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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 2x-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 *3’Ba 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 ?%*Fr”.

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

228Fr" 137=56+81, 137=224-87.

1. Definitions of the Fine-structure Constant
The fine-structure constant (o) 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 as, o2 and ac respectively.

2. Formulas of the Fine-structure Constant and the Speed of Light in Atomic
Units Based on 2z-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 2zn-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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Formulas of the fine-structure constant:
A 36 1

e

27[8‘0 7(272'-)Chen—112 112+i
75

=1/137.03599903741537918851722952874

a,

Relationships with nuclides:

82,83,84 112 136,137,138 185,187 188
36 Kr46,47,48 48Cd64 56 Ba80,81,82 75 RellO,llZ 76 OSllZ

5Bl a1 POzs 112CMi7 126CMug 126 Clige 17 Yzt
27, _ 13(277) chen-278 1
aZ = = 1
A, 100 112
64-3-29
=1/137.03599911187296275811920947793

Relationships with nuclides:

56 63,65, 100 112 140,142 136,137,138

26 Fe30 29 Cu34,36 44 RUSG 48 Cd64 58 C682,84 56 Ba80,81,82
157 16 188 223,224 * 231,232 * 257 *

64 Gd93 Gngloo 76 OS112 87 Fr136,137 91 I:)a140,141 100 Fm157
278 * 285 * 2157 ie 2173 ie 426 ie

109 Mt169 112 Cnl?S 126 C 88 137 I:y209 169 C h257

c _C _A4mghe 1 1

au 2
V, e a,  LJoya,

= 112(168—1+ 1 1 7)
3 4141 14-112(2-173+1) +13+
=2 56(83+157—( l . 1 7))
188 8-141 56°(2-173+1) + 26+
—137.035999074644171
¢ = f12ae8—t+— L _ L -
3 4141 141122173 +1) +13+
12+,

c

2



2 [56(83+ 2L _ (1 !

_I_
188 8141 5e2(5.97311) 126+

—)
36+0,/2
~137.03599907464417096826121642708

5, = 1

50— L

1

103+l
31

Relationships with nuclides:
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Among them, the last formula of ca is somewhat new with 8¢ for more precision.

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

Units Based on ¥7Ba 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 *’Ba 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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Relationships with nuclides:
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Relationships with nuclides:

20,22 27 28,29¢; 47,48,49,501; 54,56,57
10 Ne10,12 13 AI14 14 SI14,15 22T|25,26,27,28 26 Fe28,30,31

59 58,60 \|7 63,65 83,84 85,87 100
27 COSZ 28 NI30,32 29cu34,36 36 Kr47,48 37 Rb48,50 44 Ru56

103 112 12 129,130,132 137 140,142
45 Rh58 48Cd64 SgTe74 54 Xe75,76,78 56 Ba’81 58ce82,84

149 157 17 187 188 203,20 209 ™
62 Srn87 64Gd93 7:3Yb103 75 RdllZ 7608112 851TI122,124 838|126

209 * 223224 % 257 * 285 * 2157 ie 2173 ie
84 P0125 87 Fr;[36,l37 100 Fm157 112cnl73 126C 88 137 I:y209

C,, =956+81+ ! 5~ ! 10
28—— 3-5-28-31-83+5+ -
9 27

=56+81+ L 7= L 10
27+~ 25-27(64-25+1)-10+
9 27
=137.035999074644171
1 1
C,, =956+81+ 5~ 10

28—% 3.5.28-31.83+5+
9 27-6,

B 1
2741 25.27(64.25+1)~10+ 0
9 27

=56+81+

c

=137.03599907464417096826121642708

Relationships with nuclides:

12(())Ne10 f;All4 Zsyfﬂ?Sil&lS 1351P16 54156157'252 Fe28,30,31,32 2579C032
58'6056531 Niz; 50 5 69'3711(3338,40 ;35 As,, 83§g Kry7 4 97'32TC;4,56
lA?ERUSG l:§Cd64 1§gTe74 129'124? Xe75,76 1267 BaSl 14011:§Cd82,84
1§Z Gdg, 185'1% Re 110 1?6? Osy;, 203’2%?'122,124 233 Bi1*26

o POLs 100 FMisy 115073 16Chige 157 FY oo

Note: 28=56/2, 81=(3/2)54, 27 =54/ 2,

112 =2x56, 224 =4x56, 2x2x9=36, 2x7x9=126

In the above formulas of a1, a2 and cay, the characteristic factors 28 and 27 appear



in each term of their polynomials, this demonstrates that a1, o2 and cay are functions of

56 and 81 which are the proton number and the neutron number of the nuclide *"Ba.
The above formulas of a1, a2 and cay 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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Note: 28=56/2, 81=(3/2)54, 27 =54/2, 112 =2x56,
224 =4x56, 2x2x9=36, 2x7x9=126

These should be the most concise formulas of a and cay but still meaningful.

4. Formulas of the Fine-structure Constant and the Speed of Light in Atomic
Units Based on ??*Fr” in Terms of 137=224-87
Based on the nuclide of 2%Fr* 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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Relationships with nuclides:
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It is worth noting that 224=4>66=8>28 and 87=3>29. In the above formulas of ax,
a2 and cay, the characteristic factors 224, 56, 28, 87 and 29 appear in each term of the
polynomials, this demonstrates that a1, a2 and ca are functions of 224 and 87 which

are the total nucleon number and the proton number of the nuclide 22*Fr”,

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 *®Ba 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 *'Ba.

The principle for these constructions is that a and cay 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.

Concise:
136’137115?288‘80,81,82 zggBiIZG ZE?A?POIZS
s RMas g Fliasior s Réuas e Aliss @{

285 *  344,2173,348 ie
112 Cn173 136,137,138 Fy208,209,210

a=1(ZNA)
c,=f(ZNA)



Detailed:
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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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