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1. INTRODUCTION

The question on which we would like to stop now refers to the general theoretical problems of
the thermodynamic theory of elasticity, which have an important applied value. This is the problem of
calculating the intensity and power of electromagnetic radiation (abbreviated to EMR), which is an inherent
property, always manifesting itself as a result of heating bodies when they move with high speeds in
the viscous continuum. The problem is to clarify the relationship between the speed of the bodies V

And the wavelength of EMR A, which is a natural consequence of the movement of the conductive body.
To solve this problem it’s simply introduce the following algorithm of the decision.

1) Calculating the heating temperature as a function of the speed of movement. 2) Finding
the connection between temperature and deformation. 3) Establishing a connection between the strain vector
and the electric field generated by it, and calculating the potentials of the Lienar — Vihert, appearing outside
the body as a result of heating. 4) Analytical assessment of the intensity and power of the resulting EMR.
5) Calculating the relationship between the wavelength of this radiation and the speed of movement.
The planned course of the solution of the problem allows us to easily cope with the task, and to establish

the dependence that interests us 4(v). In the accordance with the planned solution of the problem we start
from the first point.

2. CALCULATING THE HEATING TEMPERATURE AS A FUNCTION OF THE SPEED OF
MOVEMENT

To solve this part of the task we need introduce two parameters such as entropy S of the body and
the dissipative function of the continuum Q. I.e. we have as it’s shown in [1-6].
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TS=0 1)

where T — is the temperature. Because we have of the equalityQ =—F, -V, where F; — is the resistance

force directed against the velocity vector of the body, we can easily estimate the heating temperature from
the left side of the (1). Indeed, in the case when the considering particles are satisfactory the Fermi — Dirac’s
statistics, the entropy can be determined due to the correlation [1].

S=->{t-n,)in(t—n,)+n Inn, @

p

where N — is the distribution function.
The time derivative from of the functionality (2) will be

$=3"n, In(n*-1) ®)
p
Taking into account (1) we find from here that

Q=T L(np)ln(ngl—l)ch'l; )
p

where CP — is the isobaric heat capacity of the body, and L(np)— is the electron collision integral.

Due to the quasi-classical kinetic equation method for nonequilibrium processes and several
research studies [7-16] have suggested that in the case of non compressible liquid the dissipative function
from the expression (4) will be following,

2

/N A (5)
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where V — is the velocity of the hydrodynamic flux, 77 — is the dynamic viscosity.

To concretize the solution of the problem, we will assume that the body is a ball of the radius a.
In this case the dissipative function can be easily computed using the Stokes solution, the details the fierstly
presented in 1998 [3]. As a result we have

Q =6znav? (6)
And with the accordance to expression (4) we find

[c,Tdv =6znav’ )
\Y

3
where C, — it the isobaric heat capacity of the unit volume of the ball, \/ — 473" _ s the ball volume.
3
Assuming that the speed V changes over time due to uneven movement of the ball in the viscous
medium, we immediately find the desired solution, describing the relationship between the temperature of

the surface of the body and the speed of the movement.

ST =TT, =1 jvz(t)dt (8)

2
2c,a” y

where T, — is the temperature of the ball at the initial time t =0, that we consider the moment of his entry
into the viscous continuum.
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3. CALCULATION OF DEFORMATIONS OF INTERNAL POINTS OF A SPHERE,
OBLIGATORY EFFECT OF HEAT HEATING OF SPHERE SURFACE
To analyze this part of the problem we need to give some explanations. Really, due to the symmetry
of the problem and in the assumption of the uniformity of heating the ball, deformation we will consider
purely radial. To find them, we use the basic equation of dynamic elasticity theory. In the accordance with
[17] we will present it as,

AU +

graddivu = %-F%VT 9)

1-20 o

where U — is the displacement vector internal points of the body, o — is the Poisson’s coefficient, C, — is
the transverse speed of the sound, K — is the full compression ratio, ﬁzi(ﬂj _ is the temperature
VAaT Jg

expansion coefficient, G — is the shift module.
Appearing on the right side of the (9) the temperature gradient due to the spherical symmetry of
the problem, we will replace as a differential expression, i.e. as,

VT =n ﬂ (10)
o

where , _ ' _ is a unit vector in the radial direction to the center of the ball, and & — is the small linear size
r
near the surface of the sphere, characterizing the area of the temperature change.
Absolutely similarly we have the right to write the following differential expressions

Au ~ —%, graddivu =~ —%

Therefore the (9), taking into account (10), will greatly simplify, and take the form

2
U+w§u=—%nﬂ(t) (11)

where the frequency ), = %S' and the longitudinal velocity of the sound is

The solution of the (11) can be written as

KBCE ©r o N ger
u(t)=Ccos(a)0t+a)——Sn'[5T(t )sina, (t—t')dt (12)
Gaw,o 1

where C and @ are the integration constants.

Without restriction of generality we have assume, that C = 0. Then, substituting here the explicit
decision from (9), as a result of simple integration, we shall find for the vector of thermal deformations

u(t):—gﬂKﬂCSt nJ'v2 (t’)sinZE—w0 (;_t )Jdt’ (13)

c.Gw,a®
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4. CALCULATION OF THE ELECTRIC AND MAGNETIC FIELDS GENERATED BY THE
INNER DEFORMATION OF THE BALL
To solve this part of the task, we will start with an electric field. Provided that internal deformations
within the sphere lead to the appearance of an electric field similar to that shown, for example in refs.
[18, 19] the electrical field generated by the deformation should be defined as

E=boy (14)
Pq

where p, =MmMn— is the body density, Pq=€N— is the density of the electric charge, N— is

the concentration of charges € with the mass M. Therefore, the vector potential A’ by virtue of

the definition £/ — _ 2" in the according with (14) is
C

A =_cPoy (15)
Pq

And, hence, the magnetic field

H' = rotA’ = —c 2 rotu (16)
Pq
Thus, instead of (14) taking into account the solution (13) for the electric field generated by
the thermal deformation, we have

ImnK faw,c
E' = S e w9 | RV cosZa) t—t')dt’ 17
c.eGa’ I » (1-1) )

For the magnetic field we get
9mzyK Sec,, | .
H' = —rotnwj'vz (t')sinaw, (t—t")dt’=0 (18)

As can be seen from (17) and (18), the contribution will be given only by the component of
the electric field and the density of the arising electric current generated by thermal deformations in

the accordance with the differential Ohm’s law ' = j, + oE', where o — is the conductivity. Due to
the (17) the current density is

ji=j,+o gmgtgs’fl Stnjv (t')cos 2w, (t—t")dt’ (19)

J =enu . In the abbreviated form

where
Loom
i _enu+<7gu_,oq (U+70) (20)

. . . . 2
The expression (20) we received as a result of the Drude’s formula in the accordance with . _&"N7,

where 7 — is the time of the electron relaxation.
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5. CALCULATING THE INTENSITY AND POWER OF EMR CAUSED BY INERTIAL
MOVEMENT OF CHARGES ALONG WITH THE BODY
In the non-relativistic approximation vector potential A satisfies the Poisson’s equation and
according to (20) it can be written that:

_Amup, (
C

AA = U+ zl) (21)

where £ — is the magnetic permeability of the ball.

The solution of the (21) for the external problem of the mathematical physics i.e. ¥ > a leads to a
solution as an Lienar-Vihert’s potential [1] and in my researches [20-25], but taking into account not a single

electron, but their ensemble, the density of the charge distribution in which there is Py It means that,

\
A=%(U+TU) (22)

where R = |r -, (t)| and T, (t)— is the trajectory of the body movement.
Therefore, the field of the radiation as a result of the moving ball thanks to (22) will be,
A popN

E T (G+7U) (23)

And the intensity of the radiation with the accordance to (23) is the following,

5 E2 _ (,uo;qu (u + z"u"))2

| = rad 24
8 87c*R? @)
It means that the power of radiation will,
2
op,V (U+7U
W =47R?| =<” i 2(3 ) (25)
c

Because the frequency @, satisfies inequality W, < 1, it can be considered relatively large, and we
T

have the right to neglect the second derivative in time on the left side of the (11). This will result in a
significant simplification of the solution (13) and in this case it is easy to find that,

()= 21K peis
2¢,Gca’

t
n I V2 (t')dt’ (26)

0

Therefore, according to (26) the rate of deformation caused due to the thermal impact will be,

2
0(t)=218P%0 e (@7)
2¢,Geja
Hence,
N 977Kﬂc25 .
U(t)=—"—-""""n(v-v 28
(=" 6ezaz "(V"Y) (28)
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U(t)=————""-n(v° +v-V (29)
() c,Gcza’ ( )

In a very good approximation, if the movement occurs in the field of the gravity, the speed of
movement of the body can be imagined as,

V=v,+gt (30)
Then at relatively small times of traffic, when ,;; Yo and in a very good approximation

|u| 0 r|'l]'| of the solution (24), taking into account (28) we will find,

) 2
| _ SnKpezs (uop)

2
T 8rc.Gcla’ R (Vo-9) (31)
P sl

According the power of the radiation will,

oK gc2s (uop )
W = st a (

2
- V,- (32)
2c,Gc2a’ ¢ 09)

6. DETERMINING THE RELATIONSHIP BETWEEN THE LENGTH OF EMR AND THE
SPEED OF BODY MOVEMENT

In order to answer the question posed, we need to focus on a specific physical assumption that will

allow us to establish an appropriate link. In fact, since the internal crystalline structure of the body at the atomic

level changes in the conditions of thermal expansion, it is quite obvious that the atom is shifted from the initial

state of equilibrium in the radial direction for some small distance Ar . This is due to the spherical symmetry of

the problem to be solved and the condition of the uniformity of the heat load, if the outer shell of the atom is

Ze, the arising dipole moment will be dr = ZeAr . This means that the both the dipole radiation and the

radiation (31) must be equal. l.e. the dipole radiation and above calculated with the accordance of the formulae
(31) and (32) are equal because the other in the nature we have no. The sounded assertion seems to be quite
reasonable within the framework of the theory of the dipole radiation, well stated in the [1]. Adhering to this
theory, we will present the vector potential, bound to the dipole moment in the form of:

AT ﬂn;/d (33)
C

Then the outer field of radiation generated by these dipole moments will be

pr__Mnvd (34)
c’R

The intensity of the radiation then,

v 2[df
" :% (35)
87c’R
and the power will
v 2fdf
,_Hn?ld] (36)
2c*
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Assuming that d=de ', where the frequency of the monochromatic EM wave is @ = ke,

where the wave vector | _ 27 from the expression (36) we get,

c
2 2 442

nVZw'd

W’ = “—30 37)
2C
Equating expressions (37) and (32) we find,
2
N 20'd? 9K peis (uoenV ) (v, -9)
2¢® 2c,Gela® °
After all the cuts will finally have for the frequency of EMR,
_ [3oeynKpS ¢y (V5-9)
a\/c,G ¢, d, 39)

It means that the wavelength of the radiation will depend on the velocity of the body as a function,

¢
i —
(vo-9) (39)

where the physical coefficient

27c

3oe Ko ¢,
ad,\/c,G ¢4

That was required to show. Note as we can see from determination of the parameter &, it includes
all physical properties of both: body and continuum. It means that we can very easy to estimate the numerical
value of the parameter & and calculate of the wavelength A in the accordance of formula (39).

7. RESULTS AND DISCUSSION

As a result of the study in this section it is worth noting that for the first time it was possible to find
a connection between the speed of movement of a metal object and the electromagnetic wave length it emits.
The fundamental point of the built theory is the condition of uneven movement of the body, which always
takes place in the conditions of acceleration and braking. This means that for accurate navigation devices it is
always easy to record of the start and the speed of the body.

8. CONCLUSION
In the conclusion of the work we will pay attention to a number of the main results of the above

constructed theory. It is shown that any moving with the speed of V, ball (as an as the body of another form)

will emit monochromatic EM wave with the wavelength in the accordance to the dependence (39).
The wavelength of this radiation should decrease with the growth of the speed of the movement.
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