v(t)Hz(a, t)da,
com fungdes ndo negativas dada Hy, Ho € L*°(Q). Na quarta equagao de (1.2), b > 0 é a taxa de fertilidade dos
adultos. Finalmente, temos ug € L*(0,), com ug > 0 e ndmeros reais nao negativos vy e ry correspondendo,
respectivamente, os dados iniciais de jovens, adultos e fontes de alimentos.

Hipéteses técnicas suplementares sao as seguintes: my, ma, 1, f2, h : R — [0, 00) sdo fungdes de classe C? com
m1, Mg, [1, i2, b e suas derivadas até a segunda ordem limitadas; g : R — R é de classe C? com g,¢’, ¢" limitadas
e existe uma constante d > 0 com:g(r) > 0,se 0 <r <de g(r) <0, se r > d. Considere também que 0 < ry < d.

2 Resultados

O principal resultado que obtivemos foi o seguinte:

Teorema 2.1 (Existéncia e Unicidade). Nas condi¢des descritas, existe uma funcdo C(M,T), limitada para M e
T limitados, tal que, para |[uo||r=(0.1),v0 < M e py (|uollz=(0z) + vo)C(M,T)T < 1, o problema (1.1)-(1.2) tem
uma unica solugdo c* € U.

Para provar este resultado foram utilizados o Teorema do Ponto Fixo de Banach juntamente com o Principio
Variacional de Ekeland.
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GLOBAL WELL-POSEDNESS AND EXPONENTIAL DECAY RATES FOR
A KDV-BURGERS EQUATION WITH INDEFINITE DAMPING *

JOSE H. RODRIGUES T & VALERIA N. DOMINGOS CAVALCANTI ¥

Neste trabalho, os autores consideram o problema

Ut + Ugzy — Uz + AU+ quu, =0, em R x (0, 00), (0.1)

u(0) = ug, emR, (0.2)

onde « : R — Ré uma funcao que pode assumir valores negativos em R.
A boa colocacao global do problema em H*(R), para 0 < s < 3, bem como o comportamento assimptético de

suas solugoes sao estudados.

1 Principais Resultados

Apresentamos aqui os principais resultados descritos no trabalho.
Para cada T > 0 e s € [0, 3] definimos

Ber = C([0,T]; L*(R)) N L*(0,T; H*"'(R)),

s

munido da norma

1
s+1

T
lullg.r = sup |lu()lla:@w) + {/ IIU(t)IIHs+1(R>dt}
te[0,T] 0
Temos o seguinte resultado de existéncia e unicidade para o problema (0.1)-(0.2).

Teorema 1.1. Sejam T > 0 e A € H(R). Para cada ugp € H*(R), 0 < s < 3, o problema ndo linear (0.1)-(0.2)
admite uma dnica solugao u, que pertence a classe By . Além disso, existe uma funcdo continua e nao decrescente
a:RT x (0,+00) = R tal que

lulls, » < allluollL2 =), T)lluoll = =)-

No que concerne o comportamento assimptético das solugoes obtidas no resultado acima temos o seguinte.

Teorema 1.2. Sejam 0 < s <3 e A € H'(R) tal que

A> X+ A1, quase sempre em R,

35
A1llze ) < (ij‘j) :

*Este é um trabalho em colaboragdo com os professores Marcelo Moreira Cavalcanti (UEM) e Vilmos Kormornik (Université de
Strasbourg - France).
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para algum Ng > 0 e \y € LP(R), com p > 1 e ¢, uma constante positiva que depende somente de p. Entdo,

exsitem v, Ty > 0 e uma fungdo continua e nao decrescente 3 : (0,+00) x RY — R* tal que para cada ug € L*(R)
a correspondente solu¢do u de (0.1)-(0.2) satisfaz

Ju() =) < B(To, uollL2m))e™", t>Tp.
Referéncias
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CONTROLABILIDADE NULA DE UM SISTEMA PARABOLICO COM
NAO-LINEARIDADE NAO-LOCAL

JUAN LIMACO * & ANDRE R. LOPES |

1 Introducao

Seja 2 C R™ um aberto limitado com fronteira 9 de classe C2. Para T' > 0 consideremos o cilindro Q = Q x (0, T)
de R™*! com fronteira lateral ¥ = 9Q x (0,7T'). Consideremos também w € © aberto nao-vazio e 1,, denota a fungao

caracteristica de w .

O resultado principal deste trabalho é estudar a controlabilidade nula do seguinte sistema parabdlico nao-linear

ut—’y</ﬂudx,/ﬂvdx>Au+f(u,v):hlw em Q

vt—ﬁ</ﬂudac7/9v dac)Av—l—g(um):O em Q (1.1)

u(z,t) =0, v(z,t)=0em X
u(z,0) = up(z), v(z,0)=vo(z) em Q.

Em (1.1), u = u(z,t), v = v(x,t) denotam o estado e h = h(z,t) denota a fungdo controle que atua sobre o
sistema através de w x (0,7T). Além disso, (us, v:) representam as derivadas de (u,v) em relacao ao tempo e (ug, vo)

o estado inicial.

No sistema (1.1) consideramos 7, 3 : R? — R globalmente Lipschitz-continuas satisfazendo

0<y<y<m <+oo
0<fBo<B <P <400

f,g € C*(R?) e globalmente Lipschitz-continuas satisfazendo f(0,0) = g(0,0) = 0.

Definigao 1.1. Dizemos que (1.1) é localmente nulo controldvel no tempo T se, existe € > 0 tal que, para cada
ug, vo € L?(Q) com

(w0, v0)|L2(0) <6
existe controle h € L*(w x (0,T)) tal que o estado associado (u,v) satisfaz
u(z,T) =v(x,T) =0 em Q. (1.2)

Defini¢ao 1.2. Dizemos que (1.1) é nulo controldvel no tempo T se, para cada ug,vy € L?(Q), existe controle
h € L*(w x (0,T)) tal que o estado associado (u,v) satisfaz (1.2).

*IME, UFF, RJ, Brasil, e-mail: jlimaco@vm.uff.br
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2 Resultado

O resultado principal deste trabalho é o seguinte:

Teorema 2.1. Sob as hipdteses sobre v, B, f, g, o sistema ndo linear (1.1) é localmente nulo controldvel no

tempo T'.

O controle nulo do sistema (1.1) tem sido recentemente estudado usando Teorema de fungdo inversa para
dimensao infinita (Teorema de Liusternik, ver [1]).

Neste trabalho, faremos uma demonstracio diferente para obter o controle nulo de (1.1). Usaremos uma for-
mulagao por meio de argumento de ponto fixo (Teorema de Kakutani) para o problema de controlabilidade nula
que encontra-se desenvolvida com detalhes em [8].

Para o estudo da controlabilidade nula de sistemas parabélicos lineares e nao-lineares pode ver-se [2],[3],[4],[5],[6],[7].
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CONTROLABILIDADE NULA DE UMA EQUACAO PARABOLICA COM
NAO-LINEARIDADE NAO-LOCAL

JUAN LIMACO * & ANDRE R. LOPES !

1 Introducao

Seja © C R™ um aberto limitado com fronteira 92 de classe C2. Para T' > 0 consideremos o cilindro @ = Q x (0,T)
de R™*! com fronteira lateral ¥ = 9§ x (0,7T'). Consideremos também w € © aberto ndo-vazio e 1,, denota a fungio

caracteristica de w .

O objetivo deste trabalho é estudar a controlabilidade nula da seguinte equacao parabdlica nao-linear

ug — A(t)u + g(z,t,u) = hl, em Q
u(z,t) =0 em X (1.1)
u(z,0) =up(z) em Q,

n 2
onde A(t)u = Z Bij(u(.,t),t) aaau e B;j : L'(Q) x [0,7] — R é conhecida.
i,j=1 T

Em (1.1), u = u(x,t) denota o estado e h = h(x,t) denota a fungado controle que atua sobre o sistema através
de w x (0,7T). Além disso, u; representa a derivada de u em relagdo ao tempo e ug é o estado inicial.

O problema (1.1) é dito nao-local devido a presenca do termo B;;(u(.,t),t).
No sistema (1.1) consideramos g globalmente Lipschitz-continua satisfazendo g(z,t,0) = 0.

Nosso trabalho é uma generalizacao do resultado de [1], onde o controle nulo foi estabelecido quando g = 0.

Definigao 1.1. Dizemos que (1.1) é nulo controldvel no tempo T se, para todo ug € L*(Q) existe um controle
h e L*(w x (0,T)) tal que a solugao fraca de (1) satisfaz u(z,T) =0 em Q com |h|r2(wx(0,r)) < Cluolr2(a)-

Definigao 1.2. Dizemos que (1.1) € localmente nulo controldvel no tempo T se, existe 6 = 6(T) tal que para todo
ug € Br2(q)(0,6) existe um controle h € L?(w x (0,T)) tal que a solugdo fraca de (1) satisfaz u(x,T) = 0 em Q

com |h|2(wx(0,1)) < Cluolrz2()-

*IME, UFF, RJ, Brasil, e-mail: jlimaco@vm.uff.br
fIME, UFF, RJ, Brasil, e-mail: andreurco@gmail.com

90



2 Resultado

O resultado principal deste trabalho é o seguinte:

Teorema 2.1. Suponha que

Bij =Bji: L' x [0,T] =R, 0<fy < Bj; < f1 <400
B;; € globalmente Lipschitz-continua em L?(2) x [0,T] para todo i,j

isto €, existe M > 0 tal que

|Bij(w,t) — Bij(z, )] < M(|lw — 2|p2q) + [t — s|r2(a))
Y(w,t),(z,s) € L3(Q) x [0,T]

para todo ,j. Suponha também que existe uma constante K > 0 tal que

n

Z Bij(z,t)&:&5 > K¢ kn

ij=1
VE € R (z,t)q.s em LY(Q2) x [0,T).

Entdo o sistema ndao-linear (1.1) é localmente nulo controldvel no tempo T > 0.

A prova deste Teorema é feita utilizando uma formulagado por meio de argumento de ponto fixo para o problema
de contrololabilidade nula e encontra-se desenvolvida com detalhes em [8].

Para o estudo da controlabilidade nula de problemas parabélicos lineares e ndo-lineares pode ver-se [2],[3],[4],[5],[6],[7].
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CONTROLABILIDADE NULA DE UM SISTEMA
PARABOLICO-ELIPTICO LINEAR ACOPLADO
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1 Introducao

Seja 2 um aberto limitado de RY (N > 1), cuja fronteira I' = 9Q é uma variedade de classe C2. Fixe T > 0 e
denote por Q o cilindro Q = Q x (0,7) € RV, com fronteira lateral ¥ = 9 x (0,T). Considere também w CC

um (pequeno) subconjunto aberto nao-vazio e 1,, a fungéo caracteristica de w.

O objetivo do nosso trabalho é estudar a controlabilidade nula do seguinte sistema parabdlico-eliptico linear

acoplado:

ye — B1(t)Ay = a(z, )y + b(x, 1)z + vl, em Q,

_/BQ(t)AZ = C(Jf, t)y + d(ﬂf, t)Z em Qv

(1.1)
y=2=0 em 3,
y(z,0) = yo(x) em €2,

onde y = y(x,t) e z = z(x,t) denotam o estado do sistema, v = v(z,t) é a fungdo controle que atua no sistema
através do conjunto w x (0,7, B;(t) € C*([0, T)) satisfaz 0 < co < Bi(t) < ¢; < oo, parai = 1,2, a,b,c,d € L=(Q),
com |d| =gy < cop1,onde py é o primeiro autovalor do operador —A. Além disso, (v, 2;) representam as derivadas
de (y, z) em relagdo ao tempo e yy o estado inicial.

O produto interno e a norma de L?(Q) serdo representados por (-,-) e | - |, respectivamente.

O sistema (1.1) pode ser visto como a linearizagdo de um sistema parabdlico-eliptico com termos nao-lineares

locais e nao-locais

s ([ s [ ) 3= P 1.
Q Q

Q Q
y=2=0 em X,
y(x,0) = yo(x) em ©,

onde as nao-linearidades F' e G sdo de classe C', globalmente Lipschitz, com F(0,0) = G(0,0) = 0.

Definigao 1.1. Diz-se que (1.1) é nulo controldvel em T > 0 se dado yo € L*(S2), existe um controle v € L?(w x
(0,7)) tal que a solugdo fraca (y,z) de (1.1) satisfaz:

y(x,T) =0 em Q, limsup|z(.,t)|r2q) =0, (1.3)

t—T—
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2 Resultado Principal - Teorema do Controle Nulo
Teorema 2.1. Em (1.1), suponha que

acL™(Q), ceR, c#0 ¢qs., b=>b(x), d=d(x),b,d e L>=(Q), |d|r~@q) < cop1. (2.4)
Entdo, (1.1) é nulamente controldvel em T > 0. Além disso,

V] L2 (wx 0,1)) < €lYolr2(0)- (2.5)

Para demonstrar este teorema, basta obter uma Desigualdade de Observabilidade para o Estado Adjunto asso-
ciado ao sistema (1.1). Para isto devemos também obter uma desigualdade do tipo Carleman para o mesmo Estado
Adjunto.

Seguiremos as idéias dadas em [4] para provar o Teorema 2.1.

Para o estudo de controlabilidade nula de problemas parabdlicos lineares e nao-lineares pode-se ver [1], [2], [3],
[5], [6].
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CONTROLABILIDADE EXATA PARA UM SISTEMA DE BRESSE COM
COEFICIENTES VARIAVEIS

JUAN A. SORIANO * & RODRIGO A. SCHULZ |

1 Introducao

Seja L > 0. Considere o sistema de Bresse

p1ow — k(a(x)oy + ¥ + lw)y — kollwy —lp] = h1xy em Q,
P2ty — (b(m)wx)x + k(‘?aﬁ +Y+ lw) = hQXq em @,
prwe — kole(@)wy — 1@y + kl(pe + 1+ lw) = hgxy em  Q, (1.1)

onde @ = (0,L) x (0,T) e x4 ¢ a funcdo caracteristica de ¢ = (I1,12) x (0,T) com (I1,l2) CC (0,L). Assuma
condigoes de fronteira do tipo Dirichlet, isto é,

0(0,t) = (L, 1) = (0,1) = (L, t) = w(0,t) =w(L,t) =0, t€(0,T),
e condicoes iniciais
90(70) = Yo, SOt(7O) = ¥1, w(vo) :w(h Q/Jt(;o) :1/11» OJ(,O) = Wo, Wt('vo) = Wwop-

As constantes positivas p1, pa, k, ko, | € 0 termo b(x) dependem da composigao do material. Denotamos por ¢, 1
e w, respectivamente, os deslocamentos longitudinais, verticais e o angulo de cisalhamento e por {¢,¥,w} a solucao
buscada.
Observagao 1: Esse sistema é mais geral que o sistema de Bresse usual pois inclui uma generalizagao do laplaciano,
ou seja, incluimos coeficientes varidveis a(z), b(z) e c¢(z) nos termos onde figuram duas derivadas em relagao a
variavel x que, em particular, podem ser escolhidos iguais a 1, by e 1, respectivamente, com by > 0.
Observagao 2: O sistema de Bresse se reduz ao sistema de Timoshenko quando [ — 0.

A energia do sistema é definida por

1 L
E(t) = /0 P16} + padi + preof + k(a(x) — 1)@l + b(@)pd + ko(e(z) = Dwl + k(ps + ¥ +1w)? + kolws — 19]* do

de onde segue que E(t) = E(0), Vt>0.

2 Resultados

Nosso principal resultado é a controlabilidade de 1.1. Para isso consideramos:

*Departamento de Matematica, UEM, PR, Brasil, e-mail: jaspalomino@Quem.br
fDepartamento de Matematica, UEM, PR, Brasil, e-mail: schulz.rodrigo@gmail.com
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Hipétese 1: Sejam a,b,c € WH°(0, L) tais que

a(z)>1 em (0,L)
b(x) >0 em (0,L)
c(x)>1 em (0,L)

Hipétese 2: o aberto (I1,12) é tal que (I1,12) C (0,L)
Teorema 2.1. Sejam ¢o, %o, wo € HE(0,L) e p1,91,w1 € L?(0,L). Entdo existe Ty > 0 tal que, para T > Ty,
podemos obter controles hy = hi(x,t), ha = ha(x,t) e hy = hz(z,t) pertencentes a L*((I1,12) x (0,T)) tais que a
solugao de 1.1 verifica

o, T) = oz, T) = (2, T) = (2, T) = w(x,T) = we(x,T) = 0.

A demonstragdo da controlabilidade é baseada no método HUM (Hilbert Uniqueness Method). Para isso faz se

necessario demonstrar uma desigualdade de observabilidade dada por

T l2
||SDOH§{5(07L) + ||1/’0||§101(07L) + HWOH?{(}(O,L) + ||991||%2(0,L) + H¢1||%2(0,L) + Hw1||%2(0,L) < C/o /l ¢ + U7 +wi de dt
1

onde C' é uma constante positiva, T > Ty e ¢ = ¢(z,t), ¥ = ¥(x,t), w = w(x,t) é solugdo de 1.1 com hy = hy =
hs = 0. Um agravante na demonstragao de tal desigualdade é a existéncia de coeficientes variaveis nas equagoes do

sistema 1.1, os quais nos impedem de usar principios de continuacao tnica decorrentes do teorema de Holmgren.
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ESTABILIZACAO LOCAL PARA EQUACOES DE TERMODIFUSSAO

JUAN A. SORIANO * & JULIANO DE ANDRADE' & RODRIGO A. SCHULZ!

1 Introducao

Neste trabalho investigamos taxas de decaimento para o modelo de termodifussao unidimensional dado por

putt — (A + 20) Uz + 71012 + Y202, =0, em (0,1) x (0,00)
1o + VEquo + y1ue + dfa =0, em (0,1) x (0, 00)
na; + vV Doy + Yoz + db1 = 0, em (0,1) x (0, 00)
g1 + a(z)qr + Vb1, =0, em (0,1) x (0,00)
Taqot + b(2)q2 + VDb = 0, em (0,1) x (0,00)

com dados iniciais

e condicoes de fronteira dadas por

u(0,2) = u(1,t) = 01(0,t) = 01(1,¢t) = 02(0,t) = 62(1,2) = 0,

(1.3)

onde u, 01, q1, 02 e g2 sdo: o deslocamento, a temperatura, o fluxo de calor, o potencial quimico e o fluxo associado,

respectivamente.

Os coeficientes A, u, p, 71, V2, k, D, n, ¢, d, 71, T2 sao constantes positivas e satisfazem
2
nc—d° >0
Assumiremos que a,b € L>(0,1) sdo fungdes ndo negativas tais que

a(x) > ap>0em I; C (0,1)
b(l’) >byg>0em I, C (0,1)

(§] Il N IQ 7£ @
Definimos a energia do sistema como
E(t) = E1(t) + E2(t)

onde

1
E(t) = B /0 (A + p)uZ + pu? + b3 +nbs + 1145 + T2q5 + 2d0105 da

1/t
Es(t) = 3 / A+ p)udy + puiy + cb7, + nbi, + Tiql, + T2a3, + 2d01,02 dx
0

*DMA ,PMA, UEM, PR, Brasil, jaspalomino@uem.br
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2 Resultado

Nosso principal resultado é dado por

Teorema 2.1. sob as hipdteses acima, a energia E(t) associada ao sistema (1.1) — (1.3) decai exponencialmente,

isto €, existem constates positivas ci e co tais que
E(t) < cie”2'E(0), Vt>0 (2.5)

Usando o Método de Faedo Galerkin encontramos uma solugéo regular para o problema (1.1) — (1.3) e para
obtermos a estabilizacao local usamos a técnica dos multiplicadores junto com o método usado em Lasiecka, 1. e
Tataru, D. [1] ou Wenden, C., Soriano, J.A. , Falcdo, F.A. and Rodrigues, J.H. [4]. A Teoria de Semigrupos também
pode ser usada para a obtengéo de uma solugdo regular do Problema (1.1) — (1.3) (ver [2] e [3]).
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ON THE LOCAL SOLVABILITY IN MORREY SPACES OF THE
NAVIER-STOKES EQUATIONS IN A ROTATING FRAME

FERREIRA, LUCAS CATAO * & DE ALMEIDA, MARCELO |

1 Introduction

In this paper we consider the initial value problem (IVP) for the incompressible rotating Navier-Stokes equations

ou

E—Aqu(u Vu+QJu+Vp=0,z€R3 t>0 (1.1)
V-u=0,z€R3 t>0 (1.2)
U(I,O) ZUO(I),I €R37 (13)

where u is the velocity field of fluid and the scalar function p denotes the pressure at the point z € R3 and ¢ > 0.
The term 2 € R is the so-called Coriolis parameter which corresponds twice the speed of rotation around the
vertical axis e = (0,0,1). The operator J is the skew-symmetric 3 x 3 matrix such that QJu = Qes x u which
is called Coriolis force. We prove local-in-time (non-uniform) solvability for the rotating Navier-Stokes equations
in Morrey spaces M7 N(Rg). Theses spaces contain singular and nondecaying functions which are of interest in
statistical turbulence. We give an algebraic relation between the size of existence time and angular velocity 2. The
evolution of velocity u is analyzed in suitable Kato-Fujita spaces based in Morrey spaces. We show the asymptotic
behavior ug — w in L>(0,T; Mg ,(R?)) as Q — 0, where w is the solution for the Navier-Stokes equations with
the same data ug. Particularly, for 4 = 3 — p, the solution is approximately self-similar for small |Q|, when ug is
homogeneous of degree —1.

Let us review some works about local and global solvability for (1.1)-(1.3). Local-in-time existence of solutions
in the Besov space BgoJ was proved in [1] and [5] with existence time T" depending on Coriolis parameter Q (i.e.
non-uniform). Indeed the paper [1] considered the equation (1.1) with a additional drift term Mz - Vu with M

a real matrix. In the paper [2], the author showed local non-uniform solvability in LS9, which is a subspace of

L having vertical averaging property. Precisely, L2 (R3) = {u € L®(R3) : u —u € B.goyl(Ria)} where 7 =
th_H_OO 5T f u(xy, o, x3)dxs. The motivation for introducing the space L2 (Rj) was that the Stokes-Coriolis
semigroup is unbounded on L*°(R?). Afterwards the authors of [3] introduced the space F'My and showed a result
of local-in-time solvability, uniformly on Q, where FMy = {f : f € M has no point mass at = 0}, and M
is the space of finite Radon measures. We have the inclusions F M, C Bw ! C BUC. Concerning small global
solvability for (1.1)-(1.3), umformly on ©, we have results on Sobolev space Hz, FMs = {f € FM;supp(f) C Fj},
(FMy)~! = div[(FMy)?], FBp ~¢ with p > 3 and B, /2 °" with s, = —1—|— and 3 < p < oo. Here Fj is a sum-closed
frequency set, FM = (M)" = {f : f € M}, FB 00 = (stu )Y denotes Fourier Besov spaces, and 81/2 PP s a
homogeneous hybrid-Besov space. The continuous inclusions W2-2(R?) ¢ L3(R3) ¢ L3>®(R3) C M271(R3) holds
true, where the first one follows from Sobolev embedding. On the other hand, there is no any inclusion relation
between Mo 1(R3) and the spaces FMs C FMy C (FM,)™* FB,,C><> and 61/2 S
M, (R%) and BY 1 (R?), L2 (R?), for 1 < p < 00 and 0 < p < 3. Then we are prov1ding a new initial data class

for IVP (1.1)-(1.3), which contains in particular nondecaying functions at infinity.

The same occurs between

*Instituto de Matematica ,IMECC, SP, Brasil. L. Ferreira, suporte FAPESP-SP e CNPQ. E-mail: lcff@ime.unicamp.br
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98



2 Mathematical Results

Teorema 2.1. Let 1< ¢ <p<qg<oo, Qe€R, 0< <3 withp >3 —p andug € Mj ..

(i) Let p > 3 —p. There exists C > 0 independent of Q and ug, Tq :=T(2) > 0, and a unique local-in-time mild
solution w € Hy g, for the IVP (1.1)-(1.3) satisfying |[ul m, », < 27a, where yo = C(1+Tq |Q])?|[uollp,. The
data-map solution s locally Lipschitz continuous from My, to Hy .

(i) Let p=3—p and yq = C(1 +T|Q|)?|uollp,u, where T > 0 is arbitrary and C' is as in item (i). There exists
0 :=06(T,92) > 0 and a unique mild solution w € Hy 1 satisfying ||ullm, , < 2va provided that |lugllp,, < 9.
For Q = 0, there is 8o > 0, 8o > 6, such that if ||uol|p,, < do then we can take T = oo and u is the unique

< 279 = 2C|ugllp,- In the first conclusion of this item, we can replace ¢ by

q,00 —

global solution verifying ||u|| g
0o provided that T || is small enough.

Observagao 2.1. Let ¢ € C5°, ¢ > 0, $(0) = 1, [ps ¢da = 1, and ¢(x) = 0 for |x| > 1. Let {\;} C R™ satisfy
|A\j| =47 and define

F=3 Mo — ). (2.4)
j=1
Then f is a nondecaying function and belongs to M, ,(R3), for 1 < p < 0o and 0 < p < 3, but not to FMs, F Mo,
. Lo 3
(FMo)™", By nor FB, ..
Teorema 2.2. Under the hypotheses of Theorem 2.1.

(i) (Vanishing angular velocity limit) Let ugq be the solution corresponding to angular velocity Q, and let w be the
solution of the Navier-Stokes equations (2 = 0) both with the initial data ug. Then

ug = w in L=(0,T; My ) as Q — 0, (2.5)
where either T > 0 is arbitrary if u=3—p or T =Ty if u > 3 —p (see Remark ?7).

(ii) (Approzimate self-similarity as Q — 0) Assume p =3 — p. Let ug(z,t) be the solution with data uy homoge-
neous of degree —1 and with existence time Tq, where |ugl|p,, < 0o and To — 0o as Q& — 0. Then, for small
values of |, uq is approzimately self-similar in L7S.(0,00; My, ), that is, uq(z,t) converges in the sense of

(2.5), for any fixzed T > 0, to the self-similar solution w of the Navier-Stokes equations.
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COMPORTAMENTO ASSINTOTICO PARA UM PROBLEMA
PARABOLICO COM DIFUSAO GRANDE

LUIS A. F. DE OLIVEIRA * & RICARDO DE SA TELES |

Estamos interessados em examinar a questao da continuidade do atrator de trajetorias para um problema
parabdlico onde se garante existéncia de solugao, mas nao unicidade.

1 Introducao

Seja @ C R™ (n > 3) um subconjunto aberto, limitado, conexo, com fronteira suave I' e para cada ponto = € T,
v = v(z) indica o vetor normal exterior unitario a I' no ponto z. Além disso, sejam d > 1 e dA; > 2 (A1 é o primeiro
autovalor do Laplaciano com condi¢iao de Neumann homogénea), a € (0,1) e f : R — R é uma funcdo de classe C"*

satisfazendo as seguintes hipéteses: existem constantes positivas ¢y, C, ¢1, c2, c3 € 2 <p < % tais que

f(w) > ¢,
[f(u1) = f(ug)] < Clur = ua|(1 + [ur[P72 + |ua|"72),
calulP — ez < f(u) - u,

[f ()77 < ea([uf? +1),

para quaisquer u, ui, us € R.

Vamos examinar a questao da continuidade do atrator de trajetérias para o problema

O —ddu— )+ " (1) € (0,00) X
ou
So=0 (t2)€(0,00) x T, (1.1)

com relagao ao coeficiente de difusao d.

A defini¢do de solugdo fraca global para (1.1), o resultado de existéncia e a constru¢do de uma familia de
atratores de trajetérias para cada d, nas condigbes acima, podem ser encontrados em Teles [1] e Chepyzhov [2].
Nessas referéncias também se define uma topologia adequada para trabalharmos, a qual é denotada por @l‘;c. E
importante observar que a familia de atratores obtida estard contida num conjunto absorvente que independe de d.

Consideremos a decomposicio L?(Q)) = [wo] ® Y, onde wy(x) = \/ﬁ
com média nula. Com isso, se u = u(t,x) é uma solugdo de (1.1), entdo vamos adotar a decomposi¢do u(t,z) =

e Y é o espaco das funcdes de L?(Q)

B(t)wo(x) + v(t,x) escrita de maneira dnica, sendo S(t) = \/ﬁ Jou(t,x)dr e v(t,z) = u(t,z) — B(t)wo(x). Essa
decomposigao nos permite reescrever a equagao (1.1) como um sistema de equagoes.
Queremos demonstrar que se u(t,z) = B(t)wo(x) + v(t, ) é uma solugao da equagdo (1.1), d = +00 e A é 0

atrator de trajetorias da equagao diferencial ordinéria

Y (t) = —F(y(@) + (@B (E), t=0
7(0) = v €R,

*IME, USP, SP, Brasil, e-mail: luizaug@ime.usp.br
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entao

e a funcao componente v satisfaz v — 0 na topologia G);gc; e

e a familia {Ayg}q U {Q’(;} 6 semicontinua superiormente em d = oo, onde Ao, é a imersdo de Ao, em [wo] ®Y
através da aplicagao v € R — ywy.

2 Resultado

Teorema 2.1. Se A, € a imersio de Aso em L?(Q) = [wo] &Y, entdo a familia de atratores de trajetdrias
{Ag}a U{Ao} € semicontinua superiormente gin/d = 00, isto €, para toda vizinhanga O de 2. na topologia 9;;6
existe dy > 0 tal que se d = dy, entdo Ay C O(A).
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COMPARISON AND POSITIVE SOLUTIONS FOR A CLASS OF
DIRICHLET PROBLEM INVOLVING THE (p, q)-LAPLACIAN

LUIZ FERNANDO O. FARIA *T, OLIMPIO H. MIYAGAKI & DUMITRU MOTREANU 9

1 Introduction

In [4], we study the existence of (positive) solutions for the following quasi-linear elliptic equation with Dirichlet
boundary condition

—Apu — pAgu = f(z,u,Vu) in Q
u>0 in Q (1.1)
u=0 on 09,

on a bounded domain 2 in RY with a C!**-boundary 99, for some 0 < a < 1. In the left-hand side of the equation
in (1.1) we have the p-Laplacian A, and the ¢-Laplacian A, with 1 < ¢ < p < 400, and a constant g > 0. The
problem covers the corresponding statement with p-Laplacian in the principal part, for which it is sufficient to take
= 0. Here —A, is regarded as the operator —A,, : Wol"p(Q) — WL (), where % + ﬁ = 1, defined by

(—Apu,v) = / IVulP~2VuVode for all u,v € WyP(Q).
)

The right-hand side of the equation in (1.1) is in the form of convection term, meaning a nonlinearity f(z,u, Vu)
which depends on the point = in the domain €2, on the solution u and on its gradient Vu. The essential feature of
this paper is the dependence on the gradient Vu, which prevents the use of variational methods.

We assume that f:Q x R x RN — R is a continuous function satisfying the growth condition:

(F) bolt|™ < f(z,t,&) < by (14" +[€]™2) for all (x,t,€) € QxRxRY | with constants by, by > 0, 71,79 € [0,p—1),
rog €[0,p—1)if u=0,and 7o € [0,q — 1] if u > 0.
Since we are looking for positive solutions of problem (1.1), without any loss of generality we will suppose in the
sequel that f(z,t,£) =0 for all t <0 and (z,£) € Q x RV,
The (p, q)-Laplacian problems have received much interest due to their rich mathematical substance and various
applications in quantum physics, biophysics, plasma physics, chemical reaction design (see, e.g., [1], [5]).
The aim of this result is to prove the existence of a positive solution. The solution is constructed through an
approximating process (see e.g. [2]) based on gradient bounds and regularity up to the boundary. The positivity

of the solution is shown by applying a new comparison principle which is established here.

2 Mathematical Results

The Sobolev space W, ?(Q) with 1 < p < oo is endowed with the norm

ul| = (/Q |vu|de> T uewhr).
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Throughout the paper the solutions of the elliptic boundary value problems are in the weak sense.

The following result is a slightly extended version of [3, Lemma 2].

Lemma 2.1. Let wy,wy € L®(Q) satisfy w; > 0 a.e. in £, wil/q e Whtr(Q), pril/q € L>(Q) fori=1,2, and
w1 = wsg on I, where 1 < g < p < 4o00. If wy/wa, wa/wy € L®(R), then there holds

/ (_ pri/q +MAqwi/q pr;/q —|—,quw;/q
Q

w§q—1)/q T wéq—l)/q ) (w1 —wz)dx > 0.

Lemma 2.1 enables us to establish a comparison principle for a subsolution and a supersolution of the Dirichlet

problem

—Apu—pAgu=g(u) in Q (2.2)
u=0 on 09, (2.3)

where 1 < ¢ < p < 400, u>0and g: R — R is a continuous function.
We recall that u; € W1P(Q) is a subsolution of problem (2.2) — (2.3) if u1 < 0 a.e. on 9Q and

/(|Vu1|p_2Vu1V<p+u\Vu1|q_2Vu1V<p)dx < / g(uy)pdz

Q Q

for all ¢ € WyP(Q) with ¢ > 0 a.e. in Q, while uy € WP(Q) is a supersolution of (2.2) — (2.3) if the reversed
inequalities are satisfied with us in place of uq for all ¢ € W&’p(Q) with ¢ > 0 a.e. in .

Theorem 2.1. Let g : R — R be a continuous function such that t'=9g(t) is nonincreasing for t > 0 if u > 0, and
t1=Pg(t) is nonincreasing fort > 0 if p = 0. Assume that u; € WOIP(Q) and ug € Wol’p(Q) are a positive subsolution
and a positive supersolution of problem (2.2) — (2.3), respectively. If u; € L®(Q) N CH*(Q), Apu; € L=(Q),
u;/uj € L>®(Q) fori,j=1,2, then us > uq in Q.

Our main result is the following existence theorem of positive solutions.

Theorem 2.2. Under assumption (F), problem (1.1) admits a (positive) solution u € CL(€).
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MEASURE NEUTRAL FUNCTIONAL DIFFERENTIAL EQUATIONS AS
GENERALIZED ODES

MARCIA FEDERSON * MIGUEL FRASSON | JAQUELINE G. MESQUITA ¥ & PATRICIA TACURI $

1 Introduction

In the paper [2], we introduce a class of equations called measure neutral functional differential equations, which we
refer to simply as measure NFDEs and which encompasses classic classes of NFDEs. Our main results in [2] state
that, similarly to other kinds of differential equations, measure NFDEs can also be regarded as abstract generalized
ODEs. Then, using the relation between measure NFDEs and generalized ODEs, we prove results on the existence
and uniqueness of solutions and continuous dependence of solutions on parameters for our class of measure NFDEs.

We focus our attention on equations of the form
D[N(xht):l = f(xtat)Dg7

where D[N (a4,t)] and Dg(t) are the distributional derivatives of N(z¢,t) and g(t) respectively in the sense of L.
Schwartz (see the references [1] and [6]). We call the above equation a measure neutral functional differential

equation or simply measure NFDE.

2 A glimpse of the main results

Let tg, 0,7 be given real numbers, with o, > 0. The theory of neutral functional differential equations is usually

concerned with equations of type

d
&N(ytat) :f(yht)v te [t07t0+0]7
where z,(6) = y(t + 0), for 8 € [—r,0]. Because we would like to model real-world problems undergoing jumps or
discontinuities, we will consider the space of regulated functions from [ty — 7, tg + o] to R™ as our phase space. We
denote by G([a,b], X) the space of all regulated functions f : [a,b] — X. When endowed with the usual supremum
norm, G([a,b], X) is a Banach space.

Let O C G([to — 1, to + o], R™) be open and consider the set
P={y :y€O0, te [ty,to+ o]} C G([~r,0],R").

Assume that f : P X [tg,to + 0] — R™ is a function such that, for each y € O, the mapping t — f(y:,t) is integrable
(in a sense that we will specify later) on [to, %o + o] with respect to a nondecreasing function g : [tg,to + 0] — R.
We assume that N is a linear and autonomous operator which means that N(z,t) = N(t)z;. Therefore the

previous equation can be rewritten as
D[N (t)xt] = f(xs,t)Dg.

*ICMC, USP, Sao Carlos, Brazil, federson@icmec.usp.br
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104



Using the Riesz-type Representation Theorem for bounded linear functionals on the space of regulated functions
by M. Tvrdy, see [7, Th. 3.8], we have that the operator N is given by
0

N(t)p = (0) - / dylu(t, 0)](6).

-

where ¢ € G([-r,0],R") and p: R x R — R™*" is a mensurable and normalized function satisfying
:U/(tv 9) =0, 0> 0; M(t7 9) = :u’(t7 _Ir)7 0 <—r

Moreover, we assume that p is a left-continuous function in § € (—r,0), of bounded variation on 6 € [—r, 0], and
the variation of the y on [s, 0], vary i, tends to zero as s — 0. See [5].

Combining the above equations, we obtain

Nt)xy — N(0)zo = /0 f(xs,8)dg(s),

which implies
0 0

z(t) = [ dolu(t,0)]z(t +0) — =(0) + de[u(oﬁ)]@(@):/o f(xs,5)dg(s)

- —r
where the integral on the right-hand side can be understood is in the sense of Riemann-Stieltjes, Lebesgue-Stieltjes

or even Kurzweil-Henstock-Stieltjes. Therefore, the integral form of equation
D[N (t)z:] = f(x,1)Dg.

can be written as
0

t 0
o) =20) + [ fn ool + [ dut.olet+0) - [ du0.0)00).

r

We establish a one-to-one correspondence between the solutions of the integral form of our measure NFDE and
the solutions of a certain class generalized ODE introduced by Jaroslav Kurzweil. Then we obtain a result on
the existence and uniqueness of solutions of measure NFDEs via the correspondence between these equations and
generalized ODEs.

A very nice example is given as well.
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EXISTENCE OF PERIODIC ORBITS IN AN ELECTROMECHANICAL
SYSTEM UNDER PARAMETRIC AND EXTERNAL EXCITATIONS

MARCIO J.H. DANTAS * RUBENS SAMPAIO & ROBERTA LIMA !

1 Introduction

Consider the following O.D.E. system

W (s) = vs sin (8) — z (s) — wy (8)
! ek +uwo ’ (L.1)

—(e2(8) +wo)?cos (p1 (s) + s) sin (p1 (s) + 5) — v3 2 (s) + vy wy (8)
(ek + wp) (e sin (py () + 5)° + 1)

The equation (1.1) models a very simple system composed by a cart whose motion is driven by a DC motor. The
coupling between the motor and the cart is made by a mechanism called scotch yoke. In this simple system, the
coupling is a sort of master-slave condition: the motor drives, the cart is driven, and that is all. All parameters
in (1.1) are dimensionless. For the physical meaning of the above system as well as its deduction from the first
principles see [1]. In this note some modifications of the model in [1] were included in (1.1). In the above system
wy, 2z are oscillations around adequately chosen parameters. In (1.1) an external excitation, given by vs sin (s), and
a detuning parameter k are introduced. With this last parameter a correction of the frequency wq is performed.
Note that (1.1) is subject to parametric and external excitations. As a final remark, one can observe that in the
above system there is a 1 : 2 resonance between the periods of parametric and external excitations.

The aim of this note is to give a proof of the existence of a 2w-periodic orbit of (1.1). Our main tool is the

Regular Perturbation Theory.

2 An sketch of the proof

In (1.1), take the following initial conditions (p; (0),w; (0), 2 (0)) = (0, By, Cy) + € (0, B,C). Let ® be the flow of
the above system. It is well known, see [2, Th. 3.3, pg.21], that ® is a C°° mapping of the initial conditions as well

as of the parameters. So

VU (s,B,C,k,e) =®(s,0,By+€B,Co+€C, k,€) (2.2)
where By, Cy are adequately chosen parameters, is a C°° mapping. Hence

U (s,B,C,k,€e) = U (s,By,Co, k) + V1 (s, B,C, k) e+ O (€%), (2.3)
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where ¥;, i = 0,1 and the remainder O (¢?) are C> mappings. One has that ¥ (s, By, Co, k) = (p10 (s) , wio (s),
20 (s)) satisfies the following system
Pho (5) =0, g () = -0 T 200 | woshn (),
Wo Wo
V2 w10 (8) —v320(s)  wosin(2s+2pio(s))
wo 2

(2.4)

% (s) =

with initial conditions given by pig (0) = 0, wio (0) = By, 20 (0) = Co. And ¥, (s, B,C, k) = (p11(s) , wy1 (s),
Z1 (S)) with P11 (0) = 0, w11 (O) = B, Z1 (0) = (C satisfies
o (s) = 20 (8) — k:, W (s) = ~wir(s) +211(s) Kk (vssin(s) — 2'2 (s) — wio (s))7
wo wo Wy

vow (8) — vz 21 ()
wo

(2.5)

21 (8) = —wpcos (25 + 210 (8)) p11 (8) + + F (s,p10 (8), w10 (8), 20 (), k)

where F' is an 27 periodic function in the variable s. Such function is C'*° and is directly obtained from the usual

-1 _1

A — wo wo
va g

wo wo

has all eigenvalues with negative real parts, it follows that there are By, Cy such that wig(s), 210 (s) are 27

perturbation procedure. Since the matrix

periodic functions. Of course pio (s) = 0. And (1.1) has a 27 periodic solution if, and only if, ¥ (27, B,C, k,€) =
¥ (0,B,C, k,€). After some simplifications this last equation is equivalent to

U, (2w B,C,k)—(0,B,C) + 0O (¢) = (0,0,0). (2.6)
Let us denote by A (k, B,C,¢) the left hand-side of (2.6). From the properties of the matrix A and after a long,
but straightforward computation, one obtains that there are By, C; such that A (0, By, C1,0) = (0,0,0) and
—2m

0 0
8/\ Wo
0(k,B,C) (0,81, €1,0) = T An-1  Ap
Ty Ao Ay -1

Hence, it follows from the Implicit Function Theorem that there are C*° functions k (€), B (¢), C (€) such that
A(k(e), B(e), C(e),e) = (0,0,0) for € adequately small. Thus, one gets from (2.3) and (2.2) that (1.1) has 2
periodic solutions for the initial condition (0, B (¢),C (€)) and k = k ().
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ASYMPTOTIC BEHAVIOR FOR A CLASS OF EXTENSIBLE BEAMS
AND PLATES

MARcCIO A. JORGE SILVA *

1 Introduction

In the present work we establish new results about well-posedness and long-time behavior of solutions to the
following nonlocal equation related to a class of extensible beams and plates with nonlinear fractional damping and
source term

uge + A%u — M ( |Vu|2dx) Au+ N ( |Vu|2d:c) (=AY up + f(u) =h (1.1)
Q o

in Q x (0,00), where Q C R? is a bounded domain with smooth boundary 99, 0 < 6 <1, M and N are nonlinear
scalar functions, f(u) is a nonlinear source term and h is an external forcing term. With respect to the displacement

u = u(x,t) we consider simply supported boundary condition
u=Au=0 on JN x [0,00), (1.2)

and initial conditions
u(-,z) = uo(xz), u(z,0) =ui(z), =z (1.3)

Our first result is concerned with existence, uniqueness, continuous dependence and continuity of weak solutions
to the problem (1.1)-(1.3). Then we can study the long-time behavior of solutions through the dynamical system
generated by (1.1)-(1.3). Our second (and main) result shows the existence of a compact global attractor to the
corresponding dynamical system. It is worth noting that all results hold by taking 0 < # < 1. However, the main
range is when we consider 6 € [0,1/2), emphasizing the case § = 0. Our results complement those ones given in
1, 2, 3, 4].

2 Results
The precise hypotheses on M, N, 6, f and h, are given below.
(H1) Let M and N be C'-functions on [0, c0) such that
M(r)>0 and N(7)>0, V712>0, (2.4)
r \L/2
2M (1)1 — / M(s)ds > *ITT —2mgy, V72>0, (2.5)
0
for some constant mqg > 0.
(H2) Let f be a C'-function on R such that f(0) = 0, and

|F'(w)] < kr(1+ |ul?’?), Y ueR, (2.6)
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for some constants k; > 0, and p satisfying

8
p>01if 1<¢g<4 and 0<p< 4ifq25. (2.7)
Also, let us assume that there exist constants lg,l; > 0 such that
A v A
7§1|u|2 —p < / f(s)ds < f(u)u + gl\u|2 +1, YueR (2.8)
0

(H3) Let he€ Hand 0< 6 < 1.

The well-posedness of problem (1.1)-(1.3) is the following.
Theorem 2.1. Under assumptions (H1)-(H3) we have:
(i) If (uo,u1) € H == (H2(2) N HE(Q)) x L3(Q), then problem (1.1)-(1.3) has a weak solution in the class
u€ L0, T; H*(Q) N Hy(Q)), us € L=(0,T; L*(Q)), (2.9)

satisfying
(u,ut) € C([0,T],H), VYT >0.

i) If 21 = (u,us), 22 = (v,v;) are two weak solutions corresponding to initial data 25 = (ug,u1), 22 = (vo,v1),
0 0
respectively, then
124 () = 22Ol < e“lzg — 2311w, VYt €0, T, (2.10)

for some positive constant C = C(||2}||x, |28 |12, T). In particular, problem (1.1)-(1.3) has uniqueness.
Remark 2.1. Theorem 2.1 implies that the family of evolution operators S(t) : H — H defined by
S(t) (uo, ur) = (u(t), ue(t)), t=0, (2.11)

where (u,ut) is the unique weak solution of (1.1)-(1.3), defines a nonlinear Cy-semigroup. Then we can study the

asymptotic behavior of solutions through the dynamical system (H,S(t)).
Our main result is the following.

Theorem 2.2. Under assumptions of Theorem 2.1 we have:

(1) The dynamical system (H,S(t)) given by (2.11) has a compact global attractor A C H, which is characterized
by unstable manifold A = M (N), emanating from the set N consisting of stationary solutions of S(t).

(i1) The dynamical system (H,S(t)) given by (2.11) has a global minimal attractor Ami, = N.
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EIGENVALUE DECAY OF POSITIVE INTEGRAL OPERATORS ON
COMPACT TWO-POINT HOMOGENEOUS SPACES

MARIO H. DE CASTRO * & ANA C. PIANTELLA |

1 Introduction

Let M be a compact two-point homogeneous space of dimension m. Such space is both a riemannian m-manifold
and a compact symmetric space of rank 1. In this work, we will always consider m > 2. Let dx be the usual volume
element on M and L?(M) the Hilbert space of all square-integrable complex functions on M endowed with the inner

product
1 -
21= /Mf(:c)g(x) dr, f,g€ L*(M), (1.1)

and the derived norm || - [[2, the normalization constant being defined by o := [, da.

We will deal with integral operators defined by

/ K(- y) dy, (1.2)

in which the generating kernel K:M x M — C is an element of L?(M x M). In this case, (1.2) defines a compact
operator on L?(M).
If K is L?-positive definite in the sense that

/ / K(z,y)f(z)f(y)dedy >0, f e L*(M), (1.3)
then K becomes a self-adjoint operator and the standard spectral theorem for compact and self-adjoint operators
is applicable and we can write

ZA W fu)afu, | € L2(M), (1.4)

n=0
in which {\,,(K)} is a sequence of nonnegative reals (possibly finite) decreasing to 0 and {f,,} is an (-, -)g-orthonormal
basis of L#(M). The numbers A, (K) are the eigenvalues of K and the sequence {\,(K)} takes into account possible
repetitions implied by the algebraic multiplicity of each eigenvalue.

We observe that the addition of continuity to K implies that K is also trace-class (nuclear) ([2]), that is,
DK () 13" < oo, (1.5)

feB

whenever B is an orthonormal basis of L?(M). In particular,

> A(K) = /MK(x,x) dz < oo, (1.6)

and we can extract the most elementary result on decay rates for the eigenvalues of such operators, namely,
M (K) = o(n™h). (1.7)

The object of study in this paper is the analysis of decay rates for the sequence {\,(K)} under additional

assumptions on the kernel K.
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2 Mathematical Results

Two-point homogeneous spaces can be considered as the orbit of some compact subgroup $ of the orthogonal group
6, ie, M =6&/§. If e is the identity of & and m: & — & /9§ is the natural mapping then o = 7(e) is called the pole
of ML. Clearly, the point o is invariant under all motions of $. Each M has an invariant Riemannian metric d(-, -)
and admits essentially one invariant second order differential operator, the Laplace-Beltrami operator A.

Let 6 be the distance of a point from the pole. We can choose a geodesic polar coordinate system (6, u), where
u is an angular parameter, in which the radial part of A can be written, up to a multiplicative constant, as

1 d d
= — (sin AQ)? (sin 2A0)” — 2.
S 0)7 (sm2ag) dg A’ (sin220)7 2, (2:8)
where the values of o, p and A depend on M. Furthermore, the change of variables © = cos 2\0 gives us
d d
_ _ )@ -8 (1 _ \1ta 1+8 =
Ar=(1—-2)"%1+x) . (I—2)"*1+=x) I (2.9)

witha=(c+p—1)/2=(d—2)/2and = (p—1)/2.

We will write B = —A, and denote B" the r-th power of B, r = 0,1,2,.... The Sobolev space of order r
constructed from B is defined as in [3, p.37] and [4] by Wi (M) := {f € L*(M): B/ f € L*(M), j = 1,2,...,7}.

The action of B on kernels is done separately: we keep one variable fixed and differentiate with respect to the
other. The symbol B) K will indicate the r-th order of B acting on the kernel K with respect to the variable y
(we will never differentiate with respect to the first variable x). For r € Z,, we find convenient to introduce the
following notation Ko, (v,y) := ByK(z,y), =,y € M, to abandon the operator symbol. The integral operator
associated with Ky, will be written as Ko ;.

We are ready to describe the results. We emphasize that all the results take for granted the ordering on the
eigenvalues mentioned before and do not include the case when M is the real projective space.

Theorem 2.1. Let K € L?>(M x M) be a L2-positive definite kernel satisfying K(x,-) € W5 (M), 2 € M a.e.. If
Ko, belongs to L>(M x M) then
M (K) = o(n=1/2=2r/m)y, (2.10)

If we replace the basic assumption in Theorem 2.1 with the nuclearity of Ky , then we can obtain an improvement

on the previous decay rate.

Theorem 2.2. Let K € L?>(M x M) be a L2-positive definite kernel satisfying K(x,-) € W5 (M), 2 € M a.e.. If
Ko, is trace-class then
A (K) = o(n=172r/m), (2.11)
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[P~-BOUNDEDNESS PROPERTIES FOR VOLTERRA DIFFERENCE
EQUATIONS

MARIO CHOQUEHUANCA *, CLAUDIO CUEVAS T, FILIPE DANTAS ¥ & HERME SOTO §

1 Introduction

Let X be an arbitrary Banach space. In this work, we study [P-boundedness properties for Volterra functional

difference equation given by

un+1)=2A Z aln—Hu(g) + f(n,uy), n €Z, (1.1)

j=—00
where ) is a complex number, a(n) is a summable C-valued function, f is an appropriate function and u,, : Z_ — X
is the history function, which is defined by u,(0) = u(n + 0) for all § € Z_.

2 Mathematical Results

2.1 Linear Volterra difference equations

In this section we are concerned with the study of the existence of [P-solutions for linear Volterra difference equations
described by
= A Z u(j) + f(n), n € Z, (2.2)
Jj=—00
where A is a complex number, a : N — C is a summable function and f is in ?(Z, X).
For a given X € C, let s(\, k) € C be the solution of the difference equation

sOVE+1) =AY a(k— 4), k=0,1,2,..., s(\,0) = 1. (2.3)
7=0

In this case, s(A, k) is called the fundamental solution to the equation (2.2) generated by a(-). We define the
set Qg :={A e C:|[s(\,)|[1 =Y peg [s(A, k)| < +oo}.
Theorem 2.1. Let A be in Q. Then for any f € IP(Z, X) the equation (2.2) has a unique solution u(n) in 1P (Z, X)

which is given by
n

uln+1) = Y s(An—5)10). (2.4)

j=—00

The solution u(n) satisfies u € I (Z,X) for all 1 < p <p’ < oo, and the following estimate holds:

1141 1
lell o ey S NsQSM 7 s L 1 2,0 (2.5)
In particular, if p = oo, we get
[ulloo < ls(X 1 l]oo- (2.6)

*Departamento de Matematica y Estadistica, Universidad de la Frontera, Temuco, Chile, mario.choquehuanca@ufrontera.cl
TDepartamento de Matemética, Universidade Federal de Pernambuco, Recife-PE, Brasil, cch@dmat.ufpe.br
fDepartamento de Matemética, Universidade Federal de Pernambuco, Recife-PE, Brasil, filipeddsmat@gmail.com
$Departamento de Matematica y Estadistica, Universidad de la Frontera, Temuco, Chile, herme.soto@ufrontera.cl

112



2.2 [P-boundedness properties

To establish the main result, we need introduce the following;:

We will define the phase space B axiomatically.

Specifically, B will denote a vector space of functions defined from Z_ into X endowed with a norm denoted
Il - I|g so that (B,] - ||5) is a Banach space and the following axiom holds:

(A) There are a positive constant J and nonnegative functions K (-), M(-) defined on Z, having the following
property: If x : Z — X is a function such that xq € B, then for all n € Z, the following conditions are fulfilled:

(i) z, € B,
(i) Jllzm)|l < llealls < K(n) maxocicn ||2(@)]] + M (n)|[zo] 5.

To obtain our results, we consider also the following axiom:
(B) If (¢™)nen is a uniformly bounded sequence in B which converges pointwise to ¢, then ¢ € B and ||¢"™ —
¢llp — 0 as n — co.

Theorem 2.2. Assume that B is a phase space that satisfies axiom (B). Let \ be in Qg and let f:7Z x B — X be
a function that satisfies the following Lipschitz condition:

I1f (K, ) = f(k, )| < Lg(k)[le(0) = 2 (0)]], (2.7)

for all ¢, € B and each k € Z, where Ly : Z — R is [P-summable and f(-,0) € IP(Z, X ). Then there is a unique
bounded solution u(n) of equation (1.1) such that u € IP(Z,X).
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BOUNDARIES FOR ALGEBRAS OF ANALYTIC FUNCTIONS

M. LILIAN LOURENCO *

1 Introduction

Throughout the paper X will be a complex Banach space. As usual, Sx, Bx and X* will denote the unit sphere,
the closed unit ball, and the (topological) dual of X, respectively.

A result of Silov asserts that if 2 is a unital separating subalgebra of C'(K) (K a compact Hausdorff topological
space), there is a smallest closed subset S C K such that every function in 2( attains its norm at some point of
S [8, Theorem I1.4.2]. Globevnik introduced the corresponding concept for a subalgebra of C,(2), the space of
bounded continuous functions on a topological space  not necessarily compact [9]. In fact, he considered the case
of Q = Bx, the unit ball of a Banach space X.

If 2 is a subspace of Cy(Q2), we will say that a subset B C 2 is a boundary for A if

Ifll =sup|f(b)], VfeA.
beB

The algebra of continuous and bounded functions on Bx that are analytic on the interior endowed with the
sup-norm is denoted by A (Bx). By A,(Bx) we mean the subalgebra of A, (Bx) of the uniformly continuous
functions. Recall that a function is analytic if it Fréchet differentiable in its domain. For background on analytic
functions we refer to [12].

Globevnik [9] described the boundaries for Ao (Be,). As a consequence of the description, he showed that this
algebra has no minimal closed boundary. Aron, Choi, Lourengo and Paques [5] gave examples of boundaries for
As(By.) and they also showed that the unit sphere of ¢; is the intersection of all closed boundaries for Ao (B, ).
The first author showed in [1] that for every infinite compact Hausdorff topological space K the subset of extreme
points of the unit ball of C'(K) is a boundary for A (B¢ (k))- It is also known that for either X = C(K), K or X
a non-reflexive Banach space which is an M-ideal in its bidual, there is no minimal boundary for A, (Bx) ([1] and
[2]). Research on the theme of describing boundaries in the sense of Globevnik has been carried on in recent years,
see among many others [3], [4], [6], [7], [10] and [11].

In this note we prove that if X is a Banach space with infinite-dimensional centralizer and its unit ball has
an extreme point, then for both algebras A (Bx) and A,(Bx), the generalized torus is a boundary and the

intersection of all closed boundaries is empty.

2 Mathematical Results

Proposition 2.1. Let X be a complex function module and K its base space. Given a discrete sequence (t,) in K,
the set
N ={xz € Bx : z(t,) =0 for some n}

is a boundary for As(Bx) and also for A,(Bx).

Corollary 2.1. Let X be a complex function module whose base space K is infinite. Then there is a discrete
sequence (t,) C K such that the set
N ={z € Bx: z(t,) =0 for some n}
*It is a joint work with M. ACOSTA and P. GALINDO Instituto de Matemaética ,USP,, Brasil, mllouren@ime.usp.br
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is a boundary for As(Bx) and for A,(Bx). If moreover there is an extreme point in By, then the intersection

of all closed boundaries is empty.

Proposition 2.2. Let X be a complex function module and K its base space. Assume that the function t € K +—
lz(t)|| is continuous for all x € X. If the set

A:={x e Bx :z(t) #0,Vt € K}
is a boundary for A (Bx) or Au(Bx), then the set
T:={ze€ Bx:|z()|=1Vte K}

is also a boundary for the corresponding algebra. This is the case if Bx has an extreme point and K is zero-

dimensional.

Corollary 2.2. Let X be a dual complex Banach space whose centralizer is infinite-dimensional and Kx its base
space. The torus T := {x € Bx : ||z(t)|]| = 1,Vt € Kx} is a closed boundary for Ax(Bx) or A,(Bx) and the

intersection of all closed boundaries is empty.
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Optimally results to Timoshenko system with Second Sound and past
history

Mauro de L.Santos * D. S. Almeida Jinior T

In this paper we consider the Timoshenko system with second sound and past history acting in the shear

2
angle displacement. We show the exponential decay of the solution if only if xo := xo — ‘;13?20 = 0. Here xg =

2
7 — ) (g — ) — 7297 i 4 new number to stablity of Timoshenko system with second sound introduced
o3k k o3k

by Santos et al in [1]. On the contrary, we show that in general the Timoshenko system with second sound and

past history is polynomially stable with an optimal decay rate.

1 Introdution
A heat flux equation of the Jeffreys type can be expressed as
Tq, +q = —ko VO — 7k VO, (1.1)

where q is the heat flux, which is the heat per unit area, and it is a vector. 6 is the difference of temperature, 7
is the relaxation time, kg is thermal conductivity and k7 is the effective thermal conductivity. The physical ideas
leading to Equation (1.1) can be seen in [2]. If k; = 0, then equation (1.1) reduces to

Tqr +q = —ko V0. (1.2)

We shall call equation (1.2) Cattaneo’s equation (see [2]). When 7 = 0, then equation (1.2) reduces to the Fourier’s
law given by

q=—ky V08 (1.3)
and, if de = yd#f, as for a solid, then
e; = —divq (1.4)
leads to diffusion equation,
0: — kAH =0, (1.5)

where e is the internal energy, v is the heat capacity and x = % is the thermal diffusivity. Considering initial
conditions (for example Dirichlet boundary conditions) for 8, we obtain the exponential decay to (1.5), that is,
the associated one parameter semigroup is exponentially stable. The diffusion equation (1.5) has the un-physical
property (paradox physical) that if a sudden change of temperature is made at some point on the body, it will
be felt instantly everywhere, though with exponentially small amplitudes at distant points. In a loose manner of
speaking, we may say that diffusion gives rise to infinite speeds of propagation. The temperature of a body is the
macroscopic consequence of certain kinds of vibratory motions, the motions of molecules of gas or the vibrations
of a lattice in a solid on microscopic scales. Heat is transported by near-neighbor excitation in which changes of

momentum and energy on a microscopic scale are propagated as waves.

*Universidade Federal do Pard e-mail: 1sQufpa.br
TUniversidade Federal do Para e-mail: dilberto@ufpa.br

116



In some applications like laser cleaning computer chips with very short laser pulses, see reference [1], it is worth
while thinking of another model removing this paradox, but still keeping the essentials of a heat conduction process.
One such model is given by the simplest Cattaneo law (1.2) replacing the Fourier law. Combining the equations
(1.2) and (1.4) we obtain the equation

1
Htt — cA0f + 79,5 =0. (16)
T

The equation (1.6) is a hyperbolic differential equation, free form of the paradox of instantaneous propagation and
it transmits waves of temperature with a speed ¢ = % The waves are attenuated as a result of relaxation, and
steady heat flow may be induced by temperature gradients. It is obvious that Cattaneo’s law has many desirable
properties.

Following the main idea about deformation in elastic structures, we consider the Timoshenko system given by

the equations of motion
0Apy = Sy (1.7)
oYy = M;—S (1.8)
By t we denote the time variable, x is the space variable, ¢ is the transverse displacement, v is the rotation of
the transversal section across of the neutral axes, ¢ is the mass density, M is the curvature moment, S is the stress,

A is the area of the transversal section and [ is the inertial moment of the transversal section. The corresponding

constitutive laws are given by
M = EIy, — / 9(8)he(z,t — 5) ds — 80, S = KAG(ps + ). (1.9)
0

In these equations ¢ denotes the density, A is the cross-sectional area, I is the area moment of inertia, E and G are
the elastic constants and « is the shear coefficient. Therefore, from the constitutive laws (1.7) and the balance of

the energy given by the Cattaneo law, we get the system

o1¢t — k(pz +¢); = 0 in Q, (1.10)

ate — e+ [ g Naalast = 5) + bpat0) +d0 = 0 W 0, (111)
0 030 + Az + 0y = 0 in (1.12)

Tt +Bq+6, = 0 in Q (1.13)

where Q =]0,1[x]0, oo[. Here we consider the following boundary conditions
0(0,1) = o, 1) = 12(0,8) = (I, t) = 6(0,8) = 0(1,1) = 0 (1.14)
and the following initial conditions:
o(@,0) = po(z), @i(x,0) =p1(x), ¢(x,0) =vo(x), (2,0) =v1(z),
0(2,0) = bo(z), a(,0) = qo(). (1.15)

We show that the above system is exponentially stable if only if xo = 0. On the contrary, we show that in general

the Timoshenko system with second sound and past history is polynomially stable with an optimal decay rate.
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SOBRE O COEFICIENTE DE FUJITA PARA ALGUNS SISTEMAS DE
REACAO-DIFUSAO

M. LOAYZA *

Consideramos os sistemas parabdlicos u; — Au = h(t)vP, vy — Av = h(t)u? e up — Au = h(t)(u” 4+ u®), ve — Av =
h(t)(ud 4+ v*) em Q x (0,T) com a condigao de Dirichlet na fronteira. Supomos h € C[0,0), p,q,7,5 > 1, Q C RY
um dominio limitado ou nao limitado com fronteira regular e dados inicias nao negativos. Mostramos uma relagao
entre a existéncia de solugdo global (ou explosdo em tempo finito) do sistema e o comportamento assintético da

solucao do problema linear u; — Au = 0.

1 Introducao

Seja ©Q um dominio limitado ou nao limitado com fronteira regular. Em [6], Meier considerou o seguinte problema
parabdlico semilinear
up — Au = h(t)u? em Q x (0,7
u =0em I x (0,7) (1.1)
u(0) =wg >0 em Q,

onde h € C[0,00), p > 1 e ug € L>®(R). Ele mostrou que

o se limsup,_,. ||S(t)ugl! fot h(o)do = oo, para todo ug > 0, entd@o qualquer solugdo nao trivial de (1.1)

explode num tempo finito.

o se existe up > 0,up # 0 tal que [° h(0)||S(0)ug|[Zs ' do < oo, entdo existem solugdes globais para (1.1).
Destes resultados segue imediatamente que se h(t) ~ t9 para ¢ suficientemente grande, entao o coeficiente de

Fujita de (1.1) satisfaz p* = 1 + 2L onde s* = sup{s > 0; existe ug > 0,limsup, ,__ t*||S(t)ugllec < 00} €

s* 7

(S(t))t>0 € o semigrupo do calor. Este valor ¢ critico pois: se 1 < p < p*, entdo qualquer solucdo nao trivial de (1.1)
explode num tempo finito. Se p > p*, entdo o problema (1.1) admite solugdes globais. Desde o trabalho Fujita [2],
determinar o valor critico para o problema (1.1) e problemas derivados tem sido objeto de intensa pesquisa, veja
por exemplo [2], [5], [6] e [7].

Estamos interessados em estender os resultados de Meier para os sistemas

ur — Au = h(t)f(u,v) em Q x (0,7),
ve — Av = h(t)g(u,v) em Q x (0,T),
u=v =0emdNx(0,7T),
uw(0) =up >0 ,v(0) =v9>0em

(1.2)

onde f(u,v) =P, g(u,v) =ul e f(u,v) =u" +vP, g(u,v) = u? 4+ v*, onde p,q,r,s > 1.

Quando f(u,v) = vP, g(u,v) = u?, h(t) =1 e Q = R Escobedo e Herrero [3] mostraram que se v = max{p, ¢},
entao

e sel<pg<1l+ %(fy + 1), entdo qualquer solucao nao trivial de (1.2) explode num tempo finito.

e sepg>1+ %('y + 1), entao o problema (1.2) admite solugoes globais.

Podemos observar que é coeficiente critico esta associado ao produto pqg e é (pg)* =1+ %(7 +1). Quando Q é
um dominio limitado (pg)* = 1, veja [4].

No caso em que f(u,v) =u" + P, g(u,v) =u? +v°, h=1e Q=RN, S. Cui[l] mostrou que para p > ¢

*Departamento de Matematica , UFPE, PE, Brasil, miguel@dmat.ufpe.br
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e se algumas das seguintes condigoes vale: a) r < 1+4+2/N, b) s <1+ 2/N,c) N(pg—1)/2(p+1) <14d)
N(pg—1)/(p+1)>1,¢<1+4+2/Nes< Ng(Ng—2), entdo toda solugdo nao trivial de (1.2) explode num tempo
finito.

e ser>14+2/N,s>1+2/N, N(pg—1)/2(p+1)>1e(g>14+2/Noug<1=2/Nes>Nq/(Nqg—2),
entao o problema (1.2) admite solugoes globais.

2 Resultados

Teorema 2.1. Sejam f(u,v) = v 7g(u v)=u? comp>q>1epg>1.

e Selimsup,_, [|S(t)uollss aa fo o)do = oo, para todo ug € Co(R2),uy > 0, entdo toda solu¢io nao trivial
de (1.2) explode num tempo finito.

o Se emiste ug € Co(2),ug > 0,up # 0 tal que [~ h(0)||S(0)uol|L g do < oo, entdo existe (T, Vo) € [Co(2)]?
com g, Vg > 0 tal que a correspondente solugcao do problema (1.2) € global.

Observagao 2.1. (i) Note que quando p = q, o resultado anterior reduz-se ao resultado de Meier.
(i) No caso em que h(t) ~ t* com a > —1 para t suficientemente grande, podemos concluir que a) if 1 < pq <

1+ W, entdo cada solugdo nao trivial de (1.2) explode num tempo finito e, b) se pg > 1+ (’)H;ﬂ, entao

*

o problema (1.2) possui solugdes globais. De [3], vemos que s* = N/2 e de [4] que s* = +o0.
A situagéo é bem mais delicada no caso em que f(u,v) = u” + v? e g(u,v) = u? + v*.

Teorema 2.2. Suponha que f(u,v) =u" + 0P e g(u,v) =u? +v°, comr,s>1, p>q>1andpq>1

e Suponha que alguma das sequintes condigoes vale: a) lim bupt_mo IS (#)ug |75t fo o)do =

b) limsup,_, o [|S(#)uo||s5? fo o)do = 00, ¢) limsup,_, . [|S(#)uo|s o fo o)do =

d) limsup,_, . |S(¢ )uo||Oo ( Ot/Q h(o)do) ft/? o)do = 00, para todo ug € Co(R), up > 0 entdo toda solugdo ndo

trivial de (1.2) explode num tempo finito.

o Se emiste ug € C’o( ),ug > 0,ug 7& 0 werificando fo o)S(o)uo||igtdo < oo, [;° h(o)||S(0)uol|ss do <
0o, [ h(o)||S(c uoH i do < oo e [ h(0)]|S(o )UoHoo “do < 0o, entdo o problema (1.2) possui wma solug@o
global.
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SIGNORINI’S PROBLEM FOR THE MINDLIN-TIMOSHENKO SYSTEM

MILTON L. OLIVEIRA * & FAGNER D. ARARUNA |

1 Introduction

In this work we are interested in study the following Mindlin-Timoshenko system:

3 2
ph d)//_ <8¢ 2 Q;_’_ JQrM) 0 )
)

8$181‘2
o+ 2 2o n Q
pr in ,
ph3 " i )8271/) (1+p) aQ(b 1.1
TV M 32 E 022 2 9ni0m (1.1)
+h <¢ aw) 0 in Q,

phw"k[ail <gw+¢>+£2(aw+¢>} in Q,

let T be a positive real number and Q = Q x (0,7) where Q is a bounded open set of R™ with smooth boundary
I'. Here we suppose that I' = Ty | T’y satisfying T'o (1 = &

We impose the following boundary conditions at the left end

p=v=w=0 on 3. (1.2)
where Y9 = I'g x (0,7). The conditions (1.2) assures the beam remains clamped at © = 0. At the right end, we
impose

o , 0%  (A—p) 99 /
ha = _ »
A |:V18 + 5 + 2 2 (91'2 * o, 6%1 71¢ on b
0 0 0 0
o2y, 00 A (00 e
8 8 2 8372 8351 (1 3)
gfw+V1¢+V2¢207 w=>yg on X,
ow
5, Tr1ot+wey (w—g)=0 on 3,

where ¥ =T'1 x (0,T). The conditions (1.3); and (1.3), represent a dissipative boundary feedback. The conditions

ow
(1.3); and (1.3), are known as contact conditions. The expression o = —— + v1¢ + 121 is the stress tensor on
v
the boundary and g is the obstacle. In this way, d = w — g is the distance of the body to obstacle. Thus, when
the distance d is positive there is not contact (o = 0). When there is not distance (d = 0), the stress tensor o is

positive. Anyway we have od = 0, for all time ¢. To complete the system, let us include the initial conditions

¢(70) = ¢07 d)/ (70) = ¢17 1/1(70) = 1;[}07 1/)/ (30) = 1/11, w(,O) = Wo, w' (70) =w; in Q. (14)
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2 Contact Problem

The main result that give us the solution of the contact problem is as follows.

Theorem 2.1. Given data (¢o, ¢1, %0, %1, wo,w1) €V x L2(Q) x V x L2 (Q) x K x L?(Q) there exists at least a
solution (¢, v, w) of (1.1)-(1.4).

Proof To prove this theorem we penalize our problem, then we show that the penalized problem has solutions
using Galerkin’s method and we make the passage to the limit in the penalized problem to obtain the solution of

the contact problem.
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MAXIMAL LINEABILITY OF CONTINUOUS SURJECTIONS IN
EUCLIDEAN SPACES

NACIB GURGEL ALBUQUERQUE *

1 Introduction

Lately the study of the linear structure of certain subsets of surjective functions in R® (such as everywhere surjective
functions, perfectly everywhere surjective functions, or Jones functions) has attracted the attention of several
authors working on Real Analysis and Set Theory (see, e.g. [1, 2, 6, 7, 4]). The previously mentioned functions
are, indeed, very “exotic” and all the previous classes are nowhere continuous, thus, it is natural to ask about the
set of continuous surjections. In this work we prove, in a more general framework than that of R¥, that the set of
all continuous and surjective functions between arbitrary euclidean spaces R™ and R™, with m,n arbitrary positive
integers, is c-lineable [1] (that is, it contains a c-dimensional vector space such that every non-zero element of which
is a continuous surjective function from R™ onto R™, where ¢ stands the cardinality of the real line). Since the set

of all continuous functions from R™ to R™ is c-dimensional, this result is optimal in terms of dimension [3].

2 Mathematical Results

Let m and n be positive integers. Throughout this we shall denote

Smn=1{f : R™ — R"; f is continuous and surjective} .
The following result guarantees that S, , # @. It uses the fact that S1 2 # @ (see [8, p.42], [9, p.272] or [10]).
Lemma 2.1. There exists a continuous surjection from R™ onto R™.
Working on each coordinate we have the following.

Lemma 2.2. The set B = {p,},cm+)n of C(R";R") is linearly independent, has cardinality ¢, and every nonzero

element of span(*B) is continuous and surjective.
Now our main result.
Theorem 2.1. S,, ,, is c-lineable.
Proof. Fix f € S, We will prove that the set € = {F o f}pecp is so that span(€) is the space we are looking

for. The surjectivity of f assures that G o f = 0 implies G = 0, for every function G from R™ to R™. Thus, if
G;e®B,i=1,...,k and

k k
O_Zai'(GiOf)_<ZaiGi>ofa
=1 =1
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then Zle a;G; = 05 so, since B is linearly independent, we conclude that o; = 0, ¢« = 1,...,k and thus, € is
linearly independent. Thus, clearly it has cardinality ¢. Furthermore, any nonzero function

l

!
Z)\i'(Fiof): <Z)\2F1> of

i=1

of span(€) is continuous and surjective, since it is the composition of continuous surjective functions (recall that,
from Lemma 2.2, 22:1 AiF; is a continuous surjective function). Therefore, span(€) only contains, except for the

zero function, continuous surjective functions.
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THE MULTIDIMENSIONAL MUSKAT PROBLEM

NIKOLAI CHEMETOV * & WLADIMIR NEVES |

1 Introduction

We consider a generalized Muskat Problem posed in bounded domains, which seems more realistic from the physical
point of view. The original Muskat problem was proposed by Morris Muskat [7] to study the encroachment of water
into an oil sand. Due to applications to oil reservoir, this problem is of great practical interest, and also in view
of the mathematical difficulties to show solvability of the system, the Muskat Problem takes attention of many
mathematicians.

In fact, many important results concerning the Muskat Problem have been obtained, we address for instance:
Ambrose [1], Constantin, Cérdoba, Gancedo, Strain [4], Cérdoba A., Cérdoba D., Gancedo [5], Escher, Matioc [6],
Siegel, Caflisch, Howison [9], Székelyhidi Jr. [10]. Albeit, most of these mentioned existence results are related to
almost small perturbations of planar interfaces, which separate two fluids. The existence, of weak solutions for
general data, is not known. The literature concerning the Muskat Problem is really huge nowadays, we do not
pretend here to cover all of them. We address the reader to the references there in the above cited works, which

seems to us very good to have an up to date scenario of the Muskat Problem.

One observes that, in the original formulation of the Muskat problem given by the standard Darcy’s law equation,
the fluids are assumed to behave ideally with itself, that is to say, the viscosity of the fluids only takes place in the

constitutive relation of the interaction forces, and do not in the Cauchy stress tensor.

Here, we follow our original idea established in [3], which is to perturb the Darcy’s law equation with a positive
(small as needed) viscosity term. Then we formulate an initial boundary value problem assuming Dirichlet boundary
data, and in this way, it is shown the solvability of a generalized multidimensional Muskat problem. Despite the
introduced new term in the original Darcy’s law could have just a mathematical aspect, the model proposed to
study the Muskat Problem, which relies in a more general Darcy’s law equation, is presented with details in this
talk under physical arguments. Moreover, as in any fluid flow problem, the range of validity of Darcy’s law may
be expressed in terms of the Reynolds number Re, which is generally defined in terms of a characteristic length.
In particular, for consolidated porous media Re is expressed in terms of mean porous size, on the other hand for
unconsolidated porous media, it is in terms of grain size. In any case, it is claimed that Darcy’s law is applicable
for Re less than 10, where the viscous forces are predominant. Darcy’s law may breakdown for many reasons, for
instance when the Re number is bigger than 100, or applying for gases at low pressure, or if the mean porous
diameter of the medium is comparable with the mean free path of the gas, etc. The reader is addressed to some

empirical or almost-empirical modifications of Darcy’s law studied by Scheidegger, see [8].

2 Mathematical Results

Let T > 0 be any fixed real number and  C R? (with d = 2 or 3) is an open and bounded domain having a C%—
smooth boundary I'. We define by Qp := (0,7) x Q, Iy :=(0,T) x I'. Moreover, the outside unitary normal to
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at x € T' is denoted by n = n(x). Then, we formulate a generalized Muskat initial-boundary value problem, denoted
GMP: For all (¢,x) € Qr, find (p(t,x), v(t,x), v(t,x)) solution of

Op+v-Vp=0, ov+v-Vv=0,
h(t,x,pv) v —div(py Dv) = =Vp+p G, divv =0, (2.1)

pli=0 = po, P|r; =py, V]i=0 = 1o, V|r; =wy, V[, =D,

where G is a given vector function, also pg, pp, Vo, ¥ are given initial-boundary data for the density and effective
viscosity respectively, b is the boundary data for the velocity field v and

Iy : ={{r)elr:(b-n)(tr) <0},
It : ={(tr)elr:(b-n)(tr) >0} (2.2)

called respectively the in-flux, and out-flux boundary zones of the ”oil-water” mixture.

In this talk, we show that, the GMP is solvable and describes the motion of immiscible fluids. One of the main
difficulties, to prove the solvability for GMP, is to show the strong convergence of an approximating sequence
for the density function. Another important issue is the trace of the density function, once it is just assumed
measurable and bounded, in fact, we follow the technical and important results proved by Boyer in [2]. Similar
remarks are also posed for the kinematic viscosity.
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CAOS DISTRIBUCIONAL PARA OPERADORES LINEARES

N.C. BERNARDES JR.*, A. BONILLAT, v. MULLER? & A. PERIS®

1 Introducao

O estudo da dinamica de operadores lineares em espagos de dimensao infinita tem atraido a atencao de muitos
pesquisadores nos tultimos 30 anos. Neste contexto, o conceito mais estudado é o de hiperciclicidade, ou seja, a
existéncia de vetores com 6rbitas densas. Caos foi introduzido na dindmica linear por Godefroy e Shapiro [3], que
adotaram a definicao de caos no sentido de Devaney. Assim, um operador linear T' sobre um espago de Fréchet
X é dito cadtico se é hiperciclico e tem um conjunto denso de pontos periédicos. Operadores cadticos tém sido
intensamente estudados nos ultimos 20 anos. Indicamos os excelentes livros [1] e [4] para um estudo bastante
atualizado desta area.

Mais recentemente, muitos pesquisadores comegaram a estudar outros conceitos importantes de caos no contexto
da dindmica linear, tais como caos no sentido de Li-Yorke, caos distribucional e propriedades de especificagao.

No presente trabalho, estudamos caos distribucional para operadores lineares. Estabelecemos algumas caracte-
rizacoes fundamentais e aplicamos nossos resultados a algumas classes importantes de operadores, como operadores
de deslocamento com peso e operadores de composigao.

No que se segue, X denotarda um espago de Fréchet arbitrario, ou seja, um espago vetorial real ou complexo
munido de uma sequéncia crescente (|| - ||x)xen de seminormas que define a métrica

o0

.
d(w,y) =Y opmin{l, [lz —yls} (z.y € X),
k=1

com a qual X é completo. Além disso, B(X) denotard o conjunto de todos os operadores lineares continuos
T: X — X.

2 Resultados

Comegemos lembrando o conceito de caos distribucional. Dado A C N, a densidade superior de A é definida por

dens(A) := limsup card([Lin] 0 4),

n—00 n

Se M é um espago métrico e f : M — M é uma aplicagdo continua, um par (z,y) € M x M é dito um par

distribucionalmente e-cadtico para f (¢ > 0) se
dens{n e N: d(f"(z), f*(y)) >e}t=1 e dens{n e N:d(f"(z), f"(y)) <d} =1 para todo ¢ > 0.

A aplicagao f é dita (uniformemente) distribucionalmente cadtica se existem & > 0 e um subconjunto ndo-enumeravel
S de M tais que (z,y) é um par distribucionalmente e-caético para f sempre que x e y sdo elementos distintos
em S. Este conceito de caos foi introduzido por Schweizer e Smital [6] e é uma extensdo natural do conceito de

caos no sentido de Li e Yorke [5].
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No nosso trabalho consideramos o seguinte conceito: = € X é um vetor distribucionalmente irreqular para
T € B(X) se existem m € Ne A, B C N com udens(A4) = udens(B) =1 tais que

ImT"z=0 e lim ||T"z||m, = oc.
necA neB
Estabelecemos, entre outras, a seguinte caracterizacao fundamental:

Teorema 2.1. Um operador T € B(X) é distribucionalmente cadtico se e somente se T admite um vetor distribu-
ctonalmente irreqular.

Também estabelecemos uma condigao suficiente para caos distribucional denso, que é bastante util.
Teorema 2.2. Se X ¢ separdvel, T € B(X) e existe um subconjunto denso Xy de X tal que
T"z — 0 para todo z € X,

entdo as sequintes afirmacgoes sao equivalentes:

(i) T € distribucionalmente cadtico;

(ii) T ¢ densamente distribucionalmente cadtico;

(iii) T admite uma variedade uniformemente distribucionalmente irreqular e densa;

(iv) T admite uma Jrbita distribucionalmente ilimitada.

Em seguida, estabelecemos diversas aplicacoes dos nossos resultados, incluindo caracterizagoes no caso de ope-
radores deslocamento com peso e de operadores de composic¢ao.

Indicamos o nosso artigo [2] para mais detalhes.
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DINAMICA TOPOLOGICA COLETIVA
DE APLICACOES GENERICAS DO ESPACO DE CANTOR

NILSON C. BERNARDES JR. * & ROMULO M. VERMERSCH |

1 Introducao

O estudo de propriedades genéricas é um tema classico na drea de sistemas dindmicos. No contexto da dindmica
topoldgica, tal estudo tem sido desenvolvido nos ultimos quarenta anos por diversos pesquisadores. Para o caso
da dindmica genérica de aplicagdes continuas definidas sobre o intervalo unitério fechado, veja [1], por exemplo.
Para o caso de aplicagbes continuas e homeomorfismos em variedades compactas, veja [3] e [7], onde muitas outras
referéncias podem ser encontradas. Finalmente, para dindmica genérica de aplicagoes do espaco de Cantor, veja [2],
[4], [5] e [6], por exemplo.

Por outro lado, o estudo da dinamica coletiva também é um tema importante na drea de sistemas dinamicos.
Enquanto a acao de um sistema dinamico sobre pontos do espago fase pode ser pensada como dindmica individual,
a acao do sistema sobre subconjuntos do espaco fase pode ser pensada como dindmica coletiva, e é natural comparar
a dindmica individual com a dinamica coletiva. O contexto mais usual para a dinamica coletiva é o da aplicagao
induzida sobre o hiperespago de todos os subconjuntos compactos nao vazios munido da métrica de Hausdorff.

E natural combinarmos ambos os temas e estudarmos a dinamica coletiva de aplicagoes genéricas. No presente
trabalho desenvolvemos um tal estudo para aplicagoes continuas e homeomorfismos do espago de Cantor. Para tal,
utilizamos os resultados de estrutura de grafos das aplicagOes continuas genéricas e dos homeomorfismos genéricos

do espago de Cantor estabelecidos em [4].

2 Resultados

Dado um espago métrico compacto (M, d), denotamos por C(M) (resp. H(M)) o espaco de todas as aplicagoes
continuas de M em M (resp. de todos os homeomorfismos de M sobre M) munido da métrica do maximo:

d(f,g) = maxd(f(x),g(x)).

zeM

Além disso, denotamos por (M) o hiperespago de todos os subconjuntos fechados e nao-vazios de M munido da
métrica de Hausdorff:
dg(X,Y) = d(z,Y d(y, X)}.
#(X,Y) := max { maxd(z,Y), maxd(y, X) }

Dada f € C(M), a aplicacdo induzida f : K(M) — K(M) é definida por

f(X) = f(X) (={f(z) : x € X}).

Note que f € C(K(M)) e, além disso, se f é um homeomorfismo, entdo f também o é. .
Conforme mencionado na introdugao, o objetivo do nosso trabalho é estudar a dinamica coletiva da aplicacao

continua genérica e do homeomorfismo genérico do espago de Cantor. Nosso modelo para o espaco de Cantor é
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o espaco produto {0,1}", onde {0,1} é munido com a topologia discreta. Consideramos {0,1} munido com a
métrica compativel d dada por d(o,0) := 0 e d(o,7) := X, onde n é 0 menor inteiro positivo tal que o(n) # 7(n)
(0,7 € {0, 1}, 0 # 7).

Como ilustragao do tipo de resultado que obtemos, enunciaremos nossos resultados envolvendo caos Li-Yorke e
caos distribucional. Para tal, vamos comegar relembrando estes conceitos de caos.

Seja M um espago métrico. Se f: M — M é uma aplicagao continua, um par (z,y) € M x M é dito um par
Li-Yorke para f se

liminf d(f™(z), f*(y)) =0 e limsupd(f™(z), f"(y)) > 0.

n— oo n—oo
A aplicagao f é dita Li-Yorke cadtica se existe um subconjunto ndo-enumerdvel S de M tal que (z,y) é um par Li-
Yorke para f sempre que x e y sao elementos distintos em .S. E conhecido que das nocoes de caos mais importantes,
essa é a mais fraca.
Dado A C N, a densidade superior de A é definida por

_ 1 A
dens(A) := limsup card([l,n] 0 4)

n—00 n

Se f: M — M é uma aplicagao continua, um par (z,y) € M x M é dito um par distribucionalmente e-cadtico para
f(e>0)se

dens{n e N:d(f"(z), f"(y)) >e}=1 e dens{n e N:d(f"(z),f"(y)) <4} =1 para todo § > 0.

A aplicagao f é dita uniformemente distribucionalmente cadtica se existem £ > 0 e um subconjunto ndo-enumeravel

S de M tal que (z,y) é um par distribucionalmente e-caético para f sempre que = e y sdo elementos distintos em S.
Teorema 2.1. Para f € C({0,1}Y) genérica, f ndo possui par Li-Yorke.

Em grande contraste com o resultado acima, temos o seguinte teorema.
Teorema 2.2. Para h € H({0,1}) genérico, h é uniformemente distribucionalmente cadtico.

Apresentamos também, ainda dentro desse contexto, respostas completas para questoes envolvendo caos to-
polégico, conjuntos recorrentes, pontos periddicos, continuidade em cadeia de aplicacGes continuas e homeomorfis-

mos e, por fim, sombreamento de homeomorfismos.
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SIMULTANEOUS RECONSTRUCTION OF COEFFICIENTS AND
SOURCES PARAMETERS WITH LIPSCHITZ DISSECTION OF CAUCHY
DATA AT BOUNDARY

NILSON C. ROBERTY *

1 Introduction

In this work we study the problem of reconstruction of coefficients and source parameters in second order strongly
elliptic systems [1]. Let Q be a Lipschitz domain. Let Fy = [fa, ..., fo] € L2(Q)™*NP (H H,) € Hz(9Q)™*NF x
H~2(8Q)™NP be the source and the Cauchy data for NP problems. The inverse boundary value problem for

mXNP % RNA

parameter determination investigated is to find (U, o) € H'(£2) satisfying

LU=F, ifze
Pg, g, WUl=H  ifzeco; (1.1)
B,[U]=H, ifzedQ;

Here v is the boundary trace, B, is the conormal trace and NA is the number of parameters. The coefficients of

the strongly elliptic operator £, and the source depend on the parameter «.

Auxiliary mixed problem

Let 0Q = 0Qp UTTU 90N a Lipschitz dissection of the boundary. The auxiliary mixed boundary value problem
for problem (1.1) is given by the well posed problem Pj?; P . For Dirichlet and Neumann data (g”,g¢Y) €

Hz(0Q)™ x H™2(8Q)™, to find u € H'(Q)™ satisfying

SN

Lou=fo, ifxe)
yul =gP ifx € 0Qp; (1.2)
Bou=gY ifxecoQy;

P?CX!

9gD,9gN

Lipschitz Dissection for the Complementary Direct Problems

Consider the splitting of the superscribe Cauchy boundary data following the Lipschitz dissection
H' =4[U]|r, s ' = y[Ullr,, ; H), = B,[U]|r, and H;' = B,[U]|r,, -
Under some guess of parameter values a(?), consider 2N P mixed boundary values problems
Pg:()()))7HI,Hl{I and P?(i?:,),HIRHg :

Let Ul and U{! be its respective solutions.
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2 Mathematical Results

Complementary Problems on Lipschitz Domains

Definition 2.1. Let us consider two mized boundary value problems Py, ,1 o1 and Py, g11 o110 defined on the same
Lipschitz domain Q). We say that these problems are complementary if fr = frr, UL = T4, T =T and there
exist a Cauchy data (g, g,) such that
9" = gxry, and g = gxry-
9 = guxry, and g,' = g, xrir-
Theorem 2.1. Suppose that two mized boundary value problems Py, o1 o1 and Py, g11 g11 has solutions ur and upy,

respectively. If they are complementary, then

Uy =uyy.

Proof : It is based on the concept of Calderon Projector gap [1].

Lemma 2.1. Suppose that in the model given by operator L, and source F, the associated Cauchy boundary
data are given by (v[U], B,[U]) = (H, H,) as posed in problem (1.1). Suppose also that Cauchy data are dissected

according the Lipschitz dissection and the respective mized problems are solved.
(i) If the parameter a value is the corrected, then UL = UL

(ii) If the parameter value for a = a®) presents a discrepancy in the mized problems solutions Ui(o) #* Ué{o) , then

for any parameter a in a neighbourhood of a(©),

[ X@ @ @) - U@ = Heh b 1) + [ (08 @) ol @) Foler.a©)dot

Q
NA 17 I
> —al”) [ (0! (@20 G2 — ub@)La G2 o+ Offlas — ")
P 9] 604,» 8041‘

where vl and v{! are solutions of boundary complementary adjoint homogeneous auziliary problems in the
sense of the Lipschitz dissection with mass one source x € L*(2) and H depends on the Cauchy data.

Remark 2.1. Based on Lemma (2.1) we create some discrepancy functional that measures observed differences for
guess value of the parameters, i.e.,
do(Ur, Urr) = ||US = U |v, (2.3)

where V' can be the norm of continuous functions solutions C(S)), or square integrable L*(Y) solutions, or even
with some first derivative control H'(Q) solutions. Problem (1.1) can now be posed with the following optimization
problem:

“In the guess set of parameters a € {[a1,as] C RNA}, to find @ that minimizes the discrepancy (2.3) between
Lipschitz dissected solutions. ¢

Part (ii) of Lemma (2.1) is used in the search for a descend direction.

We presents some numerical experiments.
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SOLUCOES NAO-NEGATIVAS PARA EQUACOES DE SCHRODINGER
ENVOLVENDO EXPOENTES SUPERCRITICOS

OLIMPIO H. MIYAGAKI *! & SANDRA I. MOREIRA '3

1 Introducao

Recentemente varios matematicos tem estudado equagodes do tipo
—Au+ W(z)u — kA(w?)u = p(z,u), (L.1)

em RV, com N >3, W : RY — R uma funcdo chamada potencial e p : RN x R — R funcéo continua.
As solugdes de (1.1) estao relacionadas com a existéncia de ondas estaciondrias para equagoes de Schrodinger
quase-lineares da forma

0z = —Az 4+ W(x)z — f(|2%])z — kA [9(|2%])] ¢'(|2%))=, (1.2)
em que W é um potencial dado, k uma constante real, f, g sao fungoes reais.

A fim de buscar solugdo para a equagdo (1.1) dois métodos variacionais vem sendo amplamente usados. O pri-
meiro por meio de argumentos de minimizagao com vinculos, em [4] e estendidos em [2], onde os autores provaram
a existéncia de solugdes positivas usando um Multiplicador de Lagrange. O segundo, foi fornecido em [3], onde para
superar o problema de que o funcional associado a esta equagao pode nao estar bem definido, foi introduzido uma
mudancga de varidveis, e assim, o problema quase-linear foi transformado em um semi-linear.

Inspirados pelo artigo [1], desejamos estudar as solugoes do problema:

—Au— AW = Au+ k(z) |ul! u—h@) [u] "
(1.3)
Uy =0
onde 2 C RY | com N > 3, um dominio limitado, h, k € L>(Q) sdo fungdes ndo-negativas, 3 < ¢ < r, A € R..
Ao longo do trabalho usaremos as seguintes hipdteses:

(Hy) supp k C supp h.

(Hs2) h,k € L*™(Q) sdo fungdes nao-negativas e supp k and supp h tem medidas positivas.

(H3) O<X(B)* M

= 5—, onde f ¢ definida por
0£u€H(B) [ |f(w)|” dx

f't) = —:—, em [0,+00),

f(t) = _f(_t)v em (_0070]'
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Neste trabalho, usamos as seguintes notagoes: o = supp k; Q= {z € Q: h(zx)=0};

2 Resultado

Teorema 2.1. Seja 3 < g < r. Suponha que

* Lx)::; x 00
(*) /Qih(x)g;] dz < 400.

Entdo existe um nidmero \* com —oo < \* < X tal que

w2

1. Se A* < XA < X(Q) entdo o problema (1.3) admite uma solucio nio-negativa.

2. Se \* < XA < ), o problema (1.3) admite duas solugdes nio-negativas, 0 < wy < vy.

Ideia da Prova: Motivados pelo argumento encontrado em [3], usamos uma mudanga de varidvel para reformular
o problema e obtermos uma equacdo semilinear, cujo funcional associado é C'. Depois disso, usamos métodos
variacionais para encontar as solugoes, a saber: a primeira solugao é obtida via minimizacao e método de sub-

supersolucao e a segunda solucao é encontrada via teoria de Ljusternik - Schnirelman sobre conjuntos convexos.
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SOBRE O LIMITE DE VISCOSIDADE NULA NO PROBLEMA DE

CAUCHY PARA AS EQUACOES DOS FLUIDOS ASSIMETRICOS
NAO-HOMOGENEOS EM R3

PABLO BRAZ E SILVA 7 MARKO ROJAS-MEDAR | & FELIPE WERGETE CRUZ *

Estudamos o problema de Cauchy para as equagoes do movimento de um fluido assimétrico nao-homogéneo,
viscoso e incompressivel em R3. Provamos que, quando as viscosidades tendem a zero, existe um pequeno intervalo
de tempo onde as varidveis do fluido convergem uniformemente. No limite, encontramos um fluido assimétrico

nao-homogéneo, nao-viscoso e incompressivel.

1 Introducao

Consideraremos o sistema de equagoes

pus+p(u-Viu— (p+ p-)Au+Vp = 2u.rotw + pf,
diva = 0,
pwi 4+ p(u- V)W — (cq + i) AW —  (co + ¢g — ¢q)V(divw) + 4p,w (1.1)
2pr rot u + pg,
pe+u-Vp = 0,

em Qr = R3 x [0,T], T > 0, sujeito as condigdes iniciais

u(x,0) = up(x),
w(x,0) = wo(x), (1.2)
p(X7O) = pO(X)7

onde as fungbes ug, wg e pg sdo dadas. Os simbolos V, A div e rot denotam, respectivamente, os operadores
gradiente, Laplaciano, divergente e rotactonal. Por outro lado, uy, w, e p;, denotam, respectivamente, as derivadas
temporais de u,w e p.

Este sistema descreve o movimento de um fluido nao-homogéneo, viscoso, incompressivel e assimétrico (veja [1]
e [2]). As equagoes no sistema (1.1) representam, respectivamente, a lei de conservac¢do do momento linear, a incom-
pressibilidade do fluido, a lei de conservagdo do momento angular e a lei de conservagdo da massa. Os parametros

1y [y Co, Cq, Cq > 0 sao viscosidades que satisfazem ¢y + ¢q > ¢,. Para simplificar a notagao, escreveremos:
= p =+ fy, V1 = Cq +Cd e Vo =cCo+Cq—Cq-

As fungoes, u(x,t) € R3, w(x,t) € R, p(x,t) € Re p(x,t) € R sido as incégnitas e representam, respectivamente, a
velocidade linear, a velocidade angular de rotagao das particulas do fluido, a densidade e a pressao do fluido em um
ponto x € R? no tempo t € [0, T]. Por sua vez, sdo conhecidas as forcas externas f e g do momento linear e angular

das particulas, respectivamente. O sistema (1.1) inclui, como caso particular, o sistema usual de Navier-Stokes com
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densidade varidvel (w = 0 e u,- = 0). No que segue, faremos mencao a (p, u, w) quando nos referirmos a solugao do
problema (1.1)-(1.2).

2 Resultados

Como de costume, trabalhamos no ambito do espago L?(R?) = (L? (R3))3. Quando m for um inteiro ndo-negativo,
escrevemos H™(R?) = (Wm’Q(RB))3. Adaptamos as técnicas usadas em [5], para as equagdes de Navier-Stokes com

densidade variavel, a fim de mostrar o seguinte resultado:
Teorema 2.1. Assuma que

(a) 0 < i, pur,v1,v2 <1, 11 > 1o,

(b) f,ge L? (O7T; H3(R3)),

(c) po € C°(R3), Vpg € H?(R3) e 0 < m < po(x) < M < o0,
(d) up, wo € H3(R?) e divugy = 0.

Entao existe Ty € (0,T), independente de [i, vy e v, tal que o problema (1.1)-(1.2) tem uma tnica solugao (p,u, w)
que satisfaz

peC’(R®x[0,Tp]), VpeC’([0,T;H*R?), m<px,t)<M e u weC([0,T);H*R?)).

Além disso, seja (p°,u’,w®) a solugido do problema (1.1)-(1.2) com ji = v; = vo = 0, correspondendo aos
mesmos dados iniciais de (p,u,w). Entdo temos que

csp (1o = ") (Bl 41 (= 0) () (w = ) (- O)llre] 0 quando 5 — 0.
U140

onde 7y := (fi,v1,v2).
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A FORMULA TYPE ITO-KUNITA-VENTZEL FOR YOUNG
INTEGRATION

PEDRO J. CATUOGNO * & RAFAEL A. CASTREQUINI |

We show a formula type Ito-Kunita-Ventzel for continuous paths with bounded p-variation and a substitution

formula for the Young integral. We obtain a composition of two flows of Young systems.

1 Introduction

We give some preliminaires on p-variation paths and Young integration and prove a formula type Ito-Kunita-Ventzel
and a substitution formula adapted to Young integral. We establish an adaptation of the H. Kunita result about
composition of solutions of stochastic differential equations to Young systems, see [2].

It is clear that our results extend naturally to stochastic differential equations driven by a fractional Brownian

motion with Hurst index H > 1, where stochastic integrals are changed by Young integrals, see [1], [3], [4] and [5].

2 Mathematical Results

Let E and V' be Banach spaces. We denote by P([a, b]) the set of all partitions D = {a =tg < ... < ty_1 <t = b}
of an interval [a, b]. Let C*([0,T], E),k = 1,2, ..., denote the set of C*-class paths of [0, 7] in E.

Definition 2.1. Let p € (0,00). The p-variation of a path X:[0,T] — E on the subinterval [a,b] of [0,T] is defined
by

[ X japy = sup >0 ([ Xty — Xe)[P)7. (2.1)
DeP([ab]) ;€D

We say that a path X:[0,T] — E is of finite p-variation if || X||, 10,7 < oc.

We denote by VP([0,T], E) the set of all continuous paths of finite p-variation from [0,7] to E.
Let F and V be Banach spaces. Let X:[0,7] — F and Z:[0,T] — L(E,V) be continuous paths. The Riemann-
Stieltjes integral of Z with respect to X is defined as the limit

|[1)i|§0 Z Zs, (Xsri+1 - XS@) (2'2)
s; €D

and is denoted by fot ZsdXs. L. C. Young presented the sufficient conditions for the existence of Riemann-Stieltjes
integrals. More precisely, he proved that the integral fot ZsdXs exists when X has finite p-variation, Z has finite
g-variation and is valid the condition (1/p) + (1/¢g) > 1. This result is known as Young’s theorem. We also have
that the path W given by W(:) = [; ZsdX, has the same variation of the integrator X, that is, W has finite
p-variation. We refer the reader to the paper [6] by L. C. Young and also [4]. Based on Young’s Theorem, we
say that a Riemann-Stieltjes integral fOtZS dX, is an integral in the Young sense if there exist p,q € [1,00) such
that X € VP([0,T), E), Z € V4([0,T],L(E,V)) and 6 = % + % > 1. In this case holds the following Young-Loeve

estimative,

t
H / ZrdX, — ZS(Xt - XS)H < Cp’qHZHq,[s,t]||XHp,[s,t] (23)
S
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_ 1
where Cp, ; = 157"

Definition 2.2. A path F :[0,T] — V is Holder continuous with exponent o > 0, or simply a-Holder, if

I1F@@) = F)l

|1 F')|a;r = sup I < 00.

sAt |t —s|*
Let C%(]0,T); V) denote the set of a-Holder paths of V.
Now, we obtain a formula type Ito-Kunita-Ventzel in the context of Young integration.

Theorem 2.1. Let X € VP([0,T],V) and g : [0,T] x V = W be a continuous function twice continuously differ-
1

entiable in relation to V (1 < p <2). Let h € C(V,C}([0,T], L(W,U)) and Z € V*([0,T],W) (% + % > 1) such

that

gt(x) = go(x) +/O hs(x)dZ,

where the integral is in the Young sense. Then

t t
gt(Xt) = gO(XO) +/ hs(Xs)dZs +/ Dwgs(Xs>dXs- (24)
0 0
The following substitution formula holds.

Theorem 2.2. Let Z € VP([0,T),V), f € Vi([0,T], Hom(V,W)) and g € V'([0,T], Hom(W,U)) where %, 1>
1—1%. Then for all 0 < s <t<T,

t t
/ gr-dY, :/ gr o frdZ, (2.5)
where Y, = fg f(Z.)dz,.

The following Theorem is an adaptation of the H. Kunita results about composition of solutions of stochastic
differential equations to Young systems, see [2].

Theorem 2.3. Let p € [1,2), p < v, U € VP([0,T],Eq), X € VP([0,T],E1), f € Lip"(E,L(FEy, E)) and g €
Lip”(E,L(E1, E)). Let V and Y be solutions of dV = f(V)dU and dY = g(Y)dX. Then Z =Y oV satisfies

dZ = g(Z)dX + Y, f(Z)dU.
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ESPACOS LIPSCHITZ-LIVRES ASSOCIADOS A UNIOES E
QUOCIENTES DE ESPACOS METRICOS

PEDRO L. KAUFMANN *

1 Introducao: os espacos Lipschitz-livres

A todo espago métrico marcado (M, d,0), onde 0 é um elemento de M, estd associado o espaco de Banach Lipy(M)

de fungoes definidas em M a valores reais que se anulam em 0, munido da norma

|f(z) = f(y)|
d(z,y)

Lipo(M) admite um pré-dual candnico, o fecho em Lipo(M)* do espago linearmente gerado pelos funcionais de

||f|sup{ :x,yeM,x¢y}.

avaliacdo d(x), x € M, onde
0(z)(f) = f(@).

Este espago é chamado o espagco Lipschitz-livre associado a M, e denotado por F(M); foi definido e estudado em
[5], onde era chamado espago de Arens-Fells. Os espagos Lipschitz-livres possuem uma interpretacao geométrica
muito clara (veja a mesma referéncia), e permitem estudar certos aspectos da estrutura Lipschitz de espagos métricos
através da estrutura linear de seus respectivos espacos Lipschitz-livres associados. Mais especificamente, a aplicagao

0: M — F(M) é uma isometria (ndo-linear), e temos o seguinte:

Teorema 1.1. [2, Lemma 2.2]
Sejam M e N, espagos métricos marcados e seja L : M — N uma aplicagdo Lipschitz satisfazendo L(0pr) = Opn .
Entdo existe uma tinica transformagao linear L : F(M) — F(N) tal que Loy = dnL, que satisfaz ainda |L|| =

|L||Lip, onde || - ||Lip denota a norma Lipschitz.

Quando os espagos métricos considerados sao eles mesmos espagos de Banach, este tipo de tradugao linear de
propriedades nao lineares faz dos espagos Lipschitz-livres ferramentas para o estudo da geometria nao-linear de

espagos de Banach. Mencionamos [2], [3] e referéncias af encontradas para algumas importantes aplicagoes.

2 Algumas diretrizes e resultados

Sob a simplicidade da definigdo dos espagos Lipschitz-livres se esconde uma complexidade estrutural que vem sido
alvo de pesquisa recente: pouco se sabe ainda mesmo sobre as propriedades dos espagos Lipschitz-livres mais
basicos. Naor e Schechtman [4] ilustraram essa complexidade mostrando que F(R?) nao ¢ (linearmente) isomorfo
a um subespago de Lj.

Em contrapartida, Godard [1] caracterizou todos os espagos métricos cujos espagos Lipschitz-livres associados
sdo isometricamente isomorfos a L como sendo aqueles que sdo subespacos de R-arvores. Motivado por estudar
espagos métricos cujos espagos Lipschitz-livres associados sdo (ndo necessariamente isometricamente) isomorfos a
um subespago de L1, Godard no mesmo artigo iniciou um estudo sobre espagos Lipschitz-livres associados a unioes
de espacos métricos, em funcao dos espacos Lipschitz-livres associados a cada um desses espagos métricos. Este

estudo esta restrito a unides disjuntas de espagos métricos, que ainda devem satisfazer certas condigoes de disposi¢ao
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(grosseiramente colocando, os espagos devem estar “uniformemente longe” uns dos outros, mas “uniformemente nao
longe demais” para que o espago Lipschitz livre da uniao seja isomorfo a £1-soma dos espacos Lipschitz-livres de cada
espago). Apresentaremos um desenvolvimento nesta diregao, veja a Proposi¢do 2.1 abaixo. Primeiro, lembramos
que, dado um espago métrico (M, d) e um subespago fechado F, o espago métrico quociente M/F = M/ ~ (onde

~ colapsa F' em um tnico ponto) é obtido definindo-se a métrica d em M /F por

d(z,y) = min{d(z,y),d(z, F) + d(y, F)}.

Lembramos também que um operador de extensao de Lipg(F') a Lipo(M) é um operador T : Lipg(F') — Lipo(M)
que satisfaz T(f)|r = f, f € Lipo(F).

Proposicao 2.1. Seja (W,d,0) e sejam M e N subespagos de W com intersec¢io fechada F = M NN e0 € F,
satisfazendo:

1. existe um operador de extensdo T de Lipo(F) em Lipo(M U N) linear, || - ||-continuo e w*-w* continuo, e
2. existe C > 1 tal que, para cada x € M e caday € N, d(x, F) +d(y, F) < Cd(z,y).
Entao,
F(MUN)~F(M/F)® F(N/F) @, F(F)
com distor¢ao linear < C(||T]| + 1).

Discutiremos generalizagoes deste resultado para unides de maior ordem, problemas e resultados relacionados
com a existéncia dos mencionados operadores de exensao, relagoes com os resultados de Godard e com o problema

de incluir isomorficamente um espaco Lipschitz-livre em L1, e problemas abertos relacionados.
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RESULTADOS RECENTES SOBRE OS ESQUEMAS WENO PARA LEIS
DE CONSERVACAO HIPERBOLICAS

RAFAEL B. R. BORGES * & BRUNO COSTA !

1 Introducao

Equacgoes de leis de conservagao hiperbdlicas em geral possuem solugoes fracas que sao descontinuas mas que sao
de interesse fisico. Um método numérico, quando aplicado a estas equagoes, precisa tomar um certo cuidado
para conseguir aproximacoes qualitativamente corretas destas solugoes descontinuas. Em especial, pelo teorema de
Godunov, métodos lineares de ordem maior ou igual a 2 produzem solugoes numéricas com oscilagoes proximas as
descontinuidades, no caso geral. Estas oscilagoes, além de qualitativamente incorretas, podem ser amplificadas e
gerar instabilidades no caso de equagoes nao-lineares.

Os esquemas WENO (essencialmente nao-oscilatérios com pesos, em inglés weighted essentially non-oscillatory)
sao atualmente uma classe de métodos bastante popular para a resolucao numérica deste tipo de problema. Estes
métodos nao-lineares evitam realizar interpolagoes em regices onde a solugao é descontinua, através de uma férmula
que atribui pesos a esténceis de acordo com a suavidade da solugao: quanto menos suave for a fungao em um dado
esténcil, menor serd a contribuicao deste esténcil para a aproximagao final. Desta forma, consegue-se gerar solugoes
numéricas com oscilagoes despreziveis, isto é, com amplitude da ordem do comprimento da malha de pontos Az [9].

Esquemas WENO podem ser construidos com ordem de precisao arbitrariamente alta; isto é vantajoso, pois em
problemas onde descontinuidades vém acompanhadas de regides suaves mas com variagoes rapidas nas grandezas
fisicas envolvidas (por exemplo, ondas de alta frequéncia ou vértices), é por vezes mais eficiente computacionalmente
usar um esquema de ordem mais alta do que um esquema de ordem mais baixa que ird precisar de um numero
consideravelmente maior de pontos para conseguir uma solucao de qualidade qualitativamente compardvel [8].

Para mais detalhes, sugerimos o timo texto introdutério [9], bem como as referéncias [2, 3, 4] para 0 WENO-Z.

2 Resultados

Neste trabalho, apresentaremos alguns resultados recentes sobre duas variantes de esquemas WENO, a saber: o
esquema WENO cléssico, que é o WENO original de Liu et al. [6] com os indicadores de suavidade de Jiang e
Shu [7] (também conhecido como WENO-JS); e o esquema WENO-Z, que é uma melhoria em relagdo ao esquema

cldssico, proposto pelos autores do presente trabalho em [2] e estendido em [3]. Os resultados sdo:

Ordem de precisao dos esquemas WENO. O WENO cléssico sofre perda de ordem de precisao na vizinhanga
de pontos criticos. A precisdo do WENO de 5a ordem pode cair até para 2a ordem, no pior caso [5]. O WENO-
7 sofre do mesmo problema em pontos criticos especiais, onde 2 ou mais derivadas se anulam simultaneamente
[2]. Porém, resultados recentes mostram que se o pardmetro de sensibilidade ¢ dos dois esquemas for escolhido
adequadamente, entdo ambos os esquemas nio sofrerao esta perda de ordem de precisdo. Em [1], foi demonstrado
que a condicao € = Q(A,TQ) (isto é, & > CAz?* quando Az — 0 para algum C > 0 independente de Az) é necesséria

e suficiente para que o WENO cldssico nao perca a ordem de precisdo em pontos criticos. Em [4], conseguimos
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uma demonstracao mais simples deste resultado, e obtivemos uma condigao andloga para o WENO-Z da forma
e = Q(Axz?), onde ¢ > 2 é um nidmero que cresce quanto maior for a ordem do WENO-Z. Este resultado mostra que
¢ pode assumir valores menores no WENO-Z do que no WENO cléssico. Isto permite que WENO-Z detecte melhor
as descontinuidades da solugao e gere oscilagoes espurias menores, ao mesmo tempo em que ele mantém o maior
poder de resolugao de estruturas finas — fato confirmado por experimentos numéricos com a equagao do transporte
linear e as equagoes de Euler. As demonstragoes e os resultados numéricos podem ser vistos na referéncia [4].

Ordem de precisao nos pontos criticos x grau de dissipagao: o que é mais importante para o poder
de resolucao do WENO? O WENO classico tem um poder menor de resolucao de estruturas finas do que o
WENO-M [5] ou 0o WENO-Z (veja a referéncia [3] para comparagoes detalhadas). Na literatura, em geral se atribui
como causa disto o fato de o WENO classico sofrer com a perda de ordem de precisao na vizinhanca de pontos
criticos [5]. Neste trabalho, pretendemos mostrar que a ordem de precisdo nos pontos criticos pouco influi no poder
de resolugao de um esquema WENO, e que o fator preponderante para o poder de resolugao de um esquema WENO

é o seu grau de dissipacao. Este estudo ainda estd em andamento.

Validade das equagoes de Euler em 2D como caso teste. Por fim, pretendemos mostrar que as equagoes de
Euler da dindmica de fluidos em duas dimensoes, amplamente usadas na literatura como teste de performance do
poder de resolugao dos esquemas WENO [8], ndo sdo um bom pardmetro de comparagio quando usadas sozinhas,
pois alguns esquemas podem aparentar estar resolvendo mais estruturas finas quando na verdade estao gerando
oscilagoes esptrias. Propomos que, em paralelo a estes testes, também sejam realizados testes lineares em 2D para

verificarmos que os esquemas sao de fato essencialmente-nao oscilatorios. Este estudo também estd em andamento.
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SOLUQ(N)ES POSITIVAS PARA EQUAQ(N)ES ASSINTOTICAMENTE
LINEARES VIA VARIEDADE DE POHOZAEV

RAQUEL LEHRER * & LILIANE DE ALMEIDA MAIA |

1 Introducao

Apresentamos um novo método para encontrar solugdes positivas para uma classe de equagoes elipticas assintoti-

camente lineares no infinito, considerando A > 0 :
—Au+ A u=a(z)f(u) em RN, N >3. (1.1)
Consideramos que

(A1) a € C*(RN,RT), com inf a(z)>0;
z€RN

(A2) lim a(z) = aeo > A;

|z|—o00

(A3) Va(z) -z > 0,Yz € RY, onde a desigualdade estrita é vilida para um subconjunto de RY com medida de
Lebesgue nao-nula;

(A4) a(z) + M < Goo, Vx € RY;

(A5) Va(z) -z + % > 0,Vz € RY, onde H representa a matriz Hessiana da funcéo a.

Além disso, consideramos que f € C(RT,RT) é assintoticamente linear no infinito. Usando argumentos de
concentracao de compacidade e uma variedade de Pohozaev geral, obtemos uma solucao positiva via teorema de
linking. Ainda, mostramos que um problema de minimizacdo, associado & existéncia de uma solucéo 'ground state’,

nao possui solugao.

2 Desenvolvimento
Associado a equac@o (1.1), temos o funcional I, dado por I(u) = %/ |Vu|? + Mde — / a(x)F(u)dx, onde
RN RN
u
F(u) = / f(s)ds. Assim, solucoes da equagao (1.1) serdo os pontos criticos do funcional I.
0

Generalizando para RY as ideias apresentadas em [4] para conjuntos limitados, mostramos que toda solucio da

equacao (1.1) satisfaz a identidade de Pohozaev

2N G(z,u dx—|—22/ Gy, (z,u) do = (N—Q)/ |Vu|*dz, (2.2)
RN

RN

onde G(z,u) = / f(s)a(z) — Asds. Com esta identidade, definimos entao a variedade de Pohozaev P como sendo

P={ue Hl(RI\P) \{0};u satisfaz (2.2)}.
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Consideramos também a variedade de Pohozaev P, associada com o problema auténomo limite

—Au+ M= anf(u) em RN, (2.3)

Temos que Poo, = {u € HY(RM)\ {0}; (N2_2) / |Vul|*de = N/ Goo(u)dx} ,onde Goo(u) 1= / oo f(8) — Asds.
RN RN 0

2
R
de caminhos I'sg = {7 € C([0,1], H(RY))|(0) = 0, Io(7(1)) < 0}, define o nivel min-max do teorema do Passo

da Montanha ¢y, := min max I (v(t)).
v€l o 0<t<1

O funcional I, associado & equacio (2.3) é dado por I (u) = + |Vu|? + Au? — (oo F'(u)dx, € 0 conjunto
N RN

Através de varias manipulacdes, trabalhando com as projegoes de funcgdes u € H*(RY) sobre P e P, inspirados
pelas ideias utilizadas por Azzollini e Pomponio em [2], mostramos nosso primeiro resultado:

Teorema 2.1. Assuma que (Al — A5) sao vdlidas. Entdo p = in7f3 I(u) = ¢, nao é um nivel critico para o
ue

funcional I. Em particular, o infimo ndao € atingido.

Como mostramos ainda que P é uma restrigao natural do funcional I, temos também que o infimo p de I sobre
H'(RY) nao é atingido.

Com este resultado, somos motivados a procurar por solugbes em niveis mais altos de energia. Para encontrar
tal solugdo, aplicamos ideias similares as utilizadas por Ambrosetti, Cerami e Ruiz em [1]. O argumento deles usa
linking juntamente com a fungao baricentro, restrito a variedade de Nehari associada ao problema. No nosso caso,
como o termo nao-linear da equacao é nao-homogéneo, utilizamos a variedade de Pohozaev P para fazer a estrutura

de linking, juntamente com a fungéo baricentro apresentada em [1]. Temos entao o seguinte resultado:
Teorema 2.2. A equacgdo (1.1) possui uma solugdo positiva u € H*(RN).

Observamos ainda que nao fazemos uso da condicao de que ! gs)

é uma funcgao crescente em s. Conforme

observado por Costa e Tehrani em [3], se na equagdo (1.1) assumimos que @

é nao-decrescente, o caminho
~(t) = I(tu) pode nao interceptar a variedade de Nehari para um tnico ¢. De fato, pode acontecer deste caminho
nao interceptar a variedade de Nehari em nenhum ponto, ou intercepta-la para infinitos valores de t. Esta é a razao
principal pela qual fomos motivados a utilizar a variedade de Pohozaev ao invés da variedade de Nehari. Ainda,
como as condigdes (A3) e (A4) implicam que I (u) < I(u),Vu € HY(RY), os argumentos utilizados por Costa e

Tehrani em [3] ndo se aplicam.
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IMERSOES EM ESPACOS DE SOBOLEV COM PESO E SOLUCOES
RADIAIS DE EQUACOES ELIPTICAS DE QUARTA ORDEM COM
EXPOENTES NAO HOMOGENEOS

REGINALDO DEMARQUE * & OLIMPIO H. MIYAGAKI |

1 Introducao
Neste trabalho consideramos o seguinte problema eliptico envolvendo o operador biharménico A2

“u z|)|ult%u = Q(|z|)| f (u
P) { A%+ V(Ja])|ul Q)] (u)

uwe D*(RN), N>5

onde 1 < ¢ < N, q # 2, os potenciais V,Q : (0,400) — [0,+00) e a nao linearidade f : R — R sdo continuos e

satisfazem
. , . . V() V()
xistem nimeros reais a e ag tais que liminf —= , liminf —= .
(V) Exist t 1 f > 0,1 f >0
r—+oo 1¢ r—=0 7o
r r
Existem nimeros reais b e by tais que lim sup % < 00, lim sup % < 0.
b b
r—4oc0 T r—0 oo

(fs) Existem M >0 e s > max{2,q} tais que |f(t)] < M|t|*"!, Vt € R
(f1) Existe pn > max{2, ¢} tal que pF(t) < f(¢)t Vt € R, onde F(t) = fot f(r)dr.

(f2) F(t) >0Vte (0,+00).

Nossos resultados estendem aqueles tratados em [1], no qual é estudado o mesmo problema com ¢ = 2, isto é,
o caso homogéneo. Quando ¢ # 2, o caso nao homogéneo, os argumentos sao um pouco de diferentes daqueles do
caso homogéneo, visto que as técnicas de minimizagao como o Teorema dos Multiplicadores de Lagrange nao nos
fornecem solugao.

Nés generalizamos o Lema Radial de [2] para nosso espagos de Sobolev e provamos estimativas a fim de obter
resultados de imersao continua. Obtivemos resultados de imersdes para espacos de Sobolev de segunda ordem
andlogos aos obtidos em [3], os quais foram feitos para espacos de Sobolev de primeira ordem. Cabe ressaltar que os
mesmos argumentos usados na demonstracao de nossas estimativas podem ser usados a fim de melhor as estimativas
em [3].

2 Resultados

Considere o espaco de Hilbert D2*(RN) como o fecho de Cg°(RN) sobre a norma ||Auljy e seja Dg:i(RN) )
conjunto das fungoes radiais em Dg’2(RN). Para p > 1 e a funcio v : RY — R defina LP(RY;v) o espaco das

funcoes mensurédveis v : RY — R tais [ v(a)|u[Pdz < oo, com a norma [|ull,. := ([pn v(2)|ulPdz) e
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Defina o espaco de Banach X := Dy*(RN) N LY(RY; V), munido da norma |jul| = [|Aull, + lullyy > e X o
conjunto das fungoes radiais em X.
Seja a* 1= N2 4 q%ql(a +N)eap =24 %(ao + N). Assim, para indices s, e s*, os quais serdo definidos

abaixo, nés obtivemos o seguinte resultado de imersao.
Teorema 2.1. Sejam V e Q fungdes satisfazendo (V) e (Q). Se s, < s*, entdo a imersao
X’f‘ — LS(RNvQ),

é continua para todo s, < s < s* quando s* < 00, s, < s < 00 quando s* = 00 ou max{s,, S} < s < 00. Além

disso, a imersao € compacta para todo s, < s < s* ou max{s,, St < 8 < 00.
) b

K b<a, b<—-Norb>—N+ 104 _
%, bﬁaand—N<b<_N_i_q(N274)_5
(b—a) (N—4)
g+LE=2, b>a>-N+ 452
Sy =
¢+ %=F, b>a, b>-Nand - N+ 950 —c <o < N4 1052
2NEOEE)  p>a, b> —Nanda < N+ 484
g+ 2P, a<b<-N.
2NE=E) gy > by > —N or by > ap > —N + L 4 ¢
q+%’ bOZ(IOaHd _N+q(]\]274)§a0<—N—|—q(N274)+€
s* =
g+ @)y >apand — N — L0 <ag < —N 4 LA
(e 2(¢—1) >
+00, bo > ao andag_N_qz((J;f:lzl))_
bo — N -4
3**:‘1*(](07*%)7 bo§a0<—N—q( )

o 2(¢—-1)

Teorema 2.2. Sejam V e Q funcées satisfazendo (V) e (Q). Seja f uma funcgdo satisfazendo (fs), (f1) e (f2). Se
Sx < 8 < s*, entao o problema @ tem uma solugdo ndo trivial uw € X,.. Mais ainda, se f é impar is odd e eziste
1 > 0 tal que F(t) > n|t|*, para todo t € R, entdo o problema (@ tem infinitas solu¢oes radiais u € X,..
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ESTIMATIVAS PARA n-LARGURAS DE CONJUNTOS DE FUNCOES
SUAVES SOBRE O TORrO T

REGIS L. B. STABILE * & SERGIO A. TOZONI |

Neste trabalho obtemos estimativas inferiores e superiores para n-larguras de conjuntos de fungoes finitamente e
infinitamente diferencidveis sobre o toro T?. Tais conjuntos sdo gerados por operadores multiplicadores especificos.

E importante frisar que, em particular, algumas das estimativas obtidas sao exatas em termos de ordem.

1 Introducao

Seja A um subconjunto compacto e centralmente simétrico (simétrico com relagdo & origem, ou seja, —x € A,
sempre que z € A) de um espago de Banach X. Definimos as n-larguras de Kolmogorov e de Gelfand de A em X,
respectivamente pelos valores

dp(A, X)=1infsup inf ||z—y|lx e d*'(4,X)=inf sup |z|x,
Xn 2cAYEXn L™ zeanLn

onde o infimo na primeira expressao é tomado sobre todos os espacos n-dimensionais X,, de X e na segunda sobre
todos os subespagos L™ de codimensao no maximo n de X. Se Y é um outro espago de Banach e T : X — Y
um operador limitado, definimos as n-larguras de Kolmogorov e de Gelfand de T por d,(T) = d,(T(Bx),Y) e
d™(T) = d™"(T(Bx),Y), respectivamente, onde Bx denota a bola unitaria fechada do espago X.

Dada f € L'(T%), definimos a série de Fourier da fungio f por

Yo Fer e, fk) = [ fx)e*dv(x),
keze b
onde k - x = kyxy + koo + -+ + kqza, k = (k1, ko, ..., kq) € 24, x = (x1, 22, ...,74) € T? e dv denota a medida de
Lebesgue normalizada sobre T?. Para k € Z?, denotamos também |k| = (k% + k34t kﬁ) vz,

Dados I, N € N, definimos H; = [eik'x ke Al\Al_l} e Ty = @i\io Hi, onde A; = {k € Z¢ : |k| < I}. Seja
A = {Mtkezar Ak € C, e sejam 1 < p,q < co. Se para todo ¢ € LP(T?) existe uma fungao f = Ap € LY(T?) com
expansao formal em série de Fourier dada por

I~ S A Flekx,
k € zd

tal que ||Allp,q = sup{||A¢lly : ¢ € U} < oo, dizemos que A é um operador multiplicador limitado de LP em

L%, com norma ||All,4, onde U, denota a bola unitdria fechada do espaco LP(T?). Consideraremos operadores
multiplicadores A = {Ay }yyq, onde A € da forma A(k|) para uma funcdo real A definida sobre [0, c0).

2 Resultados

Se A = {Ak ez, onde a fungao A @ [0,00) — R é definida por A(t) = t=7(Int)=%, t > 1 e A(t) = 0 para
0<t<1, v,£ €R, v>d/2, £> 0, temos que A(l)Up sao conjuntos de fungoes finitamente diferenciaveis sobre

T<, em particular, se £ = 0 entdo A(l)Up sao classes de Sobolev.
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Se A® = {Mctkeza, onde a fungdo A : [0,00) — R é definida por A(t) = e 4,7 > 0, temos que APU,, sdo
conjuntos de fungoes infinitamente diferencidveis (analiticas para r = 1).

Para os resultados seguintes, usaremos as notagoes

1, 1<p<2,1<g<2
1, 2<p<00,2<g< o0,
a, a>0,
U = 1, 1<p<2<g< oo, ) (a’)+:{0 <0
a
(Inn)~12,  1<p<2,g=1, T
(lnn)_l/Q, p=00,2<q<o0.

an > b, e a, < b,, se existirem constantes positivas C; e Cs tais que a,, > Cib, e a,, < Csb,, respectivamente,
para todo n € N. Se tivermos a,, > b, e a, < b,, escreveremos a,, < b,,.

Teorema 2.1. Seja A o operador multiplicador definido acima. Entdo para 1 < p < 0o, 2 < q < 0o, temos

1/2
Wy .14 —v/d+(1/p—1/2) -¢) 4
d (AU, L) < n +(Inn) { ()2, g = oo,

q < o0,

epara 1 <p,q < oo, temos
dp(AVU,, L) > n~74(Inn)~%9,,.

Teorema 2.2. Seja A o operador multiplicador definido acima. Consideremos as sequéncias ¢, = dim 7Ty, e
Ve = O — ¢’1;r/d — 1. Entao para 1 < p,q < o0, temos

d["/’k](A(2)Up7 Lq) > e_R¢;/d 19]67 r> 07 k € N7
A (AP, L) > e ™" g, 0<r<dkeN,

dgo1 (AU, LY > R4 9, r>dkeN,
d(ADU, LY > "y 0<r<lLkeN,

para 0 <r <1, 1 <p<oo, 2<qg< o0 epara todo k € N, temos

- X 1 2<qg< o0
dp(APU, [9) < e Rk [ (=r/d)(1/p=1/2)+ J > )
(ADT, L) < e L LT

e para todor > 1 e todo k € N,

Ed=DA/p=1/a) 1 < p <2< g< oo,

(2) q —yk"
Ao (A0, L7) < e { =027 9 < p g < oo,

onde R = v (dF(d/Q)/Z?Td/Q)T/d e [¢r] denota a parte inteira do nimero .

Corolario 2.1. Para2 <p,q< oo e0<r <1, temos que

d(ADU, L) < k74nk)~¢ e dp(ADU,, L9) = e RE".
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NEW DECAY RATES FOR THE PLATE EQUATION
WITH FRACTIONAL DAMPING

Ruy CoiMBRA CHARAO * , Ryo IKEHATA ' & CLEVERSON ROBERTO DA Luz *

Abstract

In this article we obtain decay rates for the total energy associated to the linear plate equation with effects of
rotational inertia and a fractional damping term depending on a number 6 € [0, 1]. We observe that the dissipative
structure of the plate equation with # = 0 is of the regularity-loss type. This decay structure still remains true
for the plate equation with a power of fractional damping 6 > 0. This means that we can have an optimal decay
estimate of solutions under an additional regularity assumption on the initial data. The structure of regularity-loss
becomes more weak when 6 increase and does not occur when 6 arrive in § = 1. Our results generalize previous
results by Luz-Charao and some of recent results due to Sugitani-Kawashima. We use a special method in the
Fourier space which we developed in a previous work for the wave equation and it shows to be very effective to

study decay properties for several problems in R".

1 Introduction

In this work we study asymptotic behavior of the energy of the plate equation under effects of rotational inertia
and a fractional damping in R"

Uy (t, ) + Augy (t, ) + A%u(t, z) + A%uy(t,z) = 0, (t,z) € (0,00) x R" (1.1)

with initial data
u(0,2) = uo(x), w(0,2) =ui(zx) x€R", (1.2)
where A is given by the Laplacian operator, that is, A := —A = — Z?=1 86,—; and the fractional power damping 6

satisfies 0 < @ < 1. The function u = u(t, ) represents the transversal displacement of the plate. The term A%u;
represents a frictional dissipation in the plate, and the term Aw;; corresponds to the rotational inertia effects.

We use the usual notations on the Sobolev spaces. The fractional power operator A? : D(A%) ¢ L?(R") —
L*(R™) (0 > 0) with its domain D(A?) = H?%(R") is defined by

Aly(z) = F PP F0)(€))(x), wve H*R"), zeR",

where F  denotes the wusual Fourier transform in  L?(R"). The operator A s
nonnegative and self-adjoint in L?(R™), and the Schwarz space S(R") is dense in H2?(R"). Note that A! = A and
A =1T.

For the initial problem (1.1)—(1.2) we study explicit decay estimates for the associated total energy E, (t). We
prove that in case of § € [0,1] and n > 1 or 6 € [0,1/2] and n = 1, the decay rate is

n

Eu(t) = Ot~ "% 9)  (t = +00),
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while, for n =1 and 6 € (1/2,1], the decay rate is given by
E.(t) =0(t™ %) (t = +o0),

for any 6 > 0 (for these results, see Theorem 2.2 below).

2 Main Results

On the existence and uniqueness of solutions the following result holds.

Teorema 2.1. Letn >1, 0<60 <1 and s > 2. If [ug,u1] € H*(R"™) x H*~1(R") then there ezists a unique weak
solution of the initial problem (1.1)—(1.2) in the class

C([0, 00); H*(R™)) N C*([0, 00); H*H(R™)).

The proof of Theorem 2.1 is standard (see Luz and Charao [3] for the case 6 =0). m
The total energy E,(t) associated to the solution u(t) of equation (1.1) is defined by

Ey(t) = % (eI + [ Vae (011 + (| Au(®)]?),

and it is a non-increasing function of ¢ because satisfies the following energy identity
t
B, (t) +/ | A9 20, (s)||? ds = E,(0),  t>0.
0
Teorema 2.2. Let n>1, 0< 60 <1 and B a positive fixed number satisfying

1
20, form=1 and - <0<1;
B> 4-20 2

m , otherwise.

If (up,u1) € [H2+%(R")OL1(R") ] x [H“lEJ(R")le(R") |, then there exists a constant C > 0 and a constant
Cs > 0 depending on 3, such that the total energy associated to the solution u(t,z) of (1.1)-(1.2) satisfies

Eu(t) < K5 {Cp lluoll}s + Cp llur s + o3 + 2 ferlBpos } 78, ¥ 2T,

1
with Kg = [22+BC(1 + 1/ﬁ)} ﬁ, r=2+ % and Ty is a constant depending on the initial data.

Our method to prove Theorem 2.2 depends on the estimates in the regions of low and high frequencies in the
Fourier space and the application of the Haraux-Komornik lemma. In the region of low frequencies the estimates
also depending on the integrability of the singularity |{|™P for p<n. =

Referéncias

[1] R. Coimbra Charéao, C. R. da Luz and R. Tkehata, Sharp decay rates for wave equations with a fractional damping
via new method in the Fourier space, J. Math. Anal. Appl. 408 (2013), 247-255.

[2] R. Coimbra Chardo, C. R. da Luz and R. Ikehata, New decay rates for a problem of plate dynamics with
fractional damping , J. Hiperbolic Diff. Egs. 10, No. 3 (2013), 1-13.

[3] C. R. da Luz and R. Coimbra Chardo, Asymptotic properties for a semilinear plate equation in unbounded
domains, J. Hyperbolic Diff. Egs. 6 (2009), 269-294.

[4] Y. Sugitani and S. Kawashima, Decay estimates of solutions to a semi-linear dissipative plate equation, J.
Hyperbolic Diff. Egs. 7 (2010), 471-501.

149



ENAMA - Encontro Nacional de Andilise Mateméatica e Aplicagoes
UNIRIO - Universidade Federal do Estado do Rio de Janeiro
VII ENAMA - Novembro 2013

UMA ABORDAGEM NUMERICA DO PROBLEMA DE TORQAO
ELASTO-PLASTICO VIA ALGORITMO DE COMPLEMENTARIDADE

SANDRO R. MAZORCHE*

1 Intruducao

Os problemas de complementaridade estao presentes em varias aplicagoes da Engenharia, Economia e outras ciéncias
em geral. Podemos citar problemas de contacto, obstaculo, elasto-plastico e etc. Neste trabalho, apresentamos um
algoritmo de ponto interior para problemas de complementaridade mista nao-linear que chamaremos de FDA-MNCP.
Este algoritmo é uma extensao do algoritmo FDA-NCP [1], um algoritmo para problemas de complementaridade.
O FDA-MNCP comega em um ponto estritamente vidvel e gera uma sequéncia de pontos interiores que converge
para uma solucao do problema. Veremos resultados teéricos sobre convergéncia assintdtica para o algoritmo FDA-
MNCP. Resultados numéricos sao apresentados para uma aplicacao de torgao elasto-plastico de um corpo cilindrico
([2],[3])- Esta aplicacao é descrita por uma inequagao variacional que sob certas condigoes de regularidade podemos

trata-la como um problema de complementaridade.

2 Complementaridade Mista e Algoritmo - FDA-MNCP

Defini¢do do Problema de Complementaridade Mista (MNCP):

xe F(x,y) =0
Q(z,y) =0.

onde FF: R" x R™ — R" e @Q : R x R™ — R™, sao aplicagoes e Q = {(z,y) € R" X R™ /x>0 e F(x,y) > 0}
é chamado de conjunto de pontos vidveis. A ideia bésica do algoritmo FDA-MNCP é encontrar uma diregao d de

Encontrar (z,y) € Q tal que { (2.1)

busca, que seja vidvel na regido 2 e de descida para a seguinte funcio potencial f(z,y) = ¢(z,y) + ||Q(x,y)||?, onde

é(x,y) = 2T F(x,y). Podemos determinar desta diregao resolvendo o seguinte sistema

vS(xk7yk)dk‘ = _S(xkayk) +pkE (22)

z e F(z,y)
Q(w,y)

Logo, a seqiiéncia de direcio {d*} gerada pelo algoritmo FDA-MNCP, consiste em um campo uniforme de

onde S(z,y) = ( )7 p* €(0,1) e E = [1,;0,,] é um vetor coluna de R"+™.

diregGes vidveis do problema de complementaridade em 2. Uma iteragdo do algoritmo FDA-MNCP é dado por

(zFF1 P 1) = (2 y*) 4+ tFd*. Segue o teorema de convergéncia assintdtica.

Teorema 2.1. Considere a seqiiéncia {(z*,y*)} gerada pelo algoritmo FDA-MNCP, que converge para uma solu¢do
(z*,y*) do problema de complementaridade mista. Entao,
(i) Tomando B € (1,2), t* =1 para k suficientemente grande e a taza de convergéncia do algoritmo ¢ superlinear.

(ii) Se t* =1 para k suficientemente grande e B = 2, entdo a taza de convergéncia é quadrdtica.
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3 Aplicacao

De uma forma bem simplificada, o problema de torgao elasto-pldstico de um corpo cilindrico (sem buracos), cor-

responde a uma desigualdade variacional com restrigao de gradiente:

u € Ky / VuV(v —u)dx > —7“/ (v —wu)dx, Yv e Ky (3.3)
Q Q

onde z € Q C R?, Q é limitado, simplesmente conexo, com fronteira regular e Ko = {u € H}(Q) |Vu| < 1}.
O problema (3.3) é equivalente ao problema da membrana com dois obstaculos ([2] e [4]), basta trocar o conjunto
Ko por K1 = {u € H}(Q) |u| <d(z)}, onde d(x) = d(z,09Q) é a menor distancia de x & fronteira de €.

ue K, / VuV (v — u)dx > —7‘/ (v —wu)dz, Yv e K, (3.4)
Q Q

Assim, além da equivaléncia dos problemas (3.3) e (3.4), o problema de torgao elasto-pldstico pode ser escrito
sob a forma de complementaridade mista.

Encontrar u tal que

—d(z) <u<d(z) & —Au+r=0 (3.5)
—d(z)=u & —Au+r>0 (3.6)
dz)=u & —Au+7r<0 (3.7

isto é possivel devido a resultados de regularidade da solugao u ([2], [4]).

4 Resultados Numeéricos

Usaremos o método de diferencas finitas, para o problema de torgao elasto-plastico na forma de complementaridade
mista. Com o algoritmo FDA-MNCP encontraremos a solugdo numérica do problema em questao. Também faremos

uma comparagio do nosso método com outros métodos [3].

5 Conclusao

Com os resultados numéricos obtidos podemos confirmar os nossos resultados tedricos, para o FDA-MNCP e a
verificagado da robustez do mesmo. A escolha da aplicacao, foi motivada pelo fato que se trabalhdssemos como o
problema sob a forma de (3.3), restrigoes de gradiente, terfamos uma complementaridade na forma generalizada,
ou seja, F(z) >0, H(x) > 0 e F(z)e H(x) = 0. Um algoritmo para este caso é um interessante trabalho para o

futuro.
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BANACH SPACES OF HOMOGENEOUS POLYNOMIALS WITHOUT THE
APPROXIMATION PROPERTY

SEAN DINEEN * & JORGE MUJICA |

1 Introduction

The approximation property was introduced by Grothendieck [9]. Enflo [8] gave the first example of a Banach
space without the approximation property. Enflo’s counterexample is an artificially defined Banach space. The first
naturally defined Banach space without the approximation property was given by Szankowski [13], who proved that
the space L({q; ¢2) of continuous linear operators on f5 does not have the approximation property. In this paper we
show that the spaces of homogeneous polynomials on L, [0, 1] and ¢, provide plenty of natural examples of Banach
spaces without the approximation property.

Our proofs are based on important results of several authors. Among them we mention Szankowski’s counterex-
ample [13], the relationship between multilinear forms and symmetric multilinear forms on stable Banach spaces
discovered by Diaz and Dineen [3], the complementation properties of spaces of homogeneous polynomials obtained
by Aron and Schottenloher [2], the complementation properties of L, spaces established by Pelczynski [12], the
relationship between operators on L, spaces and operators on ¢, spaces discovered by Arias and Farmer [1], and the
complementation properties of tensor products of ¢, spaces, obtained also by Arias and Farmer [1]. These results
play a key role in our proofs, and some of them are applied several times.

2 Spaces of homogeneous polynomials

Let E and F denote Banach spaces over K, where K is R or C. Let £L(™F;F) denote the Banach space of all
continuous n-linear mappings from E™ into F', and let £%("E; F') denote the subspace of all symmetric members
of L("E; F). Let P("E; F) denote the Banach space of all continuous n-homogeneous polynomials from E into F.
We omit F' when F' = K. We have the canonical isomorphism P("E; F) = L*("E; F). We refer to [4] or [10] for
background information on multilinear mappings and homogeneous polynomials on Banach spaces.

Teorema 2.1. If1 < p < oo, then P("Ly[0,1]) contains a complemented subspace isomorphic to L({2; L) for every
n > 2. In particular P(™"L,[0,1]) does not have the approzimation property for every n > 2.

Teorema 2.2. (a) If 1 < p < oo, then P("{,) contains a complemented subspace isomorphic to L({a;¢3) for every
n > p. In particular P(™y,) does not have the approximation property for every n > p.

(b) If 1 < p < oo, then P(™¢,) has a Schauder basis for every n < p.

Theorem 2.2 (a) proves a conjecture of the second author in [11]. Theorem 2.2 (b) shows that the result in (a)

is the best possible.
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3 Spaces of holomorphic functions

Let H(U) denote the vector space of all complex-valued holomorphic functions on an open subset U of a Banach
space E. Let 19, 7, and 75 respectively denote the compact-open topology, the compact-ported topology and the
bornological topology on H(U). We refer to [4] for background information on these topologies. In the articles [5],
[6] and [7] the authors have given sufficient conditions on E and U for (H(U), 1), (H(U),7.) and (H(U), 75 to
have the approximation property. In this section we give some counterexamples to the approximation property in
spaces of holomorphic functions, Indeed, since P("E) is a complemented subspace of (H(U),7,) and (H(U),7s),
Theorems 2.1 and 2.2 immediately imply the following theorem.

Teorema 3.1. (a) IfU C Lp[0,1], where 1 < p < oo, then neither (H(U), 7.,) nor (H(U), 7s) has the approzimation
property.
(b) If U C ¢, where 1 < p < oo, then neither (H(U), 1,) nor (H(U),7s) has the approzimation property.
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IDEAL TOPOLOGIES AND APPROXIMATION PROPERTIES

SONIA BERRIOS * & GERALDO BOTELHO |

In this work we propose, by introducing the notion of ideal topologies, a unifying approach to the study of
approximation properties in Banach spaces. A method of generating ideal topologies is given and many examples
are provided. The approximation property with respect to a pair of operator ideals and a given ideal topology is
defined. We show that this concept recovers several approximation properties studied in the literature and that
many known results can be regarded as particular cases of more general results that hold in this setting.

1 Results

Definition 1.1. An ideal topology T is a correspondence that, for all Banach spaces E and F', assigns a linear
topology, still denoted by 7, on the Banach space of all bounded linear from E to F', L(E; F'), such that: for every

operator ideal Z (in the sense of Pietsch), if
I'(B;F):=I(E;F)
for all Banach spaces E and F, then 7" is an operator ideal.
The following gives a method to generate ideal topologies. By BAN we denote the class of all Banach spaces.

Proposition 1.1. Suppose that for every Banach space E it has been assigned a collection A(E) of bounded subsets
of E such that
u(A) € A(F) for all E,F € BAN, A € A(E) and u € L(E; F).

Then the topology T4 of uniform convergence on sets belonging to A(E), E € BAN, is an ideal topology.

Example 1.1. (a) The norm topology || - || and the topology of pointwise convergence 7p, which are the topology
of uniform convergence on bounded sets and finite sets, respectively, are ideal topologies.
(b) It is plain that bounded linear operators send compact sets to compact sets, so the compact-open topology 7,

which is the topology of uniform convergence on compact sets, is an ideal topology.

We need the following terminology to give more useful examples of ideal topologies. Given an operator ideal 7
and a Banach space E, according to [4] we define Cz(E) = {A C E : 3F,Ju € Z(F; E) such that A C u(BF)}. The
sets belonging to Cz(E) are called Z-bounded sets.

Example 1.2. Let Z be an operator ideal. It is clear that Z-bounded sets are norm bounded. By the ideal property
of 7 it follows that bounded linear operators send Z-bounded sets to Z-bounded sets, so the topology 7¢, of uniform
convergence on Z-bounded sets is an ideal topology by Proposition 1.1.

By £ we denote the ideal of all bounded operators between Banach spaces and by F and K the ideals of finite

rank and compact operators, respectively.

Definition 1.2. Let Z, J be operator ideals and 7 be an ideal topology. We say that a Banach space E has the
(Z,J,7)-approximation property, (Z,J,7)-AP for short, if Z(F; E) C J(F; E) " for every Banach space F.

Example 1.3. (a) The classical approximation property coincides with the (IC, F, || - ||)-AP, with the (L, F, 7.)-AP.
(b) The compact approximation property coincides with the (£, IC, 7.)-AP.
(c) Let Z be an operator ideal. The Z-approximation property of [2] coincides with the (£,Z,7.)-AP.
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An important aspect of the approximation properties in Banach spaces is the fact that, sometimes, the approx-
imation by two different classes of operators with respect to two different topologies coincide. The search for this
kind of situation in our case can be rephrased as: When does the equality (Z1, J1,71)-AP = (Z2, J2, 72)-AP hold?

Before stating our next result on this question we need some notation. Let E be a Banach space, let K be a
closed absolutely convex subset of By and let a > 1. For each n € N put B,, = a"/2K +a~"/2Bg. For x € E define
lzllx = ey ||$H%)1/2 where || - ||, is the gauge of B, and let the subspace Ex = {x € E : ||z| g < 0o} of E be
endowed with the norm || - ||x. Let Jx denote the identity embedding from Fx to E (for further details see [5]).

Theorem 1.1. (Lima-Nygaard-Oja Factorization Theorem [5, Theorem 2.2]) Suppose T € L(F;E). Let K =
I\Yl“I\T(BF) and let T € L(F; Ex) be defined by T (y) =T (y),y € F. Then T = Jx o Tk .

Henceforth the expression T' = Jg o Tk above shall be referred to as the LNO factorization of T.

Definition 1.3. An operator ideal Z has the Grothendieck property if whenever A is a bounded subset of a Banach
space E such that for every € > 0 there is a set A, € Cz(F) with A C A, + ¢Bg, it holds that A € Cz(E).

Example 1.4. Gonzédlez and Gutiérrez [4, Proposition 3(c)] proved that any closed surjective operator ideal has
the Grothendieck property.

Let Z be an operator ideal. By L7 we denote the ideal of all Z-bounded linear operators. An operator T €
L(E; F) is said to be Z-bounded if T(Bg) € Cz(F') (see [1]). The following proposition is fundamental for the proof
of our next result.

Proposition 1.2. Let T = Jg o Tk be the LNO factorization of the operator T € L(F; E). If the operator ideal T
has the Grothendieck property, then T € L7(F; E) if and only if Jx € L1(Ek; E).

Corollary 1.1. Let T = Jx o Tk be the LNO factorization of the operator T € L(F; E). If the operator ideal T is
surjective and has the Grothendieck property (in particular, if T is closed and surjective), then T € Z(F; E) if and
only if Jx € I(Ek; E).

The following Theorem recovers a result due to Choi, Kim and Lee [3] as a particular case.

Theorem 1.2. Let 7,71, J> be operator ideals such that Ji has the Grothendieck property, T O Lg, = Lg, 0 L7,
and such that operators belonging to T map Jo-bounded sets to Ji-bounded sets. The following statements are
equivalent for a Banach space E:

(a) idg € F(B;E) 7.

(b) E has the (Lg,,F,| -)-AP
(c) E has the (Lg,, F,7c,,)-AP.
(d) E has the (Z,F,7c,, )-AP.
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ESTIMATES OF FOURIER COEFFICIENTS ON THE SPHERE BY
MODULI OF SMOOTHNESS

THAfsS JORDAO * & VALDIR A. MENEGATTO T & XINGPING SUN

1 Introduction

Let S™ denote the m-dimensional unit sphere in the euclidian space R™*! endowed with the usual Lebesgue
measure o,,. In this work we will deal with the usual spaces L?(S™) := LP(S™, o), the norm of which we denote
by - .

We can express f € LP(S™) in its series Y po Zldil k1 (f)Ye(x), in which {Yi,; : 1 =1,2,...,dr}r>0 are the
usual spherical harmonics, dj, := dimspan{Yy;: 1 =1,2,...,d;} and ¢ ;(f) are defined by

CkJ(f) = o f( )Ykg( )dcm(y) 1=1,2,...,dx, k=0,1,....

The title of this work refers to convenient estimations of the Fourier coefficients ¢ ;(f) via certain moduli of
smoothness and its K-functional in order to provide decay rates for the sequence of eigenvalues of positive integral
operators generated by kernels having fractional derivatives.

We are interested in a modulus of smoothness defined by the standard shift (translation) operator on LP(S™)
defined by the formula

1

Sef(x) = fy)do,(y), xeS8™, felLP(S™), te(0,nm).
Here, do,.(y) denotes the volume element of the rim R. := {y € S™ : d,,(z,y) = t}, where d,, stands for the usual
geodesic distance on S™.

For a fixed positive real number 7, the associated rth-order finite difference operator (with step t) is given by

o

ks ks T 2 m
ALy = (1= 50r10) = S0 (T2) sk, e s (1)
k=0
where I denotes the identity operator. The difference operators provide the following convenient rth-order modulus

of smoothness of a function f
wr(fi)p = sup{[[AG(Nlp: 0 <s <1}, fe LP(S™). (1.2)

As far as we know, it was introduced in [4] and, in the case in which r is an integer, it coincides with moduli of
smoothness mentioned in [2, 3] and other references as well.

Next, we define the so called spaces of Bessel potentials on S™. For r > 0, let A™ be the operator defined by the
following spherical harmonics expansion: A”(f) ~ 37 (1 +k(k+m —1))" Ve (f) (it is the action of (I — )" on f,
in which ¢ is the Laplace-Beltrami operator on S™). The space of Bessel potentials is then

Wy (S™) = {f € L(S™) : ||f lwy = IIA"2(f)ll, < oo} (1.3)

*ICMC - Sao Carlos , USP, SP, Brasil, thsjordao@gmail.com, Partially supported by FAPESP grant #2012/25097 — 4
TICMC - Sao Carlos , USP, SP, Brasil, menegatt@icmc.usp.br
tDepartment of Mathematics, Missouri State University, MO, United States, e-mail: xsun@missouristate.edu
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The K-functional constructed from space W, also known as Peetre K-functional is

K (f,t)p := mf{[|f = gllp + "[lgllwy : 9 € W (S™)}, r>0. (1.4)

The following equivalence between Peetre K-functionals and moduli of smoothness can be found in [4]: there exist
positive constants m, and M, so that m,w,(f,t), < K.(f,t), < Myw,(f,t)p, f € W)(S™).

2 The result

Let us condense the Fourier coeffcients of a function f in the following form si(f) = Z;lk:l lek,i (F)|?, k>0. The
following estimate concerning such sums proved in [3] is the technical result we use to deduce our main result.

Lemma 2.1. (m > 2) Let r be a positive integer, p € (1,2] and q the conjugate exponent of p. If f belong to
LP(S™), then

o0

1/q
Strq(f) = (Z(d}?)“q1/2<mm{1,tk}>rqsz/2<f>) < cpwr(fit)p, te (0,7). (2.5)

k=1
The proof of such result boils down to an inequality of the form S, o(f) < ap (If —n:(F)llp + 7 IA" (M ()lp),
in which n;(f) = Y pey n(tk)Vi(f). Here, 1 is a C>[0, 00) function satisfying: n(s) <1, s € [0,00); n(s) =1, s <1
and 7(s) = 0, s > 2. The final argument in the proof relies on a realization theorem (Corollary 2.5 in [2]).
Our result refers to linear integral operators Ly : L?(S™) — L?(S™) of the form

LxlN@) = [ K@)f)donl), e 8™ [er(s™),

in which K : §™ x S™ — C is a positive definite kernel belonging to L?(S™ x S™, 0, X o,,). This operator has at

most countably many nonnegative eigenvalues which can be ordered as
a1(Lr) > a(Li) >--- >0,

repetitions being included in accordance with algebraic multiplicities. The square root E}(/Q of Lk is likewise an

integral operator generated by a kernel K /5, which appears in the statement below.

Theorem 2.1. Let r be a positive real and K : S™ x S™ — C a positive definite kernel in L*(S™ x 8™, 0,y X 0p).
If Ky )5(-, ) € W3(S™), for at least one x € S™, then

an(Lr) =O0Mn™72/™) as n — co. (2.6)

The proof of the theorem consists in an application of Lemma 2.1 to function K (-, ) coupled with some

properties from harmonic analysis. The theorem resembles results that appeared in [1].
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LINEABILITY AND ALGEBRABILITY OF THE SET OF HOLOMORPHIC
FUNCTIONS WITH A GIVEN DOMAIN OF EXISTENCE

THIAGO R. ALVES *

1 Introduction

Let U be an open subset of a complex Banach space E. Let H(U) denote the algebra of all holomorphic functions
on U, and let £(U) denote the set of all f € H(U) such that U is the domain of existence of f. Let ¢ denote the
cardinality of the continuum.

In this work we first show that, if E is separable and U is a domain of existence in F, then £(U) is a lineable
set, that is, there is an infinite dimensional subspace F of H(U) such that F C £(U) U {0}. Next we show that,
under the same hypotheses, £(U) is a c-lineable set, that is, there is a c-dimensional subspace F of H(U) such that
F C £(U)uU{0}. Finally we show that, under the same hypotheses, £(U) is an algebrable set, that is, there is a
subalgebra A of H(U), generated by an infinite algebraically independent set, such that A C £(U) U {0}.

The notion of lineable set appeared for the first time in [1], and many authors have devoted their attention to
the study of lineable sets and algebrable sets during the last decade. We refer the reader to [2] for a survey on this

recent trend in functional analysis.

2 Lineability and c-lineability of £(U)

Given z € U, let dy(z) denote the distance from x to the boundary of U, and let B(x) denote the ball B(z) =
B(z;dy(z)).
Next lemma is well known and can be found in [4, Theorem 11.4].

Lemma 2.1. Let E be a Banach space, U be an open subset in E and D be a dense subset of U. If f € H(U) is

an unbounded function on B(z) for each x € D, then U is the domain of existence of f.

The proofs of the next theorem and of Theorem 2.4 are based on [4, Theorem 11.4]. Moreover, we use a result
which can be found in [5] to prove Theorem 2.4; namely, £ \ ¢; is c-lineable.

Theorem 2.2. Let E be a separable Banach space and U be a domain of existence in E. If D is a countable dense
subset of U, then the set

FU) := {fEH(U): sup |f(z)|:oof0rallxeD}

z€B(x)

is lineable.
Next theorem follows easily from Theorem 2.2 and Lemma 2.1.

Theorem 2.3. Let E be a separable Banach space and U be a domain of existence in E. Then the set E(U) is
lineable.
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Theorem 2.4. Let E be a separable Banach space and U be a domain of existence in E. If (v;)7, is a dense

sequence of U, then the set

FU) := {gGH(U): sup |g(z)|:ooforalljeN}

z€B(x;)
is c-lineable.
Next theorem follows easily from Theorem 2.4 and Lemma 2.1.

Theorem 2.5. Let E be a separable Banach space and U be a domain of existence in E. Then the set E(U) is

c-lineable.

It is clear that Theorem 2.2 follows from Theorem 2.4, and we could have omitted Theorem 2.2. However, we
have decided to display both theorems because the proof of Theorem 2.2 is much simpler and the ideas involved
help to understand better the proof of Theorem 2.4.

3 Algebrability of £(U)

Theorem 3.1. Let E be a separable Banach space, and let U be a domain of existence in E. If D is a countable
dense subset of U, then

FU) := {fEH(U): sup |f(2)| = oo for alleD}

z€B(x)

is algebrable. In particular, the set F(U) is lineable.
By Theorem 3.1 and Lemma 2.1 we can readily obtain the following theorem.

Theorem 3.2. Let E be a separable Banach space and U be a domain of existence in E. Then the set E(U) is
algebrable. In particular, the set £(U) is lineable.

In Theorem 3.1 we have shown that the functions in H(U) which are unbounded on each of the balls B(x),
with « € D, is algebrable. This reminds us of a result of J. Lépez-Salazar [3], which asserts that H(E) \ Hp(E) is

algebrable whenever F is an infinite dimensional Banach space.
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LONG-TIME DYNAMICS FOR A MODEL OF VISCOELASTIC BEAM
EQUATION WITH NONLINEAR DAMPING

V. NARCISO *

1 Introduction

This paper is concerned with the well-posedness and long-time dynamics of a class of nonlinear viscoelastic beams
with nonlinear damping and source terms
t

ug (1) + kA u(t) — /_ w(t — T)A2u(r)dr + f(u(t)) + g(us(t)) =h, in QxRF 1)

u(z,0) =up and w(x,0)=u1 z€Q and u|pxp+ = afuhﬂxﬂw =0.
v

where Q@ C RY be a bounded domain with smooth boundary I' = 99, k is a positive constat, p represents
the kernel of the memory term, g is a nonlinear damping like g(u:) & |u¢|"us, f is a nonlinear source term like
f(u) = |u|%u — |u|Pu, with 0 < B < o and h is a external force.

We assume that the memory kernel p satisfies the following hypotheses:

pe C'RTNLYRT), /0 u(s)ds = pg > 0, (1.2)
w(0) >0 and p/(s) <0, VseRT (1.3)
36; 1/ (s) + du(s) <0, VseRT. (1.4)

We assume that the functions f and g are of class C*, with £(0) = ¢g(0) = 0, | f'(u)| < ko(1+ |u|®) and ¢’(v) > 0,
for all u,v € R. There exist constants k1, Lo, L1 > 0 such that

[f(u) = )] < k(L4 Jul® + o) Ju — v, Vu,0eR (1.5)
—Lo < f(u) < %f(u)u + L1, Yu€eR, (1.6)

where f(z) = [, f(s)ds. In addition, there exist also constants ks, ks > 0 such that
lg(u) = g(v)] < ko (1 + [u|” + Jo])|u —v], Vu,veR (1.7)
and
(g(u) — g(v))(u —v) > kzlu —v|" "2, Yu,v €R, (1.8)

where «, r satisfies 0 < a, 7 < ﬁ if N>3 and o«,r>0 if N =1,2. When the space dimension N = 1,2 the

equation (1.1) models the vibrations of viscoelastic beams and plates.

2 Mathematical Results

Let L2 (R*; H3(£2)) be the Hilbert space of Hg(€2)-valued functions on R*, endowed with the inner product and

norm [ee]

(o, 0), = /Ooou<s><so<s>,w<s>>Hg<Q>dx and [lg],, = / 11(5)[40(5)] 12y
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Our analysis is given in the Sobolev space H = Hg () x L*(Q) x L2 (R*; HF(Q2)), equipped with the norm
(s v, )3 = N1 Aull3 + (9117, + 1oll3,
Under assumptions (1.2)-(1) one can prove the following theorem of existence and uniqueness of global solution.
Theorem 2.1. (Existence) Assume that conditions (1.2)-(1.8) hold and that h € L?(Y). Then, if
(uo,u1,m0) € H1 = H*(Q) N Hy () x HF(Q) x L2 (RY; HY(Q) N Hf ()
problem (1.1) has a unique strong solution (u,u;,n'(s)) in the class
uwe LR HY(Q) NHF(Q)), u € LR HJ(Q)), uy € LR L*(Q)).

On the other hand, if the initial data (uo,u1,m0) € H = Hg(Q) x L*(Q) x L2(R*; HF(Q)), problem (1.1) has a
unique weak solution (u,us,nt) in the class (u,uy,nt) € C(RT;H).

Remark 2.1. FExistence and uniqueness of a strong solution in Hy is proved by using Faedo-Galerkin approzimation.

The existence and uniqueness of a weak solution in H is obtained by using density arguments.

Remark 2.2. In view of Theorem 2.1 we can define on H a one-parameter operator

S(t) : (uo,u1,m0) = (u(t),us(t),n'(s)), t>0.

These nonlinear operator map H into itself. It follows that S(t) is a nonlinear Cy-semigroup defined on the phase
space H. Then the dynamics of problem (1.1) can be studied through the dynamical system (H,S(t)).

Our main result reads as follows.

Theorem 2.2. (Global attractor) Under the hypotheses of Theorem 2.1, with h € L*(S2), the dynamical system
(H,S(t)) associated with (1.1) has a global attractor A in H.

Remark 2.3. The first step is to show the dynamic system (H,S(t)) is dissipative. The second step is to verify the
asymptotic smoothness. Then the existence of a compact global attractor is guaranteed by following theorem (see

(2], Thm. 7.1.11).

Theorem 2.3. Let S(t) be a dissipative semigroup defined on a metric space H. Then S(t) has a compact global
attractor in H if and only if it is asymptotically smooth in H.
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EXISTENCE OF SOLUTIONS FOR p(z)-KIRCHHOFF TYPE
PROBLEMS WITH NONLOCAL SOURCE AND NONLINEAR NEUMANN
BOUNDARY CONDITIONS

V. E. CARRERA B. * & E. CABANILLAS. L. ' & 7. HUARINGA S. ¥

Abstract
In this work we prove a result on the existence of weak solutions for a p(x)- Kirchhoff type problem with
nonlocal source, subject to Neumann boundary conditions. By means of the Galerkin method, Fixed point
theorem in finite dimensions and the theory of the variable exponent Sobolev spaces we establish our result.

1 Introduction

This paper is devoted to the study of the following p(x)-Kirchhoff problem

1
p(z) p(zx) r p(z)—2 p(z)—2,\ _ t(zx) .
M </Q p(x) (|Vu| +ul ) d:c) ( div (|Vu| VU) + [ul u) Sl u)lulg) in Q

(1.1)

Z)*Qa—z =g(z,u) on 0§

\Vu\p(
where Q2 C R"™ is bounded domain with smooth boundary 0, 8% is the outer unit normal derivate, p, t, s € C; (Q),
M :RT — R is a continuos function, f: Q@ x R -+ R and ¢:09Q x R — R are Carathedory functions.

When p(z) = p (p constant) and t(z) = 0, problem (1.1) is the p-Kirchhoff type problem with nonlinear
boundary condition and has received considerable attention in recent years, see e.g [4]. The p(z)-Kirchhoff type
with Dirichlet boundary conditions has been studied in many papers, we refer to [2]. In [3] the p(z)-Kirchhoff type
problem with nonlinear boundary conditions has been studied. Chen and Gao [1] obtained positive solutions for a
class of nonvariational elliptic system with non local source. Motivated by the above references we deal with the
existence of solutions for p(z)—Kirchhoff type problem (1.1) based on Galerkin method and the Brouwer fixed point
theorem.

2 Mathematical results

In order to discuss problem (1.1), we need some theories on WP(#)(Q) wich we call a variable exponent Sobolev
space. Denoted by M (£2) the set of all measurable real functions defined on §2. Write

Ci(Q)={p:peC),p(x)>1 foranyx <}
and
LP@(Q) = {u e M(Q) : / lu(z)|P®de < +o00}
Q

with the norm
p(z)

. u\xr
‘ulLP(@(Q) = ‘ulp(x) = an{/\ >0: /Q |% |dl' < 1}

and
Wl,p(w)(Q) ={ue Lp(w)(Q) (| Vu| € LP(I)(Q)}

with the norm
Hqu,p(l‘) = |u|p(w) + ‘Vu‘p(w)v Yu € Wl’p(i)(Q)
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Definigao 2.1. We say that u € WHP®)(Q) is a weak solution of (1.1) if

1
M _ p(x) p(@)) g / p(z) =2 p(z)—-2 dr =
</ @ <|§7u| + |ul ) x <|Vu| VuVou + |ul uv) x

:||u|\i((::))/ 1 f(@u) + / g(z,u)vdt
o M (fQ 5 (IVlP@) 4 Jufp(a) dz) o9

for all v € WHPE)(Q).
Now, we are ready to state and prove the main result of the present paper
Teorema 2.1. Assume that the following assumptions hold

(My) M :R* — R is a continuos function and satisfies

M(t)>mog>0 forallteRT
(fo) [: QxR — R is Carathedory function and satisfies
f(z,0)] < e (1 + |t|‘“(“”)_1) Wz, t) € QxR

where q1 € C4(Q) and q1(z) < p*(z) for all z € Q
(f1) flz.t)t<a(l+ [t]4@), ¥(2,t) € Q x R, where a € C4+(Q)

(90) g: QxR — R is Carathedory function and satisfies
g, )] < ez (14 [1=71) | W(w,1) € @ x R

where ga € C(Q) and q2(z) < p.(x) for all x €
(91) g(z, )t < blu|?® V(x,t) € Q x R, where € C(Q)

(h) t e C(Q), s € C1(Q) with

tt+at <p=, tt =maxt(z), BT <p~; s(x) <p*(x), VoreQ
zeQ

Then problem (1.1) has at least one weak solution. Besides, any solution of (1.1) satisfies the estimate

ul] < Inax{l, {C’* <b+ ‘W)] Pe}
mo

where C, is a constant the embedding depending of W'P(®)(E) < LM®)(E), E = Q or 9Q, u = f, s or a, and

6 = max{BT,t* +at}.

Proof. We apply the Galerkin method and a well known variant of Brouwer’s fixed point theorem.
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A HERMITE ANALOGUE OF THE LOWEST ORDER
RAVIART-THOMAS METHOD FOR CONVECTION-DIFFUSION
EQUATIONS WITH ENHANCED CONVERGENCE PROPERTIES
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1 Introduction
This work addresses a technique based on Hermite interpolation, to solve the following convection-diffusion equation:
Find u € Hg(Q) such that — V- [KVu] +w-Vu = f in Q. (1.1)

where €2 is a bounded domain of RN, N = 2,3, with boundary I, f is a given function in L?(Q), K is a tensor
assumed to be constant, symmetric and positive definite, w is a given velocity field in C°(Q2), and V and V- denote
the gradient and the divergence operator, respectively.
More specifically we extend to the case of equation (1.1) a Hermite finite element method providing flux continuity
across inter-element boundaries, shown to be a well-adapted tool for simulating purely diffusive phenomena [6].
The method can be viewed as a non trivial improved version of the lowest order Raviart-Thomas mixed method
[4] and its extension to convection-diffusion problems proposed by Douglas and Roberts [2]. However in contrast
to this first order method ours is second order convergent in the L? norm, though at comparable cost.

Referring to [1] for Sobolev spaces H™ (), HJ"(2) and W™P (), in the sequel we employ the following notations:
S being a bounded open set of RV, we denote the standard norm of Sobolev spaces H™(S), for any non negative
integer m by || - ||m.s, including L?(S) = H°(S). The standard semi-norm of H™() is denoted by |- |.s-

2 Method Description and Properties

For simplicity we assume that €2 is a polygon if N = 2 or a polyhedron if N = 3. Let us be given a finite element
partition 7, of 2, consisting of triangles or tetrahedra according to the value of IV, and belonging to a quasi-uniform
family of partitions (cf. [3]). h denotes the maximum diameter of the elements of 7. We associate with 7y, two
finite element spaces Uy and V}, as follows:

Let wy, be the constant field in each element of T' € T, whose value in T is w(Gr), where G is the barycenter
of T, and W}IL be the standard continuous piecewise linear interpolate of w at the vertices of 7. For T' € T}, we
further introduce the operator Il : L*(T) — L*(T), given by Iz [v] := [, vdz/meas(T), and define the operator
11, : LQ(Q) — LQ(Q) by Hh[U]|T = HT[U|T] VT € Tp.

Every function v € Vj, or u € U, is such that in each element T € 7}, it is expressed by {K~'[ax!/2 + b']}x + d,
where x represents the space variable, b is a constant vector of ®" and a and d are two real coefficients. Now F
being an edge if N = 2 or a face if N = 3 belonging to the boundary 0T of an element T € T, and ng being the
unit normal vector on F' oriented in a unique manner for the whole mesh, we consider that every function in v € V},
(resp. u € Up) is such that its restriction to any T' € T}, is defined by means of N + 1 degrees of freedom, namely,

*Research associate at IJIRDA, UPMC, Paris 6, France, & PPGM, PUC-Rio, Brazil, e-mail: vitoriano.ruas@Qupmec.fr
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the N mean values of the flux (KVv + wpIlp[v]) - np (resp. (KVu)-np) over F C 0T, and IIp[v] (resp. Ir[u]).
All the degrees of freedom of the first type coincide on both sides of every interface F' common to two elements of
Th. We refer to [7] for the unisolvence of the above sets of degrees of freedom.

Next we set the discrete variational problem (2.2) below, aimed at approximating (1.1), whose bilinear form a; and

linear form Lj, are given by (2.3), where the notation (p, q)s represents fs pqdS VS C Q, p,q € L(S).

Find up, € Uy, such that ap(up,v) = Ly (v) Yo € V},, where Yu € Uy, and Yo € Vj,, (2.2)
ap(u,v) = Z (V- [KVu] — wy, - Vu, Oz [v]) 7 + (Vu, KV + willp[v]) 7 + (u, V- [KVo]) 7] ;
TET (2.3)
Li(v) := =(f, a[v])e.
If we consider the space V := {vjv € HY(Q); V- [KVv] € L*(Q)}, we can extend ay, to (U, + V) x (Vj, + V).
Then we further introduce the functional || - ||p: Up + Vi + V. — R given by: || v [|7:= (II,[v], I[v])a +

> rer, 1AV, Vu)r + (V- [KV0], V- [KV0])r}. The expression | - || obviously defines a norm over V', Uy, and Vj,.
In this manner, it is easy to establish the continuity of aj over (Up + V) x (V3 + V) with a mesh independent
constant M. Since ay, is not coercive, problem (2.2) is well-posed if and only an inf-sup condition holds for aj over
Uy, x V3, [4]. We refer to [7] for the proof of the following result:

Proposition 2.1. If h is sufficiently small and w € W1°°(Q), Ja > 0 independent of h such that

Yue U, \ {0} sup an(u; v)

>afulm (2.4
veVR\{0} || v ||h

Now the second Strang inequality extended to the non coercive case (cf. [5]) reads,

1 - L
lu—un o< = |M inf ||u—w|n+ sup an(u, v) — Ly(v)
o weUy,

2.5
e T ol (2:5)

From the construction of V},, the numerator on the right hand side of (2.5) vanishes identically. Hence applying
standard results to the inf term, and arguments similar to those in [6] for estimating || v — uy, ||, we can prove,

Theorem 2.1. Assume that w € Wh*(Q), Q is convex and h is sufficiently small. Then if w € H?(2) and
f € HY(Q) there exists a mesh independent constant C' such that,

|w—up [lo +h | u—uln< CR? [lul20 + |fl1,0]m (2.6)
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SOLUCAO PARA UMA CLASSE DE PROBLEMAS EM RY coM O
OPERADOR BIHARMONICO E COM POTENCIAL QUE TENDE A
ZERO NO INFINITO

WALDEMAR D. BASTOS * OLIMPIO H. MIYAGAKI '& RONEI S. VIEIRA *

1 Introducao

Considere a seguinte equacdo eliptica em RY com o operador biharmonico:

2y r)u = K(x)f(u) in RN
) {A +V(@)u=K(2)f(u) in R,

u#0, in RN; u e D*2(RY),

em que A%y = A(Au), N > 5, V,K : RN — R sio potenciais continuos ndo negativos, K tende a zero no infinito

e f: R — R é uma funcio continua com crescimento subcritico no infinito. Aqui D?2(RY) é o fecho de Cg°(RY)

1
3
em relagdo & norma |u| = (/ |Au2da:> .
RN
Impomos as seguintes hipdteses em V e K:
I) V(z) >0, K(z) > 0in RY and K € L>(R").
) Se {A,} € RN é uma sequéncia de conjuntos de Borel tais que |A,| <7, para todo n e para algum 7 > 0, entdo

lim K (x)dz = 0, uniformemente em n. (Ky)
r—00 A,NBe

ITI) Ocorre uma das seguintes condigoes:
K/V € L¥(R"N), (K32)

Existe a € (2,2,), com 2, = tal que lim s— = 0. (K3)
==

N -4’ lzl—00 V()
Denotamos por (V, K) € K quando V e K satisfazem I, IT e III acima. Destacamos que (K;) é mais fraca que

qualquer uma das hipéteses abaixo:

i) Existem r > 1 e p > 0 tais que K € L" (RN \ B,(0)); ii) K(x) — 0 as |z| — oo;

iii) K = Hy + Hs, com H; e Hs verificando i) e ii) respectivamente (veja [1]).

Sobre a fun¢ao f, impomos as seguintes condigGes:

. f(s)
v) T )
: i o , fls) _
V) [ tem crescimento subcritico no infinito, a saber, limsup -5~ = 0. (f2)
s—oo S

VI) f(s) =0 para s <0, s~ f(s) é uma funcao nao decrescente em (0, c0), e sua primitiva F é superquadrética no

infinito, isto é,

F
lim sup (5) =

s—00 52

(f3)
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Lembramos que a condigao (f3) é mais fraca que a usual condi¢do de Ambrosetti e Rabinowitz e indicamos [2]
para exemplos e maiores informacoes.

Equagoes com o operador biharmoénico em dominios limitados surgem no estudo de ondas viajantes em pontes
suspensas e no estudo de deflexdo estatica de uma placa eldstica num fluido (veja [3] e suas referéncias). Em
dominios ilimitados, sabemos que a equacao nao linear de Schrodinger com termos adicionais contendo derivadas de
maior ordem estd proximamente relacionada com o auto foco de ondas Whistler em plasmas na fase final. Equagoes
de quarta ordem n#o linear de Schrédinger foram introduzidas por Karpman e Shagalov para considerar o papel
dos termos de pequena dispersao na propagacao de feixes de laser intenso num meio de grandes quantidades com
nao linearidade do tipo Kerr (veja [4]). Voltando nossa atengao para equagdes de Schrédinger com o operador
biharmoénico e com potenciais citamos os seguintes importantes trabalhos [5, 6, 7, 8|, entre vérios outros.

Neste trabalho usamos uma técnica andloga aquela usada por Alves e Souto em [1]. Para obter a geometria
do passo da montanha, usamos condi¢bes de crescimento subcritico em f, além de uma condigdo especifica sobre
sua primitiva F. Também impusemos convenientes condi¢oes de crescimento sobre V e K para conseguir uma
desigualdade do tipo Hardy e, com isso, conseguir uma convergéncia forte no espaco todo, de forma que pudemos
contornar a perda de compacidade na imersao de Sobolev, que é uma das grandes dificuldades deste tipo de
problema. De fato, assumimos as condigoes (K2) e (K3) para conseguirmos a imersiao compacta de E C D*2(RY)
em L% (RN), com 2 < ¢ < 2,, sendo L% (RY) o usual espago LY(RY) com peso K (z).

2 Resultado

Teorema 2.1. Suponha (V,K) € K, (f1), (f2) e (f3). Entao o problema (P) tem uma solugdo de energia minima.
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TAXAS DE DECAIMENTO PARA SISTEMAS DE BRESSE COM
DISSIPACAO LOCALIZADA NAO-LINEAR

WENDEN CHARLES*JUAN A.SORIANOTFLAVIO A. FALCAO NASCIMENTO fJost H. RODRIGUES?®

1 Introducao

No presente trabalho, apresentamos taxas de decaimento para o sistema de Bresse com dissipagao nao linear:

prew — k(z + 19 +lw)e — kol(wa — lp) + o (x)g1(pe) =0 em  (0,L) x (0, 00), (1.1)
P2t — bgr + k(0z + ¥ +lw) + a2(x)g2(th:) =0 em (0,L) x (0,00), (1.2)
prwee — ko(we — lp)e + kl(@e + ¢ + lw) + az(x)gs(w) =0 em x (0,L) x (0,00), (1.3)
©(0,t) = (L, t) = (0,t) = (L, t) = w(0,t) = w(L,t) =0, t >0 (1.4)
o(z,0) = po, pi(z,0) = p1,9(x,0) = o, Yu(x,0) = 1, w(z,0) = wo, we(z,0) = w1, z € (0,L)  (1.5)

onde p1, k, p2, b, l e ky sao constantes positivas relacionadas com a composicao material.

Denotamos por w o deslocamento angular longitudinal, ¢ deslocamento angular vertical e 1 o deslocamento
angular de cisalhamento.

A energia do sistema (1.1) — (1.5) é dado por

1 L
B(t) = /0 (palpel* + p2ln|* + prlwe|* + bloel” + Kl gz + ¢ + lw|* + kolwa — lpl|*) (x, 1) da (1.6)

2 Resultado

Consideremos as seguintes hipéteses:
Hipdtese 1. A funcao feedback g;, para cada i = 1,2, 3, é continua e mondtona crescente, e satisfaz as seguintes
condigoes:
() gi(s)s > 0 para s # 0,
(79) kis < gi(s) < K;s para |s| > 1,
onde k; e K; sao constantes positivas.
Hipdétese 2. Assumiremos que «; € L™(0, L) sdo fungdes nao negativas tais que
3
ai() > a; >0in 1, i=1,2,3, and T:=[)1; #0. (2.1)
i=1
Seja I' := (a1, a2) um intervalo aberto de (0, L). O cerne do trabalho reside em provar que para cada solugao

fraca do problema (1.1) — (1.5) a seguinte desigualdade de observabilidade é satisfeita

T
BO <C [ [ ol P + palun(w. 0 + () Pt 22)
0 r
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para alguma constante C = C'(T, E(0)) > 0 e para T suficientemente grande.

Assumindo que (2.2) ocorre, estamos em condigbes de enunciar o nosso principal resultado:

Teorema 2.1. Suponhamos que as hipoteses 1 e 2 sejam vdlidas. Entao existe wuma constante pisitiva Ty > 0 tal

que se {p, P, w} € uma sougdo do problema (1.1) — (1.5) cuja energia inicial satisfaz E(0) < K, entdo

B(t) < s(jfo - 1), Vi > T, (2.3)

com limg_, o, S(t) =0, onde a funcgdo escalar S(t) (Contrag¢ao nao-linear) é a solu¢do da sequinte EDO:

450 +a(s0) =0, S(0) = E(0), (2.4)

onde a fungao q € definida em Lasiecka e Tataru [2]
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EXISTENCE OF SOLUTIONS FOR A p(.ﬁl))—KIRCHHOFF TYPE

PROBLEM WITH NONLOCAL SOURCE

W BARAHONA M * & E CABANILLAS L T &
P. Seminario H ¥ & R De La Cruz M §

Abstract

In this we prove a result on the existence of weak solutions for a Kirchhoff type problem involving nonlocal

source, with variable exponent. By means of the Galerkin method, a fixed point theorem in finite dimensions

and the theory of the variable exponent Sobolev spaces, we establish our result.

1 Introduction

This paper is devoted to the study of the following p(x)-Kirchhoff problem

p(@)
—M(/ %dx)dw(\ww(“*?w) +>\/ u(y) Wdy = f(z,u) in Q
o p) Q2

u=20 on 0N

where © is a bounded domain in R™ with a smooth boundary 99, p(x),r(x) € C4(Q) with

1 <p =minp(z) < p" =maxp(z) < 0o

z€Q x€Q
1<r” =minr(z) <r" =maxr(z) < oo,
€N e

M is a continuous function, f is a Caratheodory function and \ < 0.

The p(z)-Kirchhoff type equations with Dirichlet boundary conditions have studied by Dai and Hao [2], Fan [3].
For the nonlocal p(z)-Laplacian problems with nonlinear boundary conditions see [4]. Recently Avci [1] obtained

the existence of solutions for a p(x)-Kirchhoff type equation (1.1) with A = 0, by using the Galerkin method.

Motivated by the above references, we focus the case of nonlocal p(z)-Laplacian problem with nonlocal source

of variable exponent. This is new topic even when r(y) = r is a constant.

2 Mathematical Results

First, we recall some definitions of the generalized Lebesgue-Sobolev Spaces LP(*)(Q) and WO1 P (I)(Q).

Set
C+(Q) = {p(z) € C(Q) : p(z) > 1,Yz € Q}

*Universidad Nacional Mayor de San Marcos, FCM, Lima, PERU, wilbara_73@Qyahoo.es
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For any p(x) € C(Q), we define the variable exponent Lebesgue Space

LP@(Q) = {u € M(Q) : /Q lu(z)|P®dz < oo}

with the norm

|u]p(ey = inf{pn>0: / |u(1’)|p($)d:17 <1}
Q

where M () is the set of all measurable real functions defined on €.

Define the Space
WPE@)(Q) = {u € LP@)(Q) : |Vu| € LP@ (Q)}

with the norm

[ull = lulp@) + [Vulpe)

It is known that |Vul,,) and |lu|| are equivalent norms in Wol’p(z)(ﬂ). Hence we will use the norm [Jul| = [Vulp(q)
for all u € Wy P)(Q).

The main result of this paper is given by the following theorem:

Teorema 2.1. Assume that f: Q x R — R is a Caratheodory function and satisfies the growth condition
fla, )t < a(l+[t)*®)), V(z,t) e QxR

where o € C ().
Further, assume that a < C(at,rT,p7), 1 <rt +1<p~, 1 <a™ +1 < p~, where C(a™,r¥,p7) is a positive
constant (to be specified in the proof) depending of o, v+, p~ and the embedding constant of Wol’p(z) — L*@)(Q).

Then the problem (1.1) has at least one weak solution. Further, any solution u of (1.1) satisfies the estimate

lull < Cla™, 7", p7, Q)

Proof Our main arguments rely on the Brouwer fixed point theorem and the Galerkin method.
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WELLPOSEDNESS FOR STOCHASTIC CONTINUITY EQUATIONS
WITH LADYZHENSKAYA-PRODI-SERRIN CONDITION

WLADIMIR NEVES * & CHRISTIAN OLIVERA !

1 Introduction

In this work we establish wellposedness for stochastic divergence-free continuity equations. Namely, we consider

the following Cauchy problem: Given an initial-data ug, find u(t, z;w) €, satisfying

{@u(t,x;w) + (u(t,m;w) (b(t, ) + %@))) =0, ule—o = o, (1.1)

((t,x) € Ur,w € Q)7 where Ur = [0,T]x%, for T > 0 be any fixed real number, b : [0,7] x R? — R? is a given
vector field, with divb(t,z) = 0, By = (B}, ..., B) is a standard Brownian motion in R%.

The Cauchy problem for the stochastic transport equation has taken great attention recently, see for instance
[2], [3], 5], [6], [7], and more recently the initial-boundary value problem in [9]. Concerning the deterministic case
of the problem trasport, also in a non-regular framework, the reader is mostly addressed to [4] and [1]. Those
papers deal respectively with the Sobolev and the BV spatial regularity case, where the uniqueness proof relies on
commutators. The main issue in this work is to prove uniqueness of weak L —solution of the Cauchy problem
(1.1) for vector fields

2
beLq([O,T],(Lp(Rd))d), p,g<oo,p>2, ¢q>2, and g+6<1, (1.2)

The last condition LPSC is known in the fluid dynamic’s literature as the Ladyzhenskaya-Prodi-Serrin condition,
with < in place of <. Here, we do not assume any differentiability (one of the main assumptions in [2]), nor
boundedness (also important in [5]) of the vector field b. The uniqueness result is established using the transportation

property of the continuity equation for divergence free vector fields.

2 Mathematical Results

Theorem 2.1. Assume conditions LPSC, and divb(t,x) = 0. If u,v € L=(Ur x Q) are two weak L™ —solutions
for the Cauchy problem trasport, with the same initial data ug € L>®(RY), then for each t € [0,T], u(t) = v(t)
almost everywhere in R% x €.

Theorem 2.2. Assume conditions LPSC, and divb(t,z) = 0. Let {u} be any sequence, with uy € L>(¢) (n > 1),
converging weakly-star to ug € L>=(?). Let u(t,x), u™(t,z) be the unique weak L™ —solution of the Cauchy problem
trasport, for respectively the initial data ug and ul. Then, for all t € [0,T], and for each function € C%(?) P— a.s.

/u"(t,x) (z) dz  convergesto Au(t,x) (z)dx

d
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P-a.s..

Moreover, if ul} converges to ug in L>(R?), then

u"(t,x) converge to u(t,x) in

LOO(UT X Q)
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OPERATORS THAT ATTAIN THEIR MINIMA

XAVIER CARVAJAL * & WELADIMIR NEVES T

1 Introduction

We shall be concentrated on this talk in a class of bounded linear operators on complex Hilbert spaces, or on a
subspace of it, which attains their minima on the unit sphere. Hereupon by a subspace, we are always saying a closed
subspace. Certainly, the study of bounded linear operators that attain their minima have some similarities with the
ones that achieve their norm as studied by the authors in [1]. Although, they not share the same characteristics,
for instance the injectivity property plays an important role for that ones studied here, that is to say, the class of
operators that attains their minima.

We are going to study mostly the operators that satisfy the N* and AN™ properties, defined respectively in
Definition 1.1 and Definition 1.2. The class of the N* operators contains, for instance, the compact ones which
are non-injective (see Proposition 1.1). Then, to introduce the theory, let H, J be complex Hilbert spaces and
L(H,J) the Banach space of linear bounded operators from H to J. We emphasize the case that will appear most
frequently later, namely L(H, H) = L(H). Furthermore, we recall that, the space £L(H, J) is a Banach space with
the norm

7| = sup [Tall; = sup [T, (1.1)
lzllm <1 ||| m=1

and, it is well known that, if H has finite dimension, then the closed unit ball in H is compact (Heine-Borel Theorem)
and the above supremum is a maximum. The important question whenever such a supremum is a maximum in the
infinite dimensional case was studied by the authors in [1], where it is present many characterizations for operators
that achieve their norm. Analogously, we now define the following value

[T]:= inf ||Tz|, (1.2)

llzll =1

and ask when such an in fimum is a minimum. This is one of the main issues of this presentation, which motivates
the following

Definition 1.1. An operator T € L(H,J) is called to satisfy the property N*, when there exists an element xy in
the unit sphere, such that [T] = ||T xol| ;.

We start the study by the following considerations:

1. An operator with zero minimum on the unit sphere should be non-injective in order to satisfy the property
N*. Indeed, if there exists an element z in the unit sphere, such that, ||T z¢||; = [T] = 0, it follows that Tzg = 0,
and for T injective, g = 0, which is a contradiction. Equivalently, if T is injective and satisfies the property N*,
then [T] > 0.

2. If T is non-injective, then T attains its minimum and further [T] = 0. In fact, when T is non-injective,
we have Ker T' # {0}, and hence there exists an element x € Ker T, x # 0, such that Tz = 0. Therefore,
|7/ 2l = 0 = [7].

3. Let us consider T' € L(H, J) with H finite dimensional. It is well-known that, dim T'(H) < dim H, and since
S is a compact set, it follows that T'(S) is compact. Therefore, applying the Weierstrass’ Theorem, T' attains its

minimum on S. We have the following cases:
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o If dimT(H) = dim H, then KerT = {0} and thus T is injective. We conclude in this case that [T] > 0.
o If dimT(H) < dim H, then KerT # {0} and T is non-injective. Thus [T] = 0.

On the other hand, if the dimension of H or the dimension of J are finite and T' € L(H, J), then there exists

an z in the closed unit ball in H (indeed in the boundary, i.e. the unit sphere), such that
[T] =Tz

Therefore, any operator of finite range satisfies the property N*. Moreover, an important class, which we have
the complete characterization of the property N*, are the non-injective compact operators. Indeed, we have the

following

Proposition 1.1. Let T € L(H,J) be a compact operator, with H infinite dimensional. Then, T satisfies the
property N* if, and only if, T is non-injective.

The restriction of a compact operator to a subspace is a compact operator. Although, we have seen for instance
that, injectiveness is an important property w.r.t. the property N*. Since the restriction of a non-injective operator

is not necessarily non-injective, it does not follow easy (even for the compact operator algebra) the following property

Definition 1.2. We say that T € L(H, J) is an AN™ operator, or to satisfy the property AN, when for all closed
subspace M C H (M # {0}), T|nm satisfies the property N'*.

Remark 1.1. Let T € L(H,J), if dim H < oo or dim J < oo, then T satisfy the property AN*.

We stress that by a subspace, we always mean a closed subspace, thus on the definition quoted above M is
always closed. Moreover, it is not difficult to see that, one of the motivations to study the classes N'* and AN™ is

related to show the injective property.
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ANALYTICAL AND NUMERICAL APPROACHES FOR
A STUDY OF QUALITATIVE SOLUTIONS IN A STIFF
ISOTHERMAL SYSTEM OF EULER EQUATIONS

A. Avarez* & E. ABReEU' & W. LAMBERT?

1 Motivation and the model problem

In this work we are interesting in the study of the long time formation of waves appearing in balance laws by means
of singular perturbation techniques [2, 5, 4, 1] and numerical analysis [3, 4]. For concreteness, we performed such
analysis applied to relaxation towards a 3 x 3 system of isothermal Euler equations. In short, we apply a Chapman-
Enskog like-expansion [2, 5] to get a reliable approximation the 3 x 3 system of isothermal Euler equations. Next,
we performed a numerical analysis in order to construct and implement a locally conservative computational scheme
for solving a full non-linear balance system as well as the approximating solutions from the outer expansion for
comparison purposes. Thus, we combine these two approaches in order to study the long term behavior of the
qualitative structure of the solution appearing in non-linear stiff systems of balance laws.

Consider the system of balance laws,

Uy + Fu(U) = ~Q(U), with U(z,#) € @ C RN and J = {U € Q: Q(U) = 0} (1.1)
where U is the momentum projecetion with open Q. Moreover, the assumption that the source term Q(U) has a
nonempty J, is equilibrium manifold.

In [5] is defined the notion of “stability condition” for the system (1.1). We stress that this condition is different
from that one introduced in [1], in which a notion of strictly convex entropy for the system is derived with source
terms of the form (1.1), in which in turn admits a nontrivial constant annihilator. It is worth mentioning that for
some realistic physical examples this condition is not fulfilled as to the case magnetohydrodynamics [5].

Our proposed numerical method was made following the ideas of [4], which might be seen a generalization of the
Nessyahu-Tadmor scheme to a non-homogeneous case of balance laws (1.1). Central schemes enjoy the desirable
property of being locally conservative and no Riemann problems are solved and hence field-by-field decompositions
are avoided. The main disadvantage is the excessive numerical viscosity since this scheme need to satisfy restrictive
Courant-Friedrichs-Lewy (CFL) conditions, but it is possible bypass this by means of using high-resolution MUSCL-

type interpolants [3]. In short, integration of the (1.1) over all intervals of volume [z, z;11] x [t", t" 1] reads:

uﬁrll :% (u;l + uy+1) + % [(u’);} _ (u/);;+1] + % [F((u(zjy1,t + At/2)) — F((u(zj,t + At/2))]
i (1.2)
+ %[Q(uﬁl/z(t”“)) + Quyy1/2(t"))] dt + é @) = (@) d.

where u(x;,t + At/2) = u;(t) — %F]{ + ££Q(u) can be viewed as a predictor step.

2 Mathematical results and numerical experiments

We study the following FEuler equations with a relaxation temperature towards a constant value:

p pu 0
9 9 ; 1
E (E+plu (E(p, pu) — E)un
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fUFRRJ-DM, RJ, Brazil, wanderson.lambert@gmail.com
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Here E is the energy in the gas that results if we bring T to a reference temperature 7 without changing the
density or momentum. We are using the ideal gas law p = RpT = a?p, where aVRT is the isometrically sound
speed and along with the equations of state gives E(p, pu) = % + % pu?. Here an approximation in the form of an
asymptotic series is obtained in the transition layer(s) by treating that part of the domain as a separate perturbation
problem to (2.3). In this work we provide, our first attempt to address an “outer expansion” approximation to the
Euler equations (2.3). Thus, let us consider U; = [p;(,t), (pu);(z,t), E;(z,t)]" = [p;,w;, E;]T. Following [5, 1]
we assume the solution of the system (1.1) can be approximated by U = Uy + €Uy + €Uy + - - - . Plugging this into

2 1 2
(1.1) and matching coefficients of power € we get for Order O(e71), Ey = a4 pol + iﬂ and for Order O(1) the
Y- Po
next three equations, pg; + wo, = 0 along with,
w? Eyw a? 1/ _wow w?
wor + (O+a2/70) =0 and E0t+( 00 +a2w0) L (2 ! —Sm) — By (2.4)
Po z Po . Y-l 2 Po o

Next, we get the Order O(e), let Ey = H(po, wo) after some straightforward algebra, we get:
2 2 2
w Eyw a 1 Wow w
El :Hpowoz + Hwo |:0 + a2p0:| — |:OO + a2w0:| + /01 + = <2 01 - %p > . (25)
Po - Po . Y—1 2 Po Iz
We use (2.3) and p; =2, (pu); =1, E; =1, forx <02 and p, =1, (pu), =0.13962, E, =1, for z > 0.2,
as a Riemann problem in order to study the shock-capturing properties of the proposed approach in this work by

three distinct ways: by means of an implementation of the direct outer expansion, by an operator splitting approach
(with respect to the stiff term and to the homogeneous counterpart) and, finally, by a non-splitting procedure; the
latter two with respect to system (2.3) taking into account the scheme (1.2) to get approximations to the Orders
O(e1), O(1) and O(e). Our numerical solutions (see Figure 1) to the relaxation towards a 3 x 3 system of isothermal
Euler equations (2.3) show a very good qualitative resemblance for quantities E, p and pu. We observe that for
€ << 1 the approximations quickly reach the equilibrium. Thus, numerical analysis and asymptotic analysis are
then reliable and mandatory approaches for solving perturbation problems associated to system of balance laws
(1.1) and (2.3).

tempo=1.500,epsilon=0.10000 T=1.500,epsilon=0.10000 T=1.500,epsilon=0.10000
3 3 3

25 25 25

~

ENERGY (E)
&
DENSITY (p)
&
MOMENTUM (p u)

f
(
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outer 0
outer 1

4
o
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Figure 1: Numerical solution of balance isothermal Euler equations (2.3) at time ¢ = 1.5 with scale e = 0.1. Both splitting

and the non-splitting schemes were able to capture with accuracy the same wave structure for large times.
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MULTIPLICIDADE DE SOLUQ@ES PARA UM PROBLEMA
QUASELINEAR COM CRESCIMENTO DO TIPO CONCAVO CONVEXO

ALEX J. BECKER * & MARCIO L. MIOTTO |

Neste trabalho pretendemos garantir condigbes para a existéncia e multiplicidade de solugtes fracas de um

problema elitico quaselinear com crescimento do tipo concavo convexo.

1 Introducao

Estabeleceremos a existéncia, bem como a multiplicidade de solugoes fracas para a seguinte classe de problemas

(Py)

—Apu = M@ |ulT +h(z)u"t em  Q
u = 0 em 0N

onde © C RY ¢ um dominio limitado, os expoentes satisfazem a condicio 1 < g < p < r < p* = NN—_”p, sendo o

operador Apu = div(|Vu[P~2Vu), A um parametro real positivo e as fungoes f e h satisfazem as seguintes condicdes:

(Hi) feLY(Q), ¢ =, onde fr #0e f_ € L®();

(Hz) h e L*>®(Q), com h nio negativa.

O problema (Py) com tais condigbes sobre os expoentes p, ¢ e r é classificado como um problema elitico quaseli-
near subcritico com crescimento superlinear e sublinear, ou simplesmente com crescimento do tipo concavo convexo.
Problemas semilineares, bem como quaselineares com tais condigoes de crescimento sao amplamente estudados tanto
no caso subcritico, quanto no caso critico (r = p*), e também em dominios limitados ou ilimitados.

Citamos por exemplo o trabalho de Ambrosetti, Brézis e Cerami que em [1], justificaram a existéncia de uma
constante positiva A\, tal que o problema (P)), com p =2 e f =1 = h, admite ao menos duas solugoes positivas se
A € (0,),), tem uma solugao positiva para A = A, e nao possui solucao positiva se A € (0, \,). Mencionamos ainda
o trabalho de Wu [2], o qual considerou o problema (Py) no caso em que p =2 e h = 1 e assumindo que f € C(9Q),
com f, # 0. Ele obteve, via métodos variacionais, mais precisamente através da variedade de Nehari, a existéncia
de A, > 0 tal que o problema (Py), com p = 2, admite ao menos duas solugdes se A € (0,,). Ressaltamos, que
o problema (Py) possui alguns variantes, dentre outros, o caso critico, ou seja, pode-se admitir que r = p*. Para
referéncias destas variantes, e também para outros problemas relacionados mencionamos os seguintes trabalhos
3,4, 5,6,7, 8,9, 10, 11].

O nosso resultado pode ser visto como uma variacao dos trabalhos aqui citados, no caso particular em que
envolve expoente subcritico de Sobolev. Sob as nossas condigoes sobre as fungoes peso f e h, obtemos o seguinte

resultado acerca da existéncia e multiplicidade de solugbes do problema (Py).

Teorema 1.1. Suponha que f, h sejam funcoes mensurdveis em RN que satisfacam as condigoes (Hy) e (Hz),
respectivamente. Entao existe uma constante positiva A, = Ao(N, q,p,r, h), onde para todo X € (0,A,) o problema

(Py) admite ao menos duas solugdes fracas ndao triviais.

Para a justificarmos este resultado, utilizamos argumentos variacionais, mais especificamente, empregamos o
Principio Variacional de Ekeland, para garantir a existéncia de uma primeira solugao fraca para (Py), e o Teorema

do Passo da Montanha para obter a existéncia de uma segunda solucao fraca para (Py).
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Ressaltamos que este trabalho é um resultado preliminar que surgiu como aplicagao de algumas das técnicas
abordadas em uma disciplina de métodos variacionais, embasada dentre outras referéncias em [12, 13, 14], a qual foi
cursada pelo mestrando no Programa de Pds-Graduacao em Matematica da Universidade Federal de Santa Maria.
Uma vez que o académico cursa o primeiro ano de mestrado, faz-se relevante tal estudo para o desenvolvimento de
sua dissertagao, bem como o aporfundamento do conhecimento e o uso dessas de técnicas na resolugao de problemas

eliticos.
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UMA ANALISE MATEMATICA DE UM SISTEMA NAO ISOTERMICO
DO TIPO ALLEN-CAHN

ANDERSON L. A. DE ARAUJO * & RONDINEI A. DA SILVA |

1 Introducao

Neste trabalho estudamos a resolugao do sistema nao-linear

oo =D = (o= 1)(1 - 2¢) — [Vol(pc+ paf) em  Q, (1.1)
01 + Loy — div(k(p,0,c)V0) = f(z,t) em Q, (1.2)
¢, — div(Dy(,0,0)Ve + Da(p,0,0)V) =0 em  Q, (1.3)

com condigoes iniciais e de fronteira

p(z,0) = @o(x), 0(x,0) =0, ¢(x,0) =co(x) em €,

onde  C R” é um dominio aberto, limitado e C? na fronteira. Seja 7 um nimero positivo finito; Q = Q x (0,T)
indica o cilindro de espago-tempo com a superficie lateral S = 9 x (0,T).

O presente problema tem uma estrutura que € similar ao problema de solidificagao nao isotérmica para uma liga
binéria apresentado em [2] e [3]. A equagdo (1.1) é a equagdo tipo Allen-Cahn para o campo de fase e, basicamente,
é obtido de [2] e [3]. As equagbes (1.2) e (1.3) sdo equagdes obtidas por formas mais gerais dos balangos de energia
térmica e de massa. As constantes positivas &, p1, ua, £ estdo associadas com as propriedades do material; k(-) estd
associada com a condutividade térmica; D;(-) e Dy(-) s@o os coeficientes de difusdo do soluto na matriz do solvente,
isto é, o material que constitui a outra liga bindria; f(-) é um dado campo externo associado com a densidade
de fontes de calor ou bacias; e as condigoes iniciais ¢o(+), Oo(+) e co(+), respectivamente sdo, o campo de fase, a
temperatura, e concentragao de soluto.

Muita atencao tem sido dada aos métodos de campo de fase nos processos de solidificacao durante as duas
ultimas décadas por muitos autores. Para mais informagoes, ver, por exemplo [2, 4-6] e as referéncias deles. Nestas
obras, muitas situagoes e diferentes hipdteses tém sido consideradas.

Neste trabalho, a equacdo de campo de fase (1.1) foi obtido em [2]. E num certo sentido, (1.1) pode ser
considerado mais preciso do que o formato final indicado em [2]. As outras duas equagdes generalizam equagdes
encontradas em [2,3,7].

No entanto, para tal modelagem mais precisa, devemos pagar o prego que a nao-linearidade do acoplamento na
equacao de campo de fase (1.1), isto é, o termo —|V|(p1c + p26), envolvendo os produtos da temperatura e da
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concentracao, com as derivadas do campo de fase, é muito mais dificil de manusear em termos mateméticos que o
acoplamento classico habitual entre a equacao de campo de fase e a temperatura e equagoes de concentragao.

Para resolver os problemas (1.1) - (1.3) com as condi¢bes iniciais e de fronteira dadas, temos que usar uma
combinacao de técnicas: teoria do grau e o principio do maximo em conjunto com um método espectral de Galerkin
semidiscreto para a construcao de solugoes aproximadas, em seguida, passar para o limite para a obtencao de
solugoes do problema original. A regularidade e singularidade sdo obtidos para o caso dos dominios bidimensionais
quando k = k(p), D1(¢,0) e Dy = Da(p,0) e os outros dados séo suficientemente suaves. Neste caso especial, as
estimativas de erro para as aproximagoes semidiscretas podem ser obtidas.
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1 Introducao

Neste trabalho, vamos analizar a existéncia de solucao para o modelo de campo de fase para a solidificagao de uma
liga bindria, a uma temperatura constante. Tal modelo é devido a Warren - Boettinger [2], e envolve a concentracao
relativa ¢ e um parametro de ordem ¢ que representa o estado de solidificacao da liga, sendo igual a 0, se o sistema
estd em uma fase sélida e igual a 1 se estiver em uma fase liquida. A evolugdo no tempo de ¢ e ¢ é dada pelas
seguintes equacoes:

O MG RO H o) em 2x (0, 400),
O — Giv(Dy(9) Vet Dale,6)V9) em 2 (0, +00),
t (1.1)
% = % =0 sobre 02 x (0, +00),
#(0) = ¢o, ¢(0) =co em {2,

onde {2 é um subconjunto aberto do R4, com 1 < d < 3, e com fronteira ou bordo 92, n é o vetor unitdrio normal
a4 012 e € > 0 é uma constante.

As fungbes Fy, F», D1 e Dy que aparecem em (1.1) possuem as seguintes propriedades:
(1) Fy e F, sao fungoes regulares tais que F;(0) = F;(1) = 0 para i = 1,2.
(2) D; é uma fungao positiva e regular limitada por duas constantes positivas.
(3) D5 é uma funcéo regular tal que Do(c,.) =0 parac=0e 1.

Esses modelos estao sendo usados para descrever as transicoes de fase de materiais puros devido aos efeitos
térmicos. Isso resulta em sistemas nao lineares parabdlicos para o campo de fase e temperatura. No entanto as nao
linearidades sdo diferentes das do problema (1.1).

2 Resultado de existéncia de solucgao

Provaremos a existéncia de uma solucao fraca para o problema (1.1), supondo que as fungdes nao-lineares F; e

D; = 1,2 sao Lipschitzs e limitadas. Mais precisamente, vamos supor que
(H1) Fy, F; sdo Lipschitz e limitadas com |F;(r)| < M; para i=1,2 e Vr € R.

(H2) D; € C(R) é Lipschitz positiva e limitada com 0 < Dy < Di(r) < D1, Vr €R.
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(H3) Ds € C(R x R) é Lipschitz e limitada com |Dsy(ry,7r2)| < Ma, V(r1,72) € R x R.

Para provar o resultado de existéncia, um importante resultado da teoria eliptica serd usado neste trabalho,

mais precisamente temos.

Lema 1. Seja k € N e u € H?(£2) satisfazendo que Au € H*(£2) e (9u/On) = 0 sobre 812. Entdao u € H**2(12)

e existe uma constante C' > 0 independente de u tal que

||U||Hk+2(9) < C(||Au||Hk(Q) =+ ||UHH1-(Q))- (2.2)

Agora, podemos enunciar o principal resultado deste trabalho:

Teorema 1. Assumindo que (H1) — (H3) sejam vélidas, e seja V = H(Q).
(1) Para qualquer (¢g,co) € L?(§2) x L*(£2) e T > 0, existe um par de fungoes (¢, c) satisfazendo
p,c€ L*(0,T; HY(2)) N H*(0,T; V"),
tal que ¢(0) = ¢o, ¢(0) =co e

<8C7w> —|—/ (D1(¢)Ve+ Da(c, p)Vo).Vw dz =0 (2.3)
vy Je

para todo v,w € H'(£2) e q.t.p. em (0,7).
(2) Para qualquer (¢g,co) € H(2) x L?*(2) e T > 0, existe um par de fungdes (¢, ¢) satisfazendo

¢ € L*(0,T; H*(2)) N H'(0,T; L*(2)),
ce L*(0,T; HY(2)) N H(0,T; V"),

tal que $(0) = g, ¢(0) = cg e

80 _2A6=Fi(6)+cP(9) atpemQ,
% =0 q.t.p. sobre 92 x (0,7),
<3C’U> +/ (D1(6)Ve + Ds(c, $)V$). Vo dx = 0, (2.4)
ot V40 Q

para todo v € H(§2) e q.t.p. em (0,T).

A demostragao deste resultado estd em [1], e como ferramenta principal, é utilizado o método de Faedo - Galerkin.
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ESTABILIZAGAO DA EQUACAO DE BERNOULLI-EULER: ASPECTOS
TEORICOS E COMPUTACIONAIS

CARLA E. O. DE MORAES , MAURO A. RINCON * & GLADSON O. ANTUNES |

1 Introducao

A finalidade deste trabalho é estudar numericamente a estabilizacao interna da equacao da placa de Bernoulli-Euler.
Consideraremos uma placa quadrada sujeita a uma forga de amortecimento agindo apenas em um sudominio dela.

A estabilizagao desta equagao ja foi estudada por diversos pesquisadores e entre eles, podemos citar os trabalhos
[1] e [4].

Nao é simples construir sistemas de dimensao finita que sejam precisos, isto é, que se aproximem do modelo
matematico que descreve as situagoes desejadas e que sejam exponencialmente estaveis, com decaimento de energia
uniforme. Os sistemas aproximados obtidos utilizando o método de elementos finitos ou diferencas finitas, em geral,
nao sao uniformemente estaveis com relacao ao parametro de discretizacao. Alguns trabalhos foram realizados
propondo novas ideias para contornar este problema, como em [2] e [3].

Para evitar isto, pode ser visto em [5] e [6] que adicionando um termo de viscosidade no problema numérico,
as aproximagoes sao uniformemente e exponencialmente estaveis, como desejado. Neste trabalho, a partir dos
resultados obtidos em [5] e [6], serd implementado um algoritmo para obtengao da solu¢do numérica da equagao de

Bernoulli-Euler. O método numérico utilizado é o das diferencas finitas e serao apresentadas algumas simulagoes.

2 Apresentacao do Problema: Placa Bidimensional Quadrada

Considere o quadrado Q = (0,7) x (0, 7) e seja O C £ o retangulo [a,b] X [c,d],com0<a<b<mel<c<d<m.

Denotando por ye a fungao caracteristica de O, nosso objeto de estudo é modelado pelo seguinte problema:

Ot) + A%w(t) + xow(t) =0 , xz€Q, t>0,
w(t) =Aw(t)=0, x€dQ, t>0, (2.1)
W({E,O) = wO(x)a W(I7O) = w1($)7 Vz € Q,

onde (") denota a derivada em relacio ao tempo e A2w representa o bilaplaciano de w. Nota-se que o termo
de damping xow(t) é efetivo apenas no subconjunto @ C ) e as ultimas duas relagdes de (2.1) representam as
condigoes iniciais e de contorno do problema.

A demonstragéo de existéncia e unicidade de solugdo de (2.1) pode ser encontrada em [6].

Como estamos interessados em estudar numericamente (2.1), assim como em [5], para discretizar o dominio

espacial, consideramos uma malha uniforme com espagamento h:

h=—"_ meN.
m+1
Denotamos por wj ;, a aproximagao da solucao w do sistema acima no ponto x;; = (jh,kh); j,k=0,...,m+1.

. . 2 . ~ . .
Assim, definimos wy, € V;, = R(™") como sendo o vetor cujas componentes sao wj i, para 1 < 7,k < m, ou seja,
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os ndés da malha nos quais precisamos calcular a solugdo aproximada. Assim, aplicando o Método das Diferengas
Finitas nas variaveis espaciais, obtemos:

&jk + (Aonwn) ik + (xown)jk + h2(Aortn) ik =0, 1<jk<m,t>0,
(2.2)
wp(0) =won ,  wr(0) = wip,
onde Agy, representa a discretizacdo, de segunda ordem, do bilaplaciano, ja considerando as condigdes de contorno
dadas em (2.1).
Note que adicionamos no sistema (2.2), o termo h? (Aorwr), chamado de viscosidade numérica. Além disto, wop
e w1y sao, respectivamente, aproximagoes suaves dos dados iniciais wy e wy na malha definida acima.
Segundo [5], a familia de sistemas definida por (2.2) é exponencialmente uniformemente e exponencialmente
estavel e é sabido que a energia do sistema semi-discretizado no instante ¢t é dada por:

Bn(t) = 5 {len®l? + 142 )7} (23)

Novamente, aplicando o Método das Diferencas Finitas no sistema (2.2), obtemos um sistema de equagoes
lineares que pode ser resolvido para cada tempo discreto t, = nAt e desta forma, é possivel obter uma solugao
aproximada para o sistema (2.1). Além disso, sdo feitas simulagoes numéricas que mostram o comportamento da
placa ao longo do tempo, comprovando os resultados tedricos obtidos na literatura. Finalmente, apresenta-se uma

analise de erro numérico e o decaimento de energia associada ao problema.
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BANDLIMITED MAJORANTS FOR TRUNCATED AND ODD
FUNCTIONS VIA DE BRANGES SPACES

FELIPE FERREIRA * & EMANUEL CARNEIRO |

1 Introduction

We start by recalling some of the main features of de Branges’ theory of Hilbert spaces of entire functions [I]. A
function F' analytic in the open upper half plane, i = {z € C; Im (z) > 0} has bounded type if it can be written as
the quotient of two functions that are analytic and bounded in . If F' has bounded type in U then, according to
[T, Theorems 9 and 10], we have

limsup y~ ! log | F(iy)| = v(F) < oo.

Y—>00

The number v(F) is called the mean type of F. We say that an entire function F' : C — C, not identically zero, has
exponential type if
lﬁr?sup\z|fllog|F(z)| =7(F) < 0. (1.1)
Z|—00
In this case, the nonnegative number 7(F) is called the exponential type of F. If F: C — C is entire we define
F*:C — Cby F*(z2) = F(z). We will say that F is real entire if F restricted to R is real valued.
A Hermite-Biehler function ¥ : C — C is an entire function that satisfies the inequality

[E*(2)] < |E(2)] (1.2)
for all z € U. We define the de Branges space H(E) to be the space of entire functions F' : C — C such that

\m@:/ F (@) |E(x)] 2 dz < oo,

—0o0

and such that F/FE and F*/E have bounded type and nonpositive mean type in &/. This is a Hilbert space with

respect to the inner product

(F,G)g := /°° F(z)G(x) |E(z)| "% dz.

The Hilbert space H(E) has the special property that, for each w € C, the map F' — F(w) is a continuous linear
functional on H(E). Therefore, there exists a function z — K (w, z) in H(E) such that

F(w) = (F,K(w,"))E - (1.3)
The function K (w, z) is called the reproducing kernel of H(E). If we write
1 .
A(z) := i{E(z) +E*(z)} and B(z):= %{E(z) — E*(2)}, (1.4)

then A and B are real entire functions and F(z) = A(z) — iB(z).

We now consider Hermite-Biehler functions E satisfying the following properties:
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(P1) E has bounded type in U;
(P2) FE has no real zeros;
(P3) E(0) is a real number;

(P4) A, B ¢ H(E).

By Krein’s theorem we see that if F satisfies (P1) then E has exponential type, 7(E) = v(E) and every function
F € H(E) has exponential type 7(F) < 7(E).

2 Mathematical Results

Let x — a:?r denote the characteristic function of the positive real axis. Now we can state the main theorem.

Theorem 1. Let A > 0. Let E be a Hermite-Biehler function satisfying properties (P1)-(P4) above. Assume also
that o
/ e N E(z)| 72 dz < .
0

The following properties hold:
i) If L : C — C is an entire function of exponential type at most 27(E) such that L(z) < 29 e ! for all z € R
+

then
o0 -l
/ L(z) |E(x)|72dx < E: (2.5)

— 00
B(é) 0
where the sum on the right-hand side of (2.5)) is finite. Moreover, there exists an entire function z +—
L(B2, )\, 2) of exponential type at most 27(E) such that L(B?,\,z) < xﬂ_e‘”gﬁ' for all x € R and equality in

(2.5) holds.

W) If M : C — C is an entire function of exponential type at most 27(E) such that M(x) > 29 el for all
+

z € R then el
M(x) |E(z)|?dx > 2.6
[ vwiEeres X (2:6)

B(&):O

where the sum on the right-hand side of (2.6) is finite. Moreover, there exists an entire function z —
M(B?,\, 2) of exponential type at most 27(E) such that M (B2, \,x) > aﬁe”lw\ for all z € R and equality in

holds.
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EQUACOES DE NAVIER-STOKES EM DOMINIOS TRIDIMENSIONAIS
COM UMA DIMENSAO FINA

FELIPE C. MINUZZI * & JOAO PAULO LUKASZCZYK |

1 Introducao

As equagoes classicas de Navier-Stokes descrevem o movimento de um fluido homogéneo em um dominio bi ou

tri dimensional sujeito a um campo de forcas externos. Mais precisamente,

upt+u-Vu—pAu+Vp=f ; em Qx(0,T)

divu =0 ; em Qx(0,T) (L.1)
u(z,0) = up(x) ; em Qx(0,7) .
u(z,t) =0 ; Vaed,vVite (0,T)

onde Q CR" n=20u3 T >0, f:Qx(0,T) - R" é a forca externa, u : Q x (0,7) — R™ é o campo de
velocidades, p : 2 x (0,7) — R é a pressdo, p > 0 é a viscosidade do sistema e ug é a velocidade inicial dada. Neste

sistema de equagoes, a condigao divu = 0 representa a incompressibilidade do fluido.

Em aplicacoes, dominios finos estao presentes em muitos campos, tais como mecéanica dos sélidos, meteorologia,

fisiologia, problemas de geofisica e dinamica dos oceanos, entre outros.

Neste trabalho, pretende-se estudar solugoes fracas em espacgos do tipo Sobolev do sistema de Navier Stokes em
dominios tridimensionais finos, isto é, dominios onde uma dimensao é pequena se comparada com as outras. Com
o uso do método de Galerkin, encontra-se resultados com relacao a existéncia e unicidade, bem como solugao global

no tempo.

2 Resultados

Considera-se, neste trabalho, . C R3 um domifnio tal que . = w x (0,¢), onde € € (0,1) e w é um domino
suave de R?. Sejam H, = {u € L*(Q); divu =0, u-n=0em 896} (onde n é a normal de 9. apontada para
fora), V. = {u € H§(2); divu =0} e D(A.) o dominio do operador de Stokes A..

O resultado fundamental referente a existéncia de solugdo fraca dado por [3] é o que segue:

Teorema 2.1. Dadosug € H. e f € L?>(0,T,V,), entdo existe u = u. € L*(0,T,V.)NL>®(0,T, H,), para todo T > 0,
solugdo de (1.1). Se ug € V. entdo existe T, = T.(Qe, p, ug, f) > 0 tais que u. € L?(0,T., D(A.)) N L>(0,T,V,) é
a dnica solugdo de (1.1).

Com relagao a solucao global no tempo, tem-se o seguinte resultado de [4]
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Teorema 2.2. Seja R, : (0,00) — R uma fungdo mondtona positiva satisfazendo lir% eR? = 0. Entdo existe €y tal
€E—>

que para todo € < €y, para todo ug € Ve e para toda f(t) € H. com
| A ug |2+ | £(t) 2< R?

tem-se T, = 0o, onde | - | € a norma em H..
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EXISTENCIA DE SOLUCOES PARA UMA CLASSE DE PROBLEMAS
ELITICOS
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1 Introducao

No presente trabalho apresentamos condigoes suficientes para a existéncia de solucgoes fracas para o problema de
Dirichlet :
—Au=h(x)u? + f(z,u), em £,
(Ph.r) )
0<wueH;(), 0<qg<1,

onde A denota o operador Laplaciano, @ C RY é um dominio limitado com fronteira 992 suave, N > 1, h € L>=(Q)
e a fungao f(z, s) satisfaz hipdteses apropriadas.

O problema (P, 5) foi estudado sob os mais diversos comportamentos das aplicacoes h e f. Mencionamos dentre
outros, os trabalhos de Brezis e Oswald em [2] onde h(z) = 0, Brezis e Nirenberg [3] com h(z) = 1, Ambrosetti,
Brezis e Cerami [4] que consideram f como a soma de um termo sublinear com um superlinear. Por sua vez, sendo
A uma constante positiva Perera em [5] supoe h(z) = —X e f(z,s) = g(s) € C1(Q), satisfazendo determinadas
hipéteses, enquanto Wang em [6] considera h(x) = A, e f(x,s) impar para |s|] — 0. Destacamos ainda outros
trabalhos similares a esse, [7,8,9,10,11] os quais obtém resultados de existéncia de solugdes através de argumentos
variacionais em dominios ilimitados.

As condigoes sobre f e h que serao utilizadas no presente trabalho, sdo devidas a Li, Wu e Zhou [1]. Suponhamos
que:

(hl) h € L™(Q) e h(x) £ 0;
(f1) f(z,s) € C(Q x R); f(z,0) = 0; f(x,8) > 0Vs > 0,2 € Q;
(12 iy 150 f(z,9)

s—0t S
autovalor de —A em €.

= € [0,A\1); lim = £ € (A1, +00) uniformemente em x € 2, onde A; > 0 é o primeiro
S§—>00

2 Resultados

A seguir, enunciamos os dois resultados principais deste trabalho.

Teorema 2.1. Suponhamos que as condi¢ies (hl),(f1) e (f2) sejam vdlidas. Entdo existe uma constante A,
A= A(p,q, f,N,Q) tal que para toda h € L>®(Q) com |h|oo < A, 0 problema (P, ) tem uma solugdo ndao negativa
uy € HY(Q), com I(u1) >0 euy >0 g.t.p em Q se h(z) > 0.

Para o nosso préximo resultado, acrescentaremos a hipétese de que existe uma fungao v € H} () tal que

(h2) /Qh(as)(v+)q+1 dx > 0.
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Teorema 2.2. Suponhamos que as condi¢oes (hl),(f1),(f2) e (h2) sejam satisfeitas. Entdo existe uma constante
A = A(p,q,f,N,Q) > 0 tal que para toda h € L™() com |h|lesc < A, o problema (P ) tem uma solucdo
uy € H}(Q), uz >0 e I(ug) < 0. Além disso, se h(x) >0, entio ug > 0 q.t.p em .

Motivados por Li, Wu e Zhou [1], utilizando técnicas de minimizagao combinadas com o Principio Variacional de
Ekeland, Figueiredo [12] e o Teorema do Passo da Montanha, Rabinowitz [13], provamos os dois teoremas anteriores.

Observemos ainda que nas hipoteses do teorema anterior, através de uma aplicagao do Principio do Maximo
Forte, Gilbarg [14], obtemos que se h(x) > 0 existe A > 0 tal que para toda h € L () com |h|oo < A, 0 problema
(Pp,¢) tem ao menos duas solugdes positivas u, us € H} (), tais que I(uz) < 0 < I(us).
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O TEOREMA DE HUTTON POLINOMIAL
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1 Introducao

Um operador linear continuo entre espacos de Banach é aproximdvel se pode ser aproximado, na norma usual de
operadores, por operadores continuos de posto finito. Em [3], Hutton provou que um operador é aproximdvel se, e
somente se, seu adjunto é aproximavel. Neste trabalho provaremos que polinémios homogéneos continuos satisfazem
essa mesma propriedade.

Sejam E e F espacos de Banach e P: E — F um polinémio m-homogéneo continuo. Em [1], Aron e Schotten-
loher definiram o adjunto de P como sendo o seguinte operador linear continuo:

P F' — P("E) , P'(¢)(x) = o(P(x)),

onde P(™E) é o espago dos polindmios m-homogéneos continuos de E no corpo dos escalares. E claro que essa
defini¢ao generaliza a nogao de adjunto v’ de um operador linear u. O objetivo deste trabalho é provar que um
polinémio homogéneo continuo pode ser aproximado por polinémios de posto finito se, e somente se, seu adjunto é
aproximavel.

As seguintes notacoes serdo utilizadas:
e E’= dual topoldgico do espaco vetorial normado E.
e L(E; F)= espago dos operadores lineares continuos de E em F.
e P(™E; F)= espago dos polindmios m-homogéneos continuos de E em F.

e P(™E)= espaco dos polindmios m-homogéneos continuos de E sobre o corpo K =R ou C.

2 Resultados

Definimos polindémios homogéneos de posto finito de acordo com a definigdo geral de Mujica [4, p.872]:

Definigao 2.1. Sejam E e F espagos vetoriais e U C E . Uma aplicagao f: U — F tem posto finito se o subespaco

vetorial [f(U)] de F gerado pela imagem de f tem dimenséo finita.

Dados espagos de Banach E e F', denotamos:
e F(E; F) = o conjunto de todos os operadores lineares continuos de posto finito de E em F.
e Px(FE; F) = o conjunto de todos os polindémios m-homogéneos continuos de posto finito de F em F.

Vejamos primeiramente que a propriedade que desejamos provar vale para operadores/polinémios de posto finito:
Teorema 2.1. Sejam E e F espagos de Banach e P € P(ME;F). Entdao P € Pr(™E;F) se, e somente, se
P e F(F';P("™E)).

Como estamos interessados em polinémios que podem ser aproximados por polindmios de posto finito, definimos:

Definicao 2.2. Sejam E e F espagos de Banach. Um polinémio homogéneo P € P(™FE; F) é denominado apro-
zimdvel se existe uma sequéncia (P,)5,; em Pr(™FE;F) tal que P, — P na norma usual de polinémios m-

homogéneos.
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Denotaremos por P4(™E; F) o conjunto de todos os polinémios m-homogéneos aproximéveis de E em F. Assim
PA("E; F) = Pr("E; F).

Fazendo m = 1 na defini¢do acima, recuperamos a definicdo de operadores lineares aproximéveis. Nesse caso,
denotaremos por A(E; F) o conjunto de todos os operadores aproximdveis de F em F.

A definicao a seguir é devida a Pietsch [5]:

Defini¢ao 2.3. Um ideal de operadores T é uma subclasse da classe £ de todos os operadores lineares continuos
entre espagos de Banach tal que, para todos espacos de Banach E e F, suas componentes

I(E;F):=L(E;F)NT

satisfazem as seguintes condigoes:

(1) Z(E; F) é um subespago vetorial de L(F; F') que contém os operadores lineares continuos de posto finito.

(2) A propriedade de ideal: se u; € L(Fo; F), us € IZ(Eg; Fy) e ug € L(E; Ep), entdo a composi¢iao u; o ug o ug
pertence a Z(E; F).

E claro que a classe de todos operadores lineares continuos de posto finito F é um ideal de operadores que
contém todos os outros ideais de operadores. E como o fecho de um ideal de operadores é também um ideal de
operadors, entdo A = F é também um ideal de operadores.

A demonstragdo do nosso teorema principal combina o teorema original de Hutton com o seguinte teorema de
fatoracao, provado por Botelho, Caliskan e Moraes [2]:

Teorema 2.2. Sejam m € N, T um ideal de operadores, E e F espagos de Banach e P € P(™E;F). Entao
P’ € Z(F';P(™E)) se, e somente se, existem um espago de Banach G, um operador linear u € L(G; F) e um

polinémio Q € P(ME;G) tais que v € Z(F';G’) e P =wuo0Q, ou seja, o sequinte diagrama é comutativo:

N

Conforme anunciado, o Teorema de Hutton também vale para polindmios m-homogéneos:

E

Teorema 2.3. (Teorema de Hutton Polinomial) Sejam E e F espacos de Banach e P € P(ME;F). Entao
P e PA(ME; F) se, e somente se, P’ € A(F'; P("™E)).

Este Teorema de Hutton Polinomial nao foi por nés encontrado em nenhuma referéncia.
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1 Introducao

Um ideal classico da teoria de ideais de operadores lineares entre espagos de Banach é o ideal CC dos operadores
completamente continuos formado pelos operadores lineares continuos que transformam sequéncias fracamente
convergentes em sequéncias convergentes em norma. Uma caracteristica importante deste é ideal é que o ideal CC
nao é simétrico (isto é, existe um operador completamente continuo cujo adjunto nao é completamente continuo)
nem anti-simétrico (isto é, existe um operador ndo completamente continuo cujo adjunto é completamente continuo).
O objetivo deste trabalho é identificar condigoes sobre os espacos de Banach E e F' de forma a garantir que um
operador de F em F' é completamente continuo se, e somente se, seu adjunto é completamente continuo. E imediato
que a equivaléncia acima é verdadeira acrescentando a condicao dos espacos E e F’ serem espacos de Schur. Na
verdade, neste caso todos os operadores de E em F' satisfazem a propriedade desejada. Mais interessante € investigar
situagdes em que a equivaléncia ocorre sem atingir todos os operadores entre E e F. O objetivo deste trabalho é
exibir uma tal situacao. Mais precisamente, mostraremos que se E for um espago de Banach reflexivo de dimensao
infinita, entdo: (i) um operador de E em F é completamente simétrico se, e somente se, seu adjunto é completamente
simétrico; (ii) nem todo operador de E em F é completamente simétrico. Este trabalho foi baseado na dissertacao

[4] e nas referéncias [1,2,3,5].

2 Resultados

Dado um ideal de operadores Z no sentido de Pietsch [5], seu dual é definido da seguinte forma: dados espagos de
Banach F e F,

Idual(E;F) = {u c ‘C(E’F) = I(F’;E’)]U

onde u’ denota o adjunto do operador u.
Dizemos que um ideal de operadores Z é: simétrico se T C T anti-simétrico se T4% C T e completamente

simétrico se T = 9 E imediato que:

Proposigao 2.1. Seja T um ideal de operadores para o qual existem espacos de Banach E e F e um operador
u € L(E}F) tal que uw ¢ Z(E; F), v € Z(F';E') euw” ¢ Z(E"; F"). Entdo o ideal T ndo é nem simétrico nem

anti-simétrico.

Denotaremos por CC(E; F) o conjunto de todos os operadores u: E — F completamente continuos, isto é,
T, 2 xem E = u(x,) — u(z) em F.

Chamando de Idg o operador identidade no espago de Banach E, é fcil verificar que Id,, € CC(¢1;¢1), Ide ¢
CC(looiloo) € Idey ¢ CCl(co;cp). Segue entdo da Proposi¢ao 2.1 que o ideal CC dos operadores completamente
continuos nao é simétrico nem anti-simétrico.
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Queremos identificar condicdes sobre os espacos E e F de forma a garantir que CC(E; F) = CCM"(E; F). Em
primeiro lugar relembre que um espaco no qual toda sequéncia fracamente convergente é convergente em norma é
chamado de espago de Schur. E imediato que:

Proposicao 2.2. Seja E um espago de Schur. Entao CC(E; F) = L(E; F) para todo espag¢o de Banach F.
Da Proposicao 2.2 segue que
Proposicao 2.3. Se E e F' sdo espacos de Schur, entao CC(E; F) = cet (B F).

Observe que, na igualdade acima, os espacos na verdade coincidem com L(E;F). Trabalharemos agora para

obter um caso em que a igualdade vale sem que os espacos sejam iguais a L(F; F).

Proposigao 2.4.
(a) K(E; F) CCC(E; F) para todos espagos de Banach E e F.
(b) Seja E um espago reflexivo. Entao K(E; F) = CC(E; F) para todo espago de Banach F.

Demonstragao: Veja [1, Proposigao 7.2.8]. (I

Proposigao 2.5. Sejam E e F espacos de Banach.
(a) Se E € reflezivo, entio CC(E; F) C CCM(E; F).
(b) Se F € reflexivo, entio CC(E;F) 2D CCI"(E; F).

Demonstragao: (a) Seja u € CC(E; F). Da reflexividade de E, pela Proposicao 2.4(b) sabemos que u € K(E; F).
Pelo Teorema de Schauder, u € K(E; F), ou seja, u' € K(F'; E'). Aplicando agora a Proposicdo 2.4(a) temos
que ' € CC(F'; E'), e isso significa que u € CCY"™ (E; F).

(b) Seja u € CCM(E; F), ou seja, v/ € CC(F'; E'). Da reflexividade de F, e portanto de F’, pela Proposicio 2.4(b)
sabemos que u' € K(F'; E'), ou seja u € K9 (E; F). Pelo Teorema de Schauder, u € KY\(E; F) = K(E; F), e
pela Proposi¢ao 2.4(a) concluimos que u € CC(E; F). O

Provamos agora o resultado principal:
Teorema 2.1. Seja E um espaco de Banach reflexivo de dimensao infinita. Entdo
CC(E;E) =CC™N\E;E) # L(F; E).

Demonstragao: De fato, como E é espago de Banach reflexivo, pela Proposi¢do 2.5 temos que CC(E; E) =
CCd“al(E;E). E como em dimensdo infinita, a bola unitdria fechada Bg nunca é compacta na topologia da
norma, logo Idg ¢ K(F; E). Pela Proposigao 2.4(b) segue que Idg ¢ K(E; E) = CC(F; E). Portanto CC(E; E) =
CcCMN(E; E) # L(E; E). O

Obtemos ainda uma consequéncia importante para a Teoria dos Espacos de Banach:
Corolario 2.1. Nao existe espa¢o de Banach reflexivo de Schur de dimensao infinita.

A demonstragao desse resultado segue imediatamente da Proposigao 2.2 e do Corolério 2.1.
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SOBRE SOLUCOES DE EQUACOES ELIPTICAS ENVOLVENDO O
N-LAPLACIANO E CRESCIMENTO CRITICO EXPONENCIAL

GUSTAVO DA SILVA ARAUJO * & UBERLANDIO BATISTA SEVERO |

Neste trabalho, estudamos existéncia, multiplicidade e nao-existéncia de solugoes positivas, com respeito a um
pardmetro positivo A, para uma classe de problemas elipticos quasilineares em dominios limitados de RY, N > 2,
envolvendo o operador N-laplaciano e uma nao-linearidade f(t) que se comporta como ¢, para algum « € (0, N—1),
quando t — 0T e possui crescimento critico exponencial do tipo Trudinger-Moser em +oc. Na obtencao dos
resultados, podemos destacar a utilizagao de teoremas do tipo minimax, métodos de sub e supersolucao e um

refinamento da Desigualdade de Trudinger-Moser devido a P.-L. Lions.

1 Introducao

Em diversas dreas da Matematica Aplicada, Fisica e Mecanica podemos encontrar fendomenos que podem ser mode-
lados por equagoes que envolvem o operador p-laplaciano, p > 1. Tal operador surge, por exemplo, em glaciologia,
no estudo dos fluidos ndo-newtonianos e na extragao de petréleo. Para mais detalhes sobre o desenvolvimento dos
aspectos fisicos para problemas modelados pelo operador p-laplaciano, citamos, por exemplo, [GR] e suas referéncias.

Mais especificamente, estamos interessados na analise de existéncia, nao-existéncia e multiplicidade de solugoes
fracas para a seguinte classe de problemas elipticos quasilineares:

—Anyu = Af(u), em Q
u > 0, em Q (P)\)
u = 0, sobre 0,

1=1 dz; ox;
elt‘N/(N—l)

onde @ € RN, N > 2, é um dominio limitado com fronteira suave, A yu = div(|Vu|N"2Vu) = 2N | 2 (|Vu N_Qﬂ)

é o operador N-laplaciano, A é um parametro positivo e a ndo-linearidade f(t) = h(t) é uma funcao que

satisfaz as seguintes condigdes: existem constantes o € (0, N — 1) e ¢, € (0,1) tais que
(A1) h € C1((0,00)), h(t) = 0 para todo t < 0 e h(t) > 0 para todo t > 0;

(A2) a funcdo t — f(t) é nao-decrescente em (0,%,) U (1/tx,00);

(A3) (1) limy_or 28 >0
(2) a aplicagao t + t1= f(t) é ndo-crescente em (0, ,);

(A4) { (1) limy e h(t)ee‘th/(N_l) = 00, para todo € > 0

) e[t N/(N=D)

(2)  limye0 h(t)e =0, para todo € > 0;

1/(N—-1)

(AD) limyyo0 h(t)te = 00, para todo e > 0;
(A6) existem R >0 e C > 0 tais que, para todo s > R, F(s) < Cf(s), onde F(s) = [, f(t)dt.

As hipéteses (A1) — (A6) sobre a nao-linearidade f sdo basicamente consideradas por Giacomoni, Prashanth e
Sreenadh em [GPS].
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2 Resultados

Ao analisarmos o problema (Py), obtivemos dois resultados que merecem destaque. O primeiro deles nos garante
a existéncia de solugdo fraca para A suficientemente pequeno e certas propriedades desta solugdo. O enunciado

preciso deste resultado é o seguinte:

Teorema 2.1. Se a nao-linearidade f satisfaz (A1), (A2), (A3)-(1) e (A3)-(2), entdo existe A\g > 0 tal que, para

qualquer X € (0, Xo), o problema (Py) possui uma tnica solugdo, digamos uyx, com a propriedade ||ux || po ) < ts.

Para provar o teorema acima, associamos ao problema (Py) um problema auxiliar, o qual denotamos por (g), e,
utilizando minimizagao de funcionais e um principio de comparagao devido a Abdellaoui e Peral em [AP], provamos
que o problema (13;) possufa uma tnica solugdo uy em Wol’N(Q), a qual satisfaz a condigao [[ux||pe (o) < ts.

O outro resultado do nosso estudo é o teorema a seguir, no qual conseguimos estabelecer uma condigao global

em relagdo ao parametro A para que o problema (P)) possua multiplas solugoes fracas.

Teorema 2.2. Seja Q C RY, N > 2, um dominio limitado com fronteira suave. Suponha que f(t) = h(t)e‘”N/(N_l),
t € R, satisfaz as hipdteses (A1)-(A6). Entao, existe A > 0 tal que (Py) admite, pelo menos, duas solugées, digamos

uy € vy, para todo A € (0,A), uma solu¢do para A\ = A e nenhuma solugao para X\ > A.

Na demonstracao da existéncia da primeira solu¢ao para (Py), A € (0,A), utilizamos um argumento de mini-
mizagao local na topologia de C = C1(2) N Cy(), onde Co(Q) = {u € C(Q);u = 0 em IN}, para mostrar que,
restrito a C, o funcional energia Jy associado ao problema (Py) possufa minimo local uy. Em seguida, trabalhamos
no intuito de provar que u) é também minimo local de J) em T/VO1 N(Q) A prova foi feita por contradicao: uti-
lizando iteragao de Moser, método dos Multiplicadores de Lagrange e resultados de regularidade de DiBenedetto
[DI] e Tolksdorf [TO], obtemos uma contradigdo com o fato de uy ser minimo local de Jy|¢c. Para a obtengdo da
segunda solucdo, quando A € (0,A), podemos destacar a utilizacdo de uma versdo generalizada do Teorema do
Passo da Montanha e de um refinamento da desigualdade de Trudinger-Moser devido a P.-L. Lions (ver [CCH]).
Foi necessério estudarmos também os niveis criticos e as sequéncias de Palais-Smale.

Diante do fato ji provado de que, para A € (0,A), o problema possufa solugdo, garantimos a existéncia de
solugao para o problema (Py).

Finalmente, para garantir que o problema (Py) ndo possui solucao para A > A, fizemos uso de um argumento
por contradigao: utilizando, dentre outros, resultados de regularidade de Tolksdorf [TO], Principio do Maximo de
Viazquez e um método de sub e supersolucao, foi possivel provarmos que o primeiro autovalor de —Ay em WO1 N(Q)

nao era isolado, o que é um absurdo.
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1 Introducao

Neste trabalho encontramos taxas de decaimento para a energia total associada ao seguinte sistema:

ug(t, x) — a®?Au(t,z) — (b2 — a®)Vdiv(u(t, z)) + V(2)u(t, z) = Ju(t,z) [P~ u(t, z)
u(0,x) = eug(z)

ug(0,2) = euq ()

comt € RT, z € R, ¢ > 0 e os coeficientes de Lamé a > 0 e b > 0 satisfazem 0 < a? < b2. No problema acima
u(t,x) = (u1(t,x), -+ ,un(t, z)) é uma funcdo vetorial que representa o deslocamento da onda no ponto x e no
instante de tempo t.
E ainda, assumiremos que o expoente do termo nao-linear satisfaz as seguintes condigoes se n = 2 temos
4 4 n+2
1+ — <p<xesen>3temos 1 + —— <p < .
n—1 n—1 n—2
Vamos considerar dados iniciais pequenos, isso é necessdrio para mostrar a existéncia de solugao global e [ug, u;] €
(HY(R™))™ x (L*(R™))™ tal que supp(uo) Usupp(ui) C {|z] < R}, onde R > 0 é uma constante e |z| é a norma

FEuclidiana usual para x € R™.

Para a funcéo potencial V(z) € L>°(R™) vamos supor que existe uma constante Cy > 0 tal que V(z) > T fol B
x
A energia total associada ao sistema é
1 .
Et) = 5 (@) + a*[Vu@)[|* + (b* — a®)||div(u()]]*)
O termo dissipativo é F(t) = [,. V(2)|u¢|*dz. Em todo o trabalho || - || denota a norma usual no espago (L*(R™)).

Neste trabalho mostramos estimativas de decaimento no tempo para a energia total do sistema de ondas elasticas
nao absorvente acima. Os casos do sistema de ondas eldsticas linear e do sistema semilinear absorvente foram
estudadas por Charao e Ikehata [2], nesse artigo Chardo e Tkehata encontraram taxas polinomiais para a energia
total.

O caminho para estudar o problema semilinear nao absorvente é estudar primeiro o caso linear de maneira
completa. Depois obter resultados para o caso semilinear nao absorvente usando as estimativas do problema linear,
combinadas com estimativas e ideias mais avancadas utilizadas em trabalhos anteriores de Todorova-Yordanov [6]
e Ikehata-Todorova-Yordanov [3].

Para o caso da equacao da onda com dissipagao do tipo potencial
ug (t, ) — Au(t, x) + V(t, x)us(t, ©) + nlu(t, z)[P~ u(t,z) = 0,

existem varios trabalhos com resultados sobre o decaimento e nao decaimento da energia total, podemos citar
por exemplo [4], [7] para o caso n = 0. Recentemente, Todorova-Yordanov [6] obtiveram taxas de decaimento
para a energia total considerando V(z) = (1 + |z])77 com 0 < v < 1 e n = 0. Eles também estudaram o
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problema semilinear com 7 = 1 (ver [5]). Para o sistema de ondas eldsticas em dominios exteriores, com uma
dissipagao localizada préximo ao infinito, Charao-Ikehata [1] obtiveram taxas de decaimento polinomial assumindo

uma condicdo adicional sobre os coeficientes de Lamé: b? < 4a?.

2 Existéncia e Unicidade de Solugoes Globais e Taxas de Decaimento

para a Energia Total

Usando a teoria de semigrupos obtém-se o seguinte resultado:

Teorema 1. Suponha que p e V = V(x) satisfazem as condigées acima. Entdo, para dados iniciais (ug,u1) €
(HY(R™))™ x (L?(R™))™ com suporte contido no conjunto {x € R" / |z| < R}, R > 0 fizo, a equagio admite uma

dnica solugao local fraca u = u(t,x), definida em algum intervalo mazimal de existéncia (0,T,,), tal que
u € C([0,Tn); (H'(R™))") N CH([0, T ); (L*(R™))")
e satisfaz a propriedade da velocidade finita de propaga¢io u(t,x) =0 para |z|>bt+ R, 0<t<T,.

O tempo T, depende dos dados iniciais e vai a infinito se os dados iniciais tendem a zero.
Além disso, se T,, < oo entao,

li:nsup{ lJue ()| > + a?||Vu(t)]|* + (b* — a2)||div(u(t))||2} — lim sup 26(f) = +o0.

—Lm t—=Tm

Me=1-pr=3 1 G0 o_ci<pe

Teorema 2. Assumindo as hipdteses acima, supondo que F(n,p) = T 5
p—

ainda considerando que § satisfazendo

C
1— =2 <6< F(n,p) se0<Co<b e 0<46 < F(n,p) se Cy>b.
Entao eziste £1 tal que para todo € € (0,e1) a equagdo tem uma Unica solugdo global e

Eit) < K(141)°!

para todo t > 0 e com K uma constante positiva dependendo dos dados iniciais, §, R, p, ||V||Le-
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TENSOR PRODUCT STABILIZATION UNDER MULTIPLICATIVE
PERTURBATION

JOAO ZANNI * & CARLOS KUBRUSLY !

This work establishes some partial results for uniform stabilization of tensor products under multiplicative
perturbation. In other words, if T = A ® B is a tensor product we investigate which operators C' and D ensures
uniform stability for ST = (C ® D)(A® B).

1 Introduction

In this work an operator T is a bounded (i.e. continuous) linear transformation of a Hilbert space into itself,
where H will denote a complex infinite-dimensional Hilbert space and B[#] is the set of all operators defined on
H. An operator T € B[H] is uniformly stable if the power sequence {T"},ecn converges to the null operator in
the uniform topology (i.e., if ||T™]| — 0). The notion of “stable operator” comes from discrete-time dynamical
systems. Consider an autonomous homogeneous difference equation z,1 = Tx,, with z,, = z( for every integer
n > 0. A discrete-time invariant free bounded linear system modeled by the previous equation is uniformly stable
if the Hilbert space-valued sequence {x,}nen converges to zero uniformly for all initial conditions. Equivalently
IT|| = supjzy=1 [[T"z[ — 0. In this case, the linear operator 7" and the linear model are said to be uniformly
(asymptotically) stable.

The multiplicative stabilization problem investigates necessary and sufficient conditions for which ST is uni-
formly stable for some multiplicative perturbation S € B[H]. We can rephrase this problem in terms of discrete-time
dynamical systems: given a model as above, one wants to establish which class of operators S is able to make the
system x, 11 = STx,, with ¢ = z, uniformly stable.

This question has been under investigation for some decades, for instance, see [1], [2], [6] and the references
therein. Bhaya [1] investigates multiplicative stabilization for finite dimension. Cain [2] generalizes Bhaya results
for infinite-dimensional spaces. More recently, Kubrusly and Vieira [6] improved Cain’s results and had given
a collection of necessary and sufficient conditions for ST be uniformly stable when a proper contraction 7' is
multiplicatively perturbated by a compact contraction S. Moreover, the investigation of stabilization of operators
could bring an answer to the milestone Invariant Subspace Problem (e.g., [4] and [7]).

This paper investigates a possible generalization of the results established in [6] for tensor product properties.
That is, which classes of multiplicative perturbation S = C' ® D uniformly stabilize the original tensor product
T = A® B, where ® denotes the tensor product.

2 Stabilization of Tensor Products

In this section we summarize the main results of this note. Since the text is required to be short we will restrict

ourselves to just enunciate the theorems.

Teorema 2.1. Let T = A® B € B[H ® K|, where A € B[H] and B[K]. If one of them is uniformly stable and the

other is power bounded then T is uniformly stable.
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Let S = C ® D € B[H ® K] be a multiplicative perturbation for the tensor product T = A® B € B[H ® K].
Theorem 2.1 shows which conditions C' A and DB should satisfy for ST to be uniformly stable. Thus a solution to
our problem is to determine C' and D which satisfy the Theorem 2.1 conditions. It can be show that result holds
for several classes of contraction. In particular, Kubrusly and Vieira [6] show T is a proper contraction if and only
if ST is uniformly stable for every S = C'® D compact contraction. However, what does happen when T is not a
proper contraction or even a contraction?

Let T € B[H]. A class S of operators in B[#] satisfy the numerical sup property if supgesr(ST) = w(T), where
r(-) and w(-) denotes the spectral radius and the numerical radius, respectively. The numerical radius sup property
holds for the classes of all orthogonal projections, nonnegative contraction, positive contractions and strictly positive
contractions (e.g., [6]).

Teorema 2.2. Let T = A® B € B[H ® K], such that A € B[H] is a proper contraction (i.e., ||Az| < ||z||, z € H,
Al < 1) and B € BIK] is a spectraloid operator with numerical range less than 1 (i.e., r(B) = w(B) < 1). If
C € B[H] is a compact contraction and D € BIK] belongs to a class which satisfies the numerical radius sup property

then ST is uniformly stable.

Notice that spectraloid operators are not unusual. It can be shown that every normaloid operator is spectraloid
(e.g., [3, p.117]). Thus all self-adjoint, unitary, normal, quasinormal, subnormal and hyponormal operators are also

spectraloids.

Let T=A® B = diag(%)kzo ® Bz)l ;)2 , where By = (2) 8 and B» is a normal operator whose
spectrum is the closed unit disc D = {X € C : |A\| < 1}. It is readily verified that A is a proper contraction for
which 7(A) = ||A|| = 1. Moreover, one can show ¢(B) = {0} UD = D and || B|| = ||Bz|| = 2. Thus B is a spectraloid
non-contraction with w(B) = 1. In particular, T = (A ® B) is not a contraction. On other hand, consider a
compact contraction C' = diag(%)nzl and D an operator which belongs to a class satisfying the numerical radius
sup property. So r(ST) = r(CA)r(DB) < r(CA)w(B) < r(CA) < 1. Therefore ST is an uniformly stable operator.
In other words Theorem 2.2 could be interpreted as an attempt to stabilize tensor products for a class more general
than those treated in [6].

Summarizing: in the present note we investigate uniform stability for tensor products by multiplicative pertur-

bation. This can be thought as an attempt to extent the results of [6] for tensor products.
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A LAGRANGIAN APPROXIMATION SCHEME FOR BALANCE LAWS

EDUARDO ABREU * & JOHN PEREZ

In [4, 8, 6, 1] the authors present distinct Lagrangian formulations to the case of linear and non-linear transport
flow problems; to the purely linear transport problem the space-time integral curves coincide with characteristic
equations [1, 6]. Such Lagrangian approach provides a very accurate solution to purely advection problems, virtually
free of numerical diffusion. They have in common the fact that the advection is treated by a characteristic tracing
algorithm from a fixed Eulerian space-time control volume over each time step for evolution. In this work we
provide a new view to such approach and its extension to the case of non-linear scalar balance laws of the form
auéﬁ’t) + af(lé(xm’t)) = s(z,u(x,t)), u(zr,0)=¢(x), —co <z < oo, t >0, as introduced in [3, 5], where s(z,u) =

8%(;) or s(z,u) = ag(w)u a(-) is a bounded piecewise smooth function and f is an even convex function that

satisfies f(0) = 0 and f” > 0, —co < u < oo. It is also worth mentioning that numerical schemes for this type
of balance laws need to be able to compute efficiently and accurately steady state or nearly steady state solutions
for which the flux gradients 0f (u(x,t))/0z are non-zero, but are exactly or approximately balanced by the source
terms s(x, u(x,t)). Numerical schemes, which in turn respect the balance that occurs on the steady flow are called

Well Balanced [3, 5]. Our Lagrangian approximate scheme exhibits the required property to be locally conservative.

1 Mathematical Results and Numerical Experiments

For the construction of the scheme, we consider the balance law in a generalized divergence form in space-time [2],

] = s(x,u), u(z,0) = p(z), (1.1)

where the functions u(-,t) € LP(R) for ¢t > 0. We will consider the sequences U™ = (U");, j € Z for n=0,1,2,-
for a given mesh h > 0 and a time level t" = ZZ 0 " At with t© = 0. In the time level ¢, the numerical solutlon

of u in the cells [x?il,x” and [T ’,”} ) x?“} are defined by,
2 2

j+%]

+3
1 (%2 =il 1 Eynii
Uy, t") = UP = o ‘u(x,t")dr and U; = / +12 u(z, t" ) dx j€Z. (1.2)
7 a:f_l 1 J En 1
I—3 )

The discrete counterpart of the space LP(R) is I}, the space of sequences U = (U,), with j € Z, such that

1
Ul = (h Yz |Uj\p) "1 < p< oo, see, e.g., [7]. In a similar way as in papers [4, 8, 6, 1], we consider finite-
volume cell centers of the form D; = {(t,z) / t" <t <t""! 0;(t) <z < 0;41(t)} and by the divergence theorem
applied over the region inside the surface in the balance law (1.1) we get the equivalence [/ p, Vi [u, f(w)]" dV =

ffD (z,u)dV < faD u, f(u)]” - nds = ffD s(z,u)dA, where the parameterized curves o;(t) and o1 (t) are
naturally impervious zero-flux boundarles In addition, o;(t) is the solution of the following family of ordinary

fw)

differential equations o (t) = ==, with initial condition ¢;(t") = «} in t" <t < "', Therefore, the space-time
evolution of the balace law (1.1) is then given by the resolution of this system of ODEs jointly with (1.2), because

the spatial and temporal “dimensions” are coupled through the characteristic tracing along the naturally impervious
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zero-flux boundaries by construction and the local approximations ﬁ;H— , J € Z are projected over the original grid:

—n+1 1 I?-%—l n
Uj =7 u(z, t")dx + s(z,u)dA
J z7 D

Although the natural setting would be an implicit approach to the ODE dynamics, here we consider for simplicity

% ~ % and notice that now the curve o;(t) is a straight line for f}'

n n nin+1 nn\F L
LUt = L[k T (B )T ] (1.3)

the an explicit approximation [3, 5] fJ' =
along with k® = A" = ¢"T! — ¢". This is the basis of the new well balanced Lagrangian approximation scheme.
When f(u) = au and s(z,u) = 0 we get f; = a and by means of a simple mathematical reasoning, the above
construction can be viewed as a finite difference scheme for linear hyperbolic conservation laws, which in turn we
can apply linear stability by means of the Fourier analysis [7]. Indeed, after some calculation it is possible to show
that this method is consistent and stable, and so convergent in the sense of Lax Equivalence Theorem [7] and we
found the following Courant-Friedrichs-Lewy (CFL) condition |aA| < 1, where A = #. This gives some support to
use maz;|fiA"| < % in the numerical experiments as a CFL-like condition for the case non-linear balance law. A
very preliminary analysis of the modified equation with respect to the new scheme by means of Fourier analysis [7]
reveal a resemblance of the diffusive-dispersive relation as such for upwinding schemes,

K2 (1 aPk? ah? a?k?
2 1- 2 + O(K3). 1.4
e ala 2k (2 h? )Um 3 ( h? )Uwza: (k%) (1.4)

tempo 2.05882e-001 Lg 8 't. steps com 101 celulas tempo 3.01167e+000 Lg 259 t. steps com 256 celulas log-log plot of errors vs. h

|
|
—

Steady state sol —&— errors

|
'
|
|
-1 / 4 -
/’ Steady state sol l
— . ——LglB -

" LglB least squares fit
-5 -2 -1 0 1 2 3 "5 -2 = 6 ] 2 3 107
Cfng=0.50 c”Lg=0'50 test3, L" norm
Figure 1: Approximation of (1.1) for f(u) = u?/2, a(z) = —cos*(7%), x € [~1,1] and 0 elsewhere with I.C.

u(z,0) = 0. The new scheme captured the propagation of waves in both directions ¢ = 0.2 (left) and ¢ = 3 (middle)

as in [3]. The numerical rate of convergence (~ 1) agrees well with the theoretical prediction (right frame).
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METODO DA ENERGIA NO ESPACO DE FOURIER PARA A
EQUACAO DE PLACAS COM DISSIPACAO FRACIONARIA

MAfRA FERNANDES GAUER * & CLEVERSON ROBERTO DA LUZ |

1 Introducao

O objetivo principal deste trabalho é investigar propriedades assintoticas da equagao de placas em R™ com dissipagao
fraciondria usando o método da energia no espaco de Fourier. Esse método foi introduzido por Umeda-Kawashima-

Shizuta [8], Ide-Haramoto-Kawashima [2] e Dharmawardane-Rivera-Kawashima [1].
Mais especificamente, queremos obter taxas explicitas de decaimento para a energia total e a norma L?(R") da

seguinte equacao de placas

upe(t, ) + A%u(t,z) + A%us(t,x) =0, em (0,400) x R, (1.1)

com dados iniciais

u(0,2) = uo(x), u(0,2) =wui(x), em R" (1.2)

satisfazendo ug € H2(R™), u; € L?(R™).
O termo dissipativo A%u; acima sers especificado a seguir. Denotando por F a transformada de Fourier usual,

para cada 0 < 6 < 1 definimos o operador
A% H*(R™) € L*(R"™) — L*(R"™)

dado por
A%(x) = FH(EPOF(0)(6) (),

para todo v € H??(R") e z € R". O operador A? é um operador nao-negativo e auto-adjunto em L2

Os resultados obtidos e o método utilizado foram baseados no trabalho de Ikehata-Natsume (2012) [3], em
que foram encontradas taxas de decaimento para a energia e solugao da equagao de ondas em R™ com dissipagao
fraciondria. Podemos citar também outros trabalhos em relacdo as equacoes de placas semilineares, como Luz-
Charao [6] e Sugitani-Kawashima [7] que encontraram vérias estimativas de decaimento que incluem a energia total
e a norma L? da solugao. Em [5], Liu-Kawashima estudaram a seguinte equagao de placas semilinear com termo

de memdria:
gy + A%u+u+ g x Au= f(u).
Eles provaram a existéncia global e estimativas de decaimento da norma L? da solucio usando o método da energia

no espaco de Fourier e o teorema da contragao. Uma situagdo mais geral foi considerada por Liu [4], que estudou a

equacao de placas acima com efeitos de inércia rotacional e um termo semilinear que inclui derivadas da funcao w.
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2 Resultados

Definimos a energia associada ao problema (1.1)-(1.2) por
1

Bu(t) = 5 (Ilue@IP + |Au(®)]?)

2

no espaco X = H?(R") x L?(R"), onde || - || representa a norma em L?(R").

Usando a teoria de semigrupos, mostramos que para cada (ug,u;) € H?(R™) x L?(R™) o problema (1.1)-(1.2)
admite uma tnica solugdo fraca u € C([0,400); H*(R™)) N C*([0, +00); L2(R™)).

Os resultados obtidos sobre o comportamento assintético sao os seguintes:

Teorema 2.1. Sejam n > 1, (ug,u1) € (H*(R™) N L*(R™)) x (L*(R™) N LY(R")) e 6 € [0,1]. Entdo
Eu(t) < C(L+ )7 |lua |} + C(L+ )55 uo| 13 + Ce™ (|[ual 2 + [|Auo|[?), ¥t >0,
onde C' >0 en >0 sdo constantes.

Teorema 2.2. Sejan >5 e 0 € [0,1]. Se (ug,u1) € (H2(R™) N LY (R™)) x (L*(R™) N LY(R")), entdo a sequinte
estimativa € vdlida:

[u@)? < CO+1)753 ||ua |3 + CO+8)7 75 |luol + Ce™ (fJuo* + [[w][2), V¢ >0,

onde C' >0 en >0 sdo constantes.
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TEORIA E SIMULAGAO NUMERICA DA EQUACAO DE ONDA
NAO-LINEAR

NATANAEL P. QUINTINO * & IVO F. LOPEZ T & MAURO A. RINCON ¥

1 Introducao
Neste trabalho analisamos numericamente a equagao da onda nao-linear

uy —Au+ulf =f em Q, p>1,
u=0 sobre X, (1.1)
ou

U(O,I) = UO(x)a a(ovx) = ul(z)7 para x € €,

onde @ = (0,T)xQ € R**1 T >0, com Q sendo um aberto limitado do R™ possuindo fronteiraI' e ¥ = (0,7) x T".
A solucao u do Problema (1.1) é uma fungao que depende das varidveis temporal ¢ e espacial x.

Quando p =2 e f =0, o Problema (1.1) tem solugao desde que as condigdes iniciais ug e u1 sejam suficientes
pequenas, ver Lions [1].

Em Medeiros et all [3], foi demonstrada a existéncia de solugao global para o Problema (1.1) sujeita a restri¢oes
envolvendo as normas de ug, u; e f. O resultado se aplica para p > 1, com n igual a 1 ou 2, e, também, com
restrigoes adicionais em p, para n > 3.

Neste trabalho, investigamos o comportamento de solugbes numéricas para o Problema (1.1) considerando dados

iniciais satisfazendo a restrigdo proposta em [3] e, também, para dados iniciais com norma maior.

2 Meétodo Numeérico

Usando o Método de Galerkin associado & formulagao variacional do Problema (1.1) definindo como fungdes base
polinémios lineares por partes, aplicando o Métodos dos Elementos Finitos (MEF) em relagao & varidvel espacial x
e definindo as matrizes associadas, obtemos o sistema de equagoes diferenciais ordindrias para cada t € (0,7 fixo
dado por

Ad"(t) + Bd(t) + Q(d(t)) = F(t),

onde A e B sao matrizes quadradas do tipo tridiagonal, para o caso unidimensional, e de banda, para o caso
bidimensional; F', vetor dependente de t; e @, vetor dependente da incégnita d(t). Aplicando o Método de Newmark,
método que utiliza uma aproximacao de ordem quadrdtica para a segunda derivada temporal, ver Logan [2] ou
Rincon et all [3], podemos discretizar o sistema de EDO obtendo um sistema nao-linear. O sistema nao-linear é
resolvido para t, = nAt, utilizando o Método de Newton Modificado.

Neste trabalho buscamos investigar se, da mesma forma que nos resultados analiticos citados, obteriamos solucoes
numéricas limitadas quando normas de ug, u; e f fossem menores que uma dada restricao e, também, verificar se
quando estas normas fossem maiores, a solugao se comportaria como nao limitada e, até mesmo, nao existiria para

todo tempo T > 0. Os trabalhos analiticos mostravam que se a solugdo u(t) fosse positiva, esta seria limitada,
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mas esta situagao claramente nao é esperada em um problema de evolugao de ondas. Por outro lado, especulava-se
se a existéncia de solucoes nao limitadas estaria relacionada com uma predominancia de valores negativos para a
solucdo u(z,t).

Nos experimentos numéricos realizados, obtivemos solugao limitada para normas de ug, u; e f menores, ver
Figura (1). Por outro lado, mesmo no caso homogéneo, com combinagoes de ug e 4; com normas maiores, a solucao
numérica evolui oscilando inicialmente e, aos poucos, se torna predominantemente negativa e tem norma crescendo
com taxas cada vez maiores e apresentando pouca oscilacdo, ver Figura (2). Para valores de p maiores o crescimento
da norma da solucao com o tempo se acelera.
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Figura 1: Grafico & X wm,(t,,z), para p =2 en =0,7/2 e T, respectivamente, com 7 = 160 sendo o total de passos
no tempo, |ug| < 0,005 e |u1| =0
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0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0

Figura 2: Grafico x X w,,(tn, ), para p =2 en =0,7/2 e T, respectivamente, com 7 = 160 sendo o total de passos
no tempo, considerando |ug| < 20 e |uz| =0
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ESTABILIZACAO DA EQUACAO DE BERGER-TIMOSHENKO COMO
LIMITE SINGULAR DA ESTABILIZAQAO UNIFORME DO SISTEMA DE

VON-KARMAN PARA VIGAS *

PAMMELLA QUEIROZ DE SOUZA f

Nesse trabalho estamos interessados em analisar o seguinte sistema de Von-Kérméan para vibragoes de vigas que
ocupa o intervalo (0, L):

1
€vtt—[vz+2w2} =0, O<z<L, t>0,
(0.1)
Wit + Wegrr — Warrtt — KU, + -w ) wx} =0, O<z<L, t>0,
x
sujeito a condigdes de contorno. Em (0.1), v t) representa a deformagao longitudinal, w = w(z, t) a transversal

e € > (0 é um parametro.

Em [2] e [3] foi provado que, quando € — 0, e para condicoes de contorno apropriadas, a solugao w = w* de (0.1)
converge (em uma topologia adequada) para a solu¢do do modelo de Berger-Timoshenko para vibrages transversais
de vigas:

1 L
Wit + Wagge — Waatt — <2L/ IUidm) Wy = 0. (02)
0

E importante notar que esse comportamento do sistema limite é muito sensivel as condigoes de contorno. De fato,
como mostrado em [3], para alguns casos, o limite w obedece a seguinte equagao linear de viga

Wit + Wrger — Wezet = 0.

Os resultados que iremos abordar sio tratados em [1] e concerne na andlise de algumas propriedades analiticas
para o modelo de Berger-Timoshenko com dissipacao. Mais precisamente, estudamos existéncia e unicidade de
solugao e a estabilizacao uniforme, em relagao a e, do seguinte sistema:

1

Vg = {vz + 2wi} — %y, O<ax<L, t>0,
) 1

Wit + Wrrer — Wrztt = |:<UJ, + Qwi) w.L:| — W¢ + Waat, O <z < L7 t > 0;
v(0,t) = v(L,t) =0, t>0, (0.3)
w(0,t) = w(L,t) = Wy (0,t) = wye (L, t) = 0, t>0,
U([E,O) :U0($)7 ’Ut(I,O) :U1($)7 0<z <L,
w(z,0) = wo(x), wi(z,0) = wq(x), 0<x<L.

A existéncia e unicidade de solugao é garantida no seguinte resultado:

Teorema 0.1. Consideremos e >0, 0 < a <1 e (vo,v1,wo,w1) € X = H}(0,L) x L2(0,L) x [H*N H{(0,L)] x
H}(0,L), entdo o problema (0.3) tem 1inica solucio (fraca) na classe (v,vy,w,wy) € C([0,00); X). Além disso, a
energia total E-(t) dada por

@@:;AL
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2

1 2
Evt2+wt2+wit+wiw+(vx+ w) ]dz




obedece a lei de dissipacdo de energia

dE.(t)
dt

L
= 7/ [savtz + wt2 + wit] dx.
0

Para mostrar a existéncia de solugao usamos a teoria de semigrupo.

O decaimento exponencial uniforme da solucao é garantido como no seguinte resultado:

Teorema 0.2. Seja {v,w} a solugdo global do problema (0.3) com dados iniciais no espago X. Suponhamos que

0 < a < 1. Entdo, existem constantes positivas ¢ > 0 e > 0, tais que, parat >0 e 0 <e <1,
E.(t) < cE.(0)e” B0,

E também natural investigar o comportamento da taxa de decaimento quando a dissipagao aparece nas condigoes
de contorno. Por isso, vamos analisar o seguinte sistema:

evtt:[vgg—&-;wi] , O<x<L,t>0,

Wit + Wagge — Wratt = qu« + ;w;ﬁ) wm] ) O<ax<L,t>0,

(0, 8) = w(0, 1) = wy(0, 1) = 0, : >0,

|:U$ + ;wi] (L,t) = —%vy(L, 1), t>0, (0.4)
Waa (L, ) = —wee (L, 1), t>0,

|:'wa:zz — Watt — <vm + ;wg%) wz] (L, t) = wi(L,t), t>0,

v(z,0) = vo(z), v(x,0) = vy (), 0<z<L,

w(z,0) = wo(x), w(z,0) = wy(z), 0<z<L.

Uma vez que o problema (0.4) estd bem posto, analisamos a taxa de decaimento uniforme (em relagéo a €) para
o sistema (0.4) por meio do seguinte resultado:

Teorema 0.3. Seja {v,w} solugao global (fraca) do sistema (0.4). Suponhamos que 0 < a < 1. Entdo existem
constantes positivas c, p > 0 tais que, parat >0 e 0 <e <1,

E.(t) < cE.(0)e” TFevB0) !,

Referéncias

[1] PERLA MENZALA, G., PAZOTO, A. F. AND ZUAZUA, E. - Stabilization of Berger-Timoshenko’s equation as limit
of the uniform stabilization of the Von Karmén system of beams and plates. M2AN Math. Model. Numer. Anal,
36 (4) 657-691, 2002.

[2] PERLA MENZALA, G., AND ZUAZUA, E. - Timoshenko’s beam equation as limit of a nonlinear one-dimensional
von Karman system. Roy. Soc. Edinburg Sect, A 130 855-875, 2000.

[3] PERLA MENZALA, G., AND ZUAZUA, E. - The beam equation as a limit of 1-D nonlinear Von Karmén model.
Appl. Math. Lett, 12 47-52, 1999.

209



ENAMA - Encontro Nacional de Andilise Matemética e Aplicagoes
UNIRIO - Universidade Federal do Estado do Rio de Janeiro
VII ENAMA - Novembro 2013

OPERADORES HIPERCICLICOS DEFINIDOS EM ESPACOS DE
FRECHET

RAFAELA N. BONFIM * & VINICIUS V. FAvARO f

Sejam E um espago de Fréchet e T um operador linear continuo em E (lembrando que um espago de Fréchet é
um espago vetorial topoldgico, localmente convexo, metrizével e completo). Diremos que T é hiperciclico se, para
algum elemento z € E, a drbita de x sob T, dada por Orb(x,T) = {x, Tz, T?x,...}, for densa em E. Nesse caso,
tal elemento x € E serd chamado um wvetor hiperciclico para T.

Nos tltimos 25 anos, diversos autores vém estudando resultados nas mais diversas direcoes envolvendo hipercicli-
cidade. Uma excelente referéncia para consulta de resultados envolvendo hiperciclicidade é [3]. O termo hipercicli-
cidade foi utilizado pela primeira vez por B. Beauzamy em [1] e foi motivado pelo conhecido conceito de ciclicidade
na teoria de operadores em espagos de Hilbert que é bastante usado no estudo de subespacos T-invariantes.

O primeiro exemplo de operador hiperciclico apareceu em 1929 no trabalho [2] de Birkhoff, apesar de nao
aparecer nessa linguagem de hiperciclicidade que utilizamos hoje. Essencialmente, ele mostrou a existéncia de uma
funcdo f no espago de Fréchet H(C) das funcgoes inteiras definidas em C, munido da topologia compacto-aberta,
tal que o conjunto {f(z), f(1+ 2),..., f(n+ 2),...} é denso em H(C).

Neste trabalho, apresentaremos a demonstracao detalhada deste exemplo devido a Birkhoff a fim de comprovar
a dificuldade que é, na maioria das vezes, mostrar que um dado operador 7" num espacgo de Fréchet é hiperciclico
exibindo o vetor cuja érbita é densa no espaco. Depois provaremos um Critério Geral de Hiperciclicidade e,
como caso particular, obteremos o Critério de Kitai [4], que é uma ferramenta extremamente 1til para provar a
hiperciclicidade de operadores.

1 Resultados

Aqui listamos os principais resultados deste trabalho. Comegamos com o enunciado preciso para o problema de
Birkhoff:

Teorema 1.1. (Birkhoff) Eziste uma fung¢ao f € H(C) com a sequinte propriedade: Para qualquer g € H(C)
e € > 0 dados, e para todo R > 0 existe um nudmero natural n tal que | f(z +n) — g(z) |< e qualquer que seja
z € C com | z|< R. Em outras palavras, o operador L : H(C) — H(C) dado por L(f)(z) = f(z+1),Vz € C, é

hiperciclico.
Vejamos agora um critério geral de hiperciclicidade e o caso particular conhecido como Critério de Kitai.

Teorema 1.2. (Critério de Hiperciclicidade) Seja T um operador linear continuo em um espago de Fréchet E
separdvel. Suponhamos que existam subconjuntos densos Z e Y de E, uma sequéncia de inteiros positivos (ng)ken

e uma familia de aplicagoes Sy, : Z — Z tais que
(i) para cada y € Y, T™y +— 0, quando k — oo;
(ii) para cada z € Z, Sy, z — 0, quando k — oo;

(iii) T™ o Sy, 2z — z, quando k — oo, para todo z € Z.

*Instituto de Matemaética , UFU, MG, Brasil, rafaelanevesbonfim@yahoo.com.br
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FEntao T € hiperciclico.

Coroldrio 1.1. (Critério de Kitai) Seja T um operador linear continuo em um espaco de Fréchet E separdvel.

Suponhamos que existam subconjuntos densos Z e Y de E e que exista uma aplicagao S : Z — Z tal que
(i) para cada y € Y, T"y — 0, quando n — 0o;
(ii) para cada z € Z, Sz — 0, quando n — oo;
(iii) T o S = Id,.

FEntao T € hiperciclico.

Referéncias

[1] BEAUZAMY , B. - Un opérateur, sur l’espace de Hilbert, dont tous les polynémes sont hypercycliques, C. R. Acad.
Sci. Paris Sér. I Math. 303 (1986) 923-925.

[2] BIRKHOFF, G. D. - Démonstration d’un théoreme élémentaire sur les fonctions entiéres, C. R. Acad Sci., Paris
189 (1929) 473-475.

[3] COSTA, D. C. B. - Operadores hiperciclicos em espagos vetoriais topoldgicos, Dissertacao de mestrado, USP, Sao
Paulo, 2007.

[4] KITAIL, C. - Invariant closed sets for linear operators, Thesis, University of Toronto, Toronto, 1982.

211



ENAMA - Encontro Nacional de Andilise Mateméatica e Aplicagoes
UNIRIO - Universidade Federal do Estado do Rio de Janeiro
VII ENAMA - Novembro 2013

BOUNDARY OBSERVABILITY OF STAR SHAPED SOURCES IN THE
MODIFIED HELMHOLTZ EQUATION

ROBERTO M. G. SILVA * & NILSON C. ROBERTY |

1 Introduction

In 1938, a well known result, due Novikov, says that if we consider the problem of reconstruction of an unknown
characteristic source inside a domain modelled by Poisson equation with a source given by a non homogeneous char-
acteristic star-shaped function, then this kind of source can be reconstructed uniquely from the Cauchy boundary
data. In this work we assume that the model is given by a modified Helmholtz equation, in which the Laplacian
operator is perturbed by an absorption term, and prove an uniqueness result for the case of characteristic source.
The main applications are in stationary and transient inverse problems modelled with partial differential equations.

Let Q = B1(0) C R%, d > 2 be the open unitary ball centred at the origin. The inverse problem for the modified
Helmholtz operator is, given Cauchy datum (g,g,) € Hz(Q) x H~2 (), to find (u, f) € H*(Q) x L2() such that

—Au+r?u= f, inQ
u= g, on 0N (1.1)
dyu= g, on Q.

This problem had been studied for generic sources by Alves, Martins and Roberty, [3], who showed that it is useless
to change the input Dirichlet data g. Without loss of generality, we can consider d = 2. The unique information
available is given by only one measurement, say, (0,¢,). Also, considering this data the unique available boundary
information, there exist a very large class of solutions (u, f) € H}(Q) x L?() satisfying equation (1.1), where
HYQ) = {u e HY(Q)|u(1,0) = 0,0 € [-7,7)}.

Lemma 1.1. Let H a1 .2(Q) = {v € L3(Q); (—A + k?)v = 0} and HZ(Q) = {u € H*(Q);u(1,0) = 0,v/(1,0) =

0,0 € [-m,7)}. If k% and k* are not eigenvalues of the laplacian and bilaplace operators, respectively, then,

L*(Q) = H_p+r2(Q) @ (A — £7)(H ().

Proof : Note that, by Green’s Identity, [, fudz = — [, govdo, and, if f € (H_p x> ()", then Jo fvdz =0.1In

this way, we can consider the following decomposition, L2(€2) = H_a_n2(Q)B(H_a+.2(2))". For more information,

see [3], where it is shown that (H_a,,.2(Q))t = (—A — m2)(Hg(Q))L2(Q). O
Therefore we can investigate problem (1.1) by studying the following fourth order Dirichlet problem:

A%y —rru= —Af—kK2f, inQ
u = 0, on 0f) (1.2)
Opu = Gns on Of2.

2 Mathematical Results

Lemma 2.1. Let J,,, be the Bessel function of the first kind and I,,, be the modified Bessel function. Then

*Nuclear Engineering Program, COPPE , UFRJ, RJ, Brasil, rmamud@con.ufrj.br
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212



(i) {dL,(r,0) = Jn(ul,r)e™ m € Z,1 € N and i, root of J,,(r) = 0} forms a orthogonal basis for the space
{p€C>®(Q); $(1,0) =0, 6 € [—m,m)} which is dense in H}(Q) C L*(Q).

(ii) {€L,(r,0) = [T (kL) I (KL 1) =L (KL)) T (6L, 7)] €70 m € Z,1 € N and kL, root of Jy(x)L, (x)—In(2)J,, (z) =
0}, forms a orthogonal basis for the space {¢ € C(R); #(1,0) =0, ¢'(1,0) =0, 0 € [—7,7)} which is dense
in HZ(Q2) C L*(Q).

Lemma 2.2. Define

fn(r) = %(Jm(”iin)lm(“inr - Im("'iin)Jm(”iinT))v (2 3)
o (r) i= 5 (T (Kb I (1,7) + T (L) Ton (,7)) .
Then,
(Z) If ll 7& 127 then fo ¢ll le( )Td’l“ - _f() <P 905721( )Td’l“, €l567 HW%”L? = H(p ||L2 Q)i
(i1) (x fo @bz (P)ls (r)rdr = fo ol (r)alz (r)rdr and fol(z/)fn(r)gofn(r))’r"dr =0 forn>1.

Theorem 2.1. Let g = [ g,(0) exp(—im8)df, and

G T (8) L (k7) — Lo () T () , X kgm I (K) T (57 .
(o, fo)r:6) = (m__oo e Y B 7 7 Al e 73 B A 75 A Ry &

Then (ug, fo) is a particular solution of inverse problem (1.1). Furthermore, given Cauchy data (0,g,(6)), the
solution of problem (1.1) in HE () x H_a_,.2(Q) is unique.

Remark 2.1. A general L*(Q) source solution will belong in the following linear manifold

f=Jo+he{foyo (A= HFQ = {fo} © (Hossw (),
in which will have the following representation f = fo+3 > 0 L [T (K4 Lo (KL, 1) = L (L) T (L) €79

m=—0o0

Definition 2.1. Let Cs(Q) C L*(Q) some class of functions that depends on some parameter s. We say that Cs(f)
is an uniqueness class if there exist an unique hg € L*(S2), such that ho € Cs() (N ({fo} & (H_atx2(2))4).

An example of a such class is the set of star shaped characteristic functions C,(€2), which has been investigated
with generalized Fourier series representation. Functional properties of the integral equation for the Source-to-
Neumann Operator is investigated. Numerical experiments related with centroid and parametric star shaped

boundary reconstruction is presented.
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ESTABILIZACAO DE ENERGIA PARA UMA CLASSE DISSIPATIVA DE
EQUACAO DE PLACAS

RODRIGO CAPOBIANCO *

1 Introducao

No presente trabalho estudamos a boa colocagao e o comportamento assintotico para a seguinte equagao viscoelastica
da placa com dissipacao nao local

uge + Au — /Otg(t — 7)A%u(r)dr + M </Q |Vu(t)|2dx> ug =0 em Q x (0,00), (1.1)
com condigoes de fronteira
u=Au =0 sobre 99 x [0, 0), (1.2)
e condicoes iniciais
u(z,0) = uo(x), w(x,0)=wui(x), z€Q, (1.3)

onde 2 é um conjunto aberto e limitado de R™ com fronteira 92 bem regular, A? = A(A) denota o operador

biharmoénico, g é o nucleo da memoéria e M é uma funcao nao linear.

O principal objetivo é estabelecer os mesmos resultados obtidos em Cavalcanti et al [2], porém com hipéteses
menos restritivas sobre as fungoes g e M. Mais precisamente, em [2] os autores estabeleceram existéncia e unicidade
de solugdes fracas para o sistema (1.1)-(1.3) com restrigdes a g, ¢’ e g”, e também com M € C([0,00)) tal que
M (s) > 0 para todo s > 0. Além disso, para determinar que tal solugdo decai de forma exponencial, foi assumido
que

M(s)>X >0, Vs>0. (1.4)

Neste trabalho, os mesmos resultados foram obtidos utilizando apenas hip6teses sobre g, g ¢ M > 0, mas sem
a necessidade de considerar a condi¢ao (1.4). Isto nos permite dizer que o termo de memodria na equagao (1.1) é
suficiente para estabilizar o sistema. Com respeito a existéncia de solugoes usamos o método de Faedo-Garlerkin,
assim como em [2]. Ver também Lions [1]. Para determinar a estabilidade exponencial de solugdes via método de
energia perturbada, utilizamos ideias andlogas a Berrimi e Messaoudi [4]. Ver também os trabalhos de Lagnese [3]
e Mufioz Rivera el al [5].

2 Resultados

Iniciamos com as condigoes sobre as fungoes g e M.

*Universidade Estadual de Londrina, UEL, PR, Brasil, e-mail: rocap22@hotmail.com. Mestrando no Programa de Pés-Graduagao
em Matemdtica Aplicada e Computacional, sob orientacdo do Prof. Dr. Marcio A. Jorge da Silva.



Nicleo da meméria g. Seja g : Rt — R* uma funcio de classe C* tal que

g(0) >0, 1-— /OOO g(r)dr=1>0. (2.1)
Além disso, suponhamos que exista uma constante £; tal que
g'(t) < —&uglt), Vt=0. (2.2)
Termo nao local M. Seja M : [0,00] — R, com M € C([0,0]), tal que
M(s) >0, Vs>0. (2.3)
O principal resultado do presente trabalho é dado a seguir.
Teorema 2.1. Sob as hipdteses (2.1)-(2.3), temos:
1. Se (ug,u1) € (H*(Q)NHL(Q)) x L*(Q), entdo o problema (1.1)-(1.3) possui uma tinica solugdo fraca na classe
u € CO([0,00); H*(Q) N Hy(2)) N C*([0, 00); L*(2)). (2.4)

2. Se os dados iniciais (ug,u1) € H2(Q) x H} (), onde

HY(Q)={ue H*Q) |u=Au=0 sobre 00}, (2.5)

entao o problema (1.1)-(1.3) possui uma dnica solugao mais reqular na classe

ue L0, T; HE(Q)), wus € L0, T; Hy(Q)), g € L0, T; HH(Q)). (2.6)

3. Em ambos os casos, a energia
1 1
B() = 5 lu)l3 + 51 Au()3

satisfaz

E(t) < CE(0)e™ ", VY t>0, (2.7)

para determinadas constantes C' >0 e v > 0.
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O TEOREMA DE BISHOP-PHELPS-BOLLOBAS PARA OPERADORES
DEFINIDOS EM ¢yp-SOMAS DE ESPACOS DE BANACH A ESPACOS
UNIFORMEMENTE CONVEXOS

THIAGO GRANDO * & MARY LILIAN LOURENCO |

Mostramos que o par (co (P;-; X;),Y) satisfaz a propriedade de Bishop-Phelps-Bollobds, onde X; sdo espagos
de Banach de dimensao finita, sempre que Y for uniformemente convexo.

1 Introducao

Na década de 50, o matemético Robert James mostrou que um espaco de Banach X é reflexivo, se e somente
se, todo funcional linear e continuo definido em X atinge a norma. Tal resultado é conhecido como Teorema de
James. Inspirados no resultado de James, em 1961, Erret Bishop e Robert R. Phelps comecam a estudar classes
de funcionais lineares continuos definidos em espacos de Banach nao reflexivos, que atigem a norma e provam que
tal classe é densa em X*. Este resultado é conhecido como Teorema de Bishop-Phelps [2]. Em 1970, o matematico
hingaro B. Bollobds [3], provou uma “versdo quantitativa’do teorema de Bishop-Phelps, conhecido como teorema

de Bishop-Phelps-Bollobds, que pode ser enunciado como

Teorema 1.1 (B. Bollobds). Seja € > 0 um nimero arbitrdrio. Se x € Sx e x* € Sx- sdo tais que |1 —2*(z)| < T,

entao existem y € Sx e y* € Sx~ tais que y*(y) =1, ||ly — || <e e |y —z*|| <e€.

Diversos trabalhos e propriedades surgem para investigar o problema da densidade dos operadores que atigem
a norma. Surgiu também a idéia de buscar o equivalente do Teorema de Bishop-Phelps-Bollobds para o caso de
operadores. Em 2008, M. D. Acosta, R. M. Aron, D. Garcia e M. Maestre [1], introduziram a seguinte defini¢ao
que chamaram de propriedade de Bishop-Phelps-Bollobds(BPBP):

Definicao 1.1. Sejam X eY espacos de Banach sobre um corpo K. Dizemos que o par (X,Y) satisfaz a propriedade
de Bishop-Phelps-Bollobds, se dado € > 0, existirem n(e) > 0 e f(e) > 0 com liII(lj B(e) = 0 tais que, para cada
e—

T € Seix,y), se x € Sx satisfaz || Tx|| > 1 —n(e), entdo evistem xo € Sx e um operador R € Sp(x y) tais que
[R(zo)ll =1, [lz— ol <B(e), |T—R|<e.

Em [1], os autores apresentaram alguns pares de espagos de Banach que tem BPBP. Em 2012, S. K. Kim, [4],
mostrou que um par (cp,Y) tem a propriedade de Bishop-Phelps-Bollobds quando Y for uniformemente convexo.
Além disso, quando Y for estritamente convexo, se (cp,Y) tem a propriedade de Bishop-Phelps-Bollobds entdo Y

¢ uniformemente convexo considerando como espago de Banach real.

2 Resultados

Supondo {X;}; uma familia de espagos de Banach tais que dim X; = i, para cada i, considere X = ¢o (;=, X;).

Tendo em vista as técnicas apresentadas em [4], e munidos dos seguintes resultados:
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Lema 2.1 (1, Lema 6.1). Sejame > 0 e Y um espago de Banach uniformemente convexo com mddulo de convezidade
d(). SeT € Sex,yy e A CN tem a propriedade que |TPall > 1 —d(€), entao || T(I — Pa)|| < €, onde P4 € a
projecdo canonica de X em 12 .

Lema 2.2 (1, Lema 5.1). Sejam Y um espago de Banach estritamente convero e T € L(X,Y). Se | T(z)| = ||T|
para algum x =Y. Be; € Sx, entio T(ex) = 0 para todo k € {j € N:|3;] < 1}, onde (en)n € a base candnica de
X.

mostramos que:

Teorema 2.1. Seja Y um espago de Banach uniformemente convero. Entdo o par (X,Y) tem a propriedade de
Bishop-Phelps Bollobds.

Idéia da prova: Dado 0 < e < 1, sejam T € Sg(x,y) e * € Sx, satisfazendo a estimativa ||T(z)|| > 1 —n(e) >
1—4(e), onde n(e) > 0 é o nimero positivo do Teorema 2.5 em [4], e 0 < d(¢) < 1 é o médulo de convexidade de Y.
Podemos escolher u € Sx com suporte finito A, de forma que |[|T(u)|| > 1 —0(¢), e pelo Lema 2.1, [|T(I — Pa)|| <e.
A idéia é construir um vetor em Sy e um operador em S;(x,y), que aproximem a x e a T, respectivamente. Para
esse fim, considerando T4 a restricdo de TP4 em [ | segue de ([4], Teorema 2.5) que existem @ € Sx e R € Scx,y)
tais que

Ta
[ Tall

IR(@)] =1, |k~

‘ <€ lu—1al| < vVe+ Ve + 2.
Definindo o operador R : X — Y por R(e;) = R(e;), se i € A e R(e;) =0, se i € A°, e o vetor v = (v;)ien € Sx

por v; = U, se i € A ewv; = x;, se i € A°, obtemos as estimativas desejadas. =

Teorema 2.2. Seja Y um espago de Banach real estritamente convezro. Se o par (X,Y) tem BPBP, entio Y ¢

uniformemente convezo.

Referéncias

[1] ACOSTA, M. D., ARON, R. M., GARCIA, D. AND MAESTRE, M. - The Bishop-Phelps-Bollobds theorem for
operators, J. Functional Anal. 254(2008), 2780-2799.

[2] BISHOP, E. AND PHELPS, R. R. - A proof that every Banach space is subreflexive, Bull. Amer. Math. Soc.
67(1961), 97-98.

[3] BOLLOBAS, B. - An extension to the theorem of Bishop and Phelps, Bull. London Math. Soc. 2(1970), 181-182.
[4] KIM, S. K. - The Bishop-Phelps-Bollobds theorem for operators from co to uniformly convexr spaces Israel J.
Math. http://dx.doi.org/10.1007/s11856-012-0186-x.

219



	Caderno de Resumos_VIIENAMA_capa
	Introducao_VII_ENAMA
	Oral_Tds
	Abiel_Macedo
	Airton_Castro
	Aldo_Louredo01
	Aldo_Louredo02
	Alisson_Barbosa
	Anderson_Cardoso
	Anderson_de_Araujo
	Anibal_Coronel
	Arnaldo_Nascimento
	Bruno_de_Andrade01
	Bruno_de_Andrade(Arlucio)02
	C_Bortot
	Cicero_Frota
	Claudianor_Alves(Giovany)
	Cleverson_da_Luz
	Cristina_Radu
	Daniel_Alarcon
	Diana_Rodriguez
	Dinamerico_Pombo
	Douglas_Azevedo
	Ducival_Pereira
	Eder_Martins
	Eder_Mateus
	Elisa_Santos
	Erika_Capelato
	Eugenio_Lapa
	Fabio_Bertoloto
	Flank_Bezerra
	Geraldo_Botelho(Giselle)02
	Geraldo_Botelho(JSantos)01
	Geraldo_Botelho(Kuo)03
	Geraldo_de_Araujo
	Giovana_Siracusa
	Giovany_Figueiredo(Joao)
	Gladson_Antunes
	Gleb_Doronin
	Haroldo_Clark
	Hernan_Henriquez
	Hugo_Cruz
	Jamilson_Campos
	Jesus_Castillo
	Joao_do_O(Esteban)
	Jose_Boldrini
	Jose_Rodrigues
	Juan_Limaco01
	Juan_Limaco02
	Juan_Limaco03
	Juan_Soriano01
	Juan_Soriano02
	Lucas_Catao
	Luis_Oliveira
	Luiz_Faria
	Marcia_Federson01
	Marcia_Federson02
	Marcio_Dantas
	Marcio_Silva
	Mario_Castro
	Mario_CHOQUEHUANCA
	Mary_Lilian
	Mauro_Santos
	Miguel_Loayza
	Milton_Oliveira
	Nacib_Albuguergue
	Nikolai_Chemetov
	Nilson_Bernardes01
	Nilson_Bernardes02
	Nilson_Roberty
	Olimpio_Miyakaki(Sandra)
	Pablo_Silva
	Pedro_Catuogno
	Pedro_Kaufmann
	Rafael_Borges
	Raquel_Leher
	Regis_Stabile
	Ruy_Charao
	Sandro_Marzoche
	Sean_Dineen
	Sonia_Berrios
	Thais_Jordao
	Thiago_Alves
	Vando_Narciso
	Victor_Barrantes
	Vinicius_Favaro
	Vitoriano_Ruas
	Waldemar_Bastos
	Wenden_Charles
	Willy_Martinez
	Wladimir_Neves
	Xavier_Carvajal

	Poster_Tds.df
	Abel_Alvarez
	Alex_Becker
	Anderson_Araujo01
	Anderson_Araujo02
	Carla_Moraes
	Felipe_Minuzzi
	Francisco_Dias
	Geraldo_Botelho(Leticia)
	Giselle_Moraes
	Gustavo_Araujo
	Jaqueline_Horbach
	Joao_Zanni
	John_Perez
	Maira_Gauer
	Natanael_Quintino
	Pammella_de_Souza
	Rafaela_Bonfim
	Roberto_Silva
	Rodrigo_Capobianco
	Thiago_Grando




