MAGNETIC BUOYANCY WITH VISCOSITY AND OHMIC DISSIPATION
AND FLUX TUBE FORMATION
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In the framework of the magnetohydrodynamic equations with dissipative terms in
the form of turbulent viscosity (»;) the linear stage of the instability of a
subphotospheric field with respect to magnetic buoyancy is considered. For an
ex?onential in 2, isothermal plane-parallel atmosphere with a constant Alfvenic
velocity

c = kT/m = const, a= Bg/(87rpo) = v} /2¢§ = const

the perturbations of the form

f(2)expliwt + ikxx + ikyy)
are described by differential equation with constant coefficients. The qualitative
dependence of the growth rate of instability on transverse wave number is

determined (see Figures 1 and 2) and characteristic scales of the magnetic tubes are
evaluated at the linear stage of instability (Kuznetsov, 1987, 1988).
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The perpendicular wavelength is given by

AR 27r(1/tcs/g)1/2 =1.4-108 cm,
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where

w=6-102cm2%1, H=c}g=14-108cm.

The parallel wavelength lies in the range (Parker, 1979)

2-10° cm ~ 14.5H ~ 87H/y3< A< ArH[J -1 ~19.5Hw2.7-109 cm

For the above parameters characteristic of the top of the solar convective zone, the
longitudinal and transverse scales of the emerging flux tubes are in good agreement
with the sizes of the magnetic structures observed as arches and loops. The
fragmentation of the subphotospheric magnetic field into flux tubes must be most
effective in the hydrogen ionization zone where the value of the adiabatic index of
the gas v is minimum and the elasticity of the gas cannot stabilize the instability.
Taking at the depth h = 3-108 cm under the photosphere the parameters py = 108
dyn/cm?, T = 2.5-10¢ K, v = 1.09 we find that for the instability of the longitu-
dinal perturbations (Parker 1979)

7<T =(1+a)?/(1+3a/2) ¥ 1+a/2

the value of the magnetic field

Bo > [167p0(1—1)]1/2 x 2-10* G

is needed, which is quite acceptable.
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