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" F o h t u m t e L y ,  t h e h e  O a  gh0Lu i~g  
tendency  among p h y n i c i n h  t o  h e c ~ g i l i z e  t h d  
cmLtonomy i~ a  p a h t  od phyn icn  . . . . . . t h e h e  
d evehy t e a o n  t o  hegahd anthonomy an a n  
i Y L t e g d  pah t  0 6  p h y n k n .  " -0. S-thuve [ I) 

"ThlLth O eueh t o  be dound i n  
hhp&c&y,  and n o t  i n  f i e  m l L e t i p f i o i t y  and 
condun ian  a  6 t h i n g n  . - N u t o n  

" ' I n  q u e n t h a  0 6  n c i e n c e  t h e  aLLthohi ty 
0 6  a  thounand d n o t  wahth  t h e  humbee heaoniLzg 
od a  s i n g l e  i n d i v i d u a l .  l 1  - G d d e o  

INTRODUCTION 

Since  t h e i r  d i s cove ry ,  t h e  n a t u r e  of 
quasa r s  has  been one of most i n t r i g u i n g  and 
b a f f l i n g  problems a s  evinced by t h e  fo l lowing  
quo ta t ions :  " .... t h e  problem of 
unders tanding q u a s i - s t e l l a r  o b j e c t s  .... i s  
one of t h e  most impor tant  and f a s c i n a t i n g  
t a s k s  i n  a l l  of phys i c s . "  -G. Burbidge and 
Hoyle ( 2 ) ,  "The quasar  con t inues  t o  rank both  
a s  one of t h e  most b a f f l i n g  o b j e c t s  i n  t h e  
un ive r se  and one most capable  of i n s p i r i n g  
hea t ed  argument. " -Morrison (3) , "The r e d s h i f t  
problem i s  one o f  t h e  most c r i t i c a l  problems 
i n  astronomy today.  " -G. Burbidge ( 4 )  , 
" .... quasa r s  s t i l l  remain t h e  profoundes t  
mystery i n  t h e  heavens.  " -Hazard and 
Mitton ( 5 ) .  

The conven t iona l  i n t e r p r e t a t i o n  of t h e  
s p e c t r a l  l i n e s  observed i n  quasa r s  i s  based on 
t h e  r e d s h i f t  hypo thes i s .  Three hypotheses  have 
been advanced t o  account  f o r  t h e s e  supposed 
r e d s h i f t s :  (a)  Cosmological hypo thes i s ;  t h e  
r e d s h i f t s  a r e  due t o  t h e  expansion o f  t h e  
un ive r se ,  (b) G r a v i t a t i o n a l  hypo thes i s ,  and 
(c)  Local-Doppler hypo thes i s ;  i n  t h i s  
hypo thes i s  t h e  r e d s h i f t s  a r e  due t o  t h e  Doppler 
e f f e c t ,  b u t  t h e  quasa r s  a r e  r e l a t i v e l y  nearby 
and have no th ing  t o  do wi th  t h e  expansion of 
t h e  un ive r se .  Of t h e s e  t h r e e  hypotheses ,  t h e  
f i r s t  one is  t h e  most p u b l i c i z e d  one. 
T e r r e l l  (6)  g ives  a  good account  of t h e  
d i f f i c u l t i e s  p r e s e n t  i n  t h e  cosmologica l  
r e d s h i f t  hypo thes i s .  

One i s  l e d  t o  a t t r i b u t e  t o  quasa r s  very  
many myster ious  p r o p e r t i e s  i f  one assumes t h e  
r e d s h i f t  hypo thes i s  t o  be  c o r r e c t .  A p a t i e n t  
a n a l y s i s  of t h e  d a t a  on quasa r s  ove r  t h e  y e a r s  
l e d  t h e  au tho r  t o  t h e  conc lus ion  t h a t  t h e  r e a l  
sou rce  of t h e  t r o u b l e  i s  i n  t h e  assumption t h a t  
t h e  s p e c t r a  of quasa r s  have r e d s h i f t s .  I n  
1973 t h e  au tho r  (7) proposed a  r a d i c a l l y  
d i f f e r e n t  exp lana t ion  of t h e  s p e c t r a  of 
quasa r s .  I n  t h i s  paper  we g ive  t h e  s a l i e n t  
f e a t u r e s  of t h i s  theory  (7-11) and compare i t  
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wi th  t h e  cosmologica l  r e d s h i f t  hypo thes i s .  
For t h e  s ake  of c l a r i t y  we s h a l l  con f ine  
o u r s e l v e s  t o  quasa r s  i n  t h i s  paper ( "  ... ... 
t o  d i v i d e  each problem I examined i n t o  a s  
many p a r t s  a s  was f e a s i b l e ,  and a s  was 
r e q u i s i t e  f o r  i t s  b e t t e r  s o l u t i o n . ' '  
-Descartes (12 ) ,  "To make p rog res s  i n  phys i c s  
you should  s e p a r a t e  t h e  d i f f i c u l t i e s  and s o l v e  
them one a t  a  t ime" -Dirac ( 1 3 ) ) .  

THE NEW THEORY 

The exp lana t ion  t h a t  we have proposed 
(7-11) f o r  t h e  s p e c t r a  of quasa r s  is  based on 
sound phys i ca l  p r i n c i p l e s  and i s  f r e e  of any. 
b a s i c  d i f f i c u l t y .  The e s s e n t i a l  i n g r e d i e n t s  
of t h e  new exp lana t ion  a r e :  (1) There i s  no 
r ed  s h i f t ,  and (2)  The s t r e n g t h  of t h e  emiss ion 
l i n e s  i s  due t o  l a s e r  a c t i o n  (more 
s p e c i f i c a l l y ,  due t o  ampl i f i ed  spontaneous 
emiss ion) .  The term 'no r ed  s h i f t '  h e r e ,  of 
cou r se ,  r e f e r s  t o  t h e  l a r g e  r ed  s h i f t s  claimed 
t o  occur  i n  t h e  s p e c t r a  of q u a s a r s .  Very sma l l  
r e d s h i f t s ,  z  < 2 x  10-3, t h e  t ype  encountered  
i n  g a l a c t i c  s t a r s ,  could  c e r t a i n l y  be p r e s e n t  
i n  t h e  s p e c t r a  of quasa r s .  Furthermore,  i t  i s  
assumed t h a t  t h e  chemical composit ion of t h e  
emiss ion r eg ion  of quasa r s  is  approximate ly  t h e  
same a s  t h a t  of normal s t e l l a r  atmospheres.  
This assumption i s  merely a  f i r s t  approximat ion 
and a  convenient  s t a r t i n g  p o i n t .  As ou r  
knowledge of quasa r s  improves, t h i s  assumption 
can be  s u i t a b l y  modif ied .  The s i t u a t i o n  i s  
somewhat s i m i l a r  t o  t h a t  of t h e  Wolf-Rayet 
s t a r s ,  f o r  which ou r  knowledge of t h e i r  
chemical composit ion has  improved ove r  t h e  
yea r s  b u t  which is  s t i l l  i n  f a r  from a  
s a t i s f a c t o r y  s t a t e .  (There a r e  good r easons  
t o  b e l i e v e  t h a t  quasa r s ,  l i k e  Wolf-Rayet s t a r s ,  
a r e  d e f i c i e n t  i n  hydrogen).  

We e n l a r g e  upon t h e  f i r s t . t w o  
hypotheses  i n  t h e  fo l lowing.  

(1) Why is  i t  assumed t h a t  t h e  s p e c t r a  have 
r e d s h i f t s ?  The b a s i c  reason f o r  t h i s  l i e s  i n  
t h e  time-honoured assumption t h a t  t h e  
i n t e n s i t i e s  of l i n e s  i n  as t ronomical  sou rces  
w i l l  b e  s i m i l a r  t o  t hose  i n  t h e  l a b o r a t o r y  
under o rd ina ry  e x c i t a t i o n  c o n d i t i o n s .  No 
account  is t aken  of a  p o s s i b l e  l a s e r  a c t i o n .  
Thus, t h e r e  is  no c m i n g  reason t o  b e l i e v e  
i n  t h e  r e d s h i f t s  i f  we a l low t h e  p o s s i b i l i t y  of 
a  l a s e r  a c t i o n  i n  t h e s e  bodies .  

(2) Gudzenko and She lep in  (14) proposed t h a t  
i f  t h e  f r e e  e l e c t r o n s  i n  a plasma coo l  
s u f f i c i e n t l y  r a p i d l y ,  t h e r e  can be  a  popu la t ion  
i n v e r s i o n  i n  t h e  lower l e v e l s  of an  atom, and 
t h i s  can  l e a d  t o  l a s e r  a c t i o n .  Gudzenko, 
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F i l i ppov  and She lep in  (15) showed t h a t  such a  
r ap id  coo l ing  can be  achieved by expanding a  
plasma j e t  i n t o  a  vacuum. The b a s i c  theory  
f o r  o b t a i n i n g  t h e  p r o p e r t i e s  of a  decaying 
plasma was g iven by Bates ,  Kingston and 
McWhirter (16) and is  c a l l e d  t h e  
c o l l i s i o n a l - r a d i a t i v e  model. A number of 
workers ,  u s ing  t h i s  model, have c a r r i e d  o u t  
c a l c u l a t i o n s  on t h e  p r o p e r t i e s  of a  r a p i d l y  
decaying monatomic plasma. The r e s u l t s  
ob ta ined  from a  number of subsequent  
experiments f o r  t h e  recombinat ion  r a t e s  a r e  f o r  
t h e  most p a r t  i n  r ea sonab le  agreement w i th  
t hose  c a l c u l a t e d  from t h e  c o l l i s i o n a l - r a d i a t i v e  
model. De ta i l ed  t h e o r e t i c a l  c a l c u l a t i o n s  (17,  
18) of t h e  popu la t ion  d e n s i t i e s  of e x c i t e d  
l e v e l s  i n  a  decaying hydrogen (and 
hydrogen-like i ons )  plasma ?low p r e d i c t e d  
popu la t ion  i n v e r s i o n s  a t  e l e c t r o n  d e n s i t i e s  
(ne % 1013 t o  1016 ~ m - ~ )  and e l e c t r o n  
tempera tures  (Te % 5000 t o  l o 5  deg. K) wi th  
magnitudes which a r e  very c l o s e  t o  t hose  
e x i s t i n g  i n  s t e l l a r  atmospheres.  The 
p r e d i c t i o n  r ega rd ing  t h e  i n v e r s i o n  i n  t h e  
atomic l e v e l  popu la t ions  has  been amply 
confirmed i n  s e v e r a l  l a b o r a t o r y  exper iments  
(19) . The s u b j e c t  has  been reviewed by 
Gudzenko e t  a l .  (20) .  

Also,  i t  i s  w e l l  known t h a t  i n  c e r t a i n  
types  of s t a r s  (Wolf-Rayet, P Cygni),  m a t t e r  
i s  e j e c t e d  more o r  l e s s  con t inuous ly .  

We have thus  proposed t h e  fo l lowing  
r e a l i s t i c  model of a  quasar :  A quasa r  i s  a  
s t a r  i n  which t h e  s u r f a c e  plasma is  
undergoing r a p i d  r a d i a l  expansion g iv ing  r i s e  
t o  popu la t ion  i n v e r s i o n  and l a s e r  a c t i o n  i n  
some of t h e  a tomic  s p e c i e s .  The assumption of 
t h e  e j e c t i o n  of ma t t e r  from quasa r s  a t  h igh  
speeds i s  suppor ted  from t h e  f a c t  t h a t  t h e  
widths  of emiss ion s p e c t r a l  l i n e s  observed i n  
quasa r s  a r e  t y p i c a l l y  of t h e  o r d e r  of 2000 - 
4000 kmlsec. We c a l l  t h e  proposed model t h e  
plasma-laser s t a r  (PLS) model. Let us t hen  
examine t h e  consequences of t h i s  model. 

De ta i l ed  c a l c u l a t i o n s  on t h e  p r o p e r t i e s  
of a  r a p i d l y  decaying monatomic plasma have 
been c a r r i e d  o u t  by a  number of workers (17,  
18 ,  21).  The popu la t ion  d e n s i t i e s  of t h e  
e x c i t e d  l e v e l s  a r e  f u n c t i o n s  of t h e  e l e c t r o n  
d e n s i t y  ( n e ) ,  t h e  e l e c t r o n  tempera ture  (Te),  
and t h e  d e n s i t y  of t h e  ground s t a t e  atoms 
( n ( 1 ) ) .  I n  s t e l l a r  atmospheres,  n(1)  is a  
f u n c t i o n  of ne and Te. Thus t h e  s t a t e  of 
plasma, a f t e r  expansion,  i n  a  s t a r  can  be  
r ep re sen ted  by a  p o i n t  on a  p l o t  w i th  ne and 
Te a s  axes .  

I t  i s  found t h a t  f o r  a  g iven t r a n s i t i o n  
i n a g i v e n  atom, s t r o n g  popu la t ion  i n v e r s i o n  
t akes  p l a c e  on ly  w i t h i n  a  narrow a r e a  i n  t h e  
ne,  Te diagram ( see  Fig .  1 ) .  This a r e a  i s  
surrounded by a  medium popu la t ion  i n v e r s i o n  
a r e a ,  which i n  i t s  t u r n  is  surrounded by a  
weak popu la t ion  i n v e r s i o n  a r e a .  On t h e  h igh 
ne s i d e ,  t h e  boundary of t h e  popu la t ion  
i n v e r s i o n  i s  r a t h e r  s t e e p .  (St rong 
popu la t ion  i n v e r s i o n  r eg ions  w i l l  g i v e  r i s e  
t o  s t r o n g  l i n e s ,  and s i m i l a r  s t a t e m e n t s  hold  
f o r  t h e  medium and weak i n v e r s i o n  r eg ions . )  

Now cons ide r  two wavelengths,  X1 and 
A2, a r i s i n g  from d i f f e r e n t  t r a n s i t i o n s  i n  
d i f f e r e n t  atoms. We can r e p r e s e n t  t h e i r  
popu la t ion  i n v e r s i o n  r eg ions  a s  shown i n  

Fig .  2 .  We cons ide r  what w i l l  be  observed i f  
t h e  emiss ion- l ine  r eg ion  of a  quasa r  
corresponds  t o  t h e  d i f f e r e n t  p o i n t s  shown on 
t h e  diagram. Po in t  1: A l  s t r o n g ,  A2 s t r o n g ;  
p o i n t  2: A l  s t r o n g ,  A 2  a b s e n t ;  p o i n t  3: A1 
weak, A 2  s t r o n g ;  p o i n t  4 :  A1 s t r o n g ,  A2 
medium, and so  on.  Thus a  whole range of 
r e l a t i v e  i n t e n s i t i e s  is  p o s s i b l e .  We next  
cons ide r  t h e  o b s e r v a t i o n a l  evidence r e l e v a n t  
t o  t h i s  p o i n t .  We have c a r r i e d  o u t  a  s p e c t r a l  
c l a s s i f i c a t i o n  of quasa r s .  There a r e  quasa r s  
which show two o r  more emiss ion l i n e s  a t  
p r a c t i c a l l y  t h e  same wavelengths ;  such quasa r s  
were pu t  t oge the r  i n  a  group. I n  t h e  r e d s h i f t  
i n t e r p r e t a t i o n ,  quasa r s  be longing t o  t h e  same 
group tend t o  have t h e  same r e d s h i f t .  We g ive  
h e r e  t h r e e  examples i n  which wide v a r i a t i o n s  
i n  r e l a t i v e  i n t e n s i t i e s  have been recorded;  
we have r e s t r i c t e d  o u r s e l v e s  t o  on ly  such 
cases  where t h e  two quasa r s  were i n v e s t i g a t e d  
by t h e  same as t ronomer(s)  u s i n g  t h e  same 
t e l e scope .  

( a )  3 C  309.1 and 0957+00. Spec t r a  of both  
quasa r s  were ob ta ined  by Lynds and h i s  
coworkers (22-24) on t h e  K i t t  Peak 84-inch 
t e l e s c o p e ,  and a r e  reproduced i n  Fig .  3 .  
Both quasa r s  show two emiss ion l i n e s  a t  3640 

Te 
Fig. 1 Population inversion region for a transition. The solid, dashed, 

and dotted curves show strong, medium, and weak population in- 
version regions, respectively. The diagram is purely qualitative. 
ne and Te are on a logarithmic scale. 

Fig. 2 Population inversion regions for two transitions. Solid, dashed, 
and dotted curves have the same significance as in Figure I .  
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Fig. 3 Spectra of two quasars, 0957+00 and 3C 309.1 (ref. 24). The 
sharp emission line at the extreme right is the night sky line 
X5577. 

0 
(+5) and 5337 ('5) A r e p s e c t i v e l y .  A3640 i s  
s t r o n g e r  t han  A5337 i n  0957"00, b u t  A3640, is  
q u i t e  weak i n  3C 309.1,  i n  which A5337 i s  
ve ry  s t r o n g .  

(b) 3C 208 and 3C 204. Spec t r a  of bo th  
quasa r s  have been ob ta ined  by Schmidt (25) on 
t h e  200-inch t e l e s c o p e .  A4030 is  of medium 
s t r e n g t h  i n  bo th  t h e  q u a s a r s ,  bu t  A3275 is  
medium i n  3C 208, and weak i n  3C 204. 

(c) 1508-05 and 2329-384. Spectrograms f o r  
bo th  t h e  q u a s a r s  were ob ta ined  by Pe te r son  
and Bolton (26) on t h e  Mount Stromlo 74-inch 
t e l e scope .  A4185 i s  s t r o n g  i n  both  t h e  
quasa r s .  On t h e  o t h e r  hand, ano the r  l i n e ,  
A3396 is  s t r o n g  i n  2329-384, bu t  weak i n  
1508-05. 

I t  i s  obvious t h a t  t h e s e  r e s u l t s  a r e  
i n  s t r o n g  suppor t  of t h e  PLS model r ega rd ing  
t h e  r e l a t i v e  i n t e n s i t i e s  of emiss ion l i n e s .  
Varshni and Lam (27) have p re sen ted  model 
c a l c u l a t i o n s  f o r  l a s e r  a c t i o n  i n  He.11 A4686 
wi th in  t h e  framework of t h e  PLS model. 

COMPARISON 

Next we compare t h e  performances of 
t h e  cosmologica l  r e d s h i f t  hypo thes i s  and t h e  
PLS model i n  e x p l a i n i n g  t h e  v a r i o u s  p i e c e s  of 
evidence  on t h e  n a t u r e  of quasa r s .  We s h a l l  
d i v i d e  t h e s e  i n t o  two broad c a t e g o r i e s :  
o p t i c a l  and r a d i o  o b s e r v a t i o n s .  

OPTICAL OBSERVATIONS 

1. Emission Spec t r a  

Do t h e  r e d s h i f t s  r e a l l y  e x i s t ?  I t  is  of v i t a l  
importance t o  examine whether t h e r e  i s  
i n c o n t r o v e r t i b l e  o b s e r v a t i o n a l  evidence  i n  
favour  of t h e  r e d s h i f t s .  More s p e c i f i c a l l y ,  
we r a i s e  t h e  q u e s t i o n  whether t h e  numerica l  
co inc idences  found between t h e  r a t i o s  of 
wavelengths of l i n e s  observed i n  quasa r s  and 
those  of t h e  wavelengths g iven i n  t h e  s ea rch  
l i s t  of l i n e s ,  a r e  s i g n i f i c a n t l y  more than 
would be  expected  from chance co inc idences .  
We have c a r r i e d  o u t  i n v e s t i g a t i o n s  (9 ,  28) i n  
t h e  s p i r i t  of t h e  paper  of Russe l l  and Bowen 
(29) t o  examine t h i s  ques t ion .  Quasars having 
z 5 0.2  were cons ide red .  Computer exper iments  
t o  s i m u l a t e  t h e  s p e c t r a  of two-emission-line 
quasa r s  were made, about  80% of t h e s e  
nonsense s p e c t r a  could  be  a s s igned  r easonab le  
r e d s h i f t s .  

The PLS Model We have shown above t h a t  t h e  PLS 
model f o r  quasa r s  p r e d i c t s  l a r g e  v a r i a t i o n s  i n  
t h e  r e l a t i v e  i n t e n s i t i e s  of l i n e s  undergoing 
l a s e r  a c t i o n .  Given t h e  a p p r o p r i a t e  cond i t i ons ,  
l a s e r  a c t i o n  i s  p o s s i b l e  i n  a  g r e a t  many 
s p e c t r a l  l i n e s .  Thus i t  i s  r e a d i l y  seen t h a t  
quasa r s  can be  expected t o  show a  g r e a t  v a r i e t y  
of s p e c t r a ,  which indeed i s  t h e  ca se .  

The Wolf-Rayet s t a r s  show broad 
emiss ion l i n e s ,  q u i t e  s i m i l a r  t o  t hose  of 
quasa r s .  Analogy i s  a  powerful t o o l  i n  
s c i e n c e ,  and f o r  i d e n t i f y i n g  s p e c t r a l  l i n e s  
i n  quasa r s ,  i t  i s  obvious ly  of i n t e r e s t  t o  
compare such quasa r s  and Wolf-Rayet s t a r s  
which may have s i m i l a r  s p e c t r a .  

Some p l a n e t a r y  n u c l e i  show Wolf-Rayet 
type  of s p e c t r a .  Smith and A l l e r  (30) have 
c l a s s i f i e d  t h e  emiss ion l i n e  s p e c t r a  of 
p l a n e t a r y  n u c l e i  i n  f i v e  c l a s s e s  - one of t h e s e  
i s  c a l l e d  t h e  ' 0  V I  sequence ' .  The d e f i n i n g  
c h a r a c t e r i s t i c  of t h i s  c l a s s  i s  t h e  presence  of 
emiss ion l i n e s  due t o  t h e  0  V I  double t  XX3811, 
3834 among t h e  s t r o n g e s t  l i n e s  i n  t h e  spectrum. 
I n  a d d i t i o n ,  emiss ion l i n e s  C I V  A4658 and 
He I1 A4686 a r e  a l s o  p r e s e n t  and a r e  u s u a l l y  of 
comparable i n t e n s i t y  t o  t h e  0  V I  l i n e s .  Smith 
and A l l e r  (30) have l i s t e d  12 such p l a n e t a r y  
n u c l e i .  It was pointed  ou t  by Sanduleak (31) 
t h a t  t h i s  v a r i e t y  of Wolf-Rayet l i k e  spectrum 
(0 V I  sequence) a l s o  occurs  i n  s t a r s  t h a t  do 
n o t  appear  t o  be  p l a n e t a r y  n u c l e i .  He p rov ides  
a  l i s t  of f i v e  such s t a r s .  

I n  t h e  cou r se  of ou r  a n a l y s i s  of t h e  
s p e c t r a  of quasa r s ,  we have found (11) t h a t  
t h e r e  a r e  a t  l e a s t  f o u r t e e n  quasa r s  whose 
emiss ion l i n e  s p e c t r a  ( a s  observed,  no 
r e d s h i f t )  belong t o  t h e  0 V I  sequence.  ( I n  
r e f e r e n c e  11, only  10 such quasa r s  were 
r e p o r t e d ,  an a d d i t i o n a l  4  were found 
subsequen t ly ) .  I n  Figure  4  we show a  
diagrammatic r e p r e s e n t a t i o n  of t h e  s p e c t r a  of 
t h r e e  of t h e  p l a n e t a r y  n u c l e i  (NGC 6905, NGC 
7026, and NGC 5189) ,  two of t h e  Sanduleak s t a r s  
(Sand 1 and Sand 4 ) ,  and t e n  of t h e  quasa r s ,  
be longing t o  t h e  0 V I  sequence.  (Only t h e  
s t r o n g  l i n e s  i n  t h e  s p e c t r a  of p l ane t a ry  
n u c l e i  and Sanduleak s t a r s  a r e  shown.) The 
c o n t i n u i t y  and s i m i l a r i t y  between t h e  s p e c t r a  
of t h e s e  o b j e c t s  i s  obvious .  We do n o t  r equ i r e  
any r e d s h i f t s  t o  i d e n t i f y  t h e  s p e c t r a l  l i n e s  
i n  p l a n e t a r y  n u c l e i  and Sanduleak s t a r s ;  we 
f a i l  t o  s e e  any reason why one should invoke 
empty mul t ip ly ing  numbers t o  i d e n t i f y  t h e  
s p e c t r a l  l i n e s  i n  quasa r s .  Reference 11 g ives  
d e t a i l s  of i d e n t i f i c a t i o n s  of quasar  l i n e s  
shown i n  Fig .  4 .  
2. Absorption Spec t r a  

A t  p r e s e n t ,  abso rp t ion  l i n e s  a r e  known t o  
e x i s t  i n  t h e  s p e c t r a  of some 50 o r  s o  quasa r s .  
About h a l f  of them show a  r i c h  abso rp t ion  l i n e  
spectrum. Such s p e c t r a  have been i n t e r p r e t e d  
on t h e  r e d s h i f t  hypo thes i s  by assuming 
m u l t i p l e  r e d s h i f t s .  The number of r e d s h i f t  
systems proposed t o  account  f o r  t h e s e  
abso rp t ion  l i n e s  is  becoming comparable t o  t h e  
number of e p i c y c l e s  r equ i r ed  ( i n  a  d i f f e r e n t  
e r a )  t o  save  t h e  g e o c e n t r i c  system of t h e  so l a r  
system -- i n  one case  (0237-23) a s  many a s  
45 r e d s h i f t  systems have been proposed. 
Varshni (32-34) has  d i scussed  t h e  s p e c t r a  of 
t h e  quasa r  4C 05.34 i n  d e t a i l  and has  shown 
t h a t  t h e  number and p r o p e r t i e s  of t h e  proposed 
abso rp t ion  r e d s h i f t  systems a r e  i n s i g n i f i c a n t l y  
d i f f e r e n t  from those  t h a t  would be  expected 
from chance co inc idences .  
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The abso rp t ion  l i n e s  which occur  i n  
t h e  s p e c t r a  of quasa r s  can  be  conven ien t ly  
c l a s s i f i e d  i n  fou r  c a t e g o r i e s .  

(a)  Sharp and deep abso rp t ion  l i n e s ,  
resembl ing those  i n  a  s h e l l  s t a r .  

(b) Unusually s t r o n g  l i n e s ,  q u i t e  o f t e n  
having s e v e r a l  components. 

0 
( c )  Very wide ( ~ 3 0  A) a b s o r p t i o n  l i n e s .  

(d) P Cygni l i n e s ,  i . e . ,  emiss ion l i n e s  
accompanied by shor tward  d i s p l a c e d  
abso rp t ion  l i n e s .  

Code 1 Strong 1 or 1 Medurn ;weak 1 ~~~~~~~ 1 
1 I 

Wavelength ( A )  
Fig. 4 1)iagrammatic representation of the spectra of the following : ( A )  

Central stars of three planetaries, (B) Stars Sand 1 and Sand 4, 
and (C )  Ten quasars. The code for the strengths of  the lines is ex- 
plained at the top of the diagram. The wavy vertical lines in- 
dicate, where known, the limit(s) of the observed spectrum. 

We have compared-(35, 36) t h e  expected 
s h e l l  spectrum of a  quasar  on t h e  b a s i s  of t h e  
PLS model w i th  t h e  o b s e r v a t i o n a l  d a t a .  The 
abso rp t ion  l i n e s  a r i s i n g  from o rd ina ry  
e x c i t e d  l e v e l s  w i l l  be ve ry  weak a s  t h e s e  
l e v e l s  w i l l  be  s t r o n g l y  underpopula ted .  The 
popu la t ions  of me ta s t ab l e  l e v e l s  below t h e  
f i r s t  i o n i z a t i o n  p o t e n t i a l  and those  of t h e  
Wu l e v e l s  w i l l  be  enhanced due t o  t h e  d i l u t i o n  
of s t e l l a r  r a d i a t i o n .  Consequently,  l i n e s  
a r i s i n g  from t h e s e  l e v e l s  a r e  expected t o  be  
prominent.  We expect  t h a t  ca t ego ry  ( a )  l i n e s  
should most ly  a r i s e  from t r a n s i t i o n s  from 
me tas t ab l e  s t a t e s  below t h e  f i r s t  i o n i z a t i o n  
p o t e n t i a l .  The i o n s  and t h e i r  l e v e l s  which 
would be  most impor tant  would, of cou r se ,  
depend on t h e  degree  of e x c i t a t i o n  of t h e  
s h e l l .  L ines  due t o  m e t a l l i c  i o n s  l i k e  
Sc 11, T i  11, Mn 11, Fe 11, C r  I1 e t c .  a r e  
known t o  occur  f r e q u e n t l y  i n  t h e  s p e c t r a  of 
" c l a s s i c a l "  s h e l l  s t a r s .  I n  a d d i t i o n ,  He I 
and Fe 111 l i n e s  occur  i n  some s h e l l s  i n  which 
t h e  i o n i z a t i o n  l e v e l  is  h ighe r .  

Ex t r apo la t ing ,  we can expec t  t h e  presence  of 
He I ,  Fe 111, T i  111, Ar 11, A 1  111, S i  111, 
Mn 111, 0 11, 0 I11 e t c .  i n  t h e  s h e l l s  of 
quasa r s ,  i f  t h e  i o n i z a t i o n  l e v e l  is  s t i l l  
h i g h e r .  

For i d e n t i f y i n g  s p e c t r a l  l i n e  one 
would l i k e  t o  have an  accuracy of 0 . 1 3  o r  
b e t t e r  i n  t h e  observed wavelengths,  a  moderate 
accuracy i n  t h e i r  i n t e n s i t i e s ,  and t o  have 
t h e s e  d a t a  over  a  wide wavelength i n t e r v a l .  
However, most of t h e  r epo r t ed  d a t a  a r e  of poor 
accuracy - t h e  claimed accuracy v a r i e s  between 
1 2 and 2  2 .  When i n t e r p r e t i n g  t h e s e  d a t a  on 
t h e  r e d s h i f t  hypo thes i s ,  u s u a l l y  most a u t h o r s  
a l l ow a  d i sc repancy  of f 2 8 and i t  would 
appear  t h a t  most of t h e  d a t a  have t h i s  s o r t  
of u n c e r t a i n t y .  Also,  i n  many c a s e s ,  t h e  
mutual b lending of l i n e s  is very  seve re .  I f  
one had a  spectrum of an o rd ina ry  s t a r  of t h i s  
q u a l i t y ,  i t  would be  p r o h i b i t i v e l y  d i f f i c u l t  
t o  i d e n t i f y  t h e  l i n e s ,  except  t hose  of hydrogen 
and Ca 11. (Quasars,  be ing d e f i c i e n t  i n  
hydrogen, do n o t  show t h e  hydrogen l i n e s ) .  We 
may n o t e  h e r e  t h a t  He I X3889,which i s  a  
prominent l i n e  i n  c e r t a i n  s h e l l  s t a r s ,  a l s o  
occurs  i n  t h e  s p e c t r a  of PHL 957, 1331+170, 
4C 25.05, PHL 5200, PKS 0237-23, and 
1158+122. Lines  a r i s i n g  from t h e  Wu s t a t e s  
w i l l  b e  d i f f i c u l t  t o  i d e n t i f y  a s  ve ry  few of 
t hese  have been observed i n  t h e  l a b o r a t o r y .  

3 .  Energy g e n e r a t i o n  mechanism 

It  i s  w e l l  known t h a t  i n  t h e  
cosmological  hypo thes i s  one i s  faced wi th  t h e  
d i f f i c u l t  problem of f i n d i n g  t h e  o r i g i n  of t h e  
very  l a r g e  e n e r g i e s  r e l e a s e d .  No s a t i s f a c t o r y  
s o l u t i o n  t o  t h i s  q u e s t i o n  has  been found so  
f a r .  The presumed h igh  luminos i ty  of quasa r s  
is ,  of cou r se ,  a  consequence of t h e  
cosmologica l  i n t e r p r e t a t i o n  of t h e  r edsh i f  t .  
I n  t h e  PLS model, a  quasar  i s  j u s t  a  s p e c i a l  
type of s t a r  and t h e r e  i s  no d i f f i c u l t y  a s  
r ega rds  t h e  energy gene ra t ion  mechanism. 
(Good o l d  n u c l e a r  reac t ions!)  

4 .  O p t i c a l  v a r i a b i l i t y  

I t  i s  w e l l  known t h a t  t h e  o p t i c a l  
v a r i a b i l i t y  of quasa r s  and t h e  arguments which 
fo l low from t h e  s i z e  l i m i t s  s e t  by t h e  
v a r i a b i l i t y ,  pose a  s e r i o u s  d i f f i c u l t y  f o r  t h e  
cosmological  i n t e r p r e t a t i o n  (37,  38, 4 ) .  Very 
smal l  s i z e s  l e a d  t o  a  pa radox ica l  s i t u a t i o n  i n  
models f o r  ve ry  h igh  l u m i n o s i t i e s  (37 ) .  
Seve ra l  ingenious ,  though r a t h e r  top-heavy, 
models have been sugges ted  t o  g e t  around t h i s  
d i f f i c u l t y .  To quote  G. Burbidge (4) : "In 
s p i t e  of impress ions  t o  t h e  c o n t r a r y ,  nobody 
has  publ ished a  w e l l  worked o u t  model i n  which 
they can account  f o r  t h e  continuum source  
p r o p e r t i e s  and avoid t h i s  paradox i f  t h e  QSO 
i s  a t  a  cosmologica l  d i s t a n c e . "  

The PLS model f a c e s  no such d i f f i c u l t y .  
Var iable  s t a r s  have been known f o r  a  p r e t t y  
long t ime. 

5. Redshift-Apparent Magnitude Diagram 

It  is  w e l l  known t h a t  t h e  r e d s h i f t -  
appa ren t  magnitude diagram f o r  quasa r s  i s  a  
s c a t t e r  diagram. F ig .  5 ,  which i s  reproduced 
from G. Burbidge (39 ) ,  shows t h e  p l o t  of 
r e d s h i f t  v e r s u s  t h e  appa ren t  magnitude f o r  
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570 quasa r s .  According t o  ou r  t heo ry  t h e s e  
so  c a l l e d  " r e d s h i f t s "  a r e  j u s t  empty numbers 
wi thout  any p h y s i c a l  s i g n i f i c a n c e .  N a t u r a l l y ,  
no c o r r e l a t i o n  wi th  t h e  appa ren t  magnitude i s  
expected .  

Fig. 5 Redshift-apparent magnitude diagram for 570 quasars (from ref. 
39). 

6.  Coincidences i n  r e d s h i f t s  

We have c l a s s i f i e d  quasa r s  on t h e  b a s i s  
of t h e i r  s p e c t r a  (40 ) .  There a r e  a  l a r g e  
number of groups of quasa r s  where two o r  more 
quasa r s  have very  s i m i l a r  s p e c t r a .  
Consequently,  quasa r s  be longing t o  each of 
t h e s e  groups have a lmost  i d e n t i c a l  r e d s h i f t s .  
(Qui te  o f t e n  t h e r e  i s  a  sma l l  d i s p e r s i o n  i n  t h e  
r e d s h i f t  va lues ,  because  of s e v e r a l  r ea sons ,  
t h e  primary one be ing  l a r g e  u n c e r t a i n t i e s  i n  
t h e  measured wavelengths) .  A s  an  i l l u s t r a t i o n ,  
i n  Fig .  6 ,  we show a  diagrammatic 
r e p r e s e n t a t i o n  of t h e  s p e c t r a  of quasa r s  
be longing t o  group 18 of ou r  c l a s s i f i c a t i o n .  
We have shown t h a t  t h e  p r o b a b i l i t y  of t h e  
occurrence  of such co inc idences  i n  r e d s h i f t s  
by chance is very  sma l l  (40,  4 1 ) .  

I f  we t r y  t o  i n t e r p r e t  t h e s e  
co inc idences ,  assuming t h e  cosmologica l  
r e d s h i f t  hypo thes i s ,  we f i n d  t h a t  t h e  quasa r s  
i n  t h e  v a r i o u s  groups a r e  ar ranged on s p h e r i c a l  
s h e l l s  w i th  t h e  Ea r th  a s  t h e  c e n t e r  (40,  41) .  
I n  o t h e r  words, t h e  e a r t h  i s  t h e  c e n t e r  of 
t h e  un ive r se .  It i s  no doubt a n  amazing 
r e s u l t  and those ,  who, l i k e  E i n s t e i n ,  b e l i e v e  
i n  t h e  importance of a e s t h e t i c  e l egance  and 
i n n e r  p e r f e c t i o n  of a  good theo ry ,  would 
cons ide r  t h i s  r e s u l t  an  adequate  ground t o  
r e j e c t  t h e  cosmologica l  r e d s h i f t  hypo thes i s .  

7 .  Lyman-a a b s o r p t i o n  i n  i n t e r g a l a c t i c  
hydrogen 

On t h e  cosmologica l  hypo thes i s  one 
expec t s  cont inuous  a b s o r p t i o n  a t  wavelengths 
below t h e  Lyman-a emiss ion (42,  43 ) .  We 
i l l u s t r a t e  i t  t a k i n g  3C 9  a s  a n  example. 3C 9  
has  a  r e d s h i f t  of 2.012 so  t h a t  t h e  s t r o n g  
Lyman-a l i n e  of h  drogen, which is r~orma l ly  
observed a t  1216 W, is  s h i f t e d  t o  3663 2. 
The i n t e r g a l a c t i c  n e u t r a l  hydrogen d e n s i t y  
i s  e s t ima ted ,  by i n d i r e c t  methods, t o  be 
about  g/cm3. The passage  of continuum 
r a d i a t i o n  through t h i s  h  drogen w i l l  g i v e  a n  
abso rp t ion  l i n e  a t  1216 H. I n  t h e  c a s e  of 

d i s t a n t  o b j e c t s  l i k e  3C 9  s u f f i c i e n t  hydrogen 
should  be  t r a v e r s e d  t o  g i v e  a  d e t e c t a b l e  
e f f e c t .  S ince  t h e  r a d i a t i o n  from t h i s  d i s t a n t  
quasa r  i s  r ed - sh i f t ed ,  t h e  abso rp t ion  w i l l  be 
ev iden t  n o t  a s  a  l i n e  bu t  a s  a  g e n e r a l  
d e f i c i e n c y  of continuum r a d i a t i o n  a t  
wavelengths between 1216 and 3663 2 .  The 
abso rp t ion  t akes  p l a c e  a t  1216 2 bu t  t h e  
photons absorbed would a r r i v e  a t  t h e  e a r t h  a t  
a  wavelength s h i f t e d  by an amount a p p r o p r i a t e  
t o  t h e  d i s t a n c e  between t h e  p o i n t  of 
abso rp t ion  and t h e  e a r t h .  Obse rva t iona l  
measurements have shown no abso rp t ion .  Our 
theory  r e s o l v e s  t h i s  problem q u i t e  e a s i l y .  
G a l a c t i c  s t a r s  a r e  n o t  expected t o  show any 
such abso rp t ion  and n e i t h e r  a r e  quasa r s .  

1055+20 I I 

Wavelength (A) 
Fig. 6 Diagrammatic representation of the spectra of  7 quasars belong- 

ing to the group 18. The heights of the lines represent their 
strengths, except for 4 C  05.46 and 0834+250, for which the 
observers have not given the strengths of  lines. (2/3)rd height in- 
dicates medium strength, (1/3)rd, weak. The spectrum of 
1055+20 has not been investigated below 4000 1, that of  0047- 
832, not below 3500 1, and that of 3 C  204, not above49501. 
Notice that the line at - 5900 1 is very close to the night sky 
line X5893. 

8. Proper  Motions of Quasars 

Our hypo thes i s  t h a t  quasa r s  a r e  s t a r s  
r a i s e s  t h e  ques t ion  of t h e i r  proper  motions.  
We have noted  e a r l i e r  t h a t  t h e r e  i s  a  
c o n t i n u i t y  i n  t h e  o p t i c a l  s p e c t r a  of t e n  
quasa r s  and those  of 0  V I  sequence p l a n e t a r y  
n u c l e i  and s t a r s .  A d e t a i l e d  comparison 
sugges t s  t h a t  t h e r e  is  some r e l a t i o n s h i p  
between quasa r s  and p l a n e t a r y  n u c l e i .  This ,  
i n  t u r n ,  sugges t s  t h a t  t h e  proper  motions of 
t h e s e  two types  of o b j e c t s  may be  comparable. 
Proper  motions of a  few quasa r s  have been 
d i scussed  by Luyten and Smith (44) and 
Sanders (45) .  Luyten (46) has  de termined t h e  
proper  motions ( abso lu t e )  of 951 f a i n t  b l u e  
s t a r s .  We have searched (47) f o r  quasa r s  i n  
Luyten 's  l i s t  and have found t h a t  t h e r e  a r e  
30 q u a s a r s ,  i n  a d d i t i o n  t o  t hose  considered  
i n  r e f e r e n c e s  44 and 45, f o r  which proper  
motions a r e  known. The proper  motions of t hose  
30 quasa r s  were c a l c u l a t e d  from t h e i r  
component va lues .  There a r e  t h r e e  quasa r s  
which have proper  motions comparable t o  t h e  
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l a r g e s t  v a l u e  amongst p l a n e t a r y  n u c l e i .  These 
t h r e e q u a s a r s  and t h e i r  r e s p e c t i v e p r o p e r  motions 
( i n  yr-l) a r e  PHL 1033: 01'049 t 0!'013, LB 
8956: 0!'061 ? 0!'018, and LB 8991: 
0!'050 + 0!'018. These v a l u e s  may be  compared 
wi th  t h e  l a r g e s t  proper  motion r epo r t ed  up t o  
now f o r  a  p l a n e t a r y  nebu la ,  which is  
01'040 ? 0!'003 yr-l f o r  NGC 7293 (be l i eved  t o  be 
t h e  n e a r e s t  p l a n e t a r y  nebu la ) .  The d i s t a n c e  of 
NGC 7293 is  e s t ima ted  t o  be  212 pc;  from t h i s  
i t  would be  r ea sonab le  t o  e s t i m a t e  t h a t  t h e  
quasa r s  PHL 1033, LB 8956 and LB 8991 l i e  
w i t h i n  a  few hundred pa r secs  from t h e  sun. 

RADIO OBSERVATIONS 

9. Double Source S t r u c t u r e  

A comparison of t h e  o p t i c a l  and r a d i o  
maps of t h e  same r eg ion  of t h e  sky shows t h a t  
f o r  many quasa r s ,  t h e r e  a r e  r a d i o  sou rces  i n  
t h e i r  v i c i n i t y .  Morphologica l ly ,  t h e s e  sou rces  
can be  b road ly  d iv ided  i n  t h e  fo l lowing  two 
c l a s s e s  (48 ) :  D - A double  source  c o n s i s t i n g  
of two we l l - s epa ra t ed  r eg ions .  There a r e  two 
sub -c l a s se s ,  D l  denotes  a  double sou rce  wi th  
n e i t h e r  of i t s  components c o i n c i d e n t  w i th  t h e  
o p t i c a l  quasa r .  (3C 47 i s  a  w e l l  known 
example of t h i s  c l a s s ) .  D2 denotes  a  double  
sou rce  f o r  which one of i t s  components 
co inc ides  w i th  t h e  o p t i c a l  quasa r .  C - A 
complex sou rce  c o n s i s t i n g  of t h r e e  o r  more 
components. A m a j o r i t y  of quasa r s  be long t o  
t h e  D c l a s s .  The f a c t  t h a t  such r a d i o  sou rces  
occur  i n  c l o s e  proximi ty  t o  q u a s a r s  on t h e  two 
dimensional  map of t h e  sky is  u s u a l l y  taken t o  
imply t h a t  t h e s e  sou rces  a r e  a s s o c i a t e d  wi th  
quasa r s .  According t o  t h e  cosmologica l  
f o l k l o r e ,  such double  sou rces  a r e  supposed t o  
occur on ly  wi th  quasa r s  o r  r a d i o  - "galaxies" .  
I n  Fig .  7 ( a ) ,  we show 3C 47 ( r e f .  49 ) ,  t h e  + 
denotes  a  quasa r ,  and i n  Fig .  7 ( b ) ,  we show 
3C 435 ( r e f .  5 0 ) ,  t h e  + denotes  a  g a l a c t i c  s t a r  
(50,  51 ) .  The s i m i l a r i t y  i n  t h e  two c a s e s  i s  
obvious.  The evidence  f o r  t h e  a s s o c i a t i o n  of 
3C 435 wi th  t h e  s t a r  i n  t h e  middle i s  a s  good 
( o r  a s  bad) a s  t h a t  of 3C 47 wi th  t h e  quasa r  
i n  t h e  middle.  There a r e  a t  l e a s t  two o t h e r  
s t a r s ,  Sco X-1 and AD Leo, which a r e  f l anked  
by double r a d i o  sou rces .  

I I 1 I I I 
4 6' 4oS 

Olh 
Fig. 7 ( a )  Two components of the radio source 3C 47 and the quasar (in- 

dicated by a +)  in between (from ref. 49). 

Fig. 7 (b )  Radio source 3C 435. Filled circles indicate the positions of 
the radio peaks, the larger spot indicates the brighter compo- 
nent, + indicates the position of a star (after ref. 50). 

10. Apparent " S u p e r r e l a t i v i s t i c "  Expansion 

I n  r e c e n t  y e a r s  radio-as t ronomers  have 
used very- long-basel ine  in t e r f e rome t ry  
obse rva t ions  t o  probe t h e  f i n e  s t r u c t u r e  of 
quasa r s .  For t h r e e  of t h e  quasa r s ,  namely 
3C 273, 3C 279 and 3C 345, i t  has  been found 
t h a t  t h e r e  a r e  two components very c l o s e  t o  t h e  
quasar  and t h a t  t h e  angular  s e p a r a t i o n  of t h e  
two components i s  i n c r e a s i n g  w i t h  time (52-54). 
I f  t h i s  angu la r  expansion i s  i n t e r p r e t e d  i n  
terms of t h e  cosmological  hypo thes i s ,  i t  
corresponds  t o  an appa ren t  speed of expansion,  
which i s  between 2  t o  10  t imes  t h e  speed of 
l i g h t .  I n  o t h e r  words an  appa ren t  
" s u p e r r e l a t i v i s t i c "  expansion. I t  i s ,  of 
cou r se ,  a  consequence of p l a c i n g  t h e  quasa r s  
% l o 9  pc away. On our  t heo ry ,  quasa r s  be ing  s t a r s ,  
a r e  on ly  %5 kpc away, and t h e  corresponding 
speed of expansion assumes a  very  modest va lue .  
Recent r e s u l t s  (53,  54) show t h a t  f o r  3C 345 
t h e  r a t e  o f  i n c r e a s e  of angu la r  s e p a r a t i o n  of 
t he  two components i s  2. 01'00015 pe r  y e a r .  This 
va lue  may be  compared wi th  t h e  r a t e  of i n c r e a s e  
of t h e  angular  r a d i u s  of Crab nebula  ( d i s t a n c e  
% 1 k p c ) ,  which i s  0!'235 pe r  yea r  (55 ) .  

11. Larges t  Angular S i z e  -Redshi f t  diagram 

The angu la r  s i z e  of a  r a d i o  source  i s  
a  p a r t i c u l a r l y  s e n s i t i v e  t e s t  of cosmologica l  
models ( 5 6 ) ,  s i n c e  f o r  Friedmann models a  
source  wi th  l i n e a r  d iameter  D w i l l  r e ach  a  
minimum angu la r  d iameter  n e a r  a  r e d s h i f t  21; 
t h e  exac t  va lue  of t h e  minimum and t h e  shape 
of t h e  angular  d i ame te r - r edsh i f t  curve depend 
on t h e  parameters  of t h e  model. 

The l a r g e s t  angu la r  s i z e  (LtS)- 
r e d s h i f t ( z )  diagram has  sometimes been used a s  
an  argument i n  favour  of t h e  cosmological  
i n t e r p r e t a t i o n  of t h e  apparent  r e d s h i f t s  of 
quasa r s .  I t  is impor tant  t o  e s t a b l i s h  whether 
o r  n o t  t h e  e x i s t e n c e  of t h e  envelope is r e a l  
o r  whether i t  a r i s e s  because  of some 
s t a t i s t i c a l  o r  s e l e c t i o n  e f f e c t s .  We have 
demonstrated (57) t h a t  t h e  observed behaviour  
of t h e  envelope o f  t h e  LAS-z p l o t  i s  a  
consequence of s t a t i s t i c a l  e f f e c t s  and is  j u s t  
a  r e f l e c t i o n  of t h e  r e d s h i f t  d i s t r i b u t i o n  
diagram, and t h a t  i t  has no i n t r i n s i c  phys i ca l  
s i g n i f i c a n c e .  P r i o r  t o  ou r  a n a l y s i s ,  i t  was 
thought t h a t  t h e  component s i z e  dec reases  w i th  
i n c r e a s i n g  r e d s h i f t .  Our a n a l y s i s  showed t h a t  
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i f  t h e  LAS i s  measured f o r  a  good number of 
l a r g e  r e d s h i f t  quasa r s ,  some of them w i l l  show 
a  l a r g e  LAS. This  has  been confirmed a t  l e a s t  
f o r  one quasar  (58). 

CONCLUSION 

The above d i s c u s s i o n  c l e a r l y  
demonst ra tes  t h a t  quasa r s  a r e  s t a r s  and t h a t  
t h e  PLS model p rov ides  s a t i s f a c t o r y  
exp lana t ions  o f  t h e  v a r i o u s  phenomena 
a s s o c i a t e d  wi th  quasa r s .  The r e d s h i f t  
hypo thes i s  i s  no th ing  more than a n  e x e r c i s e  i n  
empty numerology (59) .  

I n  f a i r n e s s  t o  Schmidt (60), we n o t e  
h e r e  t h a t  h e  r ecogn izes  t h a t  "If  t h e  
cosmologica l  hypo thes i s  i s  c o r r e c t ,  i t  i s  
remarkable indeed t h a t  no s i n g l e  independent 
conf i rmat ion of t h e  l a r g e  d i s t a n c e s  e x i s t s  a s  
ye t" .  How can t h e r e  be  any conf i rma t ion ,  when 
t h e r e  a r e  no r e d s h i f t s ?  

The r e a l  importance of quasa r s  l i e s  i n  
t h e  b e a u t i f u l  phys i c s  they i n v o l v e ,  l e a d i n g  
t o  a  d i s p l a y  of phenomena of u n p a r a l l e l e d  
splendour .  
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