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INFINITELY MANY HOMOCLINIC SOLUTIONS FOR
DAMPED VIBRATION SYSTEMS WITH
LOCALLY DEFINED POTENTIALS

WAFA SELMI AND MOHSEN TIMOUMI

ABSTRACT. In this paper, we are concerned with the existence of infinitely
many fast homoclinic solutions for the following damped vibration system
(1) u(t) + q(t)a(t) — L(t)u(t) + VW (¢, u(t)) =0, Vt € R,

where ¢ € C(R,R), L € C(R, ]RNZ) is a symmetric and positive definite
matix-valued function and W € C'(Rx R R). The novelty of this paper
is that, assuming that L is bounded from below unnecessarily coercive at
infinity, and W is only locally defined near the origin with respect to the
second variable, we show that (1) possesses infinitely many homoclinic
solutions via a variant symmetric mountain pass theorem.

1. Introduction

We are interested in the existence of infinitely many homoclinic solutions for
a class of damped vibration systems

(DV) ii(t) + q(t)u(t) — Ltu(t) + VIV (£, u(t)) = 0, Vt € R,

where ¢ : R — R is a continuous function, L € C(R, RN2) is a symmetric and
positive definite matix-valued function and W : R x RV — R is a continuous
function, differentiable with respect to the second variable with continuous
derivative %—,Vg(t,x) = VW(t, ).

As usual, we say that a solution u of (DV) is classical homoclinic (to 0) if
u € C?(R,RY) such that u(t) — 0 and u(t) — 0 as t — Foo. If u # 0, u is
called nontrivial.

When ¢ =0, (DV) is just the following second order Hamiltonian system:

(HS) ii(t) — L(t)u(t) + VIV (t,u(t)) = 0, ¥t € R.

Homoclinic orbits of Hamiltonian systems are very important in the study of
gaz dynamics, fluid mechanics, relativistic mechanics, and nuclear physics. The
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homoclinic orbits are important in study of the behavior of dynamical systems
which have been researched from Poincaré [12].

In the last three decades, the existence and multiplicity of homoclinic so-
lutions of (HS) have been intensively studied by many mathematicians with
variational methods. Assuming that L(t) and W (¢, z) are independent of ¢ or
periodic in ¢, many authors have studied the existence and multiplicity of homo-
clinic solutions for (HS), see for instance [7,10,11,13,19,27] and the references
therein. In this case, the existence of homoclinic solutions can be obtained by
taking the limit of periodic solutions of approximating problems. If L(t) and
W (t,x) are neither autonomous nor periodic in ¢, compactness arguments de-
rived from Sobolev embedding theorem are not available for the study of (HS),
see [1,2,5,8,14-18,22-26] and the references cited therein.

When ¢ # 0, i.e., the nonperiodic system (DV) has been considered only by
a few authors, see [3,4,6,20,21,28]. In all theses papers, W(t,z) was always
required to satisfy some kinds of growth conditions at infinity with respect to
x, such as superquadratic, asymptotic quadratic or quadratic growth. Besides,
the function L is required to satisfy one of the following conditions:

(1.1) There exists an [ € C(R,R?% ) such that I(t) — +oc as |t| = oo and

L)z -z > 1(t)|z]*, V(t,z) e R x RV,

<

Here and in the following, “-” denotes the usual inner product of RY and ||
is the induced norm.

(1.2) There are constants 0 < 71 < T2 < 400 such that
e <L)z -z <7z, V(t,z) e R x RV,
(1.3) (i) There exists an [ € C(R,R) such that

infi(t) >0 and L(t)z-z > I(t)|z]>, V(t,z) e R x RV,

teR

(i) There exists a constant 7o > 0 such that

lim meas({t €ls —ro, s+ 10| : L(t) < bIN}) =0, Vb >0,

where measg denotes the Lebesgue’s measure on R with density eQ), Q) =
fot q(s)ds. The conditions (1.1), (1.2) and (1.3) guarantee the compactness of
the Sobolev embedding.

In the present paper, we will study the existence of infinity many homoclinic
solutions for (DV) in the case where W (¢, x) is still only locally defined near
the origin with respect to x and L is bounded from below and unnecessary
coercive. More precisely, we make the following assumptions:

(L) There exists a constant o > 0 such that

U(t) = min L()¢ € 2 1o, Yt ER.
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There exists a constant § > 0 such that W € C(R x Bs(0),R) is continuously
differentiable in the second variable with continuous derivative, where B(0) is
the open ball in R centered at 0 with radius 6, and satisfies

(W) W(t,x) is even in « and W (t,0) = 0,Vt € R;

(W) There exist constants v €]1,2[, 81 € [1,2], B2 € [1, 52-] and nonnegative

functions a € Lgl (R,R*), b e Lg" (R,R™) such that o

VW (t,2)| < a(t) +b(t) |z]"~", VY(t,z) € R x Bs(0),
where Lg, will be defined in Section 2;
W (t,z)

1
zl=0 |z

(W3)

= +00, uniformly in t € R.

Our main result reads as follows.

Theorem 1.1. Suppose that (L) and (W1)-(W3) are satisfied. Then the damped
vibration system (DV) possesses a sequence of homoclinic solutions (uy) such
that

max |ug(t)] = 0 as k — cc.

teR

2. Preliminaries

In order to introduce the concept of homoclinic solutions for (DV) conve-
niently, we firstly describe some properties of the weighted Sobolev space FE
on which certain variational functional associated with (DV) is defined and the
homoclinic solutions of (DV) are the critical points of such functional. We shall
use Lé (R) to denote the Hilbert space of measurable functions from R into RY
under the inner product

<u,v>L% :/ReQ(t)u(t).v(t)dt

and the induced norm

1
— Q1) 20t)?
Jullg, = ([ @O uto ar)”

Similarly, Lf)(R) (2 < p < oo) denotes the Banach space of functions on R
with values in RY under the norm

([ 0 )P ar)?
Jullg, = ([ 20 oy )

and L"Qo(R) denotes the Banach space of functions on R with values in RY
under the norm

lull s = esssup {4 fu(t)| ¢ € R}

Consider the Hilbert space

E= {u € HH(R) : /ReQ(t)L(t)u(t) u(t)dt < oo}
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equipped with the following inner product
(1, v) = / 20 [aft) - it) + Lit)u(t) - oe)|ar
R

and the induced norm |u| = (u,u)2. Here H(l2 (R) denotes the Sobolev space
HHR)={ue Lj(R):ac LH(R)}.

Evidently, F is continuously embedded into Hé(R). Hence E is continuously
embedded in L, (R) for all p € [2,00] and compactly embedded in L) ,.(R)
for all p € [2, 0], where Lg’loc(R) denotes the space of measurable functions

u from R into RY such that for all compact K C R, [, e@® ju(t)” dt < occ.
Consequently, for all p € [2, 00|, there exists a constant 7, > O such that

(2.1) [ullpe, < mp lull, Vu e E.

To prove our main result via critical point theory, we shall use the following
symmetric mountain pass theorem developed by Kajikiya [9]. We will first
recall the notion of genus.

Let E be a Banach space and let A be a subset of E. A is said to be
symmetric if 4 € A implies —u € A. For a closed symmetric set A which does
not contain the origin, we define the genus v(A) of A by the smallest integer k
for which there exists an odd continuous mapping from R to R¥ \ {0}. If such
a k does not exist, we define y(A) = +o00. Moreover, we set y(¢) = 0. Let

I'y ={A C E: Ais a close symmetric subset, 0 ¢ A, v(A) > k}.

The properties of genus used in the proof of our main result are summarized
as follows.

Lemma 2.1 (]9, Proposition 7.5]). Let A and B be closed symmetric subsets
of E that do not contain the origin. Then the following hold.

(i) If A C B, then v(A) < y(B).

(ii) The N-dimensional sphere S™ has a genus of N +1 by the Borsuk-Ulam
theorem.

Lemma 2.2 ([9, Theorem 1]). Let E be an infinite-dimensional Banach space
and let ® € CY(E,R) be an even functional with ®(0) = 0. Suppose that ®
satisfies
(1) @ is bounded from below and satisfies the (PS)-condition;
(2) For each k € N, there exists Ay, C I'y, such that
sup ®(u) < 0.
uEAr
Then (a) or (b) below holds.
(a) There exists a critical point sequence (uy) such that ®(ug) < 0 and
limg 00 ug, = 05
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(b) There exist two critical point sequences (uy) and (vg) such that ®(uy) =
0, ur # 0 and limg_,oo up = 0, P(vg) < 0, limg_ oo P(vg) = 0 and (vg) con-
verges to a mon-zero limit.

3. Proof of Theorem 1.1

In order to prove our main result via critical point theory, we need to modify
W (t,z) for  outside a neighborhood of the origin to get W (t,z) as follows.
Choose a constant 7 €]0, $[ and define a cut-off function x € C*(R*,R¥) such
that x(s) =1 for 0 < s <, x(s) = 0 for s > 2r and —2 > x'(s) < 0 for
r<s<2r. Let

(3.1) W(t,z) = x(|z)W(t,z), V(t,z) € R x RN,
Combining (W7), (W2) and the definition of x, we obtain

(3.2) ‘W(t,x)‘ < a(t) || + b(t) |z]”, V(t,z) € R x RV,
and
(3.3) ‘VW(t, g;)‘ < 5(a(t) +b(t) |x|”*1), V(t,z) € R x RV,

Now, we introduce the following modified system:

(DY) i(t) + g(t)a(t) — L{tyu(t) = VW (t,u(t)), t € R

and define the variational functional ® associated with (Y/D?) by

O(u) = % /R e [ a(t))* + L(t)u(t) -u(t)}dt - / QO (¢, u(t))dt

(3.4) R

1
= Ll - otw),
where ¢(u) = [; eQOW (¢, u(t))dt.

Lemma 3.1. Assume that (L), (Wy1) and (W2) are satisfied. Then ¢ €
CYE,R) and ¢' : E — E' is compact, and hence ® € C*(E,R). Moreover

(3.5) o (w)o = /R OV (L, u(t)) - v(t)dt,
(3.6) @' (u)v = (u,v) — / COTW (¢, u(t)) - v(t)dt
R

for all u,v € E, and nontrivial critical points of ® on E are homoclinic solu-
tions of (DV).

Proof. In the following, we will note

= B 5 vB
(37) ﬂ1761_17 627ﬁ7

(51:00752100, lf/Blzl or 52:1)
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It is easy to see that 8,8y € [2,00]. By (2.1), (3.2) and Holder’s inequality,
we have for u € &/

eQ(t) u a u u v
@O |Wue]ar < [ a@luide+ [ v ol

— V7
(3.8) < llall 2 HUIILg1 + bl g IIUHLZQ

< g, llall s lull+ 5, bl s Nl < oo,

which implies that ¢ and ® are both well defined. Now, we prove that ¢ €
CHE,R) and ¢’ : E — E' is compact. By (3.3), for any u,v € E and s € [0, 1],
there holds

VW (t,u+ sv)v‘ <5 [a(t) Fb(E) Ju+ sv\”fl] o]
< 5[a(t) +o(t) (1"~ + o~ )| ol
< 5[a<t) + b(t)(|u\”_1 o] + [v]” )} o).

Hence, by the Mean Value Theorem and Lebesgue’s Dominated Convergence
Theorem, we get for all u,v € E

J— 1 —
lim p(ut sv) — p(u) = lim [ e?® / VW (t,u + rsv)vdrdt
R 0

s—0 S s—0

= / COVW (t, u)vdt = L(u)v.
R
Moreover, it follows from (2.1), (3.3) and Hélder’s inequality that

L] < / QO [T (t, ) fo]dt
R

< 5[/6Q<f>a(t) |v|dt+/eQ<t>a(t) "~V Jo] dt
R R

v

—1
<5 el ol gy + ol Ml ol g

Ly
v v—1
<5[ng, llall s +n5, bl s llul ™" | o], Vo € B,
which means that £(u) is bounded. This means that ¢ is Gateaux-differentiable

on F and its Gateaux-derivative at u is L(u). Let u, — u in E as n — oo,
then (uy,) is bounded in E and

(3.10) Up = win LY,,.(R) as n — oo.
Therefore, there exists a constant ¢; > 0 such that
(3.11) lunll” ™"+ [Jul] ™" < e, VneN.
By (W3), for any € > 0, there exists R, > 0 such that

1
B1 €
(3.12) / QW (a(t))Prdt) ™ < ,
( 81> . ) 40m3,
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(3.13) (/|t>R ecz(t)(b(t))ﬁzdt)% L€

= 20¢ 77%2 '

Combining (3.3) with (3.11)-(3.13), the Hélder’s inequality implies

/ Q1)
[t|>Re

<5 / 9 [2a(t) + b(t) (a4 [ul” )] o] e
[t|>Re

VW (¢, un) — VIV (L, u)‘ o] dt

L

10 / T A
([, €)™ a)™ ol
1
. o / QN (b()P2dt) " (Ilunl”S, + lul”z, ) o, 5
([, <o) (s + 1z ) o
1
10n5 / QO (a(t)rar) ™
5.( e a)

o ([ @O @) (el ul ™)
2Nt Re

€ € €
1t1=5 MeEN and o] =1,

For the R, given above, by (2.1), (3.10) and the continuity of VW, there exists
ng € N such that for all n > ng and ||v|| =1

R.
/ Q1)
~R.

R, N N
< noo/R e@® ‘VW(t, Up) — VW(t,u))dt < g

IN

IN

IN

VW (¢, un) — vW(t,u)] o] dt
(3.15)

Combining (3.14) with (3.15), we get
1£(un) = L(u)|| g = sup |(L(un) — L(u))v]

llvll=1
= sup /eQ(t)(VWN/(t,un)—VW(t,u))-vdt‘
loll=11/R
R — —~
< sup / PO VW (t,up) — VW (t,u)| |v] dt
lvll=1/-R.

4 sup/ 2O [TV () — VIV (1,0 fo]dt
lvll=1J|t|>Re

<§+§:eforalln2no.

This implies that £ is continuous. Thus ¢ € C'(E,R) and (3.5) holds with
¢’ = L. This together with the reflexivity of the Hilbert space E implies that
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¢’ is compact. In addition, due to the form of ®, we see that ® € C*(E,R)
and (3.6) also holds. The proof of Lemma 3.1 is completed. O

Lemma 3.2. Assume that (L), (W1) and (W) hold. Then ® is bounded from
below and satisfies the (PS)-condition.

Proof. Firstly, we prove that ® is bounded from below. By (3.8), it follows

1
B) 2 3 ul - [ 20
(3.16) R

1 2
2 5 llull” =5, ||aHLgl [l =75, ||b|\ng [Jul| 7.

Y

VW (t, u)‘ dt

V

Since v < 2, it follows that ® is bounded from below. Next, we show that ®
satisfies the (PS)-condition. Let (uy) be a (PS)-sequence, that is

(3.17) |D(un)| < M, Vn €N, & (u,) —0asn— oo
for some constant M > 0. By (3.16) and (3.17), it holds

1
M > ) ||un||2 — Mg, ”a”Lgl [lunl — 77% ”b”Lg? HunH”

2

which implies that (u,) is bounded in E since v < 2. Hence, up to a subse-
quence if necessary, we can assume that

(3.18) Up = uin B as n — o0

for some u € E. By virtue of the Riez Representation Theorem, ¢ : E — E’
and ®' : E — E’ can be viewed as ¢ : E — F and ® : F — FE, respectively.
This together with (3.5) and (3.6) yields

(3.19) Un = D (un) + ' (uy,), ¥n € N.

By Lemma 3.1, ¢ is compact. Combining this with (3.17)-(3.19), the right
side of (3.19) converges strongly in F and hence u,, — u in E as n — co. Then
O satisfies the (PS)-condition. The proof of Lemma 3.2 is completed. O

Lemma 3.3. Suppose that (L) and (W3) hold. Then for each k € N, there
exists an A, C E with genus v(Ag) > k such that sup,¢ 4, ®(u) <0.

Proof. Let (e,) be an orthonormal basis of E. Then for each k € N, let
Ey, = @F _ span{en}.

Since Fj is finite dimensional, there exists a constant 7, > 0 such that

(3.20) lu]] < 7% ||uHLZ2 , Yu € Ey.

By (W3), there exists a constant Ry > 0 such that

(3.21) W(t,z) > 72|z, Vt €R, |z| < Ry.

Let u € E such that |ju| < %. By (2.1), we know that |u(t)] < Ry for all
t € R, thus by (3.21), it holds

(3.22) W(t,u(t) > 72 [u(t)|?, Vt € R.
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Therefore, by (3.20) and (3.22), for all u € E,\ {0} with 0 < ||u|| = min{r.Re} _

Noo
Pk, We have

1 —
D) = 5 ul* - /ReQ(t)VW(t,u)dt

1
<5l = [ @O (o) as
R
1
< 2 Il ~ flul?
1 2
- _ipk;a

which implies

1
(3.23) {u e Ex\ {0} : |lu|]| = pr} C Ar = {u €EL:Pu) < —2pi} .
Thus, by Lemma 2.1, (3.23) implies

WAK) =5 ({u€ B\ {0}/ llull = pu} ) > &

hence, by the definition of I'y, we have Ay C I'y. Moreover, the definition of
Ay implies
1
sup ®(u) < —=pi < 0.
u€EAy 2
The proof of Lemma 3.3 is completed. (|

Consequently, ® possesses a sequence of nontrivial critical points (uy) sat-
isfying up — 0 in E as k — oco. By virtue of Lemma 3.1, (ug) is a sequence
of homoclinic solutions of (DV). By (2.1), it follows that maxer |ux(t)] — 0
as k — oo. Therefore, there exists a positive constant kg € N such that for all
k > ko, uy is a homoclinic solution of (DV). This ends the proof of Theorem
1.1.

Acknowledgments. The authors thank the referee for valuable comments
and suggestions that improved the paper.

References

[1] G. Chen, Homoclinic orbits for second order Hamiltonian systems with asymptotically
linear terms at infinity, Adv. Difference Equ. 2014 (2014), 114, 9 pp. https://doi.org/
10.1186/1687-1847-2014-114

[2] H. Chen and Z. He, Infinitely many homoclinic solutions for a class of second-order
Hamiltonian systems, Adv. Difference Equ. 2014 (2014), 161, 15 pp. https://doi.org/
10.1186/1687-1847-2014-161

[3] P. Chen and X. H. Tang, Fast homoclinic solutions for a class of damped vibration
problems with subquadratic potentials, Math. Nachr. 286 (2013), no. 1, 4-16. https:
//doi.org/10.1002/mana. 201100287

[4] P. Chen, X. H. Tang, and R. P. Agarwal, Fast homoclinic solutions for a class of
damped vibration problems, Appl. Math. Comput. 219 (2013), no. 11, 6053—-6065. https:
//doi.org/10.1016/j.amc.2012.10.103


https://doi.org/10.1186/1687-1847-2014-114
https://doi.org/10.1186/1687-1847-2014-114
https://doi.org/10.1186/1687-1847-2014-161
https://doi.org/10.1186/1687-1847-2014-161
https://doi.org/10.1002/mana.201100287
https://doi.org/10.1002/mana.201100287
https://doi.org/10.1016/j.amc.2012.10.103
https://doi.org/10.1016/j.amc.2012.10.103

702

[5]

[6]

7]

[9

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

19]

20]
(21]

(22]

W. SELMI AND M. TIMOUMI

Y. H. Ding, Ezistence and multiplicity results for homoclinic solutions to a class of
Hamiltonian systems, Nonlinear Anal. 25 (1995), no. 11, 1095-1113. https://doi.org/
10.1016/0362-546X(94)00229-B

K. Fathi and M. Timoumi, Even homoclinic orbits for a class of damped vibration
systems, Indag. Math. (N.S.) 28 (2017), no. 6, 1111-1125. https://doi.org/10.1016/
j.indag.2017.08.002

M. Izydorek and J. Janczewska, Homoclinic solutions for a class of the second order
Hamiltonian systems, J. Differential Equations 219 (2005), no. 2, 375-389. https://
doi.org/10.1016/3. jde.2005.06.029

W. Jiang and Q. Zhang, Multiple homoclinic solutions for superquadratic Hamiltonian
systems, Electron. J. Differential Equations 2016 (2016), Paper No. 66, 12 pp.

R. Kajikiya, A critical point theorem related to the symmetric mountain pass lemma
and its applications to elliptic equations, J. Funct. Anal. 225 (2005), no. 2, 352-370.
https://doi.org/10.1016/j.jfa.2005.04.005

X. Lv, S. Lu, and J. Jiang, Homoclinic solutions for a class of second-order Hamiltonian
systems, Nonlinear Anal. Real World Appl. 13 (2012), no. 1, 176-185. https://doi.org/
10.1016/j.nonrwa.2011.07.023

X. Lv, S. Lu, and P. Yan, Ezistence of homoclinic solutions for a class of second-order
Hamiltonian systems, Nonlinear Anal. 72 (2010), no. 1, 390-398. https://doi.org/10.
1016/j.na.2009.06.073

H. Poincaré and R. Magini, Les méthodes nouvelles de la mécanique céleste, II Nuovo
Cimento 1899, 10, 128-130.

P. H. Rabinowitz, Homoclinic orbits for a class of Hamiltonian systems, Proc.
Roy. Soc. Edinburgh Sect. A 114 (1990), no. 1-2, 33-38. https://doi.org/10.1017/
S0308210500024240

P. H. Rabinowitz and K. Tanaka, Some results on connecting orbits for a class of
Hamiltonian systems, Math. Z. 206 (1991), no. 3, 473-499. https://doi.org/10.1007/
BF02571356

J. Sun and T. Wu, Homoclinic solutions for a second-order Hamiltonian system with a
positive semi-definite matriz, Chaos Solitons Fractals 76 (2015), 24-31. https://doi.
org/10.1016/j.chaos.2015.03.004

J. Sun and T. Wu, Multiplicity and concentration of homoclinic solutions for some
second order Hamiltonian systems, Nonlinear Anal. 114 (2015), 105-115. https://doi.
org/10.1016/j.na.2014.11.009

X. H. Tang and X. Lin, Homoclinic solutions for a class of second-order Hamiltonian
systems, J. Math. Anal. Appl. 354 (2009), no. 2, 539-549. https://doi.org/10.1016/
j.jmaa.2008.12.052

X. H. Tang and X. Lin, Infinitely many homoclinic orbits for Hamiltonian systems with
indefinite sign subquadratic potentials, Nonlinear Anal. 74 (2011), no. 17, 6314-6325.
https://doi.org/10.1016/j.na.2011.06.010

X. H. Tang and L. Xiao, Homoclinic solutions for a class of second-order Hamiltonian
systems, Nonlinear Anal. 71 (2009), no. 3-4, 1140-1152. https://doi.org/10.1016/j.
na.2008.11.038

M. Timoumi, FExistence and multiplicity of fast homoclinic solutions for a class of
damped vibration problems, J. Nonlinear Funct. Anal. 2016 (2016), Article ID 9.

M. Timoumi, Ground state homoclinic orbits of a class of superquadratic damped vibra-
tion problems, Communications in Optimisation Theory 2017 (2017), Article AD29.
L.-L. Wan and C.-L. Tang, Existence of homoclinic orbits for second order Hamiltonian
systems without (AR) condition, Nonlinear Anal. 74 (2011), no. 16, 5303-5313. https:
//doi.org/10.1016/j.na.2011.05.011


https://doi.org/10.1016/0362-546X(94)00229-B
https://doi.org/10.1016/0362-546X(94)00229-B
https://doi.org/10.1016/j.indag.2017.08.002
https://doi.org/10.1016/j.indag.2017.08.002
https://doi.org/10.1016/j.jde.2005.06.029
https://doi.org/10.1016/j.jde.2005.06.029
https://doi.org/10.1016/j.jfa.2005.04.005
https://doi.org/10.1016/j.nonrwa.2011.07.023
https://doi.org/10.1016/j.nonrwa.2011.07.023
https://doi.org/10.1016/j.na.2009.06.073
https://doi.org/10.1016/j.na.2009.06.073
https://doi.org/10.1017/S0308210500024240
https://doi.org/10.1017/S0308210500024240
https://doi.org/10.1007/BF02571356
https://doi.org/10.1007/BF02571356
https://doi.org/10.1016/j.chaos.2015.03.004
https://doi.org/10.1016/j.chaos.2015.03.004
https://doi.org/10.1016/j.na.2014.11.009
https://doi.org/10.1016/j.na.2014.11.009
https://doi.org/10.1016/j.jmaa.2008.12.052
https://doi.org/10.1016/j.jmaa.2008.12.052
https://doi.org/10.1016/j.na.2011.06.010
https://doi.org/10.1016/j.na.2008.11.038
https://doi.org/10.1016/j.na.2008.11.038
https://doi.org/10.1016/j.na.2011.05.011
https://doi.org/10.1016/j.na.2011.05.011

HOMOCLINIC SOLUTIONS FOR DAMPED VIBRATION SYSTEMS 703

[23] J. Wei and J. Wang, Infinitely many homoclinic orbits for the second order Hamiltonian
systems with general potentials, J. Math. Anal. Appl. 366 (2010), no. 2, 694-699. https:
//doi.org/10.1016/j.jmaa.2009.12.024

[24] Z. Zhang, Ezistence of homoclinic solutions for second order Hamiltonian systems with
general potentials, J. Appl. Math. Comput. 44 (2014), no. 1-2, 263-272. https://doi.
org/10.1007/s12190-013-0692-y

[25] Q. Zhang, Homoclinic solutions for a class of second order Hamiltonian systems, Math.
Nachr. 288 (2015), no. 8-9, 1073-1081. https://doi.org/10.1002/mana.201200293

[26] Q. Zhang and C. Liu, Infinitely many homoclinic solutions for second order Hamiltonian
systems, Nonlinear Anal. 72 (2010), no. 2, 894-903. https://doi.org/10.1016/j.na.
2009.07.021

[27] Z. Zhang and R. Yuan, Homoclinic solutions for some second order non-autonomous
Hamiltonian systems with the globally superquadratic condition, Nonlinear Anal. 72
(2010), no. 3-4, 1809-1819. https://doi.org/10.1016/j.na.2009.09.022

[28] Z.Zhang and R. Yuan, Fast homoclinic solutions for some second order non-autonomous
systems, J. Math. Anal. Appl. 376 (2011), no. 1, 51-63. https://doi.org/10.1016/j.
jmaa.2010.11.034

WAFA SELMI

DEPARTMENT OF MATHEMATICS
MONASTIR UNIVERSITY

MONASTIR 5019, TUNISIA

Email address: selmiwafa93@gmail.com

MoHSEN TIMOUMI

DEPARTMENT OF MATHEMATICS
MONASTIR UNIVERSITY

MONASTIR 5019, TUNISIA

Email address: m_timoumi@yahoo.com


https://doi.org/10.1016/j.jmaa.2009.12.024
https://doi.org/10.1016/j.jmaa.2009.12.024
https://doi.org/10.1007/s12190-013-0692-y
https://doi.org/10.1007/s12190-013-0692-y
https://doi.org/10.1002/mana.201200293
https://doi.org/10.1016/j.na.2009.07.021
https://doi.org/10.1016/j.na.2009.07.021
https://doi.org/10.1016/j.na.2009.09.022
https://doi.org/10.1016/j.jmaa.2010.11.034
https://doi.org/10.1016/j.jmaa.2010.11.034
mailto: m_timoumi@yahoo.com

