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Abstract: In this article we consider the following a logarithmic Petrovsky equations with variable expo-
nents:
gy + Nu A+ P 7wy = u) " wln .
We proved that under suitable conditions on the initial data, a finite-time blow up result for solutions with
negative initial energy.

1 Introduction

Let be Q a bounded domain in R™ with a smooth boundary Q. We study the following boundary value
problem:

U + Nu+ w7 uy = [u|? P ulne,  Qx (0,T),
u(z,t) = %u (z,t) =0, oQ x (0,7), (1.1)
U(:E,O):u()(.%‘),ut((L‘,O)ZU1(l‘), 1’.697

here p (-) and ¢ (-) are measurable functions on Q satisfying

2<pi <p(x) <p<ps (1.2)
2<@<q@) <@ <g '
here
p1 = ess infacap (T), p2 = esssup,q P () (13)
qi = ess infrea q (), @2 = esssup,.q q(x) '
and
2 X ifn <4
s s 0
2 < Px < 4 ifn > 4,
also satisfying the log-Holder continuity condition:
A
Ip(z) —p(y)| < | (1.5)
n
r—y

forallz,y € Qwith |z —y| < §,0<d < 1,4 >0.

In recent years, a great deal of mathematical effort has been paid to the study of mathematical models of
parabolic, elliptic and hyperbolic equaions with variable exponents of nonlinearity. Technological advance-
ments brought many new real-world problems such as flows of electro-rheological fluids, fluids with tempera-
ture dependent viscocity, filtration processes through a porous media, image processing and thermorheological
fluids and others, which required modeling with non-standard [6, 20].

Messaoudi et al. [11] studied the following wave equation

ur — Au+a |ut|m('>72 u=b \u|p(')72 ,

they proved the local existence and the global nonexistence.
Tebba et al. [21] investigated a nonlinear damped wave equation given by:

U — Au — Auge + aue] ™ 2wy = blu[P 7y,

under appropriate assumptions on the variable exponents, they demonstrated the existence of a unique weak
solution using the Faedo-Galerkin method. They also proved the finite time blow-up of solutions.
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Antontsev et al. [1] worked the nonlinear Petrovsky equation as follows:

e + A — Aug + [ue [Py = u) T,

under suitable assumptions on the variable exponents and inital data, they obtain local weak solutions and
obtained global nonexistence.
In the study of Ouaoua and Boughamsa [12] they looked into the following equation

st + A2u — Au+ |ut|m(””)72 U = |u\r(w>72 u,

they showed the local existence and also proved that the local solution is global.
Hamadouche [9] worked the following nonlinear Petrovsky equation with variable exponents

uge + Au 4 afue ™y = bluPY?

by utilizing the Faedo-Galerkin method, the author established the existence of a unique weak solution for
variable exponents m and p under suitable assumptions, and also obtained the blow-up result with negative
initial energy.

Rahmoune [18] studied the following wave equation

ure — Au + |ut|m(m)_2 Up = |u\p(g”>_2 ulnu,

they proved the local existence and the global nonexistence.

The existence, blow up and decay of solutions was studied by many authors for the equation, see for instance
[2,3,4,5,8,10, 13,14, 15, 16, 17, 19, 22, 23, 24]

This work is divided into three sections, apart from the introduction. In Part 2, we present preliminary
details about variable exponents, Lebesgue spaces, and Sobolev spaces. Moreover, we introduce important
lemmas and assumptions. In Part 3, we demonstrate the occurrence of solution blow-up with negative initial
energy.

2 Preliminaries
In this section, we present some Lemmas and corollary for the proof of our result.

Lemma 2.1. /6, 7]. If p : Q — [1, 00] is a measurable function u on Q and
2n
2<p1§p(x)fp2<m7n25~ 2.1)

Then, the embedding H3 (Q) < LP") (Q) is continuous and compact.

So, we give the sufficient conditions for p (z) and ¢ (x)

2
2<p1§p($)§pz<q|Sq(x)<qz<—nf4 (2.2)
holds, where
B() = L wlP + & AP —/ BRI 1n|u\d:v+/ ELEWECF 2.3)
2 2 2 q(2) o @ (2)
Lemma 2.2. The energy associated with the problem (1.1) given by (1.2) satisfies the
E (t)=— / e [P da < 0 (2.4)
Q
and the inequality E (t) < E (0) holds, where
BO) = g lul+ 5 18wl = [l o do
5 llw 2 0 e 0 0
1
+/ — |uo|™™ de. (2.5
o @ "

Proof. We multiply the equation of (1.1) by u¢, and integrating over Q using integrating by parts, we get

E'(t) = 7/ [P da < 0.
Q
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Let
H(t)=—E(t) fort >0, (2.6)

since E (t) is absolutely continuous, hence ' (¢) > 0 and
0<H(O0)<H() < / L1 1n ) da
o9
Lemma 2.3. [18]. Let the conditions of (2.1) be fulfilled and let u be the solution of (1.1). Then,

[l o> [ jul do =l @)
a o 1,82

where Q = {z € Q: |u(z,t)| > 1}.

Lemma 2.4. [18]. Under the assumptions stated in (2.2), the function H (t) provided above gives the following

estimated.: o 8
0<H(0)§H(t)§u+ .

— = ||Vu|, t>0,
qie (S—qz)me” HZ =

where s is chosen sufficiently small such that

G<q@p<s<-2 forn>3

n—27

{ @ <@ <s<oo, forn=1,2,

and Bs is a positive constant of embedding H7 (Q) in L*® (Q) such that
lull, < Bs [|Aull, , Yu € Hj (). (2.8)
From above lemma and by using Sobolev Embedding theorem, we have the following corollary:

Corollary 2.5. Under the assumptions of (2.2), the function H (t) presented above yields the following esti-

mates: o B
0<H(0)§H(t)<u+ .

———|Aulj;, t >0 2.9
S e T ey 1wl 120, 29

where s is chosen sufficiently small such that

2.10
o <q<s< 2 forn>5. -10)

n—47?

{ q1 SQZ<8<007f0rn:1a2a374’

3 Blow up

In this part, we state and prove our main result.

Theorem 3.1. Assume that (2.2) hold, and E (0) < 0. Then any solution of problem (1.1) blows up infinite
time.

Proof. Let
D(t)=H""° (t)+f-:/umdx, 3.1

Q
with o > 0 is small enough to be chosen later and such that

-2 - 2(q1 — 2(q1 —

0 <o < min { @ -2 a-p (@ —p1) 7 (@ —p1) } ' 32)
20 T q(p—1) s(pi— D@’ s(m—1Da

Utilizing Equation (1.1) a direct derivation of (3.1) yields

() = (1-o)H T(OH (1) +eulf —eAul

75/u|ut\p(z)7lutd:c+s/ e |7 In ud. (3.3)
Q Q

By applying the addition and subtraction of ¢ (1 — ) i H (t) with 0 < n < q‘ql_z on the right hand side of
(3.3), we get

& (1) > u—@H”@Hﬁﬂwu—mmﬂw+so+Qiﬂﬂ)mw

2

1 —

te <% - 1) ||Au\|2+57]/ || %) In udz
Q

+e (1 —77)%/ |9 d:c—s/u|ut\p(x)7ldx. (34
4 Ja Q

2
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Due to the fact that (2.7), taking into account

1 1
—2/ u|?®) dz < —/ s |7 In udz,
4 Ja ar Jo

(3.4) result in

() > (I—a)H " (OH () +eb {H(t)+||ut\|2+llAu\|2+/IU\Q(””’d:c}
Q
_ P(x)—zd
E/Quut|ut| T
2 <1—0)H“’(t>H’(t)+eﬁ[ (t) + lluell” + [|Aul® + flu)2 92]

—5/ U |ut|1"(%)_2 dz, (3.5)
Q

5:min{(l —n)q1,<1+ (1_277)@)’((1_27])(11 _]) ’%}'

Now, by applying Young’s inequality, we can make an estimate for the final expression in equation (3.3) as
demonstrated below

- 1
/ wug PO de < L / AP [P g
Q b1 Ja

1 __pl=)
+L/7 P T [P dz, (V7 > 0). (3.6)
P2 Q

here

As a result, by taking v such that
_p(@)
v PET =kHTT (L), k>0,

substituting the statement into equation (3.6) with a sufficiently large k to be specified later, we derive the
following inequality:

/u‘ut|p<m>—1d$ < i/k“”‘””)H”(”<“>">(t)|u|f’<”‘>dx
Q b1 Jo

+7”p;lkﬂ/ ()7 (t), ¥y > 0. (3.7)
2

The result of joining (3.5) with (3.7)
/ pz—l —0 /
() > {(1—0)—51371@]% ) H ()
2
2B [H () + lluell + 1aul® + lull? o,

1—p
fskp op2=1) /Iu\” (3.8)

Using Corollary 5, we obtain

P2 (t)/ P da
Q

o(pa—1) p1
o 1)— |Q‘ a
< 2 (B (g o) + (i) ™)

so(py—1)
o —1)—1 (BS) so 1)
oo 2-1) O e 180l (p2— (||“||q1 o, + Ilull?! Qz). 3.9)
We will estimate the terms to the right of (3.9) using Young’s inequality, we get
N pi @ —pi 22lpa-la
w377 flulfr g, < quIUqu,gﬁc il o
SG(Pz Day

Pt Q1 —pi
= Prllully g+ OT ()
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similarly
AullE® (pa—1) D2 < Q1 qu D2 Au %
[[All; M2 g, < H e + [|Aul],
Using the following inequality
1
a0§a+1§(1—5—5)(@—5—6)Va20,0<0<17b20, (3.10)
and condition (2.2) with a = ||u\|g:’Qz e =1+ 0)7 b=H(0)and § = 5—]'(0 = z—f), we get

N

(Il o) (el o) < 260 (g, + )

< 2 (Hu| o+ H (t))
and condition (3.2) with a = [|Au|3, c2 = 1 + %, b=H(0)and 0 = 5[27;]);“, we get
w(Pz Da
(Nawl) 0 <o (laul® +#(0))
< o (sl + 1)

also, a—HAu||2,C3—1+H b—H(O)andGz%,weget

so(py—1)qg

(Naul) 7 < e (Jlaul + 7 @)
and so, (3.9)
o@D () /Q [ul"® d < C (Jull2 g, +H (0) + 1Aul*) , vt € 0,7], 3.11)
where C'is the positive constant that depends only on Q, e, a pi 2, ¢i,». Combining (3.8) and (3.11), we get

() > {(1 —a)—epzT:lk} HT () H (1)

fep2—1

ve 8= (MO + ulf + 18ul? + ) G.12)

i
At this point we pick v = 5 — kpz ‘o > 0, (it is the case when k£ > (%) """ Once k is fixed we pick
€ > 0 sufficient small so that

(l—o)—cP2= 150
D2

and
®(0)=H'""7(0) + a/ uo (x) ur (z) dz > 0.
o
Hence (3.12) takes the form
® (1) 2 [M () + lusl* + [8ul]* + [ullg o, | - (3.13)

Therefore, we have
®(t) > P(0) >0, forallt >0

/ uurde
Q

On the other hand from (3.1),

7 (1) <2077 (7—[ (t) +

(=)
) (3.14)

Cllullg, lluell,

by utilizing Holder’s inequality, it becomes

/ uurdx
Q

1
(1-0)

IN

IN

Cllullg, g lluell, -
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Again, algebraic inequality (3.10), with a = ||u||%! c=1+ =, b=H(0)and0 < § = 22

q1,8 7 H(0)? (1-20)q; —
(see 3.2), gives
2
T—20)
(Il 0,) 7 < € (Il g, +#H @)
Thus, Young’s inequality gives
1
(I=0) 2Al—o) ﬁ
d < C =20 2(1—0) 7
uuyde < lullg, oy =+ lluell3 ;
Q
=20) 2
s ¢ [(”ulél,m) "+ Hutnz} ,
< C[llulg g, +H @)+ lludl3] foralie >0,
joining it with (3.13) and (3.14) yields
@' (1) > (T (1) (3.15)

where ( is a positive constant according as (e, 7y, C'). With a simple integration of (3.15) over (0, ¢) we infer

that |
T (1) 2 . (3.16)
P17 (0) — ¢t

Consequently, @ () blows up in a finite time 7™

* S 1 —0 g )
(o7 (0)
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