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Abstract. In this article, the Hdlder regularity weak solutions a singular parabolic system of p-Laplacian
type is investigated. By the Poincaré inequality, we show that its weak solution within Holder space.
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1 Introduction

Holder estimates of solutions for singular parabolic equations with measurable coefficients was
introduced by Chen and DiBenedetto in [3]. Aftefffjat, researchers were interested to study the other
case of parabolic equations. For example, the interior and boundary Holder continuity for weak
solutions and gradient solutions of degenerate parab§l equations was proved in [9] and [2]. Then, [15]
investigated the same problem for bounded w@k solutions of nonlinear parabolic equations for the
degenerate case. DiBenedetto, et al discussed the question of the regularity of the weak solutions of
singular and degenerate asilinear parabolic equations to proving their Hélder character in [11]. In
2013, Misawa extended the Holder regularity results by [11] for weak solutions of the p-Laplacian
systems originally obtained by [3] to a larger class of right-hand side terms, the singular case was
excluded herasee [13]. Meanwhile, for the singular case we can see the Holder regularity in [5]. In
EEWition, the Holder regularity of gradients and the existence of global weak solutions for evolutionary
p-Laplacian systems with Holder contimnls coefficients and exterior force was proved in [12], [6]. In
B8, Corina and Marjono investigated the local boundedness of weak solutions of p-Laplacian ty§E)
[7]. To prove the local boundedness in [7], we can adap@ihe method to prove energy estimates of
singular parabolic equations in [10]. On the other hand, the existence of global weak solutions of
p-Laplacian type which prove@gin [1] by using the Galerkin method. Furthermore, the intrinsic scaling
EBithod was used to treat the local Holder regularity of weak solutions for degenerate case [8]. The
m'insic scaling method is based on [14], which used the intrinsic scaling method to approach the
regularity for degenerate and singular PDEs.

Motivated by the last result of [8], in this paper, we would investigated the validity of theorem of
local Holder regularity of weak solutions for singular case.

2 Preliminaries
Let {1 be a bounded domain in R™, n > mith smooth boundary 9€2. The unknown function u : (0, 1) x
— R™ is vector valued function, u = u(z) = (u'(2),u?(z),...,u™(2)), where z = (t, 1, x2,...,,,).

Let 1314!—12 < p < 2,m > 2, we consider the following p-Laplacian type as below

{3;1;: — div(|Du/P—2Du) = 0 di (0,T) x Q, @

uw(0,z) = ug(x) pada 3,(0,T) x Q,
where ug(x) € WHP(Q, R™).

The result in [1] shows that for any initial data, there exists a weak solution of (1) from €2 into
R™. On the other hand, the local boundedness of the weak solution of (1) was proved by Corina, K.,
and Marjono in [7]. They modified the intrinsic scaling from the original work by DiBenedetto [10].
They used the intrinsic scaling for singular case. Their main theorem established that intrinsic scaling




well-worked to prove the local boundedness of weak solution of (1).

We now turn to the notion of Hélder continuous functions. For any z,y € {0, if u € C?(Q) satisfy
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then u € C“'"‘(Q)A Corina, K. in [8] shows that the weak solution of (1) in degenerate case is locally
Holder continuous by the following theorem.

] ]

Theorem 1. Let p > 2 and let u be a weak solution of (1) in Q(NgJ*v*.p)(z0). Then u is locally Holder
continuous with some positive c« < 1. Moreover, for any (3, (=) C Q with z}, € Q and 0 < py < 1,
there exist a positive constant C such that

julz) = u(2)| < C{lE—¢|5 + o — |}

holds for any z, 2’ € Q,, where Q,(z) C Q(N"Pp? p)(zg) C Qp (25) T Qapolzp)-

3 Main Result

For singular equation (1) with 1 < p < 2, we have the cylinder of the type
Q(p)zo) = (to — Pz.ﬂf: + ,02) x B(A2 p,ag),

By switching the cylinder (?(p)(z) to Q(1), we have

; 2—p 2. . .
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Suppose that on such a certain cylinder the relations

|DulPdz = AP (2
Q(p)(z0)

Hence, we have
Ay — AP~2div(Du) = 0,

in Q(p)(z0)-

Let u € L>(0,T; WLP(Q, R™)) be a weak solutions of (1) in cylinder @ = (0,7) x Q Where
25 = (tg,79) € @, A = 1and 0 < p < 1 such that Q(p?, /\PE_Zp) (). While, our main theorem is the
following.
,
Theorem 1. Let "2!1‘2 < p < 2,m > 2andu is a weak solution of (1) in Q(p?, /\¥p), then u is
locally o.-Holder continous(gith some 0 < a < 1. Moreover, for any Q3p, (25) C Q with 2 € Q and
0 < po < 1, there is C' > 0 such that

lu(z) —u(@)| < C{lt=t|7 + |z =2},

. p—2
ho(dsjor any z, 2 € Qp[][szl) where Qr'[zﬂ} - Q{pz| /\JTP}[zU) C QP{] (zfl) c Qiip[][z{fl)‘

Proof.
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Figure 1: Any cylinder in

Let Q3p0(2) := Q(3(p0)?, 3(p } ) C @ is any cylmder.lth center zf, = (ty, z)) € @, and
0 < pp <1 Letzg = (to, o) € Qpo(2)) := Q[ pn)2 (po)¥)(z,) be arbitrary and 0 < r < p < 2( pn)v

We work on Q,(z9) := Q(r?,r)(z0) € Q(p?, N7 p) 2y) C Qagp(25), where A > 1. It is easy to see
that

[ DwP@z<ioGl  f Dl
Qrlz0)

Q2N T ) (20)

By using relation (2) we have.

F |DufP dz < CrmiPe, 3
Qr(z0)

where0 < r <1, 0 < o < 1,and C = mpr2 ™.

Next, we substitute (3) tflPoincaré inequality to have

[ lu—ur[Pdz <CrP / | Dul? dz
@r(z0) Qr(20)

<! ?‘J’!l+}'H'jl){t

2
[®1ds for any zy € Q,(20) and 0 < r < 2(py)?.
We invoke the characterization of Holder continuous functions due to Campanato, which implies that for
u € LP(Qpo(2))) and

1 [ )
sup ——— |u = ur " dz <C, (4)
Qpg (20), rmpTPa Qr(z0)
then
S Crﬂ,u Qp[] zifl})
Thus, we have for any two points ré ') € Qpy(z) with [t — | = rP,
|u(t, ) — u(t', z)| £C|t—t'|3. (5)
and let |z — x'| = r, then
[w(t,z") — u( x| (6)
Moreover, we conclude from (5), (6), and triangle inequality that
u(z) — 1+ |z =%}

in Qp, (2() or we have

we nj‘ﬂ(@pn(zt{l))'
Since, Q3p, (z) C @ is arbitrary, then u € C, >0 Q,R™).
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