
Nonlinear Analysis: Real World Applications 28 (2016) 48–71

Contents lists available at ScienceDirect

Nonlinear Analysis: Real World Applications

www.elsevier.com/locate/nonrwa

Linear Algebra and its Applications 466 (2015) 102–116

Contents lists available at ScienceDirect

Linear Algebra and its Applications

www.elsevier.com/locate/laa

Inverse eigenvalue problem of Jacobi matrix 

with mixed data

Ying Wei 1

Department of Mathematics, Nanjing University of Aeronautics and Astronautics, 
Nanjing 210016, PR China

a r t i c l e i n f o a b s t r a c t

Article history:
Received 16 January 2014
Accepted 20 September 2014
Available online 22 October 2014
Submitted by Y. Wei

MSC:
15A18
15A57

Keywords:
Jacobi matrix
Eigenvalue
Inverse problem
Submatrix

In this paper, the inverse eigenvalue problem of reconstructing 
a Jacobi matrix from its eigenvalues, its leading principal 
submatrix and part of the eigenvalues of its submatrix 
is considered. The necessary and sufficient conditions for 
the existence and uniqueness of the solution are derived. 
Furthermore, a numerical algorithm and some numerical 
examples are given.

© 2014 Published by Elsevier Inc.

E-mail address: weiyingb@gmail.com.
1 Tel.: +86 13914485239.

http://dx.doi.org/10.1016/j.laa.2014.09.031
0024-3795/© 2014 Published by Elsevier Inc.

Asymptotic behavior of pulsating fronts and entire solutions of
reaction–advection–diffusion equations in periodic media

Zhen-Hui Bua, Zhi-Cheng Wanga,∗, Nai-Wei Liub

a School of Mathematics and Statistics, Lanzhou University, Lanzhou, Gansu 730000,
People’s Republic of China
b School of Mathematics and Information Science, Yantai University, Yantai, Shandong 264005,
People’s Republic of China

a r t i c l e i n f o

Article history:
Received 4 November 2014
Received in revised form 4 August
2015
Accepted 16 September 2015
Available online 11 November 2015

Keywords:
Reaction–advection–diffusion
equations
Periodic media
Pulsating fronts
Asymptotic behavior
Entire solution

a b s t r a c t

This paper is concerned with the reaction–advection–diffusion equations with
bistable nonlinearity in periodic media. Assume that the equation has three equi-
libria: an unstable equilibrium θ and two stable equilibria 0 and 1. It is known that
there exist different pulsating fronts connecting any two of those three equilibria. In
this paper we first study the exponential behavior of the fronts when they approach
their stable limiting states. Then, we establish three different types of pulsating
entire solutions for the equation. To establish the existence of entire solutions, we
consider combinations of any two of those different pulsating fronts and construct
appropriate sub- and supersolutions.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

In this paper, we investigate the following reaction–advection–diffusion equation

ut −∇ · (A(x)∇u) + q(x) · ∇u = f(x, u), (t, x) ∈ R× RN . (1.1)

Let C be the periodic cell defined by

C = {x ∈ RN | x ∈ (0, L1)× · · · × (0, LN )}

for some (Li)1≤i≤N ∈ (R+)N . A function v(x) defined in RN is L-periodic with respect to the variable x if
there holds

v(x+ k) = v(x) for all x ∈ RN and k ∈ L1Z× · · ·LNZ.

∗ Corresponding author.
E-mail address: wangzhch@lzu.edu.cn (Z.-C. Wang).

http://dx.doi.org/10.1016/j.nonrwa.2015.09.006
1468-1218/© 2015 Elsevier Ltd. All rights reserved.

http://dx.doi.org/10.1016/j.nonrwa.2015.09.006
http://www.sciencedirect.com
http://www.elsevier.com/locate/nonrwa
http://crossmark.crossref.org/dialog/?doi=10.1016/j.nonrwa.2015.09.006&domain=pdf
mailto:wangzhch@lzu.edu.cn
http://dx.doi.org/10.1016/j.nonrwa.2015.09.006


Z.-H. Bu et al. / Nonlinear Analysis: Real World Applications 28 (2016) 48–71 49

Now, we give some assumptions on the coefficients. The diffusion matrix A(x) = (Aij(x))1≤i,j≤N is
assumed to be a symmetric C3(Ω) matrix and such that

∃ 0 < c1 ≤ c2, ∀ ξ ∈ RN , ∀ x ∈ RN , c1|ξ|2 ≤ Σ1≤i,j≤NAij(x)ξiξj ≤ c2|ξ|2,
∀ 1 ≤ i ≤ N, 1 ≤ j ≤ N, Aij is L-periodic w.r.t. x.

(1.2)

Then, there exists a constant R such that

∥A∥ ≤ R and |αAβT | ≤ R|α| |β|, ∀ α, β ∈ RN . (1.3)

The advection coefficient q(x) = (qi(x))1≤i≤N is of class C1,δ(RN ) for some δ ∈ (0, 1) and such that
∇ · q = 0 in RN ,
∀ 1 ≤ i ≤ N, qi is L-periodic w.r.t. x,

∀ 1 ≤ i ≤ N,

C
qi(x)dx = 0.

(1.4)

Let the nonlinearity f(x, u) be L-periodic w.r.t. x and of class C1,δ(RN × R) such that

∀ x ∈ RN , f(x, 0) = f(x, 1) = 0,
∃ θ ∈ (0, 1), f(x, θ) = 0, f(x, u) < 0 for u ∈ (0, θ) and f(x, u) > 0 for u ∈ (θ, 1),
∃ ρ1 ∈ (0, 1), ∀ x ∈ RN , f ′u(x, 0)u ≤ f(x, u) for u ∈ (0, ρ1),
f(x, u) ≤ f ′u(x, 1)(u− 1) for u ∈ (1− ρ1, 1),
C×[0,1]

f(x, u)dxdu > 0.

(1.5)

Then f is a bistable nonlinearity. An archetype of such a function f has the form f(x, u) = u(1− u)(u− θ).
Another archetype is f(x, u) = u(1−u)(u−θ)h(x), where h(x) is a positive function and is L-periodic w.r.t. x.

Remark 1.1. By the assumption (1.5), it is easy to see that there exist a constant K > 0 and a sufficiently
small constant 0 < ρ < ρ1 such thatf(x, η)− ξ0(x)η

 ≤ Kη1+δ for 0 < η < ρ, x ∈ C,f(x, 1− η)− ξ1(x)η
 ≤ Kη1+δ for 0 < η < ρ, x ∈ C.

(1.6)

In particular, one has

fu(x, u) < 0 for all (x, u) ∈ RN × [0, ρ) ∪ (1− ρ, 1].

Define

ξ0(x) = f ′u(x, 0), ξ1(x) = f ′u(x, 1), ξθ(x) = f ′u(x, θ).

Let µi (i = 0, θ, 1) denote the principal eigenvalue of the following linearized operator
Li0ψ := −∇ · (A(x)∇ψ) + q(x)∇ψ − ξi(x)ψ,
ψ is L-periodic w.r.t. x

in the sense that there exist positive functions ϕi (i = 0, θ, 1) in RN such that
Li0ϕi = µiϕi in RN ,
ϕi is L-periodic w.r.t. x.

Then by the assumption (1.5), one can easily get

µ0 > 0 and µ1 > 0.
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