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MAGNETIC SUSCEPTIBILITY TENSOR OF THE COMPOSITE MATERIAL
CONSISTING OF SINGLE-DOMAIN MAGNETIC PARTICLES
WITH UNIAXIAL MAGNETIC ANISOTROPY

Zhuravlev V. A., Meshcheryakov V. A.
National Research Tomsk State University
36, Lenin ave., Tomsk, 634050, Russian Federation
Ph.: (3822) 413989, e-mail: ptica@mail.tsu.ru

Abstract — Using the Smit — Suhl method, we have calculated the magnetic susceptibility tensor of magnetized ferromagnetic
media with the uniaxial magnetocrystalline anisotropy. An analysis of the obtained formulas in the particular cases of a composite mate-
rial with randomly oriented ferromagnetic inclusions of ellipsoidal shape has been carried out.
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AHHOMayusi — B pa60Te metogom Cmuta — Cyna npoeefeH pacyeT TeH30pa MarHUTHOMn BOCNPUNMHYMBOCTN HaMarHM4eHHoOro
deppomMarHUTHOro Matepuana ¢ OAHOOCHOW MarHUTOKpUCTannmM4eckon aHmdoTtponuen. MNMposedeH aHanus NOJTy4eHHbIX COOTHOLLEHUIA
Ansa KOMNO3NUTHOro MaTtepuana, cogepxalliero xaoTu4eckn opueHTUpoBaHHbIe MarHUTHbIEe YacTuLbl annunconaanbHon q‘)OprI.

I. Introduction

In the analysis of the interaction of electromagnetic
waves with a magnetized anisotropic ferromagnetic me-
dium, it is necessary to have knowledge of the compo-

nents of the permeability tensori=1+4nj. Here % is

the magnetic susceptibility tensor. There are two ap-
proaches to the calculation of these parameters in aniso-
tropic magnetic materials, both based on solution of the
Landau-Lifshitz equation of motion of the magnetization
vector [1]. The first — the method of effective demagnet-
ization factors — was proposed by Kittel [2] and further
developed by Macdonald [3]. It is based on a solution of
the equation of motion in a specially chosen Cartesian
coordinate system (CS), one of the axes of which it is
directed alone the equilibrium direction of the magnetiza-
tion vector. The second and more general approach: the
Smit-Suhl method — was developed in the works of
Smit, Beljers [4], and Suhl [5]. In it the equation of mo-
tion is solved in an arbitrary spherical coordinate system.

In work [6], using a method analogous to the Smit—Subhl
method, we calculate the components of the magnetic
susceptibility tensor in anisotropic materials with aniso-
tropic magnetomechanical ratio. The aim of this work is to
analyze derived in [6] formulas for a composite material
consisting of randomly oriented magnetic particles of ellip-
soidal shape with uniaxial magnetic anisotropy.

I1. Main Part

We consider a sample in the shape of an ellipsoid of
revolution. We assume that the axis of rotation of the
ellipsoid coincides with the hexagonal axis of the crystal.
As a rule, in a ferromagnetic with hexagonal crystal
structure the magnitude of the crystallographic anisotro-
py in the basis plane is small [7] and in the majority of
practical situations can be neglected. The expression for
the total energy of such crystals is written as

U =M H,cos(®@—9)+2nM; (N, — N, )sin’ 3 +k;sin’ 8. (1)

Here k; are the constants of magnetocrystalline anisot-
ropy, N ,N, are the demagnetizing factors of the sam-

ple, where 2N, + N, =1. When recording of the formula
(1) is considered that the problem has a cylindrical
symmetry and vectors of the magnetizing field Ho(®,®)
and magnetization M (9,¢) are arranged in one plane.

The transcendental equation for calculating of equilibri-
um angle 9, is written in the form:

H,sin(@-9,) + (1/2)sin29,H., =0. 2)
Here H; =2k /M, —-47M¢(N,—N, ). We introduce the
following notation:
Q, =y[H,cos(®—9,) + Hz, cos(29;), Q, =vH,sin®/sin 9,
Zn =} - (1+o*)o’ +i200,,
0 =Q,Q,, o, =(1/2)a(Q, +Q,).
Here a — damping constant in the Landau-Lifshitz-
Gilbert equation. The expressions for the components of
the tensor %" in the laboratory coordinate system (1, 2,
3), where axis 3 coincides with the direction of the ap-
plied static magnetizing field H,, in this notation are
written as follows:
A =(YMs/Zn)(Q, +iwa),
A = (YM4/Zn)(Q, +ioa)cos? (O — 9,), 3)
x5 = (YMg/Zn)(Q, + ioa)sin®(®—9,),
Atz = £i10(YMg/Zn)cos(@ - §y),
Yz = Fio(YMg/Zn)sin(© - 9,),
XZHMZ) = (yMS/Zn)(l/Z)(Q2 +ioa)sin2(0-39,).

To calculate susceptibility tensor of a composite me-
dium with arbitrarily oriented ferrite particles, the inde-
pendent-grains approximation, developed by
Schlémann, is used [8]. The components of the magnet-
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ic susceptibility tensor can be obtained by averaging the
corresponding components of the tensor for a monocrys-
talline grain (3) over all possible orientations of the mag-

netizing field H,(©,®) . Averaging of the components of

the tensor %" over the azimuthal angle ® can be done

analytically since the problem has cylindrical symmetry.

The averaged tensor components ("), are written as:
Xor = Xoz = 0-5(X11 + %50 Awy = Asss 4)
Ar2ery = sz(n): Xrz@Ery = Xoz@) = 0.

Averaging expressions (4) over the polar angle ©
were done numerically for a fixed value of the frequency
of the variable field w and a given set of values of the
magnetizing fields Hmin < Hoi £ Hmax. A grid of equilibrium
angles 9,(H,,®;) was constructed by varying the angle
© from 90 to 0.01° with a step of 0.01° and solving Eg.
(2). Next components of tensor (4) were calculated and
numerically integrated over ©. As a result, we obtain the
field dependences of the components of the tensor of

the composite material 3, = 0.5¢,, (x5 + %5 ))e
X =Cwm <X:3>@l Fiy, =cy <sz(21)>(-) for the given frequency,

where cy is the particle concentration in the composite.
Results of calculations for a frequency of 40 GHz are
presented in Figs. 1 and 2 for the following parameters:
y/2n=2.8 GHz/kOe, M,=300 Gs, cu =1, a =0.05, an-

isotropy fields H,, =10kOe (Fig.1, ferrite particles
have an easy magnetization axis (EMA)) and H, =-

10 kOe (ferrite particles have an easy magnetization
plane (EMP)).
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Fig. 1. Tensor components for a material with an EMA.
Puc. 1. KomnoHeHmbsI meH3opa mamepuana ¢ OJTH
According to Figs. 1 and 2, near the field respective
resonance fields along the easy and hard directions of

magnetization the following peculiarities are observed in
the field dependences: maxima and steps. The magni-

tude of the longitudinal component of the susceptibility of
materials with an EMP is substantially lower than for ma-
terials with an EMA.
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. 2. Tensor components for a material with an EMP.
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Il. Conclusion

In summary, we have obtained the tensor %" of

magnetic particles of ellipsoidal shape with uniaxial
magnetic anisotropy in the laboratory coordinate system.
Then we calculate susceptibility tensor of a macroscopi-
cally isotropic composite medium containing ferrite parti-
cles with uniaxial magnetic anisotropy. This tensor con-
tains only diagonaly, ,y, and antisymmetric +iy, com-

ponents, which corresponds to generally accepted no-
tions about an isotropic magnetized medium [1].
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