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1 • I N T R O D U C T I O N 

I n r e c e n t y e a r s t h e r e i s a g e n e r a l t e n d e n c y t o d i v i d e Be s t a r s 
i n t o d i f f e r e n t g r o u p s . B i d e l m a n ' s ( 1 9 7 6 ) d i v i s i o n o n s u p e r g i a n t s , 
r a p i d l y r o t a t i n g s i n g l e s t a r s , i n t e r a c t i n g b i n a r i e s , e a r l y t y p e 
n e b u l a r v a r i a b l e s a n d q u a s i ( o r y o u n g ) p l a n e t a r y n e b u l a e i s o f t e n 
q u o t e d . A n o t h e r e x a m p l e i s t h e c l a s s i f i c a t i o n b y L e s h ( 1 9 6 8 ) o r a 
v e r y r e c e n t c l a s s i f i c a t i o n b y J a s c h e k e t a l ( 1 9 8 0 ) , l i m i t e d a p r i o r i 
t o " n o r m a l " Be s t a r s i . e . s t a r s o f l u m i n o s i t y c l a s s e s V t o I I I . I do 
n o t t h i n k s u c h a n a p p r o a c h i s r e c t m m e n d a b l e . T h e r e i s s t i l l n o 
g e n e r a l a g r e e m e n t a s t o t h e n a t u r e o f t h e Be p h e n o m e n o n a n d a l l s u c h 
c l a s s i f i c a t i o n s m u s t be more o r l e s s d e s c r i p t i v e . The p o s s i b i l i t y 
t h a t t h e h y d r o g e n e m i s s i o n o b s e r v e d i n t h e s p e c t r a o f a p p a r e n t l y v e r y 
d i f f e r e n t o b j e c t s h a s a l w a y s t h e same p h y s i c a l c a u s e , a n d t h a t t h e 
d i f f e r e n c e s b e t w e e n t h e s e o b j e c t s a r e c a u s e d o n l y b y c o n t i n u o u s l y 
v a r y i n g p h y s i c a l a n d / o r g e o m e t r i c a l p a r a m e t e r s s h o u l d s e r i o u s l y be 
c o n s i d e r e d , a l o n g w i t h a l l o t h e r c o n c e p t s . A t t h e m o m e n t , I f i n d i t 
more p r o m i s i n g t o s t u d y Be s t a r s i n c o n t e x t o f a l l e a r l y t y p e e m i s 
s i o n o b j e c t s , i n c l u d i n g s u p e r g i a n t s , P C y g s t a r s , B e t a Cep o b j e c t s , 
WR s t a r s , s y m b i o t i c s t a r s a n d n o v a e . S u c h a v i e w p o i n t i s n o t new -
- i t w a s e x p r e s s e d a l r e a d y b y S t r u v e ( 1 9 4 2 ) . 

L e t u s c o n s i d e r t h e c a s e o f s u p e r g i a n t s i n p a r t i c u l a r . L i t t l e 
i s k n o w n a b o u t t h e i r l o n g - t e r m s p e c t r a l v a r i a b i l i t y . H o w e v e r t h e i r 
R V a n d p h o t o m e t r i c v a r i a t i o n s do seem t o be r a t h e r s i m i l a r t o wha t 
i s o b s e r v e d f o r Be I I I - V s t a r s ( o . f . , e . g . S t e r k e n 1 9 7 7 , S t e r k e n a n d 
W o l f 1 9 7 8 o r R u f e n e r e t a l 1 9 7 8 ) . E x c l u d i n g t h e s u p e r g i a n t s f r o m 
c o n s i d e r a t i o n s l e a d s f r o m t i m e t o t i m e e v e n t o i n c o n s i s t e n c i e s . I n 
many c a t a l o g u e s , t h e c p r e f i x o f t h e s p e c t r a l t y p e i s q u o t e d f r o m 
o l d e r s o u r c e s a n d may r e f e r t o t h e s h e l l s p e c t r u m o f a Be I I I - V 
o b j e c t . T h u s , c o n s i d e r i n g t h e a b o v e - m e n t i o n e d f a c t s , I p r e f e r t o l e t 
t h e s u b j e c t o f t h i s s t u d y somewhat " u n d e f i n e d " . 

U n t i l n o w , many d i f f e r e n t m o d e l s h a v e b e e n s u g g e s t e d , o r e v e n 
c o m p u t e d , t o e x p l a i n v a r i o u s s p e c i f i c a s p e c t s o f t h e Be p h e n o m e n o n . 
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Y e t , a s f a r a s I k n o w , t h e r e a r e o n l y t h r e e g e n e r a l c o n c e p t i o n s 
a t t e m p t i n g t o e x p l a i n t h e Be p h e n o m e n o n i n i t s c o m p l e x i t y : 

1 0 The r o t a t i o n a l h y p o t h e s i s p r o p o s e d o r i g i n a l l y b y S t r u v e ( 1 9 3 1 ) , 
2 0 The h y p o t h e s i s o f r a d i a l o u t f l o w o f m a t t e r , f i r s t s u g g e s t e d 

b y G e r a s i m o v i c ( 1 9 3 4 ) , a n d 
3 . The b i n a r y h y p o t h e s i s , f o r m u l a t e d i n a g e n e r a l w a y b y K r i z a n d 

H a r m a n e c ( 1 9 7 5 ) . 

H e r e , I s h a l l t r y t o o u t l i n e t he b a s i c p r i n c i p l e s a n d t o 
e v a l u a t e s u c c e s s e s a n d p i t f a l l s o f t h e s e t h r e e c o m p e t i n g c o n c e p t i o n s , 
i n t h e i r r e l a t i o n t o t h e a v a i l a b l e o b s e r v a t i o n a l d a t a * I n e v i t a b l y , 
t h i s e v a l u a t i o n w i l l r e f l e c t s my p e r s o n a l k n o w l e d g e a n d i n t e r e s t s 
a n d w i l l be n e i t h e r c o m p l e t e n o r t h e o n l y p o s s i b l e © 

2© THE R O T A T I O N A L MODEL ( R M ) 

T h i s m o d e l s t a r t s f r o m t h e o b s e r v e d c o r r e l a t i o n b e t w e e n r o t a t 
i o n a l v e l o c i t y a n d w i d t h a n d s h a p e o f e m i s s i o n l i n e s i n Be s t a r s © 
I t i s a s s u m e d t h a t Be s t a r s a r e r o t a t i o n a l l y u n s t a b l e a t e q u a t o r a n d 
e j e c t m a t t e r , w h i c h f o r m s e n v e l o p e s a n d g i v e s r i s e t o t h e e m i s s i o n 
l i n e s © D i f f e r e n t s h a p e s o f t h e l i n e s a r e e a s i l y e x p l a i n e d b y t h e 
a s p e c t e f f e c t : Be s t a r s w i t h s i n g l e - p e a k e d n a r r o w e m i s s i o n l i n e s h a v e 
a l s o s h a r p a b s o r p t i o n l i n e s a n d a r e u n d e r s t o o d a s r a p i d l y r o t a t i n g 
o b j e c t s s e e n r o u g h l y p o l e - o n . A l s o t h e o b s e r v e d p r o p o r t i o n a l i t y o f 
t h e w i d t h o f t h e h y d r o g e n e m i s s i o n l i n e s t o t h e i r w a v e l e n g t h , f i r s t 
r e c o g n i z e d b y C u r t i s s ( 1 9 2 3 ) , a g r e e s w e l l w i t h R M . RM i s t h u s b a s e d 
o n a s s u m p t i o n t h a t a r a p i d a x i a l r o t a t i o n i s a common p r o p e r t y o f a l l 
Be s t a r s , a p r o p e r t y w h i c h t h e s e s t a r s g a i n e d d u r i n g t h e i r c o n t r a c t i o n 
t o w a r d s t h e ZAMS a n d d u r i n g s u b s e q u e n t e v o l u t i o n . S a c k m a n n a n d A n a n d 
( 1 9 7 0 ) s h o w e d t h a t , o n a s s u m p t i o n o f a r i g i d r o t a t i o n , a B s t a r 
e v o l v i n g f r o m t h e ZAMS b e c o m e s r o t a t i o n a l l y u n s t a b l e a t t h e e q u a t o r 
v e r y e a r l y a n d s t i l l l o n g b e f o r e t he e n d o f i t s m a i n - s e q u e n c e s t a g e 
- u n l e s s t h e i n i t i a l r o t a t i o n i s v e r y s l o w . A l s o S t r i t t m a t t e r e t a l 
( 1 9 7 0 ) c o m p u t e d e v o l u t i o n a r y m o d e l s o f u n i f o r m l y r o t a t i n g B s t a r s , 
c o n s i d e r i n g a l s o t h e e q u a t o r e a l m a s s l o s s w h i c h t h e y f o u n d t o be 
b e t w e e n 3 x 1 0 a n d 4 x 1 0 M @ / y e a r i n t h e i r p a r t i c u l a r c a s e * 
K i p p e n h a h n e t a l ( 1 9 7 0 ) c o n s i d e r e d more c o m p l i c a t e d m o d e l s i n w h i c h 
l o c a l a n g u l a r momentum c o n s e r v a t i o n w a s a s s u m e d i n r e g i o n s o f v a r y 
i n g c h e m i c a l c o m p o s i t i o n a n d o v e r a l l c o n s e r v a t i o n o f a n g u l a r momentum 
a n d s o l i d b o d y r o t a t i o n i n a l l c h e m i c a l l y h o m o g e n e o u s r e g i o n s © 
A s s u m i n g t h e c r i t i c a l r o t a t i o n a t t h e Z A M S , t h e y o b t a i n e d e q u a t o r e a l 
m a s s l o s s a t t h e e n d o f t h e m a i n - s e q u e n c e s t a g e . O n t h e o t h e r h a n d , 
m o d e l s a s s u m i n g l o c a l c o n s e r v a t i o n o f a n g u l a r momentum i n r a d i a t i v e 
r e g i o n s a n d s o l i d b o d y r o t a t i o n w i t h o v e r a l l c o n s e r v a t i o n o f a n g u l a r 
momentum i n c o n v e c t i v e l a y e r s , a v o i d e d t h e m a s s l o s s d u r i n g t h e m a i n -
- s e q u e n c e e v o l u t i o n . M e y e r - H o f m e i s t e r a n d T h o m a s ( 1 9 7 1 ) r e p e a t e d 
t h e s e c o m p u t a t i o n s t a k i n g t h e m a s s l o s s i n t o q a c c o u n t . T h e y e s t i m a t e d 
t h e m a s s - l o s s r a t e t o be o f t h e o r d e r o f 10 M ^ / y e a r . T h e y a l s o 
c o m p u t e d t h e o r e t i c a l d i s t r i b u t i o n o f r o t a t i o n a l v e l o c i t i e s a n d 
c o m p a r e d i t w i t h t h e d i s t r i b u t i o n o b s e r v e d f o r Be s t a r s . U n f o r t u n a t e -
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l y , t o o many a s s u m p t i o n s i n v o l v e d i n t h i s c o m p a r i s o n do n o t a l l o w t o 
make a n y f i r m c o n c l u s i o n . O s t r i k e r ( 1 9 7 0 ) h a s s h o w n t h a t a c o n t r a c t 
i n g , r o t a t i n g s t a r w i l l n e v e r s h e d m a s s a t t h e e q u a t o r u n l e s s a l s o 
v i s c o u s a n d / o r m a g n e t i c f o r c e s a r e t a k e n i n t o c o n s i d e r a t i o n . S u m 
m a r i z i n g t h e t h e o r e t i c a l r e s u l t s , we c a n s a y t h a t t h e a v a i l a b l e 
p r e d i c t i o n s o f r o t a t i o n a l i n s t a b i l i t y a r e m o d e l d e p e n d e n t a n d t h e r e 
f o r e somewhat i n c o n c l u s i v e . 

I t s e e m s t h a t t h e o b s e r v a t i o n a l e v i d e n c e i s more s p e c i f i c o n 
t h i s p o i n t . The d i a g r a m s s h o w i n g t h e d i s t r i b u t i o n o f o b s e r v e d p r o j e c t 
e d r o t a t i o n a l v e l o c i t i e s o f Be s t a r s ( v . s i n i ) v e r s u s s p e c t r a l t y p e , 
w i t h t h e l i n e o f c r i t i c a l r o t a t i o n d r a w n , c l e a r l y s h o w t h a t t h e 
q u e s t i o n o f r o t a t i o n a l i n s t a b i l i t y d o e s n o t r e p r e s e n t a n y s e r i o u s 
o b s t a c l e f o r RM ( S l e t t e b a k 1 9 7 6 , 1 9 7 9 ) . D o a z a n ( 1 9 7 0 ) , m e a s u r i n g 
p r o f i l e s o f 2 6 Be s t a r s , c o n c l u d e d t h a t n o c o r r e l a t i o n e x i s t s 
b e t w e e n t h e w i d t h o f t h e H I e m i s s i o n l i n e s a n d r o t a t i o n a l v e l o c i t i e s 
o f u n d e r l y i n g s t a r s , c a s t i n g t h u s some d o u b t s o n one o f S t r u v e ' s 
( 1 9 3 1 ) b a s i c a r g u m e n t s . N e v e r t h e l e s s , S l e t t e b a k ( 1 9 7 6 ) a n d S l e t t e b a k 
a n d R e y n o l d s ( 1 9 7 8 ) p r e s e n t e d c o n v i n c i n g e v i d e n c e o f t h i s c o r r e l a t 
i o n , f o r a l a r g e g r o u p o f Be s t a r s . H a r d o r p a n d S t r i t t m a t t e r ( 1 9 7 0 ) 
d e m o n s t r a t e d a s t r o n g t e n d e n c y o f s h e l l s p e c t r a t o be o b s e r v e d 
m a i n l y among m o s t r a p i d l y r o t a t i n g Be s t a r s . P o e c k e r t a n d M a r l b o r o u g h 
( 1 9 7 6 ) o b s e r v e d a c o r r e l a t i o n b e t w e e n p o l a r i z a t i o n o f Be s t a r s a n d 
v . s i n i . A l l t h e s e p i e c e s o f e v i d e n c e s t r o n g l y s u p p o r t t h e v i e w t h a t 
t h e e n v e l o p e s o f Be s t a r s a r e t o a g r e a t e x t e n t a x i s y m m e t r i c , r a t h e r 
t h a n s p h e r i c a l l y s y m m e t r i c , a n d t h a t t h e i r s t r u c t u r e m u s t s t r o n g l y 
d e p e n d on r o t a t i o n . T h i s n e e d n o t mean h o w e v e r t h a t t h e h i g h r o t a t 
i o n c a u s e s t h e Be p h e n o m e n o n . 

U s i n g J a s c h e k ' s e t a l ( 1 9 8 0 ) h o m o g e n i z e d d a t a f o r 140 b r i g h t 
n o r t h e r n Be s t a r s , I c o n s t r u c t e d h i s t o g r a m s o f v . s i n i f o r B 2 e - B 5 e 
a n d B6e-B9e s t a r s . T h e y a r e s h o w n i n t h e u p p e r p a n e l o f F i g . 1 . One 
i n t e r e s t i n g d i f f e r e n c e o f t h e s e h i s t o g r a m s i s t h a t w h i l e t h e r e i s 
a l m o s t n o q u a l i t a t i v e d i f f e r e n c e b e t w e e n d i s t r i b u t i o n o f e a r l y a n d 
l a t e t y p e n o n - e m i s s i o n B s t a r s , t h e r e e x i s t s a s t r i k i n g d e f i c i e n c y 
o f s l o w l y r o t a t i n g B 6 e - B 9 e s t a r s i n c o m p a r i s o n t o B 2 e - B 5 e s t a r s . I n 
my o p i n i o n , one p o s s i b l e i n t e r p r e t a t i o n o f t h i s e f f e c t i s t h a t i n 
f a c t many B6e-B9e s t a r s a r e B2e-B5e s t a r s s e e n r o u g h l y e q u a t o r - o n 
a n d t h a t t h e c o r r e s p o n d i n g p a r t s o f t h e i r e n v e l o p e s s i m u l a t e a l a t e r 
s p e c t r a l t y p e . ( I n t h e s e c t i o n d e v o t e d t o b i n a r y m o d e l s , I p r e s e n t 
f u r t h e r e v i d e n c e s u p p o r t i n g t h i s v i e w . ) The w h o l e p r o b l e m may be 
f u r t h e r c o m p l i c a t e d by C o l l i n ' s (1974) f i n d i n g t h a t r a p i d r o t a t i o n 
s t r o n g l y a f f e c t s s t r e n g t h s o f He I 447.2 a n d Mg I I 448.1 l i n e s i n 
t h e s e n s e t h a t a r a p i d l y r o t a t i n g s t a r a p p e a r s t o h a v e a s p e c t r a l 
t y p e 2 o r 3 s u b c l a s s e s t o o l a t e i n t e r m s o f t h a t a p p r o p r i a t e f o r i t s 
m a s s , r a d i u s a n d l u m i n o s i t y . A c c o r d i n g t o h i m , h i g h r o t a t i o n o f B 
s t a r s s y s t e m a t i c a l l y i n c r e a s e s t h e n u m b e r o f B7-B9 s t a r s a t t h e 
e x p e n s e o f B3-B5 o b j e c t s ( i.e. i n t h e r e g i o n , w h e r e t h e He I / M g I I 
r a t i o i s u s e d a s t h e m a i n c l a s s i f i c a t i o n c r i t e r i u m ) . Due t o a b o v e -
- m e n t i o n e d f a c t s , o u r k n o w l e d g e o f t h e d i s t r i b u t i o n o f t r u e r o t a t -
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ional velocities (which several authors derived using either the 
method of Chandrasekhar and Munch 1950 or a different approach of 
Bernacca 1 9 7 0 ) need not be reliable. 

A great disadvantage of the original RM was that it had offered 
no clear explanation of the variations observed. It could, in 
principle, explain light and spectral variations with typical cycles 
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B2e-B5e 
45 stars 
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129 stars 

B6 - B 9 
92 stars 
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v • s i n i 
P i g . 1 . D i s t r i b u t i o n o f v . s i n i f o r b r i g h t Be a n d B s t a r s ( t h e d a t a 
f o r n o n - e m i s s i o n s t a r s w e r e a d o p t e d f r o m H a r d o r p a n d S t r i t t m a t t e r 
( 1 9 7 0 ) . The o b s e r v e d v e l o c i t i e s a r e s u b d i v i d e d i n t o i n t e r v a l s o f 
50 k m / s , w i t h t h e e x c e p t i o n o f t h e l o w e s t i n t e r v a l w h i c h i s o n l y 
25 k m / s . T h e n u m b e r o f s t a r s i n t h i s l a s t g r o u p h a s b e e n d o u b l e d i n 
o r d e r t o r e p r e s e n t e a c h s t a r b y t h e same a r e a i n t h e h i s t o g r a m . 
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a r o u n d 1 d a y . H o w e v e r , t o e x p l a i n l o n g - t e r m E / C a n d R V a n d V / R 
v a r i a t i o n s o f e m i s s i o n l i n e s , some o t h e r m e c h a n i s m h a d t o be s o u g h t . 
A l r e a d y S t r u v e ( 1 9 3 1 ) s u g g e s t e d a p o s s i b i l i t y t o e x p l a i n t h e c y c l i c 
V / R v a r i a t i o n s by a s s u m p t i o n t h a t t h e e n v e l o p e h a s a f o r m o f a n 
e l l i p t i c a l r i n g t h e l i n e o f a p s i d e s o f w h i c h r o t a t e s s l o w l y i n s p a c e . 
M c L a u g h l i n ( 1 9 6 1 ) f o r m u l a t e d t h i s m o d e l m a t h e m a t i c a l l y a n d s h o w e d 
t h a t i t g i v e s c o r r e c t a m p l i t u d e s o f RV v a r i a t i o n s . H u a n g ( 1 9 7 3 a ) 
r e v i v e d M c L a u g h l i n ' s i d e a s a n d c o m p u t e d a l s o e m i s s i o n p r o f i l e s o f 
t h e r i n g , a s s u m i n g t h a t t h e r i n g i s o p t i c a l l y t h i n f o r l i n e r a d i a t i o n . 
A l t h o u g h he s h o w e d t h a t a l s o t h e V / R c h a n g e s a r e r e p r o d u c e d w e l l b y 
t h e m o d e l , t h e i d e a o f e l l i p t i c a l r i n g w a s n o t g e n e r a l l y a c c e p t e d . 
I t w a s n o t c l e a r how s u c h a n a r r o w r i n g , a r b i t r a r i l y t i l t e d w i t h 
r e s p e c t t o t h e o b s e r v e r , c o u l d p r o d u c e t h e deep s h e l l l i n e s ( s e e 
M a r l b o r o u g h 1 9 7 6 ) . H o w e v e r K r i z ( 1 9 7 6 , 1 9 7 9 a , b ) u s i n g more r e a l i s t i c 
p h y s i c a l a s s u m p t i o n s a n d a s s u m i n g a g e o m e t r i c a l l y t h i c k e l l i p t i c a l 
e n v e l o p e , w a s a b l e t o r e p r o d u c e t h e o b s e r v e d p r o f i l e s a s w e l l a s 
t h e i r V / R a n d RV v a r i a t i o n s q u i t e r e a s o n a b l y . The m o d e l t h u s s e e m s 
t o be v e r y p r o m i s i n g . T h e l o n g - t e r m E / C v a r i a t i o n s a r e much l e s s 
u n d e r s t o o d a n d i t i s p o s s i b l e t h a t s e v e r a l d i f f e r e n t t y p e s o f t h e s e 
v a r i a t i o n s e x i s t . Some i d e a s how t o e x p l a i n t hem w i t h i n t h e f r a m e w o r k 
o f RM were p r o p o s e d , f o r e x a m p l e , b y L i m b e r ( 1 9 7 0 , 1 9 7 6 ) o r b y H u a n g 
( 1 9 7 3 b , 1 9 7 6 ) . N e v e r t h e l e s s , n o q u a n t i t a t i v e t h e o r y i s a v a i l a b l e t o 
s h o w w h e t h e r t h e s u g g e s t e d m e c h a n i s m s c a n w o r k p r o p e r l y . 

A new d e v e l o p m e n t o f RM o f f e r s t h e s t u d y b y B a a d e ( 1 9 8 1 ) . He 
s u g g e s t s t o i n t e r p r e t Be s t a r s a s a n a l o g s o f B e t a Cep o b j e c t s s u b j e c t 
e d t o a r a p i d a x i a l r o t a t i o n . D e v e l o p i n g a c r u d e t h e o r y o f n o n - r a d i a l 
p u l s a t i o n s o f r a p i d l y r o t a t i n g s t a r s , he s u c c e e d e d t o e x p l a i n t h e 
1 . 3 7 - d a y p e r i o d i c i t y o f R V a n d V / R v a r i a t i o n s o f 2 8 CMa a s a n o n -
- r a d i a l p u l s a t i o n w i t h w a v e s t r a v e l l i n g o p p o s i t e t o t h e s e n s e o f 
r o t a t i o n . B a a d e p o i n t e d ou t t h a t t h i s r e t r o g r a d e mode i s v e r y s e n s 
i t i v e t o s m a l l c h a n g e s i n t h e a n g u l a r v e l o c i t y o f r o t a t i o n a n d may 
p o t e n t i a l l y be r e s p o n s i b l e f o r l o n g - t e r m V / R a n d RV v a r i a t i o n s o f Be 
s t a r s a n d t h e i r i n s t a b i l i t y . B a a d e ' s i d e a i s c e r t a i n l y q u i t e p r o m i s 
i n g b u t i t n e e d s f u r t h e r q u a n t i t a t i v e d e v e l o p m e n t . F o r e x a m p l e : ^ 
a s s u m i n g t h e p u l s a t i o n a l p e r i o d o f a n o n - r g t a t i n g s t a r t o be 0 . 2 5 , 
B a a d e o b t a i n e d a t h e o r e t i c a l p e r i o d o f 1 . 2 f o r 2 8 C M a , w h i c h h e ^ 
c o n s i d e r s a r e a s o n a b l e a g r e e m e n t w i t h t h e o b s e r v e d v a l u e o f 1 . 3 7 • 
H o w e v e r u s i n g 0 . 1 9 ( a mgre t y p i c a l " a v e r a g e " p e r i o d o f B e t a C e p 
s t a r s ) , one o b t a i n s 0.46 - a l e s s s a t i s f a c t o r y r e s u l t . T h e q u e s t i o n 
t h e n a r i s e s w h e t h e r s u c h m o d e l l i n g i s more t h a n a " f i t t i n g o f f r e e 
p a r a m e t e r s " . One w o u l d l i k e t o s e e more i n d e p e n d e n t t h e o r e t i c a l 
p r e d i c t i o n s w h i c h c o u l d be c o n f r o n t e d w i t h o b s e r v a t i o n s . F o r e x a m p l e , 
i f a l o n g - a n d s h o r t - t e r m v a r i a b i l i t y i s s i m u l t a n e o u s l y o b s e r v e d i n 
one s t a r , c a n b o t h t h e s e v a r i a t i o n s be i d e n t i f i e d w i t h s p e c i f i c 
p u l s a t i o n a l m o d e s f o r t h e same v a l u e o f a n g u l a r v e l o c i t y ? 

3 . THE MODEL OF R A D I A L OUTFLOW OF MATTER (OM) 

G e r a s i m o v i c ( 1 9 3 4 , 1 9 3 5 ) w a s t h e f i r s t who i n t r o d u c e d t h e c o n c e p t 
o f r a d i a l o u t f l o w o f m a t t e r a s a n a l t e r n a t i v e how t o e x p l a i n p r e s e n c e 
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o f e m i s s i o n l i n e s i n t h e s p e c t r a o f Be s t a r s . He a r g u e d t h a t i n 
l u m i n o u s s t a r s l i k e s u p e r g i a n t s a n d P C y g s t a r s , t h e a c c e l e r a t i o n 
due t o r a d i a t i o n p r e s s u r e m u s t o u t w e i g h t g r a v i t a t i o n f o r h y d r o g e n , 
r e s u l t i n g t h u s i n t h e f o r m a t i o n o f a s t e a d y e x p a n d i n g e n v e l o p e w h i c h 
he c a l l e d a " n o n - s t a t i c c h r o m o s p h e r e " • I n l e s s l u m i n o u s r a p i d l y 
r o t a t i n g Be s t a r s t h i s r a d i a t i v e d i s s i p a t i o n i s f a c i l i t a t e d b y s t e l 
l a r r o t a t i o n . G e r a s i m o v i c s u p p o s e d t h a t t h e g r a v i t a t i o n d o e s n o t 
a l l o w t h e f o r m a t i o n o f a p e r m a n e n t n o n - s t a t i c c h r o m o s p h e r e . He 
e x p e c t e d t h a t t h e o u t f l o w p r o c e e d s u n t i l t h e l i n e o p t i c a l t h i c k n e s s 
o f t h e e x p a n d i n g c h r o m o s p h e r e i s s u f f i c i e n t l y l a r g e t o s t o p t h e o u t 
f l o w . O n l y a f t e r t h i s c h r o m o s p h e r e h a s s u f f i c i e n t l y d i s p e r s e d i n t o 
s p a c e a s a d e t a c h e d e x p a n d i n g s h e l l , a new c y c l e o f e v e n t s b e g i n s . 
S u p p o s i n g t h a t t h e e n v e l o p e i s e x p a n d i n g w i t h d e c r e a s i n g v e l o c i t y , 
G e r a s i m o v i c w a s a b l e t o e x p l a i n q u a l i t a t i v e l y c e n t r a l a b s o r p t i o n s i n 
d o u b l e - p e a k e d e m i s s i o n s . G e r a s i m o v i c ( 1 9 3 5 ) o u t l i n e d a l s o some p r e 
l i m i n a r y c o n s i d e r a t i o n s how t o e x p l a i n e v e n t h e l o n g - t e r m V / R c h a n g e s 
a s c o n s e q u e n c e s o f v a r y i n g o p t i c a l t h i c k n e s s o f t h e e x p a n d i n g 
e n v e l o p e . 

I t i s b e y o n d t h e s c o p e o f t h i s p a p e r t o r e v i e w a l l t h e w o r k 
d e a l i n g w i t h l i n e f o r m a t i o n i n e x p a n d i n g a t m o s p h e r e s ( r e a d e r s may 
r e f e r t o H u m m e r ' s 1 9 7 6 r e v i e w ) . H e r e , I o n l y wan t t o m e n t i o n a m o d i f 
i c a t i o n o f OM r e p r e s e n t e d b y r e c e n t p a p e r s b y D o a z a n e t a l ( 1 9 8 0 a , 
b , c ) . I n some r e s p e c t , t h e i r m o d e l r e p r e s e n t s a r e v i v a l o f o l d 
G e r a s i m o v i c ' s i d e a s . T h e y s u p p o s e t h a t t h e Be p h e n o m e n o n i s o n l y a n 
e n h a n c e m e n t i n t h e c h r o m o s p h e r e - c o r o n a c o m p l e x w h i c h s h o u l d e x i s t 
a r o u n d e v e r y s t a r . H o w e v e r i n s t e a d o f a s s u m i n g , l i k e m o s t o t h e r 
a d v o c a t e s o f O M , t h a t t h e m a s s l o s s f r o m m a s s i v e s t a r s i s due t o t h e 
r a d i a t i v e l y - d r i v e n s t e l l a r w i n d , t h e y a c c e p t t h e c o n c e p t o f T h o m a s 
( 1 9 7 3 ) a n d C a n n o n a n d T h o m a s ( 1 9 7 7 ) t h a t t h e f l u x o f m a t t e r i s c a u s e d 
b y s u b a t m o s p h e r i c n o n t h e r m a l s t o r a g e m o d e s . T h e i r m o d e l o f a r a d i a l l y 
e x p a n d i n g e n v e l o p e o f Gamma C a s ( D o a z a n e t a l 1 9 8 0 c ) p r e d i c t s c o r r e c t 
l y t h e p r e s e n c e o f h i g h l y i o n i z e d l i n e s i n t h e UV s p e c t r u m a n d o f 
t h e X - r a y e m i s s i o n , w h i c h s h o u l d o r i g i n a t e i n t h e h i g h - t e m p e r a t u r e 
r e g i o n s c l o s e t o t h e s t a r . T h e H I e m i s s i o n s h o u l d o r i g i n a t e i n 
c o o l e r o u t e r l a y e r s o f t h e e n v e l o p e , w h e r e t h e e x p a n s i o n v e l o c i t y i s 
d e c r e a s i n g o u t w a r d s , a s i n G e r a s i m o v i c ' s m o d e l . T h e a u t h o r s m e n t i o n 
h o w e v e r t h a t t h e q u a n t i t a t i v e a g r e e m e n t o f t h e i r m o d e l w i t h t h e 
o b s e r v a t i o n s i n o p t i c a l r e g i o n i s n o t s a t i s f a c t o r y s i n c e t h e d e n s i t 
i e s i n o u t e r l a y e r s a r e t o o l o w t o g i v e r i s e t o t h e o b s e r v e d 
h y d r o g e n e m i s s i o n . 

A n o t h e r m o d i f i c a t i o n o f OM w a s s u g g e s t e d , w i t h some h e s i t a t i o n , 
b y S n o w e t a l (1979). T h e y a s s u m e d t h e r a d i a t i v e l y d r i v e n s t e l l a r 
w i n d m o d e l a n d a v e l o c i t y f i e l d w i t h e x p a n s i o n v e l o c i t y i n c r e a s i n g 
o u t w a r d s . I n t h e i r m o d e l , t h e h y d r o g e n e m i s s i o n o r i g i n a t e s n e a r t h e 
s t e l l a r s u r f a c e , w h e r e t h e v e l o c i t y i s l o w ; t h e UV s h e l l l i n e s , l i k e 
F e I I I , w i t h e x p a n s i o n v e l o c i t i e s a r o u n d 100 k m / s a r e f o r m e d a b o v e 
t h e s e l a y e r s . F i n a l l y , t h e h i g h - v e l o c i t y S i I V a n d N V l i n e s , o b s e r v 
e d i n some c a s e s , o r i g i n a t e i n t h e o u t e r l a y e r s o f t h e e n v e l o p e , 
w h e r e b o t h , t h e a c c e l e r a t i o n o f t he e x p a n d i n g m a t t e r , a n d t h e d e g r e e 
o f i o n i z a t i o n , h a v e i n c r e a s e d s u b s t a n t i a l l y . 
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The t r o u b l e i s t h a t a l l a v a i l a b l e t h e o r e t i c a l p r o f i l e s o f t h e 
H I l i n e s o r i g i n a t i n g i n e x p a n d i n g a t m o s p h e r e s u s e t h e t h e o r y o f 
r a d i a t i v e l y d r i v e n s t e l l a r w i n d ( e . g . K u n a c z 1 9 8 0 ) . The r e s u l t i n g 
p r o f i l e s d i f f e r s s u b s t a n t i a l l y f r o m t h e p r o f i l e s o b s e r v e d i n Be 
s t a r s . A s f a r a s I k n o w , n o m o d e r n t h e o r e t i c a l h y d r o g e n - l i n e p r o f i l e s 
o r i g i n a t i n g i n a n e x p a n d i n g a t m o s p h e r e w i t h t h e v e l o c i t y f i e l d s 
a s s u m e d b y G e r a s i m o v i c o r b y D o a z a n e t a l we re p u b l i s h e d . On t h e 
o t h e r h a n d , t h e p r o f i l e s c o m p u t e d on a s s u m p t i o n o f RM g i v e s a t i s f 
a c t o r y a g r e e m e n t w i t h o b s e r v e d p r o f i l e s ( s e e , e . g . , P o e c k e r t a n d 
M a r l b o r o u g h 1 9 7 8 o r K f i z 1 9 7 9 a , b ) . P r o m t h i s p o i n t o f v i e w , t h e 
g e n e r a l v a l i d i t y o f OM i s o p e n t o f u r t h e r i n v e s t i g a t i o n . S i m i l a r l y , 
one w o u l d l i k e t o s e e a q u a n t i t a t i v e e x p l a n a t i o n o f d i f f e r e n t v a r 
i a t i o n s o b s e r v e d i n Be s t a r s w i t h i n t h e f r a m e w o r k o f O M . A s f a r a s 
I k n o w , t h i s i m p o r t a n t p r o b l e m w a s n o t t a c k l e d b y t h e p r o p o n e n t s o f 
OM s i n c e t h e t i m e o f G e r a s i m o v i c 3 s p r e l i m i n a r y c o n s i d e r a t i o n s . 

4 . THE B I N A R Y MODEL ( B M ) 

I n a g e n e r a l f o r m , BM w a s o u t l i n e d b y u s i n two p a p e r s s i x y e a r s 
a g o ( K f i z a n d H a r m a n e c 1 9 7 5 , H a r m a n e c a n d K f i z 1 9 7 6 ) . T h e s e p a p e r s 
c o n t a i n a l s o more o r l e s s c o m p l e t e r e f e r e n c e s t o a l l e a r l i e r wo rk i n 
t h i s d i r e c t i o n - . N o w , I t a k e t h i s o p p o r t u n i t y t o r e - f o r m u l a t e t h e 
b a s i c i d e a s o f B M . A d r a w b a c k o f o u r o r i g i n a l f o r m u l a t i o n w a s t h a t i t 
w a s t o o m o d e l - d e p e n d e n t . M a n y o f t h e i d e a s h a v e b e e n d e m o n s t r a t e d 
u s i n g t h e r e s u l t s o f t h e t h e o r y o f m a s s e x c h a n g e i n c l o s e b i n a r i e s . 
Q u i t e n a t u r a l l y , a n y p r e d i c t i o n made o n t h e a s s u m p t i o n t h a t a 
p a r t i c u l a r Be s t a r i s a c a s e B m a s s - e x c h a n g i n g b i n a r y c o u l d be o n l y 
a s g o o d ( o r , a s w r o n g ) a s t h e t h e o r y o f m a s s e x c h a n g e i t s e l f . The 
o b s e r v a t i o n a l d a t a a c c u m u l a t e d d u r i n g r e c e n t y e a r s r e p r e s e n t s e r i o u s 
w a r n i n g t h a t t h i s t h e o r y i s s t i l l r a t h e r o v e r s i m p l i f i e d a n d c a n n o t 
p r o v i d e u s w i t h r e l i a b l e q u a n t i t a t i v e p r e d i c t i o n s . I n d e e d , some o f 
t h e o b j e c t i o n s a g a i n s t BM w e r e r a t h e r o b j e c t i o n s a g a i n s t t h e p r e d i c t 
i o n s o f t h e t h e o r y o f m a s s e x c h a n g e . F o r t h i s r e a s o n , I p r e f e r t o 
u s e a n a l o g y w i t h r e a l l y o b s e r v e d i n t e r a c t i n g b i n a r i e s i n s t e a d o f 
c o m p a r i s o n w i t h some p a r t i c u l a r t h e o r e t i c a l mode o f m a s s e x c h a n g e . 

What i s t h e e s s e n c e o f B M ? 
A . The Be e n v e l o p e i s f o r m e d b y t h e m a t t e r t r a n s f e r r e d t o t h e 

B s t a r f r o m t h e o t h e r c o m p o n e n t o f t h e b i n a r y s y s t e m . The m o s t 
p r o b a b l e s i t u a t i o n ( l e t u s c a l l i t mode 1 ) i s t h a t s u c h a n e n v e l o p e 
i s f o r m e d w i t h i n t h e c o r r e s p o n d i n g R o c h e l o b e . T o p r o v i d e s p a c e 
e n o u g h f o r t h e e n v e l o p e s w i t h d i m e n s i o n s s e v e r a l t i m e s l a r g e r t h a n 
t h e r a d i u s o f a B s t a r , t h e o r b i t a l p e r i o d s o f s u c h s y s t e m s m u s t be 
r e l a t i v e l y l o n g . I n one i m p o r t a n t p a r a m e t e r we t h u s h a v e a s i m p l e 
g e o m e t r i c a l s e q u e n c e : s h o r t - p e r i o d i n t e r a c t i n g s y s t e m s ( p e r i o d s u p t o 
a f e w d a y s ) w i l l a p p e a r a s A l g o l b i n a r i e s . B e c a u s e o f l i m i t e d s p a c e 
a r o u n d t h e i r m a s s - g a i n i n g s t a r s ( g a i n e r s ) , t h e s e s y s t e m s e x h i b i t 
m a i n l y t h e a b s o r p t i o n l i n e s o f g a s s t r e a m s b u t o n l y m o d e r a t e o r n o 
H e m i s s i o n l i n e s ( s e e P l a v e c a n d P o l i d a n 1 9 7 6 ) . F o r l o n g e r p e r i o d s 
(up t o s e v e r a l h u n d r e d s o f d a y s o r m o r e ) we o b s e r v e a Be s t a r 
( P e t e r s 1 9 8 0 f o u n d t he H ^ e m i s s i o n i n a l m o s t a l l A l g o l s y s t e m s w i t h 
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o r b i t a l p e r i o d l o n g e r t h a n 6 d a y s ) . The o t h e r e n d o f t h i s s e q u e n c e 
f o r v e r y l o n g o r b i t a l p e r i o d s may be r e p r e s e n t e d b y s y m b i o t i c a n d 
VV Cep s t a r s . 

N o d o u b t , t h e p e r i o d i s n o t t h e « n l y i m p o r t a n t p a r a m e t e r . The 
m a s s e s o f b o t h c o m p o n e n t s m u s t a l s o p l a y a n i m p o r t a n t r o l e , a n d 
e s p e c i a l l y t h e m a s s r a t i o w h i c h may c o n t r o l t h e r a t e a n d t h e t y p e 
o f m a s s e x c h a n g e . The a p p e a r a n c e o f r e a l s y s t e m s d e p e n d s a l s o o n 
w h i c h o f b o t h s t a r s d o m i n a t e s i n t h e o p t i c a l s p e c t r u m . T h u s , t h e 
a b o v e - m e n t i o n e d s i m p l e p i c t u r e c a n be a l m o s t a r b i t r a r i l y c o m p l i c a t e d . 
F o r e x a m p l e : i f t h e m a s s t r a n s f e r i s s t r o n g e n o u g h , t h e e m i s s i o n 
may be a s s o c i a t e d w i t h h o t s p o t s , e s p e c i a l l y i n e x t r e m e l y s h o r t -
- p e r i o d i c s y s t e m s s u c h a s d w a r f n o v a e . L e t u s d e n o t e t h i s s i t u a t i o n 
a s mode 2 . Y e t , i t s e e m s t h a t m o s t o f Be s t a r s w i t h t h e i r d o u b l e 
e m i s s i o n l i n e s do n o t o r i g i n a t e i n t h i s m a n n e r . A n o t h e r c o n s e q u e n c e 
o f a r a p i d m a s s t r a n s f e r c a n be a s u b s t a n t i a l m a s s l o s s f r o m t h e 
s y s t e m . I n p r i n c i p l e , s u c h m a t e r i a l c a n f o r m a n o u t e r e n v e l o p e 
a r o u n d t h e w h o l e s y s t e m ( l e t u s c a l l i t mode 3 ) . T h e n , n o a p p a r e n t 
r e s t r i c t i o n o f t he o r b i t a l p e r i o d o f s u c h b i n a r y c a n be p r e d i c t e d . 
B e c a u s e t h e m a s s l o s s w i l l be p r o b a b l y c o n n e c t e d a l s o w i t h a s u b s t a n t 
i a l l o s s o f a n g u l a r momentum, a r a t h e r s h o r t o r b i t a l p e r i o d i s q u i t e 
p r o b a b l e . W i t h some f a n t a s y , one c o u l d r e - i n t e r p r e t B a a d e ' s o b s e r v 
a t i o n s o f 2 8 CMa a s s u c h a c o n f i g u r a t i o n o f two B s t a r s s e e n n e a r l y 
p o l e - o n . Some e m i s s i o n may o r i g i n a t e e v e n i n c l o u d s c o r r e s p o n d i n g t o 
s t a b l e p e r i o d i c o r b i t s a r o u n d t h e L a g r a n g i a n p o i n t s L a n d L ( s e e 
Wu 1 9 7 5 ) . I n r e a l s y s t e m s , c o m b i n a t i o n s o f s e v e r a l m o d e s a r e q u i t e 
p r o b a b l e - a s a f u r t h e r c o m p l i c a t i o n . 

C o n c e r n i n g t h e n a t u r e o f t h e m a s s - l o s i n g c o m p o n e n t s ( l o s e r s ) , 
I s t r e s s t h a t we n e v e r c l a i m e d t h a t i t mus t be a l a t e t y p e s t a r , a s 
i t i s o f t e n q u o t e d i n l i t e r a t u r e . A l r e a d y i n o u r f i r s t p a p e r we 
p o i n t e d o u t t h a t t h e l o s e r s may be o f v e r y d i f f e r e n t s p e c t r a l t y p e s 
i n p a r t i c u l a r c a s e s . 

B . I n a n y o f t h e t h r e e m o d e s c o n s i d e r e d , o r i g i n a l P l a v e c ' s 
( 1 9 7 0 ) a r g u m e n t t h a t t h e e x c e s s a n g u l a r momentum b r o u g h t t o t h e 
g a i n e r m u s t i n c r e a s e i t s r o t a t i o n a l v e l o c i t y , i s s t i l l v a l i d . A s t h e 
d e v i a t i o n s o f t h e e q u i p o t e n t i a l s u r f a c e s f r o m t h e s p h e r i c a l s h a p e 
a r e s i g n i f i c a n t o n l y n e a r t h e c r i t i c a l l o b e , i t i s c l e a r t h a t 
e s p e c i a l l y f o r modes 1 a n d 3 t h e r e m u s t be a h i g h d e g r e e o f a x i a l 
s y m m e t r y , a n d t h a t t h e m o d e l s o f s i n g l e r o t a t i n g s t a r s w i t h r o t a t i o n -
a l l y s u p p o r t e d e n v e l o p e s , a r e q u i t e a p p r o p r i a t e t o d e s c r i b e s u c h a 
c o n f i g u r a t i o n , a t l e a s t a s a g o o d f i r s t - o r d e r a p p r o x i m a t i o n . F u r t h e r , 
b e c a u s e t h e o u t e r e q u i p o t e n t i a l s e n c l o s i n g a b i n a r y become more a n d 
more s p h e r i c a l w i t h i n c r e a s i n g d i s t a n c e a n d b e c a u s e i t s e e m s f r o m 
t h e UV o b s e r v a t i o n s ( P l a v e c 1 9 8 0 a , b ) t h a t t h e h i g h - e x c i t a t i o n 
e m i s s i o n l i n e s a r e n o t a s s o c i a t e d w i t h n e i t h e r s t a r i n t h e o b s e r v e d 
s y s t e m s , i t i s n o t s u r p r i s i n g t h a t 0M g i v e s g o o d p r e d i c t i o n s f o r 
t h e s e l i n e s . I t i s t h u s p o s s i b l e t h a t one d a y a l l t h r e e (now c o m p e t 
i n g ) c o n c e p t i o n s w i l l j o i n i n t o one c o m p l e x m o d e l . 
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C . B e s i d e s t h e f o r m a t i o n c f t h e e n v e l o p e , t h e o t h e r c o m p o n e n t 
may be r e s p o n s i b l e f o r t h e l o n g - t e r m RV a n d V / R v a r i a t i o n s o b s e r v e d 
f o r many Be s t a r s . C o m p u t a t i o n s b y K f i z a n d H a r m a n e c ( 1 9 7 5 ) s h o w e d 
t h a t t h e e n v e l o p e a r o u n d t h e g a i n e r p r o d u c e d b y a v a r i a b l e m a s s 
t r a n s f e r may h a v e a f o r m o f a n e l l i p t i c a l r i n g w h o s e l i n e o f a p s i d e s 
s l o w l y r o t a t e s due t o t h e p e r t u r b i n g f o r c e o f t h e s e c o n d a r y c o m p o n e n t . 
T h u s , BM c a n e x p l a i n t h e o r i g i n o f t h e e l l i p t i c a l e n v e l o p e d i s c u s s e d 
a l r e a d y i n s e c t i o n 2 . The e x c e l l e n t q u a n t i t a t i v e a g r e e m e n t o f K f i z ' s 
a n d H a r m a n e c ' s c o m p u t a t i o n s w i t h t h e o b s e r v e d v a r i a t i o n s o f £ T a u i s 
p r o b a b l y one c f t h e g r e a t e s t g o a l s o f B M . The l o n g - t e r m RV a n d V / R 
v a r i a t i o n s a r e f a r t h e m o s t p r o n o u n c e d c h a n g e s o b s e r v e d i n Be s t a r s 
a n d n o o t h e r t h e o r y h a s o f f e r e d t h e i r q u a n t i t a t i v e e x p l a n a t i o n i n 
s u o h a c o n s i s t e n t w a y . S i m i l a r c o m p u t a t i o n s we re f u r t h e r d e v e l o p e d 
b y C a s t l e ( 1 9 7 7 ) , who d i s c u s s e d a w h o l e g r i d o f m o d e l s , i n c l u d i n g 
t h o s e c o r r e s p o n d i n g t o wha t I c a l l mcde 3 * C a s t l e c o n f i r m e d t he 
a p p l i c a b i l i t y o f t h e m o d e l t o Be s t a r s a n d p o i n t e d ou t t h a t e l l i p t i c a l 
d i s k s c a n p r o d u c e r a d i a l v e l o c i t y - e x c i t a t i o n g r a d i e n t s o f e i t h e r s i g n . 
To be h o n e s t , I m u s t s a y t h a t t h i s m o d e l w i l l p r o b a b l y wo rk e v e n i f 
t h e e l l i p t i c a l e n v e l o p e w o u l d be f o r m e d b y a n o t h e r p r o c e s s t h a n b y 
m a s s t r a n s f e r f r o m t h e o t h e r s t a r . Y e t , i t s e e m s t h a t t h e r o l e c f t h e 
s e c o n d a r y , a s t h e p e r t u r b i n g a g e n t f o r c i n g t h e l i n e o f a p s i d e s o f t h e 
e n v e l o p e t o r o t a t e , i s s u b s t a n t i a l . E v e n M a r l b o r o u g h e t a l ( 1 9 7 8 ) h a d 
t o s u p p o s e a n i n v i s i b l e s e c o n d a r y f o r e x p l a i n i n g t h e o b s e r v e d V / R 
c h a n g e s o f x C a s , t h o u g h t h e y h a d n e t a c c e p t e d some o t h e r a s p e c t s o f 
B M . 

D . F r o m a n a l o g y w i t h o t h e r t y p e s o f b i n a r i e s i t s e e m s t h a t t he 
s e c o n d a r y may be r e s p o n s i b l e e v e n f o r t h e l o n g - t e r m E / C v a r i a t i o n s o f 
Be s t a r s . O u t b u r s t s o f r e c c u r e n t n o v a e a r e a l s o c y c l i c , b u t n o t 
p e r i o d i c p h e n o m e n a , s i m i l a r l y a s t h e l e s s p r o n o u n c e d c h a n g e s o f many 
o t h e r b i n a r i e s . O l s o n ( 1 9 8 0 a , b ) , o b s e r v i n g U C e p , f o u n d t h a t a b r i g h t 
e n i n g o f t h e l o s e r a l w a y s p r e c e d e d f o r m a t i o n o f a n a c c r e t i o n d i s k 
a r o u n d t h e B g a i n e r a n d a p p e a r a n c e o f t h e H e m i s s i o n i n t h e s p e c t r u m . 
O l s o n ( 1 9 8 1 , p r i v a t e c o m m . ) c a n show t h a t f o r s e v e r a l A l g o l b i n a r i e s 
a s i z e i n c r e a s e o f t h e l o s e r p r e c e d e d a m a s s - t r a n s f e r e v e n t . I f a 
s i m i l a r c o r r e l a t i o n c c u l d be f o u n d i n some k n o w n Be b i n a r y , i t w o u l d 
be a s t r o n g a r g u m e n t i n f a v o u r o f B M . 

E . I f Be s t a r s a r e r e a l l y b i n a r i e s , t h e y s h o u l d m a n i f e s t t h e m 
s e l v e s b y p e r i o d i c v a r i a t i o n s due t o t h e o r b i t a l m o t i o n . One s h o u l d 
o b s e r v e RV c u r v e s o f b o t h c o m p o n e n t s , p e r i o d i c V / R v a r i a t i o n s o f 
d o u b l e e m i s s i o n l i n e s , a d d i t i o n a l a b s o r p t i o n s f r o m g a s s t r e a m s a t 
c e r t a i n o r b i t a l p h a s e s e t c . Some Be s t a r s s h o u l d a p p e a r a s e c l i p s i n g 
b i n a r i e s a n d o t h e r s c o u l d s t i l l m a n i f e s t t h e m s e l v e s b y p e r i o d i c l i g h t 
v a r i a t i o n s due t o e l l i p t i c i t y o r e c l i p s e s b y g a s e o u s s t r e a m s a n d / o r 
d i s k s . T h o u g h a l l t h e a b o v e - m e n t i o n e d k i n d s o f v a r i a t i o n s were r e a l l y 
f o u n d i n p a r t i c u l a r c a s e s , t h e s e a r c h f o r t h e m w a s s o f a r n e g a t i v e i n 
o t h e r s . Some v a r i a t i o n s on a t i m e s c a l e o f w e e k s o r m o n t h s were u s u a l 
l y d e t e c t e d b u t i t w a s i m p o s s i b l e t o f i n d a p e r i o d i c i t y f o r t h e m . 

F . The l i g h t a n d s p e c t r a l v a r i a t i o n s ( o f t e n p s e u d o p e r i o d i c ) 
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t a k i n g p l a c e c n a t i m e s c a l e a r o u n d one d a y o r s h o r t e r may h a v e 
v a r i o u s c a u s e s . Some p o s s i b i l i t i e s t o be m e n t i o n e d a r e : 

i . E f f e c t s o f d i f f e r e n t i a l r o t a t i o n c o u p l e d w i t h u n h o m o g e n e o u s 
d i s t r i b u t i o n o f s u r f a c e b r i g h t n e s s . 

i i . A n a l o g y o f f l i c k e r i n g o f d w a r f n o v a e i n l a r g e r g e o m e t r i c a l s c a l e . 
i i i . A p u l s a t i o n o f t h e B s t a r ( s e e t he c o n s i d e r a t i o n s b y P e r c y 1 9 7 9 , 

1 9 8 0 a n d b y B a a d e 1 9 8 0 ) . 
i v . E f f e c t s o f b i n a r y m o t i o n i n a s h o r t - p e r i o d i c s y s t e m , t h e m o s t 

p r o b a b l y mode 3 ^ b i n a r y . I s u g g e s t t h a t t h e p e c u l i a r e c l i p s i n g b i n a r y 
EM C e p ( P = 0 . 8 0 6 ) may be a n e x a m p l e ( s e e B r e i n h o r s t a n d K a r i m i e 1 9 8 0 
a n d r e f e r e n c e s h e r e i n ) . T h e d u p l i c i t y o f EM C e p i s s t i l l q u e s t i o n a b l e , 
i t s l i g h t v a r i a t i o n s may w e l l be a more r e g u l a r c a s e o f t h e c h a n g e s 
o b s e r v e d f o r EW L a c o r V 9 2 3 A q l , b u t T r e m k o ( 1 9 8 1 , p r i v a t e c o m m . ) 
b e l i e v e s t h a t he h a s d e t e c t e d l i n e s o f two c o m p o n e n t s i n t h e s p e c t r u m . 

v . E f f e c t s o f b i n a r y m o t i o n i n a l o n g - p e r i o d i c b i n a r y , i m p o r t a n t o n l y 
i n some o r b i t a l p h a s e s . T h e s h o r t - l i v i n g s h e l l p h a s e o f HR 2 1 4 2 , 
o b s e r v e d e v e r y 8 0 . 8 6 d a y s , may s e r v e a s a g o o d e x a m p l e ( s e e P e t e r s 
1 9 7 6 ) . T h e w h o l e s e c o n d a r y s h e l l p h a s e , w i t h v e r y p r o n o u n c e d s p e c t r a l 
v a r i a t i o n s , l a s t s one d a y o n l y . A n a c c i d e n t a l o b s e r v e r w o u l d p r o b a b l y 
c o n c l u d e t h a t he h a s o b s e r v e d r a p i d v a r i a b i l i t y o f t h e e n v e l o p e o f 
HR 2 1 4 2 on a t i m e s c a l e o f h o u r s , h a v i n g n o a p p a r e n t p e r i o d i c i t y ! 

Two m a i n o b j e c t i o n s w e r e r a i s e d a g a i n s t B M . One i s t h e n e g a t i v e 
r e s u l t o f t h e s e a r c h o f d u p l i c i t y i n p a r t i c u l a r Be s t a r s . T h e o t h e r 
( b y P l a v e c 1 9 7 6 ) i s : i f a l l Be s t a r s were s e m i d e t a c h e d b i n a r i e s , we 
s h o u l d o b s e r v e more e c l i p s i n g b i n a r i e s among t h e m . 

L e t u s c o n s i d e r t h e f i r s t p r o b l e m . I n t h e m a j o r i t y o f c a s e s , 
when we d o t n o t o b s e r v e t h e s e c o n d a r y d i r e c t l y , t h e d e t e c t i o n o f 
d u p l i c i t y o f a Be s t a r i s u n e a s y a n d p o s s i b l e o n l y a f t e r a c c u m u l a t i o n 
o f l o n g s e r i e s o f o b s e r v a t i o n s , o r i m p o s s i b l e i n l e s s f a v o u r a b l e 
c a s e s . F o r mode 1 b i n a r i e s , a t y p i c a l s e m i - a m p l i t u d e o f t h e RV c u r v e 
o f t h e Be c o m p o n e n t m u s t be o f t h e o r d e r o f 10 k m / s o r l e s s . F o r 
mode 3 b i n a r i e s , w i t h o p a q u e o u t e r e n v e l o p e , t h e s i t u a t i o n may be 
e v e n w o r s e b e c a u s e t h e e n v e l o p e l i n e s r e f l e c t o n l y a s m a l l f r a c t i o n 
o f t h e o r b i t a l m o t i o n o f u n d e r l y i n g s t a r s ( K f i z a n d H a r m a n e c 1975). 
C a s t l e (1977) p o i n t e d o u t t h a t a l s o t h e p r e s e n c e o f l o n g - t e r m RV 
v a r i a t i o n s c a n d e l a y o r a d v a n c e max ima a n d m i n i m a o f t r b i t a l R V 
c h a n g e s f o r more t h a n one t e n t h o f t h e p e r i o d m a k i n g t h u s p e r i o d 
f i n d i n g v e r y d i f f i c u l t . R a p i d ( p r o b a b l y i r r e g u l a r ) v a r i a t i o n s o f t h e 
e n v e l o p e s v e r y c o m p l i c a t e p e r i o d f i n d i n g , t o o . O l s o n ( 1 9 8 0 a , b ) o b s e r v 
e d p h o t o m e t r i c c h a n g e s i n t h e d i s k o f U Cep o n a t i m e s c a l e a s s h o r t 
a s f o u r o r b i t a l p e r i o d s . S t r o n g i n t e r f e r e n c e o f o r b i t a l a n d n o n - o r b i t 
a l v a r i a t i o n s w a s f o u n d a l s o b y K f i z e t a l ( 1 9 8 0 ) i n RX C a s o r b y 
K o u b s k y e t a l (1980) i n CX D r a . G u l l i v e r (1977) w a s n o t a b l e t o d e t e c t 
d u p l i c i t y o f P l e i o n e . I c o m p i l e d m o s t o f p u b l i s h e d R V ' s o f P l e i o n e a n d 
a v e r a g e d t h e m o v e r a b o u t 1 0 0 d a y s . I t r e s u l t e d i n a s m o o t h RV c u r v e , 
w i t h a p o s s i b l e p e r i o d o f a b o u t 1 3 0 0 0 d a y s , w h i c h i s i n p h a s e w i t h 
a p p e a r a n c e o f s h e l l p h a s e s . T h i s RV c u r v e p e r h a p s r e p r e s e n t some s l o w 
a t m o s p h e r i c m o t i o n s b u t i t i s t e m p t i n g t o s p e c u l a t e w h e t h e r P l e i o n e 
i s n o t a l o n g - p e r i o d i c b i n a r y a n d w h e t h e r i t s s h e l l p h a s e s a r e n o t 
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a n a l o g i e s o f s h e l l g h a s e s o f HR 2142, o c c u r i n g i n l a r g e r d i m e n s i o n s . 
A l s o o A n d ( P = 1 0 0 0 0 ? ) , 59 C y g o r y C a s may be c a n d i d a t e s o f s u c h 
i n t e r p r e t a t i o n . S p e c k l e i n t e r f e r o m e t r y may h e l p t o a n s w e r . S o f a r , 
o n l y \f A n d , O r i , v G e m , A C y g ( a t r i p l e s y s t e m ) a n d o A n d ( a t r i p l e 
s y s t e m ? ) a r e k n o w n s p e c k l e - i n t e r f e r o m e t r i c b i n a r i e s w i t h a Be 
c o m p o n e n t ( M c A l i s t e r 1 9 8 1 , p r i v a t e c o m m . ) . 

T e n t a t i v e l y , one c a n c o n c l u d e t h a t t h e a b s e n c e o f c l e a r p e r i o d i c 
v a r i a t i o n s n e e d n o t a p r i o r i e x c l u d e t h e b i n a r y n a . t u r e o f a p a r t i c u l a r 
Be s t a r . C l e a r l y , i t i s n e c e s s a r y t o s e e k o t h e r w a y s how t o c o n f i r m 
o r c l e a r l y d e n y t h e b i n a r y n a t u r e o f i n d i v i d u a l Be s t a r s . 

L e t u s p r o c e e d t o t h e p r o b l e m o f " m i s s i n g " Be e c l i p s i n g b i n a r i e s . 
P o e c k e r t ( 1 9 7 9 , 1 9 8 1 ) a n d S u z u k i ( 1 9 7 6 , 1 9 8 0 ) p u b l i s h e d v e r y i m p o r t a n t 
s t u d i e s o f sq P e r . P o e c k e r t , u s i n g new h i g h - d i s p e r s i o n s p e c t r o g r a m s , 
d e t e c t e d He I I 4 6 8 . 6 e m i s s i o n , a p p a r e n t l y a s s o c i a t e d w i t h t h e s e c o n d 
a r y . M e a s u r i n g a l s o t h e RV c u r v e o f t h e p r i m a r y , d e f i n e d b y b r o a d 
a b s o r p t i o n w i n g s o f H I a n d He I , a n d b y Pe I I e m i s s i o n , he a r r i v e d 
a t c o m p o n e n t m a s s e s m s i n i = 2 1 . 1 + 5 . 6 M 0 a n d m ^ s i n i = 3 » 4 + 0 . 8 M @ • 
S h e l l l i n e s o f H I a n a He I f o l l o w t h e RV c u r v e o f t h e p r i m a r y , w i t h 
t h e e x c e p t i o n o f a " b u m p " on t h e d e s c e n d i n g b r a n c h . W e a k e r " s e c o n d a r y " 
s h e l l l i n e s o f He I f o l l o w t h e RV c u r v e o f t h e s e c o n d a r y . A p p a r e n t l y , 
t h e s e c o n d a r y i s w e l l d e t a c h e d f r o m i t s R o c h e l o b e , o t h e r w i s e i t 
w o u l d be much b r i g h t e r t h a n t h e p r i m a r y . P o e c k e r t ( 1 9 8 1 ) s u g g e s t s a 
m o d e l c o n s i s t i n g o f a Be p r i m a r y e n c l o s e d b y a n e a r l y c i r c u l a r d i s k 
e m i t t i n g Pe I I a n d m o s t o f H I e m i s s i o n , a n d o f a s m a l l h o t s e c o n d a r y 
w i t h a d i s k e m i t t i n g He I I e m i s s i o n . \f P e r t h u s s e e m s t o c o n s i s t o f 
a Be p r i m a r y a n d a WR s e c o n d a r y . P o e c k e r t ' s ( 1 9 8 1 ) d a t a c l e a r l y s h o w 
a n i n c r e a s e i n t h e s t r e n g t h o f some s h e l l l i n e s a r o u n d t h e c o n j u n c t i o n 
w i t h t h e s e c o n d a r y i n f r o n t , f o l l o w e d i n l a t e r p h a s e s b y a n i n c r e a s e 
i n t h e i r R V ' s . T h e r e a r e a t l e a s t two p o s s i b l e e x p l a n a t i o n s o f t h i s 
e f f e c t . E i t h e r , we s u p p o s e ( l i k e S t r u v e 1 9 4 1 ) t h a t we o b s e r v e a 
p r o j e c t i o n o f a g a s s t r e a m f l o w i n g f r o m t h e s e c o n d a r y t o t h e p r i m a r y , 
o r we h a v e t o p o s t u l a t e ( l i k e S u z u k i 1 9 7 6 , 1 9 6 0 ) t h a t t h e m o t i o n o f 
t h e o u t e r p a r t s o f t h e d i s k a r o u n d t h e p r i m a r y c o r r e s p o n d s t o s t a b l e 
p e r i o d i c o r b i t s o f t h e r e s t r i c t e d p r o b l e m o f t h r e e b o d i e s . The f i r s t 
p o s s i b i l i t y n e e d s a s p e c i a l g e o m e t r y o f t h e s t r e a m b e c a u s e t h e 
maximum v e l o c i t y o f t h e s h e l l l i n e s i s o b s e r v e d a f t e r , n o t b e f o r e t h e 
c o n j u n c t i o n a s i t i s u s u a l f o r A l g o l b i n a r i e s . K f i z ( 1 9 8 1 , p r i v a t e 
c o m m . ) c o m p u t e d some t r a j e c t o r i e s o f p a r t i c l e s f l o w i n g f r o m t h e 
r o t a t i n g d i s k a r o u n d t h e s e c o n d a r y a n d o b t a i n e d i n d e e d a s t r e a m w i t h 
n e e d e d g e o m e t r y . Y e t , b e f o r e h i s c o n t i n u i n g c o m p u t a t i o n s w i l l c o n v i n c e 
m e , I s e e f u r t h e r o b j e c t i o n s a g a i n s t t h e g a s - s t r e a m i n t e r p r e t a t i o n . 
T h e o b s e r v e d v . s i n i o f t h e p r i m a r y , 4 5 0 k m / s , i n d i c a t e s t h a t t h e 
v a l u e o f s i n i c a n h a r d l y be s m a l l e r t h a n , s a y , 0 . 7 5 . The v e l o c i t y 
o f t h e s t r e a m i n t h e v i c i n i t y o f t h e g a i n e r s h o u l d be o f t h e o r d e r o f 
s e v e r a l h u n d r e d s o f k m / s . W h y , t h e n , s h o u l d we o b s e r v e o n l y a s m a l l 
f r a c t i o n o f t h i s v e l o c i t y , o f t h e o r d e r o f s e v e r a l k m / s , p r o j e c t e d 
a g a i n s t t h e d i s k o f t h e p r i m a r y ? The same a p p l i e s a l s o t o o t h e r Be 
b i n a r i e s s h o w i n g " b u m p s " o n t h e i r s h e l l - v e l o c i t y c u r v e s ( 5 T a u , 4 H e r , 
K X A n d ) . I n a l l c a s e s , t h e s e c o n d a r y maximum o f t h e s h e l l v e l o c i t y 
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r e p r e s e n t s o n l y a f r a c t i o n o f p r o j e c t e d o r b i t a l v e l o c i t y o f t h e s t a r 
i n q u e s t i o n . I t h u s p r e f e r S u z u k i ' s i n t e r p r e t a t i o n o f t h e e f f e c t . 
S u z u k i a p p l i e d h i s m o d e l o f s t a b l e o r b i t s t o H y n e k ' s ( 1 9 4 0 , 1 9 4 4 ) 
m e a s u r e m e n t s o f vp P e r . A s s u m i n g s i n i = 1 , he a r r i v e d a t t h e v a l u e s 
o f m^=20 a n d m^=4 f o r t h e m a s s e s o f b o t h s t a r s , i n e x c e l l e n t 
a g r e e m e n t w i t h t h e a b o v e - m e n t i o n e d r e s u l t o f P c a c k e r t ( 1 9 8 1 ) ! 
S u z u k i ' s m o d e l d o e s n o t e x p l a i n t h e s t r e n g t h e n i n g o f t h e s h e l l l i n e s 
a r o u n d t h e c o n j u n c t i o n . S t a b l e p e r i o d i c o r b i t s a r e s y m m e t r i c w i t h 
r e s p e c t t o t h e l i n e j o i n i n g t h e s t a r s a n d one w o u l d e x p e c t t h a t a 
s i m i l a r s t r e n g t h e n i n g s h o u l d o c c u r a l s o a h a l f p e r i o d l a t e r , w h i c h i s 
n o t t h e c a s e . T e n t a t i v e l y , I s u g g e s t t h a t t h e o b s e r v e d s t r e n g t h e n i n g 
i s c a u s e d b y a b s o r p t i o n i n a n o u t e r p a r t o f t h e d i s k a r o u n d t h e 
s e c o n d a r y , p r o j e c t e d a g a i n s t t h e d i s k o f t h e p r i m a r y i n p h a s e s n e a r 
c o n j u n c t i o n . S u c h g e o m e t r y n e e d s t h e o r b i t a l i n c l i n a t i o n t o be c l o s e 
t o , b u t d i f f e r f r o m 9 0 , w h i c h i s q u i t e p r o b a b l e . I f my e x p l a n a t i o n i s 
a c o r r e c t o n e , S u z u k i ' s a n a l y s i s r e m a i n s s o u n d , b e c a u s e t h e v e l o c i t y 
o f a d d i t i o n a l a b s o r p t i o n s h o u l d be c l o s e t o t h e s y s t e m i c v e l o c i t y , 
i n a g r e e m e n t w i t h t h e v e l o c i t y o f t h e " n o r m a l " s h e l l l i n e s 6 

T h e new d e v e l o p m e n t i n o u r u n d e r s t a n d i n g o f y P e r i s i m p o r t a n t 
a l s o i n t h a t s e n s e t h a t *p P e r i s a p r o t o t y p e o f a Be b i n a r y i n w h i c h 
m a s s t r a n s f e r b e t w e e n c o m p o n e n t s - i f p r e s e n t a t a l l - i s d r i v e n b y 
some o t h e r m e c h a n i s m t h a n t h e R o c h e - l o b e o v e r f l o w , a n d i n w h i c h t h e 
s e c o n d a r y i s w e l l d e t a c h e d a n d q u i t e s m a l l . I f a n o n - n e g l i g i b l e 
f r a c t i o n o f Be s t a r s a r e b i n a r i e s s i m i l a r t o y P e r , t h e n t h e p r o b l e m 
o f " m i s s i n g " e c l i p s i n g b i n a r i e s among Be s t a r s d o e s n o t l o n g e r e x i s t . 

I n c o n c l u s i o n , I s h a l l d i s c u s s some p r o m i s e s o f a s t a t i s t i c a l 
a p p r o a c h t o t h e p r o b l e m : R e c e n t l y D r . K f i z c a l l e d my a t t e n t i o n t o t h e 
r e s u l t s o f B u r k i a n d M a e d e r ( 1 9 7 7 ) who f o u n d t h a t t h e p e r c e n t a g e o f 
Be s t a r s a n d b i n a r i e s among B 0 - B 4 s t a r s b o t h e x h i b i t t h e same 
d e g e n d e n c e on g a l a c t i c l o n g i t u d e , r e a c h i n g a maximum b e t w e e n 30 a n d 
9 0 . S u c h a f i n d i n g i s c e r t a i n l y i n t e r e s t i n g f r o m t h e v i e w p o i n t o f B M . 

K o g u r e ( 1 9 8 1 ) p r e s e n t e d a s t a t i s t i c a l s t u d y o f t h e r e l a t i o n s 
b e t w e e n B e / A e b i n a r i e s a n d t h e i r n o n - e m i s s i o n c o u n t e r p a r t s . He 
r e s t r i c t e d h i m s e l f t o s t a r s o f l u m i n o s i t y c l a s s e s I I I t o 7 a n d s t u d i e d 
p e r i o d d i s t r i b u t i o n s f o r B a n d A s t a r s s e p a r a t e l y . He f o u n d a d o u b l e -
- p e a k e d d i s t r i b u t i o n f o r Be b i n a r i e s , i n c o n t r a s t t o a s i n g l e - p e a k e d 
d i s t r i b u t i o n f o r a l l B b i n a r i e s , a n d he c o n c l u d e d t h a t t h e Be b i n a r i e s 
may be d i v i d e d i n t o two g r o u p s : s h o r t - p e r i o d i c b i n a r i e s (P < 30 d a y s ) , 
w h i c h a r e e s s e n t i a l l y A l g o l - t y p e i n t e r a c t i n g b i n a r i e s , a n d l o n g -
- p e r i o d i c b i n a r i e s , w h i c h h a v e s t a t i s t i c a l l y h i g h e r v . s i n i a n d i n 
w h i c h t h e Be p h e n o m e n o n i s due t o a h i g h r o t a t i o n , a s i n s i n g l e Be 
s t a r s . I do n o t a g r e e w i t h t h i s i n t e r p r e t a t i o n . T h e " s h o r t - p e r i o d i c " 
g r o u p c o n s i s t s a l m o s t e x c l u s i v e l y f r o m e c l i p s i n g b i n a r i e s a n d r e f l e c t s 
t h u s p r o b a b l y s e l e c t i o n e f f e c t s due t o d e c r e a s i n g p r o b a b i l i t y o f 
d i s c o v e r y o f e c l i p s e s f o r l o n g - p e r i o d i c s y s t e m s a n d due t o e x c l u s i o n 
o f " h i g h - l u m i n o s i t y " s y s t e m s . K o g u r e h i m s e l f r e m a r k s t h a t a f t e r 
i n c l u s i o n o f t h e s y s t e m s c l a s s i f i e d I , I I o r c , t h e s h o r t - a n d l o n g -
p e r i o d i c g r o u p s become a l m o s t u n s e p a r a b l e • B u t I r e a l i z e d a n o t h e r 
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i n t e r e s t i n g ou tcome o f K o g u r e ' s s t a t i s t i c s : w i t h t h e e x c e p t i o n o f 
17 L e p , a l l t h e A e b i n a r i e s a r e e c l i p s i n g b i n a r i e s ! T o g e t h e r w i t h 
t h e h i s t o g r a m s m e n t i o n e d when d i s c u s s i n g R M , i t may i n d i c a t e t h a t 
a l l t h e s e s y s t e m s i n f a c t c o n t a i n a B s t a r w h i c h e x c i t e s t h e H I 
e m i s s i o n , a n d t h e s p e c t r u m o f w h i c h i s m a s k e d b y t h e a c c r e t i o n d i s k , 
s e e n e q u a t o r - o n a n d s i m u l a t i n g a l a t e r s p e c t r a l t y p e . T h i s v i e w i s 
e v e n s t r e n g t h e n e d b y P l a v e c ' s ( 1 9 8 0 a , b ) r e s u l t s . P l a v e c s h o w e d t h a t 
t h e UV s p e c t r a o f t h e e m i s s i o n - l i n e b i n a r i e s S X C a s a n d W S e r c o n t a i n 
h o t c o n t i n u a c o r r e s p o n d i n g t o B s t a r s . T h e s e c o n t i n u a a r e e c l i p s e d 
i n p r i m a r y m i n i m a a n d a r e t h e r e f o r e a s s o c i a t e d w i t h t h e h o t t e r 
c o m p o n e n t s o f t h e s y s t e m s , w h i c h h o w e v e r a r e c l a s s i f i e d A 6 I l l e a n d 
F5 I I - I I I e , r e s p e c t i v e l y , f r o m t h e o p t i c a l s p e c t r a ! P l a v e c i n t e r p r e t s 
t h e s e c o n t i n u a a s o r i g i n a t i n g f r o m a c c r e t i o n o f m a t t e r i n t h e i n n e r 
p a r t s o f n a r r o w e q u a t o r e a l d i s k s i n t h e s e s y s t e m s s u b j e c t e d t o a 
h e a v y m a s s t r a n s f e r . ( I n s y s t e m s w i t h l o w r a t e s o f t r a n s f e r , he 
f o u n d n o c o n t r a d i c t i o n b e t w e e n o p t i c a l a n d UV s p e c t r a l t y p e s . ) I 
s u g g e s t a n a l t e r n a t i v e e x p l a n a t i o n - t o s u p p o s e t h a t t h e m a i n r o l e o f 
t h e h e a v y m a s s t r a n s f e r i s t o p r o d u c e a f l a t t e n e d , o p t i c a l l y t h i c k 
e n v e l o p e , w h i c h - s e e n r o u g h l y e q u a t o r - o n - a l m o s t s c r e e n s t h e s t a r . 
I n my i n t e r p r e t a t i o n b o t h , S X C a s a n d W S e r do c o n t a i n B s t a r s w h o s e 
r a d i a t i o n f r o m l e s s s c r e e n e d p o l a r r e g i o n s i s d e t e c t e d i n t h e UV 
s p e c t r u m . The c o o l e r c o n t i n u a , s e e n i n t h e o p t i c a l s p e c t r a , o r i g i n a t e 
i n " p h o t o s p h e r e s " o f t h e a c c r e t i o n e n v e l o p e s . A s a s p e c u l a t i o n , I 
s u g g e s t a n e f f e c t n o t c o n s i d e r e d s o f a r . T h e r e s e r v o i r o f t h e t h e r m a l 
e n e r g y c o n t a i n e d i n g a s f l o w f r o m l o s e r m u s t be s m a l l e r when t h e 
m a t t e r i s f l o w i n g f r o m a c o o l s t a r t h e n when i t c o m e s f r o m a h o t 
o b j e c t . M a y i t n o t b e , a t l e a s t p a r t l y , a c o n s e q u e n c e o f t h i s e f f e c t 
t h a t we o b s e r v e c o o l e r o p t i c a l c o n t i n u a i n S X C a s a n d W S e r , b u t n o t 
i n P L y r ( i n s p i t e o f i t s e v e n h i g h e r r a t e o f m a s s t r a n s f e r ) i n w h i c h 
t h e l o s e r i s a B8 s t a r ? 

I w i s h t o t h a n k D r . S . K f i z f o r many s t i m u l a t i n g d i s c u s s i o n s 
a n d f o r a c r i t i c a l r e a d i n g o f t h e m a n u s c r i p t . 
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DISCUSSION 

Slettebak: In the histograms showing the number of Be stars versus 
v sin i, the small number of Be stars with low v sin i is precisely 
what would be expected if all the stars in that group rotate with 
nearly the same (critical) equatorial velocity and have their rotation 
axes randomly distributed in space. Therefore, I do not see the need 
for your suggestion that Be stars of late type may actually have 
early-type stars inside their envelopes. 

Harmanec: My argument was the following: While the distributions for 
early and late type non-emission B stars are very similar to each 
other, there is a notable difference between late- and early-type Be 
stars in the sense that late-type Be stars have a peak for high 
v sin i while the distribution of early Be stars is much flatter. 
What is important is that I used a homogenous sample of objects. I am 
not going to say that all late Be stars are early Be stars seen 
roughly equator-on. Rather, I guess that the sample of late-type 
Be stars can be contaminated by such objects. 
Sonneborn: The recent work by Slettebak et al. on the effect of 
rotation on spectral classification shows that the shift to later 
types can be only as large as 2 subtypes. It is not possible for 
a B2 star to appear spectroscopically as a B8 or B9 star because of 
rotational effects alone. 

Harmanec: Well, I speculate that the equatorial parts of the envelope 
must (or better: could) simulate a later spectral type even in con
tinuum. 

Selvelli: I would like to anticipate some results about 17 Lep that 
will be presented tomorrow. 17 Lep is seen almost pole-on. From IUE 
observations we have found the presence of a very thick shell fully 
covering the system. From the shell lines we have derive a temperature 
around 8000 K in agreement with that derived from the UV continuum. 
It seems likely, therefore, that the observed continuum is formed in 
the thick shell surrounding the primary. 

Peters: 1 .Thelist of higher temperature Be stars mimicing stars of 
later spectral type is endless. I will cite two examples: 
TT Hya is usually classified as an A 2 star but inspection of the 
"blue spectrum1' reveals the presence of a BJ - B8 star. RZ Oph (P=262 d ) 
has been classified as an F giant, but whereas the Fe II and similar 
lines are sharp, the Mg II ^81 line is broad, indicating that the 
rotational velocity at the photosphere is relatively high. 
2 , We agree that hot spots exist (probably in the region where the 
gas stream impacts the disk) because we observe strong (variable) N V 
in some objects. 
3 . In his analysis of the IR Ca II triplet emission in Be stars, 
Polidan concluded that a relatively cool ( 6000 K) dense external disk 
was required to explain the existence of the optically thick triplet 
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lines. Since a higher percentage of the calcium triplet emitters are 
confirmed to be binaries, we approve of your suggestion that semi
detached systems can be surrounded by a circum system disk. 
k. Suzuki!s calculations pertained only to the orbital plane. It is 
not clear what the situation is at the higher latitudes through which 
our lines of sight presumably pass. 

Harmanec: Thank you for your comments. To your fourth remark I can 
only comment that Dr. Suzuki is probably doing something to generalize 
his model because recently I received a preprint of his new study in 
which he tries to interpret our observations of k Her by his model 
assuming an inclination of 5 0 ° . I cannot tell you more details, 
unfortunately, because the paper is written in Japanese language. 

Hubert-Delplace: In the case of £ Tau, you mentioned that the 7 year 
period is well explained by the elliptic ring, but after the 7 year 
cycle observed in 1960—19679 we have observed a k year, then again a 
7 year cycle. How do you explain the change of period, what physical 
parameter change in the model that you propose? 

Harmanec: In the model we suggested the elliptical envelope is formed 
by a short-living mass transfer event lasting only a fraction of the 
133-day orbital period. It appears quite natural to me that - in 
absence of further mass transfer activity - viscous and/or magnetic 
forces in the discs will tend to destroy the original structure of 
the elliptical envelope and to force it to rotate with the orbital 
period. Thus, the period of the long-term variation should decrease 
and after a few cycles disappear completely. It should probably 
convert gradually into an envelope of Suzukifs type which maintains 
stable configuration with respect to the line joining the binary 
components exhibiting thus only variations with orbital period. It 
may happen, however, that a new mass transfer event will occur 
causing a new long-term variability. 

Baade: M. Smith has made a survey of bright narrow-lined B stars of 
the northern hemisphere. He found that an extremely high percentage 
of these objects shows variable line profiles. This suggests that 
some type of pulsational instability is quite common in this region 
of the HRD. If we think that there is no observational evidence for 
pulsations of Be stars, we shall have to explain such a difference 
between B and Be stars. So, regardless which result we expect, we 
must study the problem of oscillations of Be stars. 

Bolton: Equatorial pulsation in a Cepheid type atmosphere is unlikely 
as both, Baade and I, see variations in the He I lines. We should 
be careful in talking about pulsation in Be stars until we have a 
better understanding of pulsation in ordinary B stars. 

Thomas: You questioned our model, I resume: 
~A) 1. Our model, being empirical, can give large atmospheric densities 
If Fyi is large. E.g. to get 3x10^3 at base of atmosphere we need. 
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F M 1O"5M /y. 
2 . Our velocity first increases outward, to v(max), fixed observation-
ally; then eventually decreases to reach the *2 1 00 km/s required by 
H and Fe II displacements. 
3 . Agreed - we produce Fe II and Balmer lines outside the superionized 
lines; I do not see, with the observed data, you can do otherwise. 
B) I would be cautious of eclipsing binary location at atmopsheric 
features. I think only the Sun, Vhhh Cyg, and £ Aur ( + 31 Cyg etc.) 
have been sufficiently analyzed to date to be sure of what occurs 
where. 
h. I do know of computations from any model which gives the observed 
range of e.g. 59 Cyg Ha profiles. 

Harmanec: Thank you for your explanatory comments. But could you 
comment on my argument concerning SX Cas in particular? The emission-
line component of this star is being totally eclipsed by the star 
every 36 days. During this eclipse, H emission exhibit strong varia
tions, while the UV emission lines of N V, C IV etc remain completely 
unchanged (see Plavec 1980 a,b). For me it speaks in favour of the 
hypothesis that the H emission originates closer to the star than the 
UV lines, in this particular star, of course. 

Thomas: I have never seen the data on SX Cas; and never do I draw 
conclusions before looking myself at the data. 

Giovanelli: About RX Cas, would you like to point out the reason why 
it is possible to look at the orbital period in one colour and not 
in the other ones. 

Harmanec: You clearly see that while the V curve reproduces quite well 
from one cycle to another, the light level in the U varies, but the 
time scale in these variations is longer than one orbital period 
because the curve in each particular cycle _is defined. The U curve 
seems to reflect effects of gas streaming, detectable also spectro-
scopically. In contrary, in KX And we observe stable U curve and 
larger scatter in the V curve. 

de Loore: Do you have ideas about the progenitor system for Be-binaries, 
I mean mass ranges, mass ratios leading to such systems? 
A second point is, how will these systems evolve later on? 

Harmanec: Six years ago I had. Now I am much less sure. Essentially, 
Be binaries should originate from detached MS binaries with periods 
of a few days. If such a system survives the first, probably the most 
rapid phase of mass exchange without losing too much mass and angular 
momentum, its period must increase substantially, to the range of 
period giving sufficient space for the Be envelope to be formed within 
the Roche lobe. As the mass ratio is usually more than reversed by this 
process, you may obtain a B star even from a binary composed originally 
from two A stars, say. This effect is able to explain the observed high 
percentage of Be stars among B stars (see Kriz and Harmanec, 1 9 7 5 ) . 
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A f t e r t h e H e l i u m b u r n i n g o r t h e e l e c t r o n d e g e n e r a c y s t o p s , t h e mass 
t r a n s f e r f rom t h e l o s e r w i l l p r o b a b l y s h r i n k r a p i d l y . C o n s e q u e n t l y , 
i t s r o t a t i o n must i n c r e a s e s u b s t a n t i a l l y and y o u s h o u l d o b t a i n some
t h i n g l i k e a WR o b j e c t , h o t s m a l l H e l i u m s t a r w i t h a r a p i d l y r o t a t i n g 
e n v e l o p e . As a l r e a d y m e n t i o n e d h e r e by D r . P o e c k e r t , (j) P e r may be 
j u s t i n t h i s e v o l u t i o n a r y p h a s e . H o w e v e r , t o p r e d i c t o r i g i n a l m a s s e s 
may be u n e a s y b e c a u s e we s t i l l do no t know how much o f mass and a n g u l a r 
momentum can be l o s t f rom t h e s y s t e m . Tha t a t l e a s t some f r a c t i o n i s 
l o s t seems t o be w e l l e s t a b l i s h e d now - s e e t h e e v i d e n c e o f an o u t e r 
e n v e l o p e a round 6 L y r and o t h e r i n t e r a c t i n g b i n a r i e s o r t h e UV o b s e r v a 
t i o n o f t h e mass l o s s . 
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