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Abstract

Dark energy is a fundamental yet poorly understood component of the universe, responsible for its accelerating expansion.
Observations from the Wilkinson Microwave Anisotropy Probe (WMAP) suggest that dark energy constitutes approximately 71.35%
of the total energy density of the universe. This study explores a theoretical framework that derives the dark energy contribution
using general relativity and Newtonian mechanics without modifying existing gravitational laws. By modelling gravitational
interactions as an elastic system, we propose that potential energy stored in space transforms into kinetic energy during cosmic
collapse. A novel equation, incorporating an inverse fourth power force law derived from relativistic effects, is used to compute
the kinetic energy fraction in a collapsing universe. The resulting dark energy to total energy ratio is calculated as 71.5%, in close
agreement with observational data. This finding suggests that dark energy can be interpreted as the stored potential energy of
gravitational interactions, offering a theoretical basis within classical general relativity. These results provide a new perspective
on dark energy without requiring exotic modifications to fundamental physics.
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1. Introduction

1.1 Problem

Dark energy causes the masses in the universe to move apart.
Based on the Wilkinson Microwave Anisotropy Probe (WMAP)
at NASA, dark energy is estimated to be 71.35% of total energy
[1]. Dark energy theories are of different types, as described by
Amendola, Misner and Padmanabhan, including quintessence,
modified gravity, and cosmic acceleration [2-4]. The Lambda-
CDM model uses only experimental data in the dark energy theory,
providing the value of the cosmological constant A in Einstein's
field equation. Farnes used a negative mass to explain the dark
energy expansion [5]. No current theory explains or numerically
predicts dark energy.

1.2 Objectives
To explain and quantify dark energy just using the existing theory
of general relativity [6-10]. The explanation of dark energy and its

associated equations should logically follow from the principles
of general relativity. The new explanation should be verified by
predicting a percentage of dark energy close to the experimental
value.

1.3 Summary of Method

When the two masses in Figure 1 travel together under the force of

gravity, they gain kinetic energy. Mathematically, two masses are

connected by elasticity with a force coming from Newton's law

F = Gm_12"12 The potential energy, as in any spring, is stored in the
X

elastic of space. If all objects in the universe collapse so they touch,
all potential energy is converted into kinetic energy. A polar dark
energy equation yields the amount of kinetic energy. The amount,
when compared with total universe energy, is approximately
71%. Significantly, this suggests strongly that potential and dark
energy are the same. The derivation of the dark energy equation in
cartesian and polar coordinates is given in Section 2.
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Figure 1: Potential Energy Between Two Masses

Newton’s law results in only a small amount of kinetic energy
when all objects collapse. However, when all objects collapse to
half their distance, the speed of light also halves because the dark
energy stays constant while its 1D density doubles. This view is
that of an outside observer who is not part of the collapse. The
halving of the speed of light makes distances appear halved.
Therefore, a distance x appears as x/2. If the ratio of the observed
speed of light to the ambient speed of light is c¢”, then a distance
x would now appear as xc”. Substituting this for x in Newton’s
Gmq,m;

. . Gmqym . .
producing the inverse square law F = x+2 This only applies

in a collapsing universe and is responsible for the enormous energy
release when all particles are enabled to collapse. This equation is
confirmed by the two-mass theorem in Section 9.1.

law yields a more general Newtonian force law F = thus

The universe is built of dark matter, hydrogen, and helium. These
atoms are built from electrons and quarks. The electrons are very
small and light. However, quarks are heavy and have known
upper radius. Therefore, the collapse assumes all quarks collapse
into a compact lattice. Just take a quark Q. The dark energy KE
is released by the collapse of all other quarks around quark Q.
Assuming the mass-energy of a quark is EQ, the dark energy ratio
is then given by KE / (KE + EQ).

The kinetic energy generated when all mass collapses is described
in the method Section 2.

1.4 Summary of main results

Section 9 proves the novel inverse fourth power equation
F = Gm—i'mz, which calculates the massive inter-mass force when
all masses move together in the same proportion.

Section 2 introduces a novel dark energy ratio equation which
calculates the enormous kinetic energy released when all masses
collapse together into a Gaussian lattice [11].

Section 2.2 introduces an accurate Cartesian dark energy equation
which is impossibly slow in calculating the percentage ratio.
Section 2.3 introduces a polar dark energy equation which is
concise and efficient.

Section 3 introduces results that predict a dark energy ratio of
71.5% compared with the experimental value of 71.35%.

2. Methods
2.1 General Dark Energy Ratio Equation
For the whole universe, the dark energy ratio is given by:

Es

E+ @

Eratio =
where E is the total dark energy and £, is the total mass-energy
of the universe. It is assumed that the dark energy related to dark
matter energy is in the same proportion as dark energy relating to
the baryonic particle energy.

The kinetic energy created by two masses moving from o tox  is
introduced in Section 9 by Equation (9.10):

Gmm
E=—— (2.2)

3 Xmin

The distance between two masses m, m, is X, which replaces x .
Therefore, the kinetic energy Eij created when X, moves apart is
given by

_ G mimj

Ei’j —_

2.3
T 23)

The entire universe collapses to a compact Gaussian lattice [11].
The distance X, is their distance apart in this lattice. The total
kinetic energy E_ is given by summing the energy generated by all
pairs of masses making this collapse:

° i & 3y

If m,, is the mass of the universe, including dark matter, then the
total mass-energy using Einstein’s equation is:

(2.4)

E,, = myc? (2.5)
The dark energy ratio is from Equation (2.1) with substitutions

from Equations (2.4) and (2.5):

Es

s 2.6
E; + myc? @8)

Eratio =

The following sections provide a Cartesian solution that is slow but
accurate and a polar solution that is fast but slightly less accurate.

2.2 Cartesian Solution to Dark Energy Ratio Equation
Instead of using the mass of the whole universe, it is only necessary
to use a single quark Q and the dark energy between this quark Q
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and all the other quarks. The particles are maximally compressed
when they touch in a Gaussian lattice as depicted in Figure 2 and

quark Qinred

1/2 1
L 2

)

Figure 3 [11]. The total kinetic energy E, originates from the
collapse all other quarks onto only one quark Q.

142 \2

Figure 2: Lattice Plan and Top Elevation

z

(N2 more
dense)

»
»

@ quarkQ

Figure 3: Lattice in Isometric View

Therefore, the dark energy ratio Equation (2.1) can be written as:

Esq
Esq+ Emgq

Eratio -

2.7)

The kinetic energy E, is derived and confirmed in Section 10 and
yields Equation (10.1):

G mg? 1
= Zar, Zi},k A if (0> dijp < Mgy )
et L

with m, replacing m, and r, replacing 7,

Egq

(2.8)

This is the kinetic energy generated when all quarks in a radius of
2rq n, collapse to touch each other, where:
d, , is derived from Equations (10.2) to (10.5) between quarks in

L

a lattice.
Layern  is given by Equation (2.35) repeated below:

3 |3Pmax
n = /—
max 4m\2
The number of quarks p in the universe’s mass m  is given
b max U
y:

(2.9)

= — (2.10)

The mass of the quark is given by Equation (8.8).
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NOTE: A Cartesian dark energy algorithm is given by restricting i,
J» k in Equation (2.8) to a maximum of n_

ax’

Finally, the dark energy ratio is given by Equation (2.7):

Esq
Esq+ Emgq

Eratio -

(2.11)

where E, is the total dark energy given by Equations (2.7) and E,,
is the energy in quark Q given by Einstein:

Emq = mgc” (2.12)

2.3 Polar Solution to Dark Energy Ratio Equation

2.3.1 Theorem Polar Dark Energy Equation

The Cartesian Equation (2.8) cannot be computed for all quarks
in a reasonable time. However, using polar coordinates, a single
compact Equation (2.37) repeated below is used:

GrmN2 qu
6 g3

3my
mq 4m2

G qu
24 13

E = (2.13)

(InC’

), G

This equation uses continuous mass distributions rather than
discrete in the Cartesian Equation (2.8).

2.3.2 Proof Polar Dark Energy Equation
The total dark energy from a mass pair is given in Equation (9.10):

G mym,

E =
3a (2.14)

This is the kinetic energy generated when two quarks move from
o« tox, is given by:

G my?
3 (2.15)

3 Xmin

The radius of the quark Q is Ty The other quarks are in layers of
radius n, as depicted in Figure 4. Layers are defined as multiples
of twice the radius of the quark. The distance between two quarks,
x, ., 1is given by:

Xmin = 217 (2.16)

Maximum layer

Sphere
\ . Radiusis npay2rg.

Radius of layer n is
n.2r,

p quarks in
layern

Figure 4: Sphere with Gaussian Lattice of Particles

When n=1, the quarks are in the first layer where they all touch the
central quark Q; therefore, the value of x,  is twice the radius 27,
Substituting x . from Equation (2.16) into Equation (2.15) gives
the kinetic energy generated for particles in layer n:

_ _Gmg 2.17

E, = 3(2nrg)s ( )

_ _Gmg® 2.18

E, = 24 n3rg3 ( )

LET G =Sbmd (2.19)
24 13
o

En = — (2.20)

This kinetic energy is generated when a quark arrives from infinity
to layer n, which is distance 2nr, from quark Q . If n = 1, then this
is the dark energy released for quarks that touch quark Q. The total

energy released by p particles in layer n is obtained by multiplying
E by the number of particles p in layer n:

E=EDp (2.21)
Substituting for £ from Equation (2.20) yields:
¢
E = —5P (2.22)

The rate of change of dark energy, needed later, with the number of
particles p in a layer given by:
@
dE/dp = — (2.23)
The number of particles in each layer is approximated using the

Gaussian lattice as follows [11]. In the gaussian lattice, the spheres
are in steps of n =1 in the x and, y planes. See Figure 2 and Figure
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3. In the z direction, they are the height of a square pyramid. The
steps of n are then 1/Y2 apart. Consequently, in the z direction,
there are V2 more quarks than in x and y directions. As depicted
in Figure 4, without this compression factor there would only be p
particles in a sphere volume of layer radius #:

p=-nn (2.24)
However, because the z dimension contains V2 more particles per
n step unit in the z direction, this formula becomes:

p = gn\/z n3 (225)

The rate of change particles p wrt n is then given by differentiation:

dp

dn

The rate of change of dark energy with n is Z—i and is given by:

= 4mi2n? (226)

af _dE 2F (2.27)
dn dP dn

Substituting from (2.23) and (2.26) yields:
dE @
— = — 4m\2n? (2.28)
dn nd
d_E _ 4m\2 G’ (2.29)
dn n

The total energy is then obtained by integrating the above term

d
yields the total dark energy: "
Nmax ’
E = f 42 G dn (2.30)
n=1 n
E = 4m\2 G’ [Innpge, — In1]  (2.31)
But In 1 is zero:
E = 4n\2 G’ Innyppgy (2.32)
Using E_for E yields:
. ., Gmg?
Es(Mpay) = 47V2 G’ Innygy, G =ﬁ (2.33)

The value of p  is obtained by substituting n = n, _in Equation
(2.25) :

47\2
Pmax = T

3 3pmax
tmax = e

The number of quarks p, _in the universe is given by dividing the
mass of the universe m,, by the mass of a quark m;:

; (2.34)

nmax

Rearranging yields:

(2.35)

my

mg

pmax -

(2.36)

Finally, substitute G' from Equation (2.27), and n, _from Equation
(2.35), in Equation (2.33) yields the dark energy £ :

G'm2mg? s 3my

E, = In(|———
° 6 14 (InC mg 4m\2

) (2.37)
where m,is given by Equation (8.8).
QED

3. Dark energy Percentage (%) Results
The dark energy ratio is given by Equation (2.7) repeated here:

Esq
Esq+ Emgq

Eratio -

The term E, is given by Equations (2.37). The term E, is given by
Einstein as m 0 ¢. The following data was used:

is 4.3E-19 metres,
3.82E-30 Kgms.

is 8.36E-30 Kgms.

1E+53 Kgms.

radius of quark, Zeus [12] o
mass of up quark [13] m, is
mass of down quark [13] m
mass of universe [14] m,, is

down

This equation estimates 71.50% dark energy compared with the
total of all energy. This value is close to the experimental value
from the NASA WMAP, which estimates dark energy at 71.35%
(70.39 to 72.25) [12].

4. Discussion

4.1 Dark Energy Equation

The dark energy equation is solved using polar coordinates to sum
the dark energy in layers around a single quark Q. It is only slightly
more accurate to scan each quark in the Gaussian lattice [11] using
the Cartesian equation. This scan was performed in an informal
report for quarks in the nearest 200 layers [15] and gave essentially
the same result.

4.2 Radius of a Quark

The results reveal 71.5% dark energy, assuming the radius of a
quark ro is given by Zeus which is the actual radius rather than
the maximum radius [12]. Using the experimental data of 71.50%
backwards in the dark energy equation, the average quark radius is
calculated as 4.3E-19 m, which is the experiment value.

4.3 Curvature of Space

Einstein’s field equations correctly give the curvature of space
around each mass. Dark energy may introduce minor corrections
to Einstein’s theory. For example, the density of dark energy
between two masses may very slightly alter the curvature of space-
time [15].

4.4 Rate of Expansion of Dark Energy
Radiation from stars creates dark energy because the photons lose
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kinetic energy which is converted into potential or dark energy [16].
The loss of kinetic energy changes the wavelength of the photons.
Because all matter can eventually break down into radiation,
the final state of the universe is probably just dark energy. The
beginning of the universe is likely the reverse. Radiation going
backwards in time removes dark energy. As radiation removes
dark energy, it must return to a highly compressed form. It is thus
consistent with the “Big Bang” theory.

4.5 Black Holes

Black holes are concentrations of matter with an event horizon
which prevents radiation leaving. The collapsing process used
in this paper is very like matter entering a black hole. Applying
4th power law to a black hole removes the singularity and time
stop problems [17]. Dark energy suggests that photons are micro
black holes containing trapped dark energy waves. The same for
particles but trapped photons.

5. Conclusion

A new equation is proposed for dark energy stored in the
universe. This equation is derived using general relativity plus
the assumption that potential and dark energy are the same. The
most basic theorem provides an inverse fourth power law for the
force between two masses when all masses move together based
on a novel generalisation of Newton’s law to include the speed of
light. The inverse 4th power equation depends on the Newtons law
which is based on experiment.

The equation predicts the percentage of dark energy at 71.50%.
The experimental results from the NASA WMAP study indicate a
range of 70.39% to 72.25%, which is sufficiently close to validate
the new dark energy equation [12]. Conversely, using experimental
data of 71.50% in the dark energy equation yields an average quark
radius of 4.3E-19 m, which is the experiment value.

Dark energy makes further predictions or suggestions which will
affect future research. When stars generate radiation, the energy in
each photon is reduced by the gravitational attraction to the star
and so creates dark energy [16]. Dark energy removes the time stop
or singularity problem with black holes [17]. Dark energy suggests
that photons are micro black holes containing trapped dark energy
waves. Dark energy distribution between pairs of masses slightly
changes the predicted curvature of space.

Alternative theories explain dark energy by changing general
relativity. An example is Farnes who used a negative mass [5].
This new approach makes no such changes.
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7. Appendices
The following sections contain the appendices giving important
results used in the study.

8. Average Mass of a Quark

The elementary particle chosen was a quark. Quarks were used as
the two masses because they are the heaviest elementary particles.
There are many types of quarks, but the main ones are up and down
quarks, which inhabit protons and neutrons in equal numbers. It is
assumed that there is a single quark Q with an average of mass m 0
of the up and down quarks. The other particle was the electron.
This is lighter than a quark but much larger and thus contains much
less dark energy. Therefore, it was not used in the calculations in
this study.

The universe is composed of 73% hydrogen, 25% helium, and 2%
something else [18]. The “something else” may be like hydrogen.
The hydrogen atom has one proton, and so two up and one down
quark with mass:

my = (2 my, + Maown) (8.1)
The helium atom has two protons and two neutrons and so has
mass:

Myg = 2(27“up + mdown) + 2(Tnup + 2Mgown) (82)

myg = (6 my, + 6 Myown) (83)
Adding both together in a proportion of 75% to 25% yields:

Mpotn = 3My + My (8.4)

Mpoen, = 3(2 My, + Maown) + (6 my, + 6 Maown) (85)

Myoth = 12mup + IMgown (86)

Thus, there are 12+9 quarks, yielding a total of 21 in the three
hydrogen and one helium atoms. Therefore, the average quark has
the mass:
my = (12mup + IMmgoun )/21
my =4/Tmy, + 3/Tmyem

(8.7)
(8.8)

The up quark [13] has a mass of approximately 2.3 MeV (3.82E-30
Kgms ), while the down quark [13] has a mass of approximately
4.8 MeV (8.36E-30 Kgms).

9. Two-Mass Theorems
The situation in which all the masses halve their distance apart is
illustrated in Figure 5.
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1/2.

x/2

x/4

speed of light ratio

dark energy density

actual distance

apparent distance

Figure 5: Halving x also Halves the Speed of Light Ratio so Halves x Again

Suppose the side of a unit cube of space between masses is halved.
The stored dark energy remains the same, and so its 1D density
is doubled. Consequently, the speed of light is halved. An actual
distance x is halved as shown. However, halving the distance also
doubles the density to 2 and so the speed of light is halved. This
means that the apparent or observed distance x which was x/2 is
further halved to x/4.

This effect occurs with objects under water. The lower speed
of light in water makes objects appear less deep to the outside
observer. If the speed of light in water is halved, the apparent depth
is halved.

9.1 Theorem: Marginal Energy Two Masses
Space is elastic, obeys Newton’s gravity equation, and can store
energy released as kinetic energy. The force or marginal change
in dark energy for two masses m, and m, is given by the inverse
fourth power from Equation (9.9):
Gmq,m, dE

F=200T2 F=2"
dx

x4

9.1)

The term G has the same size but different dimensions to the
standard G.

9.2 Proof: Marginal Energy Two Masses

The variable ¢” is the ratio of the speed of light, ¢’ to c¢. The
observer is always at ¢’=1, so everything shrinks relative to him.
When the speed of light is c, the force between the two masses
m1,m2 is given by the Newton’s inverse square law:

Fo(x) = T2 9:2)

x2
However, when the speed of light ratio is less than 1, the dark
energy density rises and the distance the observer sees is x times
the speed of light ratio ¢”. This new value for x called x , defined
as.

Xops — XC

The observed distance between m, m, is now x , giving.

dE Gmym 94
F4 (X) = d_ = —1 22 ( )
x (xobs)
Substituting x ,  from equation (9.3) gives:
dE Gmym,
Fy() = —— = ———? 9.5)

dx =~ (xc")?

This is a generalisation of Newton’s law, which includes dark
energy density represented by c¢”. Calculating the total dark
energy requires that the entire universe be shrink. Consequently,
all masses move together in the same proportion. The drop in the
speed of light ratio ¢,” and so rise in the density of dark energy,
causes initial distances x, to reduce by ratio ¢” giving:

¢ = — (9.6)

X1
For example, if ¢" = 1/2 then the distance x becomes x,/2.
Substituting equation (9.6) in Equation (9.5) yields:

dE Gm,m,

ac Gmym, (9.7)
dx — (xx/x;)2

Fu(x) =

At c”=1 the force F, (1) and F, (1) must be the same. Therefore, the
variable x, = 1, yielding an extra term x, = 1 below:

dE G my m, (9.8)
F4(X) = E b (X x/Xl )2 NXy = 1
Removing x, yields:
dE G mim, 99
RO T T o

NOTE: The dimensions (but not the value) of G have now changed.
However, it could be called G, in the equation above if the reader

(9.3) wants it to have dimensions.
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9.3 Theorem: Total Energy Released by Two Masses

The kinetic energy generated and 3D space-energy removed, when
m, and m, move from oo to are x, . apart, when all the masses in the
universe move simultaneously, is given by Equation (9.14):

G mimy

E = (9.10)

3 xmin3
9.4 Proof: Total energy released by two masses
The total energy is then obtained by integrating the force where

dE .
=— for x = xmin to x
dx obs

Xmin dF
E = f —dx (9.11)
Xobs dx
Substituting for dE /d from Equation (9.10) yields:
x
c = [_ Gm,;m, 1*min (9.12)
- 3x3 Xobs
= Gmamy  Gmam,
E= 3 Xmin® 3 Xobs® (913)

However, assuming x . <<x
min 0b.
can be removed as follows:

.» the second term is negligible and

_ Gmimy
- 3
3 Xmin

(9.14)

This is the kinetic energy generated when m, and m, (and all other
masses) move from oo to x  apart.

QED2

10. Theorem dark Energy for n Masses

10.1 Theorem

When spherical particles of equal mass m_ and radius r fall
together and surround particle P, they generate kinetic energy E,
and thus remove E, of dark energy. They fall together into a lattice
where the maximum distance between quarks is n,

G m,?
SPT 2403

1
z. . 3 if (0 > di,j.k < nmax) (101)
i,j,k di,j,k

10.2 Proof

The particles are maximally compressed in a Gaussian lattice [11].
This is depicted in Figure 2 and Figure 3. The particles are indexed
by <i,j,k> for the <x, y, z> directions. One unit of <i,j,k> is 2 r
metres. The target particle Q is at location 0,0,0. In the <x,y> plane
the particles are just one unit apart. In the <\z> plane they were
1/N2 units apart.

The lattice in Figure 2 and Figure 3 describes the position of
each particle and, therefore, the associated dark energy. The blue
particles in the lattice are just 1 unit or 2 r, metres apart. The
orange quarks are arranged in the same way but are displaced left

and vertically by 0.5 units. In the z direction, it was 1/N2 above
the blue layer. The distance d , of any quark at <x,y,z> from the
particle Q at <0,0,0> is given by Pythagoras:

Distance in units  d;;, = /x?+ y2 + 22 (10.2)
if even (k) thenx =iandy =j (10.3)

if odd (k) thenx = i +1/2and y = j + 1/2 (10.4)

z=k/NN2 (10.5)

The total energy is found by summing the energy from every quark
at <x,y,z> to the central quark Q at <0,0,0> using the two-mass
Equation (9.14) repeated below:

= fmm; 10.6
E 3 xmin3 ( )
Both masses m m, arem, so:
E = &m (10.7)
3 Xmin

Therefore, the total dark energy for p particle pairs collapsing
around particle Q is:

— yPmax G Mp” 10.8

S (108)

The distance x,, is derived from distance dl.'j‘ . » defined in Equation
(10.2)

Xmin — 2 T'q di,j,k AOD > di,j,k < MNmax (109)

The constraint 0> d . <n,restricts the summation to particles
outside particle Q and inside a sphere containing p _particles and
n_ layers in radius. Adding this to Equation (10.8) ylelds

Egy = Zi,,-,k % i (0> dyjp <nmge) 1010)
Esq = Zilj’k#% if (0> dijr <TNpax) (1011)
By =gty 0> gy <) (012
QED
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