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Abstract
This paper is based on the idea that the expansion of the universe

is an expansion of spacetime, involving not just an expansion of space,
as in the FLRW metric, but also an expansion of the time coordinate.
It is shown that the standard cosmological model in which the universe
consists of two-thirds dark energy in the form of a cosmological con-
stant, results from misinterpreting observational data, and that dark
energy is an artefact that arises due to not including the expansion of
time in the usual metric. It is argued that the proposed model is not
physically equivalent to the standard FLRW model, since it predicts
new physics. The acceleration in universal expansion is understandable
on the basis of a mass-dominated universe, where the deceleration due
to gravitation is more than compensated for by the slowing down of
time as the universe expands.

1 Introduction
Observations of redshifts of light from distant galaxies are interpreted
to mean that the universe is expanding. By assuming that the cosmo-
logical principle applies, i.e. the universe is homogeneous and isotropic
on a large enough scale, this expansion is described in the currently
accepted standard cosmological model [1] via the Friedmann-Lemaitre-
Robertson-Walker (FLRW ) metric, which may be written:

ds̃2 = −c2dt2 + a(t)2ds2 (FLRWmetric) (1)

Here, ds̃ is a spacetime increment, c the speed of light, dt a time incre-
ment, and ds is a space increment with a time-dependent scale factor
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a(t) that describes the expansion. The scale factor a is conventionally
set to unity in the present. The time coordinate t is usually referred
to as the cosmic time, and the spatial coordinates are comoving coor-
dinates. For each t the spatial slices are maximally symmetric; a(t) is
called the scale factor, since it tells us how the distance between two
points scale with time. This metric has been discussed in countless pa-
pers and textbooks on cosmology, and is now regarded as generic in
its description of an expanding universe as well as satisfying Einstein's
�eld equations of general relativity, and is one of the foundational as-
sumptions in modern gravitational physics [2].

Although this is currently regarded as standard theory, several sci-
entists believe it does not describe universal expansion correctly. We
know from Einstein's special theory of relativity [3], that space and time
are linked via the speed of light, and in the description of spacetime
as a 4D Minkowski space, time can be regarded as another orthogonal
dimension related to the three spatial dimensions by the conversion
factor ic, where i is the imaginary unit. Verkhovski has pointed out [4]
that in the original paper of Einstein, a scale factor φ was included as
a multiplying factor for all 4 coordinates of spacetime in the equations
known as the Lorentz transformation. At the time, Einstein argued
that this multiplier was equal to unity, which was, of course, before
universal expansion was known about. In any case, Einstein's theory
did not treat, or attempt to treat, an expanding spacetime. However,
in the light of present day knowledge that the universe is expanding,
this multiplying factor may be just what is required theoretically to
describe the scale of the universe as it expands. This suggests that not
just space is expanding, but also the time axis.

Observational evidence has been mounting that can be interpreted
as due to time expanding. For example, Senovilla, Mars and Vera pro-
posed such an explanation for the phenomenon that very distant su-
pernovae seem to be moving faster than those nearer the centre of the
universe - not as a result of hypothetical dark energy - but caused by
time itself slowing down [5]. Johan Masreliez in particular has published
several papers and books on what he calls a scale-expanding cosmos [6].
In his theory, space and time are expanding in a scale-invariant way,
such that each epoch in the development of the universe is identical to
any other epoch.

The purpose of my paper is to present an outline of my own indepen-
dent view and analysis on this subject of a changing time scale. Some
of the ideas will be similar to those of Masreliez, but others are not. I
shall use as simple a mathematical analysis as possible, in an attempt
to make the paper accessible to a maximum number of people.
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2 Expanding time scale model
Before I even begin this paper in ernest, I want to mention a few ideas
that sound more like fantasy than real physics. Please bear with me as
I consider some thought experiments - the kind of thing that Einstein
himself was very fond of. The danger with thought experiments, how-
ever, is that you cannot actually carry them out in reality - which then
opens up the door to completely untestable conclusions.

Firstly, imagine you could instantaneously "beam" someone back
in time with a one-metre rule to when the universe was half its present
size, and could compare this rule with a metre rule in the present.
Would it be half its current length, or would it have the same length as
now? It would be the same length. What is smaller is the spatial dis-
tance between material objects, not the size of material objects them-
selves. Secondly, with regard to time, we can measure the progression of
time on a laboratory clock - a cesium atomic clock, for example. Now
imagine this same intrepid time traveller has taken an atomic clock
back in time with him/her. Would the clock rate have altered? No,
atomic vibrational frequencies are the same in every epoch. What is
di�erent is that a virtual clock that has been devised to tick according
to the scale of the time coordinate will be ticking much more quickly
in the past, since the time axis has been compressed. In other words,
real clocks and rigid rods do not scale with the universe. It is only
spacetime itself that expands, and the factor linking space and time is
the invariant speed of light.

According to the FLRW spacetime metric (Equation 1), time ad-
vances at the same rate, whether in the past, present, or future. How-
ever, if the time axis changes in the same way as the three space axes,
i.e. by the same scale factor, we could write a new metric that takes
this into account, i.e. by using the same multiplier for all 4 coordinates:

ds̃2 = −c2dt′2 = a2[−c2dt2 + ds2] (2)

Even though this new metric looks mathematically like a simple coor-
dinate transformation of time intervals in the FLRW metric from dt
to a dt, I consider that it contains new physics, and is not physically
equivalent to the FLRW metric. This will be justi�ed in more detail
below.

3 Einstein tensor components
This section contains completely standard procedure to derive geodesic
equations from the new metric of Equation 2, and calculate the Christof-
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fel coe�cients describing the curvature, before applying Einstein's GR
theory.

Since NASA's WMAP satellite observations indicate that the large-
scale universe is approximately �at [8], I shall simplify the following
analysis by writing the metric in Equation 2 using polar coordinates as

ds̃2 = a(t)2[−c2dt2 + dr2 + r2dθ2 + r2 sin2 θ dφ2] (3)

having ignored any possible spatial curvature in ds. The Lagrangian is
given by

L = a2
(
−c2ṫ2 + ṙ2 + r2θ̇2 + r2 sin2 θ φ̇2

)
(4)

From the Euler-Lagrange equation we then obtain the following geodesic
equations for t, r, θ and φ:

ẗ +
ȧ

c2a

(
c2ṫ2 + ṙ2 + r2θ̇2 + r2 sin θ2 φ̇2

)
= 0 (5)

r̈ +
2ȧ

a
ṙṫ− r(θ̇2 + sin2 θ φ̇2) = 0 (6)

θ̈ +
2ȧ

a
θ̇ṫ +

2

r
θ̇ṙ − sin θ cos θ φ̇2 = 0 (7)

φ̈ +
2ȧ

a
φ̇ṫ +

2

r
φ̇ṙ + 2 cot θ φ̇θ̇ = 0 (8)

The Christo�el symbols are found from the coe�cients in front of
each term. (The Christo�el symbol for a mixed term is half the co-
e�cient, since the term is really the sum of two equal terms, i.e.,
Γφ

φt = Γφ
tφ = ȧ/a, for example.) The "dots" above t, r, θ and φ refer

to di�erentiation with respect to the Lagrangian parameter λ (which
is the proper time t′ in GR), whereas the "dot" over a refers to an
"ordinary" or coordinate time derivative. We thus obtain for the set of
non-zero connection coe�cients:

Γt
tt =

ȧ

a
; Γt

rr =
ȧ

c2a
; Γt

θθ =
r2ȧ

c2a
; Γt

φφ =
r2ȧ sin2 θ

c2a

Γr
rt =

ȧ

a
; Γr

θθ = −r; Γt
φφ = −r sin2 θ

Γθ
θt =

ȧ

a
; Γθ

θr =
1

r
; Γθ

φφ = − sin θ cos θ

Γφ
φt =

ȧ

a
; Γφ

φr =
1

r
; Γφ

θφ = cot θ (9)
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Next we need to calculate the components of the Ricci curvature tensor.
For example, Rtt is obtained from

Rtt =
∂Γγ

tt

∂xγ
− ∂Γγ

tγ

∂t
+ Γγ

ttΓ
δ
γδ − Γγ

tδΓ
δ
tγ

where we sum over γ and δ for t, r, θ, φ. Then the following components
are obtained:

Rtt = −3ä

a
+

3ȧ2

a2
; Rrr =

ä

c2a
+

ȧ2

c2a2
; Rθθ =

r2ä

c2a
+

r2ȧ2

c2a2
;

Rφφ = sin2 θ

(
r2ä

c2a
+

r2ȧ2

c2a2

)
(10)

The Ricci scalar curvature R, which is the trace of the Ricci curvature
tensor with respect to the metric, is then calculated using

R = Ra
a = gabRab = gttRtt + grrRrr + gθθRθθ + gφφRφφ (11)

Since gab is a diagonal matrix, the components of the inverse matrix
are just the inverse of the components of the original matrix, i.e., with
gtt = −a2c2, we have gtt = −1/(a2c2). We then �nd that the scalar
curvature (for k = 0, a �at space) is given by

R =
6ä

c2a3
(12)

Using Einstein's equation:

Gab = Rab − 1

2
R gab = κTab (13)

we then obtain all four non-zero diagonal components of the Einstein
tensor:

Gtt = 3H2 ; Gii =
−(2Ḣ + H2)

c2
(Owen) (14)

where I have written ȧ/a = H, which is called the Hubble parameter,
and I have surreptitiously converted to Cartesian coordinates (x, y, z),
instead of (r, θ, φ), in order that the three diagonal terms labelled ii,
where i = x, y, z, are the same. Also, Ḣ = dH/dt = (ä/a− ȧ2/a2).

Next, exactly the same procedure for the FLRW metric (Equation
1) may be carried out, and for that we obtain the following Einstein
tensor components for comparison:

Gtt = 3H2 ; Gii =
−(2Ḣ + 3H2)

c2
(FLRW ) (15)
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Equations 14 and 15 di�er only in the factor H2 versus 3H2, respec-
tively, in the ii components, but this di�erence is crucial for a proper
understanding.

Now assume that the universe contains a combination of mass-
energy (which I shall write as %M) plus vacuum energy in the form
of a cosmological constant (which I shall denote as %Λ). The cosmo-
logical constant is described by diagonal terms in the Einstein tensor
proportional to (%,−%/c2,−%/c2,−%/c2), whereas mass-energy gives
(%, 0, 0, 0). Thus, we may write

Gtt ∼ %M + %Λ ; Gii ∼ −%Λ

c2
(16)

where the symbol "∼" means "is proportional to". For the two metrics
we thus have

%M + %Λ ∼ 3H2 ; %Λ ∼ 2Ḣ + H2 (Owen) (17)

%M + %Λ ∼ 3H2 ; %Λ ∼ 2Ḣ + 3H2 (FLRW ) (18)

From ESA's Surveyor Probe and using the FLRW metric as the cos-
mological model, the universe is thought to contain 68.3% dark energy
(almost exactly 2/3), which means - using a reverse physics calculation
- the ratio %M : %Λ ≈ 1 : 2 must have been obtained. This then implies
(using FLRW ): Ḣ = −1

2
H2, and on integrating, we �nd: H = 2/t.

Substituting this behaviour into my model, we obtain %Λ = 0, and
the cosmological constant disappears completely. (That is the most
important statement in this paper.) This �nding is very strongly sug-
gestive that the large value of Λ is an artefact that arose entirely due
to using the FLRW metric, which does not correctly describe universal
expansion, viz. expansion of the time coordinate must also be taken
into account, as I have done in my metric.

With Ḣ = −1
2
H2, we have a ∼ t2, i.e. an accelerating expan-

sion. This is now understandable, even for an entirely mass-dominated
universe, since the gravitational attraction tending to slow down the
expansion is more than compensated for by the acceleration due to the
time coordinate expanding into the future.

So, repeating what I said, ESA's probe found that the universe is
expanding as t2. They then used FLRW to calculate that the universe
consists of 2/3 dark energy, whereas if they had used the expanding
time scale in my metric they would have concluded there is no need to
invent dark energy.
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4 Replacement Friedmann equations
The standard cosmological model with the FLRW metric leads to a set
of equations called the Friedmann equations. The new metric in Equa-
tion 2 leads to di�erent equations for describing the same quantities,
which I shall now derive.

Firstly, as a reminder, the Friedmann equations derived using the
FLRW metric and the resulting Einstein tensor components are:

H2 =
8πG%

3
; Ḣ = −4πG

(
% +

P

c2

)
(19)

where % is the mass density and P the hydrostatic pressure, which lead
to

%̇ = −3
ȧ

a

(
% +

P

c2

)
(20)

Using the cosmological equation of state

P = w%c2 (21)

we then arrive at
% ∼ a−3w−3 ; a ∼ t

2
3+3w (22)

For a mass-dominated universe, w = 0, this gives % ∼ a−3 and a ∼ t2/3;
for a radiation-dominated universe, w = 1/3, we have % ∼ a−4, a ∼ t1/2,
while a cosmological constant, w = −1, gives % = constant, and an
exponential expansion.

In my model the equivalent expressions are:

H2 =
8πG%

3
; Ḣ = −4πG

(
%

3
+

P

c2

)
(23)

This leads to
%̇ = −3

ȧ

a

(
%

3
+

P

c2

)
(24)

from which is obtained

% ∼ a−3w−1 ; a ∼ t
2

1+3w (25)

For a mass-dominated universe (w = 0) we now have a ∼ t2, which
implies the universe will accelerate its expansion even though gravity
is trying to slow it down. (The Friedmann model gives a ∼ t2/3, which
is a deceleration.) For a radiation-dominated universe (w = 1/3) my
model gives a ∼ t (whereas Friedmann gives t1/2), and a cosmological
constant (w = −1) doesn't give a sensible result.
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Another interesting case would be for w = −1/3, which can be re-
garded as a dust model of non-interacting particles. In that case, my
model predicts an exponential increase in scale factor (not immedi-
ately apparent from the equation), while the Friedmann model gives a
corresponding linear increase in scale factor.

5 Discussion
5.1 Galactic red-shift
In standard cosmology the usual relationship between red-shift and
the expansion is derived by considering a light wave emitted at the
frequency of the source fs with a wavelength λs, related via the speed
of light as

λs =
c

fs

(26)

It is then imagined that during transit the wave is stretched as space
expands. On arrival at the observer it will accordingly have a new
wavelength λo determined by the amount space has expanded during
transit. The red-shift is de�ned as

z =
λo − λs

λs

(27)

This is then related to the scale change of space by the expression
λo

λs

=
1

a
= 1 + z (28)

where a is the scale factor when the light was emitted.
The model presented here does not alter this interpretation, since

atomic frequencies in the past were the same as today. The abstract
spacetime clock that can be imagined to have been ticking more rapidly
in the past, has no bearing on atomic frequencies. This would mean that
atomic vibrational frequencies emitting light we observe today were not
higher in the past, and then the conventional argumentation applies for
understanding galactic red-shifts, viz. they are due to the expansion of
space during transit of photons from source to observer.

I mention this because Masreliez [9] proposed a di�erent mechanism
for the observed red-shifts, which I shall now explain brie�y. Consider
the equation of motion of a free particle moving on a radial path (dθ =
0; dφ = 0) relative to an observer in a scale-expanding spacetime. From
the radial geodesic obtained earlier we have:

r̈ + 2
ȧ

a
ṙṫ = 0 (29)
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Furthermore, the metric line element in Equation 2 may be rearranged
to read:

1

ṫ
= a

√
1− v2

c2
(30)

where v = dr/dt. Substituting this into the previous equation gives the
following di�erential equation (after several lines of working):

dv

dt
+ Hv

(
1− v2

c2

)
= 0 (31)

where dv/dt is the coordinate acceleration.
Masreliez's model of a scale-expanding spacetime represents a spe-

cial case of my model, in which he sets H as constant. This is equivalent
to assuming only a cosmological constant, with no mass. With H con-
stant, he then integrated the same equation as above from an initial
velocity v0, resulting in:

v =
v0e

−Ht

√
1− v2

0/c
2 + (v2

0/c
2)e−2Ht

(32)

This result predicts that a freely moving particle will decelerate. If the
particle velocity is much smaller than the speed of light, the expression
can be approximated as:

v = v0e
−Ht ; [v ¿ c] (33)

He called this e�ect cosmic drag, since the acceleration is proportional
to the velocity and in the opposite sense (like a friction force, or New-
tonian viscosity), i.e. H acts like a drag coe�cient. By writing the
relativistic energy of the particle as

E = mc2 = m0c
2/

√
1− v2/c2 (34)

(where m = relativistic mass, m0 = rest mass), and inserting the ex-
pression for v given in Equation 32, one obtains the expression:

E

E0

=
v0

v
e−Ht (35)

where E0 is the initial energy. Masreliez then considered this particle
to be a photon of light (which has no rest mass, only relativistic mass),
and wrote v0 = v(= c), and thus obtained an exponential decay in
energy:

E

E0

= e−Ht (36)
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Since the energy of a photon is E = hf , where f = c/λ is the frequency,
he obtained

λ = λ0e
Ht (37)

where λ0 is the emitted wavelength, and claimed that the red-shift of
light increases exponentially with the time that elapsed since the light
was emitted by the source. This is clearly a di�erent explanation of
red-shift of galactic light from that given by the standard cosmological
model, which is based on the expansion of space alone. The functional
form resembles that of Zwicky's tired light phenomenon [10], however,
the perceived energy loss here is not due to dissipative losses (such as
collisions, or scattering with other photons), but due to the expansion of
time during transit. Unfortunately, I believe Masreliez's mathematical
argumentation (jumping from the equation of motion of a particle with
mass to a light photon) might possibly be �awed, rendering the analysis
partially incorrect.

5.2 Conclusion
The new exponents in my model are of importance for the cosmological
model, and if adopted would alter the predictions considerably. How-
ever, it is sure to be rejected on the grounds that the metric appears
to be physically equivalent to the FLRW model, since one metric can
be transformed into the other by a simple coordinate transformation.
Indeed, a well-known way of rewriting the FLRW metric is via the
conformal time τ , which is de�ned as

τ =
∫ t

0

dt

a(t)
or a dτ = dt (38)

The distance c τ represents the comoving distance travelled by a photon
in a time t. This then allows one to write the FLRW metric as

ds̃2 = a(τ)2[−c2dτ 2 + ds2] (39)

which appears to be the same as my metric in Equation 2 with my
time quantity equal to the conformal time. Clifton et al [2] have indeed
calculated the solutions to the standard-model Friedmann equations
using both cosmic time and conformal time, and obtained the same
exponents as I obtained in a previous section, but without making the
same deductions as I have made about the expansion of time.

I maintain that my model introduces new physics, and is not another
way of writing the same thing. If the expansion of time is not taken
into account (as in FLRW ), then τ is the conformal time, but if time
expansion is taken into account, then what was the conformal time
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τ becomes the same quantity as the actual time coordinate t in the
new spacetime metric. The proof that this is something di�erent lies
in the obvious prediction that there is no need to invent a substance
called dark energy to describe the accelerated universal expansion. If an
expanding time scale is not considered, as in the standard model, then
dark energy in a very unlikely relationship of 2/3 has to be introduced
as an ad hoc hypothesis, which must surely be regarded as very unlikely
indeed.

References
[1] http://en.wikipedia.org/wiki/FLRWmetric

[2] T.Clifton, P.G.Ferreira, A.Padilla, C.Skordis, "Modi�ed gravity
and cosmology", Physics Reports, 2012

[3] A.Einstein, "Zur Elektrodynamik bewegter Koerper", Annalen der
Physik,17:891 (June 1905)

[4] L.I.Verkhovsky, "Memoir on the theory of relativity and uni�ed
�eld theory", viXra 1802.0136

[5] T.Chivers, R.High�eld (18.12.2007): "Time is running out literally,
says scientist", http://www.telegraph.co.uk

[6] C.J.Masreliez, "Scale expanding cosmos Theory 1: Introduction",
Apeiron, Vol.11, 3 (July 2004)

[7] C.J.Masrteliez, "The Progression of Time", CreateSpace Indepen-
dent Publishing Platform (2012)

[8] http://en.wikipedia/wiki/WMAP

[9] C.J.Masreliez, "Scale expanding cosmos Theory 2: Cosmic Drag",
Apeiron, Vol.11, 4 (October 2004)

[10] F.Zwicky, "On the red shift of spectral lines through interstellar
space", PNAS 15:773-779 (1929)

11


