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Abstract 
We previously revealed that the speed of light in vacuum c, the gravitational 
constant G, the vacuum permittivity ε, and the vacuum permeability µ can be 
defined by the temperature T (or the expected average frequency f) of cosmic 
microwave background (CMB) radiation. Given that CMB is continuously 
cooling, that is, T is continuously decreasing, we proposed that the above 
“constants” are variable and their values at some space-time with CMB tem-
perature T (cT, GT, εT, and µT) can be described using their values (c0, G0, ε0, and 
µ0) and the temperature (T0) of CMB at present space-time. Based on the above 
observation, a number of physical equations related with these constants are 
re-described in this study, including relativity equation, mass-energy equation, 
and Maxwell’s equations, etc. 
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1. Background 

Constant speed of light in vacuum is the basis of relativity theory and modern 
physics. However, we previously revealed a possibility of variable speed of light 
in vacuum [1] through investigating relations of fine-structure constant and 
cosmic microwave background (CMB) [2]. 

We provided evidence for the variable speed of light in vacuum as well [1]. 
Moreover, for other three famous physical constants, gravitational constant G, 
vacuum permittivity ε, and vacuum permeability µ, we also suggested possibility 
of their variability as well [1]. In summary, we revealed that all of the four con-
stants are being variable with the temperature (or expected average frequency) of 
CMB. As a result, we proposed Equations (1)-(4) to describe the speed of light in 
vacuum (cT), the gravitational constant (GT), the vacuum permittivity (εT), and 
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the vacuum permeability (µT) at a space-time with CMB temperature T using the 
temperature (T0) of CMB and the speed of light in vacuum (c0), the gravitational 
constant (G0), the vacuum permittivity (ε0), and the vacuum permeability (µ0) at 
present space-time. 
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where the latest value of c0 is 299,792,458 meters/second (m/s), which was meas-
ured by National Bureau of Standards in 1983 [3]. Given the suggested possibili-
ty of variability of the above “constants”, it is expected that a number of physical 
equations related with these constants should be re-described. 

2. Physical Equations Should Be Re-Described 

Given the above observations, it is expected that most of the established phys-
ical equations related with the four “constants” should be re-described. There 
are indeed a big number of equations including these constants should be re- 
described. For simplicity, we use X0 and XT to denote variable/constant X at 
present space-time and at some space-time with CMB temperature T, respec-
tively. 

2.1. Gravitational Constant G Related Physical Equations 

The Newtonian gravitational constant is one of the most fundamental constants 
of our nature, which was first proposed by Isaac Newton and is used in calculat-
ing the gravitational force between two objects according to the equation of 
Newton’s law of gravitation, as shown in Equation (5). 

0 0 2

MmF G
R

=                          (5) 

where M and m are the mass of some two objects, R and F are the distance and 
the gravitational force between the two objects. However, we revealed that G is 
not a real constant but change with CMB temperature as Equation (2). Therefore, 
the first physical equation should be re-described is the famous Newton’s universal 
gravitation equation, that is, Equation (5), which should be re-described as 

2 2

0 02 2 2
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T
T Mm TF G F
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Meanwhile, the gravitational field strength or gravitational acceleration g 
(Equation (7)) sourced by the mass M will be re-described as Equation (8). 
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Then the equation (Equation (9)) of the gravitational potential energy (GPE) 
should be re-written as Equation (10). 

0 0GPE mg h=                          (9) 
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Law of free fall (Equation (11)) defines the movement of an object only under 
the influence of uniform gravitational field, which gives the vertical velocity v(t) 
and altitude y(t) during time t for an object with initial velocity v0 and initial al-
titude y0. 
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Given Equation (8), then the above equation should be re-described as 
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Another issue is buoyant force, which is an upward force exerted by fluids (for 
example liquids and gas) in the presence of gravity. It is known that buoyant 
force can be given by 

0
0buoyantF g Vρ=                        (13) 

where ρ is the density of the fluid, V is the volume of the fluid displaced, and g is 
the gravitational acceleration. Naturally, buoyant force is resulted from the dif-
ferences in hydrostatic gauge pressure between the bottom and the top of the 
object in the fluid. The pressure is given by 

0 0P g hρ=                          (14) 

Then, given Equation (8), Equation of (13) and (14) at a space-time with CMB 
temperature T should be re-described as Equation of (15) and (16), respectively. 
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Similarly, the famous Bernoulli’s Equation (17), also called Bernoulli’s prin-
ciple), which connects the speed, height, and pressure of two points in a steady 
flowing fluid with density ρ. should be re-described as (18). 
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For the issue of gas density in the air, it is known that the density n (in the 
number of molecules in unit volume) of one type of gas (e.g. the oxygen) can be 
given by 

0e molmgh kTn n −=                        (19) 

where n0 is the molecule density at height h = 0, m is the mass of each gas mole-
cule, h is the height relative to h0, k is the Boltzmann’s constant, and Tmol is the 
average temperature of the gas molecule. Then, for a space-time with CMB T, 
the above equation should be re-described as 

2
02

0
0e

mol
Tm g h kT
T

Tn n
−

=                       (20) 

More importantly, given that some famous physical equations, for example, 
the Einstein’s equation for general relativity, should be also re-described because 
it contains G, we will introduce it in the following section as it also contains 
speed of light in vacuum. 

2.2. Speed of Light in Vacuum, Vacuum Permittivity and the  
Vacuum Permeability Related Physical Equations 

There are a big number of physical equations that contains the speed of light in 
vacuum and vacuum permittivity. Some of them also include gravitational con-
stant and vacuum permeability. One of the most famous equations is the Eins-
tein’s equation for general relativity which include both speed of light in vacuum 
and gravitational constant, as the following equation, 

0
4
0

81
2

G
R Rg T

cµν µν µν
π

− =                    (21) 

According to Equations (1) and (2), the Einstein’s equation for general rela-
tivity at some space-time with CMB temperature T will be 
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Another physical equation including both speed of light in vacuum and gravi-
tational constant is Temperature of Black holes (Equation (24)), whose new 
form will be Equation (25). 
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The most famous equation contains both physical constants of vacuum per-
mittivity and vacuum permeability could be the Maxwell’s Equations whose 
forms in vacuum are as follows 
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Then the re-described Maxwell’s Equations in vacuum will be as follows 
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Some other famous physical equations should be re-described including Mass- 
Energy equation from Equations (34) to (35), and Coulomb Equation from Equ-
ations (36) to (37). 
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Because the number of physical equations including these constants is very 
big, we will not re-describe them one by one here but give a list for part of these 
physical equations. Table 1 list some equations including the original ones and 
the new ones. Which constant(s) included are also introduced as well. 

3. Equations Do Not Need to Be Re-Described 

Besides the above four constants, some equations including these constants may not 
need to be re-described. Here, we summarize some of these equations in Table 2. 
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Table 1. List of the original equations and corresponding new equations re-described by the temperature (T0) and speed of light in 
vacuum (c0), gravitational constant (G0), vacuum permittivity (ε0), and vacuum permeability (µ0) at present space-time, and the 
temperature T at some space-time. 

Equation (which constant) Original Equation (T0) New Equation (T) 
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Table 2. List of the equations do not need to be re-described. 

Term Original form 

Schwarzschild radius 0
2
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a c
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Vacuum impedance 0 0 01Z cε=  

*ε in this table is the eccentricity rate of the Mercury’s orbit. 

4. Question on Planet’s Ellipses Orbits 

Given the variable physical constants addressed above, it is expected that some 
physical rules should be also re-visited besides a big number of physical equa-
tions. One example is that the planet’s orbits. It is well known that planets run 
on ellipses orbits, which is then closed orbits. Meanwhile, it is widely accepted 
that the reasons the orbits are elliptical but not circle are resulted from gravita-
tional forces from other planets or meteor collision. However, as we addressed 
above, the gravitational constant is variable and is decreasing along the present 
space-time. The gravitational force between the planets and their stars will de-
crease and then the orbits could be not elliptical although they looks very similar 
to be elliptical as gravitational force decreases very slowly. Moreover, their orbits 
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are not closed but should be logarithmic spiral which can be described by 

( )e 1kr
k

θρ = −                         (38) 

where θ is some degree (relative position) of the planet and its star, r is the orig-
inal/basic radius between them, ρ is the length of the logarithmic spiral from the 
original point and the current position (or the degree of θ), and k > 0. When k is 
close to zero, the above equation will be lose to that of a circle with radius of r, as 
described by the following equation, 

( )0lim e 1k
k

r r
k

θ θ→ − =                     (39) 

Given that the gravitational constant is continuously decreasing, not only the 
planet-star systems but also all celestial body systems are moving away with each 
other and the orbit eccentricity is then becoming bigger and bigger. One exam-
ple is the Earth-Moon system. If we assume that the orbit is perfectly circle when 
it was born, that is originally orbit eccentricity = 0, we then may estimate the age 
of the Earth-Moon system based on their recession rate, Perigee distance, and 
Apogee distance. We previously calculated the recession rate of Earth-Moon is 
~0.92 cm/year [1]. It is known that currently the Perigee distance and Apogee 
distance of Earth-Moon are 3.633 × 105 km and 4.055 × 105 km [4], respectively. 
If we assume the orbit eccentricity is mainly resulted from the decreasing gravi-
tational constant induced recession, we may estimate the age of the Earth-Moon 
will be 

10 10

Moon-Earth
4.055 10 3.633 10AGE 4.5 bil77

0.
lion

92
 years× − ×

= =      (40) 

This estimated age is quite close to the estimated age (~4.51 billion years) of 
Moon by rocks [5] and that (~4.6 billion years) of Earth using a single-stage 
model based on the evolution of lead isotopes in the Earth [6]. Meanwhile, this 
prediction of Earth-Moon age (4.577 billion years) supports that Moon and 
Earth have the same origin or Moon is originally from Earth. 

5. Conclusion and Discussion 

In summary, using the variable four physical “constants” including speed of light 
in vacuum, gravitational constant, vacuum permittivity, and vacuum permeabil-
ity, we re-described several important equations, for example the relativity equa-
tions and the Maxwell’s equations. In addition, we also find some equations keep 
unchanged with the CMB temperature, for example gravitational red shift and 
Schwarzschild radius. Moreover, it is known that there are a big number of 
physical equations including the four constants and most of them may need to 
be re-described. In addition, the variable constant can predict the planets’ orbits 
are logarithmic spiral, which is quite similar with ellipses orbits as the gravita-
tion constant is decreasing very slowly. This further gives a totally different in-
terpretation for the reason why planets’ orbits are elliptical but not circle. Final-
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ly, given the above “variable” constants, we suggest that some standard interna-
tional (SI) base units (e.g. Length—meter (m); Electric current—ampere (A)) 
should be also re-defined. 

Conflicts of Interest 

The authors declare no conflicts of interest regarding the publication of this pa-
per. 

References 
[1] Cui, Q. (2022) On the Possibility of Variable Speed of Light in Vacuum. Journal of 

High Energy Physics, Gravitation and Cosmology, 8, 927-934.  
https://doi.org/10.4236/jhepgc.2022.84063 

[2] Cui, Q. (2022) Possible Relations of Cosmic Microwave Background with Gravity 
and Fine-Structure Constant. Journal of Modern Physics, 13, 1045-1052.  
https://doi.org/10.4236/jmp.2022.137058 

[3] (1984) Documents Concerning the New Definition of the Metre. Metrologia, 19, 
Article No. 163. https://doi.org/10.1088/0026-1394/19/4/004 

[4] https://nssdc.gsfc.nasa.gov/planetary/factsheet/moonfact.html.  

[5] https://www.popularmechanics.com/space/moon-mars/a33314141/moon-actual-age/.  

[6] https://www.nps.gov/subjects/geology/age-of-the-earth.htm.  
 
 

https://doi.org/10.4236/jhepgc.2023.91011
https://doi.org/10.4236/jhepgc.2022.84063
https://doi.org/10.4236/jmp.2022.137058
https://doi.org/10.1088/0026-1394/19/4/004
https://nssdc.gsfc.nasa.gov/planetary/factsheet/moonfact.html
https://www.popularmechanics.com/space/moon-mars/a33314141/moon-actual-age/
https://www.nps.gov/subjects/geology/age-of-the-earth.htm

	Variable Physical Constants and Beyond
	Abstract
	Keywords
	1. Background
	2. Physical Equations Should Be Re-Described
	2.1. Gravitational Constant G Related Physical Equations
	2.2. Speed of Light in Vacuum, Vacuum Permittivity and the Vacuum Permeability Related Physical Equations

	3. Equations Do Not Need to Be Re-Described
	4. Question on Planet’s Ellipses Orbits
	5. Conclusion and Discussion
	Conflicts of Interest
	References

