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CORRIGENDUM TO THE PROOF OF THEOREM 4.1

In this section, we present corrections to Proof of Theorem 4.1 related to Lemma 4.3 in'l (pp. 16), by the fact that Lemma 4.3 is
wrong with the functional I(¢) defined by (74) ofl,

We first give corrections to the functionals E(¢), J(¢), I(f) as in @, below. Next, we present corrections to the proof of
Theorem 4.1 related to Lemma 4.3.

Letk, 1 € R, with k > 0and 0 < 1 < A. Consider g(r) = 2Je™2 (+ > 0) and (g * u)(t) = [ g(t — ) |lW'(s)|I” ds, with
ueC' (R;;L?).

We construct the following Lyapunov functional

L) = E@) + 6y (), (73)
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where

En =3 IIu o[+ <g «u)(1) + 5 ||u<r>|| -= ||u<t>||';p
/ 12 1
=5 e @] + (5 - ;) (g uh0) + ||u<t>||§] + 210

Loy
= |lu O+ J @),

J(t) = <% - 1) (g * )®) + llu)]2] + ll(r),

1) =1(() = (g * u)() + lu@II} - IIu(t)IIL,,,

_ ’ 4 2 @ 2 _1 2
w(t) = <u(t),u(t)>+ > luII” + e 0,0+ > u (1,1,

where 6 > 0 is chosen later.
Then we have the following theorem.
Theorem 4.1. Assume that (AT) — (AY) hold. Let 1(0) > 0 and the initial energy E(0) satisfy
C[’
= —=RI<,
(—xp
1

2pr 1 ©
R = p2 <E(O)+ g/ p(s)ds),
- 0JO

. 1
£y =min{4, ZM*}, r = exp 5 ap- 2 2; =0 ” ”LZ(RJ]
Ay(t) = R0 + Y, ], B0 = o]+ X R
p(t) = |IF 011> + g2() + g2(1),

and C, is a constant satisfying the inequality ||v|| < C,||v|| g1, for all v € H'
Then, for 12, Z?, ||I-_IO||L°°(R+) , ||I-_Il ||L°°([R+) sufficiently small, there exist positive constants C, y such that

where

E(t) < Cexp(—yt), forallt > 0.

Proof of Theorem 4.1.
First, we need the following lemmas.
Lemma 4.2. Suppose that the assumptions of Theorem 4.1 hold. Then, E(t) satisfies

E@<-(a-i- %61) e @I = kg * u)@) - (%y &) (| @0 + |« .o )
+ e Xy RO WO + 5000
forall e, > 0. Proof of Lemma 4.2. Multiplying (1) by u’(x, t) and integrating over [0, 1], we get
E'(t)=— (A=) |« )| = kg * u')2)
_ [/10 W .0 + 4, |« (LD + (o + 1) o 0,04 (1, t)] —aytu ), d (1)
—a,(tu ), u () = g (0,1 — g, (1,0) + (F@),u' (1)),

where
~ - N-1 -
ay(tsu,0) = (Roouh + Y, " By 0utn) ) 0(0),
a,(t;u, v) = (ill(t)u(o) Ly hli(t)u(Gi)> o(1), forallu,ve H', 0 <1 <T.
By Lemma 2.3, we have

Jo |t OO + 4y o (LoP+ (B + 2)) o .0 u (1,1) > %M* [|u’ O + | (1,t)|2] .

(74)

(75)

(76)

(77)

(78)

(79)
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On the other hand
~ ! 7 N-1- !
—ay(tsu (0, u 0) == (ho@u(l,0+ Y, o Outn 0.0 ) ' ©,1)
1 1 5
<z& | .0 + — B ) [uIl;
&1
= ! 7 N-1 2 !
& @@ @) == (hOuo.0+ Y, @0, (1,1)
1 ’ 2 1 = 2.
Szfl |u (1,I)| +ﬁH1(1) “u(t)”a, (80)
1 1
~go(0u (0.0) <z&) | O.0 + —gé(n;
—g (O’ (1,1) < 31 | (1, t)| + g (1);
(F.l (1)) <2 el @ + 5= ||F<z)||
Combining (79), (0), it is clear that (78)) holds. Lemma 4.2 is proved. O
Lemma 4.3. Suppose that the assumptions of Theorem 4.1 hold. Then, I(t) > 0, Vt > 0.
Proof of Lemma 4.3. By the continuity of I(¢) and 1(0) > 0, there exists 7; > 0 such that
1) >0, Vi €[0,T}], 81)
this implies 5
- 1
J(n) = ”z—p [(g = u)@) + lud?] + P >2 IIu(t)II vt € [0, T,]. (82)
It follows from (8T), (2) that ) 5
w2 < =21ty < =L E@), vt €[0,T,]. (83)
¢ p-2 p=2
Combining , with €, = £y = min{4, i 4, } and using Gronwall’s inequality we have
2 2 o
2 < —2-E0y < 22~ (E©) + - / p(s)ds ) = R2, Vr € [0,T;], (84)
a7 p=2 p—2 2¢e0 Jo *
where r as in {77).
Hence, it follows from (76), (84) that
1 5 p/2
luII;, <cy ludII?,, < c (‘7_1 ||u(t)||a>
, (85)

\/7 lu@®|I12~ . ||U(f)|| <y ||U(f)|| vi € [0,T;].
*

Therefore I1(¢) > (g * u")(#) + (1 —y*) ||u(t)||i >0,vVt€[0,T}].

Now, weput T, = sup {T >0 : I(u(t)) >0, Vt € [0,T]}.If T, < 4+oco then, by the continuity of I(¢), we have I(T,) > 0.
If I(T,) > O, by the same arguments as in the above part we can deduce that there exists T ; > T, such that I(r) > O,

vt € [0, T; ]. We obtain a contradiction to the definition of T,.
If I(T,) = 0, it follows that
0=I(T) 2 (g * )T+ (1 =) JuT|; 2
Therefore
w(T,) = (g *u')T,)=0

By the fact that the function s +— g(T,, — s) ||u’ (s)||2 is continuous on [0, T, ] and g(T, — s) > 0, Vs € [0, T,], we have

T,
(¢ + (T,) = /0 o(T, = 9) [ (5)|Pds = 0

it follows that ||«/(s)|| = 0, Vs € [0, T,], it means that u is a constant function on [0, T, ]. Then, u(0) = u(T,) = 0. It leads to

1(0) = 0. We get in contradiction with 7(0) > 0.
Consequently, T, = +o0, i.e. I(f) > 0, V¢ > 0. Lemma 4.3 is proved completely. []
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Lemma 4.4. Suppose that the assumptions of Theorem 4.1 hold. Then, there exist positive constants f,, f, such that
BE®) < L(t) < BE®), Vi 20, (86)

for 6 is small enough.
Proof of Lemma 4.4. 1t is obviously that

Lo < 2 o) + (% - 11_)> [(g * @) + lluI] + })I(r)
+g [T+ 2+2 (4 + 4)] lu®Il3,,
146, , 11 , 1
<= || (t)||2 + <§ - ;) (g *u)®)+ ;I(t)
11 P
+{<§ —;> +ﬁ [l+/1+2(/10+/11)]}||u(t)||3
= (1+56) 1 ||u’(t)||2 + (1 - l) (g % u)®) + lI(t)
2 2 p p

" <%_ l) 1+% [T+ 2+2 (2 +4,)] ¢ llu®dl?
2(1’1 (5 - ;)

< BE®),

= op
where fy = 145+ -C [T+4+2(4+4,)].
Similarly, we can prove that

Lo 2 2o + <§ - 1) (g % WO + @] + 2 1)+ 6ute), o' 1))
p p

1 6 N 1 1 /
(5-5) ol +(2 p)(g*u)(r)

+ <_ - i) luII? + 1I(t) - i llu(@)II2

\%

%(1 —o) || + < ) (g * u)(0)

1 1
2 p

1 1 op 2 1
+(573) (125wt + o
= BE®),

where f; =mingy1-6, 1 - #} > 0, and 6 is small enough such that 0 < 6 < min{1; (1 — %)&l }. Lemma 4.4 is proved
completely. [] 1

Lemma 4.5. Suppose that the assumptions of Theorem 4.1 hold. Then, y(t) satisfies

W) <[l O + (g + u')t) - %I(t) n %2 <|u’(0, D + |u’(1,t)|2)

L—y* 2 I iz, LT
- { P [52 3 (Zo+4)+Y,, ||H,»||LOO(R+)] } (RG] @87

ay

1
+ —p(1),
&

foralle, > 0.
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Proof of Lemma 4.5. By multiplying (1) by u(x, ) and integrating over [0, 1], we obtain
W' @) = ||l O + a2, = Iu@)I = ao(t; ule), u(@) — a, (), u(?)
= Ao’ (1, Hu(0, 1) — A1’ (0, HHu(1, 1) — go(Nu(0, 1) — g, u(1, 1) + (F(1), u(t))

=@ + (g * u")0) - %I(I) - %I(t) (88)
— ay(t; u(t), u(®)) — a,(t; u(t), u(t)) — Agu’ (1, Hu(0,1) — A,u’ (0, Hu(1,1)
= &oMu(0,1) — g, (Mu(1, 1) + (F (1), u(®)).
We have the following inequalities
1) 2 (1 =) @Il ;
a lu®ll3: < @I < @ lu@l,,
=Gy (t;u(t), u(0) <2Ho@) u@)|l7,, < a% o] o s,y NI (89)
a0 00,u0) S 2,0 WOy S 2 e IO
On the other hand, for £, > 0, we also have

ot (1, Du(0, 1) < |Jo| V2 i/ (L, ) lu@)ll 1 < 2 |u 1,0 + = /12 ! ||u(t)||

2,/ (0, Hu(l, t)< 2 | (0, t)| +— /121 lu@)II? 5
—gy(u(0, 1) <\f 2)go()| ||u<r>||,,l < 5o Il + —gom (90)
-8 (Du(l,1) S—_ llu@)lI2 + —gl(t);

(F®,u@) <NIFOI lu@l < IIu(t)II t o IIF(t)II

Combining (88)-(90), it follows that (87) holds. Lemma 4.5 is proved. |:|
Now, we use the results obtained in Lemmas 4.2-4.5 to prove the following decay of the solution of (1)-(4).

It follows from (73)-(76), (78) and (&7), that

£ < — (/1 _i- %el - 5) [ | = (k = 8)(g * u'))

- (%u —¢ %) [|u' ©O.0" + |u’(1,t)|2]
1—y* 2 1 - - —_
- {5[ r T (aa2+2—£2 (22 +72) +Zi=0 ||Hi||Lw(R+)>] o1
1 1 _
T ia 2o IIHfIIZLm(RQ} ()2

1
——I(t)+<2 e > p(0),

for all 6, €, €, > 0. Next, we shall choose €, €,, 6 with the following growth properties as follows

I3 7 1 .
0<7‘<ﬂ—/1,0<61<5,u*,

2 >

X3 I3 1 2e. 1
0<®2 ), _ .20
<7 <7 <3k 1’a]<

and0<5<min{1; k; (1—%)5[1; /I—Z—%el}.
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Then, if ZS, /T%, ||H0”L°°(IR+) .|| H, ||L°°(R+) are sufficiently small, such that

1 1 — 2
m 2,»=0 ||Hi||L°°([R+)

1=y 2 | . 92)
_ 2 1 3 A
< [ 2 @, <62 + 2e, (45 +4) + Zi:O ||Hi||L°°(R+)>] ’
we deduce from (86)), and (92)) that there exists a positive constant y < p, such that
L' <—yL@)+ <L + i) pe ™', Vt>0. 93)
2e, &

Combining (86) and (93), Theorem 4.1 is complete. []
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