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Abstract

General Relativity implies an expanding Universe from a singularity, the
so-called Big Bang. The rate of expansion is the Hubble constant. There are
two major ways of measuring the expansion of the Universe: through the
cosmic distance ladder and through looking at the signals originated from the
beginning of the Universe. These two methods give quite different results for
the Hubble constant. Hence, the Universe doesn’t expand. The solution to
this problem is the theory of gravitation in flat space-time where space isn’t
expanding. All the results of gravitation for weak fields of this theory agree
with those of General Relativity to measurable accuracy whereas at the begin-
ning of the Universe the results of both theories are quite different, 7.e. no
singularity by gravitation in flat space-time and non-expanding universe, and
a Big Bang (singularity) by General Relativity.
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1. Introduction

General Relativity (GR) implies an expanding universe where the expansion rate
is the Hubble constant. There are two different methods to measure the Hubble
constant. The results of these two methods are two different values for the Hub-
ble constant (see e.g. [1] [2]). Hence, the assumption that the universe expands is
not correct and the universe doesn’t expand (see e.g. [2]). The expansion is a
generally accepted assumption supported by GR. We can say that GR isn’t a
correct description of gravitation. There are authors who ask for new physics
(see [1]). Therefore, we will use the theory of gravitation in flat space-time
(GFST) instead of GR which is studied by the author in the book and in several
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articles (see e.g. the articles [3] [4] [5] [6]). GFST gives non-expanding space for
the universe. The metric is the pseudo-Euclidean geometry and the proper time
is formally similar to the metric of GR. The source of the gravitation field is the
total energy-momentum tensor including that of gravitation. This is in full
agreement with Einstein who stated that matter is equal to energy and reverse.
GR doesn’t satisfy this condition and in addition the energy-momentum of
gravitation by GR is not a tensor. It is worth to mention that GFST was already
studied in article [7] with application to non-singular cosmological models in
[8]. Surface data show evidence for a non-expanding universe [9]. The possibil-
ity of non-expanding, cosmological models is already given in the article [10] by
the use of GFST. Non-singular universes by GFST with matter creation and en-

tropy production are also studied in [11].

2. GFST

The theory of GFST is shortly summarized. The metric is flat space-time given
by

(ds)” = —77,dx'dx] (1)
where (’7ij) is a symmetric tensor. Especially, pseudo-Euclidean geometry has
the form

() =(111,-1). @)
Here, (xi ) = (xl, X2, X3) are the Cartesian coordinatesand x* =ct . Let
n =det(r; ). (3)

The gravitational field is described by a symmetric tensor (gij ) Let (g”)
be defined by

9y9" =0 @
and put similar to (3)
G =det(g; ) - (5)
The proper time 7 is defined by
(cdr)” =—g,dxdx’ . (6)
The Lagrangian of the gravitational field is given by

12
mn i j 1 ij
L(G):—(;j 9949 [g,ﬁg,’é—ggfmgﬂj (7)

where the bar “/” denotes the covariant derivative relative to the flat space-time
metric (1). The Lagrangian of dark energy (given by the cosmological constant

A) has the form
12
L(A)= —SA[ﬁj . (8)
-n

Let
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K = dnk/c* )

where kis the gravitational constant. Then, the mixed energy-momentum tensor
of gravitation, of dark energy and of matter of a perfect fluid is

2
i 1 _G ir m ~ In 1 mn 1 i
T(G) {[—J 9 I (g,kj gh—ggf}glrjq&jL(G)} (10a)

J:§ _
T(A) == 8IL(A) (10b)
16k
T(M), =(p+p)gyu‘u'+8pc. (10¢)

Here, p, pand u' denote density, pressure and four-velocity of matter. it
holds by (6)

¢’ =—gyu'u’. (11)
Define the covariant differential operator
2
i -G mi
D, = (_j gklgjmgll (12)
1 Ik

of order two. Then, the field equations for the gravitational potentials (gij)
have the form

i 1 i i
Dj —Eélef = 4T, (13)
where
T/ =T(G),+T(M), +T(A),. (14)

Define the energy-momentum tensor
T(M) =g*T(M),. (15)
Then, the equations of motion in covariant form are
k1 kI
T(M),, :EgkI/iT(M) : (16)

In addition to the field Equation (13) and the equations of motion (16) the
conservation law of the total energy-momentum holds, Z.e.

T =0. (17)

The results of this chapter may be found in the book [12] and in the subse-

quently appeared articles [3] [4] [6]. In article [5] the gravitation theories of

GFST and GR and their results are compared with one another. Furthermore,
the redshift formula for GFST is derived.

4. GFST and the Universe

GFST is defined in flat space-time metric, e.g. in the pseudo-Euclidean geometry

which is used in the following to study homogeneous, isotropic, cosmological
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models. The matter tensor is given by a perfect fluid with velocity equal to zero.

The total matter is given by the sum of density of matter p, and of radiation
p, with the corresponding pressure density of matter p_ =0 and of radiation

1
P, = 3 P, . It holds for homogeneous, isotropic, cosmological models

The initial conditions at present time t, =0 are
a(0)=h(0)=1,a(0)=Hy,, h(0)=hy, £, (0) = Prg: £, (0) = 0
where H, is the Hubble constant and N, is an additional constant not ap-

pearing in GR. Relation (16) for 7 = 4 implies under the assumption that matter

and radiation do not interact

P = Puo/N*, P, = prof(ah*?) (18)
It follows by the use of the field Equation (13)
d( , —a W1 1 A at
—l a \/H— =2kC"| — +—p +——F 19a
dt( aj * (2'0’“ 37 ket Jh (192)

d( 5 —h W1 1 A &
=l a*h |=axct| Zp, +p, +——L(G)-—— = 19b
dt{ hJ " (2’)”‘ P o M) 2 (1%0)

where
1 a¥ _ah 1(hY
L(G)=—a*/h| -6/ 2| +622, 2|2
(©) c? \/_{ (a)Jr ah+2[h]j

The expression % L(G) is the density of gravitation field. The conserva-
K

tion law of the total energy is
3
(pm+pr)02+m%'-(9)+%%=ﬂcz (20)

where A isa constant of integration. Define the quantity

1 h
=3H,|1+=—|.
Do o( GHOJ

The field Equation (19) imply by the use of the conservation law (20) and the

initial conditions the relation
a’vh = 2xc A2 + gt +1. (21)

It follows from (20) with the present time t, =0 by the use of the initial
conditions and the standard definitions of the density parameters of matter, ra-
diation and of the energy given by the cosmological constant with the abbrevia-

tion
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K0, =Q, +0Q, +Q, -1 (22)
the differential equation
ay He
(_j - 0 A(-Qui, +Qa7+Q,2° +Q,a°).  (23a)
a <2KC4/1t2 +opt +1)

Here, Q,, Q, and Q, are the density parameters of radiation, matter
and the energy given by the cosmological constant. The initial condition for the
differential Equation (23a) is

a(0)=1. (23b)
Relation (20) with t=t, =0 gives by elementary calculations
4 2
SKL’}—(&] ~120_x, (24)
( Ho ) Ho
The assumption
0<x, (25)
implies that the solution of (23) is non-singular for all teR. It exists t, <0=t,
with a(t,)=0, thatis
a(t)>a(t1):a1>0 for all t=t. (26)
It follows from (23a)
Qal+Q8 +Q,a’ =Q K.
The time t, must be long time before the present time t, =0 implying
O<a x1,ie
Ky, <1. (27)
Therefore, a(t) starts at a positive value at time equal to minus infinity, de-

creases to @ at t=t and then increases for all £ The function h(t) can

then be calculated from relation (21). Let us introduce the proper time 7 in-

stead of the time tby
#(t)=[ 1/ n(t)dt (28)

The differential Equation (23a) can by the use of (21) be rewritten
1daY ., Qx, Q Q
S — | =H e, T T L. (29)
( ad7 ) 0 ( a® a' a® ! j

This differential equation is for not too small functions a(t) nearly identical
with that of GR for a flat homogeneous, isotropic universe by virtue of (25) and
(27).

Then, the conditions (25) and (27) give

0<a <1, (30)

Le. t corresponds to the time of the big bang of GR with value a, very small
but not zero. This result is received by GFST without any additional assumption
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or change of the theory.

5. Conclusions

There are two methods of measuring the Hubble constant of the universe: the
cosmic distance ladder and looking at the signals originated from the beginning
of the universe. Two different results for the Hubble constant are received.
Therefore, the universe doesn’t expand because the methods use the expansion
of the universe. It is worth to mention that GR implies expansion because the
universe starts from a point singularity and the observed universe is very big.
Furthermore, the universe must be inflationary expanding because the observed
universe is flat. Summarizing, it follows that GR doesn’t correctly describe
gravitation if two Hubble constants are measured.

A theory of gravitation in pseudo-Euclidean geometry has been given in arti-
cle [12]. Later on, it is studied more generally in flat space-time. The applications
of this theory to homogeneous, isotropic, cosmological models are given in arti-
cle [8] where non-singular solutions are received, Ze. big bang did not exist. It
was proved that for weak gravitational fields the results of GFST and GR agree to
measurable accuracy. The theory and the applications of GFST is studied in sev-
eral articles and summarized in the book [12]. Differences of the results of GFST
and GR arise for cosmological models in the beginning of the universe. The met-
ric of GFST is the pseudo-Euclidean geometry, i.e. space is not expanding. It is
worth to mention that by virtue of the covariance of GFST an expansion of the
universe would also be possible by a suitable transformation. But this is not real-
istic. A non-expanding universe is important because expansion of the universe
implies two different Hubble constants. For cosmological models of GFST the
source is the total energy-momentum tensor inclusive that of the gravitational
field (as it should be by Einstein: matter is equal to energy and reverse) whereas
the source is only the matter tensor and no gravitational energy-momentum for
cosmological models of GR which is no tensor for GR. The redshift of distant
objects follows by the energy of time-dependent gravitational fields which is
converted to matter where the total energy is conserved and it doesn’t follow

from velocities (expanding space).
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