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each other as time evolves. The existence, uniqueness and long time behavior of
global solution have been established. In this note we discuss the conditions for

Z];B[f(gl spreading and vanishing, and more accurate limits of (u, v) as t — oo when spreading
35R35 occurs. Some new results and simpler proofs will be provided.
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1. Introduction

Recently, Guo & Wu [3] studied the existence and uniqueness of global solution (u,v,$1,s2) to the
following free boundary problem

U — ditg, = mu(l — u — kv), t>0, 0<z<si(t),
vy — dovVgy = Tov(1 — v — hu), t>0, 0<x<sat),
ug(t,0) = v, (¢,0) = 0, t>0,

s1(t) = —pius(t,51(t),  s5(t) = —pova(t, s2(t)), >0,

u=0 foraz>s1(t), v=0 forax > sy3(t), t>0,

uw(0,2) = up(z), ©v(0,2) = vo(z), z € [0, 00),

51(0) =59 >0, s2(0) =59 >0,
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where parameters are all positive constants, and ug(xz), vo(z) satisfy

ug € C2([0, s9]), ug(0) =0, up(z) >0 in [0,sY), ug(z) =0 in [s9,00),
= O, =

0
vg € C*(]0, 59]), v5(0) vo(x) >0 in [0,59), vo(z) =0 in [s9,00).

Furthermore, Guo & Wu [3] and Wu [10] investigated the conditions of spreading and vanishing, and more
accurate limits of (u,v) as t — oo when spreading occurs for the cases 0 < k <1 < hand 0 < k, h < 1,
respectively. In this model, © = s1(t) and & = s5(¢) describe the spreading fronts of two competing species,
respectively, and may intersect each other as time evolves.

By use of the arguments of [7, Theorem 2.1] or [12, Lemma 3.1] we can prove that s (t), s5(¢) > 0, and

1+ 2

> ([0,00))]

where DS = {t > 0,0 < z < s;(t)}. Moreover, if s5° = lim;_, $1(¢) < 00, then there exists a positive
constant C' such that

(u,v, 81,82) € CHT22F(Di1) 5 O 22 (ps2) x| O1F

lu(t, Mo, sy <C, ViE>1; [EA

Co/2([1,00)) <C. (1)
Similarly, if s5° = lim; o $2(t) < 00, then there exists a positive constant C’ such that
[v(t, et (o,satyy <O, Vi1 s3]l carz((1,00y) < C- (2)

When s° = 0o (resp., s3° = 00), we say that the species u (resp., v) spreads successfully. When s§° < oo
and lim;_, o maxjg s, (1)) u(t,-) = 0 (resp., 55° < 0o and lim; o maxg 5, () v(t,-) = 0), we say that the species
u (resp., v) vanishes.

We still study the conditions for spreading and vanishing, and more accurate limits of (u,v) as t — oo
when spreading occurs. Some new results and simpler proofs are provided. This short paper can be considered
as the supplements of papers [3,10].

2. Preliminaries

Proposition 1 (/8, Proposition 2.1]). Let d,r,a be fized positive constants. For any given e,L > 0, there
exists le > maux{L7 %\/d/(’f’@)} such that, when a non-negative C%2? function z satisfies

{zt—dzmzrz(a—z), t>0 0<x<l,
I

2:(t,0) =0, z(t,1) >0, t>0

(,
and z(0,2) > 0 in (0,1), then liminf; o 2(¢t,2) > a — € uniformly on [0, L].

Proposition 2 (/1,2]). For any given d,a,b, u > 0, the problem

dq" —cq' +q(a—bg) =0, 0<y<oo,
q(0) =0, ¢(0)=c/u,  qg(o0)=a/b, (3)
c € (0,2Vad); q (y) >0, 0<y<oo

has a unique solution (q,c). Denote v = (,a,b,d) and c = c(y). Then c(v) is strictly increasing in p and
a, respectively, and is strictly decreasing in b. Moreover,
c(y) bd 1

) .
lim =2, lim — = —. 4
H—oo vVad an_0adap /3 )
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