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from Eq. (13) is quite insensitive to different 
values of {3 and nT2• 

For evaluating the products of detonation a 
modification of the method developed by Brown14 

was employed together with heat data taken 
from Bichowski and Rossini,15 and Schmidt.16 In 
this modification the experimental equation of 
state was used in setting up more exact equi­
librium equations and the final approximations 
employed activity or fugacity rather than 
partial pressures in the thermodynamic equi­
librium constants. 

In principle Cv may be evaluated from the 
equation 

- - 1 f V2 

CV = Cv *+ (aE/ avhdv 
Tz-Tl 00 

1 f V2 

=Cv*+ (pNnR) (aOl/aT) . .dv, (17) 
T 2 - Tl 00 

where Cv* is the low density average (constant 
volume) heat capacity between T2 and T 1• It will 
be seen that (aOl / aT)., if not effectively zero, is 
exceedingly small relative to pz. Because of the 
enormously high pressures occurring in detona­
tion, however, it is quite impossible to evaluate 
reliably the last term of Eq. (17) directly from 
the hydrodynamic theory of detonation since the 
detonation velocity (although known to within 
about 3 percent) and the necessary heat data are 
not known accurately enough for this purpose. 

In application of method (a) it will be assumed 
therefore, that Cv = Cv *. Several more or les~ 
indirect evidences justifying this assumption a re 
discussed in this report. One a rgument is the 
following: 

Hirschfelder and Roseveare!7 showed that for 
gases at sufficiently high temperature the internal 
energy is a linea r function of density (p). At low 
density (aE/ aph= -a(T), where aCT) is the van 
der Waals constant (which decreases with in­
creasing temperature). It will be assumed in view 
of the high detonation temperatures that the 

14.F. W. Brown, "Theoretical Calculations for Ex­
plosives," U. S. Bur. of Mines Technical Paper No. 132. 

15 F: R. Bichowski and F. D. Rossini, Thermoche1m·stryof 
Chem~cal Substances (Reinhold Publishing Company New 
York, 1936). ' 

16 A. Schmidt, Zeit~. f. das gesamte Schiess It. Sprengstoff­
wesen 29, 259 (1934). 

17]. O. J-lirschfelder and W . E. Roseveare, J. Phys. 
Chem. 43, 15 (1939). 

linear variation of E with p holds over the entire 
range from low density to V2. Thus this approxi­
mation gives 

for the products of detonation of PETN at a 
density of 2.0 kg/ L. On the other hand , 

CV(T2 - T 1) = CV *(T2 - T 1) 

+ f."2 (aE/avhdv~1200-1700 kg ca1./ kg . 
GO 

Hence, according to this method C.=C v* within 
0.5 percent at v2=0.5 L. / kg. (Likewise, for use in 
the alternate method of solution, it may be 
shown according to this method for evaluating 
(aE/avh that the neglect of the last term in 
Eq. (9) will incur an error of less than 0.1 percent 
in (3.) Hirschfelder and Roseveare showed that 
the linear variation of E with p is valid at least up 
to 3000 atmos. even at much lower than detona­
tion temperatures. The extension of this linear 
~aw to detonation pressures (",200,000 atmos.) 
mvolves, of course, a large extrapolation in P2. 
However, further evidence for the approximate 
validity of the extrapolation will be found in the 
correlation of the results obtained by method 
(a) described above, with those obtained from 
method (b) . 

(b) This method involves the use of D(Pl) 
data, and the separate evaluation of each term of 
Eq. (9) for {3, the last term in (9) being neglected 
following the reasoning already given. As a first 
approximation a may be evaluated from Eq. (13) 
over a range of densities by taking (3 = (Cv+nR) / Cv 
or by simply assuming values of {3. A plot of a 
against V2 is then constructed and the slope taken 
at various points along the curve giving a series of 
:alues. of (aOl / aV2)S. The values of {3 obtained by 
mcludmg the term from the first approximation 
are introduced back into Eq. (13) to obtain 
better values of a, the quantity nT2 also being 
corrected according to its dependence on {3, V2, 
and a. This process is repeated until all parame­
ters converge to constant values. As in method 
(a) this series of approximations also converges 
rapidly. 

In evaluating {3 by means of the slope of the 
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IX, V curve it was tacitly assumed that the entropy 
S2 is constant along the curve. At any density 
(PI ), dSd dv2=0 according to the Chapman­
J ouguet postulate. In the approximation a = a(v2), 
therefore, the change in S2 along the curve should 
be zero. There is, of course, a sharp increase in the 
entropy across the shock front, i.e., S2-S1»0. 
Scorah,18 however, concluded that the increase in 
entropy (S2-S1) is a minimum and that 
(S2-S1) j A is a maximum, where A is the avail­
able energy fed into the wave front. The variation 
of S2 along the a, V curve may be evaluated at 
various densities within the accuracy of the 
equation of state employed by the equation 

(18) 

where S20 is the entropy of the products of 
detonation in their standard state To, Vo, Pu . 
Actually Eq. (18) shows that there is a small 
change in S2 a long the a, v curve amounting to 
about 0.1 E.U. j gram for a change in density 
(P1 ) from 0.7 to 1.6 kgj L., the total entropy S2 
being ",1.5 to 2.0 E.U. j gram. Since (3 can be 
determined only to within about 5 percent (from 
measured velocities accurate to within 2 to 3 
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0 PETN 
o 7 • RDX 

X TETRYL 
® PICR IC ACID 
A T N T 

o 11 A AMMONIUM PICRATE 
e LEAD AZIDE 
~ MERCURY FULMINATE 

TABI.E I. Constants of Eq. (19) for explosives shown in 
Fig. I. 

PETN 
RDX 
TNT 
Tetryl 
Picric acid 
Ammonium picrate 
Lead azide 
Mercury fulminate 

D •. o 

5620 
5900 
4800 
5500 
5060 
4800 

5100 (PI =4.0) 
5050 (PI = 4.0) 

(m/sec.) 
M--

kg/ 1.0 

3500 
3570 
3500 
3350 
3500 
3500 

560 
890 

percent) it is evident that the slope of the a, v 
curve gives (aa j aV2)S with sufficient accuracy in 
the a(v) approximation. ' 

Figure 1 presents the a, V2 relations obtained 
by both methods (a) and (b) . The data for the 
eight explosive compounds calculated by method 
(a) are best represented by the dotted curve. The 
solid curve was obtained entirely independently 
by method (b) for the same and a number of 
addi tional explosives, method (b) having preceded 
method (a) in the development of the theory. 
The deviations in V2 and a from either the dotted 
or solid curve are about the same order of 
magnitude (::; 3 percent) as the experimental 
error involved in the measured detonation 
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