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AFGL Atmospheric Constituent Profiles (0-120km)

1. INTRODUCTION

Atmospheric radiance-transmittance spectral modeling requires an adequate des-
cription of the local thermal and constituent environment. A data base consisting of
realistic vertical profiles for temperature and gas mixing ratios has been designed
expressly for incorporation into such models. Its thermal structure is represented by
a subset of the 1966 Atmospheric Supplements1 (tropical (15N), middle latitude’ (45N)
summer and winter, subarctic (60N) summer and winter) and the U.S. Standard Model
Atmosphere, 19762. The accompanying volume mixing ratio profiles rely as much as
possible on current measurements and/or theoretical predictions (see Appendix B).

(Received for publication 14 May 1986)

1. NASA (1968), U.S. Standard Atmosphere Supplements, 1966, U.S. Government
Printing Office, Washington, DC.

2. NASA (1976), U.S. Standard Atmosphere Supplements, 1976, U.S. Government
Printing Office, Washington, DC.




9. ATMOSPHERIC PROFILE DESCRIPTION

The six reference atmospheres, each with associated. volume mixing ratio profiles
for HZO’ 03, N20, CO, and CH4, are presented in Table 1. Along with 002’ these ‘
are the most radiatively active molecules. Sample profiles, appropriate for the U. S.
Standard atmosphere conditions (Model 6), are shown in Figure 1. Because the mixing
ratios of CO2 and O2 have been held seasonally invariant, they are listed in I(‘sab;e 2,
as part of a set of single profiles numbered according to the AFGL Line Atlas™’
bering system; i.e. HZO is 1, 002 is 2, ete, The first seven molecules in Table 2 are
the same as those in Figure 1 for the U.S. Standard Atmosphere. The 21 additional
species, as identified on the AFGL trace gas compilation7, are; NO, SOZ’ NOZ’ NH3,
HNOS, OH, HF, HCl, HBr, HI, C10, OCS, HZCO, HOCI, Ny: HCN, CHSCI, H202,
CZHZ’ CZHS’ and PH:}‘ Graphical representations for all the tabular data are available
in Appendix A. (Note: although N 9 is the dominant atmospheric gas, it appears as

num-

only a trace spectral contributor.)



Table 1b. Reference Atmospheric Model Profiles, Model 2. Midlatitude Summer

MODEL 2 MIDLATITUDE SUMMER
ALT PRES TEMP DEMSITY H20 03 N20 co CH4
(KM) (MB) (K) (CM-3) (PPMY) (PPMV) (PPMV) (PPMV) (PPMV)
D.00|1.013E+03! 294.2 | 2.496E+19| 1,88E+04 | 3.02E~-02 | 3.20E-01 | 1.50E-01} 1.70E+00
1.00{9.020E+02| 289.7 | 2.257E+19 | 1.38E+04 | 3.34E~-02 | 3.20E-D1 | 1.45E-0% | 1.70E+CD
2.00|B.020E+02| 285.2 | 2.038E+19 | 9.68E+03 | 3.68E-02 | 3.20E~-01 | 1.40€-01 | 1.7Q0E+Q0
3.00|7.100E+02| 279.2 | 1.843€+19 | 5.98E+03 | 4.22E-02 { 3.20E-01 | 1.35E-01| 1.70E+00
4.00|6.280E+02| 273.2 | 1.666E+19 | 3.81E+D3 | 4.82E~02 | 3.20€E-01 | 1.31E~01 | 1.70E+CO
5.00|5.540E+02) 267.2 | 1.503E+19| 2.23E+03 | 5.51E~02 { 3.20E-01 | 1.30E~-01| 1.69E+00
6.00[4.8706+02] 261.2 | 1.351E+19| 1.51E+D3 | 6.41E-02 | 3,20E-01 | 1.29E-01 | 1.87E+00
7.00(4.2B0E+02| 254.7 | 1,212E+19 | 7.02E+D3 | 7.76E-02 | 3.20E-01 { 1.28E-Q1{ 1.65E+00
8.00[3.720E+02| 248.2 | 1.086E+19 | 5,48E+02 | 9.13E~-02 | 3.20E-01 | 1.18E~-01 | 1.83E+00
9.00|3.240€+02| 241.7 | 9.716E+18 | 4.13E+02 | 1. 11E~-0? | 3.18E-01 | 1.09E~-01 | 1.62E+00
10.00|2.810E+02} 235,3 | 8,656E+18 | 2.47E+02 | 1.30E-01 | 3,10E-01! | 9,86E~-02| 1,58E+QQ
11.00(2.430E+02| 226.8 | 7.698E+18 | S.5B8E+01 | 1 .79E-01 | 2.98E-01 [ 8.96E~-02 | 1.54E+00
12.00{2.090E+02| 222.3 | 6.814E+18 | 2.94E201 | 2.23E-07 | 2.94E-01 | 7.B1E-Q2 | 1.51E+00
13.00|1.790E+02| 215.8 | 6.012E+18 | 8.00E+00 | 3.00E~-01 | 2.86E-01 | 6.37E-02 | 1.48E+C0
14.00) 1 ,530E+02| 215,7 | 5.141E+18 | 5.00E+00 | 4.40€6~01 | 2.BOE-0) | 5.03E~-02{ 1.45E+00C
15.00]1.300E+D2| 275.7 | 4.36BE+18 | 3,.40E+00 | S.ODE-0% | 2.72E-01 | 3.94E-02 | 1.42E+00
16.00]1.110E+02] 215,7 | 3.730E+18 | 3.30E+00 | 6.00E-0% | 2.81E-01 | 3.07€E-02| 1.38E+00
17.00|9.500E+01| 215.7 | 3.192E+18 | 3.20E+00 | 7.00E-01 | 2.42E-01 | 2.49€E-02 | 1.36E+00
18.00|8.120E+01} 2186.8 | 2.715E+18 | 3.15E+00 | 1 .QGE+00Q | 2,17E-01 | 1.97E~02 | 1.32E+00
19.00|6.950€+03 | 217.9 ( 2.312E+18 | 3.20€+00 | 1.50E+00 | 1.84E-0) | 1.55€~-02 | 1,2BE+DO
20.00|5,.950E+01| 2189.2 | 1.967E+18 | 3.30£+00 | 2.00E+0Q | 1.81E-D1 | 1,33E~-02| 1.22E+00
21.00(5.100E+01| 220.4 | 1.677E+18 | 3.45E+00 | 2.40€E+00 | 1.32E-01 | 1.23E~-02| 1.15E+00
22.00/4.370E+01 | 221.8 | 1,429E+1B | 3.6DE+DQ | Z_.80E+*DO | 1.15E~07 | 1.23€E~02 | 1,07E+00
23.00|3.760E+QY | 222,8 | 1,223E+18 | 3.85E+00Q | 3.40E+00 | 1.04E-01 [ 1.31E-02| §,73E-01
24.00|3.220E+01| 223.9 | 1.042E+18 | 4.00E+00 | 4,.00E+0C | 9.B2E-02 | 1.4DE~-02 | B.80E-01
25.00(2.770E+D1 | 225,11 | B.919E+17 | 4.20E+00 | 4.8CE+0D { 8,96E~-02 | 1,52E-02 | 7.B9E-01
27.50{1.907E+01 | 228.5 | 6.050E+17 | 4.45E+00 | 6.00E+00 | 8.01E-02 | 1.72E-02| 7.05E-01
30.00] 1.320E+0%]| 233.7 | 4.094E+17 | 4.70E+00 | 7.00E+00 | 6.70E-D2 | 2.00€-02 | 6.32E-01
32.50{9.300E+00| 239.0 | 2.820E+17 | 4.8S€E+00 | 8., 10E+00 | 4.96E-02 | 2.27€E-02| 5.58E~-01
35.00] 6.520E+001 245.2 | 1.927E+17 | 4.95E+00 | 8 _Q0E+00 | 3.70E-02 { 2.49E-02| 5.01E~0Q1
37.50]4.640E+00) 251.3 | 1,.338E+17| S.00E+00 | 8.70E+00 | 2.52E-02 | 2. 72E-02 | 4.45E~-Q1
40.00|3.330€E+00{ 257.5 | 9.373E+16| 5.10E+00 | 7.55E+00 { }.74E~-02 | 2 . 96E-02 | 3.92E-01
42.50]2.4910E+00]| 263.7 | 6.B24E+16 | 5.30E+00 | 5.90E*00 | 1, 16E-02 | 3.14E-02 | 3.39E~01
45.00| 1.760E+0D} 260.9 | 4.726E+16 | 5.45E+00 | 4.50E+0D | 7.67E~-03 | 3.31E-02| 2.87E-0Q1
47.50] 1,290E+00} 275.2 | 3.398€+16 | 5.50E+00 | 3.50E+00 | 5.32E-03 | 3.49€-02 | 2.3BE-01
50.00]9.51DE-01} 275.7 | 2.500€+16 | 5.50E+D0 | 2.80£+00 | 3.22E~-03% 3.65E~-02| 1.94E-01
55.00|5.150E-01| 268.3 | 1.386E+16 | 5.35E+00 | ) .BOE+00 | 2.03E-03 | 3.92E-02 (| 1.57E-0Q1
80.00{2.72DE-014 257.1 | 7.6B8E+15 | 5.00E+0C | 1 .30E+00 { 1.40E-03 | 4.67E-02 | 1.50E~-01
65.00| 1.390E-01} 24D.1 | 4.19BE+15| 4, 40€+00 | 8 . DBE-01 | 1.0ZE-03 | 6.4DE~02 | 1.50E-01
70.00|6.700E-02} 218,11 | 2,227E+15| 3.70€E+00 | 4.00E-01 | 7.77E-04 | 1.1BE-01 | 1.50E-0?
75.00{ 3.000E-02| 196.1 | 1.109E+15 | 2.95E+00 | 1.S0E-0! | .28E-D4 | 2.94E-01 | 1.50E-O?
80.00] 1.200E-02| 174.1 | 4,998E+14 | 2. 10€+00 | 2.00E-01 | 5.17E~-04 | 6.B2E~01| 1,50E-01
85.00{4.480E-03| 165.1 | 1.967E+14 | 1.33E+00 | S.70E-01 | 4.35E-04 | 1.47E+00| 1.50E-01
S0.00| 1.B40E-03| 165.0 | 7.204E+13 | 8.50E-01 | 7.50E-01 | 3.73E~04 | 2.85E+00 | 1.40E-01
95.00|6.250E~04| 17B.3 | 2.541E+13 | 5.40E~01 | 7.0DE-01 | 3.24E-04 | 5.17€+00 | 1.30E~01
100.00] 2.580E-04| 190.5 | 9.816E+12 | 4.00E-01 | 4 .00E-07 | 2.8B4E~-04 | 1. D1E+01 | 1, 20E-0!
105.00] 1.170E~-04| 222.2 | 3.81BE+12 | 3.40E-01 | 2.80E-01 | 2.52€6~-04 | 1.B7E+01 | 1.10E~-0Q!
110.00{6.110E-0S| 262.4 | 1.8B8E+12 | 2.80E-01 | 5.00€E-02 |{ 2.26E-04 | 2,.B86E+01 | 9.50E-02
115,00{ 3.560E-05| 316,8 | B, 145E+11 | 2.4DE-01 | 5.00E-03 | 2.04E-04 | 3.89E+01| 6.00E~02
120.00{2.27DE-05] 380.0 ] 4.330E+11 | 2.00E-01 | S.00E~-04 | 1.85E-04 | 5,00E+01 | 3.00E-02




Table 1d. Reference Atmospheric Model Profiles, Model 4. Subar

ctic Summer

SUBARCTIC SUMMER

MODEL = a
ALT PRES TEMP DENSITY H20 03 N20 co CHa
(KM) (MB) (K) (CM-3) (PPMV) (PPMV) (PPMV) (PPMV) (PPMV)
o.00l1.010e+03 | 287.2 [2.549E+19 | 1. 19E+04 | 2,41E-02 3.10E-01 | 1.50E-0t | 1.70E+00
V. 00la. 9BDE+02 { 281.7 |2.305E+19 | 8.70E+03 | 2.94E-02 3.10E-0t | 1.45€-01 | 1.70E+00
2.00|7.9296+02 | 276.3 |2.080E+19 | 6.75E+03 | 2.3BE~02 3.10E-01 | 1.40E-01 | 1.70E+0O
3.00}7.000E+02 | 270.9 |1.873E+13 | 4.82€+03 | 3.89E-02 3.10E-01 | 1.35€E-01 | 1.7Q0E+0C
4 -00l6. 160E+02 | 265.5 |1.682E+19 | 3.3BE+03 | 4.48E-02 3.08E-01 | 1.31E-01 | 1.70E+00
5 0ols. 4108+02 | 260.1 |1.508€E+1g | 2.226+03 | 5.33E-02 3.02E-01 | 1.30E-01 | 1.69E+00
6.00|a.740E+02 | 253.1 |1.357E+19 | 1.33E+03 | 6.56€E-02 2.91E-01 | 1.29€-01 | 1.67E+00
7.0014. 1306+02 | 246.1 | 1.216E+1g | 7.97E+02 | 7.74E-02 2.82E-01 | 1.25E-0Y | 1.65E+C0
8. 00l|3.s006+02 | 239.2 |1.088E+19 | 4.00E+02 | S, 11E-02 2.76E-01 | 1.18E-31 | 1.B3E+00
3. 00|3.108E+02 { 232.2 |9.701E+18 | 1.30E+02 | 1.42E-0! 2.70E-01 | 1.09E-01 | 1.62E+00
10.00l2.6776+02 | 225.2 |8.616E+18 | 4.24E+01 | 1.B8E-01 | 2.65E-01 9.96E-02 | 1.58E+00
11.0012.3006+02 | 225.2 [7.402€+18 | 1.33E+01 | 3.05E-0Q! 2.60E-01 | B.96E-02 | 1.54E+00
12.0011.9776+02 | 225.2 |6.363E+18 | 6.00E+00 { 4.10E-0! 2.556-01 | 7.81€-02 | 1.B1E+00
12.0001.7006+02 | 225.2 |[5.471E+18 | 4.45E+00 | 5.00E-0! 2.49€-01 | 6.37E-02 | 1.47E+00
14.00|1.460E+02 | 225.2 |4.699E+18 | 4.00E+00 | 6.00E-01 2.43E-01 } 5.03E-02 | 1.43E+00
15.00|1.260E+02 | 225.2 |4.055E+18 | 4.00E+00 | 7.00E-0! 2.36E-01 | 3.84E-02 | 1.38E+00
16.00]|1.080E+02 | 225.2 {3.476E+18 | 4.00E+00 | B.50E-0! 2.28E-01 | 3.07E~02 } 1.34E+00
17.00|9.2806+01 | 225.2 |2.987E+18 | 4.05E+00 | 1.00E+00 2.18E-01 | 2.49E-02 | 1.29E+00Q
18.0017.980E+01 | 225.2 |2.56BE+18 | 4.30E+00 | 1.30E+00 2.0AE-DY | 1.97E-02 | 1.23E+00
19.00]6.860E+01 | 225.2 |2.208E+18 | 4.50E¢00 | 1.706E+00 1.82E-01 | 1.85E-02 [ 1.1BE+00
20.00|5.900E+01 | 225.2 | 1.899E+18 | 4.60E+00 | 2.10E+00 {.57E-01 | 1.33€-02 | 1.07E+0Q
21.00l5.070E+01 | 225.2 | 1.6832E+18 | 4.70E+00 | 2.70E+00 1.356-01 | 1.23E-02 | 9.90E-O!
22.00l4.360E+01 | 225.2 |1.403E+1B | 4.BOE+00 | 3.30E+00 1.226-01 | 1.23E-02 {8.17E-0!
23.00)3.750E+01 | 226.2 |1.207E+18 | 4.83E+00 | 3.70E+00 {.t0E-0t | 1.39E-D2 | B.57E-D)
24.00|3.228E+01 | 226.8 |1.0D33E+18 | 4.85E+00 | 4.20E+00 g.80t-02 | 1.40E~02 |8.01E-0!
25.00|2.7806+01 | 228.1 [B.834E+17 | 4.30E+*00 | 4.50E+00 8.78E-02 | 1.51E-02 | 7.48E-01
27.50}1.923E+01 | 231.0 }6.034E+17 | 4.95E+00 | 5.30E+00 7 .33E~-02 | 1.65€-02 | 6.96E-0O!
30.0001.340E+01 | 235.1 |4.131E+17 | 5.00E+00 | 5.70E+Q0 5.04E~02 | 1.81E-02 | 6.44E-01
32.5019.400E+00 | 240.0 | 2.839E+17 | 5.00E+00 | 6.90E+00 4. 15E-02 | 2.00E-D2 | 5.8B9E-M
35.00|6.6106+00 | 247.2 | 1.938E+17 | 5.00E+00 | 7.70E+00 3.03E-02 | 2.18E-02 |5.24E-01
37.5004.7206+00 | 254.6 |1.344E+17 | 5.00€+00 | 7.80E+00 1.95E~02 | 2.34E-02 | 4.51E-01
40.00) 3. 4DDE+QD | 262.1 |9.402E+16 | 5.00E+00 | 7.00E+CO 1.27E-02 | 2.50E-02 | 3.71E~0}
42.50| 2. as0e+00 | 269.5 |6.670€E+16 | 5.00E+00 | 5.40E+00 9.00E-03 | 2.65E-02 | 2.98E-0)
45.00] 1.820E+00 | 273.6 |4.B21E+16 | 5.00E+00 | 4.20E+00 6.28E-03 | 2.B1E-02 | 2.45E-0
47.5001.3406+00 | 276.2 |3.516E+16 | 5.00E+00 | 3.20E+00 4_56E-03 | 3.00E-02 | 2,00E-01
50.00|9.870E-01 | 277.2 |[2.581E+16 | 4.95E+00 | 2.50E+00 2.80E~03% 3.22E-02 | 1.66E-0)
55 00l5. 370E-01 | 274.0 | 1.421E+16 | 4.85E+00 [ 1.70E+00 1.77E-03 | 3.65E-02 | 1.50E-01
60.00| 2.880E-01 | 262.7 |7.946E+15 | 4.50E+00 | 1.20E+00 1.21E~03 | 4.59E~02 | 1.50E-Q)
65.00]1.470E-01 | 238.7 |4.445E+15 | 4. 00E+00 | 8.00E-01 8.87E-04 | 6.38€E~-02 | 1.50E-01
70.00} 7.100E-02 | 216.6 |2.376E+15 | 3.30E+00 | 4,00E-0O! &5.76E-04 § 1.1BE-01 | ) .50E-O
75.00| 3.2006-02 | 193.6 |1.198E+16 [ 2,70E+00 | 2.00E-O1 5.54E-04 | 3.03E-01 | 1.50E~01
80.00| 1.,2506-02 | 170.6 |5.811E+14 | 2.00E+00 | 1.80E-0O1 4.65E-04 | 7.89E-D1 | 1.50E-01
85.00|4.510E-03 | 161.7 }2.022E+14 | 1.33E+00 | 6.S0E-0! 3.9BE-04 | 1.82€E+00 | 1.50E-01
$0.00]1.6106~03 | 161.6 |7.221E+13 | 8.50E-01 | 9.00E-0! 3.46E-04 | 3.40E+00 | 1.40E-01
95.00| 6.060E-04 | 176.8 |2.484E+13 | 5.40E-01 | 8.00E-0! 3.08E-04 | 5.92E+00 | 1.30€-01
100.00| 2. 480E-04 | 180.4 {9.441E+12 { 4.00E-01 | 4.00E-01 2.71E-04 | 1.04E+01 | 1.20E-01
105.00} 1.130E~04 | 226.0 |3.624E+12 | 3.40E-01 | 2,00E-01 2.44E-04 { 1 .BBE+01 | 1.10E-01
110.0016.000E~05 | 2701 |1.61DE+12 | 2.8DE-D1 | 5.00E-02 2.21E-04 { 2.87€E+01 | 9.50E-02
115.00| 3.5406~-05 | 322.7 [7.951E+11 | 2.40E-01 [ 5.00E-03 2.02E-04 [ 3.B9E+01 | 6.00E-02
120.00| 2. 260E-05 | 380.0 |4.311E+11 | 2,00E-01 | 5.00E-04 {1.85E-04 | 5.00E+0t | 3.00E-02




Table 1f. Reference Atmospheric Model Profiles, Model 6.

U. 8. Standard

MODEL = ] S. STANDARD., 19786
ALT PRES TEMP DENSITY H20 03 N20 [ofe} CcHa
(KM) (MB) (K) (CM-3) (PPMV} {PPMV) (PPMV) {(PPRV) (PPMV)
0,00f{1.013E+03| 2B8.2 | 2.548BE+19 | 7.75E+G3 | 2.86E~-02 | 3.20E-01 | 1.50E-D1 |1.70E+00
1.00{8.988E+02| 281.7 | 2.313E+18 | 6,07E+03 | 2,93E-02 | 3,20E~01 | 1.45E~-0! |1, 70E+0Q
2.00]7.950E+02 | 275.2 | 2.094E+19 | 4.63E+03 | 3,24E-D2 | 3,20E~-01 | 1,40E-D}) |1.70E+00
3.00|7.012E+02| 268.7 | 1.891E+19 | 3.18E+03 | 3.32E-02 | 3,20€-01 | 1.35E~-01 |1.70E+00
4.00|{6.168E+02 | 262.2 | 1.704€+19 | 2.16E+03 | 3.398-02 { 3.20E~01 [1.31E-01 |1.70E+00
5.00{5.405€E+02| 255.7 | 1.532E+19 | 1.40E+03 | 3.77E~02 | 3.20E~Q) | 1.30E-01 |1.70E+00
6.00(4.722E+02 | 249.2 | 1.373€+19 | 9,25E+02 | 4. 11E~02 { 3.20E-01 | 1.29E~D1 |1.70E+C0
7.00[4.111E+02| 242.7 { 1,228E+19 | 5.72E+02 | 5.01€-02 | 3,20E~-01 | 1.25E~-01 |1.70E+00
8.00|3.565E+02 | 236.2 | 1.094E+18 | 3.67E+02 | 5.97£~-02 | 3,20E-01 | 1.19E-01 [1.70E+00
9.00[3.080E+02| 229.7 { 9.719E+18 { 1.58€+02 | 9.17E~02 | 3.20E~0) |1.09E-01 |1.69E+CO
10.00{2.650E+02] 223,3 | 8,602E+18 | 7.00E+01 | 1.31€-01 | 3.18E~-01 |8.96E~-02 |1.69E+00
11.00}2.270E+02] 216.8 | 7.589E+18 | 3.81E+01 | 2.15%E-01 | 3.14E-01 |8,896E-02 |!,B8E+D0
12.00|1.940E+02] 216.7 | 6.489€+18 | +.91E+01 | 3.10E-01 | 3.10E-0) |7.81E-02 |1.6BE+DD
13.00|1.658E+02] 216.7 | 5,546E+18 | 1.09E+03 | 3.85€-01 | 3.05E~-01 |6,37E~D2 |1.B5E+00
14.00(1.417E+02 | 216.7 | 4.739E+18 | 5.93E+p0 | 5.03E-0) | 3.00E-01 |5.03£~02 |1,63E+00
15.00(1.211E+02 | 216.7 | 4. 0506+18 | 5.00E+00 | 6.51E-0) | 2.94E-01 |3.94E-02 |1.61E+00
16.00f).035E+02 | 216.7 | 3.462E+18 | 3.85€+00 | 8.70E-01 | 2.8BE-01 [3.07E~02 |).58E+00
17.00|8.850E+01 | 216.7 | 2,960£+18 | 3.B5E+0D | 1.)9E+00 | 2.7BE-01 [2.49E~02 |1.55E+00
18.00|7.565E+01 | 216.7 | 2.530E+18 | 3.83E+00 | 1.59E+00D | 2.67E-01 | 1.97E-02 }1.52E+00
19.00|6.467E+01 | 216.7 | 2.183E+18 | 3.85E+0Q | 2.03E+00 | 2.53E-01 | 1.55E-02 |1.4B8BE*00
20.00|5.529E+01] 216.7 { 1.849E+18 | 3.90E+00 { 2.58E+00 | 2,.37E-01 | 1,33E-02 |!.42E+0DD
21.00(4.729E+01| 217.6 § 1.575€6+18 { 3.98BE+00 | 3.03E+00D | 2.19E-0) |1.23E-02 |1.36E+00
22.00|4.047E+01 | 218.6 | 1. 342E+18 | 4.07E+00 | 3.85E+00 | 2.05E-01 |1.23E-02 [1.27E+00
23.00(3.487E+01 | 219.6 | 1.144c+18 | 4 _20E+00 { 4, 17€+00 | 1.97E~01 | 1.31E~D2 |1.18E+D0
24.00|2.972E+01 | 220.6 | 9.765E+17 | 4.30E+00 | 4.63E+00 | 1.8B8E~-0) |1.40E~02 |1.12E+0D
25.00{2.549E+01 | 221.6 | 8.337E+17 | 4.43€+00 | 5.12E+0D | 1.76E-D1 |1.50E~02 |[1.08E+DO
27.50}1.743E+01| 224.0 | 5.640E+17 | 4.58€E+00 | S.B0E+00 | 1.59E-01 | 1.B0E-02 [9.87E-0!
30.00|1.197E+01 | 226.5 | 3.830E+17 | 4.73E+00 | 6.55E+00 | 1.42E-01 |1.71E~02 |9.714E-01
32.50|8.010E+00 | 230.0 | 2.524E+17 | 4.83E+00 | 7.37E+00 | 1.17E-01 [ 1.8BE-02 |8,30E-D1
35.00{5.746E+00} 236.5 | 1. 761E+17 [ 4.90€+00 | 7.84E+00 | 9.28E~02 |2,01E~02 |7.48E~-01
37.50[4.150E+00 | 242.9 | 1.238E+17 | 4.95E+00 | 7.80E+D0 | 6.69E-02 |2.22E-02 |6.62E-01
40,.00(2,871E+00 | 250.4 | B.310E+16 | 5.03E+00 | 7.30E+00 { 4.516-02 |2.50E~-02 |5,64E-01
42.50|2.080E+00 | 257.3 | 5.B03E+16 | 5.15E+00Q | 6.20E+00 | 2.75€-02 |2,82E-02 |4.61E-01
45.00|1.491E+0D0 | 264.2 | 4 .DQ0E+16 | 5.23E+00 | 5.25€+00 | 1.59E-02 [3.24E-02 {3.63E-01
47.50{1.090E+00| 270.6 | 2.920E+16 | 5S.2S€+08 | 4. 10E+00 | 3.38E~-03 |3.72E-02 |2.77E-01
50.00|7.97BE-01] 270,7 | 2.136E+16 | 5.23E+00 { 3.106+00 | 4. 75E-03%}4.60E~-02 |2.10E-O!
55.00]4.250E-07] 260.8 | 1.1B1E+16 | 5.10E+00 { }.8B0E+00Q | 3.00E-03 {6.64E-02 |1.65E-01
$0.00]|2.1906-011 247.0 | 6.428E+15 | 4.75E+00 | 1.10E+00 | 2.07E~03 }1.07E-01 {1.50E-01
65.00]!'.090E-01| 233.3 | 3.3B6E+15 | 4.20E+00 { 7.00€-01) | 1.51E~03 [1.86E-01 !1.50E-O1
70.00{5.220E-02| 219.6 | 1.723E+15 | 3.50E+00 } 3.00€E-0) | 1.15E-03 |3.06E-0Q1 |1.850E-01
75.00]2.400E~02 | 208.4 | 8.347E+14 | 2.83£+00 | 2.50E~D1 | B.89E~04 }6.38BE-Q1 {1.50E-01
80.00|1.050E-02 | 198.6 | 3.832E+14 | 2.05€+00 | 3.00E~-01 | 7.06E-04 |1.50E+00 |1.S0E-01
85.00[4.460E-03 | 1BB.9 | 1.7131E+14 | 1.33E+00 | 5.00E-Q1 | 5.72E~04 |3.24E+00 }1.50E-D!
90.00f1.840E~-03| 1B6.9 | 7.13B8E+13 | 8.50E-01 | 7.0DE-D1 | 4.71E-04 |5.B4E+Q0 |1.40E-01
95.0017.600E-041 188.4 | 2.924E+13 | 5.40E-D1 | 7.00E~01 | 3.93E~-04 [1.0Q1E+Q1 |1.30E-01
100.00{3.200E-04 | 195.71 | 1.189E+13 | 4,00E-0) | 4.00E~01 | 3.32E-04 {1.89E+01 |1 .20E~-01
105.00f1.450E-04 | 208.8 | 5.033E+12 | 3.40E~-01 | 2.00E-D1 | 2.84E~04 [2.47€+01 {1.10E-01
110.00|7.100E~05 | 240.0 | 2.144E+12 | 2.80E-D1 | 5.00E~02 | 2.44E-04 |[3.36£+01 }9.50E-02
115.00{4.010E-05 | 300.0 | 9.68BBE+11 | 2,40E-01 | 5,006-03 | 2.12E~-04 |4.15E+01 |6.00E-02
120.00|2.540E~05 | 360.0 | 5.114E+11 | 2.00E-01 | 5.00E-04 | 1.B3€E-04 |5,00E+01 |3.00E-D2




Table 2. Constituent Profiles (ppmv):

Molecules 1-7 are Model 6 (U.S. Standard) compatible and are repeated here
because they duplicate the AFGL Line Parameter and Trace Gas numbering scheme. In
addition, CO, and O2 are only defined by a single profile so have not been included in

Table 1.
Molecules 8-28 are provided as single representative profiles. Their natural vari-

2

ability can be very different from the selected profile.

[(*) indicates subsequent extrapolation adopted for that species]

Table 2a. Constituent Profiles (ppmv), HZO' COZ' O, Nz(), CGO, CH4, 02

t H20 2 Cco2 3 03 4 NZO 5 CO 6 CHa 7 02

(KN) (PPMV) (PPMV) (PPMV) (PPMV) (PPMV) (PPMY) (PPMV)
0.0l 7.75e+03 | 3.30E+02 | 2.66E-02 | 3.20E-0! 1.50E-Qt | 1.70E+00 | 2.09E+05
1.0l 6.076+03 | 3.30E+02 | 2.93E-02 | 3.20E-01 | 1.45E-0¢ 1.70E+00 | 2.09E+05
2.0l a.636+03 | 3.30E+02 | 3.24E-02 | 3.20€-0f [ 1.40E-01 {.70E+00 | 2,09E+0S
3.0l 3.186+03 | 3.308+02 | 3,326-02 | 3.20€-0t | 1.35E~-0} 1.70E+0D | 2.08E*05
2.0l 2.166+03 | 3.30E+02 | 3.39€-02 | 3.20E-01 | 1.31E-0I |.70E+00 | 2.09E+05
5.0} 1.40E+03 | 3.30E+02 | 3.77€-02 | 3.20E-0! | 1.30E-01 1.708+00 | 2.09E+0B
6.0 9.25E+02 | 3.30E+02 | 4.11E-02 | 8.20E-01 | 1.28E-01 1.70E+00 | 2.09E+05
7.0l 5.726+02 | 3.30E+02 | 5.01E~02 | 3.20E-0% | 1.26E-0! 1.70£+00 | 2.09E+05
8.0 2.876+02 | 3.30E+02 [ 5.97E~02 | 3.20E~Ct | 1.18E-01 1.70E+Q0 | 2.08E+DS
s .0l 1.586+02 | 3.306+02 | 9.17E-02 | 3.20E~Q1 | 1.08E-Q1 1.69E+00 | 2.09€E+0S
10.0| 7.c0e+a1 | 3.30E+02 | 1.31E-01 | 3.18E-01 | 9.96E-02 1.69€+00 | 2.09E+05
11.0] 3.61E+01 | 2.30E+02 | 2. 15E~01 | 3.14E-01 | 8.96E-02 1.6BE+00 | 2.09E+05
12.0| 1.91E+01 | 3.30E+02 | 3.10E~0f | 3.10€E~01 | 7.B1E-02 1.66E+00 | 2.09E+05
13.0! 1.09€+01 | 3.30€+02 | 3.85€-0t | 3.05E-01 | 6.37E~02 1.65E+00 | 2.09E+05
14.0| 5.93E+00 | 3.30E+«02 | 5.03€-01 | 3.00E-01 | 5.03E-02 1.63E+00 | 2.09E+05
15.0| 5.00E+0Q | 3.30E+02 | 6.51€~01 | 2.94E-01 | 3.94E-02 1.61E+00 | 2.09E+0S5
16.0 | 3.95€+00 | 3.306+02 | 8.706-01 | 2.B8E-01 | 3.07E-02 1 .BHE+00 | 2.09E+05
17.0! 3.856+00 | 3.306+02 | 1.19E+00 | 2.78E-01 | 2,.48E~02 1.55E+00 | 2.09E+0S
18.0 | 3.B3E+00 | 3.30E+02 | 1.59E+00 | 2.67E-01 } 1.97E-02 1.52E+00 | 2.08E+DS
19.01 3.85E+00 | 3.30E+02 | 2.03E+00 | 2,53E-01 | 1.556-02 1.4BE+00 { 2.09E+0S
20.0 | 3.90€+00 | 3.30E+02 | 2.88E+00 | 2.37E~01 | 1.33E~D2 1.42E+00 | 2.09E+05
21.0| 3.986+00 | 3.30E+02 | 3.03E+00 | 2.19E-01 | 1.23E-02 {.3BE+0Q0 | 2.09E+05
22.0| 4.076+00 | 3.30E+02 | 3.65E+00 | 2,05€-01 | 1.23E-02 t,27E+00 | 2.08E+05
73.0 | 4.20E+00 | 3.30E¥02 4. 17E+00 | 1.97E-01 | 1.31E-02 | 1.19E+DD 2.09E+05
74.0 | 4.30E+00 | 3.30E+02 | 4.63E+00 | 1.88E-01 | 1.40E-02 1.12E+Q0 | 2.08E+DS
25.0| 4.436+00 | 3.30E+02 | 6,126+00 | 1.76E~01 | 1.50E-02 1.06E+00 | 2.09E+0S
27.5| 4.5B8E+00 | 3.3DE+02 | 5.80E+00 | 1.59E-01 | 1.60E-02 9.87E~0t | 2.03E+08S
30.0| 4.73E+00 | 3.30E+02 | 6.55€+00 [ 1.42E-01 | 1.71E-02 g9,146-01 | 2.09E+05
32.5 | 4.83E+00 | 3.30E+02 | 7.37€+00 | 1.17E-01 | 1.85E-02 8.30E-01 | 2.08E+0S
35.0| 4.90E+00 | 3.30E+02 | 7.84E+00 | 9.28€-02 | 2.01E-02 7.466-01 | 2.09E+05
37.5| 4.95E+00 | 3.30E+02 | 7.80E+D0 | 6.69E-02 | 2.22E-02 6.626~01 | 2.09E+05
40.0| 5.03E+0G | 3.30E+02 | 7.30E+00 | 4.51E~02 | 2.50E-02 5.64E-01 | 2.09E+05
42.5| 5.15E+00 | 3.308+02 | 6.20E+00 | 2.75E-02 | 2.82E-02 4. 61€-01 | 2.09E+0S
45.0 | 5.23E+00 | 3.30£+02 | 6.25€+00 | 1.59E-02 | 3.24E-02 3.63E~-01 | 2.09E+05
27.5} 5.25E+00 | 3.30E+D2 | 4.1DE+0D | 9.38E-03 | 3.72E-02 2.77E-01 | 2.09E+0S
50.0| 5.23E+00 | 3.30€+02 | 3.10E+00 { 4.75€-03% 4.60E-02 2.10E-01 | 2.09E+Q05
55.0] 5.10E+00 | 3.30€+02 | 1.BOE+C0 | 3.00€-03 | 6.64E-02 1.656~-01 | 2.09E+05
60.01 4.756+00 | 3.30E+02 | 1.10€+00 | 2.07E-03 | 1.07€-01 1.60E-01 | 2.09E+0S
65.01 4.20E+00 | 3.30€+02 | 7.00E-Q1 | 1.51€-03 | 1.86€-C] 1.50E-01 | 2.09E+05
70.0| 2.50E+00 | 3.30E+02 | 3.00€E-0% | V.15E-03 | 3.06€-01 1.50E-01 | 2.09E+D5
75.0! 2.83e+00 | 3.306+02 | 2.50€-01 | 8.89E~04 | 6.3BE-01 1.50E-01 | 2.09E+0S
80.0| 2.05€6+0C | 3.28€+02 | 3.00E-Q1 | 7.06E-04 | 1.50E+00 {.50E-01 | 2,09E+0S
85 0| 1 .33E+00 | 3.20€+02 | 5.00€-01 | 5.72E~-04 | 3.24E+00 \.50E-01 | 2,00E+05
90.0 | B8.50E-01 | 3.10E+02 [ 7.00E-01 | 4.71E~-04 5.B4E+00 | 1.40€E-01 | 1.90E+0S
95 .01 5:406-01 | 2.706+02 | 7.00E-Q1 | 3.93E-04 | 1.01E+01 1{.30E~01 | 1.8B0E+05
100.0 | 4.006-0t | 1.95€+02 | 4.00E-01 | 3.32€-04 | 1.69€E+0! 1.20E-01 { 1.60E+Q0B
105.0 | 3.406-01 | 1.10€+02 | 2.00E-01 | 2.84E~04 | 2.47E+O1 1.10E-0t | 1.40E+05
110.0| 2.80€-01 | 6.00E+01 | 5.00E-02 | 2.44E-04 | 3.36E+01 9.50DE-02 | 1.20E+05
115.0 | 2.4DE-0t | 4.00E+01 | 5.00E-03 | 2.12E-04 | 4. ISE+O1 6.00E~02 | 9.40E+04
120.0| 2.00E-01 | 3.50E+07 | 5.00€-04 | 1.85E-04 5.0DE+01 | 3.00E-02 | 7.25E+D4
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E’F‘QQSMQ ﬂ-uﬂl LR )

Corrected 26 Aug
Estimates ratios
Estimates ®, hv,

L..fyl_..l.c‘ ™r
2022, for use of Zt

fraqguesncy w/w, radii
vy wavelength in cycl

ML Mauy

Inputs Y,F, H FyHy LM, N,A,B,C,8 7 Z
Input rDtatlonal symmetry

0240 096 LAREL
0241 089 Y

0242 107 C8T0 MEM -
D247 054 8
D244 Q57 9
0245 119 print
D244 002 HALT
D247 048 0
Furnace degrees kKelvin
D288 026 LAREL
D2BY 070 F

D270 107 5T0 MEM
2291 048 0
J292 049 1
1293 119 print
21294 QD2 HALT
2295 048 0
lremperature of refrigerator
1334 04 LAREL
1ZE7 B2 R

IZEB 107 STO MEM
VREG 048 G
1340 050 &
1341 119 print
E4L Q02 HALT
1343 041 0
ressure in atm

1384 094 LABEL
1385 08O P

1384 107 STD MEM
387 048 )
1388 051 &
K389 119 print
1390 Q02 HAL.T
1391 048 0
itow  heat capacity Cv/R
1432 QR4 LAREL
IGEE Q72 H

1434 107 STO MEM
435 048 0

1424 052 4

4E7 119 print
438 002 HALT
437 048 0

tom mass Hl polyatomic
480 G746 LAREL
481 076 L

482 107 STD MEM
4873 048 0

484 055 7

485 14R% print
484 GO2 HALT
tom monatomic Ar, or Ml or central M
327 094 LARBEL

voze  OT7 M) IR
D529 107 8T0O MEM
0530 048 0

0531 053 5

0532 119 print ’Y;X,&e S
O5EE Qo2 HALT
0534 048 o

Btow molecular mass 2 N or O
0575 094 LABEL :
0576 078 N

0577 107 8TO MEM
0578 049 1

DH79 053 5

0580 119 print
0581 002 HALT
0582 048 0

Bond length diatomic
D623 094 LAREL
04624 090 YA

0625 107 8T0 MEM
0626 049 1

Q&27 054 )

D628 112 print
OLE2Y Qo2 HALT
0630 048 Q
Moment 1 polyatomic

0671 04 LABEL
Q672 D65 A

0673 107 5T0 MEM
D467 4 048 0

0475 054 8

0676 119 grdnt
0677 0oz HALT
Moment & polyatomic

0718 0/ LAREL
0719 0&b B

0720 107 870 MEM
0721 048 0

Q722 057 B

Q723 1% print
0724 D02 HALT
Stow moment 3 polyatomic
Q7465 0946 LABREL
0766 Q&7 C

Q767 107 STD MEM
0768 049 i

Q769 048 ¢}

0770 T print
0771 Doz HALT

Input source heat nkT=Ff ergs/molecule
Input g for nkTl as n

0852 094 LABEL
0853 081 £

0854 107 5T0 MEM
0pas 048 0
0BE6 054 &
0857 1i% print
0858 Q02 HALT
Execute <8H>X

099 094 LABEL
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L9324 LY &f el
Store rl radial separation

L1373 107 §TO MEM
L374 057 ?
L3375 048 O

30 to LABEL &
L416 083 =)

subroutine snTn entropic energy ri=1-—4

1457 076 LABEL
1458 068 D

459 040 (
A60 Q40 - {
461 Q40 (
AL 109 RCL MEM
443 048 O
A&4 053 e
465 0473 +
464 109 RCL MEM
447 049 i

4468 053 3

4469 041 )

47¢ 042 4

471 109 RCL MEM
472 057 2

47% 054 b6

474 041 )
rint mass

515 119 print
516 107 STD MEM
517 056 8

518 052 4

519 Q42 i

520 040 {

521 109 RCL MEM
522 053 3

323 48 0

524 113 Square
525 041 )

526 61 =

rint In moment of inertia mr
5&7 119 print

568 042 X
569 051 3
570 Q42 i
571 109 RCL MEM
572 057 =
5773 055 7
574 042 i

ecall temperature r3l
615 109 RCL. MEM

616 053 3
617 049 1
618 041 )
519 061 =

~imt ZkTnIn=2tn"2 uncorrected
560 119 print

561 092 Root

L62 050 2

463 047 /

He4 Q40 {

f‘-."‘\

J&b3 L4

1666 057 % P
1667 Q57

16468 092 Root
16469 051 &
1670 041 )
1671 061 =
Print @tn translational action 1-D
1712 . 119 print.
171 107 5TO MEM
1714 056 8
1715 053 =
1716 047 /
1717 109 RCL MEM
1718 057 9
1719 056 8
1720 061 =
Frint guantum number
1761 112 print
1762 107 STO MEM
1763 052 4
1764 048 0
17&5 121 Cube
1766 110 LOG e
1767 042 #
1768 109 RCL MEM
1769 057 g
1770 Q55 7
1771 061 =
Print translational -gt/T Gibbs/k
i812 119 print
1813 107 STO MEM
1814 035 7
i815 048 O
1816 04z N
1817 109 RCL MEM
1818 033 5
1819 049 1
Frint ETnlnldnt/h=)"3/ztI=-gtn
1860 061 =
1861 print
1862 107 STO MEM
184% 5 b F d
1864 049 1
1865 043 +
1866 040 (
1867 109 RCL MEM
1868 048 0
1869 052 B
1870 042 P
1871 109 RCL. MEM
1872 057 g
1873 055 7
1874 042

1875 109 RCL MEM
1876 053 5
1877 049 1
1878 041 )
1879 061 =
1880 119 print




LEID
2431
2472
2477
2434
Frint v
2475
2478
2477
2478
2479
Frint w
2530
2521
28522
2523
2524

2525

2526
2527

AW &
109 RCL MEM
05E 5
048 O

Q41 )

119 print
Q47 /

109 RCL MEM
05% 5

048 o

Q41 )

119 print
114 1/7%
0432 P

109 RCL. MEM
054 8

051 5

041 )

Print v/w

2548
Test if
2609
2610
2611
2612
26173
Test if
2654
2655
2656
2657
2bh58
Test if
2499
2700
2701
2707
27O
e 704
2705
2704
2707
2708

119 print

diatomic

109 RCL. MEM
049 1

Q53 5

038 If zero
084 T

triatomic H20
109 RO MEM

048 0

054 5

078 I¥f zero
069 &
non—-lingar

040 (

048 0

045 -

109 RCL MEM
049 i

Q50 2

041 )

Q&4 Inverse

Q37 I+ pos
116 Tangent

-altulate Br for water

ar=RInlpi"/2e"3/20adbac/h-"3/2)

calculate 9rAa

2829
2BE0
2831
2B3E
b= R
:834
B35
BIb
837
18I8
B39
1840

094 LAREL
114 Tangent

040 {
109 RCL MEM
048 ]
054 g
042 3
109 RCL MEM
Q53 =
049 1
042 4

050 2

L) (A P
28472 109 RCL. MEM
2847 057 2
2844 055 7
2845 041 3
2844 L4 Inverss
2847 113 Square
2848 D&l =
Print, stow drA in ri?7
2889 119 print
2890 107 8TO MEM
2891 049 i
2892 055 7
289 109 RCL. MEM
2894 049 i
2895 055 prad
2894 Q47 /
Recall h~-

2RE7 109 RCL MEM
2938 057 7
2939 054 8
2040 06l &
Frint, stow rA/h=- in ri7
2981 119 print
2982 107 5T0 MEM
2983 049 1
2984 D55 7
Calculate 9rE

B0OR2E 10% RCL. MEM
F0RE 048 0
A027 057 g
I028 042 ]
2029 109 RCL MEM
J0E0 D53 5
3031 049 1
SOE2 042 "
SOIZ 050 2
Recall k

2074 042 b
2075 108 RCL. MEM
3076 057 g
2077 Q55 7
3078 041 }
3079 Q2 Root
Z080 050 2
2081 061 =
Print, stow 2B in riB8
3122 119 print
3123 107 ST0 MEM
E124 049 i
2125 054 8
J126 109 RCL MEM
5 G 049 3
2128 05s 8
J129 047 /
Recall h-

3170 109 RCL MEM
3171 057 s
3172 054 8
Z173 Q&1 =



rint -grn/Tn - gtn/Tn

- print
STO MEM
7

5

(
RCL MEM
8
0
4
RCL MEM

~ i N

anTn
print
MEM

3
-
O

MEM

A
!
=i ~Rm

8rn
print
{
RCL MEM

a
)
o= = 7 ~id~d
=
im
=

print
/
RCL MEM

T~ ~00-0

print
1/%
x

RCL MEM

R4 s
841 052
1842 047
1843 109
1844 053
1845 049
18448 061
887 ii9
B88 107
889 055
80 053
8ol Q40
82 109
1893 056
894 048
895 043
896 109
1897 055
898 031
899 041
int total
Q40 119
P41 107
Q42 056
2473 Q50
Q44 047
945 109
G448 053
947 049
G448 061
rint stn +
289 119
990 Q40
G991 109
992 055
G3 051
994 Q047
295 109
94 Q54
997 049
Q298 041
999 061
int virtual hvr
D40 119
041 047
042 109
04= 057
044 054
045 047
044 050
047 047
048 112
049 061
rint vr
070 119
091 114
092 042
0= 109
094 057

9

40%s  OO5 9

4096 061 =

Print virtual rotational wavelength
4137 119 print

4138 063 Goto

4139 Qg4 T

Calculate rotational guantum no.
4180 024 LABEL

4181 069 E .

4182 109 RCL MEM

418% 048 O
4184 053 ]
41835 042 ¥
4186 109 RCL MEM
4187 049 1
4188 055 ]
4189 041 )
4190 047 /
4191 040 (
4192 109 RCL MEM
4193 048 G
4194 DI5E ]
4193 043 +
4196 109 RCL MEM
4197 049 1
4198 053 =
4199 041 )
4200 042 ¥

Fecall H atom mass
4241 109 RCL MEM

242 037 e
4243 054 b
4244 042 M
4245 040 (
4244 109 RCL MEM
4247 049 1
4248 054 )
4249 113 Square
4250 041 )
4251 061 =
Print Ir
4292 119 print
42973 042 x
4294 040 (
4295 050 2
47296 042 %
4297 109 RCL MEM
4298 057 g
4299 055 7
4700 042 P
4701 109 RCL MEM
4E02 053 i
47037 Q49 1
4704 041 )
4705 061 =
4706 047 /
4707 109 RCL MEM
4308 056 8
4309 0357 9
4710 061 =




VA £ v waer 7> L/ ~ T
400 109 —EgiE:;M
4901 052 4
403 048 0
4507 121 Cube
4904 042 i
48205 109 RCL. MEM
47046 52 4
4907 049 i
4708 113 Square
4909 041 }
Frint nt"3Ixjr~2

4950 119 print
4951 094 LABEL
4952 R4 T

4953 040 (
4954 109 RCL. MEM
4955 053 5
4954 048 0
AR57 121 Cube
4958 042 X
4959 054 2
4950 04 )
Frint wvn

3001 11% print
50072 107 5T0 MEM
SO0 Q54 &
5004 048 v
5005 Q40 (
G004 109 RCL MEHM
5007 OE5 7
5008 049 1
5009 Q47 /
010 109 RCL MEM
3011 054 b
5012 048 0
S013 041 )
rint -gt/a™3 density Bibbs
054 119 print
5055 107 STOD MEM
J0546 052 4
SO57 053 5
058 040 {
059 108 RCL MEM
SO60 055 7
i0&1 052 4
NG2 047 /

b E 109 RCL MEM
D64 054 &
045 048 0
D& 041 )
rint -gt+-gr/a™? Bibbs density
107 119 print
108 040 (

109 109 RCL. MEM
110 057 74

111 055 7

112 042 S

113 109 RCL MEM
114 053 5

Frint gquantum p vs. molecular pressure

Qildd QEy) q
3116 041 )
5117 047 7
5118 040 {
5119 109 RCL MEM
3120 D53 5
5121 048 Q
5122 121 Cube

4 o 041 )
3124 Q47 /
3135 056 8
51246 041 =
Frint pressure pn

S1&7 119 print
5168 107 STO MEM
S9146% 052 4
5170 054 b
5171 042 X
5172 109 RCL MEM
3173 054 b
5174 048 8]
5175 061 =
Frint pnvn
D216 119 print
5217 047 /
5218 109 RCL MEM
o R 053 5
5220 049 1
S221 041 =
Print pnvn/Tn
Debs 119 print
3263 040 {
B52464 109 RCL MEM
5265 052 4
5266 0B 5
5287 Q47 /
5268 109 RCL MEM
26% 052 4

270 054 b
5271 041 )
512 519 print
o T R D& Return
Set up V values

254 Q26 LABEL
355 0B 5
Calculate gl source heat/molecule
394 040 (
Input n for Gs
5437 109 RCL MEM
5438 048 0
5439 054 )
3440 042 {
5441 109 RCL MEM
5442 QS5 5
S544F 055 7
5444 042 S
3445 109 RCL MEM
5446 048 o]
5447 049 1




Hpse G 8
>0 1 057 4
3002 061 =
Q03 107 8TO MEM
1004 054 8
3005 053 5
Q04 109 RCL MEM
2007 054 g
5008 055 7
3009 Q=8 I+ zero
5010 123 Pt
s011 109 RCL MEM
3012 056 8
»0O13E Q53 o~
»0O14 047 /
3015 109 RCL MEM
50164 056 8
3017 055 7
5018 061 =
019 107 STO MEM
»Q20 056 8
3Q21 053 i
322 Q26 LAREL
Q23 123 P

"int and store YA/h— in ri3
1064 109 RCL. MEM

Y0ES 056 8
Wbé& 053 5
1067 064 Inverse
W68 121 Cube
10469 041 =
s070 119 print
2071 107 5T0 MEM
Y72 Q49 1
073 053 5
3274 0432 #
75 109 RCL MEM
3076 057 9
$O77 056 8
2078 061 =
2079 119 print
2080 107 STO MEM
»081 049 i
2082 054 b
2083 113 Sguare
s0B84 047 /
5085 Q40 (
2086 051 3
s087 042 §
»(088 109 RCL MEM
5089 057 9
5090 055 7
2091 0432 i
5092 109 RCL MEM
5093 O3 5
5094 050 2
2095 041 )
50946 061 =
5097 Q47 /
5098 040 (

&9 b Mol FIEE
5100 05 8
6101 Q54 &
&102 042 #
610 109 RCL MEM
&104 048 Q
4105 055 7
&106 041 )
6167 061 =
6108 092 Root
6109 050 2
6110 061 =
6111l 119 print
6112 107 870 MEM
6113 053 5
6114 051 ]
6115 121 Cube
6116 114 1/%
6117 047 /
6118 056 8
6119 0&1 =
6120 119 print
6121 107 STO MEM
6122 053 5
6123 052 4
6124 109 RCL MEM
G125 049 1
6126 052 4
6127 04 X
6128 109 RCL MEM
&£129 05% o
6130 052 4
6131 061 =
Print and store n*3ktln(d/h-)"30e/zt
b172 119 print
L1773 107 STO MEM
6174 053 5
4175 05% 5
&176 109 RCL. MEM
&177 053 5
6178 052 4
6179 064 Inverse
6180 121 Cube
6181 061 =
4182 119 print
6183 107 8T0 MEM
6184 0532 5
4185 054 &
Obtain kinetic energy per cm™3
L2268 109 RCL MEM
L2227 05Z 5
6228 052 4
6229 042 #
L2730 109 RCL MEM
231 057 g
6232 055 7
6235 042 ¥
L2234 109 RCL. MEM
6235 053 o]

6236 050

~
L




Vavemet (0/(Cal
M@QQ‘;E’I{I,@J i"i&“&iara TOrmUla polLyatoms

Calculate using action potential
=mgh+kToln(nto)"*30/z ~kTolnl (nro)"2/s]
=kTninl (ntn)"36/2]1 ~kTnl{(nrn)"2/s]
F=e/sigma or e"3/2/sigmar

Input rotational symmetry factor sigma
Input lapse rate version K for air
Lodge linear mi in m77 2146 9/&6/15
Revised 14/9/24 ‘ 4 ‘

Q360 094 LABEL
0361 089 Y

Q3632 107 5TO MEM
0363 057 9
03464 057 2
0365 11% print
0366 002 HALT
0367 048 O
Input pressure atm in r88
0408 094 LABEL
0409 08O P

Q410 107 8TO MEM
0411 056 g
0412 056 8
04173 119 print
0414 02 HALT
0415 048 0
Input fe electron multiplicity in 88
0456 OR6 LLABEL
0457 081 8}

0458 107 5TD MEM
0459 054 8
04460 055 7
0441 119 print
0442 DOR HALT
RA&E 048 0
Input surface temperature T in r08
0504 094 LAREL
0505 o84 T

0504 107 85T0 MEM
0507 048 0
0508 056 8
0509 119 print
0510 a0z HALT
Input translational symmetry factor
0551 094 LABEL
Q552 070 Z

0553 107 STD MEM
0554 056 8
0553 057 7
0554 119 print
0557 002 HALT
0558 048 0
Input temperature gradient K per om
0399 096 LABEL
DGO 075 K

0401 107 5T0 MEM
0602 048 0
DL0E 049 1
0&04 119 print
0605 002 HALT

lakle CZ

o606  O%d [0

Altitude increment H cm in r02

(647 0945 LABEL {C(
0648 072 H

0649 107 STO MEM

D&EF0 048 0

0651 050 2

n&ER2 119 print

Q0LHBE 002 HALT

N&54 048 0

Centre atom m r03 eg C in CO2

or M in NZ0

0735 094 LAREL

0736 076 L

0737 167 5T0 MEM

0738 048 0

0739 051 .

0740 119 prrint

0741 00z HALT

Atom weight 1 in r0d4 eg 0 in COZ or 02
or 0 in NZ0O and polyatomics
(91~ hebe) 048 0

DBREZ 074 LABEL

0B24 077 i

0OB2S 107 8TO MEM

D824 048 0

GE27 052 4

0BER 119 print

0B29 002 HALT

QB30 048 0

Atom wt. 2 in rOS eg 0O in CO2 or 02
N in N20, and monatomics
0911 0964 LABREL

0912 078 N

013 107 5T0 MEM

0914 048 0

D15 053 5

021é6 117 print

(0 002 HALT

0918 048 0

Atomic weight % in ro0é6 eg C1 in CF2C12
0e57 056 LABEL

0960 079 D

09461 107 g5T0 MEM

0962 048 0

09467 054 b

0964 119 print

N6 002 HALT

0966 048 O

Input bond length ri=R in r3%

eg. COZ2, NZ2 or 02

1047 026 LABEL
1048 0g2 R

1049 107 STO MEM
1050 Q51 3
1051 D87 2
1052 119 print
1053 002 HALT
1054 048 0

Input bond length r2=8 r40 eg. CO2




o8 Wb L Rgel
LOR& o83 S

LOF7 107 ST0 MEM
L0%8 052 4
Lo99 048 O
Li0ao 119 print
(101 o2 HALT
L1032 Q48 3]

(nput IrA moment of inertia in 42
1143 096 LABEL
1144 065 A

1145 107 8TO MEM
L1446 052 4
L1147 Q50 2
.148 112 print
149 Q02 HALT
150 048 0

nput IrE moment inertia in ré3
191 096 LABEL
192 Q&b B

AR 107 5T0 MEM
194 052 4
195 051 S
196 119 print
497 002 HALT
198 048 Q

nput IrC moment inertia in r44
239 094 LABEL
240 0&7 C

241 1067 8T0 MEM
242 052 4

243 052 4

244 119 print

245 002 HALT

Mecute program <X>

2B& 096 LAREL

287 084 X

nput translational symmmetry tfactor
328 049 1

329 048 0
330 046 .
S5 050 2
332 050 2
333 057 ?
33 054 b
335 055 7
336 050 2
S 107 STO MEM
338 054 =]
357 057 9
340 119 print
nput g in r91

381 057 7
382 056 8
383 048 0
284 044 .
385 054 é
386 054 b
387 053 5

388 107 8TO MEM

A28~ Gs7 G

1390 Q49 1
Input Boltzmann’'s k in r97
1431 049 1
1432 gdé .
1433 051 S
14734 056 8
1435 Q48 0
1436 054 b
1437 Q%0 2
1438 Q50 2
1439 053 5
1440 057 G
1441 101 EE
1442 049 i
144% 054 b
1444 i1l /-
1445 107 5T0 MEM
14464 Q57 4
1447 055 7
Input Flanck’'s h- in r98
1488 049 i
1489 Q4é .
14290 048 O
1491 053 5
1492 052 4
1493 053 =
1494 057 e
1495 049 i
1496 056 8
1497 053 5
1498 101 EE
1499 050 2
1500 055 7
1501 i1l + /-
Store h— in r98

1542 107 STD MEM
15473 057 9
1544 056 8
1545 049 i
1544 044 .
1547 054 6
15948 055 7
1549 050 2
1550 054 b
1551 049 i
1552 052 4
15543 101 EE
1554 050 2
1555 052 4
1556 111 +/=
Store mass H—atom in +07
1597 107 5T0 MEM
1598 Q48 0
1599 055 7

Recall pressure from rB8, find rt
1640 Q40 (

1641 109 RCL MEM
1642 048 0
1647 056 8




2323 bk &L v
2233 052 4

2RE Q50 2
Continue if Ira found
W o 28 I¥ zero
2274 115 Sine
2277 109 RCL MEM
2278 048 0
DE7R 05% 4
2E80 107 8T0 MEM
2EB1 054 8
2882 054 &
2283 042 %
2284 109 RCL. MEM
2285 048 0
2286 055 7
2RB7 0432 b
2288 109 RCL MEM
2289 057 9
RR90 049 1
2RF1 047 /
2292 109 RCL MEM
2293 057 g
2294 0nE5 7
2295 061 =
2294 047 /
2297 054 &
2298 061 =
229% 117 ptrint
Store, print gradient for polyatomics
2E40 107 STO MEM
2341 048 0O
2E42 049 i
Store kinetic factor + kT 4
2RI 052 4
2584 107 ET0O MEM
2EE5 054 8
238S 052 4
2387 119 print
2EEB QbHE Goto
2389 116 Tangent
2390 094 LABEL
aa7l 115 Sing
AL 109 RCL. MEM
2593 048 0O
2394 O=E 5

395 107 ST0 MEM
2396 056 g
2397 054 &
2398 OAZ X
2399 109 RCL MEM
2400 048 0
2401 055 7
2402 D42 x
2407% 109 RCL. MEM
2404 057 4
2405 049 i
2404 047 /
2407 109 RCL MEM
2408 057 ?

“%0y M5 7
2410 047 /
2411 051 &
2412 061 =
Btore gradient and print for monatomic
2453 107 5T0 MEM
2454 048 0
2455 49 i
2456 119 print
Store kinetic + kT factor
2497 048 0
2498 046

2499 053 5
2500 107 5T0 MEWM
2501 054 8
2502 052 4
203 119 print
2504 0964 LAREL
2505 1ié Tangent
Get translational energy and entropy
2546 040 {
2547 040 ({
2548 109 RCL MEM
2549 056 8
2550 054 &
=551 0432 5
2552 169 RCL MEM
2557 048 0
2554 055 7
2555 042 X
2556 040 (
2557 109 RCL MEM
2558 057 9
2559 048 Q
2560 113 Sguare
2341 041 )
2EHZ G4 )
25863 D61 =
Frint Io

2HOY 119 print
2605 042 1
2604 040 {
2607 109 RCL MEM
2608 057 g
2609 085 7
2610 Q42 X
2611 10% RCL MEM
2H12 048 0
2613 056 8
2614 041 )
2615 041 )
2616 042 ®
2617 051 2
2618 061 =
Print ZkTolo

2659 119 print
24660 Q92 Root
2661 050 2
2642 061 =
Frint @to




=213 041 )
214 04z s
Recall H atom mass
255 109 RCL MEM
22546 048 0
257 Q55 7
258 Q42 P
F259 Ga0 (
IR260 109 RCL - MEM
2261 051 2
262 057 =4
I263 0473 +
264 109 RCL MEM
2265 052 4
266 048 0
267 Q41 )
248 113 Sguare
3249 041 )
Print and store Ir in rél
310 119 print
311 107 ST0 MEM
2312 052 4
F313 049 1
3314 Q40 (
x315 109 RCL. MEM
3316 052 4
23517 049 i
318 04z H
Recall To degrees Kelvin from 08
2359 109 RCL MEM
2360 048 O
IIb1 058 8
E362 042 "
Recall k

F407 109 RCL. MEM
2404 057 9
T405 055 7
2406 042 Y
2407 Q50 2
408 Q41 )
E409 0b61 =
Z410 092 Root
411 050 2
3412 061 =
Frint and store oro in r20
T45E 119 print
2454 107 5T0 MEM
34355 050 2
456 048 O
Calculate Sro

I497 040 (
2498 109 RCL MEM
a499 050 2
2500 04e O
3501 047 /
REcall h-

542 109 RCL MEM
3547 as7 =4
544 05& a8
3545 041 )

Eeint and store aro/sn= in ol

3586 il9 print
587 107 STO MEM
2588 O30 2
589 049 1
3590 113 Square
3591 047 /

Insert rotational symmetty factor
TH3IZ 109 RCL MEM

ILIE 057 v
1634 057 q
=1n(nro)™2/sigmar

3675 061 =
3676 110 LOG e
3677 119 print
3478 107 STO MEM
3679 054 b
3680 048 O
3681 042 i
Recall k

J722 109 RCL MEM
723 057 2
724 055 7
3725 Q42 9

E726 109 RCL. MEM
IT727 048 0
728 056 a8
3729 061 =
erint and store Tosro
Z770 119 print

a771 107 STO MEM
Z778 050 2
3773 Q50 2
Z774 ObE Goto
3775 071 G

3776 094 LABEL
3777 0859 U

Estimate sro for polyatomic gases
5rD=k1nEpi“1/2]eﬁ3/2®AaBEC/h—“3/Z
Calculate 3rA

3898 040 (
899 109 RCL MEM
00 052 4
901 Q50 2
3902 Q42 3
I903 109 RCL MEM
3904 048 0
E905 056 8
904 042 ¥
2907 Q50 2
908 042 P
Recall k

3949 109 RCL. MEM
950 Q%7 9
951 Q55 7
952 041 )
3955 a9z Root
I954 Q50 2

3955 061 =
Print and store Ara in K23



4506 A9 1
4507 Q044 5
4508 05E =
4509 061 =
45310 0472 M
4511 040 {
4512 112 pi
4513 092 Root
4514 050 2
4515 041 }
4514 DHA =
4517 110 LOG =
Frint, store achtion potential rd »réd
4558 1179 print
4559 107 5T0 MEM
45460 054 b
4561 048 O
AS62 043 X
Recall k

4&H05 109 RCL VEM
44604 Q57 2
44605 055 7
AH04 04z ¥
4&07 109 RCL. MEM
44608 048 0
44609 056 B8
4410 D&1 =
Frint and store Tosro in r29
4551 119 print
4652 107 5T0 MEM
4653 050 2
4654 057 9
4655 D40 (
44654 109 RCL MEM
4657 053 5
44658 057 2
A&H5T 04735 +
465460 109 RCL MEM
4661 054 &
4662 048 0
4&HGE (141 )
Store total @ in ré&l and print
4704 107 870 MEM
4705 054 b6
4704 049 1
4707 041 =
4708 s print

Recall altitude Ho
Re-sntry step from END

4789 094 LAREL.
4790 071 G

4791 109 RCL MEMH
4792 048 0
4793 050 2
Frrint and store Hn in r31
4834 117 SUM MEM
4835 053 5
48324 049 1

483 109 RCL MEM
48338 053 5

RN S e 1
4840 119 print
4841 040 (
4842 109 RCL MEM
4847 048 0
4844 056 8
4845 045 -
4844 040 (
447 109 RCL MEM.
4848 Q5= 5
4849 049 1
4850 042 o
4851 109 RCL MEM
4852 048 0
4853 049 i
4854 041 )
4855 041 )
Frint and store Tn in r32
4896 119 print
4877 107 STO MEM
4898 053 8
4899 050 2
Recall masses from ro3-roé
4940 040 {
4941 109 RCL MEM
4243 0546 8
4947 054 b
4944 042 ®
4945 109 RCL MEM
4944 048 0
4947 055 7
4948 042 ®
4249 109 RCL MEM
4950 053 5
4951 Q49 1
4952 D42 ¥
4953 109 RCL MEM
4954 057 L4
4955 049 1
4954 041 )
Frint and store mghn in 11
4997 111 + /-
4998 119 print
4999 107 5T0 MEM
S5O00 049 1
5001 049 1
H5002 Q40 {
5003 D40 {
5004 109 RCL MEM
5005 048 0
5006 051 &5
3007 043 +
5008 109 RCL MEM
5009 048 0
5010 052 a4

v |2 B 047 +
5012 109 RCL MEM
5013 D48 0
5014 053 =
5015 0435 ~




%409

5410
5411
5417
54173
5414
5415
5416
5417
5418
3419
5420
3421
5422
34273
3424
3425
1424
3427
428
429
4E0
431
4D
JATT
434
435
436
437
438
439
440
441
4472
44T
444
445
446
447
448
449
1450
451
14572
4573
1454
455
454
457
458
459
460
461
442
467
4464
445
466
447
4468

&5
042

109
0532
050
042
050
042
109
057
059
041
oe2
OS50
061
119
107
050
053
109
050
053
047
109
057
056
061

119
107
Q50
054
040
109
052
052
042
109
053
050
042
OS50
042
109
057
055
041
092
050
061

119
107
050
055
109
050
055
047
109
057
056

RCL MEM

=
m
=

A
Im
=

A
0
(IR TR 6 N N 1 5 B S O O o

print
STO MEM

-,

MEM

A
0
BT~ F

MEM

X
g

Ppmmr X

B3 X

-
-

&

RCL MEM

RCL MEM

& =
%ﬁz 1% print
5471 107 STO MEM
5472 OS50 2
5473 U546 8
5474 040 (
5475 109 RCL MEHM
5474 Q50 =2
- 5477 052 4
5478 042 P
H5479 109 RCL MEM
5480 050 2
5481 054 1)
5482 042 ¥
G485 109 RCL MEM
5484 050 2
5485 054 8
5486 041 )
Frrint nrd*nrB¥nrC
53527 119 print
5528 047 /
5529 109 RCL MEM
5530 0s7 9
5551 as7 7
5532 0&1 =
5533 042 #
5534 Q40 (
5535 049 i
5536 b4 Inverse
5537 110 LOG e
5538 041 )
5539 01 Exponent
5540 049 1
5541 Q46 .
5542 053 5
55473 D&l =
5544 042 #
5545 Q40 (
55464 112 pi
5547 092 Root
5548 050 2
5549 041 )
5550 061 =
5551 110 LOG e
SE92 119 print
5553 107 5T0 MEM
5554 054 &
85555 048 o]
5556 042 #
5557 109 RCL MEM
5558 057 9
5559 05 7
S560 042 {
S L 109 RCL MEM
5562 053 5
55673 030 2
5564 &1 =
5565 119 print
5566 107 5T0 MEHM
5547 051 2



62357
62T
239
6240
6241
6242
6243
&244
6245

L2446

06l
119
107
Q053
055
040
109
053
049
045

RCL. MEM

L2447
L2488
L2497
&H2H0

251
H252

253

6254

6255 -

049
D48
101
053
041
044
27
071
Q02

1

(8]

EE

S

)
Inverse
I+ pos
(]

HALT -

25\



288.15

208.15

0.01

1.5

40.

1.

10229672
1.3806259
1.05459185
1.672614
7.7998253833752
3. 97827353083
1.380625%9
2.718281828459
&. 1395520694006
4.4274920999647%
b 60456
4.070291183531242
4.8578195030025
1.01531332986953
Q.42734831 33326
2.8453866415792
8.1989816077105
8.795722637338
3. 0524805265792
2. 1598086927093
B.51614677103047
1.28522725383572
2. BI2602713683
2. 9905832490235
4.7596410680991
2. 2040461662395
3. 2945138199539
4, 2235738084284
5.4149594392596
2. 3734733108565
T.7961610357497
2. 1598086927093
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