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1 . I n t r o d u c t i o n 

T o exp la in t h e ac t i v i t y of ac t ive ga lac t ic nuclei or c o m p a c t X- ray sources , 

I cons ider a b lack hole m a g n e t o s p h e r e in t h e cen te r of t hese ob j ec t s . T h e 

cons ide r ing black hole m a g n e t o s p h e r e is composed of a mass ive b lack hole 

w i t h s u r r o u n d i n g fluids a n d m a g n e t i c fields, a n d r o t a t e s rapid ly . Because 

of t h e s t r o n g g r a v i t a t i o n a n d t h e rap id r o t a t i o n , b o t h an accre t ion a n d a 

w i n d / j e t wou ld b e gene ra t ed from p l a s m a sources (e.g. , an accre t ion disk 

a n d i t s c o r o n a ) . T h e ou tgo ing flow carr ies t h e a n g u l a r m o m e n t u m from 

t h e p l a s m a source effectively, a n d t h e n t h e accre t ion would go on s t a t ion -

a ry , re leas ing i t s g r a v i t a t i o n a l energy. I a s sume t h a t t h e m a g n e t o s p h e r e 

is s t a t i o n a r y a n d a x i s y m m e t r i c , a n d t h a t t h e ideal M H D a p p r o x i m a t i o n 

is ava i lab le for t h e s t r e a m i n g fluid. I discuss t h e t h e r m a l effects on M H D 

flows, a n d t h e n I a r g u e t h a t t h e t rans- fas t M H D accre t ion so lu t ion can b e 

b r o k e n by h ighly t h e r m a l effects. 

2 . T r a n s - m a g n e t o s o n i c a c c r e t i o n 

T o u n d e r s t a n d flow p rope r t i e s in t h e black hole m a g n e t o s p h e r e , we solve 

t h e re la t iv i s t i c Bernoul l i e q u a t i o n (Camenz ind ,1986 ; Takahash i e J a/ . ,1990), 

wh ich h a s a form of d(\n ur)/dr = N(r,ur)/D(r,ur), w i th a r ad ia l m a g n e t i c 

field l ine , w h e r e ur is t h e rad ia l four-velocity of t h e fluid. T o accre te o n t o t h e 

b lack hole or b low away t o far d i s t a n t region, t h e M H D flow ejected from 

p l a s m a sources w i th low-veloci ty m u s t pass t h r o u g h t h e slow m a g n e t o s o n i c 

p o i n t , t h e Alfvén po in t a n d t h e fast m a g n e t o s o n i c po in t in o rde r , w h e r e 

we see t h a t D = 0 a n d we m u s t requ i re Ν = 0 a t t h e s a m e p o i n t t o get 

a phys ica l so lu t ion . T h e s e 'cr i t ical cond i t i ons ' res t r ic t t h e M H D flow's five 

p a r a m e t e r s (see Bondi ,1952 ; W e b e r & Davis ,1967; C a m e n z i n d , 1 9 8 7 ) . So, I 
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Figure 1. M H D a c c r e t i o n o n t o t h e b lack ho le (a/m = 0 .1 ) . [a] s h o w s t h e c a s e of a s t r o n g 
m a g n e t i c f ield (CS)A < m a ; a n d [b] s h o w s t h e case of a w e a k m a g n e t i c field (CS)A > UA-

For t h e c a s e of (CS)A < « a , w e a l w a y s find t h e cros s ing of Ν — 0 l ine a n d D = 0 l ine 
b e t w e e n t h e A l f v é n p o i n t a n d t h e e v e n t h o r i z o n , w h i l e for t h e case of (CS)A > « a t h e 
c r o s s i n g is l i m i t e d . 

can e v a l u a t e t h e energy flux of t h e t rans- fas t M H D flows as funct ions of 

t h e fast m a g n e t o s o n i c r a d i u s , t h e Alfvén r a d i u s , t h e l ight r ad ius a n d t h e 

loca t ion of p l a s m a in jec t ion po in t ( T a k a h a s h i , 1994). 

W h e n t h e s o u n d four-veloci ty Cs is g rea t e r t h a n t h e Alfvén wave speed 

a t t h e Alfvén r a d i u s UA, we find a res t r ic t ion by t h e t h e r m a l effect o n t o t h e 

h o t t r ans - fas t M H D accre t ion . In th i s case , it is possible t h a t no phys ica l 

t r ans - f a s t M H D accre t ion solu t ion exis ts be tween t h e Alfvén r a d i u s a n d 

t h e even t ho r i zon . W e only o b t a i n unphys i ca l solut ions t h a t a t t h e even t 

ho r i zon t h e p l a s m a ' s p r e s su re diverges and i ts rad ia l veloci ty (ur)}\ becomes 

ze ro . T h i s m e a n s t h a t an s t a t i o n a r y a n d a x i s y m m e t r i c ideal M H D accre t ion 

o n t o b lack hole do no t h a p p e n a long such a m a g n e t i c flux t u b e . T o real ize 

a phys ica l acc re t ion flow, t h e conf igurat ion of m a g n e t i c field lines wou ld b e 

c h a n g e d by t h e t h e r m a l - p r e s s u r e d o m i n a t e d flow. If a shock front is gener-

a t e d a t s o m e w h e r e b e t w e e n t h e p l a s m a source a n d t h e event hor i zon , t h e 

t r ans - fa s t M H D accre t ion would b e real ized w i t h different w ind p a r a m e t e r 

s e t s . 
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