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I N T E R P R E T A T I O N O F COSMOLOGICAL INFORMATION ON RADIO 
SOURCES 

G. Burb idge 
U n i v e r s i t y of C a l i f o r n i a , San Diego, and 
M a x - P l a n c k - I n s t i t u t fur A s t r o p h y s i k , Munchen 

The topic tha t I h a v e to i n t r o d u c e today i s c o n c e r n e d with the ques t ion 
a s to w h e t h e r or not we can obtain any c o s m o l o g i c a l i n fo rma t ion f r o m 
rad io a s t r o n o m y . A l t e r n a t i v e l y , we m a y a s k " W h e r e does r ad io 
a s t r o n o m y have an i m p a c t on c o s m o l o g y ? " T h e r e a r e s e v e r a l a r e a s 
tha t m u s t be d i s c u s s e d . They a r e : 

1) The d i s c o v e r y and i n t e r p r e t a t i o n of the m i c r o w a v e background 
r a d i a t i o n . 

2) The iden t i f i ca t ion of powerfu l r a d i o s o u r c e s and the d i s c o v e r y 
tha t m a n y of t h e m h a v e l a r g e r e d s h i f t s . If we can p r o v e tha t the 
l a r g e r e d s h i f t s m e a n tha t the ob jec t s a r e a t g r e a t d i s t a n c e s , then 
we can u s e t h e s e r a d i o s o u r c e s a s fo l lows: 

(a) We can a t t e m p t to obta in a Hubble r e l a t i o n for the op t ica l 
ob jec t s which a r e ident i f ied with r a d i o g a l a x i e s ; 

(b) We can look for a r e l a t i o n b e t w e e n the a n g u l a r d i a m e t e r s 
of the r a d i o s o u r c e s and the r e d s h i f t s of the op t ica l ly i d e n ­
tified ob jec t s and we can a l so look at r e l a t i o n s be tween the 
a n g u l a r d i a m e t e r and the r ad io flux; 

(c) We can c o n s t r u c t log N - log S c u r v e s and we can c a r r y out 
l u m i n o s i t y v o l u m e t e s t s , 

Le t us i n t r o d u c e e a c h of t h e s e i n v e s t i g a t i o n s in t u r n . 

F i r s t we b r i e f l y d i s c u s s the m i c r o w a v e b a c k g r o u n d r a d i a t i o n . 
T h e r e i s v e r y l i t t l e doubt in a n y o n e ' s m ind a t th i s t i m e but tha t th is 
r a d i a t i o n did a r i s e e a r l y in the h i s t o r y of the u n i v e r s e , and i t i s the 
one p i e c e of c o s m o l o g i c a l ev idence which shows u n a m b i g u o u s l y tha t 
the u n i v e r s e h a s evo lved . The r e c e n t o b s e r v a t i o n s which show fa i r ly 
c l e a r l y tha t the r a d i a t i o n is of b lackbody f o r m a r e e x t r e m e l y i m p o r ­
tan t in th i s connec t ion . T h e r e i s l i t t l e c o n t r o v e r s y about th is 
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s i t ua t i on , and thus th is i s a l l tha t I shal l say about c o s m o l o g i c a l i n fo r ­
m a t i o n which can be d e r i v e d f r o m the m i c r o w a v e backg round r a d i a t i o n , 

I now tu rn to the m a n y p r o b l e m s which a r e involved in c a t e g o r y 
2. Le t us f i r s t c o n s i d e r the iden t i f i ca t ion of r a d i o s o u r c e s and ob jec t s 
wi th l a r g e r e d s h i f t s . We know with s o m e conf idence tha t r edsh i f t s 
a r e m e a s u r e s of d i s t a n c e for g a l a x i e s of s t a r s . M o r e p r e c i s e l y , if 
z c i s the c o s m o l o g i c a l r edsh i f t , z.̂  and z r the i n t r i n s i c r edsh i f t and 
redsh i f t due to r a n d o m m o t i o n , and z ^ is the o b s e r v e d r edsh i f t , 
then 

(1 + z , ) = (1 + z ) (1 + z.) (1 + z ) obs c i r 

F o r n o r m a l ga lax ies we know f r o m the f o r m of the Hubble r e l a t i o n 
tha t z i s » z.-, and that z i s » z . H o w e v e r , it ha s not been p roved ^ I c r 
tha t th i s is t r u e for any o the r c l a s s of objec t . 

What a r e the c l a s s e s of ob jec t s which a r e ident i f ied with r ad io 
s o u r c e s ? They fall into four c a t e g o r i e s , v iz , e l l i p t i ca l g a l a x i e s , N 
s y s t e m s , QSOs, and BL L a c o b j e c t s . 

What ha s r e a l l y been p r o v e d about the r e d s h i f t s of t h e s e d i f ferent 
c l a s s e s of ob jec t s? F o r the n o r m a l , genuine e l l i p t i ca l g a l a x i e s the 
w o r k tha t h a s been c a r r i e d out ove r the p a s t t h i r t y o r fo r ty y e a r s by 
Hubble , H u m a s o n , Sandage , and t h e i r c o l l e a g u e s l e a d s us to s u p p o s e , 
wi th a l a r g e d e g r e e of con f idence , that t h e s e r e d s h i f t s a r e m e a s u r e s 
of d i s t a n c e , though I would add tha t th is ha s n e v e r been p r o v e d . 
H o w e v e r , the fact that we have a Hubble r e l a t i o n is s t r ong ev idence 
in th i s d i r e c t i o n . 

When we c o m e to the N s y s t e m s , a l r e a d y t h e r e a r e p r o b l e m s . 
F o r the m a j o r i t y of t h e s e , the m o r p h o l o g i c a l c l a s s i f i c a t i o n is s t r ong ly 
c o r r e l a t e d with the s p e c t r u m . Thus t h e s e v e r y c o m p a c t ob j ec t s with 
s m a l l diffuse ha lo s a r o u n d t h e m n e a r l y a lways show, when they a r e 
ident i f ied with s t r o n g r a d i o s o u r c e s , s t r o n g , b r o a d e m i s s i o n l i n e s in 
t h e i r s p e c t r a , t oge the r wi th a c o n t i n u u m which is not of s t e l l a r o r ig in . 
Th is con t inuum p r e s u m a b l y a r i s e s both f r o m hot gas and i s in p a r t 
n o n - t h e r m a l in o r i g in . An excep t ion to th i s i s the c a s e of 3C 371 
which c e r t a i n l y does show a s t r o n g s t e l l a r componen t . H o w e v e r , it 
i s the a n o m a l o u s c a s e a m o n g a v e r y l a r g e n u m b e r of N s y s t e m s i d e n ­
tified a s powerful r ad io s o u r c e s . W h e r e s t a r s can be found and the 
r edsh i f t can be obta ined f r o m the s t e l l a r a b s o r p t i o n l i n e s and it i s 
found to be the s a m e a s tha t ob ta ined f r o m the e m i s s i o n l i n e s , i t is 
r e a s o n a b l e to suppose tha t the r edsh i f t i s of c o s m o l o g i c a l o r i g i n . 
The diff iculty (to s o m e people ) and the in t r igu ing p o s s i b i l i t y (to o t h e r s ) 
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i s tha t for the m a j o r i t y of t h e s e ob jec t s with l a r g e r e d s h i f t s no s t e l l a r 
componen t h a s ye t b e e n found. This being the c a s e , we can a r g u e in 
one of two d i r e c t i o n s : 

(a) We can suppose tha t t h e r e is a s t e l l a r ga laxy unde r ly ing 
the object tha t we c a n s e e , and that it h a s a r edsh i f t which i s the 
s a m e as the r edsh i f t ob ta ined f r o m the s t r o n g e m i s s i o n l i n e s . We 
can then a t t e m p t to show tha t the e n e r g y d i s t r i b u t i o n o b s e r v e d is con ­
s i s t e n t with the s u m of the two or t h r e e c o m p o n e n t s and a t t e m p t to 
ob ta in a Hubble r e l a t i o n . This i s the m e t h o d tha t w a s o r ig ina l l y used 
by Sandage in 1971 . M o s t i n v e s t i g a t o r s l ike th i s idea and u s e i t . 
H o w e v e r , it i s a m b i g u o u s and i t can do no m o r e than e s t a b l i s h c o n ­
s i s t e n c y with the c o s m o l o g i c a l h y p o t h e s i s . 

(b) The a l t e r n a t i v e p o s s i b i l i t y is tha t such s y s t e m s a r e not 
g a l a x i e s a t a l l , but ob j ec t s of qui te a d i f fe ren t t ype , wi th r e d s h i f t s 
which a r e not of c o s m o l o g i c a l o r i g i n . E v idence in favor of th is 
h y p o t h e s i s i s the p o s s i b l e p e r i o d i c i t y in the r e d s h i f t s of the N s y s t e m s , 
and the fact tha t it i s in s o m e of t h e s e o b j e c t s , e. g. , 3C 120, w h e r e 
p r o b l e m s such a s the a p p a r e n t r e l a t i v i s t i c expans ion s p e e d s a r e 
e n c o u n t e r e d if the d i s t a n c e s a r e obta ined f r o m the r e d s h i f t s . Of 
c o u r s e , th i s l a t t e r p r o b l e m d i s a p p e a r s if the ob jec t s a r e m u c h c l o s e r 
than the d i s t a n c e s ob ta ined f r o m t h e i r r e d s h i f t s . 

The t h i r d c l a s s of ob jec t s ident i f ied with powerfu l r ad io s o u r c e s 
a r e the q u a s i - s t e l l a r o b j e c t s . In F i g s . 1, 2, and 3 you s e e p lo t s 
m a d e f r o m a new c a t a l o g u e of QSOs of the r e d s h i f t - m a g n i t u d e d i a g r a m , 
the a p p a r e n t m a g n i t u d e d i s t r i b u t i o n , and the U - B a g a i n s t B-V plot . 
You al l know tha t the n a t u r e and the d i s t a n c e s of t h e s e ob jec t s have 
b e e n unde r d i s c u s s i o n for m a n y y e a r s . All the a r g u m e n t s a r e wel l 
known. A l m o s t e v e r y y e a r a c l a i m i s m a d e tha t p roof of c o s m o l o g i c a l 
r e d s h i f t s h a s been ob ta ined , but in m y view t h e s e a r g u m e n t s r a r e l y , 
if e v e r , hold up. At the s a m e t i m e ev idence s u g g e s t i n g tha t s o m e 
r e d s h i f t s a r e of n o n - c o s m o l o g i c a l o r ig in a l s o a p p e a r s v e r y f r equen t ly 
bu t i s d i s r e g a r d e d by m o s t a s t r o n o m e r s . T h e r e i s ev idence of s o m e 
s t a t i s t i c a l we igh t t ha t a few of the QSOs a r e a s s o c i a t e d wi th ga l ax i e s 
a t the s a m e r e d s h i f t , bu t t h e r e i s ev idence of h i g h e r s t a t i s t i c a l weight 
t ha t s o m e a r e a s s o c i a t e d wi th g a l a x i e s with m u c h s m a l l e r r e d s h i f t s . 
T h e r e i s a good c o r r e l a t i o n be tween the a n g u l a r s e p a r a t i o n s of p a i r s 
of QSOs and g a l a x i e s wi th the d i s t a n c e s of the g a l a x i e s which Bolton 
h a s m e n t i o n e d h e r e . T h e r e is a new c a s e of 3C 303, w h e r e in one 
of the r ad io l obes of the r a d i o s o u r c e which i s ident i f ied with an N 
s y s t e m with z = 0. 14, t h e r e a r e t h r e e c o m p a c t o b j e c t s , one of which 
i s a QSO with z = 1. 57. T h e r e a r e c l o s e p a i r s of QSOs with d i f ferent 
r e d s h i f t s , e t c . Mos t of th i s ev idence i s in favor of n o n - c o s m o l o g i c a l 
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F i g . 1. 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 d i a g r a m for 570 QSOs taken 
f rom the ca t a logue of Bu rb idge , C r o w n e , and Smi th (Ap, J . 
Supp lemen t , F e b r u a r y 1977). 

r e d s h i f t s , but it i s e i t h e r i g n o r e d , t r e a t e d as a c c i d e n t a l , o r if peop le 
begin to take it s e r i o u s l y they c o n s i d e r i t " w o r r y i n g . " 

K r i s t i a n a t t e m p t e d to a r g u e tha t the fuzz a r o u n d QSOs w a s c o n ­
s i s t e n t with the idea tha t they w e r e embedded in g a l a x i e s a t d i f fe ren t 
r e d s h i f t s . H o w e v e r , a t t e m p t s to i n v e s t i g a t e the fuzz d i r e c t l y have 
shown so far that it i s not due to g a l a x i e s in the c a s e s of 3C 48 and 
4C 37. 4 2 . It a p p e a r s to m e tha t the b u r d e n of p roof tha t g a l a x i e s a r e 
p r e s e n t s t i l l r e s t s on t h o s e who would l ike to m a k e tha t a s s u m p t i o n . 

V a r i o u s cont inui ty a r g u m e n t s h a v e been put f o r w a r d in favor of 
the c o s m o l o g i c a l r edsh i f t h y p o t h e s i s . F o r e x a m p l e , a t t h i s m e e t i n g 
m u c h h a s b e e n m a d e of the a n g u l a r d i a m e t e r - z r e l a t i o n , and i t h a s 
been t a c i t l y a s s u m e d tha t z i s a m e a s u r e of d i s t a n c e . In g e n e r a l , 
con t inu i ty a r g u m e n t s can be t aken both w a y s . 

https://doi.org/10.1017/S0074180900016223 Published online by Cambridge University Press

https://doi.org/10.1017/S0074180900016223


INTERPRETATION OF COSMOLOGICAL INFORMATION ON RADIO SOURCES 251 

CD 

£ 
!3 

150 

140 

130 

120 

no 
100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

-
-

-

T==^— 
f 

n i 1 1 
— I . 
1 1 1 f 

12 14 15 16 17 18 19 20 21 

mv 

Fig. 2. Distribution of apparent magnitudes of QSOs listed in the 
catalogue of Burbidge et al_. (1977). 

Finally, let us turn to a brief discussion of the BL Lac objects. 
Since very few emission redshifts have been discovered in these 
objects, there has not been a lot to argue about. Some of them clear ly 
a r e in galaxies at modest cosmological redshifts . One, CL 4, is 
thought to have its origin in our own Galaxy. One, BL Lac itself, has 
been a subject of considerable debate between Lick and Pa lomar , and 
the present situation suggests that it is certainly not a normal external 
galaxy. 

These then a r e the c lasses of objects with which we want to do 
cosmology. Let us briefly discuss the different approaches to cos ­
mology which are being attempted. 

F i r s t we consider the bright elliptical galaxies. Here we know 
that we can continue to use the Hubble relation and using the galaxies 
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Fig. 3. Two color diag ram for all QSOs with measured colors (2 30) 
in the catalogue of Burbidge et al . (1977). 

which have been identified as radio sources it is possible to push out 
to quite large redshifts . The present situation will be discussed by 
Dr. Smith la ter in this session. Considerable success is being 
achieved and a number of redshifts greater than z = 0. 5 have been 
measured . The inajor problem will be in making the correct ions for 
evolution, etc. 
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We t u r n now to the 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 for QSOs. 
In F i g . 1 I have shown the 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 d i a g r a m for 
a l l of the n e a r l y s ix h u n d r e d QSOs for which r e d s h i f t s and a p p a r e n t 
m a g n i t u d e s a r e now a v a i l a b l e . A t t e m p t s h a v e been m a d e in the p a s t 
to re f ine a d i a g r a m of t h i s type in o r d e r to see if one could get a good 
Hubble r e l a t i o n for QSOs. The a p p r o a c h is tha t o r i g i n a l l y p r o p o s e d 
by M c C r e a , v i z . , on the a s s u m p t i o n tha t the r e d s h i f t s a r e of c o s m o -
log ica l o r ig in , and a s s u m i n g a value for the d e c e l e r a t i o n p a r a m e t e r 
qQ one a t t e m p t s to find the i n t r i n s i c a l l y b r i g h t e s t QSO in e a c h r e d -
shift r a n g e , and d e t e r m i n e the s lope of the r e d s h i f t - a p p a r e n t m a g n i ­
tude r e l a t i o n . This w a s a t t e m p t e d in the p a s t by Bahca l l and H i l l s , 
by Burb idge and O 'Del l , and by P e t r o s i a n . It wi l l be d i s c u s s e d aga in 
in th i s s e s s i o n . In m y view you cannot re f ine it enough to p r o d u c e 
s t r o n g ev idence in favor of c o s m o l o g y , though you can i n t e r p r e t it in 
th i s way if you w i s h . 

We t u r n now to the l u m i n o s i t y - v o l u m e t e s t . As Schmid t o r i g i n a l l y , 
and Lynds and Wil l s a f te r h i m have shown, if the r e d s h i f t s of the 
QSOs a r e c o s m o l o g i c a l , then l a r g e s c a l e evolu t ion in the popula t ion 
of the 3C and 4C s o u r c e s i s unques t ionab ly p r e s e n t . L a t e r in th is 
s e s s i o n D r . Schmid t wi l l upda te th i s w o r k and d i s c u s s new s a m p l e s . 

Now le t us c o n s i d e r the log N - log S s t u d i e s . It i s an a r t i c l e of 
fai th in C a m b r i d g e tha t t h e s e d e m o n s t r a t e ex t ens ive evolu t ion . 
H o w e v e r , if we r e s t r i c t o u r s e l v e s to the r ad io g a l a x i e s in the 3C 
r e v i s e d c a t a l o g u e , and a l s o r e s t r i c t o u r s e l v e s to t h o s e wi th known 
r e d s h i f t s , s tud ies u s ing the l u m i n o s i t y - v o l u m e t e s t by Schmid t (pub­
l i s h e d in the A s t r o p h y s i c a l J o u r n a l in 1972) and m o r e r e c e n t s tud ies 
of the log N - log S r e l a t i o n s by N a r l i k a r and m y s e l f in 1975 (also in 
A p . J . ) show tha t t h e r e i s no s t r o n g e v i d e n c e , if any , for evolu t ion . 
The s t eep s lope for the log N - log S r e l a t i o n of - 1 . 8 for r ad io ga l ax i e s 
in th i s ca t a logue m u s t a r i s e e n t i r e l y f r o m the unident i f ied s o u r c e s . 
If the evolut ion t a k e s p l a c e a t r e d s h i f t s of z ~ Z o r g r e a t e r a s i s 
f r equen t ly c l a i m e d , i t wi l l be i m p o s s i b l e to p r o v e th i s d i r e c t l y , u s ing 
g r o u n d - b a s e d t e l e s c o p e s b e c a u s e the g a l a x i e s a r e m u c h too faint to be 
d e t e c t e d . T h u s , the a r g u m e n t tha t we a r e s ee ing evolu t ion cannot be 
d i r e c t l y p r o v e d , a t l e a s t unt i l we a r e ab le to d e t e c t ob j ec t s with m u c h 
l a r g e r r edsh i f t s d i r e c t l y u s ing the L a r g e Space T e l e s c o p e (LST). 

The a s s u m p t i o n of evolu t ion and the a t t e m p t s to m a k e m o d e l s 
wh ich have been d e s c r i b e d h e r e and have b e e n w o r k e d on p a r t i c u l a r l y 
by the C a m b r i d g e r a d i o a s t r o n o m e r s a l l s e e m to m e to be a type of 
p a r a m e t e r fi t t ing which i s p r o b a b l y p r e m a t u r e . In m y view we f i r s t 
h a v e to p r o v e tha t the ob j ec t s we a r e looking at a r e r e a l l y far away 
and only then can we a r g u e tha t us ing the counts we can d i s c u s s the 
d e t a i l s of the evo lu t ion . 
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Ear l i e r in this meeting when the counts at many frequencies were 
being described, I got the impress ion from several groups and p a r ­
t icularly from Mills and his colleagues in Austra l ia , that there are 
significant differences both in the slopes of the counts and in the 
numbers of sources measured at different frequencies in different 
par t s of the sky. It was par t icu lar ly striking to see the difference 
between the counts in the north and the counts in the south. To me 
the numbers in some cases appear to be highly significant. If there 
a r e rea l anisotropies , then at leas t one possibili ty is that many of the 
brighter sources a re not at the great distances which had previously 
been assigned to them. Perhaps we should look for corre la t ions 
between the distribution of radio sources in different par t s of the sky 
and the distribution of comparat ively bright galaxies in the local 
superc lus ter . 

I conclude by outlining for you briefly the situation that might 
prevai l if a significant population of the radio sources a r e not at 
great distances and a r e associated with QSOs which have been ejected 
from galaxies, as would be expected if the QSOs a re comparatively 
local , i. e. , they a r e at dis tances not grea ter than about 200 Mpc. 
We suppose that they a r e ejected from galaxies of various types, 
including spirals and the radio el l ipt icals . Under these conditions, 
what should we expect to see? The very close objects which have 
been ejected from comparat ively nearby galaxies will be picked up as 
individual objects and will not be seen to be associated with their 
parent galaxies. This is because they will be far away from the 
objects from which they originated as far as the angular distances 
in the sky a re concerned. As we go to radio sources which a r e further 
away, these will have been ejected from a population of galaxies which 
a re also further away, and we shall see a significant number of them 
comparatively close to their parent galaxies. However, they will be 
far enough away from the parent galaxies so that they can be identified 
as individual objects. This would explain the corre la t ion or the a s s o ­
ciation between bright galaxies and some QSOs in the 3CR catalogue 
and the Parkes catalogue. As we go to even grea ter distances and 
beyond about 200 Mpc, the QSOs will be so faint that they will not 
appear on the sky survey plates and will no longer be detected as 
individual objects. Instead, their parent galaxies will be identified 
as the radio sources . This means that, although the identifications 
a r e incorrec t , the distances for these sources will be co r r ec t . Thus, 
the radio luminosity function as derived from the galaxies will still be 
co r rec t , and it may eventually be possible to establish that evolution 
is taking place through the population of parent galaxies. 
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In conclusion it appears to m e that some types of cosmological 

investigations using radio sources have been premature. Much of the 
discussion still depends on the distances of the QSOs, and it is not 
proven that they are at great distances. There is no conclusive proof 
that the population of radio sources is changing with epoch, though it 
may turn out that this can be established if enough detailed work is 
done. But it is impossible to discuss this problem without first 
establishing the nature and the distances of the objects which make up 
the sources of radio emission. In a sense this was clear from the 
beginning, but so much of the discussion and the debate has been based 
on what to many of us is really very flimsy evidence. 

Research in extragalactic astronomy at UCSD is supported in part 
by the National Science Foundation and in part by NASA under grant 
no. N G L 05-005-004. 

DISCUSSION 

van der Kruit: When you discussed the BL Lac objects, you did not 
mention the large amount of observations on AP Librae. Does this 
object carry any weight in the arguments for or against the presence of 
a stellar component in BL Lac objects? 

G.R. Burbidge: The observations reported in the literature by Disney 
and his colleagues are not entirely convincing. Emission lines which 
were identified in the earlier work and were used in part to determine 
the redshift, are not present in the later observations. Whether this 
is due to changes in the object (as claimed by the authors) or not, is not 
easy to determine. In my view the absorption features identified in the 
second paper are not very convincing. 

Miller: I observed the nuclear region of AP Librae with the Lick 3m 
image-tube scanner. The spectra showed very clearly emission lines 
and the characteristic spectrum of stars in an E galaxy at a redshift 
near 0.048. The visibility of the emission and galaxy features was 
nearly identical to that observed in 3C 371, another BL Lac object. 
The emission-line spectrum was very similar to that in gE galaxies with 
emission such as NGC 1052. Since the emission is likely to be concen­
trated to the nucleus, which is a variable object, the visibility of the 
emission features will depend on the brightness of the non-stellar 
component, the size of the entrance aperture, and the dispersion of the 
spectrograph. Nothing can be reliably concluded about variability of 
the emission lines until absolute spectrophotometry with essentially 
identical spectrograph set-ups is carried out over a period of time. 

Ryle: I think it is important to remind optical astronomers that the 
general conclusions concerning the distances of radio sources and their 
consequent value in distinguishing between different cosmological models, 
do not depend on measurements of redshift, nor indeed on optical 
observations at all. Twenty years ago it was shown that by relating 
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the numbers of sources, their isotropy and the upper limit set to their 
contribution to the volume emissivity by measurements of the background 
radiation, not more than about 10% of the sources in a given flux density 
range could lie within the Galaxy. Similar arguments applied to the 
extragalactic case showed a serious Olberfs paradox unless the median 
value of P was at least 1025""26 watts ster^Hz"1. Independently of the 
identification or redshift questions, most radio sources therefore lie 
at cosmological distances, and local interpretations of the source 
counts are untenable. 

G.R. Burbidge: I disagree. As was shown several years ago by Rowan-
Robinson and others, the limit set by this background does not rule out 
current local QSO models. Further in the case I have just discussed, 
the brightest QSO's are from comparatively nearby galaxies. Fainter 
ones are associated with galaxies at redshifts between about .003 and 
0.02, and QSO's beyond this redshift are too faint to be identified as 
independent radio sources. The sources are then identified with ten 
percent galaxies. Thus the distance scale for radio sources with z 
(galaxies) > 0.02 is correct. In other words, we are looking at the 
fine structure of the radio universe at small redshifts and identifying 
local QSO's, but the gross structure is at greater redshifts. 

I also disagree with your view that optical astronomy is largely 
irrelevant in this and related problems. Radio astronomers, except in 
special situations, cannot measure distances. In this sense, optical 
astronomy is still all important. 

Osterbrock: I have no "belief" about N galaxies, nor can I pretend to 
have observational data on all known N galaxies, but I should like to 
emphasise that in the slide I showed yesterday of the 4 broad-line radio 
galaxies, 3 of them are N galaxies and they all show stellar absorption 
features (Ca II, G, Mg I) at approximately the same z as the forbidden 
emission lines. The equivalent widths of the absorption lines in all 
of these galaxies is only about 15 percent of the E.W. in typical 
elliptical galaxies, indicating strong dilution of the galaxy component 
by the non thermal component. 

G.R. Burbidge: I certainly accept these observations; the existence 
of N-systems in which you can see stellar absorption features at the 
same redshift certainly weakens part of the argument I have made. 

Wittels: Have you any comments on the lack of blue shifted objects if 
you try to explain QSO's, BL Lac type objects and possible N systems as 
ejecta from galaxies? 

G.R. Burbidge: It has been known for many years and was described in 
our book published in 1967, that if these objects are ejected from 
galaxies beyond our own and if the shifts are local kinematic Doppler 
shifts, blue shifted objects should predominate. The fact that they 
don't can be interpreted within the framework of the local hypothesis 
in one of several ways: 
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(1) it can be used as an argument against the local hypothesis, 
(2) it means that the redshifts are not Doppler shifts, 
(3) very contrived models can be considered in which it is 

argued that the emission takes place in a trail trailing 
behind the QSO. Then only those-objects moving away 
would be detected. 

CROSS CORRELATION FUNCTIONS FOR QUASARS AND GALAXIES 

M. Seldner 

The cross-correlation function for galaxies and QSO's is defined 
as the probability, as a function of angle, in excess of random for 
finding a galaxy around a QSO. Thus, the mean projected density of 
galaxies, n (0), around QSO's can be written 

gq 
n (0) = n" [1 + O)(0)], 
gq g 

where n is the average sky density of galaxies and to is the cross-
correlation function. The function (A)(0) is determined for the Shane-
Wirtanen Catalogue of Galaxies and a sample of 484 published QSO's. 
The result is a function similar in shape to the correlation functions 
for other sets of objects such as Abell Clusters and 3CR radio galaxies, 
i.e. o)(0) = A/0 , y - 1. The amplitude A is about 10 times larger 
than would be expected if it is assumed that QSO's are at the distances 
calculated from their redshifts and are correlated with galaxies in the 
same manner that galaxies are correlated with each other. Division 
into redshift bins shows that contributions to the positive signal come 
from various redshifts and not just z < 0.2 as might be expected. 

Webster: Can't you test the significance by looking at a number of 
random positions and looking at the variance, the scatter, on the 
resulting a)(0) curves? 

Seldner: The correlation function for 500 random points with the Shane-
Wirtanen Catalogue yields a co(0) which is zero at all angles, that is 
it has no peak near 0=0. The error bars on the QSO-galaxy graph show 
the standard deviation of the mean for the first two angular bins, which 
are statistically independent, the errors at larger angle should fall 
off roughly as /Q. 
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