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Abstract

We consider the following singularly perturbed nonlinear elliptic problem
szAu—u—i—f(u):O, u>0 inQ, u=0 ondQ

where the nonlinearity is of subcritical growth an@ is a bounded domain iR”. Under certain
conditions of f, there exists a mountain pass solutien for above problem and the solution

ug exhibits a spike layer as — 0. To see the location of the spike layer for smalt 0,

some additional assumptions, certain nondegeneracy for a limiting problem or monotonicity
of f(¢r)/t, have been assumed. In this paper, we characterize the location of the spike layer
without such additional assumptions fer= 3.

© 2005 Elsevier Inc. All rights reserved.

1. Introduction

Let Q be a bounded domain iR" with 4Q € C2. We are interested in the following
singularly perturbed nonlinear elliptic problem éh

Au—u+fw=0 u>0 InQ, u=0 ondQ. (1)
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A solution of (1) corresponds to a critical point of a functiodéu) = 3 [, &?|Vu|?+

u?dx — Jo F(u)dx on H&’z(Q). Here, F (1) = fé f(s)ds. The following equation will
correspond to a limiting equation to Eqg. (1) as> 0,

Au—u+ fu)=0, u>0inR" and lim u(x) =0. (2

|x]—o00

We assume that a functiofi : R — R satisfies the following conditions:

(fl) feCR,R), f(r) =0 for r<0 and lim_q f(t)/t =0;

(f2) there existsp € (1, 2_4:2) such that limsup, ., f(#)/t? < oc;

(f3) for F(r) = fé f(s)ds, there existsu > 2 such that O< uF(t) < f(t)t for t > 0.

Under conditions (f1)—(f3), there exists a mountain pass solutiof (1) which is
positive on Q. Then, we can deduce from comparison principles that for a maxi-
mum pointx, of ve, there exist constant€, ¢ > 0, independent ot > 0 satisfying
vdx)éCexp(—M ,x € Q. Thus, v, exhibits a spike layer as — 0. Then, a
natural concern is the location of the maximum pointsof the solutionv, for small

e > 0. In a striking paper [12], Ni and Wei proved that

lim dist(x,, 0Q) = maxdist(x, 6Q) 3)
e—0 xeQ

under the following additional conditions

(fl) f e COYR,R);

(f4) f()/t is non-decreasing of0, co);

(f5) for a least energy solutiodl of (2), if AV —V + f/(U)V =0 andV € HL?(R"),

7] )
then,V=a1 ¥ + ... +a,Y for someay, ..., ay.
Ox1 Oxp

In an interesting paper [5], del Pino and Felmer showed that the asymptotic behaviour
(3) can be obtained in a simple manner even without conditior$ &id (f5). Their
approach in [5] depends strongly on the monotonicity condition (f4). In this paper,
developing further the approach in [5], we will prove the asymptotic behaviour (3) in
the case ofn >3 without condition (f4). Thus, we need just conditions (f1)—(f3) to
show the asymptotic behaviour (3). One of basic ideas in [5] is to consider a pass
tu,t € (0,00) for eachu € Hol'z(Q); a function g(r) = I'*(tu) has only maximum
critical points on(0, co) when (f4) holds. We can say that a pdss|t € [0, c0)} is
made by deforming the range af A main idea or a different view point with [5] in
this paper is to deform the domain ofinstead of the range of.

This paper is organized as follows. In Section 2, defining some necessary terms, we
state our main result. Then, we prepare some preliminary results for the proof of the
main result in Section 3. Lastly, in Section 4, we prove our main result.
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