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Abstract: The study of the magnetic properties of materials have attracted the
interest of scientists for ages. Knowing the magnetic properties of materials do their best
possible use in industry and technology, as well as better understanding of some yet
unexplained phenomena in nature related to the Earth's magnetic field. Several models that
describe the given phenomenon are known, such as the domino model, two-dimensional
Ising model and model of inversion magnetic Earth's field. In computer experiments whose
results are presented in this paper, it is used a simplified two-dimensional Ising model, one
version of the model related spins. Computer experiments (simulations) are made in the
mathematical software Maple. It has been observed reversing the direction of magnetization
in a small change of inhomogeneity energy interactions. Consideration of this issue could
be of importance for the study of ferromagnetic material.
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1. INTRODUCTION

The Earth has reversed the polarity of its
almost dipolar magnetic field many times in the past
at irregular intervals [1, 2]. That is the most remarka-
ble phenomena of geomagnetism. Geomagnetic filed
polarity reversals have had drastic effects on the inner
radiation belts, as well on the access Galactic Cosmic
Rays and Solar Energetic Particles into the magne-
tosphere. The magnetic field of the Earth originates
from dynamo action in the liquid outer core [3].

Numerical simulations of the geodynamo
successfully reproduce many features of the magnetic
filed of the Earth including stochastic reversals [4].

Many authors propose several models which
are in relation with geomagnetic field. In this paper,
we will summarize some of these models and propo-
se one. First, we will consider domino model [5]. In
this model, authors solved the equation of motion of
a one — dimensional planar Heisenberg (or Vaks —
Larkin) model consisting of a system of interacting
macro — spins aligned along a ring. In this model,
each spin has unit length and described by its angle
with respect to the rotational axis. Also, the orienta-
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tion of the spins can vary in time due to spin-spin
interaction and random forcing. Direct numerical
simulations of the geodynamo are computationally
expensive, but these simulations show that reversals
go along with a breaking of the north —south
(equatorial) symmetry in the flow of the aligned
fluid columns. The numerical simulations may
follow a similar reversals statistics as the paleomag-
netic record. Domino model is one — dimensional
XZ model, also refer to as the plane rotator model.

One more model, which can be used for
describing geomagnetic is an analytical approach
based on Stormer's theory [6]. Stormer s theory was
originally developed for a dipole magnetic distribu-
tion. Lemaire has been complemented that theory
by adding a uniform interplanetary magnetic filed
(F) to the magnetic dipole (M) [7].

Two — dimensional Ising systems can be used
for simulating the reversals of the Earths magnetic
field, too. In that model, each spin was supposed to
be one ring current in the Earth dynamo and the
magnetization was supposed to be proportional to
the field intensity. The temperature was used as a
tuning parameter [8].
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2. MODEL

Ising—like models have been used in
molecular dynamics and statistical mechanics for
describing, phase transitions in ferromagnetism, or
for modeling spin glasses [9]. The Ising model is
concerned with the physics of phase transition which
occurs when a small change in parameter, such as
temperature or pressure, causes large scale
qualitative change in state of a system. One purpose
of the Ising model is to explain how short-range
interactions between molecules in a crystal give rise
to long-range, correlative behavior. Coupled spin
models of Ising type, where the individual spins can
assume two scalar states +1 and -1 and interact with
each other after certain rules, have also been
suggested for describing geomagnetic polarity
reversals and their statistic [8].

Ising-like models are often classified
according to spatial dimensionality and number of
components of spin vectors. Our model is simplified
two — dimensional Ising model.

It is assumed that the magnetization is
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where o is non-homogeneity eider variation
coefficient and rand (-1, 1);, is random number
between -1 and 1, classified as spin.

Number of atoms which are ion state with
energy Ei is given by Boltzmann distribution. The
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Boltzmann distribution is a probability distribution
that gives the probability that a system will be in a
certain state as a function of that state’s energy and
the temperature of the system. It is given as

e kT (5)

where p; is the probability of state i, ¢; the energy of
state i, k the Boltzmann constant, 7" the temperature
of the system and M is the number of states accessi-
ble to the system.

In the applied approximate model, random
orientation of spins were generated in two dimensi-
ons, j and n. The value of spin (+ 1), a lattice posi-
tion j and n, and its contribution to the magnetization
is calculated by averaging, i.e., divided into N* In
this way, it takes into consideration the current ave-
rage value of the magnetization. Averaging can ser-
ve to reduce the impact of randomly generated spins
configuration, and thus reduce the error.

The program that is used in those experiments
does not match the original Ising model, which is
very far from reality, too, but makes it possible to
obtain meaningful results. It used random 2000 -
40000 configurations that are equally probable. Then
the correction was performed by multiplying M; the
appropriate statistical weight (Boltzmann distribu-
tion) [10]. The magnetization of 1 or about 1 is thus
practically excluded. It is conceivable that it is closer
to reality than the original Ising model [11]. It is
unlikely that, in the absence of an external field, the
dipoles in a realistic structure have an ideally paral-
lel arrangement.

3. RESULTS

In Table 1. are presented results of computati-
onal experiments.
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o =0.95 red line, i = 20000
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k) N=6, ¢ = 8500, a = 0.48 black line,
o =0.49 red line, i = 40000
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Table 1. Presentations of geometric reversals of magnetization

4. CONCLUSION

The Ising model is some kind paradigm
among magnetic models [11]. One dimension Ising
model is the simplest and presents a phase transition
at temperatures different from zero. Ising models
have found applications in areas away from solid —
state physics, such as immunology [12] or stock
market theory [13].

In this paper, presented are the results of
computational experiments. In this paper, it was
used simplified two — dimensional Ising model to
simulate behavior of magnetization in relations to
small change of energy interactions. All the simula-
tions run on small Ising systems. It was noticed that
small change of energy interactions (variations of
parameter o) has significant effect on change of
direction of magnetization vector. That can be linked
to reversals of the Earth magnetic field. In Table 1,
in pictures b), ¢), e), g), k) and m), it is visible rever-
sal of magnetization for small variation of parame-
ter a. It is very important to report that it can be fea-
sible for a precise number of configurations. Also, in
other pictures presented here, (a), d), e), ), h) and 1)
) we can see that reversals do not happened if it is

not set exact number of configurations. One should
be careful, when interpreting the model properties,
because numerical value of magnetization is not
correct. This model is very simplified model, and it
should be upgraded in the further work.
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TOXR

MOI'YhH Y3POIIU [TPOMJEHE CMJEPA MATHETHOT ITOJbA 3EMJBE

Caskerak:

N3yuyaBame MarHeTHMX OCOOMHA MaTepHjaja OAAaBHO IPUBIIAYH

WHTEepecoBamke HayyHuKa. [l03HaBame MarHeTHUX 0COOMHA MaTeprjaita oMoTryhaBa lBHXOBY
mTo 00Jby NPUMjeHY y MHIYCTPHjU M TEXHHULH, Kao U IITO 0O0Jbe MO3HABAHE HEKUX jOII
HepasjallllbeHUX I10jaBa y IPHPOAM BE3aHHX 32 MAarHeTHO Iosbe 3emube. [lo3Hato je
HEKOIMKO MoOJela KOjH OINCYjy JaTd (eHoMeH, Kao IUTO Cy JOMHHO MOJE,
JBOJMMEH3HOHAIHU V3MHTOB MOJeN W MOAEN WHBEpP3Wje MarHeTHOr IoJba 3emibe. Y
payyHapCKUM €KCIepUMEHTHMA YUjH Cy Pe3yJITaTh NMPUKa3aHu Y OBOM Pajly, KOPHIITEH je
ynportheH ABoIUMeH3uoHH VI3UHroB Mozen, jenHa ol Bep3uja MOjesa Be3aHUX CIIMHOBA.
Pauynapckn excnepuMenTu (cumysanuje) cy pahjene y maremarnukoM codreepy Maple.
[Ipumujeheno je oOprame cMmjepa MarHeTW3alMje NPU Majoj HPOMjEHH HEXOMOI'CHOCTH
eHepruje WHTepakiuje. PasmaTtpame oBor mpobiema Mmoriio Om OWTH OJf 3Hadaja 3a

UCTpakuBame (pepoMarHeTHUX MaTepHjaa.

Kibyuyne pujeun: BonmmanoBa pacmopjena, V3WHTOB Mopen, MarHeTH3alldja,
HEXOMOTEHOCT CHEePTHje HHTEPAKIIHje, TCOMarHeTHO TOJbE.
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