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S2CTI0*'  A: PERSPECTIVE

I .  The f h e s i s

Tte o u r c a s e  o f  t h i s  t h e s i s  i s  t o  s u b j e c t  t h e  

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

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

i t s  o e r f o r m a n c e  v r i t h  t h a t  o f  s t a n d a r d ,  c o n s t a n t  G 

c o s m o l o g y .

I ' h i s  w o r k  i s  t h e  r e s u l t  o f  a  c o l l a b o r a t i o n  a n d  

c o n s i s t s  o f  f o u r  p a p e r s  w h i c h  f o r m  P a r t s  P., C, D, a n d  

3 o f  t h i s  t h e s i s .  The  d i v i s i o n  o f  l a b o r  i s  a p p r o x i ­

m a t e l y  a s  f o l l o w s :

D r .  V. C a n u t e  s u g g e s t e d  a s  m e n t o r  t h e  s u b j e c t  

o f  t h e  b i n n e d  9-?. s e c t i o n ,  o f  C a n d  t h e  s u b j e c t s  o f  

n i l  t h e  o t h e r  n a o e r s  w i t h  t h e  e x c e p t i o n  o f  D V I I T .

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

a n d  s e l e c t e d  t h e  f i n a l  c o n c l u s i o n s .  I n  a d d i t i o n ,  h e  

p r o v i d e d  t h e  ' w r i t t e n  t e x t  o f  a l m o s t  a l l  o f  D a n d  211".

Me i n d e p e n d e n t l y  d e r i v e d  s e v e r a l  s c a l e - o o v a r i a n f c  bn  s o  a 

f o r  a l l  n a r t s  o f  3,  'D,  a n d  h,  i n c l u d i n g  t h o s e  u s e d .

He D C ' - s o n a l l y  w e n t  t h r o u g h  a l l  t h e  m a t h e m a t i c s  a n d  s e r v e d  

a s  p r i n c i p a l  i n v e s t i g a t o r .

D r .  3 . - M .  H s i c h  o r o v l d e d  t h e  f i n a l  f o r m  o f  3.

A s k e d  t o  e d i t  D, he  sugg t - a f ced  a n d  vn r o t e  p a r t  o f  t h e  

t e x t  o f  DVIT.l and.  A o o a n d i x  C a n d  r e w r o t e  p a r t  o f  t h e  

I n t r o d u c t i o n .  tie a c t e d  a s  n s o u n d i n g  b o a r d  f o r  3 and.

D. ’J e  d:;'1 n c i o n ) 1 y w o r k e d  on t h e  P a p e r  I I  w h i c h  i s  

r e  f  e r e  n e e d  i n t h e  s c  vor k  r , .
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J .  Owen w r o t e  C a n d  E on  a l l  l e v e l s ,  w i t h  t h e  

c o n t r i b u t i o n s  o f  D r .  V.  C a n u t o  a b o v e  n o t e d .  She  I n ­

d e p e n d e n t l y  d e i ' i v e c i  s e v e r a l  s c a l e - c o v a r i n n t  b a s e s  f o r  

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

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

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

a n a l y s i s  f o r  D.  She  made  i n d e p e n d e n t  c a l c u l a t i o n s  

a n d  a c t e d  a s  s o u n d i n g  b o a r d  a n d  s o m e t i m e  e d i t o r  o n  !?..

P a r t  '3 i s  " V a r y i n g  0 "  b y  V. C a n u t o ,  S . - H . H a l e b ,  

a n d  J .  Owen.

P a r t  C i s  " R a d i o  C o s m o l o g i c a l  T e s t s "  b.y J .  Owe n .

P a r t  D i s  " S c a l e  C o v a r i a n c e  a n d  G- Va . r y . i ng  C o s ­

m o l o g y  ; T I T ,  The :r. v s .  z ,  0 v s .  ? ,  0^ v s -  g ,  a n d  

N(m) v s .  in T e s t s "  by V.  C a n u t o ,  S . - H .  H s l e h ,  a n d  

J .  Owen.

P a r t  E i s  " S c a l e  C o v a r i a n c e  a n d  J - V n r y i n g  C o s ­

m o l o g y :  I V ,  The  l o g  X' v s .  l o g  3 T e s t "  by  V. C a n u t o  

a n d  ,T. Owen.

A l t h o u g h  e a c h  o a r t  o f  t h i s  t h e s i s  h a s  i t s  own 

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

o f  s  o a l e - o o v a r i  a n t  g r a v i  t a i o n a l  t h e o r y ,  i t  may be 

a p p r o o r i a v '  t.o s a y  s ome  t h i n g  a t  t h i s  p o i n t  a b o u t  t h e  

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

a n d  t o  d e s c r i b e  some o f  t h e  s a l i e n t  f e a t u r e s  o f  e a c h  

Da r  T .
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I I .  A S e a l s  C o v a r i a n t  T h e o r y  o f  Gravitation

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

a s k e d  may h a v e  b e e n :  ' ' Wha t  i s  t h e  g e o m e t r y  o f  t h e  

U n i v e r s e ? "  a n d  "V.’n a t  a r e  t h e  f o r c e s  o f  n a t u r e ? "

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

o h y s i c s  h a s  l e d  s c i e n t i s t s  t o  s u s o e c t  t h a t  i f  

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

a o o r e c i a t e d ,  t h e  a n s w e r  t o  t h e  o t h e r  w o u l d  be  

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

b e e n  a t t a c k e d  s e o a r a t e l y ,  by t h e  r e l a t l v l s t i c  

a s t r o p h y s i c i s t s  on  t h e  o n e  h a n d  a n d  by t h e  p a r t i c l e  

p h y s i c i s t s  on  t h e  o t h e r .  O c c a s i o n a l l y  p o n t o o n  

b r i d g e s  h a v e  b e e n  p r o p o s e d  b e t w e e n  t h e  t wo s u b j e c t s ,  

b y  b r a n s  a n d  D i c k e ,  by H o y l e  a n d  k ' a r l i k a r ,  by 

D i r a c ,  a n o r , o  t h e  r .

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

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

t a t i o n a l .  The s t r e n g t h s  o f  t h e i r  c o u p l i n g  c o n s t a n t s
- 2  - 5

a r e  a o o r o x i m a t c . l y  i n  t h e  r a t i o : ; . -  1 ,  10 , 1 0  ■ , a n d
_ h l

1 0  . W e i n b e r g  a n d  Ga l a m h a v e  s h o wn  t h a t  a l o n g -

r a n g e  a n d  a  s h o r t - r a n g e  f o r c e ,  t h e  e l e c t r o n a g n e t i c  a n d  

w e a k  f o r c e s  may be u n d e r s t o o d  a s  r anni  T e s t a t i o n s - o f  a n  

i n t e r a c t i o n  ' whi ch  i s  u n i f i e d  i n  t h e  h i g h  e n e r g y  r e g i m e  

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

a v e r a g e  t o d a y .  I t  i s  s p e c u L a t o d  t h a t  a l l  t h e  f o r c e s
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may n a v e  a c t e d  w i t h  t h e  s ame  s t r e n g t h  when  t h e  

u n i v e r s e  wa n  . young,  a n d  t h e i r  d i v e r g e n c e  t o d a y  m i g h t  

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

o u r  o r e  s e n t  o b s e r v a t i o n s .  I n  p a r t i c u l a r ,  t wo  l o n g  

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

may o n c e  h a v e  h a d  t h e  s ame s t r e n g t h .  F r a r newoi ' ks  

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

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

■Jordan ,  g i l b e r t ,  D i r a c ,  B r a n s  a n d  D i e  :<?, B o y l e  a n d  

\ ' a r l i k a r ,  a n d  C a n u t o  e t  a l .  T t  i s  t h e  l a s t  f o r m u ­

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

( P a o e r  I ) .  I t  o o n l t s  a  s c a l e  f a c t o r  /«3 ( t )  b e t w e e n  

t h e  g r a v l  t a t i o n a l  a n d  a t o m i c  ( e l e c t r o m a g n e t . *  c ) l i n e  

e l e m e n t s ,

i s  e m p l o y e d ,  whi  c h  m i g h t  be  v a l i d  o n l y  f o r  l a r g o  c o s ­

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

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

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

t a t i o n a l  a n d  e l o c t r o m n g n e !:i c  i n t e r a c t i o n s ,  we t r y  

t o . s e e  i f  t h e  t h e o r y , a s  d o v e l o p  ed so  f a r ,  w o u l d

jy u

b u t  d o e s  n o t  o r o v i . d e  a d y n a m i c a l  eo u a t i o r ;  f o r

d e t e r m i n i n g  / 3  ( t ) . F o r  c o n v e n i e n c e ,  a  p a r n m e  t r i e  f o r m
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have a n y  u n o h y s i c a l  c 0na3quenr.es by  t e s t i n g  i t s  

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

S u c h  i s  the u r o g r a m  o f  t h e  p r e s e n t  d i s s e r t a t i o n . .

S i n c e  we a r e  t e c . t i n : ;  f o r  a. 1 p a r t  • i n  1 0  .. ob ' an^e  p e r .  J- 

i n  t h e  g r a v i  t o . r . i o n n l  c o n s t a n t ,  t h e  f i e l d  o f  ast ro- . - ,  

n o  my w i t h  i t s  c o s m o l o g i c a l  t i m e  s c a l e s  f o r m s  a  

n a t u r a l  a r e n a .

The m o d e l  w a s  t e n t e d  f o r  -I.  £  6  < 1 a n d

f o r  0 <, q <  L i n  g e n e r a l . I n  p a r t i c u l a r ,  6  

w a s  t a k e n  t o  be  - 1 ,  - I / ? ,  0,  1-1 / 2 , a n d  . 9 2 .

The v a l u e  0 c o r r e s p o n d s  t n  s t a n d a r d .  c o s m o l o g y .

When 0 < £ < 1 f o r  a g i v e n  o b s e r v e d  re d  s h i f t ,  we 

a r e  l o o k i n g  a t  much more r e c e n t  g r a v i t a t i o n a l  

h i s t o r y  than  would be i n d i c a t e d  by th e  r e d s h i Vto  

i n t e r o i ' c t n t i o . n  i n  s t a n d a r d  c o s m o l o g y . When &. <  Q 

f o r  th e  r a n e e  o f  d e c e l e r a t i o n  p a r a m e t e r s  i n v e s t i ­

g a t e d ,  a r i v e n  red r,'n I f  t c o r r e s p o n d s  to much mnre 

d i s t a n t  g r a v l  to t ionf! 1 hit : t o r y  th a n  i n d i c a t o r  by

s t a n d a r d  c o s m o  Lot  y .  0 f.'-je.r v a l u e c  o f  <c. a n d  :V w e r eo

t r i e d  o c c a s i o n a l l y  t o  t e s t  t h e  m o d e l ' s  d e p e n d e n c e  on  

t h e s e  nara i r . e  t o  r s  b u t  n o t  i n  a  s e r i o u s  a t t e m p t  to 

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

i d e n t i c a l l y  e q u a l  t o  i  way n o t  u s e d  b e c a u s e  o f  

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

We s h a l l  now c r p l a i n  how t h e  t h e  c h o i c e  o f  

and.  q i s  u n r e l a t e d  be t r : e  p o s i t e d ,  v a r i a l : i o n  o f  G 

i n  t h i s  d n 1 s a n d  horn t n o i r  c h o i c e  i s  r e i n  t e d  t o  

t h e  e l e m e n t s  o f  t h e  Di r .30. L a r g e  l o a n e r  d.yno t h e  s i  s:

e a r  ,



?

The  s c a l e  c o v a r i a n t  t h e o r y  o f  g r a v i t a t i o n  

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

p l i e d  by  D i r a c ' s  L a r g e  d u m b e r  H y p o t h e s i s .  T h e s e  

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

by  t h e  n e a r  e q u a l i t y  o f  t h e  f i r s t  l a r g e  n u m b e r s ,  t h e  

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

t i m e  i t  t a k e s  l i g h t  t o  c r o s s  t h e  c l a s s i c a l  r a d i u s  

o f  t h e  e l e c t r o n ,

c / ; ! o ... 40
_  ^  ?  .  1 0

e / me c

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

t i o n a l  f o r c e s ,

? 39
r  p • 10

'im.-.m.,

I t  whs  d e c i d e d  t o  i  i c o r o o : ^  r.e •" t t  L / 1  i n t o  a l l  t h e  

n o n - s t a n d a r d  t e s t s  n r e s e n l r ' - a  i n  t h i s  pane l * .

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

v i i h i n  t h e  n u b b l e  r a d i u s  o f  t o e  u n i  v e r s a : ,

( c / H 0 ) 3 ~  l O 7 '3 ,
,r'r; 3

p
w h i c h  i s  t a k e n  t o  l wi o l y  t h a t  M cc t ",  w a s  n o t  a l w a y s

i n c l u d e d . W h e n e v e r  b o t h  G/V, , - t  / t  ( a l l  c a s e s )o o

a n d  e i t h e r  £ -  +1  ( i . r r e s o r - c t i v e  o f  t h e  d o c e l c i * f \ f c l o n
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p a r a m e t e r )  o r  q Q -  1 / 2  ( i r r e s p e c t i v e  o f  d  ) a r e  

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

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

C o n v e r s e l y , i f  v?e a s s u m e  a l l  t h e  l a r g o  n u m b e r  r e l a t i o n s ,  

t h e n  e i t h e r  q --- 1 / 2  o r  <~ -■ +1 . The  o t h e r  c a s e s  

d o  n o t  i n c o r o o r a t e  ^ / ^ 0 -  ( t / t 0 ) ^ ,  c o n t r a r y  t o  t h e  

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

H o w e v e r ,  t h e  s c a l e - c o v a r i a n t  t h e o r y  o f  g r a v i t a t i o n  i s  

n o t  c o m m i t t e d  t o  t h e  D i r a c  L a r g e  Nu mb e r  h y p o t h e s i s .

T h e  c h o i c e  6  ~ t-1 i s  D i r a c ' s  . . m a t t e r  c r e a t i o n  

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

s c a l a r  f u n c t i o n  (3 ( t ) . )  w h i c h  wa s  p r e f e r r e d  f o r  a  

t i m e ;  i t  h a s  t h e  i n t e r e s t i n g  f e a t u r e  t h a t  w h i l e  

a s i n g u l a r i t y  (hip;  L a n g ;  e x i s t s  i n  a t o m i c  u n i t s ,  

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

i n  t h e  i n f i n i t e  p a n t  i n  g r a v i t u t l o n a l  o r  E i n s t e i n  

u n i t s .  I t  b r o u g h t  up  ma ny  t r o u b l e s o m e  q u e s t i o n s  

a b o u t  how r.r.c i n  w h a t  f o r m  t h e  m u t t e r  w o u l d  be c r e a t e d .  

F u r t h e r m o r e ,  v.M t h i n  t h e  c o n t e x t ,  o f  t h e  t e s t s  d e v e l o p e d  

i n  t h i s  t h e s i s ,  we s h a l l  m:r; t h o t  t h e  d a t a  i s  n o t  

m o s t  e a s i l y  i n t e r o r e t a b l e  w i t h i n  t h i s  g a u g e .  I f  

we r e j e c t  t h i s  g a u g e  a n d  s t L i l  w a n t  t o  i n c l u d e  a l l  

t h e  . l a r g e  n u m b e r s ,  w i t h i n  t h e  s c s .1 e - o o v a r i a a t  t h e o r y  

o f  g r a v i t r l i o n ,  we c h o o s e  q -  1 / 2 .  I f  i n  a d d i t i o n
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v?e w i s h  t o  e x c l u d e  a l l  d e g r e e s  o f  m a t t e r  c r e a t i o n ,  

n o t  o n l y  n s  1; ” a s  w h e n  £ ~ -t 1 b u t  i n  a n y  a m o u n t s ,  

t h e n  vie a s s u m e  i n  a d d i t i o n  t h a t  £ *  - 1 .  T h i s  i s  

D i r a c ' s  n o n - m a t t e r - c r e a t i o n  g a u g e ,  w h i c h  f o r  p r a c t i ­

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

c r e a t i o n  c a n e  ( t h e  c r e a t i o n  vie d i s c u s s  a b o v e  i s  

m u l t i p l i c a t i v e  c r e a t i o n ) -  I n  t h i s  g a u g e ,  t h e  t h i r d  

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

g r o w t h  o f  t h e  h o r i z o n  a n d  t h e  n c a l e  f a c t o r  K o f

t h e  u n i v e r s e ;  i t  i s  d u e  t o  m o r e  m a t t e r  c o i n i n g  wi  t h i n  
2

t h e  h o r i z o n  a s  t ' . D i r a c  c o s i n o l o g i s t s  h a v e  i n d e ­

p e n d e n t -  r e  a s o n s  f o r  c h o o s i n g  q* -- 1 / 2 .  I n s t e a d  

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

t h e y  a r e  c o n c e r n e d  t h a t  w i t h  a l l  o t h e r  d e c e l e r a t i o n  
D a r o m e t o r i : ,  i f  we a s s u m e  no  m a t t e r  c r e a t i o n  a n d  t h e

t h i r d  l a r g e  n u m b e r ,  vie c a n  f o r m  a n o t h e r  l a r g e  n u m b e r ,
a

t h e  t o t a l  m a o s  w i t h i n  i ' ,  w h i c h  v i ou l d  be- i n d e p e n d e n t  

o f  t i m e .

■ I I I .  d a r t  d 

I t  i s  s h e wn  I n  P a r t  a t h a t  when  3  c o n s t a n t ,  

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

t h e  p r o d u c t  I ’ M i s  c o n s e r v e d . b u t  i t  i s  p o s s i b l e  t o  

a l l o w  ", t o  v e r y  i f  a n d  o n l y  i f  11 i s  a l l o w e d  t o  v a r y . 

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

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

a n d  v i o l a  t e d  i t s  f o u n d a t i o n s .  A b l o w i n g  o n l y  0 t o  v a r y ,  L.oey
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h a v e  o b t a i n e d  t h e  f o l l o w i n g  r e l a t i o n e  f o r  t h e  a n g u l a r  

■ f r e q u e n c y  n  a n d  o r b i  t a l  d i  s  t c m o e ' o f  two m a s s i v e  b o d i e s :

T h e y  s h o u l d  h o w e v e r  h a v e  u s e d

n = j, (.211).’ ,  . 2 1  •
n 1 M R

M e a s u r e m e n t s  o f  n a n d  B w i l l  t h e n  t e l l  u s  w h e t h e r  

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

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

-  c o n s t a n t  a n d  G -  c o n s t a n t .

I n  s c a l e  c o v a r i a n t  t h e o r y  we o b t a i n  t h e  r o L . t i o n

0  K I?) ~ c o n s t a n t ,

w h i c h  f o r  {2> -  c o n s t a n t  r e d u c e s  t o  s t a n d a r d  t h e o r y . 

E n e r g y  a n d  a n g u l a r  i r ioiaontum a r e  n o t  c o n s e r v e d  on  c o s ­

m o l o g i c a l  s c a l e s .  f o o l e r ' s  l a w  o f  p e r i o d s  h o l d s ,  b u t  

h i s  l a w  o f  a r e n a  d o e s  n o t .  I 'e t h e n  o b t a i n

a  -= -  („T' l '  
n I n  p  Ji

U n l e s s  we h a v e  f u r  t h e r  e v i d e n c e ,  we c a n  o n l y  d e ­

t e r m i n e  how rauch ft o r  t h e  p r o d u c t  G *K v a r i e s .  The  

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

o f  m a c r o s c o p i c  b o d i e s ,  b u t  t h e n  we w o u l d  h a v e  t o  know 

m o r e  a b o u t  t h e i r  i n t e r n a l  s t r u c t u r e  a s  d e s c r i b e d  i n  

P a r t  3 .  The  p r e s e n t  e v i d e n c e  o n  t h e  p e r i o d  o f  t h e  Moon 

i n d i c a t e s . :  t e n t a t i v e l y  t h a t  &■ <. 0 .  I f  we t h e n  a s s u m e  

t h a t  [•' i s  c o n s t a n t  f o r  c o n v e n i e n c e ,  i t  w o u l d  i m p l y  t h a t  

3 i s  i n d e e d  d e c r e a s i n g  w i t h  t i m e .

I t  n a y  b e  p o s s i b l e  when m o r e  d a t a  a r e  a v a i l a b l e  

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

t wo  c o m p a c t  s t e l l a r  b o d i e s ,  s u c h  a s  n e u t r o n  s t a r s .

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

ma k e  t i d a l  e f f e c t s  n e g l i g i b l e ,  e n d  a n y  c h a n g e s  i n  t h o i r  

i n t e r n a ]  s t r u c t u r e  may be  m o n . i o r e d  t h r o u g h  t h e i r  

p u l s e  f r e q u e n c i e s .

T t  c a r .  - a l s o  ’no s " o wn  t h a t  t h e  s t a n d a r d  a r g u m e n t s  

a g a i n s t  t h e  v a r i a t i o n  o f  3 b a s e d  on  t h e  s o l a r  l u m i n o s i t y  

v a r y i n g  a s

l  o:. v V 5

s u f f e r  f r o m  t h e  s ame  a s s u m p t i o n  o f  c o n s t a n t  m a s s ,  v a r i ­

a b l e  G v;l t h i n  M i n s t e i n  s e q u a t i o n s .  I t  i s  t h e n  c o n -
■:-7t e n d e d  t : m t  i f  L o', r, , t h e  b ' a r t h  v. ' ould h a v e  b e e n  u n -  

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

I f  t h e  p r o d u c t  G V.  i n  k e p t  c o n s t a n t  v i i t h i n  M i n s t e i n  r. 

t h e o r y ,  I mcn  1. 3 ' "  o n l y ,  w h i c h  i s  a c c e p  t a b l e  a s  f a r

a s  t h e  G a r t h  t e m p e r a t u r e  i s  c o n c e r n e d .  The  e x p l i c i t  

3 a n d  M d e p e n d e n c e  o f  s t e l l a r  l u m i n o s i  t i e r :  w i t h i n  t h e  

s c a l e  e o v a r i . n n t  t h e o r y  o f  r r a v i  t a t  5 o n  h a s  n o t  . yet  b e e n

d e t e r m i n e d .
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V.'e h a v e  b e e n  d e o c r i b i n g  t e s t s  i n v o l v i n g  o b j e c t s  

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

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

o n l y  b e e n  t e s t e d  on  t h e  s c a l e  o f  t h e  s o l a r  s y s t e m  

a n d  i t  r e m a i n s  t o  be  shown i f  i t  i s  a s  s u c c e s s f u l  on 

a n  e x t r a g a l a c t i c  s c a l e .  We p a s s  t h e r e f o r e  i n  P a r t s  

. C,  D, a n d  S t o  t e s t s  i n v o l v i n g  h i g h  r e d  ah)  f t  o b j e c t s . -  

g a l a x i e s ,  Q S O ' o ,  a n d  q u a s a r s .  H i g h  r e d s h i f t  o b j e c t s  

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

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

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

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

h a s  n o t  b e e n  a b l e  t o  come no w i t h  a n  u n o q u  I v o n s  bl  e 

n u m b e r  f o r  gf . ' . ' 'hen we a r e  d i s c u s s i n g  e a r l y  t i m e s  i n  t h e

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

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

d i c t ]  or : c  t h a n  when we d i s c u s s  r e c e n t  t i m e s .  T h e r e f o r e ,  

when  6  <  0 a n d  f o r  a  g i v e n  o b s e r v e d  r e d  s h i f t ,  we d e t e r ­

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

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

w h i c h  o f  i t s  va l . ue . s  a r e  m o s t  c o m p a t i b l e  w i t h  t h e  d a t a .  

C o n v e r s e l y ,  wh e n  €  >  0 ,  t h e  e f f o o t  o f  q n on  o u r  p r e d i c t i o n s  

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

a n d  a n  o b s e r v e d  r e d . s h i f t  c o r r e s p o n d s  t o  a mo r e  r e c e n t  o r a  

i n  g r a v i  t a  t i  ot .e. l  h i  s t o r y  t h a n  i t  d o e s  i n  s v . a n d a r d  c o s m o l o g y .
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I V .  P a r t  C

I n  p a r t  C we e x a m i n e  t h e  h i g h  r e d  s h i f t  t e s t s  

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

w i t h  r e c e n t  r a d i o  d a t a .  S t a n d a r d  F r i e d m a n  m o d e l s  

w i t h  j \  -  0 a r e  t v. - s t ed f o r  q -  1 0 ,  5 .  2 .  1 ,  0 . 5 ,  

a n d  0 . 0 3  a n d  o c c a s i o n a l l y  f o r  o t h e r  v a l u e s ,  One 

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

l o g i c a l  t e s t s  a r e  r u n  w i t h  t h e  s ame  s o u r c e  p o p u l a ­

t i o n  w h e r e a s  t h e  r e s u l t s  o f  t h e  t e s t s  i n  t h e  l i t e r a ­

t u r e  a r e  h a r d  t o  c o m p a r e  b e c a u s e  t h e y  a r e  b a s e d  on  

d i f f e r e n t  d a t a .  The t e s t s  w e r e  r e p e a t e d  f o r  b o t h  

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

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

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

c o m o a t i t l e  w i t h  b o t h  d a t a  s e t s .  I n  o r d e r  t o  be 

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

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

ar id r m e c  i r a l  i n d i c e s  w e r e  a v a i l a b l e .  A l t h o u g h  

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

i n  r e g i o n s  o f  t h e  s k y  a l l  c o v e r e d  by t h e  d e e p e s t  

s u r v e y  u s e d .  t h i s  'ny no  m e a n s  e l i m i n a t e s  s e l e c t i o n  

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

e f f e c t s  i s  p a r t  o f  t h e  i m p e t u s  o f  t h e  w o r k .

Th e  r e s u l t s  f o r  t h e  i n t e r ! e r o m e t r i e  d a t a  a r e :

I n  . g e n e r a l  c o r r e l a t i o n  t e s t y  a n d  d a t a  d i s t r i ­

b u t i o n : ;  i n d i c a t e  . a s s o c i a t i o n  o f  s m a l l  p h y s i c a l  d i a ­

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

w i t h  h i g h  x .  At  t h e  same t i m e ,  f l a t  s p e c t r a l  i n d i c e s  

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

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

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

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

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

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

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

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

z ;  t h i s  may b e  d u e  t o  a  s e l e c t i o n  e f f e c t  o r  t o  t h e  

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

e x t e n d e d  p o r t i o n s  o f  t h e  s o u r c e .  W h a t e v e r  t h e  r e a s o n ,  

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

r e d  s h i f t s  a n d  a r e  t h u s  mo r e  s u i t a b l e  f o r  a n  a n g u l a r  

d i  nine t e r - r e d  sh  i  f  t  t e s t .

I f  we o i o t  t h e  a b s o l u t e  l u m i n o s i t y  o f  t h e  s o u r c e s  

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

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

a t e l y  a p p a r e n t  a t  a l l  q . The d 1 s o p o e a r o n c c  o f  t h e  

d i m  s o u r c e s  if.; a d e q u a t e l y  u n d e r s t o o d  a s  a  s e l e c t i o n  

e f f e c t .  I t  i s  n o t  a p p a r e n t  w h o t h e r  t h e  l e e k  o f  n e a r ,  

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

t o  a l o c a l  i. nhomo y e n e i  t y  o r  t o  i n t e r o r c - t a t i  on w i t h i n  

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

t
L -  L 0 ( 1  * z ) *
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w a s  ma d e  f o r  a l l  t h e  d a t a  a n d  f o r  t h e  f i r s t  t h r o u g h

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

Th e  e v o l u t i o n a r y  e x p o n e n t  g ' r e m a i n e d  n o n - z e i o  e v e n  a t

= 5 0 -r t h i s  w o u l d  s e e m t o  e l i m i n a t e  I n t e r p r e t a t i o n

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

w i t h  m o d e r a t e  q . I n  o r d e r  t o  e x a m i n e  t h e  p o s s i b i l i t y

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

t h e  t e s t s ,  r a n k e d  a n d  u n r a n k e d ,  w e r e  r e r u n  f o r  t h e

f a r  z d a t a  o n l y ;  l e s s e r  b u t  f i n i t e  e v o l u t i o n  p e r s i s t e d .

F i n a l l y ,  i n s t e a d  o f  a> o l o t  cf t h e  a b s o l u t e  l u m i n o s i t i e s

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

v o l u m e  w a s  made-,  t h e  l o c a l  h o i  e wa s  much l e s s  i n  e v i d e n c e

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

t o  o n l y  s m a l l  v o l u m e s .  The  a b s o l u t e  m a g n i t u d e s  w e r e

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

a n d  t h e r e  a b s e n c e  a t  s m a l l  z may be  d u e  t o  t h e i r  l ow 

s p a c e  d e n s i t y .  I f  t h i s  i s  s o ,  m o s t  o f  t h e  a p p a r e n t  

e v o l u t i o n  I s  a  s e l e c t i o n  e f f e c t .

I t  i s  t h e n  s h o wn  t h a t  i f  vie a s s u m e  a  p h y s i c a l  

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

o f  a  s o u r c e  o f  v a r i o u s  f u n c t i o n a l  f o r m s  s u c h  t h a t  

t h e  b r i g h t e r  s o u r c e s  a r e  t h e  s m a l l e r  o n e s ,  we c a n  u s e  

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

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

• d i a g r a m .  The  a n g u l a r  d i a m e t e r - r e d s h i f t  t e s t  wa s  p e r ­

f o r m e d  f o r  r a n k e d  a n d  n n r a n k e d .  s o u r c e s ,  f o r  a l l  d a t a ,  

fox'  a t e e o  s o e x t r a . l  i n d e x  s o u r c e s  o n l y ,  a n d  fox'  f l a t  

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

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

-w
D = D ( 1  -t- z )  o

wa s  m a d e .  I t  i n d i c a t e d  a n  - a p p a r e n t  d e c r e a s e  o f  

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

t h a t  e x p e c t e d  i n  t h e  s t a n d a r d  F r i e d m a n ,  . / V  -  0, m o d e l s  

f r o m  g e o m e t r i c a l  c o n s i d e r a t i o n s  a l o n e .  L e s s  a p p a r e n t  

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

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

i f  v.re h a p p e n  t o  h e  s e e i n g  t h e  b r i g h t e r  s o u r c e s  

a t  h i g h  z a n d  t h e s e  h a p p e n  t o  b e  t h e  p h y s i c a l l y  

s m a l l e r  o n e s .  A n o s a i b i l i  t y  e x i s t s  t h a t  n t  h i g h  r e d -  

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

i n t o  o u r  c a m o l e  o f ■ m e a s u r e s  o f  " l a r g e s t  a n g u l a r  s i z e "  

v/h i  oh  i s  u s u a l l y  t h e  d i  s t a n c e  be  t w e e n  s o u r c e  c o m p o n e n t s ;  

t h i s  w o u l d  a c c o u n t  f o r  some  o f  t h e  d e c r e a s e  o f  R w l t h  z .  

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

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

s o u r c e s  a n d  a p l o t  o f  the,  d i c t r i b u t t o n  o f  s p e c t r a l  

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

w e a k n e s s  o f  t h e  c o r r e s p e n d  i n n  c o r r e l a t i o n  f a c t o r  

i n d i c a t e s  t h a t  s m a l l  a n d  l a r g e  sp- v f c rnl  i n d i c e s  a r e  

f c u r i a  ' a b o u t  e q u a l l y  i n  t h e  n e a r  and.  f a r  r e g i o n . 0, so
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t h i s  p o s s i b i l i t y  d o e s n ' t  s e e n  t o  d o m i n a t e  t h e  s t a t i s t i c s .  

T h e r e f o r e  t h e  f l a t  i n d e x  e , ; u r o e s '  w o u l d  s e e m t o  f o r m  

a n  a c c e p t a b l e  s e t  a n d  t h e  f i t  w a s  i n d e e d  b e t t e r  whe n  

t h e s e  s o u r c e s  w e r e  u s e d  r a t h e r  t h a n  t h e  s t e e p  

o n e s .  When t h e  l a t t e r  a r e  u s e d ,  we a r e  i n v e s t i g a t i n g  

t h e  s e l e c t i o n  e n v o l o p e  o r  t h e  a p p a r e n t  e v o l u t i o n  o f  

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

f o r  t h e  c o s m o l o g y .

T e s t s  w i t h  t h e  s c i n t i l l a t i o n  d a t a  s h o w e d  w i d e  

s c a t t e r  a n d  w o r e  i n c o n c l u s i v e . F l a t  s p e c t r a l  i n d e x  

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

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

s c i n n  11.1 u t i o n  t e c h n i q u e  mu.;1 m e a s u r e  m o s t l y  c o m p o n e n t  

s i z e s .  The  s p e c t r a l  i n d i c e s  u s e d  a r c  c r u d e  p a r a ­

m e t e r s  d e r i v e d  f r o m  t h e  f ! u z  d a t a  o f  t h e  t o t a l  s o u r c e s  

a n d  do  n o t  n e c e s s a r i l y  r e p r e s e n t  t h e  s p e c t r a l  i n d i c e s  

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

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

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

l a t i o n  a n g u l a r  s i z e  a n d  t h e  r e d s h i f t „  E v e n  f o r  

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

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

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

o f  t h e  l a r g e s t  a n g u l a r  s i z e ;  t h i s  l a s t  r e l a t i o n s h i p  

may d e p e n d  on t h e  f a c t  t h a t  we c a n  n o t  m e a s u r e  v e r y  

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

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

E v e n  i n  t h e  s a r a o l e  u s e d ,  i t  o n l y  a p p l i e s  l o o s e l y  t o  

t h e  e x t e n d e d  s o u r c e s .  S m a l l  s o u r c e s  a p p e a r  w i t h  a l l  

a p p a r e n t  l u m i n o s i t i e s ;  i t  may be  t h a t  t h e  c o r r e l a t i o n  

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

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

l i n e a "  d i a m e t e r  w i t h  s t e e p  i n d e x  a n d  w i t h  b r i g h t n e s s  

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

V.  F a r t  D

I n  P a r t  b  we p a s s  on  t o  t h e  f u l l  s o l u t i o n  t o  

E i n s t e i n ' s  g r a v i t a t i o n a l  e q u a t i o n s  i n  a t o m i c  u n i t s  

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

E i n s t e i n  u n i t s  r e m a i n s  t n c  s. .me u s  i n  s t a n d a r d  t h e o r y ,  

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

c a n  b e  e i t h e r  m a g n i f i e d  o r  . r e d u c e d .  The c h o i c e ;

G / : ; o -  t  / t  i s  i u o o s e d . f h e  r e  a r e  now two d e c e l e ­

r a t i o n  n a r a m e t e r s ,  t wo H u b b l e  c o n s t a n t s ,  a n d  two 

u n i v e r s a l  s c a l e  f a c t o r s ;  t h o s e  d e f i n e d ,  i n  . g r a v i t a ­

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

The  r e s u l t s  a r e  a o p l i e d .  t o  t h e  m a g n i t u d e -  r e d s h i f t  

t e s t  f o r  e l l i o t i c a l  l a x  l e s  a n d  (080 s ,  t o  t h e  i s o o h o -  

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

t c  t h e  n u m b e r  c o u n t -  n a g n i t u d e  t o s t  f o r  b l O ' s ,  a n d  

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

Tnc  m e t r i c  a n g u l a r  d i  a r o t e r - r e d . u b i f t  t e s t  i s  

t h e  on !  v r a d i o  t e s t  i n t h i s  p o r t ,  a n d  i t  i s  h e r s
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a p p l i e d  t o  e s s e n t i a l l y  t h e  s ame  d a t a  a s  e m p l o y e d  i n  

P a r t  c. I n  s c a l e - c o v a r i a n t  c o s m o l o g y  i t  i s  p o s s i b l e  

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

s i z e  w i t h  r e r l s h i f t  - w i t h o u t  r e c o u r s e  t o  s e l e c t i o n  

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

f u n c t i o n  i n c r e a s i n g  w i t h  t i m e  a r e  c h o s e n .

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

p a r a m e t e r  e ,  w h e r e

L -  Lo p 0 .

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

t h e  m o d e l s  u s e d  i n  s t a n d a r d  t h e o r y .  S u b j e c t  t o  t h e  

s a me  u n c e r t a i n t i e s  a s  t h e s e  mod e l s ,  i t  i s  f o u n d  

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

t h e  o b s e r v a t i o n s . When 6  < i t  b e  c o m e s  a p p a r e n t  

t h a t  a n  o o e n  u n i v e r s e  f i t s  t h e  d a t a  b e t t e r  t h a n  a 

c l o s e d  o n e  f o r  t h e  o a t t a i n e d . As (• a p p r o a c h e s  + 1 ,  

t h e  r e s u l t s  b e c o m e  I n d i f f e r e n t  t o  cf .

u n f o r t u n a t e l y  t h e r e  i s  no  a c c e p t a b l e  t h e o r y  f o r  

t h e  e v o l u t i o n  o f  c r i O’ c i n  s t a n d a r d  t h e o r y  w h i c h  we c a n  

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

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

p a r a m e t e r  i s  n e c e s s a r y  t o  c i t h e r  p a r s  t h r o u g h  t h e  QSO 

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

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

t e s t .  I n  s t a n d a r d  t h e o r y ,  a s  we s h a l l  s e e ,  t h e  v a l u e s  

a r e  n o t  c o m p a t i b l e .  I n  s c a l e  c o v a r i a n t  c o s m o l o g y  

we o b t a i n  f o r  t h e  i n t e g r a t e  n u m b e r  c o u n t  w he n  •= 0:o

'whe re

a n d

o ■= ( 1  + e <? ) / ? / (  e - 1 ) ,

a n d  v n e n  ('j* - 1 / 2 :

w n e r e

I n  s t a n d a r d  c o s m o l o g y  we 'would h a v e  h a d  o n l y

10 ( 1 + s )

v; h e r e

I.  L 0  ( 1 , 7.!
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B e c a u s e  o f  t h i s  d i f f e r e n c e ,  i t  b e c o m e s  p o s s i b l e  t o  

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

n u m b e r  c o u n t - r n a g n i t u d e  t e s t  f o r  t h e  same e w h e n  £  <  0 ,

Ve e m p h a s i z e  t h a t  i t  i s  n o t  t h e  m a g n i t u d e  o f  e w h i c h  i s  

p e r t i n e n t  b u t  i t s  u n i q u e n e s s  a c r o s s  s e v e r a l  t e s t s .

F o r  i n s t a n c e  when  £  -  . 9 2 ,  e -  0 c a n  s i m u l a t e  t h e  

if -s it-. 5 o f  s t a n d a r d  c o s m o l o g y  i n  t h e  n u m b e r  c o u n t  t e s t ,  

b u t  e £  2 . 5  i s  r e q u i r e d  i n  t h e  r e d s h i f t - m a g n i t u d e  t e s t  

f o r  t h e  came Q S O ' s  a n d  g a u g e .

V I .  P a r t  ii

I n  P a r t  £ we e x a m i n e  t h e  n u m b e r  c o u n t - l ' l u x  t e s t  

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

p a r t  i s  a  l o g i c a l  c o n t i n u a t i o n  o f  P a r t  D, a n d  i t  was  g i v e n  

i t s  own s e c t i o n  o n l y  b e c a u s e  i t  i s  s o  l a r g e .  The d a t a  u s e d  

a r e  t h e  some a s  t h o s e  used,  i n  P a r t  c • A g a i n ,  t h e r e  a r c  

.no a d e q u a t e  m o d e l s  f o r  p r e d i c t i n g  t h e  e v o l u t i o n  o f  t h e  

s o u r c e s .  me r e d e r i v e  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  a n d  f i n d  

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

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

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

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

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

c o s m o l o g y .  I n  s c a l e - c o v a i ' i a n t  c o s m o l o g y  w he n £  <  0 w i t h  

a n  o o e n  u n i v e r s e ,  i t  i s  p o s s i b l e  t o  o b t a i n  t h e  mo3n f e a t u r e s  

o f  b o t h  t e s t s  w i t h  t h e  s a m e  s i m p l e  e v o l u t i o n a r y  p a r a m o t r i -  

s t a t i o n .  f h ] s  s u c c e s s  i s  no  t  l i m i  t e d  t o  o u r  a s s u m p t i o n  o f  

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

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

s i t y  e v o l u t i o n ,  5 t  e n t e r s  v-\ t h  a n  e x p o  s e n  t  i-.-q u a l  t o
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3 / 2  t h e  v a l u e  w h i c h  w o u l d  h a v e  b e e n  a c c e p t a b l e  f o r  

l u m i n o s i t y  e v o l u t i o n .  T h i n  i s  t r u e  a s  w e l l  i n  

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

t e s t s  d o  n o t  d i s t i n g u i s h  b e t w e e n  t h e  two k i n d s  o f  

e v o l u t i o n  a n d  a c c o u n t s  f o r  come o f  t h e  c o n f u s i o n  i n  

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

i s  s u y " ; e s t e d  t h a t  i f  a d i f f u s e  s p e c t r u m  c o u l d  be 

t a k e n  a t  t h e  same f r e q u e n c i e s  a t  w h i c h  we o b s e r v e  

t h e  d i s c r e t e  s o u r c e s ,  s i n c e  we a r e  d e t e r m i n i n g  

e + s ,  w h e r e  s i s  t h e  e x p o n e n t  f o r  d e n s i t y  e v o l u t i o n ,  

i n  t h e  c a s e  o f  t h e  d i f f u s e  s p e c t r u m  a n d  3 e / 2  +• s  

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

c om bi  n i n i r  t h e  r e s u i t s  o f  ho  t h  t e s t s  ini /^h t .  d e t e r m i n e  

e a n d  s s e p a r a t e l y .

Phi  s  o r e  ' ' a c e  i s  i n t e n d e d  o n l y  t o  .y ive  t h e  

m a i n  i m o e t u s  o f  can ' !  P a r t  t o  px’ovidc-. b e n c h m a r k s  f o r  

t h e  r e a d e r  per. su . in-c t h i s  t h e s i s  w h o s e  p u r p o s e  i s  t o  

show t h a t  a t  l e a s t  on  t h i s  l e v e l  t h e r e  a r e  n o  c o n t r a ­

i n d i c a t i o n s  t o  a  s e a l & -c cv a  r i  a a  t  i n t e r p r e t a t i o n  o f  

f c r a v i  t a  t i o n a l  t h e o r y .
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SECTION 3 :  PLAMETARX CONSIDERATIONS

. I  . INTKODL! CTION

Me Crea (3978) has pointed out that there is  no sen se  in which the standard 

general relativity (GR) can admit a variable "gravitational constant". It was also  sug­

gested  (Me Crea 1974) that with im proved observational confirmation of E instein 's re su lts , 

thus establish ing the correctn ess of h is theory of gravitation, any variation of the gravita­

tional constant can be ruled out by inference. While we agree with the form er rem ark, we 

do take issu e  with the Jailer in ference. In the present paper, we shall explain how E instein 's  

theory of gray h a i ion can be re conciled  with a varying gravitational constant.

The value of any (hnienFiailiil physical constant depends on the units ore em ploys.

In a sp ace-tim e theory such as GR, the fundamental unit is  a length, which is  provided 

by som e m easuring procedure. However, any m easuring instrum ent, lining a physical 

system  itse lf, m ust obey certain dynr.mjea)J.aws. Thus, for example, if we u se  the 

distance between orbiting gravitational bodies as a referen ce, we would have a gravita­

tional unit (or Einstein unit) of length. On the oilier hand, if aio.inic instrum onis, whoso 

governing physical lew  is  quantum electrodyuam ies, are used, we have, an atomic unit of 

length, A priori, there, is  no reason  to b elieve  that the two units of length m ust be a 

constant m ultiple of each other. Consequently, when iho "gravitational constant" is a 

constant in one system  of unit, it is  not nccosnariJy a constant, in the other system  of 

unit.

The idea can be. bettor illu strated . If we w rite ds^  , cto ,̂ for the line elem ents  

as m easured  in atom ic and gravitational units resp ectively , we would have in general

-  (-(Aids, A ( i )
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it  follow s then that a ll dim ensionful physical quantities in the two resp ective  units arc 

sim ilarly  related:

q e  -- p 1t q a  (2>

w here Q and m ay be sca la rs , vectors or tensors and the exponent tt is  given 

by the d im ensions of Q. In particular, the "gravitational constants" in the two units 

are related  bv

17 g

We wash to note heir- a subtle d ifference botweon our u se  of the. term s "general 

relativity" and "E instein 's theory °-r Gravitation" . The form er a sou men the si run;', 

principle of equivalence which d ictates that p must ho str ictly  constant. If one assu m es  

only the weak equivalence principle, E instein 's theory of gravitation rem ains intact, and 

P can in general be a. function o f ap ace-tim e. In the geom etrica l framework of E instein's 

theory of gravitation,, the Bianoh: identities along with the conservation of energy and 

moment um demand a const ant G , which is  a proportionality factor between the geom e­

tr ica l Einstein tensor and the energy-m om entum  tensor. We note that it is  G^,, and not



the "gravitational constant" in any other units which is  required to be a constant, b e­

cause E instein’s theory governs the dynam ics of gravitational phenomena only, and it 

provides a gcom etrodynam ical unit of length. Hence E instein 's field  equations must be 

understood as written in Einstein units, in standard GR, people u se  tlic.se equations as 

though they are a lso  valid  in atom ic units. It should be recognized however that this 

amounts to making' air extra assum ption, nam ely, that the sca ling  function |3(x) in 

Eq. (1) is  a constant. Thus, one goes beyond the rea lm of gravitational physics and 

s t ipulates a sp ecific  reintion between, gravitational dynam ics and atom ic dynam ics. If 

the gravitational interaction strength changes rela tive  to electrom agnetic interaction, 

rve m ust expect |3 to be varying and therefore according to (3) G , m ust a lso  be varv- 

ing. It is  in tins sen se  ihal we can accom m odate and interpret a varying "gru\Rational 

constant". F iom  this viewpoint of seeding between two fin d s of dynamical units, G 

m ust be ex p ressib le  as u functional of (3 as is  c lear  from (3). However, it is  im port­

ant to note that for a com pled c determ ination of the variation of G, one roust know not 

only the variation of p bid also  the value of n , as we shall explain in n u n c details 

below.

With this understanding, it becom es evident that observational confirm ation of 

E instein 's resu lts  in purely gravitational experim ents can be com patible with experi­

m ents which purport to m easure the variation of G, provided in the Rill or, atom ic 

units art: u sed . This in fact is  what some- ob servers have been attempting to do in the
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past Jew years: measuring' (lie non-gravitational variation of the orbital period of the 

moon in term s of atom ic tim e. Whatever theoretical prejudice one may have for p ie -  

ferrin g  a null resu lt in the above experim ents, one should keep an open mind and allow  

for the p o ssib ility  of a non-nail result.

H istor ica lly , M ilne had long ago anticipated the possib ility  of Gq. (1). When 

Dirac introduced his L arge Numbers H ypothesis (LNII) and proposed a varying G, he 

a lso  had (l) - (3 )  in mind. Unfortunately, when people study the effects of a varying  

gravitational constant, Newton's or E instein 's dynam ical equations arc used wish only 

the m odification that is  allowed to be a variab le. As was pointed out, (bis is  a 

logi • •consistent procedure.

-insistent form ulation of the gravitational equations in non-grav*lalional units 

has beer given in an ea rlier  paper (Canulo e l a l. 1077) in which we developed the ideas, 

outlined above: gravitational dynam ics rem ains unchanged. When described in atomic 

units, the dynam ical equations, are obtained by conform a 1 transform a lion, as required  

by Eq. (1), from  the coi'respoodia'-g oiuk in standard Gif. Clearly the a priori undeter­

m ined function p would appeal in these equations. If e . g . ,  the observational resu lts  

arc analyzed with these equations, P can be determ ined observe!tonally. On (fie other 

hand, one could apply theoretical considerations such as D irac's I .Nil to fir the functional
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f o rm  of p .  In Ibis c a se ,  the conformall .v t r a n s f o r m e d  dynamical, equat ions a r c  fully 

de te rm in is t ic ,  and one can p r e d ic t  r e s u l t s  f ro m  exp er im en ts  us in g  a tomic  un it s .  In 

this  m a n n e r ,  one can  have a  valid observat ional  check  on D ir a c ' s  ideas .

In the next  sect ion,  we br-ofly r ev iew  the  f rame wo rk  of s ca le  covar inn l  g rav i t a ­

t ion in troduced in an e a r l i e r  p a p e r  and then i l lu s t r a t e  the types of theo re t ic a l  co ns id e r ­

a t ions one. can u s e  for  the de te rmin a t ion  of p , In Section HI, we sha ll  show in some 

detai l  how the sc .de  covar ian t  f r am ew or k  can be used  to in te rp re t  and ana lyse  data 

f rom a tomic  m e a s u r e m e n t s  of g rav i ta t ional  phenomena ,  thus giving a descr ip t ion  of 

the  observation*!! de te rm ina t io n  of p ,

With the p r e m i s e  tha t  E i ns t e in’s  theory  c o r r e c i i y  desor ' i i es  g ravi ta t iona l  phen-

adopt the convention t.iiot the coord ina te  diftoj.ontial is  dLncns ionlcss .  Thus,  given that

I I .  THEORETICAL DETERMINATION OF p

omena,  the fol lowing field equat ions and geodes ic  equa tions a r e  a ss um ed valid: 

G |dv (4a)

(ha)

wlic ic  d \ i s  the di ffe ren tia l  affine p a r a m e t e r ,  idontlfiable with the different ia l  path 

length for  non--null yoodc-si.es. It is  th e re fo re  a length m e a s u r e d  in Einstein units.  Wo



Equation (1) impl ies

(E) (A)

S „ v  • <7>

which can he readily recognized as a conformal transform ution. The geom etric parts 

of Eq. (4a) and (5a) are easily  transform ed. With the further assum ption that the right 

hand side of (4a) is  form  invariant (see  Canuto el al. 1977, tor- details), we get
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with

v . , v

(E) (A) (E)
We note Chat G and G are the Einstein tensor;.' constructed from g and pv pv pv
(A)
g resp ectively . Covarinnt d ifferentia lien  in (41)) is  defined with resp ect to g

L ikew ise, (lie P 's  in (5a) and (5b) are the Christofrel sym bols constructed from  

(E) (A)
g and a resp ectiv e ly .
^ p v  ‘ }J.V

It can be shown from (-lb), using  (3) that

T !'lv = hr - 2 )  T *Jv CV P) -i- h<kS'lJ Tv . (8); v  g ' v v

(H ereafter, we drop the index A for a to n ic  units). H o v e  the er-orpy momentum con­

servation law in atom ic units m ust be m odified as a consequence of our assum ptions. 

In the sam e sp irit llie m odified baryon number conservation equation reads

(nU 1 ̂  ; p ' + (1 " V  H I  = ° (9)

w here n is  the baryon. number density. The generalisation  given by Eq. (9) is  com pali- 

ble with Kq. (S) if  we assu m e a p erfect fluid form for the energy momentum tensor with 

p = 0. H owever, the validity of (U) is  independent of this assum ption.
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If one w rites (p = f  p)

(IP)

and integrate equations (8) and (9) over a volume elem ent V, it can be shown that 

Eq. (3) y ie ld s

w here F has boon assum ed constant, and we have .again made u se of Eq. (3). Equations 

(II) and (12) give the allowed variation o l to!al energy (in atom ic units) nndnnrticle  

number within a eo-m oving  volum e. Obviously, the result!? of the standard theory are  

recovered  if we se t  G and 6 equal to constants.

With the aid of Eqs. (11) and (12), \vc can indicate how cosm ological considera­

tions such as D irac's LNH can bo used  for the determination of p. (A m ore detailed  

d iscu ssion  and a b r ie f review  of LNII can be found in Canute et al. 1977). We assum e  

hom ogeneous etym olog ica l m od els so  that only functional dependence with resp ect to 

cosm ic  time, t (in atom ic units) needs to be considered.

(a) F irst gauge.. If we assume. (Dirac 197-1)

P V 11 -  P ) ~  G " 1 f f ( 1 + 3 r ) ( 11)

and Eq. (9) jdelds

nit ~  G-1 1 ( 12)

G I
t N s  nV .2t (13)
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Equations (11) and ( 3 ) im ply that

I  , r,'g = " I  (W)

(b) Second gauge, (Dirac 1938). If we assum e

G ~  ~  , K s  i;V ~  t° = constant . (3 5)

Eqs. (12), (15) and (3) then yield

3 -  t  ,  tt =  + 1  ( l f i )

(c) From considerations of the spectrum  of the background radiation (Canute

and lis ieh  3C7S), one m ay prefer to im pose the auxiliary condition that radiation be

adlabaUealJy conserved. Tims with r  a , we find from (31) that

G g2 constant (17)

Together with (13) and (3) we obtain

(18)
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The common assum ption among the above throe ca ses  is  the D irac hypothesis 

that the gravitational constant d ecreases as the inverse of the. cosm ologica l epoch. The 

hypothesis of m atter creation  which is  incorporated only in Case (a), can be m odified. 

Instead of specifying the tim e variation of the p article  number within a co-m oving vo l­

um e, one can stipulate that the number  o f p artic les within the o b s e r v e r  horizon in ­

cre a se s  as the square of the epoch:

Pjr a o
Nn  -  I T  «  ~  r  • <M>

We shall now show that for certain  cosm ological m odels, the assum ption (10) loads 

back to the hypothesis on the variation of G.

F or that purpose, wo note first that Eq, (l'J) with i' = 0 g ives the variation of 

m ass density

p ~  It"'3 G-1  (T3 (20)m

w here we have rep laced  the volum e by IV ', 11 being the sc a le  factor in the llob crtson -  

Walker m etric . Next, ive note, that Eqs. (4a), (-'b) arc conform;’.1, transform ation of each  

other and so  must bo their solutions. Hence, using (7) it can be shown that

h K(t ,3 = 3(1) V(t) (21)

where 11 ̂ ,.(1 -,;.) is  the sc a le  factor of the II-V.' m etric  in Einstei n unhs sa tisfy ;eg  (h i).

It is  w ell known -hat in the m ailer  dominated era, for k =■ 0, we. have
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k e<‘e> ~  3 m

U sing Eq. (1), Eq. (21) can be rew ritten as

R(t) -  P_1(i) f. f 0 (f)  d t'}2 /3  (23)

With Eqs. (20) and (23), (39) becom es

N n  ~  (32  t 3  C5*1  ( J  p( t>)  i l l ' ) " 2  ~  t 2

which, for sim ple power law s p ~  tp , (p ■/ - l )  y ields

N ~  — — I'2(I  G

i . e .  G ~  t * , the hypothesis on the variation  of G (Dirac 1938).

I I I .  OBSERVATIONAL DETEliM(NATION OF P 

From  standard theory, it is  easy  to show that

G„ M ., = con s i. (24)J.4 iv
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" e  2
nE ° E  ME

(25)

H E
T q

(Gp M r ) ‘
( 2 0 )

where R is  the radius of the planetary orbit and = "  , with T p denoting; the

period  of revolution. Without a c lea r  d istinction between different dynamical c lock s, it 

has boon tempting for ob servers to in terpret the variation of (n/n) and (It/It), over and 

above that due to tidal e ffec ts , in term s of Eqs, (25) and (20). in fant, assum ing a 

constant total m ass, it is. often stated that

Up CiT, It p
-  2 -  -2  (27)

E JE E

G
Observational resu lts  are often prcsenfeu  in term s o' -•-,- , using lap (27) (see  ior ex ­

am ple Roasenborg and Shapiro 1977 and 1977 ), The la tter  is  the resu lt of what Dirac: 

has referred  v.o as a "primHive theory" of varying G whieh stipulates th;: sam e Newtonian 

equations of motion with G being a. function of tim e. Such a stipulation by its e lf  is  not 

n ecessa r ily  wrong u n less one im p oses a lso  certain  conservation law s which arc not com ­

patible wit]i the assum ed dyn.-ymicul equations. This is m ost easily  understood in the 

fram ework of E insioln 's theory of gravitation whore for a given Lagrangirm, both the 

dynamical ( •[nations and the conservation  lav/fi are sp ecified . Considering (he Ncwi.oninn
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equations as a c la ss ic a l lim it of E instein 's theory, Eqs. (25) and (26) m ust bo used  in 

conjunction with the constraint (24), i . e .  G^, = constant. Hence, the only infor­

m ation one can ge l from  th ese two equations is  that

d n ^  ell,

d C  "  0 ' 3 T T  "  0 <3S>Jbj L'j

Thus im position of the s tandard conservation low, nam ely, c onstant total m ass, cannot 

bo comjvafjb]o with vaviable G.

On the other hand, m easurem ents o f planetary orbital param eters using atomic 

instrum ents ought not be considered as a tost of E instein 's Hicory of grav itation per sc . 

Rather, assum ing the la tter 's  validity, such observations should be considered a lent of 

the constancy of B, Since the orbital period and radius are  both sm all intorvn.'s com ­

pared to the cosm ological scale.-, the d ifferential sea lin g  Jaw, Eq. (J), applies so  tfiat

n1(. = ~  n ; 15E -  PR (25)

where n and 15 now refer  to flu-' corresponding orbital pararneicrs measure.fl in atomic 

units. Witli ibe assum ed constancy of n and R ., we find im m ediatelylit li»

5. =, £  ,, .. 2. (?n)
n P R

Thus having introduced the rlistii.-ction betw een isvo dynamical c lock s, a uoii-~var.I siting 

observational result, in n and R can be easily  understood. Even without referen ce to 

the constraint. (21), prim itive theory and the. ik v  theory eon r ; distinguished in that they 

imply different ra tio s.



n „ /n .,
= _ 2 , m i = _ !

R y / R - p  R / R

which can be checked by observations.

One can derive (30) in a m ore elaborate fashion, using the equation of mol?on 

(5b). • H ow ever, as can be recognized , (5a) and (5b) are eoiifoi-nnil transform ations of 

each other. R esu lts of (5b) can be. obtained from those of (5a) by a conforn.ol transfor­

m ation.

To gain m ore inform ation from (30), we first, nolo that for n on -reh tliv istic  

m atter, the cum gy density p is  m ostly  due to I ho rest mac.': density. Hence with 

F =• 0, Kq. (11) given

pV ~  ( t ip) -1

or

GM $ — co'Ootnnt , (oi)

which rcplw.cc?:- Eq. (2-1 )„ Oka rly for the L\vo coinoi<U\ We now have



Tim s, u n less one m akes m ore detailed stipulations, observational determination
•  •

o l  the variation of p by m easuring n and 11 g ives no inform ation about tho separate  

variation  of G and M . This is  expected of all gravitational experim ents dealing with 

geod esic  m otions. Tor the latter respond to tho sou rce strength which is  always char­

acterized  by the combinrdion GM. On the other hand, given hypotheses (a), (b) or (c) 

an •described in the previous section , the variations of G and/or M are specified  by 

cosm ological considerations. T hese in turn determ ine S/P which can be cheeked, using  

Eq. (30), against the m easured values of n /n  and 11/11. Before making m ore detailed  

com m ents on such a com parison, we shall consider another effect of varying p.

If the strength of the gravitational interaction does change with resp ect to that of 

atom ic dynam ics, ilie s iz e  of a m acroscopic object such as a planet or a star would bo 

•cemented to vary with tim e. To sen th is, we con sid er a m odel in which m atter has an 

equation of state of the form

p -  pY (33a)

w here p and p arc respectively  the p ressu re  and m ass density, y is  called  the poly- 

tropic: index.

It has been shown (Camtto et a l. 3 977) that from (4b), tho equation of hydrostatic  

equilibrium  in the nun- re lu tiv istie  limit, retail s the standard Newtonian form

fJil -  _ ™  m,-in
dr “ P 2 r
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From (3,'Ja) and (33b), we {jet

GM2 ^ r 3"'/ 4 = cons tan t  ,

s o  that

r 4 -  3y G 4 -  3Y M 

Making u se  of (34), w e can write

£  -  x -  jl  i  + £i (34bs
r 4 -  3 y 3 4 -  3 Y G ( '

II is  important to nolo that unlike the ca se  of a planetary orbit, the. variation of 

the radius c.f the kind of m acroscopic object under consideration cannot lie reduced to 

purely a. variation of the product GM. Hence the two typos of observations (3ft) anc)

(34b) loge.Uici give not only the value of B, hut G and Pel separately .

T here has been indications (Mu Elhinny ct al. 1073) that the Earth and M ars 

have been slow ly expanding w hereas M ercury has been contracting. On the other hand., 

no observable variation of the s iz e  of the Moon is detected. Not withstanding the diffi­

cu lties ol ini c ip r  d a  ting paleonv.gneUe did a , M c Elhinny ct al. r esu lts  cannot be d irec­

tly  compared with (34b) because the la tter Pi m erely  a rough approxim ation for a s im ­

p lis t ic  polyirep:c m odel. Many geo-therm al effects  which can contribute to the variation  

o f the radius have not been included. N everth e le ss , Ihpj.p.de1_dqes point/jut the fact, that 

in slUiqvionr. where a bnk.nce of iy.-p eax.s o r form's is id blay. qn_cjvm j';n_'.nJ.p for mill ion 

on ihe separate variation_q£_n and M. We thoroluro venture to su ggest that \«th
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soph isticated  computation of stellar structure and high resolution m easurem ent of the 

so la r  radius, one can perhaps have su fficien t accuracy for a determination of G/G.

F inally , v,e return to the observational determ ination of 3 using (30). The 

la te s t  values of the observed tola1 •• aviation of n for the moon are

i), = ( -2 3 .8  ±4)" ey~2 (Wil l iams et. al .  1978)

n = (-24 . G ± 1 ,0 )  ey “ (Calamc and Mulholland, 1973)£1

n„ ' = ( -2 1 .7  ± 3 . G)" cy " (Von Flandcru, 1978)

From  these one m ust subtract, the contribution due to tidal effects (M uller, 3978).

n, --■= t-8 0 .0  ± 3 \" cy"2 c k

so  that thcj net van 'll Ion can be expressed  as

- •  = -  ( n -  n. ) (35)n n ' a t ' ' '

O _1
w here n 1 .73  x 10” cy “ . These data indicate that.

~  -  (3.G ± 2 .9 ) lO"1 V y r

(3.3 ± 2 .0) 1()'JV y r  (30)



H ence from (32),

(GM)' > 0 ,. 3 > 0  (37)

Com parison v,nth (.IT), (16) and (18) shows Unit of tho throe different gauge con­

ditions proposed for the delorm ination of p , only D irac's m atter creation gauge {14), 

is  excluded by present observations.

TV. CONCLUSION

We have advocated the interpretation of a varying G as a non-constant s e t '  

between atom ic and gravitational clock:;. Cotisi.iieni dynamical equations with a va>

•G can thus be written and observational data should bo analysed in i.e**ins of these equa­

tion s. The sea lin g  function P is  not dynam ically determ ined. This is because the theoiy  

i s  as yet. incom plete. In fact sc  Jar we have only expressed  pravitalionaJ dynam ics in 

term s of atom ic units. When a theory of coupled atom ic and gravitational dynam ics w ill 

be available, we expect 3 to em erge naturally as a dynam ical field  variab le.

On the other hand, observational constraints on P e: n be a valuable guide for the 

■coiih.tr..otion of such a theory.. It is  therefore useful to further develop the present theory 

to study its nstrophysioal and cosm olog ica l conseqii'tMuctt. Part of this task has been a c ­

com plished (Cnnuto and Ilsicli, H>78; S e c t io n .';  D arid a e o lo w  ). It is  found that 

currently available observations on m agnitudes, angular d iam eters and i adio-data do iK>t 

•exclude a varying G of om: part in 10 per year.
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SECTION Ci STANDARD TESTS 

INTRODUCTION

Continuing exam ination of the optical and radio data for galaxies and quasi- 

sto lla r  objects has not yielded a d ec isive  preference for any eosinological m odel. The 

indeterm inism  is  ascribed  to (1) the scarcity  of data., (?,) the superposition of selection  

effects and evolutionary trends o 1 the sou rces upoji the eo,sinological functional depen­

dence, and (3) the in trinsic  sta tistica l spread of (lie source param eters.

The observed param eters available for radio sou rces are apparent magnitude 

m (derived from the observed flux S), red,shift z ,  spectral index a ,  and angular 

diam eter 0 determ ined either by in terforem etry or scintillation . Throughout this 

paper it w ill be assum ed that the redsh ifts are cosm ological.

The traditional lests  are m- x, Q-z, m -  , the volum e test V/Vm , and the number

cou n ts• N(ft), N(6), and 'N(x). V ariations of those te sts  may be made with the derived  

quantities: absolute magnitude M(m, z),  lin ear  diam eter O(o> z),  mid bolornelric 

distance d,. (:■) assum ing a given cosm olog ica l model but arc not duT.-r-rjl except fo r-ij ■ ■

m ally from the. te sts  with m, 0, and

Tiie tc s ls  may be applied to optical or radio data v/iUi or Y/ithoui r miking. Ivlost 

of the te sts  applied to c lu ster galrccie:-: have been applied to the radio data. Bnhenil and 

I lills  (1973) and Burludgc and O’Dell (3C73) have found som e trend although of de­

batable slope in the m -  z relation for radio soarcc.v using  the firs.t-rruik method. Ekers 

(1973 lirbino NATO S'.gmncr School) has investigatcd the (j-S  relation, and NarliJuu: and 

Cbifcre (3'J77 Tata preprint; have applied two statistic:;! tests  to ti is  mapping which r ise  in­

volve brcu'diig up the ■ lata se ts  into lum inosity c la sse s , i .e .  a brightness ranking principle



on N(6) is  incorporated. Sandsge (1972) lias applied the first-rank  method to the 8 -  z 

relation  for c lu ster  ga lax ies. The 0 -  z relation for radio sou rces has been investiga­

ted without ranking; by Wardb: and M ilcy (15)74) using in terfcrom etrie angles (and in­

terpreted  assum ing there is  no established m -  a relation), by I Jewish, lloadhead, and 

Duffet-Sinith (1974) using scintillation  angles, and by .'deadhead and Longair (1975) 

using the scintillation index. It i s  the intention of this paper to repair a hiatus in the 

fam ily of testing by treating the q -  z relation for radio sources with ranking sir.ee 

ranking im proved the p icture in the m -  z test.

The p ossib ility  that the surface brlghtncsfi-redshiCl test may separate the c o s ­

m ologica l, evolutionary, and observational effects has bc.on discussed by Petrosian  

(15)7(5), T insley (15)75), and Disney (15)70). In the prem ra paper a functional form  

(1 -t- z)k in assum ed for the absolute lum inosity L .and (1 + y.) " l'or D, the linear  

diam eter. A. regression  analysis determ ines the best g and typical I, from the 

ranked hi -  z le s t  and 11 in best w and typical D from the ranked G -  z test for differ­

ent cosm ological m od els. The su ccess  of the model is  judged by the goodness of ill!:: 

lit.

The ranked 3 -  z test Ls a lso  m ade assum ing no evolution in order to see  which 

pureiy cosm ological form ulation gives, die b est fit. The model.*; considered arc the 

traditional Friedm an -universe;; with A ~ 0, p/p ~ 2 q  = 20, 10, 4, 2, 1, and .00

and the steady state u n iv n r s , u -1 . The correlation lunolrons oi tlic observed G v.'ith J Jo

•/. and of 0 with the theoretical angle 0 . where 0 is  the host fit of the P -  z data for 

a given cosmo.'ugical m odel, w ere also  used as te sts  of the cosm ological G -  z relation.

The problem of the in trinsic  variance of source param eters is  attacked by 

searching for correlations among z, 6 , D, B, m, M, and a  which m ight allow
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se lec t i on  of a subnet  with l e s s  in t r in s ic  v ar iance .  In fact  it i s  the M -  D co r r e l a t io n  

which al lows u s  to r a n k  s o u r c e s  by the i r  luminosi ty  and then use  the f i r s t  b r igh tes t ,  

second  br igh tes t ,  etc.  in the 6 -  /. t e s t  and find a  l e s s e r  sp re ad  in  angular  d ia m e te r .  

Com para t iv e  ranking  of  the s o u r c e s  by  0,  D, m.  and M is  a l so  used  to te s t  the  M -  D 

c o r r e la t i o n .  The  co r r e la t i o n  of d i a m e t e r  with spect ra l  index al lows us  to obtain a 

c l eane r  p i c ture  of  the unrankod 0 -  z  mapping'  by choosing only the s o u rc e s  with flat 

sp ec t r a ;  i t  had a l te rna te ly  been sugges ted  that s teep so u rces  would i l lu s t ra te  the 

cosmologica l  trend bes t ,bu t  i t  a p p e a rs  that  these s o u rc e s  cloud the i s s u e  with t h e i r  

evolution.

In o rd e r  to inves t iga te  luminos i ty  and number  densi ty evolution p r o b l e m s  and 

se lect ion ef fects  in the data se t  used,  the  rad io  ' V/Vm los t  is  p re se n te d  and gives r e s u l t s  

s ta t i s t i ca l ly  c lose  to . 5  or  a  un iform dis t r ibu tion.  Graphs  of  M a s  a function of z, 

o f  volume V in sp h e re  z, and of V /V m as well  as  of V /V m  as  a function of z show 

however  a t  l e a s t  scans p r eponde rance  of the d i m m e r  s o u rc e s  n e a r  us  which i s  not 

sa t i s fac tor i ly  explained.

The 1.1 -z  tes t  shows the bes t  fit (and least  impl ied luminos i ty evolution) for closed 

mo del s .  If we a s s u m e  no in t r ins ic  l i n e a r  d i a m e t e r  e/cluti.ovi, the  (i -• v, l e s t  in genera l  

shows the b e s t  PI  for the open models,  it  is  apparent  then that no one t radi t iona l  

■deceleration p a r a m e t e r  q f i ts  both the rn and a data without so me evolution or  

s t ro ng  .selection effect s.  How if  the u n iv e r s e  in c losed,  there. Is l e s s  r es idu a l  depen­

dence of the lusainosily on redRhlft  but. th e r e  is a lot of d i a m e te r  evolution a t  such high

q . Wo shal l  sec  that the co r r e la t i o n  of brirhiu-.ms with s n r T l  l i n e a r  s izes  is  oven n

g re a t e r  a.i high q lhan at low q . and,usu:V the D -  M rela t ion  and  accept ing  the ,?o- JC> V

si dual M -  z  dc-pcndenco, w> • can p red i c t  in a very  g ' - iora l  fa.aid on the D -  z dependence.



Since we axe not considering the D -  M relation to be z dependent at this level, of ana- 

lj 's is , only a reduced dependence such as the M -  z one,which is  at le a st  partly due to 

se lection  effects such as Sootts (1951) and the superposition of optical and radio lim i­

tations,m ay need an explanation. A lso at high q , the Magnitude vs Volum e graph shows 

a surprisingly uniform  distribution of sou rces per unit volum e. Wo note that, when the 

D — (1 -i- v.) dependence is  sim ultaneously found with the best fit to the 0 -  z curve, 

the best fitting 0 -  z model chmvs no preference for high or low q although the 0 -  z  

te st without evolution gave favor to low  q . If we choose very  open m odels, it is  not 

n ecessary  to consider any great d iam eter evolution but theme is  a heavy lum inosity de­

pendence on red sh ifl mid sin ce the M -  D correlation  is  reduced som ewhat at low q , 

we can rely even le s s  on this source characteristic  to explain it. T here may be other 

reasons such as the deuterium density and M ass-L um inosity Ratio, (Golt ct a i . , 197-1), 

to prefer low q , .  The main problem  is the lum inosity distribution. The j) -  •/, d istr i­

bution is  understandable; there m ay be just as many largo d iam eters at high v, as at 

low y.; we just, don’t sc..:m them because of their low Jurninosiiy; wo se c  at small, y, 

both large ai id sm all d iam eters. However the Id vs V/Vm curve shows a slightly  

c lo ser  distribution of the dim m er sou rces than the brighter ones and the M -  z curve 

shows a lack of bright sources near u s. We may be in an evolved "vacuole" in a uni­

form uuiverse.buI the "vacuole." would bo larger  than the local suporehastor or about 

the s iz e  of the z - ’vuisolropy region. On the oilier hard, adding one strong source at 

z  ~ o, putting ourso.lves in the middle of it, would im prove the graph. The Q and m  

data might bo j oeoncilod in a non-tradition.!.!, cosm ology which shortened the effective  

bolom etric iHrUnices to the sou rces relative to the angular d istances, making distant 

sou rces appear brighter than expected. Another possib ility  is  that G is  not m easuring- 

the m etric  width of the same, parts of the sou rces at different z.
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T his preview  lias of n ecess ity  been very general. B ecause the reader m ust be 

fam iliar with the details o f  many varied but interconnected p ieces of evidence, the]' are 

presented  in separate paragraphs as follow s:

I The Data

II C orrelations

in e - z

a) G eneral

b) F la ts

c) Ranking

IV M -  z

V Volume test

VI D -■ 1st

VI I D -  z

VIII Spectral laden

IX Component Size

X Scintillation Data

Xt Conclusion
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I. THE DATA

Two se ts  of data arc: used: that com piled by Miloy (1972) and by War die and 

M iley (1972) with angular data, given at 3 .7  cm and 1 1 .1  cm (NLIAO) and augmented by 

.Riley and Pooley (1975) at G exn with the Cambridge 5-T.m telescop e with fluxes given 

by the 179 MJJz (1G8 cm) survey in addition to flux and angular data at 963 Mltz (Stannard 

and Neal, 1977), referred  to as the interforom etric data; and that, reported by Deadhead 

and llew ish  (1971) by the scintillation  technique at 81. 5 MHz (308 cm).  The data arc  

quite d ifferent for the two se ts  and so provide a check on each other.

The bolom etric correction  Tor r.onthcrmal sou rces is  made according to the 

argument given by Schmidt. (1903). When occasionally  no sp ectiv i index was available, 

it  was calculated from available data or arbitrarily se t  equal to .71  (.7  is  considered  

about average). For Hie R iley and Pooley data the sp ectra l index is  calculated over Hie 

large range of 5000 MHz to 179 MHz. In som e ca ses  Hie spectral index Jutd to be used 

to have a value of the flux at 179 or 81. 5 MHz. However no translation of angles r<> the 

values they would appear to have at the new frequency was made.

The number of sou rces in the data sam ple used is designated by "SET". For 

ranking te sts  the data are placed in order of increasing' red si lift and divided into bins 

containing 'N' m em bers. The program was rim for SET -  90 (N -  12, 10), 115 (N -  23),

165 (N ~ 15, 11), 182 (N 13, 14), and 200 (N -  20) for interferomv. trie data and for 

SET -  GO (N 11) and SET -■ 110 (K 11) for scintillation  data, providing a cheek on 

the constancy of the sta tis t ic s .

In otir data the absence of sinal! scintillation ;ingles for .?  < z  < 1. 6 reported  

by I-lewish el ai. (1974) is  not in evidence; the significance of the previous observation



i s  doubtful since (heir sam ple does not include many sm all angles anywhere and the 

present includes a few scattered  everyw here even at low z .

An attempt is  m ade to take advantage of a greater number of observations 

available today. H owever, the sam ples are purposely lim ited  to those sou rces for 

which 0 , S, and z are all known so that aid te sts  are made on the sam e population.
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H. CORRELATIONS

For any pair of variab les x  and y a correlation  Amotion r (x ,y ) is  defined as 

follow s:

SET xv -  F x >1 y __
r (x ,y )  = r---------------a----------  9

s j  (SET E x "  -  E x  E x) (SET >:y -  S y  T y)

r "L ■!••I*
j 'fr p  ) which is  expected fo 

be. norm ally distributed with standard deviation SI! -  lA /T lE T  -  3 .

The correlations of the sp ectra l index a  \vifh rcdshift z ,  linear diam eter D, 

absolute n'uignituiio M, and observed fiux S arc presented in Tabic 1 in term s of the 

number of .standard deviations. 11 appears that a steep spectrum is  correlated with 

low  z ,  in trinsic brightness (.less so  for low q ) and large linear diam eter (more so 

for low q ). The o, -  D correlation is  substantial enough to suggest that one may 

pick out a. subset with le s s  in trin sic  I) variance for the G - 7. test by using' only sources  

with chosen spectral ind ices.

Table I a lso  l i s t s  the D -• z and M -  .0 correlations. For the intcrferom ctric  

data wo tried rest d o  ting the sum s  to those  sou rces with D > 100 hpc because p re li­

m inary Inspection of the data showed s m a l l  dbunoicv sou rces with every lum inosity  

and rcdshift whereas the large  diam eter sources w ere le s s  apparent at high z or 

bright M. Tims wo arc investigating ( l ie ’upper "evolutionary” band of the D distribu- 

tioii. TJjU; d iscrim ination allow s us to avoid tho region of selection  whore the angle



subtended becom es unresolvabie D(0 = 1" , z -  .25) -- 5. 2 kpc and D(0 -  1 " ,  z = 3) 

= 12 .7  kpc. It Is found that large width i s  correlated  with d im ness and low z (more 

so for high q ). The effect is  s t ill present but le s s  pronounced when all sources are  

included. T his property of the sources allow s us to pick out sou rces with generally  

sm aller  d iam eters and le s s  sta tistica l spread by picking the brightest for the 0 -  z 

test.
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m. e -  z  t k s t

A. General

If we assum e no evolution \\ *.• find that a source with a typical d iam eter D in 

Itpc should subtend an angle 0 in a r c se c s  given by (we take II = 50 k m /scc /M p c  

throughout this paper)

0 = .03438 D ( i  + 7.)2 /  dL 

where dj is  the boiom otrie distance to the source

lL
c

i f i q 'A ’o I) 2 q a i- 1 - 0 ]

for Friedm an m odels and

d -  j f  (I + z> 7- 
L o

for .Steady State m odel. If we assum e for the evolution ot the physical d iam eter a form

I) -  (1 -i- a)~W

we then find
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It is  here assum ed that the LAS (largest angular size) of radio sou rces rep resen ts  

the m etric  angular diam eter since the hottest spots of double radio sources are often  

near their maximum diam eter, and the component (which might have a lum inosity func­

tion on which to construct an isophotal angle -  m etric  angle ratio) is  only a fraction of 

the LAS; it  is  the inner reg ions which m ay fade out first and we just do not have yet 

a good brightness law  to determ ine the isop h ota l-m elr ic  ratio .

We have used  the correlation  of 9 and z to test the significance of the data we 

are  trying to fit and that of 9 and 0 as a test of the goodness of out- m odel. Wc find 

that in(9s z) = -  5. G1 Si), and yj(0. 0 ) lor the various m odels is  given in Table II. In 

general low d en sities are favored.

The observed angular s iz e s  G for all source,'- are plotted as a function of rc:l- 

sJiil’t in r ip if-e  I and fitted assum ing no evolution. We note that the senile 1 about a. 

m ean value of G at each z. i s  not constant; the "curve" is  of varying width or variance  

a .  This w ill still be true when we look at only flat sou rces. Still wo calculate as test
9

of the fit: one statist.leal estim ate of error SliF. -- J  (£(n -  0 )'V(n - £)) whore 0 i-s t he

theoroiic-ai fitted angle, 0 i s  the oxperimoutsil value and n i f  the number of s o ir e e s

in the tout. A low SEi-1 indicates a. good fit and using thin as criterion , low d en sities

are  favored (Table II). In many tests  throughout tin's paper the S1SR ".ivy only slightly

from  case  to ease-, but usually in a cm; -intent manner as n changes mid jr. the ssrno.o 0
way for the many sam ples used, an:! so arc presented.



B. Flat Spectra

A ssum ing no evolution, a fit to the G -  z graph for sources with flat spectra only 

(a < . 7 and a  < .4 )  is  made; tine case  a  < . 7 i s  presented in Figure Eta and the SEE 

are shown in Table III. Again, the low er d en sities give a better fit. Just to make sure  

that there is  not le s s  scatter for flat sou rces than for all sou rces m erely  because we 

have le s s  sou rces, we looked at steep  sou rces (a > . 7 and a  > .85) and found we had 

in creased  scatter (F igures II b and LI c ) .  Since the steep sou rces tend to be the large  

ones which tend to lie even la rg er  at low  z  than high z , their angles show an even 

steeper drop with z then the fiats; this in probably why when there was even le s s  data 

than there is  now and any se t of angles which would show an average drop with •/, 

seem ed  to support a cosm ologica l G -  •/. rein' it war: som etim es .suggested that the 

steep  sou rces be chosen. We sec  that this ] /  only further entwines the problem s

of selection  and evolution into the scatter.
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C. Ranking

The raJilang method involves petting the SET sou rces in order of y into SE T /it 

bins containing N sou rces each s t ill  in order of z, A typical source, is  chosen from  

each bin and its  magnitude or angular s iz e  plotted as a Amelion of the average tin z 

for that bin. Ir, the case  of the magnitude -  redshift te st, (he fir st  brightest (or 

second or fifth brightest) source is  chosen in general as typical; in that case , d iscr i­

m ination is  on the b a sis  o f the sam e quantity (apparent magnitude) as is  being investigated. 

The fir st  ranking test was fir st  applied to d u s te r s  of galaxies which formed natural bins 

w hereas here the bins contain widely separated sou rces. In this paper we w ill choose the 

typical source* a s  d iscu ssed  below., make a best regression  fit obtaining a typical diameter 

and, if  evolution is  assum ed, an evolutionary exponent \v, and find the SEE Cor the fit.

Since Bnheall and H ills (1072) did not find their computer sam pling B co rrec­

tion significant in their m -  z test., such a procedure was not imitated hero. In fact 

our fit of M -  z , which should include evolutionary and selection  effects , shows a much 

stronger z dependence than their B correction  and re flec ts  the d iflerenee in resu lts .

The bin technique ban been refined by adjusting (he angles chosen to the values  

they would have had if located at z-~ 10 v>  where they are plotted instead of at 

their particular locations, Mince this did not im prove the resu lts , wo have dropped 

th is feature from the work presented hero.

The t e s t s  w ere run for a variety  of sam ple and bin s ize s  without any effect ex­

cept that when there arc  few er b ins, there is  u deceptively e a s ier  fit.

Table IV shows the B l tc d  diam eter :wd SEE for various tr ia ls  without evolution 

and Table V the sam e with evolution. T hose re su lts  wore obtained by eh-joeir.g the
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sou rces with the f i r s t  brightest (then second through fifth brightest) absolute m agni­

tudes, designated by rank R = 1 -• 5.

B efore discussing' the re su lts , we note that we repeated the .;■! choosing  

so u rces by apparent bolom etric magnitude instead of by absolute 7 -'Jo. If the

objects in the bin w ere all of the sam e reclshift, there would bo. no • nee in the 

apparent and absolute magnitude rankings; therefore  changes in the .v./uroes chosen  

would be a comment on the e ffec tiv en ess  of the z grouping in  bins of objects which 

a re  not physically  associated  like, d u s te r  ga lax ies. The result was that a lm ost the 

sam e sou rces wore chosen with m ore change, in the fainter s e r ie s  whore the m agni­

tudes arc  not so different from each other, and iho angle of the newly picked source  

didn't in general im prove the G -  z trend. This reports favorably on the •/. grouping.

For sim ila r  reasons wo tried choosing (lie sources representing the bins by 

their angular d iam eters th em selves sin ce  this is  a c lo ser  analogy to the in -  z bin 

an of] jod where, the brightest sources; are chosen and brightness is  plotted. Whether the 

largest or filth la rg est quasar can serves as a standard m easuring rod is open to at 

le a st  as much diucut eion as whether the. brightest or fifth brightest can serve  as a 

standard candle. At any rate discriminalios'. by G it s e lf  did not change the resu lts .

A s in the case  of d iscrim ination  by magnitudes there m ay be som e difference  

jr. using G (angular diam eter) oi D (linear diam eter) as a widib discrim inant because 

of dispersion within !:ha z  bin; but a trial discrim ination by linear diam eter did not 

change the rose.it. Even within a bin, the order of sou rces (largest to fifth largest) by 

angnln c diam eter is  a lm ost the sam e as the order of so u rce! by linear diam eter and the 

order of sou rces by apparent bolom etric mnguircidc (first to MUi brightest) a lm ost 'he 

sinne as (lie oruor by absolute m'jgnitudo.



However, i f  within a bin we rank Ibe sou rces by s iz e , we find that we are 

choosing dimmer than average sou rces. C onversely, i f  we rank the sou rces by m agni­

tude, we find that tlx; brightest sou rces are sm aller  than average.. This corroborates the 

M -  D correlation and occasions the choice oT sm all sou rces when we pull out the f ir s t  or  

fifth brightest for the bin method. In this way lo ss  evolutionary trend (wide sources at 

low •/.) is  expressed  in the Q- graph when it-is  ranked.

Disposing' of these scrup les we present an exam ple of a. binned 8 -  z without 

evolution graph in F ig  ire III. Table IV shows that the SEE are usually sm aller  fol­

low  d en sities when evolution is  not included. With evolution, Tabic V shows no con­

sisten t <\ preference of the SEE’s. If we exclude the n earest sixty  sou rces from our o 1
sam ple (S1CT = 340, N - 34), we find assum ing evolution tb it the brighter c la s s e s  show  

m arginal preference for the closed  m odels with the diam eter even increasing with z  for 

som e c a se s , but here w doesn't change m onotauically with cj ; the typical d iam eters  

for the non-local se t  are much sm aller  than those for- the total sam ple as might bo 

surm ised .
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IV. M - z

L et S be the observe magnitude in flux units §u 10 W / m  ‘/ i l z  and 

S = S (1 + z)a  1 be the boloinotrieally corrected  flux. If we assum e that the absolute 

lum inosity of the source L va ries  as L (1 + z,)" tlien the absolute magnitude of the 

standard L Is M = Ivi -  2. 5g lg ( l  + •/.) where f is  the observation frequency in 

MHz and the absolute magnitude is  M = - 2 .5  Ig (C • S) -• 5 lg  d^ -  12.888.

F igure IV shows absolute magnitude as a function of redshilX. Hero we should 

see  a combination of se lection  and evolutionary effects if the model used in computing 

M from m is  correct. I.f the cosm ological m odel is  inadequate, we hope to distinguish  

the d iscrepancy. The graph shows that M b ecom es brighter with z as expected from  

se lection . The dim m est abr.o.iutc magnitude, n ecessa ry  to observe 2 ?>u at cosm ological 

z was plotted ami the data foil own tiio curve very v e i l  a s  expected since !.h e spread of 

M -  z plot in the M direction is a fairly uniform band (instead of narrowing markedly 

with in creasin g  a as expected) and Ur: sam e e..motion r a ise s  the observed ilux and the 

2 §u .. But if is  om'y the low er bound of the data which v o  expect to follow  tiie 2 feu line as 

long as there are no dim sou rces m issin g . The Scott effect (1!)G1) .is expected to lift the 

low er values of M ai high z, r.ol bocrease the upper values of M a! low z if all bright sources  

are assum ed to 1m known for sm all •/.. 'Ihere is  a curious local pa'joiLy of intrinrroalt.y bright 

objects. Even if  the average loca l brightness w ere low er, we should s t ill see  som e brighter 

near so u rces. The uniform width of tlvs curve m ight be taken as an argument, for non- 

cosm olf.gical. or a non-teaditionai cosm ology in which the "effective" b.dem etrio  

distance, which re la lo s  rn and M, has only a weak z dependence.



59

A b est reg ress io n  fit o f M vs P,n(l + z) for all sou rces {shown in Figure V in

4 f,3term s of the absolute lum inosity resu lted  in L ~ 132('l + z) ’ for q = 1 and 

L = 121(1 + z)°* for q = .0 3 . The function L ~  (1 + z)'^is steeper for low q .

An F te s t  on the variances for q -  1 and q = .0 3  shows the values to beio Jo

sign ificantly different at the 1% lev e l for M indicating that the cosm ological m odel is  

not swamped by variance in M.

A by-product of the bin technique in G -  z is  an application of that sam e method 

to M -  z , investigated  by Zotov and Davidson (1073). The analysis g ives som e preju­

dice in favor of lum inosity evolution. The tables under Figure’ 1JI include the absolute 

magnitude of the fir st  through fifth brightest sou rces in each bin with its  given bin  

average log /.. We see  that M generally in crea ses  with <!;>; z> although not m ouo- 

to iiicrlly .

We have used these binned values of M to fit I, •--> I. (1 + z )*3 and M and go o
and the SFE e l  the fit are shown in Table VI and Figaro Vi. We see  that the best fit

and lea st  evolution is  indicated for high. q( |, For q -  10, rani': 3, g ••••• 2 .5 . For

q -  -3„ ranlr 3, r ~ 6 .3 . Thinking- Uiat th is high value of g (which p ersisted  at about

-2 for q -  40 and 50i might be rate to local behavior, tr ia ls  w ere made for the last

140 sources of the S.L'T -  200 sam ple with id -  20; the ranked fitted le s ty ie k i  a reduced

r of 4. 7 for q = -1 , 1. 2 for q = 10 and . 8 for n -  40.o o o
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' V. VOLUME TEST

A ssum e that objects with property £(V) are distributed uniformly in space with 

density p . Here V i s  the volum e of a sphere with an object on its surface and an ob­

serv er  at its  center. The number of objects found in  V is  N •-= pV. A ssum e there is  

a lim iting fm corresponding to Vm and Km. Then the average < f> /fm  =

Nni
(1/fm ) J f  dN/Nm .

o

For a power law f  — V11 , we find < f > /  fm --- l / ( n  -i- 1).

If £-• V itse lf , n - 1  and < V /V m >  -  .3  i s  expected for a uniform distribution , 

so  a test o f uniform ity co n sists  in form ing this average where Vm is  ihe vo]am:? cor­

responding to an ebjooi;-observer bolom etric distanced,. sue1.) that the. obrn .rvod rad I- 

ation flu:-: from ur . would be Sns. the lim iting flux  of the survey averaged,J ;il)

Wc herd foiiow  the procedure laid cut by bandage (10Pi) and use Wog.-. loin 's  

iteration schem e. Y/e have calculated  the stafi-.iical estim ate of error:

SEE -  , /  ( T. (V/Vm -  < V/Vtr. > /  /  SET/J-JET -  1)) 

since it g ives n physical feeling of ihe diapersiuu even though such a paean.otor usually  

d escrib es a norm al distribution and our basic physical. assum ption is  tliat the values of 

V /V m  would lie spread out evenly from 0 to 1 cud this has fur nod out to not be; incon­

s isten t v.bth the dura.

The resu lts  are  presented in Table VII and arc finally favorable io  lb:? hypothe­

s is  of uniform ity. The reader is warned that tins is  the radio average and ihe optical 

average i s  higher for optically lim ited  sam ples.
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Unfortunately the test is  v e iy  sen sitiv e  to the choice of a ’Minimum flux anti 

great care m ust he taken i f  one dares to m ix surveys a s  we have done here . We have 

chosen the minimum flux tu b e  2 In for the inierferom otri c set and 4®u for the 

scintillation  se t. T hese values correspond approxim ately to the low est values ob­

served  in the nets and survey low er lim its . We note that only the region 6 > 77 is  

not covered by all surveys used and we did not include any sou rces from this area.

Our sam ple is  thus com plete only in the sen se  that our data com es from overlapping  

regions of the surveys. It is  iueom plcte in the sen se  that it se le c ts  only’ those objects 

for which angular ci.ia:m::icrs and redshii'ts arc available. The superposition of the v is ­

ual magnitude se lection  upon the radio selection  can low er the V /V m . It is  only the 

im probability that all these im proprieties s h o u l d  combine to give such happy resu lts  

which speaks in their favor.

We have plotted absolute magnitude IV vs volum e V (arbitrary units) in Figure 

VI; because an JV! -  z graph g ives the sm all loca l volum e too much visual importance; 

quire aside from the Scott and radio-optical, survey lim itation effects, it. i s  n .oro prob­

able. i.o find a. bright source, at large v. where there arc m ore .sources (volume) than at 

low z, and this can be effec.fi'e assum ing a rather lev. over-a lt density of bright 

so u rces (McOrca, 1*J (>(>). The IVi -• V plot can be rend to form number d en sities  

u = {, N(M)/a, M and v a N ( V ) / /  V albeit encum bered \vi<h selection  e ffects . 'J’l i e  

g ro ss  v d eclin es only slow ly with V. T h is, of course, could corne about d irectly  

from  a secu lar  decline in source density, (Longair & 'MacL.mold (lt)00), observing the

preponderance of high v. object: and assum ing the bright so u rces tu be yomy;, quantified

-  J ?  fithis by a source birthrate decreasing as perhaps (1 -t- •/,) ‘ *■“ with no so u rces created,

p rior  to y. ~ 2 .2 ) . The decline in v(V) could aiao resu lt from only a nut im probable 

doorcase in with M, a decrease however v. hi oh cannot bo seen  from the cm pi rival
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p(M) d irectly . S im ilarly  we have plotted V /V m  vs z (Figure VIII) and M vs V/Vm  

(Figure IX) and finally in this s l ic e , the local paucity of high m agnitudes appears 

much le s s  im portant but cannot vet be said not to ex ist.
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VI. D - 1V1

We have already noted the associa tion  of 5tna'! linear s ia c  will) brightness by 

m eans of the correlation function. The association  is  even, c lo ser  for high q .

Even for the components Mackay (.1075) has noted that of two outer components, 

the brighter is  usually c lo ser  to (he center, sm aller  in linear diam eter and flatter in  

■spectrum.

Figure X  shows a graph of D -  M for q -  .03 .

For all sou rces (and a lso  in tr ia ls with D > 100 kpc but with barely changed r e -  

. .pis) we have found by reg ressio n  the b est linear, D = M -i-C^, hyperbolic, D =
_f

C ,, / fC , -  Mi, and exponential, D -  CP L fits . These arc presented in Table VIII.O ' 4 ' O

(When restricted  lo iargu D they represent only the upper evolutionary b.nvi). TVioilet

(1008) predicts C =■ .3 3  for a spectral itidor of .7 5 , and at that tim e .38  was thought to

b e lo w . Our fitted f  ranges .troin .330  (o -■ 10) to .0 3 1  (q -  - l ) .' 'o ' ' o '

Ekers (1975 NATO Stm raer School, Urbino) has reported som e su ccess with 

the 0 -  S relationship although ciata se ts  had to be matched and spectral indices trans­

lated to 21 cm . l ie  reports mat. the data flatten out ioo much at low S moaning that (he 

p for dim S are too largo  (to fit the cosm ology but not n ecessarily  in them selves). If 

these S arc. dim because M is dim this may be an indie.':!.'on tin t D (and therefore 0) 

i s  large  for dim M. However, to be fa ir , if  n is  dim because z  is  large, flic s itu ­

ation is  not supportive of the D -  Ivl correlation  because we usually calculate:
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and

im plying

or

For

wo have

D ~  6 /  (1 + z )2

L ~  "l  s

L ~  D2 (1 z )4 S/Q-

S/e2 -  L /D 2/(:l -i- y f

D ~  L -f

O - t / r - 9  - 4  'I H- 2 f  - 4
S / 0 ~  I) ' '• (1 + ~  L 1' (1 + a)

2
■Flint Ekcrs found is  that the S/Q"’ m ay be sm aller  !bau expected from pure cosm ology

at high z, where hov over L is large and jj Is sm all and the source properties might 

be expected to the ?'ati.o even larger.
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We rem ind the reader that ranking within the bins made for the 0 -  z and 

M -  z te s ts  indicated an M -  D relation . However, such a relation  fa ils  to appear 

in  an expected d ecrease of fitted D for each brightness c la ss .
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vn. d  -  z

For the in ter fcrom etric  data it'(D,z) increased from - 1 . 373 SD (q -  1) to 

- 1 . 6‘79 SD (q ~ .0 3 ) .  For the steady sla te  case w(D, z) is  -2 .3 4 0  SD. .

A negative iu(D, z) is  equivalent to .saying that geom etrically  extended sou rces are  

characterized  by low z 's .

F igure >3 shows the lin ear  d iam eter as a function of redshift assuming' a 

cosm olog ica l m odel. F or the in terferoinotrie data there is  a general d ecrease  of D 

with in creasin g  y, even though sm all d iam eters conlinuo to bn present at all values of z. 

The curve representing the angular resolution lim it l ie s  so low on (he sca le  of the 

graph as not to be d iscern ib le . T his invest)gabion tr ie s  to lit the upper data points 

which vary with z.

A gap in the lin ear  d iam eter distribution botwc cn 160 and 210 hpe jMi’e y ’s 

data, found significant at the -1.4% lev e l by Reinhart (1P72) and d iscussed  by Van dor 

Kruit (1974) and san,o\/h  ■: present in this larger  in ter i.e ro -a e trie  sample., is  rhexnt 

in the sc in lilla tion  data d iam eter,giving weight to the hypothesis that its  origin

is  obsc-xvalional. If the lin ear  sine gap w ere rea l, the im m ediate suggestion would be 

that evolution in th is region  w ere fa st.

If the?, sc  '.all D at low  z w ere a projection effect, wo wouldn't, expect lhe.-;o sources  

to be brighn r than the large D. The projection effect is  noi likely to be a. stroii.^ lhefor be­

cause there aren't too many sm all projections h. an as stoned random orientation and 

there are  relatively  m a y/ sm .d i sou rces ir. the data.

The dislrihuMun of lin ear  d iam eters with r e d  si;.’ ft was partitioned for a sim ple
2X (with Y ates correction) and variance test for SET l i e .  Th.e te s ts  show the lad’/, 

of many diam eters g rea ter  than 20 () kpc for ?, ~ 1 . 23 io be statistic:.!!,-,: significant.



If we assu m e that the large sou rces at high z are as faint as the large sources  

observed at low z, their  absence at high z is  understood because they could be as 

much as 5 m agnitudes fainter than the 2 to 12. 5 $u's observed at high z in our sam ple 

and they would thus be near or below the lim it of the survey used. Their absence by 

se lec tio n  m akes it  difficult 1o determ ine if  the sou rces w ere uniformly produced in the 

past.

U sing the theoretical absolute magnitude corresponding to 2 iu  and a given v. 

and the D -  1*1 fits we  have constructed the shape of the upper D -  z distribution. This 

is  shown in Figure XL Among other ca u ses se lection  certainly lim its  us (o brighter  

sou rces which tend to be the ones with sm a ll linear s iz e s .

Table V from the ranked Q- ■/, test already g ives us the evolutionary exponent 

w. Rank 1. (bio fir st brightest) g ives much o.nn.U .;r *v than otl'O".’. A separate d eter-  

initiation of v ,  using all sources, is  shown in Figure XII where wc ha ve plotted
..[ up,

2n D  v s  bn ( 1  +  F o r  a l l  s o u  r e o s  w c  l i n d  D  I S  I  ( i  +  v.) ' k p e  f o r  q  ~ 1

— 1 * ’ 7(com pare with w — -5  to 2 .0  for bins) and D •• - 178 (1 ’/.) kpc for q .08

(w -■ . 0 to 2 .8  for bins). Ah expected, w iu sm a ller  for low q .

Table I X  shew s the prcdlqi.ad w oi various r a d i o  sourco m odels. A ssum ing  

that quasars arc associa ted  with early ga lax ies, iii 11 (1077) has calculated iholr for­

m ation Limes a;- a function of m acs. U sing h is exp ression s l o r  a galactic isol'hoi/md  

sphere with f.v, in verse  square dc-u.-fty distribution, v e  find the radium r -  Fi/i-l P .45

kpc ( t ,/ t  ). For (• .5  this y ields r -  i).-If, hoc (.( + ?.r) . T his could be the' 1 o o v V

radius of the sou rce com ponents. !f the; source im'ge id angjlar s iz e  D goes the

square of the component s ize  (of. Part IX), the;: D ~  (1 -I z (.) *' . Wa include this

prediction in Table IX.
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The theoretical exponent coming' c lo se st  to the experim ental values is  \v = 2 of 

the C hristianson radiation lim ited, B constant m odel.
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VIII. SPECTRAL INDEX

We expect that the m ere compact sources have higher m ean opacity and higher 

m agnetic fie ld s and consequently higher lum inosities and flatter spectra (of. Moffet, 

10 G8).

In addition it can be shown that if  a power law spectrum

i s  assum ed between vT and v.. , and if half the power Q i s  em itted at v < \L find halfJut l \  '■

the power Q is  em itted at v > v.,., then V. is bhter fur the sam e v fI, v T raid Q for a'• ii Lj

flat spectrum iban a steep one-

v ® “ a  -  v ? ~ a  =  ' * * " a  “  ' £ ~ a  “  Q ( 2 - o . )  v « / ( 2 I o )

A s z in creases and wc see  orly  the brighter sou rces, we might expect, to see  bluer arid 

fla tter  sources.

We also note that since

S/Sm = (dL m / d L>2 P- + z)1 “ (1 zm)1 “
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flat spectral ind ices can ra ise  the V /Vm . If uniformly distributed, the flat sou rces  

appear weaker than the steep ones after the bolonietrio correction and obfuscate the 

correlation  ’j\'(a ,M ). i ;

The data support these e x p 1 orations. The steep  spectra are associa ted  with 

low  a (-1.01;-; SD) and apparently bright sources (2.83?. 5D) and large sou rces (m ore 

so  for low q ) and in trin sica lly  bright sou rces (le ss  so for low  qQ). This is  conjoined  

with the association  of large dim ensions -and dim ness (le ss  so for low q ). F igure  

XTI1 is  a good illustration  of u>(a»D).

Wc have already d iscussed  the reasons for using  the flat sources and not the 

steep  ones for the 0 -  z  te s t .

Pnch'Ac.y.yk and Scoff (!!;7G) note in support that in .head tail sou rces, after a 

m inim um  in elope (near a fin:-; maximum and pobtri'/.ation mii'ir.v.un) the rpcctra seem  

to bo s leep er  a id drrmnor as one m oves down (he tai l away from the head. A d iscu ssion  

of the r ise  in c in the bridge between two components of the sam e source cam be found 

in Gopal-Krishna and Swamp (i.977),
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IX. COMPONENT SIZE

The angles 0 we have been using arc reported as the angular d istances across

the entire width of com posite sou rces. R epresenting the average angular width of the

severa l components of a source by c, we have taken 42 sou rces with reported G and c

from M iley (1972) and arranged them in order of increasing 6 , p lacing thorn in 7 bins

of 6 m em bers each and form ing the average 9 and o in  each bin. A reg ressio n  fit for
5

these averages y ielded  c ~  0 *

It seem s that the components as delectable regions do not expand us fast as the 

whole source. This question should be re-exam ined as the resolu tion  of the components 

is  im proved.

The c w ere quite clearly  an em pirical function of 0 w hereas there was no 

obvious dependence of c on
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X". SCINTILLATION DATA 

The foregoing rem arks apply to Hie infci'feroinetrio data.

In Figure XV we show the 0 soinlUlation angle plotted against 9. in torfero- 

m otric  angle for those sources which occur in both our se ts . A correlation  test for the 

two angles was perform ed for the 50 sou rces com in on. to both se ts . It was found that, 

r  = 0 .190  and yj -  0 .198  = 1.359 SD whore SD ~ .1-10 indicating somewhat le s s  than 

brillian t agreem ent.

We find that steep  spectral ind ices are correlated  with large width but poorly 

(whereas the in terfcrom etric  picture was clear) and with apparent brightness (. Gv'0 SD) 

and with absolute brightness (le ss  so for low as for the in te r [e r o u u ln e  data but v ito  

high ?. (3. 02 SD) instead of with tow ?,. T herefore, no com pare a plot of a  vs r. tor 

scintillation  data (Figure XIVc:) with the sam e for in teifcacin  hric data (Figure XTVh). 

In the Inter case all areas of the graph are fairly w ell covered, but the form er cane 

revea ls a markedly in creasin g  absence of fiat sou rces.

Wo nesct see  that tne correlation  param eter m (0, z) is  only -.431 SD and ng'B.ct)

favors the Jvgbe.r q (and not thc.lov.c:r q ris preferred  in the inter Jevom olrie .vase)' O o

at this lev e l of insign ificance. In trying to fit Ihe 0 -  •/. curve, we can't u se the Oaf

spectrum  sources because there aren't any at high Using the steep  sou rces cioeo

not produce even a trend. Binning ti,e sou rces pvudnecs a bad fit, which is  again

"better" for high ci .~o

Faithful to cos.oKlogy, we describe this 0 behavior as a corresponding bro idly 

scattered  dependence, of linear d iam eter on. redshift. \Vc find 'J; (D, v) a sso c ia tes
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breadth with high z . It increased  i'rom ,107  SD (q = 1) to 2.460 SD (q = .03) 

with 3 .805  SD for the steady state. We note that Jlcwish, Deadhead and DufCc.l-Siniih 

(1974) and Readhead and Longair (3 975) obtained indication of a correlation of sm all D 

with large z for scintillation  data wh'oh is  not obtainable from our scintillation  data 

but would be consistent with the iniericrorneti.-ie data. R egression  fits of Bn D vs  

Bn (1 + a) show the a.-ana dependence, with steep er  slop e for low q .

A lso  breadth of source was p ositive ly  correlated with brightness (more so fol­

low  ci ) in contradiction to the in terferom clr ic  ea se  and m ost source m odels. Of course, o

other factors may enter; Boeder (19? b) described  the absence o f sm all D at .'ugh ?. in

connection with a maxi mum in the b .domelric: distance, even for low q because of in -o

h om ogeneities. However, the correla tion  it s e lf  is  contestable. Ilewish ot a l. (1974) 

stab- that strong sei ntiila icvs have high lu m in osities (Deadhead and Longair, in  p r e ss , 

Mon. Not. RAS).

In way of tem porary explanation of those con flicts, we suggest that wc arc ob ser­

ving increasingly r.toep aud in trinsica lly  broad sou rces with increasing z> swamping the 

G - 7. relation; and this m ight occur if  when z is sm all, components (flat) may be the 

right s ize  io sc in tilla te , and when z  is  large , to!si com posite sou rces (sleep) may be 

the right s iz e . Apparent growth of D is  enhanced if  c ■- *f~Q .

Finally in support, wc note ihat. when wc added 14 m ostly low z, low 9 sources  

to the 66 , iu(C, •/.) jumped to --I .5 I8 S D  although the graph 6 ~ v. s t ill  looked like a 

scab  or diagram.



XT. CONCLUSION

The 0 's  d ecrease  with in creasin g  z a s  though q w ere very low. However 

at le a st  som e of the drop in 0 with z is  due to se lectio n  effects and the circum stance  

that absolute lum inosity and linear size, arc inversely  correlated .

In contrast to the 0 -z  behavior the marrnihides decrease with z as though qo

w ere very high. It might be thought that by accepting high q and lim italing 0 by 

selection , the postulation of source evolution could be avoided. However we ha -c 

manipulated the data for q up to bO and even there wc have found an evolutionary 

lum inosity exponent of about 2 at q = .10 and the p ersistence of the local paucity of 

bright sources in the m-z. and M -V distributions (although il b ecom es entirely in s ig ­

nificant in the M -V /V  distributio-i).

T herefore within the framework of a homoeoneoim Frn;t!iri:ui A_“ 0 m odel, it 

seem s necessary  i.o include source evolution although le s s  of it in a c losed  universe  

- than in an open u n iv e ise . The very ex isten ce  of large.' sca le  source evolution ru les o\it 

the. sim pler v ersion s of the steady state theory even if eventually wc. find objects which 

m ight bo used as stand ..d  candles, e .g .  components with a "sis-,nature" identifying one 

point of tl:?.ir developm ent.
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FIGURE CAPTIONS

F igure 1.

Figure ILa.

Figure Jib.

Figure lie .

F igure 111.

Figure T.Yr.

F igure V.

Angle v s. Redshift. q = .0 3 . SET = 200.

F illed  D iam eters -  210 kpc. SEE = 52.

Angle v s. Redshift for flat- spectrum  sou rces.

a  < . 7. q = . 03. SET = 200. o

Number of fiat spectrum  sou rces -- 07.

F illed  D iam eter = 241 U pc. SEE --- 63.

Angle v::. R edshift for sleep  spectrum  sou rces.

a  > .7 .  cj .0 3 .  SET -  182. o

Number of steep  spectrum  sourc e s  = 102. 

Fitted D iam eter -  392 kpc, SEE -- 33.

Angle v s . l-ledshift for sleep  spectrum  sources.

a  > a  ̂ .0 3 . SET = 182. o

Number of sleep  spectrum  sou rces ~ 49.

Fitted Diam eter -  157 kpc. SEE = 33.

.Angie vs. Redshifc for i ankod sources.

q = .0 3 . SET 1= 182. H = 14 Rank •- 4, Jo

F illed  Diam eter -  235. SEE = 38.

Absolute Magnitude vs. R edshift.

q = .0 3 . SET --- 182.*o

Absolute Magnitude vs. ft. (I < •/,).

q = .03 . SET » 182. 
o

R egression  y ie ld s a best lit  

M -  -5 . 00 3.; (1 !■ ■/,) -1 6 . 7 

with SEE - I. 15.
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Figure

Figure

Figure

Figure

Figure

Figure

VI. Absolute Magnitude vs lo g ( l  + z) for ranked sources.

q --- 10. SET = M = 14. RANK = 5.Jo
Regress i on  yie lds a best  fit 

M = -16.  6 (1 -i- v.y" 7 ' 

with SEE = . 5 9 6 .

VII. Absolute Magnitude vs.  Volume.

q = . 0 3  SET = 200.lo
This figure should be compared with Figure IV.

VTIL Radio V/Vrn vs .  Redshi l l .

o = .03 SET = 132.'o
IX. Absolute Magnitude vs .  V/Vm.

q = .03.  SET = 200.‘o
This figure short-!. be com pared with Figures  IV and VII.

X. Linear Diameter vs .  Absolute Magnitude.

q = .03.  SET = IS?.Jo

Xfa. Linear Diameter vs .  ftcdshif t .

q = .03.  SET = 182.Jo

Line shows diameter of lowest luminosity source observable, 

redshift. for a survey l imit  of 2 flux units assuming the best  

diamctcr-ltnnir.osity fit D\k|;e) = 11'/5 L * * (watts/m").

at a given 

exponential
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Figure XIb. Linear Diameter vs .  Redshift  

q = 1 .  SET = 182.

Line shows diameter of lowest  luminosity source observable at a given 

redshift for a survey l imit  of 2 flux units assuming the best  hyperbolic 

diameter -  absolute magnitude fit D(kpu-) = 7 4 . 3 / (1 8 .3  + M).

Figure Xtla, 0>t Linear Diameter v s .  $.:(! +

q = .03 .  SET = 182.Jo
Regress ion  y ie lds a best fit

Bn D(kpe) = - 1 . 3 7  fn( 1 -i ?,) + 5.18 with SEE -  1. 69.

Figure Xltb. 2n Linear Diameter vs .  2 > (1 + z).
q = 1. SET = 182.

Regress ion yields. a best fit

in  D(iq.ie) = - 1 . 0 8  •?-.(.! ■< 7.) + 5 .2 0  with SEE ~ 1. «9. Note that Una ease

with higher q % i s  steeper .  i . e . ,  looks more  evolutionary, than case, a,
but sca l ier  i s  dominant in both eases..

Figure XlJDt. Spectral Index a  vs .  Linear Diameter

q = -1. SET -  200.Jo
Case q -  .0.1 looks simiX, r, but to he perfectly fair ai least one of I hi' 

sample case s  presented in. this; paper should be from the steady sta'o 

model .

Figure XtVa. Spectral .Index o. vs .  Re. Lin ft. for l it:efcromc-tric Dita.  SET = 102.

Even though ih; i.e is; a non-roro correlat ion coe trident,  after, x.) = - 1 . 3  

S. D. s the din. ra m  shows enormous srottor.
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Figure XIVb, Spectral Index a. vs .  Radio V/Vifl for Interferoinetric Data.

q  = . 0 3 .  SET = 177.

Th is  figure amplifies Figure Xl'Va because there i s  a danger that bright  

component sources may be selected over wide double sources  as •/. 

increases .

Figure XlYc. Spectral Index a. vs .  Redshift for Scintillation Data.

SET = C6 .

Roto the increasing absence of  low spectral indices with increasing  

rcclshUt which docs not occur in the interforojnctrio data shown in 

Figure XfVa.

Figure XV. Scintillation Angle vs .  InU••ri'orornetric A :'gle.

Correlation Coefficient •--- r •- 0 .196.

Normally dT'tributed co: 'Ticieni: ~ a; ,198 = 1.3!i-) S. D.

Figure XVI. Angle vs .  Redshift for Seinli lhdioa Ixdt

q = 10. SET ■= 110.Jo
Regression  yields a "best fiV 

D(kpe) -  1. 089 (1 -i- x)*011 

With SEE = .329.



TABLE I

'CORRELATION tu IN STANDARD DEVIATIONS

q Q uj ( a , D) uj (a,  m) ui(M,D) id(D,k)

- 1  2„ 48 -  .892  1 .81  - 2 . 4 0

.0 3  2 . 3 2  - 1 . 1 7  2 .41 - 3 . 1 1

.4 9  2 . 1 8  -1.4G 2 .73 - 3 . 0 4

1 2 , 1 0  - 1 . 0 7  2 .88  -3 . 9 1

2 2 . 0 2  - 1 . 9 4  3 .02  -4 . 2 0

5 1 .9 3  30 3 .17  - 4 . 5 7

10 1 .88  - 2 . 7 1  3 .23 - 4 . 8 2

<D(a,z)  = - 1 .3 1  

uj(a,s) = 2.83



TABLE II

REGRESSION ITT OF 0 -  FOR ALL SOURCES

W(0,cp) SEE (no evolution) SEE (evolution) w

-1

.03

.49

1

2 

5

10

7. 02 

0. 97 

6.93  

G. 54 

6 . 23 

5. 53 

4. 59

54. 21 

53.80  

54.12  

54. 4 6 

55.11  

50. 59 

58.01

50.08

56.07 

50. 08

50.08 

50.07  

50.10  

50. 22

1.0

1 .4

1 . 8

1.9

2 .7
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TABLE LI

STATISTICAL ESTIMATE OF ERROR 

OF REGRESSION FIT OF Q - Z  

FOR a  < . 7

SEE

-1

.03

.40

1

2

5

10

G4. 02 

OS. 18 

GG. 09 

00 . 80 

67.72  

C9. 03 

60.90
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TABLE IV

Fit ted Diam eters  Lo Bins for 5 Brightness  C l a s s e s  R 
Without  Assuming Evolut ion

Se t  = 182 N

% -  1 . 0 0 0 . 0 3 0 .45 1 . 0 0
Diameter 15 0 .4 0 8 143.919 132 . 8 4 0 1 2 4 . 0 7 8
SEE 4 1 .4 8 4 4 0 .0 51 40 .4 3 1 4 0 . 2 8 6

Di ametur 5 0 8 . 8 8 5 4 5 1 .4 0 9 39 7 .9 0 1 3 5 6 . 7 9 7
SEE 2 3 . 0 0 7 3 0 . 6 3 8 2 7 . 7 9 0 43 .193

Diameter 481.73  7 42 6 . 9 6 5 386 .819 343 . 579
SEE 2 8 . 861 3 5 . 1 5 0 39 .810 4 5.66?.

Diameter 29 5 . 8 6 7 2 5 4 . 8 9 7 21 6.4 03 199.514
SEE 4 3 . 5 3  5 3 7 . 7 9 6 3 8 . 4  96 3 9.  .121

Diameter 3 6 6 .3 3 1 323 . 395 3 0 7 . 4 8 4 2 5 9 . 5 9 6
SEE 31 .9 4 2 4 2 . 2 9 4 4 2 . 4 7 6 4 6 . 8 5 7
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R

1

TABLE V

Fitted Diameters to Bins 5 Brightness  C l a s s e s  R

Set  = 200 N = 20

qo - 1 . 0 0 0 . 0 3 0 . 4 9 1 . 0 0 1 0 . 0 0 2 0 . 0 0
Diameter 5 9 . 0 8 3 5 8 . 2 8 6 60.211 5 9 .6 8 3 42 .058 3 3 . 8 9 0
SEE 4 2 . 8  8i 4 2 . 8 7 4 4 2 . 8 8 3 42.881 4 2 . 0 7 2 41.999

w - 0 . 9 5 2 - 0 . 5 5 4 - 0 . 1 6  9 0 . 0 4 8 0 . 6 4 0 0.  782
Diameter 4] 5 . 2  85 4 0 5 . 5 6 4 418.961 4 15 .2 84 2.74.077 2 6 0 . 4 7 9
SEE 22 .3 8 ? 22.413 22 .3 75 2 2 . 3  87 20 .9 51 18.083

w 2 .0 99 2 . 4 9 7 2 . 882 3 . 0 9 9 3.117 3 . 2 4 0
Diameter 24 8 .7 4 1 3 89 .831 503 .12 5 4 93.  771 3 50.61S 2 8 5 . 5 7 2
SEE 3 9 .9 7 1 2 5.  791 23.610 21.672 27.131 2 7 . 7 4 6

w 1 . 5  40 1. 770 2 . 3  89 2 . 0 0 6 3 . 7  79 3 .  933
Dia me ter 23 7 . 9 3  5 2 5 0 . 4 5 7 2 5 8 . 5 0 3 2 6 6 .2 95 171.998 13 5.851
SEE 3 0 . 8 2 6 3 0 .  7 91 2 9 . 2  76 29 .201 27.5 41 2 6 . 9 7 3

w 0.313 0.  7 75 1 .462 1 .6 7 9 2 . 3  67 2 . 4 3 0
Dia me ter 383 .1-10 3 57. 015 2 9 5 . 8 8 6 10.1 . 816 5 3 . 5 8 4 7 9 . 0 2 1
SEE 2 0 . 6 2 9 2 2.. 6 70 7 6 . 2  76 4 4 .0 5 3 41.8 6 0 7 5 . 3  70

■ w 0 . 9 8 3 1.418 0 . 2 6 7 0 . 3  73 0.  722 1. 52 7



TABLE VI

Fit ted M ag ni tu de s  to Bins for 5 Brightness  G l o s s e s  R

Set  = 200 N = 20

R Qo -  1 . 0 0 0 . 0 3 0 . 4 9 1 . 0 0 1 0 . 0 0 2 0 . 0 0
Magnitude -19.115 -19 .031 - 1 9 . 0 7 7 - 1 9 . 0 4 2 - 1 8 . 2 5 0 - 1 7 . 7 8 0

1 S e e 0 . 7 0 4 0 . 6 9 9 0 . 7 2 3 0.  72 4 0 . 6 9 2 0.681
g 5 . 7 4 4 4 . 9 9 6 4 . 2 5 5 3 . 8 4 2 2 .4 9 0 2 .216

Magnitude -18 .501 -18.42;:, -1 8 . 4 8 2 -18 .451 - 1 7 . 6 5 7 -17 .186
2 S e e 0 . 4 0 7 0 . 3 7 5 0 .380 0 . 3 6 8 0.2.82 0.2.60

g 5.781 5.  001 4 , 2 2  5 3 . 796 2. .431 2.153
Magnitude - 1 7 . 9 3 8 - 1 7 . 8 5 0 -17 .912 -1 7 . 8 8 0 - 1 7 . 0 9 5 -16.62.2

3 S e e 0 . 3 8 4 0.391 0 .44 4 0 . 4 5  5 0 .414 0 . 3  98
g 6 . 0 7 4 5.311 4 . 5 5 0 4.133 2 . 7 7 5 2 . 4 9 9

Magnit ude - 1 7 , 8 5 5 -17 .818 -1 7 .9 3  3 -17 .901 -17 .051 -1.6.562
4 S e e 0 . 4 3 6 0.461 0 . 5 2  8 0.  53 4 0 . 4 8 2 0 . 4 7 0

g 6 . 0 3 0 5.193 4 .321 3 .9 0 4 2 .62 7 2 . 3  74
Magnit ude - 1 7 . 8 2 2 -17 .7 18 - 1 7 . 7 5  7 -1 7 . 7 3  4 -16 .9 5 4 -16 .5 10

5 S e e 0 . 4  91 0 .481 0.512 0.  532 0.5.3 4 0 .  52.3
g 5 . 7 7 2 5 . 0  58 4 .3 53 3 .917 2 . 5 2 7 2,215



TABLE VII

VOLUME TEST

q V/VM SEE0

- 1  .521  .039

.0 3  .453  .058

. 4 9  .48 0  .058

1 .4 8 5  .059



TABLE VIH 

D -  M (all sources)

J. .■= c ] I- c 2 D -  0 . y e  , -  M1 I') -  C.J. " 1

%  C1 C2 S  C4 S  ‘

- I  28 .8  721 193 - 1 9 . 4  445 .4  .088

.03  28 .1  7GS 135 -18 .i l  1,175 .143

.49  32 .0  809 94 . 2  - 1 8 . 5  3 ,177  .197

1 3 3 .2  806 74 .3  - I S . 3 5 ,458  .230

2 3 3 . 3  774 55.3 - 1 8 . 0  9 ,354  ,205

5 3 0 . 8  077 30.. 1 - 1 7 , 4  10,088 .310

10 27. 1 571 25 .0  , - 1 0 . 9  18,800 .336



' PREDICTIONS OF w

Christianson

Lifetime Li mitation 

Expansi on 

Radiation 

Compton

R yes & Setti: 1. 5 

De Young: . 8 

31 ills  M odel: 8

v Constant o

3. 75
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SECTION D

COSHOLOGICAL TESTS OF A SCALB-COVAi'f£ A NT 

OF GHAVITAI'IOM: 

m - z ,  ~in~z ' 0 i - 2 .  A M D  M ( m )

THEORY



I l l

SECTION; D • SCALE COVAF.TANT TESTS 

I. INTRODUCTION

In previous papers (Canute et al. 1977, Canuto and I-Isieli 1978b; h ereafter r e ­

ferred to as papers I and IT resp; otively) the theoretical structure of sca le  covariant 

gravitation was introduced so  Ilia I gravitational phenomena can be studied in atom ic units, 

assum ing quite generally  that the gravitational and atomic dynamica l units are related  

through the sca lin g  function £{>;). It was em phasized that E instein 's theory of gravitation  

rem ains unaltered if  ore lim its  o n eself to using gravitational c lock s. However, when 

observations arc made and recorded with atom ic instrum ents, one goes beyond the realm  

of purely gravitational dynam ics. The function p(x) was thus explicitly introduced to 

param etrise our ignorance of the correct coupling of gravitation to atomic; dynam ics 

over large cosm ologica l sc a le s . It was argued that any variation of the gravitational 

constant G m ust be; interpreted us a re la tive  variation of gravitational and atom ic 

dynam ics. Furtherm ore, such a  variation docs; n o t  contradict the improved experim en­

tal confirm ation of Einvteln'a general rela tiv ity .

Along with the new fom ali:-:/;, we derived new consorvrd ion laws .whie h_mu;;t be 

adhered 1 o ir place <• i the, svandard eonservj idou hr. v s . in incl, the inconsistency of 

studying' the clTcetf, of varying G with the im position of the standard conservation laws 

has been repeatedly pointed out. (see  e . g . , t h i s  w o rk . S e c t i o n  3 ). A careful 

exam ination of the ihcvroctlyjiamio Jre,vs con sisten t with the sca le  covariant gravitation  

w as given in paper If, where a sem i--c la ssica l description of par t id e s  and photons in 

term s of the gaomet eh al param eters of the sca le  eovariant theory can be fom.d. It was 

furihcrjncre dem orsirrioc in the above paper chat a consistent a1 •ulysis of the radiation  

problem  allows one to in terprcte the observed bnoj ground radiation as remnant of an
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equilibrium  radiation of an ca’r lie r  epoch, just an in standard cosm ology (see  also  

Canute and Ilsich , 1078a).

Papers I and II w ill serve  as a foundation upon which the astrophysieal analysis  

w ill be based.

*
In the present paper we consider w ell known cosm ological observations and see  

if  they are in agreem ent with the predictions of the sca le  c.ovariant theory. Before  

entering into a detailed d iscu ssion , w e indicate here som e qualitative features peculiar 

to the sca le  oovariant fram ework, norm alining our description to the w ell known stand- 

arcd cosm ology.

F ir st, it  mu at bn noted that the fundamental cosm ologica l observations such as  

redshil't and lum inosity m easurem ents are o f atom ic nature. To deduce from these  

m easurem ents the geom etrical structure of the U niverse a s  determ ined by gravitation, 

oiic miis! first dh’eptanp'e the relation brawor.n rdomjiryanc! g raviuttionul d.yr u w ic s . That

is , one m ust know the scaling function ?(l) (see  t h i n  w o r k , M eet i o n  for a 

thorough d iscussion  of observational and theoretical detcrm tnalions of the tim e deriva­

tives of B), Specifically, if the m etric  (In atom ic units) describ ing the eosm olegicnl 

sp ace-tim e has the Robert sou-W atkcr form , the tim e variation of the sca le  factor 3l(t) 

being governed by equation (2 . 1) below, depends not only on gravitational dyi runic,a out 

a lso  on the tim e evolution of the function (3, Tim s, on’y if  B(t) is  known, can one deduce 

the true •.’•comciricai structure of the U niverse. The latter  is  s t i l l  ebsraotcrterii by ]!j 0

and q , defined in the n s".;.l manner_iv. I-urns of_ihe gi\i-Rutio^ml m etr ic . C learly. it

is  II , q and not II , q , defined in tty m s of the atom ic m etric  , willed; tvo  direr o ’ 'o o ‘o

related to the purc-Jy gravitational pruwjnt&rs such as the curvature of space, k, 

cq, (2 . 8 ).



113

Hence, tho theoretical estim ates oi'Appendix A should be need a s  a guide to the evolu­

tionary effects and Jbr this reason, in many tables and graphs below, we give resu lts  

for different values of the evolutionary index e defined in oq. (7 .8 ).

The u se of QSO's as cosm ologica l probes has been another controversial subject 

in standard cosm ology. Treating the Q.80 as objects at d istances indicated by their 

red sh ifts, we use the observed slope of tho N -m  relation to determ ine the evolutionary  

index for these objects. V/heu oucli an evolution is  used to evaluate the niagnitude- 

rcdshift relation, we obtaLi tlicoretieal m -z  curves which fit the data points rep resen t­

ing the QSC.i. When \vc apply a sim ilar  procedure using standard cosm ology, the fit­

ting ot the data is  l e s s  suecfcSf.M,

Having thus gi.v' a r. preview  of the highlights of ti c present paper as a general 

oriental; on. wo proceed with the del a ils  of the analysis by fir st  solving the cosm ological 

equations for each ch.oicc of the scaling function. Luminosity and angular d iam eters arc  

then derived as mo elk-as of the observed rot'.shi ft. ISxccpt when analytic solutions can 

i>€; obtain;::.!, resu lts  c e  presented  in tabular form . Comparisons with ex isting  data are 

then made and prevented in figures.
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II. COUMOLOGY

As shown in previous papers, E instein equations in atom ic units and fox' a 

Robei'tuon-Walkor m etric  read ( I, Eq. 3. 2 : in this paper we shall take A -  0)

Y* R 8 \  k Rtt /r.
V R " 3 )  R 2 ” 3 p ( - l a )

ii 8 8 1̂  f t 4 rr G£  + L:  + *r~~ -  ~t = -  - ? • -  (3p -I- p) (2 . 1b)R 3 BR

w here the derivatives arc taken with j.-espeol to atom ic tim e, t. R(!) is  t tie sca le  fact or 

and p, p and G are in general functions of the sca le  function a wliich depends on the 

chosen gauge. If one derides to work in tine .so-called E instein gauge, 3 1 , (hen tho

atom ic and E hutein  tim es, fj dt til, coincide. The clots in Eqs. (2 . 1) would then r c -  

preser.L derivaiivcs dith rospeCb to I . C learly, if 3 - ] ,  all the 8 term s Uinnppoar 

and Eqs, (2. 1) reduce to the fam iliar E instein equations. It is  die content!on of our 

theory that die assum ption 0 -- c o n s t ., ustnP.y made in cc.smoJogy, and loading to no 

difference bet-.- con Kinsl.ei.i and atom ic tim es (except for a tim e independent large num ­

eric;'.! factor) is  nnprovei; and should bo tested  by using observational data.

For that reason, v/e box 0 o'tic nck-d the theory so as to incorporate a ner>--constant 

8 .  The extra t e r m s  In Eqs. (2,;!.) represent p io o isc 'y  this contribution. 81k .:d l  it torn 

out that die data can be Oiled only with ft -  cor.cd. , we would have legitimize--, '-his 

gauge choice, h eveioforo made a priori. In thin sen se  our theory docs not change the
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physics underlying E instein  theory, neither cloes it substitute E instein equations with 

new on es, ra th er , it in vestigates under which c ircu m stan ces the assumption of a con­

stant 6  is  actually verified , if  at a ll. The sca le  o v e r  which y varies is  the age of the 

U niverse and therefore the effect of 8 can be. felt sign ificant only if  one extends tho 

an alysis to high red -sh ift objects so  that a good portion of the U niverse is  actually in­

vestigated . From now on, quantities referrin g  to E instein  units w ill be denoted by a bar.

Willi R(t") -  (311(1.), d t  -  8(tjdt, it i s  easy  to d erive the following relations, (p = l)

I-l = H + h 5 » 0  = - ( 9  0 / e 2 ) (2.2)o o o ’ o o o v 'c

h —  ' b  ?
-  fflci - I) li « ( ~  ' li (2 .3)

i t  0  v  ( , C  i r  '  °o o

/• TT S ‘
2q | i  ] 

o v i i y
(2 .4)

II . ‘J
( = ° - )' IT

-I Cl -I- Q ) (  jy- ;o V tl
o

h n_o q
... . .  o

o

(2.5)
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where

r O . ^  . q = .y lu v n  . r .=
Y '2  S0 * 0 Q R"V0 ’ ^

_d_

dt
d / a t j

From E instein1;; 'equations (2. 1), one can also derive the follow ing energy conservation  

law  (], Eq. 2.3d)

p + 3 |  <P + p) = -  p (2 . 6)

For an equation of d a le  of Mid form

Ecj. (2 .6) can be integrated exactly with tl.-o resu lt (see  I, Fy, 2 .3 ) .

3(1 + Y )
,  E .  C

■ G(f ) 1. h ui
(2. 7)

We now have ad i+e n ecessary  ingrcdlentf: to study the behavior of tne .scak: .'.V.otor

K(l) v s. t.
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A) W orld  m odels

Substituting JGq. (2 .7) in (2 .1 ) , and integrating wo obtain (c,, = o)&

1) k -  0 :

mo fa  - {§ ho ] l 6(i)tit}2/3

8 rr ,, k -r?2 „ , T -^2-vT' O p  = —;„ •! II A -  B i- II3 o ' o o o
vo

(2 . 8 )

2) k = -1 :

0(t) f f :} -  | ] 7  (cosh f  -  3.) ; j p(!) dl = (A /2B:5/M) fsinh {' -  v) 
o N)

— — -1 9/'5 ........... — p /9
A/213 - qo (1 - 2qo) ; A/2DVfc - q j  l\Q (1 - 2qo) "

(2. 9)
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3) k -  +1:

0(t) j P  = -^3 (1 -  cos G) ; J P(t) dt -  (A /2B S /2 ) (9 -  sin 0 )
o

A/213 = qQ (2qo -  i f 1 ; A /2B 3 /2  = q j  Hq (2qQ - 1)3 /2

Num erical solutions for R(t) v s . t are presented in Tables 1-4  for different

values of q .o

1) k = 0 :

13) Radial ion dominated universe: c* = 1/2

r f' -,1 /2
P (l)  K ( l ) /T v o  -  |  2 Ho J B(t) dt j-

2) k -  - 1 :

.  2qo n1 /2  . 1-2C1 _ pt 2 1 /2
Sd) R itj/n  , =. (  - - J  j | i  ■» • • •  110  J m - v  I - 1 }

J0 J  2q  0

(2 . 10)

(2 . 11)

( 2 . 1 2 )
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3) k = -i-l:

, 2q .1 /2  2q -1  _  t 2 .1/2
p(t) n(t)/'Ro | | ^ l +     H0 J B(t)dt | - l j  (2.13)

2a -  1 L < n— vo
*° v  2(î'o

C) The age oi the m atter dominated era , t .I O q

T his age can ea sily  bo determ ined by pulling I. = t , R = R , ( $ Q ~ 3), in the

upper lim it  of the in tegrals (2 .3 )~ (2 .10), thus getting

k -  0:

*0 ”o " I i ; — r ,- : '-x -  - }  ' I  «* <*•*»
k 1 1 if ~ 1 j «*>*o o

k -  -i l:

t If o o

k

q
°  372 L C 0 S ‘ I  ( - -  0  < » .«>» ■— r, . , - J(2q -  I) ’ " q u

• lo ’ o

t H = i (1 -  2(1 f 1 -  q (1 -  2q cool- " 1 (' -  1 )  i 1(5) (2 .13)o o  L ■ -u hi hr  k. — J  \ v ' v '
%
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II wo put g ~  1, (2. . IC) reduce to the w ell known exp ression s in E instein

u n its, i . e .  i  f f  . We tin obtain in general,> O O . a t

*o " I  <2- 17>o

an expression  v/liieh re la tes the age t in Einstein and atomic units. Values of t II 1 °  o o o

are presented in Tables 1 -4 .



in. THE E ED- SHIFT 

A s proved in II (Ecj. 3 .1 4 ), the m easured red-sbtft should be defined as

R.*1 i ^
1 + * =■• p; (3 .1)

i . e .  as a function of the sc a le  factor in atom ic units. Within the present ihnor.v, the 

ratio of the sc a le  factors in E instein  units is  a. convenient symbol and not a physically  

meaningful quantity. We shall denote it by z .

R
1 + & = - 2  (3 .2)

l i

H ow ever, s in ce  (3R(t) -  i t ,  it folio v s  that

6(1 i- <?) -  1 -i z (3. 3)

Wo sh all find it convenient to o.rprer-s intoj medial a resu lts in term s of z  instead of z. 

However, physical re su lts  w ill always be exp ressed  in form s of z.

IV. T1IE SCALE FUKCTION 3(1)

A s we have already d iscu ssed  in great dot ail in the previous papers, the. function 

8(f) cannot be Jeicrm inod from within, the theory as we have form ulated it. External 

considcratioils m ust he used •;/! ieh can vary depending on whieh data are doomed m ost 

significan:.. In the previous ta p ers wc d iscu ssed  different JorcHonnl dependences 

of [3 on t, reppe.sen.ted by a single function

t ■- G
m  ■■ (' x ' p  . « -  V i; -F1 /2 (4.1)



1 2 2

corresponding to the following gauges

G ~  p 1 , p, B"2 , P2 ' (4 .2)

If G t’ “ , the first two gauges are flic ones proposed by Dirac in 1938 and 1073 r e ­

sp ectively . The Herd one was prepc seel by Cana to and Hsioh (1978) w hereas 'he fourth 

one w as d iscu ssed  tor the- fir st  tim e in the previous paper, II,

V. THE COMPLETE .SOLUTION

a ) General Eolations

Using (2 .1 7 ), (4 .1 ), (2. 14)-(2,1G ), we now obtain '

‘o = !o M  * Ho lo ^ ^  n o (;0 e t5- 1)

Since it is  e a s ier  to evaluate I' t than II I , we shaJJ use (5 .1) as the conationo o o o ' 1

dofimng K t . The relation  (2. !5) between q and q can also  be considerably  o o ■ o o

sim plified . It becom es

k  r p o f  ■ g "\^  , i; -  —?. _  | ( n  I t l.r '  _  / ri^ •} \ 1 »<-
9 L P,

' 1 -  -— — > i i f  = (2q -  1) K
V H t y J o O ; OU L- '■ C 0 0o

^c> a  C i' 1f  7 %  - H T  1 - ]j f  ! <5-*>1 c o o -  o o -

2  i",0 V  s e
% " C(o K/iTJ + 77772  * IT T '(iio to) o o
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b) The A nalytic case: k -  0. q = 1 /2  .

The case  li = 0 can be t rea ted .analytically and .wo tihall therefore present the r e ­

su lts corresponding to it  before giving the M l num erical solution. We present only the 

zero pressure ea se , rinee these resu lts  are the ones of physical interest, for the pur­

poses of Ihe present paper.

From Eq. (2 .8) we obtain

r
r (2 + e)

n

0

From (■>. 2) we finally oiitain

a 1 r ®?,V e

or

If t: q o o o
1 -  <5
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At the sam e tim e, lYom (3 .3) we. derive

2, -  2 s  3e

1 + 5’ = ( i  + z) 2 4 _S , P(l) = (1 + z )2 8 ( 5 .6)

Explici fly

k ~  0, cj 1 /2

e K(t) HotQ qo p(t) 1 + g

-1  t 1/?' 1 /3  2 t (1 I- z )4 (5 .7 ).

-i-l I 1 0 f 1 const. (5 . 8)

1 /9  1/*> 9
- 1 /2  t J/ " 1 /2  1 (:V  (1 + 2)"' (5.9)

+ 1 /2  t:'/G 5 /6  1 /5  t“ 1 /2  ( l - i - z )"'/ 5  (5 .10)

where t is  norm alized to t and R(t) io  11 .o o

In sp ite of having q ~ 0, l/r>, I and 2, the four ca ses  ear respond to q^ r- 1 /2

and, as. we slvil! see . n ;mc! r.ot a i s  the. deceleration ris.ran.cler uoter.r i nad from! - . 0

the in i s .  Vj relation (see  7 .7  and 7 .1 1 ).
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c) The full solution

Equations (2. G )-(2.3.0) v/ore solved name.dually and the resu lts  are presented  

in T ables 1-4 . The procedure is  as follows*. Since the physically significant 

param eter is  ihe curvature k, we fir st  specify values of q , which in spite of having 

lo st  its d irect physical m eaning in our interpretation, is  r.ontl.etcss a convenient para­

m eter who.se values indicates whether k =• -1 , 0, -EL, Ecj. (2 .3 ).

Given a value of q (first column), we Ih m solve Kqs. (2, l - l ) - (2 .10) with p -= 1,

so as to get H F (3rd colum n). With this inf'oi'malio.i wc thou compute 11 t^

(Eq. 5.1) ,  (4th column) and finally q , Eq. 5 .2  (second column). Equations

(2.10) can then be solved . We present in column 7 and 8 the function ll(t)/R  vs.

t / t  , a s w ell as the red-shifi. z, Eq. (3 .1) (Gib column) a m i.- , Eq. (3 .2) (5th

cohv; n). Fin l ly , in column 0 wc present fc(l), which can then be read against f;/R

or l / t  or y. c

The  values corrcnpor.dirg to q =• 1 /2  (k : 0), can Lc checked against the ana­

lytic  exp ression s given by Eq:;. (5 .3 ) - (5 ,10).

d) Look-back tim e

An important param eter h; nny cosm ology is the look-back Line, defined as

y  - 1 - ( i  - f X
o
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From  column 8 of T ables 1-4 , we can construct the function T /tQ v s. •/.. For 

the four Cases e -  ±1,  ± 1 /2 , the curves r / t  v s . z arc presented in F igures 1, 2 ,3 ,

and 4,  for two values of q = o and 1, i . e .  for an open and c losed  U niverse. T hese F ig­

ures should be compared with the one presented by Sanduge for the ease  of ordinary 

cosm ology (Sandage 1201b)

e) Small look-back tim es

The case  of sm all look-back tim es can be worked out explicitly  and it is  there­

fore c f  in terest because it y ie ld s a sim p le relation  between the pairs of variables z,

H and x .  H . From  T£q. (4 .1) we haveo o

|3 (t) = 1 -  (t -  t) h -  h Q h2 (t • t)2 -i- . , . (5.12)v O ' o o o o ' ' '

From (3. ’I) we  obtaiii Uki expression  Ter [ -  t, namely

%

i f [ i  -  ( i qo)

so  tiiat

P(t) II ( Oo II
\
) (5.33)
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Substituting (5.13) into (3 .3 ), we. now obtain

i t  + [ ( * ♦  K )  'n '  I  «o]  #  « ♦ • • • }  <5' M)

w h ic h  on the b asis  o f both exp ression s (5 .1) can be rew ritten as

The range of validity of th is approximation can bo checked using the exact values of

z  v s . z presented in the T ables Land Eq. (5, Ci) for the k -  0 c a s e ] .  Some general

relationship can already be read ied  at the lev e l of (5 .1 5 ). Since IT -  II -  e/i. , J v 1 o o o

[Eq. (2.2)  willi (-1.1)] 11 > I-l for C < 0 and so

> z (5.10)

C onversely, for the ea ses  £ > 0, 11 < 1 1  and soo o

^ < x (5.17)

T h ese two ccn c lu sione  :.fc  bor1>o out by the m anericai value;: o f,?  ;uk1 z lis ied  in 

Tables 1-4 .
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VI. THE HORIZON

A concept of great importance in cosm ology is  that of the horizon, particle h or i­

zon and event horizon (Rincller 3 956)

Following Rindlor, we shall define the proper distance of the particle horizon  

( i .e .  the farthest object from which wo can receive  signals) as

' l dtdlj(t) E(l) J K"(t) <6- 3)o

Since B dt -  dt and 0 11(1) •• Il(t), the integral, can i.’e transform ed into an expression  

in Einstein units. Thu integration can them be perform ed. The final result, valid for 

any 1;, is

1 -  2q
a it) -  ltd ) ; 3 - i . - )  -------- - ~ x n

”  v II. H y  (1 -  2q .)  / -o o ' o'

Art:: Til'.
2a H ‘*o

o R “\ 

o

1/ f
( 6 . 2 )

For 2‘i < 1, it can be further transform ed to'o ’

1; -  -1 :
dj.,tr)

“Rfl)
a / 1

( 6 . 0 )

2ci
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We note that with a proscribed the cosm ologica l equations (2 .1) becom e a 

proper se t  of second order differential equations so that the scale, cove.riant theory can 

be subjected to cosm ological tests just as general re lativ ity  is  tested  with standard c o s ­

m ology. The objectives are. a lso  i.milnr: f i r s t l y ,  one m ust dem onstrate the com pati­

b ility  of the observer data with the prcd:ctions of the theoretical m odel. (Other attem pts 

to prove the consistency of G ~  I  ̂ with the m v s. ?, relation have notoriously failed. 

See the d isc u ss io n .) l'f that is  achieved, one then proceeds to d.tlormtne the param eters

which characterize die m odel, nam ely Ti and q . The function.'!! form s of 0 consid -o o

cr td  have boon derived from various im positions of gauge conditions. Hence the cosm o­

log ica l te sts  m ust be considered as tents of the spo' ific gauge conditions.

It. is  natural at this point to ash whether cosm ologica l observations can be used  

as a constraint on the sca ling  ninetbn. Of1-) and tan:', constitute an alternative observa­

tional determ ination o! p. Wo can a n! icipatc (ho result:': for all .scaling nine lions of 

the. form s given by (4 .1 ), there oxisi theoretically allowed para me tors which make tin' 

iheoretiosi predictions com patible with observation. (Whether wc should prefer an in ­

creasin g  or dccff-usi.ig f?(i) v s . t.. must bo bused mi purely gravitational tests  as d is ­

cu ssed  in part XV;.

A common feature that plagues a ll cosm ologica l investigations in the evolutionary  

correctio;i i . e . .  the intrinsic va.riaboa of the. sou rces. A s in w o1:, known, the inclusion  

of evolutionary corrcc'ion  has ecu.-.ed difficulties over the interpretation of the cosm olo ­

gical data, for the tru ly  geom etrfonl i-ITceis arc net easily  separ.d.'.b f;om  the evolution­

ary e ffe c t  s . To a largo extent, those. c-’cerUimie:.; p: in tlio sca le  covariant fram e­

work. !•>,on though il.c rvclvi ioi.'U'y c . - K o r t - i  can be e r l u n r i f  -d. as wc have done in Appen­

dix A., to what oxter'. tho various OY>>U;;ion.i.vy p r o c  s s e s  arc operative is not known.
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Analogously; for 2q > 1,

k “ + l5  -R (ij  == = " “ ■ * 9 <6- 4>i i r  rp  ~o o , /  2q -  1

whc;rc we. have used Eqs. (2. 9; • aurl (2 .10). 

Finally for k -  0,

r  n  \  f '  R  - . 1 / 2  f '  c  n  ] / 2  ' " I K l ' i A " * 7 ^
H  - ~ J )  ( “ J  -  2 )  P y “(t) R y  M

" II U V 1! ^  II 11 V o 'O O O 0 0

_JL _
11(L)

a) Analytic ease: 1; -  0 ,

Using Fqs. (5 .3) anc! (4.1.) for R(t) and 3(1) and (5 .4 ), Eq. (G.5) c:.n be r e ­

written as

/- •> ,i. p N , , s  f 's
d (1) ,. ~  i J  (G.G)

e o

E xplicitly ,

G -  - I

dn (l; = £  ct ; c y i )  -  3ot -  -  fl(t) dlt (t) (0.7)

Analogously lor

G ■- ±:./y.

(G. 8)



where djj(l") = Set corresponds to standard cosm ology. The relation (6.7) or (6 . 8 ) 

is  c learly  valid  also  for the 1 > c > 0 case . Wc can therefore conclude that

lVi (F)
djj(t) < 1

(6 .9)

-wtw > 1 l  > e > o . 
. V - )

b) The k = ±1 c a ses .

Due to the im p licit nature of the R(t) v s . t function, we car. only present 

asym ptotic relations. . N um erical values of cljj(t) cam however be computed using  

the value of q and R (t)/R  given in the Tables. For the U -  -1 ca se  turd for 

large development angles , wc obtain from (2.9)



Wc now have from (G.3)

132

II (1 -  2q0>
V

c J 0(t) dt
(G. 12)

o r  u s i ng  (4.1)

or

d n (t)
c l  

1 - e (6.13)

dH(i.) -  i- Ct V -  fT 1 lln (t) (6 -  - 1)i r

, - idH(i.) = -3- Ct If ;3 x dK(t) (e = - 1/ 2 )

(G. 14)

An analogous relation  holds true for tho tame 0 > e > 1. The genara! conclusions

(G. 9 ) are therefore s t i l l  valid.
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VII. THE m ~z RELATION

We now proceed to dorivc the magnitude v s . red -sh ift relation making use of r e ­

su lts  obtained in paper IE Radiation propagating freely through space can be represented  

by the eu«rgy-m oinenlum  tensor

T4W = E k |J kv

w here k *4 i s  the tangent vector of the photon path. It has been shown (see  Eqs. (3.23) 

and (3. 25) of II) {hat along the beam of radiation,

E A p H constant

w here A is  the cr o ss  section  of the beam . For radiation em erging radially from the 

sou rce , A lakes on le e  value of the area of concentric spherica l su rfaces. For a R-W  

m etric

2 2 
A = 4tt r H

and hence

4rr E v ' R fs constant (7 .1)

Next, wc note that the ;,r.pavent lum inosity, being <• qunl to the observed flux in given by

I  -  o p  = <■, T ^ V u u = c E (u k-J )"
Y M V p  ’

2
- c E -V

P

where in the la s t  er>i:ality, Eq. (0. 5) of If has b eer ir.ed. Thus we can write (7. .i) as

I rr -2   ̂ ” Tl s>- 2 2~ ~  .{, v p ' v it  -  constant (7-2)
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But, us we approacli the source,

2 2
lim  4TT r K I  -  L (t)
r - o  ( , ' o)

where L (t) is  tlic in trin sic  lum inosity at (lie tim e of om ission , t. The above two 

Equations y ie ld

2 “TT
t = LO)   1  S' ^em_ 'N g
'"obs. 4tt 2 2 v  f  , J  V v Jr , It , obs cmoba obi

 LStJ.  — I   r  2 A  (7 4 u)
2 '•> o V R 7 . i '*

4 IT r . R“ (1 4 •,;) v  pobs "obs obs ' ’

w here r  k  i-4 the radial coordinate distance from. ;ho em iiler  to the observer. If p is  

norm alised such that j3 ~ 1 at the point of eli.-’e n a tio n , we finally have

 - —I— -. c(js) (7.4b)
■ITT r" It ( I i ?.)“ o o

whei c we hr vc drooped the subscript obs from I  and called  r , = r . andobs e '
B , -- P. = Pv(t ) .  It is easy to reduce (7. ibi to the ease of ordinary o.usrn.oloqy:obs o o' • ' •’ OJ

in fact it is  sufficient to put g -  it and G(8) " 1. It is  in fnci undcrst.cod that G(|?) is  

normnllKod to today's value. V/e waul, to note at tins point that the pau&e condition
9.

Gp‘ •- 1, which mcthfis p (Eq. 2 .7) independent of (1, also m akes l  iridep<--ni<MH of

tho sca le  fa d e r  g , at I n s t  c-.xr-’licitJ v. An uJicvnubve derivation of (7. 4b) w iil be 

presum ed i n Appendix C.
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The comovi ng radial coordinate r of the light source is  obtained by solving  

the equation

(1

dr
— r i-  kr )" 3:

celt
K (T )

Since the integrand of the r . h. s. can be transform ed to E instein  units by the change of 

variab les pdl = d t, 0R(t) = and sin ce  l i ( t ) sa t is f ie s  the ordinary E instein equa­

tion, we obtain, upon integrating-, the following resu lt

H 31
(1 + r )  ^  = jp^v, (7 .5)

with

1?{t, %) 

oi' alternatively

, ’ -i_  g  i  j .  ,      j  (7. d a )

1 -i-q :: + J I  + 2q .?Jo '  ln

w here (?. fie) is  an algr .iraic manipulation oi' (?. C) (T errell, 1077) ’which iacilitrd.es a

R  '? + (% - 3) R 3 ' R (7. (!)

g r e a t  d e a l  t h e  c o m ; : .I t a l i a n  .ir i h o  Ii.ni.if: qJu -  0.
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We reca ll that the quantity z  was introduced as a sym bol lor  R / R  -  ’J and is  

not a m easurable quantity. The advantage of going to E instein  units when evaluating  

the previous in tegral i s  that it y ie ld s  a lam iliar exp ression  for , which 

however m ust be rc—exp ressed  h • term s of (he physical param eters H , q , and ss. 

U se o f (7. !i>) and (3 .3 ) thus y ie ld s  for (7.4)

We note that no approximation has been made in the derivation of th is expression . Be­

fore v/c change -I to m , we make exp licit the dependence o i the absolute linninosiiy  

L(l) on 0 .  Let nr: write ir. general

4n(o/il0)2
C(B) (7. 7)

L (t)  -  L c  pe (t) (7. 8)

;tmo tim e. G(p) w ill be writtrn a

G(fi) = o (7. 9)

If one demand;: that G ~  l / l ,  i£q. (4 .1) and (7, 9; imply that

S e  -  - 1 (7 .  J 0)
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A s d iscu ssed  in the previous papers,rr(fi) is  the power of G under sca le  transform ations.
- ‘h n / o  - r3 ~ ">

With (7 .8) and (7 .0 ), we finally have from (7 .7) (£ ~ 1.0 x 2 .52  10 ergs. cm

s e c  1 ; h ~  10 X S. 02 x 103 " ergs sec  " )

5 H0 Nm = 5 lg  F(Z, qo) -  |  (e-g) lg  0(t) + 5 lg  ( -J-  J  + m Q (7.11)

m  = M -  97 .45  + D ig  (o/ H q) = M + 4 2 .3 8  -  5 lg(II /100) (7.12)

-1  -1w here M is  the absolute m agnitude, and 11 is m easured in units of 100 km see  Mpc

In column 10  of T ables 3-4 wc present the function F(v, q ). ]n Tables 5-8 wc 

present the values of m with m = 0 for four values of o. From Eq. (7.11) it is  clear  

that the rn v;s. </. rc.Jation w ill y ield  q , riot q . Ueaultc are presented in  .Figs, 5 -8 .

a) The analytic case: li -  0

Since; in die L -  0 ease  we have an exp licit expression  for i't(t), Kcr. (5.',))■, wo 

sh all derive the m v s . z relation  directly and show that it is  indeed a particular ease  

o f the general exp ression  (7 .7 ). To this end, we compute r directl.y using Eq. (5 .3 ). 

We obtain a!tor a short computation

_ r
1 11 11 o o

(1 -I- z) ( 7 . 1 3 )
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Introducing (7.13) and the second of (5. G) into (7.-1), we obtain

2 4(S -  1)/ (c -i- 2)
— Jilil—_ G(p) , ( 7 . 1 4 )

^ ( e / i y -  [ i - ( l , z ) ( e - ^ 2 + 2) ]^

On the other hand, from (7. (5) and the fir st  of (5. 6), wo have

F (^ ,q o = 1/ 2) == 2 [ l  -i z  -  J T T k  ] = 2(1 + z,)2(1 “ e)/<2 + e )[ l  -  (1 + z)(?~ X̂ + 2)j (7 .15)

U se of (7.15) and the second of (5 .4 ), shows that (7 .7) js  indeed identical to (7 .14).

In particular, from (7.11) and (7.3 5), we doi'ivc making one of (C.4) and (si. 6)

G = "I :

m 5Ig ■/, i- nig 2(2 + z )( l e z)2 + ~  (o -  ;;) );< (1 i- z) Dig 1 /4  + Ui (7. 3G)6 o

t  -  - 1 /2  :

5r- Z' I Nm = 51g z i- -2-  lg ( l  •! z) + 5 1 -  •- g )  I f / l  '• z ) + niQ (7.17)

e -  -m/ 2

m -  !i]g [(.1 z)1' J -  1 ] -i- Jg(.t •!• z) - f  (e-g) lg(3 + z) i- 51g 5 + m (7. IS)

E(js. (7 .1 0 -7 .1 3 ;  lv.*r the ca se  c g = -1 , i.I’os. (7. y>-(7.10) | , end rn = 0  are tubulated

in PaLles 5-8.
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VIII. THE EFFECTIVE DECELERATION PARAMETER

Since the physically  m ost important feature of the p resen t theory co n sists  of 

having disentangled atom ic from r-.raviUtional tim es, it is  to be expected that the 

higher the tim e derivative one con sid ers, the m ore pronounced the effect w ill be.

We shall illu strate  this phenomenon by studying the m v s . •/. relation in the 

lim it of sm all y.'s, in which case  the exact relation (7. 7) can be rew ritten  in a. form  

that depends on m easurable quantities only.

At the sam e tim e, an effective curvature q* will be defined which clearly  d is­

p lays tfir■ desired  effect..

For sm a ll the function F(.r , q ), (7. 6) ear be written as

F(tf, q0) * * [ !  + ■! (1 -  C ( J ) > '  ] (8 . 1)

Using (7. 8), (7 .9 ), (8 .1 ), (o. IS) and (5. I f ) ,  cq. (7. 7) can be transform ed to the

f.imil iar form

( 8 .2 ;

w here the effective curvature q* is  defined a:
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a) The Standard Case

Eq. (8 .3) can be reduced to the standard ea se . To that end we put g -» o, (t^ s  t ) 

g -> o, II li , h -  o, Qq -  o, but e e  = p . In fa d ,

Wo obtain

L(t) ~  Pe ~  1. G° ~  t" 11 (8 .4)

q |  c -  %  r, = q0 -  r -  f f c )  (8 .5 )s . c .  o H t o H .. w q
0 0 o

a we.U~Ju.-own expression in standard cosm ology.

b) P resent Cosmology

Wc shall rew rite (8 . 8 ) so  as to exhibit a form that w ill help us com pare it with 

the stan lavd ca se . Wc shall write

( i f )  ♦ «-*: i f  ' (l +Qo> ( i f ) 17“  t ^o o
5. 6)

Contrary to (8 .5 ), w here t; is  m ultiplied by unity, here we Jiro-’o a m agnifying effect

due to If /R  which m akes 'lie rf1 v s . ri even m ore nonlinear than usual. To this, 
o o ‘ "O

we must add tl o tv.'o oxira term s depend!ng entirely on live, first and second derivatives 

of ) .  Per ft!Iure use, we shall present (8 . (>) for k •-* o, q ~ 1 /3 . U sing (5 .4; w e  

obbnn



G = “ 1 

e = -3 /2  

G = +1/2

e -  l

Usi 

6 0  s  I) --

+  -I

When g

I ' l l

q* -  -1  i- 3 (8 . 7a)

q* = 1 -1- 211 (8 . 7b)

q+ = f  (13 + 3e) (8. 7c)

q* = 3 + 11 (8 . 7d)

c) The Value of r\ 

ng (A. 22), (A. 1.7) avid (12.7), we obtain

e(B-!)x  + &£•*. ( l  ' - e g o ) - G g 6 (- e [ e ( t H ) + i  + e g 6  +

(c v o l,)

- 'J u - . -I- fx | 51 o-5 ) ——  -  I + C-' (<•- -  3) -  —  -̂-------
x -  3 ■ 1 - a  J J 2 1 -  t / tc o

(dyn. i’r . )

(8 , 8 )

o, g o we obtain

SLrJ£ +  « _  _JL_ _ I  .  J   (8.9)
a - i  H + l  l - a  2 1 - F / F

c o

(ovol.) (dyn. Ir .)

a w ell -known expression  recently d iscu ssed  by Gunn and T insley (19 Ti>).



d) The Complete Solution

Even though wo have derived an exp ression  for t] -  eG , it would not be eonven- 

ieut to u se  it at this stage sin ce  we want to s tr e ss  general properties of our cosm ology. 

We shall therefore so lv e  eq. (8 , «;■ for different values of q . The resulting q* v s . q 

curves ai e shown in F igures 9-12  together with the ones corresponding to (8 , 5). Exam i­

nation of (8 .3) shows that in the present cosm ology in addition to the in trinsic lum inosity  

variation, there is  a lso  the evolution due to the relative variation of gravitational and 

atomic: force strengths (whose; effects can a lso  be seen  from eq. (7.4b)). This is expec­

ted: . by studying the gravitational evolution of the U niverse through nunnic in s1 rum onto,

we have no a priori, rear on (o jtssirmo_’v<3 (-rn  sec  c lea r ly the gravitational dynuvnics . 

in this ca se  characterized  by the param eter q . Instead, we should allow  for d istor­

tions as if  looking through a len s , which may be m agnifying or -reducing depending on 

the evolve*ion of the sealing; function. This is  m ost easily  soon from the fir st  term  on 

the right hand side of (8 .3 ). if  p is  an in creasin g  function of tim e, b is  positive and

instrum ents amplify sm a ll d ifferences in the geom etrica l structure, given by A q . 

The rcvet.se is  true if  p is  a d ecreasing  f u n c t i o n  of Hive. Of cou rse , vvli.cn p is p re ­

lim v erse , which in turn in ;:.n im plicit function ox q , The "lone effect" thus becom es> J0 --------------

m ore complo” . This "lens effect" can bo neon from Figure 9 - 1 2  by c o m p a r i n g  the 

slopes of the full curves with those of sir.rdard cosm ology (dashed linos). For a giver  

oboervafiv'iwl u n certa in ly  in q * , a Tcey, elope reduces the unccrtuinity in qn .

the m ultiplicative factor Q I + ~  J is  greater'than unity. In this c a se , atom ic

sc-ribed as a function of (ho cosm ic  tim es, h becom es a function of the age of 'heo



For p ositive  a ,  the so lid  curves generally  have slop es sm a ller  than those of 

standard cosm ology. Such positive or negative "magnification" of the gravitational 

dynamical effects through the atom ic lens can also  be seen  in F igures 5-8  and 13-20, 

where, curves corresponding to q « . 1 and . 5 are presented.

In each c a se , the separation between the two curves is  enhanced if  e < c and 

reduced if  e >■ o.

It is  a lso  of in terest to see  from F igures 9-12 how an uncertainty in r) affects 

the datormination of q , given an observed q * .

H ere again, for a fam ily of m ore or Jess horizontal curves, a sm all .shaft, in t) 

causes a large sh ift in q . This has been the situation in standard cosm ology and it 

presents an obstacle preventing the dc.loriTunailon of the true curvature of space. For 

positive e , the situation has not improved. For negative e on the other hand, there
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IX. METRIC AIJGULAR DIAMETERS 

Consider two events at (he points A(r , 0^, co ) and B(r , 0 a -i- A 0 , rp )
G 6  C O  0  0

occurring at the sam e tim e t and le t  the ob server  be located at (0 , 0 , 0) at the tim e  

t . The two em ission  events are separated by a local distance y .

The m etric  annular diam eter 0 is  defined asin

em = F"n(Fj <M >e ' oJ

Using (7 .5 ), (5 .1) and (3 .3 ), (9.1) b ecom es

II t. -  e

Jm "° " “ o ‘o '  tjo)

where

6o ' 8-,!. C iL ofed  (S r . )  /,v“00 <9'°>

Using the values of z ,  ?, and Viz,  (t ) v s . v. given in T obies 1 -1 , 6 can be cem -o m

putod iVcm (t). 2). 5'bo num erical i alues: quoted in Tables 9-8 correspond to 

y -- 250 1'pc and H -  50 lan se c  1 Mpo 1 . We hove not Included a possib le 7. depen­

dence of the radius y . A sea lin g  of' the form y(s) = y(0) (1 + z } lL can be easily  superim -  

po.so! on the valr os quoted in the 'litbles once a particular mode*] has been chose".. The 

resu lts  are presented in Figures 1 3 -JO.
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a) The analytic cr.se: k --- 0

Ustug (5 .4 ), (5. C) and (7 .15 ), 9 can be expressed  as

r. o Z’ 1 “  ® 1 + /
‘>1 O U  + s J  2 _ (1"+ R)(«i -  2) (9*4)

For e = 0, (9 .4) reduces to the well-known resu lt in ordinary cosm ology corresponding  

to the Einnk-in-dc Si iter U niverse. Equation (9 .4) can be compared with the values 

quoted in Tables 5-8 .

X. ISOPIIOTAL ANGLES

In order to derive, the isophotal angular d iam eters 0 ., we shall f ir st  define the 

surli.ee  brightness B as

B = l / ' > 2 (10.1)m ' '

w here T is  giver-, by (V.--). U sing (0 .1 ) , wo now have

E ~  (1 -I- a f 4 i.(t) fl2 G(6) y “ 2 (1 0 . 2)

The determ ination o f 6. is  usually made adopting a formula (duo to IJubbie) giving the 

v.u:is:Uon of E vs. B, namely

0 . /0  --  (n 2) (10 .3 )i m ‘ v '
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We then have

m

i / p
(10.4)

and using (3.3.) (with p = 2)

( m  j?:  

(3 •'

2 QSp:' \ 1 /2 (1 0 . 5 )

Com paving (10.5) with (7.'!)> wo. obtain the final resu lt

lg  6 . =: -  ~  m + const. (10 . (»)

The values of lg  8  ̂ are presented in F igures l7 -2 o .

XL DISTANCES

From  (7.1) ar.d (3.1) we can derive d. , the lum inosity distance as ivolJ as <J.,
*_j  ‘ / V

the ang'uwr diam eter distance as

' I, _1 £y
"A r .  K (UO v.

(13. 1)

R(t(J 3 G1/2
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so Hi at;

A =  1 _ _  3 2 g 1 /2  (3) ( i l .  2)
dL ( i  + z r

Doing Ecj. (5. d) i'or p in the k -- 0 e a se , we obtain 

e = -:i (g = i)

-  ,  (1 + z) • (31 .3 )
° l  ( i  -t %y

e = _ i / 2  (g = 2)

cIA 1 - e /2A — A _ .  (1 ., /,) (11.4)
d D (1 +

e « +1/3 (g -  -2)

d , ~  (2 * c / 2 ,
~  = — 1— 5- « (1 >4 (n * 5>

I J (3- " «)“
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. 92 (g = -1 . 087)

dA 1 M , ,1 .4 5 9  + . 472G c 1- - -  = -------------5 • (1 + z) (11 . 0)
L

Another way of expressing (]ie  experim ental resu lts  is  to sav tin t (lie lum inosity  

distance in crea ses  slow ly with •/. (and even d ecreases after a maxirn.no) anti the angular 

distance in crea ses  q u ietly  with z.  This m eans that a cosm ology in which d^/d^ is  a 

strong function of z is  a good candidate lor the te s ts . We have, using Kqs. (11 . 2 ), 

(7 .9 ), (5 .1 ), and (8,3)

(2_ i- q) c + 1 
d . 2 t ii
j  ---(1-i-z) °  °  (11.7)

which is  only :.n approximation for z ~  0. For q -  0 or 1 /2  Eq. (11.7) is  exact. 

We want the exponent to bo as large as p ossib le  and positive.
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XII . THE M(m) v s . m RELATION

A le s t  that is  Ixjeoming increasingly  important is  the number count, i . e .  the 

number of sou rces (per square degree) brighter lhau apparent magnitude m . The m ost 

widely used form of th is test is  in referen ce to optical quasars.

A formula of the type

lg  N(m) ~ a t bm (12.1)

if  often employed for its  sim p]icily: the d iscu ssion  then concentrates on the value of the 

param eter b predicted by the theory v s . the one obtained by fitting (12 . 1) to the data.

For a Euclidean space b = . 6 ; a ll Friedm an u n iverses with A -  0 predict a value 

of b lo s s  than .0 .  H owever, evidence lias been repeatedly adduced for values; in e x c e ss  

of .(I: Bracccoi and Formig.gini (196‘.i) have; concluded that b -  .72 ; Bandage and Luyien 

(39(>0) suggested b = .7 5 , although Betti and V/oltjcr (3 5)72) have concludes! that all ihe 

data until 197.** wore actually consisten t with b -- . 6 . In the m ost recent work on the 

subject, Green and Schmid* (1073) have presented what they believe to be a c lear indi­

cation of a value of b much larger  than any o f Ihe ones )<c l o s e d  so far: in fact their 

an alysis indicates b . 92, a value im p ossib le  to recon cile  with any purely geom etrical 

cosm ology. Strong evolutionary tre.ude in the number of quasars arc then invoked ae the 

log ica l i in pi ication o f such resu lts .

In this section  we shall derive the N(.n.-) v s . m relation per ini dug to the present 

cor.mol;.t',y and we shoJ.3 then d iscu ss  the corresponding values of h.
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To that end, le t  us fir st  derive N(js), the number of sou rces as a fun. 

red -sh ift. If we start with a R-W  m etr ic  (in atomic units)

, 2  „ 2 f dr2' , 2 ,..2  1ds -• dt -  11 (t)   w + r dw t
1 1 -  kr J

by virtue of the transform ation

wc obtain

whci e

d.u  ----------------- » u ~ Avsim L k )  r j
1 -  k r2

9  2  r 2  9 9 .
dt ~ R (t) tdu i- >7 (u) dO j

= E(u) -  (-k )” 2 si nil [(-k )1'"' u ]

The volum e elem ent computed from (12.1) is

dv = ,J g dr d 6 d0  = It°(t) (1 -  kr'*) 1 /"' r** dr sin 0 dO dt

lion of

(12 . 2 )

(12 . 3)

( 1 2 . 1 )

(12. fi)

(12 . 6)
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and consequently the total number ol' so u rces is  given by

// = 4tt n R3 [ du 'T (u) , (n(t) R3 (t) -  con st.) (12.7)O O 0o

The number of so u rces per square degree is  thou

N -  N/Q (12 . 8)

whs.vc-i Q is  the total number of square degrees in the sky. Integration of (12. 7) y ie ld s

N
N = - f -  (-k ) " 3 /2  { sink 2y - 2y } (12.9)

where

'hr n .U"
N = -------------------- ; y -  (-k) ii (12 . 10)

U sing (j.2.3), (7. 5) and (2 .5) to exp ress r in tcrVnn oi q and s , wo finally obtain

r _  -j/o 1'(■■■'> q{ ) -l
y -  Arsinl; (1 -  2q())'l/“ ~ J 7 ~ -  J (12 . 11)

E qs. ( 12.9 )  and (12 . 11) so lve  the problem of bn.ling N vs. z , since the relation b e-

tween z and a  has already been given in  T ables 1---R Lqs. (12.3) and (12.13)

arc form ally identical to the oner in standard cosm ology: however, i i  the present. context
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z  i s  not to be identified with the observed  red -sh ift , which is  the atom ic one, z. 

N(z) v s, z relation is  therefore d ifferent in the p resen t context than in standard 

cosm ology.

■ E xplicitly , wo have

X T  3
1  Q  1  N C r  P / . .

k = o N = t  < V '3 - |  = £ - *  [ JJJ -
o o

1 r- / ' L (i. 1 -
k =•-• -1  W -  ~  Nq (sinh 2y -  2y) ; y -  A rsinh ^  l-2 q o - ~ T J ~

h •!•:! N = £  NQ (2y -  s ill 2y) ; y = A rsin  | ZqQ -  "

Let xis now use (V. 11) to elim inate z  in l'avor of m . Wo have

1 1 + z

. 2 (m -  m \  „ ,  — ,10 o' = 1‘ (2 , q I
k ” -0-  . H  _

II

a) Sm all look-back time

The

(12 . 12)

(12.13)

j (12 . 14)

(12.15)

In this ca se , I j s , (12 .9) and (12.11) reduce to
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N = 4 tt
3 II

r r ( q o >
I 1 -I' .7 J (12 . 1G)

where, using  (8 . 1)

F( %> *) 
~T+ 2 [ - (1 * q0). ( 1 2 . 1 7 )

Finally using  (5 .1 5 ), we obtain

3

N  =  —  z 3 L 1  -  3  A 7. ]  ( 1 2 . 1 8 )
II3o

where

Let us now use. t  as derived in (8 .2 ), i . e .  (L = L(t-C)) )

,  II . ,  L 1/2
C t f )  QjWi)  * x -  * [ l  + i  <i -  q*) *] (12. 20)
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w here we have again m ade u se  of (8 .1) to exp ress F (z, q*) for sm all z. Elim inating 

z between (12 . 2 0 ) and (12.18) we obtain

*  ■  f  t 1 -  !  + ( I t v  it: - 2 B  i 2 ]}  (I2-2l)
O

where

B E u r r  ( %  '■ f r r )
O O 0 0'

' Contrary to the well-known case, in standard cosm ology, the correction  to the 

Euclidean case  does depend on the curvature q . In the. case  of standard cosm ology, 

e -* 0, g -* 0, I-I — Iio , we recover  from (12 .21), using  (8 .5)

.  L  . 3 / 2  .. 311 L  .  1 /2  .  .  T

N = y  n„ ^  TfrT)  { 1 “ I T  V TrTZ)  [  J 'h ~ = f  C T " J 0 J }

(12. 22)

a well-known expression  in standard cosm ology. Equation (12. 21) can be further sim ­

plified . In fact, using  exp ression s (2 .5) and (8 .3 ), one can show that the square, paren­

th esis  in (12 . 21 ) in equal to
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P _
J-J t o o

so  tb'it final.lv we have

N 4 TT 
'3

i- >
no ( r n * ) /

1
ax- eJl.+ iLz_Ei 

2 1J I o 0
(12,23)

This expression  c lea r ly  indicates tbal a slope greater than liic Euclidean one con be 

obtained as long a s  tl«<; value in the scjuare bracket is  negative.



XIII. THE SLOPE OF THE IgN(m) v s . m CURVE FOR QSO 

AND THEIR m v s. z RELATION.

Since evolutionary effects are  very im portant, one cannot derive any reliab le  

m v s . z relation for QSO without them.

However, due to the s t i l l  uncertain nature of (he physics of QSO, the evaluation 

o f evolutionary effects is  very uncertain since it is  too m odel dependent.

For the ca se  of ellip tica l galaxies we computed e , see  eq. (7 .8 ), using the best

m odel presently available and the resu lts  shown in F igs. 5-8 are satisfactory . .However, 

there is  no com pelling reason why such values of e should also  apply to QSO in general 

and the dotted curves in the F igures should not be extrapolated much further than the 

region where they belong.

This loaves us with the problem  of estim ating c for QSO. We proceed as ]'<••.- 

low s. Wc demand that e sa tis fie s  the lgN(m) v s. m relation  with a given slope b 

determ ined by observations. For purpose of illustration  we shall take b = . 75, an 

average value among the ones quoted before,

Once e is  so determ ined, we shall u se  it. to construct the to v s. z relation fcv Q

To understand the resu lts  b etter, we shall apply such a procedure fir st  to the 

ca se  of standard cosm ology and then to our case .

We shall show that within our cosm ology the resultant m vs. z relation gives a

better fit than the one of standard cosm ology.

Instead of presenting a full numeri'. J  solution to this problem , we. shall employ 111 

k = 0 ca se  since we can work cut the problem entirely analytically.
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U sing (5. 6), eq. (12 .15 ) becom es

. ?.(m -  m ) . II _
10 °  = F(i-, 1 /2) ( l + * ) p f i r 2 )

v  II y

w here

D = §. eXfLz ©1 
p 4 1 -  e

so  that firmlk, from (12 . 12 ) we obtain

or

i 3 . (>{in -  r a j  „ „
«(”’» “ I No ( i r V ;  “ <i**f"3p

o o

lg  N(ni) ,0m  -- 3(p 1) lg  ( !+ £ ')  + cons!..

The slope of lho lg  N(in) vs. iu curve can then be derive.:! to be

, d &n N . 0slope r‘ fin i 1
l - 2 (p + 1) I- 2 (p !■ 1) (1 -I-*)1'"

a) Standard cosm ology

in order 1 o reco v er  Ihe expression  pertaining lo standard cosm ology,we

a) identify with ihe observed rod -sh ift b) pul g •-> 0 , c 0, i . e .  1-1 -> II

keep the product Ce finite, sag rj > so  that (nee 8.4)

(13.1)

(13.2)

(13.3)

(13.4)

(13. 5)

m ust 

bu t
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3

L(t) ~  pe ~  r e e  ~  t ~ ~  (i  + i f) 2 n

The value of p b ecom es

(13.5) rem ains unaltered with p given by (13. 7); (13.1) b ecom es now

15
m -  m o + 51 g . 1 /2) -  -j-' h lg ( lH -i’ )

v/i fh

F ( s ,  3/2) 3 [ 1  + n  ~ , / T T 5  ]

L et us now look for a value of t) such that the slope (13. 5) is . 

a t e  am ong t h e  o n e s  q u o te d  a b o v e .  We o b t a i n  T a b le  9 ,  

u o o n  i n s e r t i o n  i n  ( 1 3 - B ) y i e l d s  T a b le  1 0 .

(13.7) 

(13. 8)

75, a value inicrm ecli- 

W hich
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Since for sm all w 's , eq. (13.8) b ecom es identical to eq. (4) of Sandage (1972c), where 

m  Jias been fitted to bo 2 0 .6 2 5 , the magnitude m without rj would be in the range 

23-24 , 5, too high a value to i'it even the envelope ol' the QSO';:, as clear from  F igs. 

5 -8 . The addition o f the evolutionary term  r \ , determ ined for the slope of the IgN(m) 

v s . m relation , helps a groat deal s in ce  it reduces column 2 of Table 10 by about 3 

m agnitudes. However, the final resu lt (last column of Table 10) is  s t ill  too high to fit. 

ihe data.

In general, elim inating p between (13. f>) and (13. 8 ) %ve obtain

m  -  m + 51gIT S  1 /2) + 5 ■[ S L Z .^ .  .. j \  lg ( i  + ^) (13.9)
0 L 2ct -  2a (1 j )  }

w here a  is  the slop e (18.5),
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b) P resen t cosm ology

When the. sam e procedure is  fallow ed within the present cosm ology, one gets 

bolter re su lts . The relation (18.5) b ecom es, using' (5 .0) to elim inate In favor of z,

slope -= -------------------- - - - ---------------------   (13.10)

1-2  (p + 1) t 2(p (■ 1) (1 + ;•:) A 'r C

or

slope = ............................... — ....-  ; 8p 3 (c - l )  (13.13)
1 + 2 (p -i- I) (z~ :■ 2z)

slope- = — 2 ; 4p -  o -2  (13.12)

Analogously, f->r c -  -1  and e =• -  I / 2 S(1‘!. 3) is  given Ly eqs, (?. 26) f.jvi (V. 17).

J..(-1. as now veijui.ro again that the slope be .7 5 . Wo obtain for c

f a b l e  ; l .  U s in g  t h e s e  v a l u e s  in  { 7 . !  C>) and  ( ? . ! ? ) ,  

we obi .  s i n  I ' a b l e  i U .



A considerable im provem ent ex ists  over the. corresponding values of m -  m of 

column 3, Table 10. In fact, we subtract m ore from m . A s an exam ple, le t  us talco 

z  -  2,  Jg'or. = 5 .8 . We obtain

P resen t cosm ology

m -  m -  1 .89  (e = - i ) o ' '

m = m -  1.35- (s -  _ j /2)

Since rn(. «* 21. when these values are reported, in F igures 5 -8 , we get a belter  

fit to the data tvith the present cosm ology. The ea ses  corresponding; to t. > 0 are Indis­

tinguishable from those of the oa.se standard. In conclusion, we can say that the method 

of determ ining the evolutionary parameter e from the slope of the IgN v s. m relation  

for Q.-;0 and then using ii in the ra vs. z  relation, y ie ld s a better fit in the present than 

stan..hrd cosm ology.

Standard cosm ology

in m -  . G8 o
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The previous d er iv a tio n  could lend one to  conclude th a t we have 

excluded d e n s ity  ev o lu tio n  in  fa 'o r  o f lu m in osity  ev o lu tio n  o n ly . This 

however i s  not the c a se . To prove our p o in t , l e t  us suppose that we add 

a fa c to r  f;s  to  (1 2 .1 2 ) to  s im u la te  a d e n s ity  e v o lu t io n . The d er iv a tio n  

o f  (1 3 .5 )  then fo llo w s:  The r e la t io n  (1 3 .2 )  between the parameter p in  (3 .5 )  

and e i s  new changed to

2  { -  E
-i" S

The parameter s a f f e c t s  p in  the same way as ?>/2e d oes, and, ju s t  as in

standard cosm .jiony, one car in te r p r e t  the r e s u lt s  in  terms o f  lu m in osity  or

d e n s ity  e v o lu tio n  or as a com bination o f  the two.
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XIV. RESULTS 

(a) The :m v s. 7. relation  

s  o .

The. ca se s  C -  -1  and e = —J are presented in F igs. 5 and 6, dashed lin es.

The so lid  line corresponds to standard cosm ology with q = 1 and no evolutionary 

effects. The observational points of F igs. 5-8 are taken from F ig. 3 of Santiago 'it)??a. 

The value of the param eter rn of Eq. (V. Ft) is  fitted to be i« 0 = 21. 0.1. Several 

comments, are in order concerning l ’iga. 5 and G.

F ir s t  of a ll, the k ~ u. q ~ . 5 ca se , corresponding to ‘ lie original IFau: w \ ! d ,  

1','q. (5 .7 ), has been repeatedly cr itic ised  for y ield in g  q r: 2, a value oensidered too 

high to fit the n: v s. 7. relation.

T his conclusion war based on an incorrect derived ion of die m vs. r. relation  

within the context of tills new cosm ology. We now se e  tbnt .since the m via v. ''elation 

depends on q and not q , a value of q ~ 2 is  periVc.tiv acceptable s in ce  it can still1 \> Yi O ‘

correspond to an open Uni verse;.

Secondly, contrary to the ca se  of standard cosm ology, the m vs. z curves are

very sen sitive  to a change in q . Jn fac :inge from  . I to .5  has n very distinct

the tv, o c a r v e s  oor rc fpom i in ;

to c o 5 arc practically  i n*Tisi.inguir.lu-b.'.c bclow rn ~  20.
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The higher sen sitiv ity  in out ca se  m akes it p ossib le  to get a good lit even with 

an open U niverse, say with k = 0, som ething not p ossib le  in standard cosm ology, 

where a bending towards lower m 's , like the one characterizing the o ~ .5  curve.,AQ

can bo achieved only with a largo q (> 6), i . e .  willi a c losed  U niverse, as seen  from  

Fig. .1 of Sandage (1901a).

e > 0

The c a se s  e = ■|' i  and e ~  .9 2  are roprosoi.-tecl in F igs. 7 and 8, dashed linos.

l-'or any given both the q ~ .1  and q -  . 5 ca ses  correspond -to low er m 's

than they would in standard cosm ology with the sumo o . In fact, tlic solid  line co rre -lJ ‘o

sponds to q -  1, i . e .  a c losed  U niverse..

(1)) Angular D iam eters, 6 vs. •/,.

T he-cases p. ~ - l  and c =  - 1 a rc  presented ii! F igs. It! and 11, dashccl lin es .

As in the m v s. y. case , v/c a lso  note that within the present theory in the

e = -1  ca se  a sizab le  d if fe iv w e  cxi&U. bet a eon q •- . 3 and a -■ . fj. In standardo a.i
cosm ology, a much lee-; pronounced d i for once ex ists  between curves I and II.

When C is  p ositive , the predictions of the pm.sent cosm ology becom e le s s  s e n s i­

tive to the value of q , to the ooint v/lvt rc  no diHo:cei»'.,'.. ex ists  between a = . 1 and 
o  "  ' O

q -- 1, when e -» 1, Fir;, ' t f i .  In that son .'it- the contrast between Fig. 12 ( t; -- -].) and

Fig. 10 [C .92) is  vcrv instructive. An open Universe v.ilh u . 1 does provide a

satie  factory fit to the a in.the e •' 0 eases: tlic a ~ , 5 case  is  not as rnUi,'..factory.’o

For positive G, i>o pre'Fraijje q e x is ts .1 o
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The d ifferences between the present theory and the standard one, as displayed  

in F igs.. 13-1G are m ainly due to the disentangling of atom ic and gravitational tim es.

In that sen se  they constitute a purer cosm ologica l probe than others, where astrophysi- 

ca l effects intervene very heavily.

For negative e , we conclude that values of q greater than J (closed  U niverse) 

would f i. the data very  poorly. For p ositive e , both, closed  as well as open U niverses  

arc acceptable.

(c) Isophotal A ngles, 0. vs. z.

The isophotal angles 0 v s . /. g iven by Fq. (3 0.fi) are presented in F igs.

17-20, dashed lin es .

The observational points as well as the* full lines are. taken from Fig. 5 of 

Sandagc. (1072b). The number labelling each curve is  the value of q . The value -1  

cori csponds to the steady sta te . F igures 17-20 are very instructive sin ce  they d e a r ly  

show the sen sitiv ity  of the curves to the values of q . In standard cosm ology, a value 

of q -  2. 5 yield.'; a le s s e r  slope than docs q -  , fi in the present theory. From this 

circum stance stern.; our hope of being a b l e  to d iscern  a value of q .

For negative e , an open U niverse f i ls  the data certainly better than a closed  one, 

which would predict angles too large for a g h e n  rcd -sh ifi. This sam e feature character­

iz e s  the m etric d iam eters. The. deterioration of the fit as q p asses J- becom es lo ss  

evident ns g beu.onu-s p o siiiv c . It is  in teresting that for the isophotal as w ell as for

the m etric  angles the sen sitiv ity  of the resu lts  to o that chat aetori/.cs negative eo

p ro g ressiv e ly  disappears a& c goes through zero (3 1, standard case) and becom es

positive .
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As the extrem e case e ~  1, the curves are totally in sen sitive to q .

(d) The N(rn) v s . m relation for QSO.

A s explained in the text, the present im possib ility  of computing theoretically  the 

evolutionary para m? lor c for QSO lias been circum vented in this paper by requiring  

that e be such as to give a satisfactory  IgN(ra) vs. m relation. When such an e is' 

used in Ihe m vs. z relation , \vc derive a curve that nicely follows the envelope- of the 

QSO data. This again happens only if  c < 0. For positive e this procedure leads to 

resu lts  that arc- not. better than those of standard cosm ology, where a very satisfactory  

fit cannot be achieved. (See paragraph XIII).
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XV. DISCUSSION

Even though it. might be e.lcar by now, we want to s tr e ss  once m ore that the 

sca le  covariant cosm ology docs not provide just one curve for the m v s . z relation, 

which would make the acceptability or rejection  of the theory a sim ple m atter of com ­

parison with the data. Such is  the case  for the steady s id le  cosm ology. As stated in 

the Introduction, our objective is  analogous to that of standard cosm ology, nam ely the 

determination of the geom etrical param eters that characterize the nature of sp a ce-tim e . 

However, the central idea of our work is  the recognition that observations n »a<ip_ndtli_ 

atom ic instrum ents do not-neeessiiriJy y ield the geometric:'.! pajmtneters uujo.*ni .specific 

a ssumptions are mao'e regard;sig ihc r clation between atomic and gravitational dynam ics , 

a relation that we have- embodied in the function Once a particular form of the

scaling function £(t) is  chosen, the analysis of the data can be carried out exactly as in 

standard cosm ology, employing the newly derived m vs. z relation, ecj. (V. 31). Gi ven 

this fram ework, wo can now assets3 the viability of the sca le  co-variant cosm ology.

The canonical le s t  is  given by the m vs. z relation using e llip tica l ga lax ies.

From F ig s. 5 -8 , we can apjirt oirto the relation between the observed data, and the 

theoretical predictions.

lu the past, the m v s. z  relation was employed to d iscrim inate against p ossib le  

variations or G. F o r  exam ple, T insley and D.-ur.-Ml'iy (11)73) concluded that at least one 

version  of HoyJe-Nrirlikuv (UN) theory y ie ld s ni> m vs. v. relation incom patible with 

the. data. f̂.Se-o hov.evei Canute and N a r l i k r v  (1 D'/O) for an c x i o n s ’v e  coir-p;; riser, o f  the 

IP! theory with, observation'..]. Even t'iiougli the jfj< theory h: s in c o m m o n  with th-; pres-' nt 

one r; varying G, its s t r u c t u r e  is  very dijToi-u d rs are its p h y s i c a l  a s s u m p t i o n s  ai-.cl 110 easy  

com parison is  therefore p ossib le .
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In the present theory, for positive e , all the te sts  y ie ld  resu lts  very sim ilar  

to the ones in standard cosm ology, in the. sen se  of being in sen sitive  to cj .

For negative s  , however, c fit to the data becom es certainly bettor sin ce  one 

can d iscrim inate between an open and a closed  U niverse. P o sitiv e  and negative e be­

have therefore in very  d istinct m anners. Given the h istorica l im portance of the m vs. z 

relation  v is  a 1 v is  the variation of G and the im pression  created by the work cited  

(sec  a lso  M aeder 1077), wc can conclude that among the many p ossib le  theoretical 

structures one can d ev ise  to ae.-a.rnt for a G(l), the present one, based on a sc a le  co -  

variance, y ie ld s resu lts  which are either equal or better than the ones of standard 

cosm ology.

We have com pleted a description of Scale c warier;'. ,a,;Wiolo;..y arc! have seen  ho-.v 

it com pares with it host of observations. The fact that none of the sealing functions ft(l) 

we have chosen car; be ruled out by the available, data is  rom arnable. in fact it was not 

our main thrust to ach ieve a lit U> the data superior to those a* tem pled so far.

Rather, our first aim was to show tiiai the data are corn on hihl t t_\y i lb ” ;u.n- 

cons I ant $(0 , provided every ingredient in I'm compulation is  calculated consistently  

with the theory. T H s aim has bee.-; accom plished.

It there lore follows from the present work that there c.Ursts r eons:s tent a lternative 

interpretstion of the cocmoh>r.dcn 1 data .

To d r i v e  homo this point., v'e shall give the. to)loving further illustration . For 

a given observed H (see  7 .11  ami 7 .1 2 ), v o can define a '’cr itica l density’'
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From (2 .4) we have

3 II  o_
8n G

p . h . 2

r  - 25» C1 + r )1 c o

Thus, from  l i e  observed  avcnage dcnsily  and Hie value of p , as computed  

we cannot deduce d irectly J lio .curvature c»r space ,

If e < 0, 1) > 0. For a given (obaervationallv determ ined)o /f> ,o - ' o c

spending value of q is  sm a ller  than for « •••■ 0 , i . e .  sipndard eosm olof'y. 

an open U niverse. The opposite is  true if e > 0.

This altogether dUleront relation between (lie am omit of m atter in t’n 

and the cim -ature of space is  perhaps the main feature o f  this new costnoloj;

Since (13.2) depends cr itica lly  on e tb  wo have any way to choose  

e < 0 and e > o ?

A s d iscu ssed  e lsew h ere (Cnruto, h sioh  and Gwen 3 978), present d-it 

variation of the Moon angi.lnr velocity  (n 0  ^ 2ti/P )

-i H., “ n<iT Ji t
n v.

(15.1)

(15. 2)

from II , o

the eorre-  

This favors

0 U niverse

1 V’ .

: between 

.a cm lim e

( 1 5 . 3 )



17 o

(n. and n are (.he atom ic and tidal contributions), scom  to indicate a non-null p o s i-0. t
liv e  resu lt. In [act, Dm data presently known for the Moon react (the units arc  

arcsec  per century^)

nj. -  -30. 0 ±3 (M uller, 1973)

n = -2 1 .7  ± 3 .0  (Van Flarnlcrn, 1978)ft

(15.4)
= -2 4 .6  ±1. G (Colame and Iviuihollan-J, 1975)

n -  -23 .8  ±-i (W illiama cl a l . , 1978)

)' ftSince in the present theory -■ is  direct Jv jiivcn by — (sec  £cj. •!. 21 of 1 withn ■ p

CM ?. -  cons!.., i;.q. I, 2 .50), a positive im plies

p. > 0 (15. 5)

i . e .  e < 0, because ol' (-1.3).

Should (3 5. 1) be confirm ed by futnrc analysis. it would then follow that the bulk 

of the cosin e’oyi.enl tests  presented in 171it: paper favor an open U niverse.

F inally, a com m ent is  in order coucenm ij; the m diaiion dnnuruu c cl Universe, 

characterized  by the occurrence of rueJeo\ y ntherds, With :ho present knowledge of scale, 

covrn .'ant O’jsnv.eogy, wc arc in no position  to make' arv sen sib le  statem ent. Theoixho :t 

our work we have learned I hr,.I even the r,v,:.d elejviudaTy relations can bo changed by (ho 

p r e s ' m o e  o f  8:1), se e  for example It, ( 2 . 1 5 ) .
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The study o f nucleosynthesis n e c e ss ita te s  ingredients lik e  F erm i-D irac d is tr i­

butions* invariant p lm sc-sp ace , reaction rates etc. that m ust be rederived in  a manner 

consistent with the p rem ises  of the theory. This problem  is  now under study.
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Appendix A. Evolutionary C orrections

a) Stella): Kvulution

Wo shall first study the contribution to the param eter e , due to ste lla r  evolution. 

Work by M aeder (307?) ban already boon published which treats the case  when G and 

M are functions of tim e. Mac-dur lms analyzed the two gauges 1) M ~  t" , G ^  t 

and M ~  t° , . G ~  t 1 . We sh e ll gen era lize  h is  treatm ent so as to ha ve resu lts  

valid lor an arbitrary gauge. T o that end, le t us oaJ.1 t the epoch at which a given pho­

ton lea v es a galaxy and I the tim e at which the galaxy is  born. A ll tim es are computed  

from t -  0. The so-ca.Jlod one burnt m odel for form ation of e llip tica l galaxies is  here  

adopted, as i i  all previous computations of this kind. ,

The contribution of dwarf sta rs  to the total lum inosity is written as

L

Mt(t)

d M r (t) "M(l)
.Li

where M,.(t) is  the turnolf in css .a t lim e t; M (t) is  11h- low er m ass lim it a! tim e I;
1. J.j

ciN/dM is the m ass sp ed  mm-, and t   .. the h im incsilv  of star of m ars M(t). We
' J V i l t ;

shall w rite in general

Id'"' (t) C6 (t)eY (A. 2)
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where the co e ffic ien t« , 5> and y dqjend on the typo of opacity and nuclear reactions  

employed. The Knlpeter m ass function at tim e t = i .e .

_ ,a .3)

m ust bo generalized  at M = M.(t). U sing the general relation [dec I, Eq. 2. 50]

GO) M 8 = const. (A. 4)

we obtain

M(t) -  p"1 (t) G"3 O) (A. 5)

so tluit (A. 3) gets generalized  to

UM(t) “  M " (lH ' X ) (t) C B(»-> C (3)]"X (A. 6)

In general the. main sequence life tim e r sca le s  like.

T «  M (t)/-i(i) ~  M 1 " ra(t) G 6 (p) p"V (A. 7)
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T h e re fo re

 1_. _ .6 _  y

M(l) o: T  1 a  G 1 ‘ a  (0) B 1 ~ a  (A. 8)

For a particular m ass one has t  -  t -  t. , and so

Mf (l) «  l 1 - a  G 1 K- 1 -  ~~y $ 1 a

Maeclor, like a ll the other authors, lias neglected th ot^ /t factor.

Inserting (A .0) and (A. 2) into (A. 1) and integrating, one gets

Mf(t)

l ,d «  pY-x a 5 -  x (R) f Ma -  >■ (l) "j (A. 10)

ML<t)

Since the main c.ontributioji com es from the upper lim it, we final];' have

-  6 k z >L- X _ x
Ld «  t a  1 G 1 a  p , ~ a  (A. 11)

The equivalent expression  for ordinary cosm ology, with G ~ const, and 8 "■ 1 can bo 

ea sily  retrieved: Am result coincides with that derived by T insley , (1070).
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U sing now Eq. (4 .1) and (7 .9 ), we can rew rite (A. 11) in the form (7 .8 ), i . e .

(A. 12)

We have then

c„ = (g - 1 ) x + |  (1 + eg 6) -E6 + V (A. 13)

For the commonly used value x  = 1, becom es independent of a ,  V and 6, i . e . ,

c d = g -  1 + ¥ (A. 14)

Since we further assum e .that G t ’ a'G = - 1 :  e .  then b ecom es  °  d

od = -  1 (A. IS)

Follow ing other authors, we a lso  include the effect due to red-giants. Here 

too, wc follow and gen era lize  M aoder's re su lts . Let 1 r and T be the mean lum inosity and
h> cj

mean lifetim e in the red giant phase. The contribution to L can be written as

T 1
g g

c(N0}_ dMr(t)
dM.(t) dt (A. 18)
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U sing (A. G) and (A. 9), we then have

- 1  - -  x -  Y - x - S -  x
Lg. ccT g .lg t 1 " a  P 1 “ a  G ‘ 1 “ a  [ i + 6  g  t-1-v | t ]  (A. 17)

ox  u sin g  (7.. 9)

— X . . X _ X-  1 -  -— -  -  x -  Y i — -  gx + 6g
Lg Tg lg 't 1 _ a  p 1_a  p ’ 1 " a [ l  + (Y -6 g )  |  t ] (A. 18)

in  ord er to recover T insley 's expression , one has to posit G = const, and P := 1 in 

eith er  (A. 17) or (A. 18). From here on, we sh a ll neglect the second term in the 

parenthesis with respect to unity. Transform ing (A. 18) into an expression  containing 

only p., we. have (T r l r ~ P * G ' *  ~ p ^   ̂ , s e e  A. 7)

e
L “  P K (A. ID)

w here

(A. 20)



F o r  t h e  t o t a l  l u m i n o s i t y ,  w e  A n a l l y  w r iL e

h! t  = e <A-21)

where

c d + G r + i ^ ° i

-  g -  3 + g6 + "  [ 1 + (1 + e g 5 )  ]  + a  -  1

For e g  w~3 , {A. 22) reduces further to

(A. 22)

3 -• -  3 -  j  I (A. 23)
1 e ct - 1 a  - 1

The important rannvi: to he :»ude concerning (A. 23) is  that I ho his! positive term  

largely  cancels the first one, Ictwing only the sm all contribution of the second term. 

| ci -  6 j < a  -  1.
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b) Dynamical I'j'Lction

A different typo of evolution that can affect the lum inosity is  rep resented  by 

dyuarnical friction . The phenomenon, fir st  cl esc-ri.be d by Chandrasekhar (lb-13) in the 

context of s lc ilu r  dynam ics, has been recently applied to globular c lu sters  and form a­

tion of galactic nuclei by T rem aine, Ostrikev and Spitzcr (1&75). O striker and T rem aine  

(1975) have po'nted out that the sam e meehuv.i m i may be operating in c lu sters  of ga lax ies, 

where a sm all galaxy is  dragged into the nucleus by the co ilec iiv e  action of the field gal­

ax ies and thereby disrupted. The compulation of the in crease in m ass and therefore  

lum inosity of (he giant gnkixy has been perform ed by severa l people b esid es the r e fe r ­

ences quoted above (see  for or am ple, L eeav 107*1). The resu lt is

/■: *i ■”> i /-:>
ME (1E) “  GE m !.; lE O3' 1)

w here -vc have included sub ••indices 12 to indicate that tins quantities' entering th is ex ­

p ression  are to be understood in Einstein i.r its. In fact, die equations used to arrive  

at (13.1) involve only gravitational quani-itir.s and no atom ic constants; iie-rc m is  the 

m ass of (lie gaiiixy evoi'lutilly to be disrupled by tidal fo rces . Let us general iso  (B. 1) 

to an arbitrary gauge, Wc fir st  reca ll that (L , Kq. 9.50) for any object of m ass M, 

the following .•"'•Inuo’i hold;;

(lb 2)
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Wo therefore have, using dtp, a dt -  p(t) tit

1 /9  C 1 ^ 0
g e  <m a  Pa GAr  l i e ______

M» e q  | /■> -i >-> (H. 'J)
"A A (Pf  Gj..,) / “ GjT"

or I.iiin.liy (S„ = 1)ill

1 / 2
( E .  4)

where \vc have suppressed tlio index A; the tim e I can be taken to be zero (as o r ig i­

nally done by Om,riser and Tremaine; or m ore rea listica lly  as o given fraction of the 

l-lubble tim e. In fact, galaxies did not form at t =- 0, but after decoupling. Wo shall

leave t untlol.ov.minod tor the tir.u- being, c:

(II. 4) is the generalization oi I'.q. (8) ol T e o n a ine el at. to our cosm ological 

framev'o'di. Wo must note, that (B. •!) is  exact, h. the t ame extent to whieii Trtunnino 

et a], is. In fact, our general!’/.a tion has not ini reduced any approxim ations. Wo can 

now write,Co'.’ the contribution to L by dynamical M otion , the oxp ivssicn

. t . .1/2
I. , r o: 8  ̂ ( ! 3(1) (It )dy.. fr. h v. J ■ 1 y ( B .  5)
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For sm all look la c k  tim es, we can approxim ate the bracket so  that

k y .  fr . ~  " 1 <') { 1 -  I  r r r  r - T T r ) ̂ o o c o

Using now (5.13) we finally get

1
p' -  1 9. ft 1 - t / 1

Ldv. fr. ~  3 (l) P c' 0 (B' 7)
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APPENDIX C. Til E' in -7, R ELATION

We shall now p resen t an alternative derivation of the magnitude v s . redsh ift 

relation using a RoberLson-Wnlker m etric:

2 , 2 [' dr2 , 2 , - 2  , . 2 ,, , 2 ,1.s = dc -  R (t) — - + x‘ (do -i- sin. 0 dtp )
L 1 - krJ" J

The tangent vector of a photon path, extending irom  the origin radirdly outwards, can 

be. written as (see  11, Eq. 2 .20)

v .  , 2 ,1 /2  ^M _ o /  , < 1 -  kr ) _ ..A( 1 , , o ,  o )  (C .l)
£R V

where v  it! a constant. We recal l  that (C. 1) sa tis f ie s  the null in-geodesic equation. 

The energy-m om  on!', an ten ser of radiation em erging from the source, located at the 

origin , can be repre sented by

T ,iV Ii kv (C. 2)

The m odified energy momentum conservation equation and the null jn-gcodor.-ie equation 

imply (see  Eqs. (2. MG), (2 .27) of Tl)

./V
I  ( . / fj  12 k M) ,, •! a  n„.) I: k lj U'n f.) ,,
r  * \ -  t  o ? .v A
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where  J  g -  [ 

rew ritten  as

Next, we introduc

so  that the above

whore

. 2 /2
dot (S jjy)] • Mailing u se  of ( C .l ) ,  the above equation can be

k r V /2 C * ) ,
t 1

+ ( 1 - ' TE > E Ciffi  ^  -  “ 2 a - l : r 2 )1/ 2  -  0

e the v a r ia b le s  t a:id

K(t) ’ ( 1 _ kr V / 2

aquation becom es

»-------- [,. ,-r. F ] ^ o
P « M 4 r 2 .

2  2 "  TTfC s  E R i- 0 °

£ -  £(t - ;) ( C .  3)
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Since on a null path t -  5 is  constant, £ is  n conserved quantity along the beam  

of radiation. Next we note that the observed ilux, which is  equivalent to the apparent 

lum inosity, is  given by

.{. -  cp -  c T^V u , u c;E(u k M)2 
Y M v p.

2
c E  ~y

where Eq. (C. 5) of II  has been used. Thus, wo can wri te J3q. (C.. 3) as

2 ‘"'Vi  R /  6 k
*1 F‘l  2 ‘2 H  ^2 2 „2
”  “ 2 ”  ri H1 = c~ 2 r2 l l 2

V1 V2

Subscripts I and 2 denote different space tim e points along tin: beam of radiation. At 

we approach the source,

lim  4 n r2 II“ {, -- 1, , 
r -  0

whore ]., ip the in trinsic  lum inosity. J-Iouce,

" g - v , v 2 _ L f  \ f _ob_ \   1_
'ob,s ' T it U " ,  J  V v " “ y  2~"* obs; er.i r , 11 .oba ods

o . . II
I, 1 r  a m  g  . -V*     .   j  „

o1' ’ 4tf vT r:2, (1 ■!• ' ^obsot>s onr.

which coincides nut!:. (7 .-'la).
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TABLE CAPTIONS .0

Tabic 1. V alues of ,v> z , R (l)/R  , t / t  , P(t) and F, cq. (7.G), lor Clifford! t.

values of q : e = -3 . o

Table 2. Same as Table 1 for e = -  J- .

Table 3, Same as Table 1 for e -  }  .

Table 1. Same as Table 1 for e -  .9 3 . [T h is  value is  derived by requiring that the
cosm ological constant A computed from gauge field  theory at early tim es

2
and which sca le s  like A g J , be com patible with today's va lu e].

Table 5. Values of the apparent magnitude m (Eq. 7.131 and the m etric  diam eter  

0 , Ec|. (9 .2 ), v s . Ike rcd -sh ift z for different values of cj , and the

evolutionary pai 'sm eter e , Eq. (7 .8) : e -  -3..

Tabic G. Same as Tabic 5 for e = - I  .

'I'ablc 7. Same. ?.?, Table 5 for e -  h .

Tabk: 8. Same as Table 0 for e -  .9 2  .

Table 9. V alues of the param eter r>, cq. (i:i. 8' that y ie ld  a slope of . 75 in the

lgK(m) v s. m relation.

Table 3.9. The m vs. z relation of standard cosm ology (k -  o) using the valiics of

11 deiornu.'v.'d in Table 9.

Table 33. Values of •..hr. evolution: a y  param eter c , Eq. (7. 8), that y ie ld  a si ope of

. 7.1 in Uici IgN(m) v s . ir- '.elation in (he present casnm h.gy. Two gauges

are presented.

Tablo 12, The rn vs. z j elation (Eqs. 7, id  to id 7. 17) correspond in;.; to the p resen t

cosm ology with the cv ••luilonary correction s from T able 11 .
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Figure 1.

F igure 2. 

Figure 3. 

Figure 4.

4. * 0 -., I _ .

Figure 6. 

Figure 7.

Figure 8. 

Figv.: a 9.

FIGURE CAPTIONS D

Look-back tim e '(norm allsod to today) v s . z for q = 0 and 1 : 

e = -1  .

Same as in Figure 1 for e -  .

Same as in Figure 1 for C -  £ •

Same as in Figure 1 for e --- .9?. .

The m  vs. z diagram , s e e  Eq. (7 .11), for e -  -1  aud Lvo values of

q -• .1 and \  . The rivoIui.ioii.vry param eter is  e = - 1 . 0 .  The. value

of the norm alization in is  21.  03 {the. observation:;! points arc from  o ' 1

F igure 3 of Sandage 1972a).

Same as iu Figure: 5, e -  -  v ; e = -1 .7 .

Same us in Figure 5, t: -  -I ; e  -  - 1 .0  .

Same as in Figure 5 ,  e .9 2  ; e  -  -1 .2 .

The effective decoloration pararm icr q+ as dotc-nmned from -.lie m v s . z 

relation , Eq. (S. 2) as a iuna.ou  of the geom etrical q Eq, (8 .3 ), for 

'•Hffere.nt values of tlie evch’iF.nary pai am eler rh Eq. (8.1); r. -- -1 .

Sntiio as. F igure 9 for <2 -  -  .
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F ig u re

F ig u re

F ig u re

Figure

F ig u re

F ig u re

F ig u re

Figure

F ig u re

F ig u re

11. Same as Figure 9 lor G = + I  .

12. Same as Figure 9 for e -  .9 2  .

13. The m etric  angulareiam  etcrs v s . z , Eq. (9 .2 ), for two values o f .q = . 1  

and .5  (dashed lin es). P red ictions of standard cosm ology are represented  

by full lines; e ~ -1 . (The observational points are from Wardle and 

Miloy 1971).

14. Same as Figure 13 for e = -  I .

15. Same as Figure 13 for e = jj .

1G. Same as Figure 13 for e -  . 92 .

17. Isopliotal angular diam eter 6̂  v s . z, Eq. (10. G), for two values of

q = .1 and .5 .  The value of c is  the sam e as for Figure 5:Jo
e = -1 .  (The observational poinls are from Fig. 5 of Sandage 1972b).

18. Same a s Figure 17 for e = -

19. Same as Figure 17 for e J .

20. Same; as Figure 17 for e •-= . 9 2 .
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SECTION E: ^ ' 1 '> s

I. TNT.RODU CTION

'It is  the purpose of this paper to study the norm alized , differential form  of the 

log  N -  log 8 relr.lioi. for radio sou rces withiu tho fram ework of the sca le-covarian t  

cosm ology developed and tested previous papers. The form ulation of the theory is  

described  by Caav.ito et al. ,(1977, referred to as 1); the form ulation of thermodynamics 

and the 3°K background radiation is  described by Canuto and flsieh  (1978, referred  to 

as II). The magni t> tde-redsh ifl lo st, the radio angular d iam eter-redshi ft te st, and the 

optica) number-magniturie lo st arc described  in . ' l e c t io n  D o f  t h i s  w o r k .

In D an im provem ent over non sea)e-covarian t cosm ology was obtained in fitting the 

data for a choice of param eters cvnnJ stunt with the present physical understanding of 

evolution. In the sam e paper a good fit to tho large N v s. .m sh.pe for QSO's was 

a lso  achieved. These tentative s u c c . i s c s  im pel one to seek  substantiation of the theory 

with further te sts . The jmoiysjr. :>i number count:-:, i. c , the number of sou rces having 

an o b r c v e d  flux gi.vr.ier than S, is  :ni in teresting e s s e  in point sin ce  fifteen ye-.vs of 

m odel fitting- under .'be assvivptm  s of standard (m n -sea lo -eovan an t) cosm ology have 

yielded a discrepancy with the dab. which is nuhi.r ins m s?live to the param eters of that 

cosn-.c.lo;-- and which has boon lump d ir.to a five" "cvokilininn ) fimction" as described  

be’ow. We shoJI dcm oi.s.ra lc in libs paper that the f i l l  oovariant n od d  needs to ascribe  

le s s  of the .’bndamc-uta! form of tbo data to an ,!o\ oletionnry Jiua ‘.ior" , which be­

sid es is  not fr-.-o at a ll. Indeed I he standard Hi eery  docs not depend sen sib ly  on the de-

celcrn!ion pam m  etc? q vd.ilo the jou ’.e -o o v a r iv k  ihe.orv can. This in crea ses  our c

eonfi.Ocr.ee in the p.-.-.slbiliiy cl deb rm iring the curvature of Die u n iverse when ail tests  

arc in. For a siu.-.il.vj scusiU vU v of Use resu lts fc the. value o f q , roc the Iosif.- doa~iG >

cribcd in [} .
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P etrosian (196S), using the integrated N(f:) count, found that the 3C data were.

consistent with the Lem nitro model with a uniform distribution of sou rces, but. he bad 
i 5

to u se a (1 •!• z) ' " t-vohilionajy law to reconcile the 4C and 5C data with this m odel.

Furtherm ore, the d ifferential form of the test would have been superior’ sta tistica lly

(Jauncey .1907 and 1975). The calculation:-: for a q ~ p ~ 1 model required sub-
4 1 ]

slaiiiiul evolution, i.:tmolyf ( l  -!• z)

Von llocrn er (1973) obtained a satisfactory fit by using  a. "flat" radio lum inosity  

function (liT.'.!•’). a density function t ( l f « )  ^F{ z) , niado to order from  the data

and a rc l xcd  rodsliift cut-off. A ’c r it ic a l1 lum inosity function would require in addi­

tion a lum inosity slope evolution to make tho W .F flatter in the p a s t’(making it  no )or.gov 

really  cr itica l of cou rse). A 'parabolic' _'iLF would require in addition a ’tut'inosity range

evolution, lb;, resu lts  w ere presented for a modified q - n ~ 1 m odel (taking advan-‘o o
tage oi the iimenziti v;iy 10 q ) and tor a spcctcr.l i:ui'z; a equal t.o -1 .

Wall, P earson , a; :1 Longair (j.■ ‘7'.') u s h v  the Kim toin-Oo Sitter m odel found their  

best fit for no evolutionary function EfL, v.) which depend.;; on fm.u. param eters. They 

did not have the sam e succovs when they applied the m odel to a sam ple at hi guru; frequen­

c ie s  containing n w ider gamut of spectral w dicco, presum ably because the RLF of stcei) 

sou rces which show up at high frequencies is  difi'orrpi. from  that of these which show  

up at low i'rccuoiic'io

R ecently Robertson (197:';) hat. presented v. ftvu-f.w m  ile i stive  e.’J•.-.vlr.Uon of the

huiiino::iiiy df roqirrc.d tc produce i e b . r . e n v d  d irl'crcnt'al log  U - log d curve

assuming: an r ir stc in -d a  Sitter meri'd. u --- - .9 ,  r.ncl 1.0 ovoid  ion of lurninositi'-.;; jnfcrier
5

to a critica l h.jriinesi‘y. ! :ia r smiles ;*p;r*’0',lr.ia'i.o 'he (1 a z) power I:.w (used m previous 

studios v.'ith p cutoff) up to z ~  3, aficr which they leve l off arc! posuibJy dceror.se witi)
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In a ll of the previous calculations, ad hoc evolutionary effects w ere assum ed to

fit the data. Their very ex istence ru les out all sim p ler  v ersion s of the stead y-sta te

theory which have no room for evolution. Using the sca le  covariant theory, it turns out

that part of the ad hoc evolution is  accounted for by the now geom etry, i . e. by the. sc a le
4-5used , so that the largo exponents like (1 + z) are here reduced. It a lso  turns out 

that in contrast to the standard ca se , m ost chosen sc a le s  when combined with the data, 

put constraints on the acceptable deceleration param eter q .

In Part n  we present a derivation of the log N -  log  S relation for the near  

region. This has the advantage of being easily  intcrprelable and it can be made to 

produce the ch aracteristica lly  steep  slope of -2 . 2 at high S in the quasar counts 

(Vcron, I960). This turns out to be p ossib le  i f  we use a m odel with a maximum in the 

effective lum inosity d istance £ . The definition and behavior of £.. a r e  explained in
i - J  i j

Part III and both new and old reasons for the observed lum inosity-redsh ift distribution  

are offered.

In Part IV we present the derivation of the exp ression  for tho differential count 

and the conditions under which it is  computed. In Part V we p resen t severa l analytic 

e a se s .

Part VI is  dedicated to the d iscussion  of the RLF. We have perform ed compu­

tations a) by calculating the RLF within the context of the present theory and b) by 

"assuming" a RLF to allow com parison with previous resu lts . The 177 sou rces used in 

this work are drawn m ostly from  the 4C survey and have known rcd sh ifts, sp ectra l in d ices , 

and radio d iam eters. Wc also  reran the program with a se t  com piled by Soltan (1978 a » b) w ith  

cr iter ia  of com pleteness. In order to malm full u se of the available inform ation, we used  the 

sp ectra l index ch aracteristic  of each source instead of the common convenient p ractice  of one 

average index for a ll sou rces.

In part VII wc d iscu ss the resu lts; and in part VIII we present the final d iscu ssion .
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II. THE NUAJBEll COUNT

The sc a le  covaria.nl' theory as described  in I, II and I ) !, p osits  that ihe gravita­

tional (or "Einstein") and electrom agnetic (or "atomic") lire  e lem ents, ds and ds, 

which form the b a sis  of their resp ective  dynam ical theories are related by a tim e-  

dependent sc.ale Jr. not ion £(l),

ds •-= p(t) ds ; p(tQ) a I . (2. i)

Equation (2 .1) im plies that gravitational and electrom agnet ic interactions did not always 

have the relative strengths ob.j< rood to.lay. A ll quantities ■•nkmlatod within the gravita­

tional theory .'ire indicated by a bar, except the redsLuhs which wo denote by ~ . Qur.nti-  

ties  ultim ately derivable from quantum etcctrodywunio theory or observed through atom ic  

p r o c e sse s  are unhci.j:J’ed inclu:ii;i!; l ie reclsiiift. y (soc; D Eqs. t). 1 and 3 .2 ), The sca le  

function 8 in (2 .1) is  r function of atom ic l in o . Current research  has concentrated on 

tho consequences of assum ing a genornl form

P(t) £= (t /tj :'o e ± 1 , ± i / r
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Two gauges, i . e .  two values of e w ere suggested by Dirac 1938 and 197-1; e =  ±1; 

and Hie othv.r two by the present authors (II aiicl D ). R( t) appearing in 

E instein's theory is  related  to the sca le  faelor R(t) as it is  observed through atom ic 

p rocess on, by the sc a le  factor f:(l) [11, Kqs. 2 .1 -2 . 5 J .

The full solution of the gravitational equations written in atomic units as w ell as

the behavior of !3(t), Tt(t) v s . t and /. can be found in n:, Tables 1 -4 ,

To find dW(t ), the total number of radio sou rces which em itted their light after

tim e t , wo m ust fir st  find the number of ga laxies enclosed  between coordinates r and e e
r + dr at tim e t. . If wo assum e a Robertson-W alker m etric and if n(0 is  tlio num- e c e

ber of galaxies per unit proper volum e, we have

dN(tu) = n(l) 4tt r 2 lT (f) ll(l-) dro (1 -  k r2 ) 1 /2 (2. a)

If the radio source density depend:-; or!] on expansion, i .e .  there is  no net. creation or dc-

st.ruetion of sou rces, then

i-'(t) Ra(t) = n IV'V ’■ W G O ( 2 . 1 )

U sing the relation

d r  ( l - k r 2 ) ' 1 /2  =• c d t /R (t ) ,e cj/ e e (2 . 5)

we find that the tctai number of sextrccs that em itted their light afcc.r t _ is  given by
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te

Jn the present section , wo !•;?’. oil eoneontcm.c on the lil^h flux ro y m c , E  pf.i'iair.;;' 

R(i) in the -.emtd form

R(t) =•-• R(. [1 -  Ho(tfi • t) ! ■ . . . ]  (2.7)

so that

r c (U «  <e/R ) [ IQ • • t h* J l l c (t0 -  1)* ] » (2.8)

Wi' i 'JV

N( > t } r - ■•* Tr c ’ c - I ) ’ 5 1 v o' (i o >y II (t -  t ) i
0*0 O

( 2 . 0 )

If the source obeys a synul- von-type power lev/

) -\vi ' '  i
v dv , o o (2. .10)

with the m b liiJ i law (D . 3 .1 )

v j v .  1 -I- z •= c o

RG
K U

(2. :n)
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w e obtain the radio boloTnotric correction

P(V 1 dv ~  v a  Kft )"( 1 + a )  dv . (2.12)' e e o ■ e' o ' '

Within Hie sc a le  cova riant theory the u n iversa l gravitational "constant" G is  

w ritten in general as; (see  I and II)

J '  P
G = G e S G S " (2 .12)

O . O '  '

As  far as evolulion is  concerned, we shall generalize (he expression  used  

standarc! c.osm ology, mu n’ 4y

L(t)  ̂ G(to) (1 i y . )  -1 (2.14)

to

L(t) -  L(t ) 3°(l) -  J, |i°(t) , (2.12)

For the inclusion cl’ density evolution, se e  c o m m e n t after e.q. (4 .4) ;uka 

V , Section K ill). Then Gq. ( IV, 7.'!) b . coiives

I.w n , , s .= pe >■;; b 15" ' -1-  (*•*«»

Substitu ting  tnv expansion (ID!, 5.1?.) for p

(t. - t) (2. IV)
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rnd (2.7) and (2 .8 ), we obtain

n .  L  n ! / 2  r  ,n  , ■ I? ^  T s l / 2

l o •  * ■ K  [ » -  H ;‘J v  b  - « s )  W -  c !>] .  <*• m

■where

c  ■— — (O -rcn
-  (2 -  a) H. tQ ‘

Snbsiiiuih>n of (2. 38) into (2.9) y ie ld s

4 it n  „  L  n 3 / 2  I) .N 1 /? ,
N(> fi) „ _ J !  [ l -  |  (1 - a) -T ^jv/g J H - C 2)J P. 20!

with

-  e(2 ■<■ o -  r;> .. 2 -  a  ,,
2 " a  -  co l-i i  " l  -  a  3v o o

In the opiie.al case (oi stained by aotiinp. a  = -1), (2. ?,o) reduces? to ( [ ) ,  12. 2e) nr ex ­

pected. In the ca.'jo of standard cn'.iv.olo^y, S -- 0 and g -  0 , Eq. (2. 20) redeem.: 

to Eq. (34. 73 5) <>i‘ WV.i-ib-jrg (Ibv't) or to Eq. (13. SO) o f von Uoorncr.

From (2.21) we can ea sily  evaluate (he .slope c l  (lie N--.S em-vo.

F  Ti 3/2,
, . K d N  3 ; . 0  -_e-i o E o V '  .. „ ,1

P<1 ‘ H rid “ 2 L  " 3 o V. 4iTSy 2 1 J '
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U sing the well-known expansion

n 0(t0 " l) “  z [1 “ (1 ^ qo} z]

in (2 ,18), we finally obtain

£ O k s )" 7* '  * i 1 * 2 [ C t 5 )  <> - °i» - <»< i  V ] }  ■

so that to first order in v,

-  I  f  “ - I  L1 - <Lr !l a  - S ' 2]  ' <2-2J»

-3 /2The first term in (2,21) reproduces tho well-known Euclid*an resu lt, S ,

w hereas the term  in parentheses rep resen ts the correction  due to cosm ology.

Tho d e c e te r a  Lion p a r a m e te r  a p p e a r s  in  ( 2 .  21) throm 'h II i
°  o o ‘

T he se c o n d  te r m  in b r a c k e ts  can  be m ad e p o s it iv e  i f  C-, > .1,

thus in c r e a s in g  the s lo p e  fro m  -1. 3 to p erh a p s 2, the o b ­

s e r v e d  v a lu e s  fo r  q u a s a r s . ' T h is  can  be a c h ie v e d  if

( !  - « )  H 0 t0 <  £ { 2 + e  - g) (2 .2 2 )
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The values of e which produce a slope steep er than -1 .5  assum ing eg  = -1 and 

a  = -  .7 5  are given in column A of Table 1. Ivy m ultiplying e by the numbers in 

column I) one obtains the equivalent II in standard cosm ology for an assum ed evolu­

tionary Junction (1 i  z )^  , se e  (2,1-1) and part VIL In .a rea l sam ple, the sou rces have 

a wide, range of rc-Jsiiifts of course. When z becom es very sm all, tho required | e ] 

for a slope of -2 .2  is  very barge except for e > 0. We might not have to lake such a 

stringent requirement as a slope of -2 .2  (which com es from s o ir e e s  with large as w ell 

an sm all red sh ifls). We m ust rea lize  that, once ovoiuficu is  assumed., there is  no reason  

to wish it to be small, or large as long as it is  consistent with the oilier tests  and the 

model of physical evolution.

III. T il 11 LUMINOSITY DISTANCE

Using ( D, 7. 5) }

X* "" ~~   _ _  _ •  ̂ ^
e H iT

o o

lot >is rew rite the exact expression  (2.16) as

L,-.  4tr (
11 -T, (3) (3. 2)
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where we have introduced the "luminosity distance"

CL(S) = F(*, q0) (i + * f (1 ' Q)/2 p*; 2X - g - 1 - a - o (3.:

whic’i m erely  tr ie s  to incorporate into one expression  evolutionary, geom etrical, 

and bolor.iotrio f-n-tovs contributing to the relationship between L and S.

Note that as given in IT.. (3- 3), £_ is  a function of x  (the rcdsibft, inJ i

gravitational emits, not that observed in atom ic uivts) and of 8 which is  usually

g ’ven as a function of atom ic lim e t. .Vn s ln u b r d  im Jir.o’cgy, 8 = 1 ,  x  -  z,  and

so  (•”.? ) and (.hii. togollv.i reduce io the standard equations describ ing both the

S - z  diagram h-ir any u and the m-ss diagram if we take a. ~ --1. Wc note that for

sui t ab le  cho i ce  c l  ^  , it is p o s s i b le  xo : '..ho lu m in o s i ty  dis-S.nc?. to have a  m a x -  
•+

im um , , at rcdshiii , . Tn standard cosm ology, it is  also possib le  to have a 

maximum in tv* lum inosity d istance hint evolution rc as! be v .cy  strong to make it 

occur at. observable. rcd sl,:ft;; if  q Is not very large. The interest, in a lum inosity  

distance which is  a slow ly i t ie r .-5 n g  fund ion of s  or which has even a. maximum  

i s  that such a behavior seer  ,;.; indicated by the radio 3-w diagram and by iho in te­

grated N(8; counts. The data ecu not yet estab lish  its crbsic.acc in the available 

reclshifl range z  s  3 .8 , so  if a maximum f.xicits,it must be at z  >  2 at lea st or 

e lse  it would be m ore evident..

The presen ce  of an observable fi 'odninni in standard cosm ology would 

im ply a cloved universe ;• rd /o r  very strong r\ohU ion. Ilowcvei^beca' so of the pro: 

eucc of the h c ’tle. Cunctivii 3(f), and the fact* that x z  and that our evolutionary 

function cannot in general be parn n ol ris/ai as (1 + s ) 1' ,  it. is  to be expected that
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the value of z + w ill be dilforant in .scalo-covarlnr.t theory than in standard

theory Tor the sam e q . For som e choices of e and only m oderate or null
*

evolution It is  p ossib le  to have £ occur at observable or nearly observable 

'i,.k in an open u n iv erse . Tims lor som e sca le  ch o ices, the S -z diagram  co rre­

sponding; to an open u n iverse in our cosm ology w ill look like the S -z  diagram  

within a c losed  u n iverse ot ,standard cosm ology. .Similarly as the result.,-: for

m  vs. z and *3 v s . z of paper iDi indicate, it in possib le within cur theory m 1 ’

ai.d an open univ.-.vso to ol.'tain resu lts  1.1 at m  standard theory car. only be obtained 

with a c losed  u n iverse. For tho G. vs. z test,a s  explained in D, the resu lts  o f 

our theorv can be S im ula led bv standard theory bv either a hlehor cr  iuv.’er  q. i0

dcnencii v,' on the fan go £ and q el to son.-J 'o

This explains the inconsiHlone.y of the resu lts of the various cosm ological 

tests  (which require the angular din I ante to inccoar-c m are slowly than tho lum in­

osity distance with v) :;s iiitcrnre'.cd by standard theory but which require a unique

q in the sonle-covarjar.l theory. Those rem arks hcw.nie particularly imnoi-tonl o
i.r it turns out that the M easured -leu lorium abundance implies: an open nnivovse  

a lso  In 1 i.t- th o o i/; I.iris is  a problem  now wider jm viitigs'jou.

A. p riori we should not. expect ‘.he optical data to behave the sam e way. 

However, the sleep  slope of the M vs. m diagram can in fact imply a rnu-Ximuin 

in Hi!; be lom otr j.c din In nee as Jity«i?sa<! Ir. darb  o ’, Sections XJJ ami XIJL A lso  

the in v s . diaTrnn! eoir.buiing the QtlO and galueSe data shows signs of a m axi­

mum, a circum stance vine!, is  variously in!ciTr '->ted as evidence for fdgh q , 

galactic M’oluUun, in ir j oterrpretriion of the red sk in ,cr  theiiJisuitubilUy of vjSO’s  

for the tost. The rbv.ilarity of IK* behavio- of ilic optical m d ruciio cat a may be 

due to their physical connection which fortuitously is  'cadi.gr to sim ilar  ovokaian- 

ar.v miles (perhaps density evolution would bo easier  to irvj.crslaml fh.T.i
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lum inosity evolution in this context) or it may be that geom etrical considerations  

and/or strong selection  effects based on geom etry are the dominant .Factors in 

both radio and optical flux distributions and a corrected  (e .g . sc a le  covr. riant.) 

interpretation of sp aee-tim o i s  in order.

Lot u s  now study the ca ses  q ~ (), 1 /2  which can be trea ted  analyticall,v

and the ease o -  3 in the lim it of sm all ‘o

(3 .1)

From Eq. (?D f, 3. 3) we now have the exact resu lts

1

1 z * + *) -  (1 4 z )  1 “ 8 5 q0 » 0 , K() t~o -  1

5L
1 -I- X -  8(1 t z )  ■- (1 + Z) /j ' 5 qo -  3 /2  , i i o l'o -  2 /3

_  11 l -
F or q 1 1 since R( t ) ~  t 0 °  for & < < 1 , it follows <hat

. . .  _  e  _  .1

1 + K - 8 (1  •! -- (1. + ; ; ) ° ° ; q0 » 3., Y i o  t Q Tt/:> - 1 . (3.5)

Using now (3.3; \vc can write

C L (■•-) -  l \ z ,  qo) (1 + z f  (3 ,6a)

, here ( \) , 7. 6a)

2, -  ~  ,*' (1 lj(. >
F(.v, q ) -  -i-    - (3. Ob)

° 1 !• (. V  /" "  -
" o . /  J -I 2 q'o
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and

2ji =-- " U + c c )  . (3 .7)
<e--D  II0 10

U sing Eq. (3 . Gb), il  is easy lo find that the r axiii'ann of (  occurs at
.1j

i + 3 * = C ^ p . ) 7 p s %  r=o

2S o -{• *» /9 V  —

^  ‘■ i r t ' f j  p * -i % r 1/2 • M

l  i- ,?* = —P-— p ?: -1 nP 7. lo

The values of o eonvsnondhip  to p -?  ai u -7. (yielding .?* /. <•») arc pinlto.l

as a function of c for ct -  - .7 o ,  in Figur c j.:t ( q ~ 0) and for a  -  2G,

- .a ,  and 7;" ir. ‘Fi score 3 r; 3 /2 ). The vnlvcvc of c lor theu  ' o  '

average S] ‘eotral i ar r\v ;x ■ .7 .; rvo piV-seMfed n column li o! !’■ iir.; 1„

The n-'C.ic!; abt'v;: the curve u>r c < 0 and hi.ioiv the curve for f; > 0  is denoted

Jlogion I said corresponds ic  values of p for which CT has no ma-vimum at rea l,J J

p osi'iv e  z . The rem aining a re si is  denoted Uogi on 11 and < crrcspnuds to

tlv? condition For a niaasirrr.ra. Yi'e note Mini when o -- 3 /2 , a  -  -1 /2  and when~o

q ~ 1 ,  a  -• - .7 5 1 9 , z ~  G, the d ivision  corresponds to the coordinate; axes. In o

general as j a  | becom es sniuUer or q_ become.» greater, Tso/.ion II L-oaorue;; 

larger . As we pencicatc deeper info Region Ti in all cases {(al-ing e faril'ov Iro n 

the boundary for ihe s u r e  e ) , p Tecoen s .n e w  negative, ai:d (as well as 

becom es SDia'ier.
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Although e -- 0 is  not expected in the present cosm ology, for (lie sake o f under­

standing, the p values corresponding to no evolution arc given in Table 2 as a function  

of a and s .  It is  scan that except for unusually flat- spectral ind ices and approxim ately  

for q -  1 in tho loca l region, there is  very little  hope in the standard cosm ology of 

finding p in Region II, a region So usefu l for understanding the S-z an-1 m -z  diagram s 

and the high slopes in the counts N(ru) and N(high S). W ien g e  = -1  and e = 0, we 

have

1 <?■ (n 21p = p(e -  0) -i- f  -L4„-iaL._ (3 .9)
(e -  1) 11 t ' o o

if  0 > g > I, the e f. 0 contribution is  positive and we are le s s  likely  to find a m axi­

mum for £ at real p ositive  z  (Region II). If 0 < c < 1 , tho contribution from the 

e term is negative ar.d we u.'o m o ic  likely  to be in Region ii  even without postulating  

a n y  evolution.

Since we roq u iic  that the m axim um , i f  it occurs, occur at 2 < z + < OT , wo 

have calculated the com binations of (a , e, o.) wliioh would yield  "... ~ 2 and present  

e (z+ ~ 2) it; column C of Table 1. When q ~ l^wo include only c > 0 b ecau se  the 

w* corresponding to c < 0 is  too great for the approximation. Examination of colum ns 

C and 1-i reveals' that except for e > 0, for a given (e> a ) ,  tho e (and p) do not change 

significantly between -  2 mid z+ -  «> and u is therefore fairly w ell determ ined if  

wo accept the hypothesis that the solution is in Region It. We point out that,contrary to 

the case  iu standard c-orruolog.y, within the scale-;wv:u':ant cosm ology, z + may occur at 

observable values ( i .e .  £  4) o.von in r.n op-on un iverse. Requiring' > 4 then se r v e s

to restr  at c. to a sm all range between colum ns B and C.
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We draw the render's attention to the fact that for ci = 1 /2 , the condition thato

z* = (that is ,th e  boundary between Regions I and IT,. Eq. (3 .7) and p « -1.) coin­

cides with (lie condition (2,2.!) that the N(S) slope be steep er  than - 1 .5 .  For

q = 0, Eq. (2. 23) has more1, solutions than Jiq. (3, 7) (com pare columns A and B of 

Table 1) and som e solutions in Region I will a lso  produce a N(S) slope steep er than 

- 1 .5 .  This in important because we w ill find that the differential form ol' ihe N-S test  

requires solutions in Region I and there is no way fox' q “ 1 /2  to satisfy  both the dif— 

ferential and jniotrvaled tests  sin  niltnncoualy. On the other hand, for the o -  1. caser, J , XQ

the solutions oT (3.8) overlap those of (2 .23) ojjy  whoa c > 0 are! thee the e range is  

very narrow.

The v e ,y  ex isten ce  of a maximum in po.'os som e problem s. In such ea ses

fo rg iv en  L and S, ihoro r.ve two solutions of (3 ,2 ), . ar.d ?.,} (whore < .v, < ).

and it is  to bo wondered xvh.v we don’t observe many largo z  esp ecia lly  when the 

corresponding space volum as a w  large ami would contain many sources, if uni­

form ly distributed. Presm r.uoiy lum ps all e ffects such as geom etry,

bolom elric cox j'eetlon and evolution. Since ihe light i ravel lim es v/ouid s t ill

be long over- though Q. i;: "short" , there may be focusing problem s. A!soi j

CT ch elin.os afior its maximum c lo v e r  than it rose, and a considerable region
J-J •

around the m ;i.\imum inigh' not be observable in p r c so ii su rveys, hat, barring  

unknown effects in an infini to open univ'crso, sou rces with enorm ous re del lifts  

would be observable (in fact. wc sho.ild reexam ine Ob'-or a1 paradox). P o ssib le  

explanations for their absence arc:
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A. The redslui'vs would be so  great that the usual liner; would be shifted out of tho ob­

served  frequency range or observers arc; only looking for pal ter nr, around 7. ~ 4, not

V, -  20.

oB. 3 is  too sim ple to account for th<? variation of source, density with z. Jr. standard

cosm ology one just a ssu m es that tire evolution is  turned off before z , that is radio

sou rces ranv eonvonienllv not ex ist or ovolvn before 7. , where /.. < z.  y. «- 7,.,.c i. c 2
O110 should hives ligate whether som ething i 11(01 esting is  occu iming at (hat tim e. Any 

observiUioiv.il effect of the reheating' of the intovgrJacti?. gas is  clearly  perti-nonl, In 

som e QKO m ode’s ('Kaos and Seiii 1908), tae .soujee is quenched lore it can bo ob­

served  at high into 'guise! ie am ities.

C. If (ho universe is  c lo sed  and finite with n finite number of sou •.•cos, wo would expect 

to observe only a fiuiio lvor'ier ef sources on one side of the o.rimodes.

D. The geom etry of tho u n iverse is  such UvU Q is  asym ptotic to Us maximum at 

yJ& 05 and the long asym ptotic region is  beyond our p v w n t  instrum ents. ,Several 

problem s arcs

1. 2 * c~ depend:' 011 a  which is  tliffcveuc for diITcreut sou rces.

2. q =•• 1 /2  would hec-s. to be excluded because N • S is  observed to be non- 

Eueliclaan. The choice q ~  0 seem s wnimg-viblc fov both tho integrated arri d ifferentia lO
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counts. The solutions q > 1 /2 , ^  -- «  m ay be acceptable; 11)is is  explanation C 

again of course. • '

E. There inn / be ubscuri.ig m ateria l in (ho early  u n iverse. The contribution  

of the obscured rosro es to the background radiation should be calculated.

F . For tho same. e , c , |p| in crea ses  with j a |  so that natter sou rces bring us 

further into R eg ic i II. Tin's n-.ny be an exp ression  of the flattening of observed

sou rces with rodshift. Tho "true" ( s , o) may lie such that s leep  sou rces arc

in Region I and becom e p rogressively  invisib le with •/. and but sou rces arc near 

or into Region II. If the sou rces actually .'.tigerect with increasing  •/. arcl the 

opposite observed v'eak corvel.I.i an j l  fiat sou rces with high x w ere a selection  

effect, the sou rces at high :: would be iuvirib ie even though the sou rces fit at 

low  7. would im ply som e z + < » .

We remind the reader that, the absence of sou rces v/ith high rcdshift is  

also  an outsta; d:ny pi ol tern -n tho no v-soV.i.• r ovarian! cosm ology which provides 

fewer cxplanat's >us.

IV. TfiE JJi'FFIur.ERTfAL vGlJFT

Let us  first write the pu.nbor of sou rces (per c* to red  ) with luminawily 

between L and L dL as •

nf.L, yt dr -  R3(t \(X -  h r  : <k- ;• (t , U  df, . (4 .1)cr O' o o c '
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If in general wo allow  for a tim e variation of the number of sou rce?s then we 

should write

n(fc) R3 (L) -  r i l l  f(t) . (4.2)

Then

n(L, r) d L  d r  == R^ (1 -  1:. r3 )~l / S  xZ d r  *<to , L) d L  ,  (4 .3)

whore §(!,) js the radio lum inosity function. U sing (3 .1 ), (3.3). (3 .3 ), and

/' e . f. 1 /2  , -1 .. -  .-1 /2
::: (  ) <- -  h rfi; U ;-i) (,. - (j s ,

C'- V II l l  ' o o

and chan;^iv£ viV'jaVIe.i, (-I.:: <-tn nov; h a cxprc^i'cd a-v

_  r . r ^  W  I -  )n(L, r) dL dr -  <n (■.:/ l? )      :->t; r $(L) dt
° (X + 2 }'* (1 '!• 2 (i H)

4 T T ( C / I y 5  C * ( P )  < ( * ■)  d S  d z (4. 4)

s  n(S,.r) dtl >:L?

which defines ' an the. erureseioi: in the euvlv brackets,. The sym bols' li ‘ !_/

and C have be on introduced to fatdhUdn the co^K-rifton of our vC'$:i;U« with
-  Vi
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the ones corresponding to .standard cosm ology as derived, for example,by 

von lloornor, which can be recovered  by putting |3 I, .v -  z . The exact ex ­

p ression s (4.1) arid (S. 3) constitute tho b asis  for our future analyses.

Since, as we shall see  la ter , the lum inosity function can be written as

5(1-) -  ; I ,m < L < Lm , (4 .5)

\vc can use (3. J!) to elim inato L and ilrid the final expression  for the number count
-3 /2norm alized to the jSuoliderm value ~  S . Integrating n(S, 2 ) over 2  to 

get n(S), we obtain

A a: f
? -  - 9 '\

. " 'Vi 1(f ) !•’ r d . . '  u «  P . . ,  3 )
(4. 6)

' m (1 • "I (1 * 2 c;() .e)-'

whore

■ ■ . ..v -I r,-n f 1, 5-n 1. f,.-n
(3-2a) plrre / j r  )• | l i M ' -  Lm j ; n /  1 .5

A -  (4. 7)

-1

The upper and !ov/or limit;? X;\, and 2  ucposrt .-.n 3 via (5.2) once L , . and L ‘ 1 M jn v 1 M in

arc  fined.
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The 1(1) which we have included accounts for number density evoluiion.

It cun bo Jo a n a lly  absorbed into the general evolutions ry term  p1' (see  3 .3 ).

W'c w ill follow this procedure and not refer to f(t) again.

The solution of (3. 3) and (3 .2) for and .r m ust be found by itera ­

tive techniques in m ost c a se s . As .3 becom es sm a ller , in creases and it 

becom es increasingly  d ifficult 10 find ihc Jim ils. As p approaches region J.I,

Cj in creases m ore slow ly with g  and vvc m ust go lo very high . When e < o, 

n < but. both g  and v. can go to » as v,e approach the boundary of Region 11.

When we arc in Regie?: 17, for som e values of L and C m ay he larger than 
*
 ̂ and there w ill be no solution for g . Since tins tan  occur for S which arc no 

sm a ller  than the observed values and since T, e.o.mos ivom the ii.J.-1*' (as d clor-IV I

mined wiU.ir the theory iV'.-w the dat--:) :.r. viconsiaieoev might be sv.spec'c.d vmtil 

it is  noted I hut the L,,, calculated fi om Ur. da.,a v as •?o!.li,.hul.'d bv a datum a sso ­

ciated wiih a much id;J- •: S a id lowo?- C than Ihcs > being used to- tin: lim its  of 

the. intogr.d ju these c a se s . T herefore the’ v e r y  le v  H observations would be of

so u rces wiih I. < L,,. and wo art. r>.bowed concent unlly to lower L. , for low S M ' ’ JVi
*

so that c , - C . When ihc lower JimP 1, and ,3 \jeJd a. C v ie  oh lead s fo• !., ‘ L m " "I.

unphy s:ie;il g' s ,  this procedure of lower! ng [, is not pee mhssjbic since.- (here are

no L observed sm oT ee icon I, ; there is sufficient reason to reject tho .modelni

corresponding to (s , e ; u ,  q )♦ The .most obvious culprit is  a  which would be 

raised.

The integration, .v:o> perform ed by a.) utrnigbt quadrature, b) i,\ step s,
Pi Lic) 9/n , iih s lo p s , and d) Gaussian, technic, lea and to an many step s (10 ‘ -  10°) as 

n ecessary  dopendiug on the lim its  ami fund ior, to rinMlJae the resid ts .
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V. ANALYTIC CASES 

U sing (3 .3) we can rew rite (<i. 6) as

3 z.. , t,2 -  2n . — , . ~2nx , , .v; -  n M F (.?. q ) 3 (.-;•) rt.?
i y s )  - a s -  J  ^  ■

m  ' ' ' *o

The lim its  ^ and z ^  are again a solution of (3. 2) and (3 .3 ). We shall study 

her;-' the ca ses  when (3 can be exp ressed  os a sim ple power lav/ of the variable

( 1 + 4

f 3 = ( l > . r ) T' . (5.2)

From  Eos. (3 .4) ana (3, 3) wc derive

— — ; q 0
.1 -  e o

r, = : c;c -  1 /2  (5.3)

C l  —   — IT ------ . f. = 1 ; JJ I r. — -  1 ; ,w ... 0
" ]f I °  ’ 0 0 2

o o

Cclleoiiiitf t.lio. vo w or.v of (1 -i- ,?) we cun rcv/r'Ar: (0., 1} as

-• - ’vi f
jy .h) -  A S 4 J F2~2r ( i o , z)  (1 I- ( i  + ZqQl s )~ x /2  .Lr ; (5 .4)
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w here p is  (he son ic given by (3 .7 ). Instead of spedTying the param eters 

x(g. a ,  e) and e separately , we sh a ll d iscu ss global ca ses  corresponding to 

sp ec ific  values of p (which ar ise  from  many combinations of the param eters 

q , e , o, and a) and q . For convenience wo shall u se  (3 .2 ) to define

We p resen t below  the following cases: q = 0: u =• 1 (all p) and 

n -  2(p -  -  1) and qQ -  1 / 2 : n = 1 (p -■= -2 , - 7 /4 ,  -4 /3 ,  -1 , -1 /2 ,  -1 /4 ,  and 0). 

and n -  1. 5 (p -  -  4 /3 ) . Wc: also have treated analytically the q -  1 /2  ca ses  

n -  1 .5  (p -  -  3 /2 , - 7 /0 ,  -1 , -5/G , and -2 /3 )  and n == 2 (p -  -5 /4 ,  - 9 /8 ,  -1 ,

- 7 /8 ,  am' -3 /4 )  bui do not present them here for sim ple reasons of space and 

because the reader after seein g  the fir st few ca ses  will be able easily  to do those 

and many ethers h im self.

1) Case A , qo 1 /2  . P -- -1  

In th is east' o f ’zero curvaiurc, H t -  2 /3 , wc have from Ecj. (3.0b)

F(z,  u ) = 2 (3 i - - ,J~1 -I- z  ) ■ (5. G)

U sing (3. 5), we have

CL = 2 [ 1 -  (1 3 (5. Ga)
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or

1 '' ' ' i n ,  M (1 ^ V ,  M*

Substituting (5,6)  in (5.-1) ivc obtain

f U  (1 + „ 2" -3- 5 [ I  ,  z  -  / T  7 7  ]2-2n d.

If 1: -- 1, using (1, 7) we find iiiaf A ~ S~1/ 2 [ A^ -  A ] 1 and

r, n  n

M, ,,V 2  f - 1 . 5  ,J ( M  <:) d.?

1 •y

i . e . , the model m akes the umv.o predictions as llie Euclidean m odel.

S im ilarly if n = 1. 5, and if v/e change variab les to y  ~ „ / l  -i s

°M
n = A f = 1n J y(y  - l)

y m

1^2 — i -  j — 1
Again, iC n -• 2, (4. 7) becom es A • • J [A ' -  A,, ‘1 ' and v/:* finI’ll a’ J

with the sam e change o f variab les,

(5. Gb)

(5. 7)

(G. 8)

(5.9)
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I) = & A S" 2 — x (5. 10)

v (y - 1)"‘•’m w '

which is  once m ove independent of S and L.

In general lor q -  1 /2  and for any (;j, c , a) which g ives p = -1 , (he 

resu lt is  Euclidean and <••>. The value p = ~ 1 when q 1 /2  corresponds'f O

(o the boundary between Regions I and II and the e values which w ill give this 

Euclidean resu lt are shown as a function of c for various a. in Figure lb and 

listed  for o. ~ -  .7 5  in column B of Table I. When lhc.se are m ultiplied by 

column I), we obtain 'bn corresponding 12 values if  we w rite

L -  I, pR = L (1 + x)B . (5.11)
O  O

2. Ca.se P>, n -- o -o

For a -  u. we have t Jl 1 Jo ’ o o

F - i - ( l - : ^ / 2 )  (5 .12)

and

p . ' 2
CL -  F(1 :■ 2b)1 ■ (5 .  13)



with

Substitution in (5 .2) y ie lds

(1M) If p -  - 2/n  ,

9 ~  11 'V
, c . A S /  3* -2 n  . , ) u

nn̂  ' " T ~ s r  t *
m

and

?M

1 + a  = (1 -i- 2F )1 /2  (5.34)

nu = A S3 /2  n f F 2"2n (1 I 21') 2“np cVf (5.15)

-3 /nA -  F(1 :• 27’) J,jl

(B2) A particular ea se  of B1 is  n ~ 1 (p - -2 ), A A /( l  - HA) and die upper lim it  

A correnpoi <in -.o A in p iva , by (4. 7) as rdi.-ady found in C;ue A. Then

V °- r‘ C l -  2X 7  1-: ’H  c  (L. “  A' ji’I 111 M in

_ 3 /2  ..3 /2
JM '•

(5. 16)

t i  f ~  T ,"  n -  ~  '  J  V  -r  i / 2  *  ,  1 /jl / i-3n. T H / !-/ 1. , - 1j
2 -  -~2 /  j „ __o y _ rn iVi In

o \  tt S c I n S

v\ 
'
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which is  a function of S and depends or. the lim its !.»„ and L of the RLF.L id m

The values of e satisfying' this case  are given as a function o i e for various

spectral ind ices in Figure la  and tabulated for a  -  -  .7 5  in colum n B' of

Table i for q =• o. We arc again on the boundary between Hoisions I and II. o . J

(B3) Another subcase of B1 is: n = 2 ,  p =  -1 :

1 / 2  1 /2
m M '] r  1 '

n " L ,j ------------  I----- “ 5--------- -J V j m  _ T 1/2 y
/  l i"  L.,, /  11“ L M in

1 + / 1 + ~ §  T "7; 1 + V1 + ~  Tr7-'V 2 4 rib V e2 h i  is

This again depends on S, L.„ find I.
1 '  iVL vn

We arc in Her,'ion I.

(01) If n -- 1, p /  - I ,  -2 , Hum

1 h 2F = (1 - A) 1

a n d

(1  -  2 A )P +  1 -  (1  -  2 A ) ''
* /C \  iV;_________________ A'}_______  f r,

v } S t ' V

.17)

. 17 a)

This expression  is  exact in both Regions 1 and i t as long as p /  -  1, -  2.
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(135) If p = -  2 and n = I , this ca se  is the. boundary case B2.

(13 d) If p = -  1 and n ~ 1,

,,, , . , , 1 / 2 .  » - ( * « , / « >  ( V W 7*n  (S) -  a S :’v!  — ---------------- t To
1 -  (2 H0/ c ) ( L n/4 n S )i / '"'

This case  corresponds to Region I, It lias a flatter RLF than case  B 

sequently the graph of l.g » v s . lg  S appears m ore curved.

3, Case C, q -  1 /2 , p = -2 , n •■= 1

Again we are in Region II. 

We find

r , , r ,  o  / 9

n tS) ,  I  (1 + g M>W " - (1 h gn,>U/“ 
n 1 3 %  " 1:m

w here (Jie lim its  arc given by

A = (I + *) 1 - (: + 2)"'A n

. w h ich  i s  e a s i ly  so lvah i j  t>y e .ioic  m ethod .: .

3 and con-

(5. is )

(5. 19a)
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4. Case D, c; ^ 1 /2 , p --- -  1 /4 , n = 1

H ere we are in the m ore conventional Rodion I. We ea sily  i'hitl frern 

(!j.2) that

i  <x 1 ••n>"2n (S) = j  --------^ ------------ i'l—  , (5. 20)
1: /J M m

where the lim its are obtained from

i A  = (1 + 2 )'" - -  ( l  ' v ) j/ " , (5.20a)

1 AI
wliif !i is  an easily  .vob'chle cubic equation in th" variable (.1 +.?)

5. Case 10, c1q -  1 /2 , p =-• -  1 /? , n -  1

We are j.fptiii in Region 1. Kcjuation (5,2) reduces to

.  (1 : A J'"' (l-i- A . ,-fs
n (o r, i   f — *-----------—  -

J1 J M m

i  A ~ (1 + v) j /w -  1 . (5.21.a)
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w here

We are h.
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G. Case F 1 /2 0, n = 1

are in  Region I and

-5 /2  -5 /2
r „ 2 <1+V - < 1 + *M>

1!n ) = 5  I T ~ 1 --------------------------- 7 (° - ~ 2)
i d  J'.'i

2(1 1 ;;) -- 1 '• (1 I- 2 A) 1 / 2 (5. 22a)

Case G, c. -  1 /2 , p -  -4 /: \ ,  n -  1 .5

Region I, and the. result is

(Vi (
"  1 -!■

V {’> = dT q ~ ? l - )
( 5 . 2 3 )

where
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8. Case H, q == 1 /2 , p ^ - 1 . 7 5 ,  n = 1 

We arc in Tlogion II and

/c , M -rnn (S) = , 
11 Ivl “ m

( 5 . 21 )

whore , and z  are solutions of ivi. rn

x , _ n  . . , - 8 /4  . -5 /1M A = (1 + a) -  (1 -f s ) (5. 24a)

vi. t j ie  r;a tyro l u m  ;n o :4'i.y f u n c t io n

It is  oar purpose to show what so c le  covarianer- can accom plish with 

resp ect to Hie standard theory, if wo til. the data by an m e sp ecia l artifice in 

ovohtfionary and se lection  functionr yvhe.ee Uic slai darc! ihoovy u ses  its  own 

a rtifices, the separate contributions of the two theories arc obscured, For this 

reason 'we lit the sim p lest JtLF in cciiftinr.ily with previous practice, namely a 

truncated power jaw

cp = O I , I, . < L < 1,r > maw

O L . > L .. L1)101 > IT: ax



w here cp is  the number of sou rces per unit volume with lum inosities between L 

and 10L, which is  related to the number of sources per unit volume with 

lum in osities between L and L + dL and

T - n~:i .. y ? ~  L -- l y ,

with the sam e lim its  (Eq. 4. G).

The standard m ethods of calculating the RLE as outlined by P etrosian  

(1900) w ere used . The fir st method entails calculating the absolute lum inosity  

L within the theory using Eqs. (3 .2 ), (3 .3 ), ana (2 .2 ). We u se  the host cpcotraJ 

index available for each sourer. When this is  accompli shod, the largest and 

sm a lle st L becom e the lim its  used. At the sam e tim e the maximum rodshift 

7 . .  . at which the source lum inosity could In: observed at the Dux lim it oi theJVj.

survey (2 J ) i s  calculated; sin ce ?(>.„.) is  not known until z . r Is hnown, anV AI 1VI

itera livc  routine muni bo used  in irmv>ral: we used our own, W egstcin's, Newton's

and M ueller's (the .same as used in finding the lim its of the integral for n ), JviY
own m ost cvirwemoni for  « -  - I  and Iv'egxioiti's for c ~ r 1 /2 .  Since* a  differ.-, from  

source to source for I he sam e (g , c) som e sou; ci -s have: a maxima: a in £T 

w hile others clon'i. When there is  a maximum at y ;t, < « ,  there arc two solutions

for a . . .  «(M ,) and z'o.T.di The in terest in j'jmlbMr .,  is  to know the volume in.M' ' I ' ■ <u ' i.J

which the source could la; observed. If the sources ore uniform ly distributed and 

Die u n iverse is  open, the observable: volume is  infinite when there is  a. maximum  

in £ and a suitable number to xeprouon.l im iiL y  tc j. computer is  chosen. It! we 

are in 'Region IT wad iho gnu roes are rn EVs-inJy distributed but the universe is  

clo sed , the apprc.-priuV closed  volum e r v r  t bo us :d, If we assum e that sou rces

2 51
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don't appear before z = 4 , wc may u se the volum e up to the first. z{M.j) and acid

to it (he volume between the second z(M^) and z = 4. Since, however^we don't

believe, in m odels v/ith C- at z* <  2 , it  is  unlikely that we w ill in vest!-
‘ ■W.

gate a model willi z(Mg) < 4 , . so  it-is  sufficient to take volum es from  z ~ o

to z = We would do this even if  we w ore trying to .simulate- selection

effort IV, A.

The volmner. in our theory are derived below. (Sue also  111, Section XII). 

The Robert son-Walk or metric, in atom ic units is

o  9  9  9  9  9  9  9
ds -  o“ dt" - R'hi.) [dr / ( I  •- k O  + r c K r ]

(G. 1)
2

o (it « 2 <l> [ d x 2 + s 2 (X) d ii2 ]

wner v

r -  S(X) -  S ( J - k  X ) /  *f -k  = sink"1 ( - k X I /y ' - k  (6. ?.)

and

drdX r : --------   .
( 1 - k r  )

Tor photor.'. ds - 0 and if  df! -  o for convenience,

(ti. tin)
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which, since dt and R(t) sca le  the sam e waj', holds true in gravitational units, 

i. e.

dx = ~ ~  (c.sb)
R (t )

Just as in standard cosm ology, this m etric  leads to

V (t , X) ■= 417 It® f >:2 (X'l dyj (6 .4)
* o '

with the lim it given by

I
r. <•> i T

x - «  r  r «'■ 5>
l ( ( l )

where the jim iis  t  ̂ avid i ccrre.-pcnd !o a  - o and z ,  which in tui a corresponds 

to the em ission  rciJshiJT z  in alo.-v.ic unii.n as in )"■:<. (.‘2. 4).

3 °
The vali es 7, z ,  L (watt-;,on).. V(\Tpc' )> and v , , (Mpc°) arc given injn LiX

Table 3.

Once d»e I'.iinif.ositicv. uu.l niaxirni.;.u observable volum es are obtained, 

nle'...; of !<? L vs. Ig ■/. and lg  L v s . Ip; y, are m a d 1. Eventide:-; are given in
A ~  i t !

F igures The ]g ", nxic is  d.vidod into cvorlav-.pirg one unit in tervals, or:vs-half 

unit apart, and the .-nnaJlesi. z . .  -  e, . , ,  (eorrcrponciiiig to the weal-test source in
i V i  !  • ‘ i ■)

the interval when on.... spectral hide:; i .; u sed  res o. = 3 in Petronsian jdOh) is



found among the sou rces in each interval, The number of .sources in the interval whose 

a < zT»„ is  counted. Tins number is  divided by the vohivie corresponding to zTro to
l V j  O  i  .'1  Q

give cp for one!; L interval and a b est fit of fo -  &■> C -  n l,n L is  made in order to 

find n. The second method cf oblav'mg (ho 11LF which wc denote by an aster isk  cp+(L) 

in order to diifero.ntinle it from the. first, one, is  to n an  up all the reciprocal volum es 

corresponding to the in each interval one make the sam e power law oppcoximation,

]g (.-)* - !«• C:J- - nA lg  L. We fo\md th.at 11* determ ined tins way difforcd very little  

from n determ ined.by the first method, r . *  being generally slightly sm aller  than n.

In Table 4 we present t.no values of n (hat we have determ ined as a function, of

e, a , and e. As: seen from Iho Table, the values of n cover uuito a ra-im? from . 2 to J0 ’ . . .
2 .4  depending on the chosen gauge and evolution. Ie Figure 3a-o  we then pro..-:art three  

typical U L lh  for q 0, 1 /2 , and j .  V/c uote. Unit ! lv  ULF sleepe.ns as I, in ­

cre a se s  and a power lav/ is  certainly only a Hr si .approximation just as in standard e o ‘5- 

iuelegy. We have chosen te prosen; c a se s  compatible >>*1U; the data and this is partly 

responsiW-j l o r  the ecitu iciouee of the HLF1.-. i’nr di.fiVrcm sen ior,

Wc reran our program with oat;' compile-.! by So!tan 'XWaT.) v-'i.th cr iter ia  of com ­

p leten ess. II;-j sam ple cent;:ins fewer high a sou rces, cral has ■> higher n and thus a 

flatter NfS) curve for the som a e ,  q c, n e v e r th e le ss , the general conclusions of the. 

paper arc the even .lose evolution lie!rig eoquired for the saroc resu lts  when (•: < 0.

vn. KFiT'awr.

Using the vr.lroy of the t-peclryj in:.'a:; n so oltftfne:!, we have computed uuniericrJly  

the ciiJfcrenUiil c o u n t i r m r .  (4 .8 ).
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In F igures 4a—Ij v,c present the. resu lts  for thirty selected  ca ses , for the four

gauges s -  -1 , - 1 /2 ,  -s-1/2, .9 , For the fir st  throe gauges, we present the resu lts

for q r-: 0, 1 /2  and 1. For the la st gauge, we only present the resu lts  for rjQ « 0

sin ce , as seen from Table 4 , the values of n are very h iscnsilivo  to changes in q .

'J'Jie theoretical cui ves tire su p e r p o se d  . on the sn>no date, used  by von lloernev (1973).

We have fixed the normalization, to be ri (1 Jy') -- 1.n ' '

The following com m ents are in order upon inspecting the re su lts .

1) When e is  negative, the resu lts  depend s-.nsUivoJy on q . Wnon s is  pc.'i-

tive, they cU> not. This su me feature ch aracterizes the tests  studied in I) ,

2) It follows that IV.r c < 0, there is  a cleat.- deterioration of die fits as q

in creases.

3) For c < 0, a (dosed U niverse model does not fit the data.

4) For s > 0, the d,-la can bo fitted v/idi a c losed  or open Uni'.o.run [se e  a lso

p a g e  f t ! ] .

5) For oaoh of the ca ses  presented in Figure: la~1j, we have fioiocved the best 

fits  and siuimmri&ed the e in rae lo i is iic  pa ram et ere in Table 5.

<3) In the mc'l'ibtr- wo have a lso  ridded a column giving l i e  value of F, the. 

evolutionary p.vrorr.otcr as iV.iinc J in stnix'f.vc' cosjiu'l o g c - q r .  (2. Fi) and (2. 15).

7) fiueh vn’ucs of F are obtainable as a fund.'or of e , and o using (3.4) r uct > o

(5 .2 ). In vhc ca se  of q - 0 or 1 /2 , the relation  is  exact, whereas for other values of

•,j in aiapi'0'.jrv..te.Jo
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We d e d u c e

E = j f - V  (7. 1)
o o

The ratio E /e  is  also give-'a in colm'Vr. D of Table 1 and the value of e which co rre ­

sponds to E -• 0 is  given hi the sam e table, column ]J.

VTTI. DISCUSSION

Two m ajor conclusions follow from our analysis.. A se lf-con sisten t iroat.mv.nt 

of the param eters enter!rig too problem , especia lly  n, y ields resu lts that fit the data 

very HatisDa.a.oi'ily, oven when the “jcravjU tional constant." Ci varieswith Era:; as t

Whim c > 0, the re.sully art; not very different from thoso of standard cosnioioiyy, 

wht r C a . s  for e < 0 it is  p o ss if  i o  to d iscrim inate between on open auc! a closed  U niverse. 

This does not happen in standard ecsm olo:,'/. Evolution of the sou rces is needed as in 

standard coaroeloyy. In f a c t ,  our cosm ology's main cffaat is the dlse>"-it.):;>-k*irienl of 

atom ic from yruviisUouai time:!. no! (ho determination. '.-f a pa nunc lor ) :ko E or a 

which depends on the physics o f  the problem  and only mu aylnajly on eosiriatopy.

Even so , oar eosir.olofly b iin y s in  an arudioraiion, in fact, as seen from Table 

5, the equivalent E needed neve is lo s s  thru*, the one usvafly periled in standard eosmr»J.- 

ogy, us d iscu ssed  in p a r i  1. This means that cur h ifibrestlotion of p. fvom z  has o c -  

eoui.itea for pru t of what in shirdurd com;,oioyv W usually lumped u n d e r  the ram?. 

"e''ohT;onfvry corrections" . This is  not totally une.vpeetod since the lum inosity is  a 

function of G. which in turn is u. function of t and t h c i v . i b i o f  a.
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We can conclude by 

te sts  presented in p a r t  D 

proved by j t.

•Jg that the conn! of radio sou rces, much lik e  the optical 

..■nly does not forbid a varying 0 ,  but can be im -
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Table Captions IS

Table 1.. Evolutionary param eter e defined in Eq. (2,.15):

Column A: Values of e that give dig' N /d  lg  S < - 1 .5  (Eq. 2 .2 3 ,

n ---= - .  75).

Column E: Values o f  e that give y1Jf = c° (Kq. 3 .7 ,  p = - 1 ,  -2 , a  = - .7 5 ) .

Column C: Values of e that give z% - 2 ,  (Eq;.;. 3 .4 ,  3 .7 , and 3 .8 ,

a  = - .7 5 ) .

Column Df TJic: ratio E /c  in. general as given by Ecj. (7 .1 ) ,

Column E: Values of e that give 1? = 5 (Eq. 7 .1 ).

Table 2. Exponent p as a function of o', and e when there is no evolution (c ~ 0) as

given by Eq. (3 .7 ). When p = -1  or - 2 ( q  ~ 0), we can expect the data

if  available to show a maximum in the lum inosity distance which, is  not due 

to eve Union but m erely  to the sca le  geom etry and (constant) source spectral 

properties.

Table 3. Wc present the vaL'os from wire!’ the B L F is  determ ined for typical, e a se s .

Lum inosity is  given in w a tts /llz . Volumes arc in (Mj.c)^. T hose ca ses  

are presented in graphical form in Figure 2.

Tab! The param eter n of the ELF for typical (S , q , e) investigated (for 

a  -  - .7 5 ) .  Three digits arc rc ia irsd  for easy reading but arc obviously not 

st.atIstically sign ificant.
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Table 5. For each e , q investigated, with a  ~ - .7 5 , we present the e which gave 

the best [‘it to the d ifferential N(S) data with the corresponding n, equiva­

lent E as defined by Eq. (5 .1 1 ), and p as given by Eq. (.rJ.7),
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Figure Captions 2

Figure 1. Evolutionary param eter e v s . sca le  param eter c satisfy ing  Eq.

(3 .7) for p = -2  (q ( 0), F ig. la ,  and p = -1  ( q Q -  3 /2 ),

Fig. lb , giving z.  ̂ -• « .

Figure 2a-d. Log  ̂ L (watts/H z) vs. observed z  (asterisks) and ■/ (dots)

from our data, corresponding to se le c t  ca se s  from Fig. 3, detailed  

in Table 3.

Figure 3. The E L F corresponding to Table 5, som e ca ses  o2 which nvo further

illu strated  in F igures 2a-d and Table 2 . They correspond to the

follow ing evolutionary param eters: F igure 3a (1) e = - 1 .2 8 ,

(2) e = - 4 .5 ,  (3) c -- -35 , (4) c -  - . 5 ,  Figure 3b (1) e - -3 .2 8 ,

(2) e -  -1 .6 5 , (3) c. -  - 1 .4 5 , (4) e -  -1 .2 5 . Figure 3c (1) o = -1 .4 0 ,

(2) b = -1 .2 5 , The ELF for q -  1, c < 0 is  not presented becauseo

the corresponding calculated lg  N -lg  S curve did not fit the data w ell.

Figure 4a- j. Log-Log plots of Eq. (5 .1 ), K (S), the clii‘Jnrcnlial radio source counts

norm alized tc Euclidean valu es. A ll curves are made to p ass through 

the point (N, S) -  (1, 1). Such v ertica l norm alization is  custom ary.
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P.' CONCLUDING KEiiARXS

We h a v e  fount] t h r o u g h o u t  t h a t  i n  o r d e r  to  

u n d e r s t a n d  o b s e r v a t i o n s  w i t h i n  s t a n d a r d  cosmo­

logy e i t h e r  a v e r y  c o n v o l u t e d  e v o l u t i o n  o f  th e  

s o u r c e s  o r  a p e c u l i a r  'je one t r y  such a s  a l o c a l  

h o l e  must he p o s i t e d .  F u r t h e r m o r e ,  t h e  e v o l u t i o n s  

i n d i c a t e d  by t h e  d i f f e r e n t  t e s t s  do n o t  a l w a y s  

a-Tree. In  a d d i t i o n  t h e  t e s t s  a r e  n o t  s e n s i t i v e  

enough to  d i . f  f e r e n t i a t e  w o r ld  mode I s , t n a t  i s  to  

d e t e r m i n e  q .

In  t h e  s c a l e - c o v a r i a n t  t h e o r y  when 1 i s  a l l o w e d  

to  v a r y ,  a g e n t l e r  e v o l u t i o n  i s  g e n e r a l l y  i n d i c a t e d ,  

and t e s t s  such a s  :n~z and 1 ( rn) and t h e  d i f f e r e n t i a l  

and i n t e r - r a t e d  fo rm s  o f  loo; h-lo,*; s  a r e  c o m p a t i b l e .  

F u r t h e r m o r e , when t h e  s c a l e  f a c t o r  i s  an I n c r e a e i  nr; 

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

anion.-.' m o d e l s  w i t h  d i f f e r e n t :  d e c e l e r a t i o n  p a r a m e t e r s .  

In  such a c a s e ,  t h e  s t r o n g  b o nd in '1; o f  th e  tn~z c u r v e s  

( t y p i c a l  o f  a c l o s e d  u n i v e r s e  o r  s t r o n y  e v o l u t i o n  

in  s t a n d a r d  c o s m o l o g y ) i s  p r e d i c t a b l e  i n  an open  

u n i v e r s e  w i t h  m od es t  e v o l u t i o n .  An o o e n  u n i v e r s e  

seenis to  be o r o s e n t l y  t h e  most  .popular one  i n  

s t a n d a r d  c.asiiiolo.'-y due t o  th e  o b s e r v e d  d e u t e r i u m  

abundance  a l t h o u g h  i t  i s  n o t  y e t  known how t h i s  

abun dance  w i l l  be i n t e r p r e t e d  i n  s e t t l e - c o v a r i a . o t  

co sm o lo iv y . Inc c u r r e n t l y  f a v o r e d  s c a l e  i s  f.i  ' J t .



Thun t h e  c o s m o l o g i c a l  g e o m e t r i c a l  t e s t s  a r e  so  f a r  

f a v o r a b l e  t o  t h e  i n t e r o r e t a t i o n  o f  a  n o n - c o n s t a n t  

s c a l e  f u n c t i o n :  i n d e e d ,  t h e r e  i s  no o b s e r v a t i o n a l  

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

h i b i t s  a s m a l l  c o s m o l o g i c a l  v a r i a t i o n  o f  G. To 

d e t e r m i n e  t h i s  w i t h i n  t h e  framework o f  th e  t e s t s  

c o n s i d e r e d  was t h e  o u r p o s e  o f  t h i s  w o r k . I t  i s  

t h e r e f o r e  o f  paramount i m p o r t a n c e  to  an yone  i n t e ­

r e s t e d  in  oosmo 1 0 .5.7 o f  f i e l d  t h e o r y  fcha t 

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

f i r s t  s ju es s ,  t h a t  G 1:; c o n s t a n t ,  be c a r r i e d  f u r t h e r .  

A r ea s  o f  f u t u r e  r e s e a r c h  o r a :  (1 )  s t e l l a r  s t r u c t u r e ,  

s i n c e  t h i s  f i e l d  seem s  l e s s  b e s e t  by tn e  u n c e r ­

t a i n t i e s  which  mask c o s m o l o g i c a l  e f f e c t s  than  t h o s e  

o f  s ca lab le :: ,  Q s o ' s  and t i d a l l y - o e r t u r b e d  o l a n e t a r y  

s y s t e m s ,  ( ? )  p r im a l  n u c l e o s y n t h e s i s ,  ( 3 )  th e  d e v c -  

l o o e m e n t  o f  t h e  i nhoinomenel t y  s p e c t r u m  when th e  

•Jean's  macs  e v o l v e s  w i t h  an e x t r a  f u n c t i o n a l  d e -
_ ̂  / p

oen d en ce  1 and ( 4 )  s p a t i a l  r e g i o n s  o f  h i y h

en e r g y  d e n s i t y  where 3 may n o t  have d e c a y e d .

Such r e s e a r c h  mi.rht p;ive u s  c l u e s  o f  how t o  ox tend  

t h e  t h e o r y  beyond t h e  a s y m p t o t i c  re .y ion  and u l t i ­

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

u n i f i e d  f i e l d  t h e o r y .
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