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l leferentlal Equatlon and leference Equatlon

Fora nonhnaa.r wave equa.hon in mseous ﬂow a.nd elasiuc. mechanios, the exigienoe
of its solution has been explored ih [1—4]. In this paper, we consider the finite
difference method for the jnitial~boundary value’ problem of ihis nonlinear wave
equation. We establish prior est imates for the solution of the difference equations
on the bagis of the prior éstimated we prove the convergence and gtability of the
difference solutton and the axzstenee an.d aniqueness of the classical solution of the
differential equahon

We oongider the following initial-boundary problem

Uy —Uee= (0 (%) ) st them—f (W),  0<@<I, 0<t<T, | (1.1)
S - ] 1m0 =0 (), u‘iltﬂ.':ui(m), | : (1.2)
u(0, 1) =u(l, $) = ' p 5 (1.3)

where o(p) and f(u) are given funatmns and uo(z) and u;(z) are known funciions.
On the interval [0, 1], the step size of space is 4, and the points of the net are zo=19,

®y=h, «, ;=1 The step size nf time is k. We use the fn]luwmg gymbols of
difference and norm:

(o=t gamd), W= G1),

" L 1 ‘o
(ﬂJ)3=§E(u?+1"”?—1): ()3 ='"—( ,_,_E""”;__i).-

C@mi—u, @ 0 =h P,
Jeil® =5 28 ()7 fujle.~ sup luil.

In this paper wva use C; and K i 1:0 denote posrtwe oongtants.
For the problem (1. 1)~ (1.8), we give the following implieit soheme

(D a+ @ e (0 (()s s)) + (U m —F (4,

.""'1 2, <, J—1,- n=0,1, ., 1.4)
{1 = o (), ("")f-“;t(ﬂ?j): s, v B (1.6)
u3=u}-'~0 G e L ) T LT e B (1 ﬁ'} :
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where u;* ig solved by the initial GOﬂdltlﬁll (1.5). We add quﬂ.ntmes U2, ' u*; and
u*, o solution o}, 1<j<J —1, a=0, 1, --+. The quantities u;” , 'u_1 and H_z are defined
by the following formulas reslaectwaly -

(W) r— (u,).r-—(a((u?)',))mu,).ﬁ—f(u,) . (1.7)
(B a— @) s = (e ((B)2))s+ (D) wr—F (8*D, (1.8)
(& — (B = (0 (B™D))aa+ B sam—[F@ DT, 1.9)

2. Basic Estimations and Exutence of the Solution
for the leferentla] Equatlon N

Lomma 1. Assume that (i) Q(p) = jcr(q*)dr}(] cr(p)ECf" o (p) >0, pE(—oo,
oo); (H)F(“) j'f(’i')d‘i’?'g f(u)€01 f(u)}() uE (;—m m) (iii) u.u(m) EH
u(@) € Iy fQ(%(w))dam [} 7 (uo(a))da<oo. Then'isé have the estimations

| (u)e] <Oy, Il(u"),lgoi’ o “QOE,
ﬂunll ‘5;01, k EH(M")'IH Qoﬂ’

AE Q0,9 <05, ABF@<0, 0<nb<T,

Proof. Multiplying (1.4) by (ui™); ﬂ.nd 'l;a.ki‘ng the inner product we have

(D a, D) — (D @D
= (e () a))a @)+ (@) m (%'Jﬂ) a) (f (ﬂ" '“) Wiy, 2.1)
We deduoe the terms of the above formula as follows o

(*m, @) >L (@D, — (@D, _,(-'_affi**m) ;a—(ﬁ el

~ ((o((uy™ =)).—=, (u*)y) = (ﬂ’((ﬂ"”f):) @y ﬁ)?-'h ,2:5 [Q (WL Dl '
(@™ e, @)1 =— i (‘h‘»}‘“) ks
(f ™, (u"“) ;) =h Z (F (%}'”) ]i-
Thus it follows from (2.1) that |
--(ﬂ (U?ﬂ)iﬂn)ﬁ'—(ﬂ ().l ﬂ)i""h; [Q((ﬂ"ﬂf)s)]i

+1 ™) .fu=+h""21 [F @) 1:<0,
|6yl ] ) 28 ;}Q () +2k ZMf)ﬂl’Hh 2 P .

WL J=1

<@+ +20 S Q@ 'l)a)a-zh;ﬁw)t ey @.2)
From (2.2) and the'conditions of thé lémma ‘we obtain | |

i | Gyl + ) @af R EY)
By Sobolev’s embedding theorem, the following mequa]ihé}halds B
)il <Cy 1@D.<0s, |wl<Cy [8la<Ou: .-



