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ABSTRACT

Assynthesis of low-dimensional magnetic systems become possibl e, the need for theoretical understanding
of their behavior arises. In thiswork, the authors explore a one-dimensional magnetic structure with the

spins having dipolar interaction.

The effects of a long-range interaction in a one-
dimensional (1D) magnetic ring is studied. This ring
consistsof N equally spaced spinsi. Thespininteraction
isdescribed by amodified |sing model and the system'’s
total energy E isgiven by

E==JYs55,+GY "0 (1)

i#j i#j ,J

wherei=+1and r, isthe distance between spinsi and
j. Thefirst sumis ‘the exchange interaction restricted
to nearest-neighbor pairs in the original Ising model
(Yeomans, 1997). The second sum represents the
dipolar interaction over al pairs of moments within
the ring. The energy is measured in units of the
exchange constant J. In thisstudy we set J = 1.0. Here
G isthe strength of dipolar interaction in units of J.

We investigate the behavior of the ring as the dipolar
strength G isvaried for N = 10 spins. We employ the
Metropolis algorithm (Gould & Tobochnik, 1996) to
obtain the equilibrium state of the system of spins. This
procedure realizes the importance sampling which
restrictsthe sampling spaceonly to statistically feasible
configurations. Figure 1 showsthe plot of the average
magnetization ((M)) as a function of temperature (7).
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Fig. 1. Behavior of the magnetization with temperature for
different values of G. The temperatureisgiven in energy units
(k,T), where k, is the Boltzmann constant.

(M) is obtained by summing all the spinsand dividing
the result by the total number of spins.

At low temperatures, the behavior of the average
magnetization as a function of 7" is shown to depend
on the strength of the dipolar interaction (G).
Ferromagnetic states occur in the ground state (7 = 0)
for a small value of G. On the other hand,
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antiferromagnetic states are favored when G is large
even at afinitetemperature. The magnetization saturates
at high T. Also, an effectivelowering of thetotal energy
is achieved when smaller values of G approach zero
and when large values of G are increased further.

Similar effects are observed for rings having a larger
number of spins. Increasing the number of spinsin a
ring decreases the value of the transition pointin G.

Our findings, which show the dependence of theground
statewith the dipolar strength, arein contrast to results
in higher dimensions, where dipolar interactionsfavor
ferromagnetic alignment of spins(Tang & Sun, 2002).
Indeed, the state of amagnetic systemisdictated by its
dimension and spin interaction.
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