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Abstract: It was found that electromagnetic and weak
gravitational fields can be unified by diamond equations,
which is one of extended Maxwell’s equations. Classical
mechanics is derived from the diamond equation for weak
gravitational field by assuming that gravitational wave is
not generated under the condition of stable motion.
Quantum mechanics is derived from the same equation
by assuming that the square of total energy consists of
square of total momentum, square of the mass, and
imaginary part of the energy creation-annihilation rate.

I. Introduction

Maxwell’s equations have the serious problem
to prohibit carrier generation-recombination in
semiconductors. We found that the carrier
generation-recombination needs the charge
creation-annihilation scalar field, '”? which is
almost equivalent to Nakanishi-Lautrup field®? of
quantum  electrodynamics. @ The  extended
Maxwell’s equations can be simply written by 4 x
4 complex differential operator matrix as a square
root of d” Alembertian [J= 0¢> — V2, which we
call diamond operator <> by analogy of nabla V
as one of the square roots of Laplacian A.'? It is
found that the extended Maxwell’s equations
written by the diamond operator, which should be
called diamond equations, also describe weak
gravitational field. Furthermore, classical and
quantum mechanics can be derived from the
diamond equations for weak gravitational field by
assuming that the gravitational wave is not

generated wunder the condition of weak
gravitational field and stable motion.
I1. Extended Maxwell’s equations
Maxwell’s equations are given by
J=vxu-2, (M
ot
p=V-D, (2)

vxE+ 2B 0, 3)
ot
V-B=0, “4)

where E, B, D, and H are electric, magnetic,
displacement, and magnetizing fields, respectively,
and J and p are current and charge densities,

respectively.
(1) and (2) give
v.a+22 . (6]
Ot

On the other hand, electron current density J,,
hole current density J,, electron charge density py,
and hole charge density p, in semiconductors
satisfy the following equation'?

v, Py P _gp, (6)
oot oot
where GR is carrier generation-recombination rate.
Since electromagnetic fields induced by electrons
and holes should individually satisfy (1) and (2),
(5) and (6) contradict each other in the case of GR
# 0. In other words, Maxwell’s equations prohibit
carrier generation-recombination in

semiconductors. In order to solve the problem, we

introduced charge creation-annihilation scalar
field N, which is almost equivalent to
Nakanishi-Lautrup field in quantum

electrodynamics. Then, (1) and (2) are rewritten as
oD 1

J=VxH-—+—VN, @)
ot
ON
=V-D-¢ s (8)
r ot

where ¢ and u are permittivity and permeability in
the material, respectively. Then, carrier
generation-recombination rate, in other words,
charge creation-annihilation rate GR is given by

Gr=v-3+2__Llpy, (€))
ot y7,
where [ denotes d’ Alembertian defined by



2
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Here, ¢ is the speed of light in the material given
by

S (11)
Jeu
Then 0y is defined as
0, =12 (12)
c, Ot

II1. Diamond operator and equations

We define the diamond operator <> as
= D o *e (13)

where * denotes the complex conjugate operator
which satisfies

*A=A4 *, (14)
and
wk=1], (15)

for A as a complex scalar, vector, or matrix, and
A" as the complex conjugate of 4. The diamond
operator satisfies
o =0. (16)
For electromagnetic and gravitational forces,
the four current C and the four field F satisfy

gC=COF *. (17)
In (17), g is a coupling constant and
C
c E(_ j (18)
iC,
FE(Df"Rj, (19)
—iS

where D, R, and S are divergent, rotational, and
scalar fields, respectively. (17) — (19) give

gC=VxR-9,D+VS, (20)
gC,=V-D-03,5, 1)
VxD+0,R=0, (22)
V-R=0. (23)

The four field F with gauge parameter & and
four potential 4 satisfy

F=04x, (24)
where

FE(D_”RJ, 25)
—i&S

AE[AJ. (26)

i,
(24) — (26) give
D=-0,A-V4,, 27)
R=VxA, (28)
ES=-V-A-0,4,. (29)

We call (17) and (24) diamond equations.

The extended Maxwell’s equations are obtained
by substituting four current J for C and
permeability u for g as

J
ngyJ:y[. j (30)
icp
Then four field F is substituted by electric and
magnetic fields E and B, and charge
creation-annihilation field V as
FZ(E/C'-H'B]. 31)
—IiN

Therefore, the extended Maxwell’s equations are
given by

J-tvxp-E Loy, (32)

u o u
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=eV-E—g—, 33
P o (33)
VxE+a—B=0, (34)

ot

V-B=0. (35)

Since displacement field D and magnetizing field
H are equal to ¢E and B / g, respectively, in most
cases, (32) — (35) are equivalent to (7), (8), (3),
and (4).

IV. Linear gravitational field

Einstein’s gravitational equation is given by
G, =«T,, (36)

where G, is Einstein tensor and x is Einstein’s
gravitational constant. 7,, is momentum density
tensor written by

T, ==pvy,, (37)

v
where v, and v, are ¢ and v component of the
velocity. When the momentum density is enough
small, metric tensor g, is given by

v =M +hyys (38)
where 7, and 4, are tensors which satisfy



1 (u=v=123)

Mo =90 (y;tv) > (39)
-1 (u=v=0)

h,|<1. (40)
Here we define %,,V as

e = by =, 0 (1)

In Lorentz gauge condition of 4",
obtain

_Dh#v = 2KT/4V . (42)
The above equation is regarded as the wave
equation for linear gravitational field.'” In order
to obtain Lorentz vector, we assume small volume

Q. Then the gravitational vector potential 4, and
gravitational current C, are given by

=0, we

1 —
Agy EZ_K'ch”OQ’ (43)
1
Cg# E—ETZIOQ=,0V#Q. (44)
Therefore
C,, =04, (45)

Then the gravitational fields Fy = (Dg + iR, —iS,)’

and Fg=(Dg+ iRy, —i&S,) satisfy
C, =OF, *, (46)
Fo=4, %, (47)

where D, Rg, and S, are the divergent, rotational,
and scalar fields of the linear gravitational field.
Since the four current vector C, is equivalent to
the four momentum vector P = (P, iPo), where P
and cPo are 3D momentum and energy,

P=VxR,-9,D,+VS, , (48)
R =V-D,=0,S,. (49)
V. Classical and quantum mechanics

If we assume existence of the four potential V' =
(V, iy/c), the total four momentum 7 is given by

T P+V
T= = . 50
£ {Q+ﬂ] O
c c
3D total momentum 7 and total energy £ satisfy
n= v x Rtotal a Dtotal + VSlatal > (5 1)
E
; - v ) Dfl)fal a Stotal K (52)

where Diowi, Riowi, and Sqr are the total divergent,
rotational, and scalar fields considering the four
potential, respectively. If the four potential is
appropriate and the motion is stable, the wave
sources of the total divergent and rotational fields
should be zero as

D total DRtotal (53)
Therefore
cO,m+VE =0, (54)
Vxn=0. (55)
By using special relativity, we obtain
(E-y) =(n-V)' & +nic*. (56)
In the case of classical mechanics of |P| << mc,
(117 — V)Z 2
Erx——+y+mc”. (57)
2m

By defining v as a 3D velocity vector, V E is

calculated as
zigﬁL ”f _oV ), ew
Ox, Ox,

23 - ﬂ' 6 Vj 8 oy

~= 7\ ox, ﬁxi ax . (58)
Therefore, (54) and (58) give
mzz(dn, dKJ

dt di o di
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Since the first term of (59) is zero by using (55),
we obtain

dP oV
—=vx(VxV)—-Vw. 60
= VVxV) =Yy (60)

The above equation shows Newton’s second law
of motion. In electromagnetic field case, the right
side of (60) is equivalent to the sum of Lorentz
and Coulomb forces.

By using (54), (55), and a appropriate scalar field
S, ® and E are written as

n=VS,, (61)
oS

E=—""¢, 62
Py (62)

(61) and (62) are equivalent to Hamilton-Jacobi
equations, where S. is Hamilton’s principle
function. Here we call S¢  energy



creation-annihilation  field, because energy
creation-annihilation rate ois defined by
oE
Uzczv-THg:—czDSc. (63)
t

Next we consider about quantum mechanics.
When we define the wave function ¢ as

J— iSC
¢=exp( ; j (64)

we obtain
—E*+ 7% i

Dqﬁ:( e +hDS°}¢, 65)

In the case of [1S. = 0, we obtain Klein-Gordon
equation of
2.2
Og+2g=0
h . (66)
If we assume existence of the potential U, the
above equation is rewritten as'®)

2.2
U
Og+ S g=—
7! h¥¢. (67)
Since [1S. # 0 in the above case, we obtain
E* =n*c +m’c* +U—iho. (68)

The above equation suggests the principle of
quantum mechanics, that it is equivalent to
classical mechanics when the absolute value of
o is much smaller than 7°c?, otherwise the
imaginary part of energy creation-annihilation
field creates or annihilates quantized interactive
energy depending on the potential U.

If 72¢? and the absolute value of /ic are much
smaller than m’c?, we obtain

E=\/7z202 +m’ct +U—iho
, o+in0dS, U
+ +

2m 2mc

When we assume E and 00S: do not depend on
time, and redefine the total energy excluding the

(69)

~ Mmc 7"

rest energy £ = E — mc? and the potential V
= U/2mc?, we obtain

2 . 2

~ —ihV
=TTV Ly (70)

2m
Since V2@ is given by
2 .
Vig= —”+’vzsj

b= -Tivise o

the time independent Schrdodinger equation is
obtained as

N o,
E¢:—%V p+Ve. (72)

VI. Conclusion

We found that electromagnetic and weak
gravitational fields can be unified by the diamond
equations, which include a 4 x 4 complex
differential operator matrix as a square root of
d’Alembertian. The diamond equations for weak
gravitational field derive classical and quantum
mechanics, including Hamilton-Jacobi,
Klein-Gordon, and time independent Schrodinger
equations. It was found that imaginary part of the
energy creation-annihilation field creates or

annihilates ~ quantized  interactive  energy
depending on the potential.
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