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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 
 eld approximation. While it was thought that the order 

parameter  uctuations are negligible. In [2, 3] it is shown 
that the  uctuations 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  uctuations 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  u tuation 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 , when approaching the temperature 
of transition TC from lower temperatures, will increase as 

1~
CT T

,                                      (1)

where TC – temperature of transition.
For ferro- and ferrimagnets, if the frequency of the 

external alternating magnetic  eld  is less than the 

relaxation frequency r= 1/  at temperatures T lower Curie 
temperature TC, then at the Curie point approaching, in 
consequence of the critical slowing-down of the relaxation 
and growth velocity  , the conditions = 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  uctuation 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 103 
times less than a volume of domains [6]. This fact suggests 
that if the orientation of the alternating magnetic  eld 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 a homogeneous 
magnetization I  is [7]

I I H R
t                            

(2)

where H  – is the effective magnetic  eld;  – is the 

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

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

( )
,    pI I tdI R R

dt                            
(3)

where  is the relaxation time; pI  – equilibrium value of 

the magnetization, corresponding to the magnetic  eld at 
time t; ( )I t  – value of the magnetization, corresponding to 
the magnetic  eld at the time t.

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

0( ) i th t h e ,                                      (4)

where 0h  is the amplitude value of the magnetic  eld.
In consequence of ultimate speed of magnetization 

processes, ( )I t  is angle  behind a phase of a magnetic 
 eld

0( ) i tI t I e ,                                     (5)
where 0I  is the amplitude value.

Magnitude ( )pI t  can be represented as

0 0 0( ) i t
pI h t h e ,                           (6)

where 0  is the static magnetic susceptibility 
when 0 .

From relationships (2) – (5) it should be

0

0

;     
1

pi
a a

I
e

i h .                      (7)

The expression (7) can be represented as

0 0
2 2 2 21 1

i i ,                     (8)

where cosa ; sina .

0 0
2 2 2 2;    

1 1 .                    (9)

Dependences ’/  and / 0 from the  under 

condition when the 0  is the constant value, are shown in 

the  gure. 1. As follows from the  gure, the magnitude , 
and consequently relaxation losses are maximal at =1. 
Increase of  at  xed frequency and  growth leads to a 
monotonous decrease of ’ and at  the value 

0 .
From the expression (1) it follows that the condition 

=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  eld, will depend on the 
temperature and intensity of a magnetic  eld. The condition 

0 =const can be achieved in a determined form 
magnetouniaxial crystal when demagnetizing  eld 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  eld along the direction of easy magnetization, 
the value 0  will be determined by the ratio

0 1 N const ,                                (10)

where 4 3N  is the demagnetizing  factor of the sample.

The condition (10) occurs in magnetic  elds SH NI  

( SI  – magnetization of saturation).

In the Curie temperature CT  range the quantity SI is 

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

Fig. 1. The dependence of the variable part of the real 
and imaginary component of magnetic susceptibility  on 

.
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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  eld orientation along the direction of easy 
magnetization in crystals of a determined form at very 
small values of alternating magnetic  elds. In addition to 
that for the temperature CT T  relaxation frequency 1  
must be greater than the magnetic  eld 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 r  when 

CT T , can be realized in the radio-frequency range of 
external magnetic  elds 10–120 MHz, when it is possible 
to use passive LC circuits for small magnetic  elds 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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