
D I S T R I B U T I O N IN D E P T H O F Q U A S A R S 

M a a r t e n S c h m i d t and R i c h a r d F . G r e e n 
H a l e O b s e r v a t o r i e s 1 , C a l i f o r n i a I n s t i t u t e o f T e c h n o l o g y 

W e d i s c u s s t h e d i s t r i b u t i o n i n d e p t h o f d i f f e r e n t k i n d s o f q u a s a r s : 
q u a s i - s t e l l a r r a d i o s o u r c e s w i t h s t e e p r a d i o s p e c t r u m , t h o s e w i t h f l a t r a d i o 
s p e c t r u m , and o p t i c a l l y s e l e c t e d q u a s a r s . A l l e x h i b i t a n i n c r e a s e o f s p a c e 
d e n s i t y w i t h d i s t a n c e t o a d i f f e r e n t d e g r e e . T h e o p t i c a l l y s e l e c t e d q u a s a r s , 
i n p a r t i c u l a r , s h o w a s t e e p i n c r e a s e o f s u r f a c e d e n s i t y w i t h m a g n i t u d e . T h e 
s t e e p n e s s o f t h e i n c r e a s e i s i n c o n s i s t e n t w i t h a u n i f o r m d i s t r i b u t i o n o f 
q u a s a r s i n t h e l o c a l h y p o t h e s i s . In t h e c o s m o l o g i c a l h y p o t h e s i s t h e c o - m o v i n g 
s p a c e d e n s i t y o f o p t i c a l l y s e l e c t e d q u a s a r s i n c r e a s e s b y a f a c t o r o f 1 0 0 , 0 0 0 
t o a r e d s h i f t o f 2 , a n d b y f a c t o r s o f 1 0 0 0 and 1 0 f o r s t e e p - s p e c t r u m and 
f i a t - s p e c t r u m r a d i o q u a s a r s , r e s p e c t i v e l y . 

T h e d i s t r i b u t i o n i n d e p t h o f q u a s i - s t e l l a r r a d i o s o u r c e s h a s b e e n s t u d i e d 
o n t h e b a s i s o f s a m p l e s f r o m t h e 3 C R , 4 C , P a r k e s , a n d 6 - c m N R A O c a t a 
l o g u e s ; s e e S c h m i d t ( 1 9 7 8 ) , a n d W i l l s and L y n d s ( 1 9 7 8 ) . S i n c e s a m p l e s a r e 
s e l e c t e d t o o p t i c a l and r a d i o l i m i t s s i m u l t a n e o u s l y , t h e V / V n a x m e t h o d 
( S c h m i d t 1 9 6 8 ) i s u s e d i n t h e a n a l y s e s . Q u a s a r s w i t h s t e e p r a d i o s p e c t r u m 
a n d f i a t s p e c t r u m s h o w d i f f e r e n t ( V / V m a x > v a l u e s , t y p i c a l l y 0 . 6 7 - 0 . 7 0 and 
a r o u n d 0 . 5 9 , r e s p e c t i v e l y . If w e i n t e r p r e t t h e r e s u l t s i n t e r m s o f a 
d e n s i t y l a w 

K ( t - t 0 ) / t 0 

P = Po 

w h e r e t i s t h e c o s m i c e p o c h a n d t 0 t h e a g e o f t h e U n i v e r s e ( w e a s s u m e a 
q 0 = 0 F r i e d m a n n m o d e l ) , t h e n : 
K = 1 0 - 1 2 f o r q u a s a r s w i t h s t e e p r a d i o s p e c t r u m , 
K = 4 f o r q u a s a r s w i t h f l a t r a d i o s p e c t r u m . 

S a m p l e s o f o p t i c a l l y s e l e c t e d q u a s a r s a r e v e r y s c a r c e . In f a c t , t h e o n l y 
p u b l i s h e d s a m p l e i s t h a t o f B r a c c e s i , F o r m i g g i n i , a n d G a n d o l f i ( 1 9 7 0 ) . 
S p e c t r o s c o p i c w o r k o n t h e 1 7 5 o b j e c t s i s f a r f r o m c o m p l e t e . A c o m p l e t e 
s a m p l e i s c o n s t i t u t e d b y 1 7 q u a s a r s w i t h r e d s h i f t s b r i g h t e r t h a n B = 18 o v e r 
a n a r e a o f 3 6 s q u a r e d e g r e e s ( G r e e n and S c h m i d t 1 9 7 8 ) . W e r e p o r t o n t h e 
p r e l i m i n a r y r e s u l t s o f t h e P a l o m a r B r i g h t Q u a s a r S u r v e y o f o p t i c a l l y 
s e l e c t e d q u a s a r s b r i g h t e r t h a n B » 16. T h e s u r v e y i s b a s e d o n d o u b l e ( U , B) 

G.O. Abell and P. J. E. Peebles (eds.), Objects of High Redshift, 73- 76. 
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e x p o s u r e s o b t a i n e d by G r e e n w i t h t h e 1 8 - i n c h S c h m i d t t e l e s c o p e o v e r a n a r e a 
o f a p p r o x i m a t e l y 1 0 , 0 0 0 s q u a r e d e g r e e s . H e s e l e c t e d a s c a n d i d a t e s s o m e 
3 0 0 0 s t e l l a r o b j e c t s w i t h a n u l t r a v i o l e t e x c e s s . W e h a v e t a k e n s p e c t r a o f 
e s s e n t i a l l y a l l t h e s e o b j e c t s and h a v e found a r o u n d 1 0 5 q u a s a r s , o f w h i c h 
s o m e 2 5 w e r e k n o w n p r e v i o u s l y ( h a l f o f t h e m r a d i o s o u r c e s ) . R e s u l t s a r e 
s t i l l t e n t a t i v e , s i n c e t h e l i m i t i n g m a g n i t u d e i n e a c h o f t h e m a n y S c h m i d t f i e l d s 
i s y e t t o b e d e t e r m i n e d p r e c i s e l y . 

T h e c o u n t s o f q u a s a r s i n t h i s s u r v e y , i n t h e B r a c c e s i s a m p l e t o B = 1 8 , 
and t h e u n p u b l i s h e d S a n d a g e - U s h e r s u r f a c e d e n s i t y t o B = 1 8 . 5 s h o w 
l o g N ( < B ) = 0 . 9 3 B + c o n s t . , c o r r e s p o n d i n g t o an i n c r e a s e o f t h e s u r f a c e 
d e n s i t y b y a f a c t o r o f 8 . 5 p e r m a g n i t u d e . 

S u c h a s t e e p c o u n t s l o p e i s i n c o m p a t i b l e w i t h a n y l o c a l h y p o t h e s i s o f 
q u a s a r s i n w h i c h t h e s p a c e d i s t r i b u t i o n i s u n i f o r m . In t h e l a t t e r c a s e w e 
e x p e c t l o g N ( < B ) = 0 . 6 0 B + c o n s t . , r e g a r d l e s s o f t h e s h a p e o f t h e 
l u m i n o s i t y f u n c t i o n . T h e s t e e p s l o p e o b s e r v e d r e q u i r e s t h a t t h e s p a c e d e n s i t y 
o f l o c a l q u a s a r s i n c r e a s e w i t h d i s t a n c e , a p p r o x i m a t e l y a s r 3 / 2 . 

In t h e c o s m o l o g i c a l h y p o t h e s i s , t h e s t e e p s l o p e o f t h e c o u n t s r e q u i r e s 
K = 1 8 i f t h e s p a c e d e n s i t y v a r i e s e x p o n e n t i a l l y w i t h c o s m i c t i m e . T h e 
c o r r e s p o n d i n g s p a c e d e n s i t y ( i n c o - m o v i n g c o o r d i n a t e s ) a t r e d s h i f t 2 i s s o m e 
1 0 0 , 0 0 0 t i m e s t h e l o c a l d e n s i t y . 

T h e d e n s i t y i n c r e a s e a p p e a r s t o d e p e n d o n t h e i n t r i n s i c o p t i c a l 
l u m i n o s i t y o f t h e q u a s a r s . O b s e r v e d n u m b e r s o f i n t r i n s i c a l l y l u m i n o u s 
q u a s a r s i n o u r s u r v e y , i n t h e B r a c c e s i s a m p l e , a n d i n o b j e c t i v e p r i s m 
s u r v e y s ( s e e n e x t p a p e r b y P . O s m e r ) s u g g e s t a v e r y s t e e p i n c r e a s e , i . e * , 
K > 1 8 . C o u n t s o f f a i n t s t a r s r e p o r t e d b y T y s o n i n t h i s S y m p o s i u m l i m i t t h e 
r a t e o f e v o l u t i o n o f i n t r i n s i c a l l y w e a k q u a s a r s t o K < 1 8 . W i t h l u m i n o s i t y -
d e p e n d e n t e v o l u t i o n o f q u a s a r s t h e i r l u m i n o s i t y f u n c t i o n w i l l c h a n g e w i t h 
r e d s h i f t . 

O u r c r i t e r i o n o f u l t r a v i o l e t e x c e s s f o r c a n d i d a t e o b j e c t s d i s c r i m i n a t e s 
a g a i n s t r e d s h i f t s l a r g e r t h a n 2 . 3 . W e w i l l s o o n b e a b l e t o p r e d i c t t h e n u m b e r 
o f q u a s a r s e x p e c t e d f o r B > 1 8 , z > 3 . 5 , w h i c h i s o f i n t e r e s t i n c o n n e c t i o n 
w i t h t h e c o n t i n u i n g s u s p i c i o n t h a t t h e r e i s a r e d s h i f t c u t o f f o r a t l e a s t a s h a r p 
d e c r e a s e i n e v o l u t i o n a t a r e d s h i f t a r o u n d 3 . 5 ( s e e n e x t p a p e r b y P . O s m e r ) . 

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

A l s o p l a n n e d a r e X - r a y o b s e r v a t i o n s o f t h e o p t i c a l l y b r i g h t e r q u a s a r s 
w i t h H E A O - 2 . T h i s s h o u l d a l l o w i m p r o v e d e s t i m a t e s o f t h e X - r a y b a c k 
g r o u n d c o n t r i b u t e d b y f a i n t q u a s a r s , d i s c u s s e d e l s e w h e r e i n t h i s S y m p o s i u m . 
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R E F E R E N C E S 

B r a c c e s i , A . , F o r m i g g i n i , L . , and G a n d o l f i , E . : 1 9 7 0 , A s t r o n . A s t r o 
p h y s . 5 , p p . 2 6 4 - 2 7 9 . 

G r e e n , R . F . , a n d S c h m i d t , M . : 1 9 7 8 , A s t r o p h y s . J . ( L e t t e r s ) 2 2 0 , 
p p . L 1 - L 4 . 

S c h m i d t , M . : 1 9 6 8 , A s t r o p h y s . J . 1 5 1 , p p . 3 9 3 - 4 0 9 . 
S c h m i d t , M . : 1 9 7 8 , i n I A U S y m p o s i u m N o . 7 9 , T h e L a r g e S c a l e S t r u c t u r e 

o f t h e U n i v e r s e , e d s . M . S . L o n g a i r and J . E i n e s t o ( B o s t o n : R e i d e l ) , 
p p . 2 8 9 - 2 9 3 . 

W i l l s , D . , a n d L y n d s , R . : 1 9 7 8 , A s t r o p h y s . J . S u p p l . 3 6 , p p . 3 1 7 - 3 5 8 . 

N O T E S 
1 O p e r a t e d j o i n t l y b y t h e C a r n e g i e I n s t i t u t i o n o f W a s h i n g t o n and 

t h e C a l i f o r n i a I n s t i t u t e o f T e c h n o l o g y . 
DISCUSSION 

Segal: The chronometric cosmology is an inherently non-evolutionary 
cosmology that predicts an infinite 8 log N/3m for objects 

of spectrum v"a, a < 1 , just before it vanishes identically (in a 
single luminosity class), as appears consistent with the observed 
quasar counts and indicated constraints on the counts at fainter magni
tudes based on X-ray observations with the Einstein satellite, in addi
tion to which its other predictions have been shown consistent with all 
substantial published quasar samples. I wonder whether you are aware 
of any empirical basis within quasar observations for non-acceptance 
of the chronometric hypothesis (without prejudice to other possible 
hypotheses)? 

Narlikar: I do not see why the steep slope (of 8 . 5 per magnitude) of 
the log N-apparent magnitude of quasars is "fatal" for the 

local hypothesis. In the local hypothesis the distance variation is 
not large since all observed quasars are claimed to be at distances of 
3 0 - 1 0 0 Mpc On the contrary, the variation in intrinsic luminosity is 
expected to be very large. The data on the number counts which you 
have presented today does not seem convincing enough to claim that the 
departure from the Euclidean value (of - 4 per magnitude) has any sig
nificance in the context of the local hypothesis. I think the numbers 
are still too small: the highest point at B = 1 8 is based on only 17 
quasars. 

Schmidt: If a slope of 4 per magnitude held for quasar counts between 
B = 16 and B = 1 8 , then BraccesiTs sample should have con

tained only 4 quasars with B < 1 8 , rather than the 17 observed. Inde
pendent confirmation of the steep slope of 8 . 5 per magnitude is pro
vided by the Sandage-Usher determination of a surface density of 1 . 3 -
1 . 6 per square degree for B < 1 8 . 5 . 
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Davis: With the density and evolution of QSO's as determined by 
your survey, how does the QSO density at Z ^ 1 or 2 compare 

to the galaxy density at that epoch? 

Schmidt: The steeper evolution now found for optically selected 
quasars will leave space densities at z ~ 1 fairly unchanged. 

Densities will be lower at low redshift, higher at larger redshifts. 

Koo: Since the optically selected QSOs were based upon ultravio
let excess, and since you have spectroscopic data for these 

objects, would you please comment on the distribution of the spectral 
index of the continuum and its possible effects on the problem of miss
ing a large number of redder QSOs? 

Schmidt: As you would expect on the basis of our criterion of ultra
violet excess, all quasars found had fairly flat optical 

spectra. We would almost certainly have missed the class of very red 
quasars (such as 3C 181). These represent about 6 per cent among 3CR 
quasars (3 out of 50) and probably a smaller percentage of 6-cm NRAO 
quasars. The bias against red quasars exists both in our survey and in 
the Braccesi sample, so it is unlikely that the slope of the counts 
has been affected. 
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