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Introduction. The stimulated emission (lasing) without inversion (LW4)ane of the basic
effects in the physics of radiation processes has beensintdy studied for the last several
years. This effect was predicted initially for quantum syss$ [1]. But like the usual stimu-
lated emission, the LWI has been found as a general phydieat.€The classical LWI models
include both monochromatic systems with spatial divisibalectron beam into two fractions
[2] and systems where spatially homogeneous ensembleabfais interacts with the bichro-
matic radiation [3]. In the systems of the second type, dised here, the parametric coupling
of radiation components by means of medium oscillationsedres the LWI effect.

Here we present stationary regimes of three-waves "inwalisss" cyclotron amplification.
The basic idea is borrowed from quantum electronics as wdblesed on results of previous
investigations of "inversionless" amplification of higleduency (HF) bichromatic radiation
in classical plasma systems with given low-frequency (LBpalation [3]. This effect of "in-
versionless" instability is revealed in the systems ofeéhsaves interaction in plasma with
guadratic nonlinearity under cyclotron (Doppler) syncatismn conditions between monochro-
matic field components and electrons. In presented regimes$iE probe waves are ampli-
fied simultaneously due to coupling with permanent LF pumgpuave. In the absence of LF
pumping the linear regime of interaction between HF waveh thie medium is characterized
either by the field absorption or by no energy exchange betlee medium and the field .
As result of these investigations further analogies betva@ssical and quantum electronics,
where large number of AWI schemes with permanent LF pummsnignown, are revealed.
Besides, a thorough research of use environment of the Md&teve relations, which define
multi-photon process behaviour, is presented.

1. The first regime.Consider three coherent waves propagating transverstig tmnstant

magnetic fieldBy = Boz:
B 2
E= y’oReZlEjexp(ik,-x— iwjt +171/2) + YoReEpexp(ikx — iQt +i711/2). 1)
=

Probe HF waves are resonant to the relativistic electrotis gamma-factongk at two high

harmonics of gyro-frequency. The pumping wave is resoratité same electrons at the dif-
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ferented harmonic. The following resonant conditions at&lied:

W =Nior, w=Nowr, Q=(Ni—Np)awr=Lar, wr= n%’R, ki—ka =K. (2)
Assign the amplitude of the pumping wave to be fixed and finchthdinear susceptibility at
the frequenciesy andwy, solving the kinetic equation for the electrons distribatfunction
within the limits of quadratic approximation with respeotthe field amplitudes. Assume,
that 1) the electrons density and amplitude of pumping wave arelsswthat the vacuum
variance relationw; = ck; is slightly perturbed; 2the energy of electrons in ensemble is
slightly disturbed near the resonant valme?yg and the field amplitudes are small, so that
the motion of relativistic electrons can be described byetpeations of nonlinear pendulum.

Under these conditions the following system of equatiomsheEaconsidered:

af of 2 df df
d 21e
at’ T " mewy ' @

F12 = —wjGjRe(ajexp (ikjX +iN;8 —iwjt) ),
Fp=—QGpRe(apexp(ikX +iL8 —iQt)). (5)
| :ech(/deGfexp(—iNjG—iij+iwjt)>t7x. (©)

wheref (w, 8,t,X)— the electrons distribution functiow,= y— yr, 6— the gyro-phasefp(w)—
the unperturbed distribution functioay = €Bo/(mey); aj = eEj/(mcw;), ap = eEp/(MeQ),
Gj= BLRJL,J, (Kjrn), J,’\,j(k,-rH)—the derivative of the Bessel functiony— the gyro-radius of
the resonant particles (the definition®§ is analogous). The parameteis the rate of some
dissipative process in the medium.

Firstly, we found, that in the absence of the dissipationlétteon ensemblew= 0)! the
connection of two HF waves by means of pumping LF wave caneaut to the simultaneous
amplification of two HF waves in the "inversionless" mediwvhéred fo/dw(w = 0) < 0).
On the contrary, if the dissipation rateis sufficiently large and the pumping wave is strong
enough the three-waves coupling can result in the simutasmamplification of HF waves in

"Iinversionless" electron medium. The following conditimust be fulfilled:

Q (Aw)
V>

(7)

INote that the effect of inversionless HF waves amplificalivinansitional regime with interaction switching

on at the initial moment, investigated in [3], is obtainedtba basis of equations (3)-(6) with= 0.
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It means that the resonant region with the pumping wave ebsctee particles dispersion in
the phase space. Besides let the dissipationréebe sufficiently small so that HF waves in-

teract with electron ensemble in kinetic regime susceptibthe properties of the distribution

function:
wj (Aw
R
So, we pulQ < wj. Then the coupling equations for HF waves take the form:
e -I-—l( W+id) = (Mne+iDne) N—lzazap
da, G2 : N \
d—t2+—(VL+'5L) (TN +iDnL) 5 010, 9)
N3
where
. 27'[82 R (9f0D 0fo
= —r ——— — 1
W+id = -~ wR( E de+n0W w:o> (10)
Te? 0%fo 0 dzf
NL+iDnL = —GleGp—— ( —O—d 20 ) : (12)
W= lw=0

The condition of "inversionless" amplification of two HF vesvin the simplest form (when

Gy ~ Gy) is the following:

Q

9%f
E\ap’ >

Pl ow? (W=

dfo

> — — (12)
0) ow

(w=0)

In this system the mechanism of "inversionless" amplif@attonsists in the parametric
interaction of HF waves by means of sufficiently strong matlah of conductivity of the
medium under the action of the pumping wave. Note, that theeaesponse of the medium
is formed by the particleesonant with the HF waves.

2. The second regimeConsider the system of the second type. Two HF electromimgnet
probe waves propagate along the constant magnetic fielgpimsite direction; the longitudinal
wave plays the role of the LF pump:

E, — Re{e;EjékJZ—iwit}, ki >0, ko<O, (13)

IM»s

—

E, = z"oRe{EpeiKZ’iQt} o K=ki—ky, Q=ocn—awy (14)

We have shown that in this system the simultaneous ampidicatf two electromagnetic
waves is possibléen the absence of electrons resonant with these waves. As the necessary
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condition we should again to assume the dissipative proggkssufficiently large rate to be

included in the system:
V> An, Au=Q-—KV. (15)

At this condition all electrons are in synchronism conditwith the longitudinal pumping
wave. Simultaneously the dissipative rate is small, sottatinteraction of electromagnetic

waves with electrons is consideredrasresonant:
V<A, Aj=wj—wh =k (16)

HereV)| is the longitudinal velocity of electrons in ensemble. Gdesng (as an example)
the interaction of waves with nonrelativistic plasma, weaat the following condition of
simultaneous "nonresonant” amplification of two electrgn&tic waves (in the simplest form,
whenQ < wj, k1 = —kx = K, wj < wy):
%kﬁ >v2 e
In this system the mechanism of "nonresonant" amplificatonsists in the parametric

(17)

interaction of HF waves by means of antiphase modulatioradtive response of the medium,
formed bynonresonant particles.

Conclusion. We revealed and analyzed the systems of three-waves interawhere the
energy exchange process contradicts, on the one hand,hegittustomary Manley-Rowe re-
lations and, on the other hand, with "inversion" of the resarmedium as condition of am-
plification. The principal aspect is the combination of tieaves process with the resonant
interaction of the field with electrons-oscillators eitla¢every frequency or at least at the dif-
ferented (low) frequency. The last case is especially sing. For this regimes to be realized
in classical systems the sufficiently wide frequency bangsbnant interaction with LF wave
must overlap the spectrum of the corresponding naturahtidns in the medium.
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