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We study the role of conductivity in the magnetization
dynamics of single-domain ferromagnetic particles. Our approach is
based on the coupled system of Maxwell’s and Landau-Lifshitz-
Gilbert (LLG) equations. We show that the effective LLG equation
for a conducting particle contains two additional terms compared to
the ordinary LLG equation. One of them is responsible for the
conductivity contribution to the damping parameter. By analytically
solving Maxwell’s equations, we determine this contribution and
demonstrate the importance of conduction effects for large
nanoparticles.The  Landau-Lifshitz (LL) equation and its
modification, the Landau-Lifshitz-Gilbert (LLG) equation, are the
basic equations for studying the magnetization dynamics in
ferromagnetic materials. We have studied a number of thermal
effects in the magnetization dynamics driven by the rotating
magnetic field [2-4]. In the case of conducting single-domain
particles, the LLG equation should be supplemented by Maxwell’s
equations, which determine the eddy-current contribution to the
effective magnetic field [5]. It is usually assumed that this
contribution is negligible for nano-sized particles. However, in this
paper we show that if the particle size is close to the critical one then
the eddy-current contribution to the Gilbert damping parameter can
be comparable with that of non-conducting samples.

We consider a spherical particle of electrically conductive
and ferromagnetic material. It is necessary to find the magnetic field
H generated by the magnetizationM. To achieve this goal, we will

solve the system of equations consisting of the LLG equation and

Maxwell's equations
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Having the necessary mathematical calculations, we were able to

record the effective LLG equation
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According to this equation, the influence of conductivity on the

magnetization dynamics is accounted for by both the magnetic field

H,, which modifies the external time-dependent magnetic field, and
the additional contribution a' to the damping parameter.

CONCLUSIONS
We have derived the effective Landau-Lifshitz-Gilbert equation
that describes the magnetization dynamics in conducting
ferromagnetic nanoparticles. The influence of conductivity is
accounted in this equation by two terms. The first accounts for the
magnetic field of eddy currents that are induced by the external time-
dependent magnetic field. The second term describes the influence of
the magnetic field of eddy currents that are induced by the time-
dependent magnetization. By solving the corresponding Maxwell’s
equations, we have shown that this influence is completely accounted
by an addition contribution to the damping parameter. It has been
established that for large nanoparticles a given contribution is
essential and cannot be neglected.
REFERENCES
1. L. Landau, E. Lifshitz, Phys. Z. Sowjetunion8, 153 (1935).
2. T.L. Gilbert, IEEE Trans. Magn.40, 3443 (2004).
3. J.L. Garcia-Palacios, F.J. Lazaro, Phys. Rev. B 58, 14937 (2007).
4. H. Kronmiiller, = M. Fidhnle, = Micromagnetism and  the
Microstructure of Ferromagnetic Solids (Cambridge University
Press, Cambridge, 2003).
5. G. Bertotti, Hysteresis in Magnetism (Academic Press, San Diego,
1998).

at i




New Technology and Modern World: marepianu VII HaykoBo-
NPAaKTUYHOI CTYIEHTChKOI KOH(EepEeHIIii JIHrBICTHYHOTO HAYKOBO-
METOJIMYHOTO IIEHTPY Kadenpu iHo3eMHUX MOB, M. Cymu, 22 TpaBHS
2013 p. / Bign. 3a Bum. I'.I. JIutBunenko. - Cymu: Cym/1V, 2013



