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ADAMS INEQUALITIES AND EXTREMAL FUNCTIONS ON
UNBOUNDED DOMAINS

ABIEL C. MACEDO * & JOAO M. B. DO O |

1 Introduction

This work is concerned on the problem of finding optimal Sobolev inequalities and the attainability to the associated
variational problem for the borderline case known nowadays as Trudinger-Moser-Adams case (cf [1, Theorem 1]).
The main purpose is three-fold: First we obtain a scaling invariant inequality for the higher order Sobolev space of
radially symmetric functions and prove the existence of extremal to the associated variacional problem. Second we
prove a result about nonexistence of extremals for Adams type inequality [5, Theorem 1.4] and [3, Theorem 1.1] in
the Hilbert case. Third, in line with the Concentration Compactness Principle due to P.-L. Lions [4], we will obtain

an improvement for Adams exponent in certain classes of sequence on Wy" n/m (Q), for any arbitrary domain.

2 Mathematical Results

First we establish the following Adams type inequality of the scaling invariant form.

Theorem 2.1. Let n > m > 2 be integers. Then given 8 € (0, By) there exists Cgmpn = C(B,m,n) depending only
on B, m and n such that

]‘ n n—m
K = sup — / @ (Bl ") dz < Cpamn. (2.1)
wewr/ @\ [0} [l /R
(¥l =1
for allu € W:;&n/m(R") \ {0}, where
Jvn,n_2 tj
O(t) :=ef — = Jmmn =min{j € N : j >n/m}, (2.2)
=0
n n/(n—m)
n w22 (mEL
Wn—1 |: F("—fﬁ*j) ):| , m Odd7
Bo = Bo(m,n) = a1/ (n—m) (2.3)
2[R wae,

and Wm’n/m(R") denote the space of the radial W™/ ™ (R™)-functions. Moreover, for 3 € [Bo,o0) inequality (2.1)

rad

fail and pg n m is attained for all B € (0, Bo).
Secondly, for n,m > 2 integers and 1 < ¢ < co a real number, we consider the Sobolev space W™ 4(R™) endowed
with the norm
IV(—A + I)kqu + (A + I)ku||g, for m=2k+1;

||UH$n,n,q -

[(=A + I)Ful|g, for m =2k,

*Instituto de Matemaética e Estatistica , UFG, GO, Brasil, e-mail: abielcosta@gmail.com
fDepartamento de Matemtica, UFPB, PB, Brasil, e-mail: jmbo.pq@gmail.com
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which is equivalent to the usual Sobolev norm in W 4(R™). Now we denote the extremal constant for the Adams
type inequalities, [5, Theorem 1.4] and [3, Theorem 1.1], by
N8nm = sup / (Blu” ")) da. (2.4)
(Rr) JR”

n
my, —
ue ’m

Il gy, 2 <1
m

By [5, Theorem 1.4] and [3, Theorem 1.1], we know that g, n is bounded for 8 < 5y and infinite for 8 > fy. So

we prove the following theorem
Theorem 2.2. 13, », is not attained when n/m =2 and 0 < § < (47)™m! = By = Bo(m, 2m).
In the last direction,

Theorem 2.3. Let Q C R™ be any arbitrary domain. Assume that u;,u € Wgﬂ’”/m(fl), ltillm,n <1, w0 and
u; = uin Wgn’n/m(ﬂ). Then, given v € [1,7), there exists a constant C' = C(~,Q) > 0 such that

sup [ (o) do < C.
4 Q

n/m\ —m/(n—m)
where 1 = Ny n(u) == (1 —||(I = A)kul| / ) if m =2k +1 or m =2k for some k € N.

n/m
Proof of Theorem 2.1: Considering the following operators Iy(u)(z) := t"™/"u(t'/"z) and J,(u)(z) :=
u(s'/mx), we can |jull,/m = 1 and |V™ull,/m = 1 in (2.1). Then given u € W;Z(’in/m(R") satisfying ||ull,/m = 1
and ||[V™ull,,/m = 1 we divide de integral [g, ® (8u[™/"~™)) dz inside and outside a some ball Bg,. To show the
boundedness outside of the ball we use a radial lemma and to show the boundedness inside the ball we use some
Adams type inequality proved by C. Tarsi (cf [6]).
To prove the existence of extremal we consider some maximizer sequence (u;) C W/ "™(R™) to pg n.m such

rad
that [|uill,/m = 1 and [[V™u;l,,/m = 1 and the week limit u € W:,Z;ln/m(]R"). Then we proceed with the study
of compactness of the functional. We show that v Z 0 and then, for u £ 0, the sequence (u;) converge in the
functional.
Proof of Theorem 2.2: First, using some comparison result, we prove that if (2.4) has an extremal function

then must have some extremal function v € Wg;ln/ m

(R™). Then, by contradiction, using the inequality (2.1) we
prove that 7,5, can not have an extremal function u € W7 (R™) for 8 > 0 sufficiently small.

Proof of Theorem 2.3: The argument used here follows the ideas used to prove a similar result for a bounded
domain in [2]. Using the comparison result and [2, Lemma 2] we can change the sequence (u;) by a suitable sequence

and prove the boundedness using inequalities [5, Theorem 1.4] and [3, Theorem 1.1].
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EXISTENCIA E NAO EXISTENCIA DE SOLUCAO GLOBAL PARA UMA
CLASSE DE EQUACOES DE ONDAS NAO LINEARES DE SEXTA
ORDEM

ADEMIR BENTEUS PAMPU * & JUAN AMADEO SORIANO PALOMINO f

Apresentaremos, neste trabalho, um estudo acerca de existéncia e unicidade de solugdo para o problema de
Cauchy envolvendo uma classe de equagoes de onda nao lineares de sexta ordem. Uma vez estabelecida, sob as
hipéteses adequadas, a existéncia e unicidade de solucao para tal problema de Cauchy apresentaremos, atraves do
método do pogo potencial (potential well), um estudo acerca da existéncia e ndo existéncia de solugao global para

tal problema de Cauchy.

1 Introducao

Vamos considerar o seguinte problema de Cauchy para a equacao da onda nao linear de sexta ordem

Utt — QUgy + Ugzrr + Uzzrott = (p(ua:)x (11)

u(z,0) =wug, u(z,0) =wuy(x) (1.2)

onde a > 0, ¢(z) = a|z|P, p > 1 inteiro e o # 0. Além disso, consideramos os dados iniciais ug,u; € H*(R), s > 0.
Tal equacdo, introduzida por Roseneu [1], foi estudada, na forma do problema de Cauchy (1.1) e (1.2), em [2 — 3].

Em nosso trabalho estudaremos, em primeiro lugar, a existéncia e unicidade de solugao local para o problema
de Cauchy (1.1) e (1.2). Para este fim, faremos uso do Teorema do ponto fixo de Banach. Posteriormente, fazendo

uso do método do pogo potencial, abordaremos o problema de existéncia e nao existéncia de solugao global.

2 Resultados principais

Teorema 2.1. Suponha que % <s<p+1,ug,u; € H*(R). Deste modo, o problema de Cauchy (1.1),(1.2) admite
uma tinica solugdo local u(x,t), definida sobre um intervalo de tempo maximal [0,Ty) com u € C1([0,Ty); H*(R)).

Além disso, se

sup  ([[u() ||z ) + llwe() ]| e ) < 00
te[0,Ty)

entao, Ty = oo.
Supondo 2 < s < p+ 1, ug,u; € H*(R) e [0,7p) o intervalo de tempo maximal de existéncia da solugdo do

problema de Cauchy (1.1) e (1.2) vamos considerar, para cada t € [0,Tp), o seguinte funcional de energia associado

a este problema de Cauchy,

1 o
BEt) = 3 (I\Ut(t)lliz(R) + allua (®)|72my + luae (O 72w) + Humt(t)H%z(R)) + m/ﬂg\um(%t)lpux(x,t)dw-

Denotando por,

t
Co= sup e (8}l ;
0£uEH2(®) (allug (8|72 + lluws (t)]]72)
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-1 _2(+D)
TG,

T 2(p+1)

podemos definir os conjuntos estdvel (pogo potencial) e instdvel como,

2(p+1
- {u(t) € H*(R); allua()72(r) + llwaa(®)llZ2gr) < ;)d}

-1
|4

2(p+1
{utt) € H R alua 0o + sy > 2250}

Teorema 2.2. Assuma que 2 < s < p+1, up,u; € H*(R). Se E(0) < d e up = u(0) € W entdo o problema de
Cauchy (1.1) e (1.2) tem uma tinica solugdo global u € C1([0,00); H*(R)) e u(t) € W para todo t € [0, 0).

Teorema 2.3. Suponha que 2 < s <p+1, ug,u1 € H*(R). Se E(0) <d e aHuogCHZLQ(R) + ||“0m||2L2(R) < %d,

entdo o problema de Cauchy (1.1) e (1.2) adimite uma tnica solugio global u € C*(]0,00); H*(R)).
Teorema 2.4. Assuma que 2 < s < p+ 1, ug,uy € H*(R). Se E(0) < d, ug = u(0) € V e (uo,u1)r>mw) +
(U, Urze) > 0, quando E(0) = d, entao a solugao do problema de Cauchy (1.1) e (1.2) explode em tempo finito.
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THE EFFECT OF SIGNAL ON THE SCALAR CHEN-SIMONS
EQUATION

ADILSON E. PRESOTO *

1 Introduction
We investigate the effect of admitting signed measures on the scalar Chern-Simons equation
—Au+te (e —1)—1=p emQ (1.1)

with Dirichlet condition, in terms of stability of solutions. In a previous work [2], approximating p in the weak*-
topology by a nonnegative sequence of Radon measures, we show that the sequence of solutions converges to
largest subsolution of the Dirichlet problem, that is the limit of solutions satisfies the scalar Chern-Simons with
the largest measure less than p such that (1.1) has a solution, denoted by p*. We are now interested in analysing
the approximating scheme by sequences of signed measures Radon. Unlike the former case, the difference of
the convergence speed between negative and positive parts of the sequence of measures will produce extra Dirac
measures, that is if the sequence of solutions converges, then the limit solves (1.1) with p* suffering a mass loss
given by a Dirac measures sum. Furthermore, all measures obtained from p* by decreasing a such type of sum can
arise as data in the scalar Chern-Simon problem for a limit solution.

2 Mathematical Results

In a couple of results, we give a complete characterization of the limit solutions of scalar Chern-Simons problems.

Theorem 2.1. Let (pin)nen be a sequence of Radon measures in Q0 such that
pn({z}) <27, VreQ, VneN

and let u, be solution of

(2.2)

—Auy, + et (et — 1) = uy, in Q,
Uy =0 on 0f).

If the sequence (tin)nen converges weakly to p and the sequence (uy,)nen converges to u in LY(SY). Then there exist
Cly- esCm > 0 and ri,...,rym € Q such that u solves (1.1) with datum p* — 2211 ¢ilr,, where p* is the largest
measure less than or equal to p satisfying

pw({z}) <27 Vx el

Theorem 2.2. Let i be a Radon measure in Q, ¢1,...,¢m >0 and ry, ..., ry € Q. Then there exists a sequence
(n) C CX () such that (pn)nen converges weakly to p and the sequence (un)nen of the solution of the scalar
Chern-Simons problem (2.2) associated to (pi,)nen converges to the solution of (1.1) with datum p* — 1" | ¢;6,,.

*Departamento de Matematica , UFSCar, SP, Brasil, presoto@dm.ufscar.br
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ESTABILIZACAO, ANALISE E SIMULACAO NUMERICA DA EQUACAO
DE ONDAS COM CONDICAO DA ACUSTICA NA FRONTEIRA

ADRIANO A. ALCANTARA ! HAROLDO R. CLARK | & MAURO A. RINCON *

1 Introducao

Considere Q C R™ aberto e limitado com fronteira 9 = 'y UT'; de classe C?(Q2) e ToNTy = 0.
Os objetivos principais deste trabalho sao determinar a existéncia e unicidade de solugoes, e a simulacao nimérica
do sistema acoplado

ug(z,t) — Au(z,t) =0 em Q=Qx(0,T),
u(z,t) =0 sobre 3o =T¢ x (0,T),

ug(x,t) + fr(x)zg(z,t) + fo(z)ze(z, t) + f3(x)z(z,t) =0 sobre Xy =T7 x (0,7),

@(x,t) — h(x)ze(z,t) + g(x)us(x,t) =0 sobre X; =T7 x (0,7), (1.1)

Jv
2¢t(z,0) = ﬁ (881;/0(1‘) + g(z)uy (x)) sobre T'y,

z(z,0) = zo(x) sobre T,

u(z,0) = uo(z), wu(z,0)=wui(xr) em £,

onde o par (u, z) representam, respectivamente, o deslocamento de ondas e a propagagao de ondas de som, e as
fungoes f;, g, h: 1 — R sdo continuas e positivas em 'y, parai=1,2,3 e h(r)=0 Ve €ToNT;.

Sobre a fronteira I'; temos as equagoes (1.1)5 e (1.1)4, que foram introduzidas em [2] e representam as equagoes
da Acustica. Além disso, na equagao (1.1)4 é considerado o termo de amortecimento, g(x)us(x,t), o qual produz o
decaimento assintético da energia total associada a solugdo do sistema (1.1). Sobre I'g, temos a condigdo cldssica
de Dirichlet, na qual h4 absorgéo total do som. Este trabalho foi motivado pelo artigo [1].

2 Resultados

Sera usado a notagao usual dos espagos funcionais de Lebesgue e de Sobolev, em particular, necessitamos dos
espacos funcionai V = {¢ € HY (), 70(¢) =0 qsem Iy} e Ha = {p € H(Q), Ap € L?(Q)}.

ou,
Teorema 2.1. Suponha ug € VN HA(Q), u1 €V e zy € L3(I'y) tais que o hzi(x,0) + gu; = 0 e assumindo
v
as hipdteses, acima fixadas, sobre as fungoes f;, g, h, entdo existe um unico par de fungoes, (u,z), solugdo do
problema misto (1.1) na classe

u € L3 (0,00; VN HA(Q)), v € L (0,00; V), u” € L2 (0,00; L?()),

loc loc loc

('), Yo(u") € Li,(0,00; L*(T'1)),

loc

z, 2, 2z € L72.(0, OO;LQ(Fl)),

loc
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e satisfazem as equagdes integrais

T T T
/ / [ + Vu - Veldzdt = / / [hzy — gu'|pdldt, e / / [ + fizee + foze + f32]bdD1dt = 0,
0o Ja o Jr, o Jr,

Yo € L?(0,T;V) e Y € L?(0,T; L?(T'y)). Além disso, u e z satisfazem as condicdes iniciais
1,0
uw(z,0) = up(z), v'(2,0) =ui(z) em Q, 2(z,0) = z0(x), 2(z,0) = E(% + gul(x)> sobre T'y.
v

A demonstragdo do Teorema 2.1 é feita via método de Faedo-Galerkin. Além disso, é realizada simulagoes
numéricas para os casos unidimensional e bidimensional do modelo (1.1) por meio do método de elementos finitos
na parte espacial e na parte de evolugao usamos o método das diferencas finitas, particularmente o método de Crank
Nicolson e método da diferenga centrada, como podemos ver em [3]. Para validar o modelo (1.1), foram construidos
problemas cuja solugao exata é conhecida, para com isso calcularmos o erro norma L* (0, T; L*(Q)).

A Figura 1, é um exemplo do caso unidimensional do modelo acima, onde foi construido um par (u, z) de solugao
exata, tal qual u(z,t) = z2exp(2t) e z(1,t) = (12(91()1)) (exp(2t) — 1) com Q@ = (0,1), 'y, =0,y =1et € (0,1).

Az At | Erro L*>=(0,T; L*(Q))
u(z,t) | 20071 | 3501 0.0010918
z(1,t) - 3501 0.0006570

Tabela 1: Método de Crank-Nicolson e Dif. Centrada

Figura 1: u e z no instante ¢t = 1.
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LOCAL SOLUTION OF KIRCHHOFF EQUATIONS WITH NEGATIVE
TERMS

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

1 Introduction

Let Q be a bounded open set of R” with a C? boundary I', ' constituted of two disjoints closed parts I'y and I';.
By v(x) is denoted the exterior unit normal at = € T';.

Motivated by the papers [1] and [2], we investigate the existence of local solution of the following problem:

' — M Jul|H)Au+ |ul? = f in Qx[0,Tp);
u=0 on Tgx(0,7Tp);

% +0h(u') =0 on T'; x (0,Tp);

u(z,0) = u'(z), v/'(x,0) =u'(z), z€Q

2 Main Results

Let Q be bounded open set of R” with boundary I of class C2. It is assumed that I' is constituted by two disjoint
parts I'p and 'y, Ty and T'; with positive measures, such that ToNT; = (). By v(x) it is represented the unit normal
vector at x € I'y.

We denote by (u,v) and |u|, the scalar product and norm, respectively, of L?(Q2). By V it is represented the
Hilbert space

V={ve H(Q); v=0o0nTg},

equipped with the scalar product

(u,v) Z/ axz 8% (z)dx

and norm ||ul|? = ((u,u)). All scalar function considered in this paper will be real-valued.
In order to state our main result, we introduce the necessary hypotheses.

We consider the functions M (¢, \) , h(s) and §(z) satisfying the following conditions:

M € C*([0, 00[?);

(H1) M(t,\) > mg >0, V{t,\} € ([0,00[)?, (mo constant).

h is a Lipschitz continuous function with h(0) = 0;
(H2) | his a strongly monote function, that is,

(h(r) — h(s))(r — s) > do(r — s)?, Vr,s € R, (dy positive constant).
(H3) 6§ € Whee(Ty), §(x) > 8o, Vo € T'q, (dp positive constant);

*DM, UEPB, PB, Brasil, e-mail: aldotl@cct.uepb.edu.br
DM, UEPB, PB, Brasil, e-mail: milla@im.ufrj.br
*IM, UFRJ, RJ, Brasil, e-mail: luizadauto@gmail.com



(H4) The real number p has the following restrictions:
n+1

p>1lifn=12 <p< "Zifnz& (2.1)

In this condition we have V < LPF1(Q). Use the notation ||v||p,+1 < kollv|| , v € V.

Introduce the real number .
="
«_ [ Mo
\ = <2k5+1> |

Theorem 2.1. Assume that hypotheses (H1) — (H4) are satisfied. Consider {u®,u'} in V N H?(Q) x V satisfying

the compatibility conditions,

0
88% 4 Sh(u!) =0 in Ty (2.2)

and a function f in the class
feL*0,T;L%() , f € L'(0,T; L*(Q)).

Then there exits a real number Ty with 0 < Ty < min{1, T} such that under the restrictions on u°,u and T,

0]l < A,
1/2 To 2.3
() l(QN)1/2+/ |f(t)|dt] cop (L K(1+2R)T) < X (23)
0
where "
N = Lt Laro, )10 2 + HEjju0y e
2 2\ p+1

and K and R are positive constants that depend on u®,u', M(t,\), p and Ty, we obtain a unique function u in the

class

ue L0, To; V N H2(Q)),
u' € L>=(0,Tp; V), (2.4)
u” € L>(0,Tp; L*(Q)) N L%(0, Ty; L*(T'1)),

such that u satisfies

u = M(, [[ul?)Du+ Jul? = f in L=(0, To; L2 (), (2.5)
0
8—3 Oh(u!) = 0 in L2(0, Tp; HE(Ty)),
o’ (2.6)
5 T Sh' (u' ) = 0 in L*(0, Ty; L*(Ty)),
v
w(0) = u®, v (0) = ul. (2.7)
Proof. The existence of solutions follows by applying a special basis of V' N H?(2), using Galerkin Method, the
Tartar’s method and the Banach Fixed-Point Theorem. O
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O LAPLACIANO MAGNETICO DE DIRICHLET EM TUBOS LIMITADOS

ALESSANDRA A. VERRI * & CESAR R. DE OLIVEIRA |

Considerando uma sequéncia de regioes tubulares limitadas no espaco e o operador Laplaciano magnético de
Dirichlet restrito a esses dominios, encontramos o operador efetivo quando o diametro de tais regioes tende a zero.

Essa convergéncia é no sentido uniforme dos resolventes dos operadores auto adjuntos associados ao problema.

1 Introducao

Seja S um circulo de comprimento ! > 0 er : S — R3 uma curva simples, fechada e de classe C? em R? parametrizada
pelo seu comprimento de arco s. Denotamos por k(s) e 7(s) a curvatura e a tor¢ao no ponto r(s), respectivamente.
Seja Q um subconjunto aberto, simplesmente conexo, com fronteira suave e nio vazio de R%2. Construfmos um tubo
em R3 movendo a regido @ ao longo de r(s). Em cada ponto a regiao QQ pode apresentar uma rotacio de angulo a
qual denotamos por «a(s). Suponhamos que « é de classe C? e impomos a condi¢ao de Dirichlet na fronteira 9<.
Consideremos o campo magnético A = (Ay, A, A3), em que 4; : Q@ — R, j = 1,2, 3, sdo fungdes reais de forma
que, supondo A diferencidavel, B =V x A é o campo magnético correspondente. Consideremos agora a familia de

operadores
(Het)(z) = [(—i0 — A)*¥] (z) (0<e<1),

dom H. = H?(Q:) NH () (22 é a regido obtida movendo-se eQ2 ao longo de 7(s) e, para cada 0 < ¢ < 1, estamos
considerando A restrito & €2.).

O objetivo é estudar a sequéncia H. no limite ¢ — 0. Para isso é necessario algumas renormalizacoes, por
exemplo, precisamos controlar as oscilagoes transversas quando € — 0. Um ponto interessante é que mesmo com
a presenca do potencial vetorial, controlamos essas oscilagoes subtraindo A\g/e? de H., em que A\g é o primeiro

autovalor (ou seja, o menor) do operador Laplaciano de Dirichlet (sem potencial magnético) restrito a @. A saber,
—A’LLO = )\011,0, ug € Hé(Q), (%) 2 0, / |UO|2dy =1.
Q

uo denota a autofungdo normalizada associada ao autovalor Ay (A9 é um autovalor simples).

Consideremos o operador unidimensional

(Gow)(s) = (=i0s — (A(r(s)), T(s)))*w(s) + {C(Q)(T +a')*(s) —
dom Gy = H%(S), em que C(Q) é uma constante real que depende somente da regido @ e T'(s) é o vetor tangente
A curva no ponto 7(s); (-,-) denota o produto interno usual em R?. Nosso pricipal resultado diz que

A
H.— 51— Gy,
e

quando € — 0, no sentido uniforme dos resolventes (veja Teorema 4 de [4] para uma formulagdo mais precisa). Para

provar essa convergéncia, usamos a técnica variacional de T-convergéncia [1, 2, 4].

*Departamento de Matematica, UFSCar, SP, Brasil, e-mail: alessandraverriQdm.ufscar.br
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2 Resultados

Ao aplicarmos a técnica de I'-convergéncia passamos ao estudo da sequéncia de formas quadraticas associada a

Sequéncia de Operadores H€ - ()\0/6 )1.
10z 2 ) 0 g)

No entanto, é conveniente uma mudanga de varidvel e algumas renormalizagdes (veja Segdo 3 de [4] para mais
detalhes) ao analizarmos o limite & — 0 na expressao acima. Obtemos assim uma nova sequéncia de formas
quadréticas, denotada por {gc }o<e<1 (por simplicidade a defini¢ao de g. serd omitida aqui; novamente, veja Se¢ao
3 de [4]). Ainda mais, com a mudanga de varidvel passamos a trabalhar no espago de Hilbert L?(S x Q) e
dom g. = H}(S x Q) (observemos a independencia do pardmetro ¢ nos dominios das formas quadréticas). Usamos
a notagao (s,y) := (s,y1,y2) para um ponto de S x @ e G, para o operador auto adjunto associado a g..

Agora, denotamos por gg a forma quadratica associada ao operador Gy definido na introdugao. Definimos

também, a partir de g, uma nova forma quadrética em todo o espaco L?(S x Q):

(v) = go(w), se v(s,y) =w(s)uo(y) com w € dom go,
A 400, caso contrario

Denotamos por G o operador auto adjunto & g. Enunciamos um dos principais resultados de [4].

Teorema: A sequéncia de operadores G, converge a G no sentido uniforme dos resolventes quando € — 0. Mais
precisamente,
[(Ge = 1) = (G = i1) Y L2(sxq) = O,

quando € — 0.

Observacgoes: (i) A motivacdo para o estudo acima surgiu dos trabalhos [1] e [3].
(ii) A técnica de I'-convergéncia em espacos de Hilbert reais pode ser encontrada em [2]. No entanto, para
demonstrarmos o teorema acima, precisamos de uma versao complexa do Teorema 13.6 desta mesma referéncia. A

generalizagao para espagos de Hilbert complexos foi demonstrada em [4].
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MULTIPLICIDADE DE SOLUCOES PARA UM PROBLEMA
QUASELINEAR ELITICO

ALEX J. BECKER * & MARCIO L. MIOTTO | & TAISA J. mMIoTTO *

1 Introducao

Neste trabalho pretende-se obter resultados de existéncia e multiplicidade de solucoes para a seguinte classe de

problemas

) A = BT fr) +16() +ge) om0,
’ u = 0 sobre 01,

onde A, = div(|[Vu[P~2Vu) é o operador p-Laplaciano, € C RY um dominio limitado com fronteira 99 suave, os
expoentes satisfazem 1 < ¢ <pe2<p < N, h, ¢, g € L>®(Q), com h £ 0,9y Z0,9g_- Z0e ¢ >0 em Q, t um
parametro real e f € C(Q x R,R) com f(z,0) = 0 e satisfazendo

() o < timinf L) < g g L020)

< <M < < Timinf 2 < i gup L@
S—»—00 ‘3‘1"25 PRS- ‘S‘P—QS

S—00 |5|P_23 S—00 |3|P—23 -

q.t.p. x € Q, onde 7,,7m1,Mm2,m3 € R e Ay é o primeiro autovalor do operador (—A,, W1P(Q)).

Atualmente, autores tém se preocupado em garantir resultados de multiplicidade de solugdes para problemas
semelhantes a (P;). No caso em que g = 0,t = 0 e p = 2, [5] justificou a existéncia de dois resultados sobre
multiplicidade de solugdes quando a ndo linearidade f satisfaz a condigao (f1). No primeiro resultado, utilizando o
Teorema do Passo da Montanha, o Principio Variacional de Ekeland, juntamente com a Teoria do Grau de Leray-
Schauder, ele obteve a existéncia de quatro solugoes nao-triviais, sendo uma nao-negativa, uma nao-positiva, uma
positiva e a tultima passivel de mudanca de sinal. Para o segundo, combinando o método da sub-supersolucao, com
Teorema do Passo da Montanha, Principio Variacional de Ekland e a Teoria do Grau de Leray-Schauder, garantiu
a existéncia de quatro solucoes nao-triviais para o problema, as quais nao sao possiveis de se conhecer o sinal.

Ainda para h = 0 e com condigoes similares sobre f, combinando o método da sub e supersolugao, técnica blow
up e Teoria do Grau de Leray-Schauder, [12] garantiu a existéncia de constantes —oo < t, < t* < oo de modo que
(P;) possui ao menos duas solugoes quando ¢ < t,, ao menos uma soluc¢do para ¢ < t* e ndo possui solugdo quando

t > t*. Outros resultados para este tipo de problema podem ser vistos em [2], [3], [4], [7], [8], [10], [11].

2 Resultados

Utilizando o Teorema do Passo da Montanha juntamente com o Principio Variacional de Ekeland, pode-se justificar
o seguinte resultado:
Teorema. Assumindo as condigdes sobre a fungao f e se existem p1,us € (0, A1) tais que

T, s ) T, s
Fs) o fs)

p1 < liminf —= < sup —= <
S0 Tl 7s = o Tslp s

M2,
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entao existem constantes aq, e > 0 e t, <0 <ty tais que se ||hl|lco < a1 € ||g]loo < a2, decorre que:
- (P;) admite ao menos duas solugdes nao-triviais para todo t < t..;

- (P;) admite ao menos trés solugées nao-triviais para todo t € (ts,tss).
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TAXAS DE DECAIMENTO PARA UM MODELO VISCOELASTICO DE
PLACAS

ALTAIR SANTOS DE OLIVEIRA TOSTI *

1 Introducao

Neste trabalho estudamos a boa colocagao e o comportamento assintético para a seguinte equagao viscoelastica da

placa
t
ugs + APu — / g(t — s)A%u(s) ds + M (||[Vu(®)||3) us + f(u) =0 em Q x (0,00), (1.1)
0
com condigao de fronteira
u= % =0 sobre 09 x [0,00), (1.2)
e condicoes iniciais
u(+,0) =ug, w(-,0)=wu; em Q, (1.3)

onde 2 é um dominio limitado de R™ com fronteira 92 bem regular e v é o vetor normal unitario exterior a 0.
Aqui, A? = A(A) denota o operador biharménico, g uma funcio real chamada de nicleo da memdria, M e f(u)
fungoes nao lineares e || - |2 a norma em L?((2).

Para determinar a existéncia e unicidade de solugdo usamos o método de Faedo-Galerkin assim como nos
trabalhos [1, 2], mas com hipGteses menos restritivas sobre g e f(u). Para estudar as taxas de decaimento da
energia associada ao problema (1.1)-(1.3) usamos hipéteses menos restritivas para M e g do que as utilizadas em
[1, 2]. Para tal finalidade, usamos as ideias introduzidas em [3, 4] primeiramente para equagoes de ondas, a qual
nos d4 um decaimento geral depedendo do decaimento do niicleo da meméria.

2 Resultados

Iniciamos com as hipéteses sobre g, M e f.

Niicleo da meméria. Suponhamos que g : [0,00) — RT € uma fungdo de classe C* com g(0) > 0 e tal que
l:=1- / g(s)ds>0 e g'(t)<—&@)g(t), YVit>0, (2.4)
0

onde £ : [0,00) — R é uma funcdo de classe C* satisfazendo

(1)
£(t)

‘<L<oo, Vit >0. (2.5)

Termo nao local. Suponhamos que M : [0,00) — R € de classe C* com

M(s) >0, Vsel0,00). (2.6)
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Termo nao linear. Consideramos f : R — R de classe C' com f(0) =0 e tal que

If/ ()| < k(14 [ul’?), VueR, (2.7)
com k1 > 0 e p satisfazendo
O<,0<N_4 se N>5 e p>0 se 1<N<A4 (2.8)
Além disso, suponhamos que
B ey [ 1B, 12
Sl < fw) = [ 56 < fwpus P, Vuer (2.9)

onde B € [0,p11) e p1 > 0 corresponde a constante de imersio i ||ul|3 < ||Aull3.

A energia (modificada) £(t) := E(u(t), u(t)) associada a (1.1)-(1.3) é dada por

¢ ¢
() = glu @+ (1= [ ae)ds) 18wl + 5 [ ot = 9800 - Auts)Bas + [ Fu(w) ds
O principal resultado deste trabalho se resume no seguinte teorema:
Teorema 2.1. Seja T > 0 dado. Sob as hipdteses (2.4)-(2.9), temos:
1. Se (ug,u1) € H*(Q) x HZ(Q), entdo existe uma tinica solucio forte para (1.1)-(1.3) na classe
(u,ur) € L(0,T; H*(Q) x HF(Q)) N C([0,T], HF (Q) x L*(Q)).

2. Se (ug,u1) € HZ(Q) x L3(Q), entdo existe uma tnica solucio fraca para (1.1)-(1.3) na classe
(u,us) € C([0,T), H3 () x L*(2)).
3. Em ambos os casos, a energia E(t) satisfaz
E(t) < CEW0)e o E@ds vy >0

onde C >0 e >0 sio constantes que podem depender dos dados iniciais em HZ(Q) x L*(€).
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ESTABILIZAGCAO UNIFORME PARA EQUACAO DA ONDA COM
CONDICOES DE FRONTEIRA DA ACUSTICA

ANDRE VICENTE * & CICERO LOPES FROTA |

Seja @ C R™ um conjunto aberto e limitado com fronteira suave I', n > 2. Sejam I'g e I'; subconjuntos fechados
e disjuntos de I' com I' = 'y UT'1, 'y e I'; com medida positiva. Neste trabalho provaremos a existéncia, unicidade

de solucao global e estabilizagao uniforme da energia associada ao seguinte problema nao linear:

' —Au=0 em®Q x (0,00); (1)
u=0 emIyx (0,00); (2)
ou o

— 4+ o) = ———  emTI; x (0,00); (3)
v M (fy, o] ar)

fé" —M (/Fl 6|2 dF> (Ard —6) + g8’ = —u' em T’y x (0,00); (4)
uw(x,0) = ug(z), v (z,0) = ui(z), © € Y (5)
§(x,0) = do(z), z €'y, (6)

5 (z,0) :M(/Fl |602dF) %(x), zeTy, (7)

0 "L 92 N
onde ' = §; A= g 922 e Ar sao os operadores de Laplace e Laplace-Beltrami, respectivamente; v é o vetor
1
i=1

unitdrio normal a I'y; f,g: T1 = R, o : R — R, M : [0,00) = R, ug,u; : @ = R e dp : I'y — R sdo fungoes
conhecidas.

Quando ¢ = 0, M =1 e, além disso, a equacdo (??) é considerada sem o operador de Laplace-Beltrami, as
condigoes de fronteira (??7)—(??) sao conhecidas como condigoes de fronteira da actstica e foram introduzidas por
Beale e Rosencrans [2]. Neste caso o modelo fisico tem como motivagéo o estudo do movimento de ondas actsticas
em fluidos onde considera-se que parte da fronteira, 'y, reage localmente a pressao que o fluido exerce sobre ela.
Resultados sobre existéncia, bem como comportamento de solugoes, tem sido obtido por diversos autores ao longo
dos dltimos anos, ver [5,6,8,9,10,11] e suas referéncias. Um trabalho interessante é [1], devido & Beale, no qual o
autor prova que, sem a presenca de termo dissipativo na equagao definida sobre {2, mesmo que g > 0, nao é possivel
obter taxas uniforme de decaimento.

Por outro lado, quando o operador de Laplace-Beltrami é introduzido na equagao (??) pensa-se que parte de
fronteira reage como uma membrana eldstica a pressao que o fluido exerce sobre ela e dizemos que a fronteira é nao
localmente reagente. Neste caso resultados sobre existéncia e unicidade de solugao bem como sobre comportamento
assintético podem ser encontrados em [7,13]. Com a introdugdo do operador de Laplace-Beltrami obtem-se mais
regularidade na funcao § definida sobre I'; o que permite considerar o termo nao linear envolvendo a funcao M.

Neste trabalho, usando as técnicas desenvolvidas por Lasiecka e Tataru [12], provaremos um resultado de es-
tabilizacdo uniforme para a solu¢do do problema (??)—(??). Esta técnica permite obter resultados envolvendo o
comportamento da solugdo sem a imposicao de hipdteses de crescimento da funcao ¢ proximo da origem. Re-

centemente tem surgido vérios estudos usando os resultados de Lasiecka e Tataru, ver [3,4,10,14] e referéncias.
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Destacamos aqui os trabalhos de Graber [10] e Wu [14] os quais fazem estudos, usando as técnicas de [12], para pro-
blemas envolvendo as condicoes de fronteira da actstica. O trabalho aqui apresentado estende, num certo sentido,
os resultados obtidos por Graber e Wu e também Vicente, Frota e Medeiros [13].
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AN UNIQUENESS RESULT FOR AN INVERSE PROBLEM ARISING IN
A MASS DIFFUSION PROBLEM

ANIBAL CORONEL * & MARKO ROJAS-MEDAR'

This work deals with the analysis of the inverse problem of determining the density function F modelling the
vector external source for the linear momentum of particles, in a model for a viscous incompressible fluid with mass
diffusion. If the fluid is contained on a bounded and regular domain €2 C R3, with boundary 0€, then a model for

mass diffusion problem in a finite time 7" > 0 is given by the following initial-value problem:

pu; + ((pu—)\Vp) 'V)u—uAu—)\(u~V)Vp+Vp+/\2 <V' <[1)Vp®Vp>) =pF in Qr, (0.1)
V-u=0 in Qr, pi—Mp+tu-Vp=0 in Qr, (0.2)
u(z,t)=0 on TIr, u(z,0)=ue(z) on Q, p(z,0)=po(zr) on O, (0.3)
/Qp(x,t)u(:c,t)@/}(:c)dx =o¢(t), te€][0,T], (0.4)

where Qr := Q x [0,T] and T'y := 92 x [0, T]. Here, u, p and p denotes the velocity field, the mass density and the
pressure distribution, respectively. The constant p > 0 is the usual Newtonian viscosity and the positive constant A
is a density coefficient related with the diffusion of mass. The functions ¥ and ¢ in the integral overdetermination
condition (0.4) are given and satisfiy some restrictions which will be specified later. The differential notation is
the standard one, i.e. the symbols u; and p; denotes the time derivatives and V, A and V- denotes the gradient,
Laplacian and divergence operators, respectively. Now, by applying the Helmholtz decomposition, the vector field

F is representable for (z,t) € Qr by the following relations
F(I, t) = f(t)(Vh(I7 t) - Il’l(il), t))a (05)

where m is a given functions and f and h are unknown functions such that

diver(pVh) = diver(pm) in €, g—z =h-n on 09, / h(z,t)de =0, te€]0,T], (0.6)
Q
where n is the outward unit normal vector to 0€.
1 Main Results
We consider the following assumptions:
uOEV:{u:uEHl(Q),V~u:O,u:O on 89}, (1.7
0
po(x) € [a, B] CRT, po € HZ(Q) = {po € H*(Q) : a—ﬁ =0 on 99, / p(x)dx = / po(x)dx}, (1.8)
Q Q
Y € Hi(Q)NnWhee(Q)n H2(Q), diver(y)) =0in Q, ¢ € H*(Q), h e C'([0,T)), (1.9)
‘/ po(@)(Vh(x,0) ~ m(z, 0))dz]| > 26 > 0. (1.10)
Q

Then, our main results are the following:
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Theorem 1.1. Assume that po and ug satisfy the assumptions (1.7)-(1.8) and f € HY(Q). The direct problem
(0.1)-(0.3) and (0.5)-(0.6) possesses a unique solution {u, p,p,h} defined on a maximal interval [0,Ty[C [0,T].

Theorem 1.2. Let (1.7)-(1.10) be satisfied and Ty < T, then there exists a unique collection of functions {u, p,p, f}

solution of the inverse problem (0.1)-(0.6) defined on a mazimal interval [0, o).

The main guidelines to the proof of Theorems 1.1 and 1.2 are the following: First, the proof of existence in
Theorem 1.1 is based on the results of [5]. Second, the proof uniqueness in Theorem 1.1 is given by introducing
and proving a continuous dependence estimates like the results obtained by [6] for nonhomogeneous Navier-Stokes
equations and recently by [4] for a nonhomogeneous asymmetric fluid. Third, the proof of theorem 1.2 is given
by characterizing the inverse problem solutions using an operator equation of second kind and introducing several
estimates. Here, the cornerstone of the estimates is the verification of the hypothesis of the Tikhonov fixed point

Theorem.

Acknowledgment

We acknowledge the support of the research projects 124109 3/R (Universidad del Bio-Bio, Chile), 121909 GI/C
(Universidad del Bio-Bio, Chile), Fondecyt 1120260 and MTM 2012-32325 (Spain).

References

[1] S. N. Antontsev, A. V. Kazhikhov, and V. N. Monakhov. Boundary value problems in mechanics of nonho-
mogeneous fluids, volume 22 of Studies in Mathematics and its Applications. North-Holland Publishing Co.,

Amsterdam, 1990. Translated from the Russian.

[2] H. Beirdo da Veiga, Diffusion on viscous fluids. Existence and asymptotic properties of solutions. Annali della
Scuola Normale Superiore di Pisa —Classe di Scienze 10(1983): 341-355.

[3] H. Beirdo da Veiga. 1996. Long time behaviour of the solutions to the Navier-Stokes equations with diffusion.
Nonlinear Anal. 27, no. 11 (1996): 1229-1239.

[4] A. Coronel and M. A. Rojas-Medar, A uniqueness result for an inverse problem to the system modelling
nonhomogeneous asymmetric fluids, Submitted 2014.

[5] P. D. Damézio, F. Guillén-Gonzdlez, J. V. Gutiérrez-Santacreu, and M. A. Rojas-Medar, Local and Global
Strong Solution by the Semi-Galerkin Method for the Model of Mass Diffusion. Matemdtica Contemporanea
32:63-86, 2006.

[6] J. Fan and G. Nakamura. Local solvability of an inverse problem to the density-dependent Navier-Stokes
equations. Appl. Anal., 87(10-11):1255-1265, 2008.

[7] R. Temam. Navier-Stokes equations. Theory and numerical analysis. North-Holland Publishing Co., Amster-
dam, 1977. Studies in Mathematics and its Applications, Vol. 2.

[8] A. I. Prilepko, Dmitry G. Orlovsky, and Igor A. Vasin. Methods for solving inverse problems in mathematical
physics, volume 231 of Monographs and Textbooks in Pure and Applied Mathematics. Marcel Dekker Inc., New
York, 2000.

20



ENAMA - Encontro Nacional de Andlise Matemética e Aplicagbes
UFPE - Universidade Federal de Pernambuco
VIII ENAMA - Novembro 2014

ANALYTICAL CONSTRUCTION OF THE SOLUTION OF THE
RIEMANN PROBLEM FOR BURGERS EQUATION WITH
DISCONTINUOUS SOURCE

A. CORONEL ¥ M. RoJAS-MEDAR*, M. SEPULVEDA T & A. TeLLO ¥

This work is concerned with the explicit construction of the solution for the Riemann problem

u2
U + ? .

u(z,0) = wup(zr), zeR, (0.2)

g(z), (z,t) eERxRT, (0.1)

where the source term and the initial condition are given by
g(l’) :gRH(:r)+gLH(—a:), UO<ZL‘) :uRH(x)+uLH(—x), (gL,gR,’U,L,’U,R) ER4, (03)

where H is the Heviside function defined by H(x) = 0 for x € R~ and H(z) = 1 for # € R{. The analysis of the
problem (0.1)-(0.3) is motivated by the theory of Radiation Hydrodynamics [1, 3, 6, 7]. The system for modeling
the radiation hydrodynamics is given by four partial differential equations having as unknowns the mass density,
the velocity, the total energy and the spectral intensity. The coupling of the radiative transport equation and the
equations of hydrodynamics is given by the source term for the linear momentum and energy equations. This
system is complex. Then, assuming that the velocity of the fluid particles is small with respect to the velocity of
the light, a Burger equation with discontinuous source term is obtained.

1 Main result
The main result of this work is the following theorem

Theorem 1.1. Consider the Riemann Problem (0.1)-(0.3) and denote by u; for i € {1,...,43} each of the posible
entropic solutions. Then, there exists a partition {Uy,..., Uy} of R* such that u; is the entropic solution of
(0.1)-(0.83) if and only if (ur,ur, 95, 9r) € U;.

The proof of Theorem 1.1 is developed in sixty Lemmas. First, we apply the characteristics method and introduce
a classification of the different types of waves. A systematic discussion of all possible types of waves at t = 0 implies
the existence of sixty types of solutions. Then, we analyze in detail the analytic construction of these solution types.
Basically, and in a broad sense, a shock or a rarefaction wave are formed at ¢ = 0. The evolution of the shock curve
is completely characterized by analyzing the initial value problem obtained by the Rankine-Hugoniot condition.
The rarefaction wave solution is explicitly obtained by the characteristics method. Here, a subcase of rarefaction
wave, called “vacuum wave”, requires a regularization of the source term and the initial condition before applying
the characteristics method. Finally, unifying the sixty Lemmas, we obtain the partition {Uy,...,Uss}.
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EXISTENCE AND UNIQUENESS FOR A LOTKA-VOLTERRA SYSTEM
IN BESOV SPACES

ARLUCIO VIANA *

This work is devoted to study local existence and uniqueness of weak solutions in the integral sense for a diffusive
non-autonomous Lotka-Volterra system. Initial data are taken in the Besov space By , /-

1 Introduction

Since its first formulation, Lotka-Volterra systems have been deeply studied. Nowadays, this system has several
variations due to the efforts to find a more realistic model. See [2, 3, 4, 5, 6]. In particular, taking account of
effects of dispersal in a continuous enviroment, and crowding effects both in the predator population and in the

prey population, the diffusive Lotka-Volterra equations are formulated by

uy = diAu + u(b — cu — kv),
vy = doAv 4+ v(—=\ + du — av). (1.1)

Instead, we are interested in the case when the crowding effect of the predator depends on the entire time ran from
the beggining until the time ¢. Namely, we consider the following initial-boundary value problem Lotka-Volterra
system with crowding effects both in the prey population and in the predator population subject to the zero flux

boundary condition:

up = diAu + u(l —u — kv), in  x (0, 00); (1.2)
¢

vy = doAv +v(=A+u) — / a(t — s)v?(s)ds, in Q x (0,00); (1.3)
0

Oru = 0zv =0, in 9Q x (0, 00); (1.4)

u(z,0) = up(z), v(z,0) =vo(x), in (1.5)

where 2 C R¥ is a bounded sufficiently regular domain, 7 is the outward normal vector in 9, u and v are densities
of the prey population and the predator population, respectively. Furthermore, d; > 0, i = 1,2, are the diffusion
coefficients, A and k are positive constants, and a : [0,00) — [0,00) is a suitable function. We take initial data
(ug,v0) in the space By X By s, for 1 < p,q < oo and some o € (0,2). Here, B7 ., denotes the Besov space
in  with the Neumann boundary conditions. Instead of its intrinsic definition we rely on the interpolation theory

to regard the Besov space with Neumann boundary conditions as the space (LP(Q), Wf/p )¢ .q> Where
WP = {p € W2P(Q) : 97¢ = 0 on 9Q}.

It is well-known that —A; = —d; A and —Ay = Al — dy A are sectorial operators from Wff’p into LP(€2). Therefore,
the analytic semigroup generated by them enjoy the following lift property:

lellpr < Mt [$]Ln, i=1,2, (L6)

where M >1and o #1+ %. See [1, Chapter V].

*Departamento de Matematica-DMAI , UFS, SE, Brasil, arlucioviana@ufs.br
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u
We are interested in the weak solution in the integral sense for (1.2)-(1.5), that is, a function < ) €
v

C([0,7]; By , nr < By, A7) such that,

u(t) = ety —l—/o M) (5) (1 — u(s) — ku(s))ds, (1.7)

v(t) = eM2ty teAz(t*S)u s)v(s)ds — teAQ(t*S) Sa s —1)v?(s)ds .
(0 =ty + | (syu(s)as = [ | ats=ret(syas (18)
u(0) = uo € By , (1.9)
v(0) =vo € By , v (1.10)

for ¢t > 0.

2 Mathematical Results

The aim of this work is the following result.

el gl

Theorem 2.1. Let 1 < p < o0, % <o<2, 1<qg<2pando#1+ Zl] Then, given ( ) € B & X By

SN

there exist T > 0 and r > 0 such that for all ( 1o ) € Bps . xB? N(( ) ,1) the problem (1.2)-(1.5) has a
/UO Ps9q, P,q,

U
unique weak solution in the integral sense ) [0, 7] — Bp N X By on
v 45 45
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ON A BI-NONLOCAL p(z)-KIRCHHOFF EQUATION WITH CRITICAL
EXPONENT

AUGUSTO C. R. COSTA * & FRANCISCO J. S. A. CORREA |

1 Introduction

In this work we are going to study questions of existence and multiplicity of solutions of the p(z)-Kirchhoff equation

with critical growth, with an additional nonlocal term,

1 s
-M /Vup(x)>A U = A(z,u [ Fa;,u} + |u|?®) =2y in Q,
([ 170 Ao fa) | [ Fw| +1 )
u = 0 on 01,

where Q C IRY is a bounded smooth domain, p,q € C(Q), f : Q@ x R — IR and M : Rt — IRT are continuous
functions enjoying some conditions which will be stated later, F(x,u) = f(z,£)dE, A, r > 0 are real parameter
0

and A, is the p(x)-Laplacian operator, that is,
N
0 ou
_ (z)—2
Ap(m)u = Z O (|Vu|p 83?) s 1< p(x) < N.

: i %
=1

We assume the following hypotheses: there are positive constants Aj, Ay and a function B(x) € C4(Q) =
{h;h € C(),h(x) > 1 for all € Q}, such that

AtP@ =1 < fat) < AgtP@ L (1.2)

for all t > 0 and for all x € Q, with f(x,t) = 0 for all ¢t < 0. Furthermore,

1 <p~ =minp(z) < maxp(z) =p" < N, (1.3)
xed ze
and N ( )
p\x
1<BTr+1)<ql@)<p'=-—2_ 1.4
FHr 1) <) <p = s (1.4)

with {z € Q;q(z) = p*(z)} # 0.
The multiplicity will be studied considering (1.2) for all t+ > 0 and for all 2 € Q, with

f(d?,t) = —f(l’, _t)v (15)

for all t € IR and for all = € Q.

2 Mathematical Results

Theorem 2.1.

*Faculdade de Matematica, UFPA, PA, Brasil, aug@Qufpa.br
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(i) Assume (1.2), (1.3) and (1.4). Moreover, assume there exists 0 < mg and m; such that mo < M(7) < mq, with
et (4T ey

mo Ay (B
exists a nontrivial solution to (1.1) in W, 7™ (Q).

and pt < B~ (r + 1). Then there exists A > 0 such that for all A > X there

(#) Assume (1.2),(1.3), (1.4) and M(7) = a + br", with a > 0,b > 0, 7 > 0 and n > 1. Moreover, assume
(n+ D)™ (Al )”1 (B (r+1)
) 4, )

A > X there exists a nontrivial solution to (1.1) in Wolp(r)(Q)

(n+1)pt < B (r+1) and . Then there exists A > 0 such that for all

We use the concentration-compactness principle of Lions [3] to the variable exponent spaces, extended by Bonder

and Silva [2] to the generalized Lebesgue-Sobolev spaces, to prove this result.
Theorem 2.2.
(i) Assume (1.2), (1.3), (1.4) and (1.5). Moreover, assume there exists 0 < mg and m; such that mg < M(7) < my,

m
with P

< ¢~ and 87 (r+ 1) < p~. Then there exists X > 0 such that for all 0 < X\ < X there exists infinitely
mo
many solutions to (1.1) in Wol’p(x) Q).

(#) Assume (1.2), (1.3), (1.4), (1.5) and M(7) = a + br", with @ > 0,0 > 0,7 > 0 and 5 > 1. Moreover, assume

~ ()
Bt(r+1) <p and —~———r
(p=)"
many solutions to (1.1) in Wy 7 (Q).
We use a truncation argument and the concentration-compactness principle of Lions [3], to the variable exponent

< ¢~ . Then there exists A > 0 such that for all 0 < A\ < X there exists infinitely

spaces, extended by Bonder and Silva [2], to prove this result.
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ANALISE E SIMULAGAO NUMERICA DE UM SISTEMA DISSIPATIVO
DO TIPO TERMOELASTICO

BRUNO A. CARMO * & MAURO A. RINCON |

1 Introducao

Neste trabalho estudamos um sistema acoplado nao-linear do tipo termoelastico descrito pelas equacoes
u'(z,t) — a(t)Au(z,t) + (a - V)0(z,t) + Mu(x, t)|Pu(z,t) =0 em Q,

0 (z,t) — 6(/99(3:,15)(137) Ab(z,t) + (a- V) (z,t) + v(0(x,t)) =0 em @, (1)

com condigoes iniciais e de fronteira

u(z,0) =up(x), u(z,0)=ui(z), 6(z,0)=06p(z) em Q,
u(z,t) =0 sobre T'(x]0,T7,

%(x,t) +n(z)u'(z,t) =0 sobre T'1x]0,T],

O(z,t) =0 sobre I'x]0,T7,

onde u e 6 sao respectivamente, o deslocamento e a temperatura. O dominio @ é definido por 2x]0, T, sendo
um conjunto aberto do R™ com fronteira suave I' = m, que satisfaz as propriedades de To((T'1 = &. O vetor
normal unitario exterior a I' é dado por v e a é um vetor constante do R™. Para estabelecer resultados de existéncia
e unicidade de solucao, considere as seguintes hipdteses:

ac Wli’coo([Opo);R) com o € L1(07oo) e at) > ag > 0;

BeEWLIR) e B(t)>f>0; veWLTR) e 7(0)=0;

1
O<p<oo se n=1, §§p<oo se n=2 ou

2
—<p§m se n>3; neWwh>(Ty) e nx) >n >0

Nessas condigoes temos o seguinte resultado de existéncia e unicidade de solugao:

0
2o +u; =0 em I'y. Entao

Teorema 1.1. Sob as hipdteses (1.3) e ug € VN H2(Q), w1 €V, 6y € HI(Q) e 5

existe um unico par de fungoes {u,0} solugao de (1.1) - (1.2), satisfazendo

u e L2 (0,00, V), v € L2, (0,00; V) N LE (0,00; LA(T'1)),

u” € L, (0,00; L*(Q)) N LY. (0,00; L*(T'1)), (1.4)

loc

0 € L, (0,00; H*(2)), 0" € Li%.(0,00; Hy(R)).

O objetivo do trabalho é desenvolver um programa computacional e implementar a solu¢cao numérica do problema

(1.1) com as condigbes iniciais e de fronteira (1.2) para os casos em que o dominio €2 seja uni ou bidimensional.

*Programa de Pés-Graduagdo em Informatica, NCE/IM, UFRJ, RJ, Brasil, bruno.carmo@ppgi.ufrj.br
fInstituto de Matemdtica/PPGI, UFRJ, RJ, Brasil, rincon@dcc.ufrj.br
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Aplicando o método de Faedo-Galerkin para determinacdo da solucdo aproximada foi desenvolvido a formulacao
variacional do sistema de equacgoes. Utiliza-se o método dos elementos finitos na parte espacial, resultando em
um sistema de equagoes diferenciais ordinarias. Como o problema é nao linear, entdo foram desenvolvidas duas
estratégias para a resolugao do sistema nao linear associado. Em ambas aplicamos o método de Crank-Nicolson,
contudo, na primeira, foi feita uma linearizacao do sistema nao linear e na segunda, o sistema nao-linear foi resolvido

pelo método de Newton. Os métodos numéricos aplicados podem ser encontrados em [1] -[2].

2 Resultados

Com o intuito de validar a implementacao da solugao numérica, foram realizadas simulacoes para casos em que
conhecemos a solugao exata, possibilitando analisar o erro entre a solucao exata e a solugao numérica obtida. Para
facilitar a busca por solugdes exatas, acrescentamos as fungoes f e g do lado direito das equagdes em (1.1). No
presente trabalho, apresentamos a implementacao e validagao do caso em que €2 é um intervalo da reta.

Nas simulagoes avaliadas a seguir, consideramos 2 =]0, 1[, T' = 1 e solugoes u(xz,t) = exp%ﬂt (cos(27r(:1:+1) - 1))
ef(x,t) = exp%t sen(mz). Substituindo as solugdes u e 6 no sistema, foram construidos as fungoes f, g e as condi¢oes
iniciais. Para as demais constantes e fungoes, tomamos p=2,a=1,n=1,~v(t)=tea(t)=8)=t+1.

Para avaliar o comportamento do erro, consideramos diversas discretizagoes para o espago e para o tempo,
obtendo para cada discretizacao o erro para o caso linearizado(L) e para o caso ndo-linear(NL). Devido ao alto

custo computacional nao foi calculado o erro quando h = 1073 e At = 1076, Para calcular o erro, mostrados nas
Tabelas 1 e 2, foi considerado a norma discreta L>(0, 1; L%(0,1)).

At=10"2|At=10"3|At=10"* | At =105 | At =106
= 10-2 L |0.78958195 | 0.08215268 | 0.00867689 | 0.00179555 | 0.00141990
NL{0.47024741 | 0.04937007 | 0.00556031 | 0.00163955 | 0.00141526
I — 10-3 L |0.78925823 | 0.08178397 | 0.00821046 | 0.00082469 -
NL|0.47001245 | 0.04884987 | 0.00490339 [ 0.00049520 | ———
Tabela 1: Erro em u(z,t)
At=10"2|At=10"3|At=10"*|At=10"° | At =107
b= 10-2 L |0.25121620 | 0.02535452 | 0.00254997 | 0.00027816 | 0.00008952
NL | 0.02800842 | 0.00289163 | 0.00036074 | 0.00010892 | 0.00008472
I — 103 L |0.25120370|0.02534208 | 0.00253638 | 0.00025377 -
NL | 0.02795822 | 0.00281656 | 0.00028395 | 0.00002909 -

Tabela 2: Erro em 6(z,t)

Analisando as tabelas de erro, observamos o decaimento linear do erro para ambas as metodologia utilizadas,
entretanto, como esperado, os melhores resultados foram obtidos resolvendo o sistema nao-linear pelo método
de Newton. Resultados andlogos foram obtidos para outras solugdes que analisamos. O préximo passo é fazer a

implementacao computacional para o problema bidimensional. Utilizamos o Matlab como linguagem computacional.

Referéncias

[1] RINCON, M. A. E LIU L.-S. - Introdugdo ao Métodos de Elementos Finitos - Andlise e Aplicagao, UFRJ, Rio de
Janeiro, 3° edigao, 2011.
[2] HUGHES, T. J. - The finite element method: linear static and dynamic finite element analysis, Courier Dover

Publications, 2012.
28



ENAMA - Encontro Nacional de Andilise Mateméatica e Aplicagoes
UFPE - Universidade Federal de Pernambuco
VIII ENAMA - Novembro 2014

MULTIPLICIDADE DE SOLUQ@ES SIMETRICAS RADIAIS PARA
PROBLEMAS ELfPTICOS EM UM CILINDRO ILIMITADO

RODRIGUES, B. M. * & MIYAGAKI, O.H. |

Em [1], Chung e Toan estudaram um problema eliptico do tipo p-Laplaciano envolvendo um dominio cilindrico
simétrico limitado e provaram sob certas hipdteses a existéncia de pelo menos duas solucoes.
Neste trabalho, provaremos a existéncia de pelo menos duas solugoes para o seguinte problema eliptico

~Apu = |u|7?u+ g em Q, u = 0 sobre 0N (P1)
em um dominio cilindrico ilimitado
Q:={z=(y,2) eR" xRV=""1. 0<a< |yl <b}

quando p > 2, q € (p, %J_V;T_n;), [VulP, |ul? € L*(Q) e a fungdo g pertence ao dual do subespago das fungoes

invariantes, denotado por VVO1 S ().
Verificamos que fungées O(m+1)-invariantes u(y, z) = v(|y|, z) sdo solugdes de (P1) se, e somente se, v := v(r, z)

com r = |y| é solugdo do seguinte problema

—div(r™|VoP72Vv) = r™v|7"%v +7™g em S, v = 0 sobre 05 (P2)

onde S := (a,b) x RN="=19S := {a,b} x RN=""1 ¢ |Vol?, |v|? € L}(S).
1p= Vo|Pdx
o= ([ 1voras)

" Estanorma || - ||;,, é equivalente

Seja W, (S) o espaco de Sobolev usual, com a norma ||v

a norma padrdo em Wol’p(S) (veja [5]).
Defina o subespago

Wol}’g(S) = {v e WyP(S) : v(r,gz) = v(r, z) para toda g € G, onde G := O(N —m —1)}.

Com a < r < b, definimos as normas

Il = r190Pde)” el = r7ieta) (%

equivalentes as normas usuais de Wy'(S) e L9(S), respectivamente.
Ao introduzirmos o espago de Banach X := {v € Wolg(S) : / r"|Vu|Pdr < oo} considerando a norma || - ||y ps

definimos I : X — R sendo o funcional associado ao problema (P2) dado por

1 1
I(v) = f/rm|Vv|pdxff/rm|v|quf/rmgvdx
bJs q.Js s

cuja derivada é dada por

I’(v)go:/rm\Vv|p_2VvV<p—/rm\v\q_Qvga—/rmgga para toda ¢ € X.
S s s

*Departamento de Matematica, UFMG, MG, Brasil, e-mail: brunomatep@gmail.com
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Segue do Principio de Criticalidade Simétrica (veja [4]), que pontos criticos de I sobre X sao também pontos

criticos de I sobre VVO1 P(S). Assim, solugoes fracas para o problema (P2) sio exatamente pontos criticos do funcional
1.

Além disso, assuma N —p >m > leq € (p, %). Em [3], Lions mostrou para esses valores de m e ¢
que WOI,’g(S ) estd compactamente imerso em L%(S). Entao W&’g(S ) estd compactamente imerso em L, (S) para as
normas definidas em ().

Portanto, provamos a existéncia de uma solugdo para o problema (P1) aplicando o Teorema do Passo da
Montanha de Ambrosetti-Rabinowitz (veja [2]).

A existéncia de uma segunda solugao é provada utilizando o Principio Variacional de Ekeland (veja [6]).
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Boa e Ma Colocagao Para a Equacao de Schrodinger Nao Linear

CARLOS GUZMAN JIMENEZ *

Nesse trabalho estudaremos a Equagao de Schrodinger nao linear
i+ Au+ Nu|®u =0, teR, zeRY, (NLS)

O propésito da apresentacao é mostrar o trabalho desenvolvido na minha dissertacao de mestrado. Especificamente,
estudaremos boa e mé colocacio do Problema de Cauchy associado a equacio (NLS) em H*(RY) (Espaco de Sobolev

de ordem s € R). Além disso, falarei da pesquisa que estou desenvolvendo atualmente no doutorado.

1 Introducao

A equacdo de Schrédinger nao linear, denotado simplesmente por NLS, recebeu esse nome em homenagem ao Fisico
Austriaco Erwin Schrédinger, pelos trabalhos desenvolvidos em 1926, em sua famosa teoria chamada: Mecanica
Quaéntica. Essa equacao tem sido o motivo de varias pesquisas e recebeu uma grande atencao pelos Matemaéticos,
em particular devido as aplicagoes para éptica nao-linear.

O propésito deste trabalho é estudar existéncia, unicidade, persisténcia e dependéncia continua da solugao com

relacdo aos dados iniciais, isto é, boa colocag¢ao do problema de valor inicial (PVI) associado a equac¢ao NLS

{ i0yu + Au + A|u|*u = 0, t>0, zeRYN, (1.1)

(0, 2) = up(x).

em que, A\ ==+1,0 < a <4/N e uy € H*(RY).
Na primeira parte, mostraremos boa colocacdo local e global do PVI acima em L?(RY) e H'(RY). Além disso,
proveremos alguns resultados de mé colocagao para s negativo.

Na segunda parte, apresentarei o trabalho que estamos desenvolvendo no doutorado.
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EXPONENTIAL DECAY AND NUMERICAL SOLUTION FOR A
TIMOSHENKO SYSTEM WITH DELAY TERM IN THE INTERNAL
FEEDBACK

C. A. RAPOSO * & J. A. D. CHUQUIPOMA ' & J. A. J. AVILA ¥ & M. L. SANTOS §

1 Introduction

In this paper we consider the following Timoshenko system

p1@ee(z,1) — K(pz + 1) (2,t) + pape(z,t) + pope(z,t —7) =0, (1.1)
02¢tt($at) - wax(xvt) + K(QO.’E + ’l/))(l‘vt) + /Lg?/]t(l’,t) + /-1‘41/)15(1'7{; - T) = Oa (12)

where ¢ is the transverse displacement of the beam, v is the rotation angle of the filament of the beam, (z,t) €
(0, L) x (0,00), T > 0 represents the time delay and p1, p2,b, K, i, i = 1,2,3,4, are positive constants. This beam,
of length L is subjected to the following boundary conditions

©(0,t) = (L, t) =¢(0,t) = (L, t) =0, ¢>0, (1.3)

and initial conditions (v, ¢1, %0, ¥1, fo, go) belongs to a suitable functional space, defined for all € (0, L) by

@(xvo):@0($)7 (pt(I,O) = 501(:17)7
¢(’I,0)=¢0($)7 wt('r70) = wl(x)v (14)

and for (z,t) € (0, L) x [0, 7], that implies past history with t — 7 < 0, by
(pt(l’,th):fo(fE,th), 1/)t(l’7t*T) = gO(Ivt*T)' (15)

Note that fo(z,0) = ¢1(x) and go(z,0) = ¢1(z).
In the study of the asymptotic behavior, we use the result due to Gearhart. See [2, 3, 4].

Theorem 1.1. Let S(t) = et be a Cy—Semigroup of contractions on a Hilbert space. Then S(t) is exponentially
stable if and only if

p(A) 28,8 €R (1.6)
and
IBllim 1(iB1 — A) 7| < oo (1.7)

hold.
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Certainly, this approach is very different from other works in the literature, especially for problems with delay, where
the exponential decay is made by the method of energy, see, for example [5], and references therein. The method of
energy, in general, imposes a additional condition on the wave speeds, that is, K ps = bp;. Here we do not use any
additional condition for the coefficients of the system. Our work improves the result obtained in [6] in the sense
that delays has been introduced in the control ( damping terms ). The delays us@i(x,t — 7), pathe(x,t — 7) makes
the problem different from that considered in the literature. It is well known that small delays in the controls might
turn such well-behaving system into a wild one. In recent years, the PDEs with time delay effects have become an

active area of research.

The plan of this work is: to introduce the Energy Space and to prove that the full energy of the system decay.
In the sequel to give the semigroup representation for the system and to prove that A the infinitesimal generator
of the semigroup is dissipative, and more, that A generates a e”*, Cy-semigroup of contractions, that implies, to
prove the existence and regularity of solution. Finally by Theorem of Gearhart to prove that e is exponentially
stably.

2 Mathematical Results

Now we are in position to present our principal result

At

Theorem 2.1. The semigroup e™" is exponentially stably.

In this work, we have demonstrated the well-posedness and asymptotic behavior solution of the Timoshenko
system. Thus, it also was obtained numerically the asymptotic behavior of the solution confirming the theory
developed.

Proof We now use Theorem 1.1 and we use a contradiction argument.
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ON THE GLOBAL SOLVABILITY FOR SYSTEMS OF
VECTOR FIELDS ON THE TORUS

CLEBER DE MEDEIRA *

1 Introduction

In this work we study the global solvability of a system of complex vector fields on the torus T"*! ~ (R/27Z)"*!

given by
0 ‘ 0 .
Lj:a—tj—&-(aj(t)—i—zbj(t))%, j=1,...,n, (1.1)
where a;,b; € C(T™;R) and (¢,z) = (t1,...,tn, ) are the coordinates on the torus T"**.

We assume that the system (1.1) is involutive (see [6]) or equivalently that the associated 1-form ¢ = Z?zl (a;(t)+
ib;(t))dt; € A' € (T™) is closed. Also, for each j we consider a; or b; identically zero (see [8]).

The system (1.1) gives rise to a complex of differential operators I which at the first level acts in the following
way

Lu = dyu + c(t) A 5%”’ u € C°(T™ ) (or uw € D/(T™)),

where d; denotes the exterior differential on the torus T}.

Our aim is to carry out a study of the global solvability at the first level of this complex. In other words, we
study the global solvability of the equation Lu = dyu-+c(t) A Lu = f where u € D'(T"!) and f € A' (T} x TL).
If there exists u such that Lu = f then f must be of the form f = Z;L=1 fi(t,x)dt;. If so u is a solution of the
linear partial differential equations Lju = f;, j =1,...,n.

The local solvability of this complex of operators was treated by Treves in [9]. When the 1-form ¢ = a + ib is
exact the problem was solved by Cardoso and Hounie in [7]. We are interested in global solvability when the 1-form
b=>"7_, bjdt; is exact however the 1-form a = 37, a;dt; is not exact.

We prove that the global solvability of this class of systems involves Liouville forms (see [5]) and it is closely
related to the property of all the sublevel and superlevel sets of a global primitive of b being connected in T™.

The articles [1], [2], [4] and [5] deal with similar questions.

2 Mathematical Results
If f € C®(T? x TL; A0) we consider the 2-Fourier series

f(t,:l?) = Z f(t7§)6i§w7

EEL

where f(t,f) = Z?Zl fj(t,f)dtj and fj(t,f) denotes the Fourier transform with respect to x. If there exists
u € D'(T"*!) such that Lu = f then, since L defines a differential complex, Lf = 0 also

f(t,6)e!WeM+ECM) i exact when Eaq is integral, (2.2)

where ¢ € C°(R"™;R) is such that dye = II*(£ag) and II : R” — T™ denotes the universal covering of T".
We define the following set
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E={feC®T}xTLA"); Lf =0 and (2.2) holds}.

Definition 2.1. The operator LL is said to be globally solvable on T+ if for each f € E there exists u € D' (T"H1)
such that Lu = f.

We consider the following two sets J = {j € {1,...,n}; b; =0} and K ={k € {1,...,n}; ap =0}. If J # 0 we
write ay = 3y a;(t)dt;.

Under the previous notation the main result of this work is the following theorem.

Theorem 2.1. Let ¢ = Y 7_(a; + ib;)dt; be a smooth closed 1-form where b = 3°7_, bjdt; is exact. If B is a
global primitive of b and JU K = {1,...,n} then the operator L = d; + ¢(t) A % 1s globally solvable if and only if

one of the following two conditions holds:
(I) J #0 and ay is non-Liouville.

(II) The sublevels Qs = {t € T", B(t) < s} and superlevels Q° = {t € T™, B(t) > s} are connected for every
s € R and ay is rational if J # (.

When J = {1,...,n} we have that b = 0, hence any primitive of b has only connected subleves and superlevels
on T". In this case Theorem 2.1 says that L is globally solvable if and only if either a; is non-Liouville or ay is
rational, which was proved in [3].

If J = 0 then, since JU K = {1,...,n} by hypothesis, K = {1,...,n}. In this case each a; = 0 and
Theorem 2.1 says that L is globally solvable if and only if all the sublevels and superlevels of B are connected in
T, which is according to [7]. Thus, in order to prove Theorem 2.1 it suffices to consider the following situation
0 # J #{1,...,n}, in other words, the system (1.1) is made up of two blocks, one formed by a number of real

vector fields and the other by some complex ones.
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ARONSSON’S EQUATION WITH STRONG ABSORPTIONS

DAMIAO J. ARAUJO *

1 Introduction

The study of reaction-diffusion problems involving strong absorption terms has been a central theme of research
in physics, material sciences, industry, biotechnology, chemical engineering, etc. It appears for instance in models
involving porous catalysis or enzymatic processes. Some of those models require the study of equations ruled by

very degenerated operators, for which the infinite Laplacian,

Ascf = 0if0;;f0;f,
i,J
is an important prototype. This present work concerns the study of reaction-diffusion models governed by highly

degenerate operators of the infinite Laplace type. The equation we treat is the following:

{ Asu= (uT)Y in  Q (1.1)

u=q on 01,

for 0 < v < 3. A decisive aspect of the mathematical formulation of such problems is the existence of dead-cores,
i.e., regions where the density of the given substance (or gas) vanishes.

The first step in the program is to establish comparison principle, existence and uniqueness of viscosity solutions
to the Dirichlet problem (1.1). The key, main qualitative result established in our work is an improved regularity
estimate of solution along the free boundary d{u > 0}. Recall that infinite harmonic functions are locally of class
CO%'. This is the best regularity estimate available in the literature, at least if n > 3. In this present work we show
that, along the free boundary 9{u > 0}, solutions to (1.1) are locally of class C%®, for

5= {4J and a2 {4J
3—7 3—7 3—7

where | k| represents the largest natural number strictly smaller than x. It is important to notice that for each
0 < v < 3 we have 4/3 < B(y) + a(y) and B(37) + a(37) = 4o00. In particular, for v > 1, solutions are twice

differentiable along such a set, so they solve the equation in the classical sense.
The strategy to prove such a regularity estimate is based on a new, striking flatness improvement technique
recently developed by Teixeira in [2]. The geometric insights for Teixeira’s breakthrough use maximum principle
methods combined with tangential regularity theories. Such an improved regularity allows us to establish geometric-

measure estimates of the contact set. We prove for for any point Y at the free boundary, we have

c-rPTe < sup w< C-rfte,
B, (Yo)
for positive dimensional constants 0 < ¢,C' < co. With such a geometric control on u near free boundary points,
we can then obtain Bernstein type theorems and Hausdorff estimates of the free boundary. We further show that
when v = 3, when positive solutions cannot vanish.

This lecture is based on recent joint work with R. Leitdo and E. Teizeira [1].
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CONTINUIDADE OTIMA DO GRADIENTE PARA EQUACOES
ELITICAS DEGENERADAS

DAMIAO J. ARAUJO * & GLEYDSON C. RICARTE T & EDUARDO V. TEIXEIRA ¥

Neste presente trabalho estudaremos importantes propriedades analiticas de solugoes para equagoes diferenciais
parciais elipticas totalmente nao-lineares do tipo

|Vu|"F(X, D*u) = f(X).

Iremos obter a regularidade étima para este tipo de equacao, as quais tem como principal caracteristica a
degenerescéncia do seu gradiente ao longo do conjunto em que tal taxa de variagao se anula. Faremos aplicagoes
relacionando os resultados obtidos a teoria do co-laplaciano.

1 Introducao

A teoria de regularidade, na qual busca propriedades intrinsecas de solugoes de equagoes diferenciais parciais,
se torna relevante desde a fundagao da teoria de anélise moderna de EDPs, por volta do século XVIII. Esse estudo
se torna necessario na modelagem matematica de fenémenos fisicos e sociais, por exemplo, que sao governados por
equagoes diferenciais parciais elipticas de segunda ordem.

Suavidade de solugoes fracas para equacoes uniformente elipticas de segunda ordem,tanto da forma divergente
quanto nao-divergéncia, é hoje em dia bastante bem estabelecida.A parte central no desenvolvimento desta teoria,
destacamos a busca de um médulo de continuidade universal de solugoes de tais equagoes. Podemos destacar a teoria
de DeGiorgi-Nash-Moser para equacoes da forma divergente, onde encontramos a obtencao do médulo universal de
continuidade para solugoes da equacgao linear homogénea Lu = 0 e a deigualdade de Harnack Krylov-Safonov para
operadores da forma nao divergente.

Apesar da distinta importancia das obras supra-citadas acima, um grande nimero de modelos mateméaticos,envolvem
operadores cuja a elipticidade se degenera ao longo de uma regiao desconhecida a priori, que depende de sua prépria
solugao. Tais modelos sao chamados de problemas de fronteira livre.Este fato diminui a eficidcia das caracteristicas
de difusao préximo dessa regiao,e portanto a teoria de regularidade para solugoes se torna,para este caso,mais
sofisticada do ponto de vista matematico.

Outro avango destacavel, esta na teoria de regularidade para solucoes de viscosidade de equagoes uniformemente
elipticas nao lineares,

F(D?*u) =0 (1.1)

que atraiu a atengao da comunidade matemadtica nessas tltimas trés décadas. E sabido que solucoes da equagao
homogénea (1.1), sao localmente de classe C1:®° para um expoente universal ayg, isto é, que depende apenas das
constantes d-dimensdo e A, A-constantes de elipticidade, veja [1]. Caso nenhuma hipdtese estrutural seja imposta
para o operador F', a regularidade 10 ¢ de fato 6tima, veja [4, 5] e [6]. Sob hipétese de concavidade ou convexidade
em F, um teorema devido a Evans e Krylov, estabelece que solucoes sio C?®. A teoria de regularidade para o caso
nao-homogéneo

F(X,D*u) = f(X) (1.2)
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naturalmente se torna um caso mais delicado. Como consequéncia, solugoes de tais equagoes podem nao ser
tao regulares quanto as do caso homogéneo. Em um trabalho de bastante importancia, Caffarelli [2], estabelece
estimativas W2 a priori para solugoes de (1.2), onde f € LP, com p < d-dimensdo, adicionando ao operador F' uma
hipétese do tipo VMO para seus coeficientes. Recentemente, E. Teixeira em [8], fornece um mdédulo de continuidade
universal 6timo para equagoes totalmente nao-lineares de coeficientes variaveis, baseado nas propriedades de fraca-
integrabilidade que o potencial f em (1.2) pode assumir.

O trabalho tem como objetivo obter estimativas 6timas interiores para equagoes elipticas degeneradas da forma:
H(X,Vu)F(X,D?u) = f(X) em B; CR% (1.3)

onde f € L>(By) e o operador H: B; x R — R degenera com uma taxa compardvel a uma poténcia da magnitude
do gradiente, isto é,
APl < HX,p) < Allpl”, (1.4)

para algum v > 0. O operador de 2% ordem F': By x Sym(N) — R na equagao (1.3) é o responsdvel pela difuséo,
ou seja, F' é um operador uniformemente eliptico totalmente nao-linear.

Em diversos modelos matematicos, a degenerescéncia eliptica ocorre ao longo do conjunto singular:
S(u) :={X : Vu(X) = 0},

de uma solucao existente. De fato, um certo nimero de equagoes elipticas degeneradas tem seus graus de degene-
rescéncia comparados a
(V)| D% ~ 1, (15)

para alguma funcio f: R? — R, com Zero(f) = {0}. Assim, para compreendermos o efeito preciso sobre a falta de
suavidade imposta pela equagdo modelo (1.5) nos guia a uma melhor compreenséo sobre a teoria de regularidade
6tima para uma quantidade razodvel de operadores elipticos degenerados.

Notemos que pela estrutura da equagdo (1.3) nenhuma teoria de regularidade universal para tal equagao pode ir
além da regularidade C1® | para ag em (1.1),0u seja,essa regularidade é 6tima. De fato, o termo de degenerescéncia
H(X,Vu) forca as solugoes a serem menos regulares que solucoes do problema uniformemente eliptico préximo de
seu conjunto singular. Esta caracteristica particular indica que a obtencao de estimativas de regularidade 6tima
para solugoes de (1.3) ndo deve seguir de técnicas de pertubacdo. De fato, isto exige novas ideias envolvendo uma
interacao de equilibrio entre a teoria de regularidade universal para equagoes uniformemente elipticas e o efeito de
degenerescéncia atribuidos pelo operador difusao (1.4).

Sob esta anélise estrutural, mostraremos que o gradiente de uma solugao de viscosidade w, de (1.3), é localmente

de classe CO™inteo 55} O expoente 6timo de Holder-continuidade para o gradiente de solugoes,

B := min {aa, 11—1—6} , (1.6)

nos dé precisamente a regularidade 6tima e universal de equagoes degeneradas do tipo (1.3). O resultado nos fornece
uma aquisigdo extra-qualitativa em relagdo ao recente resultado de Imbert e Silvestre, [3], onde foi provado que
solucoes de viscosidade de (1.3) sdo continuamente diferencidveis.

2 Resultados

Iremos apresentar o principal resultado acerca da teoria que foram desenvolvidas no trabalho. Tal resultado fornecera

uma estimativa de regularidade étima para fungoes u, satisfazendo

[Vul” - [F(D*u)] 1, >0, (2.7)
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no sentido da viscosidade, para algum operador uniformemente eliptico F'. Como comentado no inicio, para o caso

C,1+o¢o_

nao-degenerado, isto é, v = 0, a melhor regularidade possivel é C| .

O ponto delicado, estd em obter uma
estimativa universal precisa o suficiente para que o grau de singularidade v > 0, que surge da equacdo (2.7) seja
explicitamente sentido, ao longo do conjunto singular (Vu)~*(0). Devido aos comentarios feitos acima, estamos

aptos a formular o principal resultado o qual foi dedicado no inicio.

Teorema 2.1. Seja u uma solugdo de viscosidade de
H(X,Vu)F(D*u) = f(X) em Bi. (2.8)

Assuma f € L>®(By1), H satisfaz (1.4) e F': S(d) — R € uniformemente elitico. Fizado um expoente

1
€(0,a0)N [0, —1,
@ € (0 a0) ( 1+v]

existe uma constante C(d, A, A, 7, || fllco, @) > 0, dependente apenas de d, A\, A, v, ||f|loo € @, tal que
||u‘|cl’a(31/2) < C(d, )‘vAﬂ’% ”fHOO?O‘) . ||u||L°°
Como consequénica imediata do Teorema 2.1 obtemos

Corolario 2.1. Nas hipdteses do Teorema 2.1, se F for um operador concavo (ou convezo) entdo solugies de (2.8)

N LL
sao de classe C,, /"
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Operadores Mulltiplo N-Separadamente Somantes

Daniel Nunez Alarcon

Introduziremos a nocao de operadores multiplo N-separadamente somantes . Nossa abordagem estende e uni-
fica alguns resultados recentes; por exemplo, recuperamos a melhor estimativa conhecida para as constantes da
desigualdade multilinear de Bohnenblust-Hille, dada por F. Bayart, D. Pellegrino and J. Seoane-Septilveda em [2].

1 Introducao

A li-norma fraca de vetores x1,...,z N num espaco de Banach X, é definida por:

N
N
@)ty loa = sup " |o'(2i)l.

e/ llxr <1324

Seja X, X1,...,Xm,Y espagos de Banach, e £(X1,...,X;Y) o espago de Banach de todos os operadores
(limitados) m-lineares U : X3 X --- x X,, =Y. Paral <r < o0, U € L(Xy,...,Xn;Y) é chamado maltiplo

(r,1)-somante, se existir uma constante C' > 0 tal que:

().

para qualquer escolha finita de vetores mgk) € Xk, 1 <i<N,1<k<m. O espacgo vetorial de todos os operadores

N
Z HU (xgll)7 . ,xE:))

01,0y bm =1

w,1

<C

multiplo (7, 1)-somantes é denotado por I 4y (X1,...,Xm;Y). O infimo, Tr1) (U), de todas as possiveis constantes
C que satisfazem a desigualdade anterior, define um norma completa em H(mm) (X1,...,Xm;Y). Usaremos Pg(m)
para denotar o conjunto de todos os subconjuntos de {1,...,m}, com cardinalidade k, k =1,...,m.

Para X1,..., X,, e um subconjunto préprio D C {1,...,m}, seja X o produto cartesiano [I1cp Xk Um vetor

zp € XP pode ser visto como um elemento zp € X1 X - - - X X, com :r:iD = xb sei€ D, e xiD = 0, caso contrario.
Dado U € L(X1,...,Xm;Y), definimos a aplicagao

UP: xP o £(XPY)
Ty Ufﬁ: xXP - Y

up = UP(yp) = U(@5 + ).

onde D denota o complementar de D em {1,...,m}. UP é claramente bem definida e |ﬁ\-1inear. Além disso,
notemos que para cada rz € X D Ufﬁ é a restricdo de U as D-coordenadas, com as D-coordenadas fixadas. A
seguinte definigao foi introduzida em [3].

Definigao 1.1. Seja 1 <r < oo, e D um subconjunto préprio de {1,...,m}. Dizemos que U € L(X1,...,Xm;Y)
¢ multiplo (7, 1)-somante nas coordenadas de D (ou multiplo (r,1)-somante em D) quando UP tem sua imagem

| DI

em H(T 1) (XD;Y). Além disso, U serd dito separadamente (r, 1)-somante se U € maltiplo (r,1)-somante em cada

subconjunto unitdrio de {1,...,m}.

O seguinte resultado, dado em [3], pode ser visto como uma versao vetorial da desigualdade multilinear de
Bohnenblust-Hille:

Teorema 1.1 ([3]; Corollary 5.2). Seja Y um espaco de Banach com cotipo q, e 1 < r < q. Entao, existe

uma constante o, > 1 tal que cada operador separadamente (r,1)-somante U € L (Xy,...,Xm;Y), € maltiplo
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(%, 1) -somante, e

T ) () S0 ﬁ HU{’f} x® S, (X{’f};y) HR

qr 71
T (m—1r ) paie
onde o, depende somente de m, r, q e a constante de cotipo Cy (Y).
A seguinte definicao é uma variacao da definicao 1.1.

Definigao 1.2. Seja 1 < r < co. Dizemos que U € L(X1,...,X,,;Y) é N-separadamente (r,1)-somante, se U

for maltiplo (r,1)-somante em cada subconjunto de {1,...,m} com cardinalidade N.
Seja Y um espaco de Banach com cotipo ¢q. O seguinte resultado generaliza o Teorema 1.1:

Teorema 1.2. Sejal <r<g,el<n<m. SeU € L(Xy,....X;Y) én-separadamente (r,1)-somante, entao U
é N-separadamente (ry,1)-somante, para todo n < N <m, com ryn := WN—MT' Além disso, se N < m, temos,

para cada D € Py (m),

_1_
s 4 ()
N D D . xS n S.
77(7.1\“1) (U:I:ﬁ) S ON H H <U:I:ﬁ) X7 — H(7.71) (X ,Y) H y
S€ePL(N)

para todo x5 € Xf’, onde oy, depende somente de N, r, q e a constante de cotipo Cy(Y). A estimativa para
N=m¢é 1
s g s )
m n
wo @ <on | T [05 X5 s, (S| ]
SEPy(m)

onde o, depende somente de m, r, q e a constante de cotipo Cy (Y).

Para o caso em que Y = K, e X7 = ... = X,;, = ¢, este resultado recupera a desigualdade multilinear de
Bohnenblust-Hille e fornece as mesmas estimativas dadas por F. Bayart, D. Pellegrino and J. Seoane-Sepulveda em
[2].

Este trabalho encontra-se contido em [1].
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PERIODIC SOLUTIONS FOR
NONLINEAR DIFFERENTIAL EQUATIONS OF SECOND ORDER

DAvVID ZAVALETA VILLANUEVA *

1 Introduction

From qualitative theory of ordinary differential equations, the problem of existence of periodic solutions for various
nonlinear differential equations of higher order continues to attract the attentions of many specialists despite its
long history. In few works, several mathematics dealt with the problems by using Lyapunovs functions and Greens
functions, and obtained criteria for the existence of periodic solutions. In particular, for the use of Greens functions,
ones can refer to Cronin [1] and Shadman [2].

In [3], the author used Leray-Schauder degree to show the existence of periodic solutions to second order

nonlinear differential equations of the form
"+ c(x)x’' + f(z) = e(t).
Now, consider the real second order nonlinear differential equations of the type:
2 +ct)r + f(t,z) = p(t,z, ). (1.1)

in which, p(¢,z,2’), f(t,x) and c(t) are continuous functions in their respective domains [0, L) x R? [0,L) x R e
[0, L), respectively. Further, it is assumed that all initial value problems corresponding to equation (1.1) can be
extended to [0, L).

2 Mathematical Results

The main result is obtained.
Theorem 2.1. We assume that the following conditions hold:

1. |f(t,x)| <~lz|+ B for allt € [0, L] and x| < oo, where v and B are some non-negative constants.

2. |p(t,z, 2’| < |e(t)] for all t,x and ' , and e(t) is a continuous function for all t € [0, L].

L\’ L
3yl =) +m| =) <1,7 = max]|c(t)].
T T

Then equation (1.1) possesses a solution satisfying

z'(0) +2*(L) =0, (i=0,1). (2.2)

*Departament of Mathematics, UFRJ, RN, Brazil, villanueva@ccet.ufrn.br
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Proof We mention that the proof of theorem will use the Leary-Schauder principle and the complete continuity
of the operator

T
(La)(t) = M/O g(t, s) [p(s,x(s), ' (s)) — f(s,2(s))] ds, (2.3)

ones can conclude that equation (1.1) has at least a solution in the open sphere {z : ||z||.2 < R}.
First of all, we show an estimate on the magnitude of the solutions of problem:

o’ +c(t)a’ = plp(t,@,2") - f(t,2)], pel01],
2'(0) + (L) =0, (i =0,1). (2.4)
We assume that x(t) is a function of class C"~1[0, L], such that z(t + L) +x(t) = 0 for all t, and we use Wirtingers

inequalities in the following from:

‘ L n—i+1 .
D @)]]> < <7r> ™ @l2, (i =1,2,...,m), (25)

Lo = th]

Now, we suppose that is a solution of the problem given by (2.4). In view of the assumptions of the theorem, it is
easily followed from (2.4) that

1
2

2" ()] < mla'| + plle®)] +v|z(t)] + 6]

Hence, by using the Minkowskis inequality

@)l < lla'lla + e {le(@)ll2 + 22012 + BVE}

it can be seen from Wirtingers inequality that

" Olls < (£) 1k +u{||6(t)|2 +7(2) el wﬁ},

where

™

1= (£) - <i>2]||w”(f)|2 < n{Jleto)lls + BVI}.

Making use of assumption 3 of the theorem and in view of the fact 0 < < 1, we obtain

" (@)]]> < 15&3* i“é)z

t
207V () = 207D(0) +/ 2 (r)dr, (i=1,2).
0

Now, we write
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MAGNETOHYDRODYNAMIC FLOW TYPE: GRADE-TWO FLUID
MODEL

EDUARDO A. NOTTE-CUELLO * & IGOR KONDRASHUK ' &
M. POBLETE-CANTELLANO ¥ & M.A. ROJAS-MEDAR ?

1 Introduction

A fluid of grade two is a non-Newtonian fluid of differentiable type introduced by Rivlin and Ericksen in [6]. An

analysis in [1] shows that the equation of a fluid of grade two is given by

%(u—aAu)—yAu+Z(u—aAu)jVuj—u-V(u—aAu) = —Vp+f

J
divu = 0

where o > 0 is a constant of material, v > 0 is the viscosity of the fluid, u is the velocity field, and p is pressure.

For o = 0 the classics Navier-Stokes equations is obtained.

On the other hand, in several situations the motion of an incompressible electrical conducting fluid can be mod-
elled by the magnetohydrodynamic equation, which corresponds to the Navier-Stokes equations coupled with the
Maxwell equations, see [7, 5]. In the case when the MHD equation is coupled with the equation of an incompressible

second grade fluid, the model can be written as

%(u—aAu)—uAu—l—curl (u—aAu) xu—(h-V)h=f—V (p* +h?

%—?—Ah+(u~V)h—(h-V)u:—gradw
divu=divh =0

u=h=0 ondQx(0,T)

u(0) =up; h(0)=hy in Q.

Where we considered the physical constants p =0 =n= 1.

*Dpto. de Matemadtica , Universidad de La Serena, La Serena, Chile, enotte@userena.cl Partially supported by DIULS (Chile)
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The system (1.1) can be rewritten by introducing the auxiliary variable z = curl (u — aAu), as

%(u—aAu)—VAu—kzxu—(h-V)h:f_v(p*+h2)

88—};—Ah—|—(u-V)h—(h-V)u:—gradw

divu=divh =0
u=h=0 ondQx(0,T)

u(0) =up; h(0)=hy inQ

In this work we discuss the MHD flow of a second grade fluid [4], in particular we prove the existence of
a weak solution of a time-dependent grade two fluid model in a two-dimensional Lipschitz domain. We follow
the methodology of [3], i.e , we use a constructive method which can be adapted to the numerical analysis of

finite-element schemes for solving this problem numerically.

2 Mathematical Results

Theorem 2.1. Let Q be a bounded Lipschitz-continuous domain in two dimensions. Then for any a > 0,v >
0,f € L*(0,T; H(curl; Q)) and ug,hg € V with curl (ug — aAug) € L?(Q), problem (1.2) has at least one solution

h
u,h € L>(0,T;V) with é;—;l, ?Tt € L*(0,T;V) and p,w € L*(0,T; L3(Q)).
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PROPRIEDADE POLINOMIAL ALTERNATIVA DE DAUGAVET

ELISA R. SANTOS *

Neste trabalho investigamos uma versao mais fraca da propriedade polinomial de Daugavet denominada pro-
priedade polinomial alternativa de Daugavet. Realizamos um estudo sobre a estabilidade desta propriedade sobre
somas cq, Yoo € £1 de espagos de Banach. Deste estudo obtemos exemplos de espacos de Banach com a propriedade
polinomial alternativa de Daugavet, a saber Lo, (1, X) e C(K, X), onde X tem a propriedade polinomial 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
[1d+ T =1+ [T, (DE)

e dizemos que T satisfaz a equacdo alternativa de Daugavet se

|w

o i+ wT' = 1+ 7). (ADE)

Estas definigoes 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.

Dizemos que um espago de Banach X tem a propriedade de Daugavet (resp. propriedade alternativa de Daugavet)
se todo operador de posto um em X satisfaz (DE) (resp. (ADE)). Segundo P. Wojtaszczyk [7], se os espagos (X;)52,
possuem a propriedade de Daugavet, entao [@;’;1 X j] 0 © [@;’;1 X j] ;.. Dossuem a propriedade de Daugavet. E
de acordo com M. Martin e T. Oikhberg [5], [D]2, Xj]foc (ou [B;2, Xj]%, ou [P, ijl) tem a propriedade
alternativa de Daugavet se, e somente se, todo X; tem a propriedade alternativa de Daugavet.

Y. S. Choi et al. [1] generalizaram as definigoes da equagao de Daugavet e da equacao alternativa de Daugavet
para funcoes limitadas em um espago de Banach X da seguinte forma: se fo(Bx,X) é o espago de Banach de
todas fungoes limitadas de Bx para X, munido com a norma do supremo, dizemos que uma fungao ¢ € o (Bx, X)

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

‘mlaxl I +w®|| =149 (ADE)
w|=
Estas equagoes tem sido estudadas em particular para polinomios. No caso em que todo polindmio de posto um em
um espago de Banach X satisfaz (DE) (resp. (ADE)), dizemos que X tem a propriedade polinomial de Daugavet
(resp. propriedade polinomial alternativa de Daugavet). Segundo Y. S. Choi et al. [2], se (Xj)]‘?‘;l é uma sequeéncia
de espacos de Banach, entao [@Joil thoo (ou [EB;; Xj]co) tem a propriedade polinomial de Daugavet se, e
somente se, todo X; tem a propriedade polinomial de Daugavet.

O principal objetivo deste trabalho é apresentar resultados sobre a estabilidade da propriedade polinomial

alternativa de Daugavet sobre somas cg, £ € ¢1 de espacos de Banach.

*Faculdade de Matematica , UFU, MG, Brasil, e-mail: elisa@famat.ufu.br. Agradeco & FAPEMIG pelo apoio financeiro.
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2 Resultados

Motivados pelos resultados de P. Wojtaszczyk [7], M. Martin e T. Oikhberg [5], e Y. S. Choi et al. [2] mostramos
que a propriedade polinomial alternativa de Daugavet também é estavel sobre somas ¢ € £o.

Proposigao 2.1. Seja (X;)32; uma sequéncia de espagos de Banach. Entdo [@;’il Xj]eoo (ou [@;’;1 Xj]co) tem
a propriedade polinomial alternativa de Daugavet se, e somente se, todo X; tem a propriedade polinomial alternativa
de Daugavet.

Esta proposigao implica que, para um espaco de Banach X, ¢o(X) e £oo(X) tém a propriedade polinomial
alternativa de Daugavet se, e somente se, X tem a propriedade polinomial alternativa de Daugavet.

Embora a propriedade alternativa de Daugavet seja estavel sobre somas ¢; de espagos de Banach, infelizmente
o mesmo nao é valido para a propriedade polinomial alternativa de Daugavet. De fato, C tem a propriedade
polinomial alternativa de Daugavet, segundo ([1], Example 2.1.b), enquanto que ¢;(C) ndo possui propriedade

polinomial alternativa de Daugavet, por ([1], Example 3.12). Entretanto, temos o seguinte resultado.

Proposigao 2.2. Seja (Xj)(]?‘;l uma sequéncia de espacos de Banach. Se [@;‘;1 Xj]el tem a propriedade polinomial
de Daugavet (resp. a propriedade polinomial alternativa de Daugavet), entdo todo X; tem a propriedade polinomial

de Daugavet (resp. a propriedade polinomial alternativa de Daugavet).
Fazendo uso das proposigoes 2.1 e 2.2 obtemos a proposi¢ao a seguir.

Proposicao 2.3. Sejam X um espago de Banach, K um espago de Hausdorff compacto e (Q, %, ) um espago de
medida o-finita. Sao vdlidas as sequintes afirmacoes:

(a) C(K,X) tem a propriedade polinomial alternativa de Daugavet se, e somente se, K ndao possui pontos isolados

ou X tem a propriedade polinomial alternativa de Daugavet;

(b) Loo(p, X) tem a propriedade polinomial alternativa de Daugavet se, e somente se, u € nao atomica ou X tem

a propriedade polinomial alternativa de Daugavet;

(c) Se Li(u, X) tem a propriedade polinomial de Daugavet (resp. propriedade polinomial alternativa de Daugavet),
entdo 1 é ndo atomica ou X tem a propriedade polinomial de Daugavet (resp. propriedade polinomial alternativa
de Daugavet).

As demonstragdes dos resultados enunciados acima estao disponiveis em [6].
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SEMICONTINUIDADE SUPERIOR DE ATRATORES PULLBACK PARA
PROBLEMAS PARABOLICOS COM p(7)—LAPLACIANO

ERIKA CAPELATO * & RICARDO DE SA TELES |

Neste artigo provamos a semicontinuidade superior da familia de atratores pullback de equagoes de evolugao
nao-autéonomas governadas por uma perturbacao do operador maximal mondétono.

1 Introducao

Neste trabalho analisamos, por meio da Teoria de Atrator Pullback [2] e [3], o comportamento assintético da seguinte

familia de problemas nao-auténomos:

{ uy — div(|Vu[P<®)=2Vu) = B(t,u) (1.1)

u(T) = ug € L3(Q),

onde © C R™ é um dominio limitado com fronteira 92 suave, n > 1. Sob uma pequena variacdo a funcao p.(z) :=
p(z) +e € C(Q), com € € [0,1], satisfaz 2+ < p.(z) <3 -3, para §d > 0 q.t.p. 1 € Qe B: R x L2() — L3(Q)

satisfaz:
i) Existe uma aplicacdo L € C(R; L>°(R"™)) nao decrescente e absolutamente continua tal que

||B(t,u1) — B(t,UQ)”LQ(Q) < L(t,a:)Hul — u2||L2(Q), Vite R,V Ui, Ug € LQ(Q);

ii) B(t,0) = 0;

Podemos citar trabalhos recentes, como [8] e [9], sobre o comportamento assintético de problemas com o p(z)-
Laplaciano, onde os autores estudam a existéncia de um atrator global. Porém, neste trabalho, o problema que
consideramos é nao-auténomo e portanto a Teoria de Atrator Pullback se faz necesséria.

Antes de apresentarmos os resultados principais deste trabalho consideremos o espago generalizado de Lebesgue

Lr@(Q) = {u N —R:ué mensuravel,/ u(z)[P* ™) da < oo} )
Q

sendo p. € L*(Q) e pe > 1. Definimos

pe(x) dzx.

o) = [ futa)

Com esta defini¢io e da mesma forma que [4], [5] e [6], podemos garantir que LP<(*)(Q) é um espago de
Banach com a norma [[u|| ;s o) () = inf {\ > 0;p (%) <1} e que WHP<(®)(Q) é um espago de Banach com a norma
l[ull, = ||u||LPe(1')(Q) + [Vl Lre(@) (Q) -

Como o operador principal A.u := —div(|Vu/|P<(®)~2Vy) é maximal monétono (veja [7]) e as condigdes sobre a

B a deixa globalmente Lipschitz, podemos garantir, via Proposicio 3.13 [1] que, para todo dado inicial u§ € L?(Q)

existe uma unica solugao u(+) := u(-, 7)u§ € C([r,0), L?(Q?)) do problema (1.1).

*Departamento de Economia, UNESP, Araraquara-SP, Brasil, erika@fclar.unesp.br
fInstituto de Quimica, UNESP, Araraquara-SP, Brasil, e-mail: ricardo.sa.teles@gmail.com
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2 Resultados

Lema 1: Para cada parametro e € [0,1], o problema (1.1) tem um atrator pullback {Ac(t)},cp em L*(Q).

Prova: Para cada pardmetro e € [0,1] definimos o processo Uc(-,7) := u®(:). Por demonstragoes adaptadas
de Lemas de [8] fazemos estimativas, uniformes em ¢, da solucdo de (1.1) em L?(Q) e em W1P<(®)(Q), assim,

garantimos a existéncia de um atrator pullback para cada parametro € e portanto, de uma familia de atratores
pullback {Ac(t)},cp -

A seguir enunciamos o resultado principal deste trabalho:

Teorema 1: Para cada valor do parametro € € [0,1] o problema (1.1) tem um processo {U.(t,7)},~ em L?*(Q)
associado, o qual tem um atrator pullback {Ac(t)},cp - Além disso, esta familia de atratores pullback ¢ semicontinua

. e—0
superiormente em € = 0, desde que u§ — ug em L*(Q).

Prova Vamos provar que a familia de atratores pullback {Ac(t)},.p ¢ semicontinua superiormente em € = 0, isto
é, que

lim,_odistz2(q) (Ac(t), Ao(t)) := lime—08up,_ e 4. (¢)infoe 4, (1) llae — b||L2(Q) =0

A idéia da prova consiste em observar que dado & > 0, existe ¢y > 0 tal que
dist (Ae(t), Ao(t)) < dist (Uc(t, 7)Ac(7), Up(t, 7)Ac(t)) + dist (Up(t, 7)Ae(7), Up(t, 7). Ao(T)) < 0,

para todo € < €y, 0 que prova a semicontinuidade superior da familia de atratores.
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CLASSIFICACAO DE SOLUCOES DE ALGUMAS EQUACOES
ELIPTICAS NAO LINEARES

EubpEs MENDES BARBOZA * & JOAO MARcoOs DO O T

1 Introducao

Neste trabalho, classificamos algumas das solucdes de equacdes tipo Au + fe* = 0 em R? ou Ri. Para isso,
utilizamos basicamente o Método dos Planos Méveis e 0 Método das Esferas Mdveis, garantindo, sob certas condigoes
a monotonicidade e a simetria radial da solucao. O primeiro método foi usado para estudarmos o caso f = 1, em
R2 com fR2 e" finito. O outro foi utilizado para verificar que a equagao nao tem solugao quando f é uma fungao
continua, radialmente simétrica e mondtona na regiao em que tem imagem positiva e nao constante. Este ultimo

método também foi aplicado no estudo do problema

Au+ae*=0 em RZ;

Ou u/2 sobre ORZ;

— =ce
ot
para « = 1,a = —1 ou a = 0, modificando as condicoes em relacdo a finitude das integrais f]R2 e e f6R2 e“/2. Na
+ +
maioria dos casos em que a equagdo tem solugao, verificamos que esta era a radialmente simétrica. A partir dessa
simetria, transformamos nas equacoes diferenciais parciais em equagoes diferenciais ordinédrias e podemos classificar

suas solugoes.

2 Resultados

2.1 Meétodo dos Planos Modveis
Descrevemos o Métodos dos Planos Mdveis e o aplicamos para obter o seguinte resultado:

Teorema 2.1. Seja u € C?(R?) solucio de

A U= € R?
u+e , x (2.1)
Jge e(®) < 4o0.
entdo u € radialmente simétrica com respeito a algum ponto z° de R? e, portanto, assume a forma
322 0 9
¢,\7xo(x)1n<(4+)\2|x_$0|2)2>,)\>0,z € R=. (2.2)
2.2 Meétodo das Esferas Moveis
Descrevemos o Método das Esferas Mdveis e o aplicamos para obter o seguinte resultado:
Teorema 2.2. Seja u € C*(R?) satisfazendo
Au(z) + R(|z|)e* = 0 para » € R?. (2.3)

*Dmat,Universidade Federal de Pernambuco, PE, Brasil, eudesmendes@dmat.ufpe.br
DM, Universidade Federal da Paraiba,PB, Brasil, e-mail: jmbo@dm.ufpb.br
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com u(x)

— <
dloglz] =~

e R uma fung¢do continua e radialmente simétrica, se R é mondtona na regiao em que R > 0 e R ndo constante.

lim)z| o0

Entao, (2.3) nao tem solugao.

2.3 Classificagao da Métricas Conformais sobre R? com curvatura gaussiana cons-
tante e curvatura geodésica sobre a fronteira com diversas condicoes de finititude
da integral

Teorema 2.3. Sejau € C*(R3)NC! (@) uma solugdo de

0 2.4
a—ltb = ce/? sobre (“)IR2+ (2.4)
e Paraax=1c¢e fR2 e < co. Entdo u € da forma
+
82
u(xz,t) =lo 2.5
0 =108 (G s ) (29
para algum X > 0,29 € R e tg = c\/V2.
o Para a=—1e [4 " < o0 ou fau@ e%/? < 00, entio ¢ < —/2 e u € da forma
+ i
82
t) =1 2.6
’LL(37 ) og ((S — 80)2 + (t o t0)2 7 )\2)2 ( )
onde sg € R,tg = —cA/v/2,\ > 0.
® Epara o =0 com [, " < oo. Entio ¢ <0 e
+
2t 4
u(s,t) = 2log ! + 2log (2.7)

(s = 1)+ (t — 1) el

onde s1 € um numero real e t1 € algum niumero positivo.
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THE KIRCHHOFF EQUATION WITH VARIABLE EXPONENT OF
NONLINEARITY AND BOUNDARY DAMPING

E. CABANILLAS L. * & 7. HUARINGA S. T & J. BERNUI B. ¥
B. Gopoy T.% & F.LEON B. T

Abstract

In this work we are concerned with the existence of strong solutions and exponential decay of the energy
for the initial boundary value problem associated with the quasilinear wave equation with variable exponent of
nonlinearity and boundary damping.The results are proved by means of the multiplier technique and careful

estimations within the framework of variable exponent spaces.

1 Introduction

Consider the system

Ut — [a + bfol uidw} U + pJu" @2 =0 , in 0,1 x ]0,+o0|
u(0,t) =0 , Vt>0 (1.1)
[a+bf01 uzdx:| uz(lvt) :7‘ut(1vt)|p_2ut(1at) ) Vi>0 .
u(z,0) = u° (x), u(x,0) = u' (z) , Vaxelol]
where a,b, u,p are positive constants and the exponent r(z) is continuous in Q with logarithmic module of
continuity:
1<r” =inf r(z) <r(z) <rt =supr(z) < oo
z€eQ €N
Vz, £€Q, [z—¢§ <1, |r(z) —r(E)] < w(lz—¢])
where

1
limsupw(7)ln— = C < .
T—0t T

For r = constant > 2, system (1.1) and related problems have been study by many authors (See for instance
[1, 2, 3, 4]).It seems that nonconstant power is new in the literature. In this article, our main objective is to study

the exponential decay of the solutions of (1.1).

2 Mathematical Results

Consider the Hilbert space
V={ve H"(0,1):v(0) =0}

To get the global existence and regularity for the system (1.1) it is natural to deal first with the local existence and

uniqueness which can be proved by the contraction mapping theorem.By similar arguments used in [2] we have the
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Theorem 2.1. Let the initial data u® € H?(0,1)NV |, ul € V be sufficiently small and satisfy the compatibility

condition
(a + b/ol ‘uﬁ,f dm) ul (1) + [ur (1)]P2ut (1) = 0.
Then the system (1.1) has a unique solution in the class
u € C([0,00[; H*(0,1)NV) N C' ([0,00[; V). m

The energy related to problem (1.1) is given by

1t a [! bl [} 2 L jy|r(@)
E(t) == 2dr + = <|%d 7/ <|%d / d
R R A g A R - e

The main result is the following theorem

Theorem 2.2. (Exponential stability) Let all the conditions of theorem (2.1) be satisfied. Then there exist positive
constants M and ~ such that
E(t) < Me for allt >0

Proof We get our result applying the multiplier method , suitable estimations of the energy E(t) and a Gronwall-
type lemma due to Komornik [5]. m
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INDEFINITE SEMILINEAR ELLIPTIC PROBLEMS

EVERALDO S. MEDEIROS, UBERLANDIO B. SEVERO * & ELVES A. B. SILVA |

1 Introduction

In this article we apply variational and sub-supersolution methods to study the existence and multiplicity of
nonnegative solutions for a class of semilinear elliptic problem involving a weight function. More precisely we
consider the Dirichlet Problem

(1.1)

—Au = u+ pg(z,u) + W(x)f(u) in Q,
u=0 on 09,

where Q is a bounded smooth domain in RY, N > 3, i is a nonnegative parameter, \; is the first eigenvalue of
the operator —A under Dirichlet boundary conditions, W € C(Q,R) is a weight function, g : @ x R — R is a
Carathéodory locally bounded function, and f € C'(R,R) satisfies a subcritical growth condition.

Our main motivation is to study the existence, multiplicity and nonexistence of nonnegative and nonzero weak
solutions for (1.1) in the space H} ()N L>(£2) when the Problem (1.1) is indefinite, i.e. when the weight function
W changes sign. We emphasize that problems involving indefinite nonlinearities have been the object of intense
research in the last two decades (see [5, 6, 7, 8, 9, 11, 12] and references therein).

The existence of a solution for (1.1) is established without imposing any restriction on the growth of g at
infinity. For this reason the associated functional may not be well defined in the Sobolev space Hg(£2). In order
to overcome the difficulty caused by this fact, we establish a related result for an auxiliary problem that enables
us to find a positive supersolution for Problem (1.1) when the parameter p > 0 is sufficiently small. Then, using
a truncation argument and a minimization method, we derive the existence of a nonnegative and nonzero solution
for (1.1). Assuming that f is locally Lipschitz at the origin and that g is a nonnegative function, we apply a
sub-supersolution method combined with variational methods to verify that the set of values of p for which (1.1)
has a positive solution is a subinterval of the nonnegative real line.

The particular case of the indefinite Problem (1.1) with g(-,s) = s was considered in the articles [2, 3, 4] when

the nonlinearity f satisfies the following superlinear growth condition at infinity:

lim 1(s)

s—+4o0 Sp—l

=1, 2<p<2= N > 3. (1.2)

N -2
As observed in earlier works (see e.g. [2, 3]), a delicate issue faced when applying variational methods to study
indefinite problems is to establish a necessary compactness condition for the associated functional. The condition
(1.2), introduced in [3], has played a central role in verifying the Palais-Smale condition for this class of problems.
One of the main features in this article is to provide sufficient conditions for the existence and multiplicity of
nonnegative solutions for (P,) under hypotheses more general than (1.2). In particular, for proving the existence of
two solutions for the Problem (P, ), we verify that the Palais-Smale condition holds when the nonlinearity f satisfies
the famous Ambrosetti-Rabinowitz superlinear condition and the weight function W has a thick zero set. More

specifically, for the existence of two solutions for (1.1), we suppose that g(x, s) satisfies a linear growth condition,

(W1) QF #£ 0 and OF N Q- =0,

*Departamento de Matematica , UFPB, PB, Brasil, everaldo@mat.ufpb.br, uberlandio@mat.ufpb.br
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and

(AR) there are § > 2 and R > 0 such that

sf(s) > 0F(s) >0, for every |s| > R;

where QF := {z € Q: W (x) > 0} and F(s) = [ f(¢)dt.

We address the interested reader to [10] for related results and the proofs of the results cited above.
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PROBLEMA ELIPTICO SUPERLINEAR RESSONANTE

FABIANA M. FERREIRA * & Francisco O. V. DE Parva |

Os resultados aqui apresentados assim como as demonstragoes encontram-se em [2], Cuesta-Figueiredo-Srikanth.
Vamos discutir a resolubilidade do problema superlinear (1.1). Utilizamos desigualdades do tipo Hardy para obter
limitacoes a priori para solugoes desses problema e argumentos de grau topolégico para garantir a existéncia de
solugoes.

1 Introducao
Vamos discutir a resolubilidade do problema superlinear

—Au= u+ul + f(z) em Q, (1.1)
com u = 0 em 9. Em que © é um dominio limitado suave em RY, com N > 3, f é um funcio nio nula, tal que

fel” para r>N (1.2)

el<p< {H

Consideramos A\; < Ay < A3 < ... <\, < ... os autovalores de (—A, H}(Q)) e ¢1, ¢2, ..., dn, ... as correspondestes
autofuncoes.

2 Resultados

Teorema 2.1. Seja 1 <p < %, assumindo que f satisfaz a condi¢do (1.2) e que

/ fé1 <0 (2.3)

entdo, dada u € HE () solucdo de (1.1), existe uma fungdo continua crescente p: RT — RT, dependendo somente
dep e Q, tal que p(0) =0 e
lullca ey < pULL)- (2.4)

Em que || f||, denota a norma L" de f.

Teorema 2.2. Assumindo as mesmas hipdteses do Teorema (2.1), temos que o problema (1.1) tem pelo menos
uma solugcdo em W27 (Q) N HL(Q).
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VERSOES FRACAS DE ESPACOS DE BANACH DE FUNCOES COM
VALORES VETORIAIS

FABIO J. BERTOLOTO *

1 Introducao

Neste trabalho, consideramos g uma medida finita, D = {z € C;|z| < 1}, T = {z € C;|z| = 1}, F um espago
de Banach (real ou complexo), Br a respectiva bola unitiria fechada e F’ seu dual (topolégico). O objetivo
deste trabalho é estudar as versoes fracas dos espacos das fungoes com valores vetoriais que sao integraveis segundo
Lebesgue-Bochner, denotados por L? (i, F'), e as versoes fracas dos espagos de Hardy com valores vetoriais, denotados
por H?(D, F'). Tal investigagao é motivada pela que Mujica [2] fez da versao fraca do espago das fungoes holomorfas
de D em F, denotado por H(D; F). Estudamos as versoes fracas dos espagos de Lebesgue e Hardy como casos
particulares do seguinte quadro:

Seja A um conjunto e assuma que para todo espaco de Banach F' nés definimos um espago normado F(A; F')
de (classes) de fungoes de A em F. Para simplificar, quando F' = C escrevemos F(A) = F(A;C). A versao fraca
de F(A; F) é o conjunto da (classe de) fungoes

F(A;F)y = {f:A — F:gpofeF(A) paratodop € F'e sup [po fllru < Jroo},
pEB
em que duas fungdes f e g sdo identificadas se f = g F(A; F)-fracamente, ou seja, p o f = ¢ o g como elementos de

F(A) para todo ¢ € F'. Desta definigdo, é imediato que a correspondéncia
feFA; F)w = Il 7 am) = sup lleo fllF,
@pEB R/

define uma norma F(A; F),,. Para simplificar escrevemos || f||% ao invés de 1% a7y

Por exemplo, se denotarmos por C(F; F') o espago de todas as fungdes continuas f: F — F, entdo C(F; F),, =
C(F; F) se, e somente se, F' tem a propriedade de Schur.

Mujica [2] demonstra que para todo espacgo de Banach F', H(D; F) = H(D; F),,.

Para os espagos LP(T; F') e HP(A; F'), veremos que as igualdades LP(T; F') = LP(T; F),, e HP(D; F') = HP(D; F),
ocorrem em casos bem restritos.

2 Resultados

Sao indicados, na sequéncia, os dois principais resultados do trabalho, bem como comentarios sobre as demonstragoes
dos mesmos.

Teorema 2.1. Suponha que exista uma sequéncia (4,)52; de conjuntos mensuridveis de medida positiva dois a

(o]
dois disjuntos tais que Q@ = (J A,. As seguintes condigbes sao equivalentes:
n=1

(a) LP(u; F) = LP(u; F),, para todo 1 < p < co.
(b) LP(u; F) = LP(u; F),, para algum 1 < p < oo.
(¢c) F tem dimenséo finita.

*Faculdade de Matemadtica - FAMAT , UFU, MG, Brasil, bertoloto@famat.ufu.br
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Notamos que a condigao imposta sobre p no Teorema 2.1 é satisfeita por grande parte das medidas finitas
usuais, como por exemplo, a medida de Lebesgue em qualquer intervalo limitado de R. Para a demonstracao
deste teorema, utilizamos do resultado que diz que se toda sequéncia fracamente p-somédvel em F' é absolutamente
p-somével ([1,Theorem 2.18]), entdo F' tem dimensao finita.

Quanto aos espagos de Hardy, para enunciar o resultado principal, precisamos de alguns conceitos.

Definicao 2.1. A projecao analitica f* de uma fungao f € LP(T; F) é uma fungio cujos coeficientes de Fourier
negativos sdo nulos e, os outros coincidem com os respectivos coeficientes de Fourier de f. A correspondéncia

f+— f* é denominada projecdo analitica.

Definicao 2.2. Dada f € HP(D; F'), definimos fe LP(T; F) como a funcdo com valores de fronteira de f se

f(e) = lim f(re®),

r—1
sendo que tais limites existem 6-quase-sempre.
Quanto aos espagos UMD (unconditional martingale difference), espagos cujas diferengas de martingale sao

incondicionais, apenas damos uma caracterizagao dos mesmos:

Definigao 2.3. Um espaco de Banach F tem a propriedade UMD (ou F é UMD ou, ainda, F' é um UMDP-espaco)
se a projegao analitica f € LP(T; F) — f* € HP(T; F), é um transformacao linear limitada para todo 1 < p < oo,

em que f® é a projecao analitica de f.

Teorema 2.2. Sejam 1 < p,q < 00, % + % =1, e F um espago de Banach. Se H?(D; F),, = HP(D; F'), entao F é
UMD. Em particular, H?(D; F')’ e H?(D; F') sao canonicamente topologicamente isomorfos, ou seja, vale o seguinte

isomorfismo:

U,: HIYD;F) — HP(D;F)
g — U,(9): HD;F) — C
Fooo B = o ), 5 ))ds,
em que fe g sao as fungoes valores de fronteira associadas a f € HP(D; F) e a g € HY(D; F’), respectivamente.

A implicacao contriria do Teorema 2.2 nao é vélida. De fato, é vdlido, para 1 < p,r < oo, que L"(v) e H"(D)
sao UMD e temos o

Exemplo 2.1. Para 1 < p,r < 0o e v uma medida o-finita que ndo é puramente-atdémica (cf. Rosenthal [3, p.
225]) sao verdadeiras as afirmacoes:
a) HY(D; L' (v)),, # H?(D: L' (1v)).
b) H?(D; H'(D)),, # H?(D; H"(D)).

Os tinicos exemplos de espagos de Banach F' que obtemos satisfazendo H?(D; F)),, = H?(D; F), para l < r < oo,
sao os espagos de Banach de dimensao finita.

A juncao de todos os fatos anteriores nos levou a conjecturar o seguinte:

“Sel<p< oo, entdo HP(D; F) = H?(D; F),, se, e somente se, F' tem dimensao finita.”
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CONTROLABILIDADE EXATA PARA EQUAQ;‘;O DO CALOR
SEMILINEAR POR ESTRATEGIAS DO TIPO STACKELBERG-NASH

FAGNER D. ARARUNA *, ENRIQUE FERNANDEZ-CARA T, MAURICIO C. SANTOS ¥

Seja  um conjunto aberto de R™ e T' > 0. Definimos @Q = Q x (0,7T) e para i = 1,2 sejam O, O; subconjuntos
abertos de ). Nestas condicoes, consideremos a equagao

ye — Ay +a(z, t)y = F(y) + flo + v'lp, + 0’1o, in Q,
y=0 on X, (0.1)
y(z,0) =" (x) in  Q,

onde F': R — R é localmente lipschitziana. Para ¢ = 1,2, sejam O; 4 subconjuntos abertos de {2 e consideremos os
seguintes funcionais (secundérios):
Q5

Ji(fivhv?) = 5// ly — yial” dedt+ %// |v'|? dz dt. (0.2)
O;,ax(0,T) 0;x(0,T)

A estrutura do processo de controle pode ser dividida em dois passos principais
Passo 1: Fixado f € L?(O x (0,T)), procuramos por controles v* € L2(O; x (0,T)) que satisfazem

Ji(f;vh0?) = min Ji(f;00,0%), o (fioh0?) = min Jo(f;0t, 0%). (0.3)

O par satisfazendo (0.3) serd chamado equilibrio de Nash para J; e Jo. Observemos que, se os funcionais J; (i = 1,2)

sao convexos, entdo (v',v?) é um equilibrio de Nash se, e somente se,

D Ji(f;vh 0% =0, Vo' € L2 (O0; x (0,7)); i=1,2. (0.4)

Denominamos um par (v!,v?) satisfazendo (0.4) por quase equilibrio de Nash.

Passo 2: Fixemos uma trajetéria suficientemente regular, isto €, solugao do problema:

U — Ay +alz, i)y =F(F) in Q,
7=0 on X, (0.5)
5(2,0) = 7°(2) 0

Uma vez que o equilibrio de Nash foi determinado para cada f, procuramos um controle éptimo f € L2(0Ox (0,T))

tal que
f = min / | f|2dz dt, (0.6)
I Jox(,1)
sujeito a restrigao
y(x,T) =g(z, T) em §. (0.7)

O principal resultado do trabalho segue
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Teorema 0.1. Suponhamos que F € W1 (R) e que pu; > 0 sdo suficientemente grandes. Seja i a tinica solugdo
de (0.5) com dado inicial 3° € L?(Q2). Assumimos que as fungoes y; 4 satisfazem a seguinte propriedade de compa-
tibilidade: existe uma fungdo positiva p = p(z,t) que explode em t =T tal que

// P17 = yial® dedt < +o0, i=1,2. (0.8)
OdX(07T)

Para cada yo € L*(2), exzistem controles f € L*(O x (0,T)) e um quase equilibrio de Nash (v',v?) tal que a solugdo
de (0.1) satisfaz (0.7).

Demonstrag¢ao. O par de Nash é caracterizado pelo seguinte sistema de optimalidade

1 1 .
Yt — Ay + a(m,t)y = F(y) + f]-(') - Ed)l]‘(?l - £¢2102 m Qv

—¢} — AP +a(z,1)¢" = F'(y)¢' + oy — Yid)lo, . in  Q, (0.9)
y=0, ¢'=0 on X,
y(ZE, 0) = yo(x)a ¢Z(x7T) =0 in Q.

Linearizamos o sistema (0.9) e em seguida consideramos o seguinte sistema adjunto

_¢z,t - A'l/]z + a(l”»t)iﬂz = G(l’, t; Z)¢z + (Oll’Yi + 04273)1(% in Qv

Ver = AL = F'(z+9)7. — +¢slo, in Q,
¢Z = 07 ’Y; =0 on 27
Yu(a, T) =", ~4i(2,0)=0 in Q.

Em seguida obtemos a seguinte desigualdade de observabilidade

2
/|1/)Z(x,0)|2dx+2// 522 dadt < c// (. |2 da dit. (0.10)
Q2 i=17/Q Ox(0,T)

Para finalizar, aplicamos o método de unicidade de Hilbert combinado com o teorema do ponto fixo de Schauder. [

Resultados adicionais

e Se Fe W2 n <14 (resp. n < 12) e yo € HE(Q) (resp. yo € L?(2)), entdo as condigdes de equilibrio de
Nash e quase equilibrio de Nash sao equivalentes,

e Resultados andlogos aos do Teorema 0.1 sdo obtidos com (v, v?) sujeitos a restrigdes locais.
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OPTIMAL CONTROL FOR A SECOND GRADE FLUID SYSTEM

FAGNER ARARUNA | LUIS FRIZ f & MARKO ROJAS-MEDAR *

1 Introduction

In this work we consider the following second grade fluid system

%(u—aAu) —vAu+curl(lu—aAu) xu+Vqg = f+v inQx]0,T]
divua = 0 in Qx]0, T (1.1)
u = 0 on 00210, T7,
u(0) = |y, in Q

The study of this kind of fluids was initiated by Dunn and Fosdick in [?] and by Fosdick and Rajapogal in [?]. The
first successful mathematical analysis of (?7) was done by Cioranescu and Ouazar in [?]. More recently Cioranescu
and Girault in [?] established existence, uniqueness and regularity of a global weak solution of (??) with small
data f and u(0) and the same result on some interval for arbitrary data. The existence is obtained by applying
Galerkin’s method with a special basis.

In this work, let us introduce the non-empty subset w C 2 and a velocity u; defined on w is given . The problem
is to find a external force v so that the associated velocity u minimize the functional

T T
J(u,v):/ /|u—u1|2dx—|—/ /\v|2dxdt. (1.2)
0 Juw 0o Jo

2 Mathematical Results

Let Q be a simply-connected bounded domain of R? with boundary 0 which is al least of class C*!. In what
follows, the spaces in bold face represent spaces of tri-dimensional vector functions. We define the Hilbert spaces
H and V in the following manner:

H = {VcL*Q) : div¥ =0, U -n=0on0dN}
V = {veHYQ) : divv=0, v=0, on 90}
H(cur; Q) = {veL?Q) : curl ve L*Q)}

For o € RT, we introduce the space V, = {v €V : curl (v—aAv) e LQ(Q)} equipped with the scalar
product (u,v)y, = (u,v) + a(Vu, Vv) + (curl (u — aAu),curl (v — aAv)) and associated norm and semi-norm
Ivllve = (v )2 vl = flewl (v = aAV)[l12().

Define

Wi {we L>*(0,T;Vy) : w € L>*(0,T;V)},
Wy, = L*0,T,H(curl;Q)) N L>=(0, T, L?(Q)),
w = W1 X WQ.
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Now, the set of the admissible controls is given by:

o 1/2
UZ{V€W2 : (/ <|v<t>%m)+||cur1<v<t>>||iz<m>) <6}.

The above condition, given in definition of U, is necessary in order to have solution for the system (??) (see [?]).
Note that W is a Hilbert space for the norm

/2
Iwlw, = (w10 zva(@) + W1~ 01va)
In the same manner, W5 is a Hilbert space for the norm
9 9 1/2
lgllw, = (||g||L2(o,T;L2(Q)) + chrlg||L2(0,T;L2(Q)))

Define M : W — W, by M(w,v) = (11,12) and W = L*°(0,T; H) x V..

0
a(w — aAw) —vAw + Plcurl(w — aAw) xw) —f —v = (2.3)
w(0) —ug = o,
where P : L?(Q2) — V(Q) is the orthogonal projection and A is the Stokes operator.
The optimal control problem is the following: Find u and v such that
J(u,v)= inf J(w,V) (2.4)

(w,v)eg
where G is the non-empty set G = {(w,v) e W : velU, M(w,v) =0}.

Theorem 2.1. Problem (??) has at least one solution. Furthermore, the following minimum principle is satisfied:

/OT/Q(—{: +v)(V+ v)dadt <0,

for allv €U, v € U. Here & is solution of the adjoint problem.
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ASYMMETRIC INCOMPRESSIBLE FLUIDS WITH VARIABLE DENSITY:
SEMI-STRONG SOLUTIONS IN UNBOUNDED DOMAINS

FELIPE WERGETE CRUZ * , PABLO BRAZ E SILVA T & MARKO A. ROJAS-MEDAR *

We prove, via the spectral semi-Galerkin method, the existence and uniqueness of semi-strong solutions for
the equations of nonhomogeneous asymmetric (micropolar) fluids in L?(Q) = (I,Q(Q))g7 in the case of unbounded

three-dimensional domains with boundary uniformly of class C3.

1 Introduction

Let Q C R? be a domain (not necessarily bounded), with boundary uniformly of class C3, and let T be a positive
real number. We study, in an open set 2 x (0,7T), where (0,7T) is a time interval, the equations for the motion of a

non-homogeneous viscous incompressible asymmetric fluid. The governing equations are the following:

puy +p(u-Viu— (p+p)Au+Vp = 2, curlw + pf,
divau = 0, (1.1)
pwi +p(u- V)W — (co+ cqg — ¢co)V(divw) + 4p,w = (cq + cq) AW + 2p, curlu + pg, .

pe+u-Vp = 0.

The symbols V ;A ,div and curl denote the gradient, Laplacian, divergence and rotational operators, respectively,
and us, wy and p; stand for the time derivatives of u, w and p.

For the derivation of equations (1.1) and a discussion on their physical meaning, see [1] and [2]. Physically,
the first equation in system (1.1) corresponds to the conservation of linear momentum; the second one is the
incompressibility of the fluid; the third corresponds to the conservation of angular momentum, and the fourth one
corresponds to the conservation of mass. In system (1.1), the unknowns are u(x,t) € R?, w(x,t) € R?, p(x,t) € R
and p(x,t) € R. They represent, respectively, the velocity field, the angular velocity of rotation of the fluid particles,
the mass density and the pressure distribution of the fluid as functions of position x and time t. Here, f and g
are known density functions of external sources for the linear and the angular momentum of particles, respectively.
The positive constants u, ., cg, ¢ and cq characterize the physical properties of the fluid. Thus, u is the usual
Newtonian viscosity; p, co, ¢q and cq are additional viscosities related to the lack of symmetry of the stress tensor
and, consequently, to the fact that the internal rotation field w does not vanish. These constants must satisfy the

inequality co + ¢4 > ¢, We complement system (1.1) with initial and boundary conditions

u(x,0) = up(x), w(x,0)=wo(x) and p(x,0)=po(x) inQ, (1.2)
u(x,t) =0, w(x,t)=0 ondQx(0,T), (1.3)
where the functions ug, wg and pg are given. If €2 is unbounded, also impose the following condition on the velocities
at infinity:
lim u(x,t) =0, lim w(x,t)=0, te(0,T). (1.4)
[x[—o0 || —o00

Observe that this system includes as a particular case the classical Navier-Stokes equations (w = 0 and p, = 0).
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2 Mathematical Results

We adapt the techniques used in [4] by J. G. Heywood for the classical Navier-Stokes equations and in [6] by
P. Braz e Silva, M. A. Rojas-Medar and E. J. Villamizar-Roa for Navier-Stokes equations with variable density,
along with arguments used in [3, 5, 7] to show existence and uniqueness of local and global in time solutions. In
what follows, V() will represent the closure of V() in H}(Q2), where V(Q) := {u € C*(Q) /divu =0 in Q}, i.e.,
V(Q) := V(Q) o = [v e HY(Q); divv = 0} (see [8]). Our main result is the following

Theorem 2.1. Let Q be a domain of R3, with boundary uniformly of class C3. Assume that ug € V(Q2), wo € H(Q)
and py € L>®(Q), with 0 < a < po(x) < B < oo in . Also, assume that f,g € L?(0,T;L?(Q)). Then, there exists
a semi-strong solution (p,u,w) of (1.1)-(1.3) in Q x (0,T*), for some T* € (0,T]. The functions u, w, p and p,
defined on (0,T*), are such that

ue L>®0,T"V(Q),

w e L0, T*; Hy(Q)),

uy, wy, D*u, D*>w, Vp € L*(0,T%,L*(2)),

pe L=(0,T%; L (),

pr € L=(0,T%; Lig.(2)),

Vp e L>=(0, T L5S.(Q)),

[Vu(t) — Vug|| = 0 and |[|[Vw(t) — Vwg| — 0 ast — 07.
Remark 2.1. If Q is either bounded or Q = R3, the reqularities for the density are p; € L>=(0,T*; L>=(R)) and
Vp e L>®(0,T*;L>®(Q)) (see [6], Remarks 2 and 13).

Remark 2.2. Considering that f,g € L>(0,00; L%(Q)) and that the norms ||uol|s1, ||[Wol|t 11l Lo (0,005L2(02)) and
18l o< (0,00512(2)) are sufficiently small, one can show that there evists a semi-strong solution (p,u,w), global in
time, to the problem (1.1)-(1.3).
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EXISTENCIA DE SOLUQ@ES PARA UM PROBLEMA COM
PERTURBA(;;‘;O ENVOLVENDO O OPERADOR p—LAPLACIANO

FERNANDA SOMAVILLA * & Tafsa JuNGgeEs Miorto |

1 Introducao

Considere o seguinte problema:

(P) —Apu = A —(a(z)+eu? ,em
‘ u = 0 , em Of)

onde @ C RY (N > 2) é um dominio limitado suave, A, = div(]Vu|P~2Vu) denota o operador p-Laplaciano,
p>1,€> 0, A é um parametro positivo e «, ¢ sdo constantes dadas tais que o < ¢. Além disso, a(x) denota uma
funcdo continua e nao-negativa que se anula num subdominio de . Assumiremos que a funcdo a(x) pertence a
CP(Q) (0 < B < 1) e o conjunto

Qo= {r€Q:a(x) =0}

satisfaz Qy C Q e Qy é um dominio ndo vazio com fronteira C?.

Objetivamos garantir que o problema (P.) possui ao menos duas solugdes positivas.

Em 2003, Du e Guo estudaram o problema sem perturbagdo no caso em que o« = p+ 1, (ver [4]) e mostraram
que este possufa uma unica solucdo se A € (A1(£2), A1(€o)) e nenhuma outra solugdo positiva. Em 2005, Du e Li
estudaram em [5] o problema perturbado para os valores p = 2 e &« = 1. Em tal caso mostrou-se que o mesmo
possui apenas uma Unica solugao positiva ve quando A > A\1(2), sendo A\1(€2) o primeiro autovalor do operador
p-Laplaciano em 2. Além disso, garantiu-se que quando ¢ — 0, v, se comporta como uma das solugées encontradas

para (P,) enunciado neste trabalho.

O resultaldo proposto neste trabalho foi obtido por Dong em 2005, através da utilizagao do grau topoldgico de
Leray-Schauder ([1],[2]) e o Teorema do Passo da Montanha [7].

2 Resultados

Enunciamos o seguinte resultado

Teorema 2.1. Para qualquer A > 0, existe um €y tal que para 0 < € < €y, o problema (P.) possui ao menos duas
solugoes positivas distintas ue e ue satisfazendo ue < ue € Ue 7# Ue -
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SOBRE UM PROBLEMA DE ZEROS DE POLINOMIOS ORTOGONAIS

FERNANDO R. RAFAELI *

1 Resumo do trabalho

Este trabalho foi motivado por um problema aberto proposto por M.E.H. Ismail em sua monografia Classical and
quantum orthogonal polynomials in one variable (Cambridge University Press, 2005), Problema 24.9.1.

Seja dp uma medida de Borel positiva com suporte em um subconjunto (a,b) da retal real tal que

b
/ |z|"dp(z) < oo, n=0,1,....

Aplicando o processo de Gram-Schmidt a 1,z,22,... (conjunto linearmente independente no espaco de Hilbert

L?((a,b),du)) obtemos uma sequéncia de polinoémios {p, }»>0 tal que

b
/ pn(lf)pm(ﬁﬁ)du(il?) = hnOnm, (11)

onde as constantes h,, sdo positivas e d,., € o delta de Kronecker. Um resultado bem conhecido na literatura é que
os zeros dos polindmios ortogonais com relagao a (1.1) sao todos reais, distintos e pertencem ao intervalo (a, b).
Seja {p,(z; 7)} uma sequéncia de polindmios ortogonais com relagdo a uma medida da forma du(z; 7) = w(z; 7)dx
com 7 € (71,72). Uma questao natural que surge é como os zeros do polinémio p, (z;7) se comportam como funcao
de 7. Um resultado classico é o seguinte:
Teorema [Markov] (ver [2] ou [3, Theorem 6.12.1]): Suponha que w(x;T), definida no intervalo (a,b), possui

derivada continua, w,(z;7), com relagio T, para todo T € (11,72) e x € (a,b). Assuma também que as integrais

b
/ s (x;T)de, j=0,1,...,2n—1,
a

convirjam uniformemente para T em cada subconjunto compacto de (11,72). Entdo os zeros de p,(x;T) sao fungoes
crescentes (decrescentes) do pardmetro T se Olnw(x;7)/IT € uma fungdo crescente (decrescente) de x em (a,b).
Para exemplificar, considere os polindmios cldssicos de Jacobi {P,(La’ﬂ) ()} que sao ortogonais em (—1,1) com

relagdo a funcio w(z;a, 8) = (1 — 2)%(1 + x)?, a, B > —1. As derivadas logaritmicas com relacio a o e 3 sdo

01 ; 0l ;
W C(l—x) e wggwm ~In(1+2),
respectivamente. Como In(1 — z) é uma fungao decrescente de = e In(1 + z) é uma fungao crescente de z, para

x € (—1,1), concluimos, pelo Teorema de Markov, que os zeros de PT(LO"B )(sc) sao fungbes decrescentes de a e

crescentes de 3, para «, f > —1.

Suponha agora que adicionamos a medida dy uma massa positiva A em um ponto ¢ & (a,b), isto é,
dp(x; A, ¢) = du(x) + Ao, A > 0.

Seja {P,(x; A, ¢)} a sequéncia de polindémios que é ortogonal com relacdo du(z; A, c). Denotemos por x, (A, ¢),

k=1,2,...,n, os zeros de P,(x; )\, ¢). Observe que os zeros dependem de A e ¢. Uma questdo natural que surge é
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sobre o comportamento dos zeros com relagao a esses parametros. Em [4] provou-se resultados de monotonicidade
e assintética dos zeros x, (A, ¢) com relagdo a A\. Um estudo aponta o seguinte resultado que estd sob avaliagao:
08 7€eros Tp (A, ¢) sdo fungdes crescentes de ¢ para ¢ € (a,b). Além disso n — 1 zeros de de P, (x; A, ¢) convergem
para os zeros de P,_1(x) = P,_1(x;0, ¢) quando ¢ tende a infinito.

Para ilustrar nosso resultado usamos o polindmio classico de Jacobi pF )(x) Fornecemos duas figura usando
a fungdo JacobiP[n,q,3,x] implementada no Wolfram Mathematica 9.0. Considere o polinémio Pé0'5’1)(:1:;0.2,c)
associado com a modificacio de du(z; a, 8) = (1 — 2)*(1 + x)?dz por adicionar uma massa A = 0.2 em ¢ & (—1,1).
A Figura 1 mostra o correspondente polinémio para diferentes valores de ¢, a saber ¢ = 1.1 (linha continua), ¢ = 1.2
(linha pontilhada) e ¢ = 1.3 (linha tracejada). De acordo com a Figura 1, os zeros desse polinémio sdo fungoes

. o 0.5,1 . .
crescentes de ¢. A Figura 2 mostra a convergéncia dos quatro zeros de P5( )(x; 0.2, ¢) (linha continua) aos zeros

de P4(0'5’1)(ac) (linha pontilhada) quando ¢ — oo.

- .
il
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[
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ST /,_/—/
e e I
'_ """"""""""" _' """"""""""" ;_’_/;/
’—/_”/ ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Figura 2: Monotonicidade e convergéncia dos zeros.

Este trabalho foi desenvolvido em conjunto com o Prof. Kenier Castillo.
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EXISTENCIA E ESTABILIDADE ASSINTOTICA PARA UM SISTEMA
ACOPLADO DE EQUACOES DE ONDA COM MEMORIA

FLAVIO GOMES DE MORAES * & JUAN AMADEO SORIANO PALOMINO !

1 Introducao

Nos tltimos anos, Equacgoes Diferenciais Parciais que envolvem termos de memoria tem sido alvo de estudos de
vérios pesquisadores. Em tais problemas, é importante observar que a falta de uma estrutura de semigrupos torna
a analise do mesmo um pouco mais delicada. Nesse sentido, estamos interessados em obter resultados de existéncia
e estabilidade para o sistema acoplado com meméria (1.1).

Para isso, considere 2 um aberto de R3, com fronteira regular I' = I'yUTI';, onde I'y e I'y sdo fechadas e disjuntas
e o sistema:

¢
Uy — Au + / g(t — 8)Auds + fuv®* =0 em Q x (0,00)
0

t
vy — Av —l—/ h(t — s)Avds + Bvu? =0 em Q x (0,00)
0

u=0 em Ty x (0,00)
v=20 em Ty X (0,00)
ou ¢ ou , (1.1)
s 7/ g(t — s)a—(s)ds + hi(.,u") =0 sobre T'y x (0,00)
14 0 14
¢
% —/ h(t — s)%(s)ds + ha(.,v") =0 sobre T'y x (0,00)
0

u(0) = ug, u'(0)=u; em Q
v(0) =wvg, V'(0)=vy em Q

onde g e h sdo funcdes tomadas em C?(0,00) N W?2°°(0, 00) satisfazendo as seguintes condigoes:

g(s) >0, 1—/ g(s)ds =13 >0
0

o0
h(s)>0, 1 —/ h(s)ds =1y > 0.
0

As fungoes h;, i = 1,2 sao tomadas em C°(R, L>°(I'y)), com h;(x,s) ndo decrescente em s para q.t.p. = em I'y,

h;(x,0) = 0 para q.t.p. = em I'; e ainda h; é fortemente mondtona em s, para q.t.p.  em I'y.

2 Existéncia e Estabilidade de Solugoes

Com o objetivo de encontrar solugoes e taxas de decaimento para as mesmas, langaremos mao de algumas técnicas
conhecidas na literatura, dentre as quais podemos destacar o ”método de Faedo-Galerkin” combinado com o "método

7 b2

de compacidade”, ”aproximagao de Strauss”, "método de Lyapounov”e/ou técnicas desenvolvidas em [6].

*Professor da Universidade Federal de Goias - Campus Jatai , UFG, GO, Brasil, Aluno do Programa de Pés-Graduagdo em Ma-
tematica da Universidade Estadual de Maringa - UEM, PR, Brasil , e-mail: flaviomoraesbr@yahoo.com.br
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Tomando os dados iniciais em um espago adequado e assumindo uma condi¢ao de compatibilidade para esses

dados, esperamos mostrar que a solucao de (1.1) verifique:
fuv} € (L5.(0,00); H} ()7,
{',v'} € (L§5.(0,00); Hy, ()2,
{0} € (Lf5e(0,00); L*(Q))?,

onde
H} (Q) ={ve H' (Q);v=0 sobre Ty,

e satisfaca as equacoes

loc

t
ugy — Au +/ g(t — s)Auds + fuv? =0 em LF2.(0,00); L* ()
0

¢
vy — Av + / h(t — s)Avds + Bou* =0 em L{2.(0,00); L*(1)
0

e as condigoes de fronteira,

t
- / g(t_s)au(s)ds+h1(7ul) =0 em Llloc(OaOO;Ll(rl))
0

I v
ov ¢ ov N 1 —
57/0 h(tfs)a(s)derhg(.,v)fO em Lj,.(0,00; L (T'1))
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Sharp constant and extremal function for weighted Trudinger-Moser

type inequalities in R? *
FRANCISCO S. B. ALBUQUERQUE f

In this work, we prove the sharpness and the existence of extremal function for a Trudinger-Moser type inequality
in weighted Sobolev spaces established by F. S. B. Albuquerque, C. O. Alves and E. S. Medeiros in 2014 (see [3,
Theorem 1.1]).

1 Introduction

We recall that if 2 is a bounded domain in R?, the classical Trudinger-Moser inequality (see [6, 8]) asserts that
e’ ¢ LY(Q) for all u € H}(Q) and « > 0. Moreover, there exists a constant C = C(2) > 0 such that

sup / e dy <C, if a<A4n, (1.1)
<1Ja

”u”Hé(Q)_

where [[ul| g2 ) = (fq, [Vul?dz) 12 Furthermore, (1.1) is sharp in the sense that if a > 47 the supremum (1.1) is
+00. Related inequalities for unbounded domains have been proposed by D. M. Cao [4] and B. Ruf [7]. In [7], the
author proved that there exists a constant d > 0 such that for any domain Q C R?,

sup /(64”“2 —1)dz < d, (1.2)
Q

[lulls<1

where [Julls = ([ (|Vul*> + |u|2)dm)1/2. Moreover, the inequality (1.2) is sharp in the sense that for any growth e’
with a > 47 the supremum (1.2) is +00. Furthermore, he proved that the supremum (1.2) is attained whenever
it is finite. On the other hand, Adimurthi and K. Sandeep [1] extended the Trudinger-Moser inequality (1.1) for
singular weights. More precisely, they proved that if {2 is a bounded domain in R? containing the origin, u € Hg ()
and 3 € [0,2), then

sup / &da:<+oo(:)0<a§47r(l—ﬁ/2). (1.3)
<o |zlf

“uHHé(Q)

Later, J. M. do and M. de Souza in [5] investigated the Trudinger-Moser type inequality also with a singular weight
for any domain € C R? containing the origin as well as some applications.

Throughout the work, we consider weight functions V' (|z|) and Q(|z|) satisfying the following assumptions:

(V) V e C(0,00), V(r) >0 and there exist a,ag > —2 such that

lim sup vir) < oo and liminf vir)

r—0 1% r—4oo ¢

> 0.

(Q) Q€ C(0,00), Q(r) > 0 and there exist b < (a — 2)/2 and —2 < by < 0 such that

Q(r) Q(r) Q(r)

rbo rbo rb

< oo and limsup < 00

r—+00

< lim sup

0 < lim inf
r—0 r—0

*http://dx.doi.org/10.1016/j.jmaa.2014.07.035
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In order to establish our main result, we need to recall some notation.
e Cg°(R?) denotes the set of smooth functions with compact support.
o 055 0a(R?) = {u € C§°(R?) : u is radial }.

° Difd(Rz) denotes m under the norm ||Vu||z2ge).

e If 1 < p < oo we define LP(R% Q) = {u:R?* - R : u is measurable, [p, Q(|z])|u[fdz < oo} . Similarly we
define L2(R%; V). Then we set E = D% (R?) N L*(R%; V), which is a Hilbert space with the norm ||u| =
1/2
(e (170l + V(Ja]luf2dz)) 2.

2 Mathematical Results
With the aid of inequalities (1.1), (1.3) and inspired by similar arguments developed in [3, 4, 7], we obtain what
the title of this work states.

Theorem 2.1. Assume that (V) — (Q) hold. Then there holds

Su=  sup / Q) (€™ — 1)dz < +oo (2.4)
u€E; [[ul| <1 JR?

if and only if 0 < a < o' = 2(by + 2). Moreover, the supremum (2.4) is attained provided 0 < a < .

Remark 2.1. In [2, 3], the authors also used estimate (2.4) to study the existence and multiplicity of solutions
for some classes of nonlinear Schrdinger elliptic equations (and systems of equations) with unbounded, singular or
decaying radial potentials and involving nonlinearities with exponential critical growth of Trudinger-Moser type. In
the argument, they combined the inequality (2.4) and variational methods.
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A DIRICHLET PROBLEM UNDER INTEGRAL BOUNDARY
CONDITION VIA SUB-SUPERSOLUTION METHOD

Francisco Jurio S.A. CORREA * & JOELMA MORBACH |

1 Introduction

In this paper we deal with the Dirichlet problem under integral boundary condition

A ( /Q u(y)dy) Au =

u

[z, u) in  Q, W
K/Qu(y)dy on 0N

where Q C ®Y, N > 1 is a bounded smooth domain, K > 0 is a real parameter satisfying 1 — K|Q| >0, A: R — R
and f : Q x ® — R are given functions whose properties will be timely introduced. This kind of problem has

been studied by several authors. For example, in Wang [3], the author is concerned, among other things, with the
problem
—Ap = Ap in
¢ = K [ o(y)dy on 00
Q
Under suitable relations between A, K and || the author makes a spectral analysis of problem (1.2). A semilinear

(1.2)

counterpart of this problem is studied through classical sub and supersolution method.

We consider an equivalent form of the problem (1.1) by considering v = u — K/ u(y)dy and so —Av = —Au
Q

and .
u(y)dy = 7/ v(y)dy. (1.3)
/ﬂ 1-K[9[ Jo
Consequently, u is a solution of problem (1.1) if, and only if, v =u — K / u(y)dy is a solution of
Q
—A <111(|Q/ v(y)dy> A = f (xyv + %/ v(y)dy) n »
@ o (1.4)
v = 0 on 0.

We assume the following assumptions:

(Hy) There is a pair of ordered sub and supersolution, respectively, v and @ satisfying 0 < u < a.e. in Q.
P 1 1
H. 0< f(z,t) < K(z) € L*(Q) for a.e. z € Q,V¢ satisfying u + ———— ydxgtgﬂJri/ﬂdm.
(12) (2,1) < K(x) € L*(©) ying u+ ey | e /.
(Hs) flz, )i d i the int 1 + L / dx,u + L / ud
x,-) is nondecreasing on the interval |u + ——— [ wdz,u + ——— [ udz]| .
’ ’ & S IOl S I o

*Unidade Académica de Matematica, UFCG, PB, Brasil, e-mail: fjsacorrea@gmail.com. Partially supported by CNPq - Grant
301807/2013-2.
fFaculdade de Matemética, UFPA, PA, Brasil, e-mail: joelmamorbach@yahoo.com.br
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2 Results

These results and other related with problem (1.1) may be found in Morbach’s Doctoral Thesis [2].

Theorem 2.1. Under assumptions (H,), (Hs) and (Hs), problem (1.1) possesses solutions U,V € W,*(Q) with
u < U<V <a Moreover, any solution u of (1.1) with u < u < @ is such that U < u <V, ie, U is minimal

solution and V is mazimal solution in the range [u,a].

References

[1] A. Gladkov & K. I. Kim, Blow-up of Solutions for Semilinear Heat Equation With Nonlinear Nonlocal Boundary
Condition. J Math Anal Appl. 338, 264-273 (2008).

[2] J. Morbach, Problemas Elipticos Nao-Locais com Condigées de Fronteira Integrais, Tese de Doutorado,
PPGME-UFPA, Maio 2014.

[3] Y. Wang, Solutions to Nonlinear Elliptic Equations With a Nonlocal Boundary Condition, Eletronic Journal
of Differential Equations, Vol. 2002, N. 02, (2002), 1-16.

75



ENAMA - Encontro Nacional de Andilise Matemética e Aplicagoes
UFPE - Universidade Federal de Pernambuco
VIII ENAMA - Novembro 2014

REMARKS ON CARLEMAN INEQUALITY IN MOVING BOUNDARY
DOMAINS

FREDDY HERNANDEZ * & JUAN LiMACO |

1 Introduction

Consider a, b, c,d,e € C%([0,T]) satisfying a(t) < c(t) < e(t) < d(t) < b(t) for all t € [0,T] and define the domain:
Q={(x,t) eR?: a(t) <z <b(t), 0<t<Thw={(z,t) eR?: c(t) <x<d(t), 0<t<T} v ={(at),t):0<
t <T} and v, = {(b(t),t) : 0 <t < T}. (Dotted region @ and dashed region w).

The goal of this work is to obtain, for given functions A € C*2(Q), B € C(Q), C € C(Q), a Carleman inequality

(see (2.4) below) for the solutions of the boundary value problem

L*2 = —2 — Azpy — Bz, — Cz = g, (z,t) € Q,
z|’yau’7b = 07 (1.1)
z(z,T) = zo(), z € [a(T),b(T)].

It is worth to mention that Carleman estimates are applied in various ways to produce remarkable results in
inverse problems and in control theory.

The weights appearing in inequality (2.4) are of the form ¢Z\"e25$*, where m € Z, A and s are positive parameters,

and
() e (1) (g (2.1 e M (1) _ p2X|¢]|eo (1.2)
A2, t) = ——, Az, t) = .
(T — 1) (T — 1)
The function 1 appearing above is defined on @ by
cé;“ff&), at) < < e(t),
z—c( e(t)—c(t)
’(/)({E t) _ P(e(t) c(t) ? c(t))fa(t))7 C(t) Sz< €(t), (1 3)
A 4 p(-dB-s d(t)—e(t) <r<d :
(et » bi—am ), et) <z <d(),
o d(t) < = < b(),

b(t)—d(t)’

*Instituto de Matemaética , UFF, RJ, Brasil, freddyhernandez@id.uff.br
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where P(w, z) = zw + (10 — 62)w® + (82 — 15)w? 4 (6 — 32)w®. It is no difficult to see that 1) belongs to C?(Q), is
strictly positive in @ and vanishes at v, = {(a(t),¢) : 0 <t < T} and v, = {(b(¢),t) : 0 <t < T}. Moreover, there
exists k > 0 such that [¢,| > &k > 0 in Q/w.

Once defined the weights we obtain Theorem 2.1 using Leibnitz’s formula and a slight modification of the
usual tecniques developed in [3]. Another possible approach in order to obtain the desired Carleman’s inequality,
used to prove Theorem 2.2, is to construct a C? diffeomorphism between @ and [0, 1] x [0,7] which maps w into
(o, B) x (0,T), and then obtain the desired Carleman estimate from the usual one (fixed boundary).

Given real numbers a < ¢ < d < b, 0 < o < 8 < 1, fix 6 > 0 small enough and let gq 4,56 be the linear
interpolation of the points (a —§, —9), (a+9,9), (c—d,a—90), (c+0,a+9), (d—6,8-10), (d+6,8+9), (b—4§,1-9),
(b+0,146). Consider g4 c 4,65 as defined on the whole line by extending the end segments toward infinity. On the
other hand, let ¢ be a nonnegative even smooth function with compact support contained in (—d, §) which integral
on this interval is equal to one.

It can be seen that f, c 4,5, defined as the convolution of g4 ¢ 4,55 With ¢, is a C* diffeomorphism which takes
values 0,c, 8,1 at a,c,d,b, respectively. It is not difficult to see that H(z1,...,25) = fus,. as,06(z1), defined on
D={(x1,...,x5) :x9+ 9 < x3, T3+ < x4, x4+ 0 < 5}, is smooth.

The desired diffeomorphism is constructed by fixing § = 1 min{d;,d>}, where 6; = rr[loir%]{c(t) —a(t),d(t) —
te(o,

c(t),b(t) — d(t)} and 02 = min{a, 8 — a, 1 — B}, and defining F(z,t) = (H(x,a(t),c(t), d(t),b(t)) , t) on Q.

2 Mathematical Results

Theorem 2.1. Let A, B,C, g satisfying the preceding conditions and 1 the function defined in (1.3). Suppose the
existence of ag > 0 such that |A| > ag on Q. Then, there exist A > 0 and positive constants C' and so such that

B T
2 2s 2 2 :
g2e%s i +/z +2/O {a/(t)sz|(a(t),t) N b/(t)Awm|(b(t)7t)})’

(2.4)

1 -
/ [— (27 + 22,) + s\%rz2 + 2N 3 27 ] e < C(/
Q "SPa 0

for every solution z € CY2(Q) of (1.1) and every s > so. Finally, w = ez and b, D (k =2) are given in (1.2).

Theorem 2.2. Under the same assumptions of Theorem 2.1 we have that there exist positive constants X > 0,
s1 > 0 and C' such that

1 T ~
/Q {E(Zf +22,) + s\ @yzT + 83/\4(I)§22}625‘1)>\ < /QQQGQS% +/ 2

for every s > s1, where @5 = ¢y o F' and EI;)\ = <Z>\ oF.

Note that the preceding results are equivalent on increasing domains Q.
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A NONLOCAL ELLIPTIC TRANSMISSION PROBLEM OF
p(z)-KIRCHHOFF TYPE WITH NONLINEAR BOUNDARY CONDITION

G. RODRIGUEZ V* & E CaBANILLAS L T &
W Barahona M * & R De La Cruz M % & L Macha C I

Abstract

In this research, by means of the monotone operator theory we show the existence of weak solutions for a
transmission problem given by a system of two nonlinear elliptic equations of p(z)-Kirchhoff type which is the

generalization of a mathematical model arising of an electrolysis process.

1 Introduction

Let ©, Q1,0 C R? be a bounded polygonal domains with their boundaries 9Q, 9,0 and closures €, Q1,0
satisfying the relations Q = Q; U Qq, Q; N Qs = ¢.
We denote

I3 =00, N0, T; =00\ T3, i=12. ( See Fig.1)

1-
I3
Iy
2,
| r3 1;1
2
I
Figura 1.
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We are concerned with the existence of solutions to the following system of nonlinear elliptic equations:

1 -
fMi(/ —— |V PP dx) div(|Vu|P®72Vw;) = divf  in Q  ,i=1, 2.

., p()
Mi(/ i|Vui|1’<"’”)d:v) Oui + kju;|*®) 2, = f. 7 on Ty, i=1,2 (1.1)
a, P(z) ov
1 (911,1 1 8U2 _

[ v p@ g 24y / G @ gy 22 i — @20, I

1(/91 oy el ) G = ([ o Vs da) G = ki, — 2, ) on Ty
where

(Mp) M; : [0, +00[—> [moi, +00[ , are non decreasing Lipschitz continuous functions, 1 = 1,2 ,

k, mo;,i = 1,2 are positive numbers, p and a are continuous functions on Q satisfying appropriate conditions,

f = (f1, f2) is a given vector field (determined from Maxwells equations) , 7 = (v1,v2) and 7' = (v, i) denote
a unit outer normal to 92 and to 9€2;, respectively; % and a?zi denote the derivative in the direction 7 and 7"
1

respectively of course 7! = —% and % = —% onTs, 7= onT;, i =1,2. We confine ourselves to the case where

My = M5 with mg; = mg2 = myg for simplicity. Notice that the results of this work remain valid for M; # Ms.
Transmission problems arise in several applications of physics and biology (see [2]). Our work is motivated by the

one of Feistahuer et al [1].

2 Mathematical Results

We shall deal with the Lebesgue-Sobolev Spaces with variable exponent LP(®)(Q), LP(®)(Q;), LP(*)(9Q) and Wol’p(z) (€).
We refer to the book of Musielak [4].

Set CL(Q) ={h:h e C(Q): h(z)>1,Vz € Q}; for any h € C;(Q), we define h™ = sup h(x) and h~ = iIelsfz h(z)
€N z
Let p(x), m(z) € C+(Q) with a(x) > 2 for any z € Q. We have the following result.

Teorema 2.1. If? € [LP@)(Q)]? and (My) hold, problem (1.1) has a weak solution
{ur,u2} € B = WHP(Q) x WHr®)(Qy)
Proof: We can write problem (1.1) as operator form

Au=F

Then, we prove that A is coercive, strictly monotone and locally Lipschitz continuous on E, so by the well known

results from the monotone operator theory the proof is achieved.
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ARE INJECTIONS ALWAYS INJECTIVE?

GERALDO BOTELHO *, DANIEL PELLEGRINO T & PILAR RUEDA?

By definition, an injection is an injective map between two sets. But mathematical terminology can be mis-
leading, and sometimes mathematicians call injection a non-necessarily injective map. This may cause problems:
imagine you have just found a result you need in a paper, written by a well known expert, stating that a certain
injection satisfies a certain desired property. Be honest: are you going to use the result at once, including the
injectivity of the map, or are you going to check the proof and the injectivity of the map? In this work I shall

describe a situation where we used the injectivity of a so-called injection which is not always injective.

1 Introduction

Given a Banach space F, we shall always consider the closed unit ball Bg: of its dual E’ endowed with the weak-star
topology. By W(Bpg/,w*) we mean the set of all regular Borel probability measures on Bg/. Given 0 < p < 400
and a regular Borel probability measure p on Bg/, let

JpiC(Brr) — Lp(p)

be the canonical map. Considering the Banach space C'(Bg) of continuous functions on Bgs with the sup-norm,
the map
e: B — C(Bg) , e(z)(p) = p(x),

is a linear isometry. By jp we denote the restriction of j, to e(E). Quite often — and even in the most important
case, that is, when p is a Pietsch measure for an absolutely summing operator (cf. Section 2) — the map j, is
called the canonical injection. Even very important experts use this terminology in this context, see, e.g., Maurey
[5] and Rosenthal [7]. And, sometimes, misled by the terminology, people believe that, at least in the context of
Pietsch measures for summing operators, this map is always injective and use this property to prove results (see,
e.g., [1, 2, 6]). In this talk we discuss the injectivity of the map j,. As we shall see, sometimes this map fails to be
injective, so the proofs depending on its injectivity are wrong and something must be done about that. In the cases

mentioned above, in [3] we fortunately managed to fix the proofs of [1, 2, 6] that depend on the injectivity of j,.

2 Results

Let us describe how the map j, and its restriction j; play a central role in the theory of absolutely summing
operators. By definition, an operator u: E — F is p-summing if (u(x,))S2 is weakly p-summable in F' whenever
()52 is absolutely p-summable in E. The celebrated Pietsch Factorization Theorem [4, Theorem 2.13] asserts
that u is p-summing if and only if there are a measure p € W(Bg/), a (closed) subspace X, of L,(x) containing
(jp o €)(E) and a continuous operator u: X, — F' such that u = G o Jp © €. In other words, p-summing operators
are exactly those which factor through jg. Any such measure y is called a Pietsch measure for u.

First we characterize when jj is injective:
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Proposition 2.1. Let p € W(Bg/,w*) and 1 <p < oo be given. Then jg is injective if and only if i is a Pietsch
measure for some injective p-summing linear operator defined on E.

There are many examples of injective p-summing operators, for example the formal inclusions ¢; — ¢5 and
Loo(p) = Lp(t), where pu is a finite measure. In the latter case, even j,: C(Br_ () — Lp(p) is injective.
Next we show that, if (Bg/,w*) is separable, then p-summing operators on E always have a Pietsch measure

for which the canonical map j, is injective.

Proposition 2.2. Asume that (Bg/,w*) is separable. There exists a measure g € W(Bg/,w*) such that

Jjq:C(Br) — Lq(“'g“o) is injective for any 1 < g < oo and any p € W(Bg,w*). In particular, any p-summing

linear operator on E admits a Pietsch measure for which the canonical map j, is injective.

Our next purpose is to show that, even in the context of Pietsch measures of summing operators, the canonical

map j, can fail to be injective. With the help of Uryshon’s Lemma we have:

Proposition 2.3. Let K be a compact Hausdorff space containing at least two elements and 0 < p < co. Then
there is a reqular probability measure (1 on the Borel sets of K such that the canonical mapping j,: C(K) — L, ()

fails to be injective.

For every Banach space E # {0}, (Bg,w*) is a compact Hausdorff space containing more than two elements,
so there is always a regular probability measure 1 on (Bgs, w*) such that j,: C(Bg/) — L,(u) fails to be injective.
And, of course, p is a Pietsch measure for the p-summing operator j,. It is well known that the operator e is

bijective whenever E is a C'(K) space, so in this case jg is not injective either.
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HIPER-IDEAIS E APLICAQ@ES MULTILINEARES HIPER-NUCLEARES

GERALDO BOTELHO * & EWERTON R. TORRES |

1 Introducao

Ao propormos uma definicio de uma subclasse da classe das aplicacbes multilineares continuas entre espacos de
Banach, que chamamos de hiper-ideal, visando generalizar o conceito de multi-ideal apresentado por Pietsch em
[3], observamos que as aplicagbes nucleares, um notdvel exemplo de multi-ideal, ndo é um hiper-ideal. Encontramos
em [5] uma classe que, além de ser um hiper-ideal, satisfaz uma propriedade que mostra que esta classe estd para
os hiper-ideais assim como as nucleares estao para os multi-ideais.

A defini¢ao de hiper-ideais, descrita a seguir, foi inspirada por casos particulares tratados em [2] e [4].

Definicao 1.1. Um hiper-ideal de aplicagoes multilineares H, ou simplesmente hiper-ideal, é uma subclasse da
classe das aplicagoes multilineares continuas entre espagos de Banach tal que, para quaisquer m € N e espacos de
Banach Fy,..., E,,, F, as componentes H(E1,...,E,; F):= L(E,..., Ey; F) N H satisfazem:

(1) H(FE4, ..., Ep; F) é um subespago vetorial de L(E1, ..., Eny; F) que contém as aplicagées m-lineares de tipo
finito;

(2) Propriedade de hiper-ideal: Dados 1 < n; < --- < n,, numeros naturais, G1,...,Gy, , E1,...,E,, F,H
espagos de Banach, se By € L(G1,...,Gn; E1),....Bm € L(Gi4n,, 1s---sGn, i Em) A € H(Ey,...,Ep; F) e
t € L(F; H), entdao a composi¢ao to Ao (By,..., By) pertence a H(G1,...,Gy, ; H).

Se existe uma funcdo || - ||x: H — [0, 00) tal que:

(a) A funcdo || - || restrita & componente H(E1,..., Fy; F) é uma norma para quaisquer espagos de Banach
FEi,...,E,,F etodonéeN;

(b) A aplicagdo n-linear I, : K™ — K, dada por I,(A1,...,An) = A1+ Ay é tal que ||I,||x = 1;

(¢c)Se Ae H(E1,...,En; F), By € L(Gi4npy_ys--- Gy Ex), k=1,...,met € L(F; H), entdo

lte Ao (Bu,...,Bm)lla < [t [[All2 - [|Bull - [[ Bmll,
entao (H;|| - ||x) é um hiper-ideal normado.
Mais ainda, se todas as componentes H(E1,..., E,; F) sdo subespagos completos relativamente & topologia
gerada por || - ||x, dizemos que (H;|| - ||2) é um hiper-ideal de Banach.

2 Resultados

Uma conhecida caracterizagao de multi-ideais de Banach pode ser obtida para hiper-ideais:

Proposicao 2.1 (Critério da Série). Seja (H,||||%) wma subclasse da classe das aplicagées multilineares continuas
entre espagos de Banach munida de uma funcao || - ||y : H — [0,+00). Entao (H,|| - ||3) € um hiper-ideal de
Banach se, e somente se, as sequintes condigoes estdo satisfeitas:

(i) I, € H(K™K) e |[In]l% = 1, para todo n € N;
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(i7) Se (An)n CH(EL ..., Em; F) e > ||An||n < o0, entdo

n=1

A=Y Ay HEn . EniF) e Al < S Anll
n=1 n=1
(ii1) Sel <ny < -+ <Ny, G1,...,Gyp, , E1,...,Ep, F, H sdo espagos de Banach, By € L(G1,...,Gpn,; Er), ...,
B, € L(Gignp s+ Gnps Em), A€ H(EL, ..., En F) et € L(F; H), entio

toAo(By,...,Bn) € H(G1,...,Gn,;H)el|lto Ao (By,...,Bu)llx < It - 1Al - [|B1ll -+ || Brml|-

Por outro lado, notemos que nem todos os conceitos de multi-ideais podem ser transferidos para os hiper-ideais,

como sugere o exemplo a seguir.
Exemplo 2.1. As aplicagoes nucleares nao formam um hiper-ideal.

Buscamos entao um hiper-ideal que desempenhe o papel das aplicacoes nucleares nos multi-ideais, isto é, que
seja o menor hiper-ideal de Banach (visto que o hiper-ideal das aplicagdes de posto finito ndo é completo). Tal

classe foi introduzida originalmente em [5] e é descrita a seguir:

Definigao 2.1. Dizemos que uma aplica¢do n-linear continua A: Ey X --- X E, — F é hiper-nuclear se existem
uma sequéncia (\;); € £1 e sequéncias limitadas (A;); C L(Ex,..., Eny;K) e (y;); € F tais que

A= i)\iAi ® Y;-

i=1
Toda série dessa forma é chamada de representa¢do hiper-nuclear de A. Denotamos o espaco dessas aplicagoes
hiper-nucleares por HN (E4, ..., E,; F).

Definimos ainda a fungao || - ||y HN — R por

Al = inf{ZIAilllAillyill} ;
i=1

onde o infimo é tomado sobre todas as representacoes hiper-nucleares de A.

Proposicgao 2.2. (HN,||-||lun) € o menor hiper-ideal de Banach. Isso significa que se (H,||-||n) € um hiper-ideal
de Banach, entio HN CH e || - ||u < || - ||zn-
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DISTINGUISHED EXAMPLES OF MULTILINEAR OPERATORS OF

TYPE (p1,...,Pn)
GERALDO BOTELHO * & JAMILSON R. CAMPOS T

We introduce the class of multilinear operators of type (p1,...,pn) and show that this class is quite “large” in
the sense that it contains all multi-ideals constructed by composition, factorization and linearization methods from
the class of linear operator of type p. Some examples are provided to show that, although quite large, this new
class is a proper ideal of multilinear operators and, moreover, it does not coincide with the aforementioned ideals.

1 Introduction

The concepts of type and cotype of Banach spaces were introduced mainly by J. Hoffmann-Jgrgensen [4] and by
B. Maurey [5] in the study of Banach spaces-valued random variables. Since then the theory of type and cotype
have found several applications and became a central part of the geometry of Banach spaces [7], and of the linear
and multilinear operator theory and operator ideals (see [2, 3, 6] for instance).

Our principal aim throughout our recent research has been to define and study these concepts in a multilinear
scenario setting up the relationships of new class with the linear and multilinear theory already established.

Let us denote by [,(E) the space of absolutely p-summing sequences in a Banach space E, i.e. sequences

satisfying > .2, ||z;|[? < oo, and by Rad(E) the Banach space of almost unconditionally summable E-valued

sequences, namely the sequences such that HZ;’;I 7% < 00, where (rj)‘;‘;l are the Rademacher functions

La(E)
(see [3, p. 10]). From now on, p,ps1,...,p, are positive real numbers and E, F1,..., E,, F are (real or complex)

Banach spaces.

Definition 1.1. A continuous n-linear operator T' € L(E1,..., E,; F) has type (p1,...,Pn), % < pi pi <1,
if there is a constant C' > 0 such that, however we choose finitely many vectors ( . ) - x By,
je {17"'7k}7

2 1/2 1/p1 1/pn

Pn

k k
/ er (o G 0 I3 el B 5 > e (1.1)
Jj=1 j=1

The set of all n-linear operators of type (p1, . .., pn) from Eq x- - - X E,, to F is denoted by T&hm’pn)(El, ooy Eny F).
This set, provided with the usual operations, is a normed subspace of L(E1,..., E,; F) equipped with the norm
l - HT(m ..... o = inf{C > 0, such that (1.1) holds}, even further it is a Banach multi-ideal.

Although it is not present in this paper, we have established similar definitions and results that extend the

concept of cotype of linear operators to the multilinear framework.

2 Results

A characterization of multilinear operators of type (p1,...,pn) is provided by the next theorem.

Theorem 2.1. Let (p1,...,pn) with % < p% + p% < 1. The following are equivalent for T € L(F1,...,En; F):
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i) T is an operator of type (p1,...,Pn);
. (1) ™Y\ )\ N s
if) (T (.Tj . ))j:l € Rad(F) whenever (xj )j:1 €l (Ey),ie{l,...,n}.

A number of examples of continuous multilinear operators with proper type follows from the following result.

where T; € L(En,...,E,; F), VjeN. If

Proposition 2.1. Let (xgz)) €lw(FE), 1 €{1,...,n} and (Tj);?o_l,
j=1 =

\o© . (1) ™Y\
(T))3%, € Rad(L (Br, .., Eys F)), then (T (o, a >>j:1 € Rad(F).

For()\j)iil € lp and ((ﬁj);il € loo(E), defining the continuous linear operator T; : E — E by Tj(z) = Az, we
notice that (7;)32; € Rad(L(E; E)). Thus from Proposition 2.1 it follows that (7}(z;))52; = (A\jz;)52, € Rad(E).
In other words,

la - loo(E) C Rad(E).

Therefore, the following are examples of continuous multilinear operators with proper type:

Example 2.1. Let {iy,...,ix} and {l1,...,l»} be a partition of {1,...,n}, A € L(F;,,...,E;,) and B €
L(Ey,,....,E ;F). Defining A® B € L(Ey,...,E,;F) by A® B := A(ziy,..., i) - B(xy,...,x1, ), we con-

clude that A® B & Tpto ) whenever 5 < o + + i with o + + o <1.

The next theorem establishes the relationship between 7'(’; epn) and the multi-ideals generated from the linear
ideal of operators of type p (cf. [1, 6]).

Theorem 2.2. If% = p% +o 4 i, then (tpo L)U [1p,, L, ., LIV~ U[L, ..., L7, ] C 70 .

Let us see that, despite the result above, the ideal 7'671 B is a proper ideal continuous multilinear operators

and the inclusion above is strict: -
1. The continuous bilinear operator T' : Iy x Iy — Iy defined by T ((2;)52,, (y;)521) = (2;4;)52,, has no proper
type (p1,p2);

2. If F and F are Banach spaces with no proper type, i.e. those for which idg and idr have only the trivial type
p = 1, then the continuous bilinear operator T' : E x F' — E defined by T (z,y) = ¢(y)z, where 0 # ¢ € F', has

a proper type (p1,p2), with % < p% and p% + p% < 1, and T does not belong to 7, o L or [7,,, £].
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DIFERENCIACAO DE T1POS DE HOLOMORFIA

GERALDO BOTELHO * & LEODAN TORRES |

Neste trabalho estudamos tipos de holomorfia entre espacos de Banach e, em especial, fungoes holomorfas que
sdo associadas a um determinado tipo de holomorfia. O objetivo é provar que as derivadas de um tipo de holomorfia
sao ainda um tipo de holomorfia, e também que dada uma funcao holomorfa associada a um tipo de holomorfia,

suas derivadas pertencem ao tipo de holomorfia correspondente.

1 Introducao

Introduzimos primeiramente a notagao usual para espacos de polindmios homogéneos e fungoes holomorfas, que

pode ser encontrada em [4, 3].

Definigao 1.1. Sejam F e F espacgos de Banach complexos e m € N.
(a) (Aplicagao Multilinear Simétrica) Uma aplicagdo multilinear continua A: E™ — F é dita simétrica se

A(l‘l, ce ,xm) = A(-Ta(l)a ce ,xa(m))

para todo (z1,...,T,) € E™ e toda o € Sy, onde S, denota o conjunto das permutagoes do conjunto {1,...,m}.
O conjunto das aplicagoes multilineares simétricas continuas A: E™ — F' serd denotado por L*("™E; F).

(b) (Polinémio m-Homogéneo) Uma aplicagdo P: E — F' ¢é denominado polinémio m-homogéneo continuo se existe
uma aplicacio multilinear continua A: E™ — F tal que P(z) = Az™ := A(x, ™), x) para todo x € E. O conjunto
dos polinémios m-homogéneos continuos de E em F' serd dentoado por P(™E}; F).

Dada A € L*(™E; F), denotamos por A o tinico polinémio m-homogéneo associado a A, que é definido por
A(z) = Az™. Analogamente dado P € P(™E; F), denotamos por P a tnica aplicacio multilinear simetrica em
L5(™E; F) associada a P, definida por Pz™ = P(x) para todo z € E.

(¢) (Func@o Holomorfa) Seja U um subconjunto aberto de E. Uma funcdo f:U — F é dita holomorfa em U se

para cada a € U existem uma bola aberta B(a,r) C U e uma sequéncia de polinémios (P,)>X_, € P(™E; F) tais
oo

que f(z) = Z P,,(z — a) uniformemente para x € B(a,r).

m=0
Denotamos por H(U; F) o espaco vetorial de todas as fungdes holomorfas de U em F. Quando F = C, es-

crevemos simplesmente H(U). Denotaremos também P,, = P™ f(a) para todos m = 0,1,..., e a € E. A serie

o0
Z P, (z — a) é chamada de série de Taylor de f em a.
m=0
Se P,, € P(™E;F) é o polindémio correspondente a A,, € L5("™E; F) por P, = A, para cada m = 0,1,... ,
fixamos as seguinte notagoes:

d"f(a) =m!A, e d™f(a) =m!P,,

de modo a obter as aplicagoes diferenciais
d"f:aelU —d™f(a) € LS("E;F) e d"f:acU— d"f(a) € P("E;F).

O conceito de tipo de holomorfia foi introduzido por L. Nachbin no livro [4], e foi desenvolvido por vérios autores

(veja, por exemplo, [1, 2]).
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Definigcao 1.2. Sejam FE, F' espacos de Banach. Um tipo de holomorfia © de E em F é uma sequéncia de espagos
de Banach (Po(™E; F),|| - ||le)s_, para a qual sdo vilidas as seguintes afirmagcoes:

(1) Cada Pe(™E; F') é um subespaco vetorial de P(™E; F).

(2) Po(°E; F) coincide com P(°E; F) = F como espaco vetorial normado.

(3) Existe um ntimero real o > 1 tal que, dados k € Ny, m € Ng, k <m, a € E e P € Pg(™E; F), vale que

L% p(a)

c/l%P(a) € Po(*E; F) e o

—k
<o™-|[Ple - [laf™".
e
Nachbin também definiu o conceito de fun¢ao holomorfa associada a um tipo de holomorfia, estudada por vérios
autores:

Definicao 1.3. Seja (Po(™E; F))>>_, um tipo de holomorfia entre os espagos de Banach complexos E e F'. Uma

m=0

fungéo f € H(U; F) é chamada de ©-tipo de holomorfia em & € U se :
(1) d™f(£) € Po(™E; F) para todo m € N.

(2) Existem ntimeros C' > 0, ¢ > 0 tais que

1 ~
'dmf(f)H < C-c¢™ para todo m € N.
m! o

Dizemos que f é de ©-tipo de holomorfia em U se f é O-tipo de holomorfia em todo ponto de U. Denotaremos
por He(U; F) o subespago vetorial de H(U; F') de todas as fungoes f ©-tipo de holomorfia em U.

2 Resultados

O primeiro resultado estabelece que as derivadas de um tipo de holomorfia sdo ainda tipos de holomorfia:

Proposigao 2.1. Sejam © um tipo de holomorfia de E em F el € N. Entao a sequéncia de espagos de Banach

G@Pe(*TEF)  (meN)

¢ um tipo de holomorfia de E em Po('E; F) na norma 7, definida por

=[IPle-

T

15
H“dP

Este tipo de holomorfia serd denotado por ll,cﬁ@
O segundo resultado diz respeito as derivadas de fungoes holomorfas associadas a um tipo de holomorfia:

Proposigao 2.2. Sejam © um tipo de holomorfia de E em F e T = ﬂcﬁ@ o correspondente tipo de holomorfia de
E em Po('E; F) ondel € N. Se f € Ho(U; F), entdo

d'f e 1. (U;Po('E; F)).

Esses resultados sdo enunciados e demonstrados de forma muito compacta em [4]. O objetivo deste trabalho é

detalhar e justificar as passagem das demonstragoes.
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EQUACOES DE SCHRODINGER QUASE LINEARES COM POTENCIAL
PERIODICO E NAO LINEARIDADE SUPERCRITICA

GIOVANY M. FIGUEIREDO * & OLIMPIO H. MIYAGAKI | & SANDRA IM. MOREIRA ?

1 Introducao
Recentemente véarios matematicos tem estudado equagoes do tipo
—Au+ W (2)u — kEA(u?)u = p(z, u), (1.1)

em RV, com N >3, W :RY — R uma funcéo potencial e p : RN x R — R funcéo cont’inua.
As solug] oes de (1.1) estdo relacionadas com a existéncia de ondas estacion’arias para equacdes de Schrodinger
quase lineares da forma

0z = —Az+ 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 solucdo para a equagdo (1.1) dois métodos variacionais vem sendo amplamente usados. O
primeiro por meio de argumentos de minimizagido com vinculos, em [6] e estendidos em [4], os autores provaram
a existéncia de solug] oes positivas usando um Multiplicador de Lagrange. No segundo método para contornar o
problema de que o funcional associado a esta equacao pode nao estar bem definido, os autores em [5] introduziram

uma mudanca de varidveis, para transformar o problema quase linear em um semilinear.

2 Resultados

Iremos tratar da existéncia de solugao, para a seguinte classe de problema:
—Au—AW)u+V(z)u=pu) emRY N>3 (2.3)
onde V' é uma fungédo continua que satisfaz as seguintes hipoteses:
(Vo) existe B> 0 tal que V(x) > B > 0, para todo = € RY;
(V1) V(z)=V(z+y), Yz e RN, yezZN.

A funcdo p € C(R,R) pode ser escrita p(s) = fo(s) + €g(s), em que € é um pardmetro real positivo, fo e g s@o
fungoes localmente Holder continuas satisfazendo:

(F1) fo(0) = 9(0) = 0 ¢ g(s) > 0 para todo s # 0

(F) lim fo(s) =0e lim 9(s) =0;

|s|20+ 8 |s|»0+ 8
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(F3) Existe g € (4,2(2*)) tal que | fo(s)| < C[s|?”", para todo s € R;

(Fy) lim Fols) = 00, onde Fy(s) = [; fo(t)dt;

|s|—o0 st
(F5) Existe uma sequéncia de niimeros reais positivos, (M,,) convergindo para +oo tal que

ols) _ 9(My)

o1 = ot para todo s € [0, M,,], n € N.

(Fs) Para a > 0 dado por (Vp) existem | > 2 e o € (0, (4 — 1)a) tal que
25fo(s) — lFy(s) = —os? e £sg(s) — 1G(s) > 0, para todo s # 0,

onde G(s) = [, g(t)dt.

Para garantir a existéncia de solugéo positiva consideramos p : R — R satisfazendo (Fy) — (Fg) sobre [0, 4+00) e

definida como zero sobre (—o0,0]. Obtendo o seguinte resultado:

Teorema 2.1. Suponhamos que V' e p satisfazem (Vp), (V1) e (F1) — (Fg) respectivamente. Entdo existe g > 0 tal

que (2.3) tem uma solucao positiva para todo 0 < e < €.

A ideia para provarmos o resultado acima é motivada pelos argumentos usados em [1] e [3]. Primeiro, usamos
a mudanca de varidveis e reduzimos nosso problema a encontrar solugao para uma equagao semilinear, lembrando
que com isso perdemos a homogenidade do problema. Depois disso, provamos que o problema periédico envolvendo
expoente subcritico possui uma solugao positiva. Para isso consideramos o funcional associado ao problema mo-
dificado e usamos uma versao do Teorema do Passo da Montanha, sem condigdo de compacidade (veja [7]), a fim
de garantir a existéncia de uma sequéncia de Cerami limitada associada ao nivel minimax. Em seguida, utilizamos
esta sequéncia e um resultado técnico, devido a Lions (veja [2]), para obtermos um ponto critico nao trivial do
funcional associado ao problema periédico modificado. Finalmente, construimos uma sequéncia de funcoes corte e
modificamos a nao linearidade para satisfazer o crescimento subcritico, obtendo assim uma familia de funcionais
de classe C'. Utilizando um argumento de iteracdo de Moser, fornecemos uma estimativa envolvendo a norma L>

para a solucao relacionada ao problema subcritico.
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STATIONARY SOLUTIONS FOR THE KDV EQUATION POSED ON
ARBITRARY INTERVALS

GLEB G. DORONIN * & FABIO M. A. NATALI |

1 Introduction

It is well-known [1] that the KdV equation
Uy + VU + Vgge = 0 (1.1)

possesses spatially periodic cnoidal-wave solutions which are determined to be stable to perturbation of the same

period. They can be written explicitly as
v(z,t) = a+ben®(d(z — ct); k) (1.2)

in terms of the Jacobi elliptic function cn(x; k) where the elliptic modulus k and the parameters a, b, ¢ and d are
related by a system of nonlinear transcendental equations (see [9]).

Equation (1.1) has been deduced to describe long waves of a small amplitude propagating in a dispersive media
that occupies all the spatial domain (x € R). Numerical needs, however, require to cut-off the infinite domains of
wave propagation [2]. (One considers z € (0, L) C R, for instance). The correct equation in this case (see [2, 14])

should be written as
Vg + Uy + VVp + Vg = 0. (1.3)

Once bounded intervals are considered as a spatial region of waves propagation, their length L > 0 appears to

be restricted by certain critical conditions. An important result in this context is the countable critical set (see e.g.
[11])

2T
N="Z"VEk24+kl+12; EkleN. 1.4
5V (1.4)

While studying the controllability and stabilization of solutions for (1.3), the set A provides qualitative difficulties
when the length of a spatial interval coincides with some of its elements. In fact, the function v(z) = 1 — cosz is
a stationary (not decaying) solution for linearized (1.3) posed on (0,27), and 2r € N. However, if the transport
term v, is neglected, then (1.3) becomes (1.1), and the exponential decay rate of small solutions for (1.1) posed on
any bounded interval is known to be held [7]. For (1.3) the same result has been shown if L ¢ N (see [10]). The
following questions arise:

e Are there solutions of (1.3) which do not decay for L € N'? If so is, what is a “nonlinear analog” of N'?

Despite the valuable advances in [4, 5, 6], the question whether solutions of undamped problems associated to
nonlinear KdV decay as t — oo, for all finite interval lengths, is open (up to our knowledge).

In the present note we construct explicitly the stationary solutions to homogeneous IBVP for nonlinear KdV
(1.3) posed on a bounded interval (0, L) C R with some (critical) values of L > 0. These solutions clearly do not
decay in time and can be viewed as nontrivial periodic solutions of (1.3) with spatial period L that are different

from (1.2), as well as, from example of [8].
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2 Main results

We provide the existence of explicit stationary solutions of (1.3) of the form v(z,t) = ¢(z) related to the following

initial boundary value problem posed in [0, L] x [0, 00):

Ut + Vg + 00z + Vgge =0, v(0,t) =v(L,t) =0, v,(L,t) =0, v(x,0)=¢(x). (2.5)

Theorem 2.1. For all L € (0,27), there exists a stationary solution ¢ € C°(R) to (2.5) satisfying, moreover,

¢ + %((bz)’ +¢" =0, ¢px+L)=¢(x), VzeR, and 4(0)=¢'(0) =0, ¢"(0)# 0.

Proof. The solution is given by

3k2(1 - k2) 2 x
Pe) = [ 1— 282 } Sd <2\/1 —2k2’k> ’
where the elliptic function sd and the modulus k are defined in [3]. O
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CONCENTRATED TERMS AND VARYING DOMAINS IN ELLIPTIC
EQUATIONS - PART 1: UNIFORM LIPSCHITZ DEFORMATIONS

GLEICIANE DA S. ARAGAO ¥ & SIMONE M. BRUSCHI 8

1 Introduction

In this work, we analyze the convergence of the solutions of a concentrated elliptic equation with nonlinear boundary
conditions of the type
—Aue +u. = leﬁf(%uE), in Q.
Ou, ¢

on
when the boundary of the domain presents a highly oscillatory behavior, as the parameter ¢ — 0, and nonlinear

(1.1)

+g(z,ue) =0, on 0f2,

terms are concentrated in a region of the domain neighboring the boundary. We consider a family of uniformly
bounded smooth domains . C RY, with N > 2 and 0 < e < ¢, for some ¢ > 0 fixed, which satisfy both
Qe — Q = Qg and 92 — 0N in the sense of Hausdorff, that is, dist(€2, ) + dist(9€, IN) — 0 as € — 0, where
dist is the symmetric Hausdorff distance of two sets in R . We will assume that Q C Q. and we will look at this
problem from the perturbation of the domain point of view and we will refer to ) as the unperturbed domain and
Q. as the perturbed domains. Now, for sufficiently small €, w, is the region between the boundaries of 92 and 0f)..
Note that w, shrinks to OQ as e — 0. Figure 1 illustrates the oscillating set w. C ..

®e

Figure 1: The set w..

We use the characteristic function &, of the region w, to express the concentration in w.. We also assume that
the nonlinearities f, g : U x R — R are continuous in both variables and C? in the second one, where U is a fixed
and smooth bounded domain containing all Q,, for all 0 < e < ¢.

Although the domains behave continuously as ¢ — 0, the way in which the boundary 9. approach 92 may
not be smooth. We consider the case where the boundary 02, presents an oscillatory behavior in which, up to
a diffeomorphism, the period goes to zero in the same order as the amplitute. In this case, the measure of the
deformation of 0§}, with respect to 92 is uniformly bounded for € > 0.

The boundary condition in the limit problem inherits the information about the behavior of the measure of the
deformation of 92, with respect to 92 as e — 0. Moreover, since w, shrinks to 92 as € — 0, the family of solutions

*Instituto de Matemaética , UNIFESP, SP, Brasil, gleiciane.aragao@unifesp.br

TPartially supported by CNPq 475146/2013-1, Brazil

fDepartamento de Matemdtica, UnB, DF, Brasil, e-mail: sbruschi@mat.unb.br

$Partially supported by FEMAT - Fundacédo de Estudos Mateméticos, Brazil
92



{ue} of (1.1) will converge to a solution of an equation with a nonlinear boundary condition on 9§ that also inherits
the information about the concentration. We show that under certain conditions, the limiting equation of (1.1) is
given by
—Au+u=0, in
ou B (1.2)
{ o H@)g(x,u) = Bx)f(z,u), on o0
where the function v € L*°(99) is related to the behavior of the measure of the deformation of 9, with respect
to 0 and B € L>°(0N) is related to the average of the profile oscillatory boundary 9€2..

The behavior of the solutions of nonlinear elliptic equations with nonlinear boundary conditions and rapidly
varying boundaries was studied in [3], for the case of uniformly Lipschitz deformation of the boundary, but without
concentration.

The behavior of the solutions of elliptic problems with terms concentrated in a neighborhood of the boundary of
the domain was initially studied in [4], when the neighborhood is a strip of width € and has a base in the boundary,
without oscillatory behavior and inside of €.

Recently, in [1] some results of [4] were adapted to a nonlinear elliptic problem posed on an open square € in
R2, considering w. C © and with highly oscillatory behavior in the boundary inside of 2. The dynamics of the
flow generated by a nonlinear parabolic problem posed on a C? domain € in R?, when some reaction and potential
terms are concentrated in a neighborhood of the boundary and the “inner boundary” of this neighborhood presents
a highly oscillatory behavior, was studied in [2] where the continuity of the family of attractors was proved.

It is important to note that all previous works with terms concentrating in a neighborhood of the boundary
deal with non varying domain since w, is inside of €2 then all the equations are defined in the same domain. In our
case, the region w, is outside of 2. We also generalize the domain that exist in the literature allowing 2, Q. c RV

and Q is a C' domain. Finally, we found a different limit boundary condition than the ones in [1, 2, 4].
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SOME PROPERTIES OF THE BEST CONSTANT IN SOBOLEV
INEQUALITIES

GREY ERCOLE *

1 Introduction

Let Q a bounded domain of RV, N > 1, p > 1 and

V|
A = min wﬂ:Oy‘éuEWg’p(Q)
Hu||L<1(Q)

where

Mpif 1<p<N

1<g<p = N-p
=a=Pp { 00 if p>N.

We present some recent results on the regularity of the function ¢ € [1,p*) — A, and also on its asymptotic
behavior, as ¢ — p*.

Moreover, we describe some known properties of A, related to its characterization as the first eigenvalue of the

following eigenvalue problem

(1.1)

—div(|Vul" 2 Vu) = Afull 7ol [ul*u in Q
u=20 on 01,

and present a new result on the sign-definiteness of eigenfunctions in the case p < ¢ < p*.
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ON THE CHEEGER CONSTANT OF AN ANNULUS

HAMILTON BUENO * & GREY ERCOLE |

1 Introduction

Let p > 1 and Q be a bounded domain of RY, N > 1. The Cheeger constant h(Q) of  is defined by

h(£2) := min @,
eca |E|

where |0F| and |E| denote, respectively, the (N — 1)-dimensional Lebesgue perimeter of OE in RY and the N-
dimensional Lebesgue volume of E, the quotients being evaluated among all smooth subsets £ C €. A subset £
of Q0 is a Cheeger set of 2 if h(Q) = %. When € is a Cheeger set of itself, one says that € is calibrable. Main
contributions to the study of the Cheeger problem were made in a paper by Kawohl and Fridman [4].

It is easy to verify that a ball in RY is calibrable. Researchers of the area also know that the same happens with
an N-dimensional annulus, but the only known proof that the N-dimensional annulus is calibrable was indirectly

given by Demengel in [2], where approximation techniques were used to study the 1-Laplacian operator
Aqu = div <|Vu|_1 Vu)

which is defined in BV (), the space of bounded variation functions defined in Q. As a byproduct of her work,
one can infer that the annulus is calibrable; however, no connection with the Cheeger problem is explicitly stated
in [2]. (In [5], Kawohl cites a numerical result to inform that the annulus are calibrable.)

In [1] we have proved that
1 1
=h(Q)= 1

lim+ — = lm —0,
P [l P g |y

where u,, is the solution of the p-torsional creep problem

—Ayu=1in Q
u =0 on 09,

and Apu = div <|Vu|p_1 Vu) stands for the p-Laplacian operator. (Of course, ||-||1 and || - ||oo stand for the norms

in L1(Q) and L (), respectively.) The p-torsional creep problems were studied by Kawohl in [3].

2 Mathematical Results

In this paper we give a simple proof that the annulus Q4 = {x eRYN :a< 2| < b} is calibrable by showing that

1 _ |aQa,b|

1m = .
=1 T 1]

Additionally, a second method of proof was given: we prove that, for all € > 0,

Up
p—1+ [lup oo

=1 wuniformly in (a+¢€,b—¢).
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By studying the behavior of u;,, we also show that

L @)

m = ,
p—1+ [Juh [loo
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ANALISE DE UM SISTEMA PARABOLICO SEMI-LINEAR COM
NAO-LINEARIDADE NAO-LOCAL
ISIS GABRIELLA QUINTEIRO * & MIGUEL LoAyza |
Estudamos o sistema parabdlico nao-local acoplado
t t
” —Au:/o (£ — )~ [o]P~Lu(s)ds, vt—sz/O (1 — 5)=|u|Lu(s)ds
onde 0 < ~1,72 < 1 e p,q > 1. Consideramos o problema em (0,7) x RN e admitimos que os dados iniciais

u(0),v(0) € Co(RYN). Encontramos condicdes que garantem a existéncia de solucdo global e a explosdo num tempo

finito de qualquer solugao do sistema em questao.

1 Introducao

Neste trabalho, consideramos o seguinte sistema parabdlico semi-linear com uma nao-linearidade nao-local no tempo

¢

up —Au = / (t — )" |w|P" v(s)ds em (0,T) x RN,
0
¢

v —Av = / (t — 5) 712 |u|7 tu(s)ds em (0,T) x RV, (1)
0

u=v =0em (0,7) x RV,
uw(0) = wug, v(0) = vy em RV,

com p,q > 1,0 < 1,7 < 1 e dados iniciais ug, vg € Co(RY).
Estudamos a existéncia de solugoes para o sistema (1) e, posteriormente, apresentamos condi¢oes que garantem
a existéncia de solugdo global para o sistema (1).

O sistema (1) é equivalente, num sentido apropriado, ao sistema

u(t) = 5S(t)uo + /0 /03(8 —a) St — s)|vP (o) dods,
o(t) =S(t)vy + /0 /OS(S — )" 128(t — 8)|u|? tu(o)dods

para todo t € [0,77], onde {S(t)}+>0 é o semi-grupo do calor em RV .

Nosso primeiro resultado trata da existéncia e unicidade de solugbes para o sistema (2).

Teorema 1.1. Considere p,q > 1,71,7% € [0,1) eug,vg € Co(RYN). Eziste uma tinica solugio (u,v) € {C([0, Timax), Co(RY))}?
de (1) tal que

1. Thmax = 0o (a solugao € global) ou

2. Thax <00 € , lm  (lu(®)|lec + ||v(t)||cc) = 00(a solugdo explode num tempo finito).
—

max
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TDMAT, UFPE, PE, Brasil, e-mail: miguel@dmat.ufpe.br
97



Além disso, se (ug,vo) # (0,0), ug,ve > 0, entdo u(t),v(t) > 0 para todo t € (0, Tynax). Se 0 <t <t+7 < Thax,
temos

u(t+71) > S(Mu(t), vt +7) > S(r)v(t). (1.1)
Mais ainda, se (ug,v) € L™ (RN)xL™(RN) com1 <1y < pry el <ry < gra, entio (u,v) € C([0, Traz), L™ (RY)) x
C([0, Tinaz), L™ (RY)) €

Jim ([[u®)lloo + [[v(®)lloo + llu®)llr, + [0®)llrs) = oo, (1.2)

quando Tyax < 00.

2 Resultados sobre existéncia de solugao global e blow-up

Apresentamos condigbes que determinam a explosdo das solugoes do sistema (1).

Teorema 2.1. Sejamp,q > 1,pq > 1,0 < 41,7 < 1 eug,vg € Co(RYN). Considere (u,v) € {C([0, Tiax), Co(RN))}?
a solugdo correspondente de (1). Suponha que

1—py+p(l—gn)+plg+1) >LT(pg—1)
ou
L—gn+q(l—pyp)+ap+1) >%Z(pg—1)

ou
L—py2+p(l—gn) >0
ou
IL—gn+q(l—=py) >0

Se (ug,vo) # (0,0) com ug,vg > 0, entao (u,v) explode num tempo finito.

Sobre a existéncia de solugao global para o sistema (1), temos o seguinte resultado.

Teorema 2.2. Sejamp,q > 1,pq > 1,0 < y1,7 < 1 eug,vg € Co(RN). Considere (u,v) € {C([0, Tiax), Co(RY))}?
a solugdo correspondente de (1). Suponha que as sequintes condi¢des sejam vdlidas

(pq — 1),

L—py+p(l—gn)+plg+1) <
(pqg — 1),

1—gn+q(l—py)+elp+1) <

vz 0oz

L—pye+p(l—qgm) <0,
L—gn+q(1—py) <O
P 4 1 q 4

1
A S
ro. N ¢ mn N p

Se (ug,v0) € L™ (RN)xL™(RYN), onde r1,72 sdo definidos por (8) e (||[uolloo + [[v0lloo + l[uollry + Vo) < € com
e > 0 suficientemente pequeno, entdo (u,v) existe globalmente.
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ON p4(x)-LAPLACIAN PARABOLIC PROBLEMS WITH
NON GLOBALLY LIPSCHITZ FORCING TERM*

JACSON SIMSEN T & MARIZA S. SIMSEN ¥ & MARCOS R. T. PRIMO §

In the last seven years various researchers have spent efforts to obtain results on existence, uniqueness, blow-up,
vanishing, local boundedness and localization of solutions for parabolic problems with variable exponents. However,
until the moment few works have been appeared in the literature about global attractors. The theory of problems
with variable exponents has application in electrorheological fluids (fluids characterized by the ability to drastically
change the mechanical properties under the influence of exterior electromagnetic field), image processing and the
models of porous medium equations with variable exponents of nonlinearity also was considered. The reader will
find references on the subjects covered in this paragraph in [7], also we refer the reader to [5] for an overview of
differential equations with variable exponents.

In [1], G. Akagi and K. Matsuura studied the limiting behavior of solutions for nonlinear diffusion equations
driven by the p(z)—Laplacian as p(-) diverges to the infinity.

In [4] P. Harjulehto, P. Hast6 and M. Koskenoja considered Dirichlet energy integral minimizers in variable
exponent Sobolev spaces. In the paper [2], B. Amaziane, L. Pankratov and V. Prytula studied homogenization of
pe(x)-Laplacian elliptic equations and in [3], B. Amaziane, L. Pankratov and A. Piatnitski studied nonlinear flow
through double porosity media in variable exponent Sobolev spaces, and the authors considered the following initial
boundary value problem

we(z) 2 () — div(ke (z) Vus|Vu
u*=0 on ]0,tx90Q,
u(0,z) = up(z) in 9,

Pe()=2) = g(t,z) in Q

where Q C R" (n = 2,3) is a bounded domain, @ denotes the cylinder ]0, T[x€, T > 0 is given, g € C([0, T]; L?(£2))
and uy € H%(Q) are given functions. They studied the minimization problem for functionals in the limit of small €
and obtained the homogenized functional.
In [6] we considered the following one dimensional nonlinear PDE problem
{ G (1) = g (152 (O 7252(1)) = Bluy(1), >0 01)
us(0) = uos,

under Dirichlet homogeneous boundary conditions, where ugs € H := L*(I), I := (¢,d), B : H — H is a globally
Lipschitz map with Lipschitz constant L > 0, ps(x) € CY(I), p; := inf.erps(z) > 2V s € N, and p,(-) — p in
L (I) (p > 2 constant) as s — 0o and proved the continuity of the flows and the upper semicontinuity of the family
of global attractors {As}sen as s goes to infinity.

Let us consider the following nonlinear PDE problem

{ 9 (1) — div (| Vus(t)

P2V uy(1) + f(w,us(t) =g, >0
(0.2)

us(0) = s,

under Dirichlet homogeneous boundary conditions, where ugs € H := L?*(f2), Q is a bounded smooth domain in
R*, n>1,g€ L*Q), ps(z) e CL(Q) Vs eN, 2<p<ps(z) <a, for all x € Q and for all s € N. and p,s(-) — p in

*This work was partially supported by the Brazilian research agency FAPEMIG grant CEX-APQ-04098-10.
TInstituto de Matematica e Computacio - Universidade Federal de Itajubd, 37500-903 - Itajubd - Minas Gerais - Brazil
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$Departamento de Matemética - Universidade Estadual de Maringd, 87020-900 - Maringé - Parans - Brazil
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L () (p constant) as s — co. We assume that f: Q x R — R is a non globally Lispchitz Carathéodory mapping
satisfying the following conditions: there exist positive constants ¢, k, ¢; and ¢ > 1 such that

(f(z,51) — f(x,82))(51 — 82) > —f]s1 — 52|, Vo € Q and 51,52 € R, (0.3)

cals|1® —k < f(z,8)s < c|s]9®) 4k, Vo e Q and s € R, (0.4)

where ¢ € C(Q) with 2 < ¢~ = inf,eq q(x) < ¢F 1= sup,cq ¢(x). For example, if a; > 1 and r > 2, we observe that
the function f : QxR — R given by f(z,u) = a1|u|"~2u—wu is not globally Lipschitz and satisfies the condition (0.3)
with £ =1 and the condition (0.4) with ¢ =1, ¢; = a3 and g(x) =7 for all x € I.

In this work we investigate in what way the parameter p;(z) affects the dynamic of problem (0.2), analyzing
the continuity properties of the flows and the global attractors with respect to the parameter ps(x), when f is a
locally Lipschitz function. In what follows we state the main results of this work, whose proofs and more details
can be found in [7].

Theorem 0.1. For each s € N let us be a solution of (0.2) with us(0) = ugs. Suppose that there exists C' > 0,
independent of s, such that ||ugs||x, < C for every s € N and ups — ug in H as s — co. Then, for each T > 0,
us = u in C([0,T); H) as s = o0, where u is a solution of

9u(t) — div (|VulP~2Vu) + f(z,u) = g, t>0
u(0) =up € H.

Theorem 0.2. The family of global attractors {As; s € N} associated with problem (0.2) is upper semicontinuous
on s at infinity, in the topology of H.
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EQUACOES DE EVOLUQAO ESTOCASTICAS COM RUIDO
FRACIONARIO EM ESPACOS DE BANACH

JAMIL ABREU *

Neste trabalho desenvolvemos uma teoria de integracao estocastica em espagos de Banach em relagao a um
ruido fraciondrio, com o intuito de aplicd-la na investigacao de questoes ligadas xisténcia, unicidade e regularidade

de solugoes para equagoes de evolugao estocésticas (EEEs) dirigidas por um ruido fraciondrio.

1 Introducao

Equacgoes diferenciais parciais estocasticas constitutem um importante campo de pesquisa da andlise moderna,
permitindo a modelagem de diversos fendmenos naturais nos quais os efeitos decorrentes de um ruido nao sao
despreziveis. A abordagem via semigrupos desenvolvida por Da Prato e Zabczyk ao longo dos anos 1980 consiste
em reformular EDP’s estocasticas como equagoes de evolugao num espaco de estado de dimensao infinita e depende
de se ter disponivel uma boa teoria de integracio estocdstica. O estado da arte em torno de 1990 (no contexto

Hilbertiano) se encontra bem documentada na monografia Da Prato & Zabczyk [1].

Por outro lado, desde os trabalhos de Mandelbrot e Van Ness [2] o movimento Browniano fracionério tem
sido empregado na modelagem de diversos fen6menos naturais e da engenharia. Aplicagbes em telecomunicagoes,
financas, climatologia e trafego de informacoes ja sao bem conhecidas. Sendo vérios destes fenomenos modelados
através de EDPs, isto motivou estudos em equacoes diferenciais parciais estocasticas dirigidas por ruido fraciondrio.
Seguindo a abordagem de Da Prato e Zabczyk [1] de reformular EDP’s estocdsticas como equagoes de evolugao
num espaco de estado de dimensao infinita, alguns autores desenvolveram integrais estocédsticas em relacao a ruidos
fracionérios, notadamente em espagos de Hilbert (veja por exemplo Duncan et al [3] e referéncias 14 encontradas).
Uma teoria que permita integrar estocasticamente uma equacao de evolugao estocastica em seu espaco de estado
natural, digamos num espago LP(0), onde O C R? é um aberto e p > 1, pode ser naturalmente combinada com
técnicas da teoria de interpolagao fornecendo, via mergulhos de Sobolev, regularidade tipo Holder no tempo e no
espago.

Seguindo a linha de desenvolvimentos iniciada em [4], e usando a abordagem via desacoplamento de [5, 6],
desenvolvemos uma teoria de integragao estocéstica para processos @ : (0,7) x Q@ — L(H,X) em relagdo a um
movimento Browniano cilindrico fraciondrio de Liouville (H-LfBm), e a aplicamos na investigacao de questoes de
existéncia, unicidade e regularidade de solugoes de EEEs em espacgos de Banach dirigidas por ruido fracionario,

similares uelas tratadas em [7] no contexto Hilbertiano. Uma motivacdo concreta é a EDP estocdstica

ou OWP(t, x)
—(t,z) = Au(t,z) + b(u(t, z)) ——="~ 1.1
St ) = Au(t, ) + blult, 1) (1)
onde A é um operador uniformemente eliptico de segunda ordem num aberto @ C R?, b é Lipschitz limitado e
OWAB(t,2)/0tdx é um ruido branco no espaco e Liouville fraciondrio no tempo. Queremos, em especial, investigar
até que ponto os resultados nos trabalhos acima sobre existéncia de solucao mild para % < B < 1 podem ser

estendidos a este contexto.

*DM, UFSCar, SP, Brasil, e-mail: jamil@dm.ufscar.br
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2 Resultados

Nosso primeiro resultado (cf. [8]) é uma extensdo de resultados em [5, 6] referentes a EEEs dirigidas por um

movimento Browniano usual.

Teorema 2.1. Seja E um espago de Banach com a propriedade UMD e seja ® : (0,T) x Q — L(H, E) um processo

que pertence a LP(; H;/ffﬁ (0,T; H)) escalarmente. Entdo as seguintes afirmagdes sao equivalentes:
(1) @ representa um elemento X € LP(Q;W(H%G76(07T; H),E));

ara quase todo w € Q a fungdo ®(-,w) € estocasticamente integrdvel em relagio a um H-LfBm independente
2) P tod Q G0 ¢ ¢ est ti te integrdvel laga H-LfBm ind dent
Wfl ew fOT @(t,w)deI (t) pertence a LP(%; LP(Q; E)). Nesta situagio temos a isometria

p

IEH /O ' B(t,w)dW L (t)’ (2.2)

p
L (@E) EHX”w(H%E”(OfaH%X)'

O seguinte resultado de existéncia e unicidade estende resultados cldssicos em [6]:

Teorema 2.2. Seja E um espa¢o de Banach com a propriedade UMD e tipo p € (1,2] e suponha que A seja
o gerador de um semigrupo Co em E tal que {t?S(t) : t € [0,T]} seja y-limitado. Seja Wg um H-LfBm com
% < B <1 e suponha que B : E — v(H, E) seja y-Lipschitz e ug € L1(Q, Fo; E). Entdo

dU(t) = AU(t) dt + B(U(t)) dW(t), U(0) = 0.

tem uma unica solugao mild tal que
1Ullvg < Cr(1 + Jluol])-

Discutiremos no final como este resultado pode ser empregado na andlise de solugoes de EDPs da forma (1.1).
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MODULO DE CONTINUIDADE PRECISO PARA SOLUCOES DE
EQUACOES PARABOLICAS TOTALMENTE NAO-LINEARES

JOAO VITOR DA SILVA * & EDUARDO V. TEIXEIRA !

A proposta deste trabalho consiste em estudar solugbes no sentido da viscosidade de equagbes parabdlicas

totalmente nao-lineares da seguinte forma
uy — F(D*u, X, t) = f(X,t) em Q)= B x (—1,0] (0.1)

onde F' é um operador uniformemente parabdlico e f € LP%(Q1), com estes sendo definidos mais precisamente a
posteriori. Tendo em vista tais condicoes estruturais e supondo que os coeficientes da nao-linearidade F' oscilem
de forma controlada somos aptos a assegurar que solucbes limitadas de gozam de médulo de continuidade
universal, o qual podemos descrever explicitamente. Vale ressaltar que tal determinismo estd sujeito a duas pecas
pivotais: a primeira consiste na estimativa a priori adequada para cada cendrio a ser analizado, a saber os regimes
de regularidade C%, C1*® ¢ C?* para a correspondente equacao homogénia de coeficientes constantes, e, a segunda
consiste na integrabilidade da fonte f em termos dos expoentes p e ¢, cuja relagao estd ligada a quantidade
k(n,p,q) = % + %. Finalmete, é importante enfatizarmos que este trabalho estende o recente artigo devido a
Teixeira [4].

1 Introducao

Permita-nos focar nossa atencao em algumas definigoes importantes para os nossos propositos.

Definicao 1.1 (Parabolicidade uniforme). Um operador F : Sym(n) x Q1 — R, normalizado como F(0,X,t) =0,
serd dito (A, A) uniformemente parabdlico se existem constantes A > A > 0 tais que para todo (X,t) € Q1 e
M,N € Sym(n) com N >0 tivermos

Definicao 1.2 (Solugdo no sentido da viscosidade). Para um operador como descrito acima diremos que uma
funcio u € C°(Q1) é uma supersolucio (resp. subsol.) no sentido da viscosidade para , se sempre que
tocarmos o grdfico de u por baizo (resp. por cima) em um ponto (Y, s) € Q1 por uma fungdo o € C?(Q1), tivermos
F(D?p(Y,s),Y,s) < f(Y,s) (resp. F(D?¢(Y,s),Y,s) > f(Y,s)). Finalmente, u é uma solu¢io no sentido da

viscosidade para (0.1) se a mesma € simultaneamente uma supersolugdo e subsolugdo.

Em concordéancia com [5], veja também [I], mediremos a oscilagao dos coeficientes do operador F' em torno de
(Xo, to) por
IF(M7X7t) B F(MaX07t0)|

@F(X,t,Xo,to) = sup M . (13)
MeSym(n)\{0} || M|

Devemos destacar que o termo de for¢a f em (0.1) se encontra no espago de Lebesgue com norma mista
LP1(Qq) = L9((—1,0]; LP(B1)). A respectiva norma associada é dada por

0 4 N\
I fllzra(q.) = (/_1 (/B |f(X,t)|de> dt) =GOl ee o lLa=1,0) (1.4)
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TUniversidade Federal do Ceara, UFC, CE, Brasil, e-mail: eteixeiraQufc.br
103




2 Resultados principais

Uma vez definidos e conhecidos os entes da secao precedente poderemos enunciar os resultados principais

contidos em nosso trabalho em forma de um Teorema geral.

Teorema 2.1. Seja u € C°(Q1) uma solu¢io no sentido da viscosidade para (0.1) e limitade. Entdo existe uma

constante universal 6y > 0 tal que se  sup  ||©(X,t, Xo,t0)| Ln+1(@,) < 0o entdo na métirca parabdlica usual:
(X t)€EQ1/2
n 2
RS COW(Ql/Q), onde v 1= min{a0,2 — (p + q)}’ desde que 1 < %—i—% < ni‘f%g <2, come € (07 %) a

constante de Escauriaza, veja [Z], e, 0 < ag < 1 0 expoente de Holder continuidade proveniente da desigualdade

de Harnack de Krylov-Safonov, veja [3];

u € CO""(T)(Ql/g), onde w(r) :=rlogr=*, desde que % + % =1, comparar com [J|];

2
u € Cl’”(Ql/Q), onde o := min{al_,l - <n + > }, desde que 0 < % +% <1, com 0 < a; <1 o expoente
p q

de Hélder continuidade proveniente da estimativa a priori C'T® para a equacio homogénia de coeficientes

constantes , veja [J];

u € Cl’T(T)(Ql/g), onde 7(r) := r?logr=!, desde que f € BMO(Q1), tenhamos estimativas a priori C*+

para o problema homogéneo com coeficientes constantes e O € C%(Q1), comparar com [J] e consultar [5].

A intuicao para a prova do Teorema [2.1| consite em um sofisticado método de compacidade cuja centelha
nasceu de [I], veja também [4] e [5]. Nés interpretaremos a equagao homogénia de coeficientes constantes como a
equacgdo tangencial geomérica da variedade limite formada por operadores parabdlicos totalmente nao-lineares F,
cuja oscilagdo vai para zero quando k — co. Sistemeticamente, mostaremos que em determinada escala é possivel
encontrar uma fungao F’ —Caléricaﬂ proxima na topologia L>°, de solugoes de , desde que o termo de forca f e a
oscilagao da nao-linearidade O sejam universalmenttﬂ pequenos. Iterando um tal argumento em cubos p—adicos
mostra-se que o griafico de uma soluc¢ao de (0.1)) pode ser aproximado em um p-nivel por uma apropriada funcao
polinomial cujo erro é da ordem de O (p(p)), onde p : [0,00) — [0,00) é 0o médulo de continuidade que gerard a
regularidade almejada em cada respectivo caso acima tratado. Destacamos que a pré-compacidade de familia de

solugodes de (0.1)) (por exemplo desigualdade de Harnack, veja [2]) é essencial para tal propdsito.

Referéncias

[1] CAFFARELLI, L. - Interior a priori estimates for solutions of fully nonlinear equations, Ann. of Math. (2) 130,
n°. 1, 189-213, 1989.

[2] ESCAURIAZA, L. - W2 a priori estimates for solutions to fully non-linear elliptic equations, Indiana Univ.
Math. J. 42, n°.2, 413-423, 1993.

[3] KRYLOV, N, V. and SAFONOV, M. V. - Certain properties of solutions of parabolic equations with measurable
coefficients, 1zvestia Akad Nauk. SSSR 40, 161-175, 1980..

[4] TEIXEIRA, E. - Universal moduli of continuity for solutions to fully nonlinear elliptic equations, Arch. Rational
Mech. Anal. 211, n°. 3, 911-927, 2014.

[5] WANG, L. - On the Regularity Theory of Fully Nonlinear Parabolic Equations: II, Communications on Pure
and Applied Mathematics, Vol. XLV, 141-178, 1992.

ISolugdo para a equagio homogénea de coeficientes constante.
2Um parametro é dito Universal se o0 mesmo depende somente das constantes de parabolicidade e dimenséo.
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ON A CLASS OF BI-ORTHOGONAL POLYNOMIALS ON THE UNIT
CIRCLE

J. BORREGO-MORELL * & FERNANDO RODRIGO RAFAELI |

1 Introduction

In this work we are interested in asymptotic properties of a system of bi—orthogonal polynomials introduced by
R. Askey [1, Vol. 1] in his discussions regarding the Szegé paper: Beitrde zur Theorie der Toeplitzschen Formen,
1921-1. More precisely, our concern is the two—parameter system {P,,, @y }n>0 of polynomials given by
Po(zie,B) = 2Fi(-n,a+ B+ 120+ 11— 2), (1.1)
Qn(zvaaﬁ) = Pn(Z;Oé,—B),
which is bi-orthogonal with respect to the complex valued weight w(f) = (1 — ?)**+F(1 — e79)o=8 = (2 —
2cos0)*(—e)?,0 € [—7, 7], R(a) > —1, that is

1 (™ 0. 0. B I'2a+1) n!
il P.(e¥;a,8)Qm(e™; a, Blw(f)dd = TlatB+ )l a—F+1) ati Onm -

2r J_,
In [2] we give a new uniform asymptotic expansion for the bi-orthogonal system (1.1) consisting of a sum of two
inverse factorial series, for z and (a, ) varying in compact subsets of C\ {1} and Qy = {(«a, 8) € C? : R(a + 3) >

—1,R(a — B) > 0} respectively. We give the explicit expression of all the terms and bounds for the remainders as
well. We also give a different solution from the one given by Temme in [4] for the explicit expression of the terms
of an asymptotic formula given by Askey for this bi—orthogonal system. We also consider bounds for the remainder
for our expansion, which turns out to be convergent.

We show also that the zeros of a class of para—orthogonal polynomials, introduced by Sri Ranga in [3], associated

to the bi—orthogonal system (1.1) also obey an electrostatic model.

2 Mathematical Results

Our first result deals with a compound asymptotic expansion of Poincaré type involving two series of inverse
factorials, with an accurate estimation of the remainders, which is given in the following

Theorem 2.1. Assume that n € NU {0}, then

(20 + 1) T(n+1)
(a+B8+1)T(n+a—pB+1)

L .

k=0
T2a+1) T(n+1)
I(a—pB) T(n+a+p+2)

(a8 I Tkt+at+tp+1) 1
X<Z< & )(z—l)k e+ B+1) (n+2+a+ﬁ)k+§2mz ;

k=0

Zn+a76(z o 1)ﬂfa

P(za,5) = ¢

(1—z) 81
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uniformly in z and (o, B) varying in compact subsets of C\ {1} and Qg respectively, where,

p1+1

X

|§1,p1‘ < 1 F(p1—|—§R(Oé—B)) ‘ z

(n+1+R(a=P)p1 [T(a—p) 1=z

mi (Z;a + 6) +ple|(¥+ﬁ\2+%(0¢+/@) +1,0< §R(O¢ + 5)7

1—=z2

, L(p1 +1-2R(B)) I'(n+p+2+R(a-p))
ma(zipy — 2P0t B)F(pl +1+R(a—pB)) T(n+p+2-2R(8))
ms(pr,a+ B), -1 <R(a+p) <0,

1 L(p2 + 2+ R(a + B)) L
(m+2+R(@+B))potr  [Dla+B+1)]  [z—1p2tt
m ( L oa-p- 1> +paelo AR 4y < R(a - B),

z—1
[(p2 + 2R(B) + 3)
(p2 + R(a+ ) +2)

+ms(p2,a—pF+1), 0<Rla—p) <1,

|£2,P2‘ <

ma(z" ipo + 28+ 2,00 — B — g

T(n+ps+ 3+ R(a+p))
T(n+ py + 2R(B) +4)

where my, ma, m3 are constants depending only of p1,pa, a, B; see please [2].
For Askey’s Problem, we prove that

Theorem 2.2. Assume that (o, 5) € Qo, then

k (—a—8) (—at8+1) ) g2
: B ~ B) B, 0) B (0
Pn(e%ﬂyaﬁ):1F1(a+3+1;2a+1;u9)+§ > R © B;, (©)

Jj=1i1+iz+iz=j

- - 5 X
21! ZQ! 23!

(a+ B+ 1) (a—p)
(20 + 1)y +i,

C(R(a+ B+ DHT(R(a — B)) 26 20 \*
where |Ry ,,(0)] < D(a+ 8+ 1)I(a—p)| (37177 — 29) (3n7r> o]

i . . 0\’
21 P (a+ B+ 11520+ 1 + i9;20) (Zn) + Rin(8), 0 € [-m,m), ne NU{0},

ev(a—B)y,

e’ —1

—3m
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STANDING WAVES FOR A HAMILTONIAN SYSTEM OF
SCHRODINGER EQUATIONS WITH CRITICAL GROWTH

J.A. CarpOSO * J.M.Dpo OT & E. MEDEIROS

1 Introduction

The work focuses on the study of the existence of standing waves for the following system of time-dependent

nonlinear Schrodinger equations

ih2% = Ny + W () — Fyla, b, 9), t>0, zeRY,

ih%e = o Ap + W(z)p - Fy(z,,9), t>0, xRV, (1.1)

where ¢ denotes the imaginary unit, 4 is the Plank constant, m is the particle’s mass, W (x) is a continuous potential,
and the function F : RN x R? — R is of class C''. For the physical motivation of problems of this type, we refer to
[2]. Suppose that

Fy, (a:,e“gul,equ) = e’gFu], (x,u1,u2), V wu;0€R.

For system (1.1), a solution of the form
(W (1), (@, 1)) = (u(x)e P/ v(z)e” P/, E€R,

is called a standing wave. For this case, (1, ¢) is a solution of (1.1) if and only if (u,v) solves the following system

(1.2)

—&2Au+ V(z)u = F,(z,u,v) in RY,
—&2Av + V(z)v = Fy(x,u,v) in RY,

where V(z) = W(z) — E > 0 and € = h/y/m is small parameter.
In this work we are interested in the study of system (1.2) when F(u,v) has critical growth, more precisely,
F(s,t) = (1/29)(|s|* + [t|*), s,t € R, where 2* = 2N/(N — 2), N > 3, is the critical Sobolev exponent. Nonlinear

elliptic problems involving critical growth have been considered by several authors since the seminal work of H. Brezis

and L. Nirenberg [1], mainly when the domain is bounded. We mention in particular the work due to J. Hulshof,
E. Mitidieri and R. Van der Vorst [4], where the authors studied a class of Hamiltonian system defined in a bounded
domain ©Q C RY and the nonlinearity have critical growth.

Our study complement the papers cited above in the sense that we are working with Hamiltonian systems
involving critical growth in whole RY. One difficulty in the study of Hamiltonian system is the fact that the
energy functional is strongly indefinite, in the sense that its leading in part is coercive and anti-coercive on infinite-
dimensional subspace of the Sobolev space appropriated to study this class of problems. Moreover, another difficulty
in dealing with system (1.2) is that possible lack of compactness since the equations in (1.2) are defined in the whole

RY and the nonlinearities are in the critical growth range.
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2 Mathematical Results

In this work we consider system (1.2) when the potential V : RV — R is a nonnegative locally Holder continuous

function satisfying
(Vo) The set Z = {z € RN : V(z) = 0} has nonempty interior.
(V1) There is A > 0 such that the level set G4 = {z € RY : V(z) < A} has finite Lesbegue measure.

We observe that (1.2) is in the variational form. In fact, we consider the subspace of H!(R")

HLRY) = {u € H'(R") : /RN V(x)u? dz < oo} :
which is a Hilbert space when endowed with the inner product
(u,v)e = /RN [£2VuVo + V(z)uw] de, u,v e HL(RY).
Note that, under assumptions (V5) — (V1 ), we have the continuous embedding
Hy(RY) < H'(RY) < L"(RY), (2.3)
for all 2 < r < 2* (see [5] for more details). Since we are interested in positive weak solution we will consider the

functional I. : H,(RY) x HL(RY) — R defined by

I (u,v) = {u,v). — 2%/]1@ (ut)?" da — i/ (wH? da, (2.4)

where vt = max{u,0} (similarly v*).

Here we are interested in finding a ground state solution of (1.2), that is, a solution (u,v) € H{,(RY) x H},(RY),
with w,v positive functions, whose energy is minimal among the energy of all nontrivial solutions of (1.2) in
HY(RY) x HY(RY).

Theorem 2.1. Suppose that V satisfies (Vo) — (V1). Then:
i) there exist £g > 0 such that (1.2) has a ground state solution (uc,v.) € Hy(RY) x HL(RY), for all e € (0,&0)].

2,« Ny.
Moreover, us,v. € C))7 (RY);

1) given k € N, there ezists 1 = €1(k) > 0 such that (1.2) possesses k pairs of nontrivial solutions for alle € (0,e1].

See [3] for more details.
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CONTROLE OTIMO DO PROBLEMA DE INTERAQAO DE CELULAS
TUMORAIS DO CEREBRO E AGENTES CITOTOXICOS

JOSE A. DAVALOS *

1 Introducao

Estudamos o controle 6timo de um sistema parabdlico acoplado semi-linear, o modelo descreve os efectos da terapia
de um tumor no cérebro (glioblastoma). A densidade de células tumorais verifica uma equagao diferencial parcial
semi-linear parabdlica acoplada com uma equagao semelhante para um agente citotéxico. Consideramos 2 C R3
aberto conexo limitado com fronteira regular I' = I'p U Ty, ocupada pelo cérebro e Q = Q x (0,7),T > 0 dominio
cilindrico com fronteira lateral ¥ = Xp UXy onde ¥p =T'p x (0,7),Xny =y x (0,T). Como equagdo de estado

é considerado o seguinte problema que descreve a evolucao em @ de um tumor cerebral
¢t —V.(D(x)Ve) = aic—bef—vl, em Q,
By — AL = agff —bacf + wl,, em Q,

(S) c(z,t) =Bz, t) = 0 sobre X p,
(%3 =0, % = 0 sobre Xy,
c(0) =co, B(0) = Bo em Q,

onde c¢(z,t), e B(x,t) sdo respectivamente as concentragoes de células tumorais e de agentes citot6xicos (anticorpos)
gerados pelo corpo, lw; representa a funcdo caracteristica do conjunto aberto w; C Q. D(x), p sdo os coeficien-
tes de difussao de células tumorais e agentes citotoxicos respectivamente; a1, as,b; e by sao constantes positivas.
co,Bo € VN L>®(Q), co,50 > 0onde V = H& r, (Q) ={z € H'(Q) | z = 0 sobre I'p}. Séo obtidos resultados do

seguinte problema de controle étimo

min J(v, z), (1.1)
{v,2} €U,y xL?(0,1;V)

onde v = (v,w) € Ugg ={v € L®(w1 x (0,7)) |0<v < K } x{w € L®(wa x (0,T7)) |0<w<M}ez=(0)é

a solucdo do problema (.5).
/ le(x, T)Pdx + = // v(t)2dxdt+// w(t)dxdt|
w1><(0,T) WQX(O,T)

Em concordéancia com [1], [4] e [5] consideramos o caso em que

D(x) D, se x€8,,
) =
D, se z€Qy,

onde 0 < D, < Dyg; €, representam respectivamente as areas do cérebro ocupadas pela matéria branca e cinza.
Definimos A : D(A) € L*(Q) — L*(Q) o operador de difusdo com dominio
D(A) ={z €V |V.(D(x)Vz) € L*(Q)}, Az=V.(D(x)Vz) Vze D(A).

*Departamento de Matematica e Estatistica, UFSJ, MG, Brasil, jadc13@ufsj.edu.br
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2 Resultados

Cada fungao v, w descreve uma terapia a ser aplicada ao longo do intervalo de tempo (0, T"). Os resultados esperados
através desta terapia é que w determine um correto aumento do anticorpo, com o objetivo de fazer decrescer os
valores de c¢ através do termo bicf. Assim mesmo, o fornecimento do agente citétoxico v na primeira equagao de
(S) permitird também diminuir a taxa de crescimento da célula tumoral. Temos o seguinte resultado, cuja prova

usa argumentos bem conhecidos

Teorema 2.1. Se ¢y, Sy € VNL>(Q) entdo o sistema de equagdoes (S) tem uma dnica solugao z = (¢, ) satisfazendo
ce L*(0,T;D(A)NL>® (2 x (0,T)), ¢ €L*(Qx(0,T)), (2.2)
Be L0, T;VNH*(Q))NL>®(Qx(0,T)), BelL*Qx(0,T)) (2.3)

Teorema 2.2. Ezxiste ao menos uma solugao do problema (77).

Teorema 2.3. Se (v*,w*,c*, %) € solugdo do problema de controle (7?). Entdo existe (d,n) € L?(0,T; D(A)) x
L2(0,T;V N H?(Y)) verificando.

—dy —V.(D(x)Vd) = a1d—b016*d—b8*n em Q,
- — pAn = asn —bac*n —bic'd  em Q,

d(z,t) =n(z,t) = 0 sobre Xp,

g—f] =0, % =0 sobre Xy,
dT)=c(T), n(T) = 0 em Q,

e a relacao de otimalidade

sen() «wenld)

P L2 (Q2x(0,T) = {ve€L®w x(0,T)|0<v< K}

onde

Py : L?(Qx (0,T)) = {w € L>®(wy x (0,T)) |0 <w < M}

$a0 as projecoes ortogonais.
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EXISTENCIA E NAO EXISTENCIA DE SOLUCAO GLOBAL PARA A

EQUACAO VISCOELASTICA DA ONDA NAO LINEAR DE SEXTA
ORDEM

JUAN AMADEO SORIANO PALOMINO * & ADEMIR BENTEUS PAMPU

Trataremos aqui de estudar a existéncia e unicidade de solugao fraca de um problema de Cauchy para um
modelo viscoeldstico da equacao da onda nao linear de sexta ordem. A seguir apresentaremos, atraves do método
do pogo potencial (potential well), um estudo acerca da existéncia e nao existéncia de solucado fraca global para tal
problema de Cauchy.

1 Introducao

Vamos considerar o seguinte problema de Cauchy para a equacao viscoeldstica da onda nao linear de sexta ordem

t
Ut — QUgy + / g(t = 8)auys(8) ds + Uzpar + Uzzzate = P(Us)x (1.1)

0
w(z,0) =ug, u(z,0) =wuy(x) (1.2)
onde a > 0, p(2) = «a|z]’, p > 1, @ # 0 e a fungdo de relaxagdo g : [0,00) — R satifaz g(¢t) > 0, ¢ < 0,

0<1— [ g(s)ds =1. Além disso, consideramos os dados iniciais uo,u; € H*(R), s > 0.

Quando g = 0 a equagéo (1.1), foi introduzida por Roseneu em [1], e estudada, na forma do problema de Cauchy
(1.1) e (1.2), em [2,3].

Em nosso trabalho estudaremos, em primeiro lugar, a existéncia e unicidade de solugao fraca local para o
problema de Cauchy (1.1) e (1.2). Para este fim seguiremos as seguintes etapas: na primeira etapa usando o
método de Faedo-Galerkin provaremos a existéncia de solugdo fraca local para a equacdo viscoeldtica da onda
linear:

t

Upr — Qg + / g(t — s)atuz(8) ds + Uppre + Uzgaarr = f(z,1) (1.3)
0

w(z,0) =ug, u(x,0) =uy(x) (1.4)

onde f € L'(0,T; H*"2(R). Na segunda etapa, usando o Teorema do ponto fixo de Banach, com o auxilio do
problema (1.3) e (1.4), mostraremos a existéncia de solugao fraca local para o problema (1.1) e (1.2). Posteriormente,

fazendo uso do método do poco potencial, abordaremos o problema de existéncia e nao existéncia de solugao fraca

global.
Ao longo deste trabalho, usaremos as siguintes notagoes: H?® denota o espaco de sobolev de ordem s sobre R
com norma || f|lgs = (I — 022 f|| = [|(1 + £2)2 f]|, onde s é um ntimero real, I é um operador unitario e 9, = %

denota a derivada com respeito a x.

2 Resultados principais

Teorema 2.1. Suponha que % < s <p+1, up,ur € H¥(R). Deste modo, o problema de Cauchy (1,1),(1.2)

admite uma tdnica solugdo local fraca u(x,t), definida sobre um intervalo de tempo mazimal [0,Tp) com u €
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CL([0,Tp); H*(R)). Além disso, se

sup = ([Ju(t)llrre@) + lue (@)l e w)) < o0
t€[0,To)

entao, Ty = oco.

Supondo 2 < s < p+ 1, ug,u; € H*(R) e [0,7p) o intervalo de tempo maximal de existéncia da solugdo do
problema de Cauchy (1.1) e (1.2) vamos considerar, para cada t € [0,Tp), o seguinte funcional de energia associado
a este problema de Cauchy,

t
B0) = 5 (IOl + a1~ [ o) a)ua Ol +alg 000 + uaa Ol sge) + st o)
o
v = /R 1 (8) P (£) iz
onde,
t
(gou)(t) = /0g(t—S)Iluz(S)—ux(t)\lizm)dso
Denotando por,
Com s G P
0£uel2®) (alug (t)[17: + l[taa(t)]7:2)
¢ p—1 _ 2 _2ery
gt T

podemos definir os conjuntos estdvel (pogo potencial) e instavel como,

2(p+1
W= {ult) € Bl + uas Ol aqe) < 2]
2(p+1
v o= {u e ROl + luse O > 22 a)}

Teorema 2.2. Assuma que 2 < s < p—+ 1, ug,u; € H*(R). Se E(0) < d e ugp = u(0) € W entio o problema de
Cauchy (1.1) e (1.2) tem uma tinica solucio global u € C*(]0,00); H*(R)) e u(t) € W para todo t € [0, 00)

Teorema 2.3. Suponha que 2 < s <p+1, ug,us € H*(R). Se E(0) <d e alHquH%Q(R) + Hu0m||2L2(R) < %d,

entdo o problema de Cauchy (1.1) e (1.2) admite uma tnica solucio fraca global u € C1([0,00); H*(R)).
Teorema 2.4. Assuma que 2 < s < p+1, up,u1 € H*(R). Se E(0) < d, ugp = u(0) € V e (uo,u1)r2mw) +
(Uozz, Urze) = 0, quando E(0) = d, entdo a solugdo fraca do problema de Cauchy (1.1) e (1.2) explode em tempo
finito.
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CONTROLABILIDADE NULA PARA EQUACOES PARABOLICAS
DEGENERADAS COM TERMOS NAO-LOCAIS

JUAN LIMACO * & LUIZ VIANA T & REGINALDO DEMARQUE *

1 Introducao

A teoria de controlabilidade exata para equagoes de evolugdo parabdlica é uma das dreas mais desenvolvidas
de controle 6timo. A histéria da teoria comeca nos anos 60 com os trabalhos de Yu. Ergorov, D. Russel and
H. Fattorini que consideraram o caso de equagoes lineares parabdlicas e hiperbdlicas unidimensionais. Durante os
ultimos anos avangos fundamentais foram feitos nesta area, veja [1],[2] e [3].

Neste trabalho estudamos a controlabilidade nula da equagao do calor unidimensional

U — (b (x,/ol u) uz>x + f(t,z,u) = hxo(x), (t,x) € (0,T) x (0,1), (1)

onde b apresenta um termo nao-local e uma degeneracao em 0.

Diversos problemas relevantes sao descritos por equagoes com termos degenerados ou nao-locais como por
exemplo no estudo de migracao de populacoes de bactérias em um recipiente, sistemas de reagao-difusao e na teoria
de vibracoes nao lineares, veja por exemplo [4], [5] e [6].

Entretanto, poucos trabalhos foram feitos considerando equagoes com termos degenerados e nao locais, veja [7].

2 Resultados

Neste trabalho estudamos a controlabilidade nula do seguinte problema nao-linear

Ug — (b (x,folu ) ugg)$ + f(t,z,u) = hxw, (t,z) € (0,T) x (0,1)
w(t,1) = u(t,0) =0, Vt € (0,T) (2.1)
u(0,x) = up(z), Vo € (0,1),

onde ug € L%(0,1) e h € L?((0,T) x (0,1)) é um controle atuando na subintervalo w = (a,3) CcC (0,1). Além
disso, consideramos as seguintes hipdteses sobre f e b:

A.1. Seja g € CY(R), com derivada limitada, e suponhamos que g(0) = 1. Consideremos também a € C([0, 1]) N
C1((0,1]) satisfazendo a(0) =0, a > 0 em (0,1] e

za' < Ka, Vz €10,1] e algum K € (0, 1].
Com estas notagoes, a fungao b: [0,1] x R — R é defini¢ao por
b(z,r) = g(r)a().

A.2. Seja f = f(t,z,7) de classe C' com derivadas limitadas tal que f(t,x,0) = 0.
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Por fim definimos o seguinte espago de Sobolev com peso.
H} :={u € L*0,1); u é absolutamente continua em [0, 1], vau, € L*(0,1) e u(1) = u(0) = 0}

com a norma Hu||%,3 = [[ullZz00y + IVauz 320 1y-

Sob essas condigoes obtivemos o seguinte resultado.

Teorema 2.1. Admitindo as hipdteses A.1 e A.2, o sistema nao-linear (2.1) é localmente nulamente controldvel
no tempo T > 0. Em outras palavras, existe ¢ > 0 tal que, se ug € H} e luollzry < €, entdo existe um controle
h € L*((0,T) x w) associado a uma solucio u de (2.1) que satisfaz

w(T,z) =0, para todo x € [0,1]
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ON THE CONVERGENCE RATE OF THE GRADE-TWO COMPLEX
FLUID TO THE NAVIER-STOKES EQUATIONS

JUAN VICENTE GUTIERREZ-SANTACREU * & MARKO A. ROJAS-MEDAR |

Abstract

The equations for the flow of a viscoelastic, grade-two, non-Newtonian complex fluid can be written as
ou 0 .
— —vAu—a—Au+Vx(u—alAu)xu+Vp = f in Qx(0,7T),

ot ot (0.1)
Viu = 0 in Qx(0,7),

with €2 being a two- or three-dimensional bounded domain. Moreover, f is the external force density which acts on
the system, v > 0 is the kinematic fluid viscosity and a > 0 is a given positive constant. We complete this initial
boundary value problem with homogeneous Dirichlet boundary and initial conditions. It is important to observe
that when @ = 0 we recover the classical Navier-Stokes equations for the flow of a viscous, incompressible,
Newtonian fluid. This system and related a-regularization are proposed as efficient subgrid scale turbulence
models of the Navier-Stokes equations.

The first proof of the existence of solutions of system (0.1) was given via Galerkin approximation in [2, 3].
The core of such a proof lay in obtaining eigenfunctions for the operator V x V x (u — aAu) as a basis to
construct the approximations. This basis allowed to split the original system of equations into two problems: a
generalized Stokes problem and a transport equation for the vorticity of u—aAw. It led to prove the existence and
uniqueness results for weak solutions global (in time) in two dimensions, and local (in time) in three dimensions.
The disadvantages of these results stem from the energy estimates being dependent on «; so, the convergence to
solutions of the Navier-Stokes equations cannot be proven. The only work in this sense was done in [4], where
the convergence to weak solutions of the Navier-Stokes equations was shown. Comparable results to those of
this work have been established in [1] from the Leray-a and the two-dimensional Navier-Stokes-a equations to
the Navier-Stokes equations in a periodic domain and in [5] from the Euler-a equations to the Euler equations
in the whole space.

In this talk, we will first present energy estimates which are independent of o and then the convergence rate
of the solutions of the viscoelastic, grade-two, non-Newtonian equations to the corresponding solutions of the
Navier-Stokes equations as the regularization parameter o goes to zero. To be more precise, we will prove error

estimates in the L?-norm of order o'/?.
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DECAIMENTO GERAL DE SOLUCOES PARA UM SISTEMA NAO
LINEAR DE EQUACOES DE ONDAS VISCOELASTICO COM
AMORTECIMENTO DEGENERADO E TERMOS DE SOURCE

JULIANO DE ANDRADE * & JUAN AMADEO SORIANO PALOMINO |

1 Introducao

Neste trabalho trataremos em resolver os sistemas (1.1) e (2.4) onde (1.1) é dado logo abaixo e (2.4) é dado na
observagao final. Usaremos um método diferente do que foi feito por Shun-Tang Wu para resolver (1.1), mas o
nosso objetivo principal é resolver um novo problema dado pelo sistema (2.4) na observagio final. Consideremos o

seguinte sistema de equagoes de ondas

ug + Au + fotg(t — 8)Au(s)ds + (Jul® + [v]?)|ue| ™ tuy = fi(u,v)  em  Qx (0,00)

vee + Av + fot h(t — s)Av(s)ds + (|[v]° + [ul?)|ve|"tvy = fa(u,v) em  Qx (0,00)

u(z,0) =up(z), u(z,0)=ui(z) em Q (1.1)
v(z,0) =vo(z), wv(z,0)=vi(z) em Q

u(z,t) =v(x,t) =0, em T, t>0.

onde © é um dominio limitado do R™ (n = 1,2, 3) com fronteira regular I" e v representa o vetor normal unitario

exterior & I'. As funcdes ¢ e h sdo de classes C' e satisfazendo, para s > 0,

<
- 1.2
h(s) >0, K(s)<0, 1— [ h(s)ds>0, (1:2)
e denotamos
= min{ll, 12}
Concernente as fungoes fi(u,v) e fa(u,v), definimos como
fi(u0) = alu+ ol (o) + bluf "7 o] B (1.3)
fa(u,v) :a\u+v|p_1(u—|—v)+b|v\prs|u|pT+lv, ’

com a,b>0ep>3sen=1,2, oup=3sen=3. Suponhamos que 0 < m, r < 1 e as constantes k, [, 0, p sao

maiores ou igual a um, e se n = 3, inferimos que

max{k,q} <3(1—m) e maz{0,p} <3(1—r).

2 Existéncia de Solucgoes e Taxa de Decaimento

Temos por objetivo encontrar solugdes para (1.1) em espagos de sobolev adequados, usando o método de Faedo-

Galerkin, encontrar taxas de decaimento de energia pelo método de Lyapunov.
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Observagao:(Objetivo principal) Nossa pesquisa recente consiste encontrar existéncia de solugoes em espagos
de sobolev adequados e taxas de decaimento para o seguinte sistema

g + Au + fot g(t — s)Au(s)ds +
vy + Av + fot h(t — s)Av(s)ds +
gu _ fotg(t — s)ag—(j)ds =hi(u,v) em Ty x(0,00)

% - fOt h(t —s) aggls) ds = ha(u,v) em Ty x(0,00) (2.4)
u(z,0) =up(z), u(z,0)=ui(z) em Q

v(x,0) = vo(z), wve(z,0)=v1(z) em Q

u(z,t) =v(z,t) =0, em Ty, ¢>0.

ul* + [o])u ™ tuy = fi(u,v)  em Q% (0,00)

W] + [u]?) v tvy = fa(u,v)  em Q% (0,00)

~— — T~ —

onde © é um dominio limitado do R™ (n = 1,2,3) com fronteira regular ' = T'qJT'1, T e I'; sdo fechados,
disjuntos e h;(z,s), i = 1,2 definida em z € I'; e s € R. As fungdes g, h, f1, fo sdo as mesma do problema (1.1), e

as constantes k, g, m,r,0, p estdo nas mesmas hip6teses de (1.1).
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ON COMPUTING EIGENPAIRS OF THE P-LAPLACIAN IN ANNULI

JULIO CESAR DO ESPIRITO SANTO * , GREY ERCOLE T & EDER MARINHO MARTINS *

1 Introduction
In our work we consider the following eigenvalue problem

—Apu= A" u, in Qg
w=0 on 0Q

where Aju := div (|Vu|p_2 Vu) is the p-Laplacian operator, p > 1, and Q,; is the annulus
Qap={zeRV:0<a<|z|<b}, N>L1

We propose a method for computing the first eigenpair of (1.1) in the annulus. When the domain {2 is a ball or an
annulus, first eigenfunctions must be radially symmetric an we explore theese radial properties to focus our study
in this boudary value problem

(1.2)

—(rN—1 \u’|p_2 u') = NNt~ r € (a,b)
u(a) = 0 = u(b).

It is easy to check that the eigenfunction w, has a unique critical point p € (a,b), where it attains its maximum
value. Thus, u,(r) is strictly increasing if r € [a, p), strictly decreasing if r € (p,b] and u,(p) =1 = ||up||Lm([a’b]) .
For each t € (a,b) we use an inverse iteration method to solve two (mixed Dirichlet-Neumann) radial eigenvalue
problems. One of them in the annulus €, ¢, with corresponding eigenvalue A_(t), and the other in the annulus €, ,
with corresponding eigenvalue A4 (¢). Then, using a matching procedure we adjust the parameter ¢ to make coincide
A_(t) with A\;(t), obtaining the first eigenvalue A,. Hence, by a simple splicing argument we obtain the positive,
L*°-normalized, radial first eigenfunction u,. The found matching parameter turns out to be the maximum point

p of up.

In order to carry out this plan we use the variational characterization of A_(¢) and A (t) to prove that these
eigenvalues are strictly monotone and locally Lipschitz continuous as function of the variable ¢t. Moreover, we derive

the following upper and lower estimates for the maximum point p

=

bral®™ @ e
N-1 N 3 P< 5
L)+ () ]

and use them not only in the matching procedure but also to present a direct proof that u, converges to the L°°-
normalized distance function to the boundary, as p — co. We also present some tables and graphs with numerical
results based on the method.

Our method can also be employed to compute higher radial eigenpairs of the annulus €, ; or of a ball.
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OPTIMAL CONTROL OF A MATHEMATICAL MODEL FOR
RADIOTHERAPY OF GLIOMAS

LAURENT PROUVEE * & ENRIQUE FERNANDEZ-CARA |

1 Introduction

In the last years there has been a lot of activity on mathematical modelling and analysis of gliomas progression,
see [3], [4] and [5]. This work deals with the optimal control of a mathematical model of glioma progression
incorporating the basic facts of the evolution of this type of primary brain tumor. We will consider a model for
the compartment one of tumor cells of the simplest possible kinds, the Fischer-Kolmogorov equations, using ideas
from Pérez-Garcfa [3]. The control is the n-tuple (dy,...,d,), where d; is the i-th applied radiotherapy dose and
appears at the initial conditions impose at some prescribed times t¢1,...,t,. We search for controls that maximizes,

over the class of admissible controls, the time that the tumor mass reaches a critical value M,.

Let © C RY be a bounded open connected set (N = 1, 2 or 3) and let us fix the number of radiotherapy doses
(n), the specific irradiation times ¢; with 0 < ¢; < ... <t, < +oc, the doses d; € L?(£2) and the initial cell density
co, with ¢g € L*(Q), 0 < ¢o < 1.

Let the functions, of the spatial position = and time ¢, C; = C;(xz,t) be defined as follows. First, Cy is the
solution to the pre-therapy system

007,5 = DACy + p(l - Co)CO, in Qg : =0 x (O,tl),
G = 0, on g := 00 x (0, 1), (1.1)
Co(z,0) = co(a), z €.

where the positive constant D is the diffusion coefficient accounting for cellular motility and the parameter p is the
proliferation rate.

Then, for j =1,2,...,n — 1, the j-th cell density C; (during therapy) is the solution to the system

Cj’t = DACJ + p(l - Oj)Cj in Qj =0 x (tj7tj+1)7
85; = O7 on Zj = 00 X (tj, tj+1), (12)
Cjla,t;) = SFa(x)Cja(z,t;), we,

where SFy; is the survival fraction, i.e., the fraction of cells that are not lethally damaged by a dose dj, is given by

SF,; = e~di=Bud} (1.3)

J

where o; and [3; are respectively the linear and quadratic coefficients for tumor cell damage. Finally, C,, is the
solution to the post-therapy system

Cni = DAC,+p(1—Cy)Ch, inQy:=Qx (t,,00),
GBLnn = 0, on X, := 90 x (t,0) (1.4)
Cn(fﬂ,tn) = SFn(x)On—l(z7tn)7 x €
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From the C}, we can now define the global in time tumor cell concentration C' = C(z,t), with
O(.Z‘,t) = Cj(m,t) for t € [tj,tj_;,_l), 0<j5<n, (15)

with the convention that ¢ty = 0 and ¢,41 = +o0.
Then, the optimization problem consists of finding specific irradiation times ¢; and doses d; such that the overall

survival time T (t1,...,tn;d1,...,d,) is maximum. By definition, Ty (¢1,...,t,;d1, ..., dy) is the smallest time for
which the total tumor mass
M(t) = | C(x,t) dx, (1.6)
Q

reaches the critical value M,. In other words, we want to maximize the pay-off function

Te(t1,. .. tn;dr, ..., dy) :=inf {T eERy : / C(z,T) dx > M*} (1.7)

Q

subject to the constraint (¢1,...,t,;d1,...,dy) € Usq, where the set of admissible controls U,q is given by

n 1 n )
Uyg = {(tl,...,tn,dl,...,dn) €U 0<t <ty<...<t,, 0<d; <d,ae., oy ;derm;dj <E, a.e.}
(1.8)
with U = R™ x L%(Q)". The coefficients ay, 31, are the parameters of the normal tissue.
2 Main Result - Existence of an Optimal Control

Theorem 2.1. Let us assume that 0 < M, < |}|. Then, there exists at least one solution to the optimal control

problem
Ma?:imz'ze T, (v) (2.9)
subject to v € Uyq.
This is equivalent to minimize the functional J : Uyq — R U {—o0}, with
J(v) = sup {—T eR_: / C(z,T) dx > M*} VU € Ugg. (2.10)
Q

From well known results (see [1]), we observe that the existence of a minimum of J in Uy,q will be ensured if we
prove the following: J is well-defined; U, 4 is non-empty, bounded, convex and closed in U/; J is lower semi-continuous

(Ls.c.) for the weak convergence in U.
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CONTROLABILIDADE EXATA NA FRONTEIRA PARA UM SISTEMA
DE TIMOSHENKO

LEONARDO R. DA S. RODRIGUES * & MARcos A. F. AravJo |

1 Introducao

A intencao do presente trabalho é investigar algumas propriedades das equagoes de Timoshenko que modelam o
movimento de vigas, a saber: existéncia, unicidade, regularidade e controlabilidade exata na fronteira, com condigoes
de contorno tipo Dirichlet.

Para uma viga de comprimento L > 0, seu movimento é descrito pelo sistema de equagoes parciais acopladas:

Ly = Ely+ K(z, —y) +v

em @ (1.1)
prr = K(2z — ) +w

onde @ = (0,L) x (0,7). Assumindo as condigoes de fronteira do tipo Dirichlet, isto é,
y(0,t) = y(L,t) = 2(0,¢t) = 2(L,t) =0, t € (0,T)
e condicoes iniciais
y(,0) = y°(x), ye(2,0) = y'(z), 2(2,0) = 2°(2), 2(z,0) = 2'(z), = € (0, L).

Aqui, t é a varidvel tempo e x é a coordenada do espago ao longo da viga; ¥y, significa a derivada da fungao em
relagdo a x e y; a derivada em relagdo a t. Além disso, z indica o deslocamento transversal, y a rotagdo angular da
seccao transversal, k, I, I,, E/ e p sdo coeficientes positivos de classe C?. A energia do sistema é definida por

PO =5 [ (0len? + T + B0 + Kz, = )?) da (12)

de onde segue que E(t) = E(0), Vt > 0.
Existem duas velocidades de propagacao de ondas associada a (1.1),

_ |EI _ K
v = Ip Vg = p.

Temos que T} e T denotam o tempo requerido pelos dois tipo de ondas para percorrem todo o comprimento da

L |
T, = dx T =/ dx.
! / v (@) 7)o walw)

Temos Ty = 2maz(Ty,Ty), supondo que T > T,. Observa-se que, se consideramos o problema homogéneo adjunto

viga. Especificamente

a (1.1), a partir de (1.2) obtemos E(t) = E(0), quer dizer, a energia se conserva ao longo da trajetéria. Assim, nem
uma solucao nao-nula da equacgao homogénea atinge o estado de repouso em tempo algum. Logo o problema da

controlabilidade exata consiste prescisamente em conduzir todas as trajetorias ao equilibrio em um tempo uniforme,
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mediante a acao de uma forca externa o controle. De forma mais precisa, o problema de controlabilidade exata
para o sistema de Timoshenko, pode ser formulado da seguinte maneira: Estudar a existéncia de um tempo 7" > 0

tal que para cada par de dados iniciais {y°7 yl} , {zo, zl} exista controles v e w tais que a solugao de (1.1) verifique

Y(T) = y(T) = 2(T') = 2(T) = 0. (1.3)

2 Resultados

Suponhamos uma viga de comprimento L =1, @ = (0,1) x (0,7) C R? e T > 0. Entao temos o seguinte sistema:

Yit = a(T)Yow + 22 — Y em  Q
ztt = b(T) 220 — Ya em Q
y(0,¢) =v(t), y(1,t) =0 em (0,T)
2(0,t) = w(t), 2(1,t) =0 em (0,7)

(2.4)

com as seguintes condigoes inicias

y(z,0) = y°(x), y(z,0) = yl(x), z(x,0) = zo(;zc)7 z¢(z,0) = zl(ar:)7 xz € (0,1).

O resultado a seguir garante a controlabilidade exata para o sistema (2.4), com o controle atuando na fronteira do
dominio.

Teorema 2.1. Suponha a(x) e b(x) € W1>(0,1) e
a(z) > ag > 1,b(x) > by >1em (0,1). (2.5)

Seja T > 2a, onde o = mam(\/%lfo, \/%) Entao, para cada conjunto de dados iniciais {yo,yl}, {zo, zl} pertecentes
ao L*(0,1) x H71(0,1), existem controles v(t), w(t) € L?(0,T) tal que a solugdo ultrafraca y = y(z,t), z = (z,t)
de (2.4) satisfaca (1.3).

Com estas hipéteses, incluimos coeficientes varidveis a(z) e b(z) nos termos onde figuram duas derivadas em relacdo
a varidvel z. Isso significa que, as velocidades de cada tipo de movimento sao diferentes em cada ponto da viga.
A demonstracao da controlabilidade é baseada no método HUM (Hilbert Uniqueness Method). Para isso faz se
necessario demonstrar uma desigualdade de observabilidade dada por

9 T T
Cll{6% 0" ¢ 0" Hlimg 0yx L2 0rmy2 < / a(0) |¢: (0, 0)|* dt + / b(0) |4 (0,1)[* dt (2.6)

onde C' é uma constante positiva, T > Ty e y = (x,t) e 2 = (x,t) é solugao de (2.4). Um problema técnico que
surge na demonstracao de tal desigualdade é a existéncia de coeficientes varidveis nas equagoes do sistema, os quais

nos impedem de usar principios de continuac¢ao Unica decorrentes do teorema de Holmgren.
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REGULARITY FOR ANISOTROPIC FULLY NONLINEAR
INTEGRO-DIFFERENTIAL EQUATIONS

Luis A. CAFFARELLI * & RaAMUNDO LEITAO T & JOSE MIGUEL URBANO *

1 Introduction
In this work we develop a regularity theory for elliptic fully nonlinear integro-differential equations of the type
Iu(x) := infsup Logu (z) =0, (1.1)
“ B

where

Lopu(@)i= [ (uo+y) —ule) = Vu(@) - xn, () Koa () do

and the kernels K,z are symmetric and satisfy the anisotropic bounds

Ao Ac,
= s S Kep (W) S = ey WERT,
Z?:l |y |t “ Z:‘L:l |y | o
for0< A< A 0<o0;<2,and ¢, =c¢(01,...,0,) > 0 a normalization constant.

2 Mathematical Results

Our aim is to prove the C7 regularity for a solution u of the equation (1.1) and under additional assumptions to
the kernel K,p we also obtain C!7 regularity for u, with v € (0,1). The key that gave access to this regularity

theory was the anisotropic nonlocal version of the Aleksandrov—Bakel’'man—Pucci’s estimate:

Theorem 2.1 (ABP Nonlocal theorem). Let u < 0 in R™\ By and T be its concave envelope. Suppose Mt u (z) >

—f(x) in By. There is a finite family of open rectangles {R;} with diameters d; such that:

je{1,....m}
1. Any two rectangles R; and R; in the family do not intersect.

. {u = F} C U?;lﬁ]

Au=T}NR; #0 for all R;.

Lo

" 2
4 di <[>0 (P02_ﬁ>”+6”.
i=1

—_— n.o__
5. |VI (Ry)] < € (maxg, f7) Ry
- ~\2 -
6. Hy €CR; u(y)>T(y)—C (maxﬁj f) (dj) }‘ > g’Rj ,
where q; ;== -1+ nfm +> n_&ﬂj, M+ is the the extremal Pucci operator (nonlocal version) and dj is the diameter
tog#

of the rectangle 7~€j corresponding to Rj. The constants ¢ > 0 and C > 0 depend only on n, A and A.
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THE HADAMARD PRODUCT IN THE SPACE OF LORCH ANALYTIC
MAPPINGS

LUIZA A. MORAES * & ALEX F. PEREIRA |

For a commutative Banach algebra E with unit we say that f : E — E is Lorch analytic (or (L)-analytic)
in E if and only if there exist unique elements a,, € E such that f(w) = Y .- a,w™ for all w € E (see [2]).
Consequently, lim ||a,||*/" = 0. We denote by H(E) the space of Lorch analytic mappings from E into E. It is
easy to verify that Hy(E) C Hy(E, E) where Hy(E, E) denotes the space of holomorphic mappings from E into E
which are bounded on the bounded subsets of E. We refer to [1] and [6] for background on holomorphic mappings
between Banach spaces.

With the pointwise product it is known that (Hp(F),7) is a commutative Fréchet algebra with unit where
7, denotes the topology of uniform convergence on the bounded subsets of E. In [4] we give descriptions of its
spectrum and also we study the spectra of other algebras of analytic mappings in the sense of Lorch.

In this work we describe the spectra of the algebra H (F) endowed with the Hadamard product and with the
topology 7,. We also study algebraic and topological properties of the space I'(E) of the sequences (a,), C E such
that lim ||a,||"/™ = 0. The proofs announced in this note can be found in [5].

1 The Results

We define the Hadamard product as the product (f - g)(w) =Yoo, anbyw™ for every w € E if f(w) = > >7 japw”
and g(w) = Y7 byw™ for every w € E where (ay,)n, (bn)n € T'(E). Denote Hy(E) the algebra of mappings from
E into E that are analytic in the sense of Lorch, endowed with the Hadamard product and with the topology 3.

So Hy(F) is a commutative (m-convex) Fréchet algebra without unit.

Theorem 1.1. Let E be a commutative Banach algebra with unit. The spectrum M(Hp(E)) is homeomorphic to
M(E) X N().

Corollary 1.1. If T is a closed mazimal ideal in Hy(E), then there exists ¢ € M(HL(E)) such that T = p=1(0).
Corollary 1.2. The algebra Hy(E) is semisimple whenever E is.

One check easily that T'(E) endowed with the usual addition and scalar multiplication operations is a vector
space. We define a topological structure in I'(E) and establish isomorphism between I'(E) and Hp(F). For all
a = (an)n,b = (bn)n € T'(F) define

d(a,b) = sup{||ao — bo||; [lan — ba||*/™, n € N}.
Then d is a translation invariant metric in I'(E).
Theorem 1.2. (I'(E),d) and (Hp(E), ) are isomorphic as topological vector spaces.
Proposition 1.1. The Fréchet space (I'(E),d) is not normable.

If we endow I'(E) with the usual product in spaces of sequences then I'(E) is a non-unital commutative algebra.
Also the isomorphism established in Theorem 1.2 preserves the algebra structure. Hence I'(E) is a commutative
Fréchet algebra without unit. So, the study of the algebra Hy(F) leads to a better knowledge of the algebra I'(F).
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Proposition 1.2. The spectrum M(T'(E)) is homeomorphic to M(E) x Npy.

Corollary 1.3. If T is a closed mazimal ideal in T(E), then there exists 1 € M(T(E)) such that T = 4~1(0).

Corollary 1.4. The algebra T'(E) is semi simple whenever E is.
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PATTERNS IN A BALANCED BISTABLE EQUATION WITH
HETEROGENEOUS ENVIRONMENTS ON SURFACES OF REVOLUTION

MAICON SONEGO *

1 Introduction
In this work we study the following problem
e = EzAgue + f(ue,x), (t,iﬂ) eR" x M (11)

where € > 0 is a small parameter and M C R? is a surface of revolution without boundary with metric g. We
consider
flu, ) = =(u = a(@))(u = b(z))(u — c(x)), (1.2)

where a,b,c € C1(M) and a(z) < b(z) = M < c¢(x) for all z € M. Such f(u,z) is a typical example of the

so-called bistable function.

We use the variational concept of I'-convergence to obtain sufficient conditions that guarantee existence, stability
and the geometric structure of four families of stationary solutions to the singularly perturbed parabolic equation
(1.1). The conditions found relate the functions a,b, ¢ and the geometry of the surface where such functions are
defined.

For one-dimensional domains, i.e., when M = (0, 1) for instance, subjected to zero Neumann boundary condition
there are several results. In [6] it was proved that if ¢(x) — a(z) is C? and assume a nondegenerate local minimum
at o € (0,1) then there exists a stable solution u. such that u.(x) — ¢(z) on (0, zg) and u.(z) — a(z) on (xo,!). In
[5] this result was extended to a degenerate setting. In [1] this result was generalized to two-dimensional domains
using essentially the same ideas used here, i.e., the variational concept of I'—convergence. Indeed, our problem
becomes simpler since (1.1) can be treated as a one-dimensional problem and so our conditions for the existence
of patterns appear more naturally. There are some works regarding the effect of heterogenous environments under

different aspects, we cite [3, 4, 2] and references therein.

2 Main Results

In order to mention our results consider a smooth curve C' in R? parametrized by @ = (1, 22, 23) = (¥(s),0, x(s)),
s € [0,1] with ¥(0) = ¥(I) = 0 and the borderless surface of revolution M generated by C. We suppose that
the functions a(z), b(x) and c(z) does not depend on the angular variable 6, so that, abusing notation, we set
a(x(s,0)) = a(s), b(x(s,0)) = b(s) and c¢(x(s,0)) = c(s).

We found that a sufficient condition for existence of patterns to (1.1) is that the function 1(c —a)®: (0,1) = R
has a isolated local minimum in (0,1). In particular, if a and c¢ are constant then the sufficient condition is satisfied
as long as, roughly speaking, M has a neck.

The geometric profile of these patterns are also given and more than that, we show that two of four families
of patterns found develop internal transition layer as € — 0, which are referred to as stable transition layers. Our

approach provides convergence, as ¢ — 0, of the stable transition layers in L!(Q) rather than uniform convergence
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in compact sets outside the interface. All these results remain true for a surface of revolution with border under

Neumann boundary condition and this case is also considered in this work.

Our result extend [6, 5] to surfaces of revolution. This can be seen by taking 1) = 1, which would correspond to

a finite right circular cylinder, and then the existence condition for patterns would be ¢(z) — a(z) having an isolated

local minimum in (0,1), as found in [6, 5]. In the end, some simple examples are given to illustrate situations in

whi

ch our results guarantee the existence of patterns.

Our main result is stated below. As usual x4 denotes the characteristic function of a set A.

Theorem 2.1. If the function (c — a)® : [0,1] — R assumes an isolated local minimum at sy € (0,1) then exists

€0 > 0 and four families of stable stationary solutions {ug}, j=1,...,4, to (1.1) such that

o |[ul —uflln 90 where
ug(s) = al(8)X(0,50)(8) + €(8)X(50,1) (5);

o JluZ —udll 90 where
ug () = ¢(8)X(0,50) (8) + a(8)X(50.1)(5);
o J[ud —ud|l i) 20 where ud(s) = a(s) in (0,1);

o Jluf —uglln 90 where ug(s) = c(s) in (0,1).
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THE 3—DIMENSIONAL CORED AND LOGARITHM POTENTIALS:
PERIODIC ORBITS

MAITE KULESZA * & JAUME LLIBRE |

1 Introduction

In this paper we are interested in 3—degrees Hamiltonian systems of the form

(2 +p) +2) +V(a*,y%, 2%,

DN | =

H(x7yazapz7pyapz) =

where V' a smooth potential with an absolute minimum and a reflection symmetry with respect the three axes. The
motivation for the choice of these symmetries becomes from the interest of these potentials in galactic dynamics.

In particular, we considered the cored potential and the logarithm potential

22 1 9 5 22
Ve=y/1+224+y?+ =, Ve=clog(l+z+y "+ ),
7 2 7

respectively, such potentials in 2-degrees of freedom have been studied by several authors, see for instance, [1], [2],
3], 4], [5].

Our goal is to study the periodic orbits of the corresponding Hamiltonian differential system using the averaging
theory. In this paper, we find new families of periodic orbits parameterized by the energy and depending on the

parameter q.

2 Mathematical Results

The cored Hamiltonian system is

. . T
r = Pz Pz = — )
252
\/1+a:2+g/2+2
q
. . Yy
Yy = Dy, Py = — 5 01
z .
\/1+x2+y2+2 @1)
q
. . z
2 = Dz Dz = - 2-
2,11 2 2 ol
q +x°+y +q—2

After introducing a non-canonical scale transformation with a small parameter € > 0, the Hamiltonian system
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2.1 can be reduced to study the differential system

z(q*(2? + ) + %)

i o= py pr = —THe 202 +0(%),
20,2 2 2
. . Yy (@ (x®+y°)+ =2
U= Dy, Py = —7+€( ( 4) )+O(62)7 (2.2)
q 2q
. P . z 2(q? (22 + y?) + 2?) 9
z = 7 Pz = —?—i-e 2 +O(e).

The logarithm Hamiltonian system has the small modification that, instead of ¢, it has 2¢. Then we proceed

the study of the system (2.2) which includes both Hamiltonian systems.

Theorem 2.1. For V > 0 sufficiently small, at every energy level H = h > 0 the perturbed differential system 2.2

has at least 3 periodic solution
Tt e) = (" (t,€), 5" (¢, ). 2" (8, €), i (. €), by (t, €), PE (L, €)),
for k=1,2,3 such that
(i) v'(0,e) — (v/2h,0,0,0,0,0) when £ — 0;
(i) v*(0,€) — (0,+/2h,0,0,0,0) when & — 0;
(iii) v(0,e) — (0,0,v/2hq,0,0,0) when ¢ — 0.

Moreover, the families of periodic solutions y'(t,€), ¥2(t,€) and ~>(t,¢) bifurcate from planar periodic solutions of

system 2.2 with € = 0 living in the planes (z,0,0,p,0,0), (0,y,0,0,p,,0) and (0,0, 2,0,0,p.), respectively.

We observe that the families of periodic solutions y! and 72 of Theorem 2.1 have already appeared in the work
[1] but only when ¢ was irrational where this problem was studied with only 2-degrees of freedom. Here we show

that really they exist independent if ¢ is irrational or rational.
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ON A CLASS FRACTIONAL SCHRODINGER EQUATIONS WITH
CRITICAL GROWTH

MANASSES DE SOUZA * & YANE LISLEY ARAUJO

1 Introduction
This work we establish the existence and multiplicity of weak solutions for the following class of problems
(=A)Y2u+ V(z)u = Af(z,u) +h in R, (1.1)

where (—A)l/2 is the operator 1/2 — Laplacian, A is a positive parameter, h is small perturbation and V : R — R

is a continuous function which satisfies the following assumptions:
(V1) There exists is a positive constant B such that

V(x) > —B for all z € R;

1 _ 2
(V2) The infimum A; := inf —/ () =~ u(y))” dz dy +/ V(x)u® dx ) is positive.
o \2T Jr oy R

(V3) For any r > 0 and sequence (z,) C R which goes to infinity, that is, |z,| — oo,

lim v(B,) = oo,
n—oo

where
v(By) = inf ! / Mdm dy+/ V(z)u? da;

went/Aa, 2T |z =yl

lull L2, )=1
Here, motivated by an inequality of Trudinger-Moser type proved by T. Ozawa [3] we are interested in treat non-
linearities involving critical exponential growth which we define next. We say that f(z,s) has critical exponential

growth when for all x € R, there exists ay > 0 such that

lim f(m,s)e_a‘sﬁ _ 0, Yo > o,
|s]—+o0 +o00, VYa < ag.

For the nonlinearity f(z,s), we assume the following hypotheses:

F(z,s)

2
(f1) limsup ——>— < A1 uniformly in x;
s—0 S

(f2) f(z,s) is locally bounded in s, that is, for any bounded interval J C R, there exists C' > 0 such that
|f(z,s)] < C for every (x,s) € R x J,;

(f3) There exists 6 > 2 such that, for all (x,s) € R x R\ {0},

0 <OF(xz,s):= G/Sf(x,t)dt < sf(z,s);
0
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(f4) There exist constants sg, My > 0 such that, for all |s| > so and = € R,
0 < F(z,s) < Molf(z,s)l;

f(z;s)

(f5) There exists ¢ > 2 such that lim inf pa

s—0t S

> 0 uniformly in z.

In order to apply variational methods we are consider a variational framework based in the subspace X of
H'2(R) given by
X = {uEHl/z(R) : /V(:c)uzdx < oo},
R

which will be a Hilbert space when endowed with the scalar product

(, v) 1= — </R (u(z) = uly)(v(z) = v(y)) d:z:dy) +/RV(:17)uvd:z:, (1.2)

S om z —y|?

to which we associate the standard norm ||u|| = (u,u)'/2.

In this context, we assume that h € X* (dual space of X) and say that u € X is a weak solution for the problem
(1.1) if the following equality holds:

L[ (u(@) —u(y)(v(z) = v(y)
L

2 |z —y|?

da:dy—F/RV(x)uvda:zz\/Rf(x,u)vdx—F(h,v), (1.3)

for all v € X, where (-, -) denotes the duality pairing between X and X*.

2 Mathematical Results

Theorem 2.1. Suppose that (V1) — (V3) and (f1) — (f5) are satisfied. Then there exist 61 > 0 and Ao > 0 such
that for each 0 < |||« < 01 and A > Ao, problem (1.1) has at least two weak solutions. One of them with positive
energy, while the other one with negative energy.

Theorem 2.2. Under the same hypotheses in Theorem 2.1, the problem without the perturbation has a nontrivial

weak solution with positive energy.

The proofs of our results rely on minimization methods in combination with the mountain-pass theorem. The
main point of the proof of the Theorems 2.1 and 2.2 is to show that the associated functional satisfies the Palais-
Smale compactness condition which allows us to find critical points for the functional. In our argument, it is crucial
a version of the Trudinger-Moser inequality and a version of a lemma due to Lions. Our main difficulties are
the lack of Palais-Smale compactness condition for certain energy levels due to critical exponential growth of the

nonlinearity.
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ON SEMILINEAR WAVE EQUATIONS WITH NEGATIVE TERMS

M. MILLA MIRANDA * A.T. LOUREDO | H.R. CLARK ! & M.R. CLARK $

1 Introduction

Let Q be a bounded open set of R” with a C? boundary I', I" constituted of two disjoints closed parts I'y and I';.
By v(x) is denoted the exterior unit normal at = € T';.
Motivated by the papers [1] and [2], we investigate the existence and decay of solutions of the following hyperbolic

problem:

u’ — p(t)Au+ g(z,u) = f in Qx (0,00);

u=0 on Tgx(0,00);

9 4 h(z,uw') 4+ q(z,u) =0 on Ty x (0, 00);

uw(r,0) =ul(z) , uw(x,0)=ul(z) , 2€Q

where p(t) > o > 0, g(z,s) , q(x, s) behave as |s|?(p > 1) , |s]7(c > 1), respectively, and h(z, s) is just continuous

and strongly monotone in s € R.

2 Main Results

The scalar product and norm of L?(§2) are denoted by (u,v) and |ul, respectively. By V is represented the Hilbert
space
V={ve H(Q);v=0o0nTg}

equipped with the scalar product ((u,v)) = (Vu, Vo) and norm ||u|| = ((u,u))'/?, respectively. Let A = —A be
the self-adjoint operator of L?(Q) defined by the triplet {V, L?(Q), ((u,v))}. Then its domain is given by

0
D(=A) = {v € V N H(Q); ai: =0onTy}.
We introduce the following hypotheses:

e W 0,00) 5 0 < po < p(t) <pp < oo, ¥t>0; ' € LH0,00). (2.1)

Set g € Wt (R; L(Q)) and ¢ € W (R; L=(T'y). Define G(z,s) = [; g(z,7) dr and Q(z,s) = [ q(

loc loc

Assume that there exist positive constants ag, a1, as and by, by, b such that

0
|G(x, 5)| < aols|”* ; |g(x,8)| < ai]s|” ; |a—i(9c,s)| <agls|P™t, VsER, ae. x€Q (2.2)
and
0
Q(z,8)| < bols|™* 5 lg(a,s)] < bals|” 5 |8*Z($, s)| < bals|”' 5 q(2,0) =0, Vs€R, ae. x el (2.3)

*DM, UEPB, PB, Brasil, e-mail: milla@im.ufrj.br
DM, UEPB, PB, Brasil, e-mail: aldotl@cct.uepb.edu.br
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The function h satisfies the conditions

h e CO(R; L°(T1)) ; h(x,0) =0, a.e.x €Ty ; (h(x,8)—h(x,7))(s—7) > do(s—7)?, Vs,r €ER, a.e. x € . (2.4)
The real numbers p and o satisfy the hypotheses

n+1 n 2n—1 n—1
p< : <o<
n—2 2(n—1) n—2

Theorem 2.1. Asumme that the above hypotheses (2.1)-(2.5) are satisfied. Consider

p>1, o>1if n=1,2 ;

IN

if n>3. (2.5)

u’ € D(=A)NHF(Q) , u' € HYQ) , f€ L' (0,00, L*(Q)) , f € Li,.(0,00; L*(Q)).

Then there exist two positive constants \* and N such that if
2 > 2 [
¥l <X RN [ e de) eon S [ o] de) <X
Ho 0 Ho Jo

we have that there exists a function u in the class

u € L*®(0,00; V) , u € L®(0,00; L2(2)) N L5, (0,00; V) , u” € L2.(0, 00; L*(Q),

loc loc
u' € L>®(0,00; L3(Ty)) , u” € L;2.(0,00; L*(T'1))
satisfying
u” — pAu+g(.,u) = f in L} _(0,00; L3(Q));
9 4 h(, ') +q(u) =0 in L}, (0,00 L (T1));
u(0) =u® | /(0) =ul.
Let 2° € R™ and m(z) =z — 2° , © € R™. Assume that there exists z° such that
To={xel;m(x)v(x) <0}, I'y ={zel;m(x)v(z) >0} (2.6)
Consider

peCOR); p(0) =0; (p(s) —p(r))(s —r) = po(s —7)*, [p(s)| < pils|, Vs,r €R; (2.7)
a0 > 15 @) <0, aete (0,005 gls) = [sl? 5 qla,s) =05 f=0.

Set the energy

E@):;MQ)+Mgﬁwuﬂhkpill;M%qu@J%m >0

Theorem 2.2. Let u be the solution obtained in Theorem 2.1 with the supplementary hypotheses (2.6) and (2.7).

Then there exists a positive constant n such that
E(t) <3E(0)e 3™ | ¢>0.

The existence of solutions follows by applying a special basis of V N H?(f2), using the Strauss’approximations
of continuous functions and the Tartar’s method. The decay of solutions is derived by the multiplier method.

Acnowledgement. We thank prof. L.A. Medeiros by the suggestion of the problem and his important remarks.
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A QUASILINEAR PROBLEM WITH CONVECTIVE TERM

MANUELA C. M. REZENDE * & CARLOS A. SanTOS |

1 Introduction

This work is concerned with the existence of solutions and estimates on the existence intervals concerning the

parameters for the problem

{ —Apu = a(z) f(u) + Ab(x)g(u) + pV(z, Vu) in Q, (11)

u>0 in £, u=0 on 09,

where Apu = div(|Vu[P7?Vu),1 < p < oo, is the usual p-Laplacian operator; A > 0; u > 0 are real parameters;
f,9:(0,00) — [0,00); a,b: Q — [0,00); a,b# 0 and V : Q x RV — [0,00) are continuous functions satisfying
appropriate hypotheses and  C RY is a smooth bounded domain.

For = 0, problems like (1.1) have been studied intensively in recent years including nonlinearities that behave
like sublinear and superlinear at zero and/or infinity and singular terms in zero. We quote [1, 3, 4, 5, 6] and
references therein.

However, there are not many results in the case where the nonlinearities depend on the gradients of the solutions,
that is, u # 0, with p # 2. In general, variational techniques are not suitable to handle (1.1). In the case p = 2, an
interesting exception can be seen in [2].

Due principally to the difficulty in to apply standard comparison principles to the problem (1.1), because of the
p-Laplacian operator and of the generalities on terms f and g permitted by us, it was not natural to hope that the
lower and upper solutions standard method worked. Yet, after a careful sophisticate construction of many auxiliary
functions for these terms, we were able to build an upper solution for problem (1.1) and to compare it with a lower
solution built following pattern arguments.

The majority of papers dealing problems with dependence on the gradient are focused in the situations where
the nonlinearities f and g have a sublinear behavior both at 0 and at +o00. We solve (1.1) in the presence of
the gradient term and for a larger class of functions f and g, including also nonlinearities that have a superlinear
behavior at 0 and at oo or still an asymptotically linear behavior.

We emphasize that our results do not require any monotonicity condition and (or) singularity of the functions
f and g, but we are particularly interested in the cases that f and g may have singularity at 0. We address the
reader to [7].
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IMPULSIVE NEUTRAL FUNCTIONAL DYNAMIC EQUATIONS ON
TIME SCALES

M. FEDERSON * & M. V. S. FrassoN T & J. G. MesQuitA ¥ & P. H. TACURI §

1 Introduction

In the paper [3], the authors prove that the equations called measure neutral functional differential equations which

integral form is given by
t
N(t)z: ~ Nitoao = [ f(a.s)dg(s
to

can be regarded as generalized ordinary differential equations (generalized ODEs), with N (¢) : G([-r,0],R") — R"
given by N (t)p = cp(O)—fi, dglu(t, 8)]p(0), where G([—r, 0], R™) is the set of all regulated functions ¢ : [-r, 0] — R™.
Moreover y is a left-continuous function in § € (—r,0), of bounded variation on 6 € [—r,0], and Var|_, o p — 0, as
s — 0.

In this work we will assume that g is a left-continuous function and consider the possibility of adding impulses
at preassigned times t1,...,t;,, where tg < t; < -+ < &, < to + 0. For every k € {1,...,m}, the impulse at tj, is
described by the operator I, : R" — R™. In other words, the solution x should satisfy Atz(t;) = Ix(x(tx)). This

leads us to consider the impulsive measure neutral functional differential equation:

D [N(z,t)] = f(zt,t)Dg, whenever u,v € Ji for some k € {0,...,m},
ATz(ty) = I(z(tg)), ke {l,...,m}, (1.1)

xto = ¢7

where Jy = [to, t1], Jx = (tr,trq1] for k€ {1,...,m — 1}, and Jp, = (tn, to + o]. Without loss of generality, we can
assume that g is such that Atg(tx) = 0 for every k € {1,...,m}. Since g is a left-continuous function, it follows

that g is continuous at ¢y, ...,t,. Under this assumption, our problem can be rewritten as

0 0

Attt +0)~ [ dintto,Oletto +0)+ 3T Tulalti),

-r ke{l,....m},

o) = alto) + [ fons)dals) + /

T

Z‘to = QZS

2 Integration on time scales

A time scale is a closed nonempty subset T of the real line. For every ¢ € T, we define the forward jump operator
by o(t) = inf{s € T, s > t} and the backward jump operator by p(t) = sup{s € T, s < t}; we make the convention
that inf ) = sup T and sup @ = inf T. The graininess function is defined as u(t) = o(t) — t.
A function f: T — R is called rd-continuous, if it is regulated on T and continuous at right-dense points of T.
For each pair of numbers a, b € T, a < b, let [a,b]r = [a,b] N T. Given a set B C R™, the symbol G([a, b|t, B)
will be used to denote the set of all regulated functions f : [a, b]T — B.
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In the time scale calculus, the usual derivative f’(t) and integral ff f(t)dt of a function f : [a,b] — R are
replaced by the A-derivative f2(t) and A-integral f; f(t) At, where f : [a,blr — R. Similarly to the classical
case, there exist various definitions of the A-integral fab f(t) At, such as the Riemann A-integral or Lebesgue A-
integral; these definitions as well as the definition of the A-derivative can be found in [1], [2]. The more general
Kurzweil-Henstock A-integral was introduced in [4].

Given a real number ¢t < supT, let ¢t* = inf{s € T; s > t¢}. Since T is a closed set, we have t* € T. Further, let

T — (—o0,sup T if supT < oo,
] (=00, ) otherwise.
Finally, given a function f: T — R", we consider its extension f*:T* — R™ given by f*(t) = f(¢*), t € T*.
The following theorem from [5] describes the relation between the A-integral and the Kurzweil-Henstock-Stieltjes

integral.

Theorem 2.1. Let f : T — R™ be an rd-continuous function. Choose an arbitrary a € T and define Fy(t) =
f; f(s)As, t € T, and Fx(t) = fat [*(s)dg(s), t € T*, where g(s) = s* for every s € T*. Then Fy = Fy.

3 Mathematical Results

The aim of this work is to prove the following theorem which describes the relation between impulsive neutral
functional dynamic equations and impulsive measure neutral functional differential equations.

Theorem 3.1. Let [to — 7,to + o1 be a time scale interval, to € T, B C R", f: G([-r,0], B) X [to, to + o]r — R",
¢ € G([to—r,to]T, B). Define g(s) = s* for every s € [to,to+0]. Moreover, suppose the normalized function p : T X
T — R"*™ is such that u(t,-) is left-continuous on (—r,0)r, of bounded variation on [—r,0lr and Var, o p(t,-) — 0,
as s = 0. If x : [to — r,to + o]t — B is a solution of the impulsive neutral functional dynamic equation

(1) :x(to)—i—/ f(x:,s)As—&-/ Ag[u(t,@)]x*(t-i—e)—/ Aol 05" (to +0)+ S L(a(ta)), t € [toto + o], (3.2)
to -r - ke{1,...,m},

z(t) =¢(t), t € [to — 7, to]r, (3.3)

then x* : [to — 1, to + o] — B is a solution of the impulsive measure neutral functional differential equation

y(t) = y(to) + /t:f(ys,s*)dg(s) + /Ode[u*(ta9)]y(t+ 0) — /Odo[u*(tﬁ)]y(to +0)+ > Iu(y(ts)), t€ [toto+ 0], (3.4)
-r -r ke{1,...,m},
th <t
Yto = " (3.5)
Conversely, if y : [to — r,to + 0] — B satisfies (3.4) and (3.5), then it must have the form y = x*, where
x: [to — r,to + o]t — B is a solution of (3.2) and (3.3).
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GENERAL RATES OF DECAY TO A CLASS OF VISCOELASTIC
KIRCHHOFF PLATES

MARcCIO A. JORGE DA SILVA *

1 Introduction

In the present work we discuss the well-posedness and the asymptotic behavior of energy to the following nonlinear

viscoelastic Kirchhoff plate equation
t
gt — Auge + A?u — divF(Vu) — / g(t —8)A%u(s)ds =0 in QxRF, (1.1)
0

with simply supported boundary condition
u=Au=0 on 90 xR, (1.2)

and initial conditions
u(+,0) =ug and wuy(-,0)=wu; in €, (1.3)

where Q is a bounded domain of RV with smooth boundary 0. Here, FF : RN — R is a vector field and
g : [0,00) — RT is a real function satisfying proper conditions. The term divF(Vu) constitutes a nonlinear
perturbation (of non-locally Lipschitz type) and it contemplates the p-Laplacian operator as a particular case when
F(z) = |z|Pz, p > 0. Besides, the only damping effect is given by the memory term and no additional weak or
strong dissipation is necessary to show general decay rates of energy. See [4, 5] for viscoelastic wave equations. Our
main results deal with the well-posedness and stability of energy by showing that its decay is similar to the memory

kernel g. They improve those ones given in [1, 2, 3, 6].

2 Results

Let us first precise the hypotheses on g and F.

Assumption Al. g:[0,00) = R* is a C'-function such that g(0) > 0, 1 :== 1 — fooo g(s)ds > 0, and there exist a
constant & > 0 and a C'-function € : [0,00) — RT such that

and

‘ <&, Vt>0. (2.5)

Assumption A2. F:RY = RY is a C'-vector field given by F = (Fy,...,Fy) such that

VFi(2)| < ki(1+4 |z|®~D/2) vzeRN, 2.6
J J
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where, for every j =1,..., N, we consider k; > 0 and p; satisfying

N +2
p;>1 if N=1,2 and 1<p; < +

if N>3. (2.7)
Moreover, F is a conservative vector field with F = V f, where f : RY — R is a real valued function satisfying
—ao—%l\z|2 < f(2) §F(z)~z+%l|z\2, VzeRY, (2.8)
with ag > 0 and o € [0, \), where \ is the embedding constant for H?(2) N HE(Q) — HL(Q).
Our first main result establishes the Hadamard well-posedness of (1.1)-(1.3) with respect to weak solutions.
Theorem 2.1 (Well-Posedness). Under Assumptions Al and A2 we have:
(i) If (up,u1) € H:= (H2(Q) N HY(Q)) x HL(Q), then problem (1.1)-(1.3) has a weak solution in the class
(u,ur) € Lig, (RT, (H*(Q) N Hy () x Hy (). (2.9)
(i) Given Uy = (ug,u1), Vo = (vo,v1) € H, let us consider the weak solutions U = (u,us), V.= (v,v:) of the
problem (1.1)-(1.3). Then
U@ —V)llu < CllU—Wolln, Ytel0,T], T >0, (2.10)
where C = C(||Uoll3, [|Volla, T) > 0. In particular, problem (1.1)-(1.3) has a unique weak solution.

The energy corresponding to the problem with rotational inertia is defined as

B(t) = %Hutu)n% v %nwt(t)n% + a0 + 360800 + [ S(Tut (211)

where h(t) =1 — fo ds > 1 and (g0 w)(t fo (t —s)||lw(t) —w(s)|3ds.
Our second main result establishes the followmg general decay rate of the energy.

Theorem 2.2 (Stability). Under the assumptions of Theorem 2.1, let (u,u;) be the weak solution of problem
(1.1)-(1.3) with (ug,u1) € H. Then there exist constants K > 0 and v > 0 such that

E(t) < KE(0)e /o &&ds vy >0 (2.12)
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DOMINIOS FINOS E REACOES CONCENTRADAS NA FRONTEIRA

MARCONE C. PEREIRA *

Neste trabalho analizamos o comportamento assintético de uma familia de solugbes de uma equagao eliptica
semilinear com condicoes de contorno homogénea de Neumann definida num dominio fino de R?, que se degenera
no intervalo unitdrio quando um parametro € vai a zero. Além disso, assumimos que termos de reacdo na equagao
também estao concentrados numa vizinhanga e-oscilante de uma porc¢ao do contorno do dominio fino. Discutimos
aqui a existéncia de um problema limite unidimensional, que aproxima o problema original, capturando a geometria

do dominio fino, bem como o comportamento oscilatério da vizinhanga onde as reagoes se concentram.

1 Introducao
Aqui discutimos o comportamento assintético das solugoes do seguinte problema eliptico semilinear:

—Au +uf = f(u) + Zxo. 9(u)  em RS

¢ 1.1
g'}je =0 sobre OR". (1.1)

O dominio de definicao das solugoes R é um dominio fino padrao dado por
R = {(z1,22) €R? : 21 €(0,1), —eb(zy) < x < eG(z1)} (1.2)

em que G e b: (0,1) — RT sio fungoes suaves e positivas, uniformemente limitadas com 0 < Gy < G(z) < G; e

0 < by < b(x) < by para todo € (0,1) e constantes positivas fixas Go, G1, bg, b1. O vetor v¢ = (v§,5) é normal

a OR¢, apontando para fora de R°, e 626 é a derivada normal. Note que as functes b e GG, independentes de e,

definem o contorno inferior e superior do dominio fino respectivamente, e R C (0,1) x (—eby, eG1) se degenera no
intervalo (0,1) quando € — 0. As nao-linearidades f e g : R — R sdo de classe C?, e a fungao xg, : R? — R é a

funcao caracteristica de uma vizinhanca 6. do contorno superior de R dada por
0. = {(x1,72) €R? : 21 €(0,1), €(G(x1) —€* He(z1)) < 2 < eG(21)}, (1.3)

onde o > 0 é um parametro fixo, H, : (0,1) — R ¢ uma fungao suave nao-negativa satisfazendo 0 < H(z) < Go+bg

para todo x € (0,1) e € > 0. H, também pode oscilar quando ¢ — 0. Expressamos tal propriedade pela expressao:
H.(x) = H(z,2/&"), >0, (1.4)

com H : (0,1) x R — R ndo-negativa e suave. Também assumimos que H é [(z)-periddica na varidvel y para
cada = € (0,1), isto é, H(x,y + l(x)) = H(x,y) para todo y, onde a fungao periédica [ é positiva e uniformemente
limitada com 0 < Iy < I(z) <.

E facil de ver que o conjunto aberto 6. é uma vizinhanca do contorno superior de R com espessura e com-
portamento oscilatério dependentes dos parametros positivos « and [ respectivamente. « representa a ordem da
espessura e  a ordem da oscilacao da vizinahnga . para € ~ 0. Note ainda que se H s6 depende da primeira varidavel
x, entao a fungao H. ¢é independente de €, e assim, a faixa estreita 6. nao apresenta comportamento oscilatério.
Procedemos como em [1, 2], usamos a fungao caracteristica y. e os pardmetros positivos € e o para modelarmos a

concentracao da reacao dada pela nao-linearidade g em 6. C R, com € =~ 0, pelo termo e%xgg € L™ (R").
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Como R° é fino e se degenera no intervalo unitario quando € — 0, é razoavel esperar que a familia de solugoes
u€ se aproxime da solugdo de um problema unidimensional em (0,1) do mesmo tipo e com condigbes de contorno
de Neumann capturando o perfil variavel do dominio fino e o comportamento oscilatério da faixa estreita §.. Com

efeito, podemos mostrar que o problema limite para (1.1) é dado pela seguinte equac¢ao unidimensional:

— o P(@)uy)e +u = f(u) + H8g(u)  em (0,1) (1.5)

com uz(0) = uz(1) =0, onde p e p: (0,1) — (0,00) sdo definidas por

pa)=Ga) +b(x), e plx)= ks i Hizy)dy. (1.6)

A funcgéo p estd associada a geometria do dominio fino R¢, estabelecida pelas fungdes b e G. J4 o coeficiente
nao-negativo u € L*°(0, 1) estd relacionado a vizinhanga oscilante 6. definida por H.. Logo obtemos um problema
limite que captura o perfil varidvel de R bem como o comportamento oscilante de 6. combinando resultados
anteriormente obtidos em [3, 4]. Note que se H nao depende da segunda varidvel, entdo a vizinhanga 6. nao
apresenta comportamento oscilatério implicando p(z) = H(z) em (0,1). Além disso, se supomos H = 0, temos que

o problema (1.1) néo apresenta ‘reagdes concentradas’ coincidindo com problemas considerados em [3, 5].

2 Resultado principal

Para estudarmos (1.1) realizamos uma mudanca de varigvel chegando ao seguinte problema

2, € 2, €
_21?2 - E%g;;z +u = f(’lf) + E%Xoe g(“’e) em
%Nl + L% N, =0 sobre 69

672 a.’rg

(2.7)

onde Y,, ¢ a fungdo caracterfstica da faixa o, = {(z1,22) € R? : x1 € (0,1), (G(z1) — € He(z1)) < 22 < G(71)},
N = (N1, N3) é o vetor normal unitario de 92 para Q = {(x1,22) € R? : 21 € (0,1), —b(x1) < w2 < G(x1)}.

A equivaléncia dos problemas (1.1) e (2.7) é obtida pela mudanca de varidvel (z,y) — (z,e 1y) que estica R€
na direcdo y por um fator ¢!, levando o problema a um dominio fixo 2 independente de €. O fator e~2 em frente a
derivada na direcdo zo estabelece uma difusao muito alta quando ¢ — 0, homogeneizando a solug@o nessa direcao,

fazendo com que a solugao no limite seja independente de x2, sendo entao solugao de um problema unidimensional.

Teorema 2.1. Seja u® uma familia de solugdes dada por (2.7) com ||uc| =) < R. Entdo:

(i) Emiste sub-sequéncia, ainda denotada por u¢, e uma funcdo u € H(S), lull o) < R, u(z1,72) = u(x1),
solugdo de (1.5), tal que ||u® — u| g1(q) — 0 quando € — 0.

(#) Se uma solugdo u de (1.5) pertencente a bola de raio R em L*>(§)) € ainda hiperbdlica, entdo, existe uma

sequéncia u® de solugoes do problema (2.7) com ||u® — ul| g1 () — 0.
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ONDAS VIAJANTES PERIODICAS PARA VERSOES GENERALIZADAS
E NAO HOMOGENEAS DAS EQUACOES BBM E KDVB

MARCOS A. DE FARIAS *, CEZAR I. KONDO | & JOSE RUIDIVAL DOS SANTOS FIiLHO ¥

1 Introducao

Neste trabalho estamos interessados em obter alguns resultados de existéncia de onda viajante peridédica para
problemas nao homogéneos de versoes generalizadas das equagoes de Benjamin-Bona-Mahony (BBM)

u + (fo(u))e — €Uugy — SUgyr = ho(x — Bt), z€eR, t>0, (1.1)
e de Korteweg-de Vries-Burgers (KdVB)
ur + (fo(u))e — €Ugy — SUgre = ho(z — Bt), zeR, t>0, (1.2)

onde € > 0,6 > 0 e 3> 0 sdo constantes, fo € C1(R) e hy é uma fun¢do continua em R, nio identicamente nula,

2T-periddica para algum T > 0 e com a propriedade

oT
/ ho(z)dz = 0. (1.3)
0
As ondas viajantes peridédicas que buscamos aqui sdo solugoes da forma

u(x,t) :u(xfﬂt) :U(n)v n=ux—ft, (14)

onde v é periédica. Provamos que escolhendo S de forma apropriada, as equagoes (1.1) e (1.2) admitirdo onda

viajante periddica com velocidade de propagacao igual a 5.

2 Resultados

Fixando uma primitiva hy para a funcio hg e tomando

M= sup | fo(w) = ho(€)
(w,€)€[—1,1]x[0,2T

: (2.5)

os resultados que obtemos neste trabalho, foram os seguintes:
Teorema 2.1. Se 2M < 3, entdo a equagao (1.1) admite onda viajante periddica.

Teorema 2.2. Para quaisquer dos trés casos:

2

€
1) 2M < B < —,
(i) 2M < B < 75
. 372> 2722

(ii) - + —— +1
02(l—e5 )2 &2(1—e7)

62
(m)[ )2+é:|M§166>45,

62

Mgﬂzﬁa

8T
—T
V4B6—e?(1—e 5

a equagao (1.2) admite onda viajante periddica.
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Fazendo uma breve discusao a respeito das provas dos Teoremas 2.1 e 2.2, comecamos observando que pela
caracterizagao das ondas viajantes em (1.4), as equagbes (1.1) e (1.2) sdo reduzidas respectivamente as EDO’s de
terceira ordem

V" —av” = N = —(f1(v)) + ha, (2.6)
onde hy(v) = (68) " tho(v), fi(v) = (68) L fo(v), N2 ="t ea=¢/(6B);

V" 4 00" 4 p*0" = (fa(v)) — ha, (2.7)

onde ha(v) = 6 tho(v), fa(v) =071 fo(v), p> = B/5 e O = ¢€/d.
Dai, de posse das equagoes (2.6) e (2.7) podemos trabalhar no intervalo [0,27] e adicionando a condicao de
fronteira
v®(0) =M™ (@T),  k=0,1,2, (2.8)

verificar que quaisquer solucdes dos problemas de fronteira (2.6)-(2.8) e (2.7)-(2.8) no intervalo [0,27] podem ser
estendidas em R para fungoes que serao ondas viajantes periédicas das equagoes (1.1) e (1.2) respectivamente.
Entao utilizando o método da funcdo de Green, veja [6], para os problemas (2.6)-(2.8) e (2.7)-(2.8), encontramos
fungdes que nos servird como nucleo de operadores integrais cujos pontos fixos serdao solucoes para os problemas
(2.6)-(2.8) e (2.7)-(2.8). Concluindo com o teorema do ponto fixo de Schauder, veja [5], e as boas propriedades que
obteremos das funcoes de Green, obtemos as provas dos Teorema 2.1 e 2.2.
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ANALISE NUMERICA DE UM MODELO DE MEMBRANAS ELASTICAS
COM FRONTEIRA MOVEL

MAURO A. RINCON * & WILMAN R. HUARCAYA |

1 Introducao

Neste trabalho, estabeleceremos uma estimativa de erro para uma nova derivacdo da equagao da onda para
pequenas vibragoes transversais de membranas elasticas.

Os modelos estudados foram desenvolvidos, por [5] e [6] como uma extensdo do modelo de Kirchhoff-Carrier,
uma vez que leva em conta a troca de tamanho durante a vibracao e o comportamento nao linear das membranas

elasticas em geral. O operador que define este modelo matematico é dado por:

Lu(z,t) = % - (a(t) +b(t) /Q |Vu|2dx) Au=0 (1.1)

num dominio néo cilindrico Q do R?, onde as funcdes a(t) e b(t) sio dadas por

T0 k KZ(t) — Kg k
="y 22 70 b(t) = ———— 1.2
)= 2 gt ) = g (1.2)
Q; um dominio circular de raio K (t), 7o a tensdo inicial, m a massa, k = ﬁ sendo F o0 mo6dulo de Young do
— 0

material e o o coeficiente de Poisson.

As investigacoes sobre pequenas vibrac¢oes de um corpo elastico foi inicialmente proposto por D’Alembert , Euler
e depois, considerando os pequenos deslocamentos verticais do corpo durante a vibragao, temos os modelos de Kir-
chhoff e Carrier, sendo estes modelos com extremidades fixas. A anélise de existéncia, unicidade e o comportamento
assintotico de solug@o para a vibracdo da corda elastica com fronteira mével em um dos extremos e com coeficiente
constante foi analisado em [1] e [4], com o operador definido por;

Lu(z,t) = % - % =0 para 0<z<uwt (1.3)

O problema da corda nao linear, com fronteira moével, que contém o modelo de Kirchhoff e do Carrier, foi desenvol-
vido [5] e [6], onde foi analisado a existéncia e unicidade local. Solu¢bes numéricas do modelo unidimensional (1.3),
usando o método das diferencas finitas, foi feita em [8].

Consideremos uma membrana eldstica 2 identificada como um disco unitario de R? com centro no origem e
K : [0,T[— R uma fun¢ao C?. Representemos por §); as deformagoes do disco unitario 2 por a fun¢ao K (t), isto
6 = {z = (v1,72) € R?| 2 = K(t)y, Vy = (y1,92) € Q, t > 0}. Representamos por 2y um disco Ko onde
Ky = K(0). Consideremos o domfnio nio cilindrico Q do R? definido por Q = |J, <ter 2 X {t} e sua fronteira

lateral 3 ¢ definida por & = U I'; x {t}, onde I'; denota a fronteira 9€2;. Nesse trabalho propomos fazer uma

0<t<T
estimativa de erro em Espacos de Sobolev para o problema
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K'(t)  Ou(z,t)

K©) Z; oz, +u'(z,t) | =0, V (2,t) €Q

Lu(x,t) + 5(
M t
w(x,0) = up(z), u'(z,0
onde ¢ > 0. Considere as seguintes hipoteses sob K(t):

(H1) K € C*([0,T[;R), K(t) > Ko > 1,

u2) )] < o B
(H3) 0< K'(t) < K1, VO<t<T,
() un(0) — ol < Ahul0)]; 04 (0) ~ 5| < ehlu/ O),

onde (') denota a derivada no tempo e K satisfaz, K7 < (19 — k)/2m. Além disso g e if, sdo as interpolagoes das
condigdes iniciais ug € uy, , ¢ e ¢ sdo constantes positivas independentes de h.

Representemos por ((,)), ||.|l; (,), || respectivamente o produto escalar e a norma em H}(Q) e L*(Q).

2  Teorema Principal

Teorema 2.1. Se u ¢ solugdo do problema (I) com dados inicias ug € H}(Q0)NH?(Q),u1 € H(Q0), e suponhamos
que u € L>®(0,T, H}(Q) N H?*(Q)),u/,u”" € L0, T, H*()) sob as hipdteses (H1)-(H4), entdo existe uma
constante positiva C dependente de u e independente de h tal que

|u" — Lo ((0,7);22(00)) + 1t = unll L 0,72 (02)) < Che (2.4)
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ASYMPTOTIC BEHAVIOR FOR EVOLUTION EQUATIONS OF NEURAL
FIELD TYPE

MICHEL B. SILVA * & SEVERINO H. DA SILVA |

1 Introduction

In this work we consider the non local evolution equation

%(x,t):—u(x,t)JrJ*(fou)(z,t)Jrh, h >0, (1.1)

where u(z,t) is a real-valued function on RN x R, , h is a positive constant, J € C*(RY) is a non negative even
function supported in the ball with center at the origin and radius 1, and f is a non negative nondecreasing function.
The * above denotes convolution product in RN, namely: (J * u)(z) = [pn J(z — y)u(y)dy.

The function u(z,t) denotes the mean membrane potential of a patch of tissue located at position = € RV at
time ¢ > 0. The connection function J(x) determines the coupling between the elements at position = and position
y. The non negative nondecreasing function f(u) gives the neural firing rate, or averages rate at which spikes are
generated, corresponding to an activity level u. The neurons at a point x are said to be active if f(u(z,t)) > 0.
The parameter h denotes an external constant stimulus applied uniformly to the entire neural field.

In this work we summarize the results of [5], where we extend, for LP(R™,p), N > 1 and 1 < p < oo, the results
(on global attractors) obtained in [4] in the phase space L?(R, p). Furthermore, we exhibit a Lyapunov functional
to the flow generated by (1.1).

We assume here the following hypotheses on the functions f and J:

(H1) the function f : R — R is globally Lipschitz, that is, there exists k1 > 0 such that
[f(@) = fW)] < kile —yl, Va,yeR; (1.2)

(H2) there exists a > 0 such that |f(x)| < a, for all z € R;

(H3) the non negative, symmetric bounded function J has bounded derivative with

sup Op,J(x —y)dy < S and sup / O, J(x —y)dx < S,
rzeRN JRN yERN RN

for some constant 0 < S <ocandi=1,---, V.

2 Mathematical Results

We consider the flow generated by (1.1) in the phase space LP(RY, p) = {u € L}, (RY) : [on |u(z)|Pp(x)dz < oo}

loc

Lemma 2.1. Suppose that sup{p(z) : x € RN, |z —y| < 1} < Kp(y), for some constant K and all y € RN. Then

||J*u||LP(]RN,p) < Kl/p”JHLlHUHLP(]RN,p)-
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The hypothesis (H1) and Lemma 2.1 are sufficient for the function F(u) = —u+ J * (f o u) + h to be globally
Lipschitz in LP(RY, p), hence the Cauchy problem for (1.1) is well posed in this space with a unique global solution.

In the that follows, we denote by S(¢) the flow generated by (1.1), given by [S(t)u](z) = u(x,t), where u(z,t)
is, by variation constant formula, given by

u(z,t) = e tu(z,0) + /01 ST x (f ou)(x,s) + h]ds.

We recall that a set B C LP(RY, p) is an absorbing set for the flow S(t) in LP(RY, p) if, for any bounded set
B C LP(RY, p), there is a t; > 0 such that S(t)B C B for any t > t1, (see [6]).
Proceeding as in [4], we proof the following lemmas:

Lemma 2.2. Suppose that the hypotheses (H1) and (H2) hold and let R = aK'/?||J||z1 + h. Then the ball with
center at the origin and radius R + ¢ is an absorbing set for the flow S(t) in LP(RYN, p) for any e > 0.

Lemma 2.3. Suppose that the hypotheses (H1)-(H3) hold. Then, for any n > 0, there exists t, such that
S(t,)B(0, R+ €) has a finite covering by balls of LP(RY, p) with radius smaller than .

We recall that a set A C LP(RY,p) is a global attractor if A is global maximal invariant compact set which
attract each bounded set in LP(RY, p) unde the flow S(t).

Using the Lemmas 2.2 and 2.3 we obtain the main results this work.

Theorem 2.1. Assume the same hypotheses of Lemma 2.3. Then A = w(B(0,R+¢)), is a global attractor for the
flow S(t) generated by (1.1) in LP(RN, p) which is contained in the ball of radius R.

To we exhibit an energy functional for the flow of (1.1), which decreases along of solutions of (1.1), we consider
the following additional hypothesis:
(H4) the function f has positive derivative, it takes values between 0 and a and satisfies ‘foa f_l(r)dr’ < L < oo.
Motivated by energy functionals from [2] and [3], we define the energy functional F : LP(RY, p) — R by
1 fuy
F(u) =/ @) [ J(z— y)f(u(y))dy+/ 7 (r)dr = hf(u(z)) | da. (2.3)
RN RN 0

Using hypothesis (H4) we prove that functional given in (2.3) it is like a Lyapunov functional.
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EXPLOSAO E EXISTENCIA GLOBAL DE SOLUCOES PARA UMA
EQUACAO PARABOLICA NAO LINEAR EM UM DOMINIO QUALQUER

MIGUEL LOAYZA * & CRISLENE S. PAIXAO |

1 Introducao

Seja Q € RY um dominio qualquer (limitado ou ndo ilimitado) com fronteira 99 regular. Nés analisamos a

existéncia de solugoes globais e ndo globais (explodem em tempo finito) para a seguinte equagao parabdlica

ug—Au = h(t)f(u) em Qx(0,7), (1.1)
u = 0 em 90Qx(0,T), (1.2)
u(0) = w>0 em € (1.3)

onde h € C[0,00), f € C[0,00) é uma funcao locamente Lipschitz e ug € Co(2).
Dada ug € Co(2), ug > 0, dizemos que u € C([0,T], Cy(£2)) é uma solucao de (1.1)-(1.3) no intervalo [0, 7] se
satisfaz

u(t) = S(t)uo + /0 S(t — o)h(o) f(u(o))do, (1.4)

para todo ¢ € [0,T7], onde (S(t));>0 é o semigrupo analitico do calor.
Quando h =1 e f(u) = uP, Weissler encontrou uma solugao global nao-negativa de (1.1)-(1.3), veja [4,5]. Para
isto, ele escolheu ag > 0 de modo que u(t) = a(t)S(t)ug, onde

_1
p—1

alt) = [ao“’” -1 [ HolSEul a]

é uma supersolucao do problema (1.1)-(1.3) definida para todo ¢ > 0. Além disso, Weissler mostrou que se u é
uma solucdo de (1.1)-(1.3), com h =1 e Q = RY, definida no intervalo (0,7), entdo ||S(t)ug||P~'t < (p—1)~! para
todo t > 0. Note que as condigoes encontradas por Weissler sao determinadas pelo comportamento assimptético de
1St .

Considerando um operador fortemente elptico em lugar do Laplaciano na equagao (1.1) e supondo as seguintes
hipo6tese sobre a fungao f:

feC0,00); f(s) >0 paras>0; f(0)>0; f’zOeG(w):/oof(Z)<oo se w > 0,

Meier [2], mostrou o seguinte resultado.
Teorema 1.1. Assuma que f satisfaz as condigoes acima e h € C|0, 00).

(i) Seja f convexa com f(0) = 0. Entao a solugdo u de (1.1)-(1.3) explode num tempo finto, se existe T > 0 tal
que

GIS(r)uolle) < / " h(o)do.
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(ii) Seja f(0) > 0. Se existe 7 > 0 tal que
L))
G(0) < 18Tl | do,
" o I1S(@)uolls

entao a solugao de (1.1)-(1.8) explode num tempo finito.

2 Resultados

Nossos principais resultados sao os seguintes: no Teorema 2.1 sao dadas as condigoes para a existéncia global de uma
solugao do nosso problema, e no Teorema 2.2 damos algumas condigoes para que uma solugao de nosso problema
exploda em um tempo finito. Estes resultados estendem os resultados de [1,2].

Teorema 2.1. Assuma que [ € localmente Lipschitz. Suponha que existe a > 0 tal que as fungdes f e g : (0,00) —
[0,00), onde g € definida por g(s) = f(s)/s sdo nao-decresentes em (0,a]. Se vg € Co(2), v >0, vg # 0, |lvollec < a
verifica

| rotis@mlleio <1,

0

entao existe uy € Co(2), 0 < uf < vy tal que para todo ug € Cy(R), 0 < ug < uf, up # 0 a solugdo de (1.1)-
(1.3) € global. Além disso, existe uma constante v > 0 tal que u(t) < - S(t)ug para todo t > 0. Em particular,
Tim [u(t) 0 = 0.

Teorema 2.2. Seja f uma fungdo localmente Lipschitz, f(0) = 0, f(s) > 0 para todo s > 0 e G dada por

> d
G(w) = 29 Assuma que as sequintes condigdes sdo satisfeitas:
w J(0)

(i) A funcao f € nao-decresente e verifica a sequinte propriedade

f(S(t)vo) < S(t)f(vo),
para todo vg € Cy(Q), vg >0 et >0.

(ii) Existe 7 >0 e ug € Co(R), ug >0, ug # 0 tal que
G(IIS(T)uolloo)g/ h(o)do.
0

Entao a solugao do problema (1.1)-(1.3) explode num tempo finito Tz < T.

Para provar o Teorema 2.1 usamos o argumento de sequéncia monétona de Pinsky [3]. J4 na prova do Teorema
2.2, utilizamos a formulacao (1.4) para obter uma desigualdade diferencial ordinaria da forma ¢’ > h(t) f(¢).
Nossas principais referéncias seguem listadas abaixo.

Referéncias

[1] MEIER, P. - Blow-up of solutions of semilinear parabolic differential equations., J. Apll. Math. Physics (ZAMP),
1988, 135-149.
[2] MEIER, P. - On the critical exponent for reaction-diffusion equations., Arch. Rational Mech. and Analysis, 109,
1990, 63-71.
[3] PINSKY, R. G. - Ezistence and nonexistence of global solutions for uy = Au + a(z)u? em RY | Jour. Diff.
Equations, 133, 1997, 152-177.
[4] WEISLLER, F. - Existence and nonezistence of global solutions for semilinear heat equation , Israel J. Math., 38,
1981, 29-40.
[5] WEISLLER, F Local existence and nonexistence for semilinear parabolic equations in LP | Indiana Univ. Math.
J., 29, 1980, 79-120.

152



ENAMA - Encontro Nacional de Andilise Matemética e Aplicagoes
UFPE - Universidade Federal de Pernambuco
VIII ENAMA - Novembro 2014

PEANO CURVES ON TOPOLOGICAL VECTOR SPACES

N. ALBUQUERQUE * L. BERNAL, | D. PELLEGRINO ! & J. SEOANE }

1 Introduction

The existence of a Peano curve on the unit square, that is, a continuous surjection mapping the unit interval [0, 1]
onto [0, 1], allows us to construct a continuous surjection from the real line R to any Euclidean space R™. The
algebraic structure of the set of these functions (as well as extensions to spaces with higher dimensions) is analyzed
from the modern point of view of lineability, and large algebras are found within the families studied. We investigate
topological vector spaces that are continuous image of the real line and provide an optimal lineability result, from
which we conclude that the topological dual (endowed with the weak star topology) of any separable normed space
is a continuous image of the real line.

2 Mathematical Results

Along this we will use the following notation for any topological space X:
CSx(R™, X) :={f€CR™ X): f'({a}) is unbounded for every a € X} .

In [1] and [3], the following results provides maximal lineability and spaceability, respectively, when we deal
with Euclidean spaces.

Theorem 2.1 (Albuquerque, 2014). For every pair m,n € N, the set CS(R™,R™) is mazximal lineable in the space
C(R™, R™).

Theorem 2.2 (Bernal and Ordénez, 2014). For each pair m,n € N, the set CS(R™,R™) is mazimal dense-

lineable and spaceable in C (R™,R™). In particular, it is mazimal lineable in C (R™,R™).

In order to look for algebrability of these spaces (in the complex frame), we need some tools related with the
growth of an entire function: by H (C) we denote the space of all entire functions from C to C. For r > 0 and
[ € H(C), weset M (f,r) :=max|; . |f(2)|]. The (growth) order p(f) of an entire function f € H (C) is defined as
the infimum of all positive real numbers o with the following property: M (f,r) < e"" for all 7 > r(a) > 0. Note
that p(f) € [0,400]. Trivially, the order of a constant map is 0. If f is non-constant, we have

log log M
p(f) = limsup Loeoe ML) (f:7) .
r—+o00 10g T

For a non-constant polynomial in M complex variables P € Clz1,...,2p], let Zp C {1,..., M} be the set of
indexes k such that the variable z; explicitly appears in some monomial (with non-zero coefficient) of P; that is,
Ip={ne{l,...,.M}: 3711 # 0}. The following result (of independent interest) concerns about the order of a
polynomial of several variables evaluated on entire functions with different orders
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Lemma 2.1. Let fi1,..., fu € H(C) such that p(f;) # p(f;) whenever i # j. Then

p(P(fi, s fum)) = keeglgp(fk),

for all non-constant polynomials P € C|z1,...,2zp]. Moreover, (fk)iwzl is algebraically independent and generates

a free algebra.
From this, we obtain an optimal algebrability result.
Theorem 2.3. For every m € N, the set CSo (R™,C™) is mazimal strongly algebrable in C (R™,C").

The theorem of Hahn and Mazurkiewicz provides a topological characterization of Hausdorff topological spaces
that are continuous image of the unit interval [0, 1]: these are precisely the compact, connected, locally connected
metrizable topological spaces, which are called Peano spaces. We introduce a notion of the spaces that are continuous

images of the unit interval, as guaranteed by the next result.

Definition 2.1. A topological space X is a o0-Peano space if there exists an increasing sequence of subsets K1 C
Ky C---CK,, C---CX, such that each one of them is a Peano space (endowed with the topology inherited from
X) and its union amounts to the whole space, that is, | J, ey Kn = X.
Proposition 2.1. Let X be a Hausdorff topological space. The following assertions are equivalent:
(a) X is a o-Peano space.
(b) CSx (R, X) # 2.
(c) CSR, X) # o.

We provide a maximal lineability result when we deal with arbitrary topological spaces that are o-Peano.
Consequently, as earlier mentioned, one may easily conclude that the topological dual (endowed with the weak star

topology) of any separable normed space is a continuous image of the real line.
Theorem 2.4. Let X be a o-Peano topological vector space. Then CSo (R™, X) is mazimal lineable in C (R™, X).

Corollary 2.1. Let N be a separable normed space and N be its topological dual endowed with the weak*-topology.
Then CS o (R™,N") is mazimal lineable.
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DINAMICA TOPOLOGICA PROBABILISTICA
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 dinamica
topoldgica, tal estudo tem sido desenvolvido nos tltimos quarenta anos por diversos pesquisadores. Para o caso
da dindmica genérica de aplicagdes continuas definidas sobre o intervalo unitdrio fechado, veja [1], por exemplo.
Para o caso de aplicagbes continuas e homeomorfismos em variedades compactas, veja [3] e [9], onde muitas outras
referéncias podem ser encontradas. Finalmente, para a dinamica genérica de aplicacoes do espago de Cantor, veja
2], [3], [5], [7] e [8], por exemplo.

Por outro lado, o estudo da dinamica induzida ao espago das medidas de probabilidade também é um tema
importante nas areas de sistemas dinamicos e teoria ergddica, uma vez que fornece exemplos nao-triviais de com-
portamentos dinamicos interessantes. Para uma visdo cldssica do assunto, recomendamos [4] e [10].

Portanto, é natural combinarmos ambos os temas e estudarmos a dinamica induzida as probabilidades por
aplicagoes genéricas. No presente trabalho desenvolvemos um tal estudo para aplicagoes continuas e homeomorfismos
do espaco de Cantor. Para tal, assim como fizemos no estudo da dindmica coletiva em [6], utilizamos os resultados
de estrutura de grafos das aplicagoes continuas genéricas e dos homeomorfismos genéricos do espago de Cantor

estabelecidos em [5].

2 Resultados

Dado um espago métrico compacto (M, d), denotamos por C(M) (resp. H(M)) o espago de todas as aplicagdes
continuas de M em M (resp. de todos os homeomorfismos de M sobre M) munido da métrica do méximo:

d(f.g) == maxd(f(x), g(z)).

zeM

Denotamos por M(M) o espago de todas as medidas de Borel probabilisticas definidas sobre M e por By o

conjunto de todos os borelianos de M.

Definimos a distancia de Prohorov sobre M (M) por
dp(p,v) :=1nf{d > 0: u(X) < v(X°) + § para todo X € By},

onde
X% :={zeM:dz X) <}

é a d-vizinhanca de X (X C M). Dada f € C(M), a aplicacdo induzida f : M(M) — M(M) é definida por
(F)(X) = pu(f7H(X))  (n€ M(M),X € Bu).

Note que f € C(M(M)) e, além disso, se f ¢ um homeomorfismo, entdo f também o &.
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Conforme mencionado na introdugao, o objetivo do nosso trabalho é estudar a dinamica induzida ao espago
M(M) pela aplicacao continua genérica e pelo homeomorfismo genérico no caso em que M é o espaco de Cantor.
Nosso modelo para o espaco de Cantor é 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(c,0) := 0 e d(o,7) := 1, onde n é 0 menor
inteiro positivo tal que o(n) # 7(n) (0,7 € {0, 1}, o # 7).

Como ilustracao do tipo de resultado que obtemos, enunciaremos um dos nossos resultados envolvendo caos
Li-Yorke. Para tal, vamos comecar relembrando este conceito de caos.

Seja M um espago métrico. Se f: M — M é uma aplicagdo continua, um par (z,y) € M x M é dito um par
Li-Yorke para f se

liminfd(f™(z), f"(y)) =0 e limsupd(f™(z), f"(y)) > 0.

n—roo n— oo

A aplicagdo 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 ¢ a mais fraca.

Foi provado pelos autores em [6] que a dindmica coletiva do homeomorfismo genérico do espago de Cantor
apresenta comportamento Li-Yorke cadtico. Na verdade, os autores mostram em [6] que o homeomorfismo genérico
do espago de Cantor apresenta, no sentido coletivo, comportamento distribucionalmente cadtico uniforme; tal
comportamento caético é muito mais forte do que o caos Li-Yorke. Em grande contraste com esta situagao, no
presente trabalho temos o seguinte

Teorema 2.1. Para h € H({0,1}Y) genérico, h nio admite par Li-Yorke.

Apresentamos também, ainda dentro desse contexto, respostas completas para questoes envolvendo caos to-
poldgico, conjuntos recorrentes, pontos periddicos, continuidade em cadeia de aplicacGes continuas e homeomorfis-

mos e, por fim, sombreamento de homeomorfismos.
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REGULARIDADE DO TIPO GELFAND-SHILOV PARA PROBLEMAS
DE CONTORNO ELIPTICOS COM SIMBOLOS SG NO SEMIPLANO

PEDRO TAVARES PAES LOPES *

O trabalho estuda a regularidade de problemas de contorno elipticos no semiplano, cujos coeficientes dos oper-
adores diferenciais crescem polinomialmente (mais especificamente, sao do tipo SG). Mostraremos que, exigindo-se
uma certa de regularidade nos coeficientes, as solucoes do problema de contorno pertencem ao espago de Gelfand-
Shilov. Com isto, concluimos que elas possuem um determinado decrescimento exponencial, além de satisfazerem

uma regularidade do tipo Gevrey. Finalizaremos mostrando uma estratégia para lidar com problemas semi-lineares.

1 Introducao

O trabalho que apresentaremos estuda a regularidade de uma classe de problemas de contorno elipticos usando
operadores pseudodiferenciais definidos globalmente.

Estaremos interessados em operadores diferenciais agindo em R", chamados de SG, da forma

p(z, D)u = Z aq(x) D%,

a<mi

em que os coeficientes satisfazem [0 aq(z)| < C (x)mrw. Neste caso chamamos a fungdo p(z, &) = >, <, @a()E*
de simbolo do operador.
A elipticidade é definida da seguinte forma: Existem constantes R > 0 e C' > 0 tais que se |(z,&)| > R, entao

p(x,€)| = C ()™ ()™

Esses operadores estao contidos na classe mais geral de operadores pseudodiferenciais com simbolo SG, cujo
exemplo mais simples é a equagao de uma particula livre com energia fixa em mecanica quantica: (—%A —FE )y =
0. Outros exemplos apareceram recentemente com as generalizagoes de quinta e sétima ordem da equacao de KdV,
em trabalhos como os de Nicola, Rodino e Porubov. Equagoes diferenciais do tipo SG também foram usados por
Melrose em trabalhos sobre teoria do espalhamento.

Ha uma razoavelmente extensa literatura a respeito dos operadores SG. Entre os autores que os estudaram
podemos citar também Parenti, Cordes, Schrohe, Kapanadze, Maniccia, Seiler, Erkip, Schulze, Lopes e Melo (na
minha tese de doutorado), entre outros. Muitos desses aplicaram esses operadores também ao estudo de problemas
elipticos de contorno em regides nao limitadas.

Recentemente, trabalhos de Capiello, Nicola, Gramchev e Rodino mostraram que, usando técnicas pseudodifer-
enciais e espagos do tipo Gelfand-Shilov, andlogos aos espagos de Gevrey, é possivel obter resultados muito mais
precisos acerca da regularidade das solugdes das equagoes elipticas lineares e semi-lineares do tipo SG. Tais resulta-
dos se mostraram bastante relevantes para a compreensao do decaimento exponencial de solucoes de equagoes que
aparecem no estudo de sélitons, em especial as generalizagoes de quinta e sétima ordem que aparecem nos trabalhos
citados acima.

Os trabalhos de Capiello et al. levaram a uma questao bastante natural: Serd que é possivel obter uma
regularidade como a obtida por eles também para os problemas elipticos de contorno? O que mostraremos é que

sim! As mesmas técnicas pseudodiferenciais podem ser aplicadas em conjunto com resultados cldssicos acerca dos
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projetores de Calderén, desenvolvidos por R. T. Seeley, para a obtengao de regularidade do tipo Gelfand-Shilov em
problemas de contorno.

O objetivo do nosso trabalho é justamente mostrar como obter a regularidade acima. Dividiremos nossa apre-
sentacao em partes:

1) Mostraremos qual é a definigao apropriada dos espagos de Gelfand-Shilov no semi-plano. Mostraremos que
nossa definigao coincide com a restricao das fungoes de Gelfand-Shilov definidas em todo R™.

2) Recordaremos os trabalhos de Seeley, Capiello et al.

3) Mostraremos como podemos juntar as técnicas dos trabalhos acima para obter a regularidade nos problemas de
contorno. Para tanto, apresentaremos nossos resultados acerca do comportamento dos operadores pseudodiferenciais
definidos por Capiello et al. no semiplano e como estes resultados levam a regularidade.

4) Esbocaremos uma estratégia para obter resultados para problemas semi-lineares. (Esta parte é a tinica com

questoes ainda em aberto).

2 Resultados Principais

O trabalho apresenta dois resultados principais. Vamos inicialmente definir os espacos de Gelfand-Shilov.

Definigao 2.1. Sejam pn > 0 e v > 0 constantes tais que pp+v > 1. O espago de Gelfand-Shilov SE(R'}) (SH(R™))
€ definido como o espaco de fungoes u € C™ (Rﬁ) (u € C* (R™)) para as quais existem constantes C >0 e D > 0

dependendo apenas de u tais que
|20 u(z)| < CDI*HPL(al)” (B1)", Va, B € Ny,

O primeiro resultado é a demonstragao de que as fungoes S¥ (R} ) sao restrigoes de fungoes S¥(R™) no semiplano.
Este resultados é mais complicado do que se parece, ja que construir uma extensao que satisfaca as estimativas de

Gevrey requer bastante cuidado.

Teorema 2.1. Seja f € SH(RY), p> 1 ev > 0. Logo existe uma fungao g € SH(R™) tal que g(x) = f(x) para
todo x € RY.

O segundo resultado é o teorema principal de regularidade. Usaremos a notagao: = € R™ pode ser escrito como
r=(2',2,) e R"I xR.

Teorema 2.2. Seja 6 >1 ev > 1. Sejau € S(RY) uma solugdo de

Z\a|§m1 ao(r)Du(x) = f(x), =€ R}
Z|a‘§m1 bal(x,)DaU(I/,O) = gl(zl)’ :C/ = Rnfl

> lal<m, bar (@) Du(’,0) = g,(2'), 2’ € R"!

Estamos supondo acima que o problema € eliptico (satisfaz condi¢oes do tipo Shapiro-Lopatinski adaptadas
a nossa classe de simbolos). Se f € Sg(Ri), Gy gr € SER™Y), ay e byj satisfazem estimativas do tipo
107 ag(z)| < CD7 (o) (2)™ 717! entdo u € SH(RY), se 0 > v eue S§R™) para qualquer 0>0se6=uv.
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VARIATION-OF-CONSTANTS FORMULA FOR FDES via
GENERALIZED ODES

R. COLLEGARI * & M. FEDERSON T & M. V. S. FrRAssON ¥

1 Introduction

We present a variation-of-constants formula for linear generalized ordinary differential equations in Banach spaces.
More specifically, we are interested in establishing a relation between the solutions of the Cauchy problem for a

linear generalized ordinary differential equation

dx ~
= = DI[A(¢)x], x(tg) =
and the solutions of the perturbed Cauchy problem
d ~
= = DlAWa+Fo.t)],  alto) = 7.
-

where the functions involved are generalized Perron integrable and, hence, admit many discontinuities and oscil-
lations. We also prove that there exists a one-to-one correspondence between the Cauchy problem for a linear
functional differential equations of the form
{ g = L)yt
Yto = ¥,
where L is a bounded linear operator and ¢ is a regulated function, and a certain class of linear generalized ordinary
differential equations. As a consequence, we are able to obtain a variation-of-constants formula relating the solutions

of the linear functional differential equation and the solutions of the perturbed problem
Yto = P-

where the application t — f(y:,t) is Perron integrable, with ¢ in an interval of R, for each regulated function y.

2 Main Theorem

Let us consider the following initial value problem for a linear functional differential equation

e

Yty = ¢7
where ¢ € G([-r,0],R™), L: [to,to + o] — L(G([-r,0],R™),R™) and L(¢): G([-r,0],R™) — R™ is bounded and
linear for every t € [tg, to + o]. Consider, also, the perturbed linear FDE

{y=£®%+ﬂ%m,

2.2
Yto = ¢7 ( )

where f: G([—r,0],R™) x [to,to + o] — R™ and assume the following conditions:
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(A) For every y € G([to — ,to + o], R™), the application t — L(¢)y; is Kurzweil integrable over [to,to + o];

(B) There exists a Lebesgue integrable function M : [tg — 7, tp 4+ o] — R such that, for every s1,s92 € [tg — 7, to + 0]
and y, z € G([tg, to + o], R™),

Lfaﬂ%—ww

s2
S/JWWM—MW~
s1

Theorem 2.1. Lety be the solution of the perturbed linear FDE (2.2), where we suppose the integrals involved are

Kurzweil-Cauchy integrals. Let T(t,s) be the solution operator of the linear FDE (2.1). Then, forto <t <ty + o,
we have

yw=Tmmamf[ﬂ%wm—[¢wwﬂmwm

where h is defined by
Oa to—r< 9 < tOv

9
h(w)(9) = . [, w)du,  to <9 < w,

[ fwwin, w<o<nto
to
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UM ESQUEMA WENO COM UM NOVO TERMO ANTI-DISSIPATIVO
PARA LEIS DE CONSERVAQAO HIPERBOLICAS

RAFAEL B. DE R. BORGES * & BRUNO COSTA |

1 Introducao

Os esquemas WENO (do inglés “weighted essentially non-oscillatory”) sado atualmente uma classe de métodos
bastante popular para a resolucao numérica de equacoes de leis de conservacao hiperbdlicas. Estes métodos nao-
lineares evitam realizar interpolacoes em regioces onde a solugao é descontinua, através de uma férmula que atribui
pesos a esténceis de acordo com a suavidade da solucao: quanto menos suave for a funcao em um dado esténcil,
menor sera a contribuicao deste esténcil para a aproximacao final. Desta forma, consegue-se gerar solugoes numéricas
com oscilagoes espurias despreziveis, isto é, com amplitude da ordem do comprimento da malha de pontos Az [6].
Mais detalhes sobre os esquemas WENO podem ser encontrados em [6, 1] e referéncias ali contidas.

Em [2, 3] introduzimos o esquema WENO-Z, que é um aperfeicoamento do esquema WENO cldssico [5]. O
WENO-Z mostrou-se menos dissipativo que o WENO cléssico, capturando estruturas finas das solugoes com uma
melhor resolugao. Ele também possui melhores propriedades de convergéncia nas vizinhangas de pontos criticos do
que o esquema WENO cldssico. Para mais detalhes, veja [4, 1] e referéncias ali contidas.

Neste trabalho, apresentamos o WENO-Z+, que é um novo esquema WENO que generaliza o WENO-Z com a
inclusdo de um termo anti-dissipativo [1]. Este termo é uma simples fungao dos indicadores de suavidade ja existentes
na féormula do WENO-Z e permite alcancar resultados substancialmente mais precisos em regioes contendo choques

e altos gradientes, sem alterar significativamente o custo computacional.

2 O esquema WENO-Z

A férmula para os pesos wf do esquema WENO-Z de ordem 2r — 1 é dada por

T P af

o =di |1+ , Wi = ——"2— k=0,...,r—1 2.1

k k ﬁk +8 k r—1 / Y ( )
onde r é o numero de subesténceis; dj sao coeficientes denominados pesos ideais; B, sao os medidores de suavidade
locais (i.e., que medem a suavidade em cada subesténcil); 7 é o medidor de suavidade global (i.e., que mede a
suavidade no esténcil completo de 2r — 1 pontos); € é o pardmetro de sensibilidade do esquema, e tipicamente possui

valores pequenos (por exemplo, ¢ = 10716); e p é o pardmetro de poténcia. Para mais detalhes, consulte [2, 3].

3 O esquema WENO-Z+

A férmula para os pesos w;" do novo esquema WENO-Z+ de ordem 2r — 1 é dada por
P P Z+
ot —dy |14 (222} A BeEE) Wit =k =0, -1, (3.2)
Br+e T+e S palt

*Departamento de Anélise Matematica, IME-UERJ, RJ, Brasil, rborgesQufrj.br
fDepartamento de Matematica Aplicada, IM-UFRJ, RJ, Brasil, bcosta@ufrj.br
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onde os termos dg, Bk, T, € € p sd0 os mesmos da férmula do WENO-Z (2.1). A novidade é o pardmetro A, que

Brte
T+e

descontinuos e, portanto, menor a dissipacao do esquema. Entretanto, valores altos de A podem acarretar no

P
controla o tamanho do termo anti-dissipativo ( ) : quanto maior o valor de A, maior o peso dos subesténceis

aparecimento de oscilagoes espurias na solugao ou mesmo fazer com que o esquema fique instavel. Nos testes que

2/3

realizamos, encontramos que a escolha A\ = Ax“/° diminui a dissipacdo do esquema sem acarretar em instabilidade.

4 Resultados numéricos

1.651
161
1.55r

1.5F

1.45r

—e— WENO-Z+ —e— WENO-Z+

11t | —— WENO-C —+— WENO-C
—=— WENO-M 14f | —-— WENO-M |
1t WENO-Z WENO-Z plr ey
09l — — — Solution 1.35F — — — Solution !
08 L J 1-3 L L L L L L J
-5 0 5 2.2 -2 -1.8 -16 -14 -2 -1

A figura mostra o resultado de um dos testes que realizamos, a interacao de um choque com uma onda de entropia
de Titarev—Toro para as equagoes de Euler em 1D, usando os esquemas WENO-Z+, WENO cléssico (WENO-C),
WENO mapeado (WENO-M) e WENO-Z, com uma malha de 1000 pontos. E possivel notar que o WENO-Z+ possui
uma resolugao muito maior que a dos outros esquemas na regiao da solugao que contém ondas de alta frequéncia.

Para mais detalhes sobre o esquema WENO-Z+, incluindo o resultado de outros testes, consulte [1].
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OBSTACLE TYPE PROBLEMS IN ORLICZ-SOBOLEV SPACES

RAFAYEL TEYMURAZYAN *

We prove the Lewy-Stampacchia inequalities for obstacle problem in abstract form. As a consequence for
a general class of quasi-linear elliptic operators of Ladyzhenskaya-Uraltseva type, including p(z)-Laplacian type
operators, we derive C*® regularity for the solution.

Next, we extend basic regularity of the free boundary of the obstacle problem to some classes of heterogeneous
quasilinear elliptic operators with variable growth that includes, in particular, the p(x)-Laplacian. Under the
assumption of Lipschitz continuity of the order of the power growth p(z) > 1, we use the growth rate of the solution
near the free boundary to obtain its porosity, which implies that the free boundary is of Lebesgue measure zero for
p(z)-Laplacian type heterogeneous obstacle problems. Under additional assumptions on the operator heterogeneities
and on data we show, in two different cases, that up to a negligible singular set of null perimeter the free boundary
is the union of at most a countable family of C' hyper-surfaces:

i) by extending directly the finiteness of the (n — 1)-dimensional Hausdorff measure of the free boundary to the
case of heterogeneous p-Laplacian type operators with constant p,1 < p < oo;

1) by proving the characteristic function of the coincidence set is of bounded variation in the case of non-

degenerate or non singular operators with variable power growth p(z) > 1.

1 Introduction

Let © be a bounded open connected subset of R, n > 2, f € L>®(Q) and g € WO (Q) N L>®(Q), g > 0. We

consider the quasilinear obstacle problem with a zero obstacle in its weak form:

Find u € K, such that

(P) /Q (a(z, Vo) - V(v —u) + f@) (v —u)) dz >0,  Voe K,

where K, ={v e W'P0)(Q) : v—gc Wol’p(')(Q), v>=0 ae. inQ}, pis a measurable real valued function

defined in 2 and satisfying for some positive numbers p_ and p4
L<p-<p(x)<pp <00, z€Q.

The space Wl*p(')(Q) is the Orlicz-Sobolev spaces: a generalization of usual Sobolev space.
We assume that the function a : 2 x R™ — R" is such that a(z,0) = 0 for a.e. z € , and satisfies the structural

assumptions with x € [0, 1] and some positive constants ¢, ¢1, ¢a, namely [4]

- 6@2‘ p(x)—2
E 9 (xvn)gigj > CU(/{ + |77\2) 2 ‘£|27
N5

4,j=1

n

>

i,j=1

aai ‘ 9 p(x)—2
—(z,n)| <c(k+]n 2
() < (st )

for a.e. z € Q, ae. n=1,m2,...,7n) € R\ {0} and for all £ = (&1,&s,...,&,) € R™, and
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|a(x1, T/) - a’(x27 77)‘
p(z1)—1 p(xo)—1

< oo —a|[(k+ )T 4 (k+ )T F][L+ | In(k + |nf?)2

J;

for z1,20 € Q, n € R™\ {0}.

2 Mathematical Results

— By standard variational technics we prove the existence and uniqueness of the solution of (P). Furthermore, we
are able to provide a very short proof of its C1'® regularity - as an immediate consequence of Lewy-Stampacchia
inequalities (see [6]).

— We prove, that under the Lipschitz continuity assumption on p(-), the free boundary in (P) is a porous set
(see [7]), and hence, it has Lebesgue measure zero.

— We show, that in the heterogeneous operators of p-Laplacian type, in case of k = 0, the (n — 1)-dimensional
Hausdorff measure of the free boundary is finite (Theorem 4.1 of [7]).

— When x > 0, we are able to show the finiteness of (n — 1) dimensional Hausdorff measure of reduced free
boundary.

In fact, it is known that the free boundary locally has finite H"~!-measure for several homogeneous operators:
the p—Obstacle problem, [2] for p = 2 and [5] for p > 2, and for the A—Obstacle problem [3] that also includes the
p—Laplacian (1 < p < 00). It turns out, that the heterogeneous case is much more delicate in the p(z) framework,
but we are still able to show that at least the reduced free boundary has locally finite H"'-measure. We use the
bounded variation approach of Brézis and Kinderlehrer (see [1]) by showing that that the set {u > 0} has locally
finite perimeter. Hence 0*{u > 0} has locally finite H"~!-measure, where 9*E is the essential boundary of E. As
an important consequence, the free boundary may be written, up to a possible singular set of ||V {y,>0}|/-measure

zero, as a countable union of C' hyper-surfaces.
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EXISTENCIA DE SOLUCAO PARA UMA CLASSE DE EQUACOES DE
SCHRODINGER FRACIONARIAS

RAQUEL LEHRER * , LILIANE A. MAIA | & MARCO SQUASSINA ¥

1 Introducao

Utilizando um método variacional baseado na projecao sobre a variedade de Pohozaev, provamos a existéncia de
solugoes positivas para uma classe de equagoes de Schrodinger fracionarias com uma nao-linearidade nao-auténoma
e nao-homogénea.

Em termos gerais temos, para A > 0, s € (0,1) e n > 2s, a seguinte equacao em R"

(=A)°u+ Au = a(z) f(u) (1.1)

onde o operador laplaciano fraciondrio é definido para uma constante C(n, s) adequada, pela expresséo

—A)’u(z) = C(n,s) lim ———dy
(=8)7ul(=) ( )6—>0+ Re\B.(z) |T — y["+2s

e buscamos solugoes no espago de Sobolev H*(R™) (vide [2]). Assumimos que f satisfaz as seguintes condigoes:

(fl) f € CYR,RT), f(s) =0 quando s <0 e lim @ =0;

s—=0t S
2) tim 18y,
(2)
s——+o0 S
(£3) se F(s) := [; f(t)dt e Q(s) := f(s)s — F(s), entao existe uma constante D > 1 tal que Q(s) < DQ(t) para

todo s € [O,t] SLHEOOQ(S) =
Para a funcao a : R” — R, assumimos:
(A1) a € C*(R™",R"), e infa>0;

(A2) lim a(x) = ac > A;

|z| =400

(A3) Va(z) -z >0, para todo z € R™, com a desigualdade estrita num conjunto de medida nao-nula;
(A4) a(x) + % < as para todo x € R”;

(A5) Va(z) =+ W > 0 para todo =z € R™, onde H, é a matriz hessiana de a.
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2 Resultado principal

Considerando o problema limite em R”
(=AY u+ A= ano f(u) (2.2)

denotamos por I, : H*(R") — R,
L s/2,12 L A 2
Io(u) := 3 [(—A)*2u)® 4+ 5w aoo F'(u), (2.3)

o seu funcional associado. Temos entao o seguinte resultado:

Teorema 2.1. Assuma que (A1)-(A5), (f1)-(f3) sdo vdlidas e que os sequintes fatos sao vdlidos:

1. f € CL(R)NLip(R,RT) e ezxiste T > 0 tal que lim £

s—0+ 57

2. |laoo — a|| L € suficientemente pequeno;

3. o nivel de energia minima cs de (77) é um nivel critico radial isolado de I, ou a equagdo (?7?) admite uma
solugao radial positiva unica.

Entao a equagao (??) admite uma solugdo nao-trivial nao-negativa u € H*(R™).

Prova: A solugdo é obtida através do teorema de linking, juntamente com argumentos de concentracdo de com-
pacidade [1,3]. A variedade de Pohozaev [5] associada a equagdo (?7), juntamente com a fungao baricentro [1],
fornecem as ferramentas necessarias para a construgao da estrutura de linking.

Os resultados aqui apresentados podem ser encontrados em [4].
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ESTIMATIVAS PARA NUMEROS DE ENTROPIA DE CONJUNTOS DE
FUNCOES SUAVES SOBRE O Toro T¢

REGIS L. B. STABILE * & SERGIO A. TOZONI |

A teoria de entropia foi introduzida por Kolmogorov em meados da década de 1930. Desde entao, muitos
trabalhos tém visado obter estimativas assintdticas para numeros de entropia de diferentes classes de conjuntos.

Neste trabalho, obtemos estimativas inferiores e superiores para numeros de entropia de operadores multiplica-
dores associados a conjuntos de funcdes finitamente e infinitamente diferenciaveis sobre o toro d-dimensional T¢.
Demonstramos, em particular, que as estimativas obtidas sao assintoticamente exatas em termos de ordem em
varias situagoes.

1 Introducao

Seja A um subconjunto de um espago de Banach X. Definimos o k-ésimo nimero de entropia do conjunto A por

ex(A) = ep(A, X) = inf{e > 0: N(A,eBx) <21},

onde Bx denota a bola unitéria fechada do espago X e N(A, eBx) denota o menor inteiro positivo N, caso exista,

tal que existem pontos z1,xs,...,xNy € X satisfazendo

N
AcC U(xl + eBx),
i=1
convencionando que inf ) = +oo.
Se Y é um outro espago de Banach e T : X — Y um operador limitado, definimos o k-ésimo numero de
entropia do operador T por e, (T(Bx),Y).
Dada f € L'(T4), definimos a série de Fourier da funcio f por

STkt fk) = | fx)em *du(x),
kezd T4
onde k - X = k2 + koo + -+ + kqza, k = (k1, ko, ..., kq) € 24, x = (z1, 29, ...,74) € T? e dv denota a medida de

Lebesgue normalizada sobre T¢. Para k € Z¢, denotamos também |k| = (k% + k3 + - - - + k?) V2 e k|. = max, k.
<<

Dados I, N € N, definimos #; = [eik'x ke Al\Al,l}, W = [eikx ke Af\A;‘_l}, Tv =@ Hie Ty =
PN My, onde Ay ={keZ:|k|<I}e A ={keZ: k|, <I}.

Sejam A = { Ay biegar Ax = {)\i‘{}kezd, /\k,/\’f{ € Resejam 1 < p,q < co. Se para todo ¢ € LP(T?) existirem
fungoes f = Ap € LY(T?) e f* = A.p € LY(T?) com expansdes formais em série de Fourier dadas por

FAY Y N FRERX e ST ST A FekX,

=1 ke A\A_, =1 keana;,

respectivamente, tal que [|All,,q = sup{[[A¢llq : ¢ € Up} < 00 e [[Asllp,q = sup{[[Asellq : ¢ € Up} < oo, dizemos
que A e A, s@o operadores multiplicadores limitados de LP? em L7, com normas ||Alp.q € ||A«|lp,q, respectivamente,
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onde U, denota a bola unitaria fechada do espaco LP(T%). Neste trabalho, consideramos operadores multiplicadores
A = {Aktkeza © A = {AJkega > onde Ay e A sdo da forma A([k[) e A([kl.), respectivamente, para uma fungao
real A definida sobre [0, c0).

2 Resultados

Se A = Pk tkezas AD = {A\tkeza, onde a fungao A : [0,00) — R ¢ definida por A(t) = t=7(Int)=¢, t>1e
At)=0para0<t <1, v,£ €R, v>d/2, £ >0, temos que A(l)Up e Ail)Up sao conjuntos de fungoes finitamente
diferencidveis sobre T¢, em particular, se &€ = 0 entao A(l)Up e Ail)Up sao classes do tipo Sobolev.

Se A® = Pk tkezas AP = {Xf{}kezd’ onde a fungio A : [0,00) — R é definida por \(t) = e= ", ~,7 > 0,
temos que AU, e AiQ)Up sao conjuntos de fungodes infinitamente diferencidveis (0 < r < 1), analiticas (r = 1) ou
inteiras (r > 1) sobre o toro T<.

Para os resultados seguintes, usaremos as notagoes

1u p<OO,q>1,
(lnn)_l/za p<OO,q:1, 9 1; QSPSOOaQ<OO>
Kp = , —
! (lnn)=2 p=oo,¢>1, " (Inn)/2, 2<p<oo,q=oo.

(11’171)71, p = o0, q:L

Escreveremos a, > b, e a, < b,, quando existirem constantes positivas C e Cy tais que a,, > C1b, € a, < Cob,,

respectivamente, para todo n € N. Se tivermos a,, > b,, € a, < b, escreveremos a,, < b,,.
Teorema 2.1. Seja AV o operador multiplicador definido acima. Entdo

en(AVU,, L) < n7(nn)"%9, e e (AVU,, L) > n 4 (Inn) ¢k,

)

Os resultados permanecem vdlidos se considerarmos o operador AS} no lugar do operador A1,

Teorema 2.2. Seja A?) o operador multiplicador definido acima, com 0 < r < 1. Entdo

en(APUL LY > e e (AP, 1Y) <« ey,

onde

r/(d+r
¢ — /s ((dEr)d0(d/2)(n2) /(d+r)
7 2rmd/2 '

Os resultados permanecem validos se considerarmos o operador Af) no lugar do operador A, trocando C por

r/(d+r
C. = i/t (A r)(n2) e
2dy
Corolario 2.1. Para2 <p,q< oo e0<r <1, temos

/(d+r)

er(AVT,, L) = ex(ADU,, LY = k7 Ink)~¢, ex (AU, L9 = e """ ¢ ¢, (AP, L9) = eV
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ASYMPTOTIC DYNAMICS OF PARABOLIC EQUATIONS GOVERNED
BY THE P-LAPLACIAN ON UNBOUNDED THIN DOMAINS

RICARDO P. SILVA *

1 Introduction

The systematic study of the asymptotic behavior of dissipative systems on thin domains started with the works
[4, 5] by J. Hale and G. Raugel. The cern of the study is guided by the question: Is it possible to give some
information on the dynamics of an evolution equation defined in a spatial domain which is small in some direction
by mean a model on a lower dimensional spatial domain? If such systems possess global attractors then is possible to
compare the asymptotic behavior of two semiflows in terms of the Hausdorff distance of their respective attractors.
There is an extensive bibliography on thin domain problems especially devoted on the reaction-diffusion model

ug — Au+ A= f(u), in (0,00) x QF,

1.1
;):6 =0, on (0,00) x 00N, (1.1)

where € is a family of bounded domains collapsing onto a lower dimensional subset.

In [4], Hale and Raugel considered the case of domain of the form
Qi ={(z,ey) ER"xR:z€w, 0 <y <g(x)}

where w is a bounded domain and ¢ is a smooth positive function defined on w. When € is small, they compare the

dynamics of (1.1) with the dynamics of the following equation defined in w

1
ug — —div(gVu) + du = f(u), in (0,00) X w,

g (1.2)
ou :
— =0, on (0,00) X Ow.
an

In particular they proof that the family of global attractors A, associated to (1.1) is upper semicontinuous in € = 0.

M. Prizzi and K. Rybakowski in [6] treated a much more general class of thin domains, namelly
QF = {(z,ey) e R™ x R" : (z,y) € w}, (1.3)

where w C R™*" is a bounded domain. They developed an abstract framework for the analysis of the problem (1.1)
and they also shows the upper semicontinuity of the global attractors. In [1], F. Antonci and M. Prizzi allowed in
(1.3) the domain w to be an unbounded set.

Associated with boundary oscillation (rough boundary) on thin structures, J. Arrieta et al. in [2] consider

Q= {(z,ey) ERxR:z € (0,1), 0 <y <g(e'a))},

where g : R — R is a L-periodic function. Combining methods from homogenization theory the authors showed
that the limiting equation is

Up — TUze + A= f(u), in (0,00) x (0,1),

Uy (t,0) = uy(¢,1) =0, ¢t>0,
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where 7 > 0 is called the homogenized coefficient. In particular the authors also show the upper semicontinuity of

global attractors. For more references we refer the reader to the Montecatini lecture notes [7] by G. Raugel.
Despite the study of the asymptotic behavior for semilinear models be widely considered in the literature, the

same is not true for the quasi-linear case. We consider an evolution equation governed by the p-laplacian operator

as prototype of quasi-linear equations on an unbounded thin domain of the form
Q:={(z,ey) eR" xR: 0 <y < g(x)}.
Considering in ¢ the family of quasi-linear evolution equations
ur — Apu + a(z, ey)|ulP~2u = f(u), in (0,00) x QF,

gsﬁ =0, on (0,00) x 09,

where Apu := div(|Vu|[P~2Vu) denotes the p-Laplacian operator, 2 < p < n, we will compare the semiflow generated
by them with the semiflow generated by the following equation (see [8])

= < div(g | Vul?*Y0) +ale. O)ul 20 = f(u), in (0.50) x R

Notice that in the case p = 2 the structure of the main part of the limiting problem agrees with Hale’s and Raugel’s
limiting problem (1.2). Our aim is to prove existence of global attractors A, by an auxiliary family of weighted
Sobolev spaces.
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ATRATORES PULLBACK PARA PROBLEMAS PARABOLICOS COM
Pe(x)—LAPLACIANO

RICARDO DE SA TELES * & ERIKA CAPELATO |

Neste artigo demonstramos a existéncia de atratores pullback para equagoes de evolugao nao-autéonomas gover-

nadas por uma perturbagao do operador maximal mondtono.

1 Introducao

Neste trabalho analisamos, por meio da Teoria de Atratores Pullback ([2],[3]), o comportamento assintético da

seguinte familia de problemas nao-auténomos:

uy — div(|Vul[P<®)=2Vu) = B(t,u)
u(T) =ug € H := L*(Q),

(1.1)

onde Q C R" é um dominio limitado com fronteira 9Q suave, n > 1, a fungao p.(z) := p(z) + € € C(Q), com
e€[0,1], étal que 2+ 6 < p.(x) <3 —4, parad >0q.t.p. v € Qe B: R x H — H satisfaz:

i) Existe uma aplicacao L € C(R; L*°(£2)) nao decrescente e absolutamente continua tal que
(i) plicag ; q

||B(t,u1) — B(t,UQ)”H < L(t,x)”ul — u2HH7 Vte R,V U, Uz € H;
(ii) B(t,0) =0.

Como o operador principal Acu := —div(|Vu pﬁ(m)*QVu) é maximal mondtono, do tipo subdiferencial, dyp,

onde ¢ : H — [0,00] é uma fungéo prépria, convexa e semicontinua inferiormente (veja [7]), e com as hipSteses
sobre B, podemos garantir, via Proposi¢ao 3.13 [1], que para todo dado inicial u§ € H existe uma tnica solucao
ut(+) = u(-, 7)u§ € C([r,0), H) do problema (1.1).

Antes de enunciarmos o resultado principal deste trabalho, que garante a existéncia de uma familia de atratores

pullback, consideremos o espaco generalizado de Lebesgue
Lr<@)(Q) = {u Q= R:ué mensuravel,/ lu(z)|P<) do < oo} ,
Q

?<(®) 4z. Da mesma forma que em 4], [5] e [6], podemos

sendo p. € L>(Q) e pe > 1. Definimos p(u) = [, |u(z)
garantir que LP<(*)(Q) é um espaco de Banach com a norma [ull prer () = ME{A > 05p (%) < 1} e Whpe(@)(Q) é
um espago de Banach com a norma [|ul|, == [Jul prer (o) + VUl poe) () - Além disso, o espago X = Wol’pE(I)(Q)
é definido como o fecho de C§°(Q) em WHP<(@)(Q) e ||Vu

Até onde conhecemos, [8] foi o primeiro trabalho a respeito de problemas parabdlicos envolvendo o p(z)—laplaciano

pe(z) © ||ull« s30 normas equivalentes em Wol’p‘(x)(ﬂ).

usando a teoria de operadores mondtonos.

2 Resultados

Por simplicidade denotaremos a solucao de (1.1) por u(t) no lugar de u(t).
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Lema 1: Seja u uma solucao global de (1.1) Entéo existe uma fun¢do nao-decrescente 8 : R — Ry e T > 0 tal
que
lu@®)llg < B@), YVt =T+ (2.2)

Lema 2: Seja u uma solugdo global de (1.1.) Entéo existe uma fungéo ndo-decrescente w: R — Ry e Ty > 0 tal
que
[u@®)llx <w(t)+1, Vt>To+r (2.3)

Teorema 1: Suponha que o operador B satisfaca as hipdteses (i) e (i7). Para cada e € [0, 1] o problema (1.1) tem

um processo associado {Uc(t,7)},, definido em H, o qual tem um atrator pullback {Ac(?)},cp -

Observagao 1: E importante observar que as estimativas obtidas nos Lemas 1 e 2 independem de € e isso é
essencial para que possamos garantir a existéncia de um atrator pullback para cada € e assim de uma familia de
atratores.
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UNIFORM DECAY RATES FOR TERMODIFUSSION SYSTEM WITH
SECOND SOUND AND LOCALIZED NONLINEAR DAMPING

RODRIGO A. SCHULZ * & JUAN A. SORIANO |

1 Introduction

Consider the thermodiffusion system given by

puge — (A + 2)Uge + 71012 + Yob2e + a3(x)g3(us) = 0,

b1t + VEqiz + s + dbay = 0,

n2 + VD2 + Yoz + dfyy =0, (1.1)
Tqie + o1 (2)g1(q1) + VEb1, = 0,

Tagar + o2(2)g2(g2) + VDbay = 0,

in (0, L) x (0,00), with initial conditions
u(z,0) = up(x), u(x,0)=ui(x),
z), 02(z,0) = Oa0(x), (1.2)
LC), (]2(%,0) :(]20(30),
and boundary conditions
u(0,t) = u(L,t) = 01(0,t) = 01 (L,t) = 02(0,t) = 02(L,t) = 0. (1.3)

where u, 01, q; are the displacement, temperature, and heat flux. The functions 62 and gs describe the chemical
potentials and the associated flux. The coefficients A and p denotes the material constants, p is the density,
Y1, 2 are the thermal and diffusion dilatation, k, D are the thermal conductivity. Furthermore n, ¢, d are the
thermodiffusion coefficients and 7y, 7o are the relaxation time. All the coefficients above are positive and satisfy
the condition nc — d? > 0 as in [4, 5, 7, §].

The phenomenon of thermodiffusion is present many fields of science, for example, in problems of mixture,
fracture mechanics and delamination. Advances in this theory includes new materials, especially in composites and

thermodiffusion influence over ceramics, polymers and other contemporary materials.

2 Assumptions, Existence and Main Result

The following assuptions arround de parameters are made:

Hipothesis 2.1. Assume that a; € L*>(0,L), i = 1,2,3 are nonegative functions such that
a;(z) > a0 > 0 in some interval J; C (0,L), i =1,2,3

and

3
) 74— ((117a2) =1:= n J; C (O,L)
i=1

As we can see, this functions can localize the damping mechanisms in a arbitrarily small region.
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Hipothesis 2.2. The feedback function g;, i =1,2,3, is a continuous and monotone increasing, and, in addition,
satisfies:

e gi(s)s >0 for s #0,
o ks <gi(s) < K;s, for |s| > 1, where k; and K; are positive constants.

The existence of solution comes from a combination of linear and nonlinear semigroup theory present in [1, 2, 6].
If {u,01,62,q1,q1} is a solution of (1.1)-(1.3), we denote by E(t), t > 0, the energy associated which is given by

1 (L
Et) = 3 /0 pur + (N4 2u)u2 + cb? +nb3 + 11¢7 + 1oq5 + 2d6102dx.

The decay rates of the energy are a consequence of an observability inequality and are given by the following
result

Theorem 2.1. Owver the Assumption 2.2 and Assumption 2.1, if the initial data are bounded, there is Ty > 0 such
that the energy E(t) of (1.1)-(1.3) satisfies

E(t)§5<t1>, V> Th,
To

with tli}m S(t) =0, where S(t) is the solution of the following differential equation
o0

n

{ 45(t) + q(S(t) =0,
(0) = E(0)

and q is given in [3].
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REGULARITY OF EXTREMAL SOLUTION WITH SINGULAR
NONLINEARITY

RODRIGO CLEMENTE * & JOAO MARCOS DO O |

1 Introduction

We investigate a class of semilinear elliptic differential equations involving singular nonlinearities on Riemannian

manifolds. More specifically, we consider the following class of semilinear elliptic problems

—Agu=Af(u) in Q,
u >0 in Q, (Px)
u=0 on 0,

where ) is a smooth bounded domain of a Riemannian model (M, g). This class of Riemannian manifolds includes
the classical space forms, that is, the Euclidean, elliptic and hyperbolic spaces.

We prove the existence of A* = A*(N,Q) > 0 such that for A € (0, \*) there exists a minimal classical solution
uy, which satisfies 0 < u, < 1 and are semistable. For A > \* there are no solutions of any kind. Furthermore, we
obtain LP-estimates for u, uniform in A and as an application, we prove that the extremal solution ©* := limy )« uy
is classical whenever 1 < N < 7. In the case that € is a geodesic ball of M, we establish symmetry and monotonicity
for the class of semistable solution.

According to the class of solutions which we consider, let us introduce the following values:
A" :=sup{\ > 0: (P)) has a classical solution}

Ax :=sup{\ > 0: (Py) has a weak solution}.

2 Results

Teorema 2.1. The following holds:
A=A,

In particular, for A > \* there are no solutions, even in weak sense. Futhermore, the map A — ux(x) is increasing
n (0, \*) for each x € Q. This allows one to define

which is a weak solution of (Px+~) so-called extremal solution.

An interesting question is whether the extremal solution u* is a classical solution. We can infer regularity of
extremal solution u* when N < 7.

Teorema 2.2. If 1 < N <7 then u* is a classical solution of (Py+).
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COMPLEX SYMMETRIC COMPOSITION OPERATORS

S. WALEED NOOR *f

1 Introduction

A bounded operator T on a complex Hilbert space H is said to be complex symmetric if there exists an orthonormal
basis for ‘H with respect to which T" has a self-transpose matrix representation. An equivalent way to define complex
symmetry is the following: if a conjugation is a conjugate-linear operator C' : H — H that satisfies the conditions

(a) C is isometric: (Cf,Cqg)={g,f)V f,9 € H,
(b) C is involutive: C? = I,

then we say that a bounded linear operator T € B(H) is C-symmetric if T = CT*C and complex symmetric
if there exists a conjugation C with respect to which T is C-symmetric. Complex symmetric operators on Hilbert
spaces are natural generalizations of complex symmetric matrices, and their general study was initiated by Garcia,
Putinar and Wogen ([2][3][4][5]). The class of complex symmetric operators has a large number of concrete ex-
amples including all normal operators, binormal operators, Hankel operators, finite Toeplitz matrices, compressed
shift operators and Volterra integral operators.

Let B,, denote the open unit ball of C™. A linear fractional self-map 1 of B,, is a map of the form

Az+ B

(2,C) +d (1.1)

¥(2) =

where A is a linear operator on C", with vectors B,C' € B,, and d a complex number. Fix a vector a € B,.
Let P, be the orthogonal projection of C™ onto the complex line generated by a and let Q, = I — P,. Setting

Sq = (1 — |a\2)1/2, we denote by ¢, : B, — B,, the linear fractional map

a— P,z —5,Q42

bal) = (1.2)

which by Rudin [7] is the involutive Moebius automorphism of B,, that interchanges 0 and a. If f is a holomorphic
function with domain B,,, and 0 < r < 1, then f, denotes the dilated function defined by f,.(z) = f(rz) for |z| < 1/r.
Then f is in the Hardy-Hilbert space H?(B,,) provided that

sup/ | fr|?do < oo.
o<r<1Js,

In particular, H?(B,,) is a Hilbert space of analytic functions on B,, such that the monomials 2% = 2{"* ... 2% for

a € N” form an orthogonal basis.
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2

Main Result

If ¢ is an analytic self-map of B,,, then the composition operator Cy, is defined by Cyf = f o for f € H*(B,,).
The composition operator Cy, is bounded and invertible on H 2(B,). It turns out that Cy, is complex symmetric,

because Cy, o Cy, = I and operators that are algebraic of degree 2 are complex symmetric [5, Thm. 2]. The main
result of this talk will be the construction of an explicit conjugation J on H?(B,) such that JC} J = Cy, [6].
The particular case n = 1 resolves a problem of Garcia and Hammond [1].
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LOWER SEMICONTINUITY OF GLOBAL ATTRACTORS FOR
EVOLUTION EQUATIONS OF NEURAL FIELD TYPE

SEVERINO HORACIO DA SILVA *

1 Introduction

We consider the nonlocal evolution equation proposed by Wilson and Cowan in [8], which is used to model neuronal

activity, that is,
Ou(w,t)
ot

with dz = Zdf, where df denotes integration with respect to arc length.

= —u(w,t) + /S1 J(wz") f(u(z,t))dz +h, h >0, (1.1)

In (1.1), u(w,t) is a real function on S* x Ry, J € C1(S!) is a non negative even function supported in the
interval [—1,1], f is a non negative nondecreasing function and h is a positive constant. In this model, u(w, )
denotes the mean membrane potential of a patch of tissue located at position w at time ¢ > 0. The connection
function J determines the coupling between the elements at position w with the element at position z. The non
negative nondecreasing function f(u) gives the neural firing rate, or averages rate at which spikes are generated,
corresponding to an activity level u. The parameter h denotes a constant external stimulus applied uniformly to
the entire neural field. We say that the neurons at point x is active if S(w,t) > 0, where S(w,t) = f(u(w,t)) is the
firing rate of a neuron at position w at time ¢ (see [4], [7] and [8]).

As proved in [6], assuming that the function f € C1(R), f’ locally Lipschitz with 0 < f/(r) < k1, ¥ r € R, for
some positive constant k1 and f is a nondecreasing function taking values between 0 and S,,., > 0, satisfying, for
0 < s < Shmaz; fos f_l(r)dr‘ < L < oo, the map F(u,J) = —u+J*(f(u))+h is continuously Frechet differentiable
in L?(S!) and, therefore, the equation

ou
E:F(U,J):fquJ*(f(u))Jrh (1.2)

generates a C'! flow in L?(S!) given, by the variation of constant formula, by

t
(T(t)uo) (w) = e=tug (w) + / =07 5 (F o u)(w, ) + hlds,
0
which we denote by T (t) to make explicit dependence on the parameter J. Furthermore, in [4], was also proved
the existence of global attractors, Ay, for the flow T;(¢) and that {A;} is upper semicontinuous with respect to
paramenter J at Jo € J, where J = {J € C*(R), even non negative, supported in [—1,1], ||.J||: = 1}.

We also assume that, for each Jy € J, the set E, of the equilibria of T, (t), is such that E = E; U Ey, where
(a) the equilibria in E; are (constant) hyperbolic equilibria;
(b) the equilibria in Ey are nonconstant and, for each ug € Es, zero is simple eigenvalue of the derivative of F,
with respect to u, DF,(ug, Jo) : L*(S') — L?(S1), given by DF, (ug, Jo)v = —v + Jo * (f'(uo)v).

A simple computation shows that, if ug is a nonconstant equilibria of 7'y, (t) then zero is always an eigenvalue of
the operator DFy,(ug, Jo)v = —v + Jy * (f'(ug)v) with eigenfunction wuj. Therefore, the hypothesis (b) above says
that we are in the ‘simplest’ possible situation for the linearization around nonconstant equilibria.

*Unidade Académica de Matematica , UFCG, PB, Brasil, horaciousp@gmail.com.br
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2 Mathematical Results

Using the same techniques of [3], we prove the lower semicontinuity property of attractors, {A;}, at Jy € J, where
J ={J € C1(R), even non negative, supported in [—~1,1],||J||: = 1}, that is,

dist(Aj,,Ay) = sup inf ||z —y|2 — 0, as J = Jo.
yEA,

.TEAJO

The upper semicontinuity of the equilibria is a consequence of the upper semicontinuity of global attractors
(see Theorem 11 of [4]). The lower semicontinuity of the hyperbolic equilibria is usually obtained via the Implicit
Function Theorem. However, this approach fails here since the equilibria may appear in families. To overcome this
difficulty, we need the concept of normal hyperbolicity, (see [1]).

Using normally hyperbolic Theorem (see [1], Theorem 12.5), we obtain the following result:

Theorem 2.1. The set E; of the equilibria of T;(t) is lower semi-continuous with respect to J at Jy.

Using results of [7] we show that the local unstable sets are actually Lipschitz manifolds in a sufficiently small
neighborhood and vary continuously with J. More precisely, we have

Theorem 2.2. If ug is a fized equilibrium of (1.1) for J = Jy, then there is a 6 > 0 such that, if ||J — Jo||p: +
lluo — usllpe <6 and U == {u € W¥(uy) : ||u—uy||p2 < &} then US is a Lipschitz manifold and

dist(U5,US,) + dist(US,, U) — 0 as || J — Jo||p1 + |[uo — usl|z2 — 0.
Finally, using Theorem 2.1, Theorem 2.2 and Theorem 2.1 of [2] we obtain the main result of this work.

Theorem 2.3. The family of attractors {A;} is lower semicontinuous with respect to the parameter J at Jy € J.
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A-COMPACT POLYNOMIALS

SONIA BERRIOS *

In this work we study the space of A-compact polynomials in different contexts: composition ideal of polyno-
mials, polynomial bidual, linearization. We characterize A-compact polynomials in terms of the continuity and
compactness of its adjoint.

1 Results

Let A be an operator ideal and E a Banach space. Following [5], a subset A of E is said to be A-compact if there
exist a Banach space Z, an operator T' € A(Z; E) and a compact set K C Z such that A C T(K). Relying on this
concept, the notion of A-compact operator is defined in an obvious way: an operator T' € L(E; F) is said to be
A-compact if T(Bg) is A-compact in F. The set of all A-compact operators between Banach spaces is denoted by
Ka.

The following proposition gives a relation between A-compact sets and Z-bounded sets to an appropriate operator
ideal Z. Recall that a set A C E is Z-bounded in E if A C T'(Bz) for some Banach space Z and some T € Z(Z; E).
(see [2]).

Proposition 1.1. Let E be Banach space, and A an operator ideal. Then A is A-compact in E if and only if A is
K 4- bounded in E.

In [2, p. 965], Aron and Rueda introduce the following property: An operator ideal Z satisfies the Condition T’
if the closed absolutely convex hull of any Z-bounded set is Z-bounded. In relation to K 4 we have

Proposition 1.2. Let A be an operator ideal. Then K 4 satisfies the Condition T .

For proof of this result it is sufficient to prove that the closed absolutely convex hull of any A-compact set is
A-compact.

Let E and F be Banach spaces and let z € E. An m-homogeneous polynomial P € P(™FE; F) is said to be
A-compact if for every x € E there exists a neighborhood V,, of x such that P(V,) is A-compact in F. If we now
consider A-bounded sets, we shall say P € P(™E; F) is A-bounded if for every x € E there exists a neighborhood
V.. of z such that P(V,) is A-bounded in F (see [2]). The set of all .A-bounded m-homogeneous polynomials from
E to F is denoted by P4(™E; F). When m = 1 we write L4(E; F) = PAo(*E; F).

Using the fact P € P(™E; F) is A-bounded if and only if P(Bg) is A-bounded in F (see [2, p. 962]), we have

Proposition 1.3. Let E and F be Banach spaces, A an operator ideal and P € P(™E; F). Then
a) K_A = EKA'

b) P is A-compact if and only if P is K 4-bounded .

¢) P is A-compact if and only if P(Bg) is A-compact in F.

Recall that the adjoint of P € P(™E; F) is the operator P’ : F/ — P(™E) such that P'(¢)(z) = ¢(P(z)). In
[4, p.166] is defined the polynomial bidual of an operator ideal Z as

gP-Pidval(p py = (P € P("E; F) : P" € T(P("E)'; F")}.

*Universidade Federal de Uberlandia, MG, Brasil, soniles@famat.ufu.br. Supported by Fapemig APQ-04687-10 .
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An m-homogeneous polynomial P € P("™FE; F) belongs to Z o P if there are a Banach space G, a polynomial
Q@ € P(™E; @) and an operator u € Z(G; F) such that P = uwo Q. In this case we write P € Zo P(™E; F). If we
now consider the space of all continuous m-linear mapping £(™ E; F'), the composition ideal of multilinear mappings
T o L can be defined in a similar way. In this case we write A € Z o L(™E; F). For more details we refer to [3].

The following result generalize [6, Lemma 2.1] and [1, Theorem 3.1].

Theorem 1.1. Let E and F be Banach spaces, P € P(™E; F) and A an operator ideal. The following statements
are equivalents:

a) P is A-compact.

b) Pe KyoP(™E; F).

¢c) Pp € Ka(®]"E; F).

d) Pt € K4(&, "E;F).

e) P e Kao0L(ME;F).

f)Pe ]szbidual

Corollary 1.1. Let E and F be Banach spaces, P € P("E; F) and A an operator ideal. Then P is A-compact if
and only if P" is A-compact.

We finish with a characterization of A-compact polynomials in terms of the continuity and compactness of its
adjoint. This result was studied for A-compact operators in [7] and for p-compact polynomials in [6, Proposition
4.1]. We denote by E’; the dual space of E considered with the topology of uniform convergence on .A-compact

sets, and 7, denote the topology of uniform convergence on compact sets.

Proposition 1.4. Let E and F be Banach spaces, P € P(™E; F) and A an operator ideal. The following statements
are equivalents:

a) P is A-compact.

b) P': Fy — P(™E) is continuous .

¢) P': Fq— (P(™E),1.) is compact.

d) P': Fx — (P(™E),18) is compact for any Banach operator ideal B.

e) P': Fyq—
f) P Fq—

™E), m8) is compact for some Banach operator ideal such that B.
)

mE),w*) is compact
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SOBRE UMA CLASSE DE EQUACOES DE SCHRODINGER QUASE
LINEARES EM R"

TARCIANA SILVA * & JOAO MARCOS BEZERRA DO O T & MANASSES DE souzA ¥

1 Introducao

Neste trabalho, estudamos a existéncia e multiplicidade de solucoes fracas para algumas classes de equacoes elipticas
quase lineares. Problemas deste tipo sdo bastante conhecidos e estudados na literatura. Consideremos a seguinte
equacao eliptica quase linear

~Apu+V(2)|uf?u = f(z,u), z€R", (1.1)

com A,u = div(|Vu[P72Vu), p € (1,00) e n > 1, e as fungoes V : R” - Re f: R"” x R — R sdo mensuraveis.

Equagdes deste tipo tem sido extensivamente estudada sob varias hipéteses sobre o potencial V(x) e compor-
tamentos diferentes da néo linearidade f(z,u). Alguns destes estudos sdo motivados pelo trabalho pioneiro de
Rabinowitz [1] quando p = 2, n > 3 e a nao linearidade f(z,u) comporta-se no infinito como |u|?~! para algum
q € [2,2%), isto é, f(x,u) tem o crescimento subcritico do tipo Sobolev. Para superar o problema da “perda de
compacidade”, tipico em problemas elipticos em dominio ilimitados, Rabinowitz em [1] considerou V(z) um po-
tencial coercivo e limitado inferiormente por uma constante positiva, isto é, V(z) — +oo quando |z| = +oo e
V(z) > Vo > 0 para todo x € R". Esta condi¢ao de coercividade foi melhorada por Bartsch e Wang em [2] ao
assumir que para todo L > 0 a medida de Lebesgue do conjunto {x € R™; V(z) < L} é finita. Bartsch e Wang
usaram as mesmas hipGteses sobre a nao linearidade f(x,u) como em [1].

Ainda conseguindo preservar a compacidade do funcional, Sirakov em [4], considerou uma hipétese mais geral
sobre o potencial V(x),

Rlim v (R™\ Bg) = 0o para algum t € [2,2%),
—00

em que
_ g (IVul? +V(2)|u?) dz
I/t(Rn \ BR) _ » Rin% i fR \Br ( " )
u€H,(R"\Bg)\{0} (fR"\ER |u\tdm>

Além disso, Sirakov [4] abordou a situagdo em que a nao linearidade pode ser ilimitada na varidvel z, situagio que
nao foi abordada em [1,2].

Existem muitos resultados para equagoes do tipo (1.1) quando o dominio é limitado veja, por exemplo, [5] e
suas referéncias. No entanto, quando o dominio é ilimitado e 1 < p < n ndo se encontram muitos artigos. Para o
nosso conhecimento, um dos primeiros resultados de existéncia de solugbes para estas equagoes foi abordado por

Lyberopoulos em [3] na seguinte situagao particular
—Apu+ V(@)uf?u = Qu(@)ul*u — Qa(x)|ul*Pu em R",

onde 1 <p<n,V, Q1 e Q2 sao fungdes ndo negativas e tais que @ e Q2 sdo dominadas por V quando |z| — +oo.
Além disso, t, s € (1,p*).
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Estendemos os resultados de Sirakov [4], no caso em que 1 < p < n, provando a existéncia e multiplicidade de
solugdes para equagao (1.1) com V(z) = a(x) — b(x), em que a e b sdo fungdes mensurdveis nao negativas. Além
disso, analisamos a situacdo em que a nao linearidade f(x,u) pode ser ilimitada na varidvel = e possui o crescimento
subcritico do tipo Sobolev.

2 Resultados...

Descreveremos a seguir as hipdteses que usaremos ao longo deste trabalho:

(H1) A funcdo a: R™ — [0, 4+00) é mensurdvel e

) Jan (IVUlP + a(z)|ulP) dx
Ar:= inf
weE\{0} Jgn lulP dz

>0,

em que E é um subespaco de W1P(R™) dado da seguinte forma:

E= {u € Wl’p(R”);/ a(x)|ulP dz < oo} .
Definimos para qualquer subconjunto aberto 2 de R™ e para s € [p, p*), vs(Q) por

VulP ?) d
vs(Q) = inf fQ (Vul” + a(@)|ul?) dz
1,p p/s
weWSPO\O) ([, [ul* dz)

se Q#£Dev(Q) =00, se Q=0
(H,) Existe s € [p,p*) tal que limpg_, o vs(R"\Br) = 0o, em que Bg é a bola em R" de raio R centrada na origem.

(H3) Existem uma fungao A € LS (R"), com A(x) > 1, e constantes > 1, Cp > 0, Ry > 0 tais que A(z) <
Co (14 (a(x))/#)  para todo |z| > Ro.

(Hy) A funcdo b : R™ — [0,400) é mensurdvel e |[b]|, < S¥ para algum o > 1 onde to := op/(c — 1) < p# + 1,
p? = (p* — 1) — p?/(B(n —p)) e Si, é a melhor constante para a imersdo de Sobolev E < L (R™).

(Hs) A funcao f é continua e A— superlinear na origem, isto é,

lim _f@s) =0 uniformemente em z € R".
s—0 A(z)|s|p—1
(Hg) Existe g € [p— 1,p") tal que |f(z,s)| < CoA(z) (1 + |s|?) para todo (z,s) € R™ x R.

(H7) Existe p > p tal que
¢
0 < pF(x,t)= ,u/ f(z,s)ds <tf(x,t) paratodo (x,t) € R" xR\ {0}. (2.2)
0

Principais resultados:

Teorema 2.1. Suponhamos que as condigées (Hy) - (H7) sdo satisfeitas. Entdo o problema (1.1) tem uma solugdo

nao trivial. Além disso, se f(x,u) for fmpar em u, entdo (1.1) tem infinitas solugoes.
Teorema 2.2. Suponhamos que as condicoes (Hy), (Hs) - (H7) sao satisfeitas. Além disso, assumindo que

lim ve(B(zg, 7)) =00 para algum s € (2,p"), (2.3)

k—o0

em que B(xp,r) € a bola de raio v centrada numa sequéncia (z) C R™ tal que |zi| — co. Entdo o problema (1.1)

tem uma solu¢ao ndo trivial. Se, além disso, f(x,u) é impar em u, entdo o problema (1.1) tem infinitas solugoes.
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ESTIMATES FOR FOURIER SUMS AND EIGENVALUES OF INTEGRAL
OPERATORS VIA MULTIPLIERS ON THE SPHERE

THAIS JORDAO * & VALDIR A. MENEGATTO |

1 Introduction

Let S™ denote the m-dimensional unit sphere in the euclidian space R™*! endowed with the usual Lebesgue
measure o,,. We denote by w,, the surface area of S™. In this work, we will deal with the usual spaces LP(S™) :=
L?(S™, 0y,), the norm of which we denote by || - ||,-

We can represent a function f € LP(S™) by its spherical harmonics series Y p- Zfi 1€kt (f)Ye,(x), in which
{Yi,:1=1,2,...,dx}r>0 is basis for the space of spherical harmonics of degree k in m + 1 variables and cg ;(f)
are the Fourier coefficients of f defined by

1 [
Ck,l(f) = — f(y)YkJ(y)dO'm(y), 1=1,2,...,dx, k=0,1,....

Wi, Jgm
For a fixed k, we denote by Vi (f) the projection of f over the space span{Yy;:1=1,2,...,ds}.

This work intends to provide decay rates for the sequence of eigenvalues of positive integral operators generated
by kernels satisfying an abstract Holder condition defined by a class of multipliers operators. For such purpose,
the work involves the deduction of convenient estimates for the Fourier coefficients ¢y ;(f) through the rate of
approximation of the class of multipliers operators that we will work with.

A multiplier operator refers to a linear operator T on LP(S™) for which there exists a sequence {n;} of complex
numbers (called the sequence of multipliers of T') such that Vi (T'f) = mVi(f), f € LP(S™) and k = 0,1,.... An
important category of bounded multiplier operators are those given by a the convolution with a zonal measure.
The class of bounded multiplier operators on L'(S™) was characterized by C. Dunkl as that composed of operators
which are convolutions with zonal measures on S™. Among other things, this characterization reveals that the class
of bounded multiplier operators on L?(S™) is bigger than that of bounded multiplier operators on L'(S™). Also,
it is not hard to see that a multiplier operator on L?(S™) is bounded if and only if its sequence of multipliers is
bounded.

Since we will consider a family of multipliers operators {M; :€ (0,7)} acting on L?(S™), we can introduce a
Holder condition attached to it as follows. We say that a a kernel K in L2(S™ x S™) := L%(S™ x 8™, 0y X o) is
{M; : t € (0,7)}-Holder if there exist a real number 3 € (0,2] and a constant B > 0 so that

/ MUY (y) - K (y)ldom(y) < BE, e (0,m). (L1)

The above Holder condition is implied by the more classical one which demands the existence of 8 € (0,2] and a
function B in L'(S™) so that sup, |M;(KY)(z) — KY(z)| < B(y)t?, y € S™, t € (0, 7).

Using a technique introduced in [2], the goal here is to deduce decay rates for certain positive integral operators
on the sphere, those generated by a Mercer-like kernel satisfying a Holder condition defined by a parameterized
family of multipliers operators on L?(S™), as that defined in (1.1). The main contribution here brings an important
advance: the use of an abstract Holder condition coupled with an abstract setting. In particular, many other settings

can be putted into that of this note, and important classical results in the literature can be easily recovered ([2, 3]).

*ICMC , USP, SP, Brasil, tjordao@icmc.usp.br. Partially supported by FAPESP, grants #2011/21300-7, #2014/06209-1.
fICMC , USP, SP, Brasil, menegatt@icmc.usp.br.
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2 Mathematical Results

An important intermediate step towards the results is the inequality in Theorem 2.1 below. It is an estimation
for weighted sums of Fourier coefficients of integrable function, when the weights depend upon the sequence of
multipliers of a multiplier operator. The result is an upgrade of those found in [1] which was obtained for particular
multiplier operators only.

Theorem 2.1. Let M be a multiplier operator on LP(S™) with corresponding sequence of multipliers {ny}. If
€ (1,2], then

am q/2) /9

o0 k

D (d) 02y, — 117 1Y | f(k, ) <wPDPP\MS — fll,, f€LP(S™),
k=1 j=1

in which q is the conjugate exponent of p. The inequality above becomes an equality in the case p = 2.

Our main result refers to linear integral operators L : L2(S™) — L?(S™) of the form

Lx(P@)= [ K@)fw)donl), we8™ [eL*(s")

in which K : S™ x S™ — C is a positive definite kernel belonging to L?(S™ x S™, 0,, X 0,,) having a spherical

harmonics expansion in the form

o dit
K((E,y) = Zza’k,jyk,](x)yk,j(y)v T,y € Sm7 (22)
k=0j=1
where for every k, ag1 > ago > -+ > ag,dy - This operator has at most countably many nonnegative eigenvalues

which can be ordered as a1 (Li) > ao(Lk) > -+ > 0, repetitions being included in accordance with algebraic multi-
plicities. In addition, (Y% ;) = ar,j, 7 =1,2,...,d}", k € Z; and, consequently, the set {ay ; : j =1,2,...,d";k =
0,1,...} is the set of eigenvalues of K.

The result itself depends on a technical hypotheses which refers to a double indexed sequence {bj} of non-
negative real numbers. It is half-bounded away from 0 if lim,,_,oc b, = 0, k € Z; and there exists a positive real
number M so that by, > M, k > n.

Theorem 2.2. Let {M; : t € (0,m)} be a uniformly bounded family of multiplier operators on L*(S™), with
corresponding multiplier sequences {n.}. Let K be a positive integral operator generated by a {M; : t € (0,m)}-
Holder kernel K. If {|77,1/n — 1|} is half-bounded away from 0, then \,(K) = O(n='=#/™) as n — oo, in which
is the Holder exponent of K with respect to {My : t € (0,7)}.
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PROPRIEDADE AHSP PARA ESPACOS FUNQ;‘;O MODULO

THIAGO GRANDO * & MARY LILIAN LOURENCO |

Mostramos que dada uma familia de espagos de Banach (X} )rex com a propriedade AHSP, onde K é um espago
topolégico Hausdorff ndo-vazio, a fungdo médulo (K, (Xy)rer, X) satisfaz a AHSP e, como consequéncia, o par
(I1, X) satisfaz a BPBP.

1 Introducao

O estudo dos operadores que atingem a norma iniciou na década 50 com o trabalho de R. James, onde provou que um
espaco de Banach X é reflexivo, se e somente se, todo funcional linear e continuo definido em X atinge a norma. Em
1961, E. Bishop e R. R. Phelps comegam a estudar classes de funcionais lineares continuos definidos em espagos de
Banach nao reflexivos que atigem a norma, e provam que tal classe é densa em X*. Mais tarde, B. Bollobas, provou
uma “versao quantitativa’do teorema de Bishop-Phelps, conhecido como teorema de Bishop-Phelps-Bollobds:

Teorema 1.1 (B. Bollobds, [2]). Seja € > 0 um nidmero arbitrdrio. Sex € Sx e x* € Sx+ sdo tais que |1 —z*(x)| <
2 ~ - * . * * *

. entdo existem y € Sx e y* € Sx« tais que y*(y) =1, |ly —z| <eelly* —a*| <e.

Surgiu também a idéia de buscar o equivalente do Teorema de Bishop-Phelps-Bollobds para o caso de operadores.

Assim, em 2008, M. D. Acosta, R. M. Aron, D. Garcia e M. Maestre [1], introduziram a seguinte defini¢do 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 B(e) > 0 com liH(l) B(e) = 0 tais que, para cada
e—

T € Se(x,y), se © € Sx satisfaz |Tx|| > 1 —mn(e), entdo existem xo € Sx e um operador R € Sp(x y) tais que
[B(zo)l =1, [l = ol < B(e), T - Rl <e.

Em [1] os autores mostraram alguns pares de espagos de Banach que possuem a BPBP. A partir dai, surgiram
diversos trabalhos nessa dire¢do. Assim, uma pergunta natural é: para quais espagos de Banach Y o par (I1,Y)
satisfaz a BPBP? Em [1], os autores definiram certas condigdes geométricas para Y de tal forma que o par (I1,Y)

tenha a BPBP. Essas condigoes receberam o nome de Approzimate Hyperplane Series Property (AHSP):

Definicao 1.2. Um espaco de Banach X tem a propriedade AHSP se, e somente se, para todo € > 0 existirem
v(€) > 0 en(e) > 0 com lim,_,g+ y(e) = 0, tais que, para cada sequéncia (x,), C Bx e cada série convera

oo
Do QpTy cOM

>1- 7](6)’

o0

Z aTLx"L
n=1
existir um subconjunto A C N, {z, :n € A} C Sx e a* € Sx~ satisfazendo:

(i) Xneaon >1-=7(e),

(i) ||zn — 2n|| < € para todo n € A,

*Instituto de Matematica e Estatistica ,IME-USP, SP, Brasil, tgrando@ime.usp.br
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188



(iti) ©*(z,) = 1 para todon € A.

Eles apresentam alguns espacos que satisfazem essa propriedade, entre eles: os espagos normados de dimensao
finita, L'(u) onde p é uma medida o-finita, C(K) onde K é um compacto Hausdorff e os espagos uniformemente
convexos. Logo apéds, surgiram alguns resultados com outros espacos que possuem tal propriedade.

Neste trabalho mostramos sob determinadas condigoes, que o espago fungao modulo satisfaz a propriedade AHSP
e, como consequéncia, o par (I1, X) satisfaz a BPBP.

2 Resultado

Definigao 2.1. Uma fungdo médulo é uma terna (K, (Xk)ker,X), onde K é um espago topoldgico Hausdorff
nao-vazio, (Xy)rex uma familia de espagos de Banach e X uwm C(K)-submddulo fechado do C(K)-mddulo [[pe jc X,
tal que as sequintes condigoes sdo satisfeitas:

(1) Para todo x € X, a fungio k — ||z(k)|| de K em R é semicontinua superior,
(2) Para todo k € K, temos Xy, = {z(k):z € X},
(8) O conjunto {k € K : X}, # 0} ¢ denso em K.
Teorema 2.1. Se (Xy)kex tem AHSP, para todo k € K, entao a funcao mddulo (K, (Xg)rex,X) tem AHSP.

Corolario 2.1. Seja (K, (Xg)ker,X) uma fungdo mddulo, onde (Xy)rex tem AHSP, para todo k € K. Entao
(l1, X) satisfaz a BPBP.
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SPACEABILITY AND ALGEBRABILITY IN THE THEORY OF
DOMAINS OF EXISTENCE IN BANACH SPACES

THIAGO R. ALVES *

1 Introduction

Let U be an open subset of an infinite-dimensional complex Banach space E. Let H(U) denote the algebra of all
holomorphic functions on U. Let £(U) denote the set of all f € H(U) such that U is the domain of existence of f.
Throughout this work the algebra H(U) is equipped with the compact-open topology 7.

In this work we first show that if U is a connected domain of existence in a separable Banach space E, then
the set £(U) U {0} contains a closed infinite dimensional subspace of H(U), that is H(U) is spaceable in the sense
of [3]. Next we show that, under the same hypothesis, the set £(U) U {0} contains a closed subalgebra of H(U),
which contains an infinite algebraically independent set. In particular £(U) is strongly algebrable in the sense of
[5]. Finally we show that £(U) U {0} contains a dense infinite algebraically independent subalgebra in H(U), that
is £(U) is densely strongly algebrable in the sense of [5].

Many authors have devoted their attention to the study of spaceable sets and algebrable sets during the last
decade. We refer the reader to [6] for a survey on this recent trend in functional analysis. For a paper concerning
spaceability and algebrability in the theory of domains of existence on finite-dimensional spaces we refer to [4].
We also refer to [1] for a work regarding algebrability in the theory of domains of existene on infinite-dimensional

Banach spaces.

2 Mathematical Results

Given x € U, let dy(x) denote the distance from x to the boundary of U. The next result concerning interpolation

sequences involving holomorphic functions. To prove this result we use some ideas provided in [7, Section 2].

Proposition 2.1. Let E be a separable Banach space, and let U be a domain of existence in E. Then:

(a) For each sequence (x,)52 1 of distinct points of U such that lim,, o dy(z,) = 0, there exists a function f € H(U)
such that lim, o0 | f(xn)| = 00 and f(xy,) # f(zm) whenever n # m.

(b) For each sequence (x,)5%, of distinct points of U such that lim,,_, o dy(z,) = 0, and each sequence (0u,)5, in
C, there exists a function f € H(U) such that f(xy) = oy, for every n € N.

Let us recall that a subset L of a complex Banach space F is said to be locally determining at zero if for every
connected open neighborhood U of zero and every f € H(U),if f =0on UNL, then f =0 on U. In [2], Ansemil
and Dineen prove the following theorem:

Theorem 2.2. Let E be a separable Banach space and let L be a locally determining set at zero. Then L contains

a null sequence which is also locally determining at zero.

The next proposition follows by applying the last theorem.

*IMECC, UNICAMP, SP, Brazil, e-mail: tralves.math@gmail.com
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Proposition 2.3. Let E be a separable Banach space and let W be an open subset of E. If a € OW and § > 0,
then there exists a sequence ()%, in W such that

(a) sup,ey lla — xpl| <6 and lim,, o0z, = a.

(0) If U is a connected open subset of E such that a € U and f € H(U) satisfies f(x,) = 0 for every p, whenever
z, €U, then f = 0.

Proposition 2.4. Let X be an arbitrary set, and let A be an algebra of functions f : X — C. If there exists a
function f € A and a sequence (zx)52, in X such that limy_o | f(xr)| = oo, then A contains an infinite dimensional

vector subspace.
Next theorem follows from Propositions 2.1, 2.3 and 2.4.

Theorem 2.5. Let E be a separable Banach space, and let U be a connected domain of existence in E. Then the
set E(U) is spaceable.

Proposition 2.6. Let X be an arbitrary set, and let A be an algebra of functions f : X — C. If there exists a

sequence (fr)5%; in A and a sequence (z1)32, in X such that

(@)l =k and [ fa(er)l = T [fm(@)l® (2.1)

m<n

for each n € N\ {1} and k € N, then A contains an infinite algebraically independent set of generators.

If A is a complex commutative topological algebra, then a set A C A is said to be closely strongly algebrable if
AU {0} contains a closed subalgebra B of A which contains an infinite algebraically independent set of generators.
Next theorem follows from Proposition 2.1, 2.3 and 2.6.

Theorem 2.7. Let E be a separable Banach space, and let U be a connected domain of existence in E. Then the

set £(U) is closely strongly algebrable.

Theorem 2.8. Let E be a separable Banach space, and let U be a connected domain of existence in E. Then the

set E(U) is densely strongly algebrable.

References

[1] ALVES, T. R. - Lineability and algebrability of the set of holomorphic functions with a given domain of existence,
Studia Math. 220 (2014), 157-167.

[2] ANSEMIL, J. M. AND DINEEN, S. - Locally determining sequences in infinite dimensional spaces, Note Mat. 7
(1987), 41-45.

[3] ARON, R. M. GURARIY, V. I. AND SEOANE-SEPULVEDA, J. B. - Lineability and spaceability of sets of functions
on R, Proc. Amer. Math. Soc. 133 (2005), 795-803.

[4] ARON, R. M. GARCIA, D. AND MAESTRE, M. - Linearity in non-linear problems, Rev. R. Acad. Cienc. Exactas
Fis. Nat. Ser. A Mat. 95 (2001), 7-12.

[5] BARTOSZEWICZ, A. AND GLAB, S. - Strong algebrability of sets of sequences and functions, Proc. Amer. Math.
Soc. 141 (2013), 827-835.

[6] BERNAL-GONZALEZ, L. PELLEGRINO, D. AND SEOANE-SEPULVEDA, J. B. - Linear subsets of nonlinear sets in
topological vector spaces, Bull. Amer. Math. Soc. 51 (2014), 71-130.

[7] MUJICA, J. AND VIEIRA, D. M. - Weakly continuous holomorphic functions on pseudoconvex domains in Banach
spaces, Rev. Mat. Complut. 23 (2010), 435-452

191



ENAMA - Encontro Nacional de Andilise Matematica e Aplicagoes
UFPE - Universidade Federal de Pernambuco
VIII ENAMA - Novembro 2014

LONG-TIME BEHAVIOR FOR A MODEL OF EXTENSIBLE BEAM
WITH NONLOCAL NONLINEAR DAMPING

V. NARCISO * & M. A. J. Stva |

1 Introduction

This work is concerned with the global existence and long-time behavior of solutions to the initial boundary value

problem of an extensible beam equation with nonlocal nonlinear damping and source terms:
u + A%u— M (||[Vul3) Au+ N(||Vul3)|u us + f(u) =h in QxRY. (1.1)

where Q@ C R¥ is a bounded domain of with smooth boundary I' = 99Q. Corresponding to the displacement
u = u(x,t) we consider two different types of boundary conditions, namely, clamped or simply supported boundary
conditions

u:%:O or u=Au=0 on I xRT, (1.2)

respectively, where v is the unit exterior normal to I'. The initial conditions associated to (1.1) are given by

u(z,0) =up(z) and wue(z,0) =ui(z), =€ (1.3)

Let Vo = L?(Q) and V; = HZ (), and to attend the two boundary conditions in (1.2) we define Vo = H3(£2) or
Vo = H?(Q) N HE ().

Let A; > 0 the first eigenvalue of the bi-harmonic operator A2 in V5. The function M € C'(R*) and there
exists constants cp; > 0 such that
— 1 1

— 1
M(r) > ———=7—cy and M(T)T1— =M(17) > ———FT
82 2 16112

—ens, ¥r >0, M(r) = / M(s)ds.  (1.4)
0
The function N € C*(R™) and exists constant ng > 0 such that
N(t)>ng >0, ¥Yr>0. (1.5)

The nonlinear function f € C'(R), f(0) = 0, and there exist positive constants cf, cg such that

|f'(w)] < ep(1+ul?), VueR, (1.6)
P > - 2 _ _ n > - 2 . .
fu) > N, |ul ¢y and  f(uw)u— f(u) > on, | cf, YueR, (1.7)
where u
f = [ s
0
with 4
p,y>0if 1<n<4 and O<p§’y<n_4 if n>5. (1.8)

Our analysis with respect to the global existence and long-time behavior of solutions is given on the phase space
H = Vo x V, equipped with norm
1w, o)1, = [|Aul3 + [[o]]3-
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2 Mathematical Results

The existence and uniqueness results of the global solutions in the space H are given in the following theorem.

Theorem 2.1. Let h € L?(Q). Under hypotheses (1.4)-(1.8), if initial data (ug,u1) € H, then problem (1.1)-(1.3)
has a unique weak solution
(u,ur) € C([0, T, H), VT >0, (2.9)

satisfying
uwe€ L®(0,T;Va), wu, € L®(0,T;Vy) and wuy € L*(0,T;Vy). (2.10)

Proof The principle of the proof is classical. We using the Faedo-Galerkin method associated to compactness
arguments (see, for instance [1], [2]) with minor changes on the nonlinear terms f(u), M (||Vu(t)||3)|u:[7us and on
the external force h € L*(Q).
The well-posedness of problem (1.1)-(1.3) given by Theorem 2.1 implies that the evolution operator S(t) : H — H
defined by
S(t)(uo,ur) = (u(t),u(t)), t>0, (2.11)

where (u, u;) is the unique weak solution of the system (1.1)-(1.3), defines a nonlinear Cyp-semigroup which is locally
Lipschitz continuous on the phase space H. Therewith the dynamics of problem (1.1)-(1.3) can be studied through

the continuous dynamical system (H,S(t)).

Our main result in the present work is the following.

Theorem 2.2. Assume that hypotheses of Theorem 2.1 hold. Then the dynamical system (H,S(t)) associated to
the problem (1.1)-(1.3) possesses a compact global attractor A C H. Moreover, the compact global attractor A has

finite fractal and Hausdorff dimensions.

Proof The existence of a compact global attractor is granted once our dynamical system (H, S(¢)) is dissipative
and satisfies an asymptotic smoothness property. Then to conclude the compact global attractor has finite fractal

dimension we employ more recent results based on a quasi-stability property of Chueshov and Lasiecka [3, 4].
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GENERALIZED CONVOLUTION OF POSITIVE DEFINITE KERNELS
ON COMPLEX SPHERES

VICTOR S. BARBOSA * & VALDIR A. MENEGATTO |

1 Introduction

Let Qg4 be the unit sphere in C? and o, the usual normalized measure on it. A kernel K in L*(Q3,, 04 X o) is
L2-positive definite if

/Q ( ; K(xyy)f(y)d%(y)> f(@)dog(z) 20, [ € L*(Qaq,0).

The convolution of two kernels K and Kj from L*(€23,) is the kernel K, K given by the formula

1
(Kl *KQ)(%Z/) = ; Kl(x,g)KQ(f,y) daq(£)7 %Z/E Q?qa (11)
q JQa,
in which wy = 27%/(¢ — 1)! is the surface area of {ls,. This notion of convolution occurs more frequently in the

literature in the case when at least one of the kernels involved is zonal and the other one is a function of one variable
(see [2, 4]). The zonality of K corresponds to the existence of a function K’ : B[0,1] — C so that

K(l’,y) :K’(:c~y), xvyEQQqa (12)
in which - denotes the usual inner product in C? and B0, 1] := {z € C: 2z < 1}. We will write
BZ(ng) ={K € LQ(ng,aq x aq) : K is zonal}.

Adapting arguments found in (3], one can see that, in the case ¢ > 2, a kernel K on )y, is L?-positive definite
and zonal if and only if the generating function K’ appearing in (1.2) have a double series representation of the

form
o0

K'(z)= Y a& 2(K')R2(2), =€ B[0,1], (1.3)
m,n=0
in which ad; 2(K’) > 0, m,n € Z,.. The convergence of the series needs to be in L?(B[0, 1], v4_2), where

-1 _
dvg_o(z) = qT (1- 12%)* 2dxdy, z=ux+1iy € B[0,1].

The symbol R% 2 stands for the disk or generalized Zernike polynomial of bi-degree (m,n) associated with the

m,n

dimension ¢ ([5]). In the case ¢ = 1, (1.3) still holds but one needs to replace R% 2 with R,,(z) = 2™, the double

m,n

sum with ZmEZ+ and B[0,1] with Q itself. In order to quote our main results, it is convenient to introduce the
zonal kernels defined by the disk polynomials:

Zm,n($7y) = R(r]ni,r%(x ! y)a m,n € Z+, T,y € Qqu (q Z 2)

and
Zm(xay) = Rm(xy) :xmyfm’ mGZ, ‘T7y€QQ-

Since ¢ remains fixed, the omission of the dimension ¢ in both notations introduced above should cause no confusion.
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2 Main Results
The disk polynomials are orthogonal in the following sense (¢ > 2)

— OrmkOn,
/ RIZ2(2) RIS (2) dvg () = 220
B[0,1] ’

q—2
hm,n

hq727m+n+q—1 m-4+q—2 n+q—2
o g—1 q—2 q—2 '

On the other hand, {R,,, : m € Z} is an orthonormal basis of L?(Qa,, 02). If we write (-, -)2 to denote the normalized

where

inner product of L?(3

54 0q X 04), that is,

1 JE—
<K13K2>2 =g Kl(xay)KQ(may) d(O'q X O}D(Jf,y), Ky, K> € LQ(ngaq x Uq)a

Wg Jaz,
the main results in this note can be stated as follows.

Theorem 2.1. ([1]) Let K belong to L*(Q3,,04 X 04). If K = J % J for some J in B*(Q%3,), then

ST WG 2K, Zinw)a| <00 (q>2)

m,n=0

and
oo

Z (K, Zn)a| <oo (¢g=1).

m=—0oo

Theorem 2.2. ([1]) Let K be a kernel in L*(Q3,). If ¢ > 2, assume that all the Fourier coefficients (K, Zy n)2

are nonnegative and that
oo

> WK, Znn)2 < 0.

m,n=0
Otherwise, assume that all Fourier coefficients (K, Z,)o are nonnegative and that

oo

> (K, Zm)2 < 0.

Then, there exists an L%-positive definite kernel P in 32 (ng) such that K = PxP. In particular, K is an L?-positive
definite element of B*(Q3,).

Theorem 2.3. ([1]) If K is a continuous, zonal and L*-positive definite kernel on Qa,, then there exists a positive
definite kernel P in B*(3,) such that K = P x P.
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TIPOS DE HOLOMORFIA E OPERADORES DE CONVOLUCAO EM
ESPACOS DE FUNCOES ©-HOLOMORFAS DE UM DADO TIPO E UMA
DADA ORDEM

V.V. FAVARO * & A. M. JATOBA f%

Neste trabalho caracterizamos os operadores de convolugao nos espagos Exp’é (E), parak € [1,4+00) e Expgo (E),
para k € [1,+00] de fungoes holomorfas definidas no espago de Banach E a valores complexos.

A caracterizacao destes espacos é importante para se obter resultados de existéncia e aproximacao de solugoes
para equacgoes de convolucao. Nesta caracterizagao utilizaremos o conceito de tipo de holomorfia definido por L.

Nachbin em [3] e o conceito de mi-tipo de holomorfia, introduzido em [1] e explorado em [2].

1 Definicoes e Resultados

Definigao 1.1. Seja (Pe(’E));2, wm tipo de holomorfia de E em C. Se p >0 ek > 1, denotamos por B(’ﬁj’p (E)
o espago vetorial complezo de todas f € H (F) tais que C/Z\Jf (0) € Pe (YE) , para todo j € Ng ={0,1,2,...} e

S ()
Mlesn =307 ()|

que € um espago de Banach com a norma ||-[|g  , -

1 ~
_—'djf (O)H < 400,
J: o

Definigao 1.2. Seja (P@(jE))?';O um tipo de holomorfia de E em C e k > 1. Denotaremos por Expk (E) o espago

vetorial complexo UBg,p (E) com a topologia limite indutivo localmente convera. Consideramos Expgo (E) =
p>0
ﬂb’gp (E) com a topologia limite projetivo localmente conveza.

p>0
Aqui estamos considerando as topologias limite indutivo e projetivo dadas pelas inclusoes naturais.

Definigao 1.3. Seja k > 1. Um operador de convolugdo em Exzpf, (E) é uma aplicagao linear continua
O: Exp& (E) — Exp (E)

tal que 7_o (O (f)) = O (7_of), para todo a € E e f € Expk (E), onde 7_,f (z) = f (z + a) , para todo = € E.
Analogamente define-se um operador de convolugao em Ezp§ , (E) .

Denotaremos os conjuntos de todos os operadores de convolugio em Expf (E) e Easpgo (E), respectivamente por
AL e A% .

Defini¢ao 1.4. Para k € [1,+00), T € [Exp (E)]/ e f € Expk (E), definimos o produto de convolugio entre T
e fpor (T f)(x) =T (7—.f), para todo € E. Analogamente para Ezp’é,o (E) .

Nosso objetivo é mostrar que T* define um operador de convolucao nos espagos E:Cp’(i) (E) e Expgo (E). Mais

ainda, vamos mostrar que todo operador de convolugao nestes espacos é desta forma, conforme o préximo resultado.
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, q

Teorema 1.1. Seja (Po(’E))52, um mi-tipo de holomorfia de E em C, com ||[Plle = > [[¢7'||e para todo P =
j=0

q

Y. YT, com ¢y € E', g,m € N. Entao, para O € AL (ou O € Ago) existe um dnico T € [Ea:p’é (E)}/ (ou

=0

T € [Exp (B)]" ) tal que O =T x.
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LP — LY ESTIMATES FOR KLEIN-GORDON TYPE WAVE MODELS
WITH NON-EFFECTIVE TIME-DEPENDENT POTENTIAL

WANDERLEY N. NASCIMENTO * & MICHAEL REISSIG |

1 Introduction

We consider the Cauchy problem for Klein-Gordon type models,
e — Au+m(t)?u =0, u(0,z) = up(x), u(0,z)=ui(z), (1.1)

with tm(t) — 0 and m ¢ L', i.e., m(¢)?u is non-effective time-dependent potential. The goal is apply a diagonal-
ization procedure to Klein-Gordon problems (1.1) with sufficiently smooth time-dependent coefficient m = m(t)
aiming to find a representation for the solution by Fourier multipliers and then derive LP — LY decay estimates on
the conjugate line. This procedure is well-known as WKB analysis and was introduced by K. Yagdjian in [2] and
M. Reissig - K. Yagdjian in [3].

A modified scattering result will complete our considerations.

The results presented in this abstract is a generalization of L? — L? estimates proved in the paper [1].

2 Mathematical Results

In order to get some feeling for the behavior of solutions to (1.1) we can transform the time-dependent potential to a
time-dependent damping and a new potential. If we introduce the change of variables given by u(t, z) = ¥ (t)v(t, z),
then the Cauchy problem (1.1) takes the form

¥'(t) P (t) uo(x)
¥(t) ¥(t) ¥(0)

If we choose a suitable function 1, then [4] gives us sufficient conditions in order to exclude contributions to the

v — Av + 2 v + ( + m(t)Q)v =0, v(0,z2) = , ve(0,2) = v1(x) (2.2)

energy coming from the time-dependent potential. For the damping term that appears, we use some ideas of [5]
about asymptotic properties of solutions to wave equations with time-dependent non-effective dissipation.
After this consideration let us consider the Cauchy problem (1.1) under the following conditions:

Hypothesis 2.1. Let m(t) € C*(R,) satisfy

m(t)
(1+1¢)k

Hypothesis 2.2. There exists a positive increasing function ¢ = (t) € C*°(Ry), such that

1
OISy P01

for all kE < ¢. (2.3)

. Y'(t) (1)
hirisotij(l +1) o0 <1, ’ o0 ’ < L for all k € N. (2.4)
And we assume the following relation between m(t) and (t):
> ) 2
/0 (1+r)\ ot ]dTg 1. (2.5)

*Departamento de Matematica , UFSCar, Sao Carlos, SP, Brasil, e-mail: wnunesmg@yahoo.com.br
TFakultdt fiir Mathematik und Informatik, Institut fiir Angewandte Analysis, TU-Freiberg, Freiberg, Alemanha, e-mail:
reissig@math.tu-freiberg.de
198



Then we can prove the following LP — L? estimates:

Theorem 2.1. Assume Hypotheses 2.1 and 2.2. If the Cauchy data ug,u; € S(R™), then we have the LP — L%

estimates for the the kinetic, elastic and potential energy as follows:

1

(et ), Vault, ), pOult, N, S Q@+6"F G5 (fug

for p € (1,2], p and q on the conjugate line, p(t) = (1 +t)~19(t), and with reqularity r = n(; — 5)'

pr+1 T llutllpr)

To garantee the optimality of our estimates we proved a modified scattering result to Cauchy problems for wave
equation with scattering time-dependent mass term and non-effective time-dependent dissipation. In other words,

consider the Cauchy problem for wave equations with time-dependent mass and dissipation

upr — Au+b(t)us + m(t)u =0, u(0,2) = up(z), u(0,2) = uy(x), (2.6)
where (t,x) € Ry x R™, b=b(t) > 0 and m = m(t) > 0 under the following assumptions:
Hypothesis 2.3. Suppose that b(t) and m(t) satisfy

p 1\ 1 \2
‘dtkb(t)‘ < Cy (1—|-t) for k=0,1 and m(t) <C (M) .
Hypothesis 2.4. Suppose that b(t) and m(t) satisfy
ligsuptb(t) <1 and (1+t)m(t) € L.
Then if we consider v as the solution of the free wave equation, i.e.,
v — Av =0, v(0,2) =vo(x), v:(0,z) = v1(z), (2.7)

we can prove that:
Theorem 2.2. If Hypothesis 2.3 and Hypothesis 2.4 are satisfies, then there exists a bounded operator
Wy : (ug,ur) € HY(R™) x L*(R™) — (vg,v1) € HY(R™) x L*(R™)
such that for Cauchy data (ug,u1) of (2.6) and associated data (vo,v1) = Wi (ug,u1) to (2.7) the corresponding
solutions u = u(t,z) and v =v(t,x) satisfy
IA@) (ue(t, ), Vault, ) = (vi(t; ), Voot -)lla = 0
as t — oo.

The results presented here is part of the Nascimento’s PhD-thesis.
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EXISTENCE OF SOLUTIONS FOR A CLASS OF p(x)-KIRCHHOFF
TYPE EQUATION VIA TOPOLOGICAL METHODS

W. BARAHONA M * & E. CaBaniLLas L T &
G. Rodriguez V # & R.De La CruzM ¥ & J. Quique B I

Abstract

The aim of this work is to obtain weak solutions for a class of p(x)-Kirchhoff type problem subject to no
flux boundary conditions.Our approach relies on the variable exponent theory of generalized Lebesgue-Sobolev
spaces combined with a Fredholm-type result for a couple of nonlinear operators.

1 Introduction

In this paper we study the following problem

—M(A(z, Vu))div(a(z, Vu)) = f(m,u)|u\i((i)) in Q (1.1)
u = constant on 0f)
/ a(x,Vu).vdl' = 0. on 909
0

where € is a bounded domain in R” with a smooth boundary 9Q, and N > 1, p,s,t € C(Q) for any z € Q;

M : Rt — R™T is a continuous function, f is a Caratheodory function and div(a(x, Vu)) is a p(z)-Laplacian type
operator.

Recently, the studies of differential equations and variational problems with non standard p(z)-growth conditions
have received considerable attention (See[2] — [4]) .

We consider (1.1) to study the existence of weak solutions. Employing a Fredholm type theorem (See Dincall]),
we should be able to establish our results.

2 Mathematical Results
We need some theorems on WP (Q) which we call a variable exponent Sobolev space.

Write: C(Q) = {p(x) € C(Q) : p(x) > 1,Vz € Q}; pt =maz{p(x);z € C(Q)}; p~ =min{p(z);z € C(Q)}
M(Q2) = { u: u is a real-valued measurable function on Q } ,

LP@(Q) = {u € M(Q) : / lu(z)[P@dz < oo}
Q
We can introduce a norm on LP(®)(Q)

Ul pz) = inf{A>0: / \@V}(‘”)dx <1}
Q
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and (LP®)(Q), |ul,(,)) becomes a Banach Space. The space W) (Q) is defined by
WhPE(Q) = {u € LP@(Q) : |Vu| € LP@(Q)}

with the norm
Hqu(m) = |u|p(:r) + |v“|p(m) Vu € Wl?p(z)(Q)

Let
V = {u e WHP@)(Q) : u |sq= constante}

Definition 2.1. A function u € V is said to be a weak solutions of (1.1) if

M(/ Az, Vu)dz) / (a(z, Vu))Vode = |u\z((i)) / flz,u)vde , YoeV
Q Q Q
Below, the function f: Q x R — R will be always assumed Caratheodory and

(fo) flatt < alt|* @ 4o, V(z,t) € QxR

where ¢y, co are positive constants, a € C () such that 1 < a(x) < p*(x), and M : Rt — R™ is a nondecreasing
continuous function and satisfies M(t) > mg > 0. The a : @ x R® — R is the continuous derivative with respect
to ¢ of the mapping A : @ x R" — R", A = A(x,€), that is a(z,&) = D¢A(x,€), and suppose that the following

conditions hold:
e a) a(x, &) < co(1+ [€[P®=1) for all z € Q and & € R™ for some constant co > 0.

e b) A is p(x)-uniformly convex: there exists a constant k& > 0 such that

A(w,€) + S A, 9) — Hle —
for all x € Q and £,¢ € R"
e ¢) The following inequalities hold true a(z,&).& < p(z)A(z,€) for all z € Q and ¢ € R®
o d) A(z,0) =0, for all z € Q
o ©) (a(z, ) — alz, m)-(€ — ) > 7| — 7P, some 5 > 1
Our main result is as follows:

Theorem 2.1. Assume hypothesis (fo), (Mo) , (a) —e) are fulfilled and % < p~. The problem (1.1) has a
weak solution.

Proof: We apply a Fredholm type result proved by Dinca [1].
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ADVANCES IN FIRST ORDER STOCHASTIC PARTIAL DIFFERENTIAL
EQUATIONS

WLADIMIR NEVES * & CHRISTIAN OLIVERA !

1 Introduction

We present some results concerning stochastic linear transport equations and quasilinear scalar conservation laws,
where the additive noise is a perturbation of the drift. Due to the introduction of the stochastic term, we may
prove for instance well-posedness for continuity equation (divergence-free), Cauchy problem, meanwhile uniqueness
may fail for the deterministic case, see [1], [2], [3], [4] and [6]. Also for the transport equation, Dirichlet data, we
established a better trace result by the introduction of the noise, see [7]. We introduce the study of stochastic

hyperbolic conservation laws, in a different direction of [5], applying the kinetic-semigroup theory.

In particular, we establish wellposedness for stochastic continuity equation. Namely, we consider the following

Cauchy problem: Given an initial-data wug, find u(t, z;w) € R, satisfying

dyu(t, z;w) + (u(t,x;w) (b(t,x) + @(w))) =0,

dt (1.1)

ult:O = U,

((t,:z:) eUr,w e Q), where Ur = [0,T] x R?, for T > 0 be any fixed real number, b : [0,7] x R? — R? is a given
vector field, with divb(t,z) = 0, B; = (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], [4], [5], [6], and more recently the initial-boundary value problem in [8]. Concerning the deterministic case of
the problem (1.1), also in a non-regular framework, the reader is mostly addressed to [3] 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

be LU([0,T], (LP(RT)?),  p,q < oo,
d 2 (1.2)

p > 2, q> 2, and -+ -<1
p q

The last condition (1.2) is known in the fluid dynamic’s literature as the Ladyzhenskaya-Prodi-Serrin condition,

with < in place of <.

2 Mathematical Results

Theorem 2.1. Assume conditions (1.2), and div b(t,x) € L*([0,T], L>(R)). If u,v € L>=(Ur x Q) are two weak
L —solutions for the Cauchy problem (1.1), with the same initial data ug € L°°(R?), then u = v almost everywhere
in [0,T] x R? x Q.
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PARABOLIC SYSTEMS WITH CROSS-DIFFUSION TYPE CONSTRAIN

WLADIMIR NEVES * & MIKHAIL VISHNEVSKII |

1 Introduction

In this paper we consider the parabolic system of the form

Opug = aij(aaﬁ(xa U)g?‘;f> + fa(xvu)v (t,X) € Qr, (1'1)

where for T > 0, Qr := (0,T) x Q, and  C R?, (d € N fixed), is an open bounded domain of class C, which

the unitary normal vector field on 9 =: T, is denoted by n = (n!,...,n%). The usual summation convention is

assumed through the paper and, Latin, Greek indices ranges respectively from 1 to d and from 1 to IV, for some
N eN.

One of the main purposes here is to prove existence of global classical solution for (1.1). More precisely, assuming
that

fa € C?(QAx RY), (1.2)
also .
Aap € 02(Q X RN),
- (1.3)
inf {aas(x,v) €a &g, €€ SV (x,v) € Q x RN} =: X >0,

we seek for a vector function u : Q7 — R, which is continuously differentiable w.r.t. ¢ > 0, twice continuously
differentiable w.r.t. = € §, satisfying (1.1) and the following boundary-initial data:

(i) Initial condition. Given ug(x) € C(Q), the vector value function u must satisfiy in {0} x Q
u(0,x) = up(x). (1.4)

(ii) Boundary condition. For §%* € [0, 1], we consider on I'r := (0,T) x "

0
o azi;l +(1—=6% an(x)uq =0, (here no sum in «) (1.5)
where a, is a smooth function, such that a,(z) > po > 0 for all & = 1,..., N, z € R% In particular, if §% = 0,

(Va), then we have Dirichlet data. On the other hand, for § = 1, (Va), we have Neumann boundary condition, and
in this case this type of parabolic systems describes the process of diffusion, and also cross-diffusion due to chemical

transformations in closed systems.
We assume that the initial data uy belongs to the space
E = {upa(x) € C(Q)/upa(x) = 0 on 9 when 6* = 0}

and recall that, the local existence of solutions u(t,x,ug) of problem (1.1), (1.4), (1.5) with initial data in E is
proved in [1], see also [2].
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In this paper we apply some techniques and results from [3], and prove the global solvability of system (1.1),
(1.4), (1.5). Albeit, we need some additional assumptions:
Forup, >0, 0a=1,.... K—1,K+1,...,N,

ClaK(X,Ul,..-,UK_l,O,UK+1,-.-,UN):O, (Xeﬁ)a
(1.6)
fK(x,ul,...,uK_l,O,uK+1,...,uN)SO, (XEQ).
Moreover, there exists a smooth positive function a(u) > a; > 0, and a nonnegative vector A, such that
(A*(u) - a(u)Id>A =0,
(1.7)

A-F(u) <0,

where A*(u) is the adjoint matrix of A(u) = ans(x,u), and F(u) = fo(x,u). The first equation in (1.7) is usually
called a conservation law.

Theorem 1.1 (Main Theorem). Under conditions (1.2), (1.3), (1.6), and (1.7), the problem (1.1), (1.4), (1.5) has
a classical solution u € C’g+7(@) for every T > 0, ug € E, and some v > 0.
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ON WELL-POSEDNESS OF THE THIRD ORDER NLS EQUATION
WITH TIME DEPENDENT COEFFICIENTS

X. CARVAJAL, * M. PANTHEE T & M. SciaLom ¥

1 Introduction

We consider the initial value problem (IVP) associated to a third order nonlinear Schrédinger (tNLS) equation with
variable coeflicients

g + i) tpe + B(E)Uppr +iy(O)|uPu =0, wu(z,to) = uo(z), z,t,to € R, (1.1)

that arises in the context of high-speed soliton transmission in long-haul optical communication system and describes
the evolution of the normalized complex envelope u(z,t) of an optical pulse in a periodic dispersion map. The
functions a(t), 8(t) and ~(t) are real valued, «(t) represents the fiber dispersion that defines a dispersion map and
is a periodic function with alternating values a* and a~; 8(t) models the third order dispersion and ~(¢) accounts
for the effects of gain and loss.

In this work we are interested in studying the well-posedness issues for the IVP (??) for given data in the
L?-based Sobolev spaces. Also, we will address the scaling limit to fast dispersion management as in [?].

Regarding the well-posedness issue to the IVP (??), we have the following:

e In the case when «, f3, v are constants, the local well-posedness for initial data in H*(R), s > —i has been

proved in [?].

e In the case when «, 3 € C1([~Ty + to, To + to]), to € R, To > 0 with 8 # 0 for all t € [T + to, Tp + to] and
7 constant, the local well-posedness for initial data in H*(R), s > 1 has been obtained in [?].

e Now the question arises: what about the local well-posedness in the case when «, 3, € C([—To + to, To + to])
or are piecewise continuous on [—Ty + to, To + to] or if one has a, 8,y € L ([-To + to, To + to])?

The objective of this work is to provide answers to the questions posed above. If 5(t) = 0 for all t € [Ty +to, to+
To], then the model (??) can be transformed to the dispersion management NLS studied in [?], where the local
and global well-posedness of the associated Cauchy problem and possibility of finite time blow-up is investigated,
see Theorem 3.1 and Lemma 3.2 in [?]. Throughout this work, we consider that the third order dispersion never

vanish.

2 Mathematical Results

For a, 8 € C([-To + to, to + To]) and v € L ([—To + to, to + Lp]) we prove

Theorem 2.1. Let ug € H*(R), s > 0. Let o, B € C([—To+to, to+To)) with 5(t) # 0 for allt € [=Ty+to, To +to],
v € L®([-To + to,to + To)) with ||¥||L= = M. Then there exist a time T = T(|Juollgs) < To and a unique
solution u to the IVP (??) in C([-T + to, T + to], H*(R)). Moreover, the map ug — u is smooth from H*(R) to
C([=T +to, T + to); H*(R)) N X7.
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If the dispersion map « is 1-periodic and piecewise constant given by
at) = alpha™, 0<t <t alt)= —a™, th—-1<t<0, (2.2)

where o™ and a~ are positive constants, t* € (0,1) and a(t +1) = «(t) and S(t), v(¢) are constants, we can define

Bourgain’s type space X*? to prove the following local well-posedness result.

Theorem 2.2. Letug € H*(R), s > —%. Let « be a periodic function as defined in (??) and ~y, § # 0 are constants.
Then there exist a time T = T (||uo||gs) < To and a unique solution u to the IVP (??) in C([-T +to, T+to], H*(R)).
Moreover, the map ug — u is smooth from H*(R) to C([=T + to, T + to), H*(R)) N X**, b > 1.

We also prove the following global well-posedness result.

Theorem 2.3. Let ug € H*(R), s > 0 and T > 0 be any given time. Then the local solution to the IVP (77?)

obtained in Theorems 77 and ?? can be extended to the time interval [—T + to, T + to].

In what follows we put forward a study of the scaling limit of the fast dispersion management to the IVP (??)
considering v constant and « given by (??). For a small parameter 0 < ¢ < 1, we consider

t t
ug + Za(g)u;z + ﬂ(g)u;mz + i"/|u6|2u€ =0, u(z,to) = uo(x), (2.3)

where 7 is a constant.
We expect that the behavior of the limiting solution u¢ as € — 0T to be close to the solution of the averaged
equation

up +im(a)ug, + m(B)uy,, +ivlu’Pu’ =0, u’(z,t0) = uo(x), (2.4)

where m(«) and m(8) are averages given by

1 T
1
m(a) := / a(r)dr, m(B) = —/ B(r)dr. (2.5)
0 T Jo
This expectation is in fact true as the conclusion of the following theorem shows.

Theorem 2.4. Letuy € HY(R) and u® € C(R, H*(R)) be the global solution to the averaged IVP (?7). Furthermore,
let u¢ € C(R, HY(R)), be the global solution of (?7). Then we have

. 0 _
el—l>%l+ ||u6 —u ||L([)To"*to)TtholH1 B 0’

for all T > 0.
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