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Abstract We prove the existence of the global attractor of Sine-Gordon system
with Dirichlet boundary condition and show the attractor is the unique steady state
when the damping constant and the diffusion constant are sufficiently large.
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1. Introduction

In physics the Sine-Gordon equation is used to model the dynamics of a Josephon
Junction in superconductivity theory. For a single junction the governing equation is
an ordinary equation similar to the pendulum equation. A coupled system of such
equations appears when we consider a family of coupled junctions, and the continuous
case is modeled by the Sine-Gordon equation or system. In [1] the existence of attractor
and the estimate of dimension of Sine-Gordon equation are considered. In [2] we can
find the derivation of Sine-Gordon system with Dirichlet boundary condition. In [3] the
author proved the existence of the global attractor of Sine-G ordon system with Dirichlet
boundary condition and gave the dimension estimate of it. In all the above equations
the forcing terms are all independent of time. In this paper we consider the Sine-
Gordon system with Dirichlet boundary condition when the forcing term is periodic
in time. We will prove the existence of the global attractor and show the attractor is
the unique periodic steady state when the damping constant and the diffusion constant
are sufficiently large. When the forcing term is independent of time, [3] showed the
System is a gradient system and the global attractor is the unique steady state when
the damping constant and diffusion constant are sufficiently large. But in fact when
the global attractor is the unique steady state, it would not dependent on the damping
constant since the system for the steady state is not dependent on it. In this paper we
just get rid of this limitation. On the other hand, since the system is a gradient system,
it is of sense to study the steady states more sufficiently. We will do some essential
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work in this direction, not only prove the unigueness of the steady state for wider range
of parameters but also show the effect of the coupling constant on the uniformness of

the steady state.

Consider
[ A2 o .
3;1 + oy 5;1 — dfuy + Bsinug + K(uy = ug) = fi(z, 1)
2 )
81z v 222 _ QA + Bsinug + K(—uy + 2up — ug) = folz, 1)
gt ot
%; Ju; i
)3 +TE — ddsu; + Fsinug + K{—uvio1 + 20 — uiga) = fil2,f) (1.1)
%, Fin :
s T 15— A0Un + Bsintn + K(=un-1 + un) = fu(z,?)
tilanups =0
o
| w2, 0) = uio(@), 7 (x,0) = ui(a)

here
wi(t) € Ha(9), w(t) e LA(Q), i=1,2,---,n
z € 2,9 is a bounded open domain with sufficiently smooth boundary, @ C R™(m =

1,2,3), damping constant v > 0, coupling constant K > (0, constant 4 > 0.
We write (1.1) as an evolution equation in Hilbert space B = (Hj(Q2))" x (L* ()" :

T=v
o= (dB + KA)u —yv + G(t,u) (1.2)
4(0) = 1, 5(0) = o

here

w=ult) = (w(t), ), v=v(t)= @) -, vm)
wi(t) € HY(R), . w(t) € L}(Q), i=1,2,---,n
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Let V = (HA(@)", H = (L*(®))", suppose f = (f1,-++, fa) € C(RT,V) and f is
T periodic about ¢. Suppose uy € V,vp € H. Let
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