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Abstract The Initial-boundary walue problem of the propagation of nonlinear
longitudinal elastic waves in an initially strained rod is considered. The rod 15 assumed
to interact with the surronding elastic and viscous external medium. The long time
behavior of solutions iz derived and global attractors in B space is obtained.
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1. Introduction

In some problems of nonlinear wave propagation in waveguides, the interaction of
waveguides and the external medium and, therefore, the possibility of energy exchange
through laternal surface of waveguide cannot be neglected, when the energy exchange
between the rod and the medium is considered, lor one case, there is a dissipation of a
deformation wave in the viscous external medium, the general cubic double dispersion
equation (CDDE) can be derived from Hamilton principle [1]

Wap = Wep = E[r:'w3 + G + awyy — s dwi ) zz (1.1)

where ¢, ¢, a,b are some positive constants depending on the Young modulus Ey, the

shear mnodulus g, density of waveguide p and the Poisson coefficient v, w is proportional

. odu i o ; : g
to strain ——, u is longitudinal displacement. The Equation (1.1) was studied in some

literatures, the travelling wave solutions, depending upon the phase variable z = z - vt
were studied by [1-2], when ¢ = d = 0, the strain solutions of the equation (1.1) were
observed by [3-5], in this paper we will consider the global existence and unigueness
of solution of the equation (1.1} with initial-boundary value problem and prove the
existence of global attractor. Since the nonlinear semigroup S(t) generated by (1.1) is
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not compact in £y, we cannot construct the global attractor by the method introduced
by Temam [6] or Constantin, Foias and Temam [7], we here first apply the technigues
developed by Ghidaglia [8] to show the existence of global weak attractor for (1.1} in
£, then by energy equation and an idea of Ball [9] and [10] we conclude that the global
weak attractor is actually the global strong attractor for S(t) in B,

This paper is organized as follows. In Section 2, we derive uniform a priori estimates
in time which enable us to show the existence of glabal solution. In Section 3, we first
establish the existence of global weak attractor, then by decomposition of operator we
prove that the global weak attractor is actually the global strong atiractor in Ej.

2. The Solution Semigroup

Assume that length of elastic waveguides is 1. we consider the fol lowing cubic double
dispersion equation

U — Uge = %I:ﬂ'iis'? + 6u” + aug — by, + iy ) er (2.1}
with the initial conditions
u(z, 0) = wo(z), u(2,0) = wi(z), =z € (0,{) (2.2}
and the boundary condition
w(0,8) = ull,t) =0, tge(0.t) = ug(l,2) =0 (2.3)
We assume that
i, 0, ¢, d are all positive constants (2.4)

and first establish some time-uniform a priori estimates on (u,2) In phase spaces
Ey=H} xL3(I)and B, = H®N Hj x H}(I) respectively, where T = (0,1).
Lemma 2.1 Assume that ua(z) € H}, wi(z) € L? then

1, e 1, < el (g, 1) L Je 0% + ¢ (2.5)
thus there exists iy = £o(R) > 0 such that
(s we)llmg < 2, £24g (2.6)

whenever [|(up, w1)llg, < B, where [|(u,w)%, = [ull? + [ueld, clll(xe, w)lle;) denote
the constant depending only on norm of ug,u, in Fy space, dg and ¢ are mdependent
of u, [full = [uglo = [luellz2.

Proof Let u = ¢gg, from (2.1)-(2.3) we have

Ut = Py




