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DlFFERENCE SCHEME FOR WAVE EQUATION WITH STRONG
DISSIPATIVE TERM

Aytekin GULLE : Gabil M. AMIRALIYEV

ABSTRACT
In this study, for the periodic problem with respect to time of wave theory, three-
level difference scheme is presented. The difference scheme is constructed by the method
of integral identities with the use of linear basis functions and’ interpolating quadrature
rules with the remainder terms in integral form. Error of difference solution is estimated.
AMS Subject Classifications. 65L10, 35)35

1. Introduction

‘We discuss the following boundary value problem

_du 3
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and a,b,c.d,f are sufficiently smooth functions in D.

The equations of this type arise in many areas of mathemetical physics
and fluid mechanics. These are used for studies about communication lines,
electron plasm waves in plasmas, ion acoustics waves and other physical
models. (Bullough 1980, Lonngren 1978, lkezi 1978).

We presented three-level difference scheme for this problem. For
wave equation with strong dissipative term, difference schemes is
constructed, mathematical researches are done and approximate error is

presented that the conve'rgence 18 O{h2 +1:2). has been proved.



ixistence, uniqueness and stability ol exact sotution of this type
problems were investigated by several

mathematician. (Lagnese 1972,
Leopold 1985, Webb 1980, Lebedev 1957).

And also. the numerical solutions of this type equations in simpler
models are researched. (Amiralivev 1988).
2. Establish of Differenee Scheme
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0<b, <b(x.)<b’. O<e, <c(x.0)<c”.
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Now. et us establish the mesh o, =, xo, in domain ), such that
oy = {x, =ih i =120 N =10 h= A/ N}

m, = {l_i =jt. j=12....

= M-1 t=T/M}
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We establish the scheme in two stage. Firstly, if the basis functions
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is applicd. the fotlowing semi-discrete difTerence relation can be obtained
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Now. as before, using the basis function {¢ (1)}, exact discrete
dilference relation
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can be written by mceans ol appropriate approximation rules [rom (2.1). I the
inital data in problem (1.1)-(1.4) is sulliciently smooth. the local crros of

R and R'™ will be in form 0(11: JrTz).
Thus, we can lake approximation ol condition (1.4). In addition lo the

basis lunctions above. we take the lollowing basis function
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Il relation (2.1) is multiplicd by ¢,(1) and integreted in interval (0.T).
then by means ol condition (1.4) the lfollowing dillerence relation. which is

appropriate to point t=l,,, can be obtained
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Under the  sulliciently smoothness conditions, cach ol  terms
REM(“).R,M(” has form ()(h2 +’E) :

Finally, dilTcrence scheme lor problem (1.1) - (1.4)
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y(0.t)=y(®.1)=0 . tew,
y(x,0)=y(x.T) . XEW®,,
y(x,1)=y(x,T+1) ., x€w,.

can be given by means of relations (2.2) and (2.3).

| 3. Error Estimates of Approximate Solution

The following difference problem for the error can be written, while
Z=Yy-Uu,
®z=R . (x.l‘)em,‘ X @)
2(0.0)-z(®)=0 . teo,,
7(x,0)=z(x.T) . XE®,,
z(x.1)=z(x.T+1) ., x€®,.
Lemma 3.1. When condition
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held, the following estimation for error of difference problem
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is true, such that

Ay <%a +% and N, = max(éj_a} N = max(_b,?’_b] .

where C and C, , which are independent of h and T, are positive constants.
Proof. We rbegin to prove by taking equivalence,

(Rz,zt+hz)=((R{,0))x+R$”,zl+lz) (3.3)

A>0, which will be chosen later, is real parameter.

The relation (3.3) leads after some transformations to the inequality of

‘the form
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is a mesh function.
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It Is easily to get that
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under the conditlon (3.1) for sufficiently small

320 ([ + [ +) . c>0.

(3.4)



If we apply the difference analogue of differential inequality, which

have periodic condition, we have inequality

Sy [l—exp(wC T] {TZ[p lexp(—Cty- I)}exp( Citg )+ ‘CZ'p [exp{—C 1, ).

1=
K=1.2.....M

Proof of the lemma is completed by taking into account (3.4).
Thus the following theorem can be given.

Theorem 3.1. Let u be an element of C*(D) and conditions of l.emma

3.1 are hold, then the solution of difference problem (2.4) converges to
solution of (1.4) in @, x® and also estimation for convergence rate

T°*

[+ 2+l < (b + %), teor (3.5)

15 true,

Proof. The proof can be directly taken from (3.2) and local errors

which have been obtained. Really we can write the following inequality (or

right hand of (3.2)
2 Joof-Cun ) < SR ) e Jr),

This inequality and local errors
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show that thruthfulness of the theorem.
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