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1 Introduction

For more than century, beginning from Maxwell’s pioneering works till nowa-
days, the electrostatics and electromagnetism of continuous media have been
transformed into one of the basic branch of a contemporary physics, namely
classical electrodynamics [1, 2]. In spite of a significant progresses of quantum
electrodynamics its classical version still plays an important role in fundamental
physics and at the applied research frontier. Therefore, in many practical cases
the precision of the agreement of the results of classical electrodynamics with
experiment is truly astounding [2]. It is worth noting that one of the central
part of our current understanding of classical electrodynamics belongs to many
outstanding findings in micromagnetics [3-6]. Since founding of fundamentals of
static and dynamic micromagnetics (see [3-6] and references therein), and due
to the enhanced interest in spintronics this direction has recently initiated the
many practical perspective applications in novel multifunctional microelectron-
ics as solid-state magnetic random access memories (MRAMs) [7, 8] and mag-
netic domain-wall logic devices [9]. One can note that MRAM is a nonvolatile,
high density/speed memory technology which is engage in competition with
such advanced ones as based on the numerous physical phenomena as phase-
change, ferroelectric tunneling, thermochemical, redox-based, magnetoresistive,
etc [10, 11, 12]. The main idea of MRAM is to build of a mesoscopic architec-
ture of electromagnetic elements [9] incorporated in a certain way into a silicon
wafer which operates by the conventional Boolean logic functions such as AND,
NOT, and OR/XOR, but with magnetically-induced principle, namely based on
the magnetic domain-walls (DWs) or their physical superposition [7, 8]. Thus,
the key conception of MRAM or DW-logic microelectronic processing supposes
to use 1D or 2D ferromagnetic elements connected between each others into
3D specific functional diagrams. Then, this clever device might work at the
certain, usually pulsing (non-uniform), field-induced electromagnetic interac-
tion between the elements. Since the basic conceptions of MRAM [7, 8] and
DWs-logic [9] technologies have been proposed the many researchers tried to



realize them in practice in view of various possible microelectronic schemes
[13, 14, 15, 16, 17, 18, 19]. For example, in Refs. [13, 14, 15, 16, 17] the authors
of these works have successfully fabricated a room-temperature NOT gate and
magnetic-shift register. This clever device works as follows: the NOT gate con-
sists of ferromagnetic wires, shaped into upside-down Y junction; then, as the
DW moves under an external magnetic field up into the stem of the Y junction
and down again, it leads to spatial inverting the head to head configuration
to the tail to tail configuration or vice versa. Thus, by changing DW config-
urations, the NOT gate device exchanges a logical ‘0’ for ‘1’ and ‘1’ for ‘0’.
Then, recently, Brien et al. [18] have experimentally prepared a bidirectional
shift register as an eight-bit data storage based on an open-ended chain of ferro-
magnetic NOT gates (Y junctions). This device can support bidirectional data
flow and comparing to conventional transistor-based logic is reversible and can
operate of several modes. Similarly to Ref. [18], Zeng and co-workers [19] have
experimentally fabricated asymmetric version of a shift register, optimized on
a square grid. As a result, they built a 2D storage scheme by tessellating an
elementary data unit.

Naturally and first of all, for uninterrupted operation of such 3D-magnetic
logics, one can request to find the reasonable solutions of some fundamental
problems from micromagnetics or electrodynamics point of views in general.
Thus, completely developed MRAMs and DW-logic might operate by the meso-
scopic magnetic DW structure (for instance, Néel or Bloch types), namely its
static and dynamic behaviors under influence of the applied electromagnetic
fields. In order to meet of these technological conditions we must to under-
stand in detail the following points: (i) equilibrium-static DW structure, (ii)
time-dependent evolution parameters of the DW structure, and (iii) all pos-
sible types (including their interrelation) of the electromagnetic interactions
between the elements used. These requirements (i-iii) should be satisfied for
both ‘irreducible’ structural units as a function of microscopic and mesoscopic
parameters, for instance, crystal lattice symmetry, geometry of the particles, etc
(ferromagnetic nano-bodies as finite-length wires with different cross-sectional
view, spheres, cones, ellipsoids, toruses, etc) and for their functional /logic junc-
tions (for instance, Y, S, L, C, T, ring- etc types). Moreover, in the case of
junctions it is very important to define explicitly the ‘irreducible’ configurations
and formulate the transformation ‘rules’ in order to build of more complex logic
structures. It is well known that in the case of bulk magnets there are numerous
experimental techniques for investigation of static and dynamic DWs structure,
for example, based on the magneto-optical Kerr effect (MOKE), transmission
electron microscopy (TEM), magnetic force microscopy (MFM), X-rays od neu-
trons diffraction methods, etc (for details see a famous monograph of Hubert
and Schéfer [20]). However, very often for the practical applications, when 1D
nanomagnets suppose to be used, especially in the case of MRAM technology,
the resolution capability of these direct/indirect experimental methods is not
enough to make an unambiguous conclusion on microscopic DWs parameters
of the separated low-dimensional magnetic units. In this particular case the
classical micromagnetics theory, formulated by Landau and Lifshitz (LL model)



[21] in term of 1D problem and then extended by Brown [3, 4] (see also some
salient monographs [5, 6]) for 3D case can successfully be used. Surprisingly,
however due to the miniaturization tendency of the electronic engineering com-
ponents, one arrives to the eccentric conclusion that 1D model becomes even
more powerful tool than its 3D prototype under computation and/or prediction
their physical functionality.

The static micromagnetic problem for potential DWs-logic nanomagnets has
recently been considered independently by various research groups within the
scope of both the physical [22-29] and rigorous mathematical methodologies
[30-34]. For example, using of Brown’s type micromagnetic equations [3, 4],
McMichael and Donahue [22] have considered a head to head DW structure in
magnetic strips with widths, w, from 75 to 500 nm and thicknesses, t, from
1 to 64 nm. The proper minimization of exchange and magnetostatic ener-
gies leads to stabilization of one of two equilibrium DW structures, namely
transverse and vortex walls. As a result, the proposed phase diagram demon-
strates the lower energy for transverse DWs when dimensions are less than
teritWerit ~ 130A/ugM? (where A and M, are the exchange stiffness constant
and saturation magnetization of the ferromagnetic materials used). Similarly
to [22], Trunk et al. [23] have also investigated the DW static transition from
Bloch to Néel type in Permalloy films between 160 and 10 nm thickness using
direct integration of the Landau-Lifshitz-Gilbert (LLG) equation. It was found
that at the thickness of 80 nm, the DW is a symmetric Bloch wall with two
adjoining vortices. The Bloch to Néel transition takes place between 35 and 30
nm, below which the DW becomes a symmetric Néel wall. It is worth noting
on series of conspicuous works [24-27] where the authors have introduced and
theoretically developed a conception of elementary topological magnetic defects
with different ‘winding’ numbers (namely, vortices of £1 and/or edge defects of
i% types) for quantitative explanation of complex magnetic patterns observed
in ferromagnetic nanostructures of a planar geometry like strips and rings. In
other work, Vila et al. [28] have presented magnetotransport measurements
(angular dependence of the anisotropic magnetoresistance) and micromagnetic
simulations for Co cylindrical nanowires of 60 nm in diameter with transverse-
magnetocrystalline anisotropy. They found that due to the reducing of demag-
netizing energy the magnetic configuration involves two magnetic vortices along
the wire with alternate chirality. The nucleation, core-reversal and annihilation
of this vortex state are analyzed at different stage of hysteresis cycle. Finally,
the authors emphasize the importance of the anisotropic properties and geom-
etry for reversal processes in such nanomagnets. In addition, Zeng et al. [29]
have recently investigated the magnetostatic charge distribution of Néel type
DW in prismatic permalloy nanowires with a width between 40 and 200 nm and
thickness of 5 nm. They have shown that the charge distribution is very asym-
metric in 200 nm wide wire, however becomes less so as a width is reduced to 40
nm, where the exchange energy term plays an important role (see also [22, 23]).
On the other hand, the several important and mathematically rigorous gen-
eralizations of the conventional LL 1D static problem [21] have been recently
proposed [30-34]. In spite of some mathematical loss of simplicity, these mod-



els are mostly analytic and consequently their results do not suffer from many
computational problems which take place at solving the LL or LLG equations,
and, therefore, in some particular cases they may probably predict better the
general micromagnetic behaviors of the objects of interest.

Since we know a solution of a static problem [22-34] for certain ferromagnetic
nanobodies ( ‘irreducible’ structural units), the detailed understanding of the
DW dynamics in these nanomagnets will be the next important step (for sim-
plicity we discuss an influence of the external magnetic field only). For the first
time in 1956, Walker [35] has developed a 1D analytical model for magnetic DW
dynamics thus ipso facto founds the DW dynamics in micromagnetics (see also
an exhaustive analysis in [6]). The equations of motion of a 180 ° DW (Bloch
type wall) in an infinite medium with uniaxial anisotropy under an external dc
magnetic field have elegantly been derived. The analytical solution of the equa-
tion of motion demonstrates that above the critical field, Hy, (Walker break-
down field), the DW linear velocity behaves according to the time-oscillatory
mode and below Hy has a linear dependence. Some recent generalizations and
improvements of the Walker DW dynamics model as well as novel experimental
observations can be found elsewhere [36, 37, 38, 39, 40, 41, 42, 43]. For example,
using the numerical calculations, Thiaville et al. [36] have studied the static DW
structure and its dynamic behaviors under an external magnetic field applied
along the 1D and 2D nanowires with axial magnetization. It is shown that the
static DW structure and its dynamics in nanowires with diameters as large as
several exchange lengths are very similar to 1D Bloch DW and are very sensitive
to the value of a damping parameter, @ and transverse anisotropy. The results
proposed by Walker [35] for 1D Bloch DW dynamics are completely confirmed.
Furthermore, the non-trivial simulation results have been obtained by Nakatani
et al. [37]. Using numerical micromagnetic simulations the authors have shown
that for rough strip edges, the DW velocity breakdown, Hyy, is suppressed. For
instance, at roughness larger than the exchange length (9 nm for a 5 nm thick-
ness of a wire) is optimal to get a maximal DW velocity. Despite the large wire
width compared with the exchange length, roughness stabilizes fast DW motion
up to larger fields. Finally, it was concluded that roughness should rather be
engineered than avoided when fabricating nanostructures for DW propagation.
Then, on the basis of spatially resolved dynamic MOKE measurements, Beach et
al. [38] have investigated in detail the dynamics of field-driven DW propagation
in ferromagnetic nanowires over a broad field range up to 70 Oe. They tested
the nanowires with thickness of 600 nm and with length of 20 gm. The authors
have found a linear v — H dependence up to a Walker breakdown, followed by a
region of negative differential mobility, dv/0H < 0, and irregular DW motion.
At higher fields (H > H;, where H; denotes the DW injection field), v is again
linear with H, but with lower average mobility. Yang et al. [39] have investi-
gated both experimentally (based on the high-speed MOKE measurements) and
theoretically (analytically in the case of a 1D model and numerically solving the
LLG equation in the case of nanowire with a thickness of 20 nm) the magnetic
DW velocity oscillations in permalloy nanowires. It is worth noting that above
breakdown (H > Hyy), the DW velocity varies periodically with time and thus



leading to an oscillatory trajectory of a DW along a wire as was predicted before
by Walker [35]. In order to observe such oscillations the authors have experi-
mentally investigated the transient broadening of the Kerr signal produced by a
DW sweeping across the MOKE beam-spot. Wang et al. [40] have generalized
an existent DW dynamics model [35] and developed a new theory of magnetic
field-induced DW propagation in a finite magnetic nanowire with a rectangular
cross-section A. As a result a proper definition of DW propagation velocity
was proposed, and a velocity-field formula for high-field (above Hy/ ) has been
analytically derived. It is shown, like in [36], that the theory is valid for an arbi-
trary DW structure (Bloch or Néel type) and allows to estimate the DW velocity
in a reasonable way even when the DW is not homogenously moving. Results
based on the presented analytical formula beyond the Walker breakdown field
are in excellent agreement with both experiments and numerical simulations.
Yan et al. [41], on the basis of LLG equation, have demonstrated that circu-
larly polarized magnetic fields (CPMF) at gigahertz frequency can efficiently
drive a DW to propagate along a magnetic nanowire. As a result, two motion
modes are found, namely (i) rigid DW propagation at low frequency (w < w¢,
where w¢ is the critical frequency; it is similar to the Walker breakdown field,
Hyy) and (ii) oscillatory propagation at high frequency (w > we). Tt is also
found that DW motion under a CPMF is equivalent to the DW motion un-
der a uniform spin current in the current perpendicular to the plane magnetic
configurations, at the same time the CPMF frequency plays the role of the cur-
rent. The further important extension of DW dynamics model in nanowires has
been proposed by Min et al. [42]. Using an extended LLG representation they
have taken into account the effect of magnetic disorder (for example, caused
by the spatial micro-heterogeneities as roughness, thickness, etc) into domain
vortex dynamics, namely by means of introducing of saturation magnetization
fluctuations, D. As a result, the authors have pointed out that in the present
of magnetic fluctuations, the DW velocity increases as such a disorder increases
for H > Hy, while for H < Hy the DW velocity decreases (vpw ~ 1/«)
due to the increasing of effective damping parameter, a. One should also be
mentioned on significant results in DW dynamics recently reported in work of
Lewis et al. [43]. The authors of this paper have shown experimentally (on
the basis of MOKE measurements) that a series of cross-shaped traps (a comb
structure with two center-to-center spacing d = 150 and 200 nm) acts to prevent
transformations of the DW structure (to inhibit the nucleation of antivortices)
under an external magnetic field and thus increase the DW velocity by a factor
of four compared to the maximum velocity on a plain strip. They achieve DW
speeds of up to 1550 m s—' for d = 150 nm and 940 m s—' for d = 200 nm in
the fields about 40 Oe and 73 Oe, respectively.

With regard to static and dynamic micromagnetic problems in various nanowire
junctions it is worth noting series of works [44, 45, 46, 47, 48, 49, 50, 51]. For
example, domain nucleation processes in ‘uniaxial’ wire junctions [44], DWs
pinning in L-type nanowire junctions created by constrictions and protrusions
[45] and in T-type nanowire junctions [46], operational functionality of S-type
rectangular thin-film elements [47], magnetostatic interaction between two oppo-



sitely charged transverse DW in adjacent U-shaped nanowires [48], experimental
analysis of DWs pinning in curved nanostrips [49], and DWs pinning/depinning
in a three terminal ferromagnetic Y-junctions [50, 51] have been in detail inves-
tigated.

2 Micromagnetics Model of Cylindrical Nanowire
Y-junctions

2.1 Demagnetization Field: A Semi-phenomenological Anal-
YS1tS

It is well known that one of the main difficulty during developing of the self-
consistent micromagnetism theory, even in the case of uniformly magnetized
bodies is a demagnetization tensor field (DTF). The calculation of this field or
demagnetizing tensor N;; is of fundamental importance for quantitative analy-
sis of the magnetometric energy of a magnetized bodies. There are well known
analytic solution of this problem exceptionally for the certain simple geometry,
namely for a sphere, infinite and finite cylinder and for ellipsoid (see [5] and refs.
therein). At the same time it is worth to noting on very recent works deal with
a computation of the DTF for an arbitrary particle shape [52, 53, 54, 55, 56].
In Ref. [52] Bellegia et al. proposed a Fourier space approach (similarly to
Kachaturyan’s formulation in the case of consideration of long-range elastic in-
teractions in mixed solids [57]) to compute the DTF. As a result, the authors
have explicitly demonstrated that this approach allows to calculate analytically
the DTF for a broad class of nanoparticles, in particular, all the faceted (poly-
hedral) particles as well as ‘rotational’ ones and some bodies with a high degree
of a symmetry. This capable scheme has been elegantly formulated in terms
of so-called ‘shape’ function or ‘shape’ amplitude, D(k), of nanoparticles [52].
Later on, in Ref. [53], Tandon et al. have presented the analytic form of ex-
plicit shape amplitudes D(k) for sphere, some particles with general polyhedral
shape, rectangular prism, regular tetrahedron and hexagonal plate, truncated
paraboloid, cone truncated by spherical cap, and they have also considered in
details the case of DTF as well as expressions for magnetostatic energy for arbi-
trary objects with a cylindrical symmetry. In contrast to Ref. [53] in Ref. [54],
Tandon et al. have compared the results of numerical approach with analytical
one proposed before in Ref. [53]. They have concluded that both methods are
in good agreement. The further exhaustive extension of the Fourier space ap-
proach has been developed in details by Beleggia et al. for the cases of general
ellipsoid [55] and uniformly polarized torus [56].

Due to the fact that demagnetization field is proportional to the volume
of the magnetized body, let us consider the several important volumes, formed
the Y-junctions, namely: sphere, €, and segments’ volumes, 2 cgm, forming
by 3D cross-section of a sphere and cylindrical nanowires (Fig. 1). Here, the
two possible configurations are presented in Fig. 1. The case I presents the
unchangeable configuration of Y-junction with 8 = 27/3. For this configuration



Figure 1:
Generalized Y-type junction of finite-length-cylindrical nanowires. Case I: n =
[0, Nmaz), @ = 27/3 = const, Case II: (a) 6 = [0min(n), 7],n = n* = const, and
(b) 0 = [7/2,7],m = Tmax = const. ej,eq, ez are the unit vectors within the
Cartesian coordinate system.

the maximal diameter of nanowires, 7qz, will be defined as 7,4, = 7V/3, thus,
n changes within the interval [0,7v/3] (where 7 is the radius of a sphere). The
case II (a,b) shows its flexible configuration, in general, with 8 = [0,,;,, 7], where
n changes within the another interval [0,r+v/2]. Consequently, when § — 7 Y-
junction transforms into T-junction. Thus, the important parameters for our
calculations are the ratio of Qcgm /€25 and the critical angle 6,,;, as a function
of n and r.
The volume of a sphere is
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Figure 2:
Dependencies of coefficient v and 6,,;, as a function of 1 for generalized Y-
junctions shown in Fig. 1. Here we assume r = 1. For clarity the axis of ~ is
presented in the logarithmic scale.

The volume of a cross-sectional segment is
1
Qsegm = §7rh2(37" —h), (2)
where h is the height of a segment which can be defined as

h=r—+/r2—n%/4. (3)

Substituting Eq. (3) into Eq. (2) we immediately get

T 2
Qsegm = g <2T3 - 2T2 V 72 — 772/ - le \% T — 772/4> . (4)

Let introduce the coefficient -y, which defines the ration between volumes of
segments and sphere, in the following form
NQsegm
Q,
where N is the number of nanowires; in the case of Y-junctions N = 3. Finally,

we get the general expression for coefficient « for three-terminal Y-junction in
the following form

1 112
'y:;(l—T\/rz—n? 4—87;3\/7”2—7)2/4)&00%. (6)

N = - 100%, (5)
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Generalized Y-type junction of finite-length-cylindrical nanowires. i = 1,2,3 is
the number of nanowires, 4 is the truncated sphere of a radius of r, R = o, . + L.

It is worth noting, that in order to avoid a crossing between nanowires (for
instance, as considered in the case II(a) in Fig. 1.) we have to define the mini-
mally possible angle between them as a function of Y-junction geometry. This
relation can be written as

Opin = 2 arctan S — (7)
2¢/r2 —n?/4

Graphical representation of functions v(n) and 6,,:,(n), calculated according
to Egs. (6,7), is presented in Fig. 2. As it can be seen in Fig. 2, the angle
Omin depends significantly on 7, whereas, the coefficient v changes slowly. For
example, for the ration of n/r = 1, %,% the coefficient v and 6,,;, are 3.9,
0.2, 0.01% and 60, 29, 11.5°, respectively. Thus, one can conclude that at the
ratio of n/r = % the magnetostatic influence of cross-sectional segments can be
neglected with respect to the sphere and wires contributions. At the same time,
the value of 6,,;, = 11.5° is in a good agreement with experimental results of
Refs. [50, 51]. Therefore, for further calculations we accept this ratio.



2.2 Static Micromagnetic Model

According to the conventional micromagnetics model [1, 3, 4, 5] the general
expression for magnetic energy of a ferromagnetic body with an arbitrary shape
is

A 1
E(u) = 5/9 |Vu|>dz + 5 /R3 |ha(u)*da */Qhemt - udz, (8)

where A is the exchange stiffness constant, hg and he,; are the demagnetizing
and external magnetic fields, respectively.
Similarly to Eq. (1), the volume of a sphere can then be re-written as

Qs = Bg(O,T‘).

From Fig. 3 it is clear that for each ith nanowires the following condition is
valid
wr, =|oy,r, L[xB2(0,n), where oy, = /12 —n?/4,

so then
wr, = B3(0,7") Nw;. L.

In the general case
Vie{l,..n}, 0; €10,2x],

when, for instance,
01 <0y <..<0,,

and rotation of a separated ith nanowire, Rp,, around the e; axis can be pre-
sented in the form

1 0 0
Rgxr=1| 0 cos#; —sinb; |=x. 9)
0 sinf; cosb;
So then we can write
wi,r, = Ro,wr, i1, = R, wr,.
In this case the total cross-sectional volume of a sphere with nth nanowires is
Q= Qs U (U %L> : (10)
i=1
In Eq. (8) we assume that Vu € H'(Q,,,R3), heyt € L(Q,,,R?), then we

n,7T
can write

rot(hq(u)) = 0,
{ div(hj(u)) = —div(t) in the sense of D'(R3;R3), (11)

10



where @ defines as

_Jou in Qp,
“_{ 0 in R\, (12)

The demagnetizing filed can be expressed as

1 . u(x)
vz eR®, h =-——Vd d 13
x €R’, hg(u(z)) 47rV v A (13)
Let us consider the two asymptotic behaviors:
H, (L = oo; see Fig. 3): In this case it is easy to conclude
Vi e {17 ...ﬂ’L}, V(m27x3) € 32(0377)7
T
lim w | Ry, | w2 =0. (14)
Tr1—00
T3

The second aimed state, Hs, should be realized when n — 0 (see Fig. 3). So
then we can write

u(Rg, (x)) = u(Ry,(x)e1), when e; = Rp,e1 (15)
Vz € Qq, wu(z) is valued in S2.
Thus let us write all the main energy contributions entering into Eq. (8) for
Y-junction shown in Fig. 3.
It is evident that the exchange energy contribution for ith nanowire can be
written as
* |ou

| A LA
vie{l,..n) E—Q/w IVul dx_2/% SU (R ()| dr, (16)

The all possible demagnetizing contributions induced by ‘field-elements’ mag-
netic interactions are as follow

1
Vie {Lon} Bl = 5/ - ei2de, (17)
Wi, L
1 n
Vie{l,..n} Ejpag = —5/ w | Y ha(ula, ,) | d, (18)
Wi L i
3 1
Edemug = _5 u- hd(u|ﬂn,r)dxa (19)
Qo
. 4 1
Vie{l,...,n} Eyenag = -3 u - hq(ulg, , )dz. (20)
Wi, L

11



1
Egemag = _5/ - hd (U‘U:lzluhL) dx. (21)

n,r

The external field contribution has a conventional form, namely

Eer{:t = *\/ u - hemtdx. (22)
Q

Thus, finally, take into account Eqs. (16,17,18,19,20,21,22) we arrive to the
expression for the total magnetic energy of a generalized nth-terminal junction
of nanowires in the following form

AN [
Enr(u) = 52/
i=1"Y9n,r

o (Ray(2)

2 1
dx—l—f/ lu - e;|*dx
2 wi, L

1 - 1
3 / e | Y halul, ) | de - 5 /Q w-ha(ula, , )dx

i, L j#l n,r

1
/ u - hq(ulg, ,)dz — - /
Wi, L 2 QU

It is worth noting that in the case of a conventional three-terminal Y-junctions
Eq. (23) becomes simpler (n = 3).

N | =

w-ha (ulyr | o, ,)de — / U - hegrdz. (23)
- Q

\T

2.3 Numerical Calculations Results

2.4 Domain Walls Dynamics in Y-junctions

DWs width can be expressed as

A=A/(K,+7TM2),

where A is the exchange stiffness constant, K, is the uniaxial anisotropy con-
stant, M, is the saturation magnetization.

my = tanh(z/A), m, = 1/cosh(z/A).

Let us consider the conventional Landau-Lifshitz equation to model the pre-
cessional motion of magnetization m in a magnetic solid under an effective
magnetic field H.sr and with damping. This ordinary differential equation is

om «
E = —ym X Heff — Mgm X (m X Heff)7

where « is the Landau-Lifshitz phenomenological damping parameter, 7y is the
classical electron gyromagnetic ration and H.;y = H(m) + H, (H, is the
applied magnetic field in general case of an arbitrary form). The possible types

12



(b) T-T
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Figure 4:

Dynamics of head-to-head (H-H) (a) and tail-to-tail (T-T) (b) DWs in magnetic
nanowires. (c¢) Cartesian (z,y,2) and two orthogonal polar (0z, ), ((0y’,6))
coordinate systems’ representations of DMs dynamics. Here H, is the external
applied magnetic field of a general form (H,, Hy, H.), A and vpw are the DWs
width and velocity, respectively.

of DWs and generalized magnetic moment in magnetic bodies are presented in
Fig. 4. As can be seen from Fig. 4(c), it is more convenient to consider the DWs
dynamics problem in a polar coordinate system. Let us as usual assume that
| m |=1 (where m = mge; + myes + m,e3). Consequently, we can write the
following relations between Cartesian components of m and polar angles 8, ¢

mg = sin 6 cos ¢,
my = sin @ sin ¢, (24)
m, = cosf.

3 Conclusions

In a given work we...
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