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Abstract

The mclusion of eddy currents into micromagnetic programs 1s important for the proper
analysis of dynamic effects in conducting magnetic media. This subject has received little
attention in the past although 1t can cause significant errors in device calculations. This paper
introduces a computational test bed for eddy current calculations and discusses some mteresting

analytic cases in this simplified geometry.



Introduction

A solution of micromagnetic problems with eddy currents has been
proposed by Della Torre and Eicke and immplemented by Torres, et al.
This approach requires the simultaneous solution of the coupled equation
tor eddy currents and for magnetization reversal.

Here we present a program using finite difference time domain, FDTD,
calculations for a simplified problem to be used as a test bed for more
oeneral programs,

We mtend to use this program to verify the accuracy of a more general
programs,

We also present some results that we will use to test the final model.



An applied magnetic field changes the magnetization,
which induces eddy currents, which in turn changes the
applied field.

Since eddy currents are bound by the shape of the material,
the electric field close to the surface must be tangent to it.

Surface charges are induced to steer the currents.

To avoid having to compute these charges, we chose a
circular cylinder shape.

By symmetry the electric field is circular.this symmetry
permits all quantities to vary with the radius only.



The model

* The model 1s an mfinite circular cylinder of radius R

» We assume a perfect crystal of uniaxial material with easy axis,
z, coinciding with the cylinder’s axis.

» We assume magnetization 1s mitially uniform in the z-direction.

* To break the symmetry, we oftset the surface magnetization by a
small angle nucleating a Bloch wall that propagates towards
the center.

* The moving wall induces eddy currents that impede the wall’s
progress.

* Due to symmetry as the magnetization changes 1t will remain
cylindrically symmetric.






The natural coordinate svstem one would use 1f one were attempung to solve
the problem analytcally would by the eviindrical coordinate system.
However, 1t has a singularity at the z-axis which presents problems as the
MAZNCLIZailon L]|".';TI"-_?ikaf'i'.“." saturation mn the reverse direction,

We clected to use a Cartesian coordinate svstem illustrated below
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Only the nodes along theaxis are computed,
using FDTD

The nodes on adjacent rows are computed by
rotating interpolated values.

There Is a singularity along the axis of the
coordinate system the presents problems in
trying to saturate the rod.

We used this coordinate system to ease the
transition to calculating arbitrary shaped
specimen



Magnetization can be computed by either the Landau-Lifshitz-Gilbert
equation to study high speed phenomena

or by minimizing the energy of the system at each calculation step.

[n this calculation, we force the magnetization to lie in the y-z plane, so that
only Bloch-type walls may be formed, so we can’t have precessing spins.
We are forced to use the energy minimization approach.

This limits us to relatively slow applied field changes compared to

magnetization changes.












At each time step the patern is recomputed by varg{ny
at each node using the current valuéiof

The change in magnetization and then the electric field are
computed.

With this electric field, the eddy currents are computed and
theH is recomputed.

This procedure is recomputed undilconverges.
Then we proceed to the next time step until finished.
















































