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Abstract

Based on the exact values of the fine-structure constant (o) and the speed of light
in atomic units (cau) determined by our corresponding formulas and CODATA current
(2018) recommended Rydberg constant (R~ or Ry), we calculated out much more
accurate values of Bohr radius (ag= 5.2917721093848(101)x10'm), the classical
electron radius  (re=2.8179403267674(54)x10"> m) and electron mass
(me=9.1093837003120(175)x1073! kg) than CODATA current (2018) recommended
values which are ap=5.29177210903(80)x10"" m, 1.=2.817940 3262(13)x107'° m and
me=9.1093837015(28)x10! kg respectively. In addition, we also calculated out
accurate value of the positron mass (me+=9.1093836486490(174)x1073! kg) which was
supposed to be slightly less than that of electron mass. In the end, we suggest more
reasonable definitions of atomic units and predict Rydberg constant for anti-hydrogen
atom (R./e:=10973731.505923(21) m™!) which is a little different to Rydberg constant
for ordinary hydrogen atom (R.=10973731.568160(21) m™).

Keywords: Bohr radius; the classical electron radius; electron mass; positron mass;

the fine-structure constant; Rydberg constant; atomic unit of time; atomic units.

1. Introduction
In our previous papers'!!, we gave formulas of the fine structure constant (o) and
their applications or relevant developments. Definitions and some typical formulas of

the fine-structure constant are listed as follows.
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related nuclides for the last formula: 2021/8/26

Based on calculations with the speed of light in atomic units (cau) and Rydberg

constant (R.. or Rp), in this paper we give much more accurate values of Bohr radius

(a0), the classical electron radius (r) and electron mass (me) than the CODATA current

(2018) recommended values. In addition, we also give accurate value of the positron
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mass (me+) which was supposed to be slightly less than that of electron mass in our
previous paper’. In the end, we suggest more reasonable definitions of atomic units and
predict the value of Rydberg constant for anti-hydrogen atom which is a little different

to Rydberg constant for ordinary hydrogen atom.

2. Rydberg Constant and Hartree Energy
The Rydberg formula for hydrogen atom is part of the Bohr model of hydrogen
atom. It describes the wavelength of the photon emitted or absorbed by an electron

when making a jump between orbitals in hydrogen atom. It has the following forms.

R, =R, =10973731.568160(21) m*
2018 CODATA recommended value

The Rydberg constant (R-.) is a physical constant relating to the electromagnetic
spectra of a hydrogen atom. The constant is used to express the limiting value of the
highest wave number of any photon that can be emitted from a hydrogen atom, or the
wave number of the lowest-energy photon capable of ionizing a hydrogen atom from
its ground state.

The Hartree energy (En or Ha) is the atomic unit of energy often used in atomic
physics and computational chemistry. It is equal to the electric potential energy of the
hydrogen atom in its ground state. The Hartree energy is defined based on the

Rydberg constant, the Planck constant, and the speed of light as follows.
Hartree Energy: E, =H, =2R_hc
R, =10973731.568160(21) m™
h =6.62607015x10°*" J s (exact) ¢=299792458 ms™ (exact)
E, =H, =2x10973731.568160(21) x 6.62607015x10™** x 299792458
= 4.3597447222072(83)x10™"® J

2018 CODATA recommended value: E, = H, = 4.3597447222071(85)x107* J
3. Atomic Unit of Time
Atomic unit of time is a derived unit of time in atomic units, here we denote it as

tau. Definition of 1 atomic unit of time is tau=ao/(0cC)= ao/ve, it means to take the linear
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speed of electron in hydrogen atom’s ground orbital in Bohr model (v, ) as one unit of
speed and to take Bohr radius (ao) as one unit of length and then to calculate the time
unit (tau). This is the smallest meaningful time unit under which an electron takes a
circle on the first Bohr pitch divided by 2n. Atomic unit of time is much smaller than
second in human world, but it seems like second in hydrogen atom and it should be a

scientific definition of time unit.

Atomic units (a.u.):

me/au = eau =h au — 47[80 =1

Derived units in atomic units: a,,,, =1, v,,, =1 t,, =1

elau 7 tau

Express t,, in the international system of units (SI):
atomic unit of time: t,, _h_ A 1

E, 2R,hc 4zR_C
E, = H, = 4.3597447222072(83)x107* J

h=6.62607015x10** J s (exact) A = 21
T

¢ 6.62607015x10™
* 27x4.3597447222072(83)x 10"

2018 CODATA recommended value: t_, = 2.4188843265857(47)x10™"" s™

=2.4188843265857(46)x107" s

4. More Accurate Value of Bohr Radius
Bohr radius (ag) was calculated from the speed of light in atomic units (ca.) and

Rydberg constant (R«) as follows.

. 2.4188843265857(46)x107"° s

47R ¢

o0

au

al

t, = % (v, is the linear speed of electron in the ground state in a hydrogen atom)
Ve

¢ =St 1 _137.035099074627 (exact)

au
Ve X Naa,

€ =299792458 ms™ (exact)

vV, == 299792458 _ 2187691.26378784 ms™ (exact)
137.035999074627
c 1
= Vetau = acCtau = gtau = 47Z'chau

=2187691.26378784 x 2.4188843265857(46)x10™**
=5.2917721093848(101)x10™" m
2018 CODATA recommended value: a, = 5.29177210903(80) x10™** m

about 80 times more accurate than CODATA recomended value
4



5. More Accurate Value of the Classic Electron Radius
The classic electro radius (re) was calculated from the speed of light in atomic

units (cau) and Bohr radius (ao) as follows.

cell_ 1 _a

au 2
ac alaz re

c,, =137.035999074627 (exact)
a, =5.2917721093848(101) x10™ m

. _ & _5.2917721003848(101)x10 ™"
e, 137.035999074627

=2.8179403267674(54)x10™ m
2018 CODATA recommended value: 1, = 2.8169403262(13) x10™* m

about 240 times more accurate than CODATA recomended value

6. More Accurate Value of the Electron Mass
The electron mass (m¢) was calculated from the speed of light in atomic units (Cau)

and Rydberg constant (R-.) or Bohr radius (ao) as follows.
Consider an electron becoming a photon with frequency of v,

elau?

V., could be called electron-photon relation frequency in atomic units,
according to Einstein's equation of E = m¢” and E = hv, there should be:

27h Vv, h._v c 2
— _ 2 au”elau __ 2 au”elau _ “au
elau — hauVe/au =Mm,;,Cy = ———=C, = ———= Z

m m

E

elau e/au

in atomic units, 2, =1, m,,,, =1, so:
c,’  136.035999074627°

au

“ " 27 2-3.14159265358979
Consider an electron becoming a photon with frequency of v, in Sl :

1% =2988.74919715056 t,,

E, =hv, =mc’

1 )
tau = =
4zR_c clc,
v, = Verau — 2chcau2 — Cauc
t., 2ra,
hv, 2hRc,’ h
me = 2 = =
C C a,cl/c,,
_ 2x6.62607015x10** x10973731.568160(21) x137.035999074627*

299792458
=9.1093837003120(175) x10™* kg
CODATA recommended value: 9.1093837015(28) x10* kg
about 165 times more accurate than CODATA recomended value
2021/8/18-19, 21, 24, 28



7. Accurate Value of Positron Mass
In our previous paper’, we supposed that the masses of electron and positron were
different a little but had proportional relationships, and hence we could calculate

positron mass as follows.
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) e e e C I
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v 2988.74918020013

_ _e'jau __

V.,
¢ t 2.4188843265857(44)x107"

au

_— hv.  6.62607015x10* Js x 1.2355899566387(24) x10% s™*
¢ ¢ (299792458 ms™)?
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2021/8/20-21, 26

=1.2355899566387(24) x10% s

8. Meanings of Ve/au and Ve+/au

Atomic unit of time (tau) should be a scientific time unit in the universe (maybe
the unique scientific unit of time), in comparison, the second in human world is not.
So the electron-photon relation frequency in atomic units (Ve/au), the positron-photon
relation frequency in atomic units and their average/plus/minus values should also
have scientific meanings, and here we relate them to nuclides. They should relate to

o, ok * ok * 1 1
some critical elements such as 43Ti , s6Ba, 61Pm , 83Bi ', 112Cn’, 137Fy" and 130Ch*.
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9. Meanings of Rydberg Constant
The Rydberg constant times Bohr radius gives a dimensionless constant, it should

have some scientific meanings, and here we relate it to nuclides.

R =10973731.568160(21) m™
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10. More Reasonable Atomic Units
As the masses of electron and positron are supposed to be different a little by us®,
the definitions of atomic units could be revised more reasonably.

Current atomic units (au):

me/au = eau = hau = 4'72-‘90 =1

More reasonable atomic units (au):

eau :hau =472-“:"0 =1’ (me/au -l-me*/au)/2 =1
My =1+ (@) =1t e =1+ 5w, =1-(@a,) =1-a =1-

1 1
12-47 14-112-(2-173+1)+;

)

au

C, = 112><(168—%+

1
=56+81+ —5 77 =137.035999074627
2.5.(8-17-31+1)
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11. Rydberg Constant in Anti-Hydrogen Atom
The Rydberg constant for anti-hydrogen atom should be different a little with that

for ordinary hydrogen atom as follows.

2

Cau
Ve = Veﬁ = 2—7[ = 2RooCCau2
1:au 1
4zR C
_ hVe . 2thCCau2 _ 2hRooCau2
e CZ C2 c
R 1+i4
Me _ e __ % _100000000567141
m. R . 1
e wle 1_C74
1
4
R —R., Car _ 10973731.568160(21) —10973731.505923(21)
” L. 1 1.00000000567141
Cc 4
2021/8/27

12. Meanings of cau/(1+1/cau*)’> and cau[(1-1/cau?)/(1+1/cau*)] 2

Considering the mass difference between electron and positron, it seems that the
speed of light in atomic units (cas) could be modified and has corresponding meanings
as follows. This implies the speed of light in anti-matter would be different a little.

Consider an electron becoming a photon with frequency of v,

elau?

v, 1S defined as electron-photon relation frequency in atomic units,
2
Ve/au = %
Consider a positron becoming a photon with frequency of v, _,
1 1
21T 4 By
C., C., 1 C,,
Ve*/au = 23_7[—6:1 = g[cau (—al)lIZ]Z
1+ . 1+C—4
au au

So the following modified c,, should have some meanings:

1- % (1- 1 . )1/2
C . =G, (— %) ~137.035999074627 x — 137.035999074627
aule au 1 1 2
1+ @+ )
.. 137.035999074627
=137.035998686033
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Cau/e* =Ca (A)Uz = [112x (168 - l + L - L 1 )
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CaU
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