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THE FINITE DIFFERENCE METHOD FOR THE
PERIODIC BOUNDARY ‘AND INITIAL VALUE
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s "This | pape:r ia mtendad to. study the finits- difference tiethod for the pencdm boundary ﬁ.nd initial

vﬂmprublamofauhmufmwmafgenerahzeﬂzakhmvethm & @ @ . i

| E 1. Introductmn o
- We conmdar the s}rstem Of genera.hzed Zakham? equa,tlona .

§8;1- 809 —a{@)ma+B(z) | 8|28 =0, o Cld)
s —Tea Y= Islm (1.2)
with the periodic boundary condﬁmns e
s(z, t)=s8(a+D, ), 9, t)nq}(a:—l-ﬂ t) Vai t}O | : -(1-.3)
and the initial conditions . . . . . -
8(z, 0)=s0(2), ‘i?(m 0) —"?o(m) m(w 0)=m($) Oﬁm‘éﬂ (1 4)

where 4=+/—1, D}O ¥ is a real constant, o) and B(w) are known functwns
which possess the period D, ﬂ(m t) is an anknown real funoction, (e, #)=(s:(e, t),

" eu(z, £))T ig an M—d_lmenamnal vector of cumplex fonction. When M=1, «(s) =1,
B(m) =0, and y=0, the equation is the model equation presented by Z,'a.lrJ::uau:iD‘\'."':'*”"t
Morales and Lee™* solved this equation by & finite difference method and obtained
many resulis. Guo Bo-ling ®® proved the exisience and aniqueness of the clagsioal
solution, and the stability of the difference scheme correspondmg to the mede]
equation. In this paper the existence, uniqueness of the difference soluhun and thB
convergence, stabllltjr of the scheme are provad 'hheoretically o b Tewpes g 0

2. Symbol and Convention. Difference Schee . |
" Let Q donote the rectangular region [0, D] [0, 7. Let Qi be & 1“"1"_ ingulak

' ‘U'=jh j“ﬁ 1 J’J. (LB B o H s i_f.fzf .3-1 i




No. 4 THE FINITE DIFFERENOE-METEZOD FOR THE PERIODIC... 365

t=nfc n=0, 1 .

where hmD/J and k=T /N. Let o, denote 44 and 7, denote nk We sha.ll be concerned
with functions defined ‘or the lattice: Tégion Q.. For their furward a.nd ‘backward
djjference quotmnts we shall ampluy the fullowmg notatmns

‘;f’i(ﬂj t) F*-[é(ﬂ'}-]-h D) = ‘}‘S(m: rt)] """" A+¢’:

i 5 g Pk cfa;(m;t) é—[fﬁ(ﬂ{,f) '—(.b(iv—k, t)] #7{ d_’tﬁ,' ‘

& = G s)=-—-[¢£m|ﬁzs) P(w, t)],_

e, =L 10,0~ ol D1,

._; v'“' e

'.... - 1

We also introduce inner product a.nd norms apprnprmte to func.iunns dsﬁned on ths
littios Qu: (f, g).=-;f(w,>gcm,)h ﬂ,f,yw (Fo v 1fIam Ui+ 2 |5 21|,

Wl = supl @, | 7] gabd L o (5) ] The norm corrspondiig to
the space Gf square mtegra.ble fundtmns as T e -.
M -=j lf(m) Iﬂdev

where f is a vector va.lued functmn Oorrespondmg to (1 1) (1 4) , We esta.blmh the
following difference scheme, denoted by (2)* or (2)%,

o @E;+s -—n(m)n‘a‘+ﬁ(m)|s"|“s“-=0 | . (2.1)
(2)* |
g g (;, 1) =8&"(@s4a, 1), 12y ) =@y, 8), V4, 120, - - (2.3)
h(ﬂ’h 0) ==En(mf) "?’(ﬂ’:: 0)=‘?In(ﬂ’f) Ji-‘ (ﬂ’h 0)_—‘731(‘1’1) | (2.4)
or &gt oy s R B . ‘
1'3?-!.1"‘3'8; “—%ﬂ_{_d E}t+1+ka 7,Il.'|+1l. u+1_kﬁj|3?+llﬁﬁ?+1; (2-5)
kﬂ

o w=tm—art+ B w"* —k‘r(ﬂ"“ w‘)+-§-§-d ALe)s,  (2.6)

- 83=80, ﬂ?*"??u; W “?‘0 % ~ (2.7)
3?=3ﬂ(¥.§)_;- 3 =n0(®y), '{?Jg—-j‘f.?_.f +-=£59?1(m3)_-1 % (2.8)

eier Ed | T = B Y ! . e S - . :
0 eepld 3, Existence ‘and Uniqueness of Difference Solution

| Wé cﬂn mu.rd the pmblem (2)¥ a5 & nonlinear system of unknowng st and
17"*?;(,;4-3. ﬁwiﬁfmd#, /] r"(jni -, /). .are known. We shall prove the
ng tinig iguenees of the solution for tha gystem (2)¥,

’_ s g} and. {0} (j-l J) the mtg




