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I. Introduction 

Equilibrium conditions behind the incident and reflected shock wave 
are evaluated using the method of Ref. 1. In this method the enthalpy of the 
gas is regarded as the sum of two parts: (i) the enthalpy evaluated for a gas 
consisting of rigid molecules having no internal. excitation and (ii) a correo- 

h txon term to be added to (i), to take account of internal excitation. The 
specific enthalpy, h, 1s given by the following expression: 

RT + $(T) --- (1) 

‘Replaces A.R.C.31 277 
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n 
where 1 + - 

( > 2 
RT is the specific enthalpy for rigid molecules of n degrees 

of freedom (n = 3, 5 or 6 according as the gas particles are nonatomic, linear 
molecules Or non-linear molecules respectively). R 1s the gas constant per 
gramne . The term 4(T) represents the contribution to the enthalpy due to 
internal excltatlon of the molecules. There is also a pressure-dependent part 
to the enthalpy but, under nany shock-tube con&tions, this is very snail and is 
neglected here. The method of calculation is briefly outlined below. 

2. Calculation of Conditmns behind the Incident Shock 'ilave 

From the equations of state and continuity and the equations of conserva- 
tion of momentum and energy the following two equations may be derived': 

Tp = (;-us); **a (2) 

(I+;);-[[(<+,)(')]'-2~+1)~0-#(Ta))j" 

ug = 

n+l 

-*a (3) 

where i, m and ho are constants of the flow given by 

Pi, PI and hi are the initial pressure, denszty and specific athalpy 
and ui is the speed of the incident shock wave. To is the temperature 
behind the incident shock and up is the speed of the gas downstream of the 
shock in a frame of reference x.n which the shock is stationary. 

Equations (2) a.nd (3) are simultaneous equations for ua and Ta . 
As a first approximation, we put $(Ta) = 0 in (3) (i.e. we assure no internal 
excitation of the molecules) and the first approxinatlon to up is calculated. 
This is then used xn (2) to derive Ta . I7ith a knowledge of Tp , #(Ta) 
can be determined from cnthalpy tables. This new $(Ta) 1s substituted in 
(3) and the cycle repeated. It 1s found that successive solutions Oscillate On 

either side of the true solution ad convergence is greatly assisted if each 
new solution is taken as the arithmetzc mean of the prev~us two solutions. 

With the solutions for up and Tn the remaining conditions behind. the 
incident shock wave are readily calculated. 

J./ 
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3. Calculation of Condrctions behind the Reflected Shock Wave 

The equations of state, 
following two equations12 

continuity, momentum and energy lead to the 

T== (:++.(:a:@ 

where 

u = ui-up 

1 = pa+ pa u* 

M = pou 

all of which are known since oondltions 2 are obtained from the solutions of 
the equations for the incident shock wave. US is the speed of the reflected 
shock wave and Ts is the temperature behind the reflected shook. 

The calculation proceeds as for the incident shockwave: a first 
approximation to us is found by putting $(Ts) = 0 and this is used as the 
starting point for the iteration. 

The calculations were carried out for equal intervals of 0.4 in 
incident shock Mach number and the range of shock speed was adjusted for each 
gas so that the complete range of tabulated enthalpy was covered. 

It was found convenient for the computer calculation to represent 
the enthalpy of each gas by a sum of Chebyshev polynomials as outlined in 
Section 4 below. 

The results of these calculations are given in Tables 5.1-5.8. 

4. Representation of the Enthslpy of Chebyshev POl.WOddS 

The tables of Hilsenrath et al2 were used to provide enthalpy data 
for air, argon, carbon dloxde, carbon monoxde, hydrogen, nitrogen and 
Owen. The tables of McBride et a14 provided enthalpy data for nitrous 
oxide. g,.l the &ta used are for ideal gases in which no account is taken 
of the dependence of enthalpy on pressure and the effects of dissOCi.diOn ad 
ionisation are neglected. 

The/ 
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The enthalpy data for each gas are fitted by a polynomial, whzch is 
.a "best fit" in the least squares sense, of the form: 

h = $ Co + Ci X, (Xr) + Cp X2(x=) + ..I + CkXk (xr) + ..* + cjXj(xr) 

where j is the degree of the polynormal and C 
cient of the Chebyshev polynomial. Xk(xr) , h 

is the kth Chebyshev coeffi- 

by 
5s the entbdpy and xr is given 

where 0 is the temperature corresponding to the rth entry 111 the enthalpy 
table an: r = I, 2, . . . . . . ..m . er 1s 111 ascending order of magnitude. 

A computer programme, based on the mzthod of Davx and Robertson' was 
used to evaluate the Cheb shev coeffxlents for the various sets of enthalpy data. 
The number of terms in (6 3 was chosen to be suffxient to fit the tabulated en- 
thalpy data to better than 3 sqntiiicant figures over the whole range of tempera- 
ture. The Chebyshev coefficients for the various gases are given in Table 6. 

5. Shock Tables 

Nomenclature 

M = 

Ul = 

P21 = 

R21 = 

T2 = 

lJ2 = 

P31 

R3l 

T3 

u3 

Mach number of incident shock wave based on the 
speed of sound ahead of the shock. 

Speed of incident shock wave in ems per second. 

Pressure ratlo across incident shock wave. 

Densi@ ratlo across inodent shock wave. 

Temperature behud. incident shock wave in degrees 
Kelvin. (In all cases, the temperature Ti ahead 
of the shock is 293OK). 

Speed of gas behind incident shock in ems per 
second. 

Presswe ratio across the reflected shock wave. 

Denszty ratlo across the reflected shock wave. 

Temperature behind tti reflected shock wave in 
degrees Kelvm. 

Speed of reflected shock wave in ems per second. 

The/ 
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The results for the V~I-~CUS gases are given in Tables 5.1-5.8. 

The tables do not take into account the effects of dissociation since 
they rely on enthalpy data in whxh dissomatmn was ignored. Therefore, the 
tables must be used with caution at hzgh temperatures and low pressures. Fig. 4 
shows boundaries for 6 of the 8 gases in the p,T plane along which there is 
1 per cent increase in compressibility due to dissociation (andchermcsl reac- 
tlon 2n the case of sir). 
Thermochemical Data"5. 

These boundaries were calculated using the "JANAF 
Moving to the left and upwards from the boundary for 

any gas the tables can be used with increasing ccnfidence; moving to the right 
and downwards from a boundary the tables become less accurate. 

A boundary for argon does not appear in the p,T plane as nowhere 
w1thi.n the bounds of the plane shown does it achieve 1 per cent ionisation. 
Nitrous oxide (NsO) is omitted too s3nce the reaction 

is exothermic and a boundary does not exist in the p,T plane. 

No account has been taken of relaxation time. In regions behind 
shock waves where there is full equilibrium of internal excitation but before 
there is appreciable dissociation or chemical reaction, the tables will be 
accurate. 

Tables 5.1-5.0/ 
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6. Table of Chebyshev Coefficxnts 

Tbe coeffxients in Table 6 may be used to derive entbdpy over the 
specified temperature range by use of equation (6). 
is m the dmensionless form H/RTo 

The enthalpy generated 
where B 1s the gas constant and 

TO = 273.16% . The temperature, in degrees Kelvm, must be transformed 
according to equation (7). 
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Table 6 

Gas Temperature Range Chebyshev Coefficients 

ki.r 250 - 3000°K co = 4.68677807, +I 
c* = 2.10226383, +I 
cp = 6-47638305, -I 
c3 = -1'35679492, -I 
c. = 1~70648402, -2 
C 6 = 7.83222069, -3 
C 6 = -7~676Qo91, -3 
c, = 3.58417033, -3 
Ce = -9~89029902, -4 
co = 5.99110415, -6 
C 10 = 2.08067305, -4 

Argon 250- 5000°K co = 4'80487646, i-1 
CL = 2'17363437, +I 

Carbon Dioxide 250- 50OV'K co = l-25746776, +2 
Cl = 6*27763909, +I 
Ca = 1.96793967, +O 
c3 = -7.62005141, -1 
c, = 3.31053452, -1 
c.5 = -1~31419391, -1 
cs = 4’7750~850, -2 
c, = -1.56437941, -2 
Ce = k6.18954?4, -3 
co = -1.39852246, -3 
C Y.0 = 6-40561648, -4 
cir = -@21105504, -4 
C !.a = 1.91901735, -4 

Carbon Monoxide 250- 5ooooK co = 7.93788901, +I 
ci = 3.78265014, +I 
cp = 9~14801170, -1 
c3 = -3.18792491, -I 
Cd = 1.07762824, -1 
cs = -2.25687609, -2 
cs = -k74870239, -3 
c-/ = 9.10501648, -3 
Ce = -6.98797773, -3 
cp = 3'6734793i, -3 
C 10 = -1*79463795, -3 

Table 6 (cm-&d.)/ 



Table 6 (C&d.) 

GtlS Temperature Range Chebyshev Coeffxients 

Hydrogen 250 - 5000°x co = 7.69316603, +I 
ci = 3.71667578, +I 
cs = 1~71605946, +o 
c3 = -1.70349186, -1 
c, = -1~90907122, -2 
crj = 3.63587547, -2 
ce = -I* 70183463, -2 
C-J = 2.50764223, -3 
Ce = 3’ 74125707, -3 
cp = -3.70686691, -3 
c 10 = 1~60824431, -3 
C Ii = -9.08727266, -4 
C ia = 6.0561+6460, -I+ 

Nitrogen 250 - 5000O~ co = 7.88164660, +I 
ci = 3’75698741, +I 
C* = 9 - 58209877, -I 
c3 = -3’ 2334 5411, -1 
c, = 9’7304a25, -2 
cs = -I - 36~2033, -2 
cs = -9.61825963, -3 
c-f = 1~11124251, -2 
cs = -7.14712647, -3 
co = 3.37438633, -3 
Cl0 = -1.~7595304, -3 

Nitrous Oxa& 100 - 60000~ co = 1.53631304, +2 
CA r 8.06172075, +I 
C* = 3.09618315, +o 
c3 = -1~01421975, +o 
c, = 5'47298192, -1 
cs = -2.52710661, -I 
C.3 = l~C8582218, -1 
c, = -4.27628604, -2 
Ce = 1.52831142, -2 
cs = -4'98668045, -3 
cl0 = I-54193724, -3 
Cl1 = -5.01327698, -4 
C IP = I* 37830560, -4 

Table 6 (Contd.)/ 
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Table 6 (Contd.1 

Gas Temperature Range Chebyshev Coeffxients 

Nwn 250 - 5COO'K co = 8~37078463, +l 
Cl = 4'04393305, +I 
cp = 1.42092080, +0 
cs = -2.41145725, -1 
c, = 6.80734190, -2 
cs = -4.47649273, -2 
cs = 2.01324076, -2 
c7 = -3.29978871, -3 
Ce = -3'12089396, -3 
C 0 = 3'58014684, -3 
C 10 = -2.50900883, -3 
C ii = l-35522549, -3 
Cl2 = -6.71371962, -4 
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Table 5.1 

P7I R2I 

1.25 1.17 
I.112 1.34 
I.PI 1.57 
7.13 1.60 
2.47 ,.a: 
;-.a3 2.04 
3.22 7.21 
3.63 2.3, 
4.Ob 2.53 
4.52 2.63 
5.00 2.83 
5.s, 2.9!! 
6.04 3.17 
6.6” 3.25 
7.18 1.39 
7.70 3.51 
a.41 3.63 
9.0, 3.75 
9.75 3.86 

10.45 7.97 
ll.lB 4.08 
Il.93 4.1.5 
12.71 4.20 
13.51 4.37 
14.34 4.46 
15.19 4.55 
lb.07 4.64 
16.97 4.72 
17.90 4.81 
1a.a5 4.ao 
19.83 4.96 

20.63 5.04 
21 .F6 5.11 
27.92 5.1” 
24.0” 5.25 
7’.10 5.31 
26.23 5.38 
27.38 5.44 
28.56 5.50 
29.77 5.56 
31.Of.l 5.~2 
32.25 5.6, 
33.53 5.73 
-44.84 5.78 
36.16 5.83 
37.52 5.P3 
38.90 5.93 
40.30 5.98 
41.73 6.02 
43.19 6.07 
44.67 6.1 t 
46.17 6.16 

5.525, +3 
1.056. +4 
1.526, +4 
1.970, +4 
2.393, l 4 
Z.R”O, +4 
3.193. +4 
3.574, l 4 
3.947, +4 

4.311, +4 
4.669, t4 

5.071, +4 
5.360, r4 
5.711, +4 
6.051. +4 
6.387, +4 
6.72lr r4 
7.053, 14 
7.383, t4 
7.710, l 4 

A.“36, 4.4 
Y.362, +4 
R.6Bt.l l 4 
9.007, +4 
9.329. +4 
9.650, r4 
9.971, +4 
1.029, l s 
1.061, +5 
1.093, +5 
1.124, +5 
1.156, +5 
I.IAR, r5 
1.220, +5 
1.251, r5 
1.283, r5 
1.314, +5 
1.346, +5 
1.377, +5 
1.409, +5 
1.440, +5 
1.471, +5 
1.503, r5 
1.534, +5 
1.565, +5 
1.596, +5 
I.628, +5 
1.659, +5 
I.690, +5 
1.721, +5 
1.753, +5 
1.784, +5 

P31 R-31 77 

1.55 1.37 332 
7.25 1.70 370 
3.12 2.23 400 
4.19 2.73 440 
5.45 3.25 4*, 
6.92 3.RO 533 
8.61 4.3, 577 

10.53 4.95 623 
12.b8 5.55 t.70 
15.06 6.14 719 
17.68 6.74 760 
20.55 7.34 821 
23.66 7.93 a74 
27.02 a.53 929 
3”.63 9.11 985 
34.49 9.69 1042 
38.61 10.27 II02 
42.99 10.83 II63 
47.64 Il.39 1225 
52.51 11.93 1289 
57.68 12.47 ,355 
63.17 13.00 1423 
68.84 13.52 1492 
74.7R 14.02 1562 
81.03 14.52 lb35 
87.57 15.01 ,709 
94.3R 15.49 1785 

101.47 15.97 l.562 
108.A4 lb.43 ,941 
116.44 16.87 2023 
124.36 17.31 2104 
132.57 17.75 Zlc!P 
141.07 ,a.17 2275 
149.85 1a.5a 2363 
158.91 18.99 2452 
168.27 19.38 2543 
177.90 19.77 2636 
187.82 20.15 2731 
196.03 20.52 2827 
208.53 20.89 2925 

v3 

3.334, +4 
3.?72. +4 
3.237. +4 
3.221, +4 
3.221, +4 
3.23,. +4 
3.251, +4 
3+278. +4 
3.311, +4 



M 

6.30 
h.4D 
b.5il 
6.60 
6.7” 
6.80 
6.90 
7.00 
7.10 
7.2” 
7.30 
7.4” 

Ul 

2.164, l 5 
2.198, l 5 
2.233, +5 
2.267. l 5 
2.301, t5 
2.336, +5 
2.370, +5 
2.405, +5 
2.439, +5 
2.473, l 5 
2.50.9, +5 
2.542, +5 

P2I 

47.70 
49.2b 
50.04 
52.44 
54.07 
55.73 
57.41 
59.11 
60.85 
62.60 
b4.38 
bb.19 

RZI T2 

67.20 2255 
b.24 231.l 
6.28 2373 
6.3i! 2452 
6.36 2493 
6.39 2554 
6.43 2617 
b.46 2680 
6.50 2747 
6.53 2t)“fi 
6.57 2673 
b.bO 2940 

u2 

1.615, t5 
1.846. +5 
1.877. +5 
1.908. +5 
1.939, r5 
1.970, +5 
2.001, +5 
2.032, l 5 
2.064, +5 
2.095, +5 
2.I2b. +5 
2.157, +5 



Table 5.2 

b! 

1.1” 
I.‘?” 
1.30 
I .4” 
1.5” 
1 .b” 
1.7” 
1.0” 
I.90 

2.0” 
.?.IG 
2.2” 
2.30 
2.4” 
2.5” 
2.6” 
2.7” 
2.0” 
2.9” 
3.0” 
3.1” 
3.2” 
3.30 
3.4” 
3.5” 
3.6” 
3.7” 
3.3” 
3.9” 
4.“” 
4.1” 
4.2” 
4.30 
4.4” 
4.5” 
4.6” 
4.7,~ 
4.A” 
4.9” 
5.00 
5.1” 
5.2” 
5.30 
5.4” 
5.5” 
5.b” 
5.7” 
5.R” 
5.90 
6.“” 
6.10 
6.2” 

P2I f2I 

1.27 1.15 
1.56 I .3” 
I .a, 1.45 
2.2, 1.59 
2.58 1.72 
2.97 1.55 
3.38 I .97 
3.82 2.08 
4.29 2.19 
4.78 2.29 
5.29 2.39 
5.93 2.4, 
6.4” 2.56 
6.99 2.64 
7.6, 2.7, 
8.25 2.76 
a.91 2.a4 
9.6” 2.91, 

10.32 2.95 
I I.06 3.“” 
II.83 3.05 
12.62 3.1” 
13.44 3.14 
14.28 3.18 
15.15 3.22 
16.04 3.25 
lb.96 3.25 
17.9” 3.32 
18.8, 3.34. 
19.86 3.3, 
20.88 3.4” 
21.92 3.42 
22.09 3.44 
24.00 3.4, 
75.2” 3.49 
26.35 3.51 
27.5, 3.52 
28.71 3.54 
29.93 3.56 
31.17 3.5, 
32.44 3.59 
33.74 3.60 
35.06 3.62 
30.4” 3.63 
37.77 3.64 
39.16 3.65 
4U.59 3.66 
42.03 3.07 
43.50 3.68 
45.00 3.69 
46.52 3.7” 
48.06 3.71 

T2 

323 
35, 
38” 
409 
439 
471 
504 
538 
574 
6, I 
65” 
60, 
733 
77, 
a*3 
871 
920 
971 

,024 
,079 
,135 
,194 
,254 
,316 
,380 
,445 
,513 
,582 
,653 
,726 
,ao, 
,877 
1956 

“36 
IIa 

2102 
2288 
2375 
2465 
2556 
2649 
2744 
2.84 I 
2939 
304” 
3142 
3246 
3352 
346” 
3569 
3681 
3794 

u2 

4.696, +3 
a.901, +3 
1.283, +4 
1.653. +4 
2.007, +4 
2.346. t4 
2.673, +4 
2.991, +4 
3.301, +4 
3.603, +4 
3.900, +4 
4.191, t4 
4,478. +4 
4.761. +4 
5.040, +4 
5.317, +4 
5.591, +4 
5.062. +4 
6.131, +4 
6.398, +4 
6.664. +4 
6.927, l 4 
7.19”. +4 
7.451, +4 
7.711. r4 
7.969. l 4 
8.227. +4 
8.484, +4 
8.740. l 4 
8.995, r4 
9.249, +4 
9.503, l 4 
9.756. r4 
I.001, +5 
I.“Zb. +5 
1.051, +5 
1.076, +5 
1.101. +5 
I.,Zb. +5 
1.151, +5 
1.176, l 5 
,.ZGI, +5 
1.226, r5 
1.251. t5 
1.275. +5 
1.300, l 5 
1.325. +5 
1.350, l 5 
1.374, l 5 
1.399, +5 
1.424. +5 
1.440, +5 

P31 R-91 

I.60 1.32 354 
2.35 I .hh 414 
3.27 2.01 477 
4.3, 2.36 542 
5.67 2.,2 6,l 
7.16 3.0, 684 
8.84 3.4, 76” 

10.72 3.74 84” 
12.79 4.06 924 
15.06 4.36 lOI2 
17.52 4.65 1104 
20.17 4.9: 120, 
23.01 5.l8 ,302 
26.04 5.42 14(1, 
29.25 5.65 ,516 
32.64 5.R7 1629 
36.22 6.0, 1747 
39.97 6.2h ,069 
43.9” b-44 ,996 
48.01 6.61 2127 
52.29 6.77 2262 
56.74 6.92 2402 
61.36 7.06 2546 
bb.15 7.19 2694 
71.1” 7.32 2847 
76.22 7.43 3004 
81.51 7.54 3166 
86.96 7.65 3332 
92.57 7.74 3502 
98.35 7.84 367, 

104.29 7.92 3856 
1,“.3R 8.01 4040 
ll6.64 8.0” 4228 
123.06 d.,b 442” 
129.63 8.23 4b1, 
136.37 8.29 4810 

us 

3.204, r4 
3.243, +‘I 
3.301, +4 
3.373, +4 
3,4’;a, +4 
3.551, +4 
3.653, l 4 
3.760, +4 
3.874. +4 
3.992, +4 
4.114, l 4 
4.239. +4 
4.368, +4 
4.4s9, *‘I 
4*6,2. t4 
4.767. +4 
4.905. 14 
5.043, l 4 
5.lB4, +4 
5.325, +4 
5.468. r4 
5.612, +4 
5.757. l 4 
5.902, l 4 
6.049, l 4 
6.196, +4 
6.344, +4 
6.493, +4 
6.642, +4 
6.791, l 4 
6.941. +4 
7.092, +4 
7.243, +4 
7.395, +4 
7.546. +4 
7.699. +4 



ARGON 

TI 293.0 

,NClOFNT SHOCK 

M “I 

6.30 2.014, +5 
6.40 2.046, +5 
6.50 2.078, +5 
6.60 2.110, +5 
6.70 2.142, l 5 
6.80 2.174. +5 
6.90 2.206, l 5 
7.00 2.238, +5 
7.10 2.270, +5 

PZI 

49.63 
51.23 
52.85 
54.50 
56.17 
57.87 
59.59 
61.34 
63.11 

I?21 77. 

3.72 3909 
3.73 4026 
3.74 4145 
3.74 4265 
3.75 4388 
3.76 4512 
3.76 4638 
3.77 4766 
3.78 4096 

“2 

1.473, +5 
1.497, +5 
1.522, +5 
1.546, +5 
1.571, +5 
1.595, r5 
I.620, +5 
1.644, +5 
1.669, +5 



CARDON OIOYIOE 

11 293.0 

INCIDENT SHOCK 

Table 5 3 

AEFLErTEO SHOCK 

M 

1.10 
I.20 
1.30 
I.40 
1.50 
l.bO 
1.10 
1.80 
I.90 

2.00 
2.10 
2.20 
2.30 
2.40 
2.50 
2.t.O 
2.,0 
2.80 
2.90 
3.00 
3.10 
3.20 
3.30 
3.40 
3.50 
3.60 
3.70 
3.60 
3.90 
4.00 
4.10 
4.20 
4.30 
4.40 
4.50 
4.60 
4.70 
4.80 
4.90 
5.00 
5.10 
5.20 
5.30 
5.40 
5.50 
5.60 
5.70 
5.80 
5.90 
6.00 
6.10 
6.20 

“I P21 PZI TZ 

2.944, +4 I.24 1.1.3 308 
3.212, +4 I.51 1.37 321 
3.479, l 4 1.79 1.57 335 
3.747, l 4 2.10 1.77 34.5 
4.015, +4 2.44 I.90 362 
4.282, r4 2.79 2,IO 375 
4.550, +4 3.17 2.39 3.59 
4.817. +4 3.50 2.60 404 
5.085. .4 4.01 2.80 419 
5.353, +4 4.46 3.01 434 
5.620. l 4 4.93 3.22 449 
5.888. +4 5.43 3.42 465 
6.156, l 4 5.95 3.62 482 
6.423, +4 6.50 3.82 499 
6.691, l 4 7.07 4.01 517 
b.958, +4 7.67 4.20 534 
7,226, +4 8.29 4.39 553 
7.494, r4 8.93 4.58 572 
7.761, +4 9.60 4.76 591 
6.029, l 4 10.29 4.94 611 
8.297. +4 Il.00 5.11 631 
8.564, +4 II.74 5.28 651 
8.832, l 4 12.51 5.45 b72 
P.IOO, +4 13.29 5.t.l 694 
9.367, +4 14.11 5.70 716 
9.b35. l 4 14.94 5.93 738 
9.902, +4 15.81 6.09 761 
1.017. +5 16.69 6.24 784 
I.044, +5 17.60 6.39 807 
1.071, *5 18.53 6.53 831 
1.097, +5 19.49 6.67 856 
1.124, +5 20.48 6.81 88, 
1.151, r5 21.48 6.95 906 
I.178, +5 22.51 7.08 932 
1.204, +5 23.57 7.21 958 
1.231. l 5 24.65 7.34 9.54 
1.258, l 5 25.76 7.46 1011 
1.285, +5 26.RB 7.59 1038 
1.311. +5 28.04 7.71 ,066 
1.338, l 5 29.22 7.82 1094 
1.365, l 5 30.42 7.94 1123 
1.392, +5 31.64 8.05 ,152 
1.418, +5 32.89 El.16 II81 
1.445, +5 34.17 8.27 ,211 
1.472, +5 35.47 8.37 1241 
1.499. l 5 36.79 8.48 1272 
1.526, +5 38.14 8.58 1303 
I.5521 +5 39.51 8.68 1335 
1.579, l 5 40.91 8.77 1366 
1.606. +5 42.33 8.87 1399 
1.633, +5 43.78 8.96 1432 
1.659, l 5 45.25 9.05 1465 

u2 

4.560. r3 
8.754, r3 
1.263, r4 
1.631, +4 
1.982, l 4 
2.320, +4 
2..,45, +4 
2.962, .4 
7.272. +4 
3.575, +4 
3.873, +4 
4.166. l 4 
4,455, +4 
4.740, +4 
5.023, +4 
5.303, l 4 
5.581, r4 
5.856. r4 
6.130, +4 
6.402, +4 
6.673. +4 
6.943, +4 
7.211, +4 
7.479, +4 
7.745, +4 
8.011. r4 
8.276, +4 
8.540. +4 
8.803, +4 
9.066, +4 
9.329. +4 

.591r +4 

.852, +4 

.011, +5 

.037, r5 

.063, l 5 
,089, +5 
.115, l 5 
.141, +5 
.167, +5 
.I93, l 5 
.219, +5 
.245, +5 
.270, +5 
.296, +5 
.322, +5 
.34.8, +5 
.373. l 5 
,399, l 5 
.425, +5 
.450, +5 
,476, l 5 

P31 R3, 13 lJ3 

1.53 1.40 322 2.544, r4 
2.23 I.87 350 7.446, +4 
3.10 2.4, 377 ?.370, +4 
4.16 3.02 404 2.711, l 4 
5.44 3.70 431 2.265, 44 
6.95 4.45 458 2.231, +4 
8.71 5.26 486 2.204, +4 

10.73 6.12 514 2.105. +4 
13.03 7.03 543 2.172, l 4 
15.b2 7.99 573 2.163, .4 
IA.50 8.99 603 2.158, t4 

21.70 10.02 b35 2.157, .4 
25.22 II.09 666 2.159, l 4 
29.07 12.1.9 699 2.164, .4 
33.26 13.30 733 2.170, +4 
37.79 14.43 767 2.179, +4 
42.68 15.59 802 2.189, +4 
47.94 lb.75 838 2.201, +4 
53.56 17.93 a75 2.214, l 4 
59.56 19.12 913 2.228. +4 
65.94 20.31 95, 2.243, +4 
72.71 21.51 990 2.260, +4 
79.87 22.71 1031 2,277, +4 
87.44 23.92 1071 2.294, +4 
95.40 25.11 1113 2.313, +4 

103.77 26.3, 1156 2.333, +4 
112.55 27.50 1199 2.353, l 4 
121.74 28.68 1244 2.374, l 4 
131.35 29.86 1289 2.395, +4 
141.39 31.03 1335 2.417, l 4 
151.85 32.19 1382 2.440, t4 
162.74 33.34 1430 2.463. +4 
174.06 34.48 1479 2,486, +4 
185.82 35.61 1529 2.510, +4 
198.01 36.73 1579 2.534, 44 

210.64 37.84 1631 2.558, +4 
223.71 38.94 lb.53 2.503. +4 
237.22 40.02 1737 2.609, +4 
251.18 41.09 1791 2.634, +4 
265.59 42.14 1847 2.b60, l 4 
280.44 43.18 ,903 2.606, r4 
295.74 44.21 1960 2.713, r4 
311.50 45.23 2018 2.740, +4 
327.70 46.23 2071 2,767. +4 
344.35 47.21 2137 2.794, l 4 
361.46 48.20 2197 2.821, +4 
379.02 49.15 2259 2.849, l 4 
397.01 50.10 2322 2.076, +4 
415.49 51.03 23.96 2,904, +4 
434.39 51.94 2450 2.932. .4 
453.76 52.84 2516 2.96,. +4 
473.59 53.73 2583 2.990. +4 



CARP”H 0,“XlDE 

TI 293.0 

,NClDENT SHOCK REFLECTED SHOCK 

H 

6.30 
6.40 
6.50 
b.bO 
6.70 
6.80 
6.90 
7.00 
7.10 
7.20 
7.30 
7.40 
1.50 
7.60 
7.70 
7.80 
7.90 
a.00 
0.10 
8.20 
8.30 
a.40 
8.50 
8.60 
8.70 
8.80 
a.90 
9.00 
P.,O 
9.20 
9.30 
9.40 
9.50 
9.bO 
9-70 
9.80 
9.90 

10.00 
IO.10 
IO.20 
10.30 
10.40 
IO.50 
10.60 
10.70 
10.80 
10.90 
I I .oo 
II.10 
II.20 
II.30 
11.40 

“I 

.bAb, l 5 

.713, l 5 

.740r l 5 

.766. l 5 

.793, +5 

.a201 l 5 

.a47, +5 

.a73. l 5 

.900. l 5 

.927r l 5 

.954. l 5 

.980, t5 
.007. +5 

2.034, r5 
2.06,. l 5 
2.088. l 5 
2.114, l 5 
2.14,, l 5 
2.168, l 5 
2.195, l 5 
2.221, l 5 
2.248. +5 
2.275, l 5 
2.302, l 5 
2.328, l 5 
2.355, +5 
2,382, l 5 
2.409, l 5 
2.435, +5 
2.462. *5 
2.489. +5 
2.516, +5 
2.543, l 5 
2.569. +5 
2*596, .5 
2.623. *5 
2.650, *5 
2.676. *5 
2.703, *5 
2.73”. *5 
2,757. *5 
2.783. +5 
2.a10, *5 
2,837. +5 
2.864. l 5 
2.890, 45 
2.917. 45 
2.944, +5 
2.971, +5 
2.998, r5 
3,024, +5 
3.051, l 5 

P2l RZI TZ u2 P31 R31 13 u3 

46.74 
48.26 
49.80 
51.37 
52.96 
54.51) 
5b.22 
57.88 
59.57 
61.28 
63.02 
64.70 
66.56 
68.37 
70.21 
72.07 
73.95 
75.85 
77.79 
79.74 
81.72 
83.72 
05.75 
87.80 
89.88 
91.91) 
94.10 
96.25 
98.43 

lOO.bZ 
lOZ.l¶5 
105.09 
107.36 
109.66 
111.98 
114.32 
116.69 
119.08 
121.49 
123.93 
12b.40 
128.88 
131.40 
133.93 
136.49 
139.08 
141.69 
144.32 
146.98 
149.66 
152.37 
155.10 

9.14 
9.23 
9.31 
9.39 
9.40 
9.5b 
9.64 
9.71 
9.79 
9.ab 
9.93 

IO.00 
10.07 
IO.14 
IO.21 
10.27 
10.34 
10.40 
10.46 
10.52 
10.5a 
10.64 
10.69 
10.75 
IO.80 
IO.Bb 
IO.91 
10.96 
Il.01 
I I .Ob 
II.11 
Il.16 
II.20 
11.25 

,499 
1533 
1567 
lb02 
,637 
,673 
,709 
1746 
17.33 
1821 
,859 
ta97 
1936 

493.a7 54.60 2650 3.019, l 4 
514.60 55.46 2719 3.048, l 4 
535.79 56.30 2788 3.077, r4 ’ 
557.42 57.13 2859 3.106, l 4 
579.51 57.95 2930 3.136, +4 
602.04 50.76 3002 3.165, l 4 
625.05 59.54 3076 3.195, +4 
648.50 60.32 3150 3.225, l 4 
b72.40 bl.oa 3226 3.255, r4 
696.75 61.83 3302 3.285, +4 
721.54 62.57 3379 3.316, r4 
746.79 63.30 3457 3.346, +4 
772.49 64.01 3536 3.376, +4 
798.63 b4.71 3616 3.407, l 4 
825.23 65.40 3697 3.43a. +4 
852.26 66.011 3779 3.4b8, l 4 
a79.75 66.75 3862 3.499, +4 
907.68 67.41 3946 3.530, l 4 
936.06 68.05 4030 3.561, l 4 
964.88 ba.b9 4116 3.592, +4 
994.15 69.31 4203 3.623, +4 

1023.86 69.92 4290 7.654. l 4 
1054.02 70.53 4379 3.ba5. +4 
1084.62 71.12 44ba 3.71b, l 4 
1115.75 71.69 4560 3.749, +4 1 
1147.24 72.27 4651 3.780. +4 
1179.23 72.01 4745 3.813, +4 
1211.60 73.37 4838 3.844, +4 
1244.36 73.94 4931 3.874. l 4 . 

Il.29 
II.34 
11.30 
11.42 
11.47 
II.51 
11.55 
I I .59 
I I ,b3 
11.66 
II.70 
11.74 
11.77 
11.81 
II.85 

,976 
2015 
2056 
2096 
2137 
2179 
2221 
2263 
2306 
2350 
2394 
2430 
2402 
2528 
2573 
2619 
2666 
2713 
2760 
2808 
2856 
2905 
2954 
3004 
3054 
3105 
3156 
3207 
3259 
3312 
3364 
3418 
3472 
3526 
3580 

11;aa 
11.91 
11.95 

3636 
3691 
3747 
3804 

1.502, +5 
1.527, +5 
1.553. +5 
1.578. r5 
1.604, l 5 
1.629, r5 
1,655, r5 
l.ba1, +5 
I.706, +5 
1.732, +5 
1.757. r5 
1.783, +5 
1.808, r5 
1.833, +5 
1,859, +5 
I.aa4, +5 
1.910, l 5 
1.935. l 5 
1.961. +5 
1.986, +5 
2.011, r5 
2.037, +5 
2.062, +5 
2.088, +5 
2.113, +5 
2.138, +5 
2.lb4. r5 
2.ia9, +5 
2,214, +5 
2.240, r5 
2.265, +5 
2.290, +5 
2.316, +5 
2.341, r5 
2.3bbr l 5 
2.391, l 5 
2,417, +5 
2.442, +5 
2.467, +5 
2.493, r5 
2a518, +5 
2.543, +5 
2.568, +5 
2.594, +5 
2.619, +5 
2.b44, +5 
2.669, +5 
2.695, +5 
2.720, +5 
2.745, +5 
2.770. +5 
2.796, +5 






































