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Abstract. In this paper, we consider a coupled Lamé system with a viscoelastic damp-
ing in the first equation and two strong discrete time delays. We prove its existence by
using the Faedo-Galerkin method and establish an exponential decay result by intro-
ducing a suitable Lyapunov functional.
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1 Introduction

Let Ω be a bounded domain in R3 with smooth boundary ∂Ω. We consider the following
a coupled Lamé system

utt(x,t)+αv−∆eu(x,t)+
∫ t

0
ϖ(s)∆u(t−s)ds

−λ1∆ut(x,t)−µ1∆ut(x,t−τ1)=0, in Ω×(0,+∞),
vtt(x,t)+αu−∆ev(x,t)−λ2∆vt(x,t)−µ2∆v(x,t−τ2)=0, in Ω×(0,+∞),
u(x,t)=v(x,t)=0, on ∂Ω×(0,+∞),
(u(x,0),v(x,0))=(u0(x),v0(x)), in Ω,
(ut(x,0),vt(x,0))=(u1(x),v1(x)), in Ω,
ut(x,t−τ1)= f1(x,t−τ1), in Ω×[0,τ1],
vt(x,t−τ2)= f2(x,t−τ2), in Ω×[0,τ2],

(1.1)
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where µ1,µ2 are positive constants, τ1,τ2 > 0 are the delays, and (u0,u1,v0,v1) are given
history and initial data. Here ∆ denotes the Laplacian operator and ∆e denotes the elas-
ticity operator, which is the 3×3 matrix-valued differential operator defined by

∆eu=µ∆u+(λ+µ)∇(div u), u=(u1,u2,u3)
T

and µ and λ are the Lamé constants which satisfy the conditions

0<µ, 0≤λ+µ. (1.2)

They prove that the behavior of the first equation is sufficient to stabilize the total system
and to have polynomial decay for sufficiently smooth solutions.

We review some related results, R. Racke [1] considered the system{
utt(x,t)−auxx(x,t−τ)+bθx(x,t)=0, in (0,L)×(0,∞),
θt(x,t)−dθxx(x,t)+butx(x,t)=0, in (0,L)×(0,∞).

The author showed the well-posedness and stability of the system without delay. In [2]
the authors examined a transmission problem with a viscoelastic term and a delay

utt(x,t)−auxx(x,t)+
∫ t

0
g(t−s)uxx(x,s)ds+µ1ut(x,t)

+µ2ut(x,t−τ)=0, (x,t)∈Ω×(0,+∞),
vtt(x,t)−bvxx(x,t)=0, (x,t)∈ (L1,L2)×(0,+∞).

Under appropriate hypotheses on the relaxation function and the relationship between
the weight of the damping and the weight of the delay, they proved the well-posedness
result and exponential decay of the energy. In [3], M. I. Mustafa considered the following
system

utt(x,t)−∆u(x,t)+
∫ t

0
g1(t−τ)∆u(τ)dτ+ f1(u,v)=0, in Ω×(0,+∞),

vtt(x,t)−∆v(x,t)+
∫ t

0
g2(t−τ)∆v(τ)dτ+ f2(u,v)=0, in Ω×(0,+∞),

u=v=0, on ∂Ω×(0,+∞),
(u(·,0)=u0, ut(·,0)=u1, v(·,0)=v0, vt(·,0)=v1, in Ω.

The author proved the well-posedness and, for a wider class of relaxation functions, es-
tablished a generalized stability results for this system. For Timoshenko-type systems, A.
Guesmia and et al. [4] considered the following system{

ρ1 φtt(x,t)−k1(φx+ψ)x(x,t)+λ1φt(x,t)+µ1φt(x,t−τ1)=0,
ρ2ψtt(x,t)−k2ψxx(x,t)+k1(φx+ψ)(x,t)+λ2ψt(x,t)+µ2ψt(x,t−τ2)=0,

(1.3)


