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_ ABSTRACT

The equilibrium compositions and linear spectral absorption
coefficients and Planck and Rosseland mean absorption coefficients
have been computed for carbon-hydrogen mixtures with carbon/hydro-
gen mass ratios of 0.005, 0.01 and 0. 05, temperatures of 1600, 2200,
3000, 4000, 5000, 6500, 8000, and 10,000°K, and gas pressures of
100, 500, and 1000 atmospheres for the wave number range 7000 -
68,000 cm™ * (approximately). The possible presence of condensed
carbon has been considered in the composition calculations, but
none was found. The major absorption was found to be due to mole-
cular electronic transitions in HZ’ CH3, CZI—I, and C2H4, and to H™
photodetachment and neutral free-free processes, although each
did not contribute strongly for all of the temperatures, pressures,
C/H mass ratios, and spectral frequencies considered, of course.
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SUMMARY

The purpose of this work is to‘calculdte the optical constants
(spectral absorption coefficients and Planck and Rosseland mean ab-
sorption coefficients) of carbon-hydrogén mixtures for applicatidn.to
the design of gaseous-core nuclear rocket propulsion systems. We
have calculated the equilibriumi-compositions, and from thesethe
optical constants, for such rdixtures for total gas pressures of 100,
500, and 1000'itmosphiéres, -gas 'témoperatures of 1600, 2200, -3000,
4000, 5000;- 6500, -8000, and 10, 000 K, with carbon/hydrogen mass
ratios of-0. 005, 0.01, and 0.05, a total of 72 cases. The computer
cdlculations of equilibriuih cormposition’include 65 species; among .
them solid carbon {graphite). The computer calculations of the
optical constants included absorption by molecular electronic transi-
tions, cdmpfiséd of 16 transitions in the diatomic molecules Hy,
CH,  CH" and Co, and 23 transitions in‘the triatomic and polyatomic
ri‘i‘él'ecuzles_ CHy, CHj, C2H, CyH,, C,Hy, C3, and CyxHy (benzene),.
photoionization absorption by C- and H- atoms, radiative association
absorption by H-atoms,! photodetachment-absorption by C- and H™-
ions, and free-free absorption by eléctrons in the fields of neutral -
and singly-ionized species. The pressure-~induced absorption by~
- H, molecues .was ignored in these calculations.

The composition calculations showed that no condensed carbon
(graphite), either solid or liquid, was present’in.any of the mixtures.
The principal speciés’in the mixtures were Hp and CHy at the.lower
temperatures considered, and H», H, C, Cz, CH, G2H, and C2H2,
'at_i:he' higher témperatures. The opticalabsorption is principally
due to electronic transitions in-molecules and to. H™ photodetachment
and the -neutral'free-free processes, the contribution of each vary-
ing with the gas conditions, .of course. ‘The omission of the.pressure-
induced spectrum of the H, molecule appears to give significant
errors-in the computed optical constants at the lower temperatures
considered, and this is'probably the major limitation of the results
reported here. --The optical constants exceed -1. cm~1 by a goodly
amiount'at thé higher temperatures and pressures considered, a
major fact to be considered in the design of nuclear propellant-
systems using carbon-seeded hydrogen gas as.a propellant.



INTRODUCTION

The optical constants (spectral absorption coefficients, spec-
tral emissivities, and spectrally-averaged opacities of various types)
of complex equilibrium gas mixtures are of great interest in many
‘fields, including astrophysics, missile re-entry physics, and nuclear
rocket technology. Many years have been devoted to the study of the
optical constants of air to high temperatures for a. wide range of pres-
sures. The first calculations of the optical.constants of carbon vapor
and carbon-air mixtures to high temperatures were performed by
Main and Bauer(l) in 1964, and this work was extended by them (2, 3)
to the thermal decomposition products of composite mis sile heat
shield materials and hydrocarbon-air mixtures at high temperatures
and high pressures. Main (4)has further extended this work to
fluorocarbon-air mixtures and Hooker, Morsell, and Main (5) have
published a combined experimental and theoretical study of the optical
constants of thermally decomposed phenolic carbon and phenolic silica,
both mixed with air and mixed with inert argon diluent. Experimental
studies of the optical constants of thermally decompos ed Teflon and
Teflon-nitrogen mixtures to high ‘temperatures have also been
reported’in the 1iterature(- . Later authors have published in the
open literature theoretical studies of the optical constants of various
missile heat shield materials for application to missile re-entry
problems (7, 8) relating closely to the earlier theoretical work of
Main and Bauer ‘7’ 2:3:4) 4nd to the present work.

The state-of-the-art of the theoretical calculations has now.
advanced to the stage where meaningful calculations of the optical
constants of complex gas mixtures can now be routinely undertaken
with the aid of large computers; the principal uncertainties, in these
calculations usually arise from our lack of adequate experimental
studies of such requisite quantities as oscillator strengths of mole-
cular transitions, thermochemical parameters, etc.

To calculate the optical constants of a complex equilibrium
gas mixture, one must first calculate its equilibrium species compo-
sition. This requires computer calculations, usually based on-iree-
energy minimization, for the temperatures, pressures, and initial
compositions of interest. ‘With the-equilibrium species compositions
in hand, the optical constants can then be calculated utilizing detailed
information on the intensities and spectral distributions of the impor-
tant radiative and absorptive processes. For complex gas mixtures,



usually many such processes must be taken into account. For example,
in the comguter calculations of Main and Bauer for hydrocarbon-air
mixtures ¢ ), it was necessary for the temperatures and pressures
considered to take into account 52 electronic band systems in dia-
tomic molecules, 42 electronic band systems in triatomic and poly-
atomic molecules, photodetachment from CZ, O=, and H- negative
ions, free-free processes involving positive ions and neutral species,
and radiative association of hydrogen atoms. It is necessary in such
calculations to make many approximations, partly to keep their com-
plexity within reasonable bounds, and partly to take account of the
inadequate experimental and theoretical data that must be used in
them. Nevertheless, the theoretical calculations appear to agree
reasonably well with experiment in even thermochemically compli-
cated cases (5). For this reason, itis realistic to expect reasonably
accurate theoretical results for the optical constants of the carbon-
hydrogen mixtures considered in the present work, subject to the
qualifications and uncertainties to be named and discussed later.

In the present work we calculate the equilibrium compositions
and optical constants (linear spectral absorption coefficients and
Planck and Rosseland mean opacities) for carbon-hydrogen mixtures
specified by all combinations of the following conditions:

Carbon/Hydrogen Mass Ratio = 0. 005, 0.01, and 0.05

"Temperatures = 1600, 2200, 3000, 4000, 5000, 6500,'
. 8000, and 10, 000°K

Total Gas Pressures = 100, 500, and 1000 atmospheres,

a total of 72 cases in all. The equilibrium compositions are calcu-
lated using a standard computer program, for an assumed set of
final species, including solid carbon {(graphite). The optical con-
stants are calculated using a computer program developed by the
present author, and which takes account of the important radiative
absorption mechanisms for all species for which adequate quantitative
spectroscopic data exist. This is the first theoretical study of this
nature for carbon-hydrogen mixtures, and its results are intended
to be of use in the design of gaseous-core nuclear rockets. It will
be important in this connection to define as accurately as possible
the uncertainties -existing in the calculations reported herein, since
engineering decisions should take such uncertainties into account.



The main results of this work are given in the present re-
port, and a copy of the print-out of the computer calculations of
equilibrium compositions is given herein. However, only the
major results for the optical constants are reproduced here. A
complete copy of the print-out of the optical constants, which
includes columns giving the contributions due to each molecular |
band system and each absorption mechanism for each mixture,
has not been given in the present report due to its great length
(c. 800 pages), but discussion of this sufficient for most purposes

is given in the text here.

CALCULATIONS OF COMPOSITIONS

The HUG Composition Program

The equilibrium compositions of the carbon-hydrogen
mixtures of interest were calculated with the HUG computer
program(9 . This program can optionally solve the Rankine-
Hugoniot equations for normal shock waves in reactive gas mix-~
tures, or compute the equilibrium composition of reactive gas
mixtures for specified end conditions of temperature and pres-
sure (only the latter option is of interest here). The technique
used for finding equilibrium compositions is that of minimiza-
tion of the thermodynamic free-energy, subject to conservation
conditions, by the Brinkley method(190), as extended to two-
phase systems by Fickett{!1), The HUG program incorporates
a simultaneous consideration of a two-phase equilibrium with
the single-phase equilibrium of the gaseous species; thus, in
the present work, the carbon gas-solid equilibrium may be
separately considered, and the fractional amount of condensed
carbon, where it occurs, will be computed by the HUG pro-
gram. The HUG program is currently run on an IBM 360-65
machine emulating the IBM 7094.

The input data to the HUG program are the dimensionless



enthalpies and free energies and the heats of formation (at 0°K) of

the species to be included in the equilibrium composition calculations,

the initial species composition of the mixtures, and the final temperatures
and pressures desired. The HUG program has been in regular use

at Heliodyne Corporation for over four years, and we have compared

the results obtained with it to those obtained by other workers using
similar computer programs. We find excellent agreement in all

cases where comparisons are possible, and we unhesitatingly made

use of the HUG program in the present work.

A feature of the HUG computer program worth noting is that
in the input data certain species must be specified as "independent
species'; the number of such species must be equal to the number

- of fundamental components of the mixtures to be considered, and
the independent species must collectively contain all of these funda-~
mental components. For the present calculations, the fundamental
components are C, H, C(s; graphite), and e” (free electrons), and
all of the species in the mixtures considered are formed from these.
We have chosen as basic independent species the two sets:

CH4; I—IZ; C(s; graphite}; e~ (low temperatures)
C; H; C(s; graphite); e~ (high temperatures).

A limitation of the HUG program as presently established is
that when the computed mole fraction of an independent species drops
in value below 10‘6, then all computations will cease. This is
not generally a seriocus limitation, since nearly always substitution
of an alternative set of independent species will yield results.
However, when the computed mole fraction of free electrons, e~,
iz less than 10'6, then neither the mole fraction of e~ nor that of "
any ionized species can be computed. Also, the "machine zero' *=
for the IBM System 360 emulating the IBM 7094 is 1.8048514 x 10°35,
and this is the smallest mole fraction which can be computed. Mole
fractions that are less than or equal to this number are printed-out
as this number. This causes an error for species whose mole frac-
tions are less than this number, but such an error is never serious
in the present work.

. For the composition calculations, we have transformied the
C/H mass ratios to be considered to initial mole fractions which
sum to unity to five decimal places, as required by the HUG com-



puter program. Using the standard atomic weights {chemical scale)
for C(12.010 gm/mole) and H(1. 0080 gm/mole), we find:

Initial mole fractions

C/H Mass ratio C H
0.005 0.00041947  0.99958053
0. 01 0.00083860  0.99916140
0.05 0.0041790 0.9958210

These values for the initial mole fractions have been used in the
composition calculations of the present work,

‘We have written at Heliodyne Corporation a computer pro-
gram to compute fourth-degree polynomial temperature fits to the
thermodynamic functions of species for use with the HUG program.
This computer program generates 'least squares” best temperature
fits to tabular data for the dimensionless entha.lp‘y, (I—I.I. - HO)/RT

and the dimensionless free energy, (F - H }/RT, according to:
o o
He - Hp 2 3 4
——— = A +BT+CT +DT + ET (1)
RT
o o
F_.-H
. T 0 _ 1.2 1 3
RT -A(l-ln‘I‘)-BT-ZCT—3D‘I‘
e
4
2 ET - K, (2)

which are the formats required by the HUG program(-g). Duff and
Bauer 12) have found that, on average, these optimized fifs can
reproduce the input tabular data to within a small fraction of one
per cent, and we have generally verified this. Values for the’
entropies and specific heats may be obtained from these fit co-
efficients.

The least squares evaluation of the fit coefficients in Eqgs.
(1) and (2) can be limited to any temperature range. For many
species considered here, these fit coefficients were already avail-
able in the literature for much of the temperature range of interest,



and these have been adopted here (cf. Table 1). Most of the thermo-
dynamic data for the species of interest here, whether tabular or in
the form of the fit coefficients, extends {or are valid) only to

T = 6000°K (cf. Table 1), In order to perform the composition
calculations, we have used the fit coefficients, whether calculated
by us or by others, up to the highest temperature considered here,

T = 10, 000°K, even though their validity in this connection is
questionable, This will introduce unknown errors into cur compo-
sition calculations for T >6000°K, but no alternative to this approach
is feasible in work of the present type.

Species Considered

The choice of species to be considered in the composition
calculations has been based on the author's conjectures of those
expected to be present in the mixtures considered for the conditions
of interest, on the basis of previous work related to the work at
hand (principally that of Ref. 12), and on the availability of the
reqguired thermodynamic functions.

Based on these considerations, the species listed in Table 1
have been included in the composition calculations. For the more
complex species, we have used thermodynamic data appropriate to
the "average' over all known isomers with a_given chemical formula.
This procedure was used by Duff and Bauer(!%) in their calculations
of the compositions of carbon-hydrogen mixtures, and we have
usually, where such an "averaging' was necessary, used their
recommended and properly weighted '"average' fit coefficients
(Eqs. (1) and (2}) and heats of formation in our composition cal-
culations. This is a realistic approach to the problem of calcu-
lating the compositions of gas mixtures containing many complex
species, since often the isomeric composition is (as here) not of
‘great interest, and generally the thermodynamic quantities differ
little among isomers with the same chemical formula (cf. Ref. 12,
pp. 44 and 45). A complete listing of the fit coefficients used
(Egs. 1 and 2) are given in Appendix B, before the results of the
composition calculations.



TABLE 1

SPECIES CONSIDERED IN THE COMPOSITION.-CALCULATIONS.

-Species Thermodynamic data Remarks
(Chemical formula) Source (Footnote No.) (Footnote No. )

C(g) 1 8
H Tl 8
HZ 1 8
CH 1 8
CHZ 1 8
CH3 1 8
CI—I4= 1 ‘8
C2 1 8
CZH 1 8
CZHZ 1 8
C2H3 2 9
C2H4 1 8
Cz}E-I6 2 9
C3 3 . 8
C3H 2 9
C3H2 2 9
C3H3 2 9
(.'13H4 2 9‘, 10
C.?’H5 2 9
C3H6 2 9,11
C3H8 2 9
C4 1 8
CéH 2 9

C,H, 2 9
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TABLE 1 (Cont'd.)

2
ClO 9
C H 2 9
10
2
Clon 9
e 1 8
c+ 4 9
c 1 8
I—I+ 1 8
u 1 8
H£ 5 -
H3 5 —
cu’ 6 13
+
T
CH3 8
- 1 ]
CZ
C(s; graphite} 1 ]

Footnotes to Table 1

Tabular data and AH_(T = 0°K) taken from JANAF Thermo-
chemical Tables, The Dow Chemical Company, Midland,
Michigan (August, 1965), and from the first and second
addendums thereto, dated, respectively, August, 1966, and
August, 1967. The most recent of the data given in this
reference has been used for each species.

Fit coefficient data and AHf(T = 0°K) taken from R. E. Duff
and 8. H. Bauer, The Equilibrium Composition of the C/H
System at Elevated Temperatures. Los Alamos Scientific
Laboratory Report LA-2556 (June, 1961), including corrections
of errors given in Table VI (p. 49) of that work.

Tabular data taken from H. L. Strauss and E. Thiele, J. Chem.
Phys. 46, 2473 (1967). The value for AH (T = 0°K} is  taken from

the reference of Footnote 1 {above}.



10,

Fit coefficient data and AH, (T = 0°K) taken from P. R. Sinith,
W. G. Vulliet, and W. B. Lindley, Predictions of Thermal
Damage in Nuclear Fireballs. II. Material Properties.

U. 8. Air Force Flight Dynamics. Laboratory Report AFFDL-
TR-66-45, Vol. II (June, 1966), p. 3.

Tabular data and AH; (T = 0°K) taken from R. W. Patch and
B. J. M¢Bride, Partition Functions and Thermodynamic
Properties to High Temperatures for Hg and HE NASA TN

D-4523 (April, 1968). These data were fitted over the
temperature range 1000 - 10, 000°K.

Tabular data and AH, (T = 0° K} hand-calculated by the present
author (cf, Appendix A), and fitted for the temperature range
1000 - 10, 000° K.

Tabular data taken from D. G. Clifton, Approximate Thermo-
dynamic Functions for the H,O%(g), HCO(g), and CHZ(g) Ions.

General Motors Corporation Defense Research Laboratories
Report TR64-02D (July, 1964). AH, (T = 0°K) = 259. 7 kcal/mole
calculated by the present author using the value of this quantity
for CHjy (32.8 kcal/mole) from the reference of Footnote 1(above)
and a CHg first ionization potential of 9. 84 ev, as glven in

W. C. Price, "Potentiels d' ionisation moleculaires determines
spectroscoplquement ", Annexe I to B. Rosen, ''Spectroscopie
dlectronique moleeulaire, ' in S. Flugge (ed.) Handbuch der
Physik XXVII, Springer, Berlin (1964).

'I‘he_taBular thermodynamic data were given only up to T = 6000°K
We have used our fourth-order polynomial fits to these data for

the range 1000 - 6000°K up to the highest temperature (T = 10, 000° K)

in the present composition calculations.

The fit coefficient data given in the pertinent reference were
for the range T = 1500 - 6000° K, inclusive, and these were
applied here up to the highest temperature (T = 10, 000° K) in
the present composition calculations.

Grouping of isomers and 'average' fit coefficients and heats

of formation were used, per Table V (p. 4:8) of the reference
of Footnote 2 (above).

11



11. Fit coefficients for selected isomers of Table IV (pp. 44 - 45)
of the reference of Footnote 2 {above) were adopted in the
present composition calculations, as follows:

Species Selected isomer Line in Table IV
C3H6 Propene ; 55
C4H4 vinyl acetylene 43
04H 5 CHEC =C= CH2 53
C4H6 1, 3 butadiene 59
C4H8 trans-2-butene 67
C4H10 isobutane 70
Q5H4 HC-_E CC = CCH3 45

12. For C¢Hy, we have used the fit coefficients given in line 48
of Table IV (pp. 44 - 45) of the reference of Footnote 2 {above),
with the corrections given in the '"Note' to Table IV (p. 48)
of that reference.

13. See Appendix A of the present report for a discussion of
these data.

For the species C,; we have used the latest thermochemical
data (cf. Table 1}, which is based on the recently~-discussed very
low bending frequency of this radical, although this has been quest-
ioned‘ 13} For CH' we have hand-calculated the thermodynamic
functions (Appendix A).

Condensed Phases

There is, due to the temperature and pressure range con-
sidered, the possibility that carbon will condense in the mixtures
of interest. This possibility can be considered by the HUG com-
puter program for a single condensed phase. The HUG program
assumes that the condensed phase has a constant molar volume
over the temperature and pressure ranges considered in the equi-
librium composition calculations, and it ignores the small effects
of pressure on the enthalpy and chemical potential of the condensed
phase. With these assumptions, the HUG program attempts to

i2



satisfy the equilibrium conditions assuming that the condensed phase
is present; when unable to do so, it is determined that the mole
number of the condensed phase is zero. For the conditions of interest
here there is the possibility that carbon may condense in either solid
or liquid form (or both). We have the requisite thermodynamic
functions only for solid carbon (graphite), and we can consider

only this species in the computer calculations of compositions.

For liquid carbon, the available literature data will permit us to
estimate whether the partial pressure of condensable carbon, which
is the partial pressure of the species C, {n =0—10), in our case,

is ever sufficiently large in the mixtures of interest to yield possible
condensation to liquid carbon. The triple point of carbon occurs

at 4225°K and 103 atm(14), and the critical point is estimated to be
at about 7000°K and 10, 000 atm, (15). Recent work has defined the
solid-liquid equilibrium line above the triple point(l4’ 16}, On the
basis of the low C/H mass ratio and the total gas pressures to be |
considered, we would expect that liquid carbon will not occur in

any of them. We give in the "Discussion of Results" section im-
mediately below our evaluation of this problem; any condensed
carbon that might be present in the mixtures considered is not

to be considered in the calculations of their optical constants.

Discussion of Results

. We give both tabular and graphical presentations of the results
of the computer calculations of the compositions of the carbon-hydro-
gen mixtures considered. The print-out of the HUG computer pro-
gram is given as Appendix C to this report, and a hand-plot of some
of this is given in Figure 1.

Probably the most significant result of the HUG composition
calculations is that no solid carbon (graphite) was found in any of the
mixtures considered. This is due to the low initial mole fraction
(about 4. x 104 to 4, X 10“3) of carbon in these mixtures, which
assures that the partial pressure of considerable species, C,

{n = 0-10), will always be much less than the partial pressure
necessary for condensaticn at that temperature, even though these
condensable species may contain nearly all the carbon nuclei
present, as at the higher temperatures considered. The condens-
able species never have a collective partial pressure that is greater
than about one atmosphere, and we conclude on the basis of the
available literature data (14, 15,16), that no liquid carbon can exist

13
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in the mixtures considered (the triple point of carbon being at 4225°K
and 103 atmosPheres(lé)-}. Thus we state rather confidently that no
condensed carbon, either graphite or liquid, exists in the carbon-
hydrogen mixtures considered.

We find from the computer calculations (Appendix C) that
the compositions of the mixtures are not greatly sensitive to the
total gas pressure for the pressures considered, and that for each
of the temperatures considered the mole fractions of most of the
carbon-containing species scales approximately with carbon-
hydrogen mass ratio, while the pure hydrogen species (e.g., H
and H,) have mole fractions at each temperature that are largely
independent of the C/H mass ratio and total gas pressure. This we
would expect for the low C/H mass ratios and pressure range considered.
The compositions change rather markedly with temperature, however
(Fig. 1). The mixtures considered are largely H, and CH, at the
lowest temperatures, and C, H, Hp, Ht, and free electrons at the
highest temperatures. At the intermediate temperaturés, the
species CH, CI—IZ, CH3, CZH’ and CZHZ also become important
constituents.. The mole fraction of free electrons in the mixtures
considered is never much greater than 10"3, on account of the
high ionization -energies of all important species and the relatively
high gas pressures considered, and is nearly independent of the
C/H mass ratio.

The composition data for the species C, H, H,, CH, CHT,
Cz, CHz, CH3, CZH’ Csz, C2H4, C3, C6H6 - benzene, e, c-,
and H™, are input to the OPSAB computer program, which calcu-
lates the optical constants of the mixtures. From the data of
Appendix C (and from Fig. 1), we see that we have.included all of
the major species in the calculations of the optical constants, and
also one species (CyHy - benzene) which has a very small mole
fraction foxr all of the mixtures considered.

Based on the resulis of our composition calculations, we
conclude that since all of the very complex species considered
have small mole fractions for all of the conditions considered,
that we probably make little error in having neglected some of
the other complex species that might have been considered in our
composition calculations. We believe that all species that might
have mole fractions of 10-6 or more under any of the conditions
considered have been included in our composition calculations.
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Also, we believe that we had correctly selected the species to be
considered in the calculations of the optical constants, excepting

for a very few species (e.g., CyH3) which were not so selected

due to lack of the necessary guantitative spectroscopic data, and
excepting C¢Hg, which proved to have a very small mole fraction

in all the mixtures considered, and could have been neglected in

the calculations of the optical constants. The species to be con-
sidered in the calculations of the optical constants were originally
selected in advance of the performance of the composition calcula-
tions, and it was not felt necessary to change this original selection
on the basis of the composition calculations. This will be discussed
further in the section on the calculations of the optical constants,
but we note here that we feel only that the results for the optical
constants show that certain species could have been safely neglected
in their calculation.

Uncertainties in the Composition Calculations

There are some errors inherent in the calculations of the species
composition, partly due to uncertainties in the ideal gas thermochemi~
cal functions and heats of formation of the more complex species.
Also, some of the more complex species can exist in several iso-
meric forms, which have somewhat different thermochemical
functions and heats of formation, and this has not been precisely
taken into account here (cf. above.) Uncertainties here can also
be caused by omission of important species from the calculations,
but in addition, for the conditions of interest, we may have pressure
dissociation effects, pregsure ionization effects, ionization potential
lowering by Coulomb interactions, non-ideal gas equation-oi-state
effects, and collective influences on the basic thermochemical
properties of the system.

We believe that uncertainties in the ideal gas thermochemical func-
tions and heats of formation give rise to little error in our composition
calculations, since these are probably reasonably accurate for the
lighter species {except possibly for C3(13), which always has a
small mole fraction, however); the more complex species have
small mole fractions for all of the conditions considered, and thus
any reasonable errors in their thermochemical functions or heats
of formation, including those due to "averaging' over isomers with
the same chemical formula, should have a rather small effect on
the computed mole fractions of the major components of the mixtures
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considered, and therefore a small effect on the computed optical
constants.

We have already shown why we are confident that no condensed
carbon, either graphite or liquid, exists in the mixtures considered.
We have also-commented above that we felt that all important species
had been considered in the composition calculations. Consideration
of the further sources of uncertainties in the composition calculations
that are mentioned above is more difficult, but we take up these
guestions here so far as we are able.

Pressure dissociation effects in molecular hydrogen gas
have been considered by Vardya(”) His approximate analysis
does. not apply perfectly to the carbon-hydrogen mixtures considered
here, but we can obtain from his work an estimate of the magnitude
of such effects for these cases. These we find to be small for the
temperatures and pressures considered here. For a mixture of H
and Hy at a total gas pressure of order 1000 atmospheres and gas
temperatures of order 6000° - 10, 000° K, pressure dissociation
alters the mole fraction (and therefore number density) of H, by
no more than about 5. %. For hydrogen gas, pressure dissociation
becomes greatly important only at much higher total gas pressures
than those considered here, according to the predictions of Vardya
We assume that this is also true for the carbon-hydrogen mixtures
considered here, although this effect could be gquite difierent in
these cases. Pressure ionization should not be of importance here,
since it can occur effectively only when the mean separation of
atoms and molecules is much less than that of the solid or liquid
material, or, equivalently, when the mass density of the gas is
greater than that of the solid or liquid material. The greatest mass
density of the gas mixtures considered here is approximately 0.01
gm-cm"3, which is less than the densities of either liguid or
solid hydrogen (0. 07 and 0. 076 gm-cm™3, respectively (18), or of
liquid or solid carbon (about 2 to 3 gm-cm'3, depending upon the
condensed form(-lg))_ We conclude that the density regime of -
pressure ionization is not approached in the mixtures we have con-
sidered, and that this phenomenon is safely neglected here.

(7),

The effect of Coulomb interactions among charged particles
in the carbon-hydrogen mixtures considered is to effectively decrease
the ionization potentials of all species present, thus increasing the
degrees of ionization of the mixtures. For the mixtures considered
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here, the Debye screening lengths, d, found irom

dzz___g___.. , (3)

4 ezNi
with k the Boltzman constant, e the electronic charge, T the tempera-
ture (°K), and Nj the ionic number density, are of the same oxrder of
magnitude as the mean atomic (molecular) separations, i.e., about
10-7 cm. This means that Coulomb-interaction effects should be of
such magnitude that they could alter, but probably only slightly, the
calculated gas mixture composition from the case where Coulomb
effects are ignored. We find this to be a slight effect here,
for comparing our composition results with those of Patch(19) for
pure hydrogen, which includes the effects of Coulomb interactions,
we find that our results for the concentrations of H+, ‘H™, H%, H;,
and e~ agree with his to within a few percent for all cases where
we have both considered the same temperatures and total gas pres-
sures. The small differences found may be due entirely to the
presence of carbon in our gas mixtures, rather than to Coulomb-
interaction effects, and we believe that Coulomb interactions affect
the compositions of the gas mixtures considered here at most very
slightly for this reason. A slight lowering of the ionization potentials
of the species generally can affect the degree of ionization markedly,
but the optical constants of the mixture should be affected only
slightly by a small reduction here.

Let us compare the approximate Coulomb interaction energy
density to the thermal translational energy density for the gas mix-
tures considered here. If Ny and Nj are the number densities of
free electrons and ions, respectively, then the mean separation of
charged particles in the gas, 2r, is approximately given by

4 3 1 ) (4)
3 TN +N, T
e 1

For the mixtures which we have considered, N, + Nj is never much
greater than 1018 cm-3(or about 0. 003 of the total particle density),
so that 2r is never less than about 10-® cm. The Coulomb inter-
action energy per charged particle, for singly-charged particles,
is then not greater than e2/2r = 0,1 ev, where e is the electronic
charge, while the mean translational energy of the individual parti-

cles is nearly 1 ev at 10, 000° K, where the quantity N, + Nj has its
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maximum values. The Coulomb energy density in the gas mixtures
considered here, weighted by the ionization levels found, is then
only about 0. 0003 of the translational energy density in the worst
cases, and need not be taken into account in the equation of state

of these gas mixtures. The effects of the Coulomb interactions

are to decrease the pressures and energy densities of the gas mix-
tures (since the Coulomb forces will be predominantly attractive

in a gas that is electrically neutral overall) compared to the values
for these properties predicted neglecting Coulomb interactions.

On the other hand, the lowering of ionization potentials will tend

to increase the gas pressure and energy density through the libera-
tion of additional free electrons. These eifects can, at times, )
counterbalance one another, and we infer, from the above arguments
and from the close agreement of our results with those of Patch(19)
for hydrogen based on the Deébye-Hiickel equation of state, that the
net effect of Coulomb interaction on our computed compositions is
quite small, We believe for the same reason that the related

effect of Stark-type shifting of energy levels will not effect our
composition results more than very slightly. This effect was
ignored by Patch(l9) in his calculations for hydrogen gas under
conditions of temperatures and pressures including those considered
here, and he noted that the available evidence indicates that these
shifts are small for these conditions. .

We have noted above that the maximum mass density of the
mixtures considered is about 0.01 gm-cm™3, or about 1/7 of the
mass density of liquid or solid hydrogen. This also implies that
the mean separations of atoms or molecules in the gas mixtures
considered are somewhat greater than those which can produce
condensation. This being the case, we presume that interactions
between neutral particles in the gas mixtures considered produce
errors in the thermodynamic functions used (which are for inde-
pendent, non-interacting, particles) in our composition calculations
are probably in error by no more than 10 - 15% or so due to neutral
particle interactions. Such errors are, in many cases, of the same
order as the errors due to uncertainties in the spectroscopic con-
stants and approximate models and formulae used to calculate the
thermodynamic functions used. We expect that neutral particle
interaction effects are not severe in the gas mixtures considered,
and for the same reason, we presume that the ideal gas equation
of state, which was presumed in our composition calculations,
may be used without virial corrections,
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We can consider, however, the approximate magnitude of
the virial corrections to the equation of state for the case of pure
molecular hydrogen under the conditions of greatest density en-
countered here. The virial equation of state may be written

2V

— =1+B (T)P+C (T)PZ+ D' (T) P 4 ..., (5)

where P is the gas pressure, V its volume, T its temperature, R
the universal gas constfant, and B {T), etc., are the first, etc.,
virial (pressure) coefficients. For T = 1600°K, we find for
molecular hydrogen(ZI) that B' (1600)= 1.2 x 1074 atm™" and
C'(1600) ¥ 3.2 x 10-9 atm™2. For P = 1000 atm, then we find
that PV/RT = 1.12, so that there is about 12. % deviation from

the ideal gas eguation of state. This agrees well with the discus-
sion of Patch(lg), and we assume that such effects have a small,
but not entirely insignificant, effect on our composition calculations.
Like Patch (19), we have ignored virial corrections to the equation
of state in our calculations, owing to the fact that it is impossible
to estimate the virial coefficients for all of the significant con-
stituent species of the mixfures that we have considered.

The virial effects on the thermodynamic functions are probably
quite small. The deviation of the dimensionless enthalpy function
from its ideal gas value may be expressed as (22)

H -H
T "0 _1 d B (T)
a RT BERYS [B(T) =T 4T ]
1 1 . 4dC(T)
+Vz [C(T)—zT G ]+ (6)

where all of the quantities have been previously defined, excepting
B(T) and C(T), which are the first and second (volume} virial co-
efficients. For Hp we find(21) for T = 1600° K that B(T) - T dB(T)/dT*
17.8 cm3-mole-! and G(T) - T dC(T)/dT = 270 cm®-mole™1. One

mole of gas at T = 1600°K and P = 1000 atm occupies a volume of

about 130 cm3, so that
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The ideal gas value for H, at T = 1600°K is(>>) (HO. - HY)/RT = 3.6
mole_l, so that the virial correction is approximately 4. %. This
correction is probably of the same order as the errors in the ideal
gas thermodynamic functions for H, due to the approximate models
used in their computation, and can be safely ignored. FErrors of
this magnitude should not significantly affect our composition caleun-
lations.

We must point out that the errors of 15% and less arising
from our use of the ideal gas equation of state can affect the
calculations of the optical constants by approximately these same
amounts, since there the ideal gas equation of state is used to calculate
species number densities from the mole fractions computed for
them, in the composition calculations. The errors arising
from the several sources mentioned above may tend to cancel one
another in some cases, but generally we can expect that maximum
errors probably about 10. - 20% can occur in the optical constants
from these sources. Such errors are not serious when compared
to errors from other sources in the calculations of the optical con-
stants, as will be discussed below in the detailed evaluation of the
inaccuracies in the optical constants.

Collective influences on the thermodynamic functions of the
mixtures considered should be relatively small, as the above argu-
. ments indicate. The thermodynamic functions used here, and in
nearly all composition calculations of the present type, are for
particles which do not interact with one another except through
the chemical forces which cause them to aggregate to form more
complex species, or through the electrostatic forces which cause
them to become jionized or de-ionized. Thermodynamic functions
which take into account all possible other interactions should not
yield composition results greatly different than those found here,
since the conditions of temperature and pressure considered are
not in the regime where collective effects are really important,

CALCULATIONS OF OPTICAL CONSTANTS
The Opacity and Spectral Absorption Computer Program
The Opacity and Spectral Absorption Computer Program

(OPSAB)(Z4) was written at Heliodyne Corporation by Arthur A.
Anderson and Roger P. Main in 1966. There has been a continual
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improvement of this program since that time. To date this program
has been used to compute spectral absorption coefficients and opaci-
ties of fluorocarbon-air mixtures'®/, of the thermal decomposition
products of phenolic carbon and phenolic silica in air and argon*~’,
and of selected molecules that have been of interest to us in our
experimental studies of the optical properties of high-temperature
gases and gas-condensed phase mixtures (e.g., BeO, MgO;and 5i0).

The OPSAB program gives local Planck mean spectral
absorption coefficients, spectral volume emission, and several
spectrally-integrated opacities for equilibrium gas mixtures com-
posed of free electrons, atoms, their ions, and molecules and
molecular ions, when the gas mixture species composition is known.
The program is heavily concerned with electronic transitions in
molecular species, and this fact serves to define the ranges of
temperature, gas pressure, and spectral frequency that may be
considered. No consideration is given in the program to radiative
absorption by condensed matter, for which a separate analysis is
required., The composition of the gas mixture to be considered by
this program must be known from separate calculations. The range
of total gas pressures of the mixtures that may be considered is
limnited at the lower end by the requirement of equilibrium and at
the upper end by pressure effects, collective radiative effects, and
formation of molecular complexes whose radiative properties are
not taken into account in this program. The OPSAB program is
limited roughly to pressures in the range 1077 - 104 atmospheres
and temperatures in the range 1000 - 15,000°K. The radiative
absorption mechanisms considered in the OPSAB program are:

a. Electronic transitions in diatomic, triatomic,
and polyatomic molecules.

b. Photodetachment from O-, C:, H:, and F- ions
(only C-and H- are of interest in the present work}.

c. Free~free transitions of electrons in the fields of
neutral and ionized species.

d. Radiative association of hydrogen atoms by the process
2 2 3
H(s)%s + His)%s b 3}::; +hy - H z';)
e. Photoionization of neutral O, N, C, and H-atoms
(only C and H atoms are of interest in the present

work)
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An essential feature of the program is its basic input data card deck
containing all the necessary spectroscopic constants, Franck-
Condon factors, and oscillator strengths for electronic transitions
in diatomic molecules, and characterization parameters for elec-
tronic transitions in polyatomic molecules. The present deck is
adequate for C-H-N-O-F gas mixtures for the conditions defined
above, and for other gas mixtures for limited sets of conditions.
For example, the program and data deck were found adequate for
calculation of spectral absorption coefficients of the missile re-
entry heat shield material phenolic silica mixed with air and argon
for temperatures of 3000 - 5000°K in the wavelength range 3000 -
6000 A, since for this C-H-N-0-Si gas mixture, and spectral range,
the Si-containing species are unimportant in absorption(5 .

This program has evolved from programs used by the gresent
author in earlier studies of opacities of carbon-air mixtures (1),
hydrocarbon-air mixtures (2,3), thermally decomposed missile

heat shield materia.ls(3)‘, and of Martian and Venusian atmospheric
entry radiative heat transfer (unpublished}. The present program

is not unlike those that have been used by others for calculations

of a more restricted nature (25,26, 27},

The OPSAB program computes locally-averaged (Planck
mean) spectral absorption coefficients for the processes named
above for input conditions of temperature, pressure, and gas
species composition (mole fractions). The lower and upper bound
spectral frequencies and the spectral averaging interval for the
calculations are specified in the input data, subject to the dimen-
sional requirement that the number of spectral averaging intervals
not exceed 36. Electronic transitions in diatomic molecules are
treated by the "just-overlapping rotational line! model (equivalent
to the '""smeared line'" model) of Patch, Shackleford, and Penner 2 ;
electronic transitions in triatomic and polyatomic molecules are
treated by a simpler model which includes a "smearing-out'' of the
vibrational structure of the transitions(2}). Photodetachment and photo-
ionization absorption is computed using published cross section data,
and the free-free absorption is computed using the Kramers classical
formula with unit Gaunt factor. An approximate method (Veffective
Z"="} is used to extend the free-free absorption calculations to
transitions in the fields of neutral species. The H 4 H radiative
association continuum absorption is computed using the model

proposed by Erkovitch(29), as corrected by later works (cf. discussion
to be given below).
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A number of spectrally-averaged opacities listed below are
given by the program, in addition to the local Planck mean absorption
coefficients. The program also computes spectral emission intensities
and the total emitted intensity of optically thin plane layers of gas; it

can also modify the computed spectral absorption coefficients and
emission intensities to take account of detailed balancing of radiative

processes in the "optically thick' limit. The program also computes
the opacities for several ""weighting temperatures'' that can be different
from the gas temperature. Only the Planck and Rosseland mean
absorption coefficients are required in the present work, however.

Listing of Spectrally-Averaged Opacities
Computed. by the OPSAB Program:

a. Planck mean opacity (cm-l):
w

g
uj: B! (DB (T)do

o)

Rpmrp) = 32
[ B, () dw
w

o

b. '"Mean-squared Planck mean opacity'':

“E ’ -
[ e o] B, (Tp)do

()
o)

“E
[ B ()0
wO

A,y =

c. Rosseland mean-free-path (cm):

'mE 1 an (TR)

; dw
( ) £° g (D) 3L
AR T’TR = w )
IE 3B m(tR) i
w  OR
[
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d. Reciprocal Rosseland mean-free-path (cmql) {or Rosseland mean opacity):

E 2B (T)
BTR dw
ER(T,TR) - 2o = 1
“E . 3B (T.) Ag (T, Tp)
j""“"].; © R dw
w “'m aTR
Qo

e. "Mean-squared Rosseland mean-free-path” (cm2)=

W,
Ef_1 % 38,

Pl .
J lof e —= G
2 i wolkw‘T’J T
AR (T’TR) \
s 3B (T.)
R
f Y dm
) B
[s]
f I’ (cmz):
}’E[ '% ]2 3B, (T,) dm
' (D 2
Il = (—UO ‘UJ aTR
FE azB (T)
b > dw
(o] aTR

Here ,u1 (T) is the linear spectral abs orpﬁion coefficient, (cm'l), including
the effects of induced emission, T is the gas temperature, Tpis the
"weighting temperature'' (equal to the gas temperature, plus as many

as five other selected input values), and

2 hc 2w3

exp (hcw/kTR) -1

B, (Tg) =

o . . -1
is the Planck spectral intensity function, with® the wave number (cm ),
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h the Planck constant {erg-sec), c the speed of light {cm-sec” 1), and
k the Boltzmann constant (erg-—QK'~ }. In the present work, TRwas
taken to be equal to the gas temperature only.

The basic input data to the OPSAB program for a par-
ticular case are the temperature (°K), the pressure {atm),
the spectral range and mixture composition to be considered
(the mole fractions of the pertinent species}, and the spectro-
scopic and intensity data for the molecular band systems to )
be considered. In the present work, the temperatures and pres-
sures are those defined above for the composition calculations, and
the spectral range is defined in terms of a dimensionless frequency,
u, given by v = hcw/5000k, with the calculations of the optical con-
stants above for the range limited by u = 2,00 to 19.50, with spectral
averaging intervals of width Au = 0.50, a total of 35 intervals. We
have added an extra interval u = 19.50 - 20. 00, to make use of the
maximum possible number of 36 averaging intervals, since this
improves the accuracy of our calculations for the band systems
of diatomic molecules at the highest frequencies. The correspon-,
dence of these intervals to wave number intervals {cm'l) is given
in Appendix D.

In each spectral averaging interval so defined, the OPSAB
program computes the local Planck mean absorption coefficients
{cm”™ 1) for the various molecular band systems and absorption
processes considered. These are incorporated into sub-total
absorption coefficients for the various types of processes, and
then these are further incorporated into total local Planck mean
absorption coefficients for the case considered; this is used to
compute the Planck and Rosseland mean opacities and the other
quantities defined above.

The OPSAB program computes the necessary species number
densities, N(X) (cm=-3), for the absorption processes from the input
mole fractions, C{X), from the relation

N(X) = G(X) (0.73397 x 10%%) (B/T), (7)

where P is the total gas pressure (atm.) and T is the gas tempera-
ture (°K). These number densities are used to compute the number
densities of the molecular species in the absorbing states of the
electronic transitions considered via the Boltzmann relation, using
the electronic partition functions of the molecules, given as input
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to the OPSAB program. The mole fractions used are those calcu-
lated by the HUG composition program described above.

Absorption Mechanisms Considered

The absorption mechanisms considered in the OPSAB com-
puter program calculations of the optical constants for the carbon-
hydrogen mixtures of the present work has been limited to those
incorporated into this computer program as of the commencement
of the present work (listed above.) (p. 22). No effort was made to
revise this computer program to include additional absorption
mechanisms that might have some importance for the conditions
considered; the only real significance of this is the exclusion of
the Hy pressure-induced infrared absorption, to be discussed below.

Within this limitation, we have a choice of the electronic

band systems of diatomic molecules and of triatomic and polyatomic
~molecules to be considered in the calculations with the OPSAB com-
puter program. This choice was made in advance of the completion
of the composition calculations, with the result that a few of the
band systems selected proved to be unimportant for the optical con-
stants. It is believed that all important band systems for which
adequate quantitative spectroscopic data exist have been included

in the present calculations; some molecular band systems, e.g.,
those of CyH, have been included with estimated quantitative spectro-
scopic data used in lieu of the non-existent laboratory data, on
account of their expected importance for the optical constants.
Many oscillator strengths of electronic transitions in molecules

have been estimated or chosen on the basis of questionable experi-
ments or theoretical calculations, but this is necessary in studies

of the present type. We give below listings of the molecular
electronic transitions considered in the present work. Table 2
lists the considered transitions in diatomic molecules; Table 3
lists those for triatomic and polyatomic molecules.

The transitions in diatomic molecules are considered in
the OPSAB computer program according to the ""just-overlapping
rotational line' model (28} that is widely used, with an analytic
integration scheme, developed by the present author, which
yields exactly the local Planck mean absorption coefficients, includ-
int the induced emission correction, for each spectral averaging
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interval specified in the input data. This process will not be described
here, since it is given in detail elsewhere 24), The necessary input
data for these calculations are the vibrational and rotational constants
of the electronic states involved in the transition, the mole fraction of
the molecule involved (all electronic states), the electronic partition
function of the molecule, the Franck-Condon factors of all the bands

to be considered, and the oscillator strength of the electronic transi-
tion. Table 2 gives the necessary input data, or the references from
which they were taken, for the 16 transitions in the diatomic molecules
Hp, CH, CH*, and C,, that have been considered in the present work.
The latest and/or most accurate data have been used in all cases;

this input data was specially prepared for the present work, or was
revised from earlier data used by the present author. For further
details of the calculations for diatomic molecules, the reader is
referred to Ref, 1, which gives a discussion of their application in
studies of the present type, and to Refs. 28 and 24, which give the
details of them.

Electronic transitions in triatomic and polyatomic molecules
are considered on a simplified model which incorporates an "averaging"
over their rotational and vibrational structure, assuming one-dimensional
simply-harmonic linear oscillations of the nuclei(2, 24), The spectral
absorption cross section evaluated at the &, the mid-points of the
spectral averaging intervals chosen, 0“(5', T) (cmz), including the
induced emission correction, for a molecular electronic transition
according to the model employed is given by

1/2

d@mm=n'/% 1] 1-expl-he w/KT) | (Bw)™

. exp [-(a- wo)z/mwT)z] , (8)

where rg is the classical electron radius {cm), £ is the oscillator
strength of the transition, w, is the wave number of the transition
absorption maximum (cm-=-1), and

172 (9)

Aw = Dw_ [tanh (BO/ZT)J
Here Aw, is the 1/e half-width of the spectral absorption cross
section function at temperature T = 0° K, AwT is this width at
temperature T(°K), and 8, = hc wli/k, with w{ the active frequency
(ecm~1) of the lower (absorbing) electronic state. The OPSAB
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program evaluates the function of Eq. (8) and multiplies these by

the number density of the absorbing state of the species, which is
found from the species mole fraction and the energies and statistical
weights of the electronic states of the species in the usual fashion.
The resulting ''spectrally averaged' absorption coefficients for the
averaging intervals chosen are not exactly the local Planck mean
values, but are negligibly different from them for averaging intervals
of width less than a few thousand wave numbers.

. This simplified approach permits simultaneous consideration
of a large number (up to 50) of electronic transitions in tviatomic
and polyatomic molecules for each case considered by the OFPSAB
program. This model represents a ""trade-off!' of accurate treat-
ment of the spectral absorption characteristics of the individual
transitions, which would be an extremely complicated task, for the
possibility of simultaneous treatment of a large number of such
transitions, a feat that would be practically impossible using a

more accurate model for the spectral absorption of the band systems,
but which is usually always necessary for complex gas mixtures,
such as those considered here.

The value of w, (Eq. (8))is frequently readily chosen as
the band system origin, a quantity found in the literature for
most transitions of interest. Where large changes in molecular
structure accompany the electronic transition, however, the value
of Wy may be significantly different from the origin wave number,
and in these cases w, must be estimated, preferably with the aid
of experimental studies of spectral absorption coefficients of the
transition at relatively high gas pressures. The value for Aw,
must generally be estimated, taking into account what experimental
absorption data is available plus the geometries of the electronic
states involved in the transitions. The value for wg is generally
chosen to be that of the (most) active vibrational mode, usually
known from experiment. The oscillator strengths, f, for electronic
transitions in triatomic and polyatomic molecules are generally not
well known, and many of these must be estimated or extracted from
rather imperfect or qualitative studies repcrted in the literature.

The state of our knowledge of the quantitative details of
electronic specira of triatomic and polyatomic molecules partly
justifies the rather simple treatment that is given them in the
OPSAB program. Many estimates of the necessary model parameters

29



TABLE 2. DIATOMIC MOLECULAR BAND SYSTEMS CONSIDERED
Extent of Frank-

Print-Out Absorption Condon factor
Acronym f-value used array used
1. H (3312,"Jr - x12+) H2LYMN 0.30 vi = 0-14
2 u 24 vt = 0-20
(Lyn_'ﬂ&.n)
2. H (B‘ -xty } H2BP-X 0.055 vtz 0-14
v =0-9
5. moclr - xish H2WERN 0.35 v = 0-14
2’ u g vi=0-14
(Werner)
4. ®. (D7 -x'TH H2 D-X 0.084 v = 0-14
2 u g v! =0-10
5. w (o7 -x'sY)  HzpP-x 0.030 vil = 0-20
2 “ & v'=0-10
6. CH (AZA - x%n ) CH A-X 0.005 v = 0-7
1 T V' - 0_6
7. CH (Bzz' _ x5 ) CH B-X - 0.002 vt = 0-7
T v'=0-6
2t 2 .
8. CH(C'E' - X1) CH C-X 0.003 v =0-7
* v =0-6
9. cu’ @alr-xzh CH + A-X 0.004 v = 0-10
Towv!'=0-19
10.° C (A3TI' - xn ) C2SWAN 0.027 v = 0-10
2 & h v =0-13
(Swan)
11. C (A'3>3' - X'3ﬂ‘ ) C2 B-R 0.0066 v o= 0-10
2 & " vi=0-16
(Ballik-Ramsay)
12. C (blﬂ' - X1$+) C2PLPS . 0.0165 v = 0-10
2 u g : v = 0-9
(Phillips)
3
13. C_ (BT - X ) C2 F-H 0.010 vi = 0-8
2 g u vi=0-8
(Fox-Herzberg)
14. ¢, @zt - xgh C2MLK 0.055 v =0-8
2 bt g v!'=0-8
(Mulliken)
15. G, (elzg - blrru) C2FYK 0.010 v =0-8
{Freymark) v'=0-5
16, C, (clm - blm ) C2 D-A 0.010 v''=0-8
2 g u MO

(Deslandres-d'Azambuja)

Note: The f-values used are based on experimental and theoretical studies
analyzed in Ref. 37 and a yet unpublished revision to that work.
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TABLE 3.
DESIGNATION
(b Bl ~3la )
{c Al-alA )
CH, (BZA’ A“)
(CZE”- ?A”)
CH, (:D2 - X A")
CZH (Az ]J“ 1T)
C,H (BA X m)
CZH (czﬂ’ X m
C,H (DZA” Xz "3
2}1(32 f& =)
2'H(GZTT A E)
C,H (DZA” - fizz +)
CZH (E°z" - A~12 l
2 5 (A A -X Eg)

(B(7)-X =

C,H, 1 o
CZE%(A Blu ?.Ag)
G H, (B(z) - X4 )

~ ~ 1
C,H, (C(?) - XA )

18
(€ Uﬂ L- %' )

Print-Qut
Acronym

CH2 1
CHZ 2
CH3 B
CH3 C
CH3 D
C2H A
CZ2H B
C2H C
C2H D
C2H 1
C2Z2H 2
C2H 3
C2H 4
C2H2 A
C2H2 B
C2H2 C
C2H4 A
C2H4 B

C2H4C

Absorption
f-value used

.001 (est.}
.01 {est.)
.01 (est.)
.1 (est.)
.1 {est.)
.01 {est.)
.01 (est.]
.1 (est.)

. 001 (est.)
. 0001 (est.)
.001 (est.)
.01 (est.)
.1 (est.)
.0001

. 005

. 005

.3

.04

o O o0 O o o o O O o o O o o o o o o o

.03

wo-value
gsed(cnfl)

7100
27000
46333
66536
66799
12000
55000
65000
65000
43000
53000
53000
63000
42198
59000
65814
61500
57336

66607

w,-value
used (cm”

3000
3000
3300
3300
3300
3300
3300
3300
3300
3000 .
3000
3000
3000
3300
3300
3300
1600
1600

1600

1)

TRIATOMIC AND POLYATOMIC MOLECULAR TRANSITIONS CONSIDERED

Fal w,-value
used(cnn‘l)

6000
4000
2000
2000
2000
2000
6000
4000
7000
4000
3000
4000
5000
2000
2000
1000
2500

120

120
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Table 3. Triatomic and Polyatomic Molecular Transitions Considered (cont'd)

Print-Out Absorption w,-value
DESIGNATION Acronym f-value used used (cm‘l)
(Kln - ~12;.;) C3 A 0.13 24676
]

CeHe @ Bou ™ % Alg) C6Hb6 A 0.002 38086
(benzene)

C H, (B (?) - Alg) C6Hb B 0.10 49100
(benzene)

C.H, (c E - }"ElAlg) C6Hb C 0.8 55000
(benzene‘)

we-value
used (cm

1200

995

995

995

_1)

A wy-value
used (cm™")

1000

3000

2500

2000

Note: The absorption f-values marked '"(est. )" have been estimated, since experimental
data are lacking. The remaining f-values have been taken from Ref. 37, and from

2 yet unpublished revision to that work,



(Eq. (8)) have been necessary in order to include these spectra in
our work, but this is necessary on account of their importance.
We give in Table 3 the values of the necessary parameters used in
the present work for the 23 transitions in the molecules CHp, CHj,
CZH, CoHy, CoHy, Cz, and C6H6,which have been considered.

The photodetachment absorption processes are considered in
the OFPSAB program using published cross section data (30, 31) for
C-, O-, H-, and FZ ions and the mole fractions of these ions.

These mole fractions may be input to the program, as in the present
work, or can be calculated by the program via the Saha equation
from the mole fractions of free electrons and of the neutral species.
The cross section data compiled into the OPSAB program are tabular
data, taken from the curves given in Refs. 30 and 31; the OPSAB
program interpolates in these tabular data to obtain the values of

the cross sections at the mid-points of the spectral averaging
intervals chosen. No excited states of the negative ions are con-
sidered in the calculation of their ground state number densities
from the species mole fractions, but the cross secfion data used
include transitions terminating in excited states of the neutral atoms.
The interpolation procedure used does not yield exactly the local
Planck mean absorption coefficients for the spectral averaging
intervals chosen, but there is little error from this fact in the
present work, which includes calculations only for the C- and H=
ions, of course, These calculations are described fully in Ref. 24,
and they include the induced emission correction.

The free-free absorption processes are considered in the
OPSAB program using Kramers' classical formula with unit Gaunt
factor(24), An effective charge factor, Zg'ff, specifies the inter-
action strengths for free-free transitions in the fields of singly-
ionized (either positively or negatively so) species, taken collec-
tively, or in the fields of neutral species, taken collectively. In
the former case we use Zg = 1, and in the latter case we use
Zgﬁ = 0.02, a reasonable average value founded upon the most
recent studies of the AVCO-Everett Research Laboratory group(?’z).
Kramers' formula is evaluated at the mid-points of the spectral
averaging intervals chosen, using the mole fractions for the
(collective) singly-ionic species and for the {collective} neutral
species, which are input to the OPSAB program. This yields the
values of the spectral absorption coefficients (cm‘l) for these two
processes at the interval mid-points, which should be negligibly
different from the local Planck mean values for the present work;
the calculated values include the induced emission correction.
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These calculations are fully described in Ref. 24, where the reader

is referred for further details. We remark here that many workers
neglect the neutral species free-free processes, whereas for con-

ditions approximating those considered here they are roughly of

the same importance as the singly-ionic species free-free processes,
which are nearly always considered by other workers for such conditions.

The radiative association process for hydrogen atoms defined
above (p.22) has been known for many years, and recent reviews of
work on this process have been given by the present author(2) and
by Doyle(33). It is not of great importance here, but has been in-
cluded for the sake of completeness. This process is considered
in the OPSAB program using the model formulated by Erkovitch(29},
but with effective collision diameters, d,, for this process indicated
by the later studies of Soshnikov (34) and of Solomon(35)., We have
not taken account in the OPSAB calculations the corrections to the
works of Erkovitch and of Solomon that have been developed by Zwaan
and by Doyle(?’?’], since these do not greatly alter the low degree of
importance of this process in the present work. The scheme of the *
OPSAB calculations is given in Refs. 2 and 24, but we note here that
we simply evaluate the Erkovitch formula (adding to it the induced -
emission correction) for the spectral absorption coefficient (cm'l)
due to this process, incorporating the corrected d -values and the
H-atom number density found from the H-atom mole fractions given
by the HUG program composition calculations, at the mid-points of
the spectral averaging intervals chosen. These differ little from
the local Planck mean values for the present application. The values
of d, used in the present work are given below for reference.

(36)

Values of Effective Collision Diameters Used to Calculate
Absorption Due to the Hydrogen Radiative Association Continuum

[e]
Temperature (* K) d, (A), based on Ref. 35
1600 2.72
2200 2.51
3000 2.33
4000 2.17
5000 2.05
6500 1.92
8000 1.82
10, 000 1.72
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Analogous radiative association processes should not be im-
portant for the other molecules present in the mixtures considered,
and, in fact, nothing is known of these if they exist(37). However,
photodissociation processes from the ground states of some of the
molecules present have been studied in the literature, and their
importance will be discussed below when the accuracy of the cal-
culations of the optical constants is assessed.

The calculations of photoionization absorption for neutral C-
and H-atoms are described in some detail in Appendix E. We note
here only that these calculations use photoionization cross sections
from the literature interpolated at the mid-points of the spectral
averaging-intervals chosen and the number densities of neutral C-
and H-atoms found from their mole fractions given by the HUG
composition program, and that these calculations alone do not in-
clude the induced emission correction to the computed spectral
absorption coefficients,' due to an oversight which occurred in the
preparation of the OPSAB program sub-routine which performs the
computations for these processes. This oversight was noticed only
after the present work had been completed, but gives negligible
error here.

The OPSAB program sums over these processes to find the
spectral absorption coefficient of the gas mixture. This result is
used to calculate the opacities and radiative emission parameters
described herein (pp. 24-25, and Appendix D). For further details
of the quantities computed, the reader is referred to Ref. 24. A
discussion of the effect of this choice of optical absorption processes
on the accuracy of our results for the optical constants is given in
the section following the discussion of the results.

Discussion of Results

The major results of the calculations of the optical constants
for the carbon-hydrogen mixtures considered are given in Appendix D
to this report; the complete results of these calculations, -which in-
clude the contributions to the local Planck mean absorption coefficients
of each of the molecular band systems and absorption processes con-
sidered, has not been given here due to their great length (c. 800 pages)

We give in Figs. 2a - 2f hand-plots of the Planck and Rosseland

mean opacities (defined on pp. 24 - 25 of this report) vs. gas tempera-
ture for the three pressures and C/H mass ratios considered. These .
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show the marked variation of these quantities with the gas tempera-
ture, and the quite large values {~ 5. cm-l) which they achieve at

the highest temperatures and pressures considered. These quantities
vary approximately in proportion to the gas pressure and C/H mass
ratio, except at the lower temperatures where the higher pressures
produce lower optical absorption than do the lower pressures, due

to the decline in number density of the strongly-absorbing free
radicals relative to the more stable species at the higher pressures.

In Fig. 3 we give a plot of the local Planck mean (spectral)
absorption coefficients vs. wavenumber and dimensionless frequency,
u, for a gas pressure of 500 atm., C/H mass ratio of 0.01, and gas
temperatures of 1600, 3000, 6500, and 10, 000°K. Our results are
similar for the remaining gas pressures and C/H mass ratios.

These results show the very large changes occurring in the local
Planck mean absorption coefficient with temperature for wavenumbers
less than about 40,000 cm=-1, and the less drastic, but quite significant,
such changes which take place for wave numbers greater than about
40,000 cm~!. The strong fluctuations which occur in the local Planck
mean absorption coefficient with wave-number for the lower tempera-
tures considered are due largely to the contributions of electronic
transitions in the molecules C,H, CH;, and C,H,. At the highest

gas temperatures considered, the major absorption mechanisms are
the free-iree processes for neutral species, H- photodetachment,

and the H, Lyman transition. The Hy Lyman transition is important
at the large wavenumber end of the spectral range considered for all

of the conditions considered, except for the lowest gas temperatures,
an important fact to note.

We must point out that our calculations have been done for
fixed values of the gas pressure, so that for each fixed pressure
there is a decline as 1/T in total particle number density in the gas
mixtures with increasing gas temperature, T. Thus, for T =10, 00;0°K
this particle density is only about 1/6 of that at T = 1600°K for the
same gas pressure. We readily see from Figs. 2a - 2f and from
Fig. 3, that the cross sections for the important absorbing processes
behave so as to more than counterbalance this effect. The large in-
creases in optical absorption with increasing gas temperature are
due, in a rough sense, to the increases with temperature of the cross
sections for the important absorbing processes, and to the appearance
of new important absorption processes with large cross sections,
e.g., the H™ photodetachment and free-free processes, at the higher
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gas temperatures,where free electron densities become large.

Note that large local Planck mean absorption coefficients
at all wave numbers are found only at the highest gas temperatures
considered (Fig. 3 , this holds true for the remaining gas pressures
and C/H mass ratios considered). This is of importance when the
energy source whose radiation is to be absorbed by the gas mixture
envisioned has a very broad, and nearly uniform, spectrum. Also
note (Fig. 3, and true for the remaining gas pressures and C/H
mass ratios considered) that it is nearly trde that at each wave
number the local Planck mean absorption coefficient increases
monotonically with the gas temperature; this is another significant
fact. The behavior of the local Planck mean absorption coefficient
with gas pressure and C/H mass ratio is approximately what one
would expect - it increases approximately in proportion to them,
except for the decline in the absorption due to the important free
radical species, e.g., CzH , with increasing gas pressure at the
lower gas temperatures considered.

The most significant results of our calculations of the optical
constants of the carbon-hydrogen mixtures are their rapid, approxi-
mately monotonic, increases with increasing gas temperature to
values that are quite large, and their unexpected decrease with
increasing gas pressures at the lower gas temperatures. The most
important absorption mechanisms are the molecular electronic tran-
sitions at the lower gas temperatures, and H- photodetachment, and
the free-free processes for neutral species at the higher gas tem-
peratures. The H, Lyman transition is important at the large wave
number end of the spectrum except for the lowest gas temperatures
considered; the importance of other molecular electronic transitions
depends somewhat more strongly on the gas temperature, but CH3,
CpH, and CpHy have transitions which are important, except at the
highest gas temperatures considered. The H, Lyman transition is,
on the other hand, the only molecular electronic transition that is
important at the highest gas temperatures considered; this is largely
due to the low C/H mass ratios considered. and to the large oscil-
lator strength of this transition.
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Uncertainties in the Calculatiohs of the Optical Constants

Uncertainties in the calculations of the optical constants are
partly due to the uncertainties in'the composition calculations, which
have already been discussed. We have already stated that we believe
that all molecules important for the composition calculations have
been included in them. It remains to be seen that all molecules
important for the calculations of the optical constants have been in-
cluded in the composition calculations. We believe that this is large-
ly true, however; a survey of Table 1 and Appendix C shows that all
possible electrically neutral molecules and molecular fragments con-
taining a sufficiently small total number of nuclei have been included
in the composition calculations. Molecules with more than about six
nuclei do not have significant mole fractions for the conditions
of interest here, and we infer from this, not without some possibility
of error, that such molecules are not impor‘tant for the calculations of
the optical constants.

We infer also that for the spectral ra.ﬁge considered positive
ions are generally not important for the calculations of the optical
constants. The molecule CH+, which was included in these calcula-
tions, was found to be of negllglble importance in them. Hﬁ was not
so considered, and probably is also not important for the optical con-
stants; however, it may possibly be so due tothe strength of its
spectrally-narrow transitions (Ref. 37 and an unpubhshed revision
of this work). Little is known of the spectrum of CZ but it appears
to be of little importance here. The molecule CI—I has been included
in our composition calculations, but nothing is known of its optical
spectrum. Generally speaking, in view of the low degree of ionization
of the mixtures considered (Appendix D), we infer that electronic tran-
sitions in molecular positive ions are not of notable importance for the
present work; a possible exception here is H‘;, which we have ignored
in our calculations of the optical constants.

Molecular negative ions seem to have, generally spéaking,

no stable excited states. For this reason, and from the low degree

of ionization of the mixtures considered, we infer that non-detaching,
non-dissociating, electronic transitions in molecular negative ions

are unimportant in the present work. ~Photodetachment from mole-
cular negative ions (probably resulting in dissociation of the molecule),
may be of some importance, however. We have considered photode-
tachment only from CI and H- ions, and we have calculated the mole
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fractions for Cé only. I—Ié appears to be unstable under all conditions,
but it could be involved in important radiative processes as an inter-
mediary. Molecular negative ions have been conjectured to be of
importance in radiation transport in the atmospheres of cool stars(44),
and such may also be true here. So little is known of the photodetach-
ment cross sections of molecular negative ions that we are unable to
infer whethexr this may be true. Much further experimentation with
these species is necessary before these processes can be accurately
included in calculations of the present type. We estimate that they
can be of somewhat greater importance than photodetachment from
atomic negative ions for some conditions, and this means that they
could possibly be a major factor in determining the optical constants
of the mixtures considered here.

Photoionization processes of molecules have not been considered
here, and these are probably not of great importance. We have surveyed
the known first ionization potentials of all species listed in Table 1, and
find none which would give ground state photoionization for photons with
energy in the spectral range we have considered. It is possible that
photoionization from vibrationally - and/or electronically excited
molecules is of some importance, however. Practically nothing is
known of these processes, but it appears possible from study of our
results for the photoionization from excited states of the C- and H-
atoms that such processes may be of significance in determining the
optical constants of the mixtures we have considered. Due to the
relatively large cross sections of some photoionization processes
(as large as 10-16 cm? near threshold), this seemis possible.

Photodissociation processes of molecules may also be of some
significance. Theoretical and experimental photodissociation cross
sections for HZ’ Hg, CH, CH+, and Cz have been IjeportAed in the
literature (Ref. 37 and a yet unpublished revision of it). Photodis-
sociation thresholds fall at about 40, 000 cxn"jL for these molecules
(and for most other molecules, as well), and the continuous absorption
resulting from them and extending to larger wavenumbers can be im-
portant in the sense that the sum total of these processes for all mole-
cules existing in the mixtures we have considered may be of approxi-~
mately the same strength as, or stronger than,some of the important
non-dissociating molecular electronic transitions. Strong photodis-
sociation transitions have not been observed for the molecules that
we have included in our compositid_n calculations, but they may
nevertheless exist. The very strong photodissociation continuum of
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the O, molecule shows how significant such processes may be.

A significant omission from the present work is the pressure-
induced infrared (vibration-rotation) absorption of H,. Linsky (J. L.
Linsky, "On the Pressure-Induced Opacity of Molecular Hydrogen in
Late-Type Stars', to be published) has given algorithms for calcula-
tion of the spectral absorption coefficients due to this process, and
we find from his work that for temperatures up to about 3000° K that
at the small wavenumber end of the spectral range we have considered
this process has spectral absorption coefficients much larger than
those for the combined processes we have considered. For a gas
temperature of 1600°K, we find that the spectral absorption coefficient
due to the H, pressure-induced transitions is about 10~ p2 (cm'l)
at a wavenumber of 7000 cm~*, with P the gas pressure in atmospheres.
This gives absorption coefficients that are several orders of magnitude
larger than those we have computed for the same wavenumber region
(Appendix D). We may question Linsky's treatment of this problem
and his extrapolation of experimental data to more extreme conditions;
his alogrithms are surely only approximate, but nevertheless it seems
clear that at the lower temperatures considered here, this process is
more important than the total of those that we have included. We may
reasonably require that at the lower temperatures, where the H,
pressure-induced absorption is important, that the optical constants
we have computed be taken to be not less than those calculated for
pure hydrogen with this process taken into account for the same con-
ditions {e. g., the work of Olfe{45) and the work of Patch which is now

in progress). The present results should not be applied without taking
this into consideration.

We may question our choice of molecular electronic transitions
considered in the calculations of the optical constants, the oscillator
strengths we have chosen for them (Tables 2 and 3), and the model we
have used to represent their spectral absorption coefficients. We
have included here all of the known transitions we believed to be of
importance, and little better can be done here. We have also included
here some transitions in the species CZH.Which are only conjectured
to exist and have never been observed experimentally,although efforts
have been made to do so. The errors made in assuming the spectrum
of C,H as given in Table 3 can be quite significant, since this spectrum
makes CpH a large contributor to the optical constants, particularly at
the lower temperatures where the assumed transition at 12, 000 em™ L
has strong effects. In actuality, the spectrum of C_H could be quite
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different than we have it. We thus can say that this may lead to sig-
nificant errors in our calculations of the optical constants, but we
cannot quantitatively assess these errors.’

Some of our oscillator strengths have been estimated (Tables
2 and 3); although those for the diatomic molecules appear reasonably
certain for most transitions, the same cannot be sald for the triatomic
and polyatomic molecules. For example, CHgy is an important contrib-
utor to the optical.constants for a fairly wide range within the conditions
considered, and oscillator strengths for its transitions had to be esti-
mated by the present author. Here again it is difficult to quantitatively
assess the errors arising from our estimations, since the true values
may be either larger or smaller than we have estimated. We note,
however, that our estimates may be alternately too large and too
small, so that errors in them may tend to cancel out. Where one or
viery few molecules only are strong contributors to the absorption,
as here, this effect may not occur, so that errors in the estimated
oscillator strengths may have great significance (an order of magni-
tude and more) for the optical constants.

The models we have used to represent absorption by molecular
electronic transitions have been chosen largely because their simplicity
makes them suitable for calculations of the present type where many
such transitions must be considered. To be sure, these models are
inaccurate, and in cases where only oneor a few molecules are very
strong contributors to the computed optical constants these models
must be examined critically. Since there is no real quantitative data
on the high temperature absorption of the molecules considered here,
it is nearly impossible to say with certainty how good or poor these
models are. More accurate line-by-line calculations of molecular
absorption, which use assumed line shapes, show that these models
may truly represent high temperature molecular absorption to within
a factor of 2 or 3 . We are at a loss to say more than this, but
we note that in optically thick gases even the line-by-line calculations
are subject to errors due to the assumption of line shapes and to
simplifications generally necessary in such involved studies.

We note briefly here that we have neglected collective absorp-
tion effects and atomic line absorption. Neither of these types of
processes should be of importance here. We have noted in our dis-
cussion of the errors in the composition calculations that our assump-
tion of the ideal gas equation of state throughout this work can lead to
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errors in the calculations of the optical constants of as much as about
20. per cent in the most severe cases. Also, any error in the com-
position calculations will be carried into the calculations of the optical
constants. In optically thin gases the errors in the calculated optical
constants will be proportional to the errors in the computed composi-
tions, but in optically thick gases this dependency is reduced to an approxi-
mate proportionality to the square root of the errors in the composition
calculations. These errors are probably not serious here in view

of the possibly still more serious errors in the computed optical
constants from other sources. We note finally that we have no com-
parison with other theoretical or experimental work on the carbon-
hydrogen mixtures we have considered. This places us at a disad-
vantage in assessing the accuracy of our work.

To summarize our semi-quantitative error assessments, we
can state as follows: For gas temperatures of less than about 3000°K
our results for the optical constants are almost certainly seriously in
error (as much as several orders of magnitude) due to our omission
of the Hy pressure-induced infrared absorption. At the highest gas
temperatures considered (8000°K and 10, 000°K), our results are
probably correct to within a factor of 2 or 3, since here the better-
known continuous absorption processes provide much of the absorption.
For intermediate gas temperatures, our errors probably should be
somewhere in between these two limits. Since at these temperatures
our most significant errors may be those of omission, our results
may be lower limits to the true optical constants. We cannot say this
with certainty, however, since estimated molecular absorption could
also cause our results to be overly large. It is safe to say that a better
error assessment than this should only be based on a detailed compari-
son of our results with good quantitative experimental data for the same
mixtures or for species contained in thern at gas temperatures and pres-
sures in the ranges we have considered. The accuracy of the present
work must be taken into account in any engineering and design calcula-
tions which make use of it; the present results, as presented in Appen-
dix D to this report, must be accepted as true only with the qualifications
mentioned in this paragraph.
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CONCLUSIONS

In this work we have presented calculations of the species
compositions and optical constants of carbon-hydrogen gas mixtures
for a wide range of conditions of gas temperature and for three dif-
ferent gas pressures and C/H mass ratios. We have found that for
temperatures of about 6500°K and above the spectral absorption co-
efficients and Planck-and Rosseland mean opacities become quite
large, attaining values of several reciprocal centimeters. For tem-
peratures less than about 6500° K,the mentioned optical constants of
the gas mixtures considered are small and tend to decrease toward
lower gas temperatures, even when the neglected H, pressure-induced
absorption, which is important for gas temperatures of about 3000°K
and less, is given consideration. For the highest gas temperatures
our results are surely most accurate, probably sufficiently accurate
for most engineering studies, and it seems that this regime will probably
be the most interesting for engineering study. It is clear that much
further work will be necessary to imprové the accuracy of our results
at the lower and intermediate temperatures. Much more experimental
study in this area is desirable. From this study it is seen that certain
mentioned simplifications could be made in further work of this type,
but, on the other hand, the many mentioned improvements should be
made in any further such work. We have noted the expected accuracy
of the results reported here and have given cautions regarding use of
these results in enginéering radiative heat transfer studies. With
these cautions taken into account, the present results should furnish
the basis for reasonably informative and reliable radiative heat trans-
fer studies, since the major uncertainties affecting the present work
occur only in the low temperature regime.
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APPENDIX A
THERMODYNAMIC FUNCTIONS OF THE CI—I+ ION

No thermodynamic functions for the CH+ ion were found
after a search of the literature; since it was expected that this
species could be important for the calculations of optical constants
at the higher temperatures considered here, these were hand-cal-
culated by the present author, as described below.

The basic molecular data were taken from Ref, 41, p. 519,
and from Ref. 42 . The data actually used in these approximate hand
calculations were:

Mass: M = 13.01 a.u.

+ .
Ground state: X1$ {goz 1; €4 = 0.)

Symmetry number: o =1

Spectroscopic constants: w, = 2780 crn:l
wx =T7T3. cm-l
e e
B =13.3cm
© -1
& =0.49 cm
e
. 1 -1
Excited States : AT (gl = 2; € = 24,000 cm )
3 -1
a TT(gz—é,ez-SOOOcm )

The expressions used for the approximate thermodynamic functions

were (Ref. 43, p. 24)

3
-1.43879¢./T
e i

5
+2.859349 | i=0 €%
i -1.43879€i/T



= 6.863753 log M+ 11.439588 log, (T

- 8.006779 - 4.575835 1oglO (B/T)

- 4.575835 log, (l-e ™)

2

+ 4.575835 log '[Z
10}.
i=0
where, T is the temperature (°K), u = (1.43879/7T) (we—ZL%Xe),
B = Be - 1/2 &, and the remaining quantities are given above.
In this way, we obtain the following results:

-1.438795./'1}
e T

CH+ Thermodynamic Functions

o o o o
HT- I--IO ( cal ) _(FT ) HO )( cal )

T(°K) T °K-mole T °K-mole
1000 7.126 41.93

2000 7.831 48.00

3000 8.812 51.28

4000 9.592 53.95

5000 10.012 56.14

6000 10. 200 57.98

7000 10,288 59.51

8000 10. 262 60.94

9000 10. 235 62.12
10,000 10.195 63.23

The value for AI—If (T = 0°K) of CHT was found using the JANAF
value of this guantity for CI—I(43), 141. 183 kcal/mole, and an
ionization potential for CH of 10. 64 ev (245.37 kcal/mole)(42),
so that we find AH¢(T=0°K) for CH" to be (141.183 + 245.37)
keal/mole = 386. 55 kcal/mole (to five figures), These values
have been used in the composition calculations of the present
work.



APPENDIX B

LISTING OF FIT COEFFICIENTS USED FOR THE
THERMODYNAMIC FUNCTIONS OF THE SPECIES
INCLUDED IN THE COMPOSITION CALCULATIONS.

~ On the next pages are given a listing of the fit coefficients
used for the thermodynamic functions of the 65 species included in
the HUG computer program calculations of the compositions of the
carbon-hydrogen mixtures consideréd. The sources of the neces-
sary data and the temperature ranges for which the fit coefficients
were optimized are given in Table 1 of the present report.

The fit coefficients are given for each species.in the order
(from left to right): E, -D, C, B, A, K, and H0O, where the fits
to the dimehsionless enthalpy, (H% - H9)/RT, and the dimensionless
free energy, (F%-— Hg)/RT, as functions of the temperature, T(°K),
are defined by:

O o]
Hp - Hy 2 3 4
=T =A+BT+CT + DT +ET (B-1)
Fo - Ho 2 3
BT ° A(l - InT) - BT - 1/2CT" - 1/3DT
1/4BTT - K (B-2)

The units in this listing are

A: dimensionless

B
C
D: °K
E

K: dimensionless

HOO0 is the value for the heat of formation,. A-I-If, at 0° K,of the

enariea. in nnits of aa'l.-mole"l



HIGH TEMPERATURE THERMUDYNAMIC FUNCTION FITS IN THE

c

H
H2._
CH
CH2
CH3
CH4
c2
C2H
c2H2
C2H3
C2H4
C2H6
3
C3H
C3H2
C3H3
C3H4
C3HS
C3H6
C3H8
Ca
C4H
C4H2
C4H3
C4H4
C4H5
C4H6
C4H8
C4H10
cs
C5H
C5H2
C5H3

—4,38T743N0E~-16
—1.,30299NNE-16
—4,42944NNE~-16
—2.,544390NE-15
~4,54836NTE~15
—6+4344700E-15

3.601550NE~16

4 .630389%E~14
-4,N863700E-15
~6.46399NNE-15
—5.42665N0E-15
-1.48996N0E-14
=1.22785N0E-15
=4.,525n200E=-15
-6.5298100E~15
~3.4964299E-15
~1.0992940NE~14
=1,3676270E-14
=1.7133300F-14
~2.2493N00E-14
-1.8645800E~-15
—5.2750509%E~15
~8.1617707E-15
~1,.,N33A7200E~14
-1,3182300E-14
~147548900E-14
~1.9568600F-14
—2:439N60NE-14
=2.7262100E~-14
~2.51282"NE~-15
—B.R831298E~15
-1.1289200E-14
—1+263640NE-14

~5.954707"E-12
T.9676300DE~12
3.3946200E~12
1.N031910NE-11
5.2843000E~11
9.2362800E~-11
1.3342600E-10
—6.45709MNE~12
-8,3147498E~-10
8.3138B299E-11
1.297340N0E-10
1.3849400E-10
2,9680199E-10
2,580230CE-11
9.2923200E~-11
1.310470QCE~1N
1.68066N0E-10
2.167100NE=-10
2.06989899E-1N0
3.3863500E~10
444520299E-10
442308300E-11
1.10934C0E-10
1.5976570E-1N
2.0340800E-1N
2.5884899E-10
3.41072%0E-1D
3.848160CE-15
4,8084899E-10
5.2038299E~1N
5.7642400E-11
1.81N9500E-10
2.20574N0E~-17
2.4611599E-10

4.76350G99E~-78
-5.3260800E~N8
~4.,0047799E-08

. —9. 75986 99E-038

—4,4168299E-07
~T7.4856199E-N7
-1.09861N0QE-06

3.1211300E-CR

5.4263799E~06
=6.T724699E-07
=1.03791NMNE-D6
—1.1951600E-06
—2.3480300E-006
~2.1306200E-07
=7.5517795F-07
—-1.0515500E-06
=1.318460CE-006
~1.,7049300E-06
=2,10Q953CNE~-N6
—2.65122008-06
=3.491590Q0E-06
~3.9270199E-07
—=G.N364198E-07
~1.23542008-06
—1.5837900FE-06
=2.00393700E-06
-2.,60809N0E-06
=2.99177TNOE-N6
~3, 750950 0E-NG6
—3.872600E-NG
-5,.,2815099E-07
-1.4333700E-06
=1« 7N151NOE-DG
-1.88810°DE~M6



ORDER E, Dy

‘1.3193800E-04
1.5558000E-04
3.4892299E-04
5.1871999E-24
1.912140NE-03
3.,1030203E-03
4.6558599E-03
8.3541199E-05

"1+4924500E~72
2,921660ME-03
4,2485600E-03
5.2708799E-03
.4449099E-03
8.5TTTT99E~04
3.10015MNE=-23
4.3481099E-03
5.2533899E-03
6.8148000E-03
8.3533499E~03
1.0515303€E-92
1.3876000E-02
1.8183200E~-03
3.7016990E-03
4.8240699%E-03
6+ 2411200E-03
7.8813699E~-073
9.9955598E-123
1.1748200E~02
L.4793640)E-02
1.42C6700E-02
2.4409400E-03
5.,59N3599E-03
6.623N399E-03
T+2744399E-03

Cs

2.6419000F

" 2.3326600E

3.13114N0E
3.14494720E
2,9051800E
2.99401N0E
2:151130nNE
4.1825100CE

2. ENOT200E

3:9140900E
3.4814100E
3.4558200E
1:4308000E
4.9325700E
3.9647100E
4:5017TNNE
4,658N000F
4424 TBC99E
4.1634900E
2:5304300E
1,2914300€
6.1271000E
5,8736899E
5.3752000E
5. 7493300E
5.3920500¢
4,T100300E
3.2581700E
2,64 T3400E
4 ,2854600E
7.6483999E
5.4649900E
646548400E
7.0991099E

Bs

0o
00
G0
nn
0o
0o
oo
on
o1
on
00
0n
00
an
0o
oo
co
Gn
00
an
oG
co
o

00

0o
an
¢0
09
o0
a0
09
nn
~o
on

Ay Ky HOO
3.9943700E NN
4,2258500E-0G1

—Z+33461800E 20
3.7NF9300E N0

4,N528000E N0 .

4, 2074800E 20
7.0935799E 00
2.9471600E-N]

-8.6712599E 01

+5479599E-01
5.2015499E 00
3.5412400E 00
1.4508700E 01

-1.5719400E-91
3,7058900E 00
6.8M46899E-71
9.6578900E-01
1,959770CE 00
8.0318899E
1.2032600E
1.8339700E

-6.3440000E

-3,46659N0E

-8.1913199€

-2.9157200€

—1.1442000E
1,4296400E
8.6537499E
1.2909800E
5,6354899E

~1.4373000E

—2.2387T00E

~7.8060900E

~8.298N800E

01
01
20
20
no
00
00
0o
00
N1
0o
01
0
0o
00

00"

1.6957600E
5.1631000E
0.
1.41183900F
9.5180000E
3.2805000E
-1.5991100EF
1.9700090E
1.1330000E
5.43250N0F
6+6900000E
1.4580000€E
~1.6517000E
1.8810400E
1.2710200E
1.06T0000E
7.7300000E
4,6860N00E
3.4900000E
B.456T79999E
—1.9482900E
2.4050000E
1.5400000E
1.1130000E
1.0250010F
7.5300000E
6+ T45N0D0E
3.8150000E
2.91000N0E
-2.448090CE
2.4029800E
1.854000N0E
1.650N000E
1.356000NE

05
04

05
Q4
04
04
05
05
4
04
04
04
5
es
05
N4
4
ca
03
04
5
5
5
05
04
C4
04
03
04
05
05

05
rs



—1.38718N0E-14
~2+327527"E~14
-9.2566698E-17
=1.7298200E-14

—1.1718400E-14
~1.439T7T300NE~14-

~1.71814N0E-14
—2.5155MN0E-14
5.1N34599E-17
=1.2953100E-14
=1.490N5NDE~-14
1.98N5500E~-16
=1.5203400F-14
=-1.65751C0E-14
3.28327N0E-16

—1.77222300E-14
~1.89586N0F~-14
4.,6TT6399E-16.

—1.8614100E-14
~1.9908100E-14

1.5369170E-18
—1.1395"00E~13

—8.9643598E-16

~4.4542099F~16
~4.38T4300E-16
1.2460200E-15

T —1.8897670E-15
. =5.4587799E-16

=2 .3232200E-15

~5.1846899E-56.

~-G9.4376500E-16

2aT1492FNE-]N
4 49919T00E-10
3.6T73297CE-11
2.N212600E-10
2+27818C0E~10
2. 7972400CE-10
3.34M1999E~1N
4.B8940899E-10
4.2223899E-11
2+521520CE-10
2.91565899E-1N
4.8371699E-11
2.951B600E-10
3.,1942999E-10
5.4T37099E~-11
3.2953599E-1N
3.692940NE-11
6.N982899E-11
3.6702999E-11N
3.830037°0E-10

~4.25296C0E-14

2047158400E~009
1.62792L0E-11
B.N654500E~12
T.9606300E-12

-243523900E-11

4,0512099E~-11
1.9852900E-11
5.2968400E-11
1.5298400E~11
2.128120CE-11

-2.7979100E-NG
-3.4565800F-Np
-5,318NNNOE=-0T
~1e54577N0E-N6
-1, 7440400E-06
—2.13B70CNE-06
~2.5561N00FE-06
~3.T7484500E-06
—6+3904499E~07T
-1.9112100E-06
~2.2542100E-06
-7.4608599E-07
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-2.41417NNE=-NB
-8.5414299E-07
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-2.8340420E-06
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-2,88677T0NE-NG
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-5.3260800E-N8

1.156240CE-07
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~2.7288000E-07
—4.9299799E-07
~1.0873000E-07
-1.8691600F-07
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APPENDIX
EQUILIBRIUM COMPOSITIONS OF THE

The following pages give the equilibrium compositions,
carbon/hydrogen mass ratios of 0.005, 0.01, and 0.05, gas
of 1600, 2200, 3000, 4000, 5000, 6500, 8000, and 10, 000°K.
atures are as printed. In none of.these cases was condensed
indicates this fact for each set of conditions considered).

Note that the results are spread across facing pages.
in the calculations, and a vertical listing of these would have to

below each printed value of "TEMPERATURE'" (°K) and "PRES-
considered; these are arranged in seven vertical columns accord-

C H H, CH
c, C,H C,H, C,H,
C,H C,H, C,H, C,H,
c, C,H C,H, C,H,
C,Hy C,H,, c, C.H
C H, Cy C,H C,H,
C, C,H CH, Cq
CoH CoHy ©10 C1o™
C H H 1—1;r
’

Thus, - the species whose mole fraction is printed in the fourth
of 5000°K and less for each pressure and C/H mass ratio

10-6. It was not possible with the computer program used to
and the ionized species for these cases; thus, for temperatures
species are printed. Mole fractions for only 54 species are
point rotation; the often repeated value 1,8048514 x 10-35



CARBON-HYDROGEN MIXTURES

in terms of mole fractions, for carbon-hydrogen mixtures with
pressures of 100, 500, and 1000 atmospheres, and gas temperatures
The carbon-hydrogen mass ratios, gas pressures, and gas temper-
carbon (graphite) calculated to be present ("MOLES OF SOLID = 0. "
The arrangement of the 72 cases will be obvious upon inspection.

This is-owing to the fact that 64 gas-phase species were included
have been continued over three pages. The mole fractions printed
SURE'" (atm. ) are the mole fractions of the 64 gas-phase species
ing to the following plan:

CH, CH, CH,
C,H, C,H, C,
C,H, C,H, C Hg
C,H, C, H, C,H,
C.H, C.H, C.H,
C H, C.H, C,H,
C H CoH, Cq
C,oH, e ct
Hg cH' CH;

colummn, sixth row, in all cases is C(,Hz’ etc. For temperatures
considered, the mole fraction of free electrons, ¢~, was less than
perform the iterations necessary to find the mole fractions for e~
of 5000°K and less, no mole fractions for e~ and the ionized
shown in these cases. All mole fractions are in floating -

is actually the machine zero, and not a true value.



C/H Mass Ratio = 0.005

TEMPERATURE =1020n,0000 PRESSURE = 1C2.791700 MGLES g? GAS =

TEMPERATURE =

TEMPERATURE =

4.1754513E~"4
6.2742076E-09
6.9950337E~-16
3,2156304E~20
1.8048514E-35
1.8048514E-35
1.8048514E-35
1.8048514E~35
4.0454981E~08
1.3773892E~11

4,1992717E~04
4 .0867952E-08
2.4676229E-13
1.0826737E-17
1.1957821E-34
1.8048514F-35
3.1568244E-32
1.8048514E-35
1.0948537E-98
4 .9793888E~11

4.3258638E-C4
3.6745239E-17
14540340 0E-10
8.3918031E-15
6.0433578E-28
1.7657625E-28
1.8777149E-26
2.5821616E-33
2.223N1937E-19
1.8033646E-1N

gnng.nnan

65nC . NO0CNH

F.3253666E-01
4.7966571E-08
4.3838267E~13
1.91247C3E-2¢
1.8048514E-35

3.6872523E-31

1. 8048514E-35
1.3C48514E-35
3.503776%5E~-"3

. PRESSURE
3.6371841E-21
2.2672877ME-28
3.7451628E~15
3.8389561E-17
1.8048514E~-35.
2.7218852E-27
1.3956286E-31.
1.8048514E-35
3.6369308E-24

PRESSURE
8.6179382E-71
1.2512658E~76
5.359N252E-12
1.8472333E-13
1.8748514E-35
1.4022028E-22
3.4563020E-25
1.8748514E-35

 2.5190454E-15

9.9710597°E-"3
9,1432127E-13
5.6138095E~-21
1.2897257¢=23
B.6661153E~26
4.2CT70967E-31
1.8048514E-35
1.8048514E~-35
6.2902754E-05

160.00009
3.50868306-12

l.4916021E-10.

1.8691636E~17

1.1750739FE-19 -

2:4984932€E-22
4.6424122E-26
9.8813783E-35
1.8C48514E—35
1.4057832E-75

1€2.00000
1.38346936E-C1
3485C4841E-78

97931343E-14 .

2.13544n4E-15

2.2650327E-18 -
1.4307423€~2" -

5.8rD660TE-28
1.8048514E~35
2.1168267E-"5

3.8292468E-16
5.299859ME~16
3.9568771E~24
2.1501286E-26
1.153561356-27
1.9964143E-34
1.8048514E~35
1.8048514E-35

6.4391672E-05

MGLES OF GAS =

1.1761837E-25
2.0366808E-13
4,1068167E-2N
5.0606529E-22
1.5728709E-23
8.2222545c-29
1.8248514E-35
1.8M483514E-35
1.4231C09E-935

MGLES OF GAS =

3.9821722E-25
1.0353886E-10
6.4395133E~16
2.2124662E-17
5.584)760E-19
9.3575311E-23
1.61646379E-31
1.8043514E-35
2.3371221E-96



0.99358

0.96642

-D.87843

C/E Mass Ratio = 0.005

5.8965731E-C9
6.5112609E~19
1.7108158E-24
4.6281511E-29
3.0394302E-29
1.8C48514E-35
1.8048514E-35
1.8048514E~35
1.1020214E~-Co

7.1043596E~03
T.6704803E-16
4.4899856E-20
3.3834975E-24
1.2738000CE-24
5.,4427524E~31
1.8048514E-35
1.8048514E-35
1.4128566E-0C6

9.4291247E-07
1.5475858E-12
1.5880416E-15
4.2082860E~19
1.11599606-19
1.5032733E-24
1.4C95343E-29
1.8048514E~35
1.7610988E-G6

MOLES OF SOLIG = @,

9.8964102E-11
4.9595934E-25
9.4048563E-39
1.9501582E-32

8.5561820E-32

1.8048514E-35
1.8048514E-35
3.5CT4784E~03
2.2169992E-07

MOLES OF SOLID = 0.

5.8279760E-09
5.842C969E-21
8.1528532E-25
3.9545151E-27
1.3298901E-26
7.5997919E~34
1.8048514E-35
3.6738842E-04
1.4651621E~-07

MOLES OF SOLID = 0.

3.9104940E-07
7.2813078E-17
8.5062067E-29
1.0558971E-21
4.256T7366E~-21
546651729627
1.7189984E~31
2.86959156-25
9.2922970E-08

5.1104313E~14
5.,7068874E~14
1.8048514E-35
1.8048514E-35
5.9125125E~34
1.8C48514E-35
1.8048514E-35
40302549 7E-C7
1.1851175E~-11

1.14990394E-11
5.1942989E-12
2.9996811E-30
3.3416248E-30
2.551258%9E-28
1.8048514E~-35
1.8048514£-35
1.9748552E-06
1.8415705E-10

3.0909861E-09
8.2907653E~10
1.7619174E~24
2.7557804E~24
2.3582548E£-22
3,0073201E-32
3.1892936E-34
3.5978537E-07
3.,54978288-09



CrI dass Datic = 0.605

TEMPERATURE = 3100 ,1770N0 PRESSURE = 100.00000  MOLES OF GAS =

2.1247186E~N4
2.65T1983E-n6
248723533E-07
1.5438181E-11
4.2470867E-2N
5.3749725E-2C
1.8923215E~-19
2e2601327E-23

TEMPERATURE = 4200.20N00

1.1213864E-5
2.9006251E6-07
8.9985737E-N7
8.7645560TE-12
4.9821361E-17
9.1365694E~17
1.7998977E-18
2.8267837E-21

TEMPERATURE = 30nn nrnpng

2.7172049E-08
T+ 5549691E-19
1.5362853E-07
3.,7551322E~14
7.5545428E-15
" 1.488C778E-14
2.9923519E-20
3.1021328E~22

4,658N326E-11
1.1849738E-04
2.553366CE-28
4.35978338E-09
3.3028248E-26
5.6672714E-17
1.6343945E-17
T.8424918E-26

1.4673523E-21
1.31713868E-24
1.4369203E-07
2.4735767TE-08
34393195N6E-22
1.43521516-145
5.3561862E-16
1.9164825E8~23

’

1.55406T4E-22
1.2535982E-35
5.2026556E-28
3.793N441E~-(Q9
3.1783965E-19
Te2697258E~19

"9.685837353E-17

5.,1523314E~-24

PRESSURE

PRESSURE

5.2372185z-"1
2.5368239E-175
2.1995296E-C9
23731977E-10
1.7354186E-13
5.3051792E-14
Tet4064T2E-20
2.1282522E-28

102.00000
8.5347451E-21"
1.,5258300E-04
3.3176749E-73
5.2328712E-09
2.1810324E~13
9.5457855F-13
4 .6997422E-18
T«4495705E~27

101.20000
9.3381680E-0C1
1.7349942E-C4
6e1344622E-78
5.0193265E-r9
2.7TT764973E-15
1.1120170E-13
1.1902879E-18
3.9009455E-29

8. 274491 8E-05
1.21241058=7
5.4452154E-11
6.8285064E-12
1.7607405E~13
1. 7907303E-15
1.2141507E-22
7.9955164E-26

MOLES OF GAS =

1.2335539E-25
Te4235103E-07
2.4B5T404E~DI
2.3422166E-12
1. 7772702E-12
1.1795592E~13
1.1722773E-21
1.5950892E-23

MOLES OF GAS =

1.1871968E-77
6,2971399E-97
1.5201147E-23
3.8989895E£-10Q
2.3T01964E-13
8.94703N26E-14
6. 59215950E-24
1.2734429E-24



0.65178

0.53915

0.50352

C/H Mass Ratio = 0,005

1.1101552E-C5
1.13805658E~-C8
3.192549GE-17
4.4T12088BE-13
8,0327T49TE-14
Te43TN902E-17
8.8888407E-21
442637382E-27

6+6463TT6E-CO
3,19520136-07
243344363E-0C¢
3.6614215E-11
1.3884255E-12
8.3355354E-15
5.5644631E-19
3.0161012E-24

4.8167658E~07
2.6037492E-C6
2.3797827E-07
1.9798437E~19
3.6593939E-13
1.1189247E-14
5.7655251E-29
1.4866717E-24

MOLES OF SGLID .

3.8994217E-C5
3.8729571E~12
6.1897820E~-14
2+3986626E-15
1.4519129E-14
8.8761517E-19
5.4230280€E-22

MOLES OF SOLID 0.

1.4377854E-04
3.6272619E~10

1.1395125€E~-11

2.8087833E~13
7.7742506E-13
2.1715012E-16
1.1937693E-19

MOLES QF SOLID = O,

1.57T77311E-n4
1.2648031E-08
4.,09355694E-1D
2 1075004E~12
9.1330945E~13
8.1341923E~16
T.5836645E-29

1.8668435E-C6
2.4762453E~07
B.5859556E-18
2.5038008E~17
2,9097123E~15
2.3205225E-22
0. 7T0B41L64E-25

3.022947SE-05
1.5908128E-07
4.,8547124E-15
8,203398CE-15
3.9277991E~-13
1.51205446-18
2.758T7664E-23.

2.9451265E-C4
243392701E-C9
6.5NG93591E-13
2.5703787E~-13
1.636740TE-12
TeT169473E~16
5.7280291E-25



TEMPERATURE = 2200 .,A00N

5.8539442E~13
2.4217157E-15
2.864849%E-11
4.7390317°E-21
2.83247T14E-15
9.48777139E-16
7.5459135E-29
2.5472103E-31

TEMPERATURE = 1620.0070

3.8624014E-20
2.552778 LE-24
2.3507238E~18
3,1312929E-33
3.4674222E~-18

2.1930325E-20

1.8%248514E-35
1.8048514E-35

C/H Mass Ratio = 0. 005

5.5948948E=14
&.6328984E-09
2.9620536E~11
8.69023554E-14
5.6336554E~18
2.3940649E-27
2.16B2849E-24
1.5834733E-32

5.4279092E~16
6.7166253E-15
1.3003976E~17
9.4798828E-23
2.7197868B5E-19
1.8N48514E~35
1.8048514E-35
1.8N48514E-35

PRESSURE

PRESSURE =

1r3.00000

9.9860528e-1
3.5553276E-06
2.5846174E-17
1.5513783E-12

-244317438E-22

3.44T53393E-20

1.6580885E~25

1.8048514E~-35

172.70000
9.9915469E-"1
9.2745634E-10
1.7655115E~-15
6.7798246E-2"
2.4028257E-35
5.6609593E-33
1.8048514E-35
1.8048514E~35

MOLES OF GAS =

1.6744671E~11
7.3285019E~99
4,3154836E-10
2:4623013E-13
6.2643151E-19
3.9731203E~19
44,8406229E-34,
9.3853802E-35

" MOLES OF GAS =

1.4917190E=-17
8.3073189E-13
4,5355918E-14
2.9221686E~20
8.2112799E-30
2.8N656831E-39
1.8748514E-35
1.8048514E-35



0.49952

0.49937

C/E Nass Ratio = 0,005

l, 2n8N223E~-C9
Te8974932E-07

1.3814128E-03.

5.7146531E~13
2.6970416E-13
1.05375856-19
3.0525327E-28
1.4587294E-33

6.3497786E~14
9.1459914E-09
4,2341923E-12
B.9872452E~19

1.6907888E-28

2,1601133F-39
1,8048514E~-35

1.8048514E-35-

MOLES OF SOLID = 0.

1.9970822E-05
2.9538013E-08
1.4235527€~10
1.1302760E-14
4.9830864E-17
3.3006921E-20
5.2977370E~27

MOLES OF sSOLID = o,

2.36475C7E-n7
6.7365274E~09
5.6227696E~13
3.1313958E~29
44.8194445E-26
5.5940126E-3)
1.8748514E-35

8.1185358E~04
1.1501892E~14
1.4300328E-12
1.0425955E—14
5.4490418E—16
3.,6876266E~17
3.9623077£-35

8.3972410E-04
4.8798556E-24
8.3345317E-14
5.6358233E-19
7.09947776-24
1,4266429E-22
1.8048514E~35



TEMPERATURE

401655154E-"4
3.1221918E~n3
8439341NP3E-14
3.9814139E~-18
1.0267781E-33
1.8048514E-35
9.3229446E~-33
1.8043514E-35
8.91178394E-8
1.5135086E-11

TEMPERATURE = 8A00.00100

4.204N220E-04
2+0480236E-7
2.76N5669E~11
1.35933885€-15
2+3495119E-27
T+1358292£-29
4.9717304E-28
2.6560887E-35
2.3892843E-08
5.3624558E-1"

TEMPERATURE = 6570 .nn00

3.7752106E-04
1.39929nnE~ng
9.3568571E-C9
‘6+0194354E-13
1.39768358-21
1.33341195-722
1.1311696E-22
L.0327464C-27
4.7376571E-19
"1.6772485E-129

C-10

=10NNN,NAeH

>/H Mass Ratio = 0,005

9.4992349E-01
1.1538493€E~726
2.5427873E-15
1.1446161E-17
1.83748514E-35
1.1359119€E-27
1.2821531E-32
1.8048514E~-35
1.5347821E~-03

8.5958077E~-D1

Te3020666E-]7

1.8685157E~12
2.1497787E-14
5.0445690E~35
8. 5637885E-24
9.8024135E-27
1.8048514E~35
1.4882893€-04

62957753 7E~-21
1. 7419764E-95
1.1990554E~-09
443963599E~-11
4.472983E~28
1.9358457E~19
Te6116399E~21
4.9981122E-372
7.8412629E-156

PRESSURE

PRESSURE

PRESSURE =

5C0.00000

4.62733976~-C2
1.0632069E-10
1.5740654E-17
3.7315415€E=-2¢
5.3521819E-23
6.2651858E-27
1.3048514€E-35
1.8048514E-35

1.3428796E-04 .

569 ,90000

1,3956844E-101
1.4866321E-78
4.1589107E~14
2.9346218E-16
1.57041086-19
6.5139745E-22
3.09517136-29

-1.8048514E-35

2.7329971E-05

5072.00900

3.6983490E-1
1.9595615€6~-Cs
T.95020876E-11
2,2731909E-12
Te1663165E-16
1.22087296-17
4.66995092E~-23
1.9947292E-33
3.7795426E-1N6

MOLES OF GAS =

1.8466668E-25
2.9791632E-13
5.3632444E-20
3.0070802E-22
3.145557T1E-24
1.4371828E-29
1L.8nN48514E-35
1.8C048514E-35
1.3734443E-04

MOLES OF GAS =

5.2513723E-25
9.0532374E~-11
4.0751563E~16
5.6363758E-18
4.4089442E-29
5.1451698E-24
3.9481461E-32
1.8048514E-35
2.5971348E-05

MOLES OF GAS =

1.2774477E-04
1.9262613E~028
1.9113475€E-~12
T.8372760E~14
6.9212871E-16
l.7264654E~18
4. 24G95093£-26
1.4819782E-39
2.5579519E-26



0.9570C2

0.87757

0.72988

C/H Mass Ratio = 0, 005

1.3746264E-67
1.7693141E-15
1.1209544E-19
3.1290893E-24
4.3864953E-25
1.6802752E-31

1.8048514E-35 -

1.8048514E~35
1.1275133€E-n5

1.4145846E-06
1.5205488E~12
1.9869687TE~-15
1.6806068E-19
1.5923892E-21
1.5189162E-25
2-,4315903E-31
1.8048514E-35
1.1499N80E~C5

1.0997C60E-C5
1.0525312€E~C9
1.7228547E-11
5.4495695E-15
4.7186E35E~-16
1.0139179&c-19
1.3545049E-24
5.7679152E-32
T.046337CE-C6

MOLES GF SOLIO = 4,

1.1152502€E-8
3.1492360E-22
2.9788354E-24
6.3736723E-27
5.9651982E-27
3.8397870E=34%
1.8248514E-35
1.5490043E-03
4e8484212E-D7

MOLES OF SOLID = q,

5.1752149E-27
20.3033495E-16
1.6102044E-19
8.7569158€E-22
Total143002E~-22
9.4585332€~-28
3.6627539E-33
1.6015472E-04
3.0012278E~-07

MOLES OF SCLID = 0,

1.6672678E~05
6.6179985E~13
3.3735811E-15
4.9985814E-17
6.5756601E-17
1.3968401E~21
6.0387724E~26
1.3971445E6-05
1.2136985E-27

-2.7839535E~11

1.4165561C0E-12
3.79885592E-29,
8.5850599E-37
1.9939639E~23
1.8048514E-35
1.8048514E£~35
1.9438541E-07
6,2482319E-10

4.55387076-09
1.30298705~10
1.1774441E-23
3.,30118906-24
6.3433051E-23
4,9580836E-33
1.8048514E~35

B0707269E-CT

71.5026487E-C9

4,8176909E~-C7T
1.3776524E-C8
9.3385123E-19
4.7691290E~-19
1.33255656-17
9.9M94521E~26
3.06582162E-29
1.2857465E-07

6.1975475E-C8

C-11



TEMPERATURE =

5.77TLN357E-15
9.8216357E-"7

3.8204612E-77

1.05N3047E~-11
Te1122057E-17
1.7376043E-17
3.,2246478E-19
1.8856145E-22

TEMPERATURE = 4CN0,0000

1.9016812E-06
4.,17C8691E-08

25624582E-07

9.0608710E-13
4,5607324E-15
1.30900504E-15
1.1343%47E-19
2.9915199E-22

TEMPERATURE = 3rng,2000

2.2523CTE-09
2.5954559E-11
4.9120138E-29

2.2159357E~16 |
2.88264%2E-14 .

4 +6668738E-15
1.25712445-23
5.0269285E~26

C-12

5GN0.NCAT

C/1 Mass Ratio = 0, 605

2.%729843E-11
1.1673051E-"4
G.2133804E-)8
7.8723385E-009
3.,9038493E-22

7.1111173E~-17-

7.3931932E-17
1.7368493E-24

6.8215817E-72

4,4001316E-25"
8.5568545E-28.

5.5725897E-N9

1.9634619E-19 .

1.066T4T4E~-17
7.884M64TE=17
4,.736981L3E~24

6.9796122E-723

9.6799788E-CT -

3.7354648E-"6
5.7329534E-11
1.5736709E~-17
B.1784212E-22
5.3383854E~-20
1.8748921E-27

PRESSURE

PRESSURE

PRESSURE = 501.,000C0

- Te5215341E="1
6. T7T758519E-"5
2.7612535E-"8
1.2335872€~€9
9.5665960E-14
1.767T0655E-13
8.9345915E~19
9.2839721E-28

5C0.00000

9.,3114117E-001
1.1968160E-N4
5.9303255E~8
2.9510376E~09
1.9118527E-14
1.6571193E-13
1.6157198E~-18
2.3621057E-28

5C0.,0C000

9,9221793E-11
3.0056723E-75
9.8907120E-C3

1.4G36188E-10

6.79755C5€E~18
2.5311970E-16
2.5215845E-21
1.1666897E-33

MOLES OF GAS =

5.,9659890E~35
B.3654828E-07
1.354462GE-09
8.6898320E~11
4,3184288E-13
1.5833295E~14
2.8N983581E-22
9.05916N9E-25

MOLES GF GAS =

4,8858264E-06
1.36N0116E~06
9,0220919E-19
3,0823633E~19
3,6386741E~13
4.7829514E~14
6.2644069E-23
1.4313212E-24

MOLES OF GAS =

2.2798331E-08
2.4470088E-07
5.5237478E-09
2,6054216E-11
1. 3217389E-15
4.5698143E-16
1.1477918E-27
B.5525730E-29



0.57032

0.51729

0.50119

C/H Mass Ratio = 0,005

2:1247785E~-C5
2.08447TT2E-07
2.1080393E~C3
1.510425NE~11
542297773E~13
1.7455543E-15
5.4606211E-20

1.2823931E-25"

6.1484C35E~-Ch
1.3670850E~C6

1.9781377E-CT -

1.1263647E~10
6.,6391091E-13
7.8935146E-15
64 G4496569E~20
6.32113G0E-25

2.0133709E~-(7
242746C32E-06
1.9348654E-07
249708993E~11
4.5131558E-15
1.2843346E-16
2.2542565€-23
2.2421519E~28

MOLES OF SGLID = 0.

1.98Y1582E-"4
4,9986231E~1n
1.0849388E-11
2.1506595E~13
2.5C92779E-13
5.5302374€E-17
8.8109574E-21

MOLES OF S0LID = 0.

3.1064824E-04
8.4663929E-09

2+42552304E~1N

2.0181129E-12
8.6824651E-13
4.8027959E-16
3.4798845E-20

MOLES OF SOLID .= 0.

1.4809237E~-04
5.5717559E-038
7+4T38991E~10
7.1016047E~-13
2.5294175€E-14
2.0966386E-17
6.6584781E-23

2.517T7666E-C5
1.2404823E~-C7
1.C604638E-14
5.,9600793E-15
1.3348936E~-13
1.0187851E-19
2.1083860E-24

1.5254672E-04
1.9395741E-C8
5.2411925E~13
1.3766337E-13
1.0245456E-12
1.8243015E~17
1.2500205E-24

6.2077617E-C4
3,3307107E-11
5.993C211E-12
1.9449895E-13
1.0179195E-13
1.0030387E-16
4.1334710E-29

C-13



TEMPERATURE =

TEMPERATURE = Z22n0.00C0

2.3938N60E~14
2.0247605E=-17
1.0952537E-13
1.65638729E-24
6.1950848E-15
8.4837132E-13
2.2543126E-34
1.804B514E-35

1.5452257E~21
2.0423594E-26
8¢4144817E-21
1.8048514E-35
6.9396672E-19
1.7559458E~22
1.8048514E~35
1.8048514E~35

C-14

L6rc, 0000

C/1I. Mass Ratio = 0,005

2.5M24954E~04
1.247238GE-12
2.5325434E-13
6.79297976~17
5.1682225E-18
4.2286469E-32
1.4486730E-29
1.8048514E~35

2.4274381E-06
1.2019178E-16
1.2478493E~19
6.7379N38E-26
2.7993345E~-19
1.30483514E-35
1.8048514E-35
1.8048514E~35

PRESSURE

PRESSURE = 570,n0060

9,.,9891031E-21
1.4867328E-"7
4.9421048E~-12
2.7122104E-15
1.7378135€E-26
1.1265554E~24
2.4T74987E-30
1.8043514E-35

50%.073%00

$.9915755E-"1
3.7111043E-11
3.1598816E-17

1.3855149€E-22

1.8048514E-35
1.8048514E-35
1.8048514E-35
1.8048514E-35

MOLES OF GAS =

1.53132776-12
6.8537113E-19
1.8454242E-11
9.6264675E~16
1.7011673E-22
2.90353556-23
1.8043514E-35
1.8048514E~35

MOLES QF GaAS =

1.3338381€E~18 -
T.4333C81E-14
1.8151456E~15
1.0461878E-22
1.1761127E-33
1.7981314E-34
1.8048514E-35
1.8N43514E-35



0.49944

0.49937

C/1. Mass Ratio = 0.005

244T706884E-10
1.6517540E-C7
1.3211167E-C9
5.8708392E-15
9.6398969E-22
1.,7222151E~23
4.1698941E-34
1.8048514E~35

1.2701772E-14
1.8298342F-n9
3.7891472E-13
7.1947548F~21
5.4151970E-32
3.0944965E-34
1.8048514E-35
1.8048514FE-35

MOLES OF SOLID = 0.

8,T7229563E~6
3.0898662E-08
3.0447098E-11
2.2101034E-16
3.98321C0CE-20
1.2064324E-23
1.6184688E-32

MOLES CF SCLID = 0.

1.0577344E-07
6.7388920E-09

" 1.1251412E-13
5.6054904E-22

3.4514909E-29
1.7919285€E-33
1.8048514E~35

B«3N46901E-04
1.9662147E-17
1.5297400E-12
4.5562690E-16
9.7410688E-19
6.7T413596E-20
1.8048514E~35

8.3987259e~-C4
1.8117973E-27
8.3389585E-14
2.0157224E-20
1.1368982E-26
2.284998CE-25
1.8048514E~35



TEMPERATURE =12010.00n70
4.N982304E-"4"

6.0444309E-Ng
6.1379123E-13
2.9844136E-17
1.4183699E-3"
1.0168399E-32
5.32431776-31
1.8N48514E-35
1.2259963E~"7
4.0970581E~17

TEMPERATURE = 8CC0,0000

4 N814836E-C4
3.8607449E-C7
1.8180334E~12-
9.6615322E-15
1.8338111E-24
3.34N6852E-26
2+58677T7T5E-26
9.3744142E-33
3.,2916763E-8
1.4346754E-"9

TEMPERATURE = 65N0.,0020

2.9544734E-C4
1.714N1EB3E-16
2.9142812E~r8
1..8063482E~12
2.7344732E-19
1.1511377E-2"
1.3716783E-21
4 ,G584762E-26
5.8877686F-19
3.2582530E-09

C-16

G/H Mass Ratio = 0. 005

4
9.1176317€-"1
4.2881337E-"6
3.5695576E-14
1.6470428E-16
1.3048514E~35
3.2967968E-26
1.4756382E-3n
1.8048514E-35
1.2530541E~23

T+ T328760E-01
2.4766596E-N6
2.2140360E-11
2.749036NE-13
1.2745866E-31
242947T445E-22
9.1763295E-25
3.9775692F-35
F.4342884E-05

5.1137984E-C1L
3.4662293E-95
647213466E~79
2.3869525E~-11
1.7182629E-25
1.4231623E-13
1.4228379E~-16
3.7183n93E-23
4.171558912E-16%

PRESSURE =1701,002¢C

B+52605T0DE-"2
7.5851263E~1¢C
4¢2418163E-16
1.7307579E-18
7+8943333E-22
3.4976365E~25
3.7T592738E-33
1.8N048514E-35
1.8022783E-14

PRESSURE =1£07.00700

2.2590504E-01
9.N724156E-08
B.3664914E-13
6.7518546E-15
2.,1671979E-18
3.1405C10E-20
5.2132041E-27
1.8048514E-35
3.4892021E-P5

PRESSURE =1100,00000

4.8800721E-"1
6.3345550E~06
645346575E~1N
1.56417817€~11
3.3659743E-15
B.5237868E-16
1.4181235E-21
3.5274636E-31
4.869284TE-"6

MILES OF GAS =

3.4877462E-25
4,NBN0012E-12
2«TT44T21E~18
1.5945449E-20
B.9264642E-23
1.5371137E-27
2.2642CT75E~-35
1.8048514E-35
1.8093247E-24

MOLES OF GAS =

9.1729754E-05
9.9399346E-12
1.5631503E~14
2+3332171E-16
1.0947234E-18
4.4631025E-22
3.98856674E-30
1.8748514E-35
2.9621C60E-D5

MOLES OF GAS =

1.6151781E-%4
1.7115723E-07
2.5518M29E-11
1.0082888E~12
5.28112326-15
3.34958356-17
7.6536826E-25
1.2621586E-28
2.128%439E-6



0.92212

0.81567

0.,67182

C/b Mass Ratio = 0,005

4.9838443E-07
4.,6515155E~14
1.1131750E-17
3.,1851732E-22

2:.3842368E-23,

3,4498323E-29
1,8048514E-35
1.8048514E-35
2.852138B2E-05

4.4458081E-Co
3.00382N2E-11
1.3712981E~13
1.2517160E~-17
Te1138266E~19
2.37C5810E-23
4.4198656E-29
1.8048514E-35
2+3596824E-C5

2:2712500E-05
8.9792829E~-09
3.,7372222e~-10
1.1389551E-13
5.849N443E~-15
3,1956599E~18
3.,9630254E~23
6.T162603E~-39
9.5230547E-06

MOLES OF SOLID = 0.

T«7620320E~C8
3.057299556-18
5.6786589E-22
1.2454547E-24
6.2283161E-25
1.5133809E-31
1.8048514E-35
1.0829639E-03
£.5488544E-07

MOLES OF SGLID = 0.

2,9264055E-06
1.4729977E-14
1.9994287E~17
1.1738805E-19
5.9594815E-20
2.656CN85E-25
1.1978733E-39
1.13£4291E-04
3.6940587E-027

MOLES OF SOLID = C.

5.5939471E-05
1.4899877E~11
1.1888195E-13
1.6971336E-15
1.3249282E-15
T.1520189E-29
2.8702488E-24
1.1980073E~-C5
9.7284393E~08

3.7195346€E-19
5.3962748E-12
2.6616693E-26
3.2203650E~27
3.,9938864E-26
1.8048514E~35
1.8048514E-35
1.367T7452E~-07
3.0105111&E-09

4.6330947E-C8
4.7693510E-10
4.7329765E-21
7.9593685E-22
9.17356126~21
4.5070029E-30
6.1565419E-34
6.2052968E-C7
2.9894286E-C8

2.6258908E-C6
2.6412925E~-C8
8.6846378E~17
2.6304625E-17
4.35G1232E-16
1.339CD35E~23
1.031239GE-27
6.3440129E-08
1.,3109968E-C7

Cc-17



TEMPERATURE =

TEMPERATURE =

TEMPERATURE =

2.7966325E-15
4 6N37365E-17
2.5636374E-"7
4.6341392E~12
6.9937637E-16
T«6219374E-17
1.2953820E~-19
1.0488611E-22

_7.5284320E="7
1.2073438E-18
9.0868179E-08
1.7804365F-13
1.5571872E-14

1.7213748E-15
1.1063464E-20
2.6135172E-23

6.3001967E-1N
4.,0615928E-12
6.0B77171E-1D
1.0853065E-17
2.2773585E-14
1.0292138E~-15
1.0782440E-25
1.9190339E-238

C-18

5600 ,1000

£000,007C

3onn.nnnn

C!I-i .i‘::ass Ratio = O. 005

1.8226278E-71

"8.73324"3E-"5

3,9152555E-18
5. 1199325E-05
3+24088S5E-21
2.9473623E-17

4,3777933E~-17
1.4250791E-24

4.3735880E-22

1.9727087E-N5
4.8424167E-18
1.5769202E~-09
1.3687233E-18
1.3140483E-15
1.7387277E-17
5.9132953E-25

4.F4034N0QE-1N3
2.1424413E-07
6e55382323E-10
3.4895895E-12
2.4915266E-17
1.2383232E-23
6.480N3203E-22
1.0734724E-25%

PRESSURE =1CL£03.N0000
_.-9.5054561E~01

PRESSURE =10CJ.200C0

PRESSURE =1rC2,C0000D

8.,171272CE-"1
6.9145500E~C5
3.7349831E~-C8
1.1825976E-19
4.0910263E-14
1.7795809E-13
T.7983825E~19
343224272E-28

T.6591073E-105
4.2935799E-C8

1.1839091~-19

2.974456LE~15
2.9167358E~-14
3.2173590E-19
1.3855498E-29

9.9423338E-C1
S.4261761E-C6
2+.4565944E£-09
1.4650439E-11
1.3676161E-19
5.4927478E~18
4.,3336955E~-23
1.3248514E~-35

MOLES OF GAS =

4,2616T2NE=N5
.1.2584114E~06
2.9108952E-09
1,22796225~10
"2.72211958-13
1.4258721E-14
1.7947026E-22
4.8839851E-25

MOLES OF GAS =
.2 T6374T5E-00

1.2436173E-06
9.3334469E-19
1. 7669553E~10
8.0889117E-14
1.2729086F-14
4,8375232E-24
9,9007155€~26

MOLES OF GAS =

B.75N6721E-29
1.73863884E-07
1.9351742E-09
3.6202686E~12
5.0493N31E~-17
1.4038388E-17
5.5066728E-30
1.8179702E-31



0.54983

0.51205

0.50065

G/H Mass Ratio = 0,005

2.2372672E-05
4.6220596E~-CT
6.677971NE-8

3.1461503E-11

4.8592740E~13
2:3171229&E—15
3.1339083E-29
1.01905634E-25

1.7862147E-Co
2.9240509E-07
9.2259378E£~11
2.1088734E~13
2.8366195E-15
T.6631311E~21
6.2476830E-26

1.1286554E-07
1.4295878E-16
9.6309165E-08
5.8439403E—12
"2.4782394E~16
5.5853842E-18
1.5310175E-25
6.T46994TE-31

MOLES OF sSOLID = 0.

3.0748924E-04%
2.47825216-19
5.0661474E~-11
6.6041815E-13
3+4367130E~13
1.0820964E~16
T+&4537364E-21

MOLES QF SOLID = 0.
— %e9695420E-06____ 3.5877242E-C4__ . _2,5173535E~-04%

2.2585198E-08
4.7633578E-1D
2+3619457E~-12
3.9407361E-13
2.4661458BE-16
5.4864886E-21

MOLES OF SOLID = O,

1.1752381E-04
7.0179210E-"8
5.2664719E-11
1.9775611E~13
1.9662542E-15
1.2907854E~-13
6.40188716£-25

5.7601377E-05
5.647C7T38E~L8
1.0759239E-13
2.6974308E-14
2:6949331E~13
4.3312964E-19
1.9562562E-25

4.8135584E~09
2.2601641E~12
2.3021661E-13
6.6444550E-13
1.91253096-17
7.64288T4E-26

6.9740314E-04
2.9159197E-12
8,4631023E~12
7.6673726E-14
1.1201792E~14
1.2375401E-17
1.1094074E-31

C-19



TEMPERATURE =

TEMPERATURE =

6.0043317E-15
2¢54825n4E-18
9.78N5294E~-15
5.2471869E-26
3.1409491E~16
1.0788253E~18
1.8743514E-35
1.8748514E-35

3.8632179E-22
245531404E-27
7.4382666E-22
1.8048514E~35
3.4703681F-19
2.1953436E-23
1.8048514E-35
1.8048514E-35

C-20

2270 ,na0e

1670.0270

C/¥i Mass Ratio = 0,005

1. 7695962E-14
2.2075201E~11
3.1984242E-14
3.7433977E-18
6.2551189€6~18
3.3718373E~34
8.1962186E-32
1.8048514E~35

1. 7164591E-26
2.1248701E-17
1.3712037e-20

3.31003007E-27

+2996559E-19

1.8N48514E-35.

1.8 48514E~35
1.8043514E-35

PRESSURE =172£90,00000

9.9898342E-n1
3.,74251N8E-C8
8.8271710E-13
1.7183838E-16
2.7619709E-28
1.2724225€6-26
1.9823844E-32
1.8048514E-35

PRESSURE =12C0,.7%000

9.9915874E-C1
9.2784643E~12

. 5.5865669E-18

6.7T8549N2E-24
1.8048514E-35

- 1804851 4E-35

1.8C48514E~35

1.8048514E-35

MOLE

S OF GAS =

5.4327313E-13
2.4399824E-15
446616221E-12
Bs6263323E~-17
2. 2503675E-24
4463CT6N9E-25
1.8048514E-35
1.8048514E~35

MOLES OF GAS =

4. T16D040E-19
2.56282724E-14
4.5383790E~16
9.2484857E~24
2.5993429E~35
1.8048514E-35
1.8048514E~35
1.8048514E-35



0.49942

0.49937

C/E Mass Ratio = 0. 005

1.2396495E-19
8.3164330E~08
4.T196814E-17
T+45402970E-16
3.0644293E-23
3.8845853E-25
1.8N48514E-35
1.8048514E-35

6.3511304E~-15
9,1498733E-10
1.3398208E-13

B.9947942E-22

1.6925624E-33
1.8048514E-35
"1.8048514FE-35
1.8048514€E-35

MOLES OF

MOLES OF SOLID = Q.

6.1897842E-06
3,1116682E-08
1.5383262E-11
3,9612595E~-17
1.79CT7777E-21
3,84850N5E-25

© 6.493T2638E~-35

sSgO

LID = 0O,

T«4T96N22E-0B
6.7394158E-09
5.6263525E-14

T 9.91071025E-23

1.5256412E-37
5.6010555E-35
1.8048514E~35

B+3342423E-04
1.2415048E-18
1.5459016E~-12
1.1557244E-16
6.,1936337E-20
4.3012718E-21
1.8048514E-35

8.3990580E~C4%
4%.8829135FE-28
8.339923%F~14
5.0400798E-21
7.1069419E-28
1.4284479E-26
1.8048514E~35



TEMPERATURE =10010,0000

-8.34538376E~04
2+5063657E-08
5.582647T6E-15
5.1314327E~19
1.87248514E-35
1.8048514E-35
T«7239725E-35
1.8048514E~-35
8.0846483E-18
5.5015997E~-11

TEMPERATURE = 8nro,noae

8.3923538E-"4
1.6323096E-77
1.9689119E~12
1.7270658E-16
1.9912322E-33
4.589N97TE-34
4,0199394E~30
1.8048514E~35
2.,1936709E-08
1.5658603E~1N

TEMPERATURE = 6500,.7000

8.5892369E-N4
1.4486538E~-"6
1.2N52626E-"9
1.2903252E-13
9.3618813E-27
5.4357502E-27
2.2845579E-24
1.2389519E-37
%4.444B8480E~-09
T.1594885€E~-11

C-22

C/H Mags Ratio = 0.01

9.3212484%4E-71
1.9153266F-027
3.4971848E~-17
3.0524877E-19
1.8048514E~35
2.35725097E-29
2+1982276E-35
1.8748514E-35
3.5N27426E-03

9.6331452€-11
1.3044425€E-97
2433T0265E~-14
5.1216807E-16
1.8048514E-35
1.7343185E-25
1. 7764652829
1.8048514E-35
3.6261642E-24

B.6973645E-21
4,937975TE-16
4.1915178E-11
2.83699119E~-12
2.2477313E-34
3.5921431E-21
44.27343N02E~-23
1.552678°E-33
23997272E-25

PRESSURE

PRESSURE

PRESSURE

1¢2.00007

F.83327610E-03
3.6493953E-12
4.4765239E~2N
2.0563915E~22
2.7640134E-24
2.680T661E-26G
1.8C48514E-35
1.8748514E-35
£.2868577E-05

1C3.32097

3.5057426E~72
5.9526275E~1C
1.4901519E-16
1.8730117€E-18
Te«3657626E-21
2.9567915E-24
1.2572438€-32
1.3043514E-35
1.4087757E-05

1¢0.00000

1.3825454E-01
1.5167651E-CT
T.6564%288E-13
3.3225134E-14
6.997M1987E-17
8.7633842E-19
T.751629CE-26
1.8043514E-35
2.13“78&§E~“6

MOLES CF GAS =

T.6502283E-06
2,1144839E-15
3.1539410E-23
3:42665T1LE-25
3.3592370E-26
1.2715846E-32
1.8248514E-35
1.8048514E-35
6.4845344E-05

MOLES OF GAS =
2+3496491E-15

8.1244582E-13
3.2727C34E~19
8.N630585E~21
5.0125676E-22
5.2346263E-27
1.2745409E-34
1.8048514£-35
1.4182935€E-N5

MOLES OF GAS =

1.9035382£-35
4.NT63626E-1C
5.7324249E-15
3.4344953E-16
1.8459739E~-17
5.7251661E-21
3.9054176E-28
T.7164141E-34
2.3189187E-20



0.99358

0.96643

C.87848

C/I Masgs Ratio = 0,01

1.1775482E-C8
2.5967081E-13%
1.3630828E~-23
Te3731269E-23
9.6858759E~-238
3.0741256E-35
1.8048514E-35
1.8048514E~35
1.10C7T730E-C6

1.4186350E-C7
3.0585367E~15
3.5765501E~-19
5.3886169E-23
4.057760C3E-23
3.4636286E-29
1.7592931£-34
1.87248514E-35
1.4074936E-06

1.87C6502E~C5
6.0911198E-12
1.2405262E-14
6.5299727E-~18
3.4412787E-13
9.1999974E~23
3.4036857TE-27
1.8248514E~35
L. 7466580E-C6

MOLES OF SGLID = o,

1.9754388E-19
1.9762407E-24
7.4901259E-29
3.1055019E-31
2.72552156-39

1.8048514E-35 .

1.8048514E-35
3.5070426E-03
4.4357576E-07

MOLES OF SOLID = 0,

1.1632726E-n8
2.3275352E~-29
6.4963025E-24
6.2953872E-26
4.2346610E-25
4.8342890E-32
1.8048514E~35
3.6832481E-04

2.9154964E-17.

MOLES OF SOLID = 0.

1.7548348E-0C7
2.86346C9E-15

6.6420082E-19°

1.6377489E-29
1.3120328E-19

" 3.4656346E-25

4.1492453E-29
2.88026522E-C5
1.831¢0327¢e-07

1.0197G0CE~13
4.550647T24E-13
4.0734947TE~35
8.6495497E~-35
1.8826060£~32
1.8048514E~35
1.8N048514E-35
8.60304853E-07
2.3659863E~-11

20294274311 -
4.1462592E~11
2+3864293E-29.
5.31T4676E~29
8.1203660E-27
1.8048514E-35
1.8048514c-35
3.9367661E-06
3.6664555E-10

6.1271388E-09
6.4899291E-C9
1.3746392E-23
4,27257776-23
7.2657170E-21
1.83818376-30

"1.5297840E-31

7.0939350E-07
6.9904920E-029

C-23



TEMPERATURE = §51°0,10000

3.3537757E-"4
6.6N8635TE~-"6
1.1265296E-06
9.5493754E-11
2.6169557E-19
5.2345628E-19
4 ,59C9495E-18
1.3633572E~21

TEMPERATURE = 4n92,1700

1.6557552E~-0C5
6.32373N0CE-NT
2.8959709E-T6

4.1657535E-11 -

2.363530%6E~16
6.4028528E-16
2.7538093E~-17
9. 4266T0TE-20

TEMPERATURE = 3710,0000

4,.2943775E-08
1.8837TNT7TLYE-"9
6.0629734E-C7
2.34238%62E-13
4.7728488E-14
“1+4648524F-13
T.3698235E~-19
1.9078362E-29

C-24

4,656T537E-11
2.9463N23E-04
1.007936NE-C7
2.6955793E-"8
2.7373638E-25
8.71834168E-16
3.9641N054E-16
4., T234499E-24

1.4670C86E-01
2.85570Q10E-N4

_4.6232874E-27

1L.1754028E-C7
1.3644446E-21
1.4871756E~15
B.1929417E-15
6.3895213E-22

1.5536383E~-22
3.1373587E-95

2.0526693E-9T7

2.3689261E-"738
5.78384M29E-18
1.2419679E~-17
1.3932994E-15
3.1678483E-22

PRESSURE

PRESSURE

PRESSURE = 1€7.90270

5.3340882E6-"1
6.479T9CEE-C5
8.6198543E-09
1.59178C5E-C9
1.0100332E~12
8.1591402E-13
1.80417956-18
2.7251T41E-26

1rn,.0n000

8.53N7288E-C1
3.3248T11E-C4
1.2280466E-07
2.4859883E-08
1.5306163E-12
9.3890605E-12
7.1871365E-17
3,6689323E-25

1£2,00000

9.8327417E~"1
4 ,3312578E~-C4
2.4196396E-C7

3.1298035E-008 -

2.7377029E-14
1.7324421E-12
2.3299307E-17
3.7926958E-27

‘MOLES OF GAS =

1.3N45657E~-24
3.0128658E-17
2:1333880CE-1D
4.,2203021E-11
1.7L71C05E-12
2.7533100E-14
4.645409MrE=-21
T.6N61T786E~24

MOLES OF GAS =

1.8209447E-05
1.6172989E~06
T+9973128E-09
1.1115085E-09
1.2469688E-11
1,2217929€-12
2.6482391E-29
7.8547118E-22

MOLES OF BAS =

1.8757750E-07
1.5698441E-C6
5.9941G21E-08
2.4305477°E-N9
2.3364357E~12
1.3924527E-12
2.5659743E-22
1.237763%E-22



0.65165

0.53893

0.50320

G/H Mass Ratio = 0,01

°» T49802T7TE-05
2.,8273409E-03
1.25n469T7E-C9
2.762635NE~12
T«8315064E-13
1.1431647E-15
3.3999864E-19
4.0550038E-25

9.808925NE-06
6.9589522E~-07
d5057443E-08
1.7386179E-10
9.73918C8E~12
8.,6312213E~14

1.2567481E~17.

1.4847392E-22

T.6NB4C TIE-C7
6.4964418E-06
9.3814895E-07
1.2338516E-09
3.6062749E~-12
1.7422415E-13
2.2435T771E-18
1.4446206E-22

MOLES OF SCLID = C.

6.14449T76E-05
9.6164557E-12
2.42377T15€E-13
1.,4816595E~14
1.4151496E-13
1.,3639900E~-17
2.0660936E-20

MOLES OF SCLID = OC.

2.1214278E-C4
7.8967307E~1D

3.6629294E~11

1.3334317E~-12

5.4520029E-12 -

2.2480011E-15
2.6955232E-18

i{OLES QOF SCLID = 0,

2:.4914457E-04
3.1539861€-(C38
1.6133064E-09
1.3130461E-11
8.9980317E~12
1.2661998E-14
2.95N2728E-18

2.940D8627E-06
9.712375CE-CT
3.3602090E-17
1.5461797E-16 -
2.835257SE-14
3.563969CE-21
4.06477635E-23

4.4592588E-05
5.1208459E-C7
1.5597979E-14
3.69353356-14
2.7538768E-12
1.56458536~17
9.2G200T4E-22

4.6494605E-04
9.234509%E-C9
2.5639723E-12
1.60C9934E-12
1.612N0917E-11
1.2205878BE-14
3.5237575E-23

C-25



TEMPERATURE = 229n,nn0n
1.1615412E~12 -

9.5344442E-15
2.2372719E-11
Te34570T76E-20
4«3759238E-14
2.9177934E-14
9.1372375E-27
1.21383¢62E~28

TEMPERATURE = 16N00.n27n

T.7441283E-20
1.0259454E-23
1.8939203E-17
5.0672459E-32
5.5847639F~-17
7.0880185E~19
1.8048514E~-35
1.8048514E-35

LY

C-26

C/¥ Mass Ratio = 0,01

5.5925T66E-04
2.5103301E~-038
20.31201388E~11
1.3464861E-12
8. T040235E-17
l.7661407E-25
246244533E~-22
Te5423265E~37

5.4256239E-96
2.6989717E~14
1.C472591E-16
1.5313711E-21
3.376D0654E-18

1.8048514E-35 -

1.8N48514E~35
1.8048514E~35

PRESSURE

PRESSURE

109,00000

9.97TTT9CE~01
1.3985943E-05
2.0165758E-C9
2.4027129E-11
T.47T91425E-21
2.1039317E-18
2.9060942E-23
1.3048514E~35

1¢0,.,09900

9.9831367TE~-"1
3.7252741E~-79
1.4212426E-14
1.7947448E-18
T+7857T236E~34
3.6761921E~31
1.8048514E-35

. 1.8048514E~35

MOLES OF GAS =

3.3211055E-11

~2.8817308E-08

343655411E-19
3.8119362E-12
1.9258544E-17
2+4226359E-17
1,163026CE-31
B8.874327T4E-32

MOLES OF GAS =

2.9882413E-17
3.3355613E~12
3.6455553E-13
4¢7164741E-19
2.6595276E-28
1.8213850E~-28
1.8N48514E-35
1.8043514E£-35



0.49891

0.49874

C/E Xass Ratio = 0, 81

2,3949749E-C9
3.1041408E-06
1.0769158E-07
1.0390773E-11
8.2881525E~17
6.4227018E~18
T.331N934E-26
1.3787147E-39

1.2722615E~13
3.6TR539NE-08
3.4756648E-11
1.4499603E-17
5.4739495E-27
1.40715849E~28
1.8048514E-35
1.8048514E-35

MOLES OF SOLID = O.

3.7793360E--C5
1.1600413E-07
1.1093154E-09
1.7483517E~13
1.5306939E~15
2.0109531E-18
1.2717935E-24

MOLES OF SOLID = 0.
4.,7353500E-07

2.7012794E~T3
4.52062998-12
5.0459288E~19
1.5596434E-24
3.6281402E-23

.1.8048514E~35

1.6082142E-03
8.9852028E~14
1.11343376-11
1.61205706-13
1.6731324E-14
2.2448304E-15
1.8889580E-32

1.6808171E-03
3,9332632E~23
6.6952511E~13
8.1177243E=18
2.296527TE-22
9.2450784E-21
1.8048514E~-35

C-27



TEMPERATURE =

TEMPERATYRE =1nnnC.n

8.2B34570E-04
1.2346541E-07
6.59760562E-13
6.2259957E-17
1.5992135E-32
44,2732445E-34
1.1464455E-3"
1.8%48514E-35
1.7721129E-07
5.6848639E-1"

8.37° TN4BE-"4
8.12 4371E-27
2.17.0351E~1"
2.1376641E~14
3.6823489E-26
2.2289624E-27
6.1737775E-26
1.30738722E-32
4.T7713485E~78
2.1326639E-09

TEMPERATURE = 65rn,nnac

T7.0948445E-04
4.9420950E-C6
6.2782561E-18
7.5986608E-12
1.738171%E-20
3.1187483E-21
9.3656874E~21
3.1657270E~25
8.9670500E-09
5.96531N5E-09

1097

gneg.n0e

C/H Mass Ratio = 0,01

F44952835E-71

" 4.56093T6E-16

1.99791"2E-14
1.7891657E-15
1.8048B514E-35
TeN242813E-26
157671 19E~30
1.3048514E-35
1.533502NE-03

PRESSURE
8.5922246E-931
2.8944275E-06
1.4742855E-11
3.3791590E-13
T+8996775E-34
5.3472285E-22
1.2167320E-24
3.N818398E~35
1.4833564E-24

PRESSURE
6.2933735E-21
6 1498243E-95
7.8929947E-06
6.1754766E~10
545584 20627
3.5286622E-18
6.2597699E-15
1. 4674613E-27
7.7828131E-n6

PRESSURE = 500

D000
4.62349028E-02
4.2000102E~17

1.2362597E-16

5.83040C6E-19
1.6643521E-21
3.8726592E-25
201947504E-33
1.8C48514E-35
1.3422703E-N4

5C7.00000

1.3945211E~-""1
5.8925227E~08
3.2802718e-13
4.6109°11E-15
4.,2176560E~18
4.060307TE-20
3.8403023E~27
1.87148514E-35
2.73980C4E~-"5

5072,02000

3.6955241E~01
6.9156250E-06
5.2708520E~-1"
2.5840221E~11
1.6795813E-14
3.187°1535E-15
3.3636997E-21
443936015E-30
3.805M278E—N6

MOLES OF GAS =

3.67C7156E-05
L. 1765248E-12
4.2104987E-19
4,6965724E-21
9. 7T7T75751E-23
B8.8798914E-28
449270396E-35
1.8048514E-35
1«3723538E-N4%

MOLES OF GAS =

1.0452932E~04
3.5854945E~-170
3,2126760E~15
8.,8522285E~17
1.3800617E~18
3.2057646E-22
9, 7632372E~-32
1.8048514E-35
2+5874475E-95

MOLES OF GAS =

2.,3866738E~24
6. 7955151€E-138
1.2665287E~11
9.7657750E~13
1.6219216E-14
T.6N24122E-17
6.6124508E-24
8. 1409N09QE~28
2,5379181E-126



C/1 lMass Talio= 0.01

0.95704 MOLES OF SOLID = €.

' 087761

0.72988

2.T312799E-27
6.9850246E-15
8.7965633E~19
4.885C241E-23
1.3629209E~23
1.N377576E-29
1.8048514E-35
1.8C48514E~35
1.1261495E~05

2.8145939E~06
6.,MN196882E-12
1.5657863E-14
2.6383814E-18
4.9823259E-19
9,4598558E-24
6.0103691E-29
1.8048514E-35
1.1451413E-C5

2.06513N6E~05
3.7117337E-09
1.1413708E-19
6.7874599E-14
1.1053464E~14
4,4618689E-18
2.1068255E-22
3.1674141E-29
6.988488NE-CH

2.2149966E-08
1.2422438E-19
2.3366358E-23
9.9462117E-26
1.8539090E-25
2.3705791E~32
1.8748514E-35
1.5489456E~03
9.6378241E-07

MOLES OF SOLID = Q.

1.0292815E~Cb
9,1111146E~-16
1.2683575E~18
1.3746446E-20

2.3188457E-21.

5.,8883485E-256
9.0497687E~31
1.6062033E-04
5.9567040E-27

MOLES OF SOLID = ©O.

3.1257587E-05
2.3320489E-12
2.2341065E-14
6.2233840E~16
1.540N06916E-15
6.144622TE-29
9.38G2556E-24
1.47T1013E-05
2.26393N5E-CT

5.5269063E~11
1.113G454E~11
2.9695528E~28
1.3391552E~23
£.19N2604E-27
1.8048514E-35
1.8048514E-35
3.8656541E-0C7
1.2012841E-09

9.0532689E-09
1.02893238E-C9
9.2669914E-23
5.1782126E-23
1.9830620E-21
3.,0840482E~-31
1.5454668E-33
1.8010686E-06
1.4878515E-C38

3.0402203E-07

‘9.1441797E-08

6.,1795890E—18
5.9354357E-18
3,1191227E-156
4,3557997E~24
1.0697545E-26
2.3992420E~-C7
1.1551579E~67



TEMPERATURE = 5400.,0040

8.9846005E-05
2.3756338E-N6
1.4412359E-16
6.,1701463E-11
441692424E-16
1.586643NE-16
T7+1481940E-18
1.01283442E-2"

TEMPERATURE = 4009,.00)0

3.04402T76E-"6
1.0686672E-07

.1.0506534E-76

5.9484220F-12
2.9873172E-14
1.3638315E-14
3.0542240E-18
2.0631953E~-20

TEMPERATURE = 3013 ,"030

4.2112072E-09
9.0734249E-11
3.,2N94629E-18
2.7081478E-15
3.5123204E-13
1.06395G8E-13
1.0742757E-21
1.4932911g-22

S/l Nass Dalio = 0,01

2.4723244E-71
2.8115538E-04
3.3993110E-17
4.6234691E-23
2.28725166-21
1.N01253N5E~15
1.$384420E-15
F.3258B694E£-23

6.8196478E-22
1.1272897E-24
3.9173535E-27
3.9198685E~-28
1.2853549€E-18
1.7943623E-16
2.1221839E~-15
3.26606822E-22

6.9769766E-13
3.3795920E-06
2.439T7935E-28
541485697E-10
1.9159712E~15
3,4514309E=-20
4.2628225E6-18
3.2318743€-25

PRESSURE

PRESSURE =

PRESSURE.= 501.00900

7+51752006-01
1.6414292E-04
7.7709941E-08
7.2429966E-C9
8.7494901E-13
2.5153993E-12
1.9795100E-17
7.5984749E-26

560.000C0
9.3n61324E-01
3.0647643E-N4
2.4301502E-n7
1.9362452E-18
2.0797653E-13
2.78662695-12
4.3478633E-17
3,1675664E-26

500 ,90900

9.91468802E~01
1.7499561E-14
6.4576124E-18
1.8240089E-09
1.5516681E-16
1.0811223E~14
2.0127325E-19
6.0917637E-31

MOLES OF GAS =
‘9. 2850342E-05

2.N25S87TN8E-36
5.1055046E-29
5.1708629E-11
3.9485271E-12
2+2532523E-13
9.6970878E-21
T«57506979E-23

MOLES OF GAS =

7. 8184900£-06
3.4815811E-76
3.6967584E-03
2.9213572€E-09
3.822610NE~12
B.N4CTT64E~13
2.6998747E-21
1.58@?319E*22

MOLES OF GAS =

4,1302297E-03
3.5447839E-0T7
3.5920214E-08
3.18C5423E-10
2.9734726E~14
1.9509369E~14
1.7143264E-25
4,4635618E-26



0.57310

0.51698

0. 50067

C/H Mass Ratio = 0,01

3.3061829E-05
5.0468868E-07
T.9439259E-8
8.8637127E~11
4., T8N5381E~-12
2.4834517E-14
1.8840239E~18
1.0721113E-23

9.8361249E-06
3.498798B1E-C6

—.-B.1014895E-07

T7.3861546E-10
6.9727356E-12
1.3266276E-13
2.9923392E-18
6.9763616E~23

Te93975568E-06
1.2623133E-06
3.6253252E-19
1.0304956E-13
5.4809905E-15
3.365655%E-21
1.1698352E~25

MOLES OF SALID = Qo

3.C818851E-N4
1.2096039E-N9
4.0873784E~11.
1.2619227E~-12
2.2931159E~12
T1.8659316E-16
3.0391456E~19

MOLES OF SOLID = G,

4,9682949E-04
2.1655855E~28

-.-9.2337061E-10

1.3230053E-11
9.1161915E-12
B.0695642E-15
1.4989338E-18

MOLES OF SGLID = 0.
- 3.76Y6170E-CT

2.76957314E-0N4
1.9434150E-07
4.87T41580E-0N9
B.662656T4E-12
5.7732761E-13
8+49441779E-16
9.9375046E~21

3.9155867E~0C5
44,6808B605E-DT
3.9930387E-14
3.4957197E~14
1.2195744E-12
1.4482957E~-18
1.1328068E-22

2.4390369E~04
7.9548208E~08
2.144T122E-12
9.022Y725E-13
1.0754203E-11
3,0634146E~16
8.6235999E-23

1.1589316E-C3
2.17T0743E-10
3,9054416E-11

-2.3716385E-12

2.3224759E-12
4.2756930E~15
1.1543140E-26

C-31



C/F Mass Ratio = 0, 01

TEMPERATURE = 2200.n790 PRESSURE = 510,20000 MOLES OF GAS =

4,7956968E-14
8.1264189E-17
8.8727833F-13
2.6681567E-23
9.9457314E-15
2.73065612E~16
2.9198753E-132
3.6967796E~35

TEMPERATURE = 1600Q.n000

3.0982479E-21
B.2107N92E-26
6.7797923E-20"
1.8248514E-35
1.1178202€E-17
5.6758924E-21
1.8048514E-35

1.8048514E~-35

C-32

2.501442TE-24
4.9756323E-10
241346037612
1.9937772€E-15
9.8942848E-17
2.73383753E-30
1.8755437E-27
1.8048514E-35

2.4264161E-76
4.8299276E-16
8.3828917E-19
L. "9686N34E~24
3.3785953E-18
1.8N48514E-35
1.8048514E-35
1.8M48514E~-35

PRESSURE

9.98073I20E-N]
5.9620164E~"7T
3.9687360E~11
4,3649287E-14
5.6081180E-25
7.2802579E-23
3.2361798E-28
1.8C48514E-35

5C0.0%300

9.9831629E-01
1.4906845€-10
2.5438631E~16
1.7529417E-21
1.8048514E-35
1.8C48514E~35
1.8048514E-135
1.3048514E-35

3.0665375E-12
2.74728B17E~-09
L.4813369E-1"
1.5487100E~1%
3.22%95201E-21
1.87559176£-21
1.83%48514E£-35
1.8248514E-35

MOLES OF GAS =

2.6T32791E-18
2.9845691E-13
1.46C5688E-14
1.6887193E-21
3.8056623E-32
1.1673458E-32
1.8048514E-35
1l.8048514E~35



0.49881

0.49874

C/I. Maws Ratio = 0,01

4,9455587E-19
6.56182C33E-07
1.060N251E-13
9.4410585E~14
3.1082837E-20
1.1120294E~21
1.0815419€E~-31
1.8748514E~35

2+5446179E-14
Te34392T6E-C9
3.0478887E-12
1.1608635E-19
1.7533449E-37
2.0081024E-32
1.8048514E-35
1.8N48514E-35

MOLES. OF SOLID = 0.

1.7453335E-05
1.2369982E-07
2.4419582E-11
3.5526287e-15
1.2838055E~18
T.T7866177E-22
4.1960557E-30

MOLES QOF SOLID = O.

2.1181264E-07
2.7023346£-08
9. 0465251E-13
9.0405675E~21
1.1170643E~27
1.1623386E-31
1.8048514E-35

1.6609457E-03
1.5809552E~16

1.2258700E-11 -

7.3257146E-15
3.1382647E-17
4.3473843E-18

- 1.8048514E-35

1.6811477E-03
6.2968403E-26
6.6991647E~13
3.2495987E-19
3.6779848E-25
1.4809203E-23
1.8048514E~35

C-33



TEMPERATURE =100rQ,nrnnn

8+0453T45E6-n4
2.3294729E-27
4.6417727E-12
4.4323850E~-16
2.0996673F-29
2.9574183E-31
5.568241M8E-29
-1.8748514E-35
2.4768686E~07
1.57899196-09

TEMPERATURE = §nn0.0990

8.N693425E-N4

1.57907569E-06.

1.4043750E6-19
1.47613628-13
2.79255856-23
1,0N66109E-24
3.0542176E-24
4.3246064E-30
6.5271170E-n8
5.6241499E-09

TEMPERATURE = 6570,n900

5.320272785~04
5.559Nn1n2E=-"6
1.7915717-27
1.902n538E~-11
2.13394565c~-18

2.,1759944£-19 .

7+9968104£-2N

9,8765731E~24,

1.066C140NE-08
1.0636641E-08

C-34

G/H Mass Ratio = 0.01

G.1139128E~21
1.6518872E-25
2.6983226E-13
2.4451533E-15
1.8048514E-35
1.88694T73E-24
1.5787323€-28
1.8048514E~-35
1.0525795E-73

T.7296877E-71
9.676TN3TE-D6
1.7195697E-1n
4.1983808E-12
1.9393623E-32
1.3704245E-20
1."830058E-22
1.8341753E-32
F.4N25535E-05

5.1119851E-01
1.1237899E~-14
2.5144579E-18
2.5098323E-Nn9
1.307998%E-24
4.8551195E~17
8.7385199E~-18
T.4738172E-26
3.9887239%E-"6

PRESSURE =1C0C"7.Nn0000

8.5191032E-"2
2.9207648E-9
3.2051937E-15
1.5296103E-17
2.3N16464E-20
L.9970786E-23
4.2204785E-31
1.8748514E~35
1.8016204E-C4

PRESSURE =11¢n,0C960

2.2571880E-01
3.5432757E-n7
6e8434469E-12
1.79307310E-13
6.5463498E-17
1.8747379E-18

T641501737E-25

5.5757297E-35
3.4980G18E~-"5

PRESSURE =1202,.90000

4.8766119E-C1
2.9530047TE~-N5
3.8127083E-09
1.7257230E-17
£43762497E-14
2.9409623E~14
8.7064801E-20
1l.2653207E-28
4.8994686E-6

MOLES OF GAS =

5+ 8442368E-25
1.5704280E~11
2,2955861E-17
2.3652858E~-19
2.5955815E-21
8. 79N6153E-26
4.9942833E-33
1.8748514E-35
1.8082714E-24

MOLES OF GAS =

1.81280"56E-4
3,8804895E-09
1.2n59928E-13
3.5603G75E~15
3.3054143E~17
2.663173NE~20
9.3108356E-28
3.5431696E-33
2.9509251E-05

MOLES OF GAS =

2.9077517E-04
3.27T7T3C60E-27
1.4843456E-10
1.759465165~-11
1.0090616E-13

1.14192Q8E~15 |

Be4683331E-23
3.8103116E-26
2.1123848E-06



0.922

0.815

0.671

C/i. Mass Ratio = G, Gl

13 MOLES OF SCLID = 9.

9.7758541E-CT
1.7896782E-13
8.4044932E~17
4.7228360E-21
6.9457349E-22
1.9721230E-27
2.0879099E-33
1.8048514E-35
2.8485280E-C5

71 MOLES OF SOLID =

8.7823882E~-06
1.1721894E~19
1.0575398E~12
1.90628n7E-16
2.14T0673E-17
1.4139642E-21
1.0313141€E-26
B+3564591E~35
23498063E-05

1.5219082E~-07
1,1729182E-17
4428564Q1E~21
1.8459525€+-23
1.8136873E-23
8.6478312E-30
1.8248514E~35
1.083n103E~-C3
1.285C328E-00

0.

5.,7785296E-16
5.7433826E-14
1.5413162E-16
1.7898183E~18
1.7979265E-18
1.5835571E-23
2.7939166E-28
1.1397943E-04
7.2788134E-07

T4 MOLES GF SCLID = C.

4,08T4C65E-05

2.,9080873E-03

2.1789718E-"9
1.1963390E-12
1.1072138E~13
1.0890405E-16
4,3832884E-21
2.4083988E-27
9.4509773E-06

1.0C63458E-04
4,822146TE-11
60.9289241E-13
1.7820078E-14
2.5071761E-14
2.4364532E-18
3.1735%28E-22
1.1152711E-G5
1.7399720E-D7

7.2899495E-10
4,0825157E-11
2.0071073E-25
4.,7711228E-26
1.1625461E-24
1.8N48514E-25
1.8048514E-35
2.6849192E-C7
5.,9024833E-L9

9.1448143E-C8
3.6856974E~-09
3.6455402E~2C
1.2130663E-20
2.7664453E-19
2.6849366E-28
2.8413074E-31
1.2232028E-C6
5.8855461E-C38

4,.T7222776E-06
1.5427275E-C7
5.0581568E-16
2.7610345E-16
B.24589C7E-15
4,5583030E~22
2.0548397E~25
1.135C557E-07
2+3431099E-C7

C-35



TEMPERATURE = 59nQ.n300

4 «4962558E-15
1.1899347E~14
‘1oM650119E-06
'3.0959533E~-11
4.661677.2E-15
8#1724327E~16
3.5961857E-18
T«5240343E-21

TEMPERATURE = 4270,.,n900

1.2835649E-n6
3.80023956E-08
4.502NTT8E-OT
1.5044585E~12
1.3124367E-13
2.47517N2E~-14
4 46332445E-15%
3.1805852E-21

TEMPERATURE = 31970,01700

1.23015635E-°9
1.5485093E-11
4,5300710E-09
1.5775657E-16
3.2995950E-13
2.914"347E-14
1.1665332E-23
7.8765623E-26

C-36

C/i. Mass Ratio = (.01

1.3221064E-01
2.0757T697E-"4
3.7725781E-07
3.4195211E~28
5.5564211E-20
5.78945563E~16
1.2149972E-15

1.7212748E-22-

4.8720217E-02
5.7267723E-"5

‘2+43984104E-07
.1.4165345E~-18

1.15285226-17
3.2276931E-17
4.5998594E-16
T+1940064E-23

4.9383427E-23
3+1648941E~17

4.8749413E-79-

53.77722945E~11
3.67697T78E-16
6.8625628E~22
7T.0099650E-20
4.1571037E=27

PRESSURE =110C3.00000

PRESSURE =1CCC.CR0C0

8.1%45977E-01
1.7862951E—~r4

1.2476369E-07-

7.8961211E-19
4.39473756-13
1.8636684E-12
2.1637161E-17
3.83282026-25

PRESSURE =1709,.00000

9.4993476E~-"1
2.224978B7E-C4

.21258913E-"7

9.9975420E-"9
4.,23523T3E-14
7.16207C9E-13
143465257E-17
2.8757873E-27

9.9342930E~"1]
3.5908855E-05
1.8265538E-08
2.1292675E-172
5.2838029E-18
3.0427507E-16
4,68553727TE-21
1.4111575E-33

MOLES OF GAS =

6.849551NE-05
3.2498441E-26
1.2082269E~08
B.1966721E-10
2.9229M31E~-12
2.4607626E-13
4.,8828005E£-21
5.6326538E-23

MOLES OF GAS =

4. TLN557T2E-06
3.6115613E-26

4.61981C9E-08 ..

1.4916281&E~-109
1.1649783E-12
2.9523066E-13
3.4540650E-22
2.0542921E-23

MOLES OF GAS =

1.70794T1E-28
4,1369038E-07
1.4382799E-8
5.2559162E-11
1.43251456-15
7.7735308E-16
1.16346556=27
1.4633560E-28



0.549

C/H Mass Ratio = 0.01

56 MOLES QF SOLID = 0.

3.5948079E~-05
1.1933043E-06
2.7710362E-C7
2.0994608E-10
5.2162017E~-12
3.9977368E-14
1.3983396E-18

-1.1749746E-23

0.511

4.9392782E-N4
642139699E-09
2.1016057E~11
4.4057825E-12
3.6880942E-12
1.8664732E~15

" 3.32483814E-19

68 MOLES QOF SOLID = 9.

B.46T4131E-C6
5.1856384E~-06

le4468632E-C6

0.509

7.7858483E-1D
3.0362580E~12
6.96088656E-14
5.4698439E-19
1.2959088E-23

6.1109854E-04
6.5525915E-08
2.3562202E-99
1.9926286E-11
5.6718628E~12
6.04580T4E-15
3.9149263E-19

07 MOLES OF SCLID = @,

2.20227071E-07
5.4415864E-06
T.1550918E-07
8+4808190E-11
7.0280562E-15
3.0915633E-16
3.2335198E-23
5.43C5713E-28

2.2919627E-n4
2.6691426E-07
3.9117355E~N9
2.8687779E~12
5.5738594E~14%
Tel417276E-17
1.35153N1E-22

- 9.2500107E-GC5

2.34661TTE-O7
444607357E~13
1.7989756E-13
2.8912288E-12
1.4663832E~18
5.7090753E-23

4.2864668BE-04
2.38564GEE-CB

141172843E~11

1.9415703E-12
9.5602261E-12
4,6886895F-16
9.3041749E-24

1.3595334E-03
2.1707396E-11
6.2798643E~11
1.1118013E~12
3:1741560E~13
6.8415944E-16
4,57687158-29

C-37


http:4.2864668E-.04

TEMPERATURE = 2270.n0)Q

1.2N035385E-14
1.0237216E-17
T.8729745E~-14
8.46849N0CE-25
5.0521646E-15
3.4803951E-17
1.1719738E~34
1.8948514£-35

TEMPERATURE = 167€.N0120

7.7459338E-22
1.0264223E-26
5.9932965E~21
1.8N48514E-35
5,5900258E-18
7.0963169E-22
1.8748514E-25
1.8048514E~35

C-38

1.7688513E-04
8.8646489E~11
2.5732373E-13
4.90970156-17
1.0052786E-16
2.1861734E-32
1.06468185-29
1.8C48514E-35

1. 7157357E-26
2.5388762E~17
1.2479919E-19
4.3471283E-26
3.3792512&-18
1.8048514E-35
1.8748514E-35
1.80M48514E~-35

PRESSURE =1CC3.09000

9.9814254E-21
1.5022323E-07
T.0987661E-12
2.7709833E-15
8.9344646E-27
8.2334920GE-25
2.5740201E-27
1.8048514E-35

PRESSURE =10002.00000

9.9831676E-111

3.7270170E-11 -

4.4975179E-17

1.0957662E-22

1.8748514E-35
1.8048514€E-35
1.8748514E-35
1.8048514E-35

MOLES OF GAS =

1.0884419E-12
9.7898903E-10
3.7472730E~11
1.3904561E-15
7.2764542E-23
2.9993949E-23
1.8748514E-35
1.8048514E-35

MOLES OF GAS =

9.4518495E-19
1.0552918E-13
3.6521245E=15
1.4928777E-22
8.4199482E-34
1.8244319E-34
1.8948514E-35
1.8149514E-35


http:22fYO.no

0.4987S

0.49874

C/1: Mass Ratio = 8. 01

2.4825788E-19
3.3353805E-G7
3.,7923471E-C9
1.,1987767E-14
9,9045268E~22
2s5154476E-23
3.0817326E~-34
1.8048514E-35

1.2723614E~14
3.6722667E-09
1.0777263E-12
1.4513153E-20
5.48N3395E~32
4,4384398E-34
1.8048514E-35
1.8048514E-35

MOLES OF SCLID = 9.

1.2390727E-05
1.2469120E-"7
1,2355516E-1D
6.37S67T68E-16
5.7855244E-20
2.4910308E-23
1.69C9208E~-32

MOLES OF SOLID = Q.

1.4978039E-07
2.7025594E-08
4,5238234E-13
1.5984250E-21
4.9377843E-29
3.633220SE-33
1.8048514E-35

1.6676486E-03
9.9967289E-18
1.2405908E-11
1.86049T74E~15
2.0001543E-18
2.7817593E~19
1.8048514E~35

1.6812179E-C3
3.9360056E-27
6.7TO00017E~13
8.1253450E-2C
2.2992140E-26
$.258C646E~25
1.8048514E~-35

C-39



C/H Mass Ratio = 0,05

TEMPERATURE =1210n,00917 PRESSURE = 1£12,0000C . MOLES OF GAS =

4«1573653E-003
6.199%432E-07
6.8439591E~-13
3.139N461E~16
1.8048514E-35
1.8748514E~35
5.8164311E-30
1.8748514E-35

4.0167765E~07

1.3593720E-P9

TEMPERATURE = 8900,0000

4.1711634E-r3
'4,0322685E-06
2.4793236E-10
1.053%079E-13
1.1295793£-30
1.3642243E-30
3.0118513E-25
1.4153796E-32
1.1120618E-07
4.9531734E-N9

TEMPERATURE = 6500,0700

4.07T06617E-03
342537591E-35
1.2788235E-"7
6.50947015€E-11
4672583224
1.2747136E-23
1.2268727E-19
1.4884422E-24
2.2132963E-"8

1 20T eV C_MAD

C-40

F.7384635E~-21
4.7213944E-7006
4.2730067E-15
1.8598428E~-16
1.8048514E-35
3.5563157E-25
1.6485373E-31
1.8248514E-35
3.4945151E-03

9.601M033E-01

"3.2115914E-"6

3.6429519E-12
3.7231722E-13
1.8n48514E-35
2.6143849E-21
1.3265366E~24
1.8048514E-35
3.5433332E-04

8.57$6551E-71
1.1739598E~04
4.4330328E-15S
1.4431447E-0G
1.79418756-31
9.7356224E-17
2.2499656E-18
1.8726727TE-27
2.4663519E~15

PRESSURE

PRESSURE

$.826B242E~-r3
8.9659463E-11
£e4513466E-18
1.2495702E~19

"8.40389785-21

4.0424569E-25

 4.7332768E-34

1.8048514E-35

'6.2596584E-15

1£C.£0000

3.48238716-02
1.4606T14E5-C8
1.3113253€E-14
1.1353541E-15
2.4159876E-17
4.44232C7E~20
9.3568691E-28
1.8048514E~35
1,4321033E-05

1cn. 00oon

1.3736581E-0C1
3.,38438416E-76
8.0715375E-11
1.6653577E-11
1.6712260E-13
9.3976879E~-15
3.7623665E-21
B.6958519k-29
2.2315TT6E-06

3.7913448E-75

 5.1775872E-14

3.8279332E-21
2.0752633E-22
1.1185013E-22
1.9110835E-28
2.5N49196E-34
1.8748514E-35
6.44TTCTTE-QS

MOLES OF GAS =

1.1639248E-04
1.9869595E6-11
3.9647972E-17
4,8712360E-18
1.5152207E~18
7.8383276E-23
4.T461488E-29
1.8N48514E-35
1.3812718E-15

MOLES OF GAS =

3.7336322E-74%
9.N68T7T153E-09
5.2981887E-13
1.7159451E-13
443992336E-14
6.4498969E~17
9.9391627E-23
443931697E-27
2.1928678E-06



0.99369

0.96656

0.87873

C/i ass Ratio = 0,05

5.8172022E~C8
6+3371509E-17
1.6488483E-21
4 ,45C4319E-25
2.9271C22E-24
4.604T24T7E-31
1.8048514E-35
1.8048514E-35
1.0908677E-06

7.0039186E-C7
7.4551244E—14
4,3184426E~17
3.2446285E-20
1.2225048E-19
5.1691289E-25
6,525 783 &E~-29
1.8048514E-35
1.36618NLE-D6

8.8085053E-06
1.35(5678E~10
1.2993768E~12
3.2520064E~15
8.1745142E~15
1.0324723E-18
8.6344N12E-22
4,6604661E-29
1.6463965E-06

MOLES OF SOLID = 0.

9.7265278E-19
4.7907814E~23
9.03N1567TE-27
1.8682261E-238
8.209C296E-27
2.1686357E-34
1.8048514E-35
3.5035653E~03
2.20C08291E~-06

MOLES OF SOLID = 92,

5.724C117E-C8
+5.6355237€E~19
T.8176751-22
3.7T7T7973CE~-23
1.2715445€-21
7.19063402E~-28
2.1972323E-31
3.7567729E-C4
1.4179011E-06

MOLES OF SGLID = 0.

3.6398363E-06
6.3082656E-15
6.9347125E-17
8.1299343E-18
3.1066734E-16
3.8765330E-21
1.0491832E~23
3,0266568E-N5
8.2325380E-07

5.0038416E-13
5.6046438E-11
4 ,8783070E-33
5.1860839E~-32
5.6513153E-29
1.8048514E-35
1.8048514E-35
4,2814771E~C6
1.1660749E~10

1.1251561E~1¢C
5.C90E916E-C9
2.8527044E-27
3.1804588E~-26
2.43017F1CE-23
1.8809513E-34
T.4866828E-33
1.9183554E-C5
1,7688112E-CS

2.8665963E~08
6.,9082981E-CT
1.4259907E-21
2.1141186E-20
1.7148607E-17

 2.0429078E-26

1.8451154E-25
3.199840ZE~-n¢&
3.12280338E-C8

C-41



TEMPERATURE = 571Q0.,nn0n0

8.667T425E-"4
4,4221457E~15
1.9461554E-05
4.2757593E-09
1.15362156-17
5.9924171E-17
3.5581718E-15
7.05680756-18

TEMPERATURE = 4N70,02300

3.9057775E-05
3.5186358E-76

. 3.7943138E-75 _

1.289757°E-09
Te21445617E-15
4.,6266131E-14
1.1190741E-14
2.1277425E-16

TEMPERATURE = 300n,0000

l.1174176E-07
1.2776728E-N8
1.0667537E-05
1.2739833E-11
2.1222757E-12
1.7268523E-11
5e9520274E-16
1.0411815E-16

kS

T/ Mass

4.64THB12E-D1
1.96766T7CE-D3
1.7258150E-"6
1.2046134E~36
8.946265TE-24
2.61216837E-13
3.N66356TE-13
2.4432205€E-20

PRESSURE
1.45741T7T4E~-21
1.5861651E-13

_6.D46TC15E-06

3.6326991E-76
5.,6TN8634E-20
2.562726N0E-13
3.323481NE-12
1.4396518E~18.

1.5595G13E-02
2.11530C12E-04
3.6021337E-26
1.7838277E-C6
2.2872683E-16
3.8548050E~15
1.1230513E-12
l.7254301E~-18

PRESSURE

PRESSURE

Ratio = 0,00

19 .000C0 .

5.3133243E-C1
443190510E-T4
1+4833409E-C7
7.0951055E-18
1.,1698731E-10
2.4398393E-10"
1.3928689E-15
2.7168688E-22

1C2.00C00
8.500475CE-P1

:1.8434827E-03
1.6032863E-C6 .

T.6695591E-C7
1.,1178521E-1"

1.7006091E~-09

2¢9102993E-14
1.9569320CE-21

128.00000

9.7942114E-N1
2.9210540E-C3
4.2377854E-C6
1.4291353E-C6
3.2656020E-12

5.3665897TE-1D

2.3570008E-14
5.3963727E-23

MOLES OF GAS =

3.36381587E-24
2.2042886E~-76
3.66409712E-09
1.8785473E~-29
1.9849615E~17
83.2172207E-12
9.3134139E-18
1.7184174E-19

»

MOLES OF GAS =

4,287T443E-15
8.9512363E-26

. 1.04224238E-07

3.4230458E-28
9.9907978E~10
2.0973739%E-19
2.5385508E-17
4.1817299E-18

MOLES OF GAS =

4.8T712847E-27
1.N566459E-15
1.9477729E-06
1.1075631E-27
2.7814948E~19
443N49359E-10
5.3923136E~19
1.7576757E£-18



0.65734

0.53735

0.5C0105

G/H Mass Ratio = 0,05

4.5087466E-05
1.8772048E-07
2.1434845E-08
1.2273777E-19
9.0355518€E-11

3.4051141E-13 -

6.8032297E-16
5.4188107E-21

2.3055901E-05
3.844T243E-0C6

——9.7644320E-07

5.3448149E-19
T.0875712E-10
1.479C373E-11
1,2025559E-14
T08911989E~19

1.,9719866E-06
4,3641125E-C5
1.6366466E-05
5.,6119531E-03
4,2848005E-17
5.,3757969E~11
4,.IN55617E~15
2:0474C11c-13

MOLES OF SC0LID = 0O, :
1.5871736E~"4"

6.3599637E-11
4.1465972E-12
6.5698637E~-173
1.6295389E-11
4,0549645E-15
4.,1261135FE-17

MOLES OF SOLID = Q.

4,9715728E-04
443473607E-TI

- 4.7567504E-1D

4,0919251E-11
3.,9605881E-10
3.8453138E-13
2.57T4T112E-15

MOLES OF SOLID = N,

64447935604
2.11064G4E-07
2.808G719E-8
5.9604425E~10
1.C67CN6LE-PT
3.8992757E-12
6.1756071E-15

7.5482T743E~-06

1.6811531E~-05
5.7262830E-16
6.8425963E-15
3.2584267E-12
1.,0553973E~18
2.0992334E-19

1.0444324E-C4
6.721285¢EE-C6

. 2.0184005E-13
1.1926951E~12

1.9969938E-10
2.6668078E-15
2.0807261E~18

1.2003491E-03
1.6268963E-07
4.446T089E-11
Te2532974E~11
1.9079933€E~09
3.6827352E-12
1.92¢68316E~-19

C-43



C/F Masgs Tlatio = 0,05

TEMPERATURE = 220n,.0000 PRESSURE = 102,00900 MOLES QOF GAS =

5.4739417E-12
2.1175157E-13
2.3338998E-r8
3.6232298E~17
2.1036731E-11
6.637T0268E-11
4,7170696E-22
1.3872538E-22

TEMPERATURE = 1670.0020

3,95%24856E-19
2.66980G9E-22
2.59562NNE~-15
3.4267613E-29
3.68N2439E-14
2.3990217E-15
1.8748514E-35
1.8748514E-35

C-44

5.574651TE-04%
5.7787278E-C7
24043601E-08
6.62017T70E~10
e 1575743E-14
1.8347197E-21
14350526CE~-1T
8.5922693E-24

5.40T1663E~06
6.999622%E-13
1.3827919E-14
1.1335C454E~-18
2.2096472E-15
1.8048514E-35
5.5226691E-32

" 1.8048514E~35

PRESSURE. =

9.9139221E-01
3.0862737E-N4
2.9903961E-"7
1.1775395E-08
1.7385193E-17
2.2963837E-14
1.0290121E~18

- 246204298631

1€1.00000
9.,9153262E-01
9.6284071E-08

. 1.8675060E-12
7.3631798E-16__

2+6896Q71E-3Nn
6+4563382E-27
2.8N60861E~32
1.8048514E-35

1.56N1057E-19
6.3387244E-07
3.47766326~07
1.8621948E-N9
4.46223822E~14
2. 6368540E—13
2.8295276E~26
4.T799172E-25

MOLES OF GAS =

1.5191955E-16
8.5919147%E~11
4,7791855E-11
3.1614748E-16
9.1561756E-25
3.1888R49E-24
1.8748514E~35
1.8048514E-35



0.49426

0.49373

/3 irass Batio = 0,05

11

1.1214453E-G8
6,8C060584E~05
1.1091931E~05
5.0597984E-09
1.9142436E~13
6.9683212E-14%
1.7778665E-20
. T4918725E~24

6044504 64E~13
9.4224908E-07
444446340E-09
9.6860908E-15
1.87€1494E-23
2.4448250E-24
1.8048514E-35
1.8048514E-35

MOLES GF sorip = oq.

1.7639995E-04
2.5271984E~1:6
1.1389018E-07
3,4863286E-11
3.5239823E-12
2.1747945E~14
3.0743411E-19

"MOLES OF SGLID = 0.

2.3910578E~06
6.8872437E-C7
5.8796735E-10

- 3.3619913E-16

5.3330449E~2]
6+3071359E~-24
8.2019811E-34

T.4822571E-C3
9.4042519E~12
1.1358143E-09
T+7996897E~11
3.8395573E-11
2.4121905E-11
2.1657737E-26

" 8.4582099E-03

5.2214025E-21
8.6488965E-11
5.3859979E-15
7.8260267c6—19
1.5962400E~16
1.8048514E-35

C-45



TEMPERATURE =17170.77020

3.,5684753E-03

2.8337716E-06-

7.2308217E-11
3,2796417E-14
8.2N7B351E-3"
1,.0575672E-30
6.6402430E-26
4.32135316-34
8.4869499E-17
1.373153rE-"8

TEMPERATURE = 8L£OC,.DO20

4,0499338E-(3
1.9006443E-75
2.4589167TE-N8
1.1707802E-11
1.964638%9E-23
5.79C8036E-24
3.8281431E-21
1.8979735E-26
2.358787CE-27
5.1003829E-C8

TEMPERATURE = 6500.0700

2.6242351E-73
6.7613103E-25
3.1332358E-26
1.4754767E-29
3,1847999E-18
241249197E-18
8.87071G2E-17
4.,0903369E-2N
3.4421134E-C8
8.4697282E-08

C/H Mass Ratio = 0,05

9.4644637E-71
1.0434004E-14
2.1825556E-12
9.3941224E-14
1.8248514E-35
B.4923573E=-22
9.698668TE-26
1.8048514F~-35
1.5290319E-03

B.5641319E-21
6.7516257E-05
1.6582276E-039
1.8446852E-10
4,1871873E-31
5.3448440E~-18
7.51987n2E-20
4 4429486E-29
1.4468080E-%4

6.2766418E-"1
3.3912421€E-N4
3.9729125E-207
1.1397195E-77
1.013Nn416E-24
2.1839369E~14
5.95798691E-15
1.8824199E~-22
T«4T793646E-16

PRESSURE

PRESSURE

PRESSURE

59 ..200C0
4,5935259E-02
9.5791802E~"3
1.34613C1FE-14
3.0513507E-16
4,2001731E-18
4.66686CTE-21
1.2629677E-28
1.8048514E-35
L.3374696E-C4

503,0000C

1.3854170E-0CL
1.3695479E-06
3.56772096E-11
2.5788543E-12
1.3029525E~14
5.1872885E-16
2.3656939E-22
1.1044075E-30

2.7906733FE-05

5€0.200C0
3.6758991E-"1

- Ga411064TE-N5

2.4460116E-18
4.81N8568E-09
1.163M548E-11
8.1215239E~12
3.639989NE-17
2.1058109E-24
3.9383771E-r6

. MOLES OF GAS =

1. 7528438E~-C4

2.6T43054E-11

4,5698185E-17
2.4499451E-18
2.4594682E~19
1.7666211E~23
1.3671659E-29
1.8048514E-35
1.3639121E-24

MOLES OF GAS =

5,N402534E-4
8.3092283E~-09

3.5898770E-13

4, 80088B3E-14
3.64456T75E-15
4.0821672E—18
2.9285765E-24
3.8878649E-29
2.5154440E-05

MOLES OF GAS =

B+8043387E-D4
9, 2230260 E=-NT
6e 3411756E-1"
1.8132029E-11
1.119384CE-11
1.9353M151E-13
2.31565493E-19
3.8914862E-22
2.4324811E-96



0.95699

C.B87786

0.72938

C/% Mass Ratio = 0.05

1.,30n0121E~-1%

1.5824465E-13

9.5162663€E~17
2.5400168E-29
3.4171873E~20
1.2424711E-25
2.96T77T096E-30
1.8M048514E-35
1.1155895E-G5

1.3527115E~0C5
1.39C4421E~10
1.7439056E£-12
1.4262133E~-15
1.3114669E—-15
1.20C6638E-19
1.7970109E-23
5.0796371E-31
1. 1096344E-05

7.5979238E-05
5.0242546E-C3
5.6993485E-C9
1.2569614E~11
Te6117656E-12
1.1334630E-14
7.3612486E-18
1.5100456E-23
6.6803440E-06

MOLES OF SOLID = Qo

1.0508523E~-07
2.7960446E-18
2:5196061E-21
5.1548455E-23
4.6331313E-22
2.8289163E-238
1.3197595E-32
1.5484317E-03
4,60379C4E-0b

MOLES OF SCLID = O,

4.9306171E-26
2.0907673E14
1.,4C080234E-16
T.4065309E~18
6.0837981E-17
T.4491T40E-22
2.6968982E-25

T 1.,6413941E-04

2.81C6411E-06

MOLES OF SCLID = ¢,

1.1484234E-C4
3,.,1399306E-11
1.1126180E-12
1.1494362E-13
1.0581479E-12
1.5567884E-16
2,2718842E~-19
1.4602966E-05
B.NGTA1H69E-0T

2-.6135981E-10
1.2248336E-09
3.1813309E-26
6,9179392E~26
1.54199586E-23
6.9137623E~35
1.3702972E-33
1.8525565E-C6
5,7010962E-09

4.3226519E-C8
1.1649007&-C7
1.022C271E-20
2.7808799E~20
5.1858143E-18
3.8760664E-27
2.2426694E-2T1
B.5261283E-06
6.9745207E-08

3.3083693E-Cé6

4,6272647E-C6H
3.0611849E~16
1.0933390E~-15
2.1365203E~-13
1.0977153E-20
1.3861912E~-21
8.551G272E-C7
4,0842929E~-C7

C-47



TEMPERATURE = 3

TEMPERATURE = 5000.0729N0

2.2830439E~C4
1.5338797E-5
2..3602706E-95
2.5725119E-C9
1.7118233F-14
1.66173288E~-14
4 .8899546E-15
4.4652850E~17

TEMPERATURE = 4A7N,50N0

8.0594999E-76
T+4%14733E-C7

1.9461677E-05 |

2.9231521E-19
1.4447747E-12
1.7533735E-12
2,7857219E-15
1.3165446E-16

1.5239994E~13
1.1883742E~09
1.5171632E-06
4.,6449933E-13
5.8996797E-11
6.5714650E-11
8.16333N09E-18
1.4971N42E-18

[alada®

ML e

anan

C/i: Mass Ratio = 0.05

1.8119440E-93
5.5561282E-76
1.9239661E-N6
3.3551495E-21
2.7258434E~13

-1.1186826E-12

4.1040246E~16

6.306056TE-D2
7.3852748E-14
T.24180M94E-06
1.9224483E-26
6.1916824E-17
6.18136116~-14
1.9317612E-12
2.0739643E-13

6.9587696E-93
4.4145411E-95
1.1503184E-26
1.7518457E-7
3.2015304E-14
T.7529744E-17
3.4562868E-14
5.341N4N9E-29

PRESSURE
2.46758956E-11

PRESSURE

PRESSURE

5r9,00090

7.4887536F~"1
1.0558155E-"3
1..2677262E-16
3.0082577E-17
9,26958064F-11
6.758765CE-10
1.3489560E-14

B8.52865653E-22

500.,00000
Q.26907T2E-11
2.1398785E-03

4, 4835414E-06 ...

9.47T1351E-C7
2.614N031E-11
9.58N4702E-1N
3.94328431E-14
5.3504341E-22

50%.12000

9.8630089E-N1
1.3679110E~-03
3.0367017E-06
3.1122182E-r7
9.6314083E-14
2e4219734E~11
1.6277205E~15

'2.34T0643E-25

MOLES OF GAS =

2.3557195E-4
L. 3006684E~05
8.+3129460E-98
2.1145020E-08
4.1752256E-12
6. G427907E-11
1.6856414E~17
8.4858162E-19

MOLES OF GAS =

2.0659456E-75
2.4261333E-15
6.8N155062E-07
9.8764519E-98
4.9636983F~10
2. 758922 7E-19
5.5199293E~18
2.6696265E-18

MOLES OF GAS =

Le 490793 7E-DT
1.1103325E-75
L. 684T453E-06

“5.4126436E-18

l.8408137E-11

443595646111
5.0433494E~21

1.7154C85£-29



C/H Mass Ratio = 0,05

0.56850C MOLES OF SOGLID = 9.

0.51496

0.49724

8.3690722E-C5
3.2338842E-06
1.290Q09754E-C6H
3,6673084E5-C9
5.0453223E-10
6.6473898E-12
3,2687206E-15
1.1987525E-19

2+5939030E-05
2+4332028E-05
1.4887448E-C5
3.67008283F-03
9.0361273E-12
4.5428094E-11
To2117994E-15
1.1763045E~18

1.3542G10E-06
1.0290212E-04
"5.9051051E~C5
6+41534742E-03
6.363N8%7E~11
1.2215856E~11
9.8755299E~17
4483 T040E-29

7.7863576E-N4
7.7211286E-19
6.6297362E~17
5.2111340E-11
2.4154934E-19
2.1014201E-13
5.2627217€-16

MOLES OF SCLID = Q.

1.3075874E-03
1.5000372E-07
1.6934211E-78
6.436935TE-19
1.1790334E-29
2.7577743E-12
3.6053616E~15

MOLES OF SCLID = 0.

9.931CC39E-N4
2.5056Q075E~-%6
2.2741821E-07
1.4665278E-09
3e5555662E-11
1.9882475E-12
2.9N82599E~-15

G.,8737516E-05
7.68CL934E-C6H
6.4519311E-13

- 1.4407989E-12

1.2821990E-10
3.8543339E-16
5,n037417E-19

6.4064171E~C4
1.4764462E-C6
3,9176463E-11
4,380891CE~11
1.3881132E-C9
1.0427541E~13
5.5137908E~19

4.1504650E-03
1.0318292E-C8
1.8127011E-09
“4.0045379E-10
1.426672CE-09
9.4551154E~12
1.22893156-21

C-49



TEMPERATURE = 22n0.,0000

2+4292657E~13
2.085190°9E-15
1.1472954E-17
1.7567281E-2"
643T7T31375E-12
8.9238497E-13
2.4987155E-27
B.C90227NE-29

TEMPERATURE = 1670,0909

1.58076%6E-20

- 241373735E-24

8.5739919E-18
1.0981332E-32
7.3710666E-15
1.9226612E-17
1.8748514E~35
1.8048514E-35

C-50

G/It Mass Ratio = 0. 05

1.2723973E~-13
2.6266703E-10
T.1771168E~13
6.,2973337E~1L4
4.6186827E-26
1.5996213E~-22
1.1204267E-29

2.4181673E-26
1.253P263E-14
1.1758181E-156
Te4057494E-22
2+2128262E-15
1.8C48514E-35
1.8048514E~35
1.8048514E-35

PRESSURE
"2.4929781E-04

PRESSURE

502,.,30000

9.9132696E-1
1l.5194822E-05
5.1M62936E-"9
2.8544T762E-11
1.8703974E-21
1.2257847E~18
2.7252479E~23
1.8048514E-35

500 .000200

9.9153451E-01
3.8541220E-09
3.3442854E-14
1.1797951€E~-18
1.7244274E-34
1.8518756E-31
1.8048514E-35
1.8048514E-35

MOLES OF GAS =

1.5481N17E-11
6.978%434E-28
1.8994831E~-08
1.0093622E-11
1.0734502E-17
3.1472683E-17
3.3258457TE-32
6.,1854264E-32

MOLES OF GAS =

1.3592964E-17
T«4659Q02614E-12
1.,9137317E-12
1.13279259E-13
1.3126701£-28
2.045210GE~-28
1.8048514E-35
1.8048514E5-35



0.49384

0.49373

C/L: ¥ ass Ratio = 0,05

2.4882528E~09
1.6753224E-05
1.3546458E-06
641323309E~11
1.0296580E-16
1.8596866E-17
4.67260N04E-26
2.1417013E-39

1.2894728E~13
1.8858519E~-C7
3.9796890E~1D
ToT599794E~17
6.0208393E~27
3.5062670E~28
1.8048514E~35
1.8N48514E-35

MOLES OF SOLID = 0.

B8+.7515600E-05
3.1101632E~"76
3.1101085E~08
2.2997611E-12
4.2383773E-15
1.2977778E~-17
1.8068924E-24

MOLES OF SCLID = 0.

1.0696983E-16
6.8922020E-07
1.17727214E-10
6.0227391E~-18
3.8228528E-24

2.0226109E-27 .
1.8048514E~35 -

8.30023526-03
2.0548933E~14
1.5507350E~09
4.7261873E-12
1.0325664E~13
T.1967292E-14

. 5.6486T44E-33

8.4612625E-03
8.3632188E-24
8.6582302E~11
2.1574893E-16
1.2544088E-21
2.5594747E—19
1.8048514E-35



TEMPERATURE =1nM190,.nn00

3.5629634E-03
4,5685124E-06
4,0192242E~17
1.7748955E-13
7.8807545E~27
4.9460180E~28
1.9986266E-24
8.N5242N4E-32
1.7669919E~C6
3,0973282E-8

TEMPERATURE = 8070 ,.NIQ0

3.,7211381E-23
3.2091246E-15
1.3728535E-07
6.6753932E~11
1.2313412E-20
2.0597714E-21
1.3544509E-19
4.0554916E-24
3.0728060E-07
1.2209792E~-"7

TEMPERATURE = 6570,00720

1.7520948E-03
64 0273440E~15
6.0602595E-06
2.2336867E-19
2.46N5171E-16
8¢3717234E~17
3.3563452E-16
4.48365T1E-19
3.6152475E-"8
1. TR7T7993F-C7

C-52

G/H Mass Ratio = 0.05

9.0860372E-91
3.22983490E-C4
2.3293162E-11
9.3763934E-13
2.2943300£-35
1.4234771E-29
5.25815T6E-24
1.60N5469E-34
1.7491737€-33

7.7053108E~71
2.0513082E- 24
1.66592T7E-18
1.8926073E~C9
B.49750 4NE-28
1.3178959E-16
4.787649CE-18
1.7188405E~26
3.1811672E-15

5.N996197E~-721
1.2155194E-23
1.2486638E-75
2+9434636E-27
2.N665812E-22
6.1884996E-14
3.653T7T7T62E~14
3.3529741E-21
3.862T426E-16

PRESSURE

=1C0C7T. 00900

B 46 TNT7COE-N2
5.6933254E-(8
2.7584075E~13
5.8476387E-15
3.92937029E~17
1.5919495E~19
1.4013318E-26
3.4504042E-35
1.7964291E-"4

PRESSURE =1C£Nn.00900

242429735E~N1
T+48T4960E~-C6
6.64TTL52E-1D
4,6313263E~11
1.3651718E-13
1.7971922E-14
2.7172363E-20
2.4243113E-28
3.5598821E-05

PRESSURE =14(2.,0220¢

4.8530484E-C1
242152100E-04
1,35135976-17
2.1189457E-N8
2.4682356E-11
3.7395832E- 11
3.6365438E-16
1.8957704E-23
5.7339317E~N6

MOLES OF GAS =

3.0216701E-24
3.0518C75E-19
1. 7975567E-15
9.0147359E-17
4. 4084 69E~13
6.5909666E-22
7.3891411E-23
4,7273361E-35
1. 7969074E-04

MOLES OF GAS =

8.3333008E-04
8.1742218E-08
1.1673254E-11
1.5949C00E-12
6.B8713515E~14
2.5449635E-16
1.9040989E-22
1.536N177E-26
2.8723573E-05

MOLES OF GAS =

9.5514611E-04
3.5276375E-906
5.2624631E~09G
1.23648331E-29
3.8613857T4E-11
1.4434727E-12
1.1773398E-18
5.6957520E-21
2.141366TE-06



0.932183

0.81585

C/il Mass Ratio = 0.05

14,3028 786E-CH
3,4672385E-12
7.1887754E-15
1.7944928E-18
1.1759332E-18
1.4741222E-23
3.0796545E-28
1.8048514E-35
2.8210687E-C5

4024451 2E-15
2.4614206E~09
1.0208234E-10
8.5257602E-14
4.4492855E~14
1.3469412E-17
2.10242296-21
3.61122726~28
‘2. 2800299E~05

1.3393946E-C4
3,1226896E-07
7.68573676-08
1.3928495E~17
4.2652960E-11
1.3780793E-13
6.04313526-17
3.5914298E-22
9.1098434E~Co

MOLES OfF SGLID = Q.

6. 6TB2456E-0T
2.2584T67E-16
3.6545142E-19
6,9924447TE-21
3,0612341E-20
6.4443063E-26
2.6295685E-30
1.0832027E~-03
5.6724637TE-26

MOLES QF SOLID = 0.

2.6396083E-05
1.1984287E-12
1.4831118E-14
T.967TL11E-16
3.7140231E~15
1.50373838E-19
5.67T76T86E~23
1.1635973E-4
3.2775570E-06

MOLES GF SGLID-= 0O,

3.2896983E-04
5e1529775€E~-10
2.4380727E-11
2.06970L6E-12
9,6349732E-12
3.C756480E-15

4.3646493E-18.

1.1486574E-Nn5
5.5493829E-77

3.1891700E-09
3.5458733E-09
1.7010731E~23
1.8017677E-23
1.9562234E~21
5.8061336E~32
1.3298816E-31
1.1888285E-06
2.5895934E-08

4,1641405E-C7
3.6143693E-07
3.4857838E~18
5.3827521E-18
5.56966981E-16
2:5335474E-24
2.6795166E-25
5,5253519E-C6
2.6334970E-C7

1.5399571E-C5
5.5078485E~06
1.,77121372E-14
3.199C282E-1%
3.1611993E-12
5.7263506E-19
9,35095569E-21
3.6288694E-CT
T7+4368923E~07

C-53



TEMPERATURE = 570,000

1.1985326E-"4
8.4551406E-0

2.0131428E-N15
1.5631111E~-N9
2.3161212E-13
1.0867C094E-13
3.4392152E-15
5.1023273E-17

TEMPERATURE = 4020,0000

3.,7648599E-C6
3.2694T94E-07
1.11353576-10
9.5453081E~-12
5.3933561E-12
8.6537N92E-16
+1995789E-17

TEMPERATURE = 3000,0000

5.2487930E-29
2.8183311E-1"
3.506G66TE-Q7
5.22569M3E-14
1.067313%2E-19

4 ,04528604E-11

3.00034736-19
3.6761987E-20

C-54

1.1335858E-05

C/H Mass Ratio = 0.05

1.8184514E-91
1.4719899E-93
6.9848433E-956
1.7239136E-76
2.7496039E-18
1.83258478E~13
1.15956476-12
6.9117551E~19

4.8613592E-12
4.916"967E-24

.6.0257834E-06

1.0461634E-176
8.3479971E-16

2.0553137E-14

8.5725551E~13
1.1509231FE~-18

4,9236881E-73
1.4816250E-05
3.7627507E-07
1.6745543E-18
1.1598263E-13
4.1373394E-18
1.7976241E-15
1.9344688E-21

PRESSURE =12€35.N0000

8.1338674E-01L
1.2641739E-13
2.3489222E-06
3.9726325E-"7
5.9136842E-11
6.6725196E-17
2.0608585E-14
6.9423607E-22

PRESSURE =1202.00930

9.4578135E-11
1.9058328E-03
5.3294147E~26
7.3673999E-07
9.3931405E-12
4,55764T1E~10
2.5039670E-1%
1.3553959E-22

PRESSURE =11C5.00900

9.8754197E-"1
£+496TB53E-N4
1.4056518E-6
T«N114152E-8
71464626959E~-15
1.83289853E-12
1.1979846E-16
2.8181723E-27

MOLES OF GAS =

1.8221701E-04
2.2953247E€-25
2.,2701620E~07
4.1135518£-98
3,92537756-12
8.7926319E~11
1.2445862E~17
1.0181917E-138

MOLES OF GAS =

1,3785427E-05
3.08675T2E-D5
1.1556094E-26
1.7968N64E-17
2.5236C38E~-10

1.8720514E~10

1.8922494E-18
9,6609504E-19

MOLES DF GAS =

7.2647880E-98
Te4062454TE-06
1.1035653E-76
1.7255713€£-08
2.0183852€-12
4. 6587734E-12
1.2766337€-22
2.9147344E-22



0.54774

0.50927

0.49596

C/H Mass Ratio = 0,05

9.54400215E~05
8e4112537E~06
5.1961119E-06

1.,0515139E-08 -

6.9920520E-10
1.4255785E~11
3.5573887E-15
2+1196937E-19

2:4727414E-C5
4,4224020E-05

—-3e6112936E-05 |

5.7124683E-08
6.5628163E-10
4.4034660E~11
2.99CQ01TE-15
6.081N860E-19

9.3384856E-07
9.7868071E~C5
5.4T36780E-15
2. T760783E-08
9.8730125E-12
1l.8473144E-12
3.5375242E-18
1.0780914E-21

MOLES OF SGLID = ¢C,

1.3087186E-23
4.3624918E-78
3.9329254E-N9
2.2C22977TE-10Q
44933785CE-12
6.6421964E-13
B.4415649E-16

MOLES OF SQLID = Q.

1.7806876E~03
5,5637304E~07
5.8681314E-08
1.4587896E~C9
1.2232801E-09

3,8187532E-12
2.1353463E-15

MOLES OF SCLID = O,

9.,6911334E-14
4, 7720599E~06
2.9830827E-07
9.3624490E~1"
T.8069157E-11
4,2547632E-13

1.,4742047E-17

2.4459801E-C4
4.4446645E-16
8.3143225E-12
B.9740491E~12
3.8600119E-10
2.6464949E-15
3.87931G8E~19

1.2463052E-C3
6.0200436E-07
2.7704117E~10
1.4182998E-1C
2.0573919E-C9
2.9466488E-13
1.4950527E~19

5.7314731E-C3
1.6854626E-09
4,7614822E-0Q
3.6177598&E-10C
4,4326268E-10
4.0517989E~12
2:1425056E-23

C-55



TEMPERATURE = 2210,0090

6.1220519E~14
2.6486220E-16
1.0324512E-11
5.6686841E-22
3.,2910936E-12
1.1612844E~13
1.0324773E-29
1.2009496E-31

TEMPERATURE = 16C0N,7221D

3.9521369E-21
2.6720372E-25
Te9334N99E~19
3.4324829E-34
3.6864244E-15
2:404047T5E-18
1.8048514E-35
1.8048514E-35

C-56

C/E Mass Ratio = §.05

2.2857195€6-09
3.3634366E-11
3.2753251€E~14
6.5042241E-14
3.7801636E-28
F.3470997E-25
243521783E-32

l. T09898LE-N6
2.2153241E-15
1.3825224E-17
3.2736863E-23
2.2133581E-15
1.8948514E-35
1.8N48514E-35
1.8048514E-35

PRESSURE =1£C1,.0C000
“1e76284T1E-24

9.9137778E-"1
3.8693060E-r6
9.2471890E-10
1.8422845E-12
3.0420262E-23
1.42109056-20
2.2521182€-25

1.8048514E-35 -

PRESSURE =1£C3.0000N0

9.91534%8E-C1

9.6364629E~13

5.9129870E~-15

"7.3754917E-20

1.3M48514E-35
2.0467822E-33
1.8048514E-35

"1.8048514E-35

MOLES OF GAS =

5.5175662E-12
2.5071814E-"8
4.8643075E~09
9.2132431E-13
2.4691966E~19
5.16N2024E-19
6.9262965E-35
4a6273119E-35

MOLES OF GAS =

4.8BN61237E-18
2.7192467E-12
4.7851917c-13.
1.0M14199E-19
2.9014824E-39
3.1968033E-39
1.8748514E-35
1.8748514E-35



G.49380

0.49373

C/t. Nass Ratio = 6,05

1.2542056E-09
B.5128849E-05
4,9066115E-CG7
T.9160331E-12
3.3494629€E-18
443122C14E-19
1.3761625E-23

2.2662210E~-33.

6.464T7528E~14
9.4303970E~-08
1.407286NE~10
9.,7022920E-18
1.882n785E-~-23
T.T5C06536E~30
1.8048514E~35
1.8048514E-35

MOLES OF SOLID = 0.

6.2385806E-725
3.1609222E-06
1.5931539¢E-n8
4,1984736E-13

- 1.9498821E~-156

4.2558460E-19

1.5252671E-2T"

" MOLES GF SOLID = 0.

T.5643675E-07

'6.6930367E-07

5.8870712E-11
1.0649386E-13

1.6899822E-25

6.3229591E-29
1.8048514E-35

8.3679074E-03
1.3155726E~15
1.5888110E-C9
1.22023906-12
6.71818656-15
4.7203400E-15
1.8048514E-35

8.48617751E-03
5.2279390E-25
8.6598234E~-11
5.3950299E~17
T.8424028E-23
1.6002515E-20
1.8048514E£-35

C-57



APPENDIX D
OPTICAL CONSTANTS OF THE CARBON-HYDROGEN MIXTURES

Presented here are the results for the optical constants of
carbon-hydrogen mixtures with C/H mass ratios of 0.005, 0,01,
and 0.05, gas pressures of 100, 500, and 1000 atm., and gas tem-
peratures of 1600, 2200, 3000, 4000, 5000, 6500, 8000, and 10, 000°K.
The arrangement of these 72 cases is given in the index below, and
the computer print-out is arranged so that the cases are in numeri-
cal order by case number. This print-out consists of one page for
each case, giving the total spectral absorption coefficients for the
gas mixtures, and the Planck and Rosseland mean absorption coef-
ficients, as well as other data not specifically requested in this
contract.

The results are arranged in the following way, with floating
point notation used throughout:

The case number is given at the top of each page, to the right
of the equilibrium temperature of the gas mixture ("TEMPERATURE")
(°K), the CG/H mass ratio, and the total gas pressure {"PRESSURE'")
(atm.). Below this are the mid-points of the spectral-averaging
intervals® ("OMEGA") (cm'l) and the averaged spectral absorption
coefficients (cm-1) summed over all mclecular band systems and
all absorption processes congidered ("TOTAL MU") (cm-1), the
Planck spectral intensitiy function, ("B(W,T)") (erg-sec‘l—crn“2
-ster—1 -(c:m"l ( Aw) )‘_ », and the spectral volume emission coef-
ficient ("J") (erg-sec~l ~cm=~3 -ster-1 -(cm‘l -(c:rn‘1 (Aw))"l),
which is equal to the product of the "TOTAL MU" and "B(W, T)"
columns for each "OMEGA'" value. The quantities printed-out from
the integration of the total spectral absorption coefficients are:

JU(T) ("J TOTAL"Y) (exg-sec~locm=3-ster~1)

,u% ("PLANCK MEAN OPACITY") (cm‘l)

i} %) ("MEAN-SQUARED PLLANCK MEAN OPACITY'") (cm"z)

Anp ("ROSSELAND MEAN-FREE-PATH") (cm)

Al2) ("MEAN-SQUARED ROSSELAND MEAN-FREE-PATH") (cm?)

gr ("1/ROSSELAND MEAN-FREE-PATH") (cm-1)

I' ("I PRIME") {cmZ2)

For a listing of the correspondence of these "OMEGA' values
with the dimensionless frequency interval mid-points specified
in the contract, please see the table below.



INDEX OF OPACITY CASES

Gas Temperature

Gas Pressure

Respective

Case No's. CK) (atm) C/H Mass Ratio
1,2,3 -1600 100 0.005, 0.01, 0.05
4,5,6 " 1600 500 S
7,8,9 1600 11000 "
10,11,12 . 2200 100 "
13,14, 15 2200 500 "
16,17, 18 2200 1000 "
19, 20, 21 3000 100 "
22,23,24 3000 500 "
25, 26, 27 3000 1000 "
28, 29, 30 4000 100 "
31,32, 33 4000 500 2
34,35, 36 4000 1000 "
37,38, 39 5000 100 "
40,41, 42 5000 500 R
43,44, 45 5000 1000 "
46,47,48 6500 100 3
49, 50, 51 6500 500 L
52,53, 54 6500 1000 g
55, 56, 57 8000 100 v
' 58, 59, 60 8000 500 "

" 61,62, 63 8000 1000 "
64, 65, 66 10, 000 100 "
67,68, 69 10, 000 500 "
70; 71, 72 10, 000 1000 - g



Correspondence Table of Optical Frequencies

The present computer calculations of the optical constants
were to be done for a spectral range defined by a dimensionless
frequency, u = hc w/5000k = 2. 00 to 19,50, in steps of Au = 0.50,
where hc/k is the second radiation constant, equal to 1.43879 cm-°K.
The OPSAB computer program will only consider spectral ranges
of w, wavenumber (cm-1}), and thus we give here a correspondence
table for (wand u to aid in interpreting the OPSAB print-out, which
gives only the center points of the w-intervals considered.

Using the value for hc/k, we find

w= (3.47514 x 10°) u

and

Aw= (3.47514 x 103) Au..

The intervals of Au = 0. 50 corresponds to intervals of Aw= 1737. 57
cm~l. The calculations of the OPSAB program were carried out for
the spectral range w= 6950, 28 cm™ ! {u=2.00) to w= 69502, 80 em=1
(u = 2.00) to 67765.23 cm-1 (u = 19. 50), with the center-point of
each averaging interval of width Aw (as above) printed in the left-
most column ("OMEGA'"). These center-points correspond to the
points u ="2.25 to 19.25in steps of Au = 0.50. We give here the
correspondence of the mid-points for the w- and the u-variables.

3

This includes one additional spectral averaging interval at the
large frequence end of the spectral range considered. This was
added to improve the accuracy of the calculations for band systems
of diatomic molecules at this end of the spectrum.



-1

u wicm ) w(Cm_l)
2.25 7819. 06 11.25 39095. 3
2.75 9556. 63 11.75 40832.9
3.25 11294.2 12.25 42570.5
3.75 13031. 8 12.75 44308. 0
4,25 14769. 3 13.25 46045. 6
4.15 16506. 9 13. 75 47783.2
5.25 18244. 5 14.25 49520.7
5.75 19982. 1 14.75 51258.3
6.25 21719.6 15.25 52995.9
6.75 23457.2 15.75 54733.5
7.25 25194. 8 16.25 56471.0
7.75 26932.3 16.75 58208. 6
8,25 28669.9 17.25 59946. 2
8.75 30407. 5 17.75 61683.7
9.25 32145. 0 18.25 63421.3
9.75 33882. 6 18.75 65158. 9.

10. 25 35620. 2 19.25 66896.4 -
10.75 37357. 8



ToTal OPACITIES AND VUOLUME EMISSIUN )|

TEMPERATURE 3 | ,60000E+013 C/H MASS RATIO ® 5,00000k~D3 PRESSURE = 1+00000E*02
OMEGA TOTAl MU B(weT) J

T«81906E+03 1,49911E~13 5.03636E%03 T«55008F~10
9455663403 1.90790E=12 1,92611E+03 3.67482Fun?
1:12942E404 6.53509E~12 6,66323E+02 4.35508F=U9
1+30318E+04 Sel5109E~12 241455102 1+23390F=n9
14T693E+04 1.,29785€=12 6.,54662E%01 B8449666E~1]
1+65069E%04 7.612p2E-14% 1,9157BE*V] 1.4%5845F=12
1e874458F 404 3,43259E«15 5.42200E%00 1.86115F=14
1:99821E+04 BeT0306E~1b 1449314E%00 1+429949F =14
2e17196E404 24 15054E=14 4401Y33E~U] 1+10553F =14
24345T2E+04 6,63770E~14 1.06131E=01 7+04463E"1S
2e51948E+04 1.,06023E=14 2+7565)1E~02 2.92254F=15
2+69323E+04 1.256893F~13 T405776E=03 B+BRSP1F«ib
2¢86699E+04 1.08312E~13 1.78659E=03 1¢93203F=16
3.04075E+04 6,08911E=14 4446291E~04 2.98579F=17
3.21450E%04 3,14271E-1% 1¢10518E~04 3.4T7TZR4E~1B
3.38826E+04 1.12109E~14% 2.T1293E=05 3.04144F=19
3.,56202E+04 6.00280E=13 6.60713E=06 3.96613F~18
3+ 735TBE*04 Be42804E=11 1.59765E=06 1034651F=16
3+90953E+04 2.01705E=08 3.,83823E*07 7.74191F~l5
44 0R329E+04 2+8065TE=-06 Y.16049E=UH 2+57264F=73
4425TOSE+04 1.05602E=04 2.17728E~08 2:29924F~lp
4.43080FE+0¢ 1.02072E-03 S5¢14579E~09 S5.264934F_12
4460456E*06 2.52470E=-03 1,21056E~09 3,06629F=12
4+ 778326404 1.60069E=-03 2,B35716~10 4¢53909F=13
49520 TE+04 2.599R2E~-04 6,61028E*11 1472011Fal1%
S.12583E+04 1.08236E=05 1.53807€~11 1+66465F=Y6
5.29959E+404 2.T2890E=07 3.56296E"12 9, 7TP296F =19
5+47335E404 2416565E=(6 B,22733E~13 1.7817%E=18
5.64T10E*04 1.640R7E=0Y 1.89406E~13 3.10790F=18
5+82086E+04 6.82461E=05 4,34804€E~1s 2+9RT37FulB
S299462F *04 1.56209E-04 9,954B0E-15 1.55503FE=i8
6¢16837E+04 2416680E=-04 2,27340E%15 4492601F*10
6.34213E404 64,2240 TE=(% 5.1794BE~i6 3.22616F=19
6+51589E+04 3.1413TE=03 1e17738E~=i0 3+69859F =19
6+O6AYBLEC 4 5,10524E=03 2.67068E=)T

1.36345F=19

J ToTAL = 1e75784E-US

PLANCK MEAN OPACITY = 1ep7487E=l2 MEAN«SWUARED FLANCK MEAN OPACITY = 1,77001E=1nq -
ROSSELAND MEAN<FREF=PATH = 4.,48054E+1¢ 1/RUSSELAND MEAN-FREE=~PATH = 2,723187E=]3
MEAN=SGUARED ROSSELAND MEAN=FREEL-PATH = 1,52591£+26 1 PRIME = 3,2176%E+2¢


http:3.?1769E.2e
http:4.480;4E.1e
http:3.22416F.19
http:2.96737E.18
http:9.24934.12
http:3.674R2E.o9
http:7.81906E.03

TOTAL OPACITIES AND VULUME EMISSIUN 2

TEMPERATURE =  },60000E+01 C/H MASS RATIO =  1,00000b=02 PRESSURE = 1.00000E%02

OMEGA TOTAL MU B(WeT) J
T«81906E+03 5. 85556E=14 5403036E403 2+94909F~=09
9¢55663E403 7.64997E=12 1.92011E%03 1s47347F=08
1:12942E+04 2.62458E=11 6.66323E%02 1+748B2E=0R
1.30318E+04 2.309¢5€E=11 2+414D51F%02 4¢9553BFn9
1447693E%04 5.20971E~-12 6,54662E%01 3.41060E~10
1065069E+04 3,03234E«13 1.91578E¢01 5+80932F=12
1.82445E°04 9.10699€=15 5,42200E¢+00 4493781E~14
1:99821E+04 1.74648E=14% 1,49314F+00 2.60475F14
2.17196E404 5451062E~14 44,01933E~01 2.21490E~14
2e345T2E%04 1.329/6E=13 1,06131E=01 1461139F =14
2451948E+04 2.12415E=13 2.75651E=0G2 5,85523F~15
2069323E%04 2.52232E~13 T+05776E=03 1.78012F=15
2eBEOIIES (4 2,1699G6€=-13 1.78459€=03 3.87256F~16
3404075E404 1:34015€E~13 4.46291E~04 5.98098€.17
3421450E+04 6429690E~1% 1.10518€=04 6.95924F=1p
3.38826E¢04 2.59563E~14 2.71293E=05 Te04179E=79
3¢56202E+04 2.37700E=12 6,60713E"06 1.57081F=17
3.73578E404 2.71873E=10 1.597656~06 4¢34359F.16
3+90953E904 4+27179E-08 3.,83823€E-07 1+69961F=14
4+0B329E+04 5,63479E=06 9.16049E=08 5+16513F~13
4e25T0BE¢ 04 2.11536E=04 2.17128E=08 4¢60572E=12
4+43080E%04 2406327€-03 5¢14579E~(9 1.06143F=1)
4060456E+04 5.05688E=03 1.21056E=0F 6+12163E~12
4 TTBIZE+04 3.20612E=03 2483571610 9.09161F«13
449520TE+04 5420774E=U4 6,61628E~11 3.44532F~14
5+125813E¢04 2.16920E-05 1.,538¢02€=~11 3.33626F=16
5429959E+04 B8.63207E~07 3.56296E=12 3.07557E~18
S+47335E+04 8.68140E~06 B,22733E=13 Tels24BF=1Y
5:64710E+04 6.,57216E=0% 1eB9406E~13 10244B1F =77
50820B6E%06 2.73004E=04 4,34804E=14% 1.18877F=17
5.,99462E¢04 6.25990E=04 9,95480E=15 6+23161E*18
6+16837E+04 8,29536E~0% 2,27340E~1S 1.8R587F.18
6+34213E%04 1.452200E~03 5.17948E=1b T.88318F=19
6:51589E+04 6.4017BE=03 1.17738E"16 7+53734F=19
6+ 6B964E* 04 1.025q5E=02 2.6T0GBE=LT 2. T3999F=79

J InTAL = 7403664E~05

PLANCK MEAN OPACITY = ©5ey0332E~12 MEAN=SWUARED PLANCR MEAN OPACITY = 7,101)14E=]p
ROSSELAND MEAN=FREE=PATH & ].20B95F+]2 1/R0SSELAND MEAN-FREE=PATH = g,27164E=13
MEAN=SQUARED ROSSELAND MEANFREE&PATH = 2,03n%0E%25% 1 PRIME 3 4,56173E+2x


http:1*8AS87F.18
http:4,34359F.16
http:S.98098.1T
http:5.80932F.12
http:4.77832E.04

L-d

TOTAL OPACITIES AND VULUME EMISSIUN

TEMPERATURE = 1,60000E+013 C/H MASS RATIO = 5,00000t~02 PHESSURE = le00n00E*02
OMEGA TOTAL MY BiwsT) J

74819060E+03 1.48440E-11 5403636E*03 T.47596F=08
94566636403 1.98148E=10 1.92611E443 31.81654F=47
1¢12942€404 6.B0626E~10U 6,66323E*02 4¢57516F=07
Ye30318E+04 5.99006E~10 241455]1E402 1.2R518F=07
1:47693E404 1¢35062E=10 6,54062E+01 B+B4198F=09
1e65069E°04 T.81248E=1¢ 1.91578E%01 1.69670F=-10
1e8B2945E+04 139002E=13 S5,42200E*U0Y T+57668F=13
1e99821E+04 BeBT434E=14 1:49314E400 1+372505F~13
2¢17196E+04 2.T79216E=13 4,01933E~01 1.17226F.13
2434572E%04 6.73967E=13 1.06131E~01 7+15285E=14
2+51948E904 1.07639€~1¢ 2,75651E"02 2¢96T0TF=14
2.60323E+04 1,27802E=1¢ T.05776E=03 9.,01998F=15
2866998404 1.0997¢E=12 1,78459E~03 1+96263F=15
3.04075E+06 6,80009E=13 4,46291E"04 3,01522F=16
3421450E404 3.22685€E-13 1.10518E-VU4 3.56626F=17
3+38826E%04 2.83374E~13 2eT1293E=05 7.68774E~18
356202E+04 6.0T450E=11 6460T13E=UE 4¢01350F~16
3.73578E+046 5.04837E=0Y 1.59765E=06 9.02414F=15
3.90953E+404 3.11837E=01 3,83823E-07 1.19690F=13
440R3I29E+04 2.90073E~05 9,16649E=08 2+:65895F=12
4¢25705E+04 1,06899E-03 2.17728E=08 2+32750F~1)
4,43080E+04 1.03181€E=-0& 5414579E=09 5.30947F_ 11
4 ,604596E+04 2.,55354F=0¢ 1,21056E~09 3.09120F=11
4.77B32E+04 1.,61897E=0¢ 2.83571E-1¢ 4.59093F"12
4 495207E+04 2.,62952€-03 6.61628E=11 127397 7F =13
5.12583E«04 1.100p1E-04 1.,538p2E=11 1469276F=15
5¢29959E+04 1.74025E=05 3.56296E*12 6.20045F~17
5.47335E+04 2.23101E=04 Boe22733E*13 1.83552F_ 16
Seb4T10E+04 1e69065E=~03 1,89406E=13 3.20220F=16
5+82086E¢ 04 T«0314BE~03 4,34804E" 14 3.05732F=16
5¢99462E+04 1.60739E=(2 F495480E"15 1+60012E*16
6e16837E404 2.04820E=02 24273460E=15 4.65639F~17
6034213E+04 1.90410E=02 Se1794HE=1l0 9.846227F=18
6:51589E+04 3,72878BE=0¢ 1.17738E~L6 4+39020F-18
6+6R964E* D4 5439267E=0¢ 2.67068E~-17 1e44018F=18

J InTAL = }.82p20E-03

PLANCK MEAN OPACITY = 1e320108E=1lp MEAN=SUUARED PLANCK MEAN OPACITY = {,81137E=14
ROSSELAND MEAN=FREF=PATH = %.59893E+10 L/ROSSELAND MEANSFREE=PATH = | ,78605F=1}
MEAN=SWUARED ROSSELAND MFAN=FREE-PATH = 1,37401b+23 [ PRIME =  3,p2408BE+22


http:1.83552F.16
http:5,30947F.11
http:1.1P226F.13
http:1.60000E.03

TEMPERATURE =

OMEGA
T«B819068+03
9455663E+03
1412942E+04
1+30318E*04
1+47693E+04
1+65069E+04
1s82445E+04
1:99821E+04
2¢1T196E+04
2e¢345T2E+04
2¢519486E+04
2469323E404
2.86699E+04
3+0607SE*04
3421450FE+04
3+30B26E+04
3+56202E+04
3.7357TBE+04
3+90953E+04
4+ 0A329E404
4+25T05E+04
4¢43080E*04
4e60456E+04
4o TTUB32E*04
4e9520TE+* 04
5¢125983E+04
Se29959E ¢4
5¢47335E+04
5¢647T10E*04
5.82086E+04
5.99462E+04
6l6BITECDG
64342136404
6eS1SHIE+04
bebBYBAE* NS

PLANCK MEAN ORPACITY =
ROSSELAND MEAN=FREE~FATH =
MEAN=SQUARED

1460000E«07

TOTAL OPACITIES ANU VOLUME EMISSIUN

C/H MASS RATIO =

TUTAL MU
2409453E~-14
16 77T193E~14
5.893qPE=13
5417480E~13
1.17911E=14
T+97966E~=10
2.92442E=15
2.75096E=14
6,8T634E«14
1,05675E~14
1.25891E=1J
1,08213E~1J
6,68353E~=14
3.04404F=14%
9.,82162E-15
1.518R4E-1J3
Ba4234TE=11
44,27512E=04
6.26092E=00
2.36065E‘04
2.28040€-03
5.04426E=03
3.57853E«0 3
5.81220E~04
2.41896E=05
4,15240E=01
2.18942E=00
1,63137E=0%
1,561 79E=04
2.41306E=04
1.2236T7TE~03
l.14188E=0¢2

J ToTap

1e23976E~]117

3.013156+13

-
=

5:00000k=03

Bi{wsT)
5.03636E%03
1.920]11E%03
6.66323E*02
2,14551E%02
605‘062E°91
1.91578E%01
5.42200€%00
1.49316E%00
4,01933e-01
le06131E~01
2,75651E-02
T405776E~-03
1, TB459E=()3
4 ,46291E™04
1+10918E«04%
2+71293E=05
6.60?13E'Ub
1-59!656'90
3,83823E=07
9s16649E=U8
2,17728E-08
5.149T9E=0Y
1.21056E'09
2483571E*1¢0
6,61628E=11
1.53802E~11
3,56296E"12
Ba22733E~L3
1eB94)RE~L]
4,34804E"1¢
G I54BOE*LD
2,27340E~15
5.17948E~16
l.17738E~10
2.67T06BE=LT

1e70943E~06

PRESSURE =

MEAN=SWUARED PLANCR MEAN OPACITY =
1 /RUSSELAND MEAN=FREE=PATH =
ROSSFLAND MFAN~FREE-PATH = 1,67036k+27

I PRIME

5¢00000E%02

J
1.05488F=10
3.4)292€-10
3.92725€E~1p
1+11026F=10
T.7TV1921F-12
152873F~13
1«31463F=14
1¢29890F =4
1s10570F=-14
6.8733RF=15
2.91295%F=15
B.BR509F=16
1.93116F=16
2199230F'17
3.36522F~18
2+66454F .19
1.00332¢~18
134578E~16
1464089F~14
5.73906F"13
5.13979F_12
1.17355F~71
6.83270F=12
1¢01477F™12
3.845%51F~14
3.77040F=16
1.47948F~18
1.7T7663F=18
3,0R8991F=1n
2+95239F=-18
1+55473F=18
S5.48586F=10
6e31795E=19
8418369F=19
3.04960F=19

ﬂcﬂﬁﬁ‘leﬁzﬂ
3¢31879E=14a
T 1,R09T6F+27


http:513979F.12
http:2,66454F.19

TOTAL OPACITIES AND VOLUME EMISSIUN

TEMPERATURE =  1,60000E+03 C/H MASS RATIO = 1.00000k=02 PRESSURE = S5.00000E%02
OMEGA TOTAL MU B{weT) J

7«81906E+03 6.15077Ew14 5,03036E%03 3+39994F=10
9+55663E+03 6,97834E~-13 1,92611E+03 1.344)10F=09
1:12942€+04 2+35879E~12 6,66323E¢02 1.57171F=09
130318E+04 2+0734BE=1£ 2,14551g%02 4444B6TF~10
14 7693E+04 44.699,6E=13 6454062€¢01 3.07669F.11
1+65069E+n4 2:948Bp1E-14 1.91578E+01 5.64891F=13
14824456 +04 5.,05644E=15 S.42200€6+00 2.74171F=14
1.99B21E404 1.74275E=14 1o49314E+00 2.60218E"14
2e17196E+04 5.51058E~14 4.01933E~01 2.21489F.l4
24345726404 129734E~13 1,06131E~01 1+37687Falé
2+%51948E+04 2,11684E~13 2,75651E"VU2 5.81509F=15
2¢69323E+04 2.52179E-13 T405776E~03 1« T7982F =15
2+86699E+04 2.16TRTE~1S 1,768459€=03 3.86B41F=16
3.04075€%04 1.3348g1E-13 4,46291E~04 S«97500F=17
3.21450E%04 640997 TE=14 1.1051BE=04 6:T4137F=1n
3.38826E+04 2.,03657E~]14% 2,71293E~05 5.52508F=19
3.56202E+04 Se#1149E=13 6,607T13E~06 3.57556E~18
3.73578E+04 1.942a5€=10 1.59765E=06 3.10400F>16
3.90953E+04 8.89431€=-08 3.83823E=07 3e413B4Emls
42 0R329E+04 142962TE=05 9,16649E~08 1.18823F=12
4e25T05E+04 4.BB6R1E=-0% 2.17728E-08 1e06395F=171
4¢4308DE+04 4,72006E=03 5414279E~09 2¢47925F=11
40,60856E+04 1.16837E=02 1,21056E~09 le41438F=11
4oTTBIZE+04 T 4NTEIE=03 2+8357E~10 2.10058F=12
4 +9520TE+(4 1,20313€=-03 6,61628E-11 T7.96025E_ 14
5¢12583E+04 5,00850E=-0b 1,53802e~11 T.T0316F Vb
5429959E+04 1,16578E«00 3.56296E~12 4.15363F=18
5+4T335E404 B8.,66804E=06 8.,22733E=13 Te13149F-18
S5.647T10E+04 6.90942E-05 1,89406E"13 1e240%0E=27
5482086E+04 2.72586E-04 4434804E"10 1418522€-17
5+99462E+04 6,25954F =04 9,95480E=15 6423125¢=18
6e1683TE+04 B.817TT9E=0% 2.27340E>15 2.00464E_78
64342136404 2479661E~03 541794BE~1b 1+45850F=18
6+51589E+04% 1,44799E=-02 1,17738€~lb 1.704R4F =18
646R964E+06 2¢36039E~02 246TUGBE=LT 6+30385F~19

J I0TAL = 645759BE~06

PLANCK MEAN OPACITY = 4e76922E~17 MEAN=SWUARED PLANCK MEAN OPACITY = 3,79n64E-17
ROSSELAND MEAN~FREE=FATH = 9,32878E+12 1/RUSSELAND MEANFREE=PATH = 1,07195F=113
MEAN=-SQUARED  ROSSELAND MEAN-FREE=-PATH = 1.,87262E+2¢ I PRIME = 2,4BR01E+2¢


http:48ROIE.2A
http:I.18522E.17
http:4.34804E.14
http:5,64710E.04
http:7.70316F.i6
http:2.21489F.14
http:3,07669F.11

o1-a

TOTAL OPACLTIES AND VOLUME EMISSIUN

TFMPERATURE = 1,60000E+073 C/H MASS RATIG = 5S.00000E=02 PRESSURE = Ge+n0000E*02
OMEGA TUTA|, MU B(WsT) J
T«81906E+03 1.40525€~1¢ 5.03036E403 7.07738F=09
9.55663E+03 1.78038E=~11 1,92611E403 3.42970F=n8
11296426404 6409753E=11 6466323E%02 4.0A292F~0p
1.30318E+04 5.36518E~11 2,14551E+02 1.15111F-08
1447693E404 1,21087€~11 6.54062E¢01 T«92T10E=10
1:65069E¢04 Tel1219E=13 1.91978E¢01 1.36254F=11
1.82445E+04 3,39346E~14 5.,42200£%00 1.8398RF=13
1+9GB21E+04 B,B333T7E~14 1,49314E+00 1+31895E=73
2¢17186E+04 2.79212E~13 4401933E~01 1:12224F=13
2+345T2E+04 6,57383E=1J 1.06131E~01 6.97685F=14
2¢51948E404 1.,07258E=12 2475691E-02 2.9565TFal4
2.69323F¢04 1,27775E=12 T.05T76E~U3 9.,01802E~15
2+B6699E+04 1.09833€E~12 147845903 1:96007F=15
3+04075E+04 6+ TB3IABE~13 4.46291E-04 3.07749F"16
3.21450E%04 3.09175€E=14 1410518E~04 3.41696E=17
3+.38826E ¢ 04 1,31939€=13 2.T1293E~05 3.57942F~18
3e56202E404 10247T46E=11 6.607T13E~-06 B:24217FE=17
3.73578E+04 1.81182E-09 1,59765€=06 2.89467F=15
34909536404 4.5394TE~0 3.83823e~07 174235E=13
4e0RIZIE*04 6e34443E-05 9.16649E=08 5.81561£=17
4425T0SE®04 2,38743E=03 2.17728E~08 5+19854F=11
4¢430B0E*04 2.30650E-02 5,14579E~0Y 1¢18687F~10
446p456E%04 5. T0B36E=02 1,21086E~09 6.91027€E=11
4eTTBI2E+04 3,61916E=~0¢2 2,83571E=}0 1.02629E.11
4¢9520TE* 04 5.87819E=03 6.61628E*=11 3.8891AF=73
Se12583E+04 2.45270E=0% 1.53802€~11 3.77153F~l5
S5+29959E+04 1.88777€E-05 3.56296E=12 6e61915EuTT
5e47335E+04 2.1B94TE=(4 B,22733E~13 1.89135F=l6
S+64TI0E+04 146548 7E=0J 1.B9406E=~13 3.13385F=)16
S5+87086E+04 6.88612E-03 4,34804E~14 2.99412€~1¢
5e99462E+04 1.87932E~02 9,95480E=15 1.57208F=16
6¢16837E+04 2.04045E-02 2427340E=15 446387TE=17
6+34213E+04 2.48739E-02 S5417948E~16 1+2RB34F=17
6¢S1569F+04 1.51216E=(2 1e17738E~l6 B.84468F.Y8
6+6RIBLE+04G 1.16942E-01 246T068E=17 3.12316F~18
J IOTAL = 146432TE=04
PLANCK MEAN OPACITY = 1e19178kE=1) MEAN=SWUARED FLANCKR MEAN OPACITY e 04R48E=] g

ROSSELAND MEAN«FREE~PATH = 4, /5368E+]1 I/RUSSELAND MEAN=FREE=PATH 3 2,1034%¢=12
MEAN=SQUARED ROSSELAND MEAN=FREE=PATH = 1,58R34E+24 I PRIME = 3,31048E+24


http:8.84468F.T8
http:1.0?629E.11

11-a

TEMPERATURE =

OMEGA
T«B1906E+03
9.55663FE+03
1e12942E% 06
1+30318BE+04&
164T693E+04
1+65069E*04
182445E+04%
1«99H21E*04
2¢1T196E*04
2e34572E+04
251948+ 04
2+69323FE+04
2+86699E+04
3.0407SE*04
2.,21450E+04
3.38826E+04
3:56202E*04
3, 7357TBE+04
3.90953E+04
4e0R329E+ 04
4,25T05E+04
4 .4308B0E+04
& ,60456E+04
4.77832€406
4 ,9520TE+04
5+12583E+04
5+2G959E+04
5.4 7335E¢04
S.64T10E+04

1+60000E+073

SeB2086E*04.

5:99462E+04
60:1683TE+04
6¢34213E+04
6+51589E+04
6e6RIBAEY QG

PLANCK MEAN OPACITY =
ROSSELAND MEAN=FREF~PATH =
MEAN=SQUARED

TOTAL OFPACITIES AND VULUME EMISSIUN

C/n MASS RATIO =

TOTAL MU
1.27621E~14
6.73598E~14
2.12011€E=13
1.8534TE=13
4430305E=14%
3.65573E-15
8.,7005%F =15
2.75139E«14%
6.43896E~14
1,056p06E~13
1.25906E~13
1.08253E=1J
6,68372E=14
3.,02237E-14
9.5522¢E‘15
1.07203E~13
1.09833E-10
6,028a1E=08
8,858p5E=060
3.3403E~04
Te98T41E=03
S.,06411E03
3,42289E-0%
5.22307€=07
2.15987E*09
1.63004E=05
6. TE943E-0D
156453E=04
2.60093E-04
1.67669E-03
9.32113E-0§
1-61950E'02

J ToTAL =

Sep1538E~14

5.12710E+13

5.00000E=03

HBiweT}
5.,03636E*U3
1,92611E¢023
6.,66323E+02
2,14551€E%02
6.54062E40]
1.91978E%V1)
Se42200E*00
1449314E%00
4401933E~01
loOﬁlB}E'Ul
2,15651g~02
T405776E=03
1,768459E=03
G 46291E"DS
1,1091BE=04
2.T1293E=G5
6.60713E~06
1.59765E=00
3,83623E~07
9.16049E=(8
2.,17128E~08
5,14579E=09
1,21056E-09
2+835T1E~LD
6,.61028E~11
1.,53802g~11
3.56296E.12
B,22733E"13
1.894065'13
4434804E"l4
. 954RBoE~LD
2427340E"15
S¢1794RE=16
1.17738E~1l6
2+67068E=LT

7¢19115E~07

PRESSURE =

ME AN=SWUUARED FPLANCK MEAN OPACIYY =
1/R0OSSELAND MEANFREE=PATH =
ROSSELAND MEAN=FREELPATH = 4,14R899L+27

I PRIME

le00000E*03

J
6+62T4BE=-L1
1.29T42Fa10
10‘1268?'10
3.97665F=11
2+817n4F12
T.00225E"14
1.28013F=74
1.29912F. 14
14105B7F=14
6.83371F«15
2.91103€=15
B.8RB12F.. 16
1+93098F"16
2+908257TF=\7
3.34027F-18

‘2+618H4F+=19

7+08306F=19
1.75475F=14
Z¢31399¢"14
Bal2045F.13
7.27347E'{2
1+66073F.11
9.66921F=12
1+#3603F=12
B5+44193E=14
S.26447F16
1.86096F=18
1+77700F.18
30039!0F'18
2.95207F=)8
1455T46F=18
S+91297F=19
8.6A335F~19
1.15632F~18
44372435E~19

1477159E=17
1e9504CE=14
T 44PT696E427


http:8.12045F.13
http:3.02237E.14
http:8,88612F.16
http:1.29912F.14

ToTaL oPACITIES ANU VULUME EMISSIUN 8

21-d

TEMPERATURE 3 1,60000E+03 C/H MASS RATIO = 1,00000&=p2 PRESSURE = 1+00000E%03
OMEGA TOTAL MU BiWeT) J

T.81906E+03 3.45948E~14 5.03636E%0J 1.74232F~10
9+55663E+03 2.561;9E-13 1.92611E%03 4+93370F_10
1412942E404 Be41190Ew1J 6,66323E¢02 5¢60504F=10
1¢3031BE*04 7.37840E~13 2.14551E%02 1.58305F=10
1:47693E+04 1.,68819Ew13 6,54062E+01 1.10533E=11
1+65069E+04 1.20943€E=14 1.91578E+01 2.31701Fa13
1¢82445E404 4,79930E=15 5,42200E+00 2.60218F=14
1:99821E+04 1e74261E=14 1449314E+00 2¢60196Fal4
2¢17196E404 5.51058E~-14 4401933E70) 2.21488F~14
2e345T2E404 142B943E=13 1.06131E"01 1436869F=14
2¢51948E404 2.11511E=~13 2.75651g=02 5.83032FE=15
2460323E+04 2,52168E=13 7.05776E=03 14 T79T4E=LS
2.86699E+04 2.16712E=13 1,78459E%{3 3486743E=16
3.04075E+04 1,33850E-13 4446291E~04 Se97360FE=17
3.21450€404 6405342E~14 1,10518E"04 6,69014F=18
3.3p826E+04 1.96773E~14 2.71293E~05 S¢33832F.19
3.56202E404 3.32173E~-13 6.60713E=06 2419471E=18
3,73578E+04 2,30161E=10 1.59765€=06 3.67718€=16
3+490953€404 1.20905E-07 3,83823e-07 4¢64061F=16
4+08329E+04 1477332E~05 9,16649E%08 1467552F=12
4425T05E4064 6.68663E=04 241772RE~08 1¢6465R6E=11
4+43080E+04 6.45909E~=03 5.14579€~09 3¢32412E*71
4¢H0456E+04 1.59876E=02 1,21056E~09 1:93539F=1)
4eTT7832E+04 1e01343€E~02 2.8357T1E=10 2+87437F=12
4495207E+04 1.64633E=03 6,61628E=11 1.08926E.13
5¢12583E+04 6.85255E~05 1.53802E~11 1405394F=15
5¢29959E+04 1.3623T7E=006 3.56296E=12 4.85606E"18
Se47335E%04 B.6664TEw=(0 Be22733E"13 7+13019€-18
Se64TI0E+04 645455 TE~05 1.89406E%13 1.23977F=17
Se82086E404 2. T2455E=04 4436804E~14 1+ 1R465F=17
5¢99462E+04 6.26283E=04 9,954 HpE=LY 6423452F.18
6¢16837E+04 9.,15801E=0% 2.27340E=15 2.08219F=18
6+34213E%04 3.625p5E~03 Se17948E"L0 1.87800F=18
6051589E+04 1.97304E=02 1,17738E~16 2¢3240BE=18
6e6RIBLE+04 3.230§4E-oe 246T0RBE=LT B.62879F_19

J 10TAL = 2455354E=06

PLANCK MEAN OPACITY = 1.a5195E-113 MEAN=SWUARED PLANCR MEAN OPACITY ©  7,09775E=17
ROSSELANU MEAN=FREE~=PATH = 1.837:2E+13 L /RUSSELAND MEAN-FREE=PATH = &,44041FE=l4
MEAN=SQUARED ROSSELAND MEAN-FREE=PATH = 5,72388E+26 T PRIME = £.09851E+2¢


http:1,837i2E.I3
http:8.62879F.19
http:6,68663E.O4
http:S.33832F.19
http:2.31701F.13
http:6.54b62E.O1
http:4.93370F.10

TOTAL OPACITIES AND VULUME EMISSIUN 9

TEMPERATURE = 1,60000E+013 C/H4 MASS RATIO = 5.00000kwq2 PRESSURE = 1+00000E*023

£€1-a

OMEGA TOTA MU BiwsT) J
TeB1906E+03 5.51103E=13 5.03036E¢03 2+T7601E=09
9.55663E+03 6.34214E=12 1.92611E¢03 1.27156F=08
1012942E+04 2.15%979€=11 6.66323F+02 1.47885F=08
1+30318E+04 1.,89921Ew=11} 2.14951E+02 44074 T79F =09
1.47693E+04 4,29449E=12 6454062E+01 2eB1144E=10
1+65069E404 2.,59907E~13 1.91578E401 4+97925F=12
1.82645E¢04 2,72633E=14 5,42200E+00 1.47822F=13
1.99821E¢04 8,83396E~1% 1,49316E¢00 1:31895F=13
2:17196E+04 2.79298E~13 4,01933E~01 1.12259F~13
2434572E+04 6,53666E=13 1.,06131E~01 6+93740E=1 4
2+51948E¢04 1.07203E~12 2.75651E=02 2.95506E=14
2¢69323E+04 1.278R9E=1¢ 7405776E~U3 9.02045F~15
2.86699E404 1,09839E=12 1,78459€=03 1+96017F=15
3.04075E+04 6478409E~13 4.66291E=04 3.0776TF~16
3+21450E+04 3.06857E~13 141051BE=04 3.39133F=17
3.38826E+06 1,1404BE=13 247T1293E%05 3.09404E-18
3.56202E404 6.55399E~12 6,60713E~006 4#+33031F~17
3+73578E+04 1.590R2E=09 1.,59765E=00 2.54158¢~1g
3:90953E404 6+20525€w=0 1 3.83823~07 24381T2F=13
4+0R3IZ9E+04 Be96574E~0D 9,16649€=08 Be21B46F=172
4+2570SE*04 3.,37848E~03 2417128E~08 7+¢35633F~1)
4e430B0E*04 3.26404E=02 5414579E~09 1:67961E=10
4460456E+04 8,07878E=02 1.21056E=09 9,771910F=11
4077832E+04 5412166E=0¢ 2483571E~10 1+45235F=11
4495207E*04 B8431855E=-03 6,61628E~11 5+50379F=13
5,12583E+04 3,467¢9E=04 1.53802€"11 5431336F=15
5.29959E+04 1.99252E=0% 3,56296E=12 7¢09928F~17
Se47335E404 2.22519E~0% 84,227133€~13 183074F=16
5464710F ¢04 1,68094E=03 1,884p6E*)3 3418380F=16
5.82086E+04 6.99651E=03 4+34804E-16 3. 04211F V6
5.99462E+04 1.60536F=0¢ 9.95480E=15 1.59811F=16
6e168B3TE+04 2.09257E=0¢ 242T340E"LD 4. T8657F=17
6¢34213E%04 2+96581E~=02 5.1794BE=LO 153613F~17
6+51589E+04 1,04056E«01 1+1773BE=l6 1422514E=17
6e6RI64E* 04 1464566E-01 2+6TU6RE=LT 4+3947SF-18

J TnTAL = 5.92588E=05
PLANCK MEAN OPACITY = 4+p9774k-12 MEAN~SWUARED PLANCK MEAN OPACITY = 1,81710E«1g

ROSSELAND MEAN=FREF*PATH = 1.15494E+]¢ 1/RO0SSELAND MEANSFREE«PATH = f,A8R47E~1%
MEAN=SUUAREN ROSSELAND MFAN=FREE-PATH = 3,90034E+24 I PRIME = 6,37644F+24


http:3.04211F.i6

¥1-d

TOTAL OPACITIES AND VULUME EMISSIUN 10

TEMPERATURE = 2,20000E+03 C/H MASS RAT]IO 5.00000t~03 PRESSURE = 1.00000E*02
OMEGA TOTAL MU BiWwsT) J
T+81906E+03 1.53285E«01 3,444 TTES UG 5,28031F=03
9¢55663E+03 1.503R2E=00 2.01055E+04 3.072350Fan?
10129642E+04 4,453 TF=006 1.06385E%04 4.T3826F=02
1.30318E+04 3,98250E=-06 5.24356E+03 2.08825F=07
1+67693E+04 1.0754TE~0O 24649TTE*U3 2+¢63516F=03
1:65069E+04 BeT8478E=08 1,09775€+03 9+64352F=05
1+82445E+04 2433949E~09 4,75152E+02 1+11301F 06
1.99821E+04 5.7T6160E=1U 2.00026E%02 1+¢15591F-07
2417196E404 1,48455E-09 B427006E01 1:22773F~07
2+¢34572E%04 5453474E=09 3,36398E%01 1+.85081F«07
2+51948E+04 5.33347E«09 1433000E¢01 T.09350F=08
2+69323E+04 5.54286E=0Y 5421466E¢00 2+89026F=08
2+:86699E+04 4+495410E=09 2.01914E%00 1.00031F=0nR
3. 04075E+04 3.25753E=09 7T.73240E=01 2+51885F=09
3.21450E+04 3.,02821E~09 2.93224E"01 B8+87945F=10
3+38826E+04 7406205E=10 1.10223E-01 T«78401F~11
3.56202E+04 S.57579E=0Y 4411069E=02 2429179F~=1p
3.73578E+04 2+71947€=07 1.52213g=02 4.13939F=09
3¢90953E+04 B.29638E~06 5.59976E~03 6464577F=08
4+0B329E+04 3.70228E=04 2+04790E=03 7:58191F=07
4425T05FE+04 B,5762TE~p3 Te646BB4E=DG 6¢38833F=06
4+43080E+04 6427692E=02 2+69585E=04 106921 6E=05
4+60456E+04 1.,39172E-01 9, T1173E=08 1435160E=05
4«TTB32E+04 9,32445F=02 3,4B8371E~05 3,24836F=06
49520TE*04 1,88744E=02 1 424469E=05 2434953FL07
5.12583F+04 1+15913E=03 4443076E~06 S+13581F=09
5429959E+04 6.62134E-05 1.5718pE=06 1.060T4F=10
54473356404 3,52456E-04 5.55792E*07 2+01451F«10
S5e64T10E+04 1.94193E~03 1,95937E=07 3.80495F=10
5¢82086E¢0¢ 5,934Y7E=03 6.88786E=08 4408737670
5.99462FE+04 1,0268]1E=0¢ Reb14B6E~D8 2+4TBEBF =10
6+16837E+04 1 434643E-02 8444507E~09 1e13707F=10
6¢34213E°04 4.4332BE~02 2+94633E-09 1.30619F=10
6©+51589E 404 2.04052€-01 1:,02561E=09 2.09277F=10
6ebRV64EC 04 R+94872E=01 3¢56249E~10

| 1+05068F=1n
J 10TAL = 1485146E402

PLANCK MEAN OPACITY =  1e42458E=0¢ MEAN=SQUARED PLANCA MEAN OPACITY = 4.87854E«]}
ROSSELAND MEAN=FREE=PATH = 1.9H219E+07 1/ROSSELAND MEAN=FREE=PATH = 5§,04494E=0R
MEAN=SQUARED ROSSFLAND MFANFREELPATH = 2,014228%]16 I PRIME =  4.,7325TE+1e


http:3,56202E.04
http:2,20000E.03

S1-d

TEMPERATURE =

OMEGA .
T«H1906E+03
9.55663E+03
1.17942F+04
1.3031R8F+04
1¢4T693E+D4
1465069E+04
1+82445E+04
1.99B8B21F+04
2+17T196E+04
2¢345ST2E+04
2+51948BF +04
2.69323E+04
2+.86699E+04
3+0407TSE+04
3.21450F+04
3.38826F+04
3.56202E+04
3.T3ISTRE+DS
3.90953F+04
4+DRIZIE*DN4G
4.25T7T05E+04
4043080 +04
H.60456F«04
4«TTBIPE+N4
449520TE*04
5+175R3E*04
S«29959E+04
5.4T335E+04
S5«64T10E+04
S+B20B6E+04
S5.99462E+04
6:168B3TE+04
6+34213FE+04
6451589E+04
6eHRTH4E 04

PLANCK MEAN OPACITY
ROSSFELAND MFAN~FREF=PATH
MEAN=SWQHARED

2«20000E+073

TOTAL OPACITIES AND VOLUME EMISSIUN

C/H MASS RATIO

TOTAL MU
6.02547&‘07
5.91789£-06
1.75276E~05
1.56726E=05
4,23306E-06
30455%0E'07
B.B864T79E=0Y
1.18618E~09
2e98245E-09
1+414844E~08
1.13737E-08
1.11170E=-08
9,82138E-09
b 46121E~09
6.03677E=-09
1.,63109E-09
2+1566BE-08
1.03727E-06
2+408R3E=-05
T.69258E-04
1. 70453E=-02
1.24408E=-01
2.75792E~01
1.84779€E=01
3.740R4E=-02
2.30611E-03
2.18606E-04
1.42406E~-03
T.63118E~03
2.33111E-02
4.02009E~02
4.84999E=02
1.04222€E~01
4.4T4%6E-01

J ToTAL

SernN4T1E-06

7.80852E+006

RNSSFLAND MFAN=FRFE=PATH = 4,39423F+15

1.00000E-0?

Biw,T)
3.4447TE*04
2.01055E+04
1.063H5F+04
S5.24356E+03
2.449TTE+03
1.0977T5E+03
4,75752F+02
2.006726E+02
B.27006E+U]
3.34398E+01
1.33000F+01
5+21466E+00
2401914E+00
T.73240E~-01
2.93224E~01
1410223E~01
4.,11069E~02
1.52213E~02
5.59976E=03
2+04790E=03
Te448RB4E~04
2.69585F=04
3,711 73E~05
3.48371€=05
1424469E-(05
4e43076E-06
1.57180E~0b
5.55792E~07
1.95937E-07
6.BRTAGE=08
Zet14R6E~D8
B44450TE-09
2.94633E=09
1.02561E=09
3.56249E~10

T«28418E+02

MF AN=SWUARED PLANCK MEAM CPACITY
1/ROSSELAND MEANFREE=-PATH =
I PRIME =

PHESSURE =

1.00000E+02

J
2.07564F=02
1.18976F=0)
1.B446TF~01
8.21805F=02
1.03700F=02
3.79379F =046
4421744F=06
2.379R0F=07
244K650F~07
3.84037E-07
1+51270F=07
5479715F-08
1.98308F~0R
4499606F=09
1+77013F~09
1.T9784F=10
BeB6S45F~10
1.57887F=08
1+34872F-07
1.5753TF =06
1+26968F=05
34353R5F=05
2.67842E-05
6.43715F 06
4.65619F=07
1.07178F~08
3.43605F-10
7491479F=10
1.49523F-09
1.60564F=09
9,70794F=10
4:09585F=10
3.07071F=10
4+5R9)4F~10
2+416220F=10

- ?.k#F\TSE-ln
1e2R065F=07
1062106« 1A


http:5.1?5H3E.04
http:2.20000E.01

91-a

TEMPERATURE =

OMEGA
T+81906F+03
2.55663E+03
1.17942E+04
1.30318BE+04
1+4T7693E+04
1.65069E+04
1+82445E+04
1+99821FE+04
217196E+04
2+34572E¢04
?+51948E+04
2+69323E+04
2+B6699E+04
3.0407SE+04
3.216450E+04
3+38826E+04
3.56202E+04
3.735T8E+04
3.90953FE+04
4+0RIZ9E+04
4025T0SE+04
4+430B0E+04
4.60456E+04
4+ TTB32E+04
4«9520TE+Q4
5.12583FE+04
5.29959E+04
5+47335E+04
S«64T10E+04
S«.82086E+04
5+99462E+04
64 1A83TE+04
63421 3F+04
6.51589E+04
64 6RI64E+04

PLANCK MEAN ORACTITY
ROSSELAND MEAN=-FREF-PATH
MEAN=SQUARED

2.20000E+07

ToTal ORACITIES AWD VOLUME EMISSION

C/H MASS RATIO

TOTAL MU
133267E-05
1.30992E=04
3.8R015E~04
3.469%54E=04
9,37074E=-05
T+64672E=06
1.90190E~07
7413935E~09
1.87400E-08
1.22165E~07
1+60819E=07
6.98456E-08
4.63960E-08
3.063496-08
2.96890E‘08
1.65828E~08
4.7T1064E~07
2.23304E-05
3.8064TE=-04
4,838026~03
B8.12809E-02
5.811515-01
1.28676E+00
B.62080E£~01
1.74590E=01
1.1077%E~02
4.065R6E~-03
3.12404E-02
1.67526E=01
S.1169%E~01
B.B02ASE=01
9,89014E~01
1.06670E+00
3.63496E+00
3.709R4E+ 00

J TnTat

]o?a047E‘04

1.02623E+06

ROSSFLAND MEAN=FREE-PATH = 1,16557E+]4

5.00000€~02

Biw,T)
J444TTE* Q4L
2.01055E+04
1.06385F+04
5.24356E¢03
2+ 449TTESDD
1.09775E+03
4.T5TS2E+02
2.00626E+02
B.,27006E+01
J«3439RE+01
133000E+01
5.214665+00
2.01914E+00
T«73240E~0]
2.93224E=01
1410223E~01
4.11069E=02
1.52213E-02
45+59976E-03
2+04T90E£~03
T+&448R4E=Q4
2.69585E~04
9,71173E=05
3.48B3TE~0Q5
1+24469E=05
4+43076E-06
1.57180E=06
5.55792E~07
1.95937E=07
6.,BBT86E=-08B
2+414RB6E=-08
8444507E~09
2¢34633E~09
1.02561F=09
3.56249E=10

1.61218E+04

MEAN=SQUARFD PLANCK MFAN OPACITY
1/ROSSELAND MEAN~FREE=PATH =
I PRIME =

PRESSURE =

1.00000E*02

J
4.59076F=01
2463300F+00
4412T791F+00
1+81928F+ 00D
2:29567F=-01
Be39471F=03
9,04830F=05
14432734F=06
l-sﬁQR]F-Oﬁ
4.0R516F-06
‘2«1 3RRIF =06
3.64221F=07
9.36Bn3F-08
2+368R1F~08
BeTR41BF-09
1.827RIF=-09
1.93640F=08
3439899F-07
2.13153F=06
Q.90 TROF=06
64 05448F-05
1+56669F=04
1+24966F =04
3.00323F=-05
2.17311F=06
4.9nB3TF=~08
6+39022F~09
173632F=08
3.2B244F=08
3.5P7448F=(8
2412571F=08
8.357270F=09
3.142R4F=09
3. T7804F=09
1432185F=09

= 3.8A710E~0p
Qe T4443E~07
PeTTN1IBE+Y S


http:3.qO953E.04

L1-a

TaTAL OPACITIES ANMD VULUME EMISSION

TEMPERATURE = 2.270000E+073 C/H MASS RATIOD 5.00000E~03 PRFSSURE = 5,.,00000E+02
OMEGA TOTAL MU B(WeT} J
T.81906F+03 1.466727E-08 3.h44T7TE+04 S.05096F=04
9.55663E+03 1.408R4F~07 2.01055F+04 ?.83253F~03
1129425404 4o 16H609E-0T 1.063A5E+04 4.43211F=~03
1430318BE+04 3,772471E=0T S5.24356E+03 1+9530RF~03
147693E+04 1.006/4E-07 2e449TTEHO3 2+46603F-04
1.65%069F+04 He29412E=09 1.,09775E+03 9.10490F=06
1.8P445E+04 3.81197E~10 4,T5T52E+02 1+81355F-07
1.998B21E+04 5.64914E~10 2.00626E+02 1.133§7F-07
2+17196E+04 1.50785E=09 B.27006E+01 1.24T00F=07
2+345T2FE+04 4,20213E-09 3.3439RE+01 1«40%18F=07
2+5194BE+ D4 5.025901E=-09 1.433000E+01 6.,6R445F=08
24693236404 5.61169E~-09 S.21466E+00 2.92625F=08
2+8BA699E+04 4.97301E-09 2.01914E+00 1.0041°7F-08
3.040TSE+04 3.27593E-09 TeT3240E~01 2+53308F=09
3+21450E+04 2e26645E~09 2+93224E-01 6.645TTF=10
33RB26E+04 6.15142€E=10 1.10223E=01 6. 7R028F=11
J«56202E+04 1.29039€E-09 441106GE~02 Se3n441F=-11
3+735T8E+04 9.0847TBE~(8 1.52213E=02 1+3R2RPF=-09
3.90953E404 1.08293E~-05 5+59976E~03 6.06415F=08
4e0RI2IE* Q4 B.08734E~-04 2+04790E-03 1465621F=06
4425T05E+04 1.95591E=02 Te44BR4E=D4 1+45693F-05
4«43080E+04 1.43520E-01 2+69585E-04 3+.8A9NARF=05
4eONHSKE+DS 3.1825%E~01 9.71173E-05 3.09085F=05
4« TT7TB32E+04 2e13234E-01 3.4837T1E=05 Te47PB44F =06
4+49520TE+(4 4.316R2E=02 1.24469E~05 Se3T274E=0T
S«12583F+04 2.643]7E-03 444307T6E~06 1.17139F=08
5.29959E+04 F.34848E=-05 1«5T7T180E=06 1«46939F=10
Se47335E+404 3.480R3E~04 5.,55792E=07 1.93451F=10
S5:64T10E+04 1.72078E=03 1495937€E~07 3.37163F=10
S5.8BP086E+04 S.246T2E-03 6.887THRE=08 3.613RTF=10
Ge90462FE+04 9.94731F~-03 2.614R6E-08 2+40213F=10
6.168B3TE+04 1.68202E~-02 Be4450TE~09 1e420467TF=~10
6+34213FE+04 9,138R3E~02 2¢94633E-09 2.69260F=10
6+51589E+04 G4.26004E-01 1.02561E=09 4+.36913F=10
6.6RIGLE+DS 6.57059FE=01 3.56249E=10 2¢34077F=10
J TnTAL = 1.75026E+01

PLANCK MEAN CPACITY = 1.34677E-n7 MEAN=5UGUARED PLANCK MFAN OPACITY = 2,31115E=14n

ROSSELAND MFAN=FREF=PATH = T.50HRBE+07 1/ROSSELAND MEAN~FREE=-PATH = 1,33176E=0r

MEAN=SQUARED ROSSFLAND MFAN=-FRFE-PATH = 1,03436E+¢17 I PRIME = 2,721340E+17



81-a

TFMPERATURE =

OMEGA
T+81906F+03
F.55663E+03
1¢1P2942E+04
130318E+04
1e47693E+04
1+65069E+04
1.87445E+04&
1+99821E+04
2¢1T7196E+04
#*22345T2F+04
2¢9194BE+N4
2+69323E+04
2.86699E+0ﬁ
3.04075E+«04
3.21450F+04
3+.3R826E+04
3.56202E+04
3.73578E+04
3.90953E+04
4.0R329E+04
4425TOSE+04
40430B0E+04
4e604S6E+04
4+TTBIAZE+DS
4.9520TE+04
5417583E+04
S:29959FE+04
5.47335E+04
S5.64T7T10E+04
5.82086F+04
S5499462E+ 04
6e1683TF +04
6+34213F+04
$e51589FE+ 04
6« BABKLE+ Q4

PLANCK MEAN OPACITy
ROSSELAND MFAN-FREF=PATH =
ME AN=SQUARED

2¢70000E+07

TOTAL OPACITIES AND VOLIMF FMISSION

C/H MASS RATIN =

TOTAL MU

S5.H09Y9F~0H
5.645R0E=07
1.67096E~06
1.49403E-06
4403645F=-07
3,30963E~08
1.16978E=09
1.134855E-09
3.01933F-09
R.41796E=09
1.00692E=08
1.12387F=-08
9.95622E=~09
6.55900E=09
1.26046E-09
4,750p6E=09
2.88748E=07
1.67569E~03
3.91425E=02
2+87143E=0]
6.36738E=01
4,266714E=01
B,63606E=02
5.296R3E=03
2.TH346E=04
1.39231E-03
6.88512F-03
2.09514FE=-02
3,9314BE=02
5.61971E-02
1.98587E=01
B.62363E=01
1.31070E+00

J ToTAL

5.37152€=07

P41 795F +07

ROSSFLAND MFAN~FREE«PATH = 1.45305E+1¢

l1.n0000E~02

Bi{WsT)
JLa44TTFE+04
2«01055E+04
1.06385E+04
5.26356E+03
Pe449TTESQI
1.09775E+03
4,75752E+02
2.00626E+02
B,2700KE+01
3.3439R8E+01
1.33000FE+01
Se21466FE+00
2+01914E+00
TeT73240E-01
2e93224E~0]
1.10223€E~01
4411069E=02
1.52213E=02
5.59976E=03
2.047T90E~03
T«44B84E~04
2.69585E=04
Q9.T11T73E=05
3.48371E~05
1e24469E-05
4443076E=06
1.571RnE=06
S.557T492E=07
1.95937E~07
6.887TA6E~08
2e¢414R6E~08
B+44507E=09
2:94633F=09
1.02561E=09
3.56249E=10

6e98111E+01

MEAN~SWQUARED PLANCK MEAM OPACTITY
1/ROSSELAND MEAN<FREE=PATH
I PRIME =

PRESSURE =

S20000NE+02

J
?2.00114F=03
1.13512F=02
1. 77765F =02
TeB34n4F-03
9.BRB3ITF=04
3.63316F=«05
S5.54575F=07
2+27620F=-07
2+B1495F=~07
1¢33921F=07
5.85905F=~08
201030F~08
5.0716A8F=09
1«33157F=09
1+3R932F=10
195268F~-10
4'39513F'09
1+30542E~07
3+3P976F~06
2+91566F=05
T T4095F=05%
6+1R383F=-05
1+48620F=05%
1+07497F=06
2.34690F=08
4434359F=10
T.73837E~10
1.34905F=-09
1e44310F~09
Q.40444F=10
4+ T45BRF-10
SUSROIBF'IO
8.84445F~10
446ATIIF=10

Q,P5602E=14
4+ 138T4E=0R
?.06992E+16



TOTAL OPACITIES AND VULIIMF EMISSIUN 1%

61-a

TEMPFRATURE = 2,P0000E+07 C/H MASS RATIO =  5,00000E=02 PRESSURE = 5S5.00000E+0?
OMEGA ~ TOTAL MU B(WeT) -
T+81906F+«073 1+47023E~06 3,444 7TE+04 5. 06460F=02

9.56663F+03 1.44216E-05 2.01055E+04 2+A9984F=-01
1+17942E+04 4.271722F =05 1.063K5F+04 4,54395F=01
1¢3031RE+04 3.81918F=05 5.24356F+03 2+00261F=01
1e4T7693E+04 1.03187E~05 2+449TTE*O3 2.52T10F=02
1+.65069E+04 Ba42509E~07 1+09775E+03 Q. 2486TF~04
1+ 8P445F +04 2+25530E=-0H 4o T5T52F+02 1+07296F=05
1«99H21E+04 5,85523E~09 2. 00626E+02 141747TVF=06
Z2e1T7196F+04 1.52528E«nd Be27006E+01 1«26142F=06
2e345T2E+04 4,3144R8E-048 3.3439RE+ 01 1e44275F=06
2+51948BE+04 5.18570E-048 1.33000E+01 6.B9630F=-07
2.69323F+04 5.,67T276£-08 5.21466E+00 2+ ISBIGF~07
2+ B6O99F + 04 5.01031E-08 201914E+00 1+.0116%F=07
3.04075E+04 3.30257E=-04 T«73240E=01 2+5%367TE-08
3.21450E+04 2:30081E~08 £+93224E~01 6.T4564F=09
3.3RB26E+04 T454412E=09 1.10223E-01 B.31537F~10
3.56202E+04 1.12387F=07 4,11069E-02 446198T7E=09
3+7357BE+04 5.81519E-06 1+522Y3E~02 8.85)150F=08
3.90953E+04 1e84090E-04 5.59976£~03 14030R6F=06
4.0R329F+04 B, 46559FE~-03 2:04T7T90F=03 1.73367F=0%
4.25T05E+04 1.96736E-01 Ted48BB4E-04 1s46546F=04
443080F+04 lo44018E+00 2+.69585E=04 3.8R251F=-04
4460456F+04 3.19321E+00 9.T1173E-05 3.10116F=04
4.TT7B32E+04 2.13943€+00 3.4H3T1E~05 T+45316F~05
449520TE+ 04 4.33111E=-01 1e24469E=05 539091F=06
5.12583E+04 2.68669E-02 4.43076E~06 1+19041€6=07
S+29959E+04 5.01019€£~-03 1.5718pE=06 T+87500F=09
Se4733%E+04 3.52141E-02 5.55792E=07 }1+95718F=08
Se64TI0FE*04 1+74210F=01 1.95937E~=07 3e41340F=p8
SeHPORGE+04 5.¢297756=01 6+BATREE=~OH 3464901F-08
S«99462E + g4 9.8859TE=g1 2e41486E=08 2+3R732F~(8
6. 1ABIATE+ DS 1.21342E+00 B.44507E-09 1.024T4F=0R
6e34213FE+04 1.69505E+00 2+94633E=09 4994 18F =09
6+51589F + (4 4.,95530F+00 1.02561E-09 S«0A219F-09
6+ 6RIBLE + 04 691158 +00 3.56249E~10 2+4K8224F =00
J IOTAL = 1.77651E+03

PLANCK MEAN OPACITY = 1.36691E-05 MFAN=SQUARFD PLANCK MEAN OPACITY = »,36R91E-pa

ROSSFLAND MEAN=-FREF~PATH = 2.00009E+06 1/ROSSELAND MEAN-FREE=PATH = 4499978BE-Q7?

MFAN=SQUARED  ROSSFLAND MFAN=FRFE-PATH = 1.9743%F+14 I PRIME =  4,63175E+14



0e-d

TOTAL OPACITIES AND VULUMF FMISSION 16

TFMPFHATURE = 2.,70000E+07 C/H MASS RATIO = 5.00000E~03 PRESSURE =  1400000E+03
OMEGA TOTAL MU BiwaT) J
T«B1906F+03 5.4564BE-09 3.444TTE+04 1.B79A4F =04
Q+556603E+03 5.036p0E-08 2.01055E+04 1+012855F=03
14172942F+04 1. 48466E=07 1.06385E+04 1.57946F=-03
1.30318E+04 132703€E-07 5.24356E+03 6.95839F =04
144T693E+04 3.590a6F =08 2e469TTESD3 B.7T9630F-0%
1+ 65069E+04 3.01054F =09 1.09775E+03 1.3n483F=06
1.B2445E+04 2.51457F=10 4,TST5PE+02 1+19631F~07
1+99H21E+04 5¢64%09E~-10 2+00626E+02 1«13336F~07
2.1 T196E+04 1.51240E-09 R.27006E+01 1+250T7F=07
2¢345T2E+04 3.8903 7E=-09 3,3439R8E+01 1+300RTE=0Q7
2¢51948F+04 449T7291E=09 1.33000E<01 6.61306F-08
2+69323E+04 S.62204E-09 S.21466E+00 293171F=08
2eBAR6E9IF+ 04 4e96T46E=09 2«01914E+00 1.00300F=08
3.04075E+04 3.2T405E~09 TeT3240E-01 2453183F=09
3.21450E+04 2.07939E~-09 2+93225E-01 6.09727F=10
3.38826E+04 6. 08TRSE~10 1.10223E-01 6.7T1022F=-11
3.5A202E+04 T«6R3R4E-10 4.11069F~02 3.158509F=1]
3.73578BF+04 8.01916E-08 1.52213E~02 14270/PF=09
3.9N953E+04 1.46194E-05 S5+59976E~03 8.18649F=08
4+0BIPE+N4 lel4424E=03 2.047T90E=03 2+34330F=06
4.25TORE+04 P« TTS2BF~02 T+44BR4E=~04 2+ 067TP6F=05
4+43080F+04 2+03677E-01 2.69585E=04 S« 490RIF=05
4.00456F +04 4.51604F~-01 9,71173E~05 4438644F~058
G4 TTBIZE+04 3.02615E-01 3.4B3T1E~05 1.05422F~05
4.95207F +04 6.125p6E=-02 1.24469E=05 T+62481F=07
S.17583F+04 3.75036F-03 4.4307T6E~06 1.66170F=08
5:20959F + 4 1el14206E=04 1.5718pE~06 1«79508F~10
5¢47335E+04 3.47687TE~04 5+55792E=07 1.93225F=-10
Se64T1DE+04 1.59852E~03 1.95937F~07 3.37B02F=10
S+B2086E+04 5.18919€£~-03 6.887AAF~08 I¢57424F~10
5¢99462F + 04 1« 00659F =02 ZeG148KE=08 2+43076F=10
be16H3TE+N4S 1.939R3F-02 Bs44507E~09 1.63820F~10
6e34213E+04 1.27T079E=n1 2e94633F~09 3.T4418F=10
6+51589E+04 6.,02800E~01 1.02561E~09 6.1R236F=10
6+6RIBLGF + 04 9,37517E-01 3.56249E-10 3+433990F=-10
JINTAL = 6.43053E+00

PLANCK MEAN OPACITY = 4.947RBYE-qR MFAN=SQWUARED PLANCK MEAN OPACITY = 4.,65393E<1n

ROSSFLAND MEAN=-FRFF=PATH = 1.45337F+ 08 1/ROSSFLAND MEAN=FREE-PATH = &,RRA56F-00

MEAR=SQUARED  ROSSFLAND MFAN-f REE-PATH = 2,247207E+17 I PRIME = 4,.,A0R06E¢]7



[2-d

TEMPERATURE =

OMEGA
T«B1906E+03
9.55663F+03
1e12942F+04
130318F+0n4
1447693E+04
165069E+04
1.82845F+04
1.99821E+04
2:17196E+04
2¢34572E+04
2+5194BE+04
2¢69323F+04
2eB6BIGE+ D4
3.040T7TBE+ 04
3214S0E+04
3.388B26E+04
3¢56202E+04
3.73578E +04
3.90953E+404
4¢Q0R3IZIE+04
4a25T0SE+04
4.430R0E+04
4e60456FE+04
44 TT7TB3I2E+04
409520TE+04
5¢12583E+04
B+290950F+04
Se4T7335E+04
S:64T10E+04
5.82086E+04
S5:99462E+04
6.1683TE+04
6634213E+04
6.51589E+04
6e6RIE4FE 04

PLANCK MEAN OPACITY =
ROSSELAND MEAN-FRFE-PATH =
MEAN=SQUARED

2+20000E+073

TOTAL OPACITIES AND VOLUME EMISSION

C/H MASS RATIO =

TOTAL MU
211753E~08
2+01608E=07
5.95746E~0Q7
5.,3261TE~07
14439R3E=07
1.19099E-08
6,48676E~10
1.132R6E=-QY
3.02980E~09
T« T3326E=0%
9.,96273E-09
1.12624E-08
9,95095E£~09
6.558R2E~09
441663TE~0Y
1.2313BE~09
2.61835F~09
2.14386E~07
3.00961E-05
2429456E-03
5.55648E~02
4.07792E-01
9.04204E~01
6.05817E-01
1«22636E~01
7.51535E-03
3.18079E-04
1.38872€~03
6. T78605E~03
2.06496E-02
3.935=3E-02
6409915E~02
2.6B4T4E~0]
1.20692E¢00
1.85638E+00

J ToTAL

1+94493E=-07

4e042R3E+0T

ROSSFLAND MFAN=FREE=-PATH = 3,42121E+16

1.00000E~02

B(weT}
3.444TTE*OS
2:0105%E+04
1.063RSE+(4
5.24356E+03
2+449TTE*D3
1.0977TSE+03
4,75152E+02
2+00626E+02
B.27006E*01
3.34398E+01
1.33000E+0)
5.21466E+00
2401914E+00
Te73240E=01
2493224E~01
1.10223E=01
4,11069E=02
1.52213E~-02
5.59976E-03
2+04790E~03
T+44BBAE~04
2.69585E~04
F.T11T73E-05
3.483T1E=05
1.24469€E=05
4.4307T6E~06
1.57180E=06
5.557926=07
1.9593TE=~07
6.BRTAKE~08
204!4865'08
B8.4450TE=09
2¢94633E=09
1.02561E=09
3.56249E~10

2+52773E+01

PRESSURE =

MEAN=SQUARFD PLANCK MEAN OPACTTY
1/ROSSELAND MEAN-FREE=PATH

1 PRIME

17

1.00000E+03

J
T«29441F-04
4405343F=03
6¢371807F-03
24T92R1F=03
3.572725F 04
1430742F-05
3, 0R6DRF=07
2.272B1F=07
2+50566F-07
2460605F=07
1437504607
S.B7295F=08
2.009P4F~08
Se07154F=09
1.2?2168F=09
1+38726F=10
1.07632€=10
3.26324F-09
1.68531F=07
4.099046F=06
4013893E~0S
1.09926F~04
8.,78139F~05
20:11049F =05
1.52645F=06
3.379RTF=08
4+99955F~190
T.T183%F=10
1+32963F=09
1.42231F=09
PH50373F=10
S5:1%078E=10
T«91012F~10
1.237TRPF~09
6.61335F~10

= 2.15797TE~0R

T+24213E 10



2¢-a

TOTAL OPACITIES AND VOLUMF EMISSION

18

TFMFERATURE =  2,20000£+03 C/H MASS RATIO = 5.00000E=-02 PRFSSURE = 1.00000E+03
OMEGA TOTAL MU B(WaT) J
7.81906F+03 5¢30671E=07 3.4464TTE+04 1487784F=02
9.55663E+03 B.18349E-06 2.01095E+04 1.04217F=0)
1012942F +04 1.53472E-05 1.06385F 04 1.63271F=01
1.30318E+04 1.37226E=-05 5.24356E403 7.19553F=02
1447693F+04 3. 70692E=06 2.449TTE03 9.0R110F=03
1465069E+04 3.032A1E~07 1.09775E+03 3432927F~04
1.82445E+04 9.27115E-09 4.757T52E+02 4+4107TTF=06
1.99821F+04 SeT740SE-09 2.00626F+02 1.15B43F =06
2417196E404 1.53171€-08 B427006E+01 1.26673F=06
2434572E+04 3.95000E~08 3.34398E+01 1.32087F=-06
2451948E+04 S.04930F =08 1.33000E¢01 6+71555F=07
2.69323E+04 5.69276E~08 5.21466E+00 2.9AB59F=07
24B6699E+04 5.02795E~08 2.01914E+00 1.01522F~07
3.0407SE+04 3431464F=08 Te73240€-01 2+56301F-08
3.21450E+04 2:11141E-08 ?+93224E-01 6419115F<09
3.38826E+04 6.72508E=09 1.10223E-01 7.41259F~10
3.56202E+04 54 7T7558E~08 4411069E=02 2437416F=09
3.735T8F+04 3.29943E-06 1452213E=02 5+02217F=08
3.90953E+04 1.85701F~04 5.59976E=03 1.03988F-06
4+ 0R329E+04 1.17116E~02 26,04790E=03 2.39843F=05
4.25T05E+04 2+79977E=01 T«448B4E=04 2.08550F=04
4+430B0E+04 2.05300E+00 2+69585E~04 5+53459F =04
4460456E+04 4¢55241E+00 94711 73E=05 44421)18F~04
4. T7832E+04 3.05071E+00 3.48371E=05 1. 06257F~04
4+95207E+04 6e17455E~01 1.24469E=05 T+6R543F=06
5e12583E+04 3.81403E-02 4,43076E=06 1.6R891F~07
5429959404 5.27147E=03 1.57180E~06 B+2R59RF =09
5.47335E4+ 04 3.53928E-02 5e55792E-07 1.96711F=08
S.64T10E+04 1.73020E~-01 1,95937E-07 3+39009F=08
5+ H20R6F ¢ 04 5.25801E=01 6.8B7T86E~08 3.62164F-08
5+99462E+ 04 9,93217E-01 24414B6E-08 2+39R48F=08
6e16837F«04 1.25015E+00 8.44507E=09 1.05576F-08
6+34213E+04 2405359E+00 2.94633E~09 6+ 0505TF-09
6+51589E+04 6.53015E+00 1.02561E-09 6+63736F=09
6+ 6RIGLE+ DG 9.5454TE+ 00 3.56249E-10 3.40074F-09
J ToTAL = Re40274E+02
PLANCK MEAN OPACTITY =  4492650E~04 MFAN=-SWUARED PLANCK MEAN OPACITY = 4,73374E-0R
ROSSELAND MFAN=FRFF-PATH = 3.33670F+06 1/ROSSELAND MEAN-FREE=PATH = »,99498E«p7

MEAN=SQUARED ROSSFLAND MFAN-FREE-PATH = 3.19484E+14 I PRIME TeP1R04E+14


http:7.?I04E.14
http:6.53015E.00
http:3.73578F.04

£€2-d

TOTAL OPACITIES AND VOLYUME EMISSION

19

TFMPERATURE = 3.00000E+073 C/H MASS RATIO = 5.,00000E-03 PRFSSURE = 1.00000E+02
OMEGA TOTAL MU Bi{wWaT) J

TeB1906E403 3.4036TE-04 1,3711RE+05 LeGRTNAF+0]
9.55663F+03 2+2966BE-03 1.07340E+05 2e4ABP4F+02
1«12942E+04 S.69116F~-03 T«6554BE+04 4e356RKF+02
1.30318E+04 Se19702E=-03 5.098)3E+04 2.64951F+02
1447693E+04 1.75210E-03 3.22179FE+04 Se64490F+0)
1465069F+04 2+.18376E~04 1.953R6E+04 4.266T6F+00
1.824456+04 1.05379E~05 1.1462RE+04 1¢20794F=01

1.99821E+04 2.1043T7E-06 6.54433E+03 1.37717F=02
2¢17196E+04 3.68837€E-06 3,65236E+03 136T713F«02
2e345T2E+04 2. 794 713E-05 1,994952E£+03 5.58812F~02
2¢5194KE+04 2+ 36559E-05 1«0767TSE+03 2e54TVIGF=02
2+69323E+04 8.53906E-09 Se7T1600E+02 4¢BBO93F~-03
2+B669YE+D4 4.04971E~-06 2e9964GE* (2 1+21356F=03
3.04075E+04 2.T3917E=06 1.55377E+02 G4 256N5F=04
3421450E+04 B.80944E~00 Te9T7T6RE*0L T« 0PTRGF=04
3.38826E+04 1.16440E=-06 4406026E+01 4.72779F=05
3:56202E+04 3.04B9TE~06 2¢05022E+01 6.25106FE=05
3«T3ISTHE+ 04 2+64874E-05 1.0278RE+01 2. 72259F~04
3.90953E+04 3435714E~-04 S« 11992E+00 1. 71883F=023
4« 0B329E+04 6.03409E=03 2.53517E+00 1.57997F=02
44257T05E+04 T.68526E~02 1.24851E+00 9.59510F=02
44430B0E+04 3.986R0E~01 6.11789E=01 2+41896F=01}
4.60456F+04 T.72212E=01 2+98406E~01 2+30433€-01
4., TTBIZE+04 5.53940E-01 1444929E~01 B.0P822F-02
4495207TE+04 1.47798FE~01 Te01102E~02 1.03622F~02
S.17583FE+04 1.60588E-02 3.37T90E=02 5:47643F-04
5.299509F+04 3.04628E-03 1,62302F=02 4.94416F=05
Se47335F+04 6.39271E~03 TeTT041F=03 449674 0F=~05
5.64T10E+04 Ce%3373FE~02 3.7089%F~03 9, 07658F«05
S.HP0AKE+0G 5.92081E=02 1.76532E-03 1.04521F=04
5¢99462F+04 T.59609E~02 B3T9A3E~04 6,36540F=05
6+ 16837F+04 9,731p6F=02 3.96TRPE~04 3.86111F=05
6¢34213E+04 3.73456E-01 1.87428E~04 £+99950F=05
6.51589F+04 1.82800E+00 8,83359F=-05 1e614T7RF=04
6. 6R964E¢ 04 2.07901F+00 44156446F~05 B.637T14F=0%

J TOTAL = 1.83394E+06

MEAN-SWUARED PLANCK MEAN OPACITY
1 /ROSSELAND MEAN-FREE-PATH
T.98n87E+09 I PRIME

1e0RAP4TE«QS
441R290E-0%
1+65T708F+1n

PLANCK MEAN OPACITY = 2.34717E-03
ROSSELAND MEAN=FRFF=PATH = 2,39068F+04
MEAN=SQUARED  ROSSFLAND MFAN=FREE-PATH =

H oW



ve-a

TFMPFRATURE =

OMEGA
T81906FE+03
Ye55663E+03
1417942E+04
1+30318E+04
1.4TO93E+04
1.65069E+04
1.82445E4+04
1.90B21F+04
2+ 1T19hE+0%
2+34572E+04
2.51948E+04
2.69323F+04
2+86699E+04
3.0407SE+04
3.21450F+04
3.38B26E+04
3.56202E+04
3.7357BE+04
3.909%3€E+04
42 0RI29E+(4
4.25T0SE+04
4¢430B0F+04
4460456E+04
4.77832E+04
449520TE+04
5.12583E+0n4
5.29959€+ 04
5.47335€+04
5.64T10E+04
S.82086F+04
5.99462E+04
6e10HITE+ DS
6434213E+04
6+51589E+04
6.68964E+04

PLANCK MEAN OPACITY =
ROSSELAND MEAN=-FREF-PATH =
MEAN=SGQUARED

3+00000E+07

TOTAL OPACITIES AND VULYMF EMISSION

C/H MASS RATIO = 1.0

TOTAL MU
B.50038E=04
Se73692F~03
1442164E-02
1.29821E~02
4.3766TE-03
5445409E~04
2.61319E=-05
4. TTIRTE=06
1.058r3E~05
Te49971E=-05
B8.05597E=05
2+468)9E=-05
6.94076E~006
4436370E~06
1440536E-05
239932€E~06
7.4ZBQOE'06
6., 4H6856E~05
T+10479E~04
1.0161G9E~02
1.222R0E~01
6430330E-01
1.22028E+00
B.75735E-01
2+34570E=-01
2.690T4E=-02
T.07T071E-03
1.5751TE=D2
6,00666E~02
1.45314E~01
1.80503E-01
1.98074E=01
6437343E~01
3.484%4F+ 00
3.62586E+00

J ToTAL =

SeR6179E-07

9.99225E+03

ROSSFLAND MFAN~FRFE~PATH =

4580

MEANSWUARED PLANCK MEAM OPACITY
1/ROSSELAND MEAN=FREE~PATH
1 PRIME =

1e49862E+00

0000E=-02

B{WwsT)
1.37118BE+0%
1.07340E+05
7.6554BE+04
S.09813E+04
3.22179E+04
1.,95386E+04
1.1462RE+04
6.54433E+403
3,65236E+03
1.99952E+03
1.0767GE+03
S.71600E+02
2499665F£+02
1.5537T7F+02
T.97768E+01
4,06026E+0]
2.05022E+01
1.02788E+01
S+11992E+00
2¢53517E+00
1424B51F*00
6,11789€-01
2498406E~01
1044929E~01
T«01102E~02
3.37910E~02
1.62302E-02
TeTT041E~03
3.70895E-03
1,76532E-03
B.379B3E=04
3.96TRZE~04
1.87428FE=04
B.83359E=05
4415446E~05

06E+06

20

PRESSURE = 1.00000E+02

J
ls 14556F+02
6415799F +02
1.0RA33F+03
6.61862F+02
le#1007E+02
1.06565F+0]
2¢99544F~01}
3.12810F=02
3.,B8650F=02
1+49958F=01
BebT424F=02
1.41081F=02
2.07991F~03
6+ 78019E~04
1.12115F=03
9+ T4185F =05
1.52309F=04
6.66T40F=04
3.,63759F=03
2eS7622F~02
1.5726A8E=-0]
3.85%6729F-01
3.64139F=-01
1.26920F=01
ll6¢‘§7F‘02
9.09279F=04
IOIQTEQF‘OQ
1.27397F=04
2.27TRAE~04
2456526F =04
1.51259F~04
T+85920F=05
1+ 19456F=04
3,07810E=04
1«50635F=04

he4BOTSE=05

= 1«00078BE-04

3215693E+ (09



ce-a

TOTAL OPACITIES AND VOLIME EMISSIUN

21

TEMPERATURE = 3.,00000F+073 C/H MASS RATIN = 5,00000k=-02 PRFSSURF = 1.00000E+02
OMEGA TOTAL My BiWeT) J

T.81906F+03 S.850a5L~-03 143711RE+0S B.0P273F+02
9.55663F+03 3.94972E~-02 1.07340E+05 4427967F+03
1:12942E+04 9, T8785E~-02 T.6554A8E404 T«4930TF+03
1.30318E+04 8.93804F-02 5.09B13E+04 4,55673F.03
1e4T693E+D4 3.01376E=-02 3.22179E+04 9.70811F+02
1.65069E+04 3.75442E-03 1.953H86F+04 T.33561F+01]
187P445E+04 1 TR423E=04 1.1467RE+04 2+045P2F+00
1.99821E+04 3.030720E=05 6.54433E+03 1.98306F=01
2+17196E+04 1.3656BE-04 3.65236E+03 4.987T9T7F=01

2¢34572E+04 9.,64969E~04 1.99952E+03 1.92947F+00
2+51948F +04 1.28996E-03 1.0767SE*DI 1.3R896F+00
2.69323E+04 J.44)127E-04 5¢T1600E+D2 1.%6703F=-01
7«B6GIFE+(S 3.14737E-05 2.99665E+02 9.43157F-03
3.04075E+04 1.18017E=05 1.55377E+02 1.83371F-03
3+21450E%04 3.8)1060E-0% T7.97T68BE+D] 3.03998F«03
3.38826E+04 1.27566E-05 4.06026E+401 S«17953F~04
3.56202E+04 4.,95338E-05 2.05022€+01 1.01555F=03
3.73578E+04 4.30700E-04 1.02788E+01 4.472T0BF=03
3«90953E+ 04 3.883p8E-03 5411992E+00 1.98811F=02
44 0R329E+04 3.34226E-02 2.53517E+00 Bs4T7321F~02
44257T05E+04 3.263RTE~01 1.24851E+00 4.07496F=0]
4+43080E+04 1.63745E400 6+117TR9E~0], 1.001R9F<00
4e60456E+04 3.16268E+00 2.98406E~01 9.43761F=01
4+ TTB32E+04 2.27412E+00 1.44929E=01 3.29587F=0}
4+9520TE+04 6.15810€-01 T.01102E=02 4.34550F =02
5.12583E+04 B,76655E-02 3.37910E~-02 2.96231F~-03
5.29959E+04 4.4T7342E-02 1.62302E~02 T+26044F~048
Se4T7335E+04 1.06181F-01 TaTT041F~03 B842%068F-04
5.64710E+04 4.03315F-01 3.70895E~03 1+49587F=03
S5+BP086E+04 9.71720E=-01 1.76532E-03 1.71540F=03
S5.95462E+04 1.18227F+00 8.37983E-04 FeF0T2E6F~04
6+ 16B3TE+04 1.08821E+00 3.9647R2€-04 4.31TRIF-04
6e34213E+04 237926E+00 1.,87428E~04 4¢36568F =04
f.51589E+04 1.60923F+01 B.83359E=~05 1.47152F=03
6.6RI64E+04 1+37430E+01 4415446E-05 S5.T0949F =04
J INTAL = 3.15282E+07
PLANCK MEAN OPACTTY = 4.03514E-Q7 MEAN=SWUARED PLANCKR MEAN OPACITY = 9,99761E=017

1/R0OSSELAND MEAN-FREE<PATH = f,76R58E=04
I PRIME = Q,54752E+07

ROSSELAND MEAN=FREFE=PATH = 1.47741F+03
MEAN=-SQUAREN ROSSFLAND MFAN<FREE-PATH = 4,13663F+07



9¢-a

TOTaL 0PACITIES AND VOLUME EMISSION

TEMPERATURE = 3.00000F+03 C/H MASS RATIO 5.00000E~03 PHFSSURE =  S.n0nonE+o2
OMEGA TOTA[, MU B(Ww.T) J
T«.81906E+03 1.31669E=-04 1.37118E+05 1.80543E+01
9.55663E+03 8.86552E-04 1.07340F+05 9,516P3F+01
1+17942F+04 2¢19634E~03 T+65548E+04 1+6R141F+02
1.3031RE+046 2.00%60E-03 5.,09813E+04 1.02248F+02
1«47693F+04 6,76245E=04 J.22179E+04 P+17872F+0]
1+65069F+04 B.44260E~05 1.95386F+04 16495TF+00
1.8P445E+04 4435649E=06 1s1462RE+04 4,99375F=02
1.99821E+04 1+44284E-006 6,54433F+03 9.44244F=03
2e1T196E+04 ?.71728BE=-06 3.65236E¢03 9.97446F~03
24345728+ 04 1.71796E~05 199952F+03 3. 43509F=02
2+51948E+04 9.81116E-006 1.07675E£+03 1.05641F=-02
, CeBH9I323E+04 T.82153E-06 5.T160H0E+02 4.4707T9F=03
2+86699E+04 7.10617€=006 2+99665E+02 2+172947F-03
3+04075E+04 Se04645E~006 1,55377E+02 T.84Y03F~04
3.2145S0E+04 9.536A0E~006 T«9776BE+0D] T+60800F=04
3. 3RB26E+04 1.39352E=-06 4.06026E+0]) 5.65B0T7F=05
3.56202E+04 1.86915E=-06 2405022E+01 3.83217F~05
3.73578E+04 2+48B2R9E-05 1.02788E+01 2.5821°F=04
3+90953E+04 Bel4665E=~04 5.11992€+00 4«17107F=03
44 0R329E+04 2:56TVTE=02 2.53%17€+00 6.50823F~02
4.25T05E+04 3.56878E-01 1.24851£+00 4465565F=01
4443080FE+04 1.86B01FE+00 64117A9E~01 1.14283F+00
4.60456E+04 3.62122F+00 2+9B4(6E=01] 1.0R0R9F+ 00
4.7T7832E«n4 2+595R6E+00 1.44929E-01 3.76217F-01
4.9520TE+ 04 6.88341E=-01 T.01102E=02 4.872597F=02
5.125B3E+04 6.82936E~02 3.3791pE=02 Re30TRBF=03
5.20959F +04 4,99020E-03 1:62302E~02 8+ 09918F=05
5.4T7335FE+04 l.046R1F=-02 TeTT041E~03 B+13416F=05
5.647T10E+04 3.97197E~02 3.70895E-03 1.47318F-04
5.87086E+04 9,81792E=-02 1.76532E~03 1.73318F=04
5¢39462E+04 1.56894E=-01 84.37983E~04 1:3147RF=04
6.1683TE+04 3.1399T7E-01 3.96TRRE~04 1.24588F-04
6¢34213E+04 1.54983E+00 1.8742RE-04 290481704
6+51589£+04 5.98064E4+00 B«B3359E-05 5.2R8306F=04
6+6RTIE64F + 04 8.,14991E+00 4.15446E~05 3.385R5F=04
J TOTAL =  T7.12980E+05
PLANCK MEAN OPACITY = 0,12509FE-04 MEAN=-SUWUARED PLANCKR MEAN OPACITY = ,78705F-0%
ROSSELAND MFEAN=FREF=PATH = - 3,BB156F+«04 1/ROSSELAND MEAN-FREE=PATH = 2,R742B8E~-0%
MFAN~SQUAREN ROSSELAND MFAN=FREE-PATH = 1,73559E+1p I PRIME = 3,48645E+1np



ilz-a

TFMPERATURE =

OMEGA
7T.81906E+03
9.55663F+03
112942E+04
1.3n318E+04
1.47693F+04
1. 66069E+04
1« HZ445E+04
1.99821F+04
2+17196F+04
2e345T2E+04
2+51948E+04
2+69323E+04
2+86699E+04
3.04075E+04
3.21450E+04
3.3BBZGE+04
3562025 +04
3.73578E+04
3.90953E+04
400R3Z29E+04
425T0O5E+04
H.4308B0E+04
G4+00456E+04
4.TTB3I2€E+04
4¢9%20TE+04
S«172583E+04
5-299595‘04
S5.4733%5E+04
5.64T10FE+04
S.HZ2086E+04
5¢9G462E+04
6.1683TE+04
6+34213F+04
6+519H9E+04
6+ 6RIBLE+N4

PLANCK MEAN ORACITY =
ROSSELAND MEAN=FRFF-PATH
MEAN=SWIARED

3.00000E+07

TOTAL OPACLTIES ANMD VOLIIME EMISSION

C/H MASS RATIO = 1.0

TOTAL MU
4,59349E=-04
3.09720E=03
Te6T414F=03
T.00777F-03
2436269F~03
2.94668E-04
1.45%217F~05
3.18253E=06
5.86560E~06
3,.64644E~05
2+43966E-05
1.61886E-05
1.33573E=05
F.44985E-06
1.79170E=-05
S.79464E~06
T.61815E-05
1.7H211E=03
4.88834E-02
6.67994E-01
3.49064E+00
6. T6572E+00
4.85022E+00
1«28B67TE+DO
1.28927E~01
1.29570E~02
3.4T645E=-02
1.327711E-01
3.21407E=01
4.,707T96E=-0D1
7T.21616E~01
2.95670FE+00
1.19019€+01
1.54425E+01

J InTAL = 7.481%

3.17635E-03

1.571186+04

ROSSFLAND MFAN=FREE~PATH

MEAN=SWUARFD PLANCK MEAN OPACTITY
1/ROSSELAND MEAN=FREE=-PATH

3.337214E+09

0000E-02

BlWeT)
143711RE*05
1.07340E+05
7T.6554RE+ 04
5,09813E+04
3.22179E+04
1.95386E + 04
1414628E+04
6454433E+03
3.65236E+03
1.99952E+03
1+07675E+03
5eT1600E+02
2499665E+02
1.55377€+02
T.97T6BE+01]
4206026E+01
2405027E+01
1.02788E+01
5.11992E+00
2.53517E+00
1.2485)1E+00
6411789E=01
2.98406E=01
1.44929E~01
7.01107E=02
3.37910E~02
1.62302E-02
7.77041E-03
3.70895E~03
1+76532E~03
B.3TYRIE-04
3,967R2E-04
1.8742BE~04
8.83359E=05
4,15446E=05

B1E+06

PRESSURE =

23

S«00000E*02

J
6« 29BR2F+0]
3.374R3F 02
5«B7497PF+02
3.57265F+02
T.61210F+01]
5.T8T41F+00
1e6K459F=01
2.0R275F=~02
2¢14233F=02
Te291138=02
2«62690F=-02
9.2516AF=03
44002T4F=03
1+46829F-03
142936F-03
1.21189F=04
1+ 1RRN3F=04
T«83054FE-04
F.17425F=03
1.23928F~01
B+ 33995F=~(1
2+13554F+00
2+01893F+0¢0
T«072938E=0])
9.071584F=~07?
403$658E-03
2+:10294F=04
2¢T0134F~04
4-9?217F*04
Se6TIRTF=04
3.94519F=04
2.8A324F-04
S5416TF=04
1.08137F=03
6+41583F=04

Te44542F 05
feIR4E66E=05
6« T1220E+04q


http:6.6A964E.04
http:5.I?583E.04
http:4.bo456E.04

8¢-Q

TFMPERATURE =

OMFGA
TeB19N6E+(3
QD+55663FE+073
117942E+04
1+3031RE+04
1e4T693E+04
1+650A9E4¢04
1.8B2448E+04
1499821E+04
2+17196FE+04
2¢345T2E+04
2e5194BE+04
2+69323E+04
2.86099F ¢ 04
3.04075E+04
3.21450E+04
3.3RB26E+04
3.56202F*04
3.73578E+04
3.90953E+04
4«Q0R329E+04
4.25T05E+04
4¢430B0E+04
44604S6E+04
4.7T7832E+04
4495207F+04
5.17583E+04
5.7279959F + 04
5.4T7T335E+04
5:64T10F+04
5.82086E+04
5.99462E+04
64168375404
6e¢34213E+04
6.51589FE+04
6+6RIGHLE+O4L

PLLANCK MEAN OPACITY =
ROSSELAND MEAN=FRFF=PATH =
ME AN=SQUARED

3.00000FE+03

=

TOTAL DPACITIES AND VOLUME FMISSION

C/H MASS RATIO =

TOTAL MU
5.99236E-03
4.04574E-02
1.00241E~01
9.15381FE=02
3,08605E~02
3.B4554E-03
6.03020E~05
3.96406E=-04
4.5924TE=04
1.545?2E‘04
5.,27992E=-05
3.44905E~05
6.64B12E~05
1.859]19E~05
6. T8T02E-05
B.7943TE=04
]olﬁBGOE-OE
19431 0E~01
2+.424R0E+00
1.25523E+01
2+430R6E+01
1.74309E+01
4,637T76E+00
4090943E'01
1.23000E-01
4.4251TE=-01
1.69519E+00
44.07196E+00
6.3465TE+00
1.39055€+01
6.2349ZE+01
6. T3054E401)

J 1InTAg

4113612E'0?

1.89218FE+03

S+00000E~-02

Bi{WsT)
1.3711RE+05
1.07340F+05
T+65S4RE+04
S.09813E+04
3,22179E+04
1.953R6E+04
1.1462RE+04
6.54433E4+03
3.65236E+03
1.99952F+03
1.07675E+03
5.7T1600E+02
2.99665E+02
1.56377E+02
7.977T6BE+D1]
4.06026E+01
2.05022€+01
1.0278BE+01
5.11992E+00
245351 7E+00
1.24851E+400
6.11789E~01
2.98406E=01
1+44929E-01
T7.01102E=02
3.37910E=02
1.62302E=02
T.7T7041E=~03
3.70895E~03
1. 76532E=03
8,37983E~-04
3.,96787F~04
1.8742RE=04
H,B833%9F=05
4,1544KE«05

3.23172E+07

MEAN-SWUARED PLANCK MEAN OPACET
1/ROSSELAND MEANFREE=-PAT
ROSSFLAND MEAN-FRFE=-PATH = 6,26331E+07

PHFSSURE =

Y =
H =
E =

24

5¢00000E+02

J
302]6§2F’02
4e34204F+03
T+67396F+03
6.666T3F+03
9.94260F+0?2
T:51366F+01}
2.0RT12F+00
1+43546F=01
2.20265F=~01
Ta9726P3F=-01
4494494F=01
8.83240F-02
1.5A203F-02
5+35903F~03
5¢30366F=023
Te548R1F-04
1¢39149F=~03
9.039%56F~-03
S5.9R265F=02
4492610F=01
J40273TF+00
T« 6TG3RF+00
T«2%382F+00
2+52674F«00
3.25154F=01
1+65B8RF =07
14997 T7F=-03
3.43854F=-03
6.287T36F=03
T.18837F=03
4., T15T6F=03
2+51820F=03
2+60627F=03
5.50767F~03
2079617F=03

1.RSABTE=("
SePB491E~04
1+27736E+0R



62-d

TOTAL OPACLITYIES AND VOLUME FMISSION

TFMPERATURE = 3,p00000E+07 C/H MASS RATIO S«00000E-03 PRESSUKE = 1.00000E+03
OMEGA TOTAL MU B{WeT) J
T281906F+03 S«B6H3RIE-OD 1.3711RE+05 RBe04036F+00
9.55663F+03 3.93045E~04% 1.07340E+05 4.21893F+0}
1.1794PF+04 9,73258E~04 7.6554RE+04 T45076F .01
1.30318F+04 8.88698E~04% S.09813E+04 6453069F*01
1+4T7693E+04 2.99722E~04 3,221719€+04 9.65640F+00
1.65069E+04 3,75425F=05 1.95386E+04 T+335PBF~01
1.BP44SFE+04 2.21445E-06 1.1462RE+04 2.53838F=02
T1e99821E+04 1.369Y7E~06 6.54433E+03 Be9AQ29F~03
2+17196E+04 2.81248BE~06 3.65236E+(03 1.02729F=02
2« 345T2F +04 1e446T6E=-05D 1.99952E+03 2.8B927R3F=02
2+51948FE+04 9.07853E=-06 J+0T76TSE+(Q3 9.72144F=03
Pa69323E+04 B.32072E-06 5.71600E+02 4475612F=03
2.B6699F+04 7T.71383E=-06 2.99665E+02 2.31157F=03
A.04075E+04 8. 4HOE9F=06 1.55377E+(2 B.572335F~04
3.21450E+04 B8.37926E~06 Te9T7TRRE+(] 6.6R4T1F~04
3.3RB26FE+04 1.4060BE=06 4.06026E+0) SeT09N6E=05
3+56202E+04 1.26249E=06 2.05022E+01 2+5R838F=05
3.735TBE+04 2+12407E=05 1.02788BFE+01 2+1R3209F=04
3.90953E+04 1.13814E~03 5.11992E+00 5.872719F=03
4.0R329F+04 4,02128BE-02 2.53517E+00 101947F-0)
4e25TO5F +04 5.058910E=-01 1.24851E+00 T.06543F=01
4«430B0E+04 24965R4E+00 64117R9E~01 181435F+00
4+60456E+04 5.74964E+00 2498406E=01 1.71573€+00
4., TTB3IZE+ 04 44,12146E+00 1.44929E-01 5.97320F=-0}
4 +9520TFE+04 1.09244E+00 T.01102E-02 T+65912E=-02
5¢1758B3E+04 1.07676F~01 3,37910E=02 3¢63850F=03
5+29959E + 04 6.52970E-03 1,62302E~02 10G5978F =04
5¢47335E+04 1.1728TE~02 TeTTO41E~03 9.11132F=05
Se64T10E+04 4.23941F=-02 3.70B95F=03 1+57238F=04
S.HP0B6E+04 1.06598E=-01 1.76532E-03 1.88180E=-04
5.90462E+04 1.9546§E-01 B.37983E-04 1.63795F=04
6e16837E+04 4,7380BE~01 3.96THZE=04 1.8799RE=-04
6e34213E+04 2+46033E+00 1.8742BE~-04% 4461134F-04
6.51589E+ 04 G 06041E+00 B+83359E-05 B.00360F=04
6.6R9HL4E+04 1.27894F+01 4415446E~05 5.431331F-04
J TnTAL = 3.2P2408E+05

PLANCK MEAN OPACITY =  4.17634E~-04 MEAN=SWUARED PLANCK MEAN OPACITY = 4,07927€E-0R

ROSSFLAND MFAN=FRFF=PATH = Q.Z717T0E+04 1/ROSSELAND MEANFREE-PATH = |.ROR9ZE=-0%

MEAN=SQUARED ROSSFLAND MFAN-FRFE-~PATH = 2.50R13E+10 I PRIME =  4,R3I798BE+1n



TOTAL OPACITIES AND VOI UME FMISSIUN 26

0e-ad

TEMPFRATURE = 3,00000E+07 C/H MASS RATIO = 1.00000E-02 PRESSURE = 1.00000E*03
OMEGA TOTAL MUY Bi{WeT) J
Te81906F+073 2.22538E~04 1.37118E+05 3.08141F+01
G.55663F+03 144971 7E=-03 1.07340F+0% 1+60TNSF+02
1417942F+04 3.70874E=03 T.6554RE+04 2.87922F+ 02
1.30318F+04 3.3R643E-03 5.09813E+04 1. 77655F+02
1.4T693E+04 1.14195E=03 3,22179E¢04 3.67912F+01
1.65069E+04 1.,42683F =04 1.95386F+04 2. TRT?EF+00
1.82445F+ 014 TeD44PT7F=06 1.1462RE+04 B.B4TRIF-02
1.99821E+04 2.8606TF=06 6,54433E+03 1.87212F=02
2+17196F+04 5.68711E~-06 3.65236F+03 2+07714F-02
2+34572E+04 2.91331E~-0Y 1.99952E+03 5,872522F=02
2+51948E+04 1.88714E~05 1,0767TSE+03 2.03197F~=02
?+69323E2 04 1.656A4E~-05 5,71600E+02 0,46935F=03,
3.0407SE+04 1.07166E~05 1.5837T7E+02 1+6651PF=03
3.21450E+04 1.63971E~05 T.9TT6RE+D] 1.30771F=03
3.3RB26F+04 2.93068BE=06 4,06026E+01 1+ 1R993F=04
3.56202E+04 3.81186F=06 2.05022E+01 7.81454F=05
3.73578E+04 6.18579FE=05 1.0278BE+01 6.35825F=04
3.9n953E+04 2.40330E~03 S«11992E+00 1+23047FE~02
44 0R3IZ29E+04 T.906P2E=02 2.53517E+00 2.00436F=01
4425T0SE+04 1.10429E+00 1,24851E+00 1+37872F+00
4443080E+04 S.TB2RTE+ 00 6,11789E=01 3.53790F+00
4.60456E+04 1.12108E+01 2.98406E=01 3.34537F+00
4., 77B32E+04 B,03622E+00 1.44929E=01 lelG46GBE+ 00D
4,9520TE+04 2.13043E+00 T«0G1102E~02 1.49365F=01
5.12583E+04 2.108672E=01 3.37910E~02 T¢17523F=03
5+ 29959E + 04 1.652126=-02 1.62302E~02 2.6R142F=04
5.4T335FE+04 4.06428E=02 T«TTOATE~03 3.158116-04
S5.64T10FE*04 1.47972F-01 3.TOBYSE=03 B.48B20F~04°
S«+B20R6E+ 04 3.,57725€E=01 1. 76532E-03 6¢31499F=04
S.99462E+04 5.73656E~-01 Be379RB3IE~04 4480T14F=04
6« 16B3TE+04 1.04745E+00 3.96782E~04 4.1560RF=04
6+34213E+04 4. T5712E+00 14B742RE~04 Be91616F=04
6+51589E+04 1. TH306E+01 B.83359E=05 1457508F =03
6.6R964E+04 2.45065E+01 4,15446E-05 1.01811F=023
J TOTAL = 1.21178E+06
PLANCK MEAN UPACITY = 1.55090E-03 MEAN=SWUARED PLANCK MEAN OPACIT 1.R8P63E=04

ROSSELANMD MFAN=-FREF=PATH =
MEAN=SGQUARED

4¢R9995E«0

Y
Pell40RGECDG 1/ROSSELAND MEAN-FREE=PATH
E Be96756E+00

ROSSFLAND MFAN=FREE-PATH = 4,5314R8E+09 I PRIM



T¢-a

TOTAL OPACLITIES ANUD VOLUMF FMISSION

TFMPERATURE = 3,00000E+07 C/H MASS HATIO 5.000000-027 PRESSURF = 1400000E+03
OMEGA TOTAL MU B(WeT) J
T.B1906F+03 4.02305FE-03 1.3711RE+05 S.51634F+02
9.55663F+03 2eT14ATE~DE 1.07340F +5 2+91391F+03
1.1P942E+04 6.,72682F=-02 T.6554RFE+04 S+14971F+03
1.3n318E+04 6e14275E=02 S.09813E+04 3.13165F+03
1.470693F+04 2.07097E=02 3,221 79E+04 66T2P4FE+02
1.65069E+04 2.58146E~03 1.953RKE+04 S.043R1F+01
1.B7445F+04 1.237aBE=-04 1.14628E+04 1.41895F+00
1.99821F+04 1,77039F-05 6.54433E+03 1+15860F-01
2+17196F+04 3, 798R9F =05 3.65236E+03 1438749F=01
2434572404 2.1256TE=-04 1.999%2F+03 4,26037F=01
?+5194BF 04 2.04293E=-04 1.07675E+03 2.18971F=01
2.69323F+04 1.02457F-04 5,71600E+02 5.85645F=02
2e¢86699E+n4 6.55450FE=05 2.99665F+02 1e96416F=02
3.0407SE+04 4.57630E~-05 1.85377E4+402 T+11053F=03
3.21450E404 7.09890E~05 T+97768E+01] Seb663P8F-03
3.38826E+04 1.80396E-05 44,06026E+01 T.32453F=04
3456202F+04 5.524G2E=05 2.05022E+0] 1s13773F=03
3.735TBE+04 B.442n1F=04 1.,027R8E+01 Be6TT99F«03
3.90953E+04 1+54017E-02 5.11992E+00 7.88555F=02
44 0RIZYE+04 3.53072E=-01 2.53517E%00 8+9%099F=01
4,25T05F+04 4,69644E400 1.24851E+00 5.84353F+00
4o430B0E+N4 2.44T59F+01 6.,11789E=01 1.49741F+01
4.60456F+04 4.,74285E+01 2.98406E-01 1e41529F+01
4.TTB32F+04 3.40009E+01 1.44929F=0] 4.927TT3E+00
4,95207TE+04 3.02409E+00 Te01102E~02 6.376B1F=01
5,17583F+04 9,20732E-01 3.37910E~02 3. 11125F=~02
5.29959F + g4 1.86521E~01 1.62302€E=02 3.0°727F-03
5.47335E+04 T066G9E-D1 T+T7041E=03 S+49134F=03
5:64T10E+04 2.58376E+00 3,7089SE~03 9.5B303F-03
58P 0B6E+D4 6.15059E+00 1476532E=03 1+ 0RETBF=02
5.99462E+04 9,18533F+00 B.37983E~04 T.69715F=023
6+16B3TE+04 1.11752€+01 3.9ATRPE=N4 44.43411F~03
6e34213E+04 2.54617E+01] 1.87428E~04 4¢T7223F=03
6+51589E+04 9.52818F+01 B.B33%59E~05 Be416ROF=03
6« 6RIGLE+ 04 1.149/4E+02 4,15446F-05 4.77614F=03
J TOTAL = 2.17366E+07
PLANCK MEAN OPACITY = 2.7R1T0E-02 MFAN=SWUARED PLANCK MEAN ORACTT 4,160BBE-Q

Y =
ROSSFLAND MFAN=-FRFF=PATH = 2.50494F+03 1/ROSSELAND MEAN-FREE~PATH =  13,96711F€=04
MEAN-SUQUARED ROSSFLAND MEAN-FREE-PATH = 9.,97779E+07 1 PRIME = p,01041F«08



2€-d

TFMHEE HATUKE =

UME (+A
TeH1Y061 +03
YeSH0H3L +03
1e12942F +04
1a30318E+04
ledTOU3L + 4
1. 05069E+04
1eHP445F +04
1.99821F+04
211196+ 04
2e34512E+04
2eH1948E+ 04
2¢69324E+ (4
2+ H6OFYE+04
3.0a4075E+04
3.21450L+ 04
3.3R8B26F +04
3456202PF 04
3+ 135THE+ G
3 0YL3E+ 04
4408329E+04
4425T05E+04
44308B0L+04
GeabaSH6E+ 4
G4 TTB32E+04
449520 7L+04
L.12583k+04
5.29Y59E+ 04
5e47335E+04
Se64TIpkR+04
S.82086k+g4
5499462F+04
be.l683TE+04

4400000403

TOTAL OPACLTLIES AMU VULUME EMESSTOM

C/7H MASS RATLOD

TOTA] MU
4,04403F=yd
1904790 =(¢
400036’&'0&
JeTaca2t =0¢
}eS60HAE-0C
2e931HBE=~0 3
3.46926E-04
3.6543%E-04
4.07430E=-04
1045938-03
Ja 92129t =04
1¢36717E-04
9¢91626E-05
SeFHEP2bE=04
4.03]1¢5E-0b
Ted21bb-05
1« 96602E=-04
Y.603%36E-04
GeTa94b=-03
TeD3436E-0¢
2eblapabE-yl
4. ?QBQ()E'UI
3.7T0303E-01
14345238 ~01
3.33366E-0¢
2.20HP1E=-0E
3.55040L 02
3-0646[&'01
5.21349t~01)

e (0000OL~03

H{waT)
Fetr3/94F +Ub
3.4%236F+ 05
3+ 003HRBE+ U5
24450041 YUY
LeY00BPE*US
Fe 1/ TE*0UD
12295 05
Te 1BUHSE+DS
4,9398pE* 04
Je33016E+04
Cel)B4TE+UG
leda3HBE+0G
e 3225TE+03
5.9533pt+03
3eThébpE+(3
2e359HOE03
led6/STE+03
QL 061H6E+02
5e50924E+02
3.39030E+y2
2.0503RE+0E
1.24104E+02
T.455%40EL+0]
4.45962E+01
24.65706E+01]
1.577/74E+01]
F.33036L%00
5.50170£4+00
3el3431E*00
1.B9597E+(0
lelOnasb+u0
beabu22E=01

PRESSURE

leGCOOOE*02

J
1e47136F+03
1,20760F*04
Y« 1AGNY9F+03
P YRGRHE+(3
4415495 +02
3«548BR6E+0]
2:6270RF+01
2.01262F+ 01}
SeT6E546F+ 0]
Z+309R89F+01
S5¢661T7T9E+00
142745%E4+00
5¢90344F=01
2+25435F+ 00
F.51245F=02
1+.08909FE=01
1« THISBF=01
S5+.33085F=(1
3.30934F+00
1.54933F+01
3.49259F+01
3.577B4F*0]
1e6R141F+0)
3.57434F+00
5+25799FE-01
CeQ6034FE~0]
1 +9833CE-01
2+39682F-01
3.05941F~01
3+39700F=01
3.37011E=01

be342]13b+04 F.56382k~-01 J.76076E~01 3:59661F=~01
6+.H158YE+(4 2«097QpE+00 Ze18J02E=01 4449242E-01
bebHRYO4F + (4 2+2629TE+0G 1.26494KE~01] 2.86149F=01
J ToTAL = Ge7iab1E+07
FLARCKR MEAN OUPACIIY = Je7P H2E~(P MEAN=SUUARED FILANLK MEAN OPACITY =  &,46304E-04
ROSSELAND MFAN=FREF=-FATH = 9,0Hb7HE+Qc 1 /RUSSEL AN MEAN<FREE=-FPATH = 1s1005UE=-013
MEAN=SWUARED  ROSSFLAND MEAN=FREE-PATH = S,13)11k*p6 I PRIME = 1 .2642BE+Q7



£€-a

MEAN=SWQUARED

TEMFERATURE =

OMEGA
Te1Y06E+03
YeS55663E+03
1+12942E+04
1«30318E+04
1+47693E+ 04
1+ 65369E+ 14
1824458404
1.99821F+04
2¢17196E+04
234572F+04
2eD1948E 04
269323F +04
Z2+BHO9GE+ D4
3«0407SE+ (4
3+21450E+04
3.38826E+04
3.56202E+04
3. 73578BE+ (4
390953F ¢ 04
4e OHIZYE+ )4
4425T0SE+D4
4.43080E+04
4.604S6E+04
44 TTBIZE+04
449%207E+04
50[25@3E*U4
S.29959E+04
5¢47335E+04
Set4T10E+04
SeBZ0BGE+ (0
HeY94062E+4
b|16837E+U4
63421 3E+04
6«51589E+04
6.0H4964E +04

PLANCK MEAN OPACITY
ROSSELAND MEAN=FREE=PATH =
ROSSELAND MEAN=FREE«PATH = ].41049E+y6

4400000E+07

TOlaL UPACLTIES ANU VULUME £EMISSIUN

C/H MASS RATIO

TOTAL MU
BeB13nT7E=-0J3
4415104E~02
B.T2491E-U2
Bel®60lE-0Ce
3.401l51E~02
6.38675E-03
T+51396E~04
T.90275E~04
1+01018E-03
3.70375E~03
2498451E-03
1.09608E-03
2.55283E-04
1.50396E~04
Be90170E~04

Te65440E=05

1054381E”04
4e13300E~0%
16 76470E~03
1.51991E=02
1«12820E~01
421 T456E~-01
Tell480E-01
5eD12R2E-01
2004994E'Ul
5. 725676-02
4.,19H87E=02
bed22695E~0E
1.28363E~01
2+02160E=01
46001 4E~01
7141336E““1
134660E+00
3.1378B4E+00
3.27170E+00

J loTaL

FeTh2IGE=0?

4e34563L+02

1.00000E=02

B{weT)
3.637T54E+05
3.45236E+0b
3.0038R8E+05
Ce45U04EYUS
1900H2E+DS
le4171TE+0D
1e02295E+05
T« 1BBB5E+04
4.93980E+04
3.33016E+04
e 0BA4TE* DS
le44386E+04
Ge32Z25TE+03
5.95330E+03
J.706462E+03
2.359B0E*U3
Let&TSTE+US
F.U6186E+02
5.55Y24E+02
3.39030E+02
2+35b36E+02
le24l04b+02
Te45540E+01
4445962E401
2eb6hTQ6E+D]
1457724E+01)
G433036E+00
S«501TOE+0 O
3234 31E%00
18959 7TE*UQ
1e10B46E+*GU
6.46422E-01
3.7607T6E~01
2e41B302E-01
la2644BE~(]

l«24521E+08

MEAN=SWUARED PLANCK MEAN OPACIT
1/RUSSELAND MEAN=FREE=-FAT

PRESSURE

Y =
H =
L =

1.00000E+02

J
3.205T7T9E+03
1«43309E+04
2e62086F+04
199826E+04
6e4656TE*03
9.0R113F+02
T«6R63IBE+(Q]
S«68116F+01
4«99011E+0]
1.23341E+02
6459119E+01
1+5825BE+01
2+37990E+00
8.95353E~01
3.35115£+00
18062801
2+26564E~0)
S3.74527E=01
3.81039E=01
5.15296F+ 00
2¢31998E+01
S5«18084E+01
Se30436E+01
2e4RB3ITE+]
5.446B1E+00
Fe03Q77E-01
3+914Q0F~01
3453357F~01
4« 1516TE=01
4«97049E~01
5+0990%E=0]
4279215E=01
Se06424E-01
6eH499TE-01
4e13701F=01

2e54514E=013
2+30116E=-073
3+5787T6E+p6



ye-d

TEMPERATURE =

OMEGA
TeB1Y0OE+03
Y.595663E+03
1412942E+04
1+3031HE+04
147693404
1«65069E+04
1eH2445E+04
1.99821E+04
2e1T196E+ (4
23457T2E+04
2e5194BE+ 04
2+69323E+ 04
2 86099E +(4
3040756404
3:21450E+04
3+388B26E+ 04
3.56202F+ 04
3.735TBE+ 04
3.9095%3E+04
4. 08329E+04
4+25TQ5E+04
4:430B0E+04
4.604506E+04
40 7TB32E+04
4.95207TE+04
5.12583E+04
5.29959E+04
547335404
Se604T)1gE+04
SHZ0B6E+04
5499462E+04
He1683TE+04
be342)1 30404
6451589E+04
6eOHIGLE+04

PL alhCK MEAN OPACTTY =
ROSSELAND MEAN=FRFF-PATH
ME AN=SUUARED

4.C0000E+03

TOTAL ORPACLITIES ANMD VOLUMF EMISSIUN

C/H MASS RATLO

TOTAL MU
4. 8Y9425E-02
2.305B2E-01
4-84b70E'01
4.530RTE=-01
IQHBQQQE-UI
3.54602E-OZ
4404614E-03
4,49323E-03
BeBU49lE~QJd
3.11840E=02
3+.56568E~0¢
1.28580E-02
lQOQBH?E-OJ
44 09305E«04
2416124E~03
354030E-04%
8017605E-04
2+21134E~-03
Ta&1982E-Q3
44.375R7E-0¢2
2.808T71E~01
1.00045E+0¢
1.70130E+00
1e34113E+00
S5.47T334E~01
2.20184E-01
2.06627E~01
3.05855E~01
SeB4HOE=pL
1«10986E+00
1«74 710E+00
2+52080E+00
Gelb]1TYE+0C
l1.0786BE+QL
9,83394E+00

J 10TAL

2en4257E~0

8.35934E+41

5.00000E=-02

B{wWsT)
3.63754FE+U5
3.4%236E+05
3.00388E+05
2+45004L+05
1+ Q0082E+05
le417176+05
1+02295E+05
7. 18HBSE+04
4493980E+04
3.,33016F*04
2.2084TE+U4
led4 386E+04
Ge3225TE+03
5.95430E+03
3.76462E+03
2+35980E+03
1e467STE*03
9.06186E+02
58%924E*02
3,3903pE+02
2+05036E+02
1424104E+02
T«455940FE+01
4.459628+01
2.65706E+(]
14BTT24E401
9.33036E+00
5501 70E+0(
3423431E+00
148959TE+0QQ
1.10846E+0(0
6o4b422E—Ul
3+T0076E~0]
2e1B302E~D]
le2644BE=01

fhe92573L+0uH

MEAN=SUUARED FPLANCKA MEAN OPACTI
1 /RUSSELAND MEAN=FREE=PAT
ROSSELAND MEAN=FREE~PATH = H.45809E+04

PRESSURE =

Y =
H =
E =

ls0ULO0DE* 02

J
1« /8630F+04
T+96(52E+04
1 45589E+05
1«11003E+05
3«H018TE+ 04
5¢02532E+03
4424127E+02
3.23011E+02
4e34945E4+02
1+03B48E+03
TiBT469BE+ Q2
1+85652E+02
153251E+01
Ze436T1E+00
8+13626E+00
Be35439E~0]
1.19989E+00

' 2+0038BBE+00

4223604F¢00
1+4R8355F+«01
S5« TTSTOE+D]
1.24160E+02
1.26839E+02
5.98091E+01
1+45430E+0])
3:472B4E+00
1.92790E+00
1e6R2T2E+00
1s89136E+00
2+10426E%00
193660E+00
1+62950E+00
1.56139E+00
23547BE+00
1+24348E+00

7.T4989E=02
1+19627E=p2
Pe216069E+05


http:5.29959E.04
http:1.8r,692E.02

Tolak OPACLITINS ANL VUOLUMF EMISSTUN 31

TEMFERATURE = 4,00000F+03 L/ MASS HATIO = 5.00000L=03 PHESSUKRE = 5.00000k%02

¢e-ad

UME GA
T«819006t+003
Yebhbb3E+03
lelZYarzt+u4
teddlbl+04
leaTOIAE+ ()4
14650649 + 04
2445+ 04
le9UE21E+ 00
2+ 17196E+(4
23451728 +04
2+5194HE+04
2«69323E+04
2+BHLYYE 44
3«0407SE+04
3e21450bk+04
3« 38B26E+04
3.56202E+ 04
3.73578E+ 04
J+F909G3E+04
4. (JB3I2GEL+ 04
425705k +04
4.430B0E+04
4,0p456F +04
4o TTHIZE+G4
4.95207E+04
Ha.12584F+04
Se29954%F +04
bed4T33CE+14
SebgT]10b+04
Leblizpbot +g4
HeYUGOLZE+04

TOT AL Mu)
6. 15bpSE=-03
3elY7HIF=-ye
6. {28002
helHufbE=02
2e021P6k=0C
4,91 145k~
Se 06467&"{]4
3.300643L~0%
307(”!“]'3‘2"‘04
2e58Y50E=-03
l o 0 70h9l:'-u_1
S5.17112E-04
3.632p4t-04
2e96T04E=-04
lelabigBE-03
le}6ORTE=~O%
latY221E-04
4494099~ 04
0B BGBE=QD
9.55409L~0¢
T9377TE~])
Jel0l436E+00
Y.14a11E+00
3937T6E+00
1.36&’q2E+UU
2¢3b‘+‘54f'."01
6. THYR6E-(2
loli!ﬁ#t'ol
avbb!?SE"'Ul

- be331p2E=-0)

12801 T7H+0U

REERD
3631941 +0%
3.hh236F LS
J.C03HBE LY
Za4SUy4t +UD
I 90pURPE+US
leat T1T7E+05
1o 22895k + UL
TelBHERE+ L4
4e93UBOL+0G
3.330thnE*us
2.200aTE+ua
led4dlBaE+US
9,32,9TE+43
S.994530F4u3
JuThwoPE+U3
2e3bYHOEY U3
le4675TE+US
Ve INBEYUZ
HaabhUPag+ue
3.,39030kv02
2e0BLIBE+0Z
lecalypap+ue
Te6BhaE+U 1
465962 +01]
2.65/06E+01
1e57724E+01
Y.33030E+00
S¢S0l Tpt*uy
Jeldu3it*tuQ
1eB999TE*00
lelidlanbE*u(

J
2ehRTR4F+03
Jel0400F+04
ZeN194RF+ 04
1e93981F+04
4«YRPD4EL03
ha9RNINF+ 07
S« 1RGAHHF+0)
2e¢3T694F +U}
1« REIIGF+ U]
Beb2345F+ 01
Ce 36‘”;9&-‘01
Te46636F*00
3 IASG9E+UG
1« T66TPE+DY
4eTNOO6E+QQ
2e91789F=01
?OIHQQ?F-OI
bett 7746E=01
3.37360F+00
3.23912E+01
1+463PP9E+02
JeT409ISE+Q2
3.89514F+02
1« TR609F+02
3.6P030F*0])
3.77945F+00
6«14H91F~01
Blb??OQF'U}
120G638BF+D(
1e41902F+00

bel6EBITF+04 2e44333E+00 Gabdtn2gt=u1l 1.57942F*Q0
be 34213 +(4 S.b8H36E+Q( J.70076F-01 ?el3926E+00
6«51589E + (4 1e35740E+01 ZelBsp2b=01 7+96324E4+ 00
bebRYBAL+ )4 leb29Ra3E+0] lePtrtalf =0l 2« UGQASE+UO
JIOTAL = 9ejbllobE+u7
PLAKNCKR MEAN OPACTITY = PequyPib-0p ME AN=SWOARED VL anGh Mian OPACLTY = 3,82091E-073
ROSSELANU MF AN« HEE=PATH = 6&.4Hlq3E+0¢ L/RUSSELAND MEAN-f REE=PATH = ) ,%4pqlE =03
ME AN=SUUARED  ROSSEFLAND MpAN«FREE=-PATH = | .74347E+36 I PRIVE = 3,42RB1E+06



9¢-a

TEMPERATURE =

UMEGA
Tet81906F+04
DeHS6b3F <3
1e12942F +04
1+30318Br+04
147093k +04
10506904
1+HB2445E ¢4
1499H21FE+04
2e171096E+04
20349 7PEL+04
2eD194HE+ 04
26932 3L+ 04
2« 86699 + 4
3e04075L+04
3e21450E+ 04
3+.3RHP6E+ 4
Jeb6202E+ 04
3 13578E+ 04
3.90953E+04
44 DH3I29E+ 04
4425T0SE+04
4¢4308B0E+v04
4.00458E+04
4. TTB32E+04
49%201E+04
S5.129583F+04
5¢29959E+ 04
S5¢4T7335E+04
50471 0E+n4
S5.H2086LE+y4
S5.99462E+04
6.1683TE+p4
634213FE+04
6+H1089E+04
bebBYEak+ (4

PLAKCK MEAN OPACITY
ROSSELAND MEAN=FREE=~PATH =
ME AR =SHUUARED

4o00000F+01

fartaL OPACLTIES ANLD VULUME EMISSIUN

L/H MADDL RATIO =

TOTAL MU
e f28U2E~(¢
B.lU927E~0¢
1e00966E-01
boT1298E=02
1.256R5E-Od
1086886&—03
TeB2010EL-04
9. ?8841&"’0“
5.15244E=-03
2e¢973n5E=03
1« 279RBE~(3

* 6e2B140E-04

4o 9408E-~04
2-00812E~03
e 02045E=04
3.321g0€E=04
1410099E-p3
1-07762t-0d
1¢5%481E=01
1+ 27405E+00
4482066E+00
Be23503E+00
6+30884E+00
2e19271E+00
3.93315E~01
1421923E=01
1.91078E=~01
4o43BPTE=D L
Qe T4 !75E=-01
1+ 764R3E+00
3.2167BE+y0
[e98)P6E+00
2+.127T02E+01)
2e4098TE+D L

J InTaL

Ta49011E=07

2.?7445&"’06‘

lsGO0O00OL=0/

BiweT}
3J.037541 415
3.4R236E 405
J.00I8RE+US
2445004 *05
190082 +05
1ol T1TE+05
1.02295f +0%
T 18BHHSE *04
4493980404
3.330)16E+04
Ce2084TH* U4

, Le443RbE+04

9.3225TE+03
5.95330E+03
3.76462E+03
24359806403
le46757E+03
Y. 061H6E*02
Se55924E+02
3.39430* 02
2+ 05636E+02
le241L04E*(2
TedSba0E+y ]
4445962+ 1]
2+0S/06E+0L
168577246401
9.33036kL*00
Sl ToE+00
3e.23431E%00
1eBY59TE+UD
lal08B4RE+00
Oeaba22k~ul
3.76Q76E'01
2418B302k=-0]
le2044BE=01

24 TR98E+0UR

MEAN=SWUARED PLANCA MFAN OPACET
17/RUSSELAND MEAN=FREE=FAT
ROSSFLAND MEAN=FREE-PATH = 31,553 37k+(5

PRESSURE =

Y =
H =
E =

5.00000E+02

J
6+ 28902F+03
P2eBPI123E+0U4
S5417215F+ 04
3:.94375€ .04
1+27602E+04
1« 7B07TSE*03
1.2979TE« (2
5621 T5E+01]
4483528E+0]
1+ 71585F+02
6.56721F«01
1+48419T7TE+0]
5.85987F+00)
2+85405E+00
1.55953E*00
e T6T8SF=01
4.8T73T7T9E=01
9-977015?01
S-QQOIﬁF‘UD
S5«27128BE+01
2+61990E+02
5-?9010F+02
6e13954E¢02
2+81337E+02
5.87616E+01)
6.20354E+00
113758F+00
14 085125E+00
1e4354TE+ 00
1+R4BIBF+00
1¢95625E+090
2+07938BE+00
3+00156E+00
“064333E‘00
3 122T73F+00

1+52065E~07
1.60431E=01
7.52177E+0%


http:2.4b9'7E.oi
mailto:1.95@25EO00
http:6.13954E.02
http:1.7b93E.04
http:IJ0318t.04

Le-a

4.430H0F+04
4.00456R+04
4477832 +u4
4.95207F+ 04
S.1P9H83E+ 4

TOTAL OPACITIES AML VULUME EMESHILIUN

1e2760HE+OQ]
2+4179)4E+01
Je 72326401
524302k 400
leZ26012E 400

lecaslak+02
TeaB540b+0¢]
Ge4H902E+0 ]
2.b5{UfWE"UI
leS7724t+01

TEMPERATURE = 4 00000F +03 LR MASY KHATED = S.00000k~=0¢ PRF SHYURF S¢00000E+02
OME LA TOT AL MU Hivwael) J

TeH190B6E+03 le20HG3E~1) 3eb3fhatr+ud 4439606F+04
Yebhb6JIL+03 SelPHGIE=-0) 3.45%236L+05 1497769F+05
1.12942E « 04 ledOas TR+ J.lhdBHE+Ob 3.61838F+05
1e30318E+04 lel2611F 400 Ce4oUQ4t *Ub 2+ T5902E+ 05
leaTLUIAF + U4 4 469G TE =} l1.9008PE+US Be92619FE+ 04
1+ 65069 +(4 8. 78020L=0¢c 1e@1 71 T7H+0Y 1¢24431E+04
182445+ 04 Bebl812E-03 1. 0229RE+05 HB.87725E+02
leYOH21L+04 Sel90pTE-03 Te1HBHUBRE+US JeT3106F+02
2+ 171961 + 04 Ye9664TE~03 4,339HQE+Va 40923P4F+02
Ze3abT2E 04 3.93865E-0¢ 3.3301AL+04 1.31164E+03
2ebi1va8E o 4.,07ynpk~-0¢ 2e208aTt YU 6499023F 02
2+60323F+ (4 1.91/38E=-0C¢ led43not +04 2+ 1908RE+02
2+HO699E + 14 Z.85845E~-04 Q.322%7E+04 PeOHGBIF+0]
3¢ 04U075F +(4 le3a615E-03 5.95%330t+03 HBe01401E+00
3e21450EL* 04 Se44]138E~-03 3.T76462E*03 2e0484TF+01
3.38826F+n4 9438240604 2e35980E*0d 2e21405F+00
3+56202E+04 2+040R9E-D3 1o4675T7E+03 2+99514E+ U0
30?3573[‘:"’04 66596 TE=-( 3 YeblBeE+0L He03490F+00
349095304 4.10479E~-(< H5.55924FE+02 2+2R195F+0]
4+ QRIZIE+ 04 G4.40a74E-01 34390303F*u2 1e99334F (02
42257105E+08 3e403u8F+00 2¢05b36E+0, 6.99880E+02

1+5836TE«03
1.62165F+03
7.45792E4+02
1e57931F+02
1.98751F+01

S e P99YSVE + 4 ba0H8 0E-01 Y.33036L+00 5.68060E+00
SeaT33%+04 Y.69p01k=-01 Sebol 7ot *00 533165F+00
SebaT1nk«p4h 2elHinib+il 3ec3431E+U0 Te0ROSIF+00
SeHPOHAF +p4 4e372Talbk+y0 1 dHYLYTE YUY Be20466F+00

5.99462E 404
CelABITE+04G
e dG213E+04
BaH]9HIF+ Q4
bebBY64E+ 04

6Goaapalb+U
F,55345E+00
S0 T80
Tel7117TE U]
Te34733E+01

leiBabt+0G0
Gotb422E=01
Je76uTaE=-yl
2.18307t=01
ie2b44HE~Y]

7413952F+0¢
64 1T556E+00
Be3104TE+00
l1e56548F+01
9e2R423E+00

J TOTAL = 1+i2106L+09

PLANCK MEAMN ORPACIIY = 5420009k~ ME AM=5SUUARED FLANOR MEANM OPACTLTY
HOSSELAND MEAN=FRFF-FATH = 4.395052B+0] 1/RUSSELAND MEAN-FREE-PATH
ME AL=SUUARED  ROSSELAND ME An-FREE=-PATH = [.37230b+04 I PRIME

S.1h44lE-M
Pe?9RBUE=Qp
i1« 18P40b+04s

#on


http:I.9A751F.O1
http:I.58367E.03
http:2.17bl14E.0i
http:5.1?btiSE.04
http:l.8244SL.04
http:1.47b93F.04
http:I1.AOSIHE.04

2e-a

TEMEEFRATURE =

OME Gn
TeB1906E+03
YebhobIl +03
112947t ¢4
le 33 HE+Y4
1e4 7693k +ya
1+05%069E+04
s 82445k + 04
1+99H21F v 4
2elT7196E+04
2e345TPE+ 04
2e9194HF+ 04
269323t +44
2eHEBUYE + 4
304075 +04
Je21450F +ya
3+ 38826F + 04
3:56202E+ (4
3¢ 739TRE+ D4
3490954F 04
4, 0H3I29E+04
4425T05E+04
4«430H0E+0U4
4.00456F+(4
4.7T832E+06
4495207 +us
5. 17583E+04
S5 29959F +)4
SeaTIINE+(4
Le047]10F+p4

feu0UUOE+0R

TOTAL OPACTTIES AmD VOLUME B85S 10N

C/H MASYS Fnl10

Tula MY
Ge 0N 1RHE~0F
ZeBOLUYIOF =i
6.0 UnBE=-OL
S5.062844E~0¢
2edufpiE=~yc
Goeul}anlE=yI
4.54“?3&"0“‘
el 1071E~0%
3.38996EL~04
2eTalH9E =03
1e0044TE-03
He9Hb90E-04
S.1a310E=04
4e23406kL-04
ledb7Tabk-03
ledlloab=04
1 . .{Bb [)HE"U“"
6. TOOGDE=-4
1625923t ~02
2+17243E=(11
182741400
6.9546TE+GL
1.18/03E+01
9.,078B41E+0C
3.1723p0E400
S5.13847E~01
jell36HE=(p1L
1.82431k-01
Geh2965E=-01]

Se00000L=N

Biwas )
deb3/04E*UY
3.a9236 U5
3+ Q0 IHHE *Ub
e4D004F +0b
}«FUUHZE *US
le4 ) f17E*05
1o0GPd95F +UY
Te |BUBSE+ US4
4,93YHF+04
J.33016E%04
28B4 TE+ UG
IedbdlBOE+US
Ye32257F+03
Se95330E%0 3
Je.fbebPEtuU 3
2.35980E+ud
lea6{STE+UVS
9.060l86E*02
HabBY24E 402
3.39030E+u2
e 050361 +02
Is24104L+02
TattBh4ob+01
4 45Y62E+01
2ebbI6E+U)
1.57724F+41
Ye33vibk *uu
S50 TOE+UD
Je.23431E%00

HHESSURE

1+00000E*03

J
2+2013IRF+03
YBHBPPF+03
1.B0RB3F+04
1« 3TE9GF 404
4.4RPBUE*U3
G.24C11F* U2
4465361 1F+01
1.99187F+01
1¢6T45TF+01
9, 1R42TE+01
2e21683%F+01
BeBNOI3IF+00
44 TI469F+ 00
2¢572066E+00
55254 TF+00
3.47229F-U1}
253313F~01
6e1317)F=01]
T«00034F+U0
Tea36519F ¢ U1
3.75782E+02
HBebA10hF+02
B.849T9F+U2
4.06862E+02
Ba2986KF+ 1]
BelnN462F+00
103911F+00
1.0036BE+00
1e46503F+00

Seb820H6F+(4 lellY969t+0U 18959 TE+UY 2e12290F+00
5e99462L+ 4 2e¢37143E+00 lel0B46E+OU 2«6PBE65F+00
belBB3ITE+(4 4.,77T614F+00 badbu?2E—01 3.08740E+00
©e34213F+04 1elB430k+01 3.76076E-01 44 4RIBTF+0Q
6e5H19R9E +04 2e8Blupbb+01l 2elB392Em01 6.14315F*00
G eORYBGE v 04 JeaBhelb+ul lezbeatik=0U] 4440736E+00
JoInTal = 9.035068E+07
Pl ARCIK MEANM OPACLIY = PefoY990k=-0p MEAN=-SWUARED FPLANCK ME AN OPACTTY =  1.P5060E=02
ROSSELANY MEAN=FREFE=PATH = 6,887 0F +02 J/ZROSSELAND MEANSFREE=PATH = ] ,45H00k=03
= 3.76655E+04

MEAR=SWUAREN  HOSSELAND MEAN=FREE~PATH = | .H5330E+06 I PRIME


http:6.Btb7t+.04
http:1.18430L.Oi
http:2.37143E.00
http:5.49462L1.04
http:2.t'5(I)6h.0i
http:3.i?3?hE.00
http:9.078411.00
http:8.84979E.02
http:7.00034F.00
mailto:9.0@186E+02
http:2.86699L.04
http:2.34S7?E.04
http:I.67457F.01
http:8?44b1.04
http:5064F+.04

6e-a

TEMFEKATURE =

UME GA
T+ 81906E+03
Y. H5663L+(3
14 12942E+ 04
1+30318BE+04
1+ 47693E+ 04
} « 65069F + (4
1+82445E+04
1.99821L+04
2e Il TI96E + 4
2.345?2&*04
2+5194HE + 04
206932 3F+ 04
2+ 8B6699E+ 04
3.04075E+04
3.21450E+04
3+ 3HB26E+04
3.56202E+04
3«13578E+04
3490Y83E+04
4o QR3IZ9E+ 04
L 4e25T05E+04
4.430B0E+04
44604D6E ¢ 04
4eTTBI2E+04
4.9520TE+04
Se125H3E +ys
H+29959E+04
S5.47335L+(4
50647]0E+04
5 «B820B6E+04
5.99462E+(14
bel6B3ITE+ DG
6e342)13E+04
645Y0HIF ¥4
be6HYBL4E+ 4

PLANCK MEAN UPACTTY
ROSSELAND MFAN-FREE-FATH
MEAN-SULARED

4+ 00000E+03

ToTaL OPACITIES ANU VULUMF EMISSIUN

C/H MADD RATIO = le0

TOTAL MU
Ja75590E~02
8.32205&“0&
lo?quoE'ol
1.03574E-01
6.82217k~0¢
10277?4&'05
loEbbUHE“uJ
6o T3844E=04
Be43715E-04
Se34125E-03
2¢52910k~03
1-30676£-03
9.06405&“04
Te2410BE=04
2.509%5t-05
2e 18835E~04
3.B8224E-04
1.51678E~03
2:2“592E-0d
3.736/12E-01
3.11841E+00
1«185p5E+01
2.02271E+01
1054{415‘01
5.33238E+00
8,85837€=¢]
1089997E“01
2.92117E-01
Tal9546E=-p1
1.64094E4+00
3.10747E+0V
6e15236F+00
l.70IRTE0I
4.52140E+01
Sealia2E+01

0000E~02

BiwsT)
3.637/94E+05
J.an23nb+05
3.,00388E+UY
2445004E*05
14900H2E*U5
Yot} T1TE+QS
1e0229%9E+05
T« 1HBHYE+US
4o 93YHOEY 04
3.33016E+04%
2e208B4TE+VG
led4386E+04
G.3225TE+ U3
5.95330E%03
3eT6462E+03
2e39YHQE* (O3
1.467TSTE+0I
9,06l86E*02
B,55924E+02
3.39030E¢02
2+.05036E+02
lec4lusgE+2
Te45b40E+U]
4. 45902E% 0}
2eEHBIQBE*L]
1e57724E+01
Ge33U3BFELU0
S5:501TnE+00
3e23431E%00
1.89597E+00
lLelOB4BEFUC
b.b46422E-01
3.76076E-U1]
2+1830°E=0U1
le2644HE-0]

J IpTAaL = 2e%65Y1LE+UB

Telhe?7t=-02

P.BuaTHE+L

ROSSFLAND M AN=-FKREE-PATH

MFAN=SWQUAKREL PLANCK MEAN OPACTITY
USSELAND MEAN=-FREE=PATH

1/R
Je 29169E 405

FPRESSURE

1400000E*0Q3

6+3BT16F+U3
2487308F«04
5.25588F+04
4.00763F+04
1.2967T7F+04
1+B100RF+(3
1.29513F+02
4eB4416E+0}
4e16TTBF+01
1 778T2E+02
5.57659F+01
1+BBETARF+01]
8445002F+00
4+31083F+00
944T749F+00
6+57994F =01
5.69744F=01
1437448BF+00
1.27080E+U]
1.26686F+02
6.41257E+02
1e47095E+03
1.508p1E+03
6.900B5E+02

L, let1684F+02

1.39718E+01
1+ TT2T4E400
1.61044F +00
2¢32723E+00
3.11118F+00
3466452E+00
3.97702E+00
6¢40033F+00
94B7029F+00
6+93H9BE +00

4 ?BPSQE-O?

= I.5653/E=03

6eP0PBLE+ QT



o¥-a

TFMPFRHATURE =

OMEGA
TeBIY0OBE+D3
YebHH663L*13
la)12942F+04
le30318E+04
e TO93F + U4
1« 65069F ¢ (14
e t82445F+ (4
1e499821L+04
2+ 1T7196F+04
22 34572+ 04
251948+ 04
2069323+ 04
2o HB6699E +yg
3:04075F+04
3214506 +04
3+ 38H26E+ 04
3+56202E+ 04
373578L+04
3-909535*04
44 (BI2Y9E+ (4
4+25705E+p4
4+43080E+04
4460456 +04
44 TTH3ZE+VG
4a9520TE+04
S.12583EL+04
5-2995QE§04
Sea7335L 4G4
S5e047T10E+04
SeHP086FE+04
54499462+ 4
bel6B3TE+04
ba3ul213E+04
H5«515H9E+0 4
6« 6R964E+ (4

PLARCK MEAN UPACLTY
ROSSELAND MEAN=FREF=PATH =
MEAN=SQUARED

4o UD0UGE 40

TOIAL ORPACETTIES AND VOLUME FHISS1UN

C/r MASL RATILO

TOTAL MU

1.50%01k~01
T. 148‘02‘2-01
leBOlaoTE+UL
Tedha11b 400
H.8554TE=-01
leO9416E=-01
lela233E-02
4489 ]HB[T"OJ
HeH3/36E-0d
3.501725k=0¢
1437379E-02
3.6618TE~04
2el9i36E~-03
1eo064 1k~ 3
1. 32073E=03
2606611303
YeHb2ab6E~03
Beb6/!2H2E=01¢
1+ 13972E+00
9. 16463EL+Q0
Je4618%E+0 1L
S5.90413EL+01
4.52446E+01
1e57612E+0l
2.87221E+00
9.399‘441:-01
150 )9YHE+ UV
3.TY53IHE+ O
Tebulneb+00
Fal3117E+01
le77l66R+01]
4,79887TE+y}
1+562R1E+0<
1705020 +07

J loTaL

6eS1595E-0)

3.854Tab ¢}

S« 0H00E-0¢

Hiwel)
Jab3lbak+uy
3,492 30 +0Y
30U IBHE*UY
Cebh0U4E*0b
Je9QURPE *UY
led}T1T7E+US
1 22Y5E + 09
TelHHBLHE+04
H4G39HGE Y04
3.33016F+04
Ze?(H4TE+ V4
leb4386E+U4
9e3d2ESTL*UI
S5.95430t+03
3.704620+03
2.35980L+03
ledbi5TE+UI
Y.061HbE*U2
5.55924F+0¢
34390308 vue
2+05036E+02
le24lgab+us
Te0ha0k+01
40459828 +0 |
2.65706E+y]
1.57/24F+01
9,.,33036E%00
SebhulTgk+uy
3.23431E+04Y
1 «HYDITE + 0y
1.10546E*UU
Heubu22E~0 1
3J.76076kL=ul
2e18302E-01
leZ6448FE-0]

2o lLeSTE+UY

MFAN=SWQUAREL PLANULK MEAN QPACITY
1/RUSSELANG MEAN=FREE-PATH
ROSSFLAND MEAN=FHREE-FPATH = Ha23921E*03

FHESSUKRE

lef)OOOOE+03

J
Sebd Ta4R4F+U04
2e4ANBPFYUS
4451 175F+0U5
3.440727F+05
l1¢11302F+05
1eSR061F+04
1+ 06625F+03
3.57099F+02
4036%48F+02
1«24334F+03
T« 73238F*02
1.983%6F+02
3+41380F+01
2eBPHBBF*0}
el 1666E+00
3.90538F+ 00
8.937225400
4eB2143F+01
3.8A399F + (2
l1.8BR4RBE+03
4:729631F 03
2+017T4FE*03
4.1R87B3F+02
4453017F+01
BeTTU4BF«00
B«588p6F+00
1e2P754F«(]
1.“4986F*01
1+253R7F*01]
l+1a524F+0}
1.804T74F+0]
3e41165F+0]
2+ 1RS9TE+(]

b« 02P206E+00

= 2¢59¢21E=p>

1«81369E+04


http:64to4E.00
http:4.bO456E.U4
http:2.69323E.04
http:40411E.OO

TOTAL OPACITIES AND VOLUME FmMISSION 37

17-a

TEMPEHRATURE = S.00000k+03 L7 MASS RATIO = S.00000E=n03 FRESSURE =  J1.00000b+02
UME GA TUTAL MU BiweT) J

TeHISU6E+03 4,00206E-03 6. 107 06E*UD 2+6R49BE+03

YehhbHh 3t +u3 1.JHH46kE~-U2 7a0UbHpt +UY 9.85660F+03

1172942 +04
leJdp3lHE+04
14769350+ (14
e 65069 +(04
leb244Sb+04
199821+ 04
2elT1iU6E* (4
2345725+ 04
2e51948E+04
Ceb9 3230+ 4
E-thQ‘!E*U‘&
3+ 04UTSE+ 44
3.21450E+ 04
3.38B26E+04
3¢56202E+04
3« T35THE+ 04
3490953E * 04
44 QB32YE+ (G
4.25T05E+04
4.,43080E+04
4bab(aSEE+ )4
447T78B32E+(4
4.9%20TE+(4
Se12583E+ 04
Se29959E + 14
YHYet 7335L+04
LSebal )k +04
Hetip(H6EYy4
5499462 +)4
beltB37L +04
be34213L+04
b.':3'|58'-)l‘_*(14
bebHIB4L4F + 04

PaDY4n =07
S T3V IE=-0C
la 20685t ~02
3el21370E~03
lelHY9ROL=(3
2el394TE~(3
6.69830E~03
1 485299E=-03
TetaT030E~04
4o 499R6E«0Y
5. 10 1."-12&."04
e D4 4Hb6E=-(3
la872407E-04%
2¢8B0721E-04
4296 1R4E~ 04
lelab66E~03
4.84334E"UJ
2ed49a2b-02
6.43820t ~0C
1006 70F~01
Bs59932E=0C2
4,91930FE =02
3.846p5E-02
5097662&'02
| I 156“?&"01
2e33la1b-01
4.9%3008-01
9,32630E-01

le30lp2E+00-

Po 70179 +00
2ol 1 HO4E+00
2+206)TE+0U

G921 24F +uY
6340 TE*US
5eH5L2HE *UY
GeHTaYE *US
JBIbASE+UY
3.0D339RE+USH
2+36U26E+0UY
1ebOLIBE+05S
135365F +Us
1002608 %0
(e 3344 1E+ U4
Se30084E+ 04
3. 802450+ 04
2+TOQUTRE*VG
1e90322E+04
le33165E*04
GerBQfQGE+03
6e397Q4E*US3
4¢39669F+0 3
3.00077L+03
2elabITE+U3
le3B7I4E*03
Fa36039E +02
He30uZ2akru2
Gec2dclLre
2e8B2182E*02
jeB87Y/ISLE*0S
1e24004F *u2
Be2l2ybb*ul
54663101
Jubp30abt]
2a37u33b*01]
1eb5579E+01

1+ 79597F «+ 04
| s RAYGRE+ D4
6689} 1IF+03
1+50237F+03
44+53834F 02
G BPTIGF+ 02
He0aG6TF+U2
1+20702E+03
2+S0H30F+0?
Te4BOTSF+0)
3. 30039E+0]
e TQT30F+01
1. 15779E+ 02
4.9?6“]F¢00
Be342T4E*00
6bebTG4F*00
1.05961F+01
3.09830E*0]
1« 07711E+02
1.93582E+02
Ce 06049F+02
1:19302€+02
G.607T61E+01
2e42310F*01
2eS2406F+01
3e26437F+01
4.39417F+0]
belRGSZE+Q]
T«eT14TTE+D]
7+11180F+01
belA262F+ 0]
S.25063E+0)
3+43234E+0U1

J TOTAL = 1s02461E+0R
PLANCKR MEAM UPACLIY =  jeltsink-(7 MF AN=SWUARED PLANCR MEAN OPACTTY = 3,11380E-04
ROSSELAMY MEAN=FREF=PATH =  4.,825%0t+0¢ L/ROSSELANIY MEAN=FREF=RPATH = 2,07P32E-07
MF AR=SUUARED  ROSSFLAND M AN-FREE=-PATH = H.u)aBRE*)S I PRIME = |.76965E+06


http:i/NSSIL.AN

27-a

Talan OFACITIES AND vOLUME FRISSTUN

TEMPERATURE = S,00000F+03 C/ZH MASYS RATIO = 1.QU00C0k=p2 PRE SSURE Js00000E+02
OME Ga TUTAL MLt ElweT) J
Tad19006F+03 e YN42YE-113 be I /BRE+US 6ehTTOOF+03
Fu.H5063t+03 3.4%417E-02 7.098YRE «US 2e4S210F+04
lel2942E+04 He4NHHTE= (¢ Be92124E% U5 Lo bbEPEF*U4
1e3031HF+04 belDZ2THE=DLZ 6.34H97L+0Y 3.90RH3F+04
1+44TO93F+04 3.00143E-0¢ HeOLHePBEFUS 1s6664BF« 04
1465069L+04 Te9TTTHE=0S 4e6T491E*UD 3.7P952F+03
1eB2445E+04 2e9364E-D3 3B 15 38F +UY 1.12053F+03
1+99821E+ (4 LeD4bTHE=03 3.0339HE +ud J«6BZ2RBE+03
22 17T196E+04 5:55994k=03 2e360U24E+US l.31?28E*93'
2¢34572E%04 1.27675E=(¢ 1O LIBRE*US 2+30067F*03
2«H1Y48L+ G4 51420103 led9368E +U5 6+96049F+02
2e69323F+ 4 2. 15234E~-03 Le COCOUE+{Y 2e¢16T794F +02
ZsHEOYYE + 4 Heb5716E-04 Ted344\E404 fe49620E+01
304075k +04 He302HBE-04 S5a306H4E+U4 4.40621E+0]
3.21450E+ 04 4.82291E-03 JLB0245F + 04 1.R3388F+(2
3.3R826F+(4 3.35U21L=04 2+TQUTRE+ VY G+04B16FE+00
3.56202E+04 Se28Y903E~(4 190 322E v 04 1+ 00662E+01
3735 THE+ D4 G4 3339E- V4 1e33169E+04 l.ERGEOE*Ol
3.9G953EL+ G4 Zelliget=-03 Ge?ST04E+03 1+960%6F+0]
4o (B3I29L+ (4 Be2l 1 74E=( 3 G397/ p4E+13 50 25697F+ 01
4425T05E+04 441564%E=02 4 .390698+03 1+82764E+02
4«430B0F+04 o 02HG6E=-L 3.0007TE+023 3.093B4F+02
4eb0456E+04 lebRapTE«01 2e040TTE+US 3.2B8357F+02
44 1THIZ2E+04 1e37236E~01 1e38734E+0 3 1.90393F+02
4.9520TE+04 T./5M2E=-y2 Ye36b3ub+i2 Te26563F+0)
S5.12983E+04 5. 0095 1E=-0¢ G.30U2402 3.53160E+01
De2QYBE+(4 f+8BOTRE=0¢ 4ed2322E+ue 3+3728B23E+01
Se4T33ISE+04 143521t ~-01 2.R21IBPESUZ 4404989F+01
Set4TInE+04 Ce8022TE~0]) 1.BTYTIQEY (Y Be26TRTE*D]
5.82086E+04 S5.738g0F-01 le24B64F+02 Teltd70E+0]
S5e99462E+ 04 1GS931E400 Be.27206E+01 B8.772960F+01
b l6H3TE+ (4 LeuTT4TE+OU Se46631E+01} Be0T7630F+0)
6e34213F+04 LeY502TE 0L 3.60364E+01 T« 0PBO6E+0]
be519H9E+ (4 Pehy9n9b+ O 2eITN33E*01 64162762F+0]
b« 6RY64E ¥4 2eHNATHTE+YD 1eHHD7OE+01] 3.993R2F+0}
J IOTAL = 2451452 +08

FLAMCKR mMEAN OURPACTIIY = Pe72011k=07 MEAN=SWUARED FLANUR MEAN OPACITY = 1.42617E=03

ROSSELAND MEAN=FREF-PATH = 2.21294bL+0¢ 1/RUSSELAND MEAN=FREE=PATH =  4.,51R8TE=(Q3

MEAN=SGQUARED  RUSSFLAND MEAN=FREL=PATH = 2,27715k+05 I PRIME = 4,87230E+05


http:1.bo577E.Ou
http:4.bO45bE.04
http:5.2'469?E.01
http:b.39104E.03
http:3.7?952F.03
http:I.6664HF.04
http:3.90583F.04
http:I.3o31ti.04

E¥-a

TEMPERATURE =

OMEGA
T.81906E+03
Y.55663E+03
16129428404
le 30318E+04
1e47693L+04
1eBR069F +(4
1aH2445E+04
]DQQleE’Ua
2+1T196E+04
2e3adTZE* 04
2+51948E+ 04
269323 +04
2009 9E+* (14
3. 04075E+ 04
3.21450E% 04
3 38H26E+ 4
3.56202E+04
373570k +yua
3e90953F* (4
4 PH32Y9E+ 04
4.25705E+04
4.430H0E+04
4cb0456t*04
44 /TBI2E+04
4.95207FE+04
5.12553t+04
5429Y59E+(4
S«aT33LE+ )4
Sev0aT10E+04
S+HZ0B6E+ (4
HeY9462F + 04
be LAHITE+ (14
6a342)] 3L +04
6« HISHYE+ DG
bebHYO4E Y04

PLAKRCK MEAN OPAGCTTY
HOSSELAND MFAM=FREF-FAIH =
ME Atve=SUUARE D

S.00000F+U3

TOITAL OPACLTIES AMI) VULUME FHISSUH)

C/7H MASS RATIOD = YHa.90

rGTAL MU
6eb4IpbL-0<
2e3099TE-U1
4:3]009t-01
4.10(ﬁ8t'01
2.00386k=01
5.314qu"0d
3-(4(?1E-0ﬂ
4,5T76R4E~0C
Bel5033E~02
belau34b~0e
2493470t =02
bnjqult"oj
2eba4nSt=-0J
1 2891RE~-(2
lebB4R1E~0I
Hel3371E-03
1o D489E-Q L
3.U02173E-02
|l e #42R0E=0 1L
2+871944E-01
4.46193E-01
3.985)V7E~01
2.954%60E-¢l
2+.13638E-01)
297909k -0l
G407 1T2E=-0L
T.21511E=01
1+31923E+00
EQEIOQ6F+OU
Julif00E+00
4413302E+00
SelfTonbk+yu
S5.43076E+00

J IoYaL = 1eni8

leH1959L=~01

Je/9H19F + 0

ROSSFLAND MFAN-FRFE=PATH

MEAN=SUWUARED PLAaNLA MEAM OPACITY
1/RUSSELAND WMEAN=FREE«PATH

Y. 19.34b+03

vovot.-os

HivweT)
6. 70/ 06E+UY
T.09896E+US
beY2Zi2al +ibo
©eJGBOTE* 0D
Seh0228L+U%
446T491H*05

3.BIY3GF+ 05,

3eaD339HE*UY
2s36024L+05
1.B0198E+0Y
1¢35365E*05
ls00200E+UY
?.3344It*uﬁ
Se3Q0H4E+US
d.HQ245F (4
e TOUTHE* VG
1e90422E%u4
1+ 33165E+0V4
Ye2S I 04E+1U I3
6,39704E+03
4.39069F+03
ey 7 TE+0 3
2a0abTIE*US
1a384734F+0 3
9.36039E 402
6.30024E%0¢
becigd2ekrud
B.BELHRb*UB
1eBTYTSE UL
le24Bbar+ys
B.27206F+01
54603 1E*0 1
Je60.doak+U|
2e 3703301
leB5HHTIE+UL

A6k +uYy

PHFSSURE =

L«00000E*02

J
4e4SH4GTF+04
1e63700FE+0%
2.98311F4+0%
2+607%4E+05
1411243F+0%
2+4R45]1E+04
T.44395F+03
1+13h90F + 04
1« 0ROZ20F+04
le46BEBE « 04
9, 12H21E+03
2+94174F+03
4,63785F+02
1.40316E+02
4e93196E+02
44549T74F+0]
Se41194E+01]
6+8357RE+ 01
9. T0503F+0]
1+93302E+02
64347152F+02
Ba65I81F+02
9413256E402
5.528TBE+02
2.38431E+02
1e2RP9TF+02
1.08792F +(2
1e1S5066KE+0Z
1+ 38626E+02
1e64T724E+02
1+833ARF+02
1« 70385E+02
1+48939F+02
Le369712E+02
BHal449371E+0]

Se7TT4B2E~Q2

T P.63491E-02

7.03516E+04


http:2.3T033.01
http:I.40316E.02
http:2.98311E.05

¥¥-Q

TEMPERATURE =

OME A
TaHiYU6k+03
YeHB063H+03
lel?942E+04
1e3031H8E+04
le4TOHY3E+0G
1e0SUGYE+ 04
Letl2445E +y4
J+99H21EL+04
CelT1G96E+04
2e34NT2E+ 04
e 1P4HE+ )4
2e0Q4243F+04
2eB6099F + 04
3 040T5E+ 04
3'31450t+04

LeltpOOUE+0L3

TOTAL ORALITIES AL vOLU

(/70 mabh RATLO = .0

TOTAL MU
JHATVHE-~U
heltipbhe=~0¢
l.20835%E w41
1020977t—01
S.89420k 02
1.51&38&-02
3. 4BBARE-( S
4e5H6TAYE-DI
4.58501E-UJ
2e29044t~02
6e1304PE-03
2.H0308E=-(J
2elibunpbt=-n3
2e283B3E-0J3
l.qu?EE"OH

MF FMLISSTUN

npoont=-03

it({WeT)
.70 l06RE+uY
T«0YBYRE +US
boU2lrak +Us
634U TE+US
S.h5£2HE+U5
G.6Ta9 F +L5
I HIDASE+US
303394 *+US
2e36024E+ U5
l.8¢LI98F +Ub
1« 35365F *US
laeb0E60F *US
Te3344F+U4
5. 30b0H4F +ya
J.B80245F+U4

PHF SSURE =

5+00000E%02

J
l1+25244F 404
4eBD163F+06
B TTOGBTF+04
Te6T9TOF+US
3.P7263F+04
T+06996E+03
133113F+03
1+ 38583F+03
1.06822F+03
4.12733F+03
He J06SHF+ 02
2+B112RF+02
1+51130F+02
1421199F + 02
42 31320F+02

3. 3HH26L+04 9eY4 { P4E=(u 2eTOUTHEY UG 2eBRHESIF+0]
3.56202E+04 1.47004E-03 1.90322E+04 2.BO9P3F+ 0]
3.73078F +04 2.91470E-03 le33165E+04 3.8B137E+01
J.9gI53E+ 04 1+21480E=0¢ Y257 04E+03 1.12455F 02
44 0R329E+04 9.37730E~0<2 6.39/06E+03 5+99B69F+0?
4.25105F+04 S5.22974k=01 4439069£+03 2«29935E+03
4443080E+04 FeBST126+00 Je00QO6TTE+(3 4.6B1B9F+ (03
4.00456F+04 2+42998L4+00 2e04bTTE*0] 4.973%6E+03
4+77832E+04 1.977117E+00 v1.38734E+03 2.74300F+03
449520 7E+u4 He987TQBE=-0 1 Ye36039E+02 Be41849F+02
Se12583F+04 e T0bD2E~0 ! Ga30024F+y2 2+3348BE+ (2
54 29949E + 14 4,07/865E-01 4.22322E+02 1«77250F+02
547335404 f«TYB1HE-( L 2e82]1828 %02 2+20049F*02
Se0al10E+04 1.59427E+ 00 1e8/975E+02 2+99682F+02
5.82086F+p4 3.40a45E+00 le2abioat +od 4+ 25093F+02
5e99462E + (4 bet4502E + (U B.2T206E+y1 533210F+02
bel6B3ITE+I4G Y.16388E+04 H.46031F+U] S.00926E+U2
bed4l] dk+04 1428196k +01 3.00364E %01 4e619T2F+02
D+51589E + 04 LeB3a482b+001 2+37033E+01 Ged4BaIE+Q2
beOHY64E + (4 e B9Y51HE+( lebSh70E+y] 2+94H51F+02
J TOTAL = 5411836k+08
PLANCKR MLAN OFACITY = S.n3bH4b-0p MEAN=SWUARED PLANCLR MEAM OPACTTY = ) ,.G85350E=0p
ROSSELAND MEANSFREF=PATH = J.30/27h+0¢ L/ZRUSSELAND MEAN-t REE~PATH = 7,64955E=03
MEAN=SUUARED  ROSSFLAND MEAN=FREE=PATH = 4.50844F 04 I PRIME = Q,.29072E+04


http:5.99462E.04
http:5.b4110E.04
http:2.04b77E.03
http:2.34S12E.04
http:I.47693E.04
http:oO0o-E<.U3

§¥-a

ME Ah=SWUARED

TeMPERATURE =

OUME (A
T«H1Y06F+03
Yebhbbh IF+ 03
1elP9a2E 404
ledJOSIHE+O4
le47693F 004
J+0H06Y9E+04
1eHP445F +04
leP9d21E+4
el T19R0F+04
2e345/72E+04
2eH1FaHE+ (4
2+69323F+ 04
2ebhHLYIYLE + 4
3040790+ (4
3«.21450E+04
3« 38H26E+04
3056202E*04
3e f3578t“(j4
3-90953h+04
Ge((B3IZ29E+4
425709+ 04
4443080E+04
446045604
4o 7T032E +04
449520 (E+04
S5«.12283E+04
HYe2dIY¥HE U4
5047335k +(4
Seb4TL0E+(4
S.H20B0k+(04
5904067k +(04
belbH3TE+(4
bed42) 3E+(4
BeD1HHIE ¢4
bebHYB4E + (4

PLAKCK MEAM OFACETY =
HOSSELAMI MFAN=FREF=PATH =
ROSSELAMD ME paiNwt HEE=PATH =

S0000E+0

TOTAL OPACLTITES ANMD

C/7H MASD HATIO =

Tulap M
he020n0kE~-0&
1e&3800F-01
1 07309E=-01
2.431100=01
le#2 inZE~01]
Je65433L-0C
H.d9993t—05
leOlirab—-02g
lell9s8E~-(2
4.06051E-02
1.47619E-0Z
HebaunBE-0I
3.58)418-03
JeH6HREE- I
1o TOO IYE=0¢
leDbbRUE~-DI
o401 12E~-0 3
4a88H33E=-03
Y8921k ~ve
L+ 48033E~-01
B.200TIE~0L
Ze420670E+00
3.78412E+0G0
307638 +00
{e384385+00U
%ofoRUt-Ul
5.06165E~01
YelbbFit=ul
LeB3218BE+Qu
JeblOATE+Qu
To07324E+00
1.01525E+01]
la 72800401
2.242208+01
603?53”:“‘“1

JInTAL =

|« PO99GL -1

bediThb G

vulL L

e

1201

ME EMISS5TUN

onnuL =02

FoAwe 1)
6.10/b6E+YUS
TeQYBIGE +US
6.,92124F #UYH
G 34BOTE+OL
QeSHEZAE +UL
4.6T491F+05
J+BID3SE+UY
3. 0339RAE *ub
Ze36024E 405
1e8BylYaE+0b
e 30 36SE+ub
100260t *uUb
leald3aalb*04
Se300RAFR Y4
3.802a48Lvus
2eT0UTBE*VS
190322 vua
le33lbhE+ua
.27 0ar+u3
be 39704t ru 3
44 39069E*0 4
JeUTTE*U I
EeaOTTE*UI
1o2387 348403
9e 36039k +y/7
G.lpu2atrul
4.2 3220402
2ebiZ182E %07
1eBIYTISE+(e
lezabbab* e
a2 7T200E U]
BQthjlt*Ul
3.60304F 0]
2e37u3iktul
TebSn/lwk+y|]

T4+ 0y

PHESSURE.

MFAN=SWQUAREU FPLLANCK MEAN QPACTT
1/RUSSELAND MEAN<FREE=PAT

1e3d2navk g

1 PRLIM

41

5. 00000E+02

J

3«03 1R6F+Ua
1416323F+U5
2+17696F+05
1« BAGHBFE+05S
T 92TATF+04
1« 7T0HK36F +UG
3«166T1F+03
3.259134F+03
2¢0474RFE+03
Te31697E+03
1e99979F+03
6+ 05HITF+2
CebPOTHRES(?
1eH9219E+02
6. TOHIRE+ (2
4.2715TE+01
4+9609BTF* 0}
£.5055%E+01
1.R4]a2E+D2
Qe 469TAE+02
3.607TB2F+03
Te29693E+03
T+ (4524E+03
he2hTI9E+ Q3
142966TE+(Q3
3e372306F+02
2el3765F+02
2+HR04BEL (2
JesaagshF+2
Ge1NHYBF €02
SeBEIn3F+02
S5¢54966F+02
De30T43F 402
HedlaTeE+02
deb146TF+02

Y =
Hn =
E =

461 24E-07
}«S8E6LE~(Qp
?nﬁhf;ual’_‘tog



9% -

TEMFERATURE =

UME GA
TeH1906F+03
Je25663L+13
le1P7942E+04
le30318E+04
le4THYIE+()4
1+ 650698 +44
1+82445F +04
le99B21E+ 04
2« 17196E+04
2345726+ 04
2eH1Y4HE ¢4
2e6OI23F * 04
ZeBOHHBYYE+ (4
3« 040T5E+ 06
3.21450E+04
J.38826E+ 04
3e56202E+04
3-73578E‘04
3.909Y53E+04
4 YH329E + 4
4.25T7T0BE+(4
44430B0E+04
4+45045S6E+ (4
4.7TTB32E+04
4+9520TE+04
5412583E+04
S+ 29959k + 4
564733%F +p4
S«64T10E+04
S5.82086E+)4
S5.90462E+04
6el6B3ITE+04

S« 00V00E+D3

TUTAL OPACLTIES ANU vOLUME LMISSTION

C/7H MASD RATILO = bH.0

TOTAa MU
2.90891E=01
140%535E+00
o 9TYR2E+ 00
laBHHG3E+ 00
Bel19530k-01
2e34/13EL=-01
5.24932L-0¢
6.B2TRE-0¢
Be920680E~-02
201Q4?Bh‘01
1+6018HE~(1
T« 0bYH4E=DL
leBUO116E=0&
e 00luat=4<2
4.56780E~02
6. 05781EL~03
letUo/12E6~-0¢
2.20676£'02
Talll7BE=0Z
44]14969F=-01
2e1T940E+00
6.233TIE+0U
9. T05pP5E+00
T.96125E+00
1.52290E+00
1+367THIE+QU
2elBLA3E+0D
4403733E%00
T«57TIRIE+D0
1e27990E+01
i 16‘}546[';*01

Q00LE-0?

B{wsTl)
b TUlbBE+US
e QWHYHE ¢ 05
6.92124L 405
be 34B0TE*UD
b455228L ¢ 05
4,6T4YE+(Y
3.H1535E 445
3.,0339BE40Y
2e36024E+0Y
1.B01l9YBE*US
1e35365E +05
e QUZHOE+US
1e33041E+04
Se30bHB4E+ U4
3 BP245E* 04
2e TOOTHE* U4
1490322E¢ 04
1.33165E+04
Ye2bT04E+D 3
4439069E+03
3000677t*03
Ce4OTTESU3
1e3B734E+03
9436639E+02
6.30024E+02
4e22322€402
2.8218B2E+02
1B7YTSE g2
1e248B64E402
Be27206E4+01
5.4663tk+0]

PRESSURE

S5«00000E+02

J
1+9%120F+05
T+4918BE+05
1.37007E*06
1.19883F+06
5S¢ 10549F + (5
1« 09726F+05
2+ 0028(0F*04
2407159F+04
2« 106H4F+ 04
3.791ARF+ U4
216T9HF+ 04
T«O0RT24E+03
1¢3P104F+03
5¢31658F 02
1¢7T36R8F+03
1«63608E+02
2+01193F+02
2+93863F+02
6.5R8340F+ 02
CeBR201E*Q3
GeSHRINE+03
1487433E+04
1.9R644E+ 04
110450E+04
3.47360F+03
9.59463E+02
S« 77655F+02
6:156T74FE+02
T«58918BE+02
Fe4R44TE*)2
1s058T4F+02
1+00878E+U3

b.§4213E+04 2.B2306E+01) J.00364F+0] 1.01755F+03
6.b]569€+04 4.98BU23E+01 2¢37033E+01 1+1R048BF*03
BebHIO4E+ 4 4963T4E+0] 1.55579E+0) T« T2253F+02
J IoTaL = 7eb4253k+09
PLANCK MEAN UFACITY = He19922E=0] MEAN=SWUARED PLANCR MEAN OPACITY =  1,30415E+0¢
HOSSELAND MEAN=FKREF-PATH = 1el92420 401 1/RUSSELAND MEAN«FREE=FATH = Ro3BARZHE=Q»
MEAR=SWUARED  RUSSEFLAND MEAN=FREE-PATH = 7,34783E+0p I PRIME = | .59425E+073



ToTal, OPACLITTES AMU vOLUME EMISS OIS 43

Ly-a

FEMFEHATURE =  H,000008 +073 C/7H MASD RATIO = S,.006008=03 PHESSUKE = 1.000008+03
UME GA TOTAL My Biwel} J

Ted81Y06F+03 Z2e%64plt-gc belgloBE*UY 1. 7T19B6F+ 04

Yea&hb63L+y3 Qe3bpu4pk=-0c¢ T YBIHE + 1S behsh31F* 04

le17942F 404
le 3318k +04
14769 3F+04
1+ 6HUARYE + (14
lei2445E + 04
l1s99821L+04
21 7196E+ 04
234572+ 04
2eH1948F ¢+ (4
2ebIIP3E+ (4
2eBHOVOE + ()4
304078k +04
3.21450E+04
3«38H26L*04
3-56203&*04
3. 735THE*U4
3.90953E+04
40 0HIZIE +0)4
4425705k +00
4e430H0L+04
Acbfjabbh"(]q
44 TTHIZL+ 014
4495207t +04
5.125%83E+04
S.29950£+04
Se4T7335++04
beba it *us
HeBP20ROF+04
HeY9ab62t v 014
belBITL+14
©e3GZ13E+04
6HeH1HHYE+ 04
O eOHRYA4E * (34

JoIHop2t=-pi
le67936E~=01
BelbhZ21YE=0c
ZeUHIGIE=0C
4, 29296E-05
4 161698 ~p3
4eB3abb5E=11 3
3.,17707k-0c¢c
Bell135E=-03
Ge10754E=03
J.461alb=-03
379241k =-03
1.06622E=0¢
]odﬁIQBh-UB
2ebHIBLE~0I
5.b3H29E=-03
3.13719E=-0&
2o I9640L=-01
1499544k 400
4.80191E+00
TG |Q1F+00
6. 0SB4BE+
2e69039¢ +00
G.23438E-01
B.55315E-01
J o O25R9 + 01
Je3R07HE+0L
T« 20HQTE+ QL
Jed/lAdapk+l
laY {7828+
287233401
4 2TnTh 40l
G907 15E+p1

G.92124t +ub
6.3480T7E+UY
5.5522HL * 05
4.6T4Y1F *UY5
3.819135F +ub
3 IIYRE+ LY
e 324t *ub
1.801Y8E+UD
1.3536%?'03
leOOCOEE+US
Ted34s4E*Us
Se30bH4E+US
3.80245F+y4
e TUOTHE* V4
l1e90322E+ 04
la33165E+04
Q. 257p4E+01 3
Ge3YTyaE+i3
4439069E 03
JlOUbI,h*UJ
2epabl Iyl
le3B7 34403
9.36039F+02
G, 30024F +02
4e2232PE*UL
CeHZIHPE*DZ
1eBTYTRE+Q2
lelaBhak + (2
Be2T7200E+U1
SettHOLIF+u i
3e00db4r+ut
2e3TU33L+uU1
1649959749t +

121582F*05
1 0A3H3F+US
4.53188E+04
9.7 3B14F+03
1+63791F+03
1e44651F+03
Ls14110F+03
S5.72503F+03
1.09799F+ (03
4e11H23F*02
2«33A6T4F+ 02
2+.01257F+02
6.3357T1FE+02
S«0P764F+01)
5411557F+ 01
T«H0B23E+01
1.7REATE+03
TelO1465F+03
1e443R2F+04
1+53342E+04
BedoraQF*03
P«4RBOTF*03
S.B)TBHE+02
3e61218BE+02
4«BRTIBF+(2
6 rQ8RBF+02
Q«00029F+02
lelibinfen3
1.0RyQ7TE+(Q3
}{0?508F003
1+01215E+03
T«01218F«02

Jlotal = TeoaY06E+UR

MFAN=SWUAREL PLAPUR MEAN (PACITY = H,554)1E=07
1/RUSSEL ANE MEAN=FREE=PATH = | ,.03P03E-07
= 3,48320E+04

FLAKCK MEAN OUPACTIIY = Hepi3Hub=-up
HOSSELANL MEAN=FRFF=PATH = G,bHYa0F+01
MEAN=SUGUARE 1 HUSSEFLAKD Mf M=t HEE-FPATH = 2,185 1%0k+04 1 PRIME



{EMPERATURE =

OMEGA
T+HBIF90BE+03
Yebhooib +13
1« 12942F 404
1.3031HE+04
let76Y93E+04
1.65069F +014
lebs2445E+04
1 e 9YH2IE+ (14
217196k +04
Pe3a5T2E + 04
2eH1Y48E + (4
2e69323E+ 04
2+BH0OYIE+ ()4
3+ 0407T5E+04
3e21450k%04
3« 38BPOLE+* 04
3456202+ 04
373578 +04
3« P9P53E* 04
4,0B329E + 04
425705k +04
44430H0E+04
44.60456E+04
4+7TB3I2E+ Y4
495207 +y4
SelPbH3t+04
5.29959k +y4
Se47335k+04
B.04710k+04
S5.02086kL+04
HeUG462F +1 4
6el6B3TE+ G
be3u213E+Ps
CeDH1OHYE+U4
b« OA964E+ 04

PLALCK MEAN UPACHTY
ROSSELANU MF Alv=F REF=FaTH
ME Alee SQUARE D

S 00000F+03

1OTaL ORPACLTIES ANL VOLUME EMISSLIUN

C/H MASDS HATIO = j.0

TUTAL My
Aol lGHE=N
Fe41091E=01
44,535 38«01
2+10722E=01
5«358R1E~0C
1 .0 T427E.-lld
le2lb4lt=-0c
bYetb2aToE=(
|« B4 TH9E =02
8095312E"UJ
5.90176E-03
6. U1942E-03
cebbipib=-ye
20793°2h“03
44100176-03
HaY9700k=03
Sel07aTh=e
4.51409E=-01
2+57065E400
TeT1881E+U0
1.2U0360E+01
G T1hH6E +0U
4,21 137E+00
1335416400
1027178 +00
1.84/nRE+00
3 7ab24E+00
ToUBB4BE + 00
e 79Q7E+0!
Zelobr2E U]
333015E+01!
He35924E+ 01
5271180401

J IOTAL = | .H44

| eOOSTOF =01

405]3”\‘.’}‘:*01

HOSSEFLAND MEAN=FHREE-PATH

MEAN=SUUA

HebT7963ER+03

noQut-n¢

BiweT)
he TOTORE +UH
e UYL+ UL
60492124 +0bH
6,34b037F 405
Heb5Z2BE+US
4,6T491E+U5
3eH1h45E+US
3.0339RE+05
2+36024F* U5
leHYlYBE+UD
1435365F +05
leQOE6QE+* (S
fe33441L+04
S 30084 * 04
JeBpcanFryy
2. TOUTRE* QS
190322E*04
t1ed3la8F+04
Y25 704EL*03
6,391 y4E+03
4,396069L+0U3
3.0067TT7TE+03
24t TTE+L3
138734403
Ye36039k+07
be30024E+U2
422322002
2eH2IH2E+Y2
187YTBE+0U2
lecdboal +u2
BeZ 72006k *0 ]
5.40b31t*01
3.6040aF+0]
2¢3T033E+01
1e855798+0]

8aE+ 09

RED FLANMCK MEAN OPACTTY
L/RUSSELANIE MEAN=FREE-FPATH

FIESSURE

1«00000E+03

J
44 43509F+04
1« T1STH5F+05
3413905F 05
ZeT&HGIF 4 US
1+16999F+05
Z2+50519F+04
4.0087T0E«03
349714E+03
2eBHE30F4 U3
1.01458BE+04
2+¢50139F+03
BeQ97643E+ 02
4eIPBOOF+02
3.10441E+02
1«01260F+03
TeSa5TTIF¢U]
T«B0353FE+01
1.)9821E+02
44 17BATF 02
Z2.88768BFE+03
1.13023E+04
2e3P078BE+04
Z46350F ¢4
1.34792F+04
3.94453E+03
Bed1342F+02
4.33841F+02
S.21202F+02
Tela200F+02
YaB49R4F + 02
1«22350FE+03
1.18379F+03
l1e20007TE+023
1.26937TE+03
R+ HAKAGE+ (2

Zy2BR0LE -0

= Pe21555E-907

1+03465E+04



TolaL OPACLITIES ANL VULOMF EMISSIUN 45

6v-a

TEMPERATURE = S.00000E+01 CrH MASLD FATLO = S.00000k=n2 PHRESSUWE = 1.,0C000E+03
OMEGA TOTAL MU Biwel) J
Teb1906L+03 4.67947E~01 6.T0766E+05 3+ 13HTIE+0S

YeHBO63E+03
1.12942F +04
1430318E+04
1a4T093E+04
1«6Q069E+04
1« B2445F + (4
19982 E+u4
2e¢1T196E +04
2345728+ 04
2+51948BE+ (4
2eH9323E+ 04
ZeBOOIYE+ U4
3.0407SE+04
3.21450F+04
3.38826L+04
3.56202E+04
3.7357THE+D4
3.90953F+04
4 (R3IZIE+ (4
4.25105L+04
4.43080E+04
4eb4S6E+04
4 T7BIZE+04
4eY95207L+(4
Se12583bL +04
S5+29Y959E+(4
5447335 +04
564710 *u4
S5.HP20H6E+04
509Q462F*U4
bel6H3TE+04
6e342] 3t * 04
6eH15HYE + 4
bebHYB4LE+ 4

le7T125HE+0U
3.21441E4+00
3-06631E+0U
144930 1E+0U
3.7183127E~0)
Te375092E-t¢c
T« BUS23E-V2<
1.02546E~01]
2e {5680E=-01]
1e93460E~014
He IOBABE=-0Z
24060 19BE~(2
1. 70245E~0¢
lelBa4hZE~DC
1e00263E~hc
1e fUT45E=-0¢
3e84Yq96k=lc
1ebG227TE=01
l.26360E+0¢
6.96344E40C
F0602TE+]
3.20942E 40 1L
2e60046E+01
lelt248k4+01
Ja0Yan4E+ o,
2e5a952E+ 00U
4e0360BE+OL
TeOTHHOE+ QL
1e46392E+01
2+49533E+01
3.70975k 4+
GL298T1E+p L
le22043E+02
ledb6%45kL+0)2

TeGYBYBE + U5
6.92124E+05
6.34807E+05
555228 % U5
4e6T491E+U5
3.8153%¢ +0Y
3.0339KE +Us
2436024E+05
1«BO198E+UY
1e35368E+405
1« GO260F+05
Te33441E+04
5.300484E+04
3.80245E+04
2o TONTHE*V4
190322E+0U4%
l1e33165E+U4
9.251/04E+02
639T04E+03
4e39009E+03
3.0067TTE+U3
2eUtbITE+UI
1e38734E+03
Ye36039E+02
6e30024E%02
G4.22322E%U27
2 H21HP2E*DZ
] BTYTSE+Q2
1.24bbat +02
Ho?7kUﬁE+Ul
Se40031E+0]
3e6p304E+ul
237033+ 01
1e5H5579E+ (1

1.21575E+06
Pe224TTE+ VG
1+4946R1F+06
B.7R960E+05
1« THESTF+05
2eB1417F+04
2¢36809F+04
2e47129F + 04
4.96T7T2E+04
2e61ETHBF+04
HeT3135F+03
1+91278F+03
Ge03463F+02
2eT73192F+ U3
2. TODTRBE*02
3.24966F+02
5+1P681F+02
1e56654F+03
B+0B330E+03
3+06160E«04
6.194T7F+04
6«56895E+04
360 TTPE+U4
1«0T009E+04
2+32TR4F+03
1e07672FE+03
1.13891F+03
12443427 +03
1+8B2791F+03
£e0R415E+03
2e(PTBTE+V3
2+26983F+ 03
2eB92B4E+03
1«96BTTE+03

10TAL =  1.23502E+10

MFAN=SUWUARED FLANCKR MFAM UPACITY = 4,18670E+Qp
1/7RUSSELAND MEAN=FREE=PATH = ],22670E+Q)
= Ael414DE+07

PLALCK MEAR OFACLIY =  1.33600E+00
ROSSELANL M AN=FHREE=FATH = Hel9198E+ Q0
MEAR=DUUAKED  RUOSSFLAND MEAN=F REE=FATH = 2,90Hs3E+07 1 PRIME



0s-d

TEMPEHATURE =

OMEGA
TeB1906E+93
.9+55663E+03
1.12942E+04
1e30318E+04
1+4T693E+04
1.65069E+04
1.82445E+04
1.99821€E+04
2¢17196E+04
2+34572E+04
2+51948E+04
2.69323E+04
2.86699E+04
3.04075E+04
3.21450E+04
3+38826E+04
3.56202E+04
3. 7357BE+04
3«90953E+04
4« 0B329E+04
4.25T05E+04
4.430B0E+04
4e00456E+04
4.77B32E+04
4.9520TE+04
5¢12583E+04
5.29959E+04
5:47335E+04
S«b4T10E+04
5.42086E+04
5.99462E+04
6 168B3TE+D4
00342136404
6eH1DB9E+ 04
6ebRIOGHE* 04

PFLAKCK MEAN OPAC)TY
ROSSELAND MEAN=FREF=PATH =
MEAN=SWUAREL)

6450000 +03

TOIAL OPACLITEES AND vULUME EMISSEUN

C/H MASS RATLO

TOTAL Mu
6. T6058E~03
HeBTIRBE~03
9eb4006E~0DI
F.47183E~03
8,86525€-03
B.208271E~03
Te59942E~03

,7-069ROE-03

6¢5%56R3E~03
T+88785E~03
5.0913%E-03
S+13465E=03
4485673E~03
40677QIE'03
5432082E~0J
4.4297TTE=03
4052137&'03
5.51503E-03
6. TST16E~03
8,92333E~03
1.21278E~-02
1.81862E-02
2.81232E-04
4.69101E-02
7484273602
1 0344305.."01
2e34122E~01
44 28364E~01
To45612E~01
1«20575E+00
1+3H976E+00
1+448693E+00
1+59173E+00
134171E+00

90/1967L-03

]-45879&*02

5.00000t-04

BiweT)
1.22%068E+Ub
1.42%935£+06
leb3436E+06
1.55994E+006
1.51710E+ 00
1442379E+00b
1.29758E+06
1.15384E+00b
le00&T6L+06
B«H93Z28E+US
T+23521E+0%
6.00869E+0Y%
4 492995E+UY
4.00152E+0H
3.21H8gE*05
2«96368E+05
2.02726E+05
1e991785E+05
l1e2417SE+05
9463011E+0V4
Te42HQ3E+ U4
Se TOUOTE+ V4
4435534FE+ 04
3.31315F+04
2«51U3TE+U4
1.89509E+04
1.42570E+04
14 06911F+04
T«992B8F+03
5.95H69E+0 3
4443034E+03
3.28HBT1E+U3
2e43101E%03
1 T9459E+013
1e32196E+03

2+ TBR69E+UB

MEAN=SWUARED PLANCK MFAN OPACIT
1 /ROSSELAND MEAN=FREE=FPAT
ROSSELAND MFAN=FREE~PATH = 2,2995%3k+04

PRESSURE =

Y =
H =
E =

406

1+00000E+02

N
He2B632F+0U3
126569E+04
1e47913F« 04
Le4TTSSE+04
1¢34495F+04
1e16BOETE+04
9.86088F+03
BelST4DE+D3
6.5B7TTE+D3
6. TTB26E+03
4¢1178YE+03
3.08525FK+03
2039435E+03
1.87188E+03
1.71151E+03
1.09955E+03
8.98029F*02
T+67521E+02
6.R6943F. 02
6« S50722E+02
6. 62B2TE+ 02
621404402
T«92072E« 02
9431764E402
1« 17762E+03
1¢48627E+03
1.91656E+03
2+50302E%03
Je42386E+03
G444y 2BTE*Q3
He3418TE+03
4¢56633E403
3.614T4FE*03
P2+BROESOE(3
1«7T7368BE+03

1.91339E=-03
6.88333E-03
2.6T205E+04



TOTAL OPALITIES AND VOLUME EMISSLOUN 47

15-d

TFMPERATURE = 6A490000F+03 C/7H MASD RATIOQ = 1.00000L=02 PRESSURE = le00000E+02
OMEGA TOTAL MU Bi{weT} J

Te81906F+073 beY994nlE=0J le229%080L*06 Re5T21HE+03

Ye5H063F+()3 Yeti 1 25E=03 le42535E+00 Je32290F+04

112942 +04
leJp3lnk*p4
1e4THY3E+(4
le65UBYE ¢G4
1.8B2445E+0¢
le90821EL*04
2« 1T196E+04
2e345T2E+04
2eD1Y4BE+ 4
2ebUI23E+04
2eB66GY99E+ )4
3.0407%E+04
321450+ 04
3. 3R826Er 14
3+50202E+04
3 7T35THE+(4
3.90)993E+04
G4 (3B32YE Y04
4.25T05F+04
G4443080L+04
4.00456FE+04
4. TTB32EL+04
4e9R20TE+04
S5« 12983t +u4
S+ 2999GE+ 04
5.47335E+04
S.04T10E+04
S.42086E+04
Se95462E+04
G 1683TE+04
be34213E+04
6.51589E+04

1e02529E-02
le U}6A3E~yE
GeZ4)198E-03
B.45225E~03
7093bH4E“05
Tafl3v2E-03
TeZ1231E=-03
1.00810E~-02
b UlIYa3E~(J
Hed7611E-03
4 4Y939HE~03
4.91 2R9E"‘03
6e36396E-03
448505k =-03
4.“&&JOL”OJ
S+DHY30E~03
6 BEBUYTE=-03
Yebul222E =03
1.26847€E-0¢
1 aBY4R2E=0e
2.B8110E~0¢
4473592E~02
7.87155t‘0d
1e34722E=01
2+34519E~01
4.28940E-01
Te46439t~01
1.206R6E+00
1.39147E+00
Led48Y41E+00
1 059403E*UU

le53436E+00
1e95994¢ + (6
151710t +t6
142379+ 00
le29/58E+006
1+.15384F U0
1.00476E+06
B899 32HE +US
Te23921£+05
Ge0DBAGE+UYS
4492995E*05
4.00152E+05
3.2168B0F *05
2+56368E+UH
2eu2726E+y5
[aD91THBE+(SH
1241 75E+u5
Y.63011E*04
Tea2B03E%04
S.TOUSTE+UY
44355348404
3,31315F+04
2¢51037E+ 04
18959+ 04
142970 +04
le06911E+04
Te99288E+0U3
5958696+ 3
4e430U34E+03
3.28971E+03
2+43101F*03
1.79459E+03

1573176404
1+857029F* 04
lea0210F+VU4
1420342F+04
1.02987FE«04
H.H89957F+03
T«2466TF+03
B.6628TE+03
4«355P6E+03
3.17025%F+03
2¢46201F+03
1965786403
2«04716F+03
1e«11346E+03
9.09237E+02
Te7T141F+02
6.94053FE+02
6.02645E+02
T«31083E+02
7473152E+02
B 25170F*02
Ge54552E+02
l« LRRE6ETF+03
1le4917THE+ 03
1.92072E+03
2450726E+03
3+42B46F+03
4ab4 TBOF«03
S5¢346R3F+«03
44BT198E+03
3.67078F+03
2.86225E+03

6. 6BP64E+ 4 le34%Sn3E+00 1e32196F+03 1+ 77B0TE*0U3
J I0OTAL = P2.43570E+08
PLANCKR MEAN OUPACLITY = 1.01268E-07 MEAM=SQUARED PLANCKR MEAN OPACTIY = 1,92744E=03
ROSSELAND Mt AnN=FREF=PATH = 1.36b65E+(2 J/RUSSELAND WMEAN=FREE=PATH =  7,31716F=03

MFAR=SWUARED  ROSSFLAND MEAN=FREE-PATH = 2,05%4RF+14 1 PRIME P+ 40898E+04



TFMPERATURE =

UME GA
TeHI906E£+03
YeH5663F+ (3
1e12942E+04
1+30318L+04
1¢0T693E+04
1465069L+04
1.82045E 04
199821E+04
2+17196E+04
2«345T2FE+04
2+51948E+ 4
2e6Y3I23E+04
C«HHDIGE+ (4
3.0407HFE+04
3+21450F+04
3.3R826E+04
3.56202E+04
3. 73%57BE+04
3e90Y53E+04
4. (H3IZI9E+ 04
4425705E+04
4+430H0E +04
4+60456E+04
44 TTHUIZE+(S
449520 TE+ 4
5.12583E+04
S 29989 + (14
S.4T335F+04
SoO4?lOF+()4
Se82086E+04
5994628+ 04
belB3ITE+4
6-34213&*“4
G oD SHYE + 4

He5U000ER+U 3

TORAL OPACITIES AMU VULUMF Er]SSLUN

C/H MASY RATIOD

TO¥ap ML
le2704%E~02
]-950?8&“0&
2.0639p0t-02
?-56631E~0?
1.86620E~02
l1e4(8462E=02
1.63105E-02

2+45323E=-02

2+497192E~0&
3.18312E~0
l.UQHqTE-UZ
T+40254E=03
b DYL4YE~-03
b P TT73E=04
1.45037e-0<
5.,19494E-04
Se4BI31E-(I
6.073RRE~DJ
Te7622E~03
Y. 036 79E~03
3.19258E~02
1.883%6E=-02
2.701?‘115—06
3.71605E-02
5.4009|E~02
8.600797E~02
led431HE=QL
2et8H14E=-01
T.80301E~01
1+255714E+00
1e45095L+00
1e57045E+00
16H6T3EL+QU

e UOUOL=0F

Hivel)
1.729hHE +i06
142935k * 46
1.53436k+00
1+55994E + 06
1.1 710k+06
142379 +0b
le29758E+00
l«15484F +06
l1.004T76E+Ub
8.59328E+05
Ted3521E+05
6. 00869 v05
4 ,929495F + 05
4,001928+05
3.21680L405
2+5636RE 05
2.02/26E+0%
1.59175E+0%
le2¢175F+05
9.63011E+04
Teaz2803E+04
5,70097E*06
4e35534E+U4
3431315 ¢04
2.5103TE+04
1.89509Fk+04
le42570E+U4
leUO911E*US
T992HRE+U3
S.95H69E +03
4.63034E%03
Fe2857IE*03
2e43101F+03
1o T9459E 03

PHFSSUKRE =

l«00000E*02

J
1eBRTITE*DG
2. TR0S4F+04
4.04948F ¢+ 04
4.00329F+ 04
2e+83426E+04
1+999R8BE+ (4
7+11643F+04
2+83063F+04
2+50982E+04
2+ T3535F+04
T+9R590F+02
GeuaT96F+03
F24908E+03
CeTI216E+03
4+66555F+03
1«331R2E+023
lel1242E+03
9.66R09E+02
Be THE93E* V2
B fOPS3E* 02
Pe37146E+03
1«07381F+03
1e176T73F¢03
1.23118E+03
[ «37089F+03
1¢63129F+03
2+ 057T53F+03
2+66009E+03
3.60595F+03
4¢6495BF+03
5«5607T1E+03
e THTI2E+03
3.81777TE+023
T+ 072698E+03

beOHYB4L * 04 le#31T74E+00 1.32196E+023 Je8927T1E+03
J IDTaL = 5.95956L+0R
PLANRCK MEAN ORPACIIY =  pepbyslih=0p MEAN=SUUAREU PLANGKR MEAN OPACTHY = 7.44582E=-013
ROSSELAND MEAN=FREF«PATH = [.54042b401 1 /ROSSELAND MEAN=FREE=PATH = | ,32619E~0Q7
ME AN=SQUARED  RUSSFLAND MEaN=FHEL=PATH = [,.84P01L+03 1 PRIME = 1. 08R51E+04



£5-a

1412942E+04
1«30318F+04
1.4T693E+04
1:65069E+04

TCTAL OFPACLITIES AN VULUMF EMISS1UN

9,955 7e=-07
Y09 3nTE-DL
B.,648P9E-02
T.656)6E=-0¢

1.53436E+06
1.55994E 06
14517108400
1e42379E+06

49

TEMPERATURE = 6,50000F+07 C/H MASS RATIO = S.00000bk-03 PHESSUFE = S.00000E+0?
OME A 10TA; MU ' BiwsT) J

TeH1906E+03 T400092E-0¢ le22b68E 406 BsDROBIF+ U4

G.55663E+03 BeY944TE~0 1.42535F vyt 1+ 2R202E+05

1.52748E+05
1.51216E+05
1e31203F+0U5
1. 09006E+05%

1o B2445E+04 be99299E~-0Z 1e29/98E+00 9.073I99E+ 04
1+99821E404 699 755%E=(2 1.153H84E+006 T«61250FE*04
2+17196F+04 6.lalp4E~0e l.00476E+00 64)YT0Z29E+04
2e345T2E+04 HBeS5THIGE-OC B8.,59328E+05 T«e37T1€3E+04
2«5194H8E+04 Se36T3IBE=(C Te23521E+05 3.8R341E+04
2+69323E~04 447591 TE=0¢ 6« 008B69E+U5 2+B8G6H4E ¢ (4
2¢BABIIE+ (4 4.50262E=0¢ 4,929958+(5 2.2197TE*04
3:04075E+04 4244960k~ 02 44.00152E+05 1+ 7R052€+04
321450E+04 5.65711E=-02 3.21680E¢(5 1.81978E+ 04
3. 38H26E4 04 4e13907E-0¢ 2+56368E+05 1«.0G6113FE+04
3.56202F+04 4.44116E=-02 24021T26E+05 9.00339E+03
3. T35THE+ 04 SeIHZ2T6E=08 1.59175L+05 B8.09049E+03
3.90953E+04 6.23430E-02 le24175E+05 TeT416TE+G3
4.08329E+04 BaTH636E~D2 Ge63011E+U4 B.46136E+03
4425 TOSE +04 le4/62BE~D] Tatt2H403L+06 1.096%9F+04
4«4308B0E+04 e 3939E-01 570097 +04 1+.3RB40E+04
4 460456F 404 3.039Y73E~01 4 4,35534FE+04 1.58523E+04
44 T7H3I2E+V4 44 TIUBBE«(G] 3e31316E+US 1+.58066E+04
4495207E+04 6.74832E~-01 2.51037E+04 1.69408F+04
S.12983E+04 1.060p2E+00 189509 E+04 2«00885E+04
5.29989F +04 leT9u37E+0Q0 1442570k *u4 2+56393E+04
5.47335F +u4 3el3Z96E+00 1e06911E+04% 3¢3494TE+04
5404 710E+04 Sef3629E+0U Te992HBHRE+DI 4.58495E+04
5+H20B86E+04 9,9HTR4E+QU 5.99869FE+03 5495145F+04
S5e99462E+04 1le01%60E+01 4443034403 Te)STESE+ D4
belb6B3TEY(4 }eBOS26E+01 3.285T1E+03 6s17B8TIE+04&
be342]13k 404 Zel030aE+(] 2¢43101E+03 4<RTOBTE+D4
6«51589E+04 Palb6gTE«yl 1e79459E%03 3.86927TE+04
hebHYE4LE* (4 1.82561E£+01 le32i96E*03 P+41338E+04
J ToTaL = 3epln24k+09

PLAMNCK MEAN UPACIIY = 1lsa4b39b=0) MEAN=SWUARED PLANGKR MFAN OPACITY = 3,42076E-0)

ROSSELAND MFAN=FREt=FPATH = 1.47576F+01 I/RUSSELANL MEAN=FREE-FATH =  6,77615E-07

MEAN=SWIAREI} ROSSFLAND MEAN=-FREER«PATH = e 1408E+p2 [ PRIME = 2,75303E+0Q>


http:6.I?871F.04
http:5,/3629E.Ou
http:4.77832E.04
http:Iob5O6bE.04
http:9.55663E.03
http:6.50000E.03

TOTAL OPACLTIERES AN VULUME £MISSTUN ' 50

TEMPERATURE = 6,500008+04 L1 MASS RATLIO = 1.00000h=-02 PRESSURE = S.00000E*02
OMEGA TUI AL MU H{wel) J

T+H1906E+03 T.81145E~0¢ 1.22h6RE+06 D SHLTOF+04
Y,55063F+03 1. 09606E=01 1o 625 35%E+ U0 15622TE+05
1.129428+ 0 1.31837E=01} 1.53% 368 +006 2.0P2R5F+05
1.30318E+04 1.28437E=01 155994406 2.00354F+05
1s47093E+04 1.04939E=01 1517 nk+00 1+59203€E+05
le65069E+04 Het#sZ271E=(2 l«42379E+Ub le20207E+05
1. 42445E+04 TebYb30E=02 1.29754L+Ub 9.85684F+04
1.99H21E+04 T+63276L-02 1.153B4k 00 BeB80696F+04
2+17196E+04 Te21733E~02 JettQ#6t+006 T+25172E+04
2e34572E+ 04 l1el18013E-01L BeHYI2HE* LS 1«01412F+05
2+51948FE+04 5.970768~02 To23b21E405 442RATIE+ Q4
2e09323F+G4 Se01366L-0¢ e 00HBYE+ DS 34012655€+04
2 BB699E+(4 4,72212E~02 4492995 +0b 2.32798BE+04
3 040THE+DG 4.79649E~02 4.00152E+yb 1+91933E+04
3.21450E+04 7.15253E=-0¢ 3.216H0E+05 2+30083E+04
3. 38B26E + 45 4,22944E=02 2.56368L+05 1« UB429F + 04
3.56202E8+04 4.54260E-02 2.02726E+05 9.20903E+03
3. /35T8E+ (4 5.22036E~02 LaB9175+05 8.30951F+03
3.90953F+04 6.530R9E<02 1.24175E+05 Bel09T76E+03
4. B329E+04 G894 72E~(2 9.63011L*0a 9,52872E+03
4.25705€+04 1a968G1E~QL 7428030404 1+46251E+04
4.43080E+04 3.33401E=01 5.70U9TE+U4 1«900TIE+04
4.60456E+U4 4.91230E-01 44359340 *%U4 2¢1394TE+04
4.77832E+04 5.86873E~01 3,31318E+Us 1eQ4440E+U4
4+95207L+ 04 Te3574TE=D) 2.51037E+04 LeBaTOOE+04
Sel12583E+ 04 1.08894E+00 14B9509E+ 04 _ 2. 06364+ 04
5.29959E+ 04 1.82110E+00 1.42570E+04 2.59633F+04
S+ 4T7335E+04 ; 3.16397TE+Q0 1. 069116+ 04 3. 3R263E*04
B.64T10E+04 Se THGTOE+DU Te9Y2HBE*D3 4.62369F+ D4
HeB2086E+ (4 J-00625E+01 5.95869E+03 5.99596E + (4
5.99462E + 04 lab2bA0E+UL 4a4 334 *03 T«20639E+04
6.1683TE+p4 1.HBI99E+04 3.28LT1E+03 6+18367F+04
6¢34213E+04 2+ 13035E+01 2e43L01E¥U3 4+93580F+04
6+515B9E+04 2+196R3E+01 179459 +0 3 3e94204E+04
bebBI64E+ (4 1eBO6B3I6E+DL 1.32196E+03 2+469B9E* 04

J 10TAL = 3.48565E+049

PLANCR MEAN OPACITY = Tepie 39Lk-01 MEAN=SWUARED PLANCH MEAN OPACLTY = 1.73848L=01
ROSSELAND MEAN=-FREF=PATH = feld9/n2E+01 1/ROUSSELAND MEAM«FREE=-PATH = T«T0R23L=07
MEAN=SQUARED)  KOSSELAND MEAN=FREE-PATH = 1.,94683E+(p I PRIME =  2.,3079UE+Q?



g9-a

I+ mPEhaTURE =

OUMEGA
f.H1906F+043
Yehooh it +u 3
112942 +04a
IO3UJlHF+U4
14769 3r +(}4
F+bS069E + 04
leHP445F +04
1+49GHZ21E+ 04
2171961 +04
Pe34BT2E+04
PeHYVY4HE 4
2260323 +U4
SeBHOYQE 04
3+04075E+04
3.21450L+04
3«3HU26E +(14
3.56202F +u4
3+735THE+04
Ja9(9L3F 404
4a0RIZ2YE+()4
4425105 +04
4443080L +04
4456+ (4
4 TTE32F+ )4
4e9R20TE+04
S.12B83E+04
S5« 29959L + 4
Se47335E+04
Seb47T10F +u4
HaBP2UB6E+U4
S5e994b2E+0)4
bel GHITE+ G
Ge34213k 404
BeS1589E+U4
bebHYALE + )4

FI AMCR MEAN UFPACTTY
ROSSELAND MEaN=FREF-FATH
ME AR =SWUAREDD

be-uULUE + U3

THlaL OPACITIES At VW UME FMISSTUN

C/ MALY RATID = Laa0pogk=-0p

TOTA MUY
Sel6IRTE-01
4ettylek-ul
G.93215E =01
GafhBTBE=-01
ba22l16E=-01
Aelaipvt-0l
lefadnBE-ul
?o“qdﬂlf~01
2eb030YE-pl
H36GNTE~YL
1e46547E-01L
QalbPdnblb=0c¢
697 730E-0C
Tel40pP2k=-0¢
1e6UYs1b=01
5.28549E=0¢
BeUpYrNE =0
TelYap4t=07
leUup2E=~01
l « BEYROE =0 )
ba291E-01
Ya01297E~01
1729179 +00
1e31429E+00
1421534L+ 00U
1e43153L+0uU
Ce205H5E+ 0
33349+ 00
HeORTIHE+UL
lelab(Ub+01
1.82913k+01
Zelb0BE+UIL
2e403n0k+0l
feboln TE+2]
2edanat+0}

JIOTAL = teul]

Jabbaakt =y

PP AL RN

ROUSSELAND M} AN=FHEF <P ATH

ME AN=SWUARED FLANULN ME AN OPACTT

F/RUSSFLAND MEAM~F REE~PAT

YetiZGTH ¥}

Hiwsl?
le22DH0HE + (0
Tethrdht + 00
153436k 400
1ebhbygb +in
1.51/10k*+uo
lett 23798400
129 7Th4E+ub
1.15384t +¢b
l.00& 76t +Ub
HeHYAZHE +UD
Te23b21E 405
G008 +0H
4 49 2Y4GL + (5
2400152k *u5
3e210ROE+US
2eH6I6KE (D
2.02726L+05
1e59]175F+0b
124175k +u05
Webi(lit+us
1042H03k+04
SeTOOUTE UG
44355% 34 04
3e31315E *U4
2e51037E+04
1+89509E+04
lad2579bE+04
1e0bLYI1E*USG
T99288F+03
5.95H09E+03
4443034403
A.2857T1E+03
2eabh3101E%03
l.7T945UE+03
1e321Y6E+03

00k+1y ¢

Y =
H =
E =

L.0GO00R*DZ

J
Ceb4STAHF +05
64 390GHBF+ (05
le GR364F +06
1+05433F+06
6.41304F+05
3.05779F+(05
2ech?RIF 4+ 0S
2+ 8T699F +(5
2+6R628BF+05
Fe29644F+05
1+0A06PF+05
S¢66167TE+04
J¢439ROF+ 04
2+88T7T18E+Q4
S«17716F+04
1+355%03E+04
le20200F+04
1:145P1E+04
1+24202F 404
1.81999F +04
44 7T549F +04
5. 13826F+04
S.62618F+(4
49 35443E+04
3.05096F+04
2eT128BE+ 04
JelaabtSF+04
3.99146F 04
5+ 34546F ¢ 04
beB2921F+ 04
B«10367E+04
T«09740F+04
5.84186E+04
4+83188F+04
3.10%33F+04

6 33IN93E-0
1+71771E=0)
Re?64B0F +0)


http:I.82913E.01
http:6).8?9?Ip.04
http:S.34546F.04
http:6.bH7fHt.0U
http:2.2o0sS5L.0V
http:1.314291.ou
http:I.i"41791.0U
http:1.81999F.O4
http:9.66167E.04
http:b1948f.04
http:2.26?It3F.05

TEMFEHATURE =

OMEGH
T«H1906L+03
Y.H5663E+03
1el2942bk+ 4
l1a3p318BE¢04
144THY3E+ (4
1-:65069E+04
] «H2445E+ ()4
1e99B21E+ (4

beHOVUOE+0 3

T01aL OPACLITIES AdMbl VOLUME EMISSTON

C/7H MASD KRATIO

TOTAL MY
1.99!1(‘,2[’."01
2.512092E=01
Pe 19668E=01]
2« TUB4UE=-D])
P+ 3576HE=01
2o U0Z49B8E=01
1e82229L~01
le70981E-01

S5«00000L=03

HiweT)
le.22%6HE* 00
1+64253%E+00b
1.53436L+06
1.55994E+0Ub
YoB1/10E*UG
1423798 +00
1ePF1HHBE+UE
le15384F +UB

PRESSUFE =

1+00000E+03

J
2+ 44893E+05
3,581 7BE+05
4429111F+05
4.27182F*05
3.56926E+05
2+88313€+05
2+36457E+05

‘149T7284E+05

2+17196E+ (4 lebY091E~01 let0476E*VG 1.59849F+ 05
2345728+ 04 2.21235k~01 B8.59328E+05 1.90113E+05
251948 +04 1.39693E-01 Te23b21E+05 1.01006F+05
2469323 +04 1.23921E-01 6.00869L+ (5 Tebkab0lF+ 04
2+B60Y9E+ 04 le16993E=01 4492995E+ UYL S5.T67T2E* 04
3.040T7THE+04 loelbha76E~01 4,00152E+ub 4.62080E+04
3214508 +04 le4610TE=01 3,21680L+05 4+6999TE+04
3.38826E+04 1.076238=01 2.H636HF +Ub 2« 75511E+04
3.56202E+04 1o15727E~¢] 2.02726E+05 2+34609F+ 04
3.735TUE+04 1.33322E~01 1,591 75k +U5 2«12215€+04
3.90953E+04 1.69331E=01 14241 75E+05 2.10268E+04
4. 0B329E+04 2.71508Lk=01 9.63011k+04 2+61465F+006
4.25T05E +04 S.52994E=01 Teb2803E+04 44107T65E+04
4.430B0E+04 1.03897E+0C BeTOUYTE+ UG 5.92315F+04
4.60456E+04 152429E400 4435%34E+04 6.6IBTIE* 04
4a7TH3IZE+04 1a73306E+00 3.313156+04 S.74188E+04
4495207E+04 2.01H39E+00 2.51037E+04 S« 06692E+04
Se 1PDU3E+ (4 2.87233L+00C Ve BYLYOE+ 04 Se44334E404
5+ 29959E+4 (4 4o TOEB4TE+QU 142570404 6+ TGBI9E* 04
5447335+ 04 Ba2B6QQE+ 0D 1+ 06911E+04 HB.B85999E+ 04
SeoalTint+os 1.516K1E+01 Te99¢BBE*U3 1+7P1237E+05
S5.H2086F +04 2e640TaL+01 5.95869L+(3 1:57354E+05
5¢99462E %04 4. 272RTE+ UL 4243034E+03 1+.89290E+05
6+ 16837E+04 4eYuu12E+01 3.¢B5T1E* 03 1:62449F+05
6+34213E+04 He343alk+0l 2¢43101E+03 179904E+05
6+H1589EF + 04 SHe7GH3TE+ UL 1e79459E+03 1+ 04GSTE+0S
beOHIOHAE* (4 4e943048E+ 0] 1432196E+03 6535T3F* 04
J T0TAL = He24399L+ 09

PLANCK MEAN UFACITY =  2ena3T9bE-01 MF AN=SWUARED PLAMOCN MEAN OPACITY = 2,43607E+0q

HOSSELAND MFAN=FREE=PATH = S9.5%6305F+00 1/RUSSELAND MEANM<FREE=PATH = j,79757E=01

MEAR=SUUARED  ROSSELAND MEAN=FREE=PATH = 3.48254k+0] 1 PREIME = 4.,013%9E+0)



L5-d

FEMEE RATURE =

UME LA
Tat1906F+u3
Yebh664E +(3
112947 +004
1e3031BF+04
1+4T093F +01a
1.065069F +04
leBPaabhE+14
19982k +04
S+ 1T7196r *u4
2e 34572+ 04
2«51940E +014

e 0lOOE +u 3

TOlpt, OPACLITIES Arr vob tmb EmlsSit

(/h MASS KAl = J.00000E=00¢

T10iAL MU
Cefbp3E=01
Jel9ltbb -Gl
Ja92005E~1}1
3eH04e3L=014
2eY9agt =01
PalOAIE=-01
1a97109E=01
T eYay3RF-01
183266801
2eY96043E=~01
1.53&44t-01

HivweT)
le?56RBE*UG
led 2535k *ub
l1e5343RE ¢Ub
1455994k +U0
leS1 7108 +0G
leaps79t+u0b
1+291HRE+0G
1e1535H4E+ (0
leGO4TEE*UE
BaSY 328 +U5
Te23921E%ub

PrESSURE

1+0C000E+G3

J
FeTTIN0NE*0S
4.545%54F+05
A 01ETBE+05
5¢93500F+05
4.53754E‘05
3.24149F+05
2eSRTHLF+05
Ze2IRBRF+U5
}«84130F+05
2+54914FE+05
I« 11310F+05%

2+09323F+pa le3008R5HE~(1 6 (0BAGE+ LD T+BR769E+ U4
2+BoHYGE + 04 j.22003E-01 4 ,92996¢E + 05 . 04BTNF+04
3e04075L*04 1+23Y0at=-01 4.00152E +0H 4aB6043E+04
3e214508 +04 1eBl110E~01 3.21080E+05 R«BPR9RE+ 04
3e38826E+04 1«10069E=01 2:5636RE+0b 2+B21B1F+04
3e56202L+04 1.185%38E=01 2+027126F U5 Ze40I0TE* 04
3.7357HE+04 le37628E~01 1591 7SE+05 2e19069F + (4
3.90953L 04 leBPlOHE=01 1241 75E+U5 2e262A5F+04
4408329 +Q4 3.32138E~01 De6301E+US 34198B53E+04
4.25705E+04 8403055E=01 T.42B03E+04 S5.96511F+04
443080t v04 1.951529E+00 SeTOUYTE*LG B.9806TF+04
4.00456E +(4 2e2B%I9E+ 0 4435534 %04 S+95365F+04
44.7TTB3ZE+04 2.381G2E+00 3.31315E+04 T+BI164E+O4
4e9520TE V4G 2e362T4E+0C 2¢5103TEYV4 5+93135E+04
5.12583E+04 3e(1250E+0U 1.89509E+04 %+ TOHIBE+ DS
5.29950L +04 4 BROZ6ES0D 1.425T0E*04 6e92356FE+04
S«4T3IINE+04 B«3997TEX 0 1069V ]1E+04 BeFRO2TE*04
5.647T10E+04 1534858 +01] T«992HR8E+03 1.22655F+05"
Se8Z0BOE * g4 266831E+01 S5+95009E*03 1+58996E+05
5e99462E+04 Ga314711E+01 4.43034E+03 191130F+05
bel6BITE+D4 Se011uGE+Q) 3.285T1E+03 1«646TSE+05
63421 3E+04 S5.465c5E¢0] 2e43101E+043 1+32B6BE+ (5
651 B8BYE+ D4 be00225E+01 179459 +03 1«07TT16E*QS
bebHYB4E* (4 Selb4r2Es(l 1e32196E*03 6eB2TA&1F+ 04
J Tolal = 4.83594k+09

PLARCKR MEAN UPACLIIY = 3Je349294E=0} MEAN=DWUAREL PLANCR MEAN OQPACITY = 2.57986E+Qp

ROSSELAND MEANSFHEF=PATH = 4.8B6Y46E+04 1/ROSSELANC MEAN=F REE=FATH = 5,05362E=01

ME AN =SQUARED  RUSSELAND MEAN=FREL-PATH = ».H0573F+01 1 PRINME = 3,368T73FE+M)



85-d

TEMPERKATURE =

OMEGa
T«81906t+03
Y,H5663E+)3
14129426 +04
1303181 +04
1e#7693F+ (4
1« OS069E+(4
l1eH2445E+04
1499821F +4
2+17196L+04
e 34DT2E Y4
2e51948E+04
2eb9323E+04
Z2.HOBYIE+ 04
3.04075C+04
3.21450E+04
3.3H826E+04
3.56202E+04
3.73576E+04
3.90953L+04
44 QHIPY9E* 4
4257055+ 04
4¢43080E+04
G.00456L+04
44 TTB3I2E+NG
49520TE+04
Be 1 25HIF+04
5.29959E+04
5447335E+04
S5.047)10F+04
S5.62086F+04
599462+ 4
GelOEITE+ (4
6e34213E+04
6e¢51589E+ 4
6ebHYGLE+ (4

PLAKCK MEaN OPACIIY
HOSSELAND ME AN=F RFF=-FATH =
ME aln=SWUARED

BN 0HODE +0 1

THEAL UPACLTILIES aAnDy VULUME EMESSLUN

C/H MADS KATIOD

1O, My
SePU419E~1)1
o269 36E+00
Lo 365L+ 0V
1 .9?4146&400
lalwipbb+00
5.09223&-01
boUJQIjF"Ul
Yed3TinhE~(1!
Hett559725E-01
2e32960E~-101
1o f2694E=-01
3.67573E-01
}e33335k~01
1.50034E-01
labbhR6E~01
2e9063TE-OI
2e3BH3BE+ U
4.‘.’"’&42[’_+00
(3037U36l'.+00
5.96436E+00
4.47520E+00
4,20046E+00
5.99239€E+ 00
1.00419E+01
1« 79630E+01
3.075p0t+01
4.9067HE+(1
S5.85221E+01
feb9344E 401
Te82633E+01
6.9836%E+01

J inTaL

Jenusagk+yp

YeUOOUE =02

BAWaT)
ler2bbhBF*U6
1420358 +Ub
1.534 36+ U0
1.95994F +00
1.51710F+006
lett2379E+00
1e2915HE+06
lel15384k+00
l.00476E+0606
BeHYI2RE+0UL
Te23521E %05
6. 00H69E «05
44Y92995E+0Y
4400152E+05
3.210H0E+0Y
2eH6J40RE*US
2.02126L%US
1.59175E+405
1:24179E +U5
94630V 1F*04
Teb42H03E+UG
S5.70097C+U4
44355 34E+04
3.31315E%0a
2510376 +04
1.89509E+04
14425 7T0E+04
1.66Y11kL*04
Te998REYU I
5.9%HB9E+03
4eG3034E+03
3.28%71t+03
2et3|01E+U3
1e79459E+03
1+32196E+03

2e92351E+10

MFAN=SWUARED FLAMUKN MEAM OPACTTY
1/RUSSELANE MEAN=F REE~PATH
ROSSEFLAND M An=FREE=-FATH = G, 173376+00

PRESHURE =

54

1+00G000E+(3

J
7+23665F +05
1.80929F+06
3. 02829F+ 06
3.00283F+06
1.B06I6F+06
Be10459F+05
5.09921F+05
5. BOKSEF+05
5e36298F+05
7426584F+05
2.55024F+05
1.3997RE+05
Be9)3T4F+UG
6.96691F+04
1+18241F+05
3e41830F+04
3404159E+04
2+96998E+04
3.60874F 404
6+B2460F+04
1.77406E4+05
24541736405
2+ TT451E+05
1+97608BE+05
1+12346F+05
7.97164E+04
He54332F+0%
1+07359F+05
1 +43576E+05
1.843230F +05
2¢17387F+05
1922876405
1e6271BE+05
1440451F+05
9423210E+06

Se04376E+00

= 4.22449E=01

1330888 +01



TEMPERATURL

65-d

UMEOGA
fTeB1P06F+03
YeHHBOH3F+O I
1= 1P942EL+04
Jedp318k+04
lew TOY3E+ G
1e5069L+ (4
e HPG44LHE+ (04
| a349H21H+ 04
cel713b6L+04
Pedabl2E+ s
Pebl1948E«p4
2ebU323F+04
2eHOL9QE+ L
3.0407T5E+04
3.21450E+% 04
3.388208+04
3.56202E+04
3-’3575t‘04
3.909530L+04
4. JRILYFE UL
4.25T05K+04
G.430HQEYDSG
4eO0456E+04
44 TTH32E+ 04
4.99207/E+04
S.12583E+04
5-29959E‘U4
5:.47330E+04
S5.647T10E+04
S:82086F+04
5+99462E¢ 04
bsLOB3TE+ 4
6:,34213E+04
6.51589+04%
608904k +04

Ba00000E+073

ToTal OPACLTIES AMU VULUME EMISSIUN

L/ MASD HaT[u = he000U0t=03

PRESSURE

1OTAL MU
J.H10673E=-02
he l 7935 ~-048
Hel2 765E~02
4,93752E~0¢
44 0H8%8F-02
44 36515E=02
hoeUR990bk~-042
J.6H131E~02
Jel9348E=~-02
2e923p8E-02
AeTHaIVE-0DL
2ebabq0b-02
2adhig3k-0c
e 33290E=02
2+19699E-(2
24 1260]1E=~02
2+13283E=02
aueﬁlaéE"'Ud
Se3945E-~02
PaH3519E~-(2
3+49H934E~02
4 T09711E=02
e 3HHBHE=0E
Y,656T9E=02
leugdyZE=01
2420911k«
j'Sb"leE"{)l
S5.91508E~01
TeYTI91E~QL
Haed1445E=-01
Te9P980E-01
Tet23066E-01
HJHTORIE=(L

Hiwael)
leB48309E+00
Pl TOHIE+LO
2eB9042E * 0D
2e (9B OE+1L
Ze8Y !.“7&*00
2«901H9E+ Y6
SeBruZubr+U0
cebBLGTE+UDO
2.50506[’.*06
2e29008L 400
2.07T31TE*UL
1eB4 132K 400
1.,626H9E+006
1441 78SE+Ub
122411k +00
l.04793L+06
B.9024 3L +Ub
T«S1022L+U5
G.29546E+0Y
524042405
49343 76EL+05
3.58087H+05
2e94494L+Ub
2e40T63E+US
1e9606pE+*UY
1.5307pE+ 05
1.28018L+US
1.03057TL+US
B.32903E+04
G,67T35RLTUS
S5e33286L+04
4425078L+04
338021+ *04
208 LRYE*04
celZ2330bvus

55

1«00000k+02

J
TeURIOGAF+Ua
JaUT394F+0%
1e3023TF+05
L« 3RIR2F +05
Le 35845F + 059
Lo 26615F+05
l«13801F+05
9. 90585F+04
HBe55319E+04
Te33750E+04
b« 06004F+04
4+39588F+04
4. 30460F+04
31.49290F+04
2+ HSBT2E+ 04
2:307229F + 04
1«BG266F + 04
1+57836F+04
1e3427T1F«lq
1«1R643E+04
le 36OBEF+04
L«31695E+ (4
1+05704F %04
1 13378E+04
1e25201E+04
14536106+ 04
1.85882E+04
2e2B9G0F +04
2+4968B5TE+04
3.6B0R2E+04
4+2Ru%1F+04
3491 TRE+04
2+6B034E+04
2+04B0TE+DG
le247H2F 206G

JI0TaL =2 2.947193E+09

MF AN=SWUARED PLANCKR MF AN OPACTTY
L /RUSSELANI MEAN-F REE=PATH
1 PRIME

PLAKRCK MEAN OPACTTY = f4e/2n2] TL=4?
ROSSELAND Mt AN=FRFE~FATH = 3.tgY906E+01
MEARN=SQUARED  KRUSSEFLAND MEAN=FHEE=-PATH = 1.08p015E+03

3.21547E=pp
1.22009E+03

uonu



TOTAL OPACLTIES ANL VULUME EMISSIUN 56

TEMPERATURE =  d4.00000E+03 C/H MASS RATIO = 1.00000L-02 PRESSURE = 1.00000E+02

v
o
w @ OMEGA
7o81906E403
9.55663E+03

TUT AL, MU
382132802
4o T412TE=(2

BldaT) J
1.B4H09E*VUL Te07324E+04
2e2TOBIE+*UL 1+07665E+05

1+ 12942E+04 Se040T7YE~(2 2459042+ 006 1e305TBE* 05
1+30318E+04 44.950R6E~02 2e TYHQOL* UG 138517E+05
1.4T693E+04 44 TQUTYE=VL 2«89737F+VU0 1¢36199E+05
1.65069E+(04 Ge37T20E~02 2+90059E+06 1e26965E+05
1«H24645E+04 4.04228E-02 2.82424E+00 1el4164E+05
1.99821E+04 3.70220E~02 2.6B04TE+UG 9.94586F+ 04
2¢17196E+04 342937002 2.50506E+U06 HeS9081E+04
2e345T2E+04 3.25030E=02 CeZ2IBQBE+06 Ted6296F+ 04
2+51948E+04 293679E~02 2.0T31TE+UG 6.08B4TE+04
2+b9323E+04 2eT1390E~02 1.84732E+006 S«01346E+04
2eBGOIIE+ Q4 20654 T3E~02 1eh2689F*06 4-3]895E+94
3+:04075E+04 2+47546E~02 1.41785E+0¢6 3+50982E+04
3.21450E+04 2¢361RB4E~OZ 1.22411F+06 2eH9114E+04
3.38826E+04 2.20314E~02 1sU&793E+06 2+30873E+04
3.56202E+04 2.13177TE~02 B.90243E+05 1 +89T7T9E+04
3, 73578BE+04 2+10706E-02 Te51U22E+US 158245E+04
J90953E+04 2.13798BE~-02 6+29546E+05 1¢34595F+04
4. 0R3I29E+ U4 2e2662TE={2Z 5¢424642E+05 1.1889BE+04
4«25TOSE+ (4 2.4498E=02 44348TE*Y0Y 1+06531F+04&
4«4308B0E+04 2+B3959E~-(2 3.58087€E+05 1«01BS2PE+Q4
4400456E+04 3.59303E~02 2e94494E+05 J+05813E+04&
4.TTU32E+04 44T1170E~02 2:40763E+0% 1413440E+04
4e952QTE* 04 6« 3865BE-02 1.96060E+U5 1e25215E+04
5.12583E+04 .05440E=-08 1.59070F+0% 1+4535T2E+04
5.29959E+ (4 le44278E-01 1+2801SE*(5 1+85499F+04
Se47335E+404 2+207TR4E~D1 14 036KTE+OS 2+28BS8E+04
S+64T10E«04 3.96175E~01 8.32903E+04 2+96659F+{s
S5+82086E+ 04 5.51112E~01 6e6T356E+04 3«67TBBE* (4
5:99462L+04 TeY97194E~Q] Be33786E+04 44725133E+04
6el6B3TE+Q4 B.20840E~01 425078 +04 3+4R921E+04
6e34213E+04 Te923R0E~01 3.38021E+04 2e678B4)1E+04
6451589+ 04 Te63127E-01 2.6B)89E* 04 Ceab62E+ 04
6.68B964E+04 S«872R9E~01 2212330+ 04 1e24699F+04
J ToTAL = 2.99721E+09

PLANCK MEAN OPACITY = 4op6613E-02
HOSSELAND MEAN=FHEE=FATH = 3.09569E+41
MEAM=SQUARED HOSSELAND MEAN=FREL=-PATH =

MEAN=SQUARED FLANCKR MEAMN UPACITY =
1 /ROSSELAND MEAN=FREE=PATH =
Y4 0T7012E+03 I PRIME =

S+10202E=-03
3.23029E=-07
120950£+03



19-d

TEMHEHATURE =

OMEGA
781906+ +03
J.HRb63F+13
lel29a2++04
13031 KE+04
1ea7H93E+04
1.05069L+0N4
1eHB2445E+04
1+499821E+04
2+ 171968+ 4
2+ 345T2E+04
2+9194HE+04
2+09323E+04
2+HA0Y9E+ 04
3en407bE+p4
3.21450E+04
3+ 30B26E* 04
3e5A202E+ 04
3¢73578L+04
3.90953k+04
44,(1RIZVE+ 04
4:25T05E+04
4.43080E+04
4.00456FE )4
4.17832F 04
4,9520TFE+04
S.12583k0+04
5«299Y59F 04

HeJODOOL+0 3

Talal OPACLITIAS ANG vuluMe ENMTSS LU0

L/7H MAaSh KRATILO

joraL My
39293 TE~0LZ
4.85479k-0¢
Sl 7193E=02
S.01995E-0
4481 /31E~0d
4.49T05E~02
4. 2UORTE~UE
3492%n4k-02
3.57225E~042
3o T4 IRpE~02
3. 092P0k-02
e {9321E~Q0
2. 13021E~02
2e5T7T434L-02
2+99503E~02
Ze2S5n6t~0¢
CelBIg6E~07
Pelbba3lE~02
2elHODBE~0OLZ
7e31306E-0¢
2s07200E~02
2.BB453E~02
Hau06a0E-02
F 0520 TE~02
} a4 398TE~0]

DeQOLOOE=-0?

H{WeT)
1 «84H09E*U0
2e2l0HIE+UL
CeH91042++00
e 79400 *00O
CeBYI3TEYDL
290059+ 00
2eH2424E%U0
2ebBLL4TE*UL
2+.50506k*00
2290 0RE+006
2e07317HY00
l-H#!S?f*UD
{eA26HYE +0b
1e41 fBSE* (0
1.22411FR*06
1«04 /93E+00
Be90243E+UY
TeS5102PE*0U5
6.299%406E+05
Se24b42E+UL
44 3468T0E+0S
3.58087E+U5
2e94494E+05
2+407T63L+05
1.96N6pE+05
1e59070L+US
1.28015£+0%

PRESSURE

1+00000E+02

J
lel261B4F+04
tel0P43E+0%
l « 33975F+US
lea?1376+05
Le 396 75F+ 05
1« 30467E+05
le lHR43E+(S

"1 05a461F+05

Q.19923E+04
HeH50456F+ 04
6e3PTTIIF+04
5+ 18996E+04
ach4 | TEF+04
3« 6S5001F* 04
3¢ 17660F +04
Pe36523F+04
1a943B1F*04
1«61990F+ (04
1e37622E+04
1«21353F+«04
lelA201E+04
Le03469FE+04
1+06961E+04
1+14249E+04
le25608E+04
1+53548E+04
1+85164F+ (04

544733504 2e20185E~01 1.03657E+05 22R207TF+04
B.604T7T10FE+04 3.0uHT2E~01 Bed2903E%04 2985 T4E+04
S.H20B6F +04 548823601 6eOTIB6E*DSG Je6R260E*DS
5.99462L+(4 Te93632E-01 Se33286E+04 4423233F+04
belbBITE+D4G Bellun6E~01l 4.25NTRE*04 Je47TuB3EL04
6.342) 3E+ 04 7.89439E~01 3.3K021E+04 PsLOBLTE+D4
6e5]SHYE+ D4 febu4n3E=0l 2.6HIH9E* V04 2.03953F+04
6rbHYB4FE + 04 SeHWOTOE~]L 2¢12330b+%04% 1+24385F+04
J 1oTAL = 3.0%8158+09
FLANCK MEAN OPACITY = 4e41L75E~-02 MFANSUUARED PLANCK ME AN OPACTTY = 5,18859t=(13
ROSSELANL MEAN=FREF=PATH = 2.96542E+01) 1/ROSSELAND MEAN=FREE=PATH =  3.37270&8-07
ME Al =SQUARED  ROSSFLAND MEAN=FRELPATH = 9,H3299k+)7 [ PRIME = 1,711730E+03



29-d

TOTAL OPACITIES ANU VULUME £rESSIUN 58

TFMPERATURE =  HL 00000F+G3 L/7H MASS KRATILOD 5.00000E~03 PHESSURE 5.00000E+02
OMEGA V1AL MU b{weT) J
Tet1906F+03 3.86705k=-0! leB4BUIE* UG Te14RB33FE+05
Yah50663E+(3 4.0H061E~01 2.27081E+Ub 14 06287TF+ 06
1o 12942E+04 4494393E~01 2.59042E+0b 1.2B069E+06
Te30318E*04 4483/6TE=0] 2+T98U0E+UE 135358E+06
a4 7693 +04 4.,57008E~-01 Z2.8H913TE 06 1432412E406
1265069 +04 4.25395E-01 2.90059E*U6 123390F%06
1 +B2445E+04 3.927P2E=01 2.B2424E+00 1.10914F+06
1e99821E+04 3.59736k=-y1 2+6HB4TE+UG 9.66420F +05
2+ 17196E+04 3.33529E=01 2+509506E+006 B+435511E+05
2e34HT2E+04 3.18079E=01 2+29608E*06 Te30336E+05%
2+51948BE+04 2+87375E-01 2.0T31TE*0E S.95779E+05
269323E+04 2+06919E=-01 1.84732E+V6 4+93086E+05
2+86699F 4+ (4 2+55649E-01 1.6208Y9E+0V0 44159128405
3.0407%E+04 ?.406795-01 1.417BSF*06 3¢41246E+(05
3.21450E+04 2.333715k=01 le22411E+Ub 2+8B56T6F+05
J.38826E+04 2.22931E-01 1.04793E+06 2+33616E+05
3.56202E+04 2+25204E=01 B.90243L+05 2«0048BTE+05
3.73578E+04 2e3aT92E~¢1 Te51022E+05 1«T6334E+05
3.999538+04 2+5346TE~01 6.,29546E+05 1.59569E+05
440B32Y9E+ 04 2+90124E-01 Se24b42E+0U5 1452211E+05
4.25T05E+04 3.36144E~01 4434816E+05 le4618iE+05
4.430B0E+04 4+24302E~01 3.5H6HTE +(5 1452224F+05
4.60456E+04 S«82746E=01 2e¢94494E + 05 1«T1615E+05
44 TTH3I2E+ 04 Bell771E~01 2e407T63E+05 1+95444E+05
4495207TE+ U4 1.15095E+00 1.96U060E+05 2e?R654F+ (5
Sel2583E+ (4 1+8074TE+00 1+59070E+05 2+87513F¢05
5+29959E+04 2o T6232E+ 00 le2B61BE*US 3.552T6HE+05
5«47335E+ 04 G4.29161E+400 Le 0365TE+US 40 44855F+ 05
5:64T10E+04 6699000E+00 Ba32903L+04 S«82199F+05
S«82086E+04 1. 08728E+01 6.6T7356E+04 T«25606E*05
599462+ 04 1e5HT739E+01 De332HAE+ (4 Be41203E+05
b J6H3TE+ (4 1.62491E+01 4425078E+04 6+90TI6EL05
6«34213F+ (4 leb6HB1E+01 3.38B021E+04 S«30289E*05
b+ H1589F+ 04 l«51112E+01 2.6HIB9E+Y U4 44 05266E+05
beOHYEGE+ 4 lelbinTE+01 2e12330t 04 2ea6636E+05
JToTAL = 3.41710E+10

PLANCK MEAN UPACITY =  4+92959k-01 MEAN=5UUARED FLANCKR MEAN OPACITY = 1.58093E+00

ROSSELAND MFAN=FREF=-PATH =  2.99218E+00 1/RUSSELANG MEANFREE=PATH =  3,347p4E=0)

MEAN=SWUARED ROSSFLAND MEAN-FREE-PATH = 1.00304L+0]) I PRIME = 1,0%5R35E+0]



TEMFERATURE

£9-ad

OME G A
Tet819061 +(3
Y.5h8663E+ 03
1elP942EL+04
1+30318F+04
1467693 +04g
1.065069E +04
182445k +04
199821+ 04
2+17196L+04
P+345T2E+04
2eD194HF+04
2.6U323E404
2ebB6bLUIE +(4
3.04075F 04
3.21450t rya
3.3H8260Ev04
356202t +04
3.73578E+04
3.90Y53F*04
400“329F*04
He25T0%E+ 04
4+43080E+04
4.6p4856E+04
4.TTHB32E+04
4.9520TE+Q4
5.12983E+04
5.29959F + (4
5447335k +04
S5.64710k+04
Seb2UBBE+04
H499462F +04
b.l6B3TE+04
6.34213E+04
beH]1BHYE+04
6. 6R964E+ 4

He GUUGOE U]

TOTall OPACITIES ANL VOLUME EMISELUN

LegUUUOE =07

PRESSUPE

C/H MASD RATIO =

TOTAL MU
JeBHS42E-01
4o ONT6E-QL
4 -‘)bHHqt "'0]
4-66845&'01
4459057E~0 1
4.21105E«-01
joyﬂhUOE-Ul
3.2 135E-01
Jedburne=01l
3.297f.8{"‘01
7eYSHAE~0L
2.6H2K5E=-01
PebbdHylib-0l
2edrbaTE=~0]
2e3Y9140E~01
2e23bRI1E~01]
2e25Y903E~01
?.3"34{79[’.'01
2eD4)179E-01
2eP109TE=0]
3ed92a1E=01
4427299E=01
HeB6355E~-01
Hel4BROE=~0]
1el15271E+00
leBOTG6E+0QU
?076201&400
4.290R1E+00

LY IRIE+0U.

l.0H0490E+01
1.57/6H0E+0]
1.602448E+01
lebbHoBE+UL
1e51132k+01
leltbZpbL+ul

H(ho?)

‘] G 9t +UL

Ze2TUHIETUO
2e59042E+00
2eTIBYQE*Ub
2+89737E+UB
2490099 +U6
2eH2424L Y0t
Z2e6Bb4GTE T U6
2«50 06Ftuo
2e29DbUHEYUDL
2e0T3VTE*UG
leba f3PE+UD
leb20HUE+UH
let1 IBSE+L6
le22411k*00
le004 93k +Ub
B8.90243E+05
Tahlvueet+«ub
Be9ha6E+ub
5.24042f+05
4e34HTEL*UY
3.5868TE+UL
2494494 +1U5
2e4)T03E+UD
1.96060E+0U5
14590708 +05
lezHOISE +uS
1+0365TE+05
Be32403E *U4
60T 356+ 04
5.33286L*04
44,250 THE+US
3,3BU21E+04%
Z2«h8189E+04
2612330k %04

5.00000E+02

J
7¢] TGO1F+05
1.06745F+406
1« 2R7T15F+ 06
1e36051F+06
1 33006FE«06
Je23903F+06
lellubaF+06
9, T7H66F+15
Bea176TF+05
T5T1THE+0S
6.00317E+05
44.95R84F+05
44 17934E4+05
3.44036F*05
e 9P T34F+05
Ce34401E*0S
2.0110BE+05
1076842E¢05
1+600YTE*05
1:+52T22F+05
147536F +05
1«5326TE+05
1.T2678F+05
1+96193E+0%
2.26000F +05
2«BT7592E+05
3.55237E+05
444 TS2E+05
5+82019E+05
7 «2634BE+08
B8+40884E4+0%
6+905306E+05
Se30248E+05
4e(5318BE+(5
2e46TH0E+05

J ToTal, = 3.6434B6E+10

ME AN=SWUARED FLANCKR MFAN OPACITY =
1 /RUSSELAN|) MEAN=FREE=PATH =
I PRIME =

1.58228E200
3.369R6E=(y
1.04145E+0]

PLabhCh MEAN OPACITY = 4e98%5/0E=0)
RUSSELAND MEAN~FREF=FATH = 2.96748E+«00
MEAM=SWUARE(}  ROSSFLAND MREAN=FREE=PATH = 9,86299L+(0



TOTAL OPACLITIES AMU VULIME EMESSIUN 60

9550638 +03
1e12942E+04

S.01206k-01
Se39990E=01

de2TUHIE*UD
2e59u42E + UL

lw]
& TEMFFRATURE =  hma0QOUDE+0 CAH MASD RATID = 9.00000F=0¢ PHESSUKRE = S.00000E+02
S
UME GA TOTAL MU HiweT) J
T«819006F+(3 Ge UG (IR9E=~ ) leBaHUGE+Lb T« 54 THE +US

1.13B814E ¢+ 06
1+39880F+06

1e3p318E+04 Sea2h9P4E-0L e 19HpOE*UL 1«47993E406
1470935 +04 4.,90411k=-p1 2.89737E%0b 1442090F 06
165069E+04 4,50H49E=01 2e90059E+U0 130773E¢06
142445t +04 4.23049E=01 2eli242a4E+Ub 1+19479F*06
199821E+04 44 U4YRIE=D] ZebBB4GTE*(O 1« 0R792F+06
2e1T196E +04 3.8399]1k=-01 2.950506E+00 G.E1922F+0%
2e345T2E 444 44 309RTE~(1 2+.29608E+ UG 9.89512€+05
2+9194HE +04 3.0H381E=01 Z2+s0731TE+UD 6.39328E+05
2eb49323F +04 2e19530E-01 l.bai32E+00E 5.16382F+05
2eHaO9IE+(4 PeblH41E~(] 1.626HYE+UB 4 43%260F+05
3«0407BE+04 2+DHH15E-01 l.41/85E+06 3.66534F+05
3¢2)1450£+04 2.84191E=01 l.2241]E+06 3.47881F+05
3.38H26E+04 2430521E=-01 1.04/7/93k+06 2+41569F+05
3.56202E+04 2.32714E=01 BY0243E+UD 2+07T17T2F+05
3.735THE+ 04 2e42493E=01 T.51022E+U5 1.HB211RE+05
39095 3E+(4 2+601984E-01 6,29546k+05 1.6«9315*05
4. 0R329F+(4 3.016P9L~01 5.24b42E+0U5 1.98247F+05
44.25T05E+04 3.97935E-01 4,34H7BE+US 1.73053F+05
4.43080E+04 4+545H0E-0) 3.5B6BTE+UD 1.63052F+05
4.00456E + 04 6. 1998A8E~01 2.94494E+05 1.82583F+«05
4477832k ¢ua BedOUT4E=~0] 2H40763E+05 2+ 0IRGGE+05
S 12583E+04 lel825%62E+00 1590708405 2:50400E+05
S5«20959E+ 04 ZeTTYGIE+ QU le2HOIGE*05 3575396+ 05
5¢4T335E+04 443] 34S5E+00 1.03657E+05 44T119E+05
S5¢64TT0E*+04 T01671E+0C Be32903E+us S:84424F« 05
5.H2086E+04 1409 046E+0L 6.67356E+04 Te27T24F+05
5499462E +04 1«580aBE+p1 Se332H6E+04 Be43117F205
6. 168B3TE+04 1e63241E4+01 4e2950TBEY U4 6:93902F+05
be346213E+04 1+5H0G4E+01 3.3B021E+04 S5«34390F +05
6+519589E+ 04 1:52692E401 C+HBLIHIEY VS 4+ 09503F + 05

1417907E+01L e 12330E*04 2+50352E+05

6. HHIGLE +14

J TOTAL = 3.66398E+10

PLARCK MEAN OFACTITY =  S.7RS73E-0) MEAN~SWUARED PLANCK MRAN OPACITY = 1,6P%21E+0p
ROSSELAND MEAN=FREF=PATH = 2.7/4073HE+00 L/ROSSELAND MEAN-FREE~FATH = 3,649]13E-01
MEAR=SQUAKED  ROSSELAND MPAN=FRFL<PATH = B,4R412E+00 I PRIME = 9.,0B149E+00



9-d

1 MEERATURE =

OME G
TeH19006F +03
Yehh663E+1y3
1o12P942E v 04

He HOUUOF +U 3

Ful sl

C/Ht MASS KAl =

TOIAL MU
Tahh34p3k+0U
17231 7R400
1e28142E+00

Sel)

UFALLITIES Amb VOLUME EMISSTUN

N00LL=-04

H{vsel)
1.H4609E +Ub
Z2e2TUHIE*UL
2.B9042E+00

FPHESHURE =

61

1.00000E%03

J
l«%1246F+06
2+ TTTRBEXU6
3.31941F+06

ledy3lut+iga 1o a4 HO3E+G0 2. T9UYOE*ULE . 4936TF+06
1e4T0Y3L+04 lel /%46E+0U 2 BI9T3TE+0G 3.405T4F+06
le506YE +04 1aU92SIE+ UL 290059k U 3.16892F+06
1eBZ445E+ 04 1«0 T T9R+ 04 2828240 %00 e Rab24F+ U6

1+99821E+* 04
2e1T196L+(4
20345(2".’."’04
251940+ 04

Ye23200E-01
Ho 5(1186&-01
HaZOlHlE~D1
le 390ATE-0!

2+.6B04TE *U0
Z2eHOSY6E*VO
2eZ9LBE YLD
2.07J17E+0E

2e4AGISF+006
2+ 148480E+06
1.89698E+06
1.53387F« 06

2+69323E+04 beHb g TE=~G1l e84 /732E+ 00 le27160F¢06
2eBHOIIE+04 6eO08aTE-Q ] 1+ 620GHYE* UG 1+ 068B62F+06
304 0TSE + 04 Ge22127TE-0 141 785F+Ub H:8P080F+ V5
3.21450L %00 6s11113E-01 le224 )11k * UG T 4HOH6IF 05
Je3HH26E 04 S5 B5HBRIE-(] 1+04793E+006 Hel14TO3F+05
3+06202 +04 6.038798-01 HBe0243E+0b 5« 37599F + (5
3.7T3ISTHE* (4 6.43/8TE~-0I T.51022E+05 4+8349BE« 05
39953104 Tel24206-01 6.29546L 705 4« 4HS01E*+05
44 083IZ9F * G4 Hea0222k~-01 Be24b42E+US 4.40B16E+05
443080k 04 1e302B0E+0U 3.5H68TE+05 4.6T299F (5
G.60456L+04 1 .HB2695E+00 2e944G4F + (5 S5.38026E4+05
4.,17832E+04 7« DHYSYE O 2.40763L+05 6. 1REBPE+OS
4.95207E+04 3.662HBE+QO 1.96060E+U5 TlR143E+05
5.1259583F+04 5e THOGKESDU 1990708 +05 9.,20369E+05

5.29959E+ 04

B.87933E+00

1.2BL1SE*UD

1+14202E+06

S.4T7335E+04 1.38357E+01 1 0IOBTE+US 1.43417E+06
S5¢647T10E+04 2e25TR3E~0] Be32903E+04 1.88056F+96
S.H20HbL+ U4 3.51575E+01 6.bT7T3%6E+04 2e346P6E+06
5.99462F+04 Hal036BE4+01 H.332H6E*04 2+T2170E+06
b«1683TE+04 BabB60E+0] 44.2507BL*04 2+73532E+06

be34213E+04
be515HYE ¥4
he6HP964F* (4

S.0/aiSE+0]
4.89415E+01
3. OZ92E+ ()

3.3BUZ2IE* V4
2ebH1B9E+04
2e12330E%04

1.TI6T2E+06
1e31256E+06
T+9RYEPE+05

J TOTAL = 9e51525E+ 10

ME aN=SWUAREL FLANULK MEAN OPACLITY
L/ROSSELANI MEAn=FREE-PATH
Jea&aQl2L*¥00 I FRIME

PLAKRCK Mban OFACTITY =  J+3726%9E+00
ROSSFLAND HMEaN=FKFF<«PATH = jol35a6bk+400
MEAN=SWHARED  KOSSELARND MEAN=FREE=-PATH =

1.60396E+01)
R.A0TOlE=-0D)
10493775"00

it nn



TOlat DPACLITILS AN YULOME EHM]SSTUN 62

TEMPERATURE = #.000U00E+03 C/ZH MASS HATIO = 1,00000tL-07 PRESHUKE = 1.00000E+03

UME LA
Tetd1Y06E+1)]
YerGHHIE+LI
L« 12942E+04
1o 30318F+u4
] e47693F+04
1650695 +04
1eB2445F +1)4
1a998218 404
2-17196E+U4
2345 2E+yu
2+51948L+u4
2.09323E+04
2+86099E+1)4
3.040T7SE+04
3.21450E+04
3.IRB2RE+04
3.56202F+04
3.73578E+04
3.990953E+04
4.0R329E+04
425T05E+04
4e43080F+04
42.00456FE+04
4« TTHB32E+04
4.95207TE+04
S« 17%H3E+)4
S5« 29959E+ 04
5-47335t+04
S5.04T1pL*04
SeHPOHOE + )4
599462k +04
be i6B3TE+ (4
6e 3421 3L+04
e ] SHIE+ 4
beHHYBGE+ 4

fUltag ™y
1« D I39YRE QU
le23E1 L+ G0
1o 2Y21HE+ QU
l.2593ht+UU
lelidnBE«OU
| s VYH4BE« OV
l+01366E+00
9e3OBHPE=-OL
HabhlglE~0l
,.qbif)BE“‘O!
h,92375E-01
6.60%39BE-01
6.28398E-01
be3047SE-01
5.88708E-01
6e)58B61E-01
bea5812E-01
Te15126E-01L
HoetblO9E=-(1L
1.02178E+00
1.3309%E+00
1.8637TE+0V
2.00166E+04
3.6H145E+ 00
B T9311E+00
HeBHIZ1E+(u
l1.3H8384E+01
ce28150E+01
391509+ 01
S«l0261E+01
5.25909E+01
5.08210E+01
4.700a8E+01
T /T7112E+01

HiwWeT)
le8Bady9t+0ob
P2 TURIL*Ub
ZeHY9a2E 406
2.798u0L*Ub
2.89T737L*UL
2.90059L+U6
PoH24240+00
CeOBOGTE+UD
2+509506F+00
2+ 29008F* 00
20731 7LE+0G
1eB4 737406
1e62089F +00
la417H5E+V0
12241 1F+00
1-04!93h+0b
B.90243L+05
TaS1022i+05
6.29546E+U5
54 24062E+0b
43487605
3.080RTE+0YS
Le94u94E+0b
2e440763E+05
1496060L*U%
1.590TnE+05
le2B0DISE+0YH
1.036057E+05%
Be.32703E*Us
6.67356L*04
5¢332K86L*u4a
4o 2BUTBE* VA
3.38021E+u4
CabBLAYE Y4
2e12330L %04

J
1422 19HF +006
2« T9560F <06
1.341729€+00
3.57368F+06
J+a4P921E+Ub
3.1R625F+06
2.86281F+06
2+50078BE.06
2+16%13F+06
le9RTFIF+06
| «54B1BE+06
127T204E+06
1.07472E+0b
Be909T2F+05
T«TYTITOF+05
ha16923F+05
5.39364F+05
4+BS019E+US
4+50204F+05
4« 43905F+05
44%4434TF+05
4o TTIGSE+ D5
S¢4B868E+05.
be263B84F+ 05
T«21784E+05
9.2150TE+05
1.14226E+06
1le43414E+06
1«8BRO32FE+06
24345B2E+06
2«17115E+06
2+235853E+06
le TVTBAKE+ 06
1«31431E+06
Be00T7T23FE+05S

JIOIAL = 9.98324E+10

PLANCK MEAN OPACIIY = J.3u250k+00 MFAN=SWUARED HLANCA MEAN OPACITY = 1.60687k+0)
ROSSELANL MEAN=FREE=FPATH =  1a.12292E+00 1/ROSSELAND MEAN~FREE=PATH = H,90R32E-01
MEARN=SQUARED  ROSSFLAND MEAN=FREE=PATH = |,41793b+00 I PRIME = 1.46191E+0¢



L9-a

TOTAL QPACITIES ANU VULUME EMISSIUN 63

TEMPEKATURE = 8.00000E+03 C/H MALS RATIO = b5.00000E-02 PHRESSURE = 1.00000E¢03
OMEGA TOTAL MU Bi(weT} J

T.81906E+03 1.1246TE+00 1.,84809E+«00 2+07849F +06&
9.55663E+03 1438142E+00 Ce2TOB1E* 06 3.13693E¢06
1+412942E+04% 1+51253E+00 2.59042E+06 3.91810E+06
1¢3031BE+04 1.47815E+00 2.79800E* 06 4+13586E+06
1o4T7693E+04 1+ 33415E+00 2.,8B9T37E+06 3.865%51E+06
1405069E+04 1.19188BE+00 2.90039E+ 0606 3.45T16F+06
1.82445E+04 1.10735E+00 2.82424E+406 3.12742F+«06
1.99821E£+04 1.06880E+00 2.6B64TE+0D 2¢8T7T129F+06
2+17196E+04 1.02014E+00 2.50506E+06 2+55552E+06
2¢345T2E+04 1.19469E+00 2+2960BE*06 2¢7T4309E406
2.51948E+04 8.06662E~01 2.,07317E+06 1.67235E+06
2.69323E+04 T.26910E~01 1.B4T3I2E* (6 1.34284E+06
2.BH699FE«04 6,92277E~01 1.62689E¢06 1.17626E+06
3.,040T7T5E+04 6.769¢1E~Q1 1.,41785E¢06 9.59741F+05
J.21450E+04 TeT4491E~01 1.2241)E+06 9.4R060F+05
3«38826E+04 6.08511E-01 1.04793E+06 6.,37675E+05
3456202E+04 6+ 26452E=01 B.90243E+05 S5«57694E+05
J.735T8BE+04 6.68880E-01 7,51022E+05 5+02344E4+05
3.90953E+04 Te46)T6E~G) 6.29546E¢05 4+69752E+05
4¢08329E¢04 9.04602E~01 5.24642E+05 4. 745%93E+05
4.25T0SE+04 1+ 28HSTE+00 4,34B76E+05 5.60366E+05
4.430B0E+04 1.56322E+00 3.586B7E*US S.60708E+05
4.6045bE¢04 2e16672E+00 2+94494E¢05 6«3R0BAE+05
4.T7TBIRE+ 4 2.883T6E+00 2+40763E+05 6:.94303E4+05
4.9520TE+ 04 3.88197TE+«00 1.96060£¢05 T«+61098BE+(5
5412583E+04 S5.93618E+00 1.59070E+05 9.44266E¢05
5.29959E+04 9,02891E+00 1.,28615E+0% 1.16125F¢06
5.4T335E+04 1.40370E+01 1+40365TE+0S 1+45503F£+06
S5.64T10E+04 2.28614E+01 H,32903E+0¢ 1-90414E+06
5+8208B6E ¢ 04 3.55475Ef01 6.67356E+*04 2¢3T229E¢06
SeF9462E+04 5.15537€+01 5.33286E+04 2.T4929€+406
6.1683TE+04 5.,33810E+01 4.25078E%04 226911E+06
65.34213E+04 5.19348E401 3.38021E+04 1+TR551E+06
6+515B9E+04 S5¢04223E+01 2+68B189E+04 1.3522T7E+06
6+6HIGLE+DS 3.91782E+01 2.12330E+04 B.31878E+u5

J TOTAL = 1.05280E+11

PLANCK MEAN OPACLIY = Jo51HT9E+Qp MEAN=SWUARED PLANCKR MEAN OPACITY = 1o68915E«0]
ROSSELAND MEAN=FREE~PATH = 1.01024E+00 1/ROSSELAND MEAN-FREE=PATH = G,R9R61E-0)
MEAN=SUUARED  ROSHELAND MEAN=FREE-PATH = |,16371k+00 I PRIME = {,2P963E+0¢


http:4.74593E.05
http:5902344E.o5
http:1.1?6?6E.06
http:3.1?742F.06
http:4.25078E.04
http:1.0688OE.Oo
http:1.51253E.oo
http:8,UOOOOE.03
http:6.51589E.04
http:6.34213E.04
http:5*29959E.04

89-a

TEMPEHATURE =

OMEGA
T«B1906E+03
9¢55663E+03
1¢12942E+04
1¢30318E+04
le&T693E+04
1+65069E+04
1¢82445E+04
1499821E+04
2+17196E+04
2¢345T2E+04
2e91948E 04
20693Q3E*0‘
2+86699E+04
3.04075E+04
3.21450E+04
3+38826E+04
3+.56202E+04
3.73578E+04
3490953E+04
4+0B329E ¢ 04
4+25T05E+¢04
4e43080E+04
4.60456E+04
4. TTB32E+04
4e9S20TE+ 04
5e12583E404
5.29959C+04
5.47335E+04
5-64710E‘04
S«B20B6E+(04
Se99462E+04
6.16837TE+04
6434213E+04
6.515B9E+04
6.68964E+04

PLANCK MEAN OPACITY =
ROSSELANL MEAN=FREE=-PATH =
MEAN=SWUARED ROSSFLAND MFEAN=FREE~PATH

100000E+04

TOTAL OPACITIES AND VULUME £M[SSIUN

C/H MASS RATIO =

TOTAL MU
1.68778E~01
1.88647E=(1
1.88002E~01
1.81299E=-01
1+ 76669E=01
l+62148E=01
1. 0H584E~01
1.35267E~01
102470‘8“01
1.14940E=-01
1,06272E-01
3.B1056E~02
1.11755E~-01
1-03848E-01
9.72742E~02
9.02638E~02
B« 35849E~02
7-81522E-02
T«46169E~GE
T.23510E-02
T+13736E-02
T.26505E~02
T4 T15829E~02
B8+63513E~02
9.78371E~02
1.20763E=-01
1¢51674E-01
1.98176E-01
2.75683E~-01
3.7544TE=-Q]
44,85288E~01
4.57371E-01
4.,0408BE~01]
3.58985E=01
2.62420E~01

J ToTAL =

1+32930E~01

G.131G3E+00

5.00000L~03

B{wsT)
2.T368TE+* 0D
3+51758E*Ub
4,20701E+00
4.TT425E+006
5.20408E+00
5.49347E+00
S.64844E+00
568123E+06
S«60TB9E+D0
5.44634E+(0
5.2148BTE+006
4,93104E+06
4461095€+06
4+26BT9E+06
3.91660E+06
3+56430E+006
3,21973E+06
2.888R6E+06
2¢5T595E+ 06
2+283BBE+06
2401430E+006
1+T6792E+006
1.54469E+006
l1e34401E< 00
1.16484E*06
1.0058BE+06
B.65656E¢05
Te42004E405
6+35134E+05
De41686E+05
4.607T6DE*0S
3.,3091TE+05
2+T94BQE*DS
2+35536E+05

2+2B935E+10

MEAN=-SWUARED PLANCK MEAN OPACITY =
1/RUSSELAND MEAN=FREE=PATH =
9.29156E+01

PHESSURE =

64

100000E¢02

J
44619264E+05
6¢63580E¢05
Te90926E+05
Be65569F + 05
9+19398E+05
B8490753E+«05
B439266E+05
T+684B5E+05
6+991329E+05
6.26004E+05
5.54193F+05
4.83763F+05
Se15299F +05
4.43305E*05
3.,80984E+05
3.21727TE*05
2+69121E+05
2:25TT1E+0S
1492210E+05
1.65241E+05
1.43768BE+05
1e28440E+05
1+19842E+05
1+1605TE« 05
1.13964E+05
1.21473E+05
1+31298BE+05
1+47166E¢05
1« 75096E+ 05
2¢03375E+05
2¢23602E+05
1. 7T8B06E+0S
1.33T720E+05
1.00329E+05
6.18093E+04

2¢09851E~-Q2
1+ 09506E~01
= 1+015T4E+Q2


http:6.18093E.04
http:4.25705E.04

69-d

TOTAL OPACITIES ANDL VOLUME EMISSIUN

TEMPERATURE = 1.,00000E+04 C/H MASS RATIO = 1.00000k=-02 PRESSURE = 1l.00000E+02
OMEGA TUTAL MU H(WsT) J

T.81906E+03 1.6885%£-01 2.T368TE+06 4.,6P2132E+05
9.556636+03 1.,88650E-01) 3.51758E+06 6.63591E+05
1¢12942E%04 1.87985%E-01 4420701E+06 Te90856E+05
1430318E+04 1.81274E=01 4, TTH25E+06 84+65448E+05
1e4T693E+04 1.76637E=01 5.20408E+06 9.15234FE+05
1 «65069E+04 1.62118E=01 S.,4934TE+06 8.90592F+05
1+82445E¢04 l1:48561E~01 Se64844E+06 B+39140F¢05
1.99821E+04 1.35256E-01 S«68123E+06 T«68420E4+405
2+17196E+04 1.24702E-01 S.60789t+ 06 6.993)12E*05
2¢34572E+04 1.15084E~01) De44bILE*UO 6.26624E+05
2+51948E+04 1.,06286E~01 S5.21487E+06 S.5426TE+ (S
2+09323E+04 9.81164E~02 4.93104E+06 4,83B16E+05
2+B6L99E+ ()4 1.11762E=-01 4,61095E+06 S.15330E+05
3.0407SE+04 1,03872E~-01 4,26879E¢06 4,43406E+05
3.21450F+04 9,736412F=02 3.,91660E+06 3.81246E+05
3.38H26E+04 9.0628B03E~02 3.56430E+06 3.21786F*05
3.56202E+04 8.36033E=02 3.21973E+06 2.69180FE+05
3,73578E+04 T.81729€~02 2.,88886E¢06 2+25830F+05
3.90953E+04 Te46386E=02. 2+5T595E+06 1.92266E+05
4.08329E+0¢4 1.23732E=02 2.28388E+*06 1.65291E+05%
4.25TOSE*04 Tela017E~02 2.01430E+06 1+.43824E+05
4.43080E+04 T.26701E~-02 1. 76T92E406 1.28475F+05
4eb604S6E+ 04 T+ T5974E-02 1.54469E+06 1+19864F 05
4o TTHIZE+ (4 B.63579E=-02 1l.34401E+06 lelG066E+(S
449520TE* 04 94 TB33TE=0C 1,16484E+06 1.13960E+05
S5¢12583E+04 1.20740E=01 1.0058BE*06 1:21450E+05
S5.29959€C+04 1+51626E=01 8,65656E+05 131256E+05
Se47335E+04 1.98090E=01 T:42604E+405 1.47102E+05S
5+64T10E+ 0% 2+15533E=01 6.35134E+05 1:75001E+05
S«B2086E+04 3.75215E=¢1 5.41686E+05 2+.03249F+ 05
Se99462E¢ 04 4+84965E-01 4.,6pTOOE*US 2+23453F+05
6+16837E+04 4.57082E-01 3+90942E%05 1.78692E+05
6+34213E+04 4.03852E~01 3.3091TE*(S 1+33641F+05
6:515H9E+04 3.58791E=-01 2.T9480E+05 1+00275E+05
GeHEIORE* 04 2+62309E-01 2+35536E+05 6¢17832E+04

J ToTAL = 2428940E+10

PLANCK MEAN OPACITY = 1032933E~0) MEAN=SUUARED PLANCK MEAN OPACITY =  2,09910E-0>
ROSSELAND MEAN=FREE=PATH = 9.13032E+00 1/ROSSELAND MEAN-FREE=PATH = 1,09%25E=01}
MEAN~SQUARED ROSSELAND MEAN-FREE<PATH = 9,28753k+0] I PRIME = 1,01530E+07


http:I,0o275E.05

TOTAL OPACITIES AND VULUME EMISSIUN 66
TEMPERATURE = 1,00000E+04 C/H MASS RATIO =  5,00000b=02 PRESSUKE = 1.00000E+02
OMEGA TOTAL MU BiWweT) J
7+81906E+03 1.6947BE=01 2.T3IGHTESD6 4.63B38F+05
Y.55663E403 1.88847€~-01 3.51758E+06 6.64285E+05
1:12942E+04 1.88137€E=01 4,20701E406 7e91494F ¢ 05
1+30318E+04 1.81378E-01 4,T1425€+06 B+65946F +05
1e47693E+04 1,7663TE~01 5.20408E+06 9419234E4+05
1+¢65069E+04 1.62075E=01 54934 TE+06 8.90351F+ U5
14824456404 1.48562E=01 Se64B44E*06 B+39141E+05
1.99821E«04 1¢35362E=01 5.68123E¢06 T«69023E+05
2+17196E+04 1.24900E~G) 5.60789E+06 T+00422E+05
2¢345T2E+04 1s16094E=01 Se44634E406 6+32289E+05
2+51948E+04 1.06478E=0) 542148TE*06 5.5526TE+05
2+69323E 04 9.82726E=02 4,93104E+06 4.845BTE+05
2+86699E+¢ 04 1.11883E~01 4461095E406 5+15B8TE+ 05
3.0407S€£+04 1.04120E=01 4.26BT9E+06 4o M5H64E405
3.21450E+04 9,7T9303E=-02 3.,91660E+06 3.83553E+05
3.3BH26E+04 9,04693E=02 3.56430E*06 3.22460E+05
3.56202E+04 B, 38094E-Q2 3.,21973E+06 2+69B44E+ 05
3+473578E+04 T+83985E«02 2+8BHB6E*06 2+264B2E+05
3+90953€+04 Te4BTTI5E~02 2457995E+06 1.92881E+05
4408329E¢04 7.26237TE=02 2+28388E906 1+65864E+05
4425T05E+04 T.18616E~02 2+01430E+06 1e44751F+ 05
4+430B0E+04 T.29292E=02 1.T6T92E+06 1+28933E+05
4.b60456E+04 T.T8368E~02 1.54469E+06 1420234E+05
4477832E¢04 8.,65T0SE~02 1.34401€E+06 1¢16351E+05
449520TE+04 9.80146E=02 1.16484E406 1+14171E+05
5.12583E+0#4 1.20839E=01 1.00588E+06 1.21549€+05
5 .29YS9E +d4 1.51638E-01 B+65656E¢05 1¢31266F+05
547335E404 1.97971E=01 Te42604E+05 147014E+05
5+64710FE¢04 2475144E=01 6435134E+05 1eT4754E+0S
5.H820B6E+04 3.74462E-0] 5.41686E+05 2.028B41E+05
5.99462E+04 4 HB3T98E=-01 4,60760E+05 2e22915E+05
6e1683TE+04 4,56386E~01 3.90942E+05 1.78B420F+05
6+34213E+04 4,03697€=01 3.30917E+05 1+33590E+05
6+51989E 404 3.58974E=01 2+79480E¢05 1+00326F+05
6+6BY6HE+DS 2+63011E~01 2435536E+05 6.19484E+04
J TOTAL = 2429296E+10
PLANCR MEAN OPACITY = 1433140E=01 MEAN=SWUARED PLANCK MEAN OPACITY = 2,10294E=0p

HOSSELAND MEAN=FREE=PATH = 9,1061HE+00 1/RUSSELAND MEAN«FREE=PATH =
MEAN=SQUARED ROSSELAND MEAN-FREE-PATH = 9,23310E¢0) 1 PRIME =

1+09815E=0}
1¢00907E+07



i.-a

TGTAL OPACITIES AND VULUME EMISSIUN

TEMPERATURE = 1.00000E+04 C/H MASS RATIO = S.00000E=023 PRESSURE = 5,00000E+02
OMEGA TOTAL MU B(WsT) J

T+81906E+03 1.70741E400 2.73687E4+06 4+6T295E+06
9,55663E+p3 1.914464E¢00 3,51 758E406 6.73421E+06
1¢12942E+04 1:94704E+00 4+20701€400 He19122E+06
1430318E+04 1.88803E+00 G4TT425E+06 9.01393E+06
le4T7693E ¢ 04 1.80876E+00 5.20408E¢06 9.41291E+06
1.65069E+04 1.67611E+00 5.4934T7E+06 9,20T6SE+ 06
1+82445E404 1.54529E+00 S+64844E406 Be17849F+06
1.99821E+04 1.41397E+00 5.68123E+086 8+03310E+06
2.17196E+04 1.30984E+00 S5¢60TBY9E+06 T+34542E+06
2.34572E+04 1.21268E+¢00 S.44634E406 6.60468E406
2+51948E+04 1.,12399E+00 5.21487E+06 5.86)48F *0b
2.69323E+04 1,04189€+00 4,93104E+06 5¢13762E+06
2.86699E+04 1.06981E+00 4,61095E£+06 4+93145E+06
3.0407SE+04 9.95101E~01 4,26BT9E*06 4e246TBTE+06
31.214506+04 9,36909E=01 3,91660E+06 3.,66949E*06
3.38826E+04 8,84214E=01 3,56430E+406 3.15160E+06
3.56207E+04 8.46359E=D1 3.21973E+06 2«72505E+06
3.73578E+04 8,21234E=01 2.BBBRGE+ 06" 2+37243E+06
3,9¢953E+ 04 8.21654E~01 2.5T595E406 2+11654E+06
4+0B329E+04 Bes35718BE=01 2.283B8E+06 1+90B6BE+ (6
4e25T05E+04 Bs7301BE=~01 2.01430E+06 1+ THB52F*06
44430B0E+04 G,54509E~01 1.7T6T92E+06 1.68T7T49E+06
4+ 60456E+04 1.11378E+00 1+54469E+06 1+ T704%E+06
4o TTB32E+04& 1.35791E+00 le34401E+06 1:82504E+06
4.9520TE* 04 1+66550E+00 le16484E+06 1.94004E+06
Se12583E+04 2+24164E¢00 1.00588E+06 2+25482E+06
5429959+ 04 2:99994E£+00 8,65056E+05 2.59692F+(6
Se47335E+04 4,11983E«00 T+42604E+05 3.05940FE+06
S5+64T10E+ (4 5.95369E+00 6435134E405 3. T8)139E+ 06
5.82086E+04 B8430447E+00 Se416B6E+05 44984 2F+06
5¢99462E+ 04 1,08917E+01 4,60760E+05 5.0184BE.06
6+ 1683TE+04 1.02601E+01 3.90942E+05 4.01110E+06
6e34213E+04 9.03371E+00 3.30917E¢05 2+98941F+06
6+515B9E+04 7:99625E+00 2.T9480E +05 2+23479E+06
6.,68964E+04 5.75515E+00 2+35536E+05 1+35554F+06

J TOTAL = 2.68973E+11

PLANCK MEAN OPACITY = 1e456178E+0p MEAN=SWUARED PLANCK MEAN OPACITY = 4,12254E400
ROSSELAND MEAN=FREE=PATH = 8,19927E-01] 1/ROSSELAND MEAN=FREE=PATH = 1.21962E+00
MEAN=SQUARED ROSSELAND MEAN=FREE~PATH = 7,65292E~01 I PRIME = 7.66235E=01


http:4.12254E.00
http:2.98941F.06
http:1.35791E.00
http:1.80876E.00
http:1.30318E.04

eL-a

TOTAL OPACLTIES AND VULUME EMISSIUN 68
TEMPERATURE = 1.00000E+04 C/H MASD RATIO = 1.00000E~02 PRESSURE = 5,.,00000E+02
OMEGA TOTAL MU Biw,T) J
T.81906L+03 1.70776E+0DV 2.73687+00 4.67391FE+06
JeH5063E+03 1:91520E+00 3.91758E¢+006 6¢73688FE+06
lel12942E+04 1.94832E+00 4.20701E%V6 B+10661E+06
le3p31BE+(4 1.88942E+00 44 TT425E* 086 9+02059E+06
le4T693E+04 1.809r7E+00 5.20408E+006 9.418T73E+06
1.65069E+04 1.67692E+00 5.4934TE+ 06 9+21209E+06
1.82445E+04 1 .54595E+00 5.64844E4006 B.73218E+06
1.99821E+04 1441465E+00 5.68123E+06 B.03696E+06
2:17196E+04 1431056E+00 5.607TH9E+ VG Te3494TE+ 06
2¢345T2E+04 1.21600E+00U 5.44634E400 6.62274E+06
2:5194BE+ 04 1.12485E+00 5.,21487t+06 5.86596F+06
2469323E+04 1,04257E+00 4.,93104E+06 Se14094E+06
2+86699E+04 1.07013E+00 4,6109SE%06 4+93433F+06
3.04075E+04 9.96007E=01 ho,206879E+06 4.25174E+06
3421450E+04 9.38750E=01 3.91660E+06 346T671E+06
3+38826E+04 B+B4TRTE=(] 3.56430E+06 3.15365E+06
3.56202E+04 Be46926E~01 3.21973E%06 2+.T2687F+06
3.7357BE+ 04 8.21805E~01 2.88886E+06 2+37408E+06
3490953E+04 B.22223E~01 2+5T595E+06 2+11801E+ 06
44 08329E+04 Be36293E~01 2.28388E+06 190999E+06
4e25705SE+04 Be73758E~01 2:01430E+06 1«T6001KE+06
4¢43080E+04 9.55093E-01 1.76792E+06 1+68853E+06
4960456E+04 1411431E+00 1.54469E+06 1.72127€E¢06
G TTBIZE+ 04 1.35836E+00 1e34491E406 1482564E¢06
4e95207E+04 1+66586E+00 1.16484E+06 1+94046E+06
S5e12963E+04 2.24179E+00 1.00588E+06 202549TE*06
S+ 29959E+04 2+:99990E+00 B+65656E+05 2.596BBE+ 06
S5¢47335E+04 4s11961E+00 Te42604E¢05 3.,05916E+06
S5¢64710€E+04 5+95272E+00 6.35134E+05 3.7TBQTBE* 06
S«H2086E+04 B8.30262E+00 5.41686E+05 4.45TA2E* 06
5+99462E404 1.08889E+01 4460T60E+0S 5¢01716E+06
6+1683TE*04 1.02589E+01 3.90942E+05 4.,01063E+06
6434213E204 Fe03429E+00 3,309 TE+05 2+98960E+06
6.51589E+04 T«99791E+00 2+7T94BOE*05 2+23525E+06
6.68964E+04 5,75830E+00 2+35536E+05 1+35629F+06

J 10TAL = 2.69126€+11

PLANCK MEAN OPACITY = 1456267E+0p MEAN~SWUARED PLANCK MEAN OPACITY = 4,12452E+00
ROSSELAND MEAN~FREE=PATH = B8.19275E=01 1/ROSSELAND MEANFREE=PATH = 1.22059E+09
MEAN«SQUARED ROSSELAND MEANFREE=PATH = T.64028E=0) I PRIME 3 74,65035E£-0)


http:5,75830E.00
http:6,1683lE.04
http:108889E.O1
http:l.65069E.04

£L-d

TOTAL OPACITIES AND VULUME EMISSIUN 69

TEMPERATURE = 1,00000E+04 C/H MASS RATIO = 5.00000b=02 PHESSURE = S5,00000E+D2
OMEGA TOTAL MU BiWwsT) J

7.81906E+03 1o 7T1977E+00 2.136BTE06 4o7067BE+06
9.55663E¢03 1493476E+00 3.51758E¢06 6+8056BE+ 06
1412942E+04 1.97753E+400 4420701E+06 Be3194TE+V6
1+30318E204 1.91916E+00 4,77T425E%06 9. 1625TE+ 06
1.4T693E+04 1.83038E+00 S.20408E+006 G.5254T7E+06
1¢65069E+04 1,6B692E+00 5.4934TE+06 9426TOSE+06
14B2445E+04 1+55039E+00 S.64844E+06 B+ TST30E*06
1e99821E+04 1.41841E+00 5.68123E4+06 B.05B29FE+06
2e1T196E+04 1+31507E+ 00 S.,60TB9E+06 Te3T74T4E*06
2¢34572E+04 1.23870E+00 5.44634E%06 6. T4BITE+QH
2+5194BE+04 1.12787E+00 S.214BTE*0b 5.BR171F*06
2¢69323E+04 1.04434E+00 4.93104E+06 S¢14968E+06
2+B6699FE+ (4 1.07187E+00 4.61095E206 4e94234FE¢06
3e0407SE+04 1.,00019E+00 4,26879E%06 4,26958BE+06
3.21450E+04 9.50377E~01 3.91660E*Lb 3.T72224E+06
3.,38826E+04 B,87221E=01 3,56430E+06 3.16232€+06
3.56202E+04 Be#983TE~0L 3.,21973E+06 2+.73625E+06
3. 73ST8E+0G4 B.25499E-01 2+BBBAGE*0DL 2+3B449E4+06
3490953E+04 B.26657E-01 2.57595E+06 2+12943E+06
4.08329E+04 B.41885£«01 2.2838BBE*06 1492276E+06
4.25TOSE+04 8,85432E=01 2.01430E+06 1+ T8352E+ 06
4o430B0E+04 9,64035E€+01 1.T6TY92E*06  1¢70433E+06
4.60456E+04 1.12525E+00 1.54469E+006 1473B17E+06
4, TTB32E+04 1e37204E+00 1.34401E+06 1+84402E¢06
4e95207E+04 1.68368E+00 1416484E+006 1496122E*06
5¢12583E+04 2426522E+00 1,00588E+06 Z2+27B5&E+06
5e299SOE+ G4 3,03277E+00 Be65656E+05 2.6P2533F+06
S+47335E404 4416598E+00 Te42004E+05 3.09367E*06
Se64T10E*04 6eD1536E+00 6435134E+05 3.82056E¢*06
SH2086E+04 Be38402E+00 Se41686E+05 4+5415)1E+06
5. 99462E+04 1+09896E+01 4.,60T60E*05 S« 06359E+06
601683TE+ (04 1.03989E+01 3.90942E+05 4, 06420E+06
6«34213E%04 9.20061E+00 3.30917E+05 3.04464FE+06
6+51589FE+ 04 Be17603E+0¢ 2+ T94BOE+05 2+28503E+06
6s BBIGLEC 04 5493791E+00 2.35936E+05 1« 39B59F+06

J I0TAL = 2.71533E+11

4.21728BE+00

PLANCK MEAN OPACITY = 1a5766at+0p MEAN=-SWUARED PLANCKR MEAN OPACITY =
ROSSELAND MEAN=-FREE=PATH = B8.1376T7E«0l 1 7/RUSSELAND MEAN-FREE=PATH = 1,2288Y9E+00
MEAN=SQUARED ROSSELAND MEAN=FREE-PATH = 7,54326E~(01 "I PRIME = 7,54B75E=0}



¥L-C

TOTAL OPACITIES AND VULUME EMISSIUN

TEMPERATURE =  1.00000E+04 C/H MASS RATIO = %.00000E~03 PRESSURE = 1.00000E+03
OMEGA TOTAL MU Bi{wWwsT) J
TeB1906E+03 4,60839E+00 2. TIOETE+VG 1.26125E+07
GeH5663L 403 5.12927E+00 3,51758E+06 1.80426E+07
14129426 +04 5,22913L+00 4.20701E+Ub 2.19822€+07
130318 +04 Se06460E+G0 4o TT425E*06 2.41797E+07
1.47693E+04 4,82610E+00 5.20408E+06 2+51154E407
1.65069E404 4+47990E+00 544934 TE+06 2.46102E+07
1e82445E¢04 §,134T74E+00 S5.64844E¢06 2.3354B8E+07
1+99821E+04 3, 78763600 S+68123E¢06 2+15184E+07
2¢17196E404 3.51321E+00 5,607B9E* 06 19701 7E+07
2¢345T2E+04 3.25937€+00 Seh4b34E* U6 1+ T7516E+07
2+51948E+04 3.0234BE+00 S.2148TE*06 14576T1E+07
2469323E404 2+80849E+00 4493104E%06 1+3B48BE«0T7
2+8B60699E+04 2.81064E+00 4461095E¢06 1.29597E+07
3.04075E+04 2462109E4+00 4.26879E+06 1«11BRJEL 07
3.21450E+404 2+4T9R0E+00 3,91660E+06 9.T7123BE* 06
3+34B26E+(4 2+36154E+00 3.,56430E+006 Be#]1T25E+06
3.56202E+ 04 2.29890E+00 3.21973E+06 Te401BHE+06
3.73578E+04 2+27329E+00 2.88886E+06 6.56T20F+06
3.909S3E+04 2+33096E+00 2.57595E+06 6.00444E+06
4+0BI29E+04 2.4299TE+00 2.283BBE*006 5.5497SE+06
442570SE+04 2.61005E+00 2.01430E+06 5.25741FE+06
4443080E+04 2¢94T27E400 1.76792E+06 5421052E+06
4+s60456E+04 3.56655E+00 1.54469E+06 5.50922E+06
44TTBI2E+D4 4 ,49494E+00 1.34401E+06 6.04122E+06
4.9520TE+04% Se05T49E+00 1.,16484E+06 6.59004E+06
5.12583E+404 7.81055E+00 1.00588BE+06 7.85646E+06
5+29959E+04 1.06320E+01 BL.,65656E+05 9.20362E+06
5047335F¢ 04 1.47843E+01 T+42604E+05 1.00789E+07
Se64710E*04 2415606E+01 6+35134E+05 13693907
G5.82086E+04 3.02398E+01 5.41686E+05 1+63805E+07
5 .99462E+04 3.97917E+01 4+607T60E*0S 14B3344FE+07
6.16837E+04 3.74809E+01] 3.90942£405 1¢46529E+07
6034213E+04 3.29764E+0) 3.30917E+05 1+09125E+07
6.51589E+04& 2e91659E+01 2. T9480E* 05 B+15128E4+06
6eOBYBHE+ DS 2.09180E401 2.35536E£¢05 4492695E406
Jd 10TAL = 7.81883E+11
PLANCK MEAN QPACITY = 4453997E+0p MEAN=SWQUARED PLANCK MEAN OPACITY =  4,42410E+0)
ROSSELAND MEAN~FREE=PATH = 2+94992E=01 1/ROSSELAND MEANFREE-PATH =  3,38992E¢0p

MEAN=SQUARED ROSSELAND MEAN=FREE~-PATH = 1.,00088E-01 I PRIME = 9,65290E~02


http:1.63805E.07
http:6*59004E.06
http:1.47843E.01
http:2.27329E.00
http:5.99462E.04
http:4,77832E.04
http:1.30318L.04
http:1.129421.04
http:7.819061.03

S4-C

TOTAL OPACITIES AND VULUME EMISSIUN

TEMPERATURE = 1,00000E+04 C/H MASS RATIO =  1.00000E~02 PRESSURE = 1.00000E+03
OMEGA TOTAL MU BiwsT) J
7+81906E+03 4.61291E+00 2.7T3687E+06 1¢26249E407
9.55663E+03 Se13453E+00 3.5175HE+06 1.80611E+07
1:12942E404 S.23232E+00 4420T01E+06 2¢20124E407
1.30318E+04 S.07T172E+00 4,TT425E+06 2+42137E+07
1e47693E+04 4.83085E+00 5+2040BE+06 2¢51401F+07
1.65069E+04 4448200E+00 S.4934TE+ 006 2e8621TE«QT
1.B2445E¢04 4.1353TE+00 S5.64B44E+06 2.33584E+07
1.99821E+04 3,768803E+00 5.68123E+06 2+15206F+07
2e17196E+04 3.51370E+00 5.60789E+06 197044E+07
2e345T2E+04 3.26944E+00 Seh4bILE* 06 1« TRO6SE+QT
2¢5194BE+04 3,0245BE+00 S«2148TE*06 1.57728E+07
2469323E+04 2.80900E+00 #.93104E+00 1438513E+07
24H669GE+(4 2.81112E+00 4¢61095E+06 1+29619E+07
3.0407SE+04 2.62269E+00 4,26BT9E+06 111957€E+07
3.21450E«04 2.48493E+00 3.91660E+06 947324BE+06
3.38826E+04 2436211E+00 3.56430E406 B8.41926E+06
3.56202E+04 2+29956E+ 00 3,219T3E+06 To40396E+06
3.73578E+04 2427409E+00 2.88886E406 6¢56952E+406
3.90953E+04 2433193E+00 2+57595E+ 06 6+ 00695E+06
4s08329E« 04 2+43123E+00 2.2838BE*06 5+55264E4+06
4.25705E+04 2.61234E+00 2.01430E+06 5.26204E+06
4:43080E+04 2+94946E+00 1«T6T92E*06 5.21440E+06
4.604S6E+ (4 3.56910€+00 154469E+06 5¢51315E+06
4o TTBIAZE+ D4 4449771E+00 1434401E+06 6404494E+06
429520T7E+04 Seb66062E+00 1.16484E+06 6.59369E+06
5.12583E+04 7+81403E+00 1+00588E+06 T«BS99TE+ 06
50 29959E+ 04 1.06365E+01 B.65656E+05 9.20759F+06
5473356404 1.47906E+01 Teh2604E+09 1.09836E+07
S.64T10E+04 2.15682E+01 6,35134E£+05 1+3698TE+07
5,82086E+04 3.02486E+01 5.41686E+05 1.63853E407
S499462E+04 3.98016E+01 4460760E%05 1.83390€+07
6.16U3TE+ 04 3. T5008E+01 3.90942E+05 1+46606E+07
6e34213E404 3.30056E+01 3.30917E+05 1.09221E+07
£+51589E+04 2.91998E+(1 2+T9480E+0S 8+1607SE+D6
6e6BIOGESDA - 2409586E+Q1 2435536E405 44.93580E+06
J TOTAL = T.82449€+11
PLANCK MEAN OPACIIY & 4e54326E+00 MEAN«SWUARED PLANCK MEAN OPACITY 4e42955E+0)

ROSSELAND MEAN=FREE=PATH = 2.9a479lE-01

1/ROSSELAND MEAN=-FREE=PATH = 3,39224E+0¢
MEAN=SQUARED ROSSELAND MEAN=FREE=PATH = 9.99546E=02 I PRIME =

Qeb4069E~-Q2


http:6.04494E.06
http:2,15206E+.07
http:2,61234E.00
http:3.38826E.04

9L-d

TEMPERATUKRE =

OMEGA
TeBIY0GE+03
9.55663£+03
1+12942E+04
1¢30318E+04
144T7693E+04
1¢65%069E+04
1.82645E+04
1+99821E+04
2417196E+04
2¢34572E404
2e¢51948E+04
2.69323E+04
ZeBHOGIE+ 04
3.040T7T5E+04
3:21450E+04
3.388B26E+04
3.56202E+04
3.7357T8E+0Q4
3+90953E+04
4.08329E+04
4¢25T0SE+04
4.43080E+04
4e4B(04SEE* D4
4¢TTBI2E* 04
4+9520TE*04
S+ 12583E+04
S5 29959E+04
5+4T7335E+04
S+64T10E+04
S5«H20B6E+04
S5.99462E+04
6.1683TE+04
6¢34213E+04
6e91589E+04
6eLBIBAE (4

PLANCK MEAN OPACITY =
ROSSELAND MEAN=FREE~PATH =
ME AN=SWUUARED

1+00000E+04

TOTAL OPACITIES AND VULUME EMISSIUN

C/H MASDS RATIN =

TOTAL My
4.,6TIS2E+0V
S.26192E+00
S5¢422Y1E+00
5¢26558E+00
4496TSTE+OO
4,550T2E+00
441640ZE+00
3.80523E+00
3.53082E+00
3.34687TE+00
3.0356BE+D0
2.81568E+00
2+81T95E+00
2+463764E+00
2:52512E+00
2¢37182E+0¢
2+31189E+00
2+29040E+00
2+35360E+00
2+46065E+00
2.66701E+00
3.00317E+00
3.63878BE+00
4.58814E+00
S.78139E+00
T+97905E+00
1.08726E+01
1.51297E+01
2.20386E+01
3.08753E+01
4.05925E+01
3.85046E+01
3.,41695E+01
3.04201E+01
2:21469E+01

J 10TAL =

4+62802E+0¢

2.91470E~01

ROSSELAND MEAN=FREE=PATH = Y.79499E=(2

5.00000E-02

BiwsT)
2:736BT7E+0E
3,517/%8€+006
4.20701E+06
4o TTH25E+006
Y.20408E¢06
S5+4934TE* OO
S5.648B44E+006
S+68123E+406
S5.60189E+06
B.44634E+06
5.2148TE+ 06
4.93104E+06
4.6)1095E%06
4.26879E*06
3.91660E%06
3.56430E+006
3.21973E+06
2.88886E+06
2:575958¢06
2+28388E*06
2201430E¢06
1.T6T7T92E* 006
1.54469E¢06
le34401E*06
la16484E* 06
1.00588E+06
B.65056E¢05
Te42604E¢05
6.35134E*05
S5.4]1086E+05
4.60T60E*0S
3.90942E+405
3.30917E+05
2.T94BQE+QS
2+35536E+05

T+97045E+11

PRESSURE =

MEAN=SWUARED PLANCK MEAN OPACITY =
1/ROSSELAND MEAN-FREE=-PATH

1 PRIME

re

1+00000E+03

J
1«2R018E+07
1.85093E+07
2+2R109F+07
2¢51392E+07
2+5R516E+07
2+49992F %07
2+35202E+07
2+16184E*07
1.97988E+G7
1.82282E+07
1.58307E+07
1+38842E+07
1.29934F+07
1s12595E+07
9,8R986E+06
Be4S3IBIE+06
T«4436BE*06
6+61664E+06
6+06276€+06
S.61982F*06
5+37216E+06
5430936E+(6
S«620T79F+06
6e¢16649F+06
6 T3IRITEX DG
B+ 02595E+06
9.41189E+06
1012353E+07
139974E+07
1+6T24TE+07
1+8T034E+07
1.50830E+07
1<13073F+07
8+50180E+06
5.21640E+06

4.64516E+0)
= 34430BBE+0p
= 9444237E=Q?


http:850180E.06
http:5*30936E.06
http:6.06276V.06
http:108726E.ol
http:29661oE.O0
http:2.81568E.00
http:4*95207E*.04

APPENDIX E

DESCRIPTION OF THE PHOION SUB-ROUTINE
OF THE OPSAB COMPUTER PROGRAM

Since this sub-routine is a recent addition to the OPSAB
program and has not been previously desctibed in any referencable
document, it will be discussed here in some detail. The remainder
of the OPSAB computer program is thoroughly described in Ref. 24.

The aim of the PHOION sub-routine is to compute the aver-
aged linear spectral absorption coefficients in the chosen spectral
averaging intervals for photoionization absorption by neutral C-,
N-, O-, and H-atoms (only G- and H-atoms are of interest in the
present work), The approach adopted makes use of published photo-
ionization cross section data for these atoms, together with the
computed mole fractions of the atoms (from the HUG computer pro-
gram). The cross section data are read into the OPSAB program
in tabular form. These data are interpolated in each of the spectral
averaging intervals to find the values of the cross sections at the
interval mid-points. These, together with the input atomic mole
fractions, yield the value of the spectral absorption coefficients at
the mid-points of the spectral averaging intervals. These calcula-
tions are performed only for temperatures greater than 3000°K,
since the available cross section data do not extend to temperatures
below 3000°K for C-, N-, and O- atoms. This is not a serious
limitation, since atomic photoionization absorption by these species
is not important at temperatures less than 3000°K for the spectral
range to which we limit our calculations with the OPSAB program
(wavenumbers less than about 72, 000 cm-1 ; the maximum wave
number considered in the present work is less than 68, 000 cm"l).

We have taken the spectral absorption cross sections for
neutral C-, N-, and O-atoms from the work of Wilson and Nicolet(38)
who give tabular "effective'' cross sections, summed over all permis-
sible initial and final electronic states for the temperature range
T = 3000 - 24, 000° K, in steps of 1000° K, and the wave number
ranges w= 1610 - 161,000 cm™". Their 'effective' cross sections,
o; (w,T) (cm2), where i refers to the species neutral C-,N-, or
O-atoms, are given per atom,regardless of its electronic state.

We compute the number density of species i, Nj (cm"3), from its
known mole fraction, C;(P, T}, from

>



‘Ni(P, T) = C,(P, T) (0.73397 x 1022y (p/T), (E-1)
where P{ atm) is the gas pressure, and T(° X) its temperature.
Then the spectral absorption coefficients for photoionization absorp-

tion, f; (cm-1), are found from
P:i(t-ﬁ, Ps T) = Gi( U_J, T) NI(P’ T) ) (E-Z)

where the @ are the mid-points of the spectral averaging intervals
chosen. We should note here that the values of g;(w, T) used also
include the free-free contributions, but not the induced emission con-
tributions. These give little error in our calculations of photoioni-

- zation absorption, since the free-free contributions included are
negligible for the spectral range and conditions of interest here and
the induced emission effects are small, except for the lowest
spectral frequencies at the highest temperatures considered here,
where photoionization absorption is small compared to absorption
due to other mechanisms, notably photodetachment absorption by
H--ions. The induced emission correction could have been added
in BEq. (E-2), but this has not been done. The present author is not
aware of any extensive calculations of absorption cross sections for
neutral carbon atoms which do not include the free-free contributions,
and for this reason the results of Ref.38 have been used.

For H-atoms we have used the photoionization cross-sections
of McDowell(39) for electronic levels with principal quantum number
n = 2 to 8, inclusive. We do not consider the n = 1 level, since its
photoionization edge falls beyond the spectral range of our interest;
the levels with n > 8 are neglected following the work of Marlow(40),
which indicates that for the temperatures and pressures usually con-
sidered in calculations with the OPSAB computer program, that the
level with n = 8 is approximately the highest having an appreciable
occupation. This choice is somewhat arbitrary, but becomes quite
reasonable at high gas pressures {~ 10 atm. and greater) and/or
low temperatures. McDowell's theoretical cross sections extend
to levels with n = 15(39), but we have limited the complexity of the
computer calculations, without great loss in accuracy, by truncating
the calculations at n = 8.

Tabular cross section data, taken from the continuous curves
of McDowell, are input to the OPSAB program for levels with n = 2
to 8, inclusive. Interpolations in these tables by the OPSAB program
yield the values of the cross sections at the mid-points, ), of the



spectral averaging intervals chosen. The averaged linear spectral
absorption coefficient for photoionization of neutral H-atoms, L,
(tw, T) (cm’l), is then found from

8
py @ T) = L0 (@) . N_(P,T), (B-3)

where-the ¢, (W) are the interpolated cross sections, and 'Nn(P, T)
is the occupation of the level with principal quantum number n
(cm'3), found from ‘ ) ] .
_ 2 157890 [._ 1 _

N_(P,T) = N(P,T) n .expl el ' —nz ] (E-4)
for n = 2 to 8, inclusive, with T the gas temperature and N__(P, T)
(cm'3) the number density of H-atoms. NH(P, T) is found from the
computed mole fraction of H-atoms as in Eq. (E-1). The induced
emission contributions have also not been taken into account here.

The OPSAB program sums the g;(w, T), in each spectral
averaging interval to obtain the total (averaged) linear spectral
absorption coefficient (cm‘l), due to photoionization of C-, H-, N-,
and O-atoms (for only C - iand H-atoms in the present work), and
prints this out, as well as the contribution due to each of the separate
species considered. The averaged spectral absorption coefficients
so computed are not strictly the local Planck mean values, but are
sufficiently close to them, especially for narrow (a few thousand
wave numbers and less) spectral averaging intervals, as to give
little error in comparison to the inaccuracies inherent in the
theoretical cross sections used.



APPENDIX F
NEW TECHNOLOGY AND PATENTS

After a diligent review of the work performed under this
contract, NAS3-11842, it has been determined by Heliodyne Corpo-
sration that no new inmovation, discovery, improvement, or invention
was made during the course of the work performed, and that no
patentable items can result from this work.
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