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The geophysical meaning of Elsasser number
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We present results of linear instability of axisymmetric toroidal magnetic field imposed inside a rotating fluid sphere, and
discuss the geophysical meaning of the Elsasser number that plays a central role in the magnetic instability. We use the magn
tostrophic approximation in which viscous and inertial terms are neglected in the equation of motion of incompressible rotating
fluid. We assume an axisymmetric toroidal field that is maintained by some external mechanical and electromotive forces. Whe
the Elsasser number, that is proportional to the product of electrical conductivity and square of maximal toroidal field intensity
and inversely proportional to the product of density and rotation rate, becomes about 10, the field becomes unstable irrespecti
of the toroidal field structure and a prograde slow wave propagates. The azimuthal wavenumber is inversely proportional to thi
size of the cross section of the toroidal magnetic field. This is the resistive instability in which a finite resistivity is important. The
linear growth rate becomes maximal when the Elsasser number is of the order of 10 to 100, and the maximal value is proportion:
to the wavenumber.

If the magnetic instability occurs when the Elsasser number is about 10, it is suggested that a toroidal field created by planetat
dynamo action should be destroyed by magnetic instability. And it is also implied that there is an upper bound in the Elsasse
number of the planetary magnetic field. If the dynamo action that creates an axisymmetric toroidal field and the magnetic insta
bility that destroys it are balanced in the saturation state, the ratio of the Elsasser number to the critical Elsasser number does r
exceed 10, and the magnetic field intensity does not increase infinitely even if the magnetic Reynolds number is huge.
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