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The known a n a l y t i c a l  p a r t i c u l a r  so lu t ions  of  the N a v i e r - S t o k e s  equa t ions  f o r  the mo t ion  of a f luid b e -  
tween two d i s k s  r o t a t i n g  with the s a m e  [1, 2] o r  d i f f e r e n t  [3] a n g u l a r  v e l o c i t i e s  a r e  e x p r e s s e d  as  p o w e r  s e r i e s  
of  two d i m e n s i o n l e s s  p a r a m e t e r s ,  one of  which is  p r o p o r t i o n a l  to the a n g u l a r  v e l o c i t y  of r o t a t i on ,  and the o t h e r  
to the r a d i a l  v e l o c i t y  a t  a g iven  r a d i u s  a v e r a g e d  o v e r  the gap.  In the p r e s e n t  p a p e r  the so lu t ion  is  e x p r e s s e d  
a s  a p o w e r  s e r i e s  in the s e c o n d  of t he se  d i m e n s i o n l e s s  p a r a m e t e r s  only.  The c o e f f i c i e n t s  of  the  v a r i o u s  
p o w e r s  of  the p a r a m e t e r ,  which a r e  func t ions  of  the t r a n s v e r s e  c o o r d i n a t e s  and a l so  of  a p a r a m e t e r  c h a r a c -  
t e r i z i n g  the i n t e n s i t y  of the  r o t a t i o n a l  mot ion ,  a r e  found by  n u m e r i c a l  i n t e g r a t i o n  of  a s e t  of o r d i n a r y  d i f f e r e n -  
t i a l  equa t ions .  To z e r o  o r d e r ,  the r e s u l t i n g  so lu t i on  r e d u c e s  to the  w e l l - know n  s e l f - m o d e l i n g  n u m e r i c a l  s o l u -  
t ions  of the N a v i e r - S t o k e s  equa t ions  fo r  the e a s e  of  z e r o  ne t  r a d i a l  flow be tw e e n  the two r o t a t i n g  d i s k s  [4, 5]. 
The so lu t i on  is use fu l  for  a n a l y s i s  of flow u n d e r  a w i d e r  r a n g e  of  the p a r a m e t e r s  of the p r o b l e m  c o m p a r e d  to 
the so lu t ions  of [ 1 -3 ] .  The r e s u l t s  of the so lu t ion  and c o m p a r i s o n  to e x p e r i m e n t a l  da t a  [6 -7]  a r e  p r e s e n t e d  in 
de ta i l  fo r  the c a s e  when the two r o t a t i n g  d i s k s  have  the s a m e  ve loc i ty .  

1. We s tudy  the a x i s y m m e t r i c  l a m i n a r  flow of a v i s c o u s ,  i n c o m p r e s s i b l e  f luid i n s ide  the n a r r o w  gap b e -  
tween  two p a r a l l e l  d i s k s ,  which in g e n e r a l  r o t a t e  with d i f f e r e n t  v e l o c i t i e s  about  the s a m e  ax i s .  The o r i g i n  of a 
c y l i n d r i c a l  c o o r d i n a t e  s y s t e m  r ,  0, z i s  p l a c e d  a t  the i n t e r s e c t i o n  of the ax i s  of r o t a t i o n  with the i n n e r  s u r -  
face  of one of the d i s k s ,  whose  a n g u l a r  v e l o c i t y  of r o t a t i o n  i s  s e t  equal  to ~0. The i n n e r  s u r f a c e  of the s econd  
d i s k  l i e s  a t  z = h and i t  r o t a t e s  with a c o n s t a n t  a n g u l a r  v e l o c i t y  (~w ( - 1  _< e _< 1). In s ide  the gap,  on the r o t a -  
t ion a x i s ,  is  a s o u r c e  (or  s ink)  of f luid of g iven  output  2~Q. The m o t i o n  of  the f lu id  in the gap  is  d e s c r i b e d  b y  
the N a v i e r - S t o k e s  equa t ions  

av av uv [ a% t Ov v a% ~ 
~Tr+~+-~=~D+~ar ~+~/ '  

(1.1) 

cgw Ow t O p _ l _ ? (  02w i #W , O2W~ O(ru) ~_a(rw)__ 0 

and the fo l lowing b o u n d a r y  cond i t ions  with r e s p e c t  to the z d i r e c t i o n :  

u = 0 ~  v =  r w = 0  for z = 0 , ;  (1.2) 
u = O, v = ao)r ,  w = O for z =  h, 

w h e r e  u, v, w a r e  the r ,  0, z c o m p o n e n t s  of the v e l o c i t y ,  and p, 0, v a r e  the  p r e s s u r e ,  d e n s i t y ,  and c o e f f i c i e n t  

of k i n e m a t i c  v i s c o s i t y  of the  f luid.  

The s e m i a n a l y t i c a l  me thod  of c o n s t r u c t i n g  a p a r t i c u l a r  so lu t i on  of  (1.1) u sed  in ou r  p a p e r  does  not  r e -  
q u i r e  b o u n d a r y  cond i t ions  with r e s p e c t  to the  r c o o r d i n a t e .  The  a p p l i c a b i l i t y  of the so lu t ion  to flow a n a l y s i s  
fo r  a r b i t r a r y  d i s t r i b u t i o n s  u ( z ) ,  v (z) on the c y l i n d r i c a l  s u r f a c e  bounding the gap  is  d i s c u s s e d  be low.  

The equa t ion  o f  con t inu i ty  and the above  b o u n d a r y  cond i t ions  g ive  the fo l lowing r e l a t i o n  

h 

S r u d z  = Q = const. (1.3) 
0 
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2. We now i n t r o d u c e  the f low funct ion  

and the d i m e n s i o n l e s s  v a r i a b l e s  

t a9 f a~ (2 .1 )  
r Oz ' r Or  

4 

= z /h ,  ~ - -  - - 2  (~  
(2.2) 

i 1 O H "  
u = - -  .~ o)rU : - -  y o r  ~-~ , v = o)rG. 

We s u b s t i t u t e  (2.1) and (2.2) into (1.1) and the cond i t ions  (1 .2) ,  1.3) .  Next  we t r a n s f o r m  to the new a r g u m e n t  
e r e l a t e d  to the r a d i a l  c o o r d i n a t e  by  e = 2Q/oJr2h. Us ing  the r e l a t i o n s  

0 o _ 2 8 o  + 2 a o ( 2 r  ) r =- = - -  28 F2 0 0 
Or ~ o r  2 - -  

we ob ta in  the fo l lowing  equa t ions  

G" -t- R (G U  - -  H G ' )  = R s  k o8 o 8 1 - t - 0  ~ s 

U : H ' ,  p = p*  -[- O -~ e . 

The b o u n d a r y  cond i t ions  fo r  (2.3) have  the f o r m  

U = 0,~ G = t~ / /  = 0 for ~ = 0 ,  U = 0,j G = c %  H = - -e  for ~ = I ,  (2.4) 

w h e r e  the p r i m e  d e n o t e s  d i f f e r e n t i a t i o n  with r e s p e c t  to ~ and R = coh2/p  i s  a b a s i c  p a r a m e t e r  of the  p r o b l e m .  
1 

t dp* 
w h e r e  p *  ~ j p d ~ , :  is  d e t e r m i n e d  with the he lp  of the  b o u n d a r y  cond i t ion  f o r  the The func t ion  II = O0~r dr ' 

0 

d i m e n s i o n l e s s  flow funct ion  I-I(~ = 1) = - a .  The d i m e n s i o n l e s s  qua n t i t i e s  U, G, H a r e  a l l  of o r d e r  uni ty .  P u t -  
t ing ( h / r ) 2 a  << 1, we o m i t  t e r m s  of  th is  o r d e r  in (2.3) in the c a l c u l a t i o n s  be low.  

The po in t  a = 0 is  a s i n g u l a r  po in t  of Eq. (2.3) a t  which  they  r e d u c e  to equa t ions  u s e d  in  f inding s e l f -  
m o d e l i n g  so lu t i ons  f o r  f low e i t h e r  c l o s e  to the r o t a t i n g  s u r f a c e  o r  b o u n d a r y - l a y e r  m o t i o n  when the f luid f a r  
f r o m  the s u r f a c e  r o t a t e s  a s  a so l id .  

We e m p h a s i z e  tha t  a can  be m a d e  a r b i t r a r i l y  s m a l l ,  not  on ly  by  r e d u c i n g  the output of the s o u r c e  Q, but  
a l s o  fo r  a f ixed  f in i te  va lue  of Q if  co o r  r b e c o m e  l a r g e  enough.  

The  so Iu t i ons  H 0 (~), U 0 (~), G o (~) of  (2.3) a t  a = 0 a r e  c o m p l e t e l y  d e t e r m i n e d  by  the b o u n d a r y  cond i t i ons  
(2 .4) .  It would a p p e a r  that  th is  s o l u t i o n  could  be  u s e d  as  a s t a r t i n g  po in t  fo r  the i n t e g r a t i o n  of (2 .3) ,  (2 .4) .  
Howeve r ,  when a >- 0, one can  a l w a y s  f ind fo r  any  o~ a r e g i o n  in which U b e c o m e s  n e g a t i v e  a t  l e a s t  o v e r  p a r t  
of  the r a n g e  of  ( ,  and  th i s  r e s u l t s  in an i n c o r r e c t l y  p o s e d  p r o b l e m  [8]. N u m e r i c a l  i n t e g r a t i o n  of  (2.3) with 
H 0, U 0, G O as  a s t a r t i n g  po in t  i s  only  p o s s i b l e  when ~ < 0, and fo r  bounded  r a n g e s  of the p a r a m e t e r s  ~ and R. 

The s e m i a n a l y t i c a l  me thod  is  u s e d  to s o l v e  (2 .3) ,  (2 .4) .  We expand  the func t ions  to be d e t e r m i n e d  in 
p o w e r  s e r i e s  in ~ and n u m e r i c a l l y  i n t e g r a t e  the r e s u l t i n g  s e t  of o r d i n a r y  d i f f e r e n t i a l  equa t ions .  The so lu t i on  
of (2.3), (2.4) is  thus  c o n s t r u c t e d  o v e r  a wide r a n g e  of  the a r g u m e n t  ~ and the p a r a m e t e r s  oz and R. The  
r a d i u s  of c o n v e r g e n c e  of the s e r i e s  i s  not  d e t e r m i n e d ,  but  the s c a l e  b e h a v i o r  of  the c o e f f i c i e n t s  of i n c r e a s i n g  
p o w e r s  of  ~ s u g g e s t  tha t  the s e r i e s  c o n v e r g e s  r a p i d l y ,  a t  l e a s t  when R is  not  too l a r g e .  The  n o n - s e l f - m o d e l -  
ing n a t u r e  of  the p r o b l e m  i s  a l l owed  fo r  in the ne t  a c t i o n  of the  s o u r c e  ( s i nk ) .  O t h e r  f a c t o r s  tha t  would c a u s e  
the p r o b I e m  to be  n o n s e l f - m o d e t i n g ,  such  a s  s p e c i f i e d  d i s t r i b u t i o n s  of  U and G on the inflow (o r  outf low) f r o m  
the gap,  van i sh  with d i s t a n c e  (the s c a l e  f a c t o r  i s  of the  o r d e r  of  the gap  s e p a r a t i o n )  w h e r e a s  the s o u r c e  (s ink)  
is  f e l t  m o r e  o r  l e s s  o v e r  the e n t i r e  gap.  Hence  when h / r  << 1, the  f low c h a r a c t e r i s t i c s  fo r  a r b i t r a r y  b o u n d a r y  
cond i t i ons  a s y m p t o t i c a l l y  a p p r o a c h  the ( p a r t i c u l a r  but  in p r a c t i c a l  d o m i n a n t )  so lu t i on  d i s c u s s e d  h e r e  upon 
d i s p l a c e m e n t  f r o m  the edge  of the gap  to the i n t e r i o r .  

3. The so lu t ion  is expanded  in the  f o r m  

F = F 0 + F18 ~- F~s ~ -4- Fsea -~ ..-,: (3 .1 )  

w h e r e  F r e p r e s e n t s  any  of the func t ions  H, U, G, II. 



E x p a n s i o n  (3.1) is  s u b s t i t u t e d  into (2.3) with t e r m s  up to o r d e r  e 2 i n c l u s i v e  be ing  kept .  We then  ob ta in  

fou r  s e t s  of  d i f f e r e n t i a l  equa t ions  with c o r r e s p o n d i n g  b o u n d a r y  cond i t ions .  The equa t ions  and b o u n d a r y  cond i -  
t ions  de f in ing  the l o w e s t  o r d e r  a p p r o x i m a t i o n  a r e  ob ta ined  e a s i l y  f r o m  (2.3) and  (2.4) with e = 0. F o r  the 
h i g h e r  o r d e r  a p p r o x i m a t i o n s ,  we i n t r o d u c e  the g e n e r a l  no ta t ion  

n t n 
- RHoU  + A U, = BI, G, - -  RHoG  = Vi = Hi ,  

w h e r e  the c o e f f i c i e n t s  of  the func t ions  a r e  g iven  in T a b l e  1, a s  wel l  a s  e x p r e s s i o n s  for  the r i g h t - h a n d  s i d e s  of 
t h e s e  equa t ions .  Al l  b o u n d a r y  cond i t ions  now have the f o r m  Ui = Gi = Hi = 0 a t  ~ = 0 and ~ = 1 e x c e p t  fo r  the 
cond i t ion  H 1 = - 1  a t  ~ = 1; 

The above  o r d i n a r y  d i f f e r e n t i a l  equa t ions  w e r e  i n t e g r a t e d  s u c c e s s i v e l y  b y  n u m e r i c a l  m e t h o d s .  We u s e d  
the c e n t e r  a p p r o x i m a t i o n  on a u n i f o r m  g r i d  fo r  the  f i r s t  d e r i v a t i v e s ,  and  the u s u a l  t h r e e - p o i n t  a p p r o x i m a t i o n  
f o r  the s e c o n d  d e r i v a t i v e s .  The  m e t h o d  of  a d j u s t m e n t  was  then a p p l i e d  to the so lu t ion .  F o r  each  t i m e  s t ep  the 
s e t  of a l g e b r a i c  equa t ions  w e r e  so lved  by  the t r i a l  run  me thod  fo r  c o m p l e x  s y s t e m s  [9] .  The a d j u s t m e n t  p r o -  

e e s s  was c o n s i d e r e d  c o m p l e t e d  when the cond i t ion  ,_i~'h+~-- F~,,I ~,~ ] ~ ,  was  r e a c h e d  w h e r e  F i  i s  any  

of  the  func t ions  Hi,  U i, Gi (i = 0, 1, 2, 3) ; m i s  the n u m b e r  of  v e r t i c e s  of the  g r id ;  M is  the to ta l  n u m b e r  of 
v e r t i c e s ;  k is  the n u m b e r  of  the t i m e  s tep .  

S y s t e m a t i c  c a l c u l a t i o n s  w e r e  done fo r  M = 50 and 5 = 10 -4. The r e s u l t s  of the so lu t i on  in  the z e r o  o r d e r  
a p p r o x i m a t i o n  fo r  ~ = 0 ( r o t a t i n g  and f ixed  d i s k s )  a g r e e s  with [4, 5] up to R = 100. The p r i n c i p a l  c a l c u l a t i o n s  
w e r e  done fo r  the  c a s e  ~ = 1 (both d i s k s  r o t a t i n g  with the s a m e  v e l o c i t y )  w h e r e  U 0 = 0, G o = 1. As  an e x a m p l e ,  
in  F ig .  1 r e s u l t s  of the  c a l c u l a t i o n  of  the func t ions  F i  in the  e x p a n s i o n  (3.1) fo r  the a x i a l  and  c i r c u l a r  c o m -  
ponen t s  of the v e l o c i t y  a r e  g iven  fo r  R = 16.0. C u r v e s  1-3 c o r r e s p o n d  to Ui w h e r e  i = 1, 2, 3, and c u r v e s  4-6  
to Gi.  It can  be  s e e n  tha t  even  f o r  l a r g e  v a l u e s  of R, the func t ions  F i no t  only  do not  i n c r e a s e  with i bu t  show 
a m a r k e d  d e c r e a s e .  The m o s t  i n t e r e s t i n g  i n t e g r a l  c h a r a c t e r i s t i c s  of the flow f r o m  a p r a c t i c a l  po in t  of  v iew 

a r e  g iven  in T a b l e  2. 

In [7] the c o m p o n e n t s  of the  v e l o c i t y  of the  f lu id  w e r e  m e a s u r e d  ( for  the e a s e  ~ = 1) fo r  flow into an 
a p e r t u r e  c l o s e  to the c e n t e r  of the  d i s k s .  The  e x p e r i m e n t a l  [7] and  c a l c u l a t e d  r a d i a l  v e l o c i t y  p r o f i l e s  a r e  
shown in F ig .  2 fo r  R = 4.0, e = 0.0304 ( cu rve  1); R = 9.0, ~ = 0.0203 (curve  2);  R = 16.0, a = 0.0152 ( cu rve  3). 
The  e x c e l l e n t  a g r e e m e n t  b e t w e e n  the e x p e r i m e n t a l  and c a l c u l a t e d  da ta  can  be seen .  C o m p a r i s o n  of  the  r e s u l t s  

fo r  the c i r c u l a r  c o m p o n e n t  of the v e l o c i t y  l e a d s  to the  s a m e  conc lus ion .  

M e a s u r e m e n t s  of the  p r e s s u r e  d i s t r i b u t i o n  a long  the gap  fo r  f lu id  supp ly  f r o m  the p e r i p h e r y  of the d i s k s  
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T A B L E  2 

H= 

~(0) 
~(0) 
~(0) 
~(0) 

l,O 

- t ,0 

6,2407 

-0,4002 

-0,0029 

0 

-0,4987 

0,0004 

0,0000 

P 

4,0 

2,0 

2,0 

i --t,0 
"3,4833 

--0,4459 

--0,0080 

0 

--0,998t 

0,00i7 

i --0,0002 

% o t  

__ . 2  i 
~ o 3 

o 

o,2 o,4 o,6 o,8 p/~ 

Fig .  3 

~,0 

--1,0 

2,4618 

~0,6202 

--0,0254 

0 

--t,9989 

0,0027 

--0,0008 

I 9,0 16,0 

-1 ,0  '~t,0 

2,7578 3,80o4 

-1,4343 '-2,9205 

--0,i9t6 -0,9373 

0 0 

-4,5019 -8,0t09 

0,0039 0,0109 

0,0004 0,0041 

25,0 

--t,0 

4,9598 

--4,6t50 

--2,2767 

0 

--12,5322 

0,0322 

0,0240 

49,0 

:-1,0 

7,032f 

~8,5520 

--4,5398 

--24,6459 

0,1764 

0,t573 

[6] is  shown in F i g s .  3 (R = 4.29; ek  = - 0 . 0 4 6 8  ( cu rve  1); R = 2.17, e k = - 0 . 3 1 9  ( cu rve  2);  R = 7.11, ek = 
- 0 . 2 8 0  ( cu rve  3);  w h e r e  the index  k r e f e r s  to q u a n t i t i e s  e v a l u a t e d  a t  the o u t e r  r i m  of  the  d i s k s  w h e r e  r = r k ) .  
The c a l c u l a t e d  c u r v e s  ( so l i d  c u r v e s )  d e v i a t e  f r o m  the e x p e r i m e n t a l  d a t a  only  c l o s e  to the c e n t e r  of  the a p e r -  
t u r e .  We note  tha t  even  fo r  e x t r e m e l y  l a r g e  l o c a l  v a l u e s  of  e = ( r / r k ) - ~ e k  w h e r e  fo r  r / r  k = 0.2 we have  R = 
4.29, e = 11.7; R = 2.17, e = 7.98; 1R = 7.11, e = 7.00, the a g r e e m e n t  b e t w e e n  the c a l c u l a t e d  and e x p e r i m e n t a l  
r e s u l t s  is  good.  H o w e v e r ,  f u r t h e r  i n c r e a s e  of  e ( d e c r e a s e  of  r) l e a d s  to a s h a r p  d i v e r g e n c e  b e t w e e n  the two 
s e t s  of  r e s u l t s .  Def in ing  the  va lue  of  e ( for  a g iven  R) c o r r e s p o n d i n g  to the  s t a r t  of the  s h a r p  d e v i a t i o n  of the 

c a l c u l a t e d  va lue  of  d p * / d r  f r o m  the e x p e r i m e n t a l  va lue ,  one can  e s t i m a t e  the r e g i o n  of  a p p l i c a b i l i t y  of  o u r  
so lu t i on  fo r  the p r e s s u r e  d i s t r i b u t i o n :  R I e I < 50. 

C o m p a r i s o n  of  o u r  so lu t i on  with  the r e s u l t s  in [ 10] of  n u m e r i c a l  i n t e g r a t i o n  of the  equa t ions  of  mo t ion  
for  flow f r o m  the p e r i p h e r y  a l s o  shows  the good a g r e e m e n t  of  the r e s u l t s  a t  f a r  enough d i s t a n c e  f r o m  the e n -  
t r y  into the gap.  The  flow in a n a r r o w  gap a t  the e n t r y  r e g i o n  i s  a n a l y z e d  a p p r o x i m a t e l y  in  [11] .  C o m p a r i s o n  
of the da t a  of [10, 11] with the  r e s u l t s  of o u r  s o l u t i o n  shows  tha t  the e f f ec t  of the i n i t i a l  d i s t r i b u t i o n  fo r  R[ e l <  
10 v a n i s h e s  for  f low f r o m  the c e n t e r  when r / r i  > 1.2 ( r  i i s  the  r a d i u s  of  the  i n n e r  r i m  of  the  d i s k )  and  fo r  
flow f r o m  the p e r i p h e r y  when r / r  k < 0.9. T h e s e  i n e q u a l i t i e s  m u s t  o b v i o u s l y  be  t a k e n  on ly  a s  e s t i m a t e s .  

F i n a l l y ,  c a l c u l a t i o n s  fo r  a = 0 and - 1 d id  not  l e a d  to any  a d d i t i o n a l  d i f f i c u l t i e s .  
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S T A T I O N A R Y  L O N G  W A V E S  IN A L I Q U I D  

ON AN I N C L I N E D  P L A N E  

Yu.  A .  B u e v i c h  a n d  S. V. K u d y m o v  

FILM 

UDC 532.51+532.62 

The nonl inear  equations desc r ib ing  wave flow of a thin l iquid f i lm a re  n o r m a l l y  obtained with the aid of 
assumpt ions  as to the c h a r a c t e r  of the d i s t r ibu t ion  of the t r a n s v e r s e  ve loc i ty  component over  the f i lm th ick-  
ness .  Such an approach was used with a s y s t e m  of two equations for  l iquid flow ra te  and f i lm thickness  dev ia -  
tion f rom the value cor respond ing  to nonwave l a m i n a r  flow in [1-3] .  In [4-6] a unique evolution equation for 
f i lm th ickness  was a lso  obtained with a method s i m i l a r  to the conventional  K a r m a n - P o l h a u s e n  technieue.  In 
this case  the quest ion of the range of appl icab i l i ty  of the equation obtained and the a c c u r a c y  of i ts desc r ip t ion  
of the wave p roce s s  a r i s e s .  To answer  this quest ion one must  obviously use d i r e c t  methods to der ive  the evo- 
lution equation, with s imul taneous  definit ion of the veloci ty  prof i le  within the f i lm [7-9] .  This will be done be -  
low for smal l  Reynolds numbers  for  a flow on an incl ined plane (cons idered  p rev ious ly  in [6, 10, 11]). One of 
the equations obtained is sui table  for  study of s l ight ly  nonl inear  s t a t iona ry  t r ave l ing  waves.  In con t r a s t  to 
previous  s tudies  of s t a t i ona ry  r e g i m e s ,  a l l  p a r a m e t e r s  of such waves a r e  defined uniquely. 

1. Flow in the F i lm.  We introduce the d imens ion les s  v a r i a b l e s  and p a r a m e t e r s  

u~ ' Y', = ~ , , (1.1) t =  r t ,  z=-.z,, y=ro vy 

h -- h 0 ]Re u0h0 ha 
q~ = h---~' p = pu~ p,oRe = . -~ , e ~ - , ~  

= c o s ~ " '  Ogho \ - - 3 - u  "~ ' ~ T /  " 

Here the p r i m e s  denote the co r respond ing  d imens iona l  va r i a b l e s ,  a is  the angle of incl inat ion of the 
plate  to the ve r t i ca l ,  X is the c h a r a c t e r i s t i c  longitudinal  sca le ,  u 0 and h 0 a r e  the mean f i lm ve loc i ty  and thick-  
hess  in the nonwave reg ime .  The equations desc r ib ing  the motion wr i t ten  in the v a r i a b l e s  of Eq. (1.1) have the 

fo rm 

t : ~[$ 
Ov~ . Ov x i" Ovan 

\ . .  o . / 

The boundary conditions for  Eq. (1.2) a t  y = 0 have 

0V5c~ Onv~o jr_ 8 n OnYx 

0% Ov~ 0% v " ~ Onvv 0 p .  3 tg r = 

the form 

(1.2) 
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