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Having solved the Dirac equation, we obtained the concept of a spinor. There are two solutions
to the Dirac equation, one with positive-energy states and one with negative-energy states. Conven-
tionally, these two positive and negative states have been interpreted and corresponded to electrons
and positrons. This paper aims to represent that we interpret the positive and negative states of
the Dirac equation as two spinor particles contained in one electron, and examine their validity. As
a result, adapting the previous study (i.e., The 0-sphere Electron Model) to the Dirac equation’s
positive and negative solutions gave a new interpretation of the negative-energy status. The positive
and negative states of mass correspond to a thermal potential energy’s radiation and absorption,
respectively. The positive and negative momentum states could be described based on the simple
harmonics oscillation of the virtual photon’s kinetic energy.

I. INTRODUCTION

The problem of the negative-energy state in the Dirac
equation was including two major problems.

e What is the meaning of the negative mass?

e What is the meaning of the negative momentum?
Regarding negative solutions, Dirac wrote as follows,

“In this way we are led to infer that the
negative-energy solutions refer to the motion
of a new kind of particle having the mass of
an electron and the opposite charge. Such
particles have been observed experimentally
and are called positrons. We cannot, however,
simply assert that the negative-energy solu-
tions represent positrons, as this would make
the dynamical relations all wrong. For in-
stance, it is certainly not true that a positron
has a negative kinetic energy. We must there-
fore establish the theory of the positrons on a
somewhat different footing. We assume that
nearly all the negative-energy states are occu-
pied, with one electron in each state in accor-
dance with the exclusion principle of Pauli.
An unoccupied negative-energy state will now
appear as something with a positive energy,
since to make it disappear, i.e. to fill it up, we
should have to add to it an electron with neg-
ative energy. We assume that these unoccu-
pied negative-enerqgy states are the positrons.”

[1]

Dirac reconstructed the logic with negative energy as
a positron with an opposite charge to an electron with
a negative charge. As cited above “For instance, it is
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Fig. 1. Positive-energy and negative-energy states
interpretations that this study aims at. The two spinor
particles are classified into particles that increase energy
and particles that decrease energy. (a) Te; which is
spinor particle 1 radiates its own thermal potential
energy to Toe which is spinor particle 2. (b) The
thermal potential energy is emitted from Teo to Te;.
Both energy flows should be distinguished by the
direction of emitting, and take positive and negative
values for energy transfer. T is an acronym for thermal
potential energy.

certainly not true that a positron has a negative kinetic
energy”.

According to Dirac’s study, particles with negative en-
ergies have been interpreted as antiparticles and particles
that go backwards in time. Positrons have been discov-
ered for this argument, and there seems to be no room
for reexamination of the negative solution of the Dirac
equation.

In this study, we are not concerned with positrons. We
propose a different interpretation from the conventional
one in which negative energies are used as positrons.
However, the concept of negative energy could be applied
to the newly devised electronic model, and a completely
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new interpretation is given to negative energy.

Based on the previous electron model, i.e., the O-sphere
electron model [3] [0], we saw that an electron was com-
posed of two spinor particles and one gauge particle; a
photon. (See Fig. 2 (d), and Appendix V for details.)

II. METHODS
A. Review the Dirac equation

The wave function of the Dirac equation has two-
component spinors, W) and (=) traditionally. Let
us consider the case where the electron is at rest and the
momentum p = 0. As well known, Dirac equation has
the following two wave function solutions as follows:

Ev) = me?w®), (IL.1)

Ev) = —me?w), (IL.2)

Equation II.1 shows the electron at rest is positive-
energy states, while eqn I1.2 shows the negative-energy
states. Both eqs II.1 and I1.2 and two-components spinor
states “up” and “down”, (eqn I1.3).
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Till date, we concluded that ¥(t) is a two-component
spinor representing a particle, while ¥(-) is a two-
component spinor representing an antiparticle (eqn 11.9).
These are two-component objects because this equation
describes spin-1/2 particles [2].

However, the negative-states appeared in the Dirac
equation in the matrix form:

@) mc?l co-p w(+)
E < w(=) ) B (c o-p —mc?l g ) (TL.4)
representing two coupled equations for ¥(+) and ¥(-):

(E — mcz) v =co.p ), (IL.5)

and

(E +mc?) v =co.p o), (I1.6)

where ¥(+) and ¥(-) are two two-component spinors.
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Fig. 2. (a) Two solutions of traditional Dirac equation
with wave functions. (b) A new interpretation of the
wave functions’ allocation in this study. We assigned
two spinors to two wave functions instead of the particle
and the antiparticle. (c) In the traditional
interpretation of a particle and an antiparticle, two
elementary particles are considered to arrange one wave
function, ¥. (d) In this research, the new electron
model shall be applied. In the 0-sphere electron model,
one electron has its inner structure and has two thermal
spots in one electron. That is, one electron should be
consisted of two spinor spots and more than one virtual
photon.

Having omitted the solving process of following calcu-
lation, we obtain eqn II.7 as solutions in the Dirac equa-
tion. Negative values of energy are often explained the
following equation:

E? = |p]*c? + m*c. (I1.7)

Solve eqn I1.7 for E, we see that the possible energies
are

E = £+/|p|?c® + m2ct (I1.8)
Dirac spinor considered wave function as;
@) particle
V= ( w (=) ) - (antiparticle : (IL9)

Let us consider eqn I1.9 replacing the particle proper-
ties as eqn II.10.
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Spinor 1 and Spinor 2 were mentioned on the electron’s
structure modeled in previous studies. Both Spinor 1 and
Spinor 2 are two thermal potential energies existing in the
structure that we have postulated as one electron. In the
previous study [3], we abbreviated the both spinors as
Tel and Te2 (Fig. 2).

In the following section, we will examine the relevance
of considering the Dirac spinor as two spinor particles in
one electron, by the hypothesis to replace particle and
antiparticle with spinors 1 and 2, respectively.

B. Applying the virtual photon’s kinetic energy to
the solution of Dirac equation

This purpose of this paper is to reinterpret the Dirac
equation’s negative-state solutions by using two spinor
particles as a pair. In addition to this purpose, to find a
reasonable interpretation of the positive-energy and the
negative-energy states from a behaviour of energy ex-
change between the two spinor particles.

The 0-sphere electron model provides a starting point
for identifying negative-energy states. We first consider
the Dirac equation when the momentum is zero, that
is, p = 0. The state refers to the moment when the
momentum of the virtual photon becomes zero in the
0-sphere electron model.

This state is a specific phase where only one spinor
particle exists with zero kinetic energy. The phase can
be said that the thermal potential energy emitted from
another spinor particle is completely absorbed the whole
energy in the system as one electron. The momentum of
the virtual photon becomes value zero at this phase.

Having converting from the conventional momentum of
free particles to the momentum of real photons surround-
ing two spinors, we can apply the meaning of p,~ = 0 to
the phase of the 0-sphere electron model.

Equations I1.9 and I1.10 should be identified on the
point of the different amounts of momentum used for
Equations II.11 and II1.12 shown as follows;

v — SN particle
“\ v ) T\ antiparticle /’

where p=0. (I1.11)
v — @) _( spinor 1
“ v ) 7 \ spinor2 )’
where p.~ =0. (I1.12)

In the O-sphere electron model, conventional virtual
photons were regarded as real photons. Since we as-
sumed that this virtual photon has kinetic energy in the

previous studies, we use the kinetic energy of the virtual
photon p.~ instead of the conventional momentum p in
this paper.

III. DISCUSSION
A. Interpretation of negative energy

The point of this paper is to change the allocation of
the wave function from eqn I1.9 to eqn I1.10. The two
spinors are the same as the two spinors in the previously
submitted study [3]. The distinctive feature of the pre-
vious electron model is that the bare electron can obtain
both radiation and absorption states depending on the
phase of the electron.

In this subsection, we consider the case where the mo-
mentum is zero, that is, p = 0. Substituting p = 0 in
equation I1.4 gives,

The solution to this equation is [4],

1 0
+_ |0 + _ |1
!pu - 0 5 Wd - 0 )
0 0
0 0
_ 0 (=) 0
o) = ol w=1 (I11.2)
1 0
Each eigenvalue is,
W&H : E =mc?, WQH : E = mc?,
() E=—me® W) iE=-me  (IIL3)

respectively. The above formulas from eqn III.1 to eqn
II1.3 are described in textbooks of quantum field theory.
Please refer to those textbooks for the way of derivation,
for example [5].

We now proceed to make changes to the momentum
we describe. In eqn III.1, p = 0 refers to free electrons
in the quiescent state [5].

However, in the 0-sphere electron model, the two
spinor particles always exchange thermal potential en-
ergy with each other, and there is no quiescent state in



as virtual photon interact with each other. Invisible these
real photons continue to exist, and the energy conserva-
tion law is always valid in that respect of the assumption

; ; ~ of the model.
-a 1 1 +a We verified in paper [3] that a potential energy gra-
! : dient was generated by the difference in the two spinors
i ; and that the gradient oscillates with time. Fig. 3 shows
i ‘ the simple harmonic oscillator with the emergence and
0 T |- e _______ disappearance of two spinors.
i 1 Based on these considerations, it is reasonable to re-
| Py place the momentum generally accepted into the momen-
‘ tum of the virtual photon surrounding the two spinors,
i p~+. Changing the momentum to be dealt with is one of
the critical points on this paper. Because positive and
! negative momentum value could be discussed in the 0-
f sphere electron model.
T | O
3 B. Plane-wave solution
i Let us now turn to another aspect of plane wave so-
i lution for p,« # 0. The following two are known as
| the solutions with respect to E = +4/|p|?c? + m2c¢t. On
® the positive energy conditions, the solutions to the Dirac
} equation are [4];
271' *************** : ORE —— -~
, i 1 ! 0
1 | 0 1
wt ‘ ‘ Lpl(l-i_) (p)=N c(ps) ) !p(§+) (P) =N | clpi—ipz)
E+mc? E+mc?
c(p1+ipz2) c(=p3)
E+mc? E-+mc?
(111.4)
Fig. 3. Schematic of the manner in which a virtual
ph(?ton, Py+, can be moved as a simple harmonic When E — — \/W7 the negative solutions
oscillator with the emergence and disappearance of bare are:
electrons at fixed points x = @ and x = —a. The yellow '
arrows show the strength of the potential gradient
caused by the difference between the two thermal _ c(p1—ip2) _ c(ps)
potential energies. See Appendix for a mathematical “j}'p‘gsng C‘g) ‘IJSerC;)
explanation of how virtual photons do simple harmonic LT/‘E*)(p) =N [E[+mc? , w(g‘)(p) =N | T TE+me
oscillation. The momentum p.~ of the virtual photon 0 1
takes both positive and negative values. (Reference: 1 0
The momentum of a virtual photon is abbreviated as (I1L.5)

P~+. In the previous paper [3], the kinetic energy of the
virtual photon was abbreviated as v g .)

the strict sense. In the past, the momentum of an elec-
tron has been calculated by the kinetic energy of the elec-
tron, but in the O-sphere electron model, it is assumed
that the kinetic energy is possessed by real photons that
wrap around two spinor particles.

In paper [3], the concept of the conventional virtual
photon was completely changed. Virtual photons might
not exist. We assumed that an electron contains real pho-
tons and is an invisible particle. The interaction between
electrons is not inconsistent if the invisible real photons

Dirac had been pondering about the above negative
energy solution eqn II1.5. Let’s reset the coordinates so
that the momentum p coincides with the z-axis and set
p2 = p3 = 0. Then solution III.4 and solution IIL.5 are
as follows.

0

1

0 1
ng-i_) (p) =N 0 ’ W((iJr) (p) =N C(p1)2 )
E+mec

c(p1)
E+mc?

where po =p3 =0.
(I11.6)
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Fig. 4. (a) The virtual photon moves from right * = a
to left x = —a. Its momentum p.~ is negative value.
(b) The virtual photon moves from left 2 = —a to right
x = a. Its momentum p.~ is positive value.
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where po =p3 =0.

(I11.7)

When the energy E changes from a positive solution
(eqn IT1.6) to a negative energy E (equ I11.7), the positive
value of the momentum p; becomes negative.

Let us proceed to reconsider the solution of the above
equations solved for momentum p as solved for momen-
tum p.~. Accordingly, the solutions mentioned above
can be interpreted as representing the kinetic energy of
the virtual photon p.~ in the O-sphere electron model.

Fig. 4 shows the thermal potential energy gradient and
the direction in which the virtual photon moves when the
thermal potential energy is radiated from the one spinor.
In these phases, py~ can be either positive or negative
momentum value.

The virtual photon can take positive and negative mo-
mentum values depending on the phase. The 0-sphere
electronic model successfully applies positive and nega-
tive momentum solutions to the Dirac equation’s solu-
tions.

Fig. 5 is a phase diagram showing a state where p.
replaced from p in this study can be zero. The blue
and green dots indicate positions on two spinors, which
radiate and absorb each energy according to their phase.
This exchange of energy makes the real photon a simple
harmonic oscillation behavior.
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Fig. 5. Four phases when the virtual photon, p,~ =0
and plots of given up or down wave functions on the
phase differential. (a) A representation of the
720-degree rotation performed on two-pair of bare
electrons. (b) A representation of the 360-degree
rotation performed on a virtual photon as a vector
particle. (¢) Correspondence of the up or down wave
function and spatial position of the virtual photon that
exhibits in-phase variation.

Note that the diameter of the virtual photon in Fig. 5
was not drawn in proportion with the distance between
the two spinors; the blue and the green dots. The virtual
photon was drawn a little smaller. This is because the
thermal potential energy of spinor emits the radiation
only within the radius of the virtual photon.

The momentum of the virtual photon p.~ takes zero
with the each phase nm (n =0,1,2,...,n) that ticked by.

However, when a phase is other than an integer n,
ie, nr (n#0,1,2,...,n), the non-zero momentum is the
solution to the Dirac equation.

The positive and negative relationship between m and
p changes depending on the phase. When py« # 0, the re-
lation between the positive/negative of p and the change
of thermal potential energy m as follows;
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Formulas II1.8 are listed with reference to Fig. 4.
Whether the spinor particle radiating thermal energy
take a positive or a negative value shall be determined
in future research based on, for example, creation and
annihilation operators in quantum field theory and ther-
modynamics.

In particular, Spinor 1 and Spinor 2; the thermal en-
ergy of either of the pairs T, or T,y are commutative as
well as the Dirac equation’s positive/negative solutions.
Because these two energies cannot be distinguished from
each other in quantum mechanics.

Therefore, there is a point in this study that the posi-
tive and negative value reversals of mass and momentum
do not occur in the conventional particle-antiparticle re-
lation, but are caused in the phase-dependence of spinors
exchanging energy in turn inside one electron.

C. Limitation

The discussion has not provided a full explanation and
validity of the wave functions. We often use plane waves
when solving the Dirac equation [5]. There could be room
to apply plane waves to the O-sphere electronic model.
Since, we sought the cause of virtual photon oscillation
by the energy gradient obtained from two spinors. When
these two spinor particles oscillate, they transfer their
energy while radiating and absorbing their own thermal
potential energy inside the photon. It is necessary to
further discuss the validity of the energy transfer method
by arranging it in a plane wave.

Therefore, it cannot be said that the four wave function
assignment shown in Fig. 5 has sufficient mathematical
validity. It has already seen in this study that the mo-
mentum of the plane wave and the momentum mentioned
on the 0-sphere electron model are completely different
concepts.

Furthermore, a new issue arose with the replacement
from p to py+. In other words, it is a problem that the
time change of the mass m that has a differential value
should be taken into consideration mentioned in eqn III.6
and eqn II1.7. Since the value of mass m, which was as-
sumed the thermal potential energy, repeats radiation
and absorption in turn. The value m changes depending
on its phase in the O-sphere electron model which was
mentioned previously Fig. 1. The conditions of its appli-
cation have not been rigorously discussed and shall await
further research.

IV. CONCLUSION

Particles and antiparticles are needed to explain the so-
lution of the Dirac equation by traditional interpretation.
In this study, we do not need antiparticles to explain the
negative solution of the Dirac equation.

The major result of this research is that the traditional
interpretation of the Dirac equation’s negative energy
solution could be reorganized by using the O-sphere
electron model. The model has an assumption that one
electron contains two spinor particles and more than one
virtual photon.

This study showed two points:

1. Positive and negative mass solutions of the Dirac
equation correspond to the emittance and absorption
cycles of the two thermal potential energies in turn.

2. Positive and negative energy solutions of the Dirac
equation correspond to the momentum obtained by the
virtual photon surrounds the two spinors.

It is because the virtual photon was modeled to move
in a single harmonic oscillation that its momentum can
take either positive or negative value. In the O-sphere
electron model assumed that only the virtual photon in
a system, i.e., one electron, could take kinetic energy.
In contrast, the two spinors as heat spots cannot take
kinetic energy but take thermal potential energy.

Since, we applied the concept of one electron composed
of two spinor particles to the Dirac equation, the posi-
tive and negative momentum can be naturally obtained.
It was applicable to the two states. These discussions
studied on this paper led us to the conclusion that we
do not have to eliminate the negative sign of the energy
nor to consider reversing the time ¢ — —t with another
interpretation.
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V. APPENDIX
A. An electron’s structure in this study

An electron’s structure is as follows. First, consider
there is a tiny thermal source in the center. This thermal
spot, named bare electron or an spinor in this study, can
be moved by radiation, however, it stops time and fixes it
in the center of the electron. Next, consider a real photon
that surrounds the bare electron. This real photon has
an electromagnetic interaction with the bare electron.

The concept of virtual photons has not changed since
mentioned on paper [3]. The photons surrounding the
two thermal sources exchanging energy with each other
are real photons. Because the photon is connected to the
thermal spot by the electromagnetic force, this photon
does not emit energy to the external system and cannot
be observed. In this paper, one electron is regarded as a
closed system in thermodynamics, and this paper is not
expanded to the interaction with other electrons.

From this viewpoint, this real photon may be called a
virtual photon. However, the virtual photons used in the
past are particles that are temporarily generated during
an interaction, and the meaning of the virtual photons
in this paper is very different in that they do not satisfy
the energy conservation law.

B. Thermal energy gradient caused by two spinors

The Appendix quotes from paper [3] on how the en-
ergy gradient arises from two spinors. To maintain the
law of conservation of energy, we take two bare electron
as thermal potential energies. These two electrons act
as both emitters and absorbers in turn. To meet the
requirements for simultaneous emission and absorption,
assign T, and T,o as follows;

4
(Oscillator 1) : Tyy = Eq cos® (u;) ,
(V.1)

t
(Oscillator 2) : Tyy = Egsin? (g) .

Set the two electrons as paired oscillators with T,; =
Egycos*wt/2 and Tyy = Eysin®wt/2. The temperature
gradient between the two bare electrons is calculated as,

Thermal Potential Energy Tel
Eo

AN

Fig. 6. Behavior of the virtual photon as a spatial
simple harmonic oscillator while the two bare electrons
behave as emitters and absorbers. Since the equation of
Te1 + Te2 + Yiinetie.n = Lo, the sum of the thermal
potential energy of the two spinors and the kinetic
energy of the virtual photon is constant. The energy
conservation law is preserved. See paper [3] for details.

grad T, = grad (Tea — Te1) - (V.2)

Since the values of thermal energy at both thermal
spots vary with time, the temperature gradient changes
with time. Let the previous wt is 0,

d 0
grad Ty, = ¥ (Eo cos* (2>>

= —2F cos® <Z) sin (g) . (V.3)
d . 0
grad Teo = 7 (Eo sin? <2)>
0
= 2F cos (g) sin® (2> : (V.4)

grad T,y and grad Tes include only time derivative
terms; their space derivatives are zero, because the bare
electrons do not change in position with time. That is,

= (0 ()
0 0
s(0N. (0
+ 2FE cos (2> sin <2>
= 2FE cos <0) sin <0>
2 2

= Eysinf . (V.5)

Equation (V.5) shows that the temperature gradient
between grad Ty, and grad T, produces a force F. The
force drives the velocity of the virtual photon along with
simple harmonic motion. On the basis of the above as-
sumption, the virtual photon swing back and force spa-
tially between the two bare electrons.
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Interaction between thermal and kinetic energy is es- potential energy of the spinors and the kinetic energy of
sential in the O-sphere electron model, because the inter- the virtual photon, drives the virtual photon along with
action between the two kinds of energy, i.e., the thermal the harmonic oscillator. See yellow line on Fig. 6.
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