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X P e r i s a v a r i a b l e e m i s s i o n l i n e s t a r w h i c h shows among o t h e r p e c u 
l i a r i t i e s a weak X - r a y e m i s s i o n (4U 0352+30) and a s t r o n g l y v a r i a b l e I R 
e x c e s s ( F e r r a r i - T o n i o l o et a l . 1 9 7 8 , V i o t t i e t a l . 1 9 8 0 ) . I n the p a s t de 
cade t h e s t a r h a s u n d e r g o n e t h r e e p h a s e s o f enhanched " a c t i v i t y " (1972— 
7 3 , 1978 and 1980) c h a r a c t e r i z e d b y b r i g h t e r v i s u a l l u m i n o s i t y , e x c e s s 
i n t h e Ba lme r c o n t i n u u m and i n t he I R , s t r o n g e r X - r a y e m i s s i o n , w i t h i n 
t e r m e d i a t e p e r i o d s o f minimum a c t i v i t y (1974-77? 1979) when the o p t i c a l -
i n f r a r e d e n e r g y d i s t r i b u t i o n was c l o s e r t o t h a t o f a n o r m a l l y r e d d e n e d 
e a r l y t y p e s t a r ( f i g u r e 2 ) . B u t d u r i n g most o f i t s h i s t o r y t he e n e r g y di_ 
s t r i b u t i o n l a r g e l y d e v i a t e d f rom t h a t o f a n o n - e m i s s i o n l i n e e a r l y t y p e 
s t a r , and t h e f i r s t p r o b l e m i s t o d e t e r m i n e t h e i n t e r s t e l l a r e x t i n c t i o n , 
d i s r e g a r d i n g a n y " l o c a l " e f f e c t . The s t r e n g t h o f t h e 2200 A band i n t he 
UV s p e c t r u m o f X P e r i s c o n s i s t e n t w i t h E(B—V )=0 .35» a v a l u e c l o s e t o t he 
e x t i n c t i o n t o w a r d s o t h e r P e r I I s t a r s : *5 P e r ( 0 . 3 4 ) » 0 P e r ( 0 . 3 1 ) , $ P e r 
( 0 . 3 2 , V i o t t i & Lamers 1975 ) • The i . s . L y ^ l i n e o b s e r v e d i n t h e h i g h r e 
s o l u t i o n I U E s p e c t r u m o f X P e r o b t a i n e d on 1979? December 2 3 , h a s a FWHM 
o f 1 1 . 0 A c o r r e s p o n d i n g to N(Hl )=4.9 10^°cm""2 # The C o p e r n i c u s o b s e r v a t i o n 
o f H 2 l i n e s ( o f n o t g o o d q u a l i t y ) g i v e s N(h 2 ) = 1 . 1 1 0 2 1 ( M a s o n et a l . 1 9 7 6 ) . 
A much l owe r v a l u e o f 3 - 5 1 0 2 0 w a s d e r i v e d b y Snow ( 1 9 7 6 , 1977) f o r o and 
^ P e r . T a k i n g f o r X P e r N(Ho)=5 1 0 2 0 w e h a v e N(H t o t a l ) * 1 . 5 1 0 * 1

f y i e l d i n g 
t o N ( H ) / E ( B - V ) = 4 . 3 1 0 2 1 c m " " 2 / m a g i n agreement w i t h B o h l i n law (1975) • 

A t minimum l u m i n o s i t y t h e I R e x c e s s v a n i s h e s o r i s much s m a l l e r (fi 
g u r e 2 ) and t h e B a l m e r d i s c o n t i n u i t y i s c l o s e r t o t h a t o f a BOV s t a r (de 
L o o r e et a l . 1 9 7 9 ) • We t h e n d e r i v e f r o m t h e c o l o u r s a t m i n . ( U - B = - 0 . 7 8 , 
B - V = 0 . 0 8 ; V = 6 . 7 2 ) E ( B - V ) = 0 . 4 0 and ( B - V ) Q = - 0 . 3 1 . 

+ B a s e d on o b s e r v a t i o n s w i t h t h e I n t e r n a t i o n a l U l t r a v i o l e t E x p l o r e r ( l U E ) 
c o l l e c t e d a t t he V i l l a f r a n c a S a t e l l i t e T r a c k i n g S t a t i o n o f E S A . 
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F i g u r e 1 C u r v e o f g r o w t h f o r t h e UV i n t e r s t e l l a r l i n e s o f i o n i z e d s p e 
c i e s and o f N I , 0 1 , S t a r s : C I V , S i I I I , I V , A 1 I I I . The s o l i d l i n e i s t h e 
t h e o r e t i c a l c u r v e f o r b=15 k m / s f r o m S p i t z e r ( 1 9 7 8 ) • 

We h a v e i d e n t i f i e d i n t h e I U E s p e c t r u m o f X P e r 63 i . s . l i n e s o f 
n e u t r a l and i o n i z e d e l e m e n t s ( H , C , N , 0 , M g , A l , S i , S , M n , F e , N i , C u , Z n ) and o f 
C O . T h e i r i n t e n s i t y i s s y s t e m a t i c a l l y s t r o n g e r t h a n t h o s e o f o a n d J P e r 
m e a s u r e d "by S n o w . T h i s s h o u l d be a s c r i b e d t o a l a r g e v e l o c i t y d i s p e r s i o n 
o f u n r e s o l v e d a b s o r p t i o n c o m p o n e n t s , i m p l y i n g t h a t i n f r o n t o f and c l o s e 
t o X P e r t h e r e a r e a d d i t i o n a l low and h i g h t e m p e r a t u r e i . s . m e d i a . C O i s 
s t r o n g e r t h a n e x p e c t e d f r o m E ( B - V ) b u t we n o t e t h a t a s t r o n g CO e m i s s i o n 
t o w a r d s X P e r was f o u n d b y Knapp & J u r a ( 1 9 7 6 ) . A p r e l i m i n a r y c u r v e o f 
g r o w t h a n a l y s i s f o l l o w i n g t he method d e s c r i b e d b y S p i t z e r (1978) g i v e s a 
g o o d f i t f o r a v e l o c i t y d i s p e r s i o n o f 15 k m / s f o r a l l t he i o n i z e d l i n e s 
and f o r N I , 01 ( f i g u r e 1 ) , and o f 5 k m / s f o r t h e o t h e r n e u t r a l e l e m e n t s . 
T a k i n g l o g N ( H ) = 2 1 , 1 8 a s a b o v e , a l a r g e e lement d e p l e t i o n i s d e r i v e d f o r 
a l l t h e e l e m e n t s w i t h r e s p e c t t o t he S u n , i n p a r t i c u l a r f o r A l , M g , C . S i 
and F e . The h i g h i o n i z a t i o n i . s . l i n e s o f C I V , S i I I I , I V , A 1 I I I a r e much 
s t r o n g e r t h a n i n t h e n e a r b y s t a r s i m p l y i n g t h e p r e s e n c e o f a h o t l o c a l 
med ium, p r o b a b l y r e s u l t i n g f r o m p h o t o i o n i z a t i o n b y a h o t r a d i a t i o n f i e l d 
r a t h e r t h a n f r o m i n t e r a c t i o n o f t he s t e l l a r w i n d w i t h t h e i . s . med ium, 
a l s o b e c a u s e t h e r e i s no s i s t e m a t i c v e l o c i t y d i f f e r e n c e w i t h t h e o t h e r 
i . s . l i n e s . The UV s p e c t r u m o f X P e r shows b r o a d a s y m m e t r i c r e s o n a n c e 
l i n e s b e l o n g i n g t o a l a r g e i o n i z a t i o n r a n g e ( f r o m S i l l t o C I V and p r o b a 
b l y N V , V i o t t i et a l . 1980) f o rmed i n the o u t e r l a y e r s o f t h e e x p a n d i n g 
e n v e l o p e where l a r g e t e m p e r a t u r e d i f f e r e n c e s seem t o - b e p r e s e n t . The 

https://doi.org/10.1017/S0074180900038158 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900038158


THE PROBLEM OF X PERSEI 425 

F i g u r e 2 : The e n e r g y d i s t r i b u t i o n o f X P e r i n d i f f e r e n t e p o c h s . 
C r o s s e s : 1 9 7 2 - 7 3 , x : November 1 9 7 6 , d o t s : N o v . 1 9 7 8 , c i r c l e s : D e c . 
1 9 7 9 , s q u a r e s : A u g . - S e p t . 1 9 8 0 . The I U E s p e c t r u m o f O c t . 1978 and the 
K u r u c z ( 3 0 0 0 0 , 4 ) model a t m o s p h e r e a r e s h o w n . See F e r r a r i - T o n i o l o et a l 
1 9 7 8 . P e r s i et a l . 1977 and t h i s S y m p o s i u m , V i o t t i e t a l . 1 9 8 2 . 

e x c i t e d l i n e s o f H e l l , N I I I , 0 I V t h a t a r e fo rmed i n t h e d e e p e s t p a r t s o f 
t h e a tmosphere ( a n d m i g h t be c o n s i d e r e d a s " p h o t o s p h e r i c " ) , a r e b r o a d 
and s y m m e t r i c a l i n d i c a t i n g a l a r g e r o t a t i o n a l v e l o c i t y o f abou t 2 0 0 k m / s 
o f t h e " s t a r " . We c o n c l u d e t h a t a l a r g e a c c e l e r a t i o n o f t h e s t e l l a r w i n d 
s h o u l d t a k e p l a c e i n t h e u p p e r a t m o s p h e r e , u p t o a b o u t 650 k m / s ( B i a n c h i 
& B e r n a c c a 1 9 8 1 ) . No s i g n i f i c a n t l y l a r g e v a r i a t i o n o f t h e l i n e i n t e n s i t y 
and p r o f i l e , i n p a r t i c u l a r o f t h e r e s o n a n c e l i n e s was f o u n d f r o m a p r e L i 
m i n a r y a n a l y s i s o f t h e UV s p e c t r u m o f X P e r d u r i n g 1978-79 n o t w i t h s t a n d 
i n g t he l a r g e l u m i n o s i t y c h a n g e s o b s e r v e d d u r i n g t h a t p e r i o d , s u p p o r t i n g 
t h e i d e a t h a t t he o b s e r v e d o p t i c a l and I R v a r i a t i o n s p r o b a b l y t o o k p l a c e 
i n t h e h i g h e r a t m o s p h e r i c l a y e r s . F i g u r e 2 shows t h e e n e r g y d i s t r i b u t i o n 
o f X P e r d u r i n g d i f f e r e n t a c t i v i t y p h a s e s . I t i s e v i d e n t t h a t t h e who le 
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o p t i c a l - I R s p e c t r u m i s v a r y i n g w i t h a l a r g e r a m p l i t u d e i n t he I R . T h i s 
s u g g e s t s t h a t i t c o u l d he t he r e s u l t o f two c o n t r i b u t o r s , one c o n s t a n t 
and c l o s e t o t h e s p e c t r u m o f a n e a r l y t y p e d w a r f w i t h VJ^5«62, ( B - V ) 0 = 
- 0 . 3 1 , and t he o t h e r one s t r o n g l y v a r i a b l e w h i c h c o u l d b e a s s o c i a t e d t o 
e m i s s i o n f r om t h e v a r i a b l e o u t e r l a y e r s . However d i f f i c u l t i s t o s a y i f 
t h e o b s e r v e d v a r i a t i o n s a r e r e l a t e d t o s t r o n g c h a n g e s o f t h e mass l o s s 
r a t e , o r i t i s l a r g e l y due t o s t r u c t u r a l c h a n g e s o f t h e e x p a n d i n g e n v e l o 
p e . We h a v e e s t i m a t e d t h e r a t e o f mass l o s s f rom t h e I R e x c e s s o f 4 1 0 ^ 
M Q / y r ( P e r s i et a l . t h i s Sympos ium) w h i c h i s p r o b a b l y v a r i a b l e i n t ime 
and l a r g e l y depends on t h e a d o p t e d m o d e l , b u t t h a t i s d e f i n i t e l y much 
l a r g e r t h a n t he r a t e o f 10"^-10""^ e s t i m a t e d f rom t h e a s y m m e t r i c p r o f i l e s 
o f t he UV r e s o n a n c e l i n e s ( H a m m e r s h l a g - H e n s b e r g e et a l . 1 9 8 0 , B e r n a c c a 
& B i a n c h i l 9 8 1 ) . We hope t h a t a more d e t a i l e d a n a l y s i s o f t h e UV l i n e p r o 
f i l e s w i l l overcome t h i s d i s c r e p a n c y . 

F i n a l l y , v a r i a t i o n s o f t h e X - r a y f l u x was f o u n d t h a t seem t o be a s 
s o c i a t e d w i t h t he a c t i v i t y o f X P e r ( e . g . de L o o r e e t a l . 1979? W h i t e et 
a l . 1 9 7 6 ) , i n d i c a t i n g t h a t i t s h o u l d be o r i g i n a t e d i n a r e g i o n , o r com
p a c t s t a r , n o t t o o f a r f r o m X P e r . However t h e p r e s e n t l y p u b l i s h e d d a t a 
on t h e X - r a y e m i s s i o n a r e n o t s u f f i c e n t t o g i v e a c l e a r e r p i c t u r e . 
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