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i.n i! r o % ~ . t j  35 SO'!. R Y  T;TF~I)IL 1.a i..s si~i.xdj.r.c?, . F A  (1.i. !;?:-:-:!::2;\~ji Sr) 1 n r  Ne- 
i?i.~:l a, ns r.1a.n;. tl:ecrj st 3 nss1u:le , i s cen t ra l . J . j  c=i_::lti c l lsecl  . 'I?:(: ::re- 
sence of y;rni~lk; i~nbedderi  :i:i . t i i . ~  :::! seol1.s coi?i:?one:lt a f f e c t s  1;tie 

d;rn~+mlc evoliuti  o r 1  of;i;i!c? 1 : r n t  ~ 7 ~ o : i  cr l!e b1.1.i a a11c2 'G. 11 1. jl(,:.! l.,as re -  
ceri~ved li.t;l,l.e a t t e n d i o n ,  S o i i i l  p a - i . n s  do n o t  posl-;eo a 1;hemila.L 
p r e  s s i . l r~&nd  fa l l  -I; or:a:rd t h e  c e n t r a l  plarle of  -t lie I$ehi.~ln.. Tile ir 
mot ion  i s  d r i v e n  nl .so by t h e  drag a n d  t h e  pseudo-forces  clue t o  
t h e  r 0 t a t j . o ~  asoi.mling a "non t u r ' o ~ i l e n t ~ ~  nebula .  

In  a bidiraensiona.1 model. -tile d r a g  i n f l u e n c e s  t h e  g r a i n  n o t i o n  
a l o n g  r and z axes :  o f  c o u r s e  d o n , -  -the z a x i s  t : ? ~  creins are 
r a p i d l y  a c c e l e r a t e d  -Lo t! . ieir  tennina.1 v e l o c i t y  and t h e n  "sedine!? - 
t a t e "  , laennv~hi le  t h e y  move toward tile c e n t e r  al one t h e  r a x i s .  

A s  t h e  g r a i n s  s t r u c t u r e  co i l - apse s  t l ie  :;aseous c o ~ x n t e r p a r t  re- 
niains i n  an approxirnat  e h y d r o s t a t i c  e q u i l  ibrii.un, even i f  the gra- 
ins sweep up a s m a l l  percenta iye  of za.s. 

T h e  g r a i n s  mot ion  a l o n g  t h e  z a x i s  i s  d e s c r i b e d  by t h e  f o l l o -  
wing equa t i on :  

'I . . 
z = - 6TiyG & - 4 T G I  P ( r , z l )  d a ' -  $z 

S 0 

where m a a d  s a r e  r e s p e c t i v e l y  t h e  mass and t h e  r a d i u s  o f  t h e  
S 

g r a i n ,  /2' the E p s t e i n  v i s c o s i t y ,  f ( r ,  z )  t h e  neh1.1la d e n s i t y  
and JL% z i s  t h e  a c c e l e r a t i o n  component d:xe t o  t h e  c e n t r a l  corlden - 
s a t i o n .  

The r ad i - a1  mot ion  o f  t h e  g r a i n s ,  as d e r i v e d  by Adachi e t  a1. 
( I  ) and  W e i d e n s h i l l i n s  (2), i s  d e s c r i b e d  as f o l l o v ~ s :  

where q and q a r e  dependent  on t h e  nebi1l.a s t r u c t u r e  and on t h e  
1 2 .  

mass of t h e  g r a m s ;  Si and  SL a r e  r e l a t e d  t o  t h e  l o g a r i t h m i c  
g r a d i e n t s  of  the  g a s  p r c s s u r e , t e m p e r a t u r e  and d e n s i t y ,  

The p r e v i u o s  e q u a t i o m h a v e  been  sol-ved n u m e r i c a l l y  t o  o b t a i n  
t h e  t ime  e v o l u t i o n  of  t h e  number d e n s i t y  of zmins/ i~l  t h e  nebula .  
It must b e  p o i n t e d  ou t  t h a t  the t ime  s c a l e  of  t he  e v o l u t i o n  
along z  i s  s l l o r t e r  t h a n  t h e  one a l o n g  r (22 ~ ~ l r  ). I n  many c a s e s  
t h e  t i n e  s c a l e  r a t i o  does  n o t  depend on t h e  mass of  g r a i n s  and  
can  be approx imated  as f o l l o v ~ s :  / r 3  where 5 ,  i s  
a g a i n  r e l a t e d .  t o  t h e  l o g a r i t l m ~ i c  radj.a,l g r a d i e n t s  of Zas pressu-  
r e , t e m p e r a t u r e  and d e n s i t y ,  In  a t y p i c a l  c a s e ,  a t  a d i s t a n c e  
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frorn .i;l?e c e n t e r  of about  1 A.U. a.ncl f o r  a n  a d i a h a t i  o ~? ,ebu la  re- 
3 

sul t s: S 3  =1/2 and  2*2 IT, k 3  10: 
The rt!otio.ii o f  t h e  grains m o d i f i e s  t h e  s t r u c t u r e  of  t h e  n e b u l a  

s o  t h e  s t a - b i i i t y  of  t h e  new c o n f i s ~ ~ r a t j . o n  rriust be checired.In 
f a c t  t h e  appearar?ee of a c r z v i t a t  i o n a i  , a x i  s;rrmetric i . r l s t2bi l . i -  
t:r e i v e s  o r j  ;:?.XI to I1ringsl1 : :rzvi . tat ionai  1.y bo~ ,~nded ,  Hi.116;~ can 
t h e n  -Fra,cpenta-te i n  t o  a. sma1.l nurriber of bod i . e s , a s  ?!as been  a l s o  
r e c e n t l y  n w n e r i c a ~ l y  ilel;lonstrai;ed ( 3  ) ; froci ou r  yoini; o f  view 
t l i ese  b o d i e s  c a n  be i d e n t i f i e d  as l;!ie ~ ~ r o l ; o p l . a n e t s ,  

I n  o u r  rnodel t h e  r in :zs  a p p e a r  :-]hen t h e  sed..i.mentati.on i .s  h i g h  
b u t  t h e  Zas i s  s t i l l  y r e sen t : i n .  fact ;?as and g r a i n s  a r e  coupled  
because  t i le  c l l a r a c t e r i s t i c  -time of ::rain-,s;raixl co1l . i  sion 1 s l a r  - 
g e r  t h a n  t h e  t ime  of  v i s c o ~ ~ s  drag.  T1ii.s model. seems t o  be d i f f e  - 
r e n t  from t h e  ones  a l r e a d y  quoted  i n  t h e  l i t t e r a t u r e  ( 4 ) ,  ( 5 )  
where the axi.s;mlmetric p e r t u r b a t i o n s  a r e  appl . ied  'GO a d u s t  d is l r ,  
F o r  t h i s  r e a s o n  t h e  r i n g  i n  o u r  model r e a c h e s  masses  l a r g e r  
sone o r d e r  of  rzagnitude : 1 0 -  ldf A sixbsequent f r a p a e n t a t i o n  
can  y i v e  r i s e  i;o pyo. topla . r~ets  two o r  t h r e e  o r d e r  of nagnj-ti-ade 
s m a l l e r .  
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