B e

of the important results of
should extend to pressures
measurements of the ultra-
The range of validity is
on of accuracy of the bulk
re derivatives.

5 on the right of (16) con-
empirical) quadratic equa-
ser is called the quadratic

P\2
—) : quadratic, (20)
Bo

P \2 Pi\E
;?—0-) —n(E): cubic. (21)

>d the quartic polynomial.
ire entirely determined by
data, and they converge to
at low pressures. Thus, at
wdratic form (20) satisfac-
ia, At a pressure where it
> cubic is required (but the
to duplicate the data. In
; inadequate, and finally a
here the quartic itself is

-and ¢, a problem must be
ated to the assumption of
s because 7 and ¢ mclude
has a term involving By .

neasurements indicate 93’0
¢ three figures, the magm-
2 enough that %%, is not
y. However, we take as an
er that @ogf:,' and B33,
tallterms in &g and &’
'dropped. This assumption
future experimental and
he data discussed in this
a special case for 7 and ¢

380 +2(Z0)% (22)

IUTYH6BY. (29)

e s A i - PRS2

USE OF ULTRASONIC MEASUREMENTS TO ESTIMATE COMPRESSION AT HIGH PRESSURE 551

The deﬁmtxons (22) and (23) requiring that By
and B, are negligibly small is, of course, con-
sistent with the assumption of linearity between
bulk modulus and pressure and is contained in (5).
The results of this paper can be regarded as a test
on (5): We compare measurements of V/Vp at
high pressure with equations based upon (5) and
evaluated with acoustic data.

4. THE LOGARITHMIC COMPRESSION
EQUATION
Equation (16) is an expansion around data taken
at P = 0. It is also possible to use (5) to obtain the
compression equation by integration.
In 1944, MURNAGHAN(1S) defined and integrated

(5) to find
By ((Vo Bg }
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There are references to various derivations as “‘the
Murnaghan equation”, but this important con-
tribution of Murnaghan has been neglected in the
recent literature of equations of state. Cook and
Rogers produced, apparently independently, a
variant of (24) 19 years later.19 However, we
recognize the original derivation, which is here-
after referred to as the Murnaghan logarithmic
equation. From (24)

in(—> ’;") = Biéln{gg,(g-)ﬂ}. (25)

It turns out, as we shall show, that (25) des-
cribes the compression of compressible solids like
NaCl better than the quartic polynomial, (16), at
very high pressures, but there is no difference for
modest pressures. For incompressible solids like
MgO, the advantage of (25) over (16) is slight at
pressures in the 200- to 300-kbar region.

A 19% error in By changes the extrapolated
volume at P = By by less than £9%,.

It is instructive to compare (25) to another
equation in wide use®9 called the Birch equation

of state.
3B Vo \ 73 Vo \5/3
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Thls equation is for the special case By = 4; for
By different from 4 it is more complicated but still
useful.@® The difference between (25) and (26)

arises because of the different expansions used. In
the Birch derivation, the Helmholtz free energy
(or strain energy) is expanded in powers of linear
strain, and (26) results from using the first three
terms and taking By = 4. In the Murnaghan
logarithmic derivation, the bulk modulus is ex-
panded in powers of pressure, and all but the linear
term is ignored. It turns out, as could be expected,
that the pressure evaluated from the two equations
is equal up to a pressure corresponding to a certain
value of the parameter V[Vy—which is about

.0-85—and divergence only occurs at very high

compression.

5. THE ADIABATIC-ISOTHERMAL
TRANSFORMATIONS

An important numerical computation must be
made before (16) or (25) can be evaluated from
acoustic data. It appears worthwhile to give in
detail the adiabatic—isothermal transformations
and the results for several solids.

By is found from % by using (3). The deter-
mination of By is more involved. The equations
have been derived by OverroN,1) and are
presented in 2 modified form:
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= %+ 1st correction term 42nd correction term
27)

Overton found that the 1st correction term was
positive for the materials he considered,®l) and
the 2nd term positive or negative but quite small.
However, either correction term can be posmve or
negatxve, and in the case of cadmium, By is smaller
than g 0-

In (27) all terms are given by the measurements
except possibly (8Bg/dT)p. If adiabatic measure-
ments versus temperature are available, then
following (3) and taking dy[dT = 0, we have

G~ () form
__.@_o Toey Il (6x/0T)p

T [14 Tay]? { «/T

}. @5




