NONLINEAR ANALYSIS OF THE PLASMA WAVE DECAY
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Distortions of drift waves form connected with nonlinear processes agreed upon by influence of plasma shear flows
on wave are considered. Plasma velocities are directed along line of wave propagation. It is shown that result of such an
influence is strong transformation of wave. The overturn is achieved. It leads to wave decay.

PACS: 52.35.Qz; 52.55.Lf; 52.25.Fi

1. INTRODUCTION

Voluminous literature devotes problem of suppression
of plasma instabilities by shear flows [1-6] etc. In order to
solve this problem different approaches are proposed. In
this work firstly approach based on analysis of distortion
of drift wave shape is considered.

It is well-known variety of nonlinear wave processes
and methods of them investigations. One of directions of
analysis these phenomena is investigation of transforma-
tion of wave form and possible following them decay [7,
8, 9] also [10] and the references quoted therein. Within
the framework of such analysis finite waves amplitudes
and transformations of forms of waves are taken into ac-
count. In much in the same way sonic waves, sea waves
and ion — sonic waves were investigated [7-10]. Taking
into account of finite value of wave amplitude leads to
distortion of originally harmonic wave and increasing
steepness of wave shape. This statement is correctly both
for waves in gases and waves in plasmas [9].

In this work similar task is considered in connection
with drift waves in plasma under influence velocity shear
plasma along wave velocity. It is necessary to keep in
view important features of drift waves. Firstly motion of
plasma particles in drift waves is transverse with respect
to velocity propagation of wave. Secondly drift waves are
unstable consequently it is necessary to take into account
exponential increase of wave amplitude. The last feature
did not consider till now. It is shown that distortion of
originally harmonic form leads to overturn and decay of
waves. Similar decay of drift waves was observed in ex-
perimental work [11].

This task is solved using two differ variety of approxi-
mations.

2. METHOD OF INDEPENDENT PAR-
TICLES

This method is very simple and convenient in order to
solve such a task. But it provides correct solution for
weak deviations from sinusoidal wave shape in original
linear state. Therefore it is possible to obtain only qualita-
tive solution in such an approach.

It is considered propagation of drift wave mode inside
slab parallel yOz plate. Axis Ox is directed along gradient of
plasma density and plasma temperature. Magnetic field is di-
rected along Oz axis. Transverse with respect to magnetic
field component of drift wave is propagated along axis Oy.

First of all some results of analysis of particles motion in
drift wave is presented using a simple method based on solu-
tion of 2D set equations. Coordinate system is connected
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Fig. 1. The trajectory of charged particle inside drift
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Fig. 2. The trajectory of charged particle inside drift
wave having exponential increasing amplitude

with moving wave. Then for wave of constant amplitude @

trajectory of every charged particle is ellipse (Fig. 1)
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Here A is constant in formula vV, = AX . For wave with

exponential increasing amplitude trajectory of particle is
spiral (Fig. 2). In parametric form equations of spiral are
x(t) = aexp(yt)Sin(wt),
Aa .
()= W[GXP(W)[VCOS(W 1)- wSin(@1)] - y}

Lower hydrodynamic approach is considered.
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3. HYDRODYNAMIC METHOD

Hydrodynamic approach is based on the following
starting points. Velocity distribution along direction of
wave propagation (Oy axis) is given. Plasma density is
taken as compressible. In cross direction with respect to
the wave propagation (Ox axis) the particles motion is
taken into account as electrical drift. One is determined
by electric field arising because of density gradients along
Oy axis.

The main advantage this model is possibility of to
consider essentially nonlinear stages wave existence.
Then the overturn is achieved. Corresponding numerical

results are presented in Fig. 3, 4. On these Figs. compari-
son harmonic and perturbed waves is presented.
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Fig. 3. Dynamics of drift wave mode under influence of
velocity shear, V, = Ax . Moment Ly corresponds to

condition equality infinity of derivative perturbed wave
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Fig. 4. Dynamics of drift wave mode under influence of
velocity shear, vV, = 2AX . In moment of achievement of
overturn amplitude value of wave less than in the case

when vV, = Ax

4. CONCLUSIONS

It is shown that influence of shear flow on drift wave
leads to wave overturn. It means following decay of
wave. Added analysis shows that wave decay can take
place before achievement overturn namely when gradient

density in wave 07/0y and gradient density in plasma
dn, /0x will become equal. From estimations follows that
this equality appears earlier than overturn.
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HEJIMHEWHBIN AHAJIN3 PACIIAJIA IVIABMEHHOM BOJIHbBI
B.U. Xeeciox, /I.H. Kapoyuies
PaCCManI/IBaIOTC}I HNCKAKCHUA (l)OpMBI J:[pefl(i)OBLIX BOJIH, CBA3aHHLBIC C HEJIMHENHBIMA rnponeccaMu, BbI3bIBACMbIMH BO3-
L[eﬁCTBHeM HCOAHOPOAHBIX CKOpOCTeﬁ TU1a3Mbl, HAIIpaBJICHHBIX BAOJIb JIMHUW PACIIPOCTPAHCHNA BOJIHBI. HOKa3aHO, 4To B pe-
3YJIbTATC TAKOI'0 BO3IL€I7[CTBI/I$I BOJIHA CYIIECTBEHHO UCKAXKACTCA, BIUIOTH 10 OIPOKUIbIBAHUS. 3T0 Be)lé’l‘ K pacrialy BOJIHBI.

HEJIIHIMHUMA AHAJII3 PO3IAZLY IIJIA3BMOBOI XBUJII
B.1I. Xeeciox, /.M. Kapoywes
PosrisHyTo nepekpuBiieHHs (Gopmu apeiioBUX XBWIb, IMOB’si3aHE 3 HENIHIMHUMH TpolecaMH, SIKi BH3BAaHO
BIUIMBOM HEOJHOPIJHHUX LIBHJKOCTEH IIa3MH, HAIpaBICHUMH B3JIOBXK JIiHIT po3mnoBcropkeHHs xBuil. [lokaszaHo, 110
BHACII{/IOK TAKOTO BIIUBY XBHJISI ICTOTHO MEPEKPUBITIOETHCS aX J0 NMepekuaanus. Lle mpu3BoanTs 10 po3namy XBHII.

73



