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ABSTRACT. The merits of selecting samples of quasars for statistical 

analysis on the basis of optical variability is discussed. Samples 

selected this way are essentially uncontaminated by spurious objects, 

and contain no serious redshift biasses. A preliminary sample from a 

long term survey suggests a timescale of variation for quasars of about 

four years, and indicates a fall off in numbers at around Β = 20. 

We have heard over the last two days of a number of ways of select-

ing samples of quasars. I want to describe a new approach which invol-

ves using the fact that quasars vary in luminosity to detect them. Most 

methods of selecting quasars have drawbacks, and in particular, selec-

tion effects which are typically a function of redshift, and sometimes 

of apparent magnitude or luminosity. For example, methods relying on 

objective prism or grism plates are very much more efficient at finding 

quasars in redshift ranges where two lines are visible, or where Lyman 

alpha is present, and so such surveys are of limited use in measuring 

quasar properties as a function of cosmological epoch. Ultraviolet 

excess surveys give uniform coverage to a redshift of about 2, but give 

no knowledge of the quasar distribution beyond this point, and have the 

practical difficulty that many other objects apart from quasars have an 

ultraviolet excess. Multicolour searches are now proving very useful in 

finding quasars, especially high redshift objects, but even here there 

are difficulties at certain redshifts where quasars have colours similar 

to stars in all optical wavebands. For example, quasars of redshift 3 

have colours very similar to A-stars. 

The detection of quasars from their optical variability is a 

relatively new approach and offers several advantages over other methods 

and one or two drawbacks. Perhaps the most important feature of the 

technique is that there are no preferred or inaccessible redshift ranges. 

There will be a time dilation effect which will tend to make high red-

shift objects vary more slowly, but provided the survey is conducted 

over a sufficiently long time base this effect can be minimised, and in 

any case can be corrected for. An additional advantage of such a survey 

is that the resulting sample is well suited to the study of quasar 

variability itself, with large samples of several hundred objects 
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o b s e r v e d o v e r many y e a r s . T h i s l e a d s t o t h e m a i n d r a w b a c k o f t h e method , 
t h a t m a n y , e v e n h u n d r e d s , o f w i d e f i e l d p l a t e s a r e r e q u i r e d o v e r many 
y e a r s t o d e t e c t a c o m p l e t e s a m p l e o f q u a s a r s . 

The s u r v e y w h i c h I h a v e b e e n u n d e r t a k i n g w a s s t a r t e d i n 1978 , 
a l t h o u g h a r c h i v a l m a t e r i a l w a s a v a i l a b l e b a c k t o 1 9 7 5 . The o b s e r v a t i o n -
a l programme c o n s i s t s i n t a k i n g 3 o r 4 s k y l i m i t e d p l a t e s p e r y e a r i n 
e a c h o f t h r e e p a s s b a n d s w i t h t h e UK S c h m i d t T e l e s c o p e . The e m u l s i o n s 
a r e I I I a - J , I I I a - F a n d I V - N w i t h a p p r o p r i a t e f i l t e r s , a n d t h e p l a t e s a r e 
m e a s u r e d w i t h t h e COSMOS m e a s u r i n g m a c h i n e a t t h e R o y a l O b s e r v a t o r y , 
E d i n b u r g h . Some 2 0 0 , 0 0 0 o b j e c t s a r e d e t e c t e d i n t h e c e n t r a l 16 square-
d e g r e e s o f t h e f i e l d a n d a f t e r c a l i b r a t i o n t h i s d a t a s e t may be u s e d t o 
s e a r c h f o r v a r i a b l e s . I n o r d e r t o e l i m i n a t e s p u r i o u s c a n d i d a t e s a n 
a l g o r i t h m w h i c h l o o k s f o r v a r i a t i o n f r o m y e a r t o y e a r , but a l l o w s o n l y 
s m a l l v a r i a t i o n s w i t h i n e a c h y e a r i s u s e d , and t h i s h a s b e e n f o u n d t o 
p r o v i d e a n e s s e n t i a l l y u n c o n t a m i n a t e d s a m p l e o f q u a s a r s . 

A s u b s i d i a r y 'programme h a s b e e n c o m p l e t e d t o l o o k f o r q u a s a r s w h i c h 
v a r y on a t i m e s c a l e o f w e e k s o r m o n t h s , a n d i t i s c l e a r t h a t s u c h 
o b j e c t s a r e v e r y r a r e . C o n s i d e r a b l e e f f o r t h a s b e e n pu t i n t o v e r i f y i n g 
t h a t c a n d i d a t e s d e t e c t e d on t h e b a s i s o f v a r i a b i l i t y a r e i n d e e d q u a s a r s 
( e . g . H a w k i n s , 1 9 8 6 ) . To t h i s e n d , some f i f t y o b j e c t s h a v e b e e n o b s e r v -
ed s p e c t r o s c o p i c a l l y , a n d e s s e n t i a l l y a l l h a v e b e e n c o n f i r m e d a s q u a s a r s . 

The l a s t e s t s a m p l e w h i c h h a s b e e n a n a l y s e d was s e l e c t e d f r o m a 6 
y e a r b a s e l i n e a n d c o m p r i s e d a b o u t 400 o b j e c t s i n 16 s q u a r e d e g r e e s t o 
Β = 21 w i t h a m p l i t u d e g r e a t e r t h a n 0 . 3 m a g n i t u d e s . The o v e r w h e l m i n g 
m a j o r i t y o f o b j e c t s showed a n u l t r a v i o l e t e x c e s s w i t h ( U - B ) < ^ 0 . 3 5 . The 
r e m a i n i n g o b j e c t s a r e r e d a n d o f g r e a t i n t e r e s t a s t h e y w o u l d a p p e a r t o 
be e x c e l l e n t c a n d i d a t e s f o r v e r y h i g h r e d s h i f t q u a s a r s . Some i d e a o f 
t h e c o m p l e t e n e s s o f t h e s u r v e y c a n be g a i n e d by n o t i n g t h a t o f a l l UVX 
o b j e c t s i n t h e f i e l d , some 35% a r e i n c l u d e d i n t h e v a r i a b i l i t y s a m p l e , 
and a b o u t 70% show s i g n i f i c a n t v a r i a t i o n , b u t n o t s u f f i c i e n t t o f u l f i l l 
t h e c r i t e r i a f o r i n c l u s i o n i n t h e s a m p l e . 

T h e m a g n i t u d e r a n g e c o v e r e d by t h e s a m p l e i s Β = 1 8 - 2 1 , a n d t h e 
number m a g n i t u d e r e l a t i o n f o r t h e s a m p l e may be m e a s u r e d o v e r t h i s 
i n t e r v a l . The s l o p e v a r i e s f r o m a f a c t o r o f s i x p e r m a g n i t u d e a t t h e 
b r i g h t e n d t o f o u r p e r m a g n i t u d e a t t h e s a m p l e l i m i t , a n d t h e t u r n o v e r 
i n q u a s a r n u m b e r s i s v e r y e v i d e n t i n t h i s c r i t i c a l r e g i m e . F u r t h e r 
a n a l y s i s o f t h e e v o l u t i o n o f t h e l u m i n o s i t y f u n c t i o n must a w a i t t h e 
m e a s u r e m e n t o f r e d s h i f t s f o r t h e s a m p l e . 

S i n c e t h e s a m p l e c o n t a i n s by d e f i n i t i o n v a r i a b l e q u a s a r s , i t i s 
p o s s i b l e t o e x a m i n e t h e s t a t i s t i c s o f q u a s a r v a r i a b i l i t y . As a f i r s t 
s t e p t h e a u t o c o r r e l a t i o n f u n c t i o n f o r q u a s a r m a g n i t u d e s w a s d e r i v e d f o r 
t h e w h o l e s a m p l e . T h i s shows a n i n i t i a l s t e e p d r o p f o l l o w e d by a 
f l a t t e n i n g a t a b o u t 4 y e a r s , i m p l y i n g t h a t t h e t i m e s c a l e o f v a r i a t i o n 
f o r t h e s a m p l e a s a w h o l e i s a b o u t 4 y e a r s . T h i s i s e x e m p l i f i e d by t h e 
f a c t t h a t i f a s a m p l e o f q u a s a r s i s s e l e c t e d on a one y e a r b a s e l i n e , 
o n l y a b o u t 2% o f t h e UVX o b j e c t s a r e i n c l u d e d . I t i s a l s o c o n s i s t e n t 
w i t h t h e v e r y s m a l l n u m b e r s o f q u a s a r s d e t e c t e d on a t i m e s c a l e o f w e e k s 
o r m o n t h s . 

S e v e r a l more y e a r s o f d a t a g a t h e r i n g a r e s t i l l n e c e s s a r y b e f o r e a 
d e f i n i t i v e s a m p l e c a n b e e x p e c t e d , a n d t h e l a r g e t a s k o f o b t a i n i n g 
s e v e r a l h u n d r e d r e d s h i f t s r e m a i n s . H o w e v e r , due t o t h e u n b i a s s e d way i n 
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which the sample w i l l be s e l e c t e d , subsequent a n a l y s i s shou ld throw much 
l i g h t on the q u e s t i o n o f quasar e v o l u t i o n . 
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DISCUSSION 

FILIPPENKO: Have you checked whether there are many previously-
discovered QSOs on your plates which do not vary? 

HAWKINS: There were very few previously known quasars in the field. 
Examination of the percentage of UVX objects which do not vary gives 
an answer to your question. The statistics are that roughly 35% were 
included in the sample, and another 35% varied significantly, but not 
enough to satisfy the selection criterion. 

MILEY: Have you carried out an objective prism survey of the same 
fields to catch the non-variable quasars? It would be interesting to 
compare the properties of the non-variable to the variable QSOs. 

HAWKINS: I am in the process of carrying out such a survey with Paul 
Hewett. Preliminary work with the brightest quasars shows no obvious 
differences. 

WALSH: It would be interesting to compare these results with a sample 
of bright QSOs. Allen and Keel have done CCD photometry on the PG 
sample over a period of about one year to an accuracy of 0.01 mag. 
They find very few that vary by more than 0.1-0.2 mag. These objects 
are mostly low z, so the (1+z) correction must be remembered, but it 
would be interesting to see the results of more extended observations. 

HAWKINS: This appears to be consistent with my results. Only about 
2% of UVX objects were detected as variables (ôm > 0.3) over a year, 
whereas some 30% were detected over 5 years. 

WORRALL: Do you have plans to investigate the radio properties of your 
objects? It would be interesting to examine whether or not the 
variability criterion preferentially selects radio brighter QSOs. 
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HAWKINS: I have surveyed half of the sample with Lance Miller at 
the VLA, and we came up with the surprising result that only three 
objects out of about 200 were detected. One of these was a Parkes 
source about a hundred times brighter than our threshhold, and one a 
double source. 

BAHCALL: Can you tell whether the strength of the variability depends 
on the absolute magnitude of the QSO; e.g., do brighter objects vary 
more strongly than fainter ones? 

HAWKINS: I cannot answer this question for sure yet, but indications 
are that there is little or no correlation between variability and 
brightness. 
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