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Abstract

In a similar spirit to the papers [7, 8], existence and decay for a plate type equation is obtained. The
result is a generalization of the work for the linear equation in the paper [7].
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Section 1 : Preliminary

We study the following equation in R X[Q—KX) (n>1)

{é?z+(A2+ -k x =9 1A, .
A=K,  ax0=x(.

The memory term K*t J is defined by )
(1% 2= K(E-9x )b
We assume the memory kernel x(t) satisfies the following assumption.
(a) O<keC ([O, oo)),
O -G<K(t)/gt)<-C, | (t)/xt)<C fort=0

[ris)s<t,
with q >0(j 212,3) are constants.
And q&;x, é},@ satisfies the following assumption.

A 7000 = ﬂ“@@z a9, vA>Q,
5-n n<3

here (fis an integer satisfying &>0pwith ¢, ‘= 1+g n>4
n oo

For k EZ+, we denote

)=k L J,nzl



Theorem1.1 LetSEZ+, sZmax{n+13}. Suppose eH*? L and M eH ML put
Eo =126l e-2 H Al H 26l H A e
Then there exists uniquely a solution ZECO([Q O@, H%Z) (“G([Q O@, |—F) of (P) satisfying

the following estimates:

B, o <CE(LH) P,
1A,y <CESLH) B2,

Here K>Osatisfying afK,N) <S.

We recall some related work. Da Luz-Char&o (see [6]) studied the following dissipative plate
equation in a bounded domain in R (1<n<5)
(A-AG y+& y+ax=92)-
Here ﬁt}(is the linear dissipative term. Sugitani-Kawashima (see [17]) studied this problem in
R and extend the results to general [1. Subsequently, Liu-Kawashima (see [9, 10]) studied a

more complex equation
-8 7+ 2 B @y +02=0
)=

In [11], Liu-Kawashima studied the following memory type equation
Gx+&+Dy+iek Ay=9(2).
Liu (see [8], also [12] for related results) further studied the following Cauchy problem
(A=A x+(& +Dx+ics Ay=0x A1 V).
Mao-Liu (see [15]) generalized the results of plate-type equation (see [8, 11]) with memory to
higher order equations. They studied fractional order of derivatives. They also (see [16]) studied
equations of variable coefficients.

In these papers, the memory term under consideration is K% A?( Recently, Liu-Ueda (see [7])
studied a type of linear plate equation with some different memory term K% ¥. They obtained
some decay estimates and asymptotical behavior for solutions under suitable assumption.

Similar results also holds for Timoshenko system (see [13, 14]) and hyperbolic-elliptic system
(see [5]). For more related results, we refer to [1, 2, 3, 4, 9, 18].

In section 2, we will prove Theorem 1.1, which extends the result in [7] to the case of

semi-linear perturbations.

Section 2 Proof of Theorem 1.1

We note that the solution can be formally expressed as



A)=C) %16 +HO % 5+, Ht-9% a@ %80k,

Here G, Hare the fundamental solutions of the corresponding linear equation, and the notation
*  denotes the convolution with respectto X.
We recall several lemmas.
Lemma 1 (see [7]). Let $>0, 1<P<2. Then the following estimates hold for
O<k+I<s, @eS (the class of Schwartz functions):
1 W

O 137G o AR dh, <Cue(b40) L2 i 4G ) H it
n11
@ 18H(Y% df HAEHE)* A <Cu (L0531, 4G, 1) ¥ 137
By a little modification of the theorem 2.7 in [7], we have the following
Lemma 2 (see [7]). Let SZLEZ—EI'J be an integer, Z(t) =) *, )@-H‘Kt)*x M and
Eo =) 6l s2 H Al s Haple HAtl suppose oML peH AL

Then

132280, o HEGHON,, o0 S E,

Proof. Letk, MeZ".
Let P=1 in Lemma 1, we have

|52 20, <102 % 60, o HEPHO) 5 1o
<O(LH) TP o), +CLH) 4 |2,
+C(1+t) o) | s +C(L+t) 4 G Al
<C(LHY 2 (251 H ) +CLH) % | fely e

v
AC(LH) Y | e
Here O<K+mH-y4<s (1=12).

Choose the smallest integers f{satisfying
H >D +1
474K+
Then we have

|32 20,y SO(LH) HPE,,

Similarly, we have

1650 20,0 SCLH)HF2E,.

That is the conclusion.

Lemma 3 (see [8]). Let 1<pQr<og % é‘

-1I|—\

and K=>0 M>1,N>1 be integers. Then



@ (&), <O i (Gulen, Hnnelad,)

Just by a direct computation, we get

Proposition 1 (cf. [8]). Let a=>0and D=>0be real numbers. If a+H0>1, then there exists C>0Osuch
that |} (1+1-8) 2(L+9) "t5<C.

Now we come to prove Theorem 1.1, we mimic the argument in [8], and define
Y=y QR HA)CR;H), 4y <o

with

= S AP0, 0 HEGKOL, )

00K NS
Denote
TLA® =G5 6+HD)% 4+ Ht-% 0@z with==(@%4.2)

By the assumption of f and Lemma 3, we have the following inequalities

12 (0(®)-9(0)(@),, <CUEBN HEN Y2 (e HMDNe N E-1)A)
A0, HETE) ) E- VK
and

12 (9(®)-9(0))(@) . QN H YN (E). YOG E)
{00, HAXR))E-, )
Now we will prove that the mapping )(—)Tl_}dis contraction on B. ::{;(EY;")d]Y Sg}for some
&>0. This will be done in the following (S1)—(S4).

(S1). Set§, :[_SJ_HL Q =7£n—. Taking ¥ €Y and by Nirenberg’s inequality, we have
&
[0 <O |G R
1
(i) For N=L, by assumption of S, we get )| <CL+t) 8|y and

GO, <MY, 1tyietds [F0),. O],
(i) For N>2 , since S—afQn)>s, , we obtain |)| SO(1+t)7g|| Ay and
|, <L+ |4, Then

0 <O ¥ 2,

(S2). Take any % 77€Y , and denote ==(Z ,G %), Y:=(Gt73G1). Then we have
TLAO-T0O=]Ht—2% (9@-g(Y))dz.
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Assume S>afK,N), then we have
T AO-TIION, . <ChjdmHt—% (9(E)-9(V)(@),, dz
+Cli|&mHE-2)% (o) -9(0)(@),, dr
=1+l

| <Cle(1+t-2 4| (o(®)-0(1) (2, dr

+Cfa(trt—0)flam(9(3)-o(0)(@) e
And

I<cfi @ty 7| (o(8)-0(1)(a), o
+Cftst-g)ijarm(o(E)-9(0)(e), 0
Then by a similar way as in [8], we can obtain
1+ <O+t 9, i, Y1z,

with 0<M<S—afk,N). That is,

1B2TAO-TIAON,, <CaHy 24, Hit, Lz,

for 0<M<S—afK,n).
So we have that
n k
Ségﬂ(lﬂ)8+21 82TLAO-T[AON, oo Uty Hriy Y27y -

(S3). In a similar way as in the part (S2), we can prove that

P+ 43T O -TIAON, . <O Hit Y1211,

(S4). The estimates in (S2) and (S 3) imply that

ML=l <y +ot Y-
So far we proved that||T[;(]—T[77]|Y <Ge&“Y y—iy . it x<B.. By Lemma 2, we know that

IG)* 26 +HO % 4y <GB soif E and & are sufficiently small, then we have
1
[TLA-Tla), <l
It then yields that

T, <IGO)% 16-+HOA 2, +3120, <e.
2

Hence the mapping )(—)Tl}d is contraction on B,. Then the fixed point theorem imply that
there exists a unique fixed point }(eBgsatisfying Tl}(_lZ)(. That is, this ZEE% satisfies the

equation
't
20=C0% 26-+HO % 2+, HE-9% 9@ a0
So it is the solution to the semi-linear problem (P), and satisfies the corresponding decay estimates
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in Theorem 1.1.
Remark In the proof above, we just sketched in some parts and left the details. The reader can

refer to the paper [8] for similar argument.

Section 3 Conclusion

We studied the Cauchy problem of a class of semi-linear plate type equation. We obtained the
global existence (in time T) under the assumption of smallness of initial data, and some decay
for solutions to this equation in terms of fixed point theorem. Our result is a generalization of the

decay for the linear equation in [7].
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