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of 11 005.6°K), 

PI (VB) = - 2.467 +6.76(7)- 6.9567)~+3 .0-107)LO.3869rl" 

(/(V.) = - 0.2267+0.27127), 

b(V.) = 0.OS316- 0.07S047)-1+0.0306S7)-~, 

with 7)= V ,O(P)/V. = p/ Po bein,; the compression of the 
material n:.a.tive to its noi'mal crystal density 0:' 2.25 
g/ee. The numerical cocii'i(ients were obtainec. ~J.'f .tuing 
expression (2) to points on the shock ';'~~.,;oi1iot of 
gr'lphite!:; and to the compressibility and thcrnu.; 
expansion cocllicient at normal density. The range of 
applicability is 0.95<7)<2.5, O<T<2. 

2. THEORY 

If solid carbon is c:onsiclcrcd, expressions' re needecl 
for the thcrmodYllam;l' func1.ions of both gas and solid 
phases; these may be derived by standard thermody­
namic methods, and are summarized hc~e . 

For the gaseolls component with equation of Slate (1), 

E= L x, (E - 1U).+ L Xi(IJoO)i 
+ RT[aT(F - 1)/ (T +0)], (33.) 

5= L :r,(50)i- R[L Xi lnxi+ln(p/pO)] 
+R[1nF- (&lx - 1)/f3+a.T(F- l)/(T+O)], (3b) 

Jl.= (I1'Lllu");+ (J1~O)+RT In (x;p/pO) 
- RT[1nF - (eflx - l)/{3 - Kk;(F - 1)/ kJ, (3c) 

where the gas imperfection factor F is defined in 
Ec; .. 1) ,l:hl should not be confused with the (Gibbs) 
frec: energies 1'0 and It's'. 

For the solid lI'ith equation of state (2), 

r V , 

+J [b(V)T!-Pl(V)]r£V, (4a) 
v,' 

I'V, 

5=5°+ Jv,o [a(V)+2b(V)T]ttV, (4h) 

fJ.= (FO - lJoO)+IJoO+Fs', (-J.c) 
where 

1', 

F.' = pV, - (pV,)O - Iv .. [h(V)+a(V)T+b(V)T2]dV . 

For chemical equilibrium, 

L"vjki 1)"F/ 
- -' -(F- 1)--, (5) 

k RT 

IS J. ~L \\':lbh, privatc comn:l:nicalion. Tlie measar~.r.<:nt$ "". ~ 
n,;(c:c ;,y :l co;!!1amic method ,imiiar Lo that used i,)r aluminum, 
cop;,er, aild ;:inc by J, :\L Walsh and H .. H. Christian [Phys. l{cv. 
97, 1544 (:')55)]. 

where 

(one such equation ;'or e",ch incc:JcndC::lt chemiCl 
reaction). 

In Eq5. (3) to (5) E, 5, ,.nd f1. ... [e i::t,,~:,:d cr.c:rgy, 
entropy, ".ld chemical pOl.(;mial, rc:spcciivc::y. A sU~L:r­
script 0 refer:; to the reference 5t ... lL: (ided ga:i or rea.l 
soliG at pre:i:iurc pO and tempe:a,~:r.: T),:c \\"i1.h Iloo 
'~ing the enth, . .'y oi formation irom the elcmC:1ll5 at 
absolute zero; Xj and IIj arc: the mol(; iranion and 
number oi moles of component i; ;.:.nd )/ ,,= Lu)/i. In 
Eq. (5) the v/s a.re thc: cOe!Ticic:ms o~ Llle chemica.l 
re:1ction, positive for pro(uc\.s a.ld nc;,;a,;\ ~ :or rt:J.ct­
a.nts, and the subscri;)t g fc)r a sum indiC<.!.t(;s it is io,' 
gaseous components only. 

The thennudynamic state of the c!(;LOmll!On producLs 
is defined Ly Lhe Hugoniot eCju,.tiOl ~'i 

and the Chapn-:an-Jouguet condition·" 

In (6) the subscript 0 n;:e.·5 to the un,-c~0.1a tcd exp:o­
sive, Eu being given by the L:xiJressio:1 

Eo= (M1 j )c+ L j X{II0(Tu) - II~O]j- pu V(), (8) 

where (1::,11j)c is the mohr enthalpy of 10rnLLion or the 
explosive at To, and ,\, j is the lH~mLer of mo es of 
ele; .. ~" .. j in one mole of explosiVt:. 

3. CALCULATIOl'\S 

The detonation products Wef(; as"umL:. i 1.0 be mule 
up of the: following clll;miGcl comp01.(;llb: 

(1) JT~, (2) CO~, (3) CO, (-1.) EJ)) (5) .'-:c, 

((J) t\O, (7) C (gr;,:J!Jill;). (0) 

Oxygen was not incluckd, since non(; (); d,(; cx )10< vC:s 
considerc:d was more oxygC:ll rich U.:lll L(.!,j_' , which 
b:Llances to X", il~O, CO. In some jJrcl;mi;l;:ry C;,~CUl:'­
lions on II3\I-Cl'C equipment some 0; ;';1C -:O!::.pO!1el'lb 

considered by Erinkley, et at .,lO.ll ~i;; . , X:r:", CrL, :c:;c1 
OR, were also included; these wc:·c 10u::d to be; 
present in small though ::ot negligi;;l" anlOU;;',,,. ~;o, 

Hi In evaluat:" 6 the thcrn1odyn::trnic iur:ctic::s : ~. ". - :: .:L '.',-:,; 
nc;;lcctcd (pT',yo and ap?ro:dmaL~d V,'CT) b~' .", . '"~). T::~ 
resu1i.ing error , .. -as less !.h3.D that of d:e ~~r::::yt~c ::~,j ..;. .:;cd ior 
(llu- II ,,0) and Sl. 

l1 See, for example, R . CO~. -,-~r.~ .:.nd j~. O. Fri~2:i(; .. ::), S;,-pr:r')'JIl:'c 
Flo;;.. aud SIwek lI'a~es (In~c:-,;ci"ncc Puulis!lers, 1n-:., Xc\\' Yo:';';;, 
19';8), p, 2().l.. 

18 In the usual st~'lemcnt 0: the C- J co;:(:i.:o:1, (ill' u !'." i; [(' 
he l;Y~l1u,~tcd for cr~1,ilibr:un1 C\)J11j)(}3ition. IIJ\\'~\"cr, 1\:£:-:·:·.\·00 ..... ,.;:(. 
\:"o,! U. Chem, l',~.\·s , 22.1915 (195 .. ;J l:;:\'e rOLe,::;;> shOI'.·r, c ... , 
,j' •. , ,:cri\'atil'c shoald b,~ e\·::tlllded \\'iLh iro::,,:l CO!: , .,:t;,,:1. G<:r 
c:ku!alions h:n'c tlst:d the o!i..:cr .:;~.::cmcnt 01' t.:c C-J c~);1·'::it!()n, 
hut th.;;rc is vcry lia le (~i:"(cn:Lc~ Lel\\·c.:, .. -,:--~ t:1C :w,), ~l ... ~ ... ::;t :'0:- 0L;­

equation of state. Check cakuhlio11S ShL)\\,CJ tb", !Lc 1.,,<: 0: ,; 
corred C- J condition would decrease />'::J fly ks,; tbn l' ... : .. , 
lowcst lO:ldillg density oi Lltl!r~sl (P.= 1.2) nnd m_!,c :ll!:1O:i~ no 
cll,mge :It high 10aJing density. 


