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Relaxation resonance in magnetic uniaxial crystal during transition
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Requirements are formulated that allow experimentally observation of the relaxation resonance in the thermal region of second
order phase transition in ferromagnets. We show that these requirements can be fulfilled for highly anisotropic hexaferrites of structure
type M in alternating magnetic field with frequency in the range 10-120 MHz.
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CdopmyiiboOBaHO YMOBH, IIPH BUKOHAHHI KUX Y (hepoMarHeTHKaX MOYKHA €KCIIEPUMEHTAIILHO BUSIBUTH PeJIaKcallifHUH pe3oHaHC
y TeMIeparypHiii oomacti pazoBoro nepexomy apyroro poxay. [lokazano, o i yMOBH MOKYTh OyTH BUKOHAHI IS BHCOKOAHI30TPOITHUX
rekcadepuTiB cTpykTypHOro Ty M y 3MiHHOMY Mar#itTHoMy noiti B intepBaii gactor 10-120 MI 1.

KurouoBi ciioBa: penakcariiinuii pezonanc, Touka Kropi, ¢pazoBuii nepexis, rekcapepur.

CchopMyTpoBaHbEl yCIIOBHS, IIPH BBIOJHEHNH KOTOPHIX B (heppoMarHeTHKaX MOXKHO AKCHEPHMEHTAIbHO OOHAPYKHUTH
penaKcanMoOHHBINH PEe30HAHC B TeMIEpaTypHOH obmacTu (a3oBoro nepexospa BToporo poga. [Tokasano, 4To 3Tu ycinoBust MOTYT OBITh
BBITIOJTHEHBI 7T BBICOKOAHU30TPOIHBIX rekcadeppuToB CTPYKTYpHOTO THIIa M B EPEeMEHHOM MarHUTHOM I10JI€ B HHTEPBAje 4acTOT

10-120 MI'.

KuroueBble ciioBa: penakcalmoHHbINH pe3oHaHc, Touka Kropu, a3oBerii nepexon, rekcaeppur.

Introduction

The concept of spontaneous symmetry breaking is
the basis for the theory of phase transition of the second
kind [1]. Quantity theory was based on the self-consistent
field approximation. While it was thought that the order
parameter fluctuations are negligible. In [2, 3] it is shown
that the fluctuations of the order, even if they are small far
away from the transition point, become large near the phase
transition. It was found that with the fluctuations increase,
when approaching the phase transition point, there must be
critical slowing-down of the relaxation parameter order.
Theory of critical slowing-down was established in [4]. It
was based on the phenomenological assumption that with
the fluctuation nature of the phase transition, the critical
dynamics of the order parameter is relaxing in nature. It
has been shown that with such approval the relaxation time
of order parameter t, when approaching the temperature
of transition T from lower temperatures, will increase as

T~ , (1

where T — temperature of transition.
For ferro- and ferrimagnets, if the frequency of the
external alternating magnetic field ® is less than the
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relaxation frequency w = 1/t at temperatures T lower Curie
temperature T, then at the Curie point approaching, in
consequence of the critical slowing-down of the relaxation
and growth velocity t , the conditions wt= 1, that
correspond to the relax resonance, can be realized [5]. The
fact of relaxation response existence can be considered as
experimental proof of critical slowing-down of the speed of
relaxation order parameter at the fluctuation nature of the
phase transition.

This paper outlines the conditions under which you
can experimentally detect the critical slowing-down and
relaxing resonance in the temperature range of the phase
transition of the second kind in ferromagnets.

Magnetic susceptibility in magnetouniaxial crystal

In a multiple-domain magnetouniaxial crystal there
are regions of the uniform magnetization — domains and
transitional areas —domain boundaries. In highly anizotropic
magnetouniaxial crystals domain boundaries volume is 10°
times less than a volume of domains [6]. This fact suggests
that if the orientation of the alternating magnetic field is
the direction of easy magnetization the effect of domain
boundaries on the processes of magnetization is oblique
and their contribution to the magnetic susceptibility value
can be neglected.
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The equation of motion for the areas of ahomogeneous
magnetization I is [7]

Z_I:_ [T<A+R @

where H - is the effective magnetic field; y — is the

gyromagnetic ratio; R — relaxation term.
For the magnetouniaxial crystal with the orientation of

the magnetic field h(t) and magnetization along the field
of the anisotropy the first term on the right side of the
expression (1) disappears and the order parameter —
magnetization — becomes single. So, the expression (2)
takes the form:

1, —1(t)

di
—=R, R 3
dt T )

where t is the relaxation time; 1, —equilibrium value of

the magnetization, corresponding to the magnetic field at
time t; 1(t) —value of the magnetization, corresponding to
the magnetic field at the time t.

The expression (1) is recorded in the model when the
magnetization relaxes to the value 1, determined by the
instantaneous field value h(t) . In this model h(t) changes
with frequency o by the harmonic law

h(t) = hye ', (4)

where h, is the amplitude value of the magnetic field.

In consequence of ultimate speed of magnetization
processes, 1(t) is angle & behind a phase of a magnetic
field

1) =1, (5)
where 1, is the amplitude value.

Magnitude 1 (t) can be represented as

Ip = xh(t) = }(ohoeiiwl ) (6)
where x, is the static magnetic susceptibility
when @ — 0.

From relationships (2) — (5) it should be
: |
PR MV Iy )
l-iwt
The expression (7) can be represented as

Xo i Ko 0T (8)

1+ 0’7* 1+ 0%

Z'+il”:

where y'= y,€086; y" = y,sind.
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Dependences y’/y, and x"/x, from the ot under
condition when the y, is the constant value, are shown in
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Fig. 1. The dependence of the variable part of the real
and imaginary component of magnetic susceptibility on
T.

the figure. 1. As follows from the figure, the magnitude ",
and consequently relaxation losses are maximal at © t =1.
Increase of wt at fixed frequency and t growth leads to a
monotonous decrease of y’ and at 7 —> o the value
7' —0.

From the expression (1) it follows that the condition
wt=1 of the relax resonance, you can reach within a narrow
temperature range near the Curie temperature. However,
for the sample of arbitrary shape and an arbitrary orientation
relative to the external magnetic field, will depend on the
temperature and intensity of a magnetic field. The condition
Xo=const can be achieved in a determined form
magnetouniaxial crystal when demagnetizing field is
uniform and oriented along the direction of easy
magnetization [8]. In work [9] it is shown that for spherical
single crystal gexaferrites with the orientation of the
magnetic field along the direction of easy magnetization,
the value y, will be determined by the ratio

Zo =1/N = const, (10)

where N = 47/3 is the demagnetizing factor of the sample.
The condition (10) occurs in magnetic fields H < NI
(15 —magnetization of saturation).
In the Curie temperature T. range the quantity I is

small and therefore experiments must be realized for small
values of h(t).

BicHnk XHY, Ne 1135, cepis «®isuka», sun. 21, 2014



A.A. Bezlepkin, S.P. Kuntsevich

Considered characteristics point to the principle
possibility to detect the relaxation resonance and,
respectively, critical slowing-down of relaxation parameter
order in magnetouniaxial crystals under alternating
magnetic field orientation along the direction of easy
magnetization in crystals of a determined form at very
small values of alternating magnetic fields. In addition to
that for the temperature T << T, relaxation frequency 1/z
must be greater than the magnetic field change frequency
.

For hexaferrites of structural type M the width of the
FMR curve is 16-80 Oe at room temperature [10, 11, 12].
To this interval the interval of relaxation frequency 50-230
MHz corresponds. Therefore, the condition @ << @, when
T <<T., can be realized in the radio-frequency range of
external magnetic fields 10-120 MHz, when it is possible
to use passive LC circuits for small magnetic fields making.

The considered features suggest the possibility to
detect relaxation resonance and, accordingly, the critical
slowing-down of relaxation of magnetization at highly
anizotropic M type ferrites in the temperature range near
the Curie temperature.
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