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Physics Department, University of Missouri—Rollal)
Additional Remarks to the Schrédinger Spin-Exchange Ferromagnet
By

H.A. BROWN

Earlier calculations /1/, referred to as I of the thermodynamic properties of
‘a Schridinger spin-exchange ferromagnet are extended by considering the
quadrupole moment, Q, for spin 1 systems.

The Schrédinger spin-exchange Hamiltonian relevant to an isotropic system

in the constant-coupling approximation (CCA) is

H= -JP12 --}.ll-I(SlZ + SZz) ,

where pis the magnetic moment per spin, H is the internal and/or external

magnetic field, and

182-1 forS =1.

The internal field can be found by calculating the average spontaneous

_ 2
P, = (S;8,)" +8

magnetization, m, and equating it to the magnetization, m', found by using a
one~-spin Hamiltonian (molecular field approximation or MFA) with an internal
tield H'. The assumption that

H _ H
n n-1 7
where n is the coordination number of the lattice, has been shown to be
equivalent to the CCA /2/.

When the quadrupole moment is included, evaluating Q' and Q for the one-
and two-particle systems and setting them equal will also evaluate the internal
field but it will not be the same field found from reduiring m and m' to be equal.
It will be assumed that the proper field to use is the one that minimizes the free
energy which, it can easily be shown, means the larger field in this case. Since
the question of which field is larger depends on the temperature, this deter-

mines the phase diagram of the system.

1) 102 Physics Building, Rolla, Missouri 65401, USA.
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From I, the two-spin partition function is known to be
Z =2eP(1 + cosh A+ cosh 2A) + e P(1 + 2 cosh)) ,

where p = BJ, A =fuH, and B=1/kT. Now,

OlnZ
oA

m—l =m
_2 =m

and —
Q =m2 -%S(S+1)
with corresponding definitions for m' and Ql in the one-spin system where

z' =1 +2cosh7\-l .

The condition m' = m gives a linear equation for e"2p and Q = Q: a
quadratic in the same variable, Solving these equations then gives three values
for the internal field as a. function of temperature the knowledge of which allows
all the thermodynamic properties to be evaluated. Aside from the quadrupole
moment, these have been discussed in 1.

The present work shows that the dipolar ferromagnetic state is preferred
for all temperatures because the quadratic has no real solutions. The phase
diagram is therefore quite simple: there is a paramagnetic (P) phase at high
temperatures (T > Tc)’ a ferromagnetic (F) phase below (T< Tc), and no
quadrupolar (Q) phase for any T,

To find other relevant theoretical predictions, we have to look to cal-
culations using a biquadratic Heisenberg exchange Hamiltonian often written

as

H = -ZJZ[S.S. +o(S. S, )2]

Gt 1

which, for «=1, is equivalent to the Schriodinger exchange except for a con-
stant term and the factor two. The results of this comparison are mostly in
agreement: using the MFA, Chen and Levy / 3/ find a phase diagram which
does indeed include a quadrupolar phase, although no F <+ Q transition, and
the Q phase appears to occur only for o >2 (our &, not theirs). A Green’s
function approach /4/ shows that there is no Q phase since the quadrupole mo-
ment goes to zero at a tefnperature below Tc when the dipole moment vanishes

for all ocand, in particular, for ec=1.
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Another MFA calculation /5/ reaches the conclusion that dipolar ordering
is always preferred and the Q phase does not exist, and another CCA cal-
culation /6/ applied to an anisotropic Ising model also shows a phase diagram
which suggests that there will be no Q phase for c=1.

Thus, although the evidence is rather meager, there is agreement from
several theoretical sources that the system does not order as quadrupoles.

References

/1/ H.A. BROWN, phys. stat. sol. (b) 117, 177 (1983).

/2/ T. FUJASHIRO, F. TAKANO, and T. OGUCHI, J. Phys. Soc. Japan 19,
1666 (1964).
H.A. BROWN, Acta Phys. Polon. A55, 229 (1979).

/3/ H.H. CHEN and P.M. LEVY, Phys. Rev. Letters 27, 1383 (197).
H.H. CHEN and P.M. LEVY, Phys. Rev. B 7, 4267 (1973).

/4/ R. BRAHMACHARI, Indian J. pure appl. Phys. 117, 705 197).

/5/ M. NAUCIEL-BLOCH, G. SARMA, and A. CASTETS, Phys. Rev. B 5,
4603 (1972).

/6/ K. TAKAHASHI and M. TANAKA, J. Phys. Soc. Japan 46, 1428 (1979);
48, 1423 (1980).

(Received September 13, 1983)

diiy) SuonIpUOD pUe SWB L 33 885 *[£202/20/LT] U0 Ariq178U1IUO ABIM ‘20UBIDS JO AISBAIUN LINOSSIN Ad ESTOTZTZZZ 4sd/Z00T 0T/10p/L00 A 1M ALed1jeutuo//Sdiy Wo.y pepeojunmod ‘T ‘86T ‘TSEETZST

Ao 1M A

35UBD |17 SUOLILWIOD dAIERID 3|gedl|dde ays Ag pausenoh ae sapie YO ‘8sn JO Sa|ni J0j Ariq i auljuQ A3 UO (SUONIPUoD-pL



	Additional Remarks To The Schrödinger Spin‐Exchange Ferromagnet
	Recommended Citation

	/var/tmp/StampPDF/ErKNBETXrG/tmp.1689870074.pdf.MDygt

