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Abstract One parabolic p-Laplacian-like differential equation with mixed boundaries is

studied in this paper, where the item ∂u
∂t

in the corresponding studies is replaced by α( ∂u
∂t

),

which makes it more general. The sufficient condition of the existence and uniqueness of

non-trivial solution in L2(0, T ; L2(Ω)) is presented by employing the techniques of splitting

the boundary problems into operator equation. Compared to the corresponding work, the

restrictions imposed on the equation are weaken and the proof technique is simplified. It can

be regarded as the extension and complement of the previous work.
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1 Introduction

Nonlinear boundary value problems (NBVPs) involving the p-Laplacian operator arise from

many physical phenomena, such as reaction-diffusion problems, petroleum extraction, flow
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through porous media and non-Newtonian fluids. Thus, it is a hot topic to study such problems

and their generalizations by using different methods. Employing theories of the perturbations

on ranges of nonlinear operators to discuss the existence of solutions of NBVPs is one of the

important methods, related work can be found in [1–7]. In 2010, Wei, Agarwal and Wong

[8] studied the following nonlinear parabolic boundary value problem involving the generalized

p-Laplacian





∂u

∂t
− div[(C(x, t) + |∇u|2)

p−2

2 ∇u] + ε|u|p−2u = f(x, t), (x, t) ∈ Ω × (0, T )

−〈ϑ, (C(x, t) + |∇u|2)
p−2

2 ∇u〉 ∈ β(u) − h(x, t), (x, t) ∈ Γ × (0, T )

= u(x, 0) = u(x, T ) a.e. x ∈ Ω,

(1.1)

where 0 ≤ C(x, t) ∈ Lp(Ω × (0, T )), ε is a non-negative constant and ϑ denotes the exterior

normal derivative of Γ. Based on the properties of the ranges for pseudo-monotone opera-

tors and maximal monotone operators presented in [9], it is shown that (1.1) has solutions

Lp(0, T ; W 1,p(Ω)), where 2 ≤ p < +∞.

Recently, Wei, Agarwal and Wong [10] studied the following elliptic p-Laplacian-like equa-

tion with mixed boundary conditions




div[(C(x) + |∇u|2)

s

2 |∇u|m−1∇u] + ε|u|q−2u + g(x, u(x)) = f(x) in Ω,

−〈ϑ, (C(x) + |∇u|2)
s

2 |∇u|m−1∇u〉 ∈ βx(u) on Γ.
(1.2)

By using the perturbation results on the ranges for m-accretive mappings presented in [1],

it is shown that (1.2) has solutions in Lp(Ω) under some conditions, where 2N
N+1 < p < +∞,

1 ≤ q < +∞ if p ≥ N, and 1 ≤ q ≤ Np
N−p if p < N for N ≥ 1.

In 2012, Wei, Agarwal and Wong [11] studied the following integro-differential equation

with generalized p-Laplacian operator





∂u

∂t
− div[(C(x, t) + |∇u|2)

p−2

2 ∇u] + ε|u|q−2u + a
∂

∂t

∫

Ω

u(x, t)dx = f(x, t),

(x, t) ∈ Ω × (0, T ),

−〈ϑ, (C(x, t) + |∇u|2)
p−2

2 ∇u〉 ∈ βx(u(x, t)), (x, t) ∈ Γ × (0, T ),

u(x, 0) = u(x, T ), x ∈ Ω.

(1.3)

By using some results on the ranges for bounded pseudo-monotone operator and maximal

monotone operator presented in [3, 12, 13], they obtain that (1.3) has solutions in Lp(0, T ;

W 1,p(Ω)) for 1 < q ≤ p < +∞.

In this paper, motivated by the previous work, we shall consider the following parabolic

p-Laplacian-like problem





α(
∂u

∂t
) − div[(C(x, t) + |∇u|2)

s

2 |∇u|m−1∇u] + ε|u|q−2u + g(x, u,∇u) = f(x, t),

(x, t) ∈ Ω × (0, T ),

−〈ϑ, (C(x, t) + |∇u|2)
s

2 |∇u|m−1∇u〉 ∈ βx(u(x, t)), (x, t) ∈ Γ × (0, T ),

u(x, 0) = u(x, T ), x ∈ Ω.

(1.4)

In (1.4), α is the subdifferential of j, i.e., α = ∂j, where j : R → R is a proper, convex

and lower-semi continuous function, βx is the subdifferential of ϕx, i.e., βx ≡ ∂ϕx, where
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