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We discuss a dynamo mecchanism driven by weak plasma turbulence and show
that turbulent plasma waves may gencrate and maintain cosmic magnetic ficld.
A dynamo cquation is derived from the magnetic induction equation based on
mean field electrodynamics. In the usual a—w dynamo theory, the source term
in the dynamo equation arises from a—effcct associated with the convective
motion of the fluid. In contrast, in our thcory the source term is determined by
“P—effect” associated with weakly turbulent waves (c.g. Alfvén waves) in the
plasma. We suggest that “P—w” dynamo may be operative either in the presence
or absence of convection. The sole requirement for its operation is the existence
of weak plasma turbulence in the source region of the cosmic magnetic field.
Using Fourier transform to cxpress the fluactuating terms in the magnetic
induction equation based on mean ficld clectrodynamics, we obtain a dynamo
equation in the cylindrical polar coordinates (R,¢,z):
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where P= — —a (Kz|Ur|?) =effect of weak plasma turbulence
K

and |Ur|? = [|lvk |*dK =square of turbulent wave amplitude,
By = mean magnetic ficld,
Vo =mean fluid velocity,
w = angular velocity of rotation,
B=K,/wk,
K, = p—component of wave number,

w g = dispersion frequency of turbulent plasma wave.
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Using scparation of variables B (F,t) = A()B(F) = Aee*B(F), Eq.(l)

becomes
A= B(r)
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Assuming axisymmetry the 3 components of Eq.(2) give
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Eq.(3) describes the toroidal ficld, Eqgs.(4) and (5) combine to form the poloidal
field.
In the non—rotation casc (w=0), Eq.(1) reduces to the dynamo equation
originally derived by Li and Song (1981)
3B,
at

— V2B, + PBo (6)

which yields solutions with only the poloidal ficld. In the rotation case (w==0),
Eqgs.(3)—(5) show that the toroidal ficld can be gencrated from the poloidal field
even when the rotation is constant (o # w(¢)) . Tong et al (1985) obtained
the dynamo solutions of Egs.(3)—(5) by ncglecting the third terms in
Eqgs.(3)—(4), thus their results apply only for very slow rotation. We have now
improved the dynamo solutions of Tong ct al (1985) by considering all the
terms in Egs.(3)—(5). The rcsulting solutions apply to a much wider range of
rotating celestial bodics.
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