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a b s t r a c t

In this paper, we prove the existence of sign-changing and multiple solutions for the
second-order Sturm–Liouville boundary value problem

−Lu = f (x, u), x ∈ [0, 1]
R1(u) = 0, R2(u) = 0,

where Lu = (p(x)u′)′− q(x)u is the Sturm–Liouville operator, R1(u) = αu′(0)−βu(0) and
R2(u) = γ u′(1) + σu(1). The technical approach is fully based on minimax methods and
invariant sets of descending flow.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

It is interesting to studying the existence of sign-changing solutions. Invariant sets of descending flow defined by a
pseudogradient vector field of a functional in a Banach space plays an important role in the existence of sign-changing
solutions. Themethodwas first proposed by Sun [1]. For the properties of invariant sets of descending flow and applications,
please refer to [2–9].

The Dirichlet boundary value problem
−∆u = f (x, u), x ∈ Ω,
u|∂Ω = 0

has been studied in [5,1] by invariant sets of descending flow. In [10,11]−

a+ b

∫
Ω

|∇u|2

△u = f (x, u), inΩ

u = 0 on ∂Ω

was studied. Sign-changing solutions have been obtained by invariant sets of descending flow.
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