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Abstract 
This paper briefly discusses existing problems with the theory of general rela-
tivity despite remarkable accuracy in most of its applications. The primary 
focus is on existing problems in the field of cosmology, particularly those per-
taining to expectations of global cosmic space-time curvature in the absence 
of observational proof. The discussion centers on Krogdahl’s recent Lorentz- 
invariant flat space-time cosmology and its superiority to general relativity 
with respect to accounting for global cosmic space-time flatness and dark 
energy observations. The “cosmological constant problem” is briefly ad-
dressed as a problem for general relativity with respect to particle physics and 
quantum field theory. Finally, two very specific validation predictions in favor 
of Krogdahl’s flat space-time cosmology are made with respect to ongoing 
studies, including the dark energy survey (DES). 
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1. Introduction and Background 

The theory of general relativity is an improvement on Newton’s gravitational 
theory by virtue of the fact that its complex differential geometry more accu-
rately passes certain crucial canonical tests of gravitation [1]. 

Canonical Tests of Gravitation 

1) Mercury’s advance of perihelion 
2) Solar light bending 
3) Gravitational redshift 
4) Echo delay of sun-grazing light beams 
5) Gravity waves 
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6) Extreme mass densities of galactic centers 
7) A mathematical model of dark energy observations 
As a result, it is current scientific belief that four-dimensional space-time must 

be curved wherever there is a concentration of mass-energy. Thus, it is widely 
accepted that a cosmological model must have a global space-time curvature 
which varies in magnitude, and possibly even sign, over the course of cosmolog-
ical time. And, although flat space-time Lorentz-invariant models of gravitation 
and cosmology have been attempted from time-to-time over the previous cen-
tury, they have all failed to pass these crucial gravitational tests. 

Current Problems with General Relativity 
a) The Schwarzschild Metric and the Infinite Singularity 
There are a few nagging doubts as to general relativity’s mathematical accura-

cy in extreme high mass-energy density conditions. In the Schwarzschild metric, 
for instance, the term (1 – 2GM/c2r) within one of the denominators leads to a 
seemingly nonsensical result should the astrophysical (or cosmological) body 
have a radius r equal to 2GM/c2. Because mathematicians abhor division by zero, 
even Einstein doubted that Schwarzschild’s “singularity” discovery had any real 
physical meaning. Contemporary physicists and cosmologists argue vehemently 
as to whether a true singularity condition of infinite mass-energy density could 
exist, whether the singularity be astrophysical or cosmological in nature. In ad-
dition, Penrose [2] and Hawking have successfully argued that astrophysical and 
cosmological singularities, if they could exist, would have to have certain iden-
tical features. Furthermore, quantum experts have used the uncertainty principle 
to support the idea that infinite mass-energy density would clearly violate quan-
tum mechanics. This is a fundamental principle of loop quantum gravity theor-
ists, who vigorously dispute the possibility of an infinite singularity.  

b) Incompatibility with Quantum Mechanics 
The general relativity singularity is but one of many inconsistencies between 

general relativity and quantum mechanics, heretofore the most successful 
branch of physics. A quantum theory of gravity which harmonizes general rela-
tivity with quantum mechanics seems elusive, and perhaps for good reason. It is 
generally agreed that the problem with this incompatibility must lie within gen-
eral relativity. On the other hand, special relativity, with its Lorentz invariance, 
has already been successfully integrated into quantum field theories of the elec-
tromagnetic, weak and strong nuclear forces. 

c) Applications to Cosmology, Including the Flatness Problem and the Cos-
mological Constant Problem 

While general relativity appears to accurately model local gravitational effects, 
there appear to be significant problems in its application to cosmology. Not the 
least of these is the global cosmic space-time “flatness problem.” Cosmologists 
first became aware of this problem in the late 60’s after physicist Robert Dicke 
made note of it [3]. This concerns the fact that astronomical observations to date 
show no evidence whatsoever of global cosmic space-time curvature. Recent 
highly detailed astronomical studies [4] show minimal anisotropy of the cosmic 
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microwave background radiation (CMBR) to within about 1 part in 100,000. So, 
observational studies going all the way back to the cosmic fireball show evidence 
of extreme global cosmic space-time flatness. If we think of this in terms of a 
ballistic model of cosmic expansion, the expansion since the time of the cosmic 
fireball appears to have been very nearly, or exactly, at the gravitational escape 
velocity required according to our best estimate of total cosmic mass-energy 
density. As Dicke first pointed out, this would be an extraordinary coincidence 
for a cosmic model behaving strictly according to general relativity. Further-
more, since 1998, Type Ia supernovae studies have shown our cosmic expansion 
to be either coasting at constant velocity [5] [6] [7] [8] or slightly accelerating [9] 
[10] [11]. One thing is certain: the expansion is clearly not decelerating. This 
discovery alone was worthy of the 2011 Nobel Prize.  

However, if general relativity is to be maintained, for a cosmic expansion 
which does not decelerate, the field equations now require an extremely small 
but non-zero cosmological constant. And, to make matters worse, a non-zero 
cosmological constant, according to particle physicists and quantum field theor-
ists, would appear to require an extremely high energy density within the va-
cuum of space, if it is to be accounted for by virtual particles. If this is to be be-
lieved, such high energy density in the cosmic vacuum should imply (at least 
according to the curved space-time dogma of general relativity) an extreme de-
gree of observable global cosmic space-time curvature. This “cosmological con-
stant problem” [12] [13] is often described as the most embarrassing and vexing 
problem in all of physics. In contrast, Krogdahl’s relativity has no requirement 
for a cosmological constant or a non-zero energy density within the cosmic va-
cuum.  

2. Krogdahl’s Cosmology of Flat Space-Time and  
Implications Concerning These Current Problems 

a) Passing the Canonical Tests of Gravitation 
Without belaboring the point, the time has come to search for a better theory 

of gravitation which not only passes all of the conventional tests of gravitation 
but also those pertaining to observational cosmology. After recently developing a 
highly accurate heuristic model of flat space-time cosmology [14] [15], this au-
thor began a search for Lorentz-invariant cosmological models which meet these 
criteria. To his pleasant surprise, he found a little-noticed paper written by phy-
sicist W.S. Krogdahl, a general relativity expert, which was published on ar-
Xiv.org in final form in 2006 under the title, “Cosmology in Flat Space-Time” 
[1]. This remarkable paper develops a Lorentz-invariant cosmology (with inspi-
ration from Milne’s kinematic relativity approach) that is clearly the path that 
Einstein should have taken following his development of special relativity. It is 
well-known that Einstein treated gravitation as equivalent to acceleration. 
Krogdahl, on the other hand, simply used special relativity’s mass-energy equi-
valence. He treated gravitational work done, and thus energy acquired (during 
gravitational attraction), in Newtonian gravitational work functions, as an in-
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crease of mass. Mass cannot be regarded as fixed during gravitational interac-
tions! The resulting modified classical equations are then converted into an 
energy-momentum 4-vector and then conservation of energy equations are 
converted into Lagrange’s equations. The equations which follow this approach 
very accurately solve every one of the tests of gravitation listed at the beginning 
of this paper. The reader is referred to Krogdahl’s paper (his pages 12-25) for the 
details. 

The most interesting result of Krogdahl’s Lorentz-invariant cosmology is that 
it is a highly accurate theory of gravitation in flat space-time. Einstein’s equiva-
lence principle had led him into the complex differential geometry of a curved 
space-time, to replace the idea that gravity is a force. Krogdahl’s approach, by 
virtue of the fact that gravitational mass is the ratio of gravitational force to gra-
vitational acceleration (Newton’s second law) simply flipped Einstein’s equiva-
lence on its head and achieved a far simpler geometry by inserting mass-energy 
equivalence into Newtonian force and work functions.  

If one can accept the fact that heuristic [14] [15] and Lorentz-invariant [1] 
[16] cosmological models of flat space-time are now highly accurate, we can ad-
dress how existing cosmological problems under general relativity can be re-
solved.  

b) Flat Space-Time Solves the Cosmic Flatness Problem 
The cosmic inflation theory was developed primarily to address Dicke’s “flatness 

problem” [17]. The primary reason why Planck survey observations [4] of the 
CMBR are supposedly supportive of the current theory of cosmic inflation is the ex-
treme observational flatness (minimal anisotropy) of the CMBR. However, a perpe-
tually flat space-time cosmological model does not require the yet-undiscovered new 
physics (the “inflaton” field, for instance) of cosmic inflation. A theory of cosmic 
inflation would appear to become unnecessary.  

c) Krogdahl’s Luminosity Attenuation Factor and an Explanation for Dark 
Energy Observations 

A perpetually flat space-time cosmic model also solves the problem of ex-
plaining the dark energy observations of Type Ia supernovae. As mentioned in 
Krogdahl’s paper (his pages 31-33), particularly fast-moving (i.e., more remote) 
Type Ia supernovae would be expected to exhibit “…ever-diminishing incre-
ments of visible starlight because of the increase in redshift with distance…” 
Even more importantly, however, and for the primary reason Olber’s paradox is 
now solved, fast-moving supernovae would be expected to be remarkably atte-
nuated. To quote Krogdahl, in flat space-time, this “… attenuation must be al-
lowed for, else the calculated distance will be greater than the true distance by a 
factor of ( ) 1/22 1 2s s +  . This same effect is diminishing the apparent bright-
ness of the Type Ia supernovae … Uncorrected distances are then interpreted to 
imply accelerating expansion of the universe. Presumably, the corrected distance 
would not show this artificial acceleration.”  

This author couldn’t agree more with Krogdahl’s concern regarding the Type 
Ia supernovae observations. Extraordinary claims require extraordinary evi-
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dence. There are now a number of papers [5] [6] [7] [8] showing analysis of the 
accumulated Type Ia supernovae data which convincingly refutes the idea that 
dark energy cosmic acceleration is proven. This author would like to see a more 
rigorous analysis of these data, taking into account the potential for luminosity 
attenuation errors of the type mentioned above. Crucially, observational dis-
tances must be recalculated (i.e., corrected) according to Krogdahl’s flat space- 
time luminosity attenuation factor of ( ) 1/22 1 2s s +   and not by different eq-
uations derived from general relativity. There may be a Nobel Prize awaiting the 
graduate student who conducts such a recalculation, particularly if, as expected, 
it successfully refutes cosmic acceleration. 

While the type Ia supernovae data appear to be sufficient to rule out evidence 
of cosmic deceleration, the data do not at all appear to rule out cosmic expansion 
at constant velocity, which would be expected for a globally flat universe follow-
ing Krogdahl’s development. The following open source graphs (Figure 1 and 
Figure 2) from the Supernova Cosmology Project [18] [19] are provided as 
proof. 

In Figure 1, the curve labelled “without vacuum energy” is the curve pre-
dicted by the supernova teams prior to their discovery of dark energy. The 
straight line which separates the pink-shaded part of the graph (representing a 
decelerating universe) and the blue-shaded part of the graph (representing an 
accelerating universe) is where the heuristic flat space-time cosmology model 
and Krogdahl’s model fall. This is a flat, constant velocity, universe line. This 
open source graph identifies this flat universe line as “empty” (i.e., devoid of 
matter), presumably because Krogdahl’s relativistic but globally flat space-time  

 

 
Figure 1. Accumulated Type 1a supernovae data showing observed magnitude as a func-
tion of Redshift z.  
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Figure 2. Accumulated supernovae (SNe), barionic acoustic oscillation (BAO), and cos-
mic microwave background (CMB) constraints on cosmic energy density distribution, 
reported in the 2011 Supernova Cosmology Project compilation report authored by Su-
zuki, et.al. [19]. 

 
model of cosmology was unknown to most cosmologists and astrophysicists at 
the time (2011).  

In Figure 2, notice how the “flat” cosmic model line passes through the highly 
constrained shaded best fit zone for all three data sets. It is quite obvious in these 
open source graphs from the Supernova Cosmology Project that acceptable glo-
bally flat space-time cosmology models would be a perfect fit for the accumu-
lated data so far. 

Here it is useful to note that, although cosmological redshift is evidence of 
cosmic expansion, it is not an observational discriminator between the “stret-
ching” space-time of general relativity and the Lorentz-invariant relativistic 
Doppler redshift (stretching wavelength) of flat space-time cosmology. Both 
cosmologies give entirely different explanations for the redshift, but rely on the 
same relativistic formula, ( ) ( ) ( ) 1/2

1 1 / 1s z v c v c= + = + −   . This formula was 
used successfully in this author’s first two papers on the heuristic “Flat Space 
Cosmology” (FSC) model [14] [15].  
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If it is not attributable to cosmic acceleration, how then do we account for 
dark energy? The observable universe appears to be at, or very near, critical den-
sity [4]. An estimated 70% of this universal total mass-energy density initially 
appears to be unaccounted for (i.e., “dark”), even taking into account the fact 
that there appears to be an observable ratio of approximately 5.5 parts dark mat-
ter (whatever this turns out to be) to 1 part visible baryonic matter. Even if cos-
mic acceleration does not account for this dark energy, any flat space-time (i.e., 
non-accelerating) model is still required to account for it in some way, in order 
to explain Hubble parameter estimates corresponding to cosmic critical density.  

With some simplifying assumptions, Krogdahl cleverly accounts for dark 
energy as the estimated sum total of gravitational potential mass-energy within 
the cosmic system. Krogdahl’s calculated ratio is 18 parts of this “dark” gravita-
tional potential mass-energy to 1 part visible baryonic matter mass-energy (his 
page 25). This suggests a cosmic mass-energy distribution of approximately 4% 
visible baryonic matter, 24% dark matter, and 72% dark energy. This approxi-
mation result is very close to current observational estimates [4].  

3. Two Validation Predictions of Krogdahl’s Model 

a) Improved Estimations of “Dark” Gravitational Potential Mass-Energy Are 
Expected to Match the Calculated Percentage of Dark Energy in the Cosmic Sys-
tem 

A similar but deeper calculation (by a supercomputer) of the total cosmic gra-
vitational potential mass-energy is now in order. This could also be a Nobel- 
worthy study for a graduate student. As already suggested by Krogdahl’s simpli-
fied estimate, a more-refined mass-energy estimate is predicted to correlate very 
closely to what is currently being called dark energy. If this proves to be the case, 
the mass-energy density distribution of the cosmic system would be entirely ac-
counted for and closely approximate current observational estimates of an ex-
panding cosmic system at critical density, but crucially, without a cosmic accele-
ration energy component.  

b) Luminosity Attenuation Factor Corrections of Supernovae Observational 
Distances Should Refute Cosmic Acceleration 

A rigorous re-analysis of the accumulated Type Ia supernovae data, incorporat-
ing Krogdahl’s flat space-time luminosity attenuation factor of ( ) 1/22 1 2s s +   
for distance correction, is expected to put cosmic acceleration in further doubt. 
A predicted graph of redshift z as a function of cosmic observational distance, 
properly corrected according to Krogdahl’s model, is shown in Figure 3.  

A graph of similar shape was shown in Figure 2 of the seminal paper of the 
heuristic flat space-time cosmology model [14]. Crucially, an accelerating cosmic 
expansion would demonstrate a flatter curve in such a graph. This effect would 
become progressively more noticeable at greater observational distances. The 
pending final results of the dark energy survey (DES), properly corrected for lu-
minosity attenuation and plotted on such a graph as presented in Figure 3, are  
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Figure 3. This shows redshift z of Type 1a supernovae as a function of corrected observa-
tional distance (in billion light-year units) calculated according to Krogdahl’s luminosity 

attenuation factor of ( ) 1/22 1 2s s +  . 

 
predicted by this author to show a curve of similar shape, in further refutation of 
cosmic acceleration.  

4. Conclusions 

For any mathematical model of gravitation and cosmology to be superior to 
general relativity, it must pass the canonical tests of gravitation and provide rea-
sonable solutions to the current problems with general relativity. This paper has 
made readers aware of Krogdahl’s relativity and cosmological model of flat 
space-time, which appears to achieve these worthy goals. 

The focus of this paper has been to show how Krogdahl’s relativity provides 
reasonable solutions to the general relativity problems of the Schwarzschild me-
tric and the infinite singularity, the global cosmic space-time flatness problem, 
the non-zero cosmological constant problem and the mystery of dark energy. 
Figure 1 and Figure 2 have provided proof that an expanding flat space-time 
cosmic model following Krogdahl’s relativity fits the tight constraints of current 
observational data. Finally, two very specific validation predictions concerning 
the true nature of dark energy are made which would provide further proof that 
Krogdahl’s relativity is superior to general relativity. 
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