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ABSTRACT
The generalization of Einstein’s special theory of
relativity (SRT) is proposed. In this model, the
possibility of unification of scalar gravity and
electromagnetism into a single unified field is
considered. Formally, the generalization of the
SRT is that instead of (1+3)-dimensional Minkowski space the (1+4)-dimensional extension
G is considered. As the fifth additional coordinate the interval S is used. This value is saved
under the usual Lorentz transformations in Minkowski space M , but it changes when the
transformations in the extended space G are
used. We call this model the extended space
model (ESM). From a physical point of view, our
expansion means that processes in which the
rest mass of the particles changes are acceptable now. If the rest mass of a particle does not
change and the physical quantities do not depend on an additional variable S , then the electromagnetic and gravitational fields exist independently of each other. But if the rest mass is
variable and there is a dependence on S , then
these two fields are combined into a single unified field. In the extended space model a photon
can have a nonzero mass and this mass can be
either positive or negative. In this model the 5vectors which components correspond to energy, pulse and mass of a particle are isotropic
both for massive and massless particles. The
rotations in the (1+4) dimensional extended
space G can transform massive particles into
massless and vice versa.
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1. INTRODUCTION
We consider a generalization of Einstein’s special theory of relativity (STR) on a 5-dimensional space, or more
specifically on a (1+4)-dimensional space with a metric
( + − − − − ) . However, it is well known that the photon
can be considered as a massless particle, and described
by the plane wave only in an infinite empty space [1,2].
But if a photon falls into the environment or in confined
space, such as a resonator or waveguide, it acquires a
nonzero mass [3,4].
Under the particle mass m, we will understand its rest
mass, which is a Lorentz scalar. No other masses will not
appear in this work. Here we follow the recommendations of [5]. Similarly, we can consider the process of
changing the mass of other particles, such as electrons,
assuming that it depends on external conditions and influences.
Thus, it seems natural to expand the space of parameters characterizing particle, taking into account the fact
that under an interaction of its mass it can vary. We call it
the extended space.
In the STR the rest mass m of a particle is constant. It
is a Lorentz scalar. We assume that in the extended space
model (ESM) a rest mass m may vary in some processes.
Such a change of a rest mass is the result of external influences.
This possibility indicates by the phenomenon of “mass
defect” in nuclear reactions. The same situation is with
the change of photon mass. We believe that in the empty
Minkowski space photon moves with velocity c, and its
mass is zero. But when photon falls into a medium, or in
an external field, its velocity ν becomes smaller than c,
and the mass becomes nonzero. In this case, we assume
that the non-zero mass can be both positive and negative.
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The ESM is formulated in extended (1 + 4)-dimensional space. As a 5th coordinate we use a parameter, which
describes the environment in which the particle is located.
It can be conventionally considered as a “refractive index”
of the environment. The process of movement along the
5th coordinate corresponds physically to transition from
a medium with one “refractive index” into a medium
with another “refractive index”. The group O (1, 4 ) is
the grope of transformations of the extended space. The
group O (1,3) of Lorentz transformations is the subgroup of group O (1, 4 ) .
The transformations from Lorentz group change position and time, but do not change the value of the “index
of refraction”. This value can be changed only by that
transformations from the group O (1, 4 ) , which do not
belong to the Lorentz group.
Accordingly, in the dual space with coordinates
( E , p, m ) , the Lorentz transformations act in the subspace ( E , p ) . These transformations don’t change a value of mass m. The value of mass m can be changed only
by that transformations from the group O (1, 4 ) , which
do not belong to the Lorentz group.
The change of mass of the particles leads to appearing
of gravitational field. The unified field, which combines
gravitation and electromagnetism is generated by 5-vector potential. Electric charge of the photon with zero
mass is equal to zero. By continuity, we assume that the
charge of the photon with nonzero mass is equal to zero.
In the ESM electric charge is a constant and does not
change under transformations of the group O (1, 4 ) .

2. THE STRUCTURE OF THE EXTENDED
SPACE
Each particle having a mass m, corresponds to a hyperboloid in Minkowski space, in the limiting case this hyperboloid degenerates into a cone.

s 2=

( ct )

2

− x2 − y 2 − z 2 .

(1)

Since the change of the mass of a particle corresponds
its transition from one hyperboloid to the other, i.e.
change of the corresponding interval, it seems natural to
choose interval s as an additional fifth coordinate. Thus,
we will work in a space with coordinates ( t , x, y, z , s )
and metric ( + − − − − ) . The objects under consideration
are located on a cone

( ct )

2

− x2 − y 2 − z 2 − s2 =
0.
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In Minkowski space M (1,3) a 4-vector of energy
and momentum

E

p =  , px , p y , pz 
c


(3)

is associated to each particle [1]. In the extended space of
G (1, 4 ) , we completes its to 5-vector

E

p =  , px , p y , pz , mc  .
c


(4)

For free particles, the components of the vector (4) satisfy the equation
E 2 = c 2 px2 + c 2 p y2 + c 2 pz2 + m 2 c 4 .

(5)

It is well-known relation of relativistic mechanics,
which relates the energy, momentum and mass of a particle. Its geometric meaning is that the vector (4) is isotropic, i.e. its length in the space of G (1, 4 ) is equal to
zero. However, in contrary to the usual relativistic mechanics, we now suppose that the mass m is also a variable, and it can vary at motion of a particle on the cones
(2) and (5). It should be understood so that the mass of
the particle changes when it enters the region of the
space that has a nonzero density of matter. Since in such
areas the speed of light is reduced, they can be characterized by value n-optical density. The parameter n relates
the rate of light in vacuum c with the speed of light in a
medium ν.

vn = c.
A set of variables (4) forms a 5-pulse, its components
are conserved, if the space G (1, 4 ) is invariant under
the corresponding direction. In particular, its fifth component p4 , having sense of mass, does not change if the
particle moves in the area with constant value n.

3. THE VECTORS OF THE FREE
PARTICLES
In the usual relativistic mechanics and field theory the
mass of a particle is constant, and for particles with zero
masses and nonzero rest masses different methods of
description are used. The particles with nonzero rest
masses are characterized by their mass m and speed v .
The particles with zero mass (photons) are characterized
by frequency ω and wavelength λ . These ω and λ
are connected with energy E and pulse p as follows

(2)

We will denote it G (1, 4 ) . The usual (1+2)-dimensional cones and hyperboloids occur as sections of the surface (2) by hyperplanes s = s0 . In the space of G (1, 4 )
one can constructed in usual way the objects that have
different tensor nature and transform appropriately under
linear transformations of the space G (1, 4 ) .
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=
E =
ω, p

2π

λ

(6)

k.

The 4-vector

E 
p =
, p
=
c 

 mc
mv

,
 1− β 2 1− β 2



v2
=
, β2

c2


(7)
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corresponds to a particles with nonzero rest mass.
The 4-vector

 E   ω 2π   ω ω 
p =
=
k 
k
, p 
,=
,
c   c λ   c c 

(8)

corresponds to a particles with zero mass.
In the frames of our approach, there is no difference
between massive and massless particles, and therefore
should establish a connection between these two methods
of description [6,7]. This can be done using the relation
(6) and the hypothesis of de Broglie, according to which
these relations hold for the massive particles [8]. Now,
substituting (6) in (4), we obtain the relation between the
mass m, frequency ω and wavelength λ
2

2 4
 2πc  m c
=
ω2 
 + 2 .

 λ 

=
ω

mc 2

=
, λ

 1− β

2

2π
1− β 2 .
mv

(9)
(10)

It follows that if v → 0, λ → ∞ , but ω → ω0 ≠ 0 .
Here ω0 determines the energy of a particle at rest.
Now we construct 5-vectors from 4-vectors (7), (8).
We suppose that to a stationary particle of mass m corresponds a 5-vector
p = ( mc, 0, mc ) .

(11)

The 5-vector of a particle, which moves with velocity
v , can be obtained by transformation to the moving coordinate system. Then the vector (11) takes the form

 mc

mv
p=
,
, mc 
 1− β 2 1− β 2




(12)

(13)

At the transition to a moving coordinate system the
vector (13) does not change its form, only the frequency
ω changes its value.

ω → ω′ =

ω

1− β 2

.

(14)

Thus, in an empty space in a stationary reference
frame there are two fundamentally different objects with
zero and nonzero masses, which in the space of G (1, 4 )
correspond to the 5-vectors

 ω ω

,
k, 0 .

 c c


(15)

( mc, 0, mc ) .

(16)

For simplicity, we write the vectors (15), (16) in
Copyright © 2014 SciRes.

l 2 = x02 − x12 − x22 − x32 − x42

If we restrict ourselves to Lorentz transformations in
Minkowski space it is impossible to transform an isotropic vector into anisotropic one and vice versa. In other
words in frames of the SRT photon cannot acquire mass,
and a massive particle cannot be a photon. But in the
extended space G (1, 4 ) a photon and a massive particle
can be related to each other by a simple rotation.

4. ELECTRODYNAMICS AND
GRAVITATION IN THE EXTENDED
SPACE
The source of the electromagnetic field is a current. In
the traditional formulation of the electromagnetic the
current is described by a 4-vector in Minkowski space
M (1,3) .

ρ
=

ρ, j )
(=

 ρc
ρ0 v
0

,
 1− β 2 1− β 2



v2
, =
.
β2

c2


(17)

ρ 2 = c 2 .

Similarly the 4-vector (8) transforms into 5-vector

 ω 2π

p=
,
k, 0 .
 c λ


(1+2)-dimensional space. The vector (15) describes a
photon with zero mass, the energy ω , and the velocity
c. The vector (16) describes a stationary particle of mass
ω
, a massive
m. The photon has a momentum p =
c
particle has a momentum equal to zero. In the 5-dimensional space, these two vectors are isotropic, in Minkowski space only the vector (15) is isotropic.
The length of the vector ( x0 , x1 , x2 , x3 , x4 ) is equal to

Here ρ0 ( t , x, y, z ) —an electric charge density in the
point ( t , x, y, z ) Of the space M (1,3) , and
( vx ( t , x, y, z ) , vy ( t , x, y, z ) , vz ( t , x, y, z ) ) —is a local velocity of a charge density.
At the transition to the extended space G (1, 4 ) it is
necessary to change a (1 + 3)-current vector ρ by a (1
+ 4)-vector ρ . In accordance with the principles of the
developed model, an additional coordinate of the vector
ρ must be an isotropic (1 + 4)-vector. In addition, we
want our model describes both the electromagnetic and
gravitational field, so the fifth component of the current
should be defined so that it be the source of the gravitational field. In our model there are no charged particles
with zero mass. The problem of existence of such particles will be discussed in a separate article.
Here we suppose that the source of a unit electromagnetic and gravitational field, is a particle which has both
a mass and a charge. In this case, we assume that the
mass may not have any charge, but the charge should
always have a mass.
In our model we assume that the charge is constant
and does not change under transformations of the rotaOPEN ACCESS
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tion group O (1, 4 ) of the extended space G (1, 4 ) . And
the rest mass, which is a scalar with respect to the Lorentz group, is a fifth component of the vector with respect to the group of O (1, 4 ) .
We want to construct a 5-dimensional current vector of
ρ as a generalization of 4-dimensional current vector
ρ . To do this one must add one component to it.
In the ordinary electrodynamics 4-dimensional current
vector ρ has the form

ρ
=

ρ, j )
(=

 ρc
ρ0 v
0

,
2
 1− β
1− β 2



.



(18)

ρ 2 = c 2 .
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mass of a particle, which holds this charge. This law
reads

∂
∂
− ∫ jdn − ∫
j0 dV =
j4 dV .
∂t ∫
∂x4

(23)

In this case, the change in the product of em of a
charge at the mass inside a volume is defined as a stream
of charged particles across the surface of the volume and
change of masses of particles within the volume due to
their dependence on the coordinate x4 .
The current (18) generates the electro-gravitational
field in the extended space of G (1, 4 ) . The potentials of
this field are determined by the equations
∆ ( ) A0 =
−4πρ ,
5

Its structure it similar to structure of the energy-momentum vector (7) of the particle, having a rest mass.
The difference between them is that in the vector (17)
instead of the rest mass m0 there is a local density of a
charge of ρ0 . In the expanded space G (1, 4 ) we consider the energy-momentum-mass vector (18) instead of
the energy-momentum vector (7).
Thus, the 5-dimensional vector of current, generating a
unit electro-gravitational field, has the form

 emc

emv
=
ρ (=
j0 , j , j4 ) 
,
, emc  .
 1− β 2 1− β 2




(25)

4π
5
js .
∆ ( ) As =
−
c

(26)

Here
∆( ) =
5

∂2
∂2
∂2
∂2
1 ∂2
+
+
+
−
.
∂s 2 ∂x 2 ∂y 2 ∂z 2 c 2 ∂t 2

With the help of the potentials
one can construct a tension tensor

(A ,A ,A ,A ,A )
0

x

∂Ai ∂Ak
Fik =
−
; i, k =
0,1, 2,3, 4.
∂xk ∂xi

The continuity equation, as in the usual case, is expressed by the vanishing of the 5-divergence of the 5current (18)
4

(20)

Fik

If the charge is at rest, the continuity equation takes
the form
(21)

 0

 Ex
=  Ey

 Ez
Q


− Ex
0
HZ
−H y
Gx

−Ey
−H z
0
Hx
Gy

− Ez
Hy
−H x
0
Gz

−Q 

−Gx 
−G y 

−Gz 
0 

y

z

s

(28)

(29)

Here

∂A4 ∂A0 ∂As ∂ϕ
−
=
−
.
∂x0 ∂x4 c∂t ∂s

(30)

∂A4 ∂A1 ∂As ∂Ax
,
−
=
−
∂x1 ∂x4
∂x
∂s

(31)

Eq.21 can be interpreted as the variation of the rest
mass of the particle by changing the properties of the environment.
In ordinary electrodynamics from the continuity equation should be the law of conservation of charge

Gx = F41 =

∂
j0 dV = − ∫ jdn.
∂t ∫

G y = F42 =

∂A4 ∂A2 ∂As ∂Ay
−
=
−
,
∂x2 ∂x4
∂y
∂s

Gz = F43 =

∂A4 ∂A3 ∂As ∂Az
−
=
−
.
∂x3 ∂x4
∂z
∂s

(22)

There is an integral over the volume in the left side of
this equation, and the right side—is the integral over the
surface bounding this volume.
In electro-gravidynamics there is a law of conservation
of the value, which is the product of the charge at the
Copyright © 2014 SciRes.

(27)

5. TENSION FIELDS

ρ 2 = 0.

∂m ∂m
+
=
0.
∂t ∂x4

4π
5
∆( ) A =
−
j,
c

(19)

It is an isotropic vector

∂j
∑ ∂xi = 0.
i =0
i

(24)

Q = F40 =

With the help of the stress tensor (29) one can conOPEN ACCESS
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struct the energy-momentum-mass tensor

1 
1

T ik =  − F il Fl k + g ik Flm F lm  ;
4π 
4


i, k , i, m = 0,1, 2,3, 4.
Here is the equation satisfied by the intensity of Fik .
We’ll call them the extended Maxwell system. The usual
system of Maxwell equations consists of two pairs of
equations, which have fundamentally different structures.
They are usually well known, the first and second pair of
Maxwell’s equations. Extended system of Maxwell’s equations also consists of two types of equations fundamentally different structure. We shall call them the equations
of the first and second types.
The equations of the first type are formal consequence
of the formula (31), which expresses the tension via potentials. It follows immediately from their form that for
any three indexes ( i, j , k ) the relation

∂Fij
∂xk

+

∂Fki ∂F jk
+
=
0
∂x j
∂xi

∂ 2 Aj
∂ 2 Aj
∂ 2 Ai
∂ 2 Ak
∂ 2 Ai
∂ 2 Ak
0.
−
+
−
+
−
=
∂xk ∂x j ∂xk ∂xi ∂x j ∂xi ∂x j ∂xk ∂xi ∂xk ∂xi ∂x j

There exist 10 such equations. Let us consider now the
specific form of these equations, using the tension tensor
(29).
If we restrict ourselves to the sets of indexes taking
values (0,1,2,3), then corresponding 4 equations are simply the first pair of Maxwell’s equations
(33)

This is one equation. The three other equations which
correspond to sets of indices ( 0,1, 2 ) , ( 0,1,3) , ( 0, 2,3)
form a unit vector equation
rotE +

1 ∂H
0.
=
c ∂t

(34)

Thus, the first pair of Maxwell’s equations retains its
form. In the extended space G (1, 4 ) another 6 equations are added to them. Three of them, which are corresponding to the sets (1, 2, 4 ) (1,3, 4 ) , ( 2,3, 4 ) , can be
combined into one vector equation
rotG +

∂H
=
0.
∂s

(35)

The other three triples ( 0,1, 4 ) ( 0, 2, 4 ) ( 0,3, 4 )
give us the three remaining equations of the first type.
They also can be merged into a single vector equation
∂E 1 ∂G
+
+ gradQ =
0.
∂s c ∂t
Copyright © 2014 SciRes.

1 ∂A0 ∂Ax ∂Ay ∂Az ∂As
0.
+
+
+
+
=
c ∂t
∂x
∂y
∂z
∂s

(36)

(37)

The second type of Maxwell’s equations from the extended system has the form

∂F

4

(32)

is satisfied. The validity of (32) can be verified by direct
substitution of the expression (28) in the Eq.32.

divH = 0,  indices (1, 2,3) .

Thus, the equation of the first type from the expanded
system of Maxwell’s equations in the space of G (1, 4 )
has the forms (33) - (36). These 10 equations are combined into three vector equations and one scalar equation.
Note that the vector operators div, rot , grad that appear in these equations have the usual three-dimensional
form.
Let’s turn now to construction of the Maxwell equations of the second type. These equations are followed
from the equations for the potentials (24) - (26). However, it is necessary first to impose the Lorentz gauge condition, which must satisfy potential (23). In the space
G (1, 4 ) , it has the form

∑ ∂xik

k =0

k

4π
0,1, 2,3, 4.
=
−
ji ; i =
c

(38)

Substituting into Eq.38 the elements of the tension
tensor (29) and taking into account the Lorentz gauge
condition (37), one can obtain five vector equations.
∂Q
divE + = 4πρ , =
(i 0)
∂s
rotH −

∂G 1 ∂E 4π
j ,=
− =
( i 1, 2,3)
∂s c ∂t
c

divG +

1 ∂Q
= 4πj4 , (=
i 4)
c ∂t

(39)
(40)
(41)

The tension tensor (29) contains, in addition to the
components that are analogous to the usual electric and
magnetic fields, some additional components that describe the gravitational field. More precisely, in the case
where the components of the 5-current (18) depend on
the coordinate x4 , all the components of (29) describe a
single electro-gravitational field, if the current does not
depend on the coordinate x4 , the system of Eqs.34, 36,
38, 41 splits into two systems. One of them is the system
of Maxwell’s equations and the other is a Laplace equation for the scalar gravitational field.
Thus, according to our model, in an empty space of
the gravitational and electromagnetic fields, there exist
two different fields, but in the region where there are particles and fields, they form a unit electromagnetic-gravitational field.
Within the framework of Extended Space Model (ESM)
[6,7], the processes connected to birth of photons in a
gravitational field are studied. These photons have a nonzero mass, which can be both positive and negative, and
photon’s energy and strength of the gravitational field
absolutely determine this photon mass value. It is shown
OPEN ACCESS
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that in ESM, model formation of bubble gravitational
structures is possible. In the frame of ESM one can obtain the following physical picture. Bubble gravitational
objects have a halo formed by dark matter generated by
photons with a positive mass. The comparison ESM bubble structures with similar objects of a type “gravastar”
[9], existing in a General Theory of Relativity (GR) was
made [7,10,11]. Now it becomes possible to predict some
future results of visible size of supermassive objects in
our Universe due to new stage of experimental astronomy development in the RadioAstron Project [12-14]. In
RadioAstron Project which has to reach an unprecedented angular resolution equal to 0.00001, it becomes possible to distinguish real size of such objects active galactic nuclei to investigate the size of supermassive objects
applying for black hole role and to obtain direct results
of comparison of event horizon with its radius. In the
case when the visible radius of supermassive object will
not exceed the gravitational radius we will agree that this
object is real black hole. In the case when visible radius
will be in 2 to 3 times larger than gravitational radius appropriated to the mass of supermassive object, we will
discuss the nature of such objects with taking into account that one of the possible answers is the gravastar
[9].
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