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The Kist'akowsky·\\'ilson cr,uJ~i(':1 0: stale. of"=RT(1--rxc'h) , where X= :/VJ(T+o)a, ;01' .. ;,:c.;~ou; 
tk .. or::tt:un products of soCcI e.\;)~c .. '.:) ;1" re-CX3.n1~ned :11 the lig!-.t of new (;Xperir.1el,t .... ~ t:~~~~ Of! 

(,donation prc,surc anu on the \ , ... 'lv;. v. ,,~lonation velocity D with 10:ldi!1t:; c"ns,ty Po ior 5~v~:al 
id):\:/T?-.T mixtures. The value !3=0.jO used in the past is too hi"h to match thl.! ohserver; slope> u: tile 
I;-po curves. The old value ,,=0.~5 is too small to match tbe cxpcrimcn~al Ch:l!1!1lan.JOl;~ud ;,,·(; .. ;t,r~ 
oi m05t of these explosives, but LOO larf:c to match L:le pr\!ssure oi pure T. -T. A suiL",bk com:mm',,_" ;or 
the cxplo,ivcs considt:rcd is «=0.5, !3=(I.U9, O=400oK. 

1. INT::lODUCTION 

f. :\t'.:'IIBER of attempts have been m.i.de ;,1 the 
rJ.. past to GJculate the detonation propertie:j of 
solid explosives.I-12 Since the gaseous dcton:n:on 
products cie\'clop pressures of the order of a qU •• ;--,er 
mega bar (1 :\ lb= 1012 dynes/cm2 = 0.98692X 106 acmos), 
directly applicable equation-of-state data arc non­
exi5tent and some form of theoretical or empirical 
eqt:ation oi state for the detonation products must be 
assun:<.:d . When the inycsligations quoted in tl.e 
aiort:mentioned were made the only reliabie experi­
menta, cbta available :or compariso:1 with the cal­
culated results were detonation-velocity measurer.:ents; 
such data do nul provide a very sensitive test 0 : the 
correct ncss oi the assumed equal ion oi state. Rect:n1.ly, 
ho\\'e\'cr, accurate measurements of the detonation 
pre~~ures of several explosives ha,ve been made at 1his 
Jabor:ltory.I~.14 We have employed this cla~a in :, rt:in­
vesligatioll 0: an empirical equation of state Wl1i( ~~ '.i·as 
fIrst propo:,ed by Kistiako\\'sky, 'Wilson, ancl IIall(Ji'd o 

and \\'l1iell ius been utilized extensively for detonation 
cak~I,' l iO;-,S.D-12 

The i';: '",t iakowsky-Wilson equation of st:l.lC 

* This work was periormed under the auspices of the L. 5. 
. \[omic En~rg~' Commission, and has bccn reported in gr"aler 
dcc,,;l i:1 Los .\la:ll0S Reporl LA-1865 (classified, not availaLle 
for ·el.l.ral circulation). 
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slightly mod' fled by us has the iom. 

where 
X=i./Vu(T+o)a, 

(1) 

Eer<:: Va is t.he molar g. s voiume, X;;S ,:-:(; Llo!e :fraction 
of C0:11pOnent i, and the sum '- ;:Js "vcr ::ll: c~emical 
components oi the gaseous ..... · •• "e. T}:e c: uan~i;:ies 
a, {3, K, 8, k; are empirical constants, tnc k; l1aVin6 1.1~e 
nature of covolumc~ (i .e., a sort or cXLI;lded \'olumc) as 
is shown by the equilibrit:m equalio:: (5) . Tr.e vdu::s 
a=O.25 and ~=0 .30, which we,e chu:-,e::-;. ori,;ia::1!y'> to 

give agreemcnt W:U1 the exper::.~t:Lt<tl d ... ta the!1 
11.\'~dable, have been used in ,,11 of t'1e ::;~CC(;t(.E;;::; work 
wit;; : .. is equation oi state. !{o\\,ever, ::;L\'(;~"'. (:::':(;rent 
,,-:::i oi \';:i,;cs of ~he h; ha\'e lJeen (:t:.u:n:ne(. ;rom 
ex h~rim~.,,;d <1:.::1 (s-:c refefences <) .: :.::l. :2. We 
have trc,lted ali of the parameters (Li, ;:;, ':, k:',,) 8.5 

:l( jU~lablc in an efiort to de:.errr.i:1C a ,,~. \:l,;CI; 
would make it possiLk 10 matc!1 a "et (J! e~.,J(;ri ­
n1ent~1 data \vhieh inrlu(!cs Lot!1 tr.l! \':~~':~~~I-'!-: or 
detonation velocity with lo.luin;,; ,:i,;,.:-;ity (.'J-;; ), a::cl 
LJt: Chapman-Jou;,;et pre:;sure (peJ) .1: .. i '1. !" .. C::1;'; 
dL .. ,,:ty fo:- a group oi :IV(; reLee(! (;X~ :,,.>il.o. 

\Vith the value 0=0 which has bet:c "Se(: ::: ::,i,; rJ'-'s~, 
it n;ay easily be s(;en that the e(u<ttio:1 of <,: .. 1.t: :".s .. 
r.1in:mum in p 1'$ T (for COi1stL.:1t YJ and corr.p.:l3:'.::0!;) . 
\\,ith a=O.25 ,.nd with v~lu<::s or Vc "''TJro:J:·:;!.-::o lL~ 
detonation region this mi"imu::1 occu:'" 11<;,"T O~ ~~, bu: 
\\'ith a=O.S it moves up w :WOO or 3C.juo:-=-. \\.c:: .; •• \'e 
used the arbitr"ry value O=";'OOoK ior .. ,: \, .. :-':';:3 0: Ci 
this h~s proved 1.0 be lar:;c el:ot:.gl: 10 c.ir.;:::.:t-: :h~ 
mir:mum throughout the vo~ume [(;,;iO;1 c.::l~·~,cter:st:c 
of plane detoLttions, and yet is s:1'.~ . .l CO::ly:l;'';C \',.": 
the values . T encountered . 

The ca!cuations are comp!ic"-lcd :JY l.'C pos~;'lL 
:'_ ' ~cnce of solid carbon. \Ye have "s::.t!mccl ,'::s to :.,~ 
present as grap:lite and treated its l'l,u:1i.ioll oi ::;.:"~.; :.S 
known, US:I 6 a jorm employed eXL .:sin;:y ~.t t!::~ 

hbor::tt.ory: 

13 \\'. I:. 1k.1 \I..\SL) (to be pUblished). 
1- K .E. Du:: and .::. Houston, J. Chem. 1'hys. 23 :2GS (1955). where, with /) ;,: ;neg.,Lar~ ,1,1d Tin VOllS (i.·., i,l '... ... ,~ 
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