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1. Introduction

This paper is concerned with the diffusion phenomenon for the Cauchy problem of quasilinear damped wave equation
in the divergence form

uee — 0 (f1(@w) +aue =0,  (x,t) €R" x (0, 00), (11)
u(x,0) =uo(x),  ur(x,0)=us(x), (12)
where 0; := aixl and the summation convention over repeated indices is adopted in (1.1). Here a is a positive constant and

f=(1, F%,..., fM is smooth with f/(0) > 0.
Matsumura [9] proved the global existence and asymptotics of the solutions for the Cauchy problem of the following
second-order quasilinear hyperbolic equations with the first-order dissipation

n
L(u) =ug — Z ajj(x, t, Du)u;; + aug + b(Du) =0,
i,j=1

__ du

where xeR", t >0, >0, uj = 2% ;=2 and

ou
ox;’

Du = (u, ug, uy, up, ..., Up).
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Here the coefficients a;; are smooth and satisfy
Y aijx.t &g =ay) Y & a0) >0
ij i

for xeR", t eRl, y e R"2 £ e R™.

For n =1, under the assumptions that (ug(x), u1(x)) lies in (H3 x H2)(R) N (L' x L")(R) and is small in (H> x H%)(R),
Nishihara [14] showed the Cauchy problem (1.1), (1.2) admits a unique global smooth solution u(x, t) which satisfies

| (u=v, @ =% @ =9)) O] e = O, e72,672). (13)
Here v (x,t) is the unique global solution of the Cauchy problem for the corresponding parabolic equation
aye — f1 (0P =0, (14)
1
Y(x, 0)=uo(x)+au1(x). (1.5)

Under some other smallness assumptions on the initial data (ug(x), uq(x)), if ffooo(uo(x) + %u1 (x))dx =0, (up(x), u1(x))
(H? x HH(@R) N (L' x L1)(R), H.-]. Zhao [24] has proved that v (x, t) is still an asymptotic profile of u(x, t) and satisfies
_3 9 -3
(=, (= ¥)x. @ =) ) (O] = 0D)(t72,t7%,t7 7).

Recently, for the case of ffooo(ug(x) + %ul(x))dx = 0, by suitably choosing the initial data of the parabolic equation,
S.-F. Geng [2] showed the solution ¥ of the corresponding parabolic equation served as the new asymptotic profile of
the solutions for the problem (1.1), (1.2) satisfies

5
[ =& =) = )) O ] =OD(E2,675,673),
which is better than that of i defined by (1.4), (1.5). Here ¥ (x, t) satisfies the following Cauchy problem

a¥ — f1(0) ¥ =0, (1.6)
¥ (x,0) = ug(x) + %m(X) +fF1(ux)xdr, (1.7)
0
where
Fluy = fluy) — F10) — F1 0)uy. (1.8)

The main purpose of our present paper is to extend the L*°-estimate by Yang-Milani in [22,23] to the LP-estimate
(1 < p <o) (note that the L!-estimate is also obtained in [11], but the results there are only in linear problem).
As in [14], we define the profile ¢ (x, t) of the solutions u(x, t) for the problem (1.1), (1.2) as follows:

age — f1'(0)3%¢ =0, (1.9)
1
$(x,0) = () + —u1(x). (1.10)

Then, we can prove that the solution u to the Cauchy problem (1.1), (1.2) converges to the solution ¢ of the problem (1.9),
(1.10) for the linear equation and satisfies the convergence rate (see (1.16) below).

These results indicate that, as t — oo, Eq. (1.1) has a parabolic structure. Such an observation was originally observed by
Hsiao and Liu [4], for the system of hyperbolic conservation laws with damping

Ve — Uy =0, (1.11)
ur+ p(v)x = —ou, (112)

with smooth initial data u(x, 0) = ug(x), v(x, 0) = vo(x), that are asymptotically constant, that is,

(o), vo(®)) — (U, Vi), asx— oo.

In (1.11), (1.12), it assumed that p(v) >0, p’(v) <0, for v > 0, and v¢(x), v+ > 0. Hsiao and Liu showed that the solutions
to (1.11), (1.12) time asymptotically behave like those governed by the Darcy’s law in L? and L® norms. That is, as t tends
to oo, the smooth solution (v(x, t), u(x, t)) which is away from vacuum approaches to the solution (v(x,t), u(x, t)) governed
by the following system with the same initial data:



Download English Version:

https://daneshyari.com/en/article/6418591

Download Persian Version:

https://daneshyari.com/article/6418591

Daneshyari.com


https://daneshyari.com/en/article/6418591
https://daneshyari.com/article/6418591
https://daneshyari.com

