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Abstract 
A theory of gravitation in flat space-time is shortly summarized and applied 
to cosmological models. These models start with a gravitational field and 
without matter. Gravitational energy is converted to matter and the total en-
ergy is conserved. The arising universe has no singularity (no big bang) and is 
not expanding. The redshift is a gravitational effect. It follows by converting 
gravitational energy to matter changing the gravitational field. This is another 
gravitation theory different from general relativity which also gives the pres-
ently most accepted results of general relativity for weak gravitational fields 
but has not the problems of general relativity with a big bang. 
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1. Introduction 

The presently most accepted universe is based on Einstein’s general theory of 
relativity (GR). The application of GR to flat cosmological models gives an ex-
panding universe with a singularity in the beginning, the so-called big bang. The 
universe must have cosmic inflation in the beginning to explain our big universe. 

In this article, a theory of gravitation in flat space-time (GFST) which has till 
now not received attention by cosmologists is applied to cosmological models. 
The universe starts with gravitational energy and not with matter. In the course 
of time, gravitational energy is converted to matter implying the observed red-
shift of distant objects by virtue of the change of the gravitational field. The total 
energy is always conserved. The universe is not singular and it doesn’t expand. 
Spherically, symmetric perturbations in the universe can arise in the beginning 
of the universe and they grow quickly in the matter dominated universe. This 
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may explain the big galaxies in the universe whereas the big bang gives only 
small galaxies in contradiction to observations. 

2. The Universe 

GR is a theory of gravitation giving for weak gravitational fields agreement to 
experimental accuracy of theory and experiment. This may be the high accep-
tance of GR by many scientists. GR is also applied to homogeneous, cosmologi-
cal models to get origin and development of the universe. The universe begins 
with a big bang (singularity) and it must expand very quickly (cosmic inflation) 
by virtue of the observed big universe and the many galaxies. 

More than forty years ago, in the year 1979, I published a theory of gravitation 
in flat space-time. This theory can be described by a gravitational field in the 
pseudo-Euclidean geometry. Gravitation is a field theory and not a geometry as 
by GR. GFST gives for weak gravitational fields to measurable accuracy the same 
results as GR. Hence, we get the same acceptance of GFST as GR for weak gravi-
tational fields. But the results of cosmological models are very different by these 
two theories. The universe starts with uniformly distributed gravitational field by 
GFST (no big bang). Gravitation is attracting. The densified gravitational field 
contracts to matter and a part of the gravitational field surrounds the originated 
object. Every object is surrounded by a gravitational field. Hence, objects attract 
one another by the surrounded gravitational field and not by their masses. In the 
course of time matter and other types of energy arise at coasts of gravitational 
energy. The sum of all types of arising energies is conserved. The universe is not 
singular and doesn’t expand. The redshift follows by converting gravitational 
field to matter. 

3. Gravitation in Flat Space-Time 

Nearly all cosmologists use GR and the results of this theory to describe and 
study the universe. This theory is well known and gives a singularity, the big 
bang in the beginning of the universe. In addition cosmic inflation is needed to 
explain the observed big universe. Therefore, we will use another theory of 
gravitation, namely gravitation in flat space-time, to study the universe (com-
pare the book [1]). 

This theory is not a geometry as GR but a field theory of gravitation in flat 
space-time. The metric is given by 

( )2d d di j
ijs x xη= −                        (1) 

where ( )ijη  is a symmetric tensor. A special case is the pseudo-Euclidean ge-
ometry with 

( ) ( )4 4 44, 1, 2,3 , 0 1,2,3 , 1i
ij j i ii j iη δ η η η= = = = = = − .         (2) 

Here, ( ) ( )1 2 3, ,ix x x x=  are the Cartesian coordinates and 4x ct . Put 

( )det ijη η= .                         (3) 
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The gravitational field is described by a symmetric tensor ( )ijg . Let ( )ijg  be 
defined by 

kj j
ik ig g δ= .                          (4) 

Put 

( )det ijG g= .                         (5) 

The proper-time τ is defined by 

( )2d d di j
ijc g x xτ = − .                      (6) 

The Lagrangean of the gravitational field is given by 

( )
1 2

/ / / /
1
2

mn ik jl ij kl
ij kl m n m n

GL G g g g g g g g
η

 −  = − −   −   
.           (7) 

Here, the bar/denotes the covariant derivative relative to the flat space-time 
metric (1). 

The Lagrangean of dark energy (given by the cosmological constant Λ) has the 
form 

( )
1 2

8 GL
η

 −
Λ = − Λ − 

.                      (8) 

Let 
44 k cκ = π                           (9) 

(k: gravitational constant) and assume that matter is a perfect fluid. Then, the 
mixed energy-momentum tensors of gravitation, of dark energy and of matter 
for a perfect fluid are 

( ) ( )
1
21 1 1

8 2 2
i i km ln kl mn i
j kl mn j j j

GT G g g g g g g g L Gν
ν ν δ

κ η

 
 −   = − +    −     

   (10a) 

( ) ( )1
16

i i
j jT Lδ

κ
Λ = Λ                     (10b) 

( ) ( ) 2i k i i
j jk jT M p g u u pcρ δ= + + .               (10c) 

where , pρ  and ( )iu  denote density, pressure and four-velocity of matter. It 
follows by (6) 

2 i j
ijc g u u= .                        (11) 

Let us define the covariant differential operator 
1 2

/

/

i kl mi
j jm l

k

GD g g g
η

  −
=   −   

.                  (12) 

Then the field equations for the gravitational potentials ( )ijg  have the form 
1 4
2

i i k i
j j k jD D Tδ κ− = .                     (13) 

Here, i
jT  is the sum of the energy-momentum tensors of gravitation, of 
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matter and of dark energy 

( ) ( ) ( )i i i i
j j j jT T G T M T= + + Λ .                 (14) 

Define the symmetric energy-momentum tensor 

( ) ( )ij ik j
kT M g T M= ,                     (15) 

then the equations of motion are (in covariant form) 

( ) ( )/ /
1
2

k kl
i k kl iT M g T M= .                   (16) 

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

/ 0k
i kT = .                          (17) 

The field Equation (13) are formally similar to those of GR where i
jD  corre-

sponds to the Ricci tensor and i
jT  is the total energy-momentum without that 

of gravitation which is no tensor by GR. These results can be found in the book 
[1] and in the article [2]. 

4. Homogeneous, Isotropic Universe 

We follow along the lines of article [2]. 
Let us use the pseudo-Euclidean geometry (2), (3) as metric. The matter ten-

sor is given by perfect fluid with 

( )0 1,2,3iu i= =                       (18) 

and pressure p and density ρ  with 

m rp p p= + , m rρ ρ ρ= + .                  (19) 

Here, the indices m and r denote matter and radiation. The equations of state 
for matter (dust) and radiation are 

0mp = , 
1
3r rp ρ= .                      (20) 

The potentials are given by virtue of (18), homogeneity and isotropy 

( ) ( )

( ) ( )

( )

2 1, 2,3

41

0

ij

a t

g
h

i j

i
t

i j

j



=

= =

= =−

 ≠

                  (21) 

The four-velocity is by Equation (18) 

( ) ( )0,0,0,iu c h= .                     (22) 

Let 0 0t =  be the present time and assume as initial condition at present 

( ) ( )0 0 1a h= = , ( ) 00a H= , ( ) 00h h=  , ( ) 00 mρ ρ= , ( ) 00r rρ ρ= .   (23) 

Here, the dot denotes the time-derivative, 0H  is the Hubble constant and 0h  
is a further constant, 0mρ  and 0rρ  are the present densities of matter and ra-
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diation. It follows by (16) under the assumption that matter and radiation do not 
interact 

( )0 0m m r rh a hρ ρ ρ ρ= = .                 (24) 

The field Equation (13) implies by the use of (21) the two non-linear differen-
tial equations 

3
3 4

2

d 1 12
d 2 3 2m r

a aa h c
t a c h

κ ρ ρ
κ

 Λ  = + +  
   



,         (25a) 

( )
3

3 4
2 2

d 1 1 Λ4
d 2 8 2m r

h aa h c L G
t h c c h

κ ρ ρ
κ κ

   
= + + −   

  



     (25b) 

where 

( )
22

3
2

1 16 6
2

a a h hL G a h
a a h hc

    = − + +        

 

 

.           (26) 

The expression ( )1
16

L G
κ

 is the density of the gravitational field. The con-

servation of the total energy gives 

( ) ( )
3

2 21 Λ
16 2m r

ac L G c
h

ρ ρ λ
κ κ

+ + + =              (27) 

where λ  is a constant of integration. The Equations (25), (26) and (27) give by 
the use of the initial conditions (23) 

4
0

4 2
0

4
6 2

2 1
c th a

h a c t
κ λ ϕ

κ λ ϕ
+

= − +
+ +



                   (28) 

with 

0
0 0

0

13 1
6

h
H

h
ϕ

 
= + 

 



.                     (29) 

Integration of (28) yields 
3 4 2

02 1a h c t tκ λ ϕ= + + .                   (30) 

Equation (27) gives at present time 0 0t =  by using the initial conditions (23) 

( )
2

4 2 2
0 0 0 0

1 8 Λ8 4
3 3 8m r

cc k H
k

κ λ ϕ ρ ρ
  

− = π + + −   π  
.         (31) 

Let us define as usually the density parameters 

0
2
0

8
3

m
m

k
H
ρπ

Ω = , 0
2
0

8
3

r
r

k
H
ρπ

Ω = , 
2

2
03

c
HΛ
Λ

Ω =  

and put 

( )0 1m r mK Λ= Ω +Ω +Ω − Ω ,                 (32) 

then relation (31) can be rewritten 
24

0
02

00

8 12 m
kc K

HH
ϕλ  

− = Ω 
 

.                  (33) 
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It follows from (27) by the use of (28), (30) and elimination of h and h  the 
differential equation 

( )
2 2

2 3 60
024 2

02 1
m r m

Ha K a a a
a c t tκ λ ϕ

Λ
   = −Ω +Ω +Ω +Ω     + +



    (34a) 

with the initial condition 

( )0 1a = .                         (34b) 

A necessary and sufficient condition to avoid singular solutions of (34) is the 
condition 

0 0K > .                          (35) 

This yields 
4 2

02 1 0c t tκ λ ϕ+ + >                      (36) 

for all t∈R . Hence, we get a non-singular solution, i.e. we receive a non-singular 
universe for all t∈R . It exists 1 0 0t t< =  such that 

( )1 0a t = .                         (37) 

Put ( )1 1a a t=  then it follows from (34a) with 1t t=  
2 3 6
1 1 1 0r m ma a a KΛΩ +Ω +Ω = Ω .                 (38) 

It follows for all t∈  

( ) 1 0a t a≥ > .                        (39) 

Subsequently let us assume 

( )1 0 1a a = ,                        (40) 

then we get by (38) 

0 1K  .                          (41) 

It follows from (32) by the use of (41) 

01r m m KΛΩ +Ω +Ω = +Ω .                   (42) 

That is the sum of the density parameters is a little bit greater than 1. The so-
lution of (34) is by longer calculations and under the assumption 0 0rp =  

( ) ( )( )3 3 3 3
1 1 12 1 1 1 2 cos 3

m m

a t a a a tβΛ Λ
    Ω Ω

= + + +     Ω Ω    
,    (43a) 

( ) ( )

( )
0 0 1

0
1 0

0

3
arctg

11
2

m K H t t
t

t B H t
H

β
ϕ

 
 Ω − =
 + + 
 

, ( )
2

0 0
0 0 1

0 0

1 13
2 2mB K H t

H H
ϕ ϕ     = + Ω +      

. (43b) 

We get as t → −∞  

( )
( )( )

1
3

1 1
2 1.81

1 cos 3
a a a

 
 −∞ ≈ ≈ − π 
 

. 

https://doi.org/10.4236/jmp.2021.1213102


W. Petry 
 

 

DOI: 10.4236/jmp.2021.1213102 1755 Journal of Modern Physics 
 

Hence, ( )a t  starts at t = −∞  with ( ) 11.81a a−∞ = , decreases to 1 0a >  
and then increases for all t. It follows from (30) by the use of (43b) for t suffi-
ciently large 

( ) ( )
2

30

0

1 1
2

h t t a
H
ϕ 

≈ + −∞ 
 

.                (44) 

Hence, ( )a t  starts from a small positive value decreases to a small positive 
value and then increases for all t∈ . The function ( )h t  can then be calcu-
lated by relation (30). 

The proper-time from the beginning of the universe till time t is 

( ) ( )1 d
t

t h t tτ
∞−

= ∫ ,                     (45) 

i.e. the age of the universe is finite by GFST analogues to that of GR. 
The metric (1) is not expanding, i.e. the universe is not expanding and not 

singular. In the beginning of the universe it consists only of gravitational energy 
and no matter and no radiation exist. They arise in the course of time at coasts 
of gravitational energy and the sum of the total energy is always conserved. 

Introducing the proper-time �̃�𝜏 into the differential Equation (34a) we get by 
the use of (30) the differential equation (see [1]) 

2
0

6
2
0 4 3

1 d
d

m mrKa H
a a a aτ Λ

Ω ΩΩ   = − + + +Ω      

.            (46) 

This differential equation is for ( )a t  sufficiently large (that is: away from the 
beginning of the universe) by virtue of (41) identical with that of GR. Hence, the 
function ( )a t  approximates the scaling factor of GR. In the beginning of the 
universe the function ( )a t  is positive whereas the scaling factor of GR is zero 
what implies by GR the singularity of the expanding universe in the beginning. It 
is worth to mention that the resulting universes of GR and of GFST are very dif-
ferent. The results of GFST are contained in the book [1] and in article [2]. Ad-
ditional results about the universe by GFST are found in the articles [3] [4] [5] 
[6]. 

A non-expanding universe is experimentally stated by Lerner [7] [8]. The 
redshift in a non-expanding space is given in [9] and Siegel [10] also asked the 
question of an expanding space. I must also mention the book of Fahr [11] 
where a universe without big bang is propagated. In article [12], the redshift of 
distant objects is derived from the frequency shift of the gravitational field which 
is changed by converting gravitation to matter. 

5. Redshift of Distant Objects 

It is useful to introduce the absolute time to simplify the calculations of the red-
shift in the universe. The absolute time t′  of the universe is given by 

( ) ( ) ( )
1 1d d dt t

a ta t h t
τ′ = =  .                 (47) 

The proper-time (6) with (21) by the universe is 
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( ) ( ) ( )( )22 2 2
1

3d d di
ic a t x ctτ
=

′= − −∑ .              (48) 

The energy of a photon emitted at a distant object at time et′  is given by  

( ) ( )44 0
d~
de e

tE t g a t E
τ
′

′ ′− →


, which means for the frequencies 

( ) 0e ea tν ν′= .                        (49) 

Here, 0ν  is the frequency of the same atom emitted at present. This gives for 
the frequency moving in the universe by virtue of constant light velocity (see 
(48)) 

( ) ( ) 0e et a tν ν ν′= = . 

The redshift is 

( ) ( )
0 11 1
e e

z
t a t

ν
ν

= − = −
′ ′

.                   (50) 

Light emitted at distance r at time et′  and received at 0r =  at time 0t′  
holds by the constant velocity of light 

( )0 er c t t′ ′= − . 

This gives by Taylor expansion of ( )ea t′  and relation (50) 

( ) 22

0 022
0

d1 11
2 d

e

e

a tr rz H H
c cH t

 ′  = + −   ′   
 

The differential Equation (46) is by introducing the absolute time t′  rewrit-
ten 

( )
2

2 3 6
0

2
0
2

d
d m r m

Ha K a a a
t a Λ

  = −Ω +Ω +Ω +Ω ′ 
. 

Differentiation of this relation implies by neglecting small expressions 
2

2
02

d 11
2d e

m
a H

t Λ
 = − Ω +Ω ′  

. 

Hence, we get by introducing this expression in the relation for z 
2

0 0
3
4 m

r rz H H
c c

 ≅ + Ω  
 

.                   (51) 

This expression for the redshift is derived by the use of the frequency caused 
by the change of gravitation and not by a Doppler effect. It was already derived 
in previous articles (see e.g. the book [1]). 

Some additional remarks to GFST: 
Gravitational field is attracting. Spherically symmetric perturbations of the 

gravitational field in the universe attract and are partly converted to matter, an 
object arises. The rest of this gravitational field surrounds the object and may at-
tract other objects. This seems that matter attracts matter but it is the gravita-
tional field which is attracting. The process of arising objects is fast and implies 
big objects and may explain the galaxies in our universe. This result can be 
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found in [13] and in the book [1]. This gives also an explanation of gravitation. 
Gravitational field is attracting and not the mass. The densified gravitational 
field is converted to matter. Matter is the result of the attracting gravitation. This 
result can be found in article [14]. 
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