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A B S T R A C T . N u m e r i c a l i n v e s t i g a t i o n s o f r o t a t i n g s t e l l a r w i n d s d r i v e n by 
a c o m b i n a t i o n o f m a g n e t i c and l i n e r a d i a t i o n f o r c e s show a c l e a r 
d i c h o t o m y : s h a l l o w w i n d s h a v e t h e i r a z i m u t h a l v e l o c i t y enhanced by 
m a g n e t i c c o r o t a t i o n , w h e r e a s s t e e p w i n d s may h a v e a d i m i n i s h e d c i r c u l a r 
v e l o c i t y . 

L imber ( 1 9 7 4 ) and S a i t o ( 1 9 7 4 ) amongs t o t h e r s h a v e c o n s i d e r e d t he 
n a t u r e o f e a r l y - t y p e s t e l l a r w i n d s d r i v e n by m a g n e t i c c o r o t a t i o n . T h e s e 
m o d e l s were c o n s t r u c t e d b e f o r e t he deve lopmen t o f modern r a d i a t i v e l y 
d r i v e n w ind t h e o r i e s , and a l s o b e f o r e t h e d i s c o v e r y o f h i g h i o n i z a t i o n 
s p e c i e s ( i m p o r t a n t f o r l i n e d r i v e n w i n d s ) i n Be e n v e l o p e s . T h i s p a p e r 
r e p o r t s some r e s u l t s o f e x p l o r a t o r y c a l c u l a t i o n s w h i c h i n c l u d e the 
combined e f f e c t s o f b o t h l i n e r a d i a t i o n and m a g n e t i c f o r c e s on r o t a t i n g 
s t e l l a r w i n d s . 

A t t e n t i o n i s f o c u s s e d on t h e e q u a t o r i a l p l a n e o f a s t e a d y - s t a t e 
i s o t h e r m a l s p h e r i c a l l y s y m m e t r i c e x p a n d i n g r o t a t i n g w i n d o f i n f i n i t e 
e l e c t r i c a l c o n d u c t i v i t y and z e r o v i s c o s i t y . I t i s s u p p o s e d t h a t 
m a g n e t i c f i e l d l i n e s o r i g i n a t i n g a t t h e s t e l l a r e q u a t o r a r e c o n f i n e d t o 
t h e e q u a t o r i a l p l a n e , s o t h a t a o n e - d i m e n s i o n a l mode l may be c o n s t r u c t e d 
i n t h a t p l a n e . 

The a z i m u t h a l momentum e q u a t i o n and t he c e n t r i f u g a l and m a g n e t i c 
t e r m s i n the r a d i a l momentum e q u a t i o n a r e t r e a t e d a c c o r d i n g t o the 
f o r m a l i s m o f Weber and D a v i s ( 1 9 6 7 ) . I n t he r a d i a l e q u a t i o n , t he f o r c e 
due t o l i n e r a d i a t i o n i s r e p r e s e n t e d t h r o u g h i t s dependence on the 
h y d r o d y n a m i c a l d e n s i t y and v e l o c i t y v a r i a b l e s , i n t h e manner d e r i v e d b y 
C a s t o r , A b b o t t , and K l e i n ( 1 9 7 5 ; C A K ) . The c o n t i n u i t y and r a d i a l 
momentum e q u a t i o n s a r e s o l v e d s i m u l t a n e o u s l y by a H e n y e y r e l a x a t i o n code 
d e s c r i b e d i n d e t a i l b y B a r k e r ( 1 9 7 9 ) , f o r a v a r i e t y o f c o m b i n a t i o n s o f 
p a r a m e t e r s s u c h a s m a s s l o s s r a t e , s t e l l a r a n g u l a r v e l o c i t y , and p h o t o 
s p h e r i c r a d i a l f i e l d s t r e n g t h . Two s e t s o f n u m e r i c a l c a l c u l a t i o n s h a v e 
b e e n p e r f o r m e d : one u s i n g an e x p r e s s i o n f o r t he l i n e r a d i a t i o n f o r c e 
s u c h t h a t t he p a r e n t n o n - r o t a t i n g n o n - m a g n e t i c w i n d a c c e l e r a t e s s t e e p l y 
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Figure 1. Azimuthal velocity V(() in the equatorial plane of magnetic 
winds arising from a star of 13 M0 and 6 R0 rotating at 62% of the 
break-up velocity, with M = 5 x 10~ 9 M0 yr" 1; v^ is shown relative to 
the value from a non-magnetic 1/r conservation law. These models 
result from a hard (steeply accelerating) line radiation force law; 
curves are labelled with the photospheric radial field strength, and 
crosses mark the Alfven radius. 
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Figure 2. As in Figure 1, but for a semi-soft (gradually accelerating) 
line radiation force law. 
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f rom the p h o t o s p h e r e (a h a r d w ind ) a s d e s c r i b e d by C A K ; t he s e c o n d 
u s i n g a new e x p r e s s i o n f o r a g r a d u a l l y a c c e l e r a t i n g w i n d . The s h a l l o w 
w i n d ' form a p p r o x i m a t e s t h e s o f t w ind law o f A b b o t t ( 1 9 7 7 ) and i s 
d e s i g n a t e d s e m i - s o f t a s d e f i n e d by B a r k e r ( 1 9 7 9 ) . 

The c a l c u l a t i o n s were c a r r i e d ou t i n p a r t i c u l a r f o r a r a p i d l y 
r o t a t i n g B1V s t a r w i t h a B e - l i k e m a s s l o s s r a t e o f 5 x 1 0 ~ 9 M0 y r " 1 , 
and i t was f o u n d t h a t t he h a r d and s e m i - s o f t w i n d s r e s p o n d i n c h a r a c t e r 
i s t i c a l l y d i f f e r e n t ways t o t h e e f f e c t s o f m a g n e t i c r o t a t i o n . T h u s f a r 
o n l y e x t r e m e l y weak r a d i a l p h o t o s p h e r i c f i e l d s h a v e b e e n c o n s i d e r e d , 
w i t h s t r e n g t h s f a r b e l o w t h e c u r r e n t o b s e r v a t i o n a l l i m i t s o f 1 -200 G a u s s 
( L a n d s t r e e t , p r i v a t e c o m m u n i c a t i o n ) f o r Be s t a r s . 

I n h a r d w i n d s , the r a d i a l v e l o c i t y law i s n o t s u b s t a n t i a l l y 
a f f e c t e d by g l o b a l r a d i a l s t e l l a r f i e l d s be low 30 G a u s s , b u t t he 
a z i m u t h a l v e l o c i t y i s m o d i f i e d i n a r e m a r k a b l e way . A t s m a l l r a d i i t he 
c i r c u l a r v e l o c i t y i s r e d u c e d b e l o w t h e 1 / r v a l u e c o r r e s p o n d i n g t o 
c o n s e r v a t i o n o f a n g u l a r momentum i n t he f l u i d p a r t i c l e s a l o n e . F i g u r e 1 
shows the c i r c u l a r v e l o c i t y i n t h e h a r d m a g n e t i c w i n d s — n o t i c e e s p e c i a l l y 
t h e s h a r p d r o p i n v ^ ( r e l a t i v e t o 1 / r ) n e a r t h e p h o t o s p h e r e . T h i s 
r e s u l t i s t o t a l l y u n e x p e c t e d and i s c o n t r a r y t o t he p r e v a l e n t i n t u i t i v e 
p i c t u r e t h a t (by a n a l o g y w i t h the s o l a r w ind ) t he r o t a t i o n v e l o c i t y i n 
a s t e l l a r w ind i s n e c e s s a r i l y enhanced by m a g n e t i c c o r o t a t i o n . 

F i g u r e 2 shows t h e c o r r e s p o n d i n g r e s u l t s f o r s e m i - s o f t w i n d s . 
When t h e l i n e r a d i a t i o n f o r c e p r o d u c e s g r a d u a l r a d i a l a c c e l e r a t i o n , 
t h e a z i m u t h a l v e l o c i t y i s i n d e e d m a g n e t i c a l l y e n h a n c e d - - b y a l m o s t a 
f a c t o r o f two even f o r e x c e e d i n g l y weak s t e l l a r f i e l d s t r e n g t h s . The 
r a d i a l v e l o c i t y s t r u c t u r e i s a l s o a p p r e c i a b l y m o d i f i e d i n t h e s e w i n d s . 

N u m e r i c a l d i f f i c u l t i e s were f o r m i d a b l e even f o r t h e c u r r e n t weak-
f i e l d m o d e l s ; d e v e l o p m e n t o f t h e code i s i n p r o g r e s s t o i n v e s t i g a t e 
t he c a s e s o f s t r o n g e r m a g n e t i c f i e l d s and h i g h e r r o t a t i o n r a t e s . 

T h i s work was s u p p o r t e d b y t he N a t i o n a l S c i e n c e and E n g i n e e r i n g 
R e s e a r c h C o u n c i l o f C a n a d a t h r o u g h a g r a n t t o D r . J . M . M a r l b o r o u g h and 
by t h e N a t i o n a l S c i e n c e F o u n d a t i o n t h r o u g h g r a n t N S F 7 8 - 2 0 1 3 5 to 
D r . P . S . C o n t i . 
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DISCUSSION 

Endal: Is the effective moment-arm of your winds given by the radius 
at the Alfven point, as in the Weber-Davis solar wind model? 

Barker: The Weber and Davis theory is formally correct only in the 
case of zero photospheric mass loss. These calculations were performed 
using a corrected version of the theory, in which the solar-wind 
result you quote is no longer valid. 

Harmanec: Could you estimate how strong the magnetic field must be to 
obtain detectible difference between magnetic and non-magnetic wind? 

Barker: Even 5 Gauss fields have substantial effects on the wind 
velocity structure; calculations are planned to investigate the resul
tant observable line profile changes. 
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