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The results of numerical simulations of convection in a rotating layer are used to
compute the a-effect of mean-field electrodynamics. The computations are carried out
for different system sizes. It is found that the outcomes can depend critically on the
system size, and that physically meaningful results can only be obtained if the system
size is large compared with the typical eddy size.

1. Introduction

The average induction in a moving fluid plays a central role in our understanding of the
generation of large-scale magnetic fields in astrophysical bodies. Its efficiency is measured
by the a tensor of mean field electrodynamics, which gives the contribution to the mean
electromotive force proportional to the mean magnetic field, and which is non-zero only
for systems lacking reflectional symmetry. Since the physical nature of the a-effect is
that of a regeneration term, its magnitude is directly related to the dynamo efficiency.
Considerable effort has therefore been expended in the calculation of o for different
classes of flows. One such class, which is particularly important astrophysically, is that
of turbulent flows or, more generally, flows that are extremely spatially disorganised.
The calculation of a for these flows poses a significant challenge. Broadly speaking,
there are two ways of approaching the problem. One is to work with the full turbulent
velocity field, either in terms of analytic theories of MHD turbulence or via large-scale
numerical simulations. The other is to argue that most turbulent flows can be regarded as
a collection of basic flow structures — for example, cells in turbulent convection, cyclonic
eddies in rotating turbulence — to compute a for one such structure, and to regard its
value as representative of the whole ensemble. In general, the second approach, though
by no means straightforward, is more practicable, both analytically and numerically. The
question naturally arises as to whether the two approaches give the same answer. One
way to address this issue would be to proceed numerically, to calculate « for a spatially
extended turbulent flow, and to compare this with the value obtained for an isolated
flow structure. Until recently, such a comparison could not reasonably be undertaken,
owing to the inherent difficulties of representing an extended turbulent system. However,
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3. Results
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