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Abstract—The adiabatic elastic constants of single crystal sodium were measured as a function of
temperature from 195°K to 78°K by the ultrasonic pulse-echo technique. In order to eliminate
transit time errors a buffer technique was employed. The measured elastic constants at 78°K (in
units of 10'° dyn-cm™2) are as follows:

C=578, C"=0683, Cp=1330, and Bs=7-30

The notation C = Cy, C’ = (C11—C12)/2, Cn = (C11+Ci2-+2Cu4)/2, and B; = Cp—C—C’/3 is
used. The shear constants C and C” are interpreted in terms of Fuchs’ electrostatic contribution to
the shear stiffness of the alkali metals. The results of this work are in agreement with those of
Daniels at 300°K and the shear constants are within 39, of the values computed by Quimby and
Siegel. The results are also compared with Bender’s value of the elastic constants at 90°K and with

Swenson’s isothermal compressional data.

INTRODUCTION

THE single crystal elastic shear constants of sodium
were first determined by QuiMBy and SIEGEL.()
They employed a composite oscillator technique
over the temperature range 80°-210°K. O. BEN-
DER() made static measurements on single crystals
of sodium at 90°K. In both investigations the
elastic compliances were the directly measured
quantities and from this data the elastic constants
were computed. Since a 159, discrepancy exists in
these data and since the elastic constants were not
directly determined, it was decided to measure the
elastic constants directly by the conventional and
more reliable ultrasonic pulse-echo techniques
over the temperature range 78°-195°K.

Fucns® has calculated the theoretical values of
the elastic shear stiffnesses for the alkali metals at
absolute zero. He predicts that the main contribu-
tion of the shear stifinesses in these metals arises
from the long range electrostatic interaction
between ion cores and the valence electrons, which
accounts for the large elastic anisotropy observed
in the alkali metals.(4-? He also includes a second,
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but minor, constituent arising from short range
ion core interactions. Since the ultrasonic pulse-
echo technique yields directly measured values for
the shear constants, C = Cygand C' = (C1 — C12)/2,
a direct comparison with Fuchs’ theoretical values
of these constants can be made.

EXPERIMENTAL PROCEDURE

The procedure for crystal growth, orientation,
and preparation of the acoustic specimens was the
same as described in a paper by DaxieLs® and
similar to the techniques employed on potassium
presented in a recent publication from this
laboratory.(

For a cubic material all three independent elastic
constants can be obtained by the ultrasonic pulse-
echo technique if the appropriate wave is propa-
gated along the [110] direction. Generation of
longitudinal, fast shear, and slow shear waves was
straightforward once the proper handling tech-
niques were perfected. Because of the high aniso-
tropy of sodium, generation of slow shear waves
caused the most difficulty and proved quite sensi-
tive to crystal orientation and to proper positioning
of the polarization direction of the Y-cut trans-
ducer. T'wo crystals oriented in the [110] direction
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