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Tabulated solutions are presented for the equilibrium gas 
properties behind the incident and reflected normal shock-waves in the 
shock--tube, for nitrogen and oxygen., They cover the range of shock-wave 
Mach numbers up to 12 at intervals of 0.2, for selected values of the 
undisturbed gas pressure between 1 and 2000 mm Hg. 

l!e thermodynamic model of the gas used in the calculations 
is described in some detail, as is the method of solving the equations. 
The limitations of the assumption of thermodynamic equilibrium are discussed 
with regard to shock-tube applications, and the estimated accuracy of the 
tables is indicated. 
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1. Introduction 

In many cases in aerodynamic research it is found convenient to 
perform experiments in gases other than air. The simplification which 
results from using for example, one of the constituents of air, is 
considerable when account is taken of the chemical reactions which occur 
in the vicinity of a body travelling at hypersonic velocity. 
Considerations such as this have led to the extensive use of nitrogen as 
a test-gas in shock-tubes and shock-tunnels. In other applications, the 
properties of single gases have been measured directly in the shock-tube. 
In evaluating the performance of new experimental techniques it is often 
very convenient to carry out the measurements in a pure gas whose 
behaviour can be predicted with some confidence. 

High-stagnation enthalpy gas streams are conveniently 
generated by means of the shock-tube, in which a diaphragm separating 
regions of high and low pressure gas is burst. 
has been frequently described' 

The resulting wave system 
and will not be considered here. It is 

sufficient to note that a shock-wave travels into the low pressure gas, 
compressing and heating it, and this shock-wave may then be reflected from 
the closed end of the tube, causing further heating and compression. 
Both the gas behind the incident shock-wave, and that behind the reflected 
shock-wave have been used as test samples. It is clear that if the 
experiments carried out in these gas samples are to be of maximum use a 
knowledge of the state properties of the shock-processed gas is required. 

Such data are available for air2 over a wide range of initial 
shock-tube conditions, but data for other gases are not readily available 
in a convenient form. For nitrogen, Waldron3 has published the results 
of some calculations, but his graphical presentation is not sufficiently 
accurate, nor his data extensive enough, when it is realised that 
temperatures for example may be measured to within t20°C (Ref. 4). 

The results presented here in tabular form for the incident and 
reflected shock cases, have been computed for a range of incident shock-wave 
Mach number up to 12, in steps of 0.2, for selected values of the 
undisturbed gas pressure, between I mm Hg and 2000 mm Hg. The 

*shock-processed gas is assumed to be in thermodynamic equilibrium - the 
effects of a finite relaxation time in the shock-tube are considered in 
Section 5. 

2. Equations of Motion 

The equations of motion for the two cases are identical when 
velocities are referred to axes moving with the shock-waves. Thus the 
laws of conservation of mass, momentum and energy are, respectively, 

PiWi = Pa (WL -ua > . . . (2.4) 

pl + PlWi = Pa + Pa (Wi-uay . . . (2.2) 

I& + $w$! = Ha + $(wL-ua)' . . . (2.3) 

for the incident shock-wave, where IJL = 0 and for the reflected 
shock-wave case, in which us = 0, 

Pa (Wa +ua ) = P5Wa . . . (2.4) 

pa + Pa (W2+Q)a = p5 + Ps (waja . . . (2.5) 

Ha+ $(wa+Qa)a = I& + &Vaa. . . . (2.6) 
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Table 5 (contd.) 

PI = 2 Mm BE 

WI1 Wai Ts'K z5 Hsl PSI &I S5/Ro 

I.2 
x.4 
I.6 
1.8 
a.0 
2.3 
=*4 
2.4 
a.8 
3.0 
3.2 
3.4 
3.6 
3.8 
4.0 
4.2 

4mG4 4. 
4.8 

::1 
5.4 
5.6 
s-8 
b.0 
6.2 
6.4 
6.6 
6.8 
7.0 
7.2 
7.4 
7.6 
7.8 
8.0 
8.2 
0.4 
8.6 
6.8 
9.0 
9*= 
9-4 
9.6 
g. 8 

IO.0 
10.3 
20.4 
10.6 
10.8 
II.0 

XI.2 
11.4 
II.6 
11.8 
13.0 

O-951 366 I.000 

0.927 438 I.000 

o-927 521 1.000 
0.935 602 1.000 
o-951 b 93 1.000 

o-970 788 I.000 

o-993 887 I.000 
1.020 595 1.000 
1.050 1111 I .ooo 
I.079 1228 1.000 
1*x13 1356 1.000 

I.147 I493 I .ooo 
1.180 1629 1 .OOO 
1.a16 I777 I.000 
1.2$2 1931 1.000 
r.a80 2074 I.001 

I.305 2a18 1.002 

I.325 2350 IoOO$ 
I.334 2468 z.oog 
l-340 2573 x.014 
I.341 2665 I.020 

I.336 2747 1.027 
1.336 2828 1.036 
I.333 2899 1.045 
I. 328 2968 I*055 
I.325 3032 x.066 
1.322 3094 1.077 
1.320 3154 I.090 
I .320 3213 I.103 
I.320 3270 I. 116 
x.320 3326 1.131 
I.323 3383 1.146 
I. 32 5 3439 I. 162 
I.330 3493 I* 179 
I.335 3547 I. 196 
1.340 3602 z.zz4 
I.347 3655 I ,232 

I.355 3709 I.252 
I.363 3761 I*271 
I.372 3813 I.291 
1.381 3866 I.313 
I.392 3919 1.333 
I.403 397x 1*355 
1.416 4o= 5 1.378 
1.4a8 4078 x.401 
1* 443 4132 I* 424 
I.457 4x87 I-448 
I.473 42 4” x*472 
I- 489 4298 I- 497 
I.513 4362 x.5=7 
x.524 4414 I.548 
I-549 4481 1.578 
I.564 4538 1.602 

I-S90 4607 z&a 
I.614 4677 1.660 

IeaT 
I.52 
I .82 
ar 13 
2.48 
2.85 
3*25 
3.69 
4.17 
4.66 
~~20 
5.78 
6.37 
7.02 
7.69 
8.37 
go10 

9.85 
IO.61 
11.40 
12.19 

13.04 
13.89 
14.77 
IS.70 
16.65 

170~4 
18mrj8 

x9-74 
20.85 
21.99 
23.20 
34.44 
35.71 
27.02 
a8.39 
29.76 
31.20 

320~4 
34.10 
35*65 
37.20 
38.79 
40.46 
42.10 
43e81 
45.54 
47*3o 
49.09 

::*,9: 
54:78 
56.71 
58.73 
60.78 

a.2 1.78 

p* 2.74 
6.9 3.85 

IO.5 5.04 
IS.1 6.30 
20.6 7-59 
a7.1 8.87 
34.8 IO.15 
43.7 11.40 
53.4 12.61 

64.2 13.73 
76.8 14.91 
89.7 x5-97 

104.2 17.00 
**9-g 17.99 
136.0 1g.00 
153.8 20.06 
171.8 21.10 

*9*-s 23.30 
211,X 2304~ 
231.7 24.72 
253.9 26. IO 
276.5 27.38 
300.2 28.74 
326.3 30.23 
354.8 31.84 
385.4 33.53 
418.3 35.30 
454.2 37.19 
494*8 39*3* 
538.9 41-5s 
$86.0 43.83 
638.4 46.33 
692.6 48a77 
75o*3 51*“9 
813.2 53*94 
878.0 56.53 
948.4 59m24 

1020.5 6z.go 
rog6.a 64.58 
1178.0 67.35 
1261.1 70*00 
1347.9 720~5 
*440*9 75.33 
1535.8 77.97 
1633.6 80.50 
1735.4 83.01 
1841.4 85.50 
19p.o 87.93 
2005.4 89.93 
2181.7 9a*s6 
2303.4 94*45 
2p7.5 96.83 
qs7-* 98*64 
2689.9 100.48 

30.52 
30.56 
30.68 
30.82 
31.01 
3x.21 
31.41 
3X.64 
31.88 
3a.10 
32.34 
32.58 
32.80 
33.04 
33.28 
33*49 
33.71 
33.93 
34.14 
34.36 
34.57 
34.78 
35.02 
35.25 
35.48 
35.72 
35.96 
36.20 
36*45 
36.71 
j&g6 
37.23 
37.50 
37.78 
38.06 
38.35 
38.64 
38.95 
39.25 
;",*;i 

4b:r8 

40.50 
40.83 
41*15 
4x049 
41.82 
42.16 

42. so 
42'92 
43 l 2o 
43.61 
43.9= 
44.32 
44*69 

Ti = 290°K 

con-El./ 



H = WLP) aa. (2.16) 

for the gas, these equations completely specify states 2 and 5. In 
region 2, the flow Mach number is 

The methods of solution are described in Section 4, but it is 
first necessary to consider the form of equation (2.16) for the specific 
enthalpy, 

3. Thermowic Properties of the Gas in Equilibrium 

The range covered by the present calculations is such that at 
the higher shock strengths, molecular vibration, electronic excitation, and 
dissociation are all important energy absorption processes. Equation (2.16) 
is,therefore, no longer a simple expression such as eqmtion (2.10), and no 
explicit solution of the shock-wave equations is Possible, in terms of the 
undisturbed gas, 

In order to take account of these energy absorption processes, 
a statistical-mechanical model of the gas is assumed5; since only at the 
extremes of the Present range is the gas density very hi& the effects of 
molecular interactions, usually accounted for by employing a virial 
equation of state6, are ignored. 

According to this model, there are two modes of energy absorption 
for an atom, and four for a molecule. Thus an atom is assumed to absorb 
energy in translation and electronic excitation, while in addition the 
molecules will absorb energy in rotational and vibrational modes. 

AI1 these absorption processes are here assumed to act 
independently. The diatomic molecule is assumed to behave as a Udumb-bellW, 
with two degrees of freedom in rotation, and the vibration is assumed to be 
harmonic, At high temperatures this will lead to emors, since the 
rotational and vibrational modes interact, resulting in anharmonicity, 
The enthalpy will therefore be underestimated, but the errors are unlikely 
to be large. 

The law governing the equilibrium concentrations in the 
dissociation process 

iS 
?i Qd?r =: -e -D/kT 

% &AB 

. ..(3*1) 

ama (3.2) 

where D is the dissociation energy per molecule 

nA is the nWnber of A atoms in volume V at temperature T, 

and &A ia the partition function of A, i.e., 

*+a (3.3) 

where the station extends over all the energy levels, E, of the A atom 
in volume V, and k is Boltpnann's constant. 
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The quantities n 
A, 

and Q 42 
are similarly defined for the 

molecule Aa, but the energies e, are measured from the ground states of 
the two species, so that e. and E 

A OA* 
differ by &D per atom. 

The partition functions may be expressed in terms of the several 
partition functions associated with the various excitation modes of the 
component particles. Thus 

QA 
TE = QA* QA . . . (3.4(a)) 

a.. (3.4(b)) 

where the superscripts denote the excitation modes. If m, is the mass 
of the a, the translational partition functions are 

3 
T 

QA = 127cmokT/ha ]".V .ee(3.5(a)) 

and Q;T? = ~27c.2mokT/ha ]'.V 0.. (3.5(b)) 

for the atom and molecule respectively, where h is Planck's constant, and 
k, Boltzmannts constant. 

The rotational partition function for the molecule is,- assuming a 
rigid rotator, 

21kT 1 1 ha 
Qi = T+;+; - 

( > 
+ . . . . . . 

21kT 

T 
n- . . . (3.6) 

eRo 

provided T >> OR 

ha 
where 

eR = zz 

I is the molecular moment of inertia, and CT is a symmetry number equal 
to 2 if the atoms composing the molecule are similar, and one otherwise. The 
second form is convenient, in which a characteristic rotational temperature 
0 is defined, only the first term of the previous expression being 
r%ained. This is justified, since in the range of interest, T >> OR 

(for example eR = 2.88'K for Na; and 2.07OK for 0,). 

dumb-bell 
partition 

By assuming the molecule to be a simple harmonic oscillator - a 
with freedom to vibrate along the axis - the vibrational 
function may be written 

= 
c - 

1 -e 

hv 
kT 

1 

. . . (3.7) 

where/ 



where it ig assumed that the vibrational states differ from the gromd 
&ate by energies 0, hv, 2hv . . . etc., 
infinity, and the frequency Y 

in arithmetic progression to 
is the natural vibration frequency of the 

molecule obtained from vibration spectra. 
characteristic temperature of vibration, 

Equation (3.7) defines a 
0 

IF 
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The electronic pa&ition functions Qi and Q 
E 
A49 

are given by 

and 

E 
QA = 

E 
Q Aa 

l l l (3.8) 

l l l (3.9) 

where gn and ' gn are the spectroscopic weight terms, or the degeneracly 
of the states of energy & and e' n n respectively. They consist normally 
of onlyafewtemns, sjince the higher excitation states are filled to a 
negI.igible extent from a thermodynamic point of view. 

The gas density is given by 

and W IX is the proportion by mass of atoms in the mix-Lure, 

nA a = l . ..(3Jf) 
11 +2n 

A  &J 

Using equations (3.4) to (3.1 I), equation (3.2) becomes 

ua a 
mOnA -= 

l-a 2pVn 
43 

= RoTSmo (,y," (?)(I -;')!if;' . ..(3.12) 

where 0D = D/k is a chmacteristic dissociation temperature 

IzO = k/2mo is the molecular gas constant -- 

Kd is the reaction rate constant, and is a function Only Of 
temperature for any gas, 

and p is the total. pressure of the mixture, 

The last form of equation (3.W) is obtatied using the equation of state, 
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The specific internal energy of the mixture is given by 

kTa 
E=- 

PV 

in D A +- 
PV 

. ..(3.14) 

the last term being necessary because the energies of the atoms and molecules 
are referred to different zeros, 2 atoms of A having D more energy than one 
molecule of A.Q at their resPect&e zeros. 

Using equations (3.10) and (3.11), this becomes 

E = Rap 

c 

2a 
a @nQA) 

+ (l-a) + aR 8 o D' . . . (3.15) 
8T 

The specific enthalpy is 

P 
H = E+- = E + RoT(l+a) 

P 

H 
so that - = T (l+a)+2a 

C 

a @nQA> 
+ (l-a) 

a@nQpq, > 
. + a0 D' . . . (3.16) 

RO 
a(h T) a(.hT) 

The specific heats are then given by 

aH 
c = - 
P ( > aT 

P 

C V 
= cp+ 

and the low frequency speed of sound by 

a* =($) = y(z)T where y =:. 

S 

v The entropy/mole = s = RknQ+T(yl} 

for a single component, and for the mixture 

S = R m 
c 

Z+ 
R 

. . . (3.17a) 

.  .  l (3.m)) 

. . . (3.18) 

. . . (3.19) 

where R is the universal gas constant, and Xi the mole fraction of 
component i. The second term arises as the entropy of mixing. Thus since 

2a 
'A = l+a 

and/ 



-8- 

and 

the specific entropy is 

S = Ro 

Making use Of' the foregoing equations, and noting that equations 
(3.46) and (3.19) lead to 

and 

SA = en QA+ 
h*-“0 A 

R RT 

%a - = en& + 
h& -e04 

R A, RT 

. ..(3.20) 

where h i is the molar enthalpy of component i, and e, 
A and e OAa' 

the ground states, differ by & the energy of dissociation per mole, we may 
derive the following expressions for the binary mixture: 

Specific entropy: 

S H 
-= -+ en&h +&II . ..(3.21) 

R. RoT 

Specific enthalpy: 

H 
- = T 
RO 

7 3 
(1-a) : 1 

-+-a+ t) + 2a 
2 2 

e'- 1 
% 

+ (l-a) f 

-kT 
wle 

-is 
8%" 

* 
+ a $. 

1 
. . . (3.22)’ 

Specific/ 



Q - J - 

Specific heat at constant pressure: 

a 

a % 
(l-a) !TJL eT 

7 3 
5-l = -+-a+ 

( > T 

R. 2 2 L!Y 
-+ 2a 

b T - l)l 

- 2 
& 5, ’ 

5 gn p,-E 

- J 

kT 

en 
-kT 

.8 5-I e . 
a E’ 

&’ 
gg; 22 

1 ’ ( ) 
,Gcl . 

kT 
+ (l-a) 

-3 - 
g 65; e 

a 
cl 3 

% % 
2 e kT 
kT 

c en 
rl;Tz 

Oc 'kT 

en 
-kT 

% gn e i 

3 'D -+-- 
2 T 

a(I-aa) 
+ 

2 
I en 

x -kT 
OG" \ 

. . . (3. 23) 

Specific heat at constant volume: 

0 
V 

cv 2 
L-- 

a(?-a) 
- = 
R. R. 2-a 2 

T 

? 

. . . (3.24) 

The specific heat ratio: 

c 
y = -g. 

cv 
. . . 3.25) 

The low frequency speed of sound: 

aa = 
2yRoT 
-. 

2-a 
3.26) . . . 

Compressibility factor: 

z = 14-a. . ..(3.27) 

Thus equations (3.12) and (3.22) give an expression for the 
specific enthalpy of the partially dissociated gas in terms of the 
pressure and temperature, and these may be used in conjunction with equations (2.8), 
(2.9) and (2.11) t o solve the incident shock equations. Correspondingly 
they may be used with equations (2.12) to (2.15) to obtain the solution of 
the reflected shock equations. The methods of solution are outlined in the 
next section. 

4./ 
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4. Methods of Solution 

The approaches to the solution of these two problems, although 
basically the same, 
treatment. 

are sufficiently different to warrant separate 
In the case of the primary shock-wave, the gas in front is at 

rest and at room temperature, which allows considerable simplifications 
to be made. In the case of the reflected shock-wave however, the gas 
behind it is at rest, and it moves into a region which is far from 
thermodynamically perfect. In each case the solution is required in terms 
of the state of the undisturbed gas in region 1, and the primary shock 
velocity, since these are the quantities which are most readily measured. 

(a) The incident shock-wave 

By eliminating pia from equations (2.8), (2.9) and (2.11), we 
obtain 

and Pai = 

TaZa = pa1 

TC31Za-1 
2 1 

. . . (4.1) 

. . . (4.2) 

where only the positive root has been retained in equation (4.2) as being 
physically possible. 

Then for specified values of pi, Ti and Wit, a first 
approximation to Pai is assumed, and the R.H.S. of equation (4.1) 
evaluated. With this value of Ta& = Tz(l+aa) and with pa = Palpi 
the values of Ta and aa are obtained using a simple iteration procedure* 
involving equation (3.12) in the form 

K&f!2 > 
aa = 

4pa + Kd(Ta)’ 
. . . (4.3) 

With these values of Ta and aa, l& is evaluated using 
equation (3.22), and since HI is known, a new value of 'pai may be 
obtained using equation (4.2). Unfortunately this second value of Pal 
is very sensitive to changes in Ta 9 and hence to the initial assumption 
for Pai, so that a simple iteration procedure is divergent. The 
behaviour of the process is illustrated in Fig. 2. 
initial approximation, and point (b) 

Point (a) is the 
is obtained by the process already 

described. Point c is the mean of the two values of Pzi already 
obtained and point u d is then obtained using equation (4.1). Asimilar 
procedure then results in points (e), (f) and (g) . . . . . The iteration is 
seen to diverge from the required solution at (X). In the region of (X) 
however, the two curves are nearly straight lines, and a "second" 
approximation may be obtained by determining the junction of the diagonals 
of the quadrilateral formed by points (a), (b), (d) and (e). 

Even this procedure, which requires only the calculation of the 
four points at each stage, can break down if the initial value of Pal is 
too far below X, since then the second value of Pai is so large, that the 
solution of equation (4.1) yields a negative value of T2Za. This 
difficulty was overcome in the following general way. 

Equation/ 
------ __-------_-----_-_---------------- * 

To increase the rate of convergence of the iteration, the mean of the 
current and previous values of a, is used in the succeeding approximation, 
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Equation (2.8) may be written 

. . . (4.4) 

where 
U2 

Ua1 = -. 
ai 

NOW (Wil-&I) is very insensitive to changes in W~I. 
Accordingly, the calculation is begun at the first value of WIT (in this 
case at Wii = 1.2) using the perfect gas approximation 

y1-1 2Yl 
Pai = - - 

c I 
wf, - 1 

Yi+-l y1-1 

.  l .  (4.5) 

since real gas effects may be neglected here. 

The complete solution is then calculated for this value of W~I 
and using the value of (Wit-tJa1) so obtained, a first approximation to Pai 
may be obtained for the next value of Wii (in the present case Wii = -1=4), 
and so on. 

This first approximation is very close to the solution and 
convergence using the described procedure is very rapid. 

In order to speed the computation, the first approximation to aa 
in the first iteration at any value of Wil is taken as the solution at the 
previous value of WLI. Furthermore, having completed a solution for the 
range of values of WII at a fixed value of pl, the first approximation 
to Ps% for any given value of Wli and a new value of pi is taken as h 
the solution at the previous value of pi, since Pai is very insensitive 
to the undisturbed gas pressure, pi. 

The problem has been programmed for solution on a Mercury digital 
computer, in such a way that it may be used for any homonuclear diatomic gas. 
The results, for the range of shock-wave Mach numbers, WII = 1.2(0.2)12 
and for initial gas pressures, pi = 1, 2, 5, IO, 25, 50, 100, 20% 50% 
1000 and 2000 mmHg with TL = 290°K are presented for nitrogen in 
Table 2, and for oxygen in Table 4. The characteristic gas properties, and 
the values of the constants used are listed in Table 1. 

b) m e reflected shock-wave 

As a result of the previous calculations, both region 2 and 
region 1 may be regarded as known, and again a solution is only obtainable 
by an iterative procedure. For a given set of initial conditions, PI, WIT, 
aa TI, a first approximation to the enthalpy ratio LHSI lla is assumed 

and equation (2.42) entered to obtain a first approximation to El using 
the results of Section 4(a) for the properties in region 2. Equation (2.13) 
is then used to obtain [l?~l],~ and thus pe. TsZ,S follows from the 

equation of state (2..15). In a manner similar to that described in 
Section 4(a), the enthalpy & may then be determined uniquely using these 
values of p6 and TsZk, thus yielding a second approximation, [IEI],a. 

As in the previous sub-section, a simple iteration process is 
divergent. A second value is therefore chosen, such that [I&lllb = CHsllia + Oaf Chilla - [H511,a 3 . . . (4.6) 
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and the procedure is repeated, yielding [I&l]pb. The factor 1% of the 
difference is arbitrary but convenient. . 

NOW suppose [&I I,i to be plotted against [K5i]ai. The 
solution required is the point where this curve crosses the line 
[H61.Ili = [Hglloij that is, the solution is 

I361 = 
[Hsdpa ihi I,, - [fh I,, bh lob 

[f&ii l&b - billa + hii Ipa - b-h],, 
. . . (4.7) 

if a linear relation is assumed between [I%,21Li and [I&ilpi in the 
region of solution. 

This value provides the starting point for further approximations, 
and the process may be continued to any desired degree of accuracy. The 
other state parameters then follow from the equations of Sections 2 and 3, 
the specific entropy also being of interest in connection with the operation 
of a hypersonic shock tunnel7. 

The first approximation to I&i has yet to be determined. 
Equation (2.12) may be written as 

. . . (4.8) 

For any given value of the undisturbed gas pressure, yx, the 
factor in curly brackets varies only slowly with incident shock velocity, Wii 
for Wia greater than about 6. Accordingly up to W%i = 6, the first 
approximation to I351 is obtained using the perfect gas assumptions, when 

(W;i+2) (4Wti-1) 7 
Hsl = T6i = for y = - 

Ya 5 

and thereafter, for WII > 6, equation (4.8) is used, employing the value 
of (r6S+~)/(r69-1) bt o ained as the solution at the previous value of WIT. 

This problem has also been programmed for solution on the Mercury 
digital computer, and employs as data, in addition to the characteristic gas 
properties (Table I), the results of the calculations defining region 2, 
The solution for nitrogen is presented in Table 3, and that for oxygen in 
Table 5. The range of parameters is the same as that for the incident 
shock-wave case. 

5. Relaxation Effects in Diatomic Gases 

In the previous sections, the theory has been developed, and the 
calculations csrried out on the assumption that the gas is in equilibrium. 
It remains to consider how this equilibritrm is attained, and in 
consequence, how restrictive the previous assumption is in regard to the 
flow in a shock-tube. 

The gas can only attain the equilibrium state - that is the state 
in which there will be an equipartition of energy among the various modes, 
or in the case of chemical reactions, when the net rate of formation of any 
species is zero - by a process which involves collisions between particles. 

Adjustment/ 
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Adjustment of the external mode - translation - to a new value, after a 
sudden compression, will take place rapidly since any collision will 
readjust the energy distribution. The rotational mode will take somewhat 
longer, since certain collisions - those nearly along the molecular axes - 
will not be very efficient at altering the rotational eneru. The 
vibrational energy will take many more collisions, since only those more 
or less al.ong the molecular axis, will produce a change in the vibrational 
energy. For a chemical reaction, such as dissociation, to take place, 
the particles involved must also possess sufficient energy to supply the 
heat of formation of the products, in this case, the dissociation enera 
of the molecule. 

It is evident then, that the probabilities of energy being 
absorbed in a collision are higher for translational and rotational excitation 
than for the other modes. Accordingly, after a sudden compression, the 
translational mode will adjust rapidly to a new tempe%ature, and the 
rotational modes will follow fairly quickly. Typical values are 2 to 3 
collisions for translation and 4 to 5 collisions for rotation8. 

Subsequently, after many more collisions, the energy will be 
redistributed so that the vibrational energy is increased, and correspondingly 
the temperature will fall, energy being extracted from the translational 
and rotational modes in compensation. The other state properties will of 
course also be relaxed toward-. the equilibrium values. 

Such a relaxation process will of course take place behind a 
shock-wave. The process by which equilibrium is attained does not affect 
the final state of the gas, so that the previous calculations are valid 
some distance aft of the shock-front. It remains to determine the 
extent of this non-equilibr?um zone. If, as is usual, it is assumed 
that the rate of approach to vibrational equilibrium is proportional to 
the departure from equilibrium, the process will be an exponential one, and 
we can only define a ch,o.racteristic time (or distance) during which the 
approach is made to within a specified (but arbitrary) limit. The usual 
assumption made is that 

aEi 
-22 
at 

- 1 [E~-E~.JT~)] 
T 

. . . (5. I ) 

where E i denotes the internal energy, and Ei(Te) the energy that would be 
possessed by the internal modes if they were in equilibrium with the "external" 
temperature, Te. This equation defines the relaxation time, T. When 
considering the vibrational relaxation of a gas, the "external" temperature 
is to be regarded as that of the translational and rotational modes. ThUS 
after a sudden compression through a shock-wave, the temperature will jump 
to a value, Ta which may be calculated ignoring the vibrational 
absorption mode; that is by assuming y = 4.4 for a diatomic gas. 
Since the two temperatures, !I!: and Ta (the equilibrium value) are 
independent of pressure for the case in which no dissociation occurs, the 
relaxation time 7 

V 
for vibration, is simply inversely proportional to 

the pressure at a given temperature, since the number of collisions per second 
is proportional to the density. Thus only a single curve of PT~ against T 
is necessary to define the process. 

Blackman 9 has measured the vibrational relaxation times in 
oxygen and nitrogen behind shock-waves for a wide range of conditions. 
Figs. 3 and 4 have been constructed directly from a mean curve drawn through 
his experimental points and those of Ref. 'lo. They are plotted in carpet 
form rather than as a single curve to illustrate their importance in the 

shock-tube./ 
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shock-tube. It was assumed in constructing these cmes that the pressure 
in the relaxation zone did not vary significantly. This is justified, 
since the temperature and density changes in the relaxation region oppose 
each other, producing only a small pressure relaxation. 

In operating a shock-tube, the maximum pressures which may be 
employed are governed by structural considerations. The higher the 
pressures which may be employed, the lower will be the relaxation time. 
Theoretical criterion curves are shown in Figs. 3 and 4 for a shock-tube 
employing a hydrogen driver at 100 atmospheres to drive shocks in nitrogen, 
and a helium driver at 100 atmospheres to drive shocks in oxygen. Hydrogen 
is unlikely to be used with oxygen for safety reasons. 

In practice these criterion curves will be somewhat more 
stringent, since the shock-strength realised at a given position in the 
shock-tube will be lower than the theoretical value for a particular 
diaphrap pressure ratio, due to imperfect diaphram rupture and viscous 
attenuation. A typical curve is shown in Fig. 3 for a hydrogen/nitrogen 
shock-tube of 16 inches square cross-section extrapolated from results at 
lower chamber pressures" in which the shock velocity was measured*at 
i 12 hydraulic diameters from the diaphragm - a typical working position. 

The dissociation relaxation time is somewhat more difficult to 
define, since the equilibrium temperature is pressure dependentl2. 
Furthermore, if vibrational ant1 dissociation relaxation occur at comparable 
rates, the process becomes even more complex'? Thus it is not pos$JK$? to 
construct a chart on the basis of the available experimental results 9 
(which only exist for oxygen) in the same way as those for vibrational 
relaxation. In addition, the process of approach to chemical equilibrium 
is not an exponential one (see Refs. 12, 14) so that there is no exponential 
decay constant which may be used, as in vibrational relaxation, to define 
the relaxation time. 

In principle, since every point on a chart such as Figs. 3 and 4 
represents a unique flow condition, it is possible to construct a carpet in 
which the ordinate is a measure of the approach to within a given arbitrary 
degree of equilibrium. However the paucity of experimental data precludes 
this being done at present. Fig. 5 shows the results of ByronI and two 
points calculated from Matthews' paperI&, for oxygen. In these cases, the 
relaxation time is assumed to be that time during which the density rises 
from the no-dissociation level to halfway between this value and the 
equilibrium value. No data exists for nitrogen dissociation. 

6. Discussion of Results 

The region in which the results may be expected to apply has 
been indicated in the previous section. It remains to consider the accuracy 
of the tabulated solutions. This will depend partly upon the adequacy 
of the model chosen to represent the gas. It will be recalled that 
effects due to molecular interactions and those due to vibrational-rotational 
interaction of the molecular species were ignored. In the conditions 
investigated, the effects of the former may be important for the highest 
values of initial channel pressure pi at the higher shock strengths. 
Such extreme conditions are unlikely to be realised in practice. 

The effects of ignoring the vibrational-rotational interaction 
are difficult to estimate. They are likely to be most serious at the 
higher pressures and temperatures where little dissociation has taken place, 
and a considerable proportion of the total energy is absorbed in vibration 
and rotation. However a co arison of the entropy and enthalpy of nitrogen 
based on the model used here1 "% with the data calculated at the National Bureau 
of Standards'7 shows less than I' 1: difference at 8000°K and 100 atmospheres, 
In the practical range of shock strengths it is not expected that the 
present model of the gas is unduly restrictive. 
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The iteration procedures employed in solving the equations of 
Section 2 will also introduce errors, depending upon the convergence limits 
used. It will be recalled that for the incident shock-wave case, two 
iterations were involved, the first on the temperature and compressibility 
factor, and the second involving the shock pressure ratio. The first 
iteration was continued until successive values of Z agreed to within 
0.0005, so that conditional upon Pai the temperature and compressibility 
sre accurate to the last printed digit. The iteration on Pal was 
continued until it had converged to within O.l$. 

For the reflected shock case, similar limits were used, but 
since the computation uses the results of that for the incident shock-wave, 
the errors will be double those of the latter case. In both cases, all 
the tabulated data are estimated to be within Ii 1~6 of the exact solution, 
and are probably within 0.5,& (These latter figures only refer to the 
arithmetic accuracy, of course.) 

Note : The computations were originally carried out for the range 
WiL = 2(1)20 and pi = I, 2, 5, IO, 25, 50, ‘100, 200, 500, 
760 mm Hg in nitrogen only. These are available from the author. 
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7. Notation 

A, Aa 

A ij 

a 

c c 
P' v 

D 

E 

e 

%’ g.l!l 

H 

h 

Ka 
k 

M 

m 
0 

N 

n. 1 

P ij 

P 

'i 

R 

RO 

S 

S 

T 

TO 

t 

U ij 

Atomic and molecular species, respectively 

a. 
speed of sound ratio, -2 

aj 
speed of sound 

specific heats at constant pressure and constant 
volume, respectively 

molecular dissociation energy-electron volts 

specific internal energy 

internal energy per mole 

spectroscopic weight terms for atom and molecule, 
respectively 

specific enthalpy 

Planck's constant - 6.62517 x lOBa erg-second 

reaction rate coefficient for dissociation process 

Holtzmann's constant - I.38044 x 10rie erg/OK 

flow Mach number 

mass of atom 

Avogadro's number - 6.02322 x lOa molecules/mole 

number of particles of species i in volume V 

pi pressure ratio, - 

'j 

pressure 

partition function of species i 

universal gas constant - 1.9872 Cal/mole/OK 

molecular gas constant = Nk/2mo 

specific entropy 

entropy per mole 

temperature - OK 

273.16OK 

time - seconds 

U. 

velocity ratio, 1 

aj 
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V 

W ij 

'i 

z 

a 

P 

cr 

'v' 'D 

Subscripts 

i 92 93 ¶4 95 

v 

R 

D 

volume 

W. 

shock-wave velocity ratio, 1 --note: W 
a. ii is the 

shock-wave Mach number J 

mole fraction of species i 

compressibility factor (l+a) 

degree of dissociation by mass 

P. 
density ratio, 1 

P. 3 
specific heat ratio, C 

d 
C 

V 

energy level above groun6 state - ergs 

energy level of ground state - ergs 

characteristic temperatures of rotation, vibration 
aa dissociation, respectively 

density 

symmetry number, equals 2 for homonuclear diatomic 
gas, one otherwise 

relaxation time for vibration and dissociation, 
respectively 

Refer to regions so labelled in Fig. 1 

vibrational mode 

rotational mode 

dissociation 
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Table 1 

Characteristic Gas Properties Assumed for Computations 

Atomic weight 
Characteristic rotational temperature, OR 
Characteristic vibrational temperature, ev 

Characteristic dissociation temperature, f$ 

Electronic energy levels 

Statistical weight terms 

Undisturbed gas state I 
Tl 
Yl 

Nitrogen 

14,008 
2.8705 OK 

3353.4’K 
113,300'K 

0 
27,700°K 

41 ,500°K 

0 

4 
IO 
6 

1 

290°K 
L3998 

1 
%/R,a 3.71577 

ai 347.07 m/set 

@w&Y= 
~6.00oo 
2.0687~~ 
2239,3'K 
59,370"K 

0 

228.05*K 
325. 90°K 
22,830O~ 
4%,620°K 

0 
11,390°K 
18,990°K 
51,940°K 

290°K 

I.3957 
3.7194 
324.26 m/set 
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Pi =lmmHg TI = 290'K 

‘wll 
. 

**a 

:*64 
1:8 
a.0 
3.a 
a* 4 
2.6 
a. 8 

.O 
3:: 3 

3.6 
3.8 
4.0 
4.2 
404 
4*6 
4.8 
5Q0 
5-a 

::6” 
S-8 
6 CO 
6 .a 
6 
6164 
6.8 
7.0 
7.1 
7*4 
7.6 
7.8 
8.0 
8.a 
8*4 
8.6 
8.8 
9.0 
9.2 

;:i 
9.8 

10.0 
10*a 
10.4 
10.6 
IO. 8 
II.0 
xfea 
1x.4 
11.6 
11.8 
10.0 

TaoK 

327 
364 
403 
444 
489 
537 
589 
645 
704 
766 
832 
901 

,a 
II27 
rao8 
11393 
1380 
1471 
1564 
1661 
r76a 
1865 
x971 
a08 I 
=I94 
33x0 
2439 
355’ 
a678 
a807 
3940 
3075 
32x4 
3354 
3496 
3635 
3780 
3918 
4051 
4176 
4291 
4400 
4501 
4595 
4681 
4766 
4843 
4915 
4983 
$049 
5x13 
5173 
5230 
5285 
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Table 2. Incident Normal Shock in Nitrogen 

x.000 
14000 
I*000 
1~000 
14000 
I*000 
1~000 
I*000 
I.000 
I.000 
IbOOO 
I.000 
14000 
*a000 
14000 
I.000 
x.000 
ImOO 
1.000 
reooo 
I.000 
I*000 
1.000 
1.000 
I.000 
II000 

IIOQO 
I.000 

1.000 
1.000 
I.000 
I*000 
1.000 
I*000 
1.000 
I.000 
1.001 
X.001 
I .ooa 
1.003 
1.004 
1.006 
I moo9 
IOOII 
I.015 
1.018 
1.031 
1.037 
Ia032 
1.036 
1.041 
1.047 
1.053 
1.058 
1.065 

Ha1 

I.13 
1*a$ 
I.39 
1.53 
I.69 
I.86 
a 004 
3.34 
a.46 
2.68 
a.93 
3.19 

;-$ 
4106 
4.38 
4-72 
5.08 
5.45 
5.83 
ha4 
6.65 
7.09 
7.53 
8.00 
8.48 
8.97 
9.49 

IO*01 
10.56 
fI*I3 
11.69 
raea 
sa.8g 
13.51 
14.15 
x4*79 
15.47 
16.17 
16.87 
17.60 
18.31 
19.05 
x9.8= 
ao.64 
21e43 
aa.26 
agda 
aa98 
a4.86 
q-72 
a6.68 
a74 
a8.5: 
a9.47 

%l 

1.06 
I. xa 
1.18 
:.a4 
I.29 
1.35 
x444 
1.48 
I.54 
1.60 
1.67 
I.73 
1.80 
x.86 
1.93 

1.99 
a.05 
2.11) 
a.18 
a.25 
a.32 
a.38 
"045 
a*$= 
a.58 
2.65 
2.73 
a.79 
a,86 
2.93 
a-99 
3.06 
3.13 
3.30 
3.26 
3-32 
3.38 
3.43 
3.48 
3.52 

:*:8” 
316% 
3.64 
3.67 
3.70 
3.73 

“,-;8” 
3181 
3.84 
3"87 
3.90 
3.93 
3*96 

Pai 

I*51 
a.xa 
a.8a 
3&a 
4.5x 
5.49 
6.57 
7.75 
9.02 

IO.$O 
x1.87 
t3.44 
I$oII 
16.89 
x8*76 
a0.73 
a= .a0 
34.98 
a7.q 
ag.6a 
3= .09 
34*67 
37.34 
40.1” 
4a*98 
45.95 
49*oa 
sa.19 
55.46 
$8.8= 
62.a9 
65*85 
69. $2 
73.29 
77.15 
81.13 
85.33 
89.e 
93.75 
98.21 

xoa.8z 
107.56 
x=4*45 
X17.47 
xaa .63 
137a93 
X33.33 
x38.86 
x44.5= 
150.31 
156.3x 
x63.31 
x68.35 
x74.60 
x80.96 

1,343 
x&go 
a.034 
ab363 
a.675 
a.966 
3.236 
3.486 
3.718 
3.935 
4.138 
4.328 
4. “5 

d 4. 72 
4.818 

;:p12 

5.248 
5.374 
5*49* 
5.602 
5.707 
5.807 
s-901 
s-991 
6.075 
“-155 
6.a3o 
6.302 
6.370 
6.435 
6 0496 
6.555 
6.613 
6.669 
6.728 
6,795 
6.8 53 
6.ga6 
7.01x 
7.107 
7.224 
7.348 
7.483 
Ma6 
7.783 
7*935 
8.098 
8.267 
8.440 
8*616 
8.788 
8.967 
9.147 
9.328 

ua1 

0~31 

x . 
I.04 
I*25 
1.46 
x.66 
1.85 
0.05 
aa24 
2.43 
a.61 
a.80 
a.99 
3.17 
3.36 
3.54 
3.72 
3.91 
4009 
4.27 
4*45 
4*64 
4.8a 
$400 
5.18 
5.36 
5.54 

::‘9: 
6.08 
6.a6 
6.44 
6.6a 
6.80 
6.98 
7.26 
7.35 
7.53 
7472 
7.91 
8.10 
8.29 
8-o 
8.69 
8.89 
9*09 
9.29 
9.49 
9.70 
9Q90 

LO. IO 
10.31 
10.51 
10.71 

Ma 

0.%88 
O.$IO 
o&g: 
0.841 
0.967 
1.076 
I.171 
1,354 
1.328 
x-395 
1.455 
1.510 
I. 560 
1.606 

1.649 
I.688 
*a7=4 
x.758 
1.789 
1.818 

x.844 
x.869 
I.893 
**9x4 
1.935 
1,954 
1.97X 
x.988 
a.003 
a.018 
a l 03a 
a.046 
2,059 
a w07a 
2.086 
3.IOP 
3.x33 
9.14x 
2.166 

a.195 
a.336 
a.a6o 
a.ag6 
2*33= 
a4369 
3,405 
a.440 
2,475 
S*$'O 
2.544 
2.578 
a.611 
2.644 
2.676 
a.708 
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Table 2 (contd.) 

Pi = 2 mm He; Tl = 290°K 

%I Ta'K 22 Ha1 Aal p2i rai u2i M2 

I.2 

1Q4 
I.6 
1.8 
3.0 
2*2 

964 
a:8 
3.0 
3*a 

,“:;t 
3.8 
4.0 
4.2 
4.4 
4*6 
4.8 

;:: 
‘,*s 
5:8 
6.0 
6.2 
6 
62 
6.8 
7*o 
7.1: 
7. 
7. 8 
7.8 
8.0 
8 Q2 
8 Q4 

i:; 
9.0 
9ea 

;:6” 
9*8 

10.0 
IO.2 
10Q4 
1'0.6 
10.8 
11.0 
t1.2 
Xi.4 
1'1.6 
i1.8 
13.0 

327 
364 
402 
444 
489 

;a; 
644 
704 
766 
832 
901 
973 

~048 
1x27 
1208 
1293 
1380 
1471 
IS64 
1661 
1761 
1865 
1972 
2081 
2x93 
2309 
2429 
2551 
a678 
2807 
2939 
3076 
32x5 
3356 
3500 
3646 
3791 
3930 
4068 
4200 
4329 
4448 
4562 
4664 
4760 
4852 
4936 

:xi; 
516x 
5230 
5394 
5357 
5415 

I.000 
1.000 
11000 
1.000 
1.000 
1*0*0 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
I.000 
I.000 
1.000 
I'. 000 
I.000 
I.000 
I.000 
X*000 
I.000 
I.000 
1.000 
1.000 
I.000 
I.000 
1.000 
1.000 

1.000 
ImOO 
x.000 
I.000 
I.000 
I.000 
1.000 

1.000 
I.000 
I.001 
1.001 
I.002 
1.003 
I*005 
I*007 
1.010 
I.OI2 
x.016 
x*019 
1.023 
I.028 
1.032 
1.037 
1.042 
I.048 

1.053 
1.060 

1.13 
I.25 

1.39 
I.53 
1.69 
1.86 
2.04 
2.24 

a.45 
2.68 
2.93 
30x9 
3.46 
3.75 
4.06 
4.39 
4.72 
5.08 

;*i; 
6:24 
6.65 
7.08 
7.54 
8.00 
8.48 
8.97 
9.49 

IO*01 
10.56 
11.12 
11.69 
12.28 
12.89 

x3.51 
14.15 
+aI 

IS.49 
16.16 
16.87 
17.58 
18.34 
19.09 
19.88 
20.65 
21.44 
22.26 
23. ra 
23*96 
24.83 
2S.72 
26.63 
27.55 
28.49 
29.47 

1.06 
1.1a 
I. Ia 
1.24 
1.29 
1.36 
1.42 
1.48 
IQ54 
I.60 
1.67 

:*2 
I:86 
IO 92 
I.99 
2.05 
2.12 
2018 
2.25 
2.32 
2.38 
2.45 
2r 52 
2.58 
2.65 
2.72 
3.79 
2.85 
2.92 
2.99 
3.06 
3.13 
3.20 
3.26 
3.33 
3.39 
3.45 
3.49 
3.54 
3Q58 
3.61 
3.65 
3.68 
3.71 
3.74 
3.77 
3.80 
3Q83 
3.86 
3.89 
3.92 
3.95 
3.98 
4.01 

I.51 
2.r2 
2.82 
3.62 
4.51 
5*49 
6.57 
7.75 
9.02 

to.40 
II.87 
13*44 
I$.11 
16.89 
18.76 
20.73 
22.80 
24.98 
27.25 
29.62 
32.09 
34.67 
37.34 
40.11 
42.98 
45.95 
49.02 
52.19 

:5% 
6&g 
65.86 
69.52 
73.28 
77.=5 
8f.11 
85.19 
89.37 
93.70 
98.14 

102.72 
107.41 
112.25 
117.23 
122.35 
127.61 
132.99 
138.50 

144~x5 
149.91 
155.79 
161.78 
x67.90 
X74.13 
180.48 

I.342 
1.690 
2.033 
"0364 
2.674 
2.966 
3Q236 
3.487 
3.719 
3.936 
4QZ38 
4.328 
4.505 
4.672 
4*829 
4.976 
5*r15 
5.249 
5.373 

;*2:; 
5:707 
5.807 
5.900 
5.990 
6.075 
6.156 
6.231 
6.305 
6.370 
6,434 
6.498 
6.554 
6.610 
6.665 
6.719 
6.774 
6.832 
6.905 
6.979 
7.068 
7.160 
7.267 
7.382 
7.5315 
7.657 
7.801 
7.951 
8.114 
8.276 
a. 440 
8.608 
8.778 
a*949 
9Q I23 

0.31 
0.57 
0.81 
1.04 
I.25 
1.46 
I.66 
1.85 
2.05 
2.24 
2Q43 
2.61 
a.80 
2.99 
3.17 
3*36 
3Q54 
3.72 
3.91 
4.09 
4.27 

4:;t5 
i.8: 
5.00 
5.~8 
5.36 
5.54 
5.72 
5.90 
6.08 
6.26 
6.44 
6.62 
6.80 
6.98 
7.16 
7*34 
7-53 
7.71 
7.90 
8.09 
8.28 
8.47 
8.67 
a.87 
9.07 
9.27 
9.47 
9.67 
9.87 

10.08 
IO.28 
10.48 
10.68 

0.288 
O.$lI 
0.691 
0.841 
0.967 
1.076 
1,171 
1.254 
1.32s 

I.395 
I.455 
I.510 
1.560 
1.606 
I.649 
I.688 
IQ724 
IQ758 
I.789 
1.818 
x.844 
x.869 
I.893 
I.924 
1.93.9 
I.954 
1.972 
I.988 
2.004 
2.018 
2.032 
2.046 
2.058 
2.070 
a.083 
2,097 
2*113 
2.131 
2Q154 
2. I80 
2.207 
2,238 
2.270 
2.303 
2.337 
2.372 
2.406 

3,440 
2Q 474 
2.508 
2.540 
2.573 
2.605 
2.636 
2.667 

con-t&/ 
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Table 2 (contd.) 

z.64 
4:8 
SmQ 
52 
5a4 
$16 
$18 
6.0 
6.2 
6 l 4 
U5 
6.8 
?*Q 
7*2 

;'64 
;:z 

8:~ 
8. 
8. 8 
8.8 
3*0 
9-3 
9*4 
9*6 
9*8 

IU*O 
IO*2 
ro*q 
10.6 
uh8 
II*0 
Xl*3 
mm4 
11.6 
tr.8 
X3*0 

Ta°K 

327 
364 
403 
444 
489 

$2; 
645 
704 
766 
832 
90x 
972 

1048 
1x26 
1so8 
saga 
1380 
I471 
1564 
166 I 
176 I 
~864 
x9?r 
x481 
2194 
23x0 
3439 
a$$” 
267% 
2807 
2940 
3077 
32x5 
3357 
3502 
3649 
3797 
3945 
4087 
4x38 
4365 
4496 
4620 
4739 
4846 
4947 
5045 
5x34 
5218 
5300 
5377 
5449 

55;:; 

1*000 
IOQOO 
ImOO 

I*000 

I+000 
I*OQO 

*a000 

1.000 
1#000 
1~000 
I*OOO 
1*000 
IrdOO 
I*000 
1*000 
I*000 
I*000 
1,000 
1.000 
I-000 
I*000 
I. 000 
II000 
I*000 
I*000 
I*OQO 
1.000 
I*000 
IO 000 
ImOO 
1+000 
Im0OO 
1.000 
1*000 
Ir000 
ImOO 
I*000 

I*001 
rroox 
IeO42 
IL 003 
x*004 
IaOQ$ 
l&07 
r'eOI0 
3.013 
IrOf'S 
IdIg 
ho23 
reo27 
LO33 
x+037 
ho42 
r*w? 
Id53 

Ha1 

ret3 
I*25 
1.39 
1*53 
x.69 
1186 
am04 
ha4 
a.46 
a.68 
2*93 
3.19 
3.46 
3e76 
4ao6 
4*39 
4*72 
5.08 

goi; 
6123 
6.65 
7mO8 

7*53 
8.00 
8.4% 
8.97 
9*49 

IO*01 
10.56 
II*12 
II.69 
12.2% 
12*%g 
13*!i1 
14*15 
ta.81 
x5*48 
16.17 
16.87 
17*5% 
1%. 32 
19+o9 
19m%6 
20,46 
21.45 
33*25 
23.09 
23*9= 
24.82 
35*7x 
26.61 
w* 53 
2%*45 
29.40 

x+06 
I*12 
10 1% 
1.24 
1d9 
x.36 
1*42 
1.48 

:‘db 
1:67 
1.73 
l-79 
1186 
I.92 
I.99 
3*O$ 
a,12 
3.1% 
2*3$ 
2m32 
2.38 
-45 
3e $2 
a.93 
a.65 
am72 
a.79 
sm86 
am92 
2*99 
3ro6 
3*r3 
3m 30 
3*27 
3*33 
3.40 
3@46 
3cv 
3.56 
3.61 
3*6$ 
3*69 
3m72 
3*76 
3*79 
3.82 
3*%5 
3.88 
3*9x 
3a95 
3r98 
4.01 
4*o4 
4*"7 

Pai 

fm$I 
3*12 
2e%a 
3d2 
4*5* 
S&49 
6657 
7*75 
9eo3 

IO. 40 
II.87 
r3m44 
IS,12 
16.89 
18rn76 
a-73 
aa, 80 
24*9% 
w.25 
29,62 
32r10 
34*67 
37.34 
40*1x 
42*9% 
45*95 
49eQ2 
52* 19 
55*46 
$8.82 
62*29 
65*85 
6941 
73e2% 

r:t 
%5:18 
89.35 
93*64 
98.06 

ra2.60 
107e37 
1x2~ 67 
1z7*0o 
122.06 
127.2% 
132~63 
x38.09 
143-70 
149.42 
x55*27 
16rra3 
*67m 33 
173di3 
x79*85 

r21 

x*342 
x.689 
=e*34 
21363 
2.675 
se963 
3*236 
3m4%6 
3*7x% 
3*93* 
4*135 
4*327 
4*5x4 
4*672 
4*%29 
4*976 
5.1I6 
se249 
5*373 
5493 

:q:i 
$:%I0 
5*9*a 
5*99x 
6,074 
6**55 
6.23r 
6.303 
6,369 
6.435 
6,496 
6*55% 
6.609 
6.663 
6,715 
6.76% 
45.&n 
6* 877 
6,948 
7m031 
7m I02 
7ax9r 
7ma9a 
7* 399 
7*524 
7&7 
7a79I 
7e93% 
8.084 
8,235 
8,389 
8.55* 
0.710 
8.871 

th31 0.28% 
Q* 57 orp3 
om8~ o&g? 
I*04 0.841’ 
r*ag om 967 
x.46 I*Q75 
1~66 1.x7x' 
1.85 1,254 
2*0$ fe 3a8 
aaa4 f* 395 

q":q 
1,454 

2Z%o 
I*510 
1.562 

2.99 1,604 
3eI7 149 
3m36 I.688 
3*54 Em724 
3.72 I.758 
391 x*7*9 
4ew 1*%x% 
4e37 I.845 
4e45 I&Q 
4.64 x*893 
4J3a *@9*4 
$*OO I.935 

:'$ 
r.953 

5:54 
x*97* 
reg88 

5*72 2rOQ3 
se90 2m018 
6.0% 2*033 
6,26 2.045 
6*44 a*057 
6rn62 2r 070 
6r 80 3.083 
6.98 a*094 
7.16 3.10% 
7a34 2, x23 
7G2 2d4.0 
7*70 2. r63 

r:x 
2m 186 

8:27 
2+3x3 
2,24x 

8.46 2da711 
8.65 2e 302 
%A4 2*334 
9*o4 2@ 366 
9*24 =* 398 
9*44 2.43X' 
9*64 2.463 
9.84 3* 494 

IO*04 =* 525 
loa4 aa5s6 
1-45 a.586 
~0.65 2.6x6 

Tl = 290°K 

contd. / 
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zble 2 (contd, ) 

PI = x0 mm Hg !rl = 29 o”:c 

Wli Ta OR Za Hai %zt %I rai IJa I Ma 

1.2 
1.4 
I*6 
x.8 
300 
2r2 

2.4 
2.6 
3.8 
3.0 
3-2 
3.4 
306 
3.8 

;:: 
4.4 
4.6 
4.8 
5*Q 

;:; 
5-6 
S-8 
6.0 
6 
6:; 
6*6 
6.8 
7.0 
7.2 
7.4 
7.6 
7.8 
8.0 
8.2 
8.4 
8.6 
8.8 
9-O 
9-2 

;‘64 
9:s 

do.0 
1'0.2 
X10. 4 
IO.6 

10.8 

1f.Q 
IL.2 

11.4 
$1.6 
11.8 

12.0 

337 
364 
403 
444 
489 
537 
589 
644 
704 
766 
832 
901 
973 

1046 
I 127 
1'208 
1293 
x3%0 
1471 

:62 
1761 
I865 
197% 
2080 
2194 
2311 
2429 
2.548 
2678 
2808 
2940 
3076 
32x5 
3358 
3503 
3651 
3800 
395% 
4101 
4244 
4385 
4523 
46 57 
4782 
4904 
5014 
5 1'2 I 

$219 
5315 
5400 

:;2 
5644 
57x8 

I.000 
1.000 
.Icooo 
1.000 
I.000 

1.000 

IeOOO 
IO000 
10000 
X.000 
1.000 
I*000 

10000 

1.000 
I.000 
PI000 
1.000 
z.000 
I.000 
I. 000 
Xe000 
r* 000 
1.000 
I.000 
1~000 
1.000 
1.000 
1.000 
1.000 
x*ooo 
IO 000 
x*000 
1.000 
1~000 
saooo 
%a000 
1.000 
I.000 
P.001 
1.00s 
1.002 
1.003 
1*004 
5.006 
1.008 
I.010 
1.0x3 
I.016 

I.019 
1.023 
1.028 
X.032 
x.037 
x.042 
I.047 

1.13 
r.35 
I.39 
I.53 
x.69 
1.86 
2e 04 
2.24 

2a-b; 
a:93 
3.19 
3.46 
3.75 
4.06 
4.38 
4.73 
s-08 
5.45 
jo83 
6.24 
6.65 
7-09 
7.53 
8. oo 
8.48 
8.98 
90 49 

10.00 
IO.56 
II.12 
II*69 
12.28 
x2.89 
13.5s 
14.15 
14.81 
15.48 
~6.17 
16.88 
r7- 59 
18*33 
x9.06 
=9*85 
20.66 
21.45 
22.2 6 
23.09 
23.93 
24.79 
as*70 
26.60 
27.52 
28.4s 
29.41 

1.06 
I.13 
I. 18 
1.24 
1029 
1.36 
rr 42 
I. 48 

:*i: 0 
1.67 
I.73 
x. 80 
1.86 
I.92 

I-99 
2.05 

2.12 

2.18 
2.25 
2.32 
2.38 

2.45 
2.52 

2.58 
2.65 
2.72 
2*79 
2.85 
2.92 

2.99 
3.06 
3.13 
3.20 
3.27 
3.33 
3.4” 
3.46 
3.52 
3.58 
3.63 
3.67 
3.72 
3.75 
3.79 
3.83 
3.86 
3.89 
3.93 
3.96 
3*99 
4.02 
4.05 
4.09 
4. ra 

I.51 
2.12 
2.82 
3.62 
4.51 
5.49 
6.57 
7.75 
9.02 

X0.40 
XI,87 
z3.44 
XS.lI 
16.90 
18.76 
20.73 
aa.80 
24*98 
27.25 
ago62 
32,og 
34.67 
37.34 
40.11 
42.98 
4s.95 
49.01 
52* 19 

;E 
6a:ag 
65.85 
69.52 
73.28 
77.14 
81.10 
85.17 
89.34 
93.62 
g8eox 

102.54 
107.x9 
111.96 
116.86 
121.83 
127.06 
132.37 
137.80 
x43.38 
x49-07 
154.90 
160.83 
166.89 
I7 3.07 
173.36 

I.342 
x.690 
2.033 
2.363 
2.675 
2.966 
3.234 
3.487 
3.720 
3-936 
4.138 
4.327 
4. so5 
4.683 
4*829 
4.979 
5.II2 

s-249 
5.373 
5* 491 
S&502 
5.708 
5.807 
$4902 

5-991 
6.07s 
6.149 
6.230 
6.314 
6.370 
6.434 
6-495 
6,554 
6.610 
6.663 
6.714 
6.764 
6.815 
6.868 
6.923 
6.995 
7.069 
7.150 
7.23s 
7.334 
7.439 
7.558 
7.680 
7.815 
7.949 
8.094 
8.237 
8.384 
8.534 
8.685 

0.3X 
0.57 
0.81 
r.04 
lfe2.5 

1.46 
1.66 

1.85 
3.05 

2.24 

2; . 
2.80 

2;3.99 
3.17 
3.36 
3.54 
3.72 
3*9= 
4-09 
4.27 
4.4s 
4.64 
4.82 
5.00 
$0 1; 

z::, 
5.72 
5.90 
6.08 
6.26 
6.44 
6.62 
6. a0 
6.98 
7.16 
7.34 
7.52 
7.70 
7.88 
a.07 
8.26 
a.45 
8.64 
a.83 
9.02 
9.22 
9.42 
9.62 
g. 82 

10.02 
10.22 
IOrdr2 
X0.62 

0.288 
O.SIl’ 
o.6gx 
0.841’ 
Q* 967 
x.076 
1.170 
I.254 
1.328 
I- 395 
I.455 
I.$10 
re 560 
1.609 
I.649 
I.688 
x.723 
I.758 
I.789 
1.8I8 
I.844 
x.869 
I.893 
I.915 
10935 
I.954 
r-970 
I.988 
2.006 

2,018 
2.032 
2.044 
2.0.57 
2.069 

2.081 
2.093 
2. rag 
2.119 
2.134 
2.151 

2. x74 
2.199 
2.222 
2.250 
2.280 
2.307 
2.338 
2.368 

2.399 
2.429 .- 
2.460 
2.490 
2.520 * 

2.549 
2.578 

con td./ 
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Table 2 (con-k&> 

Pi = 

I*2 
I’. 4 
1.6 
1’.8 
2.0 
3*2 
2.4 
a.6 
a.8 
3.0 
3.2 

5:: 
3.8 
4.0 
4.2 

“,‘2 
4:8 

::: 

,5:6” 
5,s 
6.0 
6.2 
6 
6:i 
6.8 
7.0 
7.2 

;:2 

i*: . 

i:“, 
8.6 
8.8 
9.0 
9.2 
9.4 
9.6 
9*8 

10.0 
IO.2 
ro.4 
~0.6 
10.8 

t 11.0 
II*2 
rr.4 

. x 1'06 
11.8 
12a0 

Ta°K Za Hai %I Pai ra: Uai Ma 

327 
364 
402 

gg” 
537 
589 
644 
704 
766 
832 
9oo 
973 

1048 
1126 
1208 
1292 
1380 
147” 
1563 
1661 
1761 
1865 
r’97 1 
208x 
=I95 
2310 
2429 
2552 
2678 
a807 
2939 

6 
3% 
3358 
3504 
3652 
3803 
3956 
4109 
4262 
4409 
4556 
4699 
4837 
4968 
$095 
$213 
$327 
5431 
5534 
5627 
$718 
$806 
$890 

I.000 
1.000 
I*000 
IOOQO 
1.000 
I.000 
r.000 
1.000 
1.000 
1.000 
I.000 
IrOOO 
I*000 
I*000 
1.000 
I.000 
1.000 
1.000 

I.000 
I.000 
I*000 

1.000 
I.000 
I.000 
I.000 
1.000 
I.000 
X*000 
I.000 
1.000 
I.000 
I*000 
I*000 
I.000 
x.000 
1.000 
I.000 
1.000 
IOOOQ 
1.001 
IOOOI 
1.002 
x.003 
1.004 
1.006 
I'. 008 
I*010 
1.013 
1.016 
I.019 
1.023 
1~027 
1.031 
1'.036 
1.041 

1.13 
1*2$ 
I.39 
I.53 
1.69 
1.86 
2.04 
2.24 

:% 
2:93 
3.19 
3.46 
3.76 
4.06 
4.39 
4.72 
5.08 

:*;r: . 
6.23 
6.65 
7.09 

78% 
8148 
8.97 
9.48 

10.01 
zoo 56 
11.13 
r’r.69 
12.28 
12.89 
r3.5r 
14.15 
r4.80 
15.47 
16. x6 
16.87 
17.59 
18.32 
X9.07 
X9.84 
20.63 
21.43 
22.26 
23.09 
23*94 
24.79 
25.67 
26.56 
27*5o 
28.44 
29.39 

x.06 
I* 13 
1.18 
1.23 
1.29 
I. 36 
1.42 
1.48 

:%i 
~167 
I.73 
1.80 
1.86 
1.92 
I.99 
2.05 
a.12 
2.18 
2.25 
2. ga 
2.38 
2*4$ 
3.52 
2.58 
a.65 
2.72 
2.79 
2.86 
2.92 
a-99 
3.06 
3.13 
3.20 
3.27 
3.34 
3.40 
3.47 
3.53 

“:6’ 
:.7z 
3.75 
3.79 
3*83 
3.87 
3.91 
3.95 
3.98 
4.02 
4* “8 
4.0 
4.13 
4.15 
4.19 

II.51 
a.12 
ae 82 
3.62 
4.51 
$*49 
6, $7 
7.75 
9.02 

Ib. 40 
11.87 
X3@4$ 
I$.11 
16.89 
18.76 
20.73 
22.80 
24.98 
27.25 
29.63 
32* 10 
34.67 
37.34 
40.11 
42.98 
45.95 
49.02 
$2’ 19 
55.46 
58.82 
62.29 
65.86 
69. $2 
73.28 
77.14 
81. IO 
85.16 
89.33 
93.60 
97.97 

102.46 
x07.09 
111.83 
116.70 
121.69 
126.81 
132.06 
x37.46 
x42.97 
148.63 
154.40 
160.31 
166.33 
X72.47 
X78.73 

X.34’ 
1.692 
2.034 
2.366 
2.675 
2.964 
3.236 
3* 487 
3.717 
3.936 
4.136 
4.332 
4. so5 
4.672 
4*829 
4.977 
5.~16 
5.248 
s* 376 
5.496 
5.604 
5.708 
5.806 
5.901 
S-991 
6.071 
6,155 
6.232 
6.302 
6,369 
6435 
6.498 

%I 
6166x 
6.712 
6.761 
6.810 
6.859 
6.910 
6.963 
7.031 
7.099 
7.174 
7.256 
7* 347 
7.443 
7.554 
7.665 
7.790 
7.913 . 
8.048 
8.181 
8.317 
8.456 

0.31 
0.57 
0.81 
1.04 
1.25 
1.46 
I.66 
1.85 
2.05 
a.24 
2.43 
2.69 
2.80 
a.99 
3.17 
3* 36 
3.54 
3.72 
3.91 
4.09 
4.27 
4.45 
4.64 
4.82 
$000 
5.1; 

:::4 
5.72 
5.90 
6.08 
6.26 
6.44 
6*62 
6.80 
6.98 
7.16 
7.34 
7.53 
7.70 
7.88 
8.06 
8.a$ 
a,43 
8.62 
8.81 
9.00 
9.20 
9.39 
9.59 
9.78 
9.98 

10.~8 
IO. 38 
10.58 

0.288 
O.$II 
0.691 
0.842 
0.967 
I.075 
1.171 
1.254 
I.327 
I.395 
I.454 
I.$If 
I. 560 
I.606 
I.649 
1.688 
1.724 
1.758 
x.789 
1.819 
X* 845 
1.869 
1.893 
I.914 
x.935 
I*953 
1.971' 
1.988 
2*003 
a.018 
2.03a 
2.045 
2.057 
2.069 
2.080 
2.091 
2.103 
3oIT$ 
2* 128 
a. x42 
2.159 
2.180 
a.201 
2*334 
2,249 
2.276 
2.303 
2.331, 
a.359 
a.388 
2.416 
2.445 
2.473 
2.500 
2.528 

TA = 290°K 

contd./ 
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Table 2 (contd.) 

Pi = 5ommHg Ti = 290°K 

WI1 Ta°K z, Hal Ql pa1 ra1 USI 

1.2 

1.4 
I.6 
I'. 8 
3.0 
2.2 

a.4 
a.6 
2.8 

3:; 

;:;t 
3.8 
4.0 

i:i 

418 
5-Q 

‘::{ 

5:8 
6.0 
6.2 
6 
62 
6.8 
7.0 
7.2 

;:S 

L!i*: 
8:s 
8 
83 
8.8 
9-Q 
9.2 
9*4 
9*6 
9.8 

10.0 
x0.2 

10.4 
~0.6 
IO. a 
IX.0 
II*2 

II. 
II* % 
a1.8 
13.0 

337 
364 
402 
444 
489 
537 
590 
644 
704 
766 
833 
901 
974 

1046 
11a7 
1230 
12gr' 
1380 
1471 
1564 
~661 
176a 
1865 
1’97 1 
ao8o 
2194 
0309 
34%9 
2551 
a678 
2807 
2940 
3076 
3aao 
3358 
3504 
3653 
3804 
3958 
4114 
4270 
4425 
4574 
472x 
4867 
5009 
5143 

g”,;: 
ssr’2 
5625 
5739 
5*3i 
592 5 
6016 

r'. 000 
1.000 
I.000 
1.000 
I*000 
1.000 
ZOO00 
1.000 
1.000 
I*000 
1.000 
I*000 
I@000 
1.000 
I.000 
1.000 

1.000 
I.000 
I'. 000 
I.000 
I'.000 
1.000 
1.000 
i. 000 
I'. 000 
I.000 

1.000 
1oooo 
I.000 
1.000 
IO 000 
1.000 
1.000 
1oooo 
1.000 
I.000 
I. 000 
1,ooo 
1.000 
I. 000 
1.001 
1*00X 
roooa 
1k003 
1~004 
1.006 
d.008 
f.010 
1.0~3 
1.016 
Jo019 
1.023 
r.027 
x.031 
1.036 

1.13 
1.25 
I-39 
x.53 
x.69 
I. 86 
a.05 
2024 

“,:d,5 
2.93 
3.19 
3.47 
3.75 
4.06 
4.39 
4*72 
5.08 
5.45 
5.83 
6.23 
6.65 
7-09 
7.53 
7-99 
8.48 
8.97 
9.49 

IO.01 
10.56 
11.13 
11.69 
12.28 
12.90 
X3.51 
14.r5 
14.80 

:es-:i 
16186 
x7*59 
18.33 
19.07 
19.85 
20.60 
aI.43 
ta. 26 
23.08 
33.94 
34.80 
as.68 
a6.56 
27.48 
28.40 
29.37 

1.06 
1.12 
I. r8 
1.24 
I*29 
1.36 
1.42 
1.48 
** 54 
1.60 
1.67 
1.73 
1.80 
X.86 
1.92 
I.99 
a. 05 
2.12 
3.18 
a.25 
a.32 
a.38 
2.45 
2.32 

a. 58 
2.65 
3.73 
2.79 
a.85 
2. ga 
a.99 
3.06 
3.13 
3.20 
3.23 
3.34 
3.42 
3.47 
3.54 
3.60 
3.66 
3.72 
3.77 
3.81 
3.86 
3.90 
3.94 
3.98 
4.02 
4.06 
4.o9 
4.13 
4.17 
4*20 
4*24 

1.51 
a. ra 
a.8a 
3.62 
4*5x 
5.49 
6.56 
7.75 
gmoa 

10.40 
11.87 
13.44 
IS.11 
16.90 
18.76 
30.72 
23.81 

24.98 
27.25 
ag.6a 
3=**9 
34.66 
37.34 
40~x1 
42.99 
45.95 
49*02 
52.19 

‘,i*;t: 
6a:sg 
65.85 
69. $2 
73.26 
77.14 
81.10 
85.x6 
89.32 
93*s9 
97.96 

X63.44 
107.03 
111.76 
116.61 
131.58 
ta6.66 
131.88 
X37.23 
142.70 
148.33 
154.06 
159-94 
165.9a 
172.05 
178.28 

1.342 
1.690 
a.034 
a.363 
a.675 
a.966 
3.2a8 

3.491 
3.720 
3.936 
4.f38 
4.3=7 
4.497 
4.686 
4.829 
4.?64 

;*:“,a 
5:373 
5.491 
5.60a 

;* 78:: 
5:goz 
5.994 
6.075 
6.158 
6.230 
6.306 
6.370 
6.434 
6.495 
6.554 
6. $99 
6.668 
6.7~2 
6.760 
6.808 
6.855 
6.903 
fwYi2 
7.004 
7-072 
79x40 
7.214 
7.290 
7.378 
7.471 
7.570 
7.68a 
7.794 
7.917 
8.038 
8. x68 
a.297 

0.31 
o-57 
0.81 
1.04 
1.25 
1.46 
1.66 
1.86 
a.05 
a.24 
3.43 
23.6~ 
a.80 
a.99 
3.17 
3.35 
3.54 
3.72 
3.91 
4.09 
4.27 

4:;t5 
i-8: 
5.00 
5.r8 

5.36 
5.54 
5.72 
5.90 
6.08 
6.26 
6.44 
6.62 
6.80 
6.98 
7.16 
7.34 
7.52 
7.70 
7.88 
8.06 
8.24 
8.43 
8.61 
8.80 
8.99 
9.18 
9.37 
9.57 
9.76 
9.96 

10.16 
10.36 
IO.55 

0.288 
O.SII 
0.691 
0~841 
o. 967 
1.o76 
I. r68 
I-255 
r-328 
I- 39.5 
1.455 
X.510 

1.558 
I.609 
I-649 
1.685 
ra7w 
I.758 
I.789 
1.818 
I.844 
x.869 
x.893 
r.914 
x.935 
x.954 
x*97= 
1.988 
3.004 
a.018 
a.032 
2.045 
2.057 
2.067 
2.080 

2.091' 
2.102 

a0113 
2.134 

2.137 
2.151 
a. 168 
2.188 

3*211 
2.231 
s-255 
3.280 
a.305 
a.331 
2.358 
=* 384 
2.41a 
a.438 
2.465 
3.492 

contd./ 



-  L- “7 - 

Table 2 (contd.) 

P1 = zoommHg Ti = 290'K 

WI.1 

c 
I’. 2 

I.4 
I’. 6 

* 1.8 
3.0 

2.2 

2.4 
a.6 
a.8 
3.0 

33:; 
3*6 
3.8 
4.0 
4.2 

;:2 
4.8 

;:: 

;:i 
5.8 
6.0 
6 02 
6 

62 

t 6.8 
7*o 

m f:i 

7:8 
8.0 
8.2 
S:b 8 

8.8 
9.0 
9.2 

;:6” 
9.8 

IIO.O 
IO.2 

10.4 
10.6 
IO, 8 
II*0 

. 11.2 
11~4 
11.6 

* x1.8 
X2.3 

Ta°K 

327 
364 
402 
443 
489 

;83; 

644 
704 
766 
83I 
901 
973 

1048 
1127 
1208 
f293 
1380 
1470 
I564 
1662 
1761 
1863 
1971 
2081 
2193 
2310 
2429 
=5!i2 
2678 
2807 
2939 
3076 
32 ~6 
3359 
3505 
3654 
3806 
3960 
4117 
4275 
4434 
4587 
4742 
4894 
$041 
$187 
$325 
5459 
5588 
$707 
SW5 
5934 
6041 
6x43 

za 

I*000 
1.000 
I.000 
1.000 
I* 000 
I*000 
I*000 
1.000 
1.000 

rrooo 

5* 000 
I. 000 

i.000 
r* 000 
I.000 
1.000 
I.000 
1.000 
r.000 
X.000 
1.000 
1.000 
T.000 
I.000 
I.000 

x.000 

zrooo 

I*000 
1.000 
1.000 
I*000 
1.000 
1.000 
1.000 
I’. 000 

IrOOO 
1~000 
1.000 
1.000 
1.000 
I.001 
1.001 
I.002 
I.002 

1.003 
fro04 
1.006 
1.008 
1.010 
1.013 
1.016 
I.019 
1.023 
1~037 
1~031 

Hal 

1.13 
I.25 

=* 39 

x.53 
x.69 
1.86 
2.04 
2.24 

l’h485 

2:93 
3.19 
3* 46 
3.76 
4.06 
4.39 
4.72 
5.08 
5.44 
5.83 
6.24 
6.65 
7.08 

;:2 
8.48 
8.97 
9.49 

IO.OI 
X0. $6 
11.12 
m6g 
12.28 
12. eg 

13.51 
14.15 
14.80 
IS*47 
x6.16 
I’6.86 
I7.s8 
18.32 
x9.06 
19.83 
20.60 
21.40 
22.23 
23.08 
23.93 
24.80 
25.67 
26. $7 
27.47 
28.40 
29*38 

A.21 

1.06 

1.12 
1or8 
1.23 
I.29 
1.36 
I. 42 
I.48 
I* 54 
1.60 
1.67 
r.73 
f. a0 

x.86 
I.92 
I* 99 
2. OS 

2.12 

2.18 
3.25 

2.32 

2.38 

=* 45 
2. $2 

a. 58 
2.65 
2.72 

:*z . 

2*ga 

209z 3.0 
3.13 
3.20 
3.27 
3.34 
3.41 
3.47 
3.54 
3.61 
3.67 
3.73 
3.78 
3.84 
3.89 
3.93 
3.98 
4.02 
4.06 
40 IO 
4.14 
40 18 
4.21 
4.25 
4.29 

P2l 

I.51 
2rI2 

2.82 

3.62 
4.51 
5.49 
6.57 
7.75 
go02 

x0.40 
II.87 
x3.44 
I$*11 
x6.89 
18.76 
20.73 
22. a0 
24.98 
27.25 
2g.6a 
32.09 
34.67 
37.35 
40.11 
42.98 
45.95 
49.02 

;“r* as 
58Za2 
62.29 
65.86 
69. $2 
73.28 
77.14 
8I.10 
85. r6 
89.32 
93.58 
97.94 

102.42 

107~00 
1r1.71 
116.53 
121.47 
126.54 
131.72 
137.03 
142.48 
148.04 
x53.76 
u9.58 
1650 55 
171.62 
~77.82 

Ta1 

I* 342 
r.693 
2.034 
20 367 
2.675 
a.962 
3.236 
3.487 
3.71’8 
3.936 

t: :$j 

4.&s 
4.671 
4.828 

;*::a 
$:2$0 

$0 377 

;*64:: 
$1708 
5.814 
5.901 
5.991 
6.078 

6.155 
6.230 
6.302 
6.369 
6.435 
6.499 
6.554 
6.608 
6.660 
6.710 
6.758 
6.805 
6.851 
6.897 
6.944 
6.992 
7.051 
7.109 
7.175 
7.246 
703x9 
7.403 
7.491 
7.584 
7.691 
7.795 
7.912 
8.025 
8.142 

u21 Ma 

0.31 0.288 
00 57 00 $12 
0.81 o.6gr 
1.04 o. 842 
I.25 00 967 
1.46 1.075 
I.66 1.~71 
1.85 I.254 
2.05 x.328 
2.24 X.395 
2.43 1.456 
2.61 I.$10 
2.80 1.560 
2.99 I.606 
3.17 I.649 
3.36 1.688 
3.54 I.724 
3.72 x.758 
3.91 I.790 
4.09 1.818 
4.27 I.844 
4.45 I.869 

-4.64 I.894 
4. a2 I.914 
5.00 I.935 
5.18 I.954 
50 36 I.971 
50 $4 x.988 
5.72 2.003 
5.90 2.018 
6.08 2.032 
6.26 2.045 
6.44 2.0.$7 
6.62 a.069 
6080 2.080 
6.98 2eogo 
7.16 2.101 
7.34 2.111 
7.52 2.122 
7.70 2.13 
7.88 2.14 2 
8.06 2.160 

8.24 2.178 
8.42 2.196 
8.61 2.215 

8.79 2.236 
8.98 2.258 
9.17 2.283 
9.36 2.306 

9.55 2.330 
9.74 2.355 
9.94 2.380 

10.13 2.406 
IO.33 2.431 
ro.53 2.456 

contd./ 
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Table 2 (contd.) 

PI = 2oommHg Ti = 2YO'K 

WI1 

I.2 
I*4 
d.6 
I.8 
200 
2.a 
2.4 
2.6 
268 

;:: 

;:i! 
3.8 
4.0 
4.2 
4.4 
4*6 
4.8 

;:,o 

;*6” 
5:8 
6.0 
6 r2 
6 
62 
6.8 
7-O 
7-2 

g:: 
7*8 
8.0 
8 3 
8:; 
8.6 
8.8 
9.0 
g . 3 
9*4 
9-e 
9.8 

IO*0 

TO. 2 

10.4 
I’00 6 
$0.8 
II.0 
T'Z'. 3 
I’x.4 
11.6 
11.8 
12.0 

Ta°K za 

327 I.000 
364 I*000 

402 1.000 
444 1.000 

489 1.000 
537 I.000 
588 1.000 
645 1.000 
704 I.000 
766 I.000 
832 1.000 
901 I.000 

973 1.000 

xo47 I.000 
1127 1.000 
1207 1.000 
1293 1.000 
1380 10000 
147x 1.000 
1564 1.000 
166x 1.000 
x756 I'.000 
1865 ieooo 
1971 I.000 

2073 I*000 
2194 1.000 
2 309 10000 
2429 I.000 

2552 1.000 
2678 x.*0* 
2807 1.000 
2940 1.000 
3076 10000 
32x5 1.000 
3360 10000 
3514 10000 
3654 I. 000 
3806 I.000 
3961 1.000 
4119 10000 
4279 i.000 
4440 I'. 00 I 
4601 I*OOI 

4757 I.002 

4916 I.002 
5070 1.003 
5221 1.005 
5371 i. 006 
5512 1.008 
5652 1.010 

5785 1.013 
5910 1.016 

6033 f.019 
6148 x.032 
6261 1.026 

Hal 

x.13 
1.25 
10 39 
I.53 
ro6g 
1.86 
2.04 
2.24 

I’:: 
a:93 
3. I9 
3.46 
3a75 
4.06 
4.38 
4.73 
5.08 
5.45 
5.83 
6.24 
6.63 
7.09 
7.53 
7.97 
8.48 
8097 
9.49 

10.01 
IO. 56 
II.12 

xx&g 
12.28 
12-89 
X3.51 
14.19 
14.80 
15.47 
16.~6 
16.86 
17.58 
18.32 
x9-07 
19.83 
20.61 
21.40 
22.21 
23.06 
23.92 
24.78 
25.67 
26.56 
27.48 
28.39 
29.34 

Aal 

1.06 
1.12 
1.18 
1.24 
I.29 
1.36 
1.42 
I.48 

:*z 
I:67 
I.73 
x.80 
10 86 
I.92 
1099 
2.05 
2.12 
2.18 
2.25 
2.32 
2.38 
20 45 
2r 52 
2.58 
2.65 
2.72 
3* 79 
2.86 
2.92 
2.99 
3.06 
3.13 
3.20 
3.27 
3.34 
3.41 
3.48 
3.54 
3.61 
3.68 

;.2 
.8 3. 5 

3-91 
3.96 
40 00 
4.05 
4.09 
4.14 
4.r8 
4.22 
4.26 
4.30 
4* 34 

pa1 

1.51 
2.12 
2.82 
3.62 
4.50 
5.49 
6.57 
7.75 
9.02 

IO.40 
x1.87 
13.44 
15.12 
16.89 
18.76 
200'73 
22.80 
24.98 
27.25 
29.62 
32009 
34.69 
37.34 
40.11 
43.02 
45095 
49.02 
52.19 

:2-z: 
6&g 
65.85 
69.52 
73.28 
77.13 
81.05 
85* 15 
8g.v 
93057 
97094 

102.40 
106.37 
111.65 
116.47 
121.38 
126.43 
131.59 
I 36.87 
~42.28 
I4731 
153.47 
159.27 
~65.~8 
171.24 
1779 40 

rai 

I.342 
r&go 
2.034 
2.363 
2.674 
a.966 
3.240 
3.485 
3.719 
3.936 
4.138 
4.327 
4.506 
4.680 
4.828 
4.980 
5.112 
5.248 
5.373 
5*49= 
5.602 

;*78:; 
&OX 
6.019 
6.075 
6.156 
6.230 
6-303 
6.370 
6.434 
6,495 
6.554 
6.6og 
6.658 
6.689 
6.757 
6.804 
6.849 
6-893 
6.338 
6.983 
7.030 
7.088 
7.144 
7.207 
7.275 
7.345 
7.423 
7.507 
7.594 
7.694 
7.792 
7*9** 
8.008 

%I 

0.31 
00 57 
0.81 
1.04 
1.a5 
1.46 
1.66 
1.85 
a.05 
2.24 
“043 
2.61 
20 80 
2.99 
3.17 
3.36 
3.54 
3.72 
3.91 
4.09 
4*27 
4.46 
4.64 
4.82 
5.00 
5.18 
50 36 
5*54 
5.72 
5.90 
6.08 
6.26 
6.44 
6.62 
6.80 
6.97 
7.16 
7*34 
7.52 
7.49 
7.87 
8.05 
8.23 
8.42 
8.60 
8.78 
8.37 
g. r6 
9.35 
9.53 
9.73 
9*92 

10*1r 
10.31 
IO. 50 

contd./ 

Ma 3 

0.288 
0.511 
0.691’ 

s 

0.841 
00 967 
1.076 
1.172 

I.354 
I. 328 
10 395 
I*455 
X.510 
1.560 
1.608 
I.649 
x.689 
I.723 
x.758 
1,789 
1*8x8 
I.844 
I.874 
I.893 
X-914 
I.940 
I.954 
I.972 
1.988 7 
2.004 
2.018 
2.032 I 
2.045 
2.057 
2.069 
2* "79 
2.~86 
2.100 
2.110 
2.121+ 

2.13i 
2.142 

2,154 
2* r68 
2.185 
2.202 
2.220 
2.240 
2.261 
2,283 
20 305 

P 

2.328 

2.352 
2.375 - - 
a* 399 
2.422 
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Table 2 (contd.) 

PI = $00 mnHg TI = 290’K 

* Wii Ta°K &.I Hai Aal Pai rai Uai Ma 

I.2 

x*4 
I.6 

I.8 

2.0 
2.3 

a.4 
a.6 
a.8 
3-O 
3.2 
3.4 
3.6 
3.a 
4.0 

t:“, 

4.6 
4.a 
5-O 
5-a 

:: Q 

5-8 
6.0 
6.3 

6.4 
6.43 
6.8 
7*0 
7.2 

‘3 
718 
a.0 
3.2 
3:: 8 

8.8 
9-o 
9-s 

;:64 
9.3 

do.0 
1’0. a 
1'0.4 
1’0.6 
IO. 8 
IT.0 
Ii.3 

a ii.4 
zi.6 
r’r.8 
f’2.0 

327 
364 
402 
444 
439 
537 
589 
644 
704 
766 
831 
go1 

973 
1’048 
I 127 
$208 
1293 
1380 
1471’ 
1S64 
I661 
1761 
1864 
1971 
2081 
3193 
agxo 
3429 
2552 
2679 
2808 
2941 
3076 
3a16 

3359 
3505 
3654 
3807 
3962 
4121 
4282 

f;E 

;;;a 
$r’OO 
5260 
5418 
5573 

2:;: 
ho14 
6148 
6281 
6405 

1.000 
I.000 
1.000 
1.000 
1.000 
I.000 
1.000 
I.000 
I'. 000 
I.000 
I.000 
I'. 000 
r'. 000 
1.000 
I. 000 
I'.c)OO 
1.000 
I'.000 
1.000 
I.000 
Ie000 
1.000 
I.000 
1.000 
1.000 
I.000 

1.000 

I.000 
I.000 
I.000 
1.000 
1.000 
I.000 

I.000 

xrooo 
I.000 
1.000 
IrOOO 
x.000 
1.000 
1.000 
x.000 
I*001 
I.001 
I.003 
1.003 
1.003 
1.004 
1.006 
1.003 
IOOIO 
1.012 
I.015 
1.017 
1.021 

x.13 
I.25 
I- 39 
1.53 
1.49 
1.86 
a.04 
aa24 

“a-da5 
a:93 
3.19 
3.46 
3.76 
4.06 
4.39 
4.72 
5.08 

;-i: 
6123 
6.65 
7.08 
7.53 
a.00 
8.48 
a.97 
9-49 

10~0% 
10.56 
1I.13 

rr.hg 

12.38 
12.39 
13.51 
14.15 
14.a0 

15.47 
rG.1'6 
16.86 
17.53 
18.31 
19.06 
19.33 
20.63 
aI-43 
22.22 

03.05 
33.90 
a4*77 
as.66 
26.56 
27.46 
a8.40 
a9* 33 

1.06 
IoI2 
1.18 
1.a3 
x.29 
I- 35 
1.42 
1.48 

:‘6: 
1:67 
r’.73 
I*80 

1.86 
re 32 
I*39 
2.05 

2.12 
2.18 
2.25 
2. ga 
a.38 
a- 45 
2.52 
2.58 

2.65 
2.73 

a-79 
a8 86 
2.93 
2.39 
3.06 
3.13 
3.20 
3* =7 
3* 34 
3.41 
3*43 
3.55 
3.61 
3.68 
3.75 
3.81 
3.87 

;-;i 
Go4 
4.09 

t-3 
4:23 
4.27 
4*3x 
4-36 
4.40 

1.51 
2.I2 
2.82 
3.62 
4.51 
5.49 
6.57 
7.75 
9.03 

IO.40 
11.87 
13.44 
ZS.XI 
x6.89 
18.76 
so.73 
22.80 

24.38 
27.25 
29.62 
3aa x0 
34.67 
37* 34 
40.11 
42.98 
45.95 
49.02 
52.19 
55.46 
58.82 
62.29 
65.85 
69.52 
73.28 

781’:: 
85: 16 
89.31 
93.57 
97.33 

102.39 
xo6.g5 
rxx.6a 
116.40 
121.a9 
126.30 
131.44 
136.69 
142.06 
x47.54 
153.16 
158.89 
I64977 
170.76 
176.88 

r-342 
x.690 
2.034 
a- 364 
2*675 
a.367 
3.236 
3.487 
3.719 
3.936 
4.141 
4.327 
4. so5 
4.672 
4.3a8 
4.977 
5.1'I6 

S-250 
$0 372 
s-492 
5.603 
5.708 
5.808 

5*9OI 
$*99X 
6.075 
6.155 
6.23~ 
6.301 
6.367 
6.434 
6*493 
6.554 
b.‘hg 
6.660 
6.710 
6.759 
6.803 
6.347 
6.8go 
6.332 
6.974 
7.017 
7.o6a 
7.111 
7.163 
7.223 
7.284 
79 349 
7.418 
7.494 

g.% 
7:749 
7* 847 

0.31 
0.57 
0.81 
1.04 
I.25 
1.46 
1.66 
X.3$ 
a*05 
2.24 

2: 
2:30 
a.99 
3.17 
3.36 
3.54 
3.72 
3.91 
4.09 
4.27 

i:*i d 

&X.3 
$.I8 
s-36 
5.54 
5.72 
5.90 
6.08 
6.26 
6.44 
6.62 
6.80 
6.98 
7.16 
7.34 
7.53 
7.69 
7-b 
8.05 
8.23 
a. 41 
8.59 
8.78 
8.96 
99x4 
9-33 
9.52 
9*7x 
9.39 

xo.og 
10.28 
'10.47 

0.388 
O.SII 
0.691 
0.541 
o. 367 
1.076 
1.171 
I.254 
I.328 
x.395 
x.456 
I.510 
1.560 
1.606 

I.649 
1.688 
I.724 
1.758 
1.739 
1.818 
1.345 
1.869 
I.893 
1.914 
x.335 
x.354 
1.97% 
1.388 
2.003 
a.017 
zm03a 
2.044 
2.057 
a.069 
s-079 
a. 090 
2.100 
2.109 
3.x19 
2* 129 
2.139 
2.149 
a.16r' 
a- 173 
a.188 
a. 204 
3.320 
2.237 
2.256 
2*a7s 
2.296 
2.316 

2.333 
2.359 
2.381 

contd,/ 
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Table 2 (contd,) 

PI = I'000 mm Hg ‘ i ’ -1 = 290°K 

WI1 Ta OK Za Hal Aal Pai hi u21 Ma P 

112 

=*4 
x.6 
r-8 
a.0 
2*2 

z! l 
2*8 

3-o 
3-2 
364 
3*6 
3.8 
4.0 
4.2 
4.4 
4-6 
4*8 
se0 
s-2 
5-4 
5-6 
y 

*O 
6 r2 
6 -4 
6.6 
6.8 
7-O 
7*2 

a;: 
718 
8.0 
8.2 

8*4 
8.6 
8.8 
9.0 
9*2 
9*4 
9.6 
9*8 

IO*0 
1012 

w.4 
~0.6 
x0.8 
1x*0 
fI.3 

If.4 
x1.6 
xi.8 
r2ro 

327 
364 
402 
444 
489 
537 
589 
644 
704 
766 
832 
90x 
973 

1046 
1127 

~208 
1292 
1380 
r'471 
1564 
1661 
I761 
~‘86 5 
1971 
2479 
2194 
2310 
2429 
2552 
2678 
2807 
2940 
3076 
3216 
3360 
3504 

$::: 
3963 
4122 
4284 
4448 

I$: 
4951 

;:i: 

$!:q 
$766 
5924 
6074 
6223 
6367 
6503 

Ia 
I*000 
I* 000 
I*000 
I.000 
1.000 
I~QOO 
I*000 
IbOQO 
I*000 
Ie000 
1.000 
I*OQO 

1*000 
I*000 

IbOOQ 

I*000 
Is000 
II000 
1.000 
I*000 
1.000 
1roao 
1.000 
I*OOQ 
10000 
IeOOO 
16 000 
I*000 
1+000 
I* 000 
I*000 
ImOO 
1b000 
I*OQO 
1*000 
1+000 
1*000 
I.000 
IbOOQ 
I*000 
I'. 000 
1.000 
I*QOI 
1,001 
X*00% 
I*003 
x*003 
I'. 004 
1.006 
I*007 
i.010 
I*012 

I'. 0 1'4 
f&f7 

1-13 
I*35 

I*39 
I-53 
x.69 
r.86 
2.04 
2+24 

2* 45 
2.68 
2.93 
3.19 
3.46 
3-75 
4ro6 
4-38 
4-72 
5.08 

;*i; 
6123 
6.65 
7.09 
7*53 
7*99 
8-48 
8.97 
9.49 

10.01 
10.s6 
IE+IZ 

11.69 
12.28 

12.89 
13.52 
14.x5 
14.80 

;2* 4z 
I6186 
17-58 
18.31 
rg.o6 
x9-83 
20-6 I 
21,4.0 
22*22 

a3.06 
a3.88 
24*74 
25-64 
2w5 
27.46 
a&39 
29.33 

1.06 I.51 
I*12 2-13 

1.18 2*82 
ra24 3.62 
I.39 4.50 
Ia 36 5-49 
I* 42 6-57 
I-48 7.75 
I*54 9-02 
1.60 IO* 40 
I.67 11.87 
I-73 x3-44 
I*79 15*I2 

r.86 16.9O 
1.92 18.76 
I.99 20-73 

2rO5 22-8x 
a*12 24-98 
2.18 27-G 
2ma5 29.62 
2.32 32-10 
2- 38 34-67 
2*4s 37.34 
242 qo.11 
2.58 42-99 
2.65 45*95 
2.72 49-02 
2-79 $2* 19 
2*86 55.46 
2* 92 58.82 
2-99 62.29 
3.06 65*85 
3-13 69.u 
3-20 73.28 
3*27 77-13 
3*34 81.10 
3.41 85.15 
3-48 89.31 
3-55 93-37 
3.62 97.92 
3.68 x02.38 

3-7s IU6-94 
3.82 11x.60 

3.88 IA37 
3-94 I2Xo25 

4moo 126.26 
4.06 x3x.36 
4.H =36-59 
4-16 x4=*93 
4.21 147-40 
4.26 IS2-97 
4.31 158.68 
4.35 x64.50 
4*40 170,4S 
4.44 176.53 

x.342 o-31 0.288 
I.690 o* 57 O@SII z 
2-034 a.8~ 0.691 
2- 363 x-04 0.841 
2.671 Im25 o-966 
2.966 1.46 1.076 
3-235 I.66 1*x70 
3-493 1.86 *@vi5 
3-719 245 I'. 328 
3.936 2.24 
4-138 

x*395 
2* 43 

4.327 2.61 
I-455 
1.pl) 

4.506 2r80 I.$61 
4.683 2-99 1.Fjog 
4a a28 3- 17 I*649 
4-979 3.36 I.688 
5.118 3-54 I-725 
s-248 3*72 r.758 
5-373 3*9x I-789 
S-491 4-09 1.818 
s-603 4*27 x.845 
s-708 4-45 x.869 
s- 807 4-64 I*893 
5*9or 4.82 I-914 
s-997 SrnOO I-936 
6,075 se 18 I-9S4 
6mISS 5* 36 1-97x 
6.230 5-54 I-988 > 
6-302 s-72 2-004 
6* 370 5.90 2.0~8 
6-435 6.08 a.032 e 
6,495 6-26 2.04s 
6.553 6.44 2.057 
6.608 6.62 2.068 
6.657 6.80 2.079 
6.711 6.98 2*0go 

6-758 7.~6 3.100 
6.802 7.34 2* I09 
6.847 7*5x 2e~~8 
6.888 7*69 2* 128 
6.930 7-87 2. x37 
6.970 8.05 2.146 
7.0x1 8.23 2* 157 
7.0$2 8.41 am 167 
7-Q95 a*59 2. x79 
7.x47 8-77 2* 194 
7. x96 8*9s 2.208 
7*25x' 9*x4 2.225 

7.309 9* 32 2.239 s 
7-371 9*s= 2.257 
7.433 9.69 2.275 
7.504 9.88 2+294 ~ 
7.577 IO-07 2.312 
7-W 10.26 a.332 
7.741 go.45 a.352 

contd./ 
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Table 2 (contd,) 

PI 

WI1 
5 

r+ a 
I  =*4 

1.6 
x.8 

2*4 
3.6 
2.8 
3*Q 
312 
3*4 
36 I) 
3 8 
4-Q 0 

Ta% 

327 
364 
402 
444 
489 
536 
589 
644 
704 
767 
832 
9 0 It' 
973 

~‘048 
~‘~27 
x208 

1293 
x380 
x47x 
X$63 
x66x 
1’76 x 
3~864 
x97x 
2o8r 
3 1'94 
33x0 
2429 
2ss3 
2678 
2807 
294.0 
3075 
32r’s 
3359 
3505 
3655 
3807 
3964 
4523 
4285 
4450 
46x7 
4787 
4958 
5 X’30 
5297 
5468 
5635 
5803 
5967 
6x29 
6288 
6440 
6592 

pal Jhl 

I.66 r+p x*342 
I* x3 2r 13 r&go 
xm r8 2a83 2a033 
r*zk+ 3&r ae 36u 
raag 4@5Z 2*675 
1+35 5*49 2*97x 
xs 42 6*57 3*236 
PI 48 7+7s 3* 487 
r.54 9ao2 3*7ao 
‘XI&P x0* 39 3*929 
x.67 r1d7 4* x39 
x173 x3*44 4e 328 
zm 80 1$+X 4* 505 
x.86 16.89 4*672 
ZIga x8,76 4+ 828 
z*99 2um73 4*977 
2e O$ 32a 8u 5mxs6 
2a 12 24m98 9249 
ae 18 27a25 s* 372 
2435 29.63 5,496 
24 32 32* 09 5.602 
2* 38 34*67 s+708 
a*45 37m 34 5.808 
2e 52 4hSX S*?QI 
ae 58 42.98 5*99x 
2.Q 45*95 6,075 
3+ 72 49ao2 6*v5 
211179 520 T9 &23x 
aa 86 He45 6r pa 
242 58.82 6,369 
a*a9 62.29 6*434 
3r 06 654 6,496 
3ax3 69@ 52 6+ 557 
3*20 73a28 6,610 
3,27 771 x4 6.660 
3+ 34 *r+ro 6*7XQ 
3*4x *5&v 6*757 
3*48 89+3x’ 6r 802 
3*SS 9347 6.846 
3.62 97*92 6,887 
3m69 m2m 38 6.928 
3*75 rob,g3 6,967 
3.82 IH.59 7.~06 
3a89 ~~6-35 7*045 
309s 12bfa22 7ma 
4*os ~36~20 7. x26 
4* 07 13Ir3U 7m Z7$ 
4+x3 r36r50 7dzaa 
4*x* r4x. 83 7*274 
4*24 ~47.26 7a 328 
4a29 x pa 82 7a 386 
4a 34 158.48 7a444 
4e 39 X64*27 7* 508 
4* 44 x70. x8 7e 577 
4* 49 r7hzx 7*648 

211 = 290°K 

0,288 
o*pr 
Q&9X 
drn 840 
4.967 
l&78 
rr371t 
T@2S4 
x.328 
r*393 
ra455 
X*5X0 
r*gbo 
~1606 
I*649 
r&88 
I+724 
x*758 
x*789 
r.8rg 
r*844 
1.870 
xm”o3 
r,pq 
r*935 
‘Jc*954 
x*97x 
x.988 
2a 003 
2.018 
2d332 
2* O45 
2.09 

2.oGg 
2* 079 
2* 090 
a+099 
2* Lb9 
2rnXX8 

2, ~27 
2.r36 
2m 144 
2*r54 
2* I63 
a* x74 
3. ~85 
21, rg8 
2&x2 
2a227 
2+24x 
2.257 
a+273 
2rzgo 
2m 308 
2e325 

3/ Table 
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p1 = 0 mm wg 

Wa1 Ts OK 

0,961 368 
0*935 442 
0@949 P9 
-959 6x8 
-983 7x4 
X*UO$# 8x7 
s ,036 925 
x.068 x038 
LX00 rx6x 
x,x30 ~285 
X.166 vr9 
1.aor rSs7 
x*337 =704 
r*977 1863 
z*3za 20x8 
x.348 2x84 
x.392 2365 
x*430 354a 
1*47Q 273s 
X* x0 2929 
I+ $2 3 3x34 
X*SF6 3349 
r&a 3559 
r&4 3782 
x,706 3986 
1,735 4aa 
I.760 4380 
1,777 4554 
1,788 4709 
1,796 4853 
1,798 4979 
1,798 5097 
g-796 Fw 
Ia794 5306 
I,790 540” 
1.784 5491 
x*783 5577 
x*778 5 66 2 
gm776 574= 
x*773 5820 
x*77x 5897 
x*769 597x 
I.768 6044 
x.768 6~x8 
x*749 6x93 
x*770 6264 
x*772 6335 
x*776 6406 
x,779 6475 
1.703 6545 
1.786 66x2 
I*792 6681 
Em797 4749 
~803 68Z$ 
x+810 6aar 

Table 3. Reflected Normal Shock in Nitrogen 

x*37 
x.53 
~83 
his 
a*49 
a.87 
3.28 
3*7x 
4&m 
4dO 
G24 
58~ 
6 l 4r 
7*07 
7.73 
8*45 
9mg9 
9m97 

x0,80 
It,44 
=*s4 
g3*4s 
r4*4a 
z5a4° 
I6.gx 
17144 
18.48 
x9* 56 
2oA4 
=*7$ 
as.88 
34.02 
as*x9 
26.40 
27rn62 
a.87 
30.x4 
3x*49 
3a& 
34*2$ 
357x 
37*x5 
3-5 
4om=3 
4~88 
43.s 
45*"a 
46*97 
48,73 
so& 
$a*38 
54.31 
se*=4 
58,x7 
6o.q 

PSI 

2*3 
4mx 
69 

10:s 
X$+0 
mm5 
36.8 
34@1 
42.6 
52 l o 
63*5 
73*7 
86.4 

3too*3 
1~4.8 
13-g 
x47*8 
x45*7 
r85*s 
-5.7 
-7,o 
249.6 
373*9 
298.7 
324*= 
3$0*6 
377*8 
405@7 
434#3 
463*7 
493.7 
S24d 
ss6e2 
588a 9 
6a2.s 
%7*4 
694.3 
733.0 
773*x 
8x7*4 
864.6 
9X$*9 
97- 1 

soa g* 7 
Isogbg 
~~~U.3 
rago.0 
r304ar 
~382.1 
1466~2 
qgx.6 
x639.8 
w35.z 
~831,~ 
xg3 x.8 

Ti = 

&I 

x*77 
am73 
3+77 
4*93 
6.08 
7.36 
a.43 
9.53 

l0.Q 
=m73 
x2*77 
x3.73 
14a70 
x ,6x 

2 I .$O 
X7.38 
~8.~3 
r8.go 
1 Q7 
2am37 
ax,ax 
a1,d=1 
22e3f 
22.89 

=*s5 
a4aar 
“4*9Q 
=54 
a&46 
a?*30 
a8.30 
agmrr 
3a,o6 
3x,02 
3a.oo 
33.02 
34ao9 
3p8 
34*w 
3745 
38.86 
40@30 
4~80 
43*4’ 
4S*O9 
46.86 
4f-3 
Pa47 
5’*37 
54@37 
56m37 
$841 
6o.4r 
62*47 
64*s3 

290°R 

39* 58 
ag.6o 
rs9*7$ 
=9*89 
30,04 
30.26 
3-46 
3-47 
3-o 
3LXU 
3x133 
3xd5 
3x.77 
33.00 
3hal 
32*4a 
3a,Bq 
32,84 
33.05 
33.25 
33.45 
33.65 
.33*83 
34*- 
34m= 
34*37 
34GS 
34*73 
34m89 
3507 
35a23 
35140 
35*57 
35*74 
3991 
34,09 
36a21 
36,45 
3Q54 
34.82 
37.0x 
37m30 
37*39 
37.58 
37078 
37a 99 
38,x9 
38,4r 
38.6~ 
38@83 
39mo4 
39@V 
39@49 
39.71 
39*94 

co&d./ 
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Table 3 (contd.) 

PI = a mm Hg TI = 290'K 

WI% %I Ts°K zs Hsl p61 rs1 s5/Ro 

xc2 
I*4 
1.6 
1.8 
390 
2.2 
2.4 
a.6 
2.8 
3-o 
3.3 
3a4 
3.6 
3.8 
4.0 
4.3 
494 
496 
4.8 

;:: 

5*4 
5.6 
s-8 
6 
6:; 
6 
6:: 
6.8 
7.0 
7*= 
7.4 
7.6 
7,8 
8.0 
8.a 

8.4 
8.6 
8.8 
9.0 
9*= 
9.4 
9.6 
9.8 

10.0 
10.2 
10.4 
10.6 
10.8 1 
11.0 
11.a 
1x,4 

w 11.6 
11.8 
13.0 

o.gk 
0.935 
Q* 949 
00 956 
00983 
1.00g 
1.036 
2.068 
1.097 
1.130 
1.166 
I.301 

I*=37 
1.a76 
1.312 
I.325 
1.388 
I.431 
x.469 
I*SO9 
I-55” 
xe594 
1.631 
1.676 
1.710 
I.742 
1.771 
I*793 
1.808 
x.819 
1.825 
I.828 
1,829 
1,8a8 
1.826 
1.824 
1.823 
x.819 
1.816 
1.815 
x.813 
1.813 
1.81~~ 
1.813 
1.815 
1.815 
1.818 
1.822 
1.825 
1.830 
1.834 
I.839 
1.846 

I.853 
x.860 

368 
44’ 

6:: 

714 
817 
92 5 

a038 
1158 
1~284 

14x9 
IS57 
1704 
x86a 
a018 
a150 
1358 
as44 
2733 
ap8 
3133 
3343 
3557 
3787 
3998 
4206 

44x1 
4600 
4769 
4925 
5Q65 
5194 
5314 
5425 
5529 
5637 
5721 
58 IO 
5899 
5 983 
606 5 
6147 
62a6 
6304 
6383 
6 460 
6536 
6612 
6685 
6759 
6831 
6906 
6978 
7049 
7 110 

I*000 
1.000 
I .ooo 
1.000 
I*000 
1.000 
I a000 
1~000 
I.000 
I l ooo 
x moo0 
I rooo 
I l ooo 
1.000 
I eooo 
1.000 
I l ooo 
I l ooo 
I.000 
I.000 
I*000 
I.000 
I.000 
1.00x 
I*001 
1.ooa 
I*004 
I roof3 
la009 
1.013 
1.017 
I.023 
I .oa8 
I.034 
1.040 
I.047 
I*OSS 
1.063 
1.071 
I.079 
1.088 
x.098 
I. 108 
1.118 
1.1ag 
1,139 
1.150 
1r162 
I*174 
1.186 
I.199 
I.2 12 
I*P21S 
1.a38 
I[*251 

I.27 
Ie53 
1.83 
2.14 
$049 
a.87 
3.28 
3.71 
4a*9 
4.70 
5-24 
5.81 
6 04" 
7.06 
7.73 
8.43 
9.19 
9*97 

10.80 
11.64 
12.53 
13944 
14.41 
*5*41 
16.42 

17.45 
18.5' 
rg.60 
ao.69 
21.81 
=a*94 
a4.10 
25.28 
“6-49 
27.7= 
a8.98 
3oe37 
31.60 
32.96 
34*35 
35-78 
37.=9 
38.79 
40.36 
41.97 
43.61 
45.30 
47*os 
48.80 

.60 
$043 

go36 
58:21 
60.21 

a*3 
4.1 
6 09 

IO. 5 
I@jOO 
20.5 
96.8 
34e f 
4a.6 

2;:; 

73.7 
86.4 

100.3 
114.8 
130*4 
1 7.7 

;t I 5.8 
X85.4 
ao5.6 
aa7.0 
=49es 
273.9 
398.7 
334*3 
350.8 
37ae4 
406.5 
435*5 
464* 9 
495-I 
526.4 
55’3** 
!j90*7 
6a4*4 
659.X 
695*Q 
732.3 
773.9 
815.6 
86x.9 
910.3 
96a*3 

10X7*3 
1078.6 
1143.5 
1a11.4 
1382.9 

1359.1 
1438.2 
1520.6 
dog.5 
r6gg.6 
*793.= 
x890.8 

1.77 
a.72 
3.77 
4e94 
6.07 
7.26 
8.42 
9.53 

10.67 
II.74 
Is.77 
13.73 
14*70 
15.60 
16.50 
17.59 
x8.16 
18.89 
19r67 
30.37 
aI. 
21.64 
22.33 
aa. 
23.50 
=4*14 
“4.79 
25*48 
26.25 
27.03 
27.87 
28.76 
29.64 
30-55 
31.48 
32.43 
33.40 
34.39 
35.53 
36963 
37.86 
39. *a 
40.47 
41.86 
43.42 
45*07 
46*7a 
48.41 
50.ar 
52.01 

53.85 
55978 
57.66 
59*57 
61.50 

08.89 
28.93 
ag.06 
39.19 
29.37 
29*$6 
29.76 
39.97 
30.19 
30.41 
30.64 
30.86 
31.08 
31*31 
31*51 
31.66 
31.94 
32.15 
3a.35 
33.55 
3’*75 
3a*95 
33.13 
33*33 

“,;*a; 
33:86 
34*o3 
34.90 
34.37 
34.54 
34.70 
34.87 
35.04 
35.“’ 
35.38 
35.56 
35*74 
35.91 
36.09 
36.27 
36.46 
36.65 
36.84 
37.03 
37.22 
37.4” 
37.62 
37.83 
38.03 
38.24 
38-45 
38e67 
38.88 
399 10 
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Table 3 (contd.) 

PLt = SmnHg TI = 29O'K 

WI1 Wai 

I.3 o.g6r 

I.4 0.935 
1.6 0.949 
1.8 0.959 
2.0 0.983 
2.2 1,008 
2.4 1.036 
2.6 1.068 
2.8 1.100 

3.0 I. 13a 
3.a 1.167 

3.4 1.203 
3.6 1.238 
3.8 I.277 
4.0 1.312 

4.2 x.353 
4.4 I.390 
4. 6 I.429 
4.8 16471 
5-O I.509 
5'2 I-551 
5.4 I.593 
5-6 I.635 
5.8 I.674 
6 .O 1.718 
b.2 I.750 
6.4 1.780 
6.6 I. 810 
6.8 1.831 
7.0 1.847 
7.2 x.858 
7.4 1.866 
7.6 1.870 
7.8 I.873 
8.0 1.873 
8.0 I.874 
8.4 1.874 
8.6 I.873 
8.8 1.872 
9.0 I.872 
9.2 1.871 

9.4 1.871 
9.6 1.87a 

9.8 1.873 
10.0 1.876 
10.2 1.879 
IO. 4 1.881 
10.6 1.885 
10.8 1.889 
II.0 I.895 
II.3 I.901 
x1.4 I.907 
11.6 I.915 
11.8 1.gao 
12.0 1.928 

Ts OK 

368 
44= 

2:; 
714 
817 
925 

1038 
1161 

1a87 
1421 
1558 
1704 
1863 
2019 
2 192 
2362 
2541 
2736 
2928 
3130 
3342 
3565 
3782 
4016 
4227 
4438 
4649 
4838 
5013 
5173 
5330 

:;2 
5696 
5809 
5915 
6016 
6113 
6205 
6297 
6388 
6477 
656a 
6647 
6731 
6814 
6897 
6979 
7061 
7142 
7aaI 

7302 
7380 
7458 

26 H61 

I.000 I.27 
1.000 I.53 
I*000 x.83 
I l ooo a. I5 
I boo0 2.49 
I.000 a.87 
I .ooo 3.28 
I.000 3.71 
I.000 4.20 
I.000 4.70 
I.000 5.24 
I*000 5.81 
I .ooo 6 .4x 
I .ooo 7.07 
I.000 7.73 
I.000 8.46 
I*000 9.19 
I.000 9*97 
1.000 10.81 
I .OOO 11.64 
I.000 12.5" 
1.000 x3.44 
1.000 14.42 
I.000 15*40 
1.001 16.43 
I.001 17.47 
I .ooa 18.53 
1.004 X9.63 
1.007 20.74 
1.010 a1.88 
I.014 23.03 
1.018 24.19 
I.023 25.38 
1.029 a6.61 

I.035 27.85 
1.041 ag.12 
I.049 30.42 
1.056 31.75 
1.064 33.10 
I .07a 34.49 
1.081 35.93 
1.090 37*4= 
I.099 38.9s 
L.SO9 40.50 
I.119 4a*xo 
1.130 43.71 
1.140 45.39 
X.1$1 47.12 
1.163 48.86 
I.175 50.70 
1.187 sa.54 
I.200 54.42 
I.113 $6,32 
*.a25 58.30 
I.239 60.a8 

PSl 
2.3 
4.1 
6 99 

IO.5 
IS.0 
So.4 
26.8 
34.1 
42.6 

2. 22.; 
73.7 
86.6 

100.3 
114.8 
131.0 
147.8 
x65*7 
I85~5 
205.7 
227.0 
249.5 
274.1 
298.7 
324.7 
351.1 
378.8 
407.4 
436.5 
466.3 
497*o 
528.4 
560.3 
593.4 
627.2 
66a.o 
698.0 
735.0 
773.6 
814.9 
859.5 
906.6 
956.4 

1009.3 
1065.1 

1X2$.3 

xxgo.8 
1a5g.a 
1333.1 
1407.8 
1487.1 
I 569.8 
1657.1 
1749.6 
1843.3 

r61 

I.77 
2.72 
3.77 
4.93 
6.08 
7.a6 
8.42 
9.53 

10.65 
II.73 
12.75 
13.72 
14.73 
lr5.h 
16.49 
17.33 
18.14 
18.91 
19.66 
20.38 
2x.03 

21.65 
22.30 
aa. 
23643 
a4.06 
24.69 
25.30 
25.99 
26.71 
27.49 
28.29 
29.12 

29.97 
30.85 
31.73 
32.63 
33.55 
34*so 
35653 
36.63 
37.77 
38.95 
40.22 
41*5= 
42.92 
44.45 
45-98 
47.60 
49*=0 
50.86 

:",.a'a 
56:~ 
57.86 

27.97 
28.01 
28.14 
28.a8 
37.57 
a8.64 
a8.85 
29.06 
29.28 
29.50 
29.73 
29.94 
30.16 
30.39 
30.60 
30.82 
3I*o3 
3x.23 
3=a44 
31.64 
31.83 
32.03 
32.22 
32.40 
32.60 
32.77 
32.94 
33.12 
33.29 
33.45 
33.62 
33.78 
33-95 
34.11 
34.27 
34.44 
340~1 
34.78 
34.96 
35.13 
35.31 
35.49 
35.67 
35.85 
36.04 
36.22 
36.41 
36.60 
36.79 
36.99 
37.19 
37*39 
37.60 
37.79 
38.00 
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Table 3 (contd.) 

3:; 
*:f3 
2*O 
2e2 
2e 
a* 4 
3.8 

3** 

3:; 

3:5 
4eQ 
4.2 

r;:t 
4.5 

;:: 

;‘: 
5:5 
6.9 
6.2 
6 
6:; 
6,s 
7*0 
7*2 
7.4 
7.6 
7J3 
Be0 
8.~3 
8.4 
8.5 
8.9 
9.0 

;:i 

9:8 
110.0 
r’Oe2 
X0*,1. 
I’Q. 3 
$0.8 
11.0 
itie 

get . 
Ire8 
1'2.0 

Pi = IO mm Hg Ta = 2VO*K 

h %i 

oe36i 

Oe33S 

0.349 
Oe359 
Oe383 
Ihog 
I*037 
ied8 

de098 

Ie 1’30 
I* 166 
1.203 
I*237 
xe276 
1.309 
A348 
x*391 
r.431 
x*470 
IrSIO 
I'. 550 
2.594 
d.636 
ie674 
i.719 
x’.?S4 
1.788 
1.8ig 
I'e 845 
2.866 
tie881 
I’.892 
Lo300 
I’. 305 
I*309 
1.313 
1.31r 
I.914 
I.315 
d.916 
x.317 
I'egI7 
Ikgig 
i.92 I 
f.324 
1.328 
fe332 
de936 
1.940 
de 346 
i-953 
d.360 
ie368 
f.975 
I'. 984 

368 
442 
539 
61’8 

78:; 
92s 

1038 
1159 
1284 
1419 
IS8 
x704 
1862 
2014 
2x85 
2363 
a544 
=735 
2928 
3133 
3343 
3568 
3783 
40x9 
4240 
4461 
4676 
4880 
$071 
S246 
5407 
5557 
5695 
5% 
5951 
6059 
6174 
6280 
6382 
6480 
6578 
6672 
6766 
6860 
6949 
7038 
7x27 
7235 
7303 
7391 
7477 
7562 
7647 
7732 

I’e 000 
I.OOQ 
IeQOO 
1.000 
IeOOO 
IeOOO 
te000 
Ie000 
ImOO 
IeJ)OO 
1.000 
I.000 
1.000 
I.000 
Ioc)OO 
Ie300 
I*300 

XeOOQ 
x1300 

I*900 
IrOOO 
1.~00 
IeOOO 
1eOOO 
1eOOI 
Ie001 
1.002 
I.003 
1.9oJj 
reoo8 
1,311 
IeoIS 
IeO20 
1.025 
Ie03X 
x.cJ37 
I.044 
IeOSI 
IeoS8 
1.066 
IeQ75 
haa3 
I*093 
IeIO2 
IeIt2 
Ie 133 
16132 
1.143 
I* 1S4 
Ier66 
fe 178 
I.190 
Ie 203 
Ie315 
re228 

1.37 
1. 3 

ii Ie 3 
2.15 
2.49 
tea7 
3.28 
3.7x 
4.19 
4.70 

zei: 
6:41 
7.06 
7.73 
8.4S 
g-20 
9.97 

10.80 
IX.64 
f2.53 
x3*44 
x4*43 
1s. 40 
16e43 
x7.48 
X8.56 
r9.65 
20.76 
are32 
23.08 
a4.26 
2Se46 
26e39 
27.34 
29.23 
30.53 
3x.57 
33.=3 
34.63 
36.04 
37e54 
39.03 
4oe61 
42*23 
43.84 
4Se 49 
47.33 
48.98 
SO*?7 
s2.64 
54e 52 
56*44 
58m38 
60.38 

2.3 

4; 
.I 
l 9 

x0.5 
ISbO 
2QeS 
26.8 
34e 1 
42e5 
52.‘) 
62.5 
73.7 
86.4 

ZQQe f 
1X4.7 
fjIe9 
147.7 
x65.8 
18S.S 
205.7 
227.0 
=49ee 
274.r' 
298*? 
324.7 
35te4 
378.8 
407.7 
437.9 
467e 4 
498.2 
$29.8 
562.3 
595.5 
629.5 
664.5 
700.1 
737.3 
77Se7 
8r5.5 
858e 4 
904e 7 
953*4 

XQQ4e4 
10$1).0 
1116e2 
1X77.4 
1243e 5 
1314.X 
1387e I 
1464.8 
x544.9 
1628.7 
x7x6.0 
1806.7 

I.77 
2e72 
3.77 
4.93 
6.08 
Tea6 
8e4r 

,363 
Ire74 
x2*77 
x3*71 
14e7Q 
15.66 
16.52 
17.39 
x8.13 
x8.89 
rg.56 
20.37 
21eOI 
2IeeS 
22.27 
22ego 
23.42 
24.01 
24. $8 
2$.2I 
as.89 
16.52 
27.23 
27e38 
28e77 
a94 
30.40 
3x.12 
32.ro 
311.95 
33.54 
34.75 
35.75 
36.8~~ 
37*33 
39.06 
4o.d 
4=*52 
42;85 
44-26 
45.75 
47e=S 
48.79 
so*34 
St*33 
53eS5 
55*x7 

27.28 
37.3” 
27.4s 
27.58 
26.87 
26.88 
a8.16 
28.37 
28.58 
o8.80 
29.03 
29*35 
29*:7 
29.69 
29.30 
30. El 
30.34 
30.54 
3-75 
30.34 
3x.=4 
316 34 
3reS3 
3X.71 
3x*30 
32.07 
30.25 
32.42 
32.59 
32.76 
32.92 
33.09 
33*=s 
33.41 
33.58 
33.74 
33.90 
34.07 
34.=4 
34.4= 

:t% 
34:33 
3s.== 
3s*=9 
35e 47 

:gez; 
36102 
36&I 
36.40 
36.60 
36.79 
36*39 
37.x8 
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Table 3 (contd. 

31 = a5 m Isg Ti = 290’K 

Tll *fla 1 Tg OK z5 Y a51 

I.a7 
I.53 
1.83 
201s 

X% 
9:aS 
3.71 
4.ao 
4.70 
5-34 
5.82 
6.41 
7 007 
7.87 
8.46 
99x9 
9a97 

10~80 
11.64 
xa.52 
x3-44 
149 43 
15*4x 
x6.43 
X7.49 
18.56 
x9.66 
a0231 
2X.97 
=3.1$ 
a4.34 

;a$ 
a8106 
29.36 
30.67 
32*0x 
33.39 
34m8o 
36.23 
37 -69 
39*= 1 
40.74 
4a.34 
43.97 
45.65 
47.38 
49exa 
so* 91 
52.71 
$4*58 
s6* 52 
58.49 
60.48 

PSI r6i WRO 
Lo a 
1.4 
I.6 
I.8 
a ‘+ 0 
3.a 
a*4 
a.6 
2.8 
3.0 
3.2 

;‘6’ . 
3.8 
4.0 
4*3 
4.4 
4.6 
4.8 
j*O 
j*a 

5*4 
5.6 

5.8 
6.0 
6.~2 
6 
62 
6.8 
760 
7.2 
794 
706 
7.8 
a.0 
a.2 
8.4 
8.6 
8.8 
9.0 
9.2 
90 4 
906 
9.8 

IO*0 

10.3 
10.4 
10.6 
~0.8 
II.0 
sIra 

11*4 
11.6 
II,8 
X2.0 

0.961 
0,937 
0.949 
a.960 
-983 
G.QII 
1.036 
x ,068 
IIIOZ 
1~130 
1.165 
I *a03 
no237 
x.a76 
L&+18 
I*350 
1.3@8 
soda8 
I.470 
x* 509 
X*55’ 
I.594 
1.636 
I ,678 
1.718 
1.758 
I-795 
1.828 
1.861 
x.887 
I-907 
I.924 
x*937 
I.947 
X.953 
x.960 
*.g64 
I.968 
I.971 
1,974 
I-977 
s,g8o 
x.gaa 
I.986 
I* 990 
I.994 
a .ooo 
amoos 
2.011 
2.017 
2*024 
a,a3a 
a.340 
z.050 
2.060 

368 
443 

2:: 
7x4 
a*9 
91 s 

1038 
1163 
Ia 
1420 
1563 
1704 
r86a 
2x73 
aI87 
2358 
a539 
2734 
2927 
3131 
3343 
3568 
379x 
4017 
4as* 
4479 
4704 
4928 
5138 
5332 
5513 
5683 
5841 
sg87 
6128 
6259 
6385 
6505 
66ar 
6732 
68 37 
6944 
7046 
7149 
7=49 
7349 
7449 
7543 
7640 
7734 
78~8 
7924 
8019 
8213 

I.000 
1.000 
I.000 
I.000 
1.000 
I.000 
I.000 
I*000 
I l ooo 
I*000 
I.000 
I.000 
I.000 
I.000 
IvOOO 
r.060 
x l 000 
x a000 
x*000 
I*QOO 
I*000 
I*000 
I.000 
I.000 
I.000 
1.001 
1.001 
I ,ooa 
I l 004 
lt.oof3 
1.00g 
I.012 
1.016 
feOax 
1.036 
1,oga 
1.038 
I.044 
1005X 
x*059 
1.067 
x.075 
I .083 
I*093 
1,roa 
I.111 
x.xaa 
1.132 
x*143 
1,154 
1.165 
I.177 
1.188 
x.201 
1.214 

2.3 I.77 
4.2 a.7a 
6.9 3.77 

IO.5 4.93 
15.0 6.08 
20.5 7.24 
06.8 8.4’ 
34.1 9053 
42.6 10.63 
52.0 II.74 
ea.5 Ia.75 
74*’ X3.77 
86.4 14.70 

IQOe3 15.62 
117.1 15.63 
131.0 17.37 
x47.7 18.x7 
165.7 x8. ga 
++5 rg.68 
ao5.8 so*39 
a37.I a1.03 
249.6 a1.65 
274.0 22.27 
298.8 aa. 
3a4.7 23.43 
351.4 23*96 
379.4 a4*54 
408.3 95.11 
43- 25.68 
468b4 a6.18 
49907 a6995 
53x98 a7& 
564.4 a8.35 
597-g lg.08 
632*1 a94 
667.4 30.62 
703.4 31*41 
740.6 32.21 
778.9 33.03 
8ra.s 33-86 
Ww 34*7x 
903.5 35.66 
95oe7 36*65 
9980 5 37.6a 

1050.6 38.68 
I X0$*7 39.80 
1163.5 40*94 
2237,s 4ae3 I 
xagr.6 43.45 
1362.4 44083 
x433*= 46.14 
1g1o.g 47.57 
1$90*9 49.00 
1674.6 5oa 43 
1761.6 5x*89 

26.36 
26.40 
a6.53 
26.67 
ad.84 
=7*o!j 
27.24 
‘7*45 
a7.68 
a7.88 
28.11 
28.34 
28.55 
a8e78 
=9*a9 
ag.20 
a9*4x 
29.62. 
ago83 
30.02 
30eaa 
30.42 
30.61 
30.80 
so*98 
31.I6 
31.33 
3x0 50 
31.68 
3x084 
3P.01 
32.17 
32*33 
32.49 
32065 
32.8: 
3a*97 
33.13 
33.30 
33*46 
33063 
33.79 
33.96 
34.13 
34.30 
34.47 
34-Q 
34.83 
35001 
35.18 
35-36 

:Y .3 
35*9a 
3G.11 

contd./ 
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Table 3 (contd, ) 

P: z 

WI1 

X*3 
I*4 
1.6 
r,8 

4*4 
4 6 
q:a 
S*O 
s2 
s*4 
5 e 6 
5 8 
CO 
6.a 
6.4 
6*6 
6*8 
7*0 
7*2 
7*4 
7 6 0 
78 
8*0 
8.2 l 

84 
8*6 
8.8 l 

9*0 
9.2 
9*4 
9* 6 
9 8 + 

3000 
fch2 
x0* 4 
IO.6 
x0.8 
1X.O 
1x.a 
XI*4 
rx.6 
11.8 
13.0 

50 Tnm Hlz 

Wal Ts"K 

o.96~ 38 6 
0.935 442 
O*949 sa9 
Qm9S9 6x8 
0.983 7x4 
r*oog 8x7 
I*041 92 9 
1.068 roqr 
1.098 2x59 
LX30 ~284 
1.166 *4x9 
It*203 VS8 
1,239 1707 
~276 r86x 
11311 20x7 
1*35f 2x85 
Im39X 2363 
* l 429 254I 
1 l 469 2734 
l*SQ9 2927 
~as!v 3x31 
I*$93 3343 
x*637 3569 
f, ,678 379x 
1*7x7 40*5 
r,76r 4257 
x*799 449r 
2,836 4726 
I.868 495x 
Icgoo $279 
=e2r 5389 
f r, 945 $585 
r.gb $770 
I*976 5945 
~986 6107 
I.994 6259 
2 rooa 6404 
2 *cm8 6543 
a*or4 6677 
~018 68~ 
2,023 6 ga4 
ad27 7042 
ho32 7=ss 
2,036 7271 
LU4f 7377 
a.046 7487 
2,053 7596 
2,059 7701 
2,066 7806 
2.073 791r 
2*082 8013 
2.089 81x5 
2*099 82r8 
2.rag 8321 
aus1g 84x9 

&I 

I.27 
3a53 
x*83 

LfS 

ae49 
2.87 
3m29 
3*73 
4.19 
4*7Q 
$a24 
5.81 
6 l 42 
7.06 
7*73 
8*44 
9*x9 
9@97 

1u.80 
a64 
IL52 
X3a44 
r4.43 
vb*4x 
x6.42 
17*49 
XL 57 
x9*69 
30.32 
22 moo 
u*r9 
+m39 
25.62 
26.89 
28a15 
29m4s 
3Q.W 
321x3 
33*52 
34*92 
+a38 
37*8$ 
3944 
40*9a 
43'*44 
4+x0 
4579 
47*48 
49aa3 
$X404 
52.84 
54m7r 
56*64 
58, $9 
hh+ 

psi 
a4 
4.1 
6 9 

SO:5 
q*o 
ma5 
a6.8 
34*4 
42.6 
pmo 
6a.s 
73*7 
86,3 

Loom6 
114*8 
x30*2 
~48~0 
x6+7 
185. 
205* 2 
337.0 
249*4 
274.x 
ag8d3 
324J3 
35x17 
379*8 
4°8*s 
438*6 
469aa 
sooe6 
532*8 
s65*9 
59*m9 
634*3 
669.6 
705@9 
743*2 
78x*5 
821.0 
86x*8 
9Q4@X 
949*6 
998*4 

x047.6 
xxooe7 
rr57d 
12x6.3 
~78.2 
x346,5 
r4rg.o 
X489.9 
X567.3 
1Qg.o 
x730*4 

TA = 

IQ77 
2.72 
3*77 
4*93 
6.08 
7*26 
a*37 
9m57 

ro.66 
xx*74 
x2*77 
x3*72 
14.66 
q*Q 
16. $X 
X7&27 
x8,16 
18.9~ 
IgaG7 
2047 
2x*03 
2x.64 
22.27 
22.86 
“345 
23a9s 
24*P 
=a$*03 
zS,6a 
a6.15 
26*76 
27*40 
28*07 
28.7~ 
319’47 
30*20 
3-94 
31*7o 
32*45 
33*2$ 
34*04 
34*85 
35.76 
34m70 
37.65 
38,64 
39m69 
4-78 
41*90 
43.x4 
44*34 
45*"6 
q6,9s 
48,30 
49 0 60 

29O'K 

25@67 
%5*7X 
2 $484 
2998 
q.36 
=$@a7 
656 
26*76 
26*97 
a7ar9 
27e4' 
27*64 
27*87 
28.08 
28.29 
a8.51 
28.72 
28*93 
29a=4 
“9@ 33 
29153 
29*73 
29*92 
309x0 
3o*a8 
30*47 
30&4 
3o.8~ 
30*98 
3x*x5 
3x*32 
3x,48 
3x*63 
3x*80 
3X,9$ 
32bXX 
32*27 
32*43 
3249 
32*7$ 
32.91 
33*07 
33.23 
33*40 
33.56 
33*73 
33.90 
34*Q7 
34m24 
34a43 
34* 59 
34*+ 
34* 94 
35*x3 
35*3x 

contd./ 
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Table 3 (contd.) 

pi = IOO mm Hg TL = 290°K 

hi Vai T6 OK z6 831 p6i r61 sS/R0 

I.3 

1.4 
1.6 
1.8 
240 

243 
a*4 
2.6 
a.8 
3.0 
3-a 

:*6’ 
3:8 

4.0 
4*2 
4*4 
4.6 
4.8 
se0 

::“, 
5.6 
5.8 
6 
6:: 
6 
6:: 
6.8 
7.0 
7-a 
-7 l 4 
7.6 
7*8 
8.0 
8.a 
8*4 
8.6 
8.8 
9-o 
9.2 

;:6” 
9.8 

10.0 
x0.3 
10.4 
10.6 
10.8 
11.0 
II.2 
11.4 
11.6 
11.8 
12.0 

0.961 
0.937 
0.949 
09959 
043 
I.007 
I .036 
I .068 
I.097 
1.130 
1.168 
I.201 
I.237 
x.076 
1*3x0 
I.353 
x.388 
l-430 
1.468 
I.509 
f*55’ 
I*594 
I.635 
1.678 
I*719 
1.76a 
1.802 
1.841 
x.876 
x.908 
I.939 
1*g64 
*a 984 
a,002 
a.016 
a.029 
2.038 
2.047 
2,055 
a.069 
a.068 
2,074 
a.080 
2.086 
aaogo 

a.099 
a.106 
aas* 
a*Iaa 
a.131 
a.140 
a.149 
2.159 
a.169 
a. x8x 

368 
442 
529 
618 

7’4 
817 
925 

1038 
I158 
1284 
142a 

‘557 
1704 
1862 
aos6 
2191 
2359 
2 542 
3731 
aga8 
3134 
3343 
3565 
3792 
40a2 
qa61 
4498 
4740 
4975 
5206 

5436 
5649 
5849 
6039 
62x8 
6388 

:i4s5 
68495 
6984 
7118 
7a48 
7371 
7494 
7616 
7731 
7850 
7 968 
8081 
8*93 
8303 
8415 
8Sa8 
8634 
8745 

I.000 1~27 
1~000 1.53 
I.000 1.83 
I l ooo 2.14 
I*000 a.49 
I.000 a.87 
1.000 3.28 
I*000 3*71 
14000 4*19 
I.000 4.70 
I.000 S*‘S 
1.000 5.81 
1.000 6 l 4= 
1.000 7.0’1 
I.000 7.73 
II000 8.46 
I.000 9.19 
I.000 9.97 
I.000 IO.79 
1.000 I 1.64 
I*000 x2.53 
19000 13*44 
I.000 x4*42 
1.000 IS-41 
I*000 x6.43 
I.000 17.49 
1.001 18.57 
X.001 x9*70 
r*ooa 20.84 
I .003 22.01 
f.005 23.22 
I .008 24944 
I*011 as.68 
1.014 a6*95 
1001g 18.24 
x.0513 =9*55 
1*02g 30.88 
I.034 32.25 
1.041 33.65 
I*047 35.06 
I.054 36Q1 
1.062 37.99 
1.069 39.49 
1.078 41*03 
1.086 42.62 
1.09s 44922 
I*104 45*9x 
soxx4 47.64 
xbxa4 49.38 
1.134 51.17 
1.145 5”*97 
1.156 54.86 
I*ISS 56.73 
1.178 58.69 
1*1go 6o.7a 

2*3 
2’2 

l 9 
IO.5 
IS.0 
20.4 
26.8 
34*1 
4a.6 
52.0 
6a.6 
73.7 
86.4 

100~3 
114.7 
131.0 
147.7 
165.8 
Ihi* 5 
205.7 
227*0 
249.6 
274.3 
298.8 
3a4*7 
35X.9 
379.7 
408.8 
438.7 
4694 
Pf*S 
534.2 
567.:, 
601 .a 
636.0 
671.7 
708.1 

74s.6 
784.x 
833.6 
86 04 
90 % l s 
9!i=eo 
99649 

xo46.g 
*097*4 
X151.7 
x309.3 
ra6g.q 
1332e3 
x399*5 
1470.7 
x544*3 
1622.0 
1703.2 

1.77 24b 98 
a.72 2 se03 
3.77 as-14 
4.93 agea 
6.08 24.57 
7.q 25*6s 
8.4” a5*8!i 
9.53 26.06 

10.66 26.a8 
11.74 
12.76 

26.50 
26.73 

13.73 26494 
X4.70 27eI7 
15.62 27.39 
~6.51 27.61 
17.34 a7.83 
18.~6 28.03 
x8.91 a8.aq 
x9*69 28.44 
20.37 28.64 
21.01 28.84 
ax.65 39.03 
22.31 29.22 
22.85 29.41 
23.41 a9.59 
23.95 a9.77 
24947 290.95 
a4* 98 30. xa 
“S*!i2 30.29 
26.06 
26.61 

30*4s 
30.62 

27.22 30*78 
27.83 30.94 
28.46 31.10 
agda 31.26 
29.80 31.41 
SO*51 31.56 
3x.a 31.72 
31.9% 31.88 
32.66 3a.03 
33.40 32.19 
34* 16 32*35 
344 98 32*51 
35480 32b67 
36.70 32.83 
37*59 32.99 
38.53 33.16 
39.53 33*3a 
4om54 33.49 
4wi8 33.66 
42e70 33.82 
43.85 34.00 
45.04 34*16 
46.2s 34934 
47.46 34951 

contd. / 
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Table 3 (contd,) 

PA = zoo m.mHg Ti = 

1.1 
x.4 
1.6 
1.8 
a.0 
1.1 
2.4 
a.6 
a.8 
3.0 
3.2 
3.4 
3.6 
3.8 
4.0 
4.2 

;:46 
4.8 
5*0 
!i*= 
5.4 
se6 
SW8 
6.0 
6.a 
6 
6:2 
6.8 
7.0 
7.2 

-7.4 
7.6 
7*8 
8.0 
8.2 
8.4 
8.6 
8.8 
9eo 
9.2 
9.4 
9.6 
9.8 

IO.0 
10.3 
IO.4 
10.6 

a.3 
4* I 
6 .9 

IO.5 
IS-0 
sows 
26.9 
34.1 
42.6 

2::; 
73.7 
86.4 

100.4 
II4.a 
131.0 
147.7 
165.7 
‘Pi*5 
ao5.7 
327.0 
251.X 
‘74.X 
ag8.8 
w6.o 
351.8 
379.9 
409*0 
439.1 
470.1 
502.0 
534e8 
568.4 
602.8 
637.6 
670.5 
710.4 
748.1 
786.7 
824.7 
%*5 
907.4 
950.7 
998.4 

1045.5 
x094.8 
~48.4 

. 10.8 
11.0 
11.a 

t 11.4 
11.6 
11.8 
x3.0 

owg6t 368 I.000 
o.g35 44= 1.000 
0.949 529 I.000 
0.959 618 I .ooo 
0.9a5 71s I.000 
1000g 817 I .ooo 
I.039 926 I .ooo 
1.068 IO 38 x.000 
I.097 1x58 I .ooo 
1.130 1284 I.000 
1.166 ‘4’9 I.000 
I.ao3 1558 I.000 
1.=37 1704 1.000 

-75 1861 I .ooo 
I.313 aoao I.000 
I.350 2187 I l ooo 
I.390 a 362 1.000 
1.4a8 a 539 I.000 
I.471 2736 I.000 
X.510 aga8 I.000 

=-55% 3x34 I.000 
I.591 3343 I .ooo 
1.636 3 56s I WOO0 
1.678 3792 1.000 
I.718 4018 I.000 
1.763 4264 I.000 
1.804 4506 I.000 
I.845 47 5’ 1.001 
I .882 4993 x,ooa 
I.917 5=35 I.003 
10 949 $473 I.004 
I.979 5701 1.006 
2.004 5917 I.009 
2.026 fh25 1.012 
2.044 63ao x.015 
2.063 6 so7 I *oao 
2.073 6683 1.024 
a.084 6848 I.030 
a.094 7009 1.035 
2.105 7159 1.04x 
a.113 7308 I.048 
a.xaa 7452 '*OS5 
a.130 7590 1.063 
2.137 7727 I.070 
2.145 7857 1.078 
a.153 7985 I.087 
am161 8113 I.095 
a.169 8239 I.105 
a0179 a365 1.114 
a.190 8486 x.rq 
a. xg8 8608 x.134 
a.309 87a8 x.145 
2.230 8846 ***ss 
a.a31 896s I.166 

a.=43 go81 I.177 

I.27 
1.53 
1.83 
2,s; 
a*49 
2.87 
3.28 
3.71 
4**9 
4.70 
5.14 
5.81 
6.41 
7.06 
7.73 
8.45 
9.30 
9997 

10.81 
I 1.64 
12.54 
13.44 
14.43 
X5.41 
16.40 
X7.50 
18.58 
19.71 20.85 
aa .04 
23.25 
24.48 
25.73 
=7.0x 
=8,3x 
29.65 
30.98 
32.35 
33.76 
35.15 
36.61 
38.10 
39.60 
41.20 
42.77 
44.37 
46.04 
47.78 
490 54 
51.28 
53.15 

y8”; 
5a:83 
60.80 

, 1203.8 
12651.3 
1311.5 
x387.a 
1455.2 
1 2 24.9 
I 01.1 
x677.3 

1.77 
a.7a 
34.77 
4.93 
6 907 
7.26 
8.42 
9. = 

2 IO. 7 
IX.74 
-77 
13.72 
14.71 
15e65 16.48 
x7.38 
x8.23 
18.9s 
x9.66 
20.37 
a1.01 
21.78 
22927 
aa. 
33.53 
=3*9= 
24.44 
24.94 
25.46 
as*97 
26.50 
27.04 
27.62 
a8.21 
a8.81 
39030 
30.09 
30.77 
31.44 
32.08 
32.77 
33.47 
34.19 
35.01 
35.79 
36.60 
37.47 
38.36 
39.28 
40.18 
41.20 
42.24 
43.27 
44.41 
45.49 

290°K 

contd./ 

34.28 
24.32 
a4.45 
a4es9 
a3.88 
13.88 
=3*90 
as.37 
a5*58 
3 5.80 
26.03 
a6.a6 
26.47 
a6.70 
a6.gr 
a7.fa 
27.34 
27.54 
27.75 
=7*95 28.15 
28.33 
28.53 
28.72 
28.89 
29.08 
ag.a6 
a9043 
ag.60 
29.76 
29.93 
30.09 
30.25 
30.40 
30.56 
30.72 
30.87 
31.02 
31.17 
31.32 
31.48 
31.63 
31.79 
3X.94 
33). 10 
32.25 
32.41 
32.57 
33.74 
3a.90 
33.06 
33.23 
33.39 
33.56 
33.72 
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Table 3 (contd.) 

pi = 500 mm Hg Ti = 290'K 

WI1 WSI Ts OK 26 H61 p61 r61 WRO 

I.1 

:*64 
118 
a.0 
3.1 

=* 4 
a.6 
a.8 
3.0 

;:", 

3.6 
3.8 
4.0 
4.3 
4.4 
4.6 
4.8 

;:; 

5.4 
5.6 
5.8 
6.0 
6.1 
6 
6:: 
6.8 
7.0 
7.1 
7.64 

;:8 
8.0 
8.2 
8.4 
8.6 
8.8 
9.0 
9.1 
9.4 
9.6 
9.8 

IO.0 
10.1 

10.4 
10.6 
10.8 
II.0 
11.1 
11.4 
11.6 
11.8 
11.0 

0.96~ 
0.935 
0.949 
0.956 
0.983 
1.013 
1.036 
1.068 

1.097 
1.130 
1.166 
x.ao3 
1.237 
1.l76 
1.313 
x.353 
1.388 
x.418 

1.470 
I.510 

**55* 
1.593 
1.635 
1.678 
1.722 
1.764 
1.806 
1.848 
1.887 
1.926 
1.961 
I=994 
1.016 
2.051 
2.076 
a.096 
a.115 
a.131 
2.146 
2.158 
a.171 
a.181 

a.193 
a.103 
a.a*g 
a.325 

1.134 
a.237 
a*=55 
a.167 
a.179 
3,ags 
a.303 
a.316 
3.339 

368 
441 

5 2:: 
7x4 
819 
925 

1038 
1158 
1184 

14x9 
'338 
1704 
1861 
1010 
3190 
2358 
'540 
1735 
39=9 
3x31 
3343 
3566 
3791 
doa8 
4166 
4510 
4761 
$010 
5163 
$5'0 
5753 
5994 
6asa 

6440 
6649 
6848 
7039 
7=x7 
7389 
7559 
772x 
7879 
8031 
8183 
8332 
8470 
8596 
8750 
8889 
9016 
9x58 
9193 
9416 
9556 

I.000 
I.000 
I.000 
I.000 
1.000 
I.000 
I.000 

I .ooo 
I.000 
I.000 
I.000 
I .ooo 
I.000 
I.000 
1.000 
1.000 
I.000 
I.000 
1.000 
I.000 
I.000 
1.000 
1.000 
I*000 
I.000 
I.000 
I.000 
1.001 
1.001 
1.003 
1.003 
I.004 
1.006 
I.009 
1.011 
1~015 
1.019 
1.034 
I.OP9 
1.034 
1.040 
1.046 
I.0 3 

d I.0 0 
x.068 
1.076 
I ,084 
*.ow, 
1.101 
1.110 
I. Ia0 
10 130 
1.140 
1.150 
1.161 

t.17 
I.53 
1.83 
a.14 
a.49 
a.88 
3.a8 
3.71 
4.19 
4.70 
5.l4 
5.81 
6.41 
7.07 
7.73 
8.46 
9.19 
9.97 

10.80 
11.64 
x=.52 
13=44 
X4.4" 
15.4X 
16.44 
17.50 
x8.58 
X9.72 
10.87 
aa .06 
13.18 
34.5x 
15.79 
l7.08 
a8.40 

39.74 
31.10 

31.49 
33.88 
35.33 
36.79 
38.19 
39.8* 
4x.38 
41.99 
44.65 
46.l7 
47.93 
49.71 
51.$X 
53.35 
55.17 
57.10 
59.04 
60.99 

a.3 

i! 
.I 
.9 

IO.5 
x5.0 
30.5 
16.8 
34.1 
41.6 

ii;:", 

73.7 
86.4 

100.3 
114.8 
131.0 
147.7 
x65.7 
x85.4 
ao5.7 
aa7.0 
a49.6 
'74.1 
198.8 
324.8 
351.8 
379.9 
409.1 
439.3 
470.3 
501.6 

5z5’: 
d 

9. 
04.4 

63g.8 
676.2 
7x3.5 
751.3 
788.6 
818.3 
869.3 
g11.0 
954.1 
998.7 

1045.1 
X095.1 

**45.5 
X197.0 
1a 54.0 
1311.7 
1374.3 
1435.8 
1505.7 
1575.3 
r6q8.g 

I.77 
a.71 
3.77 

46'? 
725 
8.qa 

9.53 
10.67 
Ix.74 
Il.77 
13.71 
It.70 
15.61 
x6.48 
Il.35 
18.17 
x8.y 
~9.66 
-37 
31.03 
11.65 
aa.19 
11.85 
13.39 
13.91 
l4*43 
24.91 
l5.40 
q.87 
lb.38 
a6.88 
17.39 
17.93 
18.48 
19.05 
99.64 
30.34 
30.8~ 
31.44 
31.06 
31.71 
33.35 
34.01 
34.69 
3 .43 

d 3 .a0 
37.04 
37.75 
38.58 
39.43 
40.35 
41."3 
41.14 
43.12 

13.37 
13.41 
"3.54 
13.66 
la.96 
34.05 
'4.14 
"4.45 
14.67 
14.89 
15. II 
15.34 
=5*s6 
15.78 
16.00 
16.2 I 

16.41 
a6.62 
le.84 
17.03 
17.33 
37.43 
17.61 
17.80 
27.99 
18.16 
18.34 
a8.51 
18.68 
08.85 
19.01 
l9.X7 
19.33 
‘9.49 
19.64 
19.79 
39.94 
30.09 
30.34 
30.39 
30.54 
30.69 
30.84 
30.99 
31.14 
31.30 
31.44 
3x.56 
31.75 
31.91 
33.07 
3l.31 
32.38 
31.54 
32.69 

contd./ 
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Table 3 (contd.) 

PI = IOOO~@ 

, 
WI1 

*,a 
I 

I.4 
1.6 
x.8 
a.0 
2.a 
3-4 
a.6 
a.8 

::: 

;:64 

3.8 
4*o 
4m” 
4*4 
4.6 
49% 
5.0 

;:; 

5:8 
6.0 
6.2 

. 
6 
6:: 
6.8 

m 

l 

. 

7.0 
“7.3 
7*4 
7.6 
7-8 
8.0 
%.a 
8*4 
8.6 
8.8 
9.0 
9*a 
944 
9.6 
9.8 

10.0 

IO.3 

10.4 
10.6 
10.8 
II.0 
II*1 
xIe4 
11.6 
II.% 
la.0 

WBl T6 OK zs H51 PSI r51 S&l 

0.961 

oa935 
0.949 
0.959 
0,983 
1000g 

1.038 
1.068 
I.097 
1.130 
1.166 
I .a03 
1.337 
I .a76 
I.313 
I*349 
I.389 
1,431 
I*470 
I.510 
1,551 
I-593 
I.637 
1,679 
xo7ar 
I.765 
I .807 
1,849 
x.890 
I.931 
I.969 
a l 004 
3 .o37 
a.069 
2.096 
3.133. 
3*x43 
0.163 
2.181 
a.rg8 
aeax3 
a*a35 
-39 
a.aSa 
a.z$ 
a .a+ 
a .a87 
a.309 
2,314 
2,327 
2,341 
a.354 
a l 367 
a&s 
a*396 

36% 
44” 

2 
5189 
714 
8x7 
926 

1041 
1158 
1a84 
1419 
1558 
1704 
r%6a 
aoao 
a186 
2360 
“544 
3735 
aga8 
3132 
3343 
3569 
37 94 
402s 
4269 
4512 
4766 
50 19 
527% 
5535 
$786 
60 36 
6a84 
6519 
6744 
6 960 
7 I69 
7365 
7559 
7746 
7920 
809s 
8a63 
8426 
8 586 
8739 
89x7 
905’ 
gao6 
9353 
9499 
9645 
9789 
9 933 

I rooo 
1.000 
f*OOO 
1.000 

1.000 

I*000 

lb000 
I rooo 

I*000 

I.000 

I l ooo 

1.000 
1.000 

14000 

I rooo 

I*000 
I .ooo 
I .a00 

I l ooo 

I l ooo 
I.000 

I .ooo 

1.000 
I *000 

I+000 
1,oao 
I .ooo 
I l ooo 

1.00X 

1000I 
1.0oa 
I .003 
X*00$ 
I l 007 
1ooog 

I.OIl 
1.016 
1roao 
r,oaq 
1.019 
I.034 
1.040 
1.046 
1,053 
I .060 
1.067 
I.074 
1.084 
I.091 
1.100 
IoI09 
1.118 
Ida7 
I*137 
1.147 

I.27 
I.53 
x .a3 
ads 
a.49 
a.87 
3.28 
3.73 
44x9 
4*70 
5.24 
+8X 
6 l 4x 
7.06 
7.73 
%b45 
9.19 
9497 

10.80 
11.64 
19.52 

13944 
14.43 
15.41 
I”*43 
x7*50 
18.58 
19.72 
ao.87 
aa .07 
33.30 
“4*54 
25.81 
37.13 
28.46 
ag.8z 
31.18 
3a.59 
33.98 
35.44 
36.92 
3%*43 
39.97 
4X.54 
43.14 
44*76 
46*4x 
@.ao 
49*86 
51.67 

;;:$ 
57.d 
59*ao 
61.17 

=*3 

64:; 
IO*5 
x4*9 
10.5 
a&g 
34*4 
4a.6 
52 l o 
62.5 
73.7 
86.4 

LOO*5 
1~4.8 
131.0 
147.8 
165*7 
x85*5 
205.7 
aa7.r 
“4945 
274*x 
298.8 
3=5,x 
35**9 
380.0 
409*= 
439*5 
470.8 
503.x 
536-s 
57043 
605.3 
640*9 
677.9 
7x5.2 
753.4 
791.X 
831.0 
872 .a 
9X4.0 
957.2 

1001.~ 
ro47.a 
1095.4 
1144*4 
1~98.7 
xa5x.a 
1308.9 
1365*9 
t4a8.3 
x492.8 
1560.2 
1631.1 

I.77 ~2.67 
a.73 a2.7* 
3.77 22.84 
4493 as.98 
6,07 23,x6 
7~6 33oa7 
8.41 =3,55 
94 a3*76 

10.67 23997 
II.74 24.20 
1a*77 a4*4a 
X3.73 24.65 
14.71 24.86 
15.66 as*09 
16.4% 25.31 
17~3% as*51 
18.16 25*73 
x8.89 25*94 
sg.66 a6.q 
so.37 26*34 
31.02 269 54 
aI. 26*73 
3aea7 a6.ga 
aa. a7.m 
a3*4= a7929 
33490 a7*47 
34*4= 27.65 
a4*89 a7.80 
25a37 27.99 
q.83 aa. 
a6.31 28.32 
‘6.79 28.4% 
27.27 28.63 
27.75 a8dg 
28.25 28.95 
98.80 agdo 
29.34 39*as 
a9*89 = 9.40 
30-42 “9454 
3o*99 a9*69 
3x,57 29*%4 
32.18 29*98 
we78 30.13 
33.39 3-7 
34.01 30.42 
34.6% 3o*57 
35*36 30.70 
35-96 30490 
36*75 31.01 
37.49 31.x7 
38.20 31*31 
39eoo 3x*47 
39a%I 31.6s 
4o*64 31.77 
4=*so 3**9= 

Ti = 290’K 

con-t& / 
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Table 3 (contd.) 

Wli hi TSoK & Hsi PSI rs1 WRO 

x.2 

I*4 
1.6 
I.8 
2.0 
2.2 

2.4 
2.6 
2.8 
3.0 
3*2 

;*6" 
&I 
440 
4*= 

;:64 
4.8 

::: 

::i 
5.8 
6 
62 
6 
62 
6.8 

g:: 

77:: 
7*8 
8.0 
8.2 
8*4 
8.6 
8.8 
9*0 
P-2 
3.4 
9.6 
3*8 

so* 0 
IQ* 2 
10.4 
to.6 
to.8 
II*0 
ix.2 
1x*4 
11.6 
11.8 
13.0 

o.p61 368 I* 000 

0.935 442 1.000 

0*943 523 II000 
0*959 618 IO OOQ 
o-983 714 Ir 000 
1eoog 817 I*OQO 
I.036 925 I.000 
1.068 1038 IeOOO 
1.098 1159 I*000 
I.132 1287 I, 000 
Id67 14a1 IDOQO 
I.201 1557 I. 000 
I*237 1704 I.000 
I.277 1863 I.000 
I.313 2020 I. 000 

X*3$0 2 x88 1.000 

I.391 2363 1.000 

I.431 2544 I.000 

X.470 2735 rrooo 
I.510 2929 I.000 

1,551 3132 1.000 

I*593 3343 19000 
I* 636 3567 1.000 
1.678 3732 S*OQO 
1~722 4028 I*000 
x.766 4270 I.000 
1.807 4514 I*000 
1.851 4770 I* 000 
1.893 pa8 f.OQI 

I*934 5289 1.001 

I.974 55S2 II001 
2+013 5813 I. 003 
2eo46 6070 1.004 
2.080 6327 I.005 
2e113 6583 1.007 
2* 142 6826 X.OrO 
2.167 7061 X*012 
201gr 7287 1.016 
2.213 7502 x.030 

2.233 7713 x.024 
2.25x, 79x7 rmoag 
2.269 8117 I.034 
2.283 8304 I.040 
wag8 8488 I.045 
2.314 8672 1.052 

2,327 884s I*053 
2.341 got6 1.06~ 

2.356 9x86 I*Q73 
2*375 9370 x.08x 
2.388 9528 I.089 
a.403 9687 r.097 
2.417 PW I*106 

2.432 I0012 1.116 
2.448 10165 SD 125 
2.463 103a1 I.134 

1.27 
I*53 
1.83 
2.15 

“,‘84: 
3:25 
3.71 
4*x9 
4-71 
5.24 
5.81 
6.41 

7.07 
7.73 
8.46 
9.19 
9.97 

10.80 
11.64 
12.52 

x3.44 
14.42 
IS-41 
x6*44 
17.50 
x8.53 
13.73 
20.89 
22.08 
23.31 
24.56 
25.83 
27-15 
28.50 
23*87 
31.25 
32.67 
34.08 
35*55 
37.03 
38.57 
40.1x 
41.69 
43.31 
44*PS 
46.60 
48.30 
~O.Xf 
514 
53.64 
ss.s4 
57.46 
59.37 
6X.35 

293 
4.1 
6 09 

IO.5 
I-j.0 
20-5 
26.8 
34.1 
42.6 
51.3 
62.5 

E7 04 
100.3 
114.8 
131.0 
147.8 
165.8 

1Q.4 
205.8 
227.0 

249-s 
274.1 
298.8 

324.8 
351.9 
380.0 

409.3 
439.5 
470.9 
503.3 
536.7 
571.x 
606.2 
642.2 

679-I 
7Iw3 

75564 
793.3 
833.5 
87498 
917.0 
960. I 

1004.5 
1050e2 
1097.0 
1146.a 
1196.6 
1251.6 

r3o5.7 
1362.0 
1422-1 
1485. I 

1548.2 
s6rj.g 

I.77 
2.72 
3-77 

2::; 
7.27 
8.42 
9.53 

IO. 56 
11-70 
12e 76 
13.73 
14.70 
15.61 
16.48 
17.36 
18.14 
18.90 
19.66 
20.38 
21*02 
21.65 
22.28 
22.85 

23.39 
33.90 
24.41 
24.88 

25.33 
25.80 
26.25 
26.71 
27.19 
27.65 
28.09 
28.58 
ag.08 
29.59 
30.08 
30.61 
3X.15 
31.69 
32.26 
32.82 
33.38 

::.69:: 
35121 
35.82 

:;* 2 
37:84 
38.56 
39.28 
40.03 

21.38 
22.02 

22.15 

23.23 

21.57 
22.65 
22.86 
23.97 
23.28 
23*5x 
23.73 
23.9.5 
24.17 
24*4Q 
24.61 
24.82 
25.04 
25.24 
2.5.45 
2s 4 
25.84 
26.04 
26.23 
26.41 
26.60 
26.78 
26*9s 
27.13 
37*3* 
27.46 
27.63 
27.79 
27.94 
2s.og 
28.05 
28.40 

28*SS 
28.70 
28.84 
28.99 
29.13 
29.28 
29.42 
2P' 56 
23.71 
29*8s 
29.98 
30.13 
30.29 
3o*43 
30.57 
30.72 
30.87 
31.01 
3r.rG 

P1 = 2ooomm Hg Ti = 290°K 

Table k/ 



Pi = I mm HL: 

wii 
* 

I-3 

'-4 
1.6 
I.8 
3.0 
3.3 
2.4 
2.6 
a.8 
3.0 

;:i 

318 
4.0 
492 
4.4 

6 
,4:8 

5*0 
5’2 
se4 
5.6 
5.8 
6.0 * 
6.2 
6 
6:: 

w 6.8 
7.0 
7.2 
7-4 
7-6 
7.8 
8.0 
8.2 
8.4 
8.6 
8.8 
9-O 
9.3 
9*4 
9.6 
9.8 

IO*0 
10.3 

l 

IO*4 

10.6 
IO.0 

. II,0 
II.2 
11.4 
11.6 
I 1.8 
12.0 

Ta°K & Hal Aa: Pai Ta1 U21 M2 

327 
363 
40' 
441 
484 
530 
579 
63= 
687 

6 
s',48 
872 
941 

1013 
1086 
1163 

'244 
I327 
1414 
* 504 
I597 
1693 
1790 
T886 

*98s 
ao78 
2x66 
2245 
2318 
2383 
2445 
2500 

ass= 
2600 
2645 
a687 
2727 

;;:i 
2836 
287~ 
2903 
2935 
2965 
2995 
3024 
3054 
3082 
2110 
3x37 
3163 
3189 
3216 
3241 
3267 

I.000 

I.000 
I.000 
I l ooo 
I*000 
I.000 
I.000 
I*000 
I.000 
I*000 
I.000 
1.000 
I.000 
I.000 
I*000 
I*000 
I.000 
I.000 
I.000 
1.000 
I .ooo 
I*000 
I .ooo 
1.001 

I.001 
1,ooa 
X*004 
1.007 
1.010 
1.014 
1.oxg 
I*035 
I.031 
I.037 
I.044 
1005a 
I.060 
1.068 
I.077 
1.086 

I.095 
I*105 
I.115 
X.13$ 
I. 136 
I.147 
1.158 
1.170 
I.182 

:':,964 
1:21j) 
1.232 
I*345 
x.259 

I. 13 
1.~46 
I* 39 
I.53 
x.69 
1.86 
2.04 
a.24 
2.46 
2.68 
a*93 
3.19 
3.46 
3.76 
4.06 
4.38 
4*72 
so0 0 

:‘81; 
6:23 
6.65 
7.08 
7.52 
7.99 
8.48 
8.98 
98 47 

IO.00 

IO*55 
11.14 
11.72 
12.34 
IS*94 
13.57 
I4.lI 
14.88 
154 
16.25 
r&g6 
17.68 

18.44 
19.19 
*9.g6 
20.75 
21.56 
aa.38 
age= 
24.07 
“4- 93 
2 5.8a 
26.72 
27.63 
28.58 
=9@ $2 

1.06 
1.13 
1.17 
1oa2 
I .28 
1.34 
I.39 
I*45 
I.51 
I.57 
1.63 
r.69 
I.75 
1.81 
I .88 
I.94 
2 a00 
2.07 
2.13 
2*ao 

2.26 
2.32 
2.38 
a*43 
a.48 
2.52 
a.56 

x 
a:64 
2.67 
2,7o 
2*73 
a.75 
a.78 
2.81 
2.84 
a.87 
2 . go 
2.92 
=* 95 
a. 98 
3.01 
3.04 
3.07 
3.10 
3*13 
3.16 
3.19 
3.22 
3.25 
3*29 
3*32 
3835 
3.38 

1.51 x-344 
a,1a IO695 
2.83 a.047 
3*63 2.387 
4.52 a.7ra 

5.5” 3.020 
6.61 3.310 
7.80 3r581 
9*09 3.837 

10.48 4-073 
II*97 4.a96 
f3.55 4.505 
IS-24 449 
x7.oa 4.880 
x8.91 59050 
20.89 5,208 
aa. 59357 
as.1 6 5*497 
27844 59% 
29.82 5*7'0 
32.31 5.8 t36 

34.89 5.978 
37.58 6.088 
40.39 6.207 
43029 6.317 
46.33 6,450 
49*5* 6.600 
52.83 6,779 
56.28 6 l 972 

2 
g-87 79 184 
3.57 7.399 

67*41 7.631 
7x.37 7.867 
75.45 8.1X3 
79.64 8.363 
83.95 8.6x5 
88.38 8.869 
92.91 g-124 
97.56 9.380 

102.32 9*637 
X07.19 9.889 
112.16 10,140 
117.35 10,394 
1aa.45 x0.643 
127-75 10.830 
133.17 11.135 
x38.69 12.373 
144*3x 11.610 
I~OrO~ 11.844 
155.90 12.076 
X61.85 12.303 
167. go 13.526 
174907 12.743 
180.34 12.957 
186.72 13.167 

0*31 

x3 
1:og 
x.26 
I.47 
1.67 
1.87 
2.07 
2.26 
2.46 
2.65 
a.83 
3.oa 
3.21 
3039 
3.58 
3.76 
3*95 
4*I3 
4.31 
4.50 
4.68 
4987 
s*os 
50'4 
51643 

z.0; 
6 903 
6.a3 
6*43 
6.63 
6.84 
7*04 
7.25 
7*45 
7.66 
7.86 
8.07 
8.a7 
8.47 
8.68 
8.88 
9.08 
9.28 

9.49 
9.69 
9.89 

IO.09 
IO.29 

IO.49 
so.69 
10.83 
II.09 

0.390 
o-514 
0.700 
0,854 
0,987 
I.101 
1.203 
1,293 
I-372 
I-444 
1.508 
I.96 
1.619 
1.666 
1.710 
I.750 
I.787 
1.820 
I.QI 
I .88x 
1.908 
1.936 
I.965 
I.998 
2.033 
2.075 
2.113 
'*I74 
2.227 
a.280 
2.332 
2.384 
2*433 
2,483 
2.531 
2.579 
2.625 
2.670 
2.7x4 
2.758 
2.799 
2,840 
2.880 
a*919 
2.957 
2 l 994 

3.029 
3.064 
3.097 
3.130 
3.162 
3.193 
3.222 
3.251 
3*279 
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Table 4. Incident Normal Shock in Oxygen 

TI = 2Y0°K 
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Table 4 (con& 1 

Pi = 2 mm He Tl = 2900~ 

I.2 

1.4 
I.6 

1.8 
2*0 

2.3 

2-4 
2.6 
2.8 
3.0 
3.1 
3*4 
3.6 
3.8 
4.0 
4.2 
4.4 
4.6 
4.8 
5.0 

ii; 

5.8 
6.0 
6.2 
6 
f5:i 
6*8 
7.0 
7.2 
7.4 
7.6 
7*8 
8.0 
8.a 
8.4 
8.6 
8.8 
9.0 
9.3 
9.4 
9.6 
9.8 

10.0 
LO.3 
IO. 4 
10.6 

10.8 
x1.0 
II.2 
11.4 
11.6 
11.8 
19.0 

327 
363 
401 
441 
484 
530 
573 
6 32 
687 
746 
808 
873 
940 

1013 
1086 
1163 
1’44 
13a8 
1414 
1504 
1597 
1693 
1791 
1891 
1991 
2086 
2178 
oaf55 
2346 
2419 
a485 

:i:: 
2654 
270 3 
a749 
a79= 
2834 
2873 
291x 

a948 
+83 
30 17 
3051 
3083 
3114 
3145 
3176 
3207 
3135 
3265 
3= 93 
3322 
3350 
3377 

I.000 
I.000 

I .ooo 

I.000 

I.000 

I l ooo 

1.000 

I.090 

I .obo 

I l ooo 

I*000 
I a000 

I.000 

I boo0 

I boo0 

I.000 
I*000 

I.000 
I.000 
16000 

I.000 
I l ooo 

I l ooo 

I*000 
1.001 
I l ooa 

1.003 
1.00~ 
I .008 
1,ora 
1.016 
1.031 
1.oa7 
1.033 
x*01)0 
I.047 
**ass 
x.063 
1.071 
1.080 
x.089 
1,098 
1.108 
I.119 
x.fag 
1.140 
1.1~1 
1.162 
I*174 
x.186 
rag8 
1*21x 
I.aa3 
I.137 
I.250 

X.13 
I.25 
I.39 
I.S3 
x.69 
I.86 
2.04 
2.24 
a.46 
a.68 
= l 93 

3.19 

;*;a” 

4:06 
4.38 
4972 
5.08 

:*84; 
6123 
6.65 
7.08 
7.53 
8.00 
8.47 
8.97 
9*49 

IOmO 
IO.57 
II.XO 
II.72 
13.30 
1a.92 
13.56 
t4.af 
14.88 
*s4 
16.~45 
x6* 9s 
17.67 
18.42 
x9.18 
19.97 
30*74 
21.56 
22.38 
23*3x 
24.05 
34.93 
25.80 
26.72 
27.63 
a8.56 
=9*5* 

1.06 1.51 
1.12 a.12 
IbI7 2.83 
x.a3 3.62 
I.28 4*53 
1.34 S*S’ 
I.39 6.6x 
I*45 7.80 
x.51 9.09 
1.57 10.48 
1.63 xr.g6 
1.69 13.55 
I.75 *5.=4 
1.81 X7.02 
I.88 r8.gr 
I.94 PO.89 
a.00 aa.98 
a.07 95.16 
2.13 '7.45 
a *a0 29.82 
a .a6 32.30 
2.32 34.8 9 
2.39 37.57 
2*44 40.36 
a*50 43a5 
2.54 46.30 
2.58 49*46 
a.61 5=.74 
2.64 
a.67 

56.16 
54.73 

a.70 63.42 
2.73 67.24 
2.76 71.18 
a*79 75.14 
2.82 79*4= 
2.84 83.72 
a.87 88.13 
a.90 92.66 
a.93 97.29 
a.96 102.04 

2999 xo6.go 
3.oa 111.87 
3.05 116.94 
3.08 112.I3 
3.11 127.43 
3.14 132.83 
3.17 138.33 
3.21 143.95 
3.14 x49.68 
3.07 *55*5* 
3.30 161.45 
3.33 167.50 
3.37 173.65 
3*40 *79.9* 
3.43 186.28 

I.344 
I.697 
2.045 
2.384 
2.71a 
3.016 
3.309 
3.581 
3.836 
4.074 
4.390 
4*504 
4.700 
4.881 
5.050 
+a08 

S-358 
s.496 
5.631 

;:;a; 

5*975 
6.081 
6.186 
6.295 
6.425 
6*565 
6.715 
6.885 
7.077 
ba85 
7.498 
7.717 
7.W 
8.195 
8. 35 

2 8. 78 
kg= 
9. x68 
9.413 
9&8 
9*9QI 

roar42 
10.378 
to.hg 
10.850 
11.080 
II.309 
II.534 
II.754 
11.g72 
xa.183 
Ill.392 
13.597 
*a*797 

0.31 
0*$7 
0.82 
1.04 
1.a6 
I.47 
1.67 
1.87 
2.07 
2.26 

2.45 
2.65 
2.83 
3.02 
3.31 
3.39 
3.58 
3.76 
3*95 
4.13 
4.31 
4.50 
4.68 
4.86 
s*os 
5*24 
5.43 
5.6a 
5.81 
6.01 
6.31 
6 l 41 
6.62 
6,8a 
7.oa 
7.23 
7.43 
7.64 
7.84 
8.04 
8.15 
8.45 
8.65 
8.86 
9.06 
9.a6 

6 
;:d6 
9.86 

10.06 
ro.a6 
10.46 
x0.66 
10.86 
11.06 

o*ago 
Q*51.5 
Q*699 
0.853 
G* 987 
1010X 

1.203 
I.293 
x.372 
1,444 
I.507 
1.566 
x.6x9 
1.667 
1.710 
I.750 
1.787 
1.8ao 
1.852 
1.880 
x.908 
x.934 
x.961 
I.990 
a.oza 
a.06a 
3rIOS 
a*152 
3.200 
2*256 

2.300 
2.350 
2.400 
2.448 
a*495 
a.541 
2.586 
2.630 
2,674 
2.716 
a.757 
a.797 
2.835 
2.873 
2og10 
a*945 
a.980 
3*014 
3.047 
3.078 
3.109 
3.139 
3.167 
3.195 
3.233 

nnn+il / 
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Table 4 (contd.) 

Pi = 5 mm His T& = 290°K 

Wll * 
x.2 
x.4 
x.6 
1.8 
a.0 
2.2 
2.4 
2.6 
2.8 
3.0 
3.2 

::i! 
3.8 
4.0 
4.2 

4’64 4. 
4.8 
5.0 
s-2 
5.4 
G6 
s-8 

I 6.0 
6.2 
6 
6:: * 
6.8 
7.0 
7.2 
7-4 
7.6 
7.8 
8.0 
8.0 
8.4 
8.6 
8.8 
9.0 
9*= 

g*2 9. 
9.8 

10.0 

m t0.a 
IO.4 
10.6 
10.8 . 
II.0 
txea 
11.4 
11.6 
11.8 
11.0 

327 
363 
401 
441 
484 
530 
579 
6 32 
687 
746 
808 

873 
941 

101% 
I 086 
1163 
1244 
rja8 
14x4 
x505 
1597 
1694 
1792 
1893 
1995 
“094 
21ga 
aa 
2373 
2456 
2531 

269: 
2721 
2777 
2830 
a878 
0924 
a 968 
301x 
3052’ 
3092 
3 130 
3x68 
3204 
3339 
31174 
3308 
3342 
3374 
3406 
3438 
3 470 
3501 
3532 

I; l ooo 1.13 
f .ooo 1.a5 
I.000 1.39 
I.000 1.53 
I.000 I .6g 
I.000 I.86 
x rooo 2 004 
I.000 2.24 
I.000 a .46 
x.000 2.68 
I l ooo 2 l 93 
I.000 3. r9 
I.000 3.46 
1.000 3.76 
1.000 4.06 
I a000 4.38 
I.000 4.72 
I .ooo 5.08 
I.000 5.44 
x l ooo 5.83 
I .ooo 6.113 
I.000 6.65 
1 rooo 7.08 
I boo0 7.53 
I.Oc¶I a.00 
I.001 8.47 
1.003 Be97 
I.004 9.48 
I .006 10.03 
1.009 so.57 
1.013 11.13 
x.017 LI .70 
f.023 la.30 
x l 028 ram91 
1.034 13*54 
I*041 r4.19 
1.040 X4.84 
= 0055 X5.5’ 
1.064 16.33 
1.07a x6.93 
1.081 IT.68 
I.090 r8.41 
1,099 r9*17 
1.109 =9e 94 
t.xao aoe73 
1.130 a=.54 
1.141 aa.36 
IdSa ag .a0 
1.163 24.05 
x*x75 24*92 
hra7 a 5.80 
X.199 a6.69 
I.113 a7.61 
r,aq =ws 
1.o38 19.49 

I .a6 
x.x2 
1.17 
I .aa 
I.28 
Id4 
I.39 
1.45 
I.51 
I-57 
1.63 
1.69 
I.75 
1.81 
1.88 
I*94 
a.00 
a.07 
2.13 
a.30 
a.a6 
a.33 
a*39 
a*45 
a. 51 

3: 
2164 
a.67 
a.70 
2.74 
am77 
a .%a 
a.83 
a .86 
a.89 
a. ga 
2.95 
a.98 
se01 
3.04 
3.07 
3eXf 
3.14 
3eI7 
3.30 
3.=3 
3.37 
3.30 
3.33 
3.37 
3*40 
3*43 
3.47 
3*50 

I.51 
a.13 
a.83 
3.63 
4.52 
5*.s2 
6.61 
7.80 
g-09 

10.48 
II.97 
X3.55 
= 5.14 
x7.03 
18.91 
30.89 
22.98 
25.16 
27.44 
a ge82 
32.31 
34.89 
37.57 
40.36 
43.25 
46.27 
49*40 
52.66 
56.06 
$948 
63.24 
67.04 
70.96 
74.99 
79*15 
83.42 
87.83; 
9=*33 
96095 

101.68 
106.51 
IIIe47 
116.53 
IaIe70 
ta6e90 
ISa .36 
X37e86 
x43.46 
t 49et6 
x54.98 
160.91 
t66eg4 
x73*07 
179*3x 
x85,66 

1.344 
1 l 699 
a.047 
ada7 
2.7x2 
3.020 
3.309 
3.581 
3.836 
4.074 
4ga9 6 

4.504 
4*699 
4e 880 

5.050 
5ea09 
5.357 
50 494 
5.6a6 

;:;i; 

5.973 
6.079 
6,IaI 
6.284 
6 .40x 
36.522 
6.658 
6.808 
6.971 
7.Z$6 
7.3 55 
7.562 
7.775 
7.993 
8.216 
8.447 
8.676 
8,905 
9.w 
9*36x 
9.590 9.818 

ro.044 
10.~67 
IOe487 
10.704 
toe 918 
IIeI38 
xx.337 
11.542 
xr.74a 
II.937 
toe fag 
tae3t6 

0.31 or390 
0.58 0.516 
0.82 om700 
1*0g 0.054 
x.26 0* 987 
I*.$7 X.102 
I.67 1.203 
I.87 I.393 
3.07 I.372 
2.26 I.444 
2.46 I.508 
2.65 I.566 
2.83 x.6rg 
3.02 1.667 
3.ax I.710 
3.39 1.750 
34 I.787 
3.76 1.820 
3.95 1.851 
4.13 I.880 
4*3x r.go8 
4.50 I.933 
4.68 =*959 
4.86 =* 98s 
5.05 se014 
5.23 2.048 
5*42 2.085 
5.6x 2.127 
5e80 a.173 
6 000 2.917 
6. rg 2.264 
6*39 ~03lZ 
6.60 2.359 
6.80 a.404 
7.00 =*449 
7.20 a.493 
7.41 2.538 
7.6~ ae 580 
7.81 a.621 
8.01 2.662 
8eaa 2,70x 
Be42 2.739 
8.62 a#777 
8.82 a.013 
9ao3 2.848 
9.23 2,aaa 
9.43 a.916 
9.63 a,948 
9.83 =* 979 

IOeO3 3eOXO 
tOea3 3.039 
IO*43 ’ 3.067 
10.63 3.095 
10.83 3efaf 
11.03 3eI47 

contd./ 
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Table 4 (contd.) 

Pl = x0 mm Hg Tl = 290*K 

Wll TooK Za Hai %l Pa1 ra1 Uai 

I*3 
1.4 
I.6 
I :a 
=r* 
9.3 

z! 
31% 
3.0 
3.3; 
3.4 
3.6 
3.8 
4.0 
4.3 

4ei! 4. 
4*a 
5.0 
S*” 

54 

5.6 

5*8 

6eo 

6.2 

6 04 
U5 
6.0 

7.0 

7m= 

q’: 

7:8 
8.0 
8ea 

a*4 
8.6 
8e8 

9*Q 

9*= 
9.4 
9.6 
9*a 

10.0 
10.3 
IO. 4 
10.6 
IO*8 
IXeO 
11.3 
11.4 
11.6 
11.8 
13.0 

337 1.000 
363 f .000 
400 X*000 
441 1.000 

484 I l 000 

530 I.000 

579 I l ooo 
632 I.000 
687 I.000 
746 I moo0 
808 I.000 
872 f 9000 
941 I.000 

ro13 I .ooo 
1086 I l OO0 
I 163 I*000 

-43 1.000 
x328 I .000 

14x5 x.000 

1504 I +ooo 

1598 I moo0 

1693 1.000 
1792 1,000 
I894 I.000 
1997 I *a00 
2100 I@001 
=x99 x .003 
2296 ImOO 

239Q I.005 
2478 I .008 
a56r I.011 
2636 x.014 
2705 feOf9 
2771 X.034 
2831 X.030 
a888 *eQ36 

2942 I.043 
2994 1+0s0 
3043 X.OS% 

3089 I .066 
3134 I .074 
3177 I .Q83 
31x9 I.093 

3a60 1.142 

3299 III12 
3338 IeI3)3 
3376 I.133 
3413 I.143 
3449 I*ISS 
3485 I.166 
3521 1.178 
355s Idgo 
3589 I *a024 
3613 1@3IS 

3657 1.228 

x.13 
f&q 
I*39 
P l 53 
1.69 
x.86 
a*04 
soa4 
2.46 
a,68 
a.93 
3.19 
3.47 
3.76 
4.06 
4.38 
4.v 
5.08 

:*g 
633 
6.64 
7.08 
7.53 
7.99 
8.48 
Be97 

9*48 
IO*01 
1-57 
IL13 
11.70 
12 l ag 
12ega 
13.54 
14.18 
I4*84 
vbs= 
16.~ 
x6*93 

17.65 
18.40 
x9.16 
=9*93 
m.7a 
=.s3 
a=*35 

23.17 
24.04 
24*9* 

25.39 
abe 

27.6x 
2a*S4 

39.48 

1.06 I.fjI 
*.*a 3.12 
x*17 a.83 

1.223 3.63 
1.28 4.P 
1.34 S*P 
1.39 6.61 

X.45 7.80 
*es1 9.09 
1.57 10.48 
1.63 *X*97 
1.69 x3.55 
I.75 * 5.34 
x.81 1c/.0a 
te88 ra.9r 
I.94 20.89 
3eUO ~2.98 
aeO7 25,x6 
3.13 a7.44 
3.20 29.82 
a .a6 3a.30 
a.33 34.89 
a.39 37.57 
3.45 40.35 
a.51 43.=4 
a.56 
a.41 

46.a4 
49.37 

a.65 
2.69 

52.62 
55.99 

a.73 
a.76 

s9*49 
63.x3 

=*7g 66e89 

2.83 70.79 
a.86 74.81 
a.89 78.95 
a.ga 83.21 
a.95 87.58 
= l 98 92.07 
3.02 96.68 
3.05 1or.39 
3e*8 toLa= 
3.11 III.I~ 
3.15 rrbw 
3.18 tat*36 

3.21 ra6.63 
3.=5 133.00 
3.28 x37.48 

3.31 x43.07 
3.35 ~48.76 
3.38 x 54.57 
3.42 t6oe48 

‘3.45 166.49 
3.49 x72.63 
3.51 x78.84 
3.56 I8S.I8 

x.344 
1.697 
&OS0 

a.388 
a.712 
3.018 
3.311 
3.581 
3.836 
4*Q73 
4ea97 
4*SQ6 
4*698 
4.879 
5.050 
5.309 
5e363 
5.496 
s.62 5 

;:;g 

5.974 
6.~78 
6.179 
6.278 
6.380 
6.50~ 
6.6a6 
6.760 
6.9~2 
7.07 
7.25 2 

7.449 
7.645 
7.854 
8.064 
a.277 
8.493 
8.711 
8.929 
9,148 
9e366 
9.582 
9.797 

IOeOOg 

10.21g 
roa4a5 
ro.633 
10.83x 
rr.028 
11.aa2 
11.414 
1r.601 
It.783 
11.96~ 

0.31 
0.57 
0.82 
I.0 
**a d 
1.47 
1.68 
1.87 
aa07 
a.36 
a.46 
m55 
2.83 
3.02 
3.21 
3.39 

ie;: 
3:95 
4.13 
4.31 
4.50 
4.68 
4e86 

5.04 
5.23 
5.4= 
5.h 
Se79 

5*99 
4Lr8 
6.38 
6.58 
6.78 
6.98 
7.18 
7.39 
7.59 
7.79 
7.99 

8.19 
8.40 
8.450 
8.80 
9.00 
9.20 
9.40 
9.60 
9.80 

10.00 

IO.20 
roaqo 
10.60 
10.80 
11.00 

0.390 
O.SIS 
0.701 
**aS5 
0.987 
IeIOI 
1,203 
I.393 
I.372 
x.444 
I. pa 
1.566 
I.618 
I.666 
1.710 
I.750 
1,788 
I.830 
*east 
1.88U 
I.907 
I.933 
x.958 
x.983 
3.009 
2eO38 

2,074 
a. Ill 
h15a 
LX96 
2eS38 

2.283 
2.328 
a.372 
2.417 
2.459 
2.503 

=.s4a 
2.$32 
3.62;~ 
‘.659 
2.696 
2,733 
2.768 
a*803 

a.835 
a.867 
2.899 

2.928 
3.957 
a. 986 
3.=3 
3.040 
3*Q65 
3.090 

contd./ 
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Table 4 (contd.) 

%I 
l 

c 

Y 

8 

l 

x.3 

r.4 
x.6 
1.8 
a.0 
a.2 
384 
2.6 
2.8 
50 
3*3 
3m4 
3.6 
3 8 
4eo 

4*4 4.2 a 
4 l 6 
4 a 
5.2 5’0 

5’4 a 
5 l 6 
s 8 
6*0 l 

6  02 

6.4 
6.6 
4.8 
7*Q 
7ea 
7e4 
7 II 6 
7 8 

8a2 8mo 0 
aa6 a 4 

ama 
9ao 
g82 
9-4 0 
9 8 6 
9 l 8 

fU.0 

IO*2 

JO.4 
LO.6 

~0.8 
XLaU 

x1.3 

Xfr4 
1x,45 
xx.8 
13.0 

pai r21 

337 f rOQ0 LJ3 x.06 X*SI Ia 
363 I~OOQ r&q z.lta LfSL x,697 
40’ z 4000 x,39 Id7 a.83 a.047 
442 f l OOQ I*$3 Ida 3*63 a.387 
484 1 l aoo I.69 x.38 4* s2 3.712 
53 Q X*OQQ x.86 x,34 542 3.020 
SW It l oou ZmO4 x.39 6.6x 3.309 
632 I l ooo 3.34 X*4$ 7180 3*$8’ 
687 f l OUQ 2.&$ X+5X 9*Q9 3,835 
74 6 X l U00 a,68 x,$7 ~0~48 4mo74 
808 I l OOQ a l 93 x.63 xx,97 4*%96 
673 I “OQU 3eI9 I.69 -45 4Q04 
943 f .QQO 3446 X&75 *se24 4* 99 6 

fU x3 1 l uou 3.76 1.8s z7.oa 4*880 
1086 x*uoo 4.06 I,88 r&g1 5048 
1x63 It l QQO a*38 r*94 20.89 s*=9 
I244 f ,ouo 4@72 LUU aa.98 Sa357 
13a6 x .OOO 5*Q7 2.07 a$* x7 sm so4 
‘4f4 s mu00 544 aa3 “7.44 Qa6 
VQS x SOQU $*83 amma ag,82 51748 
r598 X l QO0 4*23 a.26 32*30 5.864 
1694 X mOO0 6,65 -33 34*88 se973 
x793 x .OQU 7.08 =*39 37*57 6.077 
I894 1 l oou 7*53 a*4s 4Om35 68 176 
1998 xrruoo 7*99 am52 43m=4 6,273 
a 103 f mOOI 8*47 2*57 46,33 4m37Q 
zao6 I:.001 aa97 a.63 49a34 6,478 
2 308 I .002 9*47 2.67 s2*57 q9r 
24”9 x.003 su*ox a.72 5smga 6,709 
2504 LOOS IO.56 2.76 59839 (i,841 
3 595 x .008 SXeI2 2*79 4=*99 6*985 
2681 LOLX fXo7X 53.83 G&73 7*x38 
a759 I l O 15 ra.3o 2.86 7Q*$9 7*3= 
a832 LOX9 f2 .a9 &go 7468 7@494 
a go0 JmOa4 r3.p 3 + 93 78,70 7,682 
2945 f l 030 14mr7 a.96 8243 7.874 
3026 ImO36 x4*83 3.00 87.28 8.070 
308s f l u43 1s*5r 3*03 9x,74 8,268 
3139 Lop 1b30 3.07 $633 8m474 
3 192 f ,058 r6,gx 3.ro XQfmQ2 8.676 
3243 I a066 g7a63 3*x3 105.83 8,879 
3=9= 1,074 x8.38 3.17 HO+74 9.082 
3340 I .083 x9.04 3.20 =$*77 g.280 
3386 Luga *gaga 3ma4 1ao* go 9*48g 
343 f XrXQ2 20+7x 3.37 I36.lS 9.680 
3474 f.fzb -.p 3.3x r3ra5I ga877 
35x7 Xrfax ab3a 3a34 wQ7 ro,o7x 
3558 xex3a a3ex7 3m38 r42*s4 ru.262 
3599 1.x43 34&a 3*4x ~48~22 xom450 
3639 r*v4 ~4~88 3e45 x54.00 x0*633 
3679 Irnr65 as*77 3m49 q9*89 xo.8r5 
37r9 x*x77 26rn67 3*53 x65.88 xu 8 992 
3757 x.1189 a7 l ho 3a56 x7xmg8 xr,r65 
3794 xaauz 28+ 3.60 178.m If,337 
3833 1.214 39*47 3*63 x84. $I 11mga4 

&? 

0*3T 
0.58 
ha2 
I*05 
x.26 
x*47 
x.47 
x*87 
2.07 
3rd 
2.46 
a.65 
2.83 
3+02 
3.2x 
3839 
3*58 
3m76 
3*9$ 
4*x3 
4&3X 
4@v& 
4 l 

4 l 86 
5.04 
5ma3 
5m4I 
5 m6Q 
5*79 
S&98 
6.x7 
6.36 
6,56 
6*76 
6.96 
7.16 
7.36 
7*+ 
7*76 
7ag6 
8.~4 
8.36 
a,57 
8*77 
8,97 
9* x7 
9*37 
9*57 
9e77 
9.97 

X0.16 
X0.36 

X0*$6 
x0.76 
JOmg6 

contd,/ 



Table 4 (contd,) 

1.3 
I*4 
re6 
x.8 
a.0 
2*2 
am4 
a*6 
2.8 
3.0 
3@2 
3*4 
3 6 
3.8 
4&o 
4:s 
4*4 
4m 6 

4m8 
5m” 
5’2 
5*4 
5 l 6  

5 8 

o:, 

6.2 

-4 
6.6 
G.8 
7mo 
7.2 
7.4 
7 6 l 

7 8 
8*0 
8*rr l 

a  4 
8*6 
8.8 
gbQ 
9.2 
9*4 8 
9 6 l 

9  8 Q 

ma0 

XU*3 

x0*4 
~0.6 
90.8 
x1.0 
fl*3 
xx.4 
1x,6 
xx.8 
x2.0 

TaoK 

327 
343 
401 
44r 
484 
530 
579 
63x 
687 
74 6 

807 
872 
94x 

SOXX 
so86 
~163 
1241 
~328 
r4v 
ISO4 
1599 
1693 
x793 
289s 
1999 
2105 

aara 
23x6 
a 420 
asI9 
26x6 
2707 
2794 
2874 
2949 
302a 
3087 
3x51 
32x3 
3271 
3321 
338s 
3433 
3484 
3533 
358x 
36a7 
3674 
37x8 
3743 
3805 
3849 
3891 
3933 
3974 

Ha1 

J.I3 
I&q 
x*39 
I+53 
s&g 
1.86 
a*04 
aa4 
a.46 
a.69 
a*93 
3&X9 
3@46 
3*75 
4.06 
4*38 
4*7x 
5.08 
5@45 
$*83 
La3 
4*64 
7.~8 
7*$3 
7.99 
8*47 
8*97 
94 

so*ox 
=*s4 
X1,X2 
x1.70 
X3030 
=*go 
uap 
14.x6 
x4*83 
fS*P 
XL30 
16*90 
x7.63 
x8.37 
X9. x3 
r9*91 
20.p 
PXm50 
22.32 
a3eq 
a4.OI 
aq,87 
qm76 
26,456 
27.57 
a8,5o 
33m43 

4ar 

x.06 
Smf3 
LX7 
I l %3 
x.28 
x.34 
1139 
I.45 
S*$f 
x*57 
x.63 
x.69 
x*75 
x.81 
s *88 
x*94 
2 l oo 
a a07 
2.x3 
3.20 
a.26 
a.33 
a.39 
2.46 
a.52 
a,58 
a.63 
3.68 
a.73 
a.78 
3*a3 
a.85 
3.89 
a.93 
3 8 96 
3.00 
3.03 
3*07 
3rfO 
3-14 
3*x7 
3.u 
3*24 
3.28 
3*33 
3.35 
3439 
3* 43 
3*44 
3.50 
3*54 
3*58 
3&r 
3*Q 
3a69 

1*gr 
ada 
2.83 
3*63 
4d2 
s*s2 
4,6r 
7.80 
9*09 

ru.48 
=47 
f3.SS 
v.34 
x7.03 
sS.gx 
20,ag 
=*99 
q.x6 
a7.44 
ag.82 
3=*3a 
309 
37*57 
40.35 
43*23 
46.22 
49*s2 
v.54 
$98 
59*34 
62.9x 
66&a 
70.46 
74*42 
78*52 
82.72 
87.06 
9I*SO 
96.06 

mu.74 
X0$*53 
1 x0.43 
=$a44 
no. 56 
=+79 
13LI3 
x34.57 
r42*r3 
x47*79 
V3*SS 
X$9,43 
r65,qr 
r7r.49 
r71.49 
x83.98 

rai 

1,344 
x*697 
a.047 
a.388 
a*712 
3.0x7 
3.308 
3.583 
3.836 
4.073 
4*“98 
4.PS 
4. 499 
4*883 
S*OSQ 
$*‘O9 
5.372 
s-l96 
SW623 
s*749 
5.859 
s*975 
6.076 
6* 174 
6.270 
6rn365 
L460 
6*569 
6,Mo 
6.803 
6.931 
7.074 
7*=4 
7.390 
7.h 
7*74x 
7.927 
8.113 
a.302 
8,492 
8.683 
8.874 
9.04 s 
9*= 54 
9* 442 
9.638 
gm8ra 
9.993 

X0,17X 
x0.344 
ro.5r8 
10.684 
10.04g 
fI.030 
LI*I66 

TA = 290°K 

a31 

0&3X hago 
-57 Q*sx5 
0.82 0.700 
l*O$ O*855 
x,a6 Qm987 
X.47 f*XOf 
x.67 x.203 
1.87 x.293 
3.07 r.372 
a.26 1,444 
a.46 x. 508 
a&$ s.566 
a.83 r,6rg 
3.02 1.667 
3.21 I. 7 10 
3.39 r,75o 
3.58 x.790 
3.76 IF.820 
3*9$ 1,851 
4.13 1,880 
4.3x L 906 
4.50 fm 933 
4.68 It* 957 
4.86 La 980 
5*04 2.003 
5*23 2.028 
5*4x 2.054 
$*h 2.U8S 
5.78 2.~17 
$*97 3d52 
6.14 2, x88 
4*3$ 2.226 
6*55 ha65 
6474 2.304 
6*94 a*344 
7*x4 2,382 
7*34 2.42r 
7.54 2*4S8 
7.74 2.495 
7.94 3.531 
a. 14 2,566 
8.34 2.ho 

8,54 2.633 
8*74 2.665 
8*94 2.696 
9.x4 2*7=7 
944 2.756 
944 2.785 
a*74 am813 
9* 94 2.839 

IQd4 2.865 
ro.33 a,889 
IOm$3 2m9r3 
XQ.73 2,936 
r-93 2a 958 
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Table 4 (contd.) 

PI = 100 mm &T 
Y  

Wll 
I 

I.2 

I.4 
I.6 
1.8 
2.0 

2.2 
a.4 
2.6 
2.8 
3.0 
3.2 
3.4 
3.6 
3.8 
4.0 
4.2 

4’z 4* 
4.8 
5.0 
5.2 

::6” 
5-8 

c 6 l O 
6.2 

6.4 
6.6 . 
6.8 
7.0 
7.2 
7.4 
7.6 
7.8 
8.0 
8.2 
a*4 
8.6 
8.8 

;:s: 

;:64 
9.8 

10.0 

4 IO*2 
IO* 4 
10.6 
10.8 

0 XI.0 
IIe3 
11.4 
xx.6 
1s.8 
1aro 

Ta°K Za Hal Aal Pa1 ral &al Ma 

327 I*000 
363 I.000 

401 I*000 
441 I*000 

484 I.000 
530 x ,000 

579 1.000 
632 I .o'oo 
687 I.000 

746 I.000 
808 I rooo 
873 1.000 
940 1.000 

1012 I.000 
1086 1.000 
I 163 1.000 
1244 I.000 
1325 I l OOO 

1414 IbOOO 
‘504 rrooo 
1598 f.000 
1694 I l ooo 

1793 1.000 

1895 1.000 
2000 I*000 
2106 I.000 
2215 1.001 
a321 1.001 
2428 1.002 
2532 I l 003 
2633 I.005 
2732 I.007 
2824 100X0 

29x3 1.013 
= 995 1.017 
3073 1.023 
3148 I.027 
3218 I .032 
3284 I.039 
3349 I .046 
3411 I.053 
3470 I ,060 
3528 1.068 
3583 1.077 
3637 1.085 
3690 I.094 
3741 1.104 
3793 I.113 
3842 x.xa3 
3890 1.134 
3 937 1.145 
3985 I.156 
4031 1.167 
4077 Iez79 
4x23 IeI90 

1.13 
I.2 5 
I.39 
I.53 
I.69 
1.86 
a.04 
2.24 
2.46 
2.68 
= l 93 
3.19 
3.46 
3*76 
4.06 
4.38 
4e72 
5.07 

i.84:: 
6123 
6.65 
7.08 
7.53 
7.99 
8.47 
8.97 
9.48 

10.01 
1o* 54 
ISrIO 
1x.69 
x2.29 
12.90 
13.52 
14.16 
14.81 
15.48 
16.19 
x6.90 
x7.62 
IBe 
IgeIa 
X9.90 
ao.68 
2x*49 
22.31 
23*x3 
23e99 
24.87 
25*75 
26e65 
27eS6 
28*49 
2 9e44 

1.06 
1.13 
1.17 
r.aa 
1.28 
1.34 
I.39 
x.45 
1.51 
I.57 
x.63 
I.69 
x*75 
x.81 
I.88 
f l 94 

2.00 
2.07 
2.~3 
2.20 
2.26 
2.33 
a*39 
2. $6 
2.5” 
2.58 
2.64 
2.69 
2*74 
2e79 
2.84 
2.88 
2 b 92 
a.96 
a*99 
3.03 
3.07 
3.so 
3.24 
3eZ8 
3.21 
3.25 
3*29 
3.32 
3.36 
3.40 
3*44 
3.48 
3.5x 
3.55 

“,*i; 
3:67 
3’. 7 z 
3.75 

Ie51 
a*12 
2.83 
3.63 
4.52 

6.65: 
7:80 
9.09 

10.48 
II.97 
13.55 
x 5*=4 
X7eO2 
18.91 
20.89 
as.98 
25*17 
‘7*44 
29.82 
33.30 
34.88 
37.57 
40.35 
43.23 
46.22 
49*3x 
52-s= 
55.84 
!j9*“9 
62.85 
66.53 
70.34 
74*28 
78*35 
82.54 
86.84 
g1.27 
991 

X00.47 
105.23 
110*12 
IISeII 
130e21 
125e42 
x30*74 
136.17 
r41.7r 
147.35 
153.10 
x58.96 
r64.ga 
x70*99 
I77er6 
x83.44 

x*343 0.31 o.a89 
I.696 0.57 O.515 
a.047 0.83 0.700 
a.387 I.O+j o.854 
2.7X3 1.36 0.987 
3.020 1.47 1.102 

3.309 1.67 1.203 
3.581 1.87 I.293 
3*836 a.07 I*372 
4.074 sea6 1.444 
4*=96 2.46 1.508 
4.504 2.65 ~466 
4*699 a.83 r.hg 
4.880 3.02 1.667 
5.050 3.ax 1.710 
5*a”9 3.39 x.750 
5.357 3.58 x.787 
5.507 3.76 1.823 
5.626 3*95 1.851 
5.749 4.13 x.880 
54864 “4.31 I.907 
5*973 4.50 I.932 
6.076 4.68 I* 9$G 
6.174 4.86 I.979 
6.268 5*04 2.002 
6.361 5.33 2.025 
6 .453 5*4x a.049 
6.555 5.59 2.077 
6.657 5.78 2,106 
6,769 5.97 2.137 
6e890 6.15 2.171 
7.014 6.34 ~a06 
7.x5= 6.54 3.a41 
7.397 6e73 2.278 
7.457 6*93 2.315 
7e624 7.12 2.352 
7.791 7.32 2.388 
7.968 7.52 2.424 
8.143 7.72 2.459 
8.321 7.92 2.494 
8.500 8.x2 2.527 
8.679 8.32 a.560 
8.858 8.52 =*s9= 
9.037 8.72 2.622 
9.2x4 8.gr 2.652 
9.389 g. I f 2,681 
9*T62 9.31 2.709 
9.733 9*5x 2.737 
9.902 9.71 2.763 

20.064 9*9x 2.788 
10.228 IOefO 2,8x3 
10.385 fOb30 2.837 
10.543 10.50 2.860 
foe692 roe70 2,882 
IO.840 ~0.89 2.903 

TI = 290'K 

contd./ 
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Table 4 (contd.) 

Pi = ooommHg Tl = 290°K 

WI1 TaoK Za Haz Aai Pai rai Ual Ma 

I.9 
I*4 
x.6 
1.8 
2.0 
a*2 
=*4 
a.5 
2.8 

I:: 

,‘:46 
3.8 
4.0 
4m= 
4e4 
4*6 
4.8 
5.0 
5.3 
5.4 
5.6 
5.8 
6 
6:: 
6 
6:: 
6.8 
7.0 
7-a 
7-4 
7.6 
7.8 
8.0 
8.0 
8.4 
8.6 
8.8 
9.0 
9.3 
9* 4 
9.6 
ge8 

IO*0 
IO*3 
10~4 
10.6 
10.8 
11.0 
II.9 
11.4 
11.6 
11.8 
12,o 

3=7 
363 
401 
44r 
484 
530 
$79 
631 
687 

6 
E8 
873 
941 

1013 
1086 
1x63 

=a44 
1318 
1416 
1504 
1597 
1693 
1793 
189s 
3000 
2107 
aa16 
3327 
2435 
3543 
a648 
2753 
2851 
2 946 
3037 
3 1a3 
3ao;r 
328 I 

3354 
3424 
3493 
3558 
36~2 
3684 
3743 
380 I 
3859 
3914 
3969 
4oao 
4074 
4116 
4x78 
42~8 
4278 

I boo0 
II000 
I*000 
1~000 
II000 
1,000 
I.000 
1.000 
1,000 
I*000 
I*000 
I rooo 
I*000 
I.000 
1.000 
I.000 
I*000 
I*000 
I.000 
1.000 
I.000 
I.000 
I*000 
I.000 
I l ooo 
I.000 
I.000 
II001 
1.001 
1,ooa 
1,004 
1.00s 
1.008 
1*01X 
1.014 
1,018 
I r033 
r.oa8 
1.034 
1.040 
1.046 
I.053 
1.061 
x.069 
1.077 
1,086 
1,094 
1.104 
1.113 
1.1~~3 
I.134 
x.144 
x*=55 
1.167 
1.178 

1.13 
1*as 
I*39 
1*$3 
x.69 
1.86 
a.04 
2*14 
a.46 
a.69 
a.93 
3.19 

:*:: 
4106 
4.38 
4.7= 
5.08 

:*g 
6:a3 
6.64 
7.08 
7653 
7*99 
8.47 
8.97 
9.48 

IQ*00 

=o*ss 
r1.10 
xx&g 
13.29 
Ia .8g 
13.53 
14.16 
14.81 
=5*49 
x6.Ig 
x6.89 
17.61 
18.35 
1g.11 
x9.88 
30.68 
aI.48 
33.29 
a3*13 
33.97 
14.81 
35974 
26.63 
27.56 
18.48 
=9*4= 

1.06 
IeI1 
1.17 
baa 
1.a8 
1.34 
I.39 
1945 
I.51 
1.57 
1.63 
x.69 
I*75 
I.81 
1.88 

1 l 94 

2.00 
3.07 
a.13 
a.20 
a.a6 
a.33 
a.39 
2.46 
2.5” 
a.58 
a.64 
a*70 
a*75 
a .80 
a.85 
a. go 
2.94 
a.98 
3.02 
3.06 
3.10 
3.14 
3.18 
3.21 
3.05 
3.=9 
3*33 
3.37 
3.41 
3645 
3.49 
3.53 
3.27 

26; 
3.69 
3*73 
3-77 
3.81 

I*51 
2.13 
2.83 
3.63 
4.53 
5*5” 
6.61 
7.81 
9.09 

10.48 
II*97 
13.55 
150’4 
17.01 
x8.91 
20.89 
aa.98 
25.16 
a7.43 
ag.81 
33.31 
34.89 
37.56 
40.35 
43.13 
46.21 
49.30 
5”*50 
55*8= 

2::;; 
66.46 
7o.2$ 
74d6 
78.19 
8a.36 
86.65 
91.04 
954 

100.30 
104.95 
x09.81 
~14.78 
1x9.86 
Ia5.06 
130.36 
X35.77 
x41m2g 
rq6,gx 
152.66 
158.48 
164.43 
170.47 
x76.6a 
x8n.89 

I*344 
I.697 
2,047 
a*387 
2.712 
3.019 
3.316 
3.591 
3.836 
4mo73 
4.296 
4*503 
4*699 
4.869 
5*QSQ 
+a08 
5.358 
5* 96 

64 17 
::749 
5.868 
se974 
6,075 
6.173 
6.167 
6,358 
6.448 
6.538 
6.640 
6.741 
6.85" 
6.966 
7.090 
7.=24 
7.362 
7-515 
7.673 
7.831 
7.993 
8.163 
8.329 
8-4 
8.664 
8.831 
8.996 
g.rh 
9.323 
9.484 
9.642 
9.807 
9.949 

x0.098 
10~241 
10.385 
Ioo~a5 

0.31 
0.57 
0.82 
I*05 
r.a6 
1.47 
1.68 
I.88 
a.07 
2.a6 
2.46 
a.64 
a.83 
3.03 
3*21 
3.39 
3.58 
3.76 
3.95 
4*x3 
4.31 
4eso 
4.68 
4.86 
se04 
5*29 
5.41 

;‘:8’ 
5:96 
6.15 
6.34 
6.53 
6.72 
6.91 
7.11 
7.31 
7.50 
7.70 
7.90 
8.10 
8.29 
8.49 
8.69 
8.89 
9.09 
9.28 
9*48 
9.68 
9.88 

10.07 
IO.27 
IO.47 
10.66 
10.86 

0*2go 
0*5x5 
0.700 

0,854 
0,987 
I.102 
1*ao5 
I.395 
I.372 
I*444 
I. 508 
1.566 
1.619 
1.664 
x*710 
I.750 
1e787 
1.830 
I.849 
1.88o 
x.908 
I.932 
=*9s6 
I* 979 
2*00x * 
2.023 
2*o45 
a.069 l 

a.097 

a* 125 
a.156 
3.187 
a.2al; 

=*254 
2.288 
3.3=3 
1,358 
ab39= 
2942s 
a*458 
a.490 
a*591 

=*5s= 
a.581 
zdog 
a.637 F 
a.664 
a.690 
ab7=5 c 
a.741 
a.763 
se785 
2.807 
a.898 
2.848 

contd./ 
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Table 4 (contd.) 

pi = 500 mmHg TI = 290’K 

i 

WI1 TaoK Za Hal Aal pa1 r21 Uai &i 
I 

I.2 

1.4 
1.6 
I.8 

2*0 
2.2 

2-4 
2.6 
2.8 
3-o 
3.2 
3.4 
3*6 
3.8 
4.0 
4.2 

4*: 4. 
4-8 
5*O 
5’2 
5*4 
S-6 
5.8 
6.0 

* 6.2 
6 l 4 
6.6 

b 6.8 
7.0 
7.2 

7’64 7. 
7.8 
8.0 
8.2 
8,4 
8.6 
8.8 
9.0 
9*= 
9.4 
9.6 
9.8 

10.0 
IO*2 

9 SO. 4 
IO.6 
10.8 

. 11.0 
II.2 
II.4 
11.6 
II.8 
Ia*0 

327 
363 
401 
441 
484 
530 
579 
632 
687 

6 
:,“8 
873 
940 

1012 
xo8g 
1164 

I244 
1327 
‘414 
1504 
1598 
1694 
1793 
1895 
2000 
2 108 
22x8 

2330 
2443 
2553 
2664 
2773 
2880 
2982 
3083 
3180 
3270 
3356 
3441 
3520 
3599 
3673 
374s 
3815 
3884 
3950 
4015 
4078 
4141 
4202 
4261 

4321 
4379 
4437 
4494 

I l ooo 
I .ooo 
I .ooo 
1~000 
I l ooo 
I.000 
I l ooo 
I*000 
1.000 
I.000 
I.000 
I.000 
I.000 
1.000 
I.000 
I.000 
1.000 
1.000 

I.000 
I .ooo 
I.000 
1.000 
I.000 
I.000 
I.000 
I.000 

I.000 
I.000 
1.001 
1.002 
I .ooa 
I l 004 
I.005 
I .008 
IOOIO 
1.014 
1.018 
1.022 
1.027 
I*032 
I .038 

I-044 
1.ogr 
1.058 
x.066 
I*074 
I .o8a 
I.091 
I*100 
1.1og 
I.119 
1.12g 
I.139 
I.150 
1.161 

xb13 
I.25 
I.39 
x,53 
x.69 
x.86 
2.04 
aa24 
2.46 
2.68 
2.93 
3.19 
3*46 
3.76 
4.07 
4.39 
4.72 
5.07 

:*84; 
&3 
6.6fj 
7.08 
7.52 
7.99 
a.47 
8.96 
9*48 

x0.01 

IO*55 
11.11 
11.68 
12.28 

ra.89 
x3*52 
x4.17 
14.82 

IS.48 
16.17 
16.87 

‘7.59 
I8035 
19.10 
19.88 
20.67 
21.47 
23.19 
23.12 
23.96 
34.84 
25.72 
a6.62 
37.53 
28.46 
29.41 

1.06 
1.12 
I.I7 
I.22 
I .28 
I.34 
I.39 
I*45 
I.51 
X.$7 
1.63 
x.69 
I.75 
I.81 
I.88 
1 l 94 

2.00 

2.07 
2.13 
2020 
2.26 
2.33 
a.39 
2.46 
2.52 
2.59 
a.65 
2.71 
2.77 
a.82 
2.87 
2.92 
a.97 
3*0X 
3.06 
3.10 
3.14 
3.~8 
3.aa 
3.26 
3.30 
3.34 
3.38 
3.42 
3.47 
3.51 
3955 
3.59 
3.63 
3.68 
3.72 
3-76 
3.81 
3.85 
3.89 

I.$’ 
2.12 
2.83 
3.63 
4-52 

2 
65:2x 
7.80 
9.09 

IO.48 
II.97 
13*55 
IS-24 
17.02 
x8.89 
20.89 
as.98 
25.16 

=7*44 
29.82 
32*30 
34.88 
37.57 
40.35 
43923 
46 l 21 
49.30 
5=*49 
55978 
$9.21 
62*73 
66.38 
70-14 
74*oa 
78.03 
82.15 
86.40 
90.78 
95.26 
99.87 

104.59 
Iog.42 
114.36 
3X9.41 
124.58 
lag.85 
135.23 
140.73 
x46.32 
152.03 
x57.84 
x63.75 
x69.78 
175.90 
182.13 

I.344 
x.698 
2,047 
2.387 
a.712 
3.030 
3.309 
3~81 
3.836 
4.074 
4.297 
4.504 
4*699 
4.880 
5.033 
5.20 6 

5.357 
5,499 
5.626 

5.749 
5.864 
5.372 
6.076 
6.173 
6,266 

6.356 
6.444 
6.530 
6.618 
6.716 
6.812 
6.916 
7.025 
7.142 
702~4 
7.391 
7-531 
7.677 
7.821 
7.973 
a.122 
8.273 
8*425 
8.577 
8.728 
8.878 
9.026 
9.173 
9.318 
9*459 
9.599 
9.736 
9.869 
9.999 

10.126 

0.31 
0.58 
0.82 
I.05 
1.26 
I.47 
1.67 
1.87 
2*07 
2.26 
2.46 
2.65 
2.83 
3*02 
3*2x 
3.39 
3.58 
3676 
3.95 
4.13 
4*31 
4.50 
4.68 
4.86 
5.04 
5.22 

$941 
se59 
5*77 

6 
e, 
6.33 
6.52 
6.7~ 
&go 
7.09 
7.28 
7.48 
7.67 
7.87 
8.07 
8.26 
8.46 
8.66 
8.85 
9.05 
9.25 
9*4,4 
9.64 
9*84 

10.03 
10.23 
10~42 
10.62 
X0.81 

0.290 
0.516 
0.700 

Oe854 
0.987 
I* 102 
x.203 
I.293 
I.372 
x*444 
I.508 
I.566 
x.6xg 
x.667 
I.707 
I-750 
1,787 
I.821 

I.851 

I.880 
I* 307 
1,g32 
1*9L+ 
I.978 
2.000 
2.021 
2,042 
2.064 
2.087 
2.113 
2.140 
2.167 
a.197 
2.228 
2.258 
2.288 
a.320 
2.352 
2.382 
2.413 
am443 
2,472 
a*500 

2.528 
2.554 
2.580 
2.606 
2.630 
2.653 
2.676 
a.698 
2.719 
a.739 
2.758 
3.777 

contd./ 
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Table 4 (contd.) 

PI =: XUUQ mm Hg Ti = 290% 

WI1 

f+3 

I*4 
se6 
1.8 
a*u 
3+2 
2*4 
9.6 
~8 
3mQ 
3*2 
3*4 
3 6 l 

3 8 
4*0 
4.2 
4*4 a 
4a 6 
4 8 l 

5** 

5-2 

54 

s*” 

5 8 

CO 

La 
6*4 
6.6 
6,8 
7mo 
7*a 
7*4 
7*6 
7*8 
8au 
8.2 
8 4 
8.6 
8.8 
9*0 
9.2 
9@4 l 

9  6 l 

9  8 l 

m.0 

x0.a 
fUa4 
x0.6 
IQ.8 
XL.0 
If.2 

x1,4 
11.6 
x1.8 
X3& 

T/K 

3a7 
363 
401 
441 
484 
!s 
sau 
631 
687 
74 6 
800 
873 
94* 

x0 xu 
I086 
2x63 
I”44 
1328 
I4IS 
x5”s 
fS@ 
‘694 
1793 
X89$ 
200x 
2x09 
aarg 
2332 
2445 
2560 
a672 
2785 
2896 
3-5 
3sxx 
33x4 
33x4 
3408 
3 500 
3588 
3614 
3757 
3836 
39x2 
3988 
4061 
4x33 
4-4 
4273 
434s 
4406 
4473 
4534 
460x 
46% 

Hai Aal pai E21 ua1 Ma 

Id3 I*06 1.5s 
I*S$ f.12 2.u 
x,39 1. x7 a.83 
X,$3 Ia22 3.63 
1.69 x.28 
x.86 

4m fb2 
x.34 sas= 

a.04 x*39 4.61 
a*24 Im45 7.80 
2 l 46 I*$1 Pm09 
a.68 X,$7 ro.48 
2 l 93 x.63 xx*97 
3*rg r&g x3*!i5 
3*47 x,75 1 5.24 
3*75 x.8r x7*03 
4.06 x.88 x8.9x 
4*38 I*94 so.89 
4*72 2moo 22.98 
5.08 a.07 Z$mf 6 
545 2.13 27*44 
5aa3 2.20 ql.82 
G,za, 2.26 32 .3x 
6.65 2*33 34*88 
7.08 2*39 37*+ 
7e53 2.46 4Q*34 
7*99 2. $2 43*23 
a*47 zm59 4 6 df 
8.96 a.65 49m29 
9* 48 2.7x 5’3 l 48 

IO*00 3@77 55*77 
x”*5s a.83 $9*X8 
xx. x0 2*88 6a,7o 
1x.68 am93 66@33 
x2,27 zag8 70.08 
12~88 %a3 73*94 
33m 5s 3.08 77*93 
x4*1s 31,x2 82.03 
~4~81 3*w 86.35 
X5,48 3*ax 90 A0 

16. I7 3*q 95*06 
x6.87 3.30 99m64 
r7eSB 3,34 goq.33 
x8*33 3.38 sog.14 
x9*07 3*42 1~4.06 
I9.86 3.47 rxg*og 
a0.Q 3*$X x24.23 
=,45 3*55 sag.48 
-*a7 3.60 134@84 
23.~0 3a64 lt40.31 
23.96 3-68 X4$*89 
24.8% 3*73 rpe57 
25.7x 3*77 x57.36 
26.h 3.82 163.25 
a7.53 3.86 x69.25 
2&45 3*9x X7$+35 
29*39 3*96 18x.56 

I,344 
x 0697 
2,047 
2.386 
2*7X1 
3aQl9 
3*306 
3* $85 
3m836 
4 l o73 
4*‘96 
4*$04 
4,698 
+888 
PUP 
5,209 
se358 
s.4g6 
5.621 
5*748 
5.870 
5’971 
6.075 
6.172 
6,265 
6*w 
6*44x 
6,526 
Wh1 
6,696 
6,793 
6,887 
6 

l 990 

7*093 
7,205 
7-322 
7*443 
7.575 
7*7q 
7.844 
7482 
a.120 

8.263 
8,404 
8+ 543 
8,482 
8,820 
8*9s6 
9*o9r 
gr222 
9m3s= 
9*478 
g&o2 
9@723 
9*84x 

o.3r 
-57 
0.82 
LOS 
1.26 
x*47 
x.67 
x.87 
~07 
a,26 
2.46 
LfQ 
~83 
3.02 
3&u 
3*39 
3*58 
3.76 
3-95 
4-x3 
4*3x 
4* $0 
4a 68 
4*86 
smo4 
5+22 
5*4x 
549 
5*77 
545 
6*x4 
6.33 
6 l 5s 
6470 
6.89 
7.08 
7127 
7a46 
7.66 
7*Q 
8*05 
a,24 
8m44 
a.63 
8.83 
9*03 
9+23 
9m42 
9 61 
9.81 l 

XUaQQ 

x0*30 
lQ.39 
x*.59 
~0.78 

x.202 
I1294 
x,372 
I.444 
1.508 
r.566 
x.618 
2,668 
to710 
x*750 
I@787 
1.820 
L850 
1,880 
x,goG 
f l 932 
r,9s4 
I+ 978 
I.999 : 
2.020 
2+04f 
;B.ub 
2.083 w 

2*x05 
2*13x 
2.4 
2.~82 
3.2 x0 
a.238 
2,267 
2e29$ 
2,325 
2*353 
2.382 
2,4x0 
a-437 
2*464 
2,490 
2.5I6 
2*$40 
2ms64 
2* 587 
&dog 
2.630 
2.651 
a.670 
2,690 
2.708 
3.725 

contd./ 



Table 15 (contd.) ---- 

a 

WI1 
.  

Y  

c 

It 

. 

I.3 
I.4 
x.6 
x.8 
2*0 
2.1 
a.4 
a.6 
2.8 
3.0 

33:; 
3.6 
3.8 
4.0 
4.1 
4-4 
4.6 
4.8 

::i 

5.4 
5.6 
5.8 
6.0 
6.3 
6 
6:: 
6.8 
7.0 
7.2 

;:: 
7.8 
8.0 
8.2 
8.4 
8.6 
8.8 

;:i 
9*4 
9.6 
9.8 

IO.0 
IO.2 
IO* 4 
IO. 6 
10.8 
11.0 
x1.2 
11.4 
11.6 
11.8 
12.0 

Ta OK 524 &I A21 pa1 bl hi Ma 

327 I .ooo I.13 
363 1.000 re25 
401 1.000 I.39 
441 I .ooo I.53 
484 I .ooo I.69 
$30 I .ooo 1.86 
579 Ie000 2.04 
63a I .ooo a.24 
687 I l ooo a.46 
746 I*000 2.68 
808 1.000 a.93 
873 1.000 3.19 
940 1.000 3.46 

10x2 I .ooo 3.76 
1088 I woo0 4.07 
1163 I boo0 4.38 
“44 1.000 4.73 
x327 I .ooo 5.08 
1414 I .ooo s.44 
1504 I.000 5.83 
1598 I .ooo 6.23 
I694 f ,000 6.65 
1790 I*000 7.06 
1895 I.000 7.52 
2001 I .ooo 7.99 
2109 1.000 8.47 
22x9 I .ooo 8.96 
a332 I .ooo 9a 47 
2447 I*000 IO.00 

2564 1.001 *0.55 
2678 1.001 IIIlO 

a795 1.002 II.68 
2 9x0 I.003 12ma7 
3023 r.004 x2.87 
3135 I .006 x3.50 
32 44 1.008 x4.15 
3350 X.01X 14.8~ 
3454 1.014 x5.48 
3553 1.018 16.16 
3650 I .oaa 16.87 
3742 1.027 x7.59 
3833 1.031 18.32 
3922 I.037 lg.08 
4006 I.043 19.83 
4090 I.049 20.62 
4 I72 1.056 2xe4= 

4aso 1.063 31 .a6 
43a8 1.071 33.09 
440s x.079 23.94 
4481 I.087 24.80 
4555 ~.09$ a 5.68 
4627 1.104 26. $9 
4698 I*II4 a7.50 
4769 IO Ia3 =8*44 
4840 I.133 29.38 

1.06 
I.12 
2.x7 
1.22 

I .a8 
I.34 
x,39 
I.45 
I.51 
x.57 
I.63 
I.69 
I.75 
1.81 
I.88 

1 l 94 

3 .oo 

= 007 
a.13 
a .a0 
ae36 
3.33 
a.39 
2.46 
2. $2 
a.59 
a.65 
a.71 
a.77 
a.83 
a.89 
a.95 
3.00 
3*o5 
3eIO 
3.15 
3.19 
3.=4 
3.20 
3.33 
3.37 
3.4= 
3.46 
3.51 

;3: 
.6 3. 4 

3.69 
3.73 
3.78 
3.83 
3.87 
3.92 
3.97 
4.02 

I.$1 
2.12 
a.83 
3.63 
4.52 
pi2 

7:8: 
9.09 

10.48 
II.97 
13.55 
I$.“4 
17 .oa 
18.90 
20.89 
22.98 
35.16 
=7*44 
29.82 
32.30 
34.88 
37.58 
40.35 
43 .a= 
46.a~ 
49.29 
52.48 
$5.7;! 
$9*16 
6a.68 
66.30 
70.03 
73.88 
77,84 
8r.ga 
86.12 
90.44 
94*88 
99.43 

104.10 
108.88 
113.77 
~8.79 
113.90 
X29.13 
X34.46 
139*9x 
X45.46 
I$I.I2 
156.88 
165~5 
x68,72 
X74.80 
do.98 

1,344 
x .6g8 
2.047 
2.387 
a.712 
3.020 
3.309 
3.58~ 
3.836 
4.074 
4.297 
44 so4 
4.699 
4.880 
$9040 
5.208 
$*3$7 
5.496 
5.6a6 

;:2,9 

$* 972 
6.090 
60x75 
6.264 
6.354 
6..440 
6.523 
6.605 
6.688 
6.778 
6.866 
6.958 
7*0$6 
70x56 
7.26x 
7.372 
7.486 
7.609 
7.730 
7.859 
7.986 
8.113 
8.245 
8.373 
8.501 
8,628 

8,754 
8.878 
geooo 
g. 120 
9.236 
9.352 
9.463 
9.!i7= 

0.31 0.290 
0.58 0. $16 
0.82 0.700 
S*O$ 0.854 
1.~56 0,987 
I.47 I* 102 
I.67 x.303 
1.87 = 0293 
2.07 I.372 
2.26 I.444 
a.46 I.508 
2.65 I.566 
2.83 x.619 
3.02 x.667 
3-21 1.708 
3*39 I.750 
3.58 x.787 
3*76 x.830 
3.95 1.851 
4*13 5,880 
4.3% ** 907 
4-50 I.932 
4.68 I* 958 
4.86 I.978 
5.04 I@ 999 
se== 2.020 

5.41 2.040 
5.59 a.059 
5.77 a.080 
5.95 2.100 
6.14 2.123 
6.32 2. x46 
6.51 a.171 
6.69 a.195 
6.88 2.221 

7.07 a.247 
7.26 2.274 
7.45 aogoo 
7.64 a.327 
7.84 a.353 
8.03 a.380 
8.22 a.405 
8.42 2,430 
8.61 a.455 
8.81 a-479 
9.00 a*502 
9**9 2. S24 
9.39 a.546 
9.58 a.566 
9.78 2.586 
9.97 a.606 

IO.17 a.624 
10.36 a.642 
IO@ 55 =*%9 
IO.75 a.675 

5/ Table 



Pl I mm 111: 

WI1 w21 ZS 

I.3 o-957 366 I.000 
I.4 o-937 442 I.000 
1.6 o.ga8 $31 16000 
1.8 0.933 604 I.000 
a.0 0*9$I 693 1.000 
2-a 0.971 788 I .ooo 
a.4 o-993 887 I.000 
a.6 1 .oao 995 I.000 
a.8 I.O$I IlII I.000 
3.0 I.079 1aa8 I l ooo 

3-a 1.113 1359 I.000 
3.4 I.147 '493 I .ooo 
3.6 1.180 16a8 f.OOO 
3*8 1.216 1776 1.000 
4.0 r-249 1935 I.000 
4.2 I.277 2067 1.001 
4.4 =-a97 aa04 I.003 

4.6 1.314 2329 1.006 

4.8 I.320 a439 1.0x1 
s-0 I.323 2534 1.016 
5-a 1.321 a6sg f.023 
5.4 1.316 a697 1.031 
s-6 1.311 a766 1.040 

s-8 r.305 a83a I-049 
6.0 1.301 2894 I-059 
0.a I.097 a953 1.07s 
6.4 I-293 3010 I .083 
6.6 I.a8g 3066 I-095 
6.8 1.288 3130 I*109 
I*0 1.287 3175 x+133 
7-a 1.288 3229 1.138 

7.4 I.290 3a80 I.154 
7.6 1.293 3331 1.170 
7.8 r-a95 3383 1.187 
8.0 1.300 3432 I *a04 
8-a I*304 3483 1.233 
8.4 1.311 3533 ha42 
8.6 I.317 3582 1.36s 
8.8 I.334 3629 1.381 
9*0 I.332 3679 1.301 
9-a I.341 3727 x.333 
9-4 I.353 3776 I.344 
9.6 1.36s 3W x.366 
9.8 I.373 3874 I.389 

IO.0 1.385 3934 x*413 
10.2 x.398 3973 X.43” 
IO. 4 1.411 4035 x.460 
10.6 I.4a6 4076 I.485 
10.8 1.44’ 41a8 I.$10 

11.0 1.457 4181 I.$36 
1x.a 1.480 424’ 1.566 
11.4 I-492 4192 I.589 
11.6 1.516 4355 s.6xg 
11.8 1.538 4418 1.648 
Ia. I. 560 4481 1.676 

- 54 - 

Reflected Uormal Shock in OAqqen 

Hi51 

x.27 

:214 . 

a.14 
a.48 
a.85 
3.25 
3.69 
4.17 
4.66 
$.a= 

2.;; 
7:02 
7.68 
8.37 
9.09 
9.83 

LO* $9 
11.37 
12.16 
13.00 
13.84 
x4.73 

:6-$! 

x7:59 
18.61 
x9.67 
ao.81 
31-99 
a3.18 
24.43 
‘5.70 
27.00 
aa- 
39.73 
31.~6 
32.59 
34.10 
3$*60 
37.16 
38.77 
40.39 
42.04 
43.73 
45* 50 
47 -26 
49.06 
so.0 
s=*79 
54.69 
V-5 
58.67 
60.70 

%I 

ama 

4*” 
6 -9 

10.6 
IS.1 
~0.6 
27.3 
34.8 
43.7 
53*4 
64.7 
76.8 
89.7 

104. s 
1x9.8 
135-g 
‘$3.5 
171.5 
190.9 
2IO.S 
231.0 
253.3 
275.8 
300.9 
326.1 
354.7 
385.8 
4a1.4 
458.8 
pa-3 
547.3 
596.2 
648.1 
705.5 
764.9 
8ag.7 
896.3 
968.6 

xoqa.6 
1Iaa.g 
rao4.a 
ra8 g. 5 
138x.7 
x474-9 
I$ya,o 
1673.1 
1780.8 
1889.6 
aooa.5 

3119.S 
9341.5 
2365.3 
2494-7 
a6a7.g 
a764.8 

Tl = 

r51 

1.78 
a.73 
3.86 
5.07 
6.30 
7-59 
8.88 

IO. I$ 
II.40 
ra.61 
13.80 
14.92 
1 s-97 
17.00 
18.03 
19.04 
20.14 
aI.29 
22.46 
23.71 
25.00 
a6.41 
a7.81 
29.36 
30.84 
32.5% 
34.32 
36.39 
38.48 
40.85 
43.18 
45.68 
48.ao 
SO- 95 
53.66 

S6*50 
$9.28 
6a.rg 

x15 
70:87 
73.68 
76.66 
79.48 
8a.38 
85.06 
87.86 
90. $3 
93-15 
95.72 
97.86 

Ioo.$g 
xoa.6r 
ro.Qg 
106.77 

2900~ 

S5/Ro 

3s.aI 
3x.a8 
31.38 
31.52 
31.70 
31.90 
3a.11 
32.33 
32.57 
32.79 
33.04 
33.27 
33.50 
33.73 
33.96 
34.18 
34.40 
34.6~~ 

34.84 
35.06 
35.28 
35. so 
35.72 
35.96 
36.19 
36.45 
36.69 
36.93 
37.19 
37.45 
37.73 
38.00 
38.30 
38.57 
38.86 
39.17 
39.47 
39.78 
40.09 
40.41 
40.73 
4X.07 
4X.40 
41.74 
42.08 

42.43 
42.79 
43*14 
43*50 
43.86 
440’9 
44*60 
45.03 
45.42 
45.80 

contd,/ 
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Table 5 (contd.) 

PI = 2 Mm Bg 

WI1 Wai Ts OK z5 l&l PSI rsi S5/Ro 

1.2 

x.4 
I.6 
I.8 
2.0 
2.3 
2.4 
2.6 
2.8 
3.0 
3.2 
3.4 
3.6 
3.8 
4.0 
4.2 

4mt 4* 
4.8 
S-0 

s-2 

S-4 

so6 

S-8 
6.0 

4.2 
6.4 
6.6 
6.8 
7.0 
7.2 
7.4 
7.6 

7.8 
8.0 
8.2 
8.4 
8.6 
8.8 
9-o 
9.2 
9-4 
9.6 
g. 8 

IO.0 
10.2 
10.4 
10.6 
10.8 
II.0 
11.2 
11.4 
11.6 
11.8 

12.0 

o-957 366 I moo0 
0.927 438 I.000 
o-927 521 I moo0 
0.935 602 1.000 
O-951 b 93 1.000 
0.970 788 I.000 
o-993 887 I l ooo 

1.020 595 I.000 
I.050 111x I.000 
I.079 1228 1.000 
ImII3 1356 1.000 
I.147 1493 I .ooo 
1.180 1629 2 .ooo 
1.216 I777 I.000 
1.252 1931 I.000 
1.280 2074 1.001 
I.305 2218 I.002 
I.325 2350 I.OO$ 
I.334 2468 1moog 
I.340 2573 1.014 
I.341 2665 I.020 
I.336 2747 1.027 
1.336 2828 1.036 
I.333 2899 I.045 
I. 328 2968 **055 
I.325 3032 x.066 
1.322 3094 I.077 
1.320 3154 I.090 
I .320 3212 I.103 
1.320 3270 a.116 
1.320 3326 1.131 
I.323 3383 I. 146 
I. 32 5 3439 I. 162 

I.330 3493 I.179 
I.335 3547 I. 196 
I.340 3602 1.214 
I.347 3655 I .232 
I.355 3709 I.252 
I.363 3761 I*271 
1.372 3813 1.2gr 

1.381 3866 1.313 
I.392 3919 I.333 
I.403 3971 I.355 
1.416 402 5 1.378 
1.428 4078 x.401 
I.443 4132 I.424 
I.457 4x87 1.448 
I.473 42 42 I.472 
I- 489 4’98 I- 497 
X.$13 4362 1.527 
I.524 4414 I. 548 
I-549 4481 1.578 
x.564 4538 1.602 
I-S90 4607 x&a 
1.614 4677 1.660 

1027 
I.52 
I .82 
2.13 
2.48 
2.85 
3.25 
3.69 
4.17 
4.66 
5.20 
5.78 
6.37 
7.02 
7.69 
8.37 
go10 
9.85 

10.61 
11.40 
12.19 
13.04 
13.89 
14.77 
15.70 
16.65 
170~4 
18.68 

x9-74 
20.85 
21.99 
23.20 
“4.44 
35.71 
27.02 
28.39 
29.76 
31.20 
32 964 
34.10 
35.65 
37.20 
38.79 
40.46 
42.10 
43.81 
45.54 
47.30 
49.09 

::*,91 
54:78 
56.7x 
58.73 
60.78 

2.2 I.78 
q** 2.74 
6.9 3.85 

10.5 5.04 
15.1 6.30 
20.6 7.59 
27.1 8.87 
34.8 10.15 
43.7 11.40 
53.4 12.61 
64.2 13.73 
76.8 14.91 
89.7 IS-97 

104.2 17.00 

**9-g 17.99 
136.0 *go00 
x53.8 20.06 
171.8 21.10 
191-S 22.30 
211,X 23.46 
231.7 24.72 
253.9 26. IO 
276.5 27.38 
300.2 28.74 
326.3 30.23 
354.8 31.84 
385.4 33.53 
418.3 35.30 
454.2 37.19 
494.8 39.31 
$38.9 41-5s 
586.0 43.83 
638.4 46.33 
692.6 48.77 
750*3 5**=9 
813.2 53.94 
878.0 56.53 
948.4 59*=4 

1020.5 6r.go 
rog6.a 64.58 
1178.0 67.35 
1261.1 70*00 
1347.9 72.65 
1440.9 75.33 
1535.8 77.97 
1633.6 80.50 
1735.4 83.01 
1841.4 8s*so 
*9po 87.93 
2005.4 89.93 
2181.7 92.56 
2303.4 94-45 
2427.5 96.83 
2557.X 98.64 
2689.9 100.48 

30.52 
30.56 
30.68 
30.82 
31.01 
31.21 
31.41 
31.64 
31.88 
32.10 
32.34 
32.58 
32.80 
33.04 
33.28 
33.49 
33.71 
33.93 
34.14 
34.36 
34.57 
34.78 
35.02 
35.25 
35.48 
35.72 
35.96 
36.20 
36*45 
36.71 
j&g6 
37.23 
37.50 
37.78 
38.06 
38.35 
38.64 
38.95 
39m"S 
;',*ii 

4;: 18 
40.50 
40.83 
41.1s 
4x-49 
41.82 
42.16 

42. so 
4=* 92 
43.20 
430~1 
43.92 
44.32 
44-69 

Ti = 290°K 

con-El./ 



Table 5 (contd.) 

Pi = 5 mm Hf; Ti = 290’K 

1.a 
=a4 
I.6 
1.8 
a.0 
ama 
a-4 
a.6 
a.8 
3.0 
3.3 
3*4 
3.6 
3.8 
4.0 
4.2 

4*k! 49 
4.8 

::X 

5.4 
5-6 
5*8 
6.0 
6.2 
6 04 
t-3.6 
6.8 
7.0 
7.2 
7-4 
7.6 
7.8 
8.0 
8.a 
8.4 
8.6 
8.8 
990 
9.2 
9.4 
9.6 
9.8 

IO.0 
x0.a 
10.4 
10.6 
10.8 
11.0 
II.2 
11.4 
11.6 
11.8 
13.0 

0.957 
o.gaa 
0.930 
0.933 
O.954 
0.970 
0.991 
0.997 
xbo5a 
1.077 
1.113 
1.148 
1.181 
1.ar7 
I.253 
x.a84 
1.3Ia 
1.334 
I.350 
1.361 
I.367 
I.370 
1.368 
103~4 
1.366 
1.364 
1.363 
I.36a 
I.363 
1.363 
1.366 
1.368 
1.37a 
I*377 
1.383 
I.390 
1.397 
I.407 
I*414 
1.426 
I-437 
1.449 
1.46a 
‘9475 
I*490 
I*505 
r.5ar 
I.539 
x*ss6 
I. 582 

x,9: 
I:639 
1.666 
I.693 

366 I.000 
439 I l ooo 
s=a I .ooo 
604 I.000 
695 1~000 
788 I.000 
886 I l ooo 
974 I rooo 

1113 I*000 
raa6 I.000 
1360 I l ooo 
1495 I.000 
r6ag I.000 
1777 1.000 
1932 I l ooo 
a079 I.001 
aa 1.002 
a370 1.004 
2503 1.007 
a6ao 1.011 
2725 1.016 
a8a5 I.oag 
a909 I.030 
a984 I .038 
3067 1-049 
3137 I.059 
3207 1.070 
3273 1.081 
3339 I.094 
3403 I.107 
3465 I.121 
3526 1.136 
350 1.151 
3649 1.167 
3709 1.184 
3769 I .a02 
3838 1.230 
3888 I.238 
3943 1.156 
4003 I.277 
4064 x.ag8 
4xaa 1.318 
4 180 I.340 
4239 1.361 
4300 1.384 
4359 I.407 
4421 I.431 
4483 I.455 
4545 1.480 
4616 1.508 
4674 I.530 
4746 I*559 
4811 1.582 
4887 1.611 
4963 I*639 

I.37 a.2 1.78 
1.53 4’2 a.77 
I .8a 6 09 3.85 
2.14 10.6 5*“7 
2.48 15.1 6.30 
a.85 ao.6 7.60 
3.25 37.1 8.88 
3.67 34.6 10.30 
4-17 43.7 II.39 
4.65 53.4 ra.6a 
5.ar 64.7 13.79 
5.78 76.8 14*90 
6.37 89.7 15.g6 
7*02 104.a 16.99 
7.69 x19,9 17.99 
8.38 136.1 18.97 
9.11 153.9 19.98 
9.86 x73.0 30.97 

10.64 191.8 ass.08 
II.43 aIr.8 a3.19 
12.24 a3a.6 24*36 
13.10 255*x 25.60 
13*95 277.7 26.87 
14e83 301.3 a8.ao 
15.77 327.4 
16.71 

29’52 
354e4 30.94 

17.70 384.0 3a.46 
18.73 416.1 34.09 
19.8 1 450.8 35.79 
aoe 93 489.4 37.66 
aa. 530.4 39.59 
23.24 575.9 41.71 
249 50 6a6.3 43*95 
25*76 678.4 46.17 
27.07 733.8 48*45 
28.41 792.7 50.76 
ag.80 857.a 53*24 
31.aI 9a3.a 55.60 
32.67 992.3 58.08 
34.14 1065.4 60.44 
35.72 1143.7 6a.89 
37.27 x223*7 65.3I 
38.86 x307.4 67.70 
40.48 1394.7 70.09 
4”*‘9 x488.a 73.50 
43h x58a.6 74.8a 
45.63 1680.7 77.05 
47.41 178a.5 79.23 
49maa 1887.6 81.41 
51.10 wg7.8 83.20 
52.96 3x09.7 85@55 
54.90 aaa6.g 87.28 
56.86 2345-8 89.38 
58& 2470.3 go.98 
60.95 2597.7 ga.60 

ag.60 
age64 
age77 
a9.91 
30.10 
3o.ag 
30.49 
30.64 
3-96 
31.18 
31.43 
31667 
3x,89 
32.12 
32.36 
33.57 
3a.80 
33.01 
33.23 
33.44 
33.65 
33.88 
34.09 
34-a8 
34954 
34.77 
35.00 
35923 
35.48 
35.73 
35.97 
36.aa 
36.48 
36.75 
37.01 
37.29 
37.57 
37.85 
38. Ia 
38-v 
38.73 
39.oa 
39.33 
39.62 
39.94 
4o*a5 
40.58 
40.90 
41.32 
41.60 
41.88 
4a.26 
42.54 
42.92 
43*a7 

contd./ 
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Table 5 (contd.) 

. 

Pi = IO mm Hg TI = 290°K 

WI1 Wai TsoK Z5 %I P61 r51 

I.2 

1.4 
1.6 
1.8 
2.0 
a.2 
3.4 
2.6 
a.8 
3.0 
3.2 
3.4 
3.6 
3.8 
4*0 
4.' 
4.4 
4.6 
4.8 

::; 
5.4 
5.6 
s-8 
6.0 
6.2 
6.4 
6.6 
6.8 
7.0 
7.2 
7.4 
7.6 
7.8 
8.0 
8.2 
8.4 
8.6 
8.8 
9.0 
9-a 
9*4 
9.6 
g-8 

10.0 
10.2 
10.4 
10.6 
10.8 
II.0 
II.2 
11.4 
11.6 
I 1.8 
12.0 

o-957 366 I rooo I.27 
0.927 438 I rooo I.52 
o-9=7 $20 1.000 1.82 
o-934 604 1.000 2.14 
0.954 695 I.000 a.48 
o-970 788 I.000 2.85 
o-990 888 I rooo 3.26 
I.019 994 I rooo 3.69 
I.049 1110 I.000 4.17 
I .07c 1227 I.000 4.65 
I.123 I371 I rooo 5.22 
I-149 1496 I .ooo 5.78 
1.183 1632 1.000 6.38 
1.a17 1778 I rooo 7.02 
I.250 1929 I.000 7.69 
1.284 208 I I .ooo 8.38 
1.316 2238 1.001 9.12 
I.342 2385 1.003 9.87 
1.362 2528 1.005 10.67 
1.376 2652 I.009 11.45 
1.385 2766 1.014 12.27 
I-389 2872 I.020 13.12 

I.334 2971 1.027 13.99 
I-393 3057 1.035 14.88 
I*393 3138 X.043 15.79 
I-394 322 I I.053 16.78 
I-393 32g6 I .064 17.77 
I-394 3366 1.075 18.77 
1.395 3436 I .087 19-84 
I.397 3508 1.100 20.98 
I.400 3575 1.113 22.11 

1.404 3642 1.128 23.30 
I-409 3708 1.143 24.52 
I.415 3774 1.158 25.81 
1.422 3839 I.175 27.11 

I.429 3903 I. 191 28.44 
1.438 3969 1.209 29.85 
I.447 4032 1.227 31.26 

1.457 4096 1.246 32.71 
I.469 4159 1.265 34.21 
1.481 4222 1.285 35.72 
I-494 4288 I .306 37.33 
1.508 4351 1.327 38.93 
I.523 44x6 I.349 40.56 
I.538 4479 I.370 42.22 
I-555 4546 1.393 43.94 
1.573 46 12 1.416 45.68 
I.591 4678 1.44“ 47.45 
1.610 4747 1.464 49.29 
1.637 4823 I.492 51.17 
1.652 4887 I.514 53.04 
1.680 4965 X.54" 55-00 
1.705 5043 1.569 56.99 
1.730 5121 1.596 59.01 
1.756 5201 1.622 61.06 

2.2 

4.' 
6 -9 

10.6 
IS.1 
20.6 
27.3 
34.8 
43.7 
53.4 
64.8 
76.9 
89.7 

104.2 
119.8 
136.1 

154.2 
x72.3 
sg2.a 
212.3 
233.2 
=55*8 
278.7 
302.4 
327.3 
354.7 
384.4 
414.8 
448.5 
486.4 
5z5.6 

.8 
651;.3 
667.6 
721.8 
778.9 
841.2 

905.X 
972.5 

1043.3 
1117.5 
xrg7.6 
1278.8 
1363.$ 
145x.5 
1543.3 
1638.2 
X737.4 
1839. I 
1945.7 
2053.9 
~~167.8 
2284.6 
2404.4 
a527.9 

1.78 
a.74 
3.86 
5.07 
6.30 
7-59 
8.93 

IO.15 
11.40 
12.61 
13.71 
X4.90 
IS.94 
16.99 
18.01 
18.96 

x9-95 
so.89 
21.93 
23.0x 
24.12 
25.33 
26.49 
27.73 
29.00 
30.32 
31.79 
33.24 
34.82 
36.54 
38.30 
40.22 
42.25 
44.28 
46.42 
48.57 
50.82 
53.04 
55.27 
57.49 
59.73 
62.02 
64.2 I 
66 940 
68.58 
70.67 
72.73 
74.80 
76.75 
78.40 
80.51 
82.09 
83.72 
85.32 
86.88 

s5 &I / 

28.91 
28.95 
29.07 
29.22 
29.41 
"9.59 
29.80 
30.03 
30.26 
30.49 
30.77 
so-98 
31.20 

31.43 
31.66 
31.88 
32.10 
32.32 
33.54 
32.75 
32.96 
33.17 
33.40 
33.60 
33.82 
34.05 
34.28 
34.51 
34.74 
34.98 
35.22 
35.47 
35.71 
35.97 
36.23 
36.49 
36.76 
37.03 
37.30 
37.58 
37.86 
38.15 
38.45 
38.74 
3 9.03 
39.33 
39.64 
39.94 
40.25 
40.61 
40.88 
4I.a4 
41.57 
41.90 
42.22 

contd./ 
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Table 5 (contd.) 

PI = 255 HG Ti = 290°K 

WI1 Wal Ts OK z6 &I p551 rs1 ‘36/&I 

I.2 
1.4 
1.6 
1.8 
2-O 
2.1) 
3.4 
a.6 
2.8 
3.0 
3*a 
3.4 
3.6 
3.8 
4.0 
49” 

4’64 4. 
4.8 
5.0 

::: 
96 
5.8 
6.0 
6.23 
6*4 
6.6 
6.8 
7 00 
7.2 

;:I 

7.8 
8.0 
8.a 
8*4 
8.6 
8.8 
9.0 
9.3 

;:: 

9.8 
10.0 
IO.3 
10b 4 
10.6 
10.8 
11.0 
II.3 
11.4 
11.6 
11.8 
13.0 

0*957 366 I*000 1.27 
0.935 440 I.000 1.53 
06 930 5’3 I*000 I .8a 
o-933 604 I.000 a.14 
0*954 695 I.000 a.48 
0,970 788 I.000 a.85 
0.991 886 1~000 3.15 
I.033 997 I.000 3.69 
I*051 1112% I.000 4.17 
I .080 1a;rg IeOOO 4.66 
1.11a 1359 I.000 5.31 
1.147 ‘493 I.000 5.78 
1.181 1629 I.000 6.37 
1.~~18 1779 I.000 7.02 
1.350 xgs8 I.000 7.69 
r.a8g ao8g I.000 8.38 
1.321 a148 1.001 9.13 
1.348 2398 I.003 9.87 
I.371 2547 I.004 10.67 
I.393 a689 I.007 11.48 
1.406 a816 1.010 *a,30 
I.415 2936 1.016 13.18 
1.4aa 3045 I.oa3 14.05 
I.429 3149 I*039 14.95 
1,430 3238 1.037 15.87 
1*434 3330 X.047 16.85 
1.434 3412 1.056 x7.83 
1043~ 3495 I.066 18.86 
I*439 3575 1.078 19.94 
1,443 365” x.ogo a1 bOS 
I*447 3737 I. 103 a2,xg 
I.453 3802 I.117 23.37 
I.459 3876 1.x31 24.60 
I* 46s 3948 1.146 a5.85 
I.472 4021 1.161 27.16 
1.483 4094 1.178 28.51 
lb493 4165 **x95 a9*90 
I*504 4237 x*211 31.33 
1.516 4308 1.230 3a.77 
*.5=9 4379 **a49 34 026 
x*54= 4450 I .a68 35478 
f*!i!i7 45”” 1.288 37.36 
I*572 4595 I*309 39.00 
I.589 4668 X.330 40.65 
1.606 4740 x.35= 4a.33 
1.6235 4813 x.374 44 904 
I-643 4887 I.396 45.78 
1.664 4963 x.419 47.59 
I.685 50 39 x.443 49.42 
1*7x4 5x14 x.470 51.3s 
I.731 5195 I.491 $3915 
1.761 5a8a 1.518 55.11 
*.789 5368 x*545 57.14 
1.816 5455 x057x 59.16 
I.844 5545 I* 596 61.23 

a.2 64 l 3 
09 

10.6 
1~~1 
ao.6 
27.1 
34.8 
43.7 
$394 ;r: 89:7 

104.a 
x19.8 
136.2 
154*= 
173.7 
19”*5 
212.8 
a33b9 
256.8 
avg.8 
303.8 
328.7 
356.x 
384a1 
415.0 
447=9 
483.2 
521.3 
561.8 
6o7*4 
656.2 
708.0 
763.0 
821.a 
881.5 
947.6 

~015.6 
xo86.g 
1161.6 
xaqr.6 
1323.1 
1407.9 
x4g6.x 
x587.5 
1682.4 
1780.6 
1883.1 
x983.6 
1092.4 
a204~1 
‘319.4 
a437b7 

1.78 
a.76 
3.85 
5*o7 
6.30 

60 
;:88 

roe13 
*x*39 
13.60 
13.80 
x4*9* 
*5.g6 
x6.98 
18.01 
18.90 
Ig.87 
20.85 
21.83 
~12.80 
33 084 
a4.97 
a6.08 
27.18 
28.39 
ag.61 
30*9= 
32.29 
33.70 
35.20 
36.77 
38.38 
40.18 
42.07 
43*99 
45.89 
47.86 
49.83 
51.86 
53.84 
55.86 
57.85 
59.86 
61.80 
63.73 
65.6a 
67.49 
69.27 
71.03 
73.50 
74ea8 
75.66 
77.08 
78.50 
79.87 

a7.99 
28.04 
a8.16 
28.30 
a8.49 
a8.68 
a8.88 
agoxa 
29.35 
29.9 
aa.81 
so.05 
3o.a8 
30.52 
30.74 
30.97 
31.30 
31.40 
31.62 
31.83 
33.04 
33.35 
32.46 
32.69 
32.89 
33.13 
33.39 
33955 
33.78 
34*0x 
34.34 
34.47 
34.71 
34.95 
35.18 
35*44 
35.70 

;2'29: 
3L48 
36.74 
37.01 
37.29 
37.57 
37.85 
38.13 
38.41 
38.70 
38.99 
39*33 

:;$! 
40:22 
409 $3 
40.82 

contd./ 
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Table 5 (contd.) 

Wll bl Ts OK 26 &I PSI I-61 s&o 
I.2 

I*4 
1.6 

la8 
2.0 

2.a 

2’4 
2.6 
2.8 
3.0 
3*2 

::: 

3.8 
4-o 
4.2 

4’64 40 
4.8 
5.0 
5*2 

;:l! 

5*8 
6.0 
6.2 
6 
6:: 
6.8 
7.0 
7*2 
7.4 
7.6 
7k8 
8.0 
8.2 

8.4 
8.6 
8.8 
9.0 
9.2 
994 
9.6 
9.8 

IO.0 
IO.2 
10.‘4 
10.6 
10.8 
II.0 
II.2 
11.4 
11.6 
11.8 
13.0 

o.9s6 
0.927 
0.918 
0.933 
0*9s* 
0.971 
0.993 
I l oao 
I.OSO 
I.079 
1.113 
I.147 
1.181 
1.218 
1.252 
1.287 
1.326 
1.356 
1.385 
I.410 
I.432 
1.448 
1.461 
1.472 
1.480 
I.489 
I.495 
I.502 
1 l $07 
1.513 
1.520 
1.528 
I-537 
I.546 
**ss6 
I.568 
1.580 

:*g; 
11624 
1.640 
x.658 
1.676 
x .6g6 
1.716 
x.738 
1.760 
1.783 
1.815 
1.834 
I .865 
x.896 
I.926 
*.9s6 
I. 986 

366 I l ooo I.27 
438 I*000 I.52 

521 1.000 I .82 
604 I*000 2.14 
693 I.000 2.48 
788 I*000 a.85 
887 I rooo 3-=5 
995 I .ooo 3.69 

1111 I.000 4.17 
1218 IbOOO 4.66 
1359 I*000 5.31 
1493 I.000 se78 
x6og I.000 6*37 
1780 I.000 7*02 
1932 I.000 7.69 
a086 16000 8.38 
2257 I.000 9.13 
2413 1.001 9.89 
2 576 I l ooa x0.69 
2729 1.004 1I.S’ 
a878 I.007 12.35 
3019 1.010 X3.14 
3148 I.015 x4.12 
3a68 1.021 f s*o3 
3379 I .028 ‘5.97 
3493 1.036 x6.96 
3595 I.044 17.96 
3692 I.053 18.98 
3788 1.064 20.07 
3880 1,075 31.17 
3 968 I .086 la.28 

4057 x.098 23.48 
4147 1.112 24.73 
4233 I.125 as.98 
4320 1.140 27.29 
4405 I*155 28.61 

4490 I.171 "9-99 
4576 1.187 31.41 
4661 I*204 3=.89 
4748 I .a22 34*4o 
4833 X*240 35.94 
4919 **as9 37*5x 
5006 1.278 39.13 
$093 I.299 40.80 
5178 1.318 42.44 
52 66 I.340 44.17 
5356 1.361 45.94 
5446 1.383 47.73 
5547 1.408 49*6= 
5633 I*429 5X.49 
5733 r-453 53.39 
5832 1.478 55.37 
5933 X.$02 57.37 
6035 *.5=7 59.42 
6134 x*551 61.46 

2.2 
2.1 

-9 
10.6 
IS.1 
230.6 
a7.t 
34.8 
43.7 
53.4 
64.7 
76.8 
89.7 

104.2 
119.9 
136.2 
* 54.3 
X73.0 
193.9 
=x3.4 
234.8 
258.0 
a81.3 
305.5 
330.7 
358.2 
385.8 
415.2 
447*’ 
48i.3 

:5;4:; 
597.6 
641* 5 
690*4 
740.8 
795.3 
853.4 
914.” 
978.3 

1045*4 
1115.7 
1x89.1 
1265.8 
1343.0 
I42 5.7 
1511.6 

1600.7 
1693.9 
x787.9 
1884.1 
1985.7 
aogob7 
3x98.0 
2304.9 

1.78 
2*74 
3.86 
5.07 
6.30 
7.59 
8.87 

IOOIS 
11.40 
12.61 

13.80 
14.91 
1s*96 
x6.98 
17.99 
18.93 
lg.82 
20.77 
21.67 
=a*59 
23.5’ 
24.53 
“5*53 
26.56 
27.61 
28.71 
09.80 
30.96 
32.18 
33.48 
34.76 
36.11 
37ms9 
39.06 
40.66 
42*“3 
43.88 
45.57 
47.24 
48cw 
so* 58 
52.=4 
53.88 
55~50 
57.05 
58.61 
60.14 
61.64 
62.89 
64-44 
65.61 
66.80 
68,oa 
69.18 
70.27 

26.61 
26.65 
26*77 
a&g1 
27.10 
27.29 
27.50 
27*73 
27.96 
28.19 
28.43 
28.67 
28.89 
29.13 
29.36 
294 
sag.81 
30*03 
30.24 
30.44 
30.65 
30.86 
31.07 
3x*27 
31.48 
31.70 
3X.91 
32,x1 
32.33 
32.54 
32*76 
32.98 
33.21 
33.43 
33.66 
33.89 
34*x” 
34.35 
34.59 
34.84 
3seo8 
35633 
35*58 
35.84 
36.08 
36.34 
36.60 
36.86 
37.16 
37.39 
37.68 

$g 
38: 50 
38.76 

Pi = IOO mm He; TI = 290°K 

contd./ 



. 

- 61 - 

Table 5 (contd.) 

Pi = aoommHg TI = 290°K 

WI1 &I Ts OK & %I PSI r5i GA.3 

I.2 
1.4 
I.6 
1.8 
2.0 
a.2 
2*4 
a.6 
a,8 
3.0 
3.2 
3.4 
3.6 
3.8 
4.0 
4*= 
4’64 
4* 
4*8 
s*o 
5." 

::i! 
S-8 
6.0 
6.2 
6*4 
6.6 
6.8 
7.0 
7.2 
7*4 
7.6 
7.8 
8.0 
8.1 
8.4 
8.6 
8.8 
9-o 
9.2 
9.4 
9.6 
g-8 

10.0 
1o.a 
10.4 
10.6 
10.8 
11.0 
II.2 
11.4 
11.6 
11.8 
12.0 

o-957 366 I.000 
0.937 438 I.000 
o-930 $22 I.000 
o-933 604 I.000 
o- 954 695 I.000 
o-970 788 I.000 
o-993 890 I.000 
1.021 998 I.000 
I.050 III1 I.000 
I .080 1aag 1.000 
1.111 1357 I.000 
I.147 ‘490 I.000 
I. 181 1630 I.000 
1.218 1780 I.000 
I.253 1932 I.000 
1.288 2088 x.000 
1.326 2957 I*000 
1.363 za4a6 I.001 
I.390 2587 I .002 
104x7 a745 1.003 
I.444 2 905 f.OO$ 
1.461 3051 I .008 
1.478 3x91 1,ora 
I-493 3334 1.017 
I.504 3447 1.023 
‘-5’5 3567 1.030 
I.524 3683 I .038 
I*533 3790 1.047 
I.540 3895 I.057 
I-549 3995 1.067 
1.561 4100 I*079 
1,567 4194 I.089 
I.577 4290 1.1oa 
1.587 4383 I.115 
I.600 4478 I.139 
r.6Ia 4572 X.143 
1.626 4667 1.158 
1.641 4759 x.174 
1.658 4855 1.191 
1.673 4947 1.207 
r.6gr 5041 X.32$ 
1.710 5134 1.242 
I.730 5230 1.~361 
1.751 5326 1.~~81 
I.774 54=3 1.301 
I-797 55’0 r.gax 
1.821 5616 1.341 
1.846 5716 x.363 
I-879 $826 I.387 
1.899 59x9 1.406 
I-933 6027 I.431 
I-g65 6138 I.455 
1.998 6249 1.478 
=.o=g 6356 I.501 
2.063 6471 I.516 

I.27 
I.53 
I .8a 
2.14 
2.48 
2.85 
3.a6 
3.70 
4.17 
4.67 
5.2 I 
5.77 
6.37 
7.oa 
7.69 
8.38 
9.13 
9.91 

10.71 
x1.53 
12.37 
x3.25 
14.15 
15.07 
16.01 

x6- 99 
18.02 
19*05 
20.13 
al.23 
22.38 
a3.57 
a+30 
26.04 
17.35 
28.70 
30.08 
3x-49 
3=-97 
34.47 
36.01 
37.56 
39.18 
40.84 
4=.56 
44*“9 
46.01 
47.84 
49.71 
51-55 

g:rr 
57:53 
59-s= 
61.623 

a.3 
4-r 
6 -9 

IO.6 
15.1 
20.6 
27.4 
35.1 
43.7 

d 
3.2 

7x4 
89.7 

104.0 
119-g 
136.2 
154-3 
172-g 
192.8 
aI3.6 
=35-4 
as8.6 
281-g 
306.3 
33X.7 
358.2 
386-g 
415.8 
447-9 
480.3 
516.3 
553-8 
594-I 
637.0 
682.4 
732.8 
7a6.2 
840.3 
899.4 
961.8 

1oa6.8 
Ioga.8 
1164.0 
1238.2 
x315.4 
1395.7 
1476.2 
1562.6 
1652.7 
1745.6 
1836.8 
1935.4 
2036.3 
3137.2 
1’44.5 

I.78 
2.74 
3.85 
5.07 
6.30 
7.59 
8.93 

IO.21 
11.40 
12.60 
13.81 
14.87 
Is-g6 
lb.94 
17.99 
18.91 
lg.82 
230.66 
21.58 
22.51 
23.38 
24.37 
25.31 
26.27 
27.27 
28.a6 
29.34 
30.39 
31.56 
32.68 
33.86 
35-15 
36.45 
37.81 
39-16 

$8” 
-6 43. 3 

45-11 
46.71 
48.24 

:p-2 
5&5 
54.08 
55-50 
56.84 
58.18 
59.32 
60.82 
61.79 
6a.86 
63.91 
64.9s 
65.94 

as-91 
25-95 
26.08 
a6.aa 
26.41 
26.60 
a6.81 
27404 
27.27 
27.50 
27.73 
27.97 
38.20 
28.44 
28.66 
38.89 
39913 
29-34 
“3-55 
29-75 
99-97 
30.17 
30.37 
30.58 
30.78 
30-99 
31.20 
31.40 
31.61 
31.82 
32.06 
32.25 
32.47 
32.68 
32.90 
33.12 
33.35 
33.57 
33.81 
34.03 
34.26 
34.50 
34-74 
34-98 
35.23 
35.47 
35.71 
35.96 
36.24 
36*46 
36.73 
37.00 
37.26 
37.50 
37.76 

contd./ 
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Table 5 (contd.) 

PI = soomm Hg TI = 290°K 

WI1 Wa: T5 OK &I Hsl PSI r51 s&Y 
1.a 

104 
1.6 
1.8 
2.0 
2.a 

284 
2,6 
2.8 
3.0 
3*2 

;:6" 

3.8 
4.0 
4.2 

4't 4e 
4-8 
5.0 

5:; 

5*8 
6.0 
6.2) , 

2: 
6.8 
7.0 
7.2 
794 
7*6 
7.8 
8.0 
8.a 

8,4 
8.6 
8.8 
g;o 
9.2 
9.4 
9.6 
9.8 

IO.0 
IO.2 
IO.4 
10.6 

10.8 
11.0 
11.2 
11~4 
11.6 
11.8 
12.0 

0* 957 
0,925 
0.930 
o-933 
0*954 
0,970 
-99a 
Ido2a 
x.osa 
I .080 
1.112 
1.148 
1.181 
1.218 

I.254 
I.ago 
*.3a4 
I* 363 
I* 393 
1* 424 
I.451 
1.481 
I.498 
**s*s 
I.532 
I.548 
I*558 
I.571 
1.582 
I.594 
1.605 
1.617 
r.6ag 
1.642 
1.656 
1.671 
1.687 
I.703 
*.7aa 
1,740 
1.760 
1-785 
1.806 
x.817 
1.850 
I.878 
I.904 
I.938 
I.g6* 
I.996 
a*029 
2.063 
a.096 
2.131 
2.166 

366 
440 
$22 
604 
69s 
788 
887 
997 

1113 
Ia30 
1358 
1495 
x&g 
1780 
1935 
a091 

2255 
2426 

“594 
2 760 
2923 
3098 
3241 
3386 
3527 
3664 
3791 
3915 
40 32 
4x50 
4a61 
4373 
4482 
4590 
4697 
4803 
4908 
50’5 
SIao 
saa6 
533s 
5446 

;2;83 
5764 
5879 
5991 
6110 
6217 
634’ 
6461 
6584 
6703 
6831 
6956 

I.000 
I.000 
I.000 
I.000 
I*000 
I.000 
I.000 
I.000 
I*000 
I.000 
I.000 
1.000 
I.000 
I.000 
I.000 
I .ooo 
I.000 
I.000 
I.001 
1.00~ 
1.004 
1.006 
I.009 
1*013 
1.018 
1.024 
1.031 
I.039 
I.047 
1.056 
I.066 
1.077 
1.088 
1.100 
I.113 
I.127 
1.140 
I*155 
I.170 
1.186 
1.203 
I.231 
1.238 
1.256 

x*274 
-94 
I.314 
I.336 
1* 354 
1.378 
I.399 
x.42x 
I* 443 
1.466 
1.488 

*.a7 
1.53 
1.82 
2*x4 
2.48 
2.85 
3*25 
3.69 
4a17 
4.66 
5.21 
5.78 
6.37 
7.03 
7.70 
8.39 
9.13 
9.89 

10.70 
11.53 
la.38 
13.29 
14.19 
IS.11 
16.07 
17.06 
x8.09 
19.14 
20.31 
-34 
aa.47 
a3.66 
= 4*89 
a6.16 
97.46 
28.80 
30.17 
31. $9 
33.03 

“,r;,’ 
37:68 
39.31 
40’98 
42.64 
44*4o 
46.19 
47.99 
49.82 
$1.77 
53.68 
ss*Q 
57.65 
59.73 
61.80 

a.3 1.78 
4*2 2.76 
6 l 9 3.85 

10.6 5.07 
IS*1 6.30 
10.6 7.60 
27.x 8.88 
34.8 10.13 
4397 11.38 
53a4 12.60 
64.7 13.81 
76.8 14.90 
89.7 *s.g6 

104.2 x6.98 
rrg.6 17.92 
136.3 .x8.88 
‘54.3 19.84 
X73.0 20.67 
193.2 al.58 
2x3.9 22.42 
23s*s 23.28 
3 59-a 34.x2 
a8a.7 as.06 
307.3 as.98 
3320 9 a6.88 
359.6 27.79 
388.4 28.81 
4X7.3 age77 
447.6 30.75 
481,s 31.83 
Sf4.9 3a.87 
5 53.0 33.99 
59x*1 35*x5 
632.7 36.33 
676.6 37.53 
722.9 38.75 
772.6 40.03 
8a6.8 41.39 
881.6 da.66 
94x0 s 44904 

1003.g 45.36 
1067.5 46*55 
1135.6 47.89 
1206.6 49*“4 
1278.1 50.48 
1355*3 51.67 
1435*o 52e87 
1515.8 53 086 
1600.7 55*x3 
x689.6 56.08 
1778.2 s7.05 
1872.6 58.oa 
x966.x 9*94 
2065.7 59.83 
2164.6 60.9 

as.00 
25-04 
25. I7 
25.30 
as.49 
25.68 
25.89 
a6. Ia 
26.36 
26.58 
26.82 
27.06 
27.28 
27.52 
27.76 
27.98 
28. xg 
28.42 
28.63 
28.84 
29.04 
29.27 
29.46 
“94 
29.85 
30.06 
3o.a6 
30.47 
30.67 
3oe87 
31.07 
31.28 
31.49 
31.70 
3**91 
32.Ia 
32.33 
32*54 
32.76 
32.97 
33.20 
33944 
33.66 
33.87 
34*09 
34.33 
34.56 
34.81 
35.02 
35.28 
35.52 
35.76 

g*:,’ 
36:45 
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Table 5 (contd.) 

PI = 1000 mm Hg TI = 290'K 

W&i W21 Ts°K 35 H61 %I rsi S&O 

I.2 

I.4 
1.6 
1.8 
2.0 
a.2 

2.4 
2.6 
2.8 
3.0 
3.2 
3*4 
3.6 
3.8 
4.0 
4.2 
4.4 
4.6 
4.8 

::i 
5.4 
5.6 
5-8 
6 
6:: 
6 
6:: 
6.8 
7.0 
7.2 
7.4 
7.6 
7.8 
8.0 
8.2 
8.4 
8.6 
8.8 
9.0 
9.2 
9-4 
9.6 
9.8 

IO.0 
10.2 
10.4 
10.6 
10.8 
II*0 
I1.a 
11.4 
11.6 
11.8 
xa.0 

0*9$7 
o-927 
0.930 
00 933 
0*953 
0.970 
o* 992 
1.018 
1*o44 
I .078 
1.112 
1.147 
1.184 
1.217 
1.253 
I.289 
I.325 
I.365 
1.400 
I.430 
1.460 
1.486 
1.512 
1.531 
I* 550 
1.570 
1.584 

:‘6:4: 
11625 
I.637 
I.653 
1.671 
I.68a 
I.699 
1.715 
1.733 
1.751 
1.771 
I.792 
1.813 

1.835 
1.857 
1.885 
I.908 
I* 945 
1.967 
2.004 
2.030 
2.067 
3.10x 
2.137 
2.17a 
2*210 
a-a47 

366 
438 
522 
604 
694 
788 
886 

993 
1105 
1227 
1358 
1494 
1633 
1778 
1933 

2090 
aa 56 
2429 
2606 
2774 
2 942 
3113 
3278 
3430 
3581 
3730 
3872 
4004 
4132 
42 58 
4381 
4508 
4631 
4746 
4865 
4982 
5098 
5214 
5333 

;;2; 

5685 
58oa 

592s 
6o4a 
6181 
62 ga 

6429 
6546 
6683 
6813 

6949 
7083 
7133 
7361 

I .ooo 1.17 2.2 
I.000 I. 52 4.1 
1.000 I.83 6 -9 
I.000 2.14 10.6 
I.000 2.48 IS.1 
I.000 a.85 20.6 
I*000 3*25 37.1 
1.000 3069 34.8 
10000 4.16 43.6 
I.000 4.65 53.4 
I.000 5*21 64.7 
I .ooo 5.78 76.8 
I.000 6.38 89.7 
I.000 7.0x 104.3 
10000 7069 **9*9 
1.000 8.38 136.2 
I.000 9.13 154*3 
I.000 9.91 173.0 
1.001 f0.7a X93.2 
1.001 11-54 214.0 
I .003 x2.38 a36.0 
1.004 13.30 259.4 
I .007 14.21 a83.2 
1.010 s5m15 307.9 
I.015 16.11 333.7 
1.020 17.10 360.6 
s.oa6 18.14 389.5 
1.033 19.20 418.5 
1.040 So*27 448.8 
1.048 21.38 480.4 
I.057 22.54 51594 
1.067 23.75 552.0 
I.079 a4*g6 58 9.6 
x.089 a6.22 629.9 
1.101 27.53 673.0 
1.114 28.87 718e4 
I.Ia7 30.a5 766,s 
1.141 31.66 817.1 

I.155 33.15 871-g 
I.170 34.63 ga8 .a 
I. 186 36.18 988.8 
I.aor 37.75 x050*0 
r.ax8 39.37 1116.3 
*.a36 41.03 1183.5 
-53 42.74 1254.8 
I-274 44.53 1330.4 
1.291 46.27 1404.6 
r.3sa 48.13 1485.5 
I.330 49.95 1565.2 
I-352 51.88 1651.2 
1.373 53.81 X736.9 
I-394 55.82 x827.9 

1.415 57.8a x918.5 
1.436 59.90 aox4.8 

1.458 61.97 aIxo.5 

I.78 
2.74 
3.85 
5.07 
6.ag 
7.59 
8.87 

IO.17 

x1-45 
12.61 
13.80 
14.91 
15.93 
17.oa 
17.99 
x8.90 
lg.83 
20.64 
ar.48 
=2*35 
23.ao 

24.05 
24.88 
25.76 
26.63 
‘7.49 
28*44 
29-35 
30.28 
31.21 
3aea7 
33.27 
34.23 
35.34 
36.43 

g-65: 

&4 
4**04 
42*2x 
43.43 
44.59 
45.82 
46.88 
48.08 
48.99 
50.16 
51.06 
52.13 
52.99 
53.86 
54971 

24.30 
24.34 
24.48 
24.61 
a4.80 
24.99 
25.20 
25.41 
25.64 
25.88 
26.13 
26.36 
a6.60 
26.82 
27.06 
27.28 
27.50 
27.73 
27.95 
a8.15 
28.36 
28.56 
28.77 
28.96 
ag.16 
29.37 
29.56 
29.76 
29.95 
30.15 
30.34 
30.55 
30*77 
30.96 
31.16 
31.36 
31.57 
31.77 
31.99 
31.19 
32.40 
32.61 
32.82 
33.04 
33.25 
33.51 
33.70 
33.95 
34.14 
34.39 
34.61 
34.84 
35.05 
35.28 
35.49 
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Table 5 (contd. ) 

P1 = 2000 mm Ilg 

Wll Wa1 Ts OK 25 H51 %I r61 ss /&I 

I.2 

=*4 
I.6 

1.8 
290 

2.2 

2.4 
2.6 
2.8 
3*o 
3.3 
3*4 
3.6 
3*8 
4.0 
4*a 

4'i 4. 

4.8 

5.0 

s-2 

5.4 

S*6 
5.8 
6.0 
6.2 
6 l 4 
6.6 
6.8 
7.0 
7.3 
7.4 
7.6 
7.8 
8.0 
8.2 
8,4 
8.6 
8.8 
9-o 
9.2 
9.4 
9. 6 

9.8 
IO.0 
IO.2 
10.4 
10.6 
10.8 
11.0 
II.3 
11.4 
11.6 
11.8 
IO.0 

0.957 
0.925 
0,930 
0.933 
0.954 
0.970 
0 l 99”  

I.022 

I.057 
I.079 
1.114 
1.147 
1.181 
1.218 

**a55 
I.289 
I.325 
I.363 
I-399 
I.435 
104~3 
I.495 
1.518 

‘-544 
145 
1.588 
1.607 
1.624 
1.641 

I As 
s.669 
1.686 
I.709 
I.724 
I*741 
I.759 
1.778 
I.799 
1.820 
1.842 
I.866 
I.890 
I.917 
I.944 
I.966 
2.004 
2ooag 
2.069 
a.104 
2.13a 
a.170 
2.210 
a.248 
2.a87 
a.329 

366 
440 
5’2 
604 

;8985 
887 
997 

1118 
1aa8 
1361 
1494 
1630 
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