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Abstract

This paper is a continuation of our partial work in [21], where we established that the bounded lo-
cal solution u(z, x) exists and is piecewise smooth for the second order degenerate hyperbolic equation
(8t2 — " Ax)u = f(t,x,u) with the initial data of Cl—piecewise smooth u(0, x) and piecewise smooth
d:u(0, x). In the present paper, we will consider the lower regularity solution of the higher order degenerate
hyperbolic equation in the category of discontinuous and even unbounded functions.
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1. Introduction

In this paper, we will study the local existence and singularity structures of low regularity
solutions to the following higher order degenerate hyperbolic equations

3 (87 — " A)u = f(t,x,u), (t,x)€[0,+00) x R", 0
8/ u(0,x) = 9; (%), 0<j<2 '
and
(02 — 1™ AL (92 — 1™ A )u = f(t,x,u), (1,x)€[0,+00) x R", 12
O u(0, x) = Y (x), 0<k<3, ‘

where m,my,my € N, my #mp, x € R", f is C* smooth on its arguments and has a compact
support on the variable x = (x1, ..., x,), and the discontinuous initial data ¢;(x) (0 < j <2)
and ¥ (x) (0 < k < 3) satisfy one of the assumptions:

@j1(x) forx; >0, Yr1(x) forx; >0,

(A1) ¢j(x) = { Yia(x) forx; <O,

Y (x) = {

@j2(x) forx; <O,

here @1, @2, Yi1, Y2 € CGC(R") with ¢;1(0) # ¢;2(0) and Y1 (0) # Yi2(0).
(A2) ¢j(x) =g;(x, 7). Yr(x) = hi(x, 7). here g (x, y) and h(x, y) € C*(R" x R") have
compact supports in B(0, 1) x B(0,2).

Under the assumptions (A1) and (Az), we could get the following main results.

Theorem 1.1. Under the condition (A1), there exists a constant T > 0 such that
(1) (1.1) has a unique solution u € L*°([0,T] x R") N C([0, T, H%_(R”)) N C(O0,T],
Hi2~(R") N ([0, T1, H™ 72~ (R") and u € C=((0, T] x R" \ I7¥ U Iy), where ¥ =
{(t x) t>0,x; = :|:2’(m+2)/2 }oand Ty = {(t,x): t > 0,x1 = 0}. In addition, here and below
=Moo B |
"gg)l (1.2) has a unique solution ue L0, T] x R)YNC(O0,T], Hz—(R")) N C((0, T],

Hm2 (R")NCY([0,T],H el (R")) and u € C®((0, TI x R*"\ I UT;E), where It =
(2 120,00 = £2028) fori = 1,2,

Theorem 1.2. Under the condition (Az), and further suppose that f satisfies |9/ 8,14 f,x,u)| <
Cryai(1+ )M K=LO} for ||, 1 € NU{0} and 0 < t < To, here Ty > 0 and K > 0 are some
fixed constants, then there exists a constant T > 0 (T < Ty) such that

(1) (1.1) has a unique solution u € loc((O Tl x R") N C(0, 1], Hff(R")) N C(O0,T],
H> T (R") NC ([0, T] H%_2<m+2> ®R"), and u € C®((0, T] x R" \ I}y Uly), where

Ln={(tx):t>0|x]*>= ), and lo = {(t,x): t >0, |x| =0).
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