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Abstract

The dielectric and magnetic constant of materiatlimeare the parameters, which are used
during writing Maksvell equations. However, ther® still one not less important material
parameter, namely a kinetic inductance of chargdsch has not less important role, than the
parameters indicated. Unfortunately, importance fandamentality of this parameter in the works
on electrodynamics, until now, is not noted, andekc inductance is present in all equations of
electrodynamics implicitly. This work is dedicatéal the examination of the role of the kinetic
inductance of charges in the electrodynamics oerratmedia and to the restoration of its rights as
the fundamental parameter, on the importance tbatless meant than dielectric and magnetic

constant.

1. Introduction

In the existing scientific literature occuwmsly the irregular references about the
kinetic the inductance of charges [1-3]. Howevecently appeared the works, which
were directed toward the practical use of this ph@amnon [4-5]. In connection with
this that substantiated the posing of the questibout place and role of kinetic

inductance in the electrodynamics of material maegiaears.



The most in detail physical essence of thasameter and its place in the
description of electrodynamic processes in the gotais is examined in work [4]. In

this work is introduced the concept of the surfi@oetic and field inductance of
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where L, andL, - surface kinetic and field inductance, - the tension of electric
field, ]” - the complexly conjugate value of current density, - tension of

magnetic fieId,I:IT (0) - the value of the tension of magnetic field oa sirface,

w - frequency of the applied field. These relatiopshare valid for the case of the
arbitrary connection between the current and thle fboth in the normal metals and
in the superconductors. They reveal the physicstrese of surface kinetic and field
inductance in this specific case. However, the rofethis parameter in the

electrodynamics of material media requires furte@inements.
2. CONDUCTING MEDIA, IN WHICH BE ABSENT ACTIVE ARTERI

By plasma media we will understand such, inictv the charges can move
without the losses. To such media in the first appnation, can be related the
superconductors, free electrons or ions in the wac(subsequently conductors). In

the media indicated the equation of motion of etectakes the form:
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m— = €eE of , (1.2

wherem - mass.e - the electron chargeE- the tension of electric field/ - speed of
the motion of charge. In the work [9] it is showrat this equation can be used also for
describing the electron motion in the hot plasnfaeré&fore it can be disseminated also
to this case.
Using an expression for the current density

j =nev, 2.2)

from (1/2) we obtain the current density of the dctivity
T et j E dt (2.3)
Jo=s - -

in relationships (2.2) and (2.3) the valnerepresents the specific density of charges.

After introducing the designation

m
Lk :—ne2 (2.4)
we find
- 1 —
j, =— | Edt. (2.5
L Lk J.

in this case the valud, presents the specific kinetic inductance of chargeiers
[2,10-13]. Its existence connected with the faeit ttharge, having a mass, possesses
inertia properties.

Pour on relationship (2.5) it will be writtelown for the case of harmonics:



- 1 =
JL:—kaEocoscut. (2.6)

For the mathematical description of electrodynarprocesses the trigonometric
functions will be here and throughout, insteadhaf tomplex quantities, used so that
would be well visible the phase relationships bemnvéhe vectors, which represent

electric fields and current densities.

From relationship (2.5) and (2.6) is evidé&mat TL presents inductive current,

: : . : L T
since its phase is late with respect to the tensiatectric field to the angle-.

If charges are located in the vacuum, theinduhe presence of summed current

it is necessary to consider bias current

i.= eoo;,—t =¢,E,cosat .

Is evident that this current bears capacitive matsince its phase anticipates the phase

of the tension of electrical to the angg. Thus, summary current density will

compose [5-7]
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If electrons are located in the material mediuhent should be considered the
presence of the positively charged ions. Howeveth the examination of the
properties of such media in the rapidly changietds, in connection with the fact that
the mass of ions is considerably more than the meésslectrons, their presence
usually is not considered. in relationship (6.8 #alue, which stands in the brackets,
presents summary susceptance of this medium acahgists it, in turn, of the the

capacitive and by the inductive the conductivity

1
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Relationship (2.9) can be rewritten, also, in ofioem

Js = afo(l—g] E,cosut,

/ 1
wherew), = [z plasma frequency.
k™0

And large temptation here appears to name theevalu
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by the depending on the frequency dielectric carista# dielectric. But this is
incorrect, since this mathematical symbol is thenposite parameter, into which
simultaneously enters the dielectric constant ofuuan and the specific kinetic
inductance of charges. is accurate another pdiniesv. Relationship (2.7) can be

rewritten and differently:



i -—@ E, cosut |,
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and to introduce another mathematical symbol

* — I‘k — Lk
L _(af_ )_a)szgo—l |
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In this case also appears temptation to name émdibg coefficient on the frequency
kinetic inductance. But this value it is not possito call inductance also, since this
also the composite parameter, which includes tmatedepending on the frequency
kinetic inductance and the dielectric constantaasfuum.

Thus
j; =we* () Ejcosat,

or, something the very

- - 1 —
I: = a)L*(a) EOCOSC‘I-

But this altogether only the symbolic mathematioatord of one and the same

relationship (2.7). Both equations are completelquiealent, and separately

mathematically completely is characterized the mn@dexamined. But view neither
E*(a) nor L*(@ by dielectric constant or inductance are from gsptal point.

The physical sense of their names consists ofalfe@afing:

e* () =25, .8



i.e. £*(a) presents summary susceptance of medium, dividiedtie frequency,

and

L *(a) =

wao
it represents the reciprocal value of the workrefjfiency and susceptance of medium.
As it is necessary to enter, if at our disposahaduese* (&) andL*(«) , and we

should calculate total specific energy. Natural sibstitute these values in the

formulas, which determine energy of electrical pour

1

WE = EgoEg
and kinetic energy of charge carriers
1 .
W, = 2 L, Jg

Is cannot simply because these parameters areenedielectric constant nor
inductance. It is not difficult to show that in $htase the total specific energy can be

obtained from the relationship

1 dlawe* ()
WZ:ED( dw )E§ (2.9)
from where we obtain
1 1 1 1 1 .

We will obtain the same result, after using therfola



Y
W== W () ES. (2.11)
2 dw '

The given relationships show that the specific gneonsists of potential energy of
electrical pour on and to kinetic energy of chamgeriers. However, looking at
relationships (2.9) and (2.11), at first glanceanh seem that energy is the function
only of electrical pour on.

With the examination of any media by our finalktagppears the presence of wave
equation. In this case this problem is alreadytprally solved. Maxwell equations for

this case take the form:

_ JdH
rot E = ’UOW’ 012
rot H = Odo.,t+—jEdt

where &, and L, - dielectric and magnetic constant of vacuum. &ysof equations

(2.10) completely describes all properties of tbaductors, in which be absent the

ohmic losses. From it we obtain

rot rot H + z4,&,

-
o"_|—2| f—H 0. (2.13)

For the case pour on, time-independent, equatidid)®asses into London equation

rotrot H+%H =0,
Lk

L
where ALZ = —%_ London depth of penetration.
0



Thus, it is possible to conclude that the equatiof London being a special case of
equation (2.11), and do not consider bias curremté/ednesday.

Pour on wave equation in this case it appasifsllows for the electrical:

- 0’E U, =
+ ——+2E=
rot rot E + 1,&, ETCRRN E=0.

For constant electrical pour on it is possible taendown

rot rot E+ 2 E =0,
Lk

consequently, DC fields penetrate the superconduotdhe same manner as for

magnetic, diminishing exponentially. However, thensity of current at each point of

superconductor in this case grows according tditlear law
Jo = Lik [Edt.

The carried out examination showed that the dieteconstant of this medium was
equal to the dielectric constant of vacuum and pleisneability on frequency does not
depend. The accumulation of potential energy isigedl to this parameter.

Furthermore, this medium is characterized still #mel kinetic inductance of charge
carriers and this parameter determines the kieetrgy, accumulated on Wednesday.
Thus, are obtained all necessary given, which adtarize the process of the
propagation of electromagnetic waves in conductimegdia examined. However, in

contrast to the conventional procedure [5-7] wiltls texamination nowhere was

introduced polarization vector, but as the basigxa@mination assumed equation of

motion and in this case in the second Maxwell aquadre extracted all components



of current densities explicitly. In this case inetlsecond Maxwell equation are
extracted all components of current densities eit|yli

Based on the example of work [5] let us exsma question about how similar
problems, when the concept of polarization vectomtroduced are solved for their
solution. Paragraph 59 of this work, where thissfjoa is examined, it begins with
the words: “We pass now to the study of the mosgtoirtant question about the rapidly
changing electric fields, whose frequencies areonficed by the condition of
smallness in comparison with the frequencies, dtanatic for establishing the
electrical and magnetic polarization of substar(e&t of the quotation). These words
mean that that region of the frequencies, wherepmmection with the presence of the
inertia properties of charge carriers, the polaiwraof substance will not reach its
static values, is examined. With the further coasation of a question is done the

conclusion that “in any variable field, includingtivthe presence of dispersion, the
polarization vectorP = D—é‘OE (here and throughout all formulas cited they are

written in the system OF SI) preserves its physsealse of the electric moment of the
unit volume of substance” (end of the quotatiorgt us give the still one quotation:
“It proves to be possible to establish (unimpottanimetals or dielectrics) maximum
form of the function £(c)with the high frequencies valid for any bodies.
Specifically, the field frequency must be greatamparison with “the frequencies” of
the motion of all (or, at least, majority) electson the atoms of this substance. With

the observance of this condition it is possiblehvite calculation of the polarization of
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substance to consider electrons as free, disregatbeir interaction with each other
and with the atomic nuclei” (end of the quotation).
Further, as this is done and in this work, is tentthe equation of motion of free

electron in the ac field

mdV =eE
dt

from where its displacement is located

__ €E

r=———

then is indicated that the polarization IBfis a dipole moment of unit volume and the
obtained displacement is put into the polarization

_ne’E

Mo

In this case point charge is examined, and thisadio® indicates the introduction of

P=nef =

electrical dipole moment for two point charges witle opposite signs, located at a

distancel’

—

ﬁe:_q’

where the vectorl is directed from the negative charge toward thetipescharge.
This step causes bewilderment, since the pointreleds examined, and in order to
speak about the electrical dipole moment, it isessary to have in this medium for
each electron another charge of opposite signtreefdrom it to the distancd’ . In

this case is examined the gas of free electronsyhith there are no charges of

11



opposite signs. Further follows the standard procedwhen introduced thus illegal
polarization vector is introduced into the dielectonstant

-

<= 5__= ne’E 1 e

D=¢E+P=¢E-——"—"=¢|1-—— - |E,
0 07 A o( gOLszj

and since plasma frequency is determined by tla¢ioakhip

w?= 1

p 1)
ol
the vector of the induction immediately is written
5-c1-“% |g
T T |
With this approach it turns out that constant ajpartionality
— 1 wpz
£(w) =¢, _7 ,
between the electric field and the electrical irtcug illegally named dielectric
constant, depends on frequency.

Precisely this approach led to the fact tlhtbegan to consider that the value,
which stands in this relationship before the vedbelectric field, is the dielectric
constant depending on the frequency, and electimdiliction also depends on
frequency. And this it is discussed in all, withtle exception, fundamental works on
the electrodynamics of material media [5-9].

But, as it was shown above this parameternbt dielectric constant, but presents

summary susceptance of medium, divided into theuieacy. Thus, traditional
12



approach to the solution of this problem from ag&®l point of view is erroneous,
although formally this approach is completely lef@m a mathematical point of
view. So in the electrodynamics the concept ofdletectric constant of conductors
depending on the frequency was illegally inculcatetd was born the point of view
about the fact that the dielectric constant of miasdepends on frequency. The
dielectric constant of vacuum in fact is the digieaconstant of plasma. And with this
parameter connected pour on accumulation in then@aof potential energy of
electrical. Furthermore, plasma characterizes ghigsical parameter as the specific
kinetic inductance of electrons, with which is ceoted the accumulation of kinetic
inductance in this medium.

Further into 861 of work [5] is examined aegtion about the energy of electrical
and magnetic field in the media, which possessbysb-called dispersion. In this case

Is done the conclusion that relationship for thergy of such pour on

W:;(£E02+,UH 02) (2.14)

that making precise thermodynamic sense in thalusedia, with the presence of
dispersion this interpretation is already impossiblhese words mean that the
knowledge of real electrical and magnetic pour oadwésday with the dispersion
insufficiently for determining the difference inethinternal energy per unit of volume
of substance in the presence pour on in their @iesekfter such statements is given
the formula, which gives correct result for enumiem the specific energy of

electrical and magnetic pour on when the dispersfanpresent,

13



_1d(ex()
2 dw

L 10(au(@)

W , 2.15
2 dw 0 (215)

E2
but if we compare the first part of the expressiothe right side of relationship (2.15)
with relationship (2.9), then it is evident thateyhcoincide. This means that in
relationship (2.15) this term presents the totaérgy, which includes not only
potential energy of electrical pour on, but alswekic energy of the moving charges.
Therefore conclusion about the impossibility oé thterpretation of formula (2.14),
as the internal energy of electrical and magnetarpon in the media with the
dispersion it is correct. However, this circums@monsists not in the fact that this
interpretation in such media is generally impossilttl consists in the fact that for the
definition of the value of specific energy as thermodynamic parameter in this case
IS necessary to correctly calculate this energiintpinto account not only electric
field, which accumulates potential energy, but alsent of the conduction electrons,
which accumulate the kinetic energy of charges)(@.Be conclusion, which now can
be made, consists in the fact that, introducing itte custom some mathematical
symbols, without understanding of their true phgkisense, and, all the more, the
awarding to these symbols of physical designatiomssual to them, it is possible in
the final analysis to lead to the significant esrahat also occurred in the work [5].

In radio engineering exists the simple metluddthe idea of radio-technical
elements with the aid of the equivalent diagraniss Thethod is very visual and gives
the possibility to present in the form such diaggaelements both with that
concentrated and with the distributed parametdrs.uSe of this method will allow us

still better to understand, and in connection witis why were committed such

14



significant physical errors during the introductiohthis concept as the depending on
the frequency dielectric constant of plasma.

In order to show that the single volume ofdwactor or plasma according to its
electrodynamic characteristics is equivalent toal@r resonant circuit with the
lumped parameters, let us examine parallel resamaniit. For this let us examine the
parallel resonant circuit, which consists of th@amty C and inductancel.. The

connection between the voltagd , applied to the outline, and the summed current

IZ, which flows through this chain, takes the form

|z:|c+|L_cOIU ju dt

du
where | . = CW - current, which flows through the capacity, d——jU dt -
current, which flows through the inductance. fog tase of the harmonic stress of we

obtain
_ 1
|, =] aC —-— | U,cosat. (2.16)

in relationship (2.7) the value, which stands i thrackets, presents summary
susceptance of this medium and it consists itum,tof the capacitive and by the

inductive the conductivity

J, =0, +0, :aﬁ—i.

In this case relationship (2.5) can be rewrittefodews:
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|, = aﬁ(l—%) U, cosat,

1
where%2 = 1Cc the resonance frequency of parallel circuit.

And large temptation here appears to name thesvalu

C* () :c(l—%j:c—ﬁ, (2.17)

which is the composite parameter, the capacity nipg on the frequency.
Conducting this symbol it is permissible from a h&hatical point of view. However,
inadmissible is awarding to it the proposed nanmeesthis parameter of no relation to
the true capacity has and includes in itself siemdbusly and capacity and the
inductance of outline, which do not depend on fegmpy.

Is accurate another point of view. Relatiopsf2.7) can be rewritten and

differently:

X b

|, = @ U, cosat,

and to consider that the chain in question notld&tss capacities, and consists only of

the inductance depending on the frequency

. B L _ L
L (@-La}_j—aﬂ_c_l. (2.18)
ab
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But just asC*(«) , the valueL* (&) cannot be called inductance, since this is the

also composite parameter, which includes simultasigocapacity and inductance,
which do not depend on frequency.

Using expressions (2.17) and (2.18), let ttevdown:
|, =aC*(a) U,cosat (2.19)

or

1
= T (@ U, cosat . (2.20)

Relationship (6.15) and (6.16) are equivalent, a®parately mathematically
completely is characterized the chain examined v neitherC * (¢ nor L* ()

by capacity and inductance are from a physical tpailthough they have the same

dimensionality. The physical sense of their nanmsists of the following:
o
C* ==X
(@ w

i.,e. C*(a) presents summary susceptance of medium, dividedthe frequency,

and

L*(a) =

wo,

it is the reciprocal value of the work of summangeeptance and frequency.
Accumulated in the capacity and the inductaenergy, is determined from the

relationships

W, :%CUOZ, (2.21)

17



W, :%LIOZ. (2.22)

but how one should enter, if at our disposal Gr&(¢«) and L*(a) ? Certainly, to

put these relationships in formulas (2.17) and§Rcannot for that reason, that these
values can be both the positive and negative, hedenhergy, accumulated in the
capacity and the inductance, is always positivet iBwe for these purposes use
ourselves the parameters indicated, then it isdifitult to show that the summary

energy, accumulated in the outline, is determinethb expressions:

_1 2
W, =5 5% U, (2.23)
or
_1 d[eC(@] |,
W, =3 T Yo" (2.24)
or

1
Y avca) U2

WZ: dC() 0

(2.25)

N

If we paint equations (2.19) or (2.20) and (2.2kgn we will obtain identical result,
namely:

V@=%CUf+%L%{

whereU, - amplitude of stress on the capacity, dnd amplitude of the current,

which flows through the inductance.

18



If we compare the relationships, obtainedtii@ parallel resonant circuit and for

the conductors, then it is possible to see that &éne identical, if we makEO — UO,

jO N IO, £y Cand Lk — L. Thus, the single volume of conductor, with the
uniform distribution of electrical pour on and amt densities in it is equivalent to

parallel resonant circuit with the lumped paransetedicated.

3. Transverse plasma resonance

Now let us show how the poor understanding pbisics of processes in
conducting media it led to the fact that provedéounnoticed the interesting physical
phenomenon transverse plasma resonance in the gaetired plasma, which can
have important technical appendices [5, 7, 12].

Is known that the plasma resonance is lodgial. But longitudinal resonance
cannot emit transverse electromagnetic waves. Heryewith the explosions of
nuclear charges, as a result of which is formedy vhlpt plasma, occurs
electromagnetic radiation in the very wide frequeband, up to the long-wave radio-
frequency band. Today are not known those of thysipal mechanisms, which could
explain the appearance of this emission. There werether resonances of any kind,
except plasma, earlier known on existence in themagnetic plasma. But it occurs

that in the confined plasma the transverse res@nean exist, and the frequency of
19



this resonance coincides with the frequency ofméasesonance, i.e. these resonance
are degenerate. Specifically, this resonance cathéaeason for the emission of
electromagnetic waves with the explosions of nuatbarges.

For explaining the conditions for the exaedatof this resonance let us examine
the long line, which consists of two ideally contling planes, as shown in Fig. 1.

Linear (falling per unit of length) capacityida inductance of this line without
taking into account edge effects they are detemhimg the relationships [10,11]:
Therefore with an increase in the length of lireetd@tal capacitance of and summary

inductance of increase proportional to its length.

N

Fig. 1. The two-wire circuit, which consists ofdwdeally conducting planes.

If we into the extended line place the plasma, ghararriers in which can move
without the losses, and in the transverse direqiess through the plasma the current

| , then charges, moving with the definite speed, adtumulate kinetic energy. Let

20



us note that here are not examined technical quesstas and it is possible confined
plasma between the planes of line how. This tharebe, for example, magnetic traps
or directed flows of plasma. Can be considerect#se of other media of such type as
semiconductors. In this case only fundamental ¢uest which are concerned
transverse plasma resonance in the nonmagnetima|ase examined.

Since the transverse current density in this isndetermined by the relationship

that summary kinetic energy of all moving chargdsbe written down

szzlﬂaszz:

m
2 ne?

a
- El ?, (1.3)

N~

Relationship (1.3) connects the kinetic energyuawlated in the line, with the
square of current therefore the coefficient, whatands in the right side of this

relationship before the square of current, is tihrarmary kinetic inductance of line.

m _a
L.=— ) 2.3
ks nez'%'i ( )
Thus, the value
m
L =——— (3.3)
“  ne?

presents the specific kinetic inductance of charyés already previously introduced
this value in another manner (see relationship)(2Relationship (3.3) is obtained for
the case of the direct current, when current distion is uniform.

Subsequently for the larger clarity of thiestatned results, together with their

mathematical idea, we will use the method of edaiMadiagrams. The section, the

21



lines examined, long ofiz can be represented in the form the equivalentraimg

shown in Fig. 2 (a).

o adz
b
G N YN
N — bdz
a
o
adz
Ho b
W
bdz
51 ,_4a
0 =" <l ez
o
adz
Ho )
F—/ Y Y

—— bdZ a . bdZ 1 / Eo
B -80 a L bdZ G_an L.
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Fig. 2.a - the equivalent the schematic of the sectionwad-Wire circuit; b - the
equivalent the schematic of the section of the wue- circuit, filled with plasma
without the lossess - the equivalent the schematic of the sectionhef two-wire

circuit, filled with the plasma, in which there aslemic losses.

From the relationship (3.2) is evident that intcast toC; and L; the value L,

with an increase irz does not increase, but it decreases. This is atadetable from a
physical point of view, connected this with the tfdélcat with an increase iz a
guantity of parallel-connected inductive elementsag. Line itself in this case will be

. o £,0z La .
equivalent to parallel circuit with the lumped pasters:C = ‘; andL = LZ’ in

series with which is connected the inducta;MbeE.

But if we calculate the resonance frequerfcthis outline, then it will seem that

this frequency generally not on what sizes depeacisally:

2
P = 1_ 1 _ne
P CL &L, ¢&m

Is obtained the very interesting result, which &gedhat the resonance frequency
macroscopic of the resonator examined does notndepe its sizes. Impression can
be created, that this is plasma resonance, sineeoliained value of resonance
frequency exactly corresponds to the value of ibs®nance. But it is known that the
plasma resonance characterizes longitudinal wavései long line they, while occur

transverse waves. In the case examined the valine gdhase speed in the direction of

23



Z is equal to infinity and the wave vectdr=0. this result corresponds to the
solution of system of equations (2.12) for the limigh the assigned configuration.

Wave number in this case is determined by theioalstiip

(.
k:=—|1-—2 |, 3.4
z C2 wz ( )

and the group and phase speeds
ar
2 _ A2
Vv, =C {1—3”], (3.5)
2 c’

=~ (3.6)

1/2
whereC :£ j - speed of light in the vacuum.

080

For the present instance the phase speededfranagnetic wave is equal to
infinity, which corresponds to transverse resonamtethe plasma frequency.
Consequently, at each moment of time pour on didion and currents in this line

uniform and it does not depend on the coordinatéchrrent in the planes of line in
the direction of is absent. This, from one sidenpdéans that the inductantég will not

have effects on electrodynamic processes in thes Ibut instead of the conducting
planes can be used any planes or devices, whichdiasma on top and from below.

Let us note that only fundamental side of a quast® discussed based on this

example, since, for example, gas-discharge plasriait for the data of purposes by
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planes is impossible, since. the charges will seftl these planes. Possibly, this must
be plasma in the solid, or gas-discharge plasntheémmagnetic trap or the plasma of
nuclear explosion.

From the relationships (3.4 -3.6) it is ndfficult to see that at the point of

W=, we deal concerning the transverse resonance wthinfinite quality. The

fact that in contrast to the plasma, this reson@tansverse, will be one can see well

for the case, when the quality of this resonancesdmt be equal to infinity. In this
casek, Z0, and in the line will be extended the transversay the direction of

propagation of which will be perpendicular to theedtion of the motion of charges.
The examination of this task was begun from thememation of the plasma, limited
from two sides by the planes of long line. Buthe fprocess of this examination it is
possible to draw the conclusion that the frequesfcthis resonance generally on the
dimensions of line does not depend. It should ldedthat the fact of existence of this
resonance previously was not realized and in teealure it was not described.

Let us pause at the energy processes, vduchr in the line in the case of the
absence of losses examined. Pour on the charéicteénpedance of plasma, which
gives the relation of the transverse componentglettrical and magnetic, let us

determine from the relationship

-1/2
T o P
HX kZ ° a)z ,
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where Z, = % - characteristic resistance of vacuum. The obthimalue of is

0

characteristic for the transverse electrical wanethe waveguides. It is evident that

when W - @, thenZ - o, andH, - 0. Whenw > @), in the plasma there is

electrical and magnetic component of field. Thec#meenergy of these pour on it

will be written down:

1 1
WE,H = EgoEgy +§,uoH cz)x-

Thus, the energy, concluded in the magnetic field,1——2- | of times is less than

o

the energy, concluded in the electric field. Lethose that this examination, which is
traditional in the electrodynamics, is not complaiace. in this case is not taken into
account one additional form of energy, namely kinenergy of charge carriers.
Occurs that pour on besides the waves of electaicdlmagnetic, that carry electrical
and magnetic energy, in the plasma there exista ewe the third - kinetic wave,

which carries kinetic energy of current carrierbeTspecific energy of this wave is

written:
1,0, 11 _, 1 o _,
Wk - 2|—kJo - ZEla)z—LkEo - 2‘900)2 Eo-
Consequently, the total specific energy of waweriten as
1 1 1 .
WE,H,j ZE‘SOE(Z)y +§,U0H (2)< +_2ij ?) .
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Thus, for finding the total energy, by the prisomar unit of volume of plasma,
calculation only pour ore and H it is insufficient.
At the pointw = @, is carried out the relationship
W, =0
W =W,
l.e. magnetic field in the plasma is absent, andsmph presents macroscopic

electromechanical resonator with the infinite qyaltv, resounding at the frequency.

Since with the frequencieq) > W, the wave, which is extended in the plasma, it

bears on itself three forms of the energy: elealrimagnetic and kinetic, then this

wave can be named electromagnetokinetich wave.ti€imeve represents the wave

e 1 —
of the current density]| :L— j E dt. This wave is moved with respect to the
k

. T
electrical wave the angle-.

2
If losses are located, moreover completélyldes not have value, by what
physical processes such losses are caused, thgndhiy of plasma resonator will be

finite quantity. For this case Maxwell equationythll take the form:

JH

rot E = ~Ho

- . JE 1.-
rotH=0,E+¢&,——+-—| E dt.
Eragrrr]
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The presence of losses is considered by the terép’é, and, using near the

conductivity of the indexef , it is thus emphasized that us does not interesf v
mechanism of losses, but only very fact of theirs&nce interests. The value

O determines the quality of plasma resonator. Forsonéeg 0, should be selected

the section of line by the length,, whose value is considerably lower than the

wavelength in the plasma. This section will be egl@nt to outline with the lumped

parameters:
C= 50%0, 8.3
a
L=L, bz’ (9.3)
G=0,4 b%", (10.3)

whereG - conductivity, connected in parall€l andL.

Conductivity and quality in this outline enter irttee relationship:

1 |/C
G :—\/E, from where, taking into account (3.8 - 3.10), alxain

Q,
o, == |2 (11.3)

Thus, measuring its own quality plasma of the ragmmexamined, it is possible to

determined . Using (3.11) and (3.7) we will obtain
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JH

rot E =t~

_ (3.12)
1 & = JE

rooH=—- |- E+

1=
- 4+ .
oL, £ 51 I_kjEdt

The equivalent schematic of this line, filled wilssipative plasma, is represented in

Fig. 2.

Let us examine the solution of system of equati@12) at the poinv = @,,

in this case, since

0 E ~
_ — -
£0 7 I(J‘Edt 0,
we obtain
-__JH
rot E = ’uoo"t’
N T P
rooH=— |~ E
Qe V L

These relationships determine wave processes pbtheof resonance.

4. Dielectrics

In the existing literature there are no indicasidhat the kinetic inductance of charge

carriers plays some role in the electrodynamic gsees in the dielectrics. However,
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this not thus. This parameter in the electrodynanot dielectrics plays not less
important role, than in the electrodynamics of agrtdrs.

Let us examine the simplest case, when asiod) processes in atoms or
molecules of dielectric obey the law of mechanasadillator [10].

£

- E, (4.1)

3|

where T - deviation of charges from the position of eduilim, 5 - coefficient of

elasticity, which characterizes the elastic eleatrbinding forces of charges in the

atoms and the molecules. Introducing the resontragaency of the bound charges

a-t.

we obtain from (4.1)

- 4.2)
"om - |

Is evident that in relationship (4.2) as the pait@me present the natural vibration
frequency, into which enters the mass of charges Jjpeaks, that the inertia properties
of the being varied charges will influence osdiigt processes in the atoms and the
molecules.

Since the general current density on Wednesdasists of the bias current and

conduction current

i=£ % nev,

rotH = s =&, o
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finding the speed of charge carriers in the dielecas the derivative of their

displacement through the coordinate

or e oE

G’En m(e” —af) Ot

V=

from relationship (4.2) we find

oE _ 1 oE
Ot Ly(w—wp”) ot

rotH = =&, . (4.3)

But the value

m
L =1
kd ne2

presents the kinetic inductance of the chargesriagt the constitution of atom or
molecules of dielectrics, when to consider chafges. Therefore relationship (4.3) it
IS possible to rewrite

- 1 oE
rotH = . =¢&.| 1- : 4.4
& O( Eolk (0)2_%2)} ot 9

But, since the value

1 _.
pd

€olig
it represents the plasma frequency of chargesomst&nd molecules of dielectric, if

we consider these charges free, then relationdbdp) (akes the form:

rotH = js=g)| 1~ (4.5)
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To appears temptation to name the value

=g [1- 5 ™ (4.6)

(@’ ~p?)

by the depending on the frequency dielectric caoristd dielectric. But this, as in the
case conductors, cannot be made, since this iscongposite parameter, which
includes now those not already three dependindnerirequency of the parameter: the
dielectric constant of vacuum, the natural freqyarfcatoms or molecules and plasma
frequency for the charge carriers, entering themgosition.

Let us examine two limiting cases:

If W< a), then from (4.5) we obtain

Woy® |OE

w? | ot

0

rotH :I =g | 1+ (4.7)

In this case the coefficient, confronting the dative, does not depend on frequency,
and it presents the static dielectric constantieiedtric. As we see, it depends on the
natural frequency of oscillation of atoms or molesuand on plasma frequency. This
result is intelligible. Frequency in this case mewo be such small that the inertia
properties of charges it is possible not to considad bracketed expression in the
right side of relationship (4.7) presents the etalielectric constant of dielectric.
Hence immediately we have a prescription for cngathe dielectrics with the high
dielectric constant. In order to reach this, shduddin the assigned volume of space
packed a maximum quantity of molecules with maxiynabft connections between

the charges inside molecule itself.
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The case, whe@>> @), is exponential. then

Woy® |OE

W |ot’

rotH = j. =&, 1-

and dielectric is converted in conductor (plasmatres The obtained relationship
coincides with the case of plasma.

One cannot fail to note the circumstance ithdlhis case again nowhere was used
this concept as polarization vector, but examimai® carried out by the way of
finding the real currents in the dielectrics on thesis of the equation of motion of
charges in these media. In this case as the paenare used the electrical
characteristics of the media, which do not depentteguency.

From relationship (4.5) is evident that ire tbase of fulfilling the equality of

w= a)o, the amplitude of fluctuations is equal to infyniThis indicates the presence

of resonance at this point. The infinite amplituddluctuations occurs because of the
fact that they were not considered losses in tilsen@nce system, in this case its
guality was equal to infinity. In a certain appnmetion it is possible to consider that
lower than the point indicated we deal concerning tielectric, whose dielectric
constant is equal to its static value. Higher thaa point we deal already actually
concerning the metal, whose density of currenti@aris equal to the density of atoms
or molecules in the dielectric.

Now it is possible to examine the questionMbiy dielectric prism decomposes
polychromatic light into monochromatic componentswiy rainbow is formed. So
that this phenomenon would occur, it is necessathyaie the frequency dispersion of
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the phase speed of electromagnetic waves in thdumeth question. If we to

relationship (4.5) add the first Maxwell equatitdmen we will obtain:

= oH
rotE=-4 =—
Ho ot
SE (4.7)
rotH =&, | 1~ M
(o -w®) | ot
That we will obtain the wave equation
2E=p ¢ | 1 W” |0°E
0“0 wz_%z o2

If one considers that

Moo=

whereC - speed of light, then no longer will remain dauabout the fact that with the
propagation of electromagnetic waves in the dialectthe frequency dispersion of
phase speed will be observed. But this dispersidinoe connected not with the fact
that this material parameter as dielectric constaniepends on frequency. In the
formation of this dispersion it will participate mediately three, which do not depend
on the frequency, physical quantities: the selénesit frequency of atoms themselves
or molecules, the plasma frequency of charges,eifcansider it their free, and the
dielectric constant of vacuum.

Now let us show, where it is possible to hetaken, if with the solution of the

examined problem of using a concept of polarizati@ttor. Let us introduce
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polarization vector in the dielectric similarly, s was done for the conductors, after

taking the mixing of bound charge from relations{#®)

ne’ 1 ~

P=——"13 E.
m («f - o)

The dependence of polarization vector on the frequeis connected with the
presence of mass in charges and their inertnessraemake possible for this vector
accurately to follow the electric field, reachingat value, which it has in the
permanent fields. Since the electrical inductiodagermined by the relationship:

= = ne’ 1 =

D=¢E-"° ¢ E.
m («f-af)

That introduced thus electrical induction depends feequency. But the real

(4.8)

significance of this parameter earlier is alreaxignsined.
If introduced thus electrical induction wasraguced into the second equation of

Maxwell, then it signs the form:

rotH = j. =£0%|t5+%|?

or

OE ne® 1 OE
ot m (o -w?) ot

rotH = iy =&, (4.9)

where jZ - the summed current, which flows through the nholsheexpression (4.9)

the first member of right side presents bias curmerthe vacuum, and the second -

current, connected with the presence of bound esarg atoms or molecules of
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dielectric. In this expression again appeared tmecific kinetic inductance of the

charges, which participate in the oscillating pssce

-_m
ba= 2
this kinetic inductance determines the inductantéaund charges. Taking into
account this relationship (4.9) it is possiblegwrite
oE 1 1 OE
ot Ly (cP-w? ot

rotH = j;. =¢,

Thus, is obtained relationship coinciding with telaship (4.3). Consequently, the
eventual result of examination by both methods @des, and from a mathematical
point of view of any claims to the method, with wihithe polarization vector is
introduced, no. But from a physical point of vieand especially in the part of the
awarding to the parameter, introduced in accordamtle relationship (4.8) of the
designation of electrical induction, are large msi which we discussed. Is certain,
this not electrical induction, but the certain casipe parameter. But, without having
been dismantled at the essence of a questiomndillnow, consider that the dielectric
constant of dielectrics depends on frequency. Andugthis written in all literary
sources, beginning from the Great Soviet Encycl@pehd concluding by any
electrotechnical reference book. In the essencgsiqgdily substantiated is the
introduction to electrical induction in the dielecs only in the static electric fields.

for the purpose of the decrease of the size ofattiele we will not here carry out
computations for establishing the equivalent elealtrschematic of dielectric. These

guestions are examined in works [5-7]. let us shioat the equivalent the schematic
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of dielectric presents the sequential resonanuitjravhose inductance is the kinetic
inductance of , and capacity is equal to the sthélectric constant of dielectric minus
the capacity of the equal dielectric constant ofuwem. In this case outline itself
proves to be that shunted by the capacity, equtidcspecific dielectric constant of

vacuum.

5. Conclusion

This examination showed that this paramesetha kinetic inductance of charges
characterizes any electromagnetic processes im#terial media, be it conductors or
dielectrics. It has the same fundamental valudhadielectric and magnetic constant
of medium.Why this parameter has not yet been allotted wggr place? This is due
to the fact that physics is often used to thinkinginly mathematical concepts, not
much delving into the essence of the physical meee themselvesiowever very
creator Maksvell equations considered that thesanpeters on frequency do not
depend, but they are fundamental constants. Asgl##eof the dispersion of dielectric
and magnetic constant was born, and what way it pees$, sufficiently colorfully
characterizes quotation from the monograph of well-known specialists in the field
of physics plasma [4]: “J. itself. Maxwell with tliermulation of the equations of the
electrodynamics of material media considered thest tielectric and magnetic
constants are the constants (for this reason theytime they were considered as the
constants). It is considerably later, already @&t lteginning of this century with the

explanation of the optical dispersion phenomenaparticular the phenomenon of
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rainbow) J. Heaviside and R.Vul showed that thededtric and magnetic constants
are the functions of frequency. But very receniiythe middle of the 50's, physics
they came to the conclusion that these values depenonly on frequency, but also
on the wave vector. On the essence, this was theatdoreaking of the existing ideas.
It was how a serious, is characterized the casehwiccurred at the seminar L. D.
Landau into 1954. During the report A. |I. Akhiener this theme of Landau suddenly
exclaimed, after smashing the speaker: ” This Igide, since the refractive index
cannot be the function of refractive index”. Notattthis said L. D. Landau - one of
the outstanding physicists of our time” (end of guetation).

Is now clear that rights Maksvell, and, asvdas shown above, the dielectric
constant of material media on frequency does npew@ However, in a number of
fundamental works on electrodynamics [5-9] are cdtteh conceptual, systematic
and physical errors, as a result of which in plg/$iey penetrated and solidly in it
were fastened such metaphysical concepts as tipgeiney dispersion of the dielectric
constant of material media and, in particular, plasThe propagation of this concept
to the dielectrics led to the fact that all beganconsider that also the dielectric
constant of dielectrics also depends on frequenigse physical errors penetrated in
all spheres of physics and technology.

The same concept, as kinetic inductance| oat, is located in the shadow and
thus far there is no understanding the fact thatgarameter in the electrodynamics of
material media not is less important than dielea@nd magnetic constant, and without

it is iImpossible competent, physically substantiatbe description of material media.
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