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ABSTRACT 

A Speed of Light falling over time inversely proportional to the expansion of the Universe leads to an experimentally 
observed exponential changing of the Red Shift over time. It is necessary to re-define the Angular Impulse Momentum 
in order to get a consistent expansion of space on all levels. Conservation of Energy and this newly defined Angular 
Impulse Momentum then leads to the requirement that all clocks slow down in time inversely proportional to the Red 
Shift, independent of whether the Speed of Light is constant or not. From the Lorentz equation it then follows that Ex- 
pansion occurs over space-time and not over space alone. A steady state expansion in true time is then transformed into 
an exponential expansion for an observer with a local clock. A finite lifetime of the Universe is transformed to an infi- 
nite lifetime for these observers including elementary particles. 
 
Keywords: Acceleration of Expansion; Expansion of Space-Time; Exponential Expansion; Conservation Laws; Dark 

Energy 

1. Introduction 

It has been shown that Speed of Light measurements are 
basically flawed and that therefore the actual Speed of 
Light can never be measured correctly [1]. The actual 
Speed of Light can therefore vary over time without us 
being able to observe this directly. It has been shown that 
the Hubble Law fits the Supernovae data [2] in an excel- 
lent way when a varying Speed of light is taken into ac-
count. This then automatically leads to a universe with an 
expansion that is exponentially in time. 

2. The Red Shift 

With a Speed of Light changing over time, the red shift is 
a combination of the contribution by the expansion of the 
universe with scale a(t) and the contribution of the 
change in the speed of light c(t). It has been shown that 
the red shift becomes: 
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The first ratio of the wavelengths is due to the expan- 
sion of the universe and the second part related to the 
change in the speed of light. 

Figure 1 shows the measured distance of the superno- 
vae versus the product of the Speed of Light c(t) and the 
Red Shift z. Here the Speed of light has been assumed to 

vary inversely proportional to the expansion rate of the 
Universe a(t). The measured distance of the supernovae 
has therefore the following relation to the red shift z: 
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This should be compared with the calculated one [1]: 
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xwith 0t t . Equating Equations (2) and (3) and 
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Figure 1. The measured distance DL versus the product c(t). 
z in which c(t) = c0/a(t). c0 is the speed of light at present. A 
remarkable good fit with the data is obtained with a char- 
acteristic time t0 of 14.082 Gyear. 
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eliminating c0·t0, one gets: 
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if one stipulates that 
  . By varying   one 

can get a range of a(t) and c(t) pairs that satisfy equation 
(1) and lead to the observed modified Hubble Law. For 
instance 1    represents the expanding universe with 
a constant speed of light. All other values of   lead to a 
varying speed of light over time. The nature of the red 
shift limits the range of gamma to values of: 1 0  

0

. 
A universe that would not expand at all is represented by 
  . 

It has been shown [1] that the following relation exist 
between the Red Shift z and the time 0x t t  as function 
of gamma  : 
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And for 
1

2
    1 ln 1x z   we have  with a 

relative error of  1
ln 1

2
z
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We may therefore conclude that the solution is 
quasi-exponential for a range of values of gamma: 

    and for Red shifts of up to z = 10. This is 
consistent with the observation that the expansion of the 
universe seems to accelerate in recent times. 

The Red Shift is: 
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The value of gamma   determines the relation be- 
tween the expansion scaling a(t) and the speed of light c(t). 
The time t = 0 is the present time, t0 = 14 Gyear and c0 is 
the speed of light in our, the present time. 

3. The Expansion and Conservation Laws 

It is has been shown in [1] that for a planet of mass m 
orbiting a star with mass M at a distance r in an expand- 
ing universe energy conservation is readily obtained. 
And that with changing a(t) and c(t) energy is conserved 
if the ratio of v/c is conserved. This implies too that rela- 
tivistic energies and equations are conserved or un- 
changed. 

It was also shown that the standard law of angular im- 
pulse momentum m.vxr can not be correct, since it leads 

to conflicting dependences of r(t). A simple modification 
of the definition of the angular impulse momentum 
eliminates this problem and then .    r t a t r  0

The correct definition of the Angular Impulse Mo- 
mentum is: 

2mc
c a
    

v r
P                (7) 

This momentum is conserved when the universe ex- 
pands with    r t a t r0  . It is clear that this definition 
is the same as the one we are used to in our time when 
  1a t  . 
However the clocks all change now with the expansion 

and the clock frequency changes with the Red Shift: 
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The Angular Impulse Momentum applies also for the 
hydrogen atom, which equals: 
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With this definition of the angular impulse momentum, 
conservation implies that the scaling with the expansion 
scale factor a(t) is maintained for both planet orbits and 
atoms. 

Another important detail is that the electric charge is 
changing with the expansion: 
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The dependence of the clocks on the Red Shift has im- 
plications for the Lorentz equation and so on Relativity. 
It can be seen that Relativity as such is unaffected by the 
expansion of the universe. 

The Lorentz equation is: 
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This just states that the Lorentz length, like all lengths, 
too is multiplied by a(t). 

Also Quantum mechanics are unaffected. It can readily 
be seen that all energy levels of the Hydrogen atom are in 
units of mc2α2, which is independent of a(t). Without this 
the analysis of the Redshift would have been meaning- 
less. 

4. Time Expansion 

The expansion of the Lorentz length shown above leads 
to an important conclusion: namely that the expansion of 
the Universe does not just occur over space but over 
space-time. And that causes an observation of a phe- 
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nomenon that evolves linearly in true time to be observed 
on an apparent exponential time scale for an observer 
with a clock depending on a(t). 

Assume that an observer clock runs with time t. That 
time is a function of the true time:  1z ddt    . The 
inverse of the Red Shift is zero at the time of the Big 
Bang and unity at the present time. Now assume that this 
latter function evolves linearly in the true time:  

  1

0

d 1
1z

t
 

d
. 

One then gets for the time derivative in the observer 
time: 
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It can readily be seen that this yields: 01 e
t

tz


  . 

Together with   0e
t

ta t




  and  
 

0

1

0e

t

tc t c




 and t0 

= 0 . It can be concluded that an observed exponential  

behaviour of the Red Shift over time is related to a steady 
state expansion of the universe in true time. There is no 
real acceleration and therefore there is no need for Dark 
Energy. The exponential expansion is an artefact of the 
expansion of space-time. 

5. The Relation between a(t) and c(t) and 
Scaling with z + 1 

The value of gamma   controls the relationship be- 
tween a(t) and c(t). 

The size of the objects seen depends on the value of 
gamma and these are scaling with  1z



z

. On the other 
hand the angular rotation of objects scale with just (z + 
1). 

There exists tempting supporting data for the expo- 
nential scaling of the expansion. It has been shown that 
the galaxy size (in kpc) is a function of the red-shift z [3]. 
The data in Figure 2 show that the size of galaxies scale 
as 1  , with   equal 0, –1 and –2. For 0.5  

0.5

 
the galaxies would scale as the scale factor of the ex- 
panding universe, namely as . But other 
values of 

   1 z
 a z

  around –1/2, like –2/3 are also certainly 
possible. The latter leads to the condition that c2·a is 
constant [4]. Another value of 1 3    yields c·a2 being 
constant and leads to a much stronger inflation. This may 
be seen in Figure 3 which shows the evolution in true 
time of the scale factor a( ). 

6. Discussion 

The exponential expansion now comes out of the expan- 
sion of space-time and this is consistent with observations 
of the Supernovae distances. It is independent of whether 
the Speed of Light is constant over time or not. 
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Figure 2. Courtesy of R. Bouwens [3]. The radial mines- lu
cence versus radius in kpc for various scaling’s of the size of 
the galaxies versus z + 1. Namely : (z + 1)−2, (z + 1)−1 and (z + 
1)0. Clearly the correct exponent is between −1 and 0. 
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Figure 3. The scale factor a of the universe versus true ime 

There is still a degree of freedom of how the expansion 
sc

 t
τ/τ0 for various values of γ, τ0 is Gyear. The closer γ is to zero 
the more inflation occurs at the time of the Big Bang. The 
red broken line shows the exponential scaling of the a(t) for 
the observer time t and γ = −1/2. 
 

ales with the Red Shift. It is clear that a(t) scales with 
 1z

  with γ around –1/2, but a γ of –2/3 or –1/3 cannot 
uded at all for the moment. The scaling of the 

Speed of Light over time is tied up to the scaling of the 
expansion with the Red Shift. To narrow the possible 
range of γ, even more accurate measurements of the size 
of galaxies will have to be made or physics models will 
have to determine the scaling. 

be excl

7. Conclusion 

aling law gives a very good match to The exponential sc
the Supernovae observations. A re-definition of the An- 
gular Impulse Momentum is necessary in order to get a 
consistent expansion of the Universe. This leads to an 
expansion of space-time and not just space alone. This 
latter on its turn transforms a steady state expansion into 
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