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Abstract 
The original purpose of this research is to understand the origin and evolu-
tion of the Universe. I describe a simple cosmology that sheds light on the 
appearance of “dark” energy. Results explain the uniformity of the cosmic 
microwave background, critical density, and other phenomena. Light contin-
ues to expand our understanding of the “dark” Universe, with applications to 
the microscopic quantum world. 
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1. Introduction 

Today’s cosmology faces problems both early and late, models of the early Un-
iverse that cannot be tested, and data indicating that the late Universe accelerates. 
These problems have been previously been explained by a repulsive “inflation” 
and another repulsive “dark” energy. Recent studies cast doubt upon these spec-
ulations. A cosmology described by simple equations may bring light to this 
darkness. 

This research began with an attempt to combine the local conditions of Spe-
cial Relativity, which does not include gravity, with the curved Universe of Gen-
eral Relativity. A principle behind Special Relativity is that Space and Time are 
one phenomenon related by c. The factor c, experienced as the speed of light, 
can be considered a conversion factor between Space/Time [1]. From this prin-
ciple, known as causality, the equations of Special Relativity can be derived [2]. 

Over the last century, many measurements show that the Universe has a finite 
age t, currently estimated at 13.8 Gyr. The Universe appears to have no centre in 
Space, but there is a centre in Time, an origin called the “Big Bang”. Our separa-
tion from the Big Bang is simply age t. 

This suggests that the expanding Universe is curved with radius given by: 
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R ct=                                (1) 

where R is the radius of curvature, c is the speed of light. 

2. A Simple Equation and the Cosmic Horizon 

Many experiments today indicate that the Universe expands, but not why. Equa-
tion (1) explains the cosmological arrow of time, why scale R expands as time t 
increases. The Universe can’t expand at the same rate continually, for gravity 
slows expansion. Factor c must then be further related to t. 

We have several ways of reaching Equation (5). One involves combining the 
rest and potential energy of a particle so that total energy is 0. 

0E U+ =                              (2) 

where E is rest (Einstein) energy, U is potential (Newton) energy. 
We then have: 

2 0mc GMm R− =                          (3) 

Here m is mass of a test particle, though this would apply also to massless pho-
tons. 

Inserting R = ct, we can remove m: 
2GMm ct mc=                           (4) 

3GM tc=                             (5) 

where G is the gravitational constant, M is mass of the Universe.  
By this equation, when t was tiny c was enormous and R expanded in a 

“Bang”. 
As time t increases, c slows and continues to decrease at a small rate today. 

This immediately sheds light on cosmology’s “horizon problem”. The micro-
wave background temperature appears uniform to one part in 104, indicating 
that distant parts of the early universe were within light’s reach. The CMB sur-
rounds us with evidence that the early speed of light was much faster. 

An oft-repeated explanation has been that when the Universe was just 10−33 
sec old it “inflated” many times faster than light. More than 40 years after it was 
first suggested, this old idea has proven cumbersome and unworkable. “Inflation” 
would violate both the First Law of Thermodynamics (Conservation of Energy) 
and Relativity’s stipulation that nothing expands faster than c. To support this 
speculation, and a fixed c, theorists must invoke imaginary “inflatons” or “scalar 
fields” which cannot be found in nature. 

The popular views of researchers such as Steinhardt [3], Ijjas [4], and Loeb [5] 
call into doubt whether “inflation” was ever a viable theory [6]. These authors 
question whether it is testable of falsifiable. Counter-arguments rely on an ap-
peal to authority, claiming that if a group of theorists believe “inflation” then it 
must be right. A larger number have called for a better model of the early Un-
iverse. 

The inflated idea was thought to be untestable, but is today unsupported by 
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data. Observers cannot time-travel to the moments after the Big Bang, and no 
conceivable experiment can approach its titanic energies. However, most in-
flated ideas predict that B-mode polarization should appear in the CMB. The 
complete lack of B-modes after decades of search eliminates many inflated mod-
els [7]. 

3. Curvature of Space/Time 

Every inflated model insists that the Universe is geometrically flat. CMB data has 
been called consistent with a flat geometry, but Sarkar et al. show that the data is 
more consistent with curvature [8]. Inflationary models uniformly insist that the 
scale of temperature fluctuations should be the same at all angles. Repeated 
analysis by Starkmann and colleagues [9] shows that these fluctuations are near 
zero for angles greater than 60 degrees, indicating curvature and disfavouring 
inflated ideas. 

Recent analysis of Planck spacecraft CMB data by Di Valentino et al. shows an 
enhanced gravitational lensing amplitude, which is explained by positive curva-
ture. This interpretation of Planck data favours curvature at a 3.4σ level [10]. A 
curved Universe, also was found by Refs. [8] and [9], would eliminate any in-
flated model. 

We can calculate c and radius of curvature R as functions of time. 

( ) ( )1 3 1 3c t GM t−=                           (6) 

( ) ( )1 3 2 3R t ct GM t= =                         (7) 

From Equation (6) we integrate how far light from time t = 0 has travelled. 

( ) ( )0 0 1 3 1 3
0 0

d
t t

c t t GM t−=∫ ∫                       (8) 

  ( ) ( ) ( )0 2 31 3
00

3d
2

t
c t t GM t=∫                      (9) 

From 3GM tc= , ( ) ( )1 31 3
0 0GM c t=  

  ( )0
0 00

3d
2

t
c t t c t=∫                          (10) 

where t0 is present time, c0 is present value of c. 
When the Universe is pictured as a globe of radius R = c0t0, we are on one pole 

and light from the Big Bang originates near the equator, traveling a distance 
(3/2)c0t0 to reach our telescopes. From our vantage point at the pole, two acous-
tic peaks predicted to be one degree apart will appear one degree apart on the 
Equator. The CMB shows that the Universe is curved with radius R = ct, as pre-
dicted. 

Three entirely independent calculations—the scale of temperature fluctua-
tions, enhanced lensing amplitude, and the distance light from the CMB has 
traveled—all show curvature of Space/Time. The last calculation shows that it is 
curved with the predicted radius R = ct. These independent pieces of evidence all 
argue against inflated models of a flat Universe. 
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4. A Stable Density 

Cosmology has another “flatness” problem, why overall density appears close to 
the critical value known as Ω . Inflated models must begin at a density ex-
tremely close to Ω , for the smallest deviation would be multiplied by inflated 
expansion. No inflated model explains this critical density. Rather than explain 
the “flatness” problem, “inflation” exponentially magnifies it. 

We define e as the deviation from critical density [11]. 

1e = Ω−                              (11) 

( ) ( )1 1 3 2R ce e e w e
R c

   = + + +   
  

� �
�                    (12) 

where e�  is the time-derivative of e, the hypothetical w = 0. 
From Equation (6) and Equation (7) we have: 

2
3

R
R t
=
�

                              (13) 

1
3

c
c t
= −
�

                             (14) 

( ) 2 11 2
3 3

e e e e
t t

   = + −   
   

�                       (15) 

2 2
3

e e
t

 =  
 

�                            (16) 

As t increases e�  and e are both driven to 0. The critical density is in fact the 
stable density, uniquely solving the “flatness” problem.  

In this cosmology total energy E of the Universe is 0, but it can’t be 0 every-
where. Quantum fluctuations cause energy levels to vary in Space/Time. In the 
early Universe overdense regions would collapse into singularities and disappear 
from our view, appearing voids between galaxies. As was predicted in 2004, 
normal Gaussian distribution tells how much that proportion is: 

68.3%Λ =                           (17) 

This unique prediction has now been verified by both WMAP and Planck 
spacecraft. 

5. Exploding Supernova Data 

This finally leads to the problem of “dark” energy, why the Universe has ap-
peared to accelerate. Low redshifts of objects increase linearly with distance, in-
dicating expansion. High redshifts of Type Ia supernovae have appeared to in-
crease non-linearly, leading to speculation about acceleration due to a repulsive 
“dark” energy [12]. Supernovae are the only evidence of acceleration [13]. After 
over 20 years of speculation nothing like “dark” energy can be found in nature. 

Guffanti and colleagues, after surveying 740 supernovae, conclude that the evi-
dence for acceleration is marginal [14]. Tutusaus et al. write that time-evolution 
in the luminosity of supernovae is a more likely explanation, fitting data better 
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than “dark” energy [15]. The most recent analysis by Sarkar and colleagues at 
Institut d’Astrophysique shows convincingly that cosmic “acceleration” is pre-
mature [16]. Yet another analysis by Lee et al. shows that “dark” energy is not 
necessary [17]. To save the credibility of supernova data, another explanation is 
needed. 

Redshift Z is defined as: 

0
1

1
1i

v
R cZ

vR
c

+
= + =

−
                      (18) 

where v is an object’s radial velocity, Z is redshift. 
From Equations (6) and (7) we have: 

0 0
2 3

1
i i

R t
Z

R t
 

= = + 
 

                      (19) 

0
1 3

0

1i

i

c t
Z

c t
 

= = + 
 

                     (20) 

where R0 and c0 are their present values, Ri and ci are their values at time ti when 
light was emitted. 

The factor 1 Z+  is negligible for low values of Z, but becomes noticeable 
for high-redshift supernovae. An object of redshift Z = 1 recedes at 60% of to-
day’s speed of light c0. By Equation (20), that is 42% of ci at time light was emit-
ted. The redshift we observe is only 0.57. 

Supernova energy E = mc2 would then be doubled for magnitude change of 
−0.75. This precisely predicts the “accelerating” curve of Type Ia supernova 
redshifts (Figure 1) without any repulsive “dark” energies. Sanejouand [18] also 
writes that a varying speed of light explains the “accelerating” data. 

6. Galaxies, Sun and Moon 

A faster speed of light in the early Universe solves many problems. It would ex-
plain how supermassive Black Holes formed within galaxies, including our 
Milky Way. Old models of cosmology cannot explain how our galaxy and its 
central Black Hole formed. If c were faster, supermassive Black Holes could have 
formed primordially from quantum density fluctuations. 

The speed of light also explains the “Faint Young Sun” paradox. According to 
astrophysics models of the Sun, life cannot have evolved on Earth because 4 Gyr 
ago the Sun shone with only 75% its present luminosity, and Earth’s surface 
temperature would have been below the freezing point of water. Since the Sun 
turns its fuel to energy by E = mc2, if c has changed in exactly the amount pre-
dicted by GM = tc3, solar luminosity would be almost exactly today’s value. If the 
speed of light had not changed by this amount, primitive life forms could not in-
sist that c is fixed. 

The most striking evidence of c change today comes from our Lunar Laser  
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Figure 1. Prediction (thick black line) superimposed on data, courtesy supernova cosmology project. 

 
Ranging Experiment. Since being placed on the Moon by Apollo astronauts, 
LLRE has allowed the lunar distance to be measured precisely. This 384,402 km 
semi-major axis has long been known to be increasing due to tidal interaction 
between Earth and Moon. LLRE has reported the semi-major axis increasing by 
3.82 ± 0.07 cm/yr, anomalously high. If the Moon were receding at this rate to-
day, it would have been in the same orbital location as Earth just 1.5 Gyr ago 
[19]. 

Independent experiments agree on a much lower recession rate. One dataset 
comes from tidal rhythmites, fossilized sediments left by ancient tides. The 
Mansfield Sediment of Indiana, the most extensively studied, reports a lunar 
distance of 375,300 ± 1900 km at a time 310 Myr ago. This translates to a reces-
sion rate of 2.9 ± 0.6 cm/yr. 

A second dataset comes courtesy of historical astronomers, the solar eclipse 
record. When the narrow track of an eclipse is recorded over an observatory, it 
provides a precise measure of Earth-Moon interaction. This method can deter-
mine lunar recession rate with an accuracy rivaling LLRE. 

A recession rate of 3.82 ± 0.07 cm/yr corresponds to a change in Earth 
length-of-day 2.30 ± 0.04 msec/cyr. Eclipse observations spanning 2700 yrs, 
compiled by Stephenson and colleagues [20] show change in LOD of only 1.78 ± 
0.03 msec/cyr. This corresponds to a recession rate of 2.96 ± 0.05 cm/yr. LLRE 
differs by over 12 standard deviations, an extremely significant anomaly. 

A third dataset comes from computer simulation. Poliakow [21] produced a 
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detailed numerical model of Earth-Moon tidal interaction accounting for ocean 
depth, location of ocean basins, and movement of continents over time. This 
computer model predicts today’s recession rate as 2.91 cm/yr. Three indepen-
dent datasets agree, yet LLRE’s laser light differs. 

If the speed of light were slowing today, time for laser light to return from the 
Moon would be affected, causing LLRE’s recession rate to appear larger. The 
discrepancy is proportional to c c� .  

From Equation (6) we have: 

1
3

c a
c t a
= − = −
� �

                           (21) 

384402 km
3 3 13.8 Gyr
aa
t

= =
×

�                         (22) 

0.926 cm yra =�                           (23) 

where a is orbital semi-major axis, a�  is the predicted anomaly [22]. 
This predicts the 12-sigma anomaly within less than a standard deviation, 

over 99% certainty, indicating that speed of light c is slowing at the predicted 
rate. Drifts in values such as c may soon be tested by our Atomic Clock Ensem-
ble in Space aboard the International Space Station. ACES is designed to detect 
variation of less than 10−10, so verifying c change may be only a matter of time. 

At one time it was possible to profess that the Universe was accelerating due 
to a repulsive “dark” energy. Measurements of the Hubble value from the CMB 
and the “accelerating” data from supernovae appeared to agree. Today they dif-
fer; the Hubble value from supernovae differs from the CMB result by 9%. This 
has led to a crisis in cosmology when old models no longer agree with data. 

Dr. Hebden writes that the crisis is explained if the early speed of light were 
greater [23]. This would cause high-redshift supernova data, which shows “acce-
leration,” to show a higher expansion rate. If the speed of light slows, the indus-
try of “dark” energy would no longer be necessary. Data should be examined in 
the context of a changing speed of light. 

7. Summary 

Darkness cannot drive out darkness, only light can do that.—Martin Luther 
King.  

We have agreement from many researchers that old ideas of “inflation” and 
“dark” energy are unworkable. A cosmology accounting for the speed of light 
may be the only solution to the appearance of cosmic “acceleration”. It also cor-
rects deficiencies in inflated models of the early Universe. With new data, we 
may finally bring light to the great darkness of cosmology. 
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Addendum: Applications to the Microscopic World 

As this article is being written, there is space to describe recent work about the 
microscopic quantum world. Though cosmology and origins of the Universe 
seem removed from everyday life, this recent work may apply to one of life’s ba-
sic units, the cell. What limits cell size is a longstanding question of biology [24]. 

A.1. Planck Values 

A changing c suggests that the Planck value h is linked. Speed of light c and h 
appear together in the fine-structure value, the photon energy and Chandrasek-
har mass. While some data from quasars suggest that fine-structure value has 
changed, the value of hc appears to be constant over time. If c decreases then h 
would decrease.  

The increase proportional to h ~ t2/3 is similar to the solution of a 3-dimensional 
random walk problem. This first link between Relativity and Quantum Mechan-
ics may explain the thermodynamic “arrow of time” or why entropy increases. 
The uncertainties are given by h increase over time, causing universal entropy to 
also increase. 

Equations (1) and (5) may be further simplified using the units introduced by 
Max Planck, made of combinations of h, c, and G: 

5PL
hGt
c

=                             (24) 

3PL
hGl
c

=                             (25) 

PL
hcm
G

=                             (26) 

where tPL is Planck time, lPL is length and mPL is mass. 
Using Planck units, Equations (1) and (5) are combined: 

610.79 10PL PL PLM m R l t t= = = ×                 (27) 

M R t= =                             (28) 

This extremely simple equation describes the large Universe in tiny Planck units. 
The large number 0.79 × 1061 is beyond the scope of a short paper to derive. 

When hc is considered constant, Planck length increases as lPL ~ t2/3 in propor-
tion to scale R of the Universe, Planck time tPL would increase proportionally 
with age t. The Planck mass, 2.2 × 10−8 kg, appears fixed over time.  

Equation (28) does tell us that the largest possible measures, size and age of 
the Universe, are multiples of the Planck units. It suggests that these units are 
fundamental, that Space/Time is discontinuous at the Planck scale. While the 
Planck time and length are too small to be measured, the Planck mass is a ma-
croscopic quantity similar to a flea’s egg or a human eyelash hair. Small masses 
are normally measured with mass spectrometers, but these devices measure in-
ertial, not gravitational mass. 
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Inertial mass is experienced as an object reacts to an accelerating force. Gravi-
tational mass, according to General Relativity, causes Space/Time to curve af-
fecting both other objects and the propagation of light. As shown by Galileo, 
Earth’s gravity causes objects to fall toward Earth at the same rate. Two small 
particles dropped from Pisa’s Leaning Tower fall toward the Piazza de Miracoli 
because of Earth’s large mass. 

Many people have seen dust fall toward Earth, and dust particles tend to settle 
uniformly on a flat surface without attracting one another. (The “dust bunnies” 
that gather in corners are a result of electrostatic and aerodynamic action). I 
have observed the fall of lunar dust particles, and their behaviour in a vacuum is 
similar. The observation that small particles do not attract each other is a clue to 
a quantized gravitational mass. 

Equation (28) suggests that the Planck gravitational mass is fundamental, and 
masses below mPL do not cause curvature of Space/Time. Two tiny particles fall 
from the Leaning Tower because of Earth’s large mass, but they do not attract 
each other gravitationally. The Equivalence Principle assumes that inertial and 
gravitational mass are always equal, but this assumption has not been tested for 
sub-Planck masses. The following experiment tests for quantized mass. 

A.2. Prediction 

If gravitational mass is quantized at the Planck scale, two sub-Planck masses will 
not attract each other. 

A.3. Procedure 

An exceptionally simple experiment, within the capability of any laboratory or 
classroom, can test for quantized gravitational mass. The nucleus of the experi-
ment is two spherical sub-Planck masses. We have used two limestone spheres of 
diameter 0.2 mm. With a limestone density of 2500 kg/m3 each sphere has a 
mass of 1.0 × 10−8 kg, slightly less than Planck mass. 

The two masses are placed 1 mm apart on a low-friction surface such as Tef-
lon. The surface is kept precisely level to reduce the influence of Earth’s down-
ward gravitational pull. Grounding the masses via the surface prevents them 
from developing an opposing electric charge. The experiment is placed in a va-
cuum chamber to reduce the effects of atmospheric pressure. 

A.4. Preliminary Results 

Acceleration between two Planck masses would be, at a distance of 1.0 mm: 

( )( ) ( )22 11 8 3 12 26.67 10 2.2 10 10 1.4 10 m secPLa Gm r − − − −= = × × = ×  (29) 

where r is distance, a is gravitational acceleration between two masses. 
Time to travel an observable distance of 100 microns may be approximated: 

( )1 2 42 1.2 10 sect d a= = ×                        (30) 

where t is time to travel 100 microns, here 12,000 sec or 200 min. 
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According to universal theories of gravity, the two spherical masses should 
roll toward each other. After long observation no motion can be detected. This 
hints that the sub-Planck masses do not produce curvature of Space/Time. Re-
production of the experiment by independent laboratories is most welcome [25]. 

A.5. An Experiment in Space 

Our International Space Station makes many kinds of science possible. The or-
bital environment removes most effects of external gravity. Clocks in Space can 
be more accurate for measuring changes in quantities like c. A further refine-
ment of the experiment could take place in orbit. 

Here the two masses are enclosed in an evacuated nucleus 2 mm in diameter 
within a 16 mm polycarbonate sphere. When the two masses are within a spher-
ical shell, gravity from the shell does not affect their motion. This version of the 
experiment, no larger than a marble, can be carried into orbit in an astronaut’s 
personal effects. Aboard a space station, the experiment can be left in a corner 
and observed for signs of motion. 

A.6. Observations of Nature 

A quantized gravitational mass may be observed in nature, where the fall of 
small particles toward Earth and not toward one another is but one example. 
Gravity does not appear in the interactions of small masses, specifically atoms 
and subatomic particles. Measurements of the International Prototype Kilogram 
have been found inaccurate by one Planck mass or about 2 × 10−8 kg [26]. This 
IPK anomaly is explained when gravitational mass is quantized at the Planck 
scale. Experiments of Westphal and colleagues [27] find gravitational attraction 
between masses down to the 10−5 kg level, and may someday be able to test 
Planck masses.  

Tiny creatures are seen in a microscope tumble about and behave as if in mi-
crogravity. Without gravity’s aid, they must extend pseudopods or simple ten-
tacles to draw food toward them. One-celled life forms appear to inhabit a world 
free of self-gravity. The experiments of Brangwynne and colleagues find that 
gravity is the determining factor in cell size [28]. 

Larger eukaryotic life forms are composed of cells whose size is largely limited 
by the Planck mass [29]. The living cell, a basic unit of life, processes nutrients 
and stores genetic materiel to create new cells. The cell’s activities appear inde-
pendent of gravity. The size of cells is another hint that gravity is quantized at 
the Planck scale. 

The largest cell of the human body is the female ovum, with mass slightly less 
than the Planck mass. Upon fertilization by the male sperm cell, the ovum must 
reproduce to create new cells and develop into an embryo. The chromatids, 
containing DNA, must migrate to opposite ends of the cell to begin the process 
of mitosis. If a cell were more massive than the Planck mass, self-gravity would 
affect its internal processes. 
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A.7. Conclusions 

A simple cosmology explains puzzles of the early and late Universe, and also 
may connect the large and the small. The simplified equation M = R = t hints 
that the Planck units are fundamental. Observation of small particles hints that 
gravitational mass is quantized. A simple experiment indicates that sub-Planck 
mass particles do not attract each other gravitationally. Future experiments may 
investigate whether Planck time and length are indivisible. 

This cosmology began with an attempt to combine Special and General Rela-
tivity. We may further link the large Universe of Relativity with the microscopic 
quantum world. Applications extend to the basic units of life, the size of human 
cells. We can bring light to these questions of nature, a triumph for our under-
standing. 
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