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Comment on "Excitations in the one-dimensional anisotropic classical Heisenberg chain '
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Several errors are indicated in the treatment of one-dimensional anisotropic classical Heisenberg

chain by Zaspel. His essential conclusions are shown to be valid, but on the basis of completely dif-

ferent arguments.

Zaspel intends to prove in his paper' the possibility of
the occurrence of both linear and nonlinear excitations in
some anisotropic systems as shown experimentally. 2 He
studies the system with the following classical Hamiltoni-
an:

Differentiating Eq. (3a) with respect to t and z, we ob-
tain
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2 Bz

where we keep the same notations as Zmpel. ' The prob-
lem arises in the formulation of the Hamilton's equations,
since they can be strictly formulated from the Hamiltoni-
an density for spin densities. Unfortunately, Zaspel did
not follow this approach so his equations are dimensional-

ly incorrect. For the sake of comparison, we shall quote
his initial equations. Introducing classical spin through
components S=(sin8cog, sin8sing, u=cos8), he ob-
tains the following set of equations of motion:
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which are not only dimensionally incorrect, but there also
appears an incorrect sign in (2a).

We shall give here the rigorous treatment for general
spin S: S=S(sin8c~, sin8sing, u—:cos8). The equa-
tions obtained are
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with

(6)

c (u)=2AJS a (1—u ) .

The equation for u«,

It can be easily seen that in the approximation which re-
A A

tains only the terms of order JAS a (J A in Zaspel's no-
tation) in the final equation, the last term in (4) is impor-
tant, as concluded by Zaspel. ' On the other hand, the au-
thor missed the fact that the term —2JSa uP, P„ in (4)
also gives the contribution of the same order of magni-
tude, since, from (5) it follows that $„=2ASu, +0(JSa2).
Taking into account Eqs. (3b), (4), and (5), we obtain, f-
inall,

u, =JSa (1—uz)P —2JSa2uu, g, .

(3a}

(3b)
u« —(c'(u)u. l.=o

This incorrect sign term is important for the more general
treatment, but in this particular case, it does not influence
the equation for P«, because it is neglected as a small one
in this calculation.

Another important mistake occurs during the deriva-
tion of Eq. (3b) of Ref. 1, which is crucial for the explana-
tion of the heat capacity of tetramethyl ammonium man-
ganese chloride (TMMC} on the basis of the linear spin-
wave theory in the absence of the transverse field. To
demonstrate this, we shall give a detailed account on the
derivation of the equation corresponding to the above-
mentioned one.

is correct within the given approximation. Still, the state-
ment that the general solution of this equation is of the
form

u =f(z c(u)t)+g(z+c(—u)t),
with f and g arbitrary is incorrect. In fact, as shown in
Ref. 3, these two types of solutions belong only to two sets
of particular solutions, and since the equation is non-
linear, the general solution cannot be obtained by the
linear combination of these two.

For the particular case Q =0, all the conclusions of
Zaspel are valid, of course, because the equation now be-
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comes linear.
Finally, let us note that it was not necessary to perform

all these calculations in order to prove the existence of the
linear excitations in this system in the absence of an exter-

nal field, because, the sine-Gordon equation in this case
has the nonlinear term which is proportional to the field,
so it vanishes in the absence of an external field turning
the equatioa into a linear oae.
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