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Extrapolation Formula for Finding the Volume of 
Solids at High Pressures 
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.\. formula is proposed for extrapolatinp: from d:tta taken at low or modemte preS5u res to 
rhe high pressures th:tt exist in the interior of (he earth and planets. The formuh. which 
"r('diets the cun'e of reduced "olume vivo versus reduced pressure P == pi K Q • follows from 
i n,('~ration of the follo\\'ing assumed expression for the pressure deri\'ati\'e of the bulk 
modulus K == -1,' dpldu 

d(K! Ko)!dP = m + a2i:o~ -:):n) 
\rhen m = /(0', the formula reduces to the well-known l\lurnaO'han relation which is itself 
rr m:trkably successful. In general. there is an impro\'ement on the ~Iurnngl;an relation be
('!I use the abo\"e expression :tllows the derivati"e to change from its initial value Ko' to a 
more realistic nlue In as P ~ co. The Keane equarion. d(KIKoljdP = m + (l{o' - m)1 
( [{ I K o) , has this s:tme propert~·, but with the disadnntage of beha\'ing unreasonably if 
J\.,; < O. To apply our formula, Ko' is determined from 10w-presHlre ultrasonic data (0 to 
6 kb), 111 is fixed at some reasonable "alue, and the remaining parameter is then determined 
hy trial and error to fit t he high-pressure data that are U\·aibble. Rough estimates of the 
initial value of th e second pressure deri"ative of the bulk modulus can be obtained in this 
lI'ay. As examples. rhe formula is filted to experimental data that are already in the litera
ture on aluminum oxide, a-quartz, magnesium, potassium, sodium, and lead. 

I KTRODCCTIOX 

:\ few years ago, Anderson [1966] emphasized 
' lI:lt the extrapolation formula of Murnaghan 
I~)HJ, which is based on the :tsslllnption of a 

:.!ll':lr p ressure dependence of the bulk modulus, 
:, rrmarkably successful in predicting the yol
'::111' of a solid at. high pressures . ~lore recently, 
1l(I{crso n [1968] pointed to the need for an 
'a prO\'ecl formula and recommended the Keane 

" III:l lion [Keane, 1054]. In the present p:tper, 
II,' gi\'e a fonnula that h:ts the :td\':1ntage of the 
I\r:me equation while incorporatin~ an addi
' ;, lIal p:trameter for increased flexib ility. 

The K eane equation can be obtained by inte
~r.t tion from 

d(K!Ko) 
dP 

(1) 

, !:prr P = p/ Ko, p being thc prrssure, K is 
·I. t' bulk modulus, Ko its \'aluc at zero pressure, 
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K o' its first pre;;sure deri\'atiYe enluated at 
zero pressure, and m the yalue of the first pres
sure cIeri\"ati\"e in the limit as K -') co. Ander
son's recommendation i.3 to determine Ko and Ko' 
from ultrasonic data taken at low pressures, and 
m from shock \\'u\"e data at higher pressures. 
This procedure gi\'es an excellent fit to the 
3,\"ailable experimental data. Whene\'er K o' and 
m are both positi\'e, the extrapolation beha\"cs 
f(~:t;:oll:1bly on the entire r:tnge P > O. However, 
if ](0' is neguti\"e, the Keane equation predicts 
unre:tsoll:1ble beha\'ior in that it forces J( to go 
to zero at some positi\"c pressure. 

There is a cbs;: of l11ateri:lls, l11:1inl~' certain 
gbs::ies, \\"here Ko' i:; neg:1tin', although dK/ rifl 
beromes positil'c and beh:1\'e5 1l0rmalI~' at sufli
cicn(I~' high prc:,,,ure,,. This class includcs \"itre
ou;; sil ica plc:3kimin as cited hy Anderson, 

1061J, obsidi:m [.lIanghnalli et of., 1068], gN
m:lI1in. glnss [Soga, Hillfl] , uncI \"ycor [.lIangh
nani alld Bel/zing, In60]. The prc\"ious extra
pol:ttioll fon\1ubs do nor handle thi;: class at all. 

Thr prescnt propo~:l! i:; to takc 
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