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ZOO W I l O l  A I I 7 I 1 V d  ke have s t u d i e d  s e v e r a l  problems i n  connec t ion  w i t h 3  

s t a t i s t i ca l  p r o p e r t y  of  the  Jacobian c o n s t a n t s  of c o l l i d f n  
p a r t i c l e s  i n  t h e  s y s t e m  is examined and a / c o n v e r s a t i o n  , 1 l a w  \&? t h e  gaseous f l o w  i n  fh6-close b inary  s y s t e m .  

fo r  the i r  mean v a l u e  e s t a b l i s h e d .  
independent  n a t u r e  of the  r a t e  of change i n  a n g u l a r  momentum 
of a p a r t i c l e  moving i n  the  b i n a r y  s y s t e m  is p o i n t e d  o u t .  
These p r o p e r t i e s  prompt u s  t o  d e r i v e  f o r  t h e  gaseous flow 
a s e t  of d i f f e r e n t i a l  e q u a t i o n s  t h a t  p r o v i d e s  a p o i n t  of 
view l y i n g  i n  t h e  midd le  between the  o r b i t a l  approacn (which 

n e g l e c t s  both p r e s s u r e  and c o l l i s i o n )  and the  hydrodynamic 
approach (which i n c l u d e s  both)  because our  e q u a t i o n s  take i n t o  
accoun t  the  c o l l i s i o n  b u t  n o t  t he  p r e s s u r e .  The e q u a t i o n s  
have been s o l v e d  under  t h e  same approximation as P rende rgas t  
(1960) has  assumed and have been found t o  y i e l d  a similar 
r e s u l t  as w a s  o b t a i n e d  by h i m  from t h e  hydrodynamic equa t ions .  

Because of ou r  emphasis on t h e  Jacobian  c o n s t a n t  acd 

a n g u l a r  momentum i n  t h e  t r ea tmen t  of gaseous f low w e  have 
called a t t e n t i o n  t o  the  fact  t h a t  some combinat ions of thesc 
t w o  p h y s i c a l  q u a n t i t i e s  are incompat ib le  i n  a c e r t a i n  regio- .  
of s p a c e  which w e  have cal led t h e  f o r b i d d e n  zone. 

of r o t a t i n g  r i n g s  observed i q m a n y  Algol-type e c l i p s i n g  b i n a r i e s  * 

are d i s c u s s e d  in an effor t  t o  under'stand the  mode of e J e c t i o n  

9 
F i r s t ,  t h e  

Then the"ve1oci ty-  

- 

. 

F i n a l l y ,  t h e  f o r m a t i o n ,  t h e  e v o l u t i o n  and t h e  s i g n i f i c a n c e  

. of matter from the  secondary surface. 



1. INTRODUCTION 
The problem of gaseous s t r eams  observed i n  some b i n a r y  

s y s t e m s  has  been s t u d i e d  t h e o r e t i c a l l y  e i t h e r  a s  i n d i v i d u a l  

b o d i e s  moving i n  o r b i t s  independent ly  of each  o t h e r  (Kopal 
Gould 1959) o r  a s  an  aerodynamical f low (Prendergagf 1560). 

. Both approaches encoun te r  d i f f i c u l t i e s ,  though of e n c i r e l y  
d i f f e r e n t  na tu re .  I n  t h e  p r e s e n t  paper ,  w e  s h a l l  c a l l  t h e  

. a t t e n t i o n  t o  a few general p r o p e r t i e s  of t h e  motion of gaseous 
p a r t i c l e s  i n  t h e  b i n a r y  sys tems,  which l e a d  u s  t o  a t h e o r y  t h a t  
somewhat reconciles these t w o  fundamental ly  d i f f e r e n t  approaches 
and t h e r e b y  makes t h e  f low problem e a s i e r  t o  comprehend. 

. I 

1959, 

11. STATISTICAL PROPERTY OF THE JACOBIAN CONSTANTS DURING A 

COLLISION OF PARTICLES 
One of  t h e  d i f f e r e n c e s  between t h e  t w o  approaches mentioned 

i n  S e c t i o n  I concerns  t h e  c o l l i s i o n  of p a r t i c l e s .  While t h e  
n e g l e c t  of t h i s  impor t an t  p rocess  makes t h e  o r b i t a l  approach 
u n r e a l i s t i c ,  some r e s u l t s  o b t a i n e d  i n  c e l e s t i a l  mechanics of t h e  
motion of an i n f i n i t e s i m a l  body i n  a g r a v i t a t i o n a l  f i e l d  of t w o  
r e v o l v i n g  components has  its phys ica l  s i g n i f i c a n c e .  T h i s  is 
because  of t h e  s t a t i s t i c a l  p rope r ty  of t h e  Jacob ian  c o n s t a n t s  
t h a t  w e  w i l l  d i s c u s s  i n  t h i s  Sec t ion .  

L e t  u s  assume t h a t  t h e  t w o  s t a r s  a r e  r e v o l v i n g  around e a c h  
o t h e r  i n  c i r c u l a r  o r b i t s .  T h i s  is g e n e r a l l y  t r u e  f o r  close 
b i n a r i e s  (S t ruve  1950). Thus,  a mot ion  of  a p a r t i c l e  i n  s u c h  
a sys tem is i d e n t i c a l  t o  what is t r e a t e d  i n  t h e  r e s t r i c t e d  t h r e e -  
body problem i n  c e l e s t i a l  mechanics (e.g. , Moulton 1914; Brouwer 

and Clemence 1969. Fol lowing t h e  s t a n d a r d  t r e a t m e n t  of t h e  

problem w e  s h a l l  choose a s  t h e  u n i t  of l e n g t h ,  t h e  s e p a r a t i o n  
between t h e  t w o  components, a s  t h e  u n i t  of mass, t h e  t o t a l  mass 
of t h e  t w o  components, and a s  the u n i t  of t i m e ,  t h e  pe r iod  of 
t h e  o r b i t a l  motion of t h e  t w o  components d i v i d e d  by 27c. I n  s u c n  
a u n i t  sys tem t h e  g r a v i t a t i o n a l  bonsta-nt is one. 
by the  mass of t h e  secondary component. Thus, t h e  mass of t h e  
pr imary w i l l  be  1- I f ,  fur thermore ,  a r o t a t i n g  c o o r d i n a t e  
s y s t e m  xyz is so chosen t h a t  its o r i g i n  is a t  t h e  c e n t e r  of mass 

L e t  u s  now deno te  
P 
r\ 
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of t h e  t w o  components, i ts x -ax i s  c o i n c i d e s  a t  a l l  t i m e s  w i t h  
t h e  l i n e  j o i n i n g  t h e  t w o  components and its z - a x i s  is p e r p e n d i c u l a r  
t o  t h e  o r b i t a l  p l ane  of t h e  s t a r s , . t h e n  t h e  c o o r d i n a t e s  of  t h e  
pr imary w i l l  be x1 = 

= o i n  c o n s i s t e n c y  secondary  w i l l  be x2 = 1 -p, y2 = 0 ,  z2 

w i t h  t h e  adopted  u n i t  s y s t e m .  

t he  restricted three-body problem admi ts  an  i n t e g r a l ,  f r e q u e n t l y  
known a s  t h e  Jacob ian  i n t e g r a l ,  a s  follows: 

= o and t h o s e  of t h e  -p, Y l  = 0 ,  z1 0 
# 

. ,  

The e q u a t i o n s  of  motion of t h e  t h i r d  i n f i n i t e s i m a l  body i n  

H e r e  rl and rZ a r e  r e s p e c t i v e l y  t h e  d i s t a n c e s  of the i n f i n i t e s i m a l  
body f r o m  the  primary (1-/zc) and the  secondary  (p)  component, 
whi le  (x ,y ,z )  t h e  three v e c t o r  components of r ,  a r e  t h e  c o o r d i n a t e s  
of the  i n f i n i t e s i m a l  body. The dot r e p r e s e n t s  a s  u s u a l  t h e  t i m e  
d e r i v a t i v e .  The i n t e g r a t i o n  cons t an t  C, is known as t h e  J a c o b i a n  
c o n s t a n t .  

We can  t r a n s f o r m  e q u a t i o n  (1) i n t o  a s t a t i o n a r y  s y s t e m .  
L e t  u s  now c o n s i d e r  a c o l l i s i o n  of n p a r t i c l e s  of mass, 
m * ( i  = 1, 2 ... n).  S ince  w e  have p a r t i c l e s  of a tomic s izes ,  
t h e  c o o r d i n a t e s  may be regarded  a s  t h e  same f o r  a l l  c o l l i d i n g  
p a r t i c l e s  a t  t h e  i n s t a n t  of c o l l i s i o n .  Moreover, t h e  t o t a l  
k i n e t i c  energy  of t h e  c o l l i d i n g  p a r t i c l e s  conse rves  d u r i n g  an  
e l a s t i c  c o l l i s i o n .  I t  follows from t h e s e  c o n s i d e r a t i o n s  a s  
w e l l  as t h e  d e f i n i t i o n  of C by equa t ion  (1) t h a t  ’ 
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where Ci and Ci a r e  r e s p e c t i v e l y  the J a c o b i a n  c o n s t a n t  of t h e  
i - t h  p a r t i c l e  b e f o r e  and a f t e r  the c o l l i s i o n .  Thus, if w e  
d e f i n e  an  average C ,  s u c h  t h a t  

CC) w i l l  be an i n v a r i a n t  under the p h y s i c a l  p rocesses  of e l a s t i c  
co l l i s ions .  However, i t  may be noted t h a t  the d i s p e r s i o n  of  
C's  from t h e i r  average  v a l u e  w i l l  i n  g e n e r a l  change a f t e r  each  
c o l l i s i o n .  

t 

i 
1 

For  i n e l a s t i c  c o l l i s i o n s  an equa t ion  connec t ing  v a r i o u s  
Ci and Ci can  always be o b t a i n e d  from the  energy c o n s i d e r a t i o n  
i f  w e  know t h e  d e t a i l e d  process of  the c o l l i s i o n .  We s h a l l  
assume i n  t h e  p r e s e n t  paper  t h a t  t h e  c o l l i s i o n s  t h a t  t a k e  p l a c e  
among p a r t i c l e s  i n  the  b i n a r y  system a r e  s t a t i s t i c a l l y  e l a s t i c ,  
i.e., endoe rg ic  c o l l i s i o n s  ba l anc ing  e x o e r g i c  ones. 

As a r e s u l t  of t h e  cons tancy  of (C) d u r i n g  c o l l i s i o n ,  t h e  
problem of gaseous flow is cons ide rab ly  s i m p l i f i e d  because w e  
have now a macroscopic q u a n t i t y ,  (C), t o  d e a l  w i t h  i n s t e a d  of 
f o l l o w i n g  t h e  c o u r s e s  of numerous p a r t i c l e s  i n  t h e  sys t em.  
Thus,  t h e  gaseous p a r t i c l e s  must ma in ta in  a c o n s t a n t  va lue  of 

t h a t  C is a c o n s t a n t  a long  a s t r eam l i n e .  T h i s  s i t u a t i o n  
resembles t h e  i n t r o d u c t i o n  of  t h e  concept of tempera ture  and 
p r e s s u r e  which s i m p l i f i e s  o u r  s t u d y  of  the c h a o t i c  motion of 
molecules  i n  g a s e s  i n  free space .  Therefore, whatever is t h e  - -  
n a t u r e  of e j e c t i o n  t h a t  o c c u r s  on t h e  s t e l l a r  s u r f a c e ,  t he  mean 
v a l u e  of C ' s  o f  ejected p a r t i c l e s  and t h e i r  d i s p e r s i o n  s e r v e  a s  
t w o  of t h e  m o s t  c h a r a c t e r i s t i c  i n d i c e s  of the mode o f  e j e c t i o n  
a s  r e g a r d s  t h e  cour se  of t h e i r  subsequent  motion. 

I t  s h o u l d  be noted ,  however, t h a t  a l though  t h e  gaseous 
p a r t i c l e s  m a i n t a i n  a c o n s t a n t  (C) , the- mean f low does not  f o l l o w  
the  o r b i t  d e r i v e d  from the  equa t ions  of  motion of the three-body 
problem. It is p h y s i c a l l y  obvious t h a t  a l l  t h o s e  loops ,  c u s p s , ; ,  
sudden r e v e r s a l  i n  the d i r e c t i o n  of motion, and other e r r a t i c  

r 

(C) i n  t h e i r  s t r e a m  motion. Indeed, P rende rgas t  (1960) has  shown I 

! . .  
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. 
behav io r  found i n  t h e  o r b i t s  of t h e  three-body problems must 
be comple te ly  erased by c o l l i s i o n s .  

111. THE RATE OF CHANGE OF ANGULAR MOMENTUM 
I 

The angu la r  momentum ( t h e  z-component) p e r  u n i t  mass of t h e  
t h i r d  body w i t h  respect t o  t h e  c e n t e r  of m a s s  of t h e  b i n a r y  
sys tem w i l l  be deno ted  by h.  I t  is given by: 

0 

and v a r i e s  w i t h  t i m e  because t h e  t h i r d  body is con t inuous ly  
i n t e r a c t i n g  w i t h  the t w o  r e v o l v i n g  component s tars .  

make it p h y s i c a l l y  s i g n i f i c a n t .  F i r s t ,  t h e  to ta l  angu la r  momentum 
is conserved  among t h e  c o l l i d i n g  particles i f  t h e  c o l l i s i o n  takes 
place r a p i d l y ,  
05: motions i n  t h e  restricted three-body problem t h a t  

Although h v a r i e s  w i t h  t i m e ,  there are t w o  p o i n t s  which 

1 

Secondly,  it can  be easily shown f r o m  t h e  e q u a t i o n s  

The s i g n i f i c a n c e  of e q u a t i o n  ( 6 )  d e r i v e s  from t h e  fact t h a t  dh/dt 
is a f u n c t i o n  of c o o r d i n a t e s  of t h e  t h i r d  body o n l y ,  be ing  
independent  of its v e l o c i t y .  Moreover, it is ant i -symmetr ic  
w i t h  r e s p e c t  t o  t h e  x-axis and t o  t h e  l i n e  b i s e c t i n g  t h e  s e p a r a t i o n  
segment between t h e  t w o  f i n i t e  bodies. Thus, i t  v a n i s h e s  on 
these t w o  l i n e s .  Here w e  see p h y s i c a l l y  why f i v e  Lagrangian 
p o i n t s  a l l  l i e  on e i ther  of these two l i n e s .  I t  follows t h a t  
any s t e a d y  f l o w  i n  a closed curve  must  cross either one or  both of 
these l i n e s  so t h a t  h w i l l  recover t o  its o r i g i n a l  v a l u e  after 
t h e  comple t ion  of the  c i r c u i t o u s  flow. Indeed,  t h i s  is t h e  case 
of r o t a t i n g  gaseous r i n g s  f r e q u e n t l y  observed around t h e  primary 
component i n  many an  Algol t y p e  b inary  s y s t e m  ( J o y  1942, 1947; 
also Sahade 1960). 

p l a n e  and i n  t h e  p l a n e  b i s e c t i n g  t h e  l i n e  j o i n i n g  t h e  t w o  components. 
Thus,  i f  w e  d i v i d e  s p a c e  i n t o  f o u r  r e g i o n s  by these t w o  p l a n e s  
t h e  s i g n  of dh/dt is p o s i t i v e  i n  t h e  t w o  r e g i o n s  and n e g a t i v e  

i n  t h e  other t w o .  

I n  the  three dimensional  case, dh/dt v a n i s h e s  i n  t h e  XZ 

- 5 =  
I 



IV .  GASEOUS FLOW DERIVED FROM THE C AND h CONSIDERATIONS 

I n  the t w o  d imens iona l  c a s e ,  a knowledge of C and h a t  
I *  

, t h e  p r e s e n t  fo rmula t ion  of t h e  flow problem l ies  between t h e  
o r b i t a l  approach (which neglects both p r e s s u r e  and c o l l i s i o n )  
and t h e  bona f i d e  hydrodynamic equa t ions  of f low (which i n c l u d e  
both . )  Thus,  t h e  p r e s e n t  t r ea tmen t  is mathemat ica l ly  e q u i v a l e n t  
t o  t h e  hydrodynamic approach when the p r e s s u r e  is neg lec t ed .  
I n  p r e s e n t i n g  t h e  problem i n  t h i s  manner w e  g a i n  a bet ter  p h y s i c a l  
i n s i g h t  because  both C and h a r e  p h y s i c a l  q u a n t i t i e s .  

A c t u a l l y  a n  i n c l u s i o n  of pres su re  would make the  problem 

- 6 -  

eve ry  p o i n t  d e f i n e s  completely t h e  f low p a t t e r n .  T h e r e f o r e ,  
a v e l o c i t y  v e c t o r  f i e l d  of gaseous motion i n  a b i n a r y  s y s t e m  can, 
be d e f i n e d  by two s c a l a r  f i e l d s  of h and C. S i n c e  t h e  average  
v a l u e s  of C and h do not  change by c o l l i s i o n ,  w e  may w r i t e  

0 

(7) 
from the  cons t ancy  of C and 

from e q u a t i o n  ( 6 )  when w e  fo l low t h e  s t r eam l i n e s .  I n  w r i t i n g  
these e q u a t i o n s  where u deno tes  v e l o c i t y  a t  p o i n t  (x, y) w e  
have made an a d d i t i o n a l  assumption t h a t  C and h a r e  cont inuous  
o v e r  t he  p lane .  

3 

I n  t h i s  way, w e  have d e r i v e d  t w o  f l o w  e q u a t i o n s  
from t h e  r e s u l t s  of c e l e s t i a l  mechanics. 

By imposing t h e  c o n t i n u i t y  c o n d i t i o n  of C and h ove r  s p a c e  
w e  a r e  a b l e  t o  t a k e  advantage of t h e  r e s u l t  d e r i v e d  f r o m  c e l e s t i a l  
mechanics b u t  a t  t h e  same t i m e  t o  d i s c a r d  a s  meaningless  t h e  

seemingly  e r r a t i c  and i n f i n i t e l y  v a r i e d  forms of o r b i t s  t h a t  one 
may a c t u a l l y  o b t a i n  by a s t r a i g h t  i n t e g r a t i o n  of t h e  e q u a t i o n s  
of motion i n  t h e  three-body problem. Thus, e q u a t i o n s  (7) and 
(8) a r e  proposed here not  a s  a r e s u l t  of mathematical  f o r m a l i t y  
b u t  t h e y  cor respond t o  a p h y s i c a l  process t h a t  i n v o l v e s  c o l l i s i o n s  
under  the c o n s e r v a t i o n  law of C and h. 

S i n c e  t h e  p r e s s u r e  is n o t  i nc luded  i n  e q u a t i o n s  (7) and ( 8 ) ,  



v e r y  d i f f i c u l t .  Indeed,  Prendergas t  (1960) who s t a r t e d  d i r e c t l y  
from hydrodynamic e q u a t i o n s  a l s o  neg lec t ed  t h e  p r e s s u r e  term . 
when he came t o  t h e  s t a g e  of s o l v i n g  t h e  equa t ions .  Thus, 
t h e  e q u a t i o n s  ( 7 )  and (8) shou ld  be e q u i v a l e n t  t o  what P r e n d e r g a s t  
has  used,  a l though  t h e  b a s i c  approach is d i f f e r e q T .  

s i m i l a r  s o l u t i o n  a s  o b t a i n e d  p rev ious ly  by P rende rgas t .  Also . 

by f o l l o w i n g  t h e  p r e s e n t  d e r i v a t i o n  w e  can  see v e r y  c l e a r l y  t h e  

c o n d i t i o n s  under which t h e  s o l u t i o n  w i l l  be v a l i d .  

What w e  w i l l  show i n  t h e  fo l lowing  is t h a t  w e  can o b t a i n  a 

Fol lowing P r e n d e r g a s t ,  w e  s h a l l  c o n s i d e r  t h e  two-dimensional 
c a s e ,  n e g l e c t  t h e  v e l o c i t y  component a t  r i g h t  a n g l e s  t o  t h e  

z e r o - v e l o c i t y  cu rves  an'd choose a r ight-handed o r thogona l  c u r v i l i n e a r  
c o o r d i n a t e  sys tem ( y ,  ?,a) where? is the  l a b e l  of t h e  zero- 
v e l o c i t y  c u r v e s ,  namely 

- 5 s  - - .  given  by equa t ion  (2) and 71 is 'an a n g u l a r  measure 
1 

' a l o n g  the  z e r o - v e l o c i t y  curve.  
metric c o e f f i c i e n t s  cor responding  t o  t h i s  c o o r d i n a t e  system, w e  

' c a n  e x p r e s s  e q u a t i o n s  ( 7 )  and (8) i n  t h i s  new system a s  follows: 

If w e  now d e n o t e @  a n d @  t h e  F ? 



i f  w e  assume a s t e a d y  s t a t e  of flow. Here t h e  s u b s c r i p t s  
/ 

denote  r e s p e c t i v e l y  theCcomponents of t h e  vector i n  t h e  
direction. . and 7 

If e n e g l e c t  2( , we o b t a i n  
e 

f > and J D 

. from e q u a t i o n  (10) an  d/ .. 

21 o b t a i n  a second degree a l g e b r a i c  equa t ion  for  % 

i n  one of t h e  t w o  hydrodynamic e q u a t i o n s  

of  f l o w  and other ,  Prendergas t  has  a l s o  o b t a i n e d  a 
second e q u a t i o n  f o r  a While t h e  coef f ic ien ts  
i n  t h e  e q u a t i o n  here (which invo lves  Jh$t 4 J+by 
comple t e ly  d i f f e r e n t  from those  i n  Prender  a s t ’ s  e q u a t i o n ,  (which 
i n v o l v e s  a@?/>? ) ,  b o t h  r e s u l t s  a r e  v a l i d  under  t h e  same 
approximat ion .  Now i t  appea r s  from e q u a t i o n  (10) t h a t  i n  o r d e r .  
t o  n e g l e c t  ~3 ~ a‘y/”y 
fo r  t h e  v a l i d i t y  of ou s o l u t i o n .  

fol lows t h e  z e r o - v e l o c i t y  c u r v e s ,  bu t  once w e  have found 21 
a c c o r d i n g  t o  e q u a t i o n  (14) w e  immediately see t h a t  
does n o t  v a n i s h  because a‘ybf ’ 
e x a c t l y  f o l l o w  t h e  zeso -ve loc i  y curves .  Whether w e  can f i n d  
a c o n v e r g i n g  f i e l d  of  v e l o c i t i e s  f o r  t h i s  s t e a d y  s t a t e  by an  

a r e  

- 
must be sma l l .  T h i s  is t h e  c o n d i t i o n  

P h y s i c a l l y  w e  have s t a r t e d  b y  assuming t h a t  t h e  f l o w  
, I % 

daes no t .  So the  f l &  cannot  

- i t e r a t i n g  p rocess ,  we do n o t  know. Nk i the r  has P rende rgas t  

! - 8 -  
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c o m e  n t ed on t h i s  poss i b i 1 i t y . ,Mui t-i;ve-l-p-&Q.pea-rs--t-hn t 4  
C - & n ~ L b e 4 e m s b W ~ e ~  -- ba-sSpc-oxxfilkct=beXxemr -at- 

a r r f p . ; * r c e d  - t o v ~ l Q ~ ~ ~ ~ ~ b ~ t ~ ~  . 
' ~ ~ ~ - 1 5 n e 4 - m a y - b - i - V e n - b y - f ~ ~  73*' 

-- --.. - 

--&~=44+shcxdd &P-no t&+-ha.t--t h i e  ~1 i ct=ztzrs e _es=net 

However, near  t h e  two f i n i t e  bod ie s ,  t he  v a r i a t i o n s  of v e l o c i t y  
is s m a l l ,  so  t h e  f low p a t t e r n  ob ta ined  he re  r e p r e s e n t s  - . 

a goo approximation.  Th i s  e x p l a i n s  why gaseous r i n g s  a r e  
f r e q u e n t l y  observed around t h e  primary component of many an Algol- 
t y p e  e c l i p s i n g  b inary .  

w i t h  P rende rgas t ' s ,  w e  may w r i t e  equa t ion  (10) by n e g l e c t i n g  
I n  o r d e r  t o  complete t h e  analogy of t h e  p r e s e n t  c a l c u l a t i o n  

and h ighe r  o r d e r  t e r m s ,  a s  fo l lows:  

W e  can  now examine t h e  asymptot ic  behavior  of 21 f o r  t f  
s m a l l  v a l u e s  of rl (or s i m i l a r l y  of r 2 ) .  
neighborhood of t h e  1- /cc. component, we may t a k e  t h e  p o s i t i o n  
of t h i s  component a s  t h e  o r i g i n  and use  t h e  p o l a r  c o o r d i n a t e  

) where is t h e  angle  t h a t  t h e  r a d i u s  v e c t o r  s y s t e m  (r 
3 rl makes w i t h  t h e  x -ax i s ,  be ing  counted, a s  u s u a l ,  p o s i t i v e  i n  
t h e  counter -c lockwise  d i r e c t i o n  from t h e  p o s i t i v e  x-axis .  The 
z e r o - v e l o c i t y  curves  i n  t h e  immediate neighborhood can be 
approximated by circles. Thus, we have 

I n  t h e  immediate 

1' 'f 

and 

s i n c e  (j,3ra) is a r ight-handed '  coo rd ina te  sys tem.  
It  can  be e a s i l y  shown t h a t  equa t ion  (14) reduces t o  

- 9 -  



under  t h e  -y rox ima t ion  g iven  by equa t ions  (15) and (16). We t a k e  
the nega t ive  s i g n  be fo re  the square r o o t  i n  t h e  s o l u t i o n  of t h i s  

q u a d r a t i c  equa t ion ,  because a s  Prendergast  has  poin ted  o u t ,  the  
v e l o c i t y  should  van i sh  i f  t h e  f o r c e  vanishes .  

# 

Reta in ing  the  

T h i s  asymptot ic  expres s ion  r e p r e s e n t s  t h e  Kepler ian  v e l o c i t y  
i n  t h e  neighborhood of the 1- component i n  t h e  ro ta t i* . :  
c o o r d i n a t e  sys t em.  /" 

I n  o r d e r  t o  s tudy  the asymptot ic  behavior  a t  l a r g e  d i s t a n c e s  
from b o t h  t h e  components, w e  use t h e  p o l a r  coord ina te s  (r, 0 )  
and expand a l l  q u a n t i t i e s  i n  terms of l/r, P b e i n g  now t h e  

ang le  between the  r a d i u s  v e c t o r  and the  x-axis .  I t  can be 

shown t h a t  the angle  t h a t  the  normal t o  the  ze ro -ve loc i ty  curve  

w e  may t a k e  t h e  r a d i u s  v e c t o r  a s  the normal t o  the  curve a s  a 
f i r s t  approximation f o r  ze ro -ve loc i ty  curves  a t  l a r g e  d i s t a n c e s .  
S i m i l a r l y ,  w e  can  show t h a t  t h e  r a d i u s  of cu rva tu re  may be se t  
e q u a l  t o  r i f  w e  n e g l e c t  terms of '/r5 and h ighe r  o r d e r s .  
t h e s e  approximat ions  w e  can e a s i l y  d e r i v e  from equa t ion  (14) 

makes w i t h  t h e  r a d i u s  v e c t o r  3 r decreases  a s  '/r5- Conszquent ly ,  

With 

U? =+, 
i f  w e  remember t h a t  i n  t h i s  asymptot ic  case  

T = R  ', 
According t o  equa t ion  (19) t h e  gas remains a t  rest  i n  t h e  

s t a t i o n a r y  frame of r e fe rence .  Thus, t h e  asymptot ic  behavior  i n  
b o t h  c a s e s  is, a s  i t  should  b e , t i d e n t i c a l  t o  what Prendergas t  

h a s  ob ta ined .  

. .  
- 10 - 
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. .  
8 .  . 

The numerical e v a l u a t i o n ' o f  4 is  not  s i m p l e  but i t  can be 1 
done. 
two point s  i n  the  f l o w  around the 

We s h a l l  i l l u s t r a t e  it by computing values  of 24 a t  those 
3 n  

component where a "$earn 

0 
0 

\ 

. . .  
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l i n e  in te rsec ts  w i t h  t h e  , - -ax is .  A t  t h e s e  two p o i n t s  w e  can  
t a k e  advantage of t h e  s i m p l i f i c a t i o n  a r i s i n g  from t h e  symmetry 
of  t h e  z e r o - v e l o c i t y  curves  w i t h  r e s p e c t  t o  t h e  x-axis .  

s ide  of t h e  1-/ct component and point  B(&,O ) t h e  one on the  

o t h e r  s ide .  Thus,&>-/Ccat A and&<-pat B. The r e l a t i o n  
between x o r  rl and r2 a t  bo th  A and B can be e a s i l y  obtained. .  

cu rve  a t  A or B then  w e  have i n  t he  immediate neighborhood of 
A or  B 

L e t  po in t  A(&,O ) be t h e  one of t h e s e  p o i n t s  on t h e  r igh t :  

S i n c e Q  denotes  t h e  r a d i u s  of c u r v a t u r e  of t h e  z e r o - v e l o c i t y  9 

and 

w h e r e y  r e p r e s e n t s  t h e  angle  which  t h e  normal t o  t h e  z e r o - v e l o c i t y  
cu rve  a t  any po in t  nea r  A or B makes w i t h  the  p o s i t i v e  x-ax is .  
When two s i g n s  appear  t o g e t h e r ,  t he  upper one corresponds t o  
p o i n t  A and its neighborhood and, t h e  lower one p o i n t s  t o  B and 
its neighborhood. Again'))=:'Lfas i n  t h e  first c a s e  of asymptot ic  
expans ions .  With the a i d  of equat ions  (21) 
reduce  equa t ion  (14) t o  

and (22) w e  may 

where 

f o r  p o i n t  A and B r e s p e c t i v e l y  according t o  
uppe r  o r  lower s i g n  i n  equat ion  (24). The 

(23) is 

whether we t a k e  the  
s o l u t i o n  of equa t ion  

- ._ 

# - - 1 1 -  
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t h e  minus s i g n  b e f o r e  t h e  p a r e n t h e s i s  has  been chosen  i n  o r d c r  
t o  ag ree  w i t h  t h e  a sympto t i c  behavior  found p r e v i o u s l y  i n  
e q u a t i o n  (18). The r a d i u s  of curva;ture 
e q u a t i o n  (9).  We s h a l l  omit i ts long e x p r e s s i o n  he re .  

can be d e r i v e d  from 41 
W e  have computed% accord ing  t o  e q u a t i o n  (25) f o r  s e v e r a l :  

c a s e s  of ;Lo w i t h , U = O , t z m  z t appea r s  ev iden t  from t h e  r e s u l t s  of 
computa t ions  t h a t  v e l o c i t i e s  t h u s  ob ta ined  a r e  ve ry  n e a r  t o  t h o s e  
found i n  t h e  p e r i o d i c  o r b i t s  which  w e  may o b t a i n  e i t h e r  by the '  

numer ica l  p rocess  of  s u c c e s s i v e  approximation (Huang and Wade 
1963) o r  by t h e  se r ies  s o l u t i o n  (Huang 1964). I n  t h e  second 
and t h i r d  column of Table  1 w e  have given a few v e l o c i t i e s  of 
a p a r t i c l e  a s  i t  crosses t h e  x-axis  ob ta ined  by e q u a t i o n  (25 )  

. and from t h e  p e r i o d i c  s o l u t i o n s  r e s p e c t i v e l y .  Needless t o  s a y ,  
- t h e  disagreement  i n  s i g n  betwee.nCJ and 

c a s e s  i n  Table  1 a r i s e s  p u r e l y  from t h e  d i f f e r e n c e  i n  t h e  c o o r d i n a t e  
system. We should  compare only  the  magnitudes between t h e  second 
and t h i r d  column. As would be expec ted ,  t he  agreement between 
t w o  k i n d s  of computat ions becomes b e t t e r  and b e t t e r  a s  w e  
approach more and more t o  t h e  s t a r .  Thus, t h e  gaseous r i n g s  
found o b s e r v a t i o n a l l y  i n  many b ina ry  systems may be regarded  
e q u i v a l e n t l y  e i t h e r  a s  a hydrodynamic f low o r  a s  motions of 
p a r t i c l e s  i n  a con t inuous  s e r i e s  of p e r i o d i c  o r b i t s  t h a t  ex i s t  
around t h e  component. 

V. THE FORBIDDEN ZONE 

i n  one h a l f  of t h e  I 

S i n c e  o u r  approach t o  t h e  problem of gaseous f low i n  t h e  

b i n a r y  sys tem emphasizes t he  t w o  phys i ca l  q u a n t i t i e s  C and h ,  i t  
is i n t e r e s t i n g  t o  p o i n t  o u t  t h a t  a t  some p o i n t s  i n  s p a c e ,  a 
c e r t a i n  combination of v a l u e s  f o r  t h e s e  t w o  q u a n t i t i e s  is 
incompa t ib l e .  In  o t h e r  words, w i t h  a given v a l u e  of C and h ,  

sometimes t h e  p a r t i c l e  cannot  go i n t o  a c e r t a i n  r e g i o n  of  space  
which w e  s h a l l  c a l l  t h e  fo rb idden  zone. I t  can be e a s i l y  s e e n  
a s  follows. We may expres s  equa,tions (1) and (5) s i a p l y  a s  

. . h 

. _  



where A and B a r e  f u n c t i o n s  of x ,  y ,  z ,  C and h and can  be  e a s i l y  
found from e q u a t i o n s  (1) and (5) .  Now i n  t h e  (x,  y ,  z) v e l o c i t y  
s p a c e ,  e q u a t i o n  (26) r e p r e s e n t s  a sphere  w i t h  t h e  c e n t e r  ab t h e  

r e p r e s e n t s  a p lane .  I t  is then  obvious t h a t  f o r  any g iven  
combinat ion of A ,  B,  x ,  y ,  z ( o r  e q u i v a l e n t l y  C ,  h ,  x ,  y ,  z) t h e  

t w o  s u r f a c e s  may or may n o t  i n t e r s e c t  w i t h  each  o t h e r .  I f  t h e y  
do n o t ,  no r e a l  v e l o c i t y  components (x,  y ,  z) w i l l  s a t i s f y  both 

equa t ions .  T h i s  means t h a t  t h e  p a r t i c l e  w i t h  t h e  g iven  v a l u e s  
of C and h cannot  r e a c h  t h e  p o i n t  (x ,  y ,  z ) .  In  o t h e r  words, 
t h e  p o i n t  (x,  y ,  z) l i e s  i n  t h e  forb idden  zone a s s o c i a t e d  w i t h  
t h e  g iven  C and h va lues .  

o r i g i n  and w i t h  a r a d i u s  e q u a l  t o  A 1/2 , w h i l e  equa t ion  ( 2 7 )  . 
b 

The f i rbodden  zone can be  e a s i l y  c a l c u l a t e d  from t h e  . 

c o n d i t i o n  t h a t  t h e  d i s t a n c e  of t h e  o r i g i n  from t h e  p lane  g iven  
by e q u a t i o n  (27) i n  t h e  Ve loc i ty  p lace  is g r e a t e r  t han  t h e  

r a d i u s ,  A1’2 of e q u a t i o n  (26). E x p l i c i t l y ,  t h e  fo rb idden  zone 
is g i v e n  by 

We s h a l l  i l l u s t r a t e  t h e  forb idden  zone on ly  i n  t h e  x ,  y 
p lane .  I t  can  o b t a i n e d  by p l o t t i n g  t h e  curve  d e f i n e d  by t h e  
f o l l o w i n g  e q u a t i o n  

where B w h i c h  e n t e r s  i n t o  t h e  express ion  f o r  rl and rZ deno tes  
t h e  a n g l e  between t h e  r a d i u s  v e c t o r g o f  t h e  t h i r d  body and t h e  
p o s i t i v e  x-axis. 

Although h is a p h y s i c a l  q u a n t i t y ,  i t  is no t  a c o n s t a n t  of 
motion i n  t h e  r e s t r i c t e d  three-body problem. Consequently,  t h e  
f o r b i d d e n  zone is not  a s  importaAt a s  $he z e r o - v e l o c i t y  c u r v e s  
i n  d e p i c t i n g  t h e  motion of p a r t i c l e s ,  However, combined w i t h  t he  

- 13 - 



prope r ty  of dh/dt d i scussed  i n  t h e  p rev ious  s e c t i o n ,  t h e  

forb idden  zone may s e r v e  some u s e f u l  purpose of exc lud ing  
c e r t a i n  modes of  gaseous f l o w  i n  t h e  b i n a r y  system. 

F igure  1 i l l u s t r a t e s  t h r e e  forb idden  zones i n  t h e  x,  y. 
# 

plane  f o r  C = 3.5 and f o r  t h r e e  v a l u e s  of h. The a r e a s  
t h a t  i nc lude  t h e  o r i g i n  a r e  forb idden  t o  p a r t i c l e s  having  
t h e  assumed C and h va lues  Because of  t h e  symmetry w i t h  
r e s p e c t  t o  t h e  x -ax i s ,  on ly  ha l f  of t h e  zone is  drawn 
i n  each  case .  
t h e  f i g u r e  i n  a l l  f o u r  quadran t s  a t  t h e  co rne r s .  

i% 
/c 

However, t h e  s i g n s  of  dh/dt a r e  marked i n  

VI. S O h E  REMARKS CONCERNING THE ROTATING GASEOUS RINGS . 
OBSERVED I N  THE BINARY SYSTEM 

1. The Chance of R i n g  Formation 
L e t  u s  denote  C1 and C2 a s  t h e  v a l u e  of C t h a t  cor responds  

r e s p e c t i v e l y  t o  t h e  innermost and outermost  c o n t a c t  s u r f a c e  
(Kuiper ,  1941). The l a t t e r  w i l l  be h e r e a f t e r  c a l l e d ,  f o r  
t h e  sake of b r e v i t y ,  t h e  S1 and S2 s u r f a c e .  Both C1 and C2 

have been computed by Kopal (e.g. 1959) and Kuiper and Johnson 
(1956).  

According t o  t h e  r e s u l t  ob ta ined  i n  t h e  r e s t r i c t e d  
three-body problem, ’those e j e c t e d  p a r t i c l e s  whose C v a l u e s  
are  g r e a t e r  t han  C1 cannot  p e n e t r a t e  t h e  S1 s u r f a c e ,  and 
t h o s e  whose C va lues  a r e  g r e a t e r  t han  C2 cannot  p e n e t r a t e  
t h e  S2 s u r f a c e .  It fo l lows  t h a t  those p a r t i c l e s  whose C 

v a l u e s  a r e  less than  C2 could  escape  from t h e  system and 
t h o s e  whose C va lues  a r e  l a r g e r  t han  C1 w i l l  remain i n s i d e  

1 .  . . t h e  S1 s u r f a c e .  

. 

The q u a n t i t y ,  

(30) 

measures  t h e  c loseness  of ,the t w o  c r i t i c a l  ze ro -ve loc i ty  
s u r f a c e s  S1 and S2 and may have an  impor tan t  e f f e c t  on 
t h e  f l o w  of matter ejected by t h e  secondary component i n t o  
t h e  pr imary lobe  of t h e  S1 su r face .  We do no t  mean t h a t  

- 14 - 



o n l y  t h o s e  p a r t i c l e s  w i t h  C va lues  between C1 and C2 w i l l  
p e n e t r a t e  i n t o  t h i s  volume, s i n c e  any p a r t i c l e  w i t h  C(C, 
can move i n t o  i t .  But t h e  amount of accumulat ion of m a t t e r  
i n s i d e  t h i s  volume a t  any g iven  t i m e  perhaps i n c r e a s e s  
w i t h  t h e  i n c r e a s e  of 4C. It fo l lows  from t h i s  r eason ing  
t h a t  format ion  of gaseous r i n g s  around t h e  primary (1-p) 
component f a v o r s  l a r g e  v a l u e s  of p ,  a s  w e  can e a s i l y  see, 
f o r  example, from Kuiper and Johnson's Tab le ,  t h a t n c  i n c r e a s e s  

0 

* withP 
On t h e  other  hand, w e  have po in ted  o u t  (Huang and 

S t r u v e ,  1956) t h a t  from t h e  c o n s i d e r a t i o n  of a v a i l a b l e  
s p a c e  f o r  t h e i r  r i n g  format ion  around t h e  primary 
component, gaseous r i n g s  have a b e t t e r  chance t o  e x i s t  
i n  b i n a r i e s  of s m a l l p .  
conclude  t h a t  perhaps format ion  of gaseous r i n g s  has  its 
h i g h e s t  chance i n  b i n a r i e s  w i t h  n e i t h e r  n e a r  t he  maximum 
end of 0.5 nor  n e a r  t h e  minimum end of approaching zero. 
O b s e r v a t i o n a l l y  gaseous r i n g s  have been found i n  b i n a r i e s  
w i t h / Y  around 0.2. 
p r e d i c t i o n  from t h e  previous  s imple  arguments,  it may a l s o  
be caused  by t h e  e f fec t  of o b s e r v a t i o n a l  s e l e c t i o n ,  s i n c e  
i t  is ext remely  d i f f i cu l t  t o  measure when i t  is much less  
t h a n  0.1. 

From the  t w o  arguments w e  may 

ILC 

While t h i s  r e s u l t  a g r e e s  w i t h  the  

P 
I n  p a s s i n g ,  i t  may be noted t h a t  f o l l o w i n g  t h e  argrument 

of a v a i l a b l e  s p a c e  w e  have p r e d i c t e d  a f e w  e c l i p s i n g  b i n a r i e s  
i n  which gaseous r i n g  may be expected bu t  n o t  y e t  o b s e r v a t i o n a l l y  
detected (Huang and S t r u v e ,  1956). Among these p r  i c ted  
s t a r s  is f3 Per. (Algol) whose emission f e a t u r e  WasAdiscovered 
b y  S t r u v e  and Sahade, 1957). While they  have concluded 
t h a t  t h e  e m i s s i o n  f e a t u r e  does not i n d i c a t e  a r i n g  s t r u c t u r e ,  
i t  n e v e r t h e l e s s  r e v e a l s  an .accumulation of gases  i n  t h e  sys tem,  

, h d  t h e  accumulat ion of gases  , is a necessa ry  c o n d i t i o n  
fo r  the r i n g  format ion ,  

ELL 
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2. Ring Formation, Mass D i s s i p a t i o n  and E j e c t i o n  V e l o c i t i e s  
I t  is e v i d e n t  from obse rva t ions  t h a t  t h e  gaseous p a r t i c l e s  

f lowing  i n  t h e  b i n a r y  s y s t e m  come from t h e  component s t a r s  

themselves  (e.g. Wood 1950; . Kopal 1959; Sahade 1960).  
I n  f a c t ,  i t  is u s u a l l y  t h e  less massive component t h a t  is l o s i q g  
mass. Accordingly,  w e  w i l l  assume t h e  i n j e c t i o n  of p a r t i c l e s  
i n t o  t h e  s y s t e m  by t h e  component. 

L e t T b e  t h e  v e l o c i t y  of e j e c t i o n  w i t h  respect t o  t h a t  
p o i n t  of t h e  s t e l l a r  s u r f a c e  from which t h e  p a r t i c l e  is e j e c t e d .  
I f  t h e  secondary  component is r o t a t i n g  a x i a l l y  a s  a r i g i d  body 
w i t h  an  angu la r  v e l o c i t y  c3 w i t h  r e s p e c t  t o  a s t a t i o n a r y  frame 
of r e f e r e n c e ,  any p a r t i c l e  t h  t is a t t a c h e d  o t h e  s u r f a c e  

i ro ta tes  w i t h  a v e l o c i t y  W x  Kz . w h e r e x z i s  t h e  r a d i u s  
v e c t o r  o f  a p o i n t  on t h e  secondary s u r f a c e  from its center .  S i n c e  I 

t h e  center of t h e  secondary r evo lves  w i t h  a u n i t  angu la r  v e l o c i t y  

t h e  xyz c o o r d i n a t e  s y s t e m  is given by 

P 

-> 
I 

4 4  -4 I 

1 

i n  t h e  z -d i rec t ion  i n  i ts o r b i t ,  t h e  e ject ion v e l o c i t y  i n  

I n  order t o  compute t h e  C' values  of e j e c t e d  p a r t i c l e s ,  w e  
can  t a k e  advantage of t he  f a c t  t h a t  t h e  s u r f a c e  of t h e  
secondary  c o i n c i d e s  w i t h  t h e  secondary lobe  of t h e  S1 s u r f a c e .  
Thus,  i t  f o l l o w s  from equa t ion  (1) t h a t  

dh3 1 c = C , - ( d f )  
--. 

I f  a x i a l  r o t a t i o n  and o r b i t a l  r e v o l u t i o n  of t h e  secondary ( 

component a r e  synchronized  , P 
2 c = c, - ve 

While t h e  p a r t i c l e s  ejected from t h e  secondary component 
has  v a l u e s  always less than 'C1 gccording t o  equa t ion  (321, t h e  

n .; . 
C v a l u e s  $orresponding t o  t h o s e  per iodic  o r b i t s  

t ,. . " 'close to , * -  t h e  1-p component' a r e  

- 16 - 



greater  than  C1. 
p a r t i c l e s  
component, 

I t  becomes ev iden t  t h a t  b e f o r e  t h e  e j e c t e d  
accumulate t o  form gaseous r i n g s  c l o s e  t o  t h e  pr imary 

. .  s .  . .  
t h e y  must have co l l i ded  one another  many t i m e s  such  t h a t  C ' s  

of some p a r t i c l e s  have been inc reased  t o  t h e  necessary  v a l u e s  
t o  make t h e  r i n g  formation poss ib l e .  Because of t h e  c o n s e r v a t i o n  
law g iven  by e q u a t i o n  (3 )  w e  may expec t  t h a t  C s of o the r  

P a r t i c l e s  of s m a l l  C cor respond t o  h igh  v e l o c i t i e s ,  t hey  w i l l  
e a s i l y  escape  from t h e  system. I t  can ,  t h e r e f o r e ,  be concluded 
t h a t  t h e  format ion  of gaseous r i n g s  of s m a l l  r a d i i  around t h e  

pr imary component must be  accompanied by d i s s i p a t i o n  of mass 
f r o m  t h e  system. 

I f  ' I fshould be ve ry  l a r g e ,  it would be  d o u b t f u l  whether  

I 

. p a r t i c l e s  must have been reduced a s  a r e s u l t  of c o l l i s i o n s .  S i n c e  

t h e  ve loc i t i e s  of an  a p p r e c i a b l e  amount o f  p a r t i c l e s  can be 

reduced by c o l l i s i o n s  t o  make r i n g  format ion  p o s s i b l e .  T h e r e f o r e ,  
w e  would sugges t  t h a t  t h e  e j e c t i o n  v e l o c i t i e s  from t h e  secondary  
a re  i n  g e n e r a l ,  s m a l l  i f  gaseous r i n g s  are observed around t h e  
pr imary component. That  is why w e  have c l a s s i f i e d  e j e c t i o n  
l e a d i n g  t o  t h e  r i n g  format ion  a s  a s l o w  mode (Huang 1963). 
3. Evolu t ion  and P h y s i c a l  S i g n i f i c a n c e  of Ro ta t ing  Gaseous 

Rings 
The gaseous r i n g s  around t h e  primary component formed by t h e  

m a t e r i a l  from t h e  secondary component cannot  be permanent. 
Because of the  t i d a l  f r i c t i o n ,  t h e  r a p i d l y  r o t a t i n g  r i n g  w i l l  . 

g r a d u a l l y  lose t h e  angu la r  momentum t o  i ts  o r i g i n a l  s o u r c e  of 
o r b i t a l  motion. As t h e  angu la r  momentum of  r o t a t i n g  p a r t i c l e s  
d e c r e a s e s ,  t hey  f a l l  i n t o  t h e  primary. The re fo re ,  wi thout  
o t h e r  d i s t u r b a n c e s ,  t h e  r o t a t i n g  r i n g s  r e p r e s e n t  on ly  an  
i n t e r m e d i a t e  s t e p  i n  t h e  t r a n s f e r  o f o m a s s  Prom t h e  secondary 
t o  t h e  pr imary component. If the  r i n g  w i l l  be d i s s i p a t e d  e a s i l y ,  
i ts  presence  can  on ly  i n d i c a t e  an a c t i v e ' s e c o n d a r y  a t  t h e  epoch 
of o b s e r v a t i o n .  
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We know s o l a r  s u r f a c e  a c t i v i t i e s  because they  provide  u s  

w i t h  a d i sk  t o  observe .  I n  t h e  case  of s t a r s ,  l i t t l e  can  be 
l ea rned  about  t h e i r  s u r f a c e  cond i t ions  because t h e y  appear  t o  
u s  a s  p o i n t  s o u r c e s , .  a l though e c l i p s i n g  b i n a r i e s  have r e v e a l e d  a 

some of t h e  secrets of  t h e  s t e l l a r  s u r f a c e .  Now from t h e  a 
II 

obse rvab le  behav io r  of gaseous r i n g s  we can d e r i v e ,  acco rd ing  
t o  t h e  p r e s e n t  i d e a  of r i n g  format ion ,  t h e  mode o f  e j e c t i o n  Of 

. mass from s t e l l a r  s u r f a c e .  Thus, if t h e  r i n g  can main ta in  its 
e x i s t e n c e  o n l y  when m a t t e r  is c o n t i n u a l l y  s u p p l i e d  t o  i t  by t h e  
secondary  component, its f l u c t u a t i o n s  i n  i n t e n s i t y  o r  even its 
d i sappea rance  and re-emergence, which have been a c t u a l l y  observed  
(Wyse 1934; Joy  1947; McNamara 1951) can  on ly  r e f l e c t  t h e  

manner i n  which m a t t e r  from t h e  secondary is ejected.  
Rings may d i sappea r  when t h e  secondary c e a s e s  t o  e jec t  

m a t t e r .  I n  t h i s  case, t h e i r  d i sappearance  would be gradual .  
R i n g s  may a l s o  d i s a p p e a r  when t h e  secondary suddenly e jects  a 
l a r g e  number of  p a r t i c l e s  of h igh  v e l o c i t i e s .  The l a t t e r  
s imply  sweeps a l l  r o t a t i n g  p a r t i c l e s  o f f  t h e i r  o r b i t .  I n  t h i s  
c a s e ,  t h e  d isappearance  of r i n g s  would most l i k e l y  occur  
suddenly.  Perhaps the  f l u c t u a t i o n  of l i g h t  i n t e n s i t y  of gaseous 
r i n g s  and  sometimes t h e i r  t o t a l  d i sappearance  a c t u a l l y  observed  
a r e  due t o  t h e  second cause.  

I n  any c a s e ,  from what has  been observed of t h e  gaseous 
r i n g s  t h e  e j e c t i o n  of m a t t e r  from t h e  s t e l l a r  s u r f a c e  does n o t  
resemble a cont inuous  s t e a d y  process  such  as  t h e  evapora t ion  
f r o m  a l i q u i d  s u r f a c e .  I f  there  is eve r  a s t e a d y  background 
f low o u t  of t h e  secondary ,  i t  is superimposed by i n t e r m i t t e n t  ' *  

b u r s t s  l i k e  t h e  prominence a c t i v i t i e s  on t h e  s o l a r  s u r f a c e .  
Thus,  by obse rv ing  t h e  v a r i a t i o n  i n  i n t e n s i t y  and s t r u c t u r e  of 
t h e  emiss ion  l i n e s  t h a t  a r e  produced by t h e  r o t a t i n g  r i n g s  w e  
w i l l  be a b l e  t o  l e a r n  something about t h e  manner of how a 
component s t a r  l o s e s  its mass when its e v o l u t i o n a r y  s t a g e  Of 
expans ion  b r i n g s  i t  t o  touch  the S1 s u r f a c e .  
e m p i r i c a l  knowledge is u n l i k e l y  t o  be found elsewhere, t h e  

impor tance  of obse rv ing  gaseous emission i n  b i n a r y  systems 
canno t  be exaggera ted .  

S ince  such  an  

- - 18 - 
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There remains t h e  q u e s t i o n  whether a r o t a t i n g  r i n g  o r  
d i s k  can be formed around t h e  secondary ( l e s s  massive)  component 
when t h e  pr imary component is l o s i n g  mass. I t  is  obvious t h a t  

' t h e  r i n g  would be  less  s t a b l e  around t h e  secondary t h a n  around 
t h e  pr imary because of a l a r g e r  p e r t u r b a t i o n  i n  t h e  f i r s t  case :  
A l s o  t h e  a v a i l a b l e  r i n d  format ion  is s m a l l e r  i n  t h e  
t h a n  t h e ' s e c o n d  case . '  But t he re  is no a p r i o r i  reason  t o  b e l i e v e  

. t h a t  r i n g s  cannot  be formed around t h e  secondary component. - 
However, o b s e r v a t i o n a l l y  w e  have never  found a gaseous r i n g  
around t h e  secondary  component. 

A c t u a l l y  w e  have found f e w  b i n a r i e s  whose more massive 

. 
&.E cw 
A first 

component has  f i l l e d  t h e  primary lobe  of t h e  S1 s u r f a c e  w h i l e  

t h o s e  of less massive components remain s m a l l  compared w i t h  the  

secondary  lobe  of the  S1 s u r f a c e .  T h e r e f o r e ,  t h e  impending 
q u e s t i o n  is no t  why w e  have n o t  found any gaseous r i n g  around 
t h e  less massive component, b u t  r a t h e r  why systems whose more 
massive component i n j e c t s  p a r t i c l e s  i n t o  t h e  secondary lobe  

I 'should b e  s o  rare. Presumably, some s e l e c t i o n  e f f e c t  p l a y s  a 
ro le  here, b u t  i t  is u n l i k e l y  t h a t  t h i s  is t h e  so le  cause.  
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LEGEND 

Figure  1 - The Forbidden Zone - P a r t i c l e s  w i t h  g iven C and h . I 

a t  any i n s t a n t  cannot  be found i n  a c e r t a i n  r e g i o n  of space ,  
c a l l e d  t h e  forb idden  zone, Three forb idden  zones i n  t h e  xy p l ane  I 

I a r e  i l l u s t r a t e d  here f o r  t h r e e  p a i r s  of (C ,  h ) .  They a r e  
(3.5, 11, (3 .5,  0.6) and (3.5, 0.3). Because of symmetry w i t h  
r e s p e c t  t o  t h e  x -ax i s ,  on ly  one ha l f  of each  zone is shown here. 

c u r v e s ,  wh i l e  t h a t  cor responding  t o  each  of t h e  o ther  t w o  p a i r s  

dh/dt=is marked a t  each c o r n e r  of t h e  four quanran t s  formed by 

, 

f 

I 

.The fo rb idden  zone cor responding  t o  (3.5,  1) l i e s  between t w o  

of (C, h) l i e s  i n s i d e  a s i n g l e  c l o s e d  curve.  The s i g n  of I 

I 

x = o and y = 0 . 5 .  

. 
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n . (  t 

TABLE 1 

A Comparison of Velocities at Points 
on the x-axis Obtained from Equation 
(14) and from Periodic Solutions . .  

.054472 
-. 450000 
.001841 

-. 400000 
-.049380 
-. 350000 
-. 099858 
-. 300000 

.- -. 149986 
-.250000 

*q F r o m  Eq. (14) 
L 

-1.492 
-1.529 

-1.775 
-1.794 

-2.148 
-2.156 

-2.724 
-2.727 

-3.949 
-3.950 

om Periodic 3 'rSolutions 
+l. 525 
-1.556 

+l. 791 
-1.809 

f2.154 
-2.164 

$2.726 
-2.730 

3.3.949 
-3.950 


