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§  1 .  Introduction and Preliminary Lemmas.

W e  h ave  d iscussed  i n  [9 ] ,  [ 1 0 ]  o n  th e  generalized  Bergers'
equation (abbreviated below, G .B .E .) as a  s im p le  model of the funda-
mental system of equations for compressible viscous fluid. It w ill be
shown in  th is paper that w e also  obtain , fo r G .B .E . w ith  a pressure
model term , results alm ost sim ilar to those in  [9 ]  and P O I  As for
the notations, see [9 ] .  The abbreviation " m .i.e .a ."  stands for "monotoni-
cally increasing in  each  argument".

N ow , the system  o f  differential equations to be discussed on is
a s  follows:

ava 02(x , t) — — v , ) — v (x, t) a v ( x , t )
at p (x , t)  ax 2 ax

K (x  t )p ,
p (x ,  t )  ax

(1.1)
0 (x, t ) -{p (z, t)p (z, t)}  = 0, (y, v e lo c ity ; p, density;at ax

it, viscosity coefficient (constant); t ,  tim e; K , positive constant
such that P(pressure) = K p ) ,

where y  is  a  scalar function and x /2'. F o r  a  w h ile , to  the end of
§ 2, w e  assum e for (1. 1) the initial condition that

(1. 1) ' v (.z., 0) = Yo E 112+a , p (x, 0) =  poE H '", (a E (0, 1) ,

0<-150- inf Pon <  + c.°).
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In  the fo llow ing, w e shall study on the in itia l va lue problem fo r the
system of equations (1. 1), especially from  a  tem porally global point
of view . F irst, w e prepare som e prelim inary lem m as.

Lemma 1 . 1 .  If  (y , p)  H P" x 1171(0<T < +  0 0 )  satisf ies (1.1)
-  (1. 1) ' th e n  the f u n c t io n  y (r ; x ,  t )  def ined by

(1 .2)y  ( r  ; v,.,(r' ; x , t) .T z (r' x , t )d r '

satisf ies a n  o rd in ary  d if f e ren tial equ atio n

(1. 2) '

dr

= p (x , t) id ( r t) kPoi (x ( x  t ) )

y  ( r  ;  x ,  t ) kp(x, t) (r ; ,  tr 'y  (r  ; x , t )

d r po(x0(x, t))
xOX0—  (e (r; x , t) , r)}

8E

y(0; X = 0 ,
'

w h ere  .7t (r ; x ,  t )  i s  th e  c h arac te ris tic  c u rv e  i n  0  o f  th e  la t t e r equa-
t io n  o f  (1. 1), i .e . ,  sa t is f i e s

(1 .3)   ( r • t )  =  v ( ( r  ;  x , t) , r ) ,  .T(t; x, t) = x ,
dr

an d  v, V-x-x, e tc ., a re  def ined  i n  su ch  a  w ay  th at, e .g .,

(1. 3) ' (r , t) v (.7 (r ; x , ,

v „ ( r ; x, t), t"), xo (x, t) (0  x, t).

P ro o f .  T h e following relations are obvious.

(1 .4);  x, t) --= exp — f'v(r'; x , t)dr'}  ,
8x

Ox° (x, t) exp —
a

( r '  x , t)dr'}  x x ( r  x, t)
Ox 

x exp — vx (r' ; t ) d r '} ,  p ( x ,  t )  =  ( r  x, z(r ; x, t);
0

xo (x , t) -= x0(.Y. (r ; x, t), r), vx., (r'; ( r  ;  x, t) , r)
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= vzx (r' ; x , t)  (O r '-_ r ), etc.;

p ,  _  p o '  ( x o  ( x  ,  t ) )  a x o
 (x ,t) —  y (t; x ,t),

p p o ( x o ( x ,  t ) )  x

y (z- ; .7r (r ; x , t) , r) =  ( ' •  y) (r; x, t) .

Noting that our discussion is being made along the characteristic curve
(r ; x ,  t ) ,  by (1.1) and (1.4) w e have (1. 2) '. Q.E.D.

Remark. T h e  lemma above shows that y ( t ;  x ,  t )  is expressed as
follows :

(1. 5) y  (t ; y ,  t) =  p (x  , t) [v (x  , t) —exp — kp (x, t) S t "  (t- ; x , t)ic/ r}

x vo(xo(x , t)) — k E exp  —kp (x, t) ; x,

x  [p  (x  , t )  (r ; ï ,  t) (z; ï ,

Po' (xo(x , t)) exp —  f (r'; Odd P r ] .
Po ( ro t ) ) 0

Lem m a 1 .  2 .  I f  a  f u n c t i o n  u ( ï ,  t )  d e f i n e d  o n  R ' x  [0, T ]  ha s
/ a x  u  (x , t )  a n d , m o r e o v e r ,  s a t i s f i e s

(1.6)( x ,  t )  —  u  ( x  ,  t ) 1 C  —  t '1 " ,

lu,(x , t) — ux(x' , t) ._-Ç_C2 ix —x '

(C , and C , ,  constants ; a ,  8 E (0, 11),

t h e n  i t  h o ld s  th a t

(1 .7 )u  ( ï ,  t) zt ( ï ,  t ') I <Colt — t ial911+

w h e r e  C a  i s  a  c o n s t a n t  d e p e n d i n g  o n  C „  C 2 ,  a n d  [3 , e sp e c ia lly ,
m o n o t o n i c a l l y  in c r e a s in g  in  C , an d  C2, r e s p e c t i v e ly .

P r o o f .  It is obvious that

{ u  ( ï ,  t) — ux(x' , t')} dx
1 t = t •

jt= v

 

=  (x", t" )

 

t" )  + u (x ', t') — u (x " , t') I le —el",
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cr.
i s , f a x ( x , t , ) — u x ( e ,  t')}  dx —x"I' " ,

and that

 

re
is,-(u„(x , t") —  us(x ' , t')}  dx —  I

X [Iu (x ' , t") —  u,(x ' , t') — C2Ix "

Therefore, we have

lux (x ', t") — uz (x', t')1 <2C1lt# 1/ la + 2C2lx"—x'1'8,
—  Ix"—

where we note that x "  is arbitrary. I f  we define f  ( s )  by

Af (s) = — + B.519 ( A -= - 2C1It" —  t' la, B - -2C2)

then f  ( s )  takes at s =  (A/ IM )11'  fl -  so its m inim um  value (if C2>0)

(1 . 7 ) ' f  (so) = [2C sC21/1+ (19'111's + 8 - '3/1+19)] • It" —  t /  a/9/1 d9.

We define Cs by [.•.] in  (1. 7) ', including the case C2= O. Then, by
the above discussion follows our assertion. Q.E.D.

Lemma 1. 3 . I f  (y, p) E X B ri satisfies (1 .1 )- (1 . 1 )', then

it holds that

(1. 8) Ii9111:)T,IPZ2)5.C47, y (< + cx3)

where [P]r-IPIV ) + P-1I T (') and  C4 is  a non-negative value depending

on T , e tc ., an d  m .i.e.a.

Proof. L e t  w (x , t )  be defined by

w (x, t) -= p(x ' , t) dx 'Ç

Then, it follows that

w t , p,(x' , t)dx' —  f  (p v )x ,c lx ' =  ((iv)
.v,

Therefore, we have

lw (x , t ') —w(x,



a r ( x , t : e , r ) <C6(T ,[19V“),IVIT(1)))ax
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O n the other hand, there are relations

p = w x ,  fry= w x ..

H ere, b y  (1. 4) and (1. 5) it holds that

(1 .9)= < C 5 7 ,  [p ]r , lv < +

w here C , h a s  th e  sam e property as C . A p p ly in g  L e m m a  1. 2  to
w (x , t ) (a =  8=1), w e  have the inequality (1. 8) . Q.E.D.

Lemma 1 . 4 . Let (v , p ) HT2+" X B r '  satis f y  (1 .1 ) -  (1. 1)'.
T hen, for the f u n d am e n tal solution T  (x ,t ; $ , r )  of a linear parabolic
equation

(1. 10)

it holds that

au — a 2 u  v u
at p ax2 ax

X (t —  r)-1 expi—  (ao • I P - 1 1 T ( ' ) ) - 1  (x "1 (ao> 0) ,
t —r

w h e re  [P ]r a) =  [ P ]r 10 -117 ,(a ) and C6 i s  m .i.e .a .

Proof .( x  t ;  ,  r )  is  exp ressed  b y  u s in g  a s  a  parametrix the
fundamental solution ['0 (x , t ; Ç, r )  of the linear equation

(1.12)

as follows :

(1. 13) T  (x ,t ; $ , r) = T o(X , t.  Ç , r)

+ d r '  f
RI 

T o (x ,t  r , r ') x  (r , r ':  $ , r ) d r .

0  satisfies the integral equation

(1. 14) 0  (x , t; $, r) = k (x ,t;$ , r)

+  f d r ' f k (x , t; E', r') x r'; E, r)dV,
R,
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w here k (•••)  is defined by

(1. 15)( x ,  t ;  e, r) = v (x, t) F o (x ,t;e , r ) .
Fix

0  is so lved as a N eum ann s e r ie s .  I f  w e estim ate F ,  on the basis of
(1. 13) (1. 15) (a lso , c f. [9 ]), w e obtain  easily  the  estim ate (1. 11) .

Q.E.D.

§  2 .  Discussions.

Theorem 2 .  1 .  L et ( y ,  p )  and  ( v * ,  * )  H T2 4. a X B 1
 

satisfy
(1. 1) — (1 . 1) ' . T h e n ,  ( v  p )  =  (v * ,  p*)

Proof. T h e  theorem is proved in  a  w ay  s im ila r  to  th a t in  [9]
by using (1. 2) , (1. 5) , and Lemma 1. 3. Q.E.D.

Theorem 2 .  2 .  For some T  (0, +  co ) ,  there exists a u n iq u e
so lu tion  (v , p ) E H V " X B 1  sa tisfy ing (1.1) - (1 .1 )'.

Proof. T h e  theorem  is proved alm ost in  th e  sam e  w ay  as in

[7], [9]. Q.E.D.

Now, w e m ake a  step toward demonstrating several lemmas that
sh o w  as a  resu lt w hat is  essen tia l in  th e  tem porally g lo b a l problem
of the system  o f equations (1. 1).

Lemma 2 .  1 .  L e t  ( v ,  p) E HT2+a X B  T 1  satis f iy  (1 .1 ) - (1 .1 )'.
T hen , Iv ((° ) can be estimated from above i n  terms o f  T  a n d  [p ], .

Proof. W e  c a n  express y  b y  use o f r (x , t ;C ,  r) in  Lemma 1. 4
a s  follows:

(2 .1) v (x , t) f  r (x, t ; 6,0)vo($)clE

+  f t d r  f  1-(x t• r ) { —  KPE(E' r)}.
P(6 , r)

In  v irtue of (1. 2 ), (1. 4), and (1. 5) , pf/p is to be expressed by using
y (r ; E, r). On this occasion, Y E W  ; E, i s  e s t i m a t e d
in  such a  way that
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(2.2)1 : t t ( z ' ;  $ ,  r ) - 1 5 1 0 1 P ) * I P - 7 5 . [ P ] r 2 .

T hus, w e have the assertion of the lemma, noting that

(2. 3) F  ( x , t ; r , e ) d e = 1 ,

and that the  inequality

(2.4) 0 y ( t ) < a + b  f  y ( r ) d r  + c  d r  y  ( ') d ' ( a ,  b ,  c>  0)
0

implies the following relation

et
(2 . 5 ) 0 y (t ) — B  y ( r ) d r a +  A [ f t  d r  ( y ( r )  — B  X  fr

O
._ y ( r ')d r l ,

w here A  an d  B  a re  th e  roo ts of — bE — c -= 0  su ch  th a t A > 0 > B .
From (2. 5) follows

(2.6)0 < y  ( t)  y  ( t )  +  ( — B )  y  (r)dr • e .
0

F in a lly , w e have an  estimate

(2.7)< c ,  ( T , [ p ] r ) < +  00,

w here C , i s  a  non-negative finite value m .i.e .a . Q.E.D.

L em m a 2 .  2 .  L e t  ( y ,  p )  e x B '  s a t i s f y  (1 . 1) - (1. 1 )'.
T h e n , Ivx1r") is estim ated in  term s o f  1YIT(°), r(°), 110- 1117.(a), an d  T .

Proof . W e  express v ( x ,  t )  in  th e  form

(2 .8)v  (x , t) = vo+ rd r  f  T  ( x , t : $ , r )
0 .1V

X  IV oH (e.) V  (E r)vo'(E) —KPE($' r)  } de
P ( e , r ) P (e, Y )

H ence, we have

(2.9)v r  ( x ,  t )  = yo ' Std F , ( x , t ; $ ,  y) • {. • •)-ide.
0 ■

Thus, by Lem m a 1. 4 w e have (2(•••)-- - a0•119 - '1T(°))

(2. 10) Iv.DIT(°) I v 0 / + 2C0(—) • (T. A  (. • .))1" • •}11T(')

and , in  the sam e w ay a s  in  th e  preceding lem m a, it follows that
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(2.11) 1{. • , !VI P P i r (° )) < +  co,

w here C ,  i s  a  v a lu e  m.i.e.a. B y  (1. 11) , (2. 10) , an d  (2. 11) , we
obtain our assertion. Q.E.D.

L em m a 2 .  3 .  L e t  (y, p )  E H 2 "  X  B T 1  s a t i s f y  (1. 1) - (1. 1) '.

T h en , litol l r ( " )  i s  e s t im a t e d  in  t e r m s  o f  [ O r  an d  T .

P ro o f.

(2. 12) MP-16(a) =  I P-11r(0) +1191 .(.7)T +119-'1 1.2) , (a  E  (0 , 1 ) ) .

First, from  the relation

(V%  = — P-2•

b y  (1 . 4 ) , (1 . 5 ) , (2 . 2 ), e tc ., it  is  k n o w n  th a t  lp-1117)7, is estimated
from above in  term s o f  Iv r(e), [O r ,  and T ,  i.e.,

(2.13) I (T ,IvIT(°) [O r) < ± 00 ,

where C , is .m .i.e .a . N ext, by Lem m a 1. 3 it holds that

(x, — P (x, P (x, p  (x , t' ) '

X 10(X4 0 -P(X 4 t)1= -(1P-112'(°))2

X C4 (T, IVI T " )  [P ]r) — .

Therefore,

119(x, 0-1 —P(x, (IP-11r(0)
)1-ra- a/2

X C4(T , r(°) , [O r )a

H ence, it follows that

(2. 14) 119-11 2). C9' (T ,Iv IT ('), [P ]r )< +  0 0 ,

where i s  m.i.e.a. S ince, by L em m a 2. 2 , Iv' T(°) is estim ated is
term s o f  [P ],, and T ,  w e  h av e  the assertion of the lem m a. Q .E .D .

L em m a 2 .  4 .  F o r (y, p) E H T '  X By.' s a t i s f y i n g  (1 .1 )- (1 .1 ) ',

Ilv6(2+") c a n  b e  e s t im a t e d  i n  t e r m s  o f  iPir(°), iP-11r(6), and  T .

P r o o f .  By using the fundamental solution To of the linear equation
(1. 12), w e can  express v (x ,  t )  in  th e  following way:
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(2.15)v  (x, t) =  vo (x ) +  Jo
‘ dr To t; e, r)R1 (e)

P (e, r)

— v (E, r)ve(E, r) K  P E  } d .
P($,

In  a  w ay analogous to  that in  [9], w e  have.

(2. 16) 110 2(1+ a) .. 311Z) 011(2) C ; [P -1 T (4 )) • .1 T(°) •

Hence, it follows that

(2. 17) 11{-• .}//117,(") _C;0 (7' ; [plr(a) ,11p117,(") ,11v11T(' ) ) + oc,

r(a)where C10 and C m;o  are .i.e .a ., re sp ec tiv e ly . For II oll , we have also
an  estimate such that

(2. 18) 110 r(a) Cul'o (7', IVI T('), [P]r) + 00,

where CT° is m .i . e .a .  Therefore, finally, by the lemmas 2. 1, 2. 2, and
2. 3, and b y  (2. 16), (2. 17), an d  (2. 18) it holds that

(2.19) 110 T(2+ C 11 (T  I I T(°) 0 -1 I T (°)) < 00,

where C11 i s  m.i.e.a. Q.E.D.

T he preceding lem m a denotes that, in  order to  have an a priori
estimate for IlylIT(2+"), it  sufices to have such ones for 101," and 11/p11(0).
It is know n that p  is expressed  in  th e  form

(2. 20) P(x, t) po (x.(x, t)) exp  —  fotiT. (r ; x„ t) dr}

axo= p o (x o (x , t)) (x , t) ,
8x

which im plies that, for the above-mentioned purpose, it suffices to have
a  p rio r i estimates fo r exp J- tovz(r ; x ,t)d r}

§  3 . Main Theorem.

L et (y , t) H r2 + 4  X  B ri satisfy (1. 1) - (1. 1) '. The expression in
the characteristic co-ordinates (xo, to ) (cf. [9 ] )  of the system  of equa-
tions (1. 1) and the initial condition (1. 1) ' i s  a s  follows:
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re, to (X o , tO )
( r o  (x0, to) 

Po (xo) 1 +  CO (xo, to)/

K  f P o ( x o )  (3 .1 )
Po (ro) \ 1 + (xo, to) / so'

(t3 (xo, to) — P o (x°) ) ,
1 + w (xo, to)

(3. 1) ' (xo, 0) = vo (x0) E 1--P+a (po (xo) e H1+, 0 <0 o• po rJo<  + 00) ,

where

{ x0—=x0 ( x ,  t ) ,  t o = t  (therefore, x =-- x (x0, to), t = to);

(3. 2) €I (x0, to) _v  (x (x0, to), t = t0), i3 (xo, to) =-0 (x (x0, t0),

t = to); w (xo, to) = fet'Vso (xo, t0')cit0' .

Note that

(3. 2) ' 1   — ax0(9r, t) = exp { — f v, (r ; x , t)dr} ,
1 + 0  ax n

0 , _  1  (   0 0   )
p po\ l+  o) x o.

H ere , we rem ark that v E H T '  i m p l i e s  E H T '''. D irec tly  from
(3. 1) – (3. 1) ', we obtain an  equality

(3. 3) a f x °  Po— — vo) (x0', to)dxo' —  ko kPO S o =  X o

a t o  a  1-1 1 + Ixo=a*

where k =  K h i .  Define Y '(xo , t o )  by

(3. 4) Y  (xo , to) Ts° 11° yo) ( ro ', to) dX0'
a

fr'.7+/::°1„_a can '

Then, it holds that

(3.5)( x o ,  to) = 11°- (i) — vo), D x . =  l± + vo'.

Y a  satisfies the following equation
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a  ya _ Vs, —kPo_  l i   ( Y \  ±  VOI —  ki) 0 ±  (y  a )  + 7  )  0 '   kP 0{

Oh 1 + 0) 1 + (P) po ro 1 + 0 1 + W

w h ere  w e  co n s id e r I  a s  a  linear operator. S ince it holds by (3 . 2) '
that

vo' —kpo
1 + 0

 

Vo' —k001(°eXP ITIVx1 T(°)}

 

and since, by (3. 4), Y ' satisfies Tdcklind 's condition, w e know, from
the expression o f Y a by use of the fundamental solution G  for

— 6/8t0 a s  a  linear operator, that

(3 .7) Y =  Y a ' ( a  and a ' ,  arbitrary real num bers),

Y"(xo, t0) ° < + c>0 (0_t0<7').

B y  v irtue  o f (3 . 7 ), w e put

(3. 7) ' ya

T hen , Y  satisfies

J
/

y t  =   / 1   (  Y x o ) +  kpo —  vo _ _  z  (y) +4,— Vo ,
' 1 +  W  \  po 1 .°1 + 0 ) 1+ w

Y(xo, 0) = O.

L e m m a  3 .  1 .  Y  i s  re la te d  to  (1 +  0))-1  i n  su ch  a  w ay  th at

(3. 9) (1 + (o)-' = eY {1 + kpo fot'eY(xo,to v t , ' }  .

P ro o f .  It is obvious that

kpo — €ixo _  kpo (1+ (0),, 
°1 + 0 ) 1+ 0) 1+0) •

Hence,

(1 + (0,0+ (1 + 0) Yto = kPo,

from which we obtain (3 .9). Q.E.D.

(3. 6)

Y a  (xo, 0) = 0,

(3 .8 )

Lem m a 3. 1 show s together w ith  L em m a 2 . 4  that, in  order to
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have a p rio ri estimates from above and below for (1 -I- (.0)-1, it suffices
to  have such ones fo r Y.

L em m a 3 .  2 .  It holds that

(3. 10) L G (.ro , to; OE , r) • ( ro p o ( ) d r) d E  = 0.
,  f

Proof. S (x o ,  to) f  p o ( r ) d r  Tdcklind's condition and the equa-
tion

(3. 11) S„= _L' (S) 0), [S(xo, to) =S(xo, 0)].

Therefore, it follows that

(3. 12) S(xo, to) =  f  00 (6) de = GJR, °' to: E, r)
a

f ea Po (e ) de , c l$  (0  -  < t
13-5  

7')
•

O n the other hand.

(3. 12) ' S(xo, to) fRiG(ro, to; E, r)S(xa, to)cl$

From (3. 12) and (3. 12) ' follows (3. 10). Q.E.D.

L em m a 3 .  3 .  I f  w , is such that wo' E H° and zvoi>0, then it
holds that

(3. 13) G (x
°' 

t '$
ex° 

190(r)wo(r)ers'')d 0.

Proof. B y  the preceding lemma, we have

(3. 14) Tx' Gd$ f'Po (r) wo (r)dre

f G  c l$ 00(OE')wo(xo)dOE'

—  f  G  de e 00(OE')wo(xo)dOE'

— G de Po (OE') wo(V) dOE' •
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From the relation between the most right-hand side and the most left-
hand one of (3. 14) follows (3. 13) . Q.E.D.

N ow , in  add ition  to  th e  assumption (1. 1) ' (o r  (3. 1) ') on the
in itial condition ( i .e . ,  (74, PO E  .1 1 '+"x  H l+a), w e  assum e, moreover,
that

vo has an expression such that v,=y o z  ( v o l  and

V02 E 1-1' , 0 ,  vo , G (R1)),

Pa' E  L ' (R ')  (which guarantees the existence of pa ( 0 0 )

lirn po ( x 0 ) ) ,
ro—b± co

(3. 15)
1P0 ($) — Po( — °°) id$<  +  0 0  (for an  arb itrary X o  R 1 ) /

kpo — v'oi> 0 ,

uo (x0) =vol (xo) —  f f°0.1z (po (E) — po (— co)) d $  h as  su ch  a n  ex-
pression that uo= uol+ it0z(141E uo, e V  (R ') ,
[Remark :  u,' e  .111 O EH l.

I t  is  e a sy  to  s e e  th a t  th e  above-mentioned assumption is consistent.
Y(xo, t o )  is expressed  by using the fundamental solution G for 1 ' 1 as

follows :
t

(3. 16) Y (x o ,  to) =  f
o 
dr G (xo, to; , (k Po

1  4 -

vo ( E ,  z ) de
0 R

f d r f  ( ; k r 'vo — voi — V 0 2 d E

0 R 1  +

Therefore, we have, b y  the non-negativity o f G  and kp, — vo' +

(3. 16) ' Y * .  Y - F f t'dz- G  v 02 de — f o
td r  Gkpo — iloi de> 0

)2 I 1 + 0 ) 11'1 + 0 )
W e  put

(3.17)Q  y* _

B y in tegrating by parts the integrand G (v,/1  + co) tw ice in $, we have

(3. 18) Q (xo, to) = d r 11 G Povo 

o

to

R ' 

( 
Po 1 + 0)) $) e( Cl$') de
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t,
= dr f{—  6   G (xo, to;

• R, az-
)1 (  f  P°v° dr)d$

• a  i t

=_ r povo P°v°d$i f G (so, to; $, 0) d e  )ch.
2? a tt

= — f G (xo, to: , 0) ( P°V° C ei)dE

w h ere  w e  h av e  m ad e  u se  o f th e  w ell-know n fact that the formally
adjoint operator ± *  for ± , has the form

(3. 19) T ,* (u )_ (,1 1  ( u ( x 0 , t 0 ) ) ) u ( r o ,  to)
Po \ 1 + 0 ) a.° xo at,

and that, fo r the fundamental solution G* (x0, t0; $ , r) (to< r )  for i*,
w e have an  equa lity  (c f. [4], [10])

(3.20) G* (xo, to: , r) G (6 , r ; xo, to) (to<r) .

B y  (3. 18) w e have an  a  p rio ri estim ate fo r Q(xo, to)

(3.21) Q I T '(°) 1 1 -1  •  I P O V 0261(R 0  (< ()°) •

Similary w e have fo r Y* (P .= -k P o (—  0 0 ) )

(3. 22) Y* (xo, to) -= t'dr G r (P° P o (  °°)) v°1 — + }
0 R I 1+ 1+0)

x d$ = P to+ ( Gd O E
0 , Po + 1  1

IE { — uo(r) —P 0 1-V ( r ,  ')dr'Ide'
a  it  

=Pto+ j°° dr ( —
, .R.

ac)de p o
Or a

= P to+ G (xo,
R I

n R
G (x0 , to

t0; Ç, 0) d; pound;

; $, r)dŒP
e

r)
,

(Remark : = vo)
Po
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r
=Pto+ G (xo, t o; 6 , 0) d6  I  Pouod$1

R.

+E f'dr G (xo, to; , r) d e povod$1fi 0 R I

+ P  f d r  f  G  (x o , to; 6 , r) YY ( ,  r )d $
0 R I

—P
 J0

cit- Y (xo, r)

----Pto-k- f  G (xo, to; , 0) f p o (u o ,+  u0 2 )d r
R I

p  to
—  f  d r  f G  (x o , to; $,

.r, 
Po (vo ,+  v„ ,)d e'

o

+ P  f  d r  fR. G (xo, to; $ , r)dE ( Y * —Q) (6 ,o 
t,

—P iota*  (Y* — Q) (xo, r).

T hus, by Lem m a 3. 3 an d  b y  th e  properties o f  Y * , Q,
follows that

(3 .23 )

where

(3 .24 )

H ence, we

(3. 25)

O<IY*1Po)_Aito+ B, +15 f(01Y*Wodr,

A 1 = P  (1 + 3  povo2) ,  B , —  pouo2 
Li(R1) fi

h a v e  a  p r io r i estim ates such that

(A, + er'T — A„

IYIT(°)-117*12'`°)+ IQI To) ( A ,  +  B i) e "  —A

an d  u o , it

Povo2,  (N .B.: Y = Y * —Q, Y*>0) •
f i L I  ( R I )

T herefore, by Lem m a 3. 1 we have :

Lemma 3 . 4 .  Under the assumptions (1. 1) ' –  (3. 15) o n  th e  in i-
t s a l  cond ition , w e h av e  an  a  p rio ri  estimate
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(3. 26) =  Iplr("+

Finally, we obtain:

Nobzaoshi Itaya

(0)
. C (7 ')< H - 00 (C (T ) as T / ) .

T

Theorem 3 .  1 .  U n d e r t h e  assu m p tio n s  (1. 1) '- (3. 15) o n  th e
in itial c o n d itio n  f o r (1 . 1 )  , G.B.E. w ith  a p ressu re  m odel te rm , there
e x is t s  a  u n iq u e  te m p o rally  g lo b al so lu tio n  (y ,  p )  o f  (1 . 1 ) w hich
belongs to  1 1 ° + a  X  B r ' f o r  a n  arb it rary  T E  (O, + 00) ,

Corollary o f  Theorem 3 .  1 .  U n d e r t h e  sanie assuptions as
ab o v e , th ere  ex is ts  a  u n iq u e  regv la r solution ( y ,  p )  o f  (1 .1 ) i n  R'
X [0 , + 00) s u c h  th at ,  f o r  a n  arbitary T E  (0 , ± c o ) , y  a n d  v ,  are
bounded i n  R1 x [0 ,T].

Proof . F o r  exam ple, see [9]. Q.E.D.

Epilogue. As regards the case that v01<0 and v0'%0, we know
only that there are global so lutions of the form

v (x , t) = vo(x —  ct) , p (x , t) p o (x  —  ct) , (c . constant) .

The functions vo and po can be known by substituting v o(x — ct) and
Po(x — ct) in to  (1 . 1 ) an d  so lving a  system  o f  ordinary differential
equations in vo and po. Except for such solutions, we do not know any
resu lt a s  y e t .  I t  i s  certain  th a t (3. 8) an d  (3. 9) a r e  very essential
in  our problem.

Acknoledgememt. M any thanks a re  d u e  to  P ro f . T . Nishida,
of K yoto  U niversity , w h o  h as  g iv en  th e  author a  ch an ce  to know
severa l va lu ab le  referen ces th ro ugh  h is  r ich  kn o w led ge  o f  related
topics and whose comments and suggestions have served him greatly,
a n d  a ls o  d u e  to  M r .  A . T a n i, o f  T o k y o  Institute o f  Technology,
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nition of our problem.

Corrigenda and Addenda to the Author's Paper [7 ].

C orrigenda:

1) h (x , t)1 To) =  s u p  Ih(x, t)1.
(.e)ER.T
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2) Pro o f  o f  L em m a 1 .1 .  From  the equation

det(c  (x, t) • Po(ie) — A n = — (A+ 61eV)2

x  A+ —4 =0  (w e  d e n o te  the ro o ts  b y  Ai(i-= 1, 2, 3) )
3

w e have Ai = A2= —6 (x, t) $12 and A 3 =  —  (4/3)6 (x, t)1E I2. Therefore,
it holds that

max sup Re Ai(e; x, t) = (x , t )  —go<0. Q.E.D .
i If! = 1

3) L em m a 2 .  2 .  F or th e  m atrix  et`r(Y'')'°(“'), it  h o ld s  th at

let"'')P°(")1 3\/-72- {1 +  2 t (y , r) 1P0 (iC)

4t26 (y, Po (iC)12} exp It6 (y, r)m,:tx R e Ai(°) (C) } •

4) L em m a 2. 3 . (w hich  f o llow s d irec tly  f rom  2 )  (abov e)).

max Re 2/ (C = E + i77; y, (y  , i — + —

4  

77121 •
3

[Thus, from  Lem m a 2.4 o n , w e should take 6 = 2 and a= 4/3.]

A ddenda:

1) .1-1,' =---{h (x,t): DzrAsh(jr + 2s.- 7z) are continuous,111211T(")t)<+ 00} ,

BT" {w (x , t ): D  rrp ts w (r  +  s 'n ) a re  continuous,

E  I D r D I  7,(°)< + 00}
Ir + s O

/3,""----=- {w (x , t): w e B  , I Dxrptswl T ( a )  <  C C )}  •
Ir1+8=n

2) L em m a 4. 7. [C1,V7'1) etc. are def ined in 60-'>-0, 6 1>0 , (")>O,
T > 0 ;  theref ore , the ir values a t  T = 0  are positsvel

KOBE COLLEGE OF COMMERCE,
4-3-3, SEIRYODAL TARUMI-KU, KOBE

n  IRO P)=----
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