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MODELING AND CHARACTERIZATION BY MEANSOF THE MAGNETIC
DISPERSION
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In 1978, we pointed out firstly the frequency power law dependence of the viscous friction

coefficient corresponding to the magnetization walls oscillations for the low frequency
part (of interest in Electronics) of the magnetization permeability dispersion of some
spinelic ferrimagnetic materials. A similar dependence was found approx. concomitantly for
the quality factor corresponding to ultra-sounds propagation in certain media. The present
work analyzes several phenomenological models of the magnetic disperson and points
out the common “denominator” of the oscilletions of the mesoscopic domains
corresponding to the magnetization walls and to the elastic media grains, respectively. The
obtained results allow rather simple and accurate descriptions of the magnetic dispersion of
ferrimagnetic materids, in the frequency domain of magjor interest for Electronics.
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1. Introduction

Starting from the basic works concerning the experimental methods of magnetism [1]-[4],
the procedures used to evaluate the parameters of the permeability dispersion of some
radiofrequency spindic ferrimagneic materials were studied in detail in frame of work [5]. The
compatibility of the main theoreticad models of the permesability dispersion reative to the existing
experimenta data [6]-[10] was studied [10], the most simple and accurate phenomenol ogical mode
corresponding to a frequency power law dependence of the viscous friction coefficient. Similar
frequency power laws dependencies were pointed out also for the quality factor corresponding to the
ultrasounds propagati on through some materials [11]-[19].

2. Modeling the permeability dispersion

The basic theoretical model [20a] of the permeability dispersion is rather intricate Because
the dectrical conductivity of the ferrimagnetic materials is very weak, the corresponding eddy
currents can be neglected, even a microscopic leve; for this reason, the theory of the rotational and
translational magnetic susceptibility dispersion for such materials [20b]-[20d] alows simpler
descriptions of this phenomenon. Taking into account that al these descriptions (as wdl as the
classical theory of the ferromagnetic resonance) lead to some resonance and relaxation phenomena,
it results that:

a) the most smple (phenomenological) mode of the (ferrimagnetic) permeability
dispersion is that of the for ced oscillations of the magnetization domains walls, under the action
of an external harmonic magnetic field:
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Assuming a frequency independent friction coefficient r, there are obtained the frequency
dependenci es of the red magnetic susceptibility x and of the tangent of magnetic losses tan & :
2 §2/12 f2
1 _1 1_f_2+% 1 taném(f):ﬁ[-lf— 1 )
X(F) Xo| 2 1-f2/f t2-12 e

where Xq isthe static (at null frequency) magnetic susceptibility, while fq, fyg arethe resonance
frequency and the relaxation frequency, respectivdy:
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Taking into account that the phenomenological modd of forced oscillations of the
magnetization domains walls does not agree too well — for frequency independent viscous friction
coefficientsr - with the experimental results (concerning the frequency dependence of the tangent
of magnetic | osses, espedially), some new theoretical modd s were proposed:

b) the Sandy-Green’s model [21], according to whom the frequency dependence of the
complex magnetic susceptibility is described by the function:
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represented by the straightline:
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in the “inverse’ Cole-Cole diagram: Im(/x’) = f[Re{t/x’)|, while fg (< fg) is a characteristic
frequency specific to the studied magnetic material,

¢) the Mikami’s modd [22], which combines the classical resonance-relaxation
description (first term) with the typical Cole-Cole correation [23] (second term of the following
expression):
with a dassical resonance-rd axation description:
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d) the Naito's modd [24], which utilizes frequency power series in order to describe the
frequency dependence of the imaginary part u” of the complex magneti c permeability:
e
1
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Taking into account that while the classical resonance-relaxation model uses 3 parameters
(Xo- fo. frg ), the Mikami’s modd [22] uses 6 such parameters (XqL, fo. fra. Xoc. f1. ad p),

and the Naito's model [24] uses 2N+2 (N > 2) such parameters (Hinax » fu” and a;, &, ... an)in
max

order to describe the permeability dispersion, it results that — despite the rather good descriptions of
the permesability dispersion ensured by the Mikami’s and the Naito’s model, resp. — it seems that the
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physical explanation of the experimental data could be provided by a simpler modd (using less
physical parameters). Starting from this finding, the numerical analysis of the existing experimental
data concerning the permeability dispersion of some industrial spindic ferrimagnetic materials led
us to the assumption that:

f) the frequency dependence of the friction coefficient of the oscillations of the

magnetic domains walls could be described by a frequency power law: r O f .

The corresponding frequency dependencies of the permesbility and of the tangent of
magnetic losses are[7]:

f2 -2 2 f L
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which agrees with the experimental data (in the limits of the existing errors).

3. Modeling the dispersion of elastic waves

The detailed study of the attenuated dastic waves pointed out that: a) the most generd
equation of these wavesis[25], [26] the Christensen’s one[27], which involves (as a particular case)
the Zener’ s equation [28], as well as the Mller’s description [17], b) with convenient choices of the
corresponding effective parameters, the Christensen’s equation reduces to the Zener's one, and —in
following —this (Zener’s) equation reduces [29] to the dassica Maxwell’s type equation:

pli+RU=ElU" . )

One finds so that — despite of its similitude to the basic equation (1) of the forced
osdllations of the magnetization domains walls — the attenuated waves differential equation (9)
differs because — due to the extinction factor of the attenuated waves integrated eguation:

u(x,t) =uqg [@ X [@os(wt —kx), the restoring force term E[u" involves also a dissipative
component. In fact, the complex wave equation: p[ﬁ + R[E =E[&" , leads — for harmonic

exctaions.  £(t) =&, @', tothe equivalent form:
pg - E |}n ,
where the complex stiffness (dastic modulus) is:
E = E'+i [E" = E [B0s? 8g(1+i dan 5g),

the tangent of the elastic (mechanical) losses and the corresponding quality factor Qg being defined
as.
R 1
tandg=—=— . (20)
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After many years when the quality factor of eastic waves (in the seismic frequency band,
especially) was considered constant, the works [11]-[16] converged towards a power-law

dependence of Qg on frequency: Qg O f Y, with: 0<y<05. The synthesis of these obtained
experimentd results was accomplished by G. Miiller, whose work [17] remains the basic onein this
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fidd. Later confirmations of the Miller's modd were given by Carcione [30], Szabo [31] and
Blanch [25].

The above results - obtained mainly for the propagation of the seismic wavesin rocks - were
extended for another frequency fields and different materials by Choudhury et al. [18] (for the
ultrasonic attenuation on the microstructure of crystalized glass-ceramics), Botvina et al. [19]
(different power laws in the non-destructive eval uation), etc.

4. Results and discussion

For a frequency power law corresponding to the viscous friction coefficient of the
magnetization domains walls oscillations, we have

Im{y/x) = Xi(fo/ fre )" - x0 Refyx)| (M2 (11)
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Taking into account that the plot Im(l/x’) = f[Re1/x")] corresponding to the experimental
data presents a positive curvature, it follows that the phenomenological modd [8] agrees with the

experimental data for values n > 1 of the frequency power law r O f ", while the classica mode of

forced oscillations of magnetization walls (n = 0) isin disagreement with the experimentd data.

The detailed study of the mesoscopic oscillations of the: (i) magnetic domains walls, which
leads to the permeability dispersion, and of the: (ii) materia grains, which leads to the eastic
dispersion, points our that:

a) their basic features (of the forced oscillaions of the magnetization domains walls and of
the dastic grains, resp.) are somewhat similar, but they differ because — unlike the restoring force of
the magnetic walls which is purdy elastic, the restoring force corresponding to the attenuated elastic
waves involves a so a dissipative component,

b) takinginto account therelation (18), it results that the (wave) viscous friction coefficient
R obeys also a frequency power law:

R = pwande 0 f17V; (13)

it results that the “ common denominator” of the studied mesoscopic oscillations is the frequency
power dependence both of the magnetic walls r and of the elastic wave R viscous friction
coefficients;

¢) due to the asymmetry of the differential equations of the mesoscopic oscillations of the
magnetic domains walls and of the material (medium) grains, resp., the common basic feature: the
same frequency power law of the viscous friction coefficient leads to different frequency

dependencies of the losses tangents of the: (i) attenuated elastic waves: tandg [ f7Y, (ii) radio-

frequency ferrimagnetic materias (the considerably more intricate frequency dependence given by
the equation (10) of our theoretical modd [8]). For this reason, the Mlller’s modd [17] is nhot
compatiblereativeto the existing experimental data for the permeability dispersion. Particularly, the
plot In(tan3) = F(In f) corresponding to the experimental data presents a positive curvature [6] (p.

269), [9].
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5. Conclusions

The main findings of this work are the following:

1) it is sufficient to assume a frequency power law dependence of the viscous friction
coefficient of the classical phenomenologica mode (of the forced oscillations of the magnetization
domains walls) in order to obtain a compatible modd [8] relative to the experimental data
concerning the permeability dispersion of the studied spindlic ferrimagnetic materials; this modd [8]
requires only 4 material parameters, while the other compatible models need 6 materid parameters
(the Mikami’s modd [22]) and 2N+2 (N > 2) parameters, the Naito's modd [24],

2) the classicd theoreticd modds of the permeability dispersion and of the attenuated
dastic waves, resp. are somewhat similar, but they differ because the restoring force term E[U"
corresponding to the attenuated waves oscillations of the mesoscopic grains involves also a
dissipative component,

3) the “common denominator” of the modds [8] (permesbility dispersion) and [17]
(attenuated dastic waves in rocks, especialy) consists in the frequency power law dependence of the
viscous friction coefficients.
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