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Abstract 
Previously, we presented several empirical equations using the cosmic micro-
wave background (CMB) temperature. Next, we propose an empirical equa-
tion for the fine-structure constant. Considering the compatibility among 
these empirical equations, the CMB temperature (Tc) and gravitational con-
stant (G) were calculated to be 2.726312 K and 6.673778 × 10−11 m3∙kg−1∙s−2, 
respectively. Every equation can be explained numerically in terms of the 
Compton length of an electron (λe), the Compton length of a proton (λp) and 
α. After several trials, we describe the algorithms used to explain these equa-
tions. Thus, no dimension mismatch problems were observed. In this report, 
we describe the normalization methods in our algorithms used to explain these 
equations in detail. Our redefinition method is a part of the normalization in 
the algorithms. Furthermore, the definitions of the gravitational constant are 
discussed. 
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1. Introduction 

The symbol list is shown in Section 2. Previously, we described three Equations 
(1), (2) and (3) in terms of the cosmic microwave background (CMB) temperature 
[1]-[4] and [5]. 
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We then derived an empirical equation for the fine-structure constant [6]. 
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Equations (4) and (5) are related to the transference number [7] [8]. Next, the 
following values are proposed as deviations of the values of 9/2 and π [8] [9]. 
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and the Faraday constant, these values can be adjusted back to 9/2 and π [9]. 
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Every equation can be explained in terms of the Compton length of an electron 
(λe), the Compton length of a proton (λp) and α [10]. After several trials [11] [12] 
using the correspondence principle with thermodynamic principles in solid-state 
ionics [13], we propose a canonical ensemble to explain the concept of the mini-
mum mass. Next, we describe the algorithms used to explain these equations [14]. 
Then, every dimension mismatch problem can be solved. The ratio of the gravita-
tional force to the electric force can be uniquely determined with the assumption 
of minimum mass. 
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Quantum mechanics [15] and gravity [16] have been used to provide thermo-
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dynamic explanations. Our motivation is to use thermodynamic principles in the 
area of solid-state ionics, which we discovered. In this report, we describe the nor-
malization methods in our algorithms used to explain these equations. Our re-
definition method is a part of the normalization methods in our algorithms. 

The remainder of this paper is organized as follows. In Section 2, we present the 
list of symbols used in our derivations. In Section 3, we propose normalization 
methods in our algorithms to explain these equations. In Section 4, using the nor-
malization methods in our algorithms, we explain Equations (1), (2), (3) and (10). 
Furthermore, the definitions of the gravitational constant are discussed. In Section 
5, our conclusions are provided. 

2. Symbol List 
2.1. MKSA Units (These Values Were Obtained from Wikipedia) 

G: gravitational constant: 6.6743 × 10−11 (m3∙kg−1∙s−2) 
 (we used the compensated value 6.673778 × 10−11 in this study) 
Tc: CMB temperature: 2.72548 (K) 
 (we used the compensated value 2.726312 K in this study) 
k: Boltzmann constant: 1.380649 × 10−23 (J∙K−1) 
c: speed of light: 299792458 (m/s) 
h: Planck constant: 6.62607015 × 10−34 (J s) 
ε0: Electric constant: 8.8541878128 × 10−12 (N⋅m2⋅C−2) 
µ0: magnetic constant: 1.25663706212 × 10−6 (N∙A−2) 
e: electric charge of one electron: −1.602176634 × 10−19 (C) 
qm: magnetic charge of one magnetic monopole: 4.13566770 × 10−15 (Wb) 
 (this value is only a theoretical value, qm = h/e) 
mp: rest mass of a proton: 1.672621923 × 10−27 (kg) 
 (We used the compensated value of 1.6726219059 × 10−27 kg to explain 
 137.0359990841) 
me: rest mass of an electron: 9.1093837 × 10−31 (kg) 
Rk: von Klitzing constant: 25812.80745 (Ω) 
Z0: wave impedance in free space: 376.730313668 (Ω) 
α: fine-structure constant: 1/137.035999081 
λp: Compton wavelength of a proton: 1.32141 × 10−15 (m) 
λe: Compton wavelength of an electron: 2.4263102367 × 10−12 (m) 

2.2. Symbol List after Redefinition 
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Equation (13) can be rewritten as follows: 
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Equation (16) can be rewritten as follows: 
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The Compton wavelength (λ) is as follows: 

 
h

mc
λ =  (21) 

The value (λ) should be unchanged since the unit for 1 m is unchanged. How-
ever, in Equation (13), Planck’s constant changes. Therefore, the units for the 
masses of one electron and one proton need to be redefined. 
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From the dimensional analysis in a previous report [9], the following is ob-
tained: 
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To simplify the calculation, GN is defined as follows: 
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Now, the value of GN remains unchanged. However, the value of GN_new should 
change [9] as follows: 
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2.3. Symbol List in Terms of the Compton Length of an Electron 
(λe), the Compton Length of a Proton (λp) and α 

The following equations were proposed in a previous study [10]: 
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2.4. Symbol List in Terms of the Avogadro Number and the  
Number of Electrons in 1 C 

This section is omitted for the following reasons. 
The Avogadro number (NA) is 6.02214076 × 1023. This value is related to the 

following value. 

 1 g 5.978637E 23A
p

N
m

= = +  (33) 

Using the redefined values, the new definition of the Avogadro number (NA_new) 

https://doi.org/10.4236/jmp.2025.163022


T. Miyashita 
 

 

DOI: 10.4236/jmp.2025.163022 395 Journal of Modern Physics 
 

is as follows: 
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In this report, Equation (34) is incorrect. The correct equation is as follows: 
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However, the main point in our explanation for Equation (26) in the previous 
report [14] can still be useful. 

2.5. Symbol List for the Advanced Expressions for kTc and GN 

Furthermore, we propose the following four equations [11]: 
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In Equations (36) and (37), 2π(1) is dimensionless. For G, two equations exist, 
as follows: 
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In Equations (38) and (39), 4π(1) and 4.5(1) are dimensionless. 

2.6. Symbol List When the Planck Constant Is Changed to 1 Js 

When we define the Planck constant as (1 Js), the following equations can be used: 
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where hnew(1) (= 6.629383E−34) is dimensionless. cgeneral and 1 mgeneral are the val-
ues for c and 1 m, respectively, after Planck’s constant is changed. Thus, the unit 
of the meter needs to be changed. Importantly, Equation (40) does not indicate a 
change in the light speed. 
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where 1 Cgeneral, 1 Wbgeneral, 1 kggeneral, egeneral, qm_general, me_general, mp_general, Tc_general and 
GN_gerneral are the values for 1 C, 1 Wb, 1 kg, e, qm, me, mp, Tc and GN, respectively, 
when the Planck constant is changed to 1 Js. 

The minimum mass (Mmin) is defined as follows: 
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The ratio between the mass of an electron and the minimum mass is defined as 
follows: 
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The mass ratio of a proton to its minimum mass is defined as follows: 
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2.7. Symbol List for the Algorithms Used to Explain Our Empirical 
Equations 

2.7.1. Algorithms for Making the First List 
Equations (50) and (51) are important for making the first list. Using Equations 
(27)-(32), the following list can be obtained [14]. 
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2.7.2. Algorithms for Making the Second List 
Using the arbitrary value of the light speed, we use the second list. The following 
example can be used: 
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where carbitrary and 1 marbitrary are the values for c and 1 m when an arbitrary value 
of light speed is used, respectively. Thus, the first list remains useful [14]. 

From Equations (36) and (37), 

 ( ) ( )
2

_
_

_
1

2 1
V m e new

c new
m newq c m c

kT
α

π ⋅ ×
π

= × ×  (60) 

 ( ) ( )
2

_
_

1 1A m
4.5 2 1 new p new

c new

e c m c
kT
α

⋅ = ×
π

× ×  (61) 

Consequently, π (Vm) and 1/4.5 (Am) are unchanged in the second list. 

3. Methods 

In this section, the normalization methods in our algorithms used to explain these 
equations are proposed. The normalization methods can be performed in three 
steps. 

Step 1: The redefinition method. 
Step 2: Use the standard values of 1 m and 1 s. 
Step 3: Use the standard value of 1 kg. 
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3.1. Step 1: Explanation for the Redefinition Method 

The procedure of the redefinition method has already been provided. The theo-
retical meaning of the redefinition method is normalization of the electric con-
stant (ε0) and the magnetic constant (μ0). The numerical explanation is as follows: 

 

( )

( )
( )

( )

2

0 _2
0 _

2
_

2

1 kg m

4 2 1 2
3

378.849 4

C

3

s

06

new
n

p

ew

c new

new e

c
c

kT c

e

m
m

µ
ε

α
α

 
+ × π × 

 

=

 
Ω = × = Ω 
 

= ×

Ω

  (62) 

The value in Equation (62) is equal to the value in Equation (17). Clearly, this 
is not a coincidence. However, after applying the redefinition method, the calcu-
lated value only slightly changes. The unit of the electric current (1A) is, which is 
defined by Ampère’s force law. After several centuries, the Faraday constant was 
defined as 96485.332 (C/mol). The unit of mol is defined as 1 g. When the unit of 
mol is defined as 1 kg, the Faraday constant becomes 9.6485332 × 107 (C/mol). 

Our redefinition method is as follows: 

 ( )

2
_

4
3

V m
n

p
e new

ew

e

c

e c

m
m

m
 

+ 
 π =⋅  (63) 

Thus, the following equation can be used: 

 
_

4 9.5496198E 07
3

pnew e

p new e p

me mc
m m m

 
= × + × = + π  

 (64) 

In Equation (64), the calculated value is very similar to the Faraday constant 
when the unit of mol is defined as 1 kg. Consequently, the definition of the electric 
current (1A) is highly suitable coincidentally. In more concrete terms, the force (2 
dyn = 2 g⋅cm/s2) was used to define the electric current (1A). When the force (1 
dyn = 1 g⋅cm/s2) was used, the Faraday constant changed. After the redefinition 
method is applied, the calculated value should change substantially. This means 
that the symbol list in Section 2.2 has changed substantially. 

3.2. Step 2: Use of the Standard Values of 1 m and 1 s 
3.2.1. Explanation of the Arbitrary Value of the Light Speed 
In a previous report, an arbitrary value of light speed was used: 

 arbitrary
arbitrary

m
s

12345c =
 
 
 

 (65) 

However, the correct equation is as follows: 

 arbitrary
arbitrary

arbitrary

m
12345

s
c

 
=   

 
 (66) 

where 1 sarbitrary is the value for 1 s when an arbitrary value of light speed is used. 
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Then, the following can be attained: 

 ( ) ( )arbitrary
11 m m

1234
8.10045E

5
05 m= = −  (67) 

 ( ) ( )arbitra y 2r
11 s s

1234
6.56172E

5
09 s= = −  (68) 

Thus, the following equations can be defined: 

 arbitrary
arbitrary

arbitrary

m
12345

s
c =  (69) 

 
( )2

2
arbitrary

arbitrar

2

y

1 m 12345 m m1
1 s 12345 s s

   
= =   

   
 (70) 

Consequently, the unit of m2/s is 1. Then, π (Vm) and 1/4.5 (Am) are un-
changed in the second list. 

3.2.2. Explanation of the Standard Values of 1 m and 1 s 
We propose standard values of 1 m and 1 s as follows. 

 ( ) ( )standard
1 m 3.33564E 09 m

299792
1

458
m = −=  (71) 

 ( ) ( )sta 2ndard
1 s 1.11265E 17 s

2997924
1

58
s = −=  (72) 

 
( )2 2

standard

standard

1 m m1
1 s s

 
=  

 
 (73) 

where 1 mstandard and 1 sstandard are the standard values of 1 m and 1 s, respectively. 
The light speed using these values (cstandard) is defined as follows: 

 standard
standard

standard

mm 1
s

299792
s

458c
  = =   

   
 (74) 

Then, the value of 1 J becomes equivalent to 1 kg. From the first list written in 
Section 2.7.1, 

 
( )

( )

1

standard
standard

1 4 1C
4.5 3

4.79095067E 11 C

p

p e

mhe
m m c

−
   

= × × + ×   
   

= −

 (75) 

 
( )

( )

1

standard
standard

4 1Wb
3

1.24363481E 06 Wb

p

e e

h
m c

m
q

m

−
   

= π× × + ×   
   

−=

 (76) 

 
( )

( )

2 2

_ standard
standard

4 1
4.5 3

8.19120012E 1

kg

4 kg

p
e

p e c
mhm

m m

−
   π

= × + ×   
   

= −

×
 (77) 
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( )

( )

2 2

_ standard
standard

4 1kg
4.5 3

1.50402938E 10 kg

p
p

e e c
mhm

m m

−
   π

= × + ×   
   

−

×

=

 (78) 

 
( )

( )

2 2

standard
standard

4 1J s
4.5 3

5.9581930E 17 J s

p

p e e

mh
c

h
m

h
m m

−
   π

⋅ = × × × + ×   


−=
  

⋅

 (79) 

 
( ) ( ) ( )

( )

_ stand r
3

a d 1
2 1 4

4J J
3

5.1607244E 21

.5

J

c

p e

p

e

kT h h
m

m
mmα

−

= × × × ×
 π

+ π  
= −

 (80) 

 

( )
( )

( )
( )

2 1

standard

3
standar

3

_standar

d
2

standard

d 2

4
3

1 m
2.23182656E 19

1 s

4.5 1m
4 1s

p

p e
NG c

mh
m m

α
− 

= × × 
 

 
 =

  
+ ×    π 






−







 (81) 

where estandard, qm_ standard, me_standard, mp_standard, kTc_standard and GN_standard are the values 
for e, qm, me, mp, kTc and GN, respectively, when the standard values of 1 m and 1 
s are used. 

From Equation (62), 

 

( )
( )

1

standar

22 2

0 _ standard 3
_ d

4 1 1
3 2 1 2

1
378.8493064

C s×
kg m

p

e

new

c new

e
kT c

m
m

ε
αα

−
   

+ × ×   π ×
 

= × 
     

=

 (82) 

 ( )
( )_

0 _ standard
stand d

2
ar

2

4 12 1 2
3

37

kg m

8.84930 4

C

6

pc new

n eew

kT m
m ce

α
µ α

   
+ × π × ×   

  

 ⋅ = ×

=

 

  (83) 

3.3. Step 3: The Use of the Normalized Value of 1 kg 

In Section 3.2, the unit of m2/s can be 1. Then, the following equation can be used: 

 

( )

( ) ( )standar

2 2

d

standard

2

4 1.837486E 03 1 1
3

1.837486E 03 1 1

m m
s s

m
s

p

e

m
m

   
=   

   

 
+ + × 

 

+ ×
 
 =
 
 

  (84) 

where 1.837486E+03(1) is dimensionless. We propose a normalized value of 1 
kg as follows: 

 
( ) ( ) ( )

( )
_Normalized _ standard 1.837486E 03 1

1.505

kg

12154E 10

kg

kg
e em m= +

−

×

=
  (85) 

 
( ) ( ) ( )

( )
_ Normalized _ standardkg k 1.837486E 03 1

2.7636329E 07

g

kg
p pm m ×= +

= −
 (86) 
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 ( ) ( ) ( )

( )

Normali_ _standarzed dJ J 1.837486E 03 1

9.48275875E 18 J

c ckT kT
α α

= +

= −

×
 (87) 

where me_Normalized, mp_Normalized and kTc_Normalized are the values for me, mp, and kTc, 
respectively, when the normalized value of 1 kg is used. For convenience, Equa-
tion (31) is rewritten as follows: 

 ( ) ( )3 2 3 26.6737781 kg m s E 11 m sNG G − −= × ⋅ = ⋅−  (88) 

Thus, the following equation can be obtained: 

 
( ) ( )

( )
( )

Normalized

3
standard

2
standa

3
_standar

rd

d
_ 2

2.23182656E 19
1.837486E 03 1 1.837486E 03 1

1 m
1.21460875E

s

2
1 s

m

2

N
N

G
G − 

= = 
 

 
 =
 


−


+ +
 (89) 

where GN_Normalized is the GN when the normalized value of 1 kg is used. From Equa-
tions (75)-(83), the following can be defined: 

 
( )

( )

Normalized
_ Normalized standard

2

1 1C
4.5

4.79095067E

s
m

11 C
p c

he
m

 
 


 
= × × × 

=



 

−

 (90) 

 
( )

( )

Normalized
_ Normalized standard

2

1Wb

1.2436348

s
m

1E 06 Wb
e

h
m c

q  
 
 

 
= π× × × 


−=

  (91) 

 
( )

( )

2

_ Normalized
_ Normalized standard

2

2

1
4.5

1.50512154E 1

skg

g0

m

k

e
p

hm
m c

 
 


 π
= × × ×

=


 
 

−

 (92) 

 
( )

( )

2

_ Normalized
_ Normalized s

2

tanda d
2

r

1kg
4.5

2.7636329E

s

0

m

g7 k

p
e c

hm
m

 
 


 π
= × × ×



=

 
 

−

 (93) 

 
( )

( )

2

Normalized
_ Normalized _ Normalized sta

2

2
ndard

1J s
4.5

5.9581930E 7

s
m

1 J s
p e

h h
c

h
m m

   π
⋅ = × × × × 

 

−

 


⋅=

 (94) 

 
( ) ( )

( )

Normalized

_ Normalized _ Norm

3
_

alized
2

1 s
2 1 4.5

J

9.48275875E 18 J

m
c

p e

kT h h
m mα

 = × × ×  
 

π
×

π

= −

 (95) 

 

( )
( )

( )
( )

2

Normalized standard
_ Normalized

3
standard

2
standa

N

r

_ 2 2

d

3 4.5 1m s
4 1s m

1 m
1.21460875E 22

1 s

p

hG
m

cα
   

× ×  π  

−

= ×   
  

 
 =
 
 

 (96) 
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( )
( )Normalized

Normalized standard

22 2

0 _ 3
_

1 1
2 1 2

1
378.

C s

849306

k

4

×
g m

new

c

e
kT cα

ε
α

 
= ×




 


× π ×  

=

 (97) 

 ( )
( )Normalized

Normalized
stand

_
0 _ 2

ard
2

12 1 2

378.8493064

kg ×m
C

c

new

kT
ce

µ α
α  
× π  = 

 
× × 

 

=

 (98) 

4. Results 
4.1. Explanation of Our Main Four Equations Using the Values in  

Section 3.2.2 

In this section, we ensure that Equations (75)-(83) are correct using our four equa-
tions (Equations (1), (2), (3) and (10)). Strictly speaking, me should be written as 
me_standard. However, we omit the subscript “standard” to avoid unnecessary nota-
tional complexity. 

For convenience, Equation (1) is rewritten as follows: 

 
2

22
4.

kg
5

1
p cGm kT

hc c
= ×

×
 (99) 

When the light speed is 1 m/s, the following equation is obtained: 

 
( )2 4.5 1

8.47341571 2
2

E 3N p
c

G m
kT

h
= × −=  (100) 

where 4.5(1) is dimensionless. When Equations (75)-(83) are used, Equation (1) 
is correct, because the left side is equal to the right side. For convenience, Equation 
(2) is rewritten as follows: 

 
( )
( )

2

2

0

4.5 1
2 1

4

p eGm m
hc

ee
ε

= × ×
 
 

π

 π

 (101) 

When the light speed is 1 m/s, the following equation is obtained: 

 
( )
( )

2

2

0

7.29580
4.5 1
2

222E 20
1

4

p eGm m
h

ee
ε

−
π

= × × =
 
 
 π

 (102) 

When Equations (75)-(83) are used, Equation (2) is correct. For convenience, 
Equation (3) is rewritten as follows: 

 
2 2

0

1.18311202E 22
4

e
c

m c e kT
e ε

π
 

× = × =
 

−
π   (103) 

When Equations (75)-(83) are used, Equation (3) is correct. For convenience, 
Equation (10) is rewritten as follows: 
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 ( ) ( )
2

22

0

4.5 1
1

1
kg

4

p cGm kT
ce
α

ε

×=
× 

 
 

π ×

π

 (104) 

When the light speed is 1 m/s, the following equation is obtained: 

 ( ) ( )
2

2

0

4.5 1 1 7.29580

4

222E 20N p cG m kT
e α
ε

×= =
 




π




× −

π

 (105) 

Consequently, when Equations (75)-(83) are used, our main four equations are 
correct. 

4.2. Explanation of Our Main Four Equations Using the Values in  
Section 3.3 

In this section, we ensure that Equations (90)-(98) are correct using our four equa-
tions (Equations (1), (2), (3) and (10)). Strictly speaking, me should be written as 
me_Normalized. However, we omit the subscript “Normalized” to avoid unnecessary 
notational complexity. 

For convenience, Equation (1) is rewritten as follows: 

 
2

22
4.

kg
5

1
p cGm kT

hc c
= ×

×
 (106) 

When the light speed is 1 m/s, the following equation is obtained: 

 
( )2 4.5 1

1.55697826 1
2

E 9N p
c

G m
kT

h
= × −=  (107) 

When Equations (90)-(98) are used, Equation (1) is correct. For convenience, 
Equation (2) is rewritten as follows: 

 
( )
( )

2

2

0

4.5 1
2 1

4

p eGm m
hc

ee
ε

= × ×
 
 

π

 π

 (108) 

When the light speed is 1 m/s, the following equation is obtained: 

 
( )
( )

2

2

0

1.34059
4.5 1
2

343E 16
1

4

p eGm m
h

ee
ε

−
π

= × × =
 
 
 π

 (109) 

When Equations (90)-(98) are used, Equation (2) is correct. For convenience, 
Equation (3) is rewritten as follows: 

 
2 2

0

2.17395177E 19
4

e
c

m c e kT
e ε

π
 

× = × =
 

−
π   (110) 

When Equations (90)-(98) are used, Equation (3) is correct. For convenience, 
Equation (10) is rewritten as follows: 
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 ( ) ( )
2

22

0

4.5 1
1

1
kg

4

p cGm kT
ce
α

ε

×=
× 

 
 

π ×

π

 (111) 

When the light speed is 1 m/s, the following equation is obtained: 

 ( ) ( )
2

2

0

4.5 1 1 1.34059

4

343E 16N p cG m kT
e α
ε

×= =
 




π




× −

π

 (112) 

Consequently, for Equations (90)-(98), our main four equations are correct. 

4.3. Ratio of the Gravitational Force to the Electric Force Should 
Be the Fundamental Constant and Unchanged 

The ratio of the gravitational force to the electric force is a fundamental constant. 
The ratio should not be changed, even when the unit of mass is changed. Accord-
ing to Einstein, the following equation applies: 

 2E mc=  (113) 

Therefore, the unit of mass (kg) is connected with the unit of work (J). Thus, 
the definition of the gravitational constant was changed from the relationship be-
tween the unit of mass to the relationship between the unit of work. 

For convenience, Equations (10) and (105) are rewritten as follows: 

 ( ) ( )
2

22

0

4.5 1 1 8.117
1 kg

4

67475E 37p cGm kT
ce
α

ε

= =
× 

 
 

×π × −

π

 (114) 

 ( ) ( )
2

2

0

4.5 1 1 7.29580

4

222E 20N p cG m kT
e α
ε

×= =
 




π




× −

π

 (115) 

So, 

 ( )227.29580222E 20 299792458 1
8.11767475E 37

c−
= =

−
 (116) 

where c(1) is dimensionless. Consequently, gravity can be explained by the unit 
of work (J). This is very important because we strongly believe that gravity should 
be explained by PVs (Gibbs energy). 

For convenience, Equation (112) is rewritten as follows: 

 
2

2

0

4.5(1)

4

(1) 1.34059343 16N p cG
E

m kT
e α
π

π

ε

×= =
 
 



−



×  (117) 

Here, the same problem occurs: the ratio should not be changed, even when the 
unit of mass is changed. Therefore, we changed the definition of the gravitational 
constant. 

For convenience, Equation (38) is rewritten as follows: 
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( )
( ) ( )

3

2_
_

_
2

3

2

4.5 1m 4.5

6.69084770E 11

4 1s

m
s

m new
N new new new

p new

q c
G c e c e c

m c
α

 
= × × × ×  π 


= −


 
 

 (118) 

Then, we consider the unit. 

 2
_

_
2

2

Wb V s m s s m 1 m
J C s A m skgp ne

m new

w

c
m c c
q c  × ⋅ ×

= = × = × ⋅× 
 (119) 

From Equations (91) and (93), 

 
2

Normalized standard
2

_ Normalized standard

1.24363E 06 1 m4.5
2.76363E 07 A m sp
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Therefore, 
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From Equation (49), the mass ratio of a proton to its minimum mass is defined 
as follows: 
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Therefore, 
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(123) 
In Equation (123), the unit of m3/s2 can be omitted. Therefore, 
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  (124) 

where GN_Normalized (1) is dimensionless. The gravitational constant can be ex-
plained by the mass ratio of a proton to its minimum mass. Thus, the definition 
of the gravitational constant was changed from the relationship between the unit 
of mass (kg) to the mass ratio of a proton to its minimum mass. We strongly be-
lieve that the mass ratio should be explained by the ratio of PVs. 

5. Conclusions 

The normalization methods in our algorithms are used to explain these equations. 
The normalization methods can be performed in three steps. 
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Step 1: Redefinition methods. 
Step 2: Use the standard value of 1 m and 1 s. 
Step 3: Use the standard value of 1 kg. 
In Step 1, normalization of the electric constant (ε0) and the magnetic constant 

(µ0) is performed. The value in Equation (62) is equal to the value in Equation 
(17). Clearly, this is not a coincidence. After the redefinition method is applied, 
the calculated value only slightly changes. This occurred because the definition of 
the electric current (1 A) by Ampère’s force law is highly suitable coincidentally. 
In more concrete terms, the force (2 dyn = 2 g∙cm/s2) was used to define the elec-
tric current (1A). Then, the definition of the electric current (1A) was highly suit-
able. 

In Step 2, we defined the standard value of 1 m and 1 s. Then, the light speed 
using these values was 1 m/s. The unit of m2/s is 1. The value of 1 J was equivalent 
to 1 kg. π (Vm) and 1/4.5 (Am) remained unchanged. When these values were 
used, Equations (1), (2), (3) and (10) were correct. Therefore, the ratio of the grav-
itational force to the electric force should not be changed. However, after the cal-
culation was performed, the ratio changed. This likely occurred because we 
changed the definition of the gravitational constant from the relationship between 
the unit of mass to the relationship between the unit of work. This is very im-
portant because we strongly believe that gravity should be explained by PVs 
(Gibbs energy). 

In Step 3, we define the normalized value of the mass. Then, the coefficient 
1.837486E+03 disappears. Using these values, Equations (1), (2), (3) and (10) were 
correct. After the calculation, the same problem occurred. The ratio of the gravi-
tational force to the electric force changed. Therefore, we changed the definition 
of the gravitational constant. We propose Equation (124). Thus, the definition of 
the gravitational constant was changed from the relationship between the unit of 
mass (kg) to the mass ratio of a proton to its minimum mass. We strongly believe 
that the mass ratio should be explained by the ratio of PVs. 
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Appendix 

In this appendix, the interpretation for Equation (22), which seems to be a nu-
merological equation, is explained. For convenience, Equation (22) is rewritten as 
follows: 

 ( )_
4.48852

4.5 3.13201
9.11394E 31 kge new em m == −×

π
×  (A1) 

Next, for convenience, Equations (6) and (7) are rewritten as follows: 
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The original concept of 4.5 and π are from the Ted Jacobson homepage.  
“I suspect that there are in fact only a finite number of degrees of freedom in 

any finite volume. It seems difficult to reconcile this hypothesis with local Lorentz 
invariance, and with ordinary unitary quantum theory”  
https://terpconnect.umd.edu/~jacobson/. 

When we propose the following Equations (A4) and (A5),  
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Equation (A1) becomes as follows. 

 ( ) ( )_ 4.5
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× × ==  (A6) 

Then, the mass of an electron is unchanged, which semes to be more suitable. 
Furthermore, the Boltzmann constant is unchanged. From Equation (57), 
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Thus, the CMB temperature is similar with the observed value as 2.72548 (K). 
However, From Equation (58) 
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Then, from Equation (26), 
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 _
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4.5
67044186E 11N N newG G × = −=  (A9) 

Then, the value is different from 6.6743 × 10−11 (m3∙kg−1∙s−2). The error is 5.784 
× 10−4. Clearly, the compensation is needed. 
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