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1. Introduction

Consider the following second-order Hamiltonian system
li(t) — L(Ou(t) + Wy(t,u®)) =0, teR, (HS)

where u = (uy, ua,...,uy) e RN, W e C!(R x RN, R), and L € C(R, RV*N) is a symmetric matrix-valued function. As usual
we say that a solution u of (HS) is homoclinic (to 0) if u € C2(R, RN*N), 1 £ 0, u(t) — 0 and i(t) — 0 as |t| — oc.

Inspired by the excellent monographs [1,2], by now, the existence and multiplicity of periodic and homoclinic solutions
for second-order Hamiltonian systems have been extensively investigated in many papers (see [3-19] and the references
therein) via variational methods. Also second-order Hamiltonian systems with impulses via variational methods have been
recently considered in [20-22].

More precisely, many authors studied the existence and multiplicity of homoclinic solutions for (HS), such as [7-19].
Some of them treated the case where L(t) and W (t,u) are either independent of ¢ or periodic in t, see for instance [7-9],
and a more general case is considered in the recent paper [9]. In this case, the existence of homoclinic solutions can be
obtained by going to the limit of periodic solutions of approximating problems.

If L(t) is neither a constant nor periodic in ¢, the problem of existence of homoclinic solutions for (HS) is quite different
from the one just described, due to the lack of compactness of the Sobolev embedding. After the work of Rabinowitz and
Tanaka [10], many results [11-19] were obtained for the case where L(t) is neither a constant nor periodic in t. More
precisely, recently, Zhang and Yuan [17] studied existence of homoclinic solutions for (HS) and obtained the existence of a
nontrivial homoclinic solution for (HS) by using a standard minimizing argument.
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Theorem 1.1. (See [17, Theorem 1.1].) Assume that L and W satisfy the following conditions:

(H1) L eC@®,RN*N)and L(t) is a symmetric and positive definite matrix for all t € R and there is a continuous function o : R — R
such that o (t) > 0 for all t € R and (L(t)u, u) > o(t)|u|? and o (t) — +oo as |t| = +00;
2
(Hz) W(t,u) =a(t)|u]” wherea:R — R™ is a positive continuous function such thata € L>(R,R)NLZ7 (R,R)and 1 < y <2 s
a constant.

Then (HS) possesses a nontrivial homoclinic solution.

In [17], authors pointed out that under the assumptions of Theorem 1.1, they were not sure whether (HS) has infinitely
many homoclinic solutions, though W (t,u) is even with respect to u. Motivated by the above fact, in this paper our aim
is to study the existence of infinitely many homoclinic solutions for (HS) under some conditions weaker than those in the
previous theorem. Our tool is the variant fountain theorem established in [23].

Now, we state our main result.

Theorem 1.2. Let the above condition (H1) holds. Moreover, assume that the following condition holds:

2
(Hz) W(t,u)=a(t)|u]” wherea: R — R* is a continuous function such that a(t) € L7 (R, R) and 1 < y < 2 is a constant.

Then (HS) possesses infinitely many homoclinic solutions.

Remark 1.1. Obviously, the condition (H,)’ is weaker than the condition (H3), and it also implies that inf;cg a(t) = 0. Indeed,
2

if we choose a(t) = (1 + |t|)‘%, then a € LZ7 (R, R) and inficg a(t) =0, but a ¢ L%(R, R). In addition, we obtain infinitely

many homoclinic solutions for (HS), not a nontrivial homoclinic solution. So we generalize and significantly improve Theo-

rem 1.1 in [17].

Remark 1.2. Compared with the case where W (t, u) is superquadratic as |u| — o0, the case where W (t, u) is subquadratic
as |u| - +oo has been considered only by a few authors. For example, in [12,19] the authors studied this case. They all
obtained (HS) has infinitely many homoclinic solutions. But due to inf;cg a(t) = 0, there is no constant b > 0 such that
W(t,u) = a®)[ul¥ > blu|” for any (t,u) € R x RN, W(t,u) = a(t)|u]” does not satisfy the conditions (W3) and (Ws)
in [12]. Also W does not satisfy the conditions (W3) and (W4) in [19]. Therefore we also extend Theorem 1.2 in [12] and
Theorem 1.1 in [19].

The remainder of this paper is organized as follows. In Section 2, some preliminary results are presented. In Section 3,
we give the proof of Theorem 1.2 and an example is also given to illustrate our main results.

2. Preliminaries

In this section, the following theorem will be needed in our argument. Let E be a Banach space with the norm || - ||
and E =Py Xj with dimX; < co for any j e N. Set Yy = EB’]‘»:O Xj, Zk = @D}y Xj. Consider the following C!-functional
@, : E — R defined by

@, (u)=A(u)—AB(u), Aell,2].
Theorem 2.1. (See [23, Theorem 2.2].) Suppose that the functional @, (u) defined above satisfies:
(C1) ¢, maps bounded sets to bounded sets uniformly for A € [1, 2]. Furthermore, @, (—u) = @, (u) forall (»,u) € [1,2] x E.
(C2) B(u) >0; B(u) — oo as ||u]| — oo on any finite dimensional subspace of E.
(C3) There exist p > 1 > 0 such that ay(A) := infyez, u)=p, 2 M®) = 0 > br(X) := maxyey,, ju=r, ¥» W) for x € [1, 2], d(}) :=
infyez, jui<p 92 (W) — 0 as k — oo uniformly for 1 € [1, 2].

Then there exist A, — 1, u(ry,) € Yy, such that §"in|Yn ©(n)) =0, gr, W(An)) — ¢k € [dr(2), b(1)] as n — oo. In particular, if

{u(An)} has a convergent subsequence for every k, then @1 has infinitely many nontrivial critical points {uy} C E \ {0} satisfying
©1(ug) > 0~ as k — oo.

Like in [17], let

E= !u e H'(R,RN): /[|u(t)|2 + (LOu®), u®)]de < +oo}.
R
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Then the space E is a Hilbert space with the inner product

(u,v) = /(a(t), v(©) + (LOu®), vo)dt,
R

where (-,-) denotes the inner product in RN, Denote by E* its dual space with the associated operator norm || - ||g+. Note
that E is continuously embedded into LP (R, RM) for all p € [2, +oc]. Therefore, there exists a constant C > 0 such that

lullp <Cllull, YuekE. (2.1)
Lemma 2.1. (See [11, Lemma 1].) Suppose that L(t) satisfies (H1). Then the embedding of E in L*(R, RN) is compact.
Lemma 2.2. Suppose that (H1) and (H,)' are satisfied. If ux — u (weakly) in E, then Wy (t, uy) — Wy (¢, u) in L2(R, RM).

Proof. Assume that u, — u in E. Then uy — u in L*(R, RN) by Lemma 2.1, passing to a subsequence if necessary, we have

lug —ull, > 0, ask— oo.

So it can be assumed that

o
> "l — ullz < +oo,
k=1

which implies that uy(t) — u(t) for almost every t € R and

> |ue® —u®)] =h(t) € R, R). (2.2)

k=1
Furthermore, by the fact that Wy (t,u) = ya(t)|u|V*2u, one has
[Wu (e, w) — Wyt w)| < ya) (Jugl” "+ Ju” 1),
which yields that
2 _ _
[ Wy (t, up) = Wa e, w)|” <2y 2a()® (lugl? = + [u” %)
<2y%a0)? (Jug — ul? 72+ 2ju| 72). (2.3)

Therefore, by (2.2) and (2.3), we have

| W, up) — Wy e, w)|* < 2p2a@? (Jhe) |2 +20u?r=2),

which yields that, combining (2.1) and the Hoélder inequality,

2y—2

/|Wu(t, ug) — Wu(t,u)|2dt<2y2/a(t)2(|h(t)| +2|ul?r7?)
R R

2y -2 2y -2
<2y2||a||;(||h||zy +2ully” ™)
-y

2y -2 _ _
<2y2||a||ji (IRI2Y 2 + 2027 2y 2r —2),
=Y

By using the Lebesgue dominated convergence theorem, the lemma is proved. 0O
Define the functional ¢ on E by

1 .
Q) = 5/[|u(t)|2+(L(t)u(t),u(t))]dt—/W(t,u(t)) dt
R R

= %||u||2 —/W(t,u(t))dt
R

1
=§||u||2—<15(u), (24)

where @ (u) := fp W (t, u(t))dt.
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Lemma 2.3. Under the conditions (H1) and (H3)', we have

¢ WV = /[(a(t), V(D) + (LOu(), v(t))]de — /(Wu (t,u()), v(n)dt

R R
= /[(a(t), V(D) + (LOut), v(t))]dt — &' (u)v (2.5)
R

forany u, v € E, which yields that

@ (wu = ul®> - /(Wu (t,u®), u®)de. (2.6)

R

Moreover, ¢ € C1(E,R), @' : E — E* is compact, and any critical point of ¢ on E is a classical solution of (HS) satisfying u(t) — 0
and 11(t) — 0 as |t| — +oo.

Proof. We firstly show that ¢ : E — R. By (2.1) and the Hélder inequality, we have

2
2-y

0</W(t,u(t))dtz/a(t)|Q(t)|ydt< IIGII%IIUIIJ{ <Clall_2_full”. (2.7)
R R

Combining (2.4) and (2.7), we show that ¢ : E — R.
Next we prove that ¢ € C!(E, R). By (2.4) we have

Lo
p) = ull” = >,

where

P (u) = / W (t, u(t))dt.
R

It is sufficient to show that @ € C!(E,R). In the process we will see that

@' (u)yv = /(Wu(t, u(t)), v(t))dt, (2.8)
R

which is defined for all u, v € E. For any given u € E, let us define J(u): E — R as follows:

](u)v:[(Wu(t,u(t)),v(t))dt, vekE.
R

It is clear that J(u) is linear. Now we show that J(u) is bounded. Indeed, for any given u € E, by (2.1) and the Holder
inequality, we obtain

|Jwyv| = ‘/(Wu(t,u(t)),v(t))dt‘ g/a(t)|u(t)|y’l|v(r)|dt
R

R

1
2
< </a(t)|u(t)|y_ldf> Ivil2
R

-1
<llall_2_flull} ™ vl
Ty
<CVIIGII%IIUIIV_1IIVII- (2.9)
Moreover, for any u, v € E, by the Mean Value Theorem, we have
/ W (t, u(t) + v(b))dt — f W (t, u(t))dt = /(Wu (t.u(t) +0)v(©)), v(D))dt,
R R

R
where 6(t) € (0, 1). Therefore, by Lemma 2.2 and the Hélder inequality, one has
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/(Wu (tu® + 0 v©), vD))dt — /(Wu (tu®), v(o)dt
R R

= /(Wu (L u®) + 0 v(©) — Wy(t, u®)), v(t))dt -0 (2.10)
R

as v — 0 in E. Combining (2.9) and (2.10), we see that (2.8) holds. Similar to the proof of Lemma 3.1 in [17], we obtain &’
is continuous. Therefore, ¢ € C!(E,R) and

o Wv= /[(u(r), V(D) + (LOu), v(t))]dt — /(Wu(t,u(t)), v(t))dt
R R
for any u, v € E, which yields that

¢y = ul? - / (Wa (£, u(®)). u(®)) dt.
R

Now we verify that @’ : E — E* is compact. Letting u, — u (weakly) in E, by Lemma 2.2, we have W, (t, uy) — Wy (t,u) in
L2(R,RM), ie.,

1
2
</|Wu(t,uk)—wu(t,u)|2dt> —0, ask— ooc. (211)
R

Then by (2.1), (2.11) and the Hélder inequality, we have

&' (up) — @' (u)

o= s | (@0~ #'w)|

= sup /(Wu (t, ug) — Wyt u), V>dt‘
vi=1
R

1
2
< supl[( f (Wt u) — Wi, u)!zdt) ||V||2]
TR

1
2
<c(f|wu(t,uk)—Wu(t,u)\zdt> 0, ask— oo.
R

Consequently, @’ is weakly continuous. Therefore, @’ is compact by the weakly continuity of @’ since E is a Hilbert space.
Finally, as the discussion in Lemma 3.1 of [17], we obtain that the critical points of ¢ are classical solutions of (HS)
satisfying u € C2(R, RN), u(t) — 0 and u(t) — 0 as |t| — oo. The proof is complete. O

3. Main results

In order to apply Theorem 2.1, we define the functionals A, B and ¢, on our working space E by

Aw = Zlul?, B(u)=fwa,u>dr,
R

and
@ (u) = A(u) — AB(u)
1
=i = [ W d
R
for all u € E and X € [1,2]. From Lemma 2.3, we know that ¢, (u) € CY(E,R) for all A €[1,2]. We choose a completely

orthonormal basis {e;} of E and define X; :=Re;. Then Z, Y can be defined as that in the beginning of Section 2. Note
that ¢1 = ¢, where ¢ is the functional defined in (2.4).

Lemma 3.1. Let (H1) and (H>)' be satisfied, then B(u) > 0. Moreover, B(u) — oo as ||u|| — oo on any finite dimensional subspace
of E.
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Proof. Obviously, B(u) > 0 follows by the definition of the functional B and (H;)'. Now we claim that B(u) — oo as
lu]l = oo on any finite dimensional subspace of E. Due to inficg a(t) =0, there is no constant b > 0 such that W (t,u) =
a(t)|u]” >blu|? for any (t,u) € R x RN, Therefore, we have to find another way to overcome this difficulty. For any finite
dimensional subspace F C E, there exists €; > 0 such that

meas{t e R: a(®)|u(t)|” > erl|ull’} > €1, YueF\{0}. (31)

Otherwise, for any positive integer n, there exists u, € F \ {0} such that

1 1
meas{t eR: a®)|un®)|” = E”un”y} <5

Set vu(t) := un® o p \ {0}, then ||v,||=1 for all n € N and

llunll

meas{teR: a(t)]vn(t)‘y>%}<%. (3.2)

Since dim F < oo, it follows from the compactness of the unit sphere of F that there exists a subsequence, say {v,}, such
that v, converges to some vq in F. Hence, we have ||vg| = 1. By the equivalence of the norms on the finite dimensional
space F, we have v, — vg in L2(R, RV), ie,

/|vn—v0|2dt—>0, asn — oo. (3.3)
R

By (3.3) and the Hoélder inequality, we have

2-y
/a(t)|vn —vol?dt < (/a(t)% dt) (/ [Vp — v0|2dt>
R R R

Y
2
=|IGII%</IVn—Vo|2dt> — 0, asn— oo. (3.4)
R

Y
2

Thus there exist &, & > 0 such that

meas{t e R: a(t)|vo®)|" > &1} > &. (3.5)

In fact, if not, for all positive integers n, we have
y 1
measit € R: a(t)|vo(t)|” > 1= 0.

It implies that

2 1 2 2
0< /a(t>|vo<t>|V dt < Vol < - IvolP = = 0,

R

as n — oo by (2.1). Hence vy = 0 which contradicts that ||vg| = 1. Therefore, (3.5) holds.
Now let

2o={teR:a®|vo®)|" =&}, 2= {t eR: a®)|va®)|” < %}

and 25 =R\ 2, ={t eR: a®)|va ()| > %}. By (3.2) and (3.5), we have

meas(£2, N $20) = meas (2o \ (25 N 2o))
> meas(£29) — meas(£2; N £2o)

1

z2&— -
n

for all positive integers n. Let n be large enough such that & — & > & and 5'v& — & > 3£ Then we have
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/a(t)|vn—vo|ydt> / at)lva — vol” dt

R 2,082

1
227—1 /a(t)|vo|”dt— / a(t)|vy|¥ dt

2,N820 £2nN820

1 1
Z <2y—_1§1 - E)meas(.Qn N £20)

Jh & _ &%

“2vo2 0 vl
for all large n, which is a contradiction to (3.4). Therefore, (3.1) holds. For the €; given in (3.1), let
2y ={teR: a(t)yu(t)y” >erllull”}, VueF\{0}. (3.6)
Then by (3.1),
meas(§2y) > €1, VYueF\{0}. (3.7)
Combining (H3)" and (3.7), for any u € F \ {0}, we have

B(u)=/W(t,u)dt=/a(t)|u(t)|ydt
R R

> /a(t)}u(t)\y de
2y

2
> e lull¥ meas(£2,) > €7 llull”.

This implies B(u) — oo as ||u|| — oo on any finite dimensional subspace of E. The proof is complete. O

Lemma 3.2. Under the assumptions of Theorem 1.2, there exists a sequence py — 07 as k — oo such that

ag(A):= _inf  @(u) >0,
ueZy, llull=pk
and
dir(A) == inf @) — 0, ask— oo uniformly for » €[1, 2],
ueZy, lull<pk

where Zj, = EB;?ik Xj=span{ey, ...} forallk e N.

Proof. Set By := SUPyez,, juj=1 lltll2. Then By — 0 as k — oco. Indeed, it is clear that 0 < 11 < B, so that gy — B >0, as
k — oo. For every k > 0, there exists uy € Zy such that |ug|| =1 and |lugll2 > Bx/2. By definition of Zj, uy — 0 in E. Then it
implies that u — 0 in L2(R, RN) by Lemma 2.1. Thus we have proved that 8 = 0. By (H»)’ and the Hélder inequality, we
have

1
o5 (u) = 5||u||2—A/W(r,u>dt
R
1 2
>§||u|| —Z/W(t,u)dt
R

2

2
lull® = 2llall_2_lull}
2—y

| = N =

> 7 llul® — 28Y llall 2 full”. (3.8)
b=
Let px = (8] ||a||%)1/(2*7). Obviously, px — 0 as k — oo. Combining this with (3.8), straightforward computation shows

that

1
A):=  inf > —p?>0.
%) UEZk}FuII=p/<(pA(U) 4pk ~



J. Sun et al. /J. Math. Anal. Appl. 373 (2011) 20-29 27

Furthermore, by (3.8), for any u € Z, with ||u|| < ok, we have

@) > =26 llall 2 llull”.
Therefore,

0> inf u) > —287|a ull”.

Z ez ©.(u) = =28, | II% flufl

Since B, px — 0 as k — oo, we have

dr(A) = inf @, (u) —> 0, ask— oo uniformly for A € [1, 2].

ueZy, llull<pk

The proof is complete. O

Lemma 3.3. Under the assumptions of Theorem 1.2, for the sequence {py}xen Obtained in Lemma 3.2, there exist 0 < ry < py for all
k € N such that

by(A):= max @, (u) <0 forall)e(l,2],

ueYy, lull=rg

where Y, = @’]‘-:1 Xj=span{er, ..., e} forallk e N.
Proof. For any u € Yy (a finite dimensional subspace of E) and A € [1, 2], by (H2)', (3.6) and (3.7), we have

1
@ (u) = Enun2 —A/ W (t, u)dt
R

1
< §||u||2—/.a(t)|u(t)‘ydt

2y
1
<5 llull? = € flu)” meas(€2,)
1
< 5 lull® = €fiul”. (39)

2

Choose 0 < r, < min{p, 612_" }. By (3.9), direct computation shows that
12
bry(A):= max @ (u) < —% <0, VkeN.

ueYy, lull=rg

The proof is complete. O
Now we give the proof of Theorem 1.2.

Proof of Theorem 1.2. Evidently, the condition (C1) in Theorem 2.1 holds. By Lemmas 3.1, 3.2 and 3.3, conditions (C3) and
(C3) in Theorem 2.1 are also satisfied. Therefore, by Theorem 2.1 there exist A, — 1, u(A,) € Y, such that

@1, |Yn () =0, @, (un) = cx € [d(2), br(1)],  asn— oo. (3.10)

For the sake of notational simplicity, in what follows we always set u, =u,, for all n e N.
Now we show that {u,} is bounded in E. Indeed, by (H3)', (2.1), (3.10) and the Hélder inequality, we have

||un||2 =2¢;,(un) +2)\n/a(t)|un(t)|ydt
R
<M+4||a|%||un||§
<M +4C"|all 2 flual”, VneN, (3.11)

for some M > 0. Since 1 <y <2, (3.11) yields {uy} is bounded in E.
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Finally, we show that {u,} possesses a strong convergent subsequence in E. In fact, in view of the boundedness of {uy},
without loss of generality, we may assume

U, — Ug, asn— oo, (312)

for some ug € E. By virtue of the Riesz Representation Theorem, (pinh/n :Yp— YF and @' : E — E* can be viewed as
(pj\n ly, : Yo — Y, and @’ : E — E respectively, where Y;¥ is the dual space of Y,. Note that

0= (p;m |Yn (Un) =Up — Ay Pp®'(up), VneN,
where P, : E — Y, is the orthogonal projection for all n € N. That is,

Up = A Pn®’'(uy), VYneN. (3.13)

By Lemma 2.3, we obtain &' : E — E is also compact. Combining this with the boundedness of {u,} and (3.12), one has the
right-hand side of (3.13) converges strongly in E and hence u, — ug in E.

Now from the last assertion of Theorem 2.1, we know that ¢ = ¢4 has infinitely many nontrivial critical points. Therefore,
(HS) possesses infinitely many nontrivial homoclinic solutions by Lemma 2.3. The proof of Theorem 1.2 is complete. O

Example 3.1. Consider the following Hamiltonian system with N = 3:

li(t) — L(Ou(t) + Wy(t, u@®)) =0, VteR, (3.14)
where
1+t2 0 0 1N\
L= o 1+t2 0o |, W(t,u):(l )|u|7.
0 0 1+¢2 +1t]

Leta(t)=t2,y =3 and

1

1 2
a(t):(l+|t|> '

Clearly, (H1) and (H3)' in Theorem 1.2 hold. Therefore, by applying Theorem 1.2, we obtain that Hamiltonian system (3.14)
possesses infinitely many homoclinic solutions. However, it is easy to see that (H;) in Theorem 1.1 is not satisfied. So we
cannot obtain the existence of homoclinic solutions for Hamiltonian system (3.14) by Theorem 1.1.

Acknowledgments

The second author was supported by NFSC (10871206). The third author was partially supported by Ministerio de Educaciéon y Ciencia and FEDER,
Project MTM2007-61724.

References

[1] J. Mawhin, M. Willem, Critical Point Theory and Hamiltonian Systems, Springer, 1989.
[2] PH. Rabinowitz, Variational methods for Hamiltonian systems, in: Handbook of Dynamical Systems, vol. 1, North-Holland, 2002, Part 1, Chapter 14,
pp. 1091-1127.
[3] C. Tang, Periodic solutions for nonautonomous second order systems with sublinear nonlinearity, Proc. Amer. Math. Soc. 126 (1998) 3263-3270.
[4] G. Bonanno, R. Livrea, Multiple periodic solutions for Hamiltonian systems with not coercive potential, J. Math. Anal. Appl. 363 (2010) 627-638.
[5] G. Cordaro, G. Rao, Three periodic solutions for perturbed second order Hamiltonian systems, ]. Math. Anal. Appl. 359 (2009) 780-785.
[6] X. Zhang, Y. Zhou, Periodic solutions of non-autonomous second order Hamiltonian systems, J. Math. Anal. Appl. 345 (2008) 929-933.
[7] A. Ambrosetti, V. Coti Zelati, Multiple homoclinic orbits for a class of conservative systems, Rend. Semin. Mat. Univ. Padova 89 (1993) 177-194.
[8] E. Paturel, Multiple homoclinic orbits for a class of Hamiltonian systems, Calc. Var. Partial Differential Equations 12 (2001) 117-143.
[9] M. Izydorek, J. Janczewska, Homoclinic solutions for a class of second order Hamiltonian systems, J. Differential Equations 219 (2005) 375-389.
[10] PH. Rabinowitz, K. Tanaka, Some results on connecting orbits for a class of Hamiltonian systems, Math. Z. 206 (1991) 473-499.
[11] W. Omana, M. Willem, Homoclinic orbits for a class of Hamiltonian systems, Differential Integral Equations 5 (1992) 1115-1120.
[12] Y. Ding, Existence and multiplicity results for homoclinic solutions to a class of Hamiltonian systems, Nonlinear Anal. 25 (1995) 1095-1113.
[13] Z. Ou, C. Tang, Existence of homoclinic solutions for the second order Hamiltonian systems, ]J. Math. Anal. Appl. 291 (2004) 203-213.
[14] X. Tang, L. Xiao, Homoclinic solutions for non-autonomous second-order Hamiltonian systems with a coercive potential, J. Math. Anal. Appl. 351 (2009)
586-594.
[15] X. Tang, X. Lin, Homoclinic solutions for a class of second order Hamiltonian systems, J. Math. Anal. Appl. 354 (2009) 539-549.
[16] J. Yang, F. Zhang, Infinitely many homoclinic orbits for the second-order Hamiltonian systems with super-quadratic potentials, Nonlinear Anal. Real
World Appl. 10 (2009) 1417-1423.
[17] Z. Zhang, R. Yuan, Homoclinic solutions for a class of non-autonomous subquadratic second-order Hamiltonian systems, Nonlinear Anal. 71 (2009)
4125-4130.
[18] Z. Zhang, R. Yuan, Homoclinic solutions for some second-order non-autonomous systems, Nonlinear Anal. 71 (2009) 5790-5798.
[19] Q. Zhang, C. Liu, Infinitely many homoclinic solutions for second order Hamiltonian systems, Nonlinear Anal. 72 (2010) 894-903.



J. Sun et al. /J. Math. Anal. Appl. 373 (2011) 20-29 29

[20] J.J. Nieto, D. O’'Regan, Variational approach to impulsive differential equations, Nonlinear Anal. Real World Appl. 10 (2009) 680-690.

[21] J. Sun, H. Chen, ]J. Nieto, M. Otero-Novoa, Multiplicity of solutions for perturbed second-order Hamiltonian systems with impulsive effects, Nonlinear
Anal. 72 (2010) 4575-4586.

[22] J. Sun, H. Chen, L. Yang, The existence and multiplicity of solutions for an impulsive differential equation with two parameters via variational method,
Nonlinear Anal. 73 (2010) 440-449.

[23] W. Zou, Variant fountain theorems and their applications, Manuscripta Math. 104 (2001) 343-358.



	Homoclinic solutions for a class of subquadratic second-order Hamiltonian systems
	Introduction
	Preliminaries
	Main results
	Acknowledgments
	References


