
(5 1 

)nic wa\'\, 

1,6 transit 
ined fro ll! 

'» ] 

) }, (i ) 

I,'P)], 

(8) 

IVrillen as 

(9) 

nee of the 
'ure P. 
measure ., 

or in thl' 
)\\'ledge of 

J. ( 10) 

'ivation of 
[mal bulk 
; value b~ 
• slightly: 
nelll\.Jerl'd 
') that it 

/1 P l to f'. 
sothefm;tl 

been oh-
o Pl. The 
frolll t hat 
olT's pro 
. obtaincd 
\. ue giwll 

P)]) - ldP, 

( II) 

i 

I 
)/ 

f 
I 
• 
\ , 
I 

I 
\ 
i 
I 

i 

I T ERA T I V E PRO C E D U RET 0 EST I j\,f ATE E LAS T J ceo N S T A ~ T V A L U E S 669 

where L(I, 1) = 1.(1), and [1+~(J')J is a constant in 
Cook's method and eq\lals [l+.6. ( I ) J b\lt is ,t variable 
ill R\lofi's method , 

This expression (11) for A(P) is arrived at by 
",pressing /37'(1') in terms of p(l), 1.(1), T(I, P), and 
j ( I') with the help of Eqs. (3) and (6), and integrating 
(4) , H ellce, A (P) in (11) can be determined if the 
\',due of .6.(1') can be estimated, H,\lotP es timates the 
\';dues of .6.(P) from the relation (1 ) by mealls of 
thermodynamics relations, for example, to evaluate 
[a£l(p) / arJT, we would rewrite )).5 (P) as 

Then £l(P) in (5) may be written as 

and the logarithm derivative of I:1(P) yields 

1 (fJA(P» ) 2 (a{3(p» ) 2 (aL(P» ) 
0.(P) ~ 7'= (3(J» iiP T+ L(P) ap T 

From thermodynamics, we know that 

and 

(ac1'(p» ) = _ ~ {(d(3(P» ) +132(P)}. (16) 
ap l' pep) aT l' 

Hence, in the limi l as 1'-'> 1, the expression (1'*) reduces 
to 

_ 1_ (d£l(P» ) ___ 2_ (axT(p» ) -lxl'(l) 
..l( I ) ap 1' ,1'-1- (3( 1) aT 1'-1 3 

x [(d13(,l:» ) +(32(1) J. (17) 
a1 p-. ) 

Thus the magnitude of the first derivative of £l(P) in the 
limit as P--;.l may be determined if the [axT(p)/ uT]" _l, 
[u!3(p) / aTJ/'=l, 13(1), and Cp (l) a re known and the 
value of £l(P) may be approximated at a pressure l' uy 

1:1 (P) = 1:1 (1) + p[a£l (P) / a PJ/'-l.7" (18) 

Similarly the highcr Jerivatives of 1:1(1') may be 
c\'a luated if the relevant thermodYlJamic data arc 
;].\'ailaule. 

The expression for A (P) in the new method , i.e., 
relation (10 ) described in this paper, is seen Lo di ITer 
from the earlier two works for t\\'o reasons, In their 
works, (i ) A(P ) is defmed as 1-(1, 1) / L(1, P ) , and 
(ii ) ~(P) is estimated by a dilTerenL procedure. 

The quantities measured or known are p( l), L(I, 1) , 
F(J, l, 1') or r(l, P), P and T. for q\lartz trans­
ducers, 1M p el, P) and F(R, J, P) call be obtained 
safely to -WOO bars and frolll room temperature to 90°]( 
from the work of :;\[CSkimin and Andreatch,i This in­
formation is not reC[uired if the ultrasonic measurement.s 
are of the travel t.imes. (3(P) is usualh- known on I\' as a 
function of temperature at 1 atm , H~wever, the ~aria­
tion in the clastic constants with temperature at 
pressure P provides one with the temperature deri\'a­
tive of the isothermal compressibility. And from 
relation (15) one lllay obtain (3(P) at temperature T 
if (3(P) is known at one atmosphere and temperature T, 
In a normal substance where p)~p, 

holds. So, to assume that 

ensures that the value of I:1(P) obtained from (5) is 
underestimated. If ultrasonic measurements are m,lde 
as a function of pressure at more than one temperature 

, ' 
a better estimate of [axT(p) / aTJ" may be obtained bv 
simply incorporating [axT(p) / aT]p as an addilion~l 
parameter to be iterated according to the scheme 
presented in Fig, 2, Where such information is un­
available (19) or (20) may be used. Similarly the 
computation of Cp(P) from relation (16) by assuming 

[a{3 (P) / a TJT~[d{3 (PI) / a T]Pl=l (21) 

implies lhat the resulting' values of Cp(P) from relation 
(16) will also be underestimated, However, the re­
sul tant error in the estimated value of £l(P) due to the 
intrinsic underest imation of (3 ( P) and Cp ( P) is likely 
to be small, up to 3- ,* kbar for most materials , Thus 
everything in expression (5) except B.5(P) and pep) 
are either known or may be approx imated with reason­
able accuracy. 

The iterative procedure described below is that pre­
sented in Fig , 1, because we feel that the understandinO' 

'" of the p rocedure given in Fig. 2 will be facilitated by an 
understanding of the simpler procedure. Thus the 
iterative procedure described assumes that relations 
(20) and (21) hold. 

At P= 1 atm, all the quantities involved are known ; 
no iteration is required to estimate the requjred elastic 
constan ts of solids. 

At the next higher pressure all the fundamental 
quantities in the relations (3), (5), (6), (7 ) , (8), (9), 
and ( 10), except A (P) and K (I, l, P), are known. The 
procedure developed here involves a two sta(Te iteration 
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