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Abstract 

In further discussion on the Maxwell-Lorentz equations in Dirac’s symmetri-
sation, I introduce the concept of magnetic monopole as an “act of electric 
current” in the 2nd equation (i.e. the analog of the “act of movement” in Clas-
sical Mechanics), I postulate a “magnetic displacement current” and a “mag-
netomotive force” in the 3rd and 4th equations, respectively (i.e. the analogs of 
the “electric displacement current” and of the “electromotive force” in the 4th 
and 3rd equations, respectively). As a consequence, I propose a generalised vi-
sion of the Electromagnetism in which inhomogeneous, microscopic, and re-
lativistically linked equations describe the static and the oscillatory pheno-
mena. Then, in the frame of Relativity, I propose analog microscopic equa-
tions to study the Gravitation and the Space-Time in terms of static and os-
cillatory phenomena: the static equations show the sources of newly defined 
vector fields (the generalised mass density as the source of the generalised 
mass field, the generalised time density as the source of the generalised space 
field, respectively), whereas the oscillatory equations describe the propagation 
of the gravitational waves and of the spatiotemporal waves, respectively. In 
other words, I propose to unify Electromagnetism, Gravitation, and Space- 
Time in terms of microscopic Maxwell-Lorentz-like equations in Dirac’s 
symmetrisation, where the unifying trait is c. Finally, using the concepts of 
the proposed generalised Electromagnetism, I discuss the conservation in 
Electromagnetism and the interaction between matter and electromagnetic 
waves.  
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1. Introduction 

As well described by Thidé [1], the definitions of electric and magnetic fields 
were proposed such that they are closely related to the mechanical force between 
electric charges and between electric currents given by Coulomb’s law and 
Ampère’s law, respectively. 

Just as in mechanics, in electrodynamics, it is frequently more useful to build 
the theory in terms of potentials rather than in terms of the electric and magnet-
ic fields, especially in research related to radiation, relativity, and relativistically 
covariant electromagnetism. In addition, at the quantum level, electrodynamics 
is nearly exclusively formulated in terms of potentials. Furthermore, the use of 
potentials leads naturally to the special theory of relativity and to gauge field 
theories [1]. 

In this regard, under the Lorenz-Lorentz gauge condition [1], the electrodynam-
ics is formulated via four scalar and inhomogeneous wave equations where the 
nonzero sources are the electric charge density and the electric current density. 

In this work, as an alternative to the gauge approach, starting from the Max-
well-Lorentz equations in Dirac’s symmetrisation, each of whom is characterized 
by a nonzero source [1], I propose a generalised vision of the Electromagnetism 
in which inhomogeneous, microscopic, and relativistically linked equations de-
scribe the static and the oscillatory phenomena (§3.1); in particular, instead of 
using potentials, I propose generalised definitions of the electric field, electric 
charge density, magnetic induction field, and electric current density. 

The preceding generalisation is then extended, by analogy, to Gravitation and 
Space-Time. 

2. Maxwell-Lorentz Equations in Dirac’s Symmetrisation 

Let me recall the Maxwell-Lorentz equations in Dirac’s symmetrisation [1]: 
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where eρ  is the electric charge density, mρ  is the magnetic charge density, 
ej  is the electric current density vector, and mj  is the magnetic current densi-

ty vector. 

The vector ,
0

e dis

t
ε ∂

=
∂
Ej  (called “electric displacement current”) is ex-

pressed in the same unit of ej , whereas the vector ,

0

1m dis

tµ
∂

=
∂
Bj  (postulated  
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as “magnetic displacement current” in §2.3, according to [1]) is expressed in the 
same unit of mj . 

In addition, eρ , mρ , ej , mj , ,e disj , and ,m disj  have a shared trait in their 
units: [A/m2]. 

2.1. First Maxwell-Lorentz Equation and Electric Monopole 

Let me recall the electric monopole (Positive or Negative in [C]) associated to 
eρ  [C/m3] (Equation (1), Figure 1). It generates an electric field E  which is 

isotropic in the space, that is, without a preferential direction. E  is directed 
outward from a positive charge q+  and inward to a negative charge q− . 

2.2. Second Maxwell-Lorentz Equation and Magnetic Monopole 

I propose a general structure for a magnetic monopole (North or South in [A]) 
associated to mρ  [A/m2] (Equation (2), Figure 2). Let me recall the concept of 
“act of movement” in Classical Mechanics [2]: in a particle set, each particle is 
characterised by a velocity vector and the set of particle velocities is a velocity 
field v  called “act of movement”. As a consequence, if the moving particles 
carry an electric charge, I could introduce the corresponding act of movement of 
electric charges, that is, in other words, an “act of electric current” in [A]. 

In particular, I propose a magnetic monopole composed of two separated acts 
of electric current in the form of two juxtaposed circular semi-loops (Figure 2). 
The magnetic monopole generates a magnetic induction field B  which is iso-
tropic in the space, that is, without a preferential direction. B  is directed outward  
 

 

Figure 1. Electric monopoles. 
 

 

Figure 2. Magnetic monopoles with lines of force in the plane of the acts of movement 
and of the acts of electric current (red). 
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from a North anticlockwise pair of positive semi-loops (i.e. with positive charges 
q+ ) and inward to a South anticlockwise pair of negative semi-loops (i.e. with 
negative charges q− ) (Figure 2). 

2.3. Third Maxwell-Lorentz Equation and “Magnetic Displacement  
Current” 

The third Maxwell-Lorentz equation is referred to the “electromotive force” 
(Equation (3)). In general, any kind of variation of B  gives rise to ∇×E . 

In my opinion, mj  [(C/m2)(m/s2)] could be seen as related to the “closure 
displacement” of a magnetic monopole: the two acts of electric current accelerate 
towards each other, a loop of electric current is completed, and a magnetic di-
pole emerges (variation of B ) (Figure 3). In particular, mj  is orthogonal to 
the plane of the acts of electric current and directed as in Figure 3. 

So, the vector ,

0

1m dis

tµ
∂

=
∂
Bj  (associated to a variation of B ) can be inter-

preted as having a displacement feature as mj  and, due to the analytical analo-

gy with the electric displacement current ,
0

e dis

t
ε ∂

=
∂
Ej , according to [1], it 

could be postulated as the “magnetic displacement current” (Figure 4). 
 

 

Figure 3. Magnetic dipoles emerging from the closure displacement of the magnetic 
monopoles. 
 

 

Figure 4. Electromotive force. 
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2.4. Fourth Maxwell-Lorentz Equation and “Magnetomotive  
Force” 

The fourth Maxwell-Lorentz equation describes a phenomenon based on ej  
and ,e disj  [A/m2] (Equation (4)). In analogy with mj , ej  is referred to the 
displacement of an electric monopole (or, under an equivalent viewpoint, related 
to an opening or closing electric dipole). As a consequence, all analogies have 
been enunciated and I could associate the fourth equation to a “magnetomotive 
force” where any kind of variation of E  gives rise to ∇×B  (Figure 5). 

3. Further Symmetrisation 
3.1. Generalised Electromagnetism 

Combining the Equation (1) with the Equation (2) and combining the Equation 
(3) with the Equation (4), I obtain inhomogeneous and microscopic equations: 
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Tin
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= Bj
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     (6) 

where the complex vector 3igen c= + ∈E E B   is the generalised electric field 
[V/m] (Figure 6) ( genE  is also known as the Riemann-Silberstein vector G  in 
Majorana formalism [1] [3] [4]), the complex scalar ,genρ ∈E   is the genera-
lised electric charge density [C/m3] associated to the generalised electromagnetic  
 

 

Figure 5. Magnetomotive force. 
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monopole 1
genℵ ∈  [C], the complex vector 3igen

c
= + ∈B B E   is the gene-

ralised magnetic induction field [T] (Figure 7), and the complex vector , 3gen ∈Bj    

is the generalised electric current density [A/m2] associated to the generalised 
electromagnetic dipole 3

2
genℵ ∈  [C]. 

In addition, because of c=E B , I obtain: 

( )( )
2 22

i i

2 ,

gen gen gen c c

c

= ⋅ = + −

= + =

E E E E B E B

E B E
           (7) 

2 2
2
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1 2 ,
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c c

c

  = ⋅ = + −  
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= + =

B B B B E B E

B E B

           (8) 

oscillatorystatic

2 2 .gen genc c= = = =G E E B B
 

            (9) 

The Equation (5) describes the static feature of Electromagnetism, whereas the 
Equation (6) the oscillatory one: the relativistic link, via c, between these features 
is shown in the Equation (9). 

Some considerations. Maxwell wrote: “light and magnetism are affections of 
the same substance” [5]. Moreover, because of based on static G  (Equation (9)) 
[3] [4], the photon wave function is a controversial concept and it cannot have 
all the properties of Schrödinger’s probabilistic wave functions [3]. In addition, 
in the Equation (6), the displacement currents behave like a current density 
flowing in free space: their “existence has far-reaching physical consequences as 
it predicts that such physical observables as electromagnetic energy, linear mo-
mentum, and angular momentum can be transmitted over very long distances, 
even through empty space” [1]. 
 

 

Figure 6. Generalised electric field genE  [V/m]. 
 

 

Figure 7. Generalised magnetic induction field genB  [T]. 
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3.2. Generalised Gravitation 

From Dirac’s symmetrisation, I obtain the Equation (9), that is: 
2 2 2 .gen gen c=E B                     (10) 

In my opinion, the gravitational analog of Equation (10) is the relativistic law 
2 .Mc=E                         (11) 

As a consequence, I can explore the path toward the gravitational analog of 
the Maxwell-Lorentz equations in Dirac’s symmetrisation. In particular, I re-
write the Equation (11) in analogy with the Equation (9) and the Equation (10): 

2 22 ,gen genc=O Q                     (12) 

oscillatorystatic

,gen genc=O Q
 

                     (13) 

where, developing the analogy Electromagnetism/Gravitation, the complex vec-
tor 3igen c= + ∈O O Q   is the generalised mass field [ J ] and describes the 
static feature of Gravitation, the vector 3∈O   is the mass field [ J ], the vec-
tor 3∈Q   is the mass induction field [ kg ], the complex vector  

3igen

c
= + ∈Q Q O   is the generalised mass induction field [ kg ] and describes  

the oscillatory feature of Gravitation. The relativistic link, via c, between the 
static and the oscillatory features of Gravitation is shown in the Equation (13). 

So, in analogy with the Equation (5) and the Equation (6), the generalised 
gravitational Maxwell-Lorentz equations in Dirac’s symmetrisation are: 
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  (15) 

where the scalar oρ ∈  is the local mass density [kg/m3], the scalar qρ ∈  
is the local mass current density [kg/s∙m2], the complex scalar ,genρ ∈O  is the 
generalised mass density [kg/m3] associated to the generalised gravitational mo-
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nopole 1
gen ∈  [kg], the vector 3o ∈j   is the tangent mass current density 

[kg/s∙m2], the vector 3q ∈j   is the circular mass current density [kg/s2∙m],  

the vector , 3o dis
g t

ε ∂
= ∈

∂
Oj   is the tangent mass displacement current 

[kg/s∙m2], the vector , 31q dis

g tµ
∂

= ∈
∂
Qj   is the circular mass displacement  

current [kg/s2∙m], the complex vector , 3gen ∈Qj   is the generalised mass cur-
rent density [kg/s∙m2] associated to the generalised gravitational dipole 

3
2
gen ∈  [kg], gε  is the vacuum gravitational permittivity [ 3kg s m⋅ ], gµ  

is the vacuum gravitational permeability [ s m kg⋅ ]. In particular, “local” has 
the same geometric meaning as in eρ  and mρ , “tangent” has the same geome-
tric meaning as in ej  and ,e disj , and “circular” has the same geometric mean-
ing as in mj  and ,m disj  (Figures 1-5). 

From the Equation (14) and the Equation (15), I obtain the gravitational 
Maxwell-Lorentz equations in Dirac’s symmetrisation: 
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and 

2

1 .g g c
ε µ =                          (23) 

In addition, oρ , qρ , ,genρ O , oj , qj , ,o disj , ,q disj , and ,gen Qj  have a 
shared trait in their units: [kg/s∙m2]. 

Some considerations. I think: “gravitational light and mass induction field are 
affections of the same substance” (Equation (15)). In addition, in the Equation 
(15), the mass displacement currents behave like a mass current density flowing 
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in free space: their existence has far-reaching physical consequences as it pre-
dicts that the gravitational effect can be transmitted over very long distances, 
even through empty space. 

Combining the Equations (9), (13), and (20), I obtain the relativistic unifica-
tion of Electromagnetism and Gravitation: 

.
gen gen

gen gen
c= = = =

E OE O
B QB Q

                (24) 

Examples 
Let me recall the Gauss’s law for gravity: 

4 ,oGρπ∇ ⋅ = −g                       (25) 

where g  is the gravitational field [m/s2] and G is the universal gravitational 
constant [6]. Combining the Equation (16) and the Equation (25), I obtain the 
differential relation between the gravitational field g  and the mass field O : 

2

44 = 4 .o
g

g

G G G
c

ρ ε
µ

∇ ⋅ = − − ∇ ⋅
π

π ⋅ = −π ∇g O O          (26) 

Let me recall the Newton’s law for gravity: 

2 ,r
MG
r

= −g u                         (27) 

where M is a point mass [kg], r is the distance from M [m], and ru  is the radial 
unit vector. Because of the Equation (25) and the Equation (27) can be obtained 
one from the other, from the Equation (26), I can write: 

2

2 2
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4 4

g
r r

g

cM M
r r

µ
ε

= =
π π

O u u                  (28) 

that is, O  for a point mass is the mathematical analog of E  for a point elec-
tric charge (Figure 8). Moreover, using the Equation (26) and the Equation (28), 
I obtain the gravitational potential energy gU  [J]: 
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Figure 8. Gravitational monopole. 
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where m is the point mass attracted by M [kg], r is the distance between M and 
m [m], and MO  and mO  are the mass fields arising from M and m, respec-
tively. 

In addition, according to the solution proposed by Heaviside [1], using the 
Equation (28), I can write the gravitational analog of the Biot-Savart law for a 
point electric charge: 

2 2 2 2

1 1 ,
4 4

g

g

M M
r c r c

µ
ε

= × =
π

× ×
π

=Q v u v u v O           (30) 

where v  is the constant velocity of M (with cv  ) and u  is the unit vec-
tor pointing from the non-retarded position of M to the position where Q  is 
being measured (Figure 9). 

3.3. Generalised Space-Time 

I can enrich the Equation (24) introducing a relativistic link, via c, for the 
Space-Time: 

oscillatorystatic

,gen genc=X T
 

                      (31) 

where, developing the analogy Electromagnetism/Gravitation/Space-Time, the 
complex vector 3igen c= + ∈X X T   is the generalised space field [m] and de-
scribes the static feature of Space-Time, the vector 3∈X   is the space field 
[m], the vector 3∈T   is the time induction field [s], the complex vector  

3igen

c
= + ∈T T X   is the generalised time induction field [s] and describes the  

oscillatory feature of Space-Time. In other words, the relativistic link, via c, be-
tween the static and the oscillatory features of Space-Time is shown in the Equa-
tion (31). 

So, in analogy with the Equations (5) and (6), (14) and (15), the generalised 
spatiotemporal Maxwell-Lorentz equations in Dirac’s symmetrisation are: 

( )
[ ]

,
3

sin
m

in m

,

min
m

1 i 1i ,

gen

gen

gen x t gen

t t

c
c

ρ

ρ ρ ρ
ε ε

 
 
 

 
  

 ∇ ⋅ = ∇ ⋅ + = + = 
 

X

X

XX X T







        (32) 

 

 

Figure 9. Gravitational dipole ( O  and Q  lie on the plane perpendicular to v ). 
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m

,gen
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

    (33) 

where the scalar xρ ∈  is the local time density [s/m3], the scalar tρ ∈  is 
the local time current density [1/m2], the complex scalar ,genρ ∈X   is the ge-
neralised time density [s/m3] associated to the generalised spatiotemporal mo-
nopole 1

gen ∈  [s], the vector 3x ∈j   is the tangent time current density 
[1/m2], the vector 3t ∈j   is the circular time current density [1/s∙m], the  

vector , 3x dis
t t
ε ∂

= ∈
∂
Xj   is the tangent time displacement current [1/m2], the 

vector , 31t dis

t tµ
∂

= ∈
∂
Tj   is the circular time displacement current [1/s∙m], the  

complex vector , 3gen ∈Tj   is the generalised time current density [1/m2] asso-
ciated to the generalised spatiotemporal dipole 3

2
gen ∈  [s], tε  is the va-

cuum temporal permittivity [s/m3], tµ  is the vacuum temporal permeability 
[s∙m]. In particular, “local” has the same geometric meaning as in eρ  and mρ , 
“tangent” has the same geometric meaning as in ej  and ,e disj , and “circular” 
has the same geometric meaning as in mj  and ,m disj  (Figures 1-5). 

From the Equation (32) and the Equation (33), I obtain the spatiotemporal 
Maxwell-Lorentz equations in Dirac’s symmetrisation: 

2 3

1 1 s swith in ,
mm m

x x

t

ρ ρ
ε

   ∇ ⋅ = =      
X             (34) 

2

1with in ,
m

t t
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T                  (35) 

2 2 2
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2

1with in ,
m

x x
t t t

µ ε ∂   ∇× = +   ∂   

XT j j              (37) 

with 

,c=X T                         (38) 

( )( )
2 22

i i

2 ,

gen gen gen c c

c

= ⋅ = + −

= + =

X X X X T X T

X T X
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2 2
2

i i

1 2 ,

gen gen gen

c c

c

  = ⋅ = + −  
  

= + =

T T T T X T X

T X T

          (40) 

and 

2

1 .t t c
ε µ =                         (41) 

In addition, xρ , tρ , ,genρ X , xj , tj , ,x disj , ,t disj , and ,gen Tj  have a 
shared trait in their units: [1/m2]. 

Some considerations. I think: “spatiotemporal light and time induction field 
are affections of the same substance” (Equation (33)). In addition, in the Equa-
tion (33), the time displacement currents behave like a time current density 
flowing in free space: their existence has far-reaching physical consequences as it 
predicts that the spatiotemporal light can be transmitted over very long distances, 
even through empty space. According to the preceding view, the time is the 
source of the space (Equation (32)) and the spatiotemporal waves are able to ex-
pand and to contract the Space-Time (Equation (36) and Equation (37)): a tem-
poral variation of the time induces a spatial variation of the space, whereas a 
temporal variation of the space induces a spatial variation of the time. 

Combining the Equations (24), (31), and (38), I obtain the relativistic unifica-
tion of Electromagnetism, Gravitation, and Space-Time: 

.
gen gen gen

gen gen gen
c= = = = = =

E O XE O X
B Q TB Q T

         (42) 

Example 
For a black hole, according to the viewpoint of a distant observer, the negative 
temporal variation of the time causes the positive spatial variation of the space, 
that is, the spatial compression/contraction of the space or, in other words, the 
accumulation of space into the space (Equation (36)). For the viewpoint of a 
distant observer, the spatial compression/contraction of the space is the negative 
temporal variation of the space which causes the negative spatial variation of the 
time, that is, the spatial traction/expansion of the time or, in other words, the 
rarefaction of time in the space (Equation (37)). For the viewpoint of a distant 
observer, the spatial traction/expansion of the time is the negative temporal var-
iation of the time (Equation (36)): so, the positive feedback loop of the black 
hole (spatiotemporal hole) is closed. 

4. Conservation 
Generalised Electromagnetism 

Using the formula ( )∇ ⋅ × = ∇× − ∇×E B B E E B , the Equation (3), and the 
Equation (4), I obtain: 
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j E j B E B
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     (43) 

where 3

0

1
µ

= × ∈EBS E B   is the electromagnetic linear momentum density 

(also known as the electromagnetic Poynting vector) [W/m2] and  
2 2

0
0

1 1 1
2 2

U ε
µ

= + ∈EB E B   is the electromagnetic field energy density [J/m3] 

[1] [7]. 
According to [8], there are two linear conductivity laws: 

,e eσ=j E                         (44) 

,m mσ=j B                         (45) 

where eσ  [S/m] and mσ  [S∙m/s2] are the electric conductivity and the mag-
netic conductivity, respectively, with the following relativistic link to grant the 
conservation: 

2 ,m ecσ σ=                         (46) 

whereas I can postulate analog formulas for the displacement currents and the 
related displacement conductivities: 

, , ,e dis e disσ=j E                       (47) 

, , ,m dis m disσ=j B                       (48) 

, 2 , .m dis e discσ σ=                       (49) 

As a consequence, using the Equations (7)-(9) and (44)-(49), from the Equa-
tion (43), I obtain: 

( ) ( )2 2, , ,e e dis gen m m dis genσ σ σ σ∇ ⋅ = − + = − +EBS E B       50) 

useful to study the interaction between the matter and the electromagnetic waves, 
whereas, using the Equations (7), (9), (44)-(46), and (49), from the Equations 
(43) and (50), I obtain: 

2 2, , ,e dis gen m dis genU
t

σ σ∂
= =

∂

EB

E B              (51) 

suitable to study the transmission of the electromagnetic energy. 
Now, according to [7], I recall the Poynting theorem: 

0,
matter

matterU U
t t

∂ ∂
+ +∇ ⋅ +∇ ⋅ =

∂ ∂

EB
EBS S            (52) 
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where 3matter ∈S   is the mechanical Poynting vector [W/m2] (related to the act 
of movement and to the kinetic energy) and matterU ∈  is the mechanical 
energy density [J/m3] (related to the kinetic energy). 

As a consequence, using the Equations (50)-(52), I obtain: 

2 2
,

matter
matter e gen m genU U

t t
σ σ∂ ∂

+∇ ⋅ = − −∇ ⋅ = =
∂ ∂

EB
EBS S E B    (53) 

useful for describing the effects of the electromagnetic waves on the matter, also 
on the cells [9]. 

Finally, using the definition of EBS  and the Equations (7)-(9) and (53), I can 
write: 

2 2

0
0

1 1 ,
2 2

gen genccε
µ

= =EBS E B               (54) 

0

0

2 2 .
mmatter e

matterU
t c c

σ µσ
ε

∂
+∇ ⋅ = =

∂
EB EBS S S           (55) 

5. Conclusions 

The main aim of this work is to provide further discussion on the Max-
well-Lorentz equations in Dirac’s symmetrisation. In particular, the symmetrisa-
tion permits to postulate a magnetic displacement current and a magnetomotive 
force; on the other hand, in a symmetrisation approach, I propose a magnetic 
monopole composed of two separated acts of electric current in the form of two 
juxtaposed circular semi-loops, that is, an alternative to the not-gauge-invariant, 
not-observable Dirac string stretching between two hypothetical Dirac mono-
poles. 

Another aim of this work is to propose a cosmological model where I try to 
unify Electromagnetism, Gravitation, and Space-Time in terms of microscopic 
Maxwell-Lorentz-like equations in Dirac’s symmetrisation, where the unifying 
trait is c. This cosmological model is, in my opinion, compatible with the con-
cept of curved Space-Time [10] and also of flat Space-Time [11] [12]. 

In particular, if time is the source of space, I could imagine the Big Bang as an 
explosion (or a very quick extrusion) that distributed the time, so that space ex-
ists where time is. 

The concept of space generated by time is in agreement with the discretization 
of Space-Time [10] and the hypothesised spatiotemporal waves could explain 
that “Space-Time cannot but fluctuate, and, moreover, its fluctuations are 
bounded from below, so that all processes become chaotic, and the observables 
become averaged over this chaos” [10]. 

On the other hand, according to the here proposed gravitational sources and 
gravitational light, I can cite a work of Shurtleff [11]: “… a flat spacetime exists 
whose symmetries can be the basis for motion in gravitational and electromag-
netic fields… As indirect evidence, one can point to the observed paths followed 
by matter in electromagnetic and gravitational fields. After all, the observed 
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paths are much like the geodesics that are determined by 1) the symmetries of 
that flat spacetime and 2) the assumption of a metric-based arc length”. 

In conclusion, in analogy to the positive and pushing radiation pressure of the 
electromagnetic light, I can suppose a negative and pulling pressure given by the 
gravitational light, whereas the spatiotemporal light should not exert any pres-
sure; moreover, I can suppose that the gravitational light and the spatiotemporal 
light do not transfer energy as the electromagnetic light does. 

In the future work, it would be interesting to speculate about this question: are 
gravitational light and spatiotemporal light just transverse waves without special 
characteristics? This is, in my opinion, a non-trivial question because Lorenz 
supposed “rotating vibrations” [13] of the light and Tamburini successfully used 
light’s orbital angular momentum and vorticity in radio communication [14]. 
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