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Abstract

This study establishes a novel nonexistence result for a strongly coupled viscoelastic system with Balakrishnan-Taylor
damping and a nonlinear source in the whole space. Sufficient conditions ensuring the nonexistence of solutions are established
using the test function method.
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1. Introduction

The question of non-solvability of evolution equations has been treated and discussed from different
angles using different methods and techniques. The basic idea in most of these works is to compare
solutions with sub-solutions that blow-up in finite time. Our concern in this paper is a strongly coupled
system with Balakrishnan-Taylor damping and a power-type source acting as an external force on the
whole RN space with N > 1. Although, we study the special case where the kernels g and h decay
polynomially, the results of the study remain valid for a range of other kernel types such as exponentially
decaying functions. We consider the system described by

{ U — M (1) Au+f8 g (t—s)Auds = v[?, in (0,+00) x RN, a1

Vit — M (t) Av + fé h(t—s)Avds = w9, in (0,400) x RN,
where p, g > 1. We assume continuous and bounded initial data

{ w(0,%) =ug (x), ue (0,x) =uyg (x), in RN,

v(0,x) =vg(x), v¢ (0,x) =v; (x), in RN,
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and
M(t) = &g+ & [V (D)3 + &2 [V (1|3 + &5 (VU (t), Vug (1) + &4 (Vv (1), Ve (1)),

where &;, 1 =0,1,2,3,4, are positive constants. The relaxation functions g and h describe the properties
of two different viscoelastic materials.

Model (1.1) was initially proposed by Balakrishnan and Taylor in 1989 [1] and further examined by
Bass and Zes [2] within a bounded domain Q of RN for the case of a single equation with Balakrishnan-
Taylor damping (£3 > 0) and g = 0. This class of nonlinear models was proposed for energy conservations
systems to account for the experimental damping effects observed in the SCOLE configuration at NASA.
It is related to the panel flutter equation and to the spillover problem. So far, the one-dimensional model
has been studied by You [12], Clark [3] and Tatar and Zarai [9, 10, 13]. Several results on the exponential
decay and blow up in finite time have been achieved.

For coupled wave systems with Balakrishnan-Taylor dampings defined in a bounded domain, Mu and
Ma [7] proved that the decay rate of the solution energy is similar to that of relaxation functions which
is not necessarily of exponential or polynomial type under suitable assumptions on relaxation functions
and source terms. For more results concerning a wave equation with Balakrishnan-Taylor damping, one
can refer to [8, 11, 15].

In this paper, we are interested in establishing sufficient conditions for the non-solvability of (1.1). In
order to achieve our goal, we make use of the test function method developed by Mitidieri and Pohozaev
[6]. We present a proof by contradiction involving apriori estimates of the weak solutions of (1.1) and
carefull choices of a special test function and a scaling argument. The main goal of the study is to find a
range of values for p and q for which we have nonexistence under minimal assumptions on g and h. The
results obtained in this paper extend previous results by Zarai and Tatar [14].

The remaining parts of this paper are arranged as follows. The next section sets the necessary notation
and defines the concept of a (weak) solution to our problem. Section 3 contains the main result concerning
the nonexistence of solutions. In Section 4, we present some necessary conditions for the local and global
existence of solutions.

2. Preliminaries

We start our paper by making some necessary definitions. Throughout the paper, we shall denote by
Q the set Q1 := (0,T) x RN and by Q the set Qu := (0,00) x RN. The following definition explains
what is meant by a weak solution of (1.1).

Definition 2.1. The pair (u,v) is said to be a local weak solution of (1.1) on (0,T) if u € L{ _(Qr),
v e L .(Qr), and the equalities

J [P @dxdt —i—J ug (x) @ (0,x) dx
Qr RN
2.1)

-
= J u@epdxdt — J M(t)uA@dxdt + J u(s,x) J g(t—s)Ae@(t)dt | dsdx,
Qr Qr Qr s

and
J [u|9 (pdxdt—i-J vi (%) @ (0,%) dx
QT RN
T (2.2)
= J veirdxdt —J M(t)vApdxdt —I—J v(s, x) (J h(t— s)Acp(t)dt) dsdx,
Qr Qr Qr

S

hold for any ¢ € C3(Qt) satisfying ¢ > 0 and

(p(T,X) = (Pt(T/X) = (Pt(orx) = 0
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Note that by ¢ € C3(Qr) we refer to ¢ being a function in C%i with compact support. We are now
ready to state the hypothesis.

Hypothesis 2.2. Let g, h be some bounded C!-functions from R* to R* satisfying

K
(1+1)°’

g(t), h(t) < (2.3)

for t > 0 and the constants K > 0 and p € (2, c0).

3. Nonexistence result

In this section, we extend the results of Zarai and Tatar [14] regarding the nonexistence of solutions
for the coupled system (1.1). We establish a range of values for parameters p and q over which no weak
solutions can exist globally in time. The following theorem presents our result.

Theorem 3.1. Suppose that

J u (x)dx >0, J vi (x)dx >0,
RN RN

and (2.3) holds. Assume that N > 1 and

. 1 20
1<p,q<1+mln{N+e_1,N_e}. (3.1)

Then, Problem (1.1) does not admit global nontrivial weak solutions in time.

Proof. We aim to prove Theorem 3.1 by contradiction. Assume that a weak solution of (1.1) exists globally
in time. We introduce the test functions

(Pi(t,X) = d) <E|> [ <Rtel> ’ i= 1/2/

with ¢ € CP(RN), ¢ >0, p € C3(R"), and p > 0 such that

N T

and p satisfies —C < p/(t) < 0, W/ (2R%) = 0 for R > 1. The functions @;(t,x) are supposed to have
bounded second order partial derivatives. Moreover, we assume without loss of generality that

J @1l (92)'~ 9 dxdt + J M(t) [A@1]Y (92)'~ 9 dxdt < oo, (3.2)
Ll1 U-Z
and
J @aeel” (@1)1—P’dxdt+J M(t) [A@al” (@1)" P dxdt < oo, (3.3)
Vi A%

where U; = supp @i¢+ Nsupp @2, Uy = supp A@; Nsupp @2, Vi = supp @2t Nsupp ¢1 and V, =
supp Az Nsupp @1. We denote by p’ and ¢’, respectively, the conjugate exponents of p and q. If these
conditions are not satisfied for our functions @i(t,x), i = 1,2, then we pick (p{‘(t,x), i =1,2, with some
sufficiently large A > 0.

Next, we estimate the different terms on the right hand side of (2.1) and (2.2) in terms of the expres-
sions in the left hand sides. By multiplying and dividing by (p;/ P and then applying Holder’s inequality,
we see that

/ /

1/q —1
u@pdtdx <J ue, q(Pz Tp1iedtdx

U,

1/q y ) 1/q'
< <J /9 <pzdtd><> (J ©; 1 @reel] dth> :
U1 ul

u,
(3.4)
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Similarly, we have
1/q , , ) 1/4'
—J M(t)uAp;dxdt < <J [u /9 (pzdxdt) (J IM(1)|T @, /4 |Apq|9 dxdt> , (3.5)
U, U, U,
and
+o00 1/q
J u (J gt— s)A(pl(t)dt> dsdx < (J lu/9 (pzdxdt>
s S U,
too q/ l/q, (36)
X (J (p;q,/q J g(t—s)Ap(t)dt dsdx) .
UZ S
Using the three estimates (3.4), (3.5), (3.6) with (2.1) we obtain
1/4q
J [P @1dxdt +J up (x) @1 (0,x)dx <A <J lu|9 (pzdxdt) , (3.7)
w RN [SELSN)
where
iy ) 1/q’ Yy , 1/49’
A= (J 077/ g1l dtdx) n <J MY @5 /9 |Ag dxdt)
Uy U,
, +o00 q’ 1d
+ J @, 1 /4 J g(t—s)A@q(t)dt| dsdx ,
UZ S
and W := supp @1 Nsupp 2.
Likewise, it is easy to see that
1/p
J w9 @pdxdt +J v1 (x) 2 (0,x)dx < B <J [P (pldxdt> , (3.8)
w RN ViUV,
where
/ , 1/p’ , , ) 1/p’
B ([ o lonl atax) "+ ([ MO 07 140 axat)
Vl Vs
, +00 P’ e
+ J o 7P J h(t—s)A@y(t)dt| dsdx .
V2 S
The combinition of (3.7) and (3.8) yields
J VP @rdxdt < —J ug (x) @1 (0,%) dx
ViUV, RN
1/p 1/q 3.9)
x A |B <J P @1 dxdt) —J v1 (x) @2 (0,%) dx] ,
ViUV, RN
and
J [ul? @adxdt < —J v1 (x) @2 (0,x) dx
Uulls, RN
(3.10)

x B

1/q 1/p
A (J lu|9 (pzdxdt> —J g (x) @1 (0,%) dx] )
U Ul RN
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From our assumptions on the initial data we deduce that

J w (x) @1 (0,x)dx >0 and J vi (x) @2 (0,x) dx > 0.
RN RN

Hence, relations (3.9) and (3.10) imply that

1-1/pq 1-1/pq
<J [v|P (pldxdt> < ABY9  and <J lu/4 (pzdxdt> < BAVP,
ViUV, U ully

Next, we used the scaled variables t = R®T and x = Ry where 6 = 0; = 0, to obtain

/ / 1/q, ! ’ 1/q/
(J 0, 1 V@19 atdx) _ Qe (J 0, 9V @real drdy) , (3.11)
uy U
and
/ A/ ’ 1/q, N+6 - ’ R ’ l/q/
<Ju IM(1)]9 @, T/ A dxdt) <R 1<Ju MDY @, T/ Ay dey> , (312
2 2
where

- d
M(T) = & + & J IVul dy + EzJ Vv dy + (&J IVul? dy + a4J (Vv dy).
RN RN 2dT RN RN

We may rewrite the term containing the memory in the form

J (p;q /4
U,

!/

+00 q
J g(v—t)Ae@i(v)dv| dtdx,

t

and use the scaling to get

q’ q’

, “+00 , , 2R , —+00
j (@zrq/qj o(v—t)Ap(v)dv dtdx:J AG[ qrq/qj (urq/qj o(v—tiu(v)dv| dtdx
U, t Dgr 0 t
, , q +0oo q,
<CRN+H‘*J AGlY ¢ j g(v—RODu(v)dv| drdy,
Q ROt

where Q :={(1,y): 1 < 1,lyl <2} and Dy := {x € RN : R < |x| < 2R}.
In light of Hypothesis 2.2 and by using the change of variable 1 +v —R%T =1 and the fact that p is
non increasing we see that

o0 o0 0
[T atv—Romumav <k [ MR

dn.
ROt 1 ne

AsROt>1, um) =0 forn > 2, and pu(n) < 1, we have

“+o00 2 1
J g(v — ROT)u(v)dv < KJ Lan<c
ROt 1 NP

and, therefore,

(J (p;q /4
U,

q/ 1/q/ Mo B // ) 1/q/
dsdx < CR <J @0, 77V Ap |9 dey) . (3.13)
U,

+oo
J g(t—s)Apy(t)dt

S
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By virtue of (3.12), (3.13), (3.2), and (3.3), we find that

A<C(R 4R

N+06_ 5 9_29

N+6 N+6_ 1 N+6_ 5
+ R« ) and BgC(Rp' +R ¥ +R ¥ )

Relations (3.8) and (3.11) imply that for a sufficiently large R, we have

_q
pq—1

1/p
J w9 @pdxdt < B (J [v|P (pldxdt> < C(ABP) (3.14)
w ViuV,

By imposing condition (3.1) and passing to the limit as R — oo in (3.14), we obtain
limJ w9 @pdxdt < 0.
w

This contradicts our assumption that u is a nontrivial solution. Likewise, using the other estimations, we
will reach v = 0, which is again a contradiction. This completes the proof. O

4. Necessary conditions for local and global solutions

Now that we have established a range of p and q values that guarantee the nonexistence of solutions
to the proposed model (1.1), we move to examine the conditions of the existence of solutions both locally
and globally. The following theorem and corrollary convey our results.

Theorem 4.1. Let the pair (u,v) be a local solution to (1.1) where T < 400 and p,q > 1. Then, there exist
constants « and (3 such that

lim inf (ug(x) +vi(x)) < Cp T2 (aTZ(P/*Q’) - rs) :

[x|—00

Proof. By the definition of a weak solution, for any ¢ € C§°(QT) > 0, we have

J VP pdxdt +J ug(x)e (0,x) dx
Qr RN
4.1)

-
J g(t—s)A@(t)dt| dsdx,

S

< j |u||<ptt|dxdtj |M(t)||u|Acpdxdt+J (s, )|
Qr

Qr Qr

and

J w9 @dxdt —i—J vi(x)e (0,x) dx
Qr RN

-
J h(t—s)A@(t)dt| dsdx.

S

<J |u|<ptt|dxdt+J |M(t)||u|A<pdxdt+J (s, X))
QT

Qr Qr

Using the e-Young inequality we can estimate all the terms on the right hand side of (4.1). In fact by
writing [ul|@t| = [ul @/ 9919 @], we find that for ¢ > 0,

J [ pre] dedx < J |u|q<pdtdx+ceJ 09799 dtdx, 4.2)

Qr Qr Qr

and similarly

9 edxdt + C, J IM ()9 @979 1A0|% dxdt, (4.3)

j M)l 1Al dtdx < aj
Qr Qr

Qr
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and
-
J [u(s,x)] J g(t—s)Ae(t)dt|dsdx < eJ lu|9 @dsdx
Qr s Qr
, 4.4)
T q
+ ng @974 J g(t—s)Ae(t)dt| dsdx.
Qr s
Using (4.1) along with (4.2), (4.3), and (4.4), we can obtain
J VP pdxdt +J u1(x)e (0,x) dx
Qr RN
T q’ (4.5)
< EJ lul9 pdtdx + CEJ loeeT + MDY AT + J g(t—s)Ae(t)dt @974,
Qr QT s
Following the same steps, we also have
J lu|9 pdxdt —i—J vi(x)e (0,x) dx
QT RN
T P/ (46)
<e| wiredanco| [loul MO a0 + || hit-siaprar | o T
Qr Qr s
By selecting ¢ < 1/4 and in light of (4.5) and (4.6), we deduce that
(w1 (x) +vi(x)) ¢ (0,x) dx
RN
T a’
<Ce| floel + M a0l + || glt—s)apia | o o
or s 4.7)

-
J h(t—s)Ae(t)dt

S

o =0 () u (7).

where ¢ € C(RN), ¢ >0, suppd C {x e RN : 1 < [x| < 2}, |Ad| < ko, and

+C. JQ (%P’ + M) AP +
T

p/
(pfp//p.

We choose the test function

. , 0<t<T/2,
— (t-T/2)°
H<T>-— L= "7 T/2<t<T,
0, t>T.

Next, we estimate the six terms on the right hand side of (4.7). By making the change of variable t =TT

and making use of the assumptions on ¢, we obtain the following inequalities
J @ 99|t < aT! 24 J ¢,
Qr RN

J 'M(t)lq'cp‘q'/qlAcplq'<TM(T)q’kq’R—2q’J b,
Qr

]RN
q’ /
J (pfq’/q
Qr

T 0 q
Jg(t—s)A(p(t)dt < Ck9'R™29'72 (J g(t)dt) J o,
0 RN

S
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J cpp’/ﬂcptapkm“ﬁj o,
Qr RN
J |M(t)|P'<p—P’/p|Acp|P’<TM(T)p’kP’R—2P’J o,
Qr RN
J (pfp’/p
QT

T p !
J h(t —s)Ap(t)dt

S
Substituting these estimates leads to

< CkP'R™2P'T2 <ro h(t)dt)p J d.
RN

0

inf (ul(x)+v1(x))J b < Cus [T 4 TR R 4 CRTR 247 J o
‘X‘>R RN RN

+ Cyyg [BTI72 4 TRAUT)P KPR 4 CIPR2P'T2] J b.

RN

By letting R — +o00, we obtain

liminf (uq (x) +vi(x)) < Cq /4 |:(x-|—172q/ n ﬁTlfzp’] .

[x|—00
Hence the theorem is proved.

We can immediately deduce the following result.

Corollary 4.2. Suppose that p, q > 1 and wy(x) +vi(x) > 0. If (1.1) admits a global weak solution, then

l‘in‘n inf (u;(x) +v1(x)) =0.

Proof. Suppose that (1.1) has a global weak solution and

S = liminf (u;(x) +v1(x)) > 0.

[x|—00

Then, from (4.8), it appears that

1/(p'-1) 1/(q'-1)
T<max{<‘x—§6C1/4) ,<(X—£BC1/4) },

which is a contradiction.
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