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Consistency and Cluster Size in the Effective Field Theories of Ferromagnetism
By
J.G. CHERVENAK and H. A. BROWN
It is a well known fact that the Bethe-Peierls-Weiss (BPW) method which treats

a central spin and all of its nearest neighbors gives much better Curie temperatures
than the molecular field theory or Oguchi method which treat smaller clusters (1).
However, the effectiveness of the BPW method lies not only in the size of the cluster
but also in it8 consistency condition. This will be demonstrated by treating a con-
sistent three-cluster.

In the effective field theories some of the interactions.of a central spin So are
taken into account exactly in the Hamiltonian while the other interactions are re-
placed by some effective field. The BPW Hamiltonian for a cluster without an ex-
ternal magnetic field is

n
H= -2Js°; s, - hlgsf ,
where J is the exchange constant, n is the number of nearest neighbors, and h1

is an effective field acting on the neighbors of So' h_ is determined by requiring

1
that the average value of s” be the same for So as for its neighbors. This consistency

HEROIH

We now treat an open three-cluster in which we take into account exactly only

requirement is

the interactions between a central spin and two of its nearest neighbors which are

not nearest neighbors to each other. The Hamiltonian for such a cluster is

2 z
H=- 2JSO(S1 +SZ) - Aoso —Al(S] +Sz) R

where A0 and A1 are effective fields, A0 acting on the central spin and A1 on two

of its neighbors. Oguchi (2) keneralized molecular field theory to this cluster by
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assuming
1 /.2 Z Z
A =-23n-295(s. + 8] +87)

1/.2 z z
A =-23( - 1580+ 8]+ 5.

. . . . z z Z
The Oguchi theory is not consistent, in that <So> is not equal to (Sl> or <S 2>.
If, instead of making Oguchi's entire assumption, we only assume that the

effective field is proportional to the number of interactions which it replaces, i.e.,

then we can also require consistency,
z 1 /.2 z
ORI ;- S, ) -

The calculation is similar to that for the BPW method and yields in the case of spin

1/2 the following equation for the Curie temperature:

exp(jc) -1

S
il
© |

(n- Zexp(2 ) + G - n)

where jc = J/ch and Tc- is the Curie temperature. Table 1 gives jc for the simple

and body-centered cubic lattices.

Table 1

jc for spin 1/2

n=§6 n=8§

Oguchi (second approx.) 0.356 | 0.259
Consistent three-cluster 0.560 | 0.348
BPW 0.541 | 0.344
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From the table it is seen that the consistency condition has caused the three-
cluster to give results very close to those of the full BPW cluster. Thus it appears
that consistency is a stronger point in favor of the BPW method than large cluster

size.

References
(1) J.S. SMART, Effective Field Theories of Magnetism, W.B. Saunders Co.,
Philadelphia 1966.
(2) T. OGUCHI, Progr. theor. Phys. (Kyoto) 13, 148 {1955).

(Received October 15, 1969)

8 physica

) SUONIPUOD pue sWB | U1 95 *[£202/00/2T] U0 A.G1T 2UIIUO ABIIM ‘30UBKS JO AISBAIIN LNGSSIN Ad £520980696T G5Sd/200T OT/I0p/LI0Y" A5 | 1M ARG IPUIIUO//SCIY WOI PAPROjUMOQ] ‘2 ‘696T ‘TS6ETZST

VI ETITY

351017 SUOWILIOD SANERID) 3|ed1jdde 8y} AQ pauLA0B a8 SSPILE VO B8N JO S3|NJ J0) ARIq 1T BUIUO AB|IM UO



	Consistency And Cluster Size In The Effective Field Theories Of Ferromagnetism
	Recommended Citation

	Consistency and Cluster Size in the Effective Field Theories of Ferromagnetism

