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Abstract

In 1905, Einstein established relativity under the condition of denying the ab-
solute space-time valid in Newtonian mechanics. In those days, the quantum
theory was also established by accepting De Broglie’s hypothesis of matter
wave, regardless of the causality of Newtonian mechanics. It has thus caused
some fundamental problems unsolved in the quantum theory, as the causality
of quantum mechanics for Newtonian mechanics is unknown. In that situa-
tion, it was recently revealed that the quantum theory is reasonably established
in accordance with the causality for Newtonian mechanics, and also that the
hypothesis of De Broglie is theoretically valid. The fundamental problems un-
solved for a long time were also reasonably elucidated then. Further, we then
found that a micro particle has an imaginary mass in a local space, or its be-
havior depends on an imaginary time. In the present work, we thus review
fundamental problems in quantum mechanics from a viewpoint of the theo-
retical structure of physics in accordance with the causality for Newtonian me-
chanics.

Keywords

Quantum Teleportation, Imaginary Time and Mass, Essence of Wave Nature,
Derivation of Schrodinger’s Equation, Einstein-Bose Condensation

1. Introduction

In the early stage of the 20" century, relativity and quantum theory were estab-
lished. The correlation between the theoretical structure of quantum mechanics
and that of Newtonian mechanics had not been clarified. In those days, it was

experimentally revealed that the light speed shows a constant value regardless of
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the coordinate system [1]. Einstein established the relativity by accepting it as a
principle, and then the absolute space-time in Newtonian mechanics was denied
[2]. We can thus understand the causality between relativity and Newtonian me-
chanics. On the other hand, the quantum theory had been established by accepting
De Broglie’s hypothesis relevant to the wave-particle duality, regardless of the the-
oretical structure of Newtonian mechanics [3]. We have thus been unable to un-
derstand the causality between quantum mechanics and Newtonian mechanics.
Each of them has developed highly as modern physics. In that situation, however,
we have been unable to understand the causality of quantum theory for the theo-
retical structure of Newtonian mechanics.

As mentioned above, we have been unable to understand the causality between
quantum mechanics and Newtonian mechanics since the early stage of the 20"
century. The matter gives the cause that understanding the quantum theory is dif-
ficult for beginners. Nevertheless, quantum mechanics has been highly applied to
projects not only in material science but also in electronic engineering and even
space engineering, leaving the fundamental problems unsolved. In other words,
the fundamental problems have been accepted without theoretical evidence for a
long time in accordance with the given principles or laws.

We have thus been unable to understand such theoretical evidence that:

1) Newtonian mechanics is not applicable to the behavior of a micro particle;

2) A micro particle corresponds to a matter wave of wave length 1 ;

3) The existence of a micro particle is obtained only as a probability;

4) The interference effect is shown in the behavior of a micro particle itself;
5) The energy E and momentum p of a micro particle are empirically ac-

.0
cepted as not original quantities in physics but imaginary operators Iha and

—inV  in accordance with the correspondence principle, where 7 (= h/ 27:) is
the Planck constant.

Further, the following fundamental problems were also not reasonably solved.

6) We have been unable to understand the maximum size of a micro particle
having a wave nature.

7) It has not been theoretically confirmed whether the relation itself of p =h/A4
proposed by De Broglie is really valid or not.

In that situation, it was recently revealed that the quantum theory is reasonably
established in accordance with the causality for Newtonian mechanics, and then
the density theorem of time valid in Newtonian mechanics was denied.

To discriminate between two micro particles of the same kind at a small dis-
tance of d , we must fundamentally observe them using a reflection light of wave
length A satisfying the relation of 1<d then. On the other hand, it is well-
known that the light of a frequency v has an energy E, = hu(z hc/ /1) pro-
posed by Planck as a quanta, where C is the light speed [4]. When d is a very
small value, therefore, the two micro particles are scattered by a large energy E, .

As a result, we cannot fundamentally discriminate between two micro particles of
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the same kind for a small d value. Recently, we thus accepted the matter men-
tioned here as “impossible principle of discrimination” for two micro particles of
the same kind [5]-[7].

It was revealed as discussed later that accepting the impossible principle of dis-
crimination corresponds to existing a minimum time t; in the physics relevant
to micro particles. Here, note that the fundamental problems of (1)-(7) mentioned
above were reasonably solved by having noticed the existence of minimum time
t, in physics. In other words, if we accept the relation At— At'=—iAt in phys-
ics for the relation 0 <At <t, valid in mathematics, the quantum theory is rea-
sonably established, regardless of the hypothesis proposed by De Broglie. The
matter mentioned here means such an extremely rare situation that the unique-
ness of solution for a partial differential equation valid in mathematics is not valid
in physics relevant to a micro particle because of denying the density theorem of
time in mathematics.

In the present situation, there is no room for doubt that a material is composed
of atoms and/or molecules. It is, therefore, the most important subject for re-
searchers in the material science to investigate behavior of micro particles in a
material. Here, note that the description used as a micro particle is not exactly
defined. We have thus vaguely used the word of micro particle for a particle hav-
ing a wave nature. In that situation, the word of micro particle will be concretely
defined in the present text.

It is considered that the diffusion equation relevant to a collective motion of
micro particles correlates with the quantum theory relevant to a micro particle
[8]. In fact, Einstein, Bohm and others in the early stage of establishing the quan-
tum theory investigated a possibility of transformation from the diffusion equa-
tion of Fick’s law into the wave equation of Schrodinger [9] [10]. However, their
projects did not succeed in those days.

Recently, Okino thought that their failures were caused by unconditionally ac-
cepting the diffusion equation as a law of Fick. Then, the diffusion equation itself
was first theoretically derived from the Markov theory in mathematics [11] [12].
It was then for the first time revealed that the diffusivity correlates with an angular
momentum of a micro particle in a local space in the diffusion field. In addition,
we have never noticed till then that the diffusion equation is expressed as a fixed
coordinate system or a moving one, and also that the discussion between these
coordinate systems is indispensable for understanding the well-known Kirkendall
effect [13].

Using the diffusivity expression obtained from the derivation process of diffu-
sion equation, it was reasonably confirmed that the diffusion equation and the
Schrédinger equation are transformable into each other [5] [14]. In that case, a
Brown particle has a wave nature, because of the validity of transformation from
the equation of micro particles into the wave equation [5] [6].

Generally in physics, we have accepted a relation as a law if its relation is always

applicable to analyzing the concerned phenomena, when we cannot theoretically

DOI: 10.4236/jmp.2025.168055

1051 Journal of Modern Physics


https://doi.org/10.4236/jmp.2025.168055

T. Okino

elucidate the validity of relation. Further, we have also accepted a relation neces-
sary for the theoretical structure of physics as a hypothesis, when there is no ex-
perimental evidence for the relation.

In each stage of developments in physics for a long time, the proposed hypoth-
esis should be rewritten as a law in accordance with the theoretical structure of
physics, after the concerned phenomena were experimentally confirmed. In a sim-
ilar meaning, if we can theoretically derive a relation having been accepted as a
law, the relation should be afterward accepted as a basic equation important in
physics, which corresponds to a theorem in mathematics.

For example, the hypothesis of De Broglie should be accepted as a law relevant
to the matter wave in accordance with the theoretical structure of physics after we
confirmed the wave nature of micro particles in physical experiments. Further, it
should then be rewritten from the description of law to the basic equation of mat-
ter wave after we have theoretically derived its relation [6] [7].

We usually encounter the description of the hypothesis of De Broglie in text-
books, regardless of the theoretical structure of physics at that time. Such a de-
scription will be unsuitable for students learning elementary physics, because of
their confusion caused by the inconsistency with the theoretical structure of phys-
ics. From a viewpoint of education, therefore, the author thinks that the descrip-
tion of a hypothesis, a law, and a basic equation in textbooks should always be
consistent with the theoretical structure of physics at that time. For example, such

a description as
{the law of matter wave (hypothesis proposed by De Broglie in 1923)}
or

{the basic equation of matter wave (hypothesis proposed by De Broglie in 1923)}
should be written in textbooks in accordance with the given situation, judging
from the theoretical structure of physics. In addition, it seems that there is no such

problem discussed here in mathematics.

In addition to the above fundamental problems (1)-(7), for example, the prob-
lem of well-known quantum teleportation in relation to the quantum entangle-
ment has not also been theoretically solved [15]-[17]. The impossible principle of
discrimination revealed that there is a minimum value t, asareal time in phys-
ics relevant to a micro particle. In other words, the behavior of a micro particle in
a local space depends on an imaginary time as an independent variable. We can-
not understand an imaginary quantity in physics. We cannot thus directly under-
stand behavior of a micro particle depending on an imaginary time.

When the impossible principle of discrimination is incorporated into behavior
of a micro particle, we must take account of existing an imaginary time t'=—it
in a physical equation and also a minimum time t;, as a real time must be con-
sidered in analyzing a partial differential equation relevant to a micro particle. In
that situation, the matter of an imaginary time as an independent variable is re-

placed by one of imaginary differential operator, as can be seen from the Schro-
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dinger equation.

It seems that the quantum entanglement is caused by replacing the matter of
imaginary time with one of imaginary differential operator. In that situation, the
theoretical evidence that quantum teleportation occurs as a matter of fact is ten-

tatively discussed in the present text [18] [19].

2. Bohr’s Model of Hydrogen Atom

Bohr in 1913 proposed such an atomic model of hydrogen that an electron makes
a circular motion around the nuclei of a proton [20]. He then assumed that the
electron having a momentum p on an orbit of radius r, satisfies a relation of
r.p=n#i, where n is a positive integer. Further, he thought that the electron
jumps between the orbits of r, and r, by the absorption or emission of the en-
ergy E.. = (n - m) hv resulting from the energy quanta hv proposed by
Planck, where v=c/A is a frequency of light [4].

In addition, the conception of energy quanta as a photon was used for investi-
gating the photo-electric effect by Einstein [21]. After that, Compton confirmed
its validity by investigating a collision problem between an electron and photon
[22]. It was thus accepted that a light having been considered as an electro-mag-
netic wave also has a particle image. It was also revealed in those days that the so-
called frequency condition of r,p =n# isconsistent with the empirical equation
called the Balmer series [23]. It was thus accepted that Bohr’s frequency condition
gives reliability in physics.

The magnitude of angular momentum | L> = | rx p> corresponds to the fre-
quency condition proposed by Bohr. Using the relation of Ar=r, —r, _, for
I, =0, we have the equation given by

|AL) =1, x p)—|(r, —Ar)x(p—Ap))=|Arx p) .
The frequency condition is thus able to rewrite as
Arp=h (1)

for the electron on an arbitrary orbit of hydrogen. After that, the experimental
facts gave evidence that an electron has a wave nature [24]. In accordance with the
experimental results, therefore, it is considered that the orbital electron has the
relation of

A =27Ar, (2)

using a wave length 1 of the electron as a matter wave.

In accordance with the law of momentum conservation, the momentum p of
electron just at a moment after breaking away from the atom is equal to one just
at a moment before breaking away. Equation (1) is thus valid for the free electron
after breaking away from the atom. In other words, Equation (1) holds for an ar-
bitrary moving electron because of the conservation of p before and after break-
ing away from the atom. Judging from the matter mentioned here, Equation (1)
reveals that an electron is never in the standstill state, and also that an electron

moves as a wave packet having always an intrinsic space Ar in the translational
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motion. At the same time, we can confirm that Equation (2) is also valid then.

3. Derivation of Hypothesis p=h/A1 Proposed by De Broglie

It is well known as principle of equipartition that the micro particle having degree
of freedom « has the energy akgT/2 in the collective motion at an absolute
temperature T, where k; is the Boltzmann constant [25].

Using Equation (1) valid in an arbitrary state of electron for such a free electron
as a state of electron gas, the correspondence between the kinetic energy and the

principle of equipartition yields the minimum time At given by

At=nfa(e+ksT) for a=3 3)

where & isa correction factor at the temperature T =0.

Equation (3) is valid for an electron under an arbitrary condition, because of
using Equation (1). Nevertheless, the right-hand side of Equation (3) has no in-
formation about the electron itself. Here, note that an electron itself is one of mi-
cro particles. In accordance with the causality in physics, this means that Equation
(3) is also applicable to a micro particle having the same degree of freedom «
used here. On the contrary, Equation (1) is valid then regardless of « . Asaresult,
it was thus revealed that relation of

Arp=h

is essentially applicable to a micro particle. In addition, the relation Arp=r
used here is one more limited than the uncertainty principle.

After the proposition of De Broglie’s hypothesis, it has been experimentally re-
vealed that many atoms and molecules have a wave nature [26] [27]. Further, as
discussed later, it is also theoretically revealed that a micro particle has a wave
nature, regardless of the above discussion [5]. Therefore, the relation of

A =2nAr
is also valid for a micro particle.

Here, the relation of
p=h/a (4)

is reasonably derived from Equations (1) and (2) valid for a micro particle [6] [7].
As a result, the matter mentioned here gives evidence that Equation (4) is appli-
cable to behavior of a micro particle. In other words, the hypothesis proposed by

De Broglie was for the first time reasonably derived then.

4. Discrete Time in the Physics Relevant to a Micro Particle

In the following, we first discuss a problem of perfectly elastic collision between
particles A and B of the same kind, where each particle of them has mass m, =m
and mgz =m on a smooth plane. In Newtonian mechanics, when the particle A
moving with an initial velocity |VA> = |Vo> collides with the particle B in the
standstill state of |VB> =0, it is well-known that each velocity of particles A and
B becomes |VA> =0 and |VB> = |VO> immediately after the perfectly elastic col-
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lision.
Using a direct force | fy A> acting on the particle A from the particle B and a
direct force | fAB> acting on the particle B from the particle A, the relations be-

tween the impulse and the momentum variation are then expressed as

| fon ) AL, =—m, |AV,)

[0}, = m [Av,) } > | faa) At +| fag) Aty =m(=|v, ) +|vy)) =0,
AB B B

where each time of A, and At, isa collision time of each particle.

Figure 1 shows the schematic diagram of the locus of motion r(t) before and
after the perfectly elastic collision between particles A and B, where Al, denotes
a minimum displacement of the particle A for At ,and Al; denotes that of the
particle B for At,. The collision time is usually accepted as At, — At, At, — At
in Newtonian mechanics. In that case, using the minimum quantity of second or-
der Azr(t) of r(t), Al, and Al, shown in Figure 1 are expressed as

2 2
Al, =A2rl(t)=—AvAAt=£(At)2 - A rl(;[) - d rlz(t) _fon
My (At) dt m,
2 2 >
Alg = Ar, (t) = AvgAt =E(At)2 LA (zt) - d rzz(t) e
mg (At) dt mg

where 1, (t) or r,(t) correspondstoa partof r(t) during the perfect elastic
collision.
Generally, behavior of particles A and B between At is not usually discussed

in textbooks. It is physically considered that accelerations & and a, become

a —> —oo fort, —Af <t<t, (5)
a, >0 fort, <t<t.+At,’
t=tc
At, 1) =vyt
mB
Al At

Al

r(t)

t

Figure 1. Perfectly elastic collision for particles of the same kind.

because of f,;+ fz, =0 for At =At, =At, where t=t. isjustata collision

DOI: 10.4236/jmp.2025.168055

1055 Journal of Modern Physics


https://doi.org/10.4236/jmp.2025.168055

T. Okino

time between particles A and B.

Here, if we replace the problem of perfectly elastic collision mentioned above
by a collision between two micro particles of the same kind, the impossible prin-
ciple of discrimination discussed in the introduction should be considered for an-
alyzing such a collision problem. In other words, we must then consider the pos-
sibility of mg —m, in Figure 1. If we consider behavior of micro particle m,
resulting from the impossible principle of discrimination then, we must thus

physically accept the relation given by

|VA>:|Vo> - |VA)=0 for t. — At <t <t.
[Va)=0—|va)=|V,) fort. <t<t.+At,

(6)

in the collision process.

Here, when we consider the mathematical behavior of locus of motion I’(t)
in relation to Equation (6), it has a singular pointat t=t. andthen t=t. isan
asymptotic line as shown in Figure 2. Judging from behavior of the asymptotic
line t=t. and the density theorem in mathematics, each functional behavior of
n (t) and T, (t) is mathematically convex upward as shown in Figure 2. In ac-
cordance with the definition of acceleration, the curvature of TI,(t) then gives
the acceleration of

2 2
a2=d (1) _ imArz(t) = a,<0. (7)

dt2 At—0 (At)2

Equation (7) obtained from the mathematical theory is inconsistent with the
physical phenomena shown in Equation (6). Here, we introduce physically the
imaginary time At — *iAt into Equation (7) for the purpose of solving the in-
consistency between physics and mathematics. In that case, the acceleration a, in

Equation (7) becomes a, >0 consistent with one in Equation (6) [5].

t=tc rit) =wt

Atz my

At
mA rz(t)

r,(t)
r(t)

t
Figure 2. Mathematical Behavior of a Neighborhood of r=r(t.).
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As a result, the impossible principle of discrimination indicates that there is a

minimum time t; in physics. We thus accept the following relation of
At - At' = tiAt (8)

in physics for the relation 0<At<t, satisfying the density theorem in mathe-
matics. In that case, behavior of a micro particle depends on an imaginary time
where we cannot understand from the usual conception in physics. The density
theorem in mathematics is not thus applicable to a time in the physics relevant to
micro particles because of existing a minimum time t, .

Using t, foran arbitrary time t; in the physics relevant to a micro particle,

we thus define the relation of
t i jto 9)

as a discrete time in physics, where j is an arbitrary integer. Equation (9) is an
important relation obtained from the impossible principle of discrimination.

In addition, the so-called Planck time t, (: 5.39x10™* s) is known as a mini-
mum time in physics, where the value of t, is derived from the dimension anal-
ysis of the Planck constant h, the light speed ¢ and the gravitational constant
G.

Here, note that the impossible principle of discrimination is not taken account
of Equations (1), (2) and (4). It is thus considered that they are valid even in the
case of m, - mg for t>t. in Figure 2.In other words, they are relations sat-
isfying wave nature of a micro particle regardless of the impossible principle of

discrimination.

5. Derivation of Schrodinger Equation

Schrédinger derived the wave equation applicable to behavior of a micro particle
from accepting the hypothesis proposed by De Broglie [3] [9]. After that, the so-

called Schrodinger equation of

2
in 01 ey (10)
ot 2m

has been highly applied to various phenomena in the physics relevant to a micro
particle with a mass M. As a result, we found that the analyzed results having
applied Equation (10) to behavior of a micro particle have no problems incon-
sistent with experimental results. The Schrodinger equation is thus widely ac-
cepted as a basic equation important in the quantum mechanics.

On the other hand, the diffusion equation of

Jc-pvic (11)

ot
has been accepted as a law proposed by Fick since 1855, where C and D area
concentration of diffusion particles and a diffusivity [10]. In addition, the expres-
sion of C is defined here as a concentration expressed by particle numbers per

a unit volume, and further it is normalized by a total number of diffusion particles
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in the diffusion region. In that situation, recently Equation (11) was reasonably
derived from applying the Markov theory in mathematics to the elementary pro-
cess of diffusion phenomena [5] [11]. The diffusivity D in Equation (11) was
then theoretically obtained as

h
D=—o 12
om (12)

using a mass M of a diffusion particle [28]. Equation (12) has a characteristic
constant 7 of physical quantity relevant to the angular momentum of a micro
particle, where the dependence of diffusivity D on T and C is neglected
(See Appendix).

The impossible principle of discrimination revealed that we must accept the
relation At'=ziAt for 0<At<t; validin mathematics. In accordance with the
discussion relevant to Equation (8), we can reasonably obtain the differential op-

erators in the physics relevant to a micro particle, as shown in the following.

o . A o .. A o _.0
—=lim— = —=lim—— > —=7Fi— (13)
ot A0 At ot' A0 +jAt ot' ot
and
Aiim Bt o DAvoim Svoimeitt = 25402 g
OX M0 AX AX' Mo0AX &0 AX ox' OX

We consider independently At" — 0 using arealtime @ for t'=ie@ satis-
fying (|UI im iw — 0, only for the purpose of mathematical analysis regardless of ex-
isting the minimum time t;. Therefore, note that the relation of At’ — 0 does
not mean t — 0 then. In Equation (13), replacing the matter of imaginary time
itself At’ by that of imaginary differential operator of real time At means that
the density theorem for a real time t is outwardly valid again not physically but
mathematically for the partial differential equation, because of the validity of
At—0 via the relation At'=+iAt satisfying At'—0. In addition, Equation
(14) shows that the density theorem in mathematics is essentially valid for the
space (X,Y,z) in physics.

Here, by substituting Equations (12)-(14) into Equation (11), the equation of

Fi Oc-—T v
ot 2m
is reasonably obtained. Note that solution C of above equation then becomes
mathematically a complex value function as expressed by C=C,_ £iC,, using

real functions of C, and C;, [5]. Then, multiplying the both sides of above
equation by 7 after replacing C by ¥ (= ¥, +i¥,, ), the equation of

re —
—ihg‘P——iVZ‘P (15)
et T T 2m
is obtained. The correspondence between C and ¥ should be accepted
C=yY¥ using y :1[ L’3] with the length dimension L for the dimension-

less function ¥ . The relation of |C| = ;/|‘P| then indicates that |‘I‘|2 means an
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existence probability of a micro particle judging from the given definition of C
and the correspondence between an energy of a micro particle and that of a wave.
In relation to the eigenvalue obtained from using Equation (15) for analyzing a
problem, the double sign in Equation (15) was determined as +. Therefore, Equa-
tion (8) becomes At’'=—iAt and Equations (13) and (14) are thus determined as
o .0 0 . 0

>

— 2=, —>-1—. (16)
ot ot ox OX

At this point, the Schrodinger equation of

2
inlg__ 1 gy
ot 2m

was reasonably derived from the above discussion, regardless of the hypothesis
proposed by De Broglie [5] [6].

It was confirmed in the above discussion that the diffusion equation and the
Schrédinger equation are reasonably transformable into each other. The matter
gives the most important evidence that a diffusion particle of micro particle has a
wave nature because of the validity of transformation from the equation of micro
particles into the wave equation. In other words, such a micro particle as a diffu-
sion particle jumping at random in a material has a wave nature [6].

Judging from the discussion about derivation of imaginary operators of Equa-
tion (13) and (14), note that the Schrédinger equation itself is a proper partial
differential equation in mathematics, where the density theorem is valid in the
real space-time (t, XY, Z). In other words, the uniqueness of solution of partial
differential equation is valid in the Schrodinger equation itself. However, the
physical solution obtained from the mathematical analysis of the Schrodinger
equation should be taken account of the existence of a minimum time t, because
of the existence of Equation (9).

As mentioned above, we can obtain mathematical solutions of the Schrédinger
Equation (10) in accordance with the uniqueness of a solution of partial differen-
tial equation. However, Equation (9) reveals that we cannot accept the mathemat-
ical solution ‘P(t, XY, Z) as a physical solution ¥, (t, XY, Z) as it is. Using a
probability factor A for the mathematical solution ‘I’(t i %Y, z) , we should

thus accept it as
Yo (tx,y,z)=>] Aj‘{’(tj,x, y,z), (17)
j=m

if the time interval necessary for an observation of micro particle is expressed as

t,<t<t,

judging from Equation (9).

Here, the derivation of Equation (17) reveals that some fundamental problems
in the quantum theory are reasonably solved as follows [7].

(i) The uniqueness of solution for a partial differential equation for a micro
particle is valid in mathematics, but it is not valid in physics because of Equation

(9). At the same time, the probability interpretation is essentially required for a
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physical solution because of the superposition of mathematical solutions having
the probability factor A; in Equation (17).

Einstein had never accepted the probability interpretation in the quantum me-
chanics in relation to the uniqueness of solution for a partial differential equation.
He established the relativity by accepting the constant principle of light speed be-
ing inconsistent with Newtonian mechanics. If we accept the impossible principle
of discrimination as well as the constant principle of light speed, Equation (17) is
reasonably obtained. Even if the existence of discrete time resulting from the im-
possible principle of discrimination had been known in those days, wouldn’t Ein-
stein accept that the probability interpretation is essentially indispensable for the
quantum mechanics?

(ii) Since the physical solution of ‘¥, (t, XY, Z) for behavior of a micro parti-
cle is expressed by a superposition of mathematical solutions, even behavior of a
micro particle itself has essentially an interference effect resulting from a super-
position of wave functions.

It is well-known that a photon of frequency v has an energy value E, =ho
as proposed by Planck [4]. The energy E, relevant to a micro particle having a
wave length A and a speed V is also obtained as a similar expression using
Equation (4). Concretely, a speed Vv of micro particle moving as a wave packet is

expressed as

dov dov h do

"TaWa) d(mvh) mav

in accordance with the definition of group velocity, where U(= V/A) isalso used
as a frequency of micro particle having a wave nature. The integration of above

equation gives
1 2

In addition, using Equation (2) for v(=V/1), the relations are obtained as

v Ar 1 1
vV=— D U=— = ; (19)
A At 2nAr  2mAt
AE, =H. (20)

Equation (20) as well as Equation (1) is one more limited than the uncertainty
principle.
When the momentum p andenergy E, ofamicro particle act on a physical

quantity ¥ as operators, the relations of
.. 0 .. 0
— —ih— and E, > ii— 21
px ox A ot ( )

have been empirically accepted in accordance with the correspondence principle.
(iii) In the present discussion, however, simultaneously using Equation (16) for

equations (1) and (2) or (19) and (20), the Equation (21) having been accepted
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without a theoretical evidence for a long time is reasonably derived as shown in
the following [5] [6].

pX‘P:hA‘P—)hQ‘P = pX‘P:hﬁ‘Pe—ihﬁ‘P
AX OX OX OX

and
El‘chA‘I’—)hg‘I’ = El‘P=hg‘P - ihé‘P.
At ot ot ot

Since behavior itself of a micro particle in a local space depends essentially on
an imaginary time, we cannot thus directly understand such a momentum or en-
ergy corresponding to a physical quantity having time-dimension. We can then
indirectly understand the behavior from replacing them by imaginary operators
in the physics. In addition, Equation (21) should be accepted as a result obtained
from not the correspondence principle but the impossible principle of discrimi-
nation, judging from the above discussion.

In accordance with the theoretical structure of physics, Equations (1), (2) and
also Equations (19) and (20) are relevant to the wave-particle duality, judging
from the derivation process. They thus have a possibility of the case of m, —»>my
for t>t. inFigure 2, because they have no connection with the impossible prin-
ciple of discrimination. On the other hand, the fact that behavior of micro particle
depends on an imaginary time resulting from the impossible principle of discrim-
ination, which corresponds to the case shown in Figure 2, results in the relations
At — At’=—iAt and/or Equations (9), (21) regardless of the correspondence
principle. In other words, Equation (21) means in mathematics that matter of an
imaginary time as an independent variable is replaced by one of the imaginary
differential operator for a real time. As a result, the Schrédinger Equation (10) is
a partial differential equation of a real time as an independent variable under the

condition of Equation (9) in physics.

6. Investigation of Size of Micro Particle and Minimum Time

As well known in Newtonian mechanics, when a body of mass m having a posi-
tion vector | rG) of the mass center is composed of N particles of each mass m;

having the position vector | rj> , the relation of
n
m|rG>:Z‘Imj|rj> (22)
=

is defined as a given coordinate system. We can then investigate behavior of the
motion of body with mass m using the only position vector | rG> , regardless of
m; and | rj> .

In the quantum theory, we first experimentally confirmed that the electron with
mass M of elementary particle having no internal structure has a wave nature
[29]. After that, experimental results reveal that an atom with mass m composed
of elementary particles has also a wave nature [26]. Further, it was experimentally

confirmed that even a molecule with mass M composed of atoms has a wave
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nature [27].

Even when we make m and m; in Equation (22) correspond to a micro par-
ticle and an elementary particle or an atom, it is confirmed that the Schrédinger
equation is then applicable to analyzing behavior of a micro particle with mass
m, regardless of the internal structure. This means that the conception itself of
mass center relevant to a motion of body in Newtonian mechanics is also applica-
ble to analyzing behavior of a micro particle in the quantum mechanics.

Here, note that we must then consider a relation of n<n, in Equation (22),
where n, isa value of a maximum number of particles composing a micro par-
ticle with a wave nature. In that case, judging from experimental results obtained
until recently, it is no room for doubt that an arbitrary atom has a wave nature,
because of the existence of molecule Cg, having a wave nature [27].

The maximum size of micro particle having a wave nature has been unknown
for a long time. As it were, the description of micro particle has been thus vaguely
accepted without the theoretical evidence in the quantum mechanics. In the above
discussion, therefore, we determine the largest size of micro particle having a wave
nature by corresponding m; in Equation (22) to an atom composing a micro
particle.

The collective motion of molecules in the gas state is known as diffusion phe-
nomena. It was revealed in the present text that a diffusion particle has a wave
nature. In the following, therefore, we tentatively determine the maximum value
n, by investigating a motion of molecule in the ideal gas state [7].

The Avogadro’s law shows that molecules of N, (: 6.02 ><1023) numbers coex-
ist in the volume of V, (: 2.24x107? m3) at the room temperature T, (=290 K).

The size |, of alocal space occupied by a molecule is thus estimated as
1, =(Va/N,a)" (=3.34x10° m).

If a velocity of molecule moving through a local space in the state of ideal gas is
V,, the necessary time t, is given by the relation of t, =I,/v, . In that case, we
tentatively assume that t, isequalto At of Equation (3) and also that t, — t,
is valid. The following relation is then obtained as

h

b za(8+kBT)' =

Judging from the definition of degree of freedom for a micro particle, therefore,
the relation of v, (=1,/t;)<C yields
3<g<— I (24)
I, (+ksT)
Substituting the above values of |, T, ¢ and £=0 into Equation (24),

the relation of
3<a <780 (25)

is thus obtained. Equation (25) reveals that such a micro particle as a giant mole-

cule and/or a fine particle of metal composed of atoms less than 260 numbers has
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a wave nature because of « =3n,. When a micro particle having a wave nature is
composed of atoms, the maximum number n, of atoms is thus determined as
n, =260.
Judging from the relation discussed above, the relation of
v, =l /ty > v, <c >t > /c

is obtained. We then estimate a value of t, given by

t, >1.11x10™[s].

On the other hand, Equations (23) and (25) yields

7

t <—— 5t <866x107°[s].
" 3(etkeT) " <10 [s]

The minimum time t, dependent on « at the temperature T =290K is

thus expressed as

1.11x107 [s] < t, <8.66x107°[s]. (26)

In the quantum theory, there is thus a minimum time t, dependent on the de-
gree of freedom of a micro particle itself and on an absolute temperature.

Here, Equation (23) shows that a value of t, becomes extremely large one at an
extremely low temperature. In that situation, the time interval At=t;,; —t, (= to)
of a real time becomes a large value in the conception of Newtonian mechanics,
but there is no such a conception of time interval in the behavior itself of a micro
particle, because of the situation in the world of imaginary time in accordance
with the impossible principle of discrimination. On the other hand, we know phe-
nomena of the superfluidity and superconductivity, where each of them is a col-
lective motion of micro particles at an extremely low temperature and is a macro
behavior resulting from the quantum effect in accordance with the Bose-Einstein
condensation [30]-[33]. It seems that the impossible principle of discrimination
has no direct relation to a collective motion of micro particles. Equation (20) is
thus valid in the collective motion of micro particles because of no connection
with the impossible principle of discrimination in the derivation process. On the
other hand, it is considered that the minimum time t, correlates with the Bose-
Einstein condensation, judging from an extremely low temperature in Equations
(3) or (23). As a result, Equation (20) indicates that each energy of micro particles
E, becomes a normal energy level because of a large value At, so as to become

the Einstein-Bose condensation.

7. Discussion and Conclusions

In the present text, we found that the quantum theory is reasonably established by
accepting the impossible principle of discrimination between two micro particles
of the same kind. Concretely, we must then accept that a minimum time t, is
existent in the physics relevant to a micro particle. As a result, the fundamental
problems (1)-(7) mentioned in the beginning were reasonably solved.

The well-known problems of Schrodinger’s cat and a double-slit are discussed
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in the following.

1) Collapse of a Wave Function and Probability Interpretation

Equation (1) reveals that an arbitrary micro particle having a wave nature
moves always in the situation having an intrinsic space Ar, regardless of whether
it makes a circular motion or has a translational motion. In other words, we can
never find a micro particle in the standstill state. When a micro particle is captured
by a material, therefore, it is considered that the micro particle is not in standstill
state but makes circular motion within an intrinsic space Ar in the material. In
fact, the atomic vibration is thus well known in a crystal material.

In relation to the density theorem of time in mathematics, the theoretical struc-
ture of quantum theory is different from that of Newtonian mechanics. As men-
tioned in the present text, therefore, we must accept Equation (17) resulting from
Equation (9) as a physical solution. Further, we cannot also determine a strict po-
sition of a micro particle within the intrinsic space Ar because of existing the
minimum time t, . The matter mentioned here indicates that we should not have
such an image as a particle in the standstill state for behavior of a micro particle
having a wave nature in a local space.

Even for a micro particle of particle image, Equation (17) reveals that the phys-
ical solution Y, (t, XY, Z) in the intrinsic space Ar is composed of some
mathematical solutions, for example, | solutions, because of |>2 resulting
from the resulting existence of a minimum time t, , except for a special case of
Yo (t,x,y,z)="¥ (tj XY, z) conceived to be almost impossible. In that case, the
physical solution is expressed as

!

W (txy,2) =D A¥(t),x,Y,2), (27)

=t

using a solution ‘I’(t i1 %Y, z) obtained from the mathematical analysis [7].

When a moving micro particle having an intrinsic space Ar encounters such
a force as an impact in a collision with others, it is considered that the influence
of force on the intrinsic space Ar generates a collapse of wave function ¥, ,and
then |‘I’P |2 gives theoretically an existence probability of a micro particle in the
space. As far as a collapse of wave function does not occur, behavior of a micro
particle should be just accepted as a wave image in the intrinsic space Ar.

In the quantum theory, a micro particle is not in the standstill state but always
in the moving state even after a collapse, judging from Equation (1). Regardless of
whether a value of |‘I’F,|2 in a collapse state is experimentally measured or not,
some mathematical wave functions having composed ¥, expressed by Equation
(27) propagates again as a material wave from a new wave source or the micro
particle makes a circular motion in a material captured then and continuously
moves at random in the material as a diffusion particle after the collapse.

2) Quantum Teleportation and Imaginary Time and Mass

In the following, we consider such a physical system composed of two micro
particles A and B having an interaction between them. When the particles A and

B start to move for an opposite direction with each other at a time t =t;, we dis-
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cuss astate W ,; ofthe physical systematatime t=t, afterthetime t=t in
relation to the quantum entanglement [15]-[17].

Atatime t=t; for t, >t;, the particle A exists at a position separated suffi-
ciently from the particle B. In that situation, when we observe a state ¥, of the
particle A, it is known that a state W, of the particle B becomes a collapse state
just at the same time resulting from the interaction with the particle A. If we think
the case of t; > 1, it is considered that a finite time is necessary for transmitting
an influence of the interaction caused by the observation of a state W, to a state
of W, . Nevertheless, it is experimentally revealed that a physical quantity in the
state of W, is determined by the influence just at a moment having observed a
state ¥, . The matter mentioned here is inconsistent with the usual conception
in the exiting physics. Although we cannot understand the theoretical evidence of
its behavior of a micro particle, the fact is accepted as a problem of the quantum
teleportation [18] [19].

In the following, however, the theoretical evidence that the quantum teleporta-
tion occurs in behavior of a micro particle is proposed as an opinion, based on the
discussion of the theoretical structure of physics.

In accordance with the impossible principle of discrimination, it was revealed
that the wave Equation (10) of Schrédinger and the diffusion Equation (11) are
transformable into each other [7]. We then used the relation of t' = —it between
an imaginary time t’' and areal time t resulting from the impossibility of dis-
crimination between micro particles of the same kind. Further, it was also revealed
that there is a minimum time t, in the real time and also that its value depends
on a degree of freedom « of a micro particle and an absolute temperature T
as shown in Equation (23). In addition, it may be considered that the minimum
time t, depends also relatively on a mass m of micro particle resulting from
the correlation between « and m. For behavior of a micro particle in the deri-
vation process of Equation (14), it was accepted that the density theorem in math-
ematics is valid for each of components of a coordinate system in the real space
(x,y,2).

Judging from the theoretical structure of physics mentioned above, when we
considered behavior of a micro particle in an inside of local space (X, Y, Z) , the
impossible principle of discrimination gives evidences that we should accept an
imaginary time t’ asarelation of t'=—it forarealtime t.In thatsituation,a
micro particle moves in the space-time (t',X,y,z) satisfying the limit relation
t"— 0 not in physics but in mathematics then. However, the limit relation
t — 0 is not acceptable in physics because of existing a minimum time t; in
spite of accepting the relation of t=it' for t'— 0 inmathematics. We can thus
formally accept the limit relation t— 0 only in mathematical analysis for an
equation related to behavior of a micro particle in the space-time (t', XY, Z) .
Here, note that the density theorem is not still valid in the conception of time in
physics.

As mentioned in the present text, it was revealed that Equation (1) indicates a
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wave nature of micro particle. In the following, a momentum p’ of a micro par-

ticle in the space-time (t', XY, Z) is investigated using the relation of
Ar . A , .
p=m— — p'=m'— for Ar'=Ar, At'=-iAt,
At At
in accordance with the impossible principle of discrimination. In that case, the
relations of m'=-im in the space-time (t’,X,y,z) and m(=im’) in the
space-time (t, XY, Z) are obtained as shown in the relation of

m’A—r' - m’A: im'ﬂ - mﬁ.
At —IAt At At

In a theoretical equation of a micro particle in conception of Newtonian mechan-
ics, as a result, the replacement of m — m’ under the condition of m’=—im
leads to an equation in the quantum mechanics, regardless of the space-time.

Discussion about an imaginary mass of a micro particle correlate with a subject
of whether a tachyon exists or not [34]. At present, the existence of tachyon is
widely denied in physics. In that situation, it seems that a micro particle moves in
a local space Ar having an imaginary mass m’(= —im) . As a result, we cannot
thus directly recognize behavior itself of a micro particle as a particle image in
Newtonian mechanics.

As a matter of fact, what the imaginary number i emerges in the quantum
mechanics essentially means that the impossible principle of discrimination is re-
ally valid in behavior of a micro particle. Since we cannot fundamentally under-
stand an imaginary quantity in physics, the determinism is not thus essentially
applicable to the quantum theory.

We have understood behavior of micro particle from replacing the problem of
imaginary time as an independent variable by one of the imaginary differential
operators as shown in the Schrédinger equation using a usual conception of mass
m in the outside of a local space. In other words, the Schrodinger equation itself
is thus essentially one expressed by the coordinate system (t',X,Y, Z) . On the
other hand, since the diffusion equation for a collective motion of micro particles
does not directly correlate to the discrimination between micro particles, the effect
of impossible principle of discrimination is neglected. In addition, the diffusivity
expression of Equation (12) has not been noticed until recently in the concerned
field.

Judging from the matter discussed here, we consider introducing the impossible

principle of discrimination into the basic diffusion equation of

QC =ivzc.
ot 2m

In that case, the wave equation of Schrédinger is then reasonably derived only
from rewriting the mass having no time-dimension as m — m’(=—im) and
C —» W/h in Equation (11).

On the contrary, Equation (10) is essentially one in the coordinate system
(' xy, Z) , where it should be accepted that the relation of t'=—it is already
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incorporated into Equation (10) as partial differential operators. Therefore, after
substituting m=im’ into Equation (10), if we rewrite the massas m' — m,itis
easily confirmed that Equation (10) is consistent with the diffusion Equation (11)
then.

In addition, the distinction between m and m’ has been neglected in the ex-
iting physics concerned. Based on the theoretical structure of physics, it was thus
revealed that the difference between the diffusion equation and the Schrodinger
equation is fundamentally an only problem of whether we accept m or m’ in
the diffusion Equation (11). Further, judging from the discussion about a mass of
micro particle, the particle image in Newtonian mechanics is not valid for a micro
particle in a local space, because of having an imaginary mass m’.

As can be seem from the discussion mentioned above, we could reveal that a
meaningful knowledge in the fundamental physics is obtained from the diffusion
equation, where such theoretical discussion results from not the diffusion equa-
tion having been unconditionally accepted as a law but one derived reasonably
from the general theory in physics and/or in mathematics (See Appendix).

As a result, it was revealed that the relation of t'=—it or m'=-im is ac-
ceptable in a local space (t', XY, Z) in relation to behavior of a micro particle.
Here, note that the conception of large or small value for an imaginary quantity is
not essentially defined in mathematics. The conception of time lag between col-
lapses of ¥, and ¥ is essentially accepted in Newtonian mechanics. How-
ever, there is not such a conception in the world of a micro particle having an
imaginary time unable to understand itself in Newtonian mechanics. We cannot
understand an imaginary quantity in physics. The matter itself gives evidence that
we cannot understand the quantum teleportation having really occurred in the
world of a micro particle [18] [19]. We should thus accept the quantum teleporta-
tion as a physical reality shown in an essential nature of a micro particle, because
we can never observe an imaginary quantity in physics.

3) Problem of the Schrodinger’s cat

In relation to the well-known problem of the Schrodinger’s cat, the decay of a
radioactive isotope corresponds to a collapse of wave function ¥, in the quan-
tum theory. This means that the collapse occurs probabilistically in accordance
with the decay of a radioactive isotope. However, the probability interpretation of
¥, has entirely no connection with whether a collapse of the wave function is
probabilistic or not. As mentioned above, the probability interpretation of ¥, is
caused by the existence of the minimum time t,. Opening the door of room oc-
cupied by Schrodinger’s cat corresponds to confirming whether the collapse of
wave function has occurred or not. The obtained results may depend on a time
interval before and after just at a moment of the collapse of wave function in the
quantum theory because of the existence of t,. Therefore, the opening time in
the problem of Schrodinger’s cat should be just at a moment of the decay of a
radioactive isotope.

Incorporating the conception of the discrete time t; resulting from the im-
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possible principle of discrimination into the problem of Schrodinger’s cat having
the conception of Newtonian mechanics is not suitable to begin with, even if it
would be a project to investigate a probability interpretation.

Here, we assume that Schrodinger’s cat diesata time t=ty (t, <t, <t ) for
k<d <k+1 in the world of Newtonian mechanics, where the time interval
t, —t, isnecessary time for confirming life or death of the cat. In that case, as far
as we do not open the door of room occupied by the cat, the situation of cat is
essentially in the state of superposition between physical solution ¥, oflifeand
physical solution ¥, of death in the world of quantum mechanics. The situa-

tion of cat is thus expressed as
Yo (6%, Y,2) =Wy (t XY, 2)+Wp, (1 XY, 2),

where

n

k
Yo (txy,2)= ZAJ‘P(tj,x, y,z), Yo, (tXy,2)= D] Aj‘I’(tj,x,y,z).
j=m

j=k+1

For the life or death of the cat, the collapse |‘PP |2 of wave function, which cor-

responds to opening door, is expressed as
(Wil =1 ¥, =0 or [¥,,[ =0,|¥,,[ =1

in the world of quantum mechanics then. In relation to the probability interpre-
tation of wave function, it is not suitable to determine probabilistically t, from
using a radioactive isotope. Further, Equation (9) reveals that we cannot essen-
tially determine an exact time t=t; in the physics relevant to micro particles, to
begin with.

4) Double Slit Problems of a Micro Particle

If we perform repeatedly such an experiment that only electron moves through
a double-slit, it is experimentally confirmed that an interference fringe yields on
the screen behind the double-slit [24]. Even if the electron has a wave nature in
the conception of Newtonian mechanics, we have not been able to understand
why the interference fringe is formed by an only electron going through the dou-
ble-slit. Judging from the matter mentioned above, however, we must consider
that the electron reaches the double-slit as a wave packet having an intrinsic space
Ar . Here, note that we cannot then essentially confirm the exact position of elec-
tron in the intrinsic space Ar because of the existence of t; .

When the wave packet of electron just collides with the double-slit, it becomes
once in the collapse state expressed by |‘{‘P (t, XY, Z)|2 shown in Equation (27).

2
If we do not then estimate an experimental value of |‘PP (t, X Y, Z) , continuously

a new wave function W2 composed of some mathematical wave functions hav-
ing composed ¥, of Equation (27) in the intrinsic space Ar, which has a wave
source at the slit A, propagates from the slit A to the screen. In the same meaning,
a new wave function W propagates from the slit B to the screen.

The trace of electron having collided with the screen is then determined by an

interference effect of the superposition between wave functions W5 and Wp
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just at a moment having reached the screen. When we perform repeatedly the
above experiments, the interference fringe is statistically formed from accumulat-
ing each trace of electrons generated by the interference effect mentioned here.
The impossible principle of discrimination reveals that we cannot find whether
the electron goes through the slit A or the slit B. As a matter of fact, regardless of
whether the electron is observed at a detector set near the slit A or not, the collapse

of wave functions results in
|‘P§|2 =1 and |\I’ff|2 =0 or |‘Pﬁ‘|2 =0 and |‘PS|2 =1.

Even if the concerned electron propagates again to the screen after the observa-
tion, there is no room for doubt that the interference effect afterward disappears
because of no appearance of superposition between wave functions ‘I’Q and
W2 for the sake of |‘I’PA||‘PPB| =0.

In accordance with the matter discussed here, it is thus meaningless to think
whether an electron goes through the slits A or slit B regardless of a collapse of
wave function, even if an electron has a particle image in the conception of New-
tonian mechanics.

5) Collective Motion of Micro Particles with a Wave Nature

We understand the superfluidity and superconductivity, where each of them is
a collective motion of micro particles at an extremely low temperature and is a
macro behavior resulting from the quantum effect in accordance with the Bose-
Einstein condensation [30]-[33]. In that case, Equation (20) shows that each of
micro particles has a normal energy level resulting from a large value of At(=t,)
in Equation (23) because of an extremely low temperature. On the other hand, the
collective motion of micro particles at a high temperature is expressed by the dif-
fusion equation. In that situation, Equation (20) shows that each of micro particles
has a large energy resulting from a small value of At(=t;).

In the present text, we revealed that the diffusion equation and wave equation
of Schrodinger are transformable into each other. This means that the diffusion
particle of micro particle in a material has a wave nature. In other words, the so-
called Brown motion having been known since 1827 is a macro behavior resulting
from the quantum effect because of the diffusion particles having a wave nature.

The essential behavior of a micro particle can be seen from Equations (1), (2),
(19) and (20) in relation to a wave nature and/or from the relation t'=—it or
m’=—im and Equation (9) in accordance with the impossible principle of dis-
crimination. That is, a micro particle having a wave nature is never in the standstill
state even in a material. A micro particle then makes a circular motion in the in-
trinsic space Ar in a material resulting from a central force generated by the
other micro particles surrounding the micro particle itself, because of Equation
(1). In that situation, the micro particle jumps from the intrinsic space Ar into
such a neighborhood space as a vacancy generated by the thermal fluctuation in
the diffusion field. The diffusion phenomena are thus a collective motion of micro

particles dependent on a temperature in the diffusion field and a diffusivity gra-
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dient in a local space (See Appendix).

6) Double Slit Problems of a Photon

From a viewpoint of the theoretical structure of physics, Maxwell unified the
electronic and magnetic fields into the field of an electro-magnetic wave [35]. He

then found that a light is also an electro-magnetic wave given by the equation of
Z%’ =c*Vau, (28)
where U isa wave function.

Here, an electron is a substance having the mass m and the energy E =mc’
obtained from the relativity. We can thus accept it as a particle image, but it moves
always as a state expressed by wave function having an intrinsic space Ar. Asa
result, we cannot determine an exact position of electron because of the existence
of t,. On the other hand, a light of frequency v is a physical quantity of state
having no mass and the energy E =ho distributed to a space of the wave length
A . However, a light of an electro-magnetic wave propagates even in a space hav-
ing no medium, which is different from behavior of other waves. If a light has a
particle image as a photon, we can then understand the behavior.

When we perform repeatedly such an experiment that an only photon moves
through a double-slit, it is experimentally confirmed that an interference fringe
yields on the screen behind the double-slit [36]. Even if the photon has a wave
nature in the conception of Newtonian mechanics, we have not been able to un-
derstand why the interference fringe is formed from an only photon going
through the double-slit. However, we must consider that the photon reaches the
double-slit as a wave having an intrinsic space A . Here, note that we cannot then
essentially confirm the exact position of photon having a particle image, because
the photon itself is essentially not a substance but a physical quantity of state hav-
ing an energy distributed to the intrinsic space 1.

When a photon just collides with the double-slit, it becomes once in a collapse
state, and the photon is divided into a photon A and a photon B just at a moment
having reached the double-slit. In fact, the Compton effect reveals that a light of
energy E =hv becomes a different oneof E =hv' after the collision with elec-
tron. Therefore, continuously a new photon A having energy E, =hv, propa-
gates as a wave function U* from the slit A corresponding to a new wave source
to the screen. In a similar situation, a new photon B having energy Eg = hv,
propagates from the slit B to the screen as a wave function u®.

The trace of photon having collided with the screen is then determined from an
interference effect of the superposition between wave functions U* and u® just
at a moment having reached the screen. When we perform repeatedly the above
experiments, the interference fringe is statistically formed from accumulating
each trace of photons generated by the interference effect mentioned here. Gen-
erally in physics, the interference effect has been understood as a superposition
between waves expressed as a shape variation of a collective motion of continuous

medium, as shown in a sound wave, water wave and so on. However, the for-
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mation mechanism of interference fringe generated by a photon as well as an elec-
tron going through the double-slit is entirely different from that of a sound wave
and water wave.

We have used not Schrédinger equation but Equation (28) for investigating a
light behavior in spite of the light itself having a wave-particle duality. In the pre-
sent text, using Equation (16) for the diffusion Equation (11), Schrédinger equa-
tion was reasonably derived. On the other hand, even if we substitute Equation
(16) into Equation (28), Equation (28) is unchangeable as it is. The so-called de-
terminism for Equation (28) is thus valid in behavior of light in spite of having a
wave-particle duality, which is different from a micro particle.

7) Discrete Time

The impossible principle of discrimination reveals that the existence of mini-
mum time t; is indispensable for investigating behavior of a micro particle. In

the present text, the relation of

R
P a(e+kgT)’

was tentatively used for understanding the quantum theory. In the theoretical
structure of physics discussed in the present text, a subject of the quantum theory
transfers into one of Newtonian mechanics under the condition of t; - 0. On
the other hand, we find in usual textbooks that the quantum theory transfers into
Newtonian mechanics under the condition of h — 0 in spite of the constant
value of physical quantity. As a matter of fact, however, we should accept that the
quantum theory transfers into Newtonian mechanics under the condition of
n>n, in Equation (22).

There is a large difference between the minimum time t, shown in Equation
(26) and the Planck time t,, even if the value t, of Equation (26) is not exactly
but tentatively investigated. Judging from the theoretical structure of physics,
however, the determination of value t, has an unsuitable problem as follows.

(a) The physical constant 7 is shown in the quantum mechanics, where the
quantum mechanics is established by denying the density theorem of time valid
in Newtonian mechanics.

(b) The physical constant C is shown in the relativity, where the relativity is
established by denying the absolute space-time valid in Newtonian mechanics.

Based on the matter described in the above (a) and (b), the gravitational con-
stant G shown in Newtonian mechanics is a different situation from the physi-
cal constants 7 and C judging from the theoretical structure of physics. There-
fore, we seem to be unsuitable for using simultaneously G with # and ¢
from a viewpoint of the theoretical structure of physics, even if those are used for
the dimension analysis. The further investigation will be thus necessary for the
determination of minimum time [37] [38].

8) Theoretical Structure of Modern Physics

The quantum theory and the relativity established in the early stage of the 20™

century, which are not understandable in the theoretical structure of Newtonian
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mechanics, have highly developed as modern physics. The relativity was estab-
lished by Einstein under the only condition of accepting the constant principle of
light speed unacceptable in Newtonian mechanics. The absolute space-time in
Newtonian mechanics was denied then. The theoretical structure of relativity is
thus compact and distinct and the causality between the relativity and Newtonian
mechanics is also understandable.

On the other hand, the quantum theory has been established by many giant
physicists for a long time under the conditions of accepting principles, laws and
hypothesizes unacceptable in Newtonian mechanics. We have been thus unable
to understand the causality between the quantum theory and Newtonian mechan-
ics. The theoretical structure of quantum theory is thus complicated and indis-
tinct. In other words, the unclearness of theoretical structure in quantum theory
results from the unknown of causality between the quantum mechanics and New-
tonian mechanics. The matter has caused the fundamental problems (1)-(7) as
discussed in the beginning.

Generally in physics, as far as we unconditionally accept a relation without the
theoretical evidence as a principle, a law or a hypothesis for physical phenomena,
we cannot find the essence of physics itself. For example, as far as we accept the
diffusion equation as a law of Fick, we cannot understand the essential meaning
of diffusivity. In that situation, however, since we derived the diffusion equation
from general theories in physics and/or mathematics, it was first revealed in the
derivation process that the diffusivity is a physical quantity relevant to an angular
momentum of a diffusion particle in a local space in the diffusion field. At the
same time, Equation (A-12) shown in Appendix was also then obtained as an im-
portant relation expressing the essence of diffusion phenomena, which has not
been known since the proposition of Fick’s law (See Appendix). As an important
finding relevant to the fundamental theory of the quantum mechanics, further-
more, it was also theoretically revealed that the diffusion equation and the Schro-
dinger equation are transformable into each other resulting from the derivation
of diffusion equation.

Figuratively speaking, it seems that the existing quantum theory and the rela-
tivity correspond to a statue of parquetry and one of a simple wood carving, re-
spectively. Here, the author does not understand whether one of their statues is
more worthy than another as an artwork. From a viewpoint of theoretical struc-
ture of physics, however, we think that the physical theory should be formed as
simple structure as possible.

In that situation, it was recently revealed that the quantum theory is reasonably
and clearly established in accordance with the causality for Newtonian mechanics
corresponding to the relativity established by Einstein. If we accepted the only
impossible principle of discrimination between two micro particles of the same
kind, we found that the quantum mechanics is reasonably established. As a result,
we must then accept such a minimum time t;, that the relation of At —iAt’ is

valid in the quantum theory for 0<At <t; in Newtonian mechanics. In other
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words, the matter mentioned here just corresponds to the causality between the
quantum mechanics and Newtonian mechanics.

Figure 3 shows that the theoretical structure of quantum theory is essentially
compact and distinct in similar to relativity. The fundamental problems (1)-(7)
discussed in the beginning have been accepted without theoretical evidence for a
long time. In the present text, we might merely reconfirm the theoretical validity
of those matters. From a viewpoint of theoretical structure of physics, however,
we believe that the schematic diagram shown in Figure 3 is meaningful in its own
way like Maxwell unified the existing electronic and magnetic fields into the field

of electro-magnetic wave, including a light wave.

Einstein Okino
Constant Principle of Light Speed |Jllg Impossible Principle of Discrimination
Fick’s Second Law l
Denying Absolute Space-Time Denying Density Theorem of Time
l Okino
o Diffusion Equation
Relativity

Wave Equation of Micro Particle

Schrodingen i

MWavelEquationfofiMicrolRarticle

o —
Hypothesis of Matter, Wave Relliton @if Wkiior Wave

Figure 3. Theoretical structure of modern physics.

From the consideration of fundamental problems in accordance with the theo-
retical structure, the new findings were obtained in the present text as follows. The
impossible principle of discrimination revealed that physical quantities having a
time-dimension for a micro particle in a local space depend on an imaginary time
t’(z —it) different from a real time t in Newtonian mechanics and the relativ-
ity. As a result, it was also revealed that a micro particle has an imaginary mass
m'(=—im) in a local space, which is not understandable in the conception of
Newtonian mechanics. The matter gives evidence that Newtonian mechanics is
not applicable to behavior of a micro particle.

The Schrodinger Equation (10) can be rewritten as

oY h
—=——V?¥ for t'=—it. (29)
ot 2m

Equation (29) is a partial differential equation for a micro particle with a mass m

in a space-time (t', XY, Z) . In addition, it can also be rewritten as
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b4
6—le2‘11 for m'=—im. (30)
o 2m'

Equation (30) is a partial differential equation for a micro particle with a mass m’

in a space-time (t, XY, X). Equation (30) then is consistent with the diffusion
Equation (11) if we rewriteas m' —> m and W —C , because of a collective mo-
tion of diffusion particles having no connection with the impossible principle of
discrimination. The matter discussed here gives evidence that the conception of a
mass in Newtonian mechanics is not applicable to the behavior of a micro particle
in a local space.

Hereinbefore, we have investigated fundamental problems unsolved and left in
quantum mechanics. In that case, the reasonable derivation of the diffusion equa-
tion, which has been unconditionally accepted as a law of Fick since 1855, played
a dominant role in understanding the theoretical structure of physics in the estab-
lishment of quantum theory. Further, the new findings relevant to the diffusion
theory itself were also revealed, as shown in Appendix. In addition, it is reported
that we have some serious problems having been wrongly accepted in the con-
cerned field for a long time (See Appendix).

The diffusion equation has been used for investigating the behavior of a collec-
tive motion of micro particles. In the present discussion, however, the elementary
process of a diffusion particle in a local space was investigated. As a result, we
could then understand the essential meaning of diffusivity. Further, it was also
revealed that a diffusion particle corresponds to a micro particle having a wave
nature. In addition, the size of diffusion particles moving at random in a material
has not been discussed in the concerned field. In that situation, we found in the
present text that a collective motion of micro particles composed of atoms less
than 260 shows diffusion phenomena.

Finally, we hope that the theoretical evolution discussed in the present text for
fundamental theory in quantum mechanics is highly useful not only for the edu-
cation of beginners but also for further development of fundamental research

from a viewpoint of the theoretical structure in quantum theory.
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Appendix

The heat conduction equation proposed by Fourier in 1822 has been applied to
investigating the temperature distribution in materials [39]. On the other hand,
the so-called Brown motion was found in 1827, where the self-diffusion of water
was visualized by behavior of pollen motions [8]. Nevertheless, the Brown motion
had not been recognized as a diffusion problem until the Einstein theory of Brown
motion in 1905, although it was a typical diffusion problem [40]. In 1855, Fick
applied the heat conduction equation to diffusion phenomena as it had been [10].
It seems that he noticed concentration profiles as well as temperature profiles in a
material satisfying the parabolic law then.

In that situation, it will be revealed that the so-called FicK’s first law is not only
unsuitable for accepting as a law but also wrong in the mathematical theory in the
following. Further, the Fick’s second law, which has been accepted as a law unable
to reveal the validity, will be theoretically derived from the Markov theory in
mathematics [12] [28].

In the history of diffusion field, we have never discussed the size of diffusion
particle showing diffusion phenomena. In the present text, we found that a diffu-
sion particle has a wave nature, because the diffusion equation and the wave equa-
tion of Schrédinger are transformable into each other. Based on the matter, we
found that a diffusion particle showing the diffusion phenomena is composed of
atoms less than 260 numbers.

In the following, an abbreviate notation of differential operator for an arbitrary
independent variable & and the well-known Dirac’s bracket notation for an ar-
bitrary vector given by

0

a =

<6|:(8X’ay’82)

are used in the present text [41]. If an operator Q is Hermite one, <Q| = {| Q)}Jr

is valid using the notation of Hermite conjugate 1. Here, the notation <6| is
thus defined as <6| = —{|V>}T because of 0, = —{Gﬁ}T .
The FicK’s first law of
|J)=-D|V)C (A-1)
and the second law of
6,C=D(V|v)C (A-2)
were proposed by Fick in 1855, where |J>, D and C area diffusion flux, a dif-

fusivity and a concentration. After that, Equation (A-2) has been used for D in-

dependent of C and the generalized one of

o,C=(V|pv)c (A-3)

has been also accepted as Fick’s second law.

In those days, the Gauss’s divergence theorem of
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[[(Alm)ds =[], (V[ A)av (A-4)

had been already reported in 1840 [42], where <A| and |n) are an arbitrary
vector and a unit vector perpendicular to a surface element dS . If we accepted
Equation (A-1) as a law, therefore, Equation (A-3) is theoretically obtained from
replacing | A) with | J) in Equation (A-4) and using the relation of

[[,(3In)ds =[], a.cav.. (A-5)

In addition, Equation (A-5) was also widely known as continuous equation of
Euler in those days. Judging from the theoretical structure of physics, therefore,
the obtained Equation (A-3) is not a law but a basic equation corresponding to a
theorem in mathematics, where the validity of theorem is theoretically proved but
that of law is not. Nevertheless, Equation (A-3) has been accepted as Fick’s second
law since 1855. The author has not been unable to understand the unreasonable
situation having been accepted as a law since his youth, judging from the theoret-
ical structure of physics [28].

A great many phenomena in various science fields are expressed by using the
well-known evolution equations. The diffusion equation, the electro-magnetic
wave equation and the Schrodinger equation emerge even in the present text. The
diffusion equation corresponds mathematically to the Markov process in relation
to the normal distribution rule [11]. In other words, the motion of diffusion par-
ticles corresponds to the well-known Brown movement satisfying the parabolic
law. It is widely accepted that the Brown problem is a general category of investi-
gating subjects in various science fields relevant to the Markov process, such as
material science, information science, life science, social science and so on [43]-
[48].

As far as a material composed of micro particles having a wave nature is con-
served in the given region, the divergence theorem shows that the diffusion equa-
tion is applicable to diffusion phenomena for every material in an arbitrary ther-
modynamic state. The diffusion information about a material, such as crystal ma-
terial or amorphous material, and/or solid, liquid or gas state, is incorporated into
the diffusivity in the given diffusion equation. The diffusion equation with such
an arbitrary diffusivity is thus investigated in the following.

The function C (t| r)) is defined as a concentration expressed by particle
numbers per a unit volume in the diffusion region. A diffusion particle moves at
random in a material. We consider that a diffusion particle having a wave nature
in the initial state at a space-time (t0,| r0>) exists in the state at a space-time
(t i ,| r >) after j timesjumps. Judging from the principle of equipartition in the
diffusion field under the condition of a constant temperature, it is thus considered
that the jump displacement Ar = H r > - | rj—1>‘ = ||Ar>| and jump frequency 1/At
(At = At; - At j_l) for the diffusion particle are equivalent in probability to their
mean values of all diffusion particles in the collective system [25].

Further, it is also considered that the probability of diffusion-jump from the
state of (t H,| rH>) to (t i ,| rj72>) is equivalent to that of diffusion-jump from
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(t i1 | rH>) to (t i ,| r >) in the isotropic space. The Markov process then shows
that the relation of

C(t+at|r))={C(t|r)-|ar))+C(t|r)+|ar))} /2 (A-6)
is valid. The Taylor expansion of both sides of Equation (A-6) yields
C(t+At,|r))=C(t|r))+Ato,C(t,[r))+--, (A-7)
Ar) .
C(t]r)£fan) =c (b)) (arfve t] )« A ve k)= )

The substitution of equations (A-7) and (A-8) into Equation (A-6) gives
6,c=D(V|vC), (A-9)

where D =(Ar)’ / 2At . Here, the diffusion equation having been unconditionally
accepted as a law was theoretically obtained.
In case of neglecting the temperature dependence, equations (A-7) and (A-8)

shows that the diffusivity D in a local space is expressed as

(Ar)" _arp_ h _Ar

= Vv

- > (A_IO)
2At 2m  2m At

where m, v and p(=mv) areamass, ajumping velocity and a momentum of
a diffusion particle,and Arp =7 of Equation (1) discussed in the Bohr model of
hydrogen is used. Here, it was revealed that the diffusivity depends on an angular
momentum of a diffusion particle in a local space Ar in the diffusion field. In
other words, a diffusion particle makes a circular motion in a local space in the
diffusion field.

The existence probability of a diffusion particle in a local space corresponds to
the well-known Boltzmann factor. Incorporating a potential energy U of inter-
action force F between a diffusion particle and the other particles surrounding
the diffusion particle itself and an activation energy Q in the diffusion field at
an absolute temperature T into the Boltzmann factor, the generalized diffusivity
in a material is expressed as

n  [u-0
D:— —, A'll
2lllexp|: KgT :| ( )

where k; is the Boltzmann constant [49].

In addition, an effect of entropy S(= Kg InW) is incorporated into U as
Ug =ST using a state numbers W in the diffusion field [28]. Equation (A-10)
satisfying the well-known paraboliclaw of Ar = J2DAt indicates thata jumping
velocity Vv of diffusion particle is determined by the gradient of diffusivity D
in a local space Ar. Then, Equation (A-11) leads to the expression valid in a dif-
fusion region as shown in the following.

y= D _Ar v=|V>D=—LD for U =—[Fdr+Us. (A-12)
OAr At keT

We have not noticed Equation (A-12) obtained theoretically here in the history of
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diffusion field. In that situation, Equation (A-12) gives the essence of diffusion
phenomena, where the diffusivity gradient corresponds to the jumping velocity of
a diffusion particle in a local space.

The diffusion equation having been accepted as Fick’s second law of
o,C=(V|pv)c
is transformed into
oC=(V|pv)c ={(V[pf|v)c+D(V|v)C =(7|v)c+D(V|V)C.  (A-13)

In Equation (A-13), the term (V|V)C = <§|V>C means that the concentration
profile itself moves in the diffusion region against the fixed coordinate system.
Using a moving coordinate system (t',[r’)) given by

r=r'+vct’ fort=t'

for the fixed coordinate system, the relations of differential operator of

0 0
2.0 2 0 2 a0
or or ot ot or
are thus valid, where V. is a velocity of an origin of moving coordinate system
for that of the fixed coordinate system. Substituting Equation (A-14) into Equa-
tion (A-13) yields
8,C'=(V+V. [V')C'+D(V'|v')c’ (A-15)

as a moving coordinate system. Here, note that the jumping velocity v of diffu-
sion particle correlates with the movement of diffusion region space. In other
words, the relation v+v. =0 is physically valid as known from imaging a va-

cancy movement. In that case, Equation (A-15) of
0,C'=D(V'|v')c’

is consistent with the diffusion Equation (A-9) derived from the Markov theory.

As a result, Equation (A-3) is one expressed by a fixed coordinate system and
Equation (A-2) or (A-9) is acceptable as a moving coordinate system even if the
diffusivity depends on a concentration. The matter discussed here reveals that
they are transformable into each other. In addition, the experimental results
known as Kirkendall effect indicate a migration of diffusion region space [13]. It
is, therefore, indispensable for investigating diffusion phenomena to consider
problems between coordinate systems [28].

Equations (A-3), (A-4) and (A-5) give the relation of

[I.(3|myds =—[[f, (V|pV)Cav — [[. 3,dydz =] {[{V|DV)Cax|dydz

Then, the mathematical theory gives

J=-DVC+1J(t)+], (A-16)

q bl
because of

J, =—[(V|pv)Cdx=[o,{-Do,Cldx — I, =-D3,C+J,(t)+,,.
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Equation (A-1) having been accepted as a law since 1855 is different from Equa-
tion (A-16) derived from the mathematical theory, because of existence of
J(t)+ Jeq - Here, J (t) means a migration of diffusion region space and Jeg
plays an important role in the self-diffusion problems because of 6,C =0 [12]
[28]. It is, therefore, revealed that the Fick’s first law is not only unsuitable for a
law judging from the theoretical structure but also wrong in the mathematical
theory.

In relation to the diffusion phenomena, the obtained Equation (A-12) plays an
important role [28]. Equation (A-12) is thus extremely useful for understanding
behavior of diffusion particle in the well-known Brown motion. For example, us-
ing the Fick’s first law, the vat’t Hoff’s law and the Stokes’s theorem for the Brown
problem, Einstein derive the well-known relation of
kT
ko

D= for F =—kv (A-17)

from the complicated analysis then, where F is an external force acting on a
pollen particle having visualized a movement of water molecules [40]. In the pre-
sent theory, however, only substituting F =—kv into Equation (A-12) gives di-
rectly Equation (A-17). This gives evidence that Equation (A-12) is a basic equa-
tion important in the diffusion phenomena.

On the other hand, the conception of intrinsic diffusivity has been widely ac-
cepted by researchers in the diffusion field in relation to the Kirkendall effect [13]
[50]. The phenomena of Kirkendall effect are essentially just problems themselves
between the fixed coordinate system and a moving one. The so-called Darken
equation has been widely used for investigating the interdiffusion problems [51].
The results of intrinsic diffusivity obtained from numerical analysis of the Darken
equation do not show profiles in accordance with the parabolic law. However,
Equation (A-10) reveals that a diffusivity profile should become one resulting
from the parabolic law. Judging from the matter mentioned here, a researcher
should notice that the Darken equation is not applicable to analyzing the interdif-
fusion problems. In fact, it has been reported that the Darken equation is mathe-
matically wrong in the derivation process [12] [52].

In the present text, the fundamental problems in quantum mechanics are dis-
cussed from a viewpoint of the theoretical structure. As a result, the validity of
fundamental problems having been unconditionally accepted without theoretical
evidence was reasonably reconfirmed by accepting the impossible principle of dis-
crimination. However, the case of fundamental problems discussed in Appendix
is quite different from those in quantum mechanics. As it were, the diffusion equa-
tion is now not a law but a basic equation in physics and further the diffusion flux
having been also accepted as a law is not correct in the mathematical theory. Fur-
thermore, it is extremely serious matters that the conception of intrinsic diffusion
conceived in relation to the Kirkendall effect has been wrongly accepted by re-
searchers in the field for a long time. The discussion relevant to coordinate sys-

tems of diffusion equation reveals that there is no such a conception of intrinsic
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diffusion, to begin with. In fact, the theoretical equation satisfying the parabolic
law for the Kirkendall effect was reported [53].

From a viewpoint of education for students, not such a textbook discussed us-
ing the Fick’s laws in the beginning but one discussed first deriving the diffusion

equation in relation to the Markov theory is required as soon as possible [54].
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