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ABSTRACT

A non-Maxwellian model based on four bosons is considered. Based on an enlarged U(1)xSO(2) abelian
symmetry and preserving the postulates of light invariance and electric charge conservation its aim is to transfer electric

charge AQ =0 and |AQI|=1. For this, it enlarges Maxwell by associating a fields set {A,,U,,V }. An

electromagnetic system with four intermediary bosons is proposed. It introduces a new electric charge physics, a new
electromagnetic transmission and a new photon physics.

Thus, this work says that, while Maxwell electromagnetism focus on charge distribution and forces, there is still
room for an electromagnetism based on charge transmission and gauge bosons. A new interpretation on the meaning of
electric charge flux through gauge bosons is taken. Instead of just mediating different nature forces, the gauge bosons
physics should be first understood as a mechanism for transferring energy-momentum and quantum numbers as electric
charge. At this way, for electric charge transportation four connected gauge bosons are necessary. They are the photon,
massive photon and two charged fields.

For this, a whole quantum field theory supported on the set principle is generated. It is based on the fields family
meaning associated to a same Lorentz representation (i, J) and tied up by a common gauge symmetry. Our physical case

are four bosons from (E , E) representation sharing an abelian symmetry. This four set provides the physicity necessary

for transmitting any electric charge value.

A new perception for the electromagnetic phenomena is envisaged. It is generalized for a four fields abelian
Lagrangian made of with antisymmetric and symmetric fields strengths, producing three and four abelian vertices, and
generating whole relativistic equations with seven new features. It holds a dynamics carrying spin-1 and spin-0, based on
granular and collective fields strengths, set determinism with directive and chance, quanta network, nonlinearity, neutral
charges, photonics.

A new scale for electromagnetic interaction is proposed. New intensities and range are derived through coupled
nonlinear equations, massive particles and the presence of coupling constants beyond the electric charge. A light
universality is obtained. Light becomes an absolute (light invariance), ubiquous (couplings constants diverse from electric
charge), directive (fields set vector), contingencies producer (relativism and chance), inner light (selfinteracting photons).

1 Introduction

Maxwell equations are originated from electric charge and derive light as EM fields propagation. They provided two

=3.10° m/s and the light

historical measurements at 19th century. They are the light wave propagation C =
Ho&o
invariance. These facts have fixed the physics of our time.
Nevertheless non-Maxwell models have been developed by taken Maxwell equations as starting point for the
electromagnetism enlargement. The search is to look for a more complete set of equations describing the EM phenomena.

The challenge becomes how through light symmetry to expand Maxwell equations. Symmetry works as the Ariadne’s line in
physics. However, we should take care how to move through this electromagnetic labyrinth. Not lose its physical context.

Under this challenge, a new fact appears from the electric charge flux. While at 19" century Maxwell introduced

by hand the displacement current, at 20th century the elementary particles processes contain a new observation for
electric charge conservation law. The electric charge flux moves not only through Maxwell transmission AQ =0, but also,
through a non-Maxwell transmission | AQ |= 1. Consequently, given this experimental fact, the EM phenomena should not
only be partnered only by the photon. A new EM through four messengers becomes necessary.

Historically, light symmetry opened three phases for physics be developed. The first was Maxwell and the electric
charge; the second, relativity and the space-time, matter-energy correlations; the third, Lorentz group and the spin. We
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understand that there is still room for a new physical approach from light symmetry which is the existence of fields families

11
inside of each LG representation. This lead us to introduce for the {E,E} representation the fields family

Aﬂ| ={Aﬂ,Uﬂ,Vj}. It provides the four messengers required for conducting the electric charge flux at microscopic
processes.

Thus, the objective of this work is to develop a non-Maxwellian model able to transmit AQ = 0,+1 under four

gauge bosons. The paper organizes such new electromagnetic performance as follows. In section 2, the Four Bosons
Lagrangian is reintroduced. Based on Lorentz group and gauge invariance the physical structure previously developed is
considered. At section 3, historical non-Maxwellian Lagrangians are recapitulated in order to compare their nonlinearities
achievements with this work results. At section 4, whole relativistic fields equations are derived. Charges associated to every
guanta are obtained diverse from electric charge. Section 5, introduces a new photon. Being the singular quanta where light
invariance is expressed the photon is understood as the fields set directive. It yields that its corresponding Euler-Lagrange

11
equation is combined to the symmetry equation associated to representation {E,E} At section 6, one explores on the

symmetry management. As example, one composes the ratio between the collective and the granular energies. Section 7,
separates the spin-1 and spin-0 dynamics inserted in the theory. At section 8, one analyses on the consequences from the
four bosons electromagnetism model on the three basic EM elements (electric charge, EM fields, light). At section 9, the
corresponding Global Maxwell Equations are studied at vectorial form. The effective photon vectorial equation is expressed
at section 10. At section 11, nonlinear EM waves are considered. As conclusion, highlights about this extended EM are taken
at section 12.

2 Four Bosons Lagrangian

Electromagnetism is a physics based on light invariance and charge conservation [1]. Its standard model is
Maxwell theory [2] which builds up a granular and linear electromagnetism. The challenge is to go beyond. Different efforts
occur in literature regarding non-Maxwellian theories. Actually there are 42 models proposing new electromagnetic
performances [3]. Our objective is to study on the four bosons electromagnetic model [4]. While Maxwell works with electric
charge distribution one extends to the electric charge exchanging. For this, consider four messengers

A, ={AU, ,V;} under U(1)xSO(2) abelian symmetry sharing a common gauge parameter
A=A, +kd,a,
U,'=U,+kd,a.
Vi'=e"Vr +k.0,a,
V,'=e "V, +k0,a. 2.1)

Eqg.(2.1) means an enlarged abelian symmetry [5]. It introduces the presence of different potential fields in the same

1

1
{—,E} Lorentz representation tied up under a common gauge parameter. The Maxwell basic abelian symmetry is

2

preserved and a charged nonlinear abelian gauge theory is generated [6].

The effort of this work is to discover a path for EM physics through the light metric
C2t/2 _ X12 _ yf2 _ Z!Z - C2t2 _ X2
Wigner-Lorentz group and now we would like to understand through a fields set. There is a new EM proposal to be
understood where differently from Maxwell, the electric charge will be transported through four bosons.

— y2 —72 Historically, light symmetry guided Maxwell equation, Einstein relativity,

Eq.(2.1) provides the following whole Lagrangian

L=L,+Lg +L,+L (2.2)

where eq (2.2) proposes an electromagnetism which physics foundation is on the energy momentum and electric charge

transferring based on four messengers. They are the photon field- Aﬂ massive photon field-U u massive charged photons

fields-Vﬂi originated from a fields family derived of light invariance. The task here will be to investigate its performance on

the three EM elements which are electric charge, EM fields and photon behavior.
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Our study starts with the Lagrangian kinect term. Separating in antisymmetric and symmetric sectors, it gives
— 1A S
L, =L + L (2.3)
where

Ly =aF, F*+aU, U"" +2aV V""", (2.4)

S - 1 1 2 2 +
Ly = b(ll)SﬂVS”V +b(22)SWS’“’ +2b(33)SWS”V_ +
+C, 1SS +¢,,S#*S "2 + 2, S S "2 +2¢,,,,S TS (2.5)
Q)= pu “v @)= pu “v 12)=u “v B3)=u v 1 )

with the following fields strengths definitions

F.=0,A -0A, u,=0U,-0U,  V; =0V -0V,

1 _ 2 _ + __ + +
S,,=0,A +0,A,, S,,=0,U,+o,U S, =0V +0V, . (2.6)

o
I . . Co
where separately SW tensors are not gauge invariant, but as a summation it is.

The gauge-fixing term is

1 a1 P 1 .
LGF = Z 5(11)551& 1y Z ég(zz)S:ZSV 24 E 5(12)85181, 24 E §(33)S;7 SV . 2.7

Notice that eq.(2.7) does not necessarily cancel degrees of freedom in order to establish the gauge fixing condition.

The mass term is
L = _%yjuyu “— NV (2.8)

The corresponding physical masses are that ones associated to the poles of a two point Green functions.
Consequently, eq.(2.3) is a model where the spin-1 transverse sector carries a massless photon, a massive photon and two
charged photons with the same mass. Similarly for the spin-0 longitudinal sector. Interestingly, the spin-1 and spin-0 families
provide a quanta diversity. The associated masses and residues in the transverse and longitudinal sectors are differentiated

[7]. As result, this enlarged U(1)xSO(2) gauge invariance produces a model unitary [7], renormalizable [8] and
phenomenologically diversified. It provides a healthy phenomenology to be understood through their whole relativistic
equations and propagators.

The interaction Lagrangian is composed of a trilinear term and a quadrilinear term
L =L+L, (2.9)

Eq.(2.9) is over terms originated from the generic field strength ZW = Z[#V] +Z(#V) where

—_ + - — | al (74 . .
Z,,=F,, +tU,  +V +V, +7,, ad Z,,=5S,+9,0S; +2,,+9d,@, . Physically, aside to
granular fields strengths at eq.(2.6), it contains a collective structure from the fields set. It introduces the fields

— I pAld . . . S . .
conglomerates ZW =7y AﬂAV , which antisymmetric expression is given by the following six tensors
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O Z[lvz] Z[lv+] Z[lv_]
—_ Z[lrz] O Z[21+] 2[217]
T g g gl (2.10)

g =2 gl 0

and with more 10 symmetric tensors.

1) @2 L0 S00)

Z Z
Z(1,2) Z(2,2) Z(2,+) 2(2‘_)
Z(uv = L0 S0 S ) (2.11)

Z(lf) Z(Zf) Z(t*) Z(*ﬁ)

Similarly, for @, = T(U)A; A% coming from the generic symmetric tensor.
Considering the three vertices case, it yields two abelian terms which are separately gauge invariant

L=+ (2.12)

where

[12)4” [+—14Y ()Y

L(? :4(blev+b2va) z +4(b1F,uv+b2va) z +4(181 +IBZU,uv) z

-4V [-24Y [+]4Y [+24Y

+4b Vv, (z +z )}+4b{v, (z +2z )}
(2.13)

and

ALY QMY @2V

L =2(8S,,+BS., (2 +2z2 +1z )

1) 2 @2

+2(pS M +p,S )z 422 )+ 7))

12) (22)

LA+ A4S+ (B, +40)S (0 20 @ !

(FLHY (=M +-3HV

+8BRe{(z +z )S;}+4z (BS,,+/;S,)

(-1) (=2) (-1) (-2)

+8p;Re{(z [+ 2 ))S/ " }+8(Bs +4p,)Re{(w [+ @ )S "}

+-3 + +-3
+47 /(S +p,S )+ MB +4p) 0 S+ 4B, +4p,) o S 2.

(2.14)

The four interactions are expressed as
— 1A S
L, =L +L, (2.15)

which are separately gauge invariant pieces. It gives,
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[12] [12] [12]1 [21] [13+] [13-] 23+] [23-]
— Hv MV H v H v
Ly =2z ,,2"+2z ,,2"-4z 'z -4z 7]
[13+] [13-] 23+] [23-] [13+] [23-]
v uv y72%
+t4z ,,z"+4z 72 "+8z , 2

[13+] [23-] [12] [13+] [24-]

-8Re{z / z }+8z #VRe{z y+8im{z z }

I S D e I s S I e
+2z ,,2"-2z ,,2"-4z7 /7]

s_ W ey ey ey oy ay e e
L=z ,2z"+z ,,2"+27 ,0"+27 o

@ @ @) (2) 1) (@2 12) (2
y72% y72% v uv
+4a)wa) +4a)”va) +4zﬂvz +4zwz

a2 12) (@2) ay @ a2 @2
nv uv uv uv
+8z ,,0"+8z  o"+16w , 0 ""+16w , @

a1 (@2 2 @2 12 @2 12 @2
uv uv vu vu
+2z ,,z2"+2z ,,2""+8z , 0 "+16w , @

11) (22 11) (2) (12) (12) (11) (22) +-3
7] 14 7] 14 vu nv
+4z#a)v+8a)ﬂa)v+22ﬂvz +4(zﬂv+zﬂv)z

(13+) (@13-) (23+) (23-) 13+) (13-) (23+) (23-)
tdz Jz ) +4z 7z )+167 o 41627 o

13+) (13-) (23+) (23-) 13+) (139) 23+) (23-)
+R2w o +320 o +42 ,,72"+4z 72"

(13+)  (23-) (11) (22) (11) (22) 12) 12) +-3

uv H u u u u u v
+8 1z z “"+8{z j+ 7 [+20 420 |+27 [+4o Jo |

uv
12) 13+) (23-) 13+) (@13-)

+81z Re{z “}+8Re{z § z J}+32Re{z | @ )}

(13+) (23-) (13+) (24-) (23+) (14-)

+64Re{w | 0 J}-8ImM{z , ® "}-8Im{z ,, & "}

a3+) (24 (14+)  (23-) 13 (@4)

~2I{ o ,, 0 “}+32mo ,, 0 “Y+4dn{z ,, 7 "}

(14+) (23-) 14+) (239 (24+) (13-

—4m{z ,, z "}+8Im{z , 0 "}+8Im{z | @ "

T, ) () ) (=)

+2{z 2z 0"~ 0"}

G I G B GO B G (=) 3 44
-1{o ,, 0"~ o , 0 “}- 4z”z ,+8z )

+-3 +-4
u v
+160 /@ )
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Eq.(2.9) was chosen to be described through a formalism which expresses the original Lagrangian at eq.(2.2) in
terms of granular and collective fields strengths. At Apendice A it is written in terms of potential fields. Nevertheless, given
the dualism individual collective present at this model, we prefer to write eqs.(2.12-2.17) as made of by a composition
between individual and collective contributions. For this, it was necessary to define the collective fields strengths

expressions at eq.(2.10) and eq.(2.11) as
@ansv @24V

z =y AA, 2

@uHY )

Z =y, UIA

(12) [124v
H—= H
Z y—;/(lz)AyU , Z

A3+)4V (13-)HV

= 7(22)U “U V, Z
Z u= YanAA

= 7[12]AﬂU 4

@zxv

(@2)

14V

13+)#V .

z =y.aAVT, oz ={z

14+)HV 14-)1v

z =y AV, 2 ={z

[13+]#V

Z7 = }/[13]A”V "

[13-]4V

[L4+]#V

Z  =yuAVT

[14-]4V

@3+)HV @3-)Hv

Z  =y,aUVT, 2

@4+ 1V @4-)Hv

Z =y, 2

z ={

z ={

} = ranAVT,

(14+)HV .
} =VaAVT
[13+]#V .
—_— V-
z )} =ragAVT
[14+]14V .
—_— V-
z } - 7/[14]AN ’
@31)HV

E{Z

@24+)

E{Z

¥ = Yea '™V,

uv

¥ = Yea ™V,

[23+]4V 314V [3+]HV
_ v+ _ * v—
z =V oz ={z } =y UVT,
R4+]HV R4-1HV  a+]HV
_ v+ _ * v—
z =r VT oz ={z } =V,

=34V 43UV

+-3HV

V4 E}/(Bg)\//”vv_, z ={:z }*:y(as)V”—VH,

Ty yY

(+)HY . (— )MV
z  =—lyeVVT, z
[+-147 [
_ HHA\ [ V-
z  =-yViVYT, oz
(+1)H#V
— H v+
z =Yz T17an) AV,
(+2)HV

VAN (7(23) + i7(24))U A'AR

[+1]#V

z =Ygy +Hirpag) AV ,
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[+2}4Y 21V 2y

Z = (7[23] + i7[24])U vz ={z }. (2.18)

Similarly, we define @ -fields by replacing, in the above definitions, Z by @ and y by 7 . For example:

an~ @2~ a2
— a — a _ a
a)a =T(11)A A(Z’ a)a =T(22)U Ua, a)a =T(12)A Ua,

432 (+1)*

Oa =TV, 0a=(145+174,)AY,, (2.19)

and so on.

Thus, eq.(2.2) performs a physics composed by granular and collective terms. However, it should be understood
that, although eq.(2.12) and eq.(2.15) are gauge invariant, every collective term expressed in eq.(2.18) does not necessarily
preserves the symmetry, unless under some circumstances. The corresponding gauge invariant collective physical terms
under eq.(2.1) transformations are:

Gl . Gl Gl
Zuv = T + gy (2.20)
where
o [12] [+]
Z[,uv] = 2 z [,Uv]+2 YA [zev] (221)
and
(11) 22) (12) +-3
28 = 2t 22 7 (u+2 2 2.22
(uv) uv nv (1v) (uv) (2.22)
and
(GI) (11) 12) 12) +-3
wlmotor20+20° (2.23)

Under the conditions
Vs = Yaar = Yea = Ypay = 0
Yasy = Yaay = Vesy = Yeay =0
V@3) = Vs
Tas) = Taay = Ta) = Ta

T@3) ~ Twaa (2.24)

Expressions (2.20-23) are the collective physical fields. They are expressed by the Bianchi identities, eqs.(4.51-2).
Notice at Apendice A that the restrictions coming from eq.(2.24) do not change Lagrangian shape at eq.(2.2) and their fields
interactions according to [7].

Another aspect derived from symmetry is on the electric charge conservation. It is the basic relationship for
describing the electromagnetic phenomena. Maxwell has introduced by hand the displacement current, nowadays gauge
symmetry become responsible for its implementation through an abelian gauge symmetry. Following this logic, one
introduces through eq.(2.1) different potential fields sharing a common gauge parameter. And so, from such interconnected

11
abelian fields set, one derives the charge conservation law. Given the four fields inserted in the {E,E} Lorentz Group
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representation, eq.(2.1) gives the following global Noether conservation law

0,J

H

Zx

=0
where

-2 2plval (1)) (—2)(va)
iV, [cV™ +¢,S™ +¢c,(z +2z )+c,(z +2z )+

I

2 D 2
+9"(CsS, " +CeSy " 6,8 +Cy(Z 2 D)+ G f+ @ ) - N ]+

[+l e2plvA 1)) (2)(v)

=V, [dV™* +d,S"" +d,(z +2z )+d,(z +z )+

+1)  (+2) 1) (+2)
+9"(dsS," +dsS;* +d;S; +dg(z J+ 2 )+ dg(@ f+ @ )~ N}

Eq.(2.25) means the convective electric charge current associated to the fields set {Aﬂ,Uﬂ,V;}. It is the
primary equation from where the electric charge must be observed. It shows how this model expresses the electric charge
physicity. First, the electric charge factor is denoted by the parameter ( = €, where € = 1.6.10™°C and g, is the

charge values associated to fields V; . Then, it shows a JD dependence not only on charge fields V; , as also, on

neutral fields A, and U . Third, on collective fields. Adding to that, the gauge invariantterm L, = eJ/'j (Ay +Uﬂ) can
be introduced at eq (2.2).

Overall, the Lagrangian (2.2) introduces new features for the electromagnetic phenomena. It opens it for
antisymmetric and symmetric fields strengths, granular and collective fields, massive particles, nonlinearities, coupling

constants beyond the electric charge. It also incorporates free coefficients as a,, b(ll) and so on, which can take any value

without breaking symmetry. They are carrying the meaning of chance in nature. It also yields a photon behavior that crosses
Maxwell frontier. It contains trilinear and four linear photon vertices with a coupling constant not depending from electric
charge. Eq.(2.2) enlarges not only Maxwell, as extensions being proposed in literature by London [9], Born-Infeld [10],
Euler-Lagrange [11], Proca [12], Podolsky-Lee-Wick [13], Kalb-Rammond [14], Yang-Lee [15], Salam [16], Standard Model
[17]. It modifies the three basic EM elements: electric charge, EM fields and light. A new understanding which will be studied
at next sections.

3 Non-Maxwellian models

We should understand where eq.(2.1) makes difference. Historically, different tentatives have happened in order to
improve Maxwell equations. Literature has been developing 42 non-Maxwellian models for crossing Maxwell frontier.
Therefore before working out on the four bosons electromagnetism we should make a brief analysis on the present status of
other non-Maxwellian models.

Recapitulating, non-Maxwellian models started in 1930 decade with Bohr-Infeld, Euler-Heisenberg. At that time the
idea was to understand the relationship between spin, charge and mass and the meaning of vacuum polarization. Then,
working with the electron-positron pair creation come up the nonlinearity presence as considered by Landau [18], Delbriick
[19] and others. Something was pointing out that Maxwell should be surpassed.

Since most of physical systems are intrinsically nonlinear in nature a new EM behavior was expected. A solution
was to make Maxwell as a nonlinear expansion. Introduce higher orders terms in a Lagrangian based on two Lorentz and

gauge invariant terms F and G.tit gives the generic non-Maxwellian model

LEL(F;G)
with

F=FZ :(E*-c’B?)

G= FWIE“’V :(E-B) 3.1)
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Eq.(3.1) summarizes different nonlinear approaches as Born-Infeld, Euler-Heisenberg, exponential-electrodynamics[20],
logarithmic[21], arcsin-ED[22], power-law-ED[23]. Three particular cases are

L, =F+G (3.2)
(3.3)
(3.4)
2.3
where f , 0 are parameters depending on physical constants as M, €, C,h and & = ’ is called as the critical
€

field. It is the field strengths at which Dirac sea electrons are expected to tunnel into the continuum and produce
electron-positron pairs. In modern terms it is the Schwinger critical field that sets the threshold for non-linear QED to become
relevant.

Three fundamental points has motivate Born and Infeld to their theory, eq.(3.4). They are the principle of finiteness:
a physical theory must imply only finite measurable entities. Parallel to relativity: the Lagrangian is deduced mimicking what
happens in relativity where the kinetic energy must take into account the light speed upper limit for velocities. Unitary
principle: it exists only one physical entity, the electromagnetic field; matter particles are considered singularities in the field
and mass is a derived notion expressed in terms of electromagnetic energy. (electromagnetic mass)

The corresponding generic equation of motion is [3]

oL oL ~ .
] Al YN 35
(aF pre )= 1] (3.5)

which express a photonic equation beyond Maxwell with j" an external current. Instead a passive photon that just
propagates, it introduces a photonic charge expressed through the continuity equation

oL oL ~ .
0,0, —F""+0,0,—F*""=0. 3.6
o oF oG : 9
and with the following expression in the energy-momentum tensor
a/l®£ = IUOjVch (3.7
where
" = a F“F, + e MR SHL (3.8)
oF oG

A light electromagnetism appears. A step-forward with respect to Maxwell through nonlinearity was given.
Differently from Maxwell, eq.(3.1) shows an alive photon: a quanta producing its own EM fields. It generates photonic charge
and current with selfinterating photons. Nevertheless due to QED renormalization in the forties these models lost interest.
They become considered just as effective models. The main consequence on the photon interpretation was lost and it came
back to be defined just as in Maxwell and QED[24]. The nonlinearity became underneath until these models came up derived
by Tseytlin from superstrings[25], and by Denisov[26] who studied the atom emission through Born-Infeld.

A brief comparison between these classical nonlinear models and the four bosons electromagnetism should be
taken. Besides questions with respect to renormalizability and unitarity these old models contains nonlinear restrictions.
Their selfinteracting photons are restricted to quadrivertices, dimensional coupling constant and preserving the electric
charge dependence. Therefore, eq.(2.2) is more than a nonlinearity revival. It brings two qualitative differences. The first one
is on three photon vertice[7]. The second one is the photon coupling without electric charge. These structures are more

physical for studying at tree level the experimental scatterings yy —> e'e, ee > yy and yy —>yy.
4 Whole Relativistic Equations

Recapitulating, light symmetry holds laws as Maxwell equations, Relativity, Lorentz Group. Then, keeping in mind
its Ariadne’s line we should go beyond. The next step is to develop a non-Maxwellian model. For this, we have to take in
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1 ap

—w X
o M — (a2

account not only Maxwell and relativity but also the group algebra. The global symmetry AV = (e

than Lorentz transformations and defines a Lie Algebra. It commands the spin quantum number physics through fields spin
representations, relativistic equations (Klein-Gordon, Maxwell, Proca, Weyl, Dirac, Rarita-Schwinger, Pauli-Fierz), gauge
symmetry (cancellation of spurious spins from LG) and CPT theorem (LG and spin statistics). Now something more is
expected to happen.

aﬁ)ff goes further

Then, pulling out the light invariance Ariadne’s line, one gets a fourth situation where to each irreducible Lorentz
representation is associated a fields family. It introduces the presence of fields grouping or Lorentz specie[27]. They are
fields set sharing the same spin representation. A whole quanta physics is encountered. An origin where these fields families
are germinating a whole relativistic dynamics[28]. They are systemic equations introducing a physics based on a group of
fields under a same Lorentz nature and to be developed under a common gauge parameter.

11
Thus, one takes the {E,E} representation through a common abelian gauge symmetry. Preserving the two

basic electromagnetic postulates which are electric charge conservation and light invariance, eq.(2.1) extends the Maxwell
minimum set. Based on an enlarged U (1) XSO(2) abelian symmetry a new electromagnetic performance is expected to

be derived with new features for electric charge, EM fields and photon. For this, the corresponding whole equations of
motion will be derived at this section.

The fields set abelian gauge symmetry develops a system with coupled differential equations which can be
systematized either through primitive equations or by basic equations. The first one, means that ones directly derived from
eg.(2.1), as the Euler-Lagrange equations, Bianchi identities, Noether equations. Classically, there are 15 primitive covariant
equations. They are 4-Euler-Lagrange equations of motion associated to each field, 3-Noether equations, 4-antisymmetric

granular Bianchi identities where each one is associated to a given field A;u , 1-antisymmetric collective Bianchi identity,

2-symmetric Bianchi identities, 1-kinetic identity [5]. As basic equations means equations which are appropriated
combinations from those primitive equations.

Physically, it is required a dynamics which splits the spin-1 and spin-0 sectors. For this, we should avoid
symmetric tensors due to they are mixing transverse and longitudinal terms in the equations of motion. The kinetic identity

0,8 =0 F*' +n*0,8% and the symmetric collective Bianchi identities
25‘,2(‘2 = —GHZ(‘;) +7a J)ALS::J +2y, J)NS;J are combined with the original primitive equations. As result, it
separates the transverse and longitudinal dynamics. It obtains the following generic expression corresponding to the basic

1
equations of motion inserted in the representation {E ) E}

o, (F*+2M")+0#(S& +22) +M#* +1# +¢c* = j* (4.1)

Eq.(4.1) performs the physical dynamics. Three structures appear. First, the space-time evolution shows separate
transverse and longitudinal sectors. From Lﬁ and Lg\, one gets that F[W] and Z;,, tensors develop a spin-1

dynamics, propagating granular and collective fields; similarly, for a spin-0 dynamics SZ and ZZ‘ from L|S< and Lg.

Second, there is a whole physics where nature works individually and collectively. They become variables correlated by
space-time dynamics. The individual-collective dualism is the new significance. By third, it is feed up with own physical
sources. They are the massive, London, conglomerate and nonlinear current terms.

Analyzing over the source terms, first appears the mass term. It yields a Proca EM with the difference that here
masses are introduced without breaking gauge symmetry[5]. Something different from Maxwell-Higgs|[3],
Podolsky-Lee-Wick[13], Kalb-Rammond[14], Higgs mechanism[29].

The London term corresponds to the L scalar fields composition

- u — v
II =gLA" L L=AA (4.2)
The conglomerate term means the M jk tensor fields matrix representing the polarization and magnetization
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Cl' =gxM A" My =AA (4.3

The associate current term involving derivative takes the form

it = 1XEA, (4.4)

where X [‘" is any field strengthas F*", S*", SZ and so on, with f; as the corresponding coupling constant. For
the particular case where the current is expressed as

ir=10,(ANA -AAY) (4.5)
the current can be rewritten in terms of the spin operator
iy =0, (A" (=), A) (4.6)

where (zaﬂ)\/j = _i(5:ﬂaﬂ _7705\/5:71

The corresponding continuity equation is:
WSS +z2)=0.(j—M —1-c) 4.7)

Eq.(4.7) is denoting on conserved charges. It reads up that every gauge boson inserted in the fields set develops
dynamically its own charge. It shows on the existence of different sources beyond electric charge. Another sources for the
electromagnetic phenomena are provided where electric charge is not anymore the only one origin for the electromagnetic
phenomena.

We should now investigate on the equations of motion corresponding to every field. For field- Aﬂ (photon),

0, (R + 2y +0"(S 7y +250) +14 +cx = Ja
where the antisymmetric sector is given by:
F =aF"™ (granular),

1y A0 N e | L7 ()bl
2 =a,(z +z )+a, z (collective)

and the longitudinal sector by
S%, =(a,8* +a,S %) (granular)

1) @2 12) (+-3) 1) @2) 12) +-3 )
zama(z+z2+422+2 7 D)+a (o + o +20 +2 o [)(collective)

The so-called London term is represented by 4.

1)) @2)(va) (22)02) @1)(va) 12)02)
l“=-A{f)z +frz +flz +flo +flo +

(2) [L2jtvad @2)val @1)(va) v @2)(ve)
0“(flo}-U{f,) z +f o +f’z +1°z +
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(22)(v) @1)(va) @2)(ve) (22)0v)
U U U
+fgz +fy 0o +f, 0 +fy0 }

and the conglomerate term Cj is

+-30) +-3 [+-1041 +-300) +-3

ca=-A{fz +9"({ o N}-U{fy z +f’z +9%(f; 0 }+

3-j«v1 R3-10v4 23-1(v1) [R4-]V# (13-)4Vv
-v{f,, z +fz +f z +f5 z +f5 2z +

@3-)[v4 (23-) () (24-)(v4) (23-)V# (4-)vi
"

+ + + +
+fy z +fy5 z +f, 2 +fl 0o +f, 0 +

[13-] [23-] @3-) @3-) 3 @3-)
Vv + a + a + a + a + o + o
+9"(f, z S+f, z J+f 2 S+ 2 S+t o D+l oo D)+

3+ L [3+bd L 234101 , RaH L @3nHY
v {f) z +f5 z +f5 z +f5 z +f7 z +

, @3 L @3)() L @an0m) L @3 L @4
+f z +f z +f, z +f] o +f, o +

[13+] [23+] (13+) 23+) 13+) 23+)
7 +* a +* a +* a +* a +* a +* a
+9%(f, z J+f, 2z S+ 6 2 S+t 2 D+ fy o S+ o )}

The non-linear current is
ji = ALFASH + g (fS 2+ £AS %)+
+U {fF*+ fPU™ + £2S"2 + g™ (S )} +
+V LV + 78"+ g™ (fRSs )+
ARV 7S 4 g (S}
where the parameters 51, flg* are defined in Apendice B. The same for the equations of motion to be studied below.

The corresponding continuity equation is
W(Sa+2:) =0.(Ja+14+Cy)

For fieId-Uy (massive photon),

3, (R +2[") + 0" (Say +205) + M+ +15 = i (4.8)
Sector-T:

F.“ = bU " (granular), (4.9)

_ e b (vl

z2i"=b,(z +1z )+b, z (collective) (4.10)
Sector-L:

Si* =b,S* +b,S*? (granular) (4.11)
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_ oy @ (+-3)
2o, =b(z2+2 5422242 2 )+

_oan @2 12 +-3
+th(wi+o+2w +2 @ 7)(collective) (4.12)
Sector mass:
=m;uU* (4.13)
Sector-London:
[L2jiv4l az2)lv4 @1)(va) @2)(ve) @2)(ve)

Ii=-A{9, 2z +0/@ +08z +0,z +0gz +

(11)(V/4) (12)(!41) (22)(vu) (1 1)0va) (12)(‘//1)

+gg +g4 +gloa) +-u {gz +292 +

(22)(1’/1) @2)(ve) (22)(v)
+0, +0; ® +20; o +9V”(93 “)}

Sector-conglomerate:

[+_][Vﬂ] +73(V/4) +— 3(V/1) +-3

¢y =-A{0s z +9;z +g”“(g4 "‘)} U{29; z  +209; o 3+

[13-14V [14-]VH [23-]4V @z v @a-)(ve) @31V
+v{9, z +9, z +9,z +9,Z +0;,z +0s z +

13-)VH @4-)(va) 13-] [23-] 13-) @3-)

[
+0y @ +0p @ +9™(-0; Z J-0, Z J+05 Z J+05 Z ;4

a

3-) @3-) 13414V | [y L [2314Y

+0; @ 405 0 DV, {9, z +95 7z +9, z +

@3+)(va) @a+) () @3+)HV (13+)VH (14+)(V#)
+* +* +* +*
+0s Z +0, Z +0g Z +0, @ +glo w +

[13+4] [23+] L (13+) @3+) L @34) L @34)
v +* a +* a +* a a
+9"%(-9, z ;-9, +gs Z ,+0g Z a+98 Q) +ng o )}

Sector-current:
i5 = AL F" +9,U™ +958" +9"(912S,." + 9558, 1)} +
+U, {97 S™ +9"(09, S + 05 Sy )V, {9, V™ +0:8™ +9™ (915, )+
+V,{g, V' +97S™ +9"(0,, Sy )}

11 %

The corresponding continuity equation is

WG, +z5,)=0.(j, +1, +c, + M)

For fieId-V/;r (massive positive charged photon), with coefficients related at Appendix B, one gets
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0, (F*+ 21+ 04 (S2 +22 )+ MH“ +1# = il (4.14)
Sector-T:
F* =¢cV"™ (granular) (4.15)
-1 —2pbvd
"'=¢,(z +1z )(collective) (4.16)
Sector-L:
SZ =C,SS, (granular) (4.17)
1) (2 - (2
2. =C(z+ 1z )+C (o J+ o J)(collective) (4.18)
Sector-mass:
M# = 'u\fv u- (4.19)
Sector-London:
11) 22) 1) 22)

I“=v*{h(z+z24+20+20 )}

Sector-conglomerate:

[L3-]V# [23 _lved @3-)[v4 [24 104 [23 _10)

=A{N z +n} +h} z  +hf +h? +

@3-)(va) (23 y(vee) A (4-)1V @3- 1V (4-)H1V
+hz +h*z +hlz +hi o +h o +

A 3] A[23] A(za) (13-) (3-)
+9"(-h, —h, “+hy z +h13 1) +h13 @ S+
[13-]4V [L4-14Vv [23-]4 a3-)Hv @41V

+Ufh) z +hl z +h} z +nh z +n oz +

@3)HY (A3)HY 14KV 13-] [23-]
+h z +h o +h) @ +gv“(+h12 z °-h] z

a

+

a
o
13- (23-) 3 2l

23
+h z 2+hy 2 +h12 a) +h12 “)}+V Ah, 2+

. () @2)(v1) @2)(v#) +-4(v20)
+h,S"™+h; z +h;z +h;z +2h; z +

[+—104) (+-) ) @2 12) [+
+h; z +hy o +09"Q2z +4w +h, 2

a

(+) -
+hy, z +h14 ”‘)} (4.20)

Sector current:
iy = AV RIS+ g (S )}

+U {n'V"* +h S + g™ (h)S 2 )3+
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+V o F¥ +h U™ +h, S +h S + g (hy S +h ;S %)} (4.21)

The corresponding continuity equation is

WSS +z22)=0.(), +l +c, +M),)

For field-Vy_ (massive negative charged photon),

0, (" +z2")+0"(S +2 )+ MA +ct +1 = jr (4.22)
where Sector-T:

F™* =cV"™", (granular) (4.23)

[+lval  [2glval

"=¢,(z +1z )(collective) (4.24)
Sector-L:

SS =C,S.", (granular) (4.25)

(+1) (+2) (+1) (+2)

2, =C,(z + 7 )+C(w + o )(collective) (4.26)
Sector-mass:

M* = 22V (4.27)
Sector-London:

(11) (22) (11) (22)

“=V*{h (2 2+ 242w *+2 0 )}

Sector-conglomerate:

LS 23+10#4] , @30l o Ra+0v4]
c“=Af{h, z +h z +h z +h" z +

- [23+](v4) " @3+)(va) A @3+) () e @ADHY @3+)HV @4+ 1V
+h"z +hz +h*z +h z +h o +h] o +

[13+] [23+] (13+) (23+) 13+) (23+)

1
+9" (=" z “~h 2 2+hY oz +n 2 f+hf o f+h o O3+

[13+]ﬂ v [L4+]#V [23+]"# @A3+)#V
u* u* u* U*Qvu+ u*
+U {h, +hy z +h, z +hS™+hy z +

U (14+)HV . (23+)HV (13+)l“’ (14+)HV
+hWz +n" 2z +h e +h) o+

U [13+] U [23+] U 13+) U 23+) U 13+) 23+)
7 a * a * a * a * a a
+g/u(+hlZ z a_h4 z a+h8 z a+h8 z a+hlZ @ a+h12 )}+

[12][\/#] (11)(V#) (22)(1/#) (12)("#) Lt 4(V/l)

+V,{h” +hy” +hy” +h” +2h;” +
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N [+—102) . (+=) () 12) 12)
+h z +hy o +9%Q2z+4w )} (4.28)

Sector-current:

j\;j_ = A,{hLAV v+ + hGA*Sv;H + gv,u( AZ*S;+)}+
+U {h VTS 4+ g (h) S S )
VAN F +h U™ +h7 S +h 'S + g™ (hy S +hy S2%)}

The corresponding continuity equation is
WSS +z2)=0.(]. +1.+M_+c)

These whole equations provide five features. They are set space-time evolution, potential fields physicity, fields
conglomerates, fields sources, neutral coupling constants. The first one, corresponds to fields strengths evolutions on
space-time, with granular and collective, transversal and longitudinal electromagnetic fields propagations. The second fact

on these equations is the explicit presence of the Am fields. They are not more the subsidiary terms prescripted by

Maxwell and Heaviside in the 19th century. They provide relationships as AHF”V at eq.(4.11). The third one, is on fields

relationships with masses (Proca) and just between fields (London scalars, polarization and magnetization tensors). The
fourth one, is on non-linear currents acting as fields own sources, for instance, the photon field interacting with its own
electric and magnetic field. The fifth aspect is the presence of couplings constants beyond electric charge.

These five basic aspects are expressing the four bosons electromagnetism. There is no more individual dynamics.
These four fields are interlaced providing a whole causality. A set determinism with granular and collective fields. The whole

relativistic equations are implementing a new relationship between EM fields and sources. The fields set {A#,Uﬂ,V;}

shows a physics where each field space-time evolution is associated to a source depending on the fields set. Consequently,
electric charge will be transported through four messengers, bringing new aspects on its conservation law, conduction,
transmission and interaction. New couplings constants appear. As result, the EM fields transmission contains variables and
expressions different from Maxwell. A new light physics emerges. Photon becomes an active element in the EM
phenomena.

Nevertheless, there is still a fifth equation of motion. It is called as the symmetry equation derived from Noether
theorem[4]. It gives,

4
0,K"+J{ =0, KV”EZK.L (4.29)
1=1 a(avA//I)
Taking
Vi — [zev] ~( %] a
K™ =K¥"+K¥" +g,,KJ (4.30)
one gets the continuity equation
0,0,K" +WK® =0 4.31)
which gives,
4
DK WS +22)=0 (4.32)

1=1

Substituting eq.(4.47) in eq.(4.1), one gets the whole conservation law
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I 1 Iy — il
k,o-(m +1"+c')=k,0-j (4.33)
where eq.(4.48) means the whole conservation law involving the fields set.

The granular antisymmetric Bianchi identity are

o,F,+0,F, +0,F, =0 (4.34)

P v
where Fﬂl { L HV,V;}. The granular symmetric relationship g, Vm@"sm does not provide a Bianchi identity.

The collective Bianchi antisymmetric relations are:

Gl Gl Gl _
auZ[VP] +apz[ulf] +avz[m] - y[lZ]{UpFVﬂ +UuFVp +Uva - AuUpv - AVUW - ApU “}
+ 2l M{V D/V; +VVW/p*ﬂ +V Q/;V} (4.35)
or
0,77 =3, 0,jz=0 (4.36)

Eq.(4.52) introduces a kind of fields monopole. Instead of the Dirac puntiform magnetic charge[30] its fields composition is
more close to the 't Hooft[31] and Polyakov[32] monopoles based on Higgs fields. Monopoles depending on fields contain
opportunities in condensed matter as spin ice[33].

The corresponding collective Bianchi symmetric identity is given by

Gl Gl Gl — 1 1 1
aﬂz(vp)+8pz(w)+8vz(pﬂ)—y(ll){AyS +AS +AS

S v,

+7eU,S5, +U,S2 +U S 1+

uSpv P,

+70{ASE +AS2, +ASE +U ST +U S +U S;

o oS v P

+ +
+2yq5Re{V, S, +V, S’ +V S|} (4.37)
Finally, there is a Bianchi identity similar to eq.(4.52) for a);!

5 Photon effective equation

A whole system with (4+1) equations of motion is derived from eq.(2.1). However, given that the system which flows
in space-time is just with four fields, we should introduce an effective equation in such a way that it reduces the whole EM
system to four equations of motion. Given that, after moving from primitive to basic equations, the next step will be to select
which field will be responsible for the directive determinism. This means that one that assumes the symmetry equation.

A fields set whole dynamics was obtained and we should now identify how light symmetry acts between them.
Recapitulating, the main difficulty from Maxwell equations is on light interpretation. For Maxwell, light is not the beginning
charge is the origin. Thus, a light electromagnetism is still expected to be developed. Our interpretation here is to make the
photon as the fields set directive. The EM messenger guiding the four fields as the group vector.

The physical choice is on the photon. It must be separated between other fields due to the fact that light symmetry
is on it. From the light invariance paradigm a new photon equation must exist. Something where light symmetry choose the
photon as a guideline. This differentiation shall incorporate the eq.(4.44) symmetry equation into the eq.(4.8) photon
equation. Carrying the singular property of being an absolute one should interpret it as the directive set.

A photon effective equation appears. Being the chosen directive quanta, it associates the Noether symmetry
equation with its Euler-Lagrange equation. These combined equations make the photon assuming the directive causality. It
conducts an equation where the photon acts as a whole maker. It gives,

0, (R +2,")+0" (S +20,) + 1 +¢iy = i (5.1)
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where the transversal sector is

F.* =a,F" (granular)

. [12][v;4] [+7][vy] _ (+_)[VM]
=3 (z +12 )+a, z (collective)

and the longitudinal sector is

S5, = (3,52 +2,5.%)(granular)

(11) 22) 12) (+-3) _ @ 22) 12) +-3

22,=a(z2 5+ 2422542 2 Y+a (o '+ 0 2+2 o “+2 o F)(collective) (5.5)

The corresponding London term is
A (22) A3 v 1) b 3
7 )i o a u o a
Iy = A(rg @ J+ 1 @ ) +U (1 @ J+ 1 @ )
The corresponding conglomerate term is

2] [+—1(va) @2)(va) [13-]lv4l 23-10v4] Ra-]lval
ci=A{rlz +rlz o +rtz o+l z o+r) oz o+

A (23-)[v4] @a-)lval @3-)[val a-)lvl . [3+]0v4] . [23+]0v4
+h, Z -, Z -, o —-I; o +r, Z + Z +
" [4+]0v4 . @3n)val " a4 . (23+)lv4 " a4 A 1))
+I, Z +h, Z -, Z -, o -, o +I; Z +
@2)(va) +—3(va) ENCD) @2)v) @2)va) [13-102) 23-1(v4)

+rhz +rhz +rpe +rfo +rthe +rtz w1z o+

R @3-)(v) " @3-)(&v) A 24-)(v&) R (23-)[val R @a-)(v) A [13+](v2)
+h, Z +Ig 7  +6, Z  +h, @ +h, o +I 7 +

" 123+ " @3n) v R @3+) (V) " @4+ () " @3+l " @a+) (1)
+I Z +0h, Z +Iy Z +r, Z +h; @ +r, o +
[13-] [23-] 13-) (23-) (13-) @3-) o, [134]

+9%(-r 7 =1tz farfy z Y4l 7 S o Sy o Sz

o o

a
a

_|_

[23+] . 13+) . 23+) Ax 13+) A (23+)

A* a a a a a
Z J40, 7 40, 7 4 @ S+l o 2}t

— r7

2fval [+—]0v2) @2)val [3-1lv4l [a-jlval [23-]lv4l
+u{ z +r z +rew +r) z 4+ z o+’ 2 o+

y @sz-)val 0 a-)lval g (23-)[val 0 @3-)lval y @a—)lvd U*[13+][V/l]
+r9 YA +r10 YA +r11 YA +r12 (4] +r13 (4] +r6 YA +

b | 3] , asnlvd L aanlbal DI , asnlvl
+0" 2 o+ vz o+ oz +ry o +ry o+

" @a+)b4 0 1)) y 12)0v) y 22)(ve) o +—3(v) 0 @1)(va) y @2)(ve)
+r13 (0] +rl7 YA +r18 YA +r19 YA +r20 VA +r21 w +r22 w +

- a4+ g @1)(ve) v @2)(ve) 0 23-1(v) y @3-y () y a—)(ve)
+h; @ +n; Z +hg Z +I37 Z -y Z +-h, Z
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(23-) () @3-y () a—) (v . [13+](v2) . [L4+](ve) . [23+](v2)
-]z -1y -ry o -rz -r 7z 4+ z
. @3+)(va) L @an0m) . @3+)(va) . @a+)(va)
-z -tz -t o -ty o o+
[13-] [23-] (13-) (23-) 13-)
u U U U U
+9%(rg 2 J+ly Z 40y Z J+0 2 [+, o

L @) U 11341 s 23] U» 039 U @39 R U @)
a a (24 a (24 a (24
thy @ J+ly Z [+l Z 40y Z J4+0 Z J+lhy o j+hy o )+

24 (10l [—2flval [13-j0vd La-10v4 [23-104
+V{r, z -igc,(z +z )+r, z +r] z +rz +

Ra-10v4] @3-)[val (23-)[val @3-)val @a—)lval @1)(ve)
+fz -z +rz +rf o +f, 0 +ryz +
@2)(v4) @2)(va) +—a(va) [+=1020) (+)(va) ENCO NN

+ + + + + H
+0,2 +h72 +rgZ 415,72 +hgo -—igc,(z +z )+
[13-1v4) [L4-1(v2) [23-1(v4) [24-1(v) 13-y 14—y

+ + + + + +
+ry Z +y Z +1,, Z +f z +r,, Z +ry, Z +

(23-) () a-)(ve) @3-)(v) a-)(va) @23-)(#v) 4-)(ve)
+r, 0 +f, 0 +r,0 +r,0 +fj0 +f,2 +

P DU . D S O
+g (_IqCB( z a+ z a)_lqc7(a)a+ a)a)+r29 z

o
a

—+

[23-] 13-) (23-) 13-) 23-)
+

a + a + a + o + a
+ly Z J440, Z 240y 2 2410 o S+, o )+

*[12][141] ) [+l prefival *[13+][Vﬂ] *[14+][V/1] *[23+][V/t]
+V,{r, z +iqc,(z +z )+r, z +r, z  +r z o+

. Ra+]vAl . @zn)lval . @30l . @3+l a4 . @1)(va)
+f z -7z 45z +r) @0 +f, 0 +r;z +
. @2)v4) . @2)(va) . +—alvu) . [+-104) . (=) () . [13+](v2)

+ +

+ + + +
+|’14 z +|’15 z +|’16 z +r17 z +r18 w ++r19 z +

) (+1)0)  (12)(vA) *[14+](V#) *[23+](V#) *[24+](V/t) *(13+)(Vﬂ)
+iqc,(z +z )+rgy z  +r, z +fS 7z +r, z 4+

@4+ () @3+) () @4+ () @3+ (v @a+)(va)
+* +* +* +* +*
+hy, 2+, 0o +f, 0o +1r, © +r, © +

LD @4+) () ) +1) (2 ) +1) (2
+f, o +f, 2 +9™(@qcs(z 2+ z 2)+ige, (o 2+ o 1)+

[13+] 23+] 13+) @3+) 13+) 234)
+* a +* a +* a +* a +* a +* a
thy Z g+l Z J4+ly Z S+l Z J+0) o J+0h, o [)} (5.7)

The non-linear systemic current is written as

je= AR+ U e N )V ST+
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F LS S 1 S+ g (MRS +TAS 2 + 1SS  + 1S ) +
+U ' F* + iU + 0V )V ) S S
RS RS g (S S S S
+V LT 45, U™ + () —ige, )V + 158" +
+ 13872+ (n —igc;)S ™ + 9™ (S +1,,8,.% + (5 —iqcs)S /) }+
+VALTF 457U+ (57 +ige, )V 7+ S+

+1;S 2y (r; +iqc,)S™" + +gvﬂ(r2%*sgl + r;?*S;Z + (rzg +iqc,)S, ")} (5.8)
The corresponding coefficients in these equations are determined at Appendix C.

The whole continuity equation is

W(Solzzw + Z;W) =0- ( jw - Iw - CW) (5.9

Eq.(5.9) provides a photonic charge, the difference for (4.13) is on its dependence on electric charge. Notice at Appendix C
that for some terms the electric charge (or a multiple of that) is the leading coefficient term. Physically, a photonic charge
depending on electric charge is obtained.

Thus, the fields set {AH,UH,V/:I} flows a whole dynamics based on four equations. They are the photon

effective equation plus 3-tributary fields associated to the photon main flux. Together they flow at space-time a whole where
Maxwell becomes just a piece of this enlargement. There is a major EM ocean carrying different charges and fields to be
explored.

6 Model Management

A new symmetry behavior appears through the fields set physics. Eq.(2.1) anti-reductionist approach provides the
directive and circumstantial manifestations. The first one was studied in the previous section by assuming the photon as the
fields set vector direction. The second one involves the meaning of chance inside of the set. This section intends to explore
the meaning of opportunity that the systemic symmetry produces.

A first result to be understood from this model is on existence of electromagnetic fields being their own sources
associated to electric charge. For this, we are going to study a simplified model of the equations of motion studied at section

4. Taking a special combination between the free coefficients one derives the following equation of motion for the field A*
without breaking gauge invariance:

an
o,F*+a0" z 2= f,AS™ (6.1)

—~ L d
This equation raise a system of two coupled equations where we use A= A(r)f, @(F) = ¢4(r), i@ —0.1t

¢ s

gives V-V = flﬁ-ﬁtrlﬁ, and @(r) = EA(r). So we achieve the equation ¢ +2—+—2gp =0. Making the
ra

28

; ) .
approximation £—>0 we get ¢ +2£ = 0. Using appropriate boundary conditions, we get ¢(I’) =— and
r r

A:if. For the field U“: 0 U" —m2U* =0 Leading to: V-V, +mi@, =0, U =0. Solving these
r

—mU r

e
equations we get: ¢, () = ¢, . For the charged fields, we get the same equation O,V "* —,uf\/ " =0.
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. e

Obtaining: ¢~ (r) = ¢, , VE=0.

Thus, considering this very particular model, our purpose here is to demonstrate on the presence of different types
of electromagnetic fields without having as source the electric charge. Their corresponding mathematical expressions
corresponding to eqs(2.6) and (2.11) are:

Granular fields:

- E
En=—0F
A r2
- -1
E-p © e )(mUr+1)f
u ~ Lou r2
—p, (r-1)
= e’ r+1) .
E.=E,, (2”+ )¢
B a r
B,=B,=B,=0 (6.2)
Collective Fields:
¢2 —2myr
(1) — 2 0 =(12) — o
S —7(11)7’ ST =g A, 3 r,
(—)(11) A02 e_z’qur
S = F r, s = _|7(34)¢J¢o I’_2 (6.3)

We should investigate now on the meaning of collective energy by comparing with dark matter and energy. Given
that in Universe 96% is dark energy-matter we are going to study here the relationship collective/granular energies by

taking this proportion. As exercise, making all the parameters E;, = Ey, = Ey, =1, y4;)=...=1, ¢, =...=1 and

the mass parameter M_=M_ = 1, one gets for the M, parameter the expression

m, =-78,44840715 (6.4)

The above result for the mass parameter suggests the possibility of dark matter-energy be interpreted in terms of
the collective fields energy. Given that fields predates matter, eq.(6.4) is interpreting the dark energy-matter as consequence

from a collective field energy. The whole symmetry management allows the meaning of function. A behavior where M,

value works as a whole function. This dependence introduces a physical possibility where instead of dark-matter energy we
should interpret as the presence of collective fields energy.

7 Spin-1and spin-0 dynamics
A next step for this four bosons electromagnetism is to split the messengers dynamics. Lorentz group introduces

11
not only the space-time correlation but also the spin. Given the representation (E , E) , One gets a spin spectroscopy with

four particles with spin-1 plus four with spin-0. We should now separate their physics. Classify the corresponding spin
dynamics.
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11
The {E , E} flavours dynamics must be understood. Eq.(2.2) contains a fields set {A#,Uﬂ ,V;} propagation.

Eq.(4.1) propagates granular fields and collective fields strengths carrying spin-1 and spin-0 families. They contain eight
integrated quanta to be systematized. They are carrying a massless scalar and a vectorial photon plus six massive
transverse and longitudinal bosons[7].The next step is to dynamically separate the spin-1 and spin-0 sectors.

We should decompose these different sectors. Given the fields set {Aﬂl}E{Aﬂ,Uﬂ,Vﬂi}, there are two

families with spin-1 and spin-0 whose dynamics must be identified separately. For this, one has to take the transversal and

0.0,

H ,uav

longitudinal operators Al, =0, A and A:;, =, A where 0,,=1,,— and @,, = . It yields an

T
A
the symmetric fields strengths.

dynamics associated to the antisymmetric and symmetric fields strengths while A:, dynamics is just depending on

We should now separate these two spin dynamics multiplying eq.(4.1) by the transverse and longitudinal operators.
It gives, the spin-1 dynamics:

o, (F™ + 2"y + m? X # + 14 + ¢t = j¥
For spin-0 dynamics:

OM(SZ+z22)+m*X/ +1F +ci =

where & =0@Y]" and =/ ]" and so on. Given that, egs.(7.1) and (7.2) preserves covariance, their spliting
from eq.(4.1) shows consistency with the U (1) XSO(2) symmetry. Although the spin operators contain a non-local
nature the physicity is not lost. It does not break symmetry. The covariance shows that eq.(2.1) proposal is maintained.

Thus, through a non-local decomposition one derives two different dynamics. Egs.(7.1) and (7.2) are splitting two
covariant spin fluxes, saying that, although the fields are the same, the corresponding quanta propagations are diverse.
Covariance shows that, whether this splitting is valid for a given reference system, it will be valid for all others. Their
informations do not change in different frames. On other words, the non-locality is preserved for different reference frames.
As result, one can assume that the spin dynamics splitting develops different Maxwell equations for spin-1 and spin-0
families. At section 9, one studies their corresponding vectorial and scalar expressions.

The corresponding spin-1 continuity equation is

O.(M*X# +1# +¢# - j#)=0 (7.1)

and the spin-0 wave equation is

W(SZ +22)=a.(m* X + 1 +ct — j) (7.2)
Observe that by adding eq.(7.3) with (7.4) one verifies eq.(4.1).

The result of this decomposition is on the appearance of an unity of diversity. A physics based on diversity. The
above equations are indicating on the possibility of separating whole quantum field theory into branches. This means that
given an (i, j) Lorentz representation is possible to separate through spins operators the diverse quanta inserted. There
is a new physical panorama to be explored where every quanta will have its own dynamics. Consequently, given that these
type of models carry on the possibility of being renormalizable and unitary, a healthy model involving spin-2 through (l,l)
representation, is envisaged. Photons interacting with gravitons become possible.

8 On three EM elements

Eq.(2.1) provokes a new interpretation on the electromagnetic phenomena. It
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preserves Maxwell symmetry and cross Maxwell frontier. It was tested in previous works as
responding some criticisms to Maxwell equations. It answers from first gauge principles on
the polarization and magnetization vectors, and on nonlinearity[5]. It also produces a
renormalizable and unitary model[7,8] . Now, we should explore on its capacity of opening
new phenomenological sectors for the electric charge, EM fields and photonics.

8.1 Electric Charge

Historically, electric charge is the origin of electromagnetism. It is the responsible for the EM fields generation.
However, physics should explore beyond to such strict dependence. The step forward is a perception where the EM origin is
no more due to electric charge. Let us remember that Maxwell equations in the vacuum already show solutions for the EM
fields; also, nonlinear models show EM fields depending on themselves; on this route, section 2 develops another model
where the EM fields generation is beyond to the electric charge as source.

The four bosons EM provides a new electric charge physics to be understood. Eq.(2.1) preserves the electric
charge conservation, but opens a new panorama for electric charge behavior. The crucial difference occurs through the
transmissions. It appears a new phenomena. There is an enlarged electric charge physics associated to eq.(2.2). Instead of
the being the universal coupling constant, unique source for EM and light, new relationships between charges and fields are
developed. Something to be explored.

There are seven new features on electric charge physics:

The first one is on discovering other charges diverse from electric charge. The fields set physics goes beyond to the
e-presence as their continuity equation are saying at section 4 and 5. The four continuity equations,
eqs.(4.13),(4.23),(4.33),(4.43), are showing that while Maxwell works with a strict electric charge conservation law, where
fields and photon are consequences, now each messenger produces its own charge, EM field and interaction. They will
enlarge the EM meaning. Maxwell vision on electric charge EM dependence starts to be surpassed, although the value e=

107*° C remains in the theory basis, it should be understood just as a part of EM phenomena. Electric charge is no more the
only one EM source There are more four spin-1 charges, four spin-0 charges, three Bianchi identity sources. In total there
are 12 conserved charges playing the EM phenomena where electric charge conservation is just one between others.

The second feature is that while QED considers the electric charge as the universal photon coupling constant
through the relationship eAﬂ, the term gAﬂ appears. The photon field can couple with other fields without the electric

charge presence. Eq.(4.1) show that fields and sources as London, conglomerates and current terms express their physicity
not necessarily coupled to the electric charge. A photon coupling diversity is generated.

The third aspect is with respect to electric charge conservation. Noether global current, eq.(2.24), establishes its
conservation law. However, differently from QED, one notices a dependence not only on charged fields, but also on neutral
fields which nature can be granular and collective. They are showing an extension for electric charge conservation law
where instead of being restrict to charged fields it depends on the whole system.

The fourth aspect concerns charge conduction. The four bosons model provides two kinds of transportations which
are the individual and collective porters. Then, as a new phenomena, one gets neutral Ay and Uﬂ equations with

collective electric charge transportation. Taking the photon equation (4.8) or (5.1), as example, one notices at |hs a flow
conducting a neutral photon plus charges being carried by neutral collective fields; and at rhs, it develops a source

jA = ailA”+af,A“+ajA", which although neutral it contains the electric charge presence. Similarly, for U#
-equation (4.14). V; charged equations (4.24) and (4.34) are notary charged porters. This conduction can also be either

done granularly through Vﬂi or collectively with charged collective fields as Zl(lliﬂ [34].

The fifth aspect is on charge exchange. Nowadays the exchange AQ = 0,%1 is studied in terms of electroweak.

Nevertheless, the electric charge transmission must be understood as a more primitive phenomena. Interestingly, electric
charge transmission is an old phenomena that should already be treated in early days. Back in time, in 1936, when the

particles €, e’, ,u+ , M, ¥ were already discovered, the question is why they did not think on possible reactions between
these particles beyond of being intermediated only by the photon. Why in the famous Warsaw conference in 1938 Oscar
Klein did not propose the term Theory of Everything considering transmissions  AQ = 0,%1? Neutral and charged currents
contain a primitive physicity which phenomenology should still be a topic for LHC investigations. Something not restrict to

weak interaction.
The sixth feature is on three charges. At 19th century two charges were necessary for revealing the EM

phenomena, however, at 20" century with the elementary particle physics development the transmissions processes
came aware, and so, the zero charge presence should be taken account for the EM processes. There is an electric charge

4557 |Page
January 2017 www.cirworld.com



ISSN 2347-3487
Volume 13 Number 1
Journal of Advances in Physics

conversion detected at EM microscopic reactions involving the zero charge into the positive and negative charges. It says
that due to their mutual exchange they should be considered as a correlated whole. As consequence, from such mutual
conversion, the EM phenomena should be reinterpreted through a three charges set. The positive, negative, zero charges
be understood as an unified phenomena.

The seventh feature is on the charge interaction. The new performance for EM interaction is three charges with four
messengers. They provoke new EM intensities and range to be explored. It is expected that the fields set {A#,Uﬂ ,Vi}

will produce short-range and long-range forces or even the fifth force[35]. There are new physical situations, due to the eight
bosons propagators, which solution is not more the inverse square law. The neutral electric charge interaction is not zero,

and so, the Yukawa idea of three pions (ﬂ+ T, 7z0) as responsible for strong interactions can be reinterpreted. Instead

of nuclear force they can be components of this extended EM. Be the scalars corresponding to U p and V: fields under
a short interaction.

There is a new enterprise for electric charge physics. An unified EM enlarges the electromagnetic processes for
positive, negative and zero charges being transmitted by four messengers. It yields an EM model to be understood through
eight quanta. It will transport three charges carried by particles with spin-1 and spin-0, through granular and collective fields
and able to transmute the charges values. They will be responsible of a new phenomenology for the EM energy-momentum
and charges transmissions and with coupling constants not necessarily the electric charge.

8.2 Photonics

The research for a primordial photon is still open. However, the main difficulty of Maxwell equation is on light
interpretation. For Maxwell light is not in the beginning, charge is the origin. It considers light as a radiation ocean. Light
works as a transmission service where only the electric charge is the source for the electromagnetic fields that propagate on
this ocean. A photonic electromagnetism is still on the file to be developed. Something that contains Maxwell and goes
beyond to electric charge as the only one source for the electromagnetic phenomena.

There is a photon physics to be understood. We should start by saying that Maxwell equations do not define the
photon. There the electron is the active while the photon is passive. The photon behavior is just as a lake transmitting the
electromagnetic phenomena. At this interpretation, the left hand side of Maxwell equations works as the transmission lake,
while on the right hand side mean the sources being thrown in the lake. Then, we could say that at present moment physics

is just throwing charged stones. Besides Dirac stone /7“\ , another sources as W y* ¥y ., WL*"y , and, also with
different spins have been thrown in the electromagnetic river. We should now understand on the photonic stone.

Photonics physics is a belief coming from the early universe. Let remind us that in the framework of a Big Bang

based on inflationary universe, the radiation era dominated for 10" s. So, matter formation (baryogenesis and
matter-antimatter asymmetry) might be suitably treated in our proposal, where light is not only the carrier of the
electromagnetic interaction, but it is rather looked upon as an origin for present matter, as pointed out by Born and Infeld.

Physics has been pursuing light as origin. The first published reference on light-light scattering came through the
russian S.Vavilov in 1928[35] and the german physicist O.Halpern in 1934[37]. A step forward was given by
Euler-Heisenberg, also in 1934, showing in the frame of quantum electrodynamics that photon-photon interaction is possible
at tree level [11]. However, this model is limited to an effective theory. Therefore, QED remains until our days as the
hegemonic theory even the corresponding Delbriick scattering[19] proposed since 1930 does not happen at tree level.
Something more on light at tree level is still expected to be investigated.

Physics is still looking for the primordial photon. Nevertheless, in the actual Zeitgeist, most electromagnetic models
understand that the interaction eAﬂ is universal, QED does not interact photons between themselves at tree level
(radiative corrections are necessary) and there is no photonic charge (just electronic charge). A step forward must be given.
Something that preserves light invariance and electric charge conservation, but able to go beyond of the actual light

secondary position. A new interpretation is necessary. For this, this work develops a model based on a fourth interpretation
of light invariance. After Maxwell equation, relativity, Lorentz Group, the fourth one introduces different fields in the same

1

. 1 . . . +
Lorentz representation. Consequently, from the {E,E} representation one introduces the fields set {Aﬂ,Uﬂ,Vﬂ }.
which provides new possibilities for light be understood.

Primordial photon means a physical engagement derived directly from the Aﬂ -field. Then, associated to the fields

set, it appears a photon that crosses Maxwell and QED frontiers. After Maxwell radiation field, Planck-Einstein quantum,
Quantum Mechanics wave-particle, QED quantum field, emerges an active photon. Instead of a subsidiary field there is an
alive photon articulated through four bosons electromagnetism. It brings new aspects for light. They are that photons
interactions not necessarily depending on charged particles, selfinteracting photons and photonic charge. Something able to
create the photon stone.

Thus, we are under the challenge of throwing this 'photon stone’ in the electromagnetic lake. That should be the

4558 |Page
January 2017 www.cirworld.com



ISSN 2347-3487
Volume 13 Number 1
Journal of Advances in Physics

origin of a photon physics. As required, it should be defined with Aﬂ acting directly as a physical field. Therefore, for the

photon be associated to a 'stone’ it must participate explicitly and as source in the equations of motion. Eq.(4.1) explicit a non

subsidiary Aﬂ -field either through collective fields or as sources for I,, , C# and j#. Eq.(2.2) derives a photon stone

acting as source, with a nonlinearity through a correct dimensionality, producing a photonic current as a Lorentz vector and

associated to a conserved charge which is expressed coupled to EM fields and in terms of porters as London,

conglomerates terms, non-linear currents. Notice that while the usual Maxwell approach interprets the photon field as
1))

photonic current in terms of Poynting vector flux, the term fZAA Z at eq.(4.12) defines more accurately on the

photonic current than the Poynting vector Ex B .

There is a new photon physics to be explored. It becomes a possibility from the whole relativistic equations at
sections 4 and 5. They introduce a new photon behavior. First, through the relationship gAﬂ for the photon field where ¢

is any coupling constant as can be verified through eq.(4.1) prototype. Second, the corresponding photon continuity
equation produces a photonic charge. Third, with selfinteracting photons[7]. These three enlargements on photon features
introduces the meaning of photonics. A feature is the appearance of an ubiquous photon. For instance, the possibility for the

photon interact with neutral particles, as Z° and other neutral particles, and neutrinos when matter is included.

There is a photonics physics to be investigated. It is based on a ’photon stone’ carrying the Aﬂ field physicity and

with an ubiquous photon interacting with everybody. Sections 4 and 5 encounter new physics without the electric charge
presence and with A# direct presence at equations of motion. They show an A# physicity which precede the

electromagnetic fields presence (take A# = 8#¢ that the equations of motion do not disappear) and proposes new

couplings between the photon and EM fields, as QA X E.The corresponding relativistic whole equations are showing that

Aﬂ generates its own EM fields and propagates at space-time through granular and collective fields. It performs the

ubiquous lux manifestation where the photon couples with itself, other fields, E and B as gA- |§ and masses via
Global Lorentz force [5].

A new photon age arises. A photonic physical region is generated for a new understanding of the very nature of
light itself. New physical aspects appear from selfinteracting photons. A first insight is that photon-photon scattering can be
treated at three level and without fermionic matter and electric charge presence. Phenomena such as diffraction,
interference, emission of waves will get new contributions. Also effects in non-linear optics, where selfinteracting photons
can work as a new argument for exploring the frequencies variations. Up to know a change on frequencies is being treated
only as a kinematic topic. Three and four photon vertices can justify why an incident red photon can be transformed into a
blue one. Photons nonlinearity may also appear as solitons. Luminosity and vortex effects are expected as the occurrence of
light structures like photon clouds, photon-balls and light shots like jets, cones, spots. Another case is the photon
11
w
interacting without electrons and positrons will be showing a physics beyond QED. We expect this fact to be common in the
stars formation. There, selfinteracting photons may be responsible for increasing photon’s energy. Inelastic light-by-light
scattering involving only real photons is another candidate for the photonic physical region.

conglomerates dynamics and interactions as Z,, . It allows the existence of photon clouds. Definitively, gases of photons

Nevertheless the main consequence from these photonics properties is that from light one can generate matter. A
light big bang becomes possible. Photons contain properties for particles productions. The fundamental aspect coming from
egs.(2.1-2) is that ordinary photons contain reactions to conjure matter from light and vice-versa. The electron-positron
offers a first range of energy. It belongs to a region where photons are carrying bundles of energy below 1 MeV as

e'e — Yy . A next step is to describe reactions as Yy — e'e” at tree level. The PVLS experiment to be realized in

2018 in Padova probably goes further to Maxwell and Dirac equations and states a physics were light precedes electric
charge. However, from LHC is that one should be taken as the main experiment for photon productions up to 14 TeV.

Concluding, a photonic physics is provided. Eq.(2.1) reveals a photon absolute, ubiquous, set directive,
contingencies producer, internal structure and associate to coupling constants diverse from electric charge. These

properties are supported respectively by the Michelson-Morley experiment, gAﬂ universal interactivity, symmetry equation

integrated into the photon Euler-Lagrange equation, physical variables under relativism and chance, selfinteractions. They
characterize a photonic physics the following seven features: selfinteracting photons, ubiquous photon, photonic current,
non-linear electromagnetic waves, new dispersion relation, photonic Lorentz force, photon matter generation. Three basic
consequences appear. They are the photonics big bang, phenomenology and innovation. The first one provokes matter
production from photon; follows, new phenomenologies for studying physical properties as light bending, superconductivity,
photon balls and so on; and by third, new opportunities for EM innovations where the electron is substituted by the photon.
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8.3 Electromagnetic transmission

There is a third element on electromagnetism aside of electric charge and photon behavior which is the EM fields
transmission. EM transmission should not be confused with charge conduction. Something is to conduct charge other is to to
transmit the electromagnetic energy. In the actual electromagnetism the Poynting vector is responsible for such EM
transmission. It shows that, light transmit fields but not conduct charge.

Transmission through EM fields is the physics supporting telecommunications. Three features are necessary for
understanding the fields transmissions. They are the energy-momentum tensor conservation laws, EM waves propagations

+
U,V }
generalize the messengers, Poynting vectors, EM waves, dispersion relations, energy-momentum tensor. They are being

described by new neutral and charged messengers, continuity equations, and coupling constants. Opening the
electromagnetism for a transmission beyond to electric charge.

and dispersions relations. We should investigate on these facts at the four bosons model. The fields set {A!

Rl

There is a new performance when four bosons are considered. While Maxwell has focused on charge distribution,
QED on interaction, the four bosons model develops that EM transmission is a phenomena to be understood under three
charges (+,-,0) being portered by four messengers and associated to granular and collective fields. A new physicity for
transmitting the EM appears. Studying the correspondent energy-momentum tensor there is an EM energy transmission
beyond the usual Maxwell Poynting vector[5]. For instance, collective Poynting vectors. Also with nonlinear EM waves as
studied at section 9 and new dispersion relations.

Thus, while Maxwell restricts an electromagnetism based on a neutral photon transmission through Poynting vector
under a specific dispersion relation, the four bosons electromagnetism extends for a new behavior. It yields a propagation
based on a massless photon, massive photon and two charged fields with a spin-0 counterpart. There is a total eight
different quanta responsible for the EM transmission through their waves, Poynting vectors, dispersion relations. A new
telecommunication to be investigated.

In a first analysis we select three new features. EM transmissions with Poynting vectors as own sources,
conservation laws, and nonlinear photons. The four EM flux generalizes the Poynting vector beyond the photon for a fields
set with granular and collective transmissions. It appears more three spin-1 and three spin-0 quanta propagations
accomplished by collective fields, as egs.(7.1-4) are showing. And so, new granular and collective Poynting vectors
appear[5]. Given their nonlinearities properties these new Poyinting vectors act as their own sources. They are flowing
through a whole fields dynamics which generalize the energy-momentum tensor. So the transmission is done under 12
conservation laws aside to the electric charge. Eight are derived from the equations of motion, three from Bianchi identity
and one from Noether theorem. Adding to it, one includes two energy-momentum conservation laws. Another fact, is on the
photon acting as origin for transmitting nonlinear EM fields. It opens for a nonlinear photon with a new dispersion relation as
the next possible telecommunication transmission. An EM transmission to be investigated by astrophysics.

Thus, it appears an EM transmission beyond electric charge. It propagates EM nonlinear fields, new types of
granular and collective vectors, new Poynting vectors. A process working as a whole network with an EM flux based on
conservation laws which preserve the Maxwell symmetry and opens the electromagnetic phenomena for new transmissions
possibilities which scope is for future investigations. A new photonic telecomunication is expected as introducing a new
dispersion relation and nonlinear EM waves.

9 Global Maxwell Equations
+T,

We will express here the primitive equations in the vectorial form. Considering that a tensor Tﬂv =T, (uv)

[uv]

carries 2 spin-1 for T, eq.(7.1) expresses two vector fields E and B and two collective fields € and D . Similarly

[uv]
T(# V) carries 2 spin-0, 1 spin-1 and 1 spin-2. However, dynamically, eq.(7.2) propagates just one granular spin-0 and other

collective spin-0.

Defining:
Foi = EAH F; = € Bac
Us = Euiv Uy = &3 Bux
Vi = Eii’ Vui = & éirk
Seo=Sh, S5 =Sa Si=Sa
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Do) = Ser Dpi) = Ser Dpij) = S

one derives from eqgs.(7.1) the following Maxwell equations set:

9.1 Photon field-A,
For spin-1:

V-(E,+8,)+I}

PA

Tx(B,+B,) -2 (Ey+8)+1 = ]
V-B,=0

. o -

V % EA :—aBA

with the continuity equation:

0 Lo
2 (L -1+ ¥} -T]) =0

For spin-0:

a a o
E(SAQ +SAa)+IAL = pk
_ﬁ(SAaa + SAaa) + I_’AL = jl,&
with the continuity equation:
S (pk-1D+V- (5 -T1) =0
9.2 Massive photon field-U ,
For spin-1:

V-(E, +8&,)+1) +M]

ey
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(9.1)

(9.2)

(9.3)

(9.4)

(9.5)

(9.6)

(9.7)

(9.8)

(9.9)
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R, 0 = _ ~
Vx(BU+hJ)—a(EU+eU)+IUT+MJ:JLT,
V-B, =0
Lo o -
VxE, =——

u 8tBU

with the continuity equation:

(00 1] -M3)+ V(3] -7 ~Kig) =0

For spin-0:

(S5, a5 HIE+ME = 0

< a a L 2L — 7L
-V(S85, +s5,)+ly +M; =3,
with the continuity equation

£ (o -1 - M)+ 935 I -Mib) =0

9.3 Positive charged photon field-V;
For spin-1:

V-(E.+€)+I[+M] = p]

?x(li+5+)—§(I§++é+)+|:T +M! =77

with the continuity equation

ng M7+ V-7 1T -MT) =0

For spin-0:

L

%(S$+Sfa)+lf+Mi=p+
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(9.10)

(9.11)

(9.12)

(9.13)

(9.14)

(9.15)

(9.16)

(9.17)

(9.18)

(9.19)

(9.20)

(9.21)

(9.22)
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V(S +s%)+l-+M-=J" (9.23)
with the continuity equation
%(pﬁ—lf—Mi)+V(5+L—EL—I\7I+L)=0 (0.24)

9.4 Negative charged photon field-V

For spin-1:
VA(E_+8)+I"+MT =p’ (9.25)
Y. 5 . h 0 = . & 1 AT — 7T
Vx(B_+ +)—5(E_+e+)+l_ +M_ =7 (9.26)
V-B =0 (9.27)
VxE = —% B (9.28)
with the continuity equation
g(pT—IT—MT)+V(5T—I"T—MT)=O (9.29)
For spin-0:
a a a L L L
E(S‘“ +s)+1-+M-=p- (9.30)
—V(S% +s%)+l-+ME =Tt (9.31)
with the continuity equation
%(pﬁ—I}—Mf)+?~(55—T_L—I\7If)=0 9.32)

Notice that the above equations contain term beyond Maxwell. They are the polarization and magnetization
vectors, masses, London terms and nonlinear fields as own sources.

9.5 Collective Bianchi Equations in Vectorial Form
9.5.1 Spin-1

B

<!
X
|
+

(9.33)
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where

- Tc = 7[12]{¢U éA _ﬁu +U x EA — Ax Igu}*' 27[34]Im{¢7§+ +V x EJr}

6 ‘b= o
where

P = 7[12]{U : éA — A EJ}+27[34]Im{\7_ . I§+}

which yields the continuity equation

aﬁ+§-1:o
ot

9.5.2 Spin-0
In scalar form

os

a = 7(11)(@A) + 7(22)(¢U Su)+ 7(12)(¢Su +,S,) + 27/(33)Re(¢75+)

In tensor form
E—i_ajsi +0;5; = 7(11){¢8Aij +AS, + AjSAi}+

+ 702l Sujj +Ui§Uj +UJ§Ui}+27(33)Re{¢-S+ij +V/'S,, +\7'_S+i}+

1 +] ]

+7(12){¢suu +A§Uj +'E‘j§Ui + S +Ui§/-\j +Uj§Ai}

In a second tensor form
0iS(jy + Ok Sgiy +0 Sy = y(ll){A Saj +AS ik + AKSA".}+
+ 702 UiSy j U, Sui U Sy + 2763 RefV S, j +V; S +V, S+
+7a28ASu jk + AjSui + ASui TUiSak U S +U Sy

10 Photon Whole Equation in Vectorial Form
For spin-1:

V-(E,+&)+M, +1, = o]

For spin-0:
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R ARTEYe

—V(SZ, +82)+ME+I- =3k

11 EM Waves

11.1 Field A*

Spin-1:
W(FA+28,)=0,d%-8,d"+8°f 2,
where
dy =127 +cg + g andfy =a(fn0+ ) +afy)
Spin-0:
W(S%+24)=a.(ja—l,—C,)
11.2 Field U”
Spin-1:
W(FY +22 )=6,d" -0,d” +0,MY 8, MY +5°fY
where
dy =17 +c + jTand £, =b, (2204 £570)+b, )
Spin-0:
W(Ss +2) =0.(0y =l —¢)
11.3 Field V*#
Spin-1:
W(F, +2),)=0,d -0,d,+3, M -0 M, +o°f,
where
d; =1 +c,+ T andf,, =G (fL1+ 112
4565 |Page

January 2017

(10.3)

(10.4)

(11.1)

(11.2)

(11.3)

(11.4)

www.cirworld.com



ISSN 2347-3487
Volume 13 Number 1
Journal of Advances in Physics

Spin-0:
W(S, +z;.)=0.(],-1.-c,) (11.5)

11.4 Field V7#

Spin-1:

W(FV; + Z[_W]) = aﬂd; —ﬁvd; +ava_ —avM;‘ +0“ fa_w

d, =1T+c, + j;vfand f.,=C(fL+ £l2) (11.6)
Spin-0:

W(S, +z;7)=0.(j.-1.-c) (11.7)

At Apendice F the corresponding fa,u expressions are defined in terms of fields.

14

12 Conclusion

Electromagnetism is being considered as the energy derived from electric charge. Up to now, it still follows the
Hendrick Lorentz statement from 1895 at Philosophical Magazine: 'The electromagnetism axiom is that electromagnetic field

is an excited state established in the space through the electric charge. Based on that vectors E and B build up an
electromagnetic wave which is identified as light. Nevertheless, non-Maxwellian models have been moving for an EM
dependence beyond electric charge.

The effort of this work is the four bosons electromagnetism model [4]. At these days the challenge is to go beyond
Maxwell. Although 150 years of development we still are under the interrogation: what is EM? There are 42 models trying to
answer that[3]. There are three elements for the EM phenomena be understood. They are electric charge, EM fields and
light. The challenge for any model is to explore on these elements differently from Maxwell.

Science is challenged to surpass Maxwell. There is an enlargement still to be understood through light invariance.
The above Lorentz argument just follows a vision based at EM dependence on electric charge. It did not work on the
meaning of light symmetry as primary feature of nature. In true most EM models preserve this idea. Section 3 review some
nonlinear EM models where they are still based on this Lorentz interpretation. Although nonlinearity be a request they
enlarge the Lagrangian but preserving the same Maxwell invariants and electric charge dependence. Eq.(2.1) think different.
It argues that the EM testimony should be given from light symmetry. Instead of electric charge as origin, it provides the
allowable laws.

Our viewpoint is that there is still a fourth interpretation for light symmetry. Maxwell equations had appeared as its
first signal; relativity came after; Lorentz Group introduced the third interpretation. The next one, as fourth, comes from the

LG representations. The meaning of quanta family is proposed. It says that, given the {E,E} representation, one can

associate to it a fields set {Aﬂ,} where | is a flavor index | =1,...N . A new context is opened. Naturalistically, it reads

that given a certain LG representation there is the meaning of species of fields [27]. Philosophically, it interprets that the spin
content moves from the reductionist to the antireductionist approach. Physically, instead of associating just one relativistic
equation to each LG representation, it generates a whole system of relativistic equations. Dynamically, it derives the
symmetry equation for the quanta specie, as eq.(4.44) shows, plus N-Euler-Lagrange equations of motion and N-Bianchi
identities with respect to each field inserted in the LG representation. It also includes collective Bianchi identities.
Phenomenologically, a whole quanta flavor diversity is implemented dynamically. As principle, an unity of diversity is
revealed.

1

1
A next step is to define the number of flavors for the quanta specie {E,E} Given that, EM is the theory for
electric charge, it should first be understood through its features for charge transmission like conservation law, conduction,

conversion, interaction. Analyzing on the electric charge flux, one notices a qualitative difference between the Maxwell
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macroscopic approach and the elementary particles microscopic reactions. It is on charges transmutations. While the
Maxwell current preserves the charges signal, the subatomic reactions exchange their signs. A new interpretation must be
given at microscopic level. The EM must be understood as a phenomena based on three charges positive,negative, neutral
interchanging their values. Consequently, an EM extension is requested for these charges exchanging. It is a gauge theory
transmitting the electric charge through four intermediate bosons. They will be porters for any electromagnetic process

transmitting the physicity AQ = 0,%1. As result, there is an EM to be explored through a fields set {Au,Uy ,Vi}.

A third stage, coming from this fourth light symmetry interpretation, is on which symmetry such fields set should be
arranged. The answer is to go beyond Maxwell but preserving the Maxwell abelian symmetry. This makes this work to

propose an enlarged U(l)XSO(Z) symmetry, as eq.(2.1). It ensures the principle of electric charge conservation.
A four bosons electromagnetic model is performed. It is based on three postulates:

1. Lightinvariance symmetry introduces {Aﬂl};

. - . — - .
2. Electric charge transmission establishes | =4:{A U ,V '}

3. Electric charge conservation requires an abelian symmetry: U (1) XSO(2).

Thus preserving light invariance and electric charge conservation principles the above postulates redefine what EM
is. They say that electromagnetism is more than charges and fields being transmitted by photons. Essentially it is a
phenomena derived from light symmetry and electric charge flux. Under this perspective, eq.(2.2) cross Maxwell frontier and
moves from Maxwell minimal case (two charges, one messenger) to an extended case (three charges, four messengers). It

yields a Lagrangian where, associated through a common gauge parameter the fields set {A#,Uﬂ,Vﬂi} develops a
systemic EM with a new structure beyond Maxwell. We should emphasis on their consequences now.

Overall at this conclusion, we would like to highlight on this four bosons electromagnetism. Analysis on new
features, scenarios, experiments for electric charge, EM fields and light. First, it introduces three charges physicity due to the
fact that they transform into themselves. Second, the photon lives with partners. Besides the usual photon, massive and
charged photons are expected, including a spin-0 family. Third, eight gauge bosons become responsible for to the electric
charge flux being intermediated at elementary particles reactions. It yields an EM enlargement to be prospected that does
not depend on new accelerators. A fact just for observation. It says that, given that the physical processes related to electric
charge flux do not require necessarily be associated to fundamental particles, various particles are viable as porters of

positive, negative and neutral charges. For instance, J/'¥ can be interpreted as charged spin-1 photon, and similarly,
different particles as pions can be accommodated at photon spin-0 family.

The three EM elements are improved as:

A new electric charge physics appears from three charges coming up among together. EM has been discovered
through electric charges properties, as Gauss and Biot-Savart laws, where electric charge is the origin and acts as positive
and negative. The qualitative difference is that the four bosons model redefines the electric charge performance by
introducing the neutral charge. The EM is enlarged from a dyad to a tryad electric charge phenomena. Eq.(2.2) understands
that while Maxwell is focused on charge distribution, it is on charge transmission. Differently from Maxwell, the third charge
becomes determinant on the transmission processes. It yields new possibilities for electric charge interactions through
eq.(2.9), conservation law eq.(2.24), and conduction as at section 4 and 5.

A second EM element is on fields behavior. A new EM fields physics is developed with granular and collective fields
as egs.(2.6),(2.10),(2.11) are showing. They do not require external sources in order to establish their own EM fields. They
are nonlinear fields and with news induction laws. A new connectivity between EM fields is produced. While Maxwell four
equations have unified electricity and magnetism where Faraday and Ampeére law show that EM fields varying in time
transform on each other, section 9 shows different possibilities where electric collective fields transform into magnetic
collective fields, nonlinear electric fields generate electric fields, and so on. Even without the electric charge presence they
are generated and transformed between themselves. They produce a nonlinear interconnected whole.

The third element is light. Although Maxwell has been considered as standard theory there is a new EM sector to be
investigated which is the photonics. It is derived from an active photon. Recapitulating, due to light symmetry one should
introduce light in the beginning, but in practice Maxwell equations do not do that. The four bosons electromagnetism
reinterprets light as an origin. Light is more than just an electric charge consequence, it is a cause for the physical processes.
Five features are derived. The photon becomes an absolute from Michelson-Morley experiment, ubiquous through an
universality where its coupling constant do not depend on electric charge, directive on the fields set behavior, contingent on
physical entities as space-time relativism and patrticles properties depending on circumstances, selfinteracting as source for
particles processes. New phenomenological properties are expected from the photon such as photonic current,
selfinteracting photons, nonlinear EM waves, new dispersion relation, forces depending on photon field[5].

Three scenarios are opened:
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The first scenario is on three charges exchange. A panorama where EM is no more a physics established just by
opposite charges as the 19" century understood. EM energy becomes operated by three charges. Differently from
Maxwell and QED there are three charges transmissions working as a whole. The exchange AQ = 0,%1 three charges

(+,-,0) associated to four interconnected gauge bosons. In these realistic scenario since elementary particles reactions at
1930 decade. Theoretically it is supported from the passage from Quantum Mechanics to Quantum Field Theory where
particles transform between themselves. A concept from where in the thirties physics was ready accept the electric charge
transmutation. This three charges exchange is a fact with implications on subjects as atomic physics, nuclear physics,
neutrino physics and at large scale at LHC.

The second scenario is on nonlinear set dynamics. The three charges exchanges require four bosons messengers.
A set performance appears. It yields a whole dynamics, a coupled nonlinear granular and collective dynamics with spin-1
and spin-0 families. A network based on a set determinism with directive and chance, granular and collective variables,
nonlinearity, coupling constants diverse from electric charge, and a new range for EM interaction.

The third scenario is on the photon as a particle producer. Photons producing their own EM fields and
phenomenology are predating the Maxwell world. They are opening a light electromagnetism with a physicity beyond the
electric charge. Deriving the Feynman rules for eq.(2.2), one notices that the Maxwell passive photon becomes active. It
appears three and four photons interactions between themselves and with another particles with spin-1 and spin-0 without
being necessarily coupled to electric charge[7]. Consequently from radiation field it becomes a particles emitter.

Relationships as gAﬂ, selfinteracting photons and photonic charge are supporting the particles productions. Different

implications on photon interaction, conduction and transmission are obtained. Besides the usual photon interaction with
charged particles there is the photon interaction without charge. For instance, photon clouds not depending on electric
charge are viable.

A third analysis for this new EM concerns on their experimental evidences. Preserving the Maxwell symmetry the
four bosons electromagnetism upsides down Maxwell equations. It proposes a Lagrangian from where one derives the
polarization and magnetization vectors and a nonlinear EM; new induction laws; dualism individual-collective;
renormalizable and unitary model; EM beyond electric charge; photonics. It enlarges the three basic EM elements, opens
three EM scenarios and will propose new experiments. They are expected through electric charge, nonlinearity and light.
Their measurements will test on the veracities that this model contain in order to enlarge Maxwell.

Three experimental tests are proposed:

A first one is on electric charge exchange through four bosons. New measurements for electric charge are
expected beyond Coulomb balance or neutral charge dipole[28]. They are charge conservation beyond granular charged
fields, charge conduction through neutral currents, and range of interactions. It also proposes effects on the standard value

e=10"°C due to the presence of electric charge running coupling constant with a dependence on other coupling
constants, selfinteracting photons and so on. There is an electric charge dependence on the four bosons whole variables to
be studied through the renormalization group equations.

A second test of this model is nonlinearity. Deviations from Maxwell theory have been sought in terrestrial
laboratories for a long time. Among these many Euler-Heisenberg theory predictions like the Schwinger effect, vacuum
birefringence under a strong magnetic field, photon splitting on lasers. Many consequences have already been studied as
light lensing due to the optical property of the vacuum in the presence of a magnetic field [39], polarization phase lag [40],
how quantum vacuum friction influences spindown [41].

Nevertheless, for present literature, at the macroscopic level the superposition principle is widely proven with a 0,1
percent precision (EM field generated by a group of charges and currents, transformers, standing waves, diffraction patterns
in optic X-ray crystallography, refraction,...). Problems might arise at atomic or nucleon level. Considering charged particles
as a localized distribution of charge, then, it is obvious from Maxwell’s theory that the field strength and, hence,

electromagnetic energy increase as the charge is more and more localized. For atoms, linearity has been tested up to 10°
-10° viecm fields, the ones one can find in electron orbits. Energy level distances in light atoms allow us to say that the
experimental data are in agreement with superposition up to 1 partin 10°. In nuclei field strength of the order of 10" viem
can be reached. In this regime Coulomb energies of heavy nuclei have tested and found in agreement with linearity up to 1
part in 10°. Although at first glance, at classical level, there are no great motivations for nonlinearity be introduced, there
are many evidences of the derivation from linearity coming from condensate matter and astrophysics.

The next step is to be understood through classical nonlinearities. Despite of the constraining limits, efforts have
been done to create a non-linear classical theory. The first and more relevant try was that of Born and Infield in 1934. It
allows the principle of finiteness where a physical theory must imply only finite measurable quantities. The cutting fields

2.3 2.2
:%21017 N/C and BC :%
eh eh
Maxwell equation. Atomic nucleons, neutron stars and magnet-stars reserve a room for nonlinear electromagnetism
required by strong fields and high frequencies. Nonlinear atomic spectral lines were analyzed by Denisov at al [26]. From

E

. =10°T established by Euler-Heisenberg are bringing nonlinearity shifts for
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astrophysics, magnetars are stars endowed with an overcritical field estimated 10-10° Bc at the surface. Similarly the
high-ray collisions for frequencies.

There are several evidences of the deviation from linearity in the quantum regime. The Standard Model shows a
nonlinear photon. A first test should be on light-light scattering. Actually this phenomena is treated through the uncertainty
principle which allows the momentary creation of electron-positron couple and subsequent annihilation with creation of two
photons.

A third experimental test is on light new features. Experiments where light predates electric charge will redefine our
thought about what EM is. Nonlinear photons and gAﬂ are predicted. These properties reveals a nonlinear photon as
particles producer. They are transposing the passive photon at Maxwell equations to a creative photon. From radiation field

to photon big bang. Particles creation not only as e"e” butto various compositions depending on energy range. Therefore
for accepting a possible photon big bang we should first investigate how the nonlinearity of theory affects the photon
propagation by calculating the red or blue shifts due to this.

Light electromagnetism turns a candidate to be prospected. Historically, since 1934 physics is bringing an
investigation beyond the photon derived from Maxwell equations. First, Euler-Heisenberg studied the virtual vacuum

polarization, 7/—>e*e’ — ¥ [11]; in the same year Breit and Wheeler calculated on two light quanta collision,
Yy —> e'e” [42]; also in 1934 Delbriick studied a pure quanta effect through the reaction ) — ¥y, in the sixties SLAC

measured the reaction €°€ —> ¥y and in 1971 Adler studied the yy collision [43]. Nevertheless all this context was
performed under QED approach. Although selfinteractions photons simplify all these processes with a tree level contribution
they were not considered. Something is missing. The suggestion here is to understand these processes under gAﬂ and

selfinteracting photons. Eq.(2.2) advocates a photon phenomenology based on nonlinearity and with interactions not
depending on electric charge. A challenge to be understood through the Photon Collider being prepared in Germany for
2018, the PVLAS’ Padova experiment with laser, LSW German experiment. They should work as test for selfinteracting
photons and for a photon behavior beyond electric charge.

The next question is what would happen when the photon is running at high energies as LHC 14 TeV. The question
is: which new photon performance is expected? While Maxwell horizon was eV and keV and produced a linear light with a
strict dependence on electric charge something different is expected at MeV and so on range. New light behavior is

expected with the increasing of the energy[45]. It propitiates reactions as yy — e"e” which will be able to inform on
selfinteracting photons. At GeV, we expect light interact with neutral particles as Z0 ;and at TeV, we will start to understand

light as a source for producing particles. Our expectation is on the existence of neutral photons realized by gA# and

selfinteracting. 'Neutral photons’ can be responsible for photon balls, photon moment magnetic anomalous, photon-neutrino
interaction, dark matter without electric charge presence. Another investigation is on the photon behavior at high
frequencies. Given a spectrometer study the relationships between frequency and wavelength. Laboratories at present days

have being able to produce photons at high frequencies. From Maxwell regions, visible at 10"° Hz (eV) and X-rays at 10'®
Hz (keV), one moves to y -rays at MeV region with 10% Hz, and for accelerators at GeV region (Standard Model) and
TeV region (LHC). The question is, the dispersion relations will remain the same?

Finally, we would select three consequences for philosophy of science. Based on the set principle which says that
nature works as a group, physics moves from the reductionist to the antireductionist approach. Under this new context, it
introduces three topics. They are the evolution physics, a new unification approach and the primordial photon.

The whole quantum field theories changes the meaning of parts. Quanta depending on the whole brings a new
perspective to be understood. It changes our actual common sense of elementary particle. The meaning of elementary
particles (parts) moves from building blocks into parts inserted in the whole context. Their physicity is no more on their
properties but in which grouping they are working. Their quantum numbers will be functions of the whole structure being
described by the corresponding Lagrangian. They will be depending on set, diversity and chance.

On diversity, Lorentz fields families and gauge symmetry provides a dynamics that differentiates particles. It

1
generates a flavor diversity on masses, charges and spin. At this work we have studied on {E , E} representation. Future

papers will study on {*¥\,}, {¥3} and {h,,} families through {(0,%)+(%,0)} and {1,1} representations.

These families will introduce diversity as a first principle. They are saying that instead of searching for fundamental particles
nature should be understood based on varieties. It provides the meaning of unity diversity. It is the paradigm for complexity.

On chance, there is a new relationship between absolute and contingency for physics be realized. The absolute
coming from light invariance derives not only the relativism studied by Einstein relativity; it also introduces the meaning of
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chance in the physical variables. Physical processes being analyzed under relativism and chance are two basic
consequences derived from light symmetry. Free coefficients in eq.(2.2) can take any value without breaking gauge
symmetry. They introduce a volume of circumstances in theory[5]. Equations with chance go beyond the Quantum
Mechanics probability and uncertainly. It introduces the meaning of opportunity in nature. It says that nature can be created
and organized.

Set, diversity and chance basis the meaning of evolution for physics. A relationship to be explored through a whole
guanta field theory where the parts do not follow more the reductionist determinism. The new origin is the whole environment
It brings a possible comparison to be done between the Lorentz group quanta tree and the Darwin tree of life. Although under
different perspectives, one related to spin content and other to species content, they share a common horizon where the
environment precedes the parts. So, while Darwin introduces a branch where mankind and monkeys types are inserted
together, eq.(2.2) proposes another branch with spin-1 and spin-0 families. Both express a dynamics of evolution through
the unity of diversity freedom.

The second topic is about unification. The standard viewpoint is that charge exchange physics is related through
the usual unification between electromagnetism and weak interaction. Nevertheless there is a more primitive mechanism to
be understood for modeling the physical processes which is based on three charges and four gauge bosons. It provides a
charge exchange mechanism which also shows how the neutron could be transformed into proton, but with a new
understanding on electric charge, EM fields and light.

The third topic is about primordial photon. A recent tridimensional Via Lactea map from ESA (2016) catalogs 1.142
billions of stars. It shows the Universe based on an industry of stars. So the question is whether the light being produced by
these stars is Maxwell like or there is a primordial light to be understood. This work understand that a creative light is still a
challenge for physical theories.

13 Interaction Lagrangian on Potential Fields
131 Ly

Expressing eq.(2.12) in terms of fields, one gets

Ly = a5,(0,A) A A" +,1,(0,A) AU+, (0, AU “ A" +a,,(0,, AU UY +
+a,,(0 U, )A'A +a,,,(0 U, )AU" +a,, (0 U, JU*A" +a,,,(0, U JUU" +
+ (A" + o VIO N, VT +(0,V, V7 ]+

—i(o A" + g VO VIV =0V, )VT]+

+ (A + o, O VIV +(0,V, VT ]+

=i A +ag, V)OIV =0V, V7 ]+

+e35(0,,A)) + pgg(0 U IV VT +VHAV T ]+

—i[a34(0,A) + @y, (0 U IV VY =V#V™]

+Bun (0 ,A)AA +28,,,(0,A)VAU" +

+ Bony (0, AW U + By, (0 U“)A A" +

+2B502(0 U)YAU" + B, (0 U NI U +

+2(B0gA” + PopzU O NV W, +(O VWV, T+

= 2(Byq A" + B IO NN, +(0O NN,/ T+

+ 2[,81(33)(8 P A) + ,82(33)(8 pSie VSV,

where coefficients

4570 |Page
January 2017 www.cirworld.com



ISSN 2347-3487
Volume 13 Number 1
Journal of Advances in Physics

Ay =28 ) + 2b, (K)

Ay = 20, (5 (13.1)
are derived from the original U (1) -Lagrangian
J K J K |~ A K
L, = a,[JK]GWG‘ G +b|(JK)S GG+ S, GG
with

G,,=9,G,—0,G,andS,, =0,G, +0,G, (13.2)

where G1 =A: G2 =U ;

M M

Gs——(\/ +V,); G, \/_(V -V,)

132 L,

Rewriting eq.(2.15),
L, = {7(11)7/ an T 2y, anlan T Z-(11)2-(11)}'6‘;,'%Aﬂ A"+
Vo2V e2 t 2V 02T + 47Tt U U U +
+ My anyVan T 2V anTaz T ATanTup A A AU +
+ 4V en T 2V a2tz T ATanTea AU U UY +
+2{V a0 T 2V anFaz T AT anTuay A AU U +
+2{ponn T YanYaz t 2 anTen T Aanfea AU, AU +
+ 2{7[12]7 1T VeV ey T 2y, anley T 47(11)7(22)}Aﬂu JAA” +
+2{ran e + 2V asTas T AasTas AA V VTRV +
+ 20 e T VsV ey + 2V asTen T 4asTentAA V VTRV +
+ MY pa s T VasYas + 2 anTes T A anTentA, AV +
+2{V ooy 33 T 27 03y T o3y T ATy Tpa U U, (V VT VAV +
+ 2V sy T VenV o2 T 2V ey Fez T AT s Ten Y Y, (V VT VAV +
+ 4{7[23]7 321 T Yesy s T 2y, 02)Tey T 47(22)7(33)}U ,uU NV +
+ 4{7(12)7 @3 T 2y, a3)les T 4T(l3)T(23)}AyU VAV VAV +
+8{V sy s T Yasy 03 T 2V anFes) T AT unT e AU NV
- 4i{7[12]7 Bt VeV eey T 2y, a3)fea T 42-(13)2-(24)}A,uu A A VA AR

+ Ay pa i + VsV a2 + 2V anTen T AT anTe AUV VT VAV +
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HV e3yV a2V 0aTaay + ATaayTead(V VT HVAVIT)V AV LV AVT) +

\2
+ A4V a T Y eayV eyt 27 63T sy + A anTaa V.V )

14 Equations of motion free coefficients

The equations of motion develop the following parameters written in terms of the original free Lagrangian
coefficients, eq(2.2):

14.1 Field Aﬂ

14.1.1 Left Side

a, =4(a +b(ll))’ a,=8n, =84,
a, = 4(b(11) + c(ll)) + 98(11)
85 = 4C(5) + Sy

a8 =22p,—-B), ,=4B +4p) (14.1)

14.1.2 Field A# Right Side : Field Aﬂ

fh =4y, anB =3B w2 f) =4y, a1) fsA =2 fsA’
f4A = 8(7(11) + 27(11))a f5A =21,
faA = 27(11)(2:01 -B) +87(11) (B, +4p,),

) =4y, w02 — 2BV a2 8741y (B, +40,)

14.1.3 Field Aﬂ Right Side : Field Uy

flU = —4}/[12]bl, f2U = —4}/[12]b1, f3U = —87/[12],
f4U = 16(;/(12) + 22'(12)), f5U = —4}/(12),62 —4ﬂ17/(22),
f6U = 4(7/(12) + 22'(12)), f7U = 87(12), f8U = 47/(12),
fgU =167, fllé = 8(}/(12) + 21(12)),

fi1 = 47000 = 2B 02y + 8702 (B +4p),

fl2 = 474202 =27 2y + 870 (B, +4p)

flg = 4(7(12) + 27(12)) (14.2)
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14.1.4 Field A, Right Side: Fields V, and V

fr =80, (g Fi7pa)  fo = sy fo = —8Vug— 2007

f =88, (rus tivay), fs =—(f), fo =2iyy

£ =4y T = —8Yas + 20 (Ve +2700),  fo =—(f5)

fio = 21(Yus) +2745),  Tiy =4(rey +4704),  Ti5 = 4(r s +4745),
f13 =805 (Vg + 1709) +8(85 +405)(7us) +1704)) =287 9

fo=—1, fz= 16(7(13) + 21(13))
14.2 Field U,

14.2.1 Left Side

=4(a, +b(22))’ 52 =8D,, 53 =80,

&l

(=2

), = 4Cuz) + Su)
by = 4(0,) +Cpz) +Ea)

66 =2(2p, - p,), 57 =4(B,+4p,)

14.2.2 Field Uﬂ Right Side : Field Aﬂ

O =47ub 05 =4l 95 =8y 92 =16(rug +70r)
g = 4B a2y = PV any)s 95 = 47 a2y g7 = 8712) Os = Va2 +27az),
g = 8( 12y + 2702 g = 167,), On = 4Py aa) + 2700 (B +40)) =287 s

01, = 4(p,7, a2) T 2700 (Bo +4,)) = 2857 )

14.2.3 Field U, Right Side: Field U ,

g, = 47 ey = Va2)Pe): g; = 47 02y g5 = 8(7en +272)
g, = AV o2+ 2702 (B +40)) =257 1)

g&l;J = 4(7’(22)/01 +27 (B, +4p,)) - 23,7 02y
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14.2.4 Field U, Right Side : Fields V, and V

9y =80, (Vo +7pa), 95 =274, U = 207y

9y =4pap 95 =8B3(Voay +170a) — 4BV sy 95 = 21(V ey +2704)
97 = —2i(Yps)—2703) U =47 a)

G5 =4 (Vouy + 2700), G50 = 4i(¥ps) +470a)

011 =805 (Va) +170a) +8(By +405) (T ey +1704) = 2857 33

05, = 16(7(23) + 27(23)) (14.3)

14.3 Field V;

14.3.1 Left Side

_ _ _ 1
C =4(a;+bgs), C,=8b;, C;=4(Dgs)+Cas) +E§(33)

C,=4(Q2p;—p;), C5=8(B;+4p;)

1432 Field V,  Right Side : Field A,

h} = A0, (73 + 17147 h'= A3 h' = 8715+ 2174y,

hf = 87/(13) _2i(7(14) —21(14)), h? = Ziy[m

h? = 8ﬂ3i}/(14), h7A = 8}/[13] — 2i7/[14]

' =4y09 0 =205 =270

hl/; = —4i(7(14) + 22'(14)), hﬁ =4j (7(13) +4z'(13))

h = 4003 (Vs +170a) + (Bs +40:) (T 0y +i704)) = 28375~ 17 1a)

hlA3 = 16(7(13) + 27(13)) (14.4)

14.3.3 Field V,  Right Side : Field U ,

h’ = 405 (Y + 1774 hy = 2754, hy =213 h; = e

hy =8/417 24y, hy = 21(¥ o4y — 27 4))s hy = 21(7 o3y +273)),
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U__

hy =4y, POL) (¥ o4y + 4T 24), hip = 4i(y, 03) T4703)
hlUl = 4(p; (7(13) + i7(14)) +(Bs + 4,03)(7(13) +i 7(14))) -2, (7(23) - i7/(24))

h = 16(7(23) + 27(23)) (14.5)

14.3.4 Field V' Right Side : Field V

hy =4Iy + Bres) D =—4100,7p0+ oV ea)
hy =8iygy, Ny =478 = 4B (Vs — 174,

hs =4y 33,8, = 483 (¥ 03y — 17 oay)

hg =473, N =—8iypy Ny =321(ypy+2744),
hy =8yao1 + 4B+ 45733 = 28(Yaay — 1700y
hio =851 +4(B +40,)7 33— 283V 03y — 17 0a)
h, = 8733 h, = 8i7[34]: h, =8i Y (3ayr

h, = 16(7/(33) + 2T(33))’

15 Photon Equation Coefficients

15.1 Field Aﬂ

rlA = _kzglA' rzA = _kzg§' r3A = _k+hlA! r4A = _kzgf

A_ LA A _ A A _ A A _ A
5 =01, I ——k294, 7 __k+h2’ fs __k+h3

rgA = _k+h5A’ rl/g _k+hf' rl? = _k+h9A1 rlg = _k+r11%7

s =—khi o ni=—kgd, ns= 10—k, ng=—kh,

rl? = sz _kzgsA’ rl/é\ = faA _kzg7A' rlg = sz _kzg4A' rz/?) = _kzg7A’
rﬁ = f4A _kzggA’ rzAz = fsA _kzgfi r2A3 = _kzgle' rz/jt = _k+h7A1
ns=—kh, ng=1f"-koi 17=1"-kgaj rs=-khj,

A_ A A _ A A_ A
o =—Ky0100 Too =—K,0,, Iy =—K.hj, (15.1)

15.2 Field U#
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rlu = flu’ rzu = fzu’ rsu :_k+hlu’ r4U = fsu
="f’, r=kh, r=kh, r=-kh
=khy, no=kh, g =4k, n =kohy
rlg = I(+hlU0’ rllth =_kzgf' rllth = fsu _kzglzJ' rll&JS =—k+h;J,
ny = fo —k, 95, =1 -2k0;, rg=1, nrg=1’,
=1, =1 -2kgs, n="f5-2kg;, n,="f;-ka,,
rz% = flg _kzgg’ rzue :_k+ Ul' r2U7 = _kzgg’ rz% = flg _2kzg;'
rz% = _k+h1U2' rs% = kzhkjl rsti = _k+h;7 (15.2)
15.3 Field V
rr=-kh’, r=-kh~, r=1f"-kg,, r, =-kbh,
r5+ = fz+ _kzg;’ r6+ = _kzggi r7+ = fsJr _kzgf’ r8+ = f8+ _kzgg'
r9+ = fﬁ _kzg;' rﬂ) = —kfh;*, rﬂ = —kth_*, r1+2 = f4+ _kzg;’
ri=-kh’, r,=—kh , ri=-kh’, r;=-2kh,
rp=—kh’, np=-kh', rno=-k0;, ny=-k0s,
N =1 —K0y, 1p=1"-k0, r;=-ko;, r,=f" -k,
s =K, 05, L =—k N, rf=-khgr=1f,-kg;,
o= fiu—K. 05, =1 —-k9g, 1ri="f5-kap,
16 Vectorial Equations
16.1 Photon-field A,
Transversal Sector
EA =a *A (16.1)
B, =3B, (16.2)
€, =a,EM+el)+ae™) (16.3)
b,=a,(b"+b1)+ab (16.4)
Longitudinal Sector
S,=a,5" +a,S" (16.5)
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R _oay 22) (12) +-3 o ay (2) (12) +-3
Sp,=a(z+z242z2+2 7 H+a (o +o+20+20)) (16.6)

+-3 (22)
A =G£S s + £8P 4 £ 5P 4 fASED 4 fASUD 4 fAS L fRA @ Y+ fL @ 2) +

+, (fos™ 4+ £ 4 £ 4 f73 4 f7sMD 4 ) 3(12)+f103((22)+fU "‘)+

+ @, (f s 4 £8P 4 £ 4 £55@3) 4 £05@4) 4 £1s@%) 4 £ 1s@4) o

[13-] [23-] 3-) @3-) 13-) (23-)
+f, 2z S+f, 2 2+1) 2 241 72 2+ 0 S+ T, o )+

4 ¢7(f5*+s[23*] n f6*+s[24+] + f7*+s(13+) 4 f9*+s(23+) 4 fl’;+s(24+) N f1*1+5§3+) n flz+sg4+) n
L [134] N 3+] D) L @34) D) L (@34)
+f, z 2+f, z 2+, 2 +f,7 2 S+t o S+ @)

+A(FAS5D L £A50D 4 fA50D 4 f A5 AN 4 f A5 (2))

+U-(f8M 4 180 4 fle D 4 fPs O 4 105004 fI5@D 4 fU5+° 4

+ 5 M+ £,75 99 + 05 ) +

V(I £ | gl g 03 4 £ ) £ 0 4 g ) |

+ S T frsPA  fr @) 4 fr @3  £15 @) 4 I8 ) 4 £15 Py

V. (f2*+é’ 134 f3*+é' 3] | f6*+é» 24+ f;*é’ s f8*+é— @34 | flTé w(23+) n fl?—é w(24+) 4
4 f5*+§ R34 f6*+§ R4+l f7*+§ s f9*+§ @3 f1;+§ @a+) f11+§ w(23+) N f;g 0)(24+))

(_,(11) -@12) -@2) ~@11) ~12)
=—A(f)s +frs +frs +fls, +fls, )+

«+3
—p(FSS I 1S4 £ A5 L 1500+ 185 P s )+

@2)
+A(fr o +fAs+3+fA “) Ux(f b4+ f0h F 4§20 42) 4

H(11) 12) @2 +-3 1) 12) -@2)
~U-(fls +f’s +f’s +f's +f’s, +f s, +f9s, )+

-4, (f3U§ 2l f3U§ S f4U§w(12) + f6U§ an 4 f7U§ @2 4 f8U§ @2) 4
= +-3
+ 1750 4 £ s M 4 £8P 4 195 PN+ U(FY o &)+

SV x (=, B £0 P £D B 7B ) 4 5 @ 4 1,060,080 + £50,04) +

o[23-] o[24-] 13-) @23-) 4-) @23-) 4-)
V' (fss +ffs +f's +f's +fis +fis, +fis. )+

—p (— B e PRy e R £ 0 4 £ @) 4 116 @) 4 £58, 00
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T e T T B T o T e I I 3 ) P

-, [13-] L 23] 13-) (@3-) (3-) @3-)
+VI(f, z S+f, 2z 2+ 8] 2 J+1) 2 Sl ol @)

_\7— % (_ f2*+b [13+] + f3*+b [23+] + f6*+b [24+] _ .I:7*+b (13+) + f8*+b (23+) + flj_+ba523+) + fl‘;+ba§24+)) +
o[23+] ol24+] 13+) «23+) «24+) «(23+) 24+)

Vo (f's  +fs  +fFs  +fs  +fr s +fs. +f)Ss. )+

_¢ ( f*+—~ [13+] + f*+—>[23+] + f*+—>[24+] + f*+—> 13+) + f*+—~ [23+] + f*+—~ [24+] + f*+—~ 23+) +

+ fl’;+é>a)(23+) + fl’;é»w(24+) + f7*+§ 13+) + f9*+§ (23+) + fl’;+§ (24+) + fl’;+§w(23+) + fl*;+§w(24+)) +

- L. [13+] . [23+] L., (134) L, (@34) (13+) o (23+)
~V(f) 2 S+t S+t v 2 Yt o+ 0 0)

= ¢(f1USA+ feAS:a + f7ASuaa)+'&'(f1A§u)+% (fsusu + flLljS;l+ flLZJS;Z)"‘
+U - (f E, + £ E))+4.(f,S_+ £58%)+V* -(fE_+ 1S )+

+¢ (£,°S, + £5S2)+V ™~ -(fE, + £,°S))

A= A(FASU)+a(FAS,) - AT S, + F/S5,) +
LU x(FUB, + fUB,)+U -(£¥ Su)+d, (fUE, + fUE, )+
CG (RIS 4 £9S %) 1V x (7B )4V - (£ S )+

£ (B + 1,S) -V (£55:) +V x(£B.)+

V(7 S+ 4 (1B, + £75,)+V(£55)

16.2 Photon-field U

u = 51 U (16.7)
éu = Eléu (16.8)
& =b,E"+e" ) +heg™ (16.9)
b, =b,(b @ +b ) +bb (16.10)
S, =b,S +b.S 2 (16.11)
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a4y @ 12) +-3)  _ ay @) @2 +-3
Su=b(zi+z2+22+42 z )+b(o+o+20+2w ) (16.12)
M, =214, (16.13)

¢(g Agl) | 9’ Ag2) | 0 Ag@2) | gA 3 0. S(11) +9. S(12) +gh S(22) i 94 a) i
+ Z\- (958 "+ 061+ 976, + 955V + 075 W+ g5 V4 g5 P
Az (11 Ag (12 Az (22
+0o5, " +0.8,%2 +9/08,%) +

+a, (95 s +2g5s"? +gYs?? + 29V s+ g s P + gy sUP + 29 S8 +

1) +-3
(24
+93 w +293 a) +ge ® )+

+U (955 0 +205's 42+ g3's @+ g¥s 19 +297'5 2 + g's ) +

+¢, (958" + g™ 4+ g™ 4 gis™) 4 grst) 4 gis®) 4 gt +
e [13-] [23-] 13-) ©3-) @3-) ©3-)
+ - + a + a + a + a + a + a
+0505, —0s Z 59y Z j+0g Z ;40 Z ;40 @ J+0;; o )+
7+ +z [13-] +x [14-] +xz [23-] +z (23-) +z (13-)
+V (-0, T+ g€ — g€ —g € T 4+ 0e€, T +

= [14-] = [23-] =13 =[13-] = 14-) = (23-) = (139) = 14-)
+035 T 0,8 4048 T #0558 40,5 T 40,5 +04S, T +0,5, )+

+é (5 s 4 gt sty gl 4 grrgsn 4 g | g g3

[13+] L. 34 D) )

*+S(14+) z T 7 4+0s 7 40y 7 g+

*+

13
+d,°55% + a5 d,

13+) 23+)
*+ a *+ a
t0s @ 405 @ )+

+V ( 92 e [13+] + g e [14+] g e [23+] g e (23+) + g*+—> 13+)
+ g;‘+§ [13+] + g;+§ [14+] + g:+§ [23+] + g;+§(13+) + g;+§[13+] + g;+§ (14+) +

*z (23 *rz (13 *rz (14
+0,'8®) +9.'5 ) 425 M) (16.14)

= Ax (@5 026+ 926,

1) X 12 X -2 X +-3 X 1) X -12) X -2
+A(96 +0;8 +0gS +0,S 40y Se +0, S0 +0;5S0 )+

+p(gre ™ 1 gfe 1 gre P 4 gls Y+
A= (12) A= (22) A= +-3 A= (11) A= (12) A= (22)
+0;8 "7 +05S V40,8 T +0,S, +09,S, 7 + 0,5, )+

_ INENY «(12) «(22) PNCES)) «12) «@2)

—A(g4 c’)+U (@Ys +29ys +g)s +20Ys +0Ys. +205 So )+

U= (11 U= (12 U= (22 U= +-3 U= (12 U= (22
+, (955 “+2955 P+ 935 #P+ 2975 72+ 9y'5, 4P +205'5,.%7) +
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+-3

- (€3 - . . . 4 .
~U(95 @ {+205 @ [)+V 7 x(-g;b " —ggb B —g b B - ggb 7 4 ggb ) +

0

PNGES NS R3] (139 o (14-) (239 (139 & (14-)

+V*(9, S +0;S +0,S +0.S +0;S +03S 40y Se +0/,S0 )+

+¢,(-g;8 ¥+ g —ge T —gre @ 1 ge ) +

= [13-] = [14-] = [23-] = (14-) = 23-) = (13-) = (14-)
+0,8 T O STTHO, S T H07S T 4058+ 048, + 0505, )+

[13-] [23-] 13-) 23-) @3-) 23-)

“VI(-0; 2 2-0; 7 S405 Z S405 2 S405 @ (405 o O+

+\7— « (_g;+6 [13+] _ g;+6 [14+] g:+6 [23+] _ g;+6 (23+) + g;+6w(13+)) +

~ o[13+] ol1a+] o[23+] 13+)
+V7(g,"s +0,S +0,S +0¢ S +

. o (14+) . ~(23+) . o (13+) . o (14+)
+0;"S  +0g'S 40y So +0;0 S0 )+

+ ¢_ (_g;+é’ [13+] + g;?é [14+] g;‘Fé' [23+] _ g;‘+é> (23+) + g;+é(‘)(l3+) +

+ g;+§ [13+] + g;‘+§ [14+] + g:+§ [23+] + g;+§ (14+) + g;‘+§ (23+) + g;‘+§w(13+) + g;‘a—gw(l4+)) +

. [13+] [23+] 13+) 23+) 13+) (23+)
(T Q at *+ a *+ a *+ a *+ a *+ a *+ a
V(015 =9, Z J=0, Z J+0g Z J+0y Z J+0y © ;405 @)

o = HAES,+05S )+ A- (9 E,+ gl E, +092S,) +
+ ¢, (97 Sa+05S + 09085 2) +U - (9VSaH) + . (92S_ +05,S57 )+

+V*(97E.)+4.(9:°S, + 01,87 )+V (9, "E, +05°S,) (16.15)

Ty = Ax(9/B, +0/B,) + A- (02 Sa+)+ 49/ E, + 00 Ey) +

~ RG4S +048:7) +U (0 Sa)+eh, (9VS) +

~G(gYS +9YS:)+V x (g7 B)+V " -(gg S-)+

+p (G E +035) -V (g8 )V x (g B)+V (g0 S.) +

+¢ (9, 'E, +0:°S_+) -V (0;;S7)

16.3 Positive charged photon fieId-V;
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E, =GE. (16.16)
B, =cB. (16.17)
€ =C,(eM+el? (16.18)
b, =b,(b " +b ) +bp (16.19)
S, =cS% (16.20)
5. =C,(2 %+ 7 “)+5(® “t @ %) (16.21)
M, =—uig (16.22)

= A(WASET 4 hASERT L pASES) 4 hsE) L hASPH) L hASES)

ey a3l 23] A 03 A (23—) 3 A @)
+hlls -hy z -h) z J+h z J+hy oz +h13 o 2+h o 2)+

a
+ A (—hfe B3 _nAg P 4 g P4 1 pAg @) _pAg @) 1 pAg 0 4 g p @)
+ th gy h7A sy h8A§ @)y th§ @) 4 hfgé' @) 4 |‘11A1§w(23_) + hl/;§ 0524_)) +
+ b, (+hy s Y s s Y s34 R Y s@3) hg’ s&%) 4

U .23 U U [13-] U [23*] U 3 ) (23 —) (23-)
+thsc(o _)+husg_+hlz z ;—hy othy z hs +hlz a) +hlz o)+

$U - (hPEs] (Wil pUg Bl g ) pug0e) pug @) 4 (g e
+ hl%é ;23’) +hJs 314 h}j sl h's (231 4 hé’ s 4 h's @) 4
+ h; S %) + h;‘l §w(13_) + hl%gw(zg_)) +

[+]
+¢ (hys™ +h;s®? +h sy 2h s v hyst T4 hy s+, z o+

(+) +—4 a) @2 12 () @2) 12)
+h,z 2+h, z2+h(z+ 2422 +2w+2w+4 0 )+

+V - (he™ 4 h S, +h s +h 5@ 4 h§® 4 2h 5 +h s+ h5)) 16.29)

I, = Ax (o BT+ 00 P14 hfo P14 hfh @39 —hth @9 —hfib #) —h/b, ®47) +

ol13-] [23-] 13-) @23-) 4-) @23-) 4-)

+A-(h*s +h*s +h®s +h¥s +h®s +his, +his. )+
+p(he 3 L hfg P g P4 L hAg @) _nfg @) +hE @) +hlEw @)

+hs B34 hAS BT ps 030 4 hA'5 @) | hAS @4) | hAs @) | hAs @4y o

3-] [23-] @s3-) (23-) 13-) 23-)

- K3
ARz J=ht 2 Seht oz Jeht oz Seh e JrhG o D)+
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+U x (_hZU g3 _ héJ g1 hii g3 _ héJ g3 _ h;J &) _ h; 503

Uz (13-) Uz (23-)
+ h9 ea) + thea) )

ol14-] [23-] «(13-) o14-) @23-) 13-) 14-)

+h)s +h!s +h's +h)s +h's  +hls. +hls. )+

+h, (~hYE T Vg T pUg BT _pUg 03 _plg 040 g @) 4 plg 09 4
+ hluoé ;23’) + h;J gy h:f sl hf g1y hé’ s 4 h;J 5§04 4

IS LS 2 s ) +

~ .U [13-] U [23-] U (13-) U (23-) U (13-) U (23-)
(24 a (24 a a o
-U(h, z ;-h; z J+hy z J+hy z J+h;, o J+h, o )+
a1 -2 12) e Sl o)

+Vox (b 4+V-(hes +h's +h's +2h;s +h's +h s, )+

+¢ (NEM 4 s ns® s 120 s +h s 4 s )+

- 1) @2 12) @) @2) 2
-V h(z+z+2z2+204+20+40 )+

1

7[ a 7(+7)a 7+74a
+hl2 z a+hl3 z a+hl4 z o:)

p. =¢(heS_+hjS )+ A-(WE_+h{'S )+
+d, (WS_+h’S*)+U-(hWE_+h/S )+
+¢ (N;S,+hS, +hyS ™t +h S %)+

+V -(hE,+hE, +h;S, +hS,) (16.24)

3= Ax(WB)+A-(h*S_)+

+(h'E_+h2S ) - A(h3S: ) +U x(WE)

U (WS )+, (WWE +hS )+
~U(+hS ) +V x (W B, +hBy) +

WV (h; Sath: Su)+¢ (WE, +hE, +h;S, +hS,+)+

—V7(hS" +heS,)
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16.4 Negative charged photon field-V;

E =CE, (16.25)
B.=¢B, (16.26)
€ =c, ("M +el?) (16.27)
b.=b,(b™+b ) +bb ) (16.28)
S =¢S5 (16.29)

_=C, ((+zl) e (+22) 9+, ((;) “t (;) ) (16.30)
M_=—u9, (16.31)

= ¢(h2A*S[13+] + h7A*S[23+] + hSA*S(13+) + h4A*S(23+) + th*S(24+) 4 hle*Sffer) N

3+] [23 ] ) ) (23+)

L
§@4) _pAt o pA* a
+hll -hy z J-h +h8 hs +h13 a) +h13 o)+
LA (-h 2/-\*é [13+4] hSA*» R34 | 5/-\*é R4+ | f*é 23+) hA*» @4+ A*» (23+) N hlA*a @4+)
N hA*—» 134 | h7A*§ R34 | heA*§ s | th*g @3 | hl,g*g @) hﬁ*§w(23+) 4 hl,;*gw(zu)) 4

+¢, (+h} sl hy’ st pTsle hg’*s(“*) +hYTs®H) 4 th*s‘zs*) + h;J*sSS*) +

U™ (234) U U [13+] U [23+] U 13+) (13+) 23+)
* + * a— * o * a * a
+hys”” +h, S; +h, z J=h, z J+hy z +h8 +h12 1) +h12 D+

+J. ( hu* [13+] hu* [14+]+hu*e [23+] hu* (13+) hu* 14+) he*é (23+)+hu* (13+)+
+ Uo*é w‘zs*’ + h;’ i S h:f gl hf*§ 23+ 4 héJ "5 @3 4 h;J 5 @4 4
"‘ha *g (@34) _'_héJ (13+) +hlU*S (23+))+

* * * * _* - _x o _*x [+7]
+¢ (hy"s"P+hg s<22’+h7‘ s4+2h"s ™ +h st 4 st +hy 2 f+

L Lt 1) @2 12) @ @2) 12
+h, z;+h14 +hu(z 14271042020 +h4 o D)+

+V (04 h,"S, +h s 4 h's @ 4 h's ® 12h s 4 h s 4 TS )
(16.32)

I_ — AX (hZA*b [13+] + h3 *b [23+] + h?*b [24+] + hf*b (23+) h9 *b (24+) hlo*bw(23+) _ hll*ba)(24+)) +

&[13+] o[23+] (13+) (23+) 24+) @3+) 24+)

+A- (s +h®s +h®s +h®s +h*s +h¥s, +his, )+

" ¢(hA*~ (3 | hSA*é 23] hA*~ 4+] hA*—— @3+) hl/z*é @) I,llAl*éw(zsﬂ n Az*é @)
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hA* [13+]+hA*S [23+]+h8*3 (13+)+hA* (23+)+hA*S @4+) A*§ (23+)+hlA1*§w(24+))+

- L34 L [234] L (13+) L (13+) @3+)
-A-hT z ~hf z “+hY z +h8 +hf o 2+h, o 9)+

+U><( hue[13+] hu* [14+]+hu* [23+] hu* 13+) hu* (14+) th*é @3)

U*= (13+) U*g (23+)
+ h9 ea) + hl )

o[13+] . olla+] . o[23+] . 13+) . 14+) . @34) . 13+) . 14+)
+U-("s  +h"s  +h"s +h"s +hY"s  +h"s  +h)"s, +hls, )+

+¢b( hu*—» [13+] hu*—» [14+]+hu*~[23+] hu*~ (13+) hu*—» 14+) hé) (23+)+h;J (13+)+

+ %*é0523+) + hg*g [t3+] + hg*g [4+] + hf*g [234] + hg*g (3+) + h;l*g (@) +

+ hfl}J*g @3+) | h;J*S»w(laﬂ i hlLi)*ga)(ZSJr)) n

-~ U [13+] U [23+] U 13+) U 23+) U 13+) 23+)
* a * a * a * a * a a
_U( 2 z a_h4 z a+h8 z a+h8 z zx+hlZ @ a+h12 )+

PR @2 (12 e oI+ PR

AV ox(WD )4V (s +h"s +h’s +2hs +h’s +hs, )+

+¢ (M 4+ s 4 h 5§ 4 s ™ 4205 +h s 4 "5 ) +

11) 22) 12) 11) 22) 12)
-V- (242422420420 +40 X))+

_x +] a Cx (+) o - +-4 o
+h12 z a+h13 z a+h14 z a)
p. = p(hS_ +h¥S )+ A-(hWNE_+hXS )+
+, ('S +h2se)+U - (W E_+hV"S )+
+¢ (NS, +Nh"S, +h"S“ +h S %)+

+V -(hE,+h"E, +h;"S, +h"S,) (16.33)

J = Ax(h*B)+A-(h"S_)+

+(h"E_+h"S ) - A(hy S ) +U x(WE)

20 (WS )+, (WE +hV"S )+

—U+hYS*)+V - x(h B, +h,"B,) +

V(0 Sath Su) 4 g (W E,+hE, +h"S, +hS, +) +
—Vo(h'SSt +hgS )
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17 Bianchi relations

17.1 The Collective Symmetric Bianchi Relations

17.1.1 Tensorial Form

4585 |Page

0,200 +0,25)+0,25) =y, {AS,, +AS;, +A S, }

puv P v,

0,287 +0,257 +0 g0 21 ;/(12){U S,,+U,S%, +U S, +

v©pu pTuv pouv T

+AS, +AS> +AS:}

P v,

0,2, +0,250+0,2,0 = yppfU,S,, +U, S}, +U S}

v©&pu pCuv

1 . ) )
0, Zum + 0.2y + 0,20, = 7(33){\/ S,,+V, S, +V S

P/lV

+V,; S +V, S +V S }

8#2(‘+1)+8 z(+1)+8pz(+1) = (;/(13)+|7/(14)){\/”S1 +V,'S) +VS, +

vp) (pr) (uv) o Xu v T

+AS +AS’ +AS .}

P v

_ 1 . _
0 Z( 1)+8 z¢l +8p2( Y 25(7(13)_|7(14)){V//81 +V, Sl +V, S, +

vp) (pr0) (uv) pSu v T

+AS, +AS +AS .}

0,23 +0,200 +0 208 = (y(13)+iy(14)){\/;s2 +V,’S? +VS? +

(vp) v=(pu) p(uv) P ﬂV

+U,S +U S’ +U S/}

puv.

January 2017 WWW.

cirworld.co

(17.1)

(17.2)

(17.3)

(17.4)

(17.5)

(17.6)

(17.7)

m

1



&

ISSN 2347-3487

Volume 13 Number 1
Journal of Advances in Physics

0 Z((‘,z)‘i‘a z(; 2)+8 260 = (7’(23) '7(24)){\/ysfp +V, SZ +V, S5, +

p//v

(pr0) (uv) —

+U, S, +U,S  +U S '}

P

17.1.2 Vectorial Form

5 . 1 ., - 10,
— st yy.5@D :_7(11)(¢8Aa +246, +2A- S )___

ot 2

_ o 4 109
V.5 ats(11)— 5 (11)(AS 2¢SA+2A SA)——V z,

6 - = 1 o [24
as(lz)*‘v's 4 227/12(¢Su(1 + @ Sa. T 205, +245, +

245, +20.5,)- 197

+2A-S,+2U-S,)-=— z

U A 2 ot a

- o@ g 5,1 - - - -

V-s 8ts _Zy(lz)(ASUO;+USA(Z—2¢SU —2¢ySp+
1= (12)

+2A. Su+2U SA)——V z

0 @2 e - 1 109,

6ts +V-§ 57(22)(¢5u(x+2¢b5 +20-S )_55 z

L o @) (22)

v.s -Jgenzl Vo2 USY%, —24,S, +ﬂJS@—1Vz
ot 2

0 +3  v.g+3 — 1 a

as +V-§ - 27(33)(¢—S+a + + -a ot 2¢—S+ + 2¢+S— +

a

+V .S +V*-S )—lé z°
20t

o9 1
— = +-3 — T-Q «a T+Q «a
V-s —ES —27(33)(\/ S+a +V S_a‘i‘
> . © 1_,+—3
—24S.-245 +N"-S.+ +NTS )TVl
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0 + v.c (+ 1 : a a 7+
S T8 0 = 2 7 )65+ 5L+ 20,8, 248, + 25, +

. (+1)
+2A-S+)—1§ z 7
20t
(17.16)
. ot 5 e 1 ) e a e a - ~
V-s _as = 2(7(13) +y70))V'S,, +ASS —20.5,-245 +
< Lo 1 -G
+2V7-Sa+2A S+)_§V z ;2
—sM4v.5V= %(7(13) — 170N (PSue + 5.5 +20.S,+245_+ - '§A +
. (-1
+2A-SL)—12 z 7
2 ot
(17.17)
_ oD 0 . D 1 ) o ~ . - -
V-s _as = 2(7(13) —1704))(V S +AS L —20.5, - 245+

RS L oo 1D
+2V‘-SA+2A-S,)—EV z 2

a

0 + o & (+ 1 ; a a 7+
as( 2)+V'S(2):Z(V(zs)+|7(24))(¢+su(x+%S+a+2¢+su+2¢US++2V “Sy +

L (+2)
+2U-S+)—1§ z
2 ot
(17.18)
- o (2) a_,(+2)_1 - T+o a Je «a < 3
V-s ot _2(7(23)*"7(24))(\/ Sua tUS, —24.5, —2¢,S, +

_ (+2)

+2\7+~(§u+20-§’+)—§v z

0 o (= 1 : a o 7- Q
as( 2)+V'5(2):Z(y(zs)_'7(24))(¢—SUa+%S—a+2¢—su+2¢US—+2V Sy +
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. (-2)
+2U-Sf)—lg z
20t
(17.19)
L e o . 2) _ . - - — —
V-s " —S77= —(7(23) —1704)(V Sy, +US 5 —26 S, —2¢,S_+
1-62
+V- Su+2U 5 )——V z?
18 Bianchi Collective relations
18.1 Antisymmetric Case
+-3 +-3 +-3 3
5 z [VP]+a ‘ [,0#]—’_a Z [/“’]_ fﬂVP
where
P ;/(33){\/V+ +VV+ +V\/+ V;VV; +VV+V,;, —Vp*V;v} (18.1)
(+) (+) (= )
aﬂ z [VP]+av z [Pﬂ]+a z [ f#VP
where
fo)=— y(34){\/v+ +V, Vo +VOV) VIV V)V VOV Y (18.2)
[+1] [+1] S (]
Ou 2ot 0y Z 1+ 0, 7 1= Ty
where
fir] :—%]/[34]{\//;V++V_V[;;I VOV VIV 4V VY (18.3)
(+1) (+1) (+1) (+1)
Ou 2ot 0, Z 1+ 0, 7 1= Ty
where
+ 1 H + + +
f;EVi) = 5(7(13) + I7/(14)){\/;1 FVp +V, FP# +Vp F - AHVVP + A\, p uv}
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(+2) (+2) (+2) +2)
—_ +.
aﬂ z [VP]+aV z [Pﬂ]+ap Z = f/lVP
where
1 .
(+2) — = + + + _ + + +
fﬂVP - 2 (7(23) +|7(24)){Vﬂ FVp +Vv Fp/t +Vp F#V AuVVP + Vp/t Apvuv}
[12] [12] [12] 12]
aﬂ z [VP]+8V z [pu]+8p z [/JV]: fﬂVP
where
fua -1 {UF +UF +UF -AU +AU —-AU, }
ﬂVP_27[12] u'vp v pu PV u=vp PH A%
(12) (12) (12) 12)
aﬂ z [VP]+6V z [P/l]+ap z [/“’]: f/ﬂ/p
where
foo -1 {UF +UF +UF —-AU_+AU -AU_ }
ﬂVP_27(12) uovp v opu poHV w=vp pu P v
+-4 +-4 +—4 a
O Z 1ot 00 Z 1t 0, Z (g™ G
where
1
+4 _ + + + - - -
Opp = E;/(M){\/D/Vp +V, V) AV V=V, =V IV VIV (18.4)
18.2 Symmetric Case
+-3 +-3 +-3 3
a# z (VP)+8V z (Pﬂ)+ap Z (= Yuwp
where
o1 V.S, +V, S +V S! +V S +V'S +V'S } 185
g#Vp_27(33) uSvp v S pu pSuv uSvp v pu p S uv (18.5)
(+-) (+) (+-) ()
aﬂ z (VP)+av z (Pﬂ)+ap Z ™ Quwp
where
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gt :_éym){vl;y +VS* +VOST VIS +VSS 4V ST} (18.6)

uvp p S uv

[+1] [+] [+1]

(]
0y Z 4oyt0, 7 (py+t0, Z (,)= 3

uvp
where
[+-]1 — + + +
9pp = }/[34]{\/”5 +V,~ S A SW+V S, +V S e SW} (18.7)
(+1) (+1) (+1) (1)
+
8/-1 z (v,0)+a z (Pﬂ)+a z (uv)™ g/-lV,D
where
o - 1 i 'S, +V,S +V Sl +AS +AS +AS
gyvp_E(j/(13)+|7(l4)){\/,u + + P yv+ +% + yv}
(+2) (+2) (+2) “2)
+
aﬂ z (v,O)+a z (P#)+a z (e~ gﬂVP
where
(o) - 1 i JSZ+V)SZ 4V S +U,S) +U,S) +U S
g,uvp_E(}/(23)+|7(24)){\/y + + + + + L yv}
[12] [12] [12] 2]
5 z(v,0)+a Z(Pﬂ)+a Z(#V) gﬂVP
where
2] — 1 1 1 2 2
Do = 7/[12]{U S,,+U,S,,+U S +AS +AS’ +ApSW}
(12) (12) (12) 12
5 z (VP)+6 z (Pﬂ)+a z (en)™ guVﬂ
where
(12)_ 1 1 1 2 2
Ouvn = 7(17_){U S,,+U,S ,+U S, +AS +ASS +ApSW}
11 11 11 "
’,z,t0,z2,+0,7,~0,,
where
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g,uvp ]/ll{A S + A/Sl + ApS,:tLu/}

22
12

0, z o0, z 10,2 ,70,,
where

92 =7,,{U,S" +U,S2 +U SZ}

+-4 +-4 +-4 d

aﬂ z (VP)+6V z (pﬂ)+6p Z (= 9
where

g;Vp l7/(44){\/ S+ +V, S+ +Vp8;V+V S, +V' S, +V SW}
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