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The failure to fulfill Lorentz’s condition leads to the emergence of a new scalar field,
which in turn should have the meaning of a new physical field. In this study, we prove
that the appearance of the scalar field in the theory of the Elastodynamics of the Space-
Time Continuum can more clearly explain the emergence of rest-mass and the expres-
sion of elementary particles through symmetric and anti-symmetric electromagnetic
tensors. The use of the scalar field in the previous theory requires a redefinition of
both the Lorentz force and the electrodynamic power, and then a rewrite of the electro-

magnetic stress tensor.

1 Introduction

In modern physics, we can ask the question what is the ori-
gin of mass? Einstein’s famous equation E = mc? of spe-
cial relativity theory can be written in an alternative form as
m = E/c?. When expressed in this form, it suggests the pos-
sibility of explaining mass in terms of energy. Einstein was
aware of this possibility from the beginning. Indeed, his orig-
inal 1905 paper was titled, “Does the Inertia of a Body De-
pend on Its Energy Content?”. Anyway, when a collision be-
tween a high-energy electron and a high-energy positron oc-
curs, we often observe that many particles emerge from this
event. The total mass of these particles can be thousands of
times the mass of the original electron and positron. Thus,
mass has been physically created from energy. So energy and
mass are equivalent, but the question remains: how is energy
transformed into rest-mass?

Using the theory of the Elastodynamics of the Spacetime
Continuum [9, 16] (which is a result of applying mechan-
ical continuum laws (elastic continuum) to the space-time
continuum), it can be shown that rest-mass energy density
arises from the volume dilatation deformation of the space-
time continuum, while distortion deformations correspond to
massless shear transverse waves. Applying the previous the-
ory to the electromagnetic waves, we find that there is no vol-
ume dilatation, which means that the rest-mass density of the
photon is equal to zero. But with the existence of the scalar
field ¥ (which requires a generalization of the Maxwell-Hea-
viside equations), it can be proven that rest-mass is no longer
equal to zero.

2 Materials and methods

2.1 Generalize the Lorentz force and the electrodynam-
ics power

The basic laws of classical electrodynamics can be summa-
rized in differential form (Maxwell/Heaviside equations) by
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these four equations [1, see pp. 24]:
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Let A and ¢ be, respectively, the vector and scalar poten-
tials of the classical electromagnetic field; they can be con-
nected via different relations, called gauges or gauge condi-
tions/relations, since they contain some arbitrariness. An im-
portant example of this is the Lorentz gauge [2]:
6(p - -
copo — +V-A=0.
oHo 5.

We will now assume that equality in (5) is not satisfied; that
is, in addition to the presence of the electric and magnetic
fields, there is a scalar field ¥ [3]:
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In order to introduce the scalar field into electromagnetic
theory, Either new terms must be introduced into the Lagran-
gian of the electromagnetic field [4], which guarantees the ex-
pression of longitudinal waves in the equations of field mo-
tion. Or by introducing the invariant scalar field (our case)
into Maxwell’s equations, which provide a description of the
longitudinal waves [5]. By adding derivatives of the field ¥
to Maxwell/Heaviside equations, we get the following [4-7]:
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Using (6)—(7), we can obtain the inhomogeneous potential
wave equations (automatically) for both scalar and vector po-
tentials without an extra gauge condition:

e o Pe
L V=22,

EoHo 7 2= (®)
PA S

Eoto 7 ~ VZA = poJ 9

From (7), we can make sure that the electric field, the mag-
netic field, and the scalar field all satisfy the following inho-
mogeneous field wave equations:
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The existence of the longitudinal expansion/contraction wa-
ves (12), implies the existence of an elastic continuum (which
has volume dilatation) [6-9]. Maxwell’s theory does not ac-
cept the existence of this type of wave, because Maxwell’s
theory is described by an antisymmetric tensor

F/u? = a,uAﬁ - aﬁAy

the trace of which equals zero, where A, is the four-dimens-
ional electromagnetic potential. This tensor F,» can only de-
scribe transverse waves, which means that the vacuum used
in electromagnetism cannot be compressed. Therefore, there
was a need to introduce an elastic continuum by analogy with
a continuous elastic medium (mechanical continuum) like the
Foka-Podolsky Lagrangian [6]. In order to obtain both the
generalized power and the generalized Lorentz force, a source
transformation must be defined [7]:
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o’ Ho
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The scalar field S used in [7], is associated with ¥ by ¥ = —S.
The electrodynamics power theorem is given by:

-
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Using (13-14), the electrodynamics power is transformed in
the following way:

Lo 1 B
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—-—V(EXB+E-Y)
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where J- E — ¥ ”ﬁ & Tepresents the volume creation rate of
electromagnetic energy (joules per cubic meter per second)
or alternatively represents the rate of change of mechanical
energy per unit volume, i.e. the rate at which the field does
work on the charges per unit volume. The Lorenz force is

given by:

- -
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Using (13), the generalized Lorenz force is transformed into

the following form:
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where (pg E+JxB- ‘Pf) represents the rate of change of
mechanical momentum per unit volume and time. Note that
the scalar field and the electric vector field have different signs
indicating that the scalar field decelerates the charge, and that
the deceleration is proportional to the current density, which
in turn is proportional to the velocity of the charge. Thus, the
electric vector field accelerates the charge while the scalar
field decelerates it.

3 Elastodynamics of the Space-Time Continuum

Einstein’s general theory of relativity is based on the geom-
etry of continuous spacetime, which can be described by the
following field equation [8, see pp. 875]:

8nG

1
Ry — zguwR + gl = o Lo
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where

R,s: Ricci curvature tensor,

gy Metric tensor,

R: curvature scalar,

L: the cosmological constant, which can be neglected for
small distances,

T,: the stress energy-momentum tensor.

In (18), everything on the left-hand side refers to the curva-
ture of spacetime, and everything on the right-hand side refers
to mass and energy.
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According to the theory of the Elastodynamics of the Spa-
ce-Time Continuum [9, 16], energy propagates in the Space-
Time Continuum, which causes deformation of the Space-
Time Continuum with longitudinal waves corresponding to
mass and transverse waves corresponding to massless field
energy. This leads implicitly to the proposition that the space-
time continuum must be a deformable continuum. This de-
formation, which has a physical nature [9], can be expressed
through strain that results from stress, so the stress energy-
momentum tensor results in strains in the space-time con-
tinuum (strained space-time). The presence of strain in the
space-time continuum leads to a deformation in the geome-
try of this space-time continuum. We can say it in the fol-
lowing way: the energy-momentum stress tensor produces a
strain in the spacetime continuum, and that strain changes the
geometry of the space-time continuum, and leads to the de-
formations with the longitudinal component being mass. The
stress-strain relation for an isotropic and homogeneous space-
time continuum can be written as the following [10]:

20 + 2ggPe = TH . (19)

Eq. (19) gives the stress in term of strain for a homoge-
neous and isotropic space-time continuum, both Ty and A
are Lamé constants, and they are linked together through Kj
the bulk modulus:

1
=To=Ky— 4.
5 1o 0~ 4o

(20
Here Yj is the shear modulus, which corresponds to the re-
sistance of the space-time continuum to distortions, K repre-
sents the resistance of the space-time continuum to dilatation,
where distortions describe a change of shape of the space-
time continuum without a change in volume, and dilatation
describes a change of volume without a change of shape of the
space-time continuum [9-10], T#” is the energy-momentum
stress tensor, the tensor &7 is the strain tensor, the volume di-
latation & = &%, is the trace &*’. If we compare (19) and (18)
we find an interesting similarity [9] (if we neglect the cosmo-
logical constant). The trace T¢, of (19) takes the following
relation:

200 +2) e = T, . @21)

The total rest-mass energy density of the system is related to
the trace T“,, by the following [11-12]:
T, (xk) — p6'2 . (22)

Using the last formula in (21), we get the relation between the
invariant volume dilatation and the invariant rest-mass:

2(Yo +20) & = pc? . (23)
By using (20), (23) takes the following expression:

4Kye = pc* . (24)

190

Eq. (24) shows that the rest-mass is the result of the di-
latation of the spacetime continuum; the volume dilatation is
an invariant, as is the rest-mass energy density. The strain en-
ergy density of the space-time continuum is a scalar given by

[9]:

1
E= 3 T, (25)
In order to get the dilatation energy density and distortion
energy density, we first need to write the tensor decomposi-
tion of &7 as a sum of a strain deviator (distortion) tensor ¢*?
and a scalar (dilatation) tensor e [9]:

g = ot 4 esg’“? (26)
where:
e’l; = 8”19 — €y 6” .
1 1
es = Zeg =7° 27

In the same way, the energy-momentum stress tensor is de-
composed into a stress deviator tensor #? and a scalar ¢, [9]:

T+ = ¢ 4 g g? (28)
where:
ty =Ty~ 1,0,
ty = IT“ 29)
s = 4 a -

Using (26-29), one can get the following expression for the
scalar & [13]:

1
E= 5 K()82 + Toe“ﬂeﬂﬂ = 6“ + 8J_ (30)
where:
1 n2 1 ) "
8” = _32K0 (pC > = EK()S , &L= Toep €. (€2))

The strain energy density of the space-time continuum can
also be written in the following way [13]:

I,

1
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From (30) or (32), we can see that the strain energy density
is separated into two terms: the first term corresponds to the
rest-mass longitudinal density (the dilatation energy density),
while the second is the massless transverse term (the distor-
tion energy density). Now we need to calculate the strain
energy density in two cases:
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3.1 Case number (1)

Electromagnetic stress tensor o*? as strain energy density (in
case ¥ = 0). Using o,p = nwnﬁﬂaﬂﬂ, we obtain the follow-
ing [9]:

2E24+.LB2 S, /c -S,/c -S,/c
2 2u0 X y z
Oop = _Sx/c _Txx _Txy _sz (33)
=Sy/c -Tyx -Tyy =Ty,
_SZ/C _sz _sz _Tzz

- 1 1 1 :
where Tj; = & (E,-Ej - iéijEz.) + o (BiBj - zéisz) is the
Maxwell stress tensor. The dilatation energy density (the
“mass” longitudinal term) is given by [9]:

1 1 1
8:—[( 2:—[2:— a)2 34
1= 5 Kog” = St = 5 (00) 34
where:
oo = r]oocroo +m o't 77220'22 + 17330'33 (35)

with the metric 77‘9" of signature (+1,—-1,—-1,-1).
The tensor 0%, can be calculated [9,13]:

1{ =, 1=,

0% =z |80E "+ —B7 |+ T+ Tyy +T,, =0 (36)
2 Ho

giving 0%, = 0, which means the longitudinal term (the rest-

mass term) is equal to zero:

1

2
@2 _ .
32K, )

= 5 () - &

In another sense, the rest-mass of the photon is zero. The term
&, is given by (31) and takes the final expression [9,13]:

1, 1 1
EL=—— "0y = — (U2 - ;SZ)

38
T e (G (38)

1. (B2, 2R2); :
where: Uen = 5 &0 (E +c°B ) is the electromagnetic field
energy density.

3.2 Case Number (2)

Electromagnetic stress tensor as strain energy density (in case
Y # 0). We found that when W = 0, the rest mass density is
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zero. Now, we need to repeat the previous procedure of Case
(1) with the existence of the scalar field (¥ # 0). To achieve
this we should calculate the tensor o,g with the existence of
the scalar field W: when W # 0, the tensor o*” changes to
the tensor 67 and this new tensor must fulfill the relations

(15-17):
1 (f. g_\yp_e)
8,,6—*“9 = c Ho€o

—(pe~ﬁ+fx§—‘1’f)

(39)

The tensor 57 that achieves the relation (39) is written in the
following Eq. (40) shown at the top of the page.

Shown at the top of the page. (40)

Note that when ¥ — 0, then 77 — o*?, and quantity
/;—2 is the inverse of the impedance of free space zo~'. The

next step is to calculate the longitudinal mass term:

~ ~ 00 ~11 ~22 ~33
04 =100 " + 1110 +N0d™ + 13367 =

1 1 1 1
= - (goﬁz B2 WP T+ — ¥ (41)
2 Ho Ho 29
1 1
+ Ty + =— ¥ + Ty + — 2.
) 20

Taking into account the properties of tensor Tj; and (35-37),
we find the following:

2

Fl= =9, (42)
Ho
Thus, the mass term is no longer equal to zero:
& = 32%0 (o) = 32#,(0 (3) = ﬁ ;i% v @)
The rest-mass term takes the following expression:
p = 2P (44)

The massless transverse terms (the distortion energy density)
can be calculated as follows:
~ 1

&L= —mMiy,

=T where #7 = 57 and 1,9 = G 9.
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By using 6o = Nautlpsd™”, the tensor &9 can be written
as in (45) above at the top of the page. The term 6'“"6',”9 can
now be calculated as in (46) below. The formula in (46) is
simplified as in (47) below.

2
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4 Ho Ho
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2 2 2
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2 2
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2 Ho Ho
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TRANTED S
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By making use of (36-38), we find the following [9]:
= 12 ’ 2 2 2
sOE +—B + Txx™ + Tyy™ + Ty —
2
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1{ =, 1=, o
3 gE "+ —B |+ T+ Tyy +T,, = 0% =0. 49)
Ho

Finally:
_)
2 B2 1
Gy = 00y + — W2 | — — g B2 =¥ (50)
Mo Mo ,Uo

which means that the massless transverse terms (the distortion
energy density) take the following expression:

§2
lyz {— - Soﬁz} +
Ho

4 Results and discussions

P4

51
roow (51)

Because of the continuity equation (when V. 7+ ﬁp < =(), the
discovery of the scalar field ¥ is not as easy as the discovery
of the electromagnetic fields. This means that the left-hand
side of (12) can be zero for a scalar field that is not equal to
zero. Then (12) can be written in the form of two equations:

2P . . dp.
oy — V¥ =0, V.J+%

=0.
or? ot

From the last two equations, we can note that the wave equa-
tion gouo ﬁ; [\P
continuity equation V. J + = ‘3’7 < = () [6]. Because the existence
of the scalar field is linked to the appearance of the rest mass
in the electromagnetic field, the motion of charges in accor-
dance with the equation VoS e 8” ¢ = (), always conjugates the
longitudinal waves and happens w1th volume dilatation. We
can write Maxwell’s equations (1-4) through the electromag-
netic tensor F:

& |Fun| = T (52)

The previous tensor is an antisymmetric tensor, which can
be written in the following formula:

[Fun) = 5 (fo] - ]

where a5 is an asymmetric tensor, which takes the following

(53)
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expression: where © is the displacement of an infinitesimal element of
the spacetime continuum from its unstrained position x,. The
1 0_‘:9 _6Ax _aﬂ _ 0A” tensor in (57) corresponds to tensor F*7 [9, 16, see pp. 64]:
c? ot ot ot ot
1dp  9AY  OAY  OA? F* = goa? . (58)
[aﬂﬁ] =| ¢ axx Ox 6XZ 54) In order to fulfill Lorentz’s condition, the electromagnetic
1 dp 0A 0AY 0A . . ) . .
-— - - - potential four-vector A* satisfies the following relationship
c dy ay ay ay 9. 16]:
1op oA oA7 oA PR
coz 0z 0z 0z AT = T Yoty (59)

We can write another tensor, which is a symmetric tensor S ,;9:

5001 = 3 (] + ).

which is given explicitly at the top of this page.

Using the formula %, = n?S .5, we can get the diago-
nal components of this tensor to describe the electromagnetic
potential 37 Ay:

(55)

—

saa:\}':gouo%f +V-A. (56)
Therefore, the Lorentz condition is a cancellation of four-
dimensional volume dilatation from the space-time contin-
uum. According to [14-15], the pair (S ws F /u?> of tensors
can explain the matter-field duality, F,y describes the field
properties (F wo as the field tensor.) and S,y contains mat-
ter waves (matter tensor with S, # 0 ), which corresponds
to (44), and also to (17), which confirms that the scalar field
hinders the movement and therefore plays a role similar to in-
ertia. Both tensors (S ut F ﬂﬂ) can display fundamental prop-
erties such as energies or electric charge or rest-mass. Tensor
a9 is equivalent to the formula {aug ~ (%Ag}, and the tensor
F,y is equivalent to formula {(9#A19 - 8,9A,1}, finally the tensor
S”ﬁ is {8}11419 + (%A/,}.

According to the theory of the Elastodynamics of the Spa-

ce-Time Continuum, the antisymmetric rotation tensor wH?
can be written in the following [9-11]:

oo

3 (57)

(=)
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where the constant ¢y is referred to as the “space-time contin-
uum electromagnetic shearing potential constant” [9, 16, see
pp. 64] and «/| indicates that the relation holds for a transverse
displacement. From the last equation, we get the Lorentz con-
dition directly 8,A* = 0. The previous case corresponds to
antisymmetric tensor F"%_ However, in our case, Lorentz’s
condition is not satisfied, and therefore we need to general-
ize the previous relationship (59) to include symmetric ten-
sor S 9. According to the theory of the Elastodynamics of
the Space-Time Continuum, the symmetric strain tensor P
which is equivalent to a tensor S 19 can be written as the fol-
lowing [9. 16, see pp. 53]:

o= L (w? + ™) . (60)

2

The displacements in expressions derived from (60) are writ-
ten as uj, which means that symmetric displacements are al-
ong the direction of motion (longitudinal). We can now write
(59) in the following general form:

A= F ) . 61)

From (57), we can write the following:

Of () dw' _ of ()

aﬂAH = aﬂf (uﬂ) = Out Out

e {&h+aty) . (62)
Eq. (62) also comes automatically from [9, 16], therefore, we
can consider the field A* as a real physical vacuum in which
both electromagnetic waves and elementary particles can pro-
pagate and arise due to the dynamic distortion and dilatation
of this medium. The mass that appeared in (44) is real rest-
mass density, but there are two options: positive rest-mass
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density and negative rest-mass density (p ~ i|‘I”|2). By mul-
tiplying (32) by (32 Ky ) and taking into account (31) and the
scalar function, we get the following [9, 16]:

8Ky .5~
32Kpe = (,ocz)2 + ‘I'_O f’“?tmy.
0

(63)

The last expression is similar to the energy relation of
Special Relativity, which can be written after taking the squa-
re root as follows:

0

8K,
(pc)? + 2

E = +hw = +c¢

ﬂ‘ﬁfﬂﬂ (64)

0

where E is the total energy density, noting that ﬂ“’fmg is quad-
ratic in structure [13], and equivalent to the momentum den-
sity. As we see in (64), the energy equation accepts nega-
tive solutions. Generally, (63) is the Klein-Gordon equation.
Eq. (44) is reminiscent of the wave function in quantum me-
chanics, which means the volume density of the particles;
thus, we can say that the wave function in quantum mechanics
describes the propagation of longitudinal waves in the space-
time continuum [9]. Finally, note that the tensor o*” is sym-
metric, but the tensor *? is not; the symmetry was broken af-
ter the mass appeared. We can confirm that the equations that
describe the behavior of elementary particles become funda-
mentally simpler and more symmetric when the mass of the
particles is zero.

5 Conclusion

We found that the addition of the scalar field to the Maxwell-
Heaviside equations requires a generalization of both the Lor-
entz force and power. Using the Elastodynamics of the Space-
time Continuum theorem, and after calculating the electro-
magnetic stress tensor which includes the previous general-
izations, the positive rest-mass and the negative rest-mass ap-
pear, meaning that the photon acquires mass, which in turn
corresponds to the volume dilatation of the space-time con-
tinuum.

Received on October 22, 2023
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