
Issue 2 (July) PROGRESS IN PHYSICS Volume 15 (2019)

The Dirac Equation and Its Relationship to the Fine Structure Constant
According to the Planck Vacuum Theory
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The Dirac equation and the fine structure constant are complementary and cannot be
understood separately. The manifestly covariant Dirac equation in the Planck vacuum
(PV) theory (8) is a coupling-charge equation, where e2

∗ is the squared coupling charge
that couples the equation to the PV state. The laboratory-measured electron or proton
mass is denoted by m. The corresponding fine structure constant is α ≡ e2/e2

∗ where
e2 is the squared charge of the electron or proton as measured in the laboratory. Both
the Dirac particle spin and the fine structure constant have their origin in the electron
or proton coupling to the PV state. The electron g-factor, with radiative corrections, is
calculated from the fine structure constant; and the proton g-factor is roughly estimated
from the electron g-factor and the proton structure constant. The radiative corrections
in the QED theory are the result of photon interactions taking place within the pervaded
PV state. The apparent ability of the electron to emit and absorb photons is due to the
ability of the PV state to emit and absorb photons to and from free space.

1 Introduction

The theoretical foundation [1] [2] [3] of the PV theory rests
upon the unification of the Einstein, Newton, and Coulomb
superforces:
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where the ratio c4/G is the curvature superforce that appears
in the Einstein field equations. G is Newton’s gravitational
constant, c is the speed of light, m∗ and r∗ are the Planck mass
and length respectively [4, p.1234], and e∗ is the coupling
charge.

The two particle/PV coupling forces
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the electron core (−e∗,me) and proton core (+e∗,mp) exert on
the invisible PV state; along with their coupling constants

Fe(re) = 0 and Fp(rp) = 0 (3)

and the resulting Compton radii
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∗
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e2
∗
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lead to the important string of Compton relations

remec2 = rpmpc2 = e2
∗ = r∗m∗c2 (= c~) (5)

for the electron and proton cores, where ~ is the reduced
Planck constant. The Planck particle Compton radius is r∗ =

e2
∗/m∗c

2, which is derived by equating the Einstein and Cou-
lomb superforces from (1). To reiterate, the equations in (2)

represent the forces the free electron or proton cores exert on
the invisible PV space, a space that is itself pervaded by a
degenerate collection of Planck-particle cores (±e∗,m∗) [5].
The positron and antiproton cores are (+e∗,me) and (−e∗,mp)
respectively.

Finally, the Lorentz invariance of the coupling constants
in (3) lead to the energy
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and momentum
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operators of the quantum theory [5]. It should be noted that
the two operators are proportional to the squared coupling
charge e2

∗.
Section 2 expresses the Dirac equation in terms of PV

parameters. Section 3 discusses the fine structure constant.
Section 4 discusses the gyromagnetic g-factor. Section 5 dis-
cusses the electron g-factor and Section 6, the proton g-factor.
Sections 5 and 6 are a work in progress that seek to relate the
QED radiative corrections to the PV coupling model. Section
7 presents some comments and conclusions.

2 Dirac equation

Using (5), the manifestly covariant form [6, p.90] [Appendix
A] of the Dirac equation for the Dirac particle cores (electron,
positron, proton, antiproton) can be expressed as:(
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where the second term in (9) is summed over j = 1, 2, 3 and(
0 cS j

−cS j 0

)
=
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∗σ j
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)
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where one of the charges in e2
∗ belongs to the free particle and

the other to any one of the Planck-particle cores within the
degenerate PV state. The e2

∗σ j/c from the 4x4 matrix in (10)
are the 2x2 spin components of the S-vector
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∗

c
−→σ

(
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)
(11)

that applies to all the Dirac particles. −→σ = (σ1, σ2, σ3) is the
Pauli spin vector, where the σ js are 2x2 matrices.

3 Fine structure constant

Using the expressions in (5), the fine structure constant can
be expressed as
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where e is the magnitude of the laboratory-observed elec-
tron/proton charge. If e = e∗, then the Compton relations
in (5) yield α = 1 for the Dirac equation. Thus it is clear that
the fine structure constant provides the “bridge” over which
the Dirac equation connects to the charge e.

4 Gyromagnetic ratio g

For (8) and (9), the g-factor is exactly g = 2 [7, p.667].
This gyromagnetic ratio represents the magnetic to mechani-
cal moment-ratio (13) for the Dirac equation without radiative
corrections.

In general (radiative corrections or not), the intrinsic mag-
netic moment −→µ is related to the spin vector −→s =

−→
S /2 through

the equations [6, p.81]

−→µ = gµB
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(13)

where g is the g-factor and µB is the Bohr magneton
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where re is the electron Compton radius. Although the g-
factor in (13) is exactly 2 for the Dirac equation, there is an
anomalous-moment increase to this value due to radiative cor-
rections [6, p.298].

Note that for the Dirac particles where g = 2, (13) yields

−→µ = ere
−→s →

µ

s
= ere . (15)

However, this is an unacceptable result for the Dirac proton;
so (13) is replaced here by

−→µ = gµc
−→s →

µ

s
= gµc (16)

where µc = ere/2 for the electron and µc = erp/2 for the
proton. Thus the correct baseline moments, normalized by
their common spin, for the Dirac particles are given by (16)
with g = 2, where

µe

s
= ere and

µp

s
= erp (17)

are the electron and proton magnetic dipole moments.

5 Electron g-factor

When radiative corrections are included with (8) and (9), pho-
ton exchanges taking place within the vacuum state lead to a
small increase in the electron g-factor and a large increase
in the proton g-factor. Using α−1 = 137.0 [7, p.722] for
the inverse fine structure constant in the Schwinger calcula-
tion [8] [6, p.298], the relative change in the electron mag-
netic moment is
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where one of the e∗s in the squared coupling charge e2
∗ be-

longs to the electron and the other to any one of the Planck-
particle cores within the degenerate PV state.

In the QED theory, the result in (18) is considered to be
a first order (in α/2π) [6, p.82] radiative correction. Like this
first order correction, the higher-order corrections are difficult
to calculate, but produce increasingly accurate results based
on the QED methodology.

Using (18) to second order in α/2π leads to

g
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α
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−

(
α

2π

)2
= 0.001160 (19)

where the experimental g-factor is [6, p.298](
g

2
− 1

)
exp

= 0.0011596 ≈ 0.001160 . (20)

The fortuitous agreement between (19) and (20) depends up-
on the choice of α in the first paragraph.

6 Proton g-factor

The electron is thought to be a true point particle [6, p.82] be-
cause it contains no internal structure, as does the proton [9].
In the present context, however, it is appropriate to associate
the “size” of the electron and proton with their Compton radii,
where the corresponding proton structure constant is defined
here by

mp =
re

rp
me →

(
re

rp

)
=

mp

me
≈ 1836 . (21)
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This suggests that the proton g-factor change be estimated
from the electron change,
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where the experimental g-factor is [6, p.82](
g

2
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)
exp

= 1.79 . (23)

The agreement between (22) and (23) is remarkable, consid-
ering the large magnitude of re/rp. It remains to be seen,
however, whether or not (22) leads to something more sub-
stantial.

7 Summary and comments

It probably comes as a surprise that the charge associated
with the Dirac equation and the Dirac particles is the coupling
charge e∗, rather than the well known electron/proton charge
e. That bewilderment is due to the collection of Planck par-
ticle cores that pervade the PV state. If there were no such
pervasion, there would be no photon scattering taking place
within the vacuum state and no resulting need for the coupling
charge and the radiative corrections from the QED theory.

Sections 5 and 6 present calculations that suggest the PV
theory may provide an aid to, or an alternative for, the difficult
QED calculations that have been so spectacularly successful.
That, of course, remains to be seen. But another hint that the
PV theory may be a help is the Schwinger result in Section 5:

α
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where, if r∗ is the “radius” of the Planck-particle cores in
the PV pervaded space, then 2πr∗ is the “circumference” of
the corresponding “spheres” surrounding those cores. Further
work will be focused on developing a complete PV approach
to the radiative correction phenomenon.

Feynman [10, p.129] notes that: “There is a most pro-
found and beautiful question associated with the coupling
constant, e—the amplitude for a real electron to emit or ab-
sorb a real photon. It is a simple number that has been exper-
imentally determined to be close to -0.8542455. (My physi-
cist friends won’t recognize this number, because thy like to
remember it as the inverse of its square: about 137.03597
with an uncertainty of about 2 in the last decimal place. It
[the fine structure constant] has been a mystery ever since it
was first discovered more than fifty years ago, and all good
theoretical physicists put this number up on their wall and
worry about it.)” The mystery of the fine structure constant
α resides in the photon scattering that takes place within the
pervaded PV state. It is also noted that the apparent electron
emission/absorption of photons has its source in the pervaded
nature of that state.

Appendix A: The γ and β matrices

The 4x4 γ, β, and αi matrices used in the Dirac theory are
defined here: where [6, p.91]

γ0 ≡ β =

(
I 0
0 −I

)
(A1)

and ( j = 1, 2, 3)

γ j ≡ βα j =

(
0 σ j

−σ j 0

)
(A2)

and where I is the 2x2 unit matrix and

α j =

(
0 σ j

σ j 0

)
(A3)

where the σ j are the 2x2 Pauli spin matrices

σ1 =

(
0 1
1 0

)
, σ2 =

(
0 −i
i 0

)
, σ3 =

(
1 0
0 −1

)
(A4)

and αα = (α1, α2, α3). The zeros in (A1)–(A3) and (A5) are
2x2 null matrices.

The mc in (8) and (9) represents the 4x4 matrix

mc
(
I 0
0 I

)
(A5)

and ψ is the 4x1 spinor matrix.
The zero on the right side of (9) represents the 4x4 null

matrix and the zeros in (10) represent 2x2 null matrices. The
S j and σ j in (10) are 2x2 matrices; so their parentheses rep-
resent 4x4 matrices.

The coordinates xµ are

xµ = (x0, x1, x2, x3), x0 ≡ ct. (A6)
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