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Abstract
In this paper, we study the following damped vibration problem

4 @Oy + B + (3908 = AD) x + Hot,2) =0, 1R,
x(0) —x(T)=x0)—x(T)=0, T=>0.

Under a new super-quadratic condition, we obtain a sequence of periodic solutions with the
corresponding energy tending to infinity by using a fountain theorem.
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1 Introduction
Consider the following damped vibration problems

F4 (@) Inxn + B)F + (%q(t)B —A®)x+H (. x) =0, 1R,
X(0) = x(T) =i(0) —i(T) =0, T >0,

(1.1)
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where x = x(t) € C*(R,RY), Iyyy is the N x N identity matrix, ¢(t) € L'(R,R)
is T-periodic and satisfies fOTq(t) dt = 0, A(t) = [a;j(t)] is a T-periodic symmetric
N x N matrix-valued function with ¢;; € L°(R,R) (Vi, j =1,2,..., N), B = [b;;]is an
anti-symmetric N x N constant matrix, H (¢, x) € C 1 (R x RN, R) is T-periodic in ¢, and
H, (¢, x) denotes its gradient with respect to the x variable.

The existence of periodic solutions for damped vibration problems has been extensively
studied in recent decades. When B = 0 and ¢(¢#) = 0, the problem (1.1) is the familiar
second order Hamiltonian system, and there have been many results on the existence and
multiplicity of periodic solutions (see [2, 7, 8, 13, 1518, 20, 23] and references therein).
When B = 0 and ¢(¢) # 0, the authors [19] studied problem (1.1) and obtained the exis-
tence and multiplicity of periodic solutions by using variational methods. When B # 0
and g (t) # 0, many authors (see [3—-6, 9-11, 14, 21]) have studied the existence and mul-
tiplicity of periodic solutions for Eq. 1.1 under various assumptions. In [10], the authors
established the variational framework for problem (1.1) and obtained infinitely many non-
trivial periodic solutions under the Ambrosetti-Rabinowitz super-quadratic condition by
using a symmetric mountain pass theorem. In [21], the author obtained infinitely many peri-
odic solutions for a class of second-order damped vibration systems under super-quadratic
and sub-quadratic conditions by using a symmetric mountain pass theorem and an abstract
critical point theorem. In [3-5], the author considered (1.1) with nonlinearities being asymp-
totically linear at infinity, being suplinear at infinity and being sublinear at both zero and
infinity, and he obtained infinitely many nontrivial periodic solutions by using the variant
fountain theorem [22].

In this paper, we study the multiplicity of periodic solutions for the problem (1.1) under
a new super-quadratic condition (see (H3) below) introduced by Tang and Wu [17], where
the authors obtained the existence of periodic solutions for second-order Hamiltonian sys-
tems by using a local linking theorem [12]. Here by using a fountain theorem in [1], we
shall obtain infinitely many periodic solutions for the problem (1.1) with the corresponding
energy tending to infinity. Furthermore, we make the following assumptions:

H@x) _
Ix2

(Hy) there exists @ > 0 and ro, > 0 such that (H, (. x),x) > (2 n L) H(t., x) for

Ix[?

(H)) limpy -0 +o00 uniformly for ¢ € [0, T'];

every x € RY with |x| > roo and ¢ € [0, T1;
(H3) thereexist C; > 0, Cy > 0 and p > 2 such that
|Hy(t, )] < Cilx|P~" + C
fort € [0,T], x € RN,
Now we state our main result.

Theorem 1.1 Assume that (H1)—(H3) hold and H (t, x) is even in x, then the problem (1.1)
has infinitely many periodic solutions with the corresponding energy tending to infinity.

Remark 1.2 We consider the following general case of (H»):

(Hy)g there exists a > 0 and roo > O such that (H, (¢, x), x) > (2 + ﬁ) H(t, x) for

some 6 > 0 and every x € R with |x| > roo and ¢ € [0, T].
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Clearly, if 0 < 6 < 2, then (Hj)p implies (H>) and thus Theorem 1.1 also holds under
(Hy), (H2)g, and (H3). However, we do not know whether the theorem is still true for some
6 > 2. We think this is an interesting question.

Remark 1.3 Now we give some comparisons between the super-quadratic condition (H>)
and the super-quadratic conditions in related papers [4, 9, 10]. We will see that the
super-quadratic condition (H>) is weaker than those in [4, 9, 10]. In [10], the authors
obtained infinitely many periodic solutions of Eq. 1.1 under the Ambrosetti-Rabinowitz
super-quadratic condition

(AR) there exist a constant 4 > 2 and r > O such that 0 < uH (¢, x) < (Hy(z, x), x) for
all x € R"\{0} and |x| > r.

In [4], under more general super-quadratic conditions, the author obtained infinitely many
periodic solutions for Eq. 1.1. He assumed (H) and

(SHp) there exist constants di > 0 and «; > 2 such that
He(e 0l = di (14 e 1)

(SHy) %(Hx(t,x),x) > H(t,x) > 0forall (, x) € [0, T] x RV;
(SH3) thereis a constant b > 0 such that
H,(t —2H(t
lim inf 2 0. %) @9 ) uniformly for ¢ € [0, T].

|x|—o00 [x |1

Later, the authors [9] obtained infinitely many periodic solutions for Eq. 1.1 under the super-
quadratic conditions used in [4] and some weaker conditions, they assumed (H) and

(SHI/) H(t,x) > 0forall (t,x) € [0, T] x R;
(SH;) there exists & > 2 such that
H,(z, x)

R’ T < oo uniformly for ¢ € [0, T];
X|—> 00 X
(SH3’) there are constants b > 0 and 1 < 8 € (@ — 2, 00) such that

.. (Hy(t,x),x) —2H(, x)
lim inf
Ix|—o00 |x|f

> b uniformly for ¢ €[0,T].

Clearly, the conditions (SHj)-(SH3) or (SHI’)—(SH3’) imply (Hy) and (H3). On the other
hand, let H (¢, x) = |x|* In(1 + |x|?) + sin |x|? — In(1 + |x|?) (see [17]). It is not difficult to
see that H (¢, x) satisfies the conditions (H;) — (H3) in Theorem 1.1. However, as pointed
in [17], we have

. (Hy(t,x),x) —2H(1, x)
lim inf =0
|x|—00 |x|)‘
for any A > 0, so H(t, x) does not satisfy the conditions (SH3) and (SH3’). Hence, the

super-quadratic conditions in Theorems 1.1 are weaker than the above super-quadratic
conditions.

The paper is organized as follows. In Section 2, we give the variational framework and

some important preliminary lemmas. In Section 3, we prove the main result by using a
fountain theorem.
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2 Preliminaries

In this section, we will give some preliminaries and prove an important compactness result.
We will use | - || .» to denote the norm of L” ([0, T]; RV) for any p > 1. Let W := H; be
the usual Hilbert space defined by

H} = {x : [0, T]—>RN| x is absolutely continuous, x(0)= x(T), x € L? <[0, T], RN>}

T ) 5 12
||x||o=(/ 00 (1x2+ 1512 dr) ", x e W,
0

where Q(t) = f(;q(s) ds. Since q(1) € L' (R, R) is T-periodic and satisfies fOTq(t)dt =0,
we see that Q(¢) is a T-periodic continuous function. Then there exist two positive constants
c1 and c; such that

with the norm

c1 <ef® <, Vrel0, T 2.1

Hence, the norm || - || is equivalent to the usual one || - ||w on W, i.e.,

1

2 2 \2
Il = (15172 + Ix132) " x € W.

We denote by (-, -)¢ the inner product corresponding to || - || on W.
Define the functional ¢ on W by

T T
o(x) = %/ eQ® [|5c|2 + (Bx, %) + (A(t)x,x)] dt—[ COH@, x)dt, x e W. 2.2)
0 0

By Lemma 2.1 in [10], we see that ¢ is continuously differentiable on W. In addition, we
have

p T ool ] " o0
(px).y)= [ eI, )= (Bi.y) = 2q()(Bx.y)+(Ax. y)|di— | - e=(H (1, x), y)dt
0 0
for all x, y € W. Then the solutions of problem (1.1) correspond to the critical points of ¢

(see Lemma 2.2 in [10]).
Let L : W — W be the linear operator defined by

T 1
(Lx, y)o == / QW [(Bx,y)+ 2q(t)(Bx,y>} dt, Vx,y e W.
0

By Lemma 2.3 in [10], we have that L is a bounded self-adjoint linear operator and compact
on W. Since B is an antisymmetry N x N constant matrix, using the integration by parts,
we know that

T T
1
(Lx, x)o := / eQ® [(Bx, x) + 5q()(Bx, x)] dt = / eCD(Bx, x)dt.
0 0
It is not difficult to see that there exists a constant by > 0 such that
T
/ @D (B, x)dt < bolx|3. (2.3)
0

Let K : W — W be the operator defined by

T
(Kx,y)o = (Lx,y)o + / QO — A@)x (1), y(1))dt, Yx,y e W.
0
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Then K is a bounded self-adjoint linear operator and compact on W (see [10]). According
to the classical spectral theory, we have the decomposition

W= Dw v
where WO := ker(I — K), W+ and W™ are the positive and negative spectral subspaces of
I — K on W respectively. Clearly, W~ and W9 are finite dimensional. We can define a new
equivalent norm | - || on W such that (I — K)xT, x¥)g = +|x*|? for x* € W* with the
corresponding inner product denoted by (-, -). Then there exist positive constants ¢} and ¢}
such that

hlixllo < llxll < callx o 2.4

We can rewrite the functional ¢ by

T
Px) = %((1 — K)x,x)o —/ e2OH @, x)dt
0 2.5)

1 T

=5 (P =17 ) = [ @O nar, xew.
0

Now we state an important lemma from [1] which will be used to prove the main result.

Let X be a Hilbert space with X = X! @ X2, where X2 is a finite dimensional subspace

of X. Let X } cX 21 C - - - be a sequence of finite dimensional subspaces of X! such that

o0
UX) = X' Let X, = X} @ X?. We say that ® € C!(X, R) satisfies the (C)* condition
n=1

at level ¢ € R with respect to {X,,} if each sequence {x;} satisfying
/
Xj € Xayony = 00, @) = ¢, (L4 [l (@lx,, ) () = 0
contains a subsequence which converges to a critical point of .

Lemma 2.1 (see Theorem 2.2 of [1]) Suppose that ® € CY(X,R) is even, i.e., P(—x) =
®(x) and

(a1) @ satisfies the (C)}: condition at level ¢ > 0 with respect to {X,};
(ay) there exists a sequence ry > 0, k € ZT, such that

by = inf o (x) — oo;
xeXi . llxl=rx

(a3) there exists a sequence Ry > ry such that, for x = rxteX= X,l &b X2 with
xte X,i, x2 e X2 and max{llxlll, ||x2||} = Ry, one has ®(x) < 0 and

dy = sup d(x) < 0.

x€Xg,max{llx [, 121} < Re

Then ® has an unbounded sequence of critical values.

Here weset X = W, X' = Wt and X2 = W~ &b WO, Let {em}},—, be an orthonormal
basis of X!. And define

x! spanf{e, ez, -+ ,en},n €N,

1
X, =X, P x>
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Lemma 2.2 Suppose that (H1) and (Hp) hold, then ¢ satisfies the (C) condition at level
¢ > 0 with respect to {X,,}.

Proof Let {x;} be a sequence in W such that
xj € Xuj nj = 00, o)) > ¢, (I+Ixjl0)(glx, ) (x)) = 0. (2.6)

Now we prove that the sequence {x;} is bounded in W. If not, there is a subsequence of
{x;} (for simplicity still denoted by {x;}) satisfying [|x;[lp — o0 as j — oo. Let w; =
”;ﬁ, then {w;} is bounded in W. Hence, we may assume that for some w € W, there is a
subsequence of {w;} (still denoted by {w;}) such that

wj — o weaklyin W, 2.7

wj —>  inC ([0, T],RN>. 2.8)
We claim that w(z) = 0. If not, set £y = {t € [0, T] : |w(¢)| > 0}, then |E{| > 0, where

|E1] is the Lebesgue measure of Ey. Since ||lx[lo — +00, we have |x; ()| — ooas j — o0
for any t € E1. Then by (H;), we have that

H(t, xj(1))
————"" =400 on Ej. 2.9)
j—oe |x;(0)]?

From (H;) and H(t, x) € C! (R x RN, R), there exists a constant C3 > 0 such that
H(t,x) > —C3 (2.10)

for any x € RV and ¢ € [0, T]. Then by Eqs. 2.1 and 2.10, we obtain

T ,0() . o) . () .
e H(t, x e H(t, x e H(t, x
/ #dt :/ #d[ +/ #dl
0 llx; 115 Ey llx; 15 [0,TI\E, llx; 1l5

o) .

e H(t, x cC3T

2/ #ijlzdt— 2 32.
E ;1 llx; 1l

.11

By Egs. 2.9, 2.11 and Fatou’s Lemma, we have

TeQOH G, x; om .
liminf/ wcﬁ > liminf [, “2C 14,240 = 400, (2.12)
= o I3 jmoo MLl
Let agp > 0 be a constant such that
[(A(t)x, x)| < aglx|>, Vx e RV, (2.13)
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By Egs. 2.1, 2.2, 2.6-2.8, 2.13 and Holder inequality, for sufficiently large j we have
that

TeQOH(¢t, x; 1 . 1 T
/ #d, I |<p(x];| + = ’/ e2® [|wj|2 - (A(Hwj, wj)] dt
0 llx; 115 2 <l 2 1o
LT o -
+- e (Bwj, wj)dt
2 Jo

c+1  1+ag IBlllwjllie (T o, .

< + T ;| wif e?0a;1d1
oty 2 2 b
c+1 1+ap 2

< + ——oaTwjli
k2 2 !

. T /T 3
+M< | ede,) 2 ( | eQ«n@ﬂzdt)z
2 0 0

c+1 l+a | Bllve2T

< YerT w3 + — o[l llwjllo
12 -2 2
c+1 l+4a | BllvexT

< o LT3 + oyl (2.14)
ll;113 2 2

Then using [|x;[lo — oo and the Sobolev inequality ||wjllc < Cllw;llo = C, by Eq. 2.14,
we have that

~+

TeQOH (¢, x; 1 1 B|caT
liminf/ ei(zxj)dt <Ly Irao e 1BIVAT (2.15)
0 Il 115 2 2 2

j—oo

which contradicts with Eq. 2.12. Therefore, the claim is proved.
By the above claim and Eq. 2.14, we see that

) TeQ(’)H(t,xj) 1
lim [ = (2.16)
j=Jo llx; 115 2

By (H1) and (H>), there exists a constant r, with r» > rs, such that

(Hy(t,x),x) —2H(t,x) > WH(I x)>0 (2.17)

for any x € RY with |x| > rp and ¢ € [0, T]. And there exist positive constants Cs and Cg
such that

|H(, x)| = Cs, |(Hx(t,x),x) —2H (1, x)| < Ce (2.18)

@ Springer



1294 Shan Jiang, Huijuan Xu and Guanggang Liu

for any x € R¥ with |x| < rp and ¢ € [0, T]. Then by Egs. 2.6,2.17, and 2.18, we have that

T ,001) . T ,0@1) .
[ eHUJﬂWIS/‘€“ﬂthm
0 0

%515 ll115

o) H £,X; Q(t)H £,X;
/ e“V|H( ;/)Idﬂr/ e (zxj)dt
{tllxjl<ray  IIxi @l {tllx; (@®)|>r2} llx;1l5

_ aGT / eQ(t)H(t’x")lwfdz
> 5 T, R Led |
IO Jugwsry 112
¢2CsT eQOH (@, x;)
_4———3+wwﬁwf ——y Tt
llx; O ey Ol=r) 1%
cCsT i 20o
< 220 leo; I f QO (Hy (1, x)), x;) — 2H (¢, x;)dt
[lx; (1l a {tllx; (0)|>r2}
2CsT | o)l
< — 4L eCON(Hy (1, x)), %)) = 2H (1, x))|d1
[l 1l a {tllx; ()] <r2}
||a)/\|im T 0@) 2 d
+T A e (Hy(t, xj), xj) — 2H(¢t, x;)dt

2 2
2CsT CZC6T||wj||Loo T ”wj”Loo

Qep(xj) — (¢’ (x)), x;))

Tl o3 a a
c2CsT (c2C6T + 3¢)

< 3 lwjl3e — 0, (2.19)
llx; ()12

which contradicts (2.16). Hence, {x;} is bounded in W. Then by an argument similar as
Proposition 4.1 in [13], we conclude that the (C)} condition is satisfied. O

3 Proof of Theorem 1.1
In this section, we shall use Lemma 2.1 to prove Theorem 1.1.

Lemma 3.1 Suppose (Hy) — (H3) hold, then there exists a sequence ry > O such that

by = inf @(x) — oo.
xeXE L llxl=r

Proof Set
M = sup lxllzr. 3.1

xeXt . llxl=1

Similarly as [1], we prove that

ur — 0 (3.2)
as k — oo. In fact, if not, there must exist a constant &g > 0 and a sequence {x;} in X such
that x; € Xkljfl, lxjll = L, |lxjllLr > €0, and k; — oo as j — oc. Thus, forany y € W,

we have

[0l = HPE_yy, x ) < 1Pyl = 0
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as j — 0o, where PijT_I is the projection onto X,ﬁ;_l. Therefore, we have x; — 0in X.
Since the embedding X C L”([0, T']) is compact, we get x; — 0 in L7 ([0, T']), which is
contrary to [|x;llzr > &o.

By (H3), there exists C7 > 0 and Cg > 0 such that

|H(t, x)| < C7lx|” + Cs (3-3)

forevery x € RN and ¢ € [0, T]. Note that X,ﬂ-_l C W forevery k € Z*. Then by Egs. 3.1
and 3.3, for x € X,ﬂ;l, we have that

1 T
o) = lxIP - / 2O H (1, x)d1
0

1 T T
> §||x”2_c7/0 eQ(t)|x|pdt—C8/0 Q0 gy

1
> 5||x||2 — Collx|I}, — Cro

1
> 5||x||2 — Copf [Ix ]I = Cho, (3.4)

e
where C9 = C7¢5 and C19 = CgerT. Let rg := (Coppuy) 7. For every x € Xj-; with

llx|| = r«, by Eq. 3.4, we can obtain that

2
Hence, by p > 2, Eqgs. 3.2 and 3.5, we have that

1 1 2
0 = (= = =) (Copu?) =7 — Cyo. (3.5)
)4

by = inf @(x) = oo
xeXik | lxll=r

as k — oo. O
Lemma 3.2 Suppose that (H\) — (H3) hold, then there exists a sequence Ry > ry such that

forx = e X = X,l @Xz with x1 € X,l, x2 € X? and max{|x'|, |Ix%]} = Rx,
one has ¢(x) < 0 and

dy = sup ¢(x) < o0.
xeXg max{|lx'|l. [ x2 [} <Rk

Proof By (Hy), for every M > 0, there exists a constant Cs > 0 such that
eCOH @, x) > M|x|> = Cy (3.6)
for any t € [0, 7] and x € R". Recall that X; C W and X> = W° W~. Then for

everyk e Zt andx = x' +x2 € X; = X,l @ x? with x! € X,l,x2 € X2, by Egs. 2.5 and
3.6, we have that

1 T
o) =5 (1612 = 157 R) = [ 2O xar
1 12 2— 2 ’ 2 (3.7
<5 (WP =0 R) = [ [M1al? — C]
1
< Sl = Mixlig, + Chy,
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where C;W = CyT.Note X C X is a finite dimensional subspace, it follows that the norms
|- |l and | - || ;2 are equivalent on X;. Hence, we can choose a sufficiently large M such that

IXII> < Mlxl7.,  Vx € Xx. (3.8)
Let Ry = max{,/2C}, + 1, ry+1}, then Ry > ry. Forx € X with max{||x'|, [x2]l} = Rz,
since ||lx|| > max{[|x"||, |x2|}, it follows from Egs. 3.7 and 3.8 that
| P 1
p() = =3I+ Cy = =5 <0. (3.9)

Recall that ¢ € C'(X, R) and X is finite dimensional, it is easy to see that

dy = sup @(x) < oo.
X€X, I xII<Rk

O

Proof of Theorem 1.1 Since H (¢, x) is even in x, we have that ¢(x) is an even functional
on X. By Lemma 2.2, we see that the assumption (a1) in Lemma 2.1 holds. From Lemma
3.1, we see that the assumption (a3) in Lemma 2.1 holds. By Lemma 3.2, we have that
the assumption (a3) in Lemma 2.1 holds. Therefore, by Lemma 2.1, the problem (1.1) has
infinitely many periodic solutions {x;} with the corresponding energy ¢(x;) — ocoas j —
0. O

Acknowledgements The authors are grateful to the reviewer for useful suggestions which are very helpful
to improve this manuscript.

Funding This work was supported by the National Natural Science Foundation of China (11901270) and
Shandong Provincial Natural Science Foundation (ZR2019BA019).

Declarations

Conflict of Interest The authors declare no competing interests.

References

1. Bartsch T, de Figueiredo DG. Infinitely many solutions of nonlinear elliptic systems. Topics in nonlinear
analysis. Progress in nonlinear differential equations and their applications, vol 35. In: Escher J and
Simonett G, editors. Birkhduser: Basel; 1999. p. 51-67.

2. Bonanno G, Livrea R. Periodic solutions for a class of second-order Hamiltonian systems. Electron J
Differ Equ. 2005;115:1-13.

3. Chen G. Infinitely many nontrivial periodic solutions for damped vibration problems with asymptotically
linear terms. Appl Math Comput. 2014;245:438-446.

4. Chen G. Periodic solutions of superquadratic damped vibration problems. Appl Math Comput.
2015;270:794-801.

5. Chen G. Damped vibration problems with nonlinearities being sublinear at both zero and infinity. Math
Methods Appl Sci. 2016;39(6):1505-1512.

6. Chen G, Schechter M. Multiple periodic solutions for damped vibration systems with general
nonlinearities at infinity. Appl Math Lett. 2019;90:69-74.

7. Li C, Agarwal RP, Pagca D. Infinitely many periodic solutions for a class of new superquadratic
second-order Hamiltonian systems. Appl Math Lett. 2017;64:113-118.

8. Li L, Schechter M. Existence solutions for second order Hamiltonian systems. Nonlinear Anal Real
World Appl. 2016;27:283-296.

9. Li P, Chen G. Multiple periodic solutions for damped vibration systems with superquadratic terms at
infinity. Bound Value Probl. 2019;191(2019):1-12.

@ Springer



Multiplicity of Periodic Solutions for a Class of New Super-Quadratic... 1297

10. Li X, Wu X, Wu K. On a class of damped vibration problems with super-quadratic potentials. Nonlinear
Anal. 2010;72(1):135-142.

11. Liu G, Shi S. Existence and multiplicity of periodic solutions for damped vibration problems with
nonlinearity of linear growth. Appl Math Lett. 2020;107:106502.

12. Luan S, Mao A. Periodic solutions for a class of non-autonomous Hamiltonian systems. Nonlinear Anal.
2005;61(8):1413-1426.

13. Mawhin J, Willem M. Critical point theory and Hamiltonian systems. New York: Springer; 1989.

14. Peng Z, Lv H, Chen G. Damped vibration problems with sign-changing nonlinearities: infinitely many
periodic solutions. Bound Value Probl. 2017;2017(1):141.

15. Pipan J, Schechter M. Non-autonomous second order Hamiltonian systems. J Differ Equ. 2014;257(2):
351-373.

16. Tang C, Wu X. Some critical point theorems and their applications to periodic solution for second order
Hamiltonian systems. J Differ Equ. 2010;248(4):660-692.

17. Tang C, Wu X. Periodic solutions for a class of new superquadratic second order Hamiltonian systems.
Appl Math Lett. 2014;34:65-71.

18. Tang X, Jiang J. Existence and multiplicity of periodic solutions for a class of second-order Hamiltonian
systems. Comput Math Appl. 2010;59(12):3646-3655.

19. Wu X, Chen S, Teng K. On variational methods for a class of damped vibration problems. Nonlinear
Anal. 2008;68(6):1432-1441.

20. Yang M, Chen Y, Xue Y. Infinitely many periodic solutions for a class of second-order Hamiltonian
systems. Acta Math Applicatae Sin Engl Ser. 2016;32(1):231-238.

21. Zhang XY. Infinitely many solutions for a class of second-order damped vibration systems. Election J
Qual Theory Differ Equ. 2013;15(2013):1-18.

22. Zou W. Variant fountain theorems and their applications. Manuscripta Math. 2001;104(3):343-358.

23. Zou W, Li S. Infinitely many solutions for Hamiltonian systems. J Differ Equ. 2002;186(1):141-164.

Publisher’s Note Springer Nature remains neutral with regard to jurisdictional claims in published maps
and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive rights to this article under
a publishing agreement with the author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of such publishing agreement and applicable
law.

@ Springer



	Multiplicity of Periodic Solutions for a Class of New Super-Quadratic...
	Abstract
	Introduction
	Preliminaries
	Proof of Theorem 1.1
	Declarations
	References




