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CONCENTRATION-COMPACTNESS PRINCIPLE FOR AN INEQUALITY
BY C. ADAMS

ABIEL C MACEDO* & JOAO MARCOS po Of

Here we present a generalized version of the Lions concentration—compactness principle (see [2, Theorem 1.6])
for the Sobolev space Wy (2) when mp = n and (2 is a smooth domain in R", n > 2, with finite n-measure. More
precisely, D. Adams (see [1]) prove that

sup / Bl "0 g < CoynL£n (), V5 < Bo. (0.1)
wewr(Q), Ja
1Vl p<1
where n
n ﬂ,%zmr(mg-l) n—m ad
Wn_1 1—\(n772n+1) bl m o bl
Bo = Bo(m,n) = B ()] A
n_ |72270(%) m even
PR F(n—2m) ) ’

and [y is sharp, that is, the supremum in (0.1) is 400 if 8 > 5y, where L,, is the Lebesgue measure in R”. In other
words Wy (Q) is embedded in the Orlicz space determined by ®(t) = ePolt”’ "™ _ 1 Hut this embedding is not
compact. We prove that except for “small weak neighbourhoods of 0” the embedding is compact by improving the
best constant fj.

The proof is established using the decreasing rearrangement and comparison principle due to Talenti combined
with maximum principle.

1 Mathematical Results

Theorem 1.1. Let m be a positive integer with m < n and p = n/m. Let u;,u € WP (Q), p, a measure on Q,
such that [|[V™u;ll, = 1, u; — u in WJ"P(Q) and |[VA*u,; [P — u in M(Q). Then we have one of the following three
cases:

(i) ifu=0 and p = 8,,, for some xo € Q, then, up to a subsequence,

efo luslP/PmY Oy + Ly in M(Q), for somec >0,

(i) if w =0 and p is not a Dirac mass concentrated at one point and there v > 1 and C = C(v,Q) > 0 such that

/eﬂ07|ui|p/(p_l) SC’
Q

(iii) if w Z 0, and for v € [1,7n) there exist a constant C' = C(~,Q) > 0 such that

/eﬁo’vluqzlp/(pfl) <C, (1.2)
Q

where
(1 — [V (aFu) )V i =2k 41,

M (1) == o
" (1= [Vmulz) =Y if m=2k.

*Departamento de Matematica, UFPE, PE, Brasil, abielcosta@dmat.ufpe.br
fDepartamento de Matematica, UFPB, PB, Brasil, e-mail: jmbo@pq.cnpq.br
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To prove the case (iii) the following Lemma play a crucial role. Given A C R! we denote by A* the ball of radio
R > 0 centered at 0 in R! such that |[A*| = |A]. Let u: A — R be a measurable function. We denote by

w(t) =|{z € A: |u(z)| >t} and u?(s) :=1inf{t > 0: u(t) < s} Vselo,|A],
the distribution function and the decreasing rearrangement of u, respectively, and by
u*(z) = u(w_1|z))) Vo e A%
the spherically symmetric decreasing rearrangement of w.

Lemma 1.1. Let A C R! an open set and f;, f € LP(A) such that f; — f weakly in LP(A), p > 1. Then, up to a
subsequence, fi := gi — g almost everywhere for some g € LP(0,|A|) such that ||g|l, > || /#|,-

Proof of Theorem 1.1 To prove (i) and (ii) we only need to note that if £ € C*(Q), ¢ > 0 and [ |¢[Pdx = 1,
then feB‘J'f“i‘p/(Vn is bounded in L%(§ > 14 6) for some ¢ > 1 and § > 0. So in each case we use a suitable & to
guarantee the statement.

To prove (iii) the strategy is use the Talenti comparison result (see [3]) combined with maximum principle to
find a suitable sequence v; € W (%) such that v; > v} and 0 < [[V™v;|, < [[V™u;]|, < 1, which imply that

— * -1 1 p—1
/eﬁovlui\’)/(” 1) :/6507“ p/(p=1) S/ Py vt/ PV
Q Q .

where Q* is a ball of radio R, centered at origin with |Q*| = || and
WFP(F) i={u € W™P(Q) : u = AVu = 0 in the sense of trace,1 < j < m/2}.

So, using that
sup / Blul?/ ™Y < Cronln(Q), V0<8< P, (see [4, Theorem 4])
ueW 3P () JQ

IV u)<1

together with Lemma 1.1 and Brezis-Lieb’s Lemma, we prove the statement.
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SEMILINEAR ELLIPTIC PROBLEMS WITH ASYMMETRIC
NONLINEARITIES

ADILSON E. PRESOTO* & FRANCISCO ODAIR V. DE PAIVAJr
This work aims to point out new results related to the semilinear elliptic equation

—Au+ plu|??u = g(u) inQ,
{ ful g(u) 0.1)

u=>0 on 0,

where (1 is a positive parameter, Q C RY is a bounded boundary with regular boundary 99, N >3 and 1 < g < 2,
when ¢ is asymmetric and superlinear at +oo. Since the appearance of [1], there has been an increasing concern
about problems with a concave term. It is known that crossing eigenvalues, in particular the first one, is related to
existence and multiplicity of such problems. For instance, in [3, 4] the assumptions ¢'(0), g— < A1 were considered.
We are interested in the case ¢’(0) and g_ are between two consecutive eigenvalues. By using variational methods
we show the existence of three solutions: one positive, one negative and the third one which cames from linking
theorem.

Our work leads explicitly with the nonlinearity g(u) = au + b(u™)P with 2 <p < 2* b > 0 and A\, < a < Mgy
We note that we approach both the subcritical and the critical case. For the critical case, as in [2] we construct
minimax levels for the energy functional associated to (0.1) below the breaking of compactness.

1 Mathematical Results

Teorema 1.1. Let N >3 and M\ < a < Ap41. If 2 < p < 2%, then (P) has at least three nontrivial solutions.

Teorema 1.2. Let N >4 and A\ < a < Agy1. If p = 2* then, for A small enough, (P) has at least three nontrivial
solutions.
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POLINOMIOS E OPERADORES MULTILINEARES (p; ¢; 7)-SOMANTES

A. T. BERNARDINO*

O conceito de operadores lineares absolutamente (p; g; r)-somantes é devido a A. Pietsch; uma extengao natural
da nogao classica de operadores absolutamente (p;gq)-somantes. D. Achour introduziu o conceito de aplicagoes
multilineares absolutamente (p; g; r)-somantes em [1]. O ideal de polinémios da versdo polinomial dos operadores
absolutamente (p; ¢; r)-somantes ndo é corente nem compativel de acordo com a definigdo de Carando, Dimant, e
Muro [3]. Neste trabalho investigamos outras possibilidades de extensdes multilineares e polinomiais do conceito
de operadores lineares absolutamente (p; g; r)-somantes. Oferecemos uma abordagem alternativa que fornece ideais
coerentes e compativeis.

A nocgao de operadores multilineares multiplo (p; g)-somantes foi introduzida em 2003, independentemente, por
M. C. Matos [4] e D. Pérez-Garcia e I. Villanueva [5]. Inspirados por essa abordagem, introduzimos a nogao de
operadores multilineares miltiplo (p; ¢; r)-somantes e mostramos que o ideal gerado pela versdo polinomial deste

conceito é coerente e compativel com o ideal dos operadores lineares absolutamente (p; ¢;7)-somantes ( [[,....).

Defini¢ao 0.1. Sejam m € N,p,r,q1,...,qn, > 1 e Er, ..., E,, F espacos de Banach. Um operador multilinear

continuo T : By X -+ X E, — F é maltiplo (p; q1,. .. ,qn;T)-somante se

((pjl"'j" (T (mﬁ)’ o ’x‘gz))))(jl,-uJ'n)EN" €6 (N

. oo
sempre que (;vg )> €ly (Ei),i=1,....n € (@5 j.) g, joenn €4 (FN).

j=1
Escrevemos simplesmente j € N” para denotar j = (j1,...,Jn) € N™.
O espaco vetorial formado pelos operadores multilineares multiplo (p; g, ..., ¢n;7r)-somantes de Ey x --- X E,
em F' serd representado por Lias(pqy,....qnir) (£15--+, En; F). Quando ¢y = -+ = ¢, = ¢, escrevemos apenas
Lastpigr) (B, ..., En; F). Como na teoria dos operadores multiplo (p; ¢)-somantes, temos um resultado de carac-

terizagao por meio de desigualdades:

Teorema 0.1. As seguintes afirmagdes sio equivalentes para T € L (Ey, ..., FEp; F):
(Z) Te ‘Cmas(p;ql,...,qn;r) (Ela oo By F) ;
(i) Existe C > 0 tal que

1
> 1 p : n . [e%e]
3 ‘%,% (T(z:g,l)’,..,g:;:))) ch(gajl__jn)jeNn I (@}o)jil 0.1)
1y Jn=1 a4 =1 - w,qsq

Ji

sempre que (a:(l)> - €ly (By),i=1,...,ne (@jl...jn)jeNn ey (F*,N");
Ji=
(#9t) Existe C >0 tal que

i 1 p n i m
> ‘%‘1...;‘" (T ($§-1), e 955)))’ <C H(wg‘l...jn)je{1,...,m}n 1T ’ <$§ )) -
J1sedn=1 w,r =1 J= w,q;

para todo m € N, xgi), . ,335,? €eE;,i=1,...,n and (‘le-ujn)jeNn ey (F,NY).
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O infimo de todas as constantes C satisfazendo (0.1) define uma norma em Lyqs(piqy,....qnsr) (E15 -+, En; F) .

Mostramos a seguir algumas relagdes entre as aplicagoes miltiplo (p;qi, ..., ¢n)-somantes (Loas(pigs,....q.)) ©
multiplo (p; q1, ..., gn; T)-somantes.

Proposigao 0.1. Se F tem tipo p* e

entao

Lnas(@iar,an) (B3 B F) C Lonas(siqr,.anst) (B1y o, B F)
Quando F' = K temos

Proposigao 0.2. Se Ei,...,E, sdao espacos de Banach, entdo

Emas(p;ql,.“,qn) (Ela ceey ETL? K) - ‘Cmas(t;qh...,qn;'r) (Elv ceey Ena K)
para todo
111
t r p

Se F'= /{5 e F =K temos os seguintes resultados de coincidéncia:
Proposicao 0.3. Se T € L(F1,...,E,;ls), entdo T é maltiplo (1;1;1)-somante.

Proposicao 0.4. Se T € L(E,,...,E,;K) entao T é miltiplo (%, 1; 1) -somante.

Como é de se esperar, calculos padrao, mostra-se que (Emas(p;ql ,,,,, anir)s ||-||mas(p;q1 ____ qn;r)) é um multi-ideal de
Banach.
Se M é um ideal (quasi-) normado de aplica¢oes multilineares, a classe Pyq = {P eP"PeM,ne N} com
||P||7>A/1 = ||P || o € um ideal (quasi-) normado de polindémios, chamado ideal de polinémios gerado por M. Se M
é (quasi-) Banach, entdo Paq é (quasi-) Banach (ver [2]).

Assim, a classe

,P;’rlms(p;q;r) = {P € Pna Pe ‘C:;Las(p;q;r)} ’
com
||P||7>;;ms(p;q;r) = ||P|’mas(p;q;r),

é um ideal de polinomios de Banach.

o0
n z s
Teorema 0.2. (’Pmas(p;q;r), ||.Hp::m(m;r))n_1 € coerente e compativel com [[, ...
Observagao 0.1. Os resultados acima sao parte da tese de doutorado do autor e estdo submetidos para publicacao

conjuntamente com outros resultados em co-autoria com D. Pellegrino, J. B. Seoane-Sepilveda e M.L.V. Souza.
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AN EUCLIDEAN AND A RIEMMANNIAN VERSION OF THE
CAFFARELLI-KOHN-NIRENBERG INEQUALITY

ALDO BazaN* & WLADIMIR NEVES!

1 Introduction

The Caffarelli-Kohn-Nirenberg inequality appeared for the first time in [3]. That paper introduces the convenient
definition of a suitable weak solution for the incompressible 3D Navier-Stokes equations with unit viscosity, and the
Caffarelli-Kohn-Nirenberg inequality was used to improve the result established before by Scheffer concerning the
dimension of the subset of singularities. Albeit CKN appears earlier in the study of incompressible Navier-Stokes
equations, it was soon understood that, this inequality is important in the theory of elliptic equations, for instance
of the following type

—div(A(z)Vu) = f(z,u), (1.1)

where A is a nonnegative function that may be unbounded and f is a given function.

In different works, the existence and multiplicity of positive or nodal solutions for (1.1) was established, provided

the differential operator
div(A(z)V ()
is uniformly elliptic. Although, interesting and important situations are obtained respectively in the degenerated
and singular cases,
inf A(x) =0, supA(z) = occ.
For instance, it was studied in [7] the existence (of at least two solutions) for the following problem

—div(jx|7** Vu) = K (2) [2] =P [ulP"?u + Ag(x);
where z € R"/ {0} and K € L>°(R"™) (in fact, K has more conditions), A is a parameter, and ¢ is a continuous
function. The inequality CKN was used to show that the functional
1 1
= [l 0P de = [ K@)l do - [ glajuds

n

is well defined among other properties, that is to say, the existence of (at least) two critical points for Jy. Therefore,
the importance of Caffarelli-Kohn-Nirenberg inequality CKN is also shown in elliptic problems. More information
related to applications of this inequality in elliptic problems can be found in [4], [6] and [8]. Finally, we highlight
that these singular and degenerate elliptic equations are given models (at the equilibrium) for anisotropic media,

that are possibly somewhere between perfect insulators or perfect conductors, see [5], p.79.

2 Principal results

In this section, we state the principal result of this work. This inequality appeared in this form in [2], but here we

give a new proof, based in the introduction on a new parameter and a convenient interpolation.
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Theorem 2.1. There exists a positive constant C, such that the following inequality holds for all u € C°(R™)

s \ YT o a/p (1-a)/q
([l turran) ™ < ¢ ([ el 19y az) ™ ([ el ulvac) (22)

if and only if the following relations hold:
1. The dimensional balance condition:

2. If a > 0 then o < . Also, if a > 0 and

then o > a — 1.
Moreover, for s € [p,p*] the constant C' could depend on all the parameters but not on u, otherwise C may also

depend on u.

The Riemannian version of this inequality follow the ideas of the interpolation below, but, the process is more
delicated, because of the additional information on the manifold where the inequality holds. For this, we use as

weight function a conformal Killing vector field, generalizing the ideas of [1].
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APPROXIMATE CONTROLLABILITY FOR THE STOKES SYSTEM IN
NONCYLINDRICAL DOMAINS

ALDO T. LOUREDO * & M. MILLA MIRANDA |

Let ©Q be a bounded connected open set of R" with boundary I' of class C? and let © C Q be a nonempty
open subset. Fix an arbitrary real number 7' > 0. Consider a real function k € C?([0,00)) with k(t) > ko >

0,t € ]0,00) (ko constant), a positive constant v and a n x n invertible matrix M whose entries are real numbers.
Consider the matrix

K(t)=k(t)M, t > 0.
Introduce the following sets:
Q ={z=K(t)y;y € Q}, Tt = boundary of Q, t € [0,00);
Oy={z=K(t)y; yc 0}, Q= |J @ x {t}

o<t<T

S= | nx{t}, 0= |J O x{t}

o<t<T 0<t<T

Under the above considerations in Q we have the Stokes system

@ — vAU+ Vp=7lz in Q;
N divi=0 in Q;
u=20 onf];

a(0) =@ in Q,

where ¥ is the control variable supported in O and 15, the characteristic function of the set 0.
We denote by H(£;) the Hilbert space

H(Qt) = {f € LQ(Qt)n 5 div f =0in Qt s f’l]t =0on Ft}

where 7;(x) denotes the outward unit normal at « € I';, equipped with the scalar product

(Fo)ney =3 [ Ko do.
i=1"
By V(€);) is represented the Hilbert space

V(Q) ={uec Hy(Q)" , divu =0in Q4}

provided with the scalar product

RN Ou(x) dv(x)
(u, v)va,) = ;/Qf v, Oz, dz.

X

Note that if & € L2(O)", there exists a unique solution {@, p} of (P) in the class

*Departamento de Matematica, UEPB, Campina Grande, PB, Brasil, aldotl@Qcct.uepb.edu.br
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€ L2(0,T;V(Q)) NC°»[0,T); H(Y)) ;
o € L?(0,T;V' () ;
p € L2(0,T;L?()), (P is unique up to an additive constant).

Thus, a(xz,T;0) € H(Qr).

Theorem 0.1. Let u® € H(Qq) be. Then the set

Ry = {a(z, T;9); € (L*(0))", U solution of (P) }

is dense in H(Qr).

In the proof of the above theorem first we transform problem (ﬁ) in an equivalent problem (P) defined in

the cylinder @ = Qx]0,7[. Then in problem (P) we apply a Carleman inequality (cf.[5]) and the Hahn-Banach

theorem.

Acknowledgement. We thank to professor L.A.Medeiros by the suggestion of the problem and his important

remarks.
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NULL CONTROLLABILITY FOR THE STOKES SYSTEM IN

NONCYLINDRICAL DOMAIN

ALDO T. LOUREDO* & MANUEL MILLA MIRANDA'

Let © be a bounded open set of R” with boundary of class C?. Consider a set O, O € Q, and T > 0 a real

number. Let & : [0,00) — R be a function of class C? with k(t) > ko > 0, t € [0,00) and let M be an invertible
nxn-matrix with real entries. Consider the matrix K (t) = k(¢t)M, ¢ € [0,00). Introduce the sets

O ={zeR"z=K(t)y, y<€ Q}, I't =boundary of Q; , t € [0,00);

Q= |J ux{t}, 2= (J Tvx{th
0<t<T 0<t<T
Or={zeRMz=K(t)y,yc0}, 0= [J O x{t}.
0<t<T
In @ we consider the following problem for the Stokes system:

@ —vAa+Vh=10lg in Q;
divi=0 in Q;

@=0 on X

)

a(0) =a° in Q.

Here v > 0 is a constant, 153, the charasteristic function of the set O and 0, the control variable acting on 0.
We denote by H () the Hilbert space

H(Q) ={f e L* ()" ; div f=0inQ, fn, =0onT}

where 7;(z) denotes the outward unit normal at € I';, equipped with the scalar product

(f,9) @) = Z/Q fi(2)gi(z) de.

By V(€) is represented the Hilbert space

V(Q) ={uc H}(Q)" , divu =0in Q4}
provided with the scalar product

S Ou(x) Ov(x)
(u,v)v(m)_;/m Ox; Oz dx.

Note that if © € L2(O)", there exists a unique solution {@, p} of (P) in the class

i€ 20, T V(9,) 00, T); H(Y))
o € L20,T;V'(Q)) ;
pe L*0,T;L*())

(p is unique up to an additive constant).
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Theorem 0.1. Consider 4 € H(Q) and k the function given above satisfying

K (t) >

Tl vt € 10,7

where C > 0 is a constant independent of t € [0,T]. Then there exists a control © € L? (@)" such that the solution
@ of (%) satisfies
W(T)=0 in Q.

To prove Theorem 0.1 we proceed in the following way. First, by a change of variables, we transforms problem
() in an equivalent problem defined in a cylinder. Here appears a Stokes system with variable coefficients. Then
we use three global Carleman inequalities to obtain the null controllability of the second problem. Our proof
was inspired by the paper [2]. Here the authors obtain a similar result but for the Stokes system with constant

coefficients, this system defined in a cylinder.

Acknowledgement. We thank to professor L.A.Medeiros by the suggestion of the problem and his important

remarks.
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NULL CONTROLLABILITY OF NONLINEAR HEAT EQUATION WITH
MEMORY EFFECTS IN NON CYLINDRIC DOMAIN

A.O. MARINHO* & I.EVANGELISTAT

We study the null controllability of a nonlinear heat type equation with nonlinearities in non cylindric domain.
The equation contains the additional integral expression including "memory function” with the Dirichlet boundary
conditions. The proof of the linear problem relies on Carleman-estimate and observability inequality for the adjoint
equation and that the nonlinear one, on the fixed point technique.

In this work, we consider the following nonlinear parabolic system with memory

y'(z,t) — Vy(x,t) + g(y(z,t)) + fg h(t, T)y(r,2)dT = x,v(z,t) in 0

y(z,t)=0 on X (0.1)
y(0,2) =0 in Q

where © C R” be a connected open set whose boundary o0 is regular enough and w C Q) be a small nonempty open
subset.We will use the notation Q = Q x (0,7),T > 0 and = dQ x (0,T). The function y(t, ) is a temperature
at a point  and time ¢, v(t,z) is a control function, y,, denotes the characteristic function of an open non-empty
subset w of . The given function g : R — R satisfy the following condition: g is of class C' and globally Lipschitz
continuous with respect to p, there exists a constant C' > 0 such that |g(p1) — g(p2)| < Clp1 — p2|, Vp € R. The
Kernel h: (0,T) x (0,T) — R is sufficiently smooth and satisfy the following assumption: h(t,7) = 0|;=o 1.

1 Mathematical Results

Our main result is the following:

Theorem 1.1. Assume that the non-cylindrical domain @ satisfies the geometric conditions and also let us assume

that the assumptions on g hold. Then the nonlinear system (0.1) is locally null controllable at any time T > 0.
To proof the theorem above we use
Lemma 1.1. Let w € Q be a non-empty open set. There exists a function ¢ € C?(2) satisfying:

Y(y) >0 Vyeq,
=0 Vyeon, (1.2)
VY(y)| = k>0 Vye\w.

proved in [1].

Introducing the functions
() e W) _ o2XM[¥]le
P(y,t) = B a(y,t) = 00 <0, (1.3)
where 8(t) = ¢(T —t) for 0 <t < T and A > 0, we obtain

*Departamento de Matematica , UFPI, PI, Brasil, Partially supported by PROCAD-CAPES marinho@ufpi.edu.br
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Theorem 1.2. Let ¢ and « be defined as in (1.8) and suppose the memory kernel satisfy h(t,7) = 0|;=0,r.. Then
there exist \g < 1 such that, for an arbitrary X\ > Ao, there exists a s > so(A\) satisfying the following inequality:

/ (s3¢>w? + sp| M Vw|?)dadt —|—/ (s) " Le® (Jwe|® + |A*w|? + |H} * w|*)dxdt
T Qr (1.4)
<C (/ e f1 |2 dxdt —|—/ 6250‘53¢3w2dmdt) .

w

in the proof the theorem we use the ideas of [1] and [8].

By means Carleman inequality above we obtain

Lemma 1.2. Suppose all the assumptions of Theorem 1.2 are satisfied. Then for Ag > 0, s > so(A\) (as defined in
Theorem 1.2) the following observability estimate holds:

|w(z,0)|?dz < C (/ 2| f1|*dxdat —|—/ e2so‘¢3w2dxdt) , (1.5)
Q Qr

w

where C' > 0 is a constant that does not depend on fi1 and w.

Thus we obtain the proof the Theorem 1.1.

The following, we list the reference used in the work.
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SOLUCOES SINGULARES PARA A EQUACAO DE YAMABE

ALMIR SILVA SANTOS*

A equacao de Yamabe é uma equagdo diferencial parcial eliptica com origens na Geometria Diferencial. Geo-
metricamente qualquer solugao da equacao de Yamabe em uma variedade Riemanniana dar origem a uma métrica
conforme a inicial com curvatura escalar constante. No caso em que a variedade é compacta de dimensao maior ou
igual a 3, apds os trabalhos de Yamabe [9], Aubin [1] e Trundinger [8], Schoen [6] foi capaz de dar uma resposta
afirmativa ao entao conhecido como o Problema de Yamabe. O caso nao compacto, em geral, nao possui solugao
(ver Jin [3]). Para variedades com uma estrutura simples no infinito, este problema pode ser estudado resolvendo o
entao chamado Problema de Yamabe Singular. Este problema é equivalente a encontrar solugoes com singularidades
da equagao de Yamabe. O objetivo deste trabalho é mostrar como usar técnicas de perturbacao e colagem para

construir solugoes para o Problema de Yamabe Singular.

1 Introducao
Sejam (M™, go) uma variedade Riemanniana de dimensao n > 3, com curvatura escalar Ry, e g = u?/("=2) gy uma
métrica conforme a métrica go, com curvatura escalar R,. A relacéo entre Ry, e R, é dada pela equagao de Yamabe

n—2 n—2 n+2
- Ryun—2 =0 1.1
9o 4(TL _ 1) go + 4(71 _ 1) gu ’ ( )

A

onde Ay, é o Laplaciano associado & métrica go.

Ap6s a resposta positiva dada por Schoen, é entdo natural perguntar se no caso ndo compacto também existe
solucdo da equacdo (1.1) que der origem & uma métrica completa de curvatura escalar constante. Vamos considerar
aqui variedades nao compactas que sao abertos de variedades compactas. Em termos analiticos, como podemos

escrever g = u* ("2 gy, este problema é equivalente a encontrar uma funcao positiva u satisfazendo

n—2
4(n—1)
u(z) >0 asxz — X

A _
ot , (1.2)

onde X C M é um conjunto fechado. A condi¢ao que g é completa é satisfeita se u vai a infinito com uma taxa de
crescimento suficientemente grande. Por um resultado de Caffarelli, Gidas e Spruck [2], quando M = S" e X = {p},
a equacao (1.2) nao possui solugao.

Muito é conhecido sobre este problema. Para mais detalhes ver Silva Santos [7] e as referéncias 14 contidas. O

objetivo deste trabalho é mostrar a existéncia de solugao para (1.2) quando X é um tnico ponto.

2 Resultados

Uma métrica g é dita ndo degenerada em u € C**(M) se o operador LY : C**(M) — C%(M) ¢ sobrejetivo para
algum « € (0,1), onde

n—2 n(n + 2)
B - mnT s
dn—1) T T

4
unr—27.

Ly(v) = Agv —

Notamos aqui que se gg é a métrica canonica da esfera unitaria S”, entao lem = Ay, +n. Como n é um autovalor

do Laplaciano na esfera, segue que a métrica canonica na esfera é degenerada sobre a fungao constante 1.

*Departamento de Matematica, UFS, SE, Brasil, arssQufs.br
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O principal resultado deste trabalho é o seguinte teorema.

Teorema 2.1 (Silva Santos, [7]). Seja (M™,go) uma variedade Riemanniana compacta de dimensio n > 3 de
curvatura escalar constante n(n — 1), nao degenerada sobre 1, e seja p € M com V’;OWgo(p) = 0 para k =
0,..., ["T_G] , onde Wy, € o tensor de Weyl da métrica go. Entdo, existe uma constante g > 0 e uma familia u. de
solugées da equagao (1.2), definida para todo € € (0,eq), tais que

1. g. = ug/(n72)90 possui curvatura escalar constante igual a n(n — 1);

2. g. € completa em M\{p}.

3. ge = go uniformemente em compactos de M\{p} quando ¢ — 0.

A motivacao para ["T*G], vem da Conjectura do anulamento do tensor de Weyl (ver [5]). Ela diz que se uma

sequéncia v; de solugoes da equagao

n—2 nt2
Agv; —
gU 1

7R i ‘n—2 :0
4(n— ) Vi +U;

em uma variedade Riemanniana compacta (M, g), explode em p € M, entao

—6
V];Wg(p)zo para todo ogkg[nz }

E conhecido que esta conjectura é verdadeira para n < 24 e falsa para n > 25, ver Marques [4].

A ordem [%} aparece naturalmente em nossa construgao, apesar de nao sabermos se é a 6tima. A técnica
utilizada é a de perturbagdo e colagem. Inicialmente analizamos a equagdo (1.2) localmente, onde podemos fazer
uso de coordenadas normais conforme e o anulamento do tensor de Weyl e encontrar uma familia de solugoes dada
por perturbacoes de solugoes da equagao no R™, as conhecidas solugoes tipo Delaunay. Em seguida utilizamos a nao
degenerecéncia da métrica para perturbar a métrica original e encontrar uma familia de solugées no completar de
alguma bola centrada no ponto p. E finalmente, usando a teoria de regularidade eliptica e um argumento de ponto

fixo mostramos que podemos encontrar um elemento de cada familia que gera uma solugao global para o problema.
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EXISTENCIA DE SOLUCAO PARA MODELOS DE CAMPO DE FASE
COM UMA FAMILIA DE NAO LINEARIDADES

ANDERSON L. A. DE ARAUJO?  JOSE LUIZ BOLDRINI' & BIANCA M. R. CALSAVARAY

Neste trabalho sao estudados existéncia e unicidade de solugoes para um modelo de campo de fase com uma classe
geral de nao linearidades. Este modelo consiste em um sistema de dos equacgoe diferenciales parciais parabdlicas
acopladas, no qual a primeira é para a fungdao de temperatura e a segunda para a funcdao de campo de fase. Aqui

segunda equacao admite diferentes tipos de nao linearidades. Tal modelo é dado pelo seguinte sistema:

u + oy = Au+ f(x,t) em Q,
¢t:A¢+F(mvtv¢)+u €m Q7 (0 1)
Ou/ov = 0¢/0v =0 em o0 x (0,T), '

u(a:,O) = UQ(Z‘), ¢($,O) = ¢0($) x €1,

onde Q C RY ¢ limitado, 0 < T < 0o e Q@ = Q x (0,T); as fungdes u e ¢ estdo relacionadas & temperatura e &
funcado de campo de fase, que distingue as fases sélida e liquida; f(z,t) estd relacionada com a densidade de fontes
e sorvedouros de calor.

O modelo dado por (0.1) generaliza, por exemplo, o modelo tratado em Hoffman and Jiang [1] e est4 relacionado
ao modelo tratado em Moroganu & Motreanu [2,3]. Em geral, ndo é fcil de comparar o modelo (0.1) com o tratado
en Moroganu & Motreanu. Mas em alguns casos, por exemplo, no caso onde as nao linearidades sdo auténomas e
homogéneas, o modelo (0.1) generaliza o tratado en Moroganu & Motreanu.

1 Resultado Principal

Considere as seguintes hipdteses:

(Ho) f € L"(Q). com p > 2, ¢, ug) € Wy~ */7(Q) sio tais que
0o /Ov = Oug/Ov =0 em 00 x (0,T).

(H;) Existe uma constante ag € R tal que

(F(x,t,21) — F(x,t,22)) (21 — 22) < ap(z1 — 29)%, V (x,t) € Q, z1,22 € R.

(Hs) Existe uma fungao G : Q x R? — R satisfazendo
(F(x,t,21) — F(2,t,2))? < G(x,t, 21, 20) (21 — 22)?, V(z,t) €Q, 21,22 €R,
G(x,t,21,20) < co(1+ |21)* 2 + |2*"72), Y(z,t) €Q, 21,20 €R,
para constantes cg e 7 > 1.

(Hs) Para N € N — {0}, os valores de r permitidos na hipdtese anterior sdo r > 1, se p > (N + 2)/2, ou

1<r< NﬁQ—tQQp’ se p < (N+2)/2.
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(Hy) F:Q xR — R é uma funcao Caratheodory, i. e., F(.,.,2) é mensurdvel em Q, Vz € R, e F(x,t,.) € C(R,R),
V(z,t) €Q, F(.,.,0) € L*(Q).
Além disso, para alguma constante dy > 0, F(x,t,2)z < do(1 + 22), V(z,t) € Q, 2 € R.

Teorema 1.1. Sob as hipdteses (Ho) — (Hy), o problema (0.1) admite tinica solugao (u,$) € W2H(Q) x W2H(Q)
e esta satisfaz

el gy + 19llw21gy < €L+ 1dollyy2-2/m g + Nuollyz-2/0 ) + 1 0@

onde C' depende somente de |Q|, ., T, p,r,co,a,dy.
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EQUACAO DE ONDAS SEMILINEAR EM DOMINIOS COM FRONTEIRA
NAO LOCALMENTE REAGENTE

ANDRE VICENTE? CICERO LOPES FROTAT & LUIS ADAUTO MEDEIROS?

Ao longo das ultimas decadas varios autores tem se dedicado ao estudo de problemas de valores iniciais e de
fronteira envolvendo equacoes de ondas. Quando trata-se de problemas envolvendo motivagoes fisicas condigoes
de fronteira nao homogéneas podem tornar-se mais interessante. Nesta direcdo, as Condigoes de Fronteira da
Actistica introduzidas por Beale e Rosencrans, [1], apresentam uma significativa contribuigio. A ideia central para
a formulacao destas condicoes de fronteira consiste em considerar que cada ponto da fronteira de um dominio
Q C R3, no qual esta confinado um fluido sujeito a0 movimento de ondas acisticas, age como uma mola & pressao

que o fluido exerce sobre a fronteira. Precisamente, o modelo considerado por Beale e Rosencrans foi

u —Au=0 em ) x (0,00);
% =4 em I' x (0,00); (1)

u+dé"+10"+mé=0 em I x (0,00),

onde d,l e m sdo constantes positivas; u(z,t) é a velocidade potencial do fluido no ponto x € Q e tempo t; e §(z,t)
é o deslocamento vertical, na diregao normal, do ponto = € I' no instante de tempo ¢. Apds o trabalho de Beale
e Rosencrans surgiram varios outros artigos tratando de problemas similares com estas condicoes de fronteira, ver
[2,3,4,5,7,8,10] e suas referéncias.

Neste trabalho apresentamos um estudo sobre a existéncia, unicidade e comportamento assintético da solugao
para um problema envolvendo uma equagao de ondas semilinear sobre o dominio e condicoes de fronteira que
generalizam as condigoes introduzidas por Beale e Rosencrans. Precisamente, estudamos o seguinte problema de

valores iniciais e de fronteira

v — Au+pl)=F em ) x (0,00);

u=20 em Iy x (0,00);

% =¢ em I'; x (0,00);

uw + f6" — AAré + g8’ +hd =0 em Ty x (0,00); (2)
0=0 em OI'; x (0, 00);

u(@,0) = ¢(z), W' (2,0) = Pp(x) ze
6(z,0) = 0(x), §'(x,0) = %(w) xely,

onde 2 C R™ é um conjunto aberto, limitado e conexo com fronteira suave I'; I'; é um subconjunto aberto e conexo
de T" com fronteira suave, 9I'1, e I'o = I'\I'y. Aqui’ = %; A=3" aa—;?, Ar sdo o operador de Laplace na variavel
espacial e o operador de Laplace-Beltrami, respectivamente; v é o vetor normal, unitario e exterior em I'; ¢ é uma
constante positiva; p: R - R, F: Q x (0,00) = R, f,g,h:T1 = R, ¢, : Q — Rand 0 : 'y — R sdo fungoes
conhecidas.

Como dito acima, as condigoes de fronteira (2)3 —(2)4 sdo uma generalizacao das condi¢oes de Beale e Rosencrans
e foram inicialmente estudadas em [6], onde foram chamadas de condigoes de fronteira da actistica para fronteira nao

localmente reagente. Sua formulacao, motivada pelo trabalho de Beale e Rosencrans, consiste em considerar que
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fUEM - DMA, Universidade Estadual de Marings, PR, Brasil, e-mail: clfrota@uem.br
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parte da fronteira de {2 reage como uma membrana eldstica a pressao que o fluido exerce sobre ela. Recentemente,
Vicente-Frota, [11], estudaram um problema nao linear com uma dissipagdo mais fraca do que a considerada em [6],
onde os autores provaram a existéncia, unicidade e decaimento exponencial da energia associada ao problema. Tanto
em [6] quanto em [11] para provar o decaimento da energia os autores usaram o método conhecido na literatura
como Método de Nakao, [9], para isso foi necessdria uma hipGtese envolvendo a constante ¢ de (2)y.

Neste trabalho, usando o método construtivo de Faedo-Galerkin provamos a existéncia de solucao global para
(2), a unicidade também foi obtida. Por tltimo, foi estabelecido um teorema no qual provamos a estabilidade
assintética da solugao do problema. O principal avango em relagio a [6] e [11] encontra-se no fato que a hipdtese

envolvendo a constante ¢ foi eliminada.
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EXACT CONTROLLABILITY FOR A COUPLED SYSTEM

ANTONIO JOAQUIM R. FEITOSA * & RICARDO E. FUENTES APOLAYA f

1 Introduction

Let Q be an open bounded subset of R™ with regular boundary I'. In this work the authors are interested in proving

the existence of exact controllability for a coupled system of the type,
u'(x,t) — Au(x,t) + av(z,t) =0in Q = Q x (0, 00) (1.1)
v (z,t) — Av(z,t) + au(z,t) = 0in Q = Q x (0, 00), (1.2)
with initial conditions
u(z,0) =u’(z), o(x,0)=u'(z) in €Q
v(x,0) =%(x), o'(z,0)=v'(z) in Q,

here A denotes the Laplace operator and « is a real constant.
In this paper our focus is to present the exact controllability for the coupled linear system (1.1) - (1.2), that

appears when we consider the precise exact controllability of the nonlinear coupled system
' (z,t) — Au(z,t) + u(z,t) v(z,t) =0in Q = Q x (0,00) (1.3)

v (z,t) — Av(z,t) + u?(2,t) = 0in Q = Q x (0,00), (1.4)

which is in preparation, and the result that we present is very useful to study the nonlinear system, using a technique

of continuity and the Schauder fixed point theorem [1], [2].

2 Mathematical Result

Theorem 2.1. There exists Ty > 0 such that the coupled system (1.1)-(1.2) is exact controllably in the space
[L2(2) x H‘l(Q)]2 with control in L*(X) for T > Ty. This means that for each zo, wo € L*(Q) and z1,w; € H1(Q)
there exists a control v € L*(X) such that the ultra-weak solution of problem {z,w} verify

2(T) = 29, 2(T) = 21, w(T) = wo, w'(T) =w

Proof The proof is based on the Hilbert Uniqueness Method idealized by J. L. Lions [3]. We follow the steps:
e Weak Solution and strong solution.
e Fundamental lemma.
e Inequality Direct.

e Inequality Inverse.
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e Ultra-weak Solution
e Application of the H.U.M. method

The main difficulty is to show the reverse inequality weak solutions of the system to associate, due to the terms awv
and au of the coupled system. m
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EXISTENCE AND NONEXISTENCE OF PATTERNS WITH VARIABLE
DIFFUSIVITY ON SURFACES OF REVOLUTION WITHOUT
BOUNDARY

ARNALDO SIMAL DO NASCIMENTO* & MAICON SONEGO!

The main concern in this work is to find sufficient conditions for existence as well as nonexistence of nonconstant
stable stationary solutions (herein referred to as patterns, for short) to the diffusion problem

uy = div(a(z)Vu) + f(u), (t,r) e RT xQ (0.1)

where Q C R? is a surface of revolution such that dQ = 0, a(-), the diffusivity function, a smooth and positive
function which will be detailed below. Also f is a function in C'(IR), sometimes considered of the bistable type.

This kind of problem appears as a mathematical model in many distinct areas and, roughly speaking, a solution
models the time evolution of the concentration of a diffusing substance in a heterogeneous medium whose diffusivity
is given by a(-), under the effect of a source/sink term f.

In this work we are concerned in finding mechanisms of interaction between the diffusivity function a(-) and
the geometry of the domain so as to produce patterns to the problem (0.1) as well as those which do not produce
patterns.

For domains in IRY the question of how the diffusivity function can give rise to patterns, or not, has been
considered by many authors. In the one-dimensional case and Neumann boundary conditions, the condition for
nonexistence of patterns was o’ < 0 in [4] and (v/a)” < 0 in [5]. For larger dimensions see [2], and [6] where a
problem with nonlinear flux on the boundary was addressed.

The problem (0.1) with ¢ = constant on a Riemannian manifold without boundary appears in [1, 3]. In
particular, if Q is a surface of revolution the authors in [1] show that there are no patterns when the sum of the
Gaussian curvature in every point p and the square of the geodesic curvature of the parallel passing through p is

nonnegative.

1 Main Results

Let € be the surface of revolution parametrized by

x1 = (s) cos(6)
xo = 1P(s) sin(h) (s,0) €10,1] x [0,2m) (1.2)
z3 = X(s)
where 1, x € C2(I), ¢ > 01in (0,1) and (¢')? + (x’)? = 1 em I. Moreover, %(0) = 1 (1) = 0, and ¥’'(0) = —¢/(I) = 1.
Abusing notation for simplicity sake we set
a(x) = a(s), for x = (Y(s) cos(h),(s)sin(d), x(s)) € Q.

Theorem 1.1. If

B (1//) (5) > a'(s)y'(s) +a"(s)Y(s) Vs € (0,1) (1.3)

P 2a(s)y(s) ’
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then every nonconstant stationary solution of (0.1) is unstable.
In particular this is the case if

o () is the border of a conver domain and

o (d'Y)(+) is a nonincreasing function.

The condition (1.3) has a geometrical meaning in the sense that

(YN (Y 2
(w) w*(w) =K E)

where K is the Gaussian curvature of the © and K, represents the geodesic curvature of the parallel circles
s = constant on €.

Also (1.3) generalizes the condition in [1], namely — ) > 0, where the case a= constant has been addressed.

Note that Theorem 1.1 is valid for any f € C'(IR). In the case where ¢» > 0 in [0,/] with the Neumann
boundary condition and a = constant, the authors in [1], based on the work [5], show that if — (%)I (s0) < 0 for
some sp € (0,1) then there exists f € C*(IR) such that (0.1) admits patterns.

In the next result we take f € C*(IR) satisfying:

e (f1) f has three consecutives zeros a, 6 and 8 a < 6 < 3, satisfying f(«) = f(8) = f(8) =0 and f'(«) <0
f'(B) <0.

e (f2) ff f(§)d€ = 0 (the equal-area condition).

e (f3) There exist positives constants c¢1, ¢, o and a number p > 2 such that ¢ [t|” < F(t) < c2 |t for
|s| > sg, where F(t) ff

We give sufficient condltlons for existence of patterns to the following problem

Opue = Ediv(a(z)Vue) + f(ue), (t,x) e RT xQ (1.4)

where € is a small positive parameter and 2, a(-) are as in (0.1).

Theorem 1.2. Suppose that f satisfies (f1), (f2), (fs) and that the function \/ay assumes an isolated local
minimum in (0,1). Then 3 o > 0 and a family {ve}o .., of nonconstant stable stationary solution to the problem

(1.4).
In order to utilize I'-convergence results, f has to be a function of bistable type that satisfies the equal-area

condition (f2). Our last result proves that this condition is actually necessary in our approach.
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ON ABSTRACT INTEGRO-DIFFERENTIAL EQUATIONS WITH
STATE-DEPENDENT DELAY

BRUNO DE ANDRADE *T & GIOVANA SIRACUSA *

In this work we study some topological properties of the solution set of a class of integro-differential equations
with state-dependent delay described by

{ u'(t) = fot a(t — s)Au(s)ds + f (t, up(tu,)), t € [0,0], 0.1)

u(0) = ¢eB,

where A : D(A) C X — X is a closed linear operator defined on a Banach space X, a € L}, .([0,00)) is a completely
positive function, the history x; : (—o00,0] = X, given by z+(f) = z(t + 6), belongs to phase space B described
axiomatically, f: [0,b] x B — X and p: [0,b] x B — (—o0, b] are appropriated functions. Particularly, we are able
to establish an existence theory to (0.1).

The study of topological structure of solution set of differential equations dates back to the beginning of the
20’s when H. Kneser (see [5] ) proved that the Peano existence theorem could be reformulated to ensure that the
solution set of a ODE is, beyond nonempty, a compact and connected set. Almost 20 years later, in 1942, N.
Aronszajn, (see [2]) improved the Kneser theorem showing that the set of all solutions of a ODE is an Rs-set. The
Aronszajn theorem had a large impact on qualitative theory of differential equations and due to this the study of
topological structure of solution set of differential equations has drawn attention of researchers in the last years.

The result we will present says that, under suitable conditions, the set S formed by the mild solution of the
problem 0.1 is a Rg-set. Particulary, is a compact, nonempty and connected space. Futhermore is acyclic with
respect to the Cech homology functor which means that from the point of view of Algebraic Topology, it is equivalent

to a point, in the sense that it has the same homology groups as one point set (see [4]).

1 Mathematical Results

The scope of this work is to study the topological structure of the solution set of (0.1). Particularly, we establish

some sufficient conditions for the existence of mild solutions for this problem.

Definition 1.1. Let A be a generator of a solution operator S(t). A function u : (—o0,b] — X is called a mild
solution of the problem (0.1) if ug = @, Up(t,u,) € B, ulpp € C([0,0], X) and

u(t) = S0 + /O S(t— $)f (5 tp(ssy) ds, € [0,b].

To prove our results we always assume that p : I x B — (—o00,b] is continuous and ¢ € B. Furthermore, we
will suppose that the linear operator A : D(A) C X — X is the generator of a solution operator S(¢) and there
exist a constant M > 0 such that ||S(¢)|| < M, for all ¢ € [0,b]. If uw € C(]0,b]; X) we define W : (—00,b] — X as the
extension of u to (—oo, b] such that Ty = .

In the sequel we introduce some conditions.
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(H,) The function t — ¢, is well defined and continuous from the set

R(p™) = {p(s,9) : (5,9) € [0,0] x B, p(s,) <0}

into B and there is a bounded continuous function J¥ : R(p~) — (0,00) such that ||¢¢l|s < J?(t)|¢||ls for
every t € R(p).

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

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

(ii) There exists m € C([0,b],[0,00)) and a bounded continuous non-decreasing function Q : [0, 00) — (0, c0)
such that || f(t,¥)|| < m(t)Q2(||¢||B), for all (¢,7) € [0,b] x B.

(Hz) For every t € [0,b], the set {f(s,1) : s € [0,t],1 € B} C X is a bounded set.

Theorem 1.1. Suppose that conditions (Hy)', (Hz)" and (H,) are fulfilled. If S(t), t > 0, is compact then the set
S formed by the mild solution of (0.1) is a Rs-set.

Example 1.1. Consider a class of fractional integro-differential equations with state-dependent delay of the form

= twu s)ds +m u(t — o(u(t, zo)),x x 7T
w= [ S s+l (ult — oluttzn)a)). o€ 0.8, € (0.7 12)
u(t,0) =u(t,m) =0, t>0, (1.3)
u(t,z) = ¢(t,x), t<0, x€l0,n], (1.4)

where xo € (0,7) is fivzed, 1 < o <2, m:[0,b] = R, 0: R — [0,00) are continuous function and h : R — R is a
bounded continuous function. Finally, by defining the maps f and p appropriately, we can represent (1.2)-(1.4) by
the abstract form (0.1). It is not hard to check that under above considerations the conditions (Hy)" and (Ha)" are
fulfilled. Then follows from Theorem 1.1 that the solution set of the problem (1.2)-(1.4) is a compact, nonempty

and connected space. For more details, see [1].
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RESOLUBILIDADE GLOBAL PARA UMA CLASSE DE SISTEMAS
INVOLUTIVOS

CLEBER DE MEDEIRA * & ADALBERTO P. BERGAMASCO ' & SERGIO L. ZANI?

Neste trabalho estudamos a resolubilidade global do seguinte sistema de campos vetoriais complexos definidos
no toro T"*! ~ (R/27Z)"+1

0 ) 0 ‘
Lj= a; " (a; (1) +ibj(t;)) 5 G=1.m, (0.1)
sendo a; € C°(T™;R), b; € C°(TY;R) e (t,z) = (t1,...,tn, x) as coordenadas em T" 1. Assumimos que o sistema

(0.1) é involutivo o que equivale a 1-forma c(t) = 3°7_, (a;(t) + ib;(t;))dt; ser fechada.
O estudo da resolubilidade global do sistema (0.1) consiste em obter condigdes necessirias e/ou suficientes para
que, dadas fungdes f; € C°(T"*!), j =1,...,n, satisfazendo certas condigdes naturais de compatibilidade, exista

solucao u das EDP’s lineares de primeira ordem
LjU:fj, ]:1,,TL

Pelo trabalho [7] de Frangois Treves, a resolubilidade local do sistema (0.1) estd relacionada com a conexidade de
todos os conjuntos de subnivel e supernivel da parte imagindria de uma primitiva local da 1-forma c. Propriedades
dessa natureza aparecem pela primeira vez nesse trabalho que trata de operadores em um contexto mais geral e em
todos os niveis do complexo associado. Pelo trabalho [5] de Cardoso e Hounie, posterior a [7], quando a 1-forma ¢
for exata, o sistema (0.1) serd globalmente resolijvel se, e somente se, a parte imagindria de uma primitiva global de
¢ possuir todos os subniveis e superniveis conexos em T". Contudo, quando a 1-forma ¢ nao é exata, ela nao possui
uma primitiva global definida em T", o que exige nova abordagem. Ainda, o trabalho [6] de Hounie apresenta uma
resposta completa para a resolubilidade global quando o sistema (0.1) é composto por um tnico campo. Nesse caso,
a resolubilidade global envolve também condigoes sobre a parte real da 1-forma c.

Outros trabalhos que tratam de questoes semelhantes sao [2], [3] e [4].

Em nosso trabalho (ver [1]) apresentamos uma caracterizagdo completa para a resolubilidade global do sistema
(0.1) em termos de formas de Liouville e da conexidade de todos os subniveis e superniveis, no recobrimento minimal,

de uma primitiva global da 1-forma associada ao sistema.

1 Resultados principais

Seja b uma 1-forma real, fechada e suave definida em T™. Em [3] os autores definem o recobrimento minimal de
T™ com relagdo a b como o menor espaco de recobrimento II : 7 — T™ tal que o pull back II*b é uma forma exata.
Neste trabalho a 1-forma b é a parte imagindria da 1-forma c considerada inicialmente, ou seja, b = Z;-lzl b;(t;)dt;.
Seja 7 o recobrimento minimal de T™ com relagao a b. A 1-forma IT*b possui uma primitiva global B definida
em 7 e uma vez que cada funcdo b; depende apenas da varidvel ¢; correspondente, a fungdo B : 7 — R pode ser
escrita na seguinte forma B(t) = Y_7_, B;(t;).
Sejam J = {j1,...,im} C {1,...,n} com j1 < -+ < jm € ap = (@10, -.,an0) € R" sendo cada a;jo a média da

funcdo a;. Quando ay € Q™ e J # (), denotamos por ¢; o menor inteiro positivo que satisfaz ¢ (aj,0, . .., a;,.0) € Z™.
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No caso em que J = {1,...,n} usamos a notagio q.. Assim, qualquer que seja J = {j1,...,jm} # 0 teremos q; < ¢.
e além disso ¢; divide ¢.. Consideramos o conjunto J = {j € {1,...,n}; b; = 0} e o escrevemos da seguinte forma

J={j1 <---<jm} Sob estas notagdes, o principal resultado deste trabalho é o seguinte:

Teorema 1.1. Seja B uma primitiva global de II*b definida no recobrimento minimal T. O sistema (0.1) €

globalmente resoluvel se, e somente se, pelo menos uma das duas situacdes ocorre:
I) J#0 e (aj0,---,a5,0) ¢ Q™ é nio-Liouville.

IT) Os subniveis Qs = {t € T; B(t) < s} e superniveis Q° = {t € T; B(t) > s} sdo conexos para todo s € R e
além disso uma das sequintes condicoes € satisfeita:

1. J=10,0b € exata e ag € Z;
2. J#@, b éexata, ap eQn €47 = Qx5

3. b € nao exata.

n 7 ~ . ’ . , .
Quando b = ) i1 b;(t;)dt; ¢ uma l-forma néo exata, a propriedade de todos os subniveis 5 e¢ superniveis
2° serem conexos em 7 estd intimamente ligada com a existéncia de uma fungao b; # 0 que ndo muda de sinal,

conforme mostra o seguinte resultado:

Proposicao 1.1. Sejam b = Z?:l b;(t;)dt; uma I-forma ndo exata e B = Z?:l B;(t;) uma primitiva global de
b definida no recobrimento minimal T. Entao os subniveis Qs = {t € T; B(t) < s} e superniveis Q° = {t €

T; B(t) > s} sao conezos para todo s € R se, e somente se, existe uma fung¢do b; Z 0 que nao muda de sinal.

Exemplo 1.1. Como consequéncia do Teorema 1.1 obtemos um interessante exemplo:
Uma vez que B(t1,ts) = — costy possui apenas subniveis e superniveis conexos em T?, o sistema
_ 0 1.0
Li=g ti1o:
f) 1 i o)
L, = 5 T (5 +isin(t2)) 57
é globalmente resolivel em T> pois q; = q. = 4, enquanto que
_ 0 19
L1 = 3t; + 59
9 1 i o)
LQ = Dts + (Z + zsm(tQ))ﬁ

nao € globalmente resolivel, pois nesse caso q; =2 < 4 = q,.
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On the growth of the optimal constants of the multilinear

Bohnenblust—Hille inequality

Daniel Niifiez Alarcén* & Daniel Marinho Pellegrinof

Let K be the real or complex scalar field. The multilinear Bohnenblust—Hille inequality (see, for example, [1, 3])
asserts that for every positive integer n > 1 there exists a constant ck, such that

ntl
N . 2n
> Teis i) <cgn  sup  |T(21,. 20)] (0.1)

21,-4-7Zn€]DJN

for all n-linear forms 7' : KV x --- x KV — K and every positive integer N, where (ei)fil denotes the canonical

basis of KV and DY represents the open unit polydisk in KV. It is well-known that CK,n € [1,00) for all n and that

the power f—fl is sharp but, on the other hand, the optimal values for ck , remain a mystery. To the best of our

knowledge the unique known precise information is that cgo = /2 is sharp . The original constants obtained by

Bohnenblust and Hille (for the complex case) are

n+l n—1

CCp =M 27 272 |

Later, these results were improved by (Davie, 1973 ([2])),to

n—1

con =272

()

In 2012 ([4]) it was proved that the best constants satisfying the Bohnenblust—Hille inequality have a subexponential

and (Quéffelec, 1995 ([5])), to

growth (for both real and complex scalars).

In this work we obtain more information on the asymptotic behavior of these optimal constants.

Conventions

Definition 0.1. We say that a sequence of positive real numbers (Ry,),—, is well-behaved if there are Ly, Lo € [0, c0]
such that

. R2n
1 =L 0.2
Jim = Ly (02
and
ILm (R, — Ry—1) = Lo. (0.3)

e The subexponential sequence of constants satisfying the multilinear Bohnenblust—Hille inequality con-
structed in [4] is denoted by (C,,): -

n=1"

e The letter v denotes the Euler constant

m—r oo

1
= lim —logm) + — | =~ 0.577. 0.4
v (( gm) ’;k> (0.4)
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1 Mathematical Results

Theorem 1.1 (Dichotomy). If 1 < R,, < C,, for all n, exactly one of the following assertions is true:
(i) (Ry),~, is subexponential and not well-behaved.
(ii) (Ry,),~, is well-behaved with
Rs, et 27

lim — €1
A g el =7

]

and
lim (R, — R,—1) =0.

n—oo
Corollary 1.1. The optimal constants (K,) -, satisfying the Bohnenblust-Hille inequality is
(i) subexponential and not well-behaved

or

(ii) well-behaved with

-

K2n e 27
lim —— € [1
A E, T

]

and
lim (K, — K,_1)=0.

n— o0

The non-existence of the above limits would be an extremely odd event since there is no reason for a pathological

behavior for the optimal constants (K, ), satisfying the Bohnenblust-Hille inequality.

Another corollary of the Dichotomy Theorem is that the sequence (KK,n):ozl of optimal constants satisfying the

Bohnenblust—Hille inequality can not have any kind of polynomial growth.

Corollary 1.2. Let
q€R-10,5] (1.5)

el=37
B :=1log, | —=— | =~ 0.526

with
V2
and ¢ € (0,00), then the sequence (K,),—, can not be of the form
K, ~ cnf.
Furthermore, if p(n) is any non-constant polynomial, then

K, » p(n).
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How DO THE BOHNENBLUST-HILLE CONSTANTS BEHAVE?

DANIEL M. PELLEGRINO*

The Bohnenblust—Hille inequality, in its formulation for complex scalars and multilinear mappings, asserts that
there is a constant C,, € [1,00) such that the 8%—norm of (Uleiy,. .., ein))g,minzlis bounded above by C), times
the supremum norm of U, regardless of the n-linear form U : CV x --- x CV — C and the positive integer N. More
precisely:

Multilinear Bohnenblust—Hille inequality. For every positive integer n > 1 there exists a sequence of

positive scalars (Cy,),; in [1,00) such that

n+1
N 2n

2n_
Z |U(eir, - €,)| ™" <Cp, sup |U(z1,..; 2]

i1,eein=1

for all n-linear forms U : CV x --- x CN — C and all positive integers N, where (ei)fil denotes the canonical basis
of CN and DY represents the open unit polydisk in CV.

The exponent 2n/(n + 1) is sharp but the precise values and asymptotic behavior of the optimal constants
(denoted by K,,) remain a mystery. The first estimates for the Bohnenblust—Hille constants suggested an exponential
growth:

nt+l n—1

o K, <nwzn 22

([1], 1931),

n—

= (2], 1970’s),

o K, <2

o K, < (%)"_1 ([9], 1995).

In this talk we survey the recent advances related to the search of the optimal constants of the Bohnenblust—Hille
inequalities (including the polynomial Bohnenblust—Hille inequality and the case of real scalars).

From now on ~ denotes the Euler-Mascheroni constant v := lim <(— logm) + Z k1> ~ 0.5772.
k=1

Among other results of different authors we stress the recent results:

Theorem 0.1. (/3]) The optimal constants satisfying the polynomial Bohnenblust—Hille inequality are hypercon-
tractive.

Theorem 0.2. ([/]) The optimal constants satisfying the multilinear Bohnenblust—Hille inequality have a subexpo-
nential growth.

Theorem 0.3. ([7])There exist multilinear Bohnenblust-Hille constants (Cy,),~, such that lim (Cy41 — Cp,) = 0.

Theorem 0.4. ([7]) The optimal constants K, satisfying the multilinear Bohnenblust—Hille inequality are such

that -
e2 327
s — K, < (4 . 4) o (=5 ) 4=
NG

ﬁ e%_%'y

for infinitely many n’s and all € > 0.

Numerically, we have:

*Departamento de Matematica, UFPB, PB, Brazil, dmpellegrino@gmail.com
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Theorem 0.5. ([7]) The optimal constants K,, satisfying the multilinear Bohnenblust-Hille inequality are such

that

0.87
K1 — Kn < n0-473

for infinitely many n’s.

Theorem 0.6. ([7]) The optimal constants K,, satisfying the multilinear Bohnenblust—Hille inequality are such
that

4 n logo (e—7/2+1/2) _1
K, <1+ ﬁ(1—e7/2‘1/2) > i ol )

j=1

for alln > 2.

Numerically, the above formula shows a surprising low growth, since a straightforward computation informs us
that
K, <141 (n—1)"%% —0.04

for every integer n > 2.
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IDEAIS DE POLINOMIOS E APLICAQ()ES MULTILINEARES QUASE
SOMANTES

DANIEL PELLEGRINO* &  JOILSON RIBEIRO'

A nogao de ideais de operadores, como também a sua configuracao multilinear, é devida a Albrecht Pietsch. Como
um determinado ideal linear pode admitir védrias extensoes multilineares e polinomiais, torna-se necessario responder
a seguinte questao natural: Dado um ideal de operadores Z, como definir um multi-ideal e um ideal de polinémios que
mantém as principais caracteristicas do ideal Z7? Nesse sentido, varios autores estudaram recentemente métodos
abstratos de definir quando extensdes multilineares (e polinomiais) sdo, em algum sentido, compativeis com a
estrutura do ideal linear.

Alguns métodos de avaliar extensoes multineares/polinomiais foram introduzidas recentemente. A ideia é que
dados inteiros positivos ki e ks, 0s respectivos niveis de kj-linearidade e ko-linearidade de um dado multi-ideal (ou
ideal de polinémios) deve ter uma forte relagdo, como também uma conexao com o ideal linear original (k = 1).

O principal objetivo deste trabalho é mostrar que o espago dos operadores multilineares quase somantes em
todo ponto pode ser dotado de uma norma, de sorte que o multi-ideal seja Banach e o ideal de polinomios quase
somantes em todo ponto seja um tipo de holomorfia (global) no sentido Narchbin [7], como também coerente e

compativel com o ideal de operadores lineares, no sentido de [4].

1 Definicoes e Resultados

Ao longo deste trabalho E, F1, ..., E,, F denotarao espagos de Banach reais ou complexos. Dado um inteiro positivo
n > 2, o espago de Banach de todas as transformacgoes n-lineares limitadas de F; x --- X F,, em F com a norma do
sup serd denotado por L(E1, ..., E,;F). A notacdo para o respectivo espago de polinémios é P("E; F').

A notagao Rad(F) denota o espago vetorial formado pelas sequéncias (z;)72; tais que a soma Z;L=1 ri(t)z; é
convergente em F' para quase todo t € [0,1] (ou, equivalentemente, >"_, r;(.)z; converge em L, ([0, 1], F') para

algum, e portanto todos, 0 < p < 00). O espago Rad(F') é Banach se for munido da norma

9 1/2

at| . (1.1)

oo

> rit)a;

n=1

1
123)3%0 | gacry = /0

Os elementos de Rad(F') sdo chamados de sequéncias quase incondicionalmente soméveis. Para mais de-
talhes, recomendamos o excelente texto [5]. Um polinémio P € P("E;F) é quase p-somante em a € FE se
(Pla+z;) — P(a));’;l € Rad(F') para todo ()52, € £, (E) (para a defini¢ao desse conjunto, veja [6]).

O espago formado pelos polinémios n-homogéneos que sao quase p-somantes em a € F serd denotado por

Péi)p(”E;F ). Os polinémios n-homogéneos quase p-somantes em a = 0 sdo simplesmente chamados de quase

p-somantes e o respectivo espago é denotado por Py (" E; F).
O espago formado pelos polinémios n-homogéneos que sdo quase p-somantes em todo ponto é denotado por
e ("E; F). De forma andloga, definimos £ (E1,...,E;F) e L8 (Ey,...,En; F).

al,p al,p al,p
. . ~ . ~ a
Os dois resultados a seguir sao teoremas que fornecem uma caracterizacdo para 0s espagos E((Il)p("E;E) e

ev

al’p(El, <, Ep; F), respectivamente. Obtivemos resultados semelhantes para polinémios.
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Teorema 1.1 (Teorema do tipo Dvoretzky-Rogers). Sejam n > 2 e 1 < p < 2. Sdo equivalentes:
(a) E tem dimensao infinita.
(b) [,E;ll)p("E, E) # L("E; E) para todo a = (a1,...,a,) € E™ com a; # 0 para todo i ou a; = 0 para apenas um

(c) L)

al’p("E;E) # L("E; E) para algum a = (ay,...,a,) € E™ com a; # 0 para todo i ou a; = 0 para apenas

um 1.
Teorema 1.2. As sequintes afirmacoes sao equivalentes:
(a) T €LY (Eq,...,En; F).

al,p
(b) Existe C > 0 tal que

5 N\ 1/2

11| o n
/O er (1) (T (a1 + asg-l), ey G+ :c;")> - T (ay, ...,an)) dt <C H <|ak +
j=1 k=1

para todo <m§k))j:1 €ly(Ey), k=1,..,n e (a1,..,an) € By X --- X Ey,.
(¢) Existe C > 0 tal que

9 1/2

1| m n
/0 er (t) (T (al + mgl), ey Oy F x§n)> — T (ay, ...7an)) dt < CH (ak| + ’
j=1 k=1

()

€E k=1,...,n,5=1,...m e (a,...,a,) € By X -+ X E,.

wm)

Mostramos ainda que a menor constante C' que satisfaz o item (b) do teorema anterior ¢ uma norma e, com essa

para todo positivo inteiro m, x§-k)

norma, Egﬁp(Eh woey By F') é um espago de Banach. Mais precisamente:

ev ev . ..
Teorema 1.3. (L5} . |-Il,;,) € um multi-ideal de Banach.
Quanto ao ideal de polinémios, mostramos que:

Teorema 1.4. (Pgy . Il

a;)p) € um ideal de polinomios de Banach.

€

Teorema 1.5. (Pg),, |-,

1l)7p> € um tipo de holomorfia global.

Teorema 1.6. Para todo inteiro positivo k, o ideal de polinémios ( alp H||Zyp) € coerente e compativel com o ideal
linear original.
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CAREY-SUPERCONVERGENCIA DA DERIVADA PARA BASES DE
ELEMENTOS FINITOS DE LAGRANGE, HERMITE E PEANO EM 1D

DAVID S. PINTO JR.*

Neste estudo é demonstrado inicialmente que o calculo de pontos superconvergentes pode ser estendido, no sen-
tido introduzido primeiramente pelo Prof. Graham F. Carey em 1989, inclusive para derivadas de segunda, terceira
e quarta ordens de interpolantes de elementos finitos da Familia de Lagrange unidimensionais. Adicionalmente, é
provado que é possivel generalizar a Teoria do Prof. Carey [1], aplicando-a a novas bases de espagos de elementos
finitos tais como a Base de Elementos de Hermite e a Base Hierarquica de Peano, esta tltima especialmente impor-
tante para a formulacao da versao p do Método de Elementos Finitos Adaptativo, idealizado pelo Prof. Ivo Babuska.
E demonstrado como é possivel associar, e entender com simplicidade, a existéncia de pontos de superconvergéncia
da derivada primeira de interpolantes de elementos da Familia de Lagrange ao Teorema de Rolle Cléssico e, par-
ticularmente, ao Teorema de Rolle Generalizado quando derivadas de ordem superior sao analisadas. E discutida a
possibilidade de usar os pontos de superconvergéncia de derivadas de ordem superior para a propositura de novas
formulagoes de indicadores de erro a posteriori e formulas de pds-processamento da derivada, ambos essenciais em

simulacoes de problemas reais via c6digos computacionais para Analise de Elementos Finitos Adaptativos.

1 Resultado

Segundo Zienkiewicz[4], importa em Andlise de Erros a Posteriori via Métodos de Elementos Finitos Adaptativos,
e notadamente em férmulas de pds-processamento de derivadas idealizadas pelo Prof. Loula, a andlise da su-
perconvergéncia no sentido de Carey, referida como Carey-superconvergéncia em homenagem ao Professor Carey.
Classicamente, é definida a superconvergéncia da derivada primeira como a ordem de convergéncia do erro entre
a derivada da solucdo de elementos finitos e a derivada da solucdo exata na norma de L2(2), Q é um conjunto
limitado discretizdvel numa familia regular de elementos finitos. Significa dizer que o erro exato na derivada é, na
notacdo de Landau, O(h**1), ou seja, existe uma constante C, independente do parametro h da discretizacio, que
satisfaz a:

' — || 2 < CREFL. (1.1)

Definigoes de superconvergéncia, ultraconvergéncia e hiperconvergéncia no sentido de Carey sao apresentadas sis-
tematicamente e com pormenores no artigo de Pinto Jr.[2], podendo ser estendidas para ordens arbitrarias de forma
inteiramente semelhante. Geralmente, entretanto, estuda-se a superconvergéncia para a derivada primeira ou para
o gradiente, no caso multidimensional, posto que nao é tao evidente as aplicagoes para pontos superconvergentes
de derivadas de ordem superior.

Particularmente, neste estudo, é demonstrado que é possivel calcular pontos de superconvergéncia de derivadas
de ordem superior, por exemplo, de derivadas de terceira ordem para um problema local de interpolagao num espago
de elementos finitos da familia de Lagrange de classe C°. Estes pontos superconvergentes, associados & derivada
terceira de uma interpolante de elementos finitos lagrangeanos, estao indicados na tabela abaixo, para o elemento
finito de referéncia unidimensional:

*Departamento de Matematica, UFS, SE, Brasil, david@Qufs.br
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k | N=k+1 | T € [-1,1] Fungoes de Superconvergéncia
% k
3 4 0 ;)xi\’L;”(E) — 4z Z:Oxﬁv’ng”(f)
k = % = k
4 5 +14/3 eNL(@) - 52 Y N T L (7) + 1072 Y 2N 2L (T)
=0 - =0 - =0
5 6 0, £ Zo N L (Z) — 207 20 =N 3L (T)

Tabela 1: Pontos Carey-Superconvergentes da derivada terceira u)’ de elementos de Lagrange.

2 Conclusoes

A Teoria de Superconvergéncia, iniciada com os estudos do Prof. Graham F. Carey, é interessantissima e pro-
porciona um entendimento da superconvergéncia de derivadas de primeira ordem, principalmente para derivadas
de ordens arbitrarias, num problema de interpolacao local posto no elemento finito de referéncia unidimensional
I= [—1,+1]. E conhecido que o Hessiano, o equivalente multidimensional da derivada segunda, é aplicado em
refinamento direcional adaptativo na Dinamica dos Fluidos, mas nao existem aplicacoes das derivadas de ordem
superior em geral. Quando se trata da Carey-superconvergéncia para Bases de Peano, nao existem resultados
indicando a existéncia de pontos de superconvergéncia em geral. Em especial, a Andlise Numérica da Supercon-
vergéncia no caso de bases hierdrquicas de Peano, que sao atrativas para aplicagoes em Anadlise p-Adaptativa,
depende fundamentalmente de novas propriedades de completeza das fungoes de forma de Peano em relagao a base
polinomial canoénica, combinadas a cinematica do elemento finito que os funcionais graus de liberdade representam.
Em conclusao, com este estudo introdutério é dada uma contribuicao no sentido da sistematizagao do calculo dos
pontos de superconvergéncia nao apenas para elementos de Lagrange ou para os elementos de Hermite, mas para os
elementos hierarquicos de Peano; e, concomitantemente, é sugerida a possibilidade de criacao de novas férmulas de

pos-processamento, assintoticamente exatas, baseadas em pontos superconvergentes de derivadas de ordem superior.
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An explicit formula for subexponential constants in the multilinear

Bohnenblust-Hille inequality

Diana Marcela Serrano-Rodriguez*

The complex multilinear Bohnenblust-Hille inequality asserts that for every positive integer m > 1 there exists

a sequence of positive scalars Ck ,,, > 1 such that

m41
N 2m
2m
m+1
g \U(eirs .- ei)| ™ <Ckm sup |U(z1,...,2m)]
UL yeeey Tm=1 2140y 2m €EDN
. e N . .
for every m-linear form U : KV x .- x KN — K and every positive integer N, where (€i);—, is the canonical

basis of K¥ and D¥ is the open unit polydisk in K~. This inequality was overlooked for some decades but it was

rediscovered some years ago and, since then, many works and applications have been appearing.

It is well known (since the original proof by H.F. Bohnenblust and E. Hille) that the power 7721—’:’;1 is sharp; on the

other hand the optimal values of the constants Ck ,, are not known. In the case of real scalars the Bohnenblust-Hille
inequality also holds, but with different constants. In fact it is known that, in the real case, Cr o = V/2 is optimal
(see [5]) and, in the complex case, Cg o < %

The estimates for these constants are becoming more accurate along the time. In the complex case, we have:

m+1 m—1
[ ] C(C,m S mam 272

(1931 - Bohnenblust and Hille [1]),

m—1

.CV(C,mS2 2

(70’s - Kaijser [4]),
m—1
o Com< (&) (1995 - Queffélec [6]).
Very recently, quite better estimates, with a surprising subexponential growth, were obtained in [2], in the real

case, by the formula
Cri=1

CR m = (A”ﬁff >_1 C%

m+2

if m is even, and
m—1 m—+41

—1—-m 2m 1—m 2m
_ 2 2
C]R,m = A27n.72 CL—l A2m+2 CWT‘H

m—+3

if m is odd. And, in the complex case, the next formula was presented in [3],

C(C,l =1

—~\ /2 -1
Cen = <<A+) > Cy
o Zimn S 1m ot
Cem = ((A) : cnl) <(A2n+2) ? cnﬂ)
n+1 2 n+3 2

if m is odd, where A, are precisely the best constants satisfying Khinchine’s inequality (these constants are due to

if m is even, and

U. Haagerup) and A, as in [3]
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Note that the recursive formula of these constants makes the presentation of a closed or explicit formula a quite
difficult task.
In [2], using the above sequences, it was shown that there is a constant D (D = 1.44 for real scalars, and

D ~ 1.23 for complex scalars) so that the sequence (C,),~_, given by

OQm = Cm (01)

2m+42

Compr = D(Cn) ™ (Cry) 35,

with C; = 1, Cy = v/2 in the real case and C; =1, Cy = % in the complex case, satisfies the Bohnenblust-Hille

inequality and, moreover, this sequence is subexponential. Thus, the main goal of this work is to present an explicit
formula for these constants.

From now on C, will denote the numbers given by (0.1).

1 Mathematical Results
It is plain that every positive integer n can be written (in an unique way) as
n=2_—1, (1.2)
where k is the smaller positive integer such that 28 > n and 0 <1 < 2k-1,
Theorem 1.1. Ifn > 3 is written as in (1.2), then
C, = D1y
if Il < 2k=2 and

n(k—1)42k—1_9 2k-1

C,=D""" ("

if 2672 < 1 < 2871 where Cy = /2 for real scalars, and Co = % for complex scalars.

The proof is done by induction. As the result depends on [, we split the proof into seven possible cases and
apply induction in all cases.

References

[1] BoHNENBLUST, H. F. HILLE, EINAR. - On the absolute convergence of Dirichlet series Ann. of Math. 32
(1931), 600-622.

[2] DiNiz, D., MUNOZ-FERNANDEZ, G. A., PELLEGRINO, D. AND, SEOANE-SEPULVEDA, J. B. - The asymptotic
growth of the constants in the Bohnenblust-Hille inequality is optimal, J. Funct. Anal., 263 (2012), 415-428

[3] D. NUNEZ-ALARCON AND D. PELLEGRINO AND J.B. SEOANE-SEPULVEDA - A note on the Bohnenblust-Hille

inequality and Steinhaus random variables | available at arXiv:1203.3043.
[4] KAIISER, S. - Some results in the metric theory of tensor products., Studia Math., 63 (1978), 157-170.

[6] MUNOZ-FERNANDEZ, G. A., PELLEGRINO, D. AND SEOANE-SEPULVEDA, J. B. - Lower bounds for the con-
stants in the Bohnenblust—Hille inequality: the case of real scalars., Proc. Amer. Math. Soc., in press.

[6] QUEFFELEC, H. - H. Bohr’s vision of ordinary Dirichlet series: old and new results, J. Anal. 3 (1995), 43-60.

37



ENAMA - Encontro Nacional de Andilise Matematica e Aplicagoes
UF'S - Universidade Federal de Sergipe
VI ENAMA - Novembro 2012

UPPER BOUNDS FOR SINGULAR VALUES OF INTEGRAL

OPERATORS GENERATED BY POWER SERIES KERNELS
ON THE SPHERE

DOUGLAS AZEVEDO* & VALDIR A. MENEGATTO |

Let m be a positive integer at least 1, S™ the unit sphere in R™*! and do,, the surface element of S™. We
consider integral operators of the form

K()(x) = - K(z,y) f(y)dom(y), =eS™, feL*(S™),

where the generating kernel K is a power series kernels, that is,

K(zy)= Y au™y®, wz,yeSm,

acz
in which {an} C R satisfies
> laalllpall3 < oo (0.1)
aczy
Here, || - |2 stands for the usual norm in L2(S™,0,,) and pa(z) = 2% = 2 ... 2) ', o € ZPH 2 € S™.

The main goal in this work is to provide a concise procedure to deduce decay rates for the sequence of singular
values of K when the operator is compact and self-adjoint from L?(S™,c,,) into itself and the power series kernel
K is smooth. Compactness will be guaranteed by a sole condition on the sequence {a,}, namely, condition (0.1),
while smoothness will be defined through an additional decay on the same sequence.

There are at least two drawbacks when one consider kernels as above: computations with multi-index notation
is not always pleasant and the lack of orthonormality of the set of all monomials in L?(S™,,,) may complicate
the arguments. One advantage is that this category of kernels include important examples, such as, dot product

kernels. If we denote by - the usual dot product in R™*! then a dot product kernel is one of form
K(l‘,y)Zan(.’L‘y) :Zbla\Jl‘ v, IvyES .
n=0 [}

A relevant dot product kernel is the Gaussian-like kernel

2d|a‘ o, m
K(m,y)=z(a), y*, w,ye ST,

an element of a wide category employed in radial basis interpolation, learning theory, support vector machines,
regularization networks and Gaussian processes ([3,4,5,6]). The family of dot product kernels also includes the

nonlinearly factorizable kernels ([6]), that is, kernels of the form

m—+1
K(a:,y): Hf(xkyk)a I’,yESm,
k=1

for a convenient analytic function f.
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1 Main Results

In the conditions stated in above, we can represent the eigenvalues of K by a sequence of real numbers {\,} such
that {|A,|} decreases to 0 as n — co. And the later is precisely, the sequence of singular values of XC. In the setting
we introduce above, the Weyl-Courant minimax principle for compact operators on a Hilbert space ([2], pg.51)
asserts that |\,| < ||[K — R,||, n = 1,2,..., whenever R, is an operator on L?(S™,o,,) of rank at most n — 1.
So, our strategy in order to bound {|A,|} will be to estimate the right-hand side of the above inequality for some
specially chosen R,,. The asymptotic behavior of the sequence ||p||2 will be needed along the way.

The first result presents the decay rates for the sequence {|\,|} based on a decay for the series in (0.1).

Teorema 1.1. Let K and K be as defined above. If there exist v > 0 so that

oo

Y laalllpalls =077, (n— oo)

loe|=n
then
Aal =0 (n7/"4D) (0= o0).
Note that the decay in the previous result is meaningful whenever 2y > m + 1.
The next two results describe the decay of a special subsequence of {|\,|} that depends upon the sequence
Sy = Z laa], n € Zy.
la|=n

Teorema 1.2. Let K, K and s,, be as defined in the previous lines. Assume there exists ¢ € (0,1) and a positive
integer N such that

8n+1
Sn

<¢, n=N,N+1,.... (1.2)

Then, there exists a positive integer | for which |Aqpym+1| = O (snn_m/Q) as (n — 0).

The following theorem is the main result in this note and provides decay rates for the sequence {|\,|} when an
additional decay for the sequence {s,} is available ([1]).

Teorema 1.3. Let K, K and s, be be as be before. Assume there exists ¢ € (0,1) and a positive integer N such
that
Sntl o p=N,N+1,.... (1.3)
Sn

If s,, = 0O(n™7) as n — oo, for some vy > 0, then

|An| = O(n_(27+m)/2(m+1)), (n — o).
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ASYMPTOTIC BEHAVIOUR TO A VON KARMAN SYSTEM WITH
INTERNAL DAMPING

DucivAL C. PEREIRAT CARLOS A. RAPOSO'AND CELSA H.M. MARANHAO?

Abstract
In this work we consider the Von Kérman system with internal damping acting on the displacement of the plate
and using the Theorem due to Nakao [1] we prove the exponential decay of the solution.

Keywords:Von kirman System

1 Introduction

Let © be a bounded domain of de plane with regular boundary I'. For a real number T > 0 we denote
Q=0x(0,T)and ¥ =T x (0,T). Here u = u(x,t) is the displacement, v = v(z,t) is the Airy stress function and

7 is the unit normal external in 2. With this notation we have the following system

uy — A%u+uy = [u,0] in Q, (L.1)
~A% = [u,u] in Q, (1.2)
u(0) =ug, ut(0) =wuy in Q (1.3)
_ % gy (1.4)
u= an v= on on .

Put B B Pudty
0x2 0y? Oxdy 0x0y  Oy? Ox?

were [u,v] =

2 Asymptotic Behaviour

In this section, we use the Theorem of Nakao (see [1]) to prove the exponential decay of the energy F = E(t) to
the system (1.1) — (1.4), which we define by

B(#) = [u) +18u() + ZAv(H)l.

Subsequently we prove two lemmas:

t+1
Lemma 2.1. The functional F?(t) = E(t) — E(t + 1) satisfies: / lug (s)|>ds < F2(t).
t
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to
Lemma 2.2. The functional G?(t) = 8C( sup |Au(s)|)F(t) +2(1 + CQ)/ lug (t)|?dt satisfies
s€lt,t+1] t

/tQ |Au(t)]? + %|Av(t)|2dt < G3(1).

ty

Taking into account the Lemmas we can prove our principal result
Theorem 2.1 The solution (u,v) of (1.1) — (1.4) satisfies

1 2
lu(t)? + |Au(t)|* + §|Av(t)|2 Jr/ lut(s)|?ds < Cre™ ™", for almost every t > 1,

t1

with C1,w > 0, constants independent of ¢.

References

[1] M. Nakao, “A Difference Inequality and Its Application to Nonlinear Evolution Equation”, Journal of the
Mathematical Society of Japan, Vol. 30, No 4, 1978, pp. 747. doi: 10.2969/jmsj/03040747

[2] T.V. Kédrmdn, “Festigkeitsprobleme im Mashinenbaum. Encyklopadie der Math”, Wiss V/4C, Leipzig, 1910,
pp. 311 — 385

[3] M. Horn, A. Favini, I. Lasiecka and D. Tataru “Global Existence, Uniqueness and Regularity to a Von
Kérman System with Nonlinear Boundary Dissipation ”, Applied Mathematics & Optimization, Vol. 31, No 1,
1995, pp 57 — 84 doi: 10.1007/BF 01182557

[4] M. Horn and Lasiecka, “Global Stabilization of a Dynamical Von Kdrmén Plate with Nonlinear Boundary
Feedback 7, Differential and Integral Equations, Vol. 9, No 2, 1996, pp 267 — 294

[5] G.P. Menzala and E. Zuazua, “Energy Decay Rates for the Von Kdrmén System of Thermoelastic Plates”,
Differential and Integral Equations, Vol. 11, No 5, 1998, pp 755 — 770

[6] J.E.M Rivera and G.P. Menzala, “Decay Rates of Solutions a Von Kdrmén System for Viscoelastic Plates
with Memory”, Quartely of Applied Mathematics, United States, Vol. 82, No 1, 1999, pp 181 — 200

[7] J.E.M Rivera, H.P. Oquendo and M. L. Santos “Asymptotic Behaviour to a Von Kdrman Plate with Boundary
Memory Conditions ”, Nonlinear Analysis, Vol. 62, No 7, 2005, pp. 1183 — 1205. doi: 10.1016/jna2005.04.025

[8] C. A. Raposo and M. L. Santos “General Decay to a Von Kdrmén System with Memory”, Nonlinear Analysis,
Vol. 74, No 3, 2011, pp. 937 — 945. doi: 10.1016/jna2010.09.047

[9] G. Avalos, I. Lasieck and R. Triggiani, “Uniform Stability of Nonlinear Thermoelastic Plates with Free
Boundary Conditions”, International Series of Numerical Mathematics, Vol. 133, 1999, pp 1 — 23

[10] J. Puel and M. Tucsnack “Boudary Stabilization for the Von Kdrman Equations”, SIAM Journal on Control
and Optimization, Vol. 33, No 1, 1996, pp. 255 — 273. doi: 10.1137/S0363012992228350

41



ENAMA - Encontro Nacional de Andilise Matematica e Aplicagoes
UF'S - Universidade Federal de Sergipe
VI ENAMA - Novembro 2012

ESTABILIDADE ORBITAL DE SOLUCOES ONDAS ESTACIONARIAS
PERIODICAS PARA A EQUACAO DE KLEIN-GORDON

ELEOMAR CARDOSO JR.* & FABIO NATALI

1 Introducao

Neste trabalho investigamos resultados de existéncia e estabilidade/instabilidade orbital de ondas estaciondrias

periédicas para a equacao de Klein-Gordon
Upt — Uy +u — |u|*u =0, (z,t) e R x R. (1.1)

A andlise da estabilidade orbital se baseia na teoria desenvolvida por Grillakis, Shatah e Strauss para sistemas
Hamiltonianos abstratos (ver [1] e [2]), ao passo que a existéncia de ondas periddicas é determinada usando fungdes
elipticas de Jacobi combinadas com o Teorema da Fungao Implicita.

Uma funcdo v : R x R — C é uma solugdo onda estaciondria periédica de periodo L > 0 da equagdo (1.1) se

existem ¢ € R e ¢ : R — R, uma funcao suave e periédica de periodo L, satisfazendo
u(z,t) = ep(z), (z,t) € R xR, (1.2)

tal que u soluciona (1.1) no sentido cldssico. Neste contexto, a solu¢ao onda estaciondria periddica (1.2) da equagao
de Klein-Gordon (1.1) é orbitalmente estdvel quando para cada e > 0 existe § > 0 tal que se

(ug,u1) € X = H} ([0, L)) x L? ([0, L)) satisfaz ||(ug,u1) — (@, ico)||x < 4,

per per

entdo, a solugdo @(t) = (u,u) de (1.1) com @(0) = (up, u;) existe globalmente e satisfaz

S inf i(t) — e (- ,icp(: <E.
tlzngeeﬂgyem\\u() e (p(- +y)ico(- +y)llx

Caso contrario, a solugéo (1.2) é dita orbitalmente instével.

2 Resultados

A equagdo (1.1) admite ao menos duas quantidades conservadas, a saber,

1 [F 1
E(U) ;:5/0 {|ux|2+|ut|2+|u|23|u|6 dx

L L
F(U) ::Im/0 auyg dx:/o (Re v Im u; — Im u Re uy) de,

onde U = (Re u,Im us, Im u, Re u;) e |z] = v/22 + y? denota o médulo do nimero complexo z = z + iy.
Sejam ¢ € R e o funcional G := &£ + c¢F. Considere ¢, uma solugao suave da equagao

—p + (1= )pe — 92 = 0. (2.1)
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Vemos que o par (g, icp.) é um ponto critico de G. Denote por Ly, := G"(pc,icp.) o operador linearizado em
torno de (., icp.). Temos o seguinte resultado de estabilidade e instabilidade que é baseado na teoria abstrata em
[1] e [2]. Para este fim, faz-se necessario a construcao de uma curva suave de solugdes que preservam o perfodo bem
como uma andlise espectral elaborada para o espectro nao positivo do operador linearizado £,,. Com intuito de
simplificarmos a notagao, vamos fixar L = 27. Temos o seguinte resultado:

Teorema 2.1. (Estabilidade/Instabilidade). Ezistem constantes co e c¢1 satisfazendo 0 < ¢o < ¢1 de forma que a

onda estaciondria periédica e*“‘¢ é orbitalmente instdvel para c € (0,cy) e orbitalmente estdvel para c € (cg,c1).

Veremos que o resultado do teorema acima se modifica conforme mudamos o periodo. Por exemplo, se fixarmos
L = 4 obtemos que a onda periédica é orbitalmente instavel para todos os valores da velocidade ¢ onde a curva
existe. Outro fato interessante é que a medida que o periodo cresce tem-se um resultado bem préximo ao que
acontece no caso de ondas solitdrias (ondas com periodo infinito) o qual é sabido que as tais ondas s@o instéveis
para todos os valores da velocidade ¢ onde a curva existe. Estes fatos podem ser checados numericamente fazendo
uso da recente teoria desenvolvida em [3].
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EXPONENTIAL STABILITY FOR A TRANSMISSION CONTACT
PROBLEM IN VISCOELASTIC MATERIALS

EUGENIO CABANILLAS LAPA * & JUAN B. BERNUI B. & ZACARIAS HUARINGA S. !
PAULO N. SEMINARIO H. *

Abstract

In this article we study the evolution of displacement in a body constituted by two different types of materials:
one part is simply elastic while the other has viscoelastic properties and may come into contact with a rigid
foundation. Under this condition we have a transmission-contact problem. We show that the dissipation given
by the viscoelastic region is strong enough to produce exponential stability for the solution, no matter how small
is that region.

1 Introduction

The main purpose of this paper is to study the existence of global solutions and the asymptotic behavior of the
energy related to the following system of Kirchhoff type

prugs — gy + f1 (w) =0 in )0, Lo[xR*

L
pavy — M </ |v$|2da:> Vpz — QWagt + fo (V) =0 in Lo, L[xRT
Lo

u(0,t) =0

L
u(Lo,t) = v(Lo,t), bug(Lo,t) =M </ |vw2da:> vz (Lo, t) + vy (Lo, t), t>0 (1.1)
Lo

L
o(Lt) < g M (/ |vz2da:> VoL 1) + avsy (L 1) < 0
L

0

L
{(M </L 'U:z:|2dx> ’Um(L(bt) + OZ’Uxt(Lo,t)} ('U(L,t) _ g) -0

u(z,0) = u’(z), w(z,0)=u'(x), =z €]0, Lo
U(Z’O) = Uo(x)v 'Ut(ﬂf,O) = vl(m)v z G]LOaL[

where p1, p2,b,a, g are positive constants, M is a function satisfying

M € C*(]0,00]) N C(]0, 00]), M(s) > mo. (1.2)

and the functions f; € C1(R), satisfy f;(0) =0, i=1,2.

The system (1.1) model the evolution of displacement in a elastic body consisting of two different types of materials
one of them is simply elastic while, the other has viscoelastic properties and may come into contact with a rigid
obstacle fixed at a distance g from the end x = L. The mathematical model which deals with the above situation
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is called transmission-contact problem.

The main question is about the asymptotic behavior;we may ask whether the sole dissipation produced by the
viscoelastic part is strong enough to produce an uniform rate of decay?.

The goal of this paper is to show that the solution of the transmission-contact problem decays exponentially to
zero as time goes to infinity, no matter how small is the difference L — L. The main difficulties are that we have a
more complicated situation involving transmission condition in x = L and Signorini’s contact condition in z = L
, the dissipation only works in [Lg, L] and we need estimates over the whole domain [0, L]. The situation for the
variational inequalities arising in transmission-contact problem is worse because we lead with weak solutions. So,
we have neither regularity nor nice boundary conditions. We overcome this problem combining arguments of [2]
and [3] and introducing suitable multipliers which allow us to control the energy only estimating over [Lg, L] .

2 Mathematical Results

Let us the following notations
V ={(w,2) € H(0,Lo) x H' (Lo, L) : w(Lgo) = 2(Lo), w(0) = 0}
K ={(w,2) e V:z(L) <g}.

We establish now the result that treats the existence of solutions for the transmission-contact problem associated
with the Kirchhoff type wave equation.

Teorema 2.1. If Suppose that {u’,v°} € K, {u',v'} € H}(0,Lo) x H}(Lo, L) ,then there exists a weak solution
of (1.1).

Proof We obtain the solution of (1.1) as limit of solutions of the penalized problem.

We are in position to show the main result of this paper.

Teorema 2.2. Let {u,v} be the solution of (1.1).Then there are exists positive constants C and «y independents of
€ and t such that the energy E(t) of the system (1.1)satisfies

E(t) < CE(0)e 7",
Proof We have from the convergence of {u¢, v} solutions of the penalized problem and the lower semicontinuity
of the energy that
E(t) < liminf £ () < C{lim inf E(0)}e 7t < CE(0)e "
e— e—

This completes the proof.
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ON A CRITICAL SET FOR THE KAWAHARA EQUATION

FAGNER D. ARARUNA*, GLEB G. DORONIN' & LIONEL ROSIER?

This communication concerns the Kawahara equation posed on bounded intervals and a forthcoming critical set

of its lengths. Our study is motivated by physics and numerics: the nonlinear relation
Ut + Uy + UUg + Uggr — Ugzrzs = 07 (]-)

known as the Kawahara equation is a dispersive PDE describing one-dimensional propagation of small-amplitude
long waves in various problems of fluid dynamics and plasma physics, [8, 9]. Due to different physically-based
hypotheses and scales the Kawahara equation is also known as the fifth-order KdV or a special version of the
Benney-Lin equation, [2]. This model was originally developed for unbounded regions of wave propagation when
the third derivative in the KdV equation

is close to zero, but the dispersive effects remain relevant. One of the basic assumptions for these models is an
unboundness of a spatial region. If, however, one is interested in implementing a numerical scheme to calculate
solutions to the KAV and/or Kawahara equations in unbounded regions, the issue of cutting off the spatial domain
arises. In this situation some boundary conditions are needed to specify the solution. Moreover, there are practical
situations as well as physically reasonable remarks and examples that justify a validity of cut-off configurations,
[4]. Therefore, the detailed analysis of related initial-boundary value problems in bounded domains appears ripe to
development.

Concerning the KdV equation (2) posed on a fixed finite interval, its well-posedness, asymptotics and a control
theory have been intensively studied in the last decades, see, for instance, [3, 4, 6, 11, 15] and the references therein.
One of the notable results in this context is the explicit description of a spectrum-related countable critical set
N C RT which provides qualitative difficulties when the length of a spatial interval coincides with some of its
elements. This set is no longer important for the control and related issues if the linear transport term u, in (2) is
scaled out. Such a scaling is quite natural for pure initial-value problems on whole R, since u, can be eliminated
by a simple change of variables. By contrast, for problems posed on finite segments, it can not be removed without
changes in the original domain. The term u, both in (1) and in (2) can also be dropped out by choosing v = u + 1;
however, zero (for instance) boundary conditions in this way become nonhomogeneous which complicates an original
problem, as well. Thus, the linear “propagator” u, not only provides just mentioned mathematical features (like a
critical set N), but becomes important physically.

Contrary to the KdV model, the Kawahara equation (1) posed on a bounded domain is somewhat new in a
literature. We refer the reader to [5, 10], mainly dealing with existence, uniqueness and some asymptotic questions,
and the article [13] and its erratum [14] where stabilization properties and controllability issues are claimed. Other
interesting paper is [7] where the controllability of the fifth-order KdV-type nonlinear system is studied; however,
the corresponding model is different from the Kawahara equation both in physical and in mathematical aspects.

Since its dispersive nature, one can expect the Kawahara equation to be endowed with a N -type set, in the

same manner as for the KdV model, [1]. We show that this is indeed true.
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Our general purpose is to study an exact (boundary) controllability of the Kawahara equation (1) posed on
(0,L) C RT for ¢ € (0,7) under the initial and boundary conditions

u(z,0) = uo(x),
w(0,t) = uw(L,t) = u.(0,t) = u,(L,t) =0,
g (L, t) = h(t),

where h: (0,7) — R designs a boundary control input.

Due to [12], this problem at least in linear case is equivalent to non existence of eigenvalues for a related eigenvalue
problem with an extra boundary condition. The properties of such eigenvalue problem is the main novelty of our
research. We prove the existence of a countable set of eigenvalues corresponding to a critical countable set of the
interval lengths L > 0 for which the (linear) Kawahara model is not exactly controllable. Necessary and sufficient

conditions are obtained to determine this set in an implicit form.

References

[1] F.D. Araruna, R. A. Capistrano-Filho and G. G. Doronin, Energy decay for the modified Kawahara equation posed in
a bounded domain, J. Math. Anal. Appl. 385 (2012), 743-756.

[2] D. J. Benney, Long waves on liquid films, J. Math. and Phys., 45 (1966), 150-155.

[3] J. L. Bona, S. M. Sun and B.-Y. Zhang, A nonhomogeneous boundary-value problem for the Korteweg-de Vries equation
posed on a finite domain, Comm. Partial Differential Equations, 28 (2003), 1391-1436.

[4] J. L. Bona, H. Chen, S. M. Sun and B.-Y. Zhang, Comparison of quarter-plane and two-point boundary vlaue problems:
the KdV-equation, Discrete Contin. Dyn. Syst. Ser. B, 7 (2007), no. 3, 465-495 (electronic).

[5] G. G. Doronin and N. A. Larkin, Kawahara equation in a bounded domain, Discrete Contin. Dyn. Syst., 10 (2008), no.
4, 783-799.

[6] A. V. Faminskil, Mized problems for the Korteweg-de Vries equation, (Russian), Mat. Sb., 190 (1999), 127-160.
Translation in Sb. Math., 190 (1999), 903-935.

[7] O. Glass and S. Guerrero On the controllability of the fifth-order Kortewegde Vries equation, Ann. I. H. Poincaré - AN
(2009), doi:10.1016/j.anihpc.2009.01.010.

[8] T. Iguchi, A long wave approzimation for capillary-gravity waves and the Kawahara equation, Bull. Inst. Math. Acad.
Sin. (N.S.) 2 (2007), no. 2, 179-220.

[9] T. Kawahara, Oscillatory solitary waves in dispersive media, J. Phys. Soc. Japan, 33 (1972), 260-264.

[10] N. A. Larkin, Correct initial boundary value problems for dispersive equations, J. Math. Anal. Appl., 344 (2008), no.
2, 1079-1092.

[11] L. Rosier, Ezact boundary controllability for the Korteweg-de Vries equation on a bounded domain, ESAIM Control
Optim. Calc. Var., 2 (1997), 33-55.

[12] L. Rosier, A survey of controllability and stabilization results for partial differential equations, RS - JESA. Volume 41
— No 3-4, 2007, 365-411.

[13] C. F. Vasconcellos and P. N. Silva, Stabilization of the linear Kawahara equation with localized damping, Asymptotic
Analysis, 58 (2008), 229-252.

[14] C. F. Vasconcellos and P. N. Silva, Erratum, Asymptotic Analysis, 66 (2010), 119-124.

[15] B.-Y. Zhang, Ezact boundary controllability of the Korteweg-de Vries equation, SIAM J. Control Optim., 37 (1999),
543-565.

47



ENAMA - Encontro Nacional de Andilise Mateméatica e Aplicagoes
UF'S - Universidade Federal de Sergipe
VI ENAMA - Novembro 2012

EXISTENCE AND CONTINUITY OF GLOBAL ATTRACTORS AND
NONHOMOGENEOUS EQUILIBRIA FOR A CLASS OF EVOLUTION
EQUATION WITH NON LOCAL TERMS

FLANK D. M. BEZERRA,* ANTONIO L. PEREIRA,! & SEVERINO H. DA SILVA!

1 Introduction

In this work we are concerned with some aspects of the asymptotic behavior of the dynamical system generated by
evolution equations with nonlocal terms of the type

Owu(z,t) = —u(x,t) + g (B(Ku)(z,t)), z€Q,t>0
= uo(x), re (L1)
u(z,t) =0, rgQ, t>0

where @ C RY, N > 1 is a bounded smooth domain, u(z, ) is a real function on RY x [0, +00), 8 > 0 and K is an

integral operator with symmetric kernel
(Ku)(w)i= [ Iyl
RN

Here, J is an even non negative function of class C? with f]RN J(z,y)dy =1, and g : R — R is a non linear real
function of class C! with g(0) = 0, see [1].

We collect here the conditions on g which will be used as hypotheses when needed.
(H1) The function g : R — R, is globally Lipschitz, with g(0) = 0. That is, there exists a positive constant k; such
that

19(x) = 9(y)| < kalz —y|, Y,y €R.
(H2) The function g € C*(R) and ¢’ is Lipschitz with constant k. In particular

lg' ()] < kolz|+ ks YV €R,

for some k3 > 0.
(H3) The function g has positive derivative. In particular it is strictly increasing.
(H4) There exists a > 0 such that |g(z)] < a < oo, for all z € R.

2 Mathematical Results

In order to obtain well posedness of (1.1), we initially consider the following Cauchy problem in the space L?(R%)

{ Opu(z,t) = (Fu)(z,t) (2.1)

u(x,0) = ug

*Departamento de Matematica , UFPB, PB, Brasil, flank@mat.ufpb.br
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where F : L2(RY) — L2(RY) is given by

—u(z) + g(B(Ku)(x)), 2 € Q

0,z ¢ Q. (22)

[F(w)](z) = {
Suppose that the hypothesis (H1) holds, we prove that the problem (1.1) has a unique solution for any initial
condition in L? = L2(RY), which is globally defined.
Consider the subspace X of L2(RY) given by

X ={ue L’ R") |u(x)=0, ifz¢Q}.

Since the range of F'is X, this is an invariant subspace for the flow generated by (2.1). Suppose that the hypothesis
(H1)-(H4) holds, we prove the existence of a global maximal invariant compact set Az in X C L2(RY) for the flow
of (1.1), which attracts each bounded set of X. Also, we prove a comparison result of solutions and that the global
attractor Ag belongs to the ball || - [l < a in L= (RYN).

Under the hypothesis (H1)-(H4) we exhibit a Lyapunov’s functional that decreases along the solutions of (1.1),
and use it to show the existence of nonhomogeneous equilibria for (1.1), via La Salle’s Invariance Principle.

Finally, we study the continuity of the global attractors with respect to the parameter 8 at 5 = [y. In order to
obtain the existence and continuity of the local unstable manifolds we will need the following additional hypotheses:
(H5) For each By > 1, the set Eg,, of the equilibria of Tj,(t), has only hyperbolic equilibria;
(H6) The function g € C*(R).

We need to assume that the equilibrium points of (2.1) with Sy are stable under perturbation. This stability
under perturbation will follow from the hyperbolicity of the equilibrium points.

We prove the following result ([1]).

Teorema 2.1. Assume the hypotheses (H1) and (H4). Then, the family of global attractors Ag is continuous with
respect to 3.
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DETERMINACAO DAS CONDICOES DE COLAPSO DE SOLUCOES DE
UM MODELO MORFOGENETICO DE QUIMIOTAXIA PARA DUAS

ESPECIES.

FLAVIO DICKSTEIN*

Neste trabalho, estudamos as solugdes w(t, r) = (m(t, r),n(t,r)) do sistema de tipo Keller-Segel para a evolugao
de duas espécies

oym — 4r0p,m — %(m +mn)0,m =0 em (0,T) x (0, 00),

=]
—_
~—

Ogn — 4rdpem — %(m +n)dyn=0em (0,T) x (0,

00
w(t,00) = weo em (0,T

—~ o~~~

A o

=~ W N
= =

w(0,7r) = wo(r) em (0, 00),

onde x1 > 0, x2 > 0, wp € (C(0,00))? é ndo-negativa, nao-decrescente e satisfaz wy(00) = Weo.

O sistema (0.1)-(0.4) é um model de evolucao de duas espécies com distribuigdes espaciais radialmente simétricas
no plano, sob a agdo de mecanismos de quimiotaxia e de difusao. Aqui, x1, X2 sao coeficientes de intensidade
quimiotdxica e w(t, ) representa o vetor de massas das espécies em uma bola de raio /7.

A quimiotaxia age no sentido da concentragdo dos organismos, enquanto que a difusdo tende a espalhé-los.
Tratam-se, portanto, de dois efeitos opostos. A prevaléncia da quimiotaxia pode levar & explosdo (colapso) da
solugdo em tempo finito, ao passo que solugoes globais persistem quando a difusdo é dominante. No caso de uma
espécie organica, é bem conhecida a caracterizagao de colapso. Uma solugao explode em tempo finito se e somente
se sua massa total me, satisfaz me > 87 /x, veja [1], [2], [3]. Para discutir a extensdo desta caracterizagdo para o
caso de duas espécies, definimos

P(ws) = 87 <m°° + noo) — (Moo + noo)Z,
X1 X2

Q(Weo) = 8T — max{x1m, xan},

e denotamos Pt = {ws €, P(wao) > 0}, P~ = {wae € RT xR, P(wo) < 0}, PT = {ws € RT XRY, P(ws) > 0.

Em [4], mostramos os seguintes resultados.
Teorema 0.1. Suponha que we, € P~ ou que wo € Q7. Entdo, w explode em tempo finito.

Teorema 0.2. Suponha que existe C > 0 tal que wg < Cr. Suponha ainda que woo € P e que woe € Q1. Entdo,
w € global.

Os teoremas acima completam resultados parciais obtidos em [5].

Estudamos ainda o comportamento para tempos longos das solucoes globais para as quais we, € PN Q.
Primeiramente, mostramos a existéncia de uma unica solugdo auto-similar w; (i.e., da forma w(t,r) = f(r/t)) tal
que ws(t,0) = 0 and w(t,00) = weo para todo ¢ > 0. Em seguida, mostramos que w, é um atrator para as solugoes
globais do problema.

*Instituto de Matemdtica , UFRJ, RJ, Brasil, fdickstein@ufrj.br
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o0
Figura 1: As curvas de nivel Q =0e P =0

Teorema 0.3. Seja wso € Ptn Q" e seja wy satisfazendo wo(r) < Cr para algum C > 0 e tal que wo(00) = Weo.
Seja w(t) a solugao global correspondente. Entao,

tliglo [w(t) = ws(t)]|c = 0.
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THE WAVE EQUATION WITH NONLINEAR SOURCE IN
GENERALIZED LEBESGUE SPACES

GABRIEL RODRIGUEZ V. * & WILLY BARAHONA M T & BENIGNO Gopoy T. ¥

Abstract

This paper studies the existence of global solutions to the initial-boundary value problem for a semilinear
wave equation in generalized Lebesgue Spaces by means of compactness method and the potential well idea.
Meanwhile, we investigate the decay estimate of the energy of the global solutions to this problem by using

differential inequalities.

1 Introduction
Consider the following semilinear wave equation

gy — Au+uy = [ulP@ 1y in Qx]0, T (1.1)
u=0 on 0N

uw(z,0) =u’(z) w(z,0) =ul(z) z€Q

where € is a bounded smooth domain of R™ , A denotes the Laplacian operator, with respect to the variable x, the
function p : @ — R is a continuous function with p(z) +1 < 2N/(N —2) forall z€Q
Set

C+(Q) ={h; h e C(Q), h(z) > 1 for all x € Q}

For any p(x) € C4(Q) we define the variable exponent space

LP®)(Q) = {u : is a measurable real-valued function such that

Jo lu(z)|P@dx < oo}
When p = constante , (1.1) is converted into the form
W — Au+ up = |u|p*1u

The global existence, the decay property of weak solutions, and the blow up of solutions to the initial-boundary
value problem for the semilinear wave equations related to above equation, under suitable assumptive conditions,
have been investigated by many people through various approaches [14]. However, little attention is paid to prob-
lem (1.1). Because the term |u|p('£)_1u , the reasonable proof and computation are greatly different from the case
p = constante ; thus, the investigation of problem((1.1) becomes more complicated. In this paper, on the one
hand, by a Galerkin approximation scheme , as well as combining it with the potential well method, we prove the
global existence of solutions to problem ((1.1). On the other hand, we obtain the asymptotic behavior of the global

solutions to this problem by using differential inequalities.

*Instituto de Investigacion, Facultad de Ciencias Matematicas-UNMSM, Lima-Pert, grodriguezv@unmsm.edu.pe,
TInstituto de Investigacién, Facultad de Ciencias Mateméaticas-UNMSM, Lima-Perd, wilbara_73@yahoo.es,
Hnstituto de Investigacién, Facultad de Ciencias Matematicas-UNMSM, Lima-Perd, bgodoyt@unmsm.edu.pe
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2 Mathematical Results

We establish now the result that treats the existence of solutions for the wave equation with nonlinear source in

generalized Lebesgue spaces.

Teorema 2.1. Let us assume that u® € H}(Q) N LP@) (Q),ul € L*(Q). Let us assume in addition that E(u®,u')
is sufficiently small. Then there exists a weak solution of (1.1). Furthermore,the energy FE(t) of the problem
satisfies

E(t) < By E(0)e™ P!

where By,B are positive constants.

Proof The solution of (1.1) is obtained by a Galerkin approximation scheme , as well as combining it with the

potential well method, and the asymptotic behavior by using differential inequalities.
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WHEN THE ADJOINT OF A HOMOGENEOUS POLYNOMIAL
BELONGS TO A GIVEN OPERATOR IDEAL

GERALDO BOTELHO! ERHAN CALISKANT & GISELLE MORAES?

Let E and F be Banach spaces over K= C or R and P: E — F' be a continuous n-homogeneous polynomial (in
symbols, P € P("E; F'). The adjoint of P, defined by R. Aron and M. Schottenloher [1], is the following continuous
linear operator:

P F— P(E) , P*(¢)(x) = o(P(a)),
where P("E) := P("E;K).
Given an operator ideal Z in the sense of Pietsch [5, 7], when is it true that P* belongs to Z? The aim of this

work is to prove that P* belongs to Z if and only if P admits a factorization P = uo @ where u is a linear operator

whose adjoint u* belongs to Z and () is a continuous n-homogeneous polynomial.

1 The factorization theorem

Theorem 1.1. Let T be an operator ideal, n € N, E,F be Banach spaces and P € P("E;F). Then P* €
IZ(F*;P("E)) if and only if there are a Banach space G, a continuous linear operator u: G — F and a polynomial
Q € P("G; F) such that u* € Z(F;G) and P =uo0 Q.
E-L>F
o /

G

-~ * ~
The proof relies heavily on the fact that P(™E) is canonically isometrically isomorphic to (®Z E) , where ®,° E
is the completed n-fold ms-projective symmetric tensor product of E.
Let us rewrite the theorem above in the language of dual and composition ideals.

e The dual of a given operator ideal 7 is defined in the following fashion: for Banach spaces F and F,
TN B F) .= {u € L(E; F) :u* € Z(F*; E")}.

It is well known that 79Ul is an operator ideal (see [7, 4.4.3]).

e The polynomial dual of a given operator ideal 7 is defined by

IP_dual(nE;F) = {P c ’P(”E,F) :P* e I(F*ytp(nE))}

e Given an operator ideal Z, an n-homogeneous polynomial P € P("E; F) belongs to the composition polynomial
ideal T o P, denoted P € ToP("E; F), if there are a Banach space G, a polynomial @ € P("E;G) and an operator
u € Z(G; F) such that P =uo Q.

It is well known that Z o P is a polynomial ideal in the sense of ([6, Definition 4.1], [3, Definition 1.4]) (see [4,
Proposition 3.3(b)]).

*Universidade Federal de Uberlndia, e-mail: botelho@ufu.br.
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Thus Theorem 1.1 can be rewritten as: the following equlity holds for every operator ideal Z:
Ipfdual _ Idual oP.
We also have a factorization formula for the polynomial bidual of an operator ideal Z, which is defined by
ZP-bidvalnp. py.— (P c P("E; F): P** ¢ Z(P("E)*; F*)}.

Directly from Theorem 1.1 we have:

Corollary 1.1. For every operator ideal Z,
I’beidual _ (z’dual)p*dua1 _ (Z'dual)duaLl o P.

An operator ideal 7 is said to be symmetric if T = T3l Lists of symmetric ideals can be found in [5, 1.20] and

[2, Example 2.6(ii)]. Now we are interested when the adjoint of a polynomial factors through Z, and not through

Zdval That is, when ZP~9%al = 7 0 P? Of course this happens if 7 is symmetric; but only in this case? We settled
this question in the affirmative:

Proposition 1.1. The following are equivalent for an operator ideal I:

(a) T is symmetric.

(b) IP*dual =TZoP.

(c) There is n € N such that P~ ("E: F) = T o P("E; F) for all Banach spaces E and F.

As to the coincidence of the polynomial dual with the polynomial bidual of an operator ideal we have:

Corollary 1.2. Let Z be an operator ideal. Then
(a) ZP-bidual — TP-dual i 4nd only if (Idual)dual
(b) ZP-bidwal — 7o P if and only if (Id“al)dual

— Idual'
=17.

So zP-bidval — 7P-dual if T ig symmetric, but this can also happen for nonsymmetric ideals as the following

proposition shows, which actually was told us by A. Pietsch:
Proposition 1.2. Let Z be an operator such that T C vl Thep TP-bidual — 7P-dual

For example, the ideal N of nuclear operators satisfies N” C N9l hut fails to be symmetric.
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EXTENSOES BIDUAIS DE OPERADORES MULTILINEARES

GERALDO BoTELHO* E Kuo Po Lingf

Sejam E, F' e G espacos de Banach, m € Ne A: E x --- x E — G uma aplicacdo m—linear continua. Por Jg
denotamos o mergulho canonico de E no seu bidual E”, por v’ o adjunto de um operador linear continuo u, por
L(E; F) o espago dos operadores lineares e continuos de E em F e por E’ o dual topolégico de E. Diremos que
uma aplicacao m—linear continua A:E" x - x E" — G" é uma extensio bidual de A se Joo A= Ao (Jgy s JE).

Consideramos, neste trabalho, seis maneiras diferentes para construir extensoes biduais de um operador m—linear
continuo dado A € L(™E;G), que sdo denotadas por BE! (A), BE!(A),..., BE! (A) e BEY/(A). Vejamos suas
definigoes:

e (i) BE! (A) := AB,,(A) é a extensdo de Aron-Berner de A (veja [1]).
o (ii) Consideramos o operador linear e continuo
Ni: L(E;G") = LE";G"), Ni(u) = (u' o Ja)".
Seja (N )SS_; a sequéncia de Nicodemi comegando com Ny (veja [2,4]). Definimos BEY (A) := N,,(Jg o A).
Para definir a terceira e a quarta extensoes biduais de A, precisamos de alguns isomorfismos isométricos. O

primeiro é o seguinte:

app: B — app(E) C Gpr, agr(z)(u) = u(z),

onde Ggpr = L(L(E; F); F). Denotamos por W(E; F') o espago de todos os operadores lineares fracamente com-
pactos de E em F. Se L(E; F) = W(E; F), entdo

&EF i D &EF(EN) C GEF7 &Ep(x”)(u) = J;l(u”(x”)),

é um outro isomorfismo isométrico que estende agr no sentido de que agpr = agp o Jg.
e (iii) Suponhamos que L(E;G") = W(E;G"). Considere o operador linear e continuo
Ry : L(B;G") — L(Gper; G"), Ri(u)(T) = T(u),
(veja [3, p.450), e seja (R,,)52_; a sequéncia de Nicodemi comegando com Ry (veja [2]). Definimos
BE!(A) := R,,(Jg o A) o (apgr,...,apa").
e (iv) Suponhamos que L(E;G) = W(E;G). Considere o operador linear e continuo
S1: L(E;G) = L(GEe: G), S1(u)(T) =T (u),
(veja [3], p. 450), e seja (S, )5°_; a sequéncia de Nicodemi comegando com S; (veja [2]). Definimos

m=1

BEU/(A) := Jg o S5y, (A) o (GpG, ... AEG).

*Universidade Federal de Uberlandia, e-mail: botelho@ufu.br. The author is supported by CNPq Grant 306981/2008-4.
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e (v) Suponhamos que L(E;G") = W(E;G"). Seja (Z,, : L(ME;G") — L(MGEggr;G"))5°_, a sequéncia de

Zalduendo (veja [7,3]). Para qualquer B € L(F;G"), Z,(B) € L(MGggr; G") é uma extensdo de B no sentido
que B = Z,,(B)o (agg,....agc"). Definimos BEY,(A) := Z,,(Jg o A) o (Qggry ..., Apgr ).

e (vi) Suponhamos que L(E;G) = W(E;G). Seja (Zaly, : L(ME;G) — L(MGgg; G))5_, a sequéncia de Zal-
duendo (veja [7,3]). Definimos BEY!(A) := Jg o Zaly,(A) o (Arg, -, AEG)-

E facil verificar que, com as condigbes impostas sobre os operadores serem fracamente compactos, todas essas
seis aplicagoes m-lineares sdo extensoes biduais de A.
O objetivo deste trabalho é mostrar que essas seis extensoes biduais de A definidas acima coincidem se L(E; G") =

W(E;G").

Resultados Principais
Teorema 0.1. Se L(E;G) = W(E;G), entio BE!(A) = BEY!(A) para todos A € L(™E;G) e m € N.

Teorema 0.2. Se L(E;G") = W(E;G"), entdo BE(A) = BEW(A) = BEY,(A) = BEY(A) para todos A €
L(ME;G) em € N.

Coroldrio 0.1. Se L(E;G") = W(E;G"), entio BE! (A) = BEY(A) = BE!(A) = BEY(A) = BE(A) =
BEY!(A) para todos A € L(™E;G) e m € N.
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ON A NONLINEAR PARABOLIC EQUATION ON MANIFOLDS

G. O. ANTUNES!, 1. F. LOPEZ?, M. D. G. DA SILVA?, L. A. MEDEIROS? and A. C. BIAZUTTI?

Let Q be a bounded open set of R™ (n > 2) with smooth boundary I'. Let v be the outward normal unit vector
field defined on I and T a positive real number. We consider the cylindrical domain @ = §2 x ]0,T[ with lateral
boundary ¥ =T x ]0,T7.

The purpose of the present article is to investigate existence and uniqueness of solution for the following problem:

Aw=01in Q

wy +a (/wdf) v _ Arw 4wt = fon % (0.1)
r

w (2,0) = wp (z) on T,

where k is a positive integer, the derivatives are in the sense of the theory of distributions, g—ﬁ’ is the normal derivative

of w, Ar denotes the Laplace Beltrami operator on I', the Laplace operator A acts only on spatial variables and
w=w(x,t), x € Q,0<t<T. The idea employed in this work comes from J. L. Lions who has considered, in
[7], the existence and the uniqueness of solution for nonlinear problems on manifolds whose the unknown function

satisfies the Laplace equation in 2 and a nonlinear evolution equation on its lateral boundary 3.
The nonlinearity of the type a ( / wdF) was motivated by the study of problems of diffusion of population cf.

[4, Chapters 1 and 12] and [10].

If we replace wy by Aw in (0.1), and consider a constant, we have a condition known as generalized Wentzell
boundary condition, for other problems related to Wentzell boundary conditions see [5], [11], [12], and [13].

Similar problems on manifolds, also motivated by Lions [7], can be seen in [1], [2], [3] and [6].

In our arguments we need the embedding of the space H* (T') into L***2(T"), with s > 1 and k a positive integer.
By Sobolev ‘s embedding theorem, cf.[8] or [9], if s > 1 such that s > %, we have H® (T') — L*+2(T") — L2 (T),
where < means continuous embedding.

About the continuous function a (s), s € R, we suppose a (s) > ag > 0 with bounded derivatives in R.
Formulation of the Problem (0.1) on ¥

In [2] we defined an operator A € L (H‘l/2 (), HY? (T')) which is a composition of traces o, 71, these are,
roughly speaking, respectively ‘g—’j and w restricted to I'. To avoid duality pairing in the process of approximation
we define, in the present paper, an operator A : H' () — L? (T') and we obtain a scalar product in the process of
approximation.

In fact, our argument can be found in [9] Chapter 3 and [8] Section 2.

We have the Dirichlet problem

Aw =0, in

w=wuonl.

(0.2)

Ifu € H' (T), it has a unique solution w € H3/2 (Q). We have v : H3/2 (Q) — H' (T') and v, : H3/? () — L?(T),
the mapping ~p, 71 are continuous. The composition ~; o v, !is a bounded linear mapping from H' (T') in L2 (T).
We define A : H' (T') — L?(T) by A = v; o5 . This bounded operator will be the “substitute” of the normal
derivative in (0.1).

dw(t)

We formulate now the equivalent problem to (0.1) on ¥. For this, we define w ()| = u (t) and =5~ . Au (1).

'DME - Universidade Federal do Estado do Rio de Janeiro (UNIRIO), Rio de Janeiro, Brasil
2IM - Universidade Federal do Rio de Janeiro (UFRJ), Rio de Janeiro, Brasil
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In this way, problem (0.1) can be rewritten as follows

ut+a</udF> Au — Aru+ v+ = fon
r
u(z,0) =up (z) onT.

1 Mathematical Results

Theorem 1.1. Let us consider ug € H' () N L2**2(T'), f € L*(0,T;L*(T)) and the operator A as defined
above. Then there exists a unique weak solution u for the problem (0.3) such that u € L?(0,T;H?(T)) N
L (0,7; H (T) N L#*+2(T)) and v’ € L? (0,T; L? (T)).

Proof The proof of the existence of solution is done by the Faedo-Galerkin procedure.
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EXPONENTIAL DECAY FOR A NONLINEAR BERNOULLI-EULER
EQUATION WITH LOCALIZED DAMPING

G. 0. ANTUNES! and H. R. CRIPPA?

1 Introduction

In this paper we establish the exponential decay of the energy of solutions for the localized damped nonlinear

equation
ug + A% — M (/ |Vu2dm> Au+a(x)u, =0, (1.1)
Q

where M (s), s > 0, is a nonnegative real function and €2 is a bounded open set of R™ with smooth boundary 9. We
fix zg € R™ and we set m () =z —xzg, To={zx €0 m(z) -v(z)>0}and '} = 002~ Ty, where v = v (x) is the
outward normal on 2. Let us consider a € L () be a nonnegative function such that a (z) > a9 >0 a. e. in w,
where w is a neighborhood of I'y and ag is a positive constant.

When n =1, M (s) = mg + ms, m > 0, equation (1.1) represent the model originally proposed by Woinowsky-
Kriger [16], for the transversal vibrations of an extensible beam subject to an axial internal force and u (z,t) is
the transverse deflection. If n = 2 the equation (1.1) represent the “Berger approximation” of the Von Kérman
equations, modelling the nonlinear vibrations of a plate [11], pg. 501 — 507.

We study (1.1) submitted to boundary clamped conditions described by u = % =0onI xRt.

Decay rates of energy of the wave equations with localized damping was studied by Zuazua [15], Nakao [10],
Tébou [13] and Martinez [7] by differents methods. The same problem in the context of a Bernoulli-Euler equation
(1.1) was investigated by Tucsnak [12], with a linear damping and by Charao [2] considering a nonlinear damping.
Both authors obtained estimates of decay considering the local damping effetive in a neighborhood of the whole
boundary 092 and M (s) = as, a > 0. In the proof they used a unique continuation result of Kim [6] and a
compactness argument, a technique developed by Zuazua [15]. This technique introduce in the estimates constants
that are not controllable.

We solve the problem through a method introduced by Tébou [13] for the study of the wave equation which is
based on the multipliers technique and on some integral inequalities due to Haraux [4], [5]. As in the proof does
not use “compactness-uniqueness” argument the constants that appear in the decay rate are explicit and do not
depend on the initial data. Furthermore the damping is effective only in a neighborhood of T'y.

The existence and uniqueness of the solutions for (1.1) or similar models has been studied by Medeiros [8] and
Menzala [9]. Decay estimates of solutions when the damping term is effective everywhere in  has been studied by

Brito [1], Pereira [3] and Vasconcelos [14] among others authors.

2 Mathematical Results

Theorem 2.1. Consider {ug,u1} € H? () N H (Q) x L2 (Q). Let w be a neighborhood of Ty and a € L*™ (Q)

satisfying a (x) > ag > 0 a. e. in w. Then there exists a positive constant g, such that

E() < |exp (1—t)}E(O),Vt20, (2.1)
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where 19 is independent of the initial data and E (t) is given by

B) = gl O + 5 1du @) + 537 (19u(0))

A
where M (\) = / M (&) d§ and M is a increasing function that satisfies M () > mg > 0 for all X € (0,00).
0
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INTERNAL CONTROLLABILITY FOR THE MINDLIN-TIMOSHENKO
SYSTEM WITH ONE CONTROL FORCE

G. 0. ANTUNES*, F. D. ARARUNAT & A. MERCADO!

The objective of this work is to study the exact controllability for the Mindlin-Timoshenko system of vibrations

of thin beams of uniform thickness h and length L:

{plh;uuuerk(u+vm)+f(u)—0 in Q=(0,L)x(0,T), 1)

phv" —k(u+v.), +9 () =V 1,4,y in Q.

This model can be seen in Lagnese-Lions [4] and takes into account the effects of rotatory inertia and shearing
deformations for thin plates or beams. The function u is the rotation angle of a filament of the plate or beam, v is
the transverse displacement, p is a the mass density per unit volume and k is called the shear correction coefficient.
The subset (I1,12) C (0, L) is the control domain, which is supposed to be as small as desired, and ¥ stands for

control function which act over the system. The nonlinearity satisfies the following growth condition:

LSQ) =0 and lim LSQ) =0. (2)
|sl =00 s[log™ |s] sl =00 5[ log™ |s]
We impose the following boundary conditions:
U(07 ) = U(L, ) = U(Oa ) = U(L, ) =0 on (O7T) (3)

and, to make the system complete, let us include the initial conditions
u(70) = Uo, u’ (,0) = ui, ’U(',O) = Yo, v (50) =wv1 in (OvL) (4)

Exact boundary controllability for the linear Mindlin-Timoshenko system (i.e. (1) with f = g = 0) was analyzed
in [1, 4]. However, in [1] this property was obtained using only one control. Controllability properties for semilinear
hyperbolic equations has been a topic of intense research (e.g. [2, 3, 6]).

The problem of exact controllability for the Mindlin-Timoshenko system can be formulated as follows: given
T > 0, large enough, initial data {ug,u1,v0,v1} and final data {do, @1, 09,01}, to find a control ¥ such that the
solution of system (1), (3), (4) satisfies the conditions

u(,T) =19, v (-\T) =11, v(-,T) =0y, v'(-,T)=9 in (0,L). (5)

In order to obtain the exact controllability of (1), (3),(4), one considers, by the well-known duality argument,
the following dual system of the linearized system of (1) — (4):

B — G+ k(¢ + 1) + agp =0 in Q,
ph" — k(¢ +1bg), + b1 =0 in Q, ©
¢(07):¢(La):¢(07):¢(l~):0 on (OvT)a

¢('50):¢07 ¢/(’7O):¢17 lb('ao):ﬁ}o, 77/}'('»0):1/)1 in (OaL)a

with a = a(z,t) and b = b(x,t) being bounded potentials.

*Departamento de Matematica e Estatistica, UNIRIO, RJ, Brasil, gladson.antunes@uniriotec.br
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62



According to the Hilbert uniqueness method (HUM) introduced by J.-L. Lions (see [5]), the above controllability
problem may be reduced to an explicit observability estimate for the adjoint system (6). Namely, we expect to find
a constant Cyp = Cy ({a,b}) > 0 such that all weak solutions {¢, 1} of (6) satisfy

T
||{¢07¢1>'QbOv1/’1}”?[,2(0,L)><H—1(0’L))2 < CO/O / ¥ (.’L‘,t)|2 dzdt, (7)

for all {¢, ¢1, 0,91} € (L2 (0,L) x H-1(0, L))
The explicit estimate of Cyp = Cy({a,b}) in terms of a suitable norm of the potentials a and b is an indispensable

part of the problem. We have achieved this by means of the following Carleman estimate for the solutions of (6):

Theorem 1. For any A > Ao > 1, and any {¢,v} € [C ([0,T]; L? (O,L))]2 satisfying

2

(15(1'70) = ¢(£E,T) = ¢(9€a0) - w(xaT) =0, Vz € (O’L)7 7){¢,¢} € [Hil (Q)]
and
<{¢> 1/}} ’P {777 9}>[L2(Q)]2 = <P {(b’ ¢} ’ {77’ 9}>[H*1(Q)]2><[H3(Q)]2 ’ v{na 9} € [H(% (Q)]27 P {777 9} € [L2 (Q)}Z’ (8)

it holds that
2 2 2\« pYe% 2 2 T 2 2\«
A/Q(|¢>| ) et < € (8P (00} [y g + 3 [ [ 10l P dait ). ©)
0 w

where P{¢, ¢} = {%¢” — buw + k(D) pht” — k(6 + ), } and a = a(z,t) == (z — x0)* — et — F)?, for
any given zo € R\ [0, L] and ¢ € (0,1).

The above observability inequality give us a exact controllability result for a linearized system of (1), (3), (4)
(with {au, bv} instead of {f(u),g(v)}). This controllability property together a fixed point argument allow us to
prove the following result:

Theorem 2. If T > 2R, with R = R (l1,l2) = max {l1,L — lo}, then system (1), (3), (4) is ezxactly controllable in
time T

References

[l] ARARUNA, F. D. AND ZUAZUA, E. - Controllability of the Kirchhoff System for Beams as a Limit of the
Mindlin—Timoshenko System, STAM J. Control Optim., 47 (4) (2008), 1909-1938.

[2] FU, X., YONG, J. AND ZHANG, X., Ezact controllability for multidimensional semilinear hyperbolic equations,
SIAM J. Control Optim., 46 (5) (2007), 1578-1614.

[3] IMANUVILOV, O. Y. - On Carleman estimates for hyperbolic equations, Asymptot. Anal., 32 (3-4) (2002),
185-220.

[4] LAGNESE, J. E. AND LIONS, J.-L. - Modelling Analysis and Control of Thin Plates, RMA 6, Masson, Paris,
1988.

[5] LIONS, J.-L. - Contrélabilité FEzacte, Pertubation et FEstabilization de Systémes Distribuées, Tome I,
Contrélabilité Exacte, RMA 8, Masson, Paris, 1988.

[6] zuAZUA, E., Fzact Controllability for the Semilinear Wave Equation in One Space Dimensional, Ann. Inst. H.
Poincaré Analyse Non Linéaire, 10 (1993), 109-129.

63



ENAMA - Encontro Nacional de Andlise Matematica e Aplicagoes
UF'S - Universidade Federal de Sergipe
VI ENAMA - Novembro 2012

EXISTENCE OF COMBUSTION WAVES IN POROUS MEDIA

GRIGORI CHAPIRO *

There is renewed interest using combustion for the recovery of medium viscosity oil. We consider the combustion
process when air in injected into the porous medium containing some fuel and inert gas to enable the combustion of
oil and other consecutive reactions within the reservoir formation leading to the release of heat. Heat is conducted
ahead of the combustion front, reduces the oil viscosity and enhancing flow.

In this work one dimensional gas-solid combustion is studied with the combustion rate described by the first
order mass action law combined with the modified Arrhenius’ law. We consider a cylindrical porous rock containing
solid fuel. Standard simplifications are made in order to formulate the physical model, for example, the gas thermal
capacity is considered small.

There are many analytical studies of steady co-flow and counter-flow combustion waves in high-temperature
regimes, e.g., [1, 2, 3, 4, 9, 12]. These papers usually exploit the strong nonlinearity of the Arrhenius factor in the
reaction rate, which allows one to neglect the reaction rate as soon as the temperature decreases [13]. This method
is valid provided most of the reaction occurs at the highest temperatures; however it is based on existence of a
combustion wave, which is not proved.

Some recent papers address this issue. For example in [10] the authors use the method of upper and lower
solutions to prove existence and uniqueness of the combustion wave for a simple model of two equations.

In [11] the existence of a combustion wave was addressed using Geometrical Singular Perturbation Theory. In
[8] a stability analysis was made of the combustion wave in a simple model with two equations.

In previous works [4, 7] some similar models were analyzed and combustion wave profile was obtained using
different techniques. Different numerical approaches were used, see [5, 6] and evidences of the existence of stable
solution in the form of traveling wave were obtained.

In this work we analyze the model consisting of three equations representing temperature, oxygen and fuel
balance laws. The system of PDEs in dimensionless form can be written as follows. The dependent variables are
temperature 6, oxygen fraction Y (changing from 0 - no oxygen to 1 - full of oxygen) and fuel p (changing from 0 -
no fuel to 1 - full of fuel):

010 + 09050 = 05,0 + pY @,
Op = —pY @,
0Y +vy0,Y = —pY @,
exp(—1/6), 6>0
We solve the corresponding Riemann problem and obtain the solution as wave sequence. We prove the existence

of various combustion waves using planar dynamical systems analysis. All wave sequences were verifies with

numerical simulations.
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ON A THERMOELASTIC SYSTEM
WITH BOUNDARY FEEDBACK CONTROL

H. R. CLARK® M. R. CLARK', A. T. LOUREDO* & A. M. OLIVEIRA®

In this work we analyze from the mathematical point of view a model for small vertical vibrations of an elastic

string coupled with a diffusion equation and mixed boundaries equations.

The main goals of this paper is improving article [3] in the sense that all equations of the thermoelastic system
considered in this paper are linear.

Let 2 be an open, bounded and connect set of R™. The smooth boundary of 2 is denoted by I'. Suppose I' with
two partitions I'g and I'; both with positive measure and T'o N T'; empty.

This paper is concerned with the existence, uniqueness, and asymptotic behavior of the global solutions to the

nonlinear thermoelastic coupled system:

u’(z,t) — a(t)Au(z, t) + Mu(z,t)) + (a- V)0(z,t) = 0 in 2x]0, 00|,

0 (z,1) — ﬁ(/Q 9(t)dm> Af(z,t) + (a- V) (z,t) = 0 in ©x]0, 00,

u(z,t) = 0 on Tyx]0,00[; 6(z,t) =0 on I'x]0, 0], (0.1)
@(x,t) + g(z)h(-, v (x,t)) = 0 on 'y x]0, 0o,

ov
u(z,0) = up(x), u'(x,0)=wui(x), 0(z,0)=0y(z) in Q,

where all derivatives of system (0.1) are in the sense of the distributions of Laurent Schwartz.

A brief commentary on works associated with (0.1), in addition to the previously cited [3]: In [4] was investigated
the existence, uniqueness of solutions and asymptotic stabilization of the total energy associated with the linear

wave equation
u’'(z,t) — a(t)Au(z,t) =0 (0.2)

and condition (0.1)4 linear. That paper, say [4], has been improved in [1] by adding to (0.2) the non-linearity
Au(zx,t)). About the diffusion equation

0 (2,1) — ﬁ(/g&(t)d:c)AG(x,t) ~0

we cite the work [5] in which is established existence and uniqueness of solutions, and the exponential decay of the

energy associated.
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1 Mathematical Results

In order to state the results of this article for the system (0.1) we will fix some hypotheses:

a is a C([0,00);R) function with o’ € L'(0,00) N L>(0,00) and a(t) > oy > 0;
is a C'(R;R) Lipschitz function with 3(9) > By > 0;
A is a CY(R,R) Lipschitz function such that A(0) = 0 and A(s)s > 0; 1)
geWh=(T1), g(z)>go >0
h e CHT; x R;R) with h(z,0) =0 a.e. and
[h(x,s) — h(x,r)](s —7) > do(s —r)? for €Ty a.e. and do >0 is a constant.

Definition 1.1. A global solution for the nonlinear initial-boundary value problem (0.1) is a pair of real-valued
functions {u, 0} defined on (Qx]O,oo[)2 such that

ue LS (0,00; VN H?(Q)), v € LS, (0,00; V) N LE (0, 00; L2(T)),

0 € L5 (0,00 L(Q)) 1 L (0,005 LA(D)), 6, 8 € L2, (0, 00: HY(9).
The pair {u, 0} satisfies the identities integrals

/00 / W' ¢ +aVu-Vo+ Nu)p+ (a-V)0¢] dxdt + /OO / agh(u')¢ dzdt = 0,
0o Jo o Jr

/OOO[/QO’godx—i—ﬁ(/de /V¢9~V<pdx+/9(a~V)u’<pdx}dt:O,
/ / 24 gh(u }wd:cdt—o

for all g € L2(0,T;V), p € L? (0,T; H}(Q)) and ¢ € L* (0,T; L*(T')) . Moreover, {u, 0} satisfy the initial condi-
tions (0.1)y.

ou
Theorem 1.1. Suppose ug € VN H?(Q), u; € V, 6y € H}(Q) and % +gh(u') =0 on Ty then there
exists a unique global solution of (0.1) in the sense of Definition 1.1, provided the hypotheses in (1.1) hold, and
V={ve H(Q); v%(v) =0 a.e on I'y}.
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RESULTADOS DE MA COLOCACAO PARA OS SISTEMAS DE BENNEY
E DE SCHRODINGER-DEBYE

ISNALDO ISAAC BARBOSA* & ADAN J. CORCHO!

1 Introducao

Neste trabalho apresentaremos resultados de md coloca¢do para os Sistemas de Benney e de Schrédinger-Debye.
Mostraremos que a aplicacdo dado-solucio ndo é C? na origem. Os resultados obtidos neste trabalhos foram
inspirados no trabalho de Holmer [6].

Apresentamos abaixo os dois Sistemas objeto de estudo deste trabalho.

O Sistema de Benney, primeiro abaixo, modela a interagdo de ondas aquéticas, para mais detalhes ver [1] e [2].

i0u + 02u = auv+ Blu*u, z,t€R,

1.1
0w + A0 = YO |ul?, w(x,0)=ug(x) v(x,0)=uvo(z). (1.1)

Sistema de Benney {

i+ 302u = wv, z,t€R,

cow+v = elu?, u(z,0)=uo(xr) v(x,0)=1v(x), (1.2)

Sistema de Schrédinger-Debye {

onde (ug,vp) é considerado no espago cléssico de Sobolev H*(R) x H*(R).

J4& o segundo sistema, o Sistema de Schrédinger-Debye, modela problemas de ética ndo-linear, ver [8].

2 Resultados

O resultado mais geral de boa colocagao local para o sistema (1.1) foi apresentado em 1997 por Ginibre, Tsutsumi

e Velo em [3]. Neste trabalho foi provado o seguinte teorema:

Teorema 2.1. O Sistema de Benney (1.1) é localmente bem-posto com dados iniciais (ug,vo) € H*(R) x H*(R)

satisfazendo

1 1
—§<k—s§1 e 21@23—1—520.

Este resultado foi obtido utilizando o método do ponto fixo de Banach em espacos de Bourgain. Mais tarde,
em [5], Corcho provou que o resultado obtido por Ginibre, Tsutsumi e Velo é o melhor possivel quando 8 < 0.

Especificamente foi obtido o seguinte teorema:

Teorema 2.2. O Sistema de Benney (1.1) ndo possui fluro uniformemente continuo em H*(R) x H*(R) para

B < 0 nos casos

1
—gSk<0 e k@s+1)=-L

O método usado baseou-se no artigo [7] de Kenig-Ponce-Vega, onde foi feito uso da existéncia de solugoes tipo

ondas viajantes e nesta técnica foi essencial a hipétese 8 < 0.

*Instituto de Matemaética , UFAL, AL, Brasil, isnaldo.isaac@gmail.com
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O resultado deste trabalho generaliza o Teorema provado por Corcho no sentido que provaremos que o fluxo
associado ao sistema nao é C? na origem para uma classe mais geral de indices (k, s) de Sobolev, o que é suficiente
para garantir que nao é possivel se obter solugdo para o sistema (1.1) via o método de ponto fixo de Banach. Fica
claro neste resultado que a regiao de boa colocacao obtida por Ginibre, Tsutsumi e Velo é o melhor possivel via
Ponto Fixo.

Nosso primeiro resultado é o seguinte:

Teorema 2.3. O Sistema de Benney (1.1) nio admite fluro de classe C? em HY(R) x H*(R) para B € R para
qualquer k € R e s satisfazendo:

> 2k L < L
s — = ou s<-——.
2 2

Para (1.2) Corcho e Matheus, [4], exibiram o seguinte resultado de boa colocagéo local:

Teorema 2.4. O Sistema de Schrédinger-Debye (1.2) é localmente bem-posto com dados iniciais (ug,ve) € HF(R)x
H*(R) satisfazendo
k| —1/2<s< min{k+1/2, 2k+1/2} e k>-1/4.

Fazendo uso da mesma técnica utilizada no Sistema de Benney, obtemos nosso segundo resultado, o qual diz o
seguinte:

Teorema 2.5. O Sistema de Schrédinger-Debye (1.2) ndo admite fluzo de classe C% em H®(R) x H*(R) para k
qualquer e s satisfazendo:

1 1
s>2k+§ ou s<—§.
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A class of biorthogonal functions

J.H. McCabe* & A. Sri Ranga'

Let €, be the linear space of functions defined as follows.

Q = Py and Q, for m > 1 is such that if F € Q, then F(z) = BO(z) + V1 —-22BW(2),
where B (z) € P,, and B (x) € P,,_; satisfy

BO)(—z) = (-1)"BO(z) and BW(—z)=(-1)""1BW(z).

Here P, (x) represents the linear space of polynomials of degree at most m.

This means, if F' € Q,, then B is an even polynomial of degree at most 2n and B(") is an odd polynomial of
degree at most 2n — 1. Likewise, if F' € Qg,,1 then B is an odd polynomial of degree at most 2n+ 1 and BM) is
an even polynomial of degree at most 2n. Note that the dimension of €2, is m + 1.

Functions belonging to €2,, are connected to self inversive polynomials of degree m. That is, given F' € €, then
associated with it there exists a unique ) which is a self inversive polynomials of degree (at most) m. Precisely,
e~m9/2Q)(e") = F(z), where x = cos(6/2).

The objective of this talk is to present some properties and applications of the sequence of functions {W,,(z)},

where W, (z) € Q,,, given by
Wo(z) =1, Wi(z) =z — f1V1 — 22,
Wingi(z) = [ = B V1 — 22| Wi (@) — g1t Win—1(z), m > 1.

Here, {8 5o, and {ay,+1}55_; are sequence of real numbers.

(0.1)

We have recently observed that these functions are very important from the point of view of orthogonal poly-

nomials on the unit circle.

1 Mathematical Results

Setting W, (z) = Ag,?)(a:) +V1-— mQAg,}L)(x), where

Lm/2] ‘ L(m—1)/2] .
AO(z) = Z = agg?zj 2™ % and AW (z) = Z ag?zj a1 (1.2)
j=0 =0
we refer to agg?o and agyll?o as the first and second leading coefficients of W,,, respectively.

Teorema 1.1. For the leading coefficients of Wy, obtained from (0.1) the following hold.

agg?o _ L Bm agg)—l,o m> 1

ag?o —Bm 1 agrlz)q,o ’ o

with aé% =1 and a&)) = 0. Consequently, with Ay, = (aﬁS?O)Q + (ag?o)z, there hold
aﬁfﬁll,o agr??o + ‘%(qgrl,o ‘1520 =Am = (14 B7)Am-1, m>1,

*School of Mathematics, University of St. Andrews, Scotland
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a52>+1,o agr(z))—l,O + ag‘rlzl—l,o ag)—l,o = (1= Bmbms1)Am-1, m=>1
and

0 1 1 0
afn)Jrl,O aﬁn)fl,o - afn)Jrl,O a7(n)71,0 = (B + Bmt1)Am—1, m>1

In this talk, interpolatory properties of functions in €2,,,, properties of the zeros of W,,, and associated quadrature

rules will be discussed. With respect to the orthogonality properties of W,,,, we show that

Teorema 1.2. Given a positive measure ¢ on [—1,1] let the sequence of functions {Wy,(x)} be given by (0.1),
where P =g fil e Wi(z) dip(z) and

1
Bgs = 7% / W (@) d(a),

Qg1 = ! / [ = Brt1 V1= 22 Wi (2) Win(2) V1 — 22 di (),

Tm—1 J-1

m > 1.

Here, v, = f_ll W2 () V1 —22dyp(z), m > 0. Then the sequence {Wy,(z)} satisfies the biorthogonality property

1
/ WQn(x) ng(l‘) V 1— 22 di?(@ = 72m 5n,ma
-1
1
/ Wani1(2) Wams1 () V1 — 22 dip(x) = Y2m+1 Onym,
1
and .
[ Wens (@) Wan(o) dutz) =0,
1
formm=20,1,2,....

We also show that the coefficients «,,, that appear in Theorem 1.2 are all positive and that the biorthogonal
function W, has m simple zeros in (—1,1).

However, results that we have observed form the theory of orthogonal polynomials on the unit circle suggest
that {a,,} is a positive chain sequence and that, within [—1, 1], the zeros of W, also interlace with the zeros of
Win—1. For basic information on orthogonal polynomials on the real line and on chain sequences we cite [1].
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CONTINUITY OF THE FLOWS AND UPPER SEMICONTINUITY OF
GLOBAL ATTRACTORS FOR pg(7)-LAPLACIAN PARABOLIC
PROBLEMS*

JACSON SIMSENT, MARIZA S. SIMSEN' & MARCOS R. T. PRIMO®

Partial differential equations with variable exponent have attracted a lot of interest of mathematicians around
the world in recent years. A lot of researchers have spent some efforts to obtain results on variable exponent spaces.
The theory of problems with variable exponent spaces has application in electrorheological fluids, thermo-rheological
fluids, image restoration and image process (see for example [3, 8, 9, 10, 11] and references therein).

In the recent years, S. Antontsev and S. Shmarev considered anisotropic parabolic equations and studied ques-
tions as existence and uniqueness of weak solutions, localization of solutions, vanishing solutions and blow-up
phenomena (see [4, 5, 6, 7]). The authors in [4] prove existence and uniqueness of weak solutions using Galerkin’s
approximations. J. Simsen and M.S. Simsen also proved results on existence and uniqueness of weak solutions
for p(z)-Laplacian parabolic problems using monotone operator theory (see [18]). Moreover, J. Simsen and C.B.
Gentile get results on existence and upper semicontinuity of global attractors for p—Laplacian parabolic problems
as the diffusion parameter varies (see [14, 15, 16]). More recently, J. Simsen and M.S. Simsen get results on upper

semicontinuity of global attractors for the following p(z)-Laplacian parabolic equations

Gux
ot

under Dirichlet homogeneous boundary conditions varying the diffusion parameters D* (see [19]).

(1) - div(D [ Vun ()72 Vua (1)) = Blua(1)),

With all of this, it is interesting to investigate in which way the parameter p(x) affects the dynamic of problems
involving the p(x)-Laplacian, analyzing the continuity properties of the flows and the global attractors with respect
the parameter p(z). B. Amaziane, L. Pankratov and V. Prytula studied homogenization of p.(z)-Laplacian elliptic
equations (see [1]) and B. Amaziane, L. Pankratov and A. Piatnitski studied nonlinear flow through double porosity
media in variable exponent Sobolev spaces (see [2]) where the authors considered the following initial boundary
value problem
we(x)%—f(t) — div(k(x)Vu|Vus
u =0 on ]0,tx9Q,
u(0,z) = up(z) in €,

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 €

P@=2) —g(tx) in Q

and obtained the homogenized functional.

In this work we consider the following nonlinear PDE problem

Ousg a9 Ous
{ e () - £ (192

Us (0) = UQs,

P20 ) = Bu, (1)), >0

(0.1)

under Dirichlet homogeneous boundary conditions, where ugs € H := L%*(I), I := (c,d), B : H — H is a globally
Lipschitz map with Lipschitz constant L > 0, ps(z) € C*(I), p; :=ess inf p, > 2V s € N, and p,(-) — p in L>=(I)

*This work was partially supported by the Brazilian research agency FAPEMIG grant CEX-APQ-04098-10.
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72



(p > 2 constant) as s — oco. We observe that in the problem (0.1) the external forcing term B depends on the
solution and the initial values are in the space L?(I) which is less regular that H?(I), i.e., H*(I) C L*(I). We
prove in this work the continuity of the flows and we prove upper semicontinuity of the family of global attractors

{A;s}sen as s goes to infinity.
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LOWER BOUNDS ON BLOW UP SOLUTIONS OF THE
THREE-DIMENSIONAL NAVIER-STOKES EQUATIONS

JAMES C. ROBINSON* & WITOLD SADOWSKI! & RICARDO P. SILVA!

Abstract

Suppose that u(t) is a solution of the three-dimensional Navier—Stokes equations, either on the whole space
or with periodic boundary conditions, that has a singularity at time 7. In this work we show that the norm
of u(T — t) in the homogeneous Sobolev space H?® must be bounded below by ¢t~ 2*=1/4 for 1/2 < s < 5/2
(s # 3/2), where c; is an absolute constant depending only on s; and by CSHUD||(L‘?2725)/5t_28/5 for s > 5/2.

This paper concerns local existence times and lower bounds on putative blow-up solutions for the three-

dimensional incompressible Navier—Stokes equations

%—Aqu(wV)quVp:O, V.u=0,

posed either on R? or on a periodic cube Q = [0, 27]® with / u=0.

Q
In his seminal paper on the three-dimensional Navier—Stokes equations, [6] showed that if a smooth solution

loses regularity at time T' then necessarily the H'-norm must blow up with the lower bound
(T = D)l g sy = et~
He also gave (without proof) lower bounds for such ‘blowing up’ solutions in the Lebesgue spaces, namely
(T — )| Lo ey > wpt~ P=3/2P 3<p<oo;

proofs of this lower bound have been given by [5] using the semigroup approach and [10] using elementary energy
estimates. If one combines this L blowup with the Sobolev embedding H*(R?) c L%®~2%)(R3) then one can
deduce that

1T — )] o gy = est™ 7D/ (1.1)

for any 1/2 < s < 3/2. These are all examples of ‘optimal’ blowup rates, having the ‘correct’ rate of blowup with
respect to the scaling of the various norms under the transformation u(z,t) — Au(Ax, A?t) which maps any solution
of the Navier-Stokes equations to another solution; under rescaling ||ul| ;. ~ A*~(1/2) and t ~ A=2. We extend the
lower bound in (1.1) to cover 3/2 < s < 5/2, and give an argument which shows that this rate of blowup also occurs
in the case of periodic boundary conditions.

Recently, [1] investigated lower bounds on blowup solutions in H*(R?) for s > 5/2, and obtained the result
1—(25/3) ,—s
(T = )]l o sy = vallulT = )| 12y e/,
In this work we obtain an improved lower bound for this range of s, namely

(T = 1) s sy > eslluoll o) 27, 1.2)

Note that these both respect the rescaling of solutions, but the new lower bound is asymptotically greater than the

first.
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MULTIPLE COHEN STRONGLY pP-SUMMING OPERATORS, IDEALS,
COHERENCE AND COMPATIBILITY

JAMILSON R. CAMPOS*

Considering the successful theory of multiple summing multilinear operators as a prototype, we introduce the
classes of multiple Cohen strongly p-summing multilinear operators and polynomials. The adequacy of these classes

under the viewpoint of the theory of multilinear and polynomial ideals is also discussed.

1 Mathematical Results

J. S. Cohen [5] introduced the class of strongly p-summing linear operators motivated by the fact that the
class of absolutely p-summing linear operators is not closed under conjugation. A. Pietsch ([7], page 338) shows
that the identity operator from [; to I is absolutely 2-summing but its conjugate, from ls to [, is not absolutely
2-summing. In his work Cohen shows that the class of strongly p-summing operators characterizes the conjugates
of absolutely p*-summing operators, with 1/p+ 1/p* = 1.

In the context of the theory of operator ideals ([8]), it is a natural question whether the class of Cohen (linear)
operators forms a complete ideal and also how to generalize this class to multi-ideals and polynomial ideals without
loosing the essence of the original ideal. We mention [2], [4] and [6] as attempts to establish general criteria that
the ideals should possess to preserve properties of the linear ideal.

We introduce the definition of multiple Cohen strongly p-summing operators in terms of sequences and next
prove its characterizations by inequalities.

Let us denote by [,(E) the space of absolutely p-summing sequences in a Banach space E, that is, sequences
which Y772, [|z;]|[? < co and by [/(E) the space of sequences in E which (¢(z;));2, € I, for all ¢ € E'. We also
denote by I, (E) the space of sequences Cohen strongly p-summing in E, that is, sequences which Y .2 |¢;(z;)] < oo,
for all (¢;)22, € 1% (E'), with 1/p + 1/p* = 1.

Definition 1.1. Let 1 < p < oo and E;, F be Banach spaces, i = 1,...,n, with 1/p+1/p* = 1. A continuous

n-linear operator T is multiple Cohen strongly p-summing if

€Y) (,”))) ( (}')) N
(T (le s Ty e € l,(F) , for any T; o el(E),i=1,..,n

The class of all multiple Cohen strongly p-summing multilinear operators is a subspace of L(F, ..., E,; F'), space

of all continuous n-linear operators, and will be denoted by Ly.conp(Er, ..., En; F).

Proposition 1.1. For T € L(E1,....,E,;F) and 1/p+ 1/p* = 1, the following statements are equivalent:

(i) T is multiple Cohen strongly p-summing;
() there is a C > 0 such that

o0
1 n
Z Spjl,..an (T (x,g-l)""’x‘gﬂ)))‘ S O’

Jiseesdn=1

Co

oo

for any (@1, )ininen € L (F) and (27) " € 1,(B), i = 1,.cm;
]:

H(@jl"“’j")j17""j"6NHw w
p P
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(791) there is a C > 0 such that

m

1 n

S e (T () a®))| < c\

Jis--dn=1
()

J

In addition, the smallest of the constants C satisfying (1.1), denoted by ||T||mconp , defines a norm in
LmC’oh,p(Ela ---aEn;F)-

m

H(%l,u.,jn)jl

)

(m§1>>; p‘ (x§n>>;”=1 p

ceky,i=1,...,n, j;=1,...m, j=1,....,m.

seendn=1 Hw,p*

forallmeN, ¢ . . € F' andz

The following result shows that the definition of multiple Cohen strongly p-summing operator englobes the

concept, of Cohen strongly p-summing operators.

Proposition 1.2. Every Cohen strongly p-summing multilinear operator is multiple Cohen strongly p-summing
and || - |lmconp < || - llconp-

The paper [3] shows that the classes of Cohen strongly p-summing linear operators (as defined in [5]) and Cohen
strongly p-summing multilinear operators and polynomials (as defined in [1]) form complete normed ideals. The
same occurs with the multiple Cohen strongly p-summing multilinear operators:

Theorem 1.1. Let n € N. Then ﬁ:ﬁlCOh,p is a complete normed ideal of n-linear operators.

Definition 1.2. The class of multiple Cohen strongly p-summing n-homogeneous polynomials is the class
TrrLzCoh,p = {P € Pn;P € ‘Cr;LCOh,p} .
Furthermore, with the norm given by

||P||P'm,Coh,p = HPHmCOh,p )

we obtain a (complete) ideal generated by the ideal L, con. p-

It is also presented in the paper [3] a proof that the ideals of polynomials and multilinear Cohen strongly
p-summing operators are coherent and compatible, according Pellegrino and Ribeiro [6], with the ideal of Cohen
strongly p-summing linear operators. We show the analogous result for the multiple Cohen strongly p-summing

multilinear operators and polynomials:

Theorem 1.2. The sequence (Pﬁlcoh,p, .c;gcmp)go:l is coherent and compatible with the ideal D, of Cohen strongly

p-summing linear operators.
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UMA VERSAO DO TEOREMA DAS FUNCOES IMPLICITAS PARA
VARIEDADES ALGEBRICAS REAIS

JEAN F. BARROS *

Neste trabalho, nés apresentamos uma versao nao-diferencidvel do Teorema das Fungoes Implicitas para varie-
dades algébricas reais, cuja demonstragao é uma aplicacao da Regra de Sinais de Descartes, via Transformagoes de
Mobius, e sob a inspiragao do Teorema de Vincent.

Pela versdo cléssica do Teorema das Fungoes Implicitas (TFI), dada uma fungao P : U C R"*! — R, onde

U C R™! é um conjunto aberto, que supomos de classe C*, para k > 1, e que, para (zo,%p) € U,

oP
P(xo,to) = 0 e E(l’o,to) 7é 0,

segue-se que existe um aberto V x I C U, com (zg,t9) € V x I, tal que P~1(0) N (V x I) é o grifico de uma funcio
real f : V — I de classe C*. Isto é, P(x,t) = 0 define implicitamente uma fungdo em V x I. Agora, para P €
Rlx1,za, ..., %], n6s chegamos a mesma conclusao da versao cldssica, sem usarmos condigoes de diferenciabilidade.
E isto que nés consideramos como uma versao nao-diferencidvel do TFI. Diferentemente da versdo cléssica, esta
versao tem um carater global. De fato, sob as condi¢bes mencionadas, o que se tem na versao classica é que a equagao
P(z,t) = 0 define o gréfico de uma fun¢do numa vizinhanga do ponto (xg,tp), sem que se tenha explicitamente
uma tal vizinhanga. Conforme a versao que propomos, para um certo retangulo n-dimensional, que é o de interesse
para o problema, pode-se demonstrar que a equacao P(x,t) = 0 define o gréfico de uma fungao neste retangulo.
E claro que, sob certas condicoes de diferenciabilidade, por exemplo, se soubermos que uma das funcoes derivadas
parciais de P no retangulo considerado nao se anula, a versao mencionada permite concluir que a funcao dada
implicitamente pela equagdo P(z,t) = 0 é uma funcdo analitica.

O método que utilizamos na demonstragao da nossa versao ¢ inspirado em Vincent [4]. O Teorema de Vincent
proporciona um método para a separagao dos zeros de um polindmio em uma variavel, como pode-se constatar em
[1, 2, 3]. A vers@o que apresentamos é devida a Alesina e Galuzzi, como em [2].

Para o que se segue, considerando R = (ay,b1) X (az,b2) X ... X (an,by), dado P € R[zy, z2,...,z,], denotamos

por P‘% o numerador da fungao racional P o ¢, onde ¢ : (0,4+00)" — R é definida por

ai1x1 + by asxs + by AnTy + bn>

T1,X2,...,Ln) = , ..
a1, 2, n) ( 1+ 1 To +1 oz, +1

Além disso, dado um polinémio P € R[x], considerando a sequéncia dos seus coeficientes, em ordem decrescente ou

crescente dos graus dos monomios, denotamos por V(P) o ntiimero de variagoes de sinal desta sequéncia.

Teorema 0.1. (Vincent-Alesina-Galuzzi) Sejam P € Rlx], de graun > 1 e sem raizes maltiplas, e A > 0 a menor

distancia entre quaisquer dois zeros de P. Considere 2’—: como o k-ésimo convergente da fra¢do continua

1
a2+¥

a3+"-

ap +

)

onde a; € Z € tal que a; > 0, para cadai > 1, e ag > 0. Se h € tal que

2
Fp_1FpA > %,

*Departamento de Ciéncias Exatas (DEXA), UEFS, BA, Brasil, jfbQuefs.br
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onde Fy, € o k-ésimo termo da sequéncia de Fibonacci 1,1,2,3,5,8,13,21,..., entdo V(P|(a,b)) <1, onde a = Bh=1

qdh—1
eb=br,
dh

Oportunamente, apresentamos um enunciado da Regra de Sinais de Descartes, como vemos em [5], onde Z(P)

representa o nimero de zeros positivos de P, contados com multiplicidades.

Teorema 0.2. (Regra de Sinais de Descartes) Seja P(x) := anx® + ... + a12® + agz® um polinémio real cujos

coeficientes sdo ndo nulos, onde b; € Z, para i =0,1,...,n, sdo tais que 0 < by < by < ... < by,. Entdo,
Z(P) S V(P) e V(P) =5 Z(P),

isto é, V(P) e Z(P) tém a mesma paridade.

1 Uma versao nao-diferenciavel do Teorema das Fungoes Implicitas

A seguir, vemos a versao nao-diferencidvel do TFI.

Teorema 1.1. Seja P € R[zy,xa,...,x,]|. Considerando

<I>:P|

(a1,b1)x(az,b2)X... X (an,bn)’

tem-se que se V(®(z1,22,...,2n_1,w)) = 1, para cada (21,22,...,2n_1) € (0,00)"" L, entio P(x1,22,...,2,) =0

define implicitamente uma fun¢do
fi(ar,by) x (az,b2) X ... X (an—1,bp—1) — (an,by).
Além disso, se existem o, 8 € (ap,by) tais que
f((a1,b1) % (az,b2) X ... X (@p—1,bn—1)) C [o, B],
entdo [ € continua. Ademais, se
V(%’(al,bl)><(a2,b2)><...><(an,,bn)> =0,

entdo f € analitica.

Confirmando o que mencionamos acima, o que torna esta versao tao significativa é o seu carater global,
possibilitando-nos determinar em que regido a pré-imagem de zero, P~1(0), é o gréfico de uma fungdo. E claro que

de antemao, quando vamos aplicé-la, ja temos a regiao que pretendemos examinar.
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VIBRATIONS OF BEAMS WITH NONLINEAR DISSIPATIONS:

EXISTENCE, UNIQUENESS AND DECAY

J. L. G. DE ARAUJO', IVO F. LOPEZ', L. A. MEDEIROS',

M. MILLA MIRANDAZ

This paper is motivated by the physical problem of torsion or by displacement of a mass. The mathematical

model for this physical problem is the following

— Au+ a(z)|u|?u| + b(z) |/ |Pu’ =0, in Q;

u =0, on Xy

au 1 !/
af—ka(x)u + h(z,u") =0, on Xy;
v

uw(0) =% o' (0)=ul, in Q.

(1)

Observe that €2 is an open, non empty regular bounded subset of R™, whose boundary 052 is decomposed in 'y
and T'; in a special way. By @ we denote the cylinder Q x (0,00). The lateral boundary of @) is represented by X,

decomposed in ¥y and Y.
The objective of this communication is to prove existence, uniqueness and assymptotic behavior of the “energy”

for the weak solution of (1) with convenient conditions on a, b, a, h, u® and u®.

We introduce the following hypotheses:

(H1)

(H2)

a,b € L*(Q) and o € L*>(T";) such that
a(z) >0, b(zx)>0ae ze€Qand alz)>0ae xecly;

h € CO(R,L>(Ty)),
h(z,0)=0 ae zely;
[h(z,8) — h(x,r)] (s —7) >d(s—71)% Vs,reR, ae xel;

(d a positive constant).

(H3) o, A € R satisty:

1

—<o< —— ifn>3; 0< )<
n - and

o> — ifn=1,2;

(H4) u° € D(=A) and u! € H} ()

The main results obtained are

if n > 3;
ifn=1,2;

Theorem 1. Assume hypotheses (H1)-(H/). Then there exists a function u in the class

u € L*®(0,00,V),

u' € L>=(0,00,L%(Q))NL
u’ € L2 (0,00, L2(£2)
2

loc

foc );
a2 € L°(0, 00, L*(T)),
u' € L*(0,00, L3(T'1)),

ol € L, (0,00, LA(T)),
u” € L2 (0,00, L3(T'y)),

LIM - Universidade Federal do Rio de Janeiro (UFRJ), Rio de Janeiro, Brasil

2DM - Universidade Estadual da Paraiba (UEPB), Campina Grande, Parai, Brasil
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and u verifies

u” — Au+ alu|ou + bl M/ =0 in LE (0,00, L2(Q)),

? +au” + h(-,u') =0 in L} (0,00, L} (T'1)), (3)
v

loc
uw(0) =u®,  u(0) =ul.

Theorem 2. With the above conditions and b(x) = by > 0, a.e. in §, we have that there exist positive constants M

and B such that the energy

2
E(t):/ufdx—i—/ |Vu|2dx—|—7/ a(x)|u|"+2dw—|—/ afx)uldr,
Q Q o+2 /g Iy

satisfies
Et)<M(1+t)~", vt=>0.
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UFOLOGIA NOS ESPACOS DE BANACH

JESUS CASTILLO * & VALENTIN FERENCZI T & YOLANDA MORENO ¥

Espagos Uniformemente Finitamente Extensiveis (ou UFOs) sao espacgos onde cada operator ¢ definido num
subespago de dimensdo finita de X extende-se a um operador T definido em X, com ||T|| < Al|¢||, onde A é
uma constante uniforme. Essa nogao esté relacionada com o Problema do Espago Automorfo de Lindenstrauss e
Rosenthal. Mostra-se que espagos UFOs tém a Propriedade de Aproximagao, e que a propriedade UFO é equivalente
a propriedade compactamente extensivel: cada operador compacto definido num subespaco de X extende-se a um
operador em X.

1 Introducao

Na teoria classica dos espagos de Banach, um espaco X é automorfo se qualquer mergulho isomorfo de um subespaco
de X em X pode ser extendido em um automorfismo de X (sendo respeitadas condigoes evidentes de codimenséo).
O maior problema aberto nessa drea é de saber se ¢y e f2 sdo os Unicos espagos automorfos separaveis, ver por
exemplo [3].

Problema 1.1 (Lindenstrauss-Rosenthal). Seja X um espago de Banach automorfo separdvel. X deve ser isomorfo

aco ouly?

Um espago é chamado de extensivel se qualquer operador definido de um subespago de X em X pode ser
extendido a um operador definido em X. Ele é compactamente extensivel se qualquer operador compacto definido
de um subespaco de X em X pode ser extendido a um operador definido em X.

Y. Moreno e A. Plichko [4] também consideram a nogéo de espago Uniformemente Finitamente Extensivel (ou
UFO).

Definigao 1.1. Um espago X € Uniformemente Finitamente Extensivel (ou UFO) se existe A > 1 tal que todo
operator t definido num subespaco de dimensao finita de X extende-se a wm operador T definido em X, com
170 < Al

Segue dos trabalhos de Moreno-Plichko [4] que
Teorema 1.1 (Moreno-Plichko). Automorfo = Extensivel = Compactamente Extensivel = UFO.

Castillo e Plichko mostram que espagos UFOs sao ou (A) L (ou seja, localmente préximos de ¢y, como por
exemplo os espagos C(K)), ou (B) quase-hilbertianos (ou seja, localmente préximos de ¢3, como por exemplo o
2-convexificado do espago de Tsirelson). Reciprocamente espagos Lo, j& foram estudados nos anos 80 e é bem
conhecido que sdo UFOs, ver [5]. Nao se sabe se UFOs quase-hilbertianos devem ser hilbertianos.

*Departamento de Matematicas , Universidad de Extremadura, Espanha, castilloQunex.es
TInstituto de Matematica e Estatistica , USP, Sdo Paulo, Brasil, ferenczi@ime.usp.br
tDepartamento de Matematica, Universidad de Extremadura, Espanha, e-mail: ymoreno@unex.es
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2 Resultados

Nesse trabalho, sao provados dois resultados sobre espagos UFOs.

Teorema 2.1. Qualquer espago UFO tem a Propriedade de Aprozimagao Uniforme.

Como consequéncia, a propriedade UFO e a propriedade compactamente extensivel sao equivalentes:

Teorema 2.2. Seja X um espaco de Banach. Sdo equivalentes:

1.

2.

X é UFO,

existe X\ > 1 tal que qualquer operador t definido num subespaco de dimensdo finita de X extende-se a um
operador T' definido em X, de posto finito, com ||T| < A||t||,

existe A > 1 tal que qualquer operador t de posto finito, definido num subespaco de X, extende-se a um
operador T' definido em X, de posto finito, com ||T| < A||¢||,

X € compactamente extensivel,

X € uniformemente compactamente extensivel, ou seja existe X > 1, tal que qualquer operador compacto t,

definido num subespago de X, extende-se a um operador T definido em X, com || T|| < A||¢]|.

qualquer operador compacto, definido num subespaco de X, extende-se a um operador compacto definido em
X

J

existe A > 1, tal que qualquer operador compacto t, definido num subespaco de X, extende-se a um operador
compacto T definido em X, com ||T|| < At

Vale destacar algumas relagoes entre as constantes aparecendo nas propriedades acima. Por exemplo, se (1) vale

para A > 1, entdo (7) vale para A2 + e.
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ANALISE E SIMULAQ;‘;O NUMERICA DO CRESCIMENTO DE UM
TUMOR

J. A. J. AVILA* & @G. LOZADA-CRuz!

Crescimento de tumores sao modelados por equacoes

diferenciais parciais parabdlicas. Os tumores avasculares Tumor Avascular

invasivos, onde a divisao celular, morte e motilidade Sa0  cuias tumorais

as varidveis essenciais para o comportamento dinamico da
regiao

e e tecido normal

densidade celular e concentracao de nutrientes, sao gover-

nados pela equacao de difusao-reacao. Um estudo de auto- ) .
células vivas

ondas para um tumor avascular invasivo, com resultados

células mortas

numéricos 1D, é encontrado em Kolobov et al. [1]. Na Fi- vasos sanguineos

gura 1 mostramos uma ilustragao esquematica de um tumor ] ~
. ‘o Figura 1. Ilustracao de um tumor avascular 2D.
avascular 2D com regiao necrética no centro.

Este trabalho é a continuagdo de [1] e acrescenta andlise matemdtico ndo linear: existéncia e unicidade da

solugao, e dependéncia continua dos dados iniciais. Assim, como também, apresentam outros resultados numéricos.
1 O Modelo

Segundo [1] o modelo do crescimento de um tumor avascular invasivo 1D é governado pelo sistema de equagoes

de difusdo-reacao.

0 0?
a—? = Daa—xg—P(s)a—i—Ba, —oo <x < +oo, t=0
Os 9?5
com as condigoes de contorno
a=0, %:O : quando x — —o0
Ox
a =0, s=1 : quando z — 400, (1.2)
onde
a = a(x,t): densidade celular (densidade de células tumorais vivas)

= s(x,t) : concentracdo de nutrientes

e os parametros sao definidos por

D, Coeficiente de difusao de células tumorais
D Coeficiente de difusao de oxigénio
B Taxa de divisao de células vivas
P, Taxa maxima de células mortas
Serit Concentracao de nutrientes critico
€ Desvio caracteristico de s desde Scpit
q Taxa de consumo de nutrientes das células tumorais vivas

P(s) Taxa de células mortas. P(s) = £ [1 — tanh (=S )],

*Departamento de Matematica e Estatistica, UFSJ, MG, Brasil, e-mail: avila_jajQufsj.edu.br
fDepartamento de Matematica , IBILCE , UNESP, SP, Brasil, e-mail: german.lozada@sjrp.unesp.br
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2 Analise

Consideremos o sistema (1.1) com os dados iniciais
a(z,0) = ap(x) 20, s(x,0)=so(x) 20, VaxekR (2.3)
Para 1 < p < oo definamos o espago de Banach X, dado por
X, ={u: R — R;u é limitada, uniformemente continua e v € L?(R)}
A equagdo (1.1) junto com (2.3) pode ser escrita no espago X = X, x X, como uma equagio de evoluc@o abstrata
u = Au+ F(u), u(0) = ug (2.4)

onde F : X — X é uma fungdo néo linear dada por F(u) = (—P(s)a,—qa), u = (a,s), up = (ag,s0) e A :
D(A) Cc X — X, onde D(A) = {(a,s) € X :a,s € XZ(,Q), (a,85) = (0,0),2 — —o0,e (a,s) = (0,1),x — +o0}, e

Au = (Dyags + Ba, Dssy,). Da férmula de variagido de constantes segue que a solugdo de (2.4) é dada por
¢
u(t) = eug + /e(th)AF(u(T))dT, t>0 (2.5)
0

Definicao 2.1. Dizemos que u : [0, +00) — X € uma solugdo fraca de (2.4) se u € C([0,00),X) e satisfaz (2.5).

Teorema 2.1. Suponhamos que F' é Lipschitz continua globalmente. Entdo para todo ug = (ag, so) € X o sistema

(1.1)-(1.2) tem uma tdnica solugao fraca u(x,t,ug) = (a(x,t,up), s(x,t,ug)) para todo t > 0 com u(-,0,ug) = ug.
3 Solugao Numérica

Para encontrar uma solugdo numérica do sistema (1.1) e (1.2), usamos o cldssico e incondicionalmente estavel
Método de Crank-Nicolson. O dominio (—L, L) é discretizado com uma malha uniforme de N = 1200 elementos e
L = 2000. Os tamanhos de passos espacial e temporal sdo, respectivamente, h = 2L/N e k = vgh/c, onde vy = 0, 26.

.~ e e e ~ . _ 2
A condicdes iniciais sdo dadas pela funcio gaussiana a(z,0) = 0.1 ¢~ 0:00252

e a funcao constante s(x,0) = 1.
Nas Figuras 2 e 3 sao mostradas, em 3D, o perfil de densidade das células tumorais vivas e o perfil da concentragao
de nutrientes, respectivamente, ao longo do tempo. Note que o estado estavel do perfil das células tumorais vivas

aproxima-se da solugao tipo onda viajante.

4 Conclusao

Mostramos que o problema do cres-
cimento de um tumor avascular invasivo
é bem bem posto. Observamos nas si-
mulages numéricas que o tumor cresce
na diregao onde existem os nutrientes,

que eles sao agressivos e invasivos desde

o inicio até aproximadamente ¢t = 60 (2

anos), imediatamente depois sofrem uma

relaxacao até atingir o estado estavel, em Figura 2. Perfil densidade de células Figura 3. Perfil concentracao de

aproximadamente ¢t = 200 (6,5 anos). vivas no tempo. nutrientes no tempo.
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ON HILBERT SPACE REPRODUCING PROPERTIES OF THE USUAL
FOURIER TRANSFORM

JOSE C. FERREIRA* & VALDIR A. MENEGATTO!

We are mainly concerned with integral operators K : L2(R?) — L?(R?) of the form
K@= | K@uf@d(y), feLl’®), zck
which are positive in the sense that

<]C(f)’f>L2 >0, f € L2(Rd)a

generated by a continuous kernel K : R? x RY — R. This setting implies that the kernel K is positive definite in
the usual sense, that is,

E Gic; K(x;,25) >0,
4,j=1

for all n > 1, 21, T2,..., ¥, € R and ¢y, ca,..., ¢, € C ([2]). The reproducing kernel Hilbert space Hx of K is
the Hilbert space containing {K* := K(-,z) : © € R%} as a dense subset with respect to the inner product given
by the formula

(K*, KV) i .= K(y,z), x,y€ R

The reproducing property in Hy is the relation
fx)={f,K")k, feHk, zecR%.

Among other things, this property ensures that Hg is composed of continuous functions only. The structure of the
Hilbert space H itself and its relation to positive integral operators enter in the solution of many problems as one
can ratify in [1, 5].

The Results

Let f denote the Fourier transform of f € L? and write
f((u,v) = f((u7 —v), u,v€ERY,
whenever K belongs to L?(R? x R%). In addition, consider the integral operator K generated by K. We prove:

Teorema 0.1. If K belongs to L*(R% x RY) then it holds

—

K(f)=K(f), feL*R%.

Proof. If K € L?>(R? x R%), it is easily seen that K is compact and self-adjoint operator. Using its spectral decom-
position

ZA ([, bn)adn, [ € LXRY),

*Instituto de Ciéncias Exatas , UNIFAL-MG, Alfenas, MG, Brasil, jose.ferreira@unifal-mg.edu.br
fICMC-USP, SP, Brasil, e-mail: menegatt@icmc.usp.br
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we can deduce that -

Z f ¢n 2¢na f € Lz(Rd)

The continuity of K enables us to use Mercer s theorem ([2, 3, 4]) to deduce that

Z/\ K)on(x)bn(y), =,y € R

A simple calculation produces the formula

= Z An(’C)an(I)d;n(*y), z,y € Ra.e.,
n=1

—

and, consequently, K(f) = K(f), f € L2(R%). O
The second result in this note requires the notation x(z) = K(z,z), = € R%

Teorema 0.2. If /2 belongs to L' (RY) then

K, = F902=(F,02= (K()).9)g, feL*(X,w), g€Hk
Also,
={f:feHx})
Proof. Results in [2] guarantee the reproducing property
K(f):9)x = {f,9)2, [e€L*R?), g€ Hk

In addition, if f € Hy, there exists g € L?(R?) such that

fl@) =K2(g an )Y/2g, 6n)2dn(z), @€ R

It follows that -

Z 1/2 ¢An>2¢An = ’61/2(@)
and, consequently, f € Hg. The remaining inclusion is due to the fact that the Fourier transform defines an
isometric isomorphism from L?(R?) into itself. O

Acknowledgement: First author partially supported by FAPEMIG, Grant APQ-03911-10. Second one, by
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SHARP TRUDINGER-MOSER TYPE INEQUALITY FOR RADIAL
OPERATORS

J.F DE OLIVEIRA* & J.M DO Of

Let 2 C R" be a smooth bounded domain and WO1 "P(Q) the Sobolev space endowed with the Dirichlet norm
[[Vul|p. Investigating the Sobolev embedding in the limit case p = n, N. Trudinger [5] proved that there exists
p > 0 such that Wy () is embedded in the Orlicz space Lg(§2) determined by ¢(t) = eIt "™ _ 1. This result
was sharpened by J. Moser [4], who found the best exponent p and proved the following result:

=t < Ch| if < ln
sup /eMIU\ T dz < CulQ| 1 b= p (0.1)
weWd™(Q): | Vulln.=17Q =00 if > i,

1/(n—1)

o1 7, Q] denotes the Lebesgue measure of a set 2 in R™ and w,,_ is the measure of the unit

where p, := nw
sphere in R™. For works related with this class of estimates and applications, we refer to [3] and references therein.

We establish the analogous of Trudinger—-Moser inequality associated to the following class of quasilinear elliptic
operators (which includes in particular the p—Laplacian and k—Hessian) when considered acting in radial symmetric

functions defined in a ball of R™ with Dirichlet boundary conditions:
Lu =7~ (r*1/ (r) P/ (1)) with /(0) = u(R) = 0. (0.2)

Furthermore, we prove the existence of extremal functions for the resulting Trudinger—-Moser type inequality.

1 Mathematical Results

Let R >0, « > 0 and 8 > 0 be real numbers. If u : R — R Lebesque integrable and I C R Lebesgue measurable,
we set fI r)dA\y = Wy fI r®u(r)dr for all & > 0 where; for each real number ¢ > 1 we set wy_1 = 27r%/F (g) and
= fo t*~le~tdt. We deﬁne the Banach space Xp that consists u € AC(0, R] absolutely continuous function

such that u(R) =0 and || u [|x,:= (fo [u/(r)[PT2d A, )ﬁﬁ <oo. If ¢g>1and >0, let L} = L§(0, R) the space

1/q
of Lebesgue measurable functions u : (0, R) — R such that [ulzs = (fo |u|9 d)\g) < o0o. In the the Sobolev
case, that is, « — f — 1 > 0 the embedding Xp < L{ is continuous if 1 < ¢ < ¢* and compact if ¢ < ¢*, where

g5 = % is the Sobolev exponent for Xp spaces (cf. [2]). We investigate the Trudinger-Moser case:
a—pF-1=0 (1.3)
In this case, we have the continuous embedding X < L, 1 < ¢ < oo, but one can see that Xp ¥ L3°. Instead,
B+2
we prove that Xg is embedded in the weighted Orlicz space Ly determined by ¢(t) = elt? 1. More precisely,
Theorem 1.1. Let a > 1, > 0 be real numbers such that (1.3) holds. Then
) 1 1
R < CplBrla i 1< pgi= (842wl
sup e dA, : 15 (1.4)
u€Xr: ulx,<1J0 =00 if w>pp, |Brla= [, dAa

*Capes and CNPq grant 141853/2012-3 DmatUFPE, PE, Brazil, e-mail: oliveira@dmat.ufpe.br
TResearch partially supported by the National Institute of Science and Technology of Mathematics INCT-Mat, CAPES and CNPq
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We also studied the question attainability for (1.4):
Theorem 1.2. Let o > 1, 5 > 0 be real numbers satisfying (1.3). Then there exists extremals for (1.4) if u < pg.

We will give only a sketch of the proofs of our results. Previously, we can reduce our problems to analysis of

the supremum

O |/ (pm1) g
sup / ehs dt, p=p+2 (1.5)
weH1 JO

where H; is the set of w € C*[0,00) with w >0 and [~ [w/(¢)[Pdt < 1. We focus on only the critical case p = g
in (1.5). Next, we use the psi-function defined by ¢(z) = I(z)/T'(x), = > 0.

Lemma 1.1. Leta >0, p>2 and § > 0. Ifw € C*a,00) withw >0 and [~ [w’'(t)[Pdt < § then

q(4)— q _ 1 Cp’}/ ql—p
w(t)—t wi(a)—a p _
/a € dt<e T exp{ » + ¢ (p) 1/)(1)} ) (1.6)

where vy, = §(1 — 51/(4"_1))1_”, c=quwi '(a) and g =p/(p —1).

Proof of Theorem 1.1: Take a € [1,00), smallest point, such that w?(a) = a —2In" a. By Lemma 1.1

oo q 1 oo
w(t)—t K+vy(p)—y(1 _ p
/a € ®) dt S me (») ( ), ) —/a \w/(t)| dt (17)
where
K — o 1 1 0
=wi(a) +p—1(1—51/(P—1))P—1 —a.

Also, wi(a) = a — 2In™ @ implies § < (p — 1)% Thus, since elna < a for all a > 0, we get
1 1
<
1—0V/0-1) = 1 _ dpl/(pfl)

(1.8)

for some constant d, depending only on p. On the other hand

(p—1)¢ 2Inta\?
K< (1= 6Dy 1 -a ” (1.9)

and g(z) = 2 (222)? is uniformly bounded in [1,00). Therefore, (1.7), (1.8) and(1.9) imply [~ e®"®~tdt < ¢;.

This estimate and foa e ()=tdt < 2 completes the part of boundedness in (1.4). The optimality of 1g is given by

Moser’s functions. O

Proof of Theorem 1.2: Set J(w) = [;° el "™V =tqt w € Hy and T, := sup,ey, J(w). We use the two-step

strategy of L. Carleson and A. Chang [1]: In the step one, assuming has no extremal for the supreme in 7, and
using the Lemma 1.1, we prove that Z,, < 1+ e?®)=¥() Tn the step two; for each p > 2, we find a function fo € Ha
such that J(f,) > 1+ e¥® =¥ which is a contraction.
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EXPONENTIAL DECAY FOR THE KDV-BURGERS EQUATION WITH
INDEFINITE DAMPING

JOSE H. RODRIGUES* & MARCELO M. CAVALCANTI'
VALERIA N. DOMINGOS CAVALCANTIF & VILMOS KOMORNIKS

In this work we consider a nonlinear KdV-Burguers equation in the presence of indefinite damping as presented
below

Ut + Uggy — Uge + M2)u+uu, =0 in Rx]0,o00], (1)
where A stands for a L*>°(R) function and with initial conditions
uw(0) =ug in R. (2)

Some results on the well posedness and asymptotic stability for its solutions are established when assuming A

is a functions which may change sign.

1 Main Results

The main results which were established come in the sequel.

Theorem 1.1 (Global Well-Posedness). Let A € L>(R). Given any initial data ug € L?(R), there exists a unique
solution u of (1)-(2) in the class Cioe(Ry; L2(R)) N Cloe(Ry; HY(R)).

Theorem 1.2 (Exponential Stability). Let A € L°(R) and 1 < p < oco. Suppose that there exists a positive
constant Ao and a function \; € LP(R) such that

Az) > Mo+ Ai(z), for almost every x € R. (3)

and

Mo\
Il < (22) 0

P

where ¢, = (2p — 1)(2p)2%pl. Then, for any initial data ug € L*(R), the respective solution u of (1)-(2) satisfies
the following decay estimate:

()]l < lluolly e ()

where Ny := Ao — 2 ||\ ||%
0" 0 5 1llp .
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ESTABILIDADE ASSINTOTICA PARA SISTEMAS DE BRESSE

JUAN A. SORIANO *, WENDEN CHARLES' & RODRIGO A. SCHULZ!

1 Introducao

No presente trabalho, estudamos a estabilidade assintética para o sistema de Bresse com dissipacao nao linear:

P19 — k(pz + ¥ +lw)y — kol(wy —lo) + a(z)g1(p) =0 em (0,L) x (0,00), (1.1)
P2t — baw + k(z + ¢ + lw) + g2(¢4) =0 em (0, L) x (0,00), (1.2)
prwy — ko(wy — 19) e + kl(0r + 9 + lw) + b(x)gs(w) =0  em x (0,L) x (0,00), (1.3)
©(0,t) = (L, t) = 9(0,t) = (L, t) = w(0,t) = w(L,t) = 0,£ >0 (1.4)
o(x,0) = @, ot(x,0) = o1, (x,0) = o, ¥i(z,0) = 1, w(z,0) = wo, we(z,0) = wy,z € (0,L)  (1.5)

onde p1, k, p2, b, l e ky sao constantes positivas.

O sistema de Bresse, também é conhecido como o problema do arco circular, é dada pelas seguintes equagoes:

prow = Qu+IN+Fp, (1.6)
Py = My —Q+ Fy, (1.7)
prwg = Ny —1Q + F3, (1.8)
onde
NZKo(wx—l@), Q:k(¢x+lw+w)7 e M =by,. (1'9)

Usamos N, @ e M para denotarmos a forca axial, a forca de cisalhamento e o momento de flexao, respectiva-
mente. Denotamos por w o deslocamento angular longitudinal, ¢ deslocamento angular vertical e ¥ o deslocamento
angular de cisalhamento.

A energia do sistema (1.1) — (1.5) é dado por

1 L
Bt) =5 /O (prle|* + paltoel* + prlwe|* + blwoa|* + Kl + ¥ + lwl? + kolws — lp|*)(x, t) da. (1.10)

2 Resultado

Consideremos as seguintes hipoteses:
Hipdtese 1. A funcao feedback g;, para cada i = 1,2, 3, é continua e monétona crescente, e satisfaz as seguintes
condigoes:
() gi(s)s > 0 para s # 0,
(1) kis < gi(s) < K;s para |s| > 1,
onde k; e K; sao constantes positivas.
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Hipétese 2. Assumiremos que a,b € L*(0, L) sao fungdes ndo negativas tais que
a(x) >ap>0eb>byg>0qs. em (L—¢L), (2.1)

onde € > 0 é um numero positivo arbitrario.

Nossa principal tarefa é provar que a seguinte desigualdade é satisfeita para cada solugao fraca do problema
(1.1) — (1.5)

T L
E(T) :< C/O /0 (a(fc)(so? + 91(00)%) + (V7 + g2(¥¢)?) + b(z) (W] + ga(wt)z) dxdt, (2.2)

para alguma constante C' = C(T, E(0)) > 0 e para T suficientemente grande.
Assumindo que (2.2) ocorre e seguindo o mesmo processo considerado em Lasiecka e Tataru [1] a solu¢ao do
problema (1.1) — (1.5) satisfaz a seguinte taxa de decaimento:

1
E(T) :< S(?)E(O) N 0, paratodo t > Tp,t — oo, (2.3)
0
onde a fungao escalar S(t) (Contragao nao-linear) ¢ a solucdo da seguinte EDO:

L5()+a(S(0) =0, 5(0) = E(0), (24)

onde a fungao ¢ é definida em Lasiecka e Tataru [1].
Agora, estamos em condigoes de enunciar o nosso principal resultado:

Teorema 2.1. Suponhamos que as hipdteses 1 e 2 sejam validas. Entao, o problema (1.1) — (1.5) possui uma dnica
solugdo fraca satisfazendo a taxa de decaimento dada em (2.3).
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ANALISE MULTIESCALAS PARA A OBTENCAO DE CORRECOES
LOGARITMICAS NO DECAIMENTO DE SOLUCOES DE PROBLEMAS
DE VALOR INICIAL

JUSSARA M. MOREIRA & GASTAO A. BRAGA *

A relagdo entre escalas, autossimilaridade e o limite assintético de solugbes de equagdes diferenciais parciais
foi introduzida inicialmente por Barenblatt [1] no final da década de 70. No inicio dos anos 90, J. Bricmont,
A. Kupiainen e colaboradores [2] adaptaram um método multiescalas anteriormente utilizado em teoria quantica
de campos e mecénica estatistica, o método do Grupo de Renormalizagdo (RG), obtendo resultados rigorosos
sobre o comportamento assintético de solugoes. FEles mostraram que, para uma extensa classe de perturbagoes
da equagao do calor e para um dado inicial suficientemente pequeno, a solucao do problema de valor inicial se
comporta em tempos longos como a solugdo fundamental da equag@o do calor. Sua ideia consistiu em relacionar o
comportamento assintético de solugoes com a existéncia e estabilidade de pontos fixos de um operador apropriado,
resolvendo iterativamente o problema, através de sucessivas aplicacoes desse operador ao dado inicial, evoluindo
progressivamente a solu¢ao no tempo e simultaneamente renormalizando os termos da EDP, transformando o
problema do limite assintético em iteragoes de problemas definidos em intervalos de tempo fixo, seguidas por
mudancgas de escalas. Nesse contexto, o método permite a obtencao de classes de universalidade compostas por
conjuntos de dados iniciais e equagoes distintas, mas que apresentam mesmo comportamento assintético, isto €, as

solugdes de tais problemas se comportam como

e~ o (2),

sendo os expoentes criticos o e § e a fungdo ¢(z) universais, isto é, ndo dependem nem do dado inicial e nem da
nao-linearidade, em certas condigoes. Bricmont et al. utilizaram uma abordagem de sistemas dinamicos para o
método do RG, analisando o dominio de atragao do ponto fixo gaussiano para perturbagoes diversas da equagao de

difusao, classificando tais perturbagoes, através da analise de escalas, como irrelevantes, marginais ou relevantes.

1 Resultados

Utilizando as ideias acima, foram obtidos os comportamentos assintoticos de solucoes de equagoes de difusao com
coeficiente dependente do tempo, nos casos em que a perturbagdao nao-linear é irrelevante e marginal e, no iltimo
caso, o método permitiu ainda a obtencao da corregao logaritmica existente no decaimento da solugao. De fato,

foram considerados problemas envolvendo equagoes do tipo
up = c(t)ugy + F(u), c(t) ~t* quando t — oo, com p > 0, (1.1)

que modelam diversos processos fisicos envolvendo o transporte passivo, em um campo de permeabilidade aleatorio,

~ - . . 7 g
de um escalar de concentracdo média u. Foi provado em Moreira [3] que, para F(u) = .5, a;u’, com a >

(p+3)/(p+1) (caso irrelevante), a solugdo se comporta como

A . x
u(@,t) ~ somys Jo (t<p+1>/2)
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quando t — o0, sendo

win [P+ 1 iy 2
fp(x)_ 47T € T

e A um pré-fator dependente do dado inicial, da perturbacdo F' e do expoente p. Nesse caso, observa-se que a

(1.2)

difusao é o termo dominante na determinacao da forma do decaimento das solugoes, sendo que a contribuicao do
termo nao linear da equacao no comportamento assintético da solugdo aparece apenas no pré-fator, ndo afetando
os expoentes criticos nem a fungao perfil f;.

No caso marginal (também chamado critico), isto é, quando a = (p + 3)/(p + 1), nem a difusdo nem a nao-
linearidade prevalecem e o regime observado apresenta algumas caracteristicas do caso irrelevante, mas com um fator
logaritmico extra na taxa de decaimento da solugao. A obtencdo de correcoes logaritmicas nao é uma tarefa trivial
e foi inicialmente verificada através da aplicacao de uma versao numérica do método do grupo de renormalizagao
a equagao u; = tPug, — wht (veja Trivellato [4] para aplicacdo do método numérico ao problema difusivo com
coeficiente periddico). Nesse caso, foi observado o comportamento

A X T
u(z,t) ~ (tInt)e+D/2 fp (W)

quando t — oco. A demonstragao analitica desse fato mostrou-se bem mais delicada e foi obtida para o problema

up = [t + o(t) gz — Mu? + '“Z a;jul. (1.3)
Jj=3

O sinal negativo na equacdo acima é necessdrio para evitar blow-up de solugdes em tempo finito (veja por exemplo

Fujita [5]). Para enunciar o teorema no caso critico, considere os espagos de Banach
By={f:R—R | f(w) e C'R) e |f]| <00}, ¢>1,
B = {y R x [1,+00) = R | u(-,t) € B, para todo t > 1 e [|uloe < 00},
com normas dadas respectivamente por

171= sup [(1+ ful?) (| F)] +

Frf)]s Tl = sup a0l

Teorema 1.1. Considere a equacdo (1.3) com condi¢do inicial u(z,1) = f(z), f € By. Entao, existem constantes
positivas \*, € e um espaco B C B(™) tais que, se ||f|| <&, A >0, p € R, com 0 < XA+ |u| < \*, entdo o PVI

possui uma unica solucao u € B que satisfaz

Jim [tu(t- t) — 2¢/7(AInt) " f7]| = 0. (1.4)
— 00
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DISTANCIAS DE BANACH-MAZUR ENTRE ESPACOS Cy(K, X)

LEANDRO CANDIDO* & ELOI MEDINA GALEGO

Neste trabalho, estudamos a distancia de Banach-Mazur entre os espagos Co(I, X), onde I' sdo conjuntos
infinitos munidos da topologia discreta, e os espagos Cy (K, X ), onde K sdo espagos topoldgicos localmente compactos

de Hausdorff. O resultados apresentados podem ser encontrados com todos os detalhes em [4].

1 Introducao

Dado um espago de Banach X e um espago topolégico localmente compacto de Hausdorff K, denotamos por
Co(K, X) o espago das fungoes continuas de K em X que se anulam no infinito, com a norma do supremo. Recor-
damos que dados espagos de Banach isomorfos X e Y (notacao: X ~Y), a distancia de Banach-Mazur entre estes
espagos € definida por

A0 Y) = inf (7T}

onde T percorre todos os isomorfismos sobrejetores de X em Y.
A fonte de nossa pesquisa remonta a Banach. Em 1932, ele afirmou que d(cg, ¢) < 4; ver [1]. Banach chegou a

essa conclusao utilizando o seguinte isomorfismo T de ¢ sobre c¢g.
Th(z1,22,23,...) = (A x,21 — 2,20 — T, ...), (1.1)

onde A =1 e (z,)nen converge a x. Uma melhor estimativa para essa distancia pode ser obtida de (1.1) fixando-se

A =2, a saber, d(cg, ¢) < 3. Finalmente, em 1970 Cambern [5], calculou o valor exato desta distancia:
d(co,c) = 3. (1.2)

Pelo cléssico teorema de Mazurkiewicz e Sierpiriski, ver [6], e por um teorema de Bessaga e Pelczyriski [3]
deduzimos que se ¢ é isomorfo a algum espago C(K), entdo K é homeomorfo a um intervalo de ordinal [1,w™k]
munido com a topologia da ordem para inteiros positivos n e k, onde w denota o primeiro ordinal infinito. Assim,
para determinar a distincia de Banach-Mazur entre ¢y e cada um dos espagos C'(K), somos levados & seguinte

pergunta natural:
Problema 1. Quais sao os valores de d(cq, C([1,w™k]), para 1 < n,k < w?

O objetivo do presente trabalho é duplo. Em primeiro lugar, fornecer uma extensdo vetorial de (1.2). Em
segundo lugar, resolver completamente o Problema 1.

Para enunciar os principais resultados deste trabalho recordamos que o conjunto derivado de um espago to-
polégico K é o conjunto K de todos os pontos de acumulacio de K. Fixando-se K(© = K, se 1 < n < w,

definimos o n—ésimo conjunto derivado de K por inducao:

) (K(r=1)®) sel <r<uw,
N ﬂ1§n<wK(”) ser=uw.
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2 Resultados

O primeiro resultado fornece cotas inferiores para distancias de Banach-Mazur entre certos espagos Co(K, X). Se

trata de uma generalizacao do principal resultado de [5], 0 caso onde n =1 e X =R ou C.

Teorema 1. Seja 1 < n < w, I' um conjunto infinito munido da topologia discreta, K um espago topoldgico

localmente compacto de Hausdorff e X um espaco de Banach de cotipo finito. Entao
Co(IX) ~C(K,X) e K™ £ 0= d(Co(I', X),Co(K, X)) >2n+1.
Na tentativa de se obter cotas superiores para distancias mencionadas no Problema 1 demonstramos:

Teorema 2. Seja 1 <n,k <w e X um espagco de Banach. Entdo
d(Co(N, X),C([1,w"k], X) < 2n+ 1.

Entéao, como consequéncia imediata dos Teoremas 1 e 2 obtemos a seguinte generalizacdo de (1.2) que ao mesmo
tempo resolve o Problema 1.

Corolario 3. Seja 1 <n,k <w e X um espaco de Banach de cotipo finito. Entdo
d(Co(N, X),C([1,w™ k], X) =2n+ 1.

Observamos que o Teorema 1 pode ser aplicado para se obter algumas generalizacoes de resultados classicos
sobre espagos Cy(I"). Por exemplo, é bem conhecido que se um espago C(K) é isomorfo a algum espago Co(I"), onde
I' é um conjunto discreto infinito, entdo K ) = (). Tal resultado pode ser obtido combinando-se teoremas de 2],

[3] e [7]. Contudo, como consequéncia imediata do Teorema 1, temos a seguinte extensao vetorial deste resultado.

Corolario 4. Seja I' um conjunto discreto infinito, K um espago localmente compacto de Hausdorff e X um espaco
de Banach de cotipo finito. Entao
Co(K,X) ~ Co(I X) = K“) =,

Finalmente, o classico teorema de Milyutin mostra que a hipétese de cotipo finito, em geral, ndo pode ser
removida no Corolério 4. De fato,

Co (N7 C([Ov 1])) ~ C([17w]7 [07 1}) ~ C([Lw] X [07 1]) ~ C([O7 1] X [07 1]) ~ C([07 1]7 C[Ov 1])7
entretanto, [0,1]“) = [0, 1].

Agradecimentos. O primeiro autor foi apoiado financeiramente pelo CNPq, processo 142423/2011-4.
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SOME NUMERICAL METHODS IN SMALL-SIGNAL STABILITY
ANALYSIS

LICIO H. BEZERRA™

We are interested in analyzing SISO dynamical systems (E, M, B, C,d) of the form

Ei(t) = Mx(t)+ Bul(t)
y(t) = CTx(t) + Du(t)

where M, E € RV*N | E = diag([1, ..., 1,0,...,0]); #(t) € RY is composed by dynamical and algebraic variables,

24(t) and z4(t), which are respectively associated with the unit and the null diagonal entries of E; B,C € RV*!

such that BT = (BT BT') and CT = (CT CT); u(t) € R is the input, y(t) € R is the output, and D € R. The

a

corresponding transfer function h : C — C is defined as
h(s)=CT (sE— M) ' B+ D.

Suppose that there are n dynamical variables in the system. If My; = M(1:n,1:n), Mia =M1 :n,n+1:N),
Myy=M(n+1:N,1:n)and Mes = M(n+1: N,n+1:N), then

h(s) =c" (sI — (Mn - M12M2}1M21))_1 b+d,

where b = By — Mo My,' By, ¢ = Cy — My My, Cy and d = D — CT My,' B,. The matrix A = My; — Mo My, Moy
is called the state matrix of the system. From now on we suppose that A € R"*" is diagonalizable and every

eigenvalue of A is simple.

1 Dominant Pole Spectrum Eigensolver (DPSE)

Let f:C — C™ and g : C — C™ defined respectively by

f(s):{ ML for s € C— M(A);

PEJ‘ _ s .
TPe; for s =dj;,j =1:n.

and

75}4 &i‘l%:llcb for s € C— \(A);
1

g(s) = P le; )
E?Tffb for s =dj;,j=1:n.

Let S = (51...sp)T € CP, p < n, and suppose that X(S5),Y(S) € C"*P are defined by X(S)er = f(sr) and
Y (S)er = g(sk), for k = 1: p, where ey, ..., e, are the canonical vectors. Therefore, Y (5)b = ones(n,1). Note that,
if S is a p-uple of distinct eigenvalues, e.g., S = (dkl,kl dkp,kp), where 1 < k; < ... < kp <n, then

) . (1.1)

Hence, Y (S)T X (S) is invertible for any S belonging to an open neighborhood O of (dkl,kla ceey dkp,kp).

1 1
cT'Pey, el P~107 "7 T Pey, epr_lb

Y (S)TX(S) = diag (
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Definition 1.1 (DPSE). The fized-point iteration applied to the function
G(S) = (M(F(5)) - Ap(F(S)))
where F(S) = (Y(S)TX(S))f1 (Y(S)TAX(S)), defines the Dominant Pole Spectrum Eigensolver.

Theorem 1.1 (DPSE converges at least quadratically). Let A1, ..., A, be p distinct eigenvalues of A. Then, there
is a neighborhood V' of (A1 ... )\p)T such that DPSE converges at least quadratically to (Aq ... )\p)T for any Sy € V.

2 Simultaneous Newton’s Method (SNM)

The following Newton’s method can be seen in [1]. Let Y € CV*" n < N, a full rank matrix. Let Xy = {X €
CN*n|YTX = TI}. Let F be the function defined in Xy by

F(X)=AX — XYTAX (2.2)

Then
F'(X)[H)= (- XY")AH - HYTAX (2.3)

Hence, F'(X)[X] = F(X) - XYTAX = 2F(X) — AX and so,
(F'(X)THEX)) = X + (F/(X) T [XYTAX] (2.4)

Proposition 2.1. If X© s such that YTX©) = I, then for k > 1 X% in Xy, where X*) is the matriz
corresponding to the kth step of the Newton’s method to solve F(X) = 0.

3 Conclusions after Numerical Results

SNM has rarely converged by starting from arbitrary initial vectors, which confirms its dependence on the initial
conditions. A good strategy has been to choose initial shifts given in the desired region, and to precondition each
one by performing some shift-invert iterations. This procedure has yielded good initial vectors. We have also
utilized the same strategy with DPSE.

Summarizing,

e SNM depends a lot on the initial vectors;
e SNM and DPSE detected clustered eigenvalues;

e DPSE is very sensitive to perturbations: the computation is not stable.
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PERIODIC SOLUTIONS OF THE ELLIPTIC ISOSCELES RESTRICTED
THREE-BODY PROBLEM WITH COLLISION.

LUciA BRANDAO Dias* & CLAUDIO VIDAL'

1 Introduction

The elliptic isosceles restricted three body problem with collision (EIR3BP) is defined as follows: Two equal point
masses m; = mo move under Newton’s law of gravitational attraction in a collision elliptic orbit. A third massless
particle moves on a plane passing through the center of mass of the primaries and perpendicular to their line of
motion . The dynamics of the primaries is periodic and contains an infinite number of collisions. It represents a
periodic forcing in the system causing it to be non-conservative. This problem is called elliptic isosceles problem
with collision because the three bodies form an isosceles triangle at any time, and the primaries are in elliptic
motion with collision in a line symmetric with respect to the plane that contains the massless.

We take the z—axis containing the line of the primaries and the z—y plane containing the motion of the massless
particle. By symmetry, the component of the angular momentum of the massless particle along the direction of the
line of the primaries (z-component) is conserved. We fixed it to a non—zero value in order to avoid total collision.
Let p(t) = z1(t) — z2(t) be the distance between the primaries. So, with these coordinates, the equations of motion
of the infinitesimal particle are

T = Pz, Pz = —m
(1.1)
Y= Py, ﬂy = —m
where p(t) := p(E(t)) = €2[1 — cos E.(t)] with € = —%h and h is the energy of the problem, E is the eccentric
anomaly given by Kepler’s equation t = €3(E — sin E).

About the dynamic of this problem, we prove the existence of several families of periodic solutions. We use
essentially the Continuation method due to Poincaré. To apply the Continuation method we need to introduce
a parameter associated with the motion of the primaries, namely, the energy. After that, we took advantage of
the symmetries of the system of differential equations that defines the elliptic isosceles restricted three body with
collision. And finally, since the system of differential equations is not analytic as function of the parameter e
introduced, we need to use Arenstorf’s Theorem (see details in [1]). We obtain periodic solutions of the first and
second kinds, according to the definition in [4]. Similar arguments have been considered in [2] and [3] in the study
of a new class of periodic orbits in the three-dimensional elliptic restricted three-body problem in the case of equal
masses of the primaries. In these works, the orbit of each primary is elliptic without collision, and the parameter

is obviously the eccentricity of the primaries orbit.

2 Results

The equations of motion (1.1) in Delaunay-Poincaré variables can be written as

Z =F(Z)=Fy(Z) + 'F1(Z,t,€) + SF(Z, 1 €) (2.2)

*Universidade Federal de Sergipe, UFS, SE, Brasil, luciafadf@hotmail.com
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where Z = (QlaQQaPhP?)v FO(Z) = (P1_37070a0)5 Fl(Z7ta6) = (ggll 5 ?)I;; ’ _ggi’_gg;) with

Hi(Q,P,t,e) = W[l — cos E.(t))?, and finally, F,.(Z,t,¢) = (%I;;, gg;,—gg:,—gg;) , with

H,.(Q,P,te) = —% + O(e*). Note that the system Z = Fo(Z) is the Kepler’s problem in Delaunay-
Poincaré variables. Let Z(t, zy) be a Keplerian circular orbit. Now, we will proceed to study the perturbed system.

We look for initial conditions in a neighborhood of z§, of the type

1
Zp = ((m+ 5)777 A6227 3_1/3 + APla 0) = ZS + (07 AQ27AP15 0)7

Th%ﬁ with m,§ € N, in such a way that a solution Z(t,z) of (2.2), with

e # 0 small enough, let be a doubly symmetric orbit. By standard argument, we have that the solution Z(t, zo, €)

where m can be either 0 or 1 and s =

of (2.2) is given by

Qi(tzo,€) = (((M+1/2)/28) 73+ AP) Bt + (m+ . +e4 Q1 (t20,€) + O(e)
Qa(t.z0,€) = AQ +e' QY (t,20,€) + O(e)
Pi(t,zo,e) = s Y3+AP +e4 PN (¢, 20, €) + O(8) (2:3)
Py(t,z9,¢) = 0 +64P2(1)(t,z0,6)+(9(68).

In order to obtain a doubly symmetric orbit of the system (2.2), the two equations below
Q1(T/4,29,¢) = (m+m+1)m, Q2(T/4,29,¢€) =0, (2.4)

must be satisfied. Defining ®(X, P) = (®1(X, P), ®2(X, P)) = (Q1(X, P)—(m+m+1)7, Q2(X, P)) = (Q1(T/4,20,€)—
(m+m+ 1w, Q2(T/4,2p,¢)), where X = (AQ2, AP;), P = ¢ and T/4 = 273, the system (2.4) is equivalent to

o, (X,P)= (s34 AP) 3L — (4 L +e1Q1(Z,20,6) + O(¥) =0

0y(X,P) = AQ, +e4 QL 20,6) + O(8) =0,
called periodicity equations. The function ®(X, P) = (®1(X, P), P2(X, P)) is such that ®(0,0) = 0 and satisfies
the following lemma

(2.5)

Lema 2.1. Let B* be a ball around X = 0 and B a region containing P = 0. The function ®(X, P) is differentiable,
with respect to X € B* for every P € B, and satisfies the next three properties
1) [(Dx®)1(0,0)] < b, 2) |Dx®(X,P) — Dx®(0,0)| < c(||X]|| + €*) and 3) ||®(0,¢)|| < de* where b,c,d are

constants independent of €.
So, using the Arenstorf’s Implicit Function Theorem, we have the theorem

Teorema 2.1. Consider the equations of motion (2.2) for the elliptic isosceles restricted three-body problem with
collision, where the primaries move in an elliptic-collision orbit with energy h = —1/2 € 2. If e = k=3 for k a
large enough positive integer, then there exist initial conditions for the infinitesimal body such that its motion is

a doubly-symmetric periodic solution, near a Keplerian circular orbit on the xy-plane whose period is 85, where
seN.
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UMA VERSAO DO PROBLEMA FOCO—CENTRO PARA CAMPOS DE
VETORES ANALITICOS EM R3

Luis FERNANDO MELLO *

Considere a seguinte equacio diferencial em R?

x/ = P(m7 y’ Z)7 y/ = Q(x7y7 Z)? Z/ = R(‘r’ y? Z)’ (0‘]‘)

onde P, @ e R sao fungdes analiticas. Ao sistema (0.1) estd associado o campo de vetores

X(x,y,z) = (P(a:,y,z),Q(x,y,z),R(ﬂc,y,z)) .

Suponha que o sistema (0.1) tenha um ponto de equilibrio (xg, yo, 20) tal que DX (2, yo, 20) tenha autovalores da

forma A1 9 = Fiwg, wo # 0 € A3 = A # 0. Sem perda de generalidade, podemos assumir que (0.1) tem a forma
= _y+p(xay7z)a yl :x—’—Q(‘xayaz)a ZIZS\Z—‘rR(l‘,y,Z), (02)

onde P, @Q e R sao fungbes analiticas com expansoes de Taylor na origem iniciando com, pelo menos, termos
quadréticos e A < 0.

Problema 0.1 (Problema foco—centro ndo degenerado). Dado um sistema em R* da forma (0.2) com um ponto
de equilibrio (0,0,0) tal que DX(0,0,0) tenha autovalores da forma A1 2 = i e A3 = X # 0, determinar se (0,0,0)

é um centro ou um foco para o fluzo de (0.2) restrito a uma variedade central.

Uma integral primeira local de (0.2) é uma funcao diferencidvel nao constante ¥ : U C R* — R, U um conjunto

aberto contendo a origem, a qual é constante sobre as trajetérias de (0.2), ou seja,
XV =PV, +Q¥, + RV, =0. (0.3)

Uma integral primeira formal de (0.2) é uma série de poténcias formal ¥, nas varidveis x, y e z, tal que quando P,

Q e R séo expandidos em séries de poténcias em torno da origem, todo coeficiente em (0.3) é zero.

Teorema 0.1 (Teorema do Centro de Poincaré-Lyapunov). [1] O sistema analitico (0.2) tem um centro na origem

para o fluzo restrito a uma variedade central local se, e somente se, ele admite uma integral primeira analitica local

da forma

x? + y?
2

numa vizinhanca da origem em R3. Ademais, a existéncia de uma integral primeira formal U implica a existéncia

\IJ(I’7y,Z): +7

de uma integral primeira local analitica da mesma forma. E ainda, quando existe um centro, a variedade central

local € analitica e unica.

Sejam F'(z,y, z) uma fungéo polinomial ndo identicamente nula e X = (P, @, R) um campo vetorial. A superficie
F(z,y,z) = 0 é uma superficie algébrica invariante do sistema definido pelo campo X se para algum polinémio

K(x,y,z) temos
OF OF OF
XF=P— — +R— =KF.
or +Q8y * 0z

O polindémio K é chamado de cofator da superficie algébrica invariante F = 0.
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Considere a equacao diferencial escalar de terceira ordem [2]
2" + f(z) 2" + g(z)x’ + h(x) =0, (0.4)

onde f(z) = a1z + ag, g(x) = b1 + bg e h(z) = coz? + 17 + ¢o, com ay, ag, by, by, c2, c1,co € R, c2 # 0. A equagio
diferencial (0.4) pode ser escrita como o seguinte sistema de equagoes diferenciais néo lineares de primeira ordem

f(z) g(z) h(z)
/ / / 2
=y, y=2 Z=—]|(mmx+ag)z+(bix+by)y+cox+cizrt+co|, (0.5)

onde (x,y,z) € R? sdo as varidveis de estado e (ag, a1, b, b1, co,c1,ca) € R7, ca # 0, sdo pardmetros reais.

Teorema 0.2. O sistema abaizo, obtido de (0.5) escolhendo adequadamente os pardametros,

1
=y, y=z =- (bz + (2bpx + bo)y + x(x + 1)) . (0.6)
0

tem uma superficie algébrica invariante Ay, = Fb_ol(O), bo > 0, Fy, (7,9, 2) = box+2+box?. Além disso, a variedade
central W§ C Ay, € o fluzo do sistema (0.6) restrito a Ap, tem um centro em Ey = (0,0,0).

Prova: Para mais detalhes, veja [3]. De (0.6), considere o campo de vetores
1 2
Xoo =y, 2, — x+b0y+b—z+x + 2bozy | | -
0

Temos que Xy, Fy, = KFy,, para Fy, = box + 2z + byz? com cofator K(x,y,z) = —1/bg. Portanto, Ay, = Fbgl(O)
é uma superficie algébrica invariante do sistema (0.6) para cada by > 0. Também é ficil ver que Ey € Ay, e que
W§ C Ap,- Resolvendo Fjp, = 0 na variavel z em termos de x e substituindo na primeira e segunda equagoes do
sistema (0.6), obtemos

/

=y, v =—byx—byx?, (0.7)
que é um sistema Hamiltoniano com fungdo Hamiltoniana dada por

bo 1 bo
H(.’I},y) = 53’2 + §y2 + 31‘3,

o qual tem um centro na origem.

Baseado no Teorema 0.2 e em outros casos ja estudados, coloca—se a seguinte conjectura.

Conjectura 0.1. Considere uma equacio diferencial em R3 definida por um campo de vetores polinomial X.
Suponha que exista um equilibrio isolado Ey desta equagdo diferencial tal que DX (Ey) tenha autovalores da forma
A1,2 = Fiwg, wo # 0 e A3 # 0. Se o fluxo desta equagdo diferencial restrito a uma variedade central local de Eo tem

um centro, entao esta variedade central local estd contida numa superficie algébrica invariante.
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TOPOLOGICAL PROPERTIES AND BIDUALITY OF THE SPACE OF
LORCH ANALYTIC MAPPINGS

LUIZA A. MORAES* & ALEX F. PEREIRA'

In this work we are interested in studying topological properties and the bidual of the space of Lorch analytic
mappings. For a commutative Banach algebra F with unit we say that f : E — FE is Lorch analytic (or (L)-
analytic) in E if and only if there exist unique elements a,, € E such that f(w) = > .7 a,w™ for all w € E.
w=0.

We denote by Hy(E) the space of Lorch analytic mappings from E into E. It is easy to verify that Hy(E) C

Consequently, lim | a,

Hy(E, E) where H,(E, E) denotes the space of holomorphic mappings from E into E which are bounded on the
bounded subsets of E. In [6] we proved that (Hr(FE), ) is a Fréchet space where 7, denotes the topology of uniform
convergence on the bounded subsets of E. We refer to [2] and [7] for background on holomorphic mappings between
Banach spaces.

For every n € Ny we denote by Pr("FE) the space of the n-homogeneous polynomials from F into E which are
(L)-analytic in E. We consider P ("FE) as a topological subspace of the space of n-homogeneous polynomials from
E into E denoted by P("E, E).

It is easy to see that E is isometrically isomorphic to Pr("E). This isometry allows us to connect topological
properties of F and Hy(F). We finish this note studying the bidual of Hy(E). If we consider the bidual E” of E
endowed with the Arens product we prove that if E is reflexive, then Hp,(E)” is isomorphic to Hy(E").

1 The Results

From results in [3] and [4] the first proposition is useful to prove some results on topological properties of H, (E).
Proposition 1.1. The following statements are true:

(a) {PL("E)}nen, is an co-Schauder decomposition of (Hr(E), Tp).

(b) {PL("E)}nen, is an S-absolute decomposition of (Hr(E), ).

(c) {PL("E)}nen, is shrinking.

(d) {PL("E)}nen, is boundedly complete.

Since E is isometrically isomorphic to Pr(™E) using results from Kalton ([5], Theorem 3.2) and Botelho and
Rueda ([1], Lemma 4.2) we get the following

Theorem 1.1. E has the Schur property if and only if (Hp(E), ) has the Schur property.
Theorem 1.2. E is reflexive if and only if (Hp(E), ) is reflexive.
It is known that H;(¢2, ¢2) is not a separable space despite ¢ is a separable Banach space. In our case we have

Theorem 1.3. E is separable if and only if (Hr(E), ) is separable.
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If E is Arens regular it is routine to verify that E” is a commutative Banach algebra with unit. So in this case
H(E") is well defined. It easy to see that if F is reflexive, then E is Arens regular. To study the bidual of Hy(F)

we proved the following

Theorem 1.4. If E is reflexive, then HL(E)" and Hi(E") are isomorphic.
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EXISTENCIA DE SOLUCAO PARA UMA CLASSE SINGULAR DE
SISTEMAS ELfPTICOS HAMILTONIANOS EM R?

MANASSES DE SOUZA*

O objetivo deste trabalho é estabelecer a existéncia de solugao fraca nao-trivial para seguinte classe de sistemas
elipticos

{ Au+b(z)u=g)z]~™, ©>0 em R? (0.1)

—Av+bx)v=fu)|z|P, u>0 em R?

onde A é o operador de Laplace, a, 3 € [0,2) e b : R? — R é uma fungdo continua que satisfaz as seguintes
condigoes:

(B1) Existe uma constante positiva by tal que b(z) > by para todo x € R?;
(B3) a funcio [b(z)]~! pertence ao espaco L!'(R?).

Aqui, motivados por uma versao singular da desigualdade de Trudinger-Moser [4,6,7], estamos interessados em
tratar nao-linearidades f(s) e g(s) que envolvem crescimento exponencial subcritico e critico, os quais definimos a
seguir.

Dizemos que f(s) tem crescimento subcritico em 400 se limg_, 4o f(s)e_"fs2 = 0 para todo v > 0 e f(s) tem

crescimento critico em +o0o se existe o > 0 tal que

0, Yy > v,
lim f(S)e*VS2 = Rl
s—+oo +o0, Vv <.

Denominaremos vy o expoente critico de f(s).

Para o nosso estudo assumiremos também as seguintes condigoes sobre as nao linearidades:
(Hy) f,9:R —[0,+00) s@o fungdes continuas e f(s) = g(s) = 0 para todo s < 0;

(H2) existe um nimero 6 > 2 tal que para todo s € R\{0}
0<OF(s):= 0/ f@)dt <sf(s) e 0<0G(s):= 9/ g(t)dt < sg(s);
0 0

(H3) existem constantes M > 0 e s; > 0 tais que para todo s > s1,

0< F(s) <Mf(s) e 0<G(s)<Mg(s).
Para aplicarmos métodos variacionais consideraremos o seguinte subespago de H!(R?)

Z = {u c H'(R?): b(x)ulde < oo},

R2

o qual é um espago de Hilbert quando munido do seguinte produto interno

(u,v) = / [VuVu + b(z)uv]dz, wu,v € Z,
R2
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para o qual associamos a norma ||ul| := (u,u)"/2.

Usando as condigdes (B1) e (Bz) temos que

A1g:= inf ¢>O e MAg:= inf ¢>0.
’ u€Z\{0} [po u?/|x|Pdx ’ ueZ\{0} [po u?/|z|*dx

E f4cil de ver que o problema

A 2ue®’
—Au—l—b(m)u:%, r € R?
x

nao tem solugbes positivas. Assim, é natural considerarmos a seguinte condigao adicional préoximo a origem:

2F(s)

(Hy) limsup, o+ 252 < X5 e limsup,_ o 242

2 < )\1,o¢-

Seja E = Z x Z o espago produto. Aqui, pesquisaremos solugoes fracas de (0.1), isto é, fungoes (u,v) € F tais
que para todo (¢, ) € E

9@y .

2zl

=0.

/ [VuVY + b(z)u) + VoV + b(x)vplde — (u)(pdx — /
R2 R2 |'r‘,8 R

Teorema 0.1. Assuma que g(s) tem crescimento subcritico, f(s) tem crescimento subcritico ou critico, e que
as condi¢oes (By) — (Bz), (H1) — (H2) e (Ha4) sao satisfeitas. Entdo (0.1) possui wma solugdo fraca mao-trivial
(u,v) € E.

Teorema 0.2. Assuma que g(s) e f(s) tém crescimento critico com mesmo expoente critico vy, o = 3, e que as
condi¢ées (B1) — (Ba), (H1) — (Ha) sao satisfeitas. Além disso, assuma que existem constantes p > 2 e Cp, > 0 tais
que

f(s)>CpsP™t e g(s) > CpsP™'  para todo s> 0.

Entao (0.1) possui uma solugéo fraca nao-trivial (u,v) € E.

Observagao: Existe uma extensa bibliografia tratando sistemas elipticos hamiltonianos em R™ com n > 3 (cf.
[2] e suas referéncias). O caso n = 2 para sistemas hamiltonianos envolvendo crescimento exponencial do tipo
Trudinger-Moser em dominios limitados foi estudado em [1] e em todo o espaco R? em [5]. Aqui, complementamos
os resultados dos trabalhos [1,5]. Para mais detalhes cf. [3].
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ASYMPTOTIC STABILITY OF THE WAVE EQUATION ON COMPACT
MANIFOLDS AND LOCALLY DISTRIBUTED VISCOELASTIC
DISSIPATION

MARCELO M. CAVALCANTI* VALERIA N. DOMINGOS CAVALCANTI'AND
FLAVIO A. FALCAO NASCIMENTO¥

Let (M,g) be a n-dimensional compact Riemannian manifold with boundary where g denotes a Riemannian
metric of class C*°. We denote by V the Levi-Civita connection on M and by A the Laplace-Beltrami operator on
M.

In this paper, we investigate the stability properties of function u(z,t) which solves the following partially

viscoelastic problem:
Uy — KoAu + f(f g(t — s)div[a(x)Vu(s)]ds =0 on M x]0,00[,
u=0 on OM x 10, 00], (1)
u(0) =u’,  u(0) = u', x e M,

where kg > 0, g is the relaxation function and a(z) > ag > 0 in a subset w C M. Assuming that the well known
geometric control condition (w,Ty) holds and supposing that the kernel of the memory term g is dominated by a
function which decays exponentially to zero,we show that the solutions to the corresponding partial viscoelastic

model decay exponentially to zero no matter how small is the viscoelastic portion of the material.

1 Mathematical Results

Assuming that u is the unique global weak solution to problem (1), we define the corresponding energy functional

b
Y E.(t) = %/M [\ut(x7t)|2 + w(z, t) |Vu(z, t)]* + a(ac)gDVu] dM, (2)

t
where k(z,t) := Ko — a(x)/ g(s) ds.
0
Every weak solution of (1) satisfies the following identity

1 [*2
Bults) ~ Bult) = 5 / /A afa) [0V — g(0)|Vuf*] dMde, for all 15> 1y >0, 3)
ty

and therefore the energy is a non increasing function of the time variable ¢t. The following assumptions are required:

Assumption 1: The relaxation function g : [0, 00[— R is a C'! nonincreasing function and satisfies
o0

llalle [ g(s) ds < ko.
0

In addition, let us assume that
g'(t) < —€g(t), forallt>0,

for some £ > 0.
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Assumption 2:

If M is a manifold with boundary, we assume that the geodesics of M have no contact of infinite order with
OM. Let w’ be an open subset of M and consider that there exists Ty > 0 such that every geodesic traveling at
speed 1 and issued at t = 0 meets w’ in a time t < Ty.

We also assume that a € C°°(M) is a nonnegative function such that
a(x) >ap>0 inw,

where w is an open subset verifying w D w’.

Our aim is to prove that the following inequality
T
Eu(T) < C { / / a() [~g'OVu + g(t)|Vul?] dM dt} @)
o Jm
holds for all T' > Ty, provided the initial (ug,u;) data is taken in bounded sets of H}(M) x L?*(M). Since E,(t) is

a non-increasing function, according to (3), it is enough to prove the following result:

Lemma 1.1. Let us assume the assumptions 1 and 2. Then, for oll T > Ty and for all L > 0, there exists a
positive constant C = C(T, L) such that the inequality

T
E,(0)<C {/0 /M a(z) [-¢'OVu + g(t)|Vul?] dM dt} (5)

holds for every solution u of problem (1) provide that the initial data satisfies
E.(0) < L. (6)

Theorem 1.1. Let us assume that assumptions 1 and 2 are in place. Then, for all L > 0, there exist positive

constants Co,~y (which depend on L) such that every weak solution of problem (1) satisfies
E,(t) < Coe " E,(0), for allt > Ty,
provided that (ug,uy) € HY (M) x L2(M) and E,(0) < L, where E,(t) is given in (2).

Proof From Lemma 1.1 and from the fact that F,(t) is a non-increasing function, (4) is in place. On the other

hand, from (3) and proceeding verbatim as in Munéz-Rivera and Salvatierra [4], we obtain our main result.
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ALGUNS ASPECTOS DA TEORIA DO POTENCIAL EM PROBLEMAS
INVERSOS DE RECONSTRUCAO DE FONTE.

MARCELO L. S. RAINHA* & NILSON C. ROBERTY' & CARLOS J. S. ALVES ¥

O trabalho consiste em encontrar as fontes caracteristicas f = yw para o problema de Poisson definido em um
dominio Q € R? com W C Q, uma vez que sio conhecidos os dados de Dirichlet e Neumann na fronteira I' = 99,

a qual deve ser regular por partes:

Au=f ; Q
u=g ; T (0.1)
=y ;T

onde g € HY/?(T), ¢ € H"Y2(I') e f € L?*(Q). Dai, pode-se notar a nao linearidade do problema, uma vez que
g = g(x, f(x)) e ¢ = p(x, f(x)) com x € . E uma consequéncia da relacdo de ortogonalidade [2], pg 77, Lema
4.1.2 que o problema inverso esta associado a seguinte equacao integral:

ov ou
/vadV = /F <U8V - v@u) dr, (0.2)

para qualquer que seja v € Ha(Q) := {v € H*(Q); Av = 0}. Prova-se em [3] que o dado de Dirichlet sobre frenteira
I" ndo nos fornece informagoes adicionais para a resolugao do problema inverso, assim sem perda de generalidade,

podemos considerar g = 0. Desta forma a equagao integral acima podem ser reescritas:

/vadV:/F—vgodl". (0.3)

Entao existe K > 0 constante, tal que

(W) — u(W2)| < Kllpr — @2l g-172(r) (0.4)

onde p é a medida de Lebesgue usual. Esta nota nos inspirou a desenvolver aspectos tedricos da teoria do potencial
relacionados com uma segmentacao quadricular de fonte levando a um algoritimo de implementacao numérica com

base em programacao nao linear afim de reconstruir a fonte yu .

1 Resultados

Definicao 1.1. Seja A a o-dlgebra de Borel definida sobre Q e :=={U € A ; Au= xy, u € L*(Q)}. Definimos

U:U — HY(T) como sendo:
ou
VU)=p=5 VUEU (1.5)

onde u € solugao do problema direto associado,

Au=xy;
u=0; r
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Teorema 1.1. Sejam Wy, W,, €U comn € N e 0o, ©n, ©no, Pon € HY2(T) tal que ¥ (W) = o, ¥(W,,) = pn,
T(Wo\W,) = won U(W,\Wo) = @no. Se {pn} converge fraco para ¢o em H=Y?(T) entdo, existe o € H~Y/?(T)
e uma subsequéncia de {po,} e outra de {pno} tal que ambas convergem fraco estrela (ou na norma) para ¢ em
H~Y2(T'). Mais ainda,

lim p(Wo\W,,) = lim pu(W,\Wp) = / v*pdl’ (1.6)
n—oo n—oo T
onde v* = U(1).
O método consiste em resolver o problema direto em um ”hiper quadrado”de referéncia Q = [~1,1]%. Sendo B,

uma colecao de quadrados adequadamente tomados, definimos ¢,, como sendo a fungao que satisfaz;
lo = all = min {llo — ¥(B)II} (1.7)

Note que para cada n por construcao teremos apenas um nimero finito de Bs a considerar, portanto, existe B,, € B,
tal que ¢, = ¥(B,,) satisfazendo tal condigao.

Teorema 1.2. Sejam W €C Q um conjunto aberto, conexo, limitado e {p,} a sequéncia de funcgoes construida em
(1.7). Entdo @, converge fraco para o em H~'/3(T).

Prova A ideia da prova é supor que este fato é falso, portanto existem ey > 0, vo € HY2(I") = [H~Y/?(T)]*

com [[vg|g1/2(ry = 1 e uma subsequéncia {¢y, } de {¢,} tal que

/FUO(SOmc - 50)’ > €0, (1.8)

para todo ny. Construiremos entdo uma fungao ¢y € B,, para k suficientemente grande, tal que ||¢ — ¢n, || >
lle — woll © que é uma contradi¢ao por hipétese.

Observacgao 1.1. A convergéncia fraca que exigimos no Teorema (1.2) é no sentido usual,
limy o0 < U, 0% >gi/2xp-1/2=< v, @) > para toda v € H/*(T'). O Teorema (1.2) é uma de nossas contribuicées
para a literatura, em resumo, mostramos que o conjunto formado por |J;° {ch =W(B)e HY?T); Be Bn} é

denso no conjunto de dados de Neumann associado ao problema inverso (0.1), isto é, é denso em Rg(¥).
Para o caso particular quando W é um aberto estrelado limitado de R3, obtemos o seguinte resultado.

Proposigao 1.1. Sejam B,, os conjunto correspondente a ¢, no caso especial em que W é um subconjunto de €2,
aberto, estrelado e limitado de R3. Entdo B, converge para W

A demonstracao desta proposicao é uma consequéncia do Teorema de Novikov, que pode ser encontrada no
artigo original [6] ou em [2].
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A REMARK ON TAUBERIAN POLYNOMIALS

MARIA D. ACOSTA* & PABLO GALINDO' & LUIZA A. MORAES?

Throughout X,Y and Z denote Banach spaces over the scalar field K (K = R or C). The closed unit ball of X is
denoted By. The (topological) dual of X is represented by X’. We denote by L(¥ X,Y) the space of all continuous
N-linear mappings from X into Y. In case N = 1 we will simply write £(X,Y). Recall that a mapping P from
X into Y is a N-homogeneous polynomial if there exists a B € £L(N X,Y) such that P(z) = B(z,---,z). The space
of all continuous N-homogeneous polynomials from X into Y is denoted by P(N X,Y). Whenever Y is the scalar
field, we omit it in the notation.

A (bounded linear) operator T' € £L(X,Y) is said to be Tauberian if T*" (the second adjoint of T") maps elements
outside X into elements outside Y. Tauberian operators were introduced to investigate a problem in summability
theory from an abstract point of view. Afterwards, they have made a deep impact on the isomorphic theory of
Banach spaces. A vast literature has been devoted to them; we refer to the recent monograph [2] by M. Gonzélez
and A. Martinez-Abején for details.

A common trend in Infinite Dimensional Complex Analysis is to consider non linear versions of notions that
appear in Linear Analysis. In [1] we introduced the concept of Tauberian polynomial and studied some ideas and

results behind the notion of Tauberian operator for vector valued homogeneous polynomials.

Let & N,s,#X denote the completion of the N-fold symmetric tensor product of X, endowed with the projective
norm. It is well known that & N,s,=X is a Banach space whose (topological) dual is linearly isomorphic to the space
P(N X) and, even more, that the space L(®x s X, Y) is linearly isomorphic to the space P(N X, Y). More explicitly,
each P € P(NX,Y) can be identified with a linear operator Lp € L(®y ¢ .X,Y) such that P(z) = Lp(z®...®@x)
for every element x in X. Very often Lp is called the linearization of P. Thus, if § : X — @N’S,ﬂX is the N-
homogeneous polynomial given by §(z) =2 ®...®x, we have P = Lp o for every P € P(Y X,Y). In this note we
are going to show that a polynomial P is Tauberian whenever Lp is Tauberian but the converse is not true. This
means that the set of the polynomials whose linearization is a Tauberian operator is ”smaller” then the set of the

Tauberian polynomials.

1 Mathematical Results

The following definition was introduced in [1] and provides a natural extension of the concept of Tauberian operator

(see [3] or [2])to the vector valued homogeneous polynomials.

Definition 1.1. We say that P € P(YX,Y) is Tauberian if its Aron-Berner extension P satisfies P(X” \ X) C
Y”\'Y or, equivalently, P~1(Y) C X.

The (homogeneous) Tauberian polynomial were introduced and studied in [1], where a number of examples
showing that the behavior of Tauberian polynomials differs from that of Tauberian operators were presented.

Clearly, if X is reflexive we have that every P € P(¥ X,Y) is Tauberian for every Banach space Y and N € N.
It is also clear that if Y is reflexive and X is not reflexive then no P € P(NVX,Y) is Tauberian. Moreover, it
is not difficult to show that no weakly compact homogeneous polynomial defined in a non reflexive space can be
Tauberian.
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Example 1.2. The mappingd:z€ X - z®...Q0x € ®N7SJX is a Tauberian polynomial

Let 0 : X" — (®n.6+X)" be the Aron-Berner extension of d. Firstly we notice that for z”/ € X" and every
P € P(NX), we have that 6(z")(Lp) = IZ::\_o/é(x”) = P(2") since Lp 0§ = P.

Now we prove that & is Tauberian. Assume that 2/ € X”\{0} satisfies §(2”") € @5, X. In order to check that
z"" € X it is enough to show that z” is weak*-continuous on By (see for instance [4, 2.7.9 Corollary]). Take any
net (/) C Bx- that converges to ' € By in the weak*-topology of X’. Let ¢’ € X’ be any element in X’ such
that 2”(y') # 0. Then the bounded net (P,) = ((v')Y¥~*a),) C P(VX) converges pointwise on X to the polynomial
P=(y)N"12/ thatis, Lp (z® ---®@ ) - Lp(z ® --- @ z) for all z € X.

From the facts that the net (Lpa) is bounded in (@N’SJX)/ and the linear space generated by {z®---®@z : z € X}
is norm-dense in @N,SJX, we deduce that the net (Lpa) converges to Lp in the weak*-topology of (@MS,WX)/. Since
5(2") € ®nsxX, we get 6(z”)(Lp,) — 6(z")(Lp). The polynomials P, and P are finite products of functionals
and so Po(z”) = 2" (y)N 12" (z) and P(2") = 2"(y')N 12" (2'). Bearing in mind also that &(z")(Lp) = P(z"),
we have that /(v )N 12" (2!)) — 2" (y")N 12" (2"). Since 2 (y') # 0, this gives 2" (z],) — 2" (2') . We have shown
that x' is weak*-continuous on By as wanted. Therefore, 2" € X.

Proposition 1.3. If P ¢ P(VX,Y) is a Tauberian polynomial and T € L(Y,Z) is a Tauberian operator, then
T o P is a Tauberian polynomial. A partial converse holds: if T o P is a Tauberian polynomial, then P itself is

Tauberian.
Corollary 1.4. If the linearization of P € P(NX,Y) is Tauberian, then P itself is Tauberian.

Proof. Recall that by Example 1.2 the polynomial mappingd:x € X - 2®...0x € <§>N,s,7rX is Tauberian. Thus
P = Lp o ¢ is Tauberian. O

However, it may happen that the linearization of a Tauberian polynomial is not Tauberian as the next example

points out.

Example 1.5. We first recall that (2® . fs contains a copy ¢; (see [5, Example 2.10]). Then the quotient mapping

q: L@ by — % is not Tauberian since its kernel is not reflexive [2, Proposition 2.3.2]. However, the

polynomial z € ly — P(z) = 2x@x+¥; € % is Tauberian and the linearization of P is ¢ since P(z) = q(z®x).
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SOLUCOES ENVOLTORIAS PARA EDPs coM Dois CONJUNTOS
Di1sJUNTOS DE VARIAVEIS

MARIA LEWTCHUK ESPINDOLA*

20,/08,/2012

1 Introducao

O papel desempenhado pelas solucoes envoltérias em EDOs e EDPs é muito importante, principalmente em ma-
temética aplicada. No caso das EDPs as solugoes envoltérias sao as hipersuperficies que envolvem uma das familias
de hipersuperficies dadas pelas solucoes completas. O intuito desse artigo é desenvolver e discutir as solugoes en-
voltérias de EDPs que envolvem dois conjuntos disjuntos de varidveis. Esse tipo de EDPs aparecem na Mecanica
Hamiltoniana, desde que o espago de fase é composto por dois conjuntos disjuntos de variaveis canénicas: as coorde-
nadas e os momenta generalizados, veja, por exemplo, Leech ou Goldstein [1]. No procedimento de Hamiltonizagao
alternativo mostramos que o Hamiltoniano é definido por uma EDP e que a funcao Hamiltoniana classica é a solucao
envoltéria da solugdo linear nos momenta, veja em Espindola [2]. Como a técnica de determinagao das envoltérias
foi utilizada sem demonstragao no procedimento de Hamiltonizagao a intengao desse artigo é fundamentar o que
foi utilizado estendendo o procedimento de determinagao das solugoes envoltérias para o caso do espago de fase e

demonstrando que em determinados casos essa solugao nao existe.

2 Solugoes Envoltorias para Fungoes que Dependem de Dois Conjun-

tos Disjuntos de Variaveis

Como temos interesse na aplicagao de solugoes envoltérias na Mecanica Hamiltoniana e o espago de fase é
composto por dois conjuntos de varidveis, vamos considerar esses conjuntos de variaveis como * = x1,...,T, €

Y=1Y1,...,Yn € a funcdo u = u(z,y). A EDP fica dada por

u(z,y) = f(p,q, 2, y), (2.1)

onde p=p1,....pn, P=0u/0x € ¢=q1,...,qn, ¢q=0u/0y. Escrevendo as solugbes gerais como
o(u,z,y) =0, (2.2)
obtemos uma familia de solugbes completas como
p(u,z,y,a,b) =0, (2.3)
onde a =ay,...,a, € b=by,....,b, sdo constantes. Impondo as condigées de envoltéria, veja Sneddon [3], obtemos

Op ~0,

dp
8@1' o n

ob;

0, (2.4)

Entao a solugao do sistema de equagoes (2.3) e (2.4) determina a solucdo envoltdria.
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Vamos supor que podemos explicitar a solugao geral

u(z,y) = ¢(z,y), (2.5)
logo desta temos a solugao completa
ul(e,y) = 3, a,b). (2.0
As condigoes de envoltéria equagoes (2.4) sao
¢ ¢
=0 =0. 2.7
80%' ’ (%1 ( )

Sendo que este sistema de 2n equagoes determina a e b e portanto a solugdo envoltéria de (2.6).
Se, por outro lado, a equagao (2.1) for linear em p (ou ¢) e ndo depender ¢ (ou de p) entdo esta equagao
nao possui solucao envoltéria. Por exemplo, considere a EDP

u(z,y) = (yi —ri(x)) ¢i + s(z), (2.8)
2cuja solucdo geral, se y; # r;, serd
u=s+v;(y;,—ri), (2.9)

onde ¥; =¢;(c)e c=cy,...,Cp.

Considerando agora a solu¢do completa equivalente a (2.3)
p=s4+a;y;,—r;) —u=0, (2.10)

onde a; sdo constantes arbitrdrias, a imposigao da condigdes de envoltéria - equagdo (2.7), resulta em y, —r; =0,

contrariando a hipétese anterior. Portanto no caso especificado a equacao diferencial parcial nao possui envoltéria.

3 CONCLUSAO GERAL

A demonstragdo da inexisténcia em determinados casos da solugao envoltdria é o que fundamenta a necessidade
de uma abordagem que difere da de Hamilton para os sistemas singulares como, por exemplo, a desenvolvida
por Dirac [4] e por Espindola [2]. Este artigo poderia ser generalizado estendendo a um nimero n de conjuntos
disjuntos de varidveis. Assim como para o caso continuo envolvendo portanto EDPs variacionais. No procedimento
de Hamiltonizagao alternativa que desenvolvemos para teorias de campo utilizamos esses conceitos.

e Citando referéncia: Espindola [5]
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COEFICIENTE DE FUJITA PARA UMA EQUACAO DO CALOR COM
NAO LINEARIDADE NAO LOCAL

M. LOAYZA™

Consideramos o seguinte problema parabdlico com nao linearidade nao local no tempo

u — Au = fg k(t, s)|ulP~tu(s)ds, em (0,T) x Q
u(t,z) =0em (0,T) x O (0.1)
u(0,2) = wug(x) em

com ug € Co(R), p>1ek € C(K) onde K = {(t,5);0 < s < t}. Estudamos os casos em que 2 = RY e quando
Q2 é um dominio limitado com fronteira regular. Esta equagao modela fendmenos de difussao com meméria e tem
sido considerado por vérios autores, por exemplo [2]-[5].

Além da continuidade vamos supor que a fungao k satisfaz a seguinte propriedade
E(At, As) = ATE(t, s) (0.2)

para todo A > 0 e (¢,s) € K. Com esta hipdtese é possivel observar que se u é uma solugéo de (0.1), entao a funcao
AE=29/(=1)gy (X2, \z) é também uma solucdo de (0.1) para cada A > 0.

O trabalho é motivado por [1], na qual o problema (0.1) é considerado no caso particular em que k(t, s) = (t—s)™7
com s < t and v € [0,1). Note que k satisfaz a propriedade (0.2). No trabalho [1] é mostrado que o coeficiente de
Fujita para o problema (0.1), quando Q = R, é dado por

4 — 2y
(N —2+42y)*

}

1
p" =max{—,1+
v

e no caso em que {2 é limitado p* = 1/+. Especificamente, eles mostraram que se 1 < p < p*, entdo toda solucao
nao trivial e ndo negativa, explode num tempo finito. Se p > p*, entdo existem € > 0 e r* > 1 de tal maneira que
para ug € Co(2) N L™ (Q) com ||ug

Os resultados obtidos estendem os resultados obtidos em [1].

~ < €, entdao a solucao de (0.1) é global.

1 Resultados

Em relagio a existéncia de solu¢do do problema (0.1) temos o seguinte resultado.

Teorema 1.1. Sejam p > 1, k € C(K) verificando (0.2) com v < 2 e fol kE(1,m)dn < co. Dado ug € Co(Q), existe
T > 0 e uma dnica fungio u € C([0,T],Co(Q)) solugio de (0.1). Além disso, u pode ser estendido a um intervalo

mazimal [0, Tynaz) de tal maneira que ou Trpar = 00 (s0lugdo global) ou Tar < 00 elimyr, . ||u(t)||co = 00 (solugdo

max

que explode num tempo finito).
O principal resultado quando = RY é o seguinte
Teorema 1.2. Sejamp > 1,1 € R, k € C(K) verificando (0.2) com v < 2 e fol k(1,n)dn < oo.

1. Suponha que liminf, .1 k(1,1) > 0 and liminf, o n'k(1,n) >0 se 1 —y+1>0. Se ug > 0, ug # 0 e alguma
das seguintes condigoes € vdlida: 55 (2—) = T +min{2—7y,1-10},1—y> pp%l min{2 —v,1 -1}, entdo u

explode num tempo finito.

*Departamento de Matematica , UFPE, PE, Brasil, miguel@dmat.ufpe.br
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2. Suponha que limsup, ,on'k(1,1) < oo com | < 1. Se 2= < T +mn{2-4,1-1}, 1 -7 <
pp;l min{2 —v,1—1} euy € L"(RN) comr = N(p—1)/(4—27), entdo eziste e > 0 tal que u é global quando
||’LL()||T <e.

No caso em que (2 é limitado temos.
Teorema 1.3. Sejamp > 1,1 € R, k € C(K) verificando (0.2) com v <2 e fo (1,m)dn < co.

1. Suponha que liminf, ,; k(1,1) > 0 and liminf, g nk(l,n) >0sel—~y+1>0. Seuy >0, ug # 0 e
1—y>EBE= m1n{2 —v,1—1}, entdo u explode num tempo finito.

2. Suponha que limsup, ,on'k(1,n) < oo sey <1. Sel—1}, 1 —y < B2 mln{2 —v,1 =1}, entdao u € global

quando ||up||leo € suficientemente pequeno.

Prova: FEuzisténcia de solugoes globais. Usamos o argumento do ponto fixo no espago
K(T) = {u € L>=((0,00), L"(R™)), t*|lu(t)|| <} no caso Q@ =R e

K(T)={ue€ L*((0,00), L>=(Q)); (1 + t)*||u(t)]|oc <} no caso em que € é um dominio limitado.

Os valores de 1, a e ¢ sao escolhidos apropriadamente.

Solugoes que explodem num tempo finito. Para obter uma estimativa superior da solugao estudamos primeiro a
E.D.O w'+aw > bfo (t, s)wP(s)ds. Depois(No caso = RY) estudamos o comportamento da equagio autosimilar
obtida de (0.1) via a seguinte mudanca de varidveis u(t,z) = t~2=7/P=Yy(s y),s = Int e y = x/+/t. Assim, é
necessario obter estimativas inferiores da solugao da equacao

1
vs + Lv —vu = / (1, m)n P vP(s+1nn,y//n)dn
0

onde Lv = —Av -4 -Vvev=(2-7v)/(p—1).

No caso em que 2 é limitado a situagéo é simples, pois multiplicando a equagéo (0.1) por ¢ > 0, a primeira
autofuncao, com fQ 1 = 1, associada ao primeiro autovalor A\; > 0 e usando a desigualdade de Jensen obtemos
w + Mw > fo (t,s)wP(s)ds onde w(t) = [, u(t
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EXPONENTIAL DICHOTOMY FOR DELAY LINEAR
NON-AUTONOMOUS EQUATIONS

MIGUEL V. S. FRASSON* & PATRICIA H. TACURI'

1 Introduction

We are concerned with the study of the asymptotic behavior of solutions to non-autonomous linear retarded func-
tional differential equations, and an important tool to study it is the concept of exponential dichotomies, which has
been studied with much emphasis in the last fifty years by many authors ([1]-[7]). This concept was introduced by

Perron in his classical paper on stability in a finite-dimensional setting [7]. In this work we consider the IVP
z(t)=Lt)x, t>s, zs=¢p€eX (1.1)

where z4(0) = z(t + 0) and L(t) is a linear operator from the Banach space X = C([—h,0],C") into C™. In the
spirit of the paper of Latushkin et. al [4] if we want to write system (1.1) as an abstract evolutionary system in a
Banach space X,

u(t) = A(t)u(t), u(s)=¢ € D(A(s)), t>s, s,teR

then, by the general theory we have that
D(A(s) = {6 € X 14 € X,0(0) = L(s)o }, Als)o = o

Thereafter, notice that the Equation (1.1) enters in the definition of de domain of A, this means that to change
Equation (1.1) is to change the domain of the infinitesimal generator. This would lead to technical complications if
we want to relate solutions of various equations to each other by means of a variation-of-constants formula. In order
to solve this problem and principally to ensure the existence of an evolutionary family of operators {U (¢, s)}i>s
which gives a solution z; of (1.1), we use the (sun-star) O*-framework developed by Clement et. al [3] which
gives a variation-of-constant formula that is the core of a the good perturbation theory. This theory is a kind
of extrapolation theory for strongly continuous semigroups and we can use it for evolutionary system with two
parameters under some conditions. Using these tools we show that the solution of the system (1.1) has the property
of exponential dichotomy if and only if the corresponding inhomogeneus equation

#(t) = L(t)z, + f(1), t>s (1.2)

has a unique solution for every bounded forcing function f. Where we say that an evolution family {U (¢, s) };>s have
exponential dichotomy on R (with a constant o > 0) if there exists a projection-valued function P : R — B(X),
such that the function t — P(t)p is continuous and bounded for each ¢ € X, and for some constant M = M («) > 0,
the following holds:

1. P(U(t, s) = U(t, s)P(s);

2. The restriction U(t, s)|mm q(s) is invertible as an operator from Im Q(s) to Im Q(t);

w

U, 8)P(s)|| < Me=2t=9) for s < t;

W

U, 8)Q(s)|| < Me=2(=1 for t < s.
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2 Mathematical Results

In our first theorem we show a correspondence between solutions of the initial value problem for the nonautonomous

inhomogeneous retarded functional diferential equation (1.2) with solutions of the abstract integral equations (AIE)

U(t,s)p =To(t — s)p+ / TOQ*(t —1)C(T)U (T, s)pdT (2.3)

where Ty is a Co-semigroup defined by the solution of the initial-value prototype problem & = 0 and C(t) : X — X©*
is defined by C(t)p = B(t)p + (f(t),0) where B(t) : X — X©* is a family of bounded operators given by
B(t)y = (L(t)g,0).

Teorema 2.1. Let, for X, To(t) and C(t) as described above, U(t,s) denote the evolutionary system defined by the
AIE (2.3). Then x(t) defined by

z(s+60)=¢0), —-h<0<0, (2.4)
z(t) = (UL, s)9)(0), t>s (2.5)

satisfies (1.2), and conversely, if x is a solution of the RFDE (1.2) satisfying the initial condition (2.4), then for
t>s and —h <60 <0, we have

o Qp(ti‘S‘Fe)a t+9557
(UL, 5)p)(0) = S(t4+0), 4835 (2.6)

The next theorem is our main result.

Teorema 2.2. The evolutionary family {U(t, s)}i>s has an exponential dichotomy if and only if for every f €
BC(R,C™) there exists a unique bounded solution x; € C([—h,0],C™) to the following integral equation

t
e =To(t — s)p + / T9*(t — 7)C (1), dT.
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COEFFICIENT DETERMINATION FOR THE STATIONARY
ANISOTROPIC BOLTZMANN TRANSPORT EQUATION

NILSON C. ROBERTY * & ROBERTO M. G. SILVA | & MARCELO L. S. RAINHA !

We consider the boundary value problem for the linear stationary Boltzmann Transport equation

{ +w -Vt (w, z) + q(2)¢% (w, 2) — K[ (w,2) =0 in S x Q; 01)

¢*(w,0) = g7 (w,0) on ©F.

where € is a bounded and convex domain of R?, d = 2,3, S = S9! denotes the unit sphere of R?, ©* = {(w,0) €
S x 0N : 4w -v(o) > 0} is the influx (outflux) boundary of S x Q, ¢* are the direct and adjoint solutions,
respectively, and if directions in the adjoint problem are reversed, U[¢p~] = ¢~ (—w, ), it can be treated with the
same methodology used to solve the direct problem. The coefficient g(x) is the extinction due to absorption or
scattering and K is the integral operator with Kernel

Kf[(b](tvwvx) = / f(wi : Wl)¢(tvw/ax)dw/ = Z 2k4_ 1Qk($>Pk—l(w ) W/)¢(tvw/7 x)dw/,
o Sk= T
which describes the gain of particles in the direction w due to scattering from other directions. This series is absolute
and uniformly convergent and Pj_; is the Legendre polynomials of degree k — 1 .
The combination of extinction and scattering defines the operator R~1, by R7![¢] := q(z)¢ — Kf[#] in S x Q
that will be inverted only for appropriate values of the coefficient ¢ and f.
The solution ¢t defines the flux in the outflux boundary T by

¢" =gton Bt
and the Cauchy data for the problem,
Cr={(97,g") on B~ x X"},

characterizes the graph of the Albedo operator (the influx to outflux mapping), which we denote by Ag.
In the inverse problem, we ask if it is possible to determine the coefficients of operator R, that is, the functions
q and f from the a priori knowledge of the Albedo operator. The problem is the investigation of the following
mapping
d:R— Ag.

Note that when particle gain from scattering is neglected, that is, if g, = 0, Vk, this is a transmission tomography
problem, in which the Cauchy data (g, ¢") are mathematical expression for the collimated source and detector
data used in the x-ray reconstruction of the coefficient ¢ . In this generalized problem, additional coefficients
q, k = 1,2,..., are reconstructed by measurements of non-collimated data which are usually neglected in the
transmission problem. In reality, there are, at least, two orders of magnitude between the two kinds of data and
new technological strategies for the treatment of this problem are waiting for solutions. In the work Roberty Nunes

2011, [4], we introduce algorithms marching over an polygonal mesh with elements consistent with the propagation
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directions of the particle (radiation) flux. They are based on solution of an equivalent system of ordinary differential
equations along characteristics. Analysis of this kind of system can be found in R. Precup 2002, [1], Vladimirov
1961, [5], and the implemented algorithm can be used to solve the direct problem. The direct problem can also be
solved using the spherical harmonics methodology introduced by Vladimirov 1961, [5], that converts equations (0.1)
in a system of elliptic partial differential equations that can be solved with finite elements method. In N. Roberty
2012, [2], it is introduced an methodology for parameter determination in second order elliptic systems that is based
on splinting the over determinate data on the boundary to formulates two well posed direct initial mixed boundary
values problems for each Cauchy data on the boundary. The Nelder-Mead Simplex method is used to search for
parameters that minimizes the defined discrepancy functional. In this work we modify this methodology in order
to reconstruct parameters associated with the model coefficients ¢, qx. For the same operator equation (0.1), we
suppose that some parameters are unknown, but admits also that the boundary conditions are known in many
boundary value system of problems indexed by p = 1,...,nP, C’I(,-ip) = {(g‘,g“‘)(p) on ¥~ x Xt} characterizes some
values of the Albedo operator graph (the influx to outflux mapping) Ag.

1  Mathematical Results
The set of nP fully prescribed Cauchy data can be used to formulated an non unique set with 2 x nP well posed
direct problems: For p = 1,...,nP, to find ¢+ ( resp. U[p~(P)] ) such that they solve problem (0.1).

Teorema 1.1. Suppose that in the model given by operator (0.1) the Cauchy data Cl(%p) are consistent with an
unique solution. Then, for all p=1,...,nP, we have

¢+(p)(w,x) = qb_(p)(w,x) = U[¢_(p)](—w,x) , (w,x) € .5 x Q. (1.2)

The idea now is explore the fact that these two sets of solutions indexed by — and + must be, under ideal
conditions, equal for each problem p and create some discrepancy function that measures observed differences for
guess values of the parameters. For a set of parameters aq,...,a,4, where nA is the total number of parameters
associated with all coefficients ¢, gx, some norm in the solution space for the direct problems can be adopted as

measures , that is,
nP
d(at, .y ana) = > 16T (a1, oy ana, ) — 6P (ar, oy ana, )|y (1.3)
p=1

where V' denote the chosen norm. We now posed the Optimization Problem: In the guess set of parameters
P ={(ai,...,ana) : P C R™} to find (@1, ...,@,4) that minimizes the discrepancy (1.3).
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GLOBAL SOLUTIONS OF CARRIER SYSTEM WITH DISSIPATIVE
TERM AND SMALL DATA

O. A. Lima* & M.R.CLARk' & A.O.MARINHO?

Abstract

In this work we establish the existence of local solutions for a dissipative system of Carrier type with arbitrary
initial data in Sobolev spaces. Moreover under condition of small data we prove the existence of global solution

and its stabilization.

1 Introduction

Let @ C R™ be an open and bounded domain with regular boundary I" and let > = T x (0,7) be the lateral
boundary of the cylinder @ = Q x (0,7), where T > 0 is a real number. The Carrier equation

' — M(Ju]?)Au = f
was deduced in [4]. Here A is the Laplacian operator in R™, | u | is the L?(Q) norm given by | u |*= / | u(z) |* da

Q
and M : [0,00) = R is a given function.

In [2] the authors studied the Carrier equation with dissipative term
W' = M(uP)Au+u' = f in Q=Qx(0,T)
with Dirichlet boundary condition
u=0in )
and initial conditions
u(z,0) = up(x), u'(z,0) =uq(z) in Q.

The existence of global solutions with small initial data ug € HJ(Q2) and uy € L?(Q2) was proved.

In C. L. Frota et all [1] the authors studied the Carrier equation with the non-linearity g(u') = |v/|Pu’. They
have got the algebraic decay of the energy. Several authors have been studied the Carrier equation, see for example

the references in [1] and [3].

This work is concern with the existence of local and global solutions for the following dissipative Carrier system

and the uniform stabilization of the associated energy:
u’ = M(Jul* + [v|*)Au + o' = f
o = M(Jul? + [o2)Av+ o' = g
uly> =v|y> =0 (1.1)
u(z,0) = up(x), v'(z,0) =u(x)
v(x,0)

= vo(z), v'(2,0) = vi(x)

where f, g are given real functions and M is a real positive function.

*Departamento de Matematica , UEPB, PB, Brasil, osmundomatematica@yahoo.com.br
TDepartamento de Matemética, UFPI, PI, Brasil, Partially supported by PROCAD-CAPES e-mail: marcondesclark@ufpi.edu.br
IDepartamento de Matematica, UFPI, PI, Brasil, Partially supported by PROCAD-CAPES e-mail: marinho@ufpi.edu.br
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2 Results

Our result on the existence of local weak solution:

Theorem 2.1. If ug, vo € HE(Q); u1, v1 € L2(Q) and f,g € L*(0,T; L3(Q)) then there exists 0 < t* < T and a

local weak solution {u, v} of (1.1) in the class

u,v € CU0,t%; L*(Q)) and o', v € C°0,t*; H-1(Q)). (2.1)

In order to state the result on the existence of global solution and the uniform stabilization of the associated

energy, for each par of function {u, v} satisfying (2.1) we set

1. . _ _1/2 =
B(t) = S{IA72d/ P + A2+ 2M (Jul® + [v]*)} (2.2)

Whence we have the following result:

Theorem 2.2. Suppose the initial data ug and uy satisfy
Hur |31 + |Jor||3-1 + 2]\/Z(|u0|2 + [vo]?) < & for some 0 < e < 1 (2.3)

and f = g=0. Then there exists a unique global weak solution [u,v] of the system (1.1) and the associated energy

decays exponentially to zero as time goes to infinity, that is, there exist positive constants Cy and v such that

E(t) < Cye " forall t>0. (2.4)
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NONHOMOGENEOUS ASYMMETRIC FLOW UNDER FRICTION-TYPE
BOUNDARY CONDITIONS

P. BRAZ E SILVA*, M. A. ROJAS-MEDAR' & F. v. siva ?

We show the solvability of an initial-boundary value problem for the system of equations describing the motion
of a viscous nonhomogeneous asymmetric fluid in a domain  C R"(n = 2 or 3) having a C? boundary. We extend
results by Tani et al. (Proc. Royal Soc. Edinburgh, 130A (2000), 827-835) to a class of non-Newtonnian fluids
whose stress tensor is asymmetric. As far as we know, for the type of fluid we consider there are no previous results
for the slippage of the fluid on the boundary.

1 Introduction
We are concerned with an initial-boundary value problem for the following system of equations

pe+ V- (pv) =0,
plve + (T V)T — (1 + pr) AT+ Vp = 2,V x & + pf, V-7=0, (1.1)
gplwe + (V- V)] = (cq + ca) AW — (co — cq + ca) V(V - @) + 4 = 20,V X 0+ pg

in Qr = (0,T) x Q,T > 0, with boundary conditions

p(0) = po, ¥(0) = vy, W(0) = wo, (1.2)
7-i=0, 0=K[i T~ (ii-T-)l

. o . on FT. (13)
w = 5 X v

Equations in (1.1) represent conservation of linear momentum, the continuity equation, the incompressibility and
the conservation of angular momentum respectively. The parameters u, i, co, Cq, 4,7 > 0 are viscosities which
satisfy cg — ¢4 + ¢q > 0. The unknowns are p, the denstity; ¥ and @, the fields of velocity and rotation of particles
and the pressure, p. The fields f and g are, respectively, given external sources of linear and angular momenta
densities. The above model, named the nonhomogeneous micropolar fluid model, contains the incompressible,
density dependent Navier-Stokes system as a particular case (u, = 0, = 0). More details on the derivation of the
model may be found in the papers [3, 2].

In the boundary conditions (1.3), 7 denotes the unit normal to T', K(z,) is a nonnegative function defined in
Ir =[0,T]x09Q, a € [0,1] is a real parameter and T = —pd;;+ (v j+v;.:) +por (Vi j —Vj5) = 2rEmij Wi, %, J, k, m =
1,2,3. The boundary conditions (1.3); for the velocity ¥ are sort of slip boundary conditions widely studied in the
context of Navier-Stokes fluids in both stationary and evolutionary regimes [6, 4]. We remark that the flow region
Q C R™",n = 2,3, need not to be bounded. The general form of (1.3) has been employed by Kaloni for a cylindrical
domain, under suitable symmetry assumptions in an attempt to explain the so-called “wrong way round” behavior

of electrically conducting fluids observed in experiments, see [5] and references therein. For a general flow, however,
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on demanding Kaloni’s boundary condition (1.3), the following boundary integral that appears upon testing (1.1)3
with o

/((ca +a)@ - V@ + (co — ca + ca)(V - )T + 241, (T % w)) - fids
I

lacks a meaning. One possible way to give it a meaning is by taking « = 0 in (1.3)3, as we do in the sequel. In
this regard is also worth of mention the work of Bayada et al. [1], in which they obtained a well-posed boundary
value problem for homogeneous fluids (p = const.) obeying a linearization of (1.1) and the boundary condition
(co + ca)(V x W) x T = 2u,B8(0—3) x7, -7 =0, where § is the velocity of the boundary and § € R is a
parameter controlling the slippage at the wall.

2 Notations and statement of results

By L4(2), 1 < g < oo, we denote the usual Lebesgue spaces with norm || - ||z, () and for k& = 0,1,2,... we
denote by Wk = {u € Ly() | o<k 1Dl (@)}, the Sobolev spaces modelled in Ly(€2) and W2 (Qr) =
{u € Lo(Qr) | llullyzr gy = llulz,@r) + Xja<2 1P2ullL, @) < oo} with Qr = €@ x (0,T) and Dy =
(8%1) ' (8%2) . (82“) " o] = a1 + -+ + a,. We also consider the Slobodetskii-Besov space qufz/q(Q)

whose norm is

IDgu(z) ~ Dyl
Ilys-oraiy = 3 1080l o+ X [ [ I dady,

lal<t lal=1

At last, we denote K = (1 + ulf()_l. Our main results are stated below.

Theorem 2.1. Let Q C R™, r > n, po(z) € C1(Q),0 < m < po(z) < M < o0, f(z,t),g(z,t) € L. (Qr), K (z,t) €
Ch(]o,T7; er_l/r(I‘)),O < B <1 and vy(z),wo(x) € W,?_Q/T(Q), V-tp =0, in Q along with compatibility conditions
between (1.1) and initial and boundary conditions (1.2) and (1.3). Then

i) for n = 3, there exists T* € (0,T] such that (1.1)-(1.3) has an unique solution p € CY(Qp.),v,0 €
WE71(QT*)7 VP € LT(QT*)'

bK(-t
it) for n = 2, assuming in addition that sup (g) # < oo, j=0,1, where 'y = {x € T |
t€[0,T] ot/ 1—K(t) L2(T¢)
K(xz,t) # 1} # 0, the solution of problem (1.1)-(1.3) above exists on the interval [0, T].
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LP—SOLUTIONS OF THE STOCHASTIC TRANSPORT EQUATION

PEDRO CATUOGNO * & CHRISTIAN OLIVERAT

We establish global existence and uniqueness of solution of the transport linear equation with a stochastic

perturbation. Namely, we consider the following equation:

%u(t, x) + b(t, x)Vu(t,x) + Vu(t, x) dﬁt =0, (0.1)
u(0,z) = uo(z) € Lp(Rd)v
where B; = (B},...,B{) is a standard Brownian motion in R? and the stochastic integration is taken in the

Stratonovich sense.

This equation has been treated for the case ug(z) € L>®(R%) (see [3] and [5]) via the stochastic characteristic
method. Our aim here is to prove the existence, uniqueness and regularity when the initial data ug(x) € LP(R?)
for p € [1,00). Some partial results are presented in [6], where the case ug(z) € L*(R%) N L>=(R?) was studied.

We prove existence and uniqueness of weak LP—solution using the generalized Itd-Ventzel-Kunita formula (see
Theorem 8.3 of [4]) and the results on existence and uniqueness for the deterministic transport linear equation (see

for example [2].

1 Mathematical Results
We shall always assume that

b L([0, 71, (Lioe(RT)?) (1.2)

We observe that this definition makes sense if we assume

b € Ll([07 T]’ (L?oc(Rd))d> (13)
where ¢ is the conjugate exponent of p.

Teorema 1.1. Let p € [1,00),ug € LP(R?). Assume (1.2), (1.3) and that

div b e L*([0,T], L>=(RY)) (1.4)
Then there exits a weak LP—solution u of the SPDE (0.1).

Proof Step 1 (auxiliary transport equation) We considerer the following auxiliary transport equation

(1.5)

ve +b(t,x+ By)Vo(t,z) = 0
v(0, ) = wo(z), € RL

According to an easy modification of [2], Proposition II.1 (taking only test functions defined on R¢) there is a
solution v € L>([0,T] x Q, LP(R?)) of the equation (1.5) in the sense that it satisfies

/v(t,x)gp(m)d:z: - /uo(a:)ap(x) dz

*IMECC, UNICAMP, SP, Brasil, e-mail: colivera@ime.unicamp.br
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-|-/Ot/b(s,x + Bs)Vo(x)v(s,z) dezds + /Ot /div b(s,x + Bs)p(x)v(s, z) dzds . (1.6)

We observe that the process [v(t,z)p(z)dz is adapted since it is the weak limit in L?([0,7] x Q) of adapted
processes, see [7] Chap. III for details.

Step 2 ( Solution via Ité-Ventzel-Kunita formula)

Applying the It6-Ventzel-Kunita formula to F(y) = [ u(t,z)¢(x + y)dz (see Theorem 8.3 of [4]) we obtain that

/v(t, x)p(x + Bi)dx

is equal to

/uo(x)go(x) dz + /Ot /b(s, 2+ By)V(a + B,)o(s, z) deds
+/Ot/dz'v b(s,z + Bs)p(xz + Bs)v(s,z) dzds

d t
9 .
+ Z/o /v(s, x)a—yzgo(x + B;)dx o dB..
i=1

827; o(z + Bs). Thus

We note that (%cp(x + B;) =

/v(t,x)ga(x + By)dx = /uo(x)w(a:) dzx
+/Ot/b(s,:c + Bs)Vo(x + Bs)v(s, z) deds + /Ot/div b(s,x + Bs)p(z + Bs)v(s,x) deds

d t .
+;/0 /v(s,x)Dm(az—&—Bs)dxodB;. (1.7)

From the equation (1.7) we follow that u(t,z) := v(¢,x — By) is a weak LP—solution of the SPDE (0.1).
In [1] we prove existence, uniqueness and we give a Wong-Zakai principle for the stochastic transport equation

(0.1), this principle is proved via stability properties of the deterministic transport linear equation.
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UNICIDADE DE SOLUCAO PARA UMA CLASSE DE EQUACOES
DIFERENCIAIS FUNCIONAIS COM IMPULSOS E CONDICAO DE
FRONTEIRA

PIERLUIGI BENEVIERI* MARCIA FEDERSONT & ANDRE L. FURTADO?

Neste trabalho, estabeleceremos condigoes que garantem unicidade de solucao para uma classe de equagoes
diferencias funcionais com retardo sujeitas a condigoes impulsivas e de fronteira.
Os momentos de impulso do problema que estudaremos constituem uma sequéncia finita e crescente de nimeros
reais positivos t; <ty < ...<t, <T,onde T > 0 esta fixado.
Se a,b € R com a < b, diremos que uma funcdo ¢ : [a,b] — R é regrada caso existam e sejam finitos ambos os
limites laterais
lim ¢(t), paratodo 7 € (a,b]

t—T1—

lim ¢(t), paratodo T € [a,b).

t—7t
Dados a,b € R com a < b, denotaremos por G([a,b],R) o espago de Banach constituido pelo conjunto das fungoes
regradas ¢ : [a,b] — R munido com a norma usual do supremo. Com a notagdo G~ ([a, b], R) indicaremos o espago
das fungoes que pertencem a G([a,b],R) e que sdo continuas pela esquerda. Para mais detalhes sobre as fungdes
regradas sugerimos a leitura de Franiikovd [1].
Seja r < T uma constante positiva. Dados ¢ € [0,T] e uma fungdo = : [—r,T] — R, denotamos por z; a funcao

definida por z:(0) = z(t +0), 6 € [-r,0]. No que segue, a notacdo Az(t;) representa a diferenga, 1irn+ x(t) — z(ty).
t—t,
Nosso objeto de estudo serd o problema

2(t) = (¢, 20), £ [0,T)\ {tr, ... tm}
Ax(ty) = I(tr,z(ty), ke {l,...,m} (0.1)
2(0) = 2(T) = o,

onde f : [0, T] x G([-r,0],R) — R é uma fungéo tal que, para cada x € G([-r,T],R), a funcao [0, T] 3 t — f(t, x+)
pertence a G~ ([0, T],R). Além disso, I € C([0,T] x R,R).

Diremos que uma funcdo x € G([—r,T],R) é uma solugdo do problema (0.1), quando satisfaz a condigdo de
fronteira z(0) = x(T) = xo e as seguintes condigdes sao satisfeitas:

e 1z é diferencidvel em cada intervalo [0,¢1] e (tk,tkt1], k=1,...,m —1;

e 1 satisfisfaz a igualdade 2/(t) = f(t,x¢), em cada ponto t € [0,T]\ {t1,...,tm};

o Aux(ty) = I(ty,z(tg)), para cada k =1,...,m.

Considere a seguinte condicao sobre a funcao f:

(H) Para cada § € G([-r,0],R), existem 6 = §(§) > 0 e L = L(J) > 0 tais que se p,¢ € G([-r,0],R) forem tais
que [l = Elloc < d e [lth — €]l < 9, entdo

‘f(t7w)_f(t7w)‘ §L|90(0)—¢(0)|7 le [07T]'
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1 Resultado

Teorema 1.1. Se a funcdo f cumpre a condi¢ao (H) e t,,+r < T, entdo o problema (0.1) ndo possui duas solugioes

distintas coincidindo em [—r, 0], qualquer que seja o € (t,, +1,T).

Prova: (Ideia) Suponha que f satisfaz a condicdo (H) e que t,, +r < T. Fixe o € (t,, + 7,T). Suponha que
x:[-r,T] — Rey:[-r,T] — R sejam solugdes de (0.1) que coincidem em [—r, o]. Mostraremos que = = y.
Defina o conjunto
A={te0,T); z(s) =y(s) para 0 < s < t}.

Para obter o resultado, mostramos que as hipdteses implicam que T € A. =
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EXISTENCIA DE SOLUCAO PARA SISTEMA ASSINTOTICAMENTE
LINEAR NAO-AUTONOMO EM R

RAQUEL LEHRER * & LILIANE A. MAIA'

Apresentamos resultados sobre a existéncia de solugao para o sistema eliptico, assintoticamente linear no infinito,
fracamente acoplado

u2—|—v2
A - A 0.1
utu T+ Gra@)@+oy (0.1)
2 2
—Av+v = v v+ A

14 (s +a(z))(u® +0?)

onde A denota o operador Laplaciano, u e v € H'(RY), N > 3, A e s sdo constantes tais que 0 < A < 1 e
0 < s < 1. Além disso, 0 < sp < s+ a(z) < s,Vo € RV, com ‘ llim a(x) = 0. Mostramos que tal sistema possui
T|—0o0

uma solugao (u,v) nao-nula.

Inicialmente, fazemos uma caracterizacao da solugao de energia minima do problema limite (auténomo)

u2+v2
—-A = — A 0.2
u+tu 1+5(u2+v2)u+ v (0.2)
2 2
—Av+v = $v+/\u.

1+ s(u? +v?)

Consideramos que I ¢ o funcional associado ao sistema (0.2) e definimos

Moo = inf { I (u,v); (u,v) € HYRY) x HY(RY) tal que (u,v) resolve (0.2)}.
Ainda, tomando I's := {7 € C([0,1], H'(RY)); 7(0) = 0 € Ic(v(1)) < 0}, temos

Coo := iInf max I (y(%)).
Y€l (u,v)€7([0,1]) )

Assim, fazendo uso da variedade de Pohozaev associada ao sistema (0.2)

P = {(w0) € HURY) £ @Y) (00.00)3 5

/ |Vul? + |Vo|?de — 2/ G(u,v)dx = O} ,
RN RN
u? +02  u?+0? 1

+

5 55 9s2 In(1 + s(u® 4 v?)) 4+ Auw, e adaptando as ideias de [1], mostramos

onde Goo(u,v) = —
que

Coo = Meo-

Em seguida, provamos o seguinte resultado de compacidade:

Teorema 0.1. Seja (z,) = (un,vy,) € HY(RYN) x HY(RY) uma sequéncia limitada tal que I(z,) — ¢ e | I (z,)|/(1+
lznll) = 0. Entdo, substituindo (z,) por uma subsequéncia, caso necessdrio, existe uma solugdo z = (u,v) de (0.1),

um nimero k € NU{0}, k pares de funcées (u1,v1), (ug,v2), ..., (U, vi) € k sequéncias de pontosy), € RN 1 < j <k,
satisfazendo:
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a) |y} — oo e |yl —yh| — oo se j #i;

b) (un,vn) = Z(Uj(l‘ =) vi(x = y3)) = (4,9) em H'(RY);

n

¢) I(z) = 1(2) + ) Ioo(2));

j=1
d) zj = (uj,v;) sdo solucées fracas nao triviais de (0.2).
Ainda, no caso de k =0, o teorema € vdlido sem (u;,v;).

Com isto, mostramos que o funcional I, associado ao sistema (0.1), satisfaz a condi¢ao de Cerami no nivel d, para
qualquer 0 < d < M, isto é, toda sequéncia (z,) € H'(RN) x HY(RN) tal que I(z,) = d e |[I (z,)|[(1+ ||zn]]) = 0
possui uma subsequéncia convergente.

Para usarmos o Teorema do Passo da Montanha, mostramos que o nivel ¢ do referido teorema, dado por

c:= inf max  I(y(t));
YEIl (u,w)€x([0,1]) o)

onde I' = {y € C([0,1], H'(RY));7(0) = 0 e I(y(1)) < 0}, satisfaz 0 < ¢ < Moo
Isto é feito utilizando-se o fato de que I(2) < I(2),Vz € H'(RY) x H'(RY) e pela construgao de um caminho
especifico y(t) € T tal que

I(~(t .
max, (v(t)) < Moo

Assim, pelo Teorema do Passo da Montanha, obtemos uma solu¢do nao nula para o sistema (0.1).

Ressaltamos que, para equagoes da forma —Au = g(u), tal equivaléncia me, = ¢ € usualmente provada via
variedade de Nehari, utilizando-se a condigao de monoticidade da fungao t — @. Em nosso caso, como utilizamos
a variedade de Pohozaev, nao fazemos uso de equivalente condigao.
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n-LARGURAS DE OPERADORES MULTIPLICADORES SOBRE O
Toro T¢

REGIS L. B. STABILE* & SERGIO A. TOZONI'

1 Introducao

Seja A um subconjunto compacto e centralmente simétrico (simétrico com relagao & origem 0, ou seja, —z € A,
sempre que z € A) de um espago de Banach X. Definimos as n-larguras de Kolmogorov e de Gelfand de A em X,

respectivamente pelos valores

dn(A,X) :=infsup inf ||z —yllx e d"(A,X):=inf sup |z|x,
Xn g AYEXn L™ geAnLn
onde o infimo na primeira expressao é tomado sobre todos os espacos n-dimensionais X,, de X e na segunda sobre
todos os subespacos L™ de codimensdao no méximo n de X. Se Y é um outro espaco de Banach e T : X — Y
um operador limitado, definimos as n-larguras de Kolmogorov e de Gelfand de T por d,(T) := d,(T(Bx),Y) e
d™(T) :=d"(T(Bx),Y), respectivamente, onde Bx denota a bola unitdria fechada do espago X.
Dada f € L'(T%), definimos a série de Fourier da fungio f por

Y fRer, fk) = [ f(x)e ¥ du(x),

kezd s

onde k - x = kyxy + koo + -+ + kqza, k = (k1, ko, ..., kq) € 24, x = (z1, 22, ...,74) € T? e dv denota a medida de
Lebesgue normalizada sobre T<.

Para R > 0 as expressoes

~

Fa)e®X, D(d,R)(x) =

d k
R |k

(f* D(d, R))(x) = ik-x

d

k
k; R

J

i
i
Q

sdo denominadas soma parcial quadrada de Fourier da funcio f e niicleo quadrado de Dirichlet no toro T¢, respec-

tivamente.
Para I, N € N, denotamos H; := [eik'x :ke Al\Al,l} e Ty = @ﬁo H;, onde A; := {k € Z% : k| <1, j =
1,...,d}. Seja A = {\;}ren uma sequéncia de niimeros complexos e sejam 1 < p,q < co. Se para todo ¢ € LP(T9)

existe uma fungdo f = Ay € LI(T9) com expansido formal em série de Fourier dada por
EDSEIED DR Ul
=1 Kkea~A_,

tal que [|A|lp,q = sup{||A¢|lq : ¢ € Up} < o0, dizemos que A é um operador multiplicador limitado de L? em L9,

com norma ||A||,4, onde U, denota a bola unitaria fechada do espaco LP(T%)

*IMECC, UNICAMP, SP, Brasil, e-mail: ra069475Qime.unicamp.br
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2 Resultados

Neste trabalho demonstramos estimativas inferiores e superiores para n-larguras de operadores multiplicadores gerais
definidos sobre o toro T¢. Numa etapa posterior pretendemos aplicar estes resultados na obtencao de estimativas
para n-larguras de conjuntos de funcoes suaves sobre o toro T¢. Em particular, pretendemos estudar as n-larguras
de Kolmogorov dos conjuntos de fungdes finitamente diferenciaveis A (U,), AV = {/\,(Cl)},;“;l, /\,(Cl) =k~ (Ink)~¢,
e dos conjuntos de fungdes infinitamente diferencidveis (analiticas para r = 1) A®)(U,), A?) = {)\,(3)}2":1, )‘1(3) =
e~ "% onde vy, ¢ >0e0<r<1. A referéncia principal para este trabalho é [2].

Teorema 2.1. Sejam 1 <g<p<2,0<A<1, n=dimTy, diy =dimHy e seja A = { A}, uma sequéncia de

multiplicadores tal que A\, # 0 para todo k € N. Entdo existe uma constante absoluta C' > 0 tal que
min {d{y,_1)(AUp; L9), d* 1 (AU,; L)}
—-1/2
(1= 1/g) 2 (S %) L a> 1,

> C(1-MNY2 -1/
(/)2 (20 el =2d) e =1

onde [An — 1] denota a parte inteira do nimero An — 1. Em particular, para n-larguras de Kolmogorov temos que

1, 1<p<2,1<qg<L 2,
N —-1/2 1, 2<p<00,2<q <00,
dian 1] (AU, L) = Gy g(1 = N/ 2012 (Z |/\k|_2dk> 1, 1<p<2<g<oo,
k=1 (Inn)~1/2, 1<p<2,g=1,
(Inn)~Y2,  p=o00,2<q< oo

Teorema 2.2. Suponhamos que A = {\;}72, seja uma sequéncia decrescente em mddulo satisfazendo limy_,oo | A| =
0, 1 <p<2<gq< oo, e queo operador multiplicador A € limitado de L' em L%. Sejam {Ni}3, e {ms}L,
sequéncias de niumeros naturais tais que N < Npy1, No =0 e 22420 my < . Entdo existe uma constante absoluta
C > 0 tal que

M o]
1/p—1
ds(AU; L) < C(Zuwkgmﬁ > |ANk|0N/:iNkii>,
k=1 k=M+1
onde
01/p 1/2 9 <
1/p—1/2 Ni,Niy1 qa’, S g < oo,
Omg = 00,/11\)71 / dmo(U2 N TNy, LN TNy ), Omy, = W ’ (1119]\[ N )1/2 q= o0
ksiVE+1 ) - Y
N, Ni41
(9N0,N1 = Zdlm 7‘[57 GNk;NIc+1 = Z dim Hs, k 2 1.
s=0 s=Ny,
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EXPOENTE CRITICO DE FUJITA PARA UM SISTEMA PARABOLICO
NUM DOMINIO EXTERIOR COM A CONDIGAO DE NEUMANN NA
FRONTEIRA

RENATA DE FARIAS LIMEIRA* & MIGUEL LOAYZAT

Em seu célebre trabalho, Fujita [3] considerou o seguinte problema de Cauchy
u —Au = uP, em RY x (0,00), (0.1)
u(2,0) = wup(z) >0, em RY, (0.2)
Ele mostrou o seguinte:

(i) Se p > 14+ 2/N e ugy ¢é limitado por uma Gaussiana suficientemente pequena, entdo o problema (0.1)-(0.2)

admite solugoes globais nao negativas nao triviais.
(ii) Quando 1 < p < 14 2/N néo existem solugdes globais nao triviais.

O valor pc = 14+2/N é chamado de expoente critico ou coeficiente de Fujita. Desde o trabalho de Fujita, muitas
extensoes do problema (0.1)-(0.2) tém sido consideradas. Os trabalhos de Levine [4] e Deng e Levine [1] coletam
uma série de problemas nessa direcao.

Estudamos o seguinte problema

u—Au = P, em D x (0,00), (0.3)
ve—Av = w9 em D x (0,00) (0.4)
v Ou
o = 0, em 9D x (0,00), (0.5)
u(z,0) = wo(x) >0,v(x,0) =vo(x) >0, em D, (0.6)

sendo D um dominio exterior em RY | p,¢ > 1 e ug,vg € Co(D), com Co(D) denotando o fecho em L>°(D) das
fungoes continuas sobre D com suporte compacto.

As equagdes (0.3)-(0.4) podem ser usadas como um modelo que descreve a propagacao do calor numa mistura
combustivel com duas substancias. Neste caso, as fungoes u e v representam a temperatura de cada uma dessas
substancias e uma liberagao de energia dada por ponténcias de u e v é considerada. A condicdo de Neumann indica

que o fluxo de calor pela fronteira é zero.

1 Resultados

Estabelecemos que o coeficiente critico para o problema (0.3)-(0.6) coincide com o coeficiente critico obtido por

Escobedo e Herrero [2], os quais estudaram o mesmo sistema sobre R™.
Teorema 1.1. Sejam p,q > 1, ug, vy € Co(D), up,vo > 0 e D um dominio exterior com fronteira suave em R,

(i) Seja N/2 > (v + 1)/(pg — 1), com v = max{p,q} e N > 3. Suponha que D tem fronteira Lipschitz, uy €
L™ (D)NL3(D) e vy € L* (D) N L*(D), com r* = %’;}q—:, s* = %pqu—ll‘ Entao existe 6 > 0 tal que, se
llwollr + |lvollsx < 8, (0.3)-(0.6) tem solugio global.

*UPE, PE, Brasil, email: limeira.renata@gmail.com
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(ii) Se N/2 < (y+1)/(pg — 1), com v = max{p, q}, entao o problema (0.3)-(0.6) ndo tém solugées nao negativas
globais ndo triviais.

Prova: Solugées ndo globais - Na demonstragao da parte (ii) utilizamos uma adaptagao do método da funcao
teste usado por Mitidieri e Pohozaev [5] e Kirane et al [6].

Ezisténcia de solugdes globais - Usamos um argumento de ponto fixo para provar a parte (i). Abaixo segue
uma ideia da prova. Seja (S(t)):>0 0 semigrupo do calor com condi¢do de Neumann homogénea na fronteira definido
sobre LP(D) se 1 < p < 0o ou C(D) = {u|p;u € Co(RN)} se p = c0. Sejama =5 (L —L)eb=5 (L -1),
com 7 e s escolhidos apropriadamente. Consideremos o espago M = C((0,00), L"(D)) x C((0,00), L*(D)) e seja
E. = {(u,v) € M; to/[u(t)][1- +u(t)]
espaco E. com a métrica d ((u,v), (@,7)) = sup,q {t*||u(t) — a(t)]

s < &, para todo t > 0}, em que € > 0 é uma constante pequena. O
L} A+ sups {t|v(t) — B(t)]

L+ } 6 um espago
métrico completo.
Para cada (u,v) € E., definimos ¥(u,v) = (¥1(v), Ta(u)), com ¥;(v) e Ua(u) dados por

Uy (v)(t) = S(t)uo +/ S(t —a)|v|P~ v (o)do,
0 (L7)
Uy(u)(t) = S(t)vo + /0 S(t —o)|u|r u(o)do,

para cada t > 0.
Mostramos, entdo, que existe € > 0 suficientemente pequeno de modo que V(E.) C E. e que ¥ : E. — E. seja
uma contragao estrita. Para este tltimo passo, a estimativa que obtivemos para o semigrupo do calor (Teorema 1.2

abaixo) é crucial.

(|
Teorema 1.2. Seja D C RN um dominio exterior com fronteira C? compacta. Sejam 1 < p <r < oo e N > 3.
Entao existe uma constante C1 = C1(D,p,r) > 0 tal que
_N(1_1
I1S®ell e < Cit~F G5 1o o, (1.8)
para cada ¢ € LP(D),1 < p < oo e todo t > 0.

Esta estimativa também permite que estabelegamos a existéncia de solugdes locais para o problema (0.3)-(0.6):

Teorema 1.3. Sejam p,q > 1 e seja C' = {u|p;u € Co(RN)}. Entdo para cada ug,vo € C'(D) N L*(D), existe
T > 0 e uma solugio (u,v) € [C(D x (0,T))]? do problema (0.3)-(0.6). Além disso, u > 0 se ug > 0 e, se
ug € L"(D), entao u € C([0,T], L"(D)).
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CUBIC-QUINTIC GROSS-PITAEVSKII EQUATION FOR
BOSE-EINSTEIN CONDENSATES

ROLCI CIPOLATTI* & CARLOS TRALLERO-GINER'

It is well known that the Bose-Einstein condensates (BEC) can be described by means of the ground state
solutions of Gross-Pitaevskii equation (GPE) [1, 2, 3]. In general, the 3D (GPE) cannot be factorized into transverse
and longitudinal motions, but under certain parameter regions we can assert that the BEC follows a 1D behavior
(for a detailed discussion see Ref. [4]). In the case of the harmonic trapping potential and considering that the
atoms are tightly confined in two transverse directions, a transition to the quasi-1D description is possible. Indeed,
employing the adiabatic approximation and using the factorized ansatz ¥(z,r;t) = exp(—iuot/h)®(x)x(r;t), we
can derive an effective 1D GPE, which describes the physical characteristics of the cigar-like shape condensate [5,
6, 7]. Nevertheless, the usual cubic nonlinear model does not reflect some important instability properties of the
condensates and a more general nonlinearity is necessary.

Assuming that the harmonic trapping potential has a strong anisotropy (of cigar-shaped type), the 1D limit of
the GPE with cubic-quintic nonlinearity can be considered as a model to describe the condensate, more precisely,
by the equation (see [5])

= + =PV 4 g [V — g| UM = 0, (0.1)

where w > 0 is the oscilator trap frequency, m > 0 is the atomic mass, pg € R is the chemical potential and
g1,9 € R are the effective 1D nonlinear self-interaction coefficients. These two coefficients depend on the total
number N of particles in the condensate, the transverse harmonic oscillator frequency w, and the scattering length
as (as > 0 or as < 0 for attractive or repulsive interatomic interaction, respectively) by the relations g1 = 2a,Nfiw,
and g = 61n(4/3)g? /hw, [6].

In its dimensionless form the equation (0.1) can be written as

a2

gz FEO NPy NIl = (0.2)

where, for | := \/hi/mw, we set & = x /1, X = 291 /1w, p = 2p0/hw, (&) = ®(xl)/V1, € = 3In(4/3)w/wy.

The solutions of (0.2) can be viewed as standing waves of the time dependent GPE, namely,

.au 32u 2 2 2 4
15 = _8752 + &u + Mul“u — eX*|u| u, (0.3)

where 7 := wt/2 and t is the time. By standing waves we mean time periodic solutions of the form
u(r,€) = e MTY(E).

In this work we present new formulas to approximate the energy, the chemical potential and the ground state
solution of (0.2), based on a new variational method introduced in [8]. By using these formulas we discuss the range

of validity of the self-interacting coefficient A in the cigar-like model.
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SOBRE COMPORTAMENTO ASSINTOTICO E CONTROLE EXATO
PARA A EQUAQAO DE KLEIN-GORDON EM DOMINIOS LIMITADOS

RuiksoN SiLrAs O. NUNES * & WALDEMAR D. Bastos |

1 Introducao

Neste trabalho estudamos problemas de controle exato na fronteira para equagao linear de Klein-Gordon em
dominios gerais de RN, N = 1,2,---. O método aqui usado requer o conhecimento do comportamento assintético

das solugoes do problema de Cauchy

(usr — Au+ u)(z,t) = 0, u(z,0) = up(x), us(z,0)=u(z), xRN teR. (1.1)

Mostramos que a energia local de tais solugoes decai polinomialmente. Em seguida usamos o decaimento local
de energia para estudar controlabilidade exata na fronteira, para a equagao linear de Klein-Gordon em dominios
limitados de RY.

2 Resultados

Fazendo uso da anélise de Fourier é possivel obter a estimativa

Hlel
-N
ju(e, )] < C =72 /\@ajy]y (2.2
Ia\+9<(N+3
para [t| suficientemente grande e uma constante C' > 0 que néo depende de u;, j = 0,1 (veja Hérmander[3]). Aqui
a=(ag,--,ay) € NV ¢ um multi-indice, |a| = Zi\; a; e (0y)* = Oy ...0yT". Seja © um dominio limitado de

RN e m um inteiro positivo. Assumindo ug, u; € C§°(€2), de (2.2) obtemos

K
ju(e, O < g {leolrm o + s s § (2.3)

para |t| suficientemente grande e todo inteiro m > # > 2. Aqui H™ denota o espago de Sobolev usual (Adams
[1]). A estimativa (2.3) aplicada as derivadas de u nos permite estender para a equagao uy — Au + c*u = 0,
com dados iniciais suficientemente regulares, os resultados de controlabilidade obtidos por D. L. Russell [6] para a
equacdo da onda. Nosso interesse é estudar controlabilidade na fronteira para uy; — Au+ c?u = 0 com dados iniciais
em H'(Q) x L%(), para dominios limitados €2 de RY com fronteira ndo suave.

Para atingir este objetivo provamos :

Teorema 2.1. Dado um dominio limitado ), existe uma contante K > 0 dependendo de €, c e das funcoes de
Bessel Jo, J1, tal que para o € N¥+1 |a| < 1 e dados iniciais ug, u; € C$°(U) a solugdo de (1.1) satisfaz

ol > Ky )
mu(:ﬁﬁ) < th {HU’UHHl(U) + ”ul”L?(U)} . (24)

. . lo] lel
para todo x € U et > 0 suficientemente grande. Aqui usamos (32‘T)“ para denotar 6tQN+1§’maNmazal . d
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Observamos que a estimativa (2.3) param =1e N = 1,2,3 jd é conhecida a algum tempo. Veja, por exemplo,
[4] e [5]. Até onde sabemos, a literatura nao dispoe de uma estimativa na forma (2.4), vélida para todas as dimensées
N.

Para provar (2.4) usamos a férmula explicita da solugdo u do problema de Cauchy (1.1) considerando separada-
mente os casos em que N é par ou impar, pois a representacao de v muda com a paridade de N. Para N impar a
férmula de u envolve as fungoes de Bessel de primeira espécie Jy e J;. Neste caso usamos também alguns resultados
cldssicos sobre o comportamento assintético destas fungoes ([2], [8]).

E consequéncia de (2.4) a estimativa

0 K’
s DIy + (- O3y < T { ol ey + ey (2:5)

vélida para ¢ suficientemente grande e solugoes (1.1) com energia finita. Aqui K/ = (N + 2)K|Q|.

A desigualdade acima nos permite provar o seguinte resultado:

Teorema 2.2. Seja U C RN, N > 1 um dominio limitado, com a fronteira Lipschitziana. Eziste T > 0 tal que todo
par (uo,u1) € HY(U) x L*(U) admite uma extensio (tp,u1) € HY(RY) x L2(RYN), com suporte compacto, de modo
que a solucdo u € H}. (RN*T1) do problema de Cauchy (1.1) com estado inicial (g, u1) satisfaz u(.,T) = (., T) = 0

loc
em U. O

O teorema acima juntamente com teoremas de tracos apropriados nos permite resolver problemas de controle
com varios tipos de controle na fronteira, para diversos tipos de dominios. Particularmente, se N > 2 e U é suave
por partes (sem cuspides), a restrigdo de @ ao cilindro U x [0, T| possui trago % com quadrado integravel ao longo
de OU x [0, T] (Tataru [7]). Assim, procedendo como em [6], fica resolvido o problema de controle exato na fronteira,

com controle tipo Neuman, para a equacao de Klein-Gordon no dominio U.
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NEW DECAY RATES FOR A SEMILINEAR SYSTEM OF ELASTIC
WAVES WITH POTENTIAL TYPE OF DAMPING

RUY C. CHARAO* & CLEVERSON R. DA LUZ'

1 Introduction

We consider the following initial value problem in R"™ associated to the system of elasticity with a nonabsoption

nonlinear term and a critical potential type of damping

{ g — a?Au — (b2 — a®)Vdivu + V(t, 2)uy = |ug|P 1wy, (t,2) € RT x R (11)

u(0,z) = dug(z), u(0,2) =duq(x), =xe€R”

where the coefficients a > 0 and b > 0, such that: a? < b2, are related with the Lamé coefficients: a? = X\ + p and
b? = X\ + 2u. The potential type of damping V (¢, ) is a positive L>(RT x R™) function.

We assume initial data with compact support, that is,
up € (HAR™)", uy € (H'R™)", suppuo Usuppus C {|a] < R}, (1.2)

where R > 0 is an arbitrarily fixed real number, and |z| is the usual Euclidian-norm of = € R".
Under the above conditions there exists T}, = T},,(d) > 0 such that the problem (1.1) has a unique local solution
u = u(t,z) in the class

u € C([0, T); (H*(R™)™) N CH([0, Trn)s (H' (R™))™),
and satisfies the finite speed propagation property:
u(t,z) =0 for |z| > bt+ R,

where the the propagation speed b is the constant coefficient which appears in the system of elastic waves (1.1).
For these basic results we refer to Ikawa [4] and Strauss [8].

In the present work we apply a simple method due to Ikehata-Inoue [5] to a semilinear system of elastic waves
having a nonconstant damping coefficient with a critical parameter v = 1 in order to obtain polynomial decay of
the total energy. Although we have many decay and non decay results concerning the scalar valued wave equation
case, there are few related results on the system of elastic waves with a non-compactly supported critical potential
of damping. For instance, Charao-Tkehata [2] studied the system of elastic waves in an exterior domain, with a
dissipation localized near infinity but, to show polynomial decay of solutions, they imposed an extra assumption
on the Lamé coefficients of the system: b? < 4a?. In this work we do not impose such a condition. Furthermore,
Kapitonov [6] and Charao [1] studied decay rates of local energy for non-damped linear system of elastic waves in
three dimension.

Our goal is to prove new decay rates for the problem (1.1)-(1.2) which improve the estimates obtained by
Charao-Ikehata [3].

*Departamento de Matematica , UFSC, SC, Brasil, charao@mtm.ufsc.br
fDepartamento de Matematica , UFSC, SC, Brasil, cleverson@mtm.ufsc.br
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2 Assumptions and Result

Hypothesis 1: We assume that V(z,t) = V(x). Suppose there are positive constants Cy and C; such that

Co &
<V < .
e S V@ =1
We can take number « such that o
0<a< TO (2.3)

Lemma 2.1. If Cy > b then there exist numbers o > 1 satisfying (2.3) and € > 0 such that

where C} is the constant of the Hardy’s inequality in R™, (See [7], [9]).

Remark 1: The idea is that o will be the rate of decay. It seems that by increasing Cy we can increasing o > 1
due to (2.3). But, analyzing the inequality (2.4) together (2.3) it is possible to prove that for % >> 1 the decay

rate o will decrease to 1. This fact seems that Cy >> b is a case of overdamping.

Hypothesis 2: We assume that « satisfies the condition (2.3) and
l<a<a Zf Co>b

where aq is given by Lemma 2.1
Our main result says that assuming the above hypotheses it follows that the solution of (1.1) is global and the
total energy satisfies

1 a? b — a?)

7/ |t (t)]? da + / |Vu(t)? dx—l—(i/ |divu(t)|* de < Cly(1+1t)~%,
2 Jen 2 Jan 2 Jen

for a suitable power nonlinearity p and for 0 < § << 1, where I is a constant that depends on the initial data.
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DYNAMICAL SYSTEMS OF TYPE (n.m)

RUY EXEL*

Given positive integers n and m, we consider dynamical systems in which (the disjoint union of) n copies of a
topological space is homeomorphic to m copies of that same space. The universal such system is shown to arise
naturally from the study of a C*-algebra denoted by O, ,, which in turn is obtained as a quotient of the well
known Leavitt C*-algebra L, ,,, a process meant to transform the generating set of partial isometries of L, ,,, into
a tame set. Describing O,, ., as the crossed product of the universal (n, m)-dynamical system by a partial action of
the free group F,,4+m, we show that O,, ,, is not exact when n and m are both greater than or equal to 2, but the
corresponding reduced crossed product, denoted by O, ,,, is shown to be exact and non-nuclear. Still under the
assumption that m,n > 2, we prove that the partial action of F,,,, is topologically free and that O, ,, satisfies
property (SP) (small projections). We also show that O, ,,, admits no finite dimensional representations. The
techniques developed to treat this system include several new results pertaining to the theory of Fell bundles over

discrete groups.
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UPPER SEMICONTINUITY OF ATTRACTORS AND CONTINUITY OF
EQUILIBRIUM SETS OF A PARABOLIC PROBLEM WITH
DEGENERATE P-LAPLACIAN

SIMONE M. BRUSCHI*', CLAUDIA B. GENTILE* & MARCOS R. T. PRIMO }

In 2000, Takeuchi and Yamada completely described the set of stationary solutions of the problem involving the
p-laplacian operator

ur = M|t [P~ ?uz)s + [ul??u(l — ul"), (z,t) € (0,1) x (0, +00)
U(O,t) = u(l, t) =0, 0<t< 4+ (01)
U(I,O) = UO(.T), S (Oa l)a

where p > 2, ¢>2,r>0and A > 0.

They get that if p > ¢ there exists a decreasing sequence A (p,q), Af(p,q) — 0 when n — oo such that the
equilibrium set £ = {0} U U;’ioEii where Ezi denote the equilibrium sets within the equilibria with ¢ zeros in (0, 1)
and if, A < A%, the set Eli is homeomorphic to [0,1]%, for i < n. We observe that in this case there is equilibrium
points with any amount of zeros in (0,1).

If p < g there exist deacresing sequences A, (p, ¢) and A% (p, q) such that A, > A% and \,,, \X — 0 when n — co.
If p =g and Apr11 < A < Aps then the equilibrium set is given by E = {0} UU%OE;‘L. Ifp<gand A1 <A< Ay
, the equilibrium set is given by E = {0} UUM (EE U {FF}), where EZ denote the equilibrium sets within the
equilibria with i zeros in (0,1) and F¥ = {¢*} also is equilibrium with 7 zeros in (0,1). Furthermore, if A < \%,
the set E is homeomorphic to [0, 1], for i < n.

About the stability of the equilibria, in [8], Th 4.2, 4.3, they get that 0 is asymptotic stable if p = g and A > Ao
or if p < g, 0 is unstable for p > q or p = ¢ anda A < \g . The equilibrium gbg' is asymptotically stable if A > A
and attractive for A < A§j, and if ¢ > p, 1o is unstable for A < Ag.

We observe that the set of equilibrium points, E\(p, q), is always infinity if p > ¢ and, if p = q or p < ¢, Ex(p, q)
is a finite set only for large values of \. However, in each of the three cases, there is the possibility of existing
continuum equilibrium sets, which does not happen in the semilinear case, p = 2. We also observe that in the case
q > p the equilibrium does not bifurcate from the trivial solution, the bifurcations are spontaneous.

It is well known that problem (0.1) is globally well-posed in L?(0,1). The existence of a global attractor {.A,}
for (0.1) is easily obtained from the uniform estimates in L?(0,1) and W,?(0,1). Furthermore, the problem (0.1)
generates a gradient system in VVO1 (0, 1), therefore, the global attractor is characterized as the union of the unstable
set of equilibrium points, [4, 9]. Also, Gentile and Bruschi in 2005 proved that the lap-number is not increasing
through orbits, if the initial conditions are continuous. With this information we can determinate which equilibrium
points can belong to the w-limit set of any initial data.

In [2], they investigate in which way the parameter p > 2 affects the dynamic of (0.1), analyzing the continuity
properties of the flows, the equilibrium sets and the global attractors A,, with respect to parameter p > 2. They
guarantee that, for p = ¢, as p — 2 and for fixed values of A, any continuum connected component of F) reduces
to a single point when p is still at a positive distance of 2.
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Since there are important qualitative changes in the equilibrium sets F)(p,q) in the cases p > ¢, p = ¢ and
p < g, in this work we focus our analysis in the continuity with respect to ¢, considering A > 0, p > 2 fixed. We
prove some uniform estimates, with respect to parameter p > 2, and ¢ > 2 in bounded sets, for solutions of (0.1) on
L?(0,1), and WO1 "P(0,1). We show a compactness result which is fundamental to prove the continuity of the flows
in C([0,T] : L?(0,1)) for each T' > 0 and the upper semicontinuity of the family of global attractors in L2(0,1).
Finally, we prove the continuity of the equilibrium sets of (0.1) for p > 2 fixed and ¢ — p, roughtly speaking,
a sequence of equilibria in E* with a fixed number of zeros must converge to an equilibrium point of the limit
problem with the same amount in the zeros in (0,1) or, when it is not possible, the sequence converges to the null
stationary solution. We also prove that any sequence of equilibria taken in Fii converges to zero.

The following theorems sumarize the results about the convergence of equilibirum points

Theorem 0.1. Suppose p > 2 fixed. Let M be the mazimum number of zeros of an equilibrium when q = p. Let
bn(q) € EX forp > q. If n < M, then ¢,(q) converges to another stationary solution, whit the same amount of
zeros when q — p~. If n is greater than M, then ||¢n(q)|lc1(0,1) goes to zero when q — p~.

and

Theorem 0.2. Suppose p > 2 fized. Let ¢,(q) € EF for ¢ > p. Then é,(q) converges to another stationary
solution, whit the same amount of zeros when q¢ — pT. If 1,(q) € Ff, then 1¥n(@)|lcr0,1) goes to zero when
q—p*.
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WEAK APPROXIMATION PROPERTIES ON PROJECTIVE
SYMMETRIC TENSOR PRODUCTS

SONIA BERRIOS* & GERALDO BOTELHO!

The aim of this work is to generalize the results presented in [2] on the weak approximation property on projective
symmetric tensor products of Banach spaces.

Given Banach spaces F and F, by P(*E;F) we denote the Banach space of all continuous k-homogeneous
polynomials from FE into F'. The subspace of all compact k-homogeneous polynomials from E to F is denoted by
Pr(*E; F). When k =1, P(*E; F) and Px(1E; F) are denoted by £L(FE; F) and K(FE; F), respectively the space of
all continuous linear operators and the space of all compact operators from E to F'.

For y € F and P € P(*E), define (P ® y)(z) = P(z)y, € E. So defined, P®y € P(*E;F). A polynomial
P € P(*E;F) is said to be of finite rank if there are n € N, Pi,.... P, € P(*E) and yi,...,y, € F such that
P = Z?Zl P; ®y;. Let Pr(*E; F) denote the space of all finite rank k-homogeneous polynomials from E to F.
When k = 1, Pr(1E; F) is denoted by F(FE; F), the space of all finite rank linear operators from E to F.

Let 7. denote the topology on ’P(kE;F ) of uniform convergence on compact subsets of E. A Banach space
E has the approximation property (AP) if L(E; E) = WTC. We say that a Banach space E has the weak
approximation property (WAP) if K(E; E) C mn. Choi and Kim [3] introduced the weak approximation
property.

Caliskan and Rueda [2, Proposition 7] proved the following characterization of the WAP on the completed

projective symmetric tensor product ®S’WE:

Theorem 0.1. Let E be a Banach space. Consider the following conditions:
Ak
(1) @, L has the WAP.

(2) Pe(“E: @) ) C Pr(E: ®, . I)

ok ~k__c
(3) K(E; @, L) C F(E; QL)
Then (1) and (2) are equivalent and they imply (3).

Te

We shall introduce a new concept that encompasses the AP and the WAP as particular cases. Let 7 be an
ideal of operators in the sense of Pietsch [4]. We say that a Banach space E has the Z-weak approzimation property
(I-WAP) if Z(E; E) C F(E; E) *. Note that K — WAP = WAP and £ — WAP = AP.

The main aim of this work is to characterize the Z-weak approximation property on ®f7ﬂE, extending so
Theorem 0.1.

Given an operator ideal Z, a polynomial P € P(*E; F) belongs to the composition polynomial ideal T o P,
denoted P € ZoP(*E; F), if there are a Banach space G, a polynomial Q € P(*E;G) and an operator u € Z(G; F)
such that P = uwo @ (see [1]). Motivated by the fact that Px = K o P [5] and following the ideas in [2], we prove
the following;:

Theorem 0.2. Let E be a Banach space and T be an operator ideal. Consider the following conditions:
Ak
() @, L has the T — WAP.

1) Q. B Q. . F) C F(®. . F Q. .E)
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Te

~ k Ak
() ToP("E;Q, . E) C Pr(*E; Q, . F)
(@) I(B:®. ) € FIEQ, ,E)
Then (a), (b) and (c) are equivalent and they imply (d).

The formula P = K o P guarantees that Theorem 0.1 is a particular instance of Theorem 0.2

Before stating our next result we need some definitions and results concerning projections on spaces of polyno-
mials, which ares used in the proof of the main result.

Choose e € E and v € E’ such that ||e|| = v(e) = ||7]| = 1. Let

jer: POESF) = POHEF) L i r(Q)(2) = v(2)Q(x),
mer: PETEF) - PFE F) | mp(P)(x) = P(z) — P(z — v(x)e),

for @ € P(*E;F), P € P(*"'E;F) and = € E. Define g1 r := (jrr) tompr : PATIE;F) — P(*E; F). Let
jr%  L(E;F) — P(*E; F) be defined by j& := ji_1po- - 0jir, and let ¢f : P(*E; F) — L(E; F) be defined by
er =q,FO--0Qqk-1,F-
Lemma 0.1. Given k € N, an operator ideal T and Banach spaces E and F, we have:

(a) jrr(ZoP(*E;F)) CZoP(*E;F).

(b) 7 r(ZoP*HE;F)) Cc ZoP(*HE;F).

(¢) qup(ZoP*E;F)) CToP(*E;F).

(d) qp(ZoP(*E;F)) C I(E; F).

(¢) JE(I(E;F)) C Lo P(*E;F).

The following theorem, in particular, gives a further characterization of the Z-WAP on ®’:WE :

Theorem 0.3. Let E be a Banach space and T be an operator ideal. Consider the following conditions:

(0) Q. B ®. ) C T(Qn F: Q. E)

Te

(b) ToP(*E; Q. E) C T o P(E; . .E)

-k T Ak
(¢) I(E;Q, - B) € T(E; Q- E)
Then (a), (b) are equivalent and they imply (c).
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EQUAQ;‘;O DE DIFERENCAS COM RETARDAMENTO DEPENDENDO
DO TEMPO.

SUZINEI AP. S. MARCONATO*

1 Introducao

Neste trabalho estudamos propriedades de estabilidade de um sistema de equacoes de diferencas

2(t) =Y Ap(t)a(t —ri(t),t >0 (1.1)
k=1

considerando os coeficientes Ay e os retardamentos r; variando com o tempo, utilizando dados da equacao em que

A} sdo matrizes constantes de ordem n e r; sdo constantes reais positivas, ou seja,

N
x(t) = Z Apz(t —rg),z € R™. (1.2)

k=1
Provamos que, no caso escalar, se (1.2) for estdvel, o sistema perturbado (1.1) serd também estdvel, com condigdes
impostas sobre 74(t) e Ar(t). No caso escalar, Melvin [3] provou que uma condi¢do necessdria e suficiente para
estabilidade de (1.2) é Zi\;l |Ak| < 1, A € R. Vamos utilizar uma versdo modificada do Teorema do Ponto Fixo
de Darbo (veja [2]) para provar o principal resultado em relagdo & estabilidade da equagdo (1.1), com a condicdo

inicial
z(t) = (1), —r <t <0, (1.3)

Teorema 1.1. Para o sistema (1.1-1.3), consideremos ry : [0,400) — [0,400), A : [0,+00) — R, fungdes
continuas com Ag(0) = Ag,r1(0) = r,0 < rp < ryrp(t) <t +rg,t >0,k =1,..,N e seja r(t) = max{ry(t), k =
1,.,Nht>0,r=max{rg,k=1,...N},—r <t <0. Supoe-se que:

(i) supi>o{ ey [Ax(®)]} < 1;

Entao, para toda fungdo ¢ definida e continua em [—r,0] com ¥(0) = Zi\;l Aptp(—rk), o sistema (1.1-1.8) terd

uma dnica solug¢ao y, com y(t) — 0 quando t — +o0.
A versao modificada do Teorema do Ponto Fixo de Darbo é dada por:

Teorema 1.2. Seja C' um subconjunto nao vazio, limitado, convexo e fechado de um espaco de Banach E. Supde-se
T :C — C uma p-contragdo. Entao, T terd, no minimo, um ponto firo em C e o conjunto FizT = {x € C: Tx =

x} pertence a Kerp.

Para demonstrar o principal resultado, vejamos algumas notagoes. Sejam (FE, ||||) um espaco de Banach, mg
a familia de subconjuntos nao vazios e limitados de £ e Rg a familia de subconjuntos néo vazios e relativamente

compactos de E. Seja p(t) um fungao definida e continua em [—r, +00) com valores em R™, sendo 7 um niimero

*IGCE , UNESP, RClaro, Brasil, sasmarcQrc.unesp.br
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real. Denotemos C, = C([—r,00);p(t)) o conjunto das fungdes reais continuas definidas em [—r,00), tais que
sup{|z(t)|p(t) : t > —r} < co. €} é um espaco de Banach real munido da norma ||z|| = sup{|z(t)|p(t) : t > —r}.
Agora, para um arbitrério x € Cy, X € m¢,, T > 0,¢ > 0, denotemos:

wl(z,€) = sup{|z(t)p(t) — x(s)p(s)| : t,s € [-r, T), |t — 5| < €} w? (X, €) = sup{w? (z,¢) 1 x € X}

wl(X) = lime_ow? (X, ¢) wo(X) = limr_ oo wl (X)  a(X) = limr_ o supeex{sup{|z(t)|p(t) : t > T}}.
Define-se também a fungao o (X) = we(X) +a(X), que é medida sublinear de nao compacidade no espago Cp, veja
[1]. O Kerp, é a familia de todos os conjuntos limitados, consistindo de fungées equicontinuas em cada intervalo

compacto e que lim;_, o z(t)p(t) = 0, uniformemente com relagdo a x € X.

2 Resultado: Demonstracao do Teorema 1.1

Seja M = {y € Cy([-r,+),R) : y(t) = ¥(t),—r <t < 0}, em que Cg([-r,+),R) = {y € C([-r,+0),R) :
lyl| < H} e F: M — M é uma aplicagdo dada por (Fy)(t) = Zgzl ap(t)y(t —ri(t)),t > 0 e (Fy)(t) = y(t) para
—r <t<O0.

E facil verificar que F' é uma contracao e pelo Teorema do Ponto Fixo de Banach, o sistema (1.1-1.3) tem uma tnica
solugdo. Vamos agora provar a estabilidade. Considere a mudanga de varidveis y(t) = x(t)exp(t — r(t)). Assim,
y(t—ri(t)) = x(t—rg(t))exp(t —ri(t) —r{t—rr(t))) e o sistema (1.1-1.3) é equivalente a z(t) = Zszl ax(t)explr(t)—
ri(t) —r(t — re(t)]z(t — re(t),t > 0 e z(t) = exp(r(0) — t)yY(t) para —r < t < 0. Seja Cp = C([—r, +00),p(t))
com p(t) = exp(t — r(t)), define-se M = {x € C} : z(t) = exp(r(0) — t)y(t), —r < t < 0} e a aplicagdo F definida
em M por (Fz)(t) = chvzl ar(t)explr(t) — ri(t) — r(t — re()]z(t — re(t)),t > 0 e (Fa)(t) = 2(t), —r <t < 0. E
possivel provar que |[Fx — Fy|| < ||« — y||, para «,y € M . Portanto, F' é continua em K = K (0, ), bola aberta
centrada no zero. Agora, para X C K fixo, z € X, T >0, t > T, temos que

N
|(Fa)()]exp(t —r(t)) = Y an(t)explt —ri(t) = r(t = r(t)]a(t — ()] <
k=1

N

< supizo{ Y lan(t) ysup{|a(t)leap(t — r(t) it = infosr(s — r(s))}.
k=1

Assim, a(FX) < Suptzo{szzl lax(t)|}a(X) para todo X C K. Sejam ¢ > 0,7 > 0,t,s € (0,T) tais que
|t — 5| < e. E possivel provar que |(Fz)(t)exp(t — r(t)) — (Fz)(s)exp(s — r(s))| <

N
< supiol Y lan(t)}sup{|A(t) = B(t)| : t,5 € (0,T). |t — 5| < o},
k=1

em que A(t) = exp(t —r(t))x(t), B(s) = exp(s—r(s))z(s) e o = sup{|(t —r(t)) — (s —7(s))], t,s € (0,T), [t —s| < €}.
Assim, wT (FX) < supi>o{>n_, |ax(t)}wT (X),VX C K.

Combinando esta desigualdade com a que maximiza a(FX), temos p,(FX) < suptzo{zgzl lak(t)|}o(X), para
todo X C K, o qual prova que F' é uma pu,-contragao e pelo Teorema 1, o sistema (1.1-1.3) tem um ponto fixo
em C), com lim;_, o z(¢)p(t) = 0 e como z(t) = exp[—(t — r(t))]y(t), tem-se que lim;_, o z(¢)p(t) = lim;_ o y(t) = 0,
onde y é a solucdo do sistema (1.1-1.3). =
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GLOBAL EXPONENTIAL STABILITY OF IMPULSIVE FUNCTIONAL
DIFFERENTIAL EQUATIONS WITH INFINITE DELAY

TERESA FARIA ¥ MARTA C. GADOTTI | & JOSE J. OLIVEIRA *

We establish conditions to ensure that the equilibrium point of impulsive functional differential equations with
infinite delay is globally exponentially stable. The results are used to give stability criteria for a very broad family

of impulsive neural network models.

1 Preliminaries

For a compact interval [«, 5] of R, let PC([e, 5]; R™) be the space of piecewise continuous functions from [«, ]
to R™ and left continuous on (a, 8], PC([a, 8]; R™) = {¢ : [, ] — R"| ¢ is continuous everywhere except for a finite
number of points s € [, 3) for which ¢(s7), d(sT) exist and ¢(s~) = ¢(s)}, equipped with the supremum norm
[¢lloc = SUP,e(a, 51 [#(s)], where | - | is a chosen norm in R". Denote by R([a, 8]; R") the closure of PC([a, B];R")
with respect to the supremum norm in the space of all bounded functions from [«, 5] to R™. The space R([a, 8]; R™)
is the space of normalized (from the left) regulated (or ruled) functions from [, 5] to R™, i.e, the space of functions
f: [a, B] = R™ with only discontinuities of the first kind, and left continuous on («a, 8]; R(|e, 5];R™) is a Banach

space and every function in R([a, ]; R™) has at most countably many discontinuities (see e.g. [Dieudonné, p. 146]).

Define the space PC' = PC((—o0,0];R™) as the space of functions from (—oo, 0] to R™ for which the restriction
to each compact interval [, 5] C (—00,0] is in R([a, 5];R™). Clearly, if ¢ € PC then ¢ is continuous everywhere
except at most for a enumerable number of points s = si, and ¢(s ), ¢(sy) exist with ¢(sr) = ¢(s; ). Denote
by BPC' the subspace of all bounded functions in PC, BPC = BPC((—o0,0;R™) = {¢ € PC : ¢ is bounded
on (—o00,0]}, with the supremum norm ||¢||c = supy<q|¢(f)|. For 8 € R, in a similar way we define the spaces
PC((—o0, 8];R™) and BPC((—o0, 8]; R™).

Fix a function g such that: (gl) g : (—o0,0] — [1,00) is a non-increasing continuous function and g(0) = 1;

(€2) lim J8FY

= 1 uniformly on (—o0,0]; (g3) g(s) = o0 as s — —oc.
u—0- g($)

We shall consider the phase space

PC, = {(b € PC : sup [9(s)| < oo}, with the norm ||¢||, = sglg

<0 g(s)

19(s)]
g(s)

It is clear that BPC C PC,, with ||¢|y < ||¢]lcc for ¢ € BPC. If BPC is considered as a subspace of PCy,
we often write BPCy. The spaces (BPC, || - ||s) and (PCy, | - ||4) are Banach spaces. For this purpose, we shall
consider g(s) =e~ %, s € (—o0,0], for some « and denote the phase space PCy by PC, and ||.||4 by ||.||la-
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2 Main results

Consider the following non-autonomous impulsive system:
a:l(t) = —ai(xi(t))[bi(a:i(t)) + fi(t,l‘t)], 0 S t 75 tk, 1= 1,2, N
A(zi(ty)) = zi(t) — @ilty,) = Liw(w(ty,),
where a; : R — (0,00), b; : R = R, f; : RxD — R and [ : R — R are continuous functions for all k = 1,2,..., 1 <
i < n, and either D = PCy or D= BPC. Fori=1,...,nand k=1,2,..., we denote

Lip(u) = Lig(u) +u, ueR.
The initial conditions will be given at t = 0,
x0=¢, ¢ecBPC. (2.2)

The following hypotheses will be assumed:

(A1) there exists constants 8; > 0 such that — >pB,Vu,veR i=1,2,....,m;

(A2) f; are uniformly Lipschitz continuous with respect to ¢, with | f;(¢, @) — fi(t,¢)] < l;|l¢ — ¢|l4, for t € R and
w, Y€ PCy,i=1,2,...,n;

(A3) B; > 1;,i=1,2,...,m;

(A4) I are Lipschitz continuous with |l (u) — Iix(v)| < Airlu — o], Vu,v € R, i=1,....n, k=1,2, ...

Proposicao 2.1. Assume (A1)-(A4). Then the initial value problem (2.1)-(2.2) has a solution x(t) defined on
[0, 00).

Teorema 2.1. Assume that there is an equilibrium x* of (2.1). Assume also (A1)-(A4) and
(A5) a;(u) >a; >0 forallueR, i=1,2,...,n.
(AB) for Ai = maxi<;<n Yir and Y as in (A4) and some kg € N,
1 1,4
0= sup og (max {1,4%})
k>ko by — th—1

< miin{@(ﬂi — 1)},

where the space PCy in (A2) is PCy = PC. for somee > 1. Then the equilibrium =* of (2.1) is globally exponentially
stable.

References

[1] FARIA, T. AND OLIVEIRA, J.J., General criteria for asymptotic and exponential stabilities of neural network
models with unbounded delays, Applied Mathematics and Computation, 217 (2011) 9646-9658.

[2] FARIA, T., GADOTTI, M.C. AND OLIVEIRA, J.J., Stability results for impulsive functional differential equations
with infinite delay, Nonlinear Analysis: Theory, Methods & Applications, (2012).

[3] HINO,Y., MURAKAMI, S. AND NAITO, T., Functional Differential Equations with Infinite Delay, Springer-Verlag,
Berlin (1991).

[4] LI, K., ZHANG, L. AND LI, Z., Stability in impulsive Cohen-Grossberg-type BAM neural networks with distributed
delays, Applied Mathematics and Computation, 215 (2010) 3970-3984.

[5] LUO, W. AND ZHONG, S., Global exponential stability of inpulsive Cohen-Grossberg neural networks with delays,
Chaos, Solitons & Fractals 42 (2009) 1084-1091.

[6] XIA, Y., HUANG, Z. AND HAN, M. , Ezxistence and globally exponential stability of equilibrium for BAM neural
networks with impulses, Chaos, Solitons & Fractals 37 (2008) 588-597.

150



ENAMA - Encontro Nacional de Andilise Mateméatica e Aplicagoes
UF'S - Universidade Federal de Sergipe
VI ENAMA - Novembro 2012

EIGENVALUES OF INTEGRAL OPERATORS WITH KERNELS
SATISFYING AN AVERAGED HOLDER ASSUMPTION
ON THE SPHERE.

THAIS JORDAO * & VALDIR A. MENEGATTO |

We investigate the eigenvalue behavior of positive integral operators generated by kernels satisfying a Holder
condition defined by averages on caps of the usual unit sphere. Our method is based on a convenient approximation

by finite rank operators based on the generalized Jackson kernels.

1 The result

We will write S™ to denote the unit sphere in R™*! while do,,, will indicate the surface element of S™. For p = 1, 2,
the symbol LP(S™) will denote the usual space LP(S™, o). The inner product in L?(S™) will be written (-, -)s.
In this note we will deal with positive integral operators of the form

L)@ = [ K@) don(), e s,

in which K : §™ x ™ — C is a kernel from the usual space L?(S™ x S™). It is well-known that Ly is a well-defined
bounded and compact linear operator from L?(S™) into itself. The positivity of L means that (Lx(f), f)2 > 0,
f € L?(S™). Since Lx is also self-adjoint, its spectrum is composed of at most countably many nonnegative
eigenvalues which can be ordered decreasingly: \1(Lx) > Aa(Lx) > ... > 0.

1/2

Since Lx has a unique square root Lx ', we will assume it is, likewise, an integral operator generated by an

hermitian kernel K /3, and that K can be recovered from K/, in the following sense:

K1/2(x7y)K1/2(w7x)d0m(x) = K(way)7 Yy, w e S
S’"L

Ordering the eigenvalues of E}(/Q the same way we did with those of L, the following connection formula holds
ML) = On(Le)?, n=1,2,....

The main result in this note describes the exact asymptotic eigenvalue behavior for the sequence {\,(Lx)} when
K satisfies an assumption of Holder type defined via averages on caps of the sphere. For ¢t € (0,7), the average of
a function f € L'(S™) over the cap CF = {w € S™:z-w > cost} (“ is the usual inner product in R™*1), is the

function M; given by the formula

1

M (f)(z) = m -

fw)dr(w), xeS8™, te(0,m),

in which C,,(t) is total volume of cap C7. Its value is precisely Cp,(t) = om—1 fot(sin h)m~tdh, where o,,_1 is the
surface area of S™~!. The formula above defines a bounded linear operator M; from LP(S™) into itself ([1, 2]). The
averaged Holder condition we referred to in the title can now be introduced: if 3 € (0,2] and B belongs to L'(S™),
the kernel K is said to be (B, 3)-Hdlder when

|Mt(K(y? ))(l‘) - K(y,.%‘)‘ < B(y)tﬂ’ T,y € Sm’ te (Ovﬂ-)'
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Our target is the following result.

Teorema 1.1. (m > 2) Let Lx be an integral operator possessing all the features listed above. If the generating
kernel Ly is (B, B)-Holder on S™ then

An(Lic) = O(n 27 E=2/m) - (0 — o0).
This decay is best possible within the setting adopted.

The proof is based on the estimation for the eigenvalues provided by the Min-max theorem for compact operators
on a Hilbert space ([3]). We use that result to estimate upon the eigenvalues of the square root of L. The idea is
to approximate the later by specially chosen finite rank operators that depend on Ly itself, the generalized Jackson

kernels and the operator M;.

2 Comments on the result

This theorem resembles results found in [4, 5, 6]. In the first reference the decay obtained is A, (Lx) = O(n=1=#/™),
the exponent 8 coming from the standard Holder condition used. Despite the setting being larger, the generating
kernel is assumed to be continuous and the arguments do not use the square root of the operator. The decay
derived there is optimal within the setting adopted and the construction of an example matching the decay exactly
is provided.

In [6], the same usual Holder condition on the generating kernel is used to improve the decay rate in [4] to that
in the statement of the above theorem. The setting is the spherical one and the other assumptions are basically the
same we are adopting here. In [5], two additional achievements were attained: the same decay rate was obtained
with the replacement of the Holder condition with another one based on the translation operator and the setting
was expanded in order to include all two-point homogeneous spaces. In both references, the decay is shown to be
optimal within the setting.

Returning to the spherical setting, Theorem 1.1 above is an improvement of all the results above in the sense
that we are obtaining the very same decay for the sequence of eigenvalues using an averaged Holder condition which
is weaker than those used before.
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POLYOMIALS BETWEEN OPERATOR SPACES

CRISTINA RADU * & SEAN DINEEN'

Operator spaces are closed subspaces of B(H). This means an operator space is a Banach space endowed
with an extra structure which keeps track of C*algebra structure inherited from B(H) (the information about the
embedding is kept by spaces of matrices of the operator space). The morphisms in the cathegory of operator spaces

are the completely bounded maps. If E, F' are operator spaces and u : E — F'is a linear map we have that

[ull cp = sup [[unl

where u,, : M,,(E) — M, (F) is defined by u,([x;;]) = [u(z;;)]. The space CB(E, F) (completely bounded operators

between E and F') is a Banach space with respect to the ¢b norm.

Effros and Ruan [3] studied the operator spaces from the matrix structure point of view, using multilinear
mappings [1]. Pisier [4] focused more on the embedding which makes a certain Banach space become an operator
space.

We get the row operator space, R, by viewing [ as the first row in an infinite matrix with zero entries everywhere
else. And we get the column operator space, C' by placing l5 in an infinite matrix with non-zero entries in the first
column. The row and the column operator spaces are isometric as Banach spaces since both are Hilbert spaces
of same dimension but as operator spaces they are as far apart as two operator spaces may be. They are also
dual one to each other, in the sense that R* = C' as operator spaces. Another important example of a Hilbert
operator space is Pisier’s self dual operator space, OH [5]. In the category of operator spaces there are an infinity
of non completely isometric Hilbert operator spaces, the only self dual being OH. This space is the unique operator
space up to a complete isometry with the following property. Let K be any Hilbert space and let (T;);c; be any
orthonormal basis of OH. Then for any finitely supported family (z;);c; in B(K) we have

1
(P) H in ® Ti”min = || Zzi ®3T1,H12nzn
[

iel

We define completely bounded polynomials between operator spaces [6], [2]. If E and F are operator spaces we
let

Py('E,F) = CB(E,F)

as operator spaces. Suppose Pcb(m_lE, F') has been endowed with an operator space structure. For an integer
m > 2 let

Py ("E,F):={P€P("E,F): PeCB(E,Py(" 'E,F)}
where P = dP. Let || - ||¢ denote the norm on P (™E, F), given by

[Plle = [IPllcb-
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An important example of completely bounded polynomials are the m-th powers of linear functionals. Other

examples of completely bounded polynomials include the nuclear polynomials on arbitrary Banach spaces.
We notice that the space of m-homogeneous polynomials on a finite dimensional operator space E may be
identified with a closed subspace of the m-th tensor product of E*.
Pcb(mE) — CB(Ea ,Pcb(milE)) — ®man*

We study a particular subspace of P(™H), the diagonal polynomials. These polynomials have the form

P(i: Jiiei) = i: )\,.I;n
i=1 i=1

with A\; € C, 1 < i < n. We denote by P ,(™H) the space of m-homogeneous completely bounded diagonal
polynomials on H, relative to some given basis, endowed with the operator structure inherited from P ., ("™ H).

For computing the norm of a completely bounded polynomial on OH,, we essentially use the unique property
(P) of OH,,. We show that if P € Py(™OH,,) has the form

P(Z xiei) = Z )\I.I:n
i=1 i=1
for some scalars {\;},_, C C", then it is completely bounded and

[ Plle = sup | ;.

In order to compute the cb norm of an m-homogeneous polynomial on the row operator space and the column
operator space we use an interesting property of the minimal tensor product. This property is based on the relation
between the minimal tensor product and the Haagerup tensor product and is specific to the row and column operator
spaces. The Haagerup tensor product is defined only in the category of operator spaces. We obtain an /5 type norm

for the completely bounded norm of m-homogeneous diagonal polynomials on both R and C
1Pl =" I\
i=1
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EQUAQ@ES DE SCHRODINGER COM POTENCIAL DE SINAL
INDEFINIDO E ENVOLVENDO CRESCIMENTO EXPONENCIAL

EVERALDO DE MEDEIROS? MANASSES DE SOUZAT & UBERLANDIO SEVERO?

Neste trabalho, estamos interessados na existéncia de solugao para a seguinte classe de equagoes de Schrodinger
semilineares:
~Au+V(z)u = g(z,u) + \h in R? (0.1)

em que A é um parametro positivo, g e V sado fungoes satisfazendo condigoes suaves e h pertence ao dual de um
apropriado espaco de fungoes. Como é bem conhecido na literatura, o problema (0.1) estd relacionado com a
existéncia de ondas solitarias para a equacao de Schrodinger nao-linear

oY h ;
th— = ——A V()Y — g(x, — h(z)e™?,

= LA+ V(@) — gl 1) — hla)
em que m e h sdo constantes positivas, w € R e ¢ : R x R —»C. Tais equacdes aparecem em varios ramos da

Fisica-Matemética (veja, por exemplo, [4]) e tem sido objeto de extensivo estudo durante os dltimos anos.

Aqui, primeiramente, consideramos as seguintes hip6teses sobre o potencial V:
(V1) V :R? — R é mensuravel e existem by, Rog > 0 tais que V(z) > by, para |z| > Ro;
(Vi) V— € LP(Bg,) para algum 1 < p < oo;

em que V¥ = max{+V,0} e Br denota a bola aberta centrada na origem em R?. Notemos que (V;) e (V3)
permitem considerar potenciais coercivos, que podem oscilar no infinito e também potenciais que nao sao limitados
inferiormente. N&o necessitamos impor condi¢ées em V' que impliquem em algum resultado de compacidade e nem
precisamos que o potencial seja continuo. Salientamos que trabalhos que envolvem potenciais mudando de sinal
nao sao tao abordados na literatura.

Nosso segundo objetivo neste trabalho é lidar com nao-linearidades g(x, s) somente mensurdveis e tendo cresci-
mento exponencial. Depois dos trabalhos bem conhecidos de Trudinger e Moser, o caso limite p = n da imersao de
Sobolev recebeu uma considerdvel atencao nos ultimos anos. A grosso modo, seus resultados afirmam que se ) é
um dominio limitado e & > 0, entdo existe a imersio Wy *(Q) < L4(Q), onde L4(Q) é o espaco de Orlicz baseado
na N-fungao A(s) = e’ — 1. De fato, esta imersao é a “melhor possivel’no sentido que se existe qualquer imersao
da forma I/VO1 2(Q) — Lp(f), entdo A “domina”a N-fungio B no infinito. Este fato foi a principal motivagao para
a nocao de crescimento critico exponencial, como introduzida nos trabalhos [1] e [3].

Quando Q = R?, provou-se que se o > 0 e u € W2 (Rz) entao fRZ (eo‘s2 —1)dx < oo. Este resultado motivou o
estudo de equagoes elipticas semilineares no espago inteiro R?, quando a néo linearidade g(z, s) comporta-se como

2 . .
@s” — 1 no infinito.

e

Em muitos trabalhos, quando g(z,s) é uma fungdo Carathéodory, pode-se usar argumentos de minimizacao,
baseados no Principio Variacional de Ekeland e Lema 2.1 de [3], para se encontrar uma solugdo para problemas
nao-homogéneos do tipo (0.1).

Neste trabalho, consideramos uma classe mais geral de nao-linearidades g(z, s), satisfazendo as hipSteses:

(G1) para cada u : R? — R mensurdvel, a fungao de Nemytskii N, : R? — R, Ny(z) = g(x,u(z)) é mensurével;
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(G3) para cada x € R?, g(x,s) é ndo-decrescente em s e
lg(x, s)| < erk(x)]s|? +02(e°‘082 —1)|s|*, ¥(z,s) € R? x R,
em que k € L7 (R?) para algum 1 < 0 < 00, ¢1,¢2 >0, a9 >0, p > 1 and p > 1.
Com o intuito de obtermos a existéncia de solucao para (0.1), trabalhamos no espago X definido por
X = {u € WH3(R?) . / VH(x)u?de < oo} .
R2

Um célculo simples mostra que X é um espaco de Hilbert cuja norma proveniente do produto interno é dada por

fulli= | [ (Va4 v @)e?)da] "

Além disso, pela condigdo (V1) a imersdo X — W12(R?) é continua. Para todo 2 < t < 0o, definamos

R 24yt Nd
o= g JeTUE V@) ds
420 (f]RZ ||t d:zc)

Provamos em nosso trabalho a continuidade da imersiao W12(R?) — L!(R?), de onde conclufmos que S; > 0. Neste
contexto, supomos que h € X', o espaco dual de X, e dizemos que u € X é uma solugao fraca do problema (0.1) se
vale

/ VuVoude +/ V(z)uvdx = / g(z,u)vdr + A(h,v), VwvelX,
R2 R? R?

em que (-,-) denota o par dualidade entre X e seu dual X’'. Além das hipSteses sobre V, também assumimos a
seguinte condigao:

(‘/3) ”V_HLP(BRO) < Sto, onde tg := 2p/(p — 1) > 2.
Desta forma, o principal resultado de nosso trabalho é o seguinte:

Teorema 0.1. Suponha que (V1) — (V3) e (G1) — (G2) sejam satisfeitas. Entdo, existe Ao > 0 tal que para todo
0 < A < Ao, o problema (0.1) tem uma solugao fraca.

As principais caracteristicas da classe de problemas tratadas aqui sdo que ela estd definida no R? inteiro e
que a nao linearidade g(x,s) pode ser descontinua em s e pode se comportar como ¢®s” — 1 no infinito. Para
demonstrarmos o Teorema 0.1, usamos um resultado de ponto fixo devido a S. Carl e S. Heikkild (veja Coroldrio

2.2 em [2]), e uma versdo pode enunciada como segue:

Lema 0.1. Seja X um semi-reticulado de Banach reflexivo. Entdo, qualquer bola fechada de X tem a propriedade
do ponto fixo.
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UMA ABORDAGEM UNIFICADORA PARA ESTIMAR AUTOVALORES
E VALORES SINGULARES DE OPERADORES INTEGRAIS

VALDIR A. MENEGATTO* & CLAUDEMIR P. DE OLIVEIRAT

Nosso objetivo neste trabalho é apresentar um método para obter taxas de decaimento para autovalores e
valores singulares de certos operadores integrais atuando em L?(X), o espaco das fungoes complexas de quadrado
integravel sobre um espaco de medida (X, 0), tentando unificar tentativas anteriores. O trabalho [1], onde taxas de
decaimento para valores singulares e autovalores de operadores integrais gerados por ntcleos quadrado integraveis
na esfera unitaria em R™t! m > 2, foram obtidos mediante hip6teses sobre certas derivadas de Laplace-Beltrami
do ntcleo e sobre os préprios operadores integrais, pode ser considerado com fonte motivadora para os resultados
aqui apresentados. A unificacdo proposta aqui consiste em trocar a esfera de R™*! por X, este desprovido de
qualquer estrutura topolégica, e a substituicao do operador de Laplace-Beltrami por operador multiplicativo.

Suponhamos que L?(X) possua uma decomposi¢ao ortogonal da forma
L*(X) = &2 o H, (0.1)

onde cada Hj, tem dimensao finita. Tais dimensoes sdo denotados por d quando k = 0 e d(k) nos demais casos. Os
operadores integrais K : L?(X) — L?(X) sdo definidos pela igualdade

K(f) = /X K(9)fW)do(y), [ e L3(X),

onde K € L*(X x X) := L*(X x X, 0 x o). Consequentemente, K é limitado e compacto e seus autovalores podem
ser ordenados na forma

ALK = [A(K)[ > -+ >0, (0.2)

com possiveis repeticoes incluidas na lista. Os resultados que pretendemos descrever pressupoem a existéncia de um

operador linear ilimitado D com dominio
W= {f e L*X):D(f) € L*(X)} (0.3)

de modo que
D(f)=anf, f€Ha n=0,1,..., (0.4)

onde {a, } é uma sequéncia real crescente e ilimitada. Suporemos que {a,, } respeita a decomposicéo (0.1) no seguinte
sentido: {a,} estd ordenada em blocos, onde By contém d entradas iguais a ag e o n-ésimo bloco B, n > 1, contém
d(n) entradas iguais a a,,. Uma consequéncia ébvia das afirmagdes (0.3) e (0.4) é H,, C W, n=0,1,.... A notacdo
DK representara o nucleo obtido de K pela agao de D na segunda varidvel, enquanto a primeira é mantida fixada.
Neste contexto definimos

W ={KecL*(X xX):DK(z,")eW, z € X a.e.}.

Finalmente, necessitaremos considerar o operador & : L?(X) — L?(X) obtido pelas condigdes
E(f)=ay'f. feMn, n#0,

e de uma extensdo continua a todo o L?(X). Como £ é um limite, na norma de operadores, de uma sequéncia de

operadores de posto finito, ele é automaticamente compacto. A sequéncia de autovalores de £ deve ser interpretada

*ICMC-USP - Sao Carlos, SP, Brasil. menegatt@icmsc.usp.br. Este autor foi suportado pela FAPESP 2010/19734-6
TICEX, UNIFEI, MG, Brasil. oliveira@unifei.edu.br
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em consonancia com o teorema espectral para operadores compactos e autoadjuntos sobre um espaco de Hillbert.
Em particular, ela deve respeitar a estrutura em blocos imposta por D. Cabe ainda informar que o operador £ é
normal.

Salvo disposi¢ao em contrario, suporemos que a sequéncia {s, (K)} dos valores singulares de K estd ordenada em
conformidade com a estrutura em blocos mencionada anteriormente, contando as multiplicidades de cada elemento
da sequéncia.

As técnicas usadas nas provas dos resultados sio semelhantes as de [1] auxiliadas por estimativas de [2].

1 Resultados

As hipoteses bésicas abaixo sdo mencionadas nos enunciados dos teoremas principais.
A1l: Eziste um inteiro positivo m tal que d, = O(n™).
A segunda afirmagao relaciona {«,} com {d(n)} usando m de Al.

A2: Eziste um nimero real r tal que n™" = O(a,d(n)).

A3: Existe um real positivo p tal que n™ P = O(a2d(n)).
Escreveremos (-, )2 para denotar o produto interno de L?(X).

Teorema 1.1. Seja K € W' satisfazendo (K(f), f)2 > 0, f € L*(X). Suponha que Al e A2 ocorram. Se Ky é
trace-class, entao
A (K) = o(n=(mFr+HD/my (5 o0).

Teorema 1.2. Seja K € W' satisfazendo (K(f), f)2 >0, f € L?>(X). Suponha que A1 and A2 ocorram. Se DK
pertence a L*(X x X), entdo
An(K) = o(n™= (I (= o).

Teorema 1.3. Seja K € W' tal que (K(f), f)2 >0, f € L?>(X). Suponha que A1 e A3 ocorram. Se DK pertence
a L*(X x X), entdo
An(K) = o(n=mHeth/2my = (n — o0).

Teorema 1.4. Seja K um elemento de W'. Suponha que A1 e A3 ocorram. Se Ky € limitato e |KC1| := (KC{/C1) /2
é Hilbert-Schmidt, entdo
5n(I0) = o(n=(mFPED2M) (1 — o0).

Teorema 1.5. Seja K um elemento de W'. Suponha que Al e A2 ocorram. Se K1 é limitado, entdo

5n(K) = O0(n™"/™) (n — o).
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ON A NONLOCAL ELLIPTIC EQUATION OF P-KIRCHHOFF TYPE
WITH NONLINEAR BOUNDARY CONDITION

VICTOR EMILIO CARRERA BARRANTES * & EUGENIO CABANILLAS LAPA |

Abstract

In this paper, we will study the existence of positive solutions for a nonlocal elliptic equation of p-Kirchhoff
type with nonlinear boundary condition.The existence of at least one nontrivial solution is stated via Galerkin
method.

1 Introduction
Consider the following semilinear integro-differential equation of p-Kirchhoff type

M( fo 3 (IVulP + [ulP)dz) (=Apu + [uP72u) + A fo H(u)dy = u*(z) inQ (1.1)
M(fQ %(|Vu|p + \u|p)da:)|Vu|p72% = g(z,u) on 9N
where €2 is a bounded smooth domain of R® ,A > 0, 1 < p < N, A, is the p-Laplacian operator, that is

Apu = div(|]Vu|P~2Vu), the function M : RT — R is a continuous function and there is a constant mg > 0 such
that

(M) M(t) > mg for all t>0,
H € C'(R) satisfying
(H) [H(s)| < els|” S [H'(s)| <els""" 7€ (0,1] and
g: 00 x R — R is a Caratheodory function and satisfies the subcritical condition
T2 if N >3,
(9) lg(x,t)] < ea(Jt]971 + 1) for some p<qg<p*={ NP

+oo ifN=1,2.
Problem (1.1) is called nonlocal because of the presence of the integral term related to the unknown u over €, it
is no longer an identity pointwise. This problem has a physical motivation when p = 2. In this case, the operator
M ( [o,(IVul?* + |u]?)dz) (—Au + u) appears in the Kirchhoff-Carrier equation which arises in nonlinear vibrations
and there are many authors who pay more attention to this equation, see [1-3]. In particularly, authors obtained
solutions for(1.1), with H(s) = 0 , using the variational methods, invariant sets of descent flow, Yang index ,
critical groups, degree theory and the method of upper and lower solutions. In this paper, the problem (1.1) has

no variational structure and so we deal with the existence of solutions via Galerkin method.

2 Mathematical Results

We establish now the result that treats the existence of solutions for the nonlocal elliptic equation of p-Kirchhoff

type with nonlinear boundary condition.

*Instituto de Investigacién, Facultad de Ciencias Matemadaticas-UNMSM, Lima-Perd, vcarrerab@yahoo.com
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Teorema 2.1. Let us assume that conditions (M), (H) and (g) hold. In addition, we suppose that
(g1) There exists constant Cy > 0 such taht g(z,s)s < Cy|s|? for all x € O .
Then there exists a weak solution of (1.1).

Proof We will use the Galerkin method through the Brouwer fixed-point Theorem.
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OPERADORES DE CONVOLUCAO EM ESPACOS DE FUNCOES
LORENTZ HOLOMORFAS DE TIPO LIMITADO

VINICIUS V. FAVARO* & DANIEL PELLEGRINO!

Sejam E um espago de Banach, n € N, e suponha que (Pa("E), ||| o) é um espago quase-normado de polinémios
n-homogéneos definidos em FE, tais que a inclusdo Pa("E) — P("E) é continua e que os polinémios de tipo finito
estdo em Pa(™FE). Suponha ainda que a transformada de Borel

B: (Pa("E),|Il) = (Par("E'), |-l ar) € P("E")

dada por B(T)(¢) = T(¢"), para todos ¢ € E' e T € Pa("E)’, seja um isomorfismo topolégico. Em [4],
introduzimos uma técnica para construir um espago de Banach (Px("E), ||-|z) tal que (Pa("E),|:|x) ¢ denso
em (Px("E),||z) e tal que

B:[Px ("E)] — Par ("E),
dado por B(T) (¢) = T (¢") , também ¢é um isomorfismo topolégico.

Mostramos ainda que a construcao deste espago, juntamente com os conceitos de mi-mo-tipos de holomorfia
introduzidos em [2], possibilita obter resultados de existéncia e aproximacao de solugdes para equagoes de convolucao
sobre o espaco Hx,(E) de todas as fungoes inteiras de ' em C de A-tipo limitado (veja [2]); e obter resultados de
hiperciclicidade de operadores de convolucao definidos em Hy, (E) (veja [1]).

Como exemplo de aplicagdo desta técnica, mostraremos neste trabalho que é possivel obter resultados de ex-
isténcia e aproximagao de solugoes para equacoes de convolucao e resultados de hiperciclicidade para operadores
de convolucao definidos nos espagos de fungoes Lorentz de tipo limitado. A construcao destes espagos foi feita em
[4] e envolve as teorias de polinémios Lorentz somantes e Lorentz nucleares introduzidas, respectivamente, em [6] e
[3]. Abaixo enunciamos os principais resultados deste trabalho.

Sejam Py ((ra)i(5:p)) (™E) o espago dos polinémios m-homogéneos Lorentz ((r, q) ; (s, p))-quase nucleares definidos

i(s.p
no espaco de Banach E a valores em C; H;, (ra)i(s p))(E) o espago das fungdes inteiras Lorentz ((r, q) ; (s, p))-quase
nucleares de tipo limitado definidas no espago de Banach E e L:Hgy (0.5 p))(E) — M, (ra)i(s p))(E) um

operador de convolugédo (isto é, um operador linear continuo que comuta com translacio).

Teorema 0.1. (Resultado de aproximacdo de solugées) O subespago vetorial de Hg, (ma)i(s p))(E) gerado
pelas solugoes do tipo polinomial-exponencial da equacdo homogénea L = 0, é denso no subespaco fechado de todas

as solugoes da equagcao homogénea, isto é, o subespago vetorial de Hy, « (E) gerado por

7,q);(s,p))

Lz{Pechp;PEPN (mE),mEN,gaEE’,L(Pexpgo):O}

,((r,9)5(s,p))

¢ denso em
ker [ — {f € Mgy (rapy(opn (B Lf = o} .

Teorema 0.2. (Resultado de existéncia de solugées) Se L é um operador de convolugdo nao-nulo, entdo

L (vab.,«nq);(s,p)) (E>> = H i ((raysts.p (E)-

Teorema 0.3. (Resultado de hiperciclicidade) Se E' é separdvel, entio todo operador de convolugao sobre

Hy (ra)i(s p))(E) que ndo é maltiplo escalar da identidade é hiperciclico.
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SEMILINEAR INTEGRO-DIFFERENTIAL EQUATION OF
P-KIRCHHOFF TYPE

WILLY BARAHONA M * & EUGENIO CABANILLAS LAPA | & BENIGNO Gopoy T. §

Abstract

In our research we will study the existence of positive solutions to the problem

=M ([lul

TP Apu = f(z,u) + [, k(z,y)H(u)dy  in Q

with zero Dirichlet boundary condition on a bounded smooth domain of R", 1 < p < N, M is a positive function

, [ has subcritical growth, k£ is a non-positive function and H is a nonlinear function.

1 Introduction

Consider the following semilinear integro-differential equation of p-Kirchhoff type
—[M(llullf )P Apu = f(z,u) + [ k(z,y)H(u)dy in Q (1.1)
u=0 on 0f2

where 2 is a bounded smooth domain of R® , 1 < p < N, A, is the p-Laplacian operator, that is A,u =
div(|VulP~2Vu), the function M : Rt — R¥ is a continuous function and there is a constant mg > 0 such that

(M) M(t) > mg for all t>0
f(x,t) : Q x R — R is a continuous function and satisfies the subcritical condition

. 2 if N >3,
(f) [f (@, )] < ea(ft]7 + 1) for some p<q<p*= Y

oo fN=1,2.
H € C'(R) satisfying

(H) [H(s)| < cals|” L [H'(s)] <eafs|"™" 7 €(0,1]
and
(k) k(z,y) is a non-positive L2(Q x Q) function

Semilinear integro-differential equations have become an active area of research, for example in the framework of
control theory as well in order to solve noncooperative system,arisen in the classical FitzHugh-Nagumo systems ,
see [1-3].In the problem (1.1), the presence of the term M provokes some mathematical difficulties which makes the
study of such a problem particulary interesting.In case that the kernel is symmetric (and H(s) = s ) ,the problem
is of variational type and a solution can be found by the Mountain Pass Theorem if the L? x L? norm is sufficiently

small. In this paper we consider non-symmetric kernels(so the problem has no variational structure).

2 Mathematical Results

We establish now the result that treats the existence of solutions for the semilinear integro-differential equation of
p-Kirchhoff type.
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Teorema 2.1. Let us assume that conditions (M), (f), (H) and (k) hold.Let us assume in addition that ||k||z2xq)
is sufficiently small. Then there exists a weak solution of (1.1).

Proof The solution of (1.1) is obtained as a limit of the sequence of Galerkin’s approximations .
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THE GLOBAL SOLVABILITY OF INITIAL-BOUNDARY VALUE
PROBLEM FOR REACTION-DIFFUSION PARABOLIC SYSTEMS

WLADIMIR NEVES* & MIKHAIL VISHNEVSKII'

Abstract

In this talk we study the quasi-linear non-diagonal parabolic type systems. We assume that the principal elliptic
operator, which is part of the parabolic system, has a divergence structure. Under certain conditions it is proved

the well-posedness of classical solutions, which exists globally in time.

The main purpose of this talk is to present some techniques and results concerning global existence of classical
solutions for non-diagonal parabolic systems. To be precise, let (£,x) € R x R?, (d € N fixed), be the points in the
time-space domain. Throughout this paper  C R? is an open bounded domain of class C!, n = (n',...,n?) is the

unitary normal vector field on 992 =: T".

For T > 0 and N € N, we define Q7 := (0,7) x € and consider the vector function u : Q7 — R¥, which is
supposed to be governed by the following reaction-diffusion system

Opug (t,x) + divefy (x,u) = go(x, 1),  (t,%x) € Qr, (1)

where f,, is a given flux defined by

aUﬂ

fgc(xau) = ngz(xvu)_Ai%(Xvu)aima (Oz,ﬁ:1,...7N).

Hereafter, the usual summation convention is used. Moreover, Greek and Latin indices ranges respectively from
1 to N and from 1 to d. Although, we are not going to enter in physical details, we should mention that there
are many physical applications of the above reaction-diffusion system, we list for instance: Flows in porous media,

diffusion of polymers, population dynamics, reaction and diffusion in electrolysis, phase transitions, among others.

We shall assume
AL € CP@XRY), 0.< Ao = inf {AT(x,v) €1¢h}, )

where the infimum is taken over all ¢ € SNA=1 (§(Nd)=1 denotes the unit sphere in RV9), and (x,v) € Q x RV,
Also

0l € C?(AxRY), g, € C*QxRY), (3)
and for convenience, we denote

Yo (x,V) = %gﬁi(x, v), foreach (x,v) € Q x RV,
J
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The parabolic system (1) is supplemented with an initial-data
u(0,x) = up(x) € C(Q), (4)
and the following types of boundary-conditions on I'y = (0,7") x I': For some 0 < K < N, we set for x € 91

a=1,....,K, fin/ =0 (non-flux condition),

a=K+1,...,N, wu,(t,x) =1up,(x) (Dirichlet condition),

where uyp,, is a given function, and a =1,...,0 or a = N + 1,..., N, means clearly a = 0.

Under certain conditions, it is proved that, the system (1), (4) and (5) is well-posednessed, where the classical

solution exists globally in time.
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ESTABILIDADE DE EQUACOES DIFERENCIAIS COM ARGUMENTO
CONSTANTE VIA EQUACOES DISCRETAS

ANTONIO M. DA SILVA * & FERICA R. MALASPINA |

O presente trabalho visa estudar a estabilidade no sentido de Liapunov para a classe de equagoes diferenciais
com argumento constante em intervalos da forma h(t) = [t], onde [t] representa a parte inteira de t. O problema
é colocado no contexto das equagoes diferenciais com retardamento continuo em intervalos. A idéia é explorar a
estabilidade de uma equacao discreta associada usando as chamadas funcoes de Liapunov. Sob condigoes apropriadas
essas propriedades de estabilidade implicam nas propriedades da estabilidade das solucoes da equacao principal.

O objetivo principal desta pesquisa é o estudo da estabilidade no sentido de Liapunov de equagao do tipo

a'(t) = f(t, x(t), 2([t])) (0.1)

em que [t] denota a parte inteira de t. A equagdo (0.1) é um caso particular da equagdo com argumento continuo

em intervalos, que é do tipo

'(t) = f(t, x(t), z(h(1)))

em que o argumento h(t) tem intervalos de constancia. No caso, h(t) = [t] é descontinuo nos inteiros. Aplicagdes
dessas equagoes aparecem na estabilizagao de sistemas de controle hibrido com reagao retardada, na semi-discretizagao
de uma equacdo diferencial ordindria e como caso especial de uma equacgao diferencial com retardamento em que
r(t) = [t] é descontinuo nos inteiros. Como as solugdes de (0.1) sdo continuas nos pontos ¢t = n, para n um inteiro,
o uso de relagoes recursivas nos intervalos entre inteiros nos levard a definicao de uma equagao discreta associada
do tipo ¢,+1 = h(n,¢,). Entao, sob determinadas condigoes, mostraremos que a estabilidade do equilibrio nulo da
equacao discreta associada implica na estabilidade da soluc¢do nula da equagao (0.1). Como [t] é sempre menor ou

igual a t, a equagao (0.1) pode ser analisada no contexto das equagbes diferenciais funcionais com retardamento

2’ (t) = g(t,x) (0.2)

em que g : R” x D — R™ é uma fungao continua, D C C = C([—1,0],R™) é um aberto e C é o espaco de Banach
das aplicagées continuas de [—1,0] no R™ com a norma ||¢|| = sup_1<p<o|(#)|. Dado uma condigdo inicial para a
equacao (0.2), a existéncia e unicidade de solugao para o problema de valor inicial saird a partir do conceito das
condigoes de Carathéodory. Exploraremos ainda os conceitos de estabilidade no sentido de Liapunov para obter

resultados para as solucoes da equagao principal via equacao discreta.

1 Aplicacoes
Aplicagao 1.1.

Consideremos a equagao

*Instituto de Ciéncias Exatas, UFMG, MG, Brasil, antonio.mat@hotmail.com
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y'(s) = ay(s) + aoy([sl:),

em que [s], =n,nr < s< (n+1)r,n €N, aeaqy sdo constantes reais, a # 0 e r > 0.
Nessa aplicagao iremos encontrar, através do método de Liapunov, a regiao de estabilidade assintética obtida

por Cooke e Wiener em [3].

Lema 1.1. Considere a funcao escalar U(z) = Up(z) + W(z), em que W (z) = o(|x|?) quando |z| — 0 é continua
e U, € um polinémio homogéneo de grau p definido negativo, entio U(z) é definida negativa numa vizinhanga de
z=0.

O resultado acima pode ser encontrado em [4] e serd demonstrado no Congresso.
Através desse lema poderemos verificar a estabilidade de equacdes nao lineares, como faremos na préxima

aplicagao.
Aplicagao 1.2.
Consideremos a equagao

y'(s) = ay(s) + g(y([s]-)),

em que a € R — {0},g: R — R ¢é de classe C! e g(0) = 0.
Iremos mostrar que, sob certas condigoes, a solugao nula dessa equagao é assintoticamente estavel.

Aplicagao 1.3.
Consideremos o sistema
Y/(s) = BY (s) + BoY ([s],),

em que B e By sdo matrizes reais m x m, B é invertivel, Y é um vetor m x 1, [s], =n,nr <s< (n+1)r,neNe
r > 0.
Neste caso, mostraremos que a solucao nula dessa equacao é assintoticamente estavel.
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REMARKS ON THE DOMINATION THEOREM FOR SUMMING
OPERATORS

Antonio Nunes*

In this note we provide some applications of the general Pietsch Domination Theorem. Pietsch Domination
Theorem plays a central role in the theory of absolutely summing linear operators (see [3]). Let us recall the
General Pietsch Domination Theorem recently presented in [2, 5]: Let X, Y and E be (arbitrary) non-void sets, H
be a family of mappings from X to Y, G be a Banach space and K be a compact Hausdorff topological space. Let

S:Hx ExG—[0,00)

be an arbitrary map and
R: K x Ex G — [0,00)

be such that
Ry K — [0,00) defined by R, () = R(p,x,b)

is continuous for every x € F' and b € G. If R and S are as above and 0 < p < oo, a mapping f € H is said to be
R-S-abstract p-summing if there is a constant C; > 0 so that

P p

< Cl sup ZR(vajJ)j)p ) (01)
peEK

> S(f,x5,b)"
j=1

j=1
for all z1,...,2,m € E, b1,...,bp € G and m € N. The general unified PDT reads as follows:

Theorem 0.1 (General Pietsch Domination Theorem). Let R and S be as above, 0 < p < oo and f € H. Then f
is R-S-abstract p-summing if and only if there is a constant C > 0 and a Borel probability measure pu on K such
that

S(fozb) < C ( / R(w,%b)pdu)p (0.2)
K
forallz e E and b € G.

Definition 0.1. Let X and Y be Banach spaces. An arbitrary mapping f: X — Y is absolutely p-summing at
a € X if there is a C' > 0 so that

pEBx*

lef(a+wj)—f(a)\|p <C swp Yol

=1
for every natural number m and every x1,...,T, € X.

Definition 0.2. Let X,Y be Banach spaces.
(i) A map f: X =Y is locally absolutely p-summing at a € X if there are C > 0, § > 0 such that

1
P

(il 1f(a+ ;) — f(a)”p) < Cll@)itll,,, "

for every x1, ..., 2y € X so that ||z;|| < 4.
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169



(ii) A map f: X =Y is locally strongly absolutely p-summing at A C X if there are C >0, § > 0 such that

P

(i 17 (aj + ;) - f(aj)||p> < i,

for every a € A and every x1,...,Tm, a1, ..., am € X so that ||z;|| < 0.

(iii) When A= X in (%) f is called locally strongly everywhere absolutely p-summing.

1 Results

Theorem 1.1. A map f: X — Y is strongly absolutely p-summing at A if and only if there are a constant C > 0
and a Borel probability measure p on (Bx~, (0(X*, X))) such that

p

Ia+a) - @l <o ([ lo@Pau)

X *

for all (z,a) € X x A.
Proof. The proof of this theorem is in [4]. O

Theorem 1.2. A map f: X — Y is locally strongly absolutely p-summing at A if and only if there are C > 0,
0 > 0 and a Borel probability measure u on (Bx«, (0(X*,X))) such that

Ia+a) - @l <o ([ le@Pa)

X

for all (z,a) € B(0,6) x A.
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FUNCOES TRIGONOMETRICAS INVERSAS ESTABELECIDAS COM
BASE NUMA UNICA RELACAO DE RECORRENCIA

ANTONIO S. SiLvA *

O teorema do valor médio para derivadas, aplicado sobre uma funcao de partida escolhida de forma adequada,
pode ser associado com certa classe de equacoes diferenciais para a obtencao de formas de solucoes representadas por
meio de contractivos, onde cada contractivo é uma funcao f definida em toda reta com valores f(x) no intervalo
0 < f(z) < 1. Neste sentido, calculado o contractivo a solugdo fica determinada pela representagao, Silva [1],
gerando assim uma estrutura para o estudo de funcoes com base no teorema do valor médio para derivadas,
chamadas de funcoes representadas por contractivos. No caso do estudo de equacao diferencial ordinaria linear
de 2 ordem homogénea, como duas solucoes linearmente independentes podem ser representadas por um mesmo
contractivo, o cédlculo do contractivo é feito por meio de uma equacgao diferencial de primeira ordem. Além disso,
foi observada a convergéncia mais rapida para séries de poténcias do contractivo. Desse modo, em certas situacoes,
o uso de contractivos apresenta as vantagens de reducao de ordem da equacao diferencial e de melhor aproximacao
por forma de Taylor com resto, motivando o uso de contractivos também em integragdo numérica, Silva [3].

Para fungoes elementares, principalmente as transcedentais, o estudo de uma fungao por meio de representagao
por contractivo requer que todas as informagoes possiveis sobre a funcao sejam usadas para determinacao do
contractivo de forma completa, de modo que, informacoes adcionais, que antes nao eram explicitas, sejam fornecidas

pelo contractivo. No caso das fungdes seno S e cosseno C, Silva [2], as derivadas s@o relatadas pelo sistema
S'(z) =C(z), C'(2) = =S(2), S(0)=0e C(0) =1, (0.1)

para todo z real. A associagdo do sistema de equagoes diferenciais (0.1) com o teorema do valor médio para
derivadas pode ser feita com base em fungoes de partida envolvendo apenas a fungao seno, apenas a funcao cosseno
e simultaneamente as fungoes seno e cosseno. Usando a fungao cosseno, considere a fungao de partida F' definida
por

F(z) = (1—-C(a2))(1 —2)? (0.2)

para todo z real, sendo @ uma constante real qualquer. Por (0.1) e (0.2), F(0) = F(1) = 0. Entao do teorema do

valor médio para derivadas, existe c¢ tal que
F'(e)=0,0<c<1 (0.3)

Como F depende da constante real a, ¢ também depende, ou seja, ¢ = f(a), 0 < f(a) < 1, onde f(a) é um
contractivo. Desse modo, usando o fato que a é uma constante real qualquer, de (0.1), da derivada de (0.2) e de
(0.3) e com base nas propriedades de seno e cosseno, obtém-se que

42(1— f(2)) 4-22(1— f(2))*

S = s CEHE) = g — g 0 < S <1 (0.9

para todo z real, onde

f<2+§> = T )= 5, () = 1) e 0< () < 5 05)
lim f(z)=0, lim zf(z)=-me lim =m, —7<zf(z) <. (0.6)

z—+o0 z——00 Z—00
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Os resultados expressos em (0.4) mostram as fungoes S e C representadas por meio do contractivo f(z), as quais
estao calculadas no ponto zf(z). Para obtengdo de representacoes calculadas no ponto z, dois contractivos p(z) e

q(2), sao introduzidos, definidos agora no intervalo de [—m, 7], sdo introduzidos pelas relagoes

(= T 1-p(2)

Com isso, de (0.4) e (0.7) as representagoes podem ser colocadas numa forma mais compacta expressas por:

0 o _Me@P -2
4q(2))* + 2* o) )12 TEFS (0.8)

f(%) =p(2), a(z) ) oo ™, p(2f(2)) = f(2), —o00 < 2 < 0. (0.7)

S(z) =

onde,

q(—m) = q(m) =0, Q< - g) = q(%) = g, q(0) =1,q(-2) =q(2),0<q(2) <1, —m<z<m (0.9)

Logo, usando a definigao, Silva [4],

z

2"q<2n%) ,
e o seno do arco duplo, das equagoes (0.8) e (0.10) podemos escrever a relagao de recorréncia
An

1+\/1+A$1’n

An(z) = —rm<z<mn=1,2,3,--- (0.10)

An-‘rl = = 152335"' (011)

1 Resultados

A substitui¢ao z = arcsina em (0.8) e (0.10) produz o resultado

arcsinz = lim 2"A4,, — 1<z <1, (1.12)

A - x
' 1—}—\/1—1‘27 n—00

onde cada A,, n > 2, é dada por (0.11). Do mesmo modo, z = arctanz em (0.8) e (0.10) mostra o resultado

arctanz = lim 2"A4,, —oo <z < o0, (1.13)

x
Al = R
1+v1i+x n—00
onde cada A,, n > 2, é dada por (0.11). Usando os mesmos procedimentos as outras fungoes trigonométricas
inversas também podem ser estabelecidas com apenas uma relagao de recorréncia, o que diferencia uma funcao da
outra é o valor inicial A;. Neste sentido, as fungoes trigonométricas inversas podem ser definidas com base em tal

relagao de recorréncia desde que seja usada uma definicao para o niimero 7, por exemplo

A =1, 7= lim 2" A4, (1.14)

n—o0

onde cada A,, n > 2, é dada por (0.11).
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ANALISE DO ESCOAMENTO DE UM FLUIDO EM UM DUTO
CIRCULAR PELA TECNICA DA TRANSFORMADA INTEGRAL
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CARLOS A.C. SANTOS* & MABEL M. LopPgs!

Consideremos o escoamento laminar de um fluido newtoniado de velocidade w = (u,v) sob influéncia de uma
pressao p e temperatura 6 em um semi duto circular D = [0, +00] x [0, 1]. O modelo é descrito pelo seguinte sistema

acoplado escrito em coordenada cilindricas

2 Aw — (w- V)w = Vp, em D,

Ap =Vu® Vo, em D,

ﬁAG =w- V0, em D,

V-w=0, em D, 0.1)
u=1—tw,v=0,0=1,p=0, em {0} x[0,1],

w=0,0=0, a%sz, em [0, 4o00] x {1},
%:0,1}20,%9:0,%]0:0, em [0, +o0] x {0},

WZO,HZO,%}?:*%, para x > 0.

No estudo do escoamento, utilizaremos a técnica da transformada integral generalizada (GITT). A técnica consiste
em expandir a solugdo de (0.1) em termos de autofungdes de um problema de autovalor que serd um problema de
Sturm-Liouville. Desta forma, reduzimos o problema (0.1) a resolu¢ao de uma EDO de segunda ordem a qual serd
implementado no FORTRAN 90 utilizando, principalmente, a subrotina DBVPFD.

1 Descricao do método

As autofuncgoes sao solugbes do seguinte problema de autovalor:

WZ!] + A\yZ, =0, em [0,1]

a1 Z +asZ, =0, emy=0 (1.2)
b Z!, + b2 Z, =0, em y = 1.
Denotaremos a norma das autofuncoes por
1
N, = / yZn(y)dy, (1.3)
0
E as autofungoes normalizadas serdo denotadas por:
- I,
Zy = . 1.4
V¥, .
Tais fungoes sao dotadas da seguinte propriedade de ortogonalidade
1
/ YZn(Y) Zm (y)dy = nm- (1.5)
0
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Em seguida, decompomos as solugoes das equagoes de (0.1) da seguinte forma:

o0

u(z,y) =Y Gi()ai(x), pla,y) =D hi)pi(x), 0(x,y) =>_ G(y)oi(z), (1.6)
i=1 i=1 i=1

onde @; é solugao de 1.2 com (aq,as,b1,b2) = (0,1,0,1), ¥; ¢ solucdo de 1.2 com (a1,a2,b1,b2) = (1,1,0,0) e G
é solucao de 1.2 com (aj,asz,b1,b2) = (0,1,1,0). Substituindo a expressao (1.6) em (0.1) integrando em (0,1) e
utilizando a propriedade de ortogonalidade, obtemos um sistema de equacoes diferenciais ordinarias para @;,p; e 6;.
Em seguida, fazemos um truncamento das séries definidas em (1.6) possibilitando a implementagio utilizando as
subrotinas disponiveis.
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Um Problema de EDP Nao Linear em Variedades

Célia Maria Rufino Franco*

Seja 2 um conjunto aberto e limitado de R™ (n > 1), com fronteira suave I' e seja n o vetor unitdrio normal
extrior a I". Considere o cilindro @ = Q x ]0,T[ com fronteira lateral ¥ = I'x ]0,7'[, onde T > 0 é um ndmero real.
Motivados por Lions [1], investigamos a existéncia e unicidade de solugdo fraca do problema hiperbélico

Aw=0em Q

12 aw 1P !/

w —1——8 +|w'|"w' = f sobre ¥ (0.1)
n

w(z,0) = wo(x), w'(zx,0)=wi(x), z€T
onde A denota o operador Laplaciano, w’ e w” significam a derivada primeira e segunda, respectivamente, de w

. w . ~
com respeito ao tempo, E a derivada normal de w, p > 0 e f sobre ¥ sao dados.
Ui

1 Definigcoes e Notagoes

Dada ¢ € H'/?(I'), segue da teoria de equacio eliptica que o problema

A®=0em

(1.2)
® = p sobre I’

0P
possui solucio ® € H'(Q) e da teoria do traco resulta que o € H~'/2(T"). Define-se um operador A : H'/2(T") —
n

—
== .

O operador A admite uma extensao natural A ao espaco LP(0,T; H'/? (I)), 1 < p < oo, que é linear e limitada,

Ay (1.3)

a saber

A LP(0,T; H/2(T)) — LP(0,T; H-'/2(T))

Denota-se por (-,-)r o produto escalar do L?(T).
2 Formulacao do Problema sobre a variedade I' e Resultados

. dw .
Designando w(t)| = u(t) e obsevando que ——(t) = Au(t), pode-se formular o problema (0.1) da seguinte forma:

on

Econtrar uma funcéo u : ¥ — R, tal que
'+ Au+ |u/|° v = f sobre & (2.4)
u(0) = wp, u'(0) = w; dados sobre T’

onde u’ e u” significam a derivada primeira e segunda, respectivamente, de u com respeito ao tempo.

Lema 2.1. Seja ® saisfazendo (1.2) e (1.3). Dado X > 0, eziste « = a(X\) > 0 tal que

(Ap, o)p + A |<P|2LZ(F) Za H‘PH}QLP/?(F) , Y € H'3(T), VA > 0.

*Unidade Académica de Educagao, Centro de Educacao e Saude, UFCG, Cuité-PB, Brasil, e-mail: celiarufino@ufcg.edu.br
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Prova: A prova do Lema encontra-se em [3].

Teorema 2.1. Suponha que f € L*(0,T; H/2(T)), f' € L*(%), wo € HY(T') e w; € H'/?(I') n L2»+)(T). Entdo
existe uma unica fung¢io u: X — R solugdo de (2.4) satisfazendo

u € L>®(0,T; HY(T)), (2.5)
u' e L0, T; HY?(I)), (2.6)
u” € L0, T; L*(I)). (2.7)

Demostramos o teorema (2.1) utilizando o Método de Faedo-Galerkin, isto é, determinamos uma sequéncia de
solugbes aproximadas do problema (2.4) e, em seguida, por meio de estimativas a priori, passamos o limite nesta
sequéncia de solugoes aproximadas que resultou na equagao

u//+Au+|ul|l)ul:f

no sentido de L¥ (0,T; H~/?(T') + L¥'(T)), onde p = p + 2.
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CONTROLABILIDADE DE UM SITEMA ACOPLADO DO TIPO
BOUSSINESQ

ENRIQUE FERNANDEZ-CARA*, MAURicIO C. SaNTOS T, DiEGO A. Souza #

Temos por objetivo provar a controlabilidade exata fronteira da equacdo de Euler para fluidos incompressiveis
e nao viscosos sob a influéncia de uma temperatura. Estudaremos este problema em um dominio regular limitado
conexo e simplesmente conexo. Precisamente, sejam € C R? nas hipéteses acima e I'g C 9 um subconjunto aberto

de 0. Queremos provar que dado um 7" > 0 e dados y,, ¥, 6o e 61 regulares tais que

divy,=divy, =0, em Q (0.1)

Yo n=y; -n=0, sobre 00\ Ty, (0.2)

onde n é o vetor normal exterior a fronteira, existe uma solucdo regular (y, 8) para o problema

yt+(y~V)y+Vp=?9, em Q x [0,7],

0, +y-V0=0, em ) x [0,T],

divy =0, em ), (0.3)
¥(0) = y0,0(0) = 6o em (2,

y(T) =y1,0(T) = 01 em €,

para algum p € D'(Q2 x [0,T7).

1 Resultado principal

Por um processo de mudanga de escala, o objetivo principal fica reduzido a estudar um problema de controlabilidade

a zero local para dados pequenos.

Teorema 1.1. Eziste 6 > 0 tal que para y, € C*“(Q,R3) nas condigies (0.1) e (0.2) e 0 € C**(Q,R) com
max{ |y, |, |6o]|} < 8, existe uma solugao (y,0) € [C(]0,T]; CH*(Q)) U L>=([0,T],C**(Q))] x C([0,T]); C+*(Q))
solugao de (0.3) com T =1 e (y;,601) = (0,0).

A idéia da prova é seguir em partes as idéias de [3], ou seja, estudaremos um problema de controle para a

equagao da vorticidade associada a (0.3) em um dominio extendido conveniente, a saber

wt+(y-V)w:(w~V)yf(V~y)wa>><V9, em 9 x [0, 1],

[
divy =0, w=V Xy, em Q x [0, 1], (1.4)
0 +y-Vl =0, em Q x [0,1] ’
0(0) = o, w(0) = V x (myy), em €,
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em que 7 : CAAR(Q R3) - CHA(Q,, R3) com suporte em 0,(Q € Q1 € Q) e A € [0,3). Por se tratar de
um problema nao linear e como queremos um resultado de controle que conduz dados pequenos a zero, é conveniente
usarmos o método do retorno. Em outras palavra, precisamos tornar o problema (1.4) linear e em seguida usar um
teorema de ponto fixo para recuperarmos o problema original. Mais precisamente, seja ¥ construida de maneira
similar a [3] e

Xv = {y € C([0,1; C**(Q,R?)); V-y = 0 in Q,

_ - (1.5)
Iy = ¥lle@xpay v, ¥y n=py,-n+y-nondQx[01]}
Definimos F': x, — X, tal que F(y) = p onde V X p = w com
Wt (F- V)W = (W-V)§— (V-§)W— K x VO, em Qx[0,1],
6(0) = wly, w(0) = (7¥0), em €. (1.6)

X
0 em €.

w(z,1) =0(z,1)

O nosso problema de controle se reduz a mostrar que F' possui um ponto fixo.
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EXISTENCIA DE SOLUCAO E ESTABILIDADE NA FRONTEIRA DA
EQUACAO DA ONDA SEMILINEAR

FABRICIO LOPES DE ARAUJO PAZ*

1 Introducao

Nesta dissertagao estudamos a existéncia e comportamento assintético da solugao fraca para o problema
u(x,t) — p(t) Au(z, ) + h(u(z, 1)) = f(z,t), em Q

u(z,t) = 0 sobre 'y x]0, T'[
au (1.1)

w(t) gy (x,t) + B(z)u'(z,t) = 0 sobre 'y x]0, T

u(z,0) =up(z), u'(x,0)=ui(x)em Q
onde T > 0 é um niimero real, 2 é um subconjunto aberto e limitado do R™ com fronteira I' de classe C?, {T'g, I'1}
sdo subconjuntos de I' de medida positiva tais que ' = ToUT; e TgNT; =0, Q@ = Q x T é um dominio cilindrico,
h é uma fungao continua satisfazendo a condicdo de sinal sh(s) >0, Vs € R, e up € WH(0,T), B € WH*(I';) sao
fungoes reais satisfazendo p(t) > po > 0e B(x) > By > 0.

Mostramos a existéncia e unicidade de solugdo forte para (1.1), isto é, com dados iniciais ug € V N H?(Q) e

uy € V,ondeV = {v € H(Q);v =0em 'y} é o espaco de Hilbert munido do produto interno ((u,v)) = / VuVudz
Q

e da norma ||ul| = / |Vu|?dx. Para a demonstracio da existéncia de solugio usamos o método de Faedo Galerkin
Q

com uma base especial em V N H2(Q) e resultados de compacidade. A unicidade foi obtida pelo método da energia.

Na sequencia provamos a existéncia de solugao fraca, isto é com menos regularidade das condigoes iniciais, apro-
ximando a funcao continua h pela sequéncia de Strauss, isto é, uma sequéncia de funcoes lipschitizianas satisfazendo
o Teorema de Strauss cf em Strauss [3]. A solucdo fraca é obtida como limite de uma sequéncia de solugdes fortes.

Usando o funcional de Liapunov e técnicas multiplicativas mostramos o decaimento da energia associada a
solugao fraca do problema. Obtivemos o decaimento da enegia associada a solugao fraca como limite inferior da
energia associada a solucao forte do problema. O produto interno e norma de V e L?(§)) sdo representadas por

(('7 ))a H ' ” e ('7 ')7 | : |a respeCtivamente~

2 Resultados

Teorema 2.1. Suponha que h € uma funcgdo lipschitziana satisfazendo s.h(s) > 0, Vs € R. Se (ug,u1) € (VN
H?(Q)) x V com u(())% +Bu; =0 e fe HY(0,T,L%Q)), entdo existe uma unica funcdo u: Q — R na classe
v

w e L®0,T;V)NL20,T; H*(Q)), o € L>=(0,T;V), v € L*(Q); (2.1)
satisfazendo:
v’ — pAu+ h(u) = f em L2(Q);
u% +Bu =0 em L*(0,T; H?(T'y)); (2.2)

u(0) = ugp, u'(0)=us.

*Instituto de Matemética , UFCG, PB, Brasil, fabriciopaz@hotmail.com
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Demonstragao. Existéncia- Para mostrar que as solugoes globais satisfazem (2.1)-(2.2), usamos o Método de Faedo-
Galerkin.

Unicidade- Para mostrar a unicidade usamos o método da energia. O

Teorema 2.2. Suponha que h é uma funcio continua satisfazendo sh(s) > 0, Vs € R. Se (ug,u1) € V x L*(Q)

uo ()

com A(ug) € L*(Q) onde A(uo(z)) = / h(s)ds e f € L?>(0,T, L*(S2)), entio existe uma fungdo u : Q — R tal que

u € L>(0,T; L*(9)), (2.3)

u' € L®(0,T; L*(Q)), (2.4)

u” — pAu+h(u) = f em LY0,T; V' + LY(Q)) (2.5)

“gz 4 Bu’ =0 em L2(0,T; LA(Ty)) (2.6)

w(0) = ug,u’'(0) = uy . (2.7)

Demonstracdo. Existéncia-Para mostrar a existéncia de solucao fraca, aproximamos a funcéo continua h pela

sequéncia de Strauss. O

Considere )

B = 5[ 140 +u) )| + 2 [ Au(a,t) do

Q
Suponha p/(t) < 0 quase sempre em [0,00) e que existe 6 > 0 tal que h(s)s > (2 4+ d)A(s), Vs € R, onde
t
A(s)

/ h(s)ds. Nestas condigbes obtemos o seguinte resultado sobre a estabilidade:
0

Teorema 2.3. Suponha que h é continua satisfazendo sh(s) > 0. Entdo, dado (ug,u;) € V x L?(Q) eriste uma
constante w > 0 tal que
E(t) <4E(0)exp~2',Vt > 0. (2.8)
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SOBRE A IGUALDADE (Z o J)dual = jdual o Fdual

GISELLE MORAES RESENDE PEREIRA *

O objetivo deste trabalho é combinar dois procedimentos canonicos da teoria de ideais de operadores lineares
entre espacos de Banach: a composicao Z o7 dos ideais Z e J; e o dual Z9"® de um ideal Z. A ideia é, dados ideais

Z,J e espagos de Banach E e F sobre o corpo K := R ou C, investigar a validade da igualdade
(IO j)dual(E; F) — jdual OIdual(E; F)

Mostraremos que a igualdade acima serd verdadeira acrescentando uma condigao ao espaco F' e uma condi¢ao aos
ideais Z e J; mais precisamente, a igualdade sera verdadeira se F' for reflexivo e os ideais estiverem contidos em
seus respectivos duais, ou seja, se os ideais forem simétricos. Este trabalho foi baseado na dissertagio [5] e nas

referéncias [1,2,3,4,6].

1 Resultados

Neste trabalho os simbolos (IC, ||-[), OV, [I-]]), (N, [1-llar), (A, I-]]) e (CC,||-||) denotam, respectivamente, os ideais
de Banach dos operadores compactos, fracamente compactos, nucleares, aproximaveis e completamente continuos,
com suas respectivas normas.

Dado um ideal de operadores Z, seu dual é definido da seguinte forma: dados espagos de Banach F e F'.

70N E F) .= {u€ L(E;F) :u € Z(F'; E')},
onde v’ denota o adjunto do operador u.

Definicao 1.1. Sejam Z e J ideais de operadores. Dados os espagos de Banach E e F' e u € L(E; F), dizemos
que u pertence a Z o J(F; F') se existem um espago de Banach G e operadores v € J(F;G) e w € Z(G; F) tais que

U=wowu.

Dados 7 e J ideais de operadores, a proposicao abaixo mostra que Zo 7 também é ideal de operadores, chamado

de ideal de composicao.
Proposigao 1.1. Se 7 e J sao ideais de operadores, entao Z o J também ¢ ideal de operadores.

Varios resultados importantes da teoria de espagos de Banach podem ser escritos na linguagem de ideais de
composicao. Para exemplificar, enunciamos alguns resultados relativos aos operadores compactos, fracamente com-

pactos e completamente continuos:
Exemplo 1.1. Co K=K, WoW =WeCCoW =K.
Se 7 e J sao ideais normados, entao uma maneira natural de definir uma norma em Z o J seria
lullzog = inf{|jv]|7 - |lwllz:v € T, w €T e u=wov}.

Infelizmente a expressao acima nao define uma norma em Z o J. Assim, o produto de dois ideais de operadores

normados nem sempre é ideal normado (para maiores detalhes veja [2]).

*Universidade Federal de Uberlandia, UFU, MG, Brasil, gisellemoraes@famat.ufu.br
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A férmula (vow) = w' o v’ pode nos levar a pensar que a igualdade
(IO j)dual — jdual Oz'dual

é verdadeira para ideais Z e J quaisquer. Uma inclusao é trivial:
Proposicao 1.2. Para todos T e J ideais de operadores, J4 o 7dual C (T o g)dual,

A inclusao inversa nao é verdadeira para ideais de operadores Z e J arbitrdrios; mas resultados interessantes
podem ser obtidos acrescentando hipdteses adicionais. O resultado a seguir nao foi encontrado em nenhuma re-
feréncia.

Proposicdo 1.3. Sejam I e J ideais de operadores tais que T C T ¢ 7 C JI4l. Se F ¢ um espaco reflexivo,
entdo (Z o J)1(E; F) = g4l o 7494(E; F) para todo espaco de Banach E.

Prova: Pela Proposicao 1.2 basta provar a inclusao
(IO j)dual(E; F) C jdual OIdual(E;F).

Para isso seja u € (Z o J)¥(E; F). Entao v/ € T o J(F';E’) e por isso existem um espago de Banach G e
operadores v € J e w € T tais que v/ = wowv. Dewv € J(F';G) C JWY(F';G) e de w € I(G; E') C T9(G; E')
temos, respectivamente, v’ € J(G'; F") e w' € Z(E";G"). Considerando os mergulhos canénicos Jg de F em E” e

Jr de F em F” e usando a hipGtese de F' ser um espago reflexivo, o seguinte diagrama é comutativo:

E4U>F

G/

Assim, u= Jp' o0 ow' o Jgp € gl oTd(E; ). 4
——

N—_——
cJCgdual €ICTdual

A hipétese T C Z9"#! da proposicio acima foi estudada e obtivemos resultados importantes envolvendo essa
inclusao.

Definicao 1.2. Um ideal de operadores T é dito simétrico se T C T2l

Sao exemplos de ideais de operadores simétricos: o ideal W dos operadores fracamente compactos, o ideal K
dos operadores compactos, o ideal A dos operadores aproximdveis e o ideal ' dos operadores nucleares.
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O METODO DO ENVELOPAMENTO PERIODICO APLICADO AS
EQUACOES DE EVOLUCAO

JOEL S. SOUZA* & JOCEMAR DE Q. CHAGAS'

1 Introducao

Dado um conjunto €2 C R™ aberto e limitado, consideramos dominios 2° construidos da seguinte forma: tomamos
Y uma célula de referéncia (por exemplo, Y = (0,1)"), ou mais geralmente, um conjunto que tenha a propriedade
de pavimentacao com respeito a uma base (b1, ..., b,); T um conjunto aberto incluido em Y, tal que 9T N JY = 0,

de forma que Y* = Y'\T seja um conjunto aberto e conexo; e, para £ > 0 definimos:

e = |J ¢+ 1)

¢ezn

e, finalmente:

QF = Q\T<.

Dada uma matriz coerciva e limitada A®(x) = (afj(x))lgi,jgn q.s. em €, definimos o operador

Ac = —div(A°V) = = ) 57«1.(“%87]-)

4,j=1

e consideramos a equagao

Auf = I

com f € H-1() e, por exemplo, condigoes de Dirichlet sobre 9. Nosso interesse é entender o que acontece com
as solugoes u®, quando € — 0.

A teoria de homogeneizagao é um ramo da andlise matematica que consiste em entender o comportamento
assintético de operadores diferenciais com coeficientes rapidamente oscilantes. Existem diferentes métodos relacio-
nados a essa teoria, como, por exemplo: o método de multipla escala, introduzido por A. Bensoussan, J.-L. Lions
e G. Papanicolaou [2]; o método das fungoes testes oscilantes, devido a L. Tartar [9]; o método da convergéncia em
dupla escala, indroduzido por G. Nguetseng [8], e desenvolvido por G. Allaire [1]; e 0 método do envelopamento

periddico.

2 O método do envelopamento periédico

O método do envelopamento periédico foi introduzido por D. Cioranescu, A. Damlamian e G. Griso [3] para o
estudo classico de homogeneizacdo. As principais ferramentas deste método sdo um operador de envelopamento e
uma decomposi¢ao macro-micro de fungoes, que permite separar as escalas macroscépicas e microscépicas. Mais
tarde, esse método foi estendido para a homogeneizacao em dominios com buracos, introduzindo-se o operador de

envelopamento para fungoes definidas em dominios periodicamente perfurados, e um operador de envelopamento

*Departamento de Matematica, UFSC, SC, Brasil, jsouza@mtm.ufsc.br
TDepartamento de Matematica e Estatistica, UEPG, PR, Brasil & Programa de Pés-Graduacio em Matemética, UFRGS, RS, Brasil,
& bolsista do CNPq - Brasil, jocemarchagas@uepg.br
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de fronteira. O operador de envelopamento peridédico é basicamente um operador de extensao, que consiste em
estender o dominio de definicao da funcao sobre a qual ele atua, aumentando a dimensao do dominio de definicao
dessa funcao. De uma forma bastante simplificada, imagine uma func¢ao ¢ definida em um conjunto X C R. Agora,
estenda o dominio dessa fungao de forma a aumentar sua dimensao, considerando o dominio formado pelo produto
cartesiano X X Y, onde também Y C R. O operador de envelopamento vai tomar a curva do grafico da fungao
¢ original, no caso, um grafico bidimensional, e estendé-la a uma superficie do R3, devido ao acréscimo de uma
dimensao ao dominio da fungao original. Um exemplo de envelopamento seria tomar uma func¢do ¢(z) e considerar

sua extensao qz(x, y) = é(x)(y), onde 9(y) é uma fungdo constante ou uma fungdo trigonométrica qualquer, por
exemplo, ¥(y) = cos(%?y), funcao periddica de periodo €. Observamos que o grafico da superficie gerada pelo
operador de envelopamento é periddico na componente y € Y.

O operador de envelopamento, apesar de aumentar a dimensao do problema, possui propriedades muito in-
teressantes, e, se o dimensionamento adequado for usado, pode-se obter de maneira bastante simples os mesmos

resultados de homogeneizagao obtidos através dos demais métodos de homogeneizagao.

3 Aplicacao as equagoes de evolugao

O método do envelopamento periédico, utilizado inicialmente para homogeneizacao de problemas elipticos, pode
ser utilizado com muita propriedade para a obtencao de resultados de homogeneizacao de problemas de evolugao.
Esse é o objetivo deste trabalho, que encontra-se em desenvolvimento.
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O ADJUNTO DA COMPOSICAO DE UM POLINOMIO HOMOGENEO
COM UM OPERADOR LINEAR

LETICIA GARCIA POLAC*

Sejam E e F espagos de Banach e P: E — F um polindémio n-homogéneo continuo. Em [1], Aron e Schottenloher

definiram o adjunto de P como sendo o seguinte operador linear continuo:

P:F' — P("E), P'(p)(z) = p(P(z)),

onde P("E) é o espaco dos polindmios n-homogéneos continuos de F no corpo dos escalares. E claro que essa
definicao generaliza a nocao de adjunto v’ de um operador linear u.

E bem conhecido que se u: E — F ¢ v: F — G sdo operadores lineares continuos, ento (vou)’ = u/ov’. Essa
férmula nos leva naturalmente a buscar férmulas para os adjuntos de uo P e de P owu, onde v é um operador linear
continuo e P é um polinémio homogéneo continuo. O objetivo deste trabalho é obter férmulas para os adjuntos
dessas composicoes.

As seguintes notacoes serao utilizadas:

E’= dual topoldgico do espago vetorial normado E.
L(E; F)= espaco dos operadores lineares continuos de E em F.
P("E; F)= espago dos polinémios n-homogéneos continuos de F em F.

@ ° E= produto tensorial simétrico de E por E n vezes munido da norma s-projetiva ;.

n (n)
@:;E: completamento do espago normado @7 F.
®@pfu= produto tensorial simétrico projetivo do operador linear continuo u por u n-vezes.

~MN,S N . ~ , ~A . ~MN,S
65 E — ®, E= polindmio n-homogéneo continuo canonico de E em &, E.

Para a teoria de produtos tensoriais projetivos e produtos tensoriais projetivos simétricos veja [2,4].

1 Resultados

Dados n € N, E,F e G espagos de Banach, se u € L(G;F) e P € P("E;G) entdao obtemos facilmente que
(uo P) =P ou:

Teorema 1.1. Sejamn € N, E, F e G espagos de Banach. Seu € L(G;F) e P € P("E;G), entio (uoP) = P'ou/,

ou seja, o diagrama sequinte € comutativo:

*Faculdade de Matematica , UFU, MG, Brasil, e-mail: leticiagarciapolac@yahoo.com.br
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Por outro lado, se u € L(E;G) e P € P("G; F), ndo hd uma férmula ébvia para (P o u)’, pois os dominios e
contra-dominios de P’ e v’ ndo sdo compativeis neste caso. Para obter uma férmula para (P ou)’ em termos de P’

e u’, usaremos o fato de que, para cada espaco de Banach E, o adjunto do polinémio canonico 6Z: E — @)ZSE :

~MN,S ! n n
(65): (B3 E) — PC'E), (68) (0)(@) = ¥ (&"2).
é um isomorfismo isométrico (veja [3, Proposition 2.1(1)])

Teorema 1.2. Sejam n € N, E, F e G espagos de Banach. Se u € L(E;G) e P € P("G; F), entdo

-1

!
(Pow' = (38)'o (3%u) o [(69)] =P
ou seja, o diagrama sequinte é comutativo:

Pou)’
F’ e P("E)

o
Pee) L (are6) Y (g’

P’

s

Observagao 1.1. A férmula obtida no teorema acima nao foi encontrada em nenhuma referéncia.

Corolario 1.1. Sejam n € N,E,|F,G e H espagos de Banach. Seu € L(E;F), P € P("F;G) ev € L(G;H),
entao (vo Pou) € P("E;H) e

(voPou) = (65)/ o (®ﬁfu)/ o [(55)/}_1 oP' o,
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DECAIMENTO EXPONENCIAL EM UMA MISTURA TERMOELASTICA
DO TIPO III

RAFAEL P. DA SILVA* & LUCI H. FATORI'

Os trabalhos pioneiros da teoria de misturas termoeldsticas de sélidos foram contribuicées de Truesdell e
Toupin (1960), Green e Naghdi (1965,1968) ou Bowen e Wiese (1969). Grande parte da teoria de misturas
continuas sdo dedicadas para descrever situagoes onde fluidos e/ou gases estéo presentes como componentes e entao
a descrigao espacial é a mais adequada. Para uma mistura continua de dois materiais, o0 movimento é descrito por
duas componentes z = x(X,t),y = y(Y,t) e assumimos que as particulas z,y ocupam a mesma posi¢do no tempo .

Nos ultimos anos este assunto tem merecido atenc¢ao e principalmente nos estudos das propriedades qualitativas
das solugoes desses problemas. Recentemente em [1] foi considerado o sistema de mistura termoeldstica de sélidos,
sendo estabelecido condigoes necessérias e suficientes para o decaimento exponencial da solugao. Ou seja, satisfeitas
certas relacoes entre os coeficientes do sistema, a dissipagdo térmica(dada pela lei de Fourier) foi suficiente para
garantir o decaimento da solucgao.

Em nosso trabalho, enfatizamos o estudo do decaimento da solugdo para o caso de uma viga unidimensional
de tamanho L, composta pela mistura de dois sélidos termoelédsticos onde sao considerados leis nao Fourier para
o fluxo de calor. Mais especificamente consideramos um problema de mistura termoeldstica do tipo III onde a
diferenca de temperatura é representada por uma equagao hiperbédlica. Neste caso, denotando o deslocamento das
particulas no tempo ¢ por v e w, onde v = v(z,t);w = w(z,t),z,y € (0,L) e a diferenca de temperatura em cada

ponto z e tempo ¢ por § = 0(z,t), o sistema que modela o problema é dado por

P1UL — Q110 — A12Waz + (v — W) — f1b; =0 em (0, L) x (0,00)
(1) PoWitt — A12Wexy — A22Wey — Oz(U - U}) - BQotm - 0 € (Oa L) X (07 OO)
Cett - ﬂlvtm - 52wtr - kemz - ’ygta:m =0 €m (03 L) X (07 OO)

As constantes p1, p2, ¢, k, a e v sdo todas positivas, além disso a matriz (a;;) é definida positiva.

As condigoes iniciais do nosso problema sao
(2) v(x,0) = vy, ve(x,0) = v1,w(x,0) = wo, wi(x,0) = wq, 6(x,0) = by, 0:(x,0) = 6;.
E as condigoes de fronteira sdo dadas por

(3) 0(0,) = v(L,t) = w(0,t) = w(L,t) = 8,(0,) = O, (L, ) = 0.

1 Resultados

Em nosso estudo, utilizando teoria de semigrupos de operadores, provamos a existéncia e unicidade da solugao do
problema de mistura termoeléstica do tipo ITI. Além disso, foram estabelecidas condigoes sob as quais esta solugao

possui decaimento exponencial.

*Departamento de Matematica , UEL, PR, Brasil, rafamat2007@yahoo.com.br
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ESTABILIZAQAO DE UM SISTEMA DE BOUSSINESQ DO TIPO
KDV-KDV

ROBERTO M. G. DA SILVA* & ADEMIR F. PAZOTO!

Nesta dissertagdo de mestrado, onde nos baseamos no artigo Pazoto & Rosier [2], estamos interessados no
decaimento exponencial da energia total associada ao sistema de Boussinesq do tipo KdV-KdV em um intervalo
finito I = (0, L)

N +ws + (MW)z + Weee =0, 0<z <L, t >0 0.1)
W'+ Ny + wwy + Npwe =0, 0<z < L, >0 ‘
satisfazendo as condigoes de contorno
w0,1) = 0, w,(0,2) = e 0, 1), weu(0,) =0, £ 0 02)
w(L,t) = asn(L,t), we(L,t) = —ayne(L,t), wee(L,t) = —aong(L,t), t >0 ’
e as condigoes iniciais
n(z,0) =no(x), 0 <z <L 0.3)
w(z,0) =wp(z), 0 <z < L. ’

Em (0.2), ag, 1 e ag denotam constantes reais nao negativas.
Observemos que, multiplicando a primeira equagao de (0.1) por 7, a segunda equagdo por w, integrando em

(0, L) e somando os resultados, obtemos (formalmente)

d
ZE@®) = —aan(L, )" = aa|ne (L, )] — aolma (0, )]

1 5 [F
S0P~ [ ) ds,
0

1 rL 2 2 i . . .
onde E(t) := 5 [,"(In]* 4 |w|?) dz é a energia total associada ao sistema (0.1).
Portanto, é possivel observar que as condigoes de contorno (0.2) atuam como um mecanismo dissipativo, pelo
menos para o sistema linear, visto que os dois ultimos termos nao aparecem na derivada da energia do problema

linear. Logo, surgem as seguintes perguntas naturais:
e E(t) — 0, quando t — 4o00?
e Se este for o caso, podemos determinar uma taxa de decaimento?

O principal resultado deste trabalho foi provado em Pazoto & Rosier [2] e nos d4 uma resposta para estas perguntas

e serd enunciado na proxima secao.

1 Resultados

Nesta secao apresentamos o resultado principal desta dissertacao o qual garante a estabilidade exponencial da

solugdo do problema (0.1)-(0.3), para dados iniciais pequenos.

*Programa de Engenharia Nuclear, COPPE, UFRJ, RJ, Brasil, rmamud@con.ufrj.br
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Teorema 1.1. Assuma que ag > 0, a3 > 0 e as = 1. Entdo, existem constantes p > 0, C >0 e pu > 0, tais
que, para quaisquer (ng,wo) € [L*(I)]* com |(no,wo)l(r2(njz < p, o sistema (0.1) - (0.3) admite uma tinica solugio
(n,w) € CR™; [L2(1)]2) N CR5 [HY(1)]2) N L2(0, 15 [HY(1)]2) que satisfaz

|(777w)(t)|[L2(1)]2 < Ce_”t|(770,wO)|[L2(1)]2, Vvt >0, (1.4)

efat

Vit

[, @) (@Ol (2 1))z < C—=|(no, wo) (222, V>0, Va € (0, ). (1.5)
Prova: Primeiro estudamos o sistema linear, através da Teoria de Semigrupos, para deduzirmos algumas esti-
mativas a priori e o decaimento exponencial das solucoes na norma L2?. Estabelecemos o efeito regularizante de
Kato usando o método dos multiplicadores, enquanto o decaimento exponencial é obtido com a ajuda de alguns
argumentos de compacidade que reduz o trabalho a um problema espectral (Ver, por exemplo, Rosier [4]).

Com essas estimativas, provamos a boa colocagao global e a estabilidade exponencial das solugoes do sistema nao
linear partindo de dados iniciais pequenos em [L?(I)]?. A idéia central consiste em combinar o efeito regularizante
de Kato e a taxa de decaimento das solugoes em [H!(I)]? para estabelecer uma estimativa pontual e, entao, aplicar

o Teorema do Ponto Fixo de Banach no espaco
Fi={U = (nw) € CRY; [H (D)) 1" U (t) | oo (s 11 (1)) < 00}, (1.6)

onde p > 0, serd determinado posteriormente. |

A seguir vamos enunciar o efeito regularizante de Kato para esclarecer os argumentos acima.

Proposigao 1.1. Sejam (no,wo) € [L*(I)]? e (n,w) = S(-)(no,wo). Entdo, para todo T > 0,

L

L
/ (o (@) + o (2)[2)dz — / (1@, T)P + w(z, T)?)de
0 0

T
= 2/ {aaln(L, )] + aa|na (L, )]* + aoln. (0, 8)[*}dt (1.7)
0

T [ 2 2 L Y P 2
T @) + o) Pz = & [ [ (nf? 4 fop?)awas
2 Jo 2Jo Jo
T
+/ (T — ) {anln(L, ) + ar e (L, )2 + aola (0, )2} da. (1.8)
0
Se, além disso, as = 1, entdo (n,w) € L?(0,T;[H(I)]?) e

l(m, W)l 220,751 (112) < Cl(M0s wo)l L2 (12, (1.9)

onde C = C(T) é uma constante positiva.
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