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Abstract

In this paper we study the existence of periodic weak solutions of semilinear
beam equations in the case of nonresonance.
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1 Introduction

In this paper we will consider the existence of periodic solutions of beam equations of
the form

uy + A%u = au— Bu + g(x,t,u) + h(z,t) inQ,
u(z,t+2m) = wu(x,t) inQ x R, (1.1)
u(z,t) = Au(z,t) =0 onof) x R,

where( is a bounded domain iRY (N > 1) with boundarydQ, Q@ = Q x (0,27),

2
%, A*u = A(A(u)) is the iterated Laplacian multipliede, 3) € R?, h is
given function inL*(Q) andg : 2 x R x R — R is a Caratkodory function (i.e.,
measurable iz, ) € @ for eachs € R and continuous i3 for almost all(z, t) € Q)
and2r-periodic int. We are interested in the nonresonance for the problem (1.1) (i.e.,
in the condition for the function such that there exists a solutianc L*(Q) for any

Uy =
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givenh € L*(Q)). We will assume thag satisfies the following conditions:
(CY) g(x,t, s) is nondecreasing ig;
x,t,r) —g(x,t,s)

(C2) il — > —a,s# 7, (2,1) € Q;
(C3) For all R > 0, there exist$r € L*(Q) such that a.ex, ) € Q, we have

t5) < £);
max |g(z, 1, 5)| < dr(,1);

(Cy) a.e.(z,t) € Q, we have

t t
)\k —a< l(x,t) — ]jminfM < 1imsup g(x, ’3)

|s]—+o0 S |s| =00 S

= k(z,t) < M1 — @,

where )\, and \y; € o(Lg) are two consecutive eigenvalues of the operdtpr:=
2
% + A? + ﬁ%, ando(Lg) is the spectrum of the operatog.
3

An example ofg is g(z,t,s) = (c _g)—i 1_ ® 4 4, t), whereg € L2(Q) is

an arbitrary function¢ € (Ag, Ax11) iS @ real constant), and A\, are two positive
consecutive eigenvalues 6f;.

The caseV = 1, « = 0 ands = 0 was considered by Mustonen and Berkovits in [3].
They showed the existence of weak solutions of the problem (1.1) with conditions of

z,t,8) . . . .
nonresonance whe%(’i’) is located strictly between two consecutive eigenvalues
S

o* - 1
of the operator-— + A?, more precisely when,, < M
ot? s
a.e.r.
This paper is organized as follows. In Section 2, we determine the spectrum of oper-
2

< Apqq forall t, s and

0 . iy o
ator —— + A? with conditions of periodicity, of the same manner that Anane, Chakrone

and Ghanim made in [2] for the D’Alembertian. In Section 3, we determine the spec-
trum of the operatolLs with conditions of periodicity. In Section 4, we show (see
Corollary 4.6) while using a homotopy argument given by Mustonen and Berkovits
in [4], and of analogous techniques developed by Anane and Chakrone in [1] for the
Laplacian(A), that the problem (1.1) has at least one solution fohadl L*(Q). Our

work generalizes the work of Berkovits and Mustonen in [3].

2

2 The Spectrum of Operator% + A?

Let Q a bounded domain iRY (N > 1) with boundaryd(2, and@ = Q x (0, 27).

Definition 2.1. Let § € R. A functionu : R — R is said to be(d, 27)-periodic if
u(t + 2m) = Qu(t) for all t € R. We definel by the closure of spacg: € L*(Q) N
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C(Q);uy, Vu, Au € L*(Q)NCQ), uis (6, 2r)-periodic andu(z,t) = Au(x,t) = 0on
02 x R} with respect to the norm

2

lullf = lullZzg) + luellizig) + IVullZaig) + Aul?, .

For 6 # 0, we consider the eigenvalue problem

(7)) Find (u, \) € (Vs \ {0}) x R such that
0 gy + A%u = .

2
Let us definery (% + Az) = {\ € R; there exists:; with (u, A) solution of (Fy)}.

One notes byr(A?) = {\;,i € N*} the spectrum ofA? in H;(Q2) N H*(Q2), and by
{4; € Vp,i € N*} an orthonormal basis in the Hilbert spac¥(2) formed by associated
eigenfunctions.

Proposition 2.2. We have

%) ifo < —1,
2 g * i
o4 (0_+A2) _ ) ugieny 10> 1,
ot? {Niko, Nig;i e NTandk € Z} if0 <6 <1,
{Niko;i € N"andk € Z} if —1<6f<0orf=1,
9 2 In 6]\ >
Where)\ik(;:)\i—(amcos +I€) ,/\igz)\i+<n| |) ,and
” 2T ' 2T
arccos 6 . arccos 0
D, 0 = |acos +k |ty +Dbsin + k)t U
™ 2w 2w
and

In |0
®, 9 = aexp ( n| |t> Wi

2T
are the associated eigenfunctionsXg, , and ), 5, respectively

Proof. The proofis easily adapted from that of [2, Proposition 1] for the D’Alembertian.
The problem(F;) can be solved by decomposition on the orthonormal basis of

L*(Q). Foru € Vp, we writeu(z,t) = > w;(t)i(x). If uy + A%u = Xu, then

=1
e

Z [u (t) + (Ai — Nu;(t)] ¥i(z) = 0. Thusu) (t) + (A — A)u;(t) = 0 for all i € N*.

i=1
The initial conditions give
Ou;(0) = u;(2m),
Ou;(0) = ui(2m).
To solve the probleniF,), we return to solve a differential equation of the second
degree. We distinguish 3 cases:
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1. A = \;. We haveu,(t) = ¢;t + d;, where
{ Hd, = 27TCi + di,

Oc; = c;.
If @ # 1, thenu;(t) = 0 and ifd = 1, thenu,(t) = d; with anyd; € R.
2. \; — X < 0. We haveu;(t) = ¢; cosh(w;t) + d; sinh(w;t), where

(1 = Oexp(2mw;))(¢; — d;) = 0,
(1 (—27’(’&),‘))(02‘ + dz) = 0.
If 0 < 0orf =1, thenl — fexp(2nw;) # 0 and1l — fexp(—27w;) # 0, thus

: In |0
¢; = d; = 0, thereforeu;(t) = 0. If 0 < 6 with § # 1, thenw; = I;—H thus

T
1 6>
u;(t) = ¢;exp (;—et) and\ = \; + (;—9) .
T T

3. A\ — A > 0. We haveu,(t) = ¢; cos(w;t) + d; sin(w;t), where

F=N— A,
(0 — cos(2mw;))(c? + d?) = 0.

arccos

If 0 < 0] <1,thenw; =+ + k, k € Z, so that

™

U; = ¢; COS ((arceosG + k:) t) + d; sin ((arccos& + k‘) t) ,
2w 2

arccos 6

2
and hence\ = \; — ( + k) 1f |0] > 1, thenu,(t) = 0.

This concludes the proof. ]

2
Corollary 2.3. The spectrum 0% + A% with periodicity conditions is

o (5_;+A2> =0 (5—;+A2) = {)\i—kz; A\ € 0(A?), k EZ}.
3 The Spectrum of O eratora—2 + A%+ 52
P Perator 5 ot

We consider the eigenvalue problem

{ Find (u, A) € (V1 \ {0}) x R such that

wy + A%u + fuy = M. (3.1)
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Proposition 3.1. The spectrum of the operatds; is

c(A*)U{Nirg; k € Z,i € N} if3 <0,

O'(Lg) = {)‘Lkﬁ; ke Z,i - N*} Zfﬁ = O,
o(A?) if3 >0,
2 w03 2
wherel; 3 = \; — % — (%S(e) + k) .
s

For the proof of Proposition 3.1, we start with showing the following lemma.

2
Lemma 3.2. (u, \) is a solution of(3.1)if and only if (egtu, A+ %) is a solution of

(Pe’fﬁ)'
Proof. We suppose that \) is a solution of (3.1). Putting = et
v € Vs \ {0}, and hence

u, it is clear that

2
B s 8 B s 8 8 8 8
v = §e2tu + ety vy = Ie2tu + Be2tuy + ety Av = e2'Au; A%v = e2 A%uy;
thus
2
B° s 8 8 8
Utt+A2U = —e2tu+ e2tut+e2tutt+62tA2u
4
2 5 s
=t =St 2
= Ze2 u+ ez (Buy + uy + Au)

62
= [ A+— ).
( + 1 v
B 2 . . . . . . .
Therefore( e2'u, A + - ) sa solution of P,~5). The reciprocal implication is demon-

strated by an analogous calculation. O

Proposition 3.1 is now easily shown by using Lemma 3.2 and Proposition 2.2.

4 A Semilinear Beam Equation in the Case of Nonreso-
nance

Throughout this section we suppose that

2
o (% + A2) ={N— kN €0(A?),keZ}
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is closed inR and all points of this set are isolated (for examplévif= 1 andQ2 =
(0,rm) with » € Q). In this section we will study the existence of periodic solutions

of problem (1.1). We give in the following proposition some properties of the operator
0? 0
Lg:i= — + A? —.
P gp T Ty,

Proposition 4.1. The operatorLz possesses the following properties.
1) Lsis a densely defined closed linear operator with closed range.
2) Lgis normal (i.e., it commutes with its adjoint).

3) Im(Lg) = (Ker(Ls))*, wherelm(Lg) and Ker(Lgs) are respectively the range
and the kernel of 3.

4) If Ly is the restriction ofLg onIm(Lg) N D(Lg), with D(Lg) is the domain of the
operatorLg, then the invers(aL%)‘1 :Im(Lg) — Im(Lg) N D(Lg) is continuous
and compact.

Lemma 4.2 ([5, Proposition ii.16, page 28])Let £ and F’ be two Banach spaces and
A: D(A) C F — F alinear densely defined operator. Thdnis closed, wherel* is
the adjoint ofA.

Lemma 4.3 ([5, Theorem ii.18, page 29])Let £ and F' be two Banach spaces and
A: D(A) C E — F alinear densely defined and closed operator. Thger(A*)*:) =
Im(A).

Proof of Proposition 4.1.1) Let us defineD(Lg) andlm(Lg): Foru € D(Lg), we write
u(z,t) = Z u;  fr(t)i(x), where(f;,), is the orthonormal basis df*((0, 27))

1<4,k<oo
satisfying—(fi )i = k*fx in (0,27) andu; , = (u,; f1.), where(-, -) denotes the usual
inner product inL?(Q). One easily verifies that

Lsu = e’gt(e

and

2
Lg(u) = ¢3! Z (/\z‘ —k? - %) (egtua Vi fe) Vi fe-

1<i,k<oo

Thus the domain and the rangelof are respectively defined by

D(Lg) = {u € L*(Q); Z (/\Z- -k - %2) (egtu,wifk)Q < oo}

1<i,k<oo
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and

Im(Lg) = {e—‘it 3 ()\i — K- %2) (e

1<4,k<oo

(NI

“u, i fi )i fr, u € D(Lﬁ)} :

HenceD(Lg) is dense inL?(Q). It remains to prove thatm(Lg) is closed inL?(Q).
Forv € Im(Lg), there exists,, € D(Lg) and

2
D Y R [y Aty

, 4
1<i,k<oo

such thaty, — v strongly inL*(Q). Asu, € D(Lg), u, is bounded inL*(Q), thus
there exista, € L*(Q) such thatu, — u weakly in L*(Q). We will now show that
u € D(Lg). We have

(Unyvn) = (Ai — k- %)2 (e

1<4,k<oo

N

tunawifk)2_>/1)27
Q

2\ 2
so the limit of Z <)\i — k- %) (egtun, Vi fr)? exists. In addition

1<i,k<oo
2\ 2
> (&—k?—%) (2w, ¥’

1<4,k<oo
3 Y

1<4,k<oo

[N]Ie

tUn? ¢ka)2 < 00,

and thusu € D(Ls). On the other hand, = Ls(u,) — Lg(u) weakly inL*(Q) (since
Lg is linear continuous). By uniqueness of the limit, we have

2
vn = L(u) = =" > ()‘i — k= %) (€3 u, i fu) i fi

1<, k<oo

strongly inL*(Q). Finally,v = Lg(u) € Im(Lg) andIm(Lg) = Im(Lg).
2) By integrating by parts and using the boundary conditions, we have forak
D(Lg),

(Ls(u),v) = /Q gt + /Q (A20)v + 3 /Q e

- /QuuttJr/Qu(A%)—ﬁ/qut
(u, L ),

—5(v)
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hencelL; = L_g. Forallu € D(Lg), we have

Lg(L-p(u)) = Lp(uy + A% — Buy)

= Lg(un) + Lg(A%) — BLy(ur)
(Ls(u))ee + A%(Lp(u)) — B(Ls(u))s
= L_p(Ls(u)),

thusLg is normal.

3) Lemma 4.3 givedm(Lg) = (Ker(Lg))L, and sinceLs is normal, we have
Ker(Lj) = Ker(Lg).

4) (Ly)~" : Im(Lg) — Im(Lg) N D(Lg) is bijective becauskm(Ls) N Ker(Lg) =
{0}. Let (u,) C Im(Lg) be a bounded sequence. Thus for a subsequence; u
weakly in L*(Q). Consequently,, = (L%) 'u, is bounded inD(Lg) and in H'(Q),
so for a subsequence, — v weakly in H'(Q). Asi : H'(Q) — L*(Q) is compact,
v, — v strongly inL*(Q). Henceu,, = Lj(v,) — u strongly inL*(Q). Thus(Ly)™"
IS compact. ]

Notations: Let 9, © € R be such that < p. We introduce the following general
hypothesis:
(Cs,) ae.(z,t) € Q, we have

0 —a <#l(z,t):= liminf g(z.t,s) < lim sup g(@,t,s)

=k(x,t) <# pu—a.
|s|—+o0 S |s|]—+o00 S

The notation<z# means that one has a large inequality @rand strict on a set of
measure different from zero. Let us giftr, ¢, s) = as + g(z,t,s) andN : L*(Q) —
L*(Q) : N(u) = g(z,t,u), the Nemytskii operator generated by the functionFor
r € [0,1], consider the operatdr, : D(Lg) C L*(Q) — L*(Q): T,(u) = Lg(u) —
r(N(u) + h) — (1 —r) u, wheres < X\ < u. Consider now

There exists? > 0 such that

Ty(u) # 0forall+ € [0, 1] andu € D(Ly), with [[u]| = (/Q |u|2) g @D

Remark4.4 1. u is a solution of problem (1.1) if and only ii € D(Lg) and
Ls(u) = N(u)+ h.

2. If (C) and(C,) are satisfied, thefi(z, t, s) is nondecreasing i, thus the oper-
ator N is monotone.

3. (Cs) implies that for allR > 0, there exists); € L*(Q) such that a.g(x, t) € Q,
we have

i(z.t.s)| < drlz.t).
max |3(z,1, 5)| < Pr(z,1)
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4. If (C,) is satisfied, then a.¢z, t) € @, we have

A < I(z,t) := liminf i ts) < lim sup gzt s) = k(x,t) < Aep
|s| =400 S |s]—o00 S
5. If (Cs,,) is satisfied, then a.¢z,t) € ), we have
- g(z.t g(z.t -
§ <#l(x,t) = |lilminfM < lim sup izt s) =k(x,t) <#£p
s|—+o00 S |s|—+o00 S

i.e., for alle > 0, there exists,. € L*(Q) such that a.g(z,t) € Q, for all s € R,
we have

(z”(x,t) - 5) & — a(x,0)]s| < sg(,t,5) < (k(a:,t) n 5) 1 au(x,1)]s].

6. Under hypothesi&;) and(C;,,), there existl > 0 andn € L*(Q) such that a.e.
(x,t) € Q, forall s € R, we have

|92, ¢, 5)| < Ols| +n(x,1). (4.2)

Theorem 4.5. Assume (), (C2) and (Cs,,). If the estimatg4.1)is not satisfied, then
there existn(r,t) € L=(Q),v € L*(Q) \ {0} and (u,) C L*(Q) such that v is a
nontrivial solution of the problem

Uy + A%u+ Buy = m(x, t)u inQ,
(Pn){ ulx,t+2m) = u(z,t) inQ xR,
u(z,t) = Au(z,t) =0 onof2 x R

and "
{ ]| — 00, ﬁ —vin L*(Q),
Unp,

§ <# m(x,t) <# pa.e.inQ.

Corollary 4.6. Assume(C,), (Cs) and (Cs,,). If there exist two positive consecutive
eigenvalues\;, and )\, of the operatorLs such that\, < 0 < p < Ax41, then the
problem(1.1) has at least one solution for all € L?*(Q).

As the proof of Theorem 4.5 is relatively long, we organize it in several lemmas.
Suppose that7,) does not satisfy the estimate (4.1). Then forrak N, there exist
rn, € [0,1] andu,, € D(Lg) with ||u,|| = n such that

Ls(un) — (N (up) + h) — (1 —7,)Au, = 0. (4.3)

Let

Unp

o §<$7t7un)
[l

a.e.in Q.
[

Up, and g,(z,t) =
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The sequencéy,,) is bounded inL?*(Q). Then for a subsequence, — v weakly in
L*(Q). Dividing (4.2) by/|u,||, we have

(gn(z,1)] < O] + @
and thus
lgnll < 0]jvall + Ilnl <0+ M,
n n
and hencey, is bounded inL?(Q). We deduce that for a subsequenge— f weakly
in L*(Q).

The following two lemmas define the functiom(z, ¢).
Lemma 4.7. Supposé4.2)and (4.3). Then
f(z,t) =0a.e.inA = {(z,t) € Q;v(z,t) =0a.e.inQ}.

Proof. Let be the function defined by(x,t) = sgn(f(x,t))xa(z,t) a.e.inQ, where
x4 is the indicator function andgn is the sign function. Sinceg, — f weakly in

L*(Q), we have/ gnt) — / f = / |f(x,t)|. On the other hand, as, — v, and
Q Q A
using (4.2), we have

x,t
’/gm s/|gn¢|se/|vnxA|+/Mee/m=o,
Q Q Q Q n Q

andthus/ |f(z,t)|=0andf =0a.e.inA. O
A

We define the functiod by

d(x,1) = { Sz, ) a.e.inQ \ A,

v(x,t)

Aa.e.inA.
Lemma 4.8. Suppos€4.2), (4.3)and (C5,,). Thend < d(z,t) < pa.e.inQ.

Proof. We proves < d(xz,t) a.e. inQ. We denoteB = {(z,t) € Q;d(v(x,t))* >

v(z,t) f(z,t) a.e}. Itis sufficient to prove thateas B = 0. Under(Cs,,) (cf. part 5

of Remark 4.4), we hav@) — ¢)u2 — a.(z,t)|u,| < ung(z,t,u,). Dividing by ||u,|?,

we get(6 — e)v? — aa(x,t)v—" < vngn(z,t). Multiplying by x5 and integrating, we
n

t . I
get(d — 6)/ v2xB — / ac(2, )‘Un‘XB < /anBgn(x,t). Passing to the limit, we
Q o M Q

have(y — e)/ lv(z,t)|*xp < / v(x,t)f(z,t)x . Ase is arbitrary, we conclude that
Q Q

/ [v(z,t) f(z,t) — 6|v(z,t)]*] xp = 0. Therefore, by the definition aB, meas B =
Q
0. By analogous method, we prove thit, t) < p a.e. inQ. ]
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Lemma 4.9. If (4.2), (4.3)and(C;,,) hold, thenu,, — v strongly inL*(Q) and

v + A%+ B, = m(x, t)v inQ,
v(z,t+27m) = v(x,t) inQ x R,
v(x,t) = Av(x,t) =0 onof? x R,

wherem(z,t) = rd(x,t) + (1 —r)X andr = limr,,.

Remark4.1Q It is easy to see that(z,t) is 2r-periodic andd < m(xz,t) < p a.e.in
Q.

Proof of Lemma 4.9Dividing by ||u,|| in (4.3), we have

h
Ls(vy) = 1ngn + (1 —1,) vy + 10—
n
which implies

h
Up = (L,(()i)_l (Tngn + (1 - Tn>/\vn + Tnﬁ) .

Sinceg,, — f weakly in L*(Q) andv, — v weakly in L*(Q), it follows that

Tngn + (1 —1,) v, + Tn% —rf+(1—r)\v

weakly in L*(Q). The operatofL3)~" is compact, and thus

Uy = (L%)_1 (mgn + (1 —r) v, + rn%> — (L%)_l(rf + (1 —=7)\v)

strongly inL*(Q). Thereforep, — (L) ~'(rf + (1 — r)Av) = v strongly inL*(Q).
By the definition of the functiom:, we haveL(v) = muv. O

Finally, it remains to prove the following lemma.
Lemma 4.11. Supposg4.2), (4.3)and (Cjs,,). Thend <# m(z,t) <# pa.e.inQ.

Proof. We provem(z,t) <# u a.e. in@. (By analogous method, we prove thiat #
m(x,t) a.e. in@.) Suppose by contradiction that(z,t) = p a.e. inQ). Under(Cs,,),
we have

Ungn < (k(x,1) + €)v) + %, (4.4)
n
wherek(z, ) € L(Q) such that(z, ) <# p. By (4.4), we have

h
/Tngnvn—l—(l—rn))\vi—i—rn/ -n
Q Q’UTL

< /Q[rn(/%(x,t) +e) + (1 — )M + rn/Q (h%” + a5%> . (4.5)
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Under (4.2) and (4.3);, — f weakly inL*(Q) andv,, — v strongly inL?*(Q). Passing
to the limit in (4.5), we gey [r(fv) + (1 —7r)\? < /[ (k(z,t) + &)+ (1 — )\
Q

By the definition ofm, we have/ [r(fv) + (1 — r) v? / m(z,t)v / v,
Q

Thus/ p? < / )+ (1 — 7)AJv*. Ase is arbitrary, we have/ pv? <
Q

/[ k(z,t)+(1—r)A\v®. Hence [ [u—rk(z,t)—(1—r)AJv? < 0. Sincek(z,t) < pa.e.
Q

inQand) < 1, we haveu—rf(z, {)—(1—r)A > 0. Then / (2, ) — (1—r)AJ? =

Q

0. Therefore[y — rk(x,t) — (1 — r)AJv? = 0 a.e. inQ. Asm(x,t) = p a.e. inQ, by
the definition of the functiom (d(x,t) # A), we havemeas A = 0 (i.e., v(x,t) # 0
a.e.in@). Thus,u = rk(z,t) + (1 — r)A a.e. inQ. This contradiction concludes the
proof. ]

O

For the proof of Corollary 4.6 we will need the following two lemmas.

Lemma 4.12 ([4]). AssuméC) ), (Cy), (4.2), A € o(Ls) and X > 0. Leth € L*(Q). If
there exists? > 0 such that

Lsu—r(N(u)+h) — (1 —r) u#0,forall u € D(Lg), [|ul| =R, 0 <r <1,
then the problen(1.1) admits at least one solutiane D(Lg) with ||u|| < R.

Proof. By (4.2), (C) and(C:), N is continuous and monotone. Therefore the result
follows from homotopy as studied in [4]. O

Lemma 4.13. If there exist two reals and ;. such that
§ <m(x,t) < pae. inQwith [0, u] No(Lg) = 0, (4.6)
then the problen?,,) has only the trivial solution.

ax(|p —cf, [0 = ¢l)
dist(c, o(Lg))

(6+p)/2). Then the operatal; —cI is invertible and|(Ls —cI) || =

Proof. Let ¢ € [, 1] be arbitrary with < 1 (for example,c =

1
dist(c,o(Lg))’
Hence for allu € D(Lg), (c,o0(Lg))||lul|. Assume now that €
D(Lg) is a solution of the probleri®,,). Then||Lsu — cu|| = |jmu — cu||. Therefore

||lmu — cul| .
< ———— . On the other hand, by the condition (4. — =|m—
S Tr i) y tion (4.6 — cul = m
cllul < max(|u — cl,le — d)|u. Hencellmu — cul| < max(|u — cl,|c — 8])ull-
ThUSHUH < max(.|,u—c|,|c—5|) max(.|,u—c|,|5—c|)
dist(c, o(Lg)) dist(c, o(Lg))
u=0. [

||ul|. Since < 1, we conclude
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Proof of Corollary 4.6. Suppose by contradiction that the problem (1.1) does not ad-
mit a solution. Thus by Lemma 4.12, the homotdffy) does not satisfy the estimate
(4.1). By Theorem 4.5, there exist(z,t) € L=(Q),v € L*(Q) \ {0} such thaw is

a nontrivial solution of the probleriP,,) andd <# m(z,t) <# p a.e.in@. Since

0 < M\ <0< p< A\y1, Where), and ), are two positive consecutive eigenvalues
of Lg, this is in contradiction with Lemma 4.13. The proof is thus complete. [

Remarkd.14 1. We have an analogous result if in Corollary 4\g,and A\, are
two consecutive eigenvalues of the operatgrsuch thath, < § < p < A1 <
0, while replacing the operatdrs by (—Lg).

2. Note that ifo = 0 and = 0, we recover a result on the existence of the periodic
solutions with conditions of nonresonance of the problem

uy + A*u = g(z,t,u) + hz,t) inQ,
u(z,t +2m) = u(x,t) inQ xR,
u(z,t) = Au(x,t) =0 on o) x R.
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