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'EQUATIONS OF HIGH ORDER’
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§ 1. Introduction

T+ ig well known that the nonlinear equations of Schrodinger type are of greak
importance to physics and can e used to desoribe extensive physical phenomena™*.
Many authors have disoussed the equations of Schrodinger type theoretically and a

lot of numerical methods have heen presented® %,
In this paper, we will consider a olass of system of nonlinear Schrdidinger

equations of high order
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with the initial condition

| 2| 0=to(2), IS, (1.2)
and the homeogeneous boundary conditions
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where 4=+/—1, 8= (11 (2, £, e-r, uu (s, £)) 19 an anknown M-dimensional veocior
funoction, |u|“=lu1l”—l—---+|u,;{“. Both F(w, t)={(fur(z, 8 )uxu and A(z)=
diag (a1(x), ***, Ox (x)) are given real funoction matrices which are symmeiric, 8(z)
and g¢(z) are given real functions, and we(x) is a given M-dimensional complex
vector function satisfying condition (1.8).

Corresponding to the problem (1.1)—(1.8), we present & class of difference
sohemes which satisfy some important conservation laws of equations (1.L). Lhg
convergence and stability of the proposed scheme is derived.

§ 2. Establishment of the Differenee Scheme

Tirst we introduce some notations. et Q=1[0, D], Qr=8X [0, T] be =&
rectangular region. We divide the domain Qp into small gridg by the parallel lines
@=m;=ih; t=ta=nk (j=0, -+, J: n=0, -+, N) where Jh=D, Nk=T. Let Qx—
{(=, t); &= jh, t=nk, j=0, -+, J; n=0, -, N)Y}, and let ¢3(5=0, -, J;n=0, -y N)
denote the vector valued discrete fanction on the grid point (@4, Tn)e
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diVi=V3pa—V;, AV=V i~V 1, f1(a, ) = [f(w, £) ~f(=z, ¢ —k)1/%.

Wo also introduce the inner product and norms appropriate to functions defined
on the lattice Qy. Suppose f=(fy, -+, fu)?, g=(gs, -+, gx)*. Then

J =11

(£, 9v= 33 <F (@), g(edh,
7= 5 Pr 1fla=_sup £,

M <J—m

_ " ]

where {f(z), g(@)> =21 fi(@)g.(2), | f|2=<], f>. The norms corresponding to the
=1 :

space of square integrable functions are

D : _
L=, 17() |22, | f 1o =esssup| £ ()]
Corresponding to (1.1)—(1.3), we construct following difference scheme

; : An(A . 4mrte
i ,+_1—¢, F(=1)m . 2 ¢, )IﬁfP(lqb}‘”l“, R vk
J +F TG0, e, e, Tom, 2.1)
.I¢?=¢M: 'j=01 e J: | b E .(2-2)
Ly =A =0, O<n<N;1=0, +--, m—1, @8

where ¢:+% =%—<§b?+1 ‘#fl): F;+% =F(m!: t,,—["‘%' k): P(tﬁ, 1") e (Q(ﬂ-) _"Q(‘”))/(”“jwjr’j

uv; Py, u)=g(u), Q(ﬁ)qu(S)ds, Pr=Uo (%) (fj=m, -, J—m). and ¢ = 0
(§=0, -, m—1; J —~m+1, +»+, J). For convenience, we will replace ¢; with ¢?,
#(z, 1) with u(a, ¢) and so on. |
By the method in [7], we can got . | .
Theorem 2.1. The solution ¢ (j=1, +; J; n=1, -+, N) of the difference
problem (2.1)—(2.8) ewists, and s unique if g(r) EOL[0, o) and k is small enough, .

§ 3. Priori Estimations for Difference Solution

In this section, we will get a series of priori estimates for the solution of
ference equation (2.1)-—(2.3).

Lemma 3.8. For any {u;} and {93 (5=0, +--, J) there is a relation

J—1 o
%u;.ﬁlw; = — ; V34 %5 — UV -+ 150;.
— 2}

Lemma 3.1. Suppose u, () €O0(Q). Then there extsts ho, such that

e

I .
4713 = 193132 [uo(@) |*do=Bo, n=0, --., N; 0o, (3.1)

The first equality of (3.1) indicates that the solution of the difference problem
(2.1)—(2.3) is oonservative of energy like the original problem,

Lemma 3.2. Supposs the following condittons are satisfied
(1) 8'=B(z) >0, for z€ [0, D],

(2) for any s€ [0, o), ¢(5)=>0, ¢'(s) >0, ¢(s) €O,

(8) for any 1<I< M, 0<<a<< D, 0<a,<ai(z) <a",



