J. Partial Differential Equations

Vol. 4, No, 4 (1941), 9-20

THE GLOBAL SOLUTIONS OF A NONLINEAR SYSTEM OF
EQUATIONS OF CHANGING TYFPE"

Sun Hesheng
(Institute of Applied Physics and Computational Mathematics, Beijing 100088)
(Received Oct. 30, 1989)

Absatract In this paper, the global existence of regular solutions to the initial-
boundary value problem for a higher-order multidimensional system of equations of
changing type with a strong nonlinear term is studied.
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In domain Qr = {(t,z)|0 <t < T,z = (z1,--+,2,) € 1 € RB"} we consider the
nonlinear system of equations of changing type

Lu= (H[t}ut)i + [~ I]M_l z D2 (Aag(z)DEu) — grad F(u) = f(t,z) (1)
|ex],|@|=M

and initial-boundary value problem

Du=0, 0£|v|<M—-1 ondllx[0,T]

(2)

w0,z =wlz);l. z€ o R"

where M > 1is an integer, u, f and ¢ are N-dimensional vectors: u = (ug,++- ,upn), f =
(fi.00 fw) © = (1,0 ,en); K(t) is an N x N diagonal matrix: K(t) =diag
{ki(t),---,kn(t)}; Aag are N x N matrices; F is a nonlinear function of vector u;
{1 is a bounded domain with smooth boundary, T is any finite real number.

Assume that the coefficients and functions in (1) and (2) satisfy the following con-
ditions:
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[ (i) ki(t) > 0 when t =0, k(t) > 0 when t € (0, t)

ki(t) = 0 when t = to, k;(t) < 0 when ¢ € (£, T

ki(t) € C?*[0,T), Ki(t) < —ko < O,¥te [D,8), s=1,---,N
(ii)  Ags(x) are symmetric positively definite matrices :

ﬂ'l[ﬂfﬂliﬂn] > ( Z Auglz) DS u, Dfu) = Unlﬂfu|%2{n}, oy, oy = 0
|al.|8l=M

(i) F e C% Flp(z)) € Li(Q) and F satisfies : (3)

Flu) = —C
dF{u :
25| & Gyt 1 Gy = 1,
g
EEF{H} '
{ Gr p -Cr 3 ; — 1} b o o# N
Ea'u;é‘uj| = iiul + G584 3
: ‘ 2
where C > 0,1 < k < 5,and p is a non-negative real number : p < .

n -

| (iv) pi € B*M(Q) N Laoay(Q), fi € HYQr), i=1,---,N

It i1s evident that, in the case M = 1, the system (1) is a nonlinear system of
equations of mixed type, which is elliptic in the domain Q,,, and is hyperbolic in the
domain Qr Y\ @, , t = tg is its degenerate plane. In the case M = 1, system (1) is
of hypoelliptic type in @y, and is of ultrahyperbolic type in Qp Y @y, hence (1) is a
nonlinear system of equations of changing type.

In practical problems there appear higher-order equations of changing type'!l. There
are only a few papers concerning this type of equations ([2-6]), but there is not any
paper concerning the system of equations of changing type.

In the case n =1 in [7] we have proved the global existence of regular solutions to
the problem (1) (2) without any restriction on p.

In the case n > 1, the global existence of regular solutions to the problem (1} (2) is
: 2
proved in [8] only for the case: M =1,2<n <3, p< 2.
: n
In this paper we solve this problem for any n and any M under the restriction

2
p <

n—1

Assume that on the degenerate plane ¢t = ¢, the following normal connected condi-
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