










1.1.1 Predictions

Consider a scenario where a single electron orbits a nucleus contain-
ing Z protons.

- Orbital Radius

rn =
4ωϑ0⊋2
me2Z

n2 =
n2

Z
a0,

where the Bohr radius of Hydrogen atom (with atomic number Z =
1) for n = 1 is a0 = 0.529 Å = 0.529↑ 10→10 m.

- Energy Levels

En = → me4Z2

2⊋2n2(4ωϑ0)2
= →Z2

n2
E0,

where the ionization energy of the Hydrogen atom is En = 13.6 eV.
- Speed of orbital electron

vn =
e2Z

4ωϑ0⊋
1

n
=

Z

n
ϖc ↓ Z

n
v0,

where the fine structure constant is

ϖ ↓ e2

4ωϑ0⊋c
↔ 1

137
.

Note that the orbital angular momentum Ln = mrnvn = n⊋, so
that for n = 1 and Z = 1,

v0 = ϖc, a0 =
⊋

mv0
=

⊋
mϖc

, E0 =
1

2
m(ϖc)2.
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- An example of Lithium iron
Lithium (3Li) has an atomic number of 3. Hence, its nucleus has

3 protons. Lithium-7 has an atomic mass of 7. Given that its atomic
number is 3, there are 7 - 3 = 4 neutrons in its nucleus. Since atoms
are charge neutral, the 3Li atom has 3 electrons. Thus, the Lithium
(3Li++) iron has one electron.

1.1.2 Fine structure constant

The fine-structure constant (ϖ) is a dimensionless fundamental con-
stant that characterizes the strength of electromagnetic interactions.
Its expression in terms of Planck’s constant (h) and the speed of light
(c) is:

ϖ =
e2

4ωϱ0
· 1

⊋c,

where:
- e is the elementary charge,
- ϱ0 is the vacuum permittivity,
- ⊋ = h

2ω is the reduced Planck constant.
- Its current Value:
The latest CODATA (2018) recommended value of ϖ is:

ϖ ↗ 0.0072973525693 (approximately
1

137.035999206
).

Running coupling constant
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