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ABSTRACT. A Lagrange formalism is developed for nonlinear whistler enve-
lopes originated by the nonlinear interaction of the whistler waves with the
background plasma. This problem is analogously to a mechanical movement in a
double minimum potential. Both periodic and solarity whistler envelopes are
described by this formalism. The existence conditions of the nonlinear whis-
tler envelopes and their relations to the conserving quantities, the energy
density and the phase integral, are discussed. '

METOJ JIACPAHEA ISl HEJMHENHOI'O CBUCTOBOI'O' TAKETA BOJH: Merox Jlarpauxa
PasBUT Iad HeauMHelHOTO CBUCTUBAI'M IBKET& BOJH, ﬁomopuﬁ BOSHMKA8ET BAEeICTBUE He-
AuHERHOro BsaumolefcTBUA MeXINy CBMCTOBHMM BOJHAMW M IiIasmolt. [loBeZeHue cuCTeMH
8HAJOTYYHO MEXAHUUECKOMYy NBUXKEHUD B NOTEHUMANe C ABYMS MUHuMyMamu. I[lepuomuuec-
Kie ¥ COJMUTOHHHE HeJMHellHHe CBUCTUBWE BOJHH ONUCHBADTCHA C MNOMOLBE STOTO0 MeTO-
fa. YcaoBusd CyWLeCTBOBAHUA HeJMHEHHX CBUCTOBHX BOJH M MX OTHOMEHME K BEJMUUHAM
COXp&aHeH#d, K&K IMIOTHOCTbL dHepruu u (asoBuit uarerparn, odbymxamwca.

LAGRANGEOVA METODA PRE NELINEARNE VLNOVE OBALKY TYPU HVIZD: Lagrangeova
metdda bola rozvinuté pre nelinedrne vlnové obdlky typu hvizd, ktoré vznika-
J¥ nelinedrnou interakciou vin typu hvizd s okolitou plazmou. Tento problém
Jje formédlne analogicky s mechanickym pohybom telesa v poli, ktorého potencidl
mé dvojité minimum. Uvedenou metddou je moiné skimat tak vlnové obdlky perio-
dickych ako aj solitdnovych vin typu hvizd. V Zlénku si diskutované podmienky
existencie nelinedrnych obdlok typu hvizd a ich vztah k veliliném, ktorfch
hodnota sa zachovdva (napr. hustota energie a f4zovy integrél).

The study of nonlinear whistler wave propagation is interesting to in-
terpret various phenomena in the magnetospheric and the coronal plasma.

T13 s

© Astronomical Institute of the Slovak Academy of Sciences ¢ Provided by the NASA Astrophysics Data System



The nonlinear whistler wave propagation arises from the interaction of
the envelope of the high-frequency whistler wave with the ponderomotive-indu-
ced plasma motion. This is described by a set of coupled differential equa-
tions, which consist of the nonlinear Schrodinger equation and the linearized
ideal magnetohydrodynamic equations supplemented by the pondermotive force
(Karpman 1977, Karpman and Washimi 1977, Spatschek et al. 1979). Here we re-
strict ourselves to the case that all varying quantities only depend on the
space variable z and the time t, where the external magnetic field is direc-
ted along the z-axis. In searching for stationary envelopes in the wave refe-
rence system ($= z - Vgt, Vg - whistler group velocity ), the set of coupled
differential equations reduces to a single nonlinear differential equation
generating by the Lagrangian
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with A = “Ppe and B = AW /vy
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(c - velocity of light, wpe - electron plasma frequency, w ce = electron
cyclotron frequency, ¢, ~ mass density, vé - group dispersion, cg - sound
velocity, x = W/wce’ @y = whistler frequency, AW - nonlinear frequency
shift, a - envelope amplitude).

Under the conditions in the magnetospheric and the coronal plasma we
find a large supersonic group velocity.

The Lagrangisn (1) corresponds to a mechanical movement in the potential
V~(28a2 - .La‘ ), if "a" denotes the particle coordinate. In such potential
bith periodic and nonperiodic (solitary) movements can occur, if the poten-
tial has two minima at a = + (B/A)VZ for Av(’;>0. These periodic and solitary
movements are stable for A< 0 fulfilled for x>0.25 in the case of supersonic
group velocities. Analogously to the framework of the classical mechanics the
occurence of the periodic or solitary movement depends on the conserving qua-
ntities and the parameters of the system (wpe, W g @ and x) (Schmutzer 1973).
In this case we have two conserving quantities, the Hamiltonian (energy densi-
ty) and the phase integral, defined by ’

o I da _
H= —_— - L (2)
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and
3)

KN 95 9L da
Y P (:g-‘:g )
(Schmutzer 1973).

Thus, the individual form of the whistler envelope is determined by the

special values of the Hamiltonian (energy density), the phase integral, the
parameters of the background plasma, snd the whistler frequency (Mann 1986 ).
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