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ABSTRACT

Analytical consideration of uni-axial single-domain ferromagnet during the first order phase
transition induced by a magnetic field is performed. Field is directed along the symmetry axis
antiparallel to initial magnetization direction. For samples of the flat shape, besides the known
change of the magnetization direction on 180°, at definite relations between values of magnetic
field, the magnetization and the anisotropy of a crystall, there is continuous spectrum of states with
intermediate magnetization directions. In these states, a precession frequency w = 0. For samples
of spherical shape, a process of the phase transition does not depend on the demagnetization field.
At addition action of high frequency field perpendicular to the main magnetic field, there are
dynamic equilibrium states, i.e. "self-organizing states" of ferromagnet, when the entropy increase
connected with dissipation is compensated by the negative entropy flow due to the periodic field. It
is shown that under these conditions, by varying the frequency of the periodic field, we can control
the self-organising system, i.e. decrease or increase the system energy and, correspondingly,
change the direction of magnetisation in ferromagnet.
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organizing system.
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1. INTRODUCTION

A very large number of phenomena and
processes are known, which can be classified as
"self-organizing  systems" or  "dissipative
structures" [1-4]. Processes belonging to this
category are, for example, sounding of wind and
stringed musical instruments, a whistle sound,
existence of proteins, development of plants,
functioning of animals and humans. Generally,
the life itself in all its forms is an example of such
"self-organizing systems". It may seem surprising
that, unlike nature, the man himself was able to
invent so limited number of such systems. This
could include such examples that can be
reproduced on the laboratory table: the chemical
"Belousov-Zhabotinsky reaction" [5,6], “Benar
cells” at liquid boiling [7]. Precessing ball solitons
during the magnetic phase transition in
ferromagnet could also be considered as
“classical” self-organizing system or self-
organizing states (SOS) [8]. Some of these
systems are structures periodic in space or in
time. Others are more complex. But the common
feature of all these processes is that the loss of
energy in the system associated with dissipation,
is fully offset by the influx of energy from external
sources, i.e. inflow of entropy due to the
dissipation is compensated by the negative flow
of entropy due to the coupling to an external
source.

Similar system existing at the expense of
compensation of dissipation loss of energy by the
influx of energy from external sources (SOS), is
considered in this paper.

It should be noted that the effects of SOS the
self-organizing states, after the works [1-3], been
actively studied in the subsequent years. We
note here only a few works related to the effect of
the so-called self-organized criticality (SOC) [9-
19], with the appropriate addition of a list of
references.

In this article, the SOS arising at the first order
phase ftransition in uni-axial single-domain
ferromagnet under the action of a magnetic field
directed along the symmetry axis are considered.

At first, in the second part of this article,
peculiarities of the first-order phase transition in a
single-domain ferromagnet has been analyzed.
The sole purpose of the single-domain condition
for this article is to exclude extraneous sources
of nucleation of a new phase, such as domain
walls or external boundaries of the crystal. (For

example, 27 -degree boundaries themselves are
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nuclei of a new phase.) In such conditions, the
phase transition under the action of the magnetic
field is determined by the process of coherent
magnetization change.

In the third part of the article, the changes in the
phase transition of ferromagnet under the action
of additional high frequency magnetic field
perpendicular to the main field have been
considered. In such conditions, SOS of
ferromagnet arise. Features of these states have
been investigated.

2. PHASE TRANSITION
DOMAIN FERROMAGNET

IN SINGLE-

Analysis scheme of ferromagnetic is presented in
Fig. 1. Initially, the sample is magnetized to
saturation along the direction (-z) — see in Fig.
1(a). For this it is necessary that the applied field
H,,6 <0 was in absolute value greater than

arising in the sample the demagnetizing field, i.e.
\H > H,. Fig. 1(b) shows the ferromagnet

magnetized to saturation along the axis (z) under
the action of the field H.> \Hd\' Thus, Fig. 1

zsat

corresponds to the final states of the
ferromagnet. In a given article the process of

(a) > (b) transition is analyzed.
To analyse magnetic phase transition in the

ferromagnet with uni-axial anisotropy, we use the
Landau-Lifshitz equation [20] in the Gilbert form:

om ow ( 8mj
—=ymXx—+Kk| mx—
0 ot (K>O) (1)

and the following expression for the density of
energy:

W:%‘ml‘z—msz+Ed- (2)

Fig. 1. Scheme of the final states of the
ferromagnet: (a) — up to saturation under a
field #__ , and (b) — ferromagnet under field

H

z
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H, is an external magnetic field directed along
the anisotropy axis Z (H_>0)K, >0,

y=2u,/h; m is a non-dimensional vector of
ferromagnetism equal (in the absolute value) to

1, m| =my + imy, initial magnetizaton is along

the (-z) direction, in present paper
mZ:i111—|ml|2; E, is energy of

demagnezation for the sample. We consider only
two cases: Sample of the flat shape, moreover,
the thickness of such sample is much smaller
than the dimensions in other directions and the
symmetry axis is perpendicular to the plane of a
sample; in the second case the sample is of the
spherical form.

2.1 Sample of the Flat Shape

In this case the energy of demagnetization is
E, =4nM m’ (3)

where M, is the magnetization of a crystal. In
such case, equation (1) can be written as:

om,_ 5"&) (4)
o T

Here the differentiation is carried out with respect
to the dimensionless time T=2u,K /i 't;

i% =—hm, —(1-2h,)mm, +x m,

h=H_/K,; parameter of demagnetization field
h, =4nM, /K, .

The solutions of Eq. (4) have the following form:

m, (1) = p(t)e”"" (5)

From (4), the equations, which define the

correspondence between M. and © and the
time changes of these parameters are the
following:

(1-2n,)m. +h=o(1+x%), (6)

(here Kk << 1, therefore we neglect this value.)

d;zz = Km(l - mzz) (7)
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For the energy density relative to initial state we
have:

2
e, = (1—2hd)%—h(l+mz), ®)
and
% = —K®’ (1 - mzz) (9)

In what follows we consider the process of
changing of parameters of a ferromagnet in the

transition from the initial state when m_=—1.In
this process, the energy decreases, respectively

M- increases from the initial value, and

precession frequency also changes. The
character of changes in a ferromagnet during the
phase transition depends strongly on the shape
of the sample.

In Figs. 2 for the sample of flat form, limit values
of main parameters are given as functions of 4,

value for different values of acting field h nitial
energy is e =0, final energy is e,.
Correspondingly, we have initial m_, =—1 and

final m_,, initial ®, and final ®,. These limiting
values are determined from equations (6) and

(8).

If 4 >0, there are two ranges for limit values of
the parameters. In the first of them, a completed
reorientation (CR) takes place if

0<h<(2h,-1): m,=+1,0,=h—-(1-2h,),
w,=h+(1-2h,)), e,=-2h. (10)
In the second range, the transitions into

intermediateie states , where m_, < (+1), occur
if

h>Qh, 1) m,=—h/(1-2h,), o =h—(1-2h,),

©,=0,, _(-h-2h) (11)

2 2(1-2h)
If h<0, there is not completed phase
reorientation, but only the transitions into
intermediate states. In latter case, the limit

parameters, as in (11), are the following:
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m,=—h/(1-2h,), @ =h—(1-2h,)

_ _ 2

0, =0, ¢, = U1 =28 (12)
2(1-2h,)

As can be seen, for a given value of a field,
completed phase reorientation occurs only at

sufficiently small value of /,. At a higher value
of 4,, the final value ®,=0 and as can be

seen in these Figs. 2, the values m_, < (+1).
The field value becomes insufficient to overcome
the demagnetizing fields. Fig. 2(e) corresponds

to h=0, i.e. when the field H__, <0, which

zsat
magnetizes the sample to saturation, is simply
removed. In this case m_, =0. In this case the

magnetization in final state is perpendicular to
the axis of anisotropy.

Note that for multi-domain sample, zero
magnetic field corresponds to the state, when
the magnetic moments of domains are directed
with equal probability along or against the
anisotropy axis and averaged m_=0,as m_, in

our case.

If the current field is negative, i.e. A <0, the
value m_, <0, as is shown in Fig. 2(f).

So there are continuous spectrum of
intermediate states, as though frozen states of a
ferromagnet. System tends in each of these
“frozen states” (FS) asymptotically, wherein the
precession frequency ® — 0.

In Fig. 3, in dependence of the critical field on the
parameter of demagnetization field, the
boundaries of considered above areas are
shown.

Note that the expressions (10), (11) and (12) are
also valid for the phase transition in the case of a
ferromagnet with the easy magnetization plane,

ie.at K, <0.

Let us consider the time dependence of
parameters during the phase transition. In
correspondence with equations (6) and (7), the

time dependence of M. can be obtained:
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1 pm dm,
i (1= m2)[h+ (1= 2k, )m. |

(13)

In Figs. 4, the time dependences of main
parameters for flat sample are presented,
according to (13) and (6), (8). In all these and in
subsequent examples, the dissipation parameter

is k=5x10"". These time changes correctly
correspond to dependences of the type shown in
Figs. 2.

For a given hd value, a minimum field, in which
a change in orientation occurs, is: & . =1-2h,
. I for flat h, =1.2566, i.e.
M,/K =01, this field
h,, =—1.513274 (an approach to this value
can be seen in Fig. 4(d)).

sample

equals to

In Fig. 5, field dependences of energy and m_g

parameter of FS for flat sample at 4, =1.2566
are presented.

2.2 Sample of a Spherical Shape
In this case

|2 47'[

E; =N Mm: +N, Mm,| = ?MO , (14)

i.e. for spherical shape of the sample, the
parameters m,, ® and e and their time
changes do not depend on the hd value, but the
value of energy contains a constant component

4nM, )
+ . Therefore, instead of (6) and (8),
3K,
we have the following:

m,+h=o(l+x*) (k' <<1), (15)
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Fig. 3. The dependence of the critical field on the parameter of demagnetization field showing
the boundaries between areas with different characters of the phase reconstruction in the case
of the thin flat sample
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Figs. 4. The time dependences of ¢, m_ and o for flat sample: (a) 7 =0.5, 1, = 0.6283 (
M,/K, =0.05); (b) #=0.1, i, =1.6336 (0.13); (c) A =0, h, =0.5655 (0.045); (d)
h=-1.4,h,=1.2566 (0.1)
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Fig. 5. Field dependences of energy (full
circles) and m_ parameter (empty
rectangles) of FS for flat sample at

h, =1.2566. Here, the frequency for all

statesis ® —> 0

(16)

(1-m?)

esph = —_h(1+mz)
2

In Fig. 6, dependences of energy and frequency

on m, at three field values, #=0.5,1.0and 1.5

, for spherical sample are presented, in
correspondence with (15) and (16). Of course,

the transiton from m_=-1 to m =+1 s

possible only if 7 >1.
14 -3

€spn (O]
-1+ h=1.5

h=1 h=0.5

|

|

|

; T T T
0 05 1
mZ
Fig. 6. Dependences of energy and frequency

on m_ at three field values for spherical
sample

In the case of spherical sample, according to (7)
and (14):
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=L dm, (17)
s (L= Y+ )

In Fig. 7, the time dependences of energy and
m_ value are shown at A=1,1.1and 1.5 for

z

spherical sample. In these cases the change of
m_ is from (—0.999) to (+0.999).

Reorientation of the magnetization in single-
domain ferromagnets under the action magnetic
field pulses had been studied in many papers.
These studies were conducted primarily in
connection with the creation of high speed
memory elements. We refer here just to a few
articles related to the issues addressed in this
paper: [21-27]. Single-domain ferromagnets
(Stoner particles) on the basis of numerical
solutions of Landau-Lifshitz were considered in
those studies. The different directions of the
external magnetic field was taken into account,
but the symmetric case was not considered
there, when the field is acting along the
symmetry axis of the crystal with uniaxial
symmetry. In addition, calculations were made at
conditions corresponding to high values of

dissipation parameter K ~1in equation Landau-
Lifshitz, i.e. in the area of Stoner-Wohlfatrth limit
[21]. In this region, the time by coherent
switching takes a minimum value in the range
close to 10”%.

In the next part of this article, a particular case
for the analysis of self-organizing states is
considered, when the magnetic field is directed
along the axis of anisotropy. Such geometry
allows to enter the frequency of precession
relatively to the axis of symmetry and enables an
exact analytical consideration of the phase
transition (as opposed to numerical calculations
in [21-27]). Moreover, some features of
reorientation (see above) not detected in [21 -
27] have appeared.

Comparing our results with [21-27], we see that

by taking into account K’ relative to a unit in the
equation (15), we have instead of (17) the ratio
(in this case for the spherical sample):

1 m, dm
=|— = 18
i (K”)Imzo(l—mf)(Mmz) e
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Figs. 7. Time dependences of energy and m, for spherical sample: (a) 2 =1, (b) 7 =1.1, (c)
h =1.5. All changes are from m_ =—0.999 to m_, = +0.999

In Fig. 8, dependency of

-1
1
K/(1+K2)E(K+—j on K is shown. It can
K

be seen that the rate of change of parameters of
the ferromagnet, i.e. a speed of coherent
switching is maximum at k =1, in corresponding
with [21].

K1)

Fig. 8. Dependency of effective parameter
K, of coherent switching on «

K

1+’

corresponding to the maximum speed, instead of
the value k=0.5x10" taken from magnetic
resonance investigations, as it is in Fig. 4 and
Fig. 7, we obtain the same curves for parameters
variation but  with the transformation

t(us) — t(ns) of the timeline, i.e. in accordance

with [21 - 27] about quick coherent switching in
ferromagnets.

=0.5

Using the value K =

3. SELF-ORGANIZING STATES

Using an additional external high frequency
magnetic field, we can fix the precession

frequency and thereby stabilize the intermediate
states of the ferromagnet. If the added periodic
field is perpendicular to a main field, and

H, =Kh ™", (19)
we can express the magnetic component of
magnetization in the form

m, (x)= p(z)e P (20)
i.e. the precession phase of magnetic moments
differs from the phase of periodic field. In this

case, the equations for ™M in the case of flat
sample take the following form:

(1-@{(1-2/%)@ +h{cq) —fﬁﬂ o

dr
(21)
+hym, l—mg coys

e i = 0,2, | @2
T T

From (8), we obtain expressions for energy
density relative to the initial state, together with
the energy of interaction with the periodic field
(see, for example, [8]):

2
q):(l—zhd)ELigﬁl

hl\ll—mg cos

and for the change of this energy connected with
dissipation and the action of external periodic
field:

—h(l+m,) -
(23)
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£=—K' ! dm, 2+(1—m2 @ _4B ’
dr lfmz2 dr ‘ 0 dr (24)
+hﬂllfmzza)0sinﬂ

The equations (19) — (24) constitute a complete
description of the system, including its time
transformation. However, in the present paper
we consider only dynamic equilibrium state of
ferromagnet, i.e. when the decrease of energy
caused by dissipation is compensated by energy
flow from the external periodic field, i.e.

de,(t)/dt=0. Furthermore, in this case

dm_,/dt=0 and dB,/dt=0. Therefore, for

this equilibrium state of ferromagnet, i.e. for self-
organizing state (SOS), we obtain the following
expressions:

d(;nz =\/1—mzz0 (Ko)o\/l—mzzo —-h, sinB0)=Oa (25)
T

%i’ :—(qﬂ/l—mfo (K(Q)\/l—mfo —h, sinBO)ZO -(26)

From these expressions, we obtain the relation:
sinf3, = (K(DO 1-mZ, /hl). (27)

Correspondingly, the corrected equation for SOS
takes the following form (instead of (6)):

NI=mZ [ =2hg Im.q + h - o]

= mooyhE - k20 (- m2)

(28)

From equations (25) and (26), it can also be
seen that the energy compensation and
consequently the origin of SOS is possible only if

hy >2h . =Kog1-m,. (29)
For such a system, the entropy increase

connected with dissipation is compensated by
the negative flow of the entropy, which is the

result of external periodic field. It can be
expressed as follows:
ds _ dsdiss 4 dS,u =0, (30)

E dt dt
Where

ﬂ__dem _lded[:s __K(’O(ZJ (1_m2)<0 (31)

drt dr T dt
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Examples of the frequency dependences of
energy, value of m_, and the change in entropy
for the flat and spherical samples in SOS at
h =2 x 107 are presented in Fig. 9 and Fig. 10.
It should be noted that in the examples shown,
the quantities e,(®,) and m_(w,) differ very
little, not more than 1-2%, from such values in
the absence of H, field.

Qx104(MHz)

F My

.05 |

(dsy/dT) T/

-0.5

Fig. 9. The frequency dependences of
energy, m_, value and the negative flow of
the entropy due the external periodic field in
SOS for flat sample, at 7 =0.1, 7, =1.2566,

h, =0.002. In this case maximum of m_,, at

®, =0, equals approximately (+0.05)

In Fig. 11, the frequency dependence of
minimum amplitude of periodic field 4, for SOS
in flat sample, according to (27, is shown.

0 -1 0
esph [ My,
Fos

1 [ -1y

=

Lo 5

3

B

2 [ I
I-0.5

3 : ‘ 4 La

1 2
(08

Fig. 10. The frequency dependences of

energy, "' value and the negative flow of
the entropy due the external periodic field

in SOS for spherical sample, if h= 1-5,
h, =0.002



However, in addition to obtaining SOS, you can
change these states. Assume that the precession
frequency varies slowly enough. In this case, in

Equations (24) - (27) instead of ®,, we have

do
(030 +7t), where ®, is the initial frequency.
t

We can in all equations simply replace

do
(o, +Et) on ®,(?). In result, we obtain the

characteristics of self-organising state which
depend on time, i.e. e,(¢), m_,(t) and

e |y (o) —h)
sinf,(¢) = ko, (H)h, |1 -2k’ (32)

- in the case of flat sample, and

sinp, () = ko, (DA 1= (0 () ~h)  (33)

- for spherical sample.

and, correspondingly, the change of entropy
depends on the time too, according to Fig. 9 and
Fig. 10. As a result, changing the frequency of
external field, and consequently the energy

e (t)=h 1-mZ, cosP, too, we can control

the self-organising system, and not only reduce
the system energy, but also increase i,

decreasing m,, value and returning the
ferromagnetic in direction to initial phase state.

Further, we can compare the soliton SOS
described in [8] with those presented here.
Precessing ball solitons of paper [8] may also
occur at the first-order transition in a
ferromagnet. But their origin is spontaneous and
is connected with significant fluctuations in the
system configuration. Moreover, the probability of
such SOS is strongly dependent on the
temperature and the distance from the bifurcation
point, in which their energy relative to the initial
state is zero.

The SOS presented here, in contrast to [8], are
not localized in space, but distributed throughout
all volume of the crystal; their appearance is not
associated with fluctuations, they do not have a
random, probability character, and do not depend
on temperature.

Nietz; PSIJ, 5(4): 255-266, 2015; Article no.PSIJ.2015.026

QOx104(MHz)
0 1 2
0 P B RN IR ~05
e —0
fl mZO
©
o
-
-0.5 F0.25 %
—-0.5 E
r <
1 — T T -1 =0
0 0.5 1 1.5
Wy

Fig. 11. The frequency dependences of
energy, m_ value and minimum amplitude of

periodic field /2, for SOS in the case of flat
sample, at 1 =0.1, h, =1.2566

4. CONCLUSION

1. A single-domain ferromagnet with uniaxial
anisotropy at the first-order phase
transition under the action of a magnetic
field directed along the anisotropy axis has
been considered. Analytical analysis of the
entire process of phase ftransition is
performed for two configurations of
crystalline samples: a thin flat sample with
the anisotropy axis perpendicular to the
surface of the plane, and the spherical
shape of the sample.

2. The two cases of phase reconstruction are
significantly different. In the first case, the
phase transition depends essentially on
the relation between the sample
magnetization and anisotropy of the crystal
and thus of the demagnetisation field.
There are two areas for demagnetisation
field parameter. In the first of these areas,
a "full" phase reconstruction is carried out

in the crystal, i.e. a change in the
magnitude m, from m =-1 to
m,=+1. In the second area,
"unfinished" phase reconstruction s

carried out, i.e. a transition in "frozen
states" (FS) where m_, <1. These states
have a continuous spectrum, the
precession frequency is © = 0 for each
such state.

3. A phase transition for sample of spherical
form is described in the same variables as
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for flat sample, but in this case the process
of transition does not dependent on the
demagnetization field. In  spherical
samples, FS does not arise.

4. At simultaneous action of high-frequency
magnetic field perpendicular to the
direction of the main field, a self-organizing
state (SOS) of a ferromagnetic arises, in
which the ferromagnetic is in dynamic
equilibrium. In this equilibrium state, the
entropy increase connected with
dissipation is compensated by the negative
flow of the entropy that is the result of
external periodic field.

5. Relations between the main parameters of
SOS, i.e. between the values of fields,
energy, precession frequency, and the
angle between ferromagnetism vector and
the anisotropy axis, have been analysed.

6. Changing the frequency of the alternating
field, and thereby, the flow of the entropy,
can be a continuous method to change all
parameters of SOS, including reduction or
increase of the system energy.

COMPETING INTERESTS

Author has declared that no competing interests
exist.

REFERENCES

1. Glansdorff P, Prigogine |. Thermodynamic
theory of  structure, stability and
fluctuations, Wiley and Sons, London;
1971.

2. Nicolis G, Prigogine |. Self-Organization in
nonequilibrium systems. From dissipative
structures to order through fluctuations,
Wiley and Sons, London-New York; 1977.

3. Haken H. Advanced synergetics, Instability
hierarchies of self-organizing systems and

Devices, Springer-Verlag, Berlin
Heidelberg New-York, Tokyo; 1983.
4. Kondepudi D, Prigogine |. Modern

Thermodynamics: From Heat Engines to
Dissipative Structures, Wiley and Sons,
Chichester; 1998.

5. Zhabotinsky AM. Oscillatory Processes in
Biological and Chemical Systems,
Moscow; 1967 (in Russian).

6. Zhabotinsky AM. Periodic oxidation of
maloiovoy acid in solution (the study of the
kinetics of Belousov reaction), Biophysics.
1964;9:306. (in Russian).

7. Chandrasekhar S. Hydrodynamic and
hydromagnetic stability, Oxford; 1961.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

265

Nietz; PSIJ, 5(4): 255-266, 2015; Article no.PSIJ.2015.026

Nietz V. Precessing ball solitons as self-
organizing systems during a phase
transiton in a ferromagnet, Applied
Mathematics. 2013;4:78-83.

Bak P, Tang C, Wiesenfeld K. Self-
organized criticality: an explanation of 1/f
noise, Physical Review Letters.
1987;59(4):381-384.

Bak P, Tang C, Wiessnfeld K. Self-
organized criticality, Physical Review A.
1988;38(1):364-374,.

Bak P. How Nature Works: The Science of
Self-Organized Criticality, New York,
Copernicus; 1996.

Tang C, Bak P. Critical exponents and
scaling relations for self-organized critical
phenomena, Physical Review Letters.
1988;60(23):2347—2350.

Tang C, Bak P. Mean field theory of self-
organized critical phenomena, Journal of
Statistical Physics. 1988;51(5-6):797-802.
Bak P, Paczuski M. Complexity,
contingency, and criticality, Proc Natl Acad
Sci USA. 1995;92(15):6689-6696,
Paczuski M, Maslov S, Bak P. Field-
Theory for a Model of Self-Organized
Criticality, Europhysics Letters.
1994;27(2):97-102,

Maslov S, Paczuski M, Bak P. Avalanches
and 1/f Noise in Evolution and Growth-
Models, Physical Review Letters.
1994;73(16):2162—-2165,

Bak P, Paczuski M. Complexity,
Contingency, and Criticality. Proceedings
of the National Academy of Sciences of
USA. 1995;92(15):6689-6696.

Paczuski M, Maslov S, Bak P. Avalanche
dynamics in evolution, growth, and
depinning models, Physical Review E.
1996;53(1):414—443.

Paczuski M, Boettcher S. Universality in
sandpiles, interface  depinning, and
earthquake models, Physical Review
Letters. 1996;77(1):111-114.

Landau LD, Lifshitz EM. On the theory of
the dispersion of magnetic permeability in
ferromagnetic bodies, Physikalische
Zeitschrift der Sowjetunion. 1935;6:153.
Stoner EC, Wohlfarth EP. A mechanism of
magnetic hysteresis in heterogeneous
alloys, Philosophical Transactions of the
Royal Society A: Physical, Mathematical
and Engineering Sciences. 1948;240(826):
599-642,

Wohlfarth EP. Relations between different
modes of acquisition of the remanent
magnetization of ferromagnetic particles,



23.

24,

25.

Journal of
1958;29(3):595-596,
Slonzhevsky JC. IBM Res. Report RM, 003
111.224, IBM Corp; 1956.

Kikuchi RJ. On the minimum of
magnetization reversal time”, Appl. Phys.
1956;27:1352.

He L, Doyle WD, Fyjiwara H. High speed

Applied Physics.

coherent switching below the Stoner
Wohlfarth limit", |IEEE Trans. Magn.
1994;30:4086-4088.

26.

27.

Nietz; PSIJ, 5(4): 255-266, 2015; Article no.PSIJ.2015.026

Thiavile A. Coherent rotation of
magnetization in three dimensions: A
geometrical approach”, Phys. Rev. B.

2000;61:12221.

Bauer M, Fassbinder J, Hillebrands B,
Stamps RL. Switching behavior of a Stoner
particle beyond the relaxation time limit,
Phys. Rev. B. 2000;61:3410,

© 2015 Nietz; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history.php?iid= 835&id=33&aid=7739

266



