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§ O. Notations and introductions

Let SI be a  domain in (t, x 1, x)-space, which is bounded
b y  a  la te ra l surface S  and planes t =  0 , t— T .  S  is covered by
{ (finite) , and represented by (t, x )— (t,FV ,x 1) in  V1 . W e denote

= {t T }  ,  (4 ' n {T<t<T1 ,
S, Sn {t T } ,  s T :  =  Sn {T<t<T1 ,

and we denote by N(t, x) the inner normal direction at (t, x)ES, in
ne

Linear c ase . We consider the problem :  Find the solution u
satisfying the following conditions.

Lu
a

4 u—  E  a,(t' FIXx ) ( ? ) v  u f(t, x ) in  SI ,Ivi‹2b  

E  b ; ,(t, x )( a ) u— f  5 (t, x) on S  ( j= 1 , 2 , ••• , b ),
8x

u uo(x) on (20 ,

where f , f 5 ,  u ,  are given data ( 0 < r 1 <2b —1).

Assumptions (See [1 ] , w ith  respect to notations.)
i) Re Ao(t, x ;  ia.)< — 8 Jo- I 2 b for o-E R ", (t, x )E  n

(A0(t, x ;  io-) E xXic- )0 ).
10 1=20

ii) IR(t, x; p, ,2)1 >a(IPV* - 1- 1, 21)5( r i - -" ) (c e =A )

  

(*)
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f o r  Re p >0 , VER", n •N (t, x )=0 , ( t , x )E S

(R (t, x  ; p , ) det
( fB o i (t, x ; i(n+ zN(t,x)))zk'  d z )

71 A o±(t, x ; p, z) i k )  •

iii) E la ,1 0 + ? (, )+ E lb  ; ,I c 2b-rj +k +y (s)+EIP I
 ; I c 2b+k+Tcv.i.) + E  -I-v  1 g r e c v ,)

=  M k < d - co ( k  = 0 , 1, 2, •••, 0< < l ) .

iv) If I . ? ( 0 ) + E l f f Ic2, —; +k-vy, )+ luolc2b+k+Tw 0 ) < + 00 ,
;

where we assume that C2 b+k+I-c1ass compatibility conditions on So

are satisfied for (*).
Hereafter we denote positive constants depending only on 3 and

a
- ( a

-  
b eMk  by the same letter C k . Let , u0,  f fixed

extensions of L , f ,  u o ,  satisfying

C k  (Co ,T )x R") C  a v I  C k "  ( o)

f I c k -Y a o , , ,x , " c h l f I c k + 7 ( , ) ,

Itio I C 2 b + k + Y « 0 , T ) x R " ) C klUo I C2b + 1 (% )

Re E xxiar < —ckl 0 - 12 1' f o r  crE R ", (t, x) (0 , T )x R ",
101=20

and we denote L ,  f ,  a o also by L , f ,  u o .

Quasi-linear case. Let us consider the problem :

a
u _at E  a,(t, x ; D 2b- lu)( 1 - )  u  = f ( t , x ; D 2b- 1 u) in ,

[01-20 ax
E  bi ,( t, x ;= x ;

ivi=r;a x on S  ( j =1 , 2, •••, b),
u u o(x) on (1„

where we denote

D ru(t, x ) = (u(t, x ), u(t, x ), •••, ( a -x ) mu(t, x ), ••.)i
r .

Assumptions

(P)

i) Re E  a,(t, x  ; U)(iol" — 3(K)I 0- r b

f o r  o- 1?", (t, x)ES1,  i  U l <K.
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ii) 1R(t , x ; p ,  ;  U) I 8 (K )(1P1 +11 ) ( r i - " "
f o r  Re p>0, V ER ", 72•N (t, x )=0, (t, x )ES , lUi<KK .

c2b -ri+k+7 (S ,K )
j

+I f ;  I C 2,—; +k +7(s K))+E I F ri  c2/9-1-k+Y(V1) ± 1=  M k ( K )
/,j i  g i - c(kv,)

(k= 0, 1, 2, •••) ,

where, for a function g(t, x ; U ), we denote

 

( a vo( ay ( a y
i i „-u x;g I cP(.,K, =-- E sup

21,10+11, 1-1-1V
,

1<f3 (t,)ESE

sup
-2b<21,V0 + ;VI + (s,x )E Q

,

 

Ga
t  yo(  a  y(  a  y g ( t ,  x ; U)—(  a  Y ° ( a a  x ;ax 8 U  \as /  \ a x  \au/

s 103 (13- 2 b1/0
-  IVI -  IV/ i)

sup
11+1+ 11/I-uu ( t ,n e S 2

11/1<./Z

X
(-a-T(

1
)

v
(  

a Yg ( t ' x ; u )— ( a Y°(a )v( a Yat ax au a- ay X  e  ; u )t -Y 
ix— y1f)—E13]

sup2b20 +1,1+1Y1=-If31 C t,.)e52
1u1,1v1<ic

(a l'°(   g(t, x ; ( a V°( a (   ag ( t ,  x ; V )\at/ \ax/ \au/ \at  \ax/  \ay! X 1U— VI
luo c 2 b+k+ 7 ( 0 0 ) =  N  k <  0 0  and C2 - -class compatibility condi-
tions on S , are satisfied for (P).

Recently the mixed problem with general boundary conditions
has been treated by many mathematicians in linear case. On the
other hand, Eidelm an treated the Cauchy problem for quasi-linear
equations in  [ 3 ] .  In  the present paper, we consider the mixed
problem in quasi-linear case. We shall show that, by using the
results obtained in [ 1 ] ,  we can obtain a local existence theorem.

In the following, we make some remarks in § 1  and § 2, and
show the energy inequalities in linear case in § 3  (Proposition 2).

E I a, I cki-7(.,K)+ f i ck-Y,. K)+E (E I bp I

iv)
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Finally in § 4, we treat quasi-linear case. Our main result is

T h eo rem . Under the assumptions stated above, there exists a
unique (in C2 b) solution of (P ) in tv(=n, n {o< t<  T'} ), which belongs
to c2b+k+I(sY), where T ' depends only o n  lu0 lc 2b(Q 0 ) w ith  respect to
the initial value uo(x).

§ 1 .  R em arks on the fundam ental solution

The fundamental solution Z(t, x ;o f  L  has the following
property.

Lemma 1.

I .

dT Z(t , x ;  T )ck <  C h lf Ic k + ?

c
2b+k+V0 R n

ds Z(t, x ; s, y)f(s, y; T, )dy
è ,ir-2 0 6 4 -7

<  c k l f l w . /  •R"

Proof.

4 t ,  X ; T, ) =

Z o( t  T , ; T , ds 
R "

Z o(t—s, x—y; s, Y)(P(s, Y; 7 , OdY

99(t , x ; r , =

—(LZo )(t, x ; T ,  ) ' - F ds ( —LZo )(t, x ; s, y)q,(s, y ; T ,  )dy .

In order to show

d r  (LZ0)(t, x; „ y  ‹ C h l f I c k + -Y

d s (L .Z .
0)(t, x ; s, Y).f(s, y ; T , )d y C 61+7

let us see the principal part

g(t, x) = t  clro 1K(a,(t, x)— a,er, 0)(-I—x Y Zo(t —r, x — T, )f (T , .

g(t, x + .) —g(t, x)=-

Ç, dT ( a , ( t ,  x ± )—  a,(7 E))(LY Zo(t —r, x+ ;
_ A IZ b  
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x f(T , x)—  a,(T,0)(LY  Z o(t — T

t-hod2b
x  f (T ,)ck + , (a,(t, x + )— a,(t, x)) od T

x  (LY.Z0(t—T, X+ T )  ))C(T, )c/

+ 50t-im2b
(a,(t, x )—  a,(T , )){ (L ) Z o(t — T, x+ — E ;T )0

( L Y  Z  o ( t  T  X  —  ; T , AT, .

The coefficients of the third term are equal to

Ipi 2 b
(1-71{ (i) v Zo(t— T, + ; Tr 0 —  (M0 VZo(t —T, x+ ;

t_iAi2b a
x f ( r ,  )d + z o(t—T,x+ ; t, f(t , x)}  d ,

0

because

yz o(t—T, x +  — ; t, .1, )y =xf(t, x)ck = O.

Thus we h ave  I g(t , x+ p)— g(t , x)l< Co I A  If I 0 .  In  th e  same
way, we have I gl c r<C o l f  c r. P ro o f of the rest is shown easily.

Now let us denote

x ) = u o(x )+ 0 dr Le, At, x ; 7.) ) { . f( r , ) +  A t t0 (T , )} 4

which belongs to C2 b+k- ' T )x  R ") and is a unique solution of

L v  = f (t, x ) i n  (0, T )x R " ,(**)
y 1= u o(x ).t=0

And we have

Proposition 1. Let Ck=C(8, M k ).

i) I v—uoi c 20 -_, , R . ,<  Co( t  — If I c0«0,,,,,Rn)

+ u0 I c 2bueldrf o r  0 < t ‹ T  (0<v E <y ),
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i i ) IV I C2 6 4  + 1  (CO ,T)X Rn  )<C k(1 fick--/cco,r)xRn)+ 1uo1c201---Yue)) •

Let us denote u = v + w, then we have

( L w  = 0 in û ,

(***) .1 13 i w  = gi; on S,
w  = 0 on no,

where gif = f i —Bi v i .  Now we denote

cg =  { f 0 ;  (6a- f ) m  f (t , x ) 0 = O, 0 <  m <[ceti]l

then g ;  belongs to C O
2 b - ri+k+"(S), and

I g i  c
2b-r,+k+7,  )C k {  If ck +/ (0 )+  I /I f  c - + s + l uol c 2b+k+7,

2 0 4 •

In fact, for any uGC 2b±k+7(S2), we denote

( a )1u t lo =  u i ,

and then

( t--) i A u t I 0 = A (i)(u o ,  u„ • • • , u1) ,

B i u  I = B li)(u„ u„ • • • , .i=0

If

(m

u  satisfies —
a

at
= [a(2b + k)])

u1 =

U2

u = Au+ f  in  f2  and

are determined by

/1(° )(u0)+f, 10 ,

A(1)(u0 , ui)+ ( -6af ) f ,.t o
,

u = u ,  on û 0 , 141 112 • • um

U r n =  A ( - --1)(u 0 , u„ •••,u,,,_ 1) +(w a ) n
 i f 1 1 0.

Then the compatibility conditions for (* )  a re  described in the
following way :

„ u 1, • • •, u1)  =  at I '

o n  Sp (0.< i <[a(2b—  r + k)] , j = 1, 2, •••, b) .
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Now, since L v =f  in SI, v= u0 on 1-20 , we have

( 8 )1
o= u i ,

and then

( ;- ) 1 k i v i lo =13 ; (u „u i,• • • ,u i ) — G P I ;

o n  S, (0<i <[a(2b —  r J +k )]) ,

which implies g 1 EC O
2 b- ri+*+"(S).

§ 2. Remarks on fractional powers

8Let us denote I= + (— A)b, where A is Laplace-Beltrami's

operator on S „ and its fractional powers by iff(a : real). Then we
have

Lemma 2. i s  a  one-to-one bicontinuous operator from
cg(s)(resp. 6g,(s, s)) to cg-b-(s)(resp. 61-+22,1-0.(s, S)), and its operator
norm is bounded by an  absolute constant depending only o n  C„, 0-,
g , m , where g  and 13 -2 b o - are numbers in  (0, 2 b +k +7 ] and not
equal to integers, m  and m +2bo- are  less than n -1 +2 b .

Pro o f . Since h a s  the same properties as stated in Lemma 1
on L , and f e C g  (I, : positive integers, l' <g ,
— 1<o-+l— l'< 1), w e need prove the case where —1<  <  1 ,
0< ie<2b . On the other hand, w e have proved in [1] the case
where 0-</3<2b+k-1+7. Here we only remark the rest case
where k= 0 and 2b— 1 + < le < 2 b .  W e shall show the following :

Let 0-0 = 0 7 ,  then Vo is  a  continuous operator from 0 ( S )  to
cg-2b-o(s) (2b —1— 7 < g <2b).

In fact, for fE Cg, we construct a mollifier f , :

f ( t, x )  = E f l( t, x (t, x ))  , f ,( t, x )  = E f f (t, x (t, x ))

f ( t ,  x ) = p,(t —T, X )f 1 (7-, )d - rd , p ,( t , p 8 2 b ( t ) 9 9 , ( x , ) •

1 ( t 0 ( t )< 1 ( lt  <1 ) , 9 0 (0 =0  ( I t l  >1 ) ,
"  6 6  , 97
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(t) = 99( — t)  , p(t)d t = 1 .

Then we have f  c g b + 1  ( ,  where the suffix o is understood as
"comppact support" in t), and we can verify

ILI c.
If —1;1, , c e - s'IfIco (8 -1 < s '< 8 ).

Let us fix s = 2b + 7 /3, s'= 2b— 1 + 7. We know

11 6 °.felcs- 21,0-0
rof I c s, -20-0 C f i C s ,  .

Now we have easily, for lui < 2b — 1,

(L Y (n .f . )(t, x) C

Next, fo r  11,1 = 2b — 1,

0 ( 1 6 0f)(t, x + A) — (U ( 1 6 0f)(t , x)

{ (L ) (I' o(f — f,))(t , x + A) —  (LY o (f — f e ))(t, x)}

+ M Y  (I' o f  ,)(t , x + A) — (1-x-) 2  (roL)(t , x)} I i + „

I i C I  I s ' - 2 b 6 ° n ( f — fe)I -2bcr0 CiAi s i - 2 b 6 °  f — f. I c '
<  CIA I s' - 2 " .°6s"  If I ci3

1 -1.21< a i r .fa CIA I s - " N i ;  I c ss-2b,

<  CIA! s- 2 bœoe-

Since 6  is any positive number, we take 6  I A  , then

III + 112 1 < CI A I - 2 n f lo
Holder continuity in t  is shown analogously.

Here we have Lemma 2, because

= T,̀ " - 1 0 (ico ) 1f  ,

where 1 is the minimal integer such that /8— ahr, < 2b— 1 +

cg
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§ 3. Energy inequalities

Let us denote

G ; T , / ) = F

where g i = a(2b— r;  + k + 8), 0<e<7, and denote

G; (t, x ; T,

= E  a , x )G — x)— E ' , ; ))cel(T, )

1

\ )

which belongs to 6 .2 1.+Ik++2b_(20+k+e) (c2, s). Then we have an extension

LG ;  o f LG J , such that LG J  belongs to t l +2b-(h 4 a 4 7 )  ( ( 0 ,  T)x R", S).
Now we denote

E ; (t, x ; T, ) =G;(t, X ;  T, .ç r d s R .  Z(t, x ; s, y)LG ; (s, y ; O d y  ,

then we have

B i o dr5 s T E ; (t, A  ; T , e)p( r, )dS = x)

+L dT s , E, ; (t, x ; T , e )q )(T , e)dS

where E i ;  belongs to 6 r : i r+1: 2 2 1 , ; 41,-fe)-7 (S, (s, s).
W hen E d n2! I i++21'-2bg i _y , e (7'= 7 — 6> 0 )  the
following equations are equivalent :

1

g i (t, x) i - oi991(t, x)+ dr E• .(t, x ; T ,  e)97i(T, e)dS
j 0

iorg i (t, x) = T i (t, x) + E  dT x;  T  )9:) i ( T  )d S .

J Jo JS

Now we denote

K i ; (t, x ; T , e )  = x ; T , e )

(1311(t,
 x ;

 T )  E)=-  K u (t, x ; T , )' - E ds5 .9s Kik(t, x ; s, Y)

x (1 1(s, y ;  T ,  OdS(E_ e " _ ,+ 2 b - y )

x; T , =  G; (t, x; T , e )±  E  ds1 s 8 Gi (t, x; s,y)431 1 (s, y; T, e)dS
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Here we have the solution of (***)

w (t, x) E  dT 61(t, ; T, g )dS
j  Jo

Then we have easily,

11V I C2b+ k+Y (co Ch E  I if iig i  I cv(s) Ch E  I g 1  c 2

W e rem ark  that th e  above constructions are also correct for
— 1— ry< e < 0 ,  k= 0  (then cl) G 6Z-1+ 2b-y (Sy S)). / V  is uniquely de-
termined for any 6, because of the uniqueness theorem for (***)
(N I .  Let 6= - 1 +7 +6 ' (0< 6'< 1— 7), then

1w 1 e -,b-i/ 
( t,) < c0 1 (t — 4 "b -e f )  E  I git I ob-ri(s ,o dT ,

o

Let E= (0<E"<7), then

1w I c 2 b-  'cap <  Co (t— T) 2 b- E") E  g 11 c 2b- J
- 1 + 1 '(4 )d T  .

Here, together with Prop. 1, we have

Proposition 2.

i) l u-1401 C 2 0 -  1 +  YCOP Co ( t  T ) _ 6 2 b - 0 ' )  f i  cowTo

+Elf ; I c2b-r icsTo + luol ebw„)} fo r  0 <t<T  (0<e ' <1 -7 ),
j

ii) lu—u0I c2b-iwp < Co o (t  —  T )_ '""" ) {If I co(dro )

+ E ! f ; I  uo I c2b(.0,} d T  fo r  0<t <T  (0< 6 " ‹  7),

iii)
l u i

 c 2 b + k + Y ( 0 ) C k (  IfIck+ -Y ( . )+ E l f i 1 c2 ° r i - k k + v ( s ) +  I uo Ic2 b+ki- Y(00 ))

w here C0 =C(8, Ck—C(8, Mk).

Remark. I f  T  varies in 0< T< T o ,  C(8, M) does not depend
on T , it depends only  on To.

§  4 .  Quasi - linear equations

Lemma 3. Let

g'(t, x) = g(t, x ; U(t , x)) , g"(t , x) = g(t, x ; V(t , a-)) ,
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where
1(11 , I VI K, I Ul c h-v (0) , I VI c h+Y (0) < K',
I gl ch+1(0,10 < M (h= 0, 1, 2, •-•).

Then

i) I g' I ch+Y(.) < C,
ii) le —  g"le(0) < CIU—  Vle(0) f o r  h= O,

le — g"Ich - 1+ 7 (0) < CI U— VI c h - i+ V  (D ) f o r  h 1 ,

where C=C(M , KO (independent o f  T).

Proof. Let h=0.

i) let , x)I =Ig(t, x  ; U(t, x))I gl c o
le t + x+A)— e t ,  x ) I  le t+ Ao , x +  ; U(t+A o , x+ A))

—g(t, x; U(t, x))I <I g(t + Ao , x +  ; x+ A))
—g(t , x ; U(t + x+A))1+ g(t , x ; U(t + , x+A))
—g(t, x ; U(t, x ))I< (I gl c i + Igl col UI c7 )(1A orl  + I Ain

ii) (g' — g")(t, x)I Ig(t, x ; U(t, x))—  g(t, x; V (t, x))I

<I gl elU(t, x)—  V (t , x)I,

Let h=1.

A e t ,  x) x; U (t, x ))+ E g u p (t, x ; U(t, x)) - U,(t, x).8x,
a e t, x )  ‹ Ig I c l+ I glc'IUI eax,

ae t + A„ x+,60— g'(t, x)
8x, ax,

+ (I grl c v-Y + I gl el Ul ci)IU I e +  I gl cil Ulci+1}(lA ol" + I
I gAt + 6,0 , x)—  g'(t, x)I < (le 0+7 +  g UIC1")IAo 1 * ( 1 + 1 )  •

ii) (g'—  g")(t, x) = x; (1— 0)V(t, x)+OU(t, x))dO(Up,(t, x)

x)) E x)(U ,(t, x)— Vp(t, x))

1991.(t, x)I <I gl c i

1991(t + x+A) - 99 p(t, x)I { igle(lUlcY+ I VIci)}
x(1,6,01°4+1,6,11).

{ I gl ci , ?+ gl ci I ul cY



(P')

u  = u0(x) on no ,
where y is given and satisfies

u—  E  a,(t, x ; D 2 b- 1 v ) ( L )  u = f (t, x  ;D 2 b- lv) in n,ot 1,■=2b

E  bp (t, x ; Dr u = f  i (t, x ; Dr i 'v )
on S  (j=  1, 2, • ••, b) ,
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Cases when h 2 are shown in the same way.
H erea fter w e fix  K = 2  u„1,2b( e ) , and denote 8  8  (K),

M k = M k(K ).

When u  satisfies the conditions :

u K lulc2b,ki-v() Kk

we say that u  satisfies ( I lk )  in a We denote

a',(t, x ) = a,(t, x  ; D 2 b- lu) , a",(t, x ) = a,(t, x  ; D 21'- 1 v)
b' p (t , ;,(t, x  ; Dr rite) , b" p (t , x)= b p (t , x ; Dr riv ) , etc..

Then we have

Corollary. Let u, v  s at is f y  (1-11,_1), th e n  w e  have

(E lalck +7+ If' I c k+Y)+E (E I b'p I ri +k-,y+

m v u „ , K k _i ) ,

ii) (El a— c° + If ' — f" I co) + E  (E l p — b" p le b- 7 -1+v

+ I f  i — f" M "(M o,K )lu— vieb-i.

In fact, since

I D 'u t  <  K , ck+y  <  K k  1 ,

'D r <  K , D ' 1  c 2 b - r i + k - F Y  <  K k - 1

we can use Lemma 3 , only remarking

ID2 b - 'u—D 2 b - lvI c o < 1-,u— vI c 2b-i,

Irri - lu—Dri - 1 vI cab— j -i+v

Now we shall show (P) is solved by the method of successive
approximations. At first we consider
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Iv I ob-H-y ( a )K ,

and C 21' -class compatibility conditions are satisfied. Then  w e
have

u -  uo I 00-1+7 ( .6 ) <  C (8 , M o , K)t°"' f o r  0 < t < T,

luleb-Evt. ) ‹  C (8 , M „ N o , K ).

In fact, by virtue of Prop. 2  and Cor. of Lem. 3,

1
u - u o l e t -  (, )<C ( 8 , M' (M0 , K)) (t - T) - 21' - ')clT IM '(M o , K }

Jo z
lul < C(8, M /(M o , K)){ 1W (M0 , K )+ N o} .

Now we restrict the interval (0 , T )  to (0 , T ') , where

M o , K) T2  = K
2 '

and we denote 1'=f2r, S '= S '.  Then we have

u  c 2b-i+y( d )  <  K7 I < K0 •

Now let uo =u o (x ) and, for m =1 , 2, 3, •••,

1, 2 a , (t, x  ; D 2 b - i um _ 0 ( L ) = x; D 2 b - l utn-i)Fit

in  n ',

x ; =  f  j (t, x ;  D ri 'u m _1) on S '

( j=  1, 2, •-•, b)

Then C 2 b+Y-c1ass compatibility conditions are satisfied fo r every
(Pm ), and

Iu m Ic 2b-1+-t( d ) ‹ .( K , lum Ic2b+-1(01) --‹ K 0 •

Therefore a  subsequence o f  {u„,} converges to  u  in  C 2 b+7 '(11')

(O < '< ' ) ,  a n d  u  belongs to C 2 b+7 ((1'). On the other hand, let
u „,,-  um = v ,„ , then

{  

a a  '

Fit
 v„,— , , , , , a,(t, x ; D 2b- lum )(.a . ) v m  = F'n(t, x ) in f l/ ,

E  bp (t, x ; Dri-lum)(-Exa 
) 0

 vm  = F In(t, x ) on S ' ( j = 1, 2, •••, b),

vm  =  0 on n o ,

=  u 0(x) on Ç10 .
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where

Fm(t, x) = E  fa,(t, x ; D 2 b- 1 - u„,)— a,(t, x; ( L )  u„,
ivi=2t
+  {f(t,  x ; D 2 5 - 1 u„,)— f (t, x; D 2 b- 1 um _,)} ,

x) = — i {b (t ,  x ; D r x; Dr t'u ,„ ,)} 0  u „ ,

+  ff i (t, x ; D)Vrium)—fi (t, x ; Dr r i um-01 •

Since, by virtue of Cor. of Lem. 3,

F m  I c ow') C I Vm _i I eb-i(e) ,
I FIN I < c I vn g _

we have, by virtue of Prop. 2,

vm I -  'cot) C  ( t —T) - 6 , 2 b- '")1vm _i le t-1„4,dT (0 <t <T')
Jo

then we have
CMIV m l c 26-1( iy )

Therefore { u„,}  converges to u in  C21' - i((1') and u satisfies ( P )  in

Let u and v be solutions of ( P ),  belonging to C21'((1'), then we
have in the same way

U —  V  I c 2b-ice) r(1± cye, , m ) 0,

therefore u= v in  (2'.
Finally with respect to the regularity, it can be seen that u

belongs to eb+ k + 1 (n o . In fact, since u satisfies (P )  and belongs
C2b+7( n o ,  w e have, by virtue o f Prop. 2  and Cor. of Lem. 3,
that u belongs to C2b+1+7 (f2'), and so o n . Thus we have Theorem
stated in  § 0.
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