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G E N E R A L CONSIDERATIONS 

The t e r m " n e a r b y ga l ax i e s " is not v e r y p r e c i s e . If we r e s t r i c t 
o u r s e l v e s to g a l a x i e s wi th in the l oca l g roup , we a r e r e a l l y only 
t a lk ing about our Ga laxy , M31 and M33. S ince the Ga lac t i c C e n t e r 
h a s b e e n r e v i e w e d e x t e n s i v e l y by O o r t in Annual Rev iews (1977), and 
I f e e l tha t t h e r e i s no th ing excep t iona l to s ay about the nuc l e i of M31 
and M33 a s f a r a s p h e n o m e n a o the r than t h e i r s t e l l a r con ten t and 
c e n t r a l d y n a m i c s a r e c o n c e r n e d , to d i s c u s s i n t e r e s t i n g p r o p e r t i e s 
w e m u s t c o n s i d e r m o r e d i s t a n t o b j e c t s . If we go out to the d i s t a n c e 
of the Vi rgo c l u s t e r , we a l r e a d y inc lude o b j e c t s such a s NGC 5128, 
M82 and M87. E a c h of t h e s e ga l ax i e s shows or w a s c l a i m e d to show 
ev idence of d i f f e r e n t k inds of v io len t n u c l e a r ac t i v i t y . Indeed , i t is 
obvious tha t wi th in the vo lume occup ied by the s u p e r c l u s t e r (whether 
or not i t i s r e a l l y a p h y s i c a l enti ty) t h e r e m u s t be m a n y ga l ax i e s in 
which n u c l e a r a c t i v i t y can be d e t e c t e d . 

Whi le i t m a y be s t r e t c h i n g th ings a l i t t l e , the o r g a n i z e r s h a v e 
i m p l i e d tha t NGC 1275 migh t be c o n s i d e r e d a " n e a r b y " galaxy f o r the 
p u r p o s e s of th i s d i s c u s s i o n . Out to the d i s t a n c e of NGC 1275 (about 
100 Mpc) t h e r e m u s t be ~ 10^ g a l a x i e s . C l e a r l y wi th in th i s s a m p l e 
a l l t ypes of n u c l e a r a c t i v i t y should be d e t e c t a b l e . 

How does one d e f i n e n u c l e a r ac t iv i ty of a s p e c i a l k ind? 

The d i s t i nc t i on tha t I would l ike to m a k e i s be tween e n e r g y 
r e l e a s e p r o c e s s e s wh ich t ake p l a c e t h rough the evolu t ion of n o r m a l 
s t a r s in low d e n s i t y s y s t e m s , and p r o c e s s e s wh ich a r e m o r e exot ic 
than th i s and can only t ake p l a c e e i t h e r t h r o u g h the evolu t ion of h igh 
d e n s i t y s t e l l a r s y s t e m s o r f r o m new p h y s i c s . 
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This l e a d s to two obvious d i s t i n c t i o n s which can be m a d e ob s e r -
va t iona l ly . F o r n o r m a l s t a r s the l a r g e s t e n e r g y r e l e a s e wh ich can 
o c c u r r a p i d l y i s in a s u p e r n o v a exp los ion . T h u s , any p h e n o m e n o n 
which can be shown to have r e l e a s e d m o r e than e r g canno t 
be due to a s ing le n o r m a l s t a r . A second d i s t i nc t ion is a s s o c i a t e d 
wi th the pos i t i on in the ga laxy w h e r e th i s o u t b u r s t o c c u r s . If only a 
s ing le s t a r i s invo lved , the o u t b u r s t can t ake p l a c e a n y w h e r e in the 
ga laxy . H o w e v e r , a c t i v i t y involving m o r e exot ic p r o c e s s e s i s only 
l i ke ly to o c c u r in the m a s s c e n t e r - - the t r u e n u c l e u s . 

A f u n d a m e n t a l p r o b l e m which r e m a i n s in th i s exc i t ing f i e ld i s the 
v e r y t enuous l ink b e t w e e n t h e o r y and o b s e r v a t i o n . A s i m p l e v iew 
b a s e d on the o b s e r v a t i o n s o r i g i n a l l y pu t f o r w a r d by B u r b i d g e , B u r b i d g e 
and Sandage (1963) is t ha t t h e r e a r e such a wide v a r i e t y of m a n i f e s -
t a t i ons of a c t i v i t y in the n u c l e i of g a l a x i e s t h a t i t could be supposed 
tha t a l l ga l ax i e s h a v e a c t i v e nuc l e i t h roughou t t h e i r l i v e s , and tha t i t 
i s only the l eve l of a c t i v i t y and the p r o b l e m of de t ec t i on t ha t a r e the 
v a r i a b l e s f r o m s y s t e m to s y s t e m . We w e r e th inking in t h o s e days 
t ha t the v io len t n u c l e i w e r e the r e s u l t s of s ing le v io l en t even t s 
(explos ions) w h o s e e f f e c t s could l a s t f o r ~ 10 -10^ y e a r s , bu t t ha t 
such events could r e p e a t . 

The m o d e l s f o r v io l en t a c t i v i t y which have b e e n deve loped a r e of 
s e v e r a l k inds : 

(a) Mul t ip le s u p e r n o v a e and t h e i r r e m n a n t s ( p u l s a r s ) , wi th a 
r a t e of o u t b u r s t s c h o s e n to expla in the o b s e r v e d l e v e l of 
a c t i v i t y . 

(b) E n e r g y r e l e a s e d by a m a s s i v e r o t a t i n g s u p e r s t a r ( sp inar ) 
s i m i l a r in s o m e w a y s to a p u l s a r . 

(c) E n e r g y r e l e a s e d by m a t t e r f a l l i ng into a m a s s i v e b l a c k ho l e 
a n d / o r s u r r o u n d i n g a c c r e t i o n d i s k . 

(d) E n e r g y p o u r i n g out of a s i n g u l a r i t y (white hole) in the f o r m 
in which it i s o b s e r v e d . 

E a c h of t h e s e s c h e m e s h a s i t s a d v o c a t e s and i ts p e r i o d s of 
p o p u l a r i t y . C u r r e n t l y (c) is the m o s t p o p u l a r and (d), b e c a u s e i t 
i nvo lves m o d i f i c a t i o n s of p h y s i c s and h a s not b e e n w o r k e d out in any 
d e t a i l , is the l e a s t p o p u l a r . 

But when we begin to a s k how f a r t h e s e t h e o r i e s go in exp la in ing 
wha t we s e e , and even m o r e , in m a k i n g p r e d i c t i o n s which would 
d i s c r i m i n a t e be tween m o d e l s , the a n s w e r i s t ha t v e r y l i t t l e p r o g r e s s 
h a s b e e n m a d e . We o b s e r v e s o m e , o r a l l , of the fo l lowing: 
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(i) N o n t h e r m a l op t i ca l and r a d i o con t inua which a r e generally-
thought to be i n c o h e r e n t s y n c h r o t r o n r a d i a t i o n . 

(ii) A hot gas e m i s s i o n - l i n e s p e c t r u m , the l i n e s be ing exceed ing ly 
b r o a d (< 10 000 k m s e c " ^ ) a l m o s t c e r t a i n l y due to m a s s 
m o t i o n s . 

(iii) V e r y l a r g e i n f r a r e d f l u x e s ex tending in s o m e c a s e s to 100-
300 μ. In m a n y c a s e s the IR f lux i s thought to be t h e r m a l . 

(iv) The e j e c t i o n of l a r g e m a s s e s of g a s , and in s o m e c a s e s 
wha t a p p e a r to be c o h e r e n t o b j e c t s . 

(v) Ex tended r a d i o s o u r c e s . 

One of the r e a s o n s why it i s so d i f f i cu l t to r e l a t e the " m a c h i n e " 
to i t s o b s e r v a t i o n a l c o n s e q u e n c e s i s t ha t t he s c a l e s a r e so d i f f e r e n t . 
S ince g r a v i t a t i o n a l e n e r g y m u s t be the u l t i m a t e e n e r g y s o u r c e in a l l 
conven t iona l m o d e l s , we b e l i e v e , wi thout u n d e r s t a n d i n g v e r y c l e a r l y , 
t ha t the e n e r g y m u s t be r e l e a s e d f a i r l y c l o s e to the S c h w a r z s c h i l d 
r a d i u s wh ich , even f o r a 1 0 ^ Mq o b j e c t , i s only ~ 1 0 ^ c m and i s 
p r o p o r t i o n a l to the m a s s . Now the o b s e r v a t i o n a l p h e n o m e n a which 
we have to exp la in t a k e p l a c e on s c a l e s wh ich r a n g e f r o m s i z e s t h a t 
m a y be a s s m a l l a s t h i s , up to d i m e n s i o n s of k i l o p a r s e c s (for op t i ca l 
p h e n o m e n a ) and m e g a p a r s e c s (for r a d i o p h e n o m e n a ) . But only f r o m 
m e a s u r e s of v a r i a b i l i t y and l igh t t r a v e l t i m e can we m e a s u r e s m a l l 
s i z e s op t i ca l ly a t p r e s e n t (down to ~ 1 0 ^ cm) and v e r y l i t t l e i s known 
about l igh t v a r i a t i o n s in the nuc l e i of g a l a x i e s . VLBI t e c h n i q u e s 
a l low us to m e a s u r e 10"^ to 10"^ a r c s ec c o r r e s p o n d i n g to s c a l e s 
^ 0 . 5 pc f o r d i s t a n c e s ^ 100 Mpc , and the s i z e of the v e r y s m a l l 
r e s o l v e d r a d i o s o u r c e in the Ga lac t i c C e n t e r ** 7 χ 1 0 ^ c m m a y be 
h igh ly s i g n i f i c a n t . If th i s w e r e the u l t i m a t e s i z e of the " m a c h i n e , " 
i t would t e l l us a g r e a t d e a l . H o w e v e r , not only i s t h i s a v e r y w e a k 
s o u r c e , which m a y be due to a s ing le s t a r , it is a l s o p o s s i b l e t ha t 
the m o r e p o w e r f u l n u c l e i m a y con ta in m a c h i n e s which a r e i n t r i n s i c a l l y 
m u c h b i g g e r . 

Idea l ly , in s tudy ing the n u c l e i of n e a r b y g a l a x i e s , we would l ike 
to t e s t the p r e d i c t i o n s of the v a r i o u s t h e o r e t i c a l m o d e l s a g a i n s t the 
o b s e r v a t i o n s , o r f a i l i ng t h i s , a t t e m p t to r u l e out s o m e t h e o r i e s on 
the b a s i s of o b s e r v a t i o n s . U n f o r t u n a t e l y w e a r e not a n y w h e r e n e a r 
the s t a g e w h e r e t h i s c a n be done . The p r o c e d u r e tha t is s t i l l be ing 
adopted by t h e o r e t i c i a n s i s to adopt a m o d e l , e. g. a m a s s i v e b l a c k 
ho le s u r r o u n d e d by an a c c r e t i o n d i s k , and then a t t e m p t to s p e c u l a t e 
on a s c e n a r i o wh ich wi l l give s o m e of the o b s e r v e d p r o p e r t i e s . S ince 
t h e r e is u s u a l l y a w e a l t h of f r e e p a r a m e t e r s , t h e r e i s no quan t i t a t i ve 
w a y to e s t i m a t e the p l a u s i b i l i t y of a c h o s e n m o d e l . 
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In th i s l e c t u r e I canno t i m p r o v e on th i s s i t ua t ion . I wi l l s i m p l y 
b r i e f l y d i s c u s s a few o b s e r v a t i o n a l d i s c o v e r i e s which r e l a t e to the 
n u c l e i of g a l a x i e s . 

SOME OBSERVED PHENOMENA 

O b s c u r e d Nuc l e i 

T h e r e a r e two we l l known n e a r b y g a l a x i e s which h a v e been 
thought to h a v e ac t i ve n u c l e i which a r e h e a v i l y o b s c u r e d by d u s t . 
They a r e NGC 5128 and M82. 

NGC 5128 w a s long ago iden t i f i ed a s a p o w e r f u l ex tended r a d i o 
s o u r c e , and the i n n e r double lobe s t r u c t u r e showed tha t m o r e than 
one o u t b u r s t w a s invo lved . H o w e v e r only r e c e n t l y h a s the n u c l e a r 
s t r u c t u r e b e e n s tud ied a t i n f r a r e d , X - r a y , and γ - r a y w a v e l e n g t h s . 
T h e ob jec t i s p o w e r f u l and r a p i d l y v a r i a b l e , but s i n c e i t wi l l be d i s -
c u s s e d by M. R e e s I s h a l l not m e n t i o n i t f u r t h e r . 

M82 h a s had a c h e q u e r e d h i s t o r y . It w a s one of the o r i g i n a l 
g a l a x i e s in which i t w a s b e l i e v e d tha t a v io len t exp los ion had o c c u r r e d , 
the ev idence c o m i n g f r o m the r a d i o p r o p e r t i e s , the ve loc i ty f i e ld 
which s u g g e s t s e j e c t i o n a long the r o t a t i o n a x i s , and high p o l a r i z a t i o n 
of the c o n t i n u u m r a d i a t i o n f r o m the op t ica l f i l a m e n t s ex tending above 
and be low the p l ane which w a s i n t e r p r e t e d a s op t i ca l s y n c h r o t r o n 
r a d i a t i o n . The d i s c o v e r y tha t t h e r e w a s a h igh d e g r e e of p o l a r i z a t i o n 
in the Hey e m i s s i o n l i n e s f r o m the f i l a m e n t s m e a n t tha t a n o t h e r e x p l a -
na t ion f o r the p o l a r i z a t i o n w a s r e q u i r e d . S o l i n g e r , M o r r i s o n , and 
M a r k e r t (1977) h a v e now conc luded tha t a l l of the ev idence f o r an 
exp los ion h a s e f f e c t i v e l y b e e n r e m o v e d , and t h e i r a r g u m e n t s a t t h i s 
poin t should be t aken v e r y s e r i o u s l y . S tud ies of the c e n t r a l r e g i o n of 
M82 in the n e a r and f a r i n f r a r e d and a l s o in r a d i o w a v e l e n g t h s (Raff 
1969; K l e i n m a n n and Low 1970a, b; van den B e r g h 1971; H a r g r a v e 
1974; K r o n b e r g and Wi lk inson 1975) show t h a t t h e r e i s no ev idence f o r 
a p o w e r f u l n o n t h e r m a l n u c l e a r s o u r c e . The r a d i a t i o n f r o m the c e n t r a l 
r e g i o n a t t h e s e w a v e l e n g t h s i s r e s o l v e d into a n u m b e r of d i s c r e t e 
s o u r c e s wi th a h ighly c o m p l e x p a t t e r n . They m a y s i m p l y be due to 
heav i ly o b s c u r e d Ο and Β a s s o c i a t i o n s s i m i l a r in s o m e r e s p e c t s to 
the p a t t e r n in ou r own Ga lac t i c C e n t e r . Of c o u r s e the e x i s t e n c e of a 
v e r y weak n o n t h e r m a l s o u r c e i s not exc luded . 

P r o b a b l y the m o s t d i f f i cu l t p r o b l e m which we e n c o u n t e r in r e i n -
t e r p r e t i n g the ev idence f o r a ga l ac t i c exp los ion in M82 i s to f ind an 
a l t e r n a t i v e exp lana t ion f o r the ve loc i ty f i e l d . So l inge r e t a l . have 
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a r g u e d tha t i t c an be exp la ined by suppos ing tha t the ga laxy i s d r i f t i n g 
t h r o u g h a l a r g e c loud of i n t e r g a l a c t i c d u s t wi th the dus t g r a i n s ac t ing 
a s mov ing m i r r o r s . Whi le t h i s exp lana t ion is i ngen ious , i t i s s t i l l not 
v e r y s a t i s f a c t o r y , s i n c e a v e r y l a r g e c loud of d u s t of u n s p e c i f i e d 
o r i g i n i s r e q u i r e d . 

But on b a l a n c e we m u s t p r o b a b l y now exc lude M82 f r o m the c l a s s 
of ga l ax i e s in which v io len t a c t i v i t y is s e e n . 

P o w e r f u l I n f r a r e d S o u r c e s in Ga l ax i e s 

S e v e r a l y e a r s ago Low and h i s a s s o c i a t e s (Kle inmann and Low 
1970a, b; A u m a n n and Low 1970; Low 1970) m e a s u r e d the i n f r a r e d 
f l uxes out to ~ 25 μ in a n u m b e r of b r i g h t g a l a x i e s and ob ta ined v e r y 
l a r g e l u m i n o s i t i e s wh ich they conc luded w e r e due to n o n t h e r m a l p r o -
c e s s e s in the nuc l e i . T h e s e o b s e r v a t i o n s w e r e not a l l c o n f i r m e d . 
H o w e v e r , whi le the i n i t i a l m e a s u r e m e n t s m a y have had p r o b l e m s , 
s t ud i e s c a r r i e d out s i n c e 1970 by R ieke et a l . (1973), C legg e t a l . 
(1976), Low and s e v e r a l o t h e r g roups (Rieke and Low 1972; P e n s t o n 
et a l . 1971, 1974; H i l d e b r a n d e t a l . 1977) show t h a t l a r g e i n f r a r e d 
f l u x e s a r e indeed p r e s e n t . The o b s e r v a t i o n s h a v e now b e e n ex tended 
in a few c a s e s out to w a v e l e n g t h s a s long a s 1 m m . It is c l e a r t h a t in 
m a n y c a s e s the l u m i n o s i t i e s out to ~ 25 μ a r e c o m p a r a b l e to or g r e a t e r 
than the to t a l op t i ca l l u m i n o s i t i e s of the g a l a x i e s . 

Among the g a l a x i e s wh ich h a v e b e e n d e t e c t e d in th i s way a r e the 
c l a s s i c a l S e y f e r t g a l a x i e s NGC 1068 and NGC 4151, M82, NGC 253, 
NGC 5236, and o t h e r s . 

T h e r e a r e two p o s s i b l e m e c h a n i s m s o p e r a t i n g to give the i n f r a r e d 
f lux : 

(i) A n o n t h e r m a l p r o c e s s , m e a n i n g tha t i t is l i ke ly to b e 
i n c o h e r e n t s y n c h r o t r o n o r Compton s c a t t e r e d r a d i a t i o n , 

(ii) T h e r m a l r a d i a t i o n f r o m d u s t . 

If (ii) i s o p e r a t i n g , the g r a i n t e m p e r a t u r e s m u s t be low (< 100° K) 
and thus the s o u r c e s m u s t be ex tended . C o n s e q u e n t l y we would not 
expec t to s e e v a r i a t i o n s in f lux in the i n f r a r e d . On the o the r hand , if 
the r a d i a t i o n i s n o n t h e r m a l , we expec t t ha t it does a r i s e in the m a c h i n e 
in the n u c l e u s . Even if t he r a d i a t i o n i s t h e r m a l , h o w e v e r , i t m a y 
we l l be tha t the s o u r c e which i s h e a t i n g the d u s t i s n o n t h e r m a l . As 
w a s po in ted out by R i e k e and Low (1972) v e r y c o n s i d e r a b l e p r o b l e m s 
a r e e n c o u n t e r e d if w e a t t r i b u t e the e n e r g y s o u r c e to s t a r s . F o r l a r g e 
l u m i n o s i t i e s ~ 1 0 4 4 - 1 0 4 5 e r g s e c ~ l v e r y l a r g e n u m b e r s (~ 108) of h igh 
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l u m i n o s i t y Ο and Β s t a r s would be r e q u i r e d . They would c o m p r i s e a 
l a r g e f r a c t i o n of the m a s s in the c e n t r a l r eg ion of the ga laxy . 
H o w e v e r , t h e i r e v o l u t i o n a r y l i f e t i m e s a r e v e r y s h o r t 10^ y e a r s ) . 
Such l u m i n o s i t i e s could not be m a i n t a i n e d f o r m o r e than a s m a l l 
f r a c t i o n of the l i f e t i m e of the ga laxy . T h u s , the e x i s t e n c e of such 
h igh i n f r a r e d l u m i n o s i t i e s would only be expec ted in r a r e c i r c u m -
s t a n c e s . Thus the f a c t t ha t n e a r b y ga l ax i e s a r e c o m m o n l y found to 
h a v e l a r g e i n f r a r e d l u m i n o s i t i e s , s u g g e s t s t ha t the r a d i a t i o n is u l t i -
m a t e l y of n o n t h e r m a l o r i g i n . 

As the ev idence s t a n d s a t p r e s e n t , the only good c a s e f o r v a r i a -
b i l i t y in the i n f r a r e d is NGC 4151. It a p p e a r s t ha t NGC 1068 h a s 
shown no v a r i a t i o n s and th i s s o u r c e i s ex tended . 

In s o m e c a s e s the f o r m of the i n f r a r e d s p e c t r u m s t r o n g l y s u g g e s t s 
a t h e r m a l o r i g i n . 

A s e r i o u s p r o b l e m a s s o c i a t e d wi th the l a r g e f a r - i n f r a r e d l u m i -
n o s i t i e s i s the l a r g e a m o u n t of dus t and i n t e r s t e l l a r m a t t e r wh ich i s 
a p p a r e n t l y r e q u i r e d . In a r e c e n t s tudy , H i l d e b r a n d et a l . (1977) have 
conc luded tha t to exp la in f a r i n f r a r e d f l uxes of 1. 2 χ 10^5 e r g s e c " * 
and 6 χ 1 0 4 3 e r g s e c " 1 in NGC 1068 and NGC 253 r e s p e c t i v e l y ; the 
m a s s of dus t r e q u i r e d i s 108 M Q in NGC 1068 and 8 χ 10 é M 0 in NGC 
253. A s s u m i n g a g a s - t o - d u s t r a t i o = 100, th i s g ives to t a l a m o u n t s of 
d i f f u s e m a t t e r of 10 1 0 M Q in NGC 1068 and 8 χ 108 M Q in NGC 253. 
Now r o t a t i o n c u r v e s a r e a v a i l a b l e f o r bo th of t h e s e g a l a x i e s (Burb idge , 
B u r b i d g e and P r e n d e r g a s t 1959; B u r b i d g e et a l . 1962) and thus an 
u p p e r l i m i t to the m a s s con ta ined in the s a m e v o l u m e c a n be ob ta ined . 
In both c a s e s the to ta l m a s s i s c o m p a r a b l e wi th , o r c o n s i d e r a b l y l e s s 
than , the m a s s a p p a r e n t l y r e q u i r e d to expla in the i n f r a r e d o b s e r v a t i o n s . 
T h e r e a r e t h r e e p o s s i b l e w a y s to r e s o l v e th i s d i l e m m a . 

(1) To a r g u e tha t the r a d i a t i o n i s n o n t h e r m a l . H o w e v e r , the 
s p e c t r a a p p e a r to have rough b l ackbody f o r m s , so tha t t h i s 
i s un l ike ly . 

(2) To a r g u e t ha t the g a s - t o - d u s t r a t i o i s m u c h l e s s than 100. 
(3) To s u p p o s e tha t the d u s t i s a m u c h m o r e e f f i c i e n t r a d i a t o r 

than is g e n e r a l l y s u p p o s e d , i . e . Q(v), the e m i s s i v i t y of the 
g r a i n s , i s v e r y d i f f e r e n t f r o m the v a l u e s a s s u m e d . 

P r o b a b l y both (2) and (3) a r e i m p o r t a n t . A l m o s t c e r t a i n l y the 
e m i s s i v i t y of the g r a i n s i s m o r e e f f i c i e n t , t han h a s b e e n a s s u m e d so 
f a r . But a t p r e s e n t the o b s e r v a t i o n s p r e s e n t a p u z z l e . 
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X - R a y E m i s s i o n f r o m S e y f e r t Ga l ax i e s 

Unti l v e r y r e c e n t l y v e r y few of the c l a s s i c a l (nearby) S e y f e r t 
ga l ax i e s w e r e known to be X - r a y e m i t t e r s . H o w e v e r , r e c e n t r e s u l t s 
f r o m the A r i e l V Sky S u r v e y i n s t r u m e n t (Elvis et a l . 1977) show tha t 
m a n y S e y f e r t g a l a x i e s a r e p o w e r f u l X - r a y s o u r c e s . C l a s s i c a l 
S e y f e r t s which a r e now iden t i f i ed inc lude NGC 4151, NGC 3227, 
NGC 5548, NGC 6814, and NGC 1275. In to ta l 15 S e y f e r t s a r e now 
r e p o r t e d a s X - r a y s o u r c e s . H o w e v e r , the o t h e r s a r e f u r t h e r away 
and do not f a l l into the l o o s e c a t e g o r y of n e a r b y S e y f e r t g a l a x i e s . 

The l u m i n o s i t i e s l i e in the r a n g e 1043 - 1 0 e r g s e c ~ l in the 
photon e n e r g y r a n g e 2 -10 keV (NGC 4151 i s a s t r o n g s o u r c e a t ~ 100 
keV) , and a r e thus 10 to 100 t i m e s m o r e e n e r g e t i c than the op t i ca l 
f l u x e s f r o m S e y f e r t n u c l e i . 

T h i s pu t s f u r t h e r d e m a n d s on the e n e r g e t i c p r o p e r t i e s of the 
c e n t r a l m a c h i n e . 

It i s m u c h too e a r l y to s a y anyth ing de f in i t i ve about the m e c h a -
n i s m of X - r a y g e n e r a t i o n . The d i s c o v e r e r s a r g u e tha t the X - r a y 
p o w e r i s c o r r e l a t e d wi th the IR and c o n t i n u u m opt ica l f lux and wi th 
the l u m i n o s i t y in H a . They conc lude t h a t i t a r i s e s in a r eg ion < 0. 1 
pc f r o m the c e n t e r . P o s s i b l e m e c h a n i s m s a r e b r e m s Strahlung, t he 
ho t gas a r i s i n g f r o m shock h e a t i n g in the h igh ly t u r b u l e n t c e n t e r 
w h e r e the b r o a d l i n e s a r i s e , o r Compton r a d i a t i o n f r o m opt ica l or 
IR photons g e n e r a t e d by the s y n c h r o t r o n p r o c e s s . T h e y f a v o r the 
l a t t e r p r o c e s s . 

E j e c t i o n of L a r g e Gas M a s s e s f r o m Nuc le i 

One of the e a r l i e s t i n d i c a t o r s of v io len t a c t i v i t y in ga l ac t i c 
n u c l e i w a s the ev idence t ha t m a t t e r in c o n s i d e r a b l e a m o u n t s i s be ing 
e j e c t e d at h igh v e l o c i t i e s . D i f f e r e n t k inds of o b s e r v a t i o n s s u g g e s t 
t h i s . H e r e a r e s o m e e x a m p l e s . 

(a) High v e l o c i t i e s in S e y f e r t n u c l e i (1000-10 000 k m sec"·^) 
which a r e f a r g r e a t e r than the e s c a p e v e l o c i t i e s . 

(b) The a p p a r e n t exp los ive e j ec t ion in M82 which m a y now need 
to be r e i n t e r p r e t e d . 

(c) E j e c t i o n of a l a r g e m a s s of gas in NGC 1275 wi th a l ine of 
s igh t ve loc i ty d i f f e r e n c e of ~ 3000 k m s e c - * wi th r e s p e c t to 
the c e n t e r . The to ta l m a s s i s of o r d e r 10ö M ^ . A t t e m p t s 
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to r e i n t e r p r e t the o b s e r v a t i o n in t e r m s of a co l l id ing or 
i n t e r v e n i n g ga laxy a r e , in m y opinion, unconvinc ing . 

(d) S i m i l a r ev idence f o r a l a r g e e j ec t i on in the r a d i o ga laxy 
DA 240 which h a s a l a r g e j e t . Gas in the j e t h a s a l i n e - o f -
s igh t ve loc i ty s o m e 3000 k m s e c " * l e s s than the ve loc i ty of 
r e c e s s i o n . DA 240 does not l i e in a c l u s t e r of g a l a x i e s . 

(e) The double s t r u c t u r e s in the e m i s s i o n l i n e s in Ν s y s t e m s 
l ike 3C 390. 3, 3C 227, e tc . a r e p r o b a b l y due to p h e n o m e n a 
s i m i l a r to t h o s e s e e n in NGC 1275 and DA 240. The s e p a -
r a t i o n of the e m i s s i o n l ine p e a k s i s ~ 3000-4000 k m s e c " * . 

(f) If the ab s o r p t i o n - l i n e s y s t e m s in the s p e c t r a of QSOs a r e 
i n t r i n s i c to the o b j e c t s , a s s e e m s l i ke ly , they i n d i c a t e tha t 
gas s h e l l s a r e be ing e j e c t e d wi th v e l o c i t i e s t yp ica l ly of 
o r d e r 0. l c . 

(g) E j e c t a f r o m M87. The j e t a p p e a r s to be m a d e up of a s e r i e s 
of h igh ly c o m p a c t s y n c h r o t r o n s o u r c e s . Ve loc i t i e s and 
m a s s e s a r e not known. 

(h) S h r e d s of gas e j e c t e d f r o m NGC 5128. 

(i) N o n - c i r c u l a r m o t i o n s o b s e r v e d in the c e n t r a l r e g i o n s of 
m a n y s p i r a l g a l a x i e s a r e m o s t l i ke ly to be due to exp los ive 
e j e c t i o n f r o m the n u c l e i . 

CONCLUSION 

No a t t e m p t h a s b e e n m a d e h e r e to r e v i e w al l of the m a n y r e c e n t 
o b s e r v a t i o n s of the a c t i v i t y in the nuc l e i of n e a r b y g a l a x i e s . In s t ead 
we h a v e c h o s e n to d i s c u s s a few p h e n o m e n a which have r e c e n t l y been 
d i s c o v e r e d . In each c a s e the new o b s e r v a t i o n s show t h a t nuc l e i a r e 
even m o r e e n e r g e t i c than we have b e l i e v e d b e f o r e . 

The connec t ions b e t w e e n t h e o r y and o b s e r v a t i o n a r e s t i l l v e r y 
t e n u o u s . H o w e v e r , it does a p p e a r l ike ly tha t a l m o s t e v e r y ga laxy 
c o n t a i n s a " m a c h i n e " in i t s n u c l e u s which i s ab le to r e l e a s e e n e r g y 
in m a n y exot ic f o r m s , and which i s a c t i v e f o r a l a r g e f r a c t i o n of the 
l i f e of the ga laxy , though it m a y , f o r long p e r i o d s , o p e r a t e a t a low 
l e v e l of ac t iv i ty . 
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DISCUSSION FOLLOWING REVIEW IV.3 GIVEN BY G. BURBIDGE 

OORT: In connection with your enumeration of the few cases of ordinary 
galaxies with direct evidence for expulsion of gas from the nuclear 
region one should mention the phenomena in our own Galaxy, in which 
among other phenomena indicating such expulsion there is the massive 
ring of molecular clouds at about 190 parsecs from the center expanding 
at a velocity of 150 km/s. In this case there is not much room for 
doubt that we are witnessing gas expelled from a small nuclear region, 
and in such quantity that quite high energies must have been involved. 
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