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Numerical approximation of field equations in self-consistent Darwin model with implicit integration of particle movement equations.
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It is known that Darwin (magnetoinductive) approximation is one of the most effective ways to study collective processes in low-density plasma, that are non-relativistic and colisionless [1]. Its advantage is that, while having “unretarded” character and excluding from discussion free electro-magnetic waves, it keeps effects concerning not only static fields, appropriate to “instantaneous” systems, but inductive electric fields too.

At the same time, while magnetoinductive description is poorer than full electro-magnetic description, it is more complicated for numerical analysis in the self-consistent approach [2]. Paradoxicality of the situation is mainly determined by fast growth of strong spurious instability if using any explicit finite-difference approximation of dynamic field equations.

At present this actual problem of correct numerical interpretation of self-consistent Darwin formalism is resolved on principle using the so-called elliptic edition of the original field description [3]. But in practice the indicated approach is realized in discrete algorithm barely using the traditional “leap-frog” scheme for finite-difference integration of charge motion equations [3]-[6].

The article below shows the particularity of elliptic reformulation of Darwin approximation of self-consistent fields and proposes a technique of its numerical realization in the case of implicit finite-difference approximation of dynamic particle motion equations [7]. 
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