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ABSTRACT 

I t  is proposed here t h a t  t h e  o r b i t a l  angu la r  momentum 
of b i n a r i e s  may be d i s s i p a t e d  through mass e j e c t i o n  a long  
magnetic l i n e s  of f o r c e .  It b r i n g s  the  s e p a r a t i o n  of two 
component stars c l o s e r  and c l o s e r ,  such t h a t  i n  some cases 
c o n t a c t  b i n a r i e s ,  lik . L . : W '  Uhla systems,  may be formed i n  
t h i s  way. 

t h e  two components come i n t o  direct c o n t a c t ,  t he  course  
open f o r  t h e  b inary  is t o  t r a n s f e r  m a s s  from t h e  less 
massive t o  the 'more massive component. Three o b s e r v a t i o n a l  
r e s u l t s  -- (1) the  m a s s  r a t i o s  of t h e  W UMa systems,  (2) 
t h e  nega t ive  c o r r e l a t i o n  between t h e  a x i a l  r o t a t i o n  and 
the  frequency occurrence of  spec t roscop ic  b i n a r i e s  i n  
d i f f e r e n t  c l u s t e r s  and a s s o c i a t i o n s ,  and (3) t h e  s ta rs  of 
hydrogen-poor and hel ium-rich atmospheres -- are d i scussed  
i n  t h e  l i g h t  of t h i s  sugges t ion .  
of i n t e r r e l a t i o n s h i p  among s te l lar  o b j e c t s  is advanced 

. 

I f  t h e  d i s s i p a t i o n  of angular  momentum con t inues  a f te r  

F i n a l l y ,  a gene ra l  scheme 

accord  i n g  

c 

i . t o .  t h e  c o n s i d e r a t  ngu la r  momentum. 
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I ,  I n t r o d u c t i o n  

* 

The c o n t a c t  b i n a r i e s ,  l i ke  W UMa stars have been 
found abundant in t he  g a l a c t i c  system (Shapley 1948) .  
However, t h e i r  format ion  remains a great mystery,  because 
t h e  two components s imply could no t  have formed s o  c l o s e  
t o g e t h e r .  
each o t h e r  du r ing  t h e  pre-main-sequence stage of evo lu t ion .  
I t  is then  d i f f i c u l t  t o  envisage a s e p a r a t i o n  of two 
gaseous s p h e r e s  from a s i n g l e  one. 

g e n e r a l  have been proposed ( e .g .  Hynek 1951, Huang 1966) .  
For  t h e  c o n t a c t  b i n a r i e s  of W UMa types  w e  face three 
p o s s i b i l i t i e s :  (1) f i s s i o n  from a s i n g l e  r a p i d l y  r o t a t i n g  
s ta r ,  (2) c o n t r a c t i o n  of the o r b i t  i n  a r e s i s t i n g  medium, 
and (3) e v o l u t i o n  from o t h e r  c l o s e  b i n a r i e s .  Most 
as t ronomers  have r u l e d  o u t  d e f i n i t e l y  t he  f i s s i o n  theory .  
Indeed ,  even its s t r o n g  advocate a d m i t t e d  i ts d i f f i c u l t i e s  
( J e a n s  1944) , a l though r e c e n t l y  Roxbough (1965) has reviY..:ed 
i t .  

Otherwise,  t h e  two s'tars would have engul fed  

Many t h e o r i e s  f o r  t h e  o r i g i n  o f  c l o s e  b i n a r i e s  i n  

,- 

The idea  of a r e s i s t i n g  medium which d i s s i p a t e s  t h e  

dynamical energy of a b i n a r y  s y s t e m  and thereby reduces  its 
s e p a r a t i o n  faces the  fac t  t h a t  i n  t h e  i n t e r s t e l l a r  medium 
t h e  d e n s i t i e s  are n o t  h igh  enough t o  do t h e  r e q u i r e d  work 
(Huang 1966).  Regarding the  t h i r d  p o s s i b i l i t y  S t ruve  (1950) 
has sugges ted  t h a t  the  c o n t a c t  b i n a r i e s  of t h e  I V  UMa t ype  
a r e  t h e  product  of e v o l u t i o n  of more.massive c o n t a c t  b i n a r i e s  
such  as U Coronae B o r e a l i s  which is supposed t o  owe its 
e x i s t e n c e  aga in  t o  f i s s i o n  of r a p i d l y  r o t a t i n g  stars. 
S t r u v e ' s  sugges t ion  does n o t  go beyond t h e  f i s s i o n  o r i g i n s  
f o r  t h e  c o n t a c t  b i n a r i e s .  I n  view of t h e  d i f f i c u l t i e s  
e n t e r e d - b y  t h e  two convent ional  t h e o r i e s ,  w e  s h a l l  p r e s e n t  
here a theory f o r  the  formation of c o n t a c t  b i n a r i e s  based 

on a new mechanism of angular  momentum d i s s i p a t i o n  whose 
importance is only r e c e n t l y  realized. 

Hence, 
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9 .  

There is increasing evidence t h a t  in tense  magnetic 
a c t i v i t i e s  p reva i l  i n  t h e  ear ly  s t age  of s te l lar  evolution. 
Several  empirical  r e s u l t s  which are otherwise un-explainable 
can non be understood i n  terms of e lectronagnet ic  i n t e r -  
ac t ion  taking place ori tf?e Steliai sur fzce .  These theo r i e s  
have been recent ly  summarized (Huang 196%). I n  p a r t i c u l a r  
w e  should mention the  over-abundance of l i th ium i n  T Tauri  
stars as compared w i t h  i ts proportion i n  t h e  Solar  atmosphere 
(Bonsack and Greenstein 1960; Herbig 1962). According t o  
Fowler, Greenstein and Hoyle (1962), t h i s  anomaly ar ises  
from the  s p a l l a t i o n  process t h a t  proceeds on the  sur face  of 
these s t a r s ;  the  high-energy p a r t i c l e s ,  dominantly protons,  
t h a t  are respons ib le . for  s p a l l a t i o n  a r e  supposed t o  be 
accelerated by t h e  same electromagnetic force t h a t  produces 
o ther  phenomena, such as f lares (Poveda 19641, e j e c t i o n  of 
mat ter  (Herbig 1957), etc.  F ina l ly ,  Wilson (1963) has 
found a probable co r re l a t ion  between chromospheric a c t i v i t y  
(as seen from t h e  H-K emission) and age i n  main-sequence 
stars i n  the  sense t h a t  the a c t i v i t y  decreases w i t h  age. 
Following what  has been found i n  t h e  s o l a r  chromosphere 
(Babcock and Babcock 1958; Osterbrock 1961), he has a l s o  
sugges t ed  t h a t  magnetic f i e l d  s t r eng th  over t h e  s t e l l z r  
sur face  may determine the  s t r eng th  of H-K emission. If so,  there 
&$t'be.'-:: a s t rong  f i e l d  i n  the  ea r ly  phase of s t e l l a r  
evolut ion,  agreeing w i t h  the  conclusion obtained from other  
considerat ions as we k v e  aiready ssen. 

force  t h a t  r o t a t e  w i t h  t h e  s t a r  acquire a l a rge  amount of 
angular momentum. When these p a r t i c l e s  a re  l o s t  t o  the  
sys t em o r  a r e  absorbed by the  surrounding medium, the  
angular momentum t h e y  carry is l o s t  t o  the  s t a r .  The l o s s  
of angular momentum i n  t h i s  way provided ac e f f e c t i v e  means 
f o r  braking s te l la r  ro t a t ion  (Schatzman 1962). Indeed, 

Ionized p a r t i c l e s  ejected along t h e  magnetic l i n e s  of 

. 

. 
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w e  have found t h a t  t h e  s t a t i s t i ca l  behavior  of s t e l l a r  

r o t a t i o n  seems t o  agree w i t h  t h e  concept  of brak ing  (Huang 
1965a) .  Now if t h e  s p i n  angular  momentum of t h e  s t a r  can 
be d i s s i p a t e d  t h i s  way, it is e q u a l l y  l i k e l y  t h a t  t h e  o r b i t a l  
angd la r  momentum of a b i n a r y  system may be s i m i l a r l y  d i s s i -  
pa t ed  through e lec t romagnet ic  i n t e r a c t i o n .  Here w e  see 'a 
means t o  b r i n g  t h e  two components of t h e  b ina ry  t o g e t h e r  
more e f f e c t i v e l y  than  a r e s i s t i n g  medium. I n  f a c t  t h i s  

appears  t o  be ti15 only reasonable  way t h a t  c o n t a c t  b i n a r i e s  
t h a t  abound i n  t h e  solar iieighborhood can be formed. I n  
t he  fo l lowing  s e c t i o n  w e  w i l l  develope a p re l imina ry  
theo ry  f o r  t he  o r i g i n  of con tac t  b i n a r i e s  based on t h i s  

idea. 

11. Formation of Contact B i n a r i e s  
i Consider a b inary  system whose two components a r e  

r e v o l v i n g  around each o t h e r  i n  c i r c u l a r  o r b i t s  for t h e  sake  
of s i m p l i c i t y .  L e t  the s e p a r a t i o n  between the two com- 
ponents  be a .  Hence, i f  we denote by Mi,  Ri,R.k. (i.=l, 2) 
r e s p e c t i v e l y ,  t h e  masses,  r a d i i  and r a d i i  of g y r a t i o n  of 
t h e  two components, t he  t o t a l  angu la r  momentum of the s y s t e m ,  

1 1  

be comes 

where 

wh i l e  a, and uo a r e  r e s p e c t i v e l y  s p i n  angular  v e l o c i t i e s  
A- Y 

of the  two components a.ndW angular  
r e v o l u t i o n  given by 

v e l o c i t y  of o r b i t a l  
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w i t h  G as t h e  g r a v i t a t i o n a l  c o n s t a n t .  
We s h a l l  s t u d y  s e p a r a t e l y  three idealized c a s e s  of 

b i n a r i e s  whose angu la r  momentum is be ing  s t e a d i l y  d i s s i p a t e d .  
(1) The r a d i i ,  R1 and R2 of t h e  two components change 
w i t h  t i m e  acco rd ing  t o  g r a v i t a t i o n a l  c o n t r a c t i o n  b u t  t h e  

two components are so f a r  a p a r t  t h a t  t h e  o r b i t a l  motion and 
a x i a l  r o t a t i o n  are n o t  coupled.  Th i s  case perhaps  a p p l i e s  
t o  the  e a r l y  s t a g e  of d r i f t i n g  t o g e t h e r  of two components 
i n  a b i n a r y  of a f a i r l y  l a r g e  s e p a r a t i o n .  (2) T'ne r a d i i  

R1 and R2 are c o n s t a n t  bu t  o r b i t a l  motion and a x i a l  
r o t a t i o n  a re  synchronized .  T n i s  would be the case when 
t h e  two components have reached t h e  main sequence and t h e i r  

s e p a r a t i o n  has become q u i t e  c l o s e .  (3) The two components 
are already i n  p h y s i c a l  c o n t a c t .  The f i r s t  two cases 
w i l l  be d i s c u s s e d  i n  t h i s  s e c t i o n  l e a v i n g  t h e  t h i r d  one 
i n  t h e  nex t  s e c t i o n .  

Case 1. Since  s p i n  and o r b i t a l  motion are assumed 
t o  be u n r e l a t e d ,  we may f o r g e t  about  t h e  terms C I i w i  i n  
e q u a t i o n  (1) i n  d e a l i n g  w i t h  o r b i t a l  motion. On t h e  o t h e r  
hand we must c o n s i d e r  t i m e  v a r i a t i o n s  i n  R 

pe rhaps  a l s o  i n  t h e  l u m i n o s i t i e s ,  L1 and L2, of t h e  two 
components. 

and R2 and 1 

L e t  u s  f i r s t  c o n s i d e r  t h e  v a r i a t i o n  of R1 and R2. 
According t o  E a y a s h i ' s  (1961') t heo ry  of e v o l u t i o n  f o r  p re -  
nain-sequence s t a r s ,  t h e  evo lu t iona ry  t rack on the  H-R 

diagram is dominantly v e r t i c a l  and the i r  i n t e r n a l  s t r u c t u r e  
is based on convec t ive  equ i l ib r ium.  Th i s  is e s p e c i a l l y  
t r u e  f o r  t h e  l a t e  s t a r s .  Hence, as a s i m p l i f i c a t i o n ,  w e  
s h a l l  assume thp e f f e c t i v e  t e m p e r a t u r e . ,  Ti, of t h e  com- 

ponent..  t o  be c o n s t a n t  i n  t h e  e n t i r e  cour se  of e v o l u t i o n  
towards t h e  main sequence.  During its c o n t r a c t i n g  s t a g e ,  
t h e  luminos i ty  of a s tar  i s  s u p p l i e d  by its g r a v i t a t i o n a l  
energy , 



. where a is a c o n s t a n t  equa l  t o  6/7 as l o n g  as t h e  star 
remains i n  t h e  s t a t e  of convec t ive  e q u i l i b r i u m .  
assume t h a t  a l though  it c a r r i e s  away a l a r g e  amount of 
a n g u l a r  momentum, t h e  mass e j e c t e d  from the  s t a r  is n e g l i -  
g i b l e .  
t a k e  Mi (i=l, 2) as c o n s t a n t  i n  the  cour se  of e v o l u t i o n .  
I t  f o l l o w s  t h a t  t h e  change of g r a v i t a t i o 3 a l  energy  is on ly  
through a change i n  t h e  r a d i u s .  irom +,he v i r l ? . l  ‘;2oorem 

( e . g .  Chandrasekhar 1939) w e  have 

W e  now 

There fo re ,  i n  the  fo l lowing  t r e a t m e n t  we w i l l  

1 

where the  r a t i o  of s p e c i f i c  h e a t s  have b e e n ’ s e t  equa l  t o  
5 / 3  and the luminos i ty  of each component, Li, is g iven  by 

(i =I, 2 )  

CJ b e i n g  the Stefan-Boltzmann c o n s t a n t .  
t empera tu re ,  Ti (i=l, 2) is assumed t o  be c o n s t a n t  du r ing  
e v o l u t i o n ,  e q u a t i o n s  (5) and (5) t h e n  y i e l d  

S ince  t h e  e f f e c t i v e  

where 

(A‘= I, z-) 
( 7 )  

is  a t i m e  scale r e l a t ed  t o  g r a v i t a t i o n a l  c o n t r a c t i o n  and R.  
I ,O 

is t h e  v a l u e  of  Ri a t  t = 0 .  

- 6  - 



. 
Next we cons ider  t he  ra te  of angu la r  nomenturn 

d i s s i p a t i o n ,  xh ich  must be d i r e c t l y  p r o p o r t i o n a l  t o  t h e  

ra te  of mass e j e c t i o n .  ?he l a t t e r  l i k e l y  i n c r e a s e s  w i t h  

the luminos i ty  because it is perhaps u l t i m a t e l y  due t o  t h e  
convec t ive  energy f low t h a t  ac-t;ivates t h e  m a s s  e j e c t i o n .  
A l so ,  t h e  r a t e  of loss  of angular  monenturn must be pro-  
p o r t i o n a l  t o  t h e  angu la r  v e l o c i t y  of t h e  s t a r ,  because 
the  angular  momentum carr ied away by e jected mass a long  
t h e  r:zgnetic l i n e s  of force t h a t  r o t a t e  w i t h  t h e  s ta r  is 
d i r e c t l y  p r o p o r t i o n a l  t o  t h e  s t e l l a r  angu la r  v e l o c i t y .  
Hence, w e  may m i t e  

f '-Trig r 7  2 \si/ 
&JL ,-g-/" (e) / 

D L i  
. tc ,! \ A=/ J 4 3  

where Lis f ? r e p r e s e n t s  t h e  luminosi ty  of each component 
( i  = 1, 2) a t  t h e  f i n a l  s tage of c o n t r a c t i o n  ( t o  be i d e n t i f i e d  
as  the  main sequence as  an agproximation) .  I n  w r i t i n g  
t h i s  way 
( f rom t h e  c e n t e r  of mass of t h e  b inary  s y s t e m )  of p o i n t s  
a t  which charged p a r t i c l e s  a re  decoupled from t h e  mzgnetic 
l i n e s  of f o r c e .  One of  p o s s i b l e  decoupl ing p rocesses  occur s  
when t h e  charged p a r t i c l e s  e n t e r  i n t o  a ,cool  ,medium C .  of 
l i t t l e  i o n i z a t i o n .  The term f 2 !Lb;/Li,j )!/denotes t h e  

r a t e  of m a s s  e j e c t i o n  f r o m  both components w i t h  t h e  index 
il l i k e l y  t o  be one.  Bence, 4 has t h e  dimension of mass-over Tize. I 
I n t e g r a t i o n  of equa t ion  (9)  with t h e  a i d  of equa t ion  (7)  

y i e l d s  

i: 

,*5 may be taken  a s  t h e  average e f f e c t i v e  r a d i u s  



1 b e i n g  t h e  i n i t i a l  v z l u e  of a .  
- 
if VIS dcnote  by rn the rrass 

c o c ? o x n t s ,  we have 
e j e c t e d  by t h e  two 

Ke can  e a s i i y  fnzegrate equation (12) i n  the s2ne way as 
e q u a t i o n  ( 9 )  and o b t a i n  icdee:! t h e  same suimat ion  as t h a t  

z s p e a r i c g  in e q u a t i o n  (LO) . Corrbining the results, we 
Cer ive  a s imple  r e l a t i o n  

which is In&?endent of n.  
Equat ion (LO) describes i n  generzl  how t h e  two corqonents  

zpproach each  o t h e r  as a r e s x l t  of angular xioxenturn d i s s i p a t i o n  
and  is v2l:d b e f o r e  e i the r  cox.ponect r eaches  the rnzin- 
sequence ,  i . e . ,  for t iess t h a n  the c o n t r a c t i n g  t i z e  sca le ,  

tc,i 
seuqence valce, 2. i n  equa t ion  ( 7 ) .  

which m2y 5s ob ta ined  by s e t t i n g  R .  1 equa l  t o  its main- 

L e t  u s  c o c s i d e r  a special case  of B!,=X2 1. 2nd n = 1. 
. l J f Y  

\':rite X 1 =X 2 =X J A Lcl-Lc2=tc' -A- R 1 =X 2 =R. 

\7alne of x when b o t h  co:qo:lents hsve resched  the r a i n  
s ~ q ~ , o ~ c e ,  i t  c2n je e a s i l y  derived from equa t ion  (IO) t h a t  

I f  we denote  x, I 2s the 

(14) 



. 

and 

is the c o n t r a c t i o n  f a c t o r  of t h e  r a d i u s .  Equat ion (14) 
g i v e s  t h e  v a r i a t i o n  w i t h  t ime of s e p a r a t i o n  from >= 1 t o  

= I for d i f f e r e n t  v a l u e s  of r . Hence ,: r i2.V . :.f /-L j’/,. D ’1 affects on>J 
- .  f 

slirht‘ly t he  nanner i n  which x decreases  from 1 t o  x f .  The 

a c t u a l  amount of decrease i n  s e p a r a t i o n  is determined by 

Cbv imsIy ,T- .  is a l s o  r e l a t e d  t o  t h e  n e t  angu la r  momentum 
d i s s i p a t e d .  if ;‘*; C, demzcs  t:;~ c rb i t a l  angu la r  momentum 
a t  t = 0, t h e  t o t a l  d i s s i p a t i o n  of angu la r  momentum i n  the 

i n t e r v a l  tc is g iven  by 

-. ,- 
a - .  

1 

which, t o g e t h e r  w i t h  equzt ioi i  (17), g i v e s  a r e l a t i o n  between 
4 -\,.\.c 

L’2 [;> j 
e q u a t i o n  (13) , t h e  f olloiving r e l a t i o n  is obt -  ‘ ;:ed between 
%ass d i s s i p a t e  and angular  momentum d i s s i p a t  

and-cl. I f  we now combine e q u a t i o n  ( IS)  w i t h  

1-  (;- 



. 
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I n  o r d e r  t o  reduce  C k v  by an a p p r e c i a b l e  amount, <>j;,?d~q: 
must be of zhe o rde r  of o n e .  i f  7,>& <<I 
assurried, 4jk3 s ~ s t  be much g r e a t e r  t h a n  one. f-Ience 
t h e  c r i t i c a l  p o i n t  of t h e  p r e s e n t  t heo ry  is t h e  v a l u e  O f / .  
I f  we assume t h a t  du r ing  x a g c e t i c  a c t i v i t i e s  i n  t h e  e a r l y  
phase of e v o l u t i o n ,  t h e  n a g n e t i c  f i e l d  p r e v a i l i n g  on t h e  

s te l la r  s u r f a c e  is of t h e  o rde r  of 10' gauss .  A s  a d i p o l e  . f i e l d  i t  dec reases  w i t h  tne d i s t a n c e ,  d ,  acco rd ing  t o  d . 

as h a s  been 

/ -  

-3 

Lence, a t  a d i s t a n c e  of 1O"R t h e  s t e l l a r  f i e l d  ail1 r e a c h  
the same s t r e n g t h  as  t h a t  of t h e  i n z e r s t e l l a r  magnet ic  
f i e l d ,  s a y  gauss .  (Cnandrasekhar and Fermi 1953) 
T'nerefore 10  R may be t h e  upper l i r n i t  of 0 . Sence ,  
i f  C~ ? i 3 3  , t h e  proposed mechanism of b r a k i n g  
o r b i t a l  motion is n o t  ex2ected t o  be e f f e c t i v e .  biost 

l i k e l y  on ly  b i n a r i e s  w i t h  Gg < f o 0  iq "ti.. be brought  
i n t o  c o n t a c t  by magnetic brak ing .  On t h e  o t h e r  hand, we 
shou ld  remember t h a t  i n  t h e  e a r l y  s t a g e  of e v o l u t i o n  t h e  

s t e l l a r  r a d i u s  R is 12rge .  T h i s  f a c t  enhances t h e  

e f f e c t i v e n e s s  of t h e  sugges ted  mechanism f o r  c o n v e r t i n g  
c l o s e  b i n a r i e s  i n t o  c o n t z c t  ones .  

3 

3 
1, 

Case 2 .  We no longe r  assume c o n t r a c t i o n  of component 
stars. Hence, t h e  r a t e  of angular  morrentum d i s s i p a t i o n  may 
be t aken  as c o n s t a n t  because of t h e  constancy of lumi- 
n o s i t y .  But now t h e  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  
are t a k e n  t o  be synchronized .  
we have t h e  e q u z t i o n  f o r  angular  momentum as 

I f  w e  denote  I, $. I2 by I ,  
I .o 

i f  t h e  t o t a l  mass e j e c t e d  is very  s m a l l  conpared w i t h  t h e  

s t e l l a r  masses. I n t e g r a t i o n  of equa t ion  ( 2 0 )  y i e l d s  

c - 

. 
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f u r t k c r  s k ~ k 2 :  n i t h o u t  violatir , , . ;  t h e  stellar s t x c t u r e  

beccuse 2 high pressure devoio::es n t  tne s u r f a c e  of c o n t c c t .  

A c t u a l l g  the  'binary v i l l  r " o l 1 0 ~  a C O U ~ S P ,  tha t  m e t s  t h e  l e a s t  

r c s i s t s n c e  E S  -,vel1 as s a t i s z i e s  +,he conci i t ion.  o f  decrezsing 

z q ; ~ l z ~  morrcntur;l. One can e a s i l y  see t h a t  t h e  COUTSP, i s  t o  

r3xove t h e  xass ir? t h e  s u r r z c e  l a y e r  of the  l e s s  r x s s i v e  

c O'*'̂ . -.:.,onent t o  ths.t of i t s  co!;.i;:anion. Tnis cry be ~ e g a r 5 e d  

as a fussion phese  of evolui2on of contzct bine?les, 

Let  us a s s u m  the t i ~ o  cor.i;>onmts t o  be min-seqi lence 
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i n t e g r a t i o n  of equa t ion  ( 2 5 )  g ives  

- 
- 2  

i s  t h e  i n i t i a l  value of 

Since i t  i s  always i n  the d i r e c t i o n  f r o n  t h e  l e s s  t o  

t h e  more massive c o q o n e n t  thzt the nzss f l o v s  i n  t h e  course 

explzins t h e  loyler l i m i t  adopted i n  t h e  i n t e g r a l  ciefining 

Table 1 6 i T e S .  f u n c t i o n s  2s def ined  by equa t ion  (30) 

as  :.le11 as 

c h i c h  i s  r e l a t e d  t o  t h e  s e p a r a t i o n  of t h e  t*iIo corqonents  by 

corres2onds t h e  disappearance of t h e  l e s s  A Tae case  of 

( 5 2 )  



Y-n ...Lssive coxTonent. Iror1Lccl1;~ b:; am-exing i t s  con jzn ion  tlne 

;;ore x a s s i v e  c o q o n e n t  i s  over taken  bg i t s  oi.m i n s t a b i l i t y ,  

because i t  can be e a s i l y  seen  t h a t  a t  Yr,e rrornent of c a q l e t e  

meF&ing of t h e  tvo c o q o n e n t s  t h e  r e s u l t a n t  ster i s  r o t a t i o n a l l g  

u n s t a b l e .  iiovever the  r o t a t i o n a l l g  u n s t a b l e  s t a r  hzs l e s s  

angular nonentux t h a n  t h e  preceeding  s t a t e  of  be ing  a c o n t z c t  

b i n a r y  a i th  a. L s r G e  XiESS r a t i o .  

The total t i x e  from t h e  f i r s t  c o n t a c t  t o  , t i e .  c o i q l e t e  

d i sap2eerance  of t h e  l e s s  x a s s i v e  c o q o n e n t  i s  equal t o  

, 

f ron  Table 1. Xence 

2oes n o t  va ry  i v r i t ' n  ?.I. 

d i r e c t l y  r e l a t e d  t o  t h e  l u r n i n o s ~ t g ,  3a Eay decrease  wi th   ass 

because of p o s s i b l e  h i g h e r  r a t e s  of d i s s i p a t i o n  of  angular 

;nol?,entun i n  s t a r s  of h i g h e r  l u n i n o s i t i e s .  

d e f i n i t e  s t a t e x e n t  can be nade onl:i a f t e r  vie have unders tood  

q u a t i t a t i v e l - y  the  a c t u a l  l o s s  of zngu la r  inoxentun t i i r o u m  

i n c r e a s e s  -::ith ;.f2-4 provided  Xzat T, H 

A c t a a l l g  if  the e j e c t i o n  or" nass i s  
I 

Iience a nore  

!XSS e j e c t i o n .  

T12t t h e  riass flovrs fron t h e  l e s s  t o  t h e  xo re  riassive 

coxponent i n  2 c o x t a c t  b i n c r y  du r ing  ~ ~ g u l ~ r  mozentu-.x 

d i s s i p a t i c n  i s  due t o  t h e  nass-Tadius y e l a t i o n  g iven  5y 



equa t ion  ( 2 2 ) .  

corres2ond t o  a t r a n s f e r  of m s s  from the l e s s  t o  t h e  more 

m s s i v e  coxponent. Only i n  this s i t u a b i o n  can  me n a i n t a i n  

T h i s  nakes a decrease of s e p s r a t i o n ,  r?.=T-fT-, 
c 

tvo s e p a r a t e  stzrs even i-Lcen the:jT a x  i n  c o n t a c t .  If it  

shoillc! hnppen that  

( 3 5 )  
i 

Tie more rnassive co::i?onent ; - r i l l  l i t e r a l l y  s i~a l lov r  i t s  

cozpanion a t  t he  v e q  begirmlng of  t h e  c o n t a c t  conf igu ra t ion ,  

l n s t e e d  o f  s low a c c r e t i n g  nass f r o 3  t h e  l a t t e r .  Eonever, i t  

does no t  apl3ear t h a t  t h e  c o n d i t i o n  7 corres;;onds t o  

any r s a l i s t i c  ca se  . 

IV. Discuseion 

.Yhile t h e  F resen t  supgescion for zhe format ion  of 

c o n t a c t  bins-ies i s  ideal1:T sound because i t  i t  based 

e r , t i r e l y  on lrrno-XI F h p i c a l  p - i n c i P i e s  and e x 2 i r i c a l l y  

suppor tab le  because ne do f i n d  evidence of r r a p e t i c  a c t i v i t i e s  

i n  t h e  early $sse of s t e l l a r  evo iu t ion ,  -;le would s t i l l  like 

t o  f i n 6  soxe o t h e r  e x p i r i c a l  conf i rmat ions .  'D-is is 8 

d i f f i c u l t  t a s k .  Eonever vre rnay c a l l  t h e  a k t e n t i o n  t o  sone 

o b s e r v a t i o n a l  f z c t s  a h i c h  apecar t o  be c o n s i s t e n t  n i th  t h e  

consequences of t h e  p r e s e n t  theorg .  

'Je have xent ioned  that rx~ss  rnust f low f r o n  t h e  l e s s  t o  



_ L  zence u n l e s s  the d i s s i s a t i o n  s t o 2 s  j u s t  :-hen t u o  SZZTS of 

o c i l r l  xcsscs c o x  i n  t o  c o n t a c t ,  tine Y ~ S S ~ S  ol" t,j:O cox2onen'is 

i n  a c o n t a c t  binar:i - ~ L l l  I n  gener2.i i i f f ' e r  f r o m  eech  o the r .  

, -' 
\ 

In o t h e r  a o r 2 s  the  chance of f i x d i n g  tvo conponent stars of  

equal  inasses i n  c o n t a c t  jinaries n u s t  be very  s ; ~ a l l .  Indeed, 

that  although t he  tvio c o q o n e r i t s  have usua l ly  s ix i la r  

s> .cc t r a l  t ; q z s  t h e i r  ixsses a re  never  equa l .  I n  Sahade ' s  

(1962)  r e c e n t  c o z p i l a t i o n  t h e r e  a r e  l i s t e d  15 X U-La sgste;?,s 

-.-,-ltn known =asses  for 50th coxTonents. Table 2 g i v e s  t h e  

distribution of t k e  rnass r a t i o  X1/Xz of t hese  15 s y s t e m .  

i r  we f u r t h e r  r e r i z r h r  t h z t  b i n a p i e s  of equa l  x a s s e s  n e  the  

c r s l e s t  t o  'De d e t e c t e d ,  t he  d i s t r i b u t i o n  as g iven  i n  T a S l e  2 

S ~ G Y ; ~  c l e z r l g  t h e  avoidence of xass r a t i o  around 1 by t h e s e  

-?-. 



d i f f e x n t  pou,:s cf stars. Smith axi S t ruve  (1944) concluded 

i'2,oc s. s t u d y  or" 7 1  Pleiades stars t h a t  t h e r e  ;'.as a xarked 

sczrci t ;?  or' large-s:::?lltude binaries i n  that c l a t e r .  On 

tlie o t h e r  hand t h e  average rosationai v e l o c i t y  a f  s t a r s  i n  

bALe c l u s t e r  1 ~ 2 s  knonn t o  Se 2bove t h e  average velue derv ied  

f r o x  r ' l e id  s t z . ~ s  of  t h e  sci+j'e s23sctral t y p e s .  This puzz l ing  

relation nes been ;;:ore c l s e ~ l g  sky:n ir_ a r e c e x t  ?z.?er 

4-b-i and I<rzr,ter ( 1 9 ; Z ) .  They have n o t  only col-ir"irxd Snith 

2nd S t r u v e ' s  <or the P l e i a d e s  s tars  bu t  a l s o  r'ound a r e v e r s e  

1 ?- 

by 

,"A ,-g 4 :- 

A- 
I,:-,nor~enon, -- n n n a m l g  -;hose c l u s t e r s  whose stars  zre l o a  i n  t h e  

oSserved rotztional v e l o c i t i e s  c o n t z i n  h igh  p r c e n t a g e s  o f .  

s;:ectroco?ic b i n a r i e s .  They have d e r i v e d  t Z , s  cor?clusion 

iYox a s tudg  o r  t h r e e  groups o r  stars -- the I Lzc and I Ori 

2.ssociations 2nd the & ?er  c l u s t e r .  L a t e r ,  k S t  and Sno::.den 

(1954) hzve fuFt'ner conforzed t h i s  r c s u . l t  i n  t h e  c l u s t e r  I C  

io03 fro;?. t h e i r  stud;. of rhdiial v e l o c i t i e s  and Deutsch's 

(1955) s5uCi:j or" r c t a t i o n a l  v e l o c i t i e s .  i n  t h e  case  of Orion 

s ta rs ,  t h e  sarne yesult  32s S e e n  ob ta ined  537 Xcl?zxsrz and 

Larsson ( 1 9 6 2 )  and ;hc1:2xar2 (1963). 

.,,,.- 

- 



. .  
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the surrounding,  vje aoulZ oc;,cct xang sz:ectrosco::ic Sinaries 

t o  becornc r a p i 2 l g  r o t e t i n g  st:.,rs ir, t h i s  nag. This rzi7 be 

t h e  s t e t e  i n  t h e  F l e i a d e s  clusG3r. On t h e  o t h e r  nenZ if  thi: 

dissi;. .ation i s  unfavorable  OT the a s s o c i a t i o n s  o r  cl.;stcrs 

%ro s o  young t h a t  l i t t l e  d i s s i p t i o n  has t a k e n  p l a c e ,  t h e  

r-ncentage of spectrosco::ic b i n a r i e s  a i l 1  ixa in tz in  t h e i r  "A 
ori .- inal  - <> FropoTtion. Such Kay 3e t h e  case  i n  t h e  a s s o c i a t i o n s .  

I) - 

.., . ..s LO not  c l a i x  a t  ?=,rrsent t5et t h i s  i s  ifideed t h e  e x a c t  cause 

I o r  t'ne ne,.;ztive c o r r e l a t i o n  Secceen po2u la t ions  of' r o x i b m &  

SCETS End of spec t roscopic  b i n a r i e s ,  S x t  i7s must be i:-;2ressed 

s y  bne s i r q l i c i t y  and n a t u r a l n a s s  t h a t  t h i s  phenomenon r,?~-y 

f ;&!L 
0 JV LL 

A 

L- 

i n  t h e  f i r s t  2 l s c e  the:"e are x o r e  s2ec t roscop ic  b i n a r i e s  in 

soxs c lus t e= . s  as6 ~ s s o c l z t i o n s  t h a n  i n  o t i i = r s .  I n  EZI;~ case 

- 1s - 
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