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1 . INTRODUCTION 

At present there are i n use three d i f f e r e n t models to c h a r a c t e r i z e 
the l a r g e s c a l e s t r u c t u r e of the u n i v e r s e . The c l u s t e r i n g model 
(Sone ira and P e e b l e s , 1 9 7 8 ) assumes tha t the s u p e r c l u s t e r s are h igh 
d e n s i t y i s l a n d s i n a low d e n s i t y s e a . The v o i d model (Joeveer and 
E i n a s t o , 1 9 7 8 ) , on the o ther hand, assumes tha t the v o i d s are i s o l a t e d 
low d e n s i t y i s l a n d s i n a h igh d e n s i t y s e a . The sponge model (Got t e t 
a l . , 1 9 8 6 ) assumes that h igh and low d e n s i t y reg ions occupy equal 
vo lumes , and that the h igh and low d e n s i t y r e g i o n s are both connected. 
The s t r a i g h t f o r w a r d way to dec ide among these t h r e e models i s the d i -
r e c t i n v e s t i g a t i o n of the s p a t i a l d i s t r i b u t i o n of the g a l a x i e s . Never-
t h e l e s s , there i s an e s s e n t i a l l y d i f f e r e n t o b s e r v a t i o n a l method tha t 
may a l s o be u s e f u l to o b t a i n some in format ion about these models . The 
X - r a y background r a d i a t i o n (XRB) i s due e i t h e r to the bremsstrahlung of 
hot i n t e r g a l a c t i c g a s , or to the sum of the r a d i a t i o n of unreso lved 
d i s c r e t e sources ( E . G . Bo ldt 1 9 8 7 ) . I f the " d i s c r e t e 1 1 o r i g i n i s c o r -
r e c t , then o b v i o u s l y the a c t u a l number of s o u r c e s , and hence t h e i r 
t o t a l i n t e n s i t y , may vary from one p a r t of the sky to another . Thus, 
i n t h i s case one has the p o s s i b i l i t y to e s t i m a t e the number of sources 
in a g iven volume from the observed i s o t r o p y of the XRB. For example, 
Hamilton and Hel fand ( 1 9 8 7 ) sugges t tha t the number of sources must be 
l a r g e r than 5 0 0 0 / ( d e g r e e ) ^ . Any such e s t i m a t e needs s e v e r a l assump-
t i o n s . In the prev ious works one u s u a l l y assumed tha t the sources were 
d i s t r i b u t e d comple te ly randomly; s e e , e . g . Fabian ( 1 9 7 2 ) . N e v e r t h e l e s s , 
i f the XRB i s generated by young g a l a x i e s (Bookbinder e t a l . 1 9 8 0 ) , i t 
i s not exc luded that the sources of the SRB are a l s o grouped s i m i l a r l y 
to g a l a x i e s . Because i n t h i s case the d i s t r i b u t i o n of sources of the 
XRB i s not comple te ly random, one may expect a d i f f e r e n t type of f l u c -
t u a t i o n s i n the i n t e n s i t y of the XRB. In a d d i t i o n , s i n c e the grouping 
may be q u i t e d i f f e r e n t f o r the three s t r u c t u r e mode l s , the expected 
f l u c t u a t i o n s may a l s o be d i f f e r e n t . There i s a chance to d i s c r i m i n a t e 
among them us ing the observed i s o t r o p y of XRB. The b a s i c o b s e r v a t i o n a l 
datum concerning the i s o t r o p y of the XRB i s wel l -known: the f l u c t u a -
t i o n s in the i n t e n s i t y are s m a l l e r than 3%, i f 3° χ 3° p i x e l s are used 
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Shafer ( 1 9 8 3 ) . 

I I . EXPECTED FLUCTUATIONS 

A p r i m i t i v e d e s c r i p t i o n of the i s l a n d model i s as f o l l o w s : i n the 

p a r t of the un iverse where the XRB i s emi t ted a volume V Q i s g i v e n . In 

V Q there are Κ spheres wi th r a d i i R^; i = 1 , 2 , . . . , K. The sources of 

the XRB are i n s i d e of t h e s e spheres wi th a cons tant d e n s i t y N. The 

t o t a l number of sources Ν i s g iven by 

Κ 4π 3 κ 

Ν = Σ Ν RT = Σ Ν . . ( 1 ) 
i = l ι i = i s i 

I f any source has the same constant e m i s s i v i t y J , then the t o t a l i n t e n -

s i t y expected from V 0 i s g iven by 

R 3
 3AT 3 

1 = J Τ N j i 7 ' d i " ' Ύ = 7 7 = 1 0 H " 1 L I O = L ( 2 ) 

where d i i s the d i s t a n c e of i - t h s p h e r e , L^q should be of order of 

u n i t y i f V i s g iven i n Mpc^, Η i s the Hubble parameter i n the u n i t s of 

100 k m / ( s e c . M p c ) . Because R^ and d^ are c l e a r l y not c o r r e l a t e d , we 

have 

/ Γ * s d / T 

D e t a i l e d c a l c u l a t i o n s show tha t A should be of order of u n i t y and can 

h a r d l y be s m a l l e r than 1 . The most p r i m i t i v e v o i d model assumes t h a t 

the spheres are empty, and the gap among the spheres i s f i l l e d wi th 

sources of cons tant d e n s i t y n . Then we have 

Κ — 4π 3 κ 

Σ (nV - 21 Ν R / ) = Σ Ν . , ( 4 ) 
1=1 3 i ι = ι s i 

61 _ 1 / , « " s s 2 , 6 ( d 2 ) s 2 _ Β 

1 TT V N s d - 2 * T 

where B i s not n e c e s s a r i l y i d e n t i c a l to A, but i t i s aga in of order 

u n i t y and can h a r d l y be s m a l l e r than 1 . I t i s e s s e n t i a l to n o t e tha t 

the randomness i n the s p a t i a l d i s t r i b u t i o n of s u p e r c l u s t e r s and v o i d s 

i s a n e c e s s a r y requirement . One has to cons ider the s u p e r c l u s t e r s and 

v o i d s as i s o l a t e d o b j e c t s . On the o ther hand, in the sponge model one 

assumes tha t the neighbourhood v o i d s ( s u p e r c l u s t e r s ) are connected; i n 

p a r t i c u l a r (Got t e t a l . 1 9 8 6 ) , one may assume that the sources are 

d i s t r i b u t e d randomly i n 1 / 2 V . Thus here the f l u c t u a t i o n are g iven 

aga in by the well-known r e l a t i o n (Fabian 1 9 7 2 ) . 

^ . i i Ä . J L . F < A o r B . ( 6 ) 
1 /N d" Z / ¥ 
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(The c o n s t r a i n t tha t F i s s m a l l e r than A or Β i s obvious from the f a c t 

that here on ly the "d i s tance f l u c t u a t i o n s 1 1 are p r e s e n t . ) S imply , i f 

one assumes the v a l i d i t y of the sponge model , no new f l u c t u a t i o n s are 

expec ted . In the two remaining mode l s , on the o ther hand, new f l u c t u -

a t i o n s a r i s e f o r 

1 K 

N S = K Σ 
Ν . 

1 s i 
» 1 . ( 7 ) 

I I I . FRIEDMANN MODELS 

I f J i s cons tant during the e v o l u t i o n of u n i v e r s e then f o r the 

Friedmannian u n i v e r s e s one o b t a i n s 

f / 2 R 3 (x ) g 2 ( x ) d x , o < Χ χ < χ2 X = X 0 - n , (8) 

where g ( χ ) = s i n χ or χ or sh χ , and χ i s the comoving c o o r d i n a t e ; 

χ 0 i s the d i s t a n c e of the h o r i z o n ; ω i s the s o l i d ang le determining the 

observed p a r t of sky; χ^(χ2) i s the minimal (maximal) d i s t a n c e where 

the XRB i s e m i t t e d ; R(x) i s the rad ius of the u n i v e r s e . For the f l a t 

case g(x) = χ 

Κ 
V Η 

( l"X) 6 X 2 dx, ( 9 ) 

where c i s the v e l o c i t y of l i g h t , and Η = 100 h km/(sec .Mpc) i s the 

Hubble-parameter . In order to c a l c u l a t e the d i s t a n c e f l u c t u a t i o n s i n 

eq ( 5 ) , d must be r e p l a c e d by d , the " l u m i n o s i t y d i s t a n c e " . The 
Λ r e s u l t i s 

v I M i s t / T 

ι χ ( χ ) i 2 ( x ) 

i 3 ( x ) 
1 / 2 * 2 

1 ) * " ] ( 1 0 ) 

where I i ( x ) are f u n c t i o n s of χ and χ. , X £ correspond to the lower and 

upper r e d s h i f t s z-^; Z £ . Using a s o l i d ang le « = (3° χ 3° ) Θ3 and an 

average s t r u c t u r e volume V = L 3 = (10 M p c ) 3 L 3_, we have the s c a l i n g 

6 I / I * L ~ / Θ~1. The d i s t a n c e f l u c t u a t i o n s or eq ( 1 0 ) g i v e a lower 

l i m i t to the t o t a l f l u c t u a t i o n s ( s i n c e a d d i t i o n a l f l u c t u a t i o n s would 

come from number e f f e c t s , l u m i n o s i t y d i f f e r e n c e s , e t c ) . Thus 

v I ' d i s t 
/ F 

v 6 ' t o t 
( 1 1 ) 

The v a l u e s of < δ Ι / Ι > < ^ I S T

 A R E > F O R L I Q θ 3 = 1 : 

*1 z 2 
f l a t Ω = 0 . 5 

ο 
Ω = 0 . 1 

ο 

0 . 5 1 1 . 6 1 0 " 2 1 . 5 Ι Ο " 2 1 . 3 1 0 ~ 2 

4 2 . 3 1 0 " 2 2 . 1 1 0 " 2 1 . 9 1 0 " 2 
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3 / 2 

T h i s r e s u l t i s v a l i d f o r s t r u c t u r e s of constant p h y s i c a l s i z e ,L = L = 

c o n s t a n t . For the case when i t i s the comoving s i z e which remains 

c o n s t a n t , see a l s o Mészâros and Mészâros ( 1 9 8 7 ) . This i s v a l i d f o r 

both i s l a n d and v o i d models , but no t_ to sponge models ( s i n c e there are 

no s t r u c t u r e s w i t h a c h a r a c t e r i s t i c V = L ) . I t a p p l i e s a l s o i n the 

case where the sources of the background are c louds of g a s , e m i t t i n g 

bremsstrahlung , ra ther than g a l a x y - t y p e o b j e c t s , i f these are c l u s t e r e d 

in the same way as the l a t t e r . 

IV. DISCUSSION 

The s p a t i a l f l u c t u a t i o n s of eq ( 1 2 ) exceed the observed v a l u e of 

3% by a t l e a s t a f a c t o r 2 . The lower l i m i t of z^ = 0 . 5 exc ludes from 

t h i s c a l c u l a t i o n most of the o p t i c a l l y i d e n t i f i e d x - r a y p o i n t s o u r c e s . 

In f a c t Shafer ( 1 9 8 3 ) f i n d s tha t known x - r a y e m i t t i n g AGN's may be 

a l r e a d y s u f f i c i e n t to e x p l a i n the HEAO-1 3% f l u c t u a t i o n s . The f l u c t u -

a t i o n s of eq ( 1 2 ) would t h e r e f o r e come on top of t h a t , and make the 

l i m i t even more s t r i n g e n t . From t h i s one may conclude e i t h e r tha t 

a) the l a r g e s c a l e s t r u c t u r e a t ζ > 0 . 5 i s s i g n i f i c a n t l y l e s s c l u s t e r e d 

than a t ζ < 0 . 5 , e . g . as i n the sponge model , or b) the x - r a y sources 

a t ζ > 0 . 5 do not t r a c e the mat ter s t r u c t u r e s . I f the x - r a y background 

has a s i g n i f i c a n t c o n t r i b u t i o n from young AGN f s p r o t o g a l a x i e s , or gas 

c l o u d s , a t ζ < 0 . 5 , these cannot be very c l u s t e r e d . 
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( 1 2 ) 

we S ince L - Q £ 3 (de Lapparent e t a l 1 9 8 6 ) , and ό Ι / Ι s c a l e s as L ^ Q 

see tha t 
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