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ABSTRACT: This article aims to integrate the electromagnetic and gravitoinertial fields
equations into a symmetric form of presentation, together with an extended form of
Maxwell equations for the gravitoinertial fields. It will be produced a unique equation
for the classical physics from which all other equations may be derived, in its
electromagnetic and gravitoinertial forms.

KEYWORDS: electromagnetic fields, gravitoinertial fields, unified fields theory,
extended Maxwell equations.

Contents
1 SYIMDOLOGY ...ttt ettt et sttt et et et e e at e st e a b e e be e ateeabeeeaaeennaas 1
2 INETOAUCTION. ¢ttt ettt et st e st e et e s st e st e e s st e e bt e saee s b e e e st e e asaeeenseeeenneeeennne 2
3 EM and GI Fields EQUAtiONS........ccccueiiuiiiiiriieieeieeiteeieest ettt et sttt e s s iae e e s sae e e ssreeenane 2
3.1 EM and GI Fields Equations in VaCUUML.........c.ccoeviiiriiieiniiieinieeerieeesreeesieeesieeesneeesveessnneesnns 3
3.2 EM and GI Fields EQUations in Matter.........cccccevuererrierienernieneenrenreseesreere e sseesreseesveesnee s 3
4 Equivalences between EqQUAtIONS.........cooueeiiirieiiiienieeiteteeiee sttt sttt seee s e e s e seeesaeeas 4
4.1 Hall Effect and Electric Induction Law Equivalence...........ccccccovciervirnienieniniieeeiieeeieeeeee 5
4.2 Charge EQUIVALEIICE. .....cccuuiiriiieieeeiee ettt st e et e st essave e s ae e st e e ssaeessaaeessssssnneeesannnns 6
4.3 Biot-Savart Law and Magnetic Field Equivalence.........c..ccocceeerieniininnieniinennienecnieceieeeeen 7
4.4 Forces Over Charges EQUIVAIEIICE. .........covviiiriiiiiiieiieecieceite ettt et essteessreessaaneeesssnans 7
4.5 Hall Effect and Wave Equation Equivalence...........cccccoceeeeviriiniiiinicnieenieneeseeee e 8
5 Unification of EM and GI Fields.........ccociiriiiiiiiniiienieeeeeteteeete ettt sttt 9
6 COMNCIUSION. ...ttt ettt et b et s e be et s it e s bt et e e mt e b e et e s st e bt eabeeemneeenneen 10

1 Symbology

In this text we will use the following symbols with its abbreviated units of measure:

N = Newton, kg = kilogram, m = meter, s = second, V = Volt, C = Coulomb, A = Ampere,

Wb = Weber.

E = Electric field intensity [N C'] [V m™];

D = Surface density of electric charge [C m™];
Ve = Electric potential [V] [Wb s™];

@; = Electric flux [N m? C'] [V m];
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2 EM and GI Fields Unification

ge = Electric charge [C];

Iz = Electric current [C s'] [A];

& = Electric permittivity of vacuum [C* N' m?] [C V' m];
ke = Electrostatic constant [N m? C?] [m*® C' s?];

H = Magnetic field intensity [N Wb™'] [A m™];

B = Surface density of magnetic charge [Wb m™];

Vu = Magnetic potential [A] [C s];

®y = Magnetic flux [N m* Wb™'] [A m];

gm = Magnetic charge [Wb];

I = Magnetic current [Wb s™] [V];

Ho = Magnetic permeability of vacuum [Wb* N m™] [Wb A" m™];
G = Gravitational field intensity [N kg'] [m s];

M = Surface density of gravitational charge [kg m™];

Ve = Gravitational potential [N m kg'] [m* s?];

@ = Gravitational flux [N m* kg'];

gc = Gravitational charge [kg];

I = Gravitational current [kg s*] [N s m™];

Yo = Gravitational permeability of vacuum [kg”> N m™] [kg s* m™];
k¢ = Gravitostatic constant = 6.6739*10™"" [N m* kg*] [m® kg™ s*];
I = Inertial field intensity [N s m™] [kg m™ s];

O = Surface density of inertial charge [s™];

V. = Inertial potential [N s m™] [kg s™];

@, = Inertial flux [N s] [kg m s™];

q: = Inertial charge [m® s™];

I; = Inertial current [m? s*];

1o = Inertial permeability of vacuum [m* N 5] [m kg™'];

F = Force [N] [kg m s];

v = Velocity [m s™];

r = Radial length (radius) [m];

1 = Length [m];

S = Area [m’];

t = Time [s].

2 Introduction

Before undergoing the journey of unifying the electromagnetic and gravitoinertial equations,
we need to expose some relations that we already have developed along four published articles:
Magnetic Charge[1], Gravitational Charge[2], Inertial Field[3] and Gravitoinertial Fields[4].

The symmetry of these relations permits us to anticipate some new experiments but, to
investigate if we can reproduce the equations that relates electromagnetic fields with gravitoinertial
fields starting with only one equation, we need to find the similarities between some known
equations. If there is a starting equation that reproduces all the others, then these others may be
converted between themselves with mathematical manipulations.

3 EM and Gl Fields Equations

Here we present the extended electromagnetic Maxwell equations in vacuum and matter,
and the new gravitoinertial equations with a similar group of equations.
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3.1 EM and Gl Fields Equations in Vacuum

In the vacuum, there is no free charges nor conduction current, so the electromagnetic
Maxwell equations assume the form bellow:

Electromagnetic Equations in Vacuum

o

Electric Flux Law (Gauss’ Law for electricity): | ¢, q)E:go§ E-d E:Sﬁ D-dS=
Relates the electric flux to electric charges o = fﬁ 5-d3=0

. E - -
enclosed by a Gaussian surface.

Magnetic Flux Law (Gauss’ Law for| u & :Mofﬁ ]_—'[.dszsﬁ B-d$=0
magnetism):

Relates the magnetic flux to magnetic charges
enclosed by a Gaussian surface.

Electric Induction Law (Faraday’s Law): gs Bdl=
Relates the electric field induced by a time =T
variation of magnetic flux.

Magnetic Induction Law (Maxwell’s Law): - - d o,
Relates the magnetic field induced by a time
variation of electric flux.

- = dod,
433'6”:80“07

In the vacuum, the gravitoinertial equations assume the form bellow:

Gravitoinertial Equations in Vacuum

Gravitational Flux Law: Yo P= yogi é-dE:gS M-dS=0
Relates the gravitational flux to gravitational 43 C-dS=0
charges enclosed by a Gaussian surface.

Inertial Flux Law: Lod),:Logﬁf-d:S’:gﬁ 0-dS=0
Relates the inertial flux to inertial charges Sﬁ 7-d5=0
enclosed by a Gaussian surface.

Gravitational Induction Law: ———
Relates the gravitational field induced by a
time variation of inertial flux.

or fﬁM'dTZYOLoj

Inertial Induction Law: - = G - - dd,
Relates the inertial field induced by a time Sﬁ[ d 1=y, a SﬁO'd I=Yol dt
variation of gravitational flux.

3.2 EM and Gl Fields Equations in Matter

In any substance where there are free charges or may conduct current (the medium presents
a finite resistance to the passage of direct current), the electromagnetic Maxwell equations assume
the form bellow:

Electromagnetic Equations in Matter

Electric Flux Law (Gauss’ Law for electricity): | ¢ q)E:ggj E-dS :Sﬁ D-dS =q,
Relates the electric flux to electric charges
enclosed by a Gaussian surface.
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Electromagnetic Equations in Matter

Magnetic Flux Law (Gauss’ Law for M@M:ll?ﬁ H-d§:§ B-dS=q,
magnetism):

Relates the magnetic flux to magnetic charges
enclosed by a Gaussian surface.

Electric Induction Law (Faraday’s Law):
Relates the electric field induced by a time
variation of magnetic flux.

- do,
$E-di=1I,+n -

- - do,,
gSD-dl:eIMﬂu

dt
Magnetic Induction Law (Ampere-Maxwell’s > d P
Law): gSH.dl:[Eﬂ th
Relates the magnetic field induced by a time v o do,
variation of electric flux. Eﬁ B-dIl=ul ;+eu 7

In these same substances, the gravitoinertial equations assume the form bellow:

Gravitoinertial Equations in Matter
Gravitational Flux Law: Yo, =y gﬁ G-d 3245 M-dS=q,
Relates the gravitational flux to gravitational
charges enclosed by a Gaussian surface.
Inertial Flux Law: L®1:L457«d§=455~d3’=q,
Relates the inertial flux to inertial charges
enclosed by a Gaussian surface.

Gravitational Induction Law:

s o do,
Relates the gravitational field induced by a 43 Gdil=1+ dt
time variation of inertial flux. o - do,
$M-di=yI+y —
Inertial Induction Law: fﬁ 7.dT=1 dd,
Relates the inertial field induced by a time =Lty dt
variation of gravitational flux. - = do,
450 dl=ul +yL ”

It may be noted that qu in the Magnetic Flux Law and q; in the Inertial Flux Law are put
here to maintain the symmetry of equations. Until now it was not proved that magnetic and inertial
monopoles exist but, if we put zero in these equations, what is the proof that these monopoles do
not exist in nature or can’t be artificially created?

4 Equivalences between Equations

The objective of this section is to show that some equations are only algebraic variations of
another; they are mathematically equivalent although they refer to different experiments. So, the
multitude of equations actually used in electromagnetism, forces (linked with
acceleration/gravitational field) and velocities (linked with inertial field) may be reduced to a few
ones that will derive all.
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4.1 Hall Effect and Electric Induction Law Equivalence

The Hall effect is the deflection of drifting conduction charges by a magnetic field in any
electric conductor or semi-conductor material. The effect is the same as the deflection of a beam of
electrons in an evacuated tube by a magnetic field and is determined by F=q,E=q;(VXB)

equation, considering that v is the drift speed of the electric carriers.

The vector product show us that E, v and B produces the maximum force when the vectors
are perpendicular. If we consider that the electric charge is drifting in the x-coordinate and the
magnetic field is in the z-coordinate direction, lets put each term in its own coordinates:

F=Fy \7=C;—): B=B: =» F=q,(VXB)=q,|—

So, this is the expression of a force due to an electric current passing in a section of length x
of a wire inside a magnetic field F=I,IXB . And this show us that algebraic manipulations of
the equations does not lead us to wrong results, because these are experimental results, but can lead
us to new experiments. We can continue with these algebraic manipulations to produce the Electric
Induction Law.

Taking the electric field produced by the deflected carriers, we have E=VXB . If we
consider the same directions:

Ey=viXBi=|—-XX—2|=—— "X X2z with B=—
y=vAXBI=|" XX —Z )= Sxyx z wi 5,

Xy

dx CIMA)_dCIM X Am

Integrating both sides in relation to the y-coordinate, we have the Electric Induction Law
with a magnetic conduction current®:

[ daw x gy dduxy_ dan_

y2
= -1 ith dy=xy=S§
it S. 77 a S, dt wo W fx VXV Z Oy

y1

So, the Hall effect is a direct consequence of the Magnetic Induction Law: the induced
magnetic field produced by an electric charge in motion interacts with the external magnetic field
and produces a force on the electric charge.

In other point of view, we may use the relation E=VXB=u,VvXH , considering the same

directions:

A A

xXHzZ

A s . dx dH . _ .
Ey=u,vXxxXHZz=y, a zuOIxxXz

Integrating both sides in relation to the y-coordinate, we have the Electric Induction Law
with a time variation of the magnetic flux:

S ¢ dH do 2
y1 y1 dt dt v Yy

2 Please read the Magnetic Charge article where it is demonstrated that the Faraday’s Induction Law is consequence
of a magnetic current.
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If we consider that the force over the electric charge is F :qEE , then we may create this

same force with a stationary electric charge and a time varying magnetic field, whose variation of
flux induces an electric potential that interacts with the electric charge.

4.2 Charge Equivalence

We know that electric charges interact with electric fields and, if they are stationary, they do
not interact with magnetic fields. But electric charges in motion interact with magnetic fields
because its motion (electric current) induces a magnetic field, and this induced field interact with
the external one. This way, we may think that an electric charge in motion is equivalent to a
magnetic charge.

The Magnetic Induction Law (Ampere’s Law) can help us to get the equivalence between an
electric charge in motion and a magnetic charge. It is the magnetic field induced by an electric
current. It is considered that the velocity v=dx/dt of the electric charges is on the x-coordinate;
the closed path | is on the y-coordinate and z-coordinate; the surface S=xI[ of the magnetic
charge distribution is on the x-coordinate and path I:

dqg

- o - gy .~ dq dx
§Bal=u Hdl=p,l, =» §Ldi=u,~E => $a,di=n, 5=, % . al

‘07
=p gﬁqul:pLngﬁqul =p q,=W,Vqg

The equivalence between a magnetic charge in motion and an electric charge may be
obtained with the Electric Induction Law (Faraday’s Law):

dq dx
SOTMSZEOE qul

g

L e . d
$D-dT=e,§ E-dT=e,1, =» T_Sr-dlzsoﬂ

= ¢ q,di=

=» ?ﬁ‘JEdl:SngSQMdl =P qp=gVqy

If this seems obscure, lets take the Hall effect F=q,E=q,(VxB) , whose deflection of
the carriers in a strip of electric conducting material submitted to a magnetic field produces an
electric field. We may define the magnetic field module in terms of the force and confirm that the
force of a magnetic field on an electric charge in motion is equivalent to a force on a stationary
magnetic charge F=q, H

F F F
’ gl Wolgslv gy M=o HE

If we use the magnetic equivalent of the Hall effect F=q,  H=q,(VXD) , we may define

the electric field module in terms of the force and confirm that the force of an e_lectric_field on a
magnetic charge in motion is equivalent to a force on a stationary electric charge F=q.E

F=|q,/lvD =» DZEOE:L —» E=— L -F qr=¢€,Vqy

|QM|V B _80|C[M|V_QE

An other method to obtain the same relations is considering the electric field developed in
the Hall effect E=VXB and the magnetic field developed in the magnetic equivalent of the Hall
effect and substituting the following relations:
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D=¢, =L =» E=—% and B=y =2 =» H=-1%
S €S S WoS
With the Hall effect:
= L= dg . _4u
E:VXB =p —=yYX=— =p =&,V
€S 3 =€ VQqy

With the magnetic equivalent of the Hall effect:

T - = qM - qE
H=vXD =p —S=vyX—= =p = v
€S v 3 qu=WoV Qg

In what concerns to charges in motion, an electric charge may be mathematically and
experimentally considered a magnetic charge and vice-versa.

4.3 Biot-Savart Law and Magnetic Field Equivalence

The Biot-Savart Law asserts that the contribution d B to the magnetic field produced by a
current-length element Id [ at a point P located at a distance r from the current element may be
equated by:[5]

w, Idl dB:ﬂIEdl

S—Xr > sinB
47 r 47 r

The magnitude of the differential magnetic field is on the right. The vector product indicates
that the direction of the magnetic field produced is perpendicular to the motion direction of the
electric charges, so 0 is the angle between the directions of d I and 7 , a unit vector that points
from dl towards P.

Assuming that the unit vector that points from dl towards P is perpendicular to the vector

dl andwith B=u,H , I=dq,/dt and q,=u,vq, ,we may reduce this equation to:

. d T . w,dq.v . dg, ~ . d
4t r 4w r? dt 4u, r 4w, r 4w, r

Integrating this relation along a little section I:

12

1 Igdl 1 1 1 1 1 qu =z 1 qQui_ .
;[1475 r* 4y, r2f‘uov e 4mu, rzf I 4mu, r dmu, r r

v

So, the Biot-Savart Law is the magnetic field equation calculated at a point P that is at a
distance r from a magnetic charge qu, considering the equivalence of electric and magnetic charges.

4.4 Forces Over Charges Equivalence

The force exerted over a mobile peace of ferromagnetic material (like a relay) when
submitted to a magnetic field is given by F=u,H"S , with the magnetic field H calculated by the
electric current Ig and the number of coils turns n by the equation HI=nI, . The magnetic field is
created inside the volume of the air gap, determined by its length 1 and the surface S, so both faces
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of the gap have a surface distribution of magnetic charge B=gq,,/S=u,H , and the total surface
magnetic chargeis q,=u,HS .
Then, the force between the magnetized part and the magnetic field may be equated by
F=u,H’S=q,,H . This equation is similar to its electric counterpart F=q,E , that is the
force between an electric particle inside an electric field. Because the magnetic force equation only
considers magnetic fields, we may consider any magnetic field like being created by a surface
distribution of magnetic charge and calculate the force in the analogous electric way.
We may go further to create a magnetic equivalent for the Lorentz’s Force
F=q,(E+VxB) that is given by F=q,(H+vXxD) and consider that there is a magnetic
equivalent to the Hall effect F—qM(vxD) . This time, magnetic charges moving inside an
electric field suffer a force whose deflection produces a magnetic field H=vXD

4.5 Hall Effect and Wave Equation Equivalence

Lets consider the one-dimensional traveling wave that propagates with speed v in the x-
coordinate whose amplitude of oscillation is in the y-coordinate. It is mathematically expressed by:

y(x,t)=f(z) with z=xxvt

The positive or negative sign indicates that the wave propagates to the left or right direction.
The equation of motion associated with the wave propagation may be calculated with the velocity
and acceleration at a point x. The velocity and acceleration that the point x moves in the y-
coordinate at instant t is:

v==y(x,t) and a—aa—ty(x t)

ot

Here, y(x,t)=f(z) depends ontthrough z=x+vt (function of function), so we use the
chain rule to calculate the first and second derivatives:

0Z_ 9 (v )= 0y_dfoz__ df oy__o|df|__ d|df|oz_ .d'f
TR TR ot dzot  'dz o2 'otldz|” Vdz\dzl ot | 4z
X OX O0x dzox dz axz dx dz dz dz X dz’

With the first derivatives we obtain:

X

z ot dx

Oy _odf Oy df . Fy_.dy
7=V 2 2 2 =» 7=V 2
ot dz 0x~ dz ot dx

This is the one-dimensional traveling wave equation; it is a linear partial derivative equation
of second order and rules electromagnetic and gravitoinertial waves. But its partial first order
derivatives gives us another relation, considering that the amplitude variation of the field in the y-
coordinate is given by the motion of charges. Substituting y by magnetic charge qum:
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o N - o - o
%:_VE:J“E-M =» [Edi=—v[BdI

acIM:_

deM__
ot dx

= vfl_é-d_i and I,=

_ Derivation of both sides in relation to 1 and considering the product of vectors, we have
E=VXB , the equation that defines the Hall effect. If we substitute y by electric charge qg:

0qg
ot

0qs__ 44 _

=—v[Ddl and I,=—"=-v,=[Hdl =» [H-dI=—v[DdI

ot dx

_ Derivation of both sides in relation to 1 and considering the product of vectors, we have
H=vXxD , the magnetic counterpart of the Hall effect.
Here we see that the Hall effect equation is another form of the wave equation.

5 Unification of EM and Gl Fields

The equivalence of the equations relating electromagnetic and gravitoinertial fields seen
above lead us to a unifying equation that can reproduce all these equations.
Starting from the Hall effect and integrating both sides in relation to distance:

E=yxB =» [E-di=vx[Bdl
dl > = 2 37 > = = =
A i =—=|0dIl =» E-dl=] O-dl x| B-dl
nd using v 0t f f f f
Multiplying both sides by v and knowing that the inertial current induces a gravitational
potential II:\/Z:VG:f Gdl :
v[Edi=vix[Bd] =» [&d1[E-di=[Gdix[Bdl

Starting from the magnetic equivalent to the Hall effect and integrating both sides in relation
to distance:

H=vxD =» [Hd T

~i
Q.

=vx| D-

oL dl_
And using v= it —_[

(@]

.dl =» [H-dI=[0-dIx[D-dl .
Multiplying both sides by v and knowing that v2=VG=f G-dl :
v[Frdi=vix[Ddl =» [&-d1[F-d1=[Gdix[ Dd

These same equations may be deduced starting from the Electric Induction Law and
knowing that 1/80M0=C2:VG=_f Gdl :

§D-di=e, "2 =» ko Dai="T0=§G-dT§ D-aT
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And from the Magnetic Induction Law:

do,
dt

§Bal=eq, " => oh§BdT="=§C-a1§Bal

The temporal derivative of the magnetic flux may be expressed by:

do,,
de

=0®,=0p H-d5= O-d1p A-d1

The temporal derivative of the electric flux may be expressed by:

= 00,=0 Ea§=§ 0-d1§ E-di

The relation between electromagnetic and gravitoinertial fields, without considering the
vector product, may be equated by:

$Gdi$Ddi=¢0-di$H-dl and $G-di$Bdi=¢0-dI$E-dI
Applying the rotational theorem on the equations above, we have their differential form:
[(VxG)-dS[(VxD)-dS=[(Vx0)-dS[(VxH)-dS =» VxGVxD=VxO0VxH

[(VXG)dS[(VXB)dS=[(Vx0)dS[(VXE)dS =» VxGVXxB=VxOVXE

6 Conclusion

Now we have reached our goal, the unification of electromagnetic and gravitoinertial
equations into a unique equation. We see that, until now, what prevented us from achieving this
objective was the inconsistency and the lack of equations about the fields as a whole.

With the correction to the inconsistent magnetic flux equation we have reached to
completely symmetrical electromagnetic equations. The inclusion of the inertial field, that interacts
with the gravitational field by an induction relation, permitted us to discover the connection of the
mechanical fields (gravitational and inertial) with the speed of light and, as consequence, have
created extended Maxwell equations that include mechanical fields.

It was established that the inertial field is directly related with velocity and kinetic energy,
and the mechanical fields may be invariant by Lorentz transformation, thanks to the speed of light
link, so the Newtonian, Lagrangean and Hamiltonian formulations may include a relativistic
correction inside of it for the mechanical fields, because the inertial field is the cause of the
relativistic correction.

We may attempt to the fact that some of these mathematical deductions are not yet tested
experimentally. They are the establishment of a new symmetric mathematical model for calculating
electromagnetic and gravitoinertial quantities. It is expected that this new mathematical model for
classical physics is far superior to the actual incomplete and non symmetric classical model, and
will permits us to correctly deduce laws until now misunderstood.
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