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The hydrodynamic theory of detonation is derived in a 
convenient form for practical utility by employing the 
gener~l equation of state pv=nRT+o:(T, v)p. Two methods 
of solution of the general equations based on measured 
detonation velocity are discussed. In method (a) the 
detailed fornl of o:(T, v) is unspecified. I t is therefore, in 
principle, at least, a general solution. However, in practice 
one finds that it is impossible due to the experimental 
error in detonation velocities to evaluate the heat capacity 
at constant volume and hence the detonation temperature 
without specifying a particular form of 0:(1',11). The 
postulate (used only in the calculation of temperature) is 
0:=0:(11). Method. (b) employs the approximation o:=o:(v) 
throughou t. Methods (a) and (b) lead to iden tical results 

INTRODUCTION 

T HE hydrodynamic theory of detonation de­
veloped by Chapman,2 ]ouguet,3 Becker,4 

Schmidt,5 and others has recently been carefully 
. scrutinized and extended by various investi­
gators including Landau and Stanyukovich,6 
Ratner,7 Kistiakowsky and Wilson,S von Neu­
mann,9 Brinkley and Wilson,lo Eyring and col­
laborators,ll and others. In the application of the 
hydrodynamic theory of detonation to condensed 
explosives a particular form of the equation of 
state is generally assumed and the parameters are 
evaluated experimentally through the hydro­
dynamic theory, by introducing measured deto-
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which one will find in view of the comp~rative nature of 
the two methods, is good evidence (but not conclusive 
proof) for the validity of the above approximation . This is 
supported a lso by the discovery that the same 0: vs. 11. curve 
applies to a ll explosives yet considered. As a matter of 
fact, it has been found that the detonation velocities may 
themselves be computed within experimental error, evi­
dently for explosives of all types (where sufficient heat 
data are available) by employing the o:(v) function evalu­
ated from a few selected explosives. Several additional 
arguments supporting the above approximation are dis­
cussed . Data on the detonation properties of several 
explosives are presented a nd correlated with similar data 
obtained by other investigators. 

nation velocities. Consequently, the theory has 
not yet been demonstrated for condensed ex­
plosives as directly as might be desired, although 
much convincing indirect 'evidence is available 
and the general validity of the theory is unques­
tioned at the present time. The objectives of the 
present study are (1) to derive the theory for 
condensed explosives in a useful form, (2) to 
show how the theory and measured velocities 
may be used to derive an equation of state 
applicable in the study of other detonation and 
high pressure phenomena, and (3) to discuss 
some interesting features of the derived equation 
of state. 

DERIVATION OF EQUATION 

The fundamental equations of the hydro­
dynamic theory of detonation are 

D = Vl«P2 - PJ) / (vJ - v2)) I , 

W = (VI - V2)((f;Z - P l) / (V, - V2))t , 

E2-Et = Hp2+pt)(VI-V2), 

(p2-Pl) / (VI-V2) = - (ap2/aV2)s. 

(1) 

(2) 

(3) 

(4) 

Equation 3 is the Rankine12-Hugoniot13 adiabatic 
(or "dynamic adiabatic") relation. Equation (4) 

12 W. j. M. Rankine, Phi!. Trans. 160, 277 (1870) . 
13 Hugoniot, j. de math . 3, 477 (1887); j. de I'ecole 

Poly tech. 57, 3 (1887); 58, 1 (1889). 
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is equivalent to the Chapman-Jouguet postulate Similar substitutions in Eqs. (2) and (3) give 

D=W+C. (5) 

Here D is the detonation velocity; Wand Care 
the particle and sound velocities, respectively, in 
the medium (products of detonation) immedi­
ately behind the wave front; v, p, and T are the 
state variables; E is the total energy and S the 
entropy. The subscript 1 refers to the thermo­
dynamic quantities in the undetonated explosive, 
and the subscript 2 to the corresponding ·quanti­
ties in the medium immediately behind the shock 
front (where the Chapman-J ouguet condition 
applies). 

For a solution of the above equations, the 
following general equation of state is adopted 

pv=nRT+a(T, v)p. (6) 

To derive an expression for (apd aV2) S the follow­
ing thermodynamic equation for an adiabatic 
equilibrium process is used: 

- CvaTs= «aE/ avh+p)avs. (7) 

Differentiating Eq. (6), solving for aTs• and 
introducing the result into Eq. (7) gives 

- (apd aV2)S = P2f3/ (V2-a) , (8) 
where 

{3 = (nR+ Cv)/ Cv - (aa / aV2)S 
+ (aE/ avhnR/ CvP2' (9) 

Here Cv is the heat capacity at constant volume 
(per kilogram), R is the gas constant, and n the 
number of molecules of gas per kilogram. The 
subscript 2 is introduced to show that Eqs. (8) 
and (9) apply immediately behind the wave front. 

By employing Eqs. (4), (6), and (8), Eq. (1) 
becomes 

D2=V12P2{3/ (V2-a) =v8nRT2(3) / (V2-a)2. (10) 

Since P;»PI in condensed explosives, Eqs. (4) 
and (8) give 

(3=(V2-a) /(VI-V2). (11) 

Combining Eqs. (1) and (6), the equation 

(V2-a)(VI-V2) =v12(nRT2)/ D2 (12) 

is obtained. The equation 

a =Vj-Vl({3+ 1) (nRT2) t/D{3t (13) 

may then be derived from Eqs. (10) and (11). 

W = (nRTd {3)t, (14) 
and 

(15) 

The detonation temperature is then given by 

where Q is the chemical energy released in 
detonation (the heat of explosion), and C" is the 
average heat capacity at constant volume (V2) 
between T2 and T 1. 

SOLUTION OF EQUATIONS 

Either of two quite different methods of solu­
tion of the above equations may be used, both of 
which will be discussed since they prove to be 
complementary in providing information on the 
nature of the equation of state. 

(a) The first method is a solution in which the 
detailed form of {3 is not taken into account. 
This solution is made possible by the fortuitous 
cancellation of P2 in obtaining Eq. (11). The 
Eqs. (11), (12), (13) and (16) may be solved by 
successive approximations employing a measured 
value of D at any given density (PI)' A value of 
{3 is selected and T 2 calculated from Eq. (16). 
(In the calculation of T 2 , the low density value 
of C" has been used as discussed below. This is 
equivalent to the approximation a = a(v) which 
was used in method (a) only in the evaluation 
of T 2• This approximation or an equivalent one 
is necessary because of the experimental error in 
measured detonation velocity, making a reliable 
evaluation of Cv impossible.) Equation (13) is 
used to evaluate a, and V2 is obtained from (12) 
for these values of a and {3. Equation (11) may 
then be used to check {3. If this value of {3 does 
not agree with the selected value, the approxi­
mations are repeated until the successive {3's 
converge to a constant value. It is here tacitly 
assumed that n, Q, and C" are known. Actually 
they must also be evaluated by thermodynamic 
methods and, in view of their dependence on V2, 
T2 , and a, they must be re-evaluated in each 
successive approximation unless, as is the case 
in the fina l approximations, they do not vary 
appreciably. As a matter of fact the approxima­
tions converge quite rapidly since a obtained 
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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 

I I 

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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18 R. L. Scorah, J. Chem. Phys. 3, 425 (1935) . 
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TABLE II. Equation of state relations from Fig. 1. 

p,(kg/ 1.0 ) 

0.8 
1.0 
1.2 
1.4 
1.6 
1.8 
2.0 
2.2 

v,( 1.0 /kg) 

1.25 
1.0 
0.837 
0.714 
0.625 
0.555 
0.50 
0.455 

a(1.0 / kg) 

0.75 
0.68 
0.62 
0.56 
0.51 
0.47 
0.43 
0.39 

(da/dv,)s 

0.30 
0.39 
0.47 
0.53 
0.59 
0.65 
0.69 
0.73 

velocities (assuming accurate heat data). The 
experimental velocity data used in these calcula­
tions are given by the following equation, the 
constants of which are given in Table 1. 

D=Dl.o+M(Pl-1.0), (19) 

where Dl. o is the velocity (m/ sec.) at a density of 
1.0 kg/ L. and M is the slope of the D(Pl) curve in 
m/ sec. / kg/ L. 

CORRELATIONS 

Not only do methods (a) and (b) give the same 
results within the limits of reproducibility of the 
data, but of even greater significance is the fact 
that all the explosives follow the same a vs. V2 

curve. This appears to be ample evidence that the 
last term in Eq. (9) is negligible. It is not, how­
ever, sufficient evidence that Cv"'C.* (this ap­
proximation was made in both methods), although 
the validity of this assumption is strongly sup­
ported by the generality of the a(v) function. In 
other words, RDX and PETN have detonation 
temperatures about 40 percent higher than am­
monium picrate, picric acid, and TNT, showing 
that the dependence of aCT, v) on temperature 
must be exceedingly small. The fact that values 
of a for a given V2 for the latter explosives are 
consistently slightly higher than those of RDX 
and PETN at low density cannot be regarded as 
significant, since more recent velocity data indi­
cate that in these cases values of Dl. o and M 
given in Table I are slightly in error in the direc­
tion giving low values of a. 

The equation of state employed by Kistia­
kowsky and Wilson8 based on Bridgman's equa­
tion of state is very convenient for studying the 
magnitude of (aE/ av)r. In the equation 

(20) 

Kistiakowsky and Wilson took x=K/ Tiv. For 

the present purposes, however, the form 

x=KP/ v (21) 

will be employed where K and c are constants, 
the latter of which will now be investigated. 
Equations (20) and (21) and the appropriate 
thermodynamic equation give 

(aE/av)r =nRTxe"(l +x)c/ v, (22) 

i V2 

(aE/ av)rdv= -nRTxe"c. (23) 
co 

Comparing Eqs. (6) and (20), it is seen that 
xe"=a/ (v-a) and from Fig. 1 at v2=0.5 L. / kg, 
(aE/avh"",2.1p2c. Thus the last term in Eq. (9) 
amounts to about 0.37c. Since methods (a) and 
(b) in which the last term in Eq. (9) is neglected 
give values of {3 agreeing within 5 percent (the 
dotted curve actually differs by less than 3 
percent from the solid one), I c I cannot exceed 
1/ 15. For c = -1/ 15, Eq. (23) gives an energy 
amounting to nearly 10 percent of Q+.1.E. It is 
thus evident that Cv::;1.1Cv*. By comparing 
results obtained by methods (a) and (b) for a 
single explosive, e.g., PETN, using the same 
detonation velocity data, a more accurate com­
parison may be obtained by eliminating the effect 
of experimental error in D . Studies of this sort in 
fact indicate that the difference in (3 between the 
two methods is less than 3 percent and that, 
therefore, C.::;1.06Cv* at v2=0.5 L. / kg. This 
result differs from that obtained by using 
Kistiakowsky and Wilson's value r:= -t, which 
gives Cv""'1.9C.*. 

In connection with the approximation a = a(v) 
used in method (b) it is of interest to note that 
Bullen19 recently introduced the hypothesis, 
based on his calculations of the earth's density 
distribution, that at pressures of the order of one 
inillion atmospheres the compressibility may be 
larg,ely independent of chemical composition. 
The present investigation provides evidence that 
this may be at least approximately true even at 
much lower pressures, perhaps even as low as 
25,000 atmos. (for temperatures above 2500°C). 

It is interesting to compare the Eq. (6) with 
the following equation developed from statistical 
mechanics by H irschfelder, Stevenson, and 

. 9 K. Bullen, Nature 157, 405 (1946). 
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Eyring20 

(p+a/ v2)v = nRT[l +b/ v+0.625(b/ v)2 
+0.2869(b/ v)3+0.1928(b/ v)4]' (24) 

At detonation pressures a/ v2 may be neglected 
relative to P2 and Eqs. (6) and (24) then give 

a =v-v/ [l +b/ v+0.625(b/ v)2 
+0.2869(b/ v)3+0.1928(b/ v)4]. (25 ) 

If b is taken to be 0.95 L. / kg (a reasonable value), 
Eq. (25) gives values of a(v) agreeing with those 
of Fig. 1 within 5 percent at densities (P2) up to 
1.8 kg/ L. Above 1.8 kg/ L. it ~ives values of a 
somewhat too large. Under the conditions en­
countered in detonation, Eq. (24) is equivalent to 
that proposed by Hirschfelder and Rosevearel7 

since the second virial coefficient B'(T) reduces 
approximately to b at high temperatures. 

In reference (20) Happel's equation of sta~e as 

derived by Rameshchandra Majumdar,2l namely 

(p+a/ v2)v =nRT(l +b/ v+5 / 6(b/ v)2 
+0.2869(b/ v)3+ . .. ), (26) 

was employed in arriving at Eq. (24). Actually 
Eq. (26) employing b=0.95 L. / kg is 'in much 
better agreement with the curve of Fig. 1 than 
Eq. (24). In fact, it gives agreement within 
0.03 L. / kg in a over the entire range shown. 
Even in the range of densities where Eq. (24) 
gives good agreement in a, it does not give good 
agreement in (da / dv). Equation (26) on the other 
hand gives good agreement in both a and (da / dv) 
over the whole range of densities of interest in 
studies of the detonation of condensed explosives. 

CALCULATION OF DETONATION VELOCITY 

Further rather convincing evidence for the 
generality of the curve of Fig. 1 is to be found in 

TABLE II 1. Detonation properties of va rious explosives. 

PETN 
PETN 
PETN 
PETN 
PETN 
PETN 
PETN 
PETN 
PETN 

RDX 
RDX 

TNT 
TNT 
TNT 
TNT 

Tetryl 

Picric acid 

* 

BW 

BW 
R 

BW 

LS 

BW 

BW 

BW 

LS 
BW 

BW 

BW 

LS 

BW 

BW 

LS 

PI 
kg/ L. 

1.0 
1.0 
1.2 
1.2 
1.2 
1.6 
1.6 
1.69 
1.69 

1.0 
1.0 
1.6 
1.6 

1.0 
1.0 
1.6 
1.6 
1.6 

1.0 
1.0 
1.6 
1.6 
1.63 
1.63 

1.0 
1.0 
1.6 
1.6 
1.63 
1.62 

D 
m/ sec. 

(5540) 

(6210) 

(7650) 

(8400) 

(5620) 

(7520) 

(4870) 

(7000) 
(7290) 

(5440) 

(7720) 

(7600) 

(5190) 

(7680) 

(7100) 

v, 
L./kg 

0.725 
(0.727) 
0.615 

(0.620) 

0.478 
(0.477) 
0.452 

(0.439) 

0.723 
(0.729) 
0.469 

(0.478) 

0.740 
(0.748) 
0.505 

(0.476) 
(0.496) 

0.752 
(0.740) 
0.485 

(0.486) 
0.473 

(0.465) 

0.746 
(0.745) 
0.489 

(0.492) 
0.478 

(0.465) 

et 
L./ kg 

0.546 

0.488 

0.405 

0.387 

0.545 

0.394 

0.570 

0.447 

0.573 

0.415 

0.407 

0.572 

0.422 

0.412 

0.65 

0.58 

0.49 

0.46 

0.64 

0.48 

0.65 

0.48 

0.71 

0.50 

0.49 

0.68 

0.49 

0.48 

n 
moles/ kg 

35.2 

35.0 

34.9 

34.9 

40.5 

40.5 

33.1 

24.5 

37.0 

35.5 

35.5 

36.2 

35 .0 

35.0 

T, 
OK 

5350 
(4130) 
5500 

(3960) 

5700 
(3630) 
5800 

5250 
(3980) 
5750 

(3570) 

3700 
(3170) 
4170 

3170 

4200 
(3620) 
4700 
3380 
4750 

3750 
(3180) 
4150 

(3080) 
(4200) 

w 
m/ sec. 

1540 
(1510) 
1660 

(1600) 

1820 
(1800) 
1900 

(2000) 

1660 
(1520) 
2000 

(1760) 

1250 
(1250) 
1340 

(1680) 
(1510) 

1340 
(1420) 
1670 
1710 
1720 

(1850) 

1290 
(1340) 
1550 

(1640) 
1610 

(1730) 

p, X 10-' 
atmos. 

85 
(83) 
125 

(117 ) 
( 114) 
225 

(218) 
255 

(275) 

95 
(84) 
255 

(215) 

60 
(60) 
150 

(190) 
(175) 

75 
(75) 
200 
20<) 
210 

(230) 

65 
(69) 
180 

(199) 
190 

(210) 

* Data given in ( ) are those computed by the investigators Brinkley and WilsonlO-BW, Ra tner7- R, and La nda u and Stanyukovich '--LS. 

20 J. Hirschfelder, D. Stevenson, and H. Eyring, J. Chem. Ph ys. 5, 896 (1937) . 
21 H. Happel, Ann. d . Ph ysik 4,21,242 (1905) ; R. Majumdar, Bull. CalCutta Milth. Soc. 21,107 (1929) . 
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tbe fact that the (large diameter) velocities of 
detonation of explosives of widely different types 
have been calculated with an accuracy com­
I arable to the experimental methods of velocity 
measurements by simply using the er vs. V2 data 
taken from this curve. For example, velocities of 
various liquid and cast explosives have been 
calculated agreeing in all cases within 3 percent' 
with measured velocities providing the measured 
detonation velocities were obtained in large 
enough diameter so that the maximum or 
byd rodynamic velocities were obtained. 1 t is of 
interest to note that many explosives require 
charge diameters of the order of 5 in. before the 
maximum (complete reaction) velocity is reached. 
Whether or not the velocity is a maximum can 
usually be decided experimentally from velocity 
vs. charge diameter data at constant PI. Table If 
lists data taken from the solid curve of Fig. 1 
w.hich may be used in the calculation of velocity. 

PROPERTIES OF EXPLOSIVES 

Table III lists some detonation properties of 
several explosives calculated by method (a) using 
Cv=Cv* and comparisons with results computed 
by other investigators. It will be observed that in 
general the agreement in compressibilities (Vl / V2), 
Wand P2 is fairly good. The sharp differences in 
detonation temperature between BW (Brinkley 
and Wilson) and the present studies are to be 
expected as discussed previously (since BW used 
c= -t in Eq. (21)). Had BW adjusted the 
parameters of their equation of state to obtain 
better agreemen t between calculated and meas­
ured velocities in RDX, TNT, and picric acid the 
agreement between their studies and the present 
would have been even better (except for T 2), 

since P2=P IDW"",kp1D2. It is possible that the 
calculations by BW have been improved in later 
studies. The data of LS for PETN at PI = 1.6 are 
questionable, since they are inconsistent with the 
relation D/W =Vt/(VI-V2)' 

It is quite evident that the detonation temper­
ature is really the only detonation property which 
may be used to provide experimental information 
on the accuracy of the various equations of state 

employed in studies of the hydrodynamic theory 
of detonation, all other quantities being relatively 
insensitive to the form of the particular equation 
of state employed. The detonation temperature, 
however, is so sensitive to the form of the 
equation of state that a good method for meas­
uring it should provide a crucial test of the 
validity of the equation of state. Fox,22 employing 
a special spectroscopic technique, measured the 
temperature from the side of the charge and his 
results for a number of military explosives 
correlated well wi th T 3 - T 1 = Q/ C v *. There is 
evidence from several types of experimental in­
vestigations that the conditions described as 
"detonation" conditions do not extend to the 
periphery of the charge, but that an "edge effect" 
exists. It is thus to be expected that the tempera­
ture at the edge of the charge adjacent to the 
detonation wave would correspond to the 
"adiabatic" temperature, (T3), rather than "deto­
nation" temperature, T 2. Cotter and J acobs23 

measured by similar spectroscopic means the 
temperature of liquid nitroglycerin both at the 
side and down the end of the charge and obtained 
temperatures of 4600 0 K and > 5500 oK, re­
spectively. Calculations of the "adiabatic" and 
"detonation" temperatures by the methods out­
lined in the present report for nitroglycerin gave 
4780 0 K for T3 and 5750 0 K for T 2 , in good 
agreement with the measured values of Cotter 
and J acobs. These measurements thus appear to 
provide evidence for the validity of the approxi­
mation Gvr-vCv* and the neglect of (aE/ aV2)r 
relative to P2 in Eq. (9) for {3.24 

The author wishes to acknowledge the helpful 
advice, cooperation, and encouragement of his 
associates within the Explosives Department. 

22]. G. Fox, Navy Ordnance Report 200-45 . 
23 T. P. Cotter and S.]. ]acobs, OSRD Report 5618. 
2. Since this article was prepared an interesting article by 

P. Caldirola [J. Chem. Phys. 14, 738 (1946)J has appeared 
treating by another procedure the subject of this study. 
Caldirola's method leads to temperatures and pressures 
which in some cases differ rather sharply from the results 
reported here. However, his definition of rT (in his Eq. 11) 
seems to be in error by a factor ,. Moreover it may not in 
many cases be correct to neglect dA/dv as he has done. The 
results of the present study do not support the linear 
relations between p and 1/0/ claimed by Caldirola (his 
Eq. 13) although the discrepancies are not large. 
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