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Abstract

The possibility of determining the Hubble constant is considered based on the
hypothesis of the physical essence of time as our perception of the displace-
ment of the three-dimensional space of the Universe due to its own expansion
in the direction of orthogonal to this space, the fourth spatial dimension. The
coincidence of the values of the Hubble constant obtained as a result of the
study with the currently generally accepted values, together with the results of
previous experiments, is another undoubted confirmation of the hypothesis
about the physical essence of time.
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1. Introduction

The Hubble constant H, plays an important role in our understanding of the
evolution of the Universe, although its exact meaning and time variation have not
been definitively determined. The importance of accurately determining the Hub-
ble constant is confirmed, for example, by the fact that its inverse value corre-
sponds to the age of the Universe t; 1/H, , it also determines the scale of the
Universe. The Hubble constant is a constant value for all regions of the expanding
Universe only at each stage of its evolution; however, it has now been established
that the very value of this conditional constant H (t) has changed during the
existence of the Universe [1].

There are two main methods for determining the Hubble constant. The first
method consists in detecting distant objects with known luminosity, the so-called
standard candles, which can serve as cepheids or type Ia supernova, determining

the distance to them from the relative brightness measured by photometric meth-
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ods, and then measuring the rate of removal by the redshift of their spectrum [1]-
[6]. The second method of determining the Hubble constant examines the distor-
tions of the radio frequency spectrum of cosmic microwave background radiation
caused by baryon acoustic oscillations that existed in plasma before the epoch of
recombination (up to 380,000 years after the origin of the Universe) [1] [7]-[10].

Both methods cannot give an absolute result, since they depend on unknown
or changing factors, such as the possibility of time changes in the speed of light
and other cosmological parameters, the proportion of matter and radiation den-
sity, the presence of gas and dust clouds, as well as the presence or absence of dark
matter and dark energy, which are taken into account in calculations, but the ex-
istence of which have not yet been proven [1].

Moreover, the values of H, obtained by these methods differ significantly from
each other, which is known as the Hubble tension, which currently has no gener-
ally accepted explanation [1] [11]-[15]. In addition, these methods for determin-
ing H, work at opposite ends of the timeline of the Universe’s existence, skip-
ping intermediate values of H (t) .

Thus, determining the exact values of the Hubble constant and the laws of its

change remains a very urgent task.

2. Four-Dimensional Space

From the point of view of modern physics, time is one of the coordinates of a
single space-time, and it is always emphasized that time is not a spatial axis [16].
In [17], a model of a sphere-like Universe expanding in four-dimensional space is
considered, in which time is the displacement of the three-dimensional space of
the Universe in the direction orthogonal to this space of the fourth spatial dimen-
sion. Time in the proposed model is determined by the distance traveled in the
direction of the fourth spatial dimension, and the actual speed from the point of
view of four-dimensional space and the uniformity of motion do not matter. It is
even possible to completely stop the expansion of the Universe indefinitely with-
out any changes available to a three-dimensional observer. We are able to observe
the passage of time only by moving something, and the very possibility of move-
ment is provided by the expansion of the Universe.

The conclusions following from this hypothesis do not contradict the generally
accepted provisions of modern physics and are confirmed by a number of simple
and easily repeatable experiments conducted using a specially developed tech-
nique based on the difference in the propagation speeds of radiation with different
redshifts before and after reflection from a parabolic mirror [18].

For example, A. Einstein’s statement about the inconstancy of the speed of light
in a vacuum within the framework of the general theory of relativity is confirmed
[16]. The measurement of the speed of propagation of the cosmic microwave
background radiation showed that it is 123 km/s [18]. A. Einstein’s prediction
about the possibility of a redshift of radiation generated by massive stars has also

been experimentally confirmed [19]. According to the hypothesis put forward,
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radiation generated in a region of space with high curvature near a massive object
not only receives a redshift, but also has a relatively low propagation speed. Ac-
cording to the predictions, the propagation speed of the Sun’s radio emission in
the frequency range of 12 GHz was approximately 3000 - 3500 km/s [20].

Within the framework of the proposed hypothesis, an extremely simple expla-
nation for the abnormally high temperature of the solar corona and the existence
of the solar wind is possible. Each point in space, depending on its curvature, cor-
responds to its own value of the speed of light C,, therefore, as it moves away
from the Sun, the speed of light increases proportionally to the power of 3/2 of the
relative distance R, from its surface R,

cx = CO X Rf/z’

which, taking into account the laws of conservation of energy and momentum,
leads to an increase in the speed V,, and consequently the temperature T, of
ionized particles, regardless of their mass, it is proportional to the third power of

the relative distance from the surface of the Sun [21]
T, =T, xR}

The hypothesis about the physical essence of time allows us to abandon the
concept of solid matter [22] and imagine elementary particles in the form of ex-
tremely high-frequency electromagnetic waves moving along a ring at points in
space curved by their own energy [17]. This representation of matter explains the
particle-wave dualism of particles, the probabilistic nature of their interaction,
and the paradoxes of the spin of elementary particles, since the axis of rotation of
electromagnetic waves lies outside our space, and also allows us to abandon the
magical complete transformation of solid matter into radiation, since all transfor-
mations in the collision of elementary particles can be explained by the appear-
ance of new frequencies of electromagnetic waves on the nonlinearities of curved
space are similar to a radio frequency mixer [17].

Electrons, which can also be rolled up into a ring in a normal state, with a cer-
tain configuration of space formed by the surrounding material that is stable at
low temperature, can abruptly unfold and begin to propagate in the form of a flat
electromagnetic wave, which is another possible explanation for the effect of su-
perconductivity.

The presented hypothesis also makes it possible to explain the redshift of radi-
ation from distant objects without involving the Doppler effect, which leads to a
significant revision of the scale of cosmological distances and the rejection of the
theory of accelerated expansion of the Universe, and therefore the abandonment
of the search for dark energy. The dependence of the speed of light on the curva-
ture of space at constant energy leads to a difference in the masses of externally
similar objects, which is perceived as the presence of dark matter [17].

The proposed definition of the physical essence of time fully corresponds to the
position of the general theory of relativity on time dilation in strong gravitational

fields, since with a strong curvature of space, the speed of its movement in the
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direction orthogonal to this space is less than the speed of movement of space free
of large masses in the direction coinciding with the general direction of expansion
of the Universe [17].

It is easy to see that the hypothesis under consideration makes it possible to
determine the size of the entire sphere-like Universe. With an experimentally ob-
tained estimate of the expansion speed of 123,000 km/s and an age of 13.8 billion
years, its radius can be estimated at 1.75 Gpc [18].

Given the significant potential of the proposed hypothesis and the special form
of defining time as the movement of the expanding Universe along the fourth spa-
tial coordinate, it is of interest to consider the correspondence of estimates of the
Hubble constant within the framework of the proposed model and in existing cos-

mological theories.

3. The Hubble Constant

As a result of the experiments with cosmic microwave background radiation, it
was found that the radius of the Universe increases by §'= 123,000 km in a time
that we perceive as one second [18]. Accordingly, every second the circumference
of the Universe increases by AL =2nS km for any value of the time of its exist-
ence, and the entire circumference of the Universe is equal to L = 2nSt,, where
t, is the lifetime of the Universe in seconds. Accordingly, the Hubble constant in
the proposed model is equal to H, = AL/L = 2TES/( 27Sty ) =1/t, , which fully cor-
responds to the currently accepted value [1]. When determining the Hubble con-
stant in terms of expansion speed per one megaparsec of distance, the equation

takes the form

H, =3.085678x10 /t, [ (km/s)/Mpc]. (1)

If the lifetime of the Universe is t; =13.8 billions of years or 4355 x 10" s,
then H, =70.85 (km/s)/Mpc, which also corresponds to current estimates [7].
Figure 1 shows a graph of the dependence of the Hubble constant on the age of
the Universe, constructed according to Equation (1).

Within the framework of the proposed model, the Hubble constant is deter-
mined only for geometric reasons and does not depend on the presence of matter
or radiation of any kind, 7.e., it does not depend on cosmological parameters. Time
always flows at the same speed—we perceive every 123,000 km traveled as one
second, regardless of the speed of movement in the fourth dimension. Therefore,
the extremely high values of the Hubble constant in the early Universe (up to
about half a billion years), which can be perceived as an inflationary expansion or
a Big Bang, are associated only with its relatively small intrinsic size.

Thus, in a four-dimensional world with a known rate of expansion of space at
the present time and in the local region of the Universe closest to us, as potentially
the most accurate value, the values of the Hubble constant can be obtained at any
other moment of the Universe’s existence, and its age can also be calculated with

high accuracy, regardless of any cosmological parameters. On the other hand, for
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Figure 1. The dependence of the Hubble constant H, on the age of the Universe t; .

any time of the Universe’s existence, the corresponding value of the Hubble con-
stant can be determined, which is practically impossible for all other methods.
The coincidence of the values of the Hubble constant, determined based on
completely different cosmological theories, confirms the existence of the hypoth-
esis about the physical essence of time. At the same time, the need to introduce
such indefinite entities into cosmological models that affect changes in the rate of
expansion as dark energy and dark matter is rejected [1] [17]. The reason for the
inflationary expansion of the early Universe and its deceleration over time, time
dilation in strong gravitational fields, is easily explained, and a new simple expla-
nation is given for the effect of superconductivity and even the abnormally high
temperature of the solar corona and the existence of the solar wind [21]. The un-
ambiguous correspondence of the age of the Universe t, and all values of the
Hubble constant H, to one precisely measured value at any given time of the
Universe’s existence is one of the advantages of the hypothesis of time as the ex-
pansion of the Universe in the fourth spatial dimension compared to all other

theories.

4. Conclusion

The hypothesis about the physical essence of time as our perception of the Uni-
verse moving in the direction of the fourth spatial dimension orthogonal to it due
to its own expansion allows us to establish an unambiguous interdependence be-
tween the expansion rate H, and the age of the Universe t,, which practically
coincides with modern estimates obtained from astronomical observations. This
coincidence is another confirmation of the validity of the formulated hypothesis

about the four-dimensionality of the world in which we exist.
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