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The traditional approach in the linear electrodynamics is using of spectral method. However, in many cases, the
physical process is defined by large number of spectral components. In this case the spectral approach is not effec-
tive. It is necessary to use methods that are more general. In the present work the Klein-Gordon equation to define
dynamics of fields in the nonstationary plasma was obtained. It was shown that in decaying plasma electromagnetic

fields vanish faster than plasma decay.
PACS: 52.35.Mw

INTRODUCTION

In the linear electrodynamics to describe processes
spectral approach is used usually. It is effective for sta-
tionary processes, slowly varying and slightly inhomo-
geneous matter. Such approach is not effective when
parameters are changing rapidly because it is necessary
to take into account large number of spectral compo-
nents. In these cases sometimes it is possible do not use
spectral approach and to solve problem as the whole
(not expanding into spectral components). Such formu-
lation of problem leads to the need to solve more com-
plex equations, that may be nonlinear and in partial de-
rivatives in general case. The analyses of these equa-
tions is possible by means numerical methods only (see,
for example [1]). So latter to analyze such equations we
are restrict ourselves by linear approximation. We will
see that they will be Klein-Gordon equation for nonsta-
tionary plasma.

As it is known for this equation it may be formulated
problem on eigenfunctions and eigenvalues with dis-
crete specter. Moreover such discrete value may be
plasma density. In other words there is class of solutions
which may be exist at some certain values of plasma
density. This work is devoted to investigation of this
problem. Comparative analysis was carried out for tem-
poral dynamics of plasma density and electromagnetic
fields. It was shown that fields in plasma disappear
more quickly than density of decaying plasma is
changed.

BASIC EQUATION

To obtain equations describing electromagnetic field
in the isotropic plasma except the Maxwell equations
we use hydrodynamics ones for electrons. Laplace
transformation on time was used for all of these equa-
tions. The expressions for Laplace transforms of elec-
tron density and velocity perturbations were obtained.
Substituting them into the equations for electromagnetic
field Laplace transforms and performing inverse La-
place transformation we obtain the following set of non-
linear integral-differential equations with partial deriva-
tives for finding electromagnetic fields:
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where E — vector of electric field; m — electron mass;
¢ — light velocity. The analysis of set (1) is possible by
numerical methods. So latter we restrict ourselves by
linear case only. To obtain some analytical results we
will do latter simplifications. Namely we will restrict
ourselves by one dimensional case and one component
of electric field. In this case we obtain one scalar equa-
tion that has next form:
2 2 2
e G
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where r=ct. Equation (2) is Klein-Gordon equation
(see [2, 3]). Similar equation is used in quantum me-
chanics to define discrete mass spectra of elementary

particles (see [4]). Equation (2) allows to formulate task
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consider case of nonstationary plasma when it density
riches maximal value in the certain moment of times.
After this the plasma density is decreased. Such dynam-
ics is possible in the case when plasma density initially
increase under influence of outer processes and after
plasma begin to decay as result of termination of exter-
nal action. In this case expression for plasma density
(square of plasma frequency) may be presented as fol-
lows:

2 =2

p P
=2 0n),
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where @, - average value of plasma frequency; Q(z) -

addition due to by external action on plasma. In the case
of interest expression for Q(z) may be expanded in
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Taylor series in the vicinity of its maximal value and
presented as follow:

In the case when plasma density reaches maximal
value the next condition must be satisfied
_ 9%Q(0)
ot
After taking into account the above assumptions,
equation will have form:
0°E, O°E,
oz’ or?
In the similar form Klein-Gordon equation in the
theory of elementary particles were considered in work
[5]. In the quantum mechanics problems the term that is
similar to third member in the left part of equation (3)
take into account influence of external potential on ele-
mentary particle motion. In the general case such poten-
tial may depend as on coordinate as on time.
We will solve equation (3) by method of separation
of variables. For this electric field will be presented as
follows:

-Q <0.

—2
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E.(z,0)=Z(2)T(2). (4)

After substitution of expression (4) into equation (3)

after simple transformations we will obtain two ordinary

differential equations for Z(z) and T(z)which have
form:
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and relationship between 2,, 2/ and @ /c* has next
form:

2
A=A ==L (6)

Here A, and A’ are values, that to be determined.

They are eigenvalues for spatial and temporal parts.
Latter we will consider plasma that is placed between
ideally conducting planes that are perpendicular to z
axis and located on some distance from each other. In
this case the solution of first equation of set (5) is stand-
ing wave and eigenvalues must satisfy to condition
A, <0. The set of such eigenvalues as it is known will

be discrete.

Latter we will consider second equation of set (5)
describing temporal dynamics of interesting us process.
Previously we will make replacement of independent

variable:
c=4Q 7.
Now equation for T (¢) function will look like:
2
GeTo=170. O
where A4, =1//,/Q,, . In the quantum mechanics (see

[6]) equations of this type describe wave function of
linear oscillator. To define solutions bounded on entire

oN| Q|
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temporal axis we will present T(g) in the following

form:
2

T() = exp(—%}z(g) . @®)

Equation for y(g) has form:

426) 5,926 1, 5),)=0. ()

d¢? d¢
When next condition is satisfied
-1+4)=2j, (10)

solutions of equation (9) are Hermit polynomials ([6, 7]).

From above presented materials, we obtain follow-
ing expression for eigenfunction for problem formulated
in equations (2) and (3).

E, (z,7)=Csin (Mz)exp[—@] H; (4 Qoﬁ): (112)

where C is an arbitrary constant, H;(y) is Hermit poly-

nomials of j order. The condition for average plasma
density defining by expression (6) will have next form:

—2
, .
c_§:_|’12|+‘/9°’ (2j-1).

Taking into account that A, belongs to discrete set

of values (we consider plasma between two ideally con-
ducting planes) from expression (12) it follows that so-
lutions (11) for equation (3) are eigenfunctions and cor-
responding to them eigenvalues are discrete and defined
by expression (12). As it is seen time of electric field
existence defining by expression (11) in order of magni-

tude is
2

oy ~ ——— .
field @C

It is possible to consider more general case, when
plasma is not only nonstationary, but spatially inhomo-
geneous. Above we investigated plasma that had tem-
poral maximum. It is possible to consider simple for
analytical investigation case of inhomogeneous plasma
that besides temporal maximum has spatial minimum.
The varying spatial part of plasma density may be ex-
panded into Taylor series on spatial coordinate. In this
case spatial equation will be similar to temporal (7). It
solution will be similar to expression (11).

Let us make some estimations for Q, . We use cor-

relation
2 —2 2
&:&(1_90_&;}

(12)

(13)

2 2 —2
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The estimation for character time of plasma exist-
ence following from this expression is

®
T, ~ £, (14)

",

On other hand time of plasma existence may be ob-
tained from character time of recombination that is de-
fined by relationship

(15)
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where B ~107 sm’/s — coefficient of recombination,

n, — initial density of plasma. Equating these two times

((14) and (15)) we will obtain connection between

JQ,, and initial plasma density:

a)pﬂno
¢t

Substituting numerical values of constant it is possi-
ble to obtain another expression for \/QTT :

Q, =0.62:10%n32. (17)

Substituting expression for /Q,. into (12) we will

obtain cubic equation for definition of discrete values
@, When eigenfunction (11) exists. This equation has

form:

Q

(16)
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The following is estimations of character times for
plasma density n, ~10"sm™. For time of existence of
eigenfields defining by expression (11) from (13) we
obtain tg,, ~107s. Time of plasma existence in ac-

|4,/]=0. (18)

cordance (15) is 7, ~ 107 s. As it is seen time of exist-

ence of eigenfields is more less than time of plasma
existence.

Thus, it was shown that in the spatial inhomogene-
ous and nonstationary plasma it is possible existence of
spatially-temporal structures.

CONCLUSIONS

Thus in our work we have abandoned from spectral
approach in the analysis of spatially-temporal dynamics
of fields. In this case in the linear approximation it was

possible to obtain Klein-Gordon equation for these
fields. It was found it eigenfunctions and eigenvalues.
Analysis of these functions shown that time of field
existence is more less than time of plasma density
change of decaying plasma. To estimate of this time
plasma recombination was used. Currently, authors have
no physical explanation of fast field disappearance in
decaying plasma. Such fields disappear in almost ho-
mogeneous plasma.
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OBPA3OBAHHUE JUCKPETHBIX TIPOCTPAHCTBEHHO-BPEMEHHBIX CTPYKTYP
B HECTAIITMOHAPHOM HEOJHOPOIHOM IIA3SME

B.A. Byy, H.K. Kosanvuyx

TpaguuuOHHBIR TOIXO B JIMHEHHOM ANIEKTPOAMHAMHUKE — HCIIOJIB30BAaHHIE CHEKTpaIbHOTO MeTona. OmHAKO BO
MHOTHX CITydasx (PM3NIeCKuil IpoIecc onpeaenseTcs O0IbIINM YUCIOM CIEKTPAIbHBIX KOMIIOHEHT. B 3TOM ciryuae
CHEKTpabHBINH Toaxo/ He 3 dexTrBeH. Heobxoammo ncmons3oBath Oomee obuue MeToasl. B Hactosmeit pabote
JUISL OTIIpe/IeNIeHHs JMHAMUKHY T0JIEH B HECTAIIMOHAPHOM 11a3me nosty4yeHo ypaBHeHue Kieitna-I'opnona. [lokazano,
YTO B pPacraalomieics mia3mMe JIEKTPOMarHUTHBIE MOJIsl UCUEe3aroT ObICTpee, YeM ITPOUCXOAUT PACIa]] IIa3MBl.

CTBOPIOBAHHA JUCKPETHUX ITPOCTOPOBO-YACOBHUX CTPYKTYP
Y HECTAIIIOHAPHII HEOHOPIIHIM ILJIA3MI

B.O. Byu, I.K. Kosanvuyx

TpaguuidHui MAXiN y JiHIAHIA eTeKTPOANHAMINI — BUKOPUCTAHHS CHEKTPAILHOTO METOay. Alle B 6aratbox
BHITIAIKAaX MPOLEC BH3HAYAETHCS BEIUKOK KIBKICTIO CIIEKTPATBHUX CKIAIOBUX. Y IBOMY BHIAAKY CIEKTPAIbHUMA
miaxinx He € epekTuBHUM. HeoOXiMHO BHKOPUCTOBYBATH OiJIbIN 3arajibHi MeToad. Y Iii poOOTi /IS BU3HAYCHHS
JIUHAMIKH TIOJTIB Y HECTAI[IOHAPHIN 11a3Mi oaeprxkaHo piBHsHHs Knetina-I'opaona. [Toka3aHo, o B mia3Mi, ska po3-
Maa€ThCsI, EJICKTPOMArHITHI MOJISI 3HUKAIOTh IBHIIIIE, HIXK TPUBAE PO3IA]] TUIA3MH.
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