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

M e g a m a s e r s p rov ide a powerful too l t o p r o b e t h e i n n e r m o s t few parsecs 

of ac t ive ga lac t i c nuclei ( A G N s ) . In p a r t i c u l a r , for A G N s w i t h la rge incli-

n a t i o n ang les , only m a s e r sources enab le t o d i rec t ly s t u d y t h e s t r u c t u r e 

a n d d y n a m i c s of t h e region ins ide t h e s u p p o s e d obscur ing to r i , wh ich a r e 

cons idered t o b e op t ica l ly th ick from t h e infrared t o t h e X- ray b a n d s . For 

e x a m p l e , t h e V L B I obse rva t ions of t h e w a t e r m e g a m a s e r sources a t t h e 

c e n t e r of N G C 4258 have prov ided no t only t h e compel l ing ev idence for t h e 

p r e sence of a c en t r a l supe rmass ive black hole b u t a lso t h e de ta i led informa-

t i o n o n t h e spa t i a l a n d veloci ty d i s t r i bu t ion of t h e mase r sources (Miyoshi 

et a l . 1995; Naka i et a l . 1995). 

H i t h e r t o , t h e d y n a m i c s of m e g a m a s e r sources have been discussed un -

der t h e a s s u m p t i o n of c i rcular r o t a t i o n . I t is k n o w n , however , t h a t nea r 

K e p l e r i a n disks can be p e r t u r b e d by global m = 1 osci l la t ions (e .g. , K a t o 

1983) . If m = 1 m o d e s exist in m a s e r d isks , t h e veloci ty field can dev i a t e 

from t h e Kep le r i an one . I t i s , therefore , i m p o r t a n t t o s t u d y t h e cha rac te r i s -

t ics of m = 1 m o d e s in m a s e r disks a n d the i r effect on k inema t i c s of m a s e r 

sources . 

2 . D i s k M o d e l 

As a n u n p e r t u r b e d equ i l ib r ium disk, we t a k e a non-se l f -g rav i ta t ing , ax-

i s y m m e t r i c disk r o t a t i n g a r o u n d a black hole . T o s imu la t e t h e weak genera l 

r e la t iv i s t i c effect, we use t h e p s e u d o - N e w t o n i a n p o t e n t i a l (Paczynsk i & W i -

i t a 1980) . W e a s s u m e t h a t t h e gas obeys a po ly t rop ic re la t ion w i th an i n d e x 
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of 5 / 3 , a d o p t a s imple t o y m o d e l for t h e dens i ty d i s t r i bu t ion a d o p t e d by 

O k a z a k i (1996) , a n d consider a l inear , a d i a b a t i c m = 1 p e r t u r b a t i o n . 

3 . G l o b a l m = 1 E i g e n m o d e s 

B o t h z - s y m m e t r i c (eccent r ic ) m o d e s a n d ^ - a n t i s y m m e t r i c ( w a r p i n g ) m o d e s 

a r e p r e s e n t in m a g a m a s e r disks . T h e veloci ty field assoc ia ted w i t h t h e 

m o d e s is sens i t ive t o disk p a r a m e t e r s as well as t h e disk m o d e l a d o p t e d . T h e 

a s s u m p t i o n of c i rcular r o t a t i o n of m a s e r disks holds well only for w a r p i n g 

m o d e s . 

3.1. WARPING (Z-ANTISYMMETRIC) MODES 

T h e veloci ty field assoc ia ted w i t h t h e w a r p i n g m o d e is a p p r o x i m a t e l y ver-

t i ca l . T h e a m p l i t u d e of t h e ver t ica l c o m p o n e n t of t h e p e r t u r b e d veloci ty is 

r ough ly c o n s t a n t in t h e ^-d i rec t ion a n d decreases w i th r ad iu s . T h e s e fea-

t u r e s of t h e w a r p i n g m o d e agree well w i th t h e observed spa t i a l a n d ve loc i ty 

d i s t r i b u t i o n of m a s e r sources of N G C 4258. [See Okazak i (1996) for m o r e 

deta i ls . ] 

3.2. E C C E N T R I C (Z-SYMMETRIC) MODES 

T h e p e r t u r b e d veloci ty field assoc ia ted w i th t h e eccent r ic m o d e is app rox i -

m a t e l y h o r i z o n t a l . D u e t o t h e p resence of t h e eccent r ic m o d e , t h e disk cen te r 

is offset a n d t h e veloci ty field becomes non-c i rcu lar . T h e n , i t is necessary 

t o t a k e a c c o u n t of t h e p e r t u r b e d veloci ty field t o s t u d y t h e k i n e m a t i c s of 

m a s e r sources a n d e s t i m a t e t h e ga laxy d i s tances a n d t h e b lack hole masse s 

of A G N s . 
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