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

A r o t a i n g b lack hole ha s i n t e re s t ing fea tures which c a n ' t b e seen in non-

r o t a t i n g cases . T h e m o s t cha rac te r i s t i c one is t o i nduce differential r o t a io n s 

a t a n g u l a r veloci ty ω in ine r t i a l f rames . As t rophys ica l ly it m i g h t h a v e var-

ious i m p a c t s on i ts s u r r o u n d i n g accre t ion p l a s m a s . In a 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 m a g n e t o h y d r o d y n a m i c p i c t u r e , i t enables t o d i rec t ly e x t r a c t 

t h e r o t a t i o n ene rgy of t h e b lack hole in t h e form of t h e ou tgo ing P o y n t -

ing flux. T h i s process needs a condi t ion Ω ^ ( Ω # — Ω ^ ) > 0 on t h e hor izon 

r = ru, w h e r e Ω # = u ; | r H , a n d Ωρ is t h e angu la r velocity of m a g n e t o s p h e r e . 

However , i t is no t so clear how t h e e x t r a c t e d energy ac t iva t e s t h e m a g n e -

t o s p h e r e . Recent ly , K a h n n a a n d C a m e n z i n d ( K C 1994,1995) p r o p o s e d a 

poss ib i l i ty of a self-exci tat ion m e c h a n i s m of t h e e l ec t romagne t i c fields, sup -

p o r t e d by a coup l ing be tween ω a n d t h e angu la r velocity of p l a s m a Ω, 

t h r o u g h t h e m a g n e t i c diffusivity η of accre t ion p l a s m a s . T h e y called it ωΩ 

d y n a m o a n d t r i ed t o confirm th i s effect by numer i ca l s imu la t ions . However 

n o such g rowing cases were found in t h e ini t ia l condi t ions employed in t h e 

s i m u l a t i o n s ( B r a n d e n b r u g 1996, K C 1996). 

W e ana ly t i ca l ly t r y t o th i s p r o b l e m in o rder t o get some cr i te r ions for 

t h e g rowing cases , us ing a r educ t ive p e r t u r b a t i o n m e t h o d (Egi e t a l . 1997) . 

T h e b a c k g r o u n d space - t ime a s s u m e d t o be a Ker r geomet ry . O u r bas ic 

e q u a t i o n s a r e Maxwel l e q u a t i o n s a n d a general ized O h m ' s law for t h e elec-
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t r o m a g n e t i c field t enso r Εμν g iving a four velocity ημ of a p l a s m a fluid a n d 

77. F u r t h e r m o r e we a s s u m e a x i s y m m e t r i c m a g n e t o s p h e r e a n d neglect a n y 

b a c k r eac t i ons t o ημ for m a t h e m a t i c a l s implici ty. 

2 . P e r t u r b a t i o n S c h e m e s 

If t h e obse rved X- ray var iabi l i ty is r e la ted t o t h e m a g n e t i c diffusivity, t h e n 

we suspec t c = 7 7 / 7 7 / <C 1, because i ts t ime-scale is m u c h la rger t h a n t h e 

d y n a m i c a l o n e . ωΩ coupl ing m u s t be s t ronges t j u s t on t h e hor izon , so we 

focus o u r a t t e n t i o n on a n a r r o w b o u n d a r y layer χ = (r — r / / ) / r / / ~ O(e) 

a n d e x p a n d t h e field c o m p o n e n t s w i t h smal l p a r a m e t e r e. 

A c c o r d i n g t o t h e spr i t of a r educ t ive p e r t u r b a t i o n m e t h o d , we can re-

d u c e th i s p r o b l e m t o t h e eigen va lue p r o b l e m for eigen funct ions Φ ( χ , ο ) 

a n d eigen va lue λ . Here , Φ is a φ c o m p o n e n t of t h e vec tor p o t e n t i a l , t h a t 

i s , ¥μφ — ο μ Φ . W e can k n o w some topologica l in fo rmat ions from Φ. T h e 

g r o w t h of Φ is equ iva len t t o t h e g r o w t h of e l ec t romagne t i c fields, t h e n λ 

c o r r e s p o n d s t o t h e g rowing r a t e of Φ in a un i t 6 χ advanced t i m e . 

3 . R e s u l t s 

W e inves t i ga t e t h e eigen value p r o b l e m in t w o given veloci ty profiles of 

p l a s m a fluids, wh ich seem t o be real is t ic . O n e is (i) ul = = Ζ s i n 2 θ 

a n d t h e o t h e r is (ii) ul = J 5 s i n 2 0 , = Z s i n 2 0 , where Ε a n d L a r e 

c o n s t a n t s . T h e resu l t s are ; 

1. T h e case (i) i nc lud ing t h e veloci ty profiles of p rev ious s imula t ions ( K C 

1996, B r a n d e n b r u g 1996) , which cor responds t o Ε < 0. However we 

find Ε < 0 λ < 0 which m e a n s t h e r e is n o g rowing m o d e . T h i s 

agrees w i t h t h e s imu la t i ons . 

2 . I n b o t h cases (i) a n d ( i i ) , we find λ > 0 and L > 0 =>- 0 < 

Ω Η < Ωρ, wh ich m e a n s t h a t t h e growing m o d e needs t h e cond i t ion 

Ωρ(Ωπ — Ω/τ) > 0, because we n a t u r a l l y suppose L > 0 Ω τ̂ > 0 

a t t h e hor izon . T h i s condi t ion j u s t equals t o t h e one for t h e o u t g o i n g 

P o y i n t i n g flux t o be pos i t ive . 

W e t h i n k t h a t t h e e x t r a c t e d energy in t h e form of P o y n t i n g flux m u s t b e 

d e p o s i t e d in s u r r o u n d i n g m a g n e t o s p h e r e t h r o u g h t h e d y n a m o ac t i on , a n d 

conc lude th i s p a p e r w i t h a conjec ture t h a t t h e depos i t ed energy m u s t b e 

finally re leased in forming t h e j e t s . 
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