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both (9) and (10) allow several resonances below
For large q values the spacing of the reso-

nances according to Eqs. (9) and (10) is much

larger than given by (11), as is also the case with

the experimental results. It is therefore felt that
the phenomenon of resonance oscillations can be
fairly well explained on the basis of the present
theory, although much needs to be done on calcu-
lations using a realistic density variation and an
appropriate geometry before numerical compari-
son with experiment is possible. The unrealistic
density variation we have chosen gives a too low

value for the density in the oscillating region.
This fact may explain why Eq. (10) gives unrea-
sonably large values for &up/~ at resonance.
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Neutron diffraction measurements' have es-
tablished that the second-order transition in Cr
observed on cooling below 40'C occurs through
the onset of antiferromagnetic ordering with
magnetic moments parallel to antiphase-domain
boundaries. A further change in the reflected
neutron intensity found in Cr single crystals at
lower temperatures, i. e. , -120'C'~ a.nd -160'C,
and termed the spin-flip transition T~ +, occurs
when the direction of magnetic moments spon-
taneously rotates through 90'.

The transition at -40 C, the Noel temperature
T, is accompanied by a sharp peak (5=3x10 ')N'
in internal friction and a precipitous trough in
the dynamic Young's modulus E when measured
at resonant frequencies. 4&' A small trough in
E is a,iso observed at -150'C. On the other hand,
low-frequency (1 cps) internal friction measure-
ments' on polycrystalline Cr to -70'C show con-
trasting results in that below T& a marked, con-
tinuous increase in logarithmic decrement 5 oc-
curs; moreover, damping in this region is strong-
ly amplitude dependent. Dislocation damping was
absent in these measurements due to strong im-
purity atom interaction.

Recent internal friction measurements con-
tinued down to -196'C are shown in Fig. 1 and
indicate the magnetomechanical damping re-
ferred to above disappears below about -150 C,
the spin-flip transition temperature. Vibration
frequency measurements f made concurrently
with 5 and shown in Fig. 2 indicate that the dy-
namic shear modulus 6, which is proportional
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FIG. 1. Damping of chromium as a function of tem-
perature (frequency —1 cps).

to f', goes through a peak at T& and below T~ +
increases very rapidly. These measurements,
which show hysteresis, were made on annealed
polycrystalline Cr of 99.98 $ purity and grain
size of -130 p, in a torsional pendulum at 0. 1-
mm pressure of helium. The magnitude of the
magnetomechanical damping was found to in-
crease with increasing grain size.

The nonelastic behavior of Cr below T& has
been interpreted on the basis of an antiferromag-
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FIG. 2. Change of shear modulus of chromium
(proportional to f2) with temperature.

netic domain structure, the damping arising
from the stress-induced, irreversible move-
ment of domain boundaries. ' An alternative
explanation suggested by Overhauser is based
on spin-density-wave theory and holds that the
damping in Cr below T& arises from the trans-
verse polarization of linear spin density waves
by the oscillating strain of the measurement.
This model implies that magnetomechanical
damping will disappear below TS +, since neu-
tron diffraction measurementss have shown that
the magnetic state below this temperature is one
where the spin density waves are longitudinally
polarized. The results shown in Figs. 1 and 2

show that this prediction is indeed confirmed.
The present results obtained at low frequencies,

which comply with a static hysteresis mechanism,
imply that on cooling below T~ the total strain
will have both a magnetic and elastic component
which will effectively reduce G and increase 5
as the degree of magnetic ordering increases.
Above T&, a normal decrease in G due to in-

creasing thermal motions will result in the peak
at T& observed in Fig. 2. The striking recovery
of G below -150'C to the expected value on ex-
trapolation from the paramagnetic region, to-
gether with the simultaneous reduction of 5, es-
tablishes the disappearance of the magnetic
component of the strain below TS ~.

On the other hand, the shape maxima and mini-
ma observed in 5 and E at resonant frequencies ~5

near T& are very suggestive of a relaxation
process similar to that observed in other anti-
ferromagnetic and ferromagnetic materials9
where, accordingly, T& is strongly frequency
dependent. No frequency dependence of T& for
Cr over the range 16x10' to 5x10' cps has, how-
ever, been observed. '&' Further measurements
of 5 and G in the frequency range 1-16000 cps
should give a better understanding of the inter-
action kinetics between the lattice and spin sys-
tem.
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