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Abstract

Klein-Gordon-Schrédinger (KGS) equations are very important in physics. Some papers
studied their well-posedness and numerical solution [1-4], and another works investigated
the existence of global attractor in R™ and Q C R" (n < 3) [5-6,11-12]. In this paper, we
discuss the dynamical behavior when we apply spectral method to find numerical approx-
imation for periodic initial value problem of KGS equations. It includes the existence of
approximate attractor Ay, the upper semi-continuity on 4 which is a global attractor of
initial problem and the upper bounds of Hausdorff and fractal dimensions for 4 and Ay,
etc.
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1. Introduction

In this paper, we consider the following periodic initial value problem of dissipative KGS
equations

{ i¢t+A"/}+iV¢+¢¢:f(m)v I'EI:I:[O)QW]B:
bit + 70t — D+ ¢ — [Y* = g(z), t>0,

where 1, ¢ are complex and real unknown functions, respectively, v,y are positive constants, f
and g are given complex and real functions respectively, ivy and y¢; are dissipative terms. We
introduce the transformation 8 = ¢; + d¢, where § is a small positive constant and then the
above problem can be written as

iy + DAY +iv + ¢y = f(z), (1.1)
ot + 00 =0, xel,t >0, (1.2)
O+ (v —0)0 — Dp+ (1= d(y —8)o — [¢]* = g(2), (1.3)
Y(x + 2me;, t) = P(x,t), pla + 2me;, t) = d(x, t),0(x + 2me;, t) = O(z, t), (1.4)
’QZJ(ZU,O) = ¢0(x)v¢(m70) = ¢0($),0($,0) = 60(37)7 (15)

where e; are unit vectors in the i-th direction.

Let Hy(I) denote the periodic real or complex Sobolev space with the inner product (-,-)s
and the norm || - ||,. In particular, H)(I) = H(I), and its inner product and norm are (-,-),
|- Il, respectively. Denote V = H,(I)xH,(I)xH(I), [(,$,0)I}, = lI¢li + llgllT + 16]1%,
V = Hj(I) x Hy(I) x Hy(I), [I(v,$,0)II% = 1[5 + [1¢l13 + I01]3-

Assume that Sy =span{e’®7|jeZ3,|j|<N} , Py is an orthogonal projection from L? to Sy.
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Lemma 1. For any o >0, if u€HJ (I) then

lu— Pyullj<eN~"lull,,  0<j<o.
Lemma 2. For ueH,(I), n =3, then

3/4
ol | 2 <] |3 [l /2

2. Some Results on the Problem (1.1)-(1.5)

Lemma 3. Assume that f , g € L*(I) and ||(v0, ¢o,60)|lv <R , then there exists a constant
01>0 , such that if 0<d, then solution of the problem (1.1)-(1.5) satisfies

Y@l + le@ll + 10| <Dy, i1,

where Dy depends on v,v,d,||fll, |lg]l; t1 depends on v,v,4,| fll,|lg]| and R.
Lemma 4. Assume that f , geHY(I) , k>0 and |[¢o]li+2 + ||follks2 + [|6ollk+1<R, then the
solution (v, ¢, 0) of the problem satisfies

9@ lk+2 + [0 k42 + 10D lk+1<Drya;  t2tkt2,

where Do depends on v,v,0,||fllk, gl and k ; tgr2 depends on v,~,d, || fllx, |g]lk, k& and R.
The proof of Lemma 3 and Lemma 4 are similar the paper[5] we don’t represent.
Furthermore, we can prove

Lemma 5. Under the conditions of Lemma 3, for 0<t<T, we have

Y@l + @Il + 0@ <La,

where Ly depends on v,,d,||fll, llgll, and T.
Lemma 6. Under the conditions of Lemma 4, for 0<t<T, we have

1Y Olk+2 + (|00 k42 + 10D k11 <Lit2,

where Liyo depends on v,7, 9, || fllk, l|gllk, and T.

By the above Lemmas and the theory of partial differential equation we can obtain that
the problem (1.1)-(1.5) defineds a continuous operator semigroup {S(t)}:>0, S(t)(¢o, ¢o,60) =
((t), (t),0(t)). If we denote

By ={(,¢,0)eV] [l + [l + 10| <M1}

and
By, = {(¥,¢,0)eHy P> x Hy P2 Hi | [k + [19llk2 + 161111 < Miy2],

where M;, i = 1,2, ...,k + 2 are proper large constants, then B; and By, are bounded absorbing
sets on V and H£+2XH5+2XH5+1 respectively. We can also prove the following result using
the technique introduced by Temam][8].
Theorem 1. Suppose that f,geH, then the problem (1.1)-(1.5) has a global attractor A on
V ,which is a compact invariant subset of V ,absorbs any bounded set of V.

If f, geH}(I), k>0, then (1.1)-(1.5) has a global attractor on Q% = H} "2 xH}*2x H} !
which is a compact invariant subset of Q* and absorbs any bounded set of Q.

The proof of Theorem is similar to [5]. We can prove S(t) is asymptotically compact in Q*,
that is if (¢, ®n,0,) is bounded in Q* and t,, — oo, then S(t,)(¢n, dn,0,) is precompact in
Q*, thus from the Theorem I.1.1 of [8], we obtain the existence of global attractor Ay in Q*.



