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Periodic Solutions for a Higher-order p-Laplacian Neutral Differential Equation with
Multiple Deviating Arguments

Loubna Moutaouekkil, Omar Chakrone, Zakaria El Allali and Said Taarabti.

ABSTRACT: In this article, we consider the following higher-order p-Laplacian neutral differential equation
with multiple deviating arguments:

(p(@(t) = cx(t —r) ™ @)™ = f(@(t)a’ (1) + g(t, a(t), 2(t — T1(2)), oy (t = Th(D))) + e(D).
By applying the continuation theorem, theory of Fourier series, Bernoulli numbers theory and some analytic
techniques, sufficient conditions for the existence of periodic solutions are established.

Key Words: Periodic solution, neutral equation, deviating argument, higher-order, p-Laplacian,
Mawhin’s continuation.
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1. Introduction

In the last several years, the existence of periodic solutions for functional differential equations have
been widely studied and are still being investigated due to their applications in many fields such as physics,
mechanics, the engineering technique fields and so on...(see for example [1-2] and the references given
therein), especially, the p-laplacian functional differential equations which arises from fluid mechanical
and nonlinear elastic mechanical phenomena has received more and more attention for example in paper
[3], by using Mawhin’s continuation theorem, the authors have studied the existence of periodic solution
for p-Laplacian neutral functional differential equation:

(0p (@' (t) = e(t)2’(t = 1)) = flx(®)2’(t) + g(t, x(t), 2(t — T1(t)), ..o 2(t — T (1)) + €(t).

where [c|o < 3,7; € C(R,R)(i = 1,2, ..., k) with 7;(t + T) = 7;(t).

Recently, there has been a great deal of work on the problem of the periodic solutions of higher-
order differential equations. However, as far as we know, work on the existence of periodic solutions for
higher-order p-Laplacian differential equations was discussed in [8-9]. For instance, Li [9] had studied the
existence and uniqueness of periodic solutions for a kind of higher-order p-Laplacian differential equation
as follows:

(@ (@™ ()™ + B())a’ (1) + g(t, 2(t) = e(t).
In the present paper, motivated by [5-8-9] mentioned previously, we aim at studying the existence of

periodic solutions for the following higher-order p-Laplacian neutral differential equation with multiple
deviating arguments:

(pp((t) = ca(t —r)™ ()™ = f(a(t))a’ (t) + g(t, 2(t), 2(t = T2(1)), ., 2t — (1)) +e(t). (1.1

Where p > 2 is a fixed real number. The conjugate exponent of p is denoted by ¢, i.e ]l) + é = 1. Let
¢, : R = R be the mapping defined by ¢, (s) = [s[?~2s for s # 0, and ¢,(0) = 0, m is a positive integer,
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¢,r are constant with |¢|] < 1,7 > 0 f,e € C(R,R) are continuous T-periodic functions defined on R
and T > 0, g € C(R*2 R) and g(t + T, ug, u1, ..., ur) = g(t,uo, w1, ..., up), ¥(t, ug, u1, ..., ux) € RFF2,
7, € C*R,R)(i = 1,2,...,k) with 7;(t + T) = 7,(t).Therefore, in this paper based on the Mawhin
continuation theorem and some analysis skills without assumption of fOT e(t)dt = 0, some new sufficient
conditions for the existence of T-periodic solution of p-Laplacian equation (1.1) will be established. The
rest of this paper is organized as follows: Section 2 is devoted to introducing some definitions and recalling
some preliminary results that will be extensively used. The existence results will be obtained in Section
3. Finally, a example is given to illustrate the effectiveness of our result in Section 4. Our results are
different from those of bibliographies listed in the previous texts and they are a generalization of the
results of the article [3] in the case where ¢ is constant with |c| < 1,p > 2,7, € CY(R,R)(i = 1,2, ..., k).

2. Preliminaries

For convenience, define Cr = {z|zr € C(R,R), z(t +T) = =(t)} with the norm
|zo = maxyep 71 |2(t)|, and CF = {z|z € CY(R,R),z(t + T) = «(t)} with the norm
l|lz]| = maxcjo,77{|z0,[2'[0}. Define a linear operator

A:Cr — Cr, (Az)(t) = x(t) — cx(t — ).
Lemma 2.1. ([7]) If || < 1, then A has continuous bounded inverse on C with the following properties:

|z[o
1 —|cl

1) A~ 2] < , Vo € Cr

@ [l oora < o [ popa, weer.

Lemma 2.2. ([16]) Let T > 0 be constant, x € C™(R,R),m > 2 and x(t + T) = =(t),
lz® g = maxyeo,7] |z (t)| then there are M;(m) > 0 independent of x such that

T
o]y < Mi(m)/ M ()[dt i =1,2, ... m—1, (2.1)
0

where, if m is an even integer

_BQm74s m
Mo, =7m=2s, | g —1,2,...,— —1;
2¢ 1(m) 12(2m—4s)" S ) 4y ) 2 )
Ml(m) = (_l)m%%+le—25—lB (22)
o m—2s o ﬂ 9.
Msg(m) = (m = 25)] ,s=1,2,..., 5 1;
Mm—l(m) = %7
if m is an odd integer
G VI B M) - SRPE m+1
M28+1(m)_ (m_25_1)| ’8_172’.”77_27
M;(m) = —Bom—1s—2 m+1 (2.3)
Moy = Tm—2s-1 il =1,2,...,— —2;
26(m) \/12(2m—4s—2)!’ ST STy ’
Mmfl(m) = %

and By,—2s, Bom—4s, Bim—2s—1, Bom—4s—2 are Bernoulli numbers, which can be calculed using the follow-
ing recursion formula:
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-1 .
- Zf:o C;+1Bi
‘ p+1

where C} ., is the combination number.

Bo=1,B, =

)

Lemma 2.3. Let k> 0,7 > 0 be two constant, s € Cr(R,R), 7; € CL(R,R) and |t}]o < 1. Then

T T
—Ti k =~ U4 S k )
/0 Is(t — 74(8)| dt<5/0 1s()[Fdt

where §; = Tl‘l"lo’ |Tilo = maxiepo,y [T5(0)].

Proof. 1t is easy to see that

T T T
—7i(t)|Fdt = s(t — () [Fd(t — 7 Th ()]st — 7 ()|
A|w ()Fdt A'(t () *d(t <m+A (1)]s(t — 74(8)) [Fdt

i.e.
T T
(=7l [ Iste=mteplae < [ Istofas
0 0
and thus
T 1 T
/ Is(t — 7o(0)[Fdt < —— / 1s(t)Fdt.
0 1- |T¢|0 0
This completes the proof. O

Lemma 2.4. (Borsuk [14]). Q C R™ is an open bounded set, and symmetric with respect to 0 € Q. If
feCELR™) and f(x) # pf(—x), Vo € IQ,Vu € [0,1], then deg(f,,0) is an odd number.

Now, we recall Mawhin’s continuation theorem which our study is based upon.

Let X and Y be real Banach spaces and L : D(L) C X — Y be a Fredholm operator with index zero. Here
D(L) denotes the domain of L. This means that ImL is closed in Y and dim KerL = dim(Y/ImL) < +oo.
Consider the supplementary subspaces X; and Y; and such that X = KerL @& X; and Y = ImL®Y;
and let P: X — KerL and @ : Y — Y3 be natural projections. Clearly, KerL N (D(L)NX;) = {0}, thus
the restriction L, := L|p(r)nx, is invertible. Denote the inverse of L, by K.

Now, let Q be an open bounded subset of X with D(L)NQ # (), amap N : Q — Y is said to be L-compact
on €, if QN () is bounded and the operator K(I — Q)N : Q — Y is compact.

Lemma 2.5. (Mawhin [12]). Suppose that X and Y are two Banach spaces,
and L : D(LlC X =Y is a Fredholm operator with index zero. Furthemore, 2 C X is an open bounded
set and N : Q@ =Y is L-compact on Q. If all of the following conditions hold:

(1) Lz # ANz,Vz € 00N D(L), A €]0,1];

(2) Nx & ImL,Vx € 0QN KerL;

(3) deg{JQN,QN KerL,0} # 0, where J : ImQ — KerL is an isomorphism.
Then the equation Lz = Nx has at least one solution on QN D(L).

In order to use Mawhin’s continuation theorem to study the existence of T-periodic solution for
equation (1.1), we rewrite equation (1.1) in the following system

{x@@zw*%mmm 2.4
2" (1) = F@a(£)21(8) + 96,1 (8), 21 (E = T1(8)), o1 (E = Tn(8) + ().
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Where ¢ > 2 is constant with & + & = 1. Clearly, if z(t) = (1(t),z2(t))" is a T-periodic solution to
equation set (2.4), then z1(¢) must be a T-periodic solution to equation (1.1). Thus, in order to prove
that equation (1.1) has a T-periodic solution, it suffices to show that equation set (2.4) has a T-periodic
solution.

X = {z = (z1(t),22(1))T € C*(R,R?) : x(t + T) = 2(t)} with the norm ||z||x = maz{||z1|, |22},
Y = {z = (21(t),22(t)) T € C(R,R?) : x(t + T) = z(t)} with the norm ||z|y = maz{|z1|o,|22]0}
Obviously, X and Y are two Banach spaces. Meanwhile, let

(m)
L:D(L)c X =Y, Le =2 = ( x%m) ) . (2.5)

N:X Y,
[A™ oy (22)](t) >
Nz|(t) = g 2.6
NI = (s (010400 + o020 (e (= 7)€, (26)
where D(L) = {z = (z1(t),22(t))T € C™(R,R?) : x(t + T) = x(t)}. It is easy to see that equation set
(2.4) can be converted to the abstract equation Lz = Nx. Moreover, from the definition of L, we see that

KerL=R? ImL={y:y€Y, fOT y(s)ds = 0}. So L is a Fredholm operator with index zero.
Let projectors P : X — KerL and Q : Y — Im(@ be defined by

T
Pr=(0), Qu= 7 / y(s)ds

and let K represent the inverse of L|gc,pnp(r). Clearly, KerL = ImQ = R? and

m—1 t
1 . ’ 1
_ = (1) i o \m—1
Kol = 3 e 0+ oy [0 s (27)
where z()(0) (i = 1,2,...,m — 1) are defined by the equation AX = D,
where
1 0 0 0 0
c1 1 0 -0 0
C2 C1 1 0 0
A= . .
Cm—-3 Cm—4 Cm-5 **° 1 0
Cm—-2 Cn—3 Cm—4 -+ C1 1
X = (2"79(0),2m72(0),...,2"(0),2'(0)) T
D = (dlv d?a cee 7dm72a dmfl)—r
I .
di:—z_!—T ; (T — s)'y(s)ds i=1,2....m—1
and
T
Cj = 7=12,...,m—2.
(+ 1!

From (2.6)and (2.7), it isn’t hard to find that N is L-compact on Q, where € is an arbitrary open
bounded subset of X.
For the sake of convenience, we list the following assumptions which will be used by us in studing the
existence of T— periodic solution to equation (1.1).
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(Hy) There is a constant d > 0 such that:
(1) g(t,uo,u1, ..., ux) > lelo, V(t, ug, u1, ..., ux) € [0,T] x REF with u; >d (i =0,1,....k).
(2) g(t,uo,ur,...,ux) < —|elo, V(t,uo, u1,...,ux) € [0,T] x REF with u; < —d (i =0,1,...,k).

k _
(Ha) |g(t,uo,u, ... up)| < 3o cilugP~ 4 B,
where «;(i = 0,...,k), 5 are positive constants.

(H3) There exist positive constants [, d
|f(@)] < 1alP~2 + 6.

3. Main results

Lemma 3.1. Suppose that (Hy) hold, if v € D(L) is an arbitrary solution of the equation Ly = ANx, \ €
10, 1[,where L and N are defined by (2.5) and (2.6), respectively, then there must be a point t* € [0, T
such that

|z1 (t%)| < d. (3.1)

Proof. Suppose x € D(L) is an arbitrary solution of the equation Lz = ANz, for some X €]0, 1], then
2™ (1) = A
25" (1) = M

From the first equation of (3.2), we have xz5(t) = Aflcpp[(Axl)(m))(t)] and then by substituting it into
the second equation of (3.2),we have

(i (A1) ™ ()0 = NP f (21.(£) 24 () + Ng(t, a1 (1), 21 (8 = T1(8)), s @1 (£ = Th(2))) + Aelt).  (3.3)

(xQ)](t) (3'2)

(A~ e,
flr@®)zy(8) + Ag(t, x1 (), 21 (E = 71(8)), o 21 (E = 7h(2))) + Ae(h).-

Integrating both sides of equation(3.3) on the interval [0, 7], we have
T

T
/ g(t,xl(t),xl(t—Tl(t)),...,xl(t—m(t)))—|—/ e(t) =0.
0 0

By the integral mean value theorem, there is a constant ¢o € [0, 7] such that

1 T
g(t, xl(to),xl (to —T1 (to)), ...,!I?l(t() — Tk(t()))) = _f /0 e(t)dt. (34)

Case 1 If |z (t9)| < d, then taking t* = ¢y such that |z, (t*)| < d.
Case 2 If |z (t9)| > d, in this case we need to prove that there exist £ € R such that
|[z1(5)] < d.

By (3.4), we can get
T

1
gt (o). 1t = Ta(t0),ermr b0~ Talt0) =~ [ e(®hit < el
0
From assumption (H;)(1), we see that there exist r € {1,2,...,k} such that

Z‘l(to — Tr(t())) S d.

On the other hand, we have
T

g(t, 21(te), 1(to — T1(t0)), s 11 (to — Ta(to))) = —%/ e(t)dt > —lel.

0
From (H;)(2) there exist [ € {1,2,...,k} such that z1(to — 7;(t0)) > —d.
In this case we consider the following two other cases

o If il =17 ,weget|z1(to — 7i(to))| < d, then taking £ = 1 (to — 71(to)) such that |z1(§)] < d.

o If [ # r we consider three other cases:
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— If Z‘l(t() — Tl(t())) < Z‘l(to — Tr(t())), which yield |$1(f0 — 7'1(t0))| < d and |$1 (t() — Tr(t()))| < d,
let £ = x1(to — 71(to)) or & = x1(to — 7 (to)) obviously |z1(§)| < d.

— If 21 (to — 7 (t0)) < x1(to — 71(to)) and one of the following assumption hold
x1(to—7r(to)) > —d or z1(to—71(to)) < d, we assume § = x1(to—71(to)) or & = x1(to—7.(t0)),
we can obtain |z1(§)] < d.

- If xl(t() — Tr(t())) < xl(to — Tl(t())), T (to — Tr(t())) < —d and T (to — Tl(to)) > d.
By intermediate value theorem there exist ¢; such that 1 (¢1) = 0, then taking £ = t1, we have
lz1(§)| < d.

Let k' = [%}, where % is integer part of the number %, then taking t* = £ — k'T. Furthermore,
|z1(t*)| < d with t* € [0,T].
|

Theorem 3.2. Suppose |Tilo <1, (i =1,--- k) and assumption (Hy) — (H3) hold.
Then equation (1.1) has at one least one T'—periodic solution,

o (L4 [e)) MY (m)T2P
Ty
Lemma 2.5.

k
T
I+ E(ao —I—Zaiéi)] < 1, where Mi(m) and 0; are defined in Lemma 2.2,
i=1

Proof. Let Q = {z € X : Lv = ANz, A €]0,1[} if 2(.) = (z1(.), z2(.)) " € Qy, then from (2.5) and (2.6),
we have

{ 2™ (1) = A4 0, (w2)) (1), 55)
2§ (£) = A (01 ()24 () + Ag(t, 1 (8), 218 = T1(8)), s 21 (E = T (1)) + Ae(t).

From Lemma 3.1, we have

t t

|1 (2)| = |21 (%) —|—/ i (s)ds| <d+ [ |2i(s)|ds, t € [t*t*+T],
.

t*

and
o

|21 (t)] = |z1(t = T)| = |2(t¥) —/ xy(s)ds| < d—i—/t o |2 (s)|ds, t € [t*, t"+T).

t=T

Combining the above two inequalities, we obtain

1 t t*
= | = B < d+ = " (s)|d L(s)|d
foalo = g [o1 () te[trggfmlxl()lte[g{?}m{ +2</ﬂ eitsllds+ [ lai(o) )} -
e '
§d+—/ |z (s)|ds.
2 0

On the hand, multiplying both sides of equation (3.3) by [Az1](¢) and integrating it from 0 to T', we obtain
T ( ) T
/0 (2, (A2 () (A ) (D)t < (1 -+ e])]o / | ()1, ()| dt
T
+ (1t Dl / (gt 21 (£), 21 (= 70(8)), o2 (E — 7(0)))
0

T
Iy |c|)|x1|0/ le(t)|dt.
0
Case 1. If m is even,we obtain

T T T
/ (0 (Az{™) (1)) (Aay) (1)t = (~1)™ / [(Ay)™ (1) Pdt = / [(Azy)O™ (8)Pdt.
0 0

0
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In view of assumption (Hs) — (Hs3) we have

T T

/ (A1) ()Pt < (1 + |C|)|$1|o/ (Uz1 ()P~ + )|’ (¢)|dt

0 0
k

T
HA il [ aolea@P + Y aderte—nypta G0
0 i=1
+ (1 +leDlz1loT (lelo + B)-
By Lemma 2.3 and (3.7), we obtain
T T
/0 (Az)™ (O)Pde < (1+ |el)lar B + 5|x1|0)/0 1, (O)|dt + (1 + | T (o + Zal Il g
+ (1 +[e)T'(lelo + B)|x1o-
By Lemma 2.2, (3.6) and (3.8), we obtain
T 1 p-l T
| 1sm@pa < @+ e <d+ Lt (m) / 2™ (1 >|dt> < Mim) [ 1ol @)
0 0 0
1 T T
+O(1+ |e)T <d+ STM(m) [ |x§’">(t)|dt> < M) [ a0
’ ’ (3.9)

+ (14 |e))T (o + Za 0 <d+ %TMl(m)/o |2{™) (¢ )|dt>

T
+ (L + )T (elo + B) <d+ 5TM1(m)/O |x§m>(t)|dt>.

By applying Jensen inequality,we can see that

#=am) [ O+ T M )(/ |x<m><>|dtﬂ

T 2
+6(1+ )T [dMl(m)/O |2{™ (¢ )|dt+%TM12(m) </0 |2{™ (¢ )|dt> ]

dp+2—1prMf(m) </0 ™ (¢ )|dt> ]

T
+ (L +[e))T(elo + B) <d+ 5TM1(m)/O |x§m>(t)|dt>.

/ ) |(Azy) ™ ()Pt < (14 |c)T1
0

+ 1+ )T ao—l—Zad

(3.10)
Furthermore

r M ()
/0 |(Az)™ ()Pt < (1 + |ef) L) 7o

ao+2a6 ] (/ (m)()|dt>p

+ (14 o 2 o (/ |x§’”><t>|dt>

T
+ (1 + )T My (m) {5d+ 1P~ + %T(|e|0 + ﬁ)} /0 ™ (1) dt

k

(040 + ZO@(&)dpil + (|6|() + 5)

i=1

(3.11)

+ (1 +|c))Td
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From which by applying Holder inequality, we have

T P 2p—1
o (1 + | M2 (m)T
/0 (A1) (1) Pdt < i

ao—i—Zad ]/ 2™ () [Pt

2 2+2 T P
+ (L DO Gr)T ( / |x§m’<t>|Pdt>
0

T
+ (1 + |e) T My (m) {5d+ld”‘1 + %T(|e|0+ﬁ)} </0 |x§m>(t)|Pdt>

k

(o + Z a;0;)dP " + (lefo + B)

i=1

L (3.12)

P

+ (1 +|e))Td

It follows from conclusion (2) of Lemma 2.1 that

T T Az )M ()P
[ isapa = [0 oo pa < L A0
0 0 (L= lef)p
which together with (3.12)yields

/T |x(m) ()Pt < (1+ |c|)Mf(m)T2p—1
o T 21— )P

Zao—l—Zaé ]/ |2{™ () [Pt

¢ 2(m 2+2 T . »
L4+ |2|g<151\ff1|((;|)p)T </0 |z )(t)|Pdt>
. (313)

141 ! ’
L (L4 [eDT™ 50 (m) {&H—ld”l + %T(|e|o+ﬁ)} (/ IxY”’(t)lpdf)
0

(1= fel)
(1+|c))Td

T Td)7 0+Za5 AP+ (lelo + B)| -

1+ |e[)MP (m)T?~*
2011 — [ef)P
is a constant M, independent of A such that

In view of p > 2 and (

+ E(ao + Z aidi)] < 1, from(3.13) we see that there

T
| o < ean
0
So it follows Lemma 2.2 and (3.14) that we have
/ T (m) 1 1
2o < M, (m) / 128 (0)[dE < My (m)TH M = My, (3.15)
0

By (3.6) and (3.15), we have

1
|£C1|0 S d + §TM11 = Mlg. (316)

Let My = max|yj<ar, |f(w)| , Mg = Max;cio0.7),juo|<Ms,....Jux| <M1 |9(t, U0, - - -, uz)| and from the second
equation of (3.5), we have
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T T T T
(m) /
/0 2™ (1))t < / | (), () de + / gt 22 (8) 21 (t — 72(8)s 21 (¢ — 7 (0)))]dE + / ()|

T
<My / 12, (1)t + T(M, + Jelo)
0

< MyT|w|o + T (M + lelo)

S MfTM11 + T(Mg + |€|0) = ﬁo
(3.17)
Again from Lemma 2.2, we have

T
2o < Ml(m)/ |25 (8)|dt < My (m) Mg := My
0

T
Integrating the first equation of (3.5), we have/ |29 (1) 222(t)dt = 0, which implies that there is a
0

constant n € [0, 7] such that z2(n) = 0, thus

t T
ja(t)] = | / 2 (s)ds + 22(n)]| < / 1(s)]ds.

Then we can get
T
|z2lo < / |25(t)]|dt < T My := Mas. (3.18)
0
Let Qo = {z|z € KerL,QNz = 0} if x € Qs then z € R? is a constant vector with

—/ cpq x2)](t)dt = 0,
(3.19)

1 /7
T / [z )NA™ g (2))(1) + gt 21(8), 21 (t = T1(F)), - ., 21 (8 = Ti(1)) + e(t)]dt = 0.
0
By the first formula of (3.19) , we have xo = 0. Which together with the second equation of (3.19) yields

1 T
T/ [g(t,x1,21,...,21) + e(t)]dt = 0. In view of (H;), we see that |z1] < d.
0
NOW, Let M1 = maX{Mll,Mlg},MQ = maX{Mgl,Mgg}, then ||J?1|| S M1,||x2|| S MQ. Takmg Q=
{z|lz = (z1,72) " € X,||21]| < M1 +d, ||z2| < M2+ d}, then Q1 U Qs C Q. So from (3.16) and (3.18), it
is easy to see that conditions (1) and (2) of Lemma 2.5 are satisfied.
Next, we verify the condition (3) of Lemma 2.5. To do this, we define the isomorphism

J:ImQ — KerL, J(z1,22)" = (21,12) 7,

then

—/ gpq x9)|(t)dt
JOQN (z) =
—/ (1 (A oo (22))(8) + gt 21,31, ., 01) + e(t)]dt

By Lemma 2.4 | we need to prove that

JOQN (x) # p(JQN(—x)), Ve € 00N KerL , pu € [0,1]
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Casel. If x = (v1,22)" € 00N KerL\{(M; +d,0)", (—M; — d,0) "}, then 2o # 0 which, gives us
—/ g (2)](0)dt 0

T T
(% / [Alsoq<x2>]<t>dt> (% / [Alsoq<—x2>1<t>dt> <o,

obviously, Vi € [0,1] JQN () # u(JQN(—x)).
Case2. If v = (M +d,0)" or & = (—M; —d,0) ", then

0
- T
rent l/0 l9(t, z1,21,. .. 1) +e()]dt |’

T
which, together with (H), yields Vu € [0,1], JOQN (z) # u(JQN(—x)).
Thus, the condition (3) of Lemma 2.5 is also satisfied. Therefore, by applying Lemma 2.5, we conclude
that the equation Lz = Nz has at least one T-periodic solution on €, so equation(1.1) has at least one
T-periodic solution.
The case m is odd can be treated similarly. O

4. Example

In this section, we provide an example to illustrate effectiveness of Theorem 3.2.
Let us consider the following equation

1 T cos 207t sin 207t
(ps(@(t) = =z = NSO S = fla()a’(t) + glt,a(t), 2t — —a—), (t = —===)) +e(t), (4.1)
10 8 90 100
u? 1 cos 207t sin 207t
where p=3, m=8, T = 15, ¢ = 15, f(u):m‘f'& l= 5 T1(t) = Qo0 Ta(t) = 00
e(t) = 595 cos20mt + 3, g(t,u, v, w) = sgn(u)u (2 4 sin 207t) + 3 (sgn(v)v? + sgn(w)w?) | cos 20t|.

225
116 691
Therefore we can choose d = 1, a; = ap = 0,014, M7(8) = (1—0) 2730 x 12 x 121"

We can easily check the condition (Hy), (Hz) of Theorem 3.2 hold. We can compute

k
(1 + [e[) M (m)T>P—* T
+ 5(0[() + Zlaldl) <1

2-T(1 ~ [e])?
1
By Theorem 3.2, equation (4.1) has at least one 10 -periodic solution.
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