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In this work simulations of the domain wall oscillations under the influence of alternating external
magnetic fieldswere performed.
The simulation method is based theoretically on Brown’s classical micromagnetic approach and
computationally on the finite element method.The magnetization dynamics is not simply described by the
classical Landau – Lifshitz – Gilbert equation, but it is generalized in order to include, besides the
precession, the nutation of the magnetizationvector as well.In a compact vector form with respect to the
��⃗, the used partial differential equation is
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where 𝛾𝛾 is the gyromagnetic ratio, 𝜂𝜂 is the Gilbert damping parameter, ℐ is the moment of inertia regarding

��⃗is a local effective field acting on the magnetization. The last onewas
the magnetization nutation and ℋ

defined by the variational derivative of the free micromagnetic energy, in which the main contributions arise
from exchange, magnetocrystalline, magnetostatic and Zeeman energies. In this context, assuming a
uniaxial anisotropy
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where ℓ = �2 𝐴𝐴⁄𝜇𝜇𝜊𝜊 𝑀𝑀𝑠𝑠2 is the exchange length with 𝐴𝐴 the exchange stiffness constant and 𝜅𝜅 = �2𝛫𝛫 ⁄𝜇𝜇𝜊𝜊 𝑀𝑀𝑠𝑠2 is

the hardness parameter with 𝛫𝛫 the first order anisotropy constant and 𝑘𝑘� the direction of the anisotropy axis,
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i.e. the easy magnetization axis. In the absence of conducting media, the demagnetizing field, 𝐻𝐻

��⃗.
calculated from the gradient of a magnetic scalar potential 𝜑𝜑, which obeys the Poisson equation ∇2 𝜑𝜑 = −∇𝑀𝑀
�⃗, is the external field, which is parallel to the easy axis. The governing equations was
The last term, 𝐻𝐻
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supplemented with the boundary condition 𝜕𝜕𝑀𝑀

surface of the particle.

The simulations were performed for soft ferromagnetic spherical particles of uniaxial magnetocrystalline
anisotropy, in which the magnetic domains were created during the demagnetization from saturation (figure
1).
The simulation results indicate multiple resonances in different points of the susceptibility spectrum, due
to different oscillation modes of the domain wall (figure 2).
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Fig. 1 Nucleation and expansion of a magnetic domain wall during the demagnetization.

Fig.2 Susceptibility spectrum and a snapshot of domain wall oscillation in one of the resonance frequencies.

