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Abstract: In this paper, we consider the long-time dynamical behavior of the MGT-Fourier system

Uy + ity — BAU, — yAu + nA6 + fi(u,u,,0) =0,
0, — kA8 — nAu, — naAu, + f>(u, u;,6) = 0.

First we use the nonlinear semigroup theory to prove the well-posedness of the solutions. Then we
establish the existence of smooth finite dimensional global attractors in the system by showing that
the solution semigroup is gradient and quasi-stable. Furthermore, we investigate the existence of
generalized exponential attractors.
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1. Introduction

The field of nonlinear acoustics has received much attention in recent years. There is currently a
large number of applications of high intensity ultrasound, ranging from medical therapy (shock wave
lithotripsy and thermotherapy) via sonochemistry to ultrasound cleaning and welding. There are some
classical models of nonlinear acoustics, such as the Westervelt equation [23], Kuznetsov equation [15]
and Jordan-Moore-Gibson-Thompson equation [14].

In this paper, we consider the following system which is related to Jordan-Moore-Gibson-Thompson
equation:

U + Uy — BAU; — yAu + nA0 + fi(u,u,0) =0, (1.1)
0, — kA8 — nAu, — naAu, + f>(u,u,,0) =0, (1.2)
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with the following initial conditions and boundary conditions

{ u(x, 0) = up(x), u;(x,0) = u;(x), u,(0) = us(x), 6(x, 0) = Gy(x), (1.3)
ulso = 0, Vulsga = 0,050 = 0, (1.4)

where Q is a bounded domain with the smooth boundary dQ, and @, ,y,k > 0 and n # 0 are fixed
structural constants, while A is the Laplace operator.

The uncoupled case in which f; = 0, f, = 0 and = 0, the first equation is the so-called Moore-
Gibson-Thompson (MGT) equation that appears in the context of acoustic wave propagation in viscous
thermally relaxing fluids [16,21], although it was originally introduced by Stokes in the mid-nineteenth
century [20]. It has received much attention in recent years. Quite interestingly, it can be used to
model vibration in a standard linear viscoelastic solid, as it can be obtained by differentiating in time
the equation of viscoelasticity with an exponential kernel (see [12]). The same equation also arises
as a model for temperature evolution in a type III heat conduction model with a relaxation parameter
(see [19]). The MGT equation is coupled with the classical Fourier heat equation by means of the
coupling constant  which describes the vibrations of a viscoelastic heat conductor that obeys the
Fourier thermal law which has been studied in [13]. In [17], the authors proved exponential stability
whenever 7| > ¢ in the supercritical case. The authors established the exponential stability for the
MGT-Fourier system by using the semigroup method. Another meaningful physical model can be
obtained by replacing the operator —A with the bi-laplacian A2, yielding thermoviscoelastic plates of
MGT type [10,11,13].

Regarding the nonlinear MGT equation, it is much more complicated ( [4-6, 14, 18]). There are
few results for the attractors in the nonlinear MGT system [2,3]. Recently, we considered the uniform
attractors for the nonautonomous MGT-Fourier system in [22]. In this paper, we will investigate the
global attractors for the MGT-Fourier system in the one-dimensional case, i.e., (x, ) € (0, L) X (0, +00).
The main goal of this work is to prove the existence of the global attractors for system (1.1)—(1.4).
The paper is organized as follows. In Section 2, we will use the semigroup method to prove the
global well-posedness. In Section 3, we get the existence of the global attractors by showing that the
solution semigroup is gradient and quasi-stable as described in [7,9]. Indeed, a quasi-stable system is
asymptotically compact and its global attractor has a finite fractal dimension. Moreover, we consider
the additional regularity for global attractors and the existence of the generalized exponential attractor
by referring to [8].

2. Preliminaries and well-posedness

In this section we shall first give some notations, assumptions and energy estimates that will be
needed. Then we will establish the well-posedness of the system given by (1.1)—(1.4).

2.1. Notations
Denote [|X|l, = IXI|zs00.0) and Hy(0, L) = {X € H'(0, L) : X(0) = 0, X(L) = 0}; then it follows that
H := H(0,L) x Hy(0, L) x L*(0, L) x L*(0, L),
equipped with the inner product given by

(Z,Z2)p = W+ av,w + aP) + z(a/ux + Vy, @ity + V) + x (i, V) + (6, 6),
a
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where Z = (u,v,w, 0", Z = (ii,v,w,0)" and y =8 — Y 5 0. We can convert (1.1)—=(1.4) to an abstract
a

evolution equation

d
— =AZ+F, 2.1
{ - @.1)
Z(0) = Zy = (ug, uy, uz, 6p), (2.2)
where
% 0
w 0
AZ = JF = 2.3)
—aW + BV + Vi, — 105 —-fi
Kexx + W xx + Navy _f2
and
D(A) ={Z € Hlw € H,Bv +yu —nf € H}, k6 + nw + nav € H}). 2.4)

By a direct inner product caculation, we also have
Re(AZ, Zyp = —xlussl}> = cll6,I7,.
By the Poincaré inequality, we can get
Aollully < lleesll3, — AolBI3 < 1164115, (2.5)

where Ay > 0 is the Poincaré constant.

In this work, we apply the forcing terms f;(u, u,,6) = fi(u, + au, ). These are simpler particular
choices, representative enough for the case and techniques introduced. The following hypotheses given
in the next assumption will be used throughout the paper.

Assumption 2.1. (i) The forcing terms f; (i = 1,2) are assumed to be locally Lipschitz and of gradient
type. More precisely, there exists F € C(R?) with

VF = (f1, /). (2.6)
(ii) There exist A, My > 0 such that
F(u; + au,0) > —A(|u, + aul* + |01*) — My, .7)
where 1
0<A< T (2.8)
(iii) There exist p > 1 and C; > 0 such that
IVfi(u, + au, 0) < Cp(1 + |u, + aul’ ™ + 1677, i=1, 2. (2.9)

In particular, there exists Cr > 0 such that
F(u, + au,0)| < Cp(1 + |u, + aul’*' + |6)"*). (2.10)
Moreover,

IVF(u, + au, 0) - (u, + au, 0) — F(u, + au, 0)| > —A(|u, + aul* + 6*) — Mp. (2.11)
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2.2. Energy of the system

Definition 2.1. Z = (u, u;, uy,0) € C°([0, +00), H) is called a weak solution to (1.1) and (1.2) if it
satisfies the initial conditions given by (1.3) and for a.e. t > 0,

d
d_t(u” + au, w + av) + (Buy, + yu, —nb, w+ av) + (fi,w +av) =0,
d
7 (0-9) + (KO + muy, + My, ) + (f2.¢) = 0,
forw + av,¢ € Hy(0, L). If a weak solution further satisfies

Z € C°([0, +c0), D(A)) N C'([0, +00), H),

then it is called a strong solution.

We define the energy of the solutions z = (u, u;, u,, 8) of (1.1)—(1.4) as follows:

L
E@) = E@) + f F(u, + au, 0)dx, (2.12)
0

1
where E(t) = El
Lemma 2.1. Suppose that 7 = (u, u,, u,, 0) is a strong solution to (1.1)—(1.4). Then

|Z(t)||§( is the linear energy. We often omit the variable ¢ inside of the integrals.

(i) The total energy satisfies

Cew =l - ol (2.13)
< =M(lul3 + 116113), (2.14)
where the constant M > Q.
(ii) There exist constants By, Kr > 0 such that
BollZ(®)li5, — LM < &) < Kp(1 +1ZOI5 . (2.15)

Proof. Multiplying (1.1) and (1.2) by u,, + au, and 6, respectively, after integration over (0, L) we can
obtain (2.13) through integration by parts. Then (2.14) follows from (2.5).
By (2.12) and (2.7), we have

1
& = EIIZ(I)H% — Ao(u; + aul® +161°) = LMy
1
2 (5~ ANIZW)NI3, = LMp
> BollZ)llz = LM,

1
where Sy = 3 Ado > 0. By (2.10), for some C > 0,
L
f F(u, + au, 0)dx < C(1 + |u, + aul’™ +16]"H).
0
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Then, following from the embedding of Hé (0, L) in L?(0, L), there exists Kz > 0 such that

1
&) < §||Z(t)||3H +C( + |u, + aulP™ +16/PhH

< Ke(1+12Z0)l5 -

2.3. Well-posedness

Theorem 2.1. Assume that Assumption 2.1 holds. Then for any initial data Zy € H, the system given
by (1.1)—(1.4) has a unique weak solution

Z € C([0,+c0), H), Z(0) = Z,,
which depends continuously on the initial data. In particular, if Zy € D(A), then the solution is strong.
Proof. 1t follows from [22], and we already proved that A is m-accrective in H. Then
dZ(1)
Tdr
has a unique solution. We will show that (2.1) and (2.2) constitute a locally Lipschitz perturbation

of (2.16). To show that F : H — H is locally Lipschitz, let B be a bounded set of 4 and Z', Z* € B.
For some R > 0, ||Z/||% < R. By the definition of the norm in 4, we have

= AZ(1), Z(0)=Z, (2.16)

2
IF(Z" - FZ)Ii3, < C Z Ifi(u; + au', 0" — fiu; + au®, 6|15
i=1
By (2.9) and the Sobolev embeddings, for some Cg > 0,
Ifiu) + au',0") — fiu} + au®, )5 < CRlIZ' = Z*113,, i=1,2.
Therefore, for some C,, > 0,
IF(Z") = F(Z)lgt < ClIZ' = ZPlw, VZ', Z° € B,

which shows that F is locally Lipschitz.

Then from classical results in [1] (see a detailed proof in [8], Theorem 7.2), we can conclude that for
Zy € D(A), (2.16) possesses a unique strong solution defined on a maximal interval [0, #,,,4.), fyax < 0.
If Zy € H then (2.16) possesses a unique weak solution Z € C([0, t,,.,), H). In addition, if #,,,, < co,
then lim sup [|Z(#)||zy = oo. To prove the existence of the global solutions, we must show that #,,,, = .

=tnax

Indeed, let Z be a strong solution defined in [0, #,,,,). By (2.15), we have
1

I1Z@)Il3, < 3, €O+ LMp). 1 €10, by,
0

which by the density argument, also holds for weak solutions. This shows that the solution does not
blow up in finite time. Therefore #,,,, = oo.
Finally, let Z!, Z? be two weak solutions; then, for any 7 > 0, there exists C, > 0, such that

I1Z' (1) = Z2ll3, < CIIZ'©0) = Z2O)ll3,, 1 €10,T],

which shows the continuous dependence of solutions on the initial data. O
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3. Global attractors

From the well-posedness of weak solutions of (1.1) and (1.4), the semigroup {S (#)},5¢ is continuous
on the phase space H and thus defines a dynamical system (H, S (7). In this section, we will investigate
the existence of global attractors and their properties.

Definition 3.1. In a dynamical system (H,S(t)), where H is a complete metric space and S (t) is a
Co—semigroup, a compact set A C H is called a global attractor if it is fully invariant and attracts
uniformly bounded sets of H, that is

SMWA=A, and limd(S()D,A)=0,
—o0

for any bounded set D C H, where d denotes the Hausdorff semi-distance in H.

3.1. Gradient systems

Definition 3.2. A dynamical system (H,S(t)) is stated to be of gradient type if it possesses a Lyapunov
functional, that is, a functional ® : H — R such that,

(i) t > O(S()Z) is decreasing for all Z € H,
(ii) whenever ©(S (t)Z) = O(Z) for all t > 0, then Z is a stationary point of S (1).

Lemma 3.1. The dynamical system (H,S (t)) corresponding to (1.1)—(1.4) is of gradient type. In
addition,
D(Z) — 0 & ||Z]lpg — oo, 3.1

where @ is the corresponding Lyapunov functional.

Proof. Let Z = (ug, uy,us,6y) € H represent the initial data, the corresponding solution is given by
Z(t) = S(1)Z,t > 0. Let the energy functional defined in (2.12) be the Lyapunov functional ®(S (1)Z) =
&E(1). By (2.14) we have

d
5 2802) < ~M(lu|* + 161, 120,

which shows that t — ®(S(¢)Z) is a non-increasing function. Suppose that O(S (r)Z) is constant with
respect to ¢. Then
ludl; =0, >0.

We can obtain that
u(x,t)=0 ae. in (0,L)xR".
Consequently, S(H))Z = Z(t) = (uy,0,0,6) is a stationary point of S (), which shows ® to be a
Lyapunov functional.

From (2.15), we have

D(2) < Kp(L+1IZOI5TH, > 0.

Let ®(Z) — oo; we can obtain that ||Z]|ix — 0. On the other hand, from (2.15), we can obtain
O(Z) + LMy

0

2
IZ][3, <
We can infer from ||Z||¢y — oo that ®(Z) — oo. |
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Lemma 3.2. The set of stationary points N of S (t) is bounded in H.

Proof. Let Z = (u,0,0,0) € N be the stationary solution of the system given by (1.1)—(1.4). Then we
have the following:

—YUxx + ngxx + fl (au,0) =0, 3.2)
{ —KO.x + fo(au,0) = 0. (3.3)

Multiplying (3.2) and (3.3) by au and 6 respectively, and integrating over [0, L], we can obtain

ayllull; + k6:l5 — an fo " Ot dx = — fo " VF(au,6) - (au,8)dx.
By Young’s inequality and (2.11), we have
aly = enliul; + (k = Coam)l0:; < 24L(lecull3 + 612) + 2LM .
Therefore, by the choice of the constant 8, and the Poincaré inequality, we can conclude that
4Bo(adlull3 + Kll6.115) < 2LM.

Then we get the boundedness of N in H. O

3.2. Quasi-stability
Definition 3.3. Let X, Y be reflexive Banach spaces with X compactly embedded in Y and H = X X Y.
Let (H, S (1)) be a dynamical system defined by the following evolutionary system

SMOZ = (u@®), u(1)), Z = u(0),u,(0)) € H

with regularity u € C([0, 00); X) () C!([0, 00); Y). Then (H, S (t)) is called quasi-stable on a set B C H, if
there exits a compact semi-norm [-]x on X (i.e., if xj — 0 in X then [-]x — 0) and there are nonnegative
scalar functions a, b, c with a, ¢ locally bounded in [0, ) and b € L' (R") satisfying that lim b(t) = 0,
—00
such that
IS (0" =S @Oy*Il < a@)lly' = yll, 120

and for S(t)y' = (u'(t), uj(1)),i = 1,2

IS ()y" = S @Yl < b@Ily" = Y21l + c(@) sup[u' (s) = u*(9)]x (3.4)

0<s<t
for any y',y* € B.

Lemma 3.3. Suppose that Assumption 2.1 holds. Let B be a bounded positive invariant set of H and
SMHZ' = (u', ulul )" be a weak solution of the system given by (1.1)—~(1.4) with Zé € B,i =1,2.
Then there exist constants Kg, ag, Cg > 0, such that

E(f) < KzE0)e™ + Cp s%p](lluz(f) + au()|IF + 116012 (3.5)

1
where E(t) = §||Z||§1,u =u' —u?,0=0"-6*r>2.

AIMS Mathematics Volume 9, Issue 4, 9152-9163.



9159

Proof. Let Fi(u, + au,0) = fl-(ut1 +au',0") — f,-(u,2 +aou?,6%),i = 1,2. Thenu = u' —u*,0 = 6' — ¢
satisfy the following:

Uy + AUy — Bty — YUyy + N0 = —F1(u, + au, 0), 3.6)
0, — KOyx — NMUyry — QUi = —Fo(u; + au, 0), 3.7)
(u(0), u,(0), u,(0), 0(0)) = Z' - 72, (3.8)
ulsgo = 0, Vulsge = 0,6ls0 = 0. (3.9

Multiplying (3.6) by u,, + au, and (3.7) by 6, and by integrating over [0, L], we have

d L L
d—tE(t) = —xlluell3 = l6:l3 - f Fy(u, + au, 0)(u, + au, )dx — f Fy(u, + au, 0)0dx.
0 0

Integrating the above equation over [s,T], s > 0, we can get

T T L
E(T) = E(s)- f Otllaeell3 + il 3)dr — f f Fi(u; + au, 0)(u, + au, O)dxdt
K K 0

T oL
- f f Fr(u, + au, 0)0dxdt.
s 0

Applying (2.9) and H(I)(O, L) — LP0,L),p € (1,00), together with the Holder and Young’s
inequalities, we can establish that there exist r > 2, Cp > 0 and € > 0, such that

L
—f Fi(u + au, 0)(u, + au,0)dx < Cp(1+ u! + au' P + | + au? Pt + 16t
0

2 p—1 -1 -1
HO7 ety + cull77 + N0l + el
2 2
Co(llu; + aull; + 0w, + aull>

IA

C
2 B 2 2
elluy + aully + ==l + aull; + 101I7).

IA

Similarly, we have
- 2, Cs 2 2
- Fr(u, + au, 0)6dx < £||0)|; + ?(llu, + au|l; + 16][).
0
Therefore,

L L
C
- f Fi(u; + au, 0)(u; + au, 0)dx — f Fy(u, + au, 0)0dx < eE(1) + —=(|lu, + aul® + ||6]).

0 0 2

1
Let € = —, we can get

T

1 ! 2 2

E(T) < E(9)+ = | E@dt+TChlllu, + aull; + [101)-
0

Integrating it over [0, T], there exists a constant Cr > 0, such that

T
TE(T) <2 f E(t)dt + Cy sup (|lu, + aull? + |6]1). (3.10)
0 s€[0,£]
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It follows that

T
f E(t)dt
0

f 1Z@)ll3, = f f (It + e |5 + |qux + a3 + xllucll; + 1613)dxdt

1
< -3 f (u,+au)(un+aut)dxlo—§ f Fl(ut+au)dX+— f f 10 dxdt
f f iy + qu,*dxdt + - f f 61> d xdt
< Gy(E(T) + E(0) + C3 f (Nl + cull? + (1612)dt, (3.11)
0

where g, C,, C5 > 0 are constants.
Combining this with (3.10), for some constant Cgy > 0, we have

TE(T) < Cr(E(T) + E(0)) + Cgr sup (llu, + aul* + [|6]|»).
s€[0,1]

Fixing T > 2C7, we can derive

C
E(T) < KrE(0) + Cpr sup (lu, + cul? + 1012), K7 = ——— <1
se[0,1] T-Cr
Consequently, there exist Kz, ag, Cg > 0, such that (3.5) holds. O

3.3. Main result

We chose to first collect some useful properties of quasi-stable systems from [9] to apply as the
following proposition which will help us to reach the main result.

Proposition 3.1. If the dynamical system (H, S (1)) is quasi-stable on a positively invariant bounded
set of H, then we have the following:

(i) The system is asymptotically compact.
(ii) If it has a global attractor A, then A has the finite fractal dimension dimy A.
(iii) If the coefficient in (3.4) is uniformly bounded, then any bounded full trajectory (u(t), u,(t)) € XxY
has additional regularity, i.e.,

u, € LR, X)NCR,Y) and wu, e L”(R,Y).
Moreover, there exists N > 0 such that
lu()ly + llua (DIl <N, VteR.

The main result of this section is stated as below.

Theorem 3.1. Under the conditions of Assumption 2.1, the dynamical system given by (1.1)-(1.4) has
a global attractor A characterized by
A=M,N), (3.12)

where M (N) denotes the unstable manifold emanating from N, which is the set of stationary points of
S (t). Moreover, A is bounded in (H*(0, L) N Hy(0, L))* X (H}(0, L))* and its fractal dimension is finite.
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Proof. (1) From Lemma 3.3, we can get that the system is quasi-stable and consequently is
asymptotically compact by Proposition 3.4(i). Then we apply the classical result [9] that states that an
asymptotically compact gradient system satisfying (3.1) with the bounded stationary set N possesses
a global attractor characterized by (3.12). Hence, by Lemma 3.1, the system has a global attractor A.

(2) From Proposition 3.4(ii) the global attractor A above has the finite fractal dimension dimy A.

(3) Since the system is quasi-stable with a constant coefficient c¢(f) = Cp, it follows from
Proposition 3.4(iii) that any full trajectory (u,u,,u,,6) inside of the attractor has further time
regularity

u, € L°(R, Hy(0,L)) N C(R,L*(0,L)) and uy,uy, 6, € L™ (R, L*(0, L)).
By continuity of the nonlinear terms, we have
Bl + Vit + N0y = Uy + auy + fi(u; + au, 0) € L (R, L*(0,L)),
KOsy + Mlyex + MUy = 0 + @ity + fr(u; + au, 0) € LR, L*(0, L)).
Then, u,6 € L*(R, H*(0,L) N Hé (0, L)), i.e., there exists N > 0, such that

2
|[¢72 9)||(H2(0,L)0H5(0,L))2 + |I(uy, utt)||(H2(0,L))2 ol |[77% 91)”(L°°(0,L))2 < N-.

Therefore, since the global attractor is the set of all bounded full trajectories, we can obtain that A
is bounded in (H*(0, L) N H)(0, L))* x (H,(0, L))*. ]

The quasi-stable systems have many other properties such as the existence of generalized
exponential attractors. Now that the existence of global attractors have been established, as in
Theorem 3.1, we will establish the existence of the generalized exponential attractor in the next
theorem.

Theorem 3.2. The system (H, S (1)) has a generalized fractal exponential attractor. More precisely,
for any given & € [0, 1], there exists a generalized exponential attractor Ay, ¢ in the extended space
H_¢ which is defined as the interpolation of the following:

Ho=H, H_=(L*0,L))*x (H,"'(0,L))>

Proof. Let B = {Z € H|D(Z) < B} where @ is the strict Lyapunov functional given in Lemma 3.1.
Then we can demonstrate that for sufficiently large B, 8B is a positively invariant bounded absorbing
set, which shows that the system is quasi-stable on the set 5.

Then for the solution Z(¥) = S (t)Z, with the initial data Z(0) € B, we have for any T > 0:

T
f 1Z (I3, ds < Car,
0

which shows that

5}
IS (t1)Z = S(22)Zll3e, < I1Z(s)Il3, ds < Carlty — Bl?,

3
where Cgr is a positive constant and #,,#, € [0, T]. Hence we obtain that for any initial data Z, € H
the map ¢t — S ()7 is E—Hb'lder continuous in the extended phase space H_;. Therefore, it follows

from [8] that the dynamical system (H, S (1)) possesses a generalized fractal exponential attractor A, ¢
with a finite fractal dimension in the extended space H_;.

Furthermore, by the standard interpolation theorem, we can obtain the existence of exponential
attractors in the extended space H_, with £ € [0, 1]. O
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4. Conclusions

In this work, we obtained the long-time dynamical behavior of the MGT-Fourier system. The main
goal was to prove the existence of the global attractors for the system (1.1)—(1.4). Under conditions of
the Assumption 2.1, we use the nonlinear semigroup theory in [1] to prove the well-posedness of the
solutions, firstly. Next, we established the existence of smooth finite dimensional global attractors in
the system by showing that the solution semigroup is gradient and quasi-stable. From Lemma 3.3, we
can get that the system is quasi-stable and consequently is asymptotically compact by
Proposition 3.4(i). Then we apply the classical result [9] that states that an asymptotically compact
gradient system satisfying (3.1) with the bounded stationary set N possesses a global attractor
characterized by (3.12). Hence, by Lemma 3.1, the system has a global attractor A. From
Proposition 3.4(ii) the global attractor A also has the finite fractal dimension dimy A. Since the system
is quasi-stable with a constant coefficient c(f) = Cj, it follows from Proposition 3.4(iii) that any full
trajectory (u, u;, uy, 0) inside of the attractor has further time regularity. Furthermore, from [8] that the
dynamical system (H, S(r)) possesses a generalized fractal exponential attractor A,,,, with a finite
fractal dimension in the extended space H_;. By the standard interpolation theorem, we obtained that
the existence of exponential attractors in the extended space H_, with & € [0, 1].

Use of Al tools declaration
The authors declare they have not used Artificial Intelligence (AI) tools in the creation of this article.
Conflict of interest

This work is not associated with any conflicts of interest.

References

1. V. Barbu, Nonlinear differential equations of monotone types in Banach spaces, Springer, New
York, 2010. https://doi.org/10.1007/978-1-4419-5542-5

2. A. H. Caixeta, I. Lasiecka, V. N. D. Cavalcanti, Global attractors for a third order in time nonlinear
dynamics, J. Differ. Equ., 261 (2016), 113—147. https://doi.org/10.1016/j.jde.2016.03.006

3. J. Cao, Global existence, Asymptotic behavior and uniform attractors for a third order in time
dynamics, Chin. Quart. J. of Math., 31 (2016), 221-236.

4. W. Chen, R. Ikenhata, The Cauchy problem for the Moore-Gibson-Thompson equation in the
dissipative case, J. Differ. Equ., 292 (2021), 176-219. https://doi.org/10.1016/j.jde.2021.05.011

5. W. Chen, A. Palmieri, Nonexistence of global solutions for the semilinear Moore-Gibson-
Thompson equation in the conservative case, Discrete. Contin. Dyn. Syst., 40 (2020), 5513-5540.
https://doi.org/10.3934/dcds.2020236

6. W. Chen, A. Palmieri, A blow-up result for the semilinear Moore-Gibson-Thompson equation with
nonlinearity of derivative type in the conservative case, Evol. Equ. Control The., 10 (2021), 673—
687. https://doi.org/10.3934/eect.2020085

AIMS Mathematics Volume 9, Issue 4, 9152-9163.


http://dx.doi.org/https://doi.org/10.1007/978-1-4419-5542-5
http://dx.doi.org/https://doi.org/10.1016/j.jde.2016.03.006
http://dx.doi.org/https://doi.org/10.1016/j.jde.2021.05.011
http://dx.doi.org/https://doi.org/10.3934/dcds.2020236
http://dx.doi.org/https://doi.org/10.3934/eect.2020085

9163

7.

10.

11.

12.

13.

14.

15.
16.

17.

18.

19.

20.

21.

22.

23.

@ AIMS Press

I. Chueshov, Dynamics of quasi-stabe dissipative system, Springer Cham, 2015.
doi.org/10.1007/978-3-319-22903-4

I. Chepyzhov, M. Eller, 1. Lasiecka, On the attractor for a semilinear wave equation with critical
exponent and nonlinear boundary dissipation, Comm. Part. Diff. Equ., 27 (2002), 1901-1951.
https://doi.org/10.1081/PDE-120016132

I. Chepyzhov, 1. Lasiecka, Von Karman evolution equations: Well-posedness and long time
dynamics, New York: Springer, 2010. https://doi.org/10.1007/978-0-387-87712-9

M. Conti, E Dell’Oro, L. Lorenzo, V. Pata, Spectral analysis and stability of the
Moore-Gibson-Thompson-Fourier model, J. Dyn. Diff. Equat., 36 (2024), 775-795.
https://doi.org/10.1007/s10884-022-10164-z

M. Conti, V. Pata, M. Pellicer, R. Quintanilla, On the analyticy of the MGT-viscoelastic plate with
heat conduction, J. Differ. Equ., 269 (2020), 7862-7880. https://doi.org/10.1016/j.jde.2020.05.043
F. Dell’Oro, V. Pata, On the Moore-Gibson-Thompson equation and its relation to linear
viscoelasticity, Appl. Math. Optim., 76 (2017), 641-655.

F. Dell’Oro, V. Pata, On the analyticity of the abstract MGT-Fourier system, Meccanica, 58 (2022),
1053-1060. https://doi.org/10.1007/s11012-022-01511-x

B. Kaltenbachre, 1. Lasiecka, M. K. Pospieszalska, Well-posedness and exponential
decay of the energy in the nonlinear Jordan-Moore-Gibson-Thompson equation
arising in high intensity ultrasound, Math. Meth. Appl. Sci., 22 (2012), 1250035.
https://doi.org/10.1142/S0218202512500352

V. Kuznetsov, Equations of nonlinear acoustics, Sov. Phys. Acoust., 16 (1971), 467-470.

F. K. Moore, W. E. Gibson, Propagation of weak disturbances in a gas subject to relaxation effects,
J. Aerosp. Sci., 27 (1960), 117-127. https://doi.org/10.2514/8.8418

C. Monica, L. Liverani, V. Pata, The MGT-Fourier model in the supercritical case, J. Differ. Equ.,
301 (2021), 543-567. https://doi.org/10.1016/j.jde.2021.08.030

C. Lizama, S. Zamorano, Controllability  results for Moore-Gibson-Thompson
equation arising nonlinear acoustics, J. Differ Equ., 266 (2019), 7813-7843.
https://doi.org/10.1016/j.jde.2018.12.017

R. Quintanilla, Moore-Gibson-Thompson thermoelasticity, Math. Mech. Solids, 24 (2019), 4020—
4031. https://doi.org/10.1177/1081286519862007

Stokes, An examination of the possible effect of the radiation of heat on the propagation of sound,
The London, Edinburgh, and Dublin Philosophical Magazine and Journal of Science, 1 (1851),
305-317.

P. A. Thompson, Compressible-fluid dynamics, McGraw-Hill, Now York, 1972.

Y. Wang, J. Wu, Uniform Attractors for Nonautonomous MGT-Fourier system, Math. Methods
Appl. Sci., 2024. In Press. https://doi.org/10.1002/mma.10022

P. J. Westervelt, Parametric acoustic array, J. Acoust. Soc. Am., 35 (1963), 535-537.
https://doi.org/10.1121/1.1918525

©2024 the Author(s), licensee AIMS Press. This
is an open access article distributed under the
terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0)

AIMS Mathematics Volume 9, Issue 4, 9152-9163.


http://dx.doi.org/doi.org/10.1007/978-3-319-22903-4
http://dx.doi.org/https://doi.org/10.1081/PDE-120016132
http://dx.doi.org/https://doi.org/10.1007/978-0-387-87712-9
http://dx.doi.org/https://doi.org/10.1007/s10884-022-10164-z
http://dx.doi.org/https://doi.org/10.1016/j.jde.2020.05.043
http://dx.doi.org/https://doi.org/10.1007/s11012-022-01511-x
http://dx.doi.org/https://doi.org/10.1142/S0218202512500352
http://dx.doi.org/
http://dx.doi.org/https://doi.org/10.2514/8.8418
http://dx.doi.org/https://doi.org/10.1016/j.jde.2021.08.030
http://dx.doi.org/https://doi.org/10.1016/j.jde.2018.12.017
http://dx.doi.org/https://doi.org/10.1177/1081286519862007
http://dx.doi.org/
http://dx.doi.org/
http://dx.doi.org/https://doi.org/10.1002/mma.10022
http://dx.doi.org/https://doi.org/10.1121/1.1918525
http://creativecommons.org/licenses/by/4.0

	Introduction
	Preliminaries and well-posedness
	Notations
	Energy of the system
	Well-posedness

	Global attractors
	Gradient systems
	Quasi-stability
	Main result

	Conclusions

