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Abstract. Based on an improved special relativity that accommodates to the uncertainty
principle, a theoretical relationship between the Hubble constant and several fundamental
constants has been derived, resulting in the calculated value of H0=70.937km·s-1·Mpc-1, which
compares extremely well with current measured results. The new equation and underlying theory
also shed new light into the mystery of the Dirac large numbers problem. Finally, this paper
mentions also an important experiment to test the improved special relativity.
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1

A Brief Review of History

After the Hubble law was discovered, many researchers soon noticed that there were a series of
dimensionless large numbers that were more or less proportional to the integer powers of 1019, such as
the ratio of the electric to the gravitational force between proton and electron, N1 ≈ (1019)2, and the
ratio of the universe Hubble radius to the classical radius of electron, N2 ≈ (1019)2. The results may be
expressed by a “mysterious numbers relation”:
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where, H0 denotes the Hubble constant, c denotes the speed of light, G denotes the gravitational
constant,  denotes the Plank constant, m denotes the pion mass. Dirac speculated that the
correlations between large numbers are not meaningless coincidences, but hint a “fundamental as yet
unexplained truth”. Based on such a premise, he proposed the famous large numbers principle and
speculated that the gravitational constant G should decrease with time [1-2].
Although Dirac's fascination with the large numbers problem was eye-opening his research program
was less successful. As we can see, formula (1) is merely a numerical relationship expressed in
dimensions and orders of magnitude, which has neither clear conceptual definition nor rigorous logical
foundation; the predicted decreasing rate of G had not been supported by astronomical observations; the
estimated value of the Hubble constant, H0  827 km·s-1·Mpc-1, deviates greatly from the measured
values. Therefore Dirac's theory now attracts little attention from the research community.
Nevertheless, the large numbers relation, as puzzling as it has been, does exist. We should not ignore
it just because there were some weaknesses in Dirac's work. Now great progress has been made in
observational cosmology, which allows us to reexamine the large number problem and further explore
“Is there a correlation between the Hubble constant and other fundamental physical constants? What is
the accurate relationship exactly?”
or

2

Contributions of the Author's Work

A new interpretation of the Hubble constant and its relationship to the Dirac large numbers problem
has been made possible by the author's work on an improved special relativity [3]. The new theory is
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based on a 4-dimensional space-time cylinder model of quarks and leptons that incorporates the time
translational symmetry, the 3-dimensional space spherical symmetry and the uncertainty principle of
quantum mechanics, thus unifying the special relativity and quantum mechanics in a novel way that is
different from the quantum electrodynamics.
Based on the new theory, an accurate relationship is found between the Hubble constant and several
other fundamental constants:
H0 

cG me mn2

(2)
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where me denotes the electron mass, mn denotes the neutron mass. Since the values of all
fundamental constants on the right-hand side are known, the Hubble constant can be calculated from
equation (2) to be
H 0  70.937 km·s1·Mpc1
(3)
The formula (2) as a result from a fundamental physical theory does not involve any astronomical
observation amounts (such as the red-shift, the apparent magnitude, etc.) in its derivation process, so it
is interesting to compare the theoretical value (3) with the measured values of H0. Table 1 lists recently
published measured values (their mean value is H 0  70.73 km·s1·Mpc1). Also, it is worth
mentioning that there was an "old" measured value from the ten-year observation results of the Hubble
space telescope key project [9], H 0  72 71  4  7 km·s1·Mpc1. We can see that the theoretical value

 

(3) is consistent with these measured values.
Table 1.

Project
Publication
H0 (km·s1·Mpc1)

Recent measured values of the Hubble constant

MCP[4]
2012
68.9 ±7.1

CHP[5]
2012
74.3 ±2.1

WMAP[6]
2014
69.6 ±0.7

Planck[7]
2015
67.8 ±0.9

SH0ES[8]
2016
73.03 ±1.79

A direct comparison of equations (2) and (1) reveals significantly new insights into the origins of
Dirac large numbers. Both equations have similar constructions and contain several common
fundamental constants c , G ,  , H 0 . However, there is a key difference. While equation (1) is merely
an empirical formula, equation (2) is strictly mathematical and derived from a conceptually rigorous
physical theory that incorporates both the special relativity and the uncertainty principle of quantum
mechanics. In light of equation (2) and the new theory, there is indeed a specific correlation between the
Hubble constant H 0 and fundamental physical constants c , G ,  , as well as the masses of two
special particles me and mn (but not the pion mass m !). The above-mentioned large numbers N1
and N2 are also elucidated by equation (2). Therefore, now we can say that the "fundamental truths"
hidden in the mysterious large numbers have been disclosed by the new equation and underlying theory.
In addition to the Hubble constant and the large numbers problem, the improved special relativity
also has many other important applications. For example, the new theory predicts the existence of the
Lorentz invariance violation (LIV) and derives an exact formula to directly calculate the LIV coefficient
ξ, For UHECR protons above 4×1019eV, it can be calculated that |ξ|<4.5×10-30<<10−23, so too weak
to change the GZK cutoff, which is consistent with the observations by HiRes [10] and Auger [11]. Most
critically, the new theory predicts an unusual effect, which can cause an emission of electrons of
unusually high energy, much higher than the beam energy, in the downstream direction of the electron
storage ring RF cavity. The detection of such small probability events constitutes a crucial proof or
disproof of the new theory. Some preliminary experiments have indeed shown some positive results [12].
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