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Abstract. It is shown that motion is accompanied by
energy and co-energy, which are inseparable. In alinear
media they are equal and can replace each other. In a
nonlinear media they are different, and each of them
executes its own functions. Universal expression for co-
energy of the physical system is offered. The concept of
kinetic energy in variation principles does not fit.
Examples refer to the eectromagnetic fidd and
relativistic theory of gravitation. The paradox of
transversal and longitudinal relativistic masses is refuted.
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1. Introduction

The variation principle of Hamilton-Ostrogradsky
underlies the power approach to the physical systems. In
the case of linear systems it successfully uses the
concept of kinetic and potentia energy. In the case of
appearance of non-linearity potential energy keeps its
gtatus, and kinetic one loses it in favour of kinetic co-
operative energy, so-called co-energy [1-3]. Frankly
speaking, the concept of energy [4] and, moreover, of
co-energy is comparatively new and so unknown in
modern physics. We consider energy to be just a
mathematica value that can be calculated. Energy has
many forms. The law of conservation of energy operates
in the nature. To check this law, we must be sure that its
increase and losses are taken into account. Exactly under
this visual angle we seem to succeed something was to
raise the curtain a little on essence of co-energy as a
guantitative concept inseparable from energy [5].

2. Formula of energy

From the point of view of afied theory the densities
of energies are postulated, because it is possible to obtain
many of their expressions, and it is rather difficult to
decide which of them are correct, that is the smplest of
them are assumed as a basis. All of them satisfy practical
experience as yet. In [6] we offered only universal
expression of energy that guarantees the same results

W = oe (xdx., M
0

where w (i =Kk, p,kc) are densities of energies: kinetic,

potential and kinetic co-energy, accordingly.

The variable c(x) aways contains matrices of

dtatic parameters that characterize a medium or
concentrated element. If variable x is given the meaning

of generalized coordinates, then expression (1) reveals
the dengty of potential energy. If it is given the meaning
of generalized impulses or speeds, then expression (1)
represents the density of kinetic energy or kinetic co-
energy. We will consider two examples.

3. Electromagnetic field
In this case it is accepted to express densities of
energy through the field vectors

E=-7A/Tt; B=R" A, )

u
where A isvector potential, and consequently

D=E(E)E: H =N(B)B, ©)

where E,D,B,H are vectors of the eectromagnetic
field. E,N are matrices of static electric permeabilities
and gatic reluctivities of amedium.

According to (2) it ispossbleto interpret the vector B
as the generdlized coordinate and the vector E — as
generdized speed. By substituting (3) into (1), the
expressions of dendties of potential energy and kinetic co-
energy are obtained

I
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where X =E L.

In [2, 3] it is shown that on the bass of of the
Hamilton-Ogtrogradsky power approach it is impossble to
obtain the eguation in terms of the vectors of the
dectromagnetic field. By this medium we can only create
the equations of vector potential.

Therefore, we are forced to confess that kinetic co-
energy is a physical characteridic. But then another idea
arises, that is, to give up kinetic energy in behaf on co-
energy. But before awarding a sentence to kinetic energy, it
was wdl-proven in [3] that both above mentioned energies
arered and inseparable from one ancther.
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Force is the measurable value of energy. The force
density of both kinetic energies will be searched by their
gradients

fie =-Nwie; i =- Ry (6)
Subsgtituting (4), (5) into (6) we obtain

NI'Eur w ~|'3lr ur
f. =-NDdE, f, =-NgEdD. ©)
0 0

Further analysis for simplifying it will be applied to
the separate force components

o = - L OBAE, iy =- L oEdD. x =%y, 2.0
x o X o
whence
DqE W TO/fxur
kaz-g)ﬂ_xdo- 0 Ed x=xyz. (9

Let usreplace differentlal in the second summand

‘ﬂD/‘nxu’ w D
0 E—EE- OEdD X =X, Y,z (10)
o T x4 X
Substituting (10) into (9), we obtain
un

ur
fW:-E%, X=XY,Z (1)

Adding summands (8) and taking into account the
theorem of integration by parts, we obtain
ﬂE ur ﬂD
fioe + frex == — ED =-—D- E
ke T ( ) ™ 1
X=XYVY,2Z
Comparing (11) and (12), we obtain
ﬂE ur
fie =-—D, X=XV,
kex = x Y, Z
To compare the power actions of kinetic energy and
co-energy, we will somewhat change their expressions

(13)

u u

1, _ U Ue qEO
fiex =- — (EE); i, =- EgE®—+x =x,y,z, (14
kex ﬂX( ) kx g ﬂxg (14)

whereE§E), E§E) are matrices of static and differentia

electric permeabilities of a nonlinear medium.

As expressions (14) show, the power characteristic
of kinetic energy shows itself through differentia
permeability of a medium(E®, and the power

characteristic of kinetic co-energy — through dtatic

one(EQ. In other characteristics these expressions
coincide. In the linear medium densties of forces

coincide too fy, = fy ., , because then E¢=Ed.
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To grap the essnce of kindic co-energy more
thoroughly, let us change the expresson of energy (13). For
this purpose we will take advantage of Maxwe I’ spostulate

un un
D _1D

it &

Vy =dp, X =X, ¥, Z,
where d, is the density of displacement currents
v, =fx/dt is instantaneous speed of movement, then
we obtain the expression

u
Edy
X
We will consider the important mechanical
analogies:t&@ rrLI‘E® \VE)@ E),db ® %,e® m, where
there are vectors of distance, velocity, impulse, forces
and mass are presented accordingly. From this point of
view, the vell-known expression f= d{)/dt = mﬂﬁ\yldt,

fiox =- , X=XY,Z (16)

is noticeable in (15), wherem@tis differentiad mass.
Therefore, the appearance of the matrix of differential
permesbilities in (16) is fully natural. Therefore, it is
necessary to consider the fact that a force action of the
electromagnetic field is the action of kinetic energy, but
not kinetic co-energy.

4. Relativigtic co-ener gy

Variation methods are the important part of the
relativistic theory of gravitation. But, asit has been shown
above, variation methods applied to the nonlinear systems
use the concept of kinetic co-energy and, actudly,
potential energy. Unfortunately, the concept of kinetic co-
energy does not exig in the rdativigic theory. And the
consequences of this fact will be shown below.

As basic description of space non-linearity we will
consider the functional dependence of an impulse from
velocity p = p(Vv) ! In the single-component measurement

o= MOV
V1- V2 /c?
thus my,c,v arerest mass, velocity of light in vacuum,
real point velocity.
Relativistic co-energy of movable point mass will be
still written down in the form of (1)

=p(Vv), (17)

A%
= omév)vdv, (18)
0
where mv) is datic relativistic mass obtained
according to (17)
mgy) =PV - Mo (19)

Vo2



Energy of Motion

Subgtituting (19) into (18), after integration the sought
expression of relativigic co-energy [8] is obtained

W = rrbczgﬁ- V1- V2 /c? %

The expression of relativistic kinetic energy will be
received according to (5)
Taking into consideraration (17), (19), we receive

(20)

p
Wi, = gvep. (21)
0
The differential of impulse will be found
according to (17)
dp= dp dv = mév)dv, (22)
dv
where m®v) is differential relativistic mass
mifv) = dp(v) _ My (23)

Subgtituting (22), (23) into (21), after integration we
approach the known expression of relativistic kinetic
energy [4, 7]

20 1 1(.j (24)
W = MoC” g - 1
é 1-V2 I g
At v=0 both kinetic co-energy (20) and kinetic
energy (24) equal zero, and a v=c they behave
differently

Wi |v=0 = ch|v=0 =0;

, (25)
Wk|v=c =¥; ch|v=c =My
In [7] two important simple theorems are proved:
2 2
% \Y%
ch|v<<c = _n’bz v W |v<<c = —mO2 ; (26)
W + Wie = pV.

It is possible to transform the expression of kinetic
energy (24) into the form of kinetic co-energy (20)

W, = mt(v)czgﬁ- V1- V2 /c? %
W = rrbc2 ? V1-v2/c? %

As we can see, static relativistic mass appears in the
expression of kinetic energy, and so does rest massin the
expression of kinetic co-energy.

Let us consider the role of kinetic relativistic energy
and co-energy in areativistic dynamics. Therefore, we
can obtain the forces through the gradient of
corresponding energies

(27)

_ Ty _ - Twge
Ro=- ik Res-Tie
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Substituting (20) and (24), we obtain
R = L:g/z a=miv)a;
(1- V2 CZ)
(29)
My -
Fee =————a=mtv)a,
V1- v2/c?
where a isacceleration a=dv/dt .
Using energy and co-energy for reativistic

velocities, we came to different results. But if the
velocityv=-c, both forces are equal, because

m&v) = m&v) = my
To answer a question which force, R, or F., isreal

for usand which isunreal, in our opinion, it is necessary
to apply the time derivative of impulse that for both
energies W, and w. isthe same

F :%%:mﬁtv)a:ﬁ(.

dv dt (30)

The appearance of kinetic co-energy in relativism
removes its theory from some sdf-contradictions. It is
impossible here to omit two immediate tasks being its
constituent elements.

1. The appearance of kinetic energy in the specia
theory of relativity has wholly understandable natural
character. Variation methods are widely involved in the
general theory of relativity [7]. And in variation methods
in the presence of non-linearity, such as, exactly,
relativistic effects, kinetic energy does not work. It was
convincingly proved by practice of mathematica
modeling [1-3]. Therefore, the authors of general theory
of relativity were subconsciously forced to approach to
the concept of co-energy and actudly to apply
expression (2) instead of natural one (5). Therefore, they
had to consider co-energy as the energy of old concepts,
though expressions of both differ substantially (see (29)).

2. At passng to the dynamics at different energies
W, and W, the crisis of reativistic mass occured, in
regard to both longitudinal and transverse mass. In our
expostion the transvers mass is nothing but static m§v)
(19), and longitudinal massisdifferentid m®v) (23).

And, however, as only kinetic co-energy satisfies
variation principles, it is expedient to consider it as a
veritable physical characterigtic.

Variation methods as mediators of law of
conservation of energy operate with the concepts of
kinetic co-energy only, because it is it that is primary.
Getting through a certain medium or vacuum filling
some given space, it reaches to place of destination as
the kinetic energy. In a certain medium the part of co-
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energy is spent on internal resistance of its “non-
linearity” that is why here the condition wy <w. is
aways satisfied. In relaivism, the nature of vacuum
non-linearity or space curvature, on the contrary, feeds
co-energy, and as a result hee we aways
havew, >w,. . In the absence of non-linearity we

havew, =w. = pv/2. Thus, the phenomenon of energy

that accompanies maotion appears as kinetic co-energy,
and shows up as kinetic energy and corresponding power
action (see (30)) which isameasurable valuel

An analysis disclosed that the power action of
kinetic energy showed up through the differentia
parameters of medium, and the force action of kinetic
co-energy did so through satic ones. In al other
situations these expressions coincide.

Here a question can arise why kinetic co-energy
appears only in the nonlinear systems? — Proceeding from
itsrolein physical interactions, it is present either in linear
or in nonlinear cases. In the first case they equal each
other, that is why, they take each other's place, giving us
theimpression that we operate only with one of them.

At the consideration of spatial curvature a bit too
much attention is spared to the relativistic mass instead
of an impulse. While the impulse is a basic vector
characteristic, the mass is only a derivative statical or
differential parameter. It can be seen at subconscious
level in the theory of gravitation: the mass actualy
yielded to theimpulse p, speed v, energy w

p:wv/cz; W:C«/p2+rr€c2. (3L)

The first expression presents the impulse, and the
second shows the Hamiltonian function.

5. Conclusions

1. The phenomenon of energy tha accompanies motion
appears as kingtic co-energy, and becomes apparent as
kinetic energy and corresponding force action.

2. Kinetic co-energy is present in any movable
physical system, regardless of the degrees of detailed
elaboration of the physical phenomena. The newest
theory of gravitation cannot do without it too. On the
basis of the concept of kinetic co-energy the paradox of
longitudinal and transversrelativistic masses isrefuted.
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EHEPI'IA PYXY

Bacuis Yaban

[TokazaHo, IO PyX CYIPOBODKYETHCS CHEPTI€I0 1
KOGHEpTi€lo, sKi HEBIAUIbHI OmHAa Big omHOI. Y
JIHIAHOMY CepeJIOBHINI BOHU JOPIBHIOIOTH OJHA OHIH,
TOMY 3aCTYNAlOTh OJHA ONHY. Y HENIHIHHOMY cepemo-
BUIIII BOHM Pi3HI, 1 KOXKHA 3 HUX BUKOHYE CBOI (DYHKIII.
3anpornoHoBaHO yHiBepcaJIbHUI BUpa3 KoeHeprii ¢i3zuy-
HOI cucTeMu. [IOHATTS KiHETHYHOI eHeprii y BapiauiiiHi
NPUHOMIHA HE BIHCYEThCS. [IpUKIAAM CTOCYIOTBCS
€JIEKTPOMArHeTHOrO TOJII 1 PEJSTUBICTCHKOI  Teopii
rpaBiTanii. CHpocTOBaHO MapajJoKC IOMEPevHoi i
TIO3/JOBXKHBOI PENATHBICTCHKHX Mac.
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