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O B S E R V A T I O N S R E Q U I R I N G A N O N - S T A N D A R D APPROACH 

H a l t o n A r p 

M a x - P l a n c k - I n s t i t u t f ü r A s t r o p h y s i k 

K a r l - S c h w a r z s c h i l d - S t r a ß e 1 

D - 8 Ö 4 6 G a r c h i n g b e i M ü n c h e n 

A B S T R A C T . E x t r a g a l a c t i c a s t r o n o m y r e s t s o n t h e a s s u m p t i o n t h a t r e d -

s h i f t s a r e a l w a y s e q u a l t o v e l o c i t i e s a n d t h a t l a r g e v e l o c i t i e s a r e 

u n a m b i g u o u s d i s t a n c e i n d i c a t o r s . T h e r e a r e n o w m a n y o b s e r v a t i o n s w h i c h 

d i s p r o v e t h i s f u n d a m e n t a l a s s u m p t i o n . We h e r e r e v i e w t h e e v i d e n c e w h i c h 

h a s b e e n a c c u m u l a t i n g f o r 2 0 y e a r s w i t h p a r t i c u l a r e m p h a s i s o n t h e m o s t 

r e c e n t d e v e l o p m e n t s . 

I . QUASARS 

S i n c e q u a s a r s a r e s t e l l a r a p p e a r i n g , h i g h e n e r g y - d e n s i t y o b j e c t s 

t h e i r l a r g e r e d s h i f t s c a n n o t a u t o m a t i c a l l y b e i n t e r p r e t e d a s m e a s u r e s 

o f t h e i r d i s t a n c e s a s i s c u s t o m a r i l y d o n e f o r g a l a x i e s . I n f a c t s i n c e 

q u a s a r s d o n o t e x h i b i t a r e d s h i f t - a p p a r e n t m a g n i t u d e r e l a t i o n t h e r e i s 

n o d i r e c t e v i d e n c e t h a t t h e y o b e y a r e d s h i f t - d i s t a n c e r e l a t i o n . We n o w 

c i t e e v i d e n c e o f s i x d i f f e r e n t k i n d s t h a t q u a s a r s a r e m u c h c l o s e r t h a n 

t h e i r r e d s h i f t d i s t a n c e s . E a c h k i n d o f e v i d e n c e i s c o n c l u s i v e i n i t s 

own c a t e g o r y b u t i s s u p p o r t e d b y o t h e r e v i d e n c e f o r n o n - v e l o c i t y r e d -

s h i f t s i n b o t h q u a s a r s a n d g a l a x i e s . 

1 . M u l t i p l e Q u a s a r s A s s o c i a t e d W i t h N e a r b y G a l a x i e s 

F i g u r e 1 s h o w s t h e f o u r g a l a x i e s n o w k n o w n w h i c h a p p e a r t o h a v e 

m o r e t h a n o n e q u a s a r c l o s e l y a s s o c i a t e d . T a b l e 1 l i s t s t h e d a t a f o r 

t h e s e a s s o c i a t i o n s . T h e c h a n c e f o r a c c i d e n t a l p r o x i m i t y i n e a c h o f 

t h e s e s y s t e m s i s : 

a ) ^ 1 0 ^ f o r NGC 6 2 2 . T h i s w a s d i s c o v e r e d i n a UV e x c e s s s e a r c h w h i c h 

i n c l u d e d a p p r o x i m a t e l y 3 0 s u c h g a l a x i e s . N o t e s t r a i g h t f i l a m e n t l e a d -

i n g f r o m g a l a x y t o H I I r e g i o n a d j a c e n t t o q u a s a r . 

b ) ^ 1 0 5 f o r NGC 4 7 0 . T h e q u a s a r s w e r e d i s c o v e r e d i n a UV e x c e s s s u r v e y 

w h i c h i n c l u d e d a b o u t 5 g a l a x i e s t h i s b r i g h t . I n t h e d i s k o f t h e 

s p i r a l g a l a x y a r e s e e n i r r e g u l a r l y s h a p e d n e b u l o s i t i e s w h i c h a p p e a r 

t o b e i n t e r a c t i n g w i t h t h e q u a s a r i m a g e s . 
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T a b l e 1 

F i g u r e 1 . M u l t i p l e 

q u a s a r s c l o s e t o 

g a l a x i e s . C l o c k w i s e 

f r o m u p p e r l e f t : 

NGC 1 0 7 3 , NGC 3 8 4 2 , 

NGC 6 2 2 , NGC 4 7 0 

G a l a x y Q u a s a r 

- 6 

c ) ^ 1 0 f o r NGC 1 0 7 3 . Q u a s a r s w e r e s e a r c h e d f o r i n t h i s s y s t e m b e c a u s e 

o f t h e d i s c o v e r y o f a c o m p a c t r a d i o s o u r c e ( R S 0 ) . T h e g a l a x y i s s o 

b r i g h t t h a t i t i s o n e o f t h e o n l y 1 7 6 i n t h e H u b b l e A t l a s a n d o n e o f 

t h e 1 2 4 6 i n t h e S h a p l e y A m e s C a t a l o g . T h r e e c l u m p s o f h y d r o g e n i n 

t h e d i s k , i f r o t a t e d f o r w a r d b y ^ 2 0 d e g r e e s , c o r r e s p o n d t o t h e p o s i -

t i o n s o f t h e t h r e e q u a s a r s . 

N a m e r e d s h i f t n a m e d i s t . m a g . r e d s h i f t p r o b a b i l i t y 

( a r c s e c ) 

NGC 6 2 2 0 . 0 1 8 U B 1 7 1 1 8 . 5 0 . 9 1 0 . 0 0 1 

B S 0 1 7 3 2 0 . 2 1 . 4 6 0 . 0 2 

NGC 4 7 0 0 . 0 0 9 6 8 9 5 1 9 . 9 1 . 8 8 0 . 0 1 5 

6 8 D 8 5 1 8 . 2 1 . 5 3 0 . 0 0 2 

NGC 1 0 7 3 0 . 0 0 4 B S 0 1 1 0 4 1 9 . 8 1 . 9 4 0 . 0 1 

B S 0 2 1 1 7 1 8 . 9 0 . 6 0 0 . 0 0 6 

R S 0 8 4 2 0 . 0 1 . 4 0 0 . 0 2 

NGC 3 8 4 2 0 . 0 2 0 Q S 0 1 7 3 1 9 . 0 0 . 3 4 0 . 0 0 3 

Q S 0 2 , 5 9 1 9 . 0 0 . 9 5 0 . 0 0 2 

Q S 0 3 ( r a d i o ) 7 3 2 1 . 0 2 . 2 0 0 . 0 1 
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d ) ^ 1 0 f o r NGC 3 8 4 2 . T h e t w o b r i g h t e s t q u a s a r s f o r m a p a i r o f X - r a y 

s o u r c e s a c r o s s t h e g a l a x y . T h e g a l a x y i s o n e o f t h e t w o b r i g h t e s t i n 

a n u n u s u a l c l u s t e r o f g a l a x i e s w h i c h , l i k e V i r g o , h a s i n d i v i d u a l 

g a l a x i e s a s X - r a y s o u r c e s . 

I t i s u s u a l l y n o t a p p r e c i a t e d h o w c l o s e t h e s e q u a s a r s f a l l t o l o w 

r e d s h i f t g a l a x i e s . T h e v a s t m a j o r i t y o f b r i g h t g a l a x i e s h a v e n o t b e e n 

i n s p e c t e d b u t t h e c o m p o u n d p r o b a b i l i t y o f f i n d i n g t w o o r t h r e e q u a s a r s 

i n t h o s e t h a t h a v e i s s o s m a l l t h a t o n l y a f e w s u c h c a s e s a r e r e q u i r e d 

t o g i v e a c e r t a i n p r o o f o f t h e a s s o c i a t i o n o f h i g h r e d s h i f t q u a s a r s 

w i t h l o w r e d s h i f t g a l a x i e s . 

A m o r e d e t a i l e d r e v i e w a n d s o u r c e r e f e r e n c e s c a n b e f o u n d i n [ l ] . 

2 . Q u a n t i z a t i o n o f Q u a s a r R e d s h i f t s 

W h e n t h e f i r s t q u a s a r r e d s h i f t s b e g a n t o a c c u m u l a t e , G e o f f r e y 

B u r b i d g e p o i n t e d o u t t h a t t h e r e w a s a s i g n i f i c a n t e x c e s s a r o u n d t h e 

v a l u e z = 1 . 9 5 . I n 1 9 6 8 [ 2 ] h e a l s o i d e n t i f i e d p e a k s a t z = 0 . 0 6 , 0 . 3 0 a n d 

0 . 6 0 . I n 1 9 7 1 a n d a g a i n i n 1 9 7 7 [ 3 ] , K . G . K a r l s s o n s h o w e d t h e q u a s a r 

r e d s h i f t d i s t r i b u t i o n h a d b r o a d p e a k s g i v e n b y : A l o g ( 1 + z ) = 0 . 0 8 9 . T h i s 

h a s b e e n m o s t l a t e l y c o n f i r m e d f o r a l l q u a s a r s k n o w n t h r o u g h 1 9 8 4 b y 

D e p a q u i t , V i g i e r a n d P e c k e r [ 3 ] . T h e p o s i t i o n s o f t h e p e a k s d e s c r i b e d 

b y t h i s f o r m u l a ( u s i n g z = 0 . 3 0 a s a z e r o p o i n t ) a r e l i s t e d i n T a b l e 2 . 

T a b l e 2 - P e a k s i n Q u a s a r R e d s h i f t D i s t r i b u t i o n 

ζ ( a l l q u a s a r s f r o m A l o g ( 1 + z ) = 0 . 0 8 9 ) ζ (NGC 1 0 7 3 o b s e r v e d ) 

0 . 3 0 

0 . 6 0 0 . 6 0 

0 . 9 6 

1 . 4 0 1 . 4 0 

1 . 9 5 1 . 9 4 

I t i s c l e a r t h a t t h e r e d s h i f t s o f t h e NGC 1 0 7 3 q u a s a r s f i t t h e s e 

p r e d i c t e d p e a k s m u c h t o o c l o s e l y t o b e a c c i d e n t a l . T h e r e m a i n i n g r e d -

s h i f t s i n T a b l e 1 f i t l e s s w e l l b u t s t i l l c o n f i r m t h i s a v e r a g e p e r i o d -

i c i t y . I t i s i m p o r t a n t t o n o t e , h o w e v e r , t h a t e a c h g r o u p o f q u a s a r s 

f i t s b e t t e r w i t h a s l i g h t l y d i f f e r e n t c o n s t a n t i n t h e e q u a t i o n 

A l o g ( 1 + z ) = c o n s t . 

F o r e x a m p l e . F i g . 2 s h o w s t h a t q u a s a r s s e l e c t e d b y o b j e c t i v e p r i s m 

(US 
ι 

loi 
ι 

1 — 

13« 

1 

1 1 

2.2S 

1 } Mjccnvc prism 

N K H « 

F i g u r e 2 . R e d s h i f t p e a k s o b -

Ϊ ./ 
i i 
(0 0.M 

1 — 

13« 

1 

1 1 

2.2S 

1 } Mjccnvc prism 

N K H « s e r v e d f o r d i f f e r e n t g r o u p s o f 

t 1 

O30 Ol 

./ 
i i 
(0 0.M 

r 
Ml 

1 

t } Alt OyASAJIS 

1.M 

q u a s a r s 

0 OA OA 12 \A 2.0 2.4 
ι > REDSHIFT 

s e a r c h e s ( d o m i n a t e d b y t h e S c u l p t o r r e g i o n ) s h o w p e a k s z = 0 . 3 5 , 1 . 5 6 a n d 
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2 .25 ( w i t h a n u n c e r t a i n p e a k a t 1 .01) [ 5 ] . T h e s e l a t t e r p e a k s , o n 

a v e r a g e , f i t b e t t e r t h e f o r m u l a w i t h c o n s t . ^ 0 . 0 9 6 . T h e r e d s h i f t s i n 

t h e t r i p l e a s s o c i a t i o n NGC 3842 f i t b e t t e r w i t h t h i s s l i g h t l y l a r g e r 

c o n s t a n t a s F i g . 2 s h o w s . A g r o u p o f b r i g h t a p p a r e n t m a g n i t u d e q u a s a r s 

i n t h e c o r e o f t h e V i r g o C l u s t e r f i t a n e q u a t i o n w i t h c o n s t . = 0 . 0 9 8 [ 6 ] . 

T h e a d d i n g t o g e t h e r o f d i f f e r e n t g r o u p s o f q u a s a r s g i v e s b r o a d 

p e a k s a s o b s e r v e d i n t h e o v e r a l l r e d s h i f t d i s t r i b u t i o n . B u t t h e f a c t 

t h a t a n i n d i v i d u a l g r o u p o f q u a s a r s s u c h a s t h e NGC 1073 g r o u p c a n f i t 

s o e x a c t l y a p a r t i c u l a r v a l u e o f r e d s h i f t m u l t i p l e , c o n f i r m s t h a t i t i s 

o n e p h y s i c a l g r o u p a t t h e s a m e d i s t a n c e d e s p i t e t h e h u g e r a n g e i n r e d -

s h i f t o f i t s q u a s a r s . 

3 . S i n g l e Q u a s a r s A s s o c i a t e d W i t h N e a r b y G a l a x i e s 

A s i n g l e q u a s a r f a l l i n g i m p r o b a b l y c l o s e t o a l o w r e d s h i f t g a l a x y 

i s m o r e common t h a n t h e m u l t i p l e q u a s a r s d i s c u s s e d e a r l i e r . I n 1972 

B u r b i d g e , Ο ' D e l l a n d S t r i t t m a t t e r [ 7 ] s h o w e d s i g n i f i c a n t a s s o c i a t i o n s 

o f s u c h q u a s a r / g a l a x y p a i r s . M o r e o v e r t h e y s h o w e d t h a t t h e h i g h e r t h e 

r e d s h i f t o f t h e g a l a x y , t h e c l o s e r t h e q u a s a r a p p e a r e d i n a n g u l a r 

s e p a r a t i o n a s i f t h e w h o l e a s s o c i a t i o n w e r e v i e w e d a g r e a t e r d i s t a n c e . 

F i g . 3 s h o w s t h i s r e l a t i o n w i t h t h e d a t a a v a i l a b l e u p t o 1983 [ 8 ] . 

I n 1972 A r p b e g a n t o s h o w t h a t q u a s a r s f e l l p a r t i c u l a r l y c l o s e t o 

a c l a s s o f g a l a x i e s w h i c h w e r e c o m p a n i o n s t o l a r g e s p i r a l s [ 9 ] . T h e s e 

i n v e s t i g a t i o n s c u l m i n a t e d i n 1981 a n d 1983 w h e n i t w a s s h o w n t h a t 

q u a s a r s w e r e a b o u t 20 t i m e s m o r e d e n s e a r o u n d c o m p a n i o n s t o l a r g e , l o w 

r e d s h i f t s p i r a l s t h a n t h e y w e r e i n t h e g e n e r a l f i e l d . [ 1 Ç ^ T h i s r e s u l t 

i s s h o w n i n F i g . 4 a n d h a s a p r o b a b i l i t y o f a b o u t 7x10 o f o c u r r i n g 

b y a c c i d e n t a l ] 

F i g u r e 3 . A p p a r e n t s e p a r a -

t i o n o f q u a s a r v a r i e s a s 

d i s t a n c e o f g a l a x y 

R E D S H I F T O F G A L A X Y ( k m / s e c ) 
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20 19 18 17mag. 
APPARENT MAGNITUDE OF QUASAR (V 5 0oo) 

F i g u r e 4 . D e n s i t y o f 

q u a s a r s a r o u n d c o m -

p a n i o n g a l a x i e s o f 

l a r g e , l o w r e d s h i f t 

s p i r a l s 

I t i s g e n e r a l l y b e l i e v e d t h a t s u b s e q u e n t c r i t i c i s m s o f t h e s e p r o -

b a b i l i t y c a l c u l a t i o n s e s t a b l i s h e d t h a t t h e a s s o c i a t i o n w e r e n o t s i g n i -

f i c a n t . T h a t i s n o t t r u e , s i n c e t h e l a s t a n d m o s t e l a b o r a t e a n a l y s i s o f 

t h e s t a t i s t i c s o b t a i n e d o n l y a 0 . 0 1 p r o b a b i l i t y f o r c h a n c e a s s o c i a -

t i o n . [ 1 1 ] T h o u g h s t i l l s i g n i f i c a n t , t h e r e a s o n t h i s i m p r o b a b i l i t y i s 

n o t n e a r l y s o s m a l l a s t h e o n e A r p c a l c u l a t e d i s b e c a u s e i t i g n o r e s t h e 

f a c t t h a t t h e g a l a x i e s w i t h w h i c h t h e q u a s a r s a r e a s s o c i a t e d h a v e v a r y -

i n g d i s t a n c e s f r o m u s a s s h o w n i n F i g . 3 . I g n o r i n g t h e d i f f e r i n g g a l a x y 

d i s t a n c e s s t i l l g i v e s a s i g n f i c a n t a s s o c i a t i o n b u t n o t t h e o v e r w h e l m i n g 

s i g n i f i c a n c e w h i c h i s o b t a i n e d i f t h i s e l e m e n t a r y f a c t o f a s t r o n o m y i s 

t a k e n i n t o a c c o u n t . [ l ] 

4 . Q u a s a r s V i s i b l y C o n n e c t e d t o G a l a x i e s 

A r g u m e n t s a b o u t d e g r e e s o f i m p r o b a b i l i t y o f c h a n c e a s s o c i a t i o n 

s e e m u n n e c e s s a r y , h o w e v e r , w h e n i t h a s b e e n d e m o n s t r a t e d t h a t s o m e 

q u a s a r s a r e v i s i b l y c o n n e c t e d t o l o w r e d s h i f t g a l a x i e s . T h e m o s t f a m o u s 

o f t h e s e i s NGC 4 3 1 9 / M a r k 2 0 5 i n w h i c h a l u m i n o u s f i l a m e n t w a s d e t e c t e d 

l e a d i n g f r o m t h e q u a s a r ( z = 2 1 , 0 0 0 k m / s e c ) b a c k t o t h e g a l a x y ( z = l , 7 0 0 

k m / s e c ) . L o n g d e b a t e a b o u t t h e r e a l i t y o f t h i s c o n n e c t i o n h a s f i n a l l y 

l e d t o t h e a c k n o w l e d g e m e n t o f i t s r e a l i t y . [ 1 2 ] T h e o n l y r e m a i n i n g 

e s c a p e i s t o h a v e t h e l u m i n o u s f i l a m e n t a r i s e f r o m a q u a s a r i n t h e b a c k -

g r o u n d a n d t o h a v e i t o n l y a c c i d e n t a l l y p r o j e c t t o w a r d t h e g a l a x y , 

m i m i c k i n g a t r u e c o n n e c t i o n . T h i s p o s s i b i l i t y i s r u l e d o u t , h o w e v e r , b y 

t h e i m a g e p r o c e s s i n g d o n e b y J.W. S u l e n t i c o n C C D , KPNO 4 m e t e r i m a g e s 

o f t h e c e n t e r o f NGC 4 3 1 9 . A s s h o w n i n F i g . 5 t h e m a x i m u m i n t e n s i t y i n 

t h e c e n t e r o f t h e g a l a x y p r o c e e d s a t a n a n g l e t o t h e m a j o r a x i s d i r e c t -

l y i n t o t h e l u m i n o u s c o n n e c t i o n w h i c h l e a d s , t o M a r k 2 0 5 . 
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F i g u r e 5 . I m a g e p r o c e s s i n g o f NGC 4 3 1 9 

s h o w i n g c e n t r a l s p i n e l e a d i n g t o M a r k 2 0 5 

A n o t h e r r e m a r k a b l e d e v e l o p m e n t i n t h e a n a l y s i s o f NGC 4 3 1 9 i s 

s h o w n i n F i g . 6 . T h e n t h e V L A r a d i o m a p b y J . W . S u l e n t i c s h o w s r a d i o 

F i g u r e 6 . Map a t 2 0 cm w i t h V L A b y J . W . 

S u l e n t i c s h o w i n g r a d i o l o b e s a c r o s s 

NGC 4 3 1 9 

l o b e s e j e c t e d i n e i t h e r d i r e c t i o n f r o m t h e n u c l e u s o f NGC 4 3 1 9 . R a d i o 

l o b e s a c r o s s a s p i r a l g a l a x y a r e u n p r e c e d e n t e d . T h e s e c o u l d o n l y h a v e 

c o m e f r o m t h e e x p l o s i o n t h a t d i s i n t e g r a t e d t h e s p i r a l a r m s a t t h e i r 

r o o t s a n d c l e a r e d o u t t h e Ha f r o m t h e d i s k o f NGC 4 3 1 9 l e a v i n g o n l y 

s h o c k e x c i t e d [ N i l ] e m i s s i o n . [ 1 3 ] I t w a s o r i g i n a l l y c o n c l u d e d t h a t 

M a r k 2 0 5 h a d b e e n e j e c t e d f r o m NGC 4 3 1 9 . We n o w s e e t h a t t h e r a d i o 

s o u r c e M a r k 2 0 5 i s a l i g n e d a p p r o x i m a t e l y a l o n g t h e d i r e c t i o n o f t h e 

e j e c t e d r a d i o l o b e s . B o t h t h e u n u s u a l o p t i c a l a n d r a d i o p r o p e r t i e s 

s u p p o r t t h e p h y s i c a l ' a s s o c i a t i o n o f t h e q u a s a r w i t h t h e g a l a x y . 

A n e v e n m o r e s t r a i g h t f o r w a r d e x a m p l e o f a q u a s a r c o n n e c t e d t o a 

g a l a x y i s s h o w n i n F i g . 7 . T h e g a l a x y , MCG 0 3 - 3 4 - 0 8 5 , i s c h a o t i c , 

p o s s e s s e s a j e t a n d e x h i b i t s a n u n u s u a l s p e c t r u m . [ 1 4 ] T h e q u a s a r h a s a 

l u m i n o u s f i l a m e n t w h i c h e m e r g e s m o s t s t r o n g l y o n o n e s i d e o f i t s 

s t e l l a r i m a g e a n d l e a d s b a c k t o t h e b a s e o f t h e j e t . T h e c o n n e c t i o n w a s 

d i s c o v e r e d i n 1 9 8 4 o n t w o i n d e p e n d e n t , I I I a - J , U . K . s c h m i d t , s u r v e y 

p l a t e s . I t i s b e i n g p u b l i s h e d f o r t h e f i r s t t i m e o n l y n o w . [ l ] 
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F i g u r e 7 . T h e q u a s a r PKS 1 3 2 7 -

2 0 6 c o n n e c t e d t o a l o w r e d -

s h i f t , d i s t u r b e d g a l a x y b y a 

l u m i n o u s f i l a m e n t 

A s a n e x a m p l e o f a q u a s a r c o n n e c t e d t o a g a l a x y b y a r a d i o f i l a -

m e n t we s h o w i n F i g . 8 . I n t h e n o r t h e r n l o b e o f t h e r a d i o g a l a x y 

0 8 4 4 + 3 1 t h e r e i s a h o t s p o t o n l y 5 a r c s e c d i s t a n t f r o m a h i g h r e d -

s h i f t , b r i g h t a p p a r e n t m a g n i t u d e q u a s a r . T h e c h a n c e o f a q u a s a r t h i s 

F i g u r e 8 . R a d i o m a p o f ± 2 4 0 2 a n d q u a s a r w i t h 

z = 1 . 8 3 

b r i g h t f a l l i n g t h i s c l o s e t o t h e h o t s p o t i s o n l y 3 x 1 0 . E v e n i f we 

t a k e t h e s i g n i f i c a n t , d i s t a n c e t o b e f r o m t h e q u a s a r t o t h e c e n t e r o f 

t h e l o b e , a d i s t a n c e o f 1 9 a r c s e c , t h e c h a n c e i s o n l y 4 x 1 0 

A n o t h e r w e l l - k n o w n e x a m p l e , 3C 3 0 3 , i s l i s t e d i n T a b l e 3 . T h e o b -

s e r v a t i o n s o f P . K r o n b e r g , E . M . B u r b i d g e , Η . Ε . S m i t h a n d R . G . S t r o m 

[ 1 5 ] s h o w t h e r a d i o j e t f r o m t h e g a l a x y t e r m i n a t e s n e a r t h r e e u l t r a -

v i o l e t o b j e c t s , t w o q u a s a r s a n d o n e p e c u l i a r e x t e n d e d o b j e c t . T h e i m -

p r o b a b i l i t y o f f i n d i n g j u s t t h e o n e q u a s a r w i t h m e a s u r e d r e d s h i f t i s 

<10 . 

https://doi.org/10.1017/S0074180900159431 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900159431


486 H . A R P 

T a b l e 3 - Q u a s a r s C o n n e c t e d t o G a l a x i e s o r C l o s e t o R a d i o L o b e s 

G a l a x y Q u a s a r 

Name r e d s h i f t Name d i s t a n c e m a g 

( a r c s e c ) 

z p r o b a -

b i l i t y 

N 6 C 4 3 1 9 1 , 7 0 0 

MCG 0 3 - 3 4 - 0 8 5 5 , 4 0 0 

N 6 C 5 2 9 6 2 , 5 0 0 

3 C 3 0 3 4 2 , 0 0 0 

I 2 4 0 2 2 0 , 0 0 0 

0 9 2 4 + 3 0 8 , 0 0 0 

1 , 7 0 0 k m / s e c M a r k 2 0 5 

5 , 4 0 0 PKS 1 3 2 7 - 2 0 6 

2 , 5 0 0 BSO # 1 

4 2 , 0 0 0 UV # C 

2 0 , 0 0 0 0 8 4 4 + 3 1 

8 , 0 0 0 C o m p a c t s o u r c e 

4 0 

3 8 

1 4 . 5 

1 7 . 0 

1 9 . 3 

2 0 

1 8 . 0 

2 1 . 5 

0 . 0 7 

1 . 1 7 

0 . 9 6 

1 . 5 7 

1 . 8 3 

2 . 0 2 

0 / 0 

^ 0 
- 3 

D i s t a n c e f r o m g a l a x y 

l o b e . 

q u a s a r i s m u c h c l o s e r t o h o t s p o t o r r a d i o 

How m a n y c h a n c e s d o we h a v e t o f i n d s u c h c l o s e a s s o c i a t i o n s o f 

q u a s a r s w i t h r a d i o j e t s ? T h e m o s t r e c e n t c o m p i l a t i o n o f j e t s i n 

g a l a x i e s w i t h z < 0 . 2 b y B r i d l e a n d P e r l e y [ 1 6 ] l i s t o n l y 7 5 e x a m p l e s . I n 

a d d i t i o n t o t h e t w o a s s o c i a t i o n s l i s t e d n e x t t o l a s t i n T a b l e 3 , my 

c a s u a l i n s p e c t i o n o f l i s t o f r a d i o j e t s r e v e a l s a s m a n y a s 1 1 a s s o c i a -

t i o n s a t a b o u t t h e i m p r o b a b i l i t y l e v e l o f 0 . 0 1 w i t h a l r e a d y k n o w n 

a c t i v e o b j e c t s o f h i g h e r r e d s h i f t i n t h e v i c i n i t y , s o m e w i t h g o o d a l i g n -

m e n t s t o t h e r a d i o j e t s . 

5 . G a l a x i e s W i t h M a n y A s s o c i a t e d Q u a s a r s 

I n a d d i t i o n t o g a l a x i e s w i t h o n e , t w o o r t h r e e v e r y c l o s e t h e r e 

a r e a f e w g a l a x i e s w i t h l a r g e r n u m b e r s o f a s s o c i a t e d q u a s a r s . A l m o s t 

a l w a y s t h e s e q u a s a r s a r e d i s t r i b u t e d o n a l i n e o r c o n e o r i g i n a t i n g i n 

t h e n u c l e u s o f t h e g a l a x y . T h e g a l a x i e s o f o r i g i n a r e u s u a l l y t h e m o s t 

d i s t u r b e d a n d d i s r u p t e d o f a n y k n o w n . 

T h e g a l a x y w i t h t h e l o n g e s t , s t r a i g h t e s t o p t i c a l j e t s k n o w n i s t h e 

h o t - s p o t n u c l e u s s p i r a l , NGC 1 0 9 7 . S e a r c h o f t h e c e n t r a l 8 . 1 s q . d e g . o f 

a n o b j e c t i v e p r i s m s c h m i d t p l a t e b y X . T . He p r o d u c e d 4 3 c a n d i d a t e 

q u a s a r s a r o u n d NGC 1 0 9 7 . S l i t s p e c t r a o f 3 3 s h o w e d t h e s e c a n d i d a t e s 

w e r e 94% t r u e q u a s a r s . T h e c o n c e n t r a t i o n o f q u a s a r s t o t h e p o s i t i o n o f 

t h i s e j e c t i n g g a l a x y i s o b v i o u s . [ 1 7 ] T h e c o n c e n t r a t i o n b u i l d s u p f r o m 

e x p e c t e d b a c k g r o u n d d e n s i t y a t t h e e d g e o f t h e f i e l d a n d r e a c h e s a 

m a x i m u m o f g r e a t e r t h a n 2 0 t i m e s n o r m a l j u s t n o r t h o f NGC 1 0 9 7 b e t w e e n 

t h e t w o s t r o n g e s t o p t i c a l j e t s . 

F i g . 9 s h o w s t h a t t h e r a d i o a n d X - r a y m a t e r i a l e x t e n d s f r o m t h e 

g a l a x y n u c l e u s o u t a l o n g t h e l i n e o f t h e j e t s . T h e s i x q u a s a r s n e a r t h e 

s t r o n g n o r t h e r n j e t a r e a s s o c i a t e d w i t h i n d i v i d u a l p a t c h e s o f X - r a y 

e m i s s i o n . S i n c e t h e X - r a y m a t e r i a l i s c o n t i n u o u s w i t h m a t e r i a l i n t h e 

a c t i v e n u c l e u s o f t h e g a l a x y a n d h a s o b v i o u s l y b e e n e j e c t e d , t h e X - r a y 

q u a s a r s m u s t a l s o h a v e b e e n e j e c t e d . 
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NGC 1097 

26' 

-30*30' 

34' 
~30* 2h44m00e 

R A D I O 

F i g u r e 9 . R e l a t i o n o f X - r a y a n d 

r a d i o m a t e r i a l t o j e t s i n NGC 1097. 

Q u a s a r s i n d e n s e s t r e g i o n n u m b e r e d 

1-6 

I n t h e S h a p l e y - A m e s C a t a l o g o f t h e b r i g h t e s t a p p a r e n t m a g n i t u d e 

g a l a x i e s t h e t w o m o s t d i s r u p t e d a r e M82 a n d NGC 520. F i g . 10 s h o w s t h a t 

i n 1967 a l i n e o f r a d i o s o u r c e s w a s i d e n t i f i e d e m e r g i n g NE a n d a c o n e 

SW f r o m NGC 520 . B y 1970 a l i n e o f r a d i o b r i g h t q u a s a r a l o n g o n e e d g e 

o f t h e c o n e h a d b e e n d i s c o v e r e d . I n 1983 a d o u b l e i n d e p e n d e n t s e a r c h o f 

F i g u r e 1 0 . NGC 520 w i t h l i n e s o f q u a s a r s 

a n d r a d i o s o u r c e s i n d i c a t e d 

t h e a r e a a r o u n d NGC 520 r e v e a l e d a l i n e o f s i x q u a s a r s w i t h ν^^^^<19.0 
m a g . e m e r g i n g f r o m t h e g a l a x y . [ 1 8 ] T h e o u t e r X - r a y m a t e r i a l a r o u n d 

https://doi.org/10.1017/S0074180900159431 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900159431


488 H. ARP 

NGC 5 2 0 i s a l s o r o u g h l y a l i g n e d a l o n g t h e d i r e c t i o n o f t h e q u a s a r s a n d 

t h e r a d i o m a t e r i a l . T h e d e n s i t y , c o n c e n t r a t i o n a n d a l i g n m e n t o f t h e s e 

v a r i o u s o b j e c t s a r o u n d NGC 5 2 0 h a s a n e g l i g i b l e c h a n c e o f b e i n g a c c i -

d e n t a l . 

T h e b r i g h t e s t , v e r y d i s t u r b e d g a l a x y i n t h e s k y i s M 8 2 . F i g . 1 1 

s h o w s t h a t a u n i q u e g r o u p o f q u a s a r s f a l l v e r y c l o s e t o i t . T h r e e o f 

F i g u r e 1 1 . M 8 2 w i t h 

f o u r q u a s a r s a n d a 

s l i g h t l y e x t e n d e d r a d i o 

s o u r c e e m e r g i n g i n a 

c o n e f r o m a n o t c h i n 

i t s d i s t u r b e d o u t l i n e 

t h e m h a v e r e d s h i f t s o f z = 2 . 0 4 8 , 2 . 0 5 4 a n d 2 . 0 4 0 . C 1 9 ] T o g e t h e r w i t h a 

f o u r t h q u a s a r [ 1 0 ] t h e s e o b j e c t s d e f i n e a n e j e c t i o n c o n e l e a d i n g b a c k 

t o t h e d i s t u r b e d c e n t e r o f M 8 2 . R e c e n t l y J . J . C o n d o n [ 2 0 ] d i s c o v e r e d a 

r a d i o s o u r c e o n t h e e d g e o f M 8 2 . I t f i t s e x a c t l y i n t o t h e b a s e o f t h e 

p r e v i o u s l y d e f i n e d e j e c t i o n c o n e a s F i g . 1 1 s h o w s . 

I n F i g . 1 2 t h e X - r a y m a p o f t h e i n t e r i o r [ 2 1 ] i s s u p e r p o s e d o n a 

F i g u r e 1 2 . M 8 2 w i t h 

X - r a y m a p s u p e r p o s e d i n 

i n t e r i o r a n d d i r e c t i o n 

o f q u a s a r s m a r k e d 
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p h o t o g r a p h o f M 8 2 . I t i s s e e n t h a t s o m e o f t h e X - r a y e m i s s i o n c o i n c i d e s 

w i t h t h e o p t i c a l e m i s s i o n f i l a m e n t c o m i n g o u t a l o n g t h e S E m i n o r a x i s 

o f M 8 2 . T h e m a i n b o d y o f t h e X - r a y m a t e r i a l , h o w e v e r , i s e x t e n d e d o u t 

a l o n g t h e l i n e o f t h e e j e c t i o n c o n e t o t h e q u a s a r s . 

I n s u m m a r y , t h r e e o f t h e m o s t d i s t u r b e d b r i g h t g a l a x i e s we k n o w 

a l l h a v e t h e m o s t n u m e r o u s , c l o s e q u a s a r a s s o c i a t i o n s we k n o w . I n e a c h 

c a s e t h e q u a s a r s a r e a l i g n e d i n e j e c t i o n c o n e s o r i g i n a t i n g f r o m t h e 

g a l a x i e s . I n e a c h c a s e r a d i o a n d X - r a y m a t e r i a l c o n f i r m t h a t t h e s e 

q u a s a r s h a v e b e e n e j e c t e d o u t f r o m t h e d i s r u p t e d g a l a x y . 

6 . W h e r e D o M o s t Q u a s a r s B e l o n g ? 

T h e m o s t c o n s p i c u o u s s m a l l g r o u p i n g s o f q u a s a r s o n t h e s k y a l l 

i n v o l v e q u a s a r s w i t h r e d s h i f t s p r e d o m i n a n t l y i n t h e r a n g e 0 . 8 < z < l . 4 . [ 2 2 ] 

T h e r e l a t i v e l y s m a l l s c a l e o f t h e i r s e p a r a t i o n i n d i c a t e s t h e y a r e t h e 

m o s t d i s t a n t a n d h e n c e t h e m o s t l u m i n o u s a t a g i v e n a p p a r e n t m a g n i t u d e . 

Q u a s a r s o f d i f f e r e n t r e d s h i f t , p a r t i c u l a r l y i n t h e r a n g e 1 . 4 < z < 2 . 4 

s h o u l d b e l e s s l u m i n o u s . O f t h e s e , t h e b r i g h t e s t i n a p p a r e n t m a g n i t u d e 

s h o u l d b e c l o s e s t t o u s . P l o t t i n g a l l b r i g h t , h i g h r e d s h i f t q u a s a r s i n 

t h e s k y s h o w s t h a t i n t h e d i r e c t i o n o f t h e L o c a l G r o u p o f g a l a x i e s t h e y 

a r e 3 . 5 t i m e s m o r e n u m e r o u s t h a n i n t h e o p p o s i t e d i r e c t i o n o f t h e s k y 

t o w a r d s t h e V i r g o C l u s t e r . [ 6 ] F i g . 1 3 s h o w s t h e m o s t c o n s p i c u o u s f e a t u r e 

45c 

30e 

OEC. 

15e 

QUASARS 0.3^5„<1.0 W<z<2:70 
1 1— 

ο ° Π Μ 3 3 

ο 
ο 

ο 
0 

0 

Ο°8 ° 
0 / ο 

0 ° 0 0 0 
0 1 , ° CP 

F i g u r e 1 3 . R a d i o q u a s a r s 

i n t h e d i r e c t i o n o f t h e 

L o c a l G r o u p o f g a l a x i e s 

5 4 3 2 1 R A 0h 23 22 21 20 

i n t h e L o c a l G r o u p d i r e c t i o n , a l i n e o f q u a s a r s f r o m M 3 3 , t h e c o m p a n i -

o n s p i r a l t o M 3 1 . 

I f we i n v e s t i g a t e t h e n e x t n e a r e s t g r o u p o f g a l a x i e s t o u s , t h e 

S c u l p t o r G r o u p , we f i n d i t c o n t a i n s t h e b r i g h t S c , NGC 3 0 0 . F r o m 

NGC 3 0 0 t h e r e i s a s i m i l a r l i n e o f h i g h r e d s h i f t q u a s a r s . [ 6 ] M o s t 

a m a z i n g l y , t h e r e a r e a l s o l i n e s o f h y d r o g e n ( H I ) p r i n t i n g t o b o t h M 3 3 

a n d NGC 3 0 0 w h i c h a r e r o t a t e d o n l y 2 0 a n d 2 5 ° f r o m t h e p r e v i o u s l y d i s -

c o v e r e d l i n e s o f q u a s a r s . T h e l i n e s o f H I h a v e s c a l e s p r o p o r t i o n a l t o 

t h e f a c t t h a t M 3 3 i s t w i c e a s c l o s e t o u s a s NGC 3 0 0 . 

F i n a l l y i f w e l o o k a t t h e a p p a r e n t m a g n i t u d e s o f t h e q u a s a r s i n 

t h e M 3 3 a n d NGC 3 0 0 l i n e s w e f i n d t h a t t h e l a t t e r o n e i s j u s t a b o u t 

1 . 5 m a g n i t u d e s f a i n t e r . A g a i n t h i s r e f l e c t s t h e f a c t t h a t NGC 3 0 0 i s 
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F i g u r e 1 4 . L i n e s o f q u a s a r s ( d a s h e d ) a n d 

h y d r o g e n c o m i n g f r o m n e a r e s t g a l a x i e s 

01h05 01h00 00h55 
R A . 

j u s t a b o u t t w i c e a s f a r a w a y . F i g . 1 5 a £ g o s h o w s t h a t t h e q u a s a r s 

a s s o c i a t e d w i t h M 8 2 a r e f a i n t e r t h a n 2 0 m a g n i t u d e a n d h e n c e w e s h o u l d 

18 19 20 21 
QUASAR APPARENT MAGNITUDE 

F i g u r e 1 5 . A p p a r e n t m a g n i t u d e s o f q u a s a r s 

( z ^ 2 ) b e c o m e f a i n t e r a s g a l a x i e s b e c o m e 

m o r e d i s t a n t 

n o t g e n e r a l l y s e e , w i t h p r e s e n t s u r v e y s , h i g h r e d s h i f t s q u a s a r s a t m u c h 

g r e a t e r d i s t a n c e s t h a n M 8 2 . 

T h e a n s w e r t o t h e q u e s t i o n o f w h e r e m o s t q u a s a r s b e l o n g i s : M o s t 

h i g h r e d s h i f t q u a s a r s b e l o n g t o v e r y n e a r b y g a l a x i e s a n d a r e p r o j e c t e d 

a t l a r g e a n g u l a r d i s t a n c e s a r o u n d t h e m o n t h e s k y . Q u a s a r s n e a r z ^ l a r e 

m o r e l u m i n o u s , a r e s e e n t o g r e a t e r d i s t a n c e s a n d f o r m s e p a r a t e , s m a l l e r 

g r o u p i n g s o n t h e s k y . T h e o v e r a l l d i s t r i b u t i o n o f q u a s a r s w h i c h i s o b -

s e r v e d i s a p r o j e c t i o n o n t h e p l a n e o f t h e s k y o f n e a r b y , l a r g e d i a -

m e t e r g r o u p s a n d s m a l l e r , m o r e d i s t a n t g r o u p s , a l l o f w h i c h c o n t a i n a 

r a n g e i n r e d s h i f t s . 

O n e c l o s i n g n o t e i s t h a t t h e r e i s a s u b g r o u p i n g o f q u a s a r s i n 

F i g . 1 3 a t t h e p o s i t i o n o f t h e a n o m a l o u s q u a s a r / g a l a x y , 3 C 1 2 0 . I n 1 9 7 3 

20V 

F i g u r e 1 6 . Q u a s a r s a r o u n d 3 C 1 2 0 
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i t w a s c o n c l u d e d t h a t t h e g r o u p o f g a l a x i e s t o w h i c h t h i s u n u s u a l o b -

j e c t b e l o n g e d w a s t h e L o c a l G r o u p . F i g . 1 6 s h o w s t h e s a m e k i n d o f h i g h 

r e d s h i f t q u a s a r s t h a t w e r e a s s o c i a t e d w i t h M 3 3 a r e a l s o c l o s e l y 

a s s o c i a t e d w i t h 3 C 1 2 0 . L o c a l G r o u p H I c l o u d s a n d o t h e r a n o m a l o u s o b -

j e c t s a r e a l s o a s s o c i a t e d w i t h 3C 1 2 0 . [ 2 3 ] O n e c o n s e q u e n c e o f p l a c i n g 

3C 1 2 0 i n t h e L o c a l G r o u p r a t h e r t h a n a t i t s r e d s h i f t d i s t a n c e 

( z = 0 . 0 3 3 ) i s t h a t i t s a p p a r e n t s u p e r l u m i n a l e x p a n s i o n i s r e d u c e d f r o m 

6 t i m e s t h e s p e e d o f l i g h t t o a b o u t 0 . 0 4 t h e s p e e d o f l i g h t . 

I I . G A L A X I E S W I T H E X C E S S R E D S H I F T 

T h e m o s t c o m m o n a r g u m e n t r e j e c t i n g t h e f o r e g o i n g e v i d e n c e t h a t 

q u a s a r s a r e c l o s e r t h a n t h e i r r e d s h i f t d i s t a n c e i s : Q u a s a r s a r e 

p h y s i c a l l y s i m i l a r t o g a l a x i e s a n d g a l a x i e s c a n o n l y h a v e D o p p l e r , 

v e l o c i t y r e d s h i f t s . We b r i e f l y r e v i e w h e r e t h e e v i d e n c e t h a t m a n y 

g a l a x i e s h a v e s m a l l , n o n D o p p l e r c o m p o n e n t s o f r e d s h i f t a n d t h a t t h e 

m o r e a g a l a x y r e s e m b l e s a q u a s a r , t h e g r e a t e r t h e n o n - v e l o c i t y r e d s h i f t 

i t u s u a l l y h a s . 

1 . G a l a x i e s w i t h D i s c o r d a n t R e d s h i f t C o m p a n i o n s 

T h e p r o t o t y p e g a l a x y i n t h i s c l a s s i s s h o w n i n F i g . 1 7 . T h e 

F i g u r e 1 7 . NGC 7 b 0 3 w i t h c o m p a n i o n 

d i s c r e p a n t , b y + 8 , 3 0 0 k m / s e c 

S e y f e r t g a l a x y h a s o n e l u m i n o u s f i l a m e n t c o n n e c t i n g i t t o t h e c o m -

p a n i o n . T h e p h o t o g r a p h s h o w n h e r e i s a n i m a g e p r o c e s s e d c o m p o s i t e b y 

N . S h a r p o f p l a t e s t a k e n i n 1 9 7 3 b y R . L y n d s . A v a i l a b l e n o w , t h e i m a g e 

b e s t s h o w s t h e i n t e r a c t i o n o f t h e c o m p a n i o n w i t h t h e f i l a m e n t f r o m 

NGC 7 6 0 3 . [ l ] I t h a s a l w a y s b e e n c l e a r t h a t a c o m p a n i o n r u n n i n g b y t h e 

m a i n g a l a x y w i t h a d i f f e r e n t i a l v e l o c i t y o f 8 , 3 0 0 k m / s e c c o u l d n o t 

g r a v i t a t i o n a l l y p u l l o u t s u c h a f i l a m e n t o f s t a r s . I f t h e y a r e c o n n e c t -

e d t h e c o m p a n i o n m u s t h a v e a l a r g e c o m p o n e n t o f i n t r i n s i c r e d s h i f t . 
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T h e r e a r e n o w 38 e x a m p l e s o f d i s c o r d a n t r e d s h i f t c o m p a n i o n s i n t e r -

a c t i n g w i t h 2 4 m a i n g a l a x i e s . C 2 4 ] A s a m p l e o f t h e s e a s s o c i a t i o n s i s 

s h o w n i n T a b l e 4 . I t i s i m p o r t a n t t o n o t e t h a t t h e c o m p a n i o n s w i t h t h e 

T a b l e 4 - S a m p l e o f I n t e r a c t i n g G a l a x i e s w i t h L a r g e D i s c o r d a n t R e d -

s h i f t s 

M a i n G a l a x y C o m p a r i s o n E x c e s s R e d s h i f t T y p e o f S p e c t r u m 

N 6 C 7 6 0 3 c o m p S E + 8 , 3 0 0 k m / s e c l a t e a b s o r p t i o n 

AM 0 0 5 9 - 4 0 2 c o m p S + 9 , 6 9 5 l a t e a b s o r p t i o n 

AM 0 2 1 3 - 2 8 3 c o m p Ν + 1 4 , 0 2 1 s t r o n g e m . e a r l y a b s . 

AM 0 3 2 8 - 2 2 2 c o m p S + 1 7 , 9 2 5 e m i s s i o n , e a r l y a b s . 

AM 2 0 0 6 - 2 9 5 KN SW + 2 2 , 3 5 0 w e a k e m . , p e c . a b s . 

NGC 1 2 3 2 G a i B + 2 6 , 2 1 0 e m i s s i o n , e a r l y a b s . 

NGC 5 3 c o m p N + 3 2 , 7 7 4 e m i s s i o n , e a r l y a b s . 

AM 2 0 5 4 - 2 2 1 c o m p E + 3 6 , 4 6 0 e m i s s i o n , l a t e a b s . 

h i g h e s t d i s c o r d a n t r e d s h i f t a r e i n t h e s a m e r e d s h i f t r a n g e a s t h e 

s m a l l e r r e d s h i f t q u a s a r s . ( T h e l a s t e n t r y i n T a b l e 4 h a s z = 4 5 , 0 0 0 

k m / s e c o r z = 0 . 1 5 . T h i s i s c o m p a r a b l e t o z = 0 . 1 6 f o r t h e f a m o u s q u a s a r 

3 C 2 7 3 . ) B u t a s t h e r e d s h i f t s o f t h e d i s c o r d a n t c o m p a n i o n g a l a x i e s 

a p p r o a c h t h a t o f t h e q u a s a r s , t h e i r s p e c t r a a n d g e n e r a l m o r p h o l o g y d o 

a l s o . ( N o t e 3C 4 8 , a p r o t o t y p i c a l q u a s a r h a s s t r o n g e m i s s i o n a n d e a r l y 

t y p e a b s o r p t i o n a n d i s i n t h e p o s i t i o n o f a c o m p a n i o n t o M 3 3 . ) T h i s 

d e m o n s t r a t e s t h a t t h e p h y s i c a l c h a r a c t e r i s t i c s o f q u a s a r s a n d c o m p a c t , 

e m i s s i o n l i n e g a l a x i e s a r e c o n t i n u o u s a n d t h a t t h e r e f o r e a n y p r o o f s o f 

n o n - v e l o c i t y r e d s h i f t s i n o n e c l a s s o f o b j e c t s s u p p o r t s p r o o f s o f n o n -

v e l o c i t y r e d s h i f t s i n t h e o t h e r c l a s s o f o b j e c t s . 

2 . G r o u p s o f G a l a x i e s 

I n g e n e r a l w e s h o u l d e m p h a s i z e t h a t t h e o n l y e m p i r i c a l e v i d e n c e 

f o r t h e d i s t a n c e o f a n o b j e c t c o m e s f r o m a s s o c i a t i n g i t w i t h o t h e r o b -

j e c t s o f k n o w n d i s t a n c e . T h e g a l a x i e s w e k n o w b e s t g r o u p t o g e t h e r 

a r o u n d d o m i n a n t S ^ g a l a x i e s l i k e M 3 1 i n t h e L o c a l G r o u p a n d M 8 1 i n t h e 

M 8 1 g r o u p . E v e r y i n v e s t i g a t i o n m a d e h a s s h o w n t h a t f a i n t e r g a l a x i e s i n 

g r o u p s l i k e t h e s e h a v e v a r y i n g a m o u n t s o f s y s t e m a t i c , i n t r i n s i c r e d -

s h i f t s . [ 2 5 ] I n f a c t , c l o s e a n a l y s i s o f S h a p l e y - A m e s g a l a x i e s s h o w s t h a t 

t h e o n l y g a l a x y t y p e s w h i c h o b e y a l i n e a r H u b b l e r e l a t i o n a r e t h e 

d o m i n a n t S , n o n - c o m p a n i o n g a l a x i e s . [ 2 6 ] 

I n o r d e r t o g i v e a v i v i d e x a m p l e o f t h e s y s t e m a t i c r e d s h i f t o f 

f a i n t e r m e m b e r s o f g r o u p s we t u r n t o c u r own L o c a l G r o u p . F i g . 1 8 s h o w s 

M 3 1 a n d t h e c o m p a n i o n s ' w h i c h c l a s s i c a l l y b e l o n g t o t h e g r o u p . H o w e v e r , 

t h e y o n l y r e p r e s e n t a s p r e a d i n r e d s h i f t f r o m c z ( M 3 1 ) = - 8 6 t o 

c z (NGC 4 0 4 ) = + 1 4 2 k m / s e c . G r o u p s c h a r a c t e r i s t i c a l l y c o n t a i n a s p r e a d 

i n ° r e d s h i f t o f a b o u t 8 0 0 k m / s e c . P l o t t i n g g a l a x i e s u p t o c z < 7 0 0 k m / s e c 

i n F i g . 1 8 d e m o n s t r a t e s t h a t t h e s e l e s s l u m i n o u s , h i g h e r r e â s h i f t 

g a l a x i e s a r e m e m b e r s o f t h e L o c a l G r o u p . T h e y e v e n d e f i n e t h e l i n e o f 

g r o u p m e m b e r s d i s t r i b u t e d a l o n g t h e M 3 1 m i n o r a x i s , t h e M 3 1 - M 3 3 l i n e , 

w h i c h e x t e n d s t o L o c a l g r o u p m e m b e r s i n t h e r e g i o n o f 3 C 1 2 0 ( D i s c o v e r -

e d i n c o n n e c t i o n w i t h F i g s . 1 3 a n d 1 6 ) . 
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F i g u r e 1 8 . F i l l e d c i r c l e s 

a r e L o c a l G r o u p m e m b e r s . 

C r o s s e s a n d o p e n c i r c l e s 

a r e s p i r a l s a n d d w a r f s 

w i t h 3 0 0 < c z < 7 0 0 k m / s e c 
ο 

E v e n i f we r e s t r i c t o u r s e l v e s t o j u s t t h e t r a d i t i o n a l l y a c c e p t e d 

m e m b e r s o f t h e L o c a l G r o u p a n d M 8 1 g r o u p s we s e e f r o m F i g . 1 9 t h a t 2 1 

MW UMC 

K<T M*33 NI85 Λββ22 
Ν 205 M*2 ~N147 

12574 

N2976 N2403 Hoi 

F i g u r e 1 9 . D i f f e r e n t i a l 

r e d s h i f t s i n M 3 1 a n d M 8 1 

g r o u p s 

+ 100 

Δ 2 ( k m / s e c ) 

o u t o f 2 1 m a j o r c o m p a n i o n s a r e r e d s h i f t e d w i t h r e s p e c t t o t h e d o m i n a n t 

g a l a x y . T h i s h a s o n e c h a n c e o u t o f t w o m i l l i o n o f o c u r r i n g a c c i d e n t -

a l l y . [ 2 5 ] A l l r e d s h i f t v a l u e s a n d m e m b e r s h i p a r e s o a c c u r a t e t h a t t h i s 

r e s u l t c a n n e v e r b e c h a n g e d . I t i s t h e r e f o r e a p r o o f o f n o n - v e l o c i t y 

r e d s h i f t s w h i c h m u s t b e a c c e p t e d n o w . 

3 . Q u a n t i z a t i o n o f G a l a x y R e d s h i f t s 

T h e e x i s t e n c e o f s y s t e m a t i c , i n t r i n s i c r e d s h i f t s o f g a l a x i e s h a s 

b e e n e s t a b l i s h e d f r o m l a r g e t h r o u g h s m a l l r e d s h i f t d i s c r e p a n c i e s b y t h e 

p r e c e d i n g a n a l y s e s . I f t h i s e v i d e n c e w e r e n o t s u f f i c i e n t , t h e r e e x i s t s 

t h e f u r t h e r e v i d e n c e o f q u a n t i z a t i o n o f r e d s h i f t s w h i c h i s a n i n d e p e n -

d e n t d e m o n s t r a t i o n o f t h e i r n o n - v e l o c i t y n a t u r e . S t a r t i n g i n 1976, 
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W . T i f f t h a s s h o w n i n a n u m b e r o f c a r e f u l a n a l y s e s o f d i f f e r e n t p a i r s 

a n d g r o u p s o f g a l a x i e s t h a t t h e i r r e d s h i f t s a r e q u a n t i z e d , p r i n c i p a l l y 

i n s t e p s o f 7 2 k m / s e c . T h i s w a s m o s t r e c e n t l y c o n f i r m e d b y a m a x i m a l l y 

a c c u r a t e a n a l y s i s o f a n i n d e p e n d e n t s a m p l e o f g a l a x i e s i n g r o u p s b y A r p 

a n d S u l e n t i c . [ 2 5 ] 

F i g u r e 2 0 . D i s t r i b u t i o n 

a r o u n d m u l t i p l e s o f 

7 2 k m / s e c f o r M 3 1 a n d M 8 1 

c o m p a n i o n s 

36 48 60 72 84 96 108 

Δζ km/sec (modulo) 

C a n we t e s t f o r q u a n t i z a t i o n i n t h e m o s t n e a r b y g a l a x i e s ? Y e s , i f 

we u s e a c o r r e c t e d v a l u e o f s o l a r m o t i o n n e a r 2 5 0 k m / s e c i n s t e a d o f t h e 

3 0 0 k m / s e c i n c u r r e n t u s e . T h e c o r r e c t e d v a l u e c o m e s f r o m a l l o w a n c e s 

f o r n o n - v e l o c i t y r e d s h i f t s i n o u r L o c a l G r o u p o f g a l a x i e s , a n a n a l y s i s 

w h i c h s o l v e s s o m e c u r r e n t e n i g m a s i n c o n v e n t i o n a l L o c a l G r o u p 

m o t i o n s . [ 2 8 ] F i g . 2 0 s h o w s t h a t t h e s y s t e m a t i c a l l y r e d s h i f t e d c o m p a n i o n 

g a l a x i e s i n t h e ' M 3 1 a n d M 8 1 g r o u p s ( a s s h o w n i n F i g . 1 9 ) a r e q u a n t i z e d 

a r o u n d 7 2 k m / s e c w i t h a n a v e r a g e d e v i a t i o n o f o n l y ± 1 7 k m / s e c . 

I f we e x a m i n e m e m b e r s o f t h e c l o s e b y M 3 1 a n d S c u l p t o r G r o u p s , 

c o m p a n i o n s t h a t r a n g e u p t o 1 3 m u l t i p l e s o f 7 2 . 4 k m / s e c h i g h e r t h a n t h e 

d o m i n a n t g a l a x i e s , we s e e i n F i g . 2 1 t h a t t h e r e s i d u a l s f r o m m o d u l o 

30. 

20] 

Acz 0 

MOD 72.* 

(km/sec) 

- A V E >8.2km/sec 

F i g u r e 2 1 . R e s i d u a l f r o m 7 2 . 4 

k m / s e c m u l t i p l e a s a f u n c t i o n 

o f a c c u r a c y o f m e a s u r e s . [ 2 7 ] 

RMS ERROR (km/sac) 

7 2 . 4 k m / s e c a r e o n l y t h e m e a s u r i n g e r r o r s o f t h e r e d s h i f t s t h e m s e l v e s . 

( A n e x t r a d e c i m a l p l a c e i n 7 2 k m / s e c i s n e e d e d b e c a u s e o f t h e h i g h 
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o r d e r m u l t i p l e s , u p t o 1 3 . T h e v a l u e 7 2 . 4 6 k m / s e c w a s d e r i v e d b y T i f f t 

i n 1 9 7 7 i n t h e Coma C l u s t e r o f g a l a x i e s - a n d 7 2 . 4 by A r p i n t h e M 3 1 

a n d M 8 1 g r o u p s s h o w n i n F i g . 2 1 ) . A f e w g a l a x i e s a r e i n d i c a t e d i n 

F i g . 2 1 a s h a v i n g m e a s u r e d r e d s h i f t s m o r e a c c u r a t e t h a n ±8 k m ^ s e c . T h e y 

s h o w r e s i d u a l s f r o m m o d u l o 7 2 . 4 k m / s e c o f l e s s t h a n ±5 k m / s e c ! T h i s 

i n t r o d u c e s t h e c h a l l e n g i n g p a r a d o x t h a t t h e r e i s v e r y l i t t l e t r u e 

v e l o c i t y m o t i o n l e f t f o r o r b i t a l o r p e c u l i a r m o t i o n a r o u n d t h e c e n t r a l 

g a l a x y . 

A l t o g e t h e r , h o w e v e r , t h e s e r e s u l t s u n i f y t h e f i n d i n g s f r o m t h e 

m o s t e x t r e m e q u a s a r s t h r o u g h a p p a r e n t l y q u i t e n o r m a l g a l a x i e s . I n t h e 

q u a s a r s a l l p o s s i b l e e m p i r i c a l t e s t s s h o w e d l a r g e t o i n t e r m e d i a t e i n -

t r i n s i c r e d s h i f t s t h a t w e r e q u a n t i z e d . I n t h e p h y s i c a l c o n t i n u i t y 

c o n n e c t i n g t h e m t o g a l a x i e s a g a i n we s a w a l l p o s s i b l e t e s t s d e m o n s t r a t -

i n g t h e p r e s e n c e o f i n t e r m e d i a t e t o s m a l l n o n - v e l o c i t y r e d s h i f t s . I n a 

c o n t i n u a t i o n o f t h e t r e n d f r o m t h e q u a s a r s , t h e s e s m a l l e r n o n - v e l o c i t y 

r e d s h i f t s f o r t h e g a l a x i e s w e r e a l s o q u a n t i z e d b u t o n a s m a l l e r s c a l e . 

4 . I s T h e r e a H u b b l e R e l a t i o n f o r G a l a x i e s ? 

A m o n g b r i g h t ( S h a p l e y - A m e s ) g a l a x i e s o n l y t h e S b 1 s d e f i n e a l i n e a r 

H u b b l e r e l a t i o n . T h e S c ' s ( w h i c h a r e c h a r a c t e r i s t i c a l l y c o m p a n i o n s t o 

S b ' s i n g r o u p s ) d e v i a t e a b o v e t h e H u b b l e r e l a t i o n a s t h e i r a p p a r e n t 

m a g n i t u d e s b e c o m e f a i n t e r . [ 2 6 ] M a l m q u i s t b i a s i s a n i n a d e q u a t e r a t i o n -

a l i z a t i o n f o r t h i s d e v i a t i o n . 

F i g . 2 2 s h o w s t h e d i s t a n c e - r e d s h i f t r e l a t i o n f o r t h e S c ' s l i s t e d 

b y S a n d a g e a n d Tammann i n t h e R e v i s e d S h a p l e y - A m e s C a t a l o g . T h e 

6000 -

(km/sec) 

4000 L 

2000^ 

F i g u r e 2 2 . R e d s h i f t - d i s t a n c e 

r e l a t i o n f o r S c g a l a x i e s . 

D i s t a n c e s i n Mpc f r o m T u l l y -

F i s h e r r e l a t i o n 

-i 1 . I I 

15 30 45 60 75 

d i s t a n c e s a r e d e r i v e d f r o m t h e r e d s h i f t i n d e p e n d e n t , T u l l y - F i s h e r 

c r i t e r i o n . D e v i a t i o n s a b o v e t h e l i n e f o r H = 5 0 k m / s e c / M p c c a n n o t b e d u e 

t o s t r e a m i n g m o t i o n s b e c a u s e t h e y w o u l d h a v e t o b e v e r y l a r g e , i n c r e a s e 

w i t h d i s t a n c e a n d a l w a y s b e i n t h e r e c e d i n g s e n s e . 

T h e p a r a d o x i c a l r e s u l t i s t h a t t h e e x p a n s i o n o f t h e u n i v e r s e w o u l d 

h a v e t o c h a n g e f r o m H = 5 0 w i t h i n 1 5 Mpc t o s o m e t h i n g o v e r H = 1 0 0 a t 

g r e a t e r d i s t a n c e . T h i s c h a n g e i n H a s a f u n c t i o n o f d i s t a n c e w a s f i r s t 

p o i n t e d o u t b y G . d e V a u c o u l e u r s i n 1 9 7 2 [ 2 9 ] a n d r e e m p h a s i z e d i n a 

s e r i e s o f p a p e r s b y E . G i r a u d [ 3 0 ] ( a n d t h i s s y m p o s i u m ) . 
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T h e w a y o u t o f t h i s p a r a d o x i s t h e s a m e a s f o r a l l t h e c o n t r a d i c t -

o r y a n d d i s c r e p a n t r e s u l t s p r e s e n t e d i n t h i s r e v i e w . N a m e l y , we m u s t n o 

l o n g e r i g n o r e o b s e r v a t i o n a l e v i d e n c e w h i c h d e m o n s t r a t e s t h a t r e d s h i f t s , 

f r o m q u a s a r s t o c o m p a n i o n g a l a x i e s , c o n t a i n a p p r e c i a b l e c o m p o n e n t s o f 

n o n - v e l o c i t y r e d s h i f t s . 
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DISCUSSION 

BERGERON: We have obtained deep CCD imaging of the field around the 
QSO-galaxy pair 1327-206. The existence of a faint east arm from the 
galaxy is confirmed and further this feature is bending back toward 
the galaxy and appears more as a loop. The Nal doublet seen in 
absorption in the QSO spectrum at the redshift of the galaxy (z = 0.018) 
exhibits a complex velocity structure which indeed agrees with the 
disturbed morphological structure of the interstellar material, 

Finally on the line of sight to the QSO there are also 
absorbing clouds at much higher redshift (z = 0.853) than that of the 
galaxy. This second absorbing system is very strong and shows multiple 
velocity structure. 

There is a poster on these observations. 

ARP: It is typical of these systems where a high redshift object is 
associated with a low redshift object, that there are often other 
systems of radically different redshift also associated. 3C 120 is 
an example of this. In the case we are discussing here, the alignment 
of the objects of different redshift is so exact that the probability 
of them being unrelated objects accidentally in the line of sight is 
vanishingly small. In addition we have the connection by the luminous 
filament of the quasar to the low redshift galaxy. 

RUBIN: For many years Dr. Arp has been showing us that galaxies can be 
very peculiar, based on skillful picture processing of beautiful 
photographic images. Recent CCD images now show that many galaxies for 
formerly thought to be 1'normal11 are instead embedded in low light level 
envelopes containing streamers, jets, rings, and shells. Such galaxies 
must not be very rare, but their interpretation is still open to 
question, and does not necessarily require a ηση-Hubble interpretation 
of redshifts. 

ARP: The objects which have supplied critical evidence for the phy-
sical association of objects of different redshift have all emerged from 
normal surveys of the sky; Palomar Atlas, radio surveys, etc. It is 
natural to study these objects with greater resolution and greater 
sginal-to-noise. In many cases we then find additional, detailed 
confirmation of the physical association of these objects. But these 
additional confirmations are always judged in the context of what 
galaxies normally show under higher resolution and lower surface 
brightness levels. 

It would be completely incorrect to take objects which have 
gross peculiarities, for example, those in the Atlas of Peculiar 
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Galaxies, and imply that they are not peculiar because of anything 
that happens at very low light levels. 

FILIPPENKO: You have shown us some very interesting results concerning 
NGC 4319 and L1ark 205. I should point out, however, that Wallace 
Sargent and I are conducting a detailed spectroscopic survey of nearby 
galaxies, and we have found at least a few spirals in which [ΝΙΙ]λλ6583, 
6548 are the only emission lines (other than [011]λ3727) visible 
throughout the nuclear region. Thus, NGC 4319 is not an exceptional 
case. I am not convinced that the [Nil] emission is indicative of 
shocks produced by the ejection of llsock 205. 

ARP: Starting with the observational work of the Burbidges, it is 
well known that strong [NII]/Ha ratios are characteristic of spiral 
nuclear regions. The point about NGC 4319 is that the [Nil] is visible 
and Ha invisible in regions far from the nucleus. In fact, in the 
regions of the arms which spectra by V. Rubin and others show are 
characteristically rich in Ha and weak in Nil. 

I would doubt that you would argue that in the "few11 spirals 
in which you find only [Nil] in the nuclear regions, these nuclear 
regions were not excited by shocks. 
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