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One of Einstein’s most famous quotes is; ‘I am at all events convinced that God does not play
dice’. This study attempted to be a conversion of “uncertainty principle” to a “certainty principle.”
With the previous electron model, bare electrons moved discretely, and the photons surrounding
them moved continuously. In this study, we shall notice the traveling of free electrons with thermal
conductance, and how to determine the unique discrete traveling point by using thermal potential
energy gradient.

I.

The thermal conductance of single-molecule junctions
has been fully characterized [1] recently. This study was
also confirmed that the fundamental law of heat conduction in classical physics, WiedemannFranz law was
established at the atomic level.
This law is valid in metals. This is because free electrons carry most of both thermal conduction and electric
conduction.
In this study, we reflected how free electrons will travel
with its oscillation using the previous electron model [2].
The feature of the previous electron model is that bare
electrons move discretely. In this study, we will proceed
with discussions on the assumption of discretely moving
free electrons.
The movement of free electrons should be treated as
thermal conduction, not as radiation. This is because
thermal potential energy possessed by bare electrons is
in an oscillatory relationship by radiation and absorption.
This means that the discrete movement of bare electrons
is slower than the speed of light. Therefore, the photons
that wrap the bare electrons move slower than the speed
of light.
The previous electron model has refined the concept
of virtual photons. There are two adjustments. One
is that virtual photons that have been thought to occur
only during interaction are assumed to exist continuously.
The other adjustment is that a virtual photon we have
conceived is not a virtual but a real entity. It could be
said that the photon energy is confined by the central
force of the bare electrons, which would be a kind of black
hole. Therefore, the idea that an electron has internal
structure which is consisted of a real photon and bare
electrons has not come out. It is emphasized again that
this can be said to be a state in which photons have mass.
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A.

METHODS
Random walk

In the previous new electron model, we explained that
bare electrons move discretely [3].
Since divergence cannot be differentiated at zerodimensional point, M-theory has attempted to solve the
problem of divergence by creating a spatial spread and
devising string-like particles.
The electronic model I devised placed two points instead of strings, and was trying to solve the problem
of divergence by connecting these two points to form a
one-dimensional line and using the length of the space
constructed by the two dots.
Blue and green dots are equivalent to bare electrons
(Fig. 1). Each is a black body, and initially the energy
of the blue dot is transferred to the green dot. It was
assumed that the bare electron attracts the photon by
centering force, the force disappears if the thermal energy
is radiated.
The position of the central force that attracts the photon [2], similar phenomena to the center of gravity, the
virtual photon appears to swing left and right as a simple
oscillator. The bare electron, the blue dot, is not necessary to return to the original location, o. The position of
the next blue dot can be in a different direction.
Suppose that there is one free electron on the x-axis
indicating the position of the space. These electrons can
travel in both positive and negative directions within the
range of virtual photons that enclose bare electrons. The
probability of going to is the same.
By applying this assumption, an electron can move
randomly (Figs. 2 and 3).

III.
A.

DISCUSSION

Applying the second law of thermodynamics

The discussion here implies the key to unraveling why
the Seebeck effect occurs from a quantum mechanical
point of view.
As seen in the previous chapter, a complete random
walk occurs when there are no temperature gradients or
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Fig. 2. (a) p = 12 . The bare electron at the origin
moves to the left. (b) q = 12 . The bare electron at the
origin moves to the right. The yellow dashed line is a
real photon as re-imaged virtual photon. (Steps to the
right are performed with probability p and steps to the
left with probability q = 1 − p.)

Fig. 3. (a) If another thermal particle occupies the
position of +a, the blue dot bare electrons cannot move
to +a. (b) p = 1 ; By applying the second law of
thermodynamics, the blue dot moves to −a. Blue bare
electrons are generated at coordinate −a, which is a
green dot. In this situation, the probability of p is 1.

Fig. 1. A schematic of the manner in which a virtual
photon can be moved as a simple harmonic oscillator
with the emergence and disappearance of bare electrons
at the fixed points x = a and x = −a. (a) θ = 0,
(b) θ = π2 , (c) θ = π, (d) θ = 3π
2 , (e) θ = 2π, where θ is
electron’s phase. A movie is available on: [4].

potential gradients on the left and right. In this section,
we examine how electrons move in the presence of a temperature gradient or potential gradient.
The state where electrons are placed at the origin of
the x-axis indicating the position of the one-dimensional
space is the same as in the previous section. The difference is that there is another electron at coordinate A on
the x-axis. In this case, the electron at the origin tends
to advance in the lower temperature gradient, that is, in
the negative x-axis direction. This is based on the second
law of thermodynamics.
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B.

Extension to two dimensions

Fig. 4 shows a lattice in which the electron movement
range is expanded from one dimension to two dimensions.
The distances from the origin to point A, B, C, D are
equal, r. In Fig. 4 (b), the probabilities that the electrons
at the origin move to points B, C, and D are equal, and
all p = 13 .
This is because point A has the highest energy in energy gradient among points A, B, C, and D. The electron
located at point O cannot continue to be at the same
point O. Bare electron at point O oscillates and forces to
be travel to another position.
In this state, it can be said that electrons move randomly.

C.

No random events

Now assume that there are three electrons at points A,
B and D (Fig. 4 (c)). At this time, the energy gradient
of the thermal potential energy is equal at points A, B,
and D. On the other hand, point C has the lowest value.
Therefore, thermal potential energy of the bare electron located at the origin must travel to point C. The
probability of moving to point C is p = 1, which is no
longer a random walk.
In the previous electron model [2], it is assumed that
the bare electrons included in a photon have thermal
potential energy, so we have explained this model using
thermodynamics.
This study follows the procedure of using thermodynamics as well as the previous study.
Utilizing the gradient of thermal potential energy provides a consistent explanation for the second law of thermodynamics.

D.
Applicability of the principle of minimum
action for photons contained in the electron model

Fig. 4. (a) A grid extended from one dimension to two
dimensions. (b) Random walker basis; Another electron
exists at point A. The potential energy of bare electrons
moves from the origin to point B, C, or D. (c) Causal
basis; A grid assumes that three electrons are occupied
at fixed positions A, B, and D. The bare electron
located at the origin (blue dot) is forced to travel to
point C having the lowest thermal potential energy
gradient.

From this perspective, a motivation of whether the
principle of minimum action could be applied to geometric optics arises. However, L.D. Landau and E.M.
Lifshitz stated that it is impossible to introduce a function equivalent to a Lagrangian for a ray.
Pursuing the analogy, we can establish for geometrical optics a principle analogous to the
principle of least action in mechanics. However, it cannot
be written in Hamiltonian
R
form as δ Ldt = 0, since it turns out to
be impossible to introduce, for rays, a function analogous to the Lagrangian of a particle. Since the Lagrangian of a particle is related to the Hamiltonian H by the equation
L = p·δH/δp−H, replacing the Hamiltonian
H by the frequency ω and the momentum by
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the wave vector k, we should have to write for
the Lagrangian in optics k · δω/δk − ω. But
this expression is equal to zero, since ω = ck.
The impossibility of introducing a Lagrangian
for rays is also clear directly from the consideration mentioned earlier that the propagation of rays is analogous to the motion of
particles with zero mass. [5]
Landau explained that it is impossible to introduce a
Lagrangian into a ray because the propagation of the ray
resembles the motion of a mass-less particle. However,
virtual photons as real photons which are not behaving
as the ray, covering bare electrons behave as if they have
mass in the new electron model. This is because the
photon makes an accelerating movement as a simple oscillator as shown in Fig. 1.
Since the new electron model consisting of a real photon with bare electrons is different from the premise of
the above quote, there would be room for applying a
principle similar to the principle of minimum action to
photons that travel at an accelerated rate. Finding a
specific Lagrangian would need further study.
Applicability of the principle of minimum action for the
photons contained in the electron model and derivation
of the Lagrangian would need further study.

IV.

CONCLUSION

The essence of this study is that free electrons move in
the direction of lower thermal potential energy gradient,
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and the direction of movement is not determined stochastically. It was a remarkable achievement to associate the
second law of thermodynamics and quantum mechanics
through the thermal potential energy gradient.
It was interesting to point out the question about the
randomness of quantum mechanics. Quantum mechanics
is fundamentally about randomness and indeterminacy.
This study attempted to be a conversion of “uncertainty
principle” to a “certainty principle.” Einstein replied to
a letter from Max Born; ‘I am at all events convinced
that God does not play dice’ in December 1926.
However, this study uses a lattice model, and it can
be applied to an Ising model that introduces the spin
concept.
The new electron model reinterpreted a virtual photon
as an actual photon [2]. The bare electron is regarded as
an actual thermal entity and has a mass. The new electron model in which bare electrons included in a photon
could be a powerful basis for linking the laws of mechanics and geometric optics.
One of the achievements shown in this study is that
the traveling of electrons is also the traveling trajectory
of real photons. This is because the electron model that
remodels a virtual photon into a real photon is applied
to this study, i.e., the traveling of an electron can be
the traveling trajectory of a real photon surrounding a
bare electron. This creates room for applying Fermat’s
theorem to the traveling of electrons.
What we will expect following this research is a formal
unification of the subject and Fermat’s principle because
Fermat’s principle and the principle of minimum action
have been completed around a variational principle.

V.
A.

APPENDIX AND QUOTATION
Random walk and Fourier transform

The state of the random walk can be formulated using
Fourier transform.
”We consider a particle (a “random walker”)
starting at site 0. Its motion can be described
as jumps (steps) to one of the neighboring
sites. Different steps of the random walk are
considered independent. Steps to the right
are performed with probability p and steps
to the left with probability q = 1 − p. The
position of the walker after n steps is determined by the number of steps to the right
and to the left. We now introduce an instrument that allows for finding the positions of
the walker.
Let us consider the expression peiθ + qeiθ .
The coefficient preceding eiθ is the probability that the first step was to the right, and
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the coefficient preceding e−iθ is the probability that the first step was to the left. If we
now consider the square of this expression,
(peiθ + qeiθ )2 , and expand it using the binomial formula (peiθ + qeiθ )2 = p2 e2iθ + 2pq +
q 2 e−2iθ , we see that the coefficient of the first
term of the expansion gives the probability
that the first two steps were to the right, i.e.,
that the walker arrives at site j = −2. Generalizing these findings to any n, we see that
the coefficient preceding eiθj in the expansion
of the polynomial (peiθ + qe−iθ )n gives us the
probability Pn (j) from the corresponding expression via Fourier transform: [6]”

Pn (j) =

1
2π

Z

π

peiθ + qe−iθ

n

e−iθj dθ.

and right, i.e., p = q = 12 , the characteristic function is
as follows:

peiθ + qe−iθ =

B.


eiθ + e−iθ
= cos θ.
2

(V.2)

Seebeck effect

The Seebeck effect is one of thermoelectric effects.

(V.1)

−π

If the walker has the same probability of moving left

”Consider two wires made from different metals joined
at both ends (junctions), forming a closed circuit. Ordinarily, nothing will happen. However, when one of the
ends is heated, something interesting happens: A current
flows continuously in the circuit. This is called the Seebeck effect, in honor of Thomas Seebeck, who made this
discovery in 1821. The circuit that incorporates both
thermal and electrical effects is called a thermoelectric
circuit, and a device that operates on this circuit is called
a thermoelectric device. [7]”

