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^ (0 )= 0 . (2.3)
F&r any given integer iV>0, i f  a veeior function w === w(t, as) satisfies

\\̂ (ty IÎ ,^ /23,00̂ Vi£ [0/ IT], (2.4)
i  ： • -

ivher& I ] stands for the integer pari o f a real number and is a positive constanty 
and siceh that all norms appearing on the right-hand side lelow are bounded, we have

w e  [〇, T], (2.5)
where +06 and d(v〇) is a positive constant depending on v〇.

Proof Similar to the proof of the corresponding lemma in [6] .
■ . ..Lemma 2.2. Let v = v(t, as) cmd w — w{t, x) be functions suoh that all norms 

appbc^i坤: Tigjit-h4vid-sid0 below.iiri 说0A, :Tlv6n'f(ir .anij'^ulti-iiidex' Is with
|^| *=iV>0  we hav^

I Dfc ( V W )  I Lr(B«) <  O {IVID, CJST/2], V1W (I D, jy, g +  || D l)  || JJ, N - i . g  | W| D, P} (2.6)
M  \ : : : :: ■ ' ; :: -： ? ,--

\\Dk(vw) — ID̂ lD.jr-i,j| |wl/), ,̂p}, (2-7) 
where . -.. .. .

(2 .8)  

(2.9)

(2 .10>
wtiere O^^are cdnsiants. .

If I I <  I 1, then I I <  [JT/2] and "by Holder^ inequality we get
II D^vD^'W  II £r(B") ̂  WD^V II £P(R») IIDfc*«w || ^  IIV lii), Cff/23. PIIw IIB» y> «• (2 .11>

If |jfci| >  1¾ ]. then |J i |> 0, where ^  is defined by (2 .8) .  Heno© we»
have

|| D^vD^w I î H») I I Ln r») || Dk,w || £*>(R«) <  I Dv || 〇, y-i, <j || w  || d, Sf, p, (2.12)-

The combination of (2.10)-(2.12) leads to (2 .6). Similarly we Can ofetain.-

Lemdid. Buppos^ that 0==G{w) is a sufficiently smooth function of w =*：
■ (wiy： •̂,： wu) saUs^ying that i f

|w |< v 〇 , (2 ，13>
then  ̂ (^ (w )-0 ( |^ |« ) , • (2.14>
wTt&re a afi Th&n for any integer N ^ 0 f i f  4 ^eotdr (^if
•••» Wjtf) (ty <c) satisfies (2.4) and suoh that all norms appearing m  the right-ha7i^ 
tide 'Vi v.. ,L :，.r:

> J  . 犮 = [ 〇 T—1)/2],

i^ p y  q} ^ 6 0  with
， . ：L /r^ i/p  牛 

and 0  is a positive constant.
Proof B y  chain rule, we have

D10 (vw )— . 3  .: Gjc^J^voD^w，
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where K p ^  +〇〇 and O is a positive constant.
Proof Noticing that

\ i j chain, rule we can get (2.15) an a way similar to the proof of L e m m a s  
2 .2.

. L e x n m a  Lei w (0)= ^ (0)(^ =̂) be the solution to tk$ Oauohy problem 
, ^ - ^ = = 0 ,  ; .•. j； ,, .：. ；； ： 

l ¢== 0: ww = f  {x), Wt<0) (®),
wMre f ，屯 sa tisfy 这 Theri fo r any p  w i称 1<：卩<：十〇ot J p : :

\\ww (t7 • ) ||z*xr) < l^li^^+C^Cl+O^l^lUvR)) Vi>0,
^here 0  is a positive consoni, MorepwTj i f  ( l  .Sy holdSj we have

flw(〇>(^ 0  IU^(H)< I^|U^R) +  il®|i：nR)r V # > 〇,

-where W(cd) ^：0 〇(B) swh that
.災 ’、(〇?) »=♦ (0?)，: Vo? G  R.

P w /  B y  the well-k n o w n  P ’Alembert’s for加 lay we have

w(0>(t, a?) =  [$?(»—#)+$j(«+ #)]/2 + -i- j
. 4 */ ¢-f ...

Then, it is easy to see tHat
■ - . . . :  . : . . - . .■1 . . ■ ： - ■ ■ ■ ■ ' . : -  . . .  ■ ■ • . . - ,• ■ ' 1 ,

，li災(0>(古，.）11石 獨 <11免I地 )士■■■§■ I树 p (b>

a n d

||w(0)(^ 〇 IÎ IUhR ) .....

.Hence (2.19) comes from (2.23)— (2.24) by interpolation.

Furthermore, if (1.9) holds, (2.22) caa b© rewritten as 

w(oy(tr oo)
A n d  w© get (2.20) immediately.

L e m m a  2.5. Let a?) be the solution to the OawKy problem

1 i r=0： W a r :  0, w f=0.

"Then for any p  with K p ^  +  〇〇 we ham,
lk(#，•）丨U i 〇< G ^ ( i + 卜 T)1/p« i ^ ，•）丨U W 2 V V 以 6 ; 、^

-where O is a positive eonsiant, and for any p  with l^^ri-oo,

(2 . 16)  
2.1 and

(2-17)

(248)

(3.19)

(2 . 20)
• s  ： ■：

(2 .21)

(2 .22)

(2,23)

(2.24)
.T-

(2.25)

•■a；v-'r：C^ - ； 

(2.26)

(2.27)

(2.28)*

,r. Proof, D îhai âl ,we Mye：v

?-(卜.r)

-.1 rî .<K;l：r, ;rû VfM；；r：

Ai­

i 'y' 1

J.
(2.3〇f

•>-
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§B. Lower Bounds (1.7) and (1.9) of the Life-Span
of Classical Solutions to (1.13) -  (1.14)

+ . ' + • ■  ■ ■ . .  .  • •

B y  the Sobolev embedding theorem, there exists j©〇> 0  so small that
■ (3.1)

For any given integer any given positive real numbers and

iiltroduce the following set of functions：

where

，私史= {吨 ，土) |私 ,2*(”) <風 咖 (〇, m) *=叫(0〉〇?〇 (卜 0, 1，“"V汉)}，
.... . . ，. . . .  . . .

sup a)|rroo+ ®UP Ŝ "1 •OIU^cR)^0<i<r 0<t<T

in which

-1-- SUP' WDvit, -)1^ ,5,2  /0<t<T

if jt/r^O；

.4， if J t/r= 〇.

; gW

(3.2)

(3.3)

(3 .4 }

Moreover, u ^  — B<p(aD), «i0) =  si/;(a;) andM^0)(a；) (?=2, 8) are the values of (¢,
■ V /.-. X  ■■■ ：； . ,• ； . i '

at ̂ =0 formally determined from the equation (1.13) and the initial data (1*14).
/ -  r  、 • . ■ ' ■ _ •

Obviously, w(c〇) (?=〇, 1, •••, ^) are all sufficiently smooth functions with compact

support,
.  . , : ¾  ■ . • ； . .  ■ • • . - . . . . .  •

It is easy to prove the follp-wing

L e m m a  3.1. Endowed with the metric
v ； . p(^j v) v ^ X 8l ŷTj (3,5)'

* ** * ' v ' '  ̂ . 、 r' ； . i’ ， _ • * * * * » .^ s tBtT ^  nonempty complete melrio space  ̂provided that e> 0  is suitably small.
Noticing that 8 > 4： and the definition of X s,e,f, by the Sobolev embedding; 

theorem ' ’
witli continuous embedding (B.6)>

arid interpolation, we have for any v £ X 8iE<t
\Ht, 0  \\D,m s ^ < 〇̂ , Vi €  [〇, T] (3.7>

aftd for any  ̂  with 2 < j p < + 〇〇, ^

' ...... I丨•〇_ ，.）I U B)< 0 ^ ，Vi€[o，r ] ， (3.8>

where O is & positive constant.
; !Let ^a,E,v be tljte subset of X SiB(!P composed of all,elements in X « b(I. with- 

compact support in the variable 0 for any fixed [0, J1].

T h e o r e m  3.1. Under asmmption^ f\〇r  any givers
int$gm, there exist ppsitiw  ec^ianis s〇 pM  0 〇 P^eo^Eo such thai for any  ̂

(〇, 6〇}, there eadsts a positive number T ssT{e) that the Oauchpprobhm (1.13)
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can be chosen as follows:

T ( s ) =- /• (3.9)

where a is a positive constant.
aS-a(l+a)/(2+〇i)_1> 《/j 々 ==0,

Moreover, with eventual modification on a set with： zero measure la the variable

t, we have
«€〇 ([〇, T (s)y , H S+1(R)), .- ..... ； . . . .  .

(3.10)

ute 〇m  r(s)]；J5r«(B))f (3.11)

t i t t e o m  T ( s ) h H ^ ( R ) ) . (3.12)

In order to prove Theorem 3.1, we define a m a p

Mi (3.13)

by solving the following Oauchy problem for linear "W-aye equations for any

S,B , T '
f Utt—uea= P {v , Dv, JDuay^b(v, Dv)tige+^a〇(v, J)v)utlB-\-F(v, D v), (3.14)

1 ̂ = 0：'u — 8(p(w),■ U t~st/r(as).. , 卜. ■ (3.15)

It is not difficult to get the following two leminas.

: Lemma 3.2. For any y G S s,e,t 'ivo habs, with eventual modification on a set 
with «ero measure in  i,

u =  M v^ O {l〇, 21]; H S+1(E)), (3.16)

(3.17)

«„€£«(0, T; ̂ - a(R)). .. (3.18>

Moreover, for any fixed [0, 21], u=u(t, ce) has cdiapadt suippott in the variable w,.
Lemma 3.3. For u = u (t, a?) =M v, d\u{0, ») (?=0,1, •••, 8 + 1 ) are independent 

of v€-^s,B,r and d]u(Q, {¢)=2/^^(05) ( ^ 0, 1, S ) . (3.19)'
Furthermore,

||«;(〇, (3.20〉

where 0  is a positive constant and j|w(0, denotes the value of

||w(i, •) lo.s+i.p ¢=0.

Lemma 3.4. Under the assumption of Theorem B.X, for any 
satisfies

•Os, t (w) < 〇i [fi +  {R +  v^8 ) (E +J)q%r (¾))] > 
ivUere Ox is  a positive eonsiant and

:料 + T ) '  爲 ¥ 〇,：

W ©  can w n t ©

S^T.M(JEf T)

(3.21).

(3.22>
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.  . ' • . . .  . . » -  » . .  V  -

u (iy x)=^sww (t} iv)+w (tj ai)j . (3.23)
, -  . . . .

where-w(0>(^ a?) is the solution to (2.17)-(2.18), while w (ty m) is the solution to 
<2.26)-(2.27) with J)% Dua) . . :  ，

By (2.2B), w e  hay©

II 切〈0’(古，0  IU-cr^ O ^  •. - (3.24)

iter© and hereafter, O denotes a positive constant, O n  the other hand, by (2.28) w e  

have
o i u - o ^ a j *。||#〇 ,伽 ， o i u h r )鈿 。 (3.25)

•+ . V • '

B y  L e m m a  2.1 and Holder^ inequality, noting (3.6), (3.8) and the definition of

^s,EtTi we have
I (6(^, Dv)umg>+2a〇{%Bv)ute) {% 〇 |U*(B)

>. . ' • 丨•

. , -  <pi (.% m  \\h +«(R>||-D%IUi+«CR).

.<OEag- (t) ,|1 Dua \r(m < O E ^  { )̂ Dat T(u)7 .
WFiv, Dv)(% 〇 iUvR)<cf|l(^ ^ )il^ (R )< a ^ 1+y +n ^

Hence, noting (3.4) it is ea§y to see that- * ) IUi(R)̂ 〇 f̂ a(l+J)fc(̂ +I)̂ r(̂ )),
inhere

2̂, if|«/r=¥〇, .

1, if 1 ^ = 0 .

Noticing (3.2?)，物 (3,24) and (3!.i28) yiejds

sup |议（#，. •） 十 丑 (取 (rjx®十 (知)}• ■■• 、o-s^<r - •， •，• • . - • . . .

(3.26)

(3.27)

(3.28)

(3.29)

(3.30)

W e  then, estimate \\u(t, •) |Uî r>- 

By (2.19)-(2.20) and noting (3.4), we have

II似 (0)(之 •） (3.31) 

Moreover； still ^)y (2,28), using (3.26)-(3.27) and noting (3,4) aad (3.22) we

get . ，.

N ( « ，*0«… ( ( 1 + 右- 免)1/(;1， 1多 <>，也 ， i ) :

.< o s % i + t )  (jb?+z >s,i (m ))

^O gC ^ItiE , T) (J S + D s^ u )) . , , , ,.. , (8.32)
• . .  ： • • r •■ ' '■ i- ■ . • . • - • . . . . . . .

!Henoe, "by (3.31) and (3.32) it turns out that

sup 〇 IU^ii)<a{s+i2t®, (3.33)

Finally, we estJtoate；||^M(^, ； / - i

For any douWe-index  ̂  =  (^1? Tb2) with 0 <  |?y applyijag JP? to ̂bptli sides

of (3.14), we get the followiag energy integral formula
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lD hUt(t, +  f a(v, Dv) (t, 〇) 2dxJR
如 ）（〇， *)(•〇、 (〇, . ) ) 2d〇j 

-立 (胸 • 〜 ， 〇 ) 2 蜂

—2 I f .$ ( 矽’.々 )(卞.’ B^Ueire, »)J)fcMT(r, 〇)Ax&tJoJu 洳 .
- 2  f  f ^ a〇̂ ' , .)Ydx&v

^JD^u^iv, »)c?a5(Zr+2 ')D^uvQe, ")dxdfs
c -=1)1)^(0,. 〇 | | . 〇1)+ .|8 « (^  Z)i>) (〇, -) (1 )^ (0 , >))2dx

+ I + I I + I I I + I V + V ， . ， (3.34)

in which the funotion «(•) is defined by (1*17),

(?fc= D fc(6(v, JDv)uea) - b ( v ,  Dx^D^u^
+ 2 [!?*(«!〇 (v, Dv) ut0) — «〇 (v, Hv) D̂ Utml, (3.35)

; g ^ m F ( v r B v). . (3.86)

Noting (1.15) and (3.7) it is easily seen that

|I|,. |II|,; |III1 < O E « ( 1 ^ J ^ ；t(u)< O B (E , T ) D lr (u), (3.37) 

B y  L e m m a s  2.1-2.B and noting (3.6), we get.

1么 (方，*) (3.88}
and for | A | >0,

■ . v ' ; , O  . .  ̂ ' ：■ (S.39)

Moreover, noting (1.16) and (3.7) w e  iiave

1^0(1?, 01^(8)=11-^(^^) (^ 0IU»(R)
： ：； ■ - < 〇 »(«, ^ ) ( r , . ) | | & (B). (3.40)

B y  Holder's inequality and the definition of we have

i *) i ^  in i ŷ B) s ̂  1 y^a(R) <  0 ^  (9 w )1/2? (3 .4i)

then noting (3.8) it turns out that

B y  means of (3.38)-(3.39) and (3.42), noting (8.4) and (3.22) we obtain 

〜 II V I< 0 ^ a(l+t)JDlT〇〇< 〇B T)J)lr(u), (3.43)

(3.44)

B y  (3.37) and (3.43)-(3.44)» and noting (1.17) and (B.20), it follows from

(3.34) that ,..

sup I D u  (f} •) j| Dt 8t2^ 〇{^ +  ^  H (M1 + ^ 89 r (^) ) } • (3.45)
o<«<r .

Tlxe of (3 ..3̂  (? .40) ；yieMs X 3 ?21).

Lemma 3.0. Let v, Xf u=-Mv andt^Mu also satisfy uf ??6 ̂ B,s,xy
•；. ...-V ? . ^n.：- ： ；v'̂ . .... .：■ , / ,¾.. r;.〇: . . •thm
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^8-1, t (u ~ u) s/ R )  (J)g-i,F^U~u) -t Ds-I.T^ ! (3. 46)

where G2 is a positive constant and T) is still iefined by (3.22).
Proof Let u*—u —E, v*—v^-v. B y  the definition of the m a p  iif, w e  have

I :«f*-aCv, Dv)uta~2a0(v, (3.47)
li=0: m * = 4 = 0 ,  (3.48)

•where the function «(•) is defined b y  (1.17) and

■ (b(v, D v)-b (%  m ) )% a+2(a〇 (v, Dv) - a 〇 (W,
+ F(^, m>)^-F{v, m ) .  ： (3.49)

First, in a way similar to the proof of (3.30) and (3.33) weoan get respeotiyelji 

sup !«*(#, 0  T) (DS_1(K ^ )  4-J>s-ll；r(^)), (3,50)0<t<T
and

sup sr1 ⑷  •) 2〇 〇 V li2t(y) + ¾ 彳 r <y)). (3.51)0<t<T
T h e n  we estimate \\Du*(t, •) l/),s-i,2.
For any double-index Je= (h〇, lei) with.' |J| 1, we have

•) H h R)+ a(v, m )  (t, 〇 ( 2 ) ¾ ^  .))2^  ;. J r ：1-..
- f  f (D^(-r, - y y ^ A tJo J r 〇U

- 2 f  ' ^  .)■ jo Jr dô
一2 「f ^o(^, 0  . ) ) ¾ ^

JoJr 〇(〇

+  2 (  I* 十  2 』. j" {* ■Jo Jr . J o J B
I + I I + I I I + I V + V ,  1 (3.52)

where . ... ' 、 ： _Dv)ula) - b ( ^ f Dv)D1<>ula+2(D lt(a〇 ('v, Bv)u*m)
- a 〇 (jof 2 ^ ) 2 ) ¾ ^  , , ' ?: , . , ,； v , ：； (3.53)

gn (3.54)

As in the proof of L e m m a  3.4, w e  can get ： ., ■..... ...,；

. |Ii, |II|, !III|, \ lV \< O E aa + t ) M - i A ^  (3.55)

In a similar w a y  w© get that for j^ | > 0  , ；.

then
IV {K O E ^g {t) } ^ a^(X+if) t («*) '

LV)

^hus, w e  obtain

(3.56)

(3.5*7)

(3.58)

sup «仇 ^ ⑷ 中 迅 . 轉 )‘、n(3.59) 

T he ootobination+of (3•恥 ) 一  (3'.Sl) anfl (3、知 〉—ISa知  to’tfe'd细 i'r'说 JtoSlusion
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(3.46),

B y  means of L e m m a s  3.4—3.5, just in [7] it is easy to proye tliat th^re.々xis.ts 

0 〇> 0  suoh. that the m a p  Jf possesses a unique fixed point in X BiC<fl>T{9h provided 
tliat s is suitably small aad T (s) is giveu by (3.9). Tkis finislies the proof of 
Theorem 3.1, then the lower bounds (1.7) and (1.9) for the life-span are verified,

§4. Lower Bound (1.11) of the Life-Span of 
Classical Solutions to (1.13) -  (1.14)

In this section consider the special c邮 e that (1.18) holds. Til® disou舶ion is 

similar to the preceding section, therefore we only point out some essentjLrl points 

ti©reft

In this case, no matter whether jtfs dx equals zero or aot, instead of (3,3) w ©
take

SUP^ 〇 |x«(R) +  〇̂  O I U ^ B )

〇 |d,S(2j ； . (4.1)

then w ©  hay©
： . • ■ , . . . , • • • • ^Theorem 4,1. Under the assumptions of Theorem 3.1, i f  (1.18) holds7 we have

the Carrie G〇7wlusion as in  Theorem 3.1 provided thatj instead of (3.9), T (s) is  given by
■ • . . . .. • - . .. 、T (s) : /  (4.2)

where a is  a positive constant.
In order to obtain Theorem 4.1, it is only necessary to prove the following two 

lemmas. .• • ■ " .. • • • . . . . .  , ■ • . . .

Lemma 4.1. Under the assumptions of Theorem, 4：.l, for any ^ = Mv
satisfies

+  (4.3)

where (Ji is a positive constant and
• R ^ R {E , T) =  J7W»(^〇/2.«>(1+ 2»). (4.4)

Proof Notiiig (1.18), P  can be rewritten as 

P(v, Dv,'Dum)^ {b {v , 0)ua)a~ba{v, 0)««,+ (6(v, Bv) ~b(v, 0).)
+  2 ( « 〇  (v, 0) «a,) t -  2a〇t (v, 0) Mi,,+ 2 ( < ?〇  (v, Dv) — ai〇 (v, 0))
+  (F (v, Dt^r-F^v, +-^(^

¢=0 , . < = 〇  :、 . W= 〇

+  S  〇 i}{% D v y v ^ + F iv ,  £〇 , (4.5)♦ ,/=0/- .̂ ,̂  . vV;：>；v .., ：；v.
where (a?〇, — x )f (5〇, 0A) «= (0#> 3«) = D  an^ in a . neighbourhood of the origin

w© have ''V  ' : ̂ ^  ' v'-:' S ■：i
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^i(X) ==0(|X|1+<*j, ¢ =  0, 1, X=(X, X t )  . c (4 .6)
« . • % » • ,  .  « , • *  • * -

and 0t(X) is affine in Xi,
^ ( ^ ) = 0 ( 1 ^ 1 ^ ) ^ = 0 , 1 ,  ’ (4.7)

Bui%), 〇u(%) = 0 ( 1 ^ 1 ^ ) ,  i ,  ̂ ==0, 1, X=(^,, X〇, ̂ ), (4.8)

F(X, 0) =G(lv|.1+^). (4.9>

Hence, the solution u=.Mv to (3.14)-(3.15)can be expressed as

i=0

where w <0> is still defined "by (2.17) — (2.18), while w(i)(■ £=0, 1), u(0), u(1)
(4 .10} 

and ttla>
satisfy respeetiyely;

ua) , (¢.:=0, 1>, (4.11、
(4 .12)

- ^ - ^ = = = =  +  D v ) v ^ } (4.13>

and
〇)  ̂ (4.14)

with.'the zero initial data for 1), ^w  aad  ̂ (3\and the follow Jbag initial data

for um ：

. i==0； u^^=〇-〇(v} wtf) (0, a?). (4.15)

W ©  first ©stinaat© \u(i, tt)IU-(R>*
B y  (2.29) and noting (4.6) and (3.6), w ©  have, for i —01 1,

< C m (E，T )(E + D s，T(u ))， ' (4.16)

here and In what follows B(E, T) is defined by (4.4).
B y  L e m m a  3.3 and (2.23), w e  get

V 0)汍  (4.17)

Using (2.28), it is easy to see that

。 U 〇

+  f S  \\Si)(v, Dv)%tU9Kj(n, .) ||ii(H)CZT 
Jo <,y=s〇

:袁  W «  («’ 刀 ― ‘％  (免, *) 11靖 —

< O E a(l+H )(M +D SiT(u))
<0«(£?, 3 7 ) ( ^ + ¾ . !<(«)). (4.18)

Again b y  (2.28) and the definition of ̂ b.b.t, noting (4.9) we get
• ) 0) D i 的 r, . - . . . - . - 、 . • •• ,  -  V  . . .  - •-. ■ » : . + • •  ; •* , ^

； ■ ■ ；/ ： ； ■. ^ . -J ■.  ̂-；• ■■ 广 ，

K t , •) 咖 « 0 B 1 祕 (1+ <尸  .• t;
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< O E R 2(E，T \
The combinatxon. of (4,16)-(4.19) and (3.¾) yields

sup |)̂ (#, •) T) +M (E }.T)) (E-bDstT(u))}^
W e  then estitnate \\u(ty 〇 ||^〇cr).
Similar to (4.16), using (2.29) we-obtain, for i =  0, 1,

\8iWW(ji, •) |Untf〇(R)< f 1^(^, Ua) (T, .•)•• ■ ' " .

j"a K ， 0  l|̂ »(R)l Ma)(免， 0  如

、 . < 0 E a (1+#) 1+1̂ M (E + D StT(u ))
<a(l4-i)1/(1+̂ ( ^ ,  T) (E + D s,t{u) ) .  

Similarly, b y  (2.19) and (2.28) w e  can get 、 .

• l|w(〇>(#，.〉.||£， 》，，| 以(0>(#，*)|U叫 (R5.<PS(1+:古

lk(1)(#, ^ u ^ ^ o a + t y ^ m c E ,  t ) ( u + d 8, M )
丨丨一汰 OlUMo^crci+iO— 初 ?2(尾  y).

Therofore, we have

sup- •) | U ^ W0<t<T

(4.19)

(4.20)

and

(4.21)

(4.22)

(4.23)

(4.24)

(4.25)< a { s + ( B 2(.M} T )+ R (B , T ))(E + D s,t(u) ) } .
Finally，we  estimate I D m (#，.）1/),8,.2..

In the present case, we still liave (3.34)-(3.37), (3.43) and (3.39), Moreover, 

since w e  oan write F(v, JDv) as "

F(v, Dv) ^ F (v , 0 ) + J ( v ,  Dv)Dv, (4.26)

where V (v, Dv) is sufficiently smooth' and
=0(| A|a), % — (X, ^〇, Xi) (4.27)

in. a neighbourhood of X=0, noting (4.9) and the definition, of ̂ s,b,t we have
II-FC^ 0 ) ¼  ,) |Uw < | | ^ ( ^〇)(t ; ^||l^)li#(^r〇) (r, - ) 1 ^ ¾ ) '' '

< 〇 1卜 (方，.）||£域 。)/2« + ，* ) « &试 斌  ' .

' c 1 < 〇J71+^^L+i?)1/2 ：; ^
and

then

(4.28)

(4.29)

(4.30)\\g0(i;,-)\\L^ < O E ^ ( l + ^ y 2+ O E ^ . .

F r o m  (3.39) and (4.30) it follows that

IV I (1+ T (u) +  OE1̂  (1+¾)^2¾ .  r (u) : . :

■ ' ' , ： ； ：'：  ̂ ; (4-Si)

By (3.37), (3.43) and (4.31), it follows from (3.34) that ..... ；

. sup \\Du(t, ^ U ^ O i s + X R i ^ T )  +^i2(i,：f ) ) ( ^ + I ) S(I, ( ^ n | (k:32f

T h e  oombiaation of (4.20), (4.25) and (4.32) gives (4.3). .
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Lemma Let v, I f  u =M v and M=Mv also satisfy u,
then

t(：u~^) ̂ ¢ 2̂(-̂ 2+ -S+ >/R) +-Z)s-i,r(，l,~^)) j
where 0 2 is a positive constant and R=JR(E, T) is still defined by (4.4) . 

Proof W e  first estimate •)

W e  have

6( ,̂ Dv)v*+b2(v, Dv)Dv*
=--61 (S, 0) ^ + ( 61(̂ , Dv)—ii(v, 0))v9 

+ b2(v,Dv)Dv*
==6i(S, 0) ^ + 63(̂ , Dv)Dvv*+b2(v, Dv)Dv^

F(v, D v)-F {%  m )_ .- ■ ' 1
0) - ：F(3, 0>+ 2  {Fiiv. oyd^ -F i^ , 〇)d^)

(4.33)

and (4.84)

<SB〇

+  2  D v)d^ d^ )~ F i}( ,̂ J )t)divd0)¢#/==0 . ... • .:,-
= 沪 + i : 久 说 ⑷ - 免 (f))OU i«〇

+  S  lFij(^y Dv)8^djV*+Fij(v, Bv)diV*dyn
：W=0 ..

+  (F(} (v, JDv) -  FU(W, m ) ) dtW 0] . 
dF (v, 0 ) ^ +  S  -f S8u ' ra[ .......

+F i}(v, Dv)v*dtWd̂ )
- ■  ■ '  : . .  . , . .

1

i , j ,k s t〇  • . j (4.35)
where

^== W) , (4.36)

and &i(v) is a primitive function of Ft(v, 0). Thus in a way similar to the proof of 
L e m m a  4.1, we can get

sup ||m*(#, OIU-oo +  sup ( 1 + ^ ) - ^ + ^ 1  M*(<, 〇 |U.+MH)
0<#<!* 0<t<T
< a ( 聊 ，,r) +  雕 ，r>) (4.37) ：

O n  the other hand, w e  still have (3.52)-(3.56), Moreover, noting that 

D v ) - F ( t ,  D^)
>=F{v, 0) -J?(f, 0) +  S  .(̂ ,(̂ , D v)d tv m ) mim〇

) ° ) ^ +  2  (4.38)
侃 i=9

as in the proof of Lemipa 4.1, we get
: w -yiUa) ==

then we have 、 、

(4.3&)
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\V \< 0 ( R 2(E, T ) + R { E J (4.40)

Thus, w e  oblaia

sup \D u \t , .)»D, 5-1,2 T) +  (4.41)o<t<T . . , . - ^ ； : •: . . . . . : . - . . . ..- . . . . .  ： ••
The desired conclusion (4.33) comes difeotly from (4.37) and (4.41)9 

R e m a r k  4.1. For the Oauchy problem

r == Wt+!*,

〇 ： U —  8 ( p { x ) ,  Ut — 8 ^ ( 〇} ) j
ytQ have the sharp lower bound of the life-span of classical solutions as follows：

(4.42)

T (s) >as~a (<?>0 constant),
^while for the Cauchy problem

l i = 0 ： u — sq>(x), «t==si|!f(aj)?
-the sharp lower bound of the life-span is

jP(8)>0S-l8*/3 (fl!>O constant).
Hence, in Theorem 4.1 hypothesis (1.18) can not be weakened.

(4.48)

(4.44)

(4.45)
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