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Abstract

In the framework of covariant theory of gravitation the
Euler-Lagrange equations are written and equations of
motion are determined by using the Lagrange function,
in the case of small test particle and in the case of
continuously distributed matter. From the Lagrangian
transition to the Hamiltonian was done, which is
expressed through three-dimensional generalized
momentum in explicit form, and also is defined by the
4-velocity, scalar potentials and strengths of gravitational
and electromagnetic fields, taking into account the
metric. The definition of generalized 4-velocity, and the
description of its application to the principle of least
action and to Hamiltonian is done. The existence of a
4-vector of the Hamiltonian is assumed and the problem
of mass is investigated. To characterize the properties of
mass we introduce three different masses, one of which
is connected with the rest energy, another is the observed
mass, and the third mass is determined without taking
into account the energy of macroscopic fields. It is shown
that the action function has the physical meaning of the
function describing the change of such intrinsic properties
as the rate of proper time and rate of rise of phase angle in
periodic processes.
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INTRODUCTION

There are several approaches to describing and
constructing any physical theory. In the simplest case, the
content of the theory is reduced to several physical laws
and principles that conform to the experimental data. By
analyzing and simplifying them, the system of axioms
can be found, based on which the whole theory can be
derived by axiomatic method, as a logical consequence of
the initial simple assumptions. In the energy approach it is
sufficient to know only one function with the dimension
of energy, in order to find all the equations of the theory
with the help of it. The examples of such functions are
Lagrangian and Hamiltonian.

The covariant theory of gravitation (CTG) appeared in
2009", as a consequence of the relativistic generalization
of the Lorentz-invariant theory of gravitation (LITG).
LITG equations are similar by their form to Maxwell’s
equations and can be derived on the basis of axioms".
Recently derivation of CTG equations was made based
on the principle of least action”’. Based on the resulting
form of the Lagrangian now it is possible to make the next
step and go to the Hamiltonian corresponding to the CTG
theory.

After a brief presentation of the Euler-Lagrange
equations we use them to describe the motion of a
small test particle, as well as in the case of continuously
distributed matter. Then we find the Hamiltonian in its
two forms, with the help of 4-velocity and the generalized
momentum, and substitute the Hamiltonian into Hamilton
equations to verify the motion equations. At the end of this
paper we introduce for consideration the four-dimensional
generalized velocity to simplify the expressions for the
Lagrangian and Hamiltonian. The transition was done
from the 4-vector of the generalized velocity to a new
4-vector of the Hamiltonian, specifying the energy and
the momentum of substance in fundamental fields. The
comparison with the Lagrangian approach is made, in
which the energy and the momentum are calculated
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through energy-momentum tensors. The problem of mass
is analyzed with the help of formulas for the energy. In
the last part, we describe the action function as a function
having an independent meaning in physics — it can help
to determine the effects of time dilation, arising from
the change of velocity of bodies’ motion or under the
influence of fields.

THE PRINCIPLE OF LEAST ACTION

In this section we shall write down known relations for
the Lagrange function and the principle of least action for
the covariant theory of gravitation (CTG). According to
the latter, the equations of motion of substance and fields

can be found by varying the action function § = ILdt .

In the coordinates X = (ct, x, y, z) the Lagrangian depends
on the coordinates x“, on the 4-velocity of substance

motion u” =

indicates the interval for the moving substance unit), on
4-potential D, of gravitational field and 4-potential 4,
of electromagnetic field and on metric tensor g,, of the
reference frame. If to move on from x* and " to the three-
dimensional coordinates, time and velocity, then the
Lagrangian function with these variables can be written

in the form: L=L(t,x,y,2,x,9,2,D,,4,.8,,) . Here the

.. . odx . dy . dz
quantities ¥=—, y=-—, z=— are the components
dt dt dt

of 3-vector of coordinate velocity V = (X, y,Z). When
moving along a certain trajectory the current coordinates
X, y, z of a substance unit, and its velocities X, y,Z are

functions of coordinate time 7. In general 4-potentials
D, and 4,, which act on the substance, and the metric
tensor g, depend on the coordinates and time. If we take
the coordinates of the substance along the trajectory as
a function of time, then D, , 4, and g,, at the trajectory

can be considered as functions of time too. This allows
us to consider the Lagrange function as a function of

2
time, and the integral S = ILdt between the spacetime

points 1 and 2 — as a number. Theoretically, under
variations of the coordinates we can understand small in
magnitude functions of time, due to adding of which the
shape of trajectory of the substance motion change, and
respectively, change the value of the action function. From
the principle of least action it follows, that the action S
on the true trajectory has to be extreme (usually S has a
minimum).

Variation of the action function along the trajectory,
when all the variables are varying except the time, gives
the following:

Copyright © Canadian Research & Development Center of Sciences and Cultures

6—L5x+a—L5 +—L62
Ox oy
2 2
5S=j5Ldt=j +6ia' 6—L5 +OL sz dt =0.
1 o oy T e
+6—L5D +— oL 64, +a—L5g .
oD, o4, g, "

The term with the variation of the velocity Sy can be
integrated by parts

1L sea = aLﬁ( )dt
) ot lax dt

2oL
Ca(s
54 (0%)

2
:—Ji(a—lfjﬁxdt
L dt\ O0x

It was considered that the variation Jx at the initial
time point 1 and in the final time point 2 is zero according
to the condition of varying trajectory. Integrating by parts
also for terms with oy and §z, for the variation of the
action we obtain:

oL d(aLj
ox
{ax dt\ ox
oL d (oL
+H == = sy
{@ df(f?yﬂ
N L d(aLj 52
62 dt\ 0z

+j L s, + L sa, L
oD oA

1

58 = dt+ (1)

——

5ngdt=0.

Variations dx, dy, dz, 6D, , 64, and dg,, in (1) are
independent from each other and are not equal to zero
on the true path, except for the initial and final points of
the trajectory. From this we obtain the following Euler-
Lagrange equations:

d (8Lj oL d (aL] oL d (8Lj_ oL
di\os) ox” di\oy) o di\ez) o
o, A, AL
aDﬂ aAﬂ 8gw
We shall remind that the principle of least action is
usually applied to conservative systems for which precise
potential functions are given, from which acting forces
can be found. We shall consider physical systems with
substance and the fundamental fields, which include the
gravitational and electromagnetic fields. These systems
are conservative, and for them the law of conservation

of energy-momentum can be found, which has the same
form in all frames of reference. If the reference frame

] ] Hv

=0, (3)



is fixed and is not accelerated, the total energy and total
momentum remain separately for each moment of time,
with the possible exchange of energy and momentum
between substance and field.

LAGRANGE FUNCTION AND
EQUATIONS OF MOTION

In the case of continuously distributed substance
throughout the entire volume of space in the gravitational
and electromagnetic fields, we shall use the Lagrangian
function L, which in the covariant theory of gravitation
(CTG) has the form™":

ke(R=2A)~c ], J"

2 v
L:I _DH J“+%

g dx'dx*dx’, “)

l6my
A P F
» I 4p,
where
3
f=-—F — proportionality factor.
167y p ’

S — low coefficient of order of unity that depends on
the properties of the reference frame,

y — gravitational constant,

¢ — speed of light, as the measure of velocity of
electromagnetic and gravitational interactions propagation,

R — scalar curvature,

A — constant for the system (in the case when (4)
is applied to cosmology, the constant A is called the
cosmological constant),

D, Z(Z,—D) — 4-potential of gravitational field
c

which is described through scalar potential y and vector
potential D of this field,

J"“=pou’— 4-vector of mass current density,

p, — density of substance mass in reference frame in
which the substance is at rest,

u" — 4-velocity of the substance unit,

¢yv = VyDv _VvDy = 6;1Dv _avDy — gravitational
tensor (gravitational field strength tensor),

P = gt g"h &, — definition of the gravitational

tensor with contravariant indices by means of the metric
tensor g%,

A4, = (2,—/1) — 4-potential of electromagnetic field,
c

set by scalar potential ¢ and vector potential 4 of the field,
J'= pog’— 4-vector of electric current density,
Py, — charge density of substance in reference frame in
which the charge is at rest,
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o — vacuum permeability,

F,=V,4,-V,A4,=0,4,-0,4,
—electromagnetic tensor (electromagnetic field strength
tensor),  /—g — the square root of determinant g of metric

tensor, taken with the negative sign, dx’dx’dx’ — product of
differentials of spatial coordinates, which can be viewed
as a spatial coordinate volume of the moving substance
unit in the used reference frame.

Further we shall use international system of units,
basic coordinates in the form of coordinates with
contravariant indices (x’, x’, x°, x’), metric signature (+, —,
—, —), metric tensor g,,. The presence of repeated indices
in formulas implies Einstein summation convention,
which is a separate summation for each repeated index.
The symbol V, denotes covariant derivative with respect
to coordinates (in this case the coordinates x*). Similarly,

o . . o .
=—— is an operator of partial derivative with respect
ot

to coordinates, or 4-gradient.

We can assume that the quantities R, py, D,, D, pos> 4,5
F,, in the location of the substance unit are functions of its
coordinates x“, as well as the functions of the coordinates
and velocities of other substance units. However, the
specified quantities in the first approximation are
independent from the 4-velocity of the substance unit.
This is possible if the substance unit is so small that the
propagation delay of its own field within the volume of
the substance unit can be neglected even at relativistic
speeds. The smallness of the volume, mass and charge of
the substance unit leads to the fact that the motion of this
substance unit is determined only by the gradients of the
external fields (in the form of superposition of fields from
all the external substance units), and the substance unit
itself does not contribute to the average gradient of the
field inside the unit. With these assumptions in (4) only
4-velosity u, as a part of J* and j*, will depend on the
3-velocity of the substance unit.

If we consider that the tensor of gravitational field
depends on the 4-potential D, under the definition

®;w: V;IDV _vaﬂ = 6;,DV _avDﬂ N then the relation

% =0 of (3) for the Lagrangian (4) provides:

u

Va¢aﬂ — ——47[2}/ J? , OF VVCD”V =—4ﬂ-27 JH. 5)
C C

Similarly, we obtain for the relation aaTL =0 in (3):
Y

a 1 . v 1 by by
V F =" otV F" == " == " (6)
g, g,
The relations (5) and (6) set the equations of
gravitational and electromagnetic fields, respectively,
carrying out the connection between the 4-potentials of

fields and the sources of fields in the form of 4-currents
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of mass and charge. According to (5) and (6), the larger
4-currents are, the higher are the covariant derivatives of
the variables @” and F¥ (& and F*” are 4-rotors of the
4-potentials of field).

L =0 in (3) leads

gyv

As was shown in", the relation

to the following:
R“ﬂ—%g“ﬂR:M(W’ﬂ +U + W), ©)
c

provided that:

f . _ A '
CIOO u,uu#—‘rpOD,u u‘u+p0qA,u u‘l :872_7/18210002'(8)

In the equation for the metric (7) the quantity R is
Ricci tensor, so that the left side of (7) gives the Hilbert-
Einstein tensor. The right side of (7) contains the stress-
energy tensor of substance ¢, the stress-energy tensor of
gravitational field U, as well as the stress-energy tensor
of electromagnetic field W*. The tensor U* is expressed
through the tensor of gravitational field by the formula:

(gavdjxv ¢Kﬂ _%gaﬂgpﬂvdjﬂvj =

2
uer =

4y
©)

2
C

(cp" o 1 L g, cp*”j
C4rx ¥ 4

Equation (8) states that there is a connection between
the cosmological constant A and energy density p\c’ of
the system’s substance when the substance is dispersed to
infinity and there it is still. In this case, the 4-potentials
D, and 4, in (8) are equal to zero. As a result of further
interaction the substance merges into a smaller size
system, and the substance density varies from pj, to p,, and
there is the potential energy of interaction between the
substance and the field due to the 4-potentials of the field.

In the interpretation of the constant A two approaches
are possible. In the first, the difference between p, and
py arises only from the macroscopic gravitational and
electromagnetic fields. In the second case we can assume
that to the 4-potentials of fields D, and 4, the strong
gravitation and electromagnetic fields make contribution
which act at the level of elementary particles and alter the
mass of the particles'”. In this case, the density p), should
be composed of a certain density p’; and of additives from
the macroscopic and microscopic fields, and the mass
of bodies is described as a characteristic that defines the
interaction of substance with field quanta — gravitons and
electromagnetic quanta, acting at all levels of matter'.
It should be noted that since the 4-potentials D, and 4,
of fields are defined up to gauge transformation, the
cosmological constant A will be determined with the same
precision.

Now we shall turn to the relations (2). We shall
preselect in the Lagrangian (4) only those terms which
directly depend on the coordinates and the velocities, and
substitute the relations J*“= pu” and j*“= p,,u"
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L' = I(—cpo u,u —pyD, u" —p, A, u” )J—g dx'dx’ dx’ |

(10)
‘o D F, F"

L:L'+J.[kc(R2A)+c _— - Z }/gdx'dxzdx3,

Hy

167y
We shall integrate (10) for the three-dimensional
volume, assuming that dx’= cdt, taking into account the
following relations'”:

dx’
-g=bgy’ dT:T\/goo =dt\gy »

V=g = by, =L\,

where g — determinant of the metric tensor g,,,

dr — differential of the proper time at the point of
reference frame, through which the substance unit passes,

dt — differential of the coordinate time of the used
reference frame,

b — determinant of the three-dimensional metric tensor
b,, with components b,, =—g;, +%, b =-g" ik

00

(11)

=1,2,3.
The invariant of three-dimensional volume is

the product \/deldxzdf, and the factor \/3

provides transition from a moving coordinate
volume dx'dx’dx’ to moving local volume in terms
of the local observer at the point in space, through
which at the moment 7 of its proper (local) time
the substance unit passes. This gives in (10):
J-g dx'dx’ dx’ zg\/zdxldxza’x3 zng =\guwdV ,
t t
where dV is the differential of the moving local volume.
For the moving substance unit 4-velocity equals to
cdx*
ut = , as well as:
ds

cdr cdt

podV === g di'dx’ v’ = p"rﬂ

dS 5
dm = p,dV, = pdV

«/ dZ
cdz Po, poq«/ dx' dx* dx’® = PLuN"EL%

ds s
dq:qudV:) :pqu

where dV, is the differential of volume of
substance unit in the co-moving reference frame,

\/%dz = \/Ecdt dx"dx* dx’

4-volume, provided dx’= cdt.
This implies the expression for the mass density p and
charge density p, of the moving substance:
cdr ds’' cdr ds'

= s p0=gp0, pq:_ds ,00q=g

— an invariant of moving

IOOq >



where ds denotes the interval for the moving substance
unit, and ds' is an interval for a stationary observer, by
which the substance passes.

With the formulas for gy and dg, L' in (10) will

equal to:

dx" dx
L'=[|- = A —d =
J(Cg’”dzdt ”d} -J4, 5 da=
B dt dt “dr A dr
(12)

In (12) m and ¢ are the mass and the charge of a small
substance unit, moving as a whole with the coordinate

.dx” . o
velocity %, and this velocity is not a 4-vector.

4-potentials D, and 4, in the result of integrating by
volume are considered to be effective averaged by volume
potentials acting on the substance unit. In the coordinates

V]

dx L.
=x,y,z)=(,V),
& (e, %,3,2)=(c,v)

=(ct, x, y, z) the quantity

. * _(y
hence the product is 2. ?=[?—D) (ev)=y-v-D
Similarly for the electromagnetic potential is:

P
PR (9,—/1
C

. . dr .
We shall note that the coordinate velocity v :7: is

]

” )(C,V)=(p—V'A'

different from the velocity of the substance unit, which is
measured by the local observer. This is due to the fact that
the local observer’s proper time 7 does not coincide with
the coordinate time ¢ (the coordinate time ¢ is common
for the reference frame as a whole, and the proper time
7 is measured by stationary electromagnetic clocks in
each specific point of reference frame, or by the clock
associated with the moving substance, and depends on
the actions on the clocks of existing gravitational and
electromagnetic fields at the time of measurement).

Three-dimensional vector potential of gravitational
field has its components along the spatial axes of the
coordinate system: D = (D,, D,, D,), as well for the vector
potential of electromagnetic field it can be written down:
A= (Ar: o z)

Taking it into account for (12) we have:

(gt &t + 8y +802) |
00 01 02 03
+X(g1oC+ 81X+ &,V + 8132)
FV(820C+ & X+ 80 Y + 827)
+2(830C + &1 X + 83V + 8337)

~m(y —xD, —yD, D)
~q(p—xd —yA,-z4).
In the simplest case, we can assume that for an

L'=-mc

(13)

arbitrary reference frame the velocities X, y,Z do not

depend explicitly on the coordinates x, y, z, and are

59

Sergey G. Fedosin (2012).
Advances in Natural Science, 5(4), 55-75

time-dependent; the mass m and the charge g can be
dependent on ¢, x, y, z and independent on X, V,Z ; the
scalar potentials y and ¢, the vector potentials D and 4,
the metric tensor g,, do not depend directly on X, 9,z,
but depend on ¢, x, y, z. The assumption of independence
X,¥,Z in an explicit form on the coordinates x, y, z

means that the velocity field is free, and not the bound
vector field. An example of the bound field is the velocity
field in the liquid flowing in the volume bounded by
a surface. Due to the interaction of the liquid with the
surface and the liquid particles with each other there is a
clear dependence of the velocity field on the coordinates.
If we consider quasi-free motion of continuously
distributed substance with weak gravitational and
electromagnetic fields, the velocity will depend weakly on
the spatial coordinates.
Under these conditions from (12) and (13) we find:

aL oL’ mc
6)'( g - o (gloc+g11x+g12y+g132)
X
v dt dt
+mD, +qAd, =-mg u"+mD +qA,.
(14)
In (14) it was taken into account that
¥
gvdidx ds , where ds is the interval, and the
“Cdr de dt
. cdt dx*  cdt “
relation — =—/(c, X, p,2)=u" was
ds dt ds s

used. We shall note that from the definition of 4-velocity

and of the interval ds = /g, dx"dx" follows

the standard relation u ,u* ‘=c.
The full time derivative of (14) gives:

U
L cdx

u
ds

4(2L)_ 420 dng) i,
dt\ox) dt\ ox dt (15)
dD, dq dA,
m—+—A4 +q
dt dt dt

The first spatial component of the gradient from L' will
be equal to:

[ H v a
ai — é@_m__mu di_g/” —a—m(l//—)'cDx—yD
Ox dt ox 2 dt ox Ox ] !
oD
BN (. N . A
ox ox ox ox ox
04

$A — A —zd g 20O O 04

7 Ox Ox Ox Ox

In view of (10) we have:

Copyright © Canadian Research & Development Center of Sciences and Cultures



The Hamiltonian in Covariant Theory of Gravitation

oL oL’
_— =
ox Ox
cd, " F, F"
EJ. ke(R-2A)+— - =g dx'dx* dx’
ox 167y 4u,
(16)
. d(oL) oL
The Euler-Lagrange equation —| — |=— from (2)
dt\ Ox Ox

requires that the Equations (15) and (16) should be equal
to each other:

d H
_dmg,u) )+d—mD\_ em 9P +ﬂAX +q ad, _
dt dt dt dt dt
. ds Om _mu” dx” ﬁgﬂv _a_m
dt Ox 2 dt Ox ox

oD
_mtaw oD, ._,,_Z.ai] dq

(y—xD,~yD,~2D.)~

_—

ox ox Y ox ox

04 0A, .04 N
ox ox ox Oox

0 y .
z'AZ)—q(—‘”—x—-*—y'—-—z :
2 v v
o, " F,F"

4u,

+§I(kc(R—2A)+ }/—g dx' dx* dx’.
X
a7
With the help of 3-vector u =—(g,,u",g,,u",g;,u"
we shall introduce the 3-vector of generalized momentum
with the following components:

P=(-mg u"+mD +qd,—mg, u"+mD,

+qd,,—mg, u"+mD_+qA.) =(mu +mD,

+q A, mu,+mD, +qA , mu +mD, +qA.).
(18)

In view of (18) instead of (17) it can be written in the
3-vector form:

dP ds
F=—=-V\mc—+my-mv-D+qp—qv-A |+
= (memy 19-qv4)

P @Y F, F"

C
+vj ke(R—2A)+—2
16z y 4u,

}/—g dx' dx* dx’ .
(19)

According to (19) for continuously distributed matter
the rate of change of the generalized momentum of
substance and the field is determined by gradients from
the following quantities: the energy of the substance unit
in gravitational and electromagnetic fields that can be
found through the velocity V and the scalar and vector
potentials; the integral by volume of the term with scalar
spacetime curvature; the integral by volume of energy
invariants of the gravitational and electromagnetic fields,

Copyright © Canadian Research & Development Center of Sciences and Cultures

which are in the volume of the substance unit, as well as
those of their proper fields, which are generated by this
substance and interact with it. Generalized force F in

(19) also depends on the constant A and the term mc%

associated with the relativistic energy of the mass m.

We shall remind that deriving (17) and (19), we
assumed that the velocity of the substance does not
depend on spatial coordinates. In this regard, in (17) and
(19) there are no gradients of the velocity components
that appear in the case of the velocity field in some way
connected with the points in space.

THE CASE OF A SMALL TEST PARTICLE
OUTSIDE A MASSIVE CHARGED BODY

The equation of motion (17) can be simplified by using

. d 0 .
the operator equality: Z:EHLV. This gives the

following:
dD, oD oD oD oD

X . X - X . X

+x +y +z ,
dt ot Ox oy oz
dA, 04, .04 04, .04

—=—tX—+ )y —+ I —
dt ot Ox oy

dm oOm . 0Om om . Om
— =t X—+y—t
dt ot Ox oy

ﬂ:a_q+xa_q+ya_q+za_q

dd o ox “ oy oz

Next, we shall introduce the vector of gravitational
acceleration strength G and the vector of torsion field
strength @ (gravitomagnetic field) according to the
formulas:

G=—Vy-——, Q=VxD.

It is seen that these definitions of G and 2 are
written in generally covariant form, since these
quantities with accuracy up to a constant factor,
constitute the components of the gravitational tensor
®,,=V,D,-V,D,=0,D,-0,D,. Similarly the
strength of the electric field E and the induction of the

magnetic field B are defined:
0A
E=-V¢p——
@ o

As faras m[vx Q] =my —mzQ,

qlvxB], =qyB.~qZB, | then using the previous
equations for (17) we find:

B=VxA.



d(mg,u") n mu' ﬂ@gw __6_mD

- _% 4
di 2 dr ox

o ' ot

-—— 0+ VmxD
“awox oV o Ol xVmxDI]

+[v x[VgxA] ] +mG, +m[v xQ], +qE, +qv xB],
uv

E4“F }/—g dx' d’* dx’
0

(20)

Equation (20) is the equation of motion of the
substance unit in the direction of the first spatial axis of
the reference system, and it corresponds to the equation

2
+3j ke(R-2A)+ —Pw®
ox lémy

oL) oL . . .
=— in (2). For other spatial axes the equations
dr\ov ) ox

of motion will differ only by replacing the indices in the
derivatives and the components of vectors. If we enter the

u”,g,,u",g,,u"), then instead of (20)

we can write the equation of motion in 3-vector form:

3-vector u=—(g,,

n
d(mu)+mu dax v :_6_mD_6_qA
dt 2

dt Ew ot ot

—c%Vm—\y Vm-@Vq +|v x[Vmx D] | 21

+v x[Vgx A] |+ mG +mlv xQ]+qE +q[v xB ]+

F’” ]\/7 dx'dx*dx’.

3-vector Vg, in the left side of (21) is equivalent in
its meaning to action of Christoffel symbols, which are
used to write the equations of motion in Riemannian space
in four-dimensional notation, both in the general theory of
relativity and in the covariant theory of gravitation.

Since we consider a small test particle outside a
massive charged body, then the contribution to the
curvature R and the constant A is made only by the test

2 n uv

o, D and F,F o
l6ry 4u,
(21) are associated with the energy density of gravitational
and electromagnetic fields, respectively. If the test particle
is small enough and has low density of mass and charge,
then the main contribution to the energy density of the
fields in the volume of the particle will be made by the
external fields of the massive charged body. In addition, in
(21) the gradient of the integral over the volume is taken,
which in some cases can be close to zero due to symmetry
and homogeneity of the distribution of field energy within
the test particle. One of such cases is the approximate
spatial homogeneity of the external field.

S P d™
l16my

+VI(kc(R—2A)+

particle itself. The terms

. . _ v
In Minkowski space we have: u = 7@ » Vg, =0-

If we also assume the constancy of the mass and charge
with the time, zero gradients of the mass, charge,

61

Sergey G. Fedosin (2012).
Advances in Natural Science, 5(4), 55-75

curvature and zero gradients in the distribution of field
energy within the volume of the particle, then (21) takes
the form of the equations of motion of the test particle
in gravitational and electromagnetic fields in Lorentz-
invariant theory of gravitation'”:

di[m—V}:mG-i-m[Vx.Q]—i-qE-H][VXB]~ (22)

J1-v?/c?

The left side of (22) is the rate of change with the time
of the relativistic particle momentum, while in the right
side there is the two-component gravitational force and
similar to it the two-component electromagnetic Lorentz
force. Thus, from the variation of action (1) with the
Lagrangian (4) in the framework of the covariant theory of
gravitation (CTG), we can obtain the equation of motion
of a particle (22), which is valid in the special theory of
relativity (SRT). This means that the equations of CTG
and SRT are linked by the correspondence principle, when
after the aspiration of the curvature of spacetime to zero
the equations of CTG turn into the equations of special
relativity.

In contrast, the equations of general relativity do not
have such a direct transition to the equations of special
relativity. Indeed, in general relativity Lagrangian differs
from (4) by the absence of gravitational terms of the
o,

— & As aresult, in (21) there
léry

are no gravitational terms, only the following remains:

dimu) mu" dx’ oq ds

+ =——A-c—Vm—-¢Vq +
a2 a4 T et a0

[Vx[quA]]+qE+q[V><B]+

J\/_dx dx*dx’.

. “
form:—p, D, u" +

vj(kc(R 2A) -

(23)
In order that gravitation could appear in general
relativity as an effective force of gravitation in the weak

field limit, in (23) the decomposition of Vg v should be

carried out, and the appearing terms should be transferred
to the right side are considered as a gravitational force.
The difference between the positions of the general
relativity and CTG is due to the fact that in general
relativity gravitation is simply the curvature of spacetime
(without specifying the reasons for this curvature), and
in CTG gravitation is a real physical force which is
substantiated by the mechanism of Le Sage gravitation'.
In this case the scalar potential  of the gravitational field
in CTG is the characteristic of scalar field associated with
the flow of gravitons, and is proportional to the difference
between the energy density of the graviton flux at the
point where the potential is determined, and the energy
density of the graviton flux at infinity. The gradients
of the energy density of graviton flux in this case can
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be considered as gravitational field strengths. In the
assumption that some gravitons are tiny charged particles,

"' the scheme of appearance the electromagnetic
force and the electric potential ¢ is derived. If scalar
potentials are known in a fixed frame of reference, then
after conversion into a moving frame of reference vector
potentials of gravitational D and electromagnetic A of
fields appear, as a consequence of field retardation effects
due to the limited speed of their propagation. Thus we can
understand why the fields are described by 4-potentials

v %
D‘,:[_a_Dj and A#:(;,_ j.

Cc
THE RELATION BETWEEN THE
LAGRANGE AND HAMILTON
FUNCTIONS

Describing the principle of least action, we
recorded the Lagrange function in the general form:

L :L(taxayazaxa)}az"D‘u5A!ngl“/) 5 where the quantities
@
dt’

. dz
, Z=— are the components of 3-vector
dt dt
of coordinate velocity V = (X, ), Z) of the substance unit
motion. Variation of the action function leads to the Euler-
Lagrange Equations (2) and (3) and requires variation of
the Lagrangian, which has the form:

SL :a—L5x+a—L5y+6—L5Z+a—L,55€+6—L.5J"+a_L&+
Ox Oy 0z ox oy oz
+8—L5Dﬂ +8—L5A,, +6—L5g,,v :
aD,u 6Aﬂ 6gﬂv

(24)
We shall introduce the Hamiltonian H = H(t, x, y, z, P,
,P,P.,D,, A, g,), where the quantities P, P,, P, are
the components of the 3-vector of the so-called conjugate
generalized momentum P = (P, ,P,, P,) (conjugate with
respect to the coordinates x, y, z). The Hamiltonian
in the simplest case is determined by the Legendre
transformation through the components of the conjugate
momentum, the velocity components of the substance unit
and the Lagrange function:
H=Pi+Py+Pzi-L=Pv-L, (25)

With the vanishing of the variation in time, as it is
required for the Lagrange function in the principle of least
action, for the variation of the Hamiltonian we have:

5H—a ox +6—H5 +6—H§ +6—H5P +6£5P+
oy Oz OP, oP,

Hop+ M sp Mg M 5

OP. oD, 04, 08, “

(26)
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The result of the variation (25) is:
6H=0Px+P.0x+0P y+P,oy+06P.z+P.6z-JL
27)

Substituting (24) and (26) in (27) gives the following
relations:

6H oL OH oL pH oL
— =T - s — = (28)
ox ox oy oy oz oz
OH oL oH _ oL oH _ L 29)
op, oD,’ 04, o4, og,  0g,’
oH
x:a_Hy ——’ :6—H’ P:a_L, Pv—a_l_l,
P, oF, o o’ U oy
oL
P = 30
S (30)

.. oL . .
After determining = through P, in accordance with
X

(30), and substituting in (2), taking into account (28) we

dP. 0L oH
have: —=—=———"In general, we can write down:
dt  Ox Ox
dP—VL——VH. (€28)
dt

We shall find the components of the generalized
momentum from (30), given that the velocity components
X, ),z
according to (12) and (13) only in three terms, forming
part of the Lagrangian L'. From (14) and analogous
relations with the help of (30) can be obtained for the
generalized momentum the same as in (18):

are directly included in the Lagrangian (4)

P=(P.F.P)
6L _ oL
P = —=-mg, u'+mD_+qgA_, 32
x ax ax gly x q x ( )
oL oL
) =— ——mgzyu"+mDv+qu,
J @} @} J
6L 6L’
—-m +mD_+qA. .
T o Eat” a4

The scalar product of the generalized momentum
P and the velocity V, taking into account the relation

cdt dx” —c—dt(cic V,2) =u" = - gives:
ds dr ds BT
Pv=Px+Py+Pzi=-mg u‘'x—mg, u"y-

H H dS
mg, u'z+mv-D+qv-A=mcg,,u —mcz+
mv-D+qv-A.

(33)

Substituting this expression into (25) in view of (4),



(10), (12), (13) allows us to find the Hamiltonian for the
solid-state motion of the substance unit with the mass m
and the charge ¢:
H=mcg,,u" +my+qp—
;o D F F*

[| ke(R=28)+—2 u
léry

erx dx*dx’

(34)

In mechanics the Hamiltonian is usually associated
with the energy of a body (a substance unit). The
first term in (34) is connected with the rest energy
and kinetic energy of substance. Products my and g¢
give the potential energy of mass and charge in the
gravitational and electromagnetic fields associated with
scalar potentials. The volume integral in (34) defines
the additional energies, depending on the curvature of
spacetime R, the constant A, and the field strengths. If the
volume of the test particle is small, the volume integral in
(34) can be neglected compared to the first three terms.
In this case the energy of the test particle includes the
relativistic energy of motion and energy of the particle in
field potentials.

If we consider the formulas for dm and dg, given
before the relation (12), then the mass and the charge can
be expressed in terms of the volume integral of the density
of mass and charge:

= c—dtpod dx' dx* dx’

cdt
q= J.—quJ—g dx'dx*dx’ |
ds

where p, — the substance density in the reference frame
at rest relative to the substance unit;

ds — the interval;

po, — the charge density in the reference frame at rest
relative to the substance unit.

In view of this the Hamiltonian for a continuously
distributed matter would have the following form:

cdt
H=I —(PyC o, u" + Py W + Py, @) —kc(R-2A)—
ds

cd, D F £
ald ald g dx'dx’dx’. (35)
lézy
In Minkowski space we have the following relations:
meg, ut=—ME
o J1-v?/c?’
b, D
uv - _ 1 (GZ—CZ.QZ),
16z y 8ry
F”V—FW = _‘(’1_0(1};2 _Csz)’
4u, 2

Where G — the gravitational acceleration, £ — the
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vector of gravitational torsion field, E — the electric field
strength, B — the magnetic induction, ¢, — the vacuum
permittivity.

Substituting these relations into (34) for the case of a
small test particle, when one can neglect the term with the
scalar curvature R:

2
mc

g-_"c
1-v?/c?

+my +qe+

J‘[L(Gz - CZ.QZ)—E—O(E2 —csz))olx1 dx’ dx’ + const
8y 2
(36)
For external fields it is necessary in (36) to integrate
over the volume of the particle, and for the fields
generated by the substance of the particle, it is necessary
to integrate over the volume both inside and outside the
particle. The Hamiltonian (36) as the energy of a small
test particle is determined up to a constant, which arises
from integration over the volume of constant A (for the
meaning of this constant see our discussion after relation
(9)). In the Minkowski space metric does not depend on
the coordinates and time, and therefore the term with
the constant A in variation of Lagrangian disappears and
does not contribute to the equations of motion. However,
due to the definition of the Hamiltonian (25), where the
Lagrange function L is included as a whole, the constant
A appears in (36) as additional constant.

THE EXPRESSION OF THE
HAMILTONIAN THROUGH THE

GENERALIZED MOMENTUM

In (34) and (35) the Hamiltonian is expressed through
the 4-velocity u*, depending on the 3-vector of velocity

v =(X,»,Z). However, in the canonical form the
Hamiltonian is defined by the components of generalized
momentum: H =H(t,x,y,z,P,,P,,P.,D,,A,,2,,) .

H2
We express the compgnsntécofithe 3-velocity through
components of the generalized momentum P=(P P ,P)),
for which, taking into account the expressions

cdt dx" edt, . . . cdx”
- :_(C’x:y’z):uy_
ds dt ds

another form:

, we rewrite (32) in

P -mD, —qA, ds

guX+gLytgi=——" —&,C¢. (37)
m cdt
. . . P -mD —qA, ds
8 Xt 8V +8nz=— —820¢.(38)
m cdt
. . ) P-mD_—qA, ds
8y X+ 83y +852=- —83°¢.(39)
m cdt

In view of (32), we introduce the following notation:
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Px_me_qAx _

Cx :_gl,uu#’
m
Pv—mDv—qu
_— n/l’ :Cy :—gzﬂu”,
P-mD,—qA
. ~ mz q - :Cz :_gS‘uu'u > (40)

as components of a 3-vector, normalized to unit mass.

We also need the following minors:

M,; — minors of the matrix of the components of the
metric tensor g, , where a, # =0, 1, 2, 3;

m,, — minors of the spatial submatrix of the
components of the metric tensor g,, where i, k = 1, 2, 3.
As the examples of such minors, taking into account the
symmetry of the metric tensor g, we can write down:

My =810(82:83 —823832) — 820(£1, 833 — 813 8) +

(41)

830(812823~ 81382,)
My, = g01(g21g33 _g23g31)_g02(g11g33 _g13g31)+
80:(81182 —81:821)
My =80(82185 — 82831~ 80(8185 — £:8:) +
80:(81182 — &1&x)
my =883~ 838%n, my, =885~ 85385,
m;; =g5,8n " 88:.

We shall also use the following relations:

8oty = 813y — &y = =My, .

8iMyy + a3y = &5y, = =My, . (42)

=Gy + Gy, — Gy, = —M .
131y, — 83y, + 833y, =0

8oy — 83y — &yimy; =0,

=81,y = &y3My, + &5ty =0
=81y = &3y + 85y =0,

=gy, + o3y — gyaiy =0

—8pMMy, + g3y, + 8y, =0

With these notations from (37), (38) and (39) we have:

. ds
MOOXZJ(_M]]Cx—i_mIZCy_m13cz)_MOIC' (43)

. ds
Mooy:E(mzlcx_mzzcy"'mzscz)_’_Mozc- (44)

. ds
MOOZ:E(_W[MCX+m32Cy_m33CZ)_M03C, (45)

Dividing (44) and (45) by (43), V and Z can be
expressed by X :
. (M, x+M, c)(mZICx —m,C, +m23Cz) . M, c
M, (—m” C.+m,C,—m;C ) My,

z

(46)
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5o (Mg, x+M,, C)(*man +my, C, 7m33Cz)_M

4
MOO (_m“Cx +m,, Cy —m, CZ) Moo ( 7)
From (43) we find:
[dS ]2 (Myy3+M, ¢’
a5 e > (48)
cdt ) (=m,C,+m,C,~m,C.)

]
On the other hand, dL:(c,)'c,j/,z’) , and for the
square of the interval (ds)? = 8., dx” dx? . In view of this,
we have:

ds Zupdx® dx’ 1 . .
[E}: czﬂ dt odr = (g +28p cX+2gpch+

2g0302+2g12)€y+2g13)'62'+2g23j/z’+g11)'62 ""gzzj’z +

)
8uZ)
(49)
From Equations (48) and (49) it follows:
S (Myx+M,c)

(_mn Cotm, € —my; C, )

7= gooc2 +2g,cx+2gy,cy

+2g0302+2g|2)%)>+2g13)%2+2g23)32+g11562 +g22).’2

+gy, 2
(50)

If we substitute ) and Z from (46) and (47) in (50),
we obtain a quadratic equation for the velocity component
X . However, this equation is too cumbersome to write.
Equation (50) can be simplified by introducing a new
variable:

Myx+M,c
-my, C,+m,C —m;C S

z

o X(m, C +m,C —m,C)-M, c
X = 11 12~y 13 01 (51)
MOO

Using in (50) relations (46), (47) and (51), after
lengthy calculations we find:

X2 = e’ (-g)
—Z .

where g is the determinant of the metric tensor g, and
g is negative:

8 =8uMy —8yMy + &My —8sMy;,
and the following abbreviation is used:

Z= _]Mooc2 -C.(-m,,C, +m,, Cy -m,C)—
C, (m21 C,=myC,+my C, ) -C.(=m,C, +
m32Cy —my,C.).

(52)

(53)

From (52) and (51) we find x, and then from (46) and
(47) define y and 7 :



_ cy—=g(=m,C, +m,C, _m13cz)_‘/ZM01 ¢

, (54)
JZm,,
)_}_c,/—g(mZICX—mBC +m,; C )+x/_M02c
Jzum,,
Z._c\/ g( my, C +my, € —my; C ) xFM03c
Jzm,, '
: . ds
From (54) and (43) we derive the quantity dr :
ds g (55)

cdt Jz

We can calculate g,u" using (54), (55) and the
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expressio cdt dx” _ Cdt (c,x,y,2)=u" = cdx”
a ds P ds
go#uﬂ :go;, (C X, 0,2) = (gooc+g01x+g02y+
2,.%)= _Cme +C M, _CzMos _\/_\/_g (56)
03 M M .

00 00

In (56) using the previously introduced in (40)

o P-mD,-q4
notations £ mmD, —q4, =C,.— — =G>
. m
P.-mD,—q4
=279 _ ¢, we can move from C,, C, and
. )

C. to the generalized momenta P, P, and P,. After
multiplying (56) by mc the result will be equal to:

—cMy (P, —mD, —qA)+cMy,(P,—mD, —qA)—cM(P.—mD, —qA) mcJZ -g

“o_
mcg,, u" =
) )‘(

00

MOO

Let us substitute this into the formula for the Hamiltonian (34):

—cMy (P,=mD, —qA)+cMy(P,—mD, —qA)—cM(P.—mD,—qA.) meJZ \|-g

MOO
) qb/”

Cc
— || ke(R—2A)+—
q9 f{ ( ) Tozy

In Minkowski space, i.e. in the special theory of
relativity when the curvature of spacetime is absent, My, =

-1, My, = My, = My;=0, \—g =1, and taking into account

the expressions (53) for Z and (40) for C,, C, and C,, the
Hamiltonian will be expressed through the 3-vector of the
generalized momentum P, through the scalar potentials v,
@, and vector potentials D, 4:

H:c\/mzc2+(P—mD—qA)2 +my +qe—

2 v v
i P, P F,F
16y

4u,

Similarly to (36) in the expression for the Hamiltonian
(57’) there is some constant. In this case the gravitational
tensor @,, and electromagnetic tensor F/W are differential
functions of the potentials of fields in the form of
derivatives of coordinates and time. The resulting
expression (57°) for H, but without taking into account
the gravitational field, that is, without terms with the
potentials w and D, and without taking into account the
integral with the tensors @, and F,,, we can find in").

Hamilton’s equations according to (30) and (31),

(57

] dx' dx* dx’ + const.

65

F’”
J-g dxtdx* dx’.
4/”0

+my +
IY; 4

00

(57

with the components of 3-vector coordinate velocity
vV =(X,),Z), and the components of 3-vector of the

generalized momentum P = (P, P,, P,) (32) have the
following form:

OH L, OH oM oH 55
=——, V=, i=——,0r V="r.
o> ap “Top oP
9P - v, (59)
dt

In order to verify the validity of Equations (58) the
quantity Z of (53) should be substituted into (57), and
the quantities C,, C, and C, should be expressed in terms
of generalized momenta P, P, and P,, using (40). If we
then take the partial derivatives from the Hamiltonian H
according to (58) we shall obtain expressions (54) for the
components of velocity. The physical meaning of equation
(59) lies in the fact that the gradient of the Hamiltonian
as the energy of the system, taken with opposite sign, is
equal to the rate of change of the generalized momentum
with time.

Now we shall write (57) in four-dimensional form, for
which we shall use the following expressions:
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5

g 00
= , 60
M, My\-g gOO\/ Mo =g"2 0
M01 M01 :g_m Moz_Moz _g_oz _Mo3: M :g_o3
Moo g g" M, g"g g’ M, g"g g”
For the first term in (57) with the help of (32) it gives:
—cMy (P, -mD, ~qA)+cMy(P,—mD, —qA)~cMy(P.-mD,—qA) —mcg" g u"—mecg”g, u" —mecg”g, u"
M, - goo -
—meu" (g g, +8" 8, +8"2,, +2"2:,) —meu’

- 00

g

We shall make further transformations of the following
auxiliary quantities with the help of (41) and (42):

u _ .0
u (mllgly_m12g2y+ml3g3y)_u (my, 81— 1yy &+

1 0 1
My &)+ (my, g =My &y +myz 85)) =u My +u M.

M _ 0 2
u <_m21g1/1+m22g2p_m23g3,u)__u My, +u M.

”u(mzlgly_m32g2y+m33g3ﬂ):quoz 'H"}Moo (62)

_glpuua C =

From (40) it follows that C, = —&oU “,
wov

C.= —g,u". Then, using (62) and the equality g, u"u"= =

the expression (53) for Z can be transformed as follows:

Z=-Myc*—C.(-m,C, +m, C,-m,C)-C (m,C
My, C, +my; C.) = C, (=my C, + my,C, —m;,C, )= ~M e’ +
gly”ﬂ“#(mugm_mlzgz;ﬁ'm13g3y)+g2;luyuﬂ(_m21g1y+
mzzgzy—mﬂg3#)+g3#u”u”(m31gm—m32g2/1+m33g3ﬂ):

_]Mooc2 +g1#u”(u0M01 +u1MOO)+g2y

uzMOO)+g3”u”(uOM03 +u3MOO): -

0
u (—u" Mgy, +
M, c* +g, uu’M, —
00 i 01
u, 0 u, 0 H, v u,,0 _
g u'u M02+g3”u u M03+gvﬂu u Moo—goﬂu uMy=
u, 0 u,, 0 u, 0 u,, 0
g u'u Mm—gzﬂu u M02+g3ﬂu u MO3—g0ﬂu uMgy.

Now we shall use (60):

_ u, 0 _ #, 0 0 _ y7]
Z_gl,uu uM, &, uu M02+g3y“ uMy go;:“ u M,

0 gmMoo

— u u“u 0 g
- _gl,uu u go(]

yOg

00

_gS;L

og

M,
guu & Moo

M
PO —g—(?fu"u"(gl,, g +g,,8" +g,8" +

M,
050 0,0
“ = O%Ouu

00y _ 00 _ 0,0
80,8 )=""%" =—guu.

(63)
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+mcg,,u

H:

+ mcgoﬂu”

(61)

Lu= v}

. In
O,u#v
view of (63) for the second term in (57) we find:

_mcﬁ\/—g CmeZ mey-guu’  meu’

M g"J-g  g"J-¢ "

In (63) we used Kronecker delta 9, : ={

g

We substitute this expression and the result from (61)
into (57):

H=mcg,,u" +my+qp—
‘o, o F, FWJ

00

uv

léry

rdx dx*dx’

(64)
The Hamiltonian (64) coincides with the expression
for the Hamiltonian (34). Thus, we made a circle: first, by
introducing the generalized momentum P (32) we made
the transition from (34) to the Hamiltonian in the form of
(57), and then by other way, we got back to (34).
To check the validity of equations (59) for the
Hamiltonian in the form of (64), we find the quantity
_OH
o

OH

ox

_[[kc(R—2A)+

) 0 )
=—a(mcgouu”)—a—(mw)——(q<0)+

F L
J-g dx' dx* dx’

c’ @, D"
167y
From (59) it follows:

_OH _dP,
o dt
From the last two equations we obtain:

0
aj(kc(k—zA)Jr

i(—mglyu” +mD, +qA,).

d 0 .
E(—mgl#u” +mD, +qgA, )= —a(mcgoﬂu‘ )—

0 0
a—x(”"”)‘a(w’”

P d3””

uv

o W F
a—j[kc(R—ZA)+ J«/ dx' dx* d’ .
X

(65)

66



. . H _ m'x
In Minkowski space: M8, = F7— ,
1-v /c
uo_ mcz . . .
mcg,,u ——1 2/ = . If we consider the situation for
-vi/e

a small test particle outside the massive charged body and
apply the relations:

dDp, oD, oD, oD, oD

+x——+y—= =
dt ot Ox oy oz
dA, 04, .04, .0A, . O0A,
dt ot ox oy oz’
G=-Vy—, = )
o 2=VxD
E=-V —%, B=VxA,
ot

then with constant mass m and charge ¢ of the particle,
and assuming that the velocity ¥ and the scalar products
V- D and V- 4 do not directly depend on the coordinates,
the Equation (65) turns into (22) for the component of the

mx

momentum .
1-v’ / c

THE FOUR-DIMENSIONAL
GENERALIZED VELOCITY

We shall introduce 4-vector of the generalized velocity
with the covariant index:

cJ Po
s, = £ +D,+—2%4 (66)
u u u -
JJ, T Po
where D, = [Z,—Dj — 4-potential of gravitational
c

field, 4, = (2,— AJ — 4-potential of electromagnetic field.
c

. Pog . . . .
The ratio —~ in (66) is the ratio of the densities of
P
charge and mass of the substance unit in the reference
frame in which the substance is at rest. The scalar S,J"
will be equal to:
cJ, J! . Pog
s Jt ===+ D J"+—4,J" =
N Po

cJJ#J" +D,J"+4, j*

where j“=p,, u"
density.

Taking it into account we can rewrite the Lagrangian
(4) as follows:

(67)

is the 4-vector of electric current
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ke(R=2A)—s,J"
L=] N Cpud” FuF" |V-gdrdddd
l6my 4,

and S =ILdt is the function of the action, and

(68)

J-gdX=./-gcdtdx'd’’dx’ — an invariant 4-volume,

provided that dx’= cdt. With the help of (11) and the
subsequent relations we can write down:

J-gdz =%\/gcdtdxl dx*dx’ =cdrdV =ds'dV =
dsdV,

Thus, the invariance of the 4-volume /—g dX with
respect to the change of coordinates is expressed in the
invariance of the interval ¢s of the moving substance

unit, and in the invariance of the three-dimensional
volume dV), of the substance unit in the co-moving frame
of reference.

We shall designate L, ZJ‘(—S#J”\/—g)dxl dx’dx’ in
(68) and find the variation JL,, associated with variation

of part the action function S, = J‘ L,dt:

58, = [oL, dt,

oL, = 5(—S#J”\/§)dxl dx*dx’ . (69)
5(—S!IJ”\/§):—S/15( J”\/%)—J”\/%5sﬂ =
=—S”\/§(§‘J#—S”J”5 -g- (70)

cJ Po
E=+D, +—"A#J.

JJ-g 8
JJ,J? P

We shall use the following standard formulas:
_g v

oN-g = —“2g‘ 08,

SJ =V, (JO& T E% )=

o[ (e -]

op, ==V, (poég)"'%”auvvvgo >

J M =g, I

(71)

o P v o
é‘qu :_Vo' (qug )+ cozq Z/lo'u va s
[7-8]

where the variations 6.J, dp,, dp,, are taken from" ™,
and displacement & are variations of the coordinates, due
to of which arise the variation of mass 4-current 6J*, the
variation of mass density Jdp, and the variation of charge
density dp,,.

We shall transform the first term in (70) in view of (71):
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—s,\-g 8" ==s5,0,[ =g (/7 & =& | J-g (77" -7"¢7)0,s,=(0,5,-0,5,) )7 "¢ ,

-0, [Su ¢ (Jcr EH e ET )J +-g (J" iy ew)ars# _ where the value 0,5, —0,5, is the rotor of 4-vector
of generalized velocities S,.

We shall transform the expression in the third term in
(70):

In this expression the term with the total divergence
in the integration over the 4-volume in the function of the
action will not make any contribution. The remaining term
will be transformed further:

k

cJ
—Ji-g & L l=—cJ!|-gd| =22 |=
¢ [\/JlJ*J ‘ 1/ MJ"JA

=—cJ" [_g guké"]k +Jk5g“k _2gyk.]kgaﬂ]a5']ﬁ +g/1kaJaJﬂé‘gap
\/m 2\/gO%JUJ/1\/gU/1JO'J/1 \/gMJUJl
=—cy-g J8u0J +J" 58, 800" IS, | cy-gJ" I g,

Je., 070" \/gMJ“J‘ 2\/glJ"J’1 e T

. L P
With the help of (71) we shall find the variation & (%} :
0

5(5@1}:fﬁéﬂiil?ﬁ%ﬁcz_gava(fﬁzj.
Po (Po)) Py

Substitution in (70) and (69) of the obtained above expressions gives:

88, = [8(=s,J" =g )d' d* dx’ dt =

=I ~8,\~8 0J" =5,J"6\-g —J" - 5[\/7+D +P0q J dx' dx*dx® dt =
Po
= [|(2.5, -0, 5, )7 &" -2 saJagﬂw% —J* 8D, — " A, +JTAEY, (”“qH«/ dx e de dt.
g..J°J

(72)

e uv
We shall designate L, = J-[kc (R-2A)+ ?g;[f EW ]\l dx'dx’dx’ in (68) and take in"’! the variation oL,,

associated with the variation of the action function S, = ILI dt . This gives the following:

5, = [L,dt,

uv
5L, =I5{kc(R—2A)\/§+ v s EuF \/_]dxldxzdf.

167[]/ 4u,

2 uv

v 1 v v C a U
38, :J'{kc [—R” +Eg” R-Ag" J(sgw—mvaqs “6D, - >

§gﬂv +
(73)

uv
+’ULV(1F‘“’ 5A”—W 5g/w:|w/ dx'dx’ dx’ dt,
0
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where U" is the stress-energy tensor of gravitational
field (9), and the stress-energy tensor W*" of
electromagnetic field has the form:
a av K 1 a 4
W =g’ [—g F. F*’ 58 "F,, F* j:
| (74)
e [F"‘KF"ﬁ 7 g’ FWF"V)
By the principle of least action, the variation of the
action must be equal to zero: 0S8 = IﬁL dt=08,+6S,=0.

We shall substitute here (73) and (72), and equate to
zero all the terms inside the integrals, placed before the

variations dg,,, 0D, 04, &":
08
1 u*oowr
ke|-R*™+—g"R-Ag" |-—— -2~
( 28 & j 2 2
, 75
1 o v cJ*J" (75)
|5, 0" == | =0
2 \go'lJo-J
2
oD ——S—V ™ — J* =0,
" Ary
04—V F* = j" =0, (76)
0
1 o o po‘l
& (0,5, -0,s,)J° +J° 4V, | =L |=0. (77)
Po

Equations (76) are equivalent to the gravitational (5)
and electromagnetic (6) field equations. The first term in
Equation (77) can be expanded by using the operator of

. o D .
proper-time-derivative —=u"V, according to!"), and
D

T
the 4-vector of generalized velocity (66):

0,5, 0,5, )7 = pouV.s, ~J7V 5. = py o
( o'S/t_ /tSo') _pou o'S/t_ ;ISo'_pO Dr
Ds,

IV ,5, = v,| - |jov,p, -
N

JOAN, [ﬁ] -V, 4, .

Po
Taking into account (77) it follows:
p—==J°V — \+J°V,D, +j°V A4, . (78)

Dt

W, T

As far as according to (66):

Sergey G. Fedosin (2012).
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Ds

cJ
Po——=pyu’V,s, :J"VJ[—]+J”V D, +
Dr N e

>

OV A +ITAN, (@]
Po
so comparing with (78) we find:
cJ, Po

J°V,_ +J°V, D, +j°V, A, +J ANV | —

e J* Po

cJ,

=JV, — +J°V, D, +j°V A,.

(79)
We shall apply the following relations:
J°V,D,~J°V,D,=J°(V,D, -V D)=J"D,

JOV A ~JV A, =J°F,
v Du#
u M
100 pO DT >
J
IV, | == | = pyuV u, =0
7 uo
J,J
This gives in (79):
pot g 4 F oAV | 2] (80)
Dr o Ho u o P

0
Above it was assumed that the mass and the charge
of substance unit in the variation does not change. In

. . . P .
this case, the density ratio =% will be unchanged, the
0

covariant derivative V [—qJ is zero, and (80) turns into

Po
the equation of motion of substance in gravitational and
electromagnetic fields, taken in the covariant theory of
gravitation under these conditions (see the equation (35)
in ®1).

Now we shall consider the equation for the metric (75).
If we separate out the terms A g”* and s,J“g"", then

3

with condition k=-——— (75) is divided into two
l6zyp
equations:
uoyv
Ryv_lgvazgﬁi/,B cJ*J +U'UV+W'UV ,
2 c IgMJUﬂ
(81)
4
A
s, (82)
8zyp

In view of (67), expression (82) coincides with (8). As
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for (81), from the comparison with (7) it follows that it
should equal to:

cJ*J"
¢ =

\[gaAJGJA .

Equation (82) can be considered as the gauge of the
cosmological constant, with which it is possible to use
Equation (81) to find the metric.

We shall remind that the variations 6J*, dp,, dp,, in
(70) found in""™, were determined from the condition
that the mass and charge of substance unit are constants
during variation. This leads to the equation of motion
of the type (80), in which instead of the proposed total

D (pOu,u)
Dr

(83)

derivative (the rate of change of mass 4-current)

Du
the quantity p, 5 £ appears as the product of the mass
T

density and the 4-acceleration.

The Hamiltonian and the Problem of Mass

The Hamiltonian (64) can be represented in another form
by using the generalized 4-velocity (66). If we assume

P . .

that —% sets in (66) the charge to the mass ratio, and
Po

considering that g, s = s, , for the Hamiltonian we have:

H=mcs,—

ace, " F, F"
[| ke (R-28)+ ——— -
167y 4u,

J\/%dxl dx*dx’”
(84)

From here it follows that the contribution to the energy
of substance unit with mass m is made by the timelike
component of 4-vector of generalized velocity with the
covariant index S, and the energy of fields, found by the
integral over the volume of space. In addition, the amount
of energy is corrected by the curvature of spacetime
(the term with curvature R), and is determined up to a
constant (the term with A). Hamiltonian H sets the energy
in such a way that the energy in each reference frame
is different. This applies to the value of the generalized
4-velocity of the substance unit, and the total momentum
of the substance and fields. So it should be, because in the
theory of relativity only a definite combination of energy
and momentum can be maintained invariant and preserved
in each reference frame.

The Hamiltonian (84) looks like it should be the
timelike component of a 4-vector of energy-momentum
H, , written with a lower (covariant) index. In this case,
the timelike component of this 4-vector is associated with
the energy and the spatial component should be connected
with the momentum of substance unit. We shall make the
notation:
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2 uv
P, D

167y

_1‘7;“/1:'”v
4,

j (kc(R—ZA)Jr }@ dx' dx’ dx®

N

=—1u,

(85)

where N is an invariant associated with the energy of

fields and with amendments to the energy arising from the
curvature R and from the constant A,

—2 _ the timelike component of the dimensionless
c

u u
4-velocity 7#, and the 4-velocity Ty is a simplest

4-vector of unit length.

With this definition, the integral (85) is assumed to
be equal to the timelike component of a 4-vector. Then,
taking into account (66) we have:

N N
H=H,=mcs,——u, :(mc——juo +meD, +
c c

(86)
qu
mec—-

Po
Equation (86) in view of (85) coincides with the
expression for the Hamiltonian (34). Now we shall write

the 4-vector of the Hamiltonian in the contravariant form:

(2]
=l mc—— |uy+my +qo
c

H" =mces” —lu” =[mc—ﬁju” +mecg"’D,+qcg" A,
¢ ¢
(87)

As there is the 4-vector of generalized velocity S*

in (87), the 4-vector of the Hamiltonian contains the
4-vector of the generalized momentum in the form ms”.
The timelike component of the 4-vector H* must specify
the relativistic energy E, and the spatial components
— multiplied by the speed of light momentum P. This
follows from the conventional expression of the 4-vector
energy-momentum of a free particle without taking
into account of the action of fields on it:P“=mcu”.
This vector in the flat Minkowski space, i.e., in the
special theory of relativity, is expressed as follows:

mc mcv
\/I—Vz/cz \/l—Vz/c
and interactions with other particles can vary quantities

E and P, but when the particle becomes free, from the
invariance of the mass m, the speed of light ¢ and the

p* =mcu” =( - J =(E,cp). Fields

1 ’
equality c—zpyp” =m’u,u" =m’c* = E* =c’ p* should

follow the well-known formula for the relationship
between mass, energy and momentum for a particle
in relativistic physics, valid in any inertial frame of
reference. According to this formula, one can find the
momentum of the particle at certain energy and rest mass
of the particle, or determine the rest mass and the type of



the particle by its momentum and energy.

By analogy with the 4-vector energy-momentum
P"=(E,cp) from the components of the 4-vector H* (87)
we obtain:

N
E= [mc——]uo +meg” D, +qcg” A, .
¢

N

P, = [m ——zjul +mglVDV +qg" A, ,
c

Py = (m—cﬁzjuz +mg”' D, +qg” 4, ,

p. :(m —Cﬁzjbﬂ +mg3VDV +qg3VAV .

For the case of substance without its direct interaction
with another substance (other bodies), located only in
its own gravitational and electromagnetic fields, energy
E and momentum P of the substance unit at constant
mass and charge can not change, and must be equal to
some constant for the energy and constant vector for the
momentum. This can be represented by the equation H*
= const, describing the conservation laws of energy and
momentum of a closed system.

If in (85) we neglect the term with the curvature R and
determine the constant equal to zero needed for the energy
calibration, which arises due to the constant A, then in the
weak field limit, at the transition to the special theory of
relativity, for the energy and the momentum in (87) we
obtain:

(87)

2
mc

1—2/2+ml/l+q§0+
\, =V /c

j(L(GZ —E) - —csz)jdxl dx? di’
8y 2

E=
(88)

m 1
+—m

ll—V'z/Cz c?
1 ¢
?I{—mﬂ% Y+py, ¢+ P

M:

The rest mass M of the body differs from the mass
m of its substance due to the contribution from the field
energies and energy of internal motion. If the body as
a whole is at rest, but its substance is in some internal
motion with speed V7, it contributes to the overall mass
due to the kinetic energy, as well as due to the emerging
field of gravitational torsion ©, and due to the magnetic
field B. Determining the mass the terms with field
strengths should be integrated over volume both inside
and outside the body.

Now we shall use the relation (8) and apply it to (90)

71

1 1 1 > 22\ S0 2 ap2
l//+c—2q(0+c—2j.[%(G —c° 0 )—7(E —C B) dI/O

1
—(G?
|
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my
J1-v?/c?

_‘;I L(Gz ~EP) -2 (B 2B |ad iy’
I\ 8ry 2

+mD+qgA+

2
mc

From (88) it is seen that the term ﬁ plays
1-v2/c?

the role of kinetic energy, and other terms belong to the
potential energy. In this case the potential energy includes
not only the energy of the field strengths, but also the
energy associated with the scalar field potentials.

From the substance unit we can proceed to a separate
moving body, for which in case of straight-line motion
with constant velocity in the absence of external fields,
4

the relations D = KZV , A=—v are valid. In this case
c c

for the momentum we have:

:m—V+ml//V+MV+
1-v?/c> ¢ ¢’
4 1 2 2.2\ S0 2 2p2 V2.3 E
—ZI %(G —c 0 )—7(E —c"B) |dx dx"dx :C—ZV.
C
(39)

Here the gravitational scalar potential w and the
electromagnetic scalar potential ¢ are understood as
the averaged potentials inside the body, arising from its
own fields. To find the rest mass of the body, taking into

account the fields we should write the ratio M =—- with

c

V= 0. We shall use (88) to determine the rest mass with
the help of volume integral:

(90)
_CZQZ)—%)(EZ —csz)]dVO.
in case of stationary and not rotating solid body:
M, =sz pic L b av, =
c 8y 2
| . 91)
m+—[| =G -2E |av,
c 8y 2

where p, is constant mass density associated with

the cosmological constant A. The density p; is obtained

by excluding all the fields in the substance. For example,
if the body is divided into pieces and spread to infinity
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with zero velocity, then the normal field of gravitation
and the electromagnetic field will not be making large
contribution to the density of the substance parts, and the
total mass of these parts will be equal to m'.

According to (91), the mass of the whole body
becomes greater than the total mass of its parts, due to
the contribution of the gravitational energy with density
1 s
8wy
body reduces its mass. These findings are consistent with
results obtained by another way in'*”. In the cosmic
bodies the gravitational energy is generally higher than
the electromagnetic energy, so as we move from small to
large bodies the body mass should increase, as well due to
the potential energy of gravitation.

We shall note that instead of using the 4-vector of
Hamiltonian (87) to estimate the energy, momentum and
mass, we can use another approach based on integration
over volume of the timelike components of the stress-
energy tensors of substance ¢ (83), the gravitational
field U (9), as well as the electromagnetic field W (74).
From the properties of the left side of the equation for the
metric (81) it follows that the covariant derivative of the
right side is equal to zero:

vV, (¢ + U + W)=V 1
rs,7=0

. Simultaneously, the electrical energy of the

Y =0, 4T, T +
2)

This equation is equivalent to the equation of motion
of substance in the gravitational and electromagnetic

fields (80), in which it is considered that V (&J =0,
Po

Then we shall use the procedure, which was used
in”! and many other works on the theory of gravitation,
to simplify the integration of (92) over 4-volume. If
we introduce a frame of reference relative to which the
substance unit at a given time is moving like it should
move according to the special theory of relativity, in this

reference frame the Christoffel symbols I'), and ' s
in (92) are equal to zero. Then the covariant derivative

=¢*" +U" +W*"" is equal to the

ordinary derivative av , which is the 4-divergence of the

VV of the tensor 7*”

tensor 7#V due to minimizing by the index y . Instead

of (92) we obtain the equality 0, 7" =0, the left part
of which can be integrated over the 4-volume, taking into
account the Gauss theorem, and in this case \/—g =1:

P =[0,7"cdtdy' d’ dx* = [t dS,,

where dS, is the element of an infinite hypersurface
surrounding the 4-volume. The projection of this
hypersurface at the hyperplane x’=const gives a three-
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dimensional volume element dS,=dx'dx’dx’=dV, and for
the 4-vector energy-momentum we can write down:

P = [ dS, = [ dv =[(¢"" +U** +W*)av .

93)
In contrast to (87), the expression (93) does not
contain the energy of substance in its proper field, that
is, the energy associated with scalar potentials y and ¢.
Despite this, for a stationary homogeneous ball in its
proper gravitational field the mass-energies of this field
according to (90) and (93) coincide. This follows from the
next equation:

1 1 1 2
C_z_[po ydV, +C_ZI[SE7G
i
Ty
(94)

where dV, is the differential of volume of the ball, dV
— the differential of volume of space inside and outside of
the ball.

According to (94), the potential energy of the ball
in its proper gravitational field associated with the
scalar potential is two times greater than the potential
energy associated with the field strengths. The same is
true for the electromagnetic field, as in case of uniform
arrangement of charges in the volume of the ball, and at
their location only on the surface. Equation (94) in its
meaning resembles the virial theorem for a stationary
system of particles bound by its proper gravitational field
— in this system the absolute value of the total potential
energy is approximately equal to double kinetic energy of
all particles.

For the relativistic energy of substance from (88), and
respectively, from (93) we also obtain the equality:

1
]dn:c—sz“dVO:

2
mc
E =

sub (1 _Vz/c2 5

2
J‘¢00dV J‘ /002 . ,l—Vz/CdeO=L_
Je J1-v?/e?

One aspect of the application (93) is the discrepancy
between the mass-energy field of the moving bodies that
are found either through the field strengths in the potential
energy, or through the energy flux density and the
momentum of the field (the so-called problem of 4/3). An
attempt to solve this problem was made in® on the basis
of the contribution of the field mass-energy into the total
body mass. At the same time taking into account (94) we
obtain the equality of the momentum in (89) and the total
momentum of substance and field contained in (93) in the
spatial components of 4-vector P*.

We now turn our attention to the mass ratio of the
substance unit contained in (90) and (91), for the case
when the contribution to the mass of the mass-energy of



the electromagnetic field in comparison with the mass-
energy of the gravitational field is small. Taking into
account (94), then for the masses of rest substance the
relation must be valid: m'<M<m, where the mass m is a
part of the rest energy mc’; the mass M determines the
total mass of substance together with the field; the mass
m', as it follows from (8), is the substance mass scattered
to infinity, where all fields are set to zero. Which of these
masses determine proper potentials and strengths of the
gravitational field of the considered substance unit? In our
opinion, the observed mass is the mass M, it must specify
both the inert and the gravitational properties of the mass.
This mass should be included in the formulas for the
potential and field strength, and in the potential energy.
Then for a homogeneous stationary ball we can write
down:

m' = m+ci2J.y/dM+CL2J.godq =

6yM* 2 (&
m————t || Z2E* |dV,
5R¢ ¢ I( 2 0

M:m'+i2j L e _fop ay, -
c 8ry 2

2

3yM? 1 1 (&
"SR +c7j¢dq_c_zj(7E "y

3yM* 1 (& .

T SRe I[ 2" jdV"'

Since the observed mass is M, then the mass 71 can
be determined from the last equation, and then the mass m’
can be calculated from the first equation. The mass density
of substance p, through the 4-vector of mass current
density J“= pyu" is included in the Lagrangian (4) for a
substance unit, and is also included in the Hamiltonian
(35). In the integration over three-dimensional volume

M

dt
of the term Cd_ Po€ &, 4" in (35), the mass m appears,
s

. . cdt
and the integration over the volume of the term T LoV
s

leads in the result of the integration to appearing of the
mass M. The difference between the masses m and M is
due to the fact that at the addition of substance units into
a coherent body the 4-velocity u” is assumed constant,
whereas the scalar potential y in itself is a function
of mass (more precisely, at the constant density of the
substance the potential y within the body depends on the
characteristic size of the body, or the amount of mass).
Changing of the potential y while the summation of
the substance units into a single body in the course of
integration over volume instead of m gives the mass M,
which is used to calculate the energy of the field.

The stated above reveals the difference of forms
of writing, and complementarity of Hamiltonian and

73
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Lagrangian approaches in finding the mass, energy and
momentum of the moving substance.

ACTION AS THE FUNCTION TO

DETERMINE THE EFFECT OF TIME

DILATION

In view of (10) and (12), we shall write the differential of
the action function for a substance unit with the mass m
and the charge ¢:

dS=Ldt=-mc,\|g,, dx"dx" —mD, dx" —qd, dx" +
co, D" F F*
£ - \J—g dx'dxtdx’.

44,
95)
From (95) it is seen that the action is a scalar
quantity. In addition, the differential of the action can
be decomposed by the differentials of the interval

ds=,/g,, dx"dx" , the 4-vector of displacement dx”, and

the coordinate (global) time dt, taken with the relevant
factors.

Now we shall turn to the results obtained in'". It was
shown there that the expression dn = D,dx" contains a
specific gauge function of gravitational field, which equals

to 7= jDu dx" = j(!//—D-V)dt , provided dr = vdt. A
similar specific calibration function for electromagnetic
field is equal to 9= [ 4, dx* = [(p-A-v)dt. We shall
remind that the fundamental field potentials are defined
up to the coordinate and time derivatives from an arbitrary

gauge function. If we replace the 4-potentials for the
gravitational field as follows:

+dtj[kc(R—zA)+ or

D/,z:D,u_F,u, (96)

where we introduce the 4-vector
10n

F,=0,n= ZE,VU , then the strengths of the

gravitational field and the equations of motion of
substance in the field will not change. The same is true
for the electromagnetic field and its specific gauge

function &. The gauge transformation (96) in the case
where the specific gauge function is selected in the form

n= IDH dx" = |(w —D-v)dt , actually clears the existing

potentials of the gravitational field. Although it seems that
the system has not changed, it is not so. In fact, it turns out
that when comparing two systems, in one of which some
gauge transformation is made by changing the potentials,
there are different rates of time flow. For gravitational and
electromagnetic fields the difference of a clock indications
in weak field approximation is described by the following
formulas:
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2 2
m
7, -7, = !DH dx" |1, -7, =# !Ay dax* . (97)

The clock 2, which measures the time 7,, is check
one and the clock 1 measures the time 7, and is under
the influence of additional 4-field potentials D, or 4,.
Time points 1 and 2 within the integrals indicate the
beginning and the end of the field action. If there is only
a static gravitational field with zero vector potential, then

D, dx* =y dr,. Assuming then, that initially all the

clocks had zero indication, for the difference in the clocks’
indications from (97) we obtain the effect of gravitational

R 1t
time dilation: 7, -7, =— J‘y/ dr, = Kzrz'
c C

From the time difference (97) we can move to the
phase shift for the same type of processes in different
points of the field. To do this, in (97) in the denominators
it is necessary to replace mc® by the value of the
characteristic angular momentum. In quantum mechanics
this value is the Dirac constant f (this value is equal to
Planck constant 4, divided by 27z), which allows to take
into account the appropriate phase shift which is inversely
proportional to this constant:

2 2
m q
91—(92:;]0,, dx“,ﬁl—HZ:%J.Aﬂ dx* . (98)
1 1

Phase shift in (98), obtained due to the electromagnetic
4-potential 4, is proved by the Aharonov-Bohm effect.

If we divide the first part in (95) by mc” and take the
integral, we can obtain the standard time dilation effect
due to the clock motion with the speed V-

t t
7,7, :% !)-ng dx"dx’ -, :% '([ds—z'z =
j.\/gToqll—Vz/cz dt—j. 8o At
0 0

here the clock speed V is measured by the local
observer at the point with the timelike component of
the metric g, ; the moving clock measures time 7,, and

99)

t
the fixed clock — the time 7, :J\/goo dt of the local
0

observer, expressed by the coordinate time z.

In (95), there is one more, the last term in the integral
form, which in our opinion should also influence the
effect of time dilation. Any gauge transformation of
4-potentials does not affect the values of field strengths,
which are part of the tensors @,, and F,,. The energy of
fields associated with the substance mass m, depends not
only on the absolute value of the 4-potentials, but also on
the rates of their changes in spacetime, that is, the field
strengths. Each additional energy must affect the intrinsic
properties of substance, including the flow rate of proper
time. From this we deduce:
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4p,

From the stated above it follows that the action is
not only a function by which from the principle of least
action the equations of motion are obtained, through
the Legendre transformation the Hamiltonian, or the
Hamilton-Jacobi equations are defined. The action
function has also a direct physical meaning as the function
describing the change in some intrinsic properties of
physical bodies. These include the intrinsic properties
of the rate of the time flow, and consequently the rate
of increase of the phase angle of periodic processes
depending on time. The special role of time in relation to
spatial size as a characteristic property of physical bodies
is due to the fact that the time shift during motion and in
the fundamental fields is an absolute effect, whereas the
change of the observed size is only relative.

SUMMARY

Based on the principle of least action and Euler-Lagrange
equations, we presented in (17) the relativistic equation
of motion of a substance unit in fundamental fields (for
motion along the axis OX of the Cartesian reference
frame). This equation is written for the case when the
velocity depends only on time, and can be specified for
the general case by introducing into the equation the
dependence of the velocity on the spatial coordinates.
After determining the generalized momentum for the
substance and the field we obtain vector Equation (19),
which expresses the dependence of the generalized force
on different physical variables for the substance in the field.

Difference in positions of the covariant theory of
gravitation (CTG) and the general theory of relativity
(GTR) describing the motion of a small test particle in
an external field is demonstrated in equations (21) and
(23). In weak fields, the equation of CTG (21) exactly
transforms into the Lorentz-covariant equation of motion
(22) which is used in the special theory of relativity. In
contrast, for appearance of the gravitational force in GTR,
not only the weak-field approximation is required, but
also preliminary calculation of the gradients of the metric
tensor. This is due to the fact that in GTR the gravitational
field potentials are related to the metric tensor components
and are not independent quantities. We shall note also
that in contrast to CTG, in GTR there is no definite limit
transition into special theory of relativity, that is, into the
case of weak fields, based on the principle of conformity
and conservation laws for such quantities as energy,
momentum and angular momentum'.

Hamiltonian, expressed through the 4-velocity and
characterizing the energy of the particle (substance unit)




with mass m, is given by (34). For continuously distributed
substance Hamiltonian is determined by an integral over
the 4-volume in relation (35). After simplification of these
expressions we obtain formula (36) for the relativistic
energy of the particle taking into account the energy of
fields in the framework of the special theory of relativity.
The expression for Hamiltonian through generalized
momenta is given in (57), and relation (57°) sets the
energy of the particle for flat Minkowski space.

In relation (66) we introduced into theory the 4-vector
of generalized velocity S, and wrote with the help of it
the Lagrangian (68). After applying the principle of least
action to this Lagrangian we obtain equations for the
gravitational and electromagnetic fields (76), the equation
of substance motion (80), and the equation for the metric
(81) and the relation for the cosmological constant (82).
In addition, the timelike component of the 4-vector §, is
directly included into Hamiltonian (84), and the product of
the particle mass and the contravariant 4-vector " sets the
4-vector of the generalized momentum in the form ms”.
As a result, Hamiltonian (84) is the timelike component
of a 4-vector with covariant index H, associated with the
energy and momentum. We denoted it as a 4-vector of
the Hamiltonian (4-energy), in contravariant form it is
determined in (87) and according to (87’) it sets the energy
and momentum of the particle through the mass, charge,
4-velocity, 4-potentials and field strengths. The alternative
expression of energy and momentum of the particle
through the energy-momentum tensors of substance and
fields is given in (93) in the form of a 4-vector of energy-
momentum.

The mass of the particle can be determined from (87”)
by calculating the energy £ in the limit of zero velocity
and dividing this energy by the square of the light speed.
In the weak-field approximation formula (90) holds for
the mass of a body at rest. The relation for three masses
associated with the body follows from (91)-(94): m' <
M < m, where the mass m is part of the rest energy mc’;
the mass M determines the relativistic mass of the body
substance with the proper fields as the measure of inertia
and gravitational mass; the mass m' is the mass of the
substance scattered at infinity, where all fields are zero. In
this case, we see that the relation holds: m—-M ~ M —m'.

From the analysis of the differential of action function
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(95) we find a change in the rate of time (97) in physical
objects due to the action of potentials of the gravitational
and electromagnetic fields. For quantum objects the
corresponding phase shift is expressed by relations (98).
The motion of clocks changes the rate of time according to
(99). The action function also includes the field strengths
(through tensors @, and F, ), and we assume that they,
as well as each component of the action function, should
lead to some change in the rate of clock and the phase of
processes. Perhaps this idea can be proved experimentally
by measuring the quantum-mechanical phase shift under
the influence of field strengths in those cases when the
field strengths rather change the energy of the field than
influence the motion of particles.
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