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Prominent gas d i sks and dus t lanes a re found in a number o f e l l i p t i c a l 
g a l a x i e s . I t i s w i d e l y b e l i e v e d t h a t these d i sks a re the r e s u l t o f 
the t i d a l cap tu re o f m a t e r i a l f rom a nearby g a l a x y o r the a c c r e t i o n o f 
a gas r i c h companion i n t o a l a r g e r g a l a x y . Whi le a cap tu red gas d i sk 
w i l l u l t i m a t e l y s e t t l e i n t o a s t e a d y - s t a t e o r i e n t a t i o n ( " p r e f e r r e d 
p l a n e " ) , the d i s k w i l l i n i t i a l l y be t ime v a r y i n g due t o p recess iona l 
and v i scous f o r c e s . We have deve loped methods f o r model ing the 
e v o l u t i o n o f such i n c l i n e d d i s s i p a t i v e g a l a c t i c gas d i sks ( S t e i m a n -
Cameron 1 9 8 4 , P h . D . d i s s e r t a t i o n , Ind iana U . ; Ste iman-Cameron and 
Dur i sen 1 9 8 6 , A p . J . , in p r e s s , h e r e a f t e r S C D ) , and we here p resen t 
some o f the r e s u l t s o f t h i s work . 

Whi le the f u l l se t o f d i f f e r e n t i a l equa t ions d e s c r i b i n g d i sk 
e v o l u t i o n mus t , i n g e n e r a l , be so l ved n u m e r i c a l l y , c e r t a i n l i m i t i n g 
assumpt ions a l l o w f o r a n a l y t i c s o l u t i o n s , i n p a r t i c u l a r , when: 1 ) the 
v i scous t ime sca le f o r i n f l o w i s much l o n g e r than the t ime sca le f o r 
s e t t l i n g ; 2) the p recess ion r a t e i s dominated by g r a v i t a t i o n a l f o r ces 
w i t h v i scous f o r ces be ing a minor p e r t u r b a t i o n ; 3) the i n i t i a l i n c l i n a -
t i o n o f the d i sk r e l a t i v e t o a p r e f e r r e d p lane i s s m a l l , and 4 ) s e t t -
l i n g takes p lace in a n e a r l y ax i symmet r i c g a l a c t i c p o t e n t i a l . These 
c o n d i t i o n s a re g e n e r a l l y met f o r parameters t y p i c a l o f rea l g a l a x i e s 
(see S C D ) . I f i 0 i s the i n i t i a l d i sk i n c l i n a t i o n ( i =0 be ing the 
s t e a d y - s t a t e o r i e n t a t i o n ) , Ωρ the p recess ion r a t e due t o the non-
s p h e r i c i t y o f the g r a v i t a t i o n a l p o t e n t i a l , and ν the c o e f f i c i e n t o f 
k inemat i c v i s c o s i t y due t o c l o u d - c l o u d c o l l i s i o n s , t h e n , acco rd ing 
t o the a n a l y t i c s o l u t i o n in S C D , the i n c l i n a t i o n o f the d i sk as a 
f u n c t i o n o f t ime and rad ius goes as 

i = i 0 exp [ - ( t / r e ) 3 L ( 1 ) 

where the t ime cons tan t xe i s g iven by 

τ θ = [ v ( d ñ p / d r ) 2 / 6 ] ~ 1 / 3 . (2 ) 

Note t h a t the s e t t l i n g t ime sca le i s a weak f u n c t i o n o f v , go ing o n l y 
as v - 1 / 3 . In v iew o f the inadequac ies o f our unders tand ing o f c l o u d -
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c loud c o l l i s i o n s , t h i s r e s u l t g i ves us con f i dence t h a t we can none the -
less d e r i v e r e a l i s t i c s e t t l i n g t i m e s . 

F o r g a l a x i e s w i t h ex tended h a l o s , as appears t o be the case f o r 
luminous e l l i p t i c a l s , a use fu l g r a v i t a t i o n a l p o t e n t i a l i s t he s e l f -
s i m i l a r l o g a r i t h m i c p o t e n t i a l (Gunn 1 9 7 9 , in A c t i v e G a l a c t i c N u c l e i , 
e d s . C . H a z a r d and S . M i t t o n , p. 2 1 3 . ) . Model g a l a x i e s w i t h t h i s 
p o t e n t i a l have s i m i l a r c o n c e n t r i c i s o d e n s i t y s u r f a c e s , a z e r o - o r d e r 
d e n s i t y p r o f i l e o f P ( r ) α r - 2 , and a f l a t r o t a t i o n c u r v e . Then 

x e = r 4 / 3 ( ν / 6 Γ 1 / 3 fevc cos i o r 2 / 3 (3 ) 

where ε i s the e l l i p t i c i t y o f the model g a l a x y and v c i s the cons tan t 
c i r c u l a r v e l o c i t y . S ince the maximum r a d i a l d i s t a n c e o v e r which a 
c l o u d - c l o u d c o l l i s i o n can t r a n s p o r t momentum i s the e p i c y c l i c a m p l i -
tude o f i t s o r b i t , the maximum v a l u e o f ν occurs when the c loud mean 
f r e e path i s equal t o i t s e p i c y c l i c a m p l i t u d e . The va lue o f vmax 
is then a f u n c t i o n o n l y o f the c loud v e l o c i t y d i s p e r s i o n and g a l a c t i c 
p o t e n t i a l . S e t t l i n g t imes determined us ing vmax r e p r e s e n t minimum 
s e t t l i n g t i m e s . S u b s t i t u t i o n o f the e x p r e s s i o n f o r vmax t h a t we d e r i v e 
in SCD y i e l d s a minimum s e t t l i n g t ime o f 

( W - n i n * ° ' 4 0 4 ( V v r m s > 2 / 3 < c o s <4> 

where v r m s i s t he c loud rms v e l o c i t y . The p recess ion pe r i od τ ρ = 
47Tr/(ev c cos i 0 ) = 2 τ ρ / ( ε cos i 0 ) , where τ 0 i s the o r b i t p e r i o d . We 
t h e r e f o r e f i n d t h a t the n o r m a l i z e d minimum s e t t l i n g t ime f o r the s e l f -
s i m i l a r sca le f r e e p o t e n t i a l i s a l s o s e l f - s i m i l a r and sca le f r e e . 
C a l c u l a t i o n s f o r a m o d i f i e d Hubb le p o t e n t i a l , which has o f t e n been used 
in model ing e l l i p t i c a l g a l a x i e s , show v e r y s i m i l a r r e s u l t s . S u b s t i t u -
t i o n o f reasonab le numbers i n t o ( 4 ) shows t h a t s e t t l i n g i s s l ow , w i t h 
u n s e t t l e d d i sks a t r a d i i > 10 kpc be ing e x t r e m e l y o l d , in c o n t r a s t t o 
e a r l i e r work by Simonson ( 1 9 8 2 , P h . D . d i s s e r t a t i o n , Y a l e U . ) which we 
f e e l must be in e r r o r . 

We have a l s o deve loped numerical s o l u t i o n methods f o r parameters 
l ess r e s t r i c t i v e than the a n a l y t i c s o l u t i o n p resen ted above . These 
a l l o w us to t e s t the l i m i t s o f t he a n a l y t i c r e s u l t s and t o f u r t h e r 
e x p l o r e t he c h a r a c t e r i s t i c s o f d i s k e v o l u t i o n . We f i n d the f o l l o w i n g : 
1 ) t he re i s good agreement between the a n a l y t i c s o l u t i o n and numer ical 
s i m u l a t i o n s , even f o r moderate ( i g = 4 0 ° ) i n i t i a l i n c l i n a t i o n s ; 
2) s e t t l i n g i s e s s e n t i a l l y a loca l p r o c e s s , depending p r i m a r i l y on 
loca l p r o p e r t i e s o f the p o t e n t i a l and gas d i s k ; 3) minimum s e t t l i n g 
t imes f o r reasonab le g a l a x y parameters are on the o r d e r o f two o r 
t h r e e o r b i t p recess ion pe r i ods o r , e q u i v a l e n t l y , t en t o a few tens o f 
o r b i t pe r iods in g a l a x i e s w i t h i n t r i n s i c f l a t t e n i n g s r e p r e s e n t a t i v e o f 
E3 t o E 7 e l l i p t i c a l s ; 4 ) the a c t i v e l y s e t t l i n g reg ion i s somewhat 
na r row , w i t h a r a d i a l w id th o f about 30% o f i t s o u t e r r a d i u s ; 5) r a d i a l 
i n f l o w i s enhanced du r i ng the a c t i v e s e t t l i n g p e r i o d . 
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