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It follows from numerous observations that cometary shells and rays are probably formed due 

to the common physical mechibnism which affects the cometary ionosphere as a whole [I], It is likely 
that interaction between the cometary plasma and the solar wind stream results in this phenomenon. 
We assume that electromagnetic plasma-beam instabilities are responsible for stratification of the 
cometary plasma into shells or layers and their extension downstream to the ray system. We 
consider filamentation instability as one of the possible mechanisms [2]. The study is carried out 
within framework of paraboloidal geometry, namely the streamlines and fieldlines are directed along 
the surfaces of two sets of orthogonal paraboloids of revolution in the region of interaction. The 
results of MHD-modeling of the cometary ionosphere are in favor of this assumption [3]. We study 
the problem in terms of MHD-equations for 4 components, i.e, protons and electrons of the solar 
wind stream and ions and electrons of the cometary plasma, with taking into account a cok ion  
frequency of electrons 141. The origin of these collisions may be the quasilinear scattering of the 
electrons on the plasma waves [2]. The stream velocities of the cometary plasma components are 
neglected in comparison with those of the solar wind stream components. The bow shock effects 
are not taken into account. 

We consider the development of the above instability which results in separation of the back- 
ground plasma to  shells or layers due to the interaction between the solar wind and the cometary 
ionosphere. With standard mathematical technique the set of the MHD-equations is represented 
in the curvilinear geometry. Undisturbed magnetic field lines and plasma streamlines are oriented 
along the surfaces of the x2 = const  and the system is symmetrical relative to rotation around 
6he Sun - cometary nuclei direction. We consider stratification along XI = const ,  thus only partial 
derivatives by xz are taken into account. Variable x1 acts as a parameter. 

We consider the widest shells and do not take into account the thermal effects that affect on the 
thinnest ones [2]. The Fourier transformation on time variable is used, namely small disturbances 
of the physical values are proportional to exp(e'wt), where w is the frequency of the wave process, 
For aperiodic filamentation instability Rew EJ 0 and Imw # 0 that resnlts in "pure" stratification 
of the plasma without oscillatory part. 

Using standard technique [4] we obtain the set of equations for three components of the electrical 
field. In order to solve the problem analytically we use the assumption that typical scales of the 
shells and rays are smaller sufficiently than the cometsheath' thickness. One obtains that 

where n is disturbed plasma density and &(a, z )  is a Coulomb wave function of the zero order [ 5 ] ,  
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which is a solution of the following equation: 

a2 w 2 
- f ( a t  -)w = 0, 
az2 Z 

Here k: is a parameter defined from the dispersion equation [2] and which acts as a wave number. 
Further we consider k that corresponds to the fastest growing wave mode. Let analyze the solution 
using asymptotic expansions of the function Po(a, z ) .  

Near the cometary head PQ(a, z) N zjO(z@, where jo is the spherical Bessel function of the 
zero order, and n N COS(Z&), Therefore instability development gives rise to formation of separate 
condensations along the curve of q = const. Their boundaries are determined by the expression: 

For different surfaces zl = const these condensations creates a set of paraboloidal shells. 
Moving along the cometary tail and using another expansion of the function Po(a, z )  one can 

obtain the system of quasiparallel rays directed along the tail axis, The latter case has been already 
studied in the problem with cylindrical geometry. 

Sums up the above results we conclude that plasma stratification may be a result of electromag- 
netic filamentation instability of the plasma streams in the cometary ionosphere, The instability 
development resnlts in formation of separate shells in the cometary head, which extend to a straight 
ray system in the plasma tail. The influences of an asymmetry of the cometary ionosphere, weak 
plasma flow towards the tail axis and initial inhomogeneity of the cometary plasma are the lines of 
the further investigation of the proposed mechanism, 
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