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Wave Equations of Electrogravitodynamics
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Abstract: A formal structure of Electrogravitodynamics (EGD) is presented from wave equation development
in both Electromagnetism (EM) and Gyrogravitation (GG) respect of the transverse component fields, as well as
the poynting vector of each radiation, generically in a material environment and with non-zero generating
sources. Once the complete structure of each radiation type, EM and GG, has been obtained, the interrelation
between both two can be incorporated. This interrelation will be based on equations between irrotational
components, the same within solenoidal components and also irrotational with solenoidal component relation
equations regarding different radiations, incorporating the corresponding sources for the material environment
and, later simplifying, for the vacuum. The EM-GG interrelation includes the relationship between independent
sources for EM and GG. Finally, the EGD is completed with an intrinsic impedances and specific energy
intensities comparative study for EM radiation, GG radiation and GG radiation for EM-GG conversion.
Keywords: Electrogravitodynamics, Gyrogravitational Radiation, Gyrogravitational Poynting Vector, Wave
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. Introduction
Maxwell equations analysis is almost always performed in a free field sources wave propagation
environment, that is, with both charge p and current J densities zero. For simplicity, in regard to electromagnetic
radiation (EM) and, even if an environment with field sources is used, it is usually analyzed in a vacuum (non-

material environment) [1]. EM radiation, as an electric E and magnetic induction B transverse field
combination, transports energy through space with a non-zero mean value. However, such a statement is only
really true in certain EM wave propagation regions [2]. Sometimes, even for relevant field strengths, with non-
zero EM source distribution, the EM radiation mean power density can be zero.

The electric E and magnetic H fields behavior can differ hugely within different EM energy
propagation zones, for the same EM radiation flux. However, it is common to use simplified Maxwell equations
for vacuum (when we almost never work in a vacuum). We apply them considering an environment without

sources, obtaining the electric E and magnetic H fields wave equations and subsequently, their solutions in a
simple way. The mistake made when working in this way can be important in certain situations, especially when
the so-called inductive near field is handled. The solution is to use generic initial conditions. In other words, it is
about handling Maxwell equations in a material medium, incorporating its possible variability in change terms
on the electric permittivity ¢ and the magnetic permeability x. From this generic perspective, the wave equations
for the EM radiation transverse fields are obtained and hence the solutions, depending on the conditions of the
propagation environment considered. Results obtained for the wave equations treated in this generic way are not
symmetric, offering solutions in the form of not null d’ Alembertians.

It is curious that when we talk about the wave equation associated with EM radiation, it is expressed as
a combination of its transversal components wave equations in simplified terms (vacuum and without field
sources). A single compact expression is never used representing the EM radiation propagation, for example,
through the poynting vector S, which is more EM energy propagation representative, than its transverse
components. The wave equation for the poynting vector S will be developed for a propagation environment in a
material medium, introducing the non-zero field sources possibility and allowing electric permittivity and
magnetic permeability with spatial variability.

Once the generic wave equation for the poynting vector S in a material medium has been obtained, with
non-zero sources and electric and magnetic constants spatial variability, it will be simplified by applying the EM
radiation conditions in vacuum free space, without sources. The result is that of a null d’Alembertian for the
poynting vector S.

As described in Electrogravitodynamics (EGD) defined in [3], the gyrogravitation field (GG) is, similar
to the EM field, a field composed of two transverse components, the gravitational field g with an irrotational
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nature and the gravitation torsion field ﬁT (gyrotation ﬁ) of solenoidal type. It is now a matter of writing the
wave equations for the GG field transverse components. In a similar way to what has been done with the EM
field, with respect to the GG field, the electric ¢ and magnetic x constants are replaced by the gravitational
permittivity & and the gravitation torsion permeability z constants, respectively, where the latter is a function of
the light propagation speed in material medium s and, therefore, spatially variable [4]. Results obtained for the
GG field wave equations from transverse components are not symmetric, defining solutions in the form of non-
zero d’Alembertians. If it is considered in the GG field propagation environment that sources (material density

Pm and mass current density fm) are zero and the medium refractive index n is constant, the GG field
components wave equations appear as symmetric in the form of null d’Alembertians.

It remains to describe the GG field propagation, expressed by the gyrogravitational poynting vector §g,
in a compact way through a single generic wave equation, for a material medium, with the possibility of non-
zero GG field sources and spatial variability of the gravitation torsion constant z. The generic d’Alembertian
obtained is non-zero, although if we apply the GG radiation conditions in vacuum free space, without sources, it
is simplified into a null symmetric equation.

Electrogravitodynamics (EGD) begins from the formal structure that describes EM and GG radiations
separately, incorporating the interrelation and influence in both directions, between gyrogravitation and
electromagnetism component fields (gyrogravitation induction in electromagnetism and vice versa). Formal
relationships will be obtained within irrotational type components and the same for solenoidal type components.
At the end, we will propose relation equations of irrotational components with solenoidal ones between EM and
GG radiation.

In the EM or GG radiation propagation, the relationship within transverse field components and the
corresponding poynting vector through the intrinsic impedance # results important. On the other hand, the
specific energy intensity S, is introduced as the radiated energy intensity per unit of area and specific impedance
of the propagation environment in the considered radiation. A comparative study between EM and GG radiation
will be made based on intrinsic impedance relationships and specific energy intensity relationships.

Il. Wave Equations in Electromagnetism
It is usual to analyze the solutions to Maxwell equations in a field sources free environment (null

charge density p and current density 7) or, when talking about EM radiation, to use an environment with non-
null field sources but, for simplicity, of a non-material type (in a vacuum) [5]. EM radiation as a combination of

electric E and magnetic induction B auto-propagated fields in the form of transverse waves always in phase,
transports energy through space. But this statement is only really valid in the radiation or far field region, where

the EM wave carries non-zero average power. That is, the power densityf’avg, defined as the EM wave mean
power per unit of transverse area respect to the propagation or temporal average of the poynting vector S, is
different from zero.
=N = - _ - 1 T /= —
S@#t)=E@t)x H{# t) and Pavg =7 Jy (E x H)adt (1)

In the far field zone the relationship between the electric field E and the magnetic field H (magnetic
field strength), given by the intrinsic impedance 7, is determined such that, for a vacuum it will be 7,
n=%withﬁ=§andifu=,u0 = 1y = HoC , 2

Where pu, and c are the magnetic permeability and the speed of light propagation, respectively, for the
vacuum particular case.
However, when speaking of the near field region and, more specifically, in the reactive or induction

near field region, the energy transport is such that the power density Ewg is zero, even though there are relevant
field values. In this region, the electric E and magnetic H fields values depend on the charge distribution p and
the current density /. On the other hand, it is usual to consider the transition region between inductive near field
and radiative far field, named as radiant near field, as a zone where radiation fields already begin to predominate
and the power density progressively ceases to be zero.

There is a great difference in the electric E and magnetic H fields behavior within the inductive field
region and that of radiant field, as well as, respect to the EM energy transport itself that they represent in each
case, described through the power density value. In the space regions where the current densityf is not zero, the
symmetry between EM radiation transverse fields is violated [6]. However, the usual when talking about EM
radiation propagation is to use simplified Maxwell equations for vacuum and apply them in an environment

without sources, obtaining the electric field E and magnetic field H wave equations and, at last, their solutions
[7]. Although it is true that these conditions and results are valid for most of the cases, since almost always the
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EM radiation is referring to the far field, the error made when applying them is important, at least for the
inductive near field. To avoid this problem, one should start with generic conditions. That is, to use Maxwell
equations in a material medium and also consider that the medium possible variability affects the electric
permittivity e and the magnetic permeability 4 in the environment considered. From this generic perspective, the
wave equations for the EM radiation transverse fields are obtained and hence, the solutions depending on the
propagation environment conditions.

A material medium generic characteristics are given by the electric permittivity € and the magnetic
permeability x in the environment considered, such that,
€ =606, and p = pop, 3)

Where €, and y, are the electric permittivity and the magnetic permeability, respectively, in vacuum.
And €, and u, are the electric permittivity and magnetic permeability relative values, respectively, in a material
medium.

We are going to consider the possible material medium spatial variability with respect to electric
permittivity and magnetic permeability, thus,

Ve=0 and Vuio,thoughg—j:OandZ—fzo (4)
We will use Maxwell equations for material medium, so,

VEe&tL (5)
VH=0 (6)
VxEe—pn )
VxHe]+eZ ®)

The symbol < in the above equations represents that one term in the equation is inducer and the other
one is induced (where the arrow points to). Cause-effect principle applied in terms of inducer-induced concept
[8].

Incorporating nabla operator V on (8) and, considering conditions in (4), the following generic
continuity equation is obtained,
- > _6_p - @

V.] &< o Ve.(,jt 9)

Wave equations for electric field E and magnetic field H are obtained by determining the Laplace

operator A on each field. Generically, a field A Laplacian is equal to,

AQ =V(V.4) -V x (Vx 4) (10)
If we apply the rotational operator V x on (7), we obtain the following,
SUEUR T aH Ao o oH
v><(v><13)<=v><(—u¥)=—ua(v><f1)—vu><E (11)
Taking into account (8) and (10) over (11),
Se = S\ 2 a (> aF = aH
V(V.E)—(v.v)15"<=—u$(]+e5)—vuxE (12)
Applying (5) in (12) and developing,
VP _ V2B e — Y e ZE g, x
Ve V°E & W= HE— V,uxat (13)
Using the Laplacian definition on the electric field E in (13), we obtain,
= 1 9%F aj =p .= oH
Where s is the speed of light propagation in a material medium,
_c_ 1 __c
$= n Vite B VUreér (15)

Being n the material medium absolute refractive index,

n =/, € (16)
Taking into account the d’Alembertian operator [ definition,
1 92
Applying (17) over (14), the wave equation for the electric field component Eis definitely obtained,
ﬂﬁc—u%—vg—ﬁﬁxi—[: (18)

We will use the same procedure as above for the magnetic field H.
If we apply the rotational operator on (8) we obtain,

S, (7, 0F =7 N I aF

Vx (FxH)eVx (J+e2 ) =Vx]+er (VxE)+Vex (19)
Taking into account (7) and (10) over (19),
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- - — — o\ — — > 92H = oF
V(VH) - (VVY)He VX ] —ep—5 +Vex— (20)
Applying (6) in (20) and developing,
o o o 25 o F
—V2H~:=V><]—ELLZTI;+V1=.><(;—);F (21)
Using the Laplacian definition on the magnetic field H and (15) in (21), we get,
= 10H =5 7 = oF

Applying the d’Alembertian operator definition in (17) over (22), the wave equation for the magnetic
field component His definitely achieved,
CHeVx]4TexZ (23)
Observe that the results obtained through (18) and (23) are not null, as it is traditionally described when

- - - - - - - =4 - - -
simplifying, using a vacuum as medium and electric p and magnetic J null sources in the considered propagation
environment.

I11. Wave Equation Based on Poynting Vector in Electromagnetism

Traditionally, it is usual when talking about EM radiation to express the propagation conditions in
simplified terms (vacuum and null field sources) through the field components wave equations, that is,
TE=0 (24)
TH=0 (25)

A single compact expression is never used to represent the EM radiation propagation, for example,
through the poynting vector S, which also implies the EM field longitudinal character. The aim is to develop the
wave equation for the poynting vector in a generic propagation environment, for a material medium, with the
possibility of non-zero field sources and electric permittivity and magnetic permeability both with spatial
variability.

We start by setting the Laplacian operator A on the poynting vector S, applying (A6),

A(Exﬁ)=V2(E><I7)=V(V.(Exﬁ))—ﬁx(ﬁx(§xﬁ)) (26)
Developing the previous equation in parts, through (Al) and (A5), we have that,

V.ExH)=HIxE—EVxH=—pi. 2~ £ 2L E] (scalar) (27)

Vx (Ex H) = E(§A) - H.E) + (H.V)E - (E.V)H (vector) (28)

Using (27) and (28) over (26), we get,

A(E x H) = V(T x E) — V(¥ x H) + ¥ x (H(V.E)) -V x (H.V)E) + V x (. V)H) (29)
Applying vector calculus with (A3) and (A8) over (29), we obtain,

AE x H) = ((Fx E).V) i + (HBORE) + (Vx B) x (Fx H) + H x (¥x (Tx E)) -

— -\ =\ = =3 — — — — — = = — — — p — — —>p —
—(_(»Vi(H_)).V)_)E—_()E.jVT_C—)NEI)—EVxH) x (7% E) — E Qx(VxH))+Z(VxH) +Vex H -
—(HDVXE) - V(H.V) X E + (E . V)(¥xH) +V (EV) x H (30)

To simplify (30), we are going to develop the following procedure.
Taking into account (A1), it can be put respect the magnetic field H that,

—(V x H).V="¥.(V x ) — (V x V). A=V. (V x A) (31)
Then, using (31) and applying (8), we have that,
~((VxH).V)E = (V.(Vx H))E = (V))E + (V.e2)E (32)

Substituting the EM continuity equation (9) in (32) and developing, we have,

~(@xH).V)E=-2F - (B + e2 (V.E)E + (BeZ)E (33)

Substituting (5) in (33) and simplifying, the result is,

S oy 2\ 2 op = d =

~((VxH).V)E=-2F + e () E=0 e
On the other hand, taking into account (Al), it can be put respect the electric field E that,

(VxE).V=-V.(VXE)+ (VxV).E=-V.(Vx E) (35)
Then, using (35) and applying (7), we have,

(@ x8)9)f =~ (7.0 B)) A = (7.(u20) ) A (3)

Applying (A7) in (36), we get,
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(FxE).9) = (5 (@.10)) A + (Fu.2) A 37)
Also, inserting (6) into (37), the result is,
(@xE).¥)H = (W) d (38)

Applying (34) and (38) in (30) and develoeing, it remains the following,
A(E x ) = (Vi Z0) i + 2 x 02 + 2pe (L x 2) + [ x @x (X E)) - B X (Voel@x 1)) + 2 +
+p 4T x H - ((v.v)H)xE—((H.v)v)xE—(VME—(ﬁx(VxV))xE+
((V.V)E)xH+((E.V)V)xﬁ+(VW+(ﬁx(VxV))xﬁ (39)

To simplify (39), we are going to use the following expressions.
Applying (A3), we have that,

V(V.H) = (HY) ¥ +(V9)H + H x (V xV) +9x (7 x H) (40)
Therefore, using (40) we can rewrite,

[(17. V)V + (17 x (V x v’))] xE=[V(VH) - (VV)H -Vx (VxH)|xE=0 (41)
Since, according to (A6), applied to the magnetic field H,

(V¥)H = Vi = V(V. H) — ¥ x (V x H) (42)
On the other hand, using (A3) again, we have to,

V(V.E) = (EV) V+(VV)E + E x (V xV) +9x (V x F) (43)
Therefore, using (43) we can rewrite,

[(E.9)V+ (Ex (VxV))| x H = [¥(V.E) - (VV)E —Vx (Vx E)| x H = 0 (44)
Since, according to (A6), applied to the electric field E,

(VV)E = V2B = V(V.E) — V x (V x ) (45)

Using the results in (41) and (44) over (39) the foIIowing is achieved,

A(Exﬁ):(vu—)H+21xy—+zu (‘Z’i )+ L] +p+VEx H +E x AH + AE x H (46)

Now, let's consider the next procedure.

s (ExH) = 2[5 Ex )] = 2[5 A)+ (B x 5] = (5 x ) +2 (5ox ) + (Ex )

Applying the EM wave equatrons (14) and (22) in (47), it can be rewritten,

sizgtzz(ExH) =AE x H—pZLx H -2 xH - (V,ux—)xH+2(V><E) (VXH)—zrx/,r—

+E’xAH+Ex(fo)+Ex(VexE) (48)
Observe that using (7) and (8), we can put that,

Z(VXE)X(VXITI))=2ue(z—f><§)+2])><uz—? (49)
Therefore using (48) and (49) in (46), we obtain,

AExH) =5 ExH) + nZxH+ (T A+ (Tux D) x B+ 2] x L —Ex (Vx]) -

—13><(Ve><;)+2vz><r1+zj+pE (50)
If we consider (A8), the foIIowing can be developed,

V’ng =Vx?2 17 pVxH =Vx?2 H i— —t (51)
Using the result in (51) over (50), |t allows obtarnrng,

AE x H) = 5 2(ExH)+(Vu—)H+Vx H+2]xu—+u xH+(Vuxa—)xH+V x H —

—Ex(fo)—Ex(VexE) (52)

Considering the wave equations for the electric field E (18) and for the magnetic field H (23), it can
be stated that,

—HEXH—patxH+V€xH+(VuXat)i<H ) (53)
N - = - — N — oF N — — — — oF
—EBxOH="HxE=(Vx])xE+(Vex2)xE=-Ex(Vx])-Ex(Vex5) (54
If we take into account the d’Alembertian operator definition in (17) on the poynting vector S,
a_ 109%8 1 a 2(ExH) = 0
0S =557 —AS , thatiis, I(E x H) = o — A(Ex H) (55)
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Therefore, introducing (53), (54) and (55) in (52) and, applying the inducer-induced concept [8], we
obtain,

—)—>7—>7—>—>—>aﬁ—>—>p—>->ay
1S <B x| +,ExH—(Vu.E)H—ngH—2]><uE (56)
Formalism in (56) is the wave equation for the poynting vector S in a material medium, with non-zero

sources and electric permittivity and magnetic permeability both with spatial variability.
Developed, the solution (56) can also be expressed as,

uﬁ:—(ﬁu.‘?’—f)ﬁ—ﬁxgﬁ—ZTXy‘;—I:—u‘;—]txﬁ—(Vyxi—f)xﬁ—ﬁgxﬁ+ﬁx (Vx))+Ex (Vexaa—f)
(57)
If in (56) we apply the EM radiation conditions in vacuum free space without sources, it is simplified
in,
S$=0 (58)

IV. Wave Equations in Gyrogravitation
The gyrogravitation field (GG) is, similarly to the EM field, a field composed of two transverse

components, the gravitational field g with an irrotational nature and the gravitation torsion field ﬁr of solenoidal
type, as defined in Electrogravitodynamics (EGD) described in [3].

Let's try to find the wave equations for the indicated transverse components of the gyrogravitational
field (GG). To do this, in an equivalent way done with the EM field, we will use the equations that relate the GG
field components, as well as their sources, material density p,, and mass current density 7m [4]. Here we do not
find the EM field problem, where it is different to consider a material medium or a vacuum, in addition to the
possible spatial variability in the electric ¢ and magnetic x constants. Regarding the field GG, it does not affect
the environment considered, since the gravitation universal constant G value is always the same. For this reason,
the gravitational permittivity constant & is not variable, neither spatially nor temporally. However, the
gravitation torsion permeability constant z, being a function of the speed of light propagation in the medium s,
can at least be spatially variable. This situation can be verified through the expressions of the gravitational
constants & and t,

=L and T="F (59)
Where s is the speed of light propagation in a material medium (15), but defined now from its
relationship with the gravitational constants as,

s=\[§=§ (60)

Being n the absolute refractive index of the material medium described in (16) and c is the speed of
light in vacuum.

Taking into account both the spatial and temporal constancy of the gravitational permittivity & and the
possible spatial variability of the gravitation torsion permeability z, regardless of the medium in which the GG
field propagation occurs, we are going to consider that,

Vé=0 and V7 # 0, besides gzo and ‘;—: =0 (61)
The EGD equations that relate GG field components and their sources are,

V.je me (62)

V.Q,=0 (63)

ng’c—raaﬂtf (64)

Vx@, e-J,—¢2 (65)

Where ﬁ} is the gravitation torsion field, proportional to the gyrotation field Q, similar to the induction
field B in EM, such that,
a-=1 (66)
Remember that, according to data from [3], for a homogeneous sphere of mass m, radius R, rotating
around an axis that passes through its center with angular velocity w and, therefore, with angular momentum L
we have as gravitation torsion field ?ir,

q,,, (7 L) = 87:7 [, — 3cos07, ] withr > R (67)
O, (RL) = 16;3 [(5 - 31:—22) i, + (9;—22 - 15) coseﬁ’r] withr <R (68)

DOI: 10.9790/4861-1205013449 www.iosrjournals.org 39 | Page



Wave Equations of Electrogravitodynamics

Where,
L=2mR*w  and L=1L% (69)
i, =t=%,=2 ,w=[wl, &= ad 6=(L7)=w7) (70)

Applying nabla operator V on (65) and, considering the conditions in (61), the following gravitational
continuity equation is obtained,

97 9pm
V), & — 0 (71)

The wave equations for gravitational g and gravitation torsion Q, fields are obtained by determining
Laplace operator A on each field.

If we apply the rotational operator V x on (64) we obtain,

VX(VXﬁ):V)X(—TBIiT)——T—(VXQ) V‘L'XBQT (72)
Taking into account (65) and (A6) over (72),

V(E@.9)-@Ngers(fn+e2) e xmf (73)
Applying (62) in (73) and developing,

vem ; V2g<=‘r—+T€at2 V1 ><‘mr (74)
Using the Laplacian def|n|t|on on the gravitational field g in (74), we obtain,

Ag@%%+§%—t%+61xaﬁf (75)

Where s is the speed of light propagation in a material medium, described in (60).
Applying the definition of the d’Alembertian operator [ (17) on (75), the wave equation for the
gravitational field component g is definitely obtained,

U@<= a]m me —V x aQT

(76)
We WI|| use the same procedure as above for the gravitation torsion field (_ir.
If we apply the rotational operator V x on (65) we obtain,

— — — — - oq — - 0 /= R — oqg . - g

Vx (Fx0)eVx (= —¢2)=-Vxj, —¢2(Vxg)-VexL withVexL=0  (77)
Taking into account (64) and (A6) over (77),

= o = — o\ = - > 626‘[

V(V.2) - (V.V)Q & -V x [, + &1 (78)
Applying (63) in (78) and developing,

V20, -V x], (79)
Using the Laplaman definition on the gravitation torsion field fi, and (60) in (79), we obtain,

AG, < f’a‘; (80)

Applying the definition of the d’Alembertian operator in (17) over (80), the wave equation for the
gravitation torsion field component f_ir is definitely achieved,
8, e-VxJ, (81)

Observe that the results obtained through (76) and (81) are not null, as would be the case when

simplifying, using gravitational source p,, and gravitation torsion source J,, with values zero, in addition to
spatial variability in the gravitation torsion permeability constant z also null, for the propagation environment
considered.

V. Wave Equation for Gyrogravitational Poynting Vector

If the gyrogravitational field propagation conditions are such that the mass density p,, and mass current
density fm, sources in the environment considered, are zero and the material medium refractive index n is
constant, the field components wave equations can be simplified, that is,
g=0 (82)

9, =0 (83)

In a similar way to how it is done with EM radiation, we are going to describe the GG field propagation
in the form of GG radiation, expressed through the gyrogravitational poynting vector §g [9], since it implies the
GG field longitudinal character, formally described as follows,

S, t) = GF 0 x 4, (7 1) (84)
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Therefore, the gyrogravitational power density 13gwg is defined as the GG wave average power per
transverse area unit to the propagation or temporal average of the gyrogravitational poynting vector §g, that is,

—

1/ Trs R®
Py =700 (G % Q) dt (85)
It is intended to develop the wave equation for the gyrogravitational poynting vector §g in a generic

propagation environment, for a material medium, with the possibility of non-zero GG field sources and spatial
variability in the gravitation torsion permeability .

We begin incorporating the Laplace operator A on the poynting vector §g, applying (A6),
AExQ,)=V(gxQ,)=V (V. (8 x ﬁr)) -V x (V x (g x f_i,)) (86)
Developing the previous equation in parts, through (A1) and (A5), we have that,

V.Ex0)=0.(Vxg)-g.(VxQ,) = —ﬁr.‘rair + g.gf;—f + §.Jm (scalar) (87)
Vx(Exq,)=g§(uAa,)-a,(v.9)+(Q,.V)g-(§.V)q, (vector) (88)
Using (87) and (88) over (86), we get,
AExT,) =V (T, (7% 9)) - 9(6.(F x 8,)) + 7 x (8,(7.5)) - 9 x (@, . 9)g) + 7 x (7. 9).)
(89)

Applying vector calculus with (A3) and (A8) over (89), we obtain,
AEx D) =((Vx§).9) 0, + (A IHFRG) + (Vx §) x (Vx 0,) + 8, x (Vx (Vx 7)) -
- ((V X ﬁ,)ﬁ)g — (GVET) - (Tx0,) x (Vx §) - g x (V x (V x (_i,)) +(V.9)(Vxa,)+
+9(V. §) x 0, — (G, 9HFXG) - V(8. .¥) x § + (§.9)F=Q,) +7 (4.¥) x 0, (90)
To simplify (90), we are going to develop the following procedure.
Taking into account (Al), it can be put that,

—(Tx8,).¥=7.(x0,) - (VxV).0,=V.(V x G,) (91)
Then, using (91) and applying (65), we have,
~((Fx8).9)g = (7.(9x8)) 3 = (V.(Jn - ¢5)) g ©2)
Expanding (92) and substituting (62), we get,
= =) o N T s W] G BN
—((VXQT).V)g=—(V.]m)g—(V€.Z—f)g—f(a—i)g (93)
Applying the GG continuity equation (71) and (61) in (93) and simplifying, the result is,
= = \N=2\o 0pm o 0pm 1 o_
—((Fx8,).¥)g="g- S g=0 (94)
On the other hand, taking into account (Al), it can be put that,
(Vx §).V=-V.(Vx ) + (Vx V). g=—V.(V x ) (95)
Then, using (95) and applying (64), we have,
(%998, =~ (7.0 ) = (7.(:22) ), (96)
Applying (A7) in (96), we get,
(Fx9).9)8, = (r2(@0,))8, + (¥r.22)3, (97)
Also, introducing (63) into (97), the result is,
((¥x4).9)0, = (Vr.2)a, (98)

Applying (94) and (98) in (90) and developing, it remains,

M(EXT) = (e, + 20 ], — 208 (2 x 22 4 G B (U 5)) — T (T ) -
—p?'"fm —me—“‘Z+V)p?m>< q, - ((V.V)ﬁ}) X g — ((ﬁT.V)V) X g— (VW— (ﬁ} x (V XV)) X g+
+ ((V.V)g) xQ, + ((§ V)V) x 0, + (Wﬁr + (g x (V x V)) x Q, (99)

To simplify (99), we are going to use the following expressions.
Applying (A3), we have that,

V(9.0,) = (6.7) ¥ +(T9)0, + 0, x (7 x¥) +7x (¥ x 0,) (100)
Therefore, using (100) we can rewrite,
[(ﬁf. V)V + (@, x (¥ x v’))] x § = [V(9.9,) - (V9)a, —Vx (Vx Q,)]| x =0 (101)

Since, according to (A6), applied to the gravitation torsion field f_ir,
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(T9)0, = 720, = 9(7.0,) - ¥ x (Y x G,) (102)
On the other hand, using (A3) again, we have to,

V(7.9) = (.9) ¥ +(V9)3 + § x (V xV) +9x (V x §) (103)
Therefore, using (103) we can rewrite,

[(g. V)V + (g x (V x V))] x 0, = [V(V.g) - (VV)§-Vx (Vx §)] x 0, =0 (104)
Since, according to (A6), applied to the gravitational field g,

(V)G =V2G =V(V.§) -V x (Vx g) (105)

Using the results in (60), (101) and (104) over (99), the following is achieved,
AEx0,) = (Vr.20) 0, +21"“’ x ], + (Z—fxf’“ ) Pmp me+Vp—mx O, + G xAQ, +AG x 0,
(106)

Now, let's consider the next procedure.

SExA) = 2[5 @x )] = £[(ExT) + (% 5] = (GExT) +2(£x %) + (82 55)

(107)
Applying the GG wave equations (75) and (80) in (107), it can be rewritten,
1 6 ]m aﬁ’r — — R — —
Zatz gxﬂ) =0 x T, + 7% x 0 V22 x 0, — (Vo x 5) x 8, +2(7 x §) x (V< 0;) -
+8 X AQ, — 8 X (v X Jon) (108)
Observe that incorporating (64) and (65), we can put that,
2(V % §) x (Vx0,) = 2022 x ], — 267 (L2 x 2) (109)
Then, applying (60) |n (109), we have that,
2 (05 _ 09, ) Qr = g = = an,
Z(ExZr) = —2¢0 (af )=2(ng)x(Van)— xJ (110)

Introducing (110) in (108) we get,

L (Ex8,) =0 x T, + 22 x T, v, - (V

)xﬂ += (‘Z a;tf) +8x AQ, —8x (Vx],)
(111)

Therefore, using (111) in (106), we obtain,

N an, m
AExQ,) = Zatz( xn)+27 XJ. - E]m pmg+2v” Q—r xQ +8x (VxJ,)+
+( at’)ﬂﬁ(YTX;)xﬂf | (112)
If we consider (A8), the following can be developed,
VO, =V x 20, - 20T x 0, =V x 22, +p’"]m+pmf;j (113)

Using the result |n (113) over (112) allows obtaining,
N o Pm
A(ng) Zatz( +V—><Q +V><§Q
= 00,
+(Vr.2 )Q +(V‘L’X6)XQ (114)

Con5|der|ng the wave equation for the gravitational field g (76) and for the gravitation torsion field (I,
(81), it can be stated that

5/ m

x 0, +8x (Vx,)+

—gx Q,= -7 a]’" bm 0, + ( a:t) x Q, (115)
-G x*ﬁ1=ﬂﬂt xXg= —(V x]m)x G=8x(VxJ,) (116)
If we take into account the d’ Alembertian operator definition in (17) on the gyrogravitational poynting
vector S,,
- 10%, . 1 02(gx0;) L=
Sy =555 —AS, (thatis, (Ex Q)= S AgxQ,) (117)

Therefore, introducing (115), (116) and (117) in (114) and, incorporating the inducer-induced concept
[8], we obtain,
H§g e xa, +gx q, — (_> X Jon (118)

Equation (118) is the wave equation for the poyntlng vector §g in a material medium, with non-zero
sources and spatial variability in gravitation torsion permeability.
Developed, the solution (118) can also be expressed as,

BQT

)Q pr’"ﬂ 21
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xQ, —gx(Vx],)
(119)
If on (118) we apply the GG radiation conditions in vacuum free space, without sources, it is simplified

aﬁ‘r A O Pma a]m aﬁr Y o Pm
at)QT—Vx—QT—ZTX Jo 120, = (Vo x 2) x 0, =V

D§g<=—(_) &

S, =0 (120)

VI. Electrogravitodynamics (EGD): Electromagnetism and Gyrogravitation Interrelation
Equations

Electrogravitodynamics (EGD) aims to find the relationship between EM radiation and GG radiation.
For this, interrelation equations will be proposed within components of each radiation variant, first between the
same type components and then between different type ones. That is, starting from the equation set describing
each radiation (see Appendix IX), we are going to write formal relationships between irrotational type
components and the same for solenoidal type ones; then, we will propose relation equations of irrotational with
solenoidal components in different radiations.

We begin by considering a vacuum environment, where the equations relating the electric E and

gravitational g irrotational fields and, on the other hand, the magnetic H and the gravitation torsion ﬁ,
solenoidal fields, are the following,

=1 = KO . _ 1

Be- g\g with Ko =7 (121)

Be-f2  wih = ad B=poH (122)
In a material medium, the above relationships can be expressed as,

D=¢cEc -8 ﬁ or ﬁ=—§,/—e§=—§\[§ (123)

Ec-g[x o Ec—g\[‘—?z g (124)

= B W, [K_ = 6 ,__

H= ;C — T\/; = QT X or f 2 (125)
Where,

K=— (126)

The electric permittivity ¢ and the magnetic permeability x are defined in (3), the gravitational
permittivity ¢ and the gravitation torsion permeability 7 in (59) and the propagation speed s in (15) for EM
radiation and in (60) for GG radiation.

To find the relationship between solenoidal and irrotational components which allows one type of
radiation to be converted into another, it is first necessary to know the relation between the same type sources
and different radiation. Therefore, first of all, we are going to look for the relationship between the electric J
and mass J,, current densities, that is,

T= oV (127)
Jm = PmV (128)
Where V is the charged particles velocity considered in motion.
Combining (127) and (128) and applying (5), we obtain,

T= éim_ 2ijm (V E) ]m (129)

Introducmg (124) in (129) we get,

T=<V.(—§\[§)> <], (130)

Using the rule (A7) in (130), it develops as,

( \E \f (V. Q)>—Jm (131)

Now, applying (59) and (62) in (131) and, simplifying, it turns out that,
J =(g - E) \Efm (132)

2pm ¢
Going from (131) to (132), it has been taken into account that,
We T = — FVe —3 J€_3 (133)
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Using (59) and (126) in (132), the permittivity constants relationship is suppressed and, we get,

T:(fjj \/§+ \/g) Jon (134)

Secondly, we are going to look for the relation between the electric charge p and the mass p,, densities.
For this, reordering (129) and considering the result in (134), we have that,

p i _ jﬁe K E
E_ fm - 2pm \/; + \/; (135)
And therefore, (135) can be put as,

ﬁfﬂ)mf (136)

Note that in order to arrive at the results of (134) and (136), spatial variability in material medium has

been considered respect to the non null electric permittivity . In case that in the considered medium Ve = 0
then,

inzﬁ with Ve=0 (137)

Now, applying (124) in (8), we obtain the solenoidal magnetic field H with the irrotational gravitational
field g relationship.

K ag
T (138)

If we want the magnetic field H only depends on gravitational field parameters, we must apply (134) in
(138), obtaining,

Vxﬂc\f]m Wf I EZ{)\F (139)

If we combme (59) and (126) to obtain the relationship between permittivities, we get,

Vch]—e

(140)

Introducing (140) in (139), we obtain the relation of the magnetic field H with the gravitational field g
and the gravitational sources, material density p,, and mass current density fm below,

G
K

RIEY

o = G (> ag K gVe »

VxH<:\/;(jm+fE)+\gzpmm (141)
Using (65), the expression (141) can also be put finally as,

S = 62 = K gVe »

Vch—\/;VXQT+\/;‘2qp:lm (142)

On the other hand, using (124) over (65), the solenoidal gravitation torsion field ﬁ} with the irrotational

electric field E relation is obtained,
G oE

+¢ o0 (143)

For (143) depends on EM sources, expressions (134) and (136), relationships between current densities
and material densities, respectively, must be arranged.
The density relationship (mass-charge) in (136) can also be expressed as,

K §vVek
pm=p\E—gz—55 (144)

By introducing (144) into (134), the current density relationship is set as a function of the charge
density p,

Vxﬁrc—]m

(s ) (145)
2p—g. Ve
Thus, inverting the current densities in (145), it can also be put as,
= |K
N 2p—g Ve |-\,
[ i T (146)

m
G
2p %

Introducing in (146) the expression (124), it remains,

A =<%f)1_1+% (147)

Now, if we want the gravitation torsion field 0, only depends on electromagnetical type field
parameters, we must apply (147) in (143), obtaining,
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o = EVe GOE
VxQ, - 1+— ran (148)

Incorporatlng (140) in (148), we obtain the relationship of the gravitation torsion field (I, with the
electric field E and the EM sources (charge density p and electric current density T) below,

V@, e— (%1+]+ )\/% (149)
Applying (8) to (149) the desired relationship is obtained,
Vx0, e \f(VxH+%]) (150)

In short, from (142) and (150), it follows that the rotational of a given field radiation solenoidal
component can be set as a rotational function of the opposite field radiation solenoidal component and, of the
sources and irrotational component in the opposite field radiation, if there is spatial variability in the electric
permittivity of the medium used.

If the considered medium does not allow spatial variability in electric permittivity, (142) and (150)
simplify into the next bidirectional inducer-induced equation,

—

vXﬁT@—\/%Vxﬁ with  Ve=0 (151)

VII. Poynting Vectors and Intrinsic Impedances in EGD

In EM radiation, transverse field components E and H are related to the poynting vector S through the
intrinsic impedance #. In a generic way, in a material medium, the intrinsic impedance 7 is defined as,

S G
17=|S||ﬁ| or n=ﬁ=%=i=us , Withs =c/n (152)
In vacuum, we have the intrinsic impedance 7,, with a known concrete value,
uo _ 4mKg 1 -
e el L 377Q (153)

Therefore, relating the intrinsic impedance 7, in vacuum with the intrinsic impedance # in any material
medium

n= 770 =No—~ 377 Q (154)

For GG radlatlon we are going to use a definition similar to (152) to relate the transverse field
components g and I, with the gyrogravitational poynting vector Sg, giving rise to the intrinsic gyrogravitational
impedance n,,

wni

[

s 4nG 1
Mg = T, or ny=1’_§=%=_f_s=l-s (159)
That is, numerically the intrinsic gyrogravitational impedance n, can be expressed as,
1Ny = 8.905.107"7n = 2.797510~'*n0C?kg~?, n is the medium absolute refractive index (156)

Note that the gyrogravitational intrinsic impedance n, can be normalized expressed in ohms, as the EM
intrinsic impedance #, without more than considering the system mass-charge relationship where it is applied. In
case the system considered consists of the gyrogravitational relationship maintained by two masses m;; and m,,
charged with g;; and g;,, respectively, we will have the normalized GG impedance n;m, such that,

Mgy =Ty (qll) (7:—22) (157)

If, for example, we have a GG system in a vacuum defined by two masses of values m;; = 5kg and

m;, = 10kg charged with q;; = 107°C and q;, = 102—_9C, respectively, applying (157) we obtain,
Mgy, = 700 (158)

On the other hand, the normalized gyrogravitational intrinsic impedance n:g can also describe the
characteristic impedance of a mass m,; charged with g; with respect to the environment considered, that is,

2
Mo =1y (%) (159)
If, for example, we have a GG system in a vacuum given by a mass of m; = 5kg charged with
q; = 107°C, applying (159) we obtain,
ng, =700 (160)
Furthermore, the relationship between intrinsic impedances in EM # and in GG n, can be obtained
from (152) and (155), such that,
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1.3485

_#_ K _ 13485 90, 2,2
=L=5="10"%g*C (161)

When we speak of EM energy conversion into GG energy and vice versa [10] we must consider that
for the electric E and magnetic H transverse fields generation, the gravitational g and gravitation torsion Q,
transverse fields are not such as those to keep in mind. Actually, for the electric E and magnetic H fields
generation from GG fields or on the contrary, it is necessary to consider the equivalent conversion fields 65 and
ﬁH, respectively, as demonstrated in the previous study indicated, so that,

ni , €. is the electric permittivity relative to the medium
g

G, =0, \E (162)

= g |K

Gy = S% H (163)
In this way, the EM-GG conversion gyrogravitational poynting vector §gc is defined as,

— — — K —

Sy, =Gy XGg= %(@ xQ,) (164)

So, for the conversion energy GG, we have the intrinsic gyrogravitational conversion impedance n,_,
Sge |1
_ [Fe 2 _«
ge =@, s (165)
The specific energy intensity S, is established as the radiated energy intensity per unit of area and
specific impedance in the radiation considered propagation environment. It is the relationship between the
energy flow modulus and the impedance, in the radiation environment where the propagation occurs. So, we

have to,

5 =l

n = (166)

Therefore, three different types of specific energy intensity will be considered, for EM radiation S,,, for
GG radiation Sng and for conversion GG radiation S,,gc.

BExH —2
5, = 24 = |7 (167)
s, =0 =] (169)
KlgxQ,| K= |2
. = 2l = K| (169)

Using the specific energies indicated in (167), (168) and (169), together with the intrinsic impedances
associated with EM radiation, GG radiation and GG radiation for EM-GG conversion, respectively, the intrinsic
impedance relationships are obtained between radiations and, on the other hand, the relationships between
specific energy intensities for them. See results in Table 1.

Table 1: Poynting vectors and intrinsic impedance relationships

Radiation Poynting Vector Poynting Intrinsic Impedance Specific Energy Intensity Intrinsic Specific

Vector s _Bl Impedance Energy

Relationship T Relationship Intensity
Relationship

B 5 - -
s o — =1 = XE |EXH| 2 _K Sﬂ_G
EM § = xH IS, S| S =5 = | 7 G S, K
H|
[Ss| s%G S
gl _> ¥ 29 w3 b=

2 = = = 2 g @_’ng|DH2 Mg _ 2 ng _ G

GG =g x K S = = —=s =—
Sy =g xQ, Sg. n, = | gl - 15 Sy, = o |2 g, . K

9]

. ‘ Bl s S g1 | 0w K| s ey
onversion | = | T = = 3z K|g xQ,| K - 2 _d 2 n _( )

- K S _ 7| _ = — = —

GG | S =52g@X)| IS, py, = el 1T _ T, ===l 0T | 5T &

c |QT| Yc
VIII. Conclusions

Electrogravitodynamics (EGD) formal structure has been presented in this work, summarized in:

- Table 5, Table 6 and Table 7 in Appendix IX: EM and GG basic structural equations. Description of the
permittivity ¢ and ¢ and permeability x and z constants, continuity equations and force generated by the
transversal component field combination. Maxwell equations for EM and GG. Transverse components
conversion within EM and GG, applied through the radiation propagation speed.
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- Table 2: Wave equations development in the EM, both of the electric E and magnetic H transverse field

components, as well as the poynting vector S, in a material medium with non-zero sources and later, in a
vacuum without sources.

- Table 3: Wave equations development for the GG, both of the gravitational g and gravitation torsion ,
transverse field components, as well as the gravitational poynting vector §g, in a material medium with non-
zero sources and after, in vacuum without sources.

- Table 4: Interrelation EM and GG. Equations between irrotational type components and the same for
solenoidal type components. Irrotational with solenoidal components relation equations between different
radiations are also proposed, incorporating the corresponding sources for material medium and, later
simplifying, for the vacuum. Relationship between sources for EM and GG.

- Table 1: Specific energy intensity definitions, together with intrinsic impedances for EM radiation, GG
radiation, and GG radiation for EM-GG conversion. Poynting vector and intrinsic impedances relationships
between radiations and, on the other hand, relationships between specific energy intensities.

Table 2: Generic wave equations in electromagnetism.

Wave Equation

Component Wave Equation (Generic) (In vacuum, null sources)
Electric Field E B < _”Z_{_V%_V“X% LB =0
Magnetic Field H UH <V x ] +V e x 'Z—b: TH=0
Poynting Vector § S < xF +0E x H — (Vu.2) H T x L — 2] x 2 B=0

Table 3: Generic wave equations in gyrogravitation.

Component Wave Equation (Generic) Wave Equation
(In vacuum, null sources)
Gravitational Field g ge ra;—z" —V’% —Vrx a;’ g=0
Gravitation torsion field €I, 4, e -V xJ, m, =0
Gravitational Poynting = — = =S W\ S tm 0, @ .
Vector S, 08, < x 0, +E x 0, - (Ve.20) 6, -V x LG, — 2t x §, =0
Table 4: Electrogravitodynamics: EM and GG interrelation equations.
Inducer Induced . . Component Interrelation
Component Interrelation (Generic)
Component | Component (In vacuum, null sources)
= - K 3 o K,
E Ee—-8 |==-¢|— Ec—8 [—
. g g 6 g G
¢ v g |G
e o> o G og K g.Ve = = g
H XHe&e |— — — VXH&éE— |—
v K<]m+§0t>+ﬁ20m’" e
B Tt e — (B0 74 2E Fx8 ek K
- d 2p €at) c T ST |G
Q,
A He-0, [2=-d, |2 He-0, <
T - T u T KO
Sources L qL = g.ve K + ¢ LI R 2 (In vacuum)
Pm ]m 2pm G K Pm m Ko

IX. Appendix: Vectorial Calculus
Generic vector analysis equations used in this article are summarized below.
d, b and ¢ are vectors, while @ is a scalar. The dot product is defined using the dot notation. The cross
product is defined by the symbol x.

V.(dxb)=b(Vxd)—a(Vxb)=(Vxd).b—(Vxb).d (A1)
(Gxb)xé=h@xad)—dExbh) (A2)
V(a.b) = (b)d+ (aV)b+bx (Vxa)+dx(Vxb) (A3)
~V(d.d)=(aV)a+ax(Vxa) (A4)
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Vx (@xb)=d(v.b)—b(V.d)+ (bV)d - (a.V)b (A5)
AG=V?d@=V(V.d)-Vx(Vxad) (AB)
V.(pd) = (Va)+(V<p)a (A7)
Vx (¢ @) —<p(V><a)+(V(p)><& (A8)

X. Appendix: Structural Equations in Electromagnetism and Gyrogravitation
Equations formal structure for the electromagnetic field in a material medium and the gyrogravitation

field [3][11], is summarized below defined through,
Table 5, initial condition parameters, describing the permittivity constants ¢ and &, the permeability
constants x and z, the continuity equations for the charge and mass conservation and the force around a
charge g and a mass m generated by the component transversal fields combination of the corresponding
radiation.

- Table 6, Maxwell equations and equivalents for gyrogravitation, as well as interrelation between
gyrogravitational field components and their relationship with the generating sources.

- Table 7, transverse component conversion equations for the electromagnetic field and for the
gyrogravitational field, relating them through their propagation speed.

Table 5: Definitions and parameters of electromagnetism (in material medium) and gyrogravitation

Nomenclature Electromagnetism (EM) Girogravitation (GG)
Lorentz Force Feq (B +9 X ) Fem(g+oxd,)
. . 1,172 c N
Field Propagation Speed s = (_) =— s = (_)
pe Vi€, $t
Permittivity Constant €=¢€6 = ﬁ (electric) &= —ﬁ (gravitational)
Permeability Constant U= Uty = ﬂ (magnetic) T= ‘*SLZG (gravitation torsion)
Flux/Density Relationship Vje-2 —V = V.], e —ag—tm
(Continuity Equation) (charge conservat|0n) (mass conservation)

Table 6: Relation characteristic equations between generating sources and associated fields, and interrelation
within electromagnetism (in a material medium) and gyrogravitation components

Nomenclature Electromagnetism (EM) Girogravitation (GG)
Irrotacional Field and Associated Source V.E c% Vie pé"
Solenoidal Field VH=0 Vo, =0
o oH R aq
Lenz’s Law VXE&e—p—0 VX §ge— i
"o 97 T
, oL E - S ik}
Ampere’s Law VXHC]‘l-El??—f VXQH:—m—fa—f

Table 7: Transversal components conversion and their relationship with the propagation speed of
electromagnetism (in a material medium) and gyrogravitation fields

Nomenclature Electromagnetism (EM) Girogravitation (GG)
Irrotacional Field Composition EeulHx3 jeth, x3
Solenoidal Field Composition E IxXE _% eixg
€
References
[1]. N. Torres Lépez and F. Racedo Niebles, Teoria Electromagnética (Barranquilla, Colombia: Universidad del Atlantico, 2010),
ISBN: 978-958-8123-82.

[2]. B. Garcia Olmedo, Fundamentos del Electromagnetismo (Granada, Espafia: Universidad de Granada, 2005).

[3]. J.  Joglar  Alcubilla, Electrogravitodynamics  Principles  (V2), https://www.researchgate.net/publication/339044382
Electrogravitodynamics_Principles, 2020.
[4]. J. Joglar Alcubilla, Electrogravitodynamics Principles, IOSR Journal of Applied Physics, 12 (1), 2020, 45-57, doi: 10.9790/4861-

1201024557.
[5]. A. Gamero Rojas, Ondas Electromagnéticas. Conceptos Basicos (Cordoba, Espafia: Universidad de Cérdoba, 2005).
[6]- B.G. Levich, Teoria general del campo electromagnético, in Reverté S.A. (Ed.), Fisica Teérica 1: Teoria del campo

electromagnético y teoria de la relatividad, 1 (Barcelona, 1974), 1-43, ISBN 842914061.

[7]. J. Joglar Alcubilla, Light Velocity Quantization and Harmonic Spectral Analysis, IOSR Journal of Applied Physics, 10 (411), 2018,
57-71, doi: 10.9790/4861-1004025771.

[8]. O. D. Jefimenko, Causality Electromagnetic Induction and Gravitation, 2nd ed.: Electret Scientific (Star City - 2000) Chapter 1,
Sec. 1-4, pag. 16, ISBN 0-917406-23-0.

DOI: 10.9790/4861-1205013449 www.iosrjournals.org 48 | Page


https://www.researchgate.net/publication/339044382_%20Electrogravitodynamics_Principles
https://www.researchgate.net/publication/339044382_%20Electrogravitodynamics_Principles
https://www.researchgate.net/publication/339044382_%20Electrogravitodynamics_Principles

Wave Equations of Electrogravitodynamics

[9]. C. J. de Matos and M. Tajmar, Gravitational Poynting Vector and Gravitational Larmor Theorem in Rotating Bodies with Angular
Acceleration, ArXiv: gr-qc/0107014v1, 2001.

[10].  J. Joglar Alcubilla, On Subquantum Electromagnetic and Gravitational Interactions, IOSR Journal of Applied Physics, 11 (2), 2019,
01-09, doi: 10.9790/4861-1102010109.

[11]. S. G. Fedosin, Electromagnetic and Gravitational Pictures of the World, Apeiron, 14 (4), 2007, 385-413.

Javier Joglar Alcubilla. “Wave Equations of Electrogravitodynamics.” IOSR Journal of Applied
Physics (IOSR-JAP), 12(5), 2020, pp. 34-49.

DOI: 10.9790/4861-1205013449 www.iosrjournals.org 49 | Page



