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Abstract

An isospin magnetic system with spin values S=+1 is studied for square and
simple cubic lattice, the curie temperature has been calculated for these
lattices based on the usual Oguchi approximation (OA).Within this scheme
considered here, four atoms are considered where the three nearest-neighbor
spin correlation are taken into account when the Hamiltonian is derived. The
results for the critical temperature are remarkably accurate comparing to the

effective field ones.
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1 - Introduction

There have been extensive studies of isospin Ising model investigated both theoretically
and experimentally [1]. Many of approximations have been existed to solve the Ising
model of an Isospin system with spin values (S;=%1) and derived general expression of
the magnetic moment of the system as a function of the temperature. A mathematical
approximation for Ising model of an isospin system has been existed by Oguchi, within
this approximation a crystal lattice of N magnetic atoms and a pair of atoms are
considered where the first nearest-neighbor spin interaction is taken into account when
the Hamiltonian is derived in this approximation [2]. The mean-field approximation
(MFA) describes cooperative phenomena in which the effect of ordering interaction
represented by a mean field proportional to the average net magnetic moment of magnetic
system [3]. Bobak presents a development on the effective field theory (EFT) to obtain an
approximation-or exact solution to the two-spin cluster Ising model [4]. It is worth
mentioned that this methods is based on an exact thermal average for the pair of
neighboring spins and utilizes the difference in operator technique [5]. Here, our
procedure is based on the finite spin cluster of small size. We have used the simplest
assumption of finite cluster with two block spins of three nearest-neighbor interactions.
The two clusters are assumed to be independent on each other. Since the number of
correlated nearest-neighbor spin pairs depends on the cluster size and the lattice structure
[6]. Thus, the correlation of the nearest-neighbor spins in each cluster have been taken
into consideration provide that one neglects only correlations between the two clusters
considered [4].

Within this work, we try to extend the Oguchi approximation (OA) scheme to a new one

to get more exact results of the critical temperature comparing to the previous works.

2. Theory
Very few statistical mechanical models have been solved exactly; the Ising model is one

of best developed models in statistical physics. It has been solved in one-dimensional and
certain two-dimensional lattice. In three-dimension not even the nearest neighbour spin-
1/2 Ising model is tractable, therefore it is necessary to resort to approximation methods

[7]. Abubrig et. Al. potentially presented a new and helpful scheme for improving the

88



J. Thi-Qar Sci. No. (2 Vol.1 Aug./2008

values of the critical temperature for a number of lattices in Ising spin system, these
methods use rigorous and complicated solutions which represent substation
improvements of the standard MFA [3]. Another formwork has been presented by Bobak
et. Al. and is based on the introduction of differential operator technique, taking into
account the effects of many-body static spin correlations [5] . It is conventional and
convenient to use magnetic language and write the model Hamiltonians of an isospin
system in term of spin variables. The Hamiltonian for the spin-1/2 Ising system in zero
field is defined by [7]:

H :_Z‘Jijsisj ’ Si :il ............... (1)

where the sum runs N identical spins, and Jj; is the exchange interaction between spins
sites i and j .Our work considers four lattices (i,j,k and _) whose spin states denoted by
(S) , (S5) , (S«) and (S, )respectively , together with their nearest neighbors as shown in
Fig.(1), and
according to our scheme considered, we can decompose the Hamiltonian in equ.(1) as

follows :
H=-JSS, -J,5S,-hS -hS —-hS, —hS, e 2)
where
hmzziz‘]imsm ; hn:Z_Zz‘]jnSn
ho=2§3k030 ; hp=Z§J5pSp ceerecensceccnsceanase (3)
0 p

Where z is the coordination number (z=4, 6 for square and simple cubic lattices,
respectively). And since the system under study is an isospin system

(Si =5,=5, =95, = il) we can say that:

Ji=Ju=Ju=Ji=Ju=J,o=J e, 4)
2.5,=25 =25 =S =M ., 5)

Where m is the average magnetic moment of the system, Now the Hamiltonian of the

system in equ.(2) can be written as:
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H=-J55 —JS,S, —(2=2)IM(S,+S +5,+8,) ........(6)

Now, we can calculate the average magnetic moment, of the magnetic system, as a
function of the temperature from Maxwell Boltizman distribution state that [8]:
-
TITTUS +S,+5,+8))e

m = ... 7
7 (7)

Where B=1/KgT and T represent the temperature of the system, Z is the partition

function of the system which is defined as:

AR 353030 31" 3 A (8)

S;=+1S; S, S,
Substituting equ. (8) in equ.(7) and expanding the summations over each of the spin value
of (Si,Sj,Sk andsS, ) with +1 we get :
M 1 2sinh( 2h) + g* sinh( 4h)

2 4 cosh(2h) + e cosh(4h)

We have just derived the general expression for evaluation the magnetization of the spin-

1/2 Ising model, when h=t(z-2)m and t=J/KgT. Consequently, at this moment, we can

determine the critical temperature KgT.

3. Results and Discussions

In this section, let us show the results by solving equation (9) numerically using C++
programming language for square and simple cubic lattices (z = 4, 6 respectively). By
way of comparison, we have listed the results of the MFA, OA and EFT. Table (1) shows
clearly that the work represents here makes an improvement for the critical temperature
comparing with other works mentioned above. As shown in table (1) the results of the
Curie temperature for under study lattices (square and simple cubic lattice) which have
been calculated within the current suggested approximation have been clearly
approximate to it’s exact values. The results also decreased the difference between
practical and theoretical values computed according to the previous approximations
(MFA, OA and EFT). Because of the fact that the present study concentrated on the

effects of crystal system on a four adjacent atoms instead of one or two atoms as in MFA
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or OA respectively [3,2]. Hence, the present approximation has added to the Hamiltonian
of the system the exchange interaction term between each two spins in the cluster under
consideration, and left the effect of the other atoms in the system on each atom in the two
clusters within average net magnetic moment. While the current work have been
distinguished from
the EFT in approaching from the exact solution of the spin Ising system in obtaining
approximate solution of Curie temperature, since that the EFT was limited because of
mathematical and computing problems particularly when it deals with high spin systems

or those atoms adjacent to a large number of neighboring atoms [4].

4. Conclusions:

In the present work, we use Ising spin system which is based on the usual Oguchi
approximation, where we assume that the correlation among the first, second and third
nearest-neighbour spins and mean-field approximation (MFA) are exist in the system.
The results for the Curie temperature for each lattice are remarkably accurate comparing
to the effective field.

Table (1) : Results for the critical temperature KgT. of the
square(z=4) and simple cubic (z=6) lattices respectively

Method Square KgT, Simple Cubic KgT,
MFAEI 4.0 6.0
OAP 3.7764 5.8469
EFTH 3.0250 5.0392
Present work 2.7070 4.8185
Exactf®l 2.2692 4.5108
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Fig.1: Two clusters of two-correlated pairs of spin (i,j)and (k,I)
surrounded by the pairs of spin field in the case of a square lattice.

References:

1. Gatteschi D., Kahn O., Miller J. and Palacio F. (1991), “Magnetic Molecular Materials” ,NATO
ASI Series, Kluwer Academic, Dordrecht ,.

2. Oguchi T. and Obakata T. (1986), “ One Dimension Ising Model with General Spin” , Journal of
Physics Society of Japan, VVol.25, No.2, P.322.

3. Abubrig O. F., Horvath D., Bobak A., Jascur M. (2001), “Mean-Field Solution of Mixed Spin-1
and Spin-3/2 Ising System with Different Single-lon Anisotropies”, Journal of Physica A,
Vol.296, P.437.

4. Bobak A. (1998), “The Effect of Anisotropies on the Magnetic Properties of Mixed Spin-1/2 and
Spin-3/2 Ising System” , Journal of Physica A, Vol.258, P.140.

5. Bobak A., Jasscur M., Horvath D. and Balcerzak T. (2002), “The Ferrimagnetic Mixed Spin Ising
System on Layered Honeycomb Lattice”, Czechoslovak Journal of Physics, Vol.52, No.2, P.127.

6. Figueiredo W. , Godoy M. and Leite V. (2004), “Compensation Temperature of the Spin Ising
Model”, Brazilian Journal of Physics , Vol.34, No.2A, P.392.

7. Herbut I. (2007), “A Modren Approach to Critical Phenomena”, 1% Edition, Cambridge University
Press, New York, USA, P.3,. (www.Cambridge.org)

8. Talapor A. L. and Bolt H. W. (1996), “The Magnetization of 3D Ising Model” , Journal of Physics

A, Vol.29, P.5727.

92



J. Thi-Qar Sci. No. (2 Vol.1 Aug./2008

Lpdaliaal) Ladaidl elipl oz dgadl igS) il A A
e ulee )

D (53 Haala — aslall IS — Ll ool

:\—AAM\

A Jasa Ja DA cpa S=HL LY Al ad il A Jilata bl AU 4 o a3

AN (g €8 da s il du ) Glial Ea ¢ g e Andg Aely) Al
Any )l Al 3 waad) Bl Jad By . o) pae gt o AoVl G Jad e Adad gy LAY
) el QU e Bl W 1 g pleY) il JANY aa jeSall Al B 43S e i
298 3l Al Lple J puanal) ) L Al 13gd S silalg) LG Mo ABMAY o ALY

ol s gad el Jlasall Ay s pilidd 4 jlia p Aagudia CullS

93



