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Abstract: In this paper, we consider the following sublinear biharmonic equations
Au+Vx)u=K@®uP  'u, xeRY,

where N > 5, 0 < p < 1, and K,V both change sign in R¥. We prove that the problem has
infinitely many solutions under appropriate assumptions on K, V. To our end, we firstly infer the
boundedness of PS sequence, and then prove that the PS condition was satisfied. At last, we verify
that the corresponding functional satisfies the conditions of the symmetric Mountain Pass Theorem.

Keywords: biharmonic equation; indefinite potential; symmetric Mountain Pass Theorem
Mathematics Subject Classification: 35J20, 35J65

1. Introduction and main result

In this paper, we consider the following sublinear biharmonic equations
ANu+V(x)u=Kx)uP'u, xRV, (1.1)

where N > 5, 0 < p < 1, V(x), K(x) € L*(RY) both change sign in R" and satisfies some conditions
specified below. Problem (1.1) involved biharmonic operator arises in the study of traveling waves in
suspension bridge. Furthermore, it is well know that biharmonic operator arises in the study of static
deflection of a plate, for more details, we refer the read to [1-3].

For biharmonic equations, there have been many results [4-22] and the references therein. In these
results, some authors studied biharmonic equations on the whole space R" [4,6,9,10,12,14-17,19-21],
in which most of them were focused on superlinear case but few results involving sublinear case [10,15,
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16,20,21]. On the other hand, we notice that, in [4, 19], authors considered the biharmonic equations
under sign-changing potential and superlinear case. However, to our best knowledge, there are no
results of biharmonic equations on RY in case of sign-changing potential and sublinear case. In this
paper, we will investigate the nontrivial solutions for Eq 1.1 with the potential indefinite in sign and
sublinear case, the tool used in our paper is the symmetric Mountain Pass Theorem.

To stated our main result, we assume that:

(H,) V € L*(RY) and there exist @, Ry > 0 such that

V(x) > a, for any |x| > Ry.
(H,) ||V‘||% < % where V*(x) = max{+V(x), 0} and the S is the constant of Sobolev:

2N
||u||§* < S||Au||§, for any u € H*(R"), where 2, = o4

(H3) K € L*(R") and there exist 8 > 0,R, > R, > 0, yo = (1, ..., yv) € RY such that
K(x) < -, for any |x| > R;; K(x) > 0, for any x € B(yo, R>).

Our main result is as follows:

Theorem 1.1. Assume (H,) — (H3) hold. Then problem (1.1) possesses infinitely many nontrivial
solutions.

For biharmonic equations on the whole space RY, the main difficulty one may face is the Sobolev
embedding H*(R") — L*(R) is not compact for s € [2,2,). To overcome this difficulty, one can restrict
the corresponding energy functional to a subspace of H*(RY), which embeds compactly into LS(R")
with certain qualifications or consisting of radially symmetric functions. For example, Yin and Wu [17]
and Ye and Tang [15] considered biharmonic equations with the potential V satisfying following
conditions:

(V) V € CRM,R), inf,gv V(x) > b > 0 and foreach M > 0, meas{x € RY : V(x) < M} < oo,
where b is a constant and meas denotes Lebesgue measure in RY.

In fact, due to the condition (V;), space

X = {u e H*RY) : f |Aul> + [Vul? + V(x)uldx < +oo}
RN

can embed compactly into LS(RY) for s € [2,2,), which is crucial in their paper.

Subsequently, Liu, Chen and Wu [6] and Ye and Tang [16] studied biharmonic equations with AV
instead of potential V under more weaker condition than (V;), i.e.,

(Vo) V. € C(RY,R), inf,zv V(x) > b > O there exists M > 0, meas{x € RY : V(x) < M} < oo,
where b is a constant and meas denotes Lebesgue measure in RY.

Under the condition (V>), it is obvious that V(x) no longer satisfies certain coercive condition.
Hence, corresponding Sobolev’s embedding is not compact. Fortunately, with the aid of parameter A4
(4 > 0 large enough), they obtained that the corresponding energy functional possess the property of
locally compact.
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In [20,21], Zhang, Tang and Zhang considered biharmonic equations on RY under more weaken
conditions than (V) and (V,). However, their results does not allow V(x) to change sign.
Recently, Su and Chen [10] studied the following sublinear biharmonic equation

A’u— Au+ AV (x)u = a(x)f(u) + uKx)uliu, x € RV,
u € H*RY),

where N > 4,1> 0,1 < g <2and u € [0, y]. By using Ekeland’s variational principle and Gigliardo-
Nirenberg’s inequality, they proved the existence of nontrivial solution for the above problem. It is
noticed that their results require conditions V(x) > 0 and K(x) > 0.

However, in this paper, the condition like type (Vi) or (V;) does not be needed. Furthermore,
functions V(x) and K(x) both change sign in R". So, the conditions in this paper more weaken than
that of in [6,10, 15-17,20,21]. On the other hand, our main result also supplement the results obtained
by [4, 19] in which the sign-changing potential and superlinear case were considered. It is worth
pointing out that there are some interesting results, for example [23-36], considered elliptic equations
with an indefinite nonlinearity or sublinear condition or nonlocal terms.

2. Notations and preliminaries

In this paper, we use the following notations. Let

lull, = (f Iulqu) , 1 <g<+o0.
RN

Let E be a Banach space and ¢ : E — R be a functional of class C!, the Fréchet derivative of ¢ at
u, ¢’(u), is an element of the dual space E* and we denote ¢’(u) evaluated at v € E by (¢’ (u), v).
The Sobolev space E = H*(RY) N LP*'(RY),0 < p < 1, endowed with the norm by

llull = lAullz + llull -

Obviously, the space E is a reflexive Banach space.
The energy functional ¢ : E — R corresponding to problem (1.1) is defined by

plu) =5 f AulPdx + f Vuldx - —— | K(x)ul*'dx.
2 RN 2 RN p + 1 RN
It is well know that, under our conditions, ¢ € C'(E) and its critical points are solutions of
problem (1.1).

Definition 2.1. ( [37]) Let E be a Banach space and A a subset of E. Set A is said to be symmetric
ifu € E implies —u € E. For a closed symmetric set A which does not contain the origin, we define
a genus y(A) of A by the smallest integer | such that there exist an odd continuous mapping from A
to R'\ {0}. If there does not exists such a I, we define y(A) = co. We set y(0) = 0. Let T'; denote the
family of closed symmetric subsets A of E such that 0 ¢ A and y(A) > L.

The following result is a version of the classical symmetric Mountain Pass Theorem [37,38]. A
proof can be found in [39].
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Theorem 2.1. ( [39]) Let E be an infinite dimensional Banach space and let ¢ € C'(E,R) satisfy:
(1) ¢ is even, bounded from below, ¢(0) = 0 and ¢ satisfies the Palais-Smale condition.
(2) For each l € N, there exists an A; € I'; such that

sup ¢(u) < 0.

UEA;

Then either of the following two conditions holds:

(i) There exists a sequence u; such that ¢’'(u;) = 0, ¢(u;) < 0 and u; converges to zero; or

(ii) There exist two sequences u; and v, such that ¢'(u;)) = 0,0(u;)) = O,u; # 0, lim_, oty =
0,¢"(v) =0,0(v) < 0,lim;_,, @(v;) = 0 and v; converges to a non-zero limit.

3. Proof of theorem 1.1

Lemma 3.1. If (H,) — (H3) hold. Then any PS sequence of ¢ is bounded in E.
Proof. Let {u,} C E be such that
¢(u,) is bounded and ¢'(u,,) = 0 as n — oo.
That is, there exists C > 0 such that ¢(u,) < C. Then, according to (H3), Holder inequality and

Sobolev embedding, one has that

1 1 1
C>¢u,) == | |Auldx+ = f Vupdx — —— | K@), dx
2 RN 2 RN P +1

RN

1 1 1
> | |Awfdx-> f Vo@uydx = —— | K" (@)lu,|" dx
2 RN 2 RN p +1 RN

4 2
1 1 N " 2
> 5 f A, Pdx - > f V1% dx f ()% dx
2 RN 2 RN RN

o Jon KTl dx

T p+l
1 SVl , ST, P
> (5 - Il = KA
So, thanks to 0 < p < 1, there exists 7 > 0 such that
||Au,|l, < n, for any n € N. 3.1

On the other hand, one has that

u
o, il

2 ()D(un) - %(Qol(un)a un>

11

— - K(x)lu,|"*'d

2 pHLN (Ol lx
1

1 11
={=- K* ()|, |P dx + - = f K™ (0)lu,|"*'d
Yy fR (Olun|”* dx (p+1 2) » (Ol dx
1

2

1

> (K™ () + xBo.r) () lua|”+ dx
p RN

2 +1
(5 = 4) Lo (K700 + Xp0.p0 () i+ dx.

\%
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By (H3), we have that
K*(x) =0, forall |x| > R;.

Then, thanks to K € L*(R"), we have that

24 24
IK™(x) + xpo.g) (%) >0 dx = f IK™(x) + x o) (0| = dx < oo.

RN B(0,R)

So, by Holder inequality and Soblev inequality, we have that

(K*(x) + xBoR) (X)) lun" ' dx
RN

2:—(p+1) p+l
24

. 2 2
< (f (K+(x) +)(B(0,R])(x))2*jp+l) dx) X (f (lun|p+l)p+l dx)
RN RN

jiads +1
<S TIK" + xsoryl 2 Aul5. (3.2)

2%—(p+1)

By (H3) again, we know that K~ (x) > g, for all |x| > R,. Then, we have that

(K™ (%) + xB0.) (X)) Val”* dx 2 min(B, 1)||vn||§ﬂ- (3.3)
RN
Thanks to (3.1), (3.2) and (3.3), there is a constant C; > 0O such that
a2} < Cy + Cillugllper foralln e N

Since 0 < p < 1, {u,} is bounded in LP*!(RY).
Then, from (3.1), we conclude that {u,} is bounded in E. O

Lemma 3.2. ( [40]) Let x,y be for all real numbers, there exists a constant ¢ > 0 such that

1 1 1
[l + 31777 = P = P < eIyl

Lemma 3.3. If (H,) — (H3) hold, then ¢ satisfies the PS condition on E.

Proof. Let {u,} C E be such that

¢(u,) is bounded and ¢'(u,,) — 0 as n — oo.

According to Lemma 3.1, {u,} is bounded in E. Passing to a subsequence in necessary, we can

assume that

u, — uin E,
u, > uin L! RY),2<q<2,,
u, — u, ae RV,

So, for any h € Cy’(RY), one has that

f Au,Ah + V(X)u,hdx — f AulAh + V(x)uhdx.
RN RN
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On the other hand, by Sobolev embedding and Lebesgue’s dominated convergence theorem, one
has that

f KOO|u|P uyh(x)dx — f KO)|ul” tuh(x)dx.
R¥ RN
Therefore, according to above facts, one has that

0= lim (@' (u,), k) = (¢'(u), h), forany h e CPRN).
n—+oo

Hence, we have that
(¢’ (), uy = 0.
Letv, = u, — u, then u, = v, + u, and we have that
@ @)y = Lo (18w + V) dx — [ KOl dx

= [on (1AvaP + |AuP + 2Av,Au + V(x)V2 + V(x)u? + 2V (x)v,t) dx
— Lo KOlunlP* dx + [ KOlulP* dx — [ K(0)lulP* dx
= (@ W, u) + [ |Av,Pdx + [, V(x)vidx
— fox K@l dx + [, KOl dix + 0,(1)
> [ |AvaPdx — [, V- (x)vidx
= Jor K@)l = 1u*") dx + 0, (D).

By Lemma 3.2, we have that

IKO el = [Pt = P = KONV, + ulP*! = [ufP* = [v, [P+
(3.4)
< c|Kx)||ulP|v,].
We claim that
f IK(x)||ul?[v,ldx < C f [ul?|v,ldx — 0, (3.5)
RN RN
as n — +o0o,

In fact, because E — LP*'(RY) is continuous and v, — 0 in E, we obtain that v, — 0 in L**'(RM).

On the other hand, it is obvious that |u|’ € LPTH(RN ). So, by K € L*(R") and definition of weakly
convergence in space LP*!(R"), we have that

f |K(O)llutl”|vyldx < Cf |ul”|v,ldx — 0,
RN RN

asn — +oo.
Hence, according to (3.4) and (3.5), we have that

im [ KOOl =l Jdx = lim f K@yl dx.
N n—-+oo N

n—+oo R R
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Then, we obtain that
(@ ), ) =@ ), u) + [ 1Av,Pdx = [ V- ()vidx
— fox K@Myl dx + 0,(1)
= [ lAv,Pdx - [, V- (x)vidx (3.6)
= Jon (K*(2) + x50 (0)) Ival ' dx

+ [on (K=(%) + X80.2)(0)) Val”* ' dix + 0,(1).
Claim 1: fRN V= (x)v2dx — 0 as n — +oo.
In fact, by (H;), we have that V~(x) = 0, for all |x| > Ry. So, from v, — 0 in L;’OC(RN),Z <q<2,
and V € L*(R"), we obtain fRN V= (x)v2dx — 0 as n — +oo.
Claim 2: fRN (K*(x) + xBog) (X)) VP ldx — 0 as n — +o0.

In fact, by (H3), we have that K*(x) = 0, for all |x| > R;. Thanks to K € L*(R") and v, —
Oin L! (RY),2 < g < 2,, we get

f (K* () + xRy (X)) Val”*'dx — 0
RN

asn — +oo.
Combining claim 1, claim 2, (3.3) and (3.6), we obtain that

0= tim (JIAvI} + min(8, Dlvall)7}).

That is, v, — 0 in E. The proof is complete. O

The proof of following Lemma is based on some ideas of Kajikiya [39] and very similar to the one
contained in [40]. For reader convenient, we give the proof.

Lemma 3.4. If (H,) — (H3) hold, then for each | € N, there exists subset A, € I'; such that,

sup I(u) < 0.

UEA]

Proof. For R, and y, given by (H3), let
B(Ry) = {(x1,---,x) €RY 1 |x; =yl <R,, 1<i<N)}.

Let [ € N be an arbitrary number and define n = min{n € N : n" > [}. By planes parallel to each
face of B(R,), B(R,) be equally divided into n" small partes B; with 1 < i < n". In fact, the length
a of the edge B; is %. Let F; C B; be new cubes such that F; has the same center as that of B;. The
faces of F; and B, are parallel, and the length of the edge of F; is . Let ¢; € C(RM), 1 <i <[, satisfy:
supp(¢;) C B; supp(¢;) N supp(¢;) =0 (i # j); ¢pi(x) = 1forx € F;;0 < ¢i(x) < 1, forall x € RV. Let

S =A(ty, - ) e R maxyqq ] = 1, (3.7)
W= {3, tigi(x) : (11, 1) € ST} C E.
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According to the fact that the mapping (#,---,1,) — Zﬁ:l ti¢; from S=' to W, is odd and
homeomorphic, so y(W)) = y(S'~!) = 1. Since W, is compact in E, it follows that there exists a; > 0
such that

lull* < ay, for any u € W,.

On the other hand, we claim that

llullz < CllAulllull, 3y < Cllul,

p+l

_ _2.(-p)
where s = 6.0

First, we prove that ||u||,, < C||Aul|,Vu € E.
In fact, Vu € E, u € H*(RY), so u, Vu € H'(R"). Then, by Gagliardo-Nirenberg-Sobolev inequality
(since C3°(RY) is dense in H'(R")), we have

IVull2: < CillAull

where 2* = % and C, depending only on N.
Since 2 < 2* < N, by using Gagliardo-Nirenberg-Sobolev inequality again, we have

llzellz, = llull2+y < CollVullpe,

where C, depending on N.
Next, since 1 < p+ 1 < 2 < 2,, by interpolation inequality, we have

ledlla < Naally, Naell 53

1 _ s 4 1l=s _ _2.0U-p)
where 3 = + —1 (thaiis s = 2(2*_‘0_1)).

So [lull, S CIIAull IIMII},+l < Cllull.
According to above facts, there exists ¢; > 0 such that

lull? < ¢, forall ueWw,.
Lett>0andv = 3", t::(x) € W,

etv) =% RN(IAvlz + V(x)Hdx — L T e lf K(x)|ttigil P dx

2 2 1 I 1 (3.8)
< S+ 5lIVilwer = 53 Zicy Jp, KOl dx.
From (3.2), there exists j € [1,[] such that |;| = 1 and |£;] < 1 fori # j. So
/
Z f KlagilP'dx = [ K(x)ltt;¢,+ dx
izl B,‘ J (3’9)
+ Jyop, KOl (1P dx + B [y KOOlttighl™ dx.
According to ¢;(x) = 1 for x € Fj and |¢;| = 1, one has that
fFj K(x)|tt;;7* dx = [t fFj K(x)dx. (3.10)
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By (H3), one has that
fB,.\F_,. K@)lttj (ol dx + 3 fB, K(x)|tt;;7+ ' dx > 0. (3.11)
So, combining (3.3), (3.4), (3.5) and (3.6), we have that

t 1 1 f|P+!
) 14 SIViler = LR (f K(x)dx).
Fi

2 2 (p+ D% 1<isi

Therefore, it is easy to see that
@(tv)

lim sup
t—0 vew,

Hence, we can fixed ¢ small enough such that sup{ep(v),v € A;} < 0, where A; = tW, € I'}. O
Lemma 3.5. If (H,) — (H3) hold. Then ¢ is bounded from below.

Proof. By (H3), Holder inequality and Sobolev embedding, as in the proof of Lemma 3.1, we have that

o) =1 L (1AulP + Vpd)dx - -5 [ KGolul™ dx
> 1 [y (1wl = V-(o?) dx = 2 [ K* (ol dx
Sy AT P+l
2|3 = — |lAully = S lIK IIZ%J_IIIAMIIZ :
Since 0 < p < 1, we conclude the proof. ]

The proof of Theorem 1.1

Proof. In fact, ¢(0) = 0 and ¢ is an even functional. Then by Lemma 3.3, Lemma 3.4 and Lemma 3.5,
the conditions (1) and (2) of Theorem 2.1 are satisfied. Therefore, by Theorem 2.1, problem (1.1)
possesses infinitely many nontrivial solutions converging to 0 with negative energy. O

Remark 3.1. By using Theorem 2.1, we obtain infinitely many nontrivial solutions to problem (1.1).
For infinitely many nontrivial solutions converges to 0, we must verify that the functional ¢ satisfies
some assumption like (A3) in [39], (see Remark 1.2 in [39]). In fact, we can verify this property by
following similar inequality obtained in [ [40], page 460].

4. Conclusions

In this paper, by using the symmetric Mountain Pass Theorem, we prove a class of biharmonic
equations with indefinite potentials has infinitely many solutions. Because our result mainly involves
theoretical research, we don’t know how to use our result to the real applications in practical problems.
So, we should pay attention to both theoretical research and practical application in the follow-up work.
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