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Abstract 

In our previous papers, we gave the formulas of the fine-structure constant and 

the speed of light in atomic units based on 2π-e formula and the natural end of the 

elements, i.e., the 112th element Cn*, which was determined according to our 

previous theories. In this paper, based on the nuclide of 137Ba with the proton number 

of 56, the neutron number of 81 and the total nucleon number of 137, we construct 

new formulas of the fine-structure constant and the speed of light in atomic units in 

terms of 137=56+81 in which 56 is the most stable number in atomic nucleus 

according to our theories.  By the way we also give these formulas based on 224Fr*. 

Keywords: the fine-structure constant, the speed of light in atomic units, 137Ba, 

224Fr*, 137=56+81, 137=224-87. 

1. Definitions of the Fine-structure Constant 

The fine-structure constant (α) is a centennial mystery of physics. It was 

introduced by Arnold Sommerfeld in 1916, it has three definitions as follows. 
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 We suppose these three definitions correspond to α1, α2 and αc respectively. 

2. Formulas of the Fine-structure Constant and the Speed of Light in Atomic 

Units Based on 2π-e Formula and the 112th element Cn* 

In our previous papers, we gave the formulas of the fine-structure constant and the 

speed of light in atomic units based on 2π-e formula and the natural end of the 

elements, i.e., the 112th element Cn*, which was determined according to our theories 
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[1-14]. They are listed as follows.  
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Among them, the last formula of cau is somewhat new with δc for more precision. 

3. Formulas of the Fine-structure Constant and the Speed of Light in Atomic 

Units Based on 137Ba in Terms of 137=56+81 

According to our theories [1], we supposed the fine-structure constant should be 

the functions of the proton number (Z), the neutron number (N) and the total nucleon 

number (A) of nuclides. So based on the nuclide of 137Ba with Z=56, N=81 and 

A=137 which is the only nuclide with the total nucleon number of 137 among all 

primordial nuclides, we construct new formulas of the fine-structure constant and the 

speed of light in atomic units in terms of 137=56+81 as follows. It is worth noting that 

56 is the most stable number in atomic nucleus according to our theories [15].  
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In the above formulas of α1, α2 and cau, the characteristic factors 28 and 27 appear 
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in each term of their polynomials, this demonstrates that α1, α2 and cau are functions of 

56 and 81 which are the proton number and the neutron number of the nuclide 137Ba. 

The above formulas of α1, α2 and cau are complicated with many factors in the 

terms of the polynomials, however, the first three terms of the polynomials are the 

same and simple, so they could be simplified as follows. 
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These should be the most concise formulas of α and cau but still meaningful.  

4. Formulas of the Fine-structure Constant and the Speed of Light in Atomic 

Units Based on 224Fr* in Terms of 137=224-87 

Based on the nuclide of 224Fr* with Z=87, N=137 and A=224, we construct new 

formulas of the fine-structure constant and the speed of light in atomic units in terms 

of 137=224-87 as follows.  
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It is worth noting that 224=4×56=8×28 and 87=3×29. In the above formulas of α1, 

α2 and cau, the characteristic factors 224, 56, 28, 87 and 29 appear in each term of the 

polynomials, this demonstrates that α1, α2 and cau are functions of 224 and 87 which 

are the total nucleon number and the proton number of the nuclide 224Fr*. 

5. Some Supplement Formulas of the Fine-structure Constant and the Speed of 

Light in Atomic Units 

The following are some supplement formulas of the fine-structure constant and 

the speed of light in atomic units based on 56Ba in terms of 137=56+81, especially 

having calculated values with 22 digits. 
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6. Discussion and Conclusion 

In our previous papers, we constructed the formulas of the fine-structure constant 

and the speed of light in atomic units by transforming the natural end of elements, i.e., 

the 112th element Cn*, to the Feynman ideal extended end of elements, i.e., the 137th 

element. In this paper, we construct them based on the 56th element’s nuclide 137Ba. 

The principle for these constructions is that α and cau are supposed to be the functions 

of the proton number (Z), the neutron number (N) and the total nucleon number (A) of 

nuclides [1], and this can be illustrated as follows. 
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So the factors in these formulas are related to nuclides and hence the formulas 

possess physical meanings. The two kinds of formulas and the obtained values are 

consistent with each other, so we suppose that they should be reasonable and precise. 
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