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Abstract

The cosmological constant, A, represents dark energy. The dark energy hy-
pothesis (DEH) replaces A with a variable quantity, the cosmological para-
meter:

1
A=——
an

« _»

a” is the scale factor and 7 the conformal time: ady = cdt. A
companion paper (DEH II) develops and explores a cosmological model with

In this formula,

this variable parameter. This paper portrays the origin of the cosmological
parameter in the uncoupling of time and space in the early universe from a
prior state in which the comoving coordinates ¥’ = 5 and x' = y, the cosmic
latitude, are coupled. In this hypothesis dark matter is a co-product of the
decoupling, but its nature remains mysterious.
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1. Derivation

The cosine rule for any triangle in Euclidean space is

B? = A*+C? - 2ACcos(b)

A, B, and Care the lengths of the three sides and b is the angle between A4 and

C. If Ais an imaginary quantity, A = iD, then the cosine rule becomes

B?=-D?+C?-2iDCcos(b)

Use this rule to construct a line element in which the specified comoving

coordinates are coupled: B— ds, C— adz, D — ady; and add the angular terms
for isotropy, although they play no role in the subsequent analysis:

ds? = a2 [dnz ~dy? - 2idpdy cos(b) - f (7)(d6? +sin2(0)d¢2)J
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Consequently, g, = g, = —icos(b) in the metric tensor [1], and Ay) = sinh(y}),
¥ sin(y) depending on the curvature constant £ = —1, 0, +1, resp. Versions of the
cosine rule exist for curved spaces, but in the “infinitesimal domain” of differen-
tials revert to the Euclidean form [2].

When the angle b = 0 the vectors d; and dylie parallel to one another mean-
ing that space and time are not independent quantities. When b = m/2 they are
independent and orthogonal, which is the Weyl postulate, g, = g, = 0: the
worldline of a particle at rest in its coordinate frame y = constant must be or-
thogonal to a surface 7 = constant, which is the locus of all events occurring si-
multaneously in that frame. That defines the Hubble flow. The tensor calculus is
the mathematical formalism to analyze the decoupling process that gives rise to
the cosmological parameter.

The starting point is the metric tensor for the coupled state. The matrix is 4 x
4 in block form, but only the upper 2 x 2 block is needed:

g :a{ 1 i cos(b)}

—icos(b) -1
The determinant of the matrix is g = —a'sin’*(5). The matrix is singular for 5=
0, but otherwise the inverse exists; the initial coupled state will be that the angle
is a small positive number. The inverse is

4 1 { 1 - cos(b)}

g :azsinz(b) —icos(b) -1

The next step in the analysis is to calculate Christoffel symbols:
1
A 2
Fo =597 (9 * s = 9]

The covariant quantities on the right are from the matrix tensor and the con-
travariant is from its inverse. The convention is to sum over the index repeated
upstairs/downstairs, pin this case. The comma means to take the derivative with
respect to the index on the comma’s right.

The analysis begins with the vectors d; and dy separated by a small angle b.
Fix the latter to a horizontal axis and let the angle increase by rotating the for-
mer counterclockwise while maintaining a constant magnitude. Hence the only

change in 7is due to the changing angle, so by the chain rule

4 _dd
dp dndb
This gives only two non-zero Christoffel symbols:
2cot(b i
Fgoz—( ) and l"(lj():— :

nsin(b)
The contribution of the second symbol will disappear in the subsequent anal-

ysis, which is to calculate the Ricci tensor. For y= v=10

5w e 0INy-g Ing-g
ROOZFOaFO/;’_FOO X + 8772 _FOO,ﬂ
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The result is

Roo :%[3cot2(b)+cot(b)+l]
n
Now raise an index:
1
9”Rop ZmRoo =Ry (b)

The decoupling occurs when b = m/2:

The Dark Energy Hypothesis is that the cosmological parameter is the raised
Ricci tensor for m/2.
1

A=——=ke
772a2
The right-hand side of course is the product of the Einstein gravitational con-

stant and the dark energy density. When b = n1/2, the line element becomes
ds* =’ dn® —dy” - £ (7)(d6” +sin* (0)dg”) |

This is a line element for curved spacetime, curved spacetime is gravity, and
gravity is associated with matter, so by hypothesis this is the line element of dark

matter, whatever that is.

2. Summary

In summary, the DEH is two-fold, that dark energy and dark matter are prod-
ucts of a kind of phase change in the early universe, viz., the uncoupling of
comoving coordinates of space and time. They are products of metric or geome-
tric cosmology in contrast to baryonic matter, which is a product of physical
cosmology. An aside is that the scale factor is non-zero and constant throughout

the decoupling meaning that there is no singularity.

Addendum

Godel [3] provides a precedent for coupling space and time coordinates. Oks [4]

reviews recent contributions to the subject.
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