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- . ' Abstract

The existence and uniqueness, of a global smooth solution for the initial valne
problem of generalized Kuramoto-Sivashinsky type equations in multi- dimensions
have been obtained. The sufficient conditions of “blowing up” for the solution of

some dissipative equations are given.

| Introductionv

The equation
_ . q),+[V/q){2+Axp+A2<p=O ) (1. 1)
was independently advocated ‘by Kuramoto [ 1], in connection with reaction-
diffusion systems, and by Sivashinsky [ 2 ], in modeling flame propagation,
it also aries in the context of viscous film flow [ 3 ] and bifurcating solutions
of the Navier-Stokes equations [ 4 J.. ’ .

Obviously, we can put the K-S equation (1.1) in -a 'conservative form; We
differentiate (1.1), obtainin.g that the new variab-le vactor u=u(x,t)=vVe= (q)xl,
Py satisfies . _
. u+v|ul*+ Au+ Alu=0 , (1.2)

In this paper, we first consider the initial value problem for generalized KS
‘type equation in one dimension
Ut fu) +au,+ Buy = gu) (1.3)
ul,o=ug(x), xeR’ ) 1.4
where f(s), g(s) are known real functions, ¢ and B are positive constants. The
existence gnd uniqueness of the global smooth solution is one dimension have
been obtained in section §2 and section § 3. In section §4, we consiaer the
.following initial value problem for generalized KS type equations in n dimen-
sion
* Received Jan., 3,1989.
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‘: grad@(u, , -, uy) + ahu+ fA%u= G(u) (1.5)

n

U+ ,=21 3

R U] ,2o= Ug(x) (1.6)

where U(x, t)= (u;(x, 1), uy(x,t)) is a N dimensional unknown functional voc-
tor, @(s,,+=,sy) is a known real function, G(u) = (g, (u;, s up), ooy gnluy 5o, Uy)
is a N dimensional known functional vector, ¢ and B are constants, Under so-
me conditions on function ¢(u,,--,u,) and functional vector g(v), the existen-
ce and uniqueness for a global solution for the problem (1.5) (1.6) are obtained.
Finally, In section ¢§5,the sufficient conditions of “blowing up” for the solu-

tion of some dissipative equations are given.

-

§ 2 Some Lemmas and a Priori Estimations

In this section, we make a priori estimations for the problem (1.3) (1.4).
Let us introduce some functional spaces and notations. Let C'(R") denote the
space of functions, I times continuoixsly differentiable over R". LP(R") denotes
the Lebesque space of measurable functions u (x,¢) with p th power abosolute

; 1 '
value |u] integrable over R" with the norm |u |, = ([ Jul|’dx)’ If we defi-

ne the inner product .
(u,p) = jk,u(x)v(x)dx, "““i,(m:(“’“)’
then Lz(Rz) is a Hilbert space. Let Lm(R") denotes the‘Lebesgue space of mea-

surable function u(x) over R", which essentially bounded, with the norm

), = esssup|u(x)
= xeR"

Let H'(R") denotes the space of the functions with generalized derivatives
D’'u (|s|<l) with the norm N
= SIDul = ([ L+ [gPae P

2 =
"u"H'(R") (s]<? L,

where Q(f) is the Fourier transformation of u(x). L (0, T;H’(R")") denotes the
space of the functions u(x,t) which belong to H' as a function of x for every
fixed ¢+ (0<{r<T) and sup |u(;0)|,<oo. Especially, ‘
i 0< 1 <T

“u“L”(o,T,Lz)z 02‘:2&““1,2 or “““szL;
For the functional vector U(x, 1) = (u{x, 1), up(x,1))

S HED ;
luc,0 | = i;uu,.(.,z) Iz, -

luCey0) [, luC,0) |, , and so on are defined similarly.
We always suppose that the function u(x, r) and its derivatives tend to zero

as |x|—oo,
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Lemma | (Sobolev’s inequality [ 5)) There the constants >0, C>0 (C de-
pends on 46), such that

1D“Fl, SCUS L+ 6lD' f 1, &<I, VSfeH'. L)
10 1L ZCUS 1, + SISy, k<t v IeH (2.2)
Lemma 2 Suppose that ¢>0, >0 and assume that (i) Suw) €CY, (i) g(0) =
v .0, g'(u) < b, b=consr>0, (iii) uy(x) €eL,(R"). Then for the solution of problem
{1.3) (1.4), there is a solution
”u“Lm(O,T;LZM."))éEO 2.3)
“uxx"Lz(O,T; Lz(R’))—<"E° |

where the constant E, depends on |u,|, g, -
Proof Taking the inner product for (1.3) with «, it follows _
-~ o (u,+ flu) + au,  + BUrrrs ) =0 (2.4)
Since '
~1 d 2 _ _
(uyu,) —T—F"MHM » (uy f) =~ (Flw,, 1) =0,
where ’
' F(u)=f0uf(s)ds, (u,au,) = —a||u,,||1,2‘2 ,

By ) = Blucely, » (g <bluly, .
From"!,emma 1 we have
ludr,Seluwehr,* clulz,
Choosing suitably small ¢, such that @s<((1/2)8. Then from (2.4 we get

d
v ds

By using Gronwall inequality, it follows

Julz, e " luo)z,= Eo-

lal,+ L} < cac+ b Jul?,

ﬁ T ~ <7
L1 N dr ac+ Y )2 01+ fugl 2 - el

- <(ac+b)E,T+2E,=E,.
4
T 2 2E,
A A TE
Taking EO:max(Ef,,—o—), Lemma 2 follows.

B
Lemma 3 (Sobolev’s estimation [ 6]) Let ueL,(Q), D"ueL(Q),Q<R", 1<q,

r< oo, Then there exists a constant C such that

j v m:'a 1-
| D u "L,(Q)gc‘ | D “"L,(Q)”ul Lq(am s (2.5)
where 0<j<{m, j/m<a<l, 1<p<oo, and
1_Jj, 1. m AN 0
" : 7" n atG-—-) +0 a)q.
Lemma 4 Suppose that the conditions of lemma 2 are satisfied, and assume
that '
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(1) flweC?, |fw)|<Alu|”, 1<p<T,
(2) MO(X)GHI(RI). "AY
Then for the solution of problem (1.3)<{1.4) we have

H ux“[j”(o, Ts LR )SEI

”uxx“LZ(O,T; Ly R‘néEl )

where the constant E, depends on |ugl i z1e

(2.6)

Proof Differentiating (2.1) with respect to x, and taking the inner product
fot the résulting equation with «,, and letting »=u,, it follows
(p,+ fw), *av,+ Po.s v = (80,0 . (2.7)
Since

(v,0,) = _c(li_t ||v||z2 ,  alv,)=— a||z;,(||z2 ,

1
2
B o) = Bloly, »  (v,8.0<b|o|;.
. (D’f(u)xx) = (”xx’ f(u))—él!yxxllellf(u) nle

B B
< “”xx"Lz('G_” N C)§—3—|| vxxlliﬁ ¢ .
Where the followving Sobolev’s inequality has been used:

a - p—1
“u"L,,—gC“uxxx" Lz”u”iza y AD= 6 > 1<p<7’

From Lemma 1, it follows
alo 2 < B0} + Cloly, -
Hence from (2.1) we get

1. d '
9 dr ||v“22+—§—||uxx||zzé(cz+b) ’IDIIZZ+C3 .
The Gronwall’s inequality implies (2.6)
Corollary |

su 1 <E ’ (2.8)
ogrgruuul‘wm 2

where the constant £, only depends on |lug| 5, -
Lemma § Suppose that the conditions of Lemma 4 are satisfied,and assume
that
(1) flweC™?, gw)eC™, m>1
(2) ug(x) eH™ (RH) ,
Then for the solution of problem (1.3) (1.4) there is a estimation

OggTﬂu( S0 g gy S Em | | (2.9)

.
s

where the constant E, .only depends on [ug|, - .

’ t) “Hm(r‘ Rl )g
m+1

E, (m>1). Differentiating (2.1) with respect to x for m+1 times, letting D} u

Proof Obvionsly, the lemma is true as m=0. Now suppose |u(:

=y and taking the inner product for the resulting equation with », it follows
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m+2

(0, + D% f(u) + av,+ Bv e~ DT g(w), ) = 0. : (2.10)
" Since : ' '

(v,0,) = —2————"“ ”L ’ (vya0,,) = ‘allyxniz’.~

Bosees» 0 = Blod] » 0,077 flw) = = (0, DT flu)) .
Because the following inequality [ 7 ] holds,
| £CuCoy0) s gy SEMS oy 00) (L [uCoy 0 o)™ Coy ) s gy (2011)
where fy= max sup |D’f(w)|, |u|§U0:S}1puu('-,1) “me‘)’ the constant M, .de-

i s<m+1 lu| <o, -
pends on the constants m, f, and U, .
Thus it follows

10y D7 Fun | < ol |07 ) |, CUDT  ul e s <L D™} 4 €
Similarly, we have
|0 DI () | < Calloll Jlu) g SE|DEu |2+
and . '
aloe? <Llon )2+ Cilol? -
Hence from (2.10) we get

- ol; + Lo =il -
The Gronwall's inequality implies the conclusions of the lemma.,
Corollary 2 m>3, we have

"u"t’(orﬁ)—\E (2.12)
where the constant E, depends on || u, ;4 g1, - - (2.12)

Proof It is easy to see that from the equation (1.3).

§ 3 The #Existence and Uniqueness of the Global Solution
for Problem (}1.3) (].4)

' The existence of the local solution for problem (1.3) (1.4) will be proved
firstly, Then applying the priori estimations in §2 and the continuation exten-
sion principle we can prove the existence of the global solution for problem
(1.3) (1.4) . For the purpose, one needs some lemmas. . ‘

Lemma 6 Suppose’ uo(x)GHs(R‘). Then for the sloution ¢(x,r) of problem
(3.1) (3.2)

¢t+awxx+ ﬁ¢xxxx:0’ a>0’ ﬂ>0 (3.1)

~ @l 0= Po(X) « : (3.2)
We have the estimation

[0C0 |, <Clluex) | (3.3)
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where the constant C is independent of ¢.

Proof Obviously, the solution of problem (3.1) (3.2) can be express as the
following form .
@(x, 1) = E(x,t)*uy(x) (3.4)

where E(x,0) =] exp(—iéx-p¢'t+ag’nde
is a foundational solution of equation (3.1), “*+” denotes the convolution for x.
From (3, 5) it follows
v . A
| DG, 0 | = | G ol O ECE, O |y,
_ YA — (B -agh
= | GOug($Hre " Fe ma
ST A [P (]2 2w dg | >0
= + =1L+1,

1¢1<Ja/F |¢]|>JalB

W[ |21 o) e TR = P o) L= Clal

LS [ (] a2 de= Jug(o) || e -
C¢>Ja/B :

Thus we have

D00 |, Ze?F fug(x) | = Clugx) |4 -
Lemma 7 Suppose al(x,?) ¢I’(0,T; H ’), s>>3. Then for the solution w(x,s)
of problem (3.5) (3.6)

w,t aw, + fw, .= alx, t) (3.5)

w(x,0) =0, (3.6)
we have the estimation
[wC, 0|, <Cla, B)A(D) sup laC, ) |y 5 1=3,4, 0,5, (3.7)
0<l+<y

a* 13
2T
where the constant C(a, 8)>0, A(t) = c,e2? + c,(¢* +t?+t*+ 1), c,,¢,>0. For I=

0,1,2,3 the lemma is also true,

Proof The solution of problem (3.5) (3.6) can be express as follpws
w(x, 1) = fotE(x, t-1tysalx,1)d?

in the sense of distribution. By using the properties of Fourier transformation
and the estimations, it follows

[ D wi, o) =[G expC- gt +agh) (-rat, o) dr
where
| i9)fexp( - B¢*+agh (- ats,0) |}
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[T 1+ g Pre 28D g, 1|
< f - (1+ |;|2)ke-2(ﬂg'_a;z)<z-r>|3(§,r)]zd§+ f
41<fa78 (6157373
=L+, '
II]'é J' (1+ Iglz)zie—z(ﬂ;‘_aﬁ)(1—1)(1 +|§|2)k>3|‘/1\|2d§
' ¢ /a7

. ’ at - -1
< J‘ (1+I§|.+|§|2+|;|3)2eﬂf(1 )(1+I§|2)k_3|‘/1\|2d§

ey
3 . -1
< +JalB+a/B+a/B 128 faC, D |2,

| IR A - S R P R T A P D R A SR P SR MY
g- {¢1>Ja/8

=) 3 . - N _
<[7 (R Ve T gD A e
-e0 ™~ iT0 » - . -
<C[ (T BG-m) *Pa+|¢[H*al’deg,
- 1=0 -
L ‘
where z=(f(r-1)*[¢|, z''e *<const, i=0,1,2,3. Hence we have

D*w(p) |, <C,e28't sup [a(+, 1) |,-
|D"w "L2 1€ 092," R P

1 1 3
+ Cy(et+ e+ 1%+ 1) sup |aC, D |,y
0<<r

= A(t) sup |laC, D 4 |
i

<1<y
where
4 3
G =1+(a/p)*+a/B+ (a/P?,
“ 2, L1 3 |
A@) =Cie2f t+Cy(t'+ 2+t + ).
v The lemma is proved.

Now we-define the operator of the solution u(x,t) of problem (1.3) (1.4)

as follows

JCud= ECx, ) eug(x) + [ ECx, 1= 1) o= f(w),+ g(w))d1 (3.8)

where E(x,t) is a foundational solution of equation (3.1).
Let set

B={u(x,) L0, TsH"), |u|q 1 yy<M),

.
where M>2e28 T"u0||H,, s>1,. and d(u,») = |u-v|
Then set B is a complete space. '

o UsvEB.

— 63—
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Lemma 8 Suppose that f(w) €C™', g(w)eC’, and u,(x) eH". Then the map-
’ping (3.8) has the following properties: .
(1) 1JCu) = () |3 <CAD |u- 2|5 Vu,v¢B (3.9)

where the constant C ‘is independent of «,z,only depends on «, 8, s.
(2).  |Jlud]|s<M, when ¢ is suitably small.

Proof From (3.8), it follows
JQ)=JQ= [[ECx, 1= 0= D(f(w) = () + g(w) - g() I dr

lamma 6 and lemma 7 implies that
| JCud =T (2] | s<Cla, B) A(t)oilgt | = DS~ flo))+ g(w)— g(o) || s
1 3
where A(1) = C, e—Tt+ Cz(i +1 2+t*+1). By using the Lplbmz prmc1ple Holder
‘inequality and inequality (2.11) it follows
| = DL fCw) = () + g(w) = g(0) | < Cy u- 2|,
where the constant C, depends on sup |D*f(w)|, sup ]D gw}, and

k<<s+1 )
Ju{<oo |“|<”o

52

» Uo=os<ugt|lu(-,1) "me') .
Hence we get :

NICud = J(0) || 5L Cla, BYC; A) | u—v|| o C A |u— 0|5 .
This 1mp11es (3.9). Then from (3.8), Lemma 6 and Lemma 7 it follows

| JCa ||B<e7 | () || ot Ca, B) ACT) fu e

< BT fug(0) |

at Cla, BAT) |u
<Lm+ca,parMm<m

where C(a, ) A(T)<—é— as T is suitably ‘small. The lemma is proved.

Theorem ’| Supose a>0, >0 and assume thét the following conditions are
satisfied, - '
(1) flw)eC™ | g(u) eC’,
(2) uy(x)eH’, s>1
Then there exists a local solution #(x, t) of problem (1.3) (1. 4); u(x t)elf"(o
Tos H'(R')), where the constant T, depends on luoll ;-5 @5 B and s.
Proof From lemma 8 we known that the J[«] is contracted and J({«] map
- into inself as r is sultably small, By usmg the fixed point principle, the map--
ping possesses a fixed point wu=J([u] and it is a solution satisfying the integ-
tal equation‘
ux, 1) = ECxy 1) sug(x) + [ E(x, 1= 1) 0 (= f(u) + g(w)]dr, (3.10)
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It‘ is easy to know [ 8] that J(u]) is strong differentiable with respect to ¢,
then local solution of problem (2.1) (2.2) can-be obtained. ;

Theorem 2 Suppose a >0, /3>0 and assume that the following conditions
are satisfied. , ‘

(1) flweC™, |f<u>|<tA1u|" 1< p<7, A=const>(;

(2) gweC', gu)y<b, g(0)=0, b=const>0;

(3) uy(x) eH'(RY), s>1. '
Then there exists a giobal smooth solution u(x, r) of problem (1.3) (1.4), uCx,?
1) €L°0,Ts H'(R')). - ‘

Proof Fgom From theorem 1 there exists a local .smooth solution u(x,t) of
problem (1.3) (1.4), u(x, t) €L°(0, Ty; H(R')), where T is only depends on

I u0||H:(.R Because the priori estimations in §2 hold, and by using the continu-
ation extensxon principle, we can get the global smooth solution u(x, ) of pro-
blem (1.3) (1.4), u(x,t)€L(0, T;H(R ). ’
Theorem 3 Suppose that f(u)eC g(u)eC'. Then the smooth solution of
problem (1.3) (1.4) is unique. .
~Proof Suppose that there are two solution of problem (1.3) (1.4) u(x, )
and o(x,t). Letting w(x,r) =u(x,1) - (x,t), then from (1.3) (1.4) we have
w,+aw+ fw, .+ (flw)= f(0), = gluw)— g(v) : (3.11)
w|,_,=0, xeR' : (3.12)
where ‘
flw) = fo) = [ flu+ (L= Do)diw,
glu) - gly) = folgf,( w+ (1 - Dp)dw.
Taking the inner product for (3.11) with w, it follows
- e (Wt aw,t Bw, t (wf fldo —wj g.dr, w) = 0. . (3.13)

Since !

i 1 Do
|(w, [ g.dw)|<| [ gid7], | Wiy <Clwl},
., 1
| COw [, fadD . w)| = [ (wy, wfofu/dr)’ﬁall w7+ Clwl},

2w <Cwl2 +Llw.l},
(3.13) impplies
2
. Ld ;v Lpwi <l ,
By usi’hg Gronwall’s xgequalx‘ty, it. follows w=0. The theorem.is -proveo.

— 65—
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§ 4 The Existence of the Global Smooth Solution of Problem (].5) (1.6)

Now we consider the initial value problem for the systems of generalized

KS type equations in n dimensions

u,+ }:1 grade(u, , =, uy) + aAu + pA*u= g(v) (1.5)

0
Ox,
_ Ul, = u(x) (1.6)
where U(x, 1) = (u(x,t),++,up(x, 1)), a>0, p>0. By using the similar method,
Sobolev’s. estimation (2.5), and (8, § 10, Lemma 7), the following theorem can
be obtained: )

Theorem 4 Suppose that the following conditions are satisfied:

(1) o eC'*?, |grade(w)| < Alul®, p<E+1, A=consi>0,
. n

(2) @) eC’, The Jacobi derivative matrix g,(v) is semibounded, i.e.,
there is a constant b, such that
E-9,vE<h|E)
" for any ¢e¢R", where %+ ” denotes the scalar product. operator of two N-dimen-
sional vectors and
L (8) uo(x) eH(R™), s=(53+1,

’[;hen there exists a global smooth solution u(x,r) of problem (1.5) (1.6), u(x,
t) € L”(0, T; H'(R™). '
The initial -boundary value problem for the system of equations (1.5), i.

€.,
U+ 3 ai gradg(u) + aAu+ A= g(v) (4.1)
i=1 i .
U|o=0 : (4.2)
Ul .= u(x) (4.3)

where QC R" is a bounded domain,  its boundary 0QeC?. By using Galerkin
method, choosing the basic functions {w;,(x)} as follows

—Aw;= 4w, w7 0 (4.4)
we can prove the following theorem, '

Theorem 5 If the conditions of Theorem 4 are satisfied,and uy(x) eH (Q)
ﬂHg(Q). Then there exists a global smooth solution u(x,r) of problem (4,1)—
(4.3),

' U(x, ) €eL(QTs H(Q) NHy (D).

§ 5 The “Blowing up” problem for Some Dissipative Equations

In this section, first we consider the “blowing up” problem for the follow-
ing dissipative equatione
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U+ auy+ Pu, o+ cu= glu) (5.1)
{ ul, o= up(x), xeR' - (5.2)
where the constant >0, >0, and C>0. Suppose that a local smooth solution
of problem (5.1) (5.2)) exists.
One can prove that under some conditions the solution of problem (5.1) (5.
2) “blow up”, i.e., there is T,>0, such that for the soiution u(x,r) of problem
(5.1) (5.2),
' lim sup(u(), u(1) = + oo (5.3)

T(»
Theorem § Suppose that there exists a smooth solution u(x,t) of problem
(5.1) (5.2), and assume that
(1) 2=a>0, C=>0;
(2) g(0)=0, and there is a constant J>0, such that
200+ 1)G(u) < (u, glw) (5.4)

1
where G(u) = jo(g(pu) ,u)dp;
(3) The initial value function u,(x) satisfies

Glutg) >5-(C ity q) = @t o)+ Bl ) (5.5)

Then the solution 6f problem (5.1) (5.2) “blow up” i.e., there is a constant
(20+1) (uy, uy) 1 : o -
TﬁT,O,;: C 2656 + 10)’ J{GCuy) "'é"[c(uo,uo)"‘ alug ., uy,)+ ﬂ("o;‘n“o**)]} 1
< oo, (5.6)

such that

lim - sup (u(,1),u(-,1))= + 00, ’ (5.7)
=Ty 0<r<t

Proof The method of convex function can be used. For any ,’0>0,A r>0,
and >0, 1

F<z>=j0'<u,u>dn+<ro—z><uo,uo>+r<t+r>’ © (5.8)

te(0, T, ). Since .

F(t)= (uyu) - (uo,uo) +2r(t+ 1)

-2j(u u)dn+2r(t+1), - (5.9)
From (5.8), (5.9), F(0)=2r>0 and F(t) >0, Vté[O, Tyl Thus F %) is deflmte, .
as any 6>0. If we can prove ‘ -

(F%(#) _<_0 (5.10)
and (F °(0))’<0, then one have '

o - 7 ) ‘——]'—
FUAD<SF 0+ (F%0)Yr or F(OSF'™0){F(0)-8tF )} ¢,
So the solution of pfoblem (5.1) (5.2) “blow up”,F(t)—»<co as t—>F'(0)/6iF’_(0).
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It is easy to know that the following inequality
F(IOF' ()= (6+DF (>0 (5.11)
implies the inequality (5.10). Differentiating F'(¢) with respect to ¢, it follows

t
F”(t)=2f0(u,,u),,dr7+2(.u, sUlgt 2r

H : .. ) D 4
=4+ D (uyyu,)dn+ r)+2 [ Wu,,u)),-

—2(5*+1)(u,,,u DIdn+ 2:[Cu, yu)y - (26+1)r] _ (5.12)
The equatxon (5.1) can be written as the followmg operator form

du :
ar +Au—g(u) ’ (5.13)

where Au=au,,+ Bu,,,+Cu. Hence from (5.8) (5.9) and (5. 12) (5.13), and by
proceedmg the direct calaulations 1t follows

~(6,-’+1)F’2=4(6~+1)S +2F{ - j[(u Au) z(aj+1)<u,,Au>J'dn

+2F [ ((u, gCu)),= 26+ 1) (w, , g(w)) Jdn

+406+ 1) (Ty= ) Qg 5 thg) € Caty )+ 1)

F2F(Cu, u)g- (28+1)r) , - L (.14)
where

= CJ\(u,w)d + 11+ D IXCRYRLIEYS
- [y w)dn+ (1 + 1)) 20,
By the difectv verification, Yit is ‘easy to get
~2-6() = (g(a(1)) 5,1, | (5.15)
Thus from (5.14) (5.15) we have

FF'- (3+ D F*246F [ (u,, Aw dn + 2F [(u, g(w) =2 (3+ 1) G(w) ]

H2F (2084 1)Glug) — (ug, Aug) = (26+1)r] (5.16)
where ' '
2(u,,Au)=—d—(u,Au)
FF—(6+1)F’2>26F(u,Au)+4(6+1)F[G(u0)— - (o5 Auy)
(25+1)*m]
Cuy Aw) == aflug| ]+ Blusp+ Cluly,
=~ aIIu,IIL2+2ﬂ|Iu,I|L Blulg+Clul, >o.
“p i 2
28+ 1 L_F) _ Tolup,up) + 1ot
If: ro= 28+ 1) ‘(G(uo) 5 (ug, Aug)) >0, T, - 3F0) 2707 , and
—— 6‘83-'—\
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taking To= then T, = ry7"/(28r¢7~ (ug,45)) = f(1). One finds that f(7) has a
minimun at 1= (u,,u,)/r,, and this minimun is (u,,u,)/6’ry. So that =

r‘r’

(26+ 1) Cugyus) 1 : -
] T’odz E 26?(6"‘1) ]{G(u())_E—[C(u09u0)+ﬁ(u0xx’_u0xx)—'a(u0x’ u()x)]}
Hence _ ,
FF'-(8+ 1) (F)*>0, - lim sup(u(n),u(1)= + eo.
) _ P .

rod
The theroem is broved. ,
Now we consider the “blowing up” problem of the following dissipative
equation with initial condition
u,+au, + f(w, = gl (5.17)
{ ul, o= uo(x), xeR' . ‘ . (5.18)
-~ We have
Theorem 7 Supbose tha'.( there exists the smooth solution of problem (5.17)
(5.18), and assume that the following conditions are satisfied:
(1) a>0; L
(2) (u,gw)>Clu,w'*™® , C=const>0, 6>0 5
(3) JugCo [ g,>0 . | v
Then the solution of problem (5.17) (5.18) “blow up?”,i.e., there is T,>0, such
that for the solution u(x,7) of problem (5.15) (5.16)

lim sup(u(t) , u(1))= + oo,
=T,

Proof Taking the inner product for (5.17) with u(x, r), it follows

(u,+auu+ f(u)x,u)—(g(u) u. (5.19)
Since :
(uyu,)= 2 dt — el s waw=-alu )y, u, fw,)=0
Hence from (5.19) it follows
;— ”u”L 2a}|ux“L+C(u w' >Clu, ', (§>0),.'

It is easy to see that
uC,0) |7 > + 90, =100
The theorem is proved. '
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