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The six adiabatic elastic stiffness constants of bismuth have been determined at 301°K by an ultrasonic
pulse echo technique. The results are: ¢y, =63.5, c33=38.1, ¢5:=11.30, cg5=19.4, c1a=+7.23, and ¢;3=21.5,
all in units of 10'°d/cm?® These values were redundantly determined by the measurement of 14 different
velocities in four different single crystals of zone-purified bismuth. The velocities are believed accurate to
better than 19, the principal error arising from the uncertainty of the transducer transit time correction.
The moduli are in poor agreement with the previously determined static elastic compliance constants re-
ported by Bridgman. Some data on the velocity of sound in bismuth at 98° and at 4.2°K are also presented.

INTRODUCTION

f’IE acoustic determination of the adiabatic elastic
constants of bismuth reported here was instigated
in conjunction with measurements of the magneto
acoustic-resistance of bismuth.! These initial observa-
tions were not in agreement with static values reported
by Bridgman,? and, indeed, suggested that the latter
were in error. However, the initial values were not
redundant, nor even unambiguously determined. Be-
cause knowledge of the elastic constants is helpful in
the theoretical investigation of the electronic band
structure, the study was extended to provide more
definitive results.

The primitive cell of bismuth is a rhombohedron
(a=57° 41’) containing two atoms. The body diagonal
of the rhombohedron has threefold symmetry and this
trigonal axis is commonly designated as the z axis of
the crystal. The plane perpendicular to the trigonal
axis, containing the center of inversion, contains also
three twofold axes and three bisectrices. To specify the
other axes, we use the convention described by Cady,?
according to which, a positive y axis is-chosen to be
along the projection of one edge of the primitive cell
on the plane perpendicular to the [111] direction, and
the positive x axis is then chosen along the binary axis
which completes a right-handed orthogonal system.
Such a detailed specification of axes is required in
order to determine the sign of ¢y; unambiguously.

The six Voigt elastic constants for this class of crystal
(3m) may be represented schematically by the matrix,

‘i 12 C13 ey O 0
C12 cn ¢z —cu 0 0
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We note in passing that according to the Laval-
Raman* formalism, as modified by Joel and Wooster *
a more extended representation is required owing to
their use of an unsymmetrical stress tensor. Previous
tests®? of this theory have been confined to piezoelectric
materials in which the issue is confused by complications

and experimental difficulties arising from electrome- -

chanical interactions. The symmetry in bismuth is
such that a direct test of the Laval-Raman theory may
be carried out in a simple manner, the test being limited
only by the accuracy of the velocity of sound measure-
ments used to determine the elastic constants.

EXPERIMENTAL PROCEDURE

The velocity of sound in the variously oriented
crystals was determined by the pulse echo techniquc
at 12 Mc using an apparatus previously described by
Lazarus."” The delay line of a Dumond 236D oscillo-
scope was used to measure the difference in arrival
time of successive echoes. The delay line was calibrated
frequently during the course of the measurements by
use of 10-usec markers.

The principal source of error in this type of measurc-
ment arises from uncertainty about the correction time
to be applied for the effective transit time in the trans-
ducer. This correction varies in magnitude depending
on the relative velocities and lengths of the crystal and
transducer. The acoustic mismatch at the crystal-trans-
ducer interface, which in turn is also a function of the
type and thickness of adhesive used, also produces™ 2
progressive distortion in the pulse shape of successive
echoes. The distortion depends on the phase of the sound
wave at the time of its incidence on the interface an!
thus depends on the frequency and length of the

crystal for a given orientation. McSkimin® has de-
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