
Accepted Manuscript

A multiplicity result for a nonlinear fractional Schrödinger equation in R
N without

the Ambrosetti-Rabinowitz condition

Claudianor O. Alves, Vincenzo Ambrosio

PII: S0022-247X(18)30496-7
DOI: https://doi.org/10.1016/j.jmaa.2018.06.005
Reference: YJMAA 22321

To appear in: Journal of Mathematical Analysis and Applications

Received date: 25 September 2017

Please cite this article in press as: C.O. Alves, V. Ambrosio, A multiplicity result for a nonlinear fractional Schrödinger equation
in R

N without the Ambrosetti-Rabinowitz condition, J. Math. Anal. Appl. (2018), https://doi.org/10.1016/j.jmaa.2018.06.005

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers we are
providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of the resulting
proof before it is published in its final form. Please note that during the production process errors may be discovered which could
affect the content, and all legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.jmaa.2018.06.005


A MULTIPLICITY RESULT FOR A NONLINEAR FRACTIONAL
SCHRÖDINGER EQUATION IN R

N WITHOUT THE
AMBROSETTI-RABINOWITZ CONDITION

CLAUDIANOR O. ALVES AND VINCENZO AMBROSIO

Abstract. In this paper we study the existence and the multiplicity of positive solutions for the
following class of fractional Schrödinger equations

ε2s(−Δ)su+ V (x)u = f(u) in R
N ,

where ε > 0 is a parameter, s ∈ (0, 1), N > 2s, V : RN → R is a continuous positive potential,
and f : R → R is a C1 superlinear nonlinearity which does not satisfy the Ambrosetti-Rabinowitz
condition. The main result is established by using minimax methods and Ljusternik-Schnirelmann
theory of critical points.

1. Introduction

Recently a great attention has been devoted to the study of the standing wave solutions for the
following nonlinear fractional Schrödinger equation:

iε
∂Ψ

∂t
= ε2s(−Δ)sΨ+ (V (z) + E)Ψ− g(|Ψ|)Ψ for all z ∈ R

N , (NLS)

where N > 2s, s ∈ (0, 1), ε > 0, E ∈ R, and V, g are continuous functions. This equation plays a
fundamental role in fractional quantum mechanics and it has been proposed by Laskin in [33,34].
By a standing wave solution we mean a function of the type Ψ(z, t) = exp(−iEt/ε)u(z). Then,
Ψ(z, t) satisfies (NLS) if and only if u is a solution of the following fractional elliptic problem:{

ε2s(−Δ)su+ V (z)u = f(u) in R
N ,

u ∈ Hs(RN ), u > 0 on R
N .

(Pε)

Here, the fractional Laplacian operator (−Δ)s is defined for a function u : RN → R belonging to
the Schwartz class by

F((−Δ)su)(ξ) = |ξ|2sF(u)(ξ), ξ ∈ R
N ,

where F denotes the Fourier transform, that is,

F(u)(ξ) =
1

(2π)
N
2

∫
RN

e−iξ·xu(x) dx ≡ û(ξ).

Also (−Δ)su can be equivalently represented [26, Lemma 3.2] as

(−Δ)su(x) = −1

2
C(N, s)

∫
RN

(u(x+ y) + u(x− y)− 2u(x))

|y|N+2s
dy, ∀x ∈ R

N ,

where

C(N, s) =

(∫
RN

(1− cosξ1)

|ξ|N+2s
dξ

)−1

, ξ = (ξ1, ξ2, . . . , ξN ).
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