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

T h e one of t h e possibi l i t ies concern ing t h e cause of A G N je t s is t h e super -

E d d i n g t o n l u m i n o c i t y a r o u n d t h e Mass ive Black Hole. If t h e case of op t i -

cally th ick s t a t e is a s s u m e d , we can define t h e s u p e r - E d d i n g t o n t e m p e r a t u r e 

in t h e opt ica l ly th i ck case , from t h e following condi t ion t h a t 

dprad/dr > GM/r2 which reduces t o Τ > 3 . 5 x l 0 8 ( r * d l n T / d l n r * ) 1 / 4 , 

w h e r e r* = 2c2r/GM. T h e c rea t ion of e lectron- pos i t ron pa i r s a n d t h e 

p a h s e c h a n g e a re e x p e c t e d t o occur in t h e such t e m p e r a t u r e r age a r o u n d 

109K , w h e r e t h e r a d i a t i o n p ressure is d o m i n a n t in t h e lower t e m p e r a t u r e 

a n d t h e pa i r p res su re be in t h e h igher one . 

2 . G e n r a l R e l a t i v i s t i c H y d r o d y n a m i c E q u a t i o n s 

In th i s conce rned s i t u a t i o n , t h e genra l re la t iv is t ic equa t i ons m u s t be em-

ployed . O t h e r w i s e , t h e flow could no t satisfy t h e equivalence pr inc ip le , be -

cause t h e gases composed of p h o t o n s a n d pa i r s . Here , t h e re la t iv is t ic h y d r o -

d y n a m i c a l e q u a t i o n s a re cons idered inc lud ing pa i r s a n d p h o t o n s in t h e op t i -

cally th i ck s t a t e . T h e p a r t i c u l a r re la t iv is t ic effect is t h e a d d t i o n of t h e com-

press ion t e r m t o t h e m o m e n t u m e q u a t i o n s , r ep re sen ted by w(Uudi,)hino , 

w h e r e no is t h e nuclei n u m b e r densi ty , Uv t h e four veloci ty sat isfying 

UVU
V — —1 . A n d w is t h e factor of re la t iv is t ic efficiency, given by 

w = - l + { ^ ( 2 x + ^ ) - 1 ( 2 x - x - 1 ^ 0 + CT] + 1 2 ^ a d } / [ e ( ^ + CT ) + 12prad] , 

w h e r e e a n d w a r e t h e i n t e r n a l a n d e n t h a l p y of pa i r s p e r v o l u m e , prad 

t h e r a d i a t i o n p re s su re , χ = kT/mec
2 = Τ / 5 . 9 3 Χ 109K. Η = Θ[Κ4(Θ) -
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Κ0(Θ)]/4Κ2(Θ) a n d H1 = d l n # / d l n z , where θ = x~l. Kn is t h e n - t h 
modif ied Bessel funct ion , ζτ is t h e differential coefficient of t h e pos i t ron 
f rac t ion z t o t h e nuc leous n u m b e r dens i ty n0 , defined by (din z/dlnT)no = 
1 + θ{1 + Θ[Κ3(Θ) + Κλ(θ)}ΐ2Κ2(θ)}. 

N o w , t h e h y d r o d y n a m i c a l fea ture is r ep re sen ted by t h e cha rac t e r i s t i c 
conoid , g iven by 

[àx^-a{l-\w)Vàx0 ρ + [a2 + 1 2y2 ] { ά χ ι ) 2 = ( α 2 + 1 2y2 . ^ ^ 2 
Zi τ : T: 

w h e r e d# | | a n d dxj_ a r e t h e t r ans fo rmed coord ina te s para l le l t o t h e s t r e a m 

l ine a t t h e conce rned pos i t ion . V = (U\Ul + U2U
2)1/2. a is t h e sound 

veloci ty g iven by a = {[2n0z(l + ζτ) + 4prad]/[e(Hf + (τ ) + 1 2 / w ] } 1 / 2 . 
T h e re la t iv i s t i c facter w deforms t h e circular cross sect ion of t h e conoid 

in t h e classical case of w = 0, t o t h e el l iptical one e longa ted t o t h e d i rec t ion 
of t h e s t r e a m l ine . 

T h e n , t h e m a g n i t u d e of w a n d a a re a lmos t s imilar be tween in t h e 
p h o t o n s t a t e a n d in t h e pa i r s t a t e , t h a t is, w ~ 0.33 a n d a ~ 0.577, 
a l t h o u g h the se fac tors decrease 30% in t h e midd le of t h e p h a s e c h a n g e . 

3 . T h e C h a r a c t e r i s t i c s o f t h e R e l a t i v i s t i c G a s e s 

T h e o t h e r one of t h e cha rac te r i s t i c fea tures of t h e re la t iv is t ic gases is t h e 
res i s t ive effect t o t h e e n e g y - m o m e n t u m equa t ions t h r o u g h t h e coupl ing be-
t w e e n t h e veloci ty shear a n d t h e t h e r m a l conduc t iv i ty . F u r t h e r m o r e , t h e 
res i s t ive t e r m s inc lude t h e t i m e va r i a t ions of veloci ty a n d t e m p e r a t u r e . 
The re fo re , it is e x p e c t e d t h a t t h e t h e r m o d y n a m i c a l behav io r of t h e ac-
c re t ion flow of re la t iv is t ic gases m u s t differ from t h e nonre la t iv i s t i c case , 
a l t h o u g h t h e g r a n d behav io r m a y no t differ from t h e advec t ion m o d e l of 
t h e s imi la r i ty t e r a t m e n t by N a r a y a n a n d Yi (1994) . 

If t h e acc re t ion flow w i t h t h e s u p e r - E d d i n g t o n t e m p e r a t u r e t u r n s t o t h e 
o u t w a r d m o t i o n ove rcoming t h e swallaw of t h e black hole , t h e ejected pa i r 
gase will suffer from t h e ann ih i l a t i on of pa i r s , which p roduces t h e g a m m a -
r a y b e a m . T h i s r a d i a t i o n ac t s on t h e genu ine n o r m a l gase as t h e C o m p t o n 
rocke t , cal led by O 'Del l (1981) . However , t h e annh i l a t i on process should b e 
r equ i r ed in e l a b o r a t e cons ide ra t ion done by Brandford a n d Levinson (1995) . 
T h e ann ih i l a t i on of pa i r s will cool t h e je t s t rongly t o m a k e it s lender ( cf. 
K o n d o 1995) . 
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