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W e bel ive t h a t A c t i v e Ga lac t i c Nuc l e i s (AGNs) have one or a few b lack 

holes in t h e cen te r a n d get t h e ac t iv i ty from t h e b ind ing energy of t h e 

m a t t e r falling i n t o t h e b lack hole o r ( a n d ) t h e r o t a t i o n a l energy of t h e black 

ho le . Since t h e sources of t he i r energy exist nea r t h e b lack hole , t h e ene rgy 

h a v e t o b e car r ied from t h e v inci ty of b lack hole t o a d i s t ance by some 

w a y s . As one of t h e way, we s t u d y t h e p r o p a g a t i o n of t h e waves (ex. T h e 

case of t h e l ight waves , H a n n i 1977, a n d of sound wave, T a k a h a s h i et al . 

1990) . W e inves t iga t ed t h e p r o p a g a t i o n of fast m a g n e t o a c o u s t i c wave . W e 

be l ive t h e co l l imat ion of j e t a re caused by m a g n e t i c field. F u r t h e r m o r e , we 

t h i n k t h a t t h e waves can e x t r a c t t h e r o t a t i o n a l energy of t h e b lack hole . 

T h i s p rocess is t h e vers ion of wave of Pen rose p roces s (Pen rose 1968), a n d 

is cal led t h e s u p e r r a d i a n t s ca t t e r ing . 

In m a g n e t i c fluid, t h e e q u a t i o n s of t h e p r o p a g a t i o n of t h e m a g n e t o a -

cous t ic waves were g iven by Licherowicz(1967, t h e e q u a t i o n (35-27)) . Here 

we use t h e un i t s of c = G = 1. W e div ided t h e e q u a t i o n of Licherowicz i n t o 

t w o e q u a t i o n s of fast a n d slow m a g n e t o a c o u s t i c waves , 

ίαβΦ,αφ,β = 0, (1) 

*αβΦ,αΨ,β = 0, (2) 

w h e r e φ is cal led e ikona l a n d t h e each surface of φ = c o n s t a n t expresses 

a hype r su r f ace of space - t ime . faß a n d s a ( 3 a r e given by t h e q u a n t i t i e s of 

fluid, m a g n e t i c field a n d g r a v i t a t i o n a l field. W h e n t h e sound veloci ty in t h e 

fluid is m u c h smal le r t h a n t h e l ight velocity, faP a n d sa(3 a r e a p p r o x i m a t e l y 

g iven by t h e following e q u a t i o n s , 

faß „ -.otß nh ot β / o \ 

J μ « g μ + -jpU η μ , (3) 

s a ß « 0. (4) 
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w h e r e gaP is t h e m e t r i c of space - t ime , η is t h e res t mass energy dens i ty 

of t h e fluid, h is t h e specific e n t h a l p y of t h e fluid, B2 is t h e squa re of t h e 

in t e s i ty of m a g n e t i c field a n d ua is t h e four veloci ty of t h e fluid. 

W e i n v e s t i g a t e d t h e p r p o a g a t i o n of t h e fast m a g n e t o a c o u s t i c waves n e a r 

a b lack hole . There fo re t h e m e t r i c of space - t ime is given by t h e black 

h o l e ( K e r r m e t r i c ; Boyer - l indquis t c o o r d i n a t e ) . In t h e case t h a t t h e fluid 

un i fo rmly rad ia l ly falls in a b lack hole a n d t h e m a g n e t i c field is un i fo rm 

( W a l d 1974) , we seach t h e p r o p a g a t i o n of waves . 

Figure 1 show t h e p r o p a g a t i o n of wave front of t h e fast m a g n e t o a c o u s t i c 

wave on t h e e q u a t o r surface (Θ = 7r / 2 ) . T h e black hole is t h e e x t r e m K e r r 

b lack hole ( t h e even t hor izon is a sphere wi th a r ad ius of l m ; he re m is t h e 

m a s s of b lack ho le ) , a n d t h e source of t h e wave is l oca t ed a t r = 2 m , φ = 0. 

Seeing Figure i , we u n d e r s t a n d t h e wave front c a n ' t p r o p a g a t e t o t h e 

even t ho r i zon . T h i s r eason is t h a t t h e p r o p a g a t i o n in t h e rad ia l d i rec t ion 

d e p e n d s on t h e va lue of frr. W h e n frr = 0, t h e veloci ty in t h e r ad i a l 

d i rec t ion is zero . Consequen t ly , t h e waves r a d i a t e d in t h e region of frr < 0 

c a n ' t p r o p a g a t e in t h e region of frr > 0 a n d t h e opos i t e is also t r u e . In th i s 

case , on t h e pos i t i on , r « 1.6m, frr = 0. So t h e waves r a d i a t e d far away 

f rom b lack hole c a n ' t a p p r o a c h t o t h e black hole a n d t h e waves r a d i a t e d n e a r 

t h e b lack hole c a n ' t p r o p a g a t e in t h e o u t e r d i s t ance . T h i s shows t h a t in t h i s 

case , t h e fast m a g n e t o a c o u s t i c waves c a n ' t p r o p a g t e t h e energy ex i s t ing t h e 

v ic in i ty of black hole t o t h e o u t e r d i s t ance a n d c a n ' t e x t r a c t m u c h r o t a i o n a l 

ene rgy of b lack hole . In t h e fu tu re we'll inves t iga te t h e p r o p a g a t i o n of t h e 

fast m a g n e t o a c o u s t i c waves in t h e a n o t h e r case. 
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Figure 1. T h e wave front 
of fast magnetoacoust ic wave; 
The source of wave is located at 
r = 2m, φ = 0,0 = 0(x = 2m, y = 0, 
ζ = 0). The center circle with radius 
of lm, shows the event horizonof the 
black hole. Here m is the mass of the 
balck hole. The other lines show the 
wave fronts, and the each time of the 
wave fronts, is /=1, 2, 4, 7, 11,and 
16, respectively. Here the black hole 
is the extreme Kerr black hole and 
rotate in the positive (^—direction. 
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