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Abstract The existence of inertial fractal sets for weakly dissipative Schridinger
equations which possess (Ey, E) type compact attractor is proved. The estimates of the
upper bounds of fractal dimension of inartial fractal set are also obtained.
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1. Introduction

In the study of the inertial manifold of the 2D Navier-Stokes equations (NSE)
representing turbulent flows, one finds out that [2] since there exist spectral barriers
and spectral gap conditions, the existence of an inertial manifold for 2D NSE is still
a mystery. Recently, Eden et al.}l have studied and discovered that some dissipative
evolution equations with real coefficients, for which the (F, E) type compact attractors
exist, including 2D NSE, have a kind of set similar to inertial manifold-inertial set. This
paper advances the previous results to complex weakly infinite dimensional dynamical
system that only possesses (Ey, E') type compact attractors.

2. Main Results

Let D{A), V be two Hilbert spaces, D(A) be dense in V' and compactly imbedded
into V.

We study
du
— + Autg(u) = f(z), t>0,z€Q (1)
u(0) = ug ; (2)
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% |an=0 (3)

where £2 15 a bounded open set in B", 98 15 smooth. A is a positive self adjoint operator
with a compact inverse. Let {u,,n =1,2,---} denote the complete set of eigenvectors
of A, the corresponding eigenvalues are

Dty = Ao e A en (4]

We assume that the nonlinear semigroup S(t) defined in (1)-(3) possesses a (D(4),
V) type compact attractor, namely, there exists a compact A4 in V', A attracts all
bounded subsets in D{A4) and it is invariant under the action of S(t).

Definition 1 A compact set M in V is called an inertial fractal set of (D{A), V)
tupe for (S(t),B) if AC M C B and

LoS(EIM C M, ¥t> 0,

2. M has finite fractal dimension, dp(M) < oo,

3. there exist posttive constants cp, c) such that

disty (S(8)B, M) < cge™ %', ¥t >0

where disty (A, B) = sup inf |z — y|v, B is a positively invariant set for S(f) in V.
e A WE

42 s : e
Definition 2B If for every § € ([], E) . there exists an ovthogonal projection Py,

of rank equal fo Ny such that for every u and v in B, either
|S(t)u — St )vlv < 8lu — vy (5)

o

Qo (S(t)u — S(t)v)lv < [Py (S(te)u — S(ta)v)lv (6)

Then we call 5(t) is squeezing in B, where Qn, = I — Py,.
Theorem 1 Suppose (1)-(3) satisfies the following conditions
1. there exists a (D(A), V) type compact attractor A.
2. there exists a compact set B in V' which is positively invariant for S(t).
3. S(t) is squeezing and Lipschitz continuous, that is there erists a bounded function
I(t) such that |S(t)u — S(t)v |v < l(t)|lu — ul|y for every u,v tn B.
Then (1)-(3) admits a (D(A), V) type inertial fractal set M for (S(t), B) and

O<i<t,

where

M, =AU (E{ [Ej S(t.)] (E{“)) (8)
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