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Abstract

The Friedmann-Lemaitre-Robertson-Walker (FLRW) metric is an exact solu-
tion of the Einstein field equations and it describes a homogeneous, isotropic
and expanding universe. The FLRW metric and the Friedmann equations
form the basis of the ACDM model. In this article, a metric which is based on
the FLRW metric and that includes a space scale factor and a newly introduced

time scale factor 7 (t) is elaborated. The assumption is that the expansion

or contraction of the dimensions of space and time in a homogeneous and
isotropic universe depend on the energy density. The Christoffel symbols,
Ricci tensor and Ricci scalar are derived. By evaluating the results using Ein-
stein’s field equations and the energy momentum tensor, a hypothetical mod-
ified cosmological model is obtained. This theoretical model provides for a
cosmic inflation, the accelerated expansion of spacetime as well avoids the flat-
ness and fine-tuning problems.

Keywords

Cosmology, Dark Energy, Cosmic Inflation, Flatness Problem, Hubble
Tension

1. Introduction

According to the Friedmann-Lemaitre-Robertson-Walker (FLRW) metric and the
Friedmann equations, the development of spacetime is represented by the cosmo-
logical scale factor, which is usually denoted by a(t) or R(t).The FLRW-uni-
verse is spatially homogeneous and isotropic and evolves over time. However,
time in the FLRW metric is of Newtonian nature as it “flows equably without re-
gard to anything external”. The question arises as to whether the dimension of

time in a metric describing an isotropic and homogeneous universe is also affected
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[1] by the gravitational effect of energy and mass'. Let us therefore make the fol-
lowing assumptions and accept the listed principles and postulates:

1) The cosmological principle: The universe is homogeneous and isotropic
when viewed on a sufficiently large scale (hereinafter referred to as the “Cosmo-
logical Principle”).

2) The constant light speed postulate: The light speed cis constant when meas-
ured in any inertial frame of reference.

3) The assumption of the variability of time flow: The time flow in a homoge-
neous and isotropic universe depends on energy density and pressure.

By adopting the constant light speed postulate, the proposal contemplated
herein is not based on variable speed of light (VSL) theories (see for VSL theories
e.g. [2]-[4]). The assumption of variable time flow is a more fundamental ap-

proach.

2. Spacetime Scale Factors and Spacetime Parameters

Let us consider a sufficiently short time interval At, :=t(e,)—t(e,), for example
a photon with a period amounting to T, = At, measured at the time of its emis-
sion t(e,) andaccordingly a sufficiently short time interval At,:=t(a,)—-t(a,),
for example said photon with a period amounting to T, =At, measured today
at the time of its absorption t(a,). Let us consider a variable time flow between
the time of photon emission t(e,) anditsabsorptionat t(a,).A dimensionless
time scale factor 7 (t) is defined as the ratio between the proper time interval
At, and comoving time interval of today At,:
T(t)::%, With T () 2 0 AT (t,) =1, (1)
e
The notation 7, for 7 (t,) (etc.) will be used. In a universe with a variable
time flow but without an expansion or contraction of space, the photon is red- or
blue-shifted when emitted (¢ (T)Te ) in the reference frame eand measured today
on the basis of ¢(7)T,. If the period of the photon increases, thatis T, >T,, then
the photon is redshifted.
The space scale factor S(t) is introduced as the ratio between the proper dis-

tance AX, =X, —X, at time t, and the comoving distance AX, =X, —X

e &
measured today (t, ) in an expanding or contracting space. It is defined as follows:
S(t)= ixe, With S(t) 20AS(t,):=1. @)

X

0

In the last step, the spacetime parameters represented by the time parameter

G(t) and the space parameter 7 (t) are defined as follows:

G(t)="_, 3)
S
TM)=%. @)

'In [1] a metric with a variable time flow as an alternative to dark energy was proposed. Unfortunately,
the papver was withdrawn.
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The “over-dot” is used as a notation for the first time derivative (e.g. T ), and
correspondingly for the second time derivative (e.g. 7 ). The space scale factor
S and space parameter J will be used in the context of the proposed metric
and cosmological model with variable time flow, and, for clarity, the cosmological
scale factor denoted as R or a and the Hubble parameter H will be used in the

context of the FLRW metric and Friedmann equations.

3. The Dynamic Metric

Lt

The FLRW metric ds? = —c?dt? + R? (1 =
—Kr

dr? +r’dé* +r?sin’ 0d¢2j (seee.g.

[5]) shall be extended by the time scale factor 7 (t) and the cosmological scale
factor a shall be replaced by the space scale factor S(t).Itis expected (see for the
FLRW metric e.g. [6], p. 382) that the spacetime is of the form T xX, where T’
represents the time direction and X is a maximally symmetric three-manifold. It
seems to be necessary that the partial derivatives of a position vector have to be
determined. Based on these results, the covariant basis vectors and co- and con-
travariant metric tensors can be derived. If spacetime is of the form T xZX, the
transformation of the metric to pseudo-spherical coordinates is straightforward.
Let us consider a four-dimensional manifold with a signature of the form
(-,+,+,+) and an event in spacetime E(ct,X,y,z). Let us further consider the
scale factors 7, and S, in the reference frame e as well as a sufficiently short
time interval dt, and a distance dx,. With Equations (1) and (2), the transfor-
mation rules dt=7.dt, for the time dimension and dx, =1/S,dx_ for the
space dimension i=X,y,z are obtained. To obtain the basis vectors, the partial
derivatives of the position vector E can be calculated. For the partial time-de-
rivative in direction of ethe notation ot is used. Further, we apply the chain rule,

consider the Cosmological Principle and obtain:

2100 g8 0 o8 0 oo ®
ot 71,0t oK ox oy oy oz oz
Based on these results, the covariant basis vectors and the covariant metric ten-
sor of the signature (—, +,+, +) can be calculated using the dot product
9,, =€,-€,.Iftheindicesin S, and 7, areomitted, the covariant metric ten-
sor yields g w = diag(T ’2,82,82,82). This further leads to the contravariant
metric tensor as the inverse of the covariant form g,,9“" =5, yielding
g*" =diag (T 2828 '2,5‘2) . Indeed, the expectation according to which the
spacetime is of the form T xX is valid, so the metric can be transformed using

the usual transformation rules (see e.g. [5] p. 7), which then reads
2
ds? =_%c|t2+52(o|r2 +r%dg? + rsin” 6dg? ). 6)

Accordingly, if a parameter for a constant curvature £ is introduced (see for

details [6], p. 329-332), the following dynamic metric yields:
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ds? = g +32[ dr’
1

7 o +r2d02+r25in26d(p2j. 7)

An extended FLRW metric was obtained from these calculations. The only dif-
ference in relation to the FLRW metric is that the time direction is scaled by the
time scale factor. This metric describes a homogeneous, isotropic, expanding (or
otherwise, contracting) universe. I am of the opinion that the variable time flow
reflected by this metric does not contradict the Cosmological Principle. In the
FLRW metric, the spatial dimensions of the universe’s spacetime may be con-
tracted or expanded in scale, in the metric derived above, the dimensions of space

and/or time may be contracted or expanded.

4. The Christoffel Symbols (of the Second Kind)

The relation between the metric tensor and the Christoffel symbols (of the second

kind) is given ([5], see Section 1.3 on p. 2) by:

r“ =%g"” [0,9,,+0,9,, —0,9,; |, whereas T, =T%, (8)

With the metric tensor (Equation (7)), the non-zero components of the contra-

and covariant metric tensors are

1 S? .
goo:_F’ gll:m’ U =S°r%, 9y =S"r’sin’ 0, ©)
and
1-kr? 1 1
W_ g2 gu_ P ¥t 10
g g S? S?r? g S?r?sin’ 6 (10)

The detailed step-by-step calculation of all Christoffel symbols is set out in the
supplemental material®. The index 0 is used equivalently to the index £ and con-

sequently 1 for , 2 for @ and3for ¢.

T
[y, =rt=—"r, 11
0=le="CF (11)
T°8S
o =rt =—""_ (12)
" c(l—krz)
T28Sr?
ry,=_T),=——, (13)
C
T288r?sin% 0
rg=r,=———, (14)
C
S
it =rt=r"=r"="o, 15
01 10 tr rt CS ( )
. kr
ril = 1—‘rr = 1—kr2 ) (16)
Ty =Thy =1 (kr* 1), (17)

’The supplemental material is made available by the author on request.
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I=07, =r(kr2—1)sin20, (18)
S
2 =r2=r’=r9%=—, (19)
02 20 to ot CS
1
rfz = Fgl = rfe = FZr = ?v (20)
I =r,, =—sindcoso, (21)
S
3 _ 13 _ _ _
[ =T =07, =T =S (22)
3 _13 _19 _T1% _1
[=T5= Fr(p - r(ar —?v (23)
Iy, =I5 =0, =I% =cotd. (24)

The Christoffel symbols of the dynamic metric proposed herein have, in com-
parison with the FLRW metric, an additional term T}, . The Christoffel symbols
1—~l

>

Iy, as well F;w also contain a factor of 7. All other Christoffel sym-
bols remain unchanged compared to the FLRW metric. If it is assumed that the
time scale factor is constant (7 =1), and consequently the derivative of the time
scale factor becomes zero (T =0), all the Christoffel symbols listed above will
become the Christoffel symbols of the FLRW metric. This is true for most of the
equations in this paper.

5. Ricci Tensor and Ricci Scalar

Detailed step-by-step calculations of the Ricci tensor and Ricci scalar are pre-
sented in the supplemental material. The relation between the Riemann and the

Ricci tensor is in accordance with ([5], Equations 1.2.2, 1.3.5 and 1.3.9 on p. 2):

R, =Ry, =0, -0, +T, % T4, (25)
The non-zero components of the Ricci tensor are as follows:
3(8 18
R =——|2+22 |, 26
« 02(8 TSJ (26)
g [ 5 i )
rr:T;S £+E+2S_Z—f_ 2c2: k2 : 2! (27)
c S 18§ S T°8° J1-kr
7°8° (8 1S, S° 25k ),
Ry=—7—| =+—+2—+—— |, 28
v [5 18 8§ TS 2
7’8 (8 18 8% 2%k ) ...
=——| —+—+2—+——= |I"sin“ 6. 29
7 c? (S s & T1°8? (29)

The Ricci scalar (or scalar curvature) is the contraction of the Ricci tensor (see
[5], Equations 1.3.10 on p. 2):

R=g“R (30)

uv!

which results in:
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R=6—|2+24+2 4
s 18 & TSP

e ,
T(3+75+5 ke j (31)

6. Energy Momentum Tensor and Energy Density

In order to be able to solve the field equations, we will have to take a closer look
at the energy-momentum tensor. The approach is the same as that for the FLRW

metric where a perfect and continuous fluid is considered (see [6], p. 35, 117-119).
T =(p+p)U“U"+pg", (32)

where p(t) is the energy density, p(t) is the pressure and U* is the four-
velocity of the perfect fluid. With the inverse of the Minkowski metric, the energy-
momentum tensor becomes T*" =diag (p, P, P, P)-

By applying the contravariant (Equation (9)) and covariant (Equation (10))

metric tensors, the components of the tensor yield

T2pc? 0 0 0
0 pS*(1-kr?) 0 0
T = , . (33)
0 0 p(Sr) 0
0 0 0 p(Srsing)”

The trace is accordingly ¢, T*" =—p+3p. Now, the divergence of the en-

)%

ergy-momentum tensor can be examined. The starting point is the conservation

equation ([6], p. 118):

v v T AV v 2!
VI =0 T+, T+, T =0. (34)
In a first step, the components of the terms v =0 are calculated:
T? . 2,
0,TH=0,T" = =P +ETTp. (35)
For the second term, the Christoffel symbols obtained in Section 4 can be ap-
plied:
ra T4 =T8T
= (rgo + Ftl + ng + Fg3)T ” (36)
(T .8
=—1|-—=+3=|p,
c\ 7 S

and the third term results in
PO,T# = TQT® 4+ POTH 4 T, T2 4+ [OT®
-2 2.4 Lr2 )
B O - T ST P
T ¢ c(l—kr ) S c

1
S%r?

L2880 sin? 0 47
+= r2sin?0p——s———
c pszrzsinze

—T_Z_Z +3§p
c |l TSP
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The calculation of the spatial components of the energy-momentum tensor is
provided in the supplemental material. Partial derivatives are given as follows:

8,p=0. (38)

We now can derive the overall result:

72 2 . T} T S8 T T S
VI =—p+—TIp+—| —+3—= |p+—| ——=p+3=p |=0, (39
“ c L c L c ( T SJ'D c [ T'D Spj (39)

which amounts to

/3=—3§(p+ p). (40)

The next step is to introduce the equation of state to express the relationship
between the energy density and pressure for radiation and mass ([6], p. 334):

P =aop;, withi={rad,m} (41)

where rad stands for radiation and m for mass (Table 1).

Table 1. Energy density—pressure relationship.

i o, Pa
rad 1/3 Prad
m 0 P

Finally, we obtain from Equation (40), considering Equation (41) and the defi-

nition 4:

3:—3J(a)+1). (42)
Yol

To solve this equation, it is required that @ must be constant (see [6], p. 334).
By integrating Equation (41) we obtain In p+In(const.) o (-3(w+1)InS) and
therefore p(S) o const.(S 73(“”1)). If we normalize the scale factor to the value

for today S, =1, the constant becomes p,", which finally results in
p(8) o py (5*3“”*1)). (43)

Finally, considering the values for @, we obtain

prad,O _pm,O
84 ! pm - 53 '

Prad = (44)

7. Einstein’s Field Equations and the Modified Cosmological
Model

Now, we can solve Einstein’s field equations in their general forms.

1 8nG
R, =5 R, = :4 T, (45)
o pc?
In a first step, the equation will be solved for Ty, = T
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1 8nG
Roo _ERgoo = C4 Toov (46)

3 S TS 1,.7° S 18 SZ ke? 1 8nG pc’
< __6_ et atma ||l =TT e @)
S 1S ) 2 S s 5 T°S T ¢t 7

S? 8rnG p kc?
MG Y | 4

This is the modified first Friedmann equation. It contains an additional term

7% on the right-hand side. If the time scale factor is set to 1, it is reduced to the
2

original Friedmann equation. Now, the field equations for T, = T p areas-
—Kr
sessed:
1 8nG
R11 _E Rgoo = o T11v (49)

7232(5 78 _&? ZCZKJ 1

=2t = |——
¢ (S 78 8§ TS% )1-kr?
e (50)
T°(S 18 S  ke? S? 8nG S?
S et et et raz 7=~ P P
2 ¢c°\S 18 & T°8 )1—kr ¢ 1-kr
. N2 2
gﬁ_gﬁ_ S ZBTCZG%JF%_ (51)
S 1§ \S$ c- 7T° ST

These two results constitute the conditions for the development of the
spacetime parameters. The results for R,, and R;; areequalto R,;.Ifweplug

the result obtained into Equation (48) and eliminate J 2 we obtain

(52)

8 ﬁ 4nGpc +3p
S TS a2 72 |

Equation (52) is the modified second Friedmann equation. It contains an addi-
tional term 7 on the right-hand side and the product of G and J on the
left-hand side. If the time scale factor is set to constant 1 and, consequently, G

becomes zero, it reduces to the original Friedmann equation.

8. Redshift

To derive the redshift, the geodesic equation for a light wave travelling radially
(d@=de=0) is used, which is according to Equation (7):

1 dr?
0=ds?* = ——-c’dt* + S? . 53
T? [1—er] (53)

The crest of the light wave, observed at position r=r, and time t=t,, was
emitted at time t=t, in the past and at a distant position r=r,. Integrating

over the path in both space and time that the light wave travels results in:

t, dt
s s

(54)
1- kr

DOI: 10.4236/jhepgc.2024.104084

1521 Journal of High Energy Physics, Gravitation and Cosmology


https://doi.org/10.4236/jhepgc.2024.104084

R. Gramigna

The next crest is emitted at t=t, +£ and observed at t=t, +£. Integrat-
c c

ing over path and time yields:

J‘ta*'* dt _—J (55)
W TS N
Equations (54) and (55) can be combined to:
o dt wﬁdt
0= c— 56
L 7S u% 78 0
dt ta ta** dt
=C 57
Le s I ‘; s &7
Za
_ Jte+— dt _c te+— dt _c ty Zec ﬂ (58)
t IS v TS e+ IS
C.[teJr— dt CJ~ta+— dt (59)

IS v TS

Let us assume that LY and 2 are sufficiently small enough, thus the above
c c

result is
L+Ac_ . _t+AC L (60)
.S, T8 TS TS
A TS (61)
TS,
=1z= -1, with 7,S, =1. (62)

Let us define a component of the redshift related to the time scale factor

zT::%—l, T = ! ,
z; +1

(63)

and accordingly the component of the redshift related to the space scale factor:
1 1

z,=—-1 S= .
S z,+1

(64)

Without any further restriction, let us consider a photon with a wavelength A,
at the beginning, moving through the dynamic spacetime and experiencing two
causes for a redshift. The first cause results in a redshift z, and A, and the sec-

ond cause resultsin z, and A, . For the resulting redshift z, we conclude that:

zlzi—l, zzzﬁ—l, z3=£—1. (65)

The second equation can be rearranged to obtain the result for 4, which is

then plugged into the first equation:

n= S e Al (m) (66)
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The result for A, from Equation (66) is now used to calculate z; given in
Equation (65):

z,=(z,+1)(z,+1)-1, (67)
which then can be combined with Equations (65) and (66):
1
z=—-1. 68
ST (68)

This is the result of Equation (62). An observed redshift z,, composed of one
component Zg related to the space scale factor and another component z, re-

lated to the time scale factor can be denoted as:

os +1= (25 +1) (27 +1). (69)

This result is also, with the exception of the redshifting by the expansion of
space, in line with the outcome of the Schwarzschild-metric, where the energy of

a photon emitted at time t, and received today can be expected to yield

E, = hvp = vy =g, (70)

where the frequency is denoted as v and A is the Planck constant.

9. Distances and Revised Hubble Law

In the FLRW metric, the Hubble law can be derived by calculating the proper dis-
tance and assuming a flat geometry with k=0 (see [7], p. 571-576; [8]). In the
dynamic metric (Equation (7)), we start with Equation (54):

t dt
71
'Le 18 '[ N 7
Let u(t):=S(t)7 (t). With
W _ s 475, (72)
dt

Equation (71) becomes

U 1 o dr
Cj“e TS(ST+TS)du_'[° 1—kr? (73)

Finally, with

du 1

Qu_ 1 74
dz T28? (74)

we obtain

(75)

dr
I J(z +g( I N
In a flat universe (k =0) and assuming J(Z) + Q(Z) =J,+§, are constant
for 7« 0.1 and can therefore be moved outside the integral, this yields

_ CZ
T +G |

(76)
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This result is in line with the expectations based on Section 1, according to
which a change in the time scale factor leads to a change in the wavelength of a
photon. Consequently, if the distance is calculated based on an observed redshift
z, the time scale factor must be considered because the space parameter and the
time parameter interfere with each other. It could even result that no redshift is
observed, although space expands, particularly if the time dimension was or were
contracted to the same extent as space expands. In a time-like static universe,
where the time “flows equably without regard to anything external”, the redshift
depends solely on the development of the space scale factor since the emission of
the photon. In the proposed model, the values based on redshift will be diluted;
however, in a slightly different way than in the Friedmann universe, as can be seen
from Equations (48) and (52). Conservation of the energy of photons means that
all of the photons emitted by the source will eventually pass through a sphere at
comoving distance x from the emitter ([6], p. 346). The flux is diluted by the fol-
lowing additional effects: the individual photons redshift by a factor (ST )71, and
the photons hit the sphere less frequently, because two photons emitted a time
ot apart will be measured at a time (S7 )71 ot apart. If the calculation of a dis-
tance involves the observed redshift, only the portion of the redshift caused by the
expansion of space is to be considered, that is, the observed redshift will have to
be corrected by the following factor:
Ity

Z.= 77
Sz 41 77)

The distance in the model discussed herein is larger than the distance in the
FLRW universe if the observed redshift is to be corrected by the blueshift portion
caused by the contraction of the time dimension.

10. On the Dynamic of the Model
In order to further analyze the dynamic of the model discussed herein, let us re-
write Equation (48) by defining the critical densities as

_ 372 3k
PG P T anGs?

and, considering Equation (43), the density parameters for mass, radiation and

(78)

curvature as

_P _P . k
Qrad 0 ':p;id' Qm,o .:p_r:, Qk,o = _ﬁ' (79)
Equation (48) can now be written to yield
T =T8T (Quag oS + Q08 °+Q, (8 72), (80)

which reveals a different dynamic than the ACDM model (see for the latter [6], p.
337):

H? = H Q08 + Q00 +Q 087 +Q, ), with p, 1=ﬁ19m =P (81)

Pe
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For the further analysis, let us now assume a matter-dominated universe and

rewrite Equation (52) using (44):

S 18\ 4nG pon
(55|52 s )
which can be written as
—3W1§r+ﬁﬂ=f§5%m. (83)

The right-hand side of the equation is constant with p, > 0, which can be cho-
sen to represent today’s energy density or the density at any other point in time.
As it can be seen from Equation (83), 7 is negative, when S is positive and
S is negative, when 7 is positive. In this paper, only the cases of
S>0AT >0 of the four possible configurations given by the combinations of
S§20 and 7 =0 will be examined. Consequently, there are three sub-cases
(ST>0, 8T =0 and ST =0):

Table 2. Cases of configuration /. S>0A7T >0.

if $>0=7<0
. . - . A: accelerated expansion of space
ST>0=>85>0AT5<-8T <0 i .
if S<0=7>0
B: accelerated contraction of space
if $>0=7<0
. . . . C: continuous expansion of space
ST=0=5=0A1T5<-8T =0 ) .
if S<0=7>0

D: continuous contraction of space

S>0
B i - B E: decelerated expansion of space
ST <0=85<0ATS<-8T .

S<0

F: decelerated contraction of space

An accelerated expansion of the universe requires that the derivative of the time
scale factor and, consequently, the time parameter is negative (case A in Table 2).
As can be seen from the table, the model permits all cases of accelerated, contin-
uous, and decelerated expansion or contraction of space. However, it does not

allow a steady state of space, because S#0,if S=0.

11. The Inflationary Universe

The second Friedmann equation implies that the acceleration of the expansion is
always negative, unless the cosmological constant with an energy density—pres-
sure relationship of @, =-1 is introduced. Let us now assume a completely ra-

diation-dominated universe and rewrite Equation (52) using 44:
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_££+§j:%%, (84)
S 18 3 §'T

The right-hand side of the equation is constant with p, >0, which can be cho-
sen to represent today’s energy density or the density at any other point in time.
Considering configuration I with S§>0A7 >0 and the three sub-cases
(8T >0, 8T =0 and 87T =0) depicted in Section 1, it can be concluded that
7 must be negative and 7S must be less than —S7  (see Table 2, case A), if
S shall cause an accelerated expansion of space (hence S >0AS >0). Equation
(84) can be rewritten as follows:
811G Poras.

S=-JG5~ :
TS

(85)

As long as the term on the right side of the equation is greater than zero, the

(space-like) expansion is accelerated:

87G Ly rad

>0 for— >——F

97 3 S'7?

s 872G Py rag
§¢=0 for-GJ =——=— 86
gJ Wz (86)

872G Py rag

<0 for- L——F—

97 3 §'7°

If the term becomes equal to or less than zero, the inflation epoch ends. A neg-
ative time parameter (G <0) implies a blueshift by a factor 7 . An accelerated
expansion of space, such as inflation, therefore has the consequence that 1) the
energy density dilutes by a factor of S*, 2) but at the same time, that the density
increases by a factor of 7 . If e.g. the time parameter 7 is “starting” at a value
of the inverse of Planck time and is observed at the end of the inflationary epoch
with 7 =1, the energy density increased by a factor of 1.85 x 10*. This consid-
erable energy burst was diluted by the expansion of space (S ); as a result, in our
example, an expansion of space by a factor of 6.56 x 10" would conserve the initial
energy density. Nothing prevents us from assuming an arbitrarily large 7 , which
implies that the vehemence of inflation depends not only on the initial energy
density, but mainly on the initial value of the time scale factor 7 . However, de-
pending on the initial conditions and the development of the space and time pa-
rameters, the blueshift caused by the contraction of the time dimension either in-
creased the energy density at the beginning of the inflationary epoch, or, at least,

delayed the dilution of the energy density and the end of the inflation.

12. A Solution to the Flatness and Fine-Tuning Problems

Evaluating the Friedmann equations, the flatness or fine-tuning problems arise
because the universe has an observed density parameter that is very close to 1. In
other words, the universe is close to the critical density. The problem is that for
the universe to be very close to the critical density after its expansion and evolu-

tion, it must have been even closer at earlier times according to the Friedmann
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equations. There is no known reason for the density of the universe to be close to
the critical density, and this appears to be a strange coincidence. Many attempts
have been made to explain the flatness problem, and modern theories now include
the idea of inflation (see e.g. [9] [10]) which predicts the observed flatness of the
Universe. In view of the modified cosmological model, we start with Equation (48)

and define the critical density and the density parameter as follows:

3 2
P, = 8an . (87)
o=~ (88)
Pe

The critical density and its parameters may change over time. Equation 48 can

be rearranged as follows:

» 8nGp kc?
- 89
J 372 S*T1° (89)
8nGp kc?
21— =— . 90
jj ( 3‘72sz SZTZ ( )
kc?
:jz(l_ppTzJ:_W' (91)
2
= TZ—Q:—%. (92)

It can be seen that the time scale factor compensates any deviation of the energy
density parameter from 1. In other words, if the current curvature is near zero, it
is not necessary that the critical density at earlier times (when S>> 0) must have
been closer to 0 than today, if or because it was compensated by the time scale
factor. The outcome is also in line with what was derived for the inflationary uni-
verse; it was expected that inflation would require that 7 <0 and therefore the

time scale factor would decrease.

13. Discussion

In the ACDM model, the observeation of distant supernovae beeing fainter than
expected [11]-[13], led to the conclsuion that the expansion of the universe is ac-
celerating with time [14]. The driving force behind the acceleration is unknown.
Some suggestions attribute the observations to vacuum energy. In view of the
herein discussed theoretical model, the difference between the expected distance
calculated on the basis of the flux density and the redshift can be traced back to
two effects: the first effect results from the redshift respectively blueshift z,
caused by the contracted, respectively, the expanded time dimension at time of
emission of the light and the second of a decreased flux caused by the accelerated
expansion of space. As it could be seen from Equation (83), 7 is negative, when
S is positive and vice-versa. Given the observation, the model allows the conclu-

sion that the time scale factor 7 at the time of emission of the light of the
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observed supernovae was greater than 1 and dropped to today’s value of 1. Further,
it was shown in section 2 that the expansion of space requires a contraction of the
time dimension. However, it is not yet possible to conclude whether the the time
scale factor dropped below 1 at the end of the inflationary epoch and increased to
became greater than 1 at z=1.5 to z=0.1. This brought together, leads to the
following predictions:

1) The Hubble parameter—as determined on the basis of geometrical or other
measures that do not involve the redshift—will differ from the Hubble parameter
if determined on the basis of redshit. In the first case, the value of Hubble param-
eter corresponds to the space parameter; in the second case, the Hubble parameter
includes the portion of the redshift, respectively of the blueshift, caused by the
time parameter (see Equation (75)).

2) A small difference between the expectation values of the distances 1) based
on geometrical or other measures that do not involve the redshift and, 2) based
on the redshift, should also be observable for redshifts z<0.1.

3) It can be expected that this difference of the distances is either smaller or
greater in relation of ultrahigh-redshift supernovae than it is predicted by the
ACDM model. In the case of a slighter difference of the expectation values at
higher redshift would reveal an acceleration of the expansion of space increasing
with time. If ultrahigh-redshift supernovae are brighter than expected, it could be
conluded that the time scale factor was below 1 at this time.

With the cosmological model discussed herein, it seems possible to explain the
accelerated expansion of spacetime, the inflationary period and the problems of
flatness and fine-tuning. A (time-) dynamic development of the time dimension
is postulated at the metric level. As has already been shown [15], it does not seem
possible at present to realise a consistent quantum theory of gravity that leads to
the unification of gravity with the other forces. With a view to the Extended The-
ories of Gravity (see [15]), quantum and also post-quantum theories (see [16]
[17]), it does not seem unreasonable (and not only for symmetry considerations)
to introduce—a priori—a dynamisation, Ze. a variability of the dimension of time
on the one hand and to allow necessary a-posteriori-adaptations in this respect on
the other. The metrics for describing the gravitational fields of rotating or non-
rotating, charged or uncharged masses, Ze. the Schwarschild, Kerr, Reissner-
Nordstrom and Kerr-Newman metrics, already presuppose a spatially dynamic

time dimension.

14. Conclusion

A dimensionless time scale factor 7 (t) was introduced and a dynamic metric
and hypothecial modified cosmological model were elaborated which describe the
expansion and contraction of the space and time dimensions in a homogeneous
and isotropic model of the universe. It was shown that a variable flow of time may
provide answers to some cosmological problems. The modified cosmological

model includes an alternative to the standard inflationary theory, and further
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resolves classical cosmological constant and flatness questions. At a technical level,
the theoretical model is not yet as well developed as the standard ACDM model

and many topics of high importance have not yet been addressed.
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