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New theoretical description of well-known physical phenomena are announced. 1. The description of wave interaction in plasma in
terms of spontaneous and stimulated processes is discussed. Such a description is not only attractive from the methodological point
of view, but also offers new possibilities for the understanding of physical processes related to the interaction of radiation with
matter. Moreover, there exists an intimate relationship between spontaneous and stimulated processes that can simplify the
calculation of nonlinear terms for systems with multi-wave interactions. 2. It is shown by the example of two-level system that
generation of coherent radiation is realized in excess of the threshold, determined by the equality of the squared population inversion
to the half of the total number of all possible states. 3. The spectrum of waves emitted by oscillator, trapped in an external potential
well is analyzed. It is assumed that the eigenfrequency of the oscillator is much greater than the frequency of oscillations in the
potential well. The effect of the recoil on the absorption and emission of the oscillator is discussed. Since the energy of the slow
oscillations in well is equal to the recoil energy, the intensity of the absorption and emission lines at the eigenfrequency exceeds the
intensity of other spectral lines. 4. The formation of gravity surface waves with abnormally high amplitude, that occurs only in initial
stage of nonlinear regime of modulation instability in the ocean, is considered. 5. The intensive long-wave Langmuir oscillation in
plasma has been generated by a high-current charged-particle beam and a maser radiation is unstable. It being known the field energy
density often exceeds the thermal energy density of plasma. In this case the modulation instability of intensive oscillation results one
plasma density cavity over a wavelength of the intensive oscillation. It is shown, that kinetic limitation mechanism of cavity
deepening is the local capture of ions. It should be noted, the potential of cavity is quite low for capture of great part of electrons with
considerable kinetic energy.

KEY WORDS: spontancous and stimulated processes, multi-wave interactions, threshold of coherent radiation, emission by
oscillator, trapped in an potential well, modulation instability.

PO HOBI OITMCHU JOBPE BIJOMHUX ®I3UYHUX ABUILL
B.M. Kykain
Xaprxiecokuil nayionaneHull yrieepcumem imeni B.H. Kapasina
M. Ceo600u 4, 61022 Xapxis, Yrpaina

AHOHCOBaHO HOBI omuch BimoMux ¢(izmunux sBHII. 1. OGroBOpIOETHCS ONHMC XBHJICBHX B3a€MOIIH B IIIa3Mi y TepMiHax
CIIOHTaHHHX Ta BUMYIIECHHX INponeciB. Takuil OMUC NpHUBEPTAE yBary He TUIBKH 3 METOJOJIOTIYHOI TOYKH 30pY, @ TAKOX BiJJKPUBAE
HOBI MOXJIMBOCTI JUIsl pO3yMiHHS ()i3MYHHX HPOLECIB, IO BiHOCATHCS 10 B3a€MOJIl BUIIPOMIHIOBAaHHS 3 pedoBHHOIO. KpiMm Toro
ICHy€ 3Ha4YHUIA 3B'I30K MK CIIOHTAHHMMH Ta BUMYIICHUMH HPOLIECaMH, 11O T03BOJISIE CIIPOCTHTH OOYHCIICHHS HENIIHIHHUX JO/IaHKiB
B BHpa3ax i OaraToxBWIbOBHMX mpoueciB. 2. Ha mpukiajgi IBOpIBHEBOI CHCTEMM II0Ka3aHO, I10 BMHMKHEHHS KOI'€PEHTHOIO
BUIIPOMIHIOBAaHHA MOXKJIMBO IIPH IEPEBUIICHHI MOPOTY, IO BU3HAYAETHCS PIBHICTIO KBajpara iHBEpCii IMOJIOBHHI MOBHOTO YHCIIA
craniB cuctemi. 3. [IpoaHanizoBaHO CIIEKTP XBHIIb, IO TEHEPYE OCLIUIATOD, KU 3aXBa4C€HO B 30BHIIIHIO MOTEHIIHY sAMy. BrachHa
4acToTa OCHWIIATOpPAa Habarato OilbIa YacTOTH HOro KOJNMBAaHb B MOTCHLIHHOI siMi. BpaxoBaHo edekt Bimmaui ocumisropa mpu
BUIIPOMIHIOBAaHHI Ta MOTJIHMHaHHI. B ToMy BHIanKy, KOlm eHepris Bijadi AOPIBHIOE €Heprii MOBUIBHHUX KOJIMBAHb OCHIIIITOpA B
MOTCHIIIWHOI M1, IHTEHCHBHICTb JIiHIi BUIPOMIHIOBAaHHSI Ta MOTJIMHAHHS Ha HOTO BIACHOI YaCTOTI 3HAYHO MEPEBUIIY€ IHTCHCUBHICTh
iHIMX JiHiHA criekTpy. 4. [Tokazano, mio ¢GopMyBaHHS rpaBiTalifHAX TOBEPXHEBHX XBWJIb aHOMAJIBHO BEJIUKOI aMIUIITYH B OKEaHi
MO)KHa MOOAYUTH TIIBKH Ha HadaubHOI CTalii HEJHIHHOrO PeXMMy MOAYJIILINHHOI HECTIMKOCTI XBWIb B OKeaHi. 5. IHTeHCHBHI
JIOBFOXBHJICB] JICHTMIODIBCBKI KOJIMBAHHS, IO TE€HEPYIOThCA IyYKaMH 3aps/UKCHHX YacTOK Ta MAa3epPHUM BUIIPOMIHIOBAHHSM,
BUSIBIIIIOTHCS] MOYJIsIIiHE HECTIHKUMH. JJOCHTH 4acTO TyCTHHA €Hepril Mo 3HAYHO MEPEBUILY€ TYCTHHY TEIUIoi eHeprii mia3mu. B
LBOMY BHIAJKY PE3yJIbTATOM MOIYJISMIHHOI HECTIHKOCTI € BUHUKHEHHS ONHI€i KaBepHU T'YCTHHH IIa3MH Ha MacmTadi OBKHHU
iHTeHcHBHOI XBUIIi. [Toka3aHo, I10 KIHETHYHUM MEXaHI3MOM OOMEXCHHS MPOLECY MOTIHOIICHHS KaBEPHH € JIOKAIBHUIA 3aXBaT 10HIB.
BingMivaeTscs, 10 MOTEHITIaT KaBEPHU 3aMalii JUIsl 3aXBaTy 3HAYHOI YaCTHHY €JICKTPOHIB, SIKi MAIOTh 3HAYHY KIHETHUHY €HEprilo.
KJIIOUYOBI CJIOBA: crnoHTaHHI Ta BUMYyIIEHI HpOIEcH, 0araTOXBIJIbOBI B3a€MOJIi, IMOPIr KOT€PEeHTHOTO BHIIPOMIHIOBAHHS,
BUIIPOMIHIOBaHHS OCIIHJIATOPA, 10 PyXa€eThCs B 30BHIMIHBOT HOTEHIIHHOT sSIMi, MOIYJIAIIHA HECTIHKICTB.

O HOBBIX OIIMCAHHUSX XOPOIIO U3BECTHBIX ®U3NYECKHUX SIBJIEHUA
B.M. Kykaun
Xapvrosckuil Hayuonanvuwlil yHueepcumem umenu B.H. Kapaszuna
ni. Ceoboowl 4, 61022, Xapvros, Yxpauna
AHOHCHPOBaHBI HOBBIE OIHMCAHUS H3BECTHBIX (HU3MYecKHX sBIeHUH. 1. OOGCykmaeTcst omucaHHWe BOJHOBBIX B3aHMOJEHCTBUH B
1a3Meé B TEPMUHAX CHOHTAHHBIX M HHIYLUUPOBAaHHBIX IIpoLeccoB. Takoe omnucaHue IPUBJIEKATEIbHO HE TOIBKO C
METOJJOJIOTHYECKON TOUKHU 3pEHHs, HO H OTKPHIBAET HOBbIE BO3MOXKHOCTH JUIsi HOHUMAaHUs (pU3HUECKNX MPOLECCOB, OTHOCSIIUXCS K
B3aMMOJICHCTBUIO M3JIy4eHHUs ¢ BellecTBOM. Kpome Toro, cymecTByer rirybokast CBS3b M1y CIIOHTAaHHBIMH M MHAYLIUPOBAaHHBIMH
IpOLIECCaMH, KOTOpas IO3BOJIIET YIPOCTUTh BBIYMCIEHHS HEIMHEHHBIX ClaraeMblX B BBIPAXKEHUSAX [UII MHOTOBOJHOBBIX
B3anMoJeicTBHiA. 2. Ha mpumepe AByXypOBHEBOH CHCTEMBI TOKA3aHO, YTO BOSHUKHOBEHUE KOTEPEHTHOTO U3TyUEHHUsI BO3MOXHO TIPH
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MIPEBBILLIEHUU II0pOra, OIpPEAEsIeMOro PaBEHCTBOM KBajpaTa HMHBEPCUU HACEICHHOCTEH IOJOBHMHE IOJHOTO YMCIa COCTOSHUMN
cucTeMsl. 3. M3ydeH ceKTp BOJH, TeHEPUPYEMBIX OCHHUIUISITOPOM, 3aXBaU€HHBIM BO BHEIIHIOIO NMOTEHIHANbHYIO siMy. CoOCTBEHHas
4acTOTa OCLJLIATOpPA IIPU 3TOM MHOTO OOJIBIIE YacTOTHl €ro KojieOaHWil B MOTEHLHMAIBbHON siMe. YuuThBaeTcs 3(eKT oTnadyu
OCIIJUIATOpa NPH W3ITyYeHUH W IOTJIOIIEHWH. B ToM ciydae, ecim SHeprus OTAAadM paBHA SHEPTHUHM MeEICHHBIX KoneOaHmit
OCIIJLIATOpa B IMOTEHIMAIBHON SIME, HHTCHCHBHOCTD JINHUI M3TyYeHHUS W IOTJIONMICHHS Ha €ro COOCTBEHHOM YacTOTE MPEBBIIAET
MHTEHCUBHOCTH JAPYTUX CIEKTpainbHbIX JuHMH. 4. IlokazaHo, 4ro (opMHpOBaHHE TPABUTAIIOHHBIX MOBEPXHOCTHBIX BOJIH
AQHOMQJIBHO OOJBIION  aMIDIMTYABI, IPOMCXOMUT TONBKO HA HAYaIBHOM CTaJuM HEIMHEHHOro peXnMa MOIYJISIHOHHOM
HEYCTOHYMBOCTH OKEaHCKOI0 BOJIHEHU. S.I'eHepupyeMble MyuyKaMH 3apsDKEHHBIX YacTUL] UM Ma3epHBIM M3Iy4eHUEM HHTEHCHBHBIC
JUTHHHOBOJIHOBBIE JICHMIOPOBCKHE KOJICOQHHUS IUIa3Mbl OKa3bIBAIOTCS MOJIYJISIIMOHHO HEYCTOWYMBBI. [IpHueM 4YacTo IUIOTHOCTh
SHEpPrMU TONsA JOCTHTaeT M IOpPOH NPEBOCXOAUT  IIOTHOCTh TEMJIOBOM SHEpruM Iasmbl. B 3ToM ciydae pesynbTaTtoM
MOJYJISIIMOHHOM HEYCTOWYMBOCTH SIBIISIETCS BO3HMKHOBEHHE KaBEPHBI IUIOTHOCTH IUIa3Mbl Ha MacuITabax IJIMHBI MHTEHCHBHOM
BoNHBL [loKa3aHO, YTO KMHETHYECKMM MEXaHH3MOM CTaOHMIM3alMU JadbHEHINero yriayOneHus KaBepHBI IUIOTHOCTH SIBIISETCS
JOKAIBHBIH 3axBaT HOHOB. OTMeYEHO, YTO MOTEHNOMAl KaBEPHBI OKA3bIBACTCSI HEAOCTATOYHBIM JUIS 3aXBaTa OOJNbINEH YacTH
JJIEKTPOHOB, 00JIaJAIOIINX 3HAYNTENEHOH KHHETHIECKOH SHEeprHei.

K/IIOYEBBIE CJIOBA: crnoHTaHHbIC M HHIYLUPOBAHHBIC IPOLIECCHl, MHOIOBOJIHOBBIE B3aUMOJAEHCTBUS, HMOPOI KOTEPEHTHOM
TeHepalyy, U3JIy4YeHUe OCLIIIATOPA, 3aXBAaYCHHOI0 B IOTEHIUAIBHYIO SIMY; MOLYJISILIMOHHAS HEYCTOMYUBOCTb.

1. INTRODUCTION

That paper announces new theoretical description of following well-known physical phenomena and new results
of its analyses. At first we apply this concept for a description of some processes in plasma in terms of spontaneous and
stimulated emission. By spontaneous emission, one means the process by which an emission source such as a charge or
current emits an electromagnetic wave and this emission does not depend on the external electromagnetic field at the
same frequency. By stimulated emission (or absorption), we mean the process, caused by the interaction between an
emission source (absorption channel) and an external electromagnetic field at the corresponding frequency. It is not
difficult to generalize the method suggested by Einstein [1] and derive [2,3] the equation for the radiation energy

density W, =hw- N, :
dw, /dt=S, + 05
o(hw)

here N, - number of emitted quanta, S, the change in energy density on level n caused by spontaneous processes. The

w,, ©))

term (S, —S,)N, =W, -0S, /0(hw) corresponds to stimulated processes. Interaction between waves and currents has an

allocated character and depends on the integral phase relations, which causes some difficulties in the interpretation of
these processes as radiative. But one can formulate a simple criterion for the existence of spontaneous radiation. If the
work done by the field on the current, which generates this field, has a non-zero real part, then spontaneous radiation
takes place. This criterion becomes very important when the current and the related field occupy the whole interaction
space, e.g. the current is not localized and the field in the far-field zone cannot be analyzed. In the 2 part one can see
that oscillations, generated by nonlinear currents at combined frequencies, demonstrate all the characteristics of
spontaneous and stimulated emission.

The major problem is the interpretation of an induced radiation in quantum description as coherent radiation. In
contrast to the classical description here is impossible to say something about field phases of atoms and molecules
radiating. But though Charles Townes considered that “...energy is radiated from molecular systems has the same field
distribution and the same frequency as external emission, and consequently permanent (probably zero-order) phase
difference” [4]. Stimulative problem for thinking are degree of coherence in maser; inversion level, which is the
necessary value for coherent radiation and the role of noncoherent radiation in depletion of inversion. The other
unsolved problem is the physical role of noise emission into the process dynamics of generation for traditional and
plasma electronics devices. That problems [5] are proposed for discussion in the 3 part.

The scattering of high-energy photons by free electrons results in a decrease in energy of photons due to the recoil
effect (the Compton effect). This fact together with the phenomenon of the photoelectric effect confirmed the basic
principles of quantum theory of radiation [6-8]. The processes underlying the interaction of radiation and matter are
characterized by an impressive variety and form the basis for many physical research directions [9]. One of the
problems, that arises when considering the processes of absorption and emission by a substance, is the problem of
interaction with the external radiation field of the oscillating particle trapped in the potential well formed by the spatial
structure of the medium. This problem requires the use of the quantum model for describing the behavior of the
excited oscillator in a potential well, take into account the effect of the recoil. The purpose of the 4 part is discussion
[10] of the quantum-mechanical model of the interaction between a charged particle-oscillator trapped in the potential
well and an external electric field.

The modulation instability of regular spatial patterns form the spectra of perturbations, which growth rates have
local maxima both in the bands of small and large scales [11-12]. The modulation instability occurs, for example, in
systems described by the Lighthill equation (or NSE) [11]. It also underlies the instability of Langmuir waves in plasma
described by Zakharov equations [13] or Silin equations [14]. In recent years, the attention of researchers was attracted
to the phenomenon of large-amplitude short-lived waves observed in various nonlinear dispersive wave media. These



21

physical series «Nuclei, Particles, Fields», issue 3 /55/ On new representations of...

waves were named as freaks or rogue waves. Of particular interest are the experimental observations of extreme ocean
waves. A complete review on the various phenomena yielding to rogue waves in ocean can be found in the book [15].
Later, it has been found experimentally that freak waves can be generated in optical systems [16-17] and in space
plasma [18]. Zakharov and co-authors (see detailed review [19] and book [20]) have formulated the theory of the
nonlinear stage of modulation instability based on excites the spectrum satisfying the conditions of space-time
synchronism of the form 2@, = w(k)+ w(—k) and interaction by pairs of waves symmetric with respect to the pump
w(k)+ w(-k) = o(k")+ w(-k") . This model, as shown in the 5 part, allows to analyze some specific futures of the
instability, in particular, the symmetry breaking of the excited spectrum during the progress of the modulation
instability in a medium with strong dispersion and the formation of gravity waves with abnormally high amplitude [21].

The intensive long-wave Langmuir oscillation in plasma has been generated by a high-current charged-particle
beam and a maser radiation is unstable. It being known the field energy density often exceeds the thermal energy
density of plasma [14]. In this case the modulation instability of intensive oscillation results one plasma density cavity
over a wavelength of the intensive oscillation [13,14]. In the 6 part one may see the potential well bottom is capable of
ions capture, but the potential of cavity is quite low for a capture of great part of electrons. The energy of captured ion
considerably exceeds initial energy of electron. But capture region is too small and the total energy of ions is
substantially smaller the initial total energy of system. That local capture of ions is the kinetic (but non hydrodynamic)
limitation mechanism of cavity deepening.

2. WAVE INTERACTIONS IN PLASMA IN TERMS OF SPONTANEOUS AND STIMULATED PROCESSES
Let us consider the interaction of three ion-acoustic waves in non-isothermal plasma. Let two ion-acoustic waves

with frequencies @, and @, propagate in a nonlinear medium and excite a nonlinear current, j,,, capable of radiating
proper waves of the medium at a frequency @, under conditions of spatial-temporal synchronism @, = @, + @, and

lgl = 1?2 + l% . The radiation of quanta @, by the nonlinear current j,, can be considered as a spontaneous process if one
takes into account the action of waves of frequencies ®,,®, on j,,. The Fourier transform of the current at

combination frequency @, + @, can be represented as follows:

. n,e’ {E,E,}
]23(a)ak):(k2+k3)w5(k1 _kz_k3)» (2)
m; 0,0,
where for £, E; and {E,E;}, we use the expressions
1 2 /A2
{E,Es}, = {E2E3}omexp{_(w_wz —;)" /A 923} > 3)
Q23

By applying the Borel theorem at small detunings —(@, —@, —@,) =A_,,; = A, (A,,; - is dispersion spreading) the rate
of emission at the frequency @, due to the interaction of the field with the nonlinear current at combination frequency

, + w,1s determined by the following expression:

2
. ) e 8 w
D f;§>+E;§u;§>>/z:a[—j w8 @
my, 3 w,0,

where ;¥ is the nonlinear current, which is generated by two ion-acoustic waves with frequencies @, and @,, and

Eg) is the field at a frequency @, which is generated by that current in turn. Note that the sign of the rhs of (4) is

positive and does not depend on phases of interacting waves, which correspond to the emission process. This sign-

definiteness is characteristic of spontaneous processes. In addition, the generation at the frequency @, is provided by an
P p g q y @ 18p y

external source in relation to the wave at the frequency , (here by the waves at frequencies @, and @) that also

. . 1 o€ Q° )
common to spontaneous processes. We have used the following notation: W, = g—a)1 8_| E =2 2 — | E, " - is the
10} 70

1

intensity of oscillations at the frequency «, and A,y = (-0 +0,+ o) =300,0,/ Esz is a frequency detuning via
dispersion,
3ww,o, 1

2Qz‘2 Agys ‘/;

A similar equations can be written for the number of quanta N, =W, / hw, :

a=rx eXp[—(wl -, - w,)’ /A2923:| ®)
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ON, 2Q°¢E,E,E
_lzaﬁ _° N2N3—Re#+
ot 3\ my, TV, 0,00,
) (©)
+ﬁ(—e j [@' NN, +aN,(N, +N,)].
3\ myy,
and for the slow phase of oscillations at frequency , :
2 *
0 Q’¢E E.E
N OO _Bh e |y N EBBE
ot 6\ my, ’ mhv, o, 0,0, e

_8n
6

The first term in the rhs of (6) and (7) describes the spontaneous effects, the second term governs the interaction of all
three waves and the third term is responsible for stimulated self-action (oc N,”) and cross-modulation effects, which can

(Lj [N,N, = N,(N, + N,)].
m.y

i’s

be obtained by direct calculation. Equation (6) can be rewritten without considering the self-action term oc N> as
follows (compare with (1)):
oS

o (o) m ®)

aw, | dt = S+{ j,E, + j,E, |

2
W, W,
where Szat§ ¢ o —=—=.
3\ my, w, o,

Unexpectedly, ex facte, the equation for the slow phase (7) can be rewritten by the same sort. The term oc N> is

responsible for stimulated self-action can be obtained by such procedure [22]. Note that the first terms in (6) and (7) are
of the same order as the last terms of these equations. This gives reason to believe sometimes that the physical
mechanisms for which they are responsible are of the same type, which is not true. Note that spontaneous emission of
nonlinear currents gives rise to terms of fourth order on the field and has no appreciable effect on the dynamics of wave
processes, where the third-order terms play a dominating role. Moreover, if one knows the term of emission at the
frequency @, due to the interaction of the field with the nonlinear current at combination frequency , + @,, one will

find all other terms of fourth order on the field. Such fourth order terms can be decisive in determining the steady-state
emission spectra of plasma systems.

3. ON THRESHOLD OF COHERENT GENERATION
According to conception, formulated by A. Einstein, the description of two level system in presence of radiation

with transition frequency &, —&, = ha@,, the following:

ony /0t =—(uy +wy N, )-ny +w, N, -n, ©

anl/at:—le‘Nk‘n1+(u21+W21'Nk)'n2’

where general number of particles of system is invariable n, +n, = Const,U,, * 1, - the rate of change of quantum
number on second excited level at the expense of spontaneous emission. The expressions w, N, -n, and , .N, .5

determine the rate of change of quantum number at the expense of induced emission and absorption, respectively. Here
N, - quantum number on transition frequency. The equation, which describes the behavior of N, is

ON,

67;:(“2]+W21'N/:)'n2_(W]2'Nk)'nl' (10)

It will be recalled that the oscillator radiates with the same frequency and phase as the outer emission. Note, the

outer radiation and induced emission of oscillator are appeared coherent [6,23,24] (also see [25-29]). The more
intensive coherent component of outer radiation, the more energy in unit time the oscillator loses. The spontaneous
emission does not depend on the outer emission and is noncoherent. Assume on qualitative level the terms in right side
of equation (9), (10), which are proportional to N, , to be responsible for coherent processes [5]. It is reasonable to

submit g =n, —n,, N, = N, + N, and represent the equations (9)-(10) in a form

20n, /0t =0u/ 0t =-2n,-2u-N,“";  oN, """ /67 =n,; oN“" /ot = - N, (11)
where u, =w, =w,, T =Uu,, -f.From the solution (11) one can see the threshold of coherent generation [5]
M= Hyy =N2N (12)

where N =n, + n, - general number of states. Let illustrate the dynamics of generation process by the instrumentality
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of numerical solution of equations (12) in handy shape

ON, /0T =N,/2; ON_/80T =M-N_; OM /8T =—-N,—2M -N, (13)
where N =N, " /y s N =N/ s M=puluys T=w, -, t=p, 7, the single free parameter is N, = N/u?,
initial conditions: M(T =0)=1, N_ (T'=0)==0,001, N_(T =0)=0,001. The results of the calculations are represented

inc

on Fig.1. The value of normalized quantities N, (solid curve 1), M ( solid curve 2), N, (solid curve 3), and the

stationary solution of Egs. (9)-(10) N, / g, (upper dotted line) and M = 4/ 4, (lower dotted line) are demonstrated in

the line of Y-direction.
12p In case of sufficiently large initial inversion

Mo =104/N, exponentially fast (7oc20) current

value of inversion tent to zero, coherent quanta
number N, " reaches /2, it is typical of super-

0.8

radiation. Noncoherent component is smallish under
such conditions. After that in what follows normalized
coherent quanta number N decreases, but noncoherent

0.6

quanta number N, ~on the contrary is increasing
(Fig.1). In <case of small initial inversion
4y, =~N/30, growing noncoherent component

rapidly depletes current value of inversion and
coherent field is depressed by stimulated absorption.
The growth (even not exponential) of coherent
component N below threshold (12) is impossible.

02 1 1 1 1 1 1 1 | 1 |
0 10 20 30 40 50 60 70 80 90 100
t

Fig.1. The dynamic behavior of normalized noncoherent quanta 4. ON THE EMISSION AND ABSORPTION
number N, (1), relational inversion M (2) and normalized SPECTRA OF OSCILLATOR, TRAPPED IN
2 THE POTENTIAL WELL

coherent quanta number N, (3); N, =N/, =0.01. The The important problems that arises when
dashed lines - the stationary solution of Egs. (9)-(10): N, / t{;  considering the processes of absorption and emission
(upper dotted line) and M = y¢/ g, (lower dotted line). by a substance is the problem of interaction with the

external  radiation  field of the  oscillating
particle trapped in the potential well. Suppose that a charge Q is at rest near the bottom of the outer potential well. We

also assume that the recoil energy is not enough to ensure that the particle has left the potential well in which it is
located. Upon emitting the high-frequency quantum E, = 7ii(w, +€2), the charged particle obtains the recoil momentum

M,V,, becomes the excited oscillator with the proper frequency «,, which executes a slow periodic motion in the

well. The particle motion can be represented as x = hsin Q¢ The conservation laws at this take the form:

(e, +Q)Jc=M,V,, hQ=M,V; 2. (14)
Note that the energy of oscillations in the potential well is equal to #Q . That is why the energy of the absorbed photon
must exceed the energy of the oscillator excitation 7%, namely on this value. The frequency of oscillations in the
potential well can be found from Egs. (14)

thwzo/ZMch. (15)

Here we assume the condition 7A@, <<2M ch is fulfilled. On the other hand, Eq. (15) implies the circle frequency of

oscillations in the potential well is equal Q =V, /b . Since the energy of the quantum #Q is equal to the recoil energy,
it follows [30]

obfc=kb=2. (16)

Note that the potential well should be significantly wider than 4 and the wavelength A =27/k = zb and deeper

than the recoil energy (15). The highest intensity of the absorption and emission lines is observed on the eigenfrequency
of the oscillator just when the recoil energy is equal to energy of the quantum of low-frequency oscillations in the
potential well [10]. The Hamiltonian’s correction of interaction between the oscillator and the field can be written in the

fOl“m(Qze,MQ =m)
H'=—e-v A /c 17

The interaction energy (17) is proportional to the product of the velocity of the oscillator on the field at the point where
it is located. Note, v, = V, COS@yt - velocity of the oscillator , A = V2. ¢,Cos((w+Q)t)- Cos{kbsin Q¢ + 5} - component
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of the vector potential. Minus sign corresponds to absorption, when the energy of the absorbed quantum must exceed
the value of the excitation energy on the value of the recoil energy (14). Plus sign corresponds to emission when the
energy of the emitted quantum must be less than the value of the excitation energy on the value of the recoil energy.
The interaction energy under condition is nonzero at @ = @, + (mF1)Q:

H'=_%"0 qoﬁ.ZJnl(kb)~cos§. (18)

c
Authors of [10] consider the cases of absorption (m=-1) and emission (m=+1) on the proper frequency
(eigenfrequency) of the oscillator @, and when the oscillator is not at rest on the bottom of the potential well. That is
the frequencies of the absorbed and emitted field are the same and equal to @,. The probability of transition with the
emission (upper sign) and with absorption (lower sign) on the proper frequency of the motionless oscillator @,

=S 40 |2>-Jf(kb>-Cos25-{”;l} (19)
Note that under condition (16), the intensity of the absorption and emission lines at the frequency @, in le (kb)/ J* o (kb)

times exceeds the intensity of spectral lines @ =@, £Q.

5. MODULATION INSTABILITY OF GRAVITY WAVES IN OCEAN WITH DAMPING AND FORCING
Consider the modulation instability of externally driven wave in a medium with sufficiently strong dispersion and
weak dissipation, which can be observed in plasma wave-guides, as well as on the water surface and other physical
situations. We use below the following dispersion relation that characteristic, as an example, of gravity waves on deep
water [31]:

w=\Jgk {1+ LK /2+ ..} (20)

where g is some dimensional coefficient (for the gravity waves on deep water it is the acceleration of gravity).
Experimental data for ocean waves give us the following characteristics [32]: the maximal steepness of stable
waves = H/A=0.13-0.14, where H «c24 and A are the vertical distance between the wave crest and the deepest trough
preceding or following the crest and wave-length correspondingly. It follows from here that Ak <1. Denote frequency
o, the average wave amplitude as |4, [, the average wave height as H=2] 4,|. The gravity waves with
H =(2+3)-2] 4, | are considered as extremely high. It follows from here that (4+6)| 4, |k, /27 o« 0.13 and it is easy to
see that the width of spatial spectrum of the instability in this case is not so small. The simplified representation [19-21],
which describes only in initial stage of nonlinear regime of modulation instability, one takes into consideration to the
following diagrams 2, = w(k)+ w(—k) and interaction by pairs of waves symmetric with respect to the pump
(k) + o(—k) = w(k")+ (k") . Introducing real amplitudes and phases A, =|u, |exp(ip, ), we have obtained the

system of equations, which describes the modulation instability in a medium with strong dispersion [21]:

Oup
k=
where @, =2¢, —¢, —¢_, is the total phase (or the phase of the instability channel). A distinction needs to be drawn

~Su, +(1+K)*S {u_,(ug S, +u 3w sin(® —@K)}, @b

K#K,0

between modes with wave numbers K and K and phases @, and ®, =@, +¢  —¢ —@ .

aﬂ——£<4/(1+1()—1)—(1+K)2'5|:2u§+u,2<+2 > uf(,+uf_1<u§cosCDK + Xk D ey cos(d)K—(DK)}, (22)
a

or K'2K,0 Uy Uy K#K.0

where the mode frequencies are w(K)- @, = olk,(1+K)]-w(k,) =+/gk,(1+ K) —,/gk, - We use the following
notations  w¢/2=7/a, a=k|4 > K=(k-k)/ky A/ A(r=0)=a, =u,explip,}, and also

Ay =2(1/(1+K)—1]+1/(1—K)—1)/a, P, =2(1+K)* +2(1-K)** -2.

In order to analyze the wave height distribution (e.g. the distribution of vertical distances between the wave crest
and the deepest trough preceding or following the crest), we take a third of highest waves. Then we find the average

height of all waves U, , average height of a highest third and the maximum wave height U,,,, in consideration

USWH
domain (¢ cL=27/(AK/k)=2zN/K, =zN/\2a, where AK =2K, /N, ¢=kx, X - spatial value). Calculations were
performed for 600 modes in the spectrum. The ratio of dissipation level & to the maximum growth rate was chosen as
0.1 (e.g. 0 =0.1). In order to provide the unit amplitude of the fundamental wave at the initial stage of the instability
we have also chosen the value of the external drive force as G=§=0.1. The results of that calculations are represented
on Fig.2.

Note that the criterion which defines the extremely high waves with amplitude U ,; is U, > 2U,,, or something

SWH
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like this, should be used with caution because this criterion as usual is applied to statistics obtained on sufficiently large
observation periods, but the highest amplitudes are observed at the initial stage of the instability.

The considered model shows that the appearance of
waves with abnormally large amplitudes is characteristic of the
initial stage of the modulation instability. The average and
maximum wave heights noticeably decrease with the
development of the instability. However, even in the later case
(7 oc30) abnormally high waves can be detected according to

the criterion U, >2Ug,, , although their amplitude is

already one and a half - two times less than in the most
interesting case (ro«c10). There are few waves fits at the
modulation length in the initial stage of the process and one of
which may be abnormally large in some realizations (that
result [21] comes to agreement with observed data [15,33]). At
the stage of developed instability, the number of waves for the

o 10 20 30 40  so  modulation length increases to three or four times. The
Time probability of abnormally high wave events in our numerical

Fig. 2. Time evolution of wave height parameters: U ., — simulations is qualitatively consistent with the known
observations of ocean waves. It should be noted that the total
energy of wave motion is approximately conserved with
reasonable accuracy in the domain under consideration (both
in time and space) and the condition that the amplitudes of
individual side-band modes remain much smaller of the fundamental wave amplitude is satisfied during the entire
simulation time [21]. The latter allows us to assume such a description of the modulation instability sufficiently correct.

Wave height

the average height of all waves in the observation domain,
Uy, — the average height of a highest third, U,,,, — the

maximum wave height [22].

6. THE LIMITATION MECHANISM OF THE DENSITY CAVITY DEEPING ON MODULATION
INSTABILITY OF INTENSIVE OSCILLATION IN PLASMA
Let us consider the behavior of electrons (o =¢) and ions (« =i) of cold plasma in the electric field of intensive

Langmuir oscillation £ = E, - Sin(e,t — k,x + @) with the frequency @, near Langmuir frequency o, = ,/4;;62,10 /m,
where e charge, m,, - mass of a particles, E, , @ - slowly varying amplitude and phase of the field. The generalized

1D Silin’s equations, which are describing the modulation instability [34] ( see also [35]) of intensive oscillations with
excitation of wave spectra (the wavelength of whichis 27/ nk,, where n <100) are

ON, /0t —iAN,—iM, -J (na)/2n = O.SiZMm N, Jy(ma)-N* _ -J,(ma) exp(2ig)], (23)
dla-exp(ip)]/ 0t =2iy M -[J,(sa)N, +J,(sa)- N * -exp(2ip)], (24)
2
d 6: = iZ:{ZJ1 (na)-Re[N, exp{-ip}]+
dr 2 n , (25)
+n-) Jy(na,)N*, N, , —J,(na)Re(N*, N*,_, expi=ip})}-sin2zns)
where §.t=7; S=(m,/m)"”; a,=a-n=n-ekE,/ maw,; N, =u, /enn,- Telative disturbance of electron and

M =5 '.[0.5 d&, -cos(2mné) - ion densities, J (x)- Bessel function, A =A, + pn’ :_5_1(1_0’; [ @*)+3k,T, | 46m,0” -
n -0.5
detuning; T- electron temperature in units of energy. Let us assume the condition EO2 /4xn,T, =W [ n,T, >>1 is

satisfied. The result of the solution of equations (23)-(25) is represented in [34] on conditions that
a(r =0)=k,eE,(r =0)/ m,w,” =v,/c=0.06; n<100, §=0.1, which answer the requirements the high-current

electron-beam excitation.
The energy of intensive long-wave ( Ao =271 ky=27c/ a),,g) oscillation in plasma reaches several tens of percent of

total beam energy. The maximum value of modulation instability increment ~ - @, - J,(na) is achieved when an ~2.
It follows from this that the number of spectra modes » > 30. The electric field amplitude of mode is E, ~ Nna’ozme / kye -
The numerical experiment [34] shows x -102. The electrons on a scale of intensive oscillation length
(A, =271k, zz;zc/wpy) practically are not captured by the plasma density cavity. Therefore the spectra growth
transmits on the modes with numbers n_ ~60. HF energy flux becomes formed just because increment maximum
moves in short-wave region n ~2/a on account of intensive long-wave oscillations amplitude is decreasing.

The half of initial energy approximately is transferred in the short-wave HF spectra energy. The ratio of ion
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oscillation frequency at the bottom of potential well of plasma density cavity to linear increment of modulation
instability is

max

\/ekOZsES I magd® =10"n,, 5" /2~1- (26)

There is the fulfillment of conditions of ions capture. This fact explains the choice of ion kinetic description (25).
The ions capture occurs on a small scale z/n_ k,, and the ion oscillation frequency at the bottom of cavity on the

order of linear increment of modulation instability. Therefore at the bottom of cavity ion velocity is
~méw, I n,, k, ~0.05-co and its energy considerably exceeds initial energy of electron. The major portion of ions on

max
periphery of the cavity and a great distance away from it is moving in opposite direction, “fill up” the cavity, at the
same time disintegrate previous interaction between the Langmuir spectrum and the ion oscillations. However,
summarized energy of ions is remained substantially least of the initial total energy of system [34-37].

CONCLUSION
The purpose of that paper is to announce new theoretical description of following well-known physical
phenomena.
The nonlinear current (2), which generated by the fields with frequencies w,, @,, radiates the wave with

frequency @, and this emission does not depend on the external electromagnetic field at the same frequency. That

features is typical ones for emitter of spontancous radiation. If such emitter characteristics are known, it is not difficult
to determine all components of the induced radiation with frequency @,, which is proportional to the intensity of the

spectrum line. Such procedures are applied to the phase expression.

If the induced radiation is believed an coherent radiation, and spontaneous radiation is random process, very low
threshold and pulse shaping of coherent (maser) radiation can be find out. The pulse has sharp rise-up portion and very
lengthy descending part.

The high-frequency oscillator in the external potential well is capable of linear spectrum emission. Let emission
and absorption of HF quantum accompany the recoil effect. When the recoil energy is equal to energy of the quantum of
low-frequency oscillations in the potential well, the highest intensity of the absorption and emission lines is observed on
the eigenfrequency of the HF oscillator. That assertion is consequence of the quantum description, which is discussed in
[10] and in that paper.

The theory of the nonlinear stage of modulation instability based on excites the spectrum satisfying the conditions
of space-time synchronism of the form 24, = w(k)+ w(~k) and interaction by pairs of waves symmetric with respect to

the pump w(k)+ o(-k) = w(k")+ w(-k") is reviewed. That description is applied to analysis of sea waves instability and

detects gravity surface waves with abnormally high amplitude, that occurs only in initial stage of nonlinear regime of
that process. The high coincidence of theoretical results and observed data is succeed.

The plasma density cavity is formed as a result of the modulation instability of intensive long-wave Langmuir
oscillations. The instability scales down of density cavity. There is no hydrodynamic mechanisms to stabilize the
dimension of density cavity, except the dispersion and the damping of short-wave Langmuir spectrum. But often cavity
dimension in hydrodynamic description comes not nearer to that critical scale [34-36, 38]. However there is the kinetic
limitation mechanism of cavity deepening. The potential well bottom of cavity is capable of ions capture and the cavity
will be not become deeper. The condition of ions capture (26) is determined the minimum dimension of cavity.
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