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STABILIZATION FOR THE TRANSMISSION PROBLEM OF THE
TIMOSHENKO SYSTEM IN THERMOELASTICITY WITH TWO
CONCENTRATED MASSES

WAEL YOUSSEF

ABSTRACT. In this paper, our main goal is to study the stability of the ther-
moelastic Timoshenko beam with locally distributed temperature. Then, we
consider the transmission problem of the Timoshenko system in thermoelas-
ticity with two concentrated masses. We show the non-exponential stability
by using a result introduced by J. E. Munoz Rivera and R. Racke [18] based
on the Weyl theorem. Otherwise, we prove the polynomial stability by using
a frequency domain method.

1. INTRODUCTION

The suppression of vibration of elastic structures is one of the important topics
in the material science. One interesting problem is the stability of solutions of wave,
elastic and thermoelastic equations. To stabilize the oscillations in the solutions
of wave equations, different types of dissipation mechanisms have been introduced
to work either on the domain, part of it, or at a portion of the boundary. In this
paper, we are interested for a model which defines the oscillation of a plate which
is composed of a purely elastic part connected by a vibrating concentrated masses
with two another thermoelastic parts (see Fig. 1). Thereby we have material with
localized thermoelastic effect.

In this work, we shall study the transmission problem for the following Timo-
shenko beam which is composed of three components, one elastic and two thermoe-
lastic. It is governed by the following partial differential equations:

p1¢w — k(ps +1) =0 in (0,L)\ © x (0,00),

P2ttt — bibug + k(z +10) =0 in (0,L) \ © x (0, 00),
01Dy — k1 (P, + ), =0 in O x (0,00),

(1.1) 52Uyt — b1 Wy + ki (g + ) + 0y =0 in © x (0, 00),
0; — 0p + Vs =0 in © x (0,00)

(@, D, ¥, Uy, 0)(2,0) = (B, dL, WO, Wt 09)(2),
(%%ﬂ/ﬂ/&)(xvo) = (¢0a¢1»¢07¢1)($)7

Date: September 3, 2019.
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2 WAEL YOUSSEF

with ¢t > 0,0 <z < L, and © :=]0,c[U]d, L[, where 0 < ¢ < d < L. p1, p2, k, b, 01,
02, k1, and by are positive physical constants. « is the coupling parameter.

Termoelastic part elastic part Termoelastic part
) ' -\ RN |
0 ¢ d L

The system satisfies the following boundary conditions
(1.2) O(t,z) =V(t,z) =0(t,x) =0, =0, L

and the following transmission conditions

ko(t,z) = k1 ®(t,x), bip(t,z) = 1V (t,z) (z=c,d),
0.(x) =0 (z=cd),

—M®y(c,t) = ki1 (Py + ¥) (e, t) — k(@ + ) (c, t),
—MUy(c,t) = b1, (e, t) — ab(e,t) — by (e, t),
Nq)tt(da t) = kl(q)a: + \IJ)(da t) - k‘((pw + w)(d’ )a
Ny (d, t) = b1V, (d, t) — ab(d,t) — b (d,t),

where M, N > 0. The energy of solutions of the system (1.1)-(1.3) is defined by

(1.3)

M M N N
E() = &(t) + &) + - |Pule, ) + T | Wa(e )P + 1 Du(d D) + S [Tele, 1),

where
1 d
1) &= [ (rlel + pelinl? + el + K + o) ds
and
1
(15) &) =5 [ Gl + ST + 0P 4 a0, + U 4 6 da.
©

Now, let us multiply the first equation of (1.1) by ¢; and the second by v, then
integration over (¢,d). Again, we multiply the equation by ®; and the fourth by
U, then integration over ©. Thus, by using the boundary conditions (1.2) and the
transmission conditions (1.3) we get

d 2
. — = — <
(1.6) té’(t) / |0,]dx <0

which called the dissipation relation.

Recently, the stabilization of the transmission problems have attracted vast interest.
In [7] Z-J Han and G-Q. Xu investigated a transmission problem between elastic
and thermoelastic materials which are connected by a vibrating concentrated mass.
They proved that this system is not exponentially stable, but they establish a
polynomial stability with estimation of the optimal decay. C.A. Raposo et al. [20]
studied a transmission problem for the Timoshenko beam by considering the case
when a part of the beam has friction and the other is purely elastic. They proved
the exponential decay for the solution. In [14], S. A. Messaoudi and B. Said-Houari
established the exponential stability of the solution of a 1D linear thermoelastic
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transmission problem, where the heat conduction is described by the theories of
Green and Naghdi. J. E. Munoz Rivera and R. Racke [18] considered transmission
problems between a (thermo)viscoelastic system with KelvinVoigt damping, and a
purely elastic system. They proved that neither the elastic damping by KelvinVoigt
mechanisms nor the dissipative effect of the temperature in one material can assure
the exponential stability of the total system when it is coupled through transmission
to a purely elastic system. By using Weyls theorem on perturbations of the essential
spectrum. They showed the lack of exponential stability. Moreover, they proved
the polynomial stability by using an extension of a result Borichev and Tomilov
[3]. Also, we refer the readers for some other results on the transmission problems
[1, 13, 19, 22| and on the thermoelasticity [2, 10, 15, 16, 21].

This paper is organized as follows. In section 2 we prove the well posedness of
the system (1.1)-(1.3) by formulating an appropriate Hilbert state space setting.
In Section 3 the nonexponential stability is established. Section 4 is devoted to the
polynomial stability.

2. WELL-POSEDNESS

First, we need to introduce the following spaces:

(0,00, ®,0,0) € (H(Je,d]))* x (HY(©));
Hi:=4 @(t,z)=¥(t,z) =0(t,z)=0,2=0, L. )

ko(t,z) = k1®(t, x), b(t,x) =01 V(t,z), (x=c,d)
0.(x) =0, (z=-¢d)

L= (Lz(]c,d[)>2 X (L2(6))2,
and
H=H, x L2 x C*.

Now, consider the bilinear form h defined over H x H by:

d —_—
h(W1, Ws) = / {PlUﬂTQ + pov1T3 + D100, + k(012 + ¢1) (p2z + 7/12)] dx

+/ [51]?1172 +02q1G2 + b1 W1, Vo, + k1 (P1p + V1) (Poy + Ua) + 91972} dz
)
+Mz17Z3 + Mwiwz + Nri72 + Nyiyjz.

for all
Wl = (@hwlaq’h‘1’1,917U17U17p17Q17217w177“1»y1) S H
and

Wy i= (2,92, Pa, Wa, 02, uz, va, P2, g2, 22, W2, T2, Y2) € H.
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Then, for W := (¢,v, ®,¥,0,u,v,p,q, z,w,7,y) € H, we have
d
BV W) =0 = [ [palul + palof? + oiuf? + Flgs + 07 da

b [ [oul? 4 Balal? + bW + ki, + W + (0] do
©

+M|2f* + Mlw|* + N|r[* + Nly|* = 0
= u=v=0 on (¢,d), p=¢q=0 on O,

P, +¥V=V¥,=60=0 on O,

wg,:@x +¢:O on (C,d).
So ¥ = cte on O, but ¥(0) = 0. Hence ¥ = 0 and so &, = 0 on O. Therefore,
® = cte on O©. The fact that ®(0) = 0 leads to ¥ =0 on O.
On the other hand, by the transmission conditions, we have bi(x) = b1 U(z), (v =
¢,d). Then ¢ = 0 on (¢,d) and we get that ¢ = 0 on (c¢,d) because kp(z) =
k1®(z), (x = ¢,d). Therefore, W = 0y.
Consequently, h is an positive-definite inner product of H associated to the energy
norm. Thereby H is a Hilbert space under this norm.

Define the linear operator A by:
(o, 0, w,®, W, 0,u,v,p,q,z,w,7,y) € H/
D(A) =1 (.0, ®,0,0) € Hy 01 [ (H2(e,dD) x (H2(0))°], ,
(u,v,p,q, 00 — qz) € H1,2 = p(c),w = q(c),r = p(d),y = q(d)

and

EST SIS TN

995:1: — (g

k

T(@ww + wz)
b k
P2 1 P2
AW = 6—(<I>m +0,)
b 'k

«
—Vv,,— — (&, +V) - —0,
0o 52( +7) P

_% [k1(24 + P)(c) — k(s +¥)(c)]

_i[bquz( ) — af(c) — b (c)]
L [;ﬂ( +0)(d) — (s + $)(d)]

Then the system (1.1) can be reformulated into an evolution problem of first order
on H in the form

Wi(t) = AW(E), t>0,
(2.1) { W(0) = WO € D(A).
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Now, we are ready to summarize the well-posedness result in the following theorem.

Theorem 2.1. The operator A generates a C° - semigroup S(t) of contractions
on H. In addition, for any initial data W° € D(A), W(t) is a strong solution of

(2.1) ice. W(t) € C! ([0, oo),?-l) N cO([o, oo),D(A)).

Proof. For W = (¢,9,®,9,0,u,v,p,q, 21, 22,71,72) € D(A), a straightforward cal-
culations leads to

(2.2) RAW, W) 1= RR(AW, W) = — / (16212) dz < 0.
(C]

Next, let us prove that
(23) AW:(f17f27"'af97f107f117f127f13)

has a unique solution, for any (f1, fo, ..., f13) € H.
In order, the first forth equations of (2.3) imply that

U:f17U:f27p:f37q:f4~

From an other side, substituting of ¢ in the forth equation of (2.3) and using the
standard elliptic PDE theory yield to the existence of the unique solution

0 c (Hj(o,c) N Hf.(o,c))

of the equation

{ Oza :af4m+f5a
8(0) = 0, 6.(c) = 0.

where, for j € N*,
HI(0,¢) := {f € H*(0,¢)/f(0) = 0}.
Similarly, for the existence of the unique solution
0 e (H;(d, L) N H3(d, L)),
where
H’(d,L):={f € H(d,L)/f(L) =0}
It remains to establish the existence of (¢, v, ®, ¥) satisfying

(2.4) k(pee +v2) = p1fe,

(25) W = (o +0) = paf

(26) kl(@x:c + \Ijac) = 51f8a

(27) 01Uy, — k/’l(q)a; + \I/> = by, + 52fg,
(2.8) k1(®, +0)(c) — k(pz +9)(c) = —M fio,

(2.9) b1U,(c) — by (c) = —M fi1—ab(c),
(2.10) k1(®, + W) (d) — k(e +9)(d) = N fiz,

(2.11) b1 We(d) — bipa(d) N f13 + af(d).
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For this claim, consider the continuous and coercive linear form

~ o~ o~ d ~ ~
B((0 0,0, 0),(B0.8.0) = [ [0 + Ks + )@ + )] do

C

+/ [bqux\ix Yk (B, + ) (D, + ﬁl)}dx
©

for (p, 9, ®,¥), (@, 1;, 5, \Il) belong to the Hilbert space

G { (9, ®, %) € (H'(e,d])” x (H'(0))*/D(t,x) = U(t,2) = 0,2 =0, L, }
ko(t,z) = k1 ®(t, ), b(t,x) = b1 V(t,x), (x=c,d)

Let F be the continuous linear form defined by

d d
F(3. 0,8, %) = —p1 / fo@dz — pa / frdde — 6, / fobda — 5, / Jrbda
c c e (C]

+N f129(d) + M fr09(c) + (N fi3 + ab(d)) ¥ (d) + (N fi1 — ab(c))¥(c).

By applying the Lax-Milgram theorem, there exists a unique (¢, %, ®, ¥) in G such
that

[B((907 7/)7 (I)a \I/)a (&a {/\;7 ;f)a \AI;)) = F(aa {z[;a (’57 CI})

for every (3,1, ®, W) € H. Therefore, the (2.3) has a unique solution W € D(A)
and so 0 € p(A). Thus, by the resolvant identity, for A > 0, we have R(AI—A) = H
(see Theorem 1.2.4 in [12]). So, by applying the Lumer-Philips theorem the proof
is achieved. (I

3. NONEXPONENTIAL STABILITY

We start this section by some notations and definitions. Let X be a Banach
space. A bounded operator S € Z(X) is called a Fredholm operator if there is
T € Z(X) such that Idx — T'S and Idx — ST are compact. We denote by

Oess(S) :=C\{A € C; AMIdx — S is a Fredholm operator}
the essential spectrum of S. Moreover , we define the essential spectral radius by
Tess(S) := max{|\|; A € 0ess(5)}-

For more details see [4], pp. 248-250.

The proof of the nonexponential stability is based on the following theorem proved
by J. Rivera and R. Racke [18] which based on the Weyl theorem (theorem 3.3 page
3748).

Theorem 3.1. Let Hy be a Hilbert space with norm ||. |3, , and let @ € Ho C Hy
be a closed subspace with orthogonal projection P : H1 — Ha. Let S; = (S;(t))i>0
be a Cy-semigroup on H; for j =1,2. If there exists to > 0 such that fort > tg >0
we have

(1) TCSS(S2(t)) Z 17

(2) S1(t) — Sa(t) : Ha —> Hi is compact,

then Sy is not exponentially stable.
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Now, let us establish the following observability result which will plays an im-
portant role for the proof of the main theorem in this section.

Lemma 3.1. Let T > 0. There exists a positive constant C' such that

T T
| et [ laapa
(3.12) - 0 .
+/ (2 +¢)(c)l2dt+/ (00 + ) (d)2dt < CE(0)
0 0

and

T T T T
(3.13) / e () Pt + / ()2t + / (62 (0) 2+ / (46 (d)[2dt < CE(0).

Proof. Let A € C'([e,d]) be a given function satisfying A(c) = —A(d) = 2, where
v > 0. Multiplying the first equation of (1.1) by A(z)(p. + v) and integrating the
resulting equation over [0,7] X [c, d] we get

T d T d
(3.14) o / / (@) (s + 0)dz — k / / (62 + V)2 A(@) (g0 +V)de =

Therefore,
T ,d

7p1/ / A(x) o1 (@ar + 1) dfvdterl ) et (¢ +¢)]

(3.15) b o
Ay B ) 2
+k 2| +w|ddt | z+w| =0
0 c

thus,

T d T d
A, Az
m/ 5 thlzd:vdt—m/ [(2 )thlg} dt
0 C E? c

T d
(3.16) +o1 / pebndadt + py / A@) (el + V)T da

T in,
+k‘/ / ?\%c—HM dxdt — k/ [| $+1/J|2} t=0
0 c

T T
oy / 1) 2dt + pry / i (d)|2dt
T

T
+kw/ (po +1)(€)| dt+m/ (po + ) (D) 2dt =
—p / / prbedadt — py / A@) [or(s + )T da

—k/ / ey + Y| dxdt

So, by the Cauchy-Shwarz inequality and the definition of £ we get (3.12).
The estimation (3.13) is obtained by multiplying the second equation of (1.1) by
A(z)(ps + 1) and repeating the same arguments to get (3.12). O

Hence

7

(3.17)
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Now, define the semigroup Sy by the following initial boundary value problem over
(0,L):

1B — k(Fe + 1)z =0 in (0,L)\ © x (0,00),
(3.18) potes — Wy + K(Fy + 1) =0 in (0,L)\ © x (0,00),

(o, @tﬂ:/;, Jt)(%@ = (@07@1,{/;, {/;1)@) in (0,L)\ ©

with boundary conditions

(3.19) { Bt,x) =v(t,x) =0 (z=c,d),

Oz () = Up(z,t) =0 (z = ¢, d).
and initial condidtions
(320) {’Z(Oa I) = &07 {E(Oa I) = {EO in (Cv d)

Therefore, the above system is conservative i.e.

Note that, in © the problem is purely thermoelastic. However, in (0,L) \ © the
energy is conservative i.e.

(3.21) & (t) =& (O), Vvt > 0.

Therefore, the semigroup T associated to (3.18), (3.19), and (3.20), defined on the
Hilbert space

2 2 4
Ho i= (Hi (e dD)” x ({03)" x (L2(edD)” x ({0}) " x ({0c})
by
So(@o,10,0,0,0,31,91,0,0,0,0,0,0) := (3, 4,0,0,0, 3, 0, 0,0,0,0,0,0)

is a unitary semigroup. Hence, regs (So(t)) = 1. We attract the attention of the
readers to that in this case, the problem is purely elastic in (¢, d).

Theorem 3.2. The semigroup S with S(t) = et is not exponentially stable.

Proof. Firstly to choose a Hilbert space Hg, we proceed as Rivera and Racke in
[18]. Let (¢f,%{,0,0,0, 0T, 97,0,0) be a bounded sequence of initial data in

2 3 2
Ho = (Hy (e.d)” x ({0})° x (L2(e.dD)) x ({0})
Let (o™, ¢™, @™, U™, 0™) be the corresponding solution to the transmission problem
(1.1)-(1.2) with associated semigroup S(t) = et and let (", ") be the solution
of the uncoupled system (3.18)-(1.3) with (@",¥",6") := (0,0,0) with associated
semigroup So(t) = e*. Let

2

X =t = B = = T = BT - B = 9,

=" -yt ="v" g:=0" — 0" =6".
Our claim is to show that there exists a subsequence of (x", ™, n™, ", ™) converges
in H. O



Therefore (x™, (™, n™,&™, 0™) satisfy the following system

p1XE — k(X2 + (™). =0 in (0,L)\ © x (0,00),

p2Gii — bC, + k(X +¢") =0 in (0,L)\ © x (0, 00),
prniy — k(0 +€")e =0 in © x (0, 00),

(322) potih — b, + K(n + €% + a0t =0 in © x (0,00),
o —o 4+ afly, =0 in© x (0,00)

(", €6 0™)(.,0) = (0,0,0,0,0) in O,
(X" x> ¢ ¢ (5 0) = (0,0,0,0) in (0, L)\ ©.

The corresponding boundary conditions satisfied

n"(t,x) = " (t,x) = o™(t,x) =0,z =0, L.
(3.23) n " 3

"(ta) = @
X"(t,z) = ¢
For the associated energy to (3.22)-(3.23)

1 d
Ea(t) = f/ (P12 + palCPI2 4 BICPP + Flxe + ¢ de
(3.24) 2 Je

1
45 | (I + ol P+ BIEZ + ki + €712 + o ).
by a straightforward calculation, we have the identity

d

c

GE0+3 [1of i = k(x40 a G +/<1(77z+5)

L

(3.25) +h(11s + )| " e —ngst "} oo +a§tad
+O’IO':)+O'IO'L

Hence, using the conditions (3.23) in (3.25) we get

d

G0+ 5 [ loaPdz = ke, + )i ~ Ko + 9Ol

_&x(d)</’t(d) + (px( ) ( ) - b¢x( )1/}t(d) - bi[;ac(d)wt(d)

(3.26) +0vbz ()i (c) + biba(e)he(c) + k(Py + V)(c)Pi(c) — kPs(c) Py (c)
—k(®y + V) (d)By(d) + D (d) Dy (d) — b4 (c) Ty (c) + by (c) Ty (c)
+0W, (d) U4 (d) — b, (d) Ty (d) + ol (c)0(c) — al,(d)6(d)

+0,.(c)0(c) + 0,(d)0(d).
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Thanks to the fact that (&7, ¥™,67) := (0,0,0), (3.26) implies

GE 0 +5 [ lodPde = e, + 0D ~ Kga + 00

—2u(d)pe(d) + Bu(€)pr(€) — biby (d)ihy(d) — biby (d)ipe(d)

(3.27) bty (€)1 () + bba ()b (€) + k(Dg + W) (c)Dy(c)

_k(q)w + \I/)<d)q)t(d) - b\Ifw(C)\I/t(C)

00, (d) T4 (d) + aly(c)0(c) — a®:(d)0(d).

Therefore, integrating over [0, T], we obtain

(3.28)
T

T
Ea(t) <k / (s + ) (d)or(d)dt — k / (s + ) (Qpe(c)dt
- / B (d)pu(d)it + / Go(pr(e)dt — b / b (dyy(d)dt — b / By (d)dt
T T _ T
T / B ()e(c) + b / Tu(@)e(c) + & / (B + 0) ()0, (c)
T

T
—k /0 (B + T)(d)Dy(d)dt — b /O U, () Wy (c)dt

T T T
+b /0 U, (d) Ty (d)dt + o /0 U,y ()0(c)dt — a /0 U, (d)0(d)dt.

Due to (1.3) the sequences 7 (c), ¢ (d), ¥ (c), and ¥} (d) are bounded in H'(0,T).
Therefore, the sequence (X", (", 0™, £, 0™) has a convergent subsequence in L?(0,T).
Hence, S(t) — So(t) is compact.

4. POLYNOMIAL STABILISATION

Lemma 4.1. There is no eigenvalue on the imaginary axis i.e. we have
(4.1) iR C p(A),
Proof. Suppose that there exists A € R* such that eigenvalue and
W= (p,¥,®,9,0,u,v,p,q,21,22,71,72)
be the normalized eigenfunction, i.e.,

(4.2) AW = iAW,
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Therefore, we have

(4.3) u(z) = ide(x), x € (¢,d),

(4.4) v(z) = i\Y(x), x € (¢,d),

(4.5) p(x) = i\®(z), x €06,

(4.6) q(z) =iV (z), xr €0,

(4.7) Ope — gy = iN0(x), r €O

and so we have

(4.8) Mo+ %(g@m + 1) =0, x € (e,d)

(49) )\Qw + %wzm - ;k;(@m + ’(/}) =0, T € (C’ d)

(4.10) PR + i (<I>m +0,) = r €O

(4.11) >\2\P+£\I/m— — (P, + V) — —995 =0, r €O
P2 P2 P2

(4.12) —MN®(c) = k(Ps + ¥)(c) — k(ps +¥)(0),

(4.13) —MMNU(c) = bW, (c) — ab(c) — b, (c),

(4.14) NX2®(d) = k(®, + ¥)(d) — k(e + )(d),

(4.15) NX2U(d) = bW, (d) — ad(d) — by, (d).

We have

(4.16) Re(AW, W)y = Re(iA[|[W]3,) = / |0, |2dz = 0.

So, 8, = 0 on O. In addition, by (1.2) we have §(0) = 6(L) = 0. Hence, § = 0 on

©. Next, thanks to (4.26), g = 0 on ©. Thus, ¢ = 0 on 9 because ¢(0) = ¢(L) =

0. Therefore, (4.32) leads to ¥ = 0 on ©. Then, by (4.11) and the conditions
®(0) = ®(L) = 0 we get @ = 0 on O. Next, the transmission conditions, (4.12),
(4.13),(4.14), and (4.15) give

(4.17) o(x) = pa(x) = (2) = Yalx),  z=0cd
Now, denote by Y = (¢, @z, ¥,1,). then from equations (4.33), (4.34), and the
boundary conditions (4.17), we obtain the following system

(4.18) Y'=MY and Y(c)=Y(d) =0,

where Y is is a real square matrix of order three. Then the ordinary differential sys-
tem (4.18) has the unique solution Y = 0. Consequently, W = 0 which contradicts
that W # 0.

O

For the polynomial stabilisation, the following theorem introduced by B. Rao
and Z.Liu [11] will be used.

Theorem 4.1. there exist two constants C,, > 0 independent of W° € D(A™)
such that

m
4

Int 8 *
@19)  ISOW < o (5) T OOy, meN
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Proof. To conclude the mentioned polynomial stability, we must prove the following
two conditions:

(4.20) iR C p(A),
and
1
(4.21) A113100WH(MI—A)*H < +00.

We will establish these conditions by contradictions. The proof of the condition
(4.20) is standard.
Now, suppose that the condition (4.21) is false. Then, there is a real sequence (Ay)
and a sequence

Wn = (Spn7 wn’ @n’ q]n? 9”5 un’ ,Un7pn7 q“? Z?? Z;l’ 7"?’ T;) 6 D(A)
such that

(4.22) M| — +00,

(4.23) [ W™ [l3= 1,

and

(4.24) dim N (iAp ] — A)W™ |l = 0.
So

(425) )\is [(7')\77,-[ - A)] Wn = (f1n7f2n7"'7f€?7f107f117f127f13) — 0 in H?

Therefore, in H(]e,d[) we have the following convergence

(4.26) A [iAne" —u"] = fI — 0,
(4.27) AB[iA 0™ — "] = f3 — 0,
In H'(©) we have the following convergence

(4.28) AE[iA, @™ —p"] = f§ — 0,
(4.29) AR [IA U™ — ¢ = fi — 0,

In L?(©) we have the following convergence
(4.30) A [iAa 0" — 02, + agl] = f& — 0.

In L?(]c,d[) we have the following convergence

k
(4.31) Ao [idpu” — E(@ﬁx +y)] =fg —0,
487, n b n k n n n
P2 P2
In L%(©) we have the following convergence
k
(4.33) A [iAnp" = (@ + )] = £ — 0,
b k

(4.34) A [idng" — W 4 — (BT 4+ W) + 7] = f — 0,
P2 P2

p2
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Also, In C we have the following convergence

(035) AP [iAee + o (KB +U7)(0) — k(e + ) ()] = iy — 0,

(4.36) B [iAnzl + % (bP2(c) — ab™(c) — b2 (c))] = fi1 — 0,

(137) A [ard 5 (— K2+ 0 () + (e + 9" (@)] = fis — O,

and

(138) N[k + 1 (~ DU + ad"(d) ~ b ()] = iy — 0,
Note that

d
W = [ ol 4 palon? 4 2 + bl + P da
(&
b [ (oo o+ pala” P+ B k{82 w7 4167 ] do
[S]
PP 4 2+ [P+ g
The main goal is to prove that || W™ [|3,— 0 to get a contradiction with (4.23).

On the other side, we have The proof will contains several steps.
Step 1. Thanks to (4.25), we obtain

(4.39) Re((A%5(iAy — A)) W™, W) 5y = / IA247 % dz — 0
©

Hence

(4.40) Mgn 0 in L*(©).

Thanks to the Poincaré inequality, we have also

(4.41) AAgm — 0 in L*(O).

Step 2. In this step, to achieve the proof, we shall establish that

(4.42) u™ " — 0 in  L*c,d),
(4.43) Y — 0 in  L?*c,d),
(4.44) el 4P —0 in  L*c,d),

Firstly, dividing (4.26), (4.27), (4.28), and (4.29) by A\2? and using the fact that u™,
o™, 2™ p™, ¢", and r™ are bounded from (4.23) lead to

(4.45) " —0  in L?(c,d).

(4.46) " U" — 0 in  L*(O).

Next, eliminating u™ in (4.31) by (4.26) then taking the inner product of resulting
equation with %(c — )" in L?(c,d) and integrating by parts lead to

d d
P1 n c—d n k n k n
2 [ e+ S @R - 5 [ IR+ Sl

(4.47) ;
—k/ (c —z)yYrer — 0.
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The sequence || ||12(c,q) is bouded. Indeed,

lozlizze.ay < ey + " L2y + 19" |2 (ca)s

llr + ¥™||L2(c,q) is bounded from (4.23) and [|¢"||12(c,q) is bounded from (4.45).
Therefore, the last term in (4.47) converges to zero thanks to (4.45). Thus, (4.47)
gives

(4.48) /w 4 S e —f/w Blon@P —

Similarly, eliminating v™ (4.32) by (4.27) , then taking the inner product of

resulting equations with c—2)yY" in L?(c,d) and integrating by parts lead to

)\48 (

d
P2 2 24
22 [ P S @ - o [ P @)
Q/f d /
+ [ e—apunel + b / (c — )ppg" — 0.

The last term in (4.49) converges to zero due to (4.45) and the fact that [[¢ || 12 (c,q)
is bounded by (4.23). Hence (4.49) leads to

(4.49)

d
(150) L2 / P2 + oS

Adding (4.48) and (4.50) leads to

/|A P2 [ M"P—f/ | "|2—f/ uzl?

(@) — 2 / I + W@ —

(4.51) +p |/\n<p (d)]? +Pz |>\n¢"( |%(
2@ — 0.
In the following steps and calculation, we shall denote by ||. [|a := || . [|22(4,1)-

Step 3. Our target in this step is to prove that all the terms defined at x = d in
(4.51) tend to zero. Only, the transmission conditions will give back information
from the thermoelastic part of the beam to the elastic part. Let us start with the
term A\,¢"(d). So by the Gagliardo-Nirenberg inequality, we have

(4.52) At (@) = M (D) S 12" |al AT a-
Eliminating ¢, in (4.30) by (4.29) then taking the inner product of resulting equa-
tion with W\IJ" in L?(d, L) and integrating by parts lead to

L L
(4.53) z/ A}fewg+/ Atonyn [A};ag\pg]jﬂa/ AT |2 — 0.
d d d

The first term tends to zero since A:26" — 0 by (4.40) and ¥” is bounded in
L?(d, L) due to (4.23). The second term can be written as

/L AlQon \I/zx
4 n Yx >\n
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n

U
So this term tends to zero since )\m is bounded from the dividing of (4.34) by \%9
n

and A\120" tends to zero in L?(d, L) by (4.40). About the boundary term, using the
transmission conditions on 07 gives

O] = -\ L)L),
By the Gagliardo-Nirenberg inequality we have

n
9$I

An

n 2
W(ECE

An

H s
n
[
d

NLOHLIWAD)| S 202§

d
n

Now, dividing (4.29) by A? implies that i—x is bounded in L?(d, L). Then, dividing

n
n

0
(4.30) by A2 yields to % is bounded in L?(d,L). Consequently, the first three

n
terms in (4.53) tend to zero and so

(4.54) ATy — 0.
Therefore,
(4.55) An¥%|la — 0.

On the other hand, ¥" is bounded in L?(d, L) from the Poincaré inequality and
since U” is bounded in L?(d, L) from (4.23). Thus, using (4.55) in (4.52) leads to

(4.56) An"(d) — 0.
Now, let us prove that
(4.57) A (P + T™)||g — 0.

For this goal, eliminating g, in (4.34) by (4.29) then taking the inner product of

resulting equation with W(‘I)w +¥n) in L?(d, L) and integrating by parts lead to
L b L
- [+ 2 [, e,
d P2 Jd
b 2 L k n ny|2
(4.58) —Z 2w, + w4+ (@ )
P2 . d P2 Jq

+ 2 [ A2 (@, + o) — 0.
P2 Jd

By the poincaré inequality we have

I la < AT -
Hence, thanks to (4.54)
(4.59) MO" — 0 in L?(d,L).

So (4.59) and the boundedness of ®, + ¥ in L?(d, L) due to (4.23) give

L
(4.60) / AU (D, +T™) — 0.
d
Next, we have
L L ((I) 4 \Ijn) )
(4.61) / MU (D, + U™, = / A;’;\y;% 0
d d n
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(P2 +9")s

. is bounded in

since A3W" — 0 in L?(d, L) thanks to (4.54) and

L?(d, L) by dividing (4.33) The last term in (4.58)

1

L
(4.62) / A205 (O 4+ T™) — 0
d
Thanks to (4.40) and the fact that @, + U™ is bounded due to (4.23). Now, about
the boundary terms in (4.58), by the Gagliardo-Nirenberg inequality we have for
r=d,L

N2 () (@ + 07 (a)|

~

1
2

(4.63) e |t [, + U,
[RSA K [P + 9" || =] -
An g An d
o d wn
Thus, (4.54) and the boundedness of )\“, ®, + U", and (5”—:7)37 yield
L
(4.64) [Ai\pg(cpm + \p”)} .o

Consequently, (4.60), (4.61), (4.62), and (4.64) imply (4.57). Next, by the trans-
mission condition and the Gagliardo-Nirenberg inequality, we have

1 1
[An™ ()] = [An @™ (d)| S 1A @313 [[An @™l -
Next, the Poincaré inequality leads to
(4.65) [Ane™ ()] S [[An @7 [la-
Therefore, the inequality
1@alla < C (10, + ¥ la + W2 )
leads to
(4.66) [An®Z]la — 0
and so (4.65) gives
(4.67) [Ane™(d)] — 0.

Step 4. In this step, the claim is the proving that the last two terms in (4.51) tend
to zero. Firstly, by the transmission conditions (1.2) and the Gagliardo-Nirenberg
inequality we have

lp™(d)] = " (d)] S 12" (|3 12213 -

|

Thus, (4.67) gives

(4.68) " (d)] — 0.

Repeating the same process yields also

(4.69) [ (d)| — 0.

Dividing (4.26) and (4.27) by A\*®, the sequence A" (7 +1") is bounded in L?(]c, d[).

(Pr +¢")e
)\n

On the other side, dividing (4.31) by A% the sequence is bounded in
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L?(]e,d[). By the Gagliardo-Nirenberg inequality we have

(¢ +9")a
)\n

Nl

1

(4.70) [P + ") D <IN (e + ")

Hence, the term (¢ + ™)(d) is bounded in C.
Repeating the same argument, we have (®7 + ¥")(d) is bounded in C. Therefore,
dividing (4.37) by A%, we have

(4.71) P —0 in C.
Moreover, thanks to (4.37) we have
(4.72) — (@ +¥")(d) + (¢ +¢")(d) = o(1).
Similarly, we prove that
(4.73) 2 —0 in C
and
(4.74) (@7 + ") (c) = (¢ +9")(c) = o(1).
Now, by the Gagliardo-Nirenberg inequality we have
1
(4.75) (@4 (@) £ (@ +wn)d | T
d
d" +Um), . . . . .
Since (”’1—7”) is bounded in L?(d, L), using (4.57) in (4.75) gives
(4.76) [(®2 + ™) (d)| — 0.
Therefore (4.72) gives
(4.77) (" +9")(d) — 0 in C.

In addition,
oz (d)] < (i + ™) (d)| + [¢"(d)].

Therefore,

(4.78) e (d)]| — 0.
Similarly, we can prove that

(4.79) ()] — o.

It remains to show that

¥z (D), [¥z ()] — 0.
Dividing (4.27) by A*®, the sequence A\"4") is bounded in L?(]c,d[). On the other

hand, dividing (4.32) by A2, the sequence qifl”“ is bounded in L?(]c,d[). Applying

the Gagliardo-Nirenberg inequality we get

1
n 2

T

(480) wR@)] S I [ 2

Hence, the term 97 (d) is bounded in C.
Repeating the same argument, we have ¥”(d) is bounded in C. Therefore, dividing
(4.38) by A4 we have

(4.81) 3 —0 in C.

d
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Moreover, thanks to (4.38) we have

(4.82) —bU2(d) + af™(d) — b2 (d) = o(1).
Same procedures lead to:

(4.83) zg — 0 in C

and

(4.84) b¥7 (c) — ab™(c) + byy (c) = o(1).

Now, by the Gagliardo-Nirenberg inequality we have

n

1
(4.85) P2 (d) — 40" (d)] S A" Wk )\,f + 167113 11911 -

Y n 1o . : ,
Since n and 07 are bounded in L?(d, L), using (4.41) and (4.55) in (4.85) gives
(4.86) " (d) — %en(d) 50 in C.

So, due to (4.82), we obtain

(4.87) ¢"(d) — 0 in C.
Similarly, we prove that

(4.88) Yr(c)— 0 in C.

Hence, thanks to (4.78), (4.79), (4.87), and (4.88), we get from (4.51) that

(4.89) / P2 — 22 / A2 — / onl? - / 22— 0.

Consequently,

(4.90) M@, Aptp™ — 0 in L?(c,d)
and

(4.91) et — 0 in L2(c,d).
Thus, (4.90), (4.26), and (4.27) imply that

(4.92) u”, v" — 0 in  L3(c,d).
Also, (4.91) with (4.45) leads to

(4.93) Ol ™, " — 0 in L3(c,d).

Moreover, since all results obtained on L?(0,c) are also obtained by the same way
on L?(d, L), thanks to (4.55) and (4.57) we have

(4.94) "+ U U — 0 in L*O).
Also, the poincaré inequality, (4.55), and (4.57) give
(4.95) A @™, A, U" — 0 in L*(©).
Therefore, by dividing (4.28) and (4.29) by A\ we get
(4.96) p", ¢ — 0 in L3*O).
In addition, dividing (4.41) by A2* leads to

(4.97) " — 0 in L*(O).
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Finally, (4.92), (4.93), (4.94), (4.96), and (4.97) imply

(4.98) | W™ |lage— 0.
This a contradiction with (4.23) and the proof is achieved. O
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