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ABSTRACT

Our Universe has probably a space~time with a humpy met-
ric, The space-time has nondegenerate (unequal) geodesics.
The Universe is weakly inhomogeneous. The nonstationary in-
homogeneities (lumpies) of gravitational field change the
redshift of any astronomical object - change brightness
(Sachs-Wlfe's effect), and changde trajectories of photons.
The latter effect is considered here. It is found that a the-
orem on the null geodesics are instable in the Universe with
positive density contrasts. Plotons must lose an information
of their initial directions of propagation, S gsuch radiation
as the Microwave Background Radiation must seem uniform in
the Universe.

STOCHASTIC INSTABILITY IN GRAVITATING MED IUM

Dynamical systems which have the configuration space
with humpies metrics are considered in this note. For example,
it is a space to consist of a plane and asymmetric humps.Any
dynamical system has probably a humpy configuration space.
Below we have analysed the following theorem:

Theorem 1: There is a humpy space H. The countable set of
charts covers the space H. The metric of a chart is gik(l)'

i,k =0,1,2,3,2 =1,2,,..,N, and the frame 4-vectors are

(ega))(g), a =0,1,2,3 is a number of a frame vector, and
- (a) = (o) (1) (2)
Bikz) = Cia)®k (1) = Cio)®k Y ei)%k Tt fi(2)%k

3)
*ei3)%k (1)
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A condition of dominant energy RikPiPk > 0 is realized.

The space H will be described by N-measured space of 4-
_ i
vectors (yi(a))(l) = gik(e(a))(l) on a local chart gik.Every
vector yi(l) corresponds to a vector ei(l)’ which is carried
parallely itself from xj(!,) to xj on a chart 8ik*

The isotropic geodesics of a space (,yi(l)} are instable
if among the vectors yi(l) are not parallel.

Using Theorem 1 we may reformulate the well-known theo-
rem by Kolmogorov, Arnold and Moser to continual systems:the
continual system has a stable motion if its configuration
space is enough isotropic.

The chart gik(l) of gravitational system has its coordi-

nate time, The N-measured space H proves to enable to intro-
duce only one arrow of time t on all space H. The increase of
the time depends on an increase of Kolmogorov-Sinai's entropy
of a manifold {yi(l)} in one-to-one manner.

As an astrophysical application one can consider the
trajectories of photons in an expanding and weakly inhomogen-
eous Universe. The Universe has probably a space-time with a
humpy metric. The null geodesics or the trajectories of pho-
tons are unstable in the Universe with positive density con-
trasts, Photons must lose an information of their initial
directions of propagations. So such radiation as the Microwave
Background Radiation must seem uniform in the humpy Universe.

1. Let us consider a umpy space H with points xj. A ump
1l;iej near a point (xj)(l) and has metric gik(!?.)' One can in-
roduce near xj a' space of frame vectors yi(l) = gike(l) on

)
lely itself from a point xj(l) to a point xj. We determine

the local chart gik(xj ). HBere a vector e is carried paral -
_ i
the metric of N-measured space Has Gﬂ.n = yi(i)y(n)’ where
the indices n,% denote summation from 1 to N,
Are the isotropic geodesics of space GJLn unstable?

_ i i_ L
= y(ﬂ,)Pi be a null vector, PiP = 0 and PEP = 0,

Himps deflect Pi: Pi > Pi + LA and correspondingly Pg—rPl +W1,

Let P

where V&"Q = ytl)wi. Ve must take into account the equations

Lyn _
Gy, PV =0,
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G n(P2 + Wyt + W =

The components of a deviation WE satisfy the equations

2
D°W
L _ n.s

F——lensp‘“pw , 1)
where R!Zmns is the Riemannian tensor of a space G.Qn’ £ is an
affine parameter of an isotropic geodesic with a tangent vec-~
tor Pl on a chart Bik-

We consider the Eq.(1) on a surface (y(l),y(z)).

Let P* = (P1,9%,0,...,0), ¥ = (W,¥2,..., W) and we have

_ 4n _ (W) i(n)
WQ—G wn—yi y Wn

¢ (n)

Generally saying the vectors y and vy are not parallel,

sO we may write

. An
Yil)yl(“) - (69'“ + _no_r)__ Yo ,

where 6“1 is the Kroneker symbol and vector nl characterises

the difference of directions of vectors y(l) and y(n), g is
proportional to some elementary square. The equation (1) may
be written as

2

D™W
L _ 2 1n_2 2n n
;gz—— = - {R1212P o(8PY - § Pl) + R1212p (Y] P - npl)l'] }W
(2)
Now we see the deviation Wz is changing if the space {y(l)}
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(l),y(z)}

% the curvature is not positive, the isotropic geodesics are
divergent. In this case we have a Theorem 1, which is formu-
late in the preface.

The angle ¥ between Pp" and Pl + Wl on the surface
{y(z),y(s)} may be obtained from:
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pz(pl + W)

cos § =
@@+ WHE" + W)y /2

where &, n > 2. One has cosy +1 if the deviation W, is inc-
reasing.

From the standpoint of the modern ergodic theory such sy-
stem (2) is mixing on a manifold (v} Indeed,zlet M, be a pos-

b1
sible manifold of initial angles wo: M = .(I; dwo. The dyna-

21

o
mical system (2) has a sutmanifold M = [ cos § dlpo. One can

0

|

see M + M with an increasing W,. The |cos ¢y| is character-
istic function of the system (2%.

2. Our Universe has probably a space-time with a bumpy met-
ric. We note always the time is closely bound up with a chan-
ge of parameters of some physical system. So an arrow ofi time
is defined along the direction of the change. One can distin-
guish a number of different arrows: the direction of time in
which the entropy increases, the direction of time in which
the Universe is expanding; the fact that the channels of KO-
meson decays are asymmetric, the fact that we remember events
in the past but not in the future (the psychological arrow
time).

The phenomena have one common trait: '"an observer' rec-
eives a new information as a phenomenon develops. An increase
of the entropy in any point of a thermodynamical system cor-
responds to the fact that all information on boundary condi-
tions (the walls of a thermostat consist of a lot of partic-
les) is 'received" in a point by means of motion of particles
of a system.

The expansion of the Universe is a fact that a new in-
formation of distant objects is received at any point when
the object go into a horizon of an observer.

K° -meson decays occur with different probabilities.
R.Penrose has suggested a hypothesis on a relation between
the asymmetry and the temporal asymmetry. The K® -a symmetry
slightly perturbs all electrodynamic processes. Then an inf-
ormation on the K°-decay is received at any point of the sp-
ace of electromagnetic degrees of freedom. The psychological
time is related to new events too.

Therefore all times are the informative processes.

In accordance with the theory of General Relativity
any physical phenomenon can be related to a space-time mani-
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fold with a dominant energy metric (Rikl?’iPk > 0). Then a hum-

py manifold is related to an ensemble of phenomena. The dif-
ferent humpy metric can describe all boundary conditions of
thermodynamic systems, the surprising variety of the Universe
and an inhomogeneous space of electromagnetic degrees of fre-
edom. Probably one can find a relation between a humpy mani-
fold and an inhomogeneous psyhological time. The use of a
lumpy manifold is adequate to the NMature if all space H can
have one arrow of time and the hemp of the time flow on diff-
erent humps can be different.

Let us consider the propagation of the interactional
signals in a humpy Universe. The isotropic geodesics are in-
stable and v = |cos ¢| is a probability of a receiving of a
signal in the direction ¢y. If v + 1 the signal may be rece-
ived in any direction with equal probabilities. It is easy
to convince that a mixing occurs on surfaces {y(l),y(z > 2;},

where y(l) is a coordinate time. Therefore the hypervector

p =P, P2,...,PY) will be distributed over manifold of all
directions y(.2>2) with equal probabilities, and the corres-

- 1

ponding direction cosines and (Pl/ (PR'PQ )1/2)£>2 N 7N For
N >> 1 the hypervector Pg' will be almost perpendicular to
all directions y(.2>2). Such hypervector can be in any point

X
J

The degree of the uncertainty of receiving a signal or
the Kolmogorov-Sinai entropy is S = 1-ﬁ I Jcos wzlln(l—]oos wzl)'
=2
One can see S increases with increasing Wy,. The variable S may

be used as an informative time, and its arrow is related with
a mixing of signals.
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