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

R e c e n t obs e rva t i ons revea led t h a t m a n y k inds of a s t rophys i ca l outf lows 

h a v e very s imi lar s t r u c t u r e , i.e. b ipo la r j e t s are s u r r o u n d e d by a n equa-

to r i a l ( d i s k - s h a p e d ) wind or an e x p a n d e d wind as in t h e outf lows from 

Y S O ' s , p o s t A G B s t a r s , pu l sa r s or A G N ' s . O n e m i g h t t h i n k t h a t t h i s is 

ve ry quee r b e c a u s e t h e species of t h e cen t ra l ob jec t s a n d t h e spa t i a l scales 

a r e q u i t e different a m o n g the se ob jec t s . However th i s s imi la r i ty is a resu l t 

of self-organized m a g n e t o s p h e r i c equ i l ib r ium. In these s y s t e m s , t h e r o t a t i n g 

m a g n e t i c field p lays a n i m p o r t a n t role for t h e s t r u c t u r e fo rma t ion . In such 

s y s t e m s , t w o c o m p o n e n t s of t h e Loren tz force ( t h e e l ec t ros ta t i c force a n d 

t h e m a g n e t i c force ar is ing from t h e to ro ida l c o m p o n e n t ) d o m i n a t e o t h e r 

forces in t h e region far d i s t a n t from t h e r o t a t i o n axis in sp i te of t h e differ-

ence of t h e acce le ra t ion m e c h a n i s m of t h e flows. We can u n d e r s t a n d t h a t 

such s imi la r i ty of t h e s t r u c t u r e s is a n a t u r e of t h e p l a s m a outflows itself. 

W e s u p p o s e re la t iv i s t i c , pressure-free, inviscid , resis t ive-less , 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 H D flows. In th i s case, M H D equa t ions r educe t o well 

k n o w n bas ic e q u a t i o n s : t h e Bernoul l i e q u a t i o n a n d t h e G r a d - S h a f r a n o v 

e q u a t i o n . W e shou ld n o t e t h a t t h e special re la t iv is t ic t r e a t m e n t is necessa ry 

t o d iscuss t h e s t r u c t u r e far b e y o n d t h e l ight cyl inder , even if t h e flow speed 

is n o t close t o t h e l ight velocity. 

2 . A s y m p t o t i c S t r u c t u r e 

In th i s p a p e r , ou r scope is focused t o t h e a s y m p t o t i c region (far d i s t a n t 

f rom t h e cen t r a l ob j ec t ) in which we can observe t h e s t r u c t u r e . T h e a s y m p -
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t o t i c region shou ld b e d iv ided i n t o t w o regions d e p e n d i n g on t h e d o m i n a t e d 

forces, i .e. t h e a s y m p t o t i c p o l a r ( A P ) region ( N i t t a ' 95 , '97) a n d t h e a s y m p -

t o t i c lower l a t i t u d e ( A L ) region ( N i t t a ' 94) . 

In A P , t h e L o r e n t z force a n d t h e centr i fugal force ar is ing from t h e ro-

t a t i o n of t h e flow a re in b a l a n c e . W e can o b t a i n t h e s t r u c t u r e of t h e h ighly 

co l l ima ted cyl indr ica l j e t h a v i n g clear ou t l ine wi th finite cyl indr ical r a d i u s 

(~ RL' t h e l ight cyl inder r ad ius ) as M87 j e t . 

In A L , t h e so lu t ion is r e s t r i c t ed t o t h e conical class, a n d t h e e l ec t ros t a t i c 

force a n d t h e m a g n e t i c p inch ing force a re in ba l ance . W e can o b t a i n t h e 

gene ra l so lu t ion of t h e conical class . No te t h a t th i s so lu t ion can expla in 

va r ious a s y m p t o t i c s t r u c t u r e s ( b o t h of t h e jet- l ike a n d t h e equa to r i a l -wind-

like s t r u c t u r e ) d e p e n d i n g on t h e p a r a m e t e r s ( t h e t e r m i n a l velocity, t h e 

a n g u l a r veloci ty of t h e cen t r a l ob jec t , t h e t o t a l poloidal m a g n e t i c flux a n d 

t h e a m o u n t of t h e p o l a r cu r ren t d e t e r m i n e d by t h e equ i l ib r ium at A P ) . 

T h e j e t so lu t ion o b t a i n e d in A L is t h e ' conica l ' j e t wi th very n a r r o w p o -

lar ang le . W e shou ld d i s t ingu ish t h e ' cy l indr ica l ' j e t in A P a n d t h e ' con ica l ' 

j e t in A L , b e c a u s e t h e d o m i n a t e d forces a re different in these t w o cases . 

3 . D i s c u s s i o n 

In m a n y l i t e r a t u r e , t h i n j e t s a n d e x p a n d e d winds a re t r e a t e d as different 

k inds of outf lows. However t h e a u t h o r would m e n t i o n t h a t t hese s t r u c t u r e s 

can b e m a d e by c o m m o n mechan ica l process as discussed above . 

W e shou ld d iv ide t h e en t i r e process of t h e outflows i n t o , a t l eas t , t h r e e 

s t ages . T h e first is t h e acce le ra t ion s tage w i th t h e scale ~ Αχ,, t h e second is 

t h e s t r u c t u r e fo rma t ion s t age ( > RL) d iscussed in th i s p a p e r , a n d t h e t h i r d 

is t h e p r o p a g a t i o n s t age w h e r e t h e influence of t h e a m b i e n t m e d i u m is es-

sen t i a l . Here we p re sen t a unified scheme for t h e s t r u c t u r e fo rma t ion s t age : 

t h e L o r e n t z force equ i l ib r ium can expla in var ious self-organized s t r u c t u r e s , 

e.g. t h e conical j e t , t h e e q u a t o r i a l w ind , t h e e x p a n d e d wind or t h e h y b r i d 

( j e t + w i n d ) flow. 

However some p a r a m e t e r s , e.g. t h e t e r m i n a l veloci ty a n d t h e m a s s in-

j ec t i on r a t e a r e still ' f ree ' in t h e a s y m p t o t i c ana lys i s . T h e y should b e de-

t e r m i n e d by t h e connec t ion w i t h t h e acce lera t ion region. T h e a u t h o r is 

n o w t r y i n g t o solve th i s r e m a i n i n g p r o b l e m in o rde r t o discuss w h a t is 

t h e difference in t h e i nne r region a m o n g t h e t h i n - j e t - d o m i n a t e d case , t h e 

e q u a t o r i a l - w i n d - d o m i n a t e d case a n d t h e hybr id ( j e t + w i n d ) case . 
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