
Abstract

If the expansion of the Universe is the extension of an inertial

system on the basis of the law of conservation of energy, the space-time

continuum has to be a Minkowski manifold. Then the gravitational

distortion around a massive object is canceled as a whole Universe

collectively, and each massive object itself becomes free-fall state. As

a result, the Universe becomes flat spatially. In the inertial expansion,

it can be derived that the gravity is not an inherent force in matter

but is the force that is given by the deceleration field filled over the

entire space.
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1 INTRODUCTION

In the current standard cosmology, it has been considered that the evolution
of the scale factor must be solved using the Einstein equations:

Rµν −
1

2
Rgµν ≡ Gµν = 8πGTµν + Λgµν ,

where Gµν is the Einstein tensor, Tµν is the stress-energy tensor, and Λ is a
cosmological constant.[?]

However, since the Einstein equations are based on action principle, the
equations are valid only in the case that all matters in the Universe are
connected by time-like vector each other. While since the proper-time (the
length of the world line) of all matters should be equivalent always, they
are connected by space-like vector each other through the process of evolu-
tion. Therefore, the Einstein equations must not affect the expansion of the
Universe.

This can be proved evidently from the inference that the gravitational
distortion can be canceled as the whole Universe collectively. Then since
it can be derived that the whole space of the Universe becomes flat, the
Universe has to be Minkowski manifold. Then since the Universe expands
at the velocity of light, the Einstein equations must be unnecessary for the
investigation of the evolution of scale factor.
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2 THEORY

The flatness of space can be proved as follows. As is known as gravitational
lensing, light rays are bent around a massive object. This is gravitational
distortion of space, measured by curvature. In this phenomenon the sign
of the curvature is reversed by an exchange of the reference frame. The
curvature is defined as

[∇µ∇ν ]V
α
≡ ∇µ∇νV

α
−∇ν∇µV

α = Rα
βµνV

β ,

where ∇µ and ∇ν are covariant derivatives, and V α and V β are optional
vectors. Since this equation is anti-symmetrical, the curvature is written as

Rα
βµν = −Rα

βνµ.

That is, the sign of curvature of light ray is reversed by the replacing of refer-
ence frame. In the space-time continuum where Lorentz invariance is valid, it
is derivable that curvature of gravitational distortion is canceled as a whole
Universe collectively, because there is no preferred reference frame. On the
other hand, since Ricci tensor, Rµν , of Einstein field equation is symmetrical
tensor, gravitational fields themselves are not canceled as a whole Universe.
However, since there is no preferred center of gravity in the Universe, all ma-
terial points are put into free-fall states, so entire space of Universe becomes
flat, because the neighborhood of a material point where is in free-fall state
becomes flat, that called ”local Lorentz system”. In the flat space, since the
special relativity is valid, the Universe has to be a Minkowski manifold.

The energy included in the Universe can be classified in radiation and a
matter. In the case of radiation, since the radiation is emitted at velocity
of light, the Universe will become a Minkowski manifold. In the case of
a matter, although the rest energy of matter itself does not diffuse, the
thermal radiation is emitted, so the Universe will become also a Minkowski
manifold. Then since each matter is at rest in the center of its geodesic
system of coordinates, respective matter must be at rest also in the co-moving
coordinates of the expanding Universe. As a result, the group of matters must
diffuse at velocity of light following Minkowski manifold, because there is no
preferred system of coordinates in the Lorentz invariant space.

Consequently, it is derivable that the expansion velocity of the Universe
has no relation to the quantity and the distribution density of matters. This
means that Einstein field equation is unnecessary for the investigation of the
expansion of the Universe.
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In the above situation, it is derivable that the gravity of matter is not an
inherent force in matter but is the force given by the deceleration field that is
caused by the inertial expansion of the Universe on the basis of equivalence
principle.

In an inertial expansion, the physical length, R, expands as

R ∝ t.

Then the derivative equations become as

Ṙ = const.,

Ṙ/R ∝ t−1,

and
(Ṙ/R)′ ∝ −t−2

∝ −G(= −6.6720× 10−8cm3g−1sec−2).

The last equation means that the entire space is filled by deceleration fields.
Hence, gravity is yielded in the surface of a massive object as

F ∝ −m
d2x

dt2

on the basis of equivalence principle.
Since Minkowski space is conform to a light-cone, the structure of the

Universe can be shown using a light-cone as Fig.1. Seeing from an observer
the Universe must be seen as the dotted line of Fig.1. While since the Uni-
verse is expanding as a future light-cone, the Universe must be seen from the
observer as Fig.2 and Fig.3. Fig.2 is Cartesian coordinates. Since the size of
the expanding Universe and the visible sphere from the observer are crossing
at the point M , the big bang point must be seen from the observer as the
furthest virtual image of Fig.2 and Fig.3. Fig.3 is polar coordinates.

Since the future light-cone of each material point never cross with the
light-cone of the Universe, the gravity of each matter never affect the expan-
sion of the Universe forever. Since all matters in the Universe are connected
by the space-like vector each other, the gravity of matters also never affect
each other. That is, Einstein field equation is invalid in this space. However,
the local gravitational contraction will occur soon, since then neighboring
matters will be connected by time-like vector each other. Then Einstein
equations must be available.
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Since this expansion is inertial, it is clear that the expansion of the Uni-
verse is the extension of an inertial system based on the law of conservation
of energy.

In the Lorentz frame, four-dimensional distance, s, is written as

s2 = ηµνx
µxν = −(x0)

2 + (x1)
2 + (x2)

2 + (x3)
2.

Since the proper time (τ) of material point is a time-like vector, the invariant
distance is given as

−c2(τ)2 = ηµνx
µxν = −(ct)2 + x2 + y2 + z2. (1)

Equation(1) can be rewritten as

R2 = x2 + y2 + z2 + w2.

This equation is accordance with that of a three-sphere. However, the fic-
titious fourth spatial dimension (w) and the radius (R) are replaced with
the time dimension (ict) and the length of world-line (icτ) in equation(1)
respectively. Here the imaginary number is used since all images of material
point except for observer are virtual images (past images). Since Minkowski
space is called pseudo Euclidean space, this space should be called pseudo
three-sphere.

3 CONCLUSIONS

1. The expansion of the Universe is the extension of an inertial system
based on the law of conservation of energy.

2. The Universe is a Minkowski manifold.

3. The gravity is not an inherent force included in matters but is the force
given by the deceleration field.

4. Einstein equations are available only for the local gravitational con-
traction.

5. The inside of Hubble volume is the whole of the Universe.

6. The shape of the Universe is a pseudo three-sphere.
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Figure 1: This is a light-cone. The dotted line is an outline of the visible
domain.
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Figure 2: The relation of the expanding universe and the visible domain from
an observer is shown. (Cartesian coordinate)
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Figure 3: The radial view from an observer is shown.
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