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In obtaining in Theorem 4.1 of the original paper, the strong asymptotic decay of the semigroup
exp(—tC~1A) associated with Pr (P), the argumentation following (4.5) on p. 1060 is incorrect. Also,
with regard to the polynomial decay of the semigroup associated with the model, the conclusion (4.15)
on p. 1061 from (4.14) requires substantiation. Whereas the strong asymptotic stability of the original
model Pr (P) can be achieved by rectification of the argumentation, it turns out, with regard to the
polynomial stability, that the conclusion (4.15) can only be accomplished when [¢, @], the vector of shear
angles, is divergence-free. This requires the analysis of a modification of Pr (P) in which the constitutive
equations include the equation V - [¢),¢] = 0 in the domain . For the semigroup associated with the
modified model, Pr (P’), we are able to establish a decay rate of (%)%, which is a faster decay rate than

the rate (1)% achieved for Pr (P) in the original paper.'
In this situation, we consider the initial-boundary-value problem Pr (P’)

pb3 Vg 1(1/) +¢ac)
m[¢,¢]tt—(1—u)DV~h(%Jr%) 2 4 }

—I/DV.[wI‘Hby 0 }

0 dutoy
b b
+ K (Vw+ [, 6]) = 15 (V x [b1,h3]) x [Hy, Hi]) + 5V =0
pbwy — KV - (Vw + [, ¢]) — bVh] - [Hg, HF] =0
V¢l =0
b3
g ([ W3 4]+ V 5 (V xRy, 13)) = V x ([, 4] x [Hp, HE))) =0
b(hi, — AhY =V, - [Hg, Hi]) = 0
w=1yY=¢=0

The online version of the original article can be found under doi:10.1007/s00033-012-0206-z.
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h3
[h%,h%]HZO,HX(VX[}I%,}L%D:O,%:O on 0f)

Pli=o = ¥°, Yili=o = ¥, dli=o = ¢°, Btls=0 = ¢,
wlimo = W, wilimo = w', [b1, h, 03] lizo = [}, A20, 03]

in which (V x [hi, h3]) x [HE, HE] = [HE(V x [k}, h3]), —H(V x [k}, h3])]. As in [7] Q is a simply connected
domain in R? with smooth boundary 9€, say of class C2, and n is the unit outward normal vector. For
the meaning of the physical parameters in Pr (P’), the reader is referred to the original paper [7].

A moment of reflection shows that the system of coupled partial differential (PDEs) in [¢, ¢],w and
[h1,h3], h3, is, as a consequence of the condition V - [1h, ¢] = 0 in ©, reduced to the system

3 _
LT (1 v

b3 b
O Ik ) < [, HE]) + 2o = 0

)A[«m K (Vw + [ 6)

pbwy; — KAw — VRS - [HY, HE] = 0 in Q
b3
15 (P b2+ V < (V x [y, 13]) = [Hg, HG) - V{vr, 6]) = 0

b (ki — A — Vw, - [Hy, Hi]) =0
with [Hg, H3] - V[ty, ¢ = ([HE, HE] - V) [, ¢¢]—the replacement of the dissipative term V x ([1b;, ¢¢] %
[H, HE]) in Pr (P") by [H}, HE) - V[i)t, ¢¢] will be instrumental in establishing the polynomial stability
of the model.
The model Pr (P’), with observance of the above comment, is, in the presence of the term Vp, p the
unknown pressure, together with the equation V - [1, ¢] = 0, more intricate than Pr (P) and serves as a
model for the magnetoelastic interaction of an elastically incompressible, electrically conducting Mindlin—

Timoshenko plate and an instationary magnetic field. To see this, we note that by the Hecky—Mindlin
hypothesis (see [7, p.1051]), i.e.

[[ut, w?)(2,y, 2, 1), 0’ (2, y,1)] = [2[9, ¢](2,y, 1), w(z,y, 1)]
u’,i = 1,2,3, the components of the displacement u in the Lamé system, incompressibility of the plate
would require

) b
0=V- [ul,uz’ud] = vx,y,z : [z¢,z¢,w] = va,y : W’a@b]v ‘Z| < 5

Hence, V - [¢), ¢] = 0 expresses the incompressibility of the plate material.?

It is clear that, since Pr (P') is different from Pr (P), the question of unique solvability has to be
investigated afresh. To consider the problem in the framework of semigroup theory, we will need abstract
spaces and operators. For the sake of clarity, we provide all the spaces and operators even where they
coincide with spaces and operators used in the treatment of the original Pr (P).

We shall use the following spaces:

H™(Q), m > 1, denotes the usual Sobolev spaces of order m endowed with norms || - ||, or equivalent
norms as will be indicated. H°(£2) denotes the Hilbert space L?(2) with norm || - [|o.o. Since no confusion
can arise, || - ||m.q will also denote the norm in (H™(Q))",n = 2, 3.

H, = {f:f € (L*(Q)%,V-f=0in Q,f -n =0 on Q}. H,is equipped with the usual | - ||o.o norm.

2The author is indebted to Michael Pokojovy from the University of Texas at El Paso, Texas, USA, for an informative
discussion on this and other aspects of the work.
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V= {wu = [u,v,w] € (H}(Q))?, V- [u,v] = 0 in Q}. The space V! with elements [, ¢, w] is
endowed with the scalar product

(1-v)D ((%,%)0 o+ (dy, ng)o,ﬂ)

(2

+ K (0,000 + (6 Boc + (wa, @ o0 + (wy,1,)o0)
o ([0,6,w); [0, 6,1

and the norm ||[¢), ¢, w]|ly1 = (a'([¥, ¢, w]))2 Y [, ¢, w], [1h, 0] € V.1, which is equivalent to the usual
I |l1,@ norm.
V2= {[h}, 3, h3]: b1, h3, 03] € (HY())2N H,) x HY(Q)}.V2? is endowed with the || - ||1,o norm.

Hey =V} x (L2(Q))? x (Hy x L*(R)). The energy space H, will be equipped with the usual product
norm.
The following operators will be needed. We agree that when the action, in a possibly different space,

of an operator A; is different from the action of the corresponding operator in [7], we will use the notation
A’ :

+

) (6 + 62y + d2)o0)

AY) — (L2())3, (A4, ¢, wl, [1h, &, i))o.0 = @ ([, &, w]; [, &, b))
([, ¢, w] € V2 AL, ¢, w)] € (L)%}

2) = (L3(Q))%, As[h}, h3] = 5 ((V x [h}, h3]) x [H}, HR))
{£:f € (H1(2))> N Hy, (V x £) x [H, H3] € (L*(2))%}

As D )—>L2( ) A3h3 —_b([H()vHO] Vh?)

D(A3) ={g:9 € H'(Q),Vg-[H}, H3] € L*(Q)}

D(
(A )
(
)
(
)
Ay D(AY) — Hyy Ay, ¢ = — 5 ([HE, HZ) - Ve, 64)
) =
(
5)
D(
o) =
D(

Ay: D(A
D(As

=

(A ={j € (L*()*[Hy, H] - Vj € Hy }
As:D(A5) — H,, Aslhl, B3] := 2(V x (V x [hl, h2]))
( ={me (H(Q)?’NH,,Vx(Vxm)e H,,nx (Vxm)=0on N}
D(Ag) — L*(Q), Agw; := —b[H{, HZ] - Vwy,
={o€ L%(Q): Vo [H}, H3 € L*(Q)}
D(A7) — L(Q), A7h% := —bAR3
(A7) ={qgqe H (Q),Aq € L*(Q), %2 = 0 on §0Q}

(

> On
We now define the operator A: D(A") — H, by
0 -1 0
AU = |A] 0 [A2, A

0 [A}, As] [As, A7]
= [[w7 ¢a U)], [wta ¢ta th [hh h% h%” € D(A/) where D(A/) - HO’ is defined by
={U:U € H,, [h1,h3, k3] € V2, AU € H,} (3.1)

Note that the description of D(A’) is made precise by the definitions of the operators A},i = 1,4 and
Aj,j=2,3,5,6,7, while in addition we have [1);, ¢¢, w:] € V,} which furnishes V - [¢p1, ¢¢] = 0.

3For the “generalized”s sense in which the boundary conditions are satisfied in the definition of As and A7 below, see
e.g. [4, p. 381].
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Finally, we define the canonical operator C in ‘H, by

1 0 0
2
C= 0 pb[lgalgv]—] 0
b2 b2
0 0 b5 51

From the point of view of weak formulation, the interactive system of PDEs for the incompressible
magnetoelastic Mindlin—Timoshenko plate can now be considered in the form of the abstract evolution

problem Pr (AEP)
CU' + AU =
U(0)=U%cH, Pr (AEP)
With a view to asserting the existence of a unique Cy semigroup of contractions with generator —C 1.4’

for Pr (AEP)’, the only novelty in showing the dissipativity of —C~1A’ by considering the inner product
(A'U,CU)y,, is the term

2 (Alhd W] [, 64),

(9 % (B < [, HRL s 6
= ([, B3],V x ([, &) x [Ho, H3))), g

- ([hm (HY, HE) - Ve 60 o

= (A4[¢t,¢t] [hla ])OQ

by implementing V- [y, ¢] = 0 in the 1dent1ty V x ([te, ¢¢] X [Ho, HE)) = [HE, H3)-V [the, ¢¢] — [HE, HE]V -
[wtv ¢t] .

It follows that (A'U,CU)y, = %HV x [hi, MRS o + blIA3NG - The surjectivity of AXI 4+ C~'A" for
A > 0 may be achieved by proceeding analogously as in the analysis of the classical system of magnetoe-
lasticity [9]. We can now invoke the Lumer—Phillips generation theorem to conclude that —C 1A’ is the
infinitesimal generator of a Cj semigroup of contractions in H,. Theorem 3.1 in [7] is now replaced by

Theorem 3.1. Given U° € H,, there exists a unique weak solution of Pr (AEP)" in H,, given by U(t) =
exp(—tC~1 AU, such that

U € C([0,00); Ho)
Moreover, U° € D(A") furnishes a unique strong solution such that

U € C([0,00); D(A")) N C*([0,00); Hy)

Finally, if U° € D((A")¥), then

k

U e () C*7([0,00); D((A')))

J=0

Redirecting our attention to Pr (P’), we need to comment on the existence of a function p such that
[U, p], U the solution constructed in Theorem 3.1, solves Pr (P'). First, we can invoke the work of Leray
(see e.g. [10, p. 23] and the references therein) to see that, to establish the existence of solutions [U, p]
of the variational form of Pr (P’), it is sufficient to find only U—the existence of p is then achieved by
making crucial use of (Vp, [¢1, ¢¢])o.o = 0 [10, p. 14]. Since the existence of a weak solution of Pr (P’)
is in turn equivalent to the existence of a Cy semigroup solution exp(—tC~1A')UY in H, of Pr (AEP)’
[1], we have, by constructing the semigroup exp(—tC~1A’) in ‘H,, accomplished the existence of a weak
solution [U ,p] ([, b, w], [the, br, we], [hT, b3, h3], p] of Pr (P'), with U unique and p unique up to the
addition of a constant. Regularity of [U, p] can be achieved by assuming more regularity of the data and
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the domain (cf. [10, pp. 267-269]). For example, if 9 is of class C1'1, then the domain D(A’), as defined
in (3.1), can be replaced by the equivalent domain

[1/)7(25’ ’U)] S (HQ(Q))S n V017 [qptagbtawt] € Vgl
D(A) = { [hl, B3] € (H2(9))? N Hyyn x (Y  [h], h3]) = 0 on 99

h3 € H?(Q), % on Of)

In this case, we have for U% € D(A’) a strong solution [U, p] of Pr (P’) such that
U € ([0, 00);D(A") N CH([0, 00); Hoy)
p € C([0,00); H' (%))

We now present the corrected version of Theorem 4.1 in [7].

Theorem 4.1. Assume that Q is a simply connected domain of R? with sufficiently smooth boundary OS).
Then we have:

(i) The semigroup exp(—tC~tA) associated with Pr (P) is strongly asymptotically stable;

(ii) The semigroup exp(—tC~*A") associated with Pr (P') satisfies:

For any positive integer k, there exists a constant Cy, > 0 such that

B 1\ %
Jexp(-10 A = Ci (1) 10 a0 € DUAY)

Proof. We present the proof only for k = 1, i.e. for U € D(A’) we establish a polynomial decay rate of
order (%)% of the semigroup solution exp(—tC~tA’)U" of Pr (P’). The decay rate can then be improved
with higher regularity of the data, i.e. U? € D((A")¥) will yield a decay rate of order (%)5

To validate (iz) for the case k = 1, we use as our main tool the resolvent criterion for polynomial
stability of semigroups established by Borichev and Tomilov [3]. Thus, to achieve the polynomial decay
at a rate of (%)% of the semigroup exp(—tC~'A") associated with Pr (P’), we need to show that the
following conditions are satisfied:

(Hy):iRNo(—CTA) =0

1
(H3): sup ﬁ“(lﬁ +C AN | £,y < M for some £ >0 (4.1)
1B1=1

where, in our case, £ = 2 will emerge as the “optimal” (smallest possible) choice.

With regard to (Hj), we note that, with our definition of the domain of A, it is evident that
R(\; —C~1A’) is compact. Thus, the validity of (H;) in which we may take ¢ = o, the point spec-
trum, will furnish the strong stability of exp(—tC~1.A’) by invoking Benchimol’s spectral criterion [2]. It
will turn out that the restriction V - [¢, ¢] = 0 is redundant, as the solenoidality property of the shear
angles vector will emerge as a “side” condition (see ff.). Thus, in the validation of (H;) the operator A’
may be replaced by A.

We first validate (Hsz): Proceeding by a contradiction argument, we assume that (H3) does not hold.
Thus, we assume that sup />4 % [(iB+C~ L A") " £,y < M does not hold. Then there exists a sequence

{Bn}, Bn € RT3, — o0 and {U,} C D(A'),n = 1,2, .., such that
”Un”Ha = ”[wm Ons wn]7 len’ P1ns wln]v [h%n’ h%n? hi’n]”Ha =1Vn (4'2)

and, by taking account of the canonical nature of the operator C,

Bt (iB.C + AU, — 0in H, as n — oco. (4.3)
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This yields

B (i [tn s wn] = Worn, d1n, win]) — 0 in Vg

B (iBup [bgi/)ln, ];¢1n;bwln] + Al [V, dn, wn]

+ [Ao[hy,, hi,), Ashi,]) — 0 in (L2(Q))°

4 b? 1 b? 2 3 ’
ik [uhm 12h1mbh1n} + 41510, 610, Agwns]
b [Aolbh. 3,1, Arh,]) — 0 n (L2(@)° (4.4

By taking the inner product in H, of (4.3) with U, where H, is now the complexification of H,, we
obtain

b2
8 <Zﬂnpb( | Y lbrala + lwrnla) + iBua ([wmgbn,wn]))

+ 64 ((A2[h1n>h nls [w1n7¢1n])0 o+ (Ash?,, win)on)

+ 1 (i Ty lbalR 0+ S5l87 LBa) )

+ By, (A4 d1als P10 hE))0.0 + (Aswin, bY,)o.0)
+ ﬁfz ((A5[h1n7 hln]7 [hl'm hlnDO,Q + (A7h§n7 h?n)O,Q) —0 (45)

As in [7] it turns out that all the interactive terms contribute purely imaginary terms to (4.5). By
taking real parts in (4.5), we obtain

IV % (B3, B2 )15 0 + BLl VAT, G — O (4.6)

which we combine into 8/ [|V x [h1,,, 3, hi, ][5 o — 0 as n — oco. By invoking a well-known imbedding

theorem due to Duvaut and Lions [5, Theorem 6.1, p. 358] (see also [6, Lemma 1.6]), we conclude

[hln’ hln’ hln] — 0in (Hl(Q))3
hi B2 R3] —0in Hy x L*(Q 4.7
Iny'1ns "1n

By next taking the inner product of the second equation of (4.4) with [¢,, ¢, w,] and using the

definitions of A} and A;,i = 2,3, while combining terms, as indicated above, and dividing by Bﬁl we
obtain

3

L b3 b
B’V% ! <(Zﬁnp |:12w1n7 E(bln» bwln:| ) [wna ¢n7 wn])O,Q + a/([wna ¢n7 wn])

b3
(v [ 13 hmbh?nD  [H3, H3) [, ] ) 0 (48)
0,2
Taking ¢ = 2 in (4.6) whence we have the convergence in (L?(€2))? of the first component of the
last inner product in (4.8), and availing ourselves of the boundedness of [y, ¢y, wy] in (L2(£2))3 on the

strength of (4.2), furnishes the convergence to zero of this inner product. Hence, we remain with

3

b? b
(Zﬂnp [12¢1n, ﬁd’lm bw1n:| ’ W’na On,s wn])O,Q + a’(h/fm Dns wn]) —0 (4-9)
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Division of the third convergence relation of (4.4) by 3, renders the convergence relation

Bn | 10 —b3 hi —bS h2 bhd | +V x [V x [—bg hi —bg h?  bh? ]
n | tPn 12 In> 19 1n> In 12 1n> 12 In> In
— 1 2 . E E ] 2 3
[Hy, H§] -V | 35%1m, 15010, bwin| | — 0 in (L*(2) (4.10)

Taking the inner product with [H}, HZ| 'V[})—gi/)n, %(ﬁn, %wn] while taking account of (4.7), the bound-
edness of [Hg, H3| - V[, dn,wy] in (L2(2))3 on the strength of (4.2) and replacing B, [t1n, 10, w1n] by
B2 [, b, wy] in the convergence relation provides

ﬂn (v X (V X [h’%'ruh?n’h%n])’ [H(%7Hg] ' v[¢n7¢n7w7l])0’g
— 2 [[Ho, H3) - Vibn, oy walllg o — 0 (4.11)

To the inner product in this relation, we apply integration by parts and write the resultant term, after
discarding the boundary terms on the strength of the boundary conditions, as (82(V x [hi,,, h3,,h3,]),

In>

ﬂi(v x ([HE, HE) -V [thn, ¢n, wn))))o.q- Observing that in this inner product the first component converges

to zero in (L%())? in view of (4.6), while (4.2), the second convergence relation of (4.4) and elliptic reg-
ularity, renders the second component ﬁ%(v x ([Hg, HE] - V[thy, pn,wy])) bounded in (L?(2))? uniformly
in n, we obtain

BalllHo, Hy] - Vi, by willlg o — 0 (4.12)
as n — o0o. This furnishes
BalllHg, Hol - Vun§ o — 0
BalllHo, H3) - Vi, dnlllo0 — 0 (4.13)
From these relations, we wish to derive that 6,21||wn||3Q — 0 and SB2]|[tn, ¢nlll§ o — 0. This will be
achieved by using carefully chosen multipliers and making crucial use of the condition V - [¢, ¢] = 0.

First, we take the inner product of [H}, HZ] - Vw,, = V - ([H}, HZ|w,,) with ([H}, Hw,) - x,x = [z, Y]
and apply integration by parts to obtain

2(V - ([Hy, Hglwn), ([Hy, Hgwn) - x)o.0 = —|[Ho, Hi]|*|[wall} o

On the strength of the first relation in (4.13) and the boundedness of ([H}, HZ|w,) - x in L?(€),
the inner product on the left-hand side of the above equality converges to zero. Thus, we conclude that
Brllwnll§.q — 0 as n — oo, whence

Brwy, — 0 in LQ(Q)
wy, — 0in L?(Q) (4.14)
as n — oo by applying, in obtaining the second convergence relation, the first convergence relation of
(4.4).

To obtain 32| [tn, ¢n] H%Q — 0 from the second convergence relation of (4.13), we note that [H{, H3]-
V[tn, ¢n] = [[Ho, H3] - Vb, [Hg, HF] - V).

Thus, by applying the multipliers ([H{, HZ]v,) x and ([HE, HZ]$,) x to the components of the vector
in the last line of this identity, following the same procedure as before, we obtain

Bnltn, ¢n]  — 0 in (L*(Q))?
Y10, d1a]  — 0 in (L3(Q))? (4.15)

as n — OQ.
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We now return to (4.9) writing the convergence relation as
. b? b3 ,
i p | 5V1ns =5 P1n, bWin |, B [¢na¢nawn] +a ([wnv(ﬁn)wn}) —0 (416)
12 12 0.9
whence by (4.14)—(4.15) we can conclude
a/([wnv Gns wn]) —0

as n — 00. This immediately yields
[Yn, $nswn] — 0 in (Hg(2))° (4.17)

Combination of (4.7),(4.14),(4.15) and (4.17) provides a contradiction with (4.2). Thus, we have
verified condition (Hz).

It remains to validate condition (H7) in which we now replace A’ by A as defined in [7]. Since
0 € p(—CtA), as is easily shown by using standard elliptic PDE theory (see e.g. [8, Theorem 2.1]) and
—C~ ' A is compact, we need to consider only the possibility of purely imaginary eigenvalues. Assuming
i3 € a(—C~tA), B # 0, there exists a non-trivial eigenfunction U, U € D(A), such that

(iBC+ AU =0
Taking U = [[tho, do, wo), [1, ¢1,wr], [h1, hT, kY]], we have the system
Zﬁ [¢07¢07w0] - [w17¢17w1] =0

. b? b3
iBp [12?/11, 12,¢1,bw1} + A [0, o, wo] + [Az [h3, B3], Azh] =0
[v? b3 ) |
v L?h%’ 12" bhﬂ + [Aa [v1, 0], Agwn] + [A5 [hi, Y], Aghi] =0 (4.18)

Since in the validation of (Hs) we did not use the condition 3, — oo, but rather its consequence, viz.
0By is bounded away from zero, we can proceed completely analogously as before, with the role of the
sequences {3,} and {U,} now taken over by, respectively, the eigenvalue i3 and the eigenfunction U, to
obtain [hi, h?, k3] = 0 and the “side” conditions

B2|[[Hg, H3) - Vol =0
B2V % ([tho, do] x [HE, HZ)|2 o =0 )

Application of the multiplier ([H{, H3]wp) x to the first equation of (4.19), i.e. multiplication of ([H}, HZ]-
Vuwg) = (V- ([HE, HE|wo)) by ([H}, H3]wo) - x and integration over (2, as before, furnishes

0=28*(V - ([Hy, HiJwo), ([Hy, H§lwo) - X)o,0
= —@%|[Hy, H3]|*|lwoll3.

whence we conclude wg = 0 = w;. Since U € D(A), it follows that Awy = 0. The third component of the
second equation of (4.18) corresponding to the equation i8pbwy — V - ([1bg, o] + Vwe) = 0 in turn provides
the additional “side” condition V - [¢)g, 9] = 0. Next, by applying the multipliers ([H}, H3]ip) - x and
([HE, H3]¢o) - x to the second equation of (4.19), in which, on the strength of V - [1)g, ¢g] = 0, the term in
the norm sign satisfies V x ([¢o, ¢o] x [HE, HZ)) = [HE, HE] - V[0, ¢o] = [[Ha, HY] - Vibo, [HE, HE] - Vo,
we conclude, by proceeding componentwise, in exactly the same way as in the attainment of wy = 0 = wy,
that 1o = 0 = 1. Combining this with [hi, h?, hf] = 0, we have a contradiction with the non-triviality of
the eigenfunction U, showing that —C 1.4 has no imaginary eigenvalues. Condition (H;) is now verified,
and the proof of Theorem 4.1 is complete. O
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Remark. (i) The need for the additional condition V - [¢,¢] = 0 in Theorem 4.1 should be seen in the
context of the fact that the interaction between the magnetic and elastic fields in Pr (P) involves a uniform
magnetic field [H}, HZ] in the dissipative term V X ([t ¢y, wy] x [HE, HE)) = [HE, HE] - V[the, ¢y, wy] —
[H&, Hg]vm,,z . [¢t7 ¢t, wt} = [H&, Hg] . V[’l,[}t, (ZS[;, wt} - [H(}, Hg]v@7y . [wta ¢t] in the PDE for the magnetic
field [hi, h?, h}]. The effect of this is manifested in the intricacy of proceeding from the “side” conditions
(4.13) to the convergence of [t),, ¢y, w,] to zero in (Hg(Q))3.

(#4) Since in the proof of Theorem 4.1, condition (H;) could be verified without having to assume
V - [, ¢] = 0, as the condition emanated as a “side” condition in the verification of (H;) by a contradic-
tion argument, the property of strong asymptotical stability of the semigroup exp(—tC~1.A) associated
with Pr (P) is attained without having to impose the solenoidality condition of the shear force vector.
The author is indebted to Marcio Ferreira for this observation.
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