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Abstract

The paper deals with the strongly damped nonlinear wave equation of
Kirchhoff type. The existence of a global attractor is proven by using the de-
composition, and moreover, the structure of the global attractor is established.
Our results improve the previous results.
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1 Introduction
The nonlinear evolution equations have been investigated by many authors. We
consider the following problem
ug — M(||Vu|?)Au — Aug + f(ug) + g(u) = h(z), z€Q, t>0, )
u(z,0) =uop(z), u(z,0)=wui(x), x€Q, ulsgo =0,
where M (s) =1+ s%, m > 2, Q C R3 is a bounded domain with smooth boundary
0€). The assumptions on f(u:), g(u) and h(z) will be specified below.
When N = 1, such an equation without the dissipative term Aw; is introduced
to describe the vibration of an elastic string. The original equation is

phug 4 duy = {po + il/oL (gi)zdx}g:; + f,

for 0 < x < L, t >0, where u = u(x,t) is the lateral displacement at the space coor-

*Foundation item: The work was supported by NSFC (No.10971199).
TManuscript received April 15, 2016; Revised October 7, 2016
fCorresponding author. E-mail: songzhihua@ncwu.edu.cn

20



No.1 Z.H. Song, etc., Wave Equation of Kirchhoff Type 51

dinate x and the time ¢, F is the Young modulus, p is the mass density, h is the
cross-section area, L is the length, pg is the initial axial tension, ¢ is the resistance
modulus, and f is the external force. When § = f = 0, the equation is firstly
introduced by Kirchhoff [6].

Equation (1) is also mathematically interesting and has been extensively inves-
tigated by many authors. By using asymptotic compactness the authors dealt with
some absorbing properties of global attractor of the Kirchhoff type equation

ug — M(||Vul|*)Au — Ay + g(x,u) = h(z),

where g does not exhibit a critical growth [8].
The paper [13] studied the longtime behavior of the Kirchhoff type equation

Upt — M(HVuH2)Au — Aug +u+ug + gz, u) = h(zx)

on R". It showed that the related continuous semigroup possesses a global attractor
which is connected and has finite fractal and Hausdorff dimensions.

In [9] by using two half invariant sets, the author proved the existence and some
absorbing properties of an attractor in a local sense for the initial boundary value
problem of a quasilinear wave equation of Kirchhoff type

ue — (14 [ Vul3) du + up + g, u) = h(z).

Nonlinear evolution equations have been investigated by many authors, see [1-
5,8-14], but, there are relatively few results on the global attractor for problem (1),
where the functions f and g exhibit a critical growth. The problem considered in this
manuscript is more difficult to be dealt with than those considered in [8,9] because
the difficulty is caused not only by the critical growth of f and g but also by the
nonlinearity of M. The aim of this paper is to improve the main results of [8,9],
that is, by utilizing the decomposition idea [10] we prove the existence of a global
attractor of (1). Still, the structure of the global attractor is established.

2 Preliminary
We first introduce the following notations:
[P =17(Q), H'=H'Q), Hy=HyQ), [I-lp=1lze. [I-1=1"1lz

with p > 1. The notations (-, -) and [-, -] will be used as the L2-inner product and the
duality pairing between dual spaces respectively. For brevity, we use the same letter
C to denote different positive constants, and C(- - -) to denote positive constants
depending on the quantities appearing in the parenthesis. In L? we introduce the
operator —A with the domain D(—A) = H2NH}, where —A is the Laplace operator
in Q with the Dirichlet boundary condition. Below we denote by ey the orthonormal



