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Abstract In the present paper, we study the long time behaviour of solutions for
the long-short wave equations with zero order dissipation. We first construct the zlobal

weak attractor for this system in #2 x H! . And then by exact analysis of two energy

per per- <
equations, we show that the global weak attractor is actually the global strong attractor
] 3
m H<..
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1. Introduction

The long-short wave equations

15 + Sz — LS =0 (1.1)
Li+18Z=0 (1.2)

are first derived by Djordjevic and Redekopp in [1], where § is the envelope of the short
wave, L is amplitude of long wave and is real. This system describes the resonance
Interaction between the long wave and the short wave. As pointed out in [1], the
physical significance of this system is such that the dispersion of the short wave is
balanced by nonlinear interaction of the long wave with short wave, while the evolution
of the long wave is driven by the self-interaction of the short wave. This system. also
appears in analysis of internal wave in [2], as well as Rosshy waves. Denney presents a
general theory for the interaction between the short wave and the long waye in [3], Guo
obtains the existence of global solution for long-short wave equations and zeneralized
long-short wave equations in [4] and [5] respectively. The orbital stability of solitary

waves for this system have been studied in [12].
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In this paper, we investigate the asymptotic behaviour of solutions for the following
long-short wave equations with zero order dissipation:

Uy + Upy — N + dou + g(Jul*)u + hi(z) =0 (1.3
g + |ul2 + n + F(lul®) + ha(z) =0 (1.4)

where « and 6 are positive constants. Our aim here is to derive the existence of the
global attractor for the system (1.3)-(1.4). Since the nonlinear semigroup S(t) gener-
ated by (1.3)-(1.4) is not compact in HZ
the method introduced by Temam [6] or Constantin, Foias and Temam [7]. We here

, we cannot construct the global attractor by

first apply the techniques developed by Ghidaglia [8] to show the existence of the global

weak attractor for the system (1.3)-(1.4) in HZ

per- 'Or that purpose, it is necessary that

the semigroup S(t) should be weakly continuous in HZ, for every ¢ = (0, which is ob-

per
tained in [8] by the continuity of () in Hj, and HZ, . However, in our case, because
of the interaction of the equation (1.3) and (1.4), we cannot derive the continuity of
S(t) in Héer. And hence the weak continuity of S(t) is not obtained by the method
in [8]. We here employ a direct method to establish the weak continuity, After we
have shown the existence of the global weak attractor, by two energy equations and an
idea of Ball [9] we conclude that the global weak attractor is actually the global strong
attractor for S(t) in H Em,. Since we cannot prove the uniform differentiability of S(t)
on the attractor, the problem whether the dimensions of the global attractor are finite
or not remains open. We think the dimensions should be finite, but we are unable to
prove if.

This paper is organized as follows. In Section 2, we recall some facts about the
solution semigroup S(t). By a direct method we show that S(t) is weakly continuous
in HEE,.
particular, we obtain that the dynamical system S(f) possesses a bounded absorbing

for every £ > 0. Section 3 contains uniform a priori estimates in time. In

set in Hy,.. In Section 4, we first establish the existence of the global weak attractor,
then by energy equations we prove that the global weak attractor is actually the global
strong attractor in II5..

2. The Solution Semigroup

]

In this section, we consider the following generalized nonlinear wave equations:

1y + Upy — 1+ dow + g{Ju|?)u 4+ hy(z) =0 (2.1)
ng + Jul + 6n + Flul®) + ha(z) =0 (2.2)




