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There have been several experiments bearing
on the temperature dependence of the sublattice
magnetization, parallel susceptibility, and nucle-
ar relaxation rates of antiferromagnets. The sur-
prising result is that, with the possible exception
of MnF2, ' none of the experiments show any evi-
dence for the expected energy gap' in the. spin-wave
spectrum. Furthermore, the experiments do not
a,gree with the predictions of the usual spin-wave
theory" even when the anisotropy is negligible
and no energy gap is expected. The measure-
ments ' of the longitudinal nuclear relaxation
time T, are also in disagreement with the theo-
retical predictions. ' We give here a theory which
is able to explain most of these results, but in

terms of one coupling constant which is not too
well known independently. The central idea is
that the magnetostrictive terms in the Hamiltoni-
an produce a, magnon component in the thermal
phonon spectrum, so that the phonons participate
directly in magnetic processes.

We define the temperature Tgt, corresponding
to the energy gap by kHTAg =Sy(2HeHg)+, where

y is the gyromagnetic ratio, He the exchange
field, and H~ the anisotropy field. For T «Tgg
the magnetic thermodynamic properties will be
mainly determined by the admixture of spin-wave
character into the acoustic phonons. The effect-
ive density of thermally excited magnons will then
not exhibit the exponential temperature variation
predicted by ordinary spin-wave theory. s

For the bilinear coupling between the magnons
and phonons we take

g g Z Z

vrhere G is the coupling constant and e~~~ the

strain tensor. In a forthcoming papere the trans-
formations to the mixed magnon-phonon modes
are given in detail. We have calculated the mag-
netic properties arising from the low-lying quasi-
phonons for T «Tgg. The deviation of the mag-
netization iS
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[m(0) -M(T)]/m(0) =,„,(T/e)'r(4)g(4),
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where M is the ionic mass; a is the lattice con-
stant; I'(x) and f(x) are, respectively, the gam-
ma function and Riemann zeta function; and 0
is the Debye temperature. For = 110'K, a = 10
cm, Hp =103 oe, and I =10 g, (2) agrees with

the T' dependence of the sublattice magnetization
observed by Poulis and Hardeman' in CuC12 2H~O

if we set G=10 ' erg. In MnF~, Jaccarino and
Walker' find that the observed sublattice magne-
tization does not seem to obey a unique power
law, but (2) gives the observed order of magni-
tude when 6—= 10 ' erg. In MnF2, H~=10' oe,
=450'K, and a—= 3x10 ' cm; the other param-
eters are as for CuC12 2H20. This contribution
to the magnetization deviation is comparable with

the contribution arising from the ordinary mag-
non branches of the spectrum in MnF, .

For T «T~F the parallel susceptibility is pro-
portional to the deviation of the sublattice mag-
netization and is given by

= (4~&/H ~') [~(0) -M(T)]/M(O).
II e

The parallel susceptibility also has a T- temper-
ature dependence. Such a variation has been ob-
served by Stout and Matarrese for T & 'I'g~- i~1

CoF, and FeF» here 6 =—10 "erg fits th».: dz"-:.;..

q uantitative ly.
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The low-lying quasi-phonon branch of the spec-
trum also plays an important role for the longi-
tudinal nuclear relaxation time T~. We calculate
the direct rela.xation rate,

where A is the hyperfine coupling consta, nt. In
MnF„whexe A =—10 "erg, a relaxation rate
proportional to T has been observed' and agrees
in order of magnitude with (4) when the param-
eters above are used. Thus the nuclear relaxa-
tion and magnetization data find a, consistent ex-
planation. The Raman relaxation rate has a. T~

temperature dependence and agrees again with
the observations' in CuC1, 2H, O where G=—10 "
erg. The expression for the Raman relaxation
rate is

27 &&(6&2)v3~2g6g4
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where A is the strength of the dipolar coupiing
and I', is given by

xmax 6 x
P x
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(6)

Thus by the use of the magnon-phonon interac-
tion we are able to explain several experiments.
We require, however, somewhat larger coupling
constants than have been reported in more sym-
metrical crystals.
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Recently an anomalously large reduction in
thermal conductivity at low temperatures has
been measured for NaCl single crystals grown
by the Harshaw process. No such reduction oc-
curs for crystals grown free from atmospheric
contamination, and evidence is presented that
the reduction in thermal conductivity is associ-
ated with an impurity ion in the crystal in which
oxygen is one of the components. The thermal
conductivity varies nearly as the square of the
temperature from 1'K to 20'K. Evidence is pre-
sented that the mean free path satisfies an equa-
tion of the type

x = (3.3 x10 ' (u/V) ' cm,

where V is the average sound velocity in the De-

bye sense and ~ = 2m times the frequency of the
phonon. Several mechanisms for this effect were
considered but no conclusive evidence was found
for any of them.

One possibility was that a relaxation process
might be involved. Recently a mechanical relaxa-
tion effect has been measured at low temperatures
which is associated with the same set of impurity
ions, and it is the purpose of this note to show
that these relaxations are in agreement with the
loss in thermal conductivity.

The crystals were obtained from Harshaw and
from Isomet and were provided with oriented, par-
allel, flat faces. X-cut and Ac-cut quartz plates
were bonded to the specimens with 4-methy1. -1-
pentene. The temperature was controlled by
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