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Non-existence of solutions for a Timoshenko
equations with weak dissipation

Erhan Pı̇şkı̇n, Hazal Yüksekkaya

Abstract. In this paper, we consider the following Timoshenko equ-
ation

utt +42u−M
(
‖∇u‖2

)
4 u+ ut = |u|q−1 u

associated with initial and Dirichlet boundary conditions. We prove the
non-existence of solutions with positive and negative initial energy.

1. Introduction

Let Ω be a bounded domain with smooth boundary ∂Ω in Rn. We study
the following Timoshenko equation

(1)


utt +42u−M

(
‖∇u‖2

)
4 u+ ut = |u|q−1 u, (x, t) ∈ Ω× (0, T ) ,

u (x, 0) = u0 (x) , ut (x, 0) = u1 (x) , x ∈ Ω,

u (x, t) = ∂
∂νu (x, t) = 0, x ∈ ∂Ω,

where q ≥ 1 is real number, ν is the outer normal andM (s) = 1+sγ , γ ≥ 1.
This type equation arises beam theory [3]. Timoshenko [14], a pioneer in

strength of materials, developed a theory in 1921 which is a modification
of Euler’s beam theory. The theory takes into account corrections for shear
and rotatory inertia neglected in Euler’s beam theory. The modified theory
is called the “Timoshenko beam theory”.

In the case ofM (s) = 1 and without fourth order term 42u, the equation
(1) can be written in the following form

utt −4u+ ut = |u|q−1 u.(2)

The existence and blow up in finite time of solutions for (2) were established
in [6, 7, 8, 10, 15].

2010 Mathematics Subject Classification. Primary: 35A01.
Key words and phrases. Timoshenko equation, nonexistence, damping term.
Full paper. Received 2 February 2018, revised 3 August 2018, accepted 14 August 2018,

available online 15 December 2018.
The authors are grateful to DUBAP (ZGEF.18.002) for research funds.

c©2018 Mathematica Moravica
1

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by Directory of Open Access Journals

https://core.ac.uk/display/201442779?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
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In the case of M (s) = 0 the equation (1) can be written in the following
form

utt +42u+ ut = |u|q−1 u.(3)

Messaoudi [11] studied the local existence and blow up of the solution to
the equation (3). Wu and Tsai [16] obtained global existence and blow up of
the solution of the problem (3). Later, Chen and Zhou [2] studied blow up
of the solution of the problem (3) for positive initial energy.

The problem (1) was studied by Esquivel-Avila [4, 5], he proved blow up,
unboundedness, convergence and global attractor. Pişkin [12] studied the
local and global existence, asymptotic behavior and blow up. Later, Pişkin
and Irkıl [13] studied blow up of the solutions (1) with positive initial energy.

In this paper, we prove the nonexistence of solutions for the problem (1),
with positive and negative initial energy.

This paper is organized as follows. In section 2, we present some lemmas
and notations needed later of this paper. In section 3, nonexistence of the
solution is discussed.

2. Preliminaries

In this section, we shall give some assumptions and lemmas which will be
used throughout this paper. Let ‖.‖ and ‖.‖p denote the usual L2 (Ω) norm
and Lp (Ω) norm, respectively.

Lemma 2.1 (Sobolev-Poincare inequality [1]). Let p be a number with 2 ≤
p < ∞ (n = 1, 2) or 2 ≤ p ≤ 2n

n−2 (n ≥ 3) , then there is a constant C∗ =

C∗ (Ω, p) such that

‖u‖p ≤ C∗ ‖∇u‖ for u ∈ H1
0 (Ω) .

We define the energy function as follows

(4)
E (t) =

1

2
‖ut‖2 +

1

2

(
‖∇u‖2 + ‖∆u‖2

)
+

1

2 (γ + 1)
‖∇u‖2(γ+1) − 1

q + 1
‖u‖q+1

q+1 .

Lemma 2.2. E (t) is a nonincreasing function for t ≥ 0 and

E′ (t) = −‖ut‖2 ≤ 0.

Proof. Multiplying the equation of (1) by ut and integrating over Ω, using
integrating by parts, we get

E (t)− E (0) = −
∫ t

0
‖uτ‖2 d τ for t ≥ 0.

�

Next, we state the local existence theorem of problem (1), whose proof
can be found in [12].
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Theorem 2.1 (Local existence). Assume that (u0, u1) ∈ H2
0 (Ω) × L2 (Ω)

holds. Then there exists a unique solution u of (1) satisfying

u ∈ C
(
[0, T ) ;H2

0 (Ω)
)
, ut ∈ C

(
[0, T ) ;L2 (Ω)

)
∩ Lp+1 (Ω× (0, T )) .

Moreover, at least one of the following statements holds:
(i) T =∞,
(ii) ‖ut‖2 + ‖4u‖2 →∞ as t→ T−.

3. Non-existence of solutions

In this section, we deal with the blow up of the solution for the problem
(1). Let us begin by stating the following two lemmas,which will be used
later.

Lemma 3.1. Let us have δ > 0 and let B (t) ∈ C2 (0,∞) be a nonnegative
function satisfying

B′′ (t)− 4 (δ + 1)B′ (t) + 4 (δ + 1)B (t) ≥ 0.

If B′ (0) > r2B (0)+K0, with r2 = 2 (δ + 1)−2
√

(δ + 1) δ, then B′ (t) > K0

for t > 0, where K0 is a constant.

Proof. See [9]. �

Lemma 3.2. If H (t) is a nonincreasing function on [t0,∞) and satisfies
the differential inequality[

H ′ (t)
]2 ≥ a+ b [H (t)]2+ 1

δ , for t ≥ t0,
where a > 0, b ∈ R, then there exists a finite time T ∗ such that

lim
t−→T ∗−

H (t) = 0.

Upper bounds for T ∗ are estimated as follows:
(i) If b < 0 and H (t0) < min

{
1,
√
−a
b

}
, then

T ∗ ≤ t0 +
1√
−b

ln

√
−a
b√

−a
b −H (t0)

.

(ii) If b = 0, then

T ∗ ≤ t0 +
H (t0)

H ′ (t0)
.

(iii) If b > 0, then

T ∗ ≤ H (t0)√
a

or T ∗ ≤ t0 + 2
3δ+1
2δ

δc√
a

[
1− (1 + cH (t0))−

1
2δ

]
,

where c =
(
a
b

)2+ 1
δ .

Proof. See [9]. �
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Definition 3.1. A solution u of (1) is called blow up if there exists a finite
time T ∗ such that

lim
t−→T ∗−

[∫
Ω
u2 dx+

∫ t

0

∫
Ω
u2 dx d τ

]
=∞.(5)

Let

a (t) =

∫
Ω
u2dx+

∫ t

0

∫
Ω
u2 dx d τ, for t ≥ 0.(6)

Lemma 3.3. Assume γ
2 ≤ δ ≤

q−1
4 , and that γ ≥ 0, then we have

a′′ (t) ≥ 4 (δ + 1)

∫
Ω
u2
t dx− 4 (2δ + 1)E (0) + 4 (2δ + 1)

∫ t

0
‖uτ‖2 d τ.(7)

Proof. By differentiating (6) with respect to t, we have

a′ (t) = 2

∫
Ω
uut dx+ ‖u‖2 ,(8)

(9)
a′′ (t) = 2

∫
Ω
u2
t dx+ 2

∫
Ω
uutt dx+ 2

∫
Ω
uut dx

= 2
(
‖ut‖2 + ‖u‖q+1

q+1

)
− 2

(
‖∇u‖2 + ‖∇u‖2(γ+1) + ‖∆u‖2

)
.

Then from (4) and (9), we have

a′′ (t) = 4 (δ + 1)

∫
Ω
u2
t dx− 4 (2δ + 1)E (0)

+ 4δ
(
‖∇u‖2 + ‖∆u‖2

)
+

(
4δ + 2

γ + 1
− 2

)
‖∇u‖2(γ+1)

+

(
2− 4 (2δ + 1)

q + 1

)
‖u‖q+1

q+1 + 4 (2δ + 1)

∫ t

0
‖uτ‖p+1

p+1 d τ.

Since γ
2 ≤ δ ≤

q−1
4 , we obtain (7). �

Lemma 3.4. Assume γ
2 ≤ δ ≤ q−1

4 , γ ≥ 0 and one of the following state-
ments are satisfied

(i) E (0) < 0 and
∫

Ω u0u1 dx > 0,
(ii) E (0) = 0 and

∫
Ω u0u1 dx > 0,

(iii) E (0) > 0 and

a′ (0) > r2

[
a (0) +

K1

4 (δ + 1)

]
+ ‖u0‖2(10)

holds.
Then a′ (t) > ‖u0‖2 for t > t∗, where t0 = t∗ is given by (11) in case (i)

and t0 = 0 in cases (ii) and (iii).
Where K1 and t∗ are defined in (15) and (11), respectively.



Erhan Pı̇şkı̇n, Hazal Yüksekkaya 5

Proof. (i) If E (0) < 0, then from (7), we have

a′ (t) ≥ 2

∫
Ω
u0u1 dx+ ‖u0‖2 − 4 (2δ + 1)E (0) t, t ≥ 0.

Thus we get a′ (t) > ‖u0‖2, for t > t∗, where

t∗ = max

{
a′ (0)− ‖u0‖2

4 (2δ + 1)E (0)
, 0

}
.(11)

(ii) If E (0) = 0 and
∫

Ω u0u1 dx > 0, then a′′ (t) ≥ 0, for t ≥ 0. We have
a′ (t) > ‖u0‖2 , t ≥ 0.

(iii) If E (0) > 0, we first note that

2

∫ t

0

∫
Ω
uut dx d τ = ‖u‖2 − ‖u0‖2 .(12)

By Hölder inequality and Young inequality, we get

‖u‖2 ≤ ‖u0‖2 +

∫ t

0
‖u‖2 d t+

∫ t

0
‖ut‖2 d t.(13)

By Hölder inequality, Young inequality and (13), we have

a′ (t) ≤ a (t) + ‖u0‖2 +

∫
Ω
u2
t dx+

∫ t

0
‖ut‖2 d τ.(14)

Hence, by (7) and (14), we obtain

a′′ (t)− 4 (δ + 1) a′ (t) + 4 (δ + 1) a (t) +K1 ≥ 0,

where

K1 = 4 (2δ + 1)E (0) + 4 (δ + 1)

∫
Ω
u2

0 dx.(15)

Let

b (t) = a (t) +
K1

4 (δ + 1)
, t > 0.

Then b (t) satisfies Lemma 3.1. Consequently, we get from (10) a′ (t) >

‖u0‖2 , t > 0, where r2 is given in Lemma 3.1. �

Theorem 3.1. Assume γ
2 ≤ δ ≤ q−1

4 , γ ≥ 0 and one of the following
statements are satisfied

(i) E (0) < 0 and
∫

Ω u0u1 dx > 0,
(ii) E (0) = 0 and

∫
Ω u0u1 dx > 0,

(iii) 0 < E (0) <
(a′(t0)−‖u0‖2)

2

8[a(t0)+(T1−t0)‖u0‖2]
and (10) holds.
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Then the solution u blow up in finite time T ∗ in the case of (5).
In case (i)

T ∗ ≤ t0 −
H (t0)

H ′ (t0)
.

Furthermore, if H (t0) < min
{

1,
√
−a
b

}
, we have

T ∗ ≤ t0 +
1√
−b

ln

√
−a
b√

−a
b −H (t0)

,

where

a = δ2H2+ 2
δ (t0)

[(
a′ (t0)− ‖u0‖2

)2
− 8E (0)H−

1
δ (t0)

]
> 0,(16)

b = 8δ2E (0) .(17)

In case (ii)

T ∗ ≤ t0 −
H (t0)

H ′ (t0)
.

In case (iii)

T ∗ ≤ H (t0)√
a

or

T ∗ ≤ t0 + 2
3δ+1
2δ

(a
b

)2+ 1
δ δ√

a

{
1−

[
1 +

(a
b

)2+ 1
δ
H (t0)

]− 1
2δ

}
where a and b are given (16), (17).

Proof. Let

H (t) =
[
a (t) + (T1 − t) ‖u0‖2

]−δ
, for t ∈ [0, T1] ,(18)

where T1 > 0 is a certain constant which will be specified later. Then we get

H ′ (t) = −δ
[
a (t) + (T1 − t) ‖u0‖2

]−δ−1 [
a′ (t)− ‖u0‖2

]
= −δH1+ 1

δ (t)
[
a′ (t)− ‖u0‖2

]
,

H ′′ (t) = −δH1+ 2
δ (t) a′′ (t)

[
a (t) + (T1 − t) ‖u0‖2

]
+ δH1+ 2

δ (t) (1 + δ)
[
a′ (t)− ‖u0‖2

]2

and

H ′′ (t) = −δH1+ 2
δ (t)V (t) ,(19)

where

V (t) = a′′ (t)
[
a (t) + (T1 − t) ‖u0‖2

]
− (1 + δ)

[
a′ (t)− ‖u0‖2

]2
.(20)
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For simplicity of calculation, we define

Pu =

∫
Ω
u2 dx, Ru =

∫
Ω
u2
t dx,

Qu =

∫ t

0
‖u‖2 d t, Su =

∫ t

0
‖ut‖2 d t.

From (8), (12) and Hölder inequality, we get

(21)
a′ (t) = 2

∫
Ω
uut dx+ ‖u0‖2 + 2

∫ t

0

∫
Ω
uut dx d t

≤ 2
(√

RuPu +
√
QuSu

)
+ ‖u0‖2 .

If case (i) or (ii) holds, by (7) we have

a′′ (t) ≥ (−4− 8δ)E (0) + 4 (1 + δ) (Ru + Su) .(22)

Thus, from (20)-(22) and (18), we obtain

V (t) ≥ [(−4− 8δ)E (0) + 4 (1 + δ) (Ru + Su)]H−
1
δ (t)

− 4 (1 + δ)
(√

RuPu +
√
QuSu

)2
.

From (6),

a (t) =

∫
Ω
u2 dx+

∫ t

0

∫
Ω
u2 dx d s

= Pu +Qu

and (18), we get

V (t) ≥ (−4− 8δ)E (0)H−
1
δ (t) + 4 (1 + δ)

[
(Ru + Su) (T1 − t) ‖u0‖2 + Θ (t)

]
,

where

Θ (t) = (Ru + Su) (Pu +Qu)−
(√

RuPu +
√
QuSu

)2
.

By the Schwarz inequality, and Θ (t) being nonnegative, we have

V (t) ≥ (−4− 8δ)E (0)H−
1
δ (t) , t ≥ t0.(23)

Therefore, by (19) and (23), we get

H ′′ (t) ≤ 4δ (1 + 2δ)E (0)H1+ 1
δ (t) , t ≥ t0.(24)

By Lemma 3.3, we know that H ′ (t) < 0, for t ≥ t0. Multiplying (24) by
H ′ (t) and integrating it from t0 to t, we get

H ′2 (t) ≥ a+ bH2+ 1
δ (t) ,

for t ≥ t0, where a, b are defined in (16) and (17) respectively.
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If case (iii) holds, by the steps of case (i), we get a > 0 if and only if

E (0) <

(
a′ (t0)− ‖u0‖2

)2

8
[
a (t0) + (T1 − t0) ‖u0‖2

] .
Then by Lemma 3.2, there exists a finite time T ∗ such that lim

t−→T ∗−
H (t) = 0

and upper bound of T ∗ is estimated according to the sign of E (0) . This
means that (5) holds. �

References

[1] R. A. Adams, J. J. F. Fournier, Sobolev Spaces, Academic Press, New York, 2003.

[2] W. Chen, Y. Zhou, Global nonexistence for a semilinear Petrovsky equation, Nonli-
near Anal., 70 (2009), 3203–3208.

[3] C. Doshi, On the Analysis of the Timoshenko Beam Theory with and without internal
damping, Thesis, Rochester Institute of Technology, (1979).

[4] J. A. Esquivel-Avila, Dynamic analysis of a nonlinear Timoshenko equation, Abstract
and Applied Analysis, 2011 (2010), 1–36.

[5] J. A. Esquivel-Avila, Global attractor for a nonlinear Timoshenko equation with so-
urce terms, Mathematical Sciences, 7 (32) (2013), 1–8.

[6] V. Georgiev, G. Todorova, Existence of a solution of the wave equation with nonlinear
damping and source term, Journal of Differential Equations, 109 (1994), 295–308.

[7] H. A. Levine, Instability and nonexistence of global solutions to nonlinear wave equ-
ations of the form Putt = −Au+ F (u), Trans. Amer. Math. Soc., 192 (1974), 1–21.

[8] H. A. Levine, Some additional remarks on the nonexistence of global solutions
to nonlinear wave equations, SIAM Journal on Applied Mathematics, 5 (1974),
138–146.

[9] M. R. Li, L. Y. Tsai, Existence and nonexistence of global solutions of some system
of semilinear wave equations, Nonlinear Anal., 54 (8) (2003), 1397–1415.

[10] S. A. Messaoudi, Blow up in a nonlinearly damped wave equation, Mathematische
Nachrichten, 231 (2001), 105–111.

[11] S. A. Messaoudi, Global existence and nonexistence in a system of Petrovsky, J. Math.
Anal. Appl., 265 (2) (2002), 296–308.

[12] E. Pişkin, Existence, decay and blow up of solutions for the extensible beam equation
with nonlinear damping and source terms, Open Math., 13 (2015), 408–420.

[13] E. Pişkin, N. Irkıl, Blow up of Positive Initial-Energy Solutions for the Extensible
Beam Equation with Nonlinear Damping and Source terms, Ser. Math. Inform., 31
(3) (2016), 645–654.

[14] S. P. Timoshenko, On the Correction for Shear of the Differential Equation for Trans-
verse Vibrations of Prismatic Bars, Philosophical Magazine and Journal of Science,
6 (41) (1921), 744–746.



Erhan Pı̇şkı̇n, Hazal Yüksekkaya 9

[15] E. Vitillaro, Global existence theorems for a class of evolution equations with dissi-
pation, Arch. Rational Mech. Anal., 149 (1999), 155–182.

[16] S. T. Wu, L. Y. Tsai, On global solutions and blow-up of solutions for a nonlinearly
damped Petrovsky system, Taiwanese J. Math., 13 (2A) (2009), 545–558.

Erhan Pişkin
Department of Mathematics
Dicle University
21280, Diyarbakir
Turkey
E-mail address: episkin@dicle.edu.tr

Hazal Yüksekkaya
Department of Mathematics
Dicle University
21280, Diyarbakir
Turkey
E-mail address: hazall.ykaya@gmail.com


	01-Piskin-Yuksekkaya

