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g (L + L3>+ L)™' (6)
where L,, L, and L, are the lengths of the
crystal parallel to the x,y and z axes, aad
5,0, ¢) is the sound velocity for the mode
q.p- Hence, one obtains the relation:

[0 In w,(@)/aP], = (PK,"+ m2K,T+ 2 K,")

+[alns, (0, ) /aP]y (D)
where K,”, K, and K," are the isothermal
linear compressibilities in the directions of
the crystalline axes. and [lm.n. are the
direction cosines of q. Denoting the elastic
stiffness modulus associated with the mode
¢. p by ¢,, one obtains:

(8 Inw,(q)/oP) = 2K, T+ m2K,"+ n* K"

= 05 K;'T+ 0'5((') ]n ('p/al))*r
(8)

where K,T is the isothermal volume com-
pressibility. Thus, we have

3
S sy (q) = PK,T+m2K,"+n*K,"

i —0-5K,7+0-5(dln c,/aP) . (9)

Defining now an averaged mode gamma

pw= (3] x [Fomrw)] 0o

iJj=1

one obtains
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3
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As can be seen the individual mode gammas
y»(q) cannot be deduced from the pressure
derivatives of the elastic moduli alone, but
only their weighted average. In order to de-
termine the individual y#(q). uniaxial as well
as hysrostatic pressure derivatives of the
elastic moduli are required.
The Griincisen parameter, defined by
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3
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where § is the volume expansion thermal ex-
pansion coefficient (8= a,+ as-ay)., Cy the
specific heat at constant volume ' is given
by (7]

y= [ch<q)yp<q)]/[§,c‘u<q)] (3

a.p

where C,(q) is the specific heat associated
with the mode q.p. The low and high tempera-
ture limits of the Griineisen parameter, y;
and vy, may be easily calculated, as at the low
temperature limit C,(q) = ¢, %2, while in the
high temperature limit C,(q) = kT. Hence.
in these two limiting cases the sum in equation
(13) may be evaluated in a straight forward
manner.

A computer program for the CDC 3600
computer which evaluates the averaged mode
gammas y”(q). as well as y, and vy, in crystals
of cubic., hexagonal, tetragonal and ortho-
rhombic symmetry has been written. The input
data to the program are the room temperature
elastic moduli, their pressure derivatives,
and the low temperature elastic moduli. The
program computes the sound velocity in any
direction by calculating the eigenvalues of the
Christoffel determinant[8], as well as the
pressure derivatives in any direction. From
the latter quantities the y”(q) as function of
direction are determined. vy, and 7y, are
evaluated by numerical quadrature.™

The above program has been applied to
three materials of hexagonal symmetry, where
the values of the elastic moduli and their
pressure derivatives are available, i.e. mag-
nesium[9. 10]. cadmium[11, 12} and cadmium
sulfide[13, 14]. Since the hexagonal structure
has transverse symmetry, the y”(¢) need only
be evaluated as a function of the latitude
angle 6. The results of the computation are
shown in Figs. 1-3, where p = 1 is the longi-
tudinal mode, p = 2 the fast shear mode, and

*A write-up of the program may be obtained from the
author upon request.




