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than magnetoresistance by a factor equal to the
mobility ratio. ' It should thus be a valuable tool
for isolating out the scattering properties and

possible anisotropy of the lighter band. Further
it will be interesting to compare M~& with the
imaginary part of rf magnetoconductivity' and

the frequency dependence of Faraday rotation in

the range co~ «1. The latter effects both involve
the same scattering terms 8 in the isotropic 7

approximation, but differ in their anisotropy
dependence, and (in case of degenerate bands)
are less sensitive to the light minority carrier'
than M&&.

The author is greatly indebted to Mr. Paul
Coluccio for his valuable help in constructing

the apparatus and in taking the measurements.
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The existence of size and shape effects in lat-
tice-vibration spectra of crystals of finite size
has been predicted by a number of investiga-
tors. ' 4 These effects will be important for
phonons whose wavelength approaches the di-
mensions of the specimen. This Letter offers
evidence for the existence of such effects based
on a study of the infrared lattice-absorption
spectrum using specially prepared samples.
Such effects are not readily identified employ-
ing the usual techniques for studying lattice ab-
sorption. A specific effect capable of being ob-
served in the infrared absorption spectrum of
ionic crystals was predicted by Frohlich, ' who

pointed out tha. t the nature of the polarization
due to the optical-branch lattice vibrations de-
pends upon the size and shape of the crystal. In
the case of small spherical crystals of a cubic
diatomic compound having a radius R, Frohlich
showed that there will be one (triply degenerate)
mode of frequency ~~ expected to interact strong-
ly with electromagnetic radiation. The frequency

can be related to the usual transverse opticalS
frequency v in large crystals (which interacts
strongly with radiation) by the expression

(~ /~ )'=(E +2)/(~ +2), (&)s t 0

where e and eo are the high- and low-frequency
dielectric constants. The radius A' of the small

crystal should fulfill the condition

a «R «A. ,0

where ao, the lattice parameter, is of the order
of 10 ' microns and Xt, the wavelength in the
medium of electromagnetic radiation' corre-
sponding to u, is of the order of 20 microns.
The lattice dynamics of crystals of finite size
has been discussed more extensively by Rosen-
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FIG. 1. Presumed shape of thin film evaporated on
a diffraction grating, and elliptical-cylinder approxi-
mation.
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stock, ' Maradudin and Weiss, s and Barron, and
it has been possible to calculate the dispersion
curves of a spherical ionic crystal and to obtain
Frohlich's result in the limiting case of long-
wavelength phonons. ~ However, a number of
fundamental questions have been raised about the
lattice dynamics of finite crystals and it is of
great interest to obtain experimental evidence
relating to this matter. '

In an attempt to reveal effects due to finite

size, samples were prepared by evaporating
alkali-halide films on a substrate consisting of
a transmission diffraction grating whose spac-
ing of 1.67 microns/groove is small compared
to A. &. The presumed shape is shown in Fig. 1.
Since the thickness is less than one micron, the
sample can be considered much smaller than A. t
in two dimensions and much larger than A.

&
in

the direction parallel to the grooves. By study-
ing the dependence of the resulting lattice ab-
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FIG. 2. Transmittance of thin films of NaC1 and LiF evaporated on a grating relative to an uncoated grating.
The arrows at the top indicate the frequencies for the usual transverse and longitudinal modes, and for spherical
and cylindrical modes discussed in the text. The thickness quoted has been obtained by measuring the thickness
of a film on a flat glass surface placed next to the grating during the evaporation.
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sorption on the polarization, it should be possi-
ble to show a size and shape dependence. That
is, the lattice absorption with the electric vec-
tor parallel to the grooves should correspond to
the well-known case of the thin flat crystal and
the absorption with the electric vector perpen-
dicular to the grooves should be related to the
situation discussed by Frohlich. The results
are shown in Fig. 2 for LiF and NaCl. For the
parallel case, the absorption is relatively sharp
and occurs at co&, as expected. For the perpen-
dicular case, the absorption is broadened asym-
metrically and shifted to higher frequencies.

Since the size and shape of the samples used
here differs markedly from a sphere, it is not
possible to employ Eq. (l). However, a rough
approximation to the actual situation may be ob-
tained by considering the material on one strip
of the grating as an infinitely long elliptical
cylinder, as shown in Fig. 1. For a cylinder of
axial ratio e (e = 5/a), the cylindrical frequency

for vibrations perpendicular to the long axise
of the cylinder and parallel to the axis b of the
ellipse can be related to w& by

((u /(u )'=(e +e)/(e +e). (3)

Similar results for a one-dimensional chain of
alternating positive and negative ions with near-
est-neighbor interactions have been obtained by
Rosenstock. As a,n approximation to the a,ctual
sample shape, the value for e = 4, which corre-
sponds to the grating spacing divided by the
thickness, is shown by arrows in Fig. 2. How-
ever, the data seem to be more in accord with
a value of e -30. This is not too surprising as
there is not a complete separation of material
in adjacent grooves. The fact that the sample is
not an elliptical cylinder (or, in the general case,
an ellipsoid) will result in a nonuniform electric
field in the sample and may be the reason for

the broadening and structure in the absorption
spectrum.

The significance of these experimental results
lies in the fact that they provide evidence for
the existence of modes in crystals which depend
upon the size and shape and whose frequencies
are noticeably different from those of infinite
crystals.

The author gratefully acknowledges many fruit-
ful discussions with Dr. H. B.Rosenstock, Dr.
A. A. Maradudin, and Dr. R. F. %allis. The
films were evaporated by M. O' Hara, and the
measurements were carried out by L. J. Gal-
lagher. The gratings used were made available
through the kindness of J. D. Purcell of the U. S.
Naval Research Laboratory.
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