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1':'1uall<ll l of slale data for Duralumin in the pressu re range from 0.1 'to 0.3 megabar have becn detcrmined 
(h , Iami~"lly by measuring shock and free surface velocity electrically in a plate of 24 ST Duralumin that 
h been stressed by a high explosive detonation . A th eory is presented which allows comparison with data 
1 • aincd hy other experimenters, and which yields the relationship between prcssure and compression ei ther 
oil consl~l.t entropy or constant temperature. Tbe empirical form chosen for the equation of state (P=CI./J 

(j/J') expr{'sses the pressure as a quadratic function of the compression. Experimental techniques are 
scribed in detail. Five points are given for the equat lon of staLe of Duralumin in the pressure range from 

,lj'l,roxim.llcly 0.\5 megabar to 0.33 rncgahars. Some Jala are also presented for cadmium and steel. 

. NTRODUCTION 

EARl' 19-h "xpcrimental work was initiated at 
tlh Alamos Scientific Laboratory for the 

study ,,; Db ·· Ical properties of materials in the pressure 
range irom .. 1 to iJ ~ megabar (1012 dynes/ cm2). Onc
tcnth of a ' abar w(\ been obtained statically at the 
Geophyc:j,,. aboT tory of the Carnegie Institution, but 
(lctcrminatl of (' equation of state at this pressure 
bccomc im] ,f" lctica partly because of the elaborate aJld 
cumbersoin' .~pp; . ;ttl! ' required and partly because 
static 111< ._ ' ! mCnt ~ are subject to uncertainties re
sulting from creep di"tortions. An alternative technique, 
and one particularly suited to the data here desired, is 
to make the measurements dynamically, therebyelimi
nating the necd for elaborate high pressure equipment 
with its ill h('!'.'nt creep uncertainties. 

It is, (If coursc, well kilOwn that extreme, thou gh 
tcmporary, prcssures can be developed by high ex
plosivcs. With suil;l hly designed apparatus, detonation 
of a high explosivc ,nay be made to produce in thc ma
t.erial bcing investigated a plane shock wave approxi
mately flat-toppecl in the sense that the pressure in the 
compressed materia I is virtually independent of position. 
The conditions for the existence and stability of such 

what are usually terme(l "Rankine-Hugoniot Shock" 
conditio!1s. Such condition:, will be denoted by appcnd
ing the subscript D to the symbols appcaring in 
Table I. The mechanical considerations of conservation 
of mass and conservation of momentum, respectively, 
lead to the cquations: 

T/-l = p,=1.t/ (iJ - 1t) 

PD=poDu. 

(1) 

(2) 

The pr,'ssurcs and compressions appearing in Tables IT. 
'!lld TT] werc computed by means of Eq. (1) and (2). 
• I1T many purposes, for example in comparing our data 
., itb. other data, it is necessary to know the relationship 
IletWCCI1 prcssure ami compression either at constant 
cntropy or at constant temperature. Such conditions 
will be specified hy thc subscripts sand T, respectively . 
rn order to compule the difference between pn and p. or 

---
Symbol 

p 
11 

TADLF. I. Definitions of symbols and list of units 
to be used in computation. 

DdillitiOl1 Units 

pressure megabar= 101• dynes/cm2 

specific volume cm3/g 
p ~~n~ity at I?ressure p - shock waves are discussed in a variety of textbooks.! 

The theory of propagation of such waves implies thh.aJ:--""';;;~~~~~~~-"" 
simultaneous determinations of the propagatio ~.Q.c~-=-_...".._~~~~~-:::f:::::: 

- P.o 
g/cm3 

g/cm3 

ity of the wave amI of the mass velocity of the com
pressed maj,' rial can he used to infer the equation of 
state. In ad, .ILion it is possible under certain: conditions 
to determine shock pressures by means of piezoelectric 
crystals though this last technique has proved rather 
difficult i • ploit. 

THEORY 

Detonati, ,I of gh explosive in contact with a 
metallic SpC( nen produces pressures in the metal under 

* Work done under lhe auspices of the U. S. Atomic Energy 
Commission. 

t Now at Universil) of California Radiation Laboratory, 
Livermore, California. 

t Now at Swarthmore College, Swarthmore, Pennsylvania. 
1 e.g., Courant-Friedrichs, Sttpersonu Flow and Shock Wav/!S 

(Interscience Publishers, Inc., New York, 1948), p, 121 eI seq. 

- =p. .......... 

speCI c internal energy cm3-megabar/g= 10'2 ergs/ g 
T absolute temperature electron volt=KT = l1,605°C 
s specific entropy cmS-megabar/ g-ev 
C. specific heat at constant 

volume= (ae/ aT). cm3-megabar/~-ev 
D shock wave velocity cm//Jsec=cm 10- 5 sec 
11 particle or mass velocity cm//Jsec=cm/1Q-a sec 
IT excess of free surface 

velocity over mass 
cm//Jsec=cm/1o-a sec velocity 

c ve\oci~ of sound 
= (ap ap),1 cm/ /Jsec= cm/1o-a sec 

a. isentropic bulk modulus 
at p=O megabar 

P. second-order coefficient 
in empirical isentropic 
equation of state; see 
Eq. (17) megabar 

- .= ============ 
• Compression is alternatively defined as C •• -.)/ •• - C~ -I)/~, where v. 

, the normal specific volume. 
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