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Abstract. A review of theoretical results for the one-dimensional
magnetic model systems, with a particular emphasis on effects of the
lattice compressibility on the thermodynamic behaviour of the spin
system, is presnted.

"When a theoretical physicist is asked, let us say,
to calculate the stability of an ordinary four-legged table
he rapidly enough arrives at preliminary results which per-
tain to a one-legged table or a table with an infinite num-
ber of legs. He will spent the rest of his life unsuccessful-
ly solving the ordinary problem of the table with an arbit-
rary, finite, number of legs".

(From "Physicists continue to laugh" MIR Publishing

House, Moscow 1968)

One-dimensional magnetic model systems have been studied b&
theorists for more than fifty years 1). However, there is no more
than a decade since experimenfalists have found systems which satis-
factory mimic theoretical models, and suddenly almost all models
turned out to be relevant. These systems are composed of one-dimen-
sional (1d) chains of magnetic ions, so that the exchange interac-
tions whithin a chain is much stronger than the interaction between
chains. In some systems this discrimination of the intra- and inter-
-interaction occurs naturally, but in most of them it has been "engi-
neered®. For instance, 00012 5 2320 is not a satisfactory 14 magnet,
but replacement of the Hzo molecules by the large pyridine molecules
pushes the Coz+ ion chains further apart and brings about 2) a good
14 magnet COcl2 5 2Nc585.

There are several comprehensive reviews 3'4’5)<f experimental
and theoretical results obtained so far for the 1ld magnetic model sys-
tems, and we will not try to complement them. There is a very nice
review 6) of the theoretical results exclusively. Here we shall try
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to supplement the last review 6) by a summary of results obtained
for the compressible 1ld magnetic model systems. It means that we
are concerned with effects of the thermall fluctuations of distan-
ces between neighbouring spins on the magnetic behaviour of the
spin system, assuming that the exchange interaction is a function
of the distance. We shall restrict our discussion to the Ising
model case, as results for the spin 1/2 Heisenberg models are
either pertinent to the low-temperature phenomena of the magnon-
-phonon interaction or they are of a approximate character. In
other words, there are no exact and complete statistical mechani-
cal solution of the problem. This is understandable on the grounds
of lacking such a solution for the 1d Heisenberg system on a rigid
lattice. However, we should mention two papers 7’8)ly Barma, who
solved the 1d compressible classical (spin =oce) Heisenberg model
and investigated the phase transitions at the absolute zero (T=0).
Mattis and Schultz were the first to treat the 1ld compres-

9 on "magneto-

sible Ising chain. In the appendix of their paper
thermomechanics® they found a transformation which decouples the

lattice and spin variables in the Hamiltonian

X=H = > T(XuX) 33y (1)
<mny
HereJCL contains kinetic and elestic energy of the lattice, the
sum goes over the nearest neighbours, xm is a instantaneous posi-
tion of the m-th. particle of the latgiqe, and grn is the Ising
spin variable (éln = + 1), whereas the exchange coupling is assu-
med to be the linear function of the distance

J(Xm-xu) = Jo - J;(Xm '—Xn_q?) ’ (2)

with a, beig? the distance between the equilibrium positions. It
turned out that the effective spin Hamiltonian, apart from a
constant ‘term, is equivalent to an Ising chain Hamiltonian on a
rigid lattice, with exchange coupling equal to Jo. Therefore, no
effect of the spin-lattice coupling was found.

While Mattis and Schultz assumed the free-ends boundary
conditions and a phonon spectrum corresponding to nearest-neighbour
10 adopted the Einstein phonon
spectrum and the periodic boundary conditions. He demonstrated
that the effective spin Hamiltonian is equivalent to a rigid Ising
chain Hamiltonian with nearesq?nd next-nearest-neighbour ‘interac-

harmonic interactions, Enting

tions. In addition, he investigated "disorder points", i.e. tempe-
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ratures at which the character of the spin-spin correlation func-
tion changes 11).

A notable contribution in this field is a work by Salinaslz).
He studied the 14 compressible Ising chain for two different cases
of boundary conditions - the fixed forces case and the fixed vol-
ume case. Salinas proved that the resulting free energies are related
by a standard lLegendre transformation. In particular, he clarified
an error in the paper by Bolton and Lee 13), who claimed that the
result of Mattis and Schultz 9 was a by-product of their general
treatment of the problem. However, it proved to be an incorrect
conclusion on account of different boundary conditions adopted in
the two papers 9'13).

Since it was experimentally verified 3'4)1hat 1d magnets,
resembling Ising chains, exist embedded within 34 lattices and with
very weak inter-chain interaction, Mijatovié and MiloZevié 14)
motivated to study a linear Ising chain (and stacks of non-inter-
acting chaing )in the 3d compressible simple cubic lattice. Assu-
ming the harmonic potential energy with the Debye phonon spectrum,
separation of the lattice and spin degrees of freedom was accomp-
lished and the following effective spin Hamiltonian was obtained

« v .
ey =-1Z3me =~ 5o Z Wimagaua,,

were

2 Lij>
<, >

where ¢2 is the second derivative of the potential energy and
W(i,m) is an osecillating and decreasing function of the distance
(m-i)-q° between the spin pairs. As J§/2¢2 is in reality much
smaller than Jo, Mijatovié and MiloSeviél4) treated the four-spin
interaction as a perturbation. Thus they found that the effect of
the lattice compressibility is to increase the specific heat peak
and to shift it to lower temperatures. Afterwards Djordjevié and
MiloSevié 135) found an almost exact way to tackle the statistical
mechanics of the Hamiltonian (3 ), and thereby they confirmed that
the magnetic specific heat peak is shifted to lower temperatures,
but it is decreased rather than increased. Hence it was demonstra-
ted that the counter-effect, which was obtained ls)hy regarding the
function W(i,n ) as a positive constant, was a wrong prediction
(cf. Fig. 1).
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Figure 1. (a) The specific heat of the Hamiltonian (3)
according to Ref. 16, where W(i,m) was supposed to be
a constant J2 W(i,m) /2%, = J4/N. The parameter g is
the ratio J4/"J, and N is the number of spins in the
chain. (b) The specific heat of the same Hamiltonian
according to Ref. 15 (a = J§/2¢2) 5

At the end we would like to mention that RneZevié and
MiloSevié 17) have recently - solved the 1d tompressible Ising model
with spin S =1 and S = 3/2. We should also mention two papers
which treat models that are similar to 1d compressible Ising chains.

18)

Jasnow and Wagner studied two planar Ising models on a compres-

sible lattice whose elastic forces were one-dimensional (like the
lattice of rods in the table~hockey gqame). Figueiredo et al.lg)
have solved a one-dimensional version of one of the Jasnow-Wagner
models, l.e. they-solved.the thermodynamic problem of a system of
two compressible Ising chains that are coupled with rigid vertical
rods and with exchange interactions along the rods and diagonally
between every two rods.
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