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Abstract

Because a scalar potential of a gravitational field has a unit of a specific energy (J/kg),
the problem of unification of potential fields has been transformed into the problem of
unification of specific potential energies of a particle in a multi-potential field.
Consequently, the parameters oo and o' of GLT model become the functions of a
unified specific potential energy in a multi-potential field. Since all items like field
tensors and Klein, Gordon and Fock equation are functions of parameters oo and o',
these items can be applied to multi-potential fields. Thus, a field tensor of a unified
specific potential energy of a particle in central symmetric electromagnetic and
gravitational fields in vacuum is derived. Finally, it has been shown that a momentum
equation of photons will remain unchanged even if the photons may have the mass.

Keywords: Scalar and Vector Potentials of Gravitational Field, Unification of Specific
Potential Energies, General Covariant Energy Equation, General Klein, Gordon and
Fock Equation.

1 Introduction

There have been many attempts to create a unified theory of all fundamental laws of
physics [1, 2, 3 ..]. The main problem is to put together General Relativity and Quantum
Mechanics into one self consistent theory. The most popular candidate for the unified
theory is Superstring Theory, in which all particles are just different vibration modes of
very small loops of string. It is expected that a unified theory exists at the Planck scale,
where all forces of nature are unified and quantum gravity is significant. If a unified
theory can be constructed at all, then the first step should be a unification of specific
potential energies of a particle in multi-potential fields. This paper presents one of the
possible ways to create it. Starting with the new General Lorentz Transformation model
(GLT-model in [4,5] ) a general covariant energy equation and general momentum and
Klein, Gordon and Fock (KGF) equations have been derived as a functions of two
parameters o and o', If the particle is in a multi-potential field, then parameters a. and
o' are functions of unified specific potential energies of that field. Thus, the point is to
find out these functions. It has been done firstly for gravitational and electromagnetic
fields and than has been generalized to a multi-potential field. In that case the
generalized covariant energy equation and momentum and KGF equations are valid for
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a multi-potential field. Thus, the covariant energy equation of a particle in a
gravitational field is obtained from the generalized one, after substitution of the
identified parameters a and o' from the well-known Einstein equation of a gravitational
field [5]. Comparing the covariant energy equation of a particle in a gravitational field
with a related one of an electromagnetic field, we derived, on the natural way, scalar
and vector potentials (i.e. a four-potential vector) of a gravitational field. Since a scalar
potential of a gravitational field has a unit of a specific energy (J/kg), the problem of
unification of potential fields has been transformed into the problem of unification of
specific potential energies of a particle in a multi-potential field. This was very
important step of our investigation, because it makes an ability to unification of specific
potential energies of a multi-potential field, and gives more symmetry between
gravitational and electromagnetic fields. This symmetry makes the possibility to create a
new form of tensor of a gravitational field, Maxwell like equations of a gravitational
field and, what is very important, an application of usual quantisation methods to a
gravitational field (let say a canonical quantisation of an electromagnetic field [6]). In
the case of the Newton limitation (v << ¢), this model is reduced to the well-known
Newton model of a gravitational field, what we expected that should be.

The second aim of our investigation was to create procedures of unification of
specific potential energies of a particle in a multi-potential field. This paper approach is
based on the fact that parameters o and o' are functions of a state of a specific potential
energy of a particle in each space-time point. Generally, a particle can be in a multi-
potential field with n-different potentials. Here we have the problem of unification of
all specific potential energies of a particle in that multi-potential field. This problem has
been solved by an introduction of so called a specific potential energy four-vector of a
certain multi-potential field. These specific potential energies have been defined in the
form that enables to add all specific potential energies of a particle in a multi-potential
field. The next step was to connect these specific potential energies with parameters o
and o' through the corresponding mathematical relation. Since the all items like field
tensors, field equations, energy equations and so on, can be described as functions of
parameters oo and o, these items become the functions of unified specific potential
energies of a particle in multi-potential field. As an example, the field tensor of unified
specific potential energy of a particle in central symmetric gravitational and
electromagnetic fields has been derived.

In order to connect this approach with the Quantum Mechanics it has been derived a
general energy-momentum equation, a general frequency - wave length relation and a
general quantum Klein, Gordon and Fock (KGF) relativistic equation [7,8], as
functions of parameters oo and o'. These items have been derived by employing the
general non-diagonal line element of GLT model given in [5]. Thus, the mentioned
items are valid for a particle in a multi-potential field, after including the parameters o
and o' as functions of a unified specific potential energy of that field. Since the general
non-diagonal line element can be the starting point for derivation of a related wave
function of a particle in a multi-potential field ( including gravity), it seams that a
general line element could be the candidate for the basic element of superstring theory.
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A special attention has been devoted to the momentum equation and energy-
momentum equation for particles with velocity equal to the light velocity in vacuum
(i.e. v = c). It has been shown that momentum and energy-momentum equations of
photons and gravitons will remain unchanged, even if the photons and the gravitons
may have the mass (m, # 0). It opens the possibility that photons and gravitons may
really have the mass.

2 Derivation of General Covariant Energy Equation

The parameters o and o’ in GLT-model [4,5] define observation signal velocities in
systems O and O, where the system O' is moving relatively to the system O with an
arbitrary velocity v, along an arbitrary radius vector r. Thus, one can define that an
observation signal (which is a bearer of information) has the velocity oc in system O,
and a'c in system O', where c is a constant reference signal velocity (let say ¢ is a speed
of light in vacuum). Generally, the parameters o and o' are functions of the space-time
coordinates:

a= f(ct,x,y,z), a'= f’(ct’,x’,y',z’) (1)

In the GLT-model, it has been employed (for the convenience) the parameter 8, where
8 = 1, if an observer signal is emitted from the origin of the system O, and & = -1 if an
observation signal is emitted from the origin of the system O’.

Thus, the covariant energy equation can be derived from a general covariant metric
tensor of the full form of the GLT-model [4, 5]:

-1 bx by b:
Byl =1y, 0 1 o
b: 0 0 1
where the elements by, by and b, are given by the equations:
-ola-a' -ola-a'), = -a
by — (a a)x, by = ( ))’ be = 5(a a)z. 3)
2Vaa’ WNaad' 2Vaa'

Now, the general form of the covariant energy equation E. , can be derived by the
procedures:

Py=go, P/, j=01,23 P =-P°+b.P' +b P> +b P>,

P’ =Hmyaa'c, P'=Hmyv', i=123. E, =-PyJaa c, 4)
E =Hm, [aa'cz 2 55(_&:20!)#}

where m, is a particle rest mass, v is a particle velocity, p! ,1=20,1, 2, 3, are
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contravariannt momentum components, Py is a zero-component of a covariant
momentum and parameter H is given by the equation:

v? +5(a—a’)c-u :|”2.

()
aa'c? aa'c®

H=1/ { 1-
It is easy to see, that in the case o = o = 1 (there is no existence of any external
potential field), the covariant energy equation (4) is transformed into the well-known

Einstein's energy equation E:

2

2 1/2
E,=E=Hmyc®, H=y =1/(1—‘;—] . 6)

3 Derivation of Four-Potential Vector of Gravitational Field

The observation signal velocity depends on the state of the specific potential energy in
the field in which it is propagated. Thus, the parameters o and o’ satisfy the Einstein’s
field equations of a gravitational field if they have the form [5]:

1) GM @ GM

6=1, a=l+L=1-"2, o'=1, 6=-1 a=1 o'=1+1=1-"2, (7)
c rc (5 rc

1 where ¢ =—GM /r is a scalar potential of a central symmetric gravitational field. On

’ the other hand, the parameter a and o' satisfy the covariant energy equation (4) if they
have the form:
\%
AT a'=1, 8=-1 a=1 o=1-2 @

=], a=1- 5
m,C mgyC

where V' =g, /r is a scalar potential of a central symmetric electromagnetic field and q

and qs are a particle and a potential source charges, respectively. Applying the
parameters o and o' from (7) to the E; equation in (4) we obtain the covariant energy
equation of a particle in a central symmetric gravitational field:

myGM — m,GM -v ]

EC=H[m0c2— ©)

r 2rc

In the case of a free fall motion in a central symmetric gravitational field we have
v=vy; =-GM/rc, and (9) is transformed into the form:

|
|
|
?
2
E, =H|:m002 _ mOM E(G—M-j } (10)

r 2\ rc

From (10) one can recognize a particle rest mass energy ( mec’ ), a gravitational
potential energy (- mGM / r ), and a gravitational kinetic energy (mo(GM / r ¢)*/ 2 ).
On the other hand, applying parameters o and o’ from (8) to the E; equation in (4) we
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obtain the covariant energy equation of a particle in a central symmetric electromagnetic
field:

EczHl:mocz—qV— q;’“]. a1

In the case of a free fall motion in a central symmetric electromagnetic field we have a
free fall velocity v =v 4 =~ gV /myc, and (11) is transformed into the equation:

Vimye)
EC=H{mocz—qV+ mO(%m_OQ:I_ (12)

From (12) one can recognize a particle rest mass energy ( moc ), an electric potential
energy (- qV ), and an electric kinetic energy ( mo(qV/mec)? / 2 ). Further, from the
equation (11) one can recognize a scalar potential, A’; , and a vector potential, A, of a
central symmetric electromagnetlc field:

V.o V.o, V,u

VU A X A::xx, A3= . Ae3=zz’
c c c ¢ c (13)

4, =[A;,A3,Ajl 4, =[Ae°,Ae’,A3,Ae31

A=V, 4=

where 4, is a four-vector of electromagnetic potentials.

An analogous approach can be employed in a central symmetric gravitational field.
Thus, from the equation (9) we can recognize a scalar potential, AOg , and a vector
potential, A, , of a central symmetric gravitational field:

_GM g-v_4g-v 1 v 2 ¢yuy 3 L
= A e y A = L% x’ A =i A =z z’
=¢= Y e” o BT BT
1 2 3 0 1 2
Agz[A A2, 43 L

where Ag is a four-vector of a gravitational potentials. So, an unknown vector potential

of a central symmetric gravitational field has been derived on the natural way.

4 Derivation of a Unified Specific Potential Energy of Particle in a
Multi-Potential Field

Now, the covariant energy equation of a particle in an electromagnetic field can be
described as a function of the scalar and vector potentials:
— 0 q4,
J, Ec—Hl:m0c+qu+ ] (15)

where both q and A’ can have a positive or negative sign. On the same way, the

covariant energy equation of a particle in a gravitational field can also be the function of
the corresponding scalar and vector potentials:

g4; v

E.=H I:moc +qd0 +
2c
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myAS v my A
_Ozg__} EC=H[m0c2+m0Ag+ 028}. (16)
C

2 0
E . =H| myc” +myd, +

Meanwhile, the problem is in the unification of electric and gravitational potentials,
when a particle is in electromagnetic and gravitational fields at the same time. We know
that two potentials can be added, but they must have the same dimension. Therefore,
direct unification of electric and gravitational potentials can not be done, because of
different dimensions. Since the scalar potential of a gravitational field has a unit of
specific energy (J/kg), the problem of unification of potential fields has been
transformed into the problem of unification of specific potential energies of a particle in
a multi-potential field. Accordingly, one .can unify specific potential energies of a
particle in electromagnetic and gravitational fields. Generally, a particle can be in a
multi-potential field with n-potentials. Here we have the problem of unification of all
specific potential energies of a particle in a multi-potential field. This problem can be
solved by introducing a constant parameter i, i=1, 2, ., n, in the form that satisfies
the following dimensional relation:

dim (7, 4% )=J/kg, i=12...n, 17)

where J means the energetic unit joule. The term 77,4’ we called a specific potential

energy of a particle in an i-th potential source. Since, all pairs 7,4 have the same

dimension (17), they can be added in order to derive a unified scalar specific potential
energy A%
A°=3"n 4’  i=12,.n, (18)

where both 7, and 4 can be positive or negative terms. Consequently, a unified three-
vector of a specific potential energy, A, has the form:

=[ZW,A,°)~§=Z(mAP-—’Ci). (19

The corresponding unified four-vector of the specific potential energy, A , is described
by the relation:

A4%-v

c

A=

A= 4', 4%, 4% | = (40, 4%, 42, 47 ]. 0)

This approach of unification of scalar and vector specific potential energies of a particle
in a multi-potential field, can be applied to the unification of scalar and vector specific
potential energies of a particle in electromagnetic and gravitational fields. It is easy to
see that the term ngAOg of a central symmetric gravitation field satisfies the dimensional

relation (17) if the parameter N, = 1, and A% =- GM /1, . On the other hand, the

term 1A% of a central symmetric electromagnetic field satisfies the dimensional
relation (17) if the parameter |, = ¥ (q/m,) = ¥ G, = const. ,and A% =gy .,
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where the sign of 7 is negative or positive if q is negative or positive charge of a
particle with rest mass my, and qs is positive or negative charge a potential source. Here

| both q and g; are in units (kgm)"?m/s. Thus, the specific potential energies ngAg and

n,A. are given by the forms:

T\gAg = —(_}M’ ncAg - ;Geqs , 21)
r, T,

and central symmetric gravitational fields is given by the relations (18) and (21):

-GM _ G
A’ = nA) +nA; = F s 22)

r 51
where Ge is a constant ratio of a particle charge and mass, r, is a radius of a particle

position in central symmetric gravitational source and . is a radius of a particle position

|
|
‘ The unified specific potential energy of a particle in central symmetric electromagnetic

in central symmetric electric source. The related unified three-vector of the specific
potential energy of a particle in central symmetric gravitational and central symmetric
electromagnetic fields can be obtained by using (19) and (21):

Ao-SM 5 Gt [ GM - G, ) )
I, C A I, C i

Since the velocities of the free fall motions in central symmetric gravitational and in

central symmetric electromagnetic fields are given by the relations:

GM + G.q
Uffg B e Uffe = + — 5 (24)
I‘gC I.C
one can conclude from (23) that the magnitude of the three-vector of the unified specific
potential energy is, in fact, a scalar product of a unified free fall velocity and a particle
velocity in a certain multi-potential field. Following the previous considerations one
can, generally, define the content of the parameters o and o’ for a particle in a multi-

potential field :
0

A
d=1, a=1+?—=1+ZniA,.°/c2, a' =1 6=-1, a=], a'=1+zr7iAi°/c2’

(25)
where both 7, and A,° ,1=1,2, .., n, can be positive or negative terms. It is ease to see

that all terms (7, 4°/ c¢*) are non-dimensional terms. Applying o and o' from (25) to the

energy equation of a particle in multi-potential field:
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o2 2c c? 2c

,-A,.O ‘L
1 0).2 [ZI:U ) A°) , A%
E. = Hmg|| 1+ =Y. m 4] |¢* +~———|, E, =Hmg|| 1+ |c* + ;

B 4
E, =Hm{[l+A—2] c2+£}, E =H[m0c2+moA°+mL}.
c 2 2

(26)

On the other hand, if we know a potential energy of a particle in the i-th potential field,
Uj, then parameters o and o’ in a multi-potential field have the form:

d=log=1t> Y

,-moc

A a' =1,
U 27

o=-1, a=1, a' =1+ ‘2, i=12,.n.

1m0c

In that case unified scalar and vector specific potential energies of a particle in a multi-
potential field can be calculate by the relations:

AO:Z%’ A=(Z—U—”-J-3 , (28)

Tmy ) ¢

where U;/ mo means a specific potential energy of the particle in the i-th potential field.
If a particle is in electromagnetic and gravitational central symmetric potential fields
then parameters o and o’ are calculated by employing the relations (22):

5=1, a=1-Mz84 o
I,C I,C
29)
el P i OM O
r,C I,C

Thus, for a particle with negative or positive charge q, with rest mass mg, moving in a
two-potential electromagnetic and gravitational central symmetric field with a velocity
v, the covariant energy can be calculated by the equations (4) and (29), or (22) and (26):

M
E,=H|myc? - mGM . 94, _ mGM o+ 99 . (30)
Py v, 2 e 2r,c

where parameter H has to be calculated by employing A” and A from (22) and (23),
respectively, and the equation :

2
H=1/[1— P e A } 31)

244 2+ 4°
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Remarks. One can choose parameter n. = +Ge = +(qqs / mems) = const., and
A’ = m, / 1., where ms is a mass with charge qs. In that case dim(G) = dim(G,) =
m*/kgs®. If mg =M, and r, = rg =1, then a unified specific potential energy of a particle
in electromagnetic and gravitational fields can be calculated by the relation:

0 0 0 - M M
A" = nA;, +nA, =(-GF Ge)_r_=G"T’
where G, is a unified constant for related electromagnetic and gravitational fields.
The second remark comes from the covariant energy equation of a particle in multi-
potential field (26). Compare this equation with the E; equation in (4), one can derive
the following relations:

’ 1 ! 1
aa =1+:2—; mA; §(a-a )=c_z'zi:'7f’4i0’

(32)

0
aa'=1+’—4—, 5 (@ —a')=i’2—, (33)
Cc C

0

’

aa' =1+—-, Sl@-a)cv=4.

c

Since the elements ao’ and 8( a.- o ) are constituents of the items like a general line
element, the Einstein field equations, the Maxwell equations, the general momentum
equations, the general quantum relativist Klein, Gordon and Fock equation (KGF-eq.)
and so on, it seams that the relations (33) can be employed for a unification of the
Einstein Special and General Theory of Relativity and Quantum Mechanics. Thus, this
approach maybe opens the possibility to create the so cold unified (final) theory in
physics.

5 Derivation of a Field Tensor of Unified Specific Potential Energy of
Particle in a Multi-Potential Field

In order to derive a field tensor of unified specific potential energy of a particle in a
multi-potential field one can start with the unified scalar and vector specific potential
energies given by (18) to (20). Following the procedures for derivation of a tensor of an
electromagnetic field, the components of the field tensor of a unified specific potential
energy of a particle in a multi-potential field can be calculate by using the equations:

o__(04° o) Lo Lo
F'=——+—| F"=-F", i=1,2,3,
o' ox
o _on
' axl’

1.2
x = [xo,x X ,x3] = [Vaa'ct, X, ¥, z].

As the result of that calculation we obtain the field tensor of a unified specific potential
energy of a particle in a multi-potential field in the form :

FV = i,j=12,3, F® =90, (34)
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0 F01 FOZ F03
_FOI 0 F12 _F31

F' = _F®2  _pn 0 F3 35
-‘F03 F}] __F23 0
It is easy to see that the dimension of F LT given by the relation:
dim[Fi]< L - N _m (36)
kgm kg s

where N means Newton (i.e. the basic unit of a force). Thus, the field tensor of a unified
specific potential energy of a particle in a multi-potential field is the tensor of
accelerations. As we expected, this tensor is anti-symmetric, and has the trace equal to
zero. The corresponding unified acceleration field is described by the relations:

FO =[F°’, Fo, F°3], 7! =[F23,F31,F‘2], (37)

where F° is a three-vector related to the time-space coordinates, while F' is a three-
vector related to the space-space coordinates. Generally, following the analogy with an
electromagnetic field, the three-vectors F® and F' of a unified acceleration field in a
vacuum, can be calculated by the equations:

04

Flacmad A — e,
oNaa'ct

F'=rotd , (38)

where F° and F! are given by (37), and A and A are presented by (18) and (19),
respectively. Since the field tensor of a unified specific potential energy of a particle in
multi-potential field is given by (34) and (35), one can derive the Maxwell’s like
equations of a that field in a vacuum in the tensor form, following the related relations
for an electromagnetic field in a vacuum:

F¥ v=0, Fﬂvzgwg‘,ﬂF“ﬂ,

(39
FV;}. + Fi',ﬂ + Fﬂ,,u;v =O’ ,U,V,l =O91=253:

7] 2

where F,, and F*¥ are covariant and contravariant components of a field tensor given
by (34) and (35), and g, is a metric tensor obtained by substitution parameters o and
o' from (25) into the equations (2) and (3).

Now, one can use the previous procedure for derivation of the field tensor of unified
specific potential energy of a particle in central symmetric electromagnetic and
gravitational fields in vacuum. For this purpose we shall start with the calculation of the
elements of that tensor, employing (22), (23) and (34). Thus, the three-vector F° related
to the time-space coordinates is given by the relations:
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- ovaa'ct i

- ovaao'ct

0 _ a(~GM_Geqs] o (—GMichs] v*

B ovao'ct r T c

g e
The components of the three-vector F' related to the space-space coordinates are given
by the equations:

F2 __:_Q_ —GMiGeqs iz_ﬂ_i —GMiGeqs Bi
oy I . ) ¢ 0z I L ), © |

g € g [

F__ X- _ z
F31=_a_[ GMJ_rGeqs] v _3[ GM¢Geqs]v_,(4l)
r . ), ¢ | 0x I r. ), ¢

g € g €

>

FlZ =ir(—GM¢Geqs] _U_y_ _i (—GM¢Gequ v*
y X

I T, ¢ oy i T,

g e g e £
In order to calculate the tensor components F** by employing (40) and (41) one has to
know for the each concrete case the relations:

r=flays) ., n=f Gp2); (42)

related to an electromagnetic potential source, and to a gravitational potential source,
respectively. Now, one can calculate the related Maxwell like equations in vacuum by
using (39), (40) and (41).

Remarks. In the case where a gravitational potential source does not exist, one can put
the parameter M = 0 in the equations (40) and (41). For that case one can cut down the
parameter Ge in the equations (40) and (41), and the equations (39) are transformed into
the well-known Maxwell equations of a central symmetric electromagnetic field in
vacuum. On the other hand, in the case where an electric potential source does not exist,
we can put the parameter qs = 0 in the equations (40) and (41). For that case the
equations (39) are transformed into the Maxwell like equations for a central symmetric
gravitational field in vacuum. The four - force vector on a particle in a multi-potential
field and the corresponding differential equations of a particle motion in that field will
be presented in the next paper.

L
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6 Derivation of General Momentum Equation and Klein, Gordon and
Fock Equation

In order to derive the general momentum and Klein, Gordon and Fock (KGF) equations,

one can start with the general form of the line element, described in [5] by the relation:

2

—ds2=aa'c2[l— v? b(a-a )Ujdtz. 43)

aa'c? aa'c

Applying the multlphcatlon of the equation (43) by H?m,’, where m, is a particle rest
mass, and dividing by dt’, the equation (43) can be transformed into the form:

2
~H*m Z(Zj) = H*mlaa'c* — H*m{ v* +H?m; 6(@-a')cv . 1)

On the other hand, general forms of the contravariant energy E° and the momentums
P, P°, P and P® can be described by the following relations: ~

(%)2 =(vs)2 =:95;—02’ (Ps)z =(H’”0 “s)z’ E° = Hmyaa'c, (45)

c\2
(PO)z =(Hm0\/aa'c)2 =@—,—)2-, (P) = (Hmg), P& =Hmy (@ -a')c,
aa'’c

where P is a three-momentum vector. Substituting (45) into the equation (44) we obtain
the general momentum equation and the general energy-momentum equation as follows:

\ (P} (P + PP = miaa?, £ )’ _—(P)? + PPE =miadc®.  (46)
aa'c?
After introducing a new composed momentum PX=P - P the previous equations can
be transformed into the form:

|
‘ (PO)z - PP* = maa'c?, (£ ,)2 PP* = m}aa'c®. (47)
aa'’c
’ In the case o = o = 1, the equations (47) are transformed into the well-known relations
‘ in the Special Relativity:
0 2_ 22 E2 2 .2
P°] —P°=mjc”, =gt =myc”, (48)
c
where E° = E = Hm¢? , and H should be calculated by employing o. = o’ = 1. On the
other hand the covariant energy equation E; is given by (4) and (5). Since the covariant
momentum of zero components of a four-momentum vector Py =—-E_/Jaa'c, from
(4) and (45) one can derive the following relation:

2 '
P2 =-Le__(po} 4 pPe 4 P22, jo—tle_a)

_—r, 49
aa'c? 2Waa' 49
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Taking into account (49) and (46) it has been derived the general momentum equation
and the general energy-momentum equation in the form:

2

(B) -P(1+6%)=miaac®. —Zor— P2(1+5?)= miaac?, (50)
aa'c

In the weak potential fields the parameter b*> ~0, and the equations (50) are

transformed into the forms:
(PO)2 - P? =mlaa'c?, —<__P? = myaa'c. (630

In order to derive a general relation between frequency and wave length, one can start
with the equation (50). Following the well-known de Broglie relations between
frequency and energy as well as between momentum and wave length, one can derive a
general de Broglie relations in the form:

E.=hv, PU+b>)'"2=h/A., (52)

where E; is a covariant particle energy (4), P is a contravariant particle three-
momentum (45), b is parameter given by (49), h is Planck constant, while v and A are a
frequency and a wave length. In the case @ =a'=1, we have b =0, and the equation
(52) is transformed into the well-known de Broglie relations in Quantum Mechanics:
E=hv, P=h/A. Substituting (52) into the second equation in (50) we obtain a
general frequency-wave length relation in the form:

v 1 miaa'c?
e R 63
aa'c A h
Now, one can define a general rest mass frequency:
E myaa'c?
vy = =L = Th%FC (54)

h h
Applying (54) to the equation (53) we obtain a general relation between frequency and
wave length in the form:

2
v? 1 Vo

55
aa'c? A2 aa'c? (53)
where A and v, are given by the equations (52) and (54), respectively. In the case
a=a'=1, (there is no any potential field), the equation (55) is transformed into the
well-known relation between frequency and wave length in Quantum Mechanics.

In order to derive the general quantum relativist Klein, Gordon and Fock equation,
one can start with the general relation between frequency and wave length (55).
Applying the substitutions:

2 N2 4
2 mo(aa) c h
Vg =———— | h=—, 56
0 h2 1>r ( )
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to the equation (55) and using the four-vectors concept :
X - O(Vaa’ct, X, Y, z)= {xi }, X'> 0'(\/aa’ct', x's s z’)= {x” }, i=0123, (57)

where X has the component in the frame 0, while X' has the components in the frame 0', -
we obtain the general relativistic Klein, Gordon and Fock equation, following the usual
procedures:

2 2 2 2 ’
0w W OV OV _ meaal s
G(Vaa'ct)z ox’? o oz h’

Now, one can define a new space-time Laplacian Vf; =A, (or the Dalembertian

(38)

operator [):

2 2 2 2 )
B=V; =d,= az= 0 +32—+37+32—. (59)
24 a(v aa 'ct)z ox” oyt oz

By application of the operator (59), the equation (58) is transformed into the operator
form of the general quantum relativist Klein, Gordon and Fock equation:

Oy =Viw() =—5— V@) = 2 V() X ; (60)

maa'c? myNaa'c
h? h

where the parameters o and o' include a unified specific potential energy of a particle
in multi-potential field through the relations (25) and (27). In the case a =o' =1 (i.e. if
any external potential field does not present), the equation (60) is transformed into the

well known quantum relativist Klein, Gordon and Fock equation in Quantum

Mechanics:
2 2

Oy =Vw, =-”;‘,;Tcwm =2V  Xi=meclh, (61)
what we expected that should be. If a particle is in electromagnetic and gravitational
central symmetric potential fields, then the parameters a and o' include a unified
specific potential energy of a particle in that two-potential field, given by (29). In that
case the general quantum relativist Klein, Gordon and Fock equation (60), with
parameters o and o' from (29), is valid for central symmetric electromagnetic and
gravitational potential fields.

7 About the Possibility that Photons may Have a Mass
Let start with the combination of the equations (44) and (45) from where we obtain
the relation :
miaa'c® —miv* + misla—a'k-v=miaa'c® | H®. (62)
This relation can be transformed into a new momentum equation:

209




(P°f —P? + PPE = miaa'c? 1 H?, (63)
where the presented moments do not contain parameter H:

P’ =myNaa'c, P=mw, PE=mys(a-a)c (64)

Since the parameter H is given by the relation (5), the momentum equation (63) can be
transformed into the form:

2 — ).
(1_’0)2 ~P* + pP® =m§c2(aa’—l:—z+&c%)£)—) . (65)

In the region without any potential field, parameters o and o' satisfied the equation
a=ao =1, and £° =myc, P=my, and P® =0. Thus, for that case, we have the
momentum equation and the energy-momentum equation as follows:

2 2
(_)2 P? —m (1——2—J EZ——P =mic (1———} » (66)
c c

c

where E is Einstein's rest mass energy, E = mocz, and P=P=my.

Now, generally, for the particle with a velocity v = ¢ in the region without any
potential field, or in the potential field that do not interact with the particle (a photon in
an electromagnetic field and a graviton in a gravitational field), the momentum equation
and the energy-momentum equation have the form:

(gO)Z—E:o, E—2—P =0. (67)
C

This result is a consequence of putting v = ¢ in (66). Of course, the same result we can
obtain if we put m, = 0 on the right side of the same equations. But in that case, the left
side of the equations (66) is also equal to zero, because of BO =P =0, for m, =0, and
we have a trivial solution. It seams that for particles with a velocity v = ¢ we have
illusion that m, = 0, but it probably does not happen. In spite of the possibility that
photons and gravitons may have a mass, the equations (67) will remain unchanged.

Remarks. It has to be noticed that the equations (67) are obtained from (66) under
assumption that v = c¢. We did not use the assumption m, = 0. This result can be
interpreted in the sense that even the photons and the gravitons, may have the mass
(m, = 0), the equations (67) are remaining unchanged. This gives to us the idea that

photons and gravitons may really have a mass (m, #0). The second interpretation

could be: a) one can define the particle rest mass moment P, m = mc (1 ~ut cz) 12 , b)

when a particle has a velocity v =0, then it has an accumulated rest mass moment
Prm=moc, and c) when a particle has a velocity v =c the rest mass moment vanishes,
Prm =0, but a particle rest mass remains unchanged ( m, # 0 ).
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8 Conclusion

Scalar and vector potentials (i.e. a four-potential vector) of a gravitational field have
been derived on the natural way from a general covariant energy equation. Since a
scalar potential of a gravitational field has a unit of a specific energy (J/kg), the problem
of unification of potential fields has been transformed into the problem of unification of
specific potential energies of a particle in a multi-potential field. This problem has been
solved by an introduction of so called a four-vector of specific potential energy of a
particle in multi-potential field. As the result of this approach the parameters o and o’
of GLT model become the functions of a unified specific potential energy of a particle
in a multi-potential field. Since all general items like field tensors, Maxwell like
equations, energy-momentum equation and Klein, Gordon and Fock equation are
functions of parameters o and o' , the mentioned items can be applied to multi-
potential field. As an example, a field tensor of a unified specific potential energy of a
particle in central symmetric electromagnetic and gravitational fields in vacuum has
been derived. Finally, it has been shown that a momentum equation of photons and
gravitons will remain unchanged, even if the photons and the gravitons may have the
mass (my=0).
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