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As t h e obse rva t ions of highly flattened galaxies inc lud ing t h e Milky W a y 

a n d m a n y - b o d y (TV-body) s imula t ions show, t h e cen t ra l p a r t s of t hese sys-

t e m s , say, a t d i s t ances r < 0.5 — 0.7 k p c from t h e cen te r , r o t a t e slowly 

a n d the i r local c i rcular velocit ies of regu la r r o t a t i o n b e c o m e less t h a n (or 

c o m p a r a b l e t o ) t h e res idua l ( r a n d o m ) veloci t ies . In such a t h i n , p rac t i ca l ly 

n o n r o t a t i n g c i r cumnuc l ea r disk, a typ ica l s t a r moves a long t h e b e n d i n g , 

p e r p e n d i c u l a r t o t h e equa to r i a l p l ane layer u n d e r t h e ac t ion of t w o forces 

wh ich ac t in oppos i t e d i rec t ions : t h e des tabi l iz ing centr i fugal force Fc a n d 

t h e r e s to r ing g r a v i t a t i o n a l a t t r a c t i o n Fg. Obviously, fierce ins tabi l i t ies of 

t h e buck l ing k ind deve loping p e r p e n d i c u l a r t o t h e p l ane m a y no t b e avoided 

if Fc > Fg. T h e l a t t e r condi t ion is none o the r t h a n t h e condi t ion of "fire-

h o s e " e l ec t romagne t i c ins tab i l i ty in collisionless p l a s m a s which is d r iven b y 

t h e pa r t i c l e " p r e s s u r e " an i so t ropy . 1 

It seems r easonab le t h a t th i s is a n a t u r a l m e c h a n i s m for bu i ld ing a 

s n a k e - s h a p e d r ad io s t r u c t u r e which has recent ly been observed by Z h a o et 

al . (1996) in t h e cen t ra l region of t h e spiral s t a r b u r s t ga laxy N G C 2146 wi th 

t h e Very La rge A r r a y a t an angu la r reso lu t ion of 2" (Gr iv 1997). TV-body 

s imu la t i ons of t h e firehose-type b e n d i n g ins tab i l i ty a re p re sen ted for th i s 

ga laxy . A theo re t i ca l p red ic t ion is confirmed t h a t t h e ins tab i l i ty is d r iven 

by excess of p l ane k ine t ic energy of r a n d o m m o t i o n s of s t a r s , w h e n t h e r a t i o 

of t h e d ispers ion of r ad ia l velocit ies of s t a r s ( " t e m p e r a t u r e " ) in t h e p l ane cr 

1 T h e f i r e h o s e - t y p e b e n d i n g i n s t a b i l i t y of a suff ic iently t h i n s te l lar d i sk h a s b e e n pre -
d i c t e d b y T o o m r e ( 1 9 6 6 ) b y u s i n g t h e t h e o r y b a s e d o n m o m e n t e q u a t i o n s . T h i s i n s t a b i l -
i t y w a s a l so d i s c o v e r e d i n d e p e n d e n t l y b y K u l s r u d e t al. ( 1 9 7 1 ) and M a r k ( 1 9 7 1 ) w i t h a 
m o r e a c c u r a t e k i n e t i c t h e o r y . P o l y a c h e n k o & S h u k h m a n ( 1 9 7 9 ) , F r i d m a n &; P o l y a c h e n k o 
( 1 9 8 4 ) , a n d P o l y a c h e n k o ( 1 9 9 2 ) h a v e p o i n t e d o u t t h a t t h e u s u a l n a m e for t h i s i n s t a b i l i t y 
of p a r t i c u l a t e s y s t e m s - f irehose i n s t a b i l i t y - recal l s t h e fact t h a t t h e u n s t a b l e m o t i o n of 
a h o s e w h e n t h e f low v e l o c i t y of w a t e r in s ide b e c o m e s v e r y h igh h a s e s s e n t i a l l y t h e s a m e 
n a t u r e . 
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t o t h e veloci ty d i spers ion in t h e p e r p e n d i c u l a r d i rec t ion cz is large e n o u g h , 

cr > (0.5 — 0 . 6 ) c z . In o t h e r words , if t h e th ickness of t h e s tel lar disk h oc cz 

is smal l e n o u g h . 2 

T h e e x t e n t t o which our resu l t s on t h e disk 's s tabi l i ty can have a bea r -

ing on obse rvab le sp i ra l galaxies w i th a h igh s t a r fo rmat ion r a t e in t h e 

c e n t r a l p a r t s is d i scussed . It is sugges ted t h a t such t h e snake - shaped one-

side s t r u c t u r e p e r p e n d i c u l a r t o t h e ga laxy disk of var ious scales is likely t o 

b e c o m m o n p h e n o m e n o n assoc ia ted wi th nuc leous disks of s t a r b u r s t h ighly 

flattened ga lax ies . For e x a m p l e , t h e r ad io emission observa t ions of a n u m b e r 

of sp i ra l galaxies w i th a h igh s t a r fo rmat ion r a t e have reveal an out -of -p lane 

n o n a x i s y m m e t r i c S - s h a p e d complex of r ad io sources a t a ga l axy ' s nuc leus 

( K r o n b e r g k B i e r m a n n 1981). I t seems likely t h a t t h e origin of these off-

p l a n e S - s h a p e d complexes m a y b e exp la ined by t h e b e n d i n g f i rehose- type 

in s t ab i l i t y as ou t l ined a b o v e . 

In p a r t i c u l a r , a t e n t a t i v e mode l is offered which accoun t s in a s imple 

a n d cohe ren t m a n n e r for t h e a n o m a l o u s p h e n o m e n o n observed t o w a r d t h e 

nuc leus of ou r o w n G a l a x y : t h e Ω - s h a p e d Galac t i c Arc emerg ing from t h e 

nuc l ea r disk t o w a r d t h e pos i t ive ga lac t ic l a t i t u d e (Sofue k H a n d a 1984; 

Sofue 1985; Morr i s k Yusef-Zadeh 1989). 

T h e work was s u p p o r t e d in p a r t by t h e Israeli Min i s t ry of I m m i g r a n t 

A b s o r p t i o n , t h e Israeli Min i s t ry of Science, a n d t h e A c a d e m i a Sinica in 

T a i w a n . 

R e f e r e n c e s 

F r i d m a n , A . M . , h P o l y a c h e n k o , V . L. 1984 , Physics of Gravitating Systems, Vo l . 1, N e w 
York: S p r i n g e r - V e r l a g . 

Griv , E . 1997 , A p J , submitted. 
K r o n b e r g , P. P . , L· B i e r m a n , P. 1 9 8 1 , A p J , 243 , 89 . 
K u l s r u d , R. M . , Mark, J . - W . K., &; C a r u s o , A . 1 9 7 1 , A s t r o p h y s . S p a c e Sei . , 14 , 5 2 . 
M a r k , J. W . - K . 1 9 7 1 , A p J , 169 , 4 5 5 . 
Morr i s , M. , & Y u s e f - Z a d e h , F . 1 9 8 9 , A p J , 3 4 3 , 7 0 3 . 
P o l y a c h e n k o , V . L. . 1 9 9 2 , S o v i e t A s t r o n . , 36 , 4 8 2 . 
P o l y a c h e n k o , V . L. , & S h u k h m a n , I. G. 1979 , S o v i e t A s t r o n . , 23 , 4 0 7 . 
So fue , Y . 1 9 8 5 , P A S J , 37 , 697 . 
So fue , Y . , & H a n d a , T . 1 9 8 4 , N a t u r e , 310 , 568 . 
T o o m r e , A . 1 9 6 6 , in Geophysical Fluid Dynamics, Notes on the Summer Study Programm 

in Geophysical Fluid Dynamics at the Woods Hole Océanographie Institution, ref. n o . 
6 6 - 4 6 , p . 1 1 1 . 

Z h a o , J . -H . , A n a t h a r a m a i a h , K., G o s s , W . M. , b V i a l l e f o n d , F . 1996 , A p J , 4 7 2 , 5 4 . 

2 A s i s k n o w n , t h e l a t t e r effect e x p l a i n s w h y there are n o e l l ip t ica l g a l a x i e s w i t h an 
o b l a t e n e s s e x c e e d i n g a def in i te cr i t ica l va lue : t h e larges t o b l a t e n e s s i s p o s s e s s e d by t h e 
g a l a x i e s of t h e H u b b l e t y p e E 7 ( F r i d m a n &; P o l y a c h e n k o 1984; P o l y a c h e n k o 1 9 9 2 ) . 

https://doi.org/10.1017/S0074180900084965 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900084965

