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ABSTRACT 

Our U n i v e r s e has p r o b a b l y a s p a c e - t i m e wi th a humpy m e t ­
r i c . The s p a c e - t i m e has n o n d e g e n e r a t e ( u n e q u a l ) g e o d e s i e s . 
The U n i v e r s e i s weakly inhomogeneous. The n o n s t a t i o n a r y i n -
homogene i t i e s (humpies) of g r a v i t a t i o n a l f i e l d change t h e 
r e d s h i f t of any a s t r o n o m i c a l o b j e c t - change b r i g h t n e s s 
(Sachs-Vfolf e ' s e f f e c t ) , and change t r a j e c t o r i e s of p h o t o n s . 
The l a t t e r e f f e c t i s c o n s i d e r e d h e r e . I t i s found t h a t a t h e ­
orem on t h e n u l l g e o d e s i e s a r e i n s t a b l e i n t h e U n i v e r s e wi th 
p o s i t i v e d e n s i t y c o n t r a s t s . Pho tons must l o s e an i n f o r m a t i o n 
of t h e i r i n i t i a l d i r e c t i o n s of p r o p a g a t i o n . SD such r a d i a t i o n 
a s t h e Microwave Background R a d i a t i o n must seem uniform in 
t h e U n i v e r s e . 
STOCHASTIC INSTABILITY IN GRAVITATING MEDIUM 

Dynamical sys tems which have t h e c o n f i g u r a t i o n space 
with humpies m e t r i c s a r e c o n s i d e r e d i n t h i s n o t e . For example, 
i t i s a space t o c o n s i s t of a p l a n e and ajsymmetric humps.Any 
dynamical system h a s p r o b a b l y a humpy c o n f i g u r a t i o n s p a c e . 
Below we have a n a l y s e d t h e f o l l o w i n g theorem: 

Theorem 1 : There i s a humpy space H. The c o u n t a b l e s e t of 
c h a r t s c o v e r s t h e space H. The m e t r i c of a c h a r t i s g.swo\» 

i , k = 0 , 1 , 2 , 3 , l = 1 , 2 , . . . , N , and t h e frame 4 - v e c t o r s a r e 
( a ) (e^ ' ) / . y a = 0 , 1 , 2 , 3 i s a number of a frame v e c t o r , and 

E = f e e ( a ) ) = (e e ( o ) + e e ( 1 ) + e e ( 2 ) 

B ik(« . ) *• i ( a ) k \ l ) "" i ( o ) k e i ( l ) e k e i ( 2 ) e k 
+ e e ( 3 ) ) 
+ e i ( 3 ) e k } ( * ) 
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i k A condi t ion of dominant energy R P P >_ 0 i s r e a l i z e d . 

The space H wil l be described by N-measured space of 4 -

vec to r s ( y ^ ) ) ^ ) = B i k ^ e ( a ) ^ ( l ) ° n a l o c a l c h a r t B i k 'Every 
vector y.j/o\ corresponds to a vector e. , , , , . , which i s ca r r i ed 
p a r a l l e l y i t s e l f from x . , . , . to x . on a char t g . . . 

J I*) J ik 
The i so t rop ic geodesies of a space (yif<i \^ a re i n s t ab l e 

if among the vec to r s y i fn- . a r e not p a r a l l e l . 

Using Theorem 1 we may reformulate the well-known theo ­
rem by Kolmogorov, Arnold and Moser to cont inual systems:the 
cont inual system has a s t ab le motion if i t s conf igurat ion 
space i s enough i s o t r o p i c . 

The char t g , , , , , of g r a v i t a t i o n a l system has i t s c o o r d i ­
nate t ime. The N-measured space H proves to enable to i n t r o ­
duce only one arrow of time t on a l l space H. The increase of 
the time depends on an increase of Kolmogorov-Sinai's entropy 
of a manifold {y-wo-J i n one-to-one manner. 

As an as t rophys ica l app l i ca t ion one can consider the 
t r a j e c t o r i e s of photons in an expanding and weakly inhomogen-
eous Universe. The Universe has probably a space-time with a 
humpy me t r i c . The null geodesies or the t r a j e c t o r i e s of pho­
tons a re uns tab le in the Universe with p o s i t i v e dens i ty con­
t r a s t s . Photons must lose an information of t h e i r i n i t i a l 
d i r e c t i o n s of propagat ions . So such r a d i a t i o n a s the Microwave 
Ebckground Radiation must seem uniform in the humpy Universe. 

1. Let u s consider a humpy space H with po in t s x . . A hump 
l i e s near a point ( x . ) , 0 . and has metr ic g . W o %. One can i n -
troduce near x . a space of frame vec to r s y. , n = g . . e . . . on 

J k 

the loca l char t g . . ( x . ) . Here a vector e / 0 . i s ca r r i ed p a r a l -
I K J (X. ) 

l e l y i t s e l f from a point x . , » * to a point x . . We determine 
J l*) J J 

the metr ic of N-measured space H a s G, = y . ,«»y , v
 w h e r e 

the indices n, I denote summation from 1 to N. 
Are the i so t rop ic geodesies of space G. unstable? 
Let P = y/cxP- be a null vec tor , P .P 1 = 0 and V V1 - 0. 

Humps def lec t P . : P. -*• P. + w. and correspondingly P« •+ P. +W , 
where W, = yj ,>w.. We must take into account the equations 

G£n P V = 0, 

132 

https://doi.org/10.1017/S0252921100066008 Published online by Cambridge University Press

https://doi.org/10.1017/S0252921100066008


G„ (P* + / x P 1 1 + ffn) = 0. 

The components of a deviation w satisfy the equations 

at, 

where R„ is the Riemannian tensor of a space G0_, 5 i s an 
xnns *n 

affine parameter of an isotropic geodesic with a tangent vec-
l 

tor P on a chart g i k . 

We consider the Eq.(l) on a surface (y f l . , y . „ . ) . 

Let P* = (PL,Pi,0,...,0), W* = (W1.*2, . . . . W1*) and we have 

= G*»w = y < *yoo W l 
n 1 n 

Generally saying the vectors y. and y} are not parallel , 
so we may write 

, (*)y i (n) = (6*n + Il!lL ) 0 , 

A n J!. 
where 6 i s the Rroneker symbol and vector n characterises 
the difference of directions of vectors y and y , o is 
proportional to some elementary square. The equation (1) may 
be written as 

D W& fD „2 ,jtln_,2 . 2 n T l , . _, - 2 , 1D2 2JL n l B 

~"2 ' ~ { R 1 2 1 2 P 0 ( 6 P " 6 ^ + R1212P ( n P ~ n ^ ) n }Wn 

( 2 ) 
(I) 

NDW we see the deviation W, is changing if the space {yv '} 

is anisotropic. The right hand of Eq.(2) is equal to zero if 
the space H will be isotropic and W. = const. The deviation 
W, depends on the affine parameter £. The bracket in the 
right hand of Eq.(2) is the curvature of a surface {y f l . , y(o\^ 

& the curvature is not positive, the isotropic geodesies are 
divergent. In th is case we have a Theorem 1, which i s formu­
late in the preface. 

n a SL 

The angle ty between P and P + W on the surface 
^y(2Vy(3 1̂  m a y b e o b t a i n e d from: 
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P ^ P * + lT) 
C O S l|» = T „ -I / 2 

( P ^ P * ^ + Wn)(Pn + Wn))'L/'i 

where I, n ^ 2. One has COSI|J -*1 if the devia t ion W. i s i n c ­
r ea s ing . 

From the standpoint of the modern ergodic theory such sy­
stem (2) i s mixing on a manifold {<J>} Indeed, l e t VL. be a pos -

2-TT 

s ib le manifold of i n i t i a l angles ij; : M = / dip . The dyna-
2TT 

mical system (2) has a sutmanifold M = / cos ty dip . One can 
0 ° 

see M -+ M with an increasing W. . The |cos i|; | i s c h a r a c t e r ­
i s t i c function of the system ( 2 ) . 

2. Our Universe has probably a space-time with a humpy met­
r i c . We note always the time i s c lo se ly bound up with a chan­
ge of parameters of some physical system. So an arrow of time 
i s defined along the d i r e c t i o n of t h e change. One can d i s t i n ­
guish a number of d i f f e ren t arrows: the d i r e c t i o n of time in 
which the entropy increases , the d i r e c t i o n of time in which 
the Universe i s expanding; the fac t tha t the channels of KP-
meson decays a re asymmetric, the fact tha t we remember events 
in the past but not in the future ( the psychological arrow 
t i m e ) . 

The phenomena have one common t r a i t : "an observer" r e c ­
e ives a new information a s a phenomenon develops. An increase 
of the entropy in any point of a thermodynamical system co r ­
responds to the fact tha t a l l information on boundary condi ­
t i o n s ( the wal ls of a thermostat cons i s t of a l o t of p a r t i c ­
l e s ) i s "received" in a point by means of motion of p a r t i c l e s 
of a system. 

The expansion of the Universe i s a fact tha t a new i n ­
formation of d i s t a n t o b j e c t s i s received at any point when 
the object go into a horizon of an observer . 

Ir-meson decays occur with d i f f e ren t p r o b a b i l i t i e s . 
R.Penrose has suggested a hypothesis on a r e l a t i o n between 
the asymmetry and the temporal asymmetry. The K°-asymmetry 
s l i g h t l y pe r tu rbs a l l electrodynamic processes . Then an inf­
ormation on the K?-decay i s received a t any point of the sp­
ace of electromagnetic degrees of freedom. The psychological 
time i s r e l a t e d to new events t o o . 

Therefore a l l t imes a re the informative processes . 
In accordance with the theory of General R e l a t i v i t y 

any physical phenomenon can be r e l a t ed to a space-time mani-
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fold with a dominant energy metr ic (R.-P1?11 > 0 ) . Then a hum-
py manifold i s r e l a t e d to an ensemble of phenomena. The d i f ­
ferent humpy metr ic can descr ibe a l l boundary condi t ions of 
thermodynamic systems, the surpr i s ing v a r i e t y of the Universe 
and an inhomogeneous space of electromagnetic degrees of f r e ­
edom. Probably one can find a r e l a t i o n between a humpy mani­
fold and an inhomogeneous psyhological t ime. The use of a 
humpy manifold i s adequate to the fkture if a l l space H can 
have one arrow of time and the hemp of the time flow on d i f f ­
erent humps can be d i f f e r e n t . 

Let u s consider t he propagation of the in t e rac t iona l 
s i gna l s in a humpy Universe. The i so t rop ic geodesies a re in ­
s tab le and v = |cos <(> | i s a p r o b a b i l i t y of a rece iv ing of a 
signal in the d i r e c t i o n 41. If v + 1 t h e signal may be r e c e ­
ived in any d i r e c t i o n with equal p r o b a b i l i t i e s . It i s easy 
to convince tha t a mixing occurs on surfaces {y« y y ( o > 2^' 
where y n . i s a coordinate t ime. Therefore t h e hypervecFor 

P =(P1, P 2 , . . . , P N ) wil l be d i s t r i b u t e d over manifold of a l l 
d i r e c t i o n s y „ . „ . with equal p r o b a b i l i t i e s , and the c o r r e s -

^ —'• ' l I 1/2 1 
ponding d i r e c t i o n cos ines and (P / (P P^) ) i > 2 *> fr\ . For 
N >> 1 the hypervector P wil l be almost perpendicular to 
a l l d i r e c t i o n s y(SL>o\- S u c n hypervector can be in any point 

J 

The degree of the u n c e r t a i n t y of rece iv ing a signal or 
1 N 

the Kblmogorov-Sinai entropy i s S = 5 Z |cos i|> | £ n ( l - | cos lj^j). 

One can see S increases with increas ing W .̂ The va r i ab l e S may 
be used a s an informative t ime, and i t s arrow i s r e l a t e d with 
a mixing of s i g n a l s . 
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