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Introduction

Ballooning and flute modes have been considered in a number of papers in association

with the geomagnetic pulsations and motions of the magnetic surfaces in the plasmasphere of

the Earth (see, for example, [ 1], [2], [3]). Their stability examination received much attention

in connection with the substorm activity and its consequences. The papers differ significantly

in approach and theoretical methods applied. We think that use of the well-known set of

ballooning mode equations obtained naturally for finite beta plasmas in general magnetic field

geometries [4], [5] gives a possibility to solve the problem and to study the stability regions in

a general way. The proposed study is an attempt to apply the set of equations to the Earth

magnetic field.

Model

The study is made for dipole magnetic field (see Fig. 1). Magnetic shell displacements

in the meridian plane are considered.

Figure 1.  Sketch of the field geometry.

Here, and are field line displacements along the undisturbed field and transversely to

the fieldline whose equation is  =L   where   is the radius (in the Earth's radii) and 



is polar angle in right-handed spherical co-ordinate system, L is the equatorial magnetic shell 

distance The respective undisturbed field components are 
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and the absolute value is B = - 
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a = 1 + 3 sin2 0, where A4 - is the Earth dipole moment. 

We start from the basic set of equations for ballooning-type displacements in the well 

form [5] 

P 
2 

+2 

2 
h_ 

B2k2 
-4 

A 

5 --SV - 
2 

KL 

B2k2 
-4 

?PB 
2 

jp+B2 

I + 
div ;I B 

B2 

A r A 7 i 
Here we use the following notations: z, 5 = ?, 5: exp - icot + 4 

i i 
, I ~4, where 

& 

dP k;=v& Z*B=o, p�=-� 
& 

~4~0s~ e 
In the dipole field we introduce the magnetic flux function +Y = -� 7 

r 

k -[Bxv,l, 
IP - B 2 

,_ = k, r cos 8, the azimuthal wave number k,, and the magnetic field 

curvature 2, where B x c = - ZP [ 1 2A4cose 
4 . 

ra 

Introducing the dimensionless variables according to [ 61: 
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intensity at the equator, we obtain: 
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Using the expression for fieldline we rewrite the derivative along the fixed magnetic shell: 

where the length element along the fieldline is d s = cos e&de. 

Finally, we obtain the following set of equations which describe the ballooning-type 

displacements of a fieldline with specified L: 
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where q - is square of a ratio of the radial wave number to the azimuthal wave number and 

Y = 5 / 3 is the adiabatic index. The set of equations contains functions of L, namely 

a, p, a , and parameter q. 

Flute stabilitv criterion of the equatorial plasmapause 

From the equations derived we can easily obtain the flute stability criterion. Let us 

consider region near the equator plane 8 = 0, and introduce the following form of 

displacements : ?, i - exp (�no), TI a 0 . Given the pressure p = poLBm and ,6 < 1, we can 

conclude that the plasmapause is unstable for wt > 4y / (,6 + 1) M 20 / 3 [ 1, 2, 31. For 

incompressible plasma from the Suydam criterion we obtain just m>O. 



Stabilitv of ballooning modes in the equatorial plane ( 0 m 0) 
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Figure 2. Stability boundary in the plane (p, a). 
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Figure 3. Growth rate r = J - a2 as function of p. 

Conclusions 
It is shown, that stability boundary and growth rate do not depend on wave numbers 

ratio (4). In the limit p + o the results obtained are in a good accordance with the well- 

known flute stability criterion. These preliminary results are obtained for the vicinity of the 
equator plane. 
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