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Abstract 
 
Recent WMAC and Planck data confirm that the universe is spatially flat also in a General 
Relativity framework. This article aims at demonstrating that in the flat-metric, uniform 
universe approximation, a new set of initial assumptions – consistent with earlier and recent 
observations – results in a simple, rigorous expansion theory, free-standing from General 
Relativity and readily explaining the observed expansion features of the universe, both 
qualitatively and quantitatively. A Big Bang singularity and the existence of a non-zero 
ground level density of dark energy permeating all space and being a physical manifestation 
of the invariant ground state space, follows from the theory. The basic hypothesis is that the 
universe is inflated by a uniformly distributed source flux of dark energy – a dark source flux 
– generating the observed volume expansion. This source flux makes possible a concise 
mathematical formulation of the metric expansion in terms of one single variable (cosmic 
time) and two measurable universal constants. The model completely determines the 
evolution of the universe from Big Bang to eternity and provides a seamless connection 
between the early epoch of rapid inflation and our present epoch of slower but accelerating 
expansion. It features a transition from decelerating to accelerating expansion in an interval of 
time consistent with astrophysical observations. All expansion parameters – including total 
density and dark energy density – are derived and evaluated from merely two experimental 
input parameters: a measured Hubble constant and the age of the universe estimated from the 
age of the oldest known star. The numerical results are well in line with recent WMAP and 
Planck results, but in contrast to these do not rely on best-fit procedures. The model also 
reveals an intimate relation between the dark energy and the matter contents of the universe. 
The dark source flux defines a cosmological arrow of time and opens up a new and tangible 
physical perspective in the understanding of the evolution of the expanding universe. 
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1 Introduction 
 
In 1929 Hubble  1  observed that distant galaxies appear to be receding with velocities that 

increase with increasing distance from Earth. To avoid a geocentric interpretation of this 
observation, it was soon conjectured that this effect is due to non-centric, metric expansion of 
the universe. Conclusive observational evidence of accelerating expansion was reported by 
Riess et al.  2  and Perlmutter et al.  3 . In 2011 this achievement was awarded the Nobel 

Prize in physics. The expansion of the universe is a fundamental part of the Standard Model 
of Cosmology, which in turn is based on the curved-metric, covariant tensor formalism of 
General Relativity (GR). Recent spacecraft data (Bennett et al. 2012 4 , Ade et al. 2013 5 ) 

indicate, however, that the universe is flat-metric on a global scale, suggesting that it could be 
handled within a much simpler but still rigorous mathematical framework. 
 
This article aims at demonstrating that in the flat-metric, uniform universe approximation, a 
new set of initial assumptions – consistent with earlier and recent observations – results in a 
simple theory that readily explains the observed expansion features of the universe, 
qualitatively as well as quantitatively. The theory is free-standing from GR and its 
offspring CDM , but adopts the mass-energy equivalence principle from Special Relativity. 
 
2 Dark source flux model 
 
We apply the flat global space assumption at all stages of metric expansion, which in GR 
would correspond to a curvature constant 0k  . The size of the flat universe is indeterminate, 
but we assume it to be effectively unlimited outside the observable part. These are points of 
crucial importance; the entire universe is here assumed to be flat-metric and effectively 
unlimited at all times from the high density primordial epoch to the low density ultimate 
universe. For metric expansion, this is fully consistent with the fact that the Hubble flow, as 
well as the visibility horizon of our observable part of the entire universe, appears to be 
receding radially from our location in space. It does not, however, imply that the entire 
universe expands from that or any other preferred point in space; space is non-centric.  
 
In our simplified model we assume that all species of matter and energy behave like 
homogeneous and isotropic cosmic media uniformly distributed throughout the entire 
universe; not perfect fluids though. This is in contrast to the Friedmann formalism of standard 
cosmology, which is based on the perfect fluid assumption. In our model, each medium 
interacts gravitationally over long range within itself and with other media. The media are: 
baryonic matter, dark matter, radiation, and dark energy.  
 
It is well established by now that: 
 
(1) our universe expands metrically according to Hubble’s law, constantly adding newly 
created space to the already existing one in every expanding element of space, and 
 
(2) all of space, including newly created parts, is permeated by dark energy of constant mass 
density. In GR this is a consequence of a mathematical ansatz (a cosmological constant in the 
field equation). Here it is a consequence of a physical postulate given below. 
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Taken together these two statements imply that new energy must somehow be constantly 
infused into the universe. Therefore, we here postulate the existence of a physical source flux 
of dark energy – a dark source flux (DSF) – which maintains constant mass density g   

kg m-3 of dark energy in the universe during expansion, by supplying mass at a rate of  s t   

kg m-3 s-1, where t  is cosmic time. (Note: This source flux is essentially different from the one proposed 
in the non-singular Steady State Theory 6,7   , which includes a baryonic source flux component.) 
 
The DSF expands the metric the only way it can be expanded: by adding more volume – i.e. 
dark energy – everywhere in space. If we accept that dark energy is a physical manifestation 
of space, and that space expands metrically in a homogeneous, isotropic, non-centric manner 
with maintained constant dark energy density, the existence of an evenly distributed DSF is in 
fact a compelling consequence. The effect of this source flux is illustrated by the following 
simple metaphor: 
 
On a rainy day, imagine a shallow puddle of water in the street. The puddle grows in size as 
the rain keeps falling. Some leaves are floating on the surface of the puddle. We notice how 
the leaves drift apart metrically, due to the rain that uniformly expands the puddle. As seen 
from anyone of the leaves, all other leaves move away radially. No net forces act on the 
leaves. They are at rest relative to the most nearby water, but they still move apart since the 
water between them is expanded by the rain. They actually drift apart at an accelerating speed, 
due to the cumulative effect of the rain constantly falling over the growing area of open water 
between them. The rain expands the puddle but not the individual leaves, since these are held 
together by strong cohesive forces. In this metaphor, the expanding medium is the water, and 
the agent behind its metric expansion is a uniformly distributed source flux: the rain. This 
‘Hubble Puddle’ is a 2+1 dimensional miniature model of the metrically expanding universe. 
 
This article presents a simple but rigorous flat-metric model, based on a postulated, expansive 
dark source flux, corresponding to the rain in the Hubble Puddle metaphor. All dark energy 
stems from the DSF and is, after creation, preserved. The infused dark energy is effectively 
not transported anywhere in space; it is non-localized and is created simultaneously 
everywhere in the expanding space. In the DSF model all mass-energy elements – except 
photons and neutrinos – are ‘embedded’ in the expanding flat metric and co-move with it, i.e. 
do not move relative to it. Photons and neutrinos move at the speed of light (or close to it) 
relative to the expanding flat metric, but their averaged density distributions in space are 
‘embedded’ and co-expand with the metric. 
 
It is not the dark energy itself that expands space; it is the underlying source flux that serves 
as the expanding agent. During expansion, the source flux creates new space simultaneously 
everywhere without action of forces (cp. the forceless movement of the leaves in the Hubble 
Puddle). No net gravitational (or inertial) forces act on individual mass elements and 
expansive and contractive energy densities always cancel out, as we shall see. From a local 
observer’s viewpoint, all matter in the universe drift along without resistance in the radial 
Hubble flow like driftwood in a river, and it is easily shown that Hubble’s law (Eq. (1)) 
follows as a simple consequence of the expansive effect of the uniformly distributed DSF. 
 
Accepting that space never is quite empty, we will sometimes use the terms ‘ground state 
space’, and ‘ground state density’ for the constant density g of dark energy defining this 

state. Assuming that flat ground state space is of invariable nature g must remain constant 

even during metric expansion.  
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We divide the total mass density of the universe into two parts:    g bdrt t    , where 

 bdr t  is the density comprising all species of mass excluding ground state density (i.e. 

baryonic matter, dark matter, radiation). The sum of these three mass species is not a priori 
assumed to be conserved. However, in Sec. 5 it will be shown that this feature follows from 
the theory, i.e. the sum of non-dark energy species actually is conserved and their collected 
density bdr  therefore dilutes in inverse proportion to the volume expansion. The composition 

of bdr  changes over time though, due to energy conversion. For instance, the sharp drop in 

radiation-to-matter ratio that occurred early in the evolution was due to energy conversion, 
not to annihilation or escape of radiation energy. However, radiation-, matter- or ‘vacuum’-
domination within the bdr  density is not of relevance in the DSF model. This is another 

important distinction from the Friedmann formalism, where the perfect fluid constraint results 
in incoherent equations of state for different cosmic media. 
 
3 Theory of dark source flux 
 
In any chosen local frame of reference, the metric expansion is given by Hubble’s law: 
 

( , ) ( )t H tv r r .                                                                                                                (1)  
 
v  is the recession velocity of the Hubble flow at the radial position r  at cosmic time t , and 

( )H t is the time-dependent Hubble parameter. The rate of expansion function ( )H t  
constitutes the ‘observed’ net result of all expansive and contractive effects, including 
pressure and gravity in whatever forms these effects may be manifested. Thus, pressure and 
gravity are not explicit in Eq. (1), but are nevertheless implicitly included in the ‘empirical’ 
parameter H and consequently in all expansion parameters based on Eq. (1).  
 
It is important to note that a spatially linear expression of this type is valid for flat-metric 
expansion in the full interval of  0 t   , also in the early epoch of rapid inflation. Any 
deviation from spatial linearity would imply deviation from the non-centricity criterion.  
 
Hubble’s law describes the linear metric expansion: d

dt Hr r . It is easily shown that the 

corresponding volumetric expansion is given by: 3d
dt V HV . If the expanding volume is 

filled with dark energy of constant mass density, the corresponding relation for the growing 
mass content of dark energy in the expanding volume is: de de3d

dt M HM . Dividing this 

expression by V , we obtain:  
 

( ) 3 ( ) gs t H t   ,                                                                                                                     (2) 

 
where g de ( ) / ( )M t V t    constant and de( ) ( ) / ( )d

dts t M t V t . The dark source flux function 

( )s t  is the amount of dark energy mass infused per units of time and volume at the cosmic 

time t . The source flux ( )s t  expands space and maintains constant g level at all rates of 

expansion ( )H t . In principle, the model allows for g being exactly zero, but in that case our 

model is reduced to a degenerate state of the universe (verified in Sec. 5). 
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Eq. (2) is the basic mathematical formulation of the dark source flux hypothesis. Ultimately, 
when only dark energy remains in the observable universe (outside our own ‘leaf in the 
puddle’, i.e. our non-expanding local galaxy cluster), Eq. (2) is reduced to a simple and 
fundamental relationship between three universal constants (subscript g indicates ground state 
values at t  ): 
 

g g g3s H  .                                                                                                                              (3) 

 
( )s t can also be expressed in terms of the total mass-energy density ( )t  (which includes g ). 

In a universe expanding due to source flux, dark mass-energy is infused from a uniformly 
distributed, dissipative source in the system. It is not possible to define an unambiguous 
Lagrangian or Hamiltonian for such a system, since dissipative processes lack well-defined 
potential functions. Instead, the source flux will here be defined in terms of an equation of 
continuity of general mathematical validity: 
 

( , ) ( , ) ( , )ts t t t
  r r σ r ,                                                                                                 (4) 

 
where   is the total mass density, s  is the rate of dark source flux entering a volume, t 

 is 

the rate of change of density inside the volume, and σ  is the flux of the radial Hubble flow 
leaving the volume through its surfaces. This equation makes the trivial statement that the rate 
of change t 

  in an infinitesimal volume element equals the difference between the rate of 

influx s  into the element (due to source flux) and the rate of outflux  σ  through its surface 
(due to Hubble flow). Note that this equation does not imply mass or energy conservation, 
since s  and  σ may assume any values and the corresponding value of t 

 then follows 

from the equation. In fact, conservation of the total energy is fundamentally incompatible with 
a system undergoing flat-metric accelerating expansion. 
 
The radial flux can be expressed: ( , ) ( ) ( , )t t tσ r v r , where the velocity field is the Hubble 
velocity ( , ) ( )t H tv r r . Remembering that 3  r , Eq. (4) becomes: 
 

( ) ( ) 3 ( ) ( )d
dts t t H t t   ,                                                                                                        (5) 

 
where the r -dependence has been omitted, since the homogeneous, isotropic, and non-centric 
nature of metric expansion demands uniformity in space, in concord with the cosmological 
principle. We repeat that the effects of pressure and gravity are implicit in this equation. 
 
Eq. (5) is the basic equation of continuity for a universe expanding due to source flux. This 
continuity equation is valid at every location in any local frame, and accordingly constitutes a 
relationship of global validity. Nothing limits the time parameter in this equation, so Eq. (5) 
also is valid in the full time interval of metric expansion. It will be shown that our expansion 
model is singular at 0t  , thus displaying an era of rapid early inflation. This epoch and our 
contemporary epoch of slower metric expansion are seamlessly linked by the common 
equation of continuity (5). In the ultimate limit t  , Eq. (5) reduces to Eq. (3), as expected. 
 
4 Dynamic energy balance 
 
In order to derive basic expansion parameters as functions of time, it is necessary to 
investigate how a local observer sees the balance between the dispersive kinetic energy 
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generated by the source flux on one hand, and the opposing cohesive gravitational energy on 
the other. Similar analyses have previously been performed in relativistic as well as non-
relativistic contexts arriving at identical results. This correspondence is no random 
coincidence; it supports our notion that the flat-metric expansion of the universe is a 
phenomenon in the classical limit of relativity. We here repeat the non-relativistic line of 
argument, but now in a source flux context: 
 
The net dynamic energy density dyn  (not including rest mass-energy) equals the sum of the 

expansive kinetic energy density kin  and the contractive gravitational energy density grav : 

 

  2 22
dyn kin grav( , ) ( , ) ( , ) ( ) , / 2 4 ( ) / 3t t t t t G t        r r r v r r .                                (6) 

 

 , tv r  is the velocity field, generated by the source flux, as seen by a local observer. In this 

expression, we make no a priori assumption about the nature of the velocity field other than 
spherical symmetry (i.e. Hubbles law is not presupposed in Eq. (6)). In the gravitational term, 
Newton’s shell model for gravitation in spherical symmetry has been used. A state of dynamic 
balance implies dyn 0   and the scalar version of Hubble’s law: ( , ) ( )t H tv r r  now 

follows directly, with Hubble parameter: 
 

   8 / 3H t G t   .                                                                                                        (7) 

 
In this derivation of Hubble’s law, it is seen that metric expansion according to Hubble’s law 
is a simple consequence of dynamic energy balance. It is also evident that in dynamic balance 
every non-degenerate state (i.e.   0t  ) of the universe must be expanding (i.e.   0H t  ). 

Eq. (7) can be expressed in a more familiar form: 
 

2( ) 3 ( ) /(8 )t H t G  .                                                                                                        (8) 
 
Formally, this is Friedmann’s critical density, but in the DSF model this is the criterion for 
dynamic balance during expansion, rather than a point of balance between contraction and 
expansion as is the case in the CDM theory. The fact that experimental present-day values 
of    and H  satisfy Eq. (8) quite well is by no means a coincidence; Eq. (8) is satisfied at all 
times in the DSF model. Thus, a ‘coincidence problem’ does not arise. (Note: If we wish to 
highlight the driving role of the dark source flux, we can use Eq. (3) to exchange ( )H t  for ( )s t  in Eq. (8)).  
 
Asymptotically ( t  ) we have: 
 

2
g g3 /(8 )H G  .                                                                                                                 (9) 

 
5 Expansion parameters as functions of cosmic time 
 
The three equations (2), (5) and (8) relate the three functions ( )t , ( )s t  and ( )H t , and Eq. 

(9) relates g to gH . Eliminating ( )s t , ( )t  and g  from this equation system, we obtain a 

cosmological expansion equation: 
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2 2

g2 ( ) 3 ( ) 3d
dt H t H t H  .                                                                                                    (10) 

 
This equation is based on the dark source flux hypothesis embodied by Eq. (2) and is of 
central importance in our theory. It is a first order, non-linear differential equation, which can 
be solved analytically for g 0H   by separation of variables. The solution is a hyperbolic 

function: 
 

g g( ) coth(3 / 2)H t H H t ,                                                                                                     (11) 

 
displaying a singularity (0)H    at 0t   as expected, and ( ) gH H  , also as expected. 
(Notes: Strictly, Eq. (11) should include an integration constant, which is disregarded here since it does not in 
essence affect the reasoning in this article. Mathematically, there is an alternative solution of Eq. (10) involving 
a tanh function rather than coth, but this solution cannot be reconciled with our current picture of the evolution 
of the universe.) 
 
In the case g 0H  , Eq. (10) only has the degenerate solution ( ) 0H t  , whereby ( ) 0t   

follows from Eq. (8). Non-degenerate states require non-zero ground state constants ( g 0H  , 

implying g 0  ). Non-vanishing dark energy density thus is a compelling consequence of the 

DSF postulate. Intuitively, this conclusion also is clear from the Hubble Puddle metaphor: if it 
is raining, the ground gets wet. The rain corresponds to the DSF and the water on the ground 
to the dark energy. 
 
Inserting Eq. (11) into Eqs (3) and (8), we obtain source flux and density as functions of 
cosmic time t : 
 

g g g( ) 3 coth(3 / 2)s t H H t ,                                                                                                 (12) 

 
2

g g( ) coth (3 / 2)t H t  .                                                                                                     (13) 

 
Dividing the scalar version of Hubble’s law: d

dt r Hr  with an arbitrary reference length, it 

can be expressed in terms of a dimensionless scale factor:      d
dt a t H t a t . Solving this 

equation for the scale factor ( )a t , and using Eq. (11), we obtain: 
 

2/3
g( ) sinh (3 / 2)a t H t ,                                                                                                        (14) 

 
where the arbitrary normalization constant for simplicity is set to unity (usually it is chosen so 
as to make 0( )a t  equal unity at our present cosmic time 0t ). 

 
All four expansion parameters in Eqs (11) to (14) can be expressed as compact functions of 
one single variable (cosmic time) and two universal constants ( g and gH ), which in turn can 

be determined from experimental data (see Sec. 7).  
 
Eq. (14) is the standard cosmology solution of Friedmann’s equation in the special case of a 
flat, pressure-less dust universe with a cosmological constant 2

g3H  ; a case that excludes 
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radiation which has non-vanishing pressure. In the DSF model, on the other hand, it is not 
relevant to distinguish between pressures of different cosmic media; total pressure is an 
implicit property. By definition, radiation always is included as one component of bdr and  . 

 
The expansion parameters are related in the following simple manner: 
 

2 2 3 3
g g g/ ( / ) ( / ) (1 ) /H H s s a a      .                                                                           (15) 

 
(Note: The last equality is valid for our choice of normalization constant (= unity) in Eq. (14), but is easily 
modified for other choices.) This expression relates  , H  and s  to the scale factor a . For 
instance, the total density declines with increasing a  according to:  
 

3
g g( ) / ( )t a t    .                                                                                                            (16) 

 
Comparing with the defining expression g bdr( ) ( )t t     we find: 

 
3

bdr g( ) / ( )t a t  .                                                                                                                 (17) 

 
This result is of profound importance. The density bdr  dilutes with time in inverse proportion 

to an expanding volume, implying that the sum of non-dark energy species is conserved in an 
expanding volume. This feature is not an initial postulate; it follows from the theory. It is also 
seen that space ( g ) and its matter contents ( bdr ) are intimately related.  They resemble the 

two faces of a coin; if one face vanishes both must vanish. In Eq. (17) bdr ( ) 0t   implies 

g 0  , and vice versa. Empty space is as non-existent as a faceless coin. But Eq. (17) reveals 

an even more far-reaching physical duality of space. Not only is the dark energy density g  a 

physical manifestation of space; at every point of time in the expansion process there must be 
a superposed matter density bdr  amounting to a rescaled g  value according to Eq. (17). 

Hence both densities are inseparable manifestations of the expanding space; one expressing 
the invariant ground state, the other expressing a time-dependent, compelling amount of 
superposed matter closely related to the ground state density. 
 
The two universal constants gH  and g  are related to G  by Eq. (9). Thus – given the value 

of G – a remarkable and highly deterministic feature of the expansion model defined above is 
that just one of the ultimate expansion constants actually determines the whole evolution of 
the universe from Big Bang to eternity. At any point of time along the road of evolution, all 
expansion parameters are completely fixed by this single ultimate constant. For example, 
selecting g  as the determining constant, close to the primordial singularity ( a  close to zero) 

the initial density ( )t  was not just any old density that happened to be around from the start; 
in our model it must have been exactly the one determined by Eq. (16) for small a  values. 
 
6 Transition from deceleration to acceleration 
 
The time derivative of ( ) /d

dtH a a  yields: 
2

2

2( ) /d d
dtdt

a a H H  . Combined with Eq. (10) 

we obtain: 
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2

2

2 2
g( ( )) / ( ) ( ( ) 3 ) / 2d

dt
a t a t H t H   .                                                                                   (18) 

 
This equation shows that an inflection point it  between deceleration and acceleration (i.e. 

2

2( ) / 0d
dt

a a  ) occurred at rate of expansion: i g( ) 3H t H . From Eq. (15) we obtain: 
2

g g( / )H H  . Inserting the inflection condition, we get the inflection density: i g3  , 

i.e. at the inflection point the dark energy density g  was 1/3 of the total density and 

bdr g2   was 2/3 of it. 

 
In the literature, the relationship 1/t H  commonly is used as an estimate of cosmic time at a 
certain rate of expansion. In our theory, the inverse of the function ( )H t  in Eq. (11) gives an 
exact relationship: 
 

g

g g

1
( ) ln

3

H H
t H

H H H

 
    

.                                                                                                    (19) 

 
This equation expresses the ‘cosmological arrow of time’, i.e. how time develops toward the 
future as a function of the rate of metric expansion. We shall return to this expression in Sec. 

8. Inserting the inflection condition i g( ) 3H t H  into Eq. (19), we obtain the time of 

inflection: 

i
g g

1 3 1 0.439
ln

3 3 1
t

H H

 
    

.                                                                                              (20) 

                
A numerical estimate of it  in agreement with observations is found in next section. 

 
7 Numerical estimates 
 
The most celebrated experimental values available today are the WMAP  4 and the Planck 

 5 values, which have been obtained by computer fitting of the six-parameter CDM  model 

to spacecraft observations of other astrophysical parameters. Since that evaluation model is 
based on the adiabatic perfect fluid assumption, the resulting best-fit values are adiabatic 
perfect fluid values.  
 
The dark source flux model developed here does not rely on the perfect fluid assumption, but 
we wish to compare our results with WMAP and Planck results based on that assumption. We 
will here use merely two input values of 0H  and 0t evaluated by techniques not relying on the 

perfect fluid assumption, and then compare with CDM results. Our input values will be an 

0H  value obtained by means of a differential distance ladder technique  8 : 0 74.2 3.6H    

km s-1 Mpc-1 = 2.40 0.12 10-18 s-1, and a 0t value based on the age of a star born shortly after 

the Big Bang  9 : 0t =14.46 0.80 Gyr. (Corresponding WMAP 9 yr values are:  

2.25  0.03 10-18 s-1 and 13.77 0.06 Gyr, respectively, and the Planck values are:  
2.17 0.04 10-18 s-1 and 13.81 0.06 Gyr, respectively.) 
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Our evaluation procedure is straightforward. Insert 0H  into Eq. (8) to evaluate 0 . Insert 0H  

and 0t into Eq. (11) to evaluate gH . Insert 0 , 0t  and gH  into Eq. (13) to evaluate g . Now 

all expansion functions (11) – (14) are known functions of one single variable t  in a flat-
metric, non-perfect fluid model. Finally, insert g  and 0H  (or gH ) into Eq. (2) to evaluate 0s  

(or gs ). In summary the results are: 

 
Input: 

0H = 2.40 0.12 10-18 s-1  8  

0t =14.46 0.80 Gyr  9  

 
Output: 

gH = 2.16 0.11 10-18 s-1 ( g 00.90H H ) 

0 1.03 0.11    10-26 kg m-3 

g 0.84 0.10    10-26 kg m-3 ( g =0.81 0 ) 

0 6.02 0.81s    10-44 kg m-3 s-1 

g 5.42 0.73s    10-44 kg m-3 s-1 ( g 00.90s s ) 

 
The evaluated total density 0  is close to the corresponding WMAP and Planck values. The 

dark energy density g  is roughly 20% higher. This difference is surprisingly small though, 

considering the fact that the two expansion models are based on different theoretical 
frameworks (non-GR and GR, respectively) and very differing sets of initial postulates and 
experimental input parameters. Again, our notion that the metric expansion is an effect in the 
classical limit of relativity is supported by this correspondence.  
 
The four expansion functions given by Eqs (11) – (14) are plotted in Figs 1 - 4, using the 
ground state values gH  and g  listed above. Note that we are today ( 0 14t  Gyr) close to the 

ultimate ground state. 
 
 
 

 
Fig. 1. Hubble parameter H  (10-16 s-1) versus cosmic time t  (Gyr). 
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Fig. 2. Total density   (10-25 kg m-3) versus cosmic time t  (Gyr). 
 
 

 
Fig. 3. Dark source flux s  (10-42 kg m-3s-1) versus cosmic time t  (Gyr) 
 
 

 
Fig. 4. Scale factor a  versus cosmic time t  (Gyr). 
 
If the normalization 0( ) 1a t   is preferred; divide the scale factor in Fig. 4 by 1.63. The 

inflection from deceleration to acceleration is visible in the scale factor diagram. (This effect 

would be more prominent in a diagram relating 
2

2( ) /d
dt

a a  to time, see Eq. (18).) 
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A possibility to check our theory is given by Hubble Space Telescope observations made by 
Riess et al.  10 indicating that the present-day accelerating expansion was preceded by a 

stage of decelerating expansion. The experimentally estimated inflection point (
2

2( ) / 0d
dt

a a  ) 

occurred at redshift i 0.46 0.13z   . Depending on choice of equation of state, in standard 

cosmology the corresponding interval of inflection usually is estimated at it   5-9 Gyr, in 

good agreement with Fig. 4. Inserting our gH  value into Eq. (19), we find i 6.4t  Gyr. The 

facts that the dark source flux model features a transition from deceleration to acceleration in 
agreement with observation, as well as a credible time it  of transition, seem like trustworthy 

indications of validity. 
 
8 Further comments on the DSF theory 
 
One may, of course, speculate on the deepest origin of the suggested cosmic source flux. It 
should be borne in mind, though, that this question is no stranger than the question about the 
primeval origin of all existing matter in the universe. It is in fact the same old question; 
essentially, a continuing source flux neither adds a new mystery nor solves an old one as far 
as original creation is concerned. 
 
The DSF results have several interesting implications. The source is an agent acting uniformly 
and simultaneously everywhere in the entire universe. This puts the causal connection issue – 
the horizon problem – into a new perspective. Figuratively, if it is raining way beyond our 
horizon, it is no surprise that strangers out of sight get just as wet as we do. Hence, in the DSF 
model we do not need rapid early inflation to explain the causal connection, and we do not 
need it to flatten the universe – it was always flat. Inflation simply marks the ‘explosive’ 
initiation of metric expansion, which occurred simultaneously everywhere in an initially 
extended – even limitless – flat universe. In this picture, it still is a viable idea that primordial 
stochastic fluctuations were the seeds of present-day large-scale structures. 
 
To highlight how the source flux inflates space, the last equality of Eq. (15) can be expressed: 
 

3
2

g

1
( )

( / ) 1
a s

s s



.                                                                                                               (21) 

 
In Eq. (19), the ‘cosmological arrow of time’ expresses how the flow of time toward the 
future is related to the rate of expansion H of the universe. Using Eqs (2) and (3), we can 
reformulate this cosmological arrow of time in terms of an actively driving agent: 
 

g g

g g

( ) ln
s s

t s
s s s

  
    

.                                                                                                            (22) 

 
This expression shows how the action of dark source flux s  drives the flow of time toward 
the future. Hence the source of dark energy can also be seen as the source of space according 
to Eq. (21) and of time according to Eq. (22). The dark source flux not only drives the 
expansion of space but also makes the cosmic clock tick. Several alternative definitions of the 
arrow of time have been suggested, the most popular being the ‘thermodynamic arrow of 
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time’, where the ever-increasing entropy of the universe is thought to define an irreversible 
arrow toward the future. In principle, this is not in conflict with our model, where the source 
flux perpetually feeds new energy and related new entropy into the system. In practice, 
however, ‘entropy of the universe’ is a global measure lacking clear meaning in a metrically 
expanding universe of indeterminate size, whereas source flux is a well defined quantity, 
locally as well as globally. 
 
Eq. (22) shows how the source flux introduces time in the theory. But the time coordinate is 
not independent of the space coordinates; taken together, Eqs (21) and (22) indicate how dark 
source flux connects space and time. DSF thus provides a physical interpretation of all four 
spacetime dimensions, and our normal, mentally tangible 3+1 dimensional spacetime 
accommodates DSF without need for higher dimensions. In a sense, DSF generates spacetime 
and expands it in all four dimensions. 
 
9 Summary and conclusions 
 
Recent satellite data confirm that the universe is spatially flat on a global scale even in a GR 
framework. For this reason, a simple flat-metric theory for the metric expansion of the 
universe is developed. The basic hypothesis of our theory is that the universe is non-
adiabatically inflated by a uniformly distributed source flux of dark energy generating the 
observed volume expansion. A Big Bang singularity and the existence of a ground level 
density of dark energy permeating all space and being a physical manifestation of the 
invariant ground state space, follows from the theory. The expansion model derived from the 
basic hypothesis is simple and straightforward. It is consistent with the overall Big Bang 
picture of standard cosmology, but is based on different sets of initial constraints and 
experimental input parameters in a non-GR framework. From merely two experimental input 
parameters all other expansion parameters – including the total density and the dark energy 
density – are evaluated. The model yields a transition from decelerating to accelerating 
expansion in an interval of time in agreement with astrophysical observations. 
 
So, what are the added values of the DSF theory compared with the CDM  theory? One 
obvious answer is its supreme simplicity, which alone is an added value good enough. 
Another is increased generality, since we lift the constraining conditions of adiabatic 
expansion of perfect fluids and the ensuing fragmentation into incoherent cosmic equations of 
state for different cosmic media. This makes possible an expansion model in concise, closed 
mathematical form, which cannot be achieved with incoherent equations of state. In summary, 
improved features of the DSF model, compared with the standard ΛCDM model, are: 
 
- Non-relativistic simplicity 
- Tangible driving agent behind the metric expansion 
- Flatness, horizon, and coincidence problems do not arise 
- No inconsistent energy conservation criteria 
- No perfect fluid constraint 
- No over-simplified and incoherent equations of state 
- Expansion model in concise, closed mathematical form 
- All expansion parameters numerically evaluated from merely two experimental parameters 
- No best-fit procedures (in contrast to the ΛCDM evaluation of WMAP and Planck) 
- Seamless connection between the Big Bang singularity and the ultimate state 
- Intimate relation revealed between dark energy and matter  
- Comprehensible cosmological arrow of time defined by the dark source flux 
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Recent progress in DSF theory is found in: 
 
http://urn.kb.se/resolve?urn=urn:nbn:se:uu:diva-247245  ‘Does the Planck unit system relate 
to a non-singular primordial state of the universe’ (2015), and 
http://urn.kb.se/resolve?urn=urn:nbn:se:uu:diva-273859  ‘Dark source flux cosmology’ (2016) 
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