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sume that the measurement of this parameter
for numerous nonsuperconducting elements would

assist the theorists in their efforts to predict su-
perconductor s.
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Cochran' has discussed the phenomenon of fer-
roelectricity in terms of the lattice dynamics of
the crystal; the anomalously large dielectric con-
stant is associated with a low-frequency trans-
verse optic mode of long wavelength. Above the
transition the static dielectric constant increases
with decreasing temperature, and the frequency
of this transverse optic mode decreases, until
at the transition the crystal becomes unstabl
against this mode of vibration. The lowest fre-
quency transverse optic branch, propagating in
the [100]direction of strontium titanate, has been
studied by the inelastic scattering of slow neu-
trons. The results are shown in Fig. 1. The dis-
persion curve is observed to be most temperature
dependent at long wavelengths but almost independ-
ent of temperature at the zone boundary. The tem-
perature dependence of the long wavelength mode
(Fig. 2) is in good agreement with the temperature
dependence of the dielectric constant interpreted
through Cochran's theory.

Strontium titanate was chosen because it exhib-
its a large static dielectric constant, whose tem-
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FIG. 1. The dispersion curve of the lowest frequency
transverse optic branch along [100] at 90'K and 296 K.
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FIG. 2. The figure shows a plot of the square of the
frequency of the q=o transverse optic mode against
temperature. The solid line is a linear regression
line through the points and gives a Curie temperature
of 32 ~5'K. The other line represents the reciprocal
of the dielectric constant from the measurements of
Mitsui and Westphal.

perature dependence follows the familiar Curie-
law temperature dependence above 70'K. An ex-
cellent single crystal for the experiments was
provided by the Titanium Division of the National
Lead Company.

The experiments were performed on the triple-
axis crystal spectrometer' at the N. R.U. reactor
in two different mays. The energy distributions
were obtained while keeping the wave-vector
transfer, Q=ko -k', fixed. The centers of the
neutron groups then give the frequency of the lat-
tice vibrations of reduced wave vector q, where

Q = 2mT - q, through the energy conservation equa-
tion hv =F., -E'. In these equations E„E' are the
energies and k„k' the wave vectors of the incom-
ing and outgoing neutrons, respectively, while 7

is a reciprocal lattice vector.
Alternatively the energy transfer was fixed and

the momentum transfer @ changed in such a way'
that the reduced wave vector q was always along
the desired direction, in this case along [1,0, 0].
The centers of the neutron groups then give the
reduced wave vectors of the lattice vibrations.
This latter method was particularly useful for
determining the parts of the dispersion curves
where the frequency changes most rapidly with
wave vector.

Figure 3 illustrates some of the neutron groups

O oooe~~C)
0 .5 I.O I.5 2 2.5 3.0 3.5 4 4.5

FREQUENCY (IO sec )

FIG. 3. The neutron groups obtained using the con-
stant Q method, aQ/2' = (2, 0, 0), with fixed outgoing
energy for the q= 0 mode of the transverse optic branch
at three different temperatures.

which were obtained using the constant Q method
for the lattice vibrations with q=0. The increase
in intensity at frequencies of 0.7 and below is due
to the lom-frequency acoustic modes and to the
Bragg peak associated with the (2, 0, 0) recipro-
cal lattice point. The asymmetry of the 90'K
group probably arises from the finite resolution
of the instrument in Q space sampling the region
away from q = 0, where the frequency of the branch
increases quite rapidly. The apparent change in
width of the neutron groups is probably due to the
change in the instrumental resolution with fre-
quency, and the change in the shape of the disper-
sion curve with temperature.

The frequency of the q=0 mode was measured
at five temperatures and the results are presented
in Table I. The third column compares the meas-
urements with the frequencies which have recently
been deduced' ' from the far infrared ref lectivity.

The dispersion curve along [1,0, 0] for this trans-
verse optic branch at 90 K and 296'K is shown in
Fig. 1. The scatter of the experimental points
shows that the constant Q measurements and con-
stant energy transfer measurements are in good
agreement.
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Temperature
(K)

Frequency
(10~~ sec ~)

Neutron Far infrared

90
142
203
296

430

1.23 +0.03
1.72 +0.04
2.24 +0.05
2.73+0.05

3, 32 +0,07

1.2

3.0
2.63

a
See reference 3.
See reference 4.

Table I. The frequency of the lowest transverse op-
tic mode at Q= 0 for five different temperatures.

other line on the figure shows the temperature de-
pendence of the reciprocal of the dielectric con-
stant, ' which above 70'K predicts a Curie tempera-
ture of 28 K. The Curie temperature has also been
deduced from measurements of the microwave los-
ses by Rupprecht and Bell, ~ who obtain a tempera. -
ture of 37'K.

I am grateful to a number of colleagues, espe-
cially Dr. B. N. Brockhouse and Dr. Vf. Cochran,
for their help and encouragement, to the Titanium
Division of the National Lead Company for provid-
ing the crystals, and to the Department of Scien-
tific and Industrial Research for the award of a
maintenance grant.

The temperature dependence of the dielectric
constant e is given by:

e ~1/(T -T ),

where Tc is the Curie tempera, ture. If only the
lowest transverse optic mode is strongly tem-
perature dependent then its frequency is given by'

v ~ (T - T )~'.

Figure 2 shows the good agreement obtained be-
tween this relation and the experimental measure-
ments. A linear regression line through the five
points give a Curie temperature of 32+ 5'K. The
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Radiatiom passing through a magnetic crystal studied' as has the electron spin resonance' in
will interact with the magnetization to some de- the ferromagnetic and paramagnetic states.
gree. Rotation of plane-polarized light, mag- The technique for growing the crystals was
netic birefrigence, and circular dichroism are similar to that described by Tsubokawa.
manifestations of this interaction. This paper Chromium tribromide has a layer structure
includes a description of exceedingly large ro- in which hexagonal nets of chromium ions are
tations observed in visible light transmitted by covalently bonded between two layers of bro-
ferromagnetic CrBr, single crystals as well as mine ions. Its poor mechanical properties
an outline of the theory of these rotations. make the preparation of good samples diffi-

This material was found to be ferromagnetic cult. W'e used thin sheets from 4 to 40 p, thick
only recently. ' Its Curie point is at about 37 K, whose surfaces were parallel to the hexagonal
and its magnetization at O'K is 3.0 peal/Cr+++ plane.
(4', =3520 gauss). The crystals are of hexa- The upper curve in Fig. 1 shows the course
gonal symmetry, and the anisotropy is such of the absorption' at 4.2'K from the near in-
that the magnetization prefers to lie along the frared to a band edge in the green. It is neces-
sixfold axis. '~' The nuclear magnetic resonance sary to make these observations with the crys-
of the Cr" nucleus in this compound has been tais in a saturated condition. If this is not done
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