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s Y 1 $
= ([)24 =4 Eh“ qu (68)
which is identical to its isothermal analogue. Thus
there is no difference between ¢ and c 5. This is a
well known result.

4. THERMODYNAMIC RELATIONS

In the “isotropic strain” theory of Paper I, the
Griineisen parameter and its volume derivative
were related to the bulk modulus and its pressure
and temperature derivatives through thermo-
dynamic identities. These identies must be general-
ized for the present case. The initial part of the
treatment given here is similar to that given by
Mason[16]. The infinitesimal symmetric strain s
defined by (7) will be used in this section. The
temperature and entropy will be denoted by 6 and
a, respectively, to avoid confusion with the stress,
T, and the strain, s.

It is convenient to consider first the relation be-
tween isothermal and isentropic elastic moduli.
From the first and second laws of thermodynamics,
the change of internal energy per unit volume of a
system in a reversible process is given by

dU =T ds; + 6 do, (69)

where the stress and strain are written in the Voigt
notation, as will be all relations henceforth, unless
otherwise noted. The Helmholtz free energy, A, is
defined by

A =U — 6o, (70)
whence

dA = Tids;— o dé,

_ (%A __ (%A
T‘_(as.-)o’ i (ao).'

With s; and 6 as independent variables, we may
write

(71)

and

(72)

do = A ds; + (ﬂ) de,

a0 a9

(74)

i {8y sifeT)
: asi /e a0 /s

using equation (72). In a reversible process, the
quantity of heat absorbed by the system is

dQ = 0do= OX.ds + o(g—;') d6, (75

from which we can make the identification

(). %
3/).” 6"

where p is density and C, is the specific heat at
constant strain. In an isentropic process, i.e. do- =
0, the change in temperature is, from (73),

(76)

P
do =~ ds. a7

Now, again in terms of s; and 6, the change in
stress is
dT: = C;a,-dS; = Al dO

0 3_1})
cu (as,' 0

is the isothermal elastic modulus. Thus, using (77),
the isentropic change in stress is

Gz\:)ul) J
pCs dsh
from which the isentropic elastic modulus is
(20N
pC”

Using the chain rule of differentiation, we see

that
B o L
A (89 T\d5; /e Hew

where «; is the thermal expansion tensor.

Next, consider the Griineisen parameter and its
strain derivatives. From the thermodynamic defini-
tion (46) of the generalized Griineisen parameter
(using the Voigt notation, and recalling that U is
now energy per unit volume),

-
Yi= " \%6 )\aU ),
= VAJC, = VaclC, ®3)

which generalizes the usual Griineisen relation.
Equation (83) can be differentiated with respect
to s, and, using the relations

(78)
where

(79

at, = (et (80)

ci=ci+

81)

(82)

a pra—
(a—sk =V, (84)

where
8;‘ = 1
Sk e 0

if k=1,2,3,
if k=4,5,6,

Byl -
Sk /e a6 /s

(85)




