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1. Introduction

I n  th is paper w e consider the well-posedness of the Cauchy problem for
the weakly hyperbolic equation

0 (3(L i)P ( x ,  t  ; a t)u (x , f (x , t)

(1.2) ( : 1   ) u(x , 0)= u i (x) j= 0 , m— 1 .

Recently A . M enikoff [7] gave a sufficient condition for the well-posedness
in  the  case  where th e  characteristic roots are distinct for  t > 0 , b u t  some roots
become double when t = O.

H ere using th e  same reduction o f  th e  problem  to  a  first order system  as
used by M izohata a n d  O h y a  in  [6 ] , w e  w a n t to  p o in t o u t th a t  th e  assump-
tion o f the  distinctness o f  th e  characteristic roots fo r  t > 0 can be removed and
that we shall give the  proof concerning the existence of the dependence domain.

Ox
0 0L e t  P(x, t•' ' - - - )  b e  a  differential polynom ial of order n i defined inOt

Q= {(x, t); x n R 1 , t e [0, T ]}  a n d  w e  assume th a t  the coefficients are infinitely
differentiable and bounded as  well as all their derivatives.

We denote

D  —
( 1 1 0  a

/
1  0D t = a t

and rewrite the principal part Pm  o f  P  in  the  form

P„,(x, t ; o
a
xt   ) — im{ + h  (x , t ;  D )D 'r + •• • + h m (x , t ;  D)}  .
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Let (s m  — s)

(1.3) orm + h i  (x, t; 0tm - 1 + • • • +hm ( x ,  t ; ) = (T—Itt(x, t;1=1

. - s
t;

1=1

where we assum e for Ai„u ;  t h e  following conditions through this paper except
f o r  § 6,

(1.4) in f t; t; ) 1 c 1 ( > 0 ) .
i i.(x,t)et2,141-1

in f t; t;
(x,t)en,141=1

(1.5) in f t; 0— A ; ( x ,  t ;  ) 1 _ c 3 ( > 0 ) .
i',,j,(x,t)E11,141=1

For pairs (.1.1, p i ) ,  w e assum e the condition A  or B  which will be indicated
later, then under these conditions we have theorems 1, 2, and 4.

Let

(1.6) 01= t; D), i=1, m — s .

pi (x, t; D), i=1, 2..... s,

where Ai(x , t; D) is the pseudo-differential operator with symbol A;(x , t;
Consider

(1.7) Hm=(.-s...as...81)(As—A 1)

and put

(1.8) im- Cm _ i (x, t; D, Di )=im{P.(x, t; D, Dt )-17 m (x, t ; D, D)}

t ; D, DO.

Now we take for basis ni operators,

(1.9)1 ,  211 , zI 2 A 1 ,•••, 113/i s - 1 - 4 1 ,

apAs— A1,••• , am-s- 1' 4 14, - 4  •

Then we can represent Cm _ ,  in  the  form
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(1.10) C„,_ 1(x, t; D, D r)= cm _ ,(x, t; D)+ c m - 2 ( x ,  t; D)A + • • • + cm- sA s-i•••Ai+

"•+coam-s-i'••0,t1,-.A +Q,„_ 2 (x, t; D, D,),

where c„,_ ; (x, t; D) (i= m ) i s  the pseudo-differential operator with symbol
t; )  which is homogeneous o f degree m — i in and

 Q 1 _ 2
 i s  o f order

m —2.
Let Cg_ ,(x , t; t )  d e n o te  th e  principal sym bol o f  C„,_ ,(x, t; D, D ,) and

introduce the following two conditions;

Condition A .  F o r  each i (1< i< s), C L,(x , t; p )  can be represented in  th e
form

,(x, t; p i(x, t; ))= (x , t; )— t 1(x, t; ))Ti(x, t;

where T i(x, t; is  a  symbol o f some pseudo-differential operator.

Condition B .  F o r  each i (1 < i< s), t; p i ) can be represented in  th e
f o r m  tCg_,(x, t; p i(x, t; ))=(,1 1(x, t; p,(x, t; t; where S i(x, t;

is  a  symbol o f some pseudo-differential operator.

Then it follows

Theorem 1. U nder th e  condition A ,  fo r  a n y  g iv e n  in it ia l d a ta  a n d  th e
second te r m  s u c h  th a t  (uo (x),..., um _ 1 (x))a 9 71P x .971P - 1  x •• • x1 , f(x, t)

trP(gP,V), there exists a unique solution u(x, t) o f (1.1)-(1.2) such that

) m - i
(uoc, u(x, t))ed7(95P - 1  x •• • x  g lb )  ( p = 0 ,  1 ,...) .

Theorem 2 .  Suppose th e  condition B ,  th e n  fo r  a n y  g iv e n  in it ia l d a ta
(uo (x),..., um _ 1(x))e /72 a n d  th e  second term  f(x, t)e  9 , ,  the Cauchy problem
(1.1)-(1.2) has a unique solution u(x, t)Eg x ,f .

2. Proof of theorem 1

Let

(2.1) Cm-1(x, t; D, D,)= t; D)+ c„,_ 2 (x, t; D)d, + • •

+ co (x, t; Man,-s-i• • •ai A s .• .4 ,

then taking account of (1.8), the equation

13 (x, t ; : x  , : t )u(x, 1)=f(x, t)
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becomes

(2.2) (im17 — ' C _ 1)u + R„,_ 2 u =f,

where Rn,_ 2 i s  of order m —2. At first we consider the equation

(2.3) (Hm— Om- i)u(x, t) = (x , t).

Put

(2.4) (u, A 1 U,  J 2 z104,..., a um _i)

and denote  U=((u o , u1 ,..., Urn _ i ) ,  then  the equation (2.3) can be expressed as
the following matrix form

(3.5) D ,U(x , t)=H (x , t; D )U(x , t)+F(x , t)

Ps 1
H(x , t ;

'11 I

lC rn_i • lC rn_s

As  . „

. ,

'lc() +11-m—s

where 2i =A i(x, t; (homogeneous o f degree i  in t; (homo-
geneous of degree m— i  in and F=r(0, 0,..., 0, rm .!).

Next we set (see Mizohata and Ohya [6])

(2.6) Ti(x, t)= + 1)"' 2 14 0,• • • , (A + t )" - s -  I  us- 1, (A  + I u s, • • •, um -1),

then (2.5) becomes

(2.7) D,V (x , t)= H o (x , t; D)A V (x , t)+ B (x , t; D)V (x , t)+ F(x , t)

P I I

110 (x, t; -
It s

ic m _ i  • • •ic„,_,

0 — A 1 0

M  A 2
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where t; t; cu.= ci( x ,  t ;  N I ) ,  a n d  B  i s  a  bounded
operator in (L 2 (W))m.

Construct N , a  matrix which diagonalizes H o (x, l; namely

 

N ,  0  -

 

- N  0  -

R N I _
N =

_  Q  N2
N -1 =

   

where N 1 , N 2 is  the diagonalizer of A 1, A 2 respectively, and det N , =det N2 = 1.
N ote  Q = ( 9 0 1 s i s m - s ,  th e n  qu  m u st satisfy

(2.8) ic,„ -i 
( ) L i  — 1 1 1 1 q " (Pt — Am-s)

i =1, m — s .

(2.9)
(Ai - -  + 1 ) — (Ai —  Am-s) q i i - 1

i 1, 2,..., m —s .
j=2 , 3 ,  . . ,  s

By using the condition A  and the equality

Cg_ (x, t; cm - 1+ cm - 2(Pi —  I )  + • • • + cm — 1( 1 i 1). 111)

w e can construct qu  sm oo th ly  a n d  accordingly N (x , t; i n  such a  way that
det N (x , t ; )=1 .

Since H o (x, t; D )  is d iagonalizable , then , a s  well-known, f o r  any given
V(x, 0)E 2 a n d  th e  s e c o n d  te rm  F ( x , t ) e  7 ( 5 ) ,  th e re  ex is ts  a  un ique
solution V (x, t) e 47(.912) n ( 9 11, 1 )  of (2.7) and we have

(2.10) V(1) k C ( T , 1117(0 )11k+  t
o F(s)11 kds (k = 1, 2,...).

  

Introduce the following norm

(2.11) 111 u (x, t) M17 1)112-1+1+
0 u(x

'

 t)et 
2

+ .. .+
m-2+ 1

2
: t )m— 1 /4 (X, 01

1

  

and consider the case k = 1, for instance. Then by (2.11), the inequality

lilu(x, 0111 o . C(T) 111(A + 1)u(x, 0) o + ds]

 

holds, a n d  this inequality enables u s  to  so lv e  the  C auchy  problem for (2.2)
by  successive approximation, for we have

II R m_2 14(x ,  t) II c Ill u ( x , 1110 •
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In  add ition , U e d 7 (g r2 - ' x  ••• x  9T is x  gT is x  •-• x  91 )  n et'  ( . 975 2  X  • • •  X

x .9TYs- 1  x ••• x L 2 ) im plies at once

y t
u (x , t))E 6 7 (g T i!  x ••• x L 2 ).( u ( x ,  0,  at u(x, t),..., ( at

3. Proof of theorem 2

Assume the condition B  and consider the Cauchy problem

(3.1) P ,(x , t ;  e
a
x  , )u (x , t) =f (x , t) (x , t)e 52' = 1(x, t); x e  Ri, t E  [ 0 ,

(T ' =T—e 0 )

(3.2) (--a6-t--) u(x , 0) = u i (x) j= 0 ,  I..... m - 1 ,

where P ,  i s  a  differential operator depending o n  e (positive parameter) defined
by

a a  ) (0 < e < 8 0 ) .
aa  v ax at/t ;  a x _ p ( x , t + s ; ,at!(3.3)

Instead of the previous transform (2.6), let

(3.4) V ,(x, t)=W A +1)m - 2 u0 ,..., (A +1)m - s- 1 u,_  (t+e)(A +1)m - s- lu s ,...,

(t + e)u„,_,),

then the system (2.7) becomes

(3.5) Dt V,(x, t)=11 (j ) (x, t; D)/117,(x, B ( E) (x , t; D)V ,(x , t)+(t+s)F(x , t)

(e)P i

i(t + s)c. (4 1 •••i(t + 8) c;,; ) ,

Hnx, t ;
0" ( 0

r-s

Afie)
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w h e re  /Ile) =  ) ,(x, t+6 ; p(i') t + 6; ct) = c i(x, t +6; and B(8)
is a  bounded operator in  (L 2 (R 1))"1.

By the condition B , the relation

(3.6) (t+ E )C Z _  i (x , t; p i ) =04e )(x , t; p(iE)(x, t; ))S i(x, t +E;

(1 i < s )  i s  v a lid , an d  therefore th e  sam e result a s  theorem 1  holds for the
Cauchy problem (3.1)-(3.2).

L et u,(x, t )  be  a solution of the C auchy problem (3.1)-(3.2) w ith  the initial
d a ta  (u0(x),•••, um- 1( 0 )  E  1 1 .9  a n d  th e  s e c o n d  te rm  f ( x ,  e  9  x , „  a n d  define
(see O. A. O lein ik  [8]) 140 ,, u, fe  by

1
(3.7) u eN =u 0 +tu i +•••+ 

- l) ! nt- 1 +

tin (  a v ,

m !  at )

ue
1= 0

(  a \N + m
± • • • + (N + m ) !  at ) 11 1 t.,

(3.8) U = 1 4 —  U o ,  Ptu=f - PA N =L

then we have

(3.9) ) i  t = ° = ° j —0, 1,..., N .

Using th e  same method a s  th e  reduction i n  § § 1  a n d  2, th e  equation (3.8)
can be represented in  the  form

(3.10) 1 1 1 6 , m ( x ,  t ; D, D t ) -  l C t , m - 1 ( x ,  t ;  D, D i )lu + 2(x, t; D, D j ) u  i - mf .

L e t ae ,i(x , t; D) (0 < i <m  -  2 )  b e  a  pseudo-differential operator o f  o rd e r  i,
th e n  R e ,m _ 2  can  be  expressed  a s  a  linear com bination o f  t h e  operators ae ,i
(0<i<m  -  2 )  (by lemma 4 .1  in  M izohata and O h y a  [5 ])  as follows:

( 3 . 1 1 )  
R E , m - 2 ( X ,  t ;  D, D i ) = at , o (x, t ; D)0(,„;) s-2 - 0 ( »A l e ) - * AY )

+a,, i (x, t; D )a;»,- 3 •••0?
) 4 1 ' )  • • • 4 (

1E)  + • • • + a,,„,_ 2 (x, t ; D) .

W e now rewrite the equation (3.10) a s  a  system by substituting (3.11)

(3.12) DiVe(x, t)=11 (j ) (x, t; D)A V e (x, t)+13 (j )(x, t; D)V c (x, t)

+ 0 + 0 - 1  131 Ve (x, + ( t  s ) F e (x , t),

where B , is  a constant matrix.
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Uniform boundedness o f  t h e  operator norm o f  l i (x , t; D), k j ) (x , t; D)
and also that of the diagonalizer N ()(x , t; D) o f WI )  imply

(3.13) V (t) Ilk C 1 k , n [ 5 1 - I-11V E(s)Mkds +1
0  
IlL(s) II k ds] (k = 1, 2,...).

s

If  we define fc ,  pvg , by

f J . r ,  = IN +  f  c (X , t ),  W =  0 7 -1s, 11V GO kd S

and choose the  integer N  such that N +1> C(k, T '), then (3.13) yields

(3.14) t W ( t )  (N + I) W (t) + (N+ 1)tN+2 max lljk(t) Ilk05t57"

Multiplying (3.14) by t - N - 2  a n d  integrating from (5 to t ,  and  observing that
6-(N+1)w (S ) tends to zero when .5 + O ,  we have

(3.15) W,(t) (N + 1)tN+2 max 11.7k (t) Ilk .05t5T

From (2.11), (3.13) and (3.15), it follows

(3.16)1 M  u (x , t) Mk-1 e(k ,N , n e -Ei max IILWIlk •
0 5 t5 T '

By definition, the inequality

UEN ( X • 0111 k Ct 11111(X, 0) Ill N+m+k + m a x  E
05t5r IŒ ISNj5N (aax) a( t Yf ( x II

holds, and thus we get

 

(3.17) Ill t i ,(x , t) Ill k C  k .P [1 1 1  (X, 0) Ill N+m+k + max E
0 5 t 5 r  I ISNj5N+ 1 aax)OEC -aa-)i (

x t )

where Ck,N, r  is a constant independent of e.
Consider the case k = 2 for instance, then from (3.17) we have

(3.18) t)ilm+1,L2(0.) (0 <e < g o ) ,

a n d  then there exists a  subsequence ( u J ) J l 2 w h i c h  converges weakly in
eT21-( 12 , ) •

The limit function u  is  a  unique so lu tion  of the  C auchy problem (1.1)-
(1,2), which satisfies



Cauchy problem for weakly hyperbolic equations 253

u  O a( a(
a t ) m-1

u )E d 7 (9 T 2 x  •••  x  b )

4. Reformulation of the conditions

(cf. M izo h a ta  [4 ]) .

W e  sh a ll n o w  express the  condition  A  and  B  in  a  m o r e  explicit form.
Let o-„,_ i (C„,_,) denote the principal symbol o f  C„,_ 1 ,  and set

(4.1) 1= 1 , 2 ,.. . ,s .

(4.2) il;,!) —am-s°"•°aCAs°•--eAii-1°Ai-10-041 1=1, s.

Then

17,„-11 =(3„,_.,..-3i+1)(3)1(3i-

implies

(4.3) a _ / 1 ) )  0  (m o d  — Ai )) i = I, s

and by the same reason we get

(4.4) o-,„ _ 1 (/7;7! ) — /7;,11 1 ,4i ) 0  (mod (r — p i )) i = 1, 2, ... , s.

From (4 .3) and (4 .4 ), we have

(4.5)a , -  1  ( C  m -  1 ( x  ;  
D

3 
D e )) I s= p

1 a m - 1  (
11

,
(
1!
2

 1
° i  r n , f ) 1 1)1,=A ; +

+ Pm- i(x , t ;
p i ) (m od (1 i — pi))

Using the product formula for pseudo-differential operators we find

(4.6) , (/ — /9/;,f )
i ) — 

 a  no) a'  a   H° (i) a 1at at m - 1  Ox OE)  •

O n the one hand, P„,(x, t; T )=(t — Pi)fi;■!Ii(x, t; .r )  shows

(4.7) O 0  •H o)
a t  m - 1

(  a ) 2
r = i l i 2 \, at T=At

a (4.8) fl"» —  3 2  P + ( t ) 2 1P  aa t a „ 2  at m r= u ,

therefore, if we define L i by
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(4.9) L i (x , t; )= { P„,_ 1 (x , t; (;, T )+ (  a
a

t ) 2p

â 2a P m +  (aaT) 24„ P i ) 4 , ,  11`}1 t.p,-rk,

then (4.5) means Li(x, t; t; p i(x , t ; ) )  (mod (Ai —pi )).
Exchange (1 ,) fo r  (p i)  in  our considerations in  §§ 1, 2 , a n d  3 , and define

E i(x , t; by replacing Ai w ith  pi in  (4.9) then we get the following:

Theorem 3. I f  we replace C„°,(x , t; p ,)  by L i ( o r  L i ) i n  t h e  condi-
tion A  and  B , we obtain the equivalent conditions.

Remark : From the expression P,„(x, t; 1.) =(-r— p i)(t— A i)Qi ,  it follows L i(x,

t; p i) +Q i(x , t; f l i )
a

—  p — p , aac, A i )  (m o d  (A,— pi )),at
a n d  th e  righ t hand  side  co inc ides w ith  (X ) in  A . M en ik o ff  [7 ]. I f  w e  set
Ai = p i ,  then L i w ould  be the Levi function o f  Mizohata and Ohya [6].

5 .  Dependence domain

In  th is  section, sometimes p i „  ( 1 < j < s )  m ay  b e  u sed  in  p la c e  o f  /1..i
for the  simplicity o f notations. Similarly is for

Change the coordinates, the so-called "space-like transformation" such that

(5,1) t' =t1/(x, t), (1 <a < I)

/ 0 0  \ 2 2

at ) ( X ,  O E U
a = 1  

> 0

where U  is a  some neighborhood of the origin and

pm ,„ = max sup I fli(x, t;
S iS r n  ( x , t ) e l l ,  141= t

Consider the equation in  T

(5.2) pi(x, t ; ox-r+o= 0 ( 1 i in)

subordinate to the  change  o f coordinates, then there exists a  unique solution
T. o f  (5.2) for any fixed (x, e U  and ( 0 ) .

1f w e denote this root by fi i(x, t; then t; can be seen sufficiently
smooth, and we have
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Lemma 1. In  a  som e neighborhood U , of  the origin, we have

(5 .3 )  Apc, t; t; t; t; rti(x , t; ))

(15i _<s) where Ci(x, t; homogeneous of  degree 0, is sufficiently smooth.

Pro o f . F ir s t  w e  n o te  t h a t  ipx ,ai +  i s  n o t  z e r o  f o r  a n y  (x, e U  and
(0 0 ).  Therefore, fo r  suitable U0 a n d  fo r  sufficiently small 14—ri, there exists

a  smooth function vi (x, t; C, such that

(5.4) Ai(x, t; IPx C+ )— 2.1(x, t; ifrx t + )=(—  t)vi(x , t; C, T9 ) •

Put = ; i , r=f i i i n  (5.4) a n d  take account o f  Ikt;i=il-i(x, t;
=p i(x, t; tlf x rii + ) ,  then we have the result by setting Ci = — v i .

Lemma 2 .  (Mizohata a n d  Ohya [6] Lemma 4.1) B y  t h e  transformation
(5.1) D 1 —pi(x , t; D) is transform ed to

(5.5) Ti(x, t; D, Dt )(D t — ili(x, t; D))+ei(x, t; D,

w here V i(x, t; r) is homogeneous of  degree 0  in z )  such that

n w i(x , t; Pm(x, t; an d  ei(x , t; D, D1)  i s  a  pseudo-differential
operator of  degree 0.

Assume that P  is transformed to P  by (5.1) and put

im-  1 = i inc p  m _  11m) 1

 -fl m—

then the lemma 2, (1.8) and (1.10) imply

(5.6) C;;;_, = e i (x , t; z) +  I s e + ( x, t• T) 
i=1 i= 1 " k s + i(t —

+ cm- t; x -r +0+ ...+co(x, t; +  )(0 ,-r

— ( X ,  t ;  qix t 0 ) • "(tiltt ( X ,  ;  111 xT + ) ) •

N o w  fo r in s tan ce , consider C_,(x, t; s). l f  w e  express C;4_,(x, t;
rt i )  a s  a  su m  o f  c„,_,(x, 

t ;
a n d  t h e  re s t r(x, t; then it follows

from (5.6) tha t r(x, t; has a factor (;17, —P i ).
O n  th e  o ther hand , b y  the  condition  A  and  lemma 1, c,„_,(x, t;

may be factorized a s  (;1', —P ) t im e s  a  symbol o f  some pseudo-differential oper-
ator.
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In  general, we have

(5.7) t; )=T i(x , t; t; t; ) ) (1 < i <s).

I n  o ther w ords, cond ition  A  i s  invariant under the transform ation (5.1),
then we obtain

Theorem 4. Under the  cond ition  A , the  so lu tion  u(x , t) of  the  C auchy
problem; Pu =0, e a Y  u(x ,0)=u i (x) —1, has its support inet

i n -  I
{x ;E ( t l i ) }  .

i = 0

Remark :  I t  is  ev iden t from  the  construction  of the  so lu tion  that under
the condition B, the theorem 4 is also valid.

Proof . It is  su ffic ien t to  p rove  tha t th e  lo ca l uniqueness holds when the
condition A is satisfied locally. This is  done  by  u se  o f  th e  localization of the
equation and the energy inequality.

6 .  Final remarks

T he  methods o f  th e  preceding sections se e m  to  b e  applicable t o  the case
where th e  multiplicity o f  th e  characteristic roots is at m ost 3. B ut, since the
computation o f the  symbols becomes much more complicated, in  this section we
treat only the equation o f order 3 as an  exam ple. H ere w e om it the proof.

Consider the Cauchy problem

(6.1) P (x 0 j, t;  aa   ) ( aau —  ) 3 u +  E  a v . j (x , t)( ) v ( u =fax atax  ' at Ot m+is3
j< 3

(x, t)e x [0, T]

(6.2)  u (x  0) = u  (x)
' ':t ' j= 0, 1, 2 .

Express the principal part P 3  of P  in  the  form

P 3 (x , t ; a
a
x  , )--13{.W +12 1 (x, t; D)D?+ ••• +h 3 (x, t; D)}

and assume



Cauchy problem  fo r  weakly  hyperbolic equations 257

T3 + h,(x, t; + • + h 3 (x, t; t; ))(x—pt(x, t; ))("C—VOC, t;

Moreover, to obtain the explicit condition, we suppose

(6.3) 2(x, t; t; )= g (x ,  t ; t; t ; )1

.1 (x, t; )— p(x, t; )=  h (x, t; ){,u (x, t; v(x, t ;  ) }

where g, h are symbols o f some pseudo-differential operators.

(6.4) C 1 (x, t; — E —p)"Vo E — v) ( i V o  - - , 1 )(;)i=0

—E (/) — v) ( 1)( 0 — O ( J ) + P'S'14
0
= A+A

j= 0 2

( i ) I (2)C 2 (X , t ; P 3  —  —
2

P 3  ( 0  / 1) ( i ) }  ( 0 ±  P 2 1
j=0 4o=A

c,(x, t; E (c; —  v) ( i i ) W o — [t)( 0 — A)} ( u )°

—E — E —1)/i)}(/)
1=0 j=0

+ CY )2 — — p (22 ) ( o — 1 ) (-o  —  2 ) ( i )+  P l ii=1 (`) 2 j=0 ()=À

where, to simplify our notations, we have set r t= x ,, and

a af p_ f ( i )   a f = f p _  p ( i ) ,  A 2 = p(2) .

eXi ( t ) '  ao

Now we define M(x, t; and L(x, t; by

(6.5) M(x, t ;= (() — /1) ( ; )  —  E —2,)(;)
.J=0

(6.6) "  6 2L(x, t ; C 2 (X ,  t ; C 3 (X , t ;e i a x i  

then we have the following:

Proposition 1. Let C i (x, t; 0 (mod (tt— v)),

C 2 (x, t; 0 (mod (A— /1)(A —
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M(x, t; 0  (mod (), -  p)),

L(x, t; 0  (mod (;t.' -  p))

then, f o r  a n y  g iv e n  in it ia l d a ta  a n d  th e  s e c o n d  terni s u c h  th a t  (ti o (x), u i (x),

u2 (x)) e 911 2  x  .95 1 x f(x, t) E (g i b ) ,  th e re  e x is ts  a  u n iq u e  s o lu t io n
u(x, t) o f the  C auchy  p rob lem  (6.1)-(6.2) b e lo n g in g  to  SP(g7,12) fl 6.(975 - 1 ).

Proposition 2. L e t  tC i (x, t; 0  (mod (p-v)),

tC 2 (x, t; 0  (mod 1 - [ ) (/1-  v))

tM (x , t; 0  (mod (2 - p)),

t2 L(x, t; 0  (mod p))

th e n , f o r  a n y  g iv e n  in i t ia l  d a t a  (uo (x), u2(x)) ellg x  a n d  th e  s e c o n d
te rm  f(x, th e re  e x is ts  a u n iq u e  s o lu tio n  u(x, t)eg x ,, o f th e  C a u c h y
problem  (6.1)-(6.2).
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