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Abstract

This article provides new ways to analyze atomic world using Einstein’s Relativity’s shortest path theory. It defines wave
function and the complex number function values with deviation from the shortest path defined in General Relativity.
Especially it assigns pure imaginary part to the deviation. Then it defines the new concept so called weighted path by
applying 4 mathematical laws and derives probability density of wave function by weighted path concept. Then it
introduces 5 physical laws and by applying this new concept of these laws and new wave function concept, it explains in
the new way why probability phenomenon occurs, and renormalization concept.

Keywords: physically continuous, The 4 Mathematical Laws, laws of existence, 5 physical laws, microscopic,
macroscopic, Hamiltonian Picture, Lagrnagian Picture, Status Functional

1. 4 Mathematical Laws

According to Rhee, assume that a certain physical quantity is assigned to objects. then the 4 rules which will be applied to the
quantity is described as follows:
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1. If the *change’ or difference’ of physical quantity while the
change of spacetime is infinitesimal is the most symmetrical
over all the other changes, then real infinitesimal number € will
be assigned to this change. If the change is in the time forward
direction, then the number e must be positive number, and if it
is in the time backward direction, negative real number must
be assigned to the change.

2. If the *change’ or ’difference’ of physical quantity while the
change of spacetime is infinitesimal is the change which is not
allowed by Einstein’s Relativity (the most non-symmetrical),
then the pure imaginary number ie will be assigned to this
change. This change is spacelike movement of certain particle,
or the deviation of the object’s path from the General
Relativity’s shortest path, for example. Assume there are 2
status of an object, and each is described by 2 numbers of
physical quantities each. Then 2 following rules must be
applied to these 2 numbers.

3. The Rule of Addition: If the physical status (represented by
complex number C) consists of 2 distinguishable status which
is represented by the complex number A, B, then C is obtained
by Addition of A and B. The word distinguishable status
means that there is no uncertainty between A and B when they
form physical status C.

4. The Rule of Multiplication: If the physical status
(represented by complex number C) consists of 2
indistinguishable status which is represented by the complex
number A, B, then C is obtained by multiplication of A and B.
The word indistinguishable status means that there is non-zero
uncertainty between A and B when they form physical status
C.

2. Basic Principle

») O

The shortest h\ /rhe shortest path
of A \ / of B

OB// \\OA

Figure 1. The 2 Identical Infinitesimal Electrons Traveling and
Meeting Each Other Inside the Shielded Black Box

Assume there are 2 objects in Fig 1, and the 2 objects are
indistinguishable to each other. According to general
relativity by Einstein, every object is assigned to travel on
the shortest path in spacetime. Each of 2 object a, b is
assigned AA’ and BB’ as the shortest path of them,
respectively. On the way of each one’s shortest path, each
one meets each other at the same 4 spacetime point named
C. Meeting point is shielded by "box", so that no one can see
the things inside it.

There are 3 things that can happen to the 2 objects.

Case 1: a, b ignores each other at C
Case 2: a, b swaps their path.
Case 3: a, b each travel to their own new paths.

There is a kind of particle in the universe which is in the
indistinguishable status between case 1 or 2 above in this
situation, especially if the 2 particles (a, b in this case) are
identical to each other. That’s because no matter whether
they ignore (case 1), or they swap (case 2), nobody knows
what happens at C and the result is always the same. This
phenomenon will be described by the word "physically
continuous". This kind of particle is called fermion. If object
a travel on AA’ and b on BB’ which are the most
symmetrical path (case 1), then the positive real number
must be assigned, However, if a and b change their path after
meeting each other at point C (case 2), then pure imaginary
number must be assigned to their path ’status’. Their actual
movement in the picture above is that they start with the
shortest path and at the point C, they are mixed to form
indistinguishable status between object and b. Their final
status after certain period of time is that the object a and b
hardly distinguishable, but the status of them, whether they
belong to case 1, case 2 is distinguishable. Therefore, their
final status is € + ie’ in complex number. (¢ means the case
1, and i€’ means the case 2)

In this way fermion always deviates from their own
spacetime shortest path every time, and their path ’status’,
which stands for this deviation will be called ’wave
function’ in this paper. Every object with wave function  is
combined with the wave function 1~ which forms
indistinguishable status with each other and the combination
travels on the shortest path. Their final status after certain
period of time must be represented by multiplication of ¢
and ¢

In this case, Y~ is called conjugate wave function of wave

. Va . .
function y. And “* value in the equation

lsf‘_ﬂ’-’u ®xV= ia’-’_u"
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(V space volume) is called probability density of the wave
function. This movement can be simplified by the wave
function that starts with ¢ and ends up with ¢~ on their path
or movement. Assume there are 2 objects in Fig 1, and the 2
objects are distinguishable to each other. When these 2
objects collide at the point C, they ignore each other (case 1),
or travel on the new shortest path (case 3) in contrast to the
case above. In this case, whether these 2 objects ignore or
travel on the new path is easily distinguishable, and one can
easily find the proportion of case 1 to case 3, that is called
coupling constant. Assume a fermion(electron) is traveling on
its spacetime path. The path doesn’t have to be limited to the
spacetime’s shortest path (for easy explanation, only inertial
reference frame is assumed). Define dx as the amount of
movement in the direction, §y and 6z means the direction
orthogonal to the direction 6x. Also define 67 as the time of
observed fermion’s reference frame, 8t as time of observer’s
frame

3. Application of the 4 Mathematical Laws to Path of
The Fermion

First assign infinitesimal real number to the shortest path of
the fermion and call it "path™ of fermion. If fermion deviates
from the shortest path while traveling, then add pure
imaginary infinitesimal number to path of the fermion. The
magnitude of pure imaginary number of the path represents
the amount of deviation. This complex number is called wave
function in this paper. Assume that the fermion travels in the
spacetime in the time interval from to to t, and divide this
interval to n sections (6t1 to &ty).

The path or wave function of the fermion at time interval &tn
iS ¥m then the path of the fermion in the entire time interval
from &t to S8t, can be obtained applying "the rule of
Multiplication" in the 4 mathematical laws (each wave
function is indistinguishable to each other) which leads to the
following term: ¥ = Y1hs . . . P

This term can also be represented by the following way:

Y= l,l)ll,bz. s 51/)n.1
Whel’e 5'(!} n-1: wn - 1!) n-1.

The reason for multiply additional pure imaginary number i
is because it means change or "deviation" from the original
path.

Now assume there is a system which consists of more than
one infinitesimal fermion which located in spacetime in
spacelike position to each other, then the path for this whole
system can be obtained by applying the rule of addition in the
4 mathematical laws to each wave function (or path) of each
fermion at every spacetime positions or integration over
whole spacetime. However, before the addition, the wave

function must undergo the process called normalization,
which means:

Iy ppa
J‘ J‘ iy Yo Pmdxtdp?| =n x h
X1 F1

where

(xlo — xZo) X (plo - pzo) =n x h Where x19 and P10 Mmeans
each component of spacetime and 4 momentum x; and p;
respectively. ¥, is each wave function. Here the integrand
like Y1p2. . Ym in the equation above will be called wave
density in this paper. And the path which underwent
normalization will be called weighted path.

Probability density of electron is defined to be wave
density of electron where the wave density represents
shortest path. That’s why it must always be real number
(refer to 1st law in the 4 mathematical laws.) After
applying the rule of addition in the 4 mathematical laws
(integration of entire wave density of one electron) to the
whole one electron Probability density the entire size of
"one electron™ can be obtained.

4. Definition of 5 physical laws

To define macroscopic and microscopic fermion, The
following 2 laws (laws of existence) must be introduced.

1. The law of wave: Every existence including fermion and
boson etc., which has energy of its own must be physically
continuous (-ref 1) to each other.

2. The law of particle: The whole integration over
probability density of every existence must be integer
multiples of # and which means the satisfaction of the
following equation —

J‘JAJ‘IMI’GI ;’[Jrlﬁlﬂdx4dp4 =n=xh

X1 "M

Where x1 and x» represents every spacetime components,
p1 and p, represents every 4-momentume components. In
this case each spacetime and 4 momentum components
must satisfy the following condition:

nxh=(x;,—x;)x(p, —p2)
where n is integer and 7 is probability density and

YW s Fourier Transformed probability  density.
Especially if p1 ~ p2 and E1 — E2 goes to infinity, t1 ~ t2
and x1 — x2 goes to infinity then the above equation
becomes:
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J‘:Ju'] Ppdx? =nxh

To define the movement of the existence the following 3
laws (laws of movement) must also be introduced.

1. The Law of Energy Conservation

2. The Law of Relativity - The same physical law must
be applied to any reference frame.

3. The Law of speed limit - every physical element
including fermion, boson, etc. must not exceed speed c,
and The Law of momentum conservation (These 2 laws
are combined to 1 law).

The condition for satisfaction and violation of the laws
of movement in inertial reference frame, energy
conservation equation of infinitesimal fermion(electron)
is:

E? = m2c* + p2c?

1) The condition for satisfaction of The Law of Energy
Conservation:

PEStY = —ihpip

or

PESt) = thoynp
or

. 1

VEY = —ih—-
or

PEY = ihly,

&t means time interval between the wave function i and
the corresponding conjugate function i~ while 6t — 0
in the reference frame of observer. In these equations
Energy E must be constant. E must be constant value
and will be called energy of ¢

2) The condition for violation of The Law of Energy
Conservation:

These equations mean that energy E must not be
constant.

PEStY + —ihpap
or

PEStp = ihaynp
or

_ &
PEY = —ihwa—‘f

or

5
PEY # ih—-

P

2. 1) The condition for satisfaction of The Law of
Relativity:

gmétp = —ihpsy
or
gmétp = ihdynp

or

Yy = —Eﬁ}ﬂ%
or
ymp = ik B 1]

&t means time interval of fermion v’s reference frame
between 1 and corresponding conjugate wave function ¢~
while §x — 0. m means rest mass in each inertial reference
frame.

2) The condition for violation of The Law of Relativity:

Pymenp = —ihpay
or

ymsnp # ih&yp
or

P

_ _d
ymy + -iﬁwﬁ

or
_ &y
Yy # 1hEJ,!J

3. 1) The condition for satisfaction of The Law of speed
limit - the Law of momentum conservation:
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Fpxp = —inisy
or
Ipbxp = ihspyp
or
_ _ 4
R e
or
Y
Fpy = in Y

dx means distance between 1~ and . Here p means
momentum in each inertial reference frame.

2) The condition for violation of The Law of speed limit
- the Law of momentum conservation:

Ypday = —ikpp

or

Wpbxp # thép

or

_ -8y
Ypyr £ "hwE
or
_ &
yp # ik “Elﬂ

&x
- microscopic fermion: the one defined to be the one

which satisfies the law of wave and violates the law of
particle.

- macroscopic fermion: the one defined to be the one
which satisfies the law of particle and violates the law
of wave.

microscopic existence always violates 2 among the 3
laws of movement, while macroscopic existence must
always satisfy all the 3 laws.

5. Picture

The concept of Picture is the kind of frame in each of
which the microscopical fermion satisfies and violates
different laws.

Hamiltonian Picture - It is the picture in which The Law
of Relativity is always satisfied and 2 other laws are
always violated by microscopical fermion.

Lagrangian Picture - It is the picture in which The Law
of Energy Conservation is always satisfied, and 2 other
laws are always violated by microscopical fermion.

6. Status Functional

Status Functional B is the functional of which B x B~

is weighted path which magnitude represents the amount
of deviation from the shortest path in each picture. (B~
conjugate Status Functional with which the equation B x
B~ = 0 means the shortest path of the fermion(existence))
7. Status Functional and 5 physical laws

I. The Law of Existence

1. The law of wave

- Violation: B x B~ #0

- Satisfaction: Bx B~=0

2. The law of particle

- Satisfaction:

| B x Bedp*dx* = [ynpdx® = nh (nis integer)

- Violation:

| B x Bydp*dx*
is not integer multiples of # and | dspdax is integration in
both 4 momentum and 4 spacetime, Bs is Fourier
Transformed conjugate Status Functional

Il. The Law of Movement

1. The Law of Energy Conservation

- Violation
5B 5B
& 5(51,{; g 5(51,9
5B 5t x
swT et ox

where §t — 0 and 6t and 6x is the corresponding
spacetime quantity in the inertial reference frame.

- Satisfaction
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* Hamiltonian Functional - is status functional of
fermion(electron) in Hamiltonian Picture

Ey ‘ETB;& 8 % * Lagrangian Functional - is status functional of
5B & ("SF) 8 ('EE) fermion(electron) in Lagrangian Picture
&y ot bx * Momentum Functional - is status functional of
fermion(electron) in both pictures.
2. The Law of Relativity 8. Momentum Functional P
- Violation The functional P originally has following form:
_ 4
P = —ihy x g
5 5B ox
5B at
o ot ]
_ s
P =ihp x ——

where 6x — 0 ) . . .
If the fermion microscopically violates The Law of

Speed Limit and Momentum Conservation, to represent
macroscopical fermion, macroscopical compensation
term must be added to only P, and that leads to :

- Satisfaction

1
5 aB Pm=-1ﬁlﬂ><§+fp
) o
4aB 8t
ﬁ =7 & Where CP means macroscopical compensation and

according to The Law of Particle,

3. The Law of Speed Limit and Momentum Conservation
[ B, x Prdp*dx* = nh

- Violation
| CPdp*dx*
aB
0 oy A thatnand his 1
5B 5(3’?) ssume i
—_— i —_— . . i i
8y dx represents macroscopic compensation and satisfies
following inequality:
where 6t — 0
1
- Satisfaction 0 < [ CPdpt*dx* < 5
Therefore,
4B
I}
5B 5(%%) 1 .
e S S ¥ < [PxPdp*dx* =VxVp <1
&1 5x 2

where Vx and Vp means standard deviation from the
mean value of distance (X) and momentum (p),
respectively. This is same as Heisenberg’s inequality.
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9. Hamiltonian density Functional H

Hamiltonian density Functional H is status functional of
fermion(electron) in Hamiltonian Picture. Hamiltonian
Picture is the picture in which The Law of Relativity is
always satisfied, and 2 other laws of movement are always
violated by microscopical fermion.

To satisfy this conditions, Hamiltonian density Functional
H must be a kind of Status Functional and satisfies the
following condition:

§H
5 50

8H (ﬁ)

& ot

Therefore, Hamiltonian density Functional H must be in
the form of

_

H = —ihp—
v At

Furthermore, to satisfy The law of wave, Hamiltonian

density Functional H must satisfy the following additional

condition:

_(R*V?
- 5(55)s

H =ymy
so that

h2v2
uﬁ:ﬁ( )wmﬁmw~¢7p2¢¢0

2m

because

p*y

is zero if the wave travels in the gravitational shortest path
in inertial reference frame and 6x — 0. Therefore,
According to Wiki (2)

L _[(h2y2
J::-sz:wm:w( -v)w

2m

where V means positional variation of i and V means
macroscopic compensation of the deviation from the
shortest path. In the equation (2), the term

_ (h*V?
l’b( 2m )lp

means microscopic deviation of fermion wave function
1 from the fermion’s free wave shortest path, and the
term YV means the macroscopic deviation. The
fermion’s microscopic mean movement can be defined
by the following formula:

22

_ _(h*V
Edtypdxdydz =
PEStpdxdydz w(zm

-V)wﬁrdxdydz:qﬁx 1xhxy

Ideally, even though microscopic deviation is allowed,
macroscopic deviation must be zero, therefore,

flqﬂ Eétypdxdydz = J;ﬁ (ﬁ;f

) PStdxdydz = 1 x h(constant)

(I means the whole part of physically continuous one
electron wave function.) and,

f P Vtdxdydz = 0
1

However, In reality there is also the macroscopic
deviation and the allowed macroscopic deviation can be
expressed by following inequalities:

e

_ 1
J P Vérpdxdydz < 7 x
1

1
) Pétdxdydz > 3 * R

If there is also compensating electric potential in the
universe, one can assume that the violation of The Law
of Energy Conservation, The Law of Speed Limit -
Momentum Conservation must be compensated by
exchanging energy and momentum between electric
potential and fermion(electron) wave function. Then the
fermion inside these compensating electric potential
travels on the new shortest path defined inside the
potential field.

For easy explanation, assume that the fermion(electron)
is the one which surrounds and circulates around the
Hydrogen proton, so that the compensating electric
potential is defined as the electric potential around the
Hydrogen proton.

* Eigenfunction: Here eigenfunction is the electron
wave function which follows the new shortest path
inside the hydrogenic potential while circulating around
hydrogen proton exactly only once.
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_ h* _
f‘“!‘“ ((E?Z) - VH)rﬁa,!dxdydzdt = [, Epp,dxdydzdt
1

where the symbol [; means the integration of whole electron
in the time interval of exactly one circulation and yn
eigenfunction, and E, corresponding energy of the
eigenfunction, Vy is the hydrogenic potential. Corresponding
energy E. of eigenfunction in this case (around hydrogen
proton) is limited to only several discrete values, and the
integer n in the expression E, only means the order of such
values. One can define new fermion wave function 1, which
satisfies following equation:

A v

_ _ (h=Vs5
Y 6EY, =, ( - l"'rz) Y,

2m

where §E means non-conservation energy difference of the
fermion wave function i, V», and V> means microscopic and
macroscopic deviation of the fermion of the shortest path
inside electric potential, respectively. Like v it also satisfies
following equation and inequalities:

Q)

gz

_ _ RV _
PalSESt I dxdydz =), (?:— Vz)&zpﬂdxdydz =P x1xhxyp
and

(6)

o (% Sty dxdyd ! h
J;wﬂ 7m rwaxyz>2><

(7
_ 1
f W VaStypdxdydz < 5 X b
1

The inequality (6) means microscopic deviation of fermion
1, from the path i and the inequality (7) means macroscopic
deviation of fermion . from the path .

The fermion . must also be compensated by additional
electric potential corresponding to V., and travel on new
shortest path inside hydrogenic potential added by the above
field.

There is also the mixed field of y and . which satisfies the
following condition:

2m

_ _ hsz
WEY = !ﬂ'( - V') Y’

where i’ is the mixed fermion wave, and

E'=E+6E

V!

means hydrogenic potential plus the additional. The
solution for this equation must be:

P’ =2 ann

where 1, is so called eigenfunction, 1’ means mean
wave function of electron which have circulated
around Hydrogen proton N times.

an is complex number, and real part of it means non-
exchanged part of i, with the other eigenfunction,
according to (ref-1), and imaginary part of it means,
on the other hand, exchanged part with the other
eigenfunction, therefore, deviated part of i,

Assume that the shortest path is defined as the path
decided by fermion inside only hydrogenic potential
excluding additional field.

Quantum mechanical measurement of the energy in
this case is defined as measurement done to fermion
which circulated the Hydrogen proton only once, and
deviation part 1,

(Il SEStydxdydz|) goes to zero in the case.
Then Y =

where n is one of integer. It means the electron
Quantum mechanically measured stays exactly at
eigenfunction(eigenstate) at every circulation. In
contrast

If ([1y~SEStdxdydz|) is not zero, and if electron of
wave function i have circulated around Hydrogen
proton N(N >> 1)times, then

Y = Ra,y,

In every circulation, as long as
|6E = 6t <1/2x h,6E =E, - E

the electron can stay at any eigenstate n. It means that
the eigenstate of electron must be chosen randomly
among n eigenstate. In contrast, after N circulation,

Y = Ea,,
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Therefore, although the eigenstates are randomly chosen,
the probablility, of “choice" must be |aq|

10. Lagrangian Function L for fermion

Lagrangian density Functional L is status functional of
fermion(electron) in Lagrangian Picture. Lagrangian
Picture is the picture in which The Law of Energy
Conservation is always satisfied, and 2 other laws of
movement are always violated by microscopical fermion.
Therefore, according to Wiki (3)

. lit) ()

B 5t 5x

(8)
and LL™ #0.

The Lagrangian that satisfies (8) and LL™# 0 is:
L, = fﬁ‘_{i}’“ﬁu —m)i

There must be a macroscopic compensation for Ly, and it
must be added to L, because it is always clearly
distinguished from L,. Addition of macroscopic
compensation for the deviation of this L, leads to the
following Lagrangian density Functional L is, according to
Wiki (4):

L = (iy*8, — m)p — ey* A,

Lagrangian functional and Feynman Diagram

>

Figure 2. Feynman Diagram representing fermion
(electron) only.

The weighted path of whole macroscopic electron of the
Feynman Diagram above can be calculated using the
condition for satisfaction of The Law of Particle:

f Ly % Lysdp*dx® = [ ynpdx®

(Here, 2 =1 and Lyf is the Fourier transformed functional
of Ly") It is equal to 1 if macroscopic term is ignored and
The Lagrangian functional Ly and Ly must be replaced by

Y and Y

Figure 3. Feynman Diagram representing
fermion(electron) and external electric field.
Scattering Amplitude of the Feynman Diagram
above can be calculated using the condition for
satisfaction of The Law of Particle with the
macroscopic part added to only Ly, notto Ly :

JL % Lypdp*dx* =1

The Scattering Amplitude of the Feynman
Diagram above is the value of the 2nd term of the
following integration:

Xz Pz
[ [ b+ Gusedyeaiu)aptass =1

Pa

Here

(a2 — Im)[Pzn - pln) =1

(x2n and xin, p2n and pin represents each
component of spacetime x1, x, and 4-momentum
p1, pa, respectively). [x *? represents 4 dimension
integration and x; and x; represents 4 components
spacetime. The same thing applies to J,1 2 and p1
and p: In the equation above,

_ _ 1
x P
120, b pinpdptdxt > 5

because ¥r and Y in Yr ~ Pr YY represents
microscopic deviation of fermion and

Xz z i - T 1
L2,y Ay < 5

because it represents macroscopic deviation
(compensation).
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Figure 4. Feynman Diagram representing fermion
(electron) with internal loop. The weighted path of the
Feynman Diagram above can be calculated by multiplying
the following term to the case of Figure 2:

- x; P2 - = —
JLx Ledp*dx* ~ [ [, “eiy* Ay A pbpdp*dx®

(The other terms in the integration | L x L¢ = dp*dx* is
ignored) In this case, Ys in the middle of integrand must
be replaced by 1, A Ay must be replaced by G,Gx where Gy
is momentum space photon propagator and G is position
space photon propagator. Here, G, and Gx must be,
according to Wiki (5):

-Eg,'.:v
Gy = k2

G, = Rp0(xy, x;)

where 8 (x1, x2) is step function which has the value 1
between x; and x, and O elsewhere, and R, is the
renormalization factor. 1 at the beginning of the integrand
and Y~ at the end must be combined and replaced by HpHx
where Hy is momentum space fermion propagator and Hx
is position space fermion propagator which is the
following (according to Wiki (5)):

. Up=/k+m)
P (p_k}z_mz

H, = ReB(xy, ;)
where 6(x1, x2 ) is step function which has the value 1

between x1 and x», and O elsewhere, and R: is the
renormalization factor.

(%2n — X10)(P2n — Pin) = 1

(x2n and x1n, p2n and pin represents each component of
spacetime x1, x2 and 4- momentum pa, p», respectively.)

The term renormalization in this paper is defined to decide
coupling constant e by the following way:

e’ =e; xRy xR,

so that Rrand Ry is removed in the above integration.

Figure 5. Feynman Diagram representing fermion
(electron) which interact with external electric potential.

Scattering Amplitude of the Feynman Diagram above can

be calculated by multiplying the following term to the case
of Figure 3:

[ Lx Lpdp*dx* ~ [, [, "elby* A pndpy* Auppdptdx® = 1
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