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ABSTRACT 

A model of E Aurigae h a s  been  proposed i n  o r d e r  
t_ 40 e x p l a i n  t h e  c o n t r a d i c t o r y  b e h a v i o r  of t h i s  s t a r  

Pound i n  pho tomet r i c  and s p e c t r o s c o p i c  o b s e r v a t i o n s .  9%~ & d e l  which c o n s i s t s  o f  a r o t a t i n g  gaseous  
.I- 

d i s k  h a t  a p p e a r s  opaque when viewed edge-on resembles 2 \ 
t h e  one w e  have s u g g e s t e d  f o r  B Lyrae  (Huang 1963) 
The s u c c e s s  of  t h i s  s i m p l e  model t o  e x p l a i n  t h e s e  

two p e c u l i a k a r s  " _  which have d e f i e d  o t h e r  i n t e r p r e t a t i o n s  

I 
f o r  s o  l o n g ,  t o g e t h e r  w i t h  t h e  f a c t  t h a t  r o t a t i n g  

gaseous  r i n g s  a r e  f r e q u e n t l y  a s s o c i a t e d  w i t h  t h e  pr imary  

component o f  tile Algol - type  b i n a r y  sys t ems  (Joy 1942, 

also Sahade 1960) l e z d s  u s  t o  a b e l i e f  t h a t  r o t a t i n g  

gaseous r i n g s  or d i s k s  a r e  t h e  r e s u l t  of n a t u r a l  

development of  g a s e s  t h a t  a r e  i n j e c t e d  i n t o  t h e  b i n a r y  

s y s t e m  by i t s  component s t a r s .  T h i s  b e l i e f  is f u r t h e r  
s t r e n g t h e n e d  by o u r  knowledge t h a t  s u c h  a r o t a t i n g  r i n g  
o r  d i s k  is dynamica l ly  o r  hydro-dynamical ly  f e a s i b l e  
( P r e n d e r g a s t  1960, Huang 1964) - 

v. --_ 

/j 8) rL -- -- I. IhTRODUCTION 

The b i n a r y  Rur igae  whose p e r i o d  is 27.1 y e a r s  - one 
Of  t h e  l o n g e s t  among; L- e c l i p s i n g :  .- sys t ems  - g i v e s  e v e r y  i n d i c a t i o n  

i n  i t s  i l i g h t  I 
c u r v e  of undergoing  p e r i o d i c a l l y  t o t a l  e c l i p s e s .  But 

Lhe s p e c t r u m  of t h e  e c l i p s e d  component, a F2 s u p e r g i a n t ,  can  

b e  o b s e r v e d  p e r s i s t e n t l y  d u r i n g  t h e  t o t a l i t y .  These two 
I 



seemingly i r r e c o n c i l a b l e  phenomena have puzz led  astronomers 
s i n c e  t h e  t u r n  of  t h e  c e n t u r y .  A s e r i o u s  a t t e m p t  t o  r e s o l v e  
t h i s  i n c o m p a t i b i l i t y  i n  t h e  o b s e r v a t i o n a l  r e s u l t s  may perhaps  
be t r a c e d  t o  a pape r  by  K u i p e r ,  S t r u v e  and Stromgren (1937). ; 

They proposed a n  i d e a  of making t h e  h-cge e c l i p s i n g  body - 
r e f c r r e d  t o  a s  t h e  I component - s o  t e n u o u s  a s  t o  be  o p t i c a l l y  
t r a n s p a r e n t  t o  o p t i c a l  l i g h t .  However, t h e y  a rgued  t h a t  t h e  . 

u l t r a v i o l e t  r a d i a t i o n  Of t h e  F-type s u p e r g i a n t  would i o n i z e  t h e  

c r e s c e n t - l i k e  t h i n  l a y e r  of t h e  I component t h a t  f a c e s  t h e  F-type 

pr imary .  The s c a t t e r i n g  by f r e e  e l e c t r o n s  produced by i o n i z a t i o n  
i n  t h i s  l a y e r  would t h e n  c u t  down t h e  l i g h t  from t h e  F-type 

pr imary  when t h e  I component is i n  f r o n t ,  p roduc ing  t h e  phenomenom 
of e c l i p s e .  S i n c e  e l e c t r o n - s c a t t e r i n g  is  frequency independen t ,  t h e  
o p a c i t y  i n  t h e  c r e s c e q t - l i k e  l a y e r  r e d u c e s  t h e  o v e r a l l  f l u x  
of t h e  F component b u t  does  n o t  change t h e  s p e c t r a l  n a t u r e  of 
t h e  l i g h t .  I n  t h i s  way, t h e y  a r e  a b l e  t o  e x p l a i n  t h e  d i f f i c u l t y  

w e  have mentioned b e f o r e .  

I f  

While t h i s  model has indeed  r e s o l v e d  t h e  long- s t and ing  

d i f f i c u l t y ,  i t  i n t r o d u c e s  s e v e r a l  new o n e s  of  e q u a l ,  i f  n o t  more, 
s e r i o u s  n a t u r e .  Solile of them have been  mentioned i n  
a r e c e n t  work by S t r u v e  and ZebergS(1962) .  

Although t h e  model by Kuiper  e t  a l .  h a s  been  c r i t i c i z e d ,  

t h e  i d e a  of  e l e c t r o n  s c a t t e r i n g  a s  t h e  c a u s e  of  e c l i p s e  h a s  

p e r s i s t e d  i n  t h e  l a t t e r  mode l s  by S t r u v e  (1956) and more r e c e n t l y  
by Hac![ (1961). T h i s  same i d e a  has a l s o  s t r o n g l y  i n f l u e n c e d  

t h e  d i r e c t i o n s  i n  which s p e c t r o s c o p i c  i n v e s t i g a t i o n s  of t h e  
s t a r  h a s  been made ( K r a f t  1954). 

. Both S t r u v c  and  Hack models may be  regarded a s  mod i f i ed  
v e r s i o n s  of  t h e  o r i g i n a l  one by Ku ipe r  e t  a l .  S t r u v e  i n t r o d u c e d  

t h e  i d e a  t h a t  b o t h  components a r e  su r rounded  by nebulous g a s e s  
t h a t  f i l l  t h e  r e s p e c t i v e  l o b e  of t h e  i n n e r  c o n t r a c t  s u r f a c e  

o f  t h e  s y s t e m .  These nebulous  g a s e s  a r e  supposed  t o  c a u s e  gas 

s t r e a m i n g  from one  component t o  a n o t h e r  and  v i c e  v e r s a .  S t r u v e  
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a t t r i b u t e d  t h e  a p p a r e n t  S p l i t t i n g  O f  l i n e s  obse rved  b e f o r e  

arid a f t e r  t o t a l  e c l i p s e  t o  t h e  p re sence  of  t h e s e  gaseous  
s t reams.  Except for t h i s ,  S t r w e ' s  i n t e r p r e t a t i o n  o f  t h i s  
p e c u l i a r  sys tem f o l l o w s  t h e  same l i n e  of  t hough t  a s  i n  t h e i r  

p r e v i o u s  papc r .  
by e l e c t r o n  s c a t t e r i n g  a r e  no7; removed. 

Consequent ly ,  t h e  b a s i c  d i f f i c u l t i e s  o f  e c l i p s e  

H a c k ' s  modcl does inti-odace a ncw c o n c e p t .  She proposed  

According t o  her ,  i t  is t h i s  hot  s t a r  t h a t  is r e s p o n s i b l e  f o r  
t h e  i o n i z a t i o n  o f  g a s e s  i n  t h e  s h e l l  o r  r i n g  a round i t .  The 

phcnomcnon o f  e c l i p s e  is  t h e n  a t t r i k u t e d  t o  t h e  i n t e r v e n t i o n  
o f  t h i s  s h e l l  o r  r i n g  between t h e  p r imary  F2 component and 

t h e  obscrvcr. 

a h o t  s ccondary  s t a r  of a n  e f f e c t i v e  t e m p e r a t u r e  r e a c h i n g  20,000 0 K. 

I t  is more conv inc ing  t o  have a n  0 o r  a B s t a r  around t o  
do t h c  yorlt of i o n i z a t i o n  t h a n  a n  F2 s t a r .  Q u t  
thc i n t r o d u c t i o n  of a h o t  sccondary  meets o t h e r  d i f f i c u l t i e s  

a s  wc s h a l l  see i n  t h e  f o l l o w i n g  ways. 

0 .9  mngnitudcs,  which co r re sponds  t o  a n  o p t i c a l  t h i c k n e s s  of  0.74 
o v e r  t h c  c n t i r c  s p e c t r a l  f r e q u e n c i e s ,  i f  we assume t h a t  t h e  e c l i p s e  

is duc  t o  o b s c u r a t i o n  of t h e  e n t i r e  F component by  t h e  s h e l l  

o r  r i n g .  I t  r e q u i r e s  of e l e c t r o n s  i n  t h e  column of u n i t  

c r o s s - s c c t i o n  and of  a l e n g t h  e q u a l  t o  t h e  t h i c k n e s s  of t h e  s h e l l  

o r  r i n g .  S i n c c  hydrogen is  t h e  dominant c o n s t i t u e n t ,  t h e r e  w i l l  
b c - n p p r o s i l x i t e l y  lo2' atoms i n  e a c h  column. Now,  how c o u l d  one  

e x p l a i n  t h a t  t h e s e  atoms i n  t h e i r  i o n i z e d  s t a t e s  do n o t  i m p r e s s  

somc' a d d i t i o n a l  s p e c t r o s c o p i c  f e a t u r e  o n  t h e  l i g h t  t h a t  p a s s e s  
t h r o u g h  t!icm? 

2~,000°K one would e x p e c t  t o  o b s e r v e  s p e c t r a l  l i n e s  a r i s i n g  
from such atoms a s  n e u t r a l  or i o n i z e d  h e l i u m ,  i o n i z e d  oxygen, 

nitrogen, c t c .  t h a t  co r re spond  t o  t h o s e  found i n  t h e  e a r l y -  

typc' supergiant s t a r s .  Xone have bcen  observed .  What have 
bccn  a c t u a l l y  o b s e r v e d ,  s u c h  a s  d o u b l i n g  and s t r e n g t h e n i n g  o f  
l i n e s  i n  c c r t n i n  phases  d u r i n g  e c l i p s e ,  o n l y  show t h a t  t h e  
c s c i  Lat ioi l  l c v c l  o f  t h e  abso rb ing  medium a s s o c i a t e d  w i t h  t h e  

c c l i p s i n s  body is n o t  gz-eat ly  d i f f e r e n t  from t h a t  o f  t h e  p r imary  

.L 

Thc d c p t h  of t h e  e c l i p s e  d u r i n g  t h e  a p p a r e n t  t o t a l i t y  is a b o u t  

With i o n i z i n g  r a d i a t i o n  coming from a s t a r  of 
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.A 

F2 atmosphere.  Indeed ,  i t  has  been  s p e c i f i c a l l y  p o i n t e d  o u t  

i n  t h e  paper  by Kuiper  e t  a:. t h a t  t h e  l i n e s  a s s o c i a t e d  w i t h  
t h e  secondary  component a n d  oSserved  d u r i n g  e c l i p s e  a r e  approx- 
i m a t e l y ,  though n o t  i d e n t i c a l l y ,  t h e  same a s  t h e  normal l i n e s ;  

o f  t h e  F2 s t a r .  
Although i t  may be  argucc! t h a t  coxnared  w i t h  t h e  F2 

s u p e r g i a n t  component, t h e  hot  s t a r  proposed b y  Hack is t o o  . 
f a i n t  t o  be seen  i n  t h e  v i s i b l e  r e g i o n  even  d u r i n g  e c l i p s e ,  
i t  is d i f f i c u l t  t o  comprehend why i t  h a s  n o t  been  d e t e c t e d  i n  
t h e  u l t r a v i o l e t  r e g i o n .  All t h e s e  q u e s t i o n s  i m p a i r  t h e  o t h e r -  

w i s e  a t t r a c t i v e  p r o p o s a l  by Xack. 
From what has  been s a i d  - b e f o r e ,  w e  c a n n o t  h e l p  b u t  

conc lude  t h a t  i n  s p i t e  of v a r i o u s  m o d i f i c a t i o n s  and r e f i n e m e n t s  

made s i n c e  i ts  i n c e p t i o n ,  t h e  e l e c t r o n  s c a t t e r i n g  t h e o r y  of 
t h e  e c l i p s e  o f z  Aurigae cannot  e x p l a i n  t h i s  b i n a r y  sys t em i n  

an i n t e r n a l l y  c o n s i s t e n t  way. 
O t h e r  t h e o r i e s  o f  e c l i p s e  have been s u g g e s t e d  i n  t h e  meantime, 

b u t  a c c o r d i n g  t o  Hack (19G1), none of them c a n  e x p l a i n  t h e  

s p e c t r o s c o p i c  b e h a v i o r  o f  t h e  s y s t e m .  However, i t  s h o u l d  be  

n o t e d  t h a t  Kopal’s (1955) t h e o r y  of a t t r i b u t i n g  t h e  o p a c i t y  t o  

s o l i d  p a r t i c l e s  d i d  i n t r o d u c e  a new c o n c e p t i o n  of  a r i n g  s t r u c t u r e  

which has  been f o l l o w e d  by Hack h e r s e l f .  

11. A PROPOSED XODEL 

The s u c c e s s  of  o u r i i n t e r p r e t a t i o n s  of  f3 Lyrae  by t h e  
\ afi ,-. . r- d +A 

i n t r o d u c t i o n  of an  opaque’disk r o t a t i n g  a round its secondary  
component (Huang 1963) has  l e d  u s  t o  examine whe the r  t h e  same 

k i n d  of model may be used  f o r  2 Aur igae ,  b e c a u s e  i n  many r e s p e c t s  
t h e  two p e c u l i a r  b i n a r y  s y s t e m s  show a s i m i l a r  b e h a v i o r .  T h e i r  
s i m i l a r i t i e s  a r e :  (1)  T h e  l i g h t  from t h e  p r imary  component 

c a n  b e  s e e n  d u r i n g  t h e  e n t i r e  d u r a t i o n  of e c l i p s e  w h i l e  t h e  

s p e c t r u m  of t h e  secondary  component i t s e l f  has n e v e r  been 

o b s e r v e d  a t  any phase.  (2) A d d i t i o n a l  l i n e s  
a p p e a r  d u r i n g  e c l i p s e .  These l i n e s  a r e , i n  b o t h  system-; 
d i s p l a c e d  towards  t h e  red end  b e f o r e  t h e  p r i n c i p a l  m i d - e c l i p s e  

A 
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and towards  t h e  v i o l e t  end a f t e r  m i d - e c l i p s e .  (3)  L i g h t  shows / 
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f l u c t u a t i o n s ,  e s p e c i a l l y  d u r i n g  e c l i p s e ,  and (4)  b o t h  show 

e m i s s i o n  f e a t u r e s .  
However, t h e r e  a r e  a l s o  d i f f e r e n c e s  between t h e s e  two 

s y s t e m s .  I n  t h e  f i r s t  p l a c e ,  t h e  magni tudes  of  wavelength  . , 
s h i f t s  of t h o s e  a d d i t i o n a l  l i n e s  obse rved  d u r i n g  e c l i p s e  a r e  

d i f f c r e n t .  I n  t h e  c a s e  of B Lyrae,  t!ie r a d i a l  v e l o c i t i e s  
c o r r c s p o n d i n g  t o  t h e  shifts are of t h e  o r d e r  of  100-300 km/seC, 
w h i l e  i n  t h e  c a s e  of  5 Aurigae t h e  v e l o c i t i e s  a r e  pe rhaps  of  

t h e  order  of 30-50 km/sec. T h i s  d i f f e r e n c e  a c t u a l l y  c o n f i r m s  
o u r  c o n v i c t i o n  t h a t  t h e  two s y s t e m s  a r e  s i m i l a r ,  i f  w e  
remember t h a t  t h e  p e r i o d  of 13 Lyrae is  o n l y  about 13 days  
w h i l e  t h a t  o f  E Aurigae is about  27.1 y e a r s .  

purpose  o f  a s i m i l a r i t y  c o n s i d e r a t i o n ,  w e  must compare t h e  s t r e a m  
v e l o c i t i e s  i n  t e r m s  of t h e  r e s p e c t i v e  o r b i t a l  v e l o c i t i e s  of 

Thus ,  f o r  t h e  

t h e  component s t a r s .  Then t h e  s t r e a m  v e l o c i t i e s  i n  t h e  two 

s y s t e m s  a r e  of t h e  same o r d e r  of magni tude .  
Another  d i f f e r e n c e  between t h e s e  two sys t ems  comes from 

t h e  f a c t  t h a t  3 Lyrae shows a secondary  e c l i p s e  b u t  5 Aurigae  

does  n o t .  T h i s  d i f f e r e n c e  c a n  be r e a d i l y  e x p l a i n e d  on t h e  
b a s i s  of  our model o f  an opaque d i s k ,  a s  we s h a l l  see  p r e s e n t l y .  

The 

o b s c u r a t i o n  of t h e  pr imary  cornponent by t h e  r o t a t i n g  gaseous  

d i s k  c a u s e s  a n  e c l i p s e  which would look ,  i n  t h e  l i g h t  c u r v e ,  
l i k e  t o t a l  b u t  t h e  l i g h t  from the pr imary  will c o n t i n u o u s l y  
be  seen  even a t  t h e  a p p a r e n t  t o t a l i t y .  Yle s u g g e s t  t h a t  t h e  

i n c l i n a t i o n ,  i ,  of t h i s  sys t em is  v e r y  n e a r  t o  90'. 

w e  see o n l y  t h e  edge o f  t h e  d i s k ;  t h e  secondary  component i t s e l f  
c a n n o t  be  seen because  i t  is hidden  i n  t n e  d i s k .  Because of 
t h i s  i n c l i n a t i o n  n e i t h e r  do w e  r e c e i v e  any r a d i a t i o n  from t h e  . 

pr imary  r e f l e c t e d  b y  t h e  d i s k .  A s  a r e s u l t  t h e r e  w i l l  be no 
s e c o x l a r y  e c l i p s e .  On t h e  o t h e r  hand,  we have s u g g e s t e d  i n  t h e  
p r e v i o u s  pape r  t h a t  B Lyrae has an i n c l i n a t i o n  which d i f f e r s  

F i g u r e  1 shows t h e  n o d e l  w e  p ropose  f o r  5 Aurigae .  

Thus ,  

i 
i 
I 
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app i -ec i ab ly  from 9Co s o  t h a t  we c a n  see t h e  secondary  s t a r  
i t s e l f  a s  tvell a s  t h e  l i g h t  r e f l e c t e d  by t h e  r o t a t i n g  gaseous  

d i s k .  Consequent ly ,  we a:-? a b l e  t o  o b s e r v e  a secondary  e c l i p s e .  

Because of t h e  d i f f e r e x e  i n  i n c l i n a t i o n ,  t h e  shape  o f  
minimum d i f f e r s  i n  t h e s e  two s y s t e m s  t o o .  I n  t h e  c a s e  of 9 
Lyrac ,  t h e  p r o j e c t e d  a r e a  of t h e  d i s k  w i l l  be a n  e l o n g a t e d  I 

e l l i p s e ,  r e s u l t i n g  i n  a cu rved  ninimum i n  t h e  l i g h t  v a r i a t i o n .  

I n  t h e  c a s e  of i; Aui-igae, t h e  p r o j e c t e d  a r e a  would be a 
r e c t a n g l e  ( a s  shown i n  F i g u r e  l), produc ing  a f l a t  minimum. . 

. 
- 

The s i z e s  of  t h e  pr imary  component and t h e  opaque d i s k  
may be de t e rmined  from t h e  l i g h t  c u r v e .  L e t  u s ,  f o r  t h e  s a k e  

o f  i l l E s t r a t i o n ,  assume t h a t  t h e  s t e l l a r  d i s k  of  t h e  p r imary  

component is uni form i n  b r i g h t n e s s  and t h e  edge of t h e  d i s k  
vre a c t u a l l y  f a c e  is comple?-,ely cisrk. We c a n  now de te rmine  
t h e  r a d i i  denoted  r e s p e c t i v e l y  Z n d z l '  o f  b o t h  t h e  

pr imary  component and t h e  d i s k  a round t h e  secondary  component 
a s  w e l l  a s  t h e  t h i c k n e s s  of d i  of t h e  d i s k .  

w i l l  be measured i n  t e r m s  of t h e  mear, s e p a r a t i o n  between t h e  t w o  
components of  t h e  sys tem.  

f ' 2  ' 

All t h e s e  q u a n t i t i e s  

b 

* .  

D i f t e r e n t  i n v e s t i g a t o r s  gave d i f f e r e n t  v a l u e s  f o r  t h e  
d u r a t i o n  of e c l i p s e ,  D ,  and t h a t  of  t o t a l i t y ,  d. We s h a l l  
follow P l a u t ' s  (1950) v a l u e s  D = 0.0760 and ci = 0.340, which 

y i e l d  a f t e r  a s i m p l e  c a l c u l a t i o n ,  

= 0.065 and r i  = 0.1'71. 

I n  o r d e r  t o  d e t e r m i n e  dh we must use  t h e  obse rved  d e p t h  of 

e c l i p s e  d u r i n g  t h e  a p p a r e n t  t o t a l i t y .  
a n g l e  sub tended  a t  t h e  c e n t e r  of t h e  p r imary  by t h e  two p o i n t s  

o f  i n t e r s e c t i o n ,  all p r o j e c t e d  on t h e  c e l e s t i a l  s p h e r e ,  between 
t h e  boundary l i n e s  of t h e  opaque d i s k  and t h e  pr imary  component 

L and t h e  d u r i n g  e c l i p s e  ( s e e  F i g u r e  l), t h e  maximum l i g h t  
minimum l i g h t  L ,  o f  t h e  sys tem a r e  r e l a t e d  b y  

I f  we d e n o t e  by a. t h e  

1 

L, 7r 
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.) where 

S i n c e  t h e  obse rved  d e p t h  of m i n i m u m  is 0.81 R Z L ' ~ . ,  e q u a t i o n  
g i v e s  a 2 0.SSl which i n  t u r n s  y i e l d s  

0 

L; 

111. I n t e r p r e t a t i o n  of t h e  L igh t  Curve 
A s  an  i l l u s t r a t i o n  t h a t  t h e  p r e s e n t  model can  p r e d i c t  

a l i g h t  c u r v e  v e r y  much l i k e  t h e  one a c t u a l l y  o b s e r v e d ,  we 
s h a l l  c o n s i d e r  a c e n t r a l  e c l i p s e  ( i  = 90°) of a un i fo rmly  
b r i g h t  s t e l l a r  d i s k  of t h e  pr imary co:nponent Sy t h e  d a r k  
p r o j e c t i o n  of t h e  r o t a t i n g  d i s k ,  shown s c h e m a t i c a l l y  i n  F i g u r e  

1. If w e  d e n o t e  by 2- t h e  appa ren t  d i s t a n c e  between t h e  

c e n t e r  of t h e  pr imary  and t h e  c e n t e r  of t h e  opaque 
i f  w e  let 

d i s k  and 

' and a. have been de termined  i n  t h e  p r e v i o u s  r2 where r l ,  
s e c t i o n ,  t h e  l i g h t  c u r v e  p r e d i c t e d  on t h i s  model is g iven  by 

- 7 -  
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I . .  

w !I e r e 

I 

i 

i g i v e n  i n  e q u a t i o n  ( 2 ) .  
Tnc l i g h t  c u r v e  a c c o r d i n g  t o  t h e s e  e q u a t i o n s  h a s  been 

comdutcd w i t h  t h e  numer i ca l  v a l u e s  g i v e n  by e q u a t i o n s  (1) and 

( 4 )  and is p l o t t e d  a t  t h e  t o p  of F i g u r e  1. 
agrecmcnt  between t h i s  p r e d i c t e d  c u r v e  and t h e  a c t u a l l y  obse rved  

one  ( G i i s s o w  1936). 

There  is a g e n e r a l  

I t  nay  be n o t e d  p a r e n t h e z i c a l l y  t h a t  t h i s  i n t e r p r e t a t i o n  
of t h e  l i g h t  cu rve  of E Aurigze r e q u i r e s  o n l y  t h a t  t h e  r o t a t i n g  
d i s k  is  opaque when viewed aloiig t h e  edgc .  'iKiether It  is 
t r a n s p a r e n t  oi.. opaque i n  i ts  v e r t i c a l  d i r e c t i o n ,  does n o t  matter 
i n  o u r  i n t e r p r e t a t i o n .  Indeed ,  we have no o b s e r v a t i o n a l  means 
t o  a s c e r t a i n  t h e  o p t i c a l  d e p t h  i n  i7;s v e r t i c a l  d i r ec t io : l .  

A s  h a s  been p o i n t e d  O U L  by Fredi- ick (19GO) , t he  l i g h t  
c u r v e  shows a sl igh-c a s y m m e t r y .  On zhe b a s i s  of our  model,  t h e  

asymnct ry  i n  t h e  l i g h t  c u r v e  r e f l e c x s  e i t h e r  a n  c o r r e s p o n d i n g  
asymmcti-y i n  t h e  t h i c k n e s s  of t h e  r o t a t i n g  d i s k  Oi' a n  z d d i t i o n a l  
a b s o r p t i o n  by gaseous  sxreatm above and below t h e  r o t a t i n g  d i s k .  

P h y s i c a l l y ,  i t  is  d i f f i c u l t  t o  e n v i s a g e  a permanent asymmetry 
i n  t h e  t h i c k n e s s  of t h e  d i s k .  Thei*e€ore it is most p r o b a b l e  
t h a t  the a s y n n e t r y  is caused  by zhe gaseous  stream. I f  we 
assume t h a t  ?;here is a gaseous  s t rean  f l o w i n g  o u t  from t h e  

priirnary component thi-ougli tile Lagrai-igiaii p o l n t  i n t o  t h e  s e c o n d a r y  
iobe  of t h e  iniiermost c o n t a c t  s u r f a c e  (Kuiper  190,1), t h e  gaseous  

strcam w i l l  c i r c u l a t e  a round  t h e  s econdary  ccmponent above and  
below thc m a i n  body of t h e  r o t a t i n g  d i s k .  A s  t h e  gaseous  streams 
c i r c u l a t e  a round t h e  secondary  conpoaent  i n  t h e  same s e n s e  as 
t h e  r o t a t i a i l  of t h e  d i s k ,  which is i n  t u r n  supposed t o  be  r o t a t i n g  
i n  t h e  same sense as t h e  b i n a r y  mot ion ,  vie would e x p e c t  t h a t  t h e y  
w i l l  g a d u a l l y  c o a l e s c e  i n t o  t h e  d i s k  i e s e l f  as a r e s u l t  of 

, 
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c o l l i s i o n s .  I t  is t h e n  n o t  d i f f i c u l t  t o  see t h a t  a t  any moment 

more g a s  would be found i n  t h e  r e a r  s i d e  t h a n  i n  t h e  f r o n t  s i d e  

of  the  secondary  component, g i v i n g  r i s e  t o  an asymmetry i n  
a b s o r p t i o n  i n  agreement  w i t h  the obse rved  r e s u l t .  I n  t h i s  
respecr .  t h e  b e h a v i o r  of t h e  gaseous s t r e a m s  o u t s i d e  t h e  main 
body of  t h e  r o t a t i n g  d i s k  rese,xnbles c l o s e l y  what h a s  been  
s u g g e s t e d  f o r  5 Lyrae ,  which shows a n  a s y n x e t r i c  p r imary  e c l i p s e ,  
with t h e  d e c l i n e  s t e e p e r  than t h e  r i s e .  We have attributed 
t h i s  asymmetry a l s o  t o  o b s c u r a t i o n  of  g a s e s  j u s t  s t r e a m i n g  o u t  

from t h e  p r imary  component, t h i s  o b s c u r a t i o n  making t h e  e c l i p s e  

l a s t  l o n g e r ,  and c o n s e q u e n t l y  show s l o w e r  d e c l i n e  t h a n  would b e  

the c a s e  of i n t e r v e n t i o n  of a s i m p l e  d i s k .  

i n t e r p r e t a t i o n ,  t h e  l i g h t  cu rves  o f  b o t h  Aurigae and f3 Lyrae  
b e f o r e  mid-ecl ipsectkL pe rhaps  less  d i s t o r t e d  by gaseous  s t r e a x s  

o u t s i d e  t h e  r o t a t i n g  d i s k  t h a n  t h o s e  a f t e r  m i d - e c l i p s e .  
O t h e r  i n t e r e s t i n g  f a c t s  f cuzd  i n  z h i s  sys t em a r e ,  a c c o r d i n g  

t o  GUssow (1936) and F r e d r i c k  (1960), t h a t  t h e  l i g h t  f l u c t u a t i o n  
f a r  away from e c l i p s e  does  n o t  exceed  0.1 mag., t h a t  i n  3-5 y e a r s  

b e f o r e  and a f t e r  e c l i p s e  t h e  v a r i a t i o n  may g e t  a s  l a r g e  a s ,  b u t  
seldom 0.2 mag. and t h a t  i n  t o t a l i t y ,  7;he f l u c z u a t i o n  may r e a c h  

0.3 mag. o r  even  s l i g h t l y  l a r g e r .  
i n  lig!lt f o l l o w s  a l s o  q u i t e  n a t u r a l l y  from o u r  model. 

t h e  i n t r i n s i c  v a r i a t i o n  of l i g h t  f a r  a:;zy from e c l i p s e  is 
e x p e c t e d  from t h e  s u p e r g i a n t  F2 _ur inary  i t s e l f ,  t h e  g r e a t e r  
f l u c t u a t i o n  i n  l i g h t  Rear and d u r i n g  e c l i p s e  o n l y  i n d i c a t e s  

Accord icg  t o  t h i s  

Such a manner of  v a r i a t i o n s  
While 

.-.- - .  t h e  u n s t e a d i n e s s  of gaseous  s t r e a m s  on b o t h  s ides  of t h e  
r o t a t i n g  d i s k .  

IV. I?\TERPRET!iTION OF SPECTROSCOPIC R3SULTS 

T h a t  5 Aurigae shows an  E, e m i s s i o n  h a s  l o n g  been  known 

(Adams and Sanfo rd  1930) .  
(195s)  have made a n  e x t e n s i v e  s t u d y  of t h e  s t r u c t u r e  02 t h i s  

More r e c e n t l y ,  Wright and Kushwaha 
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ITc i i n e  b o t h  i n s i d e  and o u t s i d e  t h e  l a s t  e c l i p s e .  According 

t o  t h e m ,  t h e  two e m i s s i o n  wic:s aye z l m o s t  e q u a l  i n  i n t e n s i t y  
o u t s i d e  ecl ipse.  >!oreover,  The c e n t r a l  a b s o r p t i o n  g i v e s  the 

sane r L d i a 1  v c i o c i t y  a s  the  a 5 s o r p c i o n  l i n e s  of Fez , sax  , 
and 
t h a t  the n a t e r i 2 l  t h z t  produces t h e  e x i s s i o n  f e a t u r e  moves 

w i t h  the prirx.:-Lr. 

i n  a l l  p h a s e s  o a t s i d e  e c l i p s e .  T h i s  r e s u l t  s u g g e s t s  r,7 7 

:,loreover , W i g h t  a n d  Kushwaha have found that  j u s t  before 
and  d u r i n g  i n g r e s s  t h e  emis s ion  wing towards  v i o l e t  is 

u s u a l l y  s t r o n g e r  t h a n  -chat towards r e d  and d u r i n g  e g r e s s ,  t h e  

r e v e r s e  is t r u e .  A t  t h e  t i x  of t o t a l i t y ,  t h e  a b s o r p t i o n  
becomes dominac t .  

- 7  i.ie Hc e m i s s i o n  is producea by g a s e s  moving v i t h  t h e  

p r imary  component, b u t  we S t i l l  do c o t  lillOW how xhey  are 
d i s t r i b u t e d  i n  s p a c e  arouxd t h e  prix1x-y component. The l i n e  
p r o f i l e  o a t s i d e  e c l i p s e  spnears t o  s u g g e s t  a r o t a t i n g  gaseous  
z i n g  l i k e  t h e  one obse rved  i l l  rnauy a n  Algol - type  b i n a r y  

sys t em ( J o y  1942;  a l so  Szhade 1 9 6 0 ) .  However, t h e  b e h a v i o r  

of 
d i f f e r s  :;*om what has beell observed  i n  t h e  Algol - type  v a r i a b l e s .  

I n  t h e  l a t t e r ,  -c3e emiss ion  wing toward v i o l e t  decreases i n  

t h i s  e m i s s i o n  l i n e  found i n  (. Aurigae  d u r i n g  e c l i p s e  

! 

s t r e n g t h  wher, tile s y s t e n  en te i - s  i n t o  e c l i g s e ,  b u t  i n  2 A u r i g a e ,  

t?':o e:;:ission wings i n  or;>os I c e  d i i - zc l i i om.  Tv~o hypo theses  i 

i 
1 

t h e  sane wing i n c r e a s e s  i n  strexgx!:. S i m i l a r l y ,  i n  e g r e s s ,  

t h e  two cases show v a r i a z i o s  in the r e l a t i v e  i n t e n s i t y  of  t h e  

as r e g a r d s  t h e  d i s t r i b u t i o n  of emitxi: :g g a s e s  nay be proposed  

I 

t o  e x p l z i n  t h e  behav io r  of Ei e ix i ss ion  found i n  
and o u t  of e c l i p s e .  (1) The e in iss ion  indeed  comes Prom a i 

Aurigae i n  t 
CL i 

gaseous  r i n g  r o t a t i n g  a round t h e  p r i n a r y  b u t  t h e  s e n s e  of  
I 
i r o t a t i o , ;  is opposi-ce t o  t h e  o r b i t a l  r e v o l u t i o n  of components 

i n  t h e  s y s t e m .  i 
f 

( 2 )  E x i s s i o n  is produced  by expanding  g a s e s  I 

i 
i 

t 
ejected from t h e  p r imary  component. I t  is i n t e r e s t i w  t o  n o t e  t h a t  

I - 10 - 
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I 

Adams a:id Sznfoi-L (1530) dicl fi;:d t h a t  2- s!iowe< t h e n  c?s an 
c:zissic:i wit!: a s  zbscr i3t lon %ordz:- 011 i t s  v i o l e t  edge ,  

c- 

i k A L . L u L i - G  .A 2 .-. .. -- 7 ,. .- CL-;;;~.,::~ ~:.ci;icn of gj;:-.s~:s . ~ : : ; 3 2 ~ ; : 2 : 1 ~ ~ ) 7 ,  Z 2 L i s  

(Set p<:;;< : g s , . >  cLzLss ; f i2d  it; 2,s ĉ , " ;'\; .?i;?* st:&:-. 
,. . 

_. L, 

)*ccol.<ing :'s,ryig;lt 2,cd ~<uspA\:,r;L;-..i z3;c \:'Tc. '.- 
3 , . ;. e i:: i s s i on 

f ea tu i -2  that o c c u r s  .dui-iLg t c t a l i - t y  ssexs t o  co r re spond  t o  - 
t h e  v e l o c i t y  of t h e  sys t em 2nd cou ld  be due t o  t h e  t enuous  

g a s e s  e n v e l o p i n g  t h e  e i i t i re  biilai-y . 

While the E-, e m i s s i o n  mainly comes from g a s e s  a s s o c i a t e d  
L.. 

i n  wiiatevei- way w i t h  t h e  p r l r x c y  component, t h e  compl i ca t ed  
a b s o r p t i o n  feature of this l i n e  obsz rved  d u r i n g  e c l i p s e  is due 

around t h e  secondary  component. 

c L O  gases spilled above and below t h e  x a i n  body of  t h e  disk 

I t  is r e a s o n a b l e  t o  assume tE-izt t h e  d i s t r i b u t i o n  of 
g s e s  ai-ou::d t h e  secondary  cor;..ponent is n o t  c o n f i n e d  t o  t h e  

d i s k  i t s e l f .  However, for t h e  same r e a s o n  t h a t  t h e  mater ia l  
d e n s i t y  i n  t h e  g a l a c t i c  p l a n e  falls o f f  r a p i d l y  i n  t h e  p o l a r  

d i r e c t i o i i s ,  t h e  d e n s i t y  around t h e  secondary  component must 

a l s o  d e c r e z s e  r a p i d l y  w i t h  t h e  p e r p e n d i c u l a r  d i s t a n c e .  At 
p l a c e s  no t  t o o  f a r  away f rox tine main body of t h e  d i s k ,  t h e  

g a s e o u s  d i s t i - i b u t i o n  would be s o  r a re  t h a t  it is no l o n g e r  

opaque t o  t h e  c o n t i n u o u s  r a d i a t i o n  b u t  i t  may s t i l l  produce  
l i n e  a b s o r s x i o n .  T h e r e f o r e ,  we s h o u l d  e x p e c t  t o  observe i t  

t h r o u g h  s p e c t r o s c o p i c  study. I n d e e d ,  a c c o r d i n g  t o  o u r  
model ,  i t  is t h i s  gas d i s t r i b u t i o n  t ha t  p roduces  t h ?  a d d i t i o n a l  

abso;-ption t h a t  m o d i f i e s  t h e  p r o f i l e  of Hc c o n t i n u o u s l y  w i t h  
phase dui-ing e c l i p s e .  Thus, dur i rAg i n g r e s s ,  a d d i t i o n a l  

a 5 s o i - ~ t i o ~ i  which occxrs i n  b . A L  r e d  side of t h e  norinal p o s i t i o n  
m & e s  t h ?  e x i s s i o n  W i i l g  towvai-d v i o l e t  Zppear s t r o n g e r  t h a n  t h e  

o the r .  -4 s imi l a r  argument l e a d s  t o  the reverse c o n c l u s i o n  
a-i; t h e  t i m e  of e g r e s s .  During t o t a l i t y  t h e  l i g h t  from t h e  
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t he  p r e v i o u s  s e c t i o n  we have a x t r i b u t e d  t h e  asymmetry 
/ 

# *  of t h e  l i g i i t  cu rve  a l s o  t o  gaseous s t r e a m  which a re  l o c a t e d  
pe rkaps  c l o s e r  t o  t h e  d i s k  t h a n  those  g i v i n g  r i s e  t o  a b s o r p t i o n  
l i n e s .  !'/e have s u g g e s t e d  t n a t  t:--c gaseous s t r e a m s  must be 

n0i-c c o n p l i c a t e d  and ex tend  2 12;-ger r e g i o n  i n  t h e  r e a r  s i d e  
+ 1  LIian  i n  t h e  f r o n t  s i d e  of ?he secondary .  Accord icg iy ,  w e  

i 

! 

J 

I 

z g p c a r  t o  b e a r  tliis p:edic-zion act. They have founG t h a t  at t h e  
v e r y  eild of t o L a l i t y ,  zhe zbsa i -n t ion  l i n e s  show a r emarkab le  

a:noc:!lt of s t r u c t u r e  not p r e v i o u s l y  oSsci-ved i n  t h e  s t a r .  

Soae l i n e s  a r e  t r i p l e ,  w h i l e  o t h e r s  show a double  s t r u c t u r e ,  
i n d i c a t i n g  gaseous Sti*el::1s, j w z  c o i 5 c g  o u t  f r o x  t h e  p r imary  

b e f o r e  c o l l i s i o n  
d i f f c i - e n c e s  of t k e  stream. 

which would have e-rzsec! t h e  v e l o c i t y  

V.  T9E F2 SUPERGIA-W -4TXOSi?HERE, ITS XASS EJECTICN AND 
T E 3  LTLEST VEL02 IT  I'CS 

F i n a l l y ,  vie rmy s;y B few vords  abou t  ;he atnosphere  

of t h e  F2 su2crg ian-c  p r i n a r y .  L l a t e v e r  is t h e  : a s s  ratio o f  

the  systefi?, i - r :  i s  reasonably certain t h a z  thc s i z e  of t h e  
p r h a r y  c o x ? o x r , t  d e r i v e d  i n  S c c t i o n  11 mast be s i n a l l  compared 

w i t h  tlhe icce-rmost c o n t a c t  s-i lr iace ( e .  2 .  Xuiper  l%i) , which 

w i l l  be re fe r red  t o  kereafze i -  a s  thc S s c r f a c e .  Indeed ,  

t h e  l i g h t  c u r v e  o u t s i d e  e c l i p s e  does  n o t  i n d i c a t e  any d i s t o r t i o n  

d u e  t o  e l l i p t i c i t y .  On t h e  o z h e r  hand ,  b o t h  s p e c t r o s c o p i c  

and p h o t o x t r i c  r e sL l t s  i n d i c s z e  t h a t  mss is c o n t i n u o u s l y  

1 

f1owi:lg ou; of t h e  s r i n a i - y  lo';,? oL ?. L -  ,ne Si s u r f a c e  i n t o  t h e  
.& 

s e c o n d a r y  l o b e .  It f o l l o w s  -ci?az z t  t h e  p h o t o s p h e r i c  s u r f a c e ,  

t h e  s t a r  must s t e a d i l y  e jec t  m a t t e r  t o  k e e p  t h e  f l o w  of  gas  
from t h e  pr imary  l o b e  t o  t h e  s e c o n d a r y  l o b e  o f  t h e  S1 s u r f a c e .  

S i n c e  t h e  pho tosphe re  is w e l l  below t h e  S1 s u r f a c e ,  t h e  e f f e c t  

of ii;s coinparison must be s m a l l .  

a t  the  s t e l l a r  s u r f a c e  ( i . e .  pho tosphe re )  must be i n t r i n s i c  t o  

Consequen t ly ,  mass e j e c t i o n  
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Xui;>cr, C.P., S z r u v e ,  0 .  and S t r o x g r e n ,  . r  2. 1937, Ap. J., 
s5. 570- 

d ' - k t r o > ,  Likge 3, 421. - 
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