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The inaccuracy of representation about an interval as the distance between points of four-dimensional space-time
requiring the acceptance without the proof ”pseudo-Pythagorean theorem” and ” quasi-Euklid space-time” is proved.
Is shown, that actually the so-called interval is an imagional ”distance,” passed by a physical body in time during

its inertial moving in space between its these points.

1. Revealing mistakes of pioneers

In the theory of relativity the huge role is played by
representation about four-dimensional space-time and
about an interval as distance between points in 1t. But
in the book [1] we were compelled to declare, that the
concept of an interval from the very beginning is deter-
mined by the founders of the theory of relativity incor-
rectly and on an extent almost centuries entered into
error of phisicists. To prove it, we will address to a
history.

In pre-Einstein times the people believed, that the
space of the universe is three-dimensional and is de-
scribed by Euklid geometry with the cartesian axes of
coordinates ¢, &, ¢, their crossing, beginning in a point
0. But when describe movement of a body, for example,
when draw the diagram of movement of a train, along
one axis of coordinates on a sheet of a paper postpone
distances [, and along another — time ¢. The axis of
time — the fourth axis of coordinates even in pre-Galiley
times was presented at the descriptions of movement of
bodies, only people did not realize it.

One of first, who has realized it, was G.Minkovski
working at the beginning of XX century at the creation
of the mathematical device of the theory of relativity.
Formulating his representation about four-dimensional
space-time, he has named the fourth (temporary) axis
of coordinates imaginary because movements in time
from the past to the future we do not see, but we only
understand (imagine), that it is exists.

If three-dimensional space can be represented on a
sheet of paper with the help of isometry with four-
dimensional one it is already impossible. But the spe-
cial theory of relativity (STR) originally examined only

le-mail: Fominskiy L@mail.ru

inertial movements of bodies along one axis of coordi-
nates. Therefore Minkovski began to put on one axis
of coordinates of a plane of a sheet of paper of distance
[ in three-dimensional space, and on the other, perpen-
dicular to it axes — imaginary ”distances” in time zct.
Here symbol i = v/—1 means imaginary unit, and on
velocity of light in vacuum ¢ Minkovski multiplied for
?the distances in time” had the same dimension, as the
distance in space.

As a result the complex plane (I, éct) has turned
out, which valid and imaginary axis of coordinates are
crossed in a point 0, accepted for the beginning of read-
out of coordinates. Any point on such plane in mathe-
matics is described by complex number

K =1+ ict. (1)

The theory of compler numbers to the beginning of
XX century was well enough developed by mathemat-
ics. Therefore further STR developers were required
only to follow it strictly. But instead of it they began
to invent a mix of the theory of complex numbers with
vector algebra. In the last one the length of a vector or
a piece Al is connected to the lengths of its projections
(Az, Ay, Az) on the cartesian axes of coordinates by
Pythagorean theorem :

A2 = Az? + Ay? + AZ2. (2)

Minkovski began to calculate the distance AK be-
tween points of four-dimensional space-time by the
same rule:

AK? = Ax® + Ay® + Az% — (ieAt)” . (3)
And as i2 = —1, given expression he has copied as:

AK? = Al? — AL (4)
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The appeared here mark of minus contradicted
the Pythagorean theorem demanding plus. Then the
founders of STR have formulated ” pseudo- Pythagorean
theorem”: ” a square of hypotenuse AK is equal to dif-
ferences of squares of cathetuses Aland cAt”. And
though the triangle with such properties couldn’t be
drawn even with the help of not-Euklid geometry of Ri-
man they explained it as the feature of four-dimensional
space-time. Einstein named this ephemeral space as
” quasi-Euklid space” [2].

Why so courageous "modernization” of geometry
was needed? The case is that in the classical mechan-
ics of Galiley’s transformation at transition from one
inertial system of readout of coordinates to another
the distance [ in three-dimensional space was left con-
stant. By analogy to it the developers of STR, seems
desired to use Lorentz transformations which replaced
here Galiley’s transformations to leave constant (invari-
ant) not only velocity of light ¢ (for what they were
found by H.Lorentz) but also the distance between the
points of four-dimensional space-time. However size
7K, calculated from the formula (3), remained invariant
at Lorentz transformations only when in the formula
(4) between its components there was a mark of minus.
Moreover, when the meaning AK? also was taken with
minus. Eventually the developers of STR have written
down:

AS? = 2AL2 — A2, (5)

So determined size AS was named an interval, un-
derstanding it as “the distance between points of space-
time”.

It seems that everything was correct though was re-
quired the breaking of the usual representations of Euk-
lid geometry, acceptance without the proofs of ” pseudo-
Pythagorean theorem” and refusal of attempts evident-
ly to present occurring in ” quasi-FEuclid space”. But
this take off of physics from presentation was soon an-
nounced not the defect but the achievement of the the-
ory.

Due to the invariancy facilitating accounts, the con-
cept of an interval as the distances between points of
”? four-dimensional continuum” became widly used in
STR, and then in the general theory of a relativity
(GTR) too, where almost everything is based on the
concept of an interval. But we shall disassemble, as far
as its definition is correct.

Point in Minkovski’s foup-dimensional space-time,
named as ” Minkovski’s world’, described according to
(1) by complex number K, in STR is named ”world
point”. While imagaring on a paper of a trajectory of
its movement in space-time we receive on a plane of a
sheet of paper ”a world line”.

Complez length of infinitesimal piece of this line or
differential of complexr number in the theory of complex

numbers 1s defined by expression
dK = dl + icdt. (6)
Let’s erect this differential in the second degree:
AR = [di? — (cdt)?] + 2icdtdl (7)

We have received new complex number. In it the
expression in square brackets being its valid part, al-
so is that size AK?, which we saw in the formula (4).
Therefore it is possible to make a conclusion, that the
expression, which in STR is named as a square of dif-
ferential of an interval dS and is understood as a square
of infinitesimal distances between points of space-time,
actually is only taken with opposite mark the valid part
of a square of infinitesimal piece of complex length of a
world line.

And its imaginary part 2¢cdtdl slipped off from at-
tention of the STR developers.

In the theory of complexr numbers distance between
points K; and K5 of a complex plane is calculated
as the module (absolute size) difference AK of com-
plex numbers describing the given points. This module
|AK| is defined from the Pythagorean theorem:

AK|? = |Al]* 4 |cAt]. (8)

The mistake of Minkonski was, that he vainly left in
expression (3) symbols i, and then erected it in the sec-
ond degree and completely vainly has put in the turned
out expression (4) mark of minus.

What then actually is the so-called interval AS, de-
termined from the expression (5), if it is not the dis-
tance between points of space-time? To answer, it is
necessary at first to understand how to define the speed
of movement in space-time.

In the classical mechanics the average speed Viiq4
of movement of a physical body in space is defined as
the attitude of length of a way Al, passed by a body
to time At, for which this way was gone, measured by
clocks of laboratory, concerning which the given body
goes. And the instant speed v is defined as derivative
from di to dt. If by analogy to it to define the speed
of movement of a point in space-time of the Minkovs-
ki world, it is necessary to take derivative on dt from
complex number K, describing the given point:

dK /dt = dl/dt + icdt/dt. (9)

The valid part here has appeared not than other, as
speed V of movement of a point in space determined by
classical mechanics. It should please, as it corresponds
to a principle of addition. However imaginary (tempo-
rary) part at the turned out expression (9) has appeared
a constant c¢. From this it would be possible to make
an erroneous conclusion that any body always goes in
time with constant speed ¢, which depends on nothing.



To concept of an interval or basic mistake of the theory of relativity 51

But it would contradict the theory of relativity which
has opened to the people, that the course of time on a
driven body depends on the speed of its movement in
space. (It is simple to understand, that a course of time
and the speed of movement in time are interconnected).

G.Minkovski has found an exit (unfortunately, not
the best one) from this inconvenient situation: he began
to define the speed of movement of a point in space-time
as derivative from K on own time T, counted by clock
moving together with a driven body (measured by its
own clocks).

You see Einstein already in the first publication of
STR [3] in 1905 has shown, that the driven clocks should
go more slowly the motionless, and that at movement
of a body 7 <t according to the formula

T:t\/l—vz/cz.

Therefore at differentiation of complex number (1)
on d7 the imaginary part of turning out expression was
not a constant any more. Determined speed of move-
ment of a point in space-time of his ” world” Minkovskiy
named ” four-speed”:

(10)

U=dl/dr + icdt/dT (11)

He marked, that advantage of such definition 1s that
the differentiation is carried out on size dr, which is in-
variant at Lorentz transformations that facilitated ac-
counts.

Physicists up to this day use such definition of four-
speed, writing down 1t, to say the truth, in a little bit
other kind:

Uz' = dXZ'/CdT, (12)
which makes four-speed dimensionless.

(Here j =1, 2,3, 4; X1 =2, Xo = y; X3z = z;
X4 = ZCt)

But we shall pay attention that the imaginary (tem-
porary) part of four-speed in expression (11) at v >
0 always is more than velocity of light cand directs to
wnfinity, when v — c¢. And the valid part of four-speed
(dl/dr), growing with the growth of speed v, becomes
more the velocity of light ¢, when v exceeds size ¢//2.
It does not match Einstein’s postulate, which declared
that in nature there are no speeds of movement of bod-
ies larger the velocity of light in vacuum ¢. The devel-
opers of STR didn’t manage to find an exit from this
ticklish situation, and then four-speed (11) was trans-
formed by them into dimensionless size (12), as though
to veil the specified contradiction.

And you see it arises only because the sizes [ and
t are taken from different systems of readout: [ —
from motionless, connected with the observer, concern-
ing which there 1s a movement, ¢ — from driven, con-
nected with a moving body. So to define the speed of
movement of a body in such a way ts incorrect!

2. To concept of speed of movement of
time

Above we a little bit acted against our conscience, hav-
ing written, that G.Minkovski named the fourth axis
of coordinates imaginary because movement of bodies
in time from the past to the future we do not see, but
only understand that it exists. In reality Minkovski, as
it is affirmed in [4], did not examine movement in time,
and replacement of time ¢ on imaginary size ict after
H.Poinkare has applied only as artificial mathematical
reception.

They did not examine movement in time because
both in their time and down to occurrence of our book
[1] the people spoke not about movement of physical
bodies in time, but about “a course of time”. When
in 1905 A.Einstein generalized STR, he wrote that it
follows from it not that the course of time on a physical
body depends on the speed of movement of this body
in space. Nothing was said about movement in time.

Eramining course of time instead of movement of
bodies in time STR nussed dynamic parameters of
movement of bodies in time. In 1995 we managed it
to find out that if to take into account dynamic param-
eters of movement of bodies in time, as it 1s taken into
account in the classical mechanics similar parameters
of movement of bodies in space, in STR, so difficult for
understanding much becomes rather simple.

Analyzing the reasons of misunderstanding by many
students of STR bases, the academician of RAS
E.L. Feinberg in [5] is perspicacious guessed that for
simplification of understanding the conclusion of basic
formulas of the relativistic mechanics they should be
deduced not from kinematics of movement of physical
bodies, as it was done by everybody, but of dynamics.
But he even couldn’t assume that someone will begin
to think of dynamics of imaginary movement of bodies
in time! However such approach has resulted us in [1]
to the very simple decisions, which became the basis of
the developed theory of movement partially stated in
[6] and [7].

In [1] we have tried to present, that the imaginary
movement of physical bodies in time in any measure
submits to the laws of the usual classical mechanics of
its movement in space. In it speed v of usual movement
of bodies in space express, as it is known, in meters of
a way [, passed by a body in time ¢, counted by clocks
of the observer. In result we receive

v=dl/dti. (13)

By analogy to it we shall formulate the concept of
imaginary speed v of movement of a body in time. For
this purpose it 1s first of all necessary to decide what
means the way of a body in time. However, already
this question contains the help for the answer: the way,
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passed by a physical body in time, should be measured
in terms having dimension of time.

Differential of this size should stand in numerator
of required fraction similar to expression (13). And in
a denominator there should be the same differential dt,
as in a denominator of fraction (13). For the speed of
movement of a body in time should be measured by
measurement of a way in time, passed by a body in
time ¢, counted by clocks of the observer, concerning
which this body goes in space.

Now we must only guess, that “the way in time” is
the so-called “own time” 7, counted by clocks on this
driven body (its own clocks driven together with it).

So, the speed of movement of a physical body in time
1s a dimensionless size

g =dr/dti. (14)

A lot of centuries people even couldn’t think that
the size ¢ can be differ from unit. Believed that if two
clocks are serviceable, they will show always identical
time, being once verified with each other. That is be-
lieved that the equality 7 = ¢ is always carried out.

Only H.Lorentz, G.Poinkare and A.Einstein after
them have calculated it, and then the supervision in
40-th for flying with perlight velocities elementary par-
ticles (miuons and pions) have shown, that with growth
of speed of movement of a particle concerning the ob-
server the course of time in a particle is slowed down. It
was shown that the duration of “life” of accelerated mi-
uons and pions before their spontaneous disintegration
grew in comparison with duration of “life” of the same
not accelerated particles. It grows because in a driven
particle the course of all processes 1s slowed down, in-
cluding processes of its “aging”. Or else, the movement
of this particle in time is slowed down.

If the accelerated particle had its own clocks driv-
en together with it these clocks in result of relativis-
tic delay of their course would show, we admit, only
nine o’clock in the morning, while the laboratory clocks
would already beat off midday. In other words, the own
time T1s forward of a driven physical body always less
time t, shown by motionless clocks in laboratory, con-
cerning which the given body goes in space.

These results show that the dimensionless speed =
of movement of a body in time decreases with growth
of speed v of movement it in space.

The mentioned supervision over the accelerated
astable elementary particles were the most weighty
reason for a general recognition of STR for the dif-
ference of time of “life” of fast and slow particles has
appeared so great that the mistake of measurements
was excluded.

3. What is an interval

Having accepted new definition “ways in time” 7, we
should replace on a complex plane of ” Minkovski’s
world” an axis Otct by an axis Oict. Any point 7
on such new complex plane will be described now by
complex number

Z =1+ ict. (15)

Unusual our new complex plane turns out. One co-
ordinate (/) on it is defined by measurements of one
observer, and another (¢r) — by measurements of an-
other one driven concerning the first observer. But you
see it 18 a complex plane of distances. Its axis 0!
an axis of distances in space, which there passes a body
in time ¢, counted by clocks of the motionless observer;
its another axis Oicr  — is an axis of imaginary ”dis-
tances” icT in time, which there passes the same body
for the same time ¢, counted by clocks of the same ob-
server concerning which the given body goes.

Let’s define now a square of distance between points
0 and Z of our complex plane (/, icT) as a square of
the module of complex number

— 18

|Z)2 =17+ 22 (16)

If to substitute here meanings [ = B¢t and 7 = ~¢,
that 8 = v/c, we shall receive:

|Z|? = *t. (17)

It means that the distance from the beginning of axes
of coordinates up to a point Z of our four-dimenstonal
"world” is equal to ct. The received result reflects that
fact, that all bodies in our complex space - time move
with the same on absolute size complex speed J, having
the module |¢|.

And if to substitute the received meaning c?t? in-
stead of 7Z7% in (16), we shall have:

A2 — 12 = 22 (18)

The left part of this equation is nothing but known
and being so mysterious expression (5) for a square of
an interval. The interval Sis the "distance” cr, which
a body passes in time for time t, expressed due to the
factor cin the same units of length (meters), as the
distance 1, passed by this body in space for the same
time t, counted by clocks of the observer concerning
which the given body goes. However no need to prove
the formula dS = e¢dr as it is known in STR for a long
time [8].

In view of 1t we shall write down the final expression
for a square of distance |AZ|? between points of our
complex space-time:

AL = Al + AS?. (19)
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As you can see, this distance is defined by Pythagore-
an theorem. And it is also seen, that actually it is
the same expression, as Einstein’s expression (5) for
a square of an interval. Only now it is written down in
a normal kind: a square of hypotenuse cAt is equal to
the sum of squares of cathetus Al and AS.

Euklid’s geometry has triumphed! Also it is not nec-
essary to use neither ” pseudo-Pythagorean theorem”,
nor ” quasi-Buklid space” being as we now understand
compelled dodges of the developers STR on their way
to the equation (19), set by the Nature.

4. The summary

So, the founders of the theory of relativity made math-
ematical mistakes in a conclusion of expression for an
interval as the distance between points of space-time,
that has required acceptance in STR without the proofs
the “pseudo-Pythagorean theorem” contradicting math-
ematics.

That expression, which in STR is named as a square
of differential of an interval and is understood as a
square infinitesimal distances between points of four-
dimensional space-time, actually is only taken with the
opposite mark the valid part of a square infinitesimal of
a piece of complex length of the world line. Its imagi-
nary part slipped off from the attention of the developers
of STR .

The definition of four-speed in STR, given by
G. Minkovski, contradicts the STR, itself.

Examining a course of time, instead of movement
of physical bodies in time the STR mussed dynamic pa-
rameters of movement of these bodies in time. If to take
them into account, as in the classical mechanics the
similar parameters of movement of bodies in space are
taken into account in STR much becomes more clear.

By analogy to classical concept of speed of move-
ment of a physical body in space v = dl/dt in 1995 the
author entersconcept of speed of movement of a physical
body in time g = dr/dt. Tt is expressed by the attitude
of differential of “way” T passed by a body in time (dif-
ferential of its own time d7) to differential of time ¢,
for which this way is passed, measured by laboratory
clocks, concerning which a body goes.

Having accepted our definition of a way in time,
we should replace on a complex plane of the Minkovs-
ki’s world an imaginary axis of coordinates Oict by an
imaginary axis Ozecr. Now this plane turns to a com-
plex plane of distances. Tts valid axis of coordinates 0]
is an axis of distances [ in space, which the material
point passes in time t, counted by clocks of the motion-
less observer; and its imaginary axis OicT is an axis of
“distances” ctin time, which this point passes for the
same time ¢.

Distance from the beginning of axes of coordinates
0 up to the point our complex four-dimensional space-

time is equal to ct, that is to the length of light run in
time ¢.

The square of distance between points of our com-
plex four-dimensional space-time is define by Pythagore-
an theorem: ¢*t? =12 + 212,

The interval S = e¢7, which is understood in STR as
the distance between points of four-dimensional space-
time, actually is the ” distance in time”, which physical
body passes in time ¢, expressed due to the factor ¢
in the same units of length, as the distance [, passed
by this body in space for the same time t, counted by
clocks of the observer, concerning which the given body
goes.

Having replaced in the formula (18) products cr
by a designation, equivalent to it of an interval S, we
see, that Einstein’s definition of a square of an interval
is actually nothing but written down in another way
formula (19) for Pythagorean theorem. Such a strange
record of it as in (5) also conducted in STR to “pseudo-
Pythagorean theorem” .

In our definition of axes of coordinates of space-time
the need in “pseudo-Pythagorean theorem” disappears
and Euklid’s geometry triumphs in .

All it shows that the famous Finstein’s theory of rel-
ativity, on which so many other theories are based, is
founded itself on erroneous representations about envi-
ronmental space, and is constructed with the roughest
nfringements of rules of mathematics. It 1s one of the
reasons that STR is complete of the contradictions and
paradoxes. And GTR with its curvatures of space based
on erroneous concept of an interval as the distance be-
tween points of four-dimensional space-time seems to
be is wholly erroneous theory. All these requires is the
most careful and complete auditing of the theory of rel-
ativity.

Such auditing partially is already carried out by us
in the books [1, 5, 6]. The made corrections have al-
ready resulted us not only in construction of the be-
ginnings of the theory of movement, but also allowed
to explain the work of Potapov’s heat-generator con-
sidered before almost by ”perpetuum mobile”. But it
is only the beginning. No doubt that the further de-
velopment of the theory of movement will result in new
successes of the theory and its practical appendices.
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The Universe is shown as homogeneous and flat object. It has allowed to pick the Einstein’s equations with the

cosmological term, to make combined equations, to converse it to the field form and to simplify.

On this basis

the stationary model of the Universe is designed and the allowances to all the basic laws of physics responsible for
global gravitational interrelation of all the natural phenomena are obtained. It shown that the redshift grows out of
such interrelation, and microwave background radiation is equilibrium radiation of all objects of the Universe. The
identity of inertial and gravitational masses is proved. Gravitational viscosity and geodetic curvature of the Universe,
and also screening properties of a substance are detected. Tens facts confirm stationary model of the Universe.

1. Introduction

If any science can explore the subject from different
directions and in complete volume, the part of the Uni-
verse is accessible only to a cosmology, that is only part
of the research subject 1s accessible only. As whole has
such qualities, which are not present at its parts, the
presence of those difficulties, which were in a cosmology
in all times, becomes clear.

And the sense of these difficulties was always re-
duced to one: any physical theory could not to the full
explain the observed properties of the Universe. If the
theory somehow was adapted for an explanation of one
properties of the Universe, the appearing results did not
agree with other its known properties or fell outside the
limits of common sense.

Complicates a situation and that fact, that the four-
dimension space-time in the General Relativity (GR) is
described by ten variables, whereas the theory offers
only six independent equations. Therefore on one only
equations of the GR nobody has constructed a objective
picture of the world.

Meantime, the results of observations of anagalactic
astronomy and theoretical examinations have already
been suggesting the valid keys for true selection and
solution of the GR equations. The new interpretation
of the GR equations in the field form has allowed to
close the set of equations describing the four-dimension
space-time and to explain all the observable properties
of the Universe, including those which have not been
satisfactory explained up to the present [5]-[38].
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2. General characteristic of the model

The property of Bohr’s proofs is known: each peculiar
assertion (fact, deduction, reason and so on) can be per-
ceived as incidentally coincident with objective reality,
but in the totality all assertions constituted an integral
picture that irreproachably demonstrated the validity
of the theory which formed the basis for them. That is
why Bohr’s papers were so unusually long.

This was also the case in cosmology, when a new
physical theory (the General Relativity [1]) was elab-
orated virtually out of nowhere. Based on GR, a new
model of the Universe was worked out. The model was
to be justified based on numerous consequences, which
were compared with characteristics of the real Universe.
In a word, an idea, hypothesis, and theory turned out
to be primordial in relation to the model of the Uni-
verse, while comparison of properties or consequents
of the developed model with characteristics of the real
Universe became secondary. The greater the number of
congruence was in such comparisons, the more probable
the model should have been considered.

However, the cosmological model, like the underly-
ing theory, has inner criterions of plausibility. They are
basic physical principles (for example, such as the prin-
ciple of the least action, symmetry, consistency, con-
formity, the availability of conservation laws, etc.), the
observance of which is not sufficient to recognize the
compatibility between the model and the real Universe,
but is indispensable while constructing the model.

Over eight decades have passed since the creation
of first models of the Universe based on the General
Relativity. Einstein himself rejected Einstein’s static
model of the Universe. It was also he finally “buried”
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the cosmological constant, although this constant was
revived more than once, acquiring the most unconceiv-
able sense.

The Big Bang model, which replaced Einstein’s stat-
ic model of the Universe, albeit internally consistent,
does not explain many properties of the Universe and,
besides, creates new paradoxes. The most serious prob-
lems (such as the problems of inertia and isolated frame
of reference) are still unsolved and a number of fresh
problems have appeared as well (for instance, the prob-
lems of singularity, and the ”birth” of the Universe, the
cosmological horizon and others).

This model, in the development of its consequences
does not match in any way Bohr’s style of proofs, since
many physical phenomena are not associated with the
model, i.e.; they seem to escape notice. This concerns
the special relativity with its numerous manifestations
in the first place. This also concerns the absolutism of
the concept of the speed of light and all the negative as-
pects, which are behind this. And finally, this concerns
the 1ignoring the materiality of the gravitational field,
interatomic substance and physical vacuum (aether).

The drawbacks of the Big Bang model mentioned
above inflict moral damage of its foundations, 1.e. the
general theory of relativity. As a result, efforts of physi-
cists are derived to unpromising studies in the search
of new theories of gravity rather than to sorting things
out with two old foundations and, in particular, with
the correctness of its application to the Universe as a
whole. Though the General Relativity is not a univer-
sal physical theory, 1t is quite suitable to adequately
describe the global characteristics of the Universe.

What are the strengths of the new model of the
static Universe? First, it has no internal contradictions
and no-once of its numerous consequences contradicts
the objective characteristics of the real Universe. In
this connection, we have slightly changed the interpre-
tations of some notions and properties but retained the
adequacy of each consequence of the theory to the cor-
responding demonstration of nature.

The elaborated cosmological model cannot be fully
called static. It presents a well-balanced combination
of global static character with the stationary state on
an average scale and the nonstationary state on a small
scale. Apparently, all this is connected with time in-
tervals, during which the behavior of the Universe and
its parts are analyzed. The average duration of hu-
man life is used as a natural measure here. Therefore,
everything, which considerably exceeds it, 1s perceived
as static. However, in some outside global world our
Universe could constitute just an unstable atom.

In the Universe, irrespective of whether or not it is
static there cannot be any ambiguities. In the Special
Relativity (SR), relationships between subjects because
of the equivalence of all inertial frames of reference were
confused to the last degree. A similar confusion has
passed to the theory of Big Bang. It 1s only the static

Universe that an isolated frame of reference can appear,
which, figuratively speaking is the ground under the
investigator’s feet. Besides, there are no ambiguities.

For example, if a light flash takes place on any ce-
lestial body, the light will spread in the Universe very
much like waves from a rock thrown into a pond. The
light will come to all other bodies of the Universe at a
different speed both by its magnitude and by direction
(in compliance with the Galilei principle of relativity).
There 1s no conflict with the theory relativity, since all
effects of the special theory of relativity are observed
only when the scales of space and time, which were cal-
culated in one frame, are then recalculated in the other
frame of reference. While we consider all phenomena
from the standpoint of only one frame of reference, be-
cause the observer cannot simultaneously be found in
several frames. If the observer starts to think specu-
lating on various frames of reference, this leads to the
confusion, which has been observed in cosmology for 80
years.

Introducing some global frame of reference has al-
ways aroused heated disputes on whether or not a glob-
al frame of reference would reconcile not only with the
invariance of the laws of physics but also with elemen-
tary notions of the Special Relativity. The answer is
simple: no local experiments in the same frame of ref-
erence can record an alteration in the speed of light
because the scales of space and time are defined by the
speed of light itself. Adding the speed of light to the
velocity of a moving material body — if one does not
jump over from one frame of reference to the other —
is so apparent (see [24]) that it seems improbable.

In the real Universe the real laws of gravity, dynam-
ics, and propagation of light (and generally of any other
fields) operate. The damping of all interactions takes
place much faster than the laws of classical physics stip-
ulate. Although the typical distance, which is called the
radius of gravitational interaction, is extremely great
(about 20 billion light years), the size of the Universe
is still bigger which adds a huge significance to this pa-
rameter in cosmological scales. In this connection we
have a huge number of the remarkable phenomena like
as the inertia of material bodies; Cosmic Microwave
Background radiation, the crowding of substance in
galaxies, the accumulation and over accumulation of
galaxies in the form of cells or bubbles of soap foam,
etc.

It is interesting to treat the mechanism of interac-
tion of a moving material body with all other masses of
the Universe. It turns out that in the back hemisphere
of the moving body, all interactions grow weak (or are
reduced), but in the front hemisphere, on the contrary,
the interactions become stronger (or are extended). In
[16, 24] this phenomenon has been illustrated by the
level of the radius of gravitational interaction Ry as it
has turned out, that the actual gravitation law from the
energetic point of view can be replaced by the Newton
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Figure 1: Change in interaction when body is accelerated

gravitation law if one confines the range of action of the
gravitation force by magnitude Ry .

In reality the interactions involved are much more
complicated. If around a material body with a mass
m, which is motionless as regards the Universe, one
contours some concentric equipotential spheres with ra-
diuses Ry, 2Ry, 3Ry and so on, then when the body
accelerates up to a velocity v the indicated spheres will
move forward along the course of the movement of the
body, as is shown in Fig. 1.

The above-stated property is not absolute. If one
sets an arbitrary inertial frame of reference, which
moves in relation to the Universe at an arbitrary veloc-
ity, but in which the body in question remains station-
ary, then concentric spheres can also be drawn around
it (in the first approximation which is quite precise).
If the body accelerates up to the velocity v relative to
the same frame of reference, the indicated spheres will
be displaced forward along the course of the motion of
the body precisely as in the previous case.

The motion of (or, to be more precise, the chang-
ing) the ranges can take place at any speed and even
virtually instantaneously when the body is accelerated
very rapidly. The question can arise: how does this
conform the theory of relativity? Does it contradict to
the theory of relativity?

No, 1t does not contradict the theory of relativity.
The matter is that this is precisely the case, as when as
a spot of reflected light in special relativity, which can
allegedly move at a superlight velocity, in reality does
not move at all. The accelerating body has first inter-
acted with one group of masses and then with another
group of masses. The interactions simply replace each
other in response to the changing both the velocity of
the motion of the body and the magnitude of the speed
of light in various directions. This leads to the variation
in the radius of gravitational interaction in agreement

with formula
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Since in expression (1) the speed of light is a tensor
value, the radius of gravitational interaction should also
be a tensor, which is reflected in the modification of the
interaction range when the body is accelerated.

The examples above are the manifestation of a local
property of cosmology - the invariance of the laws of
physics. Nevertheless, there is no total global invariance
of the laws of physics. This is exhibited both in the law
of propagation of light

v=rpe To, (2)

which results in the existence of the Cosmic Microwave
Background radiation associated with the global distri-
bution of matter in the Universe (with the privileged
frame of reference) and in the availability of the gravi-
tational viscosity of its material substance, as described
in equation

d’X HdX 0 5
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It seems that in keeping with equation (3) the Uni-
verse should gradually ”thicken up” and should finally
freeze as a kissel or galantine. In reality, this process
1s theoretically impossible and, it is actually not ob-
served on local scales because Hubble’s constant H is
extremely small (approximately 10 ~1%) and local forces
turns out to be greater by many orders than the forces
caused by the gravitational viscosity.

Any new theory if one limits its application, should
also include a similar old theory. This is the principle
of conformity. The model of the stationary Universe
under consideration has allowed for the interaction of
every material point and every field with the Universe,
which has not been fully made until recently. Therefore,
if we set the average density of the Universe to zero,
we should pass to the previously-known theories and
equations. In fact, the following transformations exist:

1) the Klein-Gordon equation transforms to the
d’Alambert equation;

2) the Yukawa equation transforms to the Poisson
equation;

3) the actual gravitation law transforms to the New-
ton formula;

4) the generalized Galilei transformations trans-
forms to the conventional Galiler transformations;

5) the equation of gravitational viscosity transforms
to Newton’s first law.

One of the transformations takes place even with-
out passing to the limit, i.e. the mean density of the
Universe to zero. This means that the special theory of
relativity, along with the Minkowski four-dimensional
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spacetime, is a partial case of the General Relativity,
which has been shown in [24].

The following groups of factors prove that of the
elaborated model of the stationary Universe i1s plausi-
bility:

- theoretical grounds;

- observation premises;

- the results of physical experiments.

It has been clarified in the course of the study con-
ducted that in the accessible scales of space and time
the Universe has neither been created has it been de-
structed. In fact, it is more comfortable to leave in
such a Universe than to be a particle resulting from a
grandiose cosmological explosion!

3. Theoretical grounds

The theoretical basis for the new stationary model of
the Universe is:

1) geometry of conservation laws;

2) the availability of conservation laws in the Ein-
stein equations;

3) interrelation between of the Special Relativity
and the General Relativity;

4) the justification of the metrical tensor expansion;

5) the tensor nature of the speed of light;

6) the equality between the bond energy of a body
with the Universe and the body’s intrinsic energy.

The first basis is related to the fact (see [24, 33])
that the possibility of deriving the integral conservation
laws depends on the structure of the spacetime geom-
etry. There are only three types of four-dimensional
spaces of constant curvature, which makes it possible
to introduce ten (i.e., the highest possible number) in-
tegrals of motion for a closed system:

- the space of constant negative curvature (the
Lobachevski space);

- the space of zero curvature (the pseudo-Euclidean
space);

- the space of constant positive curvature (the Rie-
mannian space).

In other spaces, the number of equations is less than
ten. If we wish to have the greatest possible number of
conserved magnitudes, it 1s necessary to give up the Rie-
mannian geometry of the general form. Then from the
enumerated geometries of constant curvature, we have
to choose only one geometry which will be called the
natural geometry and which will incorporate all physi-
cal fields including the gravitational one.

Since the experimental data obtained as the result of
the analysis of strong, weak and electromagnetic inter-
actions indicate that the natural geometry of spacetime
1s pseudo-Euclidean for fields which are associated with
these interactions, it is necessary to regard this geom-
etry as the unique natural geometry for all physical

processes, including the gravitational interaction. It is
on this basis that the equations of General Relativity
have been transformed from the geometric form to the

field form.

The second basis is directly connected with the
first basis and 1t confirms that the Einstein equations
of any form (geometric or field) include the indispens-
able conservation laws. This, for its part, has made it
possible to apply the Einstein equations as the theoret-
ical background of cosmology. At this point there have
not been problems.

Initially, the problem was as follows:
out that in the Einstein’s presentation of the Gen-
eral Relativity, which was then studied and elaborated
by Hilbert, there was no localization of the energy-
momentum tensor of the gravitational field. Moreover,
in general 1t was not the tensor but the pseudotensor.
The authors and first investigators of the General Rel-
ativity already understood that the problem was not
clear enough. It took more then one decade to make the
topic clear. It was the field form of general relativity
that brought clarity to the issue.

The matter is that a natural motion of material bod-
ies and physical fields takes place against the global
background of the pseudo-Euclidean spacetime of the
real Universe under the action of the gravitational field
and the force created by the field. Force is an indis-
pensable attribute of the field interaction. The said
motion is indistinguishable from the motion in some ef-
fective Riemannian spacetime. In an effective Rieman-
nian spacetime, there are neither fields nor forces but
there is only a twist of an empty spacetime. This is not
a paradox but such a frame of reference. Therefore, in
the Riemannian space there is neither the gravitational
field (where would then its tensor can appear from?)
nor forces (for a free motion).

From the mathematical point of view, the geometric
and the field forms of the General Relativity are equiv-
alent (naturally, when relevant conditions are met).
Moreover, both in first and the second forms, a simpler
solution of some problems is possible, i.e. both forms
methodologically supplement one another in the same
way as the matrix and wave forms of quantum me-
chanics. However, from the physical point of view the
prevailing progress of the geometric form of the General
Relativity has for several decades delayed the analysis
of the nature of the gravitational field itself as well as a
physical vacuum (aether) which fills the Universe and
an interatomic substance.

The divergence of both the left-and right-hand sides
(the energy-momentum tensor of a substance) of the
Einstein equations are equal to zero. However, in the
field form of the General Relativity (which corresponds
to the nature, i.e., to physics of the Universe) the diver-
gence of the energy-momentum tensor of a substance in
the right-hand side of the equations without the energy-

it turned
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momentum tensor of the gravitational field (not of a
pseudotensor but a tensor!) is no longer equal to zero.
Only the divergence of the sum of these tensors appears
to equal zero, which obviously demonstrates the mate-
riality of the gravitational field.

Tt is the materiality of the gravitational field (it will
be shown in [24] that the graviton has a nonzero mass)
that makes it possible to explain some features of the
gravitational interaction. On the one hand, perturba-
tions of the gravitational field spread at the speed of
light. However, on the other hand, a material body can
instantaneously undergo an alteration of the gravita-
tional interaction while accelerating or braking relative
to other objects. It 1s on the second property that the
entire system of proofs of the identity of the inert mass
and the gravitational mass and all other results is based.
It is obvious that if the results are in agreement with
the phenomena observed, the initial prerequisites to the
proofs are true.

The explanation is simple: the material body does
not interact with other material objects. It interacts
only with gravitational fields of the other objects. The
changes in the interaction with the field occur instantly.
The modification of the gravitational field, which takes
place, for example, because of the motion, 1s another
matter. In this case, variations in the field happen at
the speed of light.

The third basis demonstrates the legitimacy of the
assertion that the Universe is static on global scales. It
1s only at this condition that the necessary formulas for
the Special Relativity, which link the scales of space
and time in different inertial frames of reference can be
derived (see [24]) for the Universe with the Euclidean
geometry on global scales.

Indeed, in so doing, the interval of proper time in a
moving frame of reference will be determined by rela-
tion

/ v? dX"© / v2

If we look at the Lorentz transformation law that
describes the transition from the moving frame of ref-

erence to the fixed one 1n the form

"ot '+ (v/c?) z!
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then setting #' = 0 and designating ¢’ = 7 relation

(4) is obtained. Such dependence fails in the not static
case.

The fourth basis 1s associated with stringent of the
General Relativity transformations from the geometric
form to the field one. Small deviations from the Eu-

clidean spacetime are conventionally represented in the
form of sum

where 4% is the metrical tensor of a flat background
spacetime, h** is the dynamic gravitational field that
is induced against this background.

However, as is shown in [24, 33], such a represen-
tation 1s not quite correct, since it does not satisfy the
basic requirements of metric spaces. It is only the rep-
resentation of the metric tensor ¢’* in the form of sum

V=99" == (4" + ) (7)

that is exact and precise for any values h** .
This has also been used for the General Relativi-

ty transformations from the geometric to the field form.

The fifth basis that is connected with the tensor
nature of the speed of light is of a fundamental im-
portant. It demonstrates that if one fixes a concrete
inertial frame of reference and considers all phenome-
na with reference to it, the speed of light will turn out
to be as prosaic and simple notion as the velocity of a
train. In this frame of reference, the light spreads from
a stationary source in all directions at the same speed;
however, its speed is defined by the ordinary geometric
sum of speeds in relation to objects which move in this
frame of reference (see [6]).

Then in any moving inertial frame of reference the
speed of light defined via scales of space and time of a
fixed frame of reference becomes to equal to the geo-
metric sum

=z (8)

Let us introduce a polar frame of reference so that
the sign o designates the angle between the velocity
vector ¥ of one frame of reference (which is connect-
ed, for example, with the moving material body) and
other arbitrary direction. Then the speed of light along
the chosen direction and in the fixed frame of reference
measured on the scales of space and time of the fixed
frame will be determined by relationship [6]

2
d=cy/1— v—zsinza + veosa. (9)
¢

It is easy to notice that in the strict transverse di-
rection, i.e. when

O[::ti, (10)

dependency is obtained

2
¢ =c 1—2—2, (11)
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which shows where the square root has come from in the
dynamics laws. It turns out that there is no variation
in the mass or velocity, under the formula

m= ——— (12)

The square root is quite a different phenomenon,
l.e., it represents the diminution of the interaction be-
tween two frames of reference, which move relative to
each other.

Thus, in keeping with relationship (9), the three-
dimensional pattern of the tensor of the speed of light
in a moving frame of reference on the scales of space and
time of a fixed frame of reference will have the form

c+wv 0 0
cixﬁ: 0 /11— % 0 ’ (13)
0 0 ey/1— 2

where o, =1, 2, 3.

Similarly, the range of gravitational interaction in
the moving frame of reference, in conformity with ex-
pression (1), becomes a tensor magnitude, if is treated
on the scales of space and time of a fixed frame of ref-
erence

Ro(14+%) 0 0
(R;)aﬁ: 0 Rpfl-% 0 |0
0 0 Roy/1-%

However, it is better to represent the range of gravi-
tational interaction in the form which is similar to that

of the speed of light (9),

Ry = Ro (/1 - Lsin?a + (15)
= — SN« —CosSx | .
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In this case, it is easy to show that the ball area of
the space, which is restricted by the radius Ry does not
change a material body accelerates but travels along the
line of the motion of the body by the value

v

This proof is obviously based on the Pythagorean
theorem. Indeed, if the beginning of the fixed frame
of reference is moved by the value r along the line of
the motion of the traveling frame of reference (which is
connected with the moving body), then at & = 7/2 and
at any value r (i.e., with any velocity of the motion)
equality

()" 402 = (10)”. (1)

should be fulfilled.

If we divide it by Ry and then substitute expressions
(15) and (16), we will obtain under the said conditions

2 2
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which i1s what we needed to prove. A more complicat-
ed proof can be constructed using the cosine law (the
reader can verify the details oneself).

As the tensor nature of the speed of light plays a
crucial role in proving the identity of the inert mass
and the gravitational mass by using a special technique
to limit the radius of gravitational interaction by mag-
nitude Ry, it needs to be stressed again that there is
no physical traveling of the range of space inside the
sphere limited by Ry. However, there is a variation in
the interaction area.

The sixth basis is related to deriving important
equality [10] that shows in what way the bond strength
of a material body with the Universe is connected with
the body’s intrinsic energy (taken with the opposite

sign),
Eo = —mdc>. (19)

This is the consequence of the entire theoretical base
(except for the tensor nature of the speed of light),
which is based on the gravitation law [10, 24, 33]

F=gT2 % <1+L). (20)

T Ro

Let a material body consist of particles with a mass
m and density p,,. Let the size of the body be much
greater than the radius Ry. If each particle is char-
acterized by the bond energy (19) then the total bond
energy of all material particles of the body will be equal
to

Ey = /Eodv = —/pmcde = -—Mc?, (21)

where M is the total mass of the body without regard
for the screen effect, i.e. the sum of masses of all initial
components (particles) .

However, if the above-mentioned connection is con-
sidered not only within the body, as we have initially
assumed, but also outside the body, this will be the in-
trinsic energy, which needs to be considered with a plus
sign.

The property revealed is exactly equal to the prop-
erty observed in nuclear physics in the form of the bond
energy (or the mass defect). This is why we can talk
about two sides of the property: the coincidence of
the theoretical result with the experimental result and
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the similarity between nuclear and gravitational inter-
actions. Perhaps such a behavior is not significant for
cosmology, however, it 1s very important for its appli-
cations.

It is necessary to emphasize that of great impor-
tance is the use of the mathematical expression for the
properties of homogeneity and isotropy of the real Uni-
First, it makes it possible to make, in a well-
grounded way, all needed transformations of the Gen-
eral Relativity from the geometric to the field form.
Second, it supplements four missing equations needed
for the completeness of equations of the General Rela-
tivity. Third, it illustrates the necessity of calibrating
conditions (including those for electrodynamics) while
transforming the General Relativity from the geometric
to the field form.

A rigorous mathematical transformation of the Gen-
eral Relativity from the geometric to the field form
should also be referred to the general theoretical jus-
tification of the new cosmological model.

verse.

4. Comparison with observed
phenomena

So, proceeding from the materials stated in the present
book, the stationary model of the Universe is directly
or indirectly confirmed by the following observational
data:

1) the blackness of the night sky (this is in agree-
ment with the new derived law of propagation of light);

2) the Cosmic Microwave Background radiation
(this is consistent with the integral radiation of all
objects of the Universe that follows from the new law
of propagation of light);

3) the Cosmic Microwave Background radiation as
the black body radiation (this is corresponds to the
integral radiation of all sources of electromagnetic os-
cillations on the basis of the new law of propagation of
light);

4) the red shift in the radiation spectra of other
galaxies (this is a consequence of the new law of propa-
gation of light but not of the expansion of the Universe);

5) the crowding of matter into galaxies (this is
caused by the influence of the gravitational viscosi-
ty on the motion of matter on the scales of half the
average distance between galaxies);

6) the distance between galaxies (this is confirmed
by comparing the gravitation force within the force of
gravitational viscosity);

7) the ”soap foam” effect in the wide-scale pattern of
the Universe (this corresponds to the most generalized
gravitational instability inside a spherical-symmetric
material shell, which follows from the new expression
of the universal gravitation law);

8) the periodicities in the radiation spectra of galax-
ies and quasars (they confirm the new formula for cal-

culating distances to galaxies and the static character
of the Universe on the global scales);

9) the availability of the virial paradox (this corrob-
orates the availability of the defect of mass in bound
structures, which follows from the new expression of
the universal gravitation law);

10) the global Euclidean Universe (this correlates
well with the general theoretical approach to the con-
struction of the model of the static Universe);

11) the global homogeneity and isotropy of the Uni-
verse (this correlates well with the generalized theoret-
ical approach to the construction of the model of the
static Universe);

12) the virtual immovability of stars and galaxies
(this is in harmony with the availability of the gravita-
tional viscosity);

13) the same distance to the observed part of the
Universe in all directions (this is consistent with the
magnitude of the radius of gravitational interaction);

14) the proximity of the mean density of the Uni-
verse to the density of the black hole (this is compatible
with the magnitude of the radius of gravitational inter-
action);

15) the availability of the isolated inertial frame of
reference (this is consistent with the model of the static
Universe as a whole);

16) the equality of the half cycles of the revolution
of dual stars (this is compatible with the model of the
static Universe and the absolute constancy of the prop-
agation of light, if all phenomena are to be treated in
the same inertial frame of reference);

17) the light aberration (this conforms with the ab-
solute constancy of the propagation of light, if all phe-
nomena are treated in the same inertial frame of refer-
ence);

18) the drift of the perihelion of planets (this lends
credence to General Relativity both in the geometric
and in the field forms; this i1s the theoretical background
of cosmology);

19) the bending of light near massive objects (this
substantiates General Relativity both in the geometric
and in the field forms; this i1s the theoretical background
of cosmology);

20) explosions of stars (they support the new law of
gravity, the defect of mass that follows from it and the
possibility of the contraction of a core after the fuel has
been burnt, with the subsequent gravitational screening
and scalling the outer shell of the gravitational struc-
ture).

Of course, we have enumerated here only major ob-
servational data. As can be seen from the list above,
they interlace in an intricate way with the theoretical
conclusions, which follow from the elaborated cosmo-
logical model. The division of the data into the obser-
vational data and the data, which are evident from the
physical experiments, is rather a matter of convention,
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because observations of sometimes need to be based on
a subtle physical experiment.

5. Comparison with results of physical
experiments

The results of the experiments, which indirectly or di-
rectly confirm the stationary model of the Universe are
the following:

1) the numerical equality between the inert mass
and the gravitational mass (this conforms with the evi-
dence of the identity of the inert and gravitational mass-
es, which follows from the accepted model of the Uni-
verse);

2) the longitudinal and transversal Doppler effects
(this concurs with the consequences of the accepted
model of the Universe and the new universal gravitation
law);

3) the correctness of the formulas for the Special
Relativity (all the facts which confirm the Special Rela-
tivity also confirms the General Relativity in agreement
with the conclusion drawn that the Special Relativity is
a partial case of the General Relativity; but the latter
constitutes the theoretical foundation of cosmology);

4) the invariance of the laws of physics (this corre-
lates well with the local invariance, which stems from
the new cosmological model);

5) the independence of time from acceleration [3]
(this fits well with the conclusion that the pace of time
depends on the availability of the gravitational poten-
tial of local masses and the gravitational potential of
distributed masses, which arises during the asymmet-
ric motion relative these masses, i.e., the gravitational
potential of the distributed mass depends on the speed
but not on the acceleration);

6) the defect of mass in nuclear physics (this strength-
ens the analogy between the gravitational and the nu-
clear interactions);

7) the availability of the conservation laws (this is
in line with the geometry that serves as a basis for the
stationary model of the Universe);

8) the gravitational shift of the frequency (this is ev-
idence in favor of the General Relativity, the theoretical
base of cosmology);

9) the Shapiro experiment (this provides support for
the General Relativity, the theoretical base of cosmol-
ogy);

10) the Michelson-Morley experiment carried out
close to the Earth’s surface (this confirms the Special
Relativity and supports, through the Special Relativity,
the General Relativity, the theoretical base of cosmolo-
gy). It has been carried out in proximity to the Earth,
because there is a reason to believe that the physical
vacuum (aether) is similar to a viscous gas, which is
being partially carried away by the Earth.

All the theoretical bases, observational data and the

results of the experiments, taken separately, are neces-
sary but in sufficient proofs of the reliability of the elab-
orated cosmological model of the real Universe. The
sufficient evidence is only all their collection. However,
if one reveals a fact, which will not fit the developed
model of the Universe, then either the fact (or its in-
terpretation) will need to be repeatedly checked or the
model will have to be revised.

6. Comparison with other models of
Universe

The above lists contain virtually all-objective charac-
teristics of the Universe, which, judging by the theory
whose consequences correlate well with those character-
istics, should be static on the most global scale. Then
the question arises: what is difference between the mod-
el of the Universe developed by Einstein in 1917 [2] and
the new model?

To see the difference, let us compare both models
(Tab. 1).

It can be seen from Tab. 1 that Einstein’s model
and the new model cannot be realistically compared by
size, however, comparing the two types of geometries
on global scales of the Universe, we should prefer the
second model. The availability of the geodesic curva-
ture in our model (which is missing both in Einstein’s
model and in all other models) also correlates well with
those consequences which follow from it. Also the last
circumstance, it is known that Einstein constructed (or
at least wanted to construct) a stable model.

Einstein believed that it was axiomatic that the Uni-
verse 1s static, but the equations of the General Relativ-
ity written in the initial form required that the pressure
should be negative. Then he changed the equations of
the gravitational field by adding a term with the cosmo-
logical constant, which did not contradict the laws of
mathematics of and general physical principles, but was
perceived as a certain universal cosmological repulsion
(of an obscure nature).

Almost 20 years have passed before Tolman clearly
showed that there is an essential problem in Einstein’s
cosmological model: the model is unstable. It was Weyl
(1922) and Eddington (1924) who saw the essence of the
problem. They revealed that the physical variable - the
density of the Universe - was equated to the constant
of the nature. But what would happen if the matter
were distributed or part of it turned into the radiation
of stars, changing the density?

In 1930, Eddington learned about the work of Lemetr,
which dealt with models of the evolving world. Edding-
ton understood that the work partly gave the answer
to this problem. If in Einstein’s model one introduces a
small perturbation such that the mean density becomes
a little less than the equilibrium density, the Universe
will expand, the density will decrease and the expansion
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Table 1: Comparison of models

Characteristic of the Universe | Einstein’s model of the Universe | The new model
Size Infinite but finite by volume Infinite
Geometry Elliptical or Spherical curvature Euclidean
Geodesic curvature Does not exist Exists
Stability Unstable Stable

will accelerate. If a perturbation, which increases the
density, is introduced in Einstein’s model, the pattern
will be absolutely different.

Moreover, as was showed by Tolman in 1934, the
static model of the Einstein world was subjected to in-
stability of a more general type than Lemetr and Ed-
dington noted. For instance, if in the original static
model part of matter moved from the region to another
region, then the denser region would begin to contract
and the less dense region would begin to expand. As a
result of such phenomena, the Universe would become
very inhomogeneous, which in fact is not observed on
the global scale.

Two factors play a very important role in the new
cosmological model of the Universe: the new universal
gravitation law, which demonstrates that the gravita-
tional interaction decreases with distance much faster
than Newton’s gravitation law says and the gravita-
tional viscosity. It can be said that the gravitational
interactions on cosmological scales as well as the nu-
clear interactions are short-range on their own scales.
On the other hand, the gravitational viscosity initiates
the “solidification” of the Universe on large scales. The
greater these scales, the more essential the ”solidifica-
tion”, which leads to the stable static state of the Uni-
verse on the most global scales.

As to comparing the new cosmological model of the
Universe with the Big Bang model, the difference be-
tween them is so striking that there is no need to ana-
lyze all the discrepancies between them.

Perhaps the new cosmological model of the Uni-
verse has the greatest resemblance only to the Newton
Universe. The resemblance’s at least purely external,
since in the new model other laws of gravity and of the
spreading of light take place and all physical processes
pass in a much more complicated manner. It is a more
precise definition of the laws of physics by considering
interactions and reciprocal influence of all objects of the
Universe that has resolved contradictions (paradoxes)
of the Newtonian cosmology. It seems that it 1s only
in the framework of the Newtonian cosmology (but in
view of new regularities) that the general pattern of the
world becomes the most understandable and accessible
to a wide circle of readers.

7. Interpretation of physical quantities

In cosmology, many physical quantities can be consid-
ered and explained without resorting to the general the-
ory of relativity. Furthermore, only such an approach
can elucidate the physical sense of some of them. There-
fore a simplified consideration of the main parameters
of the Universe makes sense and sometimes plays a cru-
cial role in their understanding.

Perhaps Laplace was the first to guess that the
largest stars could be invisible since the escape velocity
on their surface can exceed the speed of light. Thus, it
was then the concepts of the black hole and the gravita-
tional radius, which was later called the Schwarzschild
radius, emerged.

It is interesting to analyze the proportions of sizes,
masses and densities of objects falling under the ele-
mentary concept of a black hole. For this purpose let
us first treat an isolated ball with a massmg. Let us
calculate its gravitational radius ry. In keeping with
the solution of Schwarzschild [105], the gravitation ra-
dius of the ball i1s equal to

_ 2Gm

g = 5 s

. (22)
where ¢ 1s the speed of light.

If the ball is contracted to such a radius then a black
hole is formed and even the light cannot go beyond
the ball. Now let us i1solate a ball in the homogeneous
isotropic space and determine its gravitational radius
R,y at the given density po :

[ 3
Ry=c S7Gpy.

As can be seen from formula (23), with the diminu-
tion of the density of gravitating matter, the radius R,
increases. This can also be traced in Tab. 2 taken from
work [4].

Tab. 2 can be continued to define the gravitational
radius for the density, which equals the mean density of
the Universe. However, it is first necessary to analyze
some features associated with determining the gravita-
tional radius.

Formula (22) determines the gravitational radius of
a separate material body, while formula (23) defines the
gravitational radius of an isolated sphere in the infinite

(23)



64

N.A. Zhuck

Table 2: Comparison of models

Object Mass, kg Schwarzschild radius, m | Density of matter, kg/m?
Small mountain 1012 10-1° 10°°
Small asteroid 108 1077 10*
The Earth 6-10%* 10~2 1039
The Sun 2.1039 =1 M, 3-103 1019
Big star 10 M, 3.10% 1017
Core of a galaxry 108 M, 310 103
Galazy as a whole 10M1 M, 0,03 light years 1073

homogeneous isotropic space. Both formulas suppose
the existence of a black hole on the surface of which
the escape velocity is equal to the speed of light. Let us
now determine the radius at which the orbital velocity
is equal to the speed of light. For a body with a mass
m the said radius equals

Gm
g1 = 2 (24)

and for the gravitating substance

[ 3
Rjy=c InCpy’ (25)

When formulas (24) and (25) are compared with
formulas respectively (22) and (23), we will obtain the
relationships

rg = 2rg1, (26)

1
Ry = Equa (27)
Relationship (27) points out that in the homoge-
neous isotropic space gravitationally closed ranges -
some kind of black holes ”inside out” (black macro-
holes) may exist, unlike an isolated body for which
relation (26) holds. Indeed, for the body, inequality

rg1 < Tg, (28)

is characteristic while for the space (the distributed sub-
stance), equality

Rgl > Rg. (29)

is characteristic.

In connection with the correctness of relation (29) in
the Euclidean homogeneous isotropic Universe, the de-
duction suggests itself that to exclude the gravitation-
al and photometric paradoxes, all types of interactions
need to be limited by the magnitude Ry = Rg41. Then
for the gravitational force, Newton’s law of universal
gravitation should be transformed to the form

_ ] g gy
%_{Oﬁr>m.

r S Ro, (30)

which is identical to expression, obtained in [6].

It turns out that we are located in the center of
such a hole, however, it is not our privilege but the
property of any point of the Universe to interact with
the substance only in a limited range and to be in the
center of the hole (if only it does not move). In this case
any such point is simultaneously found on the surfaces
of an infinite number of similar black holes.

What is the origin of such a behavior of the mat-
ter? What does the behavior culminate in? All this
is presented in [24]. Here we would like to note that
the author was selected this approach quite by chance
[6]. The proof of the identity of the inert mass and
the gravitational mass was also obtained by pure acci-
dent. The gravitational viscosity too was revealed back
in 1984 [5]. As a matter of fact, the author put forward
the hypothesis that a simple limitation of the radius of
gravitational interaction by the magnitude R, was the
cornerstone of gravity and the exact results were con-
jectured. It was only in 1988 that the hypothesis was
rejected because such a radius of gravitational interac-
tion was naturally obtained when the precise solution
of the equations of the General Relativity in the field
form and with due regard for the cosmological constant
was derived.

The mass of the substance of the Universe in a
spherical range, which is restricted by radius Ry, 1is
equal to

4
-7

M0:3

R3py ~ 10° kg, (31)

The Newton gravitational potential at a distance r
from that mass is determined by expression

M,
iefasily

r

d = (32)
(Recall the result from [24] that on the surface of
the range the said potential ®g = —c?).
Now let us derive the force with which the test body
having the mass m is attracted to the ball

o _ Mm

F=—-m—= .
m@r r?

(33)
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The magnitude of the acceleration of gravity on the
surface of the ball is thus seen to be

GM, _ G%ﬂ'RS’po B R047ero

R2 RI 3

9o = = RoH?. (34)

By the way, with such acceleration, the velocity of
a material particle, which initially rested on the surface
of the ball during Ty — see [24] — should reach the
value of

1
VOZgOTOZHC'E:Q (35)

as this evident from the laws of classical mechanics.
In view of relation

Ry = (36)

Ea
for the acceleration of gravity on the surface of the
sphere, we obtain expression

g0 = He, (37)

which coincides with the geodesic curvature of the Uni-
verse [29].

Thus, the conclusion can be drawn that the geodesic
curvature of the Universe has the dimension of accelera-
tion. From the mathematical point of view, 1.e. numer-
ically, the geodesic curvature 1s identical to the acceler-
ation of gravity on the surface of a black hole with the
density which equals the mean density of the Universe
and has the radius equals the radius of gravitational in-
teraction. Moreover, on the surface of such a hole, the
speed of light is equal to the orbital velocity but not
to the escape velocity, as is typical for the conventional
theory of black holes.

8. Conclusion

The Universe represents a giant physical laboratory, in
which fundamental physical theories are verified. Cos-
mology 1s one of the tools of this laboratory. The sub-
ject of study of cosmology is the General Relativity is
one of the two theories, on which the construction of
modern physics (the second theory is quantum theory)
is based. Perhaps it is this major role that cosmology
plays in the life of mankind.

Indeed, in any science a person first looks for possi-
ble applications and seeks for some advantages for one-
self. In all likelihood, so far those advantages looked
rather unclear and were basically linked to the clarifi-
cation of knowledge in relation to separate problems of
this or that model of the Universe within the framework
of the Big Bang concept, i.e. not material, but cogni-
tive advantages were perceived. The new approach to
examining the Universe also offers certain possibilities,

making it possible permitting to refine numerical val-
ues of some of the parameters and to affirm or deny
whether the approach has the right to exist.

However, it has turned out that our most gigantic
physical laboratory makes i1t possible to resolve a series
of problems, the solution of which under “home con-
ditions,” 1.e. in the Earth laboratories lags behind an
individual’s needs or is impossible.

First, these are the problems of space navigation, in
which flights in the framework of the solar system have
raised new problems, which require a radically different
approach to the solution than the gravitation of Newton
(to which the general theory of relativity is attempted
to be reduced on local scales and with small values of
gravitational potentials).

This is also the possibility of the unification (anal-
ogy, identification) of the gravitation with nuclear and
other physical interactions to solve of the power prob-
lems of mankind.

Finally, this is resolving environmental problems,
as traditional power sources, transport, and health-
damaging types of production constitute no less a haz-
ard to mankind than space gravitational cyclones. As
Vernadsky has indicated, no living creatures can sur-
vive in the waste.

It is also important to understand that mankind and
the Earth are not closed systems. They interact with
the entire Universe, collecting space waste for millions
of years and permanently undergoing the gravity of all
other masses.
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The equations of the General Relativity with the cosmological constant in the field form for the first time are applied

to the Earth. As the result of calculation the series of extremely low resonant frequencies of the Earth was obtained

in the 107%...107% Hz. They are in a frequency range of gravitational perturbations from other heavenly bodies

of the Solar system, double and pulsatory stars and they can cause the Earth’s cataclysms: tsunami, earthquakes,

volcanic eruptions. It is shown that the theoretically found resonant frequencies of the Earth are filed already for a

long time by the physicist-experimenters.

1. Introduction

The short Einstein’s equations (without the cosmolog-
ical constant) — the same as also the Maxwell’s wave
equations in the d’Alembert form — do not contain
the important performances of medium, in which the
gravitational interactions are carried out. Namely such
equations also are used by the experts at the solution
of problems of gravitational-wave astronomy.

As against them I used the complete Einstein equa-
tions:

1
R — §Rgik — Agir = —aTig, (1)

where A is the cosmological constant; R is the Ricci
tensor, convolution of the Riemann-Christoffel tensor
of curvature Ri’ij Tir 18 an energy-momentum tensor
of a substance; ¢;; 1s the metric tensor of the four-
spacetime; R is the scalar of curvature, convolution of
the Ricci tensor; & = 87(G/c* is the Einstein constant;
G is the Newton gravitational constant; ¢ is the light
speed; ¢, 7, k, 1 =0, 1, 2, 3.

The same equations (1) in the field form look like

[1):

2 )
th’k — g/\hzk = Q%Tik, (2)
where Tilk 1s an energy-momentum tensor of materi-
al radiant together with a substance of a gravitational
field; h;; 1s the tensor gravitational field on the back-
ground of the flat material world; O is d’Alambertian.

2. The basic wave equation

Between usual (Newtonian) gravitational potential ¢,
the component hgg gravitational fields and a light speed

le-mail: zhuck@ttr.com.ua

¢ the relation exists
Y = hoocz. (3)

Having taken the 00 component and multiplying it
on a quadrate of light speed, we shall receive for grav-
itational potential of medium (outside any concentrat-
ed masses) expression as the Klein-Gordon equation,
known from a quantum mechanics [1]

2
Dy = 3Ap = 0. (4)

There [1] the expression for the cosmological con-
stant 1s found

27TGp0
Ll (5)

Taking into account (5) and the formula for radius
of gravitational interactions [1]

[ 3
RO =c 47TGp0’ (6)

the equation (4) is conversed to a view

A=

C

1
Op — R—ggp =0. (7)

And if earlier I was engaged in examination of in-
teraction of material bodies in gauges of the Universe
(and has received results compounded with an actual
nature [1]), in 2001 has taken in examination of the
wave solutions of these equations.

Knowing [1], that the Hubble constant H is inter-
linked with radius of gravitational interactions Rgy by
dependence

4G po c
H=\—F—=—
3 Ry’ ®)
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Table 1: Resonant frequencies of the Earth
No. | Medium Density, g/cm® | Frequency, 1/s | Frequency, Hz Period
1 Air at the altitude 8.5 km 4.1-107* 1.0-107° 1.7-107° 7 days
2 Air near the Earth 1.22-1073 1.8-107° 2.9-10°° 3.9 days
3 Water ocean 1.0 5.3-107% 84-107° 3.3 hours
4 Surface stratum 2.7..2.9 (8.7..9.0)- 10=* | (1.4...1.43)-10=* | (2.0...1.9) hours
5 Mantle of the Earth 3.3..5.2 (9.6...12)-10=* | (1.5...1.9)-10=* | (1.8...1.4) hours
6 Earth as a whole 5.5 1.3-1073 2.0-107% 1.4 hours
7 Earth core > 94 >1.6-1073 >2.6-107% < 1.08 hours
8 Center of the Earth 12...13 (1.8..1.9) - 1072 | (2.9...3.0)-10=" | (57.2...55) min.
we gain 4. Discussion
_ H—Zgo —0. (9) 1. First, that it has rushed to the eyes, that the
c? obtained periods of the resonance are in a frequency

On the other hand, as is known, equation such as
(9) features wave processes in any free space. If to take
into account, that

H =wp (10)

1s a natural frequency of oscillators of a field, the input
equation (9) gains a view

2
w
Dgp—c—ggpzo. (11)

The presence of one more addend in the field equa-
tions of gravitation guesses existence of a resonant fre-
quency for any gravitating medium possessing material
density. Therefore equations (11) can be applied and
to the Earth, using the formula

wo = ,/_4”5”, (12)

where p is a density of various parts of the Earth.

3. Results of calculation

For examinations the density of various parts of the
Earth is used from [2]. As a result of evaluations
the whole series of superlow resonant frequencies of
the Earth was obtained in the range 107°...1073 Hz
(Tab. 1).

It is necessary to note that the resonant frequen-
cies, indicated in Tab. 1, concern to gravitational waves
spreading with speed of light in various stratums of the
Earth, its ocean and atmosphere. Also it is not neces-
sary them to confuse to seismic waves, which have the
velocities no more 7 km/s, and the periods of oscilla-
tions equal 3-60 minutes [3].

range of gravitational perturbations from other heav-
enly bodies of the Solar system, double and pulsatory
stars.

2. On the other hand, the presence of resonant
frequencies of the Earth in itself nothing means, but
coincidence of these frequencies to exterior actions of
astronomical character capable to give particular cata-
clysms: earthquakes, tsunami, volcanic eruption.

3. The searching of experimental confirmations has
shown that the oscillations of electromagnetic and grav-
itational fields of the Earth in the 107%...1073 Hz fre-
quencies range are discovered already and are the sub-
ject of systematic observations. These oscillations cor-
relate with rotation periods of the Earth, Moon, double
and pulsatory stars [4].

4. The mankind has not learned to be protected
from probable cataclysms on the Earth, but one should
learn to predict them.
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The work is devoted to the experimental and theoretical investigation of the physical nature and typical features of
the atmospheric electricity reaction on the geophysical (moon -solar tides) and astrophysical processes (gravitational

wave influence of the binary star systems).

1. Introduction

Since 1972 the investigations of the electrical and mag-
netic field component on the range of 0,00001 to 10 Hz
have been being held on the base of the physics de-
partment of Vladimir State University. Having been
built specially for that purpose, the equipment sys-
tem has ground, underground and underwater receiving
channels allowing to record ELF-range signals against
a background of the various natural and artificial noise
for a long time, also allowing to process signals for a
long time to get diurnal and season fluctuation of the
field, to get data about the long intervals of the station-
arity, the correlation space distance [1,2].

Accumulated in those investigations information
can make significant contribution into the analysis of
the nature of the electromagnetic ELF-range oscilla-
tions and into the investigation of the mechanism of the
intercommunication of the electromagnetic ELF-range
Earth field with the gravitational fields of geophysical
(moon-solar tides) origin.

The investigations are also directed to solve the fun-
damental science problem of the modern physics , con-
nected with the analysis of the intercommunication of
the ELF electromagnetic field (Elf is below 30 Hz) is
the surface lower layer with the gravitational fields of
astrophysical origin [3,4,5].

The acceptance is made analysing the binary star
systems: J 070046418, J 101245307, J 153741155,
J 195942048, J 213041210, J 191541606, J 191040004,
J 00244-7204. The importance of using the indirect
methods to detect gravitational fields is confirmed with
the awarding Nobel Prize in physics to G. Teilor in
1993.

le-mail:

Into the analyzed diapason there are included fre-
quencies of the moon-solar tides, frequencies connected
with a diurnal Earth rotation and the harmonics of that
frequency.

It is settled that in the oscillating realization struc-
ture of the geophysical fields there are quasi-regular pe-
riodicities of different duration.

One of the reasons of the appearance of the period-
icities is a result of the influence upon the geophysical
medium of such external oscillating processes as moon-
solar tides.

However, 1t should be underlined that before the
given work the tide effect was investigated in the gravime-
try and in the oscillating realization structure of the
geophysical fields.

The monitoring of the atmospheric electrical field
with the help of the multiple receiving system in Vladimir
experimental ground in common with the synchronous
monitoring of the magnetic and gravitational fields on
the net of the dispersed in the space stations i1s actual
in connection with the possibility of using the results of
these investigations in the task of searching correlation
between the electromagnetic ELF Earth field and the
periodical gravitational fields of astrophysical origin.

There was carried out a station of multiple syn-
chronous recording, tracking, storing and processing
of the information according to the magnetic field of
the surface lower layer on Vladimir University’s exper-
imental ground. Every year since 1997 there have been
carring out monitoring of the electrical and magnetic
field of the surface lower layer in the ELF-range with
the multiple receiving system being the base for car-
ring out a catalogue of the spectra of the electrical and
magnetic fields in the range of the GW radiation of the
binary star systems.

In this work there are given results of the detailed
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analysis of the spectra of the electrical and magnetic
field of the surface lower layer in the range of the moon
and solar tides for the period of 1997 to 2001.

On the base of multiple synchronous monitoring of
the electrical, magnetic and gravitational there was car-
ried out a summarized analysis of the spectra according
to the time interval of 1997 to 2001 and there were re-
ceived values of the detection level of the main groups
of the ELF signal sources.

2. The method of the Synchronous
Recording of the Electrical,
Magnetic and Gravitational Fields
in the ELF range

On the experimental ground of Vladimir State Uni-
versity (VSU) since 1972 there have been being held
experiments on synchronous recording of the electrical
component of the electromagnetic Earth field with a
multiple receiving system including as ground as un-
derground receiving channels dispersed on the square
of about 10 acres.

In the plan of solving the problem it was decided to
do synchronous monitoring of the electrical, magnetic
and gravitational Earth fields and to search not only
a response of the separate systems to the gravitation-
al wave fields effect but a correlation in the signals of
different nature.

On the experimental ground of VSU a unique sta-
tion of multiple synchronous recording, tracking , stor-
ing and processing of the information according to the
electromagnetic ELF-range Earth field with testing and
calibrating of the equipment with the help of a comput-
er was carried out.

Multiple receiving allows to remove the local noise
effect (the space correlation elistance is tens of metres)
and to accumulate influence from the effective signals
of ELF-range after the correlative processing.

The metereological station is supplied with solid
temperature sensors, pressure and moisture indicators
; continious recording of the radiation background was
realized.

Testing and calibration of all receiving channels is
being realized with the help of a digital-analogue con-
verter working with computer control.

The first stage was realized on the way of carring
out the plan of the joint work to make a system of
synchronous monitoring of the electrical, magnetic and
gravitational fields and also on the way to develop a
theory and models of the intercommunication of the
gravitational wave field with the electrical and magnetic
fields in the Earth conditions:

1) VSU-monitoring of the electrical and magnetic
field in the surface lower layer with the multiple receiv-
ing system; processing of the experimental data accord-

ing to the recording of the fields of different nature;

2) SAISH MSU-recording of the gravimetry data;

3) Kazan Sate University- development of the theo-
ry of the evolution of the electrical and magnetic fields
being under the influence of the gravitational wave ra-
diation ;making of the models of the behavior of the
electrodynamic systems acting against a background of
the gravitational waves.

The ELF-range electromagnetic field in the Earth-
ionosphere cavity can become excited with the natural
sources of two types - earthly and cosmic ones.

The main source of the ELF-range electromagnet-
ic energy is thunderstorm activity on the Earth. It is
considered that the existing electromagnetic Earth field
with intensity of 100 to 120 V/m is realized by global
thunderstorm activity.

The source of electromagnetic oscillations in the
Earth-ionosphere cavity is also ELF radiation, going
through the ionosphere from the space. The cosmic
nature of electromagnetic oscillations caused with di-
rect and indirect oscillations of the geomagnetic field in
the frequency range from some mHz to some Hz, was
settled with high reliability [8].

3. Processing Method and Results of
Experimental Recording

There was realized a method of the value of the correlative-

spectral analysis results according to the multiple mon-
itoring of the fields of different nature joining data for
several years with the help of the value of the proba-
bility of error of the first kind ( false alarm probability
— FAP) [3,9].

There was got a correlation coefficient matrix of the
receiving channels. As a result of the correlative ma-
trix analysis there were formed sums of channels with
close values of the correlation coefficients with regard
to the correlation coefficient sign. The received sums
were subjected to spectral analysis with the help of the
quadrature correlative detector.

The spectra of recording are centred according to
the slipping mean deviation and are normalized accord-
ing to the slipping standart one. And in this way the
calculation algorithm independence of the false alarm
probability from the spectral noise features and the re-
ceiving route is achieved. After the conversion there is
no information loss about the signal as the amplitude
and the phase of the effective signal a priori is unknown.
The frequency values known with a high accuracy, are
not changed in the conversion process.

As statistics we use the simpler one (a sum of am-
plitudes). The false alarm probability can be reduced
when choosing more effective statistics. FAP was calcu-
lated when joining the centered and normalized record-
ing spectra according to different years. In that case
in the joint spectrum composed from k centered and
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normalized spectra, the number of the marked-out fre-
quencies is increased k times. It increases chances to
defect frequencies of the gravitational wave sources.

Beginning from 1997 the receiving and recording
system works in the condition of continuous synchronous
recording (from June to October, annually).

The catalogues of the electrical and magnetic field
recording of the Earth lower layer were created for 1997
to 2001. The receiving catalogues of the spectra accord-
ing to the results of the experimental investigations for
1997 to 2001 allowed to expose to date 2 general groups
of the sources of the electromagnetic fields in ELF-range
(0.0001 to 0.00001 Hz): diurnal Earth rotation and

harmonics of this frequency and moon-solar tides.

In Tab. 1 the frequencies of 8 moon-solar tides are
given extracted according to the recording of 1997 to

2001.

To date a rated standart error 1s ¢ = 35 percent
when calculating the spectra with the amounts of the
samples on the channels for 85 days and At = 30 sec.
which gives true enough quantitative and qualitative
estimate of the spectral data.

According to the spectral analysis data the false
alarm probability when extracting tide frequencies for
2001 on the separate channels is 0.02 to 0.1 per cent
(Tab. 2,3); on the channel sums it is 0.01 to 0.1 per-
cent; on the united spectrals for some years it is 0.001
to 0.01 percent.

The results of the correlative spectral processing of
the synchronous monitoring data of the electrical and
magnetic Earth field near the frequencies of the gravita-
tional wave radiation sources of the linary star systems
are given in Tab. 4.

The false alarm probability on the group of the half
frequencies of the gravitational wave radiation of the
binary star systems on the separate receiving channels
was 0.02 to 14 percent; on the channels sums it was 0.1
to 9 percent (Tab. 2,3).

It there is some effect of the gravitational wave in-
fluence on the electromagnetic field registrated in the
Earth - ionosphere cavity, the process of the exponen-
tial approximation of the half-width of the spectral lines
near the source frequencies to the pear value (about
10~1% Hz) should be watched from year to year. The
individual spectral diagrams of the sources are not over-
lapped, even for near frequency the frequency sources
difference is some 10~7 Hz, and the spectrum half-
width sum is about 107'% to 107'® Hz. So the spec-
trum of the GW-signals from the periodical relativistic
sources allows to extract the signal from the interested
source against the ground of the others with the meth-
ods of spectral (frequency) selection.

4. Conclusions

One of the most important things in the investigations
is search of tide variations of the electrical fields in the
Earth lower layer. ”Moon test” is to become the first
thing when analysing the influence of the gravitational
field on the earth electromagnetism, and the variations
of Newton potential are to become the first experimen-
tal type of the gravitational field.

The experimental confirmation of the model of the
geopotential conversion into electrical oscillations on
the example of the gravitational Earth field allows to
transfer the accent of the work to gravitational wave
investigations of the astrophysical objects.

The extract of the moon-solar tide effects in the elec-
tromagnetic Earth field spectra is a test of the response
of the electromagnetic Earth field to the gravitational
influence on the side of the Moon-Sun system.

The developed model of the conversion of the geopo-
tential into electric oscillations i1s corroborated experi-
mentally.

It is an important conclusion allowing to confirm
the rightfulness and necessity of the investigation of the
gravitational wave effect on the electrical and magnetic
field in the surface lower layer.

The work is carried out with supporting of grants

RFBR N 00-05-79028, N 00-05-64652, N 02-05-06255.
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Table 1: Extraction of the Moon-solar tides in the ELF electrical Earth Field Spectrum

Tide | Period and frequency of the tide qu(Z;EZ;f log_gt)h}elzfre— Year
M; | F =0,0890285754845 - 10~> Hz 0,089057151 2001
1,0800981111 2001

1,0833894468 2000

O; | Moon diurnal wave 1,0803855983 1999
T=25 hours 43 min 1,0706411327 1998

F =1,08014899978 - 10~° Hz 1,0706411327 1997

1, 1542025854 2001

1,1528162512 2000

P, | Moon wave 1,1146062534 1999
T=24 hours 03 min 1,1622501162 1998

F =1,154201292705 - 107° Hz 1,1195497924 1997

1, 1606627669 2001

1,1530872795 2000

K; | T=23 hours 56 min 1,1624811768 1999
F =1,160631383473 - 107° Hz 1,1622501162 1998
1,1622501162 1997

2,2370729306 2001

2,2472035794 2000

M, | Half-diurnal moon wave 2,2330158263 1999
T=12 hours 25 min 2,234304647 1998

F = 2,237136465324 - 107° Hz 2,2660809251 1997

2, 3148296296 2001

2,3027777778 2000

Sy | The Sun wave 2,3196759259 1999
T=12 hours 2,3231576753 1998

F = 2,314814814815 - 107° Hz 2,325196079 1997
2,3213255339 2001

2,3026026648 2000

K3 | The Sun wave 2,32167969 1999
T=11 hours 58 min 2,325196079 1998

F = 2,321262766945 - 107° Hz 2,325196079 1997
2,1959435222 2001

2,2220465525 2000

Ny | F'=2,195871761089 - 10> Hz 2,1972411876 1999
2,1972411876 1998

2,1561712589 1997
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Table 2: False alarm probability (%) according to the receiving channels

Channels Binary | Half frequen- | Diurnal Tides
stars cy of GW | rotation of the
source Earth and
harmonics
N1 — surface aerial 10 m 8.25 1.5 0.35 0.12
N2 — surface aerial 40 m 0.15 7.5 0.2 0.2
N3 — surface aerial 10 m 1 0.02 4.9 1
N4 - fluxmeter 2 5.2 4.9 0.5 0.01
N5 — fluxmeter N1 6.1 1.7 0.25 0.1
N6 — surface lower layer aerial 10 m | 5.6 6.1 6.2 0.3
N7 — whip aerial 0.1 14.3 0.1 0.02
N8 — magnetic aerial 3.6 2 1 < 0.01
N9 — electrodes 1 7 0.6 2
Sum of channels N4, N6, N8 6 9 0.6 0.01
Sum of channels N1, N2, N8 2.2 3.1 0.06 0.1
Sum of channels N2, N7, N9 0.9 8.4 0.2 0.1
Sum of channels N3, N5, N7, N9 0.1 0.1 3.4 0.1
Table 3: False alarm probability (%) when uniting spectra according to the years
Iitial data False alarm probability val-
ue, %
Diurnal Pulsars Tides
rotation
Joining of the spectra of the sum of channels | 0,05 1 0,1
of 1999 and sum of channels of 2000
Joining of the spectra of the sum of channels | 0,001 0,1 0,01
of 1997 and sum of channels of 1999
Joining of the spectra of the sum of channels | < 107> 0,2 <107
of 1999 and sum of channels of 2000
Joining of the spectra of the sum of channels | 0,001 0,3 <107
of 1999 and sum of channels of 2000, sum of
channels of 2001
Joining of the spectra of the sum of channels | 0,03 1,9 0,001
of 2000 and sum of channels of 2001
Joining of the spectra of the sum of channels | 0,25 1 0,02
of 1999 and sum of channels of 2001
Joining of the spectra of the sum of channels | < 107> 0,03 <107
for 1997,1999,2000,2001
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Table 4: Extraction of the frequencies of the gravitational wave radiation of the binary star systems according to

the results of the correlative processing of the experimental data of 2001,2000,1999,1998 and 1997

Frequency Extract of Year
of the GW source, 107> Hz the frequency, 107> Hz

2,2525502994 2001

2,2683017946 2000

2 | 2,250299399374 2,2507494593 1999
2,2356014187 1998

2,2650400062 1997

3,828200000 2001

3.828211381 2000

3 | 3,828211138105 3,8262970325 1999
3,8280962422 1998

3,8262838589 1997

5,5018000000 2001

5,5031810101 2000

4 1 5,501805558757 5,5053847324 1999
5,512936297 1998

5,5396252473 1997

6,060200000 2001

6,062539046 2000

5 | 6,060253904577 6,0596478792 1999
6,0865229805 1998

6,049512523 1997

6,9040000000 2001

6,9061533281 2000

6 | 6,904082103431 6,9496490453 1999
6,9454815955 1998

6,9003719119 1997

7,1755727273 2001

7,170248983 2000

7 1 7,166665630145 7,1684479655 1999
7,1811506706 1998

7,1848350076 1997

16,417600000 2001

16,416607038 2000

8 | 16,4175920935 16,453710796 1999
16,415521849 1998

16,429737980 1997
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A class of non-static plane symmetric cosmological models in the presence of zero-mass scalar fields is obtained when
the source of the gravitational field is a perfect fluid. Some physical and geometrical features of the models are
discussed. Our models can apply to all stages of the evolution of the universe.

1. Introduction

After the development of inflationary models, the im-
portance of scalar fields (mesons) in cosmology has be-
come well known !. The study of interacting fields, one
of the fields being a zero-mass scalar field, is basically
an attempt to look into the yet unsolved problem of
the unification of gravitational and quantum theories
23 Considerable interest has been focused on a set of
the field equations representing zero-mass scalar fields
coupled with the gravitational field for the last three
decades. Bergmann and Leipnik*, and Brahmachary 3
have investigated the spherically symmetric fields asso-
ciated with zero-rest-mass. The static solutions for ax-
1ally symmetric fields have been investigated by Buch-
dahl 9, Janis et al 78 in an attempt to present an
extension of Israel’s idea of a singular event horizon 7,
have considered the spherically symmetric solutions of
the field equations of general relativity containing zero-
rest-mass meson fields. Penney 'Y and Gautrean '!
have extended the study of the case of axially symmet-
ric fields and have found that the scalar fields obey a
flat space Laplace equation and a large class of solutions
exist. Singh '?, Patel '3 and Reddy '* have investi-
gated plane-symmetric solutions of the field equations
corresponding to zero-mass scalar fields. Stephenson
15 "Rao et al ', Chatterjee and Roy ', Reddy and
Rao '8, Verma '?, Shanthi and Rao 2°, Pradhan et al
21 are some of the authors who have studied various
aspects of interacting fields in the framework of general
relativity.

At the present state of evolution, the universe is
spherically symmetric and the matter distribution in it
is isotropic and homogeneous. But in its early stages of
evolution, it could have not had a smoothed out picture.

le-mail: acpradhan@yahoo.com, apradhan@mri.ernet.in

Close to the big bang singularity, neither the assump-
tion of spherically symmetry nor of isotropy can be
strictly valid. So, we consider plane symmetry, which
1s less restrictive than spherical symmetry and provides
an avenue to study inhomogeneities.

Cosmological models based on scalar fields of var-
ious kinds have had enormous success in solving cos-
mological problems, among which are the causality,
entropy, initial singularity and cosmological constant
problems. Motivated by it, in the present investiga-
tion, we have considered a plane- symmetric universe
in the presence of zero-mass scalar fields associated
with a perfect fluid distribution in it. With the intro-
duction of the zero-mass scalar fields we see that the
effective pressure and energy density terms are found to
be different from earlier work 222, We can now study
separately the behaviour of the pressure and density
terms during the early evolution of the universe, i.e.,
for small times and at late times. One way to gener-
alise the results of Ref.?? is to consider zero-mass scalar
fields. We shall also show below that if the scalar field
depends only on time and has a particular relation to
the time-dependent function in the metric, then our
model predicts new interesting properties. The model
represents a plane symmetric Zel’dovich universe in the
presence of zero-mass scalar fields.

2. Field Equations

We take the plane-symmetric spacetime recently con-
sidered by Pradhan et al 22 in the general form

ds? = D2dt? — A%da? — B%(dy® + dz?), (1)

where A and B and D are functions of x and t. The
authors have recently obtained a plane-symmetric in-
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homogeneous cosmological models with a perfect fluid
in this spacetime.

The energy momentum tensor of a perfect fluid to-
gether with a zero-mass scalar field is given by

T =TS + L), (2)
where
T = (p+ p)upts + pga (3)

is the energy momentum tensor corresponding to per-
fect fluid distribution with the four vector velocity wu”
satisfying u,u* = —1, p the pressure and p the mass-
energy density. The energy momentum tensor T;Sf) cor-
responds to zero-mass scalar fields ¢ and is

y:¢u¢u_ guug ¢O¢¢ﬁa (4)

where ¢(t) (afunction of ¢ only) is the zero-mass scalar
field which satisfies the wave equation

9" ¢ = 0. (5)
The scalar field ¢ is not directly coupled to matter.

It interacts with matter indirectly through gravity. The
Einstein’s field equations

1
R, — §ng = 81T, (6)

together with energy momentum tensor defined by
eq.(2) give the following set of equations

'* 2 2 . DBD BD
Sl t = gplP-
1 B*? B?
gl el (0
o7 @2 2 DB'D'  BD
S -lpt =gl ol
1 A'B'"  AAB
_AzB[B”_ 1 D7
1 AAD DA'D'!
A2D2 [AA D - DD// + ]’ (8)
: .. B'A DB
2 ! — ! _
¢'é [ 1 o (9)
¢ @2 1 A'B"  AAB
_87Tp+ [Az + ] AQB[B//_ A - D2 ]
1 B*? B?
Tl ek (10
The wave eq.(5) gives
1., A¢ Adé. 2 B'¢' B¢
yeik A o 1t gl ol
1 .- DD'¢ D¢
el —pm - pl=0 (1

Here and in what follows a prime and a dot indicate
partial differentiation with respect to x and f respec-
tively.

3. Solutions of the Field Equations and
Their Properties

The Einstein’s field equations are a coupled of high
nonlinear differential equations and we seek physical
solutions to the field equations for their application in
cosmology and astrophysics. In the present case, since
the field equations (7)-(11) are highly non-linear, we
find the solutions of the field equations for the follow-
ing physically important cases. We consider the scalar
field ¢ to be a function of ¢ alone. The field equations
are separable. Therefore we assume the following forms
of the metric functions A, B and D as considered by
Patel and Dadhich 23

A=t"(1+2%)% B=1t*(14+2%)° D = (1+2%)%(12)

where a, 3, a, b and d are real constants. With the
use of eq.(12), eq. (11) yields

k

—¢ +¢ =0, (13)
where k = (a + 25). Equation (13), on integration,
yields

klt—k‘-l—l
L LR 14
P ey TR (14)

where ky and ks are integrating constants.
With the use of eqs.(12) and (14), we derive expres-
sion for the pressure p and densityp from eqs. (7) -

(10).

8mp = k3 (1 4+ 2372 — B(35 — 2)t 72

) (14 2?)72 4 4b(b + 2d) 2t 72 (1 4 %) 72972, (15)
8np = k(142772

—  4b{(3b—2a — 1)a® 4+ 1} 21 4 2?)7207?
+ 6(20z+ﬁ)t_2(1—|—x2)_2d’ (16)

where the relations between the real constants are given

by
B(d—b) +ba =0

2d(d—b) — (d+b)(2a+1) =0;
b+d =0
(a=fa+20-1) =0, (17)

There are two sets of solutions corresponding to the
solutions to the relations given by eqs. (17). They are
as follows:

Case (i): =0, d=0, a = = ¢ (say).

The geometry of the universe, in this case, is de-
scribed by the line-element

ds® = dt* —t*(1 4+ 2?)**dx? — t**(dy” + dz?). (18)
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It is remarkable to note that eq. (18) represents a spher-
ical symmetric (flat FRW type) expanding model of the
universe. The physical parameters p and p, for this
model, are given by

87p = kit % 4 ¢(2 — 3e)t ™2 (19)

8mp = kit=% 4 36772 (20)
The energy conditions 4
(i) p>0
(i) (p+3p) > 0
are satisfied when 0 < ¢ <1 and the density p remains
always positive. The dominant energy conditions 2°
() (p—p) >0
(ii) (p+p) >0
are satisfied when € > %

The expansion scalar ¢, the shear tensor oy, the

rotation w;;r and the acceleration vector f; for the ve-
locity field w; are defined by

1 1
oik = §(Uzk + up.i) — §(Uifk + ug fi)—
1
_gg(gik + uiug); (22)
Wik = Uik — Ok — gg(gik + wiug) — U auug;  (23)
fi = ukui;k. (24)

Here the semicolon indicates covariant differentia-
tion. For the velocity field u;, the kinematical param-
eters # and f; are found to have the following expres-
sions:

i
i
fi == (0,0,0,0)

Hence the model (18) is singular with time and when
t = oo the expansion stops. The flow of the fluid is
geodetic. If we set € = 0 we get a static model. Further
for € = 0 and k; = 0 one can easily obtain vacuum
model of the Universe.
Case (ii): b=0,d=0, a=-28+1.

In this case the geometry of the universe is described
by the line-element

ds? = dt?—t*(=2P+0) (142) 224> —12P (dy?+d22).(25)

The metric (25) represents a non static anisotropic
cosmological model filled with a perfect fluid. In the
case of stiff fluid, the pressure and density are given by

87p = 8mp = kit™? + 3(2 — 38)t 2. (26)

The models with p = p are important and widely
studied in relativistic cosmology for description of very
early stages of the universe.

On the physical grounds p > 0, p > 0, we are led
to either 3> 2 4+ 1\/1+6k% or 3 < 1 — £\/1+6k3.
For given velocity field wu;, the kinematical parameters
are found to have the following expressions:

0=
t

2
011 = §(3ﬁ — =L 4 2%

1
0929 — 033 — —3(36— l)tzﬁ_l;

2 _ 2(1-36)
3t
wip = 0;
fi == (0,0,0,0)

Hence the model (25) is expanding, shearing and
non-rotating. The flow of the fluid is geodetic. For
a=0, 3= %, the solution (25) represents the Einstein
- de Sitter Universe.

4. Locally Rotationally Symmetric
Bianchi I Spacetime

When the Bianchi I spacetime expands equally in two
spatial directions it is called locally rotationally sym-
metric. These kinds of models are interested because
Lidsey 2% showed that they are equivalent to a flat
(FRW) universe with a self-interacting scalar field and
a free massless scalar field, but produced no explic-
it example. Some explicit solutions were pointed out
by Aguirregabiria et al 2728, For simplification and
description of the large scale behaviour of the actual
universe, LRS Bianchi I spacetime have widely stud-
ied 2973540-42 By this motivation, in this section,
we intend to investigate an LRS Bianchi I cosmological
model in the presence of zero-mass scalar field.

The plane-symmetric spacetime (1) can be written into
the form of an LRS Bianchi I spacetime

ds® = dt? — A%dx® — B2(dy” + dz?), (27)

where A and B are functions of the cosmic time ¢.
Pradhan et al ?' have obtained LRS Bianchi I cosmo-
logical models in the presence of zero-mass scalar field.
Here we give a new exact solution which is different
from Ref.?!. The Einstein’s field equations (6) togeth-
er with energy momentum tensor defined by eq.(2) for
the spacetime (27) reduce to
2
QE + B

5+ gz ="8mwm+ ¢%; (28)
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4,58 45 : 2
15T 13 87p + ¢7; (29)
AB B2 ,

2— 4+ — = — ¢

Ap Tz ST e (30)

The wave eq.(5) yields
A B . -
(F+25)0+9¢=0 (31)

From equations (29) and (30), the condition of
1sotropy of pressure is

BB

N A AB
B B?

- ——-—=0. 32
A AB (32)
In order to find an explicit solution, we assume the
ansatz

A= B2 (33)

Using equation (34) in equation (33) and then by
integrating we get

B =m(t+mi)?, (34)

where m and m; are positive integration-constants.
By the use of egs. (34) and (35) in eq. (32) reduces
to

(t+m1)p+¢=0, (35)

which, on integration, yields

v 1
¢° = exp[m + k1, (36)

where k1 1s an integrating constant. A representative
length [, representing the volume behaviour of the cos-

mic fluid, is defined by

1
I=1p

I3 (87)

where 0 = % + 2% 1s the volume expansion rate. This
gives the form of [ as

| x B3, (38)

From eqgs. (34) and (38) one can also write

W=

l=n(t+m)3, (39)

where n 1s a positive constant.
Shifting the time-origin appropriately we have

[ =nt5 and B?=mt3. (40)
Thus the geometry of the universe is described by

ds? = dt* — mt%[mt%dab2 + (dy* + dz%)]. (41)

For the metric (41), from eqgs. (29)-(31), we obtain the
expressions for p and p

5

8wp = 8mp = exp]| Tor

+ k1] + (42)

(t+my)?

It is readily seen, from eq. (42) that the first term
dominates during early times whereas the second term
dominates at late time. The model is greatly effected
by inclusion of the scalar field. The behaviour of p
and p is same at early and late times when ¢ = 0.
The metric (41) represents a cosmological model of the
early universe filled with a stiff fluid whose pressure and
density are given by equation (42). Such models are
important in relativistic cosmology for the description
of early stages of the universe. Here it is observed that
pressure and density both are positive for all times. It is
seen that the energy conditions ?%2° are well satisfied.

For the above solution, the spatial volume V3, the
scalar expansion @, the shear tensor oy, the rotation
w;, and the acceleration vector f; have the following
expressions:

V3:m2t;
9:1;
it
o1 =—gnmy
1 m. 1
0222033:6(7)5;
1
2 _
7T g
w = 0;
fZ:[OaOaOaO]

Hence the model is expanding with a shearing but
non-rotating fluid which is also geodetic. The deceler-
ation parameter ¢ is calculated as

q = constant (= 2). (43)

It 1s worthwhile to note that many models of Ein-
stein’s theory are constructed with the assumption of

constant deceleration parameters 2643

, whereas our
model does not require this assumption a priori. But
here 1t comes as a natural consequences of the ansatz
(33). This solution is a generalisation of the result ob-

tained by Pradhan and Kumar 4.

5. Discussion

For our class of cosmological models given in Section 3

0 _ 2 =5
o V3a+28) (44)
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The present upper limit for & is 10=3, obtained
from indirect arguments concerning the isotropy of pri-
mordial black body radiation®. In case (i), a = 3,

2 = 0. This satisfies the inequality. In

which yields 7
case(ii), a = =23 4 1, which yields § = ,/%(1 —35).
This is less than 1073, providing 3 > %— % % 10%. Thus
our models can apply to all stages of the evolution of
the universe.

It is also remarkable that our class of solutions, ¢ =
0, represent a big bang singularity. At ¢ = 0, all the
physical and kinematical parameters diverge. But all
these parameters remain finite and well behaved for all
t > 0. The models start from the singular epoch at ¢ =
0 and remain physically significant for all ¢ > 0. It is
easy to see that the pressure and density are decreasing
functions of the time ¢. When ¢ tends to infinity all
the physical and kinematical parameters tend to zero.
The solutions presented here are generalisation of the
previous solutions for plane symmetric spacetime 2244,
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The causality principle imposes the constraints on the cosmological parameters in the relativistic theory of grav-
itation. As a result, X-matter causes the quite definite cosmological scenario with the alternate acceleration and

deceleration and the final recollapse

The relativistic theory of gravitation (RTG) denies
the total geometrization and is based on the tradition-
al field approach [1, 2]. The gravitation is interpreted
as the tensor field generated by the conserved energy-
momentum tensor of the matter. There is the back-
ground spacetime of the Minkowski’s type, which can
be restored in any situation. This preserves the unam-
biguous physical content of the gravitational phenom-
ena and simplifies the unification of the views on the
gravitation, on the one hand, and the quantum me-
chanics, on the other hand.

It is known [2], that the usual cosmological solutions
in RTG do not agree with the modern observational da-
ta [3, 4] because they predict the decelerated character
of the cosmological expansion at the present era. The
insertion of the cosmological term into field equation
destroys the logical structure of the theory because this
requires to insert the additional repulsing physical field,
which is not affected by the matter.

The generalization of the field equation by the
means of the insertion of the scalar component with
uniquely defined potential allows the inflationary ex-
panded solutions in RTG [5]. However, there is the
purely phenomenological approach resulting in the va-
riety of the cosmological scenarios in the framework of
RTG, which is based on the modification of the matter
energy-momentum tensor [6]. Such modification is pro-
duced by the so-called “dark energy” (X-matter) term
with the exotic equation of state p,=w; p,, where
wy <0 (py and pp are the pressure and the density,
respectively).

However, Prof. A.A. Logunov kindly suggested [7],
that tacking into account the causality principle impos-
es the constraints on the physically admissible solutions
in the latter approach. This allows to choose among the

le-mail: vladimir.kalashnikov@tuwien.ac.at

physically meaningful cosmological parameters.

Here we will consider the aspects of the X-matter
induced cosmological evolution in RTG, which are in-
spired by the causality principle. As a result, the de-
fined class of the cosmological scenarios will be selected,
and the limits of the maximal scaling factor as well as
the approximated value of w; will be defined.

Let us begin with the usual assumption of homo-
geneity and isotropy of the effective Riemannian space-
time produced by the action of the gravitational field.
The corresponding interval in the spherical coordinates

is [2]:
ds? = dr? — Oza(T)z [drz +1 (dg2 + Sin(9)2d¢2>] (1)

Here 7 is the proper time, a(r) is the scaling factor; o
is the constant of integration. This form of the homoge-
neous and 1sotropic interval describing the globally flat
spacetime follows from the field equations, which have
the form:

m m2 m mk 1 m pk m
Gn - 7(671 +9 7 Yen — 5671 gp PYPk) = _SFTn ’(2)

Dng™™ =0, (3)

where () is the Einstein’s tensor defined on the effic-
tive Riemannian spacetime with the metrics g”"; ~™7
is the metrics of the flat background Minkowski space-
time, Dy, 1s the covariant derivative on the background
spacetime, §"™" = \/—gg™", c =G =h =1, m is the
graviton’s mass (the inverse transition to the ordinary
units corresponds to m — me?/h).

We choose the Galilean metrics as a background.
The crucial departure from [6] is tacking into account
the causality principle in the framework of RTG [8]:
“the causality cone of the effective Riemannian space-
time should be positioned inside the causality cone of
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”

the Minkowski spacetime.” As a result, the arbitrary

isotropic vector u™ obeys:
Ymn " u" =0, (4)
Imnu"u" <0, (5)

From the Eqgs. (1, 4, 5) we have the key condition

[2]:
a(r)4 —a <0, (6)

which eliminates the cosmological solutions with the
eternal expansion and keeps the scenario of IV type in
[6]. It is convenient to assign a=ap ., where apayp
is the maximal value of the scaling factor. Then the

cosmological equations are:
. 2 2
a 8 m 1 3
) =2 2 {9 —
(&) = 57015 (24 s~ ) O

LegrGn ) -t (1- %)@

a

From the Eq. (7) one can obtain the expression for
the minimal density of the matter corresponding to the
maximal scaling factor [2]:

m? 1
min = — |1 — —— .
r 167 ( ab ) )

max

Let’s suppose a0 > ag, where ag 1s the present
scaling factor. This assumption is suggested by the ac-
celerated expansion of the universe at the present era.
Then the minimal density is defined by the form of the
matter with the slowest decrease produced by the grow-
ing scaling factor. As poca(r)30F%) | the X-matter
with w; <0 dominates in the late universe. Hence the
Eq. (9) results in:

Q_x = ar:lzi’ (10)
where Q4 = m?/(6H3) and Q, = 8mp, /(3HZ) are the
density parameters for the gravitons and the X-matter,
respectively, Hg is the Hubble constant; d =1 + w,
is the deviation of the X-matter state parameter from
that for the pure cosmological constant.

The Eq. (7) defines the modified cosmic sum rule:

QT+Qm+Qx—%Qg<1—aéax):1 (11)
where Q,,, = 87py, /(3HE) and Q, = 8mp,/(3H3) are
the density parameters for the nonrelativistic and rel-
ativistic matter with w=0 and 1/3, respectively. One
can see, that the sum of the matter densities exceeds
the critical density due to the graviton’s mass contri-

bution. Although the modern data demonstrates some
exceeding Qor =y +Qp +Q, = 1.1120.0715 13 [9], we

0
3
_10,
o 2
<
= 1
on 301
o
y—
40
_50 T T T T T T T T T T T T
¢} 5 10 15 20 25 30 35 40 45 50 55 60

logloamaX
Figure 1: The logarithm of the maximal Q, versus the loga-
rithm of the maximal scaling factor for §=0.27 (1), 0.16 (2),
0.07 (3); (Qa, Qm )=(0.66,0.44), (0.71,0.37), and (0.76,0.3),
respectively. The dashed curve is the maximal Qg4 resulted
from Gmin < ar .

suppose that the gravitons induced effect is too small
to be revealed in these observations.

The parameters of the Eq. (10) can be concretized
additionally by taking into account the accelerated ex-
pansion of the universe at the present era and the
observational data from BOOMERANG, MAXIMA
and COBE [3, 4, 9]. The acceleration parameter ¢ =
(d*a/dr?)|,/(apH) =0.33£0.17,Q,, 20.37 £ 0.07,
Q, =0.71 £ 0.05.

From the Eqgs. (7,8) we have

_2(-3)-10,-9,

12
Qtot - %Qg ( )

If the gravitons and the relativistic matter do not con-
tribute in the present state, the combination of obser-
vational data and Eq. (12) results in the estimation of

d:

2 Qo -
5= g(1—q)— 30 (1+2¢)=0.1675 25 (13)

Now we have to estimate the maximal value of €,
tacking into account the condition apn < @,, where
Gmin 18 the minimal scaling factor, a, 1s the scaling
factor at the end of the radiation dominating era [6].

Gmin R ’/99/297« results in Q, <1017 This con-

dition in the combination with Eqgs. (10, 13) gives Fig.
1. One can see, that log10(@mas)=10-=55 (with the
most probable value in the vicinity of 14) and, it is
natural, the approach of w to -1 or Q, to 1 increas-
es the maximal scaling factor due to growing negative
pressure of the X-matter.

The regions of the accelerated (decelerated) expan-
sion can be found from Eq. (8). The boundaries of
these regions are defined by the solutions of the follow-
ing equation:
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Figure 2: The regions of the first deceleration for §=0.27
(1), 0.16 (2), 0.07 (3); (R, Qm)=(0.66,0.44), (0.71,0.37),
and (0.76,0.3), respectively. The black region is common for
all parameters, the end of the deceleration eras is different
for the different parameters (filled regions 1, 2 and 3).

Qa®+ 2Q,a% — (2 — 6) Q,a®*9 4 (14)
20, (a° - 1) = 0.

The corresponding scenario has a complicated loi-
tering character (see [6]): acceleration — deceleration
— acceleration — deceleration — recollapse. We live
at the era of the second acceleration, which began not
long before the present time (see Fig. 2). A long first
deceleration should have the pronounced observational
consequences, for instance, in the large-scale structure
formation. The second deceleration era and the rec-
ollapse turning point are too remote from us, but the
estimated upper limit of the universe age is not too
large in the comparison with the so-called “dark era”
representing the decay of all known physical processes
[10].

In the conclusion, the causality principle in the rel-
ativistic theory of gravitation imposes the constraints
on the cosmological parameters defining the accelera-
tion behavior of the universe at the present time. The
existence of the minimal and maximal scaling factors
requires to choose the fixed scenario with complicated
loitering behavior. For the observational values of the
usual and X- matter densities the deviation of the X-
matter state from pure vacuum one is 0.161’8:%5, which
results in the maximal scaling factor ~ 10'° = 10°°.
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Misconceptions have recently been found in the definition of a partial derivative (in the case of the presence of

both explicit and implicit dependencies of the function subjected to differentiation) in the classical analysis. We

investigate the possible influence of this discovery on quantum mechanics and the classical/quantum field theory.

Surprisingly, some commutators of operators of space-time 4-coordinates do not equal to zero. Thus, we provide the

bases for new-fashioned noncommutative field theory.

To the best of my knowledge, the assumption that
the operators of coordinates do not commute [z, Z,]- #
0 has been made by H. Snyder [1]. The Lorentz sym-
metry thus may be broken. Much interest has recently
been attracted to this idea [2, 3] in the context of brane
theories”.

Moreover, the famous Feynman-Dyson proof of
Maxwell equations [4] contains intrinsically the non-
commutativity of velocities [#;(f),&;(¢)]- # 0 that
also may be considered as a contradiction with the
well-accepted theories.

On the other hand, it was recently discovered that
the concept of partial derivative is not well defined in
the case of both explicit and implicit dependence of
the corresponding function, which the derivatives act
upon [5, 7] (see also the discussion in [6]). The well-
known example of such a situation is the field of an
accelerated charge [8].3

Let us study the case when we deal with explicite
and implicite dependencies f(p, E(p)). Tt is well

'To be presented at the 7% Reunién Nacional de Fisica y
Matematica, ESFM IPN, D.F., México, May 13-17, 2002.

2e-mail: valeri@ahobon.reduaz.mx

3First, Landau and Lifshitz wrote that the functions depended
on t’ and only through ¢/ + R(t')/c = t they depended implicitly
on z,y,zt. However, later (in calculating the formula (63.7))
they used the explicit dependence of R on the space coordinates
of the observation point too. Chubykalo and Vlayev claimed that
the time derivative and curl do not commute in their case. Jack-
son, in fact, disagreed with their claim on the basis of the defini-
tions ( “the equations representing Faraday’s law and the absence
of magnetic charges ... are satisfied automatically”; see his In-
troduction in [6b]). But, he agrees with [8] that one should find
“a contribution to the spatial partial derivative for fixed time ¢
from explicit spatial coordinate dependence (of the observation
point).” Skovrlj and Tvezié [6¢] calls this partial derivative as
‘complete partial derivative’; Chubykalo and Vlayev [6a], as ‘to-
tal derivative with respect to a given variable’; the terminology
suggested by Brownstein [7] is ‘the whole-partial derivative’.

known that the energy in the relativism is connected
with the 3-momentum as F = £+/p? + m?; the unit
system ¢ = h = 1 1s used. In other words, we must
choose the 3-dimensional hyperboloid from the entire
Minkowski space and the energy is not an independent
quantity anymore. Let us calculate the commutator of
the whole derivative §/0E and &/0p;.* In the general
case one has

0f(p, B(p) _ f(p, E(p)) . 0f(p, E(p)) OF 1)
p; - opi oF opi
Applying this rule, we surprisingly find
J 9 o of
2 |- ,E - T A=
[8]% 6E] f(p, E(p)) 3p, OF
008 orom,
3E 3])2' 3E 3])2' - 3E3pl
0*f OF 0% f o’f OE  Of 0 ,0F

Y oET oy~ 0pdE  0E70p; 0B OE ap) Y

So, if F = 4+/m? 4+ p? and one uses the generally-
accepted representation form of 9FE/0p; = =4p;/E,
one has that the expression (2) appears to be equal
to i(pi/Ez)w. Within the choice of the nor-
malization the coefficient i1s the longitudinal electric
field in the helicity basis (the electric/magnetic fields
can be derived from the 4-potentials which have been
presented in [9]). On the other hand, the commutator

RN
dp; Op;

[ 1-f(p, E(p)) =

4In order to make distinction between differentiating the ex-
plicit function and that which contains both explicit and implicit
dependencies, the ‘whole partial derivative’ may be denoted as

a.
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_ 1 9fp, E(p),
=F 0B [pi, pil-- (3)

This may be considered to be zero unless we would
trust to the genious Feynman. He postulated that the
velocity (or, of course, the 3-momentum) commutator
is equal to [p;,p;] ~ ihe;j5B*, ie., to the magnetic
field.®

Furthermore, since the energy derivative corre-
sponds to the operator of time and the i-component
momentum derivative, to #;, we put forward the fol-
lowing anzatz in the momentum representation:

1 = wlp, Elp) Y (4)

2

with some weight function w being different for differ-
ent choices of the antisymmetric tensor spin basis.

In the modern literature, the idea of the broken
Lorentz invariance by this method concurrs with the
idea of the fundamental length, first introduced by V.
G. Kadyshevsky [10] on the basis of old papers by M.
Markov. Both ideas and corresponding theories are ex-
tensively discussed, e.g. [11]. In my opinion, the main
question is: what is the space scale, when the relativity
theory becomes incorrect.

Conclusions

We found that the commutator of two derivatives may
be not equal to zero. As a consequence, for instance, the
question arises, if the derivative 52f/3p” 51)“ is equal to
the derivative 52f/5p“ 5])” in all cases?® The presented
consideration permits us to provide some bases for non-
commutative field theories and induces us to look for
further development of the classical analysis in order
to provide a rigorous mathematical basis for operations
with functions which have both explicit and implicit
dependencies.
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Fach of existing types of the electric charges come forwards in the system as the source of a kind of the dipole
moment. Therefore, to investigate these regularities we have established the compound structures of Dirac and Pauli
form factors. They state that the electron possesses as well as the anomalous electric charge.

Owing to the vector nature of virtual photon, the
elastic scattering of electrons by spinless nuclei depends
on the Dirac Fi.(¢?) and Pauli Fs.(¢?) form factors of
light leptons [1]. They are of course the functions of the
square of four - dimentional momentum transfer. How-
ever, in spite of large number of works dedicated to the
interaction between the electron and field of emission,
thus far remains many uncertainties both in the struc-
tures and in the behavior of these currents. Usually it is
accepted that Fy(0) is equal to the electron anomalous
magnetic moment [2], and its full magnetic moment is
defined by the combination [3] of form factors [4]

Fi.(0
plt = B0 ), )

It appears that here F1.(0) gives the electric charge
leading to the appearance of the electron normal mag-
netic moment.

Such a procedure were based actually on the as-
sumption [5] of that the functions Fiy.(¢?) and Fa.(q?)
are not the Fourier transforms of the spatial distribu-
tions of the electric charge and magnetic moment of a
particle. This is explained by some consequences of the
classical model of an extensive electron [6].

According to the classical theory of electromagnetic
mass [7], the availability of the eigenenergy Eq of the
electron electrostatic field implies the existence of the
electric part of the electron rest mass:

E

me™ = 6—20.

The opinion has been speaked out that all the mass

of the electron is equal to its electromagnetic mass.

Such an idea called simply a hypothesis of field mass

and testifies in favor of the unsteadity of charge distri-
bution of the electron.

le-mail: rasulkhozha@suninp.tashkent.su

We start from the duality of matter that the mass
and charge of a particle correspond to the most diverse
form of the same regularity of the nature of this field
[8, 9]. Tt states that each of all possible types of charges
arises as a consequence of the availability of a kind
of the inertial mass [10]. Thereby such a mechanism
leads to the appearance of the intraelectron interratio
between the forces of the electric and unelectric nature.
Therefore, the charge distribution of the electron must
be steady.

The purpose of the present work is to discuss some
consequences and implications implied from the above
- mentioned regularities of the nature of matter. They
give of course the justification of that in the same pre-
sentation as the form factors Fi.(¢*) and Fs.(¢?) was
used are not in the states to explain the observed vector
picture of the electron. For understanding the mecha-
nism of the anomalous interaction of Pauli at the funda-
mental level, one must elucidate the compound struc-
tures of these functions.

From such a purpose, we not only must write the
form factors Fi.(q?) in the form

Fie(4?) = fie(0) + Aje(¢2) + ... (2)

but also need conclude that each of existing types of
the electric charges come forwards in the system as the
source of a kind of the dipole moment. Herewith the
independent components fi.(0) coincide with the nor-
mal size of the electric charge and magnetic moment of
the electron:

norm

el0) =2 () = = e (3)
€
where and further it is necessary to keep in mind that
e for a particle (antiparticle) has the negative (pos-
itive) sign.
The second terms A;c(¢?) characterize the depen-
dence of form factors on the square of three - dimen-
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sional momentum transfer ¢2 and at the emission of a

-

real photon (¢%?=0) are reduced to the values

A . 0) = anom’ A . 0) = ywnom — e 4
1(0) = € 2¢(0) = pg Smanom (4)
Here m?°™™ and m%"°™ are the Coulomb normal and

€ €
anomalous masses. Insofar as the full electric mass 1s

concerned, we will start from the fact that the Coulomb
mass and charge of a particle correspond to two form
of the same regularity of its electric nature. Therefore,
we conclude [9] that

E _ norm anom
m, = m +m} + ... (5)

So, it is seen that any of form factors Fi.(¢?) and
er(qz) includes in self both normal and anomalous in-
teractions between the electron and field of emission.
In other words, they must be Fourier transforms of the
spatial density of charge and moment. Their value at
zero four - dimensional momentum transfer (¢? = 0)
defines the full static size of the electric charge and
magnetic moment of a particle:

Fre(0) = efull = gnorm 4 ganom 4 (6)
Fae(0) = pl ™" = p27™ 4 M (7)

By following the compound structures of form fac-
tors (3), we get
fie(0
F2e(0) = & (8)

- ngorm
Exactly the same one can found from (4) that

A1 (0)
Aze(0) = 00 )
€
According to the presented here point of view, the
electron possesses as well as the anomalous electric
charge which has an estimate of

anom
€ =

anom
_ i m gnorm
€ 2T mgorm €

(10)

in assuming that the size of A2.(0) is equal to the elec-
tron Schwinger magnetic moment:

o en orm

Age(0) = p™" = gm (11)

To brighter reveal our ideas one must apply to the
process of elastic scattering of electrons and their neu-
trinos by spinless nuclei as to the source of unique in-
formation about structures of leptonic currents. It is
already clear from (2) that in the case of one - pho-
ton exchange only the independent components of form
factors are responsible for the interaction with mat-
ter. Therefore, a study of the behavior of light leptons
(I = e,ve) in the nucleus charge field leads us to the
equation [9]

9 norm f2l (0)

m; fll(o) = 41.

(12)

Comparison of (12) with (8) say in favor of cor-
respondence principle which states that each terms of
the expansions (2) correspond to the definite approxi-
mations [9]. Under such circumstances the possibility
of the inclusion of the anomalous phenomena Aie(q_é)
in the discussion is realized only in the second Born ap-
proximation. Nevertheless, without loss of generality,
we must have in view of that any non - zero component
of the interaction of Pauli implies the availability of a
kind of the Dirac interaction. Of course, the above -
noted regularities of vector picture of the electron and
1ts neutrino open up new possibilities for developments
of our sights at the nature of matter.
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We have shown explicitly that if QCD phase transition takes place at the core of a newborn compact neutron

star in presence of a moderately strong magnetic field, to populate the Landau levels of electrons only, it is almost
impossible to achieve 3-equilibrium condition in the quark matter phase.

PACS numbers: 26.60.4c, 97.60.Jd, 76.60.Jx
1. Introduction

One of the oldest subject-"the effect of strong magnet-
ic field on dense matter” has gotten a new life by the
recent discovery of a few strongly magnetized neutron
stars- which are called magnetars [1]. These exotic stel-
lar objects are also assumed to be the possible sources of
soft gamma repeaters (SGR) and anomalous X-ray pul-
sars (AXP) [2, 3, 4]. From observations, the maximum
value for surface magnetic field of such objects are found
to be ~ 10*®Gauss [5]. The field at the core region is
expected to be a few orders of magnitude larger than
the surface value (from scalar virial theorem). Howev-
er, there is an upper limit for magnetic field strength,
which is /s 10'®Gauss for a typical neutron star of mass
1.4Mg, beyond which the core region of the star be-
comes unstable [6]. The magnetars are also believed
to be strongly magnetized young neutron stars. Since
the strength of magnetic field, in particular at the core
region is extremely high, most of the physical processes
taking place at the core region and also the physical
properties of the matter should be modified significant-
ly. The studies on the effect of strong magnetic field
on various physical processes, relevant for these exotic
objects have been reported during the past few years.
These investigations are mainly related to the equation
of states of dense matter [7, 8, 9], elementary processes-
specially weak and electromagnetic decays and reac-
tions [10], quark-hadron phase transition [11, 12, 13],

le-mail: sutapa@klyuniv.ernet.in

2e-mail: somenath@klyuniv.ernet.in

and transport properties of dense astrophysical matter
[14]. A few years ago we have shown explicitly that a
first order quark-hadron phase transition is absolutely
forbidden in presence of strong magnetic fields (> a
few times 10'°Gauss [11, 12]). However, Mathews et.
al. have shown [15] that such strong conclusion is not
correct if the anomalous magnetic moment of quarks in
the quark matter sector are considered. In that case
a first order quark-hadron phase transition is possible
even if the magnetic field is extremely strong. In the
publication [11] we have also shown with certain ap-
proximation (considering only the zeroth Landau levels
for the charged species), that even if a phase transi-
tion occurs at the core region of a compact neutron
star in presence of a strong magnetic field, in the -
equilibrium condition the matter becomes energetically
unstable compared to neutron matter of identical physi-
cal condition [12]. Hence we concluded that quark mat-
ter core is impossible in a strongly magnetized young
neutron star.

In this paper we shall explicitly show following ref.
[16], without the approximation as mentioned above,
that the conclusion is still valid if the magnetic field
strength is moderately strong (a few times 4.4 x 103G,
the quantum critical value for electrons). If it is true,
then we can demand very strongly that the quark mat-
ter 1s absolutely impossible at the core of a neutron
star with magnetic field strength slightly greater than
the quantum mechanical limit for electrons to populate
Landau levels. We believe that such a conclusion is
extremely important both from the theoretical as well
as observational points of view. In this paper we shall
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try to show by investigating the chemical evolution of
nascent quark matter formed at the core region, in pres-
ence of a magnetic field of strength ~ 104G, when the
Landau levels of electrons are only populated, that it is
almost impossible to achieve F-equilibrium in the sys-
tem. Hence, possibly, such a system can not exist in
nature.

In this paper we have considered a young compact
neutron star with moderately high magnetic field (we
consider a field strength of 10'*Gauss at the core re-
gion for our calculation). The density of the core region
1s assumed to be such that a quark-hadron phase tran-
sition (which is assumed to be first order even without
the inclusion of anomalous magnetic dipole moment of
quarks) can occur. Now in this case the assumed mag-
netic field strength at the core 1s about a factor larger
than the critical value to populate Landau levels for
electrons, which is not too high to affect quantum me-
chanically other charged components present in the sys-
tem (e.g., u, d and s quarks) or to populate only the
zeroth Landau level for electrons. We have noticed that
under such circumstance, an exact estimation of the
rates of weak processes responsible for chemical evolu-
tion of the system are possible. Therefore, in our opin-
ion, the uncertainty present in the previous publication
[13] is to some extent removed in the range of magnetic

field strength Bﬁe) < B < Bg’d) .

Now it is known that the quark-hadron phase tran-
sition is a strong interaction phenomenon, and there-
fore takes place in the strong interaction time scale.
On the other hand, immediately after phase transi-
tion, the nascent quark matter is not necessarily in
G-equilibrium configuration. This is achieved through
weak processes in the weak interaction time scale, which
is several orders of magnitude larger than the strong in-
teraction time scale. The aim of the present paper is
to show that if quark-hadron phase transition occurs at
the core of a neutron star in presence of a moderate-
ly strong magnetic field, so that only electrons at the
back ground are affected quantum mechanically, then
much before the §-equilibrium condition is achieved in
quark matter phase, the electron number density be-
comes negative, which is unphysical. The evolution of
the system, therefore, can not proceed further. If it is
true, our guess is that the nature will not allow the cre-
ation of such unrealistic system, i.e., quark matter core
is impossible in a neutron star of moderately strong
magnetic field. We have organized this paper in the
following manner: in the next section, the formalism to
study the chemical evolution of quark matter in pres-
ence of moderately strong magnetic field is developed
and in the last section we have discussed the results and
the conclusions of these work.

2. Chemical Evolution of Quark
Matter

To investigate the chemical evolution of quark mat-
ter at the core, we solve numerically the set of kinetic
equations in the nascent quark phase, which ultimate-
ly lead to chemical equilibrium configuration. We have
considered the most simplified physical picture in the
quark matter sector-quarks are non-interacting. At the
very beginning, we assume that the quark-hadron phase
transition occurred from non-strange hadronic matter
and neutrinos are assumed to be non-degenerate- they
leave the system immediately after their creation. The
relevant weak processes are: d > u+e” + v, (1), u+
e > d+ve (2), s > ute +7. 3), ut+te —
s+ve (4), u+d e u+s (5). The approach to chemical
equilibrium 1is governed by the following sets of kinetic
equations:

dy,

1
u - - [[1—Ty+T35—T4; (1)
dy, 1 .
o = T =T, (2)

where npg is the baryon number density, ¥; = n;/ng
is the fractional abundance of the species ¢ and I';’s
are the rates of the processes 7 =1,2,3,4 and 5. The
indices d and r are used for direct and reverse pro-
cesses respectively. The baryon number conservation
and charge neutrality conditions give Yy =3 —Y, — Yy
and Y., = Y, — 1 respectively. To solve numerically
the kinetic equations for the study of chemical evolu-
tion, we use these constraints as subsidiary conditions
to obtain Y¢(t) and Y;(¢), and further we use the nu-
merical values for the rates I'; to Féd)(r) appear on the
right hand sides. We have started with the initial con-
dition of a typical neutron star of mass ~ 1.4Mg, for
which the baryon number density at the centre is a few
times normal nuclear density, temperature ~ 10°K and
proton fraction is 4%. Then the initial conditions are
Yu(t =0) =1.04, Yyt = 0) = 1.96. As a consequence
of baryon number conservation and charge neutrality,
we have Y;(t =0) =0 and Y.(t = 0) = 0.04. We have
also solved these equations using other possible sets of
initial conditions.

Since the magnetic field strength is assumed to be
A 10'* Gauss, the rates for the first four processes will
be affected through electron spinor solutions and ener-
gy eigen values. Further, the rates for the processes (3)
and (4) can very easily be obtained from the rates of the
processes (1) and (2) respectively just by replacing d-
quark parameters with the corresponding s-quark ones
and cos@. by sinf., where 8. is the well known Cabib-
bo angle.

To obtain the rates of the processes (1) and (2), we
have used the definition of transition matrix element
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for the weak decay processes, given by

J}izz%%gcosﬁc/[d4x[ﬂm(r)7u1_;75¢u(${

[veten

e )

Then the decay rate is given by dT' = lim, . |
Tyi |* dpy /7 where 7 is the characteristic collision time
and py is the well known final density of states. We
have designated d, v, or v., v and e by ¢ = 1,2,3
and 4 respectively. In this moderately strong mag-
netic field scenario, we have used conventional spinor
solutions for the quarks and charge neutral neutrinos
or anti-neutrinos, whereas for electron we have used

[11, 13, 16]
1 exp(—i&l(j)t + ipyy + ip;2)

() =
= T 0D 4 e

—l—mZ Mvip, ()
4
ypy( ) ( )
21/(12 Il/ l;py(x)
an

1 exp(—i&(j)

L,L.

t+ ipyy + ip;2)
[2e5) (50 + my))1r2

\I!(U(x) -

0

(e + mi) o1, ()
(v B) 1 () | ®)

_pzlu—l,py( )

where the symbols 1 and | are used for up and down
spin states respectively, ¢ = e and

; B 4B 1/4 1
y;py(l‘)— - W

m) e

q;B

H,, is the well known Hermite polynomial of order v.
Then we have
Tfi:—iG 271'(5(61—62—63—64)1_[/’ (7)
\/§V3/2

where

1" = [a(ps)yu (1 = 75 )u(py)]

[fe(pa)y" (1 = 7°)v(p2)] cos b, (8)

MMZ/waH@f — 5 A(z). (9)

Hence we have

Ty = —% cos 96(271')36(61 — 6‘2/?;263 —&4)
3(p1y — P2y — P3y — Pay) (10)
6(])12 — P2z — P32z — p4z)H, (11)
where
11 = [a(ps)yu (1 =7 )u(p)][a(pa)y* (1 =) v(p2)](12)
and
a(p4)(T)(i) —

/\ﬂff£n>pm poe — ps)-d) (D), (13)

where the symbols (1) and () indicate positive energy
up and down spin states for electron. Now to obtain
u(psa) we have evaluated

/00 dr exp(ikzx)l, p, () (14)

with the substitution X = +/¢.Bz and C' = pay/\/¢.B,

the above Fourier transform reduces to

/w dx ik )<%B)U4 1

exp(th,x _—
o V3B ¥ 7 N
exp [—l(X — C’)Z] H, (X -0C)

[\]

1
= Y H, (k,
(ge B)M/4+ Sio—1)/2" (k»)

1Chy k2
— = 15
o (Vo5 5m): "
where k, = p1o — P2c — P3e-
algebraic manipulation

Then we have after some

ClHV(kx)
1 — €4 + Me 0 1
te 264 CSHV(kx) ’ ( 6)
C4H1/—1(kx)
where
1
) = Y
1 ((163)1/4\/52(11—1)/2Z
1Ck, k2
T T 1
o <\/qe_B 2qu) ! 1
Paz
= 1
=L (18)
and

\VqeB2v v
Cy = -

(24 + o) (4. B) T/l
iChy, k2
v (7t~ 5m) 19
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Figure 1: Variation of abundances of various species for

an initial proton fraction Y, = 0.04 and initial strangeness
fraction Y =0
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Figure 2: Variation of abundances of various species for

an initial proton fraction Y, = 0.0005, i.e., almost pure
neutron matter and initial strangeness fraction Y, =0

Similarly the down spin state is given by

0
v featme | Cofluoa(ka)
CEV T | k) | 20
CiH,_1(ks)
where
1
C/ — sv—1
2 (¢eB)Y 4/ (v — 1)!2(V—2)/2Z
1Cky k2
— — = 21
o <¢q—3 2qu)’ -
C/ - _ \4 qu Z'l/—l
° (¢4 + me)(qe B)/4/(v — D)I20=2)/2
1Cky k2
— — = 22
o <\/qe_B 2qu) .
and
L= P o (23)

€4+ Mg

Now by some algebraic manipulation the integration
over pi; can very easily be performed with the help
of standard T-function integrals, given by (mwg.B)Y/?.
Whereas, the integrations over pi,, p1. and d®ps can
be evaluated trivially with the help of delta functions.
Then finally, by substituting (g, — €3)/7T = 2, and

(tte — €4)/T = ., a compact semi-analytical expres-
sion for the rate of the process (1) can very easily be ob-
tained in the low temperature approximation (7" < p),
given by

)

3G%(¢eB) 14 o . 1
r = TT cos” Oc oy fre PFu VZ::O P
00 2
Hu + fe = pa)
A O
Flaw) flze)dayda.. (24)

Similarly, the rate for the process (2) is given by

)

3G%(¢eB) 14 o \ 1
r = ——T Ocphu frePFu
. 276 o HuftePF VZ::O PFe
o0 2
Moy + He — ﬂd)
/_Oo (xu + xe + T )
Flaw) flze)dayda.. (25)

In the above expressions, pr. = (u2 —m? — 2v.q. B)*/?

is the electron Fermi momentum. Then as mentioned
before, the rates of the processes (3) and (4) are ob-
tained from ['; and T’y respectively. Whereas, the rates
for both the direct and reverse processes as shown in
the reaction (5) are given by the zero field values [13].

3. Results and Conclusions

Using the initial conditions as mentioned above, we
have solved numerically the kinetic equations (eqns.(1)
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Figure 3: Same as Fig. 1, except Y.(t =0) = 0.05
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Figure 4: Same as Fig. 1, except T = 10"* K

and (2)) to obtain Y, (¢) and Yy(¢) and used the gen-
eral expressions for the rates, which are also evaluated
numerically. To obtain the time evolution of fractional
abundances of electron (Y.(t)) and s-quarks (Y;(?)),
we have used the subsidiary conditions. In Fig. 1 we
have shown the time evolution of fractional abundances
Y:(t) for this initial condition. Tt is seen from the figure
that d-quark abundance is almost independent of time,
s-quark abundance increases with time, electron abun-
dance decreases with time, whereas u-quark abundance
decreases very slowly with time and as soon as i1t be-
comes less than unity, the electron fractional abundance
becomes negative. One can also see from the nature of
the curves that the system is not in SB-equilibrium at
this moment.

In Fig. 2 we have shown the time evolution of quark
matter produced from the other extreme- an almost
pure neutron matter (n, < n,). In this case also the
qualitative nature of the curves are identical with that
of Fig. 1, except the numerical values. In these three
figures. we have considered Y;(t = 0) =0, i.e., there is
no initial strangeness present in the system. In Fig. 3
we have plotted the variation of fractional abundances
with the initial condition same as Fig. 1, except the ini-
tial strangeness fraction Y, (¢ = 0) = 0.05. One can see
from the nature of the curves that there is no qualitative
difference of time variation of fractional abundances in
this case compared to others.

In the numerical evaluation of fractional abundances
as shown in the Figs. 1-3, we have assumed that the
system temperature is 10°K.

In Figs. 4 and 5 we have plotted the same quantities
as in the Fig. 1 respectively, except the temperature of

the system is now assumed to be 101 K. At this higher
temperature also, the qualitative nature of the curves
do not change. Of course the numerical values of Y;’s
have changed and most significantly, the time at which
the electron fractional abundance becomes negative is
2 — 3 orders of magnitude larger.

From these figures we can come to the conclusion
that if the nascent quark matter formed at the core of
a compact neutron star is allowed to evolve with time in
presence of a moderately strong magnetic field then af-
ter a certain time, the fractional abundance of electron
becomes negative. Which is true for all the physical
parameter sets we have considered. This is an unphys-
ical situation and we expect that at this moment the
evolution of the system will stop and as a consequence
it can not achieve F-equilibrium configuration. Since
a non-equilibrium static system can not exist in na-
ture, we conclude that the formation of quark matter
core is absolutely forbidden in compact neutron stars
with B slightly greater than 4.4 x 103G, the quan-
tum mechanical critical value for electrons. However,
composite quark structure phases, e.g., di-quark matter
or color super-conductor with color-flavor locked states
might be possible. We are at present investigating the
possibility [17, 18] of such phases at the core region of
magnetized neutron stars. It might be possible that the
presence of magnetic field will enhance the transition to
composite quark structure phase instead of pure quark
matter.

For the sake of comparison, we have plotted the frac-
tional abundances of the species for zero magnetic field
case. In this situation, the system finally achieves (-
equilibrium configuration with almost equal number of
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Figure 5: Same as Fig. 1, except Y:(t = 0) = 0.3 and
T=10"K

u, d and s-quarks, 1.e., an almost flavor symmetric
system. Such a system in F-equilibrium is energetical-
ly most stable configuration, which is consistent with
the conjecture of Witten [19].
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Author uncovered the role played by the vector potential as applied to homopolar induction.

1. Introduction

As stated by Feynman, the potential vector A has high-
er hierarchy than the usual B — field when dealing
with quantum mechanics (Aharonov-Bohm type exper-
iments) [1]. Also classical electrodynamics offers us sit-
uations in which the use of A instead of B = V x
A throws light on the involved physics. Let us re-
member the case of a (radius R, n turns / meter)
long solenoid, oriented along the z direction, carrying a
time-dependent current [2]. In this case we get, taking
cylindrical coordinates® |

B; (t) = [ponI (t)]iz A(t) = [B; (t)r/2)is for r < R;
B(t)=0, A(t) = [B; (t) R*/2r]is for r > R,

wherein B; means the magnitude of the B — field field
generated by a time varying current I (¢) in the coil. A
has azymutal symmetry and lies in planes parallel to
the © — y one.

Despite being B = 0 outside the coil, a time-
dependent emf given by

e=—d/dt // B;.dS = —nR* (dB;/dt) (1)
S

is induced in the bulk of an encircling metallic probe
loop C', in agreement with Faraday’s induction law and
with Lenz’s rule. Here S labels an arbitrary surface
bounded by C'.

Note that (dB;/dt) vanishes in the region where is
located the probe loop, and the induced emf doesn’t
depend upon the size of C'. In the considered case
the physical meaning of the phenomenon becomes
understandable making the replacement B = V x
A and transforming, with he aid of Stokes’ theorem

le-mail: gual@ieee.org

! Appendix (Taken from Stratton [11])

A oB
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o = ]

Figure 1: The external loop

([(VxA).dS = §. Adl), the surface integral into a
S
line integral [3], [4],

e= _d/dtj{ Audl = _/ (9A/01).dl =
C C

— (R?/2r) (dB;/dt) f{ di (2)

= — (R?/2r) (dB;/dt) (27r) = —wR* (d B; /dt)

in agreement with equ. (1).

For a better understanding of the whole pheno-
menon is valuable consider the external loop as being
composed by two electrically disconnected semi-circular
wires (figure 1). Now induction takes place on each
wire and no-closed, time-dependent currents arise in
the bulk of the wires, resembling the currents induced
in an antenna. The emf produced in the right wire is

worth [5]

£ = — / (0A)0t).dl = — (1/2) mR* (dB; /dt)

0
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Figure 2: A series of two independent emf sources

O]

Figure 3: The B-field with B =0 if r > R

and, as 1t 1s obvious, the Faraday’s flux rule cannot
be applied in a sensical way (there are not a closed
surface to evaluate a time varying flux through it). For
the left wire we get

27

e = —/(6A/8t).dl .

iy

By welding the ends of the two above wires we get an
arrangement 1n series of two independent emf sources
being, of course, r+¢;, in full accordance with equs. (1,
2). The +/— polarization shown in figure 1 is coherent
with a time decreasing current in the solenoid. The
induced field - 0A/8t moves positive charge towards
the upper end in the right wire, and to the lower end
in the left one. By closing the circuit the induced emf
drives a ccw current in agreement with Lenz’s rule.

Figure 2 shows an external probe loop which doesn’t
encircle magnetic flux since B(r > R) = 0. Being
A perpendicular to dl in the branches 1-2 and 3-4,
these wires are unable to develop emf. Because of the
(1/r)dependence of A outside the solenoid, the contri-
butions of the branches 7-/ and 2-3 to the emf are

4 3
equal since (1/r1) [ dl = (1/rs) [ dl. The whole probe
1 2

loop is acted on by two equal but opposite emf sources,
unable to drive current. A few topological considera-
tions suffice to generalize the above calculations to any
arbitrarily shaped circuit.

2. Homopolar induction

A conducting bar becomes an emf source when is free
to rotate in a region in which a B— field is present. For
the sake of simplicity we consider a uniform (in space)
and constant (in time) magnetic field along the z di-
rection, being the bar free to rotate in the zy-plane.

We spatially constrain B — field in such a way that
B =0 if »r > R (figure 3). The Lorentz’s force F =
q (v x B)[6] is responsible for an emfe = wBrz/Q, de-
veloped across the bar, being » = 0 on the axle. This
emf is able to drive a direct current across a station-
ary closing circuit wire by contacting its ends on two
arbitrary points of the bar. In practice a conducting
disk replaces the bar simplifying the involved contacts
(Faraday disk).

Many statements concerning the behavior of this de-
vice [6], [7], [8] have recently been experimentally clar-
ified [9], [10]. After 170 years of controversy we know
that, as far as induction concerns, to rotate at w a con-
ducting bar (disk) on a permanent magnet at rest in the
lab is entirely equivalent to rotate at - w the magnet
while the bar (disk) remains at rest in the lab [9]. Ex-
periments have disproved the views sustained by Feyn-
man [1] and many other special relativists who believed
in the absolute nature of rotations de-naturalizing thus
the long range implications involved in true relativism
(Mach, Weber, Assis).

At this stage we will emphasize the role played by
the vector potential A as applied to homopolar induc-
tion. Our starting point is Neumann’s induction law
[4], equation (2), and we analyse at first the differential
path of integration dl in order to evaluate the integrand
of the above equation,

A-dl. (3)

At a given instant dl is coincident with dr but,
in the interval dt, r becomes r + dr. Thus, when »
changes to r 4+ dr, then dlmust be written as

dl = (dr) i1 + (rwdt) is. (4)

Remembering that A = Ais = (Br/2)é2 and in-
serting equ.(4) in equ.(3) we get

A-dl = (Aig) . [(dr) iy + (rwdt) i5] =
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=wrAdt = dt (wBrz/Q) ) (5)

Inserting equ.(5) in equ.(2) we get,

emf = —d/dt/dt (wBrz/Q) =

bar

—wBrz/Q, for r<R

in accordance with calculations based upon the Lorentz
force acting on the charges in the bulk of the bar.
For r > R equation (5) becomes

A-dl=wB (R*/2) (dt)

and ¢ = —whB (RZ/Q) = constant. There is continuity
for the emf at r = R.

Appendix (Taken from Stratton [11])

The variables ut = r, u? — ¢, u® = 2 are called cir-
cular cylindrical coordinates. They are related to the
rectangular coordinates by the equations =z = rcosf,
y = rsinfl, z = z. The infinitesimal line element is
ds? = dr? + r2d0? + dz*. The symbol 4 label the unit
vector along the k axis. The u® component of V x F'
is worth

[V % Fl, = [(1/r) (rFy)/dr— (1/r) OFy /06) is.

For a long solenoid A only depends upon 7 and we
obtain [V x (Br/2)]; = Bis for r < Rand. Outside
the solenoid A scales as 1/r and we get Bizg = 0 for
r> R.
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