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jrABLE I. Pressure derivatives of crystalline Al, Cu, a-Fe, and MgO at different thermodynamic boundary conditions (~300°K).
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Al(49L1)=
Al(59S1)®

4.56
5.65
5.35

4.4

0.93

1.04

2.36
2.71

4.16
5.26
5.02

3.96

4.04

Cu(49L1)= 5.23 5.06 5:35
6.20
5.76

Cu(58Dl)¢
Cu(66H1)4

"

2.24
2.66

2.63

5.13
4.87
5.13
1.78

5.21
4.95
5.19
1.76

6.42
6.00
7.54
8.94

6.37
5.93

5.99

4.18

5.88

4.10

5.96

4.14

2.66

1.19

5.22
1.80

7.39
8.74

7.51
8.90

a-Fe(66R1)e
MgO (65BI)*

1.16

d 66HI: Y. Hiki and A. V. Granato, Phys. Rev. 144, 411 (1966).

®66RI1: C. A, Rotter and C. S. Smith, J. Phys. Chem. Solids 27, 267 (1966).

8 49L1: D. Lazarus, Phys. Rev. 76, 545 (1949).

£65BI: E. H, Bogardus, J. Appl. Phys. 36, 2504 (19653).

b 59SI: R. E. Schmunk and C. S. Smith, J. Phys. Chem. Solids 9, 100 (1959).

©58D1: W. B. Daniels and C. S. Smith, Phys. Rev. 111, 713 (1958).

3.2. Hexagonal Crystals

In the literature, experimental acoustic data on both
single-crystal and polycrystalline materials of Mg are
reported. The single-crystal acoustic data are due to
Schmunk and Smith?; for polycrystalline data, we use
the acoustic data reported by Voronov and Veresh-
chagin.® Table ITI summarizes the single-crystal acoustic
data. In Table 1V, we compare the isotropic acoustic
data resulting from the present caleulations with the
corresponding values measured on polyerystalline speci-
mens. The agreement is good as may be seen from the
table.

4, THERMODYNAMIC RELATIONS FOR THE
ADIABATIC AND ISOTHERMAL
ACOUSTIC DATA

Typical ultrasonic experiments, in which pressure is
a variable, involve measurements of the behavior of an
elastic wave propagating in a statically stressed crystal.
Thermodynamically, the ultrasonic velocity measure-
ments in the crystal (specimen) involve an adiabatic
process; on the other hand, the application of pressure
to the specimen is an isothermal process. Thus, the
acoustic data resulting from such experiments are
neither thermodynamically ‘“‘pure” adiabatic nor ther-
modynamically “pure” isothermal quantities, but are
“mixed” quantities. How, then, can one calculate
(a) isothermal pressure derivatives of the isothermal
elastic moduli and (b) adiabatic pressure derivatives
of the adiabatic elastic moduli from the experimentally
determined isothermal pressure derivatives of the adi-
abatic elastic moduli? In the following discussion, the
thermodynamic relations applicable for cubic crystals
are presented for (a) and (b) in terms of the measured
quantities resulting from the usual ultrasonic-pressure
experiments. :

At the absence of pressure, it is well-known that the
relationships between the adiabatic and  isothermal
values of the second-order elastic constants are given
by the following:

a*—cu”
76
p— il b =—————————=TByeKT, (25
C12"—C12 pCp (511' +2512')2 Bve ( )
Kc._.KT
and
Cu" = cul = cu. (20)

Where g8 is the coefficient of volume expansion, p is
the density, 7 is the temperature, and 7yg is the
Griineisen constant given by

Ya=PBK*/pCp=BVKT/C,=BVK*/Cp.  (27)

The superscripts s and 7" denote the adiabatic and the
isothermal values, respectively. C, and C, are the
specific heats at constant pressure and that at constant
volume, respectively, and the difference between them




