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Interpretation of Quantum Mechanics in Terms of Discrete Time II
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From the perspective of discrete time, the macroscopic world and the microscopic world
are divided using the Planck mass as a reference point. The microscopic world is a world
where the nature of time is discrete and non-locality dominates, and the macroscopic
world is a world where the nature of time is continuous and locality dominates. The
macroscopic world is not reduced to the result of the order of the microscopic world,
and the physical laws of both worlds are real. The differences between the two worlds
lead to limitations in applying physical intuition formed in the macroscopic world to
the microscopic world. As an alternative to this, a new model of the physical reality of
matter in the microscopic world was proposed.

1 Boundary between the macroscopic world and the
microscopic world

From a discrete time perspective, quantum waves are formed
by the contributions of ∆t future and past spinors, and can be
expressed as follows [1]:

(xµ + ∆xµ)Ψ (xµ) − xµΨ (xµ + ∆xµ)

= ∆xµ exp
(
−

i
ℏ
∆xαPα

)
Ψ (xµ) .

(1)

In (1), the time component of ∆xµ is c∆t.
In order for (1) to be established, the following two as-

sumptions are necessary:

1. Ψ (xµ) is an analytic function.
2. [xµ, Pν] = −iℏδµν , where Pν = iℏ ∂

∂xν .

Mathematically, there is no limit to the lower limit of ∆xµ,
or ∆t, in the Taylor expansion of Ψ (xµ + ∆xµ). However,
there is a physical constraint on the lower limit of ∆t. ∆t is
defined as the time taken for light to pass through the reduced
Compton wavelength oc [2]:

∆t =
oc

c
=
ℏ

mc2 . (2)

As mass increases, oc decreases. However, physically,
this process cannot proceed without limitations, because a
black hole is formed when oc becomes the Schwarzschild ra-
dius rs. Therefore, oc must satisfy the following conditions:(

oc =
ℏ

mc

)
>

(
rs =

2Gm
c2

)
. (3)

Since the mass at oc,p, the lower limit of oc, is the Planck
mass mp, the lower limit of ∆t is the Planck time tp.

oc.p =
ℏ

mpc
=

2Gmp

c2

∆tlower limit =
ℏ

mpc2 =

√
2ℏG
c5 = tp .

(4)

If ∆t ≤ tp, the analytic expansion ofΨ (xµ + ∆xµ) is math-
ematically possible, but physically not possible. This means
that (1) is not possible, so it can be said that plane waves as
harmonic oscillations are not formed. In other words, ∆t = tp

becomes the boundary point of whether a quantum wave is
formed or not. Since ∆t is inversely proportional to mass, this
boundary is determined only by mass. That is, the Planck
mass. Using this as a reference point, the quantum world and
the non-quantum world are divided.

The Planck mass is the boundary, but there is one more
thing to consider. Eq. (1) is for a plane wave of a single wave-
length. If the mass is close to the Planck mass (1.5×10−8 kg),
it is of course not an elementary particle but a composite. In
this case as well, for (1) to hold, the waves of all components
must be in a coherent state. Therefore, the Planck mass is
theoretically the maximum value of a quantum system where
quantum waves can be formed. However, for actual com-
posites in thermal equilibrium, even if the mass is less than
the Planck mass, quantum waves may be canceled out and
quantum phenomena may not appear. This tendency will be
greater as the mass of the system or the number of compo-
nents increases.

In fact, it can be inferred from existing quantum mechan-
ics that the Planck mass is the boundary between the quantum
world and the non-quantum world. The Compton wavelength
of matter is defined as the wavelength of a photon with energy
equal to its rest energy. However, when the wavelength of the
photon becomes the Schwarzschild radius, the photon is con-
fined by its own gravitational field. Therefore, the Compton
wavelength is limited by the Planck length, and the mass at
this point is the Planck mass. This means that the Planck
mass represents the limit to which the Compton wavelength,
which refers to the quantum characteristics of matters, can be
achieved.

Now, I will discuss the properties of time when m ≥ mp.
In (1) and the physical constraints of ∆t, it was discussed
that if m < mp

(
∆t > tp

)
, a quantum wave is formed, and if

m ≥ mp

(
∆t ≤ tp

)
, a quantum wave is not formed. In the latter
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case, ∆t is not defined by physical constraints. In other words,
the concept of discrete time does not apply to the physical
system. If the concept of discrete time is not applied, there
is only one possibility. That is continuous time. This means
that if the mass of a physical system is greater than the Planck
mass, the time applied to the system must be continuous. As
a result of this discussion, the following conclusions can be
drawn. With the Planck mass as the reference point, elemen-
tary particles in the microscopic world have their own dis-
crete time, while the macroscopic world has continuous time.
Since the characteristics of continuous time are independent
of the mass of the object, all macroscopic objects have the
same continuous time in their stationary inertial frames. This
is why the time we experience feels as if it is universal.

The above contents are summarized and shown in the fig-
ure below. In Fig. 1, ∆t = 0 in the m ≥ mp range does not
mean that (1) is applied, but simply represents continuous
time.
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Fig. 1: ∆t − m graph

As you can see from Fig. 1, the macroscopic world is not
on a continuous line with the microscopic world. In other
words, the limit of any variable in the microscopic world can-
not become the macroscopic world. Since the properties of
time are completely different in the two worlds, the dynam-
ical principles based on them are also bound to be different.
Both the macroscopic world and the microscopic world are
real worlds with their own unique characteristics. This per-
spective is very different from existing quantum mechanical
interpretations. Most existing quantum mechanical interpre-
tations (Copenhagen, many worlds, decoherence, etc.) view
the macroscopic world as the limit of the continuum of the
microscopic world.

In the microscopic world, the nature of time is discrete,
and as discussed in the previous paper [4], matter in this dis-
crete time repeats the process of wave collapse and propa-
gation as a non-local wave. Thus, the characteristic of the
microscopic world is non-locality. Meanwhile, in the macro-
scopic world, the nature of time is continuous. Since local
principles naturally apply to fields defined in continuous time,
the characteristic of the macroscopic world is locality. Nat-
urally, the physical intuition of the world where locality ap-

plies and the world where non-locality applies is bound to
be different. The physical intuition of the macroscopic world
dominated by classical mechanics is clear. Things like par-
ticles, waves, and determined trajectories are concepts based
on local principles. However, according to the discussion so
far, the microscopic world is non-local, so intuition with con-
cepts based on local principles is bound to have limitations.
In the next section, I will present a model for a new physical
intuition based on the non-locality of the microscopic world.

2 The new quantum mechanical reality of matter

As mentioned in the previous section, concepts such as par-
ticles, waves, and trajectories are concepts established in the
macroscopic world where local principles are applied. They
are concepts of physical reality that humans, as beings in the
macroscopic world, infer from their experiences. However,
there are bound to be limitations in describing the micro-
scopic world with these concepts. One solution to this dif-
ficulty is Heisenberg’s method as follows [5]:

We can no longer speak of the behaviour of the parti-
cle independently of the process of observation. As a
final consequence, the natural laws formulated math-
ematically in quantum theory no longer deal with the
elementary particles themselves but with our knowl-
edge of them.

But I think more can be said about reality. We may think
of the microscopic world as something that cannot be directly
experienced. However, in reality, all parts of our body act
according to the order of the microscopic world, and the basic
parts of living things experience quantum phenomena. I think
that what can be experienced can be drawn.

As can be seen in Fig. 2, the quantum mechanical real-
ity presented here is composed of Compton sphere, spinor,
and matter wave (i.e. de Broglie wave). The Compton sphere
is a sphere with the reduced Compton wavelength as its ra-
dius, and as presented in the previous paper [4], it is a sphere
formed by points contributing to the past and future of ∆t at
the center point. All points on the hemisphere are simulta-
neous events in discrete time ∆t. Spinors contributing from
the future hemisphere and spinors contributing from the past
hemisphere combine at the center to form spinors at the cen-
tral point. The spinors at this central point have phases ac-
cording to (1), and a collection of identical phases forms a
matter wave.

                          Compton sphere

                                                                                                            matter wave

                                                                                                          

Fig. 2: The new quantum mechanical reality of matter
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The wavefront of the same phase as a matter wave has
the characteristics of a non-local wave. Due to their inher-
ent characteristics, these non-local waves cause simultane-
ous wave collapse when they interact. (Please refer to the
previous paper [4] for the process of non-local wave forma-
tion and propagation from the Compton sphere.) The start of
wave propagation is the Compton sphere. While the wave is
propagating, the Compton sphere no longer exists, but only
a matter wave as a non-local wave. The interaction (inelas-
tic scattering) causes an instantaneous collapse of the matter
wave, and the resulting collapsed state is assumed to become
a Compton sphere again. This is because the Compton sphere
is the beginning of a non-local wave and can be viewed as
an indecomposable elementary particle. Absorption of en-
ergy through interaction increases the frequency of the spinor
phase within the Compton sphere. As a result, a matter wave
as a new non-local wave with a shorter wavelength is formed
and propagated. Meanwhile, electromagnetic waves are also
non-local waves, but since they have no rest mass, the Comp-
ton sphere does not exist. It is assumed that the contraction
of the wave due to interaction will result in only a localized
electromagnetic field, the size of which will be determined
by the size of the interacting matter. If there is a change in
energy after interaction, it propagates as a wave with a new
wavelength.

3 Conclusions

The distinction between the macroscopic world and the mi-
croscopic world has been interpreted from various perspec-
tives since the beginning of quantum mechanics, and most
perspectives have attempted to understand the macroscopic
world as a continuation of the microscopic world. However,
from the perspective of discrete time, the two worlds are not
on a continuous line and take on completely different appear-
ances with the Planck mass as the reference point. In the
macroscopic world, the nature of time is continuous, and the
principle of locality governs. In the microscopic world, the
nature of time is discrete, and non-locality becomes the ba-
sic principle of existence. The macroscopic world cannot be
reduced to the result of the order of the microscopic world,
and the two worlds form a kind of hierarchical relationship of
existence.

From the above perspective, it can be said that it is nat-
ural that concepts such as particles, waves, and trajectories,
which are concepts of physical reality in the macroscopic
world, that is, classical mechanics, will be difficult to apply
to the microscopic world. The concept of physical reality in
the microscopic world, inferred from a discrete time perspec-
tive, is quite different from that in the macroscopic world. As
presented in the previous paper [4], the wave concept of the
microscopic world is not a wave concept based on local prin-
ciples of the macroscopic world, but a non-local wave. There
are also many differences in the concept of particles. The

concept of a particle in the macroscopic world is a particle
without an internal structure of finite size or a point particle
with no size. These particle concepts are abstracted on the
basis of continuous space and time. The concept of a parti-
cle of a finite size without an internal structure still has the
meaning of an internal area, and a point particle without size
is premised on the meaning of an infinite division of contin-
uous space. From a discrete time perspective, an elementary
particle in the microscopic world, in the case of matter, is
a Compton sphere. The size of the Compton sphere is de-
termined by the rest mass, and although it is an elementary
particle that cannot be resolved, it has an internal structure.
The internal structure mentioned here does not mean a com-
posite such as an atom. The Compton sphere consists of two
hemispheres with time differences, and has an internal struc-
ture in the sense that a spinor field is formed at the center.
Since the spinor formed at the center has a phase, the Comp-
ton sphere as a particle is not maintained and propagates as a
matter wave over time. Due to interaction (this corresponds
to the case of inelastic scattering; during elastic scattering,
it maintains its wave properties without wave collapse), the
matter wave collapses into a Compton sphere again. And this
process repeats. This is a new physical intuition from a dis-
crete time perspective on the microscopic world.
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