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

In th i s sho r t p a p e r , we r e p o r t t h e m a i n resu l t s of a comprehens ive t h e o r y 

of b a r - d r i v e n spira l dens i ty waves . T h e t h e o r y offers e x p l a n a t i o n s of t h e 

morpho log ica l difference of t h e spirals observed in t h e g a s - d o m i n a t e d cen-

t r a l d isks as well as t h e different p a t t e r n s of isovelocity curves d i s t o r t e d 

by t h e waves . I t also gives rel iable e s t i m a t e s of t h e i nduced m a s s flux t o 

fuel t h e A G N s a n d s t a r b u r s t r ing act iv i t ies a n d hence t h e l ifespan of t h e 

c e n t r a l d i sks . In p a r t i c u l a r , we c o m p a r e our resu l t s w i th t h e C O a n d H C N 

obse rva t i ons of N G C 1 0 6 8 a n d M100 . Based on these r e su l t s , we can spec-

u l a t e t h e poss ible or igin of t h e cen t ra l b a r s a n d will p ropose two cr i t ical 

obse rva t i ona l t e s t s of t h e theory . 

2 . T h e o r e t i c a l R e s u l t s 

W e s u m m a r i z e ou r resu l t s (Yuan a n d K u o 1997) as follows: 

( 1 ) T h r e e M o r p h o l o g i c a l T y p e s o f S p i r a l s : For t h e o u t e r L i n d b l a d 

r e sonance ( O L R ) , t h e spirals a re t i g h t a n d t ra i l ing . For t h e o u t e r inne r 

L i n d b l a d r e sonance ( O I L R ) , spirals a re re la t ively o p e n a n d t ra i l ing . For 

t h e inne r i nne r L i n d b l a d r e sonance ( I I L R ) , spirals are re la t ive ly o p e n a n d 

l ead ing . 

( 2 ) P a t t e r n s o f I s o v e l o c i t y C u r v e s : I n d e p e n d e n t of o r i e n t a t i o n a n d 

inc l ina t ion , t h e isoveloci ty curves for spi ra l waves exci ted a t t h e O L R a re 

a lways b e n t i n w a r d a long t h e spira l a r m s a n d those a t t h e O I L R a n d I I L R 

a re a lways b e n t o u t w a r d a long t h e spi ra l a r m s . 

( 3 ) A n g u l a r M o m e n t u m T r a n s p o r t : T h e t o r q u e exe r t ed on t h e disk 
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by t h e b a r will cause t h e disk m a t e r i a l t o move o u t w a r d ( inward ) for t h e 

case of O L R ( I L R ' s ) . T h i s will e i ther lead t o s t a r b u r s t r ing ac t iv i t ies ( O L R ) 

or fueling t h e A G N s ( I L R ' s ) . T h e m a s s flux, i nward or o u t w a r d , in t h i s 

m e c h a n i s m is typ ica l ly of 1 solar m a s s per year . T h i s impl ies t h a t t h e life 

s p a n of t h e disk is of t h e o rde r of 1 0 9 yea r s . I t in t u r n sugges ts t h a t A G N s 

a n d s t a r b u r s t r ing ac t iv i t ies are re la t ively s h o r t - t i m e a n d poss ib ly recur-

r e n t p h e n o m e n a , unless t h e mass of t h e cen t ra l disk can b e con t inuous ly 

rep len i shed from t h e cen t r a l bu lge . 

3 . C o m p a r i s o n w i t h O b s e r v a t i o n s 

R e s u l t s a re c o m p a r e d w i t h t h e obse rva t ions of N G C 1 0 6 8 ( P l a n e s a s , Scoville 

a n d M y e r s 1991; Heifer a n d Bl i tz 1995) a n d M100 ( S a k a m o t o et al . 1995). 

W e choose t h e m b e c a u s e we beieve N G C 1 0 6 8 has a fast ba r a n d M100 

h a s a slow b a r , therefore t h e former should have t igh t ly w o u n d spirals wi th 

i n w a r d - b e n t isovelocity curves a long t h e m while t h e l a t t e r , open spirals w i th 

o u t w a r d - b e n t isovelocity curves . T h e s e features a re in good a g r e e m e n t w i th 

t h e obse rva t i ons ( Y u a n a n d K u o 1997a) . 

4 . C o n c l u s i o n 

W e h a v e l inked t h e p h e n o m e n a assoc ia ted wi th t h e cen t ra l disks in t w o 

sequences which can be t e s t ed by obse rva t ions , name ly : 

T i g h t Spirals <-» Fast Bar Inward-bent i sove loc i ty C u r v e s 

O p e n Spirals *-* Slow Bar O u t w a r d - b e n t i sove loc i ty C u r v e s 

W e can s p e c u l a t e t h a t a fast b a r m a y arise from Jacob i t y p e of ins tab i l i ty a t 

t h e cen te r . T h i s requi res h igh concen t r a t i on of m a t t e r t h e r e . Ga lax ies w i t h 

such a c o n c e n t r a t i o n of m a s s is charac te r i zed by a rap id ly r is ing r o t a t i o n 

cu rve . W e can also s p e c u l a t e t h a t a slow b a r m a y resul t s f rom an " o r b i t 

t r a p p i n g " a t t h e I L R . T h i s requi res t h a t Ω ρ = Ω — κ / 2 , ha s a m a x i m u m , 

or a slowly r is ing r o t a t i o n cu rve . T h i s m a y b e t e s t ed by observ ing : 

R a p i d l y Ri s ing R o t a t i o n Curve T ight Spirals 

S lowly Ri s ing R o t a t i o n C u r v e O p e n spirals. 

So far t h e r e t h r e e galaxies follow th i s ru le , namely , N G C 1 0 6 8 , M100 a n d 

t h e Mi lky Way. W e h o p e t o e x p a n d our list w i th fu ture obse rva t ions . 
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