ELASTIC CONSTANTS OF SINGLE-CRYSTAL FORSTERITE

order stiffness constants are necessary to specify
the clastic response of the erystal. In the Voigt
notation, these nine independent coeflicients are
Cas; C2y Cs3; Cazy, Cis, Casy Cisy Ciz, AN o5 A discussion
of the various orientations necessary-to deter-
mine these stifiness coefiicients in terms of ultra-
sonic waves is given by MeSkimin [1964]. All
of the on-diagonal cocflicients ¢, may be deter-
mined from the pure mode directions parallel
to the crystallographic a, b, and ¢ axes. The
three cross-coupling moduli (¢, ¢:5, 2nd ¢5) may
be determined from three difierent propagation
directions perpendicular to one of the orthog-

“onal crystallographic axes and oblique to the

remaining two. The results for the adiabatic
clastic stifinesses are presented in Table 1. The
sample, propagation direction N, and polariza-
tion dircction U are also listed. In addition, the
final recommended values for the various c,*
are given together with the estimated probable
errors. The relations between the ultrasonic
velocities, density, and individual constants have
been given by McSkimin [1964] and Graham
[1969].

The computations of the cross-coupling mod-
uli depend on the direction cosines of the
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propagation direction N. Therefore, it is neces-
sary to accurately determine the direction of
propagation of the elastic ultrasonic wave. It
is possible to measure the angles by the Laue
technique or with an eptical goniometer; how-
ever, the limiting accuracy of these methods
leads to significant errors in the computed
clastic moduli [Fisher and McSkimin, 1055].
A more accurate alternative procedure involves
the determination of the angles dircetly from
the ultrasonic data. Since cach of the crosz-
coupling moduli may be determined by either
a ‘quasi-shear’ (QS) or ‘quasi-longitudinal’
(QP) (coupled mode) elastic wave velocity,
both the propagation angle and the stiffness co-
eflicient may be simultancously caleulated. A
check on the calculated propagation direction
is afforded by the pure transverse mode rela-
tion. The calculated angles and the pure trans-
verse mode cross check are indicated in Table 2.

The estimated probable errors associated
with each of the stifiness coefficients in Table 1
were determined by the analvsis suggested by
Fisher and McSkimin [1958]. Tables 1 and 2
show several cross checks among the various
stifiness constants. These data, however, are in-

TABLE 1. Adiabatic Elastic Stifiness Coeflicients of Single-Crystal Forsterite at 25°C for the Different
Propagation Directions N and Polarization Directions U (/, m, and n Denote Direction Cosines)
Stiffness _ . ¢i; S, Recommended

Cocflicient Sample N U kb ¢;;S (average)
cns A [100] [100] 3291.1
B 3289.9 3290.5 & 1.1
€S A [010] [010] 2004.5 2004.5 £ 0.7
¢3S A [001] [001] 2363.7
B 2362 .4 2363.1 = 0.8
cus A [010] [001] 672.28
A [001] [010] 672.38
B [001] [010] 672.25 672.30 + 0.16
€555 A [100] [001] 814.26
A [001] [100] 814.64
B [100] [001] 814.34 . =
B [001] [100] 814.53 814.44 & 0.20
cesS A [100] [010] 811.39
A [010] [100] 811.47
B [100] [010] 811.33 811.41 & 0.20
€128 B [ImO0]e 662.8 662.8 - 3.6
€138 A [ton})>’ 6S3.6 683.6 = 9
23S A [Omn]e 728.1 728.1 4.9
¢l = 0.59804, m = 0.80147
] =0.84343, n = 0.53723
em =0.67449, n = 0.73828
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TABLE 2. Culculated Propagation Directions for the Cross-Coupling Stiffness Coeflicients and the
Associated Pure Mode Checks

! Calculated . Measured
Stiffness Angle y Pure Mode Relation ~ pV? (kbar) pV? (kbar)

¢12° [tm0)

36°44’ oVt = PcysS + micy S 723.1 721.8
53°16"

32°30’ pVb’ == pC“s + n!Cus L3 771.9
57°30°

47°35" pV.2 = miceeS 4 nlcssS 813.06 813.12
42°25' : \

cos™1 ]
cos™tm
cos™1 ]
cos™in
cos™lm
cosTin

s lion]

1 T

L1 | A

¢S - _[Omn]

Nolcs.

For subscript a, [001].

I-J =
For subscript b, I_j = [010].
Tor subseript ¢, U = [

100].

sufficient to determine the probable error in a  tested using cross-checking procedures. Con-
single measurement, as the caleulation of a par-  sidering: the individual sources of error in sam-
ticular modulus cannot be regarded as inde- ple thickness, orientation, density, and coupling
pendent of the operations by which it was ob-  secal effects, and extending these to estimated
tained. It is a more reasonable approach to  probable errors in the on-diagonal stifiness co-
estimate the possible errors involved in a par-  efficients, the following values for (Aci/ce)
ticular measurement, sum up these errors, and  were obtained: for the coefficients determined
arrive at an estimated probable error for each  hy longitudinal wave velocities #:0.032¢%; and
stifiness coefficient that can subsequently be  for the cocfficients determined by transverse
wave velocities, #0.0249;. These are estimated
probable errors in percent that determine the
values given in Table 1. They are seen to com-
i pare well with the deviations in the individual
Cy N =(100) cross checks. Since the cross-coupling moduli
Ces N =(010) : involve complex expressions with various con-
stants ¢;; appearing explicitly with the meas-
ured velocity values, their estimated probable
errors may be found from Gauss’ error propa-
gation law from the independent errors. The
probable errors for the cross-coupling moduli
are significantly larger than those of the on-
diagonal coeflicients, as would be expeeted.
Pressure dependence of the elastic constants
at 25°C. The basic data used in the calecula-
tion of the pressure dependence of the various
elastic moduli were the repetition delay times
T for the possible longitudinal and transverse
modes as a function of hydrostatic pressure.
The data for three representative vibrational
F ; modes are plotted in Figure 1 as a function of
6 8  hydrostatic pressure up to about 10 kb. In the
) figure, the factor (7%o/7, — 1) is plotted for
Fig. 1. Relative change of the delay time 7'z ergh perticular: sodes ARSI ropot-

as a function of pressure for three representative 10N (lel:})' time (t\"O-\\:zl)' .tra\'el time) at at-
vibrational modes. mospherie pressure, which is taken to be zero.
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