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Abstract

some potential application values.

First, there has similar electrodynamics in general relativity. Next,
the electromagnetic general relativity may be obtained. By the same
method of equivalence principle for the electromagnetic field, whose
curvatures are different for different ratios of charge to mass. We
discussed the four possible tests. Third, for long-range gravitational
field and electromagnetic field we research various unifications.
Fourth, we discuss the quantization of these unified theories. Finally,
nonlinearity and the negative matter are discussed. We believe
that these investigations are all a broad space for exploration, and
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Introduction

It is generally believed that the long-range
gravitational fields and electromagnetic fields have
been very mature and complete. For example, electric
field E and magnetic field B have the symmetry.!
Of course, there is also electrical and magnetic
asymmetry, such as so far the magnetic monopole
has not been found.

In order to unify the gravitational and electromagnetic
fields, Einstein, et al., applied various geometrical
structures and theoretical schemes, for example,
the gauge invariance geometry, the five-dimensional
space-time, the projective theory, the affine field and

the bivector fields, etc.? Hlavaty made the summary
and development.® The unified field theories of more
than four-dimensions were summarized.* These
schemes?* include high-dimensional field, multiple
fields (Newton gravity is scalar field, and general
relativity is a tensor field), higher-order equations,
the affine fields of non-European geometry, and
nonlinearity, quantization, etc. In this paper for long-
range gravitational field and electromagnetic field
we research similar electrodynamics in general
relativity and the electromagnetic general relativity,
and discuss their symmetry, unification and
developments.
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Similar Electrodynamics in General Relativity
First, gravitational field and electromagnetic field are
all the long-range interactions. Next, it is well-known
that Newton gravitation and Coulomb electrostatic
force are completely symmetry. And both develop
to general relativity and electrodynamics. In general
relativity Einstein? and Landau® derived some similar
formulas of electromagnetic theory, for example, the
similar Lorentz formulas?®

d Y a v
—[1+o)-]= do+—— — xrotu. -(1)
cdt ¢ ) c] &ra ed ¢ rott

Herea =y, /2=—@/c’. u=iy,,. Inthis 2 case, moving
charge produces magnetic field, which is analogy
to moving object produces a similar magnetic
field, such as a rotation with angular velocity
® = —(rotu / 2¢), which is similar with Coriolis force.
Landau derived [5]:
dp 2

f= o =—mc gmd(ln\/%)Jr mcﬁv xrotg,. ..(2)
Here hz'goo, 9.= 'gao_/goo'

In general relativity the Einstein gravitational field
equations are:

d—‘l' d—‘l i TR 1
R, = EI:I _Efz-’_l—;ﬂrkz -LI =y * =T _Egsz) -
.(3)
The corresponding geodesic equation of motion is:
du” o p
7 +puu” =0. ..(4)

For Eqgs.(1)(2) let u=(uic) = i(y,,, 7,,/2) = -(A™ip)c?,
we introduce two similar inductions for gravitational
field:

E" =c*grads + cZ—l; =c’(gradg,,/2 —_lcigm),

ic ot

...(B)
and H" = —c’rotu = —ic’g,,. ...(6)
Such we derive a similar formula:
dp v
—=mE" +m—-xH",
I - (7)
and %1 _ —mF,v, | ..(8)

dt

This vortex field can exist independently, and
corresponds to hydrodynamics, in which has also

vortex conservation. Further, we may develop the
corresponding Lorentz equation and general like
electromagnetic fields and their theories. This
includes analogous systems of Maxwell equations
and magnetic monopoles, etc.

The corresponding similar first system of Maxwell
equations is:

i T Xy _ -(9)
dck dci dcm

It is analogous completely to the Bianchi identities.
Eq.(9) includes

divHH" =0, ...(10)
6H?I!

tE" =— . (11

" cot (1)

The corresponding similar second system of Maxwell
equations is:

oF, 4nG .
6_Ik= Ji- ...(12)
.X'l- [

It includes

divE™ =47Gp , ...(13)
OE"  4nG

rotH" ——— = J. ...(14)
cot c

Therefore, general relativity has various similar
formulas of electrodynamics. Such gravitational
wave can be obtained by similar to electromagnetic
wave.

Of course, we must also be attention to the difference
between them, that is, symmetry breaking, and have
mainly the opposite direction. It seems to originate
from the Newtonian gravity and Coulomb force sign
is opposite, namely m becomes to -e.

Electromagnetic General Relativity

Further, we derived the electromagnetic general
relativity.® By the same method we introduced an
equivalence principle for the electromagnetic field:

e v
a=—(E+-—xH). ..(15)
m C
This can be derived the electromagnetic general
relativity, which is a curved space-time for charged
bodies, whose curvatures are different for different
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ratios of charge to mass. In a general case, it can
obtain electrodynamics, but its high-order approxi-
mation will deviate from the present electromagnetic
theory.

From this we may discuss the four possible tests
for this theory: First, a change of space-time should
exist in the electromagnetic field. Such as a magnetic
field is equivalent to a rotating system, the change
of time will be

N 2mPQ | mer®

Ar=1% =%
c’ me’

H. ..(16)

Here positive or negative signs show different
motions along clockwise or anticlockwise directions.
According to relativity, the energy of a charged body
changes in an electromagnetic field, so its mass and
corresponding space-time should change too. In a
composite field

2Gm Gee

oo =1- 2 + 22" (17)
rc rc

The time 7=4/8y 7% so the electromagnetic field

changes the space-time of any charged bodies.
Second, the frequency of charged oscillator in a
constant magnetic field becomes®

eH eH

mc)] t—

Q_[QU + 2me

...(18)
According to quantum electrodynamics (QED),
various big changes may occur in the electromagnetic
field, and the frequencies of photons will change
for the scattered photons in the changeable
electromagnetic field. Third, the propagation of a
light ray depends on.®

5[ N .(19)
in a static gravitational field. In the electromagnetic
field g,,= 1 for light, so the light ray propagates along
a geodesic line. But, interactions among photons and
photons exist in a strong electromagnetic field, so
the light ray will deflect, and the speed of light will
be changeable. Charged particles in a Coulomb field
move, respectively, along an ellipse for the moment
of momentum K>|ee'|/c, and along a hyperbola for
K<|ee'|l/c.® These effects correspond to a shift in the
perihelion of the orbit and the deflection of light ray.
In the gravitational field the equation of the deflection
of light ray is

d? 3GM
dT;*”: g ...(20)

where u=1/r. The angle of deflection is:

a=4GM/c* R ...(21)
The moment of momentum K=mcR of photon is
introduced, so
a=4GmM/Kc ...(22)
In the Coulomb field produced by a rest charge €',
the equation for a charged particle with charge e and
moment of momentum K>|ee'|/c is
du ee eeE

2
—Fu=(—)u- .
do* (Kc) Kc?

.(23)

In the attractive case of ee'<0, the angle of deflection
of particles with relativistic motion is

0= I GO (7 —arctg YoyiBey —leet V(Ke) —(ee)’ )-
J(Ke) —(ee) cee (24)

In the repulsive case of ee'>0,

P 2Ke arotg v,/ (Ke) — (ee)’ -
J(Key —(ee)’ cee ..(25)

Egs.(24) and (25) become the same, 6=2ee/v K,
for scattering with small angles. This result is only
a half of the deflected angle in general relativity.
In QED the elastic scattering of charged particles
in a centrally symmetric Coulomb field obeys
Rutherford's theory, in which the deflected angle
agrees with ctg(6/2)=mO0bv?/2ee. For scattering with
asmall angle crg(6/2)=2/6,

0_ dee

prye - ...(26)
It is the same as the result of general relativity.
Fourth, the general particles in general relativity and
the general charged particles in the electromagnetic
general relativity move along geodesic line. When
these particles move along non-bound orbits, the
angle of deflection is

...(27)
Ap=2lp(r)-o.|-7

A@>0 corresponds to an attractive force; while A <0
corresponds to a repulsive force.> When these
particles move along bound orbits in a centrally



Chang, Orient. J. Phys. Sciences, Vol. 9 (1) 31-40 (2024) 34

symmetric attractive field, there results a precession
of the perihelion. In general relativity, the equation
for the shift of the perihelion becomes

1 GmM GmM._,
= +C 1-6(—) 0.
r (Ko)? 08 « Kc e

..(28)

in which the angular distance between two

successive perihelions is

A= S7GT .(29)
K¢

In a centrally symmetric electromagnetic field, the

final form of equation for the precession on the

charged particle for Kc>|ee'| becomes®

1 FEee ee
—=———0+C 1I-) o,
Koy —(eey T DY (30)
in which the angular distance is
e’
A: 2 2 " 31
K¢ (31)

This is consistent with a result combining special
relativity and the gravitational field of the scalar
quantity,” which is just a sixth of the corresponding
value in general relativity and in the electromagnetic
general relativity. Because of the easy control of the
electromagnetic field, the theory can be tested
accurately in experimental laboratories. Further, we
proposed the most universal principle of extended
equivalence and the extended general relativity.®

The developed relations of these theories are 8:

Newton gravitation—(similar electromagnetic force
and theory <) general relativity

Coulomb static force — Lorentz force and
electrodynamics — electromagnetic general
relativity®

The above framed theory has been completed, while
the no-framed theory is being explored.

Various Unifications on Electromagnetic Field
and General Relativity

The gravitational field and the source-free
electromagnetic field can be geometric unified by
the equations®™
I

=Ky, ", ...(32)

i
klm

in the Riemannian geometry, both are contractions
of im and ik, respectively. It includes R_=0, from
which we can obtain the Lorentz equations of
motion, the first system and second source-free
system of Maxwell field equations. This unification
can be included in the gauge theory.®'® Another
unification on the general nonsymmetric metric field
is high-dimensional space-time. We proposed an
imaginative representation on the ten dimensional
space-times."°

In general relativity,

I I
& = & ly =1 Ry =R, --+(33)
all are symmetric. But, in electrodynamics,
F.=-F. ...(34)

are antisymmetric. This has some similar characters
with torsion.

Therefore, the macro-field of the world is unified. This
is the Einstein non-symmetric field.? It is the logically
simplest. The only symmetric part is gravitational
field and general relativity; the antisymmetric part
is electromagnetic field and the electromagnetic
general relativity.® The mathematics of unified
gravitational and electromagnetic fields should be
general

H o = Rﬂv +FFV ...(35)
In the 4-dimensional 16 elements, 10 symmetries
are gravitational fields, and 6 antisymmetries are
electromagnetic fields.

Ru R12 + H3 R13 - Hz R14 - iEI
HW =RW +FW _ R12 _Hs Rzz R23 +H1 R24 _’:Ez
Rs+H, Ry;—H, Ry Ry, —iE;
R, +iE, R, +iE, R, +iE; R,
..(36)

General space is ds” = g, 4x,dx, . For gravitational
fieldg,, =g, for electromagnetic field g, = g, . Let
gpv~Ap,corresponds to P, :pﬂJrSAﬂ,and r;; — FH’

v
v B

ox

v

etc.
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1 1
8 za(gfk+g,h)+5(gfkfgh)- .(37)
It may be divided into symmetric and antisymmetric
parts. Particles have spin and spinor, and some fields
have rotation as rot A.

G I I‘ﬁ. _ 1 l—vT. l—‘/T. 1 1—‘& 1—‘2
enera i 5( _uv+ 11u)+5( v
may be divided into symmetric and antisymmetric parts,
both have respectively with 40 degrees of freedom
and 24 degrees of freedom, in which antisymmetric
1

part T, = >

ponds to spin tensor.™

A Ay . .
. —L,) is called torsion. It corres-

Quantizations of These Unified Theories
For (x_;x,=ct), LT is symmetric matrix:

00
C
10 0 ..(38)
0 01 0
J/XOOﬂ/
C

. 2
Based on general relativity s~ = g,,X,%,, we
proposed the quantum equations of general relativity
are.12,13

62

2 2

S Y=g XX = —n guv V. (39
g ;zapv 49

62 2

5
——w+—w=0.
Em ép,op, v 72 ¥ ...(40)
8? cd? '8’ s?
—+2 — +—w =0,
(gcza ap; gaU apaaE gOO aE; )W hg Uf

...(41)
We proposed general equations possibly are.'?®
H,uv(R,uv)W = KTMIW s ...(42)

and G,y =«T, . ...(43)

iy

Itis quantum non-symmetric tensor. In Eqgs.(42)(43)
left and right sides are eigenmatrix and eigenvalues
of the eigenequations. Both are all quantization.

Relativity may be the vector, tensor, torsion, and
all spatial properties. Quantum theory is the spinor
with two-component, and related to the Pauli matrix.
Quantum field and QED should have the
corresponding magnetic field. Further, QED may
be developed to QGT.

The metric matrix of the symplectic geometry is
antisymmetric, so the electromagnetic field should
be the symplectic geometry. The unification of
gravitational and electromagnetic fields will be a
unification of symplectic geometry and Riemannian
geometry.

Further, electrodynamics in quantum theory
develops to QED. We proposed that gravitation
theory should correspond to develop quantum
gravitation theory (QGT).

Quantum unification first must develop QED to
gravity and general relativity.

It is first generalized to the gravity theory QGT by
some ways exactly like QED. Then QED and QGT
will be combined and unified. It may combine the
gauge field and Utiyama field."®

The juxtaposed strong and weak interactions and
their interactions each other, whose Lagrangian is:

L=L L, +L,, ...(44)
For QED:

L=L+L+L,, ... (45)
and Dirac equations.

For QGT:

L=L+L+L,, ...(46)

or electrons as the smallest static mass particle,
whose Lagrangian and Eq.(45) are the same. The
difference is only attributed to the interaction L, .
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1. The Culomb force resembles Newton gravity.
2. The potential is developed to 4-vector Ap, and
corresponds to the rotational field. 3. Quantum L _
are difference. For QED L,, = ieyw " y,7 A, .For QGT
L,= "mWJr?’JﬂWAW From this we may derive similar
equations. Both are unified

L=L +L, +ile+my y,y WA,  .@7)
The present interaction unifications are mainly based
on the YM field and its generalized gauge theory.
For SU(2) gauge group, Lagrangian of YM field is:

1

F, F* —iy (8, —ieth )y —miy . (48)

L= 72 ya%

where . Itis also Lagrangian of weak interaction [15].
QED Lagrangian by renormalization is:

FM, = al,bﬂ — 8ﬂb1, — 253)” xb,. ...(49)

Strong interaction should also add Lagrangian

s

1 o — u . 1 .
L :7ZG1£VG; 71)”7/; (615 +IgBB;£)w751ul2QBﬂBJ :

...(50)

Quark Lagrangian with SL(6,C) gauge invariance
is.'®

| - 7
L, :E,WLJJV1£W+H.C.—mww. ...(61)

In gravitational field, Lagrangian of classical lepton
field is"

1., o _
L, = \/g[?(wy V=V gly) - migy]. ..(52)

For the same case Lagrangian of strong interaction
iS17
1

T 1l6k?

L, JTr (L. I1B,,). .(53)
The simplest Lagrangian of the unified four-

interactions is probably:

me = %T]‘([L“,LV]B'(“,) - gFAWF’W - gEdqu;w -

i

o _ g i
@@L Dy + migy) - T#f;AﬂA‘ ~P(p)+L,.
..(54)

whereisthe B, =& ,B, —&, B, +1B,.B,]connec-
ted covariant curl.

So far, QED may obtain best results: Lamb shift.
Dirac equations in electromagnetic field may obtain
the magnetic moment of electron.

efi
The anomalous magnetic moments * ~ 2,,c © of elec-
tron by the renormalization theory is:

f=1+ 2O+, + 0, &Y + (DY + . Juy.(55)
27 ¥i3 V.4 ¥i3

Here C,= 0.328479,* C, = 1.183, etc. So far,
the experimental py=1.0011596521859, and the
theoretical p=1.001159652460."°

Developing curved space-time lead to anomalous
magnetic moments, which is also a unity of quantum
mechanics and general relativity.

Dirac equations in gravitational field should be:

0 m
ih—+mop—ca(p+— A)—mc* =0.
[ih o, rme—calpt 2D -mefly =0 g

This should obtain some similar results. It may
develop to in curved space.

When A=0, Eq.(56) is simplified to
. 0
lih——+m(p—c* Ay =0. .(57)
ax

H

Schrédinger equation in gravitational field is:

o i

(ih—+—
ot 2m

2 _
Vi =Py =0. ..(58)

For gravitational field V=meo.

Let V=mgz is a linear potential.® Its energy level
2 2

5 (FL mg

n

Y 4, is discrete.

They can extend to QGT. If the hydrogen atom
changes into a gravitational field, it will give exactly
the same form. This is similar to the solar system,
and to unify the electromagnetic field and the
gravitational field.
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In strong magnetic field there has Zeeman effect.
In strong gravitational field there has gravitational
red-shift. Both are differences. But, conversely,
the two can be contrasted developed, such as
we may research the similar Zeeman effect in the
gravitational field and the red-shift and other tests
in the electromagnetic field.

According to the classical electromagnetic theory
the frequency of charged oscillator in a constant
magnetic field becomes®

eH

29112 4 eH
ch) ]

m:[monr( o

...(59)
According to quantum electrodynamics (QED),
various big changes may occur in the electromagnetic
field.

Further, they may be extended to QED and QGT.
It may be related to the loop and other quantum
gravity theories.

In QED, photon-electron interactions have the
photoelectric effect, Compton scattering, etc. In
QGD, it corresponds to the interaction between
gravity and photon-electron, namely, the extremely
strong gravitational field, such as neutron star, black
hole, accretion disk, etc. These are interactions with
the electromagnetic field and charge. Black holes
produce Hawking radiation; neutron stars produce
various pulsars from optics to X and gamma ray.
PSR1913+16 pulsed binary conversion between
gravitational field and electromagnetic field. Many
phenomena of quasars, and even optical astronomy,
are mutual transformations between the two fields.
A possible unification of two fundamental theories
(Quantum Mechanics and General Relativity) is
Quantum Gravity (QG), whose phenomenology
studies QG effects in low-energy systems. A basic
model is a modified Heisenberg uncertainty relation
and predicts a deformed canonical commutator.
Bosso computed Planck-scale corrections to
angular momentum eigenvalues, the hydrogen atom
spectrum, the Stern-Gerlach experiment, and the
Clebsch-Gordan coefficients, and analyze the GUP-
perturbed harmonic oscillator and study new coherent
and squeezed states. He introduced a scheme
for increasing the sensitivity of optomechanical
experiments for testing QG effects, and suggested
future projects that may potentially test QG effects
in the laboratory.?!

Macro 10 dimensions are possibly the gravitational
field (3+1), electric field E and magnetic field
H (B) each 3 dimensions. The 4-dimensional
non-symmetric field unifies the gravitational and
electromagnetic fields.

The 5-dimensional non-symmetric field can again
unify the strong and weak short-range interaction
field, and corresponds to the grand unified theory
(GUT) of SU (5).

The micro-dimensions should be 25-16=9, so the
strong and weak interactions each have 4, which
corresponds to 4 basic particles (p, e,y"), plus 1
for unity.

Gravitational field strength g corresponds to mass
m, and electromagnetic field strength corresponds
charge e and a= ¢’/ic =1/137, and strengths of
strong-weak interactions correspond to p(v)~g#¥c,
and are related to the running coupling and the
asymptotically freedom G=0, etc.?22

Strength ratio of electromagnetic field to gravitational
field is e?/gm?= ahc/gm?, for z*- the ratio is 1040. This
ratio is maximum for electron, and minimum for
proton.

The gravity and electrostatic force of n-dimensional
space are proportional to r'. So high-dimensional
strings are difficult to hold up, or they must have
new results.?*

The fine-structure constant is a= ¢’/ic=(137.036)".
Planck time is:

t.= (hGc)2~10 ...(60)

the Planck length is:

I,= (AGc?)'?=1.6 x 10* cm. ..(61)
Both already open a relation on unification of
four interactions, in which G, ¢ and 7 correspond
respectively to gravitational, electromagnetic and
microscopic strong-weak interactions.

Gravity should first be unified with QED. How
can Maxwell equations and Lorentz equation be
expressed or developed in QED? Further it is
possible to unify the strong-weak interactions.
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Graviton may determine only m=0. Why is the spin
s=2?7 How to determine that?

1. If spin approximate s=1, such corresponds to
QED. 2. Conversely, QED develops to s=2. 3. It is
currently known are: Graviton, s=2; Photons s=1,
both are long-range interactions; W-Z and gluon are
all s=1. It corresponds to GUT.

The z*- and K are s=0, and z*- -K and W-Z symmetry,
SU(3) and SU(2) symmetry. It may correspond to
symmetry and unification of the short-range strong-
weak interactions, and may be unified to the gauge
field.

The fermions include basic neutrino v, electron e
and proton p, which are all s=1/ 2, masses is 0,
small, large. They determining weak, electric, strong
interactions, and all can be quantized.

Nonlinear Theory and the Negative Matter
Einstein pointed out, the true law cannot be linear.
He always believes the nonlinear theory. General
relativity is already the nonlinear theory, but so far
quantum mechanics is usually linear, such both
unification must be nonlinear quantum theory.

These theories may develop to nonlinear, such
as nonlinear electrodynamics and QED, nonlinear
optics, nonlinear quantum mechanics,?* etc.
They include various solitons, fractal and chaos.
Gravitational wave may develop to nonlinear
gravitational waves,? etc.

Further, various unifications of four interactions
should be the nonlinear theories. First, we must
develop the nonlinear electromagnetic and strong-
weak theories.

So far there is only one mass, but are two charges.
Based on Dirac negative energy, Einstein mass-
energy relation and principle of equivalence, from
2007 we proposed the negative matter as the
simplest model of unified dark matter and dark
energy,?% whose main characteristics are the
gravitation each other, but the repulsion with all
positive matter. So all theories are known, only
mass includes positive and negative. Because
there is repulsion between positive matter and
negative matter, so which is invisible dark matter,
and repulsion as dark energy. Further, we derived

that the rotational velocity of galaxy is approximate
constant, and an evolutional ratio between total
matter and usual matter from 1 to present 11.82 or
7.88.3%3% We calculated the accelerated expansion
at 9.760 billion years. The mechanism of inflation
is origin of positive-negative matters created from
nothing, whose expansion is exponential due to
strong interactions at small microscopic scales.
We proposed specifically some possible ways
on observe dark matter in the Milky Way. Many
observatories should be able to observe these
results.® The negative matter unified dark matter
and dark energy is not only the simplest, and is
calculable, observable and testable, and may be
changed and developed.
r-Loo.i =G
799, is completely symmetry with eI
M—+_ M Itis developed to in the negative matter,
which should form completely similar theories,
such as the like electromagnetic field theory and
electrodynamics, etc. Further, dipoles can be formed
between the positive and negative matters, and
the corresponding like QED. Quantum fluctuations
simultaneously produce positive and negative
matters, which are mutually exclusive. If the positive
and negative matters oscillate, gravitational waves
can be generated. And they can be tested in
astronomy.

In 2023 Oppenheim, et al., consider two interacting
systems between classical and quantum. This
coupling dynamics derive gravitationally induced
decoherence versus space-time diffusion, and
testing the quantum nature of gravity.%

In a word, we believe that these investigations are
all a broad space for exploration, and have some
potential application values.
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