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In solving physical problems the multi-dimensional nonlinear Schridinger
equations with wave operator are often obtained. Clearly, their solution requires the
nse of the numerical method. In this paper, we consider a difference method for the
equations and prove the convergence and stability of the difference solution on the

basis of prior egtimates.
We consider the following periodic initial-value problem
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The difference symbols for ¢ are similar. Let the inner product
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For the periodic initial-value problem (1)—(3), we use the following implioit
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-

M A
( u?lTJJ;r ey Fa )H i E—-‘l ('A'k: LI TS PO (u?l-f-j;i '“rjl> ml) Tk + sglosrjlljlr 5y ju (“?IT;:I: ‘"n"JI) El?

X
+ R 1 L +1 e B +1
J1sda e fu uﬂ:—jh Y ."l Pf!:jh '"l.fl (u}lhjlr ""':-.".I) 3 321 Hy "lr-flr "'r-fl'(u“lljh "'rjﬂ’) 5.;

+djll;flr'"r,.lq(Iunl_f‘il'"rjﬂlﬂ)u}:;r.};! "'i-"= ;.-ll'-j];:l"'ijl-r (jiu' 3‘2? "‘I jH) GQ#} (4)
0 . =Uy( Gk, doha, o, Gubs), (M- r=Ui(Jiha, Joha, -, Juba), (5)
u(ﬁ?h L2, 7, mm_{_Em: o, T, t)=u(mlr Tay, ***y Om, **°, TM, t): lﬁmﬁﬂf; (6)

where -Ak,s,j-;,d.,---,J,E-A-lﬁf a(jihi: .?ﬂhﬂ; e (.73 +E) hi'h ey jyhu),
Lemma 1. Assume that |
M = A
(1) i, (@) #a;;,k(m), Elwi,ﬁ(w)&&?wg Ifklﬂ:

for k, s=1, 2, -, M, 1<I<L, where 7y is a positive constant;
(ii) d(w) =0, Q(s)>0, ¢'(s) =0,

for s€ [0, %), | a(x)Q(Ito|*) do<oo, where Qo= | g(z)ds

() o (@) | <K, |600(@) | <Kn, |o(@) | <Ko, | 222 <K,

(o x(@) | <Kp, |The(e) | <Kgp 1<s, B<M,;
(iv) flz, O, u(a) €0, ui(w) €0°,

Then we have the estimales
“ u}th.fh "*..‘fr” Ll‘goiﬂ " (u}ll-.f:. "'-JI)?” nggoij | || (u?h.fh"'-fn Ty “ nggi.l ig;ﬁgﬂj

where O<in- 4t<<T, the constani Oy is independent of 4t and hy,. |
Proof. Muliiplying (4) with(u};, .. 50z and taking the inner produoct, we obtain

((u?IT}I| "*.fu)ﬁ: (!":?11‘}!:'"-11.) f) a (kz ('A' PN PR PR ¥y (u?:}h wog Far )ﬂ?a) Ty (u;l:‘f];. "'JI)E)

B=71

A .
=+ (EZI Gﬂ-.ﬁ,ih '“,.fu(uﬂ:fih“':.fn Tety (lg?::}!- "'L‘?r) E) + (Rfujir ‘",flu?:}h e fad (.”;L:}h'"rfu) f)

X
- (P.‘f: vFas '":.fx(u?:}m '"-Jn}h (H?IT.’tr "*-ﬁx) f) & (;1 Bﬂ;.“'nﬁm '"Jn('u?j;h "‘du>ﬁs? (u?LT.'r].;r*"rjl>g)

+ (g g et TN IR i D) Wi ts (U eesid D) = (T2 s (B0 )8

(D)



348 " JOURNAL OF COMPUTATIONAL MATHEMATICS Vol. 1

Rip

We deduce the terms of (7) as follows:
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where the constant Ky is positive. Summing up the lagt formula for n from Q0 to N -1
and uging the conditions of uniform positive definiteness, we obtain
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Thus, the conclusions of the lemma are obtained from Gronwall’s inequality of

diserete operator and Sobolev’s lemma.
Lemma 2. Suppose the conditions of Lemma 1 are satisfied. Assume that
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where K is a positive constant.
Summing (9) for » from 0 to N —1 and using the preceding deduction, we have
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where K, and K ; are positive constants. Finally, in view of Gronwall’s inequality
and Sobolev’s imbeding theorem, we obtain the conclusions of Lemma 2.

Theorem 1. Suppose the conditions of Lemma 2 are satisfied. Assume that the
solution @W{w, t) of the problem (1)—(3) possesses the bounded pariial derivetives of
fourth order for @ and of second order for t, |#(w, t)|<<C,, Then the solution of the
difference scheme (4)—(6) converges to the solution of the pq"ﬂ&lem (1)—(8) with ardﬂ'r
O(dt+h*) by square norm.
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Multiplying (10) with (e}*1 "3, taking the inner product and using the estimate of
L., norm, we obtlain

M
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where K7 and K5 are positive constants. From Gronwall’s inequality we obtain
| €5 40,4 2o S 008t (dt+17)2,

i.e. the difference solution is convergent by L, norm.

Theorem 2. Suppose the conditions of Lemma 2 are satisfied. Then the solution o f
the difference scheme (4)—(6) is stable for the initial value by Lo norm.

Proof. Suppose that there are the solufions of the difference equations &} ; .. ,.

and ¥, 4, .5, Which satisfy the difference equations (4) and the periodic condition
(6). But, their initial conditions are different. Let
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Similar to the proof of Theorem 1, we can establish equations and initial conditions
satistied by €} ,,...;, and prove the stability.
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