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a b s t r a c t

In this paper we obtain gradient estimates in Sobolev spaces and Orlicz spaces for weak
solutions of parabolic A-harmonic equations under the assumptions that A satisfies some
proper conditions and the given function satisfies some moderate growth condition.
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1. Introduction

Assume that Ω is an open bounded domain in Rn for n > 2 and p > 2n
n+2 . We then consider the following general

nonlinear parabolic problem

ut − div A(∇u, x, t) = div(|f|p−2f) in ΩT =: Ω × (0, T ], (1.1)

where f = (f 1, . . . , f n) and A = A(ξ , x, t) : Rn
× Rn

× R → Rn are two given vector fields, and A is measurable in (x, t)
for each ξ and continuous in ξ for almost everywhere (x, t). Moreover, for given p ∈ (1, ∞) the structural conditions on
the function A(ξ , x, t) are given as follows:

[A(ξ , x, t) − A(η, x, t)] · (ξ − η) ≥


C1|ξ − η|

p, p ≥ 2;
C1(|ξ | + |η|)p−2

|ξ − η|
2, 1 < p < 2, (1.2)

|A(ξ , x, t)| ≤ C2(1 + |ξ |
p−1), (1.3)

A(ξ , x, t) · ξ ≥ C3|ξ |
p
− C4, (1.4)

|A(ξ , x, t) − A(ξ , y, s)| ≤ C5w(|x − y| + |t − s|1/2)(1 + |ξ |
p−1) (1.5)

for all ξ, η ∈ Rn, (x, t), (y, s) ∈ ΩT and some positive constants Ci > 0, i = 1, 2, 3, 4, 5. Here the modulus of continuity
w(x) : R+

→ R+ is non-decreasing and satisfies

w(r) → 0 as r → 0. (1.6)
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