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ABSTRACT

The equilibrium compositions, linear spectral absorption coef-
ficients, and Planck and Rosseland mean absorption coefﬁcients_have
been computed for silicon-hydrogen mixtures with silicon/hydrogen mass
ratios of 0., 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 atrnospheres for the wave number range 7000 - 68, 000 cm™1 (approxi-
mately). The possible presence of solid silicon has been considered in the
composition calculations, but not in the calculations of the optical constants.
The major absorption was found to be due to molecular electronic transi-
tions, photodetachment, photoicnization,and neutral f{ree-free processes,
although each contributed strongly only for limited combinations of the
temperatures, pressures, Si/H mass ratios, and spectral frequencies
considered, of course. The presence of condensed (either solid or liguid)
silicon in some of the mixtures is definitely indicated; this could have great
consequences for the optical constants of the mixtures and their utility as
heat-absorbing media in proposed gaseous-core nuclear rocket propulsion
systems. Comparison” of the opacities of the Si/H system with those from
the comparable C/H system indicates that an appropriate combination of
51, C and H could produce an essentially grey absorber gas.

‘PSuggested by Dr. Richard W. Patch, NASA-LRC.
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SUMMARY

The purpose of this work is to calculate the optical constants
(spectral absorption coefficients and Planck and Rosseland mean
absorption coefficients) of silicon-hydrogen mixtures for application
to the design of gaseous-core nuclear rocket propulsion systems.
This work is a follow-on to the similar work on carbon-hydrogen
mixtures performed by The KMS Technology Center {then known as
Heliodyne Corporation) under contract NAS 3-11842 and reported in
Roger P. Main, Optical Constants of Carbon-Hydrogen Mixtures.
NASA CR-72570 (May 20, 1969). The present and preceding works
complement the work of Patch on pure hydrogen (R. W. Patch,
Interim Absorption Coefficients and Opacities for Hydrogen Plasma
at High Pressure. NASA TM X-1902 (October, 1969)), and of the
University of Georgia group on optical absorption of solid seed ma-
terials (A. §. Shenoy, J. R. Williams, and J. D. Clement, Measure-
ments of the Extinction Parameters of Hot Seeded Hydrogen at One
Atmosphere Pressure, NASA CR-1504 (February 1970)). Seeding of
the hydrogen propellant gas in proposed gaseous core nuclear reactor
rocket propulsion systems is necessary in order to obtain adequate
radiative heat transfer to the propellant gas and to protect walls and
support structures from the intense radiant heat flux emanating from
the extremely high temperature core.

We have calculated the equilibrium compositions, and from
these the optical constants, for silicon-hydrogen mixtures for total
gas pressures of 100, 500, and 1000 atmospheres, gas temperatures of
1600, 2200, 3000, 4000, 5000, 6500, 8000, and 10,000°K, with silicon/
hydrogen mass ratios of 0.,0,005, 0.01, and 0.05, a total of 96 cases.
The computer calculations of equilibrium compositions include 19
species, among them solid silicon, The computer calculations of the
optical constants include absorption by electronic transitions in the
H,, SiH, SiH+, Siy, SiHp, and Si3 molecules, photoionization absorp-
tion by H and Si atoms, radiative association absorption by H atoms,
photodetachment absorption by H and Si” ions, and free-free absorp-
tion by electrons in the fields of neutral and singly-ionized species.
The cases where the silicon/hydrogen mass ratio is zero, i.e., where
the mixture is hydrogen gas, are included for reference only, and are
not intended to supplant more accurate calculations of the compositions
and opacities of hydrogen gas reported in the literature.

The composition calculations revealed that solid silicon was
present in the mixtures for some cases with gas temperature T = 1600° K.



The principal species in the mixtures are Hp, H, SiH,, and SiH4 at

the lower temperatures considered, and HZ’ H, Si, HY, H-, Si+, S5iH,
and SiH' at the higher temperatures considered. The opticalabsorp-
tion is principally due to electronic transitions in molecules, photo-
ionization of H and 5i atoms, photodetachment from H~ ions, and the
free-free processes for neutral species, the contribution of each
varying with the gas conditions, of course., Thermodynamic and
spectroscopic data are lacking for several potentially important
molecular species. The optical constants exceed 1. cm-1 by a goodly
amount at the highest temperatures and pressures considered, a major
factor to be considered in the design of nuclear propulsion systems
using silicon-seeded hydrogen as propellant gas. The presence of con-
densed (solid or liquid) silicon in the mixtures at the lower temperatures
considered, a feature of great importance for radiative heat transfer in
proposed gaseous core nuclear propulsion systems if true, requires
further studies of the three-phase equilibrium of the silicon-hydrogen
system to eliminate uncertainties caused by lack of adequate thermo-
chemical data for this system.

It has been observed by the NASA Project Manager for this
program, Dr., Richard W. Patch, that an overlay of the spectral
opacities computed for the present Si/H system, along with those
previously computed for the C/H system, yields a nearly uniform
opacity. This observation indicates that the primary hydrogen gas,
when seeded with a $i/C mixture, would produce a nearly grey ab-
sorbing gas. Future analyses should be directed towards such a
chemical system. ‘



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-reentry physics, and nuclear
rocket technology. The state-of-the-art of the theoretical calculations
has now advanced to the stage where many meaningful calculations of
the optical constants of complex gas mixtures can now be routinely under-
taken with the aid of large computers; the principal uncextainties in these
calculations arise from our lack of adequate experimental knowledge of
the spectra and thermochemistry of the atoms, molecules, and condensed
phases present in the mixtures.

To calculate the optical constants of a complex equilibrium gas
mixture one must first calculate its equilibrium species composition.
This requires computer calculations, usually based on free-energy
minimization, for the temperatures, pressures, and initial composi-
tions of interest. With the equilibrium species compositions in hand,
the optical constants can then be calculated utilizing detailed informa-
tion on the intensities and spectral distributions of the important radia- |
tive and absorptive processes. For complex gas mixtures, usually
many such processes must be taken into account. For example, in the
work of the present author for carbon-hydrogen mixtures(llunder the
conditions of temperature and pressure considered here, 16 electronic
band systems in diatomic molecules, 23 electronic band systems in tri-
atomic and polyatomic molecules, photodetachment from C~and H™
negative ions, photoionization absorption by C and H atoms, free-free
processes involving positive ions and neutral species, and radiative
association of hydrogen atoms were taken into account. It is necessary
in such calculations to make many approximations, partly to keep their
complexity within reasonable bounds, and partly to take account of the
inaccurate and inadequate experimental and theoretical data that must
be used in them. The theoretical calculations of opacities for complex
high-temperature gas mixtures generally cannot be compared with ex-
perimental data, due to the lack of the latter. This is particularly true
of the present calculations, where no experiments have yet been per-
formed on gas mixtures approximating those considered here. For these
reasons, it is important to take note of the qualifications and uncertainties
to be named and discussed later in making engineering use of the results
represented here.

In the present work we calculate the equilibrium compositions
and optical constants (linear spectral absorption coefficients and



Planck and Rosseland mean opacities) for silicon-hydrogen mixtures
specified by all combinations of the following conditions:

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

Gas Temperature = 1600, 2200, 3000, 4000, 5000, 6500,
8000, and 10, 000°K

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

a total of 96 cases in all. The equilibrium compositions are calcula-
ted using a standard computer program for an assumed set of final
species, including solid silicon. The optical constants are calculated
using a computer program developed by the present authox 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 silicon-hydrogen mix-
tures, 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 uncertain-
ties into account.

The present work is a follow-on to theoretical calculations of the
optical constants of carbon-hydrogen mixtures performed by the present
author under Contract NAS 3-11842(1), The conditions of temperature,
pressure, and mass ratio considered here are identical to those con-
sidered in the preceding work, excepting that reference cases for pure
hydrogen gas have been introduced into the present work. These two
works complement the works of Patch on pure hy’drogen(z’ 3), and of
Shenoy, Williams, and Clement(®) on absorption by solid seed materials
in hydrogen gas. These works are important for the design of gaseous-
core nuclear rocket propulsion systems which use a propellant of
seeded hydrogen gas in order to achieve optimal deposition of the intense
radiant heat flux from the extremely hot core in the propellant fluid
with adequate protection of walls and structures from this intense heat
flux. The status of work in this area has recently been reviewed by
Patch(5).

The main results of this work are given in the present report,
and a copy of the print-out of the computer calculations of equilibrium
compositions is given herein. The complete print-out of the optical



constants, which includes columns giving the contributions due to each
molecular band system and each absorption mechanism for each mix-
ture, 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. The reference cases for pure hydrogen gas
{Si/H mass ratio = 0.) are included only for sake of comparison with
the other results, and are inferior in accuracy to several other such
calculations reported in the literature or in process of preparation
(e.g. those of Patch (2, 3)).

CALCULATIONS OF COMPOSITIONS

The HUG Composition Program

The equilibrium compositions of the carbon-hydrogen mixtures
of interest were calculated with the HUG computer program!'®/, which
computes the equilibrium composition of reactive gas mixtures for
specified end conditions of temperature and pressure through minimi-
zation of the thermodynamic free-energy subject to conservation con-
ditions, including a simultaneous consideration of a two-phase equi-
librium with the single-phase equilibrium of the gaséous species.

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 spe-
cies composition of the mixtures, and the final temperatures and pres-
sures desired.

For the composition calculations, we have transformed the Si/H
mass ratios to be considered to initial mole fractions which sum to unity,
as required by the HUG computer program. Using the standard atomic
weights (chemical scale) for Si (28. 086 gm/mole) and H (1.00 797 gm/

mole), we find:

Initial mole fractions

Si/H Mass Ratio Si H
0. 0. : 1.0000000
0. 005 0.0001796 0.9998204
0.01 0.0003587 0.9996413
0.05 ) 0.0017912 0.9982088

These values for the initial mole fractions have been used in the
compeosition calculations of the present work.



We have written at The KMS Technology Center 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 enthalpy, (H2, - H®) /RT,

and the dimensionless free energy, (F2 ) /RT in the formats re-
quired by the HUG program. Much of ']%ue avallable thermodynamic

data for the species of interest here extends (or is valid) only to

T = 6000°K or less {cf. Table 1). In order to perform the composition
calculations we have extrapolated these data, through the {fit coefficients
obtained, up to the highest temperature considered here, T = 10,000°K,
even though the validity of this process is highly questionable. This will
introduce unknown errors into our composition calculations, but no al-
ternative to this approach is available.

Species Considered

The choice of species to be considered in the composition calcu-
lations has been based on the author's conjectures of those expected to
be present in the mixtures considered for the conditions of interest and
on the availability of the required thermodynamic functions. The species
listed in Table 1 have been included in the composition calculations. A
complete listing of the fit coefficients used are given in Appendix B to
this report.

Condensed Phases

There is for some of the temperatures and pressures con-
sidered the possibility that silicon 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 sat-
isfy the equilibrium conditions assuming that the condensed phase
is present; when unable to do so, it is determined that the mole num-
ber of the condensed phase is zero. Fox the conditions of interest
here there is the possibility that silicon may condense in either
solid or liquid form (or both), The requisite thermodynamic functions



TABLE 1

SPECIES CONSIDERED IN THE COMPOSITION CAL.CULATIONS.

Species Thermodynamic data . " Remarks
(Chemical formula) Source (Footnote No. ) (Footnote No. )
Si(g) 1 7
H 1 7
H, 1 7
SiH 1 7
Si.H2 p 7
SiH3 2 7
SiH4 1 7
Si2 1 7
Sle6 3 8
Si 1 7
e 1 7
Si+ 4 —
osi 5 -
5 1 7
H 1 7
H) 6 -
+
I—I3 6 -
SiH+ 5 —
Si(c) 1 7

Footnotes to Table 1

Tabular data and AHf(T = 0°K) taken from JANAT 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.

Tabular data and AHy (T = 0°K) from unpublished work
supplied to us by Dr. R. Watson of TRW Systems, Inc.,
Redondo Beach, Calif. .

Tabular data taken from M. Pfeiffer and H. J. Spangenberg,
Z. Phys. Chem. (Leipzig) 232, 47 (1966). We have estima-
ted AHy (T = 0°K) to be approximately 30 kcal/mole, and
have used this value in our calculations,

Tabular data taken from J. W. Green, D. E. Poland, and
J. L. Margrave, J. Chem. Phys, 33, 35 (1960). We have
taken AHy (T = 0°K) to be 293.68 kcal/mole from the value
given for Si in the reference of Footnote 1, with an ioni-
zation energy for Si of 8. 15 ev,

Thermochemical functions and AHys (T = 0°K) have been
hand calculated by the present author from spectroscopic
datzs found in the literature - see Appendix A to this report.

Tabular data and AH; (T = 0°K) taken from R. W. Patch and
B. J. McBride, Partition Functions and Thermodynamic
Properties to High Temperatures for Hi and H"z' NASA TN
D-4523 (April, 1968). These data were fitted over the
temperature range 1000 - 10, 000° K,

The 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 up to the highest tempera-
ture (T = 10, 000°K) considered in the present composition
calculations,

The tabular thermodynamic data were given only up to

T = 1500° K. We have used our fourth-order polynomial

fits to these data up to the highest temperature (T = 10, 000° K}
in the present composition calculations.



exist for both solid and liquid silicon(T), but we have considered only
the former in the present work. The possibility of solid silicon was
considered for all temperatures and pressures and all mixtures con-
taining silicon. The neglect of liquid silicon should not be important
because the heat of fusion is only 14% of the heat of vaporization. Any
condensed silicon 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 re-
sults of the computer calculations of the composition of the silicon-
hydrogen mixtures considered. The print-out of the HUG computer
program 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 solid silicon was found in two of the mixtures
considered. The condensed solid silicon was found only for gas
temperature T = 1600°K, Si/H mass ratio = 0.05, and gas pres-
sures P = 100 and 500 atm. The Si(c) mole fractions (relative to
the total for gas-phase species) were 1.06 x 10-3 and 6. y 10-%,
respectively, This fact could have great consequences for the
opacities of the mixtures considered. In addition, the three-phase
equilibrium of silicon should be investigated to determine whether
the liquid phase will be found in the mixtures we have considered.

We find from the results of the computer calculations (Ap-
pendix 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 frac-
tions of most of the silicon-containing species scale approximately
with silicon/hydrogen mass ratio, while the pure hydrogen species
(e.g., Hand Hz) have mole fractions at each temperature that are
largely independent of the Si/H mass ratio and total gas pressure.
This we would expect for the low Si/H mass ratios and pressure
range considered. The compositions change rather markedly with
temperature, however (Fig. 1). The mixtures considered are
largely H,, SiH,, SiH3, and SiH4 at the lowest temperatures, and
Si, Si+, H, HZ’ Ht, 1, H-IZ- and free electrons at the highest
temperatures. The mole fraction of free electrons in the mixtures
considered is never much greater than 1073,
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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
thermochemical functions and heats of formation of the lesser-
studied species. Uncertainties here can also be caused by omis-
sion of important species from the calculations, but in addition, for
the conditions of interest, we may have pressure dissociation effects,
pressure ionization effects, ionization potential lowering by Coulomb
interactions, non-ideal gas equation-of-state effects, and collective
influences on the basic thermochemical properties of the system.

The major errors here in the present work probably arise
from our total lack of thermodynamic data on several possibly im-
portant species, e.g., SipH, SipHjp, SipHy, etc., and the uncertain-
ties in the heats of formation of species such as Sin, SiH3, and SiZH6.
We cannot quantitatively assess these errors, but they could certainly
have large influences on the computed compositions. Very clearly,
the 5i-H species have not been so thoroughly researched as have heen
the C-H species:” 'The other possible sources of errors have been
adequately discussed in the preceding work(l), where if was found
that they mmay give rise to errors of order 10 to 20% in the computed
compositions. This is probably small compared to errors introduced
due to the necessary omission of possibly important species from the
composition calculations.

It appears that consideration should have been given to the
three-phase equilibrium of silicon, rather than only to the restricted
two-phase solid-gas system to which we are limited by the HUG com-
puter program. Failure to consider the full equilibrium of silicon
could affect our composition results for the lowest tempera-
tures. We cannot quantitatively assess this effect without a detailed
study of the full equilibrium of silicon in the presence of hydrogen
gas. The thermodynamic functions of the many complex species
that would be of importance in such a study are not available, and
such a study could not be performed theoretically. An experimental
study should be possible, however.

11



We must mention that the presence of solid silicon in the mix-
tures we have considered may be due to our inability to include several
potentially important gas-phase species in our composition calculations.
Thus, the calculated presence of solid silicon may be a false result. It
is clear that a thorough experimental study of the Si-H system at low
temperatures is necessary.

CALCULATIONS OF OPTICAL CONSTANTS
The Opacity and Spectral Absorption Computer Program

The Opacity and Spectral Absorption Computer Program
(OPSAB)(S) was written at The KMS Technology Center by Arthur
A. Anderson and Roger P. Main in 1966, There has been a con-
tinual improvement of this program since that time. To date this
program has been used to compute spectral absorption coefficients
and opacities of many different types of gas mixtures, including the
carbon-hydrogen mixtures of the preceding work(1),

The OPSAB program gives local Planck mean spectral absorp-
tion coefficients, spectral volume emission, and several spectrally-
integrated opacities for equilibrium gas mixtures composed 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 congidered. 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 radiative absorption mechanisms con-
sidered in the OPSAB program in its present version are:

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

b. Photodetachment from O™, ¢, H, F , and Si ions
(only Si” and H™ are of interest in the present work).

¢. Free-free transitions of electrons in the fields of
neutral and ionized species.

d. Radiative association of hydrogen atoms by the process

12



H(1s)%s + mus)slb 321‘: bhy - H, (a 322)
e. Photoionization of neutral O, N, C, Si, and H. atoms

{only Si and H atoms are of interest in the present

work).
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 deck has been ex-
panded to include electronic transitions in the SiH, SiH+, Siz, Sin,
and Siz molecules.

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(g);
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(lo). Photodetachment and
photoionization absorption are computed using input. cross section
data, and the free-free absorption is computed using the Kramers
classical formula with unit Gaunt factor. An approximate method
(Neffective Z2") is used to extend the free-free absorption calculations
to transitions in the fields of neutral species. The H+H radiative
association continuum absorption is computed using the model proposed
by Erkovitch, as corrected by later works (cf. Ref. 1, p. 34).

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

13



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
E
H
£ bt (DB (T, Yo
Bp(T,T) = =2

J B, (Tg)dw
0}

o

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

E 2
J Lap ()17, (1) dw

w
o]

“g
'{l,: B, (TR) dw

o}

iR, -

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

}’E 1 3B, (T,)
nrw('r) ATy

w
[+]

AR(T’I.R) =
S }’E 3B, (1) "
v O

c

dw
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d. Reciprocal Rosseland mean-free-path (cmnl) (or Rosseland mean opacity):

“E 3B 38, (1)

! E :
I ']'_" = Q = _......_.1___
o (T Tp) “e 3B (7)) Mg (T T)
: jl__l._ w R d

o Py TR @

O

e. "Mean-squared Rosseland wean-fres-path" (cm2)=

e,
E 2
JP i_.r___] oB _SE'_._? G
(T,T ) = o
an(TR)
I' ____BT dw
w TR
[s]

£, I' (cmz):

dw
Bl (T 2
S (uol_w a'JlR
}lE 3”8 (L)
> dw
Y% T,

Here u"(T) is the linear spectral absorption coefficient, (cm‘}),
includix{'i'g the effects of induced emission, T is the gas temperature,
Tgr is the ''weighting temperature' (equal to the gas temperature,
and, optionally, other selected input values), [u, » wg ] is the wave
number range over which ey ' (T) is computed, and
B (T.) = 2 hczc,u3
w R exp (hcw/kTR) -1

is the Planck spectral intensity function with the wave number {cm

15
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h the Planck constant (erg-sec), c the speed of light (cm-—sec"l), and
k the Boltzmann constant (erg-° K'l). In the present work, TR was
taken to be equal to the gas temperature only.

The basic input data to the OPSAB program for a particular
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 spectroscopic and intensity data
for the molecular band systems to be considered. In the present
work, the temperatures and pressures are those defined above for
the composition calculations, and the spectral range is defined in
terms of a dimensionless frequency, u, given by u = hc ¢/ 5000k,
with the calculations of the optical constants 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 meoelecules at
the highest frequencies, The correspondence of these intervals to
wave number intervals (em~l), is given in Appendix D.

In each spectral averaging interval so defined, the OPSAB
program computes the local Planck mean absorption coefficients
(ecm™ ") 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; these are then used to
compute the Planck and Rosseland mean opacities and the other
quantities defined above.

Absorption Mechanisms Considered

The absorption mechanisms considered in the OPSAB com-
puter program calculations of the optical constants for the silicon-
hydrogen mixtures of the present work have been limited to those
incorporated into this computer program as of the commencement
of the present work (listed above}. WNo 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 in the present work is the exclusion of
processes important only for the cases of pure hydrogen gas (Si/H
mass ratios = 0.}, which have been considered in more thorough
fashion by others (e.g., Ref. 3).
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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, It is believed that all important band systems for
which adequate quantitative spectroscopic data exist have been in-
cluded in the present calculations; some molecular band systems
have been included with estimated quantitative spectroscopic data
used in lieu of the non-existent laboratory data on account of their
expected importance for the optical constants. Also, many oscil-
lator strengths of electronic transitions in molecules have been
estimated. We give below listings of the molecular electronic tran-
sitions 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 rota-
tional line" model?g) that is widely used, with an analytic integration
scheme, developed by the present author, which yields exactly the
local Planck mean absorption coefficients, including the induced
emission correction, for each spectral averaging-interval specified
in the input data. This process will not be described here, since it
is given in detail elsewhere(8), The necessary input data for these
calculations are the vibrational and rotational constants of the elec-
tronic 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 lists the transitions in the diatomic molecules which
have been considered in the present work. We give here a brief
discussion of the sources of the data used:

HZ: The necessary spectroscopic and intensity data are
exactly those used in the work of Ref. 1. All mole-
cular constants are taken from Refs., 11 and 12;
the intensity data are from Refs. 12 and 13.

SiH: The necessary spectroscopic data are taken from
Refs., 14, 15, 16, and 17, Some of the spectro-
scopic data had to be estimated. The Franck-
Condon factors have all been estimated by the
method of Ref. 18. For the (A-X) band system
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TABLE 2, DIATOMIC MCLECULAR BAND SYSTEMS CONSIDERED

Extent of Frank-

10.

11.

12.

13.

14,

18

Print-Qut Absorption Condon factor
Acronym f-value used array used
1
Hz(Bl}j: - X z;’) H2LYMN 0.30 v o= 0-14
. t = 0-
(Lyman) M 20
P U S _
H (B’ -X%') H2BP-X . 055 v o= 0-14
2 u g ’ !
v = 0-9
1 I_+
H(CT -X%) HZWERN .35 v = 0-14
¢ g vl o= 0-14
(Werner)
1 1_+
H, (DT -.XT) H2 D-X .084 vil = 0-14
v g v = 0-10
,1 1+
HZ(D M -X7T) HZ2DP-X . 030 vl = 0-20
“ g v' = 0-10
. 2 2
SiH(A“ A - XT) SIHA-X . 003 ¥ o= 0-5
2_+ 2 v 0-3
SiH(B Y - Xm) SIHB-X .002 (est.) v = 0-5
vi = 0-3
. 2_+ 2 :
SiIH{(C'¢ -XT) SIHC-X .002 (est.) v'" = 0-5
v' = 0 only
2 2
SiH(D A- X1 SIHD-X .005 (est.) " = 0-7
vl = 0-7
] 2_+ 2
siH (E°g" - X' SIHE-X .005 (est.) v'" = 0-5
. vl = 0-5
! 1_+
SiH (AT -X7YT')  SIH+AX .004 (est.) " = 0-15
vl = 0-1
] 3_- 3 -
Si_(H'y¥ -X’v’)  SIH:X . 005 (est.) v" = 0-19
2 u g a
v = 0-23
3_- 3_-
Si (K'Y -XT) SIZK-X .006 (est.) v = 0-7
A u . g
vt o= 0-7
Si (N3z' - X3>:") SI2ZN-X .008 (est.) v'" = 0-7
2 v g v'o= 0-7



TABLE 3. TRIATOMIC MOLECULAR TRANSITIONS CONSIDERED

Print-Out Absorption W, " value
Designation . Acronym f-value used used (cm™ "}
SRS R TN | '
SIHZ (&(7) BI-X(.?) Al} SIH2 A 0.001 (est.) 15540
VR S T ' ,
813 (A(?) Eu~X(? ) _}:g) SI3 A 0.01 (est.) 22500

61

wg-value Aw -value
used (cm™1) used (cm™})
1004 4000
360 2000



the f-value used is a mean of the results reported
in Refs. 19 and 20. For the remaining four band
systems the f-values used have been estimated by
the present author.

SiH : The necessary spectroscopic data are from Ref. 21,
The Franck-Condon factors have been estimated by
the method of Ref. 18. The f-value used has been
estimated by the present author.

Sizz The necessary spectroscopic data are taken from

Refs. 22, 23, and 24. The Franck-Condon factors
have been estimated by the method of Ref. 18. The
i-values used have been estimated by the present
author.

The large proportion of transitions for which essential data had to
be estimated indicates that our results will contain uncertainties on
this account. The results for the optical constants are particularly
sensitive to the set of f-values used. The f-values for strongly-
absorbing transitions should ideally be accurately known, but this
may not be the case in the present work.

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
simple-harmonic linear oscillations of the nuclei'” 0), " The spectral
absorption cross section evaluated at the ¢y, the mld -points of the
spectral averaging intervals choseng’(, T) (cm ), including the
induced emission correction, for a molecular electronic transition
according to the model employed is given by

1/2

o' (@, T) =1 x £ [1- exp (-hC&S/kT)](AwT)

coxp [-@-w) Pl aw?] )

where 1 is the classical electron radius (cm}, f is the oscillator
strength of the transition, w, is the wave number of the transition
absorption maxirmum {cm-1), and

Do = Aw, [tanh (8 _/2T)

| 12 2)
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Here Awg is the 1/e half-width of the spectral absorption cross sec-
tion function at temperature T =0°K, AwT is this width at tempera-
ture T{P¥), and 8o~ he w'; [k, with w'é the active vibrational frequency
(cm"l) of the lower (absorbing) electronic state. The OPSAB
program evaluates the functions of Eq. (1) and multiplies these by
the number densities of the absorbing states of the species, which are
found from the species mole fractions 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 inter-
vals of width less than a few thousand wave numbers.

We give in Table 3 the values of the necessary parameters
used in the present work for the transitions in the SiH, and Sig
molecules, the only triatomic or polyatomic molecules which have
been considered. We give here a brief discussion of these data.

SiH_: The necessary spectroscopic data have been taken
from Refs, 25 and 26. The f-value used has been
estimated by the present author,

S5i: The necessary spectroscopic data have been taken
from Refs., 7 and 24. The f-value used has been
estimated by the present author.

We should remark here that no spectra for SiH, or for SiH, have
been found to date in spite of many years of effort (cf. Refs. 15,

26, and 27), Thus we have not made any effort to include these
species in our calculations of the optical constants. Weltner and
McLecd(24} have observed bands at 5704 A from an Si-containing
species in frozen inert gas matrices which they believe may be
attributed to the 514 molecule., This observation yields only very
sketchy and uncertain data, and we have not further considered

their work in the present calculations {we also have no thermodynamic
data for Si4). They believe also that the trangition listed in Table 3
for Sij may possibly be actually due to Siy. Emelius and Stewart(27)
have observed continuous absorption below 2000 and 2200 A, respec-
tively, in Si;Hg and SiqHg. These possibly are due to photodissocia-
tion processes, but we have not attempted to include them in the
present work. We have not included SiHg in our composition calcu-
lations. We expect that SizHg should have very small mole fractions
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in the mixtures we have considered, as does SiZH6, and our failure
to include these transitions should have no serious consequences.
Both of these gases were found in Ref. 27 to be transparent at wave-
lengths larger than the edges of continuous absorption. For H;’ we
know of no electronic transitions; in view of the very small mole
fractions of this species in the mixtures considered, we should not
need to give it consideration in the calculations of the optical con-
stants, Concerning other possible polyatomic molecules, e.g.,
SiyH, Sizl-fz, or SiyH,, absolutely nothing is known of their energy
levels, or electronic transitions., Thelr existence is questicnable,
and we have no thermodynamic data for such possible species.

The photodetachment absorption processes are considered in
the OPSAB program using cross section data and the mole fractions
of the 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; 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 considered in the calculation of their ground
state number densities from the species mole fractions, but the cross
section 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 Si and
H ™ ions. These calculations are described fully in Ref. 8, and they
include the induced emission correction. For Si~ we have estimated
the photodetachment cross section to be constant at 10-17cm? beyond
the absorption edge of 1.46 ev, and otherwise zero.

The free-iree absorption processes are considered in the
OPSAB program using Kramers' classical formula with unit Gaunt
factor(5)] An effective charge factor, ngf' specifies the interaction
strengths for free-free transitions in the fields of singly-ionized
(either positively or negatively so) species, taken collectively, or
in the fields of neutral species, taken collectively. In the former
case we use Zgﬁ =1, and in the latter case we use szf =0.02, a
reasonable average value(l). Kramers' formula is evaluated at the
mid-points of the spectral averaging intervals chosen, using the
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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-1)
for these two processes at the interval mid-points, which should be
negligibly different from the local Planck mean values for the pre-
sent work; the calculated values include the induced emission cor-
rection.

The radiative association process for hydrogen atoms de-
fined above has been known for many years. This process is con-
sidered in the OPSAB program using the model described in Ref. 1.
The scheme of the OPSAB calculations is given in Refs. 8 and 10,
but we note here that we simply evaluate the formula (adding to it
the induced emission correction) for the spectral absorption coef-
ficient (cm"l) due to this process, incorporating the H atorn namber
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.

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. However, photo-
dissociation processes from the ground states of some of the mole-
cules present have béen studied in the literature, and their importance
will be discussed below when the accuracy of the calculations of the
optical constants is assessed.

Calculations of photoionization absorption for neutral Si and
H atoms have been included in the present work. We note here that
these calculations use photoionization cross sections from the litera-
ture (28, 29), interpolated at the mid-points of the spectral averaging
intervals chosen,and the number deisities of neutral Si and H atoms
found from their mole fractions given by the HUG composition pro-
gram, and that these calculations now include the induced emission
correction to the computed spectral absorption coefficients, which
was not the case for the work of Ref, 1, These calculations are as
described in Appendix E of Ref. 1, except for the addition of the Si
process and cross section data to the program, and for the addition
of the correction factor for induced emission.
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The OPSAB program sums over these processes to find the spec-
tral absorption coefficients of the gas mixtures. These results are used
to calculate the opacities and radiative emission parameters. For fur-
ther details of the quantities computed, the reader is referred to Ref. 8.
A discussion of the accuracy of our results for the optical constants is
given in the section following the discussion of results.

Discussion of Results

The major results of the calculations of the optical constants
for the silicon-hydrogen mixtures considered are given in Appendix
D to this report; the complete results of these calculations, which
include the contributions to the local Planck mean absorption coef-
ficients of each of the molecular band systems and absorption proc-
esses considered, have not been given here due to their great length
(c. 800 pages). Table 4 presents the opacity results,

We give in Fige. 2a - 2h hand-plots of the Planck and Rosse-
land mean opacities vs. gas temperature for the three pressures and
four Si/H mass ratios considered. These and Table 4 show the marked
variation of these quantities with the gas temperature, and the quite
large values (~ 5.cm” l)which they achieve at the highest tempera-
tures and pressures considered. These quantities vary approximately
in proportion to the gas pressure and Si/H mass ratio. We note here
that the dip in the curves for the case with Si/H mass ratio = 0,005
and P = 1000 atm. at T = 5000°K (cf. Fig. 2b and Fig. 2f) is due to
the fact that for this case the HUG program was not able to iterate to
obtain the free electron concentrations, which it was able to do for
P = 100 and 500 atm, and this temperature and Si/H mass ratio, Thus,
the free-free and photodetachment processes could not be computed for
this case, and the opacity results obtained for it are artifically low.

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 1000 atm., Si/H mass ratio of 0.05 and gas temperatures
of 1600, 3000, 6500, and 10, 000°K. OQur results are similar for the
rema‘ining gas pressures and Si/H mass ratios.

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, 000°K,
this particle density is only about 1/6 of that at T = 1600° for the
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"TABLE 4, PLANCK AND ROSSELAND MEAN OPAGITIES FOR SILICON- HYDROGEN MIXTURES. ~
MEAN OPACITIES TO THREE FIGURES {CM 4

S/ Mass Ratio; T 0. 005 T

i T, 05
I~ Gas Press.. A
Tas G atm:) 100 500 1000 100 500 1000 100 500 i 1000 100 500 1000
ey, = :
600 1,74-25 | 8.69-25 {1.74-25 | 3.35-04 |[7.05-04 |9.38-04 | 6.69-04 [ 1.41-.03% [1.87-03 [1.37-03 {64.B4-03 [9.41-03
1
7.98-39 [ 3.99-38 17.98-38 | 2.92-04 [&6.16-04 §8.19-D4 | 5.84-04 | 1.23-03 31.64—03 1.20-03 |5.98-03 |8.22-03
7.28-17 | 3.64-16 [7.29-16 } 1.68-03 [4,73-03 |7.02-03 | 3.36-03 | 9.45-03 11_40—02 1,68-02 |4,74-02 |7.03-02
2200 1
3.96-27 | 1.98-26 [3.96-26 | 1.44-03 |4.04-03 |5.98-03 | 2.88-03 | 8,06-03 [1.19-02 |1.44-02 [4.04-02 |5.99-02
7.31-11 | 3.69-10 | 7.39-10 | 2.34-03 |9.37-03 |1.58-02 | 4.68-03 | 1.87-02 ([3,18-02 [2.34-02 [9.38-02 [1.58-01
3000 . {
B.53-19 | 4.30-18 [8.62-18 | 1.49-03 [5.89-03 [9.94-03 | 4.239-03 | 1.14-02 {{l.92-02 [ 1.45-02 [5.56-02 |9.24-02
N [
6.79-07 | 3.71-06 | 7.57-06 | 8.63-04 [7.63-03 |1.55-02F 1.72-03 | 1.52-02 33.10-02 8.59-03 |7.61-02 |1.55-01
4000
1.79~12 | 6.10-12 | }.06-11 | 5.57-04 [4.65-03 {9.43-03 7 1,03-03 [ 8.57-03 !1.74-02 4.30-03 [3.51-02 | 7.08-02
8.72-05 | 6.16-04 ] 1.34-03 ] 2.05-03 [1.41-02 ) 1,00-02| 2.96-03 | 2,11-02 |%.57-02 | 7.37-03 [6.35-02 | 1.47-01
i
5000 7.18-09 | 2.50-08 | 4.26-08 | r.77-03 [1.1%-02 | 6.85-03 | 2,5%-03 | 1,78-n2 §3.75—02 6.33-03 [5.15-02 { 1.15-01
6,52-03 | 6,91-02 [ 1.82-01 | 1.13-02 |1.11-01 }2.73-01 [ 1,47-02 | 1,40-01 ‘53.36-01 3.09-02 [2.77-01 | 6,46-01
6500 - ' ! '
4.11-03 | 3.84-02 { 1.00-01 { 8,17-03 {7.49-02 [ 1.79-01| 1.09-G2 | 9.90-02 ;2.32-01 2.36-02 [2.10-D01 | 4,85-01
2.88-02 | 3.57-01 | 1. 02400 | 3.29-02 |4.04-01 | 1,14+00} 3,68-02 | 4.47-01 j1.25+00 6.47-02 {7.13-01 | 1.91+00
8000 2.07-02 | 2.15-01 { 5.67-01 | 2.37-02 |2.54-01 | 6.73-01 | 2,66-02 | 2.89-01 |{7.65-01 | 4,58-02 |4,93-01 | 1,29+0¢C
i
8.87-02 | 1,08+0C | 3,23400 | G.22-02 | 1,124+00 | 3.33+00 [ 9.61-02 ) 1.16400 Ji3,44400 [ 1,28-01 [ 1,47+00 | 4. 23400
10000 E
7.46-02 | 8,17-01 | 2.27+00 | 7.69-02 [ B8.45-01 | 2,35+00{ 7,92-02 | 8,72-01 12..43-%00 9.77-02 | 1.08+00 | 3.01+00
i
-25 !
MOTE: 1.74-25 is used to represent 1,74 5 10 . ete. For each entry, the upper value given is the
Planck mean absorption coefficient (cm' ), and the lower value is the Rosseland mean absorp-
tion coefficient (em™ ). Underlined values are for cases where sclid silicon was found te be
i
present, ;
25
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same gas pressure. We readily see from Figs. 2a - 2h and from
Fig. 3, that the cross sections for the important absorbing processes
behave so0 as to more than counterbalance this effect. The general
increases 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, Si photoionization, and
neutral free-iree processes, at the higher gas temperatures.

Note that large local Planck mean absorption coefficients at
all wave numbers are found only at the highest gas températures
considered (Fig. 3, this holds true for the remaining gas pressures
and Si/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 Si/H
mass ratios considered) that it is nearly true 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 Si/H mass ratio is approximately what one
would expect - it increases approximately in proportion to them.
The most irnportant absorbing mechanisms are listed in Table 5.

We can compare the present results with those reported for
carbon-hydrogen mixtures in Ref. 1. The most notable fact is that
the absorption coefficients for the silicon-hydrogen mixtures are
often larger, at the lowest temperaturés and smaller wave numbers,
much larger, than those for the carbon-hydrogen mixtures. This is
in spite of the fact that for identical mass ratios the silicon-hydrogen
mixtures contain only about half the number densities of gilicon-con-
taining species as the number densities of carbon-containing species
in the carbon-hydrogen mixtures for the same conditions, and is due
largely to the strong presence of SiH and SiH, and to the strong Si
photoionization continuum. This indicates thata gaseous core nuclear
propulsion system utilizing a mixture of Si and C for the seed material
might ultimately produce the most desirable absorber, viz., a grey gas.

In general, we find that the silicon-hydrogen mixtures may be
more suitable as propellant gases for gaseous-core nuclear rockets;
this would be particularly true if solid (or ligquid) silicon is present
at the lower temperatures. However, we must note that there are
many more uncertainties in the present work than was the case for
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Gas Temperature Ranges:

Si/H Mass Ratio = 0.
(pure hydrogen gas)

Si/H Mass Ratio = 0, 005,
0.01, and 0,05

TABLE 5
IMPORTANT PROCESSES CONTRIBUTING TO THE ABSORPTION COEFFICIENTS AND OPACITIES

Low (1600-3000"K)

Q
Middle (4000-5000 K)

High (6500-10, 000°K)

H., Lyman bands
H%H radiative

association
H,_ Lyman bands
Si%—l bands

Sin bands

H_ Lyman bands
H%H radiative
association
H photoionization
H~ photodetachment

H_ Lyman bands

H%H radiative
association

H™ photodetachment

SiH bands

SiH_ bands

Si p%lotoionization

H_ Lyman bands
H%H radiative
association
H photoionization
H~ photodetachment
Neutral free-free

Hp Lyman bands

H~ photodetachment
Si photoionization
Neutral free-free

Note: Not all of the absorption processes were considered for the low and middle temperature ranges.

Thus, this listing may be somewhat incomplete for these temperature ranges.

In addition, the

computer calculations for hydrogen gas (Si/H mass ratio = 0.) did not include several important
absorption processes, e.g., the H, pressure-induced absorption. The ordering in the above

listing has no significance.



the carbon-hydrogen mixtures in Ref. 1. Thus we recommend that
the present results be used cautiously, particularly for the cases
with lower temperatures.

Uncertainties in the Calculations of the Optical Constants

Uncertainties in the calculations of the optical constants are
partly due to the uncertainties in the composition calculations, which
have alrea:dy‘ been discussed. They are also partly due to our choice
of absorption mechanisms considered and of the data used in the
computer calculations.

Photodetachment from molecular negative ions (probably
resulting in dissociation of the molecule), may be of some importance.
We have considered photodetachment only from Si~ and H™ 10ons, and
we have calculated the mole fractions for these ions only. Molecular
negative ions have been conjectured to be of importance in radiation
transport in the atmospheres of cool stars, and such may also be
true here.  So little is known of molecular negative ions that we are
unable to infer whether this may be true. Much further experimenta-
tion 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 photodetach-
ment 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 con-
sidered here, but it appears possible irom study of our results for
the photoionization of the Si and H atoms that such processes may
be of significance in determining the optical constants of the mix-
fures we have considered. Due to the relatively large cross sections
of some photoionization processes (as large as 10-16 em? near
threshold), this seems probable. McGuire(31) has given an apparently
valid method for estimating the photoionization cross sections of the
ground states of molecules. He finds that the cross section for a
molecule is the sum of the cross sections for its constituent atoms,
and one would expect, and, in fact, does find that molecules have
generally larger photoionization cross sections than do atoms.

Photodissociation processes of molecules might also be of
some significance. Theoretical and experimental photodissociation
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.cross sections for H; and HE have been reported in the literature,
but none are known for the other molecules of interest here. Photo-
dissociation thresholds for the molecules of interest will probably
fall in such spectral ranges that the continuous absorption resulting
from them, and extending to larger wave numbers, can be important
in the sense that the sum total of these process for all molecules
existing in the mixtures we have considered may be of approximately
the same strength as, of stronger than, some of the izportant non-
dissociating molecular transitions. The very strong photodissocia-
tion continuum of the O, molecules shows how significant such pro-
cesses can be, but for the cases of interest here the importance of
molecular photodissociation processes must be regarded as question-
able pending experimental studies at the temperatures of interest.

An omission from the present work is the pressure-induced
infrared (vibration-rotation} absorption of H,. Calculation of the
spectral absorption coefficients due to this process by Patch (3
show the importance of this process in pure hydrogen gas. TFor
a gas temperature of 1600°K, the spectral absorption coefficient
due to the H, pressure-induced transitions is about 10-8 p2 (cm™ )
at a wavenumber of 7000 cm~ !, with P the gas pressure in atmos-
pheres, declining to larger wave numbers. The H, pressure-
induced absorption is found to be relatively unimportant here,
except for the reference cases of pure hydrogen gas, which is in
contrast to the case for carbon-hydrogen mixtures (Ref. 1). In
silicon-hydrogen mixtures the H, pressure-induced absorption is
outweighed by the strong SiH, absorption for all cases considered.

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 believe to be
of importance, and very little better can be done. Many of our
oscillator strengths and much of our molecular data have been esti-
mated. For example, SiH, is an important contributor to the optical
constants for a fairly wide range within the conditions considered,
and the oscillator strength for its transition had to be estimated by
the present author. It is difficult to quantitatively assess the errors
arising from these estimations; however, the errors may tend to
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cancel out. Where one or very few molecules only are strong con-
tributors to the absorption, as here, this effect may not occur, so
that errors in the estimated quantities may have great significazice
(an order of magnitude and more) for the optical constants,

The models we have used to represént 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 one or 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 (32),  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 similar composition calculations of Ref. 1
that our assumption of the ideal gas equation of state can lead to errors
in the calculations of the optical constants for the conditions considered
of as much as about 20. per cent in the most severe cases. Also, any
error in the composition calculations will be carried into the calcula-
tions of the optical constants, In optically thin gases the errors in
the calculated optical constants will be proportional to the errors in
the computed compositions, but in optically thick gases this dependency
is reduced to an approximate proportionality to the square root of the
errors in the composition calculations. These errorsare 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 comparison with other theoretical or experimental work on
the silicon-hydrogen mixtures we have considered. This places us at
a disadvantage in assessing the accuracy of our work.

To summarize our semi-quantitative error assessments, we

39



can state as follows: For gas temperatures of less than about 3000°K
our results for the optical constants are possibly in error due to our
inability to adequately consider the three-phase equilibrium of the
silicon-hydrogen mixtures and thus to accurately compute the com-
positions of the mixtures. 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 and H, Lyman band system provide much of the absorption.
For intermediate gas temperatures our most significant errors may
be those of omission, and 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 comparison of our results

with good quantitative experimental data for the same mixtures or

for species contained in them at gas temperatures and pressures in
the ranges we have considered., The accuracy of the present work
must be taken into account in any engineering and design calculations
which make use of it; the present results, as presented in Appendix D
to this report, must be accepted as true only with the qualifications
mentioned. In particular, an accurate comparison with the results
for carbon-hydrogen mixtures reported in Ref. 1 cannot be made,
since the many more uncertainties and possible important omissions
in the present work preclude this. It seems, however, that with
uncertainties and omissions eliminated the silicon-hydrogen mixtures
may be more strongly absorbing than the corresponding carbon-hydro-
gen mixtures.
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CONCLUSIONS

In this work we have presented calculations of the species
compositions and optical constants of silicon—hy‘drogen gas mixtures
for a wide range of conditions of gas temperature and for different
gas pressures and Si/H mass ratios. We have found that for tem-
peratures of about 6500° K and above the spectral absorption coef-
ficients and Planck-and Rosseland mean opacities become quite
large, attaining values of several reciprocal centimeters and more.
For temperatures less than about 6500° K the mentioned optical con-
stants of the gas mixtures considered are relatively small and tend
to decrease toward lower gas temperatures. For the highest gas tem-
perafures our resulis 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 improve the ac-
curacy of our results at the lower and intermediate temperatures.
Much more experimental study in this area is desirable. In particular,
a thorough experimental study of the three-phase equilibrium of the
5i-H system at temperatures up to about 4000°K is required in order
to assess the possible importance of condensed solid or liquid silicon
for the optical constants of the mixtures considered. The available
data are insufficient for a theoretical study at the present time,.
Additionally, oscillator strength data for electronic transitions in
important molecules is almost totally lacking. We have given cautions
regarding use of these results in engineering radiative heat transfer
studies. With these cautions taken into account, the present results
should furnish the basis for reasonably informative radiative heat
transfer studies relating to the design of gaseous-core nuclear rocket
propulsion systems, since the major uncertainties affecting the pre-
sent work occur only in the low temperature regime.
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APPENDIX A

THERMODYNAMIC FUNCTIONS FOR THE SiH+ AND Si° IONS

. + .

No thermodynamic functions for the SiH or Si ions were
found after a search of the literature: since it was eéxpected that these
species would be important for the calculations of the optical constants

at the higher temperatures considered here, these were hand calcu-
lated by the present author, as described below.

.!_
SiH

The basic molecular data were taken from Ref. 21

The data
actually used in the approximate hand calculations were:

Mass: M = 29,093 z. u.

1 _+
Ground state: X % (go =1; € = 0.)

Symmetry number: 1

1
Spectroscopic constants:

@ = 2151,10 cm
e
-1
wX =34,21 ¢cm
e e
B =7.6603 cm'l
e

o = 0.2096 cm™
e

1
Excited states: A w (g

I
[AN]
m
1l

= . = 25025, 20 cm'l)
1 1 )

-1
aw (g, = 6; € 8000 cm ; estimated by

+
analogy to CH ; cf. Appendix A to
Ref. 1.}

The expressions used for the approximiate thermodynamic functions
were (Ref, 7, p. 24):


http:250Z5.20

)
-1.43879¢./T
e 1-

f:
+2.859349 | i=o0 8
f: -1.43879¢ /T

~(Fq- Hy) -
—I—— = 6.863753 log,, M + 11.439588 log T
- 8.006779 - 4.575835 10g10 (B/T)
-1

- 4.575835 loglo (l-e 7)

2

4—4.57583510g10[2: g
i=0

—1.43879€i/T]

where T is the temperature (OK), u=(1.43879/T) (w - 2w X },
B=B - (e /2), and the remaining quantities are givén above. In

this w%.y, wé obtain the following results (in units of cal- K'l-mole"l

}:

+
SiH Thermodynamic Functions

o] Q [#] O Q
T( K) (HT - I—IO)/T -(FT - HO)/T
1000 7.262 43,4}
2000 8.019 49,49
3000 8.980 . 52.86
4000 9,742 55,57
5000 10,118 57.76
6000 10. 310 59.62
7000 10,374 61.19
8000 10. 344 62.63
9000 10.288 63.80
10, 000 10,265 64, 94



The value for AH, (T = 0°K) of Sif was found using the JANAF value' |
of this quantity for SiH, 83.3 kcal/mole, and an ionization energy
for SiH of 8,01 ev (184. 71 keal/mole){2l), We find AH, (T = 0°K)
for SiHT to be 268. 01 kcal/mole., The above values ha.ve been used
in the composition calculations of the present work,

S5i

The spectroscopic data were taken from Ref. 30. Si~ should
have no stable excited states, which greatly simplifies the hand
calculation of the thermodynamic functions. The actual data used
in the calculation were:

Mass; M = 28. 086 a.u.

4 o
. = 4; = (,
Ground state: 83/2 (go 0 )

Excited states: None

The expressions for the thermodynamic functions (Ref, 7, p. 24)
.simplify to:

(H; - HE)/T = 4, 96815

o)

-(F,

[»)
- Hy)/T = 6.863753 log M + 11.439588 log T

- 7.283739 + 4.575835 logl0 g5

Using these formulae we have obtained the following results (in
units of cal-OK"l-mole"l):

(8] (o] O (8] ]
T(CK) (Hy - H)/T ~(Fp - H/T
1000 4.968 39.73
2000 H 43, 28
3000 " 45.19
4000 3 46. 62
5000 " : 47.73
6000 " 48. 64
7000 L 49. 40
8000 " 50,07
9000 3 50. 65
10, 000 3 51,17



The value for AH_ (T = OOK) of Si was found from the JANAF value
of this quantity for Si (106. 66 kcal/mole) and an electron affinity for
Si of 1.46 ev {cf. Ref. 3%) , amounting to 33. 67 kcal/mole, We

find then that AH_ (T = 0'K) for 8i~ is 72.99 kcal/mole. The above
values have been used in the composition calculations of the present

work.

(7)



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 19 species included in
the HUG compuler program calculations of the compositions of the
silicon-hydrogen mixtures considered. The sources of the neces-
sary data foxr which the fit coefficients were obtained 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, G, B, A, K, and HOG, where the fits to
the dimensionless enthalpy, (H® - H®)} /RT, and the dimensionless
free energy, (FOT - Hg) /RT, as functions of the temperature, T(°K},
are defined by;

[a] a]
He - Hg _ 2 3 4
o = A+BT+CT  +DT” +ET {B-1)
¥ - Hy 2 3
%— = A(l - 1nT) - BT - 1/2CT° - 1/3DT
4
- 1/4ET - K (B-2)

The units in this listing are

A:  dimensionless

B: "K_l
G oK Z
D or™?
B ex
K: dimenslonleas

HOQ is the value for the heat of formation, AH, at 0°X, of the
species, in units of cal-mole~!, The set of fig coefficients given
haa been used for ail 96 composition cases calculated.



HIGH TEMPERATURE THERMOOYNAMIC FUNCTION FITS IN THE GRDER Es Dy Cy 8y Ay Ke-HOD

SEIGY
H

H2
SEH
SIH2
SIH3
5 PHS
Siz
512H8
Si3
[
518
51—
HE
H_
H2&
H386
5188
SI(CH

3.22490106-15
1.8159260E-13
-1.3005200E-16
—4.173459%E~ 16
-3.2631500E-15
~7.26608040F- 15
~3.244220G-15
-2.21071D0E-16
-4, 7989000E~ 13
-6.1570399E- 16
1.4933480E- 18
7.3334120E-18
1.0733000E~18
- 3.405T3006- 13
1.8159260E-18
~3.6711400E~16
1.3967800E-15
2.62086D0E-16
~8.6242900E~14

FOLDOUT FRAME |

|
-5.4505300E-12
~2,1558800E~14
3.3932900€-12
9.8024329E~-12
6.2277099E~11
1.3536600E~10
T.5035839E-11
4,8791359E-12
2. 781 5499E-09
1.3855720E-11
~1.4344400E~L4
-1.0040800E-13
-3.0054400E-14
5. 6666500E-14
-2.1558800E-14
1.4596400E~11
—4.6296400E-11
-3.15613400E-12
7.3064629E~10

2.9749250E~-08
6,7029219E-L1
-4.,003329%9E-0D8B
~0.2698258E-08
— 4. 65643B00E-07
=9.8030199E-07
-6.,9556630E-07
—44.2620549E-08
~B,0593599E-05
-1.2349210E-07
3.34T6400E-12
2.1543480E-09
3.1254800E~-10
-3.3783599E-10
6.T029219E~11
-2.1762500E-07
5.3973399E-07
-3.3075300E-08
—2.34392200-04

-3.4850430E-05
3.,7340679 E-08
3.48796006-04
4.89140208-04
1.7555300E-03
3.5198800£-03
3.2725240 E-03
2.0851580E-D&
1.5166800F=02
5.4615109E=04
3.1453890E-07

-2.7537250E-05
-1.4412300£-06
B.5041859E-07
3. 7340679 E-08
1.3394200E~03

-2.3381599E-03
5.T278L00E-04
3.6107150E-03

2.6118410F 00
2 .4996650E 00
3.,130006CE 00
3.3427220E 00
3.4562580E Q0
3.3357240E 00
449044 250E 00
4.,0989439E 00
2.4T02580E 0C
£.2923680E 00
24990700 00
2.56455090E 40
2 5025040E 0D
2.4991030E 00
2.4996650E 00
1.8011890E 00
Q453144T9E 00
3.2856880E 00
5.3137879E~-01

5.2223819FE Q0
—4,5792289E~01
-2.3333390& (0
4,4527380FE G0
4.G46T4TOE 00
4.3425200E 00
-5.3551050F 0Q
44.2917380€E 00
1.1261090F 01
~5.1587320E 00
~1.1727960E 01
4.5952640E 00
5.21C8780E 00
~1.149TTTOE OO
~1.,151178CE ©Q
€. 4994490E 00
-3.8112350E 01
200744206 00
-2.526T280€ 00

FOLDOUT FRAME &

1.0496400E8
5.1632000E
0.

4.7018000E
2. 3728000E
1. QDBS00G0E
1.30223008
3. 0000000E
1.3252100E
0.

2. 9368000F
7.2990000E
3.6523800E
3.4200000€
3,5722000E
2. 6138600E
2. 68010008
04

ro1359000E
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04

05
04
04
04
05
04
05
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04
05
0%
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APPENDIX C

EQUILIBRIUM COMPOSITIONS OF THE
SILICON-HYDROGEN MIXTURES

The following pages give the equilibrium compositions, in
terms of mole fractions, for the silicon-hydrogen mixtures considered
in this work. The silicon/hydrogen mass ratios, total gas pressures
(in atmospheres), and gas temperatures (in °K) are as printed. The
arrangement of the cases will be obvious upon inspection.

In cases where no solid silicon was found to be present, there
appears the statement "MOLES OF SOLID = 0.'". . Elsewhere, the num-
ber of moles is given (this occurred only for some cases with a gas
temperature of 1600°K). For each case the last mole fraction printed
out is for solid silicon, Si{c) (excepting for cases with Si/H mass
ratio = 0.). In cases where "MOLES.OF SOLID = 0. " is printed, the
mole fraction of Si{c) printed is an extraneous number, and should be’
disregarded. Where a non-zero frmoles of solid! was found, the mole
fraction of Si(c) is the ratio of ""moles of solid" to "moles of gas''; the
mole fraction of the solid is not considered in the normalization of the
mole fractions of the gas-phase species.

In cases where the mole fraction of free electrons, e—, was
less than 1. g 10-6 it is not possible with the HUG program as used
on the IBM 7094 machine to compute mole fractions for e or for any
ionic species; these species are for these cases deleted from the HUG
program input data, and do not appear in the print-out. For tempera-
tures of 4000°K and less for all cases with Si/H mass ratios of 0. 005,
0.01, and 0. 05 and for temperatures of 5000° K and less for all cases
with Si/H mass ratio = 0. and the case Si/H mass ratio = 0.005, gas
pressure = 1000 atm., it was not possible to compute the mole fractions
for free electrons and the ionic species.

All mole fractions are in floating point notation; the value
1,8048514 x 1(}“35, where it appears, is actually the machine zero
and is not a frue value. °


http:MOLES.OF

The mole fractions for the various species appear in four dif-
ferent formats and are printed out in the following fashions:

1. Cases where mole fractions for 19 species are printed out.
The format is:

- - H S-H » . s
Si(g) H > “i Sle SlI-I3 51:_{4
Si_ Si,H, Si, e sit Si~ H
H u gt siHt si(e)
2 3
II. Cases where mole fractions for 11 species are printed out.

The format is:

Si(g) H HZ SiH SlH2 SlH3 81H4
Slz SlZH6 813 Si{c)
III. Cases where mole fractions for 7 species are printed out_.

The format is:

- + - + +
H H2 e H H HZ H3
Iv. Cases where mole fractions for 2 species are printed out.

The format is:

H H2 - - - - -



TEMPERATURE =10000.

9.865T7484E-01

TFEMPERATURE =
9. 6497282E-01

TEMPERATURE =
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TEMPERATURE =
4.6T725894E-01

TEMPERATURE = 4000.
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TEMPERATURE =
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)
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:
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T5176857E-01

onoeao PRESSURC
9.3151131E~01

2000 PRESSLRE
9,9239270E-01

OUaG PRESSURE
F.9974509E-01

0O00 TPRESSURE
9.9999757E-0L

FOLDNUT FRAME |

508, 00000
9.3801196E-04

50G. Q0DOD
G.6901789£--05

540, 00000

8.4140073E-06

500. 00000

5Q0C. 00000

5C3G. 00000

5CC. 00000

50C. 00000

MOLES OF GaS =

S$i/H Mass Ratio = 0.0

0.95991  MOLES OF
8.1785775E-05
i

MOLES OF GAS =
F43749062E-04%

0.87888 MULES OF
1.6586789E-05

i

9.0T7I3611E-0Q5

MOLES OF GAS =
4.8022514E-06

0.730064 MOLES GOF
-2.2833988E-06

MOLES OF GAS = 1.14170 MOLES OF
i
5
MOLES OF GAS = 1.03546 rDLES 0F
MOLES CF GAS = 1.00352 ?ULES aF
MOLES OF GAS = 1.00013 %ULES oF
MOLES OF GAS = 1.004000 MOLES OF

SOLEID = Q.
T.5573673£-05

SOLID = 0.
1.5748940E-G5

SQLID = G
1.5706823E-06

S0LID = D,
SOLID = Q.
SOLID = Q.
SQLED = @.
sSaLino = Q.

FOLDOUT FRAME )

Ga T459384E-06

T«0321252E-06

4.33%1102E-06



TEMPERATURE =10000.00600

9.19518016-01

TEMPERATURE =
T.TH18347TE-01

TEMPERATURE =
5.1304916E-01

TEMPERATURE =
1.8298458E~01

TEMPERATURE =
40334472507

TEMPERATURE =
4.9600034E-03

TEMPERATURE =
1.7T741905E-04

TEMPERATURE =
1.7116921E-06

8000. 0000

6500, 0000

5000.0000

4000, 0000

3000.0000

2200.0000

160G. 0000

PRESSURE
T.B9534T74E~02

PRESSURE
2+23563653E-01

PRESSURE
4.86%3160E-01

PRESSURE
8.17T01530E-01

PRESSURE
9« 5106552E-01

PRESSURE
9.9503999E-01

PRESSURE
G.998225TE~-C1

PRESSURE
G.9999828E~-01

FOLDOUT FRAME

=1 GC0. §0000
G.D442078E~D4

=1GG0. 00000
6. 8TI0TTOE~QS

=1 (3C0. 40000

6.68087T0LE-05

=1CC0. 00000

=1C00. 00000

=1600. 00000

=100¢, 00000

=IN00, 0000Q

S8i/H Mass Ratio = 0.0

MOLES OF GAS = 0.92727 MOLES oF
6.4667865E-04 1.09B3871E-04%,
MOLES OF GAS = 0.81725 MOLES UF

2.1208037E~ 05

y
i

5.7537T8618-05

MOLES OF
2.94679526-06)

MOLES "OF GAS = 0.67252
2+45373934E-00

MOLES OF GAS = 1.10071  MOLES OF
f
MOLES OF 5AS = 1.02508  MOLES OF
]
[
MOLES OF GAS = 1.00249  MOLES OF
|
MOLES OF GAS = 1.00009  MOLES DF
MOLES OF GAS = 1.00000 MOLES OF

SGLID = Q.

1.00352055E—04 1.7243307E-05

30LinD = 0.

1.7991706E=05 1.4469295E-05

S50LID = 0.

L+ 3063941E-06 5. B65762 8E-06

SOLID = 0.
SOLIG = 0O,
S50LID = 0.
SOLID = Q.
s0LI0 = 0.

FOLDOUT FRAME of

%EL‘TS AT FRAE



TEMPERATURE =10000.6G00 PRE SSURE
8.285%296F-05 2. 863%663E-01
1.70125468-11 1.8048514E-35
3.9216519E-05 3.4696060E-09

TEMPERATURE = BOGC.D0ODO PRESSURE
1. 1738491E-04 P« 6479491E-01
1.1878872E-10¢ 1.80485]1 4635
Q.855515TF~ {5 T+4354166E-06

TEMPERATURE = &5G0.0006G PRESSURE
1.7212224C-04% g, 62221610-41
9., TOST412E-10 1.8048514F-35
2+ 03929825-06 6.9233373E-07

TEMPERATURE =
2.4639593E- 04
1.5828716E-08
3.646326TE-O7

S000.0000 PRESSURE
4y 671 7403E-01
H. 3015684824
35729571808

4000.0000 PRESSURE
1.4655876E~01
2.81813176-16

YEMPERATURE =
1.95062 196~ C4
#.9238214F-08

3IR00.0000 PRESSURE
1.5598013E-D2
7. 5254570E-13

TEMPERATURE =
259944 17E- 05
5732904208

TEMPERATURE = 22{5.0099 PRESSURE
3.68955500E-07 5.6083986E-04
1.9414483E-09 2.02323886E-11

TEMPERATURE = 160C.0000 PRESSURE
3.8861388F~10 5,4118626E-06
25514074612 1,7227020E~ 10

C-6  poLpoUT FRAME |

Si/H Mass Ratio = 0.005

MOLES OF GAS =
2.683032BE-07
2,1781074E-03
6.1712167E-07T

100. 20000

2.08560061E-03
1.1323268E-18
6.39545390E-07

100.00000

3.4552856E-02
4.2895586E-17
Ts 4327754507

T«499525TE-07
2.5TL807T1E-04
L1.0621919E-06

100.00000

1.37526934E-01
2.2907502E-15
5.2242720£-07

2.0934995E-06
3.5605055E-05
1.1923773E-04

100.00000

5.3254716E-01
5. T644405E-13
5.1483150E-08

5.307T580656-06
3.1430049E-048
4e1437461E-0T

100.00000
8.5310836E-01
3.3769823E-11

4.56433201E-06
T.6384875E-13

100. 00000
G.8404552E=01
2,11 72815E-10

5.1494390E~07
B.0544282F-172

100. 09000
F.9907994E-D1
5.2959379E~11

4.9073014E-09
6.2317249F-11

MOLES OF GAS =
2.8310256E~12
5.0234542F-10

130, QOGG0
9. 996352401
5.1276939E-13

0.99310

MOLES OF GAS = 0.

MOLES OF GAS = 0.

MOLES OF GAS = 0,

MOLES 2F GAS = D.

MOLES OF GAS = O,

MOLES OF GAS = O,

o.

MOLES OF
2.5883471E-09
Q.T095054E~05
1.80485}4E~35

960683 MGLES OF
446392161E~08
b 6526425E-05
2+3630787E-23

ev91z MOLES CGF
T-00B2000E~-07
2.8220818E~05
4+B466398E-17

65249 " MOLES OF
1.8857252E~05
3.0959024E-006
GQARLTITE—14

53955 | MDLES OF
1.1723736E-04
1

L0333 MILES OF
2426576 TE=04

50000 , MOLES OF
1.46739996-04
1

49982 | MOLES OF
2.8837525E-05
!

S0LID = 0,
5.848T200E-12
4,823T062E~09

3.8947673E-15
2. 08428l1E~-03

SpLID = D
3. 642T229E~10
2.2841500E-C9

3.1276211E-13
1. 2130050E-04

SOLID = O
‘1.5874506E~08
1+3024165E-09

Z.8944409F-11
T+ 7491 852E-06

50LID = Q.
1.2169836E-G56
T+04308651E-10

5. 4B656598E-09
1. 695526 TE-08

S0LTD = O,

1.5885012E-05 1. 1957349E-07

S50LID = O,

B.61464330-05 1.L625293E-06

SOLIo = Q.

2.0577181E-04 643134433606

saLiD = O,

3.0012481E-04 3.0364838E-05

FOLDOUT Fram: 2



TEMPERATURE =10000,0000 PRESSURE

! 1.1993854E- 04 3,551 7T480E~01
1.78227326-10 1.8048B524E-35
B.4417B63E-0% 7.3177691E-05

TTEMPERATURE = B000.0000
1.5660623E-04 8.6173792E-01
1.0571L554E-09 1.8048514E-35
1.9926295E~ 05 1. 3102338605

‘'TEMPERATURE = 6500.0000
2.0713618E~04
T.0309755E-09
4.561923 &8E-06

PRESSURE
6.3120614E-01
1.804B514E~35
T«7599812E-07

TEMPERATURE = 5000. 04000 PRESSURE
1.8509029E~-04 2+ 4818658E-01
Ha4BSITOIE-Q8 - 6. 2450569E—21
3.9128147E-07 2.+ 4361049E-09

TEMPERATURE = 4000.0000
6+4324602E-05
4.8520880E-08

PRESSURE
6. 8476373602
2.4907642E-14

TEMPERATURE =
4.1245226E-06
T.2165498E-09

3000.0000 PRESSURE
T.0060256E-03
1.2154075E—11

"TEMPERATURE =
4.1457T911E-08
1.2282775E~10

2200. 0000 PRESSURE
2.50854136-04
1.6015570E-10

'TEMPERATURE = 1600.0000
3.2766806E-11
9. 42492436 14

PRESSURE
2+4202625E-06
T.6546518E-10C

FOLDOUT FRAME §

PRESSURE

Si/H Mass Ratio = 0.005

500. 00000

%.2597733E-02
8. 585472 TF~17
6. 5308860F~06

MOLES OF GAS = 0.95995
1.8803759E-06
9.6837453E-04
1.2456086E~06

MOLES OF
8.7829927E-08
‘6,3223796E-05
1.B04851 4635

1
MOLES OF
1.2344161E-08
3.9208840E-05
1.7110680€-22

5G0. 00000

1.3782702E-01
2.5464956E-15
5.849308TE~06

MOLES OF GAS = (.87893
4.5682845E-06
1l.1643283E-04
2.T957800E-06

0.73070 MOLES OF
1.2105963E-05
1.4205585E~03
2.916283TE~16

3

MOLES GOF GAS =
9.221T6T5E-Q6
1.7024372E~05
2+1978986E~05

500, 00000
3.6852118E-01
9.9810120E-14 -
2.14335 08E-06

i

MOLES OF GAS = 0.57T085 MOLES OF
1.0590494E-05 9.2946524E-05
1.2697239E-06 1.15133838E-06
4.09334T3E-07 1.3383155E~13

H

S00. 00000

Te5L497T09E-01
6.1086808E—-12
3. 55365 82E-08

MOLES OF GAS = 0;51765
3.57710298E~06
1.2594512E-12

500. 00000
9. 31176 T2E~01
3.0274TH2E-11

MOLES OF
Z2.1099287E-0%

MOLES GF
1.9419194E-04

500. 00000
9. 9263594E-01
2.1144433E~11

MOLES OF GAS = 0.50163
1.8349523E-07
6.3899452E~12

500. 00000
9. 99389846E-01
1.8844448E~12

MOLES GOF GAS = D.49990
1.2345122E-09
3.5049242E-11

MOLES GF
8.2556918E-05

MOLES OF
1.2157519E-05

50C. 00000
9.9963820E-C1
7. 6843920E—15

MOLES OF GAS = 0.49981
5.3375886E~13
2.1178157E~10

SOLEID = 0.
9.6090T8BE-10
1.5521454E-08

SGLID = D.
%44 3286594E-08
5.89B0818E-09

SCLID = 0.
9. 3688438E-07
3.74TL258E~09

SGLID = Q.
1.7133407E-05
1.0686755E-09

S0LID = C.
6.6T786451E-05

S0LID = O.
1.5482719E-04

SOLID = Q.
2.5890668E-04

SOLID = Q.
2.8292T12E-04

FOLDOUT FRAME o}

3.0981602E~12
9.0793239E—04

© 1.6597833£-10

T+54830256~05

6. 252 7753E~09
2.37289T1E~06

2. 035181 GIE-OT
4e 459334 TE~QT

1.1744501E-06

4. 632302 5E-06

L. 7765442E~05

6. 4007268E-05



TEMPERATURE =10000.0000 PRESSURE
1.3525268E-04 9,1935209E-01
4.5320241E-10 1.8048514E-35
1. 13751 748-04 9. 6B46080E-05

BLO0O. G000 PRESSURE
7. T604209E-01
1.8048514E-35
1.490G6T7E—-Q8

TEMPERATURE =
1.7211246E-04
2.5537318E-09
2455934895~ 05

£500. 0300 PRE SSURE
5.1295578E-01
1.8048514E~-35
7. 16T1473E-07

TEMPERATURE =
2.0438328E-04
1.36906616-08
536834 BGE-06

TEMPERATURE = 5000.0000 PRESSURE
1.2745508E-04 1.83295182E~-01
4. 2353842E-08 £.081961¢€E-20

TEMPERATURE =
3,21995208~058
2.4316622E-03

4000.000¢ PRESSURE
4., 89256826-02
1.06283026~13

TEMPERATURE = 3000.000¢ PRESSURE
1.7356651F-04 %,959112 56~ 03
2.5559015E-09 3. 4650529611

TEMPERATURE = 2200,0000 PRESSURE
L 53779465E-08 L. 773871 7E-04
3.379%441F-11 3.526477CE-10

‘ PRESSURE
1. T1L384TE-00
1.3533612E-09

TEMPERATYRE = 1600.0030
1.089225460~11
2.0829327C-14

FOLDOUT FRAME |

5i/H Mass Ratio = 0, 005

=1000. 00000°
T. 8924984E-02
4. 924TH43E-16
1.6638128E-05

MOLES OF GAS =
4.0818852E-0%
6,.,7T785693E~04
3.0168027E-06

MOLES OF GAS =
B.844T7204E-06
8,3030630F-05
3.8801937TE-Q6

=1 000. 20000
242355507801
1.3521115E-14
1. i981243E-05

MOLES OF GAS =
1.4Td9119E-05
1.2173147E-0B
2. 564T7564E-0%

=1000. O0G 0O
4 8675440E-01
3, 83533 01E—13
3.217492TE-06

=1000. 00000
8.1672]1 86E~01
T«9786215E-12

MOLES OF GAS =
L.0751724E-05
2+1185992E-13

=10C0. 00000
3,5072385E-01
1.5189983€E-11

MOGLES OF GAS =
2.5587619FE-06
1.2609086E-12

MOLES GOF GAS =
1.09314B7E-07
5.3779826E-12

=1C040. 00000
G.946824TE-CL
B£.302T7880E-12

=1G00. 00000
F. 9946331601
3.B8469617E~13

MOLES OF GAS =
6+44761632F-10
2.6001600E~11

=1 00G. 00000
9.9963888E-01
1.1290693E-15

2.5092500c~-13
1.4079975E~-10

G.

0.

0.

0.

D.

0.

Ga

MOLES OF GAS = G-

92731 MOLES OF
3,67018208~07
5.0926400E-05
1.8048514E~35

81731  MDLES OF
4, 400934 T7E~06
"3.0213033E-05
3.7609749E~22

]

j
f

67257  MDLES OF
3.1554358E~05
9.8013697E-06
5.7550498E— 16

55031 MOLES OF
1.4959527E-04%

51244 ‘MOLES OF
2.156TL2TE-04

|
5¢1l10 {MOLES OF

1.6377510E-04
|

%9987 :MDLES OF
6.1250112E~05

i

49980  'MOLES aF
8-382?461E'06

i

50010 =

SOLID =

SGLID =

soLIe =

soLinD =

SOLID =

SaLID =

SOLIG =

0.
7. 7295809E-09
2.4504407E-08

Ou
2.7795656E-07
1.0812459E~08

0.
3.9690943E-06
5,2B874891£-09

Da
3.7807883E~05

.
9.T7552632E—-05

Q.
1.8485287E~04

0.
24 T166119E-04

0.
7+-54601353E-04

EOLDOUT FRAME 0?

4. 7974126611
64 2420586E—04

1.9196181E-Q9
4. TH61366E-05

4. 3054351608
1. 348421 9E—06

6. 6T52005E-07

2+ 431383 9LE~D6

7. 9309859E-06

2,6362786E-05

8. 5108627E-05



TEMPERATURE =100860.0090  PRESSURE
16 T44DE2E~ 04 9. 8621 684E-01
6.94717BLE-11 1.8043514E~35
4,00781715-05 3.3931556E-05

TEMPERATURE = 8000.0000 PRESSURE
Z2.445T842F~04 2. 64561 126E-01
5.1568796¢~10 1.8048514E-35
1.11223276~Q5 &.5B47751E~086

TEMPERATURE = 6500.0000 PRE SSURE
3.5699980E- (4 8.6205376E-0L
4.1 TTO49RE-09 1.30458514E~35
3.5653B535~06 5.122L403E-07

TEMPERATURE = 5Q00,0000 PRESSURE
4.93T64395-04 4, 6T08993E-01
5+35650215-08 2.527B529E=23
5.18138126-07 2.5130624E-09

TEMPERATURE = 400C,.0000 ~  PRESSURE
3.8912994E- 04 1.4653254E-01
3.5513533E-07 1.12030956-15

TEMPERATURE = 3000.0000 PRESSURE

541911688E-05 1.55%95219F~-02
2.2863502E~07 2.9980169E-12
TEMPERATURE = 2Z00.0000 PRESSURE
T»3663909E-07 5.6073928E~-04%
T+ T55TO52E- 09 8.0739472E—-11
'TEMPERATURE = 1600.0000 PRESSURE
T« T6EBA4Z2435-10 - 5.410B524E-06
1.05951166~11 54 BTESTIE-TO

FOLDOUT FRAME' [

G.0822941E-03
93439511618
6.2534093E-07

3.4539703E-02
3., 8799830E~-1&
6.5011832FE-0T

1,3T7T4T506E-NL
2.C439522C-1%
3. 86437 B3E-07

5.3235544E-01
4.6389092E-12
3.6204478E-08

2.5280302E~-01
2.6809793E-10

F. BICIZIIE-D]
1.6862842E-CG9

$.9872165E-01
4. 22084926E-10

9.9927466E-01
4. 0960578E-12

5i/H Mass Ratio = 0.01

MOLES OF GAS =  0.99315 MOLES DF
5.420337T3E-07 5.2285T799E~09"
22263720803 1.9195465E-04
1.2199128E-20 1.8048514E~ 35!

MOLES COF GAS = 0.96487 MOLES OF
1.5m0227T33E-00 G.66240270-08"
2.9029356E-04 1.2280077e-04;

1.9603211k-06 54344492723

MALES CF GAS = 0.37917 MBLES OF
4. 3413200506 1.5566923E-00]
4.8107375E~05 4,3321211E-05!
1.9308160E~06 1.0052446E-16:

MOLES OF GAS = 0.6%255 MOLES OF
1.G6341950-U5 3.7715325E-05
4. 4BG9T23E-06 4.3652119E~06
5.84156155F-97 B.2075124E~14.

MOLES GF GAS = D.539556 MOLES OF
3.2613099E-06 2.33793348-04

1.5238034E-12

MGLES OF GAS = 0.50373. MOLES OF

1.0281729E-06 4.8442042E-04
1.6084912E8-11

MGLES OF GAS = 0.49985 MOLES OF

9.80645TRE~DY 2.93184L1E-04"
1.2455352E~-1¢0

MGLES OF GAS = 0.,49964% MOLES OF

5.6582280F-12 5.7625779E~05,
1.004L927E-09

SOLiD = 0.
1.18125280~11
9.9630650LE-09

SoLip = 0.
T.5854969E~10
5,37191S0E~09

50LID = O,
3. 29067587 -08
3.6498955E—-09

S0LID = G
2.4374534E-06
2.00593156-09

S0LID = 0.
3.1672032E-05%

SOLIO = C.
1.7194447E-04

SOLID = Q.
4. 110549%E-04

SOLED = 0.
5.99£2934E-04

£OLDOUT FRAME of

7. 8667392E-15
2.03872 TOE-03

6.5116239E-13
1. 6944721E-04

5. 998843 7TE-11
5. 7342155606

1. 098TOBLE-UB
1.1927740E-08

2.38356665E-07

2+ 3199398E-06

L. 2609633E~05

6. 0656038E-05



TEMPERATURE =104000.0000

2442063 55E~ 04"
T.259647T0E~- 10
8.7014146E~05%

TEMPERATURE =
3.213728TE-04
4.4518361E-09
2.2927507E-05

TEMPERATURE =
T 4.2063451E-04
2.8994355E~08

6. 1665434E-06

TEMPERATURE =
B3.T0LA3TTE~04
1.78607332E-07
5.,3881378E~07

TEMPERATURE =
1,28495604F~04
1.9362046E~07

TEMPERATURE =
8.242%487E-06
2.88235476-08

TEMPERATURE =
B.2869160E-08
4.9075834E-10

TEMPERATURE =
6.5548T696~ 11
3, 77171296-13

C-10

8000.00G0

6500.0000

5000, 00400

4000, 0000

3000.06020

2200.00600

1600.0000

PRESSURE
9.5%001008~01
1.80485145-35
T.0955511E-05

PRESSURE
8.6157736E=01
1.8048514E-35
1.1330876E-05

PRESSURE
§43109035€-01
[ 804851 4E-35
5. BG96513E-07

PRESSURE
2.4814205E-01
2+49403B5C-20

L 1.8116724E-0D9

PRESSURE
6. 8464 104E-02
9, 328604 TE~14

PRESSURE
T.004TGS1E-03
448452263611

FRE SSURE
2+50809L3E-04
63921 368E-10

PRESSURE
2.4198284E-06
3.0559808E~09

FoLDoUT FRAME |

8i/H Mass Ratio = 0,01

560. 00000

442582231E-02
T.0579084E-16
6433141 06E-D6

3.7943403E-06
3.9833865E-04
3.8081367E-06

500. 00000

L.377T7566E-0L
242006113E-14
5. 07984 64E-06

9. 1676929E-06
1.3399440E-04
4.9843T86E-06

500. 6A000
3.6838599E-01
8.3583659E-13
1.6043643E~06

1.2723345E-05
2.2731200E-05
3.3421480E-06

500C. 00000

T+5122743E~01
4.8854873E-11
6.9327985€-08

2.1175082E-05
L.7487857E-06
5.9423766E-07

500. 00000
9.3 084303E-01
2.4133186E~10

7.1443861E-06
2.5158954E~12

5CLC. 00000
9.9228001E-01
1.6878065E-10

3.6665349E-07
1.27704456-11

500, 00000
F.99031 40E-01
1.5050125E-11

2+46T1925E~09
T.0059035€E~11

50C. 00000
9.9927962E-01
6.1517743E~14

1.0675730E-12
4.2366109E—10

MOLES GF GAS = 0.

MOLES QF GAS = 0.

MOLES OF GAS = 0.

MOLES OF GAS = 0.

MOLES OF GAS = 0.

MOLES OF GAS = D.

MOLES OF GAS = D,

MOLES OF GAS = O

95999 MOLES OF
L.7T719646E-07
1.237T7T035E-04
1.8048514F~-35

B784%38 MOLES DF
2.5322109E-048
6.9915413E~05
3.5112954E~22

73076 MOLES OF
2.45747T41E-05
2.160512TE-05
5.9221404E~16

57086 MOLES OF
1.9980147E-04
1.6717166E-06
3.0763251E-13

51757 MOLES OF
4.2133098E~04

50150 MOLES OF
3.8795745E-04

49974 MOLES OF
1.64961T74E-04

49962 MOLES OF
24431193 7E-05

S0L1D = 0.
1.,9332746E-09
3.2295167E-04

SGLID = 0.
8.8779113E-08
L.629G69BE-08

SOLID = 0.
1.90149B8lE-06
1.0160112E-08

SULID = Q.
3.4244906TE-D5
2.9434726E-09

SOLED = D.
1.3334176E~-04

SOLID = Q.
3.0925910E-04

5gLIio = 0.
5.1724356E~04

SOLID = Q.
5.6568050E-04

6. 2482504812
4.8052145E-04

3.4035183E~10
64 557 T856E-05

1.2568828%9E-08
1.77683B6E-06

4. 1002681E-07
3.2371646E-09

2.3444153E-06

9e 370945206

3.5485419€E-05

1. 279522 7E-04

FOLDOUT FRAME f



TEMPERATURE =10(108.

2. 1260733E-04
1.84145R2E- 12
1. 1758906E-04

TEMPERATURE =
3.5087838E-04
1.06136295-08
2.94561318E-05

TEMPERATURE =
4.12562783E-04
5.5802122E2-08
T.01762445-06

TEMPERATURE =
2.54000126-04
1.568207%8E-07
4.80480285~-07

TEMPERATURE =
5.4337660E-05
9.7081168E-02

TEMPERATURE =
3.468G980E-06
1.0209873F-C8

TEMPERATURE =
3.0739531E-08
1.3505360F~10

TEMPERATURE =
2.1782315C-11
8.,3300505F-14

8000,

£500.

5400,

4000,

3000.

22G0.

1500,

2000 PRESSURE
2.1913514E-01
1.8048514E—-35
F.3634651E-05

Gaeg PRESSURE
T.T539BBYE-DL
1.8048514E—-35
1. 2937278605

0930 PRESSURE
5.12802495~01
1.80485145—-35
5.4797395E~07

a0g0 PRESSURE
1. 8291 88BE~01
2+%4128398E-19
1. 6275984509

0099 PRESSURE
4.8%169128-02
4.2386595E-13

Cano PRESSURE
4,9582230E-03
1.3826704E-10

0Q0g PRESSURE
1. 7735535604
l.4Q075710E-09

aga0 PRESSURE
1.7110775E-06
5. 4065261E-09

coLoout Frave |

=1000. 06000
7.8396326E-02
4,0323721E~15
1.6083483E-05

=1000. 000C)
2.234T725TE~-CL
1.145£327E-13
1.04006 C6E-05

=100G, Q000
44 B865TT7T35E-01
3.156037V8E~12
2+ 4595305006

©=1000.00000
B.l642780E-01
6+314T838E~11
9. 1825739608

=120G. 00000
9.5038304E-01
1.2117275E-10

=1006. 0000
Q. 943257TE-01
5.0320740E-11

=1600. 00000
9,9910481E-0L
3.,07206491E-12

=1000. 00000
9. 93528007501
9.02982 44515

MOLES OF

MOLES OF

Si/H Masgs Ratio = 0,01

3.2257 14406
1.0085114E-04
5.8732279E-06

1.8028030E-05
2.5596309E-05
6.8693360E-26

MOLES OF GAS = O,

2.9852207E-05
1.5919903£-05
3.8052197E-05

MOLES COF GAS = (O,

2.1422829E-05
1.0677554F-06
4.F697344E-07

MOLES OF GAS = Q.

5.1117298£-06
2.5194134E~12

MOLES GOF GAS = 0O,

2.1844368E-07
1.0T48738E-11

MOLES OF GAS = O.

1.2543099E-09
5.197547T1E~11

MOLES OF GAS = 0.

S5.0170932E~13
2o8B157111E~10

GAS = 0.

GAS = 0.

|
92735 MOLES OF
7439471T0E-0F
9.92764608E-05
1.8048514E=-35

B1736 MOLES OF
8.9686875E-05
5.3497788E-05
7.66734135—2?

67261 MOLES OF
£.3682686E-05
1.5134619E—Ch
1.1618825E~15

55027 MOLES GF
2.9801520E-04
?.483037T7E-07
4.2220731E-13

51233 MOLES GF
4. 30TT6F6E-04

50096 MOLES GF
3.272L273E-04

49370 MDLES OF
1.2239098E~-04

49960 MOLES OF
1.61580616-05

SOLID = (s
1.5570806E-08
5.1065031E-08

ScLInp = 0.
5.6634459E-07
. 2.5378828E~08

SOLID = 0.
5.0083029E-06
1.3956968E-08

SGLED = O,
7.5305158£-05
2+4434434E-09

S0LID = C.
1.9481452E-04

S0LID = Q.
3.06925859E-04

GLID = 0.
5.42T74048E-04

SOLID = 0.
5.3168697E-04

FOLDOUT FRAME pf

9. 8623603E~11
6. 0361668E-04

3.910G58462E-09
4.%388865E-05

8, 6858870E—-08
1. 031141 8E-06

1.3293167E-06
1.97262365~-09

4. 8945842 E-06

1. 583994 7E-05

5.2659661E-05

1. 7Q0TT91E=-D4

C -1l



TEMPERATURE =10000.

F0T240TTE-04
2.0395387E~09
456927401005

TEMPERATURE =
1.422T761E-03
1.7451140E-08
1.92113456E-05

T.EMPERATURE =
1.8951121F-03
1.1770729E-07
T«TT12984E-06

TEMPERATURE =
2.4T743353E~03
1.5962567E-D6
1.1506756E-06

TEMPERATURE =
1.93708455-03
B.BO03869E-06

TEMPERATURE =
2.5970580F- 04
5.7T223678E-C6

TEMPERATURE =
3.7003319F~06
1.95701136~07

TEMPERATURE =
1.5945063E-09
4. 4636T23E~11

C-12

8000.

£500.

S000.

4000

3000.

2200,

1600.

QoY) PRESSURE
3. 84TE948E~Q1
1.8048514E~35
7. 884732305

Qono PRESSURE
3.6309359E~01
1.8048514E~35
3.T7942626E-06

00%0 PRESSURE
8,6078022E-01
1.8048514E-35
2.3395404C-0Q7

0009 PRESSURE
4. 6641 945601
642935151622
1.126T416E-09

0000 PRESSURE
1.4632304E-0]
{75264391E-14

0aG4a PRESSURE
1.5572840E-02
7.4351809E-11

8000 PRESSURE
5. 599321 TE- 04
2.0197838E-09

0000 PRESSURE
5.4088506E-06
2.,89058157E-09

FOLDOUT FRAME §

5i/H Mass Ratio = 0.05

100. 00000

9. 0547360603
1.4863319E-15
5.3083397E-07

2.9327042E-06
2+.6108135E-03
5.,6275138E-06

100.00000
3.4431102€-02
T.6381030E-14
3, 78622 62E-07

9.0738494E-00
5.0220768E~-04
6.5B13631E~06

100. Q00C0

1.37T06T52E-01
3.0575345E-12
1. 76243 93E-0T7

2+3011457E-05
1.050130BE-04
4,4456502E-06

100.000600

5.3082821E-01
5. 8377132E-1C
1.6209126E-08 .

5.3213652E-05
9934464 TE-06
1.31437TT78E-06

1004 QO00C
8.5036633E-01
3.307E605E-08

4.6036T85E-05
7.5854T68BE-12

100. 00300
9.8087173E-01
2.1114470E=0T

5.1364020E-06
8.04702328-11

100.00000
9.9584863E-01
5.3597388E~08

4.9189569E-08
6.2566538E~10

100. 00000
9.5852270E-01
3.5419796E—-11

L. 1609404E-11
2.1195857E-03

MOLES OF GAS = (.

MOLES OF GAS = 0.

MOLES OF GAS = 0,

MOLES OF GAS = 0.

MOLES OF GAS = 0.

MOLES OF GAS = O.

MOLES GF GAS = Q.

MOLES OF GAS = 0.

99356 MOLES OF
2824396 TC-08
8.869L4T9E-04
1.8048514E~35

96716 MOLES OF
5.6031956E-07
4. 12927 25E-04
3.1090306E-22

87950 . -MOLES OF
B,2391133E-06
1.,0535029E-04
5.3362B15E-168

65304 MOLES OF
1.8875690E-04
9.8359525E-06
4.1129539E-13

'

539606 | MOLES OF
1.1604952E-03

50293 MOLES OF
2.416527T1£-03

49870 MOLES OF
1.46B5653E-03

49874 | MOLES OF
1.1819048E~04

sgLio = 0.
6.3712538E-11
6.3308011E-08

50LID = {.
4,3918847E-09
5.4062208E-08

S0LID = 0.
1.7390745E-07
4, 2294074E~08

SOLID = Q.
1.2162058E-05
2.2355770E-08

SOLID = Q.
1.569877TTE-04

SOLID = 0.
8.565L252E-04

S0LID = 0.
2.0559351E-03

SOLID = 0.001086
1.2293753E-03

FOLDOUT, ERAME ]

4. 2355177E-14
1.7358840E-03

3. 7641975E-12
FeTTI2302E-05

3.1656003E-10
2. 6229962E—06

5.4 T43078E-08
5.3555387E-09

1.1798156E-06

1.1539803E-05

6.297T535E~05

1.2431159E-04



TEMPERATURE =1D0040.0000 PAE SSURE
1.2900770E-03 9.53%56895E-01
2.06199716-08 1.8048514E-35
1.05667T320E-D4 5. 7618966E-05

TEMPERATURE = 8000.0000 PRESSURE
1.7424728E-03 8. 6027929601
1.3087378E-07 1.8048514E-35
4,0361900E~05 64 435T104E-C6

TEMPERATURE = £500,0000 PRESSURE
2.1568994E-03 6. 3017243E-01
71.62365828-07 1.8048514E-35
1.3142252E-05 2. TL409B8E~-07

TEMPERATURE = 5000.0000
1.8498067E-C3
424 6068300-06
1.1966853E-06

PRESSURE
247786366 -01
&.1775531E-19
8.1220937E~-10

TEMPERATURE = 4#000.0000 PRESSURE
6. 4265646804 6.8365879E-02
44 B431981LE-08 2.4622265E-12

TEMPERATURE = 3000.0000
44 1377490E-05
T.2629076E-C7

PRESSURE
643946921603
1.2113905E-09

TEMPERATURE = 2200,0000 PRESSURE
4. 1657938E-07 2.5044792E-04
1.24015896-08 1.6014021E-08

TEMPERATURE = 1600.0G00 PRESSURE
3.1B901326-10 2. 4164844E-06
8.9273443E-12 7. 1828904E~08

FOLDOUT FRAWE |

4, 264540 20E-02
1.0684022E~13
5.,1336TL6E=06

1.3736083E-01
3.5076284E~-12
2.86824T2E~06

3.6731513E-01
1.1269285E-10
T.4862LTLE-0T

T. 4907536601
6. 69783 4%E~0S
3.1036589E-08

9.2B17402E~0L
3.0191538E-08

9. 89427 D1E-D1
2.13485CG0E~08

9,9615591E-01
1.9118543E-09

9.9651978E-01
T.0839589E-12

5i/H Mass Ratio = 0.05

MOLES OF 545 = 0496031 MOLES OF
20191603605 3.41537B8E-0T
1.2287307E-03 5.372614BE-0%
1.6505546E~05 1.8048514E=35

MOLES OF GAS = Q.8T933 MOLES OF
4 49632026E-005 1.35688220E-05
2.3624154E-04 2.1501072E-04
1.5305355€-05 1.9038121E-2L

}

1
’

MOLES CF GAS = (.73118 MOLES OF
G.58685T700-05 1.25646288-04%
4.B515T722E~05 54190649205
§.01755748E-06 3.0367124E~15

MOLES OF GAS = ©.57088
1.0567155E-04
3.8895760E-06
1.3332987t~06

MOLES OF
3. 9565449E-0%
3.7562363E-06
1.537404TE-12

MGLES OF GAS = 0.51694 MOLES QF
3.54805T7E-05 2.1011974E-03
1.2582%69E-11 ' |

MOLES DF GAS = 0.50047 MOLES OF
1.83TB58TE-06 1.94i83488E-03
6.4104371F-11 !

MOLES OF
8,26860822E~0%

MuLES OF GAS = 0.49843
1.23845%90E~08
3.5218357E-10

MOLES OF GAS = D.49811 MOLES OF
5.18606733E-12 1.1795338E-04
1.1810012E~D4

soLIn = Q.
1.0283627E-08
2.1132018E-07

50LIR = 0.
L 4.791B486E-07
1.55T 2T T4E= 07

S56LID = Q.
9, 7078813E-06
1.1119459E-07

SOLIB = 0.
1. TO405556E—04
3.2717613E-08

S0LID = D
6. 6402749E-04

SOLIZ = 0.
1.5457111E-03

SOLID = D.
2.5889415E-03

s$0L{D =. 0.00006
2.,7406997E-0G3

FOLDOUT FRAME o

3.3100742€~11
1+ 1609564E-04

1. 8342790E-09
3.7139224E-05

6.4684387E-08
8.3E29600E-07

2.0374000E-06
1. 4533698E-09

1.1658185E-05

4o 6TH96ITE-CS

1.7735816E-04

6,1306694E-04

C-13



TEMPERATURE =10000.0000

1.43744076£-03
5.119%606E-08
1.4604616E-04

TEMPERATURE =
1.8610821E-03
2eFG594440-07
5.15377418E-05

TEMPERATURE =
2.0974900E-03
1.4418946E- 06
1.4619800E-05

TEMPERATURE =
1.27035568-03

4. 2075499E-06

1.04233228~06

TEMPERATURE =
3.2240312E-04
2.4378271E-04

TEMPERATURE =
L.T4#23105E-05
2.57551 CHFE~C7

TEMPERATURE =
1.54586293E-07
B.4144627E-09

TEMPERATURE =
1.,0962408E-10
2.1098497E-12

C-14

8000.0000

6500.G000

5000.0000

4000.0000

3000.0000

2200.00Q0

1600.0000

. PRESSURE
9.1781731E-0G1
1.8048514E~35
T.5053862E-05

PRESSURE
ToT474533E-01
1.8048514E~35
7.3569369E-06

PRESSURE
5.1212014E-01
1.8048514E~35
2.6189147E-07

PRESSURE
1.8265651E-01
5.9837139€E~-18
T.4TO4466E-140

PRESSURE
4.8846629E~-02
1.0552368E-11

PRESSURE
4.9510869E-03
3.45T870TE~09

PRESSURE
1.7709988E-04
3.5280154E~08

PRE SSURE
1.708611 3E-06
1.3575254E~07

FOLDOUT FRAME [

=1008&, 80000
7.8661686E-02
5.9117722E-13
1.2872705E-05

=1:000. 00000
2.2280858E-01L
1.7095122E-11
5.9056350E-006

=100Q0, 00300
4,85169T5E-01
4. 1453994E~10
1.1T37T41E-06

=1000. 80000
B.14087368-01
T+ 9001001E~Q9
4. 208625TE-08

=1000. 00000
Fa4T65404E-01
1.5247Y7T90E-08

=1CCa. 00000
9. 91465 706£-01
6.3754618E-09

=1C00. 20000
9+9622860E-01
3.9060451E-10

=1GLG, 00QO0
9.95401 F6E~01
1.1510252E-12

5i/H Mass Ratio = 0,05

MOLES OF GAS =
4.3309107E~05
B.7175TT3E-D4
2.4B89007E-05

MOLES OF GAS =
F.54TIEITE-D5
1.6 760TIVE—D4
2.0750279E~05

MOLES OF GAS =
1.51526B6E-04
3.,3205629E-05
9.,257882TE-Q86

MOLES OF GAS =
1.0695040E-04
2+2979427E-08
1.14247632E-086

MOLES OF GAS =
2.5578638E-05
1.2625060£-11

MOLES OF GAS =
1.0955583E-06
5.3985T732E-11

MOLES OF GAS =
6.49B6076E~-09
2+6134043E-10

MOLES OF GAS =
2.,5213189E-12
1.417065BE-09

0.

0.

0.

0.

0.

0

D.

0449802

92767 MOLES OF
3.8875892E~-06
4. 2085186E-04
1.8048514E-35

81774 MOLES OF
4. TH231T2E-Q5
1.6184197E-04
4 0668085E~21

67292 MOLES OF
3.2277848E-04
3.56875041E-Q5
5+9061394E-15

54996 MOLES OF
1.4862200E-03
2.1831565E-06
2.1116266£~-12

51151 'MOLES @F
2.15247T23E-03

49985  'MOLES OF
1.6387049E~03

1

b

49834 MOLES OF
6.136284TE-04
[

{
g

n

[
IMOLES BF
8.1084622E~05

S0LID = G
8.173783 2608
3. 3432380E-07

S0LID = O
2.99055085-06
2.360119TE~07

SOLID = 0.
4.0534211E-05
1.480L743E-07

S0LID = 4.
3.7501262E-04
2.6548963E-08

soLio = 0.
9. T203521E~04

SOLYD = 0.
1l.8466118E-03

SOLID = Q.
2.71720426~03

SaLio = Q.
26642738E-03

FOLDOUT FRAME o

5. 1646405E~10
44 B455653E-04

2. 0618T777TE£-08
2.3571316E—05

4.3897442E~07
4. 935264T4E-Q7

6. 6103 T779E-06
9. 06706THE-10

2. 43 B6646E~05

7.9099411E—05

2.63250830E-04

8.5102907E~04



APPENDIX D
OPTICAL CONSTANTS OF THE SILICON-HYDROGEN MIXTURES

Presented on pages D-5 to D-100 are the results for the optical
constants of silicon-hydrogen mixtures with Si/H mass ratios of 0.,
0.005, 0.01, and 0.05, gas pressures of 100, 500, and 100 atm., and
gas temperatures of 1600, 2200, 3000, 4000, 5000, 6500, 8000, and
10, 000°K. The arrangement of these 96 cases is given in the index
on page D-2, and the computer print-out is arranged so that the cases
are in numerical order by case number. The print-out consists of one
page for each case, giving the total speciral absorption coefficients for
the gas mixtures, and the Planck and Rosseland mean absorption coef-
ficients, as well as other output not specifically requested in this con-
tract. The optical constants for Si/H mass ratio equal to zero, i.e., ,
for hydrogen gas, are included for reference only.

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

The case number is given at the upper right of each page. Across
the top of each page appear the equilibrium temperature of the gas mix-
ture ("TEMPERATURE") (°K), the Si/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 spec-
tral absorption coefficients (cm"l) summmed over all molecular band sys-
tems and all absorption processes considered ("TOTAL MU") (cm~1),
the Planck spectral intensity function, ("B(W,T)" (erg—sec"l—cm‘z—
~ster-1 -(cm"l(Aw) )'1), and the spectral velume emission coefficient
("J") (erg—sec‘1 -em=3 -ster-! ~(em-1 (Aw) )'1), 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 spec-
tral absorption coefficients are:

J(T) (T TOTAL") (erg-sec‘l~cm‘3-ster“1)

ﬁ ("PLANCK MEAN OPACITY") (cm“l)

) 2) ("MEAN-SQUARED PLANCK MEAN OPACITY'") (cm-?2)
An ("ROSSELAND MEAN-FREE-PATH") {(cm)

Al?) ("MEAN-SQUARED ROSSELAND MEAN-FREE-PATH") (cm?)
liz ("1/ROSSELAND MEAN-FREE-PATH") (cm™!)
I ("PRIME") (cm~2)

"For a listing of the correspondence of these "OMEGA" values with
the dimensionless frequency interval mid-points specified in the con-
tract, please see the table on pages D-3 and D-4.



INDEX OF OPACITY CASES

Gas Temperature

Gas Pressure

Respective

Case No's. °K) (atm) Si/H Mass Ratio
1,2,3,4 1600 100 0.,0.005, 0.01, 0.05
5,6,7,8 1600 500 "
9,10,11,12 1600 1000 i
13, 14, 15|, 16 2200 100 weooy,
17, 18,19, 20 2200 500 ”
21,22,23, 24 2200 1000 1
25,26,27,28 3000 100 H
29,30,31,32 3000 500 i
33, 34, 35,36 3000 1000 H
37,38,39,40 4000 100 i
41,42,43,44 4000 500 - H
45,46,4?,48 4000 1000 H
49,50, 51,52 5000 100 "
53, 54, 55,56 5000 500 H
57,58,59,60 5000 1000 it
61,62,63,64 6500 100 "
65, 66,67, 68 6500 500 "
69,70,71,72 6500 1000 "
73,74,75,76 8000 100 H
77,78,79, 80 8000 500 i
81,82,83,84 8000 100G "
85, 86, 87, 88 10, 000 100 "
89,90,91,92 10, 000 500 "
93, 94, 95, 96 1@, 000 10060 i



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 = he ¢/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 @, wavenumber (cm"l), and thus we give here a correspondence
table for ¢y and u to aid in interpreting the OPSAB print-out, which
gives only the center points of the (-intervals considered.

Using the value for hc/k, we find

w= (3.47514 % 103) u

Aw= (3.47514 103) Au

The intervals of Au = 0.50 corresponds to intervals of Aw= 1737.57
cm~1. The calculations of the OPSAB program were carried out for
the spectral range (= 6950, 28 cm-~1 (u = 2.00) to w = 69502, 80 cm- !
{(u = 20, 00)¥; the results printed are for (= 6950.28 ecm~L (u = 2. 00)
to 67765.23 cm~1 {u = 19, 50); with the center-point of each averag-
ing interval of width Aw{as above) printed in the left-most column
("OMEGA'"), These center-points correspond to the points u = 2. 25
to 19.25 in steps of Au = 0.50. We give overleaf the correspondence
of the mid-points for the w- and the u-variables.

als

" This includes one additional spectral averaging interval at the large
frequency 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. )
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u w(cmhl) u wfcm_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
4.75 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
0.25 35620, 2 19.25 66896. 4
0.75 37357.8



1.60000E+03

TOTAL OPACITIES AND VOLUME EMISSION

TEMPERATURE = SI/H MASS RATIO = 0, PRESSURE = 1,00000E+02
OMEGA TOTAL MU B{WsT) J
7.81906E+03 4473691E-39 5+03636E+03 243B8568E~35
F,55663E+03 4 B6805E=38 1:92611E+03 9+3763BE=35
1.12942E+04 5+00055E~37 6+66323E+02 3.33]198E~34
1.30318E+04 5,13616E~36 2.14551E+02 1+10197€=33
1.47693E+04 S ¢ 27534E =35 6e54662E+01 .3445357E«33
1.65069E+04 1,30533¢~28 1+91578E+01" 2.50074E=27
1.82445E+04 9,22131E-28 442200E+00 4,99979E=27
1.99821E+04 644523927 1+49314E+00 9,63433E~27
2.17196E+04 4 449515E-26 4401933E~01 1.80675E+26
2.34572E+04 2+99271E-25 1.06131E=01 3,1761BE=26
2,5194BE+04 1.93104E-24 2.75651E-02 5.32292E-26
2.69323E+04 1.18031E=23 7+05776E+03 8433037E~26
2,86699E+04 6483T46E=23 1478459E-03 1.22021E-25
3,04075E+04 3.80625E=22 4e46291E~04 1469869E=25
3,21450E+04 2404451E-21 1.10518E=04 2.25956E=25
3,38826E404 1.061136-20 2.71293E=05 24878T7E=25
3.56202E+04 5.21707E=20 6+60713E~06 3464699Ew25
3,73578E+04 2.34725E~19 1459765€=06 3475009E=25
3.90953E 404 944 78B6E=19 3,83823E-07 3,63820E~25
4,08329E+04 3.39249E~18 9+16649E-08 3.10973E=25
4,25T05E+04 1,07109E~17 2.17728E~-08 2433206E-25
4+630B0E+04 3.68T51E=17 54 165T9E=09 1+89752E~25
4,60456E+04 1.71510E=16 1.21056E=09 2.07623E~25
4,77832E+04 1,10668E=15 24B3571F=10 3.13822E-25
4,95207E+04 9,55844E-15 6061628E=11 6432413E=25
5e12583E+04 9,38271E~14 1¢53802E=11 le4430BE=24
5,29959E ¢ 04 9.53515E~13 3.56296E=12 3+397364E-24
5.4T335E+04 9,76446E~12 Be22733E~13 Be03354E~24
5,647T10E+04 9.98257E=11 1.89406E=13 1.89076E-23
5,82086E+04 1:128B47E=09 4¢346804E=14 5¢60233E-23
5,99462E+04 1.08583E~08 9495480F=15 1.08092E=22
641683TE+04 7.75051E-08 2427340E-15 1.76200E=22
6034213E+04 5.91866E-07 Se17948E-16 3406556E-22
6+515B9E +04 2.6010TE=06 1.17738E-16 3406245E=22
6.68964E+04 1,46386E=05 2.67068E=17 3,90949E =22

J TOTAL = 2.39755E~18

lw] PLANCK MEAN OPACITY = 1.73882E~25 MEAN=SQUARED PLANCK MEAN OPACITY = 8,46311E-31
] ROSSELAND MEAN-FREE=PATH = 1.2526lE+38 1/ROSSELAND MEAN=FREE=PATH = 7,98333E~39
w MEAN=SQUARED ROSSELAND MEAN-FREE~FATH = 2,53608E+76 I PRIME = 2,09229E+76



9_

TOTAL OPACITIES AND VOLUME EMISSION

TEMPERATURE = 1.,60000E+03 - SI/H MASS RATIO = 5,00000E-03 PRESSURE = 1.00000E+G2
OMEGA TOTAL MU B(WsT) J
7.81906E+03 2.21920E-~04 5.03636E+03 1.1176TE+00
9.55663E+03 4¢168B17TE=04 1.92611E+03 8,02833E=-01
1.12942E+04 6.66982E~04 6.66323E+02 4¢44425E=01
1.30318E+04 9.0968TE=04 2.14551E+02 1.95175E=01
1.47693E+04 1.05759E-03 6+564662E+01 6+92367E~02
1.65069E+04 1.04810E-03 191578E+01 2.00794E~02
1.82445E+04 B.85417E=-04 E.42200E+00 4.,80073E~03
1,99821E+04 6+37604E-04 1,49314E+00 S«52033E~-04
2,1T196E+04 3.91394E-04 4+01933E~01 1457314E~04
2+34572E+04 2¢04B0O5E~04 1.06131E=01 2417361E~-05
2+51948E+04 9413527E=05 2+75651E=02 2451815E=06
2,69323E+04 3.47350E=-05 T¢057T76E~03 2+45151E-07
2,86699E+04 1.12583E~05 1+78459E=03 2400914E~-08
3.04075E+04 3.1165iE=06 4446291E=04 1,39087E~09
3,21450E+04 T+32566E=-07 1,1051BE=04 8,09620E~11
3.,38826E+04 1.47070E=07 2¢71293E=-05 3.98991E=-12
3.56202E+04 2+51689E=08 6¢60713E=06 1.66294E=-13
3,73578E+04 3.67166E=-09 1.59765E=06 5¢86604E~15
3,90953E+04 4.56583E~10 3.83823E~07 1. 7524TE~16
4.08329E+04 4+83992E~-11 9.16649E~08 4¢43651E~-18
4.25705E+04 4e42446E~12 2+17728E~08 9+6332BE~20
42430B0E+04 4.817S2E~12 S5e¢l4579E=09 2¢47899E~20
4460406E+04 4.86697E=09 1,21056E-09 5.89174E~-18
4.77832E+04 2¢12B15E~09 2+83571E=10 6.03482E~19
4.95207E+04 3.24324E=10 6.61628E~11 2+14582E~20
5.12583E+04 8+19320E=10 1.53802E~11 1426013E=~20
5,29959E+ 04 3.38094E-09 3.56296E~12 l.20461E~20
5.47335E+04 3400158E=1] B+22733E=13 2¢46950E-23
5.64710E+04 1401191E-10 1.89406E=-13 1:.91662E~23
5,82086E+04 1.28801E-09 4434B04E~14 5¢60033E=23
5.99462E+04 1+ 08544F~08 9495480E~15 1.08054E~22
6.1683TE+04 TeT4TT2E=08 2+27340E~15 l+76137E~22
0434213E+04 5¢91654E~07 541794BE=16 3+ 06446E=22
6.51589E+04 2.60013E=06 1.17738E=16 3.06135E=22
6.,68964E+04 1+46333E-05 2.6T06BE~}T 3.90808E~22

J TOTAL = 4,61386E+03

PLANCK MEAN OPACITY = 3.,34620E=04 MEAN=SQUARED PLANCK MEAN OPACITY = 1.45655E=07
ROSSELAND MEAN=FREE=PATH = 3.42051E+03 1/ROSSELAND MEAN=FREE-PATH = 2.92354E~04
MEAN~SQUARED ROSSELAND MEAN=FREE~PATH = B.45865E+1] I PRIME = 5,04257E+12



TOTAL OPACITIES AND VOLUME EMISSION

TEMPERATURE = 1.60000E+03 SI/H MASS RATIO = 1.00000E=02 PRESSURE = 1.00000E+02
OMEGA TOTAL MU B{WsT) J
TeB1906E+03 4443460E=04 5.03636E+03 2+23343E+00
9.55663E+403 B432921E-04 1492611E+03 1.60429E+00
1,12942E+04 1.33282E=03 6.66323E+02 8.88091E~01
1,30318E+04 1.81782E=03 2414551E+02 3.90016E=01
1.47693E+04 2411338E-03 6454662E401 1438355E~01
1,65069E+04 2409442E=03 1491578E+01 4¢01245E-02
1.B2445E+04 1.76932E=03 5442200E+00 9459326E~03
1,99821E+04 1427412E=03 1449314E400 1490244E~03
2.17196E+04 7.82120E~04 4401933E=01 3414360E~04
2+34572E+04 4+09262E~04 1.06131E=01 4+34353E-05
2.51948E+04 1.82552E=04 2.75651E~02 5403206E~06
2469323E+04 6+94123E-05 7.05776E=03 4+89895E=07
2486699E+04 24249B1E=05 1+78459E=03 4401500E~08
3.04075E+04 6+23504E=06 4+46291E=-04 247B264E-09
3.21450E+04 1:46392E-06 1.1051BE=04 1+61790E~10
3.38826E+04 2.93896E=07 2.71293E~05 7.97322E-12
3,56202E+04 5402961E-08 6+60713E~06 3+32313E~13
3.7357BE%04 7433724E=09 1,59765E=06 1417224E~14
3.90953E+04 9412409E~10 3.83823E~07 3450204E~16
4.08329E+04 9467177E=11 9416649E~08 B4B6562E~18
4,25705E+04 B.84151E-12 2.17728E-08 1.92504E-19
44.43080E+04 9.91138E-12 5414579E=09 5¢10018E=20
4,60456E+04 1+91505€=08 1.21056E=09 2+31828E=17
4.77832E+04 4.4TBT0E=09 2.83571E~10 1.27003E~18
4,95207E+04 6448201E~10 6461628E=11 4428868E=20
5.12583E+04 1.63744E-09 1.53802E~11 2+51841E=20
5.29959E+04 6475636E=09 3.56296E=12 2e40726E=20
5447335E+04 5+02398E~11 8+22733E~13 4¢13339E~23
5,64T10E+04 1402554E=10 1.89406E=13 1494244E~23
5,82086E+04 1,28755E~09 4434B804E=14 5+59834E=-23
5.99%62E+ 04 1,08505E=08 9+95480E~15 1+08015E=-22
6.16837E+04 7+74494E=08 2427340E=-15 1,76074E~22
6434213E+04 5491441E=07 Se1794BE~16 3,06336E-22
6,51589E+04 2.59920E06 1417738E=16 3.,06025E=22
6,68964E+04 1446281E~05 246706BE~17 3.90668E-22
J TOTAL = 9.,21984E+03

o PLANCK MEAN OPACITY = 6,68668E~04 MEAN=SQUARED PLANCK MEAN OPACITY = 5,81623E=07

' ROSSELAND MEAN-FREE=PATH = 1.71171E+03 1/ROSSELAND MEAN-FREE=PATH = 5.84212E-04

~ MEAN=SQUARED ROSSELAND MEAN=FREE-PATH = 2,09821E+11 I PRIME = 1.25039E+12
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TEMPERATURE =

1.60000E+03 S.00000E-02 1.00000E+02
OMEGA TOTAL MU BiWsT) J
T«81906E+03 9.09537E=04 5. 03636E+03 4458076E+00
9.55663E+03 1.70832E-03 1.92611E+03 3.29041E+00
1.12942E+04 2+73362E~03 6,66323E+02 1,82147E+00
1+30318BE+04 3.72835E-03 2.14551E+02 T«99922E=01
1.47693E+04 4 4 33455E=03 6.54662E+01 2+B3767E=01
1.65069E+04 4.29565E-03 1.91578E+01 8422954E~02
1.82445E+04 3.62888E=03 5.42200E+00 1l.9675S8E~02
1,99821E+04 2.61323E~03 1.49314E+00 3490192E~03
2.17196E+04 1.60414E~03 4+01933E=01 644475TE=04
2.34572E+04 8439412E~04 1.06131E~01 8.90873E~05
2.51948E+04 I TH429E~04 2.75651E=02 1.03212E-05
2469323E+04 1.42375E~04 T+057T6E=03 1.00485E=06
2.86699E+04 4461484E=05 1.78459E=-03 8.23562E~08
3,04075E+04 1.28203E~-05 4¢46291E~04 5.72160E~09
3.21450E+04 3.00282E~06 1,10518E~04 3.,31867E~10
3.,38826E+04 6402850E~07 2+T1293E~05 1+63549E=11
3.,56202E+04 1+03170E=07 6+60713E~06 6+8]1656E~13
3.,73578E+04 1.50505E~08 1+59765E=06 2e¢40454E=14
3.90953E+04 1.87155E~09 3.83823E~07 T+18343E~16
4408329E+04 1.98385€E~10 9+16649E-08 1481850E~17
4+25T05E+04 1.81352E~11 2.17728BE~0B 3+94853E~19
4.43080E+04 2+15590E~11 5.14579E=009 1.10938E~19
4,60456E+04 8.,00357E~08 1,21056E=09 9.68877E-17
4.TT7832E+04 1.01633E~08 2483571E~10 2,88200E~]8
4,95207E+04 1.32995E~09 6¢61628E=11 8479934E~20
5,12583E+04 3.35956E~09 1.53802E~11 5+16706E~20
5,29959E+04 1.38615E=08 3+.56296E~=12 4,93880E«20
5,47335E+04 9.28106E~11 B8+22733E-13 7¢63584E-23
5.64T10E+04 1.05425E~10 1+89406E=13 1,99681E=-23
5.82086E+04 1+28659E~09 4434804E=14 5.59415E=23
5,99462E+04 1.08423E-08 9.95480E=15 1,07933E=~22
6.16837E+04 T+73910E~-08 2.27340E~15 1.75941E=-22
6.34213E+04 5.90995E~07 5,1794BE=16 3.,06105E~22
6,51589E+04 2+59724E=06 1.17738E=16 3+05794E=22
6.68964E+04 1+46170E~05 2+67068E~17 3.90374E=-22

TOTAL [OPACITIES AND VOLUME EMISSION

SI/H MASS RATIO =

J TOTAL = 1.89099E+04

PLANCK MEAN OPACITY = 1,37144E=03 MEAN=SQUARED PLANCK MEAN OPACITY = 2,44666E=06
ROSSELAND MEANSFREE=PATH = 8,34562E+02 1/ROSSELAND MEAN=FREE~PATH = 1,19823E=03
MEAN=SQUARED ROSSELAND MEAN=FREE=PATH = 4,89935E+10 I PRIME = 2.,91773E+}1
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. TOTAL OPACITIES AND VOLUME EMISSION

TEMPERATURE = 1.60000E+03 SI/H MASS RATIO PRESSURE = 5.00000E+02
OMEGA TOTAL MU BlWsT) J
T481906E+03 2¢36846E=38 5.03636E+03 1e19284E=34
9.,55663E+03 2.43403E-37 1.92611E+03 4.68820E~=34
1.12942E+04 2.5002BE-36 6.66323E+02 1.66599E~33
1.30318E+04 2.56809E~-35 2.14551E+02 5.50986E+~33
1l.47693E+04 2.63768E-34 6.54662E+01 1. 72679E=32
1.65069E+04 6.52669E~28 1.91578BE+01 1+2503TE~26
1,82445E+04 4e6106TE=2T S.42200E+00 24H9990E=~26
1,99821E+04 3.22620E=26 1.49314E+00 4¢81T1BE~26
2417196E+04, 2.24758E=-25 4401933E~01 9.03377E=26
2.34572E+04 1:49636E=24 1.06131E=01 1.58809E=-25
2.51948E+04 9,65521E-24 2.7565)E~D2 2466]14TE=25
2469323E+04 5¢9015%9E~23 Te0S5TT6E=03 4416520E=25
2.B6699E+04 3.41874E=22 1+78459E-03 6e¢10107E=25
3.04075E+04 1.90313E~21 4e46291E~04 B+49350E=25
3.21450E+04 1.02226E~20 1.10518E~04 1.12978E=24
3.38826E+04 5¢30566E~20 2+T1293E=05 1.43939E~24
3.,56202E+04 2.60854E=19 6.60T13E~06 1.72350E=24
3.,73578E+04 1.17363E~18 1+59765E=06 1.87505E~24
3.90953E+04 4¢73944E~18 3.83823E=07 1.81911E=24
4.,0B329E+04 1.69625E-17 9.15649E=08 1.55487E=24
4.25705E+04 5+35546E~17 2.17728E=08 1.16603E~24
4.43080E+04 1.84376E=16 5+14579E-09 944B761E=25
4460456E+04 8,.57555E~16 1.2]1056E=~09 1.03812E=24
4.TTB32E+04 5,53341E~-15 2483571E=-10 1e56911E=24
449520T7E+04 44 TTI24E=14 6+61628E=11 3.16208E=24
5.12583E+04 4269137TE-13 1.53802E~11 T+21541E=24
5+29959E+04 44 T6HTH9E~12 3.56296E~12 1.69867E-23
S«4T335E+04 4.88224E=11 8.22733E~13 4¢01678E«23
5.64T710E+04 4+99130E~-10 1.89406E=13 9.45381E~23
5.82086E+04 6+44238E~09 4934804E=14 248B0117E=~22
5¢99462E+04 S+42918E-08 9,95480E=~15 S¢40464E-22
6.,1683TE+04 3.,87526E-07 2427340E~15 BaBl004E-22
6434213E+04 2495934E=06 5¢17948E=16 1+5327BEw=21
6.,51589E+04 1.30054E-05 1.17738E~16 1453123E=21
6.68964E+04 T¢31930E=05 2.6T068E=17 1.95475E=21

J TOTAL = 1.198B7BE-17

PLANCK MEAN OPACITY = B8.69412E=25 MEAN=SGUARED PLANCK MEAN OPACITY = 2,11579E«29
' ROSSELAND MEAN-FREE=PATH ‘= 2,50521E+37 1/ROSSELAND MEAN~FREE=PATH = 3,9916BE=38
NS MEAN=SQUARED ROSSELAND MEAN=FREE~-PATH = 1,01443E+75 I PRIME = 8,36911E+74
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o1~ d

TEMPERATURE =

1.60000E+03

TOTAL,OPACITIES AND VOLUME EMISSION

SI/H MASS RATIO = 5,00000E-03 5.00000E+02
OMEGA TOTAL MU Bi{WeT) N
T+.81906E+03 4e6TTI2E=04 5.03636E+03 2¢3559TE+0Q0
9.55663E+03 B.78622E~04 1.92611E+03 1.69232E+00
1.12942E+04 1+40595E=03 65e66323E+02 9.36819E-01
1, 30318E*04 1.91756E£-03 2414551E+02 4¢11415E=01]

1 47693E+04 2.22934E-03 6454662E401 1,45946E=01
1.65069E+04 2.20933F-03 1491578E#01 44+23260E=02
1.82445E+04 186640803 5.42200E+00 1,01196E~02
1.998B21E+04 1434403E-03 1e49314E+00 2.00682E=03

2417196E+04 B.25031c-04 4+01933E=01 3.31607E704
24345726404 4431712E-04 106131E-01 4458179E~05
2.51548E+0% 1+92564E~04 2475651E=02 5+30804E=~06
2.69323E+04 7.32178£-05 T7.05776E=03 5,16753E~07
2,86699E+04 2437311E-05 1.78459E-03 4.23504E-08
3,04075E404 6455953E=06 4,46291E=04 2492745E=09
3.21450E+04 1¢54418E-06 1.10518E=04 1.70660E-10
3,38826E+04 3.10011E=~07 2.71293E=05 8441040E=12
3.56202E+04 5430538E«08 6.60713E~06 3.50534E~13
3,73578E+04 7+73954E=09 1+59765E~06 1.23651E-14
3.90953E+04 9,62440E=10 3,83823E~07 3.69407E~16
4408329E+04 1.02022E=~10 9416649E=08 9:35180E~-18
4.25705E+04 | 9.26691E~12 2¢17728E=08 2.01766E=19
4+43080E+04 4.825T74E=12 5,14579E~09 2.48322E=20
4.60456E+04 9.79203E~10 1+21056E=09 1.18538E-18
44TT832E+04 1.91993E~-09 2+835T1E~10 5¢44437E=19
4+95207E+04 3.0577BE=~10 6.61628E~11 2402311E=20
5.12583E+04 T« 12750E=10 1.53802E~11 1.18850E=-20
5.29959E+04 3+19106E=09 3+56296E~12 1413696E~20
S5.47335E+04 6478990E=-11 B+22733E-13 5.58628E-23
5.64T10E+04 S5.002TIE~1{ 1¢89406E~13 9¢47543E~23
5.8208B6E+04 6+4400TE=09 4e¢34804E~14 2¢80017E=22
5.99462E+04 5442723E~08 9.,95480E=15 Ss402T0E-22
6.1683TE+04 3,87387E~07 2.27340E~15 8.80687E=22
6434213E+04 2,95828E-06 S5.17948E~16 1.53223E~2)
6.51589E+04 1,30007E=05 1.,17738E=16 1:53068E~2]
6,68964E+04 T+3166TE~05 296T068E=17 1,95405E~21

J TOTAL = 9.72571E+03

PLANCK MEAN OPACITY = 7,05357E=04 ‘ MEAN=SQUARED PLANCK MEAN OPACITY = 6,47200E=~07
ROSSELAND MEAN=FREE~PATH = 1.,62305E+03 1/ROSSELAND MEAN-FREE=PATH = 6.16124E~04
MEAN=SQUARED ROSSELAND MEAN=FREE=PATH = 3901??0£*11 ) I PRIME = 1.82006E+12


http:1.86640E-.03
http:4o43o8bE.04
http:2,51948E.04
http:2.17196E.04

TOTAL OPACITIES AND VOLUME EMISSION

60000E=D2

TEMPERATURE = 1.60000E+03 SI/H MASS RATIO = 1. PRESSURE = 5.00000E+02
OMEGA TOTAL MU BiW,T) J
T.81906E+03 9.35465E=-04 5.03636E+03 4oT)1134E+00
9,55663E+03 1.75702E-03 1.92611E+03 3.38421E+00
1.12942E+04 2+81155€-03 6.66323E+02 1+87340E+00
1.30318E+404 3.83463E-03 2.14581E+02 8.22725E-01
1.47693E+04 4,45811E-03 6¢54662E+01 2¢91856E=01
1.6506G9E+04 44418B10E=-03 1.91578E+01 Be46412E~02
1.,82445E+04 3,73232e-03 5,42200£+00 2.0236TE~02
1.99821E+04 2.6B771E-03 1.49314E+00 4+01313E=03
2.17196E+04 1.64985E~-03 4,01933E~01 6.63130E-04
2+345TZE+04 8.63315E=04 1.06131E=01 9.16242E=~05
2.51948E+04 3.85079E~04 2+75651E-02 1+06147E~05
2.69323E+04 le4641TE=04 T+05776E~03 1.03338E=«06
2.86699E+04 44 T4563E-05 1:78459E«03 8446901E~08
3,040T5E+04 1.31187E=-05 4246291E=04 5.854T4E~-D9
3,21450E+04 3,08797E=06 1.10518E~04 344127BE=10
3,38B26E+04 6e19944E-07 2+71293E~05 1e68187E~}]
3,56202E+04 1+06094E~07 6.60713E~06 Te00GT7BE=13
3.73578E+04 1+54771E-08 1:59765E-06 244T27T1E-14
3490953E+04 1+92464E=-09 3.B3823E=-07 T+38720E~16
4.0B329E+04 2404017E~10 9, 16649E-08 1eB87012E~17
4.,25T05E+04 1.85314E~11 2+17728E~08 4s03481E=-19
4+43080E+04 9.70195E=12 S414579E=09 4e99242E=20
4460456E+04 3.53698BE=09 1,21056E~09 4«4027TE~18
4.,77832E+04 3.B8019E-«09 2:835T1E~10 1:10031E~18
4+9520TE+04 6¢11540E~10. 6,61628E=11 4e04612E~20
5.12583E+04 1+54511E-09 1,53802E~11 2¢37641E~20
5.,29959E+04 6.37768E~09 3:56296E~12 2+ 2T234E=20
5.47335E+04 B4697T6E~11 8.22733E~13 T«15594E=23
S5+64T10E+04 5.01413E=10 1:89406E~13 9¢49T06E=23
5.82086E+04 6.+43776E-09 4,34804E=-14 2479917E~22
5.99462E+04 5.42528E-08 3,95480E=15 5¢40076E=-22
641683TE+04 34B724BE=-07 2:27340E-15 8480371E=22
6,34213E+04 2.95722E~06 5.+17948E=16 1453168E=-2]
6.,51589E+04 1.29960E~-05 1.,17738E=-16 1+53013E-21
6.6B964E+04 7+31405E-05 2.67T068E=-17 1495335E~21

J TOTAL = 1.9448%E+04

PLANCK MEAN OPACITY = 1.41053E=03 MEAN=SQUARED PLANCK MEAN OPACITY = 2,58814E=06
ROSSELAND MEAN=FREE=PATH = B.11626E+02 1/ROSSELAND MEAN<FREE~PATH = 1,23209E=03
MEAN=SQUARED ROSSELAND MEANSFREE=PATH = 7,496T6E+10 I PRIME = 4,52B18E+1)


http:1.12942E.04
http:1.92611E.03

2t - d

'S17H MASS RATIOQ =

-TOTAL OPACITIES AND -.VOLUME EMISSION

2.67068E~17

8

TEMPERATURE = 1.60000E+03 5,00000E=02 PRESSURE = 5,00000E+02
OMEGA TOTAL MU BIWsyT) J
7.81906E+03 4¢53856E~03 5,03636E+03 2.28579E+01
9.55663E+03 85244 TE~03 1492611E+03 1.64190E+01
1.12942E+04 1436407E-02 6¢66323E+402 9.08910E+00
1,30318E+04 1e86044E~02 2.14551E+02 3,99159E+00
1,47693E+04 2:16293E-02 6.54662E+01 1:41599E+00
1.65069E+04 2.14351E-02 1.91578E+01 44,10651E=01
1,82645E+04 1+81080E=02 5442200E+00 9,81815E~02
1.99821E+04 1+30399E-02 1.49314E+00 1.94T04E=02
2,17196E+04 8.00455E~03 4401933E-01 3.21729E-03
2.34572E+04 4.18853E-03 1.06131E=01 4,44532E=04
2.51948E+04 1.86829E~03 2.75651E=02 5414997E=05
2,69323E+04 T«10381E~04 T«087T6E~03 5.01370E~-06
2.86699E+04 2430249E=04 1.78459E=03 4410900E=07
3.04075E+04 6+369T2E=05 4+46291E=04 2.84274E=08
3,21450E+04 1.45822E~05 1.10518E-04 1.65581E=09
3,38826E+04 3.00785E=06 2.71293E~05 8416009E=11
3.56202E+04 5¢14749E=07 6+60713E=06 3.40102E~12
3,73578E+06 7+50920E~08 1.59765E=06 1.19971E-13
3.90953E+04 Fe3ITIHE=(}Y .3.83823E-07 3.58412E-15
4,08329E+04 9.89845E~10 9416649E~08 9+07341E=17
4,25705E+04 8¢99103E=11 2.17728E=08 1.95760E=18
4443080E+06 4490212E=11 5¢14579E=09 2,52253E=19
4¢60456E+04 B407909E~08 1.21056E=09 3.78020E=17
4,77832E+04 2,03603E-08 2,83571E=10 5,77360E=18
4.95207E+04 2.97091E=09 6.61628E=11 1.96564E=19
5,12583E+04 7+50492E=09 1.53802€-11 1:15427E-19
5.29959E+04 3409668E-08 3.56296E~12 11033319
5447335E+04 2434195€=10 8.22733E~13 1.92680E-22
5,64710E+04 5.10229E=10 1489406E=13 9.66404E=23
S.82086E+04 6442001E=09 4¢34804E=14 2.79145E-22
5,99462E+04 5,41030E=08 9,95480E~15 5438584E=22
6.16837E+04 3.86179E=07 2.27340E-15 B+ 77940E=22
6.34213E+04 2.94905E=06 Se17948E=16 1,52745E=21
6.51589E+04 1+29601E=05 1.17738E=16 1.52590E=21
6468964E+04 7.29385E~05 1,94795E=21

L J TOTAL =  9.43598E+04

PLANCK MEAN OPACITY = 6,84343E-03 MEAN=SQUARED PLANCK MEAN OPACITY = 6,09213E~05
ROSSELAND MEAN=FREE=PATH = 1.67285E+02 1/ROSSELAND MEAN~FREE=~PATH = 5,97781E=03
MEAN-SQUARED ROSSELAND MEAN=FREE~PATH = 3.06943E+09 ., - I PRIME = 1.85236E+10



TOTAL OPACITIES AND VOLUME EMISSION 9

PRESSURE = 1.00000E+03

TEMPERATURE = 1,60000E+03 SI/H MASS RATIO = O,

OMEGA TOTAL MU BiWsT) J
7.81906E+03 4.73692E~38 5403636E+03 2+38569E~34
9,55663E+03 4.B6B0TE=37 1.92611E+03 9¢37642E~34
1,412942E+04 5,00057E~36 6.66323E+02 3.33]199E~33
1,3031BE+04 5,13618E~35 2.14551E£+02 1,10197E~32
1.47693E+04 5.27536E-34 6.54662E+01 3.45358E~32
1.65069E+04 1.30534E=-27 1.91578BE+01 2.50075E~26
1,82445E+04 9 22134E=27 5.42200E+00 4,999BlE=26
1,998Z21E+04 6+45241E=26 1449314E+00 946343TE~26
2417196E+04, 4449517TE=25 4,401933E=01 1.80676E=25
2434572E+04 2499272E=24 1.,06131E~01. 3.17619E=~25
2451948BE+04 1.93104E~23 2.75651E-02 B.32294E~25
2.69323E+04 1.18032E=-22 7.05776E~03 8,33040E~25
2.,86699E+04 6483749E=22 1.78459E=03 1e22021E~24
3,04075E+04 3.80627E=21 4046291E=04 1.698T0E~24
3.21450E+04 2.,04451E-20 1.10518E=04 2+25956E~24
3.38826E+04 1,06113E~19 2471293E-05 2+87879E~24
3,56202E+04 5.21709E=19 6e60713E~06 3444700E~24
3., 735TBE+04 2+434T26E=-18 1+59765E-06 3.75011E=24
3.90953E+04 9.4TBB9E=18 3.83823E=-07 3.63822E~24
4+08329E+04 3.39251E~17 9,16649E=08 3,109T4E=~24
4.25705E+04 1.07109E~16 2.17728E=08 2433206E-24
4.43080E+04 3.68753E~16 5414579E~09 1.89752E~24
4 460456E+04 1.71511E~15 1+21056E~09 2+0T7T624E=24
44 TTB832E+04 1.10668E~14 2483571E=10 3413823E=24
4.95207TE+04 9.55848E=14 6+61628E~11 6+32416E~24
5.12583E+04 9,38274E~-13 1.53802E-~11 1l+44308BE~23
5,29959E+04 9.53519E-12 3.56296E=12 3439735E~23
5.47335E+04 9¢76449E~11 B.22733E~13 8403357E=-23
S.64710E+04 9,98260E~10 1.89406E~13 1.89076E~22
5,82086E+04 1.28848BE=08 4¢34804E~14 5.60235E-22
5.99462E+04 1.08584E~07 9495480E~15 1.08093E~21
6.,16837E¢04 7. 75083E=-07 2+27340E~15 1.76201E=21
6,34213E+04 5491868E~06 5+17948E~]6 340655TE=21
6.51589E+04 2.60108E~05 1.17738E=16 3.06246E~2]
6,68964E+04 1,46386E=04 2.6T068E=1T 3.90950E=21

€T -a

J TOTAL = 2.39756E~17

PLANCK MEAN QPACITY = 1,73883E=24 MEAN=SQUARED PLANCK MEAN QPACITY = 8,46317E=29
ROSSELAND MEAN=FREE~PATH = 1.2526lE+37 1/ROSSELAND MEANFREE~PATH = 7.98336E=38
MEAN=SQUARED ROSSELAND MEAN=FREE=PATH = 2.,53606E+74 I PRIME = 2,09227E+74


http:2,0922TE.74
http:5.99462E.04

¥1 - d

TOTAL COPACITIES AND VOLUME EMISSION

SI/H MASS RATIO = 5.00000E-03

TEMPERATURE = 1.60000E+03 1.,00000E+03
OMEGA TOTAL MU BiWeT) J
7.81906E+03 6.22009E=04 .5+03636E+403 J413267E+00
9.55663E+03 1,16828E=03 1.92611E+03 2,25023E+00
1.12942E+04 1.86945E=03 6.66323E+02 1,24566E+00
1.30318E+04 2.549T72E=03 2.14551E+02 5.47046E~01
l.47693E+04 2+96429E=03 6+54662E+01 1.94061E=01
1,65069E+04 2.9376BE~03 1.91578E+01 5.62797E~02
1,82445E+04 244B170E=-03 5442200E+00 1.34558E~02
1.99821E+04 1.,78711E=03 1.49314E+00 2+66841E-03
2+1T196E+04 1.09702E~03 4401933E-01 4,40928E=-04
2.34572E+04 S« T4Q34E~D4 1,06131E~01 6409227E~05
2.51948E+04 2.56046E-04 2+T5651E~02 T2 05TF4E~D6
2469323E+04 9.T3554E=-05 T0577T6E~03 6487111E~07
2.86699E+04 3.15545E=05 1.78459E~03 5.63119E~08
3.04075E+04 8,72054E~06 4446291E=04 3.89189E~-09
3.,21450E+04 2.05325E-06 1+10518E~04 2426922E~10
3,38826E+04 4412212E~07 2.71293E~05 1.11831E~-11
3.,56202E+04 T+05440£~08 6.60713E~06 4.66094E-~13
3.7357BE+04 1.02910E=-08 1+59765E=06 1:64415E=14
3,90953E+04 1+27973E=09 3.83823E~07 4.91189E~16
4,08329E+04 1.35655E~10 9.16649E~08 1.24348E=17
4.25T08E+04 1.23032E~11 2417728E=-08 2467875E~19
4+43080E+04 42,80144Ew}2 5414579E=09 2¢47072E-20
4460456E+04 5¢02930E~10 1.21056E~09 6.08825E=19
44TTBI32E+04 1+79518BE=-09 2.835T1E~10 5.09060E~19
4.95207E+04 2+87549E~10 6.61628E~11 1.90250E-20
S.12583E+04 Te27051E=10 1.53802E~-11 1.11822E-20
5,29959E+04 3.00535E~09 3.56296E=12 1.07079E=20
S447335E+04 1.15563E~10 8422733E~13 9.50771E=-23
5.64T10E+04 9499144E=10 1.89406E~13 1.89244E-22
5.82086E+04 1.28801E~08 4¢34804E~14 54¢60034E-22
5.99462E+04 1.08545E-07 9.95480E~15 1.08054E~2])
6,16837E+04 T+ 74TTSE-07 2+27340E-15 1.76138E~21
64342]13E+04 5.916560E=06 5.17948E~16 3,0644TE=-21
6,51589E+04 2460014E-05 1.17738E-16 3.06136E~21
6,68964E+04 1446334E=04 2:67068BE=1T7 3,90810E~21

J TOTAL = 1.29320E+04

PLANCK MEAN OPACITY = 9,37892E~04 MEAN=SQUARED PLANCK MEAN OPACITY = 1.144R26E=06
ROSSELAND MEAN=FREE«PATH = 1,22082E+03 1/ROSSELAND MEAN-FREE~PATH = B8,19125E~04
MEAN=SQUARED ROSSELAND MEAN=FREE=PATH = 2.33240E+11 I PRIME = 1.41776E+12



TOTAL OPACITIES AND VOLUME EMISSION

TEMPERATURE = 1.60000E+03 SI/H MASS RATIO = 1,00000E=02 PRESSURE = 1,00000E+03
OMEGA TOTAL MU BiWsT) J
7+819206E+03 1+24345E-03 S.03636E+03 6426245E+00
F.55663E+03 2+33548E~03 1+92611E+03 4,4983BE+00
1,12942E+04 3.73719E-03 6.,66323E+02 2+49017E+00
1.30318E+04 5.09710E~03 2414551E+02 109359E+00
1.,47693E+04 5.92585E~03 6+54662E+401 3.87943E~01
1.65069E+04 5,87266E~03 1.,91578E+01 1.1250BE=-01
1.82445E+04 4496111E%03 S.42200E+400 2+6899)E=Q2
1.99821E+04 3,57258E=03 1449314E+00 5,33437E~03
2e17196E+04 2¢19303E~03 4401933E=01 8.,81451E=04
2.345T2E+04 1.14754E~03 1.06131E=-01 1.21789E~04
2.51948E+04 5.1185TE=04 2+75651E=02 1441094E=05
2.69323E+04 1:94621E=04 7.05776E=-03 1.37359E=06
2.86699E+04 6+30800E-05 1.78459E=-03 1412572E~07
3.04075E+04 1474336E=05 4446291E~04 T«78046E=09
3.21450E+04 4410461E=06 1.1051BE=0D4 4+53635E=10
3.38826E+04 B.24046E-07 2.71293E~08 2+23558E~11
3.,56202E+04 1.41023€=07 6+60T13E~06 9¢31759E=13
3,7357TBE+04 2.05726E=-08 1+59765E=06 3.2B6TIE~14
3.90953E+04 2+55828E=09 3.83823E-07 9+81926E=-16
4,08329E+04 2+71185E=10 94 16649E~08 2.4858B2E-17
4 425T0SE+04 2+45950E=-11 2.17728E=-08 5435502E~19
4.43080E+04 Ge62174E=12 5414579E=09 4295114E~20
4,60456E+04 1.74673E-09 1.21056E=0% 2:11452E=18
4,7T832E+04 3460705E~09 2+83571E=10 1,02286E~18
4 49520TE+04 S5e74841E~10 6+61628E=11 3+80331E~20
S.12583E+04 1.45276E~09 1.53802E~11 2423436E-20
5,29950E+04 55,9994 8E~09 3.56296E~-12 2+13759E-20
S.,4T335E+04 1433470E=-10 8,.22733E~13 1+09810E~22
5,64T10E+04 1.,00003E-09 1489406E~13 1+489411E=22
5.,820B6E+04 1.28755E=08 4034804E=14 S5+59833E-22
549946 2E+04 1.08506E=07 9,95480E=15 1.08015E~21
6.1683TE+04 T T44FTEOT 2+27340E=15 1.760T4E-21
6.34213E+04 5¢91443E=06 5s17948E=16 3.06337E-21
6.51589E+04 2+59921E=05 1417738BE=16 3,06026E=21
6.68964E+04 1,46281E=04 2+46T068E~17 3.90670E=-2]
J TOTAL = 2.5B521E+04
o PLANCK MEAN QPACITY = 1.87492E=03 MEAN=SQUARED PLANCK MEAN OPACITY 4 57285E~06

ROSSELAND MEAN~FREE=PATH = 6,1068T7E+02 1/ROSSELAND MEAN=FREE=~PATH = 1,63750E-03
MEAN=SQUARED ROSSELAND MEAN-FREE=PATH = 5,81915E+10 I PRIME = 3,53702E+11

1
=
tn



9T-d

TOTAL OPACITIES AND VOLUME EMISSION 12
TEMPERATURE = 1.60000E+023 SI/H MASS RATIO = 5,00000E~02 PRESSURE = 1.00000E+03
OMEGA TOTAL MU B{WsT) J
T7+81906E+03 6+ 23988E=03 5.03636E+03 3.14263E+01)
9.55663E£+03 1.17199E=D2 1.92611E+D3 2+25739E+01
1. 12942E+04 1.87540E=02 6.66323E+02 1.24962E+01
1.30318E+04 2.55784E=02 2+14551E+02 S«4BTATE«0D
1.,47693E+04 2.97372E~02 6454662E+01 1.94678E+00
1.65069E+04 2¢94T03E=02 1.91578E+]1 5¢64587E=01
1.82445E+04 2+48959E=02 5442200E+00 1434986E=01
1.99821E+04 1.79280E~02 1+49314E+00 2.67690E~02
2.1T196E+04 1.10051E=-02 4401933E~01 4¢42331E=03
2434572E+04 S+ TS862E=03 1.06131E=01 6411166E~04
2.51948E+04 2+56862E=03 2.75651E~02 T40B042E~05
2069323E+04 94 T6658E~04 7+05776E=03 6+89301E-06
2.B6699E+04 3.16552E=04 1+T8459E~03 Beb64916E=~07
3.0407SE+04 B+75092E~05 4e¢46291E=04 3490545E=08
3,21450E+04 2+059B0E~05 1.10518E=04 2427646E=09
3,38826E+04 4e1352TEwDE 2¢71293E-05 1¢12187E=10
3.56202E+04 Te07690E~07 6+60713E=06 4.67580E~12
3.,73578BE+04 1403239E=07 1+59765E=06 1+64940E=13
3.90953E+04 1.28381E-08 3+83823E=07 4492T55E=15
4,0832%E+04 1+36087E~09 9¢16649E-08 le24T44E=16
4.25705E+04 [+23424F=10 2417728E=08 2.68728E-18
4.43080E+04 449242311 5+14579E~09 2+.53390E~19
4,60456E+04 3.,8870TE-08 1421056E=09 4.T0552E~17
4,T7B32E+04 1+88464F«08 24835T1E~10 5.34430E~18
4,95207E+04 2+88845E-09 6461628E~11 1,91108E~19
5,12583E+04 T29699E=09 1.53802E=11 1.12229E=19
5,29959E+04 3.01117E=08 3.56296FE~12 1.07287E~19
5,47335E+04 2.TT684E=10 8,22733E~13 2+2046QE~22
8.,64T10E+04 1400715E=09 1489406E~13 1«90760E=-22
5,82086E+04 1,28385E~08 4¢34B04E=]4 5.5B222F=-22
5,99462E+04 1.,08193E=07 G495480E=15 1¢07704E~21
6,16B37E+04 T72266E=07 2.27340E~15 1+75567E~21
6,34213E+04 S489740E=06 5.17948E=16 3.05454E=21
6,51589E+04 2.59172E=-05 1+17738E=16 3405145E=21
6,68964E+04 1445860E=04 2+67068E=17 3.89544F=21

J TOTAL =  1.29731E+05

PLANCK MEAN OPACITY = 9,40876E=03 MEAN~SQUARED PLANCK MEAN OPACITY = 1.15156E=-04
ROSSELAND MEANFREE-PATH = 1,21693£+02 1/ROSSELAND MEANFREE~PATH = 8,21742E=03
MEAN=SQUARED ROSSELAND MEAN=FREE=PATH = 2425660E+09 I PRIME = 1.37105E+10



vl

1
—
-]

TEMPERATURE =

OMEGA
7.81906E+03
9.55663E+03
1.12942E+04
1.320318E+04
1e47T693E+04
1,65069E+04
1,B2445E+04
1,99821E+04%
241T196E+04
2+ 345T2E+04
2+51948E+04
2.69323E+04
2.86699E+04
3+0407SE+04
3.21450E+04
3,38826E+04
3:56202E+04
3.7T3578E+(4
3.90953E+04
4,08329E+04
4.25705E+04
4443080E+04
4460456E+04
4eTT8IZE+ Q4
4.95207TE+04
5.12583E+04
5429959E+04
5.4T7335E+04
S5.64T10E+04
5,82086E+04
5.,99462E+04
6,16837E+04
6,34213E+04
6,51589E+04
6,68964E+04

PLANCK MEAN OQPACITY =
ROSSELAND MEAN«FREE~PATH =
MEAN=SQUARED ROSSELAND MEAN=FREE=PATH = 1,32731E+53

2+20000E+03

TOTAL OPACITIES AND VOLUME. EMISSION

SI/H MASS RATIO

TOTAL MU
1eTO164E=2T
9429371E-27
5.06313E~26
2+T56)3E=25
1.49992E~24
3,60842E=-20
1.69537E~19
TeTT610E=19
3.499660E-18
1.49026E=-17
6.13690E~17
2+39021E~16
B8.79798E=16
3.11729€E=-15
1.06966E=14
3.5758BlE=14
1.14378E~13
3.40397E~13
9+2847TTE~13
2433274E~12
5442594E-]12
1.42903E~11
44 T3798E=11
1.96310E=10
1.05097E=09
5.44531E~09
2491802E8-08

157672E=-07

8.55052E=07
5.31174E=~06
2452732E-05
9.89260E=05
3.41750E~04
1.20744E=~03
2.80338E=-03

J TOTAL =

Te¢28291E~17

25284 3E+26

B(WsT)

3e444TTE+04

2,01055E+04
1.06385E+04
5+24356E+03
2,44977E+03
1,09775E+03
4,75752E+02
2.00626E+02
Be27006E+01
3.34398E+01
1433000E401
S.21466E+00
2.01514E+00
7473240E=01
2093224E=01
1.10223E=01
4e11069E~02
1.52213FE~02
5+59976E~03
2404790E=03
7+44884E~04
2469585E=04
9.71173E~05
3.48371E-05
1424469E=05
4+43076E~06
1.57180E=06
5455792E=07
1.9593TE=07
6+B88786E~08
2,41486E~08
8¢44507E=09
2494633E~09
1,02561E09
3,56249E-10

Fe46526E=09

PRESSURE =

13

1.00000E+02
J

5.8617TE=23
1,86855E=22
5438642E-22
1444520E-21
3.67447E-21
3.96115E-17
8.065T5E=17
1,56009E=16
2.89424E~16
4.98341E~16
8416207€~16
1424641E~15
1. 77644E=15
2041041E-15
3.13651E~15
3.94137E~15
4s70171E~15
5.18129E~15
5,19925E~15
4,77722E~15
4404169E=15
3.85245E~15
4060140E~15
6483B86E-15
1430814E~14
244126BE~14
4458652E=14
‘Be76331E~14
1.67536E=13
3.65865E~13
6+10310E~13
B435437E~13

1.

00691E~12

1.23836E-12
9.98700E~13

MEAN=SQUARED PLANCK MEAN OPACITY =
1/ROSSELAND MEAN=FREE=-PATH =

I PRIME =

6+.33616E=20
3,95503E=27
9.06468E+52


http:3.90953E.04
http:3.94137E-.15

g1 - d

TOTAL 'OPACITIES AND VOLUME EMISSION . 14

TEMPERATURE = 2,20000E+03

SI/H MASS RATIO = 5,00000E~03 PRESéURE = 1.0000DE+D2

OMEGA TOTAL MU BlWsT) J
7.81906E+03 1¢04999€E=03 3.444TTE+D4 3.61697E+01
9,55663E+403 1.68987E=03 2+01055E+04 3.3975TE+01
1.12942E+04 2.40634E=03 1.06385E+04 2.55999E+01
1.30318BE+04 3,03751£~03 S.24356E+03 1.59274E+0]
1.,4T693E+04 3.40093E«03 244497TE+03 8+33150E+00
1.65069€+04 3.,37818E=03 1.09775E+03 3.70841E+00
1.82445E+04 2+97715E=03 44TST52E+02 1+41638E+00
1,99821E+04 2.32790E-03 2.00626E+02 4e67038E=01
2.17196E+04 146150E=03 8427006E¢D} 1+33562E=01
2.345T2E+04 9496754E=04 3.34398E+01 3.,33313E-02
2.51948E+04 5e43205E=04 1.33000E+01 T.22461E=03
2.69323E+04 2.63279E=04 5421466E+00 1437291E~03
Z2.,86699E+04 1413226E~04 2.01914E+00 2428620E=~04
3,0407SE+Q4 4,77B88E=05 7+T3240E=01 3.69522E=05
3,21450E+04 1,46021E=-05 2.93224E=01 4428168E~06
3,38826E+04 4438345E=06 1.,10223E~01 448315TE~07
3.56202E+04 1416779E=06 4411069E=02 4+80042E=~08
3,73578E+04 2.76033E-07 1.52213E-02 4420159E=09
3,90953E+04 5.78903E=-08 5459976E~03 3.24172E~10
4.D8329E+04 1407750E~08 2+ 04T90E=03 2e20862E~]1
4 ,25T05E+04 2411499E=09 Te4GBBAE~G4 1.57542E=]2
44,430B0E+04 1.78513€~08 2.69585E~04 4.B1244E~12
4,60456E+04 2465136E=06 9,71173E-05 2457493E-10
4,TT83IZE+04 2419366E~06 3.48371E=05 7e64208E=11
4,95207E+04 6.75TTSE=0T 1424469E=05 Be41133E~12
S,.12583E+04 1e24450E~06 44430T6E~06 5.51409E~-12
5.29959E+04 4409934E=-06 1.57180E=06 6e44333E=12
5.4T33SE+04 1+483220E~-07 5.55792E=07 1,01833E=13
S5,64T10E+04 8.5636TE~07 195937E=07 1467794E=13
5.82086E+04 5+30984E-06 6.88786E=08 3.65734E~13
S5.99462E+04 2.52641E-05 2+41486E~(8 6+10091FE~13
6.,1683TE+04 9,8B905E=05 B8.44507E=09 8435137E~=13
6434213E+04 3.41627TE~04 2+94633E-09 1.00655E=12
6.51589E+04 1.20701E=03 1.02561E~09 1.23792E~12
6.68964E+04 2¢8023TE«03 3.56249E=~10

J TOTAL = 2.18537E+(Q5

9+98341E~13

PLANCK MEAN OPACITY = 1,68151E~03 MEAN=SQUARED PLANCK MEAN OPACITY = 3.36636E~06
ROSSELAND MEAN-FREE«PATH = 6493947€+02 1/ROSSELAND MEANFREE=PATH = 1,44103E-03
MEAN=SQUARED ROSSELAND MEAN~FREE~PATH = ‘1.,09678E+10 I PRIME = 6,01608E+10


http:5.82086E.64

TOTAL OPACITIES AND VOLUME EMISSION

PRESSURE = 1.,00000E+02

6T - a

TEMPERATURE = 2.,20000E+03 SI/H MASS RATIO 1,00000E=02
OMEGA TOTAL MU B(WsT) J
7+81906E+93 2+09786E~03 3e444TTE+ Q4 Te22664E4+0]
9,55663E+03 3,37634E-03 2401055E+04 6+ 78830E+0]
1,12942E+04 4,80783E=03 1,063B5E+04 5+11482E+01
1.3031BE+04 64.06890E~03 5¢24356E+03 3.18227E+01
1.47693E+04 6e79502E~03 24449T77E+03 1¢66462E+01
1.65069E+04 6+ T4#959E-03 1.09775E+03 T7e40939E+00
1,82445E+04 5+94838E~03 4,75752E+02 2¢82995E+00
1.99821E+04 4465125€=03 2.00626E+02 9433164E=~01
2.17196E+04 3.22699E=03 B+27D06E+0) 2466874E~01
2+34572E+04 1.99197E~03 3434398E+01 6+66112E-02
2.51948E+04 1.,08606E-03 1433000E+01% 1+44445E=-02
2469323E+04 542654 TE=04 5¢21466E+00 2+ T457TE=03
2.86699E+04 2426450E=04 2401914E+00 4¢57235E=04
3.04075E+04 9.90481E-05 7+73240E=~01 7+65879E-05
3.,21450E+04 2+91832E=05 2493224E-01 8455722E=06
3.38826E+04 B4T6009E=06 1.10223E=01 9+65564E=07
3.56202E+04 2.33381E-06 4e11069E=02 9.59355E=08
3.7357BE+04 5.51650E~07 1.52213E=02 B439684E~09
3,90953E+04 1.15691€E=07 5+59976E-03 6¢47843E=10
4,08329E+04 2,15307E~08 2¢04790E=03 4e40929E=11
4425705E+04 4+22110E=09 7+44884E=04 3414423E=12
4443080E+04 3.66730E~08 2+69585E~04 9.88648E~12
4460456E+04 9.95184E=06 9.71173E-05 9.66497E-10
4477832E+04 4447679E~06 3.48371E~05 1+55958E~10
4495207E+04 1+34938E-06 1424469E~05 1467957E=11
5.,12583E+04 2448150E-06 4443076E~06 1.09949E=11
54.29959E+04 B8.16276E-06 1.57180E=06 1428302€~11
5447335E+04 2408726E-07 5455792E=07 1416009E=13
S.64710E+04 Be5T7680E=07 1.95937E=07 1.68051E~13
5.82086E+04 5.30794E=06 6+88786E=08 3,65603E~13
5.99462E+04 2+52550E~05 2.41486E=08 6909872E=13
6.16837E+04 94.B8550E~05 Be4450TE=09 B.34838E-13
6434213E+04 3+41505E~=04 2494633E=09 1.00619E~12
6.,51589E+04 1.20658E-03 102561E~09 1623747E~12
6+68964E+04 2.80136E~023 3¢56249E~10 9,97983E~13
J TOTAL = 4436634E+05

PLANCK MEAN OPACITY = 3,35962E-03 MEAN=SQUARED PLANCK MEAN OPACITY = 1,34383E-05

ROSSELAND MEAN=FREE“PATH = 3.47306E+02 1/ROSSELAND MEAN«FREE=PATH = 2,87931E-03

MEAN=-SQUARED ROSSELAND MEANFREE=PATH = 2,75211E+09 I PRIME = 1,50958E+10



nz-d

TOTAL OPACITIES AND VOLUME EMISSION

TEMPERATURE = 2.20000F+03 SI/H MASS RATIO = 5,00000E-02 1.00000F+02
OMEGA TOTAL MU BiwsT) J
T7+.81906E+03 1+05078E=02 Be444TTE+04 34619T0E+02
9,55663E+03 1:69116E=(2 2.01055E+04% 3.40015E+02
1.12942E+04 2440819F=02 1.06385E+04 2+56196E+02
1.30318E+04 3.03991E~02 5,24356E+03 1.59399E+02
1.4T693E+04 3.40376E~-02 244497TE+03 8.33842E+0}
1.65069E+04 3,38128E~02 1.09775E+03 3.T1181E+01
1.,82445E+04 2.9803BE=02 44T75T52E+02 1+41792E+01
1.99821E+04 2.33125F=02 2.00626E+02 4.67T10E+00
2.17196E+04 1461832E=-02 Be2TD06E+D] 1+33836E+00
2.345T2E+04 1.000T4E~02 3.34398E+01 3.34644E=01
2+51948E+04 5.4TB8lE~03 1¢33000E+01 T+28681E~02
2.69323E+04 2.66463E=03 5.21466E+00 1+38952E~02
2+8B6699E+04 1¢14697E~03 2+01914E+00 2+31590E=03
3.040TSE+04 6+42195E~04 TeT3240E~01 44965T1E~04
3.21450E+04 1e47237E~04 2493224E=01 4431734E=05
3.38826FE+04 4,42066E=08 1.10223E-01 4eB7259E=06
3.56202E+04 1.17841E~05 4e11069E=~02 4484408E=0T7
3.73578E+04 2, TASR6E=06 1+52213E~02 4424045E~08
3,90953E+04 5.84061E~07 5+56976E~03 3.27060E=09
4,08329E+04 1+08610E~07 2404 T90E=03 2422422E=10
4.25705E+04 2.12356E~08 To448B4E=04 1.58181E~11
4,43080E+04 2.24935E-07 2+69585E~04 6.06390E~11
4460456E+04 2.38171E=-04 9+71173E=~05 2¢31305E~08
4. TTBI2E+04 2.62292E~05 3.48371E~05 9.13749E=10
4,95207E+04 6. TE432E=D6 1+24469E=05 B.4]1950E=11
S5,12583E+04 1.24254E=05 4443076E~06 5+50541E~11
5.29959E +04 4408275E=-05 1.57180E=06 6s41T24E=11
B.4733BE+04 4413762E-07 5455792E~07 2¢29966E=13
5.64710E+04 8,68240E=~07 1.9593T7E~D7 1e70120E~13
5.82086E+404 5,292T4E=06 6.88786E=-08 3464556E=13
5.99462E+04 2,51824E~05 2+41486E=08 £.08118E~13
6,16837E+D4 G.,85T06E=-05 844450TE=09 8432436E~13
6434213E+04 3.,40523E=~04 2+94633E~09 1400329E=12
6.51589E+04 1,20310E-03 1+02561E=09 1223391E=12
6.6B964E+04 2,79331E-03 3.56249€=10 9.95112E=~13

J TOTAL = Z.1BT0BE+06

PLANCK MEAN OPACITY = ]1,.68282E~02 MEAN=SQUARED PLANCK MEAN OPACITY = 3,37170E=04
ROSSELAND MEAN=FREE-PATH = 6.92T79E+01} 1/ROSSELAND MEANFREE«PATH = 1,44346E=02
MEAN=SQUARED ROSSELAND MEAN=FREE=~PATH = 1.08521E+08 I PRIME = 5,95230E+08


http:1,08521E.O8
http:9*55663E.03

TOTAL OPACITIES AND VOLUME EMISSION

PRESSURE = 5.00000E+02

TEMPERATURE = 2+20000E+03 S1/H MASS RATIO
OMEGA TOTAL MU B(WsT) J
TeB81906E+03 8.+51086E=-27 3¢444TTE+04 20931 80E=-22
9,55663E+03 4,64830E-26 2401055E+04 9+ 34563E=22
1,12942E+04 2453235E-25 1.06385E+04 2069405E=21
1.30318E+04 1.,37849E=24 S5¢24356E+03 Te22822E=21
1,4T7T693E+04 T+50195E=24 2e4497T7E+03 1.83780E=-20
1.65069E+04 1.80477E=19 14 09775E+03 1.98119E~16
1.82445E+04 Be b TILFE~19 4« TSTORZE+02 4e03413E~16
1,99821E+04 3.88926E~18 2.00626E+02 T«80288E~16
2.17196E+04 1+75037TE=17 8+ 2T006E+01 1.44757E-15
2434572E+04 Te45363E~17 343439BE+01 2+49248BE~15
2.51948E+04 3.06940E-16 1+33000E+01 4.08230E~18
2.69323E+04 1:19548E=15 5¢21466E+00 6023400E~}5
2.,86699E+04 4¢40035E~15 2+01914E+00 B8.88495E=~15
3.04075E+04 1.55913E~14 Te73240E=01 1.,20558E~14
3,21450E+04 5434997E~14 2493224E%01 1+568T4E~14
3,38826E+04 1.78846E-13 1410223E~01 1497130E=]4
3.56202E+04 Se72066E-13 4911069E=-02 2435159E~14
3,73578E+04 1.70251E~12 1.52213E=02 2+59145E~14
3.90953E+04 4.64383E-12 54599T6E=03 2:60043E~14
4,08329E+04 1416673Ew]11 2+04790E=03 2¢3B935E~14
4+.25T05E+04 2.71381E~=11 To44884E=04 2402147E=14
4443080E+04 T«14738E~=11 2469585E=04 1.926B2E=14
4.60456E+04 2¢36973E~10 9+71173E~05 2¢30142E~14
44 T77832E+04 9,81854E=10 3.48371E~QS 3.42049E=14
449520TE+04 5425650E=09 1.24469E=05 6.542T3E=14
5,12583E+04 2,72350E=-08 4¢43076E~00 1¢20672E=]13
5.29959E+04 1.45946E=07 1.571B0E~06 2+29397E~13
S.4T335E+04 7«BB606E-07 5+855792E~07 4+¢38301E~13
S.64710E+04 4.2T659E~06 1495937E=07 B+37939E~13
5.82086E+04 2.65669E=05 6+88786E~08 1.82989E~]12
5,99462E+04 1+26405E~04 2e41486E=-08 3.05250E~-12
6,16B3TE+04 4494TB4E=D4 8444507TE=09 4e17848E=12
6,342]13E+04 1.70928E=(3 2+94633E~09 S:03611Ew12
6,51589E+04 6,03909E=-03 l,02561E«09 6.19373E=}2
6,68964E+04 1.40212E-02 3456249E-10 4+99505E=12

Iz -

J TOTAL = 4.734]0E~08

PLANCK MEAN OPACITY = 3.64259E-16 MEAN=SQUARED PLANCK MEAN OPACITY = 1,%8502E-18
ROSSELAND MEAN~FREE=PATH = 5.05529E+25 1/ROSSELAND MEAN=FREE=PATH = 1,97813E»26
MEAN=SQUARED ROSSELAND MEAN=FREE=PATH = 5,30594E+5] I PRIME s 3,62362E+51


http:3,44477E.04

2 - d

TOTAL OPACITIES AND VOLUME EMISSION 18
TEMPERATURE = 2,20000£+03 SI/H MASS RATIO = G,00000E-«03 PRESSURE = 5.00000E+02
OMEGA TOTAL MU Bi{WsT) J
T.81906E+03 2+95365E-03 Je444TTE+04G 1.01T7T4TE~D2
9,55663E+03 4+T536TE~03 2+01055E+04 9+55T749E+01
1.12942E+04 6+76%312E-03 1.,06385E+04 Te20134E+01
1.30318E+04 8.54461E-03 5.24356E+03 4.48042E+01
1.,47693E+04 9,56693E~03 24449TTE+03 2¢34368E+01
1.65069E+94 3.50293E~03 1.09775E+03 1.04319E+01
1,82445E+04 Be37478BE-03 4+T5T52E+02 3.98431E+00
1.99821E+04 6.54832E~03 2.00626E+02 1.31377E+00
2.17196E+04 4454287E~03 8+27006E+01 3«T5698E~01
2.345T72E+04 2.T79945E~03 3434398E+0) 9.36132E~02
2.51948E+04 1.52718E-03 1.33000E+01 2.03114E~02
2.69323E+04 T+40001E~04 5.21466E+00 3.85886E-03
2.86699E+04 3.,18185€=04 2¢01914E+00 6.42461FE=04
3,040T5E+04 1.25513E=04 TeT73240E~01 9.70517E=-05
3,21450E+04 4.10663E~05 2493224E-01 1.20416E~05
3,38826E+04 1.23298Bg~05 1.10223E=-01 1+35903E~06
3.,56202E+04 3.28478E=06 4.11069E=02 1.35027E=-07
3,73578E+04 TeT76430E~07 1,52213E=02 1.181B3E~08
3.90953E+04 1,62837E~07 5.,59976E=03 9,1184BE=10
4,0B329E+04 3,03118e-08 2404790E=03 6.20756E~11
4425T05E+04 5:44592E=-09 Te44B8B4E~D4 4.05658E~12
4+430B0E+04 2.24342E~08 2+.69585E-04 6.04791E~12
4460456E+04 1.14065E=06 S,7T1173E-05 1+10777E~10
4,77832E+04 2+7T1600E-06 3+483T7T1E=05 Fe46176E=11
4+95207E+04 B+5IF46E~07 1+24469E~05 1.06290E~11
5.12583E+04 1.58575E=06 4+.43076E-06 T« 02609E=12
5,29959E+04 5426549E=06 1+57180E~-06 8.27627E=12
5.,47335E+04 B8.2052%9E=~07 5+¢55792E~07 4.56044E-13
S.64T10E+04 4427T09E~06 1e95937E~07 8.38038E~13
5.82086E+04 2+65574E~05 6.8878B6E~08 1.82924E=12
5499462E+04 1.26360E~04 2.41486E~-08 3.05140E=12
6+ 16837E+04 44946060E=04 84.4450TE=09 4.1769BE=12
6.34213E+04 1.70867£-03 2434633E=09 5.03430E~12
6.51589E+04 6.03692E=03 1.02561E=09 6419150E~12
6.68964E+04 1+40162€=-02 3.56249E~10 4+99325E=)2

J TOTAL = 6414752E+05

PLANCK MEAN OPACITY = 4,73013E-03 MEAN=SQUARED PLANCK MEAN OPACITY = 2,66385E~05
ROSSELAND MEAN=FREE=PATH = 2.4780SE+02 1/ROSSELAND MEAN=FREE=PATH = 4,03544E=03
MEAN~SQUARED ROSSELAND MEAN=FREE=~PATH = 1.,65236E+09 : I PRIME = G.,07680E+09



TOTAL OPACITIES AND VOLUME EMISSION

TEMPERATURE = 2.,20000E+03 SI/H MASS RATIO = 1.00000E=02 PRESSURE = 5+00000E+02
OMEGA TOTAL MU B(WwsT) J
T+81906E+03 5+90186E=~03 34444TTE+04 2403306E+02
9,.,55663E+03 94+49858E~03 2.01055E+04 1.909T74E+02
1412942E+04 1.35258E=-02 1,06385E+04 1+43894E+02
1.30318E+04 1.70735E-02 5+24356E+03 8.9525%9E+01
147693E+04 1.91162E~02 2e%49TTE+03 4468304E+01
1.65069E+04 1.89884E=02 1.09775E+03 2+08445E401
1.82445E+04 1.67341E=02 4.,75752E+02 Te96130E+00
1.99821£+04 1,30846E=-02 2+00626E+02 2.62512E+00
2.417196E+04 9,07T7T43E-03 8.,27006E+01 T«50706E~01
22345728404 5.59389E~03 334398E+01 1.87059E~01
2+¢51948E+04 3.05177E~03 1,33000E+01 4405884E=02
2469323E+04 1¢47880E-03 5.21466E+00 Te7T1143E~03
2+86699E+04 6+35851E~04 2+01914E+00 1.28387E~03
3.04075E+04 2+51923E~04 7473240E«01 1,94797E~04
3.21450E+04 8.2058BE~05 2493224E=01 2+40616E=05
3,38826E+04 2+4463T3E=05 1,10223E=01 - 2¢71560E=06
3.56202E+04 6456360E~-06 4.11069E~02 2+69809E~07
3,7357TBE+«04 1455145E~06 1.52213E~02 2436152E~08
3.90953E+04 3.25374E=-07 5.59976E-03 1.82202E=~09
44,08329E+04 6+05569E~08 2e04790E=-03 1424015E=10
4425705E+04 1.08550E~08 Te448B4E=-04 8.08570E-12
44430B0E+04 4,50844E-08 2469585E=~04 1+21541E-11
4.60456E+404 3,75182E=06 9.71173E~05 3.64367E~10
4+ TTBIZ2E+04 5445652E~06 3448371E~05 1.90089E~10
4495207E+04 1.70138E~06 1:24469E=05 241]1769%E=11
5.12583E+04 3.14196E~06 4243076E=-06 1,39213€E~-11
5.29959E£+04 1,03774E~05 1.57180E=06 1.63112E~11
5.4T335E+04 8.52405E=07 5.55792E~07 44T3760E~13
5.64T10E+04 4e27759E~06 1495937E=07 8438137E~13
5.82086E+04 2+65479E=05 6.687B6E~08 1.82858E~]2
5.99462E+04 1.26314E=04 2+414B6E=-08 3.05031E=-12
6.16837TE+04 4+94428BE~04 Be44507E=~09 4e17548E~12
6¢34213E+04 1.70805E=03 2+94633E~09 S.03249E=-12
6.5158%9E+04 64034T5E~03 1.02561E=09 6.18928E~]2
6.68964E+04 1.40112E~02 3.56249E~10 4+99146E-12

J TOTAL = 1.22837E+06

g PLANCK MEAN OPACITY = 9,45154E=03 MEAN=SQUARED "PLANCK MEAN OPACITY = 1,06358E-04
' ROSSELAND MEANFREE=PATH = 1,24023E+02 1/ROSSELAND MEAN=FREE=PATH = B8,06302E~03
& MEAN=SQUARED ROSSELAND MEAN=FREE=PATH '= 4415602E+08 I PRIME = 2.,28301E+09


http:1.65069E.04

¥z -

TOTAL OPACITIES AND VOLUME EMISSION 20
TEMPERATURE = 2,20000E+03 SI/H MASS RATIO = S,00000E=02 PRESSURE = 5,00000E+02
OMEGA TOTAL MU B{WsT) J
T«81906E+03 2+958B30E=02 3,444 TTE+0A 1+01907E+«03
9,55663E+03 4+T76116E=02 2.01055E+04 9.57253F+02
1.12942E+04 6. TTOTBE~02 1,06385F+04 T:21268E+02
1.30318E+04 B.55B08BE=-02 5+24356E+03 4.48T48E+02
1.47693E+04 9,58203E-02 2¢4497TTE+D3 2¢3473BE+02
1.,65069E+04 9+51798E~02 1.09775E+03 1.044B4E+02
1.82445E+04 B.38815E=~02 4.T5TS2E+02 3.9906T7E+0]
1.99821E+04 6+55B96E=02 2.00626E+02 1:31590E+01
2.17196E+04 4¢55048FE«02 8.27006E+01} 3.T632TE+00
2.345T2E+04 2+80468E~-02 3.34398E+01 9,37881E~01
2,51948E+04 1453076E=02 1+33000E+01 2.03591E=~01
2.69323E+04 7441995F=03 5e21466E+00 3.86925€E~02
2.86699E+04 3,19056E=-03 2+01914E+00 6444221E=03
3.04075E+04 1,30877E~03 TeT3240E=01 1.01199€=03
3.21450E+04 4+11523E-04 2¢93224E=01 1.20668E=04
3.38826E+04 1.23553F~04 1.10223F=01 1+36184E=05
3.,56202E+04 3.29168E-05 4el1069E=~02 1.35311E=06
3.73576E+04 7+ 7B06BE=06 1.52213E=02 1418432E=07
3,90953E+04 1.63173E=-06 5+599T76E~03 9413732E~09
4,08329E+04 3.03632E~07 2.04790E~03 6+21809E~10
4.25705E+04 5443272E-08 Te44B84E=04 44046T4E~]]
4.43080E+04 2¢39018E=07 2+69585E=04 6+44355E=11
4460456E+04 7+84907E=05 GeT1173E=05 T7+62280E-09
4,77832E+04 2+85823E-05 3+48371E«05 3.95723E~10
4.,95207E+04 B8.51929E=06 1e24469E=05 1.06039E~10
5.12583E+04 1.56622E=~05 44430T6E=06 6¢93957E~11
S.29959E+04 5.15051FE=05 1,57180E=06 8.09554E~11
5.47335E+04 1.10887E-06 5 «55792E~07 6,16300E~13
S.66T10E+04 4,28169E=06 1.95937TE«07 #,38938E=-13
S.82086E+04 2464T16E=0S 6+8B786F=08 1B2332E~12
5.99462E+04 125951E=04 2+41486E=0D8 3.04153E~12
6.16837E+04 4493005E=04 B8+4450TE~09 441634TE~12
6.34213E+04 1.T0314E=03 2¢94633E=09 5+01801E~12
6,51589E+04 6,01738E=03 1.02561E=09 6.1T7147E~12
6.68964E+04 1439708E=02 3.56249E~10 44937T10E=12
J TOTAL = 6,15T21E+06
PLANCK MEAN OPACITY = 4.,73758E=02 MEAN=SQUARED PLANCK MEAN OPACITY = 2,67225E«03
ROSSELAND MEAN<FREE«PATH = 2.,4T385E+01 1/ROSSELAND MEAN=FREE~PATH = 4,04228Ew02
MEAN=SQUARED ROSSELAND MEAN=FREE=PATH = 1465517E+07 I PRIME = 9,09147E+07



TOTAL OPACITIES AND VOLUME EMISSION

SI/H MASS RATIO

TEMPERATURE = 2.,20000E+03 1.00000E+03
OMEGA TOTAL MU BiWeT) J
T+81906E+03 1.70230E-26 Je444TTE+O4 5.86402E-22
9,55663E+03 9.29728BE=-26 2.01055E+04 1.86926E~21
1412942E+04 5.06507E=-25 1.06385E+04 5+38849E-21
1.30318E+04 2.T5T19E=24 5424356E+03 1+44575E~20
1.4T693E+04 1+50050E~23 2¢449TTE+03 3.67588E-20
1.,65069E+04 3.60980E-19 le09T75E+403 3.96268E-16
1.82445E+04 1.69602E=18 4o 75T782E+02 B8.06885E=-16
1.99821E+04 7.77908E-18 2.00626FE+02 1.56069E=15
2,17196E+04 3.50100E=17 8,2T7006E+01 2+89535E~15
2434572E+04 1.43084E~16 3434398E+01 4498533E~15
2451948BE+04 6+13926E~16 1.33000E+01 8416520E~-15
2469323E£+04 2439113E=-15 5¢21466E+00 14246B9E~14
2.86659E+04 84B0136E~15 2401914E+00 1.77712E~14%
3+04075E+04 3411848E=14 7 73240E=01 244)1133E~14
3421450E+04 1.07007€~13 2¢93224E~01 3413771E=14
3.38826E+04 3.57718E=13 1.10223E~01 3494288E=-14
3.56202E+04 1.14422E=12 4e11069E~02 4470352E~14
3.735TBE+04 3.40527E~-12 1.52213E~02 5¢18328E~14
3.90953E+04 9.28834Ew12 5.59976E=03 5¢20124E~14
4408329E+04 2233363E~11 2+04790E~03 4+T7905E~14
4+25705E+04 5.42802€E~11 T+44B84E=04 4+04324E=]14
44+43080E+04 1+42958E~10 2+69585E~04 3.85393E~14
44.60456E+04 4+T3980E=10 9.71173E=05 4460317E~14
4,T7T832E+04 1.9638%5E£~09 3.48371E=05 6.84149E~14
4.95207E+04 1.05138E=08 1e24469E~05 1430864E«13
5.12583Ev04 5+44739E~(8 4e¢430T6E=06 2e41361E=13
5.,29959E+04 2¢91913E~07 1+57180E=~06 4458828E-13
5,4T335E+04 1+57T733E=06 5.55792E=07 B4 TEE6TE~13
5.64710E+04 8,553B0E=06 149593TE=07 1467600E~12
5,82086E+04 5+31378E=~05 6.,88786E-08 3,66005E=12
5.99462E+04 2+52829E~04 2¢41486E=08 6+ 10545€E=12
6,16837TE+04 9,89640E=04 8,44507E=-09 8,35758E~12
6,34213E+04 3.,418BlE~03 2.94633E=09 1.00730E~11
6,51589E+04 1,20791E=02 1,02561E-09 1.23884E=11
6,68964E+04 2,80445E=02 3,56249E~10 9.,99083E=12

J TOTAL = 9.,46889E~=08

PLANCK MEAN QPACITY = T.28571E~l6 MEAN=SQUARED PLANCK MEAN OPACITY = 6.34102E~18
ROSSELAND MEAN=FREE=PATH = 2,52746E+25 1/ROSSELAND- MEAN-FREE=PATH = 3,95654E«26
MEAN-SQUARED ROSSELAND MEANFREE«-PATH = 1,32629E+5] I PRIME = 9,05773E+50



92 - d

TOTAL UPACITIES AND VOLUME EMISSION 22
TEMPERATURE = 2.20000E+03 SI/H MASS RATIO = S5,00000E-03 PRESSURE = 1.00000E+03
OMEGA TOTAL MU B{WeT) J
7.81906E+03 44382T1E~D3 I h44TTE+DG 1.50974E+02
9.55663E+03 7.05362E-03 2.01055E+04 1¢41817E+02
1.12942E+04 1.00442E=02 1.06385E+04 1.06855£402
1.30318E+04 1.26787E~-02 5,24356E+03 6+6481TE+Q)
1.4TH93E+04 1:,4195TE=02 2.449TTE+03 3.47T761E+01L
1:65069E+04 1441007E=02 1.0977SE+03 1.54791E+01
1.82445E+04 1.2426TE=02 4.T5752E+02 5,91203E+00
1.,99B21E+04 9.,7165TE=03 2.00626E+02 1:494940E+00
2.17196E+04 6+ T40BlE=03 B.27006E+01 5257469E=01
2,34572E+04 4415247E-03 3434398E+01 1+38858E~01
2.51948BE+04 2.26596E~03 1,33000E+01 3.01373E=02
2.69323E+04 1.09796E=03 5+21466E+00 5.72551F«03
2.B6699E+04 44T2078BE=04 2.01914E+00 9+53194E=04
3.04075E+04 1.84142E=04 T7.73240E=01 1:423B6E~0D4
3,21450E+04 6¢09333E=05 2.93224E=~01 14786T1E=05
3,38B26E+04 1.82952E-05 1,10223E=01 2+01656E-06
3,56202E+04 4.8T402E~06 4e11069E=02 2+00356E-07
3.73578E+04 1+15208E=-06 1452213E=02 1¢75363E=08
3.90953E+04 2e41624E=0T 5 .59976E=03 1.35303E=-09
4,08329E+04 44.49B2TE~08 2+064790E=03 3421203E=11
4 ¢25TOSE+04& 7+9136T7E=09 T+44884E-04 S5eB894TTE=12
4443080E+04 2.38439E-08 2+69585E~04 6442T794Em]12
4,60456E+04 B8429218E~07 9,71173E~05 B405314Em11]
4,TT832E+04 2.84316E=06 3.48371E~05 9e90472E=11
4 4,9520TE+0% 9 +00G45E=07 1.24469E-05 1412140E=11
5.,12583E+04 1.68964E=06 44430T6E=06 Te4B8639E=12
5.29959E+04 5.66321E~06 1.57180F=06 B+90141E=-12
54 4T3ISE+04 1.,6)1055E=06 5¢55792E=07 B+95132E~13
5,64T10E+04 B8.55287E=06 1.,95937E=07 1467582E~12
5,82086E+04 54311BTE=05 6.8878B6E=~08 3.65874E=12
5.99462E+04 2¢52738E=04 2.414B6E~0B 6410325E~12
6,16837E+04 9,89284E=04 8.,4450TE=D9 B¢35458E~12
6.34213E+04 3.,41759€=-03 2.94633E=09 1.00693FE=11
6,51589E+04 1.20747E=02 1,02561E=0% 1,23839E=11
6468964E+04 2,80346F«02 3.56249E~10 G+98724E=~12
J TOTAL = 9,12186E+05
PLANCK MEAN OPACITY = 7.01869E=03 MEAN-SQUARED PLANCK MEAN OPACITY = 5,86511E-05
ROSSELAND MEAN=FREE=PATH = 1,67321E+02 1/RUSSELAND MEAN-FREE=PATH = 5,97652E~03

MEAN=SQUARED ROSSELAND MEAN=FREE=PATH = 7.,93336E+08 I PRIME = 4.36219E+09


http:5.99462E.04
http:5.47335E.04
http:6,64817E.01
http:1.12942E.04

TOTAL OPACITIES AND VOLUME EMISSION

TEMPERATURE = 2.20000E+03 SI/H MASS RATIO = 1,00000E=02 PRESSURE = 1.,00000E+03
OMEGA TOTAL MU BiWsT) J
T+81906E+03 8+75760E~03 34464TTE+QG 3+01679E+02
9.55663E+03 1+40947E=02 2,01055E+04 2.833B0E+02
1.,12342E+04 2.00705E-02 1. 0638SE+04 2+13520E+02
1.,30318E+04 2¢53348E~02 5eZ24356E+03 1+32845E+02
1,47693E+04 2.83660E~02 2¢4%49TTE+03 6094902E+401
1,65069E+04 2:81763E=02 1,0977SE+03 3.09306E+01
1.82445E+04 2448313E~02 4+ T5T52E+02 1.1B8135E+01
1.99821E+04 1.941598E~02 2.00626E+02 3.89533E+00
2.17196E+04 1.34696E=-02 8.27006E+01 1+11395E+00
2,34572E+04 B¢29760E=03 334398E+01 24 TT4T0E=01L
2451948E+04 4+52801E~03 1.33000E+01 64 02224E=02
2469323E+04 2¢19405E-03 5¢21466E+00 1414413E«02
2,86699E+04 G443351E~04 2¢01914E+00 14904T6E~03
J404075E+04 3+.685TTE=-04 TeT3240E=01 2+84999E~04
3,21450E+04 1.2175%E=04 2¢93224E=01 3+5T026E=05
3,38826E+04 3.65580E=-05 1410223E~01 4+02953E~06
3.56202E+04 9.T3939E=06 4411069E-02 4+ 00356E~07
3,73578E+04 2¢30212Ew=06 1452213E=02 3+50413E~08
3.90953E+04 4+82809E~07 5¢59976E=03 24T0361E~09
4008329E+04 8.98622E-08 2¢04790E~03 1.84029E~10
4.257T05E+04 1.57593E~08 Te44B84E=04 1.17388E=11
4443080E+04 44T6872E~08 2+69585E=04 1,28558E«11
4e60456E+04 2+46722E=-06 GeT1173E-05 2439610E~10
4. TTB32E+«04 5469655E=06 3.48371E-05 1.98451E=30
4.9520TE+04 1.79011E~06 1e24469E=05 2+2281l4E=11
S5.12583E+04 343224 TE=06 4443076E~06 1447211E~11
5.29959E+04 1.10269E~05 1.571B0E=06 1.73320E~-11
5¢47335E+04 1464373E~06 5+55792E-07 9.13572E=-13
5.64710E+04 B84+55194E=-06 1e95937TE~07 1467564E=12
5,82086E+04 5430996E~05 6+88786E~08 3¢65743E~12
5.99462E+04 2e5264TE=04 204148B6E=08 6010106E~-12
6,1683TE+04 9.8B8929E=-04 8+44507E~09 8¢35158E-12
6.34213E+04 3¢41636E=03 2494633E=09 1400657E~11
6,51589E+04 1,20704E=02 1,02561E~09 1,23795E~11
6,68964E+04 2480244E=-(2 3,56249E=10 5.98366E=-12

J TOTAL = 1.82275E+06

= PLANCK MEAN OPACITY = 1,40249E=02 MEAN=SQUARED PLANCK MEAN OPACITY = 2,34186E=04
' ROSSELAND MEAN=-FREE~PATH = B8437435E+01 1/ROSSELAND MEAN=FREE=PATH = 1,19412E=02
ﬁ MEAN~-SQUARED ROSSELAND MEAN-FREE=PATH = 1.99886E+08 1 PRIME = 1,09909E+09



gz~ d

TOTAL OPACITIES AND VOLUME EMISSION

TEMPERATURE = 2,20000E+03 SI/H MASS RATIO = 5.00000E~02 PRESSURE = 1.00000E+03
OMEGA TOTAL MU B(WsT) J
7.81906E+03 4439077E=02 3.444TTE+ Q4 1+51252E+03
9.55663E+03 Te06661E=02 2,01055E+04 1442078E+03
1.12942E+04 1.00627E=01 1.06385€+04 1.07052E+03
1.30318E+04 1.27021£~01 5.24356E+03 6466041E+02
1.47693E+04 1.42218E=01 2.44977E+03 3448402E+02
1,65069E+04 1,41267E-01 1.09775E+03 1455076E+02
1.82445E+04 1e24497E=01 4475752E402 5492295E+01
1.99821E+04 9.73461E~02 2.00626E+02 1.95302E+01
2,1T196E+04 60 TS344E=02 8427006E+01 5458513E+00
2,34572E+04 4416053E=02 3.34398E+01 1039127E+00
2.51948E+04 2,270T6E=02 1433000E+01 3.,02010E~01
2.69323E+04 1.10042E=02 54214665400 S.73832E=02
2,B6699E+04 4,73139E=03 2.01914E+00 9455335603
3,04075E+04 1.87323E-03 7.73240E-01 1+44845E=03
3,21450E+04 6+10547E=04 2.93224E-01 1+79027E=04
3.38826E+04 1.83314E-04 1.10223E=01 2.02054E=05
3.,56202E+04 4+883T0E=05 4411069E=02 2.00754E=06
3,73578E+04 1.15437E~05 1+52213E=02 1+75711E-07
3,90953E+04 2442094E=06 5.59976E=03 1.35567E=08
4,08329E+04 4.50503E=07 '2¢04790E~03 9¢22587E~10
4,25705E404 7.88082E=08 74448084E-04 5¢87030E=11
4,430B0E404 2.46004E=07 2.69585E~04 6.63189E~11
4,60456E+04 4+52386E=05 9471173E=05 4439346E~09
4,T7832E+04 2.92526E=05 3,48371E=05 1401907E=09
4,9520TE+04 8494568E=06 1426469E=05 1411346E=10
5,.12583E+04 1.64628E«05 4443076E=06 7029427E-11
5.29959E+04 5.41911E£+05 1:57180E~06 8¢S51773E~11
5,47335E+04 1.91074E=06 5e55792E=07 1406197E~12
B.64T10E+04 8454454E=06 1,95937E=07 1267419E=12
5,82086E+04 5429469E=05 6+88786E=08 3,64690E~12
5,99462E404 2+51920E=04 2.414B6E~08 6.08350E~12
6.16837E+04 9¢B86082E04 Be44507E=09 8432754E=~12
6434213E+04 3.40652E=03 2094633E=09 1.00367E~11
6,51589E4+04 1420356E=02 1402561E=-09 1.23438E~11
6.68964E+04 2.79437E=02 3456249E-10 9.95492E~-12
J TOTAL = 9.13866E+06

PLANCK MEAN OPACITY = 7,03161E=02 MEAN-SQUARED PLANCK MEAN OPACITY = 5,88673E=-03

ROSSELAND MEAN=FREE=PATH = 1.67019E+01 1/ROSSELAND MEAN=FREE=PATH = 5,98735E=-02

MEAN=SQUARED ROSSELAND MEAN=FREE=PATH = T.97229E+06 I PRIME = 4,38327E+07


http:9*13866E.06
http:S82086E.04
http:5*29959E.04
http:1.95302E.01
http:5E92295E.O1
http:1*42078E.03

TOTAL OPACITIES AND VOLUME EMISSION

PRESSURE = 1.,00000E+02

TEMPERATURE = 3,00000E+03 SI/H MASS RATIO =
OMEGA TOTAL MU B(WsT) J
T+81906E+03 2.53186E~-19 1.37118E*05 Je47164E=14
94,55663E+03 8.88200E~19 1.07340E+05 9+53392E~14
1,12942E+04 3.,09332E~18 T«65548E+06 2¢36808E~13
1.,30318E+04 1.07395E~17 5+09813E+04 5.47513E~13
1.47693E+04 3,72355E~17 3.22179E+04 1.19965E~-12
1,65069E+04 3,37392E-14 1.95386E+04 645921TE~10 _
1.82445E+04 1.17027E~13 1.,14628E+04 1¢34146E-09
1,99821E+04 3+94069E~13 65¢54433E+03 2:57891E=09
2.1T196E+04 1,28695€E=12 3,65236E+03 4,70039E~09
2434572E+04 3.94397TE~12 1.99952E+03 7T.88604E~09
2.51%48E+04 1:.16604E~11 1.0767SE+03 1.25553E~08
2.69323E+04 3,25598E~11 5.71600E+02 1.86112E~08
2.86699E+04 B8,56455E=11 2.99665E+02 2+56650E~03
3,04075E+04 2,17T537E~10 1+55377E+02 3.,38002E-08
3,21450E+04 5,38654E~10 T+97T68E+0] 4429721E=-08
3,38826E+04 1,31713E=-09 4,06026E+01 5.,34788E~08
3,56202E+04 3,12932E=09 2.05022E+01} 64415T7T9E~08
3,7ISTBE+04 T412T26E=09 le02T788BE+01 T432596E-08
3,90953E+04 1.51926E-08 5,11992E+00 T«T7849E=08
4,08329E+04 3,11015€=08 2+5351TE+00 7.88476E~08
4,25705E+04 6+13652E~08 1424851E+00 Te66149E~08
44,43080E+04 1.37758E~07 6e11789E~01 B8¢42786E=08
4.60456E+04 3.,62128E=07 2+98406E-01 1.08061E=07
4,77832E+04 1,14336E-06 1e44929E=01 1.65707E~07
4,95207E+04 3.54264E£~06 T«01102E=02 2448375E-07
5.12583E+04 1:18367TE=0S 3.379)10E~02 3.999TBE=QT
5.,29959E+04 4,02752E=-05 1.62302E~02 6453673E=-07
5+4T335E+04 1,37855E=04 TeT7T041E=03 1407119E=06
5,64T10E+04 4+T4419E=04 3+.70B95E~03 1.75960E=~06
5,82086E+04 1,69254E«03 1.76532E=03 249878T7TE=-06
5,99462E+04 5,55115E=03 8437983E~04 4465177E-0B
6,1683TE+04 1:36738E=02 3,96782E~04 5.42550E=06
6,34213E+04 2:T1394E=02 1.8742BE=04 5,08668E=06
6.51589E+04 6.33152€=02 8+83359E=05 5+59301E=05
6,68964E+04 9.,80552E~02 44 15446E=05 4+07366E~06

6z - a

J TOTAL =« 54+71387E=(2

PLANCK MEAN OPACITY = 7,31291E=11 MEAN=SQUARED PLANCK MEAN OPACITY = 2,218T1E-12
ROSSELAND MEAN-FREE~PATH = 1.17300E+18 1/ROSSELAND MEAN=FREE=PATH = 8,52516E=19
MEAN=SQUARED ROSSELAND MEAN-FREE«PATH = 3,T1}153E+36 I PRIME = 1,91595E+36



0o -

9+80199E=~02

J TOTAL = 1.83)104E+06

* TOTAL OPACITIES AND VOLUME EMISSION 2¢
TEMPERATURE = 3.00000F+03 SI/H MASS RATIO = S5,00000E=~03 PRESSURE = 1.00000E+02
OMEGA TOTAL MU BiWsT} J
7.81906E+03 1 +45822E-03 1+3711BE+05 1.99948E+02
9.55663E+03 2.10073E=03 1+07340E+05 2+25492E+02
1.,12942E+04 2.T74699E=03 7+ 6554BE+04 2.10295E+02
1.30318E+04 3.27486E=03 5.09813E+04 116695TE+02
1.4T693E+04 3.56616E~-03 3.22179E+04 1, 14B94E+02
1.65069E+04 3.55011E~03 1.95386E+04 6493643E+01
1.82445E«04 3,23211E=~03 1.14628E+04 3.T70489E401
1.99821E+04 2169195E=03 6+54433E%03 1.76170E+0}
2.17196E+04 2405124E-03 3,65236E+03 T+491BTE+00
2+345T2E404 1.62065E=03 1499952E4+03 3.24051E+00
2+51948E+04 9,15755E~04 1,07675E+03 9.86037E=01
2469323E+04 5,.33837TE~04 S.71600E+02 3.,05141E~01
2.B6699E+04 2.92461E=04 2.99665E+02 8.76405E=-02
3,04075E+04 3,69983E-04 1.56377E+02 5.74869FE=02
3,21450E+04 6416TBOE=05 T+97768E+01 4452052E=03
3.38826FE+04 2+50798E=05 4.06026F+01 1.01831E=-03
3,56202E+04 9,36107E~06 2+05022E+01 1491922E=04
3,735T8E+04 3.,20171E=06 1.02788E+01 3.29097E~05
© 3,90953E+04 1.01273E~06 5¢1)1992E+00 S5418512E«06
4,08329E+04 3,16337E=-07 2+53517E«00 B.01969E=07
4+25T05E+04 2«1T213E=07 1424851E+00 2¢T1192E~07
44,43080E+04 3,26621E=06 6.11789E=01 1.99823E~06
4,60456E+04 T.9356TE=05 2+98406E=-01 2+36805E=05
4,TTB32E+04 1.3289TE=04 1044929Ew-01 1.92607E~05
4,95207E+04 7+ 44494E=05 7+401102E«02 5+21966E-06
5,12583E+04 1¢31036E=04 3.37910E=02 44,42TB4E=06
5.29959E+04 3,26519€E~04 1462302E-02 5429946E=06
5.47335E+04 1+439798E~04 T«17T041E-03 1¢08629E=06
5,66T10E+04 44 T4362E=04 3,70895E=03 1,75938E=-06
5.82086E+04 1:69193E-03 1.76532E=03 2.98680E=06
5.99462E+04 5.,54915E-03 Be379B3E=04 4+65009E«06
6,1683TE+04 1.,3668BE=02 3,96782E~04 5.42355E=06
6,34213E+04 2+T129TE~02 1+87428E=04 5,08485E=06
6.,51589E+04 6+32925E~02 8.83359E~05 5059100E=06
6,68964E+04 4+ 15446E=05 4407220E~06

. * . . ¥
PLANCK MEAN OPACITY = 2434346E~03 MEAN=SQUARED PLANCK MEAN OPACITY = 6,08128E=06
ROSSELAND MEAN=-FREE=-PATH = 6,69530E+02 1/ROSSELAND MEAN=-FREE=PATH = 1.49359E~03
MEAN~SQUARED ROSSELAND MEAN=FREE=-PATH = 4,82216E+08 I PRIME = 2,23217E+09


http:4;08329E.04
http:3.56202E.04

TOTAL OPACEITIES AND VOLUME EMISSION

TEMPERATURE = 3.,00000E+03 SI/H MASS RATIO = 1,00000E=02 PRESSURE = 1.00000E+02
OMEGA TOTAL MU B(WsT) J
7.81906E+03 24%1106E=03 1.37118E+05 3.99160E+02
9,55663E+03 4,19372E-03 1.07340E+05 4450152E+02
1,12942E+04 5.48386E~03 72 65548E+04 4419816E+02
1.,30318E+04 6+53771E~03 5.09813E+04 3.,33301€+02
1.,47693E+04 7.11928E=03 3,22179E+04 2429368E+02
1.65069E+04 T7.08764E=03 1.95386E+04 1.38483E+02
1.82445E+04 6+453TOE~03 1.14628E+04 7+39773E+01
1.99821E+04 5.37743E-03 6:54433E+03 3.51917E+01
2.17196E+04 4¢10069E-03 3,65236E+03 1.+49772E+01
2.348T2E+04 3.248%2E~03 1.95952E+03 644954BE+00
2.51948E+04 1.85204E~03 1.07675E+03 1.99418E+00
2.69323E+04 1.10575E-03 S5+T1600E+02 643204TE-01
2.86699E+04 6eT719TCE~04 2+99665E+02 2401368E~01
3,04075E+04 1.01893E-03 1.5537TE+02 1.58319E=01
3,21450E+04 6.52215E=04 7.977168E+01 5.20316E=02
3,38826E+04 1.33421E=-03 4,06026E4+01 E.+41725E=02
3,56202E+04 3,029756=03 2+05022E+01) 6.21165E=02
3,7357BE+04 6.65944E=03 1.02788E+01 6.84511E=02
3,90953E+04 1+355TSE~02 5411992E+00 6:94131E=02
4,08329E+04 2+54264E~02 2.5351TE+00 6444604E=02
4,25T0SE+04 4+172B1E=02 1.24851E+00 5.2097BE~02
4,4308B0E+04 6+95821E~02 6411789E=01 4425696E~072
4 ,60456E+04 1.26226E=01 2.98406E=01 3¢76665E~02
4.TT832E+04 2.12543E=01 1e44929E=01 3.0803BE=02
4.9520TE+0D4 3. 17549E~01 T401102E=02 2422634E«02
5,12583E+04 5.15796E-01 3,37910E~02 1.74293E~02
5.2995%E404 Be57504E=01 1.,62302E=02 1+439174E~02
5e47335E+04 1.29226E+00 7.77041E=03 1600414E=02
5,64T10E+04 1.90151E+00 3.70895E=03 7+05262E=03
5,820B6E+04 2.23044E¢00 1.76532E~03 3,93745E=03
5.99462E+04 8.92168E=~01 B.37983E~04 TehT622E=04
6.,1683TE+04 1.36639E=02 3.96TR2E=04 S¢42160E=06
6,34213E+04 2.7T1200E=02 1.8742BE=04 5.08303E~06
6,51589E+04 64.32698E=02 8,83359E=05 5,58900E=06
6,68964E+04 9,79848E=-02 44 15446E=05 4.070T4E=06
J TOTAL =  3.656T74E+06
Y PLANCK MEAN OPACITY = 4 .6B009E-03 MEAN=SQUARED PLANCK MEAN OPACITY 2e44242E=05

' ROSSELAND MEAN=FREE~PATH = 2,27973E+02 1/ROSSELAND MEAN=FREE=PATH = 4,38649E~03
w MEAN~SQUARED ROSSELAND MEAN~FREE~PATH = 6,37534E+04 I PRIME = 7.26B13E+04
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TOTAL OPACITIES AND VOLUME EMISSION 28
TEMPERATURE = 3,00000E+03 SI/H MASS RATIO = 5,00000E=02 PRESSURE = 1.00000E+02
OMEGA TOTAL MU B{wsT) J
7.81906E+93 1.45221E~02 1437118E+905 1.99125E+03
9.55663E403 2.09213E-02 1.07340E+05 2.24568E+03
1.12942E+04 2+73586E=02 T.65548E+04 2¢09443E+03
1,30318E+04 3.,26186E=02 5.09813E+04 1.66294E+03
1,47693E+04 3.55260E~02 3.22179E+04 1.14457E+03
1.65069E+04 3.53880E=02 1.95386E+04 6.91432E+02
1.82445E+04 3.22635E~02 1.14628E+04 3.69830E+02
1.99821E+04 2+69699E=02 6.54433E4023 1.76500E+02
2,17196E+04 2,06563E-02 3.65236E+03 Te54442E401
2.34572E+04 1465844E=02 1.99952E+03 3.31608E+01
2.51948E+¢04 G e69B844E~D3 1.07675SE+03 1,04428E+01
2.69323E+04 5,68262E-03 S+71600E+02 3.24818E+00
2,B6699E+04 3.,07409E~03 2+99665E402 9.21200E=01
3.04075E+04 6+65196E=03 1.55377E+02 1.03356E+00
3.21450E+04 6+21048E~04 7.97768E+01 44,95452E=02
3.38826E+04 2.52014E=04 4.06026E+01 1,02324E~02
3.56202E+04 9.41012E=05 2.05022E+01 1.92928E~03
3,7357BE+04 3,21388E=-05 1.02788E+01 3.30349E~04
3.90953E+04 1.00474E=05 5.11992E+00 5,14419E=05
4,08329E+04 2,89821E~06 2.53517E+00 Te3474TE=06
4425 TC5E+04 1.62123E=06 1.24851E+00 2402411E-06
449430B0E+04 3464659E=05 6.11789E=0] 24.23094E=05
4,60456E+04 4469234F=03 2.98406E=01 1.40022E=03
4.TTB32E+04 1.37830E«03 1.44929E=01 1,99757E~04
44,9520TE+04 Ts10B15E=04 T«01102E=02 4,98354E=05
5.,12583E+04 1.20081E=03 3.37910E=02 4405767TE=05
5,29959E+04 2+89546E=03 1.62302E=02 4 469939E=-05
5,47335E+04 1.57236E-04 Te7T041E~03 1.22179E=06
S«64T10E+04 447384 TE=04 3,70895E=03 1.75748E=06
5.82086E+04 1.68648E~03 1,76532E=03 2.97718BE=06
5.99462E+04 5.53126E=-03 B,37983E-04 4463510E~06
641683TE+04 1.36248E=02 3.,967B2E=04 5.40605E-06
6434213E+04 2.70422E=02 1.87428E=04 S+06845E~06
6.51589E+04 6,30883E~02 8,83359E-05 B45729T7E=06
6,68964E+04 9,77038FE=-02 4415446605 4.05906F=06
J TOTAL = 1.82461E+07.
PLANCK MEAN OPACITY = 2,33524E~072 MEAN~SQUARED PLANCK MEAN OPACITY = 6.03779E~04
ROSSELAND MEAN<FREE~PATH = 6.91334FE+01 1/ROSSELAND MEAN=~FREE=PATH = 1.44648E=(2
MEAN=SQUARED ROSSELAND MEAN=FREE=PATH = T.01598E+06. - 1 PRIME = 3,27045E+07


http:2.09443E.03
http:2.24568E.03
http:9.55663E.03

TOTAL OPACITIES AND VOLUME EMISSION 29

SI/H MASS RATIO = 0. PRESSURE = S.00000E+02

TEMPERATURE = 3.,00000£+03

OMEGA TOTAL MU B(WeT) J
7.81906E+03 1.27698E=~18 1.37118E+05 1.75097E~13
9.55663E+03 4.4797TTE~18 1.07340E+05 4+80857E~13
1.12942E+04 1.56016E~17 T+6554BE+04 1.1943BE~12
1.,30318E+04 S5«41662E~17 5,09813E+04 2¢T6146E~12
1447T693E+04 1.87803E~-16 34221TGE+D4 6+05062E~12
1.65069E+04 1.70169E=13 1.95386E+04 3.324B6E~09
1.82445E+04 5.90244E~13 1.14628E+04 6+76583E~09
1.99821E+04 1.98754E~12 6.54433E+03 1.30071E=08
2,17T196E+04 6.49090E-12 \3,65236E+03 2.37071E=-08
2.345T2E+04 1.98920¢€«11 1.9995Z2E+03 3,97744E~0B
2,51948E+04 5.88110E~11 1,07675E+03 6.33245E~08
2.69323E+04 1.64220E-10 5.71600E+02 9.38682E=08
2.B6699E+04 4¢31966E~10 2.99665E+02 1429445E=07
3,04075E+04 1.09718E~09 1.55377E+02 1.70476E~07
3,21450E+04 2eT71678E~09 T«97768E+01 2+16736E=07
3.38826E+04 6e64313E~09 42 06026E+01 2¢69728E-07
3.56202E+04 1.57832E~08 2+05022E+01 3.23590E-07
3,73578E+04 3.59474E-08 1.02788BE+01 3.69496E-07
3,90953E+04 T+66262E-08 5+11992E+00 3.,92320E-07
4,08329E+04 1.56865E-07 2+53517E+00 3.9768B0E=-07
4. 25T705E+04 3,09505E~07 1.24851E+400 J4B6419E=0T
4443080E+04 65+94801E~-07 6411789E=01 4+25072E~07
4460456E+04 1.82645E=06 2498406E=01 5.45022E~07
4,77T832E+04 5+766T71E-06 1+44929E=01 8.35766E~07
4495207E+04 1.7867BE~D5 T+01102E=02 1.25272E=06
5.,12583E+04 597003E~05 3.37910E=02 2+01733E=06
5429959E+04 2403134E-04 1462302E=02 3429690E-06
S,47335E+04 65095293E-04 T.7T7041E=03 5440272E~-06
5.64T10E+04 243928B0E-03 3.70895E~03 8.87478E-06
5,82086E+04 8,53657E=-03 1476532E-03 1.50698E=05
5,99462E+04 2.7998B0E=02 8.37983E~04 2¢34619E-05
6,16837E+04 65«B9656E=02 3.96782E=04 2+73643E=05
6434213E+04 1.36882E-01 1.87428E~04 2+56554E~05
6,515689E+04 3,19340E~01 8,8335%9E~05 2.82092E~05
6,68964E+04 4+94556E=01 4415446E=05 2:05461E~05

€€ -

J TOTAL = 2.88188E~01

MEAN=SQUARED PLANCK MEAN OPACITY = 5,64404E«]11
1/ROSSELAND MEAN=FREE-PATH = 4,29979E~18
I PRIME = 7,53173E+34

PLANCK MEAN OPACITY = 3,68837E~10
ROSSELAND MEAN-FREE=PATH = 2,32569E+17
MEAN=-SQUARED ROSSELAND MEAN~FREE=PATH = 1,45903E+35


http:1.25272E.06

¥ - d

4¢94378E=-01

2.05387E-05

" TOTAL OPACITIES -AND VOLYUME EMISSION 30

TEMPERATURE = 3,00000F+03 SI/H MASS RATIO = 5,00000E-03 PRESSURE = 5.00000E+02
OMEGA TOTAL MU B(WsT) J
7+481906E+03 5483485E-03" 1,37118E+05 Bs00064E+02
9455663E+03 8440576E=-03 1.07340E+05 9.02272E+02
1,12942E+04 1409917E-02 7+65548E+04 Bed1466E+02
1.30318E+04 1431039€~02 5409813E+04 6¢68055E+02
1,47693E+04 1.42694E-02 3.22179E+04 4459730E+02
1,65069E+04 1442046E=02 1.95386E+04 2+77538E+02
1.82445€+04 1.29308E-02 1:14628E+04 1+48223E+02
1.99821E+04 1.07664E=02 6+54433E+03 7404592E+01
2.17196E+04 8419996E=03 3.65236E+03 2499492E+01
2.34572E+04 6405007E=03 1.99952E+03 1,20972E+01
2.51948E+04 3.64292E-03 1.07675E+03 3,92250E+00
2.69323E+04 2+412304E~03 Se71600E+02 1.21353E+00
2.B6699E+04 1+14629E-03 2+99665E+02 3.43505E=01
3,04075E+04 9,27093E-04 1.55377E+02 1e44049E~01
3,21450E+04 2+46263E-04 7497768E+01 1.96461E~02
3,38826E+04 1.00337E=04 4.06026E+01 4407395E~03
3.56202E+04 3.T45T0E~05 2.05022E+01 T+e67950E-04
3.73578E+04 1.28175E«05 1,0278BE+01 1e31748E=04
3,90953E+04 4.06TTIE~06 5+11992E+00 2.0826BE~05
4.08329E+04 1.29738E-06 245351TE+00 3.28908E~06
4,25T0SE+04 7+52319E-07 1+24851E+00 9.39275E=07
4443080E+04 624240E~06 6¢11789E-01 3.B1903E-06
4.60456E+04 94 25066E=05 2¢98406E=01 2476045E=05
44 77832E+04 2.39705E=04 1+44929E=01 3447403E=05
4.95207E+04 1+44199E=04 7.01102E=~02 1.01098E=05
5,12583E+04 2.T2064E=04 3.37910E-02 9419332E-06
5,29959E+04 7+13087E~04 1+62302E~02 1.1573SE~05
5.47335E+04 6+98594E=04 T+77041E-03 5.42836E-06
5,64710E+04 2+439214E-03 34 70895E~03 8487234E=06
5.82086E+04 B8453350E=03. 1,76532E-03 1450644E=05
5.99462E+04 2.79880E-02 8437983E~04 2434534E-05
6+16837E+04 6+89409E~02 3+96782E=04 24 73545E~05
6434213E+04 1.36833E~01 1.87428E~04 2956462E-05
6.,51589E+04 3.419225€E=01 8,B3359E=05 2+¢81990E~05
6.68964E+04 4+415446E~05

J TOTAL = T+32473E+06

'

PLANCK MEAN OPACITY = 9.37457E-03' MEAN=3QUARED PLANCK MEAN OPACITY = 9,73362E~05
ROSSELAND MEAN-FREE«PATH = 1.69811E+02 1/ROSSELAND MEAN-FREE-PATH = 5,88888E~03
MEAN=~SQUARED ROSSELAND MEAN-FREE=PATH '= 3.4299BE+07 " I PRIME = 1,59539E+08


http:3;92250E.00
http:6.16837E.04
http:4.25705E.04
http:2.51948E.04
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TOTAL OPACITIES AND VOLUME EMISSION 31
TEMPERATURE = 3.00000E+03 SI/H MASS RATIO = 1.00000E=-02 FRESSURE = b5.,00000E+02
OMEGA TOTAL MU B{WsT) J
T.81906E+03 1+16569E~02 1.37118BE+05 1+59837E+03
9,55663E+03 1.67931E=02 1.07340E+05 1.80256E+403
1.12942E+04 2+1959Z2E~-02 T+ 65548E+04 1.68108E+03
1,30318E+04 2.61T7T91E=-02 5.09R13E+04 1433464E+03
1.47693E+04 2+85075E=02 3.22179E+04 9.18452E+02
1.65069E+04 2.83783g=-02 1.95386E+04 5.544T2E+02
1.82445E+04 2+5B340E-02 1.14628E+04 2496129E+02
1,99821E+04 2+15112E~02 6.54433E+03 1.407T7T6E+02
2,17196E+04 1.6384TE~02 3.65236E+03 5498429E+01
2,345T2E+04 1.20928E=02 1,99952E+03 2441797E+01
2¢51948E+04 7+28559E-03 1.07675E+03 T+B44T4E+Q0
2,69323E+04 4+ 24628BE~03 S5«T1600E+02 2442T1TE+00
2+.86699E+04 2+¢29216E-03 2+99665E+402 6.86880E=01
3404075E+04 1+89362E-03 1.5537TE+02 2494225E=01
3.21450E+04 4+92023E=04 Te97T6BE+0] 3.92521E~02
3.38826E+04 2.00454E-04 4206026E+01 8.138%6E~03
3.56202E+04 T+4B1BTE=0S 2+05022E+01 153395E-03
3.73578E+04 2+55719E-05 1.0278BE+01 2+62849E-04
3.90953E+04 B8.05049E=06 5.11992E+00 4412179E=05
4.08329E+04 2+4354TE=06 2.53517E+60 6417434E=06
4.25705E+04 1¢19424E-06 1424851E+00 1¢49101E~C6
4.43080E+04 1.18514E=05 6411789E=0] 7+25056E=06
44.60456E+04 2¢37609E~04 2.98406E=01 T«09040E=~05
44TTBIZE+04 4e THO94E-04 1+44929E-01 6487T101E~05
4,95207E+04 2.70298BE=-04 7.01102E=02 1.89506E=05
5.,12583E+04 4484038E=04 3.37910E~02 1463861E~05
5+29959E+04 1.22210E~03 1+62302E~02 1.98350E-05
5,47335E+04 7.01B8BE-04 7T7041E=03 5445396E=06
5.64710E+04 2+39149E~03 3,70895E~-03 8486991E-06
5,82086E+04 B¢53044£-03 1,76532E=03 1.50590E=05
5.99462E+04 2.7977%E~02 B,37983E=04 2+34450E=05
64,16837E+04 6.89161E~02 3.96782E~04 2o T344TE~05
6.34213E+04 1436784E=01 1.8T7428E~04 2.56370E~05
6,51589E+04 3.19111€E~01 8,83359E~05 2+81889E~05
6,68964E+04 4,94201E~01 4,15446E=-05 2+05314E-05
J TOTAL = 1.:46338E+07
PLANCK MEAN OPACITY = 1.87287E~02 MEAN-SQUARED PLANCK MEAN OPACITY = 3,88496E~-04
ROSSELAND MEAN-FREE-PATH = 8.73996E+01 1/ROSSELAND MEANSFREE=PATH = 1,14417E~02
MEAN=SQUARED ROSSELAND MEAN-FREE~PATH = 1,17689E+07 I PRIME = 5,50341E+07
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6.68964E+04

4092780E=01

TOTAL ORACITIES AND VOLUME EMISSION 3z
TEMPERATURE = 3,00000E+03 SI/H MASS RATIO = 5,00000E~02 S.00000E+02
OMEGA TOTAL MU BiWsT) J
7+81906E+03 5483465E=02 1+37118E+05 B400038E+03
9,55663E+03 8.40550E=02 1+07340E+05 9, 02244E+03
1.12942E+04 1.09914E~01 7e65548E+04 Bed14G4E+03
1.30318E+04 1.31037E=01 Se09813E+04 6.68045E+03
1.47693E+04 1e42695E=01 3422179E+04 4459734E+03
1,65069E+04 1.42060E~01 1.95386E+04 2+ 7T565E+03
1.82445E+04 1+29348E=~01 141462BE+04 1+48269E+03
1.,99821E+04 1.077E9E=01 6454433E+03 T+05212E+02
2.1T196E+04 B.21372E~02 3.65236E4+03 2+99594E+02
2.345T2E+04 6,07799E=-02 1+499952E+03 1.21531F+02
2,51948E+04 3,67913E=02 1,0767SE+03 3,96149E+01
2,69323FE+04 2.14591E~-02 5.71600E+02 1422660E+01
2486699E+04 1.15632F-02 2+99665E+02 3.46508E+00
3,04075E+04 1.,11871E=02 1.55377TE+02 1.73356E+00
3.21450E+04 Peb6821E~D3 7497.768E+02 1.96746E=01
3.38826E+04 1.00442E-03 4406026E+01 4.07821E=02
3.56202E+04 3.74B72E=04 2.05022E+01 7+68570E=03
3. TISTBE+04 1.28007TE~04 1.,02788E+01 1.31576E=03
3.90953E+04 4400364E=05 5¢11992E+00 2.049B83E=04
4,0B329E+04 1,15750E~05 2.53517E+00 2¢93447TE=05
4o 25TOSE+04 44 T4316E=06 1+24851E+00 5492187E~06
4443080E+04 54 95099E=05 6411789E=0] 3.64075E=05
4,60456E+04 3.38872E=03 2¢98406E=01 1.01121E=-03
44 TT832E+D4 2+38883E=03 1+444929E=01 3.46211E=04
499520TE+04 1.28318E=03 T«01102E=02 8,99638E=-05
5.,12583E+04 2+186T0E=03 3437910E=-02 7+38909E=05
5429959E+04 5e310T4E=03. 1462302E=02 B+61943E~05
5.4T335E+04 7+28354E~04 T+77041E~p3 5+65961E«06
5.64T10E+04 2.38623E=03 3.70895E~03 BsB85040E=06
S,B82086E+04 B8,50593E=03 1.76532E~03 1,50157E=-05
5¢99462E+04 2.TB9T5E=02 8.37983E=04 24337T6E=05
6.16837E+04 6+8T180E=02 349678B2E~04 2472660E=05
6,34213E+04 1436390E~01 1+87428E=04 2.55633E=05
£451589E+04 3.18193E=0]} 8.,83359E=05 2+81079E-05
4415446E=05

2+04723E-05

J TOTAL = T+32515E+07

PLANCK MEAN OPACITY = 9,37511g=02 MEAN-SQUARED PLANCK MEAN OPACITY = 9,73447E~03
ROSSELAND MEAN-FREE-PATH = 1,79985E+01 1/ROSSELAND MEAN=FREE=PATH = 5,55603E~02
MEAN=SQUARED ROSSELAND MEAN=FREE«PATH = 6.60451E+05 ‘ I PRIME = 3.,10342E+06


http:6,51589E.04
http:1.55377E.02
http:1,22660E.ol
http:1*99821E.04
http:195386E.04
http:1.30318E.04
http:7.65548E.04
http:9.02244E.03
http:9,55663E.03
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TOTAL OPACITIES AND VOLUME EMISSION

33

TEMPERATURE = 3,00000E+03 SI/H MASS RATIO = 0, PRESSURE = 1400000E+03
OMEGA TOTAL MU B(wWsT) J
7.81906E+03 2.55923E-18 1.37118E+05 3.50917E-13
9.55663E+03 84.97801E~18 1+07340E+05 9463697E=13
1.412942E+04 3.12676E=17 7+6554BE+04 243936BE=12
1.30318E+04 1.08556E=16 5,09813E+04 5.53431E-12
1,47693E+04 3,76380E-16 3,22179E+04 1,21262E=11
1,65069E+04 3.41039E~13 1,95386E+04 6¢66343E=09
1.82445E+04 1.18292E~12 14 1462B8E+04 1+435596E=08
1,99821E+04 3,9832BE~12 6+54433E+03 2.60679E=08
2,1T196E+04 1.30086E=11 3,65236E+03 4,75120E-08
2434572E+04 3.98660E-11 1.99952E+03 7.97128E-08
2.5194BE+04 1s17864E=10 1.07675E+03 1.26910E~07
2.69323E+04 3.29118E~10 5¢T1600E+02 1.88123E-07
2.86699E+04 B,65713E=10 2.99665E402 2.59424E=07
3,04075E+04 2.19888E=09 1+55377E+02 3441656E=07
3,21450E+04 5¢444TOE=09 7.97768E+01 4436366E=07
3,38826E+04 1,33136E-08 4,06026E+01 5440569E=07
3,56202E404 3,16315E-08 2.05022E+01 644B514E=07
3,73578E+04 7.20430E=08 1,02788E+01 7440515E=07
3,90953E+04 1.53568E=07 5.11992E400 7.86257E~07
4,08329E+04 3,1437TE~07 2.53517E+00 7496999E=07
4,25705E+04 6+202B6E=07 1424851E+00 Te74431E=07
4 .430B0E+04 1.39247E-06 6+11789E=01 8451896E=07
4,60456E+04 3.66042E=06 2+98406E=01 1.09229E-06
4,77832E+04 1,15572€=-05 1.44929E=01 106749BE-06
4,95207E+04 3.58093E~05 7.01102E-02 2¢51060E-06
5,12583E+04 1,1964TE=04 3.37910E-02 4404299E=06
5 429959E+04 4+0T105E~04 1462302E=02 6s60T3I9E~06
5,47335E+04 1439345E«03 7.77041E~03 1,08277E~05
5,64710E+04 447954 TE=03 3.70895E=03 1,77862E-05
5,82086E+04 1.,71083E=02 1,76532E-03 3,02017E~05
5,99462E+04 5461115E=02 B8437983E~04 4.70205E=05
6,1683TE+04 1,38216E~01 3,96782E-04 5,48414E~05
6,34213E+04 2.74328E-01 1487428E=04 5414167E~05
6,51589E+04 6439996E~01 B+83359E=05 5.65347E=05
6,68964E+04 9,91151E=01 4+15446E=05 4411769E=05

J TOTAL = 5.7T7563E=01}

MEAN=SQUARED PLANCK MEAN OPACITY = 2,26694E=10
1/ROSSELAND MEAN=FREE=PATH = B8,61731E-18
I PRIME = 1,87519F+34

] PLANCK MEAN OPACITY = 7,39196E~10
! ROSSELAND MEAN=FREE~PATH = 1.16045E+17
e MEAN«SQUARED ROSSELAND MEANSFREE=PATH = 3,63257E+34



J]
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TEMPERATURE =

TOTAL OPACITIES AND VOLUME EMISSION

PRESSURE = 1.,00000E+03

3.00000E+03 SI/H MASS RATIO = 5,00000E-03
OMEGA TOTAL MU B(WsT) J
T+81906E+03 9+84184£-03 1.37118BE+05 1434950E+03
9,55663E+03 1.41783E~02 1.07340E+05 1.52189E+03
1.12942E+04 1+85400E~02 7.65548E+04 1,41933E403
1.3031BE+04 2+21028E~02 5.09813E+04 1412683£+03
1.47693E+04 24406B6E=02 3,22179E+04 T+75441E402
1.65069E+04 2.39592F=02 1.95386E+04 4+68130E402
1.82445E+04 2¢18104E=02 1.14628E+04 2:50008E+02
1.99821E+04 1+81592E-02 6454433E+03 1.18840E+02
2417196E+04 1.38296E«02 3.65236E+03 5.05108E+01
24345726404 1.00353E~02 1.99952E+03 2.00659E+01
2.51948E+04 6¢14059E=03 1+0767SE+03 6461186E+00
2+69323E+04 3.57861E~03 5¢71600E+02 2+04553E+00
2.86699E+04 1+92516E=-03 2¢99665E+02 54 T6904E=01
3,04075E+04 1.36762E~03 1,55377E+02 2412497E-01
3.21450E+04 4+151B7E=-04 7¢97T76BE+01 3.31223E-02
3.38826E+04 1.69239E-04 4406026E+01 6487155E=03
3.56202E+04 6+¢31B45E=05 2.05022E+01 1429542E-03
3.73578BE+04 2416309E=05 1.02788E+01 2.22340E-04
3.90953E+04 6+88554F=06 5+11992E+00 3.52534E~05
4,08329E+04 242378B1E=~06 2.53517E+00 5.67323E~06
4425705E+04 1.29530E=06 1.24851E+00 1461720E~06
4443080E+04 8.,02000E~06 6+11789E=01 4¢90655E=06
4,60456E+04 9+84969E=05 2+98406E=01 2+93920E~05
44 TT832E+04 2.90075€-04 1444929E=-01 44+20404E=-05
4.95207E+04 1.86324E=06 T¢01102E=02 1+30632E~05
5.12583E+04 3. T2655E=04 3.37910E~02 1.25924E=05
5429959E+04 1401464E~03 162302E~02 1:646TBE=05
5447335E+04 1.39718E=03 7e77041E=03 1.08567€E~05
5464710E+04 4479399¢-03 3.70895E403 Ye77807E=05
5.82086E+04 1.71022E~-02 1+76532E-03 3.,01909E-~05
5.99462E+04 5¢60913g=-02 8437983E~04 4470036E-05
6.1683TE+04 1.38166E=01 3.96782E~04 5¢48217E=05
6434213E+04 2474229€~01 1:87428E«04 5.13982E=05
6.,51589E+04 6e39766E~01 84+83359E~05 5+65143E=05
6468964E+04 9+90795€-01 4415446E=05 4411621E~05
J TOTAL = 1.23542E+07.

PLANCK MEAN OPACITY = 1,58115E=02 MEAN=SQUARED PLANCK MEAN OPACITY = 2,76911E-04

ROSSELAND MEAN=FREE=PATH = 1.00554E+02 1/ROSSELAND MEAN=FREE-PATH = 9,94487E-03

MEAN=SQUARED ROSSELAND MEAN=-FREE«PATH = 1¢16302E+07 1 PRIME = 5,40950E+07



TOTAL OPACITIES AND VOLUME EMISSION
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35
TEMPERATURE = 3.00000E+03 SI/H MASS RATIO = 1,00000E~Q2 PRESSURE = 1.00000E+03
OMEGA TOTAL MU BiwsT) J
TeB81906E+(Q3 1496634E=-02 1437118E+05 2069621E+03
9,55663E+03 2.8I274E=02 1.07340E405 3.04065E+03
1+412942E+04 3.T0419E=0Q2 T+ 65548BE+04 2,83573E+03
1.30318E+04 4041601E-02 5.09813E+04 2425134E+03
1,47693E+04 4¢8087TE~02 3,22179E+04 1454929E+03
1,65069E+04 447B693E-02 1.95386E+04 9+35299E+02
1.,82445E+04 4+35T65E~02 1e14628E+04 4.9950BE+02
1.99821E+04 3.,62824E~02 6.54433E+03 2¢3T444E+02
2,17196E+04 2476328BE=02 3,65236E+03 1.00925E+02
2.345T2E+04 2+00542E-02 1.99952E+03 4000989E+0]
2.51948E+04 1.22740E~-02 1.07675E+03 1.32160E+01
2.69323E+04 T215328E=-03 5,71600E+02 4408881E+00
2.86699E+404 3.84783E«03 2¢99665E+402 le15306E+00
3.04075E+04 2.76186E-03 1.55377E+02 4+429130E-01
3421450E+04 B+29540E-04 T«97T76BE+01 6.61781E~02
3.38B26E+04 3.38120E~04 4.06026E+01 1.37286E-02
3.,56202E+04 1+26209E~-04 2.05022E+01 2.5B756E~03
3.73578E+04 4931459E=-05 1.02788E+01 4¢4348BE=04
3.90953E+04 1+36038E~05 5+411992E+00 6+496504E=05
4.,08329E+04 4+15T32E~-06 2¢53517E+00 1+05395E~05
4+25TOSE+04 1.96901E=-06 1.24851E+00 2+45832E~06
4,43080E+04 1.46B69E-05 6411789E=01 8498531E~06
4.60456E+04 2+31848E~04 2+,98406E~=01 649184 TE=05
4.,7TBIAZE+04 5.68T43E-04 1e44929E~01 8+24275E-05
4,95207E+04 3,36583E~04 T.01102E=02 2+35979E~05
5412583E+04 6+25233E~-04 3437910E=02 2+11273E=05
5,29959E+04 1.62114E-03 1.62302E-02 2463115E~05
5.,47335E+04 1,40091€~03 T«TT041E=03 1.0B856E~05
5,64710E+04 4.79251E-03 3,70855E~03 1 77752E~05
5.82086E+04 1+ 70961E~02 1+T76532E-03 3.01800E~0S
S,99462E+04 S+60712E-02 8.37983E=-04 4+69867E~05
6,16837E+04 1.38116E-01 3.96TB2E~04 5+48021E~-05
6.34213E+04 2¢74131E-01 1.87428E«04% 5,13797E~05
6.,51589E+04 6+39537E=01 §8,83359E~05 5¢64941E=05
6,68964E+04 9.90439E=01 4415446E-05 4411474E=05
J TOTAL = 2.46830E+07

PLANCK MEAN OPACITY = 3,15906E=-02 MEAN=SQUARED PLANCK MEAN OPACITY = 1,10537E=03

ROSSELAND MEAN=FREE=PATH = G420319E+01 1/ROSSELAND MEAN=FREE=PATH = 1.92190E~02

MEAN-SQUARED ROSSELAND MEANFREE-PATH = 4,24065E+06 1 PRIME = 1,98494E+07


http:1.00925E.02
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TOTAL OPACITIES AND VOLUME EMISSION 36
TEMPERATURE = 3,00000E+03 SI/H MASS RATIO = 5,00000E~02 1,00000E+03
OMEGA TOTAL MU B(WsT) J
T+81906E+03 9+84758E~02 1,37118E+05 1+435028E+04
9.55663E+03 1.41866E«01 1,07340E+05 1.52278E+04
1412942E+04 1.85509E=01 T+6554BE+04 1.42016E+04
1.30318E+04 2.21159E-01 Ss09813E+04 1.12750E+04
1,4T7693E+04 2+40830E-0) 3.22179E+04 7475906E+03
1.65069E+04 2.397T44E=-01 1,95386E+04 4¢68428E+03
1.82445E+04 Pe«1B262E=01 1.1462BE+04 2«50189E+03
1.99821E+04 1.81766E~01 6e54433E+03 1.18954E+03
2417196E+04 1+3B475€=01 3,65236E+03 5.,05759E+02
2¢34572E+04 1.00612E=01 1.99952E+03 2401176E+02
2451948E+04 6+16976E-02 1,07675E+03 6464328E+01
2+69323E+04 3.59683g-02 5,71600E+02 2.05595E+0(1
2+86699E+04 1493334E=-02 2.99665E+02 5479355E+00
3. 04075E+04 1.50244E=-02 1.55377E+02 2e33445E+00
3.21450E+04 4o 15658E~03 T+97T6BE+D] 3431599€£=01
3.38826E+04 1463394E=-03 4.06026E+01 6+8778B4E~D2
3.56202E+04 6+32201E=04 2405022E+01 1.29615E=~02
3.73578E+04 2+15882E~04 1.,02788E+01 2421901E~-03
3.90953E+04 6e75421E=~05 Se11992E+00 3+.45810E=-04
4.08329E+04 1.95679E=05 2.53517E+00 4496081E-05
4425705E+04 T+37922E-06 1.24B851E+00 9.21300E-06
4«43080E+04 T«01187E~05 6e11789E=01 4.28979E~05
4460456E+04 2.T1215E~03 2+98406E-01 B8+09323E-04
44TTBI2E+04 2.83123E=03 1le44929E-01 4+10328E=04
4,95207E+04 1.54426E~03 Ts01102E=-02 l.0827CE-04
5,12583E+04 2+65531E-03 3,37910E=02 B+97256E~05
5429959E+04 6. 49587E~03 1.62302E~02 1.05429E=04
5.47335E+04 1.43084E~03 TeTT7041E~03 1.11182E-05
5.64T10E+04 4,78065E=-03 3.,70895E=03 1.77312E=05
5.,82086E+04 1470469E~02 1.76532E-03 3.,00933E=-05
5.99462E+04 5.59100E-02 8,37983E~04 4468516E~05
6.1683TE+ 04 1:37719E0} 3.9678B2E=-04 5¢46444E~=05
6.34213E+04 2.73343E=01 1,87428E~04 5+12320E~05
6.,51589E+04 6.3769TE=D1 8.,83359E~-05 5.63316E~05
64.68964E+04 9.87591E=01 4¢15646E=05 4+10290E~05
J TOTAL = 1.23618E+08
PLANCK MEAN GPACITY = 1,.,58213E~01 MEAN-SQUARED PLANCK MEAN OPACIT 2477251E~-02

Y =
ROSSELAND MEAN=FREE=PATH = 1408171E+01 1/ROSSELAND MEAN=-FREE=PATH = 9,264461E=02
MEAN-SQUARED ROSSELAND MEAN-FREE=PATH = 2,61629E+0S . I PRIME = 1,23173E+06


http:6.37697E-.01
http:1.82445E.04
http:7.65548E.04

TOTAL OPACITIES AND VOLUME EMISSION

TEMPERATURE = 4.,00000E+03 SI/H MASS RATIO = 0, PRESSURE = 1.00000E+0Q2
OMEGA TOTAL MU B{WsT) J
T.81906E+03 4 ¢69556E~]13 3.63754E+05 1.70803E~07
9+55663E+03 1.13833g~12 3.45236E+05 3,92993E=07
1.12942E+04 1+23769E=12 3,00388E+05 3.71788E~07
1.30318E+04 2.28979E~12 2.45004E+05 S5.61008E-07
1.47693E+04 Teld459E=12 1,90082E+05 1.35806E=06
1,65069E+04 3,58227E~10 1.41717E+05 5.07670E=05
1.82445E+04 S.86841E=-10 1.02295E+05 1.0094BE=04
1,99821E+04 2+65463F-09 7+18885E+04 1.90837E=04
2417196E+04 6.+88962E=09 4493980E+04 3e40334E-04
2+345T2E+04 1.67171E=-08 3433016E+04 5.56706E~04
2.51948E+04 3,90676E~08 2.2084TE+04 Be6R279SE~04
2,69323E+04 B8+62003E-08 1.443B6E+04 1e24461E=03
2+86699E+04 1.78997E~07 5,3225TE+03 1.66871E~03
3.04075E+04 3.60348E=07 5.95330E+03 2+14526E-03
3,21450E+04 Te14556E«07 3+ TEL62E+03 2+69003E=-03
3,38826E+04 1+424T2E=06 2435980E+03 3¢36205E«~03
3,56202E+04 2+T9983E=06 1.46757E+03 4¢]10894E=03
3,7357BE+04 5+34835E=06 J.06186E+02 4sB4660E~03
3,90953E+04 9.81630E=-06 5+55924E+02 5445712E~03
4,08329E+04 1+76633E~05 3439030E+02 5.9B8839E=03
4,257T05E+04 3.11494E=05 2+05636E+02 6+40542E~03
4443080E+04 6.07610E~05 1.24104E+02 Te540T0E~03
4,60456E+04 1.311B2E=04 T+45540E+01 9.78016E~03
4,77832E+04 2:93419E=04 4¢45962E+01 1.30854E=02
4,9520TE+04 6.75522E=04 2+65T06E+01] 1¢79490E=02
5+12583E+04 1+70746E=03 1+57724E+0) 2¢69309E=-02
5.29959E+04 4+45039E~03 9,33036E+00 4015237E~02
5,47335E+04 1411237g~02 5.50170E+00 6¢11991E=02
5.,64710E+04 2480937TE=02 3023431£+00 9.08638E~02
5,82086E+04 T.58324E=02 1.89597E+00 1443T776E~01
5.99462E+04 1.74T63E=0] 1+10B46E+00 1.93718E~01
6,1683TE+04 3.13421E=-01 6446422E~01 2.02602E-01
6.34213E+04 4.83T42E~0] 3.76076E=01 1.81924E~01
6,51589E+04 T+19110E=0} '2.18302E~01 1.56983E~01
6.68964E+04 Be3960TE~C] 1.26448E~01 1.0616TE~01

J TOTAL = 2.24853E+03

MEAN=SQUARED PLANCK MEAN OPACITY = 2,10929E~07
1/ROSSELAND MEAN=FREE~PATH = 1,79330E~12
1 PRIME = 3.16453E+23

PLANCK MEAN OPACITY = 6.79381E-07
ROSSELAND MEAN=FREE=PATH = 5.57630E+11
MEAN=SQUARED ROSSELAND MEAN-FREE=PATH = T.65711E+23
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TOTAL OPACITIES AND VOLUME EMISSION 38
TEMPERATURE = 4,00000E+03 SI/H MASS RATIO = 5,00000E=03 PRESSURE = 1.,00000E+02
OMEGA TOTAL MU Bi(wsT) J
7+81506E+03 5.46418E404 3.63754E+05 1,98761E+02
9.55663E+03 7.33989E-04 3 45236E+05 2453400E+02
1412942E+04 9.,08913E~04 3,00388E+05 2. T302TE+02
1,30318E+04 1.04459€~03 2.45004E+05 2.55930E+02
1.47693E+04 1+11808€-03 1:90082E+05 2.12528E+02
1.65069E+04 1,11685E=03 1441717E+05 1.58276E+02
1.8?445E+64 1.04209E-03 1.02295E+05 1.06600E+02
1.35821E+04 9.0907T4E=04 7.18885E+04 6:53519E+01
2.17196E¢04 Te44620E~04 4,93980E+04 3.67827E+01
2+34572E+04 1+75973E«03 3,33016E+04 5.86017E+01
2451948E+04 4407268E=04 242084TE+04 8499438E+00
2.69323E+04 2+T70319E=04 11443B6E+04 3.90303E+00
2.86699E4+04 2+466639E-04 9,32257E+03 2.485T6E+00
3,04075E+04 1.29649E~03 5+95330E+403 7.71838E+00
3,21450E+04 5+43297E=~05 3.76462E+03 2:04531E=01
3,38826E404 2+81271E-05 2435980E+03 6+63742E-02
3.56202E+04 1.55743E~05 1.46787E+03 2,28563E=02
3.73578E+04 1.11304E~05 9.06186E+02 1,00862E=02
3,90953E+04 1.23285E~05 S.55924E+02 6+85374E=03
4,08329E+04 1.B7545€-05 3.,39030E+02 6+35834E-03
4,25T0SE+04 3.27847E=~05 2405636E+02 6¢T41T1IE~D3
4,43080E+04 9,70373€E-05 1¢24104E+02 1:20428E=02
4,60456E+04 4,68060E~04 7¢45540E4+01 3;4B8957E=02
4,TTB3RE+04 9+73116E~04 4445962E+01 4436648E=02
4,95207TE+04 1.35688E-03 2.65706E+01 3.60531E—oa
5.12583E+04 3.37610E~03 1.57724E+01 5.32493E=02
5,29959E+04 6¢80842E-03 9433036E+00 6435250E-02
Se4T335E+04 1+30113E~02 5+50170E+00 7+15843E=02
5.64710E+04 3441443E~02 342343)E+00 1¢10433E-01
5.82086E+04 9.53578E~02 1+8959TE+00 1.80796E-01
5.99462E+04 2+27B91E~01 1.10846E+00 2¢52609E~01
6,1683TE+04 3.87093E=-01 6446422E=01 2,50225E=01
6434213E+04 6+35306E=01 3.7T6076E=01 2,38924E=0]
6.515B89E+04 1:16118E+00 2.18302E-01 2.53487E~01
6.68964E+04 2.05911E+00 1.26448E-01 2.60372E-01
'J TOTAL = 2.85751E+06
PLANCK MEAN OPACITY = 8,63383E-04 MEAN=SQUARED PLANCK MEAN OPACITY = 1.41763E=06
ROSSELAND MEANFREE=PATH = 1,79%27E+03 1/ROSSELAND MEAN-FREE=PATH = 5,57018E-04

MEAN=SQUARED ROSSELAND MEAN=FREE=PATH = 3:44T06E+07 I PRIME = 1,08B61E+08


http:4.93980E.04

TOTAL OPACITIES AND VOLUME EMISSION

TEMPERATURE = 4.00000E+03 SI/H MASS RATIO = 1,00000E=02 1.00000E+02
OMEGA TOTAL MU BiwWsT) J
T.81906E%03 1.08966E~03 3.63754E+05 3.96368E£+02
9.,55663E+03 1.46371E=-03 3.,45236E+05 5.05328E+02
1412942E+04 1.81255E-03 3,0038BE+05 5.44468E+Q2
1.3031BE+04 2.08314E~03 2+45004E+05 5.,10379E+02
1,47693E+04 2.22984E£+03 1.900B82E+05 4423853E+02
1,65069E+04 2+22811E=-03 1.41717E+05 3415762E+02
1,82445E+04 2.08036E~03 1.,02295E+05 2412809E+02
1,.99821E+04 1.81728E~03 7+18885E+04 1+30642E+02
24,17196E+04 1449070E-03 4493980E+04 Te36376E+01
2,34572E+04 3+¢51934E~03 3.33016E+04 1.17200E+02
2.51948E+04 B.23003E=04 2.2084TE+04 1.81758E+01
2+69323E+04 S5e45174E~04 1.443B6E+04 TeB7TISSE+00
2.86699E+04 5e34950E~04 9+32257E+03 4+98T16E+00
3.04075E+04 2464606E=03 ‘5¢95330E+03 1457528E+01
3.21450E+04 1.07671E=04 3.76462E+03 4405339E=01
3.38826E+04 5.46T72E=~05 .2+35980E+03 1.29027E=01
3.56202E+04 2.82760E~05 1.46757E+03 4¢14969E~02
3.735T8BE+04 1.68797E~05 9.06186E+02 1.,52961E~-02
3.90953E+04 1.48B266E~05 5.55924E+02 8,24246F=-03
4.,08329E+04 1.98396E~05 3439030E+02 6.72622E~03
4425705E+04 3.44113E-05 2.05636E+02 Te0T620E=-03
4443080E+04 1.33570E=-04 1.24104E+02 1465766E=02
4 460456E+04 B8484211E=04 T+45540E+01 6¢59214E=02
4477832E+04 1+66212E~03 4445962E+01} Te41241E~02
4495207TE+04 2¢0345TE~03 2.65706E+01 5¢40596E=02
S5.12583E+04 5403588E~03 1+57724E+01 Ta+94281E~02
54,29959E+04 9,15382E~03 9,33036E+00 845408B4E=02
S,47335E+04 1.48893E=02 5450170E+00 8+19164E~02
5.64T10E+04 4401640E-02 3.23431E+00 1.29903E~01
5.,82086E+04 1+414TB3E=01 1.8959TE+00 2417626E=01
5499462E+04 2.80749E~01 1.10846E+00 3,11200E-01
6.16837E+04 4.60388E-01 6e46422E=01 2¢97605E~01
6434213E+04 T+86098E~01 J.T6076E=01 2+95633E=-01
6,51589E+04 1.,60099E+00 2¢18302E~01 3.49499E=01
6.,68964E+04 3427240E+00 1426448E-01 4¢13789E~01

J TOTAL = D5.6997BE+06

o PLANCK MEAN OPACITY = 1,722)16E=03 MEAN=SQUARED PLANCK MEAN QPACITY = 4,48328E-06
' ROSSELAND MEANFREE=PATH = 9,67956F+02 1/ROSSELAND MEAN-FREE=PATH = 1,03310E~03
- MEAN=-SQUARED ROSSELAND MEAN-FREE=PATH = 1,48788E+07 I PRIME ‘s 4,89289E+07


http:5.69978E.06

TOTAL OPACITIES AND' VOLUME EMISSION : 40

1
s

1.29500E+401

TEMPERATURE = 4,00000E+03 SI/H MASS RATIO = 5,00000E=02 PRESSURE = 1,00000E+02

OMEGA TOTAL MUy BtWsT) J
T+81906E+03 5¢40892E=03 3.63754E+05 1.96751E+03
9.55663E+03 7+26577E-03 3.45236E+05 2.50841E+03
1.12942E+04 8499760E=03 3,0038BE+05 2.70277E+03
1.30318E+04 1.03418E=02 2445004E+05 2.53378E+03
1,47693E+04 1i10762E=02 1.90082E+05 2¢10539£+03
1,65069E+04 1.10974E~02 1441717E+0S 1.57269E+03
1:82445E+04 1404170E=02 1402295E+05 1,06560E+03
1.99821E+04 9419841E=03 7+18885E+04 6.61260E+02
2.17196E+04 7+63228E~03 449398B0E+04 3.77019E+02
2434572E+04 1.78741E~02 3.33016E+04 5.95235E+02
2.51948E+04 4+51924E~03 2.2084TE+04 9.98059E+01
2.69323E+04 2495365E=03 1444386E+04 4326465E+0)
2.86699E+04 2479134E-03 9.32257E+03 2460225E+01
3.04075E+04 1.55561E~02 5+95330E+03 9426101E+01
3.21450E+04 5.33685E=04 3.76462E+03 2000912E+00
3.38826E+04 2+66196E=04 24359B0E+03 6428169E~01
3.56202E+04 1.29481E~04 1+4675STE+03 1,90022E=01
3.73578E+04 6426920E=05 9.06186E+402 54681 06E=02
3.90953E+04 3.47328E~05 5¢55924E+02 1.93088E-02
4408329E+04 2+8486BE~05 3+.39030E+02 9465785E~03
4,25T705E+04 4473763E=05 2405636E+02 9.74226E=03
4243080E+04 4¢40T10E=-04 1.24104E402 5446941E=02
4,60456E+04 7.09561E=03 Te45540E+01 5229006E=01
44 TT832E+04 7+ 13858E-03 4445962E+01 3418353E~01
4.9520TE+04 7.43291E=03 2+65706E+01 1:97496E=01
5412583E+04 1:82626E~02 1457724E+01 2.8B046E~01
5.29959E+04 2.T8400E~02 9+33036E+00 2.59757E=01
5.47335E+04 2+986BTE=02 5 ¢5017T0E+00 1¢64329E~01
5.64710E+04 8.81795e~02 3.23431E+00 24B5200E=-01
5.82086E+04 2+469730E=01 1.89597E+00 5¢11401E=01
5:99462E+04 T+02361E~01 1+10846E+00 7+78542E=01
6¢1683T7E+04 1.,04502E+00 6+46422E=01 6+ 75523E=01
6+34213E204 1+988B86E+00 3.76076E=01 T+47963E=01
6451589E+04 5+10909E+00 2+18302E=01) 1¢11632E400
6.6B964E+04 1.26448E=01

1463750E+00

J TOTAL = 2.84288E+07

PLANCK MEAN OPACIfY = B,58961E~03 MEAN=SQUARED PLANCK MEAN OPACITY = 9,59621E«05
ROSSELAND MEAN=FREE=PATH = 2,32476E+02 1/ROSSELAND MEANFREE=PATH = 4,30153E=03
MEAN=SQUARED ROSSELAND MEAN=FREE=PATH = Z2+09452E+06 - ’ ' 1 PRIME = 7,36022E+06


http:2.84288E.07
http:1.63750E.o0
http:1.29500E.01
http:1.,8886E.00
http:1.57724E.01
http:1*41717E.05

TOTAL OPACITIES AND VOLUME EMISSION

TEMPERATURE = 4,00000E+03 SI/H MASS RATIO = PRESSURE = 5,.,00000E+02
OMEGA TOTAL MU Bi(WsT) J
T.81906E+03 1.43243E=12 3.63754E+05 S421051E=07
9.55663E+03 3.53549E~12 3.45236E+05 1+22058E~06
1.12942E+04 5+14920E=12 -3.00388E+08 1:4546T76E~06
1.30318E+04 1,11267E~11 2+45004E+05 2¢7260BE=~06
1.47693E+04 3,14203g~-11 1.900B2E+05 5497243E=06
1.,65069E+04 1.94941E=09 1.41717E+05 2+T6265E=04
1.82445E+04 5+368148E=09 1.,02295E+05 S5e50496E~04
1.99821E+04 1.44846E=08 T+18885E+04 1.04127E=03
241T196E+04 3.75981E~08 4+93980E+04 1.85727E~03
24345T2E+04 9.12324E=-08 3.33016E+04 3.03819E<03
2.51948E+04 2413212E-07 2e20B4TE+04 4.70871E=03
2,69323E+04 4eT0441E=0T le443B6E+04 6+79251E~03
2,86699E+04 G T6405E~07 9,3225T7E+03 3+10260E=~03
3,04075E+04 1.96615E~06 5495330E+03 1.17051E~02
3.21450E+04 3.,89928E=06 3.76462E+03 1446793E=02
3.38826E+04 T+ TT508E~06 2+35980E+403 1+83476E=02
3.56202E+04 1+52799E~05 1,46757E+03 2¢26243E=02
3.73578E+04 2+91886E=05 S.06186E+02 2+64503E-02
3.,90953E+04 5.35728E=05 5+B5924E+02 2¢97824E=02
4,08329E+04 9463983E~05 3439030E+02 3.26819E~02
4.25T05E+04 1,69999E=04 2+05636E+02 3.49579E=~02
4443080E+04 3431606E=04 1424104E+02 4¢]11538E=02
4460456E+04 T+15935E=04 T»45540E+01 5+33758E=-02
447T7B32E+04 1.60135E=03 4+4596Z2E+01 Tel4l4lE~02
4495207E+04 3.686T0E~03 Z2+65T706E+01 9. THSTHE=D2
5,12583E+04 9+31858E-03 1.57724E+01 1446977E~01
5+29959E+04 2.42BB82E=02 9+33036E+00 2.26618FE=01
5447335E+04 6.07080E~02 5450170E+00 3¢33957E=01
5.64T10E+04 1.53323£-01 J423431E+00 4495894E~01
5.82086E+04 4413860E-01 1.8959T7E+00 T+B466TE-01]
5.99462E+04 9.53777E=01 1.10846E+00 1l.05723E+00
6.16837TE+04 1.7T1051E+00 Ge46422E~01 1.10871E+00
6,342)13E+04 2.64005E+00 3.7T607T6E=0D1 9+92860E~01
6,5]1589E+04 3,92458E+00 2418302E=01 8+56T43E-01
6,68964E+04 4.58220E+00 1426448E=01 5479410E~01

J TOTAL = 1.22714E+04

w] PLANCK MEAN OPACITY = 3,7077SE=06 MEAN=SQUARED PLANCK MEAN OPACITY = 6,28249E=06
! ROSSELAND MEANFREE«PATH = 1.,63966E+11 1/ROSSELAND MEANFREE=PATH = 6,09884E=12
i MEAN-SQUARED ROSSELAND MEAN=FREE=PATH = 7,57255E+22 I PRIME = 2,95479E+22



9% - a

“TOTAL OPACITIES AND VOLUME EMISSION 42
TEMPERATURE = 4,00000E+03 SI/H MASS RATIO = 5,00000E~03 PRESSURE 5 5.00000E+02
OMEGA TOTAL MU BiWsT) J
Te81906E+03 4+491695E~03 3+63754E+05 l1.7BBS6E+D3
9,55663E+03 6+,60482E=-03 J445236E+05 2¢28022E+03
1.12942E+04 B.17886E-03 3+003BBE+05" 2+45683E+03
1.30318E+04 9.39972E~03 2.45004E+05 2,30297E+03
1.47693E+04 1.00605E-02 1+90082E+05 1+91232E+03
1,65069E+04 1.00465E-02 1441 717E+05 1442376E+03
1.82445E+04 9.36933E~03 1,02295E+05 9,5B8431E+02
1,99821E+04 841652%9€=03 7+188B5E+04 5.86990E+02
2,17196E+04 6.66328F=03 4+S3980E+04 3,29153E+02
24.345T2E+04 Fe66262E~03 3+33016E+04 3.21781E+02
2.51948E+04 3,61T7T78E~03 2.20B47E+04 T+98974E+01
2.69323E+04 2440396E~-03 1444386E+04 3.4T097E+01
2.86699E+04 1.87418E~03 9+32257E+03 1.74721E+01
3+04075E+04 5+45276E=03 B«%$5330E+03 3.,24619E4+01
3.21450E+404 44 7TTI5E-04 3.T6462E+03 1+79872E+00
3.38826E+04 2.40125E=04 2435980E+03 5.,80806E=01
3.,56202E+04 1,28531g=04 1s46T5TE+03 1.8862BE~0]
3.735TBE+04 Te96137E=05 9+06186E+02 T+2144BE=-02
3.90953E+04 T+ 46625E-05 5.55924E+02 4¢15067E~-02
4408329E+04 1.04759E=04 3.,39030E+02 3+55165E=02
4,25T0SE+04 1+ 7T533E~04 2+05636E+02 3.65072E-02
4.,43080E+04 4eT1214E~04 1424104E+02 548479TE=D2
4.60456E+04 1:966B3E=-03 Te45540E+01 1.46635E=01
4,7TB32E+04 4e¢23003E=03 4¢45962E+01] 1.88643E=~01
4495207E+04 6+04009g~03 2¢65T0GE+01 1.60489E=01
5.12583E+04 1.41887E=~02 1.57724E+01 2423730E-~01
5.,29959E+04 3.18966E~02 Fe33036E+00 2097607E=-0]
5,47T335E+04 6+3834BE=-02 5+50170E+00 3,51200E~01}
S.64T10E+04 1.63262E~01 3.234631E+00 5428041E~01)
5,82086E+04 4+45950E-01 1:89597E+00D B+45509E=01
5,99462E+04 1.0%4114E+00 1.10846E+0D 1.15406E+00
6,1683TE+04 1:83156E+00 6446422E=01 1+418396E+00
6.34213E+04 2+88929E+00 3.T6076E=01 1.08659E+00
64.51589E+04 4.65249E+00 2418302E-01 le01565E+00
6+68964E+0¢ 6+591BOE+Q0 1+26448E=p1 8433520E~01
J: TOTAL = 2,52580E+07
PLANCK MEAN OPACITY = 7,63157E~03 MEAN=SQUARED PLANCK MEAN OPACITY & T.14139E=05
ROSSELAND MEAN=FREE~PATH = 2,15119E+02 1/ROSSELAND MEAN=FREE=PATH = 4,64858E=03
MEAN=SQUARED ROSSELAND MEAN=-FREE=PATH = 6.52543E+05 I PRIME = 2,1250BE+06


http:1.01565E.Oo
http:110846E.OO
http:4.45962E.o1
http:3947097E.o1
http:1.42376E.03
http:1.47693E.04

o

1
e
-]

TEMPERATURE =

OMEGA
7.81906E403
9 ,55663F+03
1,12942E+04
1.3031BE+04
1.4T693E +04
1.65069E+04
1.82445E+404
1,99821E+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
3,56202€+04
3,73578E+04
3.90953E+04
4408329E+04
4425705E+04
4,43080E+04
4.60456E+04
4,77832E+04
4,9520TE+04
5.12583E+04
5,29959E+04
5,47335€+04
5,64T10E+04
5,82086E+04
5,99462E404
641683 7E+04
6.34213E+04
6.51589E+04
6+68964E+04

PLANCK MEAN OPA
ROSSELAND MEAN=FREE~PATH =
MEAN=~SQUARED

4+00000E+03

CITY =

-

TOTAL OPACITIES AND VOLUME EMISSION

SI/H MASS RATIO =

TOTAL MU
9.,818A5E-03
1.31891E=-02
1.63324E=02
1+87703E=02Z
2+00903E=-02
2.00643E=02
1.87157E~02
1.63173E-02
1433217E=02
1.93233€=-02
7.25383E=03
4.81692€=03
3.75092E-03
1.10536E=02
9,50330E~04
4.83T49E~-04
2e&l1438E=04
1.29885E-04
5.56B882E~D5
1¢13095E~04
1.85047E~04
6.116TTE=04
3,435T0E~03
6+85434E=03
8.38710E~03
1.30458E~02
3.94845E=02
646954002
1473178E~01
4.7T7963F=01
1412829E+00
1.95231E+00
3.13794E+00
S5+37B65FE+00
8.,59660E+00

J TOTAL =

1.52388E=02

1.16703E+02

1.,00000E~02

B(WsT)
3.63754E+05
3+45236E+05
3.00388E+05
2+45004E+05
1:90082E+05
1.41717€+05
1.02295E+05
7+18BB5E+04
4293980E+04
3.33016E+04
2:2084TE+04
10442386E+04
9,32257E+03

‘5295330E+03

JeTH4E2E+03
'‘2.35980E403
1e46757E+03
9.05186E+02
‘5e55924E+02

'3+439030E+02

2+ 05636E+02
1424106402
Te45540E+01
4+445962E+01
2+65706E+01
1«57724E+01
G433036E+00
5+50170E+00
3e23431E+00
1.89597€E+00
1.10846E+00
6+46422E~01
3.T6076E=01
2+18302E=01
1.26448E=01

5.04353E+07

PRESSURE =

5.00000E+

J
3.5T7T157TE+03
4+5533TE+03
4+90605€+03
4.59881E+03
3.81880E+03
2.84346E+03
191451E+03
1.17303E+03
6.580066E+02
6443499E+02
1+60198E+02
6+95495E+01
34496B2E+0])
658053E+01
3.57763E+00
1.14158E+00
3.54326E~01
1.17700E~-01
5+31954E~02
3.83425E-02
3.80522E-02
Te¢59118E=02
2+56145E~0]
3.05677E=~01

.2+22850E~01

MEAN=SQUARED PLANCK MEAN OPACITY
1/R0SSELAND MEAN=FREE=PATH
ROSSELAND MEAN=FREE=PATH = 2.88297E+08

1 PRIME

3,00398E-01
3.68405E~01
3.68361E~01
5,60112E=01
9406206E=01
1e25067E+00
1,26201E+00
1418010E+00
1.17417E+00
1,08702E+00

2.61289E

43

02

~04

= 8.,564878E~03

= 9,73201E

+05


http:4.OOOOOE.03

_TOTAL [OPACITIES AND VOLUME EMISSION - 44

TEMPERATURE = 4,00000E+03 S1/H MASS RATIO = S,00000E=02 PRESSURE = 5,00000E+02
OMEGA TOTAL MU B{WsT) J
T7481906E+03 4+89665E=02 J.63754E+05 1.78118E+04
9¢55663E+03 625T760E=02 J.45236E+05 242T083E+04
112942E+04 8414525E~02 3,00388E+05 2o4b6T4E+04
1.30318E+D4 9,36143E-02 2.45004E+05 2.29359E+04
1.47693E+04 1.00215E=~01 1.90082E+085 1.90491E+04
1.65069E+04 1.00169€=0] 1.4171TE+05 1441956E+04
1.82445E+04 Q9.35903E=02 1+.02295E+05 9.573TBE+03
1499821E+04 8418709E~02 7+18885E+04 5.88558E+03
2.17196E404 6.70836E«02 4493980E+04 3.31379E«03
2+345T2E+04 9+ T50TLIE=02 3.33016E+04 3.247T14E+03
2¢51948E+04 3+ TITH2E~02 2.2084TE+04 Be25441E+02
2.69323E+04 2:4T0TBE=D2 1.44386E+04 3,56746E+02
2.86699E+04 1+490836E=02 9,32257F+03 1.77908E+02
3404075E404 6+1B135E~02 5.95330E+03 3.6T994E+02
3.21450E+04 4, T3091E~-03 3.76462E+03 1.,78101E+01
3,38826E+04 2438346E~03 2.35980F+03 Se82449E400
3,56202E+04 1:14414E=03 1:4675TE+03 1.67910E+00
3,73578BE+04 S«31829E=04 3.06186E+02 4e81936E=01
3.,90953E+04 2+.63801E=04 5.55924E+02 1.46653E=01
4,08329E+04 12 79T44E=04 3.39030E+02 6+09387E=02
4,25T0SE+04 2:45161E~04 2.05636E+02 5004139E=02
4443080E+04 1.77999F=03 1:24104FE402 2e2090SE=0]
4,60456E+04 2+31732E=02 7¢45540F+0] 1.72766E+00
44 TTB32E+04 2.79502Ew02 4¢45962E+01 142464TE+0Q0
4,95207E+04 2¢T1644E=(2 2465T06E+01 Te217T3E~Q1
5.12583E+04 5+79150E=02 1.57724E+01 9,13460FE=01
5+29959E+04 1.00197E=01 9.33036E+00 9+ 34BTTE=Q]
S5+47335E+04 9.19463E~02 5.50170E+00 5405861F=01
5.64TL0E+04 2.5262TE=01 3423431E+00 BelTOTSE~01
5,820B6E+04 Te34468E=01 1.,89597TE+00 1+39253E+00
5.99462E+04 1.82659E+00 1.10846E400 24G2471E+00
6.1683TE+04 2+91984E+00 6+46422E=01 1.88745E+00
6434213E+04 S+13019E+00 A.760T6E=01 1.92934E+00
6.51589E+04 1.11970E+01 Z2.18302E~01 2+44432E+00

6.68964E+04 2.46598F+01 1e26448E=0) 3,11818E+00
) J TOTAL = 2,51882E+08

PLANCK MEAN OPACITY = 7.61048E=02 MEAN=SQUARED PLANCK MEAN OPACITY = 6.,27080E=03
ROSSELAND MEAN=FREE=PATH = 2,85208E+0] 1/ROSSELAND MEAN=FREE=PATH = 3,50621E=02
MEAN=SQUARED ROSSELAND MEAN=FREE=PATH,= 4.26309E+04 . I PRIME = 1,52729E+05

-


http:4.45962E.01
http:3,38826E.04
http:1*78118E.04

TOTAL OPACITIES AND VOLUME EMISSION 45

TEMPERATURE = 4,00000E+03 SI/H MASS RATIO = 0, PRESSURE = 1.00000E+023
OMEGA TOTAL MU Bi{WsT} J
T«81906E+03 2¢40648E=-]12 3+63754E+05 B4 75365E=-07
3,55663E+03 5.99124E~12 3.45236E+05 2.06840E=06
1.12942E+04 9. TTT96E~12 3.003B88E+05 2+93718E=-06
1.30318E+04 2.20919E=11 2.45004E+05 S+41262E-06
l.47693E+04 64 06859E~11 1.90082E+05 1.15353E-05
1.65069E+04 3,97807€~09 1a41T71XTE+05 B463TO61E~04
1.82445E+04 1.09869€~08 1.02295E+05 112390E=03
1.99821E+04 2.95758E~08 7+ 188B5E+04 2:12616E=03
2e17196E+04 T«6TT35E~08 4+93G80E+04 3.79246E-03
2,345T2E+04 ' 1.86294E=-07 3e33016E+04 6+20390E~03
2.5194BE+04 4«353T75E=07 2+2084TE+04 9461510E~03
2469323E+04 9+60633E-07 1e443B6E+04 1,38702E-02
2.86699E+04 1.99358E~06 9.32257TE+03 1.85853E~02
3,04075E+04 4s01464E=06 5.95330E+03 2439003E~02
3.21450E+04 T.96206E~06 3.76462E+03 2+99741E=02
3.+38826E+04 1.58764E-05 2¢35980E+03 3.T4651E=02
3.56202E+04 ‘ 3.12012E=05 1.4675TE+03 4.5T7898BE~02
3. T357BE+04 5.96026E~05 9.06)186E+02 S¢40110E~02
3.90953E+04 1.09395E=04 S5.55924E+02 6.08151£=-02
4,08329E+04 1496844E=04% 3,39030E+02 6+67358E~02
4+25T05E+04 3447)35E=-04 2+05636E+02 7¢13835E~02
4243080E+04 6o TT134E=~04 1+24104E+02 Be40354E=~02
4,60456E+04 1.46193£=03 Te45540E+01 1,08592E~01
4.TTB32E+04 3+26993E~03 4e45962E+01 1.45826E=~01
4.95207E+04 7.52818E=023 2+65706E+01 2.00028E=01
5.,12583E+04 1.902B4E=~02 1.57724E+01 3.00124E=01
S.29959E+04 4495962E=-02 9.33036E+00 4462750E=01
5.47335E+04 1.23965E=(1 5.50170E+00 6482017E~01
5.,64T10E+04 3,13083E=01 3.23431E+00 1.01261E+00
5,82086E+04 8.45095E«01 1.8959TE+00 1.60228E+00
5.99462E+04 1.34760E+00 1.10846E+00 2+15884E+00
64168B3TE+04 3.492B4E+00 6e46422E=01 2+25T7B5E+00
6+34213E+04 5+39094E+00 3.76076£E=01 2.02T40E+00
6,51589E+04 B401393E+00 2,18302E=-01 1s74946E+00
6.,68964E+04 9.3567BE+00 1+426448E-01 1.18315E+00

J TOTAL = 2.50581E+04

o PLANCK MEAN OPACITY = 7.57117E-06 MEAN=SQUARED PLANCK MEAN OPACITY = 2,61961E=05
! ROSSELAND MEAN=FREE~PATH = 9,42380€+10 1/ROSSELAND MEAN=FREE=PATH = 1,06114E=11
S MEAN=SQUARED ROSSELAND MEAN-FREE=PATH = 2.,62524E+22 I PRIME =

1.00874E+22



0§ -~ d

TOTAL OPACITIES AND VOLUME EMISSION 46
TEMPERATURE = 4,00000E+03 SI/H MASS RATIO = 5,00000E=-03 PRESSURE = 1.,00000E+03
OMEGA TOTAL MU BiWeT} J
7.81906E+03 1+00520E=-02 3+63754E405 3.65644E+03
9,55663E+03 1+35025€-02 3445236E+05 4s66157E+03
1,12942E+04 1.67204E=02 340038BE+05 S.02261E+03
1.30318€+04 1.92162E-02 2.45004E+05 4+70806E4+03
1.47693E+04 2405669E~02 1.90082E+05 3.90940E+03
1,65069E+04 2.05371E-02 1.41717E+0S 2¢91046E+03
1,82445E+04 1,91508E~02 1.02295€+05 1:95902E+03
1,99821E+04 1.66861E-02 T+18885E+04 1:19954E+03
2417196E+04 1,36055E~02 %.93980E+04 6+72084E402
2.34572E+04 1.69194E=02 3.33016E+04 5463444E402
2.51948E+04 7.37518E~03 2420847E+04 1.62878E+02
2.69323E+04 4+90217TE=03 1,44386E+04 7+07805E+01
2486695E+04 3.59108-03 G432257E+03 3434781E+01
3.04075E+04 8,29587E~03 5,95330E+03 4+93BT8E+01
3,21450E+04 9.73263E~04 3.T6462E+03 3¢66397E+00
3,38826E+04 5,02663E=04 2.35980E+03 1.18618E+00
3,56202E+04 2.62327E=04 1+46757E+03 3,84982E~01
3.73578E+04 1.62311E=04 G.06186E+02 1.4T7084E-0}
3.90953E+04 1452151E-04 5+55924E+02 By 45846E~02
4,08329E+04 2.135B4E=-04 3.39030E+02 74264114E-02
4,25T08E+04 3.59533E~04 2.05636E+02 7+439330E~02
4¢43080E+04 B+77002E~04 1424104E+02 1.,08840E-01
4,60456E+04 3.20378E~-03 T+45540E+01 2+38855E=01
44TT832E+04 7.02589€=03 4445962E+01 3+13328E=01
4,95207E+04 1.08072E=02 2¢65706E+01 2+87153E~01
5,12583E+04 2454934E02 1.57724E+01 4¢02093E~01
5.29959E+04 640002502 9,33036E+00 5¢59845E«~01
Se4T335E+04 1¢27095E=01 5¢50170E+00 6¢99237E-01
5.64710E+04 3.,22978E=01 3.23431E400 1¢04461E400
5,82086E+04 8477067TE=01 1+89597E+00 1.66290E+00
5.99462E+04 2.03470E+00 1.10846E+00 2.25539E+00
6.16837E+04 3461338E+00 6+46422E=01 243357TE+00
6.34213E+04 5.6394B8E+00 3.76076E~01 2412087E+00
6451589E+04 Be74121E400 2¢18302E~01 1.90822E+00
6,68964E+04 1.13670E+01 1.2644BE=~01 1.43733E+00
J TOTAL = 5,14323E+07
PLANCK MEAN OPACITY = 1,55400E~02 MEAN=SQUARED PLANCK MEAN OPACITY = 2,90093E~04
ROSSELAND MEAN=FREE=PATH = 1.06048E+02 1/ROSSELAND MEAN=FREE~PATH = 9,42973E-03
MEAN=SQUARED ROSSELAND MEAN=FREE=PATH = 1,57164E+05 I PRIME = 5.11816E+05


http:5.64710E.04
http:529959E.04
http:5*55924E.02

!

I
n
=

TEMPERATURE =

OMEGA
7.81906E+03
9,55663E+03
1.12942E+04
1,30318E+04
1,47693E+04
1,65069E+04
1.82445E +04
1,99821E+04
2,17196E+04
2.34572E+04
2.5194BE+04
2.69323E+04
2.86699E+04
3,0407SE+04
3421450E+04
3,38826E+04
3.56202E+04
3.73578E+04
3.90953E+04
4,08329E+04
4,25T05E+04
4¢43080E+04
4 ¢60456E +04
4,77832E+404
449520 7E+04
5,12583E+04
5,29959E+04
5,47335E+04
5,64710E+04
5,82086E +04
5,99462E+04
6416837E+04
6434213E+04
6.51589E+04
6.68964E+04

PLANCK MEAN QPACITY =
ROSSELAND MEAN-FREE=PATH =
MEAN~SQUARED ROSSELAND MEAN-FREE=PATH = 6,95879E+04

4.00000E+03

TOTAL OPACITIES AND VOLUME EMISSION

S5I/H MASS RATIO =

TOTAL MU
2+00776E-D2
2.6969TE~02
3-3397OE-02
3.83822E~-02
4410804E-02
4.10228E=02
3.825T74E=-02
3.33406E-02
2.71911E=02
3,38233E~02
1.4T604E=02
F+B0751E=03
T«18019E=03
1.67341E=02
1,93614E-03
9.88185E~04
4+.92853E-04
2464TB4E=DG
1.494797E=04
2.3028lE~04
3.,T1902E~04
1+07766E-~03
5.16378E~03
1.07762E~02
1+40789E=02
3¢19442E~02
T+03857E-02
1.30219E-01
3,32854E-01
9.,08979E=01
2412164E+00
3.73370E«00
5.88755E+00
Ge46T10E+00
1.33734E+0])

J TOTAL =

3.10347E=02

5.75486E+0]

1.,00000E=~0D2

BiWeT)
3463754E+05
3.,45236E+05
3.00388BE+«05
2+45004E+05
1+90082E+05
le41717E+05
1.02295E+05
T+18B885E+04
4.93980E+04
3,33016E+04
2+:20847TE+D4
1.4438B6E+04
9.,3225TE+03
5.95330E+03
3.76462E+03
2+35980E+03
1le46T7T5TE+03
G.,06186E+02
5+55924E+02
3.39030E+02
2+05636E+02
1:24104E+02
Te45540E4+01
4445962E+01
2+65706E+01]
1+57724E+01
Q433036E+00
S+501T0E+00
3423431E+00
1.89597E400
1.10846E+00
6e46422E=01
3.76076E-01
2+.18302E=01
142644BE=~01

1.,02715E+08

PRESSURE

MEAN~SQUARED PLANGK MEAN OPACIT
1/ROSSELAND MEAN=FREE=PAT

I PRIM

47

1.,00000E+03
J

7.30329E+03
9+31091E+03
1:00321E+04
9.40380E+03
TeB0864E+03
5481364E+03
3491353E403
2439680E+03
1+34319E+03
1.12637E€+03
3.25978E+02
1+4160TE+02
646937BE+01
9496231E+0)
7428885E+00
2433192E400
7423294E~01
2,39916E-01
1.08293E-01
T«80723E=02
7e64T64E=02
1+33742E-01
3.84980E=-01
4480578E=01
3,74083E~01
S+ 03837E=01
6.56724E=01
Te16424E~0]
1+07655E+00
1.72340E+00
2:35176E+00
2041354E+00
2:2141TE+0D
2.06669E+00
1669104E+00

Y =
H =
E =

1.06938E~03
1.73766E=02
24349T5E+05



s - a

TEMPERATURE =

OMEGA
7:81906E+03
9,55663E+03
1.,12942E+04
1.30318E+04
1447T693E+04
1.,65069E+04
1,824458E+04
1.99821E+04
2.17196E+04
2¢345T72E+04
2+5194BE+04
2+69323E+04
2+86699E+04
3. 0407SE+04
3421450E+04
3.38826E+04
3.56202E+04
3,73578E+04
3490953E+04
4.08329E+04
4.25TOSE+04
4443080E+04
4.60456E+04
4.77832E+04
4495207E+04
5,12583E+04
5.29959E+04
5.4T7335E+04
S5.647T10E+04
5.82086E+04
5¢99462E+04
6416B3TE+04
6.34213E+04
6.,51589E+04
6.68964E+04

4.00000E+03

TOTAL OPACITIES AND VOLUME EMISSION

S1/H MASS RATIO =

TOTAL MU
1+00322E~01
1e34761E~01
1 +6687BE=01
1.91791E-01
2.05291E~01
2.05087E~01
1.91418E~01
1467093E-01
1.36519E-01
1.70182E=01
Te49624E=-02
4e96941E~02
3.62561E~-02
3.03720E=02
9.649T6E=03
448T624E~03
2433896E-03
1.08515E~03
5¢36326E=04
3,64003E=04
4eTLO36E-04
27313ZE=03
2+89237E=02
4« 09458E~02
4«03102€6=-02

B«36T4TE=02

1e53641E=~01
1.55303€=01
4¢12159E~01
1416523E+00
2«B1STTE+DD
4.69983E+00
T«87956E+00
1.52960E+01
2+94845E+01

5,00000E=02

B(WeT)
J.63754E+(5
3.45236E+05
3.00388E+05
2¢45004E+05
1.90082E+05
144171TE+05
1.02295E+05
T«+18885E+04
4493980E+04
3.33016E+04
242084 TE+04
le4#4386E+04
9, 3225TE+03
5+95330E¢03
3.76462E+03
2:35980E+03
1e46757E+03
9.06186E+02
5¢55924E+02
3,39030E+02
2.05636E+02
1¢24104E+02
T 45540E+01
4o45962E+01
2+65T06E+01
145T7T724E+01
GeA3036E+00
5«50170E+00
3.23431E+00
1.8959TE+00
Tel0B4GE+(O
6e46422E=0]
3¢76076E=0]
2418302E~01
1426448BE~0]

J TOTAL = 5,13549E+08

PLANCK MEAN OPACITY = 1,55166E-01
ROSSELAND MEAN=FREE=PATH
MEAN=SQUARED

1e41172E+01

MEAN=SQUARED PLANCK MEAN OPACITY
l 1/ROSSELAND MEAN-FREE=-PATH
ROSSELAND MEAN=FREE=PATH = 1+05134E+04

PRESSURE =

I PRIME =

48

1.00000E+03

J
3464927404
4465244E+04
5.01281E+04
4969896E+04
3490222E+04
2490644E+04
1495810E+04
1.20120E+04
6474375E+03
5.66734E+03
1.65552E+03
TeI7S1IE+Q2
3+38000E+02
5438011E+02
3463277E+01
1415069E+01
3.43257E+00
9¢B83349E~01
2498157E~01
1+23408E=01
9468618E~02
3,38970E=01
2.15638E+00
1.82603E+ 00
1.07106E+00
1.31975E+00
1.43353E+00
8654432E~01
1+33305E+00
2420925E+00
3.12561E+00
3.03807E+00
2496331E+00
3+33915E+00
3472825E+00

= Z2.59099E=02
= T.0B357E=02
3+ TT296E+04



TOTAL OPACITIES AND VOLUME EMISSION

49

€5 - QT

TEMPERATURE = 5.00000E+03 SI/H MASS RATIO = 0. PRESSURE = 1,00000E+02
OMEGA TOTAL MU B(weT) J
7.81906E+03 1+90643E=09 6. TOTEGE+ DS 1.2787TE~03
9+55663E+03 3491742E~09 T+09896E+05 2+TB096E~03
1.12942E+04 2.B0478E-09 6e92124E+05 1:94126E=03
1.30318E+04 3.1R131E~09 6.3480TE+05 2.01952E-03
1,47T693E+04 9+99397E~09 5+5522BE+05 5.54893E=-03
1.,65069E+04 6.58090F-08 446T491E+05 3.07651E~02
1,82445E+04 1.47948E=07 3.81538E+05 Seb44T2E-02
1.99821E+04 3,.38563E-07 3.03398E+05 1402719€E=01
2.17196E+04 7+5582TE=07 2436024E+05 1,78394E=01
2.34572E+04 1.58432E~06 1.80198E+05 2.85492E=01
2e5194BE¢04 3.20031E=06 1+35365E+05 4433209FE=01
Z2.69323E+04 6+10953E=06 1.00260E+05 6412543E~01
2+86699E+04 1.11119€E-05 7433441E+04 8.14992F~01
3.04075E+04 1.9338BE=05 5430684E+04 1.02628E+00
3.21450E+04 3.35086E=05" 3.B0245E+04 1.27415E+00
3,38826E+04 5.92229E-05 2¢TO0TBE+D4 1.59548E+00
3.,56202E+04 1.05246E=04 1.90322FE+04 2+00306E+00
3,73578E+04 1.84375E-04 1,33165E+404 2+45823E+00
3.,90953E+04 3.117684E=04 9425704E+03 2¢8B619E+00
4,08329E+04 S¢18623E~-04 6e39704E+03 3.31765E+00
4,25T05E+04 B+39545E=04 4439669E+03 3e69122E+00
44430B0E+04 1447114E-03 3,00677E+03 4e4233TE+00Q
4,60456E+04 2.78340E-03 2+0467TTE+03 5469699E+00
4, TTBI2E+04 5.37671E~03 1+43B8734E+03 Te45932E+00
4,9520TE+04 1.11568E=02 9,36639E+02 1:04499E4+01
5.12583E+04 2+26093E=-02 6430024E+02 1e42444E+0]
5.29959E+04 4464535E=02 4422322E+02 1,96183E+01
B5.47335E+04 G 6T5TEOE=02 2.82182E+02 2¢73032F+01
S.64T10E+04 2,02115E~01 1.87975E+02 3.79925E+01
5+82086E+04 4¢41562E-01 1:24864FE+02 5:51352E+01
5.99462E+04 B+47543E=-01 8.2T206E+01 7+01092E+01
6.16837E+04 1¢17235E+00 5+46631E+01 6+ 40844E+01
6.34213E+04 1449510E4+00 3.60364E+01 5+38780F+«01
6,51589E+04 1.B6829E+00 2.37033€+01 44 42B4TE+0O]
6.68964E+04 1+B4396E+00 1¢55579E+01 2+86881E+01
J TOTAL = B.06491E+05

PLANCK MEAN OPACITY = B.72432E~05 MEAN=SQUARED PLANCK MEAN OPACITY = T.27090E=05

ROSSELAND MEANFREE=PATH = 1+39303E+08 1/ROSSELAND MEAN=FREE=~PATH = 7,17857E~09

MEANSQUARED ROSSELAND MEAN=FREE=PATH = 4.,88941E+16 I PRIME = 1,93065E+16



¥ -

TOTAL OPACITIES AND VOLUME EMISSION

TEMPERATURE = $,00000E+03 SI/H MASS RATIO 5.,00000E-03 PRESSURE = 1.00000E+02
OMEGA TOTAL MU B{WsT) J
7.81906E+03 1+66810E=-03 6.70766E+05 1,118B9DE+D3
F455663E+03 2415920E-03 T« 09896E+05 1.53281E+03
1,12942E+04 2+31189E-03 6492124E+(5 1.60011E+03
1.30318E+04 2426519E~03 6+34807TE+05 1.43796E+03
1.47693E+04 2.13167E-03 5.55228E+05 1,18356E+03
1.65069E+04 1+98148£~03 4+6T7T491E+05 9e26322E+02
1.82445E+04 1.82162£-03 3.,81535E+05 6.95012E+02
1.99821E+04 1.65592E~03 3.0339BE+05 5402401E+02
2.17196E+04 1.52684E=-03 2+¢36024E+05 3.60372E+02
24345T72E+04 2438245E~03 1+80198E+05 4.29314E+02
2+51948E+04 l.27156E~03 1.35365E+05 l.72125E+02
2.69323E+04 1¢16325E~03 14 00260E+05 1.16628E+402
2.86699E+04 1.18538E=-03 T7e33441E+04 8,69406E+01
3.,04075L+04 1.90750E-03 5.30684E+04 1.01228E+02
3421450E+04 G lé4412E~04 3.80245E+04 3447700E+01
3.38826E+04 B.T3067E~04 2+ TO0TBE+04 2435796E+01
3.56202E+04 Beb61146E~04 1490322E+04 1.63895E+01
3.7357BE+04 B.89510E-04 1+33165E+04 1.18452E+01
3.90953E+04 9. 724 T79E~04 G.25T704E+03 9.0022TE+00
4408329E+04 1.13937E-03 6+39704E+03 T+28862E+00
4+25T05E+04 1442573E-03 4¢39669E+03 ©e26B4TE+0D
44.43080E+04 2+06739E-03 3.00677E+03 6421615E+00
4.60456E+04 3.60503E~03 2+046TTE+03 T437868E+00
4.77832E+04 - 6+440965E-03 1.38734E+03 8.89236E+00
4.95207TE+04 1.24815£~02 Fe36639E+02 1416906E+01
5,12583E+04 2:5265TE~02 6.30024E+02 1.59180E+01
5,29959E+04 5.00625E~02 4.22322E+02 2.114258E+01
Se47335E+04 1.01847E=01 2.82182E+02 248T394E+01
B.64T10E+04 2+415200E~01 1.87975E+02 4e04521E+01
5.82086E+04 4476386E-01 1,24864E+02 S+94835E+01
5+99462E+04 . 9429459E=01 B8.27206E4+0] T.68854E+01
6.,1683TE+04 1.,28546E+00 5.46631E+01 Te02673E+01
6.,34213E+04 1 70274E+00 3.60364E+01 6413606E+01
6.,51589E+04 2+35872£+00 2+37033E+01 5.59095E+01
6.568964E+04 3.06829E+00 1+55579E+01 4¢T7362E+401

J TOTAL = 1.89133E+07

PLANCK MEAN OPACITY = 2,04597€-03 MEAN=-SQUARED PLANCK MEAN OPACITY = 1.,14132E=-04
ROSSELAND MEAN=FREE=PATH = GS,66311E+02 1/ROSSELAND MEAN=FREE=~PATH = 1,76582E=03
MEAN=SQUARED ROSSELAND MEAN-FREE=PATH = 3.49530E+05 I PRIME = 4,55189E+05


http:7.37868E.00
http:2.04677E.03
http:5.30684E.04
http:4.29314E.02
http:1,80198E.05
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¢
"

TEMPERATURE =

OMEGA
T+815306E+03
9,55663E+03
1.,12942E+04
1.30318E+04
1.47693E+04
1.65069E+04
1,82445E+04%
1.99821E+04
2+17196E+04
2¢345T2E+04
2.51948E+04
2.69323E+04
2+.8669%9E+04
3.04075E+04
3.21450E+04
3.38B26E+04
3,56202E+04
3,735TRE+04
3.90953E+04
4408329E+04
ho25T05E+04
44.430B0E+04
4460456E+04
4. TTB32E+04
4495207E+04
5.12583E+04
5+29959E+04
5.47335E+04
5.64T10E+04
5.82086E+04
S:99462E+04
6,16837E+04
Ge34213E+04
6,51589E+04
6.68964E+04

PLANCK MEAN OPACITY =
ROSSELAND MEAN=FREEwPATH =
MEAN=SQUARED ROSSELAND MEAN=FREE~PATH = 1.66675E+05

5+00000E+03

TOTAL OPACITIES AND VOLUME EMISSION

SI/H MASS RATIO =

TOTAL MU
2e41004E-03
3.11949E~03
3.34691E~03
3.28998E~03
3.10481E=-03
2+89330E-03
24+465316E=-03
2:4208TE=-03
2423271E-03
4401485E=03
1.84685TE~03
1.6B218E=-03
1.77227E~03
3.26637TE-03
142974BE~03
1:.22440E=03
1.18621E=-03
1419203E=03
1+25556E£-03
1.405]18E~03
167TT4BE=03
2¢34740E=-03
4+13T7T09E=03
Te15916E~03
1+35389E=02
2o TOTS53E~02
Se34422E=02
1. 06726E-01
2.28115F=01
5+11135E~01
1.,01156E+00
1.39882E+00
1.91102E+00
2.85091E+00
4 ¢29T29E+00

J TOTAL =

2.96282E-03

3.88551E+02

1,00000E-02

B(WsT)
6+ TOTEHE+0S
T+09896E+05
6+92124E+05
6¢34807E+05
5.55228E+05
4,6T491E+05
3.81535E+05
3.,03398E+05
2¢36024E+05
1.80198E+05
1.35365E+05
1.00260E+05
Te33b4]1E+04
Se30684E+04
3.80245E+04
2+7T007T8E+04
1.90322E+04
1.33165E+046
Ge25T04E+03
6¢39T04E+02
4439669E+03
3.0067T7E+03
2+0467TE+03
1+38734E+03
9+36639E+02
6430024E+02
4422322E+402
2.82182E+02
1.87975E+02
1.24864E+02
8,27206E+D1
Se46631E+01
3460364E+0]
2:37033E+01
1+58579E+01

2+ TIBBIEHDT

PRESSURE

MEAN~SQUARED PLANCK MEAN OPACITY =

1/ROSSELAND MEAN=FREE=PATH
1 PRIME =

= 1.00000E+

J
1.61658E+03
2+21451E+403
2¢31648E+03
2,08850E+03
1.723BBE+03
1+35259E+03
1.01609E+03
7434486E+02
5.,26973E+02
7:23469E+02
2449960E+02
1¢6B655E+02
1+29985F+02
1+73341E+02
4493359€+01
3.30684E+01
2+25762E+01
1+.58737E+01}
1416228E+01
B.OBE9GE+00
T+37537E+00
7+0S808E«00
Be46TE9E+DQ
9,93218E400
1+26811E+01
1:.74361E+01
2425698E+0]
3.01]162E+01
4.28799E+01
6438225E+01
B,36716E+01
Te64641E+01
6.,88663E+01
6.75761E+01
6e6856BE+01

1.68368E
5= 2.8B7367E
2420946E

51

oz

-04
-03
+05



9¢ = d

TOTAL OPACITIES AND VOLUME EMISSION . 52
TEMPERATURE = S.00000E+03 SI/H MASS RATIO = 5,00000E~02 PRESSURE = 1,00000E+02
OMEGA TOTAL MU B(WsT) J
7.81906E+03 5.73243E-03 6eTOTGEE+DS 3,84512E+03
9,55663E+03 T+41837E=-03 7+09896E+05 S.2662TE+03
1.12942E+04 8,02305E~03 6e92124E+05 5+55294E+03
1.30318E+04 7+99867E=03 €+34B07E+05 5.0776iE+03
1.47693E+04 7.63229E=03 5.,5522BE+05 4e23766E+03
1,65069F+04 7.18576E-03 446T491E+05 3,35927E+03
1.82445E+04 64+65356FE~03 3.81535E+05 2.53B56E+03
1.99821E+04 6.06029E-03 3.03398E+05 1.83868E+03
2.17196E+04 5+60325E~03 2+ 36024E+05 1.32250E+03
2.3457T2E+06 1.4996TE=02 1.8019B8E+05 Z.70239E+03
2.51948E+04 4454141E-03 1+35365E+05 be14T749E+02
2469323E+04 4.06571E-03 1.00260E+05 440T630E+D2
2.86699E+04 4483699E-03 7433441E+04 3.54765E+02
3.0407SE+04 1.28709E~-02 5.306B4E+04 6.83037E+02
3,21450E+04 2¢96969E=03 3.80245E+04 1.12921E+02
3.38826F+04 2.T4248BE=03 2+7007BE+04 T+40682E+01
3,56202E+04 2.58352E-03 1+90322E4+04 4491701E+01
- 3,735TBE+04 2.48863E-03 1¢433165E+04 3.31399E+01
3.,90953E+04 2.46T20E=03 . 25T04E+03 2+28390E+01
4,0B329E+04 2.54251E~03 6:39704E+03 l.62645E401
4,25705E+04 2+ T603SE=03 4,39669E+03 1.21364E+01
4,43080E+04 3.71147E~03 3.00677E+03 1.11595E+01
4,60456E+04 7.89760E=03 20046 TTE+03 1.61646E+01
44,7T832E+04 1+23629€E=02 1.38734E+03 1.71516E+01
4,9520TE+04 2.12464E=02 Ge36639E+02 1.99002E+01
Se12583E+04 44624 TO0E-02 6.30024E+02 2«91367E+01
5.29959E+04 _Ts98138E-02 4e22322E+02 3.37071E+01
S.+47335E404 1+445160E=-01 2+8218B2E+02 4+0961G6E+D]
5.64710E+04 3430917E~01 1.87975E+02 6222041E+401
5.82086E+04 7.8877BE=01 1.24864E+02 9484501E+01
5994 62E+04 1.66TT9E+00 Be.2T7206E+01 1.37960E+02
6,1683TE+04 2+30596E+00 S5+46631E+01 1426051E+02
6.34213E+04 A,578L4E+00 3,60364E+01 1,28943E+02
6,51589E+04 6.79124E+00 2,37033E+01 1.60975E+02
6,68964E+04 1441370E+01 1.55579E+01 2.19942E+02

J TOTAL = 6,81553E+07

PLANCK MEAN DPACITY = 7.37278E~03 MEAN=SQUARED PLANCK MEAN OPACITY = 1.,05040E=03
ROSSELAND MEAN=FREE=PATH = 1.57962E+02 1/ROSSELAND MEANAFREE«PATH = 6,33062E~03
MEAN=SQUARED ROSSELAND MEAN-FREE=PATH = 2.B87364F+04 1 PRIME = 3,98940FE+04


http:6.34213E.04
http:1.80198E.05
http:3.35927E.03

TOTAL OPACITIES AND VOLUME EMISSION

TEMPERATURE = 5.00000E¢03 SI/H MASS RATIO 5400000E+02
OMEGA TOTAL MU BiWsT) J
T«81906E+03 S:62669E=09 6 TOTEHE+ 05 3477419€E-03
9.55663E+03 1416452E=08 T« 09896E+05 8426690E~03
1,12942E+04 1.,01310E-08 6¢92124E+05 T¢01188E~03
1.30318E+04 1.41871E~08 6+34807E+05 9.00609E=~03
1,47693E+04 3+87475E-08 5.55220E+05 2+15137E~02
1,65065E+04 4e40869E=07 4467491E+05 Ce06102E~01
1,82445E+04 1.02613E~06 3,B183BE+05 3.91504E=01
1,99821E+04 2:37538E=06 3.03398E+05 Te20686E=01
2,17196E+04 5¢322T4E=06 2e36024E+05 1.25630E+00
24345728404 1.11701E~05 1.80198E+05 2,01282E+00
2451948E+04 2+25732E=-05 1.35365E+05 3.05563E+00
2469323E+04 4431009E~05 1,00260E+05 G432131E+00
Z2.B6699E+04 T+ 7T7553E=05 Te33441E+ (4 5.70290E+00
3.,04075E+04 1.35823E~04 5.,30684E+04 Te20721E+00
3,21450E+04 2.35821E~04 3.80245E+04 849669T7TE+00
3,38826E+04 4¢17321E-04 2+ 7T007BE+04 1.,12709E+01
3.56202E+04 T+42137E~04 1,90322E+04 le41245E+01
3.,73578E+04 1.30052E-03 1433165E+04 1.73184E+01
3.90953E+04 2419953E~03 Fe25704E+03 2.03612E+01
4,08329E+04 3.65896E~03 6.39704E+03 2.34065E+01
4425705E+04 5.,92331E~03 4439669E+03 2460429E+01
44430B0E+04 1+03796E=02 3400677E+03 3.12092E+01
4.60456E+04 1+96386E=02 24046T7TE+03 4+01957E+01
4,7T7832E+04 3.79361E-02 1.38734E+03 5426303E+01
4,9520TE+04 T.87186E~02 9¢36639E+02 T+3T309E+01
5.12583E+04 1.59523E~01 6+30024E+02 1+00504E+02
5.29959E+04 3.27760E~-01 4+22322E+02 138420E+02
S+4T3I35E+04 6.82690E=01 2¢821B2E+02 1492642E+02
S5:64T10E+C4 1+42606E+00 1.87975E+02 2¢68063E+02
5,82086E+04 3.11552E+00 1e¢24B864E+02 3.89016E+02
5:99462E+04 5.9799BE+C0 B8.27206E+01 4eF4668BE+0Q2
6,16B37E+04 B8¢27173E+00 Be46631E+0] 4452158E+02
6,34213E+04 1,05489E+01 3.60364E+01 3.80145E+02
6,51589E+04 1.31820E+01 2+3T033E+01) 3.12458E+02
6,68964E+04 1.30104E+01 1.55579E+01 2+02414E+02

s - a

J TOTAL 3 5,6B997E+06

PLANCK MEAN OPACITY = 6.15519E-04 MEAN=SQUARED PLANCK MEAN OPACITY = 3,61984E=03

ROSSELAND MEAN=FREE=PATH = 4.,0012BE+07 1/ROSSELAND MEAN=FREE=-PATH = 2.,49920E-08
MEAN=SQUARED ROSSELAND MEAN=FREE=PATH = 4.,42209E+15 I PRIME = 1,56363E+15



g8s - d

TOTAL [OPACITIES AND VOLUME EMISSION 54
TEMPERATURE = 5,00000E+03 51/H MASS RATIO = §,00000E-03 PRESSURE = 5,00000E+02
OMEGA TOTAL MU BiWsT) J
7.81506E+03 1427679E~02 6+.TOTE6E+DS B.56427E+03
3.55663E+03 1.47975E~02 7+09896E+05 1.05047E+04
1.12942E+04 1.54800E=-02 6+92124E+05 1.07141E+04
1.30318E+04 1.52333g~02 6+34B07TE+0S 9.67022E+403
la4T693E+04 1+45038E=-02 5.55228E+05 8.05291E+03
1,65069E+04 143594 0E=02 4.6T4I1E+05 6+ 35506E+03
1.824485E+04 1.25239E~02 3.81535€+05 4.7T7830E+03
1.99821E+04 1413238E~02 3.03398E+05 3443561E+03
2,17196E+04 1.0277BE=-02 2¢36024E+05 2+42581E+03
2+345T2E+04 1+9021BE~02 1.80198E+05 3.427T69E+03
2.51948E+04 8.09424E~03 1.35365€+08 1.09568BE+03
2.69323E+04 T7+17613E~03 1400260E+05 Ts+15482E+02
2+86699E+04 7:56210E~03 Te33441E+04 554636E+02
3.04075E+04 1,49767E=02 S5.30684E+04 T+94789E+02
3.,21450E+04 5+.22722E~03 3.80245E+04 1.98762E+02
3,38826E+04 4.94241E~03 2. TOOTBE+04 1433483E+02
3,56202E+04 4+89196E=03 1.90322E+04 9+31049E+01
3.7357BE+04 5413948E=-03 1:33165E+04 6+84399E+01
3.90953E+04 5.TT7T97E-03 G+25704E+03 5¢34868E+0}
4,08325E+04 T.01078E~03 6+39T704E+03 4448482E+01
4,25705E+04 9.08952E~03 4+ 39669E+03 3499637E+0]
4.43060E+04 1,37876E=02 3.00677TE+03 4e14563E+01
4.60456E+04 2+5439TE~02 2e0467TTE+D3 5.20692E+01
4.77832E+04 4.5T7185E~02 1¢38734E+03 6434271E+01
4.95207E+04 B.7TT4T3E~02 9.3663%E+02 B+21876E+01
5.12583E+04 1.76176E~01 6+30024E+02 1+10995E«02
5.29959E+04 3.50305E-01 4e22322E+02 1.47941E+D2
5.47335E+04 Te02417E~01 '2+8B2182E+02 1.98209E+02
5.64T10E+04 1.47559E+00 1.87975£+02 2+ TT3ITHE+02
5,82086E+04 3.24640E+00 1.24864E+02 4.05358E+02
5,99462E+04 6.28T24E+00 B8427206E+0] S5.20084E+02
6.16B3TE+04 Ba695TIEC00 S5+46631E+01 4+TS5336E+02
6,34213E+04 1.13276E+01 3.60364E+01 4408205E+02
6,51589E+04 1.50224E+01) 2437033E+01 3.56080E+02
6.68964E+04 1«76072E+01 1.55579E+01 2.T73931E+02
JETOTAL = 1.30557E+08
PLANCK MEAN OPACITY = 1.41232E~02 MEAN=SQUARED PLANCK MEAN OPACITY = 4,72750E-03
ROSSELAND MEANFREE=PATH = B8.43100E4+01 1/ROSSELAND MEAN~FREE~PATH = 1.,18610E~02
MEAN=SQUARED ROSSELAND MEAN=FREE«PATH = B+1142TE+03 I PRIME = 1.13592E+04



TOTAL OPACITIES AND VOLUME EMISSION

TEMPERATURE = 5,00000E+03 SI/H MASS RATIO 1,00000E~02 PRESSURE = 5.00000E+02
OMEGA TOTAL MU BiwsT) J
7.B1906E+03 1+87021E~02 6.7T0766E+05 142544 TE+(Q4
3.55663E+03 Z2.18267E~02 T+09896E+05 1:5494TE+04
1.12942E+04 2+ 30624E=-02 6+92124E+05 1459620E+04
1,30318E+04 2+29579E=-02 6.3480TE+05 1.45738E+04
1,47693E+04 2+20775E=02 5.55228E+05 1.225B0E+04
1,65069E+04 2.0838BE=-0D2 446T7491E+05 Fe74194E+03
1,82445E+04 1.92617E~02 3,81535£+05 T+34901E+03
1.99821E+04 1.74088g-02 3,03398E+05 5.28179E+03
2,17196E+04 1.57433E-02 2+36024E+05 3.71581E+03
2¢34572E+04 3.36331E-02 1,80198E+05 6406063E+03
2451948BE+04 1.21231g-02 1.35365E+05 1.64108E+03
2,69323E+04 1.05895E=02 1,00260E+05 l.06171E+03
2.86699E+04 1,16234E-02 Te33441E+04 8,52511E+02
3,04075E+04 2.6T76T1E~02 5+30684E+04 1442049E+03
J.21450E+04 Te«32174E~03 3.80245E+04 2+78405E+02
3,38826E+04 64778L1TE~03 2+T007BE+04 1.83063E+02
3.56202E+04 6.53819E~03 1.90322E+04 1424436E+02
3,73578E+04 6.64010E~03 1433165E+04 B484230E+01
3,90953E+04 Te16434E=03 9.25704E+03 6+63206E+01
4,08329E+04 B.3029TE=03 6.39704E+03 5¢31144E+01
44,25705E+04 1.0315%9E~02 4 ,39669E+03 4+53558E+01
4443080E+04 1.53620E~02 3.00677TE+03 4+61900E+01}
4,60456E+04 2¢96318E=-02 2.0467TE+03 6+06496E401
4.T7832E+04 5+18452E~02 1+38734E+03 Tel9269E+01
4,95207E+04 9.52061E~02 9436639E+02 8+91737E+0]
5.,12583E+04 1.91345E=-01 6.30024E+02 1.20552E+02
5,29959E+04 Je71441E=01 4e22322E+02 1l.56B68E+02
5.47335E+04 T+20815E=01 2.82182E+02 2.03401E+02
5.64T10E+04 1.52385E+00 1.87975E+02 2+86445E+02
5.82086E+04 3.37602E+00 1.24864E+02 4+21544E+02
5499462E+04 6.59326E+00 8.27206E+01 5¢45398E+02
6,1683TE+04 9.11853E+00 S5.46631E+01 449844TE+02
6434213E+04 1.21050E+01 3.60364E+01 4.36221E+02
6,51589E+04 1.68613E+01 243T033E+01 3.,9967T0E«02
6,68964E+04 2.22022E+01 1.55579E+01 3.45419E+02
J TOTAL = 1.95441E+08
v PLANCK MEAN OPACITY = 2,11420E«02 MEAN=SQUARED PLANCK MEAN OPACITY 64 06409E~03

! ROSSELAND MEAN-FREE~PATH = 5,63104E+01 1/ROSSELAND MEAN-FREE~PATH = 1,77587E~02
3 MEAN~SQUARED ROSSELAND MEANSFREE«PATH = 3,7S5051E+03 I PRIME = 5,48940E+03


http:1o35365E.05
http:5.00000E.03

09 - ad

TOTAL OPACITIES AND VOLUME EMISSION 56
TEMPERATURE = 5.00000E+03 SI/H MASS RATIO = 5.00000E=02 PRESSURE = 5.00000E+02
OMEGA TOTAL MU BlWsT) J
7.81906E+03 5414908E=02 6.TOT66E+05 3.45383E+04
9.55663E+03 6413534E-02 7.09896E+05 44355456404
1.12942E+04 6.67220F=02 6.92124E405 4461799E+04
1.30318E+04 6¢86734E=02 6434807E+05 4435944E+04
1.4T693E+04 6.78389E=02 5.55228E+05 3.76661E+04
1.65069E+04 6.52815E=02 4467491E+05 3.,05185E+04
1,82445E+04 6409632E~02 3.81535E+05 2432596E+04
1.99821E+04 5.52088E~02 3403398E+05 1.6 7502E+04
2,17196E+04 4,95893E-02 2436024E+05 1.17043E+04
2,34572E+04 1.41552E~01 1,80198E+05 2.55075E+04
2,5194BE+04 3.63147E~02 1.35365E405 4¢91574E+03
2.69323E+04 3.02955E-02 1.00260E4+05 3.03743E4¢03
2,86699E+04 3.70780E~02 7+33441E+04 2.71945E+03
3,04075E+04 1,17765€=01 5430684E+04 6424961E+03
3,21450E+04 1.79592¢=02 3.80245E+04 64828B8E+02
3,38826E+04 1.57922E-02 2.70078E+04 44265126402
3.56202E+04 1.44360E-02 1.90322E+04 2.T4T49E+02
3,73578E+04 1.37284E=02 1.33165E+04 1.82814E+02
3,90953E+04 1.36527E~02 9.,25704E+03 1.26383E+02
4,08329E+04 1,43220E-02 6.39704E4+03 9416186E+01
4,25705E+04 1:60653E=02 4.39669€+03 7.06339E 0}
4,43080E+04 2.41808E~02 3,00677E+03 7+27062E+01
4.60456E+04 6+42313E~02 2.04677E+03 1.3146TE+02
4,T7B32E+04 947375TE=02 1.38734E+03 1435093E402
4.95207E+04 1+51519€~01 9436639E+02 1¢41919E+02
5,12583E+04 3.09437E=01 6030024E+02 1.94952E+02
5,29959E + 04 5,37372E=01 4422322E+02 2126944E+02
5.47335E+04 B.65187E~01 2.82182E4+02 2044140E402
5.64710E+04 1.90705E+00 1,87975E+02 3.58478E+02
5,82086E+04 4.41000E+00 1+24864E+02 5450651E+02
5,99462E+04 9.03775E+00 Be27206E+01 7.47608E+02
6416837E+04 1,24969E4+01 5,46631E+01 6+83120E+02
6,34213E+04 1,63192E401 3,60364E+01 6¢60156E+02
6.51589E+04 3.15633E+01 2.37033E+01 7.48154E+02
6.68964E404 5.89408E+01 1.55579E+01 9.16995E¢02
J TOTAL = 5,87061E+08
PLANGK MEAN OPACITY = 6435061E=02 " MEAN=SQUARED PLANCK MEAN OPACITY 46BT9E=02

= 2
ROSSELAND MEAN=FREE~PATH = 1.94148E+401 1/ROSSELAND MEANFREE=PATH = 5,15072E~02
MEAN~SQUARED ROSSELAND MEAN<FREE=PATH = S5.11755E+02 1 PRIME = 8,60964E+02


http:4,22322E.02
http:1,35093E.02
http:7.27062E.o1
http:4.39609E.03
http:3.56202E.04
http:2,55075E.04
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TOTAL OPACITIES AND VOLUME EMISSION 57
TEMPERATURE = 5.,00000£+03 SI/H MASS RATIO PRESSURE = 1.00000E+03
OMEGA TOTAL MU B(WsT) J
T+81906E+03 84+92658E=09 6 TOTEHEDS 5+98765E-03
9.55663E+03 1.8558BE=-08 7.09B96E+05 1.31748E=02
1e12942E+04 1+79426E=08 6+92124E+05 1+24185E~02
1430318BE+04 2473499E=(8 6e3480TE+05 1473619E~02
1.47693E+04 T+0B08BE~08 5.55228E+05 3.93150E~02
1.65069E+04 9.48362E~07 4.6T491E+05 4+43350E~01
1.82445E+04 2+2228BE~D6 3.81535E+05 8.48107E~01
1,99821E+04 515743E=06 3.03398E+05 1.5647TSE+00Q
2+1T196E+04 1.15651E=05 2436024E+05 2+72965E+00
Z2+34572E+04 2+42755E~05 1.80198E+05 4¢37440E+00
2+51948E+04 4+9061BE~05 1+,35365E+05 6464125E+00
2469323E+04 9,36808E=05 1.00260E+05 9¢3924TE+00
2+86699E+04 1.68735E=04 Te33441E+04 1.23757E+01
3.04075E+04 2+94959E=-04 5.30684E+04 1.,56530E+01
3,21450E+04 5412321E~04 3.80245E+04 1.94807E+01
3.38B26E+04 9+06855E~04 2.7T007TBE+(4 2¢4492]1E+0Q1
3.56202E+04 1.61291E~03 1,90322E+04 3.06972E+01
3. 7ISTAE+ 04 2.92663E~03 1.33165E+04 JeT6409E+01
3.90953E+04 4+T7BOT3E=03 G.25704E+03 4442554E+01
4,08B329E+04 7+95293E=-03 6439T04E+03 5.08752E+01
4425T05E+04 1.287T47E=-02 4¢39669E+03 5466060E+01
44430B0E+04 2.25609E=02 3.0067T7E+03 6+TB8354E+01
4.60456E+04 4.26859E~02 2¢046TTE+03 8.,73684E+01
44T7T7832E+04 Bo245T1E=02 1.38734E4+03 1e14396E+(2
4¢9520TE+04 1.71101E=01 9.36639E+02 1.60260E+02
5,12583E+04 3.46T737E=01 6¢30024E+02 Z241B453E+02
5,29959E+04 7+12414E%01 4.22322E+02 3.00868E+02
S5+47335E+04 1.48388E+00 2.82182E+02 4¢18T724E+02
5,64710E+04 3.09965E+00 1:87975E+02 5.82656E+02
5,8Z2086E+04 6+77T1B3E+«00 1+24864E«02 B8445558E+02
5,99462E+04 1.29980E+01 8427206E+01 1.07520E+03
6.16837E+04 1.79793E+01 5446631E+401 3.82803E+02
6,342]13E4+04 2.29290E+01 3.60364E+01 B8.26276E+02
6,51589E+04 2.86522E+01 2,37033E+01 6.79154E+02
6,68964E+04 2.82791E+01 1+55579E+01 4¢39963E+02
J TOTAL = 1.23675E+07
PLANCK MEAN OPACITY = ]1,.,33787E~-03 MEAN=S5QUARED PLANCK MEAN OPACITY = 1.71008E=02
ROSSELAND MEAN=FREE~PATH = 2,34819E+07 1/ROSSELAND MEAN=-FREE=PATH =  4,.25860E-08
MEAN=SQUARED ROSSELAND MEAN~FREE=PATH = 1.60743E+15 I PRIME = 5,41561E+14
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TOTAL OPAGITIES AND VOLUME EMISSION 58
TEMPERATURE = 5,00000F+03 SI/H MASS RATIO = 5,00000E-03 PRESSURE = 1.,00000E+03
OMEGA TOTAL MU B(WsT) J
Te81906E+¢3 5438250603 6+ TO766E+05 3¢61040E+03
9.55663E+03 6+97260E=-03 T.,09896E+05 4.94982E+03
1.12942E+04 Be39TRLE~03 6.92124E+05 5+81191E+03
1.30318E+04 Qo4 TTTZE-03 6+34B0TE+0S 6s01652E+03
1.47693E4+04 1+00T10E=~02 5,55228E+65 5,59168E+03
1.65069E+04 1.01140E=-02 4.6T491E+05 4472818E+03
1.82445E+404 9+59546E-03 3.81535E+05 3,66100E+03
1.99821E+04 B.61381E~03 3+0339BE+05 2+61341E+03
2e41T196E+04 Te45976E-03 2:36024E+05 1+76069E+03
2 345T72E+04 2+60791E~02 1.8019BE+05 4469942E+03
2451948E+04 4+58706E~03 1+35365E+05 6.20928E+02
2¢69323E+04 340460E-03 1.,00260E+05 3241346E+02
2+86699E+04 4,+83986E=-03 Te33441E4+04 3.549T5E+02
3. 040758 +04 2.0584BE~02 5:30684E+04 1.09240E+03
3,21450E+04 1¢43328E-03 3.80245E+04 Se44999E+01}
3,38826E+04 1+444119E~03 2.7T007BE+04 3+89234E+01
3.56202E+04 1+491842E=03 1.90322E+04 3.,65117E+0]
3.73578BE+04 2¢99762E=03 1.33165E+04 3499179E+01
3.50953E+04 4+B8T663E~03 9,25704E+03 4¢51431E+01
4,08329E+04 B400870E=03 6+39704E+03 5412320E+0]
4,25705E+04 1.293B6E~02 4439669E+03 5.,68870E+01
4443080E+04 2¢3453BE=-02 3.00677TE+03 T+05200E+01
4+60456E+04 4+87388E~02 2.04677E+03 9.97574E+01
4,7T8B32E+04 9.Z72B4E-02 1.3B734E+03 1,28646E+02
449520TE+04 1.83481E~01 9.36639E+02 l«71855E¢p2
5+12583E+04 3,72596E~01 6«30024E4+02 2434744E+902
5,29959E+04 7«49006E~01 4.22322E402 3.16321E+02
5,4T335E+04 1.5079BE+00 2.82182E+02 4425524E+02
5464T10E+04 3.16463E+00 1.87975E+02 5.948T0E+02
5.82086E+04 6.948B45£+00 1.24864E+02 Bs6T7612E+02
S¢9%462E+04 1.34168E+01 B8.27206E+01 1.10985E+03
6.16837E+04 1+85583E+01 5¢46631E¢01 1s01446E+03
6.34213E+04 2e39959E+0] 3¢60364E+01 B464726E+02
6.5158%E£+04 3.11807E+01 2+.37T033E+0G1 T«3908B7E+02
6468964E+04 3¢46040E+0] 1.55579E+01 5¢3B366E+02
J. TOTAL =  9,27031E+07
PLANCK MEAN OPACITY = 1,00283E~02 MEAN-SQUARED PLANCK MEAN OPACITY = 1,98408BE=02
ROSSELAND MEAN-FREE=PATH = 1,45902E+02 J/ROSSELAND MEAN-FREE=PATH = 6,8539]1E=p3

MEAN~SQUARED ROSSELAND MEAN-FREE=PATH = 3.33949E+04 1 PRIME 5.51942E+04


http:1,82445E.04
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TEMPERATURE =

OMEGA
7.81906E+03
9.55663E+403
1,12942E+04
1+30318E+04
1.47693E+04
1.65069E+04
1,82445E+04
1.99821E+04
2417196E+04
2434572E+04
2.5194BE+04
2.69323E+04
2.86699E+04
3404075E404
3,21450E404
3,38826E+404
3.56202E404
347357BE404
3490953 +04
4,08329E+04
4,25T05E+04
4¢430B0E+04
4460656E+04

5.00000E+03

44TTBI2E+04

4,95207E+04
5.12583E04
5.29959E+04
5,47335E¢04
5,64710E+04
5,82086E+04
5.,99462E+04
641683TE+04
6,34213E+04
6 ¢51589E + 04
6468964E+04

PLANCK MEAN OPACITY =
ROSSELAND MEAN=FREE~PATH =
MEAN=-SQUARED ROSSELAND MEAN-FREE-PATH = B,B1632E+02

TOTAL OPACITIES AND VOLUME EMISSION

SI/H MASS RAT10 =

TOTAL MU
4.21208E=02
44T70446E~02
4+94251E=02

44 956606E=02 .

4481509E=02
4.57545E=02
4423833E=02
3,81955E-02
3.41459E~02
6+95895E~02
2.53251E-02
2.15B06E=02
2431646E=02
5434319E=02
1+38963E=02
1,26923E=02
1.22022€=02
1¢24B96E=02
1.37119E=02
1.627T3E=02
2.07390€-02
3416652E=02
6¢19338E~02
1.09528E=01
2.02023E~01
4.04167E=-01
7+90918E~01
1.53720E+00
3,23423E+00
7+12BT1E+00
1.38373€+01
1.91378E+01
2+50596E+01
3436953E+01
4,08878E+01

J TOTAL =

4.,57T009E~02

2466355E+01

1,00000E=02

B(WeT)
6. TOTHHE+05
7+09896E+05
6.92124E+ 05
6e34BOTESDS

B5455228E+05

4,67491E+05
3.81535E+05
3.03398E+05
2036024E+05
1.80198E+05
1435366E+05
1.00260E+05
Te33641E404
5430684404
3.80245E+04
2.7007BE+04
1.90322E+04
1433165E+04
9¢25704E+03
6¢39704E+03
4+39669E4+03
3.00677E+403
2.04677TE+03
1.38734E+03
9¢36639E+02
6.30024E402
4422322E+02
2.82182E+02
187975E+02
1+ 24B64E+02
8427206E401
Ge46631E+01
3460364E+01
2437033E401
1455579E+01

4e2246TE+(B

PRESSURE =

1,00000E+

J
2¢82532E+04
3+3396BE+04
3+42083E+04
3e14652E+04
2.6734BE+04
2.13898E+04
1+61707E+04
1415884E+04
8+05926E+03
1.25399E+04
3.42813E+03
2.16368E+03
1.69899E+03
283555E+03
5.28400E+02
3.427F0E+02
2432234E+02
1.66318E+02
1.26931E+02
1404127E+02
8.11827E+01]
9.52098E+01
1.26764E+02
1.51952E+02
1.89223F+02

‘2+54634E+02

MEAN=SQUARED PLANCK MEAN OPACITY
1/ROSSELAND MEAN=FREE=PATH =

I PRIME

3.34022E+02
44337TDE+02
6407954E+02
B+90120E+02
1.16463E+03
1404613E+03
9403056E+02
T+98690E+02
6436128E+02

= 2.,47590E

= 1,37128E

59

03

-02

3.75439E~02

+03


http:2.13898E.04
http:3,14652E.04
http:1,24864E.02
http:7.12871E.O0
http:6*39704E.03
http:I.33165E.04
http:6.34801E.05
http:4.25705E.04
http:3.38826E.04
http:3;21450E.04
http:2.51948E.04
http:2,34572E.04
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1.55579E+01

TOTAL OPACITIES AND VOLUME EMISSION 60
TEMPERATURE = 5,00000E+03" SI7H MASS RATIO = 5,00000E=02 1.00000E+03
OMEGA TOTAL MU BlWsT) J
7.81906E+03 1.21646E-01 6¢70TH6E+05 Bel5960F+04
9.55663E+03 1.41229€=-01 7.09896E+05 1.00258E+05
1.12942E+04 *1+54379E=01 6.92124E+05 1.06850E+05
1.30318E904 1.61057E=01 6¢34807E+05 1.02240E+05
1.47693E+04 1.61358€-01 §455228E+05 B+95905E+04
1,65069E+04 1.56554E=01 4¢6T491E+05 7.31873E+04
1482445E+04 1+46563E-01 3.81535E+05 50:59190E+04
1.99821E+04 1,32272E-01 3.,03398E+05 4.01311E+04
2.17196E+04 1s17134E-01 2e36024E+05 2476465E404
2.34572E+04 2.99181E=01 1.80198E+05 5+39118E+04
2451948E4+04 8.20326E=02 1+35365E+05 1,11043E4+04
2.69323E+04 6+63353E~02 1.00260E+05 6+65080E+03
2,B6699E4+04 7+.72081E~02 7¢33441E+04 5+66276E+03
3.04075E+04 2437884E=01 S5¢30684E+04 1+26241E+04
3.21450E+04 3,50360E~02 3.80245E+04 1433223403
3,38826E+04 2+97877E~02 2.T0078E+04 Be04500E+02
3.56202E+04 2466137E=02 1.90322E+04 54065185402
3.73578E+04 2.50626E-02 1+33165E+04 3433746E+02
3.90953E+04 2+50072E=02 9.25704E403 2431492E+02
4,08329E+04 2:663TTE02 6+39704E+03 1.70402E402
4.25705E+04 3406076E=02 4 ¢39669E+03 1.34572E+02
4.43080E+04 4,7BO&GLE=-02 3,00677E+03 1.43736E+02
4460456E404 1.29473E~01 2e04677E+03 2465002E+02
44,77B32E+04 1.99425E-01 1.38734E+03 24T766T0E+02
449520 7E+04 3.08197E-01 9436639E+02 248B669E+02
5.12583E404 6417278E=01 6430024E+02 3.88900E+02
5429959E+04 1.08913E£+00 4422322E+02 4459965E+02
5.47335E+04 1. 735B6E+00 2.82182E+02 4«89829E+02
5.64710E+04 3.75865E+00 1.87975E+02 7.06533E+02
5.82086E+04 8¢54319E+00 1424B64E+02 1.06674E+03
5.99462E+04 1.71829E+01 B+27206E+0) 1.42138E+03
6,16B3TE+04 2.37610E+01 S5e46631E401 1.29885E+03
6.34213E+04 3.35732€+01 3.60364E+01 1.20986E+03
6451589E404 5.38630£+01 2¢37033E401 1+27673E403
65,68964E+04 9.13292E+01 1.42089£+03

"od TOTAL = 1-358086*?9

PLANCK MEAN OPACITY = " 1,469]12E~01 'MEAN=5QUARED" PLANCK MEAN' OPACITY = ' 8,05837E~02
ROSSELAND MEAN<FREE=PATH = 8,70486F+00 1/ROSSELAND MEAN-FREE-PATH = 1,14878E-01
MEAN-SQUARED ROSSELAND MEAN-FREE=PATH = 1.167556E+02 : I PRIME = 2,16796E+02


http:1.20986E.03
http:6,34807E.05

TOTAL OPACITIES AND VOLUME EMISSION 61

TEMPERATURE = 6,50000£+03 SI/H MASS RATIO = o0, PRESSURE = 1,00000E+02

OMEGA TOTAL MU BiWsT) J
T.81906E+03 4+ 03916E-03 1.2256BE+06 4495073E+03
9,55663E+03 5.28886E~03 1.42535E+06 7.53848E+03
1,12942E+04 5. T045TE=03 1.53436E+06 8.75286E+03
1,3031BE+04 5.606]15E~03 1.55994E+06 8.74526E+03
1,47693E+04 5,28601€«03 1:51710E+06 B+D1942E+03
1,65069E+04 4491345E-03 1+42379E+06 6+99570E+03
1.82445E+04 4452635€E~03 1.29758E+06 5.87332E+03
1.99821E+04 4413499E=03 1.15384E+06 4sT7T111E+03
2417196E+04 3.82892E~-03 1.00476E+06 3484717E+03
2.34572E+04 3+53708E~-03 B,59328E+05 3+03951E+03
2.51948E+04 3.29T741E=-03 T+23521E+05 2¢38575E+03
2469323E+04 3.08470E=-03 6.00869E+05 1.,85350E403
2+86699E+04 2+96198E~03 4492995E+05 1¢46023E03
3.,04075E+04 2.82620E=~03 4.00152E+05 1¢13091E+03
3.,21450E+04 2.7T7302E-03 3.21680E+05 B492028E+02
3,38826E+04 2485610E=-03 2456368E+05 T32235E+02
3.,56202E+04 3.0952BE-03 2.02726E+05 6.2T494E+02
3,73578E+04 3.57096E~03 1e59175E+05 5.68408E+02
3,90953E+04 4¢33159E~03 1:24175E+05 5¢378BTTE+D2
4408329E+04 5¢59465E=03 G,63011E+04 5.3B771E+02
4425705E+04 T+44931E~03 Te42B03E+04 5¢53337E+02
4,43080E+04 1.06395E=02 Se70097E+04 6+06556E+02
4,60456E+04 1.65262E~02 4 +35534E+04 Te19773E«02
4.77832E+04 2+65550E=~02 3.31315E+04 8479806E+02
4,95207E+04 4455531E~02 2.51037E+04 1414355E+03
5.12583E+04 T«T71286E~02 1+89509E+04 le46166E+03
5.,29959E+04 1.32917E=01 1.425T0E+04 1.89499€+03
B.,47335E+04 2¢32082E=01 1+06311E+04 2+48121E+03
5.64T10E+04 4,25239E=~01 T«9928BE+03 3.3988BE+03
5,82086E+04 Te40682E-01 5.95869E+03 4441350E+03
5,99462E+04 1.19817E+00 4443034E+0Q3 5+30830E+03
6,1683TE+04 1+38090E+00 3.,285T1E+03 4453722E+03
6,34213E+04 1.47T06E+0Q0 2+43101E+03 3.59075E+03
6,51589E+04 1.,58069E+00 1.79459E+03 2.836T0E+03
6,68964E+04 1.33187E+00 1432196E+03 1,76068E+03

J TOTAL = 1.89130E+08
o PLANCK MEAN OPACITY = 6£.,52412E=03 MEAN=SQUARED PLANCK MEAN OPACITY 1,84930E~03

! ROSSELAND MEAN-FREE=-PATH = 2.,43352E+02 1/ROSSELAND MEAN-FREE=PATH = 4,10927€=03

o MEAN=-SQUARED ROSSELAND MEANSFREE=PATH = 6,43645E+04 I PRIME = 7,15894E+04


http:2.48121E.03
http:1.42570E.04
http:5.53337E.02
http:3.73578E.04
http:8.92028E.02
http:3*21450E.04
http:6.00869E.05
http:8.75286E.03
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TOTAL OPACITIES AND VOLUME EMISSION 62
TEMPERATURE = 6450000E+03 SI/H MASS RATIO = 5,00000E=03 PRESSURE = 1.00000E+02
OMEGA TOTAL MU BlWaT) J
7.81906E+03 8+34904E-03 142256BE+06 1.02333E+04
9,55663E+03 1.09287£=-02 1+42535E+06 14557T1E+04
112942E+04 1417905602 1453436E+06 1.80908€E+04
1+30318E+04 1.15912g-02 1.55994E+06 1.80816E+04
1.47693E+04 1.09298£-02 1451710E+06 1+65816E+04
1,65069E+04 1,01943g=-02 1.42379E+06 Le45144E+04
1.82445E+04 9+40422E-03 1.29758E+06 1.22028E+04
1,99821E+04 B8.59154E=-03 1.15384E+06 9+91323E+03
24,17196E+04 7+97052E~03 1.004T6E+06 8+00849E+03
2434572E+04 7+61386E=03 8.59328E+05 6+54281E+03
2.5194BE+04 6+82500€=-03 7423521E+05 4+93803E+03
2.69323E404 6¢33648£-03 6+00B69E+05 3.80740E+03
2486699E+04 6+400327E~03 4+92995E+05 2095958E+03
3.,0407SE+04 5.80656E~=03 4+00152E+05 2,32351E+03
3,21450E+04 5¢31468E-03 3421680E+05 1:70963E+03
3,38826E+04 5.21830E=03 2+56368E+05 1433781E+03
3.56202E+04 5¢296T1E~03 2+02726E+05 1.07378E+03
3,73578E+04 5462889E~03 1.59175E+05 8.95979E+02
3,90053E+04 6+26216E~03 1:24175E+05 TeTT60TE+D2
4408329E+04 7.40965£=03 9+63011E+04 Te13557E+02
4425705E+404 9415981E=03 T+42803E+04 6+80393E+02
44,43080E+04 1.22723€=-02 S«T0097E+04 6499642E402
4¢60456E+04 1+81525E-02 4¢35534E+04 Ta90604E+402
4,77832E+04 24B82686E~02 3.31315E+04 9+36581E402
4+95207E+04 4.T7393E~02 2451037E+04 1.19843E+03
5,12583E+404 84 04459E~02 1.89509£+04 1452453E+03
5429959E+04 1¢37025E=01 1.425T0E+04 1+95356E+03
5.47335E+404 2438896E~01 1406911E+04 2455406E+03
5.64710E+04 4+39470E=01 7¢99288E+03 3+51263E+03
5,82086E+04 7.72167E=01 B95869E403 4e60111E+03
5¢99462E+04 1426256E400 4¢43034E+03 559356E+03
6416837E+04 1,46884E+00 3.28571E+03 4.82618E+03
6434213E+04 1.62304E+00 2443101E+03 3494562E+03
6.,51589E+04 1.86872E+00 1+479459E+03 3.35358E+03
0.68964E+04 1.98432E+00 1432196E+03 2462319E+03
J TOTAL = 3.28534E+08

PLANCK MEAN OPACITY = ' 1,13329E~02 MEAN-SQUARED PLANCK MEAN OPACITY = 2,37860E-03

ROSSELAND MEAN-FREE-PATH = 1,22349E+02 1/ROSSELAND MEAN-FREE=PATH = B8,17334E~-03

MEAN~SQUARED ROSSELAND MEAN~FREE=PATH = 1.63404E+04 I PRIME = 1.93955E+04


http:1.63404E.04
http:2.55406E.03
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TEMPERATURE =

OMEGA
T.81906E+03
9,55663E+03
1:12942E+04
1.30318E+04
14T693E+04
1.65069E+04
1.82445E+04
1.99821E+04
2.17196E+04
2.34572E+04
2.51948E+04
2.69323E+04
2+.B6699E+04
3:04075E+04
3.21450E+04
3.,38826E+04
3456202E+04
3,73578E+04
3.90953E+04
4.08329E+04
4+25TOSE+04
4.43080E+04
4,60456E+04
4.7TBIA2E+04
4,9520T7TE+04
S5.12583E+04
S.29959E+04
5.47335E+04
S5.64T10E+04
S.82086E+04
5¢99462E+04
6,16837TE+04
6,34213E+04
6,51589E+04
6,68964E+04

PLANCK MEAN QOPACITY =
ROSSELAND MEAN~FREE=PATH =
MEAN=SQUARED ROSSELAND MEAN=FREE=PATH

6+50000E+03 SI/H MASS RATIO = 1.00000E=02 PRESSURE = 1,00000E+02
TOTAL MU BiWsT) J
1.12825€-~02 1.22668E406 1.38288E+04
1.4T659E~02 1.42535E+06 2.10665E+04
1.59311€-02 1.53436E+06 2e44440E+04
1s56655E=02 1+55994E+06 2444373E+04
1+47739E=02 1.51710E+06 2.24135E+04
143B054E=02 1.42379E+06 1.96559E+04
1.27459E-02 1.29758E+06 1+65389E+04
1.164T1E-02 1.15384E406 1+3438BE+04
1.08203-02 1.004T6E+06 1+08719E+04
1,05235E-02 8+59328E+05 9.04313E+03
9.25766E=03 7.23521E+405 6469811E+03
B.58060E=03 6.4 00B69E+05 5415582E403
8+11944E-03 4+92995E +05 4400285E+03
7+95236E-03 4.,00152E+05 3,18216E+03
7.07039E=03 3.21680E+05 2¢27441E+03
£+85015E~03 2+56368E4+05 1.75616E4+03
6+81785E~03 2402726E+05 1,38216E+03
7+05106E=03 1.59175E+05 1412235E+03
7.59645F=03 1.24175E405 9443292E+02
Be66415E=03 9,63011E+04 8.34367E+02
1,03423E=02 7.42803E+ 04 7468226E+02
1+34065€=02 GeT009TE+04 7464297E+02
1,93124€=-02 4435534E+04 Be41121E402
2+95506E~02 3.31315€+04 9. 790STE+02
4+95589E=02 2.51037E+04 1424411E403
B,35109E=02 1489509E+04 1.58261E+03
1.40968E~01 1.425T70E+04 2,00977E+03
2445773E«01 1.06911E+04 2+62758E+03
445433T7E~01 7+9928BE+03 3.63146E+03
8,05588E-01 5,95869E+03 4.80025E+03
1+33135E+00 4,43034E+03 5,89833E+03
1.56296E+00 3,28571E+03 5,13542E+03
1.77951E+00 2,43101E+03 4.32600E+03
2e1TTITTE+00 1479459E+03 3,90821E+03
2.,68481E+00 1.32196E+03 3.54920E4+03
J TOTAL = 4.25941E+08
1.46930E~02 MEAN=SQUARED PLANCK MEAN OPACITY = 3,05481E-03
9415547E+01 1/ROSSELAND MEAN-FREE-PATH = 1,09224E-02

TOTAL OPACITIES AND VOLUME EMISSION

9.17731E+03

I PRIME

63

= 1.11599E+04
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TOTAL OPACITIES AND VOLUME EMISSION 64
TEMPERATURE = 6.50000E+03 SI/H MASS RATIO = 5,00000E=02 PRESSURE =- 1.00000E+02
OMEGA TOTAL MU BiWsT) J
7.81906E+03 2446402E=02 1+22568E+06 3.02010E+04
9,55663E+03 3.22206E=-02 - 1.42535E+06 4+59255E+04
1.12942E+04 3447637E=02 1.53436E+06 5.33400E+04
1,30318E+04 3.42340E-02 1+55994E+06 S5¢34030E+04
1.47693E+04 3.23170E=-02 1.51710E+06 4490282E+04
1.65069E+04 3,04316E~02 1442379E+06 4433280E+04
1¢82445E+04 2+B81958E~02 1.297S8BE+06 3065864E+04
1,99821E+04 2+58007E=02 1.15384E+06 24.97698E+04
2417196E+04 2.41257E~02 1.00476E+06 2.42406E404
2434572E+04 2451676E=02 8.59328E+05 2e16272E4+04
2.51948E+04 2.06725€~02 7.23521E+05 1,49570E+04
2.69323E+04 1s91282E=-02 6+ 00B69E+0S 1+14935E+04
2e86699E+04 1482417E=02 44'92995E+05 8.99306E+03
3,0407SE+04 1:89466E-02 4400152E+05 7.58151E+03
3421450E+04 1453420E-02 3.21680E+05 44,93522E403
3,38B826E+04 1.45408E=02 2456368E405 3.72780E+03
3:56202E+04 1439907€-02 20 02726E+05 2:83628E+03
3,7357BE+04 1.37601E~02 1.59175E+05 2019027E+03
3.90953E+04 1438931E~02 1.24175E+05 1.72518E+03
4.08329E+04 1.45B861E=02 9,63011E+04 1¢40466E+03
4425705E+04 1.,59268E=02 7e42803E+404 1,18304E+03
4443080E+04 1+88180E=-02 5.T0097E+04 1,07281E+03
4460456E404 2451624E=02 4+35534E+06 1.09591E+03
4.77832E+04 3.65898E=02 3.31315E+04 1.21228E+03
4.95207E+04 6412642E~02 2451037E+04 1.53796E+03
5e12583E+04 1.05775€=-01 1.89509E+04 2.00454E403
5+29959E + 0% 1.70714E=-01 1+42570E+04 2+43386E403
Se47335E+04 3400113E=01 1.06911E+04 3.20853E+03
5464T10E+04 5.75295€-01 7.99288E+03 4459826E+03
5.82086E+04 1,08107€+00 5495869E403 64441T6E+03
5.99462E+04 1.90128E+00 4+43036E+03 Be42331E+03
6¢16837E+04 2+34372E+00 3.28571E+03 T+T007BE+03
6434213E+404 3,07913E+00 2.43101E+03 7¢48539E+03
6.51589E+04 44 T469SE+00 1479459E403 8,51883E+03
6468964E+04 8+51061E+00 1432196E4+03 1412507E+04
J-TOTAL = B.95652E+08
PLANCK MEAN OPACITY = 3,08958E~02 * MEAN~-SQUARED PLANCK MEAN OPACITY = 1,30380E-02
ROSSELAND MEAN=FREE=PATH = 4+23714E+01 1/ROSSELAND MEAN=FREE=PATH = 2,36008E=02

2
MEAN=SQUARED ROSSELAND MEAN-FREE-PATH = 1.983535*03 2.54264E+03

I PRIME

v
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TEMPERATURE =

OMEGA
9,55663E+03
1:s12942E+04
1.30318E+04
1447693E+04
1,65069E+04
1e82445E+04
1.99821E+04
2.17196E+04
2¢345T72E+04
2¢51948E+04
2.69323E+04
2+B6699E+04
3,04075E+04
3,21450E+04
3.3B826E+0¢4
3.,56202E+04
3.73578E+04
3,90953E+04
4,0B329E+04
4,25T05E+04
444308B0E+04
4,60456E+04
4. T7832E+04
4.9520TE+04
5.12583E+04
5+29959E+04
5+47335E+04
S5+64T10E+04
5.82086E+04
5499462E+04
6,16837E+04
6,34213E+04
H4515B9E+04
6.68964E+04

PLANCK MEAN OPACITY =

ROSSELAND MEAN=FREE=~PATH =
MEAN=SGQUARED ROSSELAND MEAN=FREE«PATH = 7,41489E+02

6.,50000E+03

TOTAL COPACITIES AND VOLUME EMISSION

SI/H MASS RATIO =

TOTAL MU
4e03986E~02
4+3TS02E=02
5.25486E~02
S5+11479E=02
44 T9463E=02
444433TE-02
4+08568E=02
3.T7293TE=02
3.45391E=-02
3,19585E~02
2.99113E~-02
2.81794E=02
2.70820E=02
2+62713E~02
2e¢64244E=02
2+83110E-02
3,22315E=02
3.92400£~02
4 .99853E=-02
6.T4006E=02
9,26953E-02
1.,35826E=01
2+15050E=01
3+49T728E=01
6.04587E-01
1.02796E»00
1+77ST1E+00
3.10460E+00
5.692T0E+00
9.,91917E+00
1.60488E+01
1.84971E+01
1.9785T7TE+01
2+11743E+01
1.78408BE+01

J TOTAL =

6e91474E~02

2460742E+01

BiWeT)
1+22568E+06
1:42535E+06
1.53436E+06
1.55994E+06
1.51710E+06
1.42379E+06
1¢29758E+06
1.15384E+06
1.00476E+06
B.59328E+05
Te23521E+05
6.00869E+05
4492995E+05
4.00152E+05
3.,21680E+05
2+56368BE+05
2.02726E+05
1,59175E+05
1241 75E+05
9.63011E+04
Te42B03E+04
S« TODSTE+04%
4 435534E+04
3.31315E+04
2.51037E+04
1¢B9509E+04
1,42570E+04
1.06911E+04
T+9928BE+03
S«95869E+03
4.43034E+03
3.285T7T1E+03
2+43101E+03
1¢79459E+03
1e32196E+03

2400454E+09

PRESSURE =

MEAN=~SQUARED PLANCK MEAN OPACITY
1/ROSSELAND MEAN=-FREE~PATH

I PRIME

5.00000E+

J
4495159E+04
7.09113E404
8.06285E+04
7.97878E+04
7.27395E+04
6032640E+04
5¢30151E+04
4+30308E+04
3.4703TE+04
24T4628E+04
2,16415E+04
1.69321E+04
1.33513E+04
1.05125E+04
B450023E+03
7425B05E+03
6+53416E+03
6+24603E+03
6.20694E+03
6+.49075E«03
6.88543E+03
7474340E+03
9,36614E+03
1.15870E+04
1.51774E404
1.94809E+04
2.53162E+04
3,31915E+04
4455010E+04
5.91053E+04
Te11015E+04
6,07TT61E+D4
4480992E+04
3.79992E+04
2.3584TE+04

= 3.297TTE
= 3.83521E
= 8,03399E

65

02

-01
-02
+02
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6.68964E+04

“TOTAL bPACITIES AND VOLUME EMISSION

TEMPERATURE = 6.50000E+03 SI/H MASS RATIO 5.00000E-03 5.00000E+02
OMEGA TOTAL MU B(WsT) J

T«81906E+03 B.168965E£-02 1.2256BE+06 1.0037T9E+05
9.55663E+03 1.00838E~01 1.42535E+06 1.43729E+05
1.12942E+04 1.,06541E~01 1+453436E+06 1.63473E+05
1.30318BE+04 1.03766E~-01 1+55994E+06 1461869E+05
1447693E+04 9.73143E-02 1.51710E+06 1l+47636E+05
1.65069E+404 9+03955E~02 1¢42373E+06 1+28704E+05
1.82445E+04 8,31870E=-02 1.2975BE+06 1+ 07942E+05
1.99821E+04 7.58956E-02 1.153B4E+06 B8.75711E+04
2417T196E+04 7.03523E~02 1.00476E+06 T+06BTSE+04
2+34572E+04 T«05246E=02 B8.59328E+05 5. 06038E+04
2.5194BE+04 6. 02565E~02 T+23521E+05 4+35968E+04
2.69323E+04 5.61317E=-02 6,00869E+05 3.37278E+04
2.86699E+04 5,37516E-02 4492995E+05 2+64993E+04
3,04075E+04 5.,48685E=02 4.00152E+05 2¢19558E+04
3,21450E+04 4.81766E~02 3,21680E+05 1.54975E«04
3.38826E+04 4 485065E~02 245636BE+05 1.24355E+04
3,56202E+04 5+10394E=-02 2402T26E+05 1.0347T0E+04
3,735TBE+04 5.68113E~02 1,59175E+05 9404294E+03
3.90953E+04 6. 64605E~02 1.24175E405 B.25276E+03
4,08329E+04 B.28B16E~02 9.63011E+04 7.98159E+03
4425TOSE+04 1.,07285E-01 Te42803E+04 T+96G14E+03
4.43080E+04 1:49944E-01 5.70097E+04 8.54823E+03
4,60456E+04 2430079E-01 4 4 3B534E+04 l.00207E+04
447TBI2E+04 3.65518E~01 3.31315£+04 1.21102E+04
4.95207E+04 6423582€=01 2+51037E+04 1.56542E+04
5,12583E+04 1+05583€E+00 1.89509E+04 2400090E+04
5.29959E+04 1480851E+00 1442570E+04 2+.57839E+04
5.47336E+04 3.14799E+00 1.06911E+04 3+36554E+04
5,64T10E+04 5.78004E+00 T+99288E+03 4461992E+04
5,82086E+04 1,01094E+01 5295869E+03 6+023B8E+04
5,99462E+04 1.64356E+01 4443034E+03 Te2B156E+04
6.1683TE+04 1.90252E401 3.28571E+03 6.25111E+04
6434213E+04 2.06626E+01 2+43101E+03 5.02309E+04
6.,51589E+04 2.29055E£+01 1.79459E+03 4¢11061E+04

2+17653E+01 1+32196E+03 24BTT29E+04

J TOTAL = 3,22763E+09

PLANCK MEAN QPACITY = 1.11338E-0} MEAN=SQUARED PLANCK MEAN OPACITY
ROSSELAND MEAN=FREE~PATH = 1.,33523E+01 1/ROSSELAND MEAN=FREE-PATH
MEAN~SQUARED ROSSELAND MEAN-FREE=~PATH = 1.94418E+02 I PRIME

3.70337E=01
7+48334E~02
2.2466BE+02

it gt



TOTAL OPACITIES AND VOLUME EMISSION

TEMPERATURE = 6,.,50000E+03 SI/H MASS RATIO = 1,00000E=~02 5.00000E+02
OMEGA TOTAL MU BtwsT) v
T81906E+03 1.09459E-01 1,22568E+06 1434161E+05
9+55663E+03 1+34760E~0] 1.42535E+06 1.92079E£+05
1.12942E+04 1.42398E~01 1.53436E+06 2418490E+05
1.30318E+04 1438B746E-0C1 1+55994E+06 2.16435E+05
1,47693E+04 1.,30157E~01 1.51710E+06 1.97461E+05
1.,65069E+04 1.21060E~01 1+42379E406 1,72364E+05
1,82448E+04 1.11469E=0] 1.29T58E+06 1444640E+05
1.99821E4+04 1,01703E=-01 1415384E+06 1+17349E+05
2,1T196E+04 9.43728E-02 1.00476E+06 9448224E+04
2.345T2E+04 9.84371E=-02 8.59328E+05 8.45898E+04
2+51948E+04 B+06152E~02 T+23521E+05 S¢B83268E+04
2469323E+404 Te4BIT0E~02 6.00869E+05 4+50033E+04
2+86699E+04 T+19890E~02 4+92995E+05 3.54902E+04
3.04075E+04 T+58660E=02 4+00152E+05 3.03580E+04
3.21450E+04 64276B3E=~02 3.21680E+05 2401913E+04
3,38826E+04 6420506E-02 2.56368E+05 1+59078E+04
3.56202E+04 6+36522E=-02 2.02726E+05 1¢29040E+04
3.7357BE+04 6.85942E~02 1+59175E+05 1+09185E+04
3.90953E+04 T+ T5079E~02 1.24175E+05 9.,62457E+03
4+08329E+04 9.32614E-02 Se63011E+04 8.,98]118E+03
4.25T05E+04 1.17069E=-01} T«+42803E+04 8.69594E+03
4.43080E+04 1459524E~01 S5.TCOSTE+ 04 9409443E+03
4460456E+04 2+408T7T2E=01 4435534E+04 1.04908E+04
4,T7T7832E+04 3.77314E=01 3.31315E+04 1.25010E+04
4.95207E+04 6438919E~-01 2+5103TE+04 1l+60392E+04
5.125683E+04 1.08056E+00 1.89509E+04 2404TT6E+04
5,29959E+04 1.83855E+00 1:42570E+04 2e62121E+04
5.47335E+04 3.,18915E+00 1.06911E+04 3440955E+04
S.64T710E+04 5.86668E+00 Te99288E+03 4e6BI1TE+04
5.,82086E+04 1.03022E+01 5.95869E+03 64138T79E+04
5¢99462E+04 1.6B314E+01 4443034E+03 Te45689E+04
6,16837E+04 1:.95666E+01 3.28571E+03 6:42900E+04
6,34213E+04 241563TE+01] 2+43)01E+03 5+24215E+04
6.51589E+04 2+468T3E+01 1.79459E+03 4¢43036E+04
6.68964E+04 2+58079E+01 1.32196E+03 3¢41170E+04

J TOTAL =  4.0%842E+09

9 PLANCK MEAN OPACITY = 1,39996E~01 MEAN-SQUARED PLANCK MEAN OPACITY = 4,15740E=01
' ROSSELAND MEAN-FREE=PATH = 1,00994E+01 1/ROSSELAND MEAN-FREE=PATH = 9,90162E=(2
~ MEAN=SGQUARED ROSSELAND MEANWFREE=PATH = 1,11471E+0Z2 I PRIME = ]1,32067E+02
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TOTAL OPACITIES AND VOLUME EMISSION 68
TEMPERATURE = 6.,50000E+03 SI/H MASS RATIO = 5,00000E~02 PRESSURE = 5,00000E+02
OMEGA TOTAL MU BiWsT) J
7.B1906E+03 2034503E=01 1.22568E+06 2eB7426E+05
9.55663E+03 2.8853TE=01 1.42535E+06 4411266E+05
1.12942E+04 3.05000E=01 1.53436E+06 4+6T9TSE+0S
1.30318£+04 2.97894E=01 1.55994E4+06 4e6469TE+0S
1.47693E+04 2.79833E-01 1.51710E+06  44124536E+05
1.65069E+04 2.61721E=01 . 1e42379E+06 3.T72634E405
1.82445E+04 2.41630E=01 1+ 29758E+06 3+.13535E+05
1.99821E+04 2+20676E-01 1.15384E+06 2+54624E+05
2.17196E+04 2.05898E~01 1.00476E+06 2.06879E+08
2.345T2E+04 2.48435E=01 B+59328E+05 2+13488E+05
2.51948E+04 1.475236E=01 7.23521E+05 1.26T7BTE+0S
2.69323E+04 1:62226E=01 6+00B69E+05 “9,74763E+04
2.86699E+04 1.60200E=01 4 4 92995E 405 T7+B97B0E+04
3.04075E+04 1.91766E-01 4.,00152E+05 7+67357E+04
3.21450E+04 1.30587E~01 3.21680E+05 4,20073E+04
3.38826E+04 1,24978E=01 2.56368E+05 3.20404E+04
3.56202E+04 1+22260E=01 © 2402726E+05 24 47B53E+04
3,73578E+04 1.23353E=01 . 145917SE+05 .1.96347E+04
3.90953E+04 1.28853E=01 1.24175E+08 1.60004E+04
4,08329E+04 1.41506E-01 9+63011E+04 1.36272E+04
4,25705E+04 1.62581E=01 7.42803E+04 1. 20766E+04
4,430B0E+04 23 05234E=01 S5.T0097E+04 1.17003E+04
4,60456E+04 2.98562E=01 4 435534E+04 1430034E+04
4, TT832E+04 4464192E=01 3.31315E+04 1.4716BE+04
4,9520TE+04 7e36146E=01 L2+51037E+04 1.84800E+04
5.12583E+04 1.25569E+00 189509E+04 L2+37965E+04
5.29959E+04 2.05829E+00 1.,42570E+04 2¢93450E+04
5.4T335E+04 3,50090E+00 1,06911E+04 3,742B4E+04
5,64T10E+Q4 6+54934E+00 7.99288E+03 S5¢234B1E+04
5.82086E+04 "1.18497FE+01 5.95869E+03 T 06088E+04
5.99462E+04 2.00303€+01 44,43034E+03 8487410E4+04
6,1683TE+04 2439510E+01 '3,28571E+03 T+B6961E+04
6.34213E+04 2.88742E+01 2443101E+03 Te01935E+04
6.51589E+04 3.91609E+01 1.79459E403 Te02TTTE+04
6,68964E+04 5.866T6E+01 1432196E+03 T+ 15560FE+04
J TOTAL = 8,01733E+09

PLANCK MEAN OPACITY = 2,76560E-01 MEAN=SQUARED PLANCK MEAN OPACITY = 9.24006E=01
ROSSELAND MEAN-FREE~PATH = 4,76630E+00 1/R0OSSELAND MEANFREE=PATH = 2,09806E=01
MEAN-SQUARED ROSSELAND MEAN-FREE=PATH = 2.51326E+01 . 1 PRIME = 3,16010E+01


http:3*13535E.05
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TOTAL OPACITIES AND VOLUME EMISSION 69

PRESSURE = 1.00000E+03

TEMPERATURE =  6.50000E+03 SI/H MASS RATIO = 0,

OMEGA TOTAL MU B{WeT} J
T«B1906E+03 1+13839E-01 1+22568E+06 1+39531E+05
9,55663E+03 133952E-01 1+42535E+06 1.90928E+05
1,12942E+04 1¢39120E-~01 1453436E+06 2¢13461E+05
1430318E+04 134343E~01 1.55994E+06 2+09568E+05
1.47693E+04 1425360£~01 1.51710E+06 1+90184E+05
1.65069E+04 1.15852E-01 1+442379E+06 146494BE+0S
1.82445E+04 1.06326E-01 1+2975BE+06 1.37967E+05S
1.99821E+04 9.69300E-02 1s15384E+06 1,1184)E+05
2417196E+04 8.96832E~02 1.00476E+06 9.01105E+04
2e34572E+404 8429295E~02 8459326E+05 Tel263TE+04
2.51948E+04 T+ TRE99E~02 T«23521E+05 5.61380E+04
2.69323E+04 T+30950E=02 6.008B69E+05 44.39205E+04
2.86699E+04 T+00957E~-02 4992995E+05 3445568E+04
3,04075E+04 6+80470E~D2 4,001S2E+05 2.T2292E+04
3.,21450E+04 6.85336E~02 3.216B0E+05 2.20459E+04
3.38826E+04 Te36026E=02 2.56368E+05 1.88694E+04
3.56202E+04 B.40464E=02 2+02726E+05 1.70384E+04
3,73578BE+04 1.,02638E-~01 1.59175E+05 1.633T4E+D4
J.90953E+04 1.,31089E=01 1.24175E+05 1.62780E+04
4,08329E+04 1+77151E~01 G463011E+04 1.70599E+04
4.25T705E+04 2+44023E~01 T.42803E+04 1.81261E+04
4+43080E+04 3.58005€E~01 S5.70097E+04 2:0409TE+04
4460456E+04 5+67326E-01 4+35534E+04 2+4T030E+04
4+T7832E+04 9+23136E~01 3.,31315E+04 3.05849E+04
4495207E+04 1+59642E+00 2+51037E+04 4.00761E+04
5412583E+04 2+T148BE+00 1+B9509E+04 5.14495E+04
5¢29959E+04 4469020E+00 1.42570E+04 6.68600E+04
5,47335E+04 8.20069E+00 1,06511E+04 BeTET43E+04
S5.,64710E+04 1.50376E+01 T+9928BE+03 1.20194E+05
5.,82086E+04 2.62025E+01 5.95869E+03 1.56132E+05
5,99462E+04 422394BE£+01 4.43034E+03 1.,87823E+05
6,16837E+04 4,88625E+01 3,28571E£+03 1.6054B8E+05
6,34213E+04 5.22665E+01 2.43101E+03 1.27060E+05
6,51589E+04 5.59348E+01 1.79459E+03 1.003B0E+05
6.,68964E+04 4.7T128TE+01 1.32196E+03 6.2302)E+04

J TOTAL = 5.28849E+09

MEAN-S5QUARED PLANCK MEAN OPACITY = 2,30120E+00
1/ROSSELAND MEAN~FREE-~PATH = 1,00221E=01
E = 1,18899E+02

w| PLANCK MEAN OPACITY = 1.82428E£=01
t ROSSELAND MEAN=FREE=-PATH = 9Q,97795E+00
I~ MEAN=-SQUARED ROSSELAND MEAN-FREE~PATH = 1,0B8979E+02 I PRIM



¥L - d

6+50000E+03

" JOTAL OPACITIES AND VOLUME EMISSION

'SI/H MASS RATIO = 5,00000E-03

1.32196E+03

t

PRESSURE = 1.00000E+03

TEMPERATURE =
OMEGA TOTAL MU B{WsT) J
7.81906E+03 2408229E-01 1:22568E+406 2455223E+05
9.55663E+03 2445043E-01 1.42535E+06 3449271E+05
1.12942E+04 2454646E~01 1.53436E+06 3.90719€+05
1.30318E+04 2.46157E=01 1+55994E+06 3483991E+05
1,47693E+04 2.29900E-01 1.51710£+06 3+487B2E+05
1,65069E +04 241294 7E=01 1.42379€406 3.03191E+06
1,82645E404 1,95609E=01 1,29758E+06 2.53819E+05"
1,99821E+04 1.78249E~01 1.15384E+06 2405671E+05
2.17196E+04 1.65095E=01 1.004T6E+06 1.65882E+05
2.34572E+04 1.70193E-01 8.59328E+05 1,46252E+05
2.51948E+04 1.41218E~01 7423521405 1.021T4E+05
2,69323E+04 1+31650E~01 6000869E+05 7+91043E+04
2,86699E+04 1,26908E-01 4492995E+05 6425650E+04
3.04075E+04 1,33357E-01 4.00152E+05 5,33633E+04
3.21450E+04 1.13879E=01 3.21680E+05 366327604
3.38826E+04 1.15652£-01 2+56368E+05 2496496E+404
3.56202E404 1423173E=01 2.02726E+05 2,49703E+04
3.73578E+04 1.39167£-01 1.59175E+05 2421518E+04
3.90953E+04 1,65320E=01 1,24175E+05 2.05287E+04
4,08329E+04 2409301£=01 9.63011E+04 2401560E+04
4,25705E+04 2.74322E-01 7442803E+404 2,0376TE+04
4,43080E+04 3.87677E=01 S.70097€+04 2421013E+04
44,60456E+04 6+00707E=0] 4435534E+04 2461628E+04
4,77832E+04 9+58681E=01 3.31315E+04 3.17625E+04
4.9520TE+04 1.63919E+00 2,51037E+04 4o 1149TE+04
5,12583E+04 2.TT89TE+00 1.89509€+04 5+26641E+04
5429959E+04 44 T6464E+00 1.42570E+04 64 79293E+04
5.47335E404 8.28671E+00 1406911E+04 B8+B5939E+04
5.64710E+04 1,52096E+01 7.99288E+03 1.21568E+05
5482086E+04 2+65765E+01 5.95869E+03 1.58361E+05
5.99462E+04 4431554E+01: 4443034E+03 1,91193E+05
6416837E+04 4499010E+01 3.28571E+03 1463960E+05
6434213E+04 5.39931E+01 2443101E+03 1.31258E+05
6.51589E4+04 5493470E+01 1, 79459E+03 1,06504E+05
6+68964E+04 5:48701E+01 '7425359E+04

J TOTAL = 7.90632E+09

PLdNCK‘MEAN OPACITY = 2472731E=01 MEAN=SGUARED PLANCK MEAN OPACITY = 2,51066E+00
ROSSELAND MEAN-FREE=PATH = 5.,60005E+00 1/ROSSELAND MEAN<FREE~-PATH = 1,78570E~01
MEAN-SQUARED ROSSELAND MEAN=FREE-PATH = 3,42688E+01’ I PRIME = 3,94552E+01


http:1.21568E.05
http:1*89509E.04
http:3i66327E.04
http:1*55994E.06

SL

TOTAL OPACITIES AND VOLUME EMISSION 71
TEMPERATURE = 6.,50000E+03 SI/H MASS RATIO = 1,00000E=02 PRESSURE = 1.00000E+03
OMEGA TOTAL MY BiWsT) J
7+81906E+03 2472820E-01 L+22568E+06 3.34391E+05
9.,55663E+03 3.21062E~01 1.42535E+06 4¢57624E+405
1,12942E+04 3.33741E~01 1.53436E+06 5¢12078BE+05
1,30318E+04 3.,22826E~01 1455994E+06 5+03590E+05
1,4T693E+04 3,01660E~01 1451710E+06 4s57649E+05
1,65069E+04 2479782E=01 1.42379E+06 3.98349E+05
1:82445E+04 2.57155E=01 1229758E+06 3433680E+05
1,99821E+04 2¢34343E-01 1.15384E+06 2+ T0394E+05
2417196E+04 2417278E-01 1.00476E+06 2418313E+05
24345T72E+04 2¢36485E=01 8¢5932BE+05 2+03219E+05
2,51948E+04 1,85201E=~01 7.23521E+05 1.33997E+05
2,69323E+04 1.72140E=01 6+00869E+05 1403434E+05
2486699E+04 1.6T7146E=01 4+92995E+05 8+.24023E+04
3.04075E404 1.83749E~01 4+00152E+05 T+3527TE+04
3,21450E+04 1245158E=0] 3.21680E405 4066944E+04
3.38826E404 1e44638E=01 2456368E+05 3.7080TE+04
3.56202E+04 1+50135E=01 2.02726E+05 3.04362E+04
3.,73578E+04 1,64332E-01 1.59175E+05 2+61575E+04
3,90953E+04 1.88898E~-01 1+241TSE*(0S Z2e34564E+04
4.08329E+04 2+31441E-01 9463011E+04 2.22B8B0E+04
4425T05E+04 2+95193E~01 74426803E+04 2¢19270E+04
4,43080E+04 4408450E=0] S5¢7009TE+04 2432856E+04
4460456E+04 6+25800E=01 4 ¢35534E+04 2.72557E+04
4oT77832E%04 9.86371E~01 3,31315E+04 3¢26799E+04
4,95207E+04 1.67469E+00 245103TE+04 4+20409E+04
5,12583E+04 2+83666E+00 1.89509E+04 5¢37574E+04
5429959E+04 4+83330E+00 1.42570E4+04 6¢89081E+04
5447335E+04 8,36757E+00 1.06911E+04 8494584E+04
5.64710E+04 1.53784E+01 7e99288E+03 1.22918E+05
5,82086E+04 2+69514E+01 5495869E+03 1e+60595E+05
5+99462E+04 4439245E+01 4443034E+03 1¢94601E+05
6,1683T7E+04 5,09537E+01 3,28571E+03 1.67419E+05
6.34213E+04 S«5T4TLE+Q] 2+43101E+03 1435522E+05
6451589E+04 6428187E+01 1479459E+03 1412734E+05
6+68964E+04 6+2752BE+01 1,32196E+03 Bs29566E+04
J TOTAL = 9.73876E+09

PLANCK MEAN OPACITY = 3.,35942E~01 MEAN=SQUARED PLANCK MEAN OPACITY = 2,737T70E+00

ROSSELAND MEAN=FREE~PATH = 4,30986E+00 1/ROSSELAND MEANFREE=PATH = 2.32026E-01l

MEAN=SQUARED ROSSELAND MEAN«FREE-PATH = 2,03402E+0] I PRIME = 2,39789E+01



9L -

TOTAL OPACITIES AND VOLUME EMISSION

PRESSURE =~

TEMPERATURE =  6,50000F+03 SI/H MASS RATIO = 5,00000E~02 1.00000E+03

OMEGA TOTAL My BiWsT) J
7.,81906E+03 S.73854FE=01 1.22568E+06 T.03362E+05
9,55663E+03 6+752T4F=01 1.42535E+06 9,62499E+05
1,12942E+04 7+02677E=01 1.53436E+06 1.07816E+06
1430318E+04 6+82089E=01 1+55994E+06 1.06402E+06
1,47693E+04 6+4387T72E=01 1.51710E+06 9.69083E+05
1,65069E404 S5.95T49E=01 1.42379E+06 8448219E+405
1.82445E404 S5¢469119E«01] 1429768E+06 7.12528E+05
1.99821E+04 5+ 00920E=01 1:15384E+06 5¢77979E+05
2,17196E+04 4+6T030E=01 1+00476E+06 4+69255E+05
2.345T2E+04 6¢14512E=01 .8 459328E+05 S5+28067E+05
2.51948E+04 3.95361E=01 7+23521E+05 2+86052E+05
2.69323E+04 3.65715E«01 6+00869E+05 2.1974TE+05
2.86699E+04 3.,69383E=01 4492995E+05 1.82104E+05
3,0407SE+04 4+ T9390E-01 4400152E+05 1.91829E+05
3.21450E+04 2¢93933£=01 3+21680E+05 3445526E+04
3.38826E+04 2+82344£-01 2+56368BE+05 Te23B41E+04
3,56202E+04 2.78165E=01 2.02726E+05 B5e63913E+04
3,735T8E+04 24B3794E~0] 1.59175E+05 4+51T729E+04
3.90953E+04 3.,00800E=01 1.2417SE+05 3.73519E+04
4,08329E+04 3,36500F-01 9.63011E+04 3+24053E+04
4 25705E+04 3.94327E=01 7.42803E+04 2492907E+04
4,43080E+04 5410624Ew01 5.70097E+04 2.91105E+04
4,60456E+D4 7e68044E=01 4435534404 3.34509E+04
4,TT832E+D4 1.15094E4+00 3.31315E+04 3.81324E+04
4,9520TE+04 1:90561E+00 2451037E+04 4eTBITOE+ 04
S.12583E+04 3.25023E+00 1,89509E+04 H5e15950E+04
5.,29959E+04 5+33851£+00 1442570E+04 "Te61108BE+04
5447335E+04 B.GT46BE+D0 1+06911E+04 9459491F+04
5.64710E+04 1,66992E+01 7.+99288E+03 1433475E+05
5,82086E+04 Z2:99419E4+01 5.95869E+03 Lo TBH#I4EDS
5,99462E+04 Se0107HE+0] G4o43034E+03 2421994E+05
6.16837TE+04 5e94325E+01 3.,28571E+03 1+95278E+05
6.,34213E+04 6499021E+01 2,43101E+03 1+69932E+05
6,51589E404 9., 08724E+0} 14 79459E403 1463079E+05
6.68964E+04 1.2649TE+02 1e32196E+03

1e67223E+05

J TOTAL = 1.87172E+10,

PLANCK MEAN OPACITY = 6.45655E=01] MEAN-SQUARED PLANCK MEAN OPACITY = 5,10335E+00
ROSSELAND MEAN=FREE~-PATH = 2.06389E+00 1/ROSSELAND MEAN~FREE~PATH = 4,84521E-01
MEAN=SQUARED ROSSELAND MEAN=FREE=PATH = 4,73852E+00 ' I PRIME = 5,94323E+00


http:9.087.24
http:7.6110E.04
http:2.9110SE.04
http:2,86052E.05

LL -

TOTAL OPACITIES AND VOLUME EMISSICON 73
TEMPERATURE = 8,.,00000€+403 SI/H MASS RATIO PRESSURE = 1.00000E+02
OMEGA TOTAL MY B(WsT) J oo
T+81906E+03 2+30780E=02 1.84809E+06 4426503E+04
9+55663E+03 2.86952E«02 2.27081E+06 6451613E+04
1.12942E+04 3.04988E=02 2+¢59042E+06 Te90048E+04
1.30318E+04 2.9959TE=02 2.,79800E+06 B+3B2TOE+D4
1.47T693E+04 2.85352(£-02 2+89737E+06 B8.26769E+04
1+65069E+04 2.65490E~02 2.90059E+06 T«TO008QE+04
1.82445E+04 2+44957TE=02 2¢82424E+406 6.91816E+04
1.99821E+04 2.24051E=-02 2+6B647TE+06 6.01906E+04
241T196E+04 2+07506E~02 2+50506E+06 5.19815E+04
2+34572E+04 1.51561E=02 2+29608E+06 4+39B40E+04
2.51948E+04 1.77966E~02 2+07317E06. 3+68955E+404
2,69323E+04 1465375E-02 1.84732E+06 3,05501E+04
2,86699E+04 1.6T639E~02 1.62689E+06 2+T2730E+04
3.04075E+04 1.56971E~02 141 7B5E+06 2.22560E+04
3421450E+04 1+4B959E=~02 1¢224)11E406, 1482342E+04
3.,38826E+04 1.G3384E=02 1.04793E+06 1.50256E+04
3.56202E+04 1+41440E-02 8.%0243E+05 1.25916E+04
3.73578E+04 1.43566E-02 T+51022E+05 1.07822E+04
3,90953E+04 1.506B3E=02 629546E+05 9.4B618E+03
4.,08329E+04 le67T023E~02 Se24642E+05 B+76274E+03
4+25T05E+04 1.87634E-02 4¢348T6E+05 8415975E+03
4e430BOE+04G 2.29686E-02 3.58687E+05 8.23855E+03
4.,60456E+04 3.06775E-02 2094494E4+05 9.03432E+03
44 TTB32E+04 4419619E~02 2+40763E+05 1.01029E+04
449520TE+04 5.87261E=02 1.96060E+05 1.15138E+04
5,12583E+04 9.12118E=02 1+59070E+05 1445090E+04
5429959E+04 1.38464E~01 1.286]15E+05 1.78086E+04
S.4TA3GE+04 2+14168E=01 1.0365TE+05 2+22000E+04
5.64710E+04 3447831E-01 8432903E+04 2+.89709E+04
5,82086E+04 5.40154E=01 646TISHE+04 3.60475E+04
5.99462E+04 7+.82853E-01 5.33286E+04 4.17485E+04
6.16837E+04 * 8406251E=01 4.25078E+04 34427T20E+04
6.34213E+04 T.78287E=01 3+38021E+04 2+6307TTE+04
6.51589E+04 Ts49930E=~D] 2¢68189E+04 2.01016E+04
6.68964E+04 5. T622TE=01 2¢12330E+04 1.22350E+04
J TOTAL = 1.9960TE«09

MEAN=SQUARED PLANCK MEAN OPACITY = 4,08432E-03
1/ROSSELAND MEAN~FREE-PATH = 2.06621E=~02
I PRIME = 2,76738E+03

PLANCK MEAN QPACITY = 2,87958E~02
ROSSELAND MEAN=FREE~PATH = 4.8397BE+0])
MEAN=SQUARED ROSSELAND MEAN=FREE~PATH = 2,59771E+03


http:2.76738E.03

8. -

"TOTAL OPACITIES AND VOLUME EMISSION

S«00000E~03

TEMPERATURE = 8,00000E+03 SI/H MASS RATID 1.00000E+02

OMEGA TOTAL MU BiWsT) J
7+81906E+03 2466921E~02 1+84809E+D6 4493295E+04
9.55663E£+073 3.31647E=02 2.2T08LE+D6 7.53106E+04
1412942E+04 3.52698BE~02 2+¢59042E+06 9+1363TE+04
1.30318E+04 3.46613E=-02 2.79800E+06 9469822E+04
1,4T693E+04 3.30051E-02 2+8973TE+06 Fe562T9E+04
1,65069E+04 3.08750E-02 2+90059E+06 B+95560E+04
1.82445E+04 2.85513E-02 2+82424E+06 8.06355E+04
1.,99821E+04 2.61366E-~02 2.6864TE+D6 7+02153E+04
2.17196E+04 2.4285TE<(2 2+50506E+06 6408372E+04
2434572E+04 2.25286£-02 242960BE+06 5¢17275E+04
2.5194BE+04 2.08573E~02 2.07317E+06 4432408E4+04
2,69323E+04 1+93662E=02 1.684732E+06 345TT56E+04
2.86699E+04 1.93930E=02 1:62689E+06 3415503E+04
3,04075E+04 1.81595g-02 1.41785E+06 2+5T7473E+04
3,21450E+04 1.71221E~02 1.22411E+06 2+409593E+04
3,39826E+04 1.64093E~02 1.04793E+06 1471957E+04
3,56202E+04 1.60760E~02 B8+90243E+05 1443115E+04
3, TISTBE+04 1.6163B8E=-02 7+51022E405 1e21394E+04
3,90953E+04 1:67645E=02 6429546E405 1+05540E+04
4,08329E+04 1.82982E~02 5s24642E+05 9.60003E+03
4 ,25T05E+04 2.02679E=02 4+34BT6EVDS 8.81403E+03
4443080E+04 2443989E=02 3¢5868TE+05 B475052E+03
4,60456E+04 3.20633E=02 2.94494E+05 9444243E+03
4,7TA32E+04 4435336E~02 2.40763E+05 1,04813E+04
44,95207E+04 6+ 08292E~02 1.96060E+05 1.19261E+04
5.12583E+04 9.42109E-02 1.59070E+05 1.49861E+04
5,29959E+04 1¢42236E=01 1.28615E+05 1482937E+04
5.47335E+04 2.20527e-01 140365TE+0S 2428592E+04
5.64710E+404 3.60021E~01 B.32903E+04 2.99863E+04
5.82086E+04 S.64501E~01 6.67356E+04 3.76T23E+04
5,99462E+404 8+28528E~01 5.33286E+04 4441843E+04
6416837E+04 B+68554E~01 4425078E+04 3.69204E+04
6434213E+404 Be75436E~01 3.38021E+04 2+95916E+04
6+51589E+04 9,20104E=0] 2+68189E+04 2446T62E+04
6,6B964E+04 9.36098E=01 2+12330E404

1+98762E+04

J TOTAL = 2.27814E+¢9°

PLANCK MEAN OPACITY = 3.,28653E=-02 MEAN=SQUARED PLANCK MEAN OPACITY = 5,16568E-03
ROSSELAND MEAN=FREE=PATH = 4.,216¢58E+01 1/RUSSELAND MEAN<FREE=PATH ® 2,37272E-02
MEAN=SQUARED ROSSELAND MEAN=-FREE=PATH = 1297036E+03 I PRIME = 2,13408E+03


http:1.82937E.04
http:I.A3115E.04
http:5.17275E.04
http:2*40763E.05
http:1.84732E.06
http:2.89737E.06
http:2.27081E+.06

]

1
-
p=]

TEMPERATURE =

OMEGA
TeB1906E+03
S,55663E+03
1+12942E+04
1.30318E+04
1.47693E+04
1,65069E+04
1.82445E+04
1.99821E+04
2+17196E+04
2+345T2E+04
2.51948E+04
2+69323E+04
2¢86699E+04
3,040T7TSE+04
3.21450E+04
3+38826E+04
3.,56202E+04
3.,735T8E+04
3,90953E+04
44+08329E+04
44.25T05E+04
4443080E+04
4460456E+04
44 7T832E+04
4+49520TE+04
S.12583E+04
5.29959E+04
5+47335E+04
Se64TI0E+04
5.82086E+04
5¢99462E+04
6.16837E+04
6+34213E+04
6,51589E+04
6,6B964E+D4

PLANCK MEAN OPACITY =
ROSSELAND MEAN=FREE=PATH =
MEAN-SQUARED ROSSELAND MEAN~FREE~PATH = 1,56303E+03

B.00000E+03

TOTAL OPACITIES AND VOLUME EMISSION

SI/H MASS RATIO =

TOTAL MU
3.01251E=02
3.74069E~02
3.97974E~02
3.91248E=02
3.72521E-02
3.50063E-02
3,243196-02
2.9709BE=-02
2,76810E~02
2.57822E-02
2438034E-02
2.20900E=02
2.19272E~02
2,05388E~02
14926 T7E~02
1+04054E=02
1.79385E-02
1.79063E-02
1.84002E=02
1.98374E=02
2.17191E~02
2,57732E-02
3434045E-02
4450842E~02
6+29641E=02
9, 73255E=02
1.46196E=01
2.27299E£-01
3.73120E-01
5,90779E=01
8.77925E~01
5.359T4E01
9.80616E=01
1+10485E400
1.32596E+00

J TOTAL =

3e68340E~02Z

3,75296E+01

1.00000E=02

B(WsT)
1¢84B09E+06
2.27081E+06
2459042E+06
2479800E+06
2.8973TE+06
2,90059E+06
2.82424E406
2.6864TE+06
2.50506E+06
2¢2960BE+06
2.07317E+06
1.84732E+06
1.62689E+06
1441 785E+06
1.22411E+06
1004793E+06
8+90243E+05
7.51022E405
6429546E+05
5424642E405
4434B76E+05
3.58687E405
2e94494E+05
2¢40763E+05
1.96060E+05
1.590T0E+05
1.28615E405
1,03657E+05
8¢32903E+04

"6e6TIS6E+04

5.33286E+04
4+2507BE+04
3.38021E+04
2.68189E+04
2412330E+404

2+55327E+09

PRESSURE =

75

1.,00000E+02
J

5e56740E+04
B449438E+04
1.03092E+05
1,09471E+05
1.07933£+05
1.01539£405
9.15953E+04
7498146E404
6493427E+04
5,91981E+04
4493486E+04
4408075E404
3.56731E+04
2+91209E+04
2435858E404
1.92875E+04
1,59697E4+04
14364B0E+04
1.15838E+04
1404075E+04
9444511E403
9424452E+03
9483742E+03
1, 08546E+04
1,23447E+04
1054815E+04
1.88031E+04
2.35612E+04
3.10772E+04
3,94260E+04
4468185E404
3.97862E+04
3431469E+04
2.96308E4+04
2.81540E+04

MEAN~SQUARED PLANCK MEAN OPACITY =
1/ROSSELAND MEAN=FREE~pPATH =

I PRIME =

6+57417E~03
2.66456E=02
1.71516E+03
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TOTAL ORACITIES aAND VOLUME EMISSION

5.,00000E=~n2

PRESSURE =

i

TEMPERATURF = ' 8,00000E+03 ST/H MASS RATIO = 1.00000E+02
OMEGA TOTAL MU BWsT) J
7«R1906E+03 S+21837E-02 1.84R09E+06 9464404E+04
9455663E+03 6+45A51F=02 2+27NBLE+06 1.46660E+05
1,12942E+04 6487B63E~02 245504PE+06 1,78186E+05
1,30318E+04 6.7T494E~02 2, T9R00E+06 1,89563E+05%
1.47693E4+04 6445694E-02 2.B9737E406 1,87081E4+05
1.65069E+04 6.,20606E~02 2,90059E+06 1,80012E405
1,82445E+04 5.80194F=02 2,82424E406 1,63860E+05
1.99821E+04 5,33311F-02 2,6864TE+D6 1,43273E+05
2.17196E+04 5.03613E=02 2.,50506E+06 1,26158E+05
2.34572E+04 4,78461E-02 2.29608E+06 1,09858E+05
2,51948E+04 4,36302E-02 2.07317E+406 9,04530E+04
2,69323E+04 4,04444E=02 1.84732E+06 Te47140E+04
2,B6699E+04 3,90612£-02 1.626B9E+06 6+35484E+04
3,04075E+04 3.67597E~02 1.41785E+06 5.21196E+04
3,21450E+04 3.37708E-02 1.22411E406 4413392E404
3,38826E+04 3.19036E~-02 1404793E+06 3.34327E+04
3,56202E+04 3.05413£-02 B+90243E+05 2.T1891E+04
3,73578E+04 2.97016E=02 7+51022E405 2+23065F+04
3,90953E+04 2.94771E-02 6+29546E+05 1.85572E+04
4,08329E+04 3.02661E-02 5,24642E+05 1,58789E404
4,25705E+04 3.15560E=02 4434876E+05 1.37230E+04
4.43080E+04 3.61211E~02 3,58687E405 1.25975E+04
4,60456E404 4,26015E=-02 2494494E405 1,25459F+04
4,77832E+04 5.63817E-02 2,40763E+05 1,35746E+04
4,9520TE+04 7.98424E-02 1,96060E+05 1.56539E+04
5,12583E+04 1,23455€=-01 1.59070E+05 1,96380E+04
5,29959E+04 1.80322E-01 1,28615E+05 2.31921E+04
5,47335E+04 2487639E~01 1,03657E+05 2.9R158E+04
5,64710E+04 4,92205E~01 8432903E+04 4,09959E+04
5,82086E+04 8,32100E-01 6.673IS6E+04 5,55307E+04
5,99462E+04 1.33358E+00 5,33286E+04 7.11181E404
6,16837E+04 1.55867E+00 4,2507RE+04 6,62559E404
6,34213€+04 1,95317E+00 3,38021E4+04 6.60213E+04
6.51589E+04 2.B1446E300 2.68189E+04 7+54B07E+04
6,68964E+04 4493556E+00 2,12330E+04 1,04797E+05
©J TOTAL = 4,48566E+09. ' -

PLANCK MEAN OPACITY = 6.47111E=02
ROSSELAND MEANFREE-PATH = 2.18353E+01
MEAN-SQUARED ROSSELAND MEAN-FREE-PATH =

MEAN=SQUARED PLANCK MEAN OPAGITY =
1/ROSSEILAND MEAN-FREE=-PATH =
5.31009E+02 S ERINE o

3.13254E=~02
4.579T4E=02
6,12776E+02


http:4.48566E4.Th
http:2.12330E.04
http:2.6RIAQE.04
http:4.2507AE.04
http:1.96380E.04
http:4.60456E.04
http:3.58687E.O5
http:1;09858E.O5
http:2.68647E.06
http:65069E.04

TOTAL OPACITIES AND VOILLUME EMISSION

J TOTAL = Z2+47T14E+10

TEMPERATURE = Be00000E+03 SI/H MASS RATIO = (. 5.00000E+02
OMEGA TOTAL MU BtWsT) o
7.81906E+03 2434119E-01 1.84809E+06 44326T3E+05
9,55663E+03 2+83905E=01 ‘242T081E+06 6+ 44693E+05
1.12942E+04 2¢99845E=01 2.59042E+06 T« T6726E+05
1.30318E+04 2¢93459E~01 2.79800E+06 8.21098E+05
1,4T693E+04 2.TT6S1E~0] 2+8973TE+06 8.04572E+05
1,65069E+04 2¢58499E~01 2+90059E+06 T+49800E+05
1.82445E+04 2+38632E~01 24B2424E+06 6.473954E+05
1.,99821E+04 2418526E=01 2+6864TE+06 5.87063E+05
2,17196E+04 2.02822E~01 2:50506E+0D6 5.08082E+05
2+345T72E+04 1.87851E~01 2429608E+06 4¢31321E+05
2.51948E+04 1+75470E=-01 2407317E+06 3,63779E+05
2+69323E+04 1464494E=01 1.84732E+06 3+03873E+05
2+8669%9E+04 1461200E=01 1.62689E+06 2¢62254E+405
3404075E+04 1.53150E~0] 1441785E+06 2417T143E+05
3421450E+04 1448575E=01 1422411E+06 1.81872E+05
3.,38826E+04 1.48779E=01 1.04793E+06 1.55909E+05
3.56202E+04 1456076E=01 8.90243E+05 1+38945E+05
3,735T7T8E+04 1+ 70095E=01 ‘T«51022E+05 1+27T745E+05
3,90953E+04 1.92566E=01 6+29546E+05 1.21229E+05
4,08329E+04 2432219E-01 5.24642E+05 1.21832E+05
4.25T05E+04 2¢79697E=01 4¢348T6E+05 1e21634E+05
4,43080E+04 3.69084E«01 3.5868B7E+05 1.32386E+05
4460456E+04 5.2772BE=01 2¢94494E+05 1+55413E+05
4.77832E+04 Te5T136E=-01 2.40763E+05 1.82291E+05
4,495207E+04 1.09590E+00 1.96060E+05 2¢14862E+05
5.12583E+04 1.748B32E+00 1.59070E+05 2+78105E+05
5.29959E+04 2+694T6E+00 l+286)5E+05 3+46586E+05
S.47335E+04 4.20834E+00 1.03657E+05 4¢36225E+08
S.64710E+04 6.87670E+00 Be32903E+04 5.T2763E+05
5,82086E+04 1,07147E+01 6.67T356E+04 Ta15049E+05
5.99462E+04 1.55575E+01 5.33286E+04 8429658E+05
6,16837E+04 1.60265E+01 4+25078E+ D4 6.81252F+ 05
6+34213E+04 154T09E+01 J.38021E+04 5.22951E+05
6+51589E+04 1+448993E+01 2+68189E+04 3499583E+05
6.6B964E+04 1lel444TE+O] 2+12330E+04 2+43006E+05

MEAN=SQUARED PLANCK MEAN OPACITY = 1.45457E+00
1/ROSSELAND MEAN=FREE=PATH = 2,15157E=01
I PRIME = 2,40343E+01

PLANCK MEAN OPACITY = 3,57357E=01
ROSSELAND MEAN=FREE-PATH = 4464TTTE+00
MEAN=SQUARED ROSSELAND MEAN=FREE=PATH = 2.42225E+01



Z2g8 - d

TOTAL OPACITIES AND VOLUME EMISSION

5,00000E~03

TEMPERATURE = B.00000F+03 SI/H MASS RATIOD 5.00000E+02
OMEGA TOTAL MU B(WsT! J
7.81906E+03 2481296E~01 1.84B09E+06 5.19861E+05
S.55663E+03 3,40943E-01 2+270BlE+06 TeT4216E+05
1.12942E+04 3.60195g~01 2+59042E+06 9:33059E+05
143031BE+04 3.52634E-01 2+79800E+06 G+BH66BE+05
1.47693E+04 3433663E~01 2+89T737E+06 S+66T43E+05
1.65069E+04 3.11673E~01 2.90059E+06 9,04038E+05
1,82445E+04 2.88109E~01 2+82426E+06 B841367TE+05
1.99821E+04 2+63903E=-01 2.6864TE+0Q6 T« 0B96TE+05
2.17196E+04 2445379E~01 2.50506E+06 Gy 14691E+05
2,34572E+04 2+29235E~01 2+29608E+06 5.26342E405
2+51948E404 2+11982E-01 2407317E+06 4a394T6E+09
2469323E+04 1.98206E~01 1+84732E+06 3,66152E+05
2+B6699E+04 1492710E~01 1.62689E+06 3,13517E+05
3. 0407SE«04 1.83376E~-01 1.41785E+06 2,5999B8E4+05
3.21450E+04 1.75001E~-01 1+22411E406 2414220E+05
3,38826E+04 1.73345E-01 1.04793E+06 1.81653E+08
3.56202E+04 1.78977E-01 8+490243E+05 1,59333E+05
3.73578E+04 1.91503E=-01 T.51022E+05 1.43823E+05
3+90953E+04 2.12645E~01 6.29546E+05 1.338T70E+05
4, 08329E+04 2e51092E~D] 5+24642E+05 1,431733E+05
4.25T705E+04 2+9T4T4E=0] 4¢34876E+05 1,29364E+05
4,430B0E+04 3.86007E=01 3.58687E+05 1.38456E+05
4460456E+04 5444409E=-01 2494494E+405 1.60325E+405
4, TTB32E+04 T« T4TSTE=Q] 2+40763E+05 1.86533E+05
4.95207E+04 1e11694E+00 1+36060E+05 2+18986E+05
5.12583E+04 1+77584£+00 1590708 +05 2482482E+05
5,29959E+04 2¢7267TE+0D 1.286]15E+05 3450704E+05
S¢47335E+04 4+25512E+00 1403657£+05 4+41073E+05
5,64T710E+04 6+96151E+00 8432903E+04 5.79826E+05
5.82086E+04 1+0B794E+01 6+6T3IS6E+04 Te2604BE+05
5.99462E+04 1.58632E+01 S¢33286E+04 B.45961E+05
6.1683T7E+04 1:64428E+01 4+2507BE+04 6.98949E+05
00,34213E+04 1+461197E+0] 3+3B021E+04 5.44878E+05
5.51589E+04 1.60378E+01 2+68189€+04 4430116E+05
6+ 08964E+04 1+38466E+01 2+12330E+04 2+ 94005E+05

J TOTAL = 2.80092E+10

PLANCK MEAN OPACITY = 4,04066E=01 MEAN=SQUARED PLANCK MEAN OPACITY = 1,58809E+00
ROSSELAND MEAN~FREE=PATH = 3,93266E+00 1/ROSSELAND MEAN=FREE=PATH = 2,54281E=01
MEAN~SQUARED ROSSELAND MEAN-FREE-PATH = 1.73032E+01 I PRIME = 1,755B4E+01


http:2.80092E.1o
http:2*40763E.05
http:4.08-329E.04
http:2.59998E.OS
http:9.66743E.05

TOTAL OPACITIES AND VOLUME EMISSION

TEMPERATURE = 8.00000E+03 SI/H MASS RATIO = 1,.,00000E-02 PRESSURE = 5.00000E+02
OMEGA TOTAL MU B(wsT) J
T+81906E+03 3:23750E~0] 1.84B09E+06 5.98320E+05
G.55663E+03 3492240E-01 2+27T08B1E+06 8.90701E+05
1.12942E+04 4414463E=01 2¢59042E+06 1.07363E+06
1.30318E+04 4405864E=01 2.79B00E+06 1.13561E+06
1,47T693E+04 3.84039g-01 2+8GT3TE+06 1.11270E+06
1.65069E+04 3459692E«01 2.90059E+06 1.04332E+06
1.82445E+04 3.32840E=01 2,82424E+06 F+40020E+05
1.99821E+04 3.04956E~01 2.6864TE+06 8419255E+(5
2417196E+04 2.83968E=01 2.50506E+06 T+11358E+05
2,34572E+04 2+6708B3E~01 2.29608E+06 6+13243E+05
2.51948E+04 2.45138E=01 2+,07317E+06 5.,08213£+05
24,69323E+04 2+28830E~01 1.84732E+06 4422724E405
2eB6GOGE+ 04 2+21394E=-01 1.62689E+06 3.6018B4E+05
3,04075E+04 2¢11077E-01 141785E+06 20992T5E+05
3.21450E+04 1.990159E=01 1+22411E+06 2¢43620E+05
3.3BB26E+04 1.95675E=01 1+ D4TI3E+0E 2+05053E+05
A,56202E+04 1.99795E=-01 8+4590243E+05 1»TTB6TE+05
3,73578E+04 2+410966E=01 Te51022E+05 1+458440E+05
3490953E+04 2+30901E-01 ‘6¢29546E+405 1+45363E+05
4,08329E+04 2.68251£~01 5424642E+05 1:440736E+05
4,25705E+04 3.13638E-01 4+348T76E+05 1436394E+05
4.,43080E+04 4401411E~01 3.58687E+05 1.43981E+05
4,60456E+04 5.,59687TE~01 2e94494E405 1:64824E+05
4,7T832E+04 T¢91135E=01 2+40763E+05 1+904T6E+05
44,95207TE+04 1.13703E+00 1+96060E+05 2222925E+05
S.12583E+04 1.80288BE+00 1+59070E+05 2+86783E+05
5,29959E+04 2+75B65E+00 1.28615E+05 3.54804E+05
‘5.4T335E+404 4«30264E+00 1.03657E+65 4245999E+05
5,64710E+04 T.04014E+00 8.32903E+04 5.87125E+05
5.82086E+04 1.10513E+01 6+67356E+04 T+3751TE+ 05
54994626404 1e61834E+01 5+33286E+04 ‘Be63040DE+(5
6.,1683TE+04 1.68795E+01 4+25078E+04 Tel7512E+05
6.34213E+04 1.68009€+01 3,38021E+04 S46790TE+05
6.51589E+04 1.72344£+01 2.68189E+04 4+62208E+05
6.6B964E+04 1.63725E+01 2«12330E+04 3:,4763TE+0S
J TOTAL = 3.09787E+10
o PLANCK MEAN OPACITY = 4,46906E~01 MEAN=S5QUARED PLANCK MEAN OPACIT 173840E+00

Y =
! ROSSELAND MEAN<FREE=PATH = 3,45683E+00 1/ROSSELAND MEAN=FREE~PATH = 2.892B3E-(1
® MEAN=-SQUARED ROSSELAND MEAN=FREE=PATH = 1,33526E+01 I PRIME = 1,37768E+01
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TOTAL OPACITIES AND VOLUME EMISSION

TEMPERATURE = 8.00000E+03 SI/H MASS RATIO = 5,00000E=02 PRESSURE = 5.00000E+02
OMEGA TOTAL MU BiwsT} J
T.B81906E+03 5+T1506E~01 1+84809E+06 1.05620E+06
9.55663E+03 6.50977E-01 2+27081E+06 1.56907E+06
1,12942E+04 T+30338E-01) 2¢5G042E+06 1+89168E+06
1.30318E+04 Te16173E=01 2+79800E+06 24003B5E+06
1,47693E+04 6.,78236E~01 2+8973TE+06 1.96510E+06
1.65069E+04 6¢43209€=01 2+¢9005%E+06 1,86569E+06
1.82445E+04 5.98126E=01 2.82424E+406 1.68925E+06
1,99821E+04 5.,48828E~01 2+6B64TE+06 1e47441E4006
2,17196E+04 5414B59%E=01 2+50506E+406 1+28976E+06
2+434572E+04 4«99701E~-01 2+29608E+06 1.14735E+06
2+45194BE+04 4e44443E=-01 2407317E+06 9+21407E+05S
2,69323E+04 4413135€=-01 1.84732E+06 Te63193E+05
24B6699E+04 3+95220E~01 1.6268B9E+06 6e429B0E+05
3,04075E+04 3,82493E-01 1le41785E+06 5.42316E+05
3,21450E+04 3.43857E=01 1e22411E+06 442091BE+05
3,38826E+04 3430376E~0] 1¢04793E+06 3246210E+05,
3.56202E+04 3.25434E=01 B490243E+05 2.89715E+05
3.735TBE+04 3.28454E~-01 T+51022E+05 2e466TGE+ 05
3+50953E+04 341129E~01 6+429546E+05 2+14T757E+05
4.08329E+04 3,71877E=01 S5e24642E+05 1.95103E+05
4.257T05E+04 4411266E-01 4e34876E+D5 1.78850E+05
4+430B0E+04 4494758E-01 3.58687E+05 1.77463E+05
4460456E+04 6+54087E~01 2¢94494E+05 1.92624E+05
4,717T832E+04 8496861E~01 2440T763E405 2+15931E+05
44,9520TE+04 1+27670E+00 1,96060E+05 2+50310E+05
5.12583E+04 2+00449E+00 1.59070E+05 3.18853E+05
5,429959E+04 3.,00393E+00 1+28615E+D5 3+86351E+05
544T7335E+04 4+468480E+00 1+03657E+D5 44B5613E+05
Se¢64T10E+04 7+77B89E+00 8+32903E+04 6e4T90TE+QS
5,82086E+04 1.25095£+01 G6+6TISOE+04 B+34829E+05
5,99462E+04 1.89233E+01 5+33286E+04 1.00315E+06
6,16837E+04 2.06249E+01 4.250TBE+D4 B.76719E+05
6,34213E+04 2+.26565E+01 3.38021E+04 T+65836E+05
6.51589E+04 2.T5354E+01 2468189E+04 T+38469E+05
6,68964E+04 3.81384E+01 2¢12330E+04 8409793E+05

J TOTAL =  4,93B96E+10

PLANCK MEAN OPACITY = 7,12505E~01 MEAN=SQUARED PLANCK MEAN OPACITY = 3,45838E+00

ROSSELAND MEANFREE=PATH = 2.02750E+00 1/ROSSELAND MEANFREE-PATH = 4,93217E-01
MEAN=SQUARED ROSSELAND MEAN~FREE~PATH = 4.58567E+00 I PRIME = 5,03225E+00


http:5.82086E.04
http:2*79800E.06

TOTAL OPACITIES AND VOLUME EMISSION 81
TEMPERATURE = B8.00000E+03 SI/H MASS RATIO = 1.00000E+03
OMEGA TOTAL MU B{WsT) v
T«81906E+03 6+26582E~01 1.84B09E+06 1+15798E+06
9.55663E+03 Te41827E~=0) 2.27081E+06 1.68454E+06
1.12942E+04 T«76895E=-01 2¢59042E406 2+01249E+006
1.30318BE+04 TeBT169E=01 2+ T9B0O0E+06 2+11856E+06
1.,4T693E+04 7+13995E-01 2+8973TE+06 2.068T71E+06
1.65065E+04 6.64030E-01 2.90059E+06 1.92608E+06
1.82445E+04 6+126T6E-01 2482424E+06 1473034E+06
1.,99821E+04 5.61070E-01 2e6B64TEDG 1.50730E+06
2417196E+04 5+21073E=01 2+50506E+06 1,30532E+06
2+345T2E+04 4+83278E-01 2429608E+06 1.10965E+06
2.5194BE+04 4+52571E~01 2+07317E+06 9,38259E+05
2469323E+04 4¢26074E=01 1+B4732E+06 T+87096E«05
2+86699E+04 4+15100E=01 1e62689E+06 64 T5323E405
3,04075E+04 3.97388E~01 1.41785E+06 5.63435E+05
3421450E+04 3.89784E~01 1022411E+06 4+ T7138BE+05S
3.38826E+04 3.97273E=01 1.04793E+06 4.16313E+05
3.,56202E+04 4+27502E=01 8490243E+05 3.80581E+05
3.,735T7BE+G4 4+78755E=01 751022E+05 3.59555E+05
3.90953E+04 5.,566(08E-01 6«29546E+05 3.50410E+05
4408329E+04 6.89559E~01 S5+24642E+05 34617T2E+05
44.25TOSE+04 844T4T4E-0] 4+ 348BTOE+(5 3.,6B546E+05
4443080E+04 1+14083E+00 3.5868TE+05 4409201E+05
4460456E+04 1.65851E+00 2¢94494E+05 4488421E+05
4. 7TTE832E+04 2¢40540E+00 2¢40763E+05 5.,79133E+05
4.95207E+04 3.50711E+00 1+96060E+05 6.87604E+05
5912583E+04 SebH2636E+4+00 1+59070E+05 8.94983E+05
5+29959E+404 B«69908E+00 1.28615E+05 1.11883E+06
5+4T335E+04 1¢36115E+01 1+03657E+05 1.41093E+06
S+64T10E+04 2+22692E+01 Be32903E+04 1.85481E+06
5.82086E+04 3.4T208E+01 G6.67356E+04 2431712E+06
5.99462E+04 S+04324E+0] 5433286E+04 2+68949E+406
6,16837E+04 5¢19555E+01 4.2507BE+04 2.20851E+06
6e342]13E+04 5.01546E+01 3.38021E+04 1.69533E+06
6+51589E+04 4+83014€+01 2:68189E+04 1.29539E+06
6.68964E+04 3.70958E+01 2+12330E+04 7.87657E+05
J TOTAL = T.07830E+10
w] PLANCK MEAN QPACITY = 1.02113E+00 ° MEAN=SQUARED PLANCK MEAN OPACITY 1.50835E+01

' ROSSELAND MEAN=FREE«~PATH = 1.76216E+00

1/ROSSELAND MEAN=FREE=PATH = 5,67484E=01
® MEAN~SQUARED ROSSELAND MEAN-FREE=PATH = 3.50163E+00 I PRIME =

3.39244E+00
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JOTAL OPACITIES AND VOLUME EMISSION

5.,00600E=03

82

PRESSURE = 1.00000F+03

TEMPERATURE = 8,00000E+03 SI/H MASS RATIC'=
OME GA TOTAL MU BiweT) J
7.81906E+03 7 e56409E=01] 1+8480%E+06 1+39791E+06
9,.56663E+03 Ae95153E=-01 Z+2TOBLE+06 2403272E+06
1,12942E+04 9437660E~01 2+59042E+06 2+42894E+06
1.30318E+04 G.14116E=01] 2.79800E+D6 2+55769E+06
1447693E+04 B.6201TE~D} 2+89737€E406 2+49758E+06
1.65069E+04 8.03980E~01 2+90059E+06 2¢33202E+06
1,82445E+04 T42583E~01 2.82424E+06 2.09723E+06
1,99821E+04 6.80082E-01 2.6B64TE+06 1.82702E+06
2.17196E+04 6¢32465E-01 2+50G06E+06 1.5843TE+06
2,345T2E+04 5.93874E=~01 2.29608E+06 1.36358E+06
2.51948E+04 544 7B65E=01 2.07317E+06 1. 13582E+06
2.69323E+04 5.140464F~D1 1.84732E+06 9+49606E+05
2.86699E+04 4.,9TTB2E~0L 1.62689E+06 B.09€3TE+05
3,04075E+04 4.78347E=D1 1+41785E+06 6.TB223E+05
3.21450E+04 4+SB620E=01 1.22411E406 5.,61401E+05
3.30826E+04 4,61246E=0) 1.04793E+06 4,B83352E+05
3.56202E+04 448T7119E=0] Be20243E+05 4433655E+05
3.,73578E+04 5,3446BE=0] 7T+51022E+05 440139TE+05
3.90983E+04 640884 TE=01 Be29546E+05 3.B3297E+05
4,08329E+04 7+3863TE=01 5e246642E405 3.87520E+05
4425T0SE+04 8493688E=01 4434876E+05 3.BB644F+05
4443080E+04 1.1849TE+00 3.5868TE+05 4425035E+05
4e60456E+04 1.T0274E+00 2e94494E405 520144 TE+05
4,T7TB32E+04 2+45151E+00 2e40T63E+05 5¢90234E+05
4.95Z0TE+04 3.56095E+00 1+.96060E+05 6+9B1HDE+0S
5. 12583E+04 5.69620E+00 1+59070E+05 9.06092E+05
5.29959E+04 BeTTTRBE+OD 1+28615E+405 1212897E+06
S5+47335E+04 1,37177E+01) 1+03657E+05 1442194E406
S+64710E+06 2.2457TBE+0] Be32903E+04 1+87052E+06
5,82086E+04 3.50836F+01 6+B6TIHEFE+04 2+34132E+06
5.99462E+04 5.11028E+0) 5433286E+04 2+ T2624E+06
6+16B3ITE+04 5.286BTE+0] 442507BE+04 224733E+06
6.34213E+04 5.15787E+01 3.,38021E+04 1.T434TE+06
6.51589E+04 5.08021E+01 2+68189E+04 1036246E+06
6,68964E+04 4423748E+0] 2+12330E+04 Be99744E+0S
JTOTAL = T7492224E410

PLANCK .MEAN OPACITY = "1,14288E+00" MEAN~SQUARED PLANCK MEAN OPACITY = 1.60203E+01

ROSSELAND MEAN-FREE=PATH = 1.4B685E+00 1/ROSSELAND MEAN=-FREE~PATH = 6,72564E=01

MEAN~SQUARED ROSSELAND MEAN=FREE=PATH = 2.48461E+00 ( I PRIME = 2,46417E+00


http:6468964E.04
http:1#36246E.06
http:1.1849TE.00
http:08329E.04
http:1.84732E.06
http:2.07317E.06
http:1.65069E.04
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TOTAL OPACITIES AND VOLUME EMISSION 83
TEMPERATURE = 8,00000£+03 SI/H MASS RATIO = 1,00000E=02 PRESSURE = 1,00000E+03
OMEGA TOTAL MU B(WsT) J
7.81906E+03 8.71066E~01 1.84809E+06 1+609B1lE+06
9,55663E+03 1.03048BE+00 2+:2T0B1lE+06 2434003E+06
1.12942E+04 1.07954E+00 25904ZE+06 2+7T9646E+06
1.,3031BE+04 1.05268E+00 2.79800E+06 2.94540E+06
1.47693E+04 9.92764E=01 2+8973TE+06 2+87640E+06
1,65069E+04 9.27959E-01 2.90089E+06 2.69163E+06
1.82445E+04 8,57802E~-01 2+02424E+06 2+42264E+06
1.99821E+04 7.,85688E-01 2+6B64TE+0E 2411073E+06
2e17196E+04 7+31518E=01 2+50506E+06 1.83250E+06
2e345T2E+04 6¢93433£-01 2+29608E+06 1.59218E+06
2,51948E+04 6432702E=C] 24.07317E+06 1+31170E+06
2,69323E+04 5.92391E~01 1.84732E+06 1,09434E+06
2.,86699E+04 5471657E~01 1+62689E+06 9+30024E+05
3.,04075E+04 5451424E=01 1.41785E+06 T«81834E+05
3421450E+04 5¢19954E=01 1.22411E+06 6436480E+05
3.38826E+04 5 18250E~01 1004793E+06 5+4308BE+(5
3,56202E+04 S5440246E~01 B8.90243E+05 4+80950E+05
3,TA5T8E+04 5+8411BE=01 T+51022E+05 4+3B6BGE+D5
3+90953E+04 6+55403E~01 6+29546E+05 4412606E+05
4,08329E+04 T7.82374E=~01 S5e24642E+05 441 046TE+0S
4.25T05E+04 9+34872E~01 4+34876E+05 4406554E+05
4¢43080E+04 1+2243BE+00 J+5868TE+05 4¢39169E+05
44,60456E+04 1474258E+00 2¢94494E+05 5¢13180E+05
4,77TB32E+04 2+49361E+00 2+40763E+05 6+00369E+05
4,95207E+04 3:61140E+00 1¢96060E+05 T«+08049E+05
5.12583E+04 5.T76358E+00 1.59070E+05 9,16810E+05
5429959E+04 8.85488E+00 1+28615E+05 121388TE+06
S5.4T335E+04 1+38235%5E+01 1+03657E+05 1443290E+06
S,647T10E+04 2+26494E+01 8.32903E+04 1.8864TE+06
5.82086E+04 3.54564E+01 6.67356E+04 2¢36620E+06
5¢99462E+04 S5+17956E+01 5+332B6E+04 2476219E406
6,1683TE+04 5.38138E+01 4+25078E+04 2428751E4006
6.34213E+04 5.30545E+01 3.38021E+04 1+79335E+06
6,51589E+04 5433963E+01 2+68189E+04 1+43203E+06
6.68964E+04 4+ TB546E+0] 2.12330E+04 1401610E+06
J TOTAL = B.6B050E+10

PLANCK MEAN OPACITY = 1,2522TE+00 MEAN-SQUARED PLANCK MEAN OPACITY = 1,70377E+01

ROSSELAND MEAN=FREE~PATH = 1.307T4E+00 1/ROSSELAND MEAN=FREE~PATH = 7.,64678E=01

MEAN=-SQUARED ROSSELAND MEAN-FREE~PATH = 1,91828E+00 I PRIME = 1,938531E+00



88 -

LY

TEMPERATURE =

SI/H MASS RATIO

TOTAL OPACITIES AND VOLUME EMISSION

84

PRESSURE = 1.00000£+03

8,00000E+03 5.00000E~02
OMEGA TOTAL MU B(WsT) J
7+81906E+03 1.52962E+00 1+84809E+06 2+826B8BE+06
F.55663E+03 1.80631E+00 2427081E+06 4410178E+06
1.12942E+04 1.89248E+00 2.,59042E+06 4,90233E+06
1,30318E+04 1.84793E+00 2+79800E+406 5¢17051E+06
1:4T693E+04 1.74630E+00 2.8973TE+06 5.05387E+06
1,65065£+04 1.64713E+00 2.90059E+06 4,TTT66E+06
1182445E+04 1+52B65E400 2482424E+06 4431726E+06
1.99821E+04 1+40150E+00 2.6864TE+06 3,76510E+06
217196E+04 1+31289E+00 2+50506E+406 3.2B88BE+06
24345T2E+04 1429950E+00 .2429608E+06 2.98377E+06
2451948E+04 1413244E+00 2407317E+06 2.347T5E+06
2469323E404 1.05448E+00 1.84732E+06 1.94797E+06
2,86699E+04 1.01165€+00 1.62689E+06 1,66584E+06
3.,0407SE+04 9,99943E=01 1,41785E+06 1,41777E+06
3,21450E404 8,82242E~01 1.22411E+06 1,07996E+06
3.38826E+04 8.55045£<01 1.04793E+06 8.96025E+05
3.56202E+04 8.54248E=01 8+90243E+05 7.60488E+05
3. 735TBE+04 8,7T634E=01 7¢51022E+05 6.59123E+05
3,90953E+04 9430658E=01 6+29546E+05 5485892E+05
4,08329E+04 1.04098E+00 5¢24642E405 5.46141E+05
44,25705E+04 1.17840E+00 4+34876E+05 S.12458E+05
4,43080E+04 1.45856E+00 3.5B687E+05 5,23167E+05
4.60456E+04 1.98592E+00 2494494E405 5484841E405
44TT832E+04 2.T6041E+00 2e40763E+05 6.64606E+05
4,95207E+04 3,95360F+00 1,96060E+05 7.75141E405
5.12583E+404 6.26391E4+00 1+.59070E+05 9494807E+0S
5,29959E+04 9.43119E+00 1+28615E+05 1.21299E+06
5,47335E+04 1,46479E+01 1.03657E+05 1,51836E+06
5,64T10E+04 2.42026E+401 8¢32903E+04 2.01584E+06
5,82086E+04 3.85445E401 6+6T3S6E+04 2,57229E+06
5,99462E+04 S.7T5913E+01 5¢33286E+04 3.07126E+06
6,16837E+04 6e174641Ee0] 4425078BE+04 2.62461E+406
6,34213E+04 6454 TNBE+0] 3,38021E+04 ' 2421305E+06
6.51589E+04 Te52621E+01 2.68189E+04 2401845E+06
6. 6BI64E+04 9.40983E+01 2412330E+04 1.99799E+06
J TOTAL = 1432707E+11--

PLANCK MEAN OPACITY '= 1.91445E+00 MEAN=SQUARED PLLANCK MEAN OPACITY = 2,75278E+01

ROSSELAND MEAN-FREE~PATH = 7,74973E-01 1/ROSSELAND MEAN=FREE=-PATH = 1,29037E+00

MEAN=SQUARED ROSSELAND MEAN=FREE=PATH = 6471099E~0] | I PRIME = 7.21632E-01


http:6.17441E.o1
http:75141E.05
http:1.52865E.OO

TOTAL OPACITIES AND VOLUME EMISSION 85

TEMPERATURE = 1400000E+04 SI/H MASS RATIO = ¢, PRESSURE = 1.00000E+02 .

OMEGA TOTAL MU BiwsT) v
TeB81G06E+03 9.97694E-02 2¢T368BTE+06 24T3056E+0S
9.55663E+03 1.14525€=01 3.,51758BE+06 4.02852E+05
1.12942E+04 1¢14589E=01 4420701E+06 4482075E+05
1,30318E+04 1.+10976E=01 4+ TT425E+06 5.29827E+05
1.47693E+04 1.10196E-01 S5«20408E+06 5.734T1E+05
1.65069E+04 1.00828E=-01 5+4934TE+06 5.530894E+05
1482445E+04 9.21961E~02 5.64B44E+06 5+20764E+05
1.99821E+04 8+.37578E=02 5.68123E+06 4+T7584TE+05
2.17196E+04 TeT0621E~G2 5+60789E+06 4¢32186E+(5
24345TZE+04 Te09466E=02 S5.44634E+406 3.86399E+05
2:5194BE+04 6.56T14E-02 B.214B7E+06 3442468E+05
2.69323E+04 6406682E-02 4493104E406 2+99157E+05
2.,8669%9E+04 T+69488E~-02 4+461095E+406 3.54807E+05
3,04075E+04 719136E~02 44.26879E+06 3.06984E+05
3.21450E+04 6. T7T5082E=02 3.91660E+06 2.65382E+05
3.,38826E+04 6+28871E~02 3.56430E+006 2+24149E+05
3,56202E+04 5.8043TE-02 3.219T73E+06 1.86885E+05
3.7357BE+04 5e42297E=02 2+88886E+06. 1.56662E+05
3.90953E+04 54 20580E~02 2:57595E+06 1.34099E+05
4,08329E+04 5:09B24E=02 2«2838BBE+06 1.1643BE+05
4425708E+04 5.,09500E«02 2¢01430E+06 1.02628E+05
4443080E+04 5.29110E-02 1. T6792E+06 Q¢35423E+04
4,60456E+04 5.8242TE=02 1+54469E+06 8.99670E+04
4,7TTB3ZE+04 6+ T0092E=02 1434401E+06 9«00607E+04
44,95207E+04 T«B1925E~-02 1le164B4E+06 9.10815E+04
5.12583E+04 9,99320E-02 1. 005B8E+06 1.00519E+05
S5 29959E+04 1.28926E=01 8465656E+05 1le11605E+05
5,47335E+04 1.72177E=-01 T+42604E+05 1.27860E+05
5.64710E+04 2443738E-01 6+35134E+05 1+54B06E+05
5,82086E+04 3.35513E~0] 5:41686E+05 1.81743E+05
5¢99462E+04 4+36310E=01 4460T60E+05 2%01034E+05
6.16837E+04 4410913E-01 3.90942E+05 1.60643E+05
6.34213E+04 3.62331E~0] 3430917E+DS 1+19901E+05
6,51589E+04 3.2121BE=-01 2+79480E+05 8.97T40E+04
6,68964E+04 2432861E=01 2+35536E+05 5¢484T1E+04

J TOTAL #* 1.52687E+10
o PLANCK MEAN OPACITY = B8,86572E~02 MEAN=SQUARED PLANCK MEAN OPACITY 1.03102E~02

ROSSELAND MEAN~FREE~PATH = 1.34053E+01

! 1/ROSSELAND MEAN=FREE=PATH = 7,45972E=(2
N MEANSQUARED ROSSELAND MEAN-FREE=PATH = 1,98818E+02 I PRIME = 2,

03889E+02



06 - Q4

TOTAL OPACITIES AND VOLUME EMISSION Bé6
TEMPERATURE & 1,00000E+04 SI/H MASS RATIO = 5,00000E=03. PRESSURE = 1.00000£+02
OMEGA TOTAL MU B(WsT) J
T«B1906E+0(3 1.02011E-01 2,73687E+06 2+T2190E+05
9.55663E+03 1416982F=01 3451758E+06 4411495E+05
1.12942E+04 117125E-01 4.207T01E+06 4+492T46E+05
1.3031BE+04 1+13492E-01 4TT425E+06 5¢41838E+05
1.47693E+04 1,12695E-01 5+20408E+06 S5+B64T2E+D5
1,65069E+04 1.03763E=01 5449347TE+06 S.T7T0016E+05
1+82445E+04 9,51133g=02 5464B44E+06 5,37242E+05
1.99821E+04 8.6%010E~-02 S«68123E+06 4491432E+05
2.17196E+04 7.98868E~02 S+60789E+406 44 4TIF6E+ 05
2,34572E+04 Te37410E~02 5.44634E+06 4.01618E+05
2.5194BE+04 GeBZ2107E-02 5.21487E+06 3s557T10E+05
2469323E+04 6+30205=02 4493104E+06 3+10757E+05
2+B6699E+04 T+91389%E-02 4+61095E+0¢ 3¢64906E+05
3.,04075E+04 Te39524E~02 4+268BT9E+06 3+1568TE+05
3421450E+04 6¢96392E~-02 3+91660E+06 2¢T2T49E+05
3.38826E+04 6¢46412E=02 3«56430E+06 2¢30400E+05
3456202E+04 S+96861E~02 342]9T3E+06 le921T3E+0S
3.7357BE+04 5«57697E=02 2+888B6E+06 1461111E+05
3.90953E+04 5.35062E=02 2+57595E+06 1.37829E+05
4408329E+04 5.23489E-02 2+2838BE+06 1+19558E+05
4425705E+04 5+22405E=02 2+01430E+06 1+405228E+05
4+43080E+04 5.41330E=-02 1:76792E+06 9.57028E+04
4460456E+04 5.94322E=02 1e54469E+06 F+18043E+04
44T78B32E+(4 6.85028E=-02 1.34401E406 F.20682E+04
449520TE+04 8+401913E~02 lel64B4E+06 Se3409TE+04
5.12583E+04 1+02622E-01 1.00588E+06 1.03225E+05
5,29959E+04 1.32400E=01 B+65656E+05 1¢14613E+405
S,47335E+04 1.77965E=01 T+42604E+05 1.32157E+05
5.64710E+04 2¢54060E=01 65¢35134E+05 1+61362E+05
5.82086E+04 3.54274E-01 S5.41686E+05 1.91906E+05
5.99462E+04 4468654E=01 4460760E+05 2+1593TE+05
6.16837TE+04 4 ¢54626E-01 3490942E+05 leT77732E+05
6434213E+04 442668BE-01 3+30917E+05 1.41198E+05
6,51589E+04 4+23430E-01 2+79480E+05 1+1B340E+05
6,68964E+04 4¢12059E=01 -2435536E+405 S TOS4TE+D4
- J TOTAL = 1+59034E+10

PLANCK MEAN OPACITY = 9,23425E=02 MEAN=-SQUARED PLANCK MEAN OPACITY = 1,17506E=02

ROSSELAND MEAN=FREE=PATH = 1.30023E+0] 1/ROSSELAND MEAN=FREE~PATH = 7,69094E~02

I PRIME = 1.92640E+02

MEAN=SQUARED ROSSELAND MEAN=-FREE=PATH = 1,8726BE+02


http:1.87268E.02
http:3*30917E.05
http:1.61362E.05
http:4.77832E.04
http:9,18043E.04
http:1.76792E.06

TOTAL OPACITIES AND VOLUME EMISSION 87
TEMPERATURE = 1.00000E+04 SI/H MASS RATIO = 1,00000E-02 PRESSURE = 1.,00000E+02
CMEGA TOTAL MU BiWsT) J
TeB1906E+03 1+04253E=01 2 71368BTE+06 2+85327E+05
9.55663E+03 1.19438E~01 3.51758E+06 4+20133E+05
1.12942E+04 1.19660E~0] 4420701E+06 5.03409E+05
1.30318E+04 1.16006E=-0] 44 TT425E+06 5.53843E+05
1,4T7T693E+04 1:15194E-01 5.2040BE+06 5499480E+05
1.65069E+04 1.06711E=01 5.4934TE+06 5.86213E+05
1,8244SE+04 9+80473E~02 5.64B44E£+06 5.53814E+05
1.99821E+04 8+92609E=-02 B.68123E+06 Se07111E+05
2.17196E+04 B+2T732BE~02 B«60TBPE+06 4463956E+05
24345T2E+04 T+65590E-02 5e44634E+06 4416966E+05
2.51948E+04 T+0TT09E=02 B.21487E+06 3.,69061E+05
2.69323E+04 6+53922E~-02 4493104E+06 3.22452E+05
2+B6699E+04 B+134T4E=(2 4461095E+06 3.75089E+05
3.04075E+04 T+60085E=02 4.26879E+06 3.24464E+05
3.21450E+04 T.15362E=02 3.91660E+06 2.801T8E+05
3.38826E+04 6.64102E=02 3.56430E+06 2+36706E+05
3.56202E+04 6+1342TE=D2 3.21973E+06 1+97507E+05
3,73578BE+04 5.73229E«02 2.888B6E+D6 1.65598E+05
3.90953E+04 Be49669E-02 2457595E+06 1e41592E+05
4,08329E+04 5¢37272E«02 2+2838BE+D6 1422706E+05
4,25705E+04 5,35423E~-02 2¢01430E+06 1.07850E+05
4443080E+04 5:53658E~02 1+ 76792E+06 9«7B8B22E+04
4+60456E+04 6.06325E~02 1¢54469E+06 G.36586E+04
4,7T832E+04 T«00144E~02 1¢34401E+06 9¢4099BE+04
4495207E+04 B«22193E~02 1le16484F4+06 9+5TT20E+04
5.12583E+04 1:05357E~01 1+00588E+06 1+05976E+05
5,29959E+04 1+35936E-01 8+65656E+05 lel7674E+0S
5,47335E+04 1.83863E=01 Te42604E+05 1+36537E+05
5,647T10E+04 2+6545B88E=01 6+435134E+05 1.68049E+05
S.82086E+04 3.73417E~01 5¢4]168B6E+05 2.02275E+05
5499462E+04 S.01663E-01 4 60760E+05 203114TE+D5
6.1683TE+04 449924001 3.90942E+405 1.95174E+05
6+34213E+04 4+92375E-01 3.30917E+05 1.62935E+05
6,51589E+04 5.277S9E=01 2479480E+05 144T49BE+05
6+68964E+04 5:949T4E~01 2+35536E+05 1.40138E+05
J TOTAL = 1.65456E+10

PLANCK MEAN QPACITY = ©9,60715E=02 MEAN=-SQUARED PLANCK MEAN OPACITY = 1,35039E=(02

ROSSELAND MEAN=FREE=-PATH = 1,26279E+01 1/ROSSELAND MEANSFREE=PATH = 7.91900E~-02

MEAN=SQUARED ROSSELAND MEANFREE-PATH = 1,T6952E+02 I PRIME = 1,82387E+02


http:541686E.OS
http:257595E.06
http:3*90953E.04
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TOTAL OPACITIES AND VOLUME EMISSION

¥

SI/H MASS RATIO = 'S,00000E=Q2.

2e19461E+00

2+35536E+05

PRESSURE = 1.00000E+02

TEMPERATURE = 1.00000E+04 .

. OMEGA TOTAL My BiWsT) J
T.81906E+03 1.222B2E=01 2+ T368TE+06 3434671E+05
3+55663E+03 1439092€-01 3+51758E4+06 4.8926TE+05
1e12942E+04 1439916E=-01 4420701E+06 S5.88629E+05
1.30318E+04 1+36135E~-01 49 TT425E+06 6+49942E+05
1,47T693E+04 1,35291E=01 5.20408E+06 T« 04065E+05
1.65069E+04 1.30848E=-01 5¢4934TE+ 06 T«18811E+05
-1.82448E+04 1422179E=01 Seb64B44E+DS 6+90120E+05
1.99821E+04 1.11995E=0] 5.,68123E+06 6436270E+05
2el7196E+04 1.06321E~01 5.60789E+06 5.96234E+05
2e¢34572E+04 1.00002E=01 5¢44634E+06 5.44546E+05
2+51948E+04 9,204B80E~02 E.2148TE+06 4+8001BE+05
2e69323E+04 B8.51068E=02 4+93104E+06 4419666E+05
2¢B6699E+04 9.97150E=02 446)095E+06 4+59T781E+05
3.,04075E+04 9.31208BE~02 4,26879E+06 3+9TS13E+05
3,21450E+04 B8+73228E-02 3491660E+06 3¢42008E+05
3+38B26E+04 B8¢11346E-02 3+56430E+06 2+89188E+05
3,56202E+04 T+51342E=02 3.21973E+06 2+41912E+05
3,735TBE+04 T7+02569E«02 2.8888B6E+06 2402962E+05
3.90953E+04 6 T1321E=02 2+57595E+06 1.72929E+05
4+ 0B329E+04 6.52094FE=02 2+2B3BBE+ 06 1.4B930E+05
4«25T05E+04 6+ 438B9E~02 2401430E+06 1«29698E+05
4+43080E+04 6+563B5E-02 1. T6TI2E+06 1e16043E+05
4460456E+04 Te06497E=02 1+54469E+ 06 1:09132E+05
4« TTB3ZE+04 B+ 27T93E~02 1+34401E+06 1.+11256E+05
429520TE+04 9.95272E=02 l+164B84E+06 1415933E+05
5412583E+(4 14 28BT73E=01 1.00588E+06 1429631E+05
5+29959E+04 1.66489E-01 8+65656E+05 1044122E+05
5¢47335E+04 2.35102E=01 Ted2604E+05 1« T4588E+05
5.64710E+04 3.56347E~-01 '6935134E+05 2¢26328E+05
5.82086E+04 5.40559E~01 5+41686E+05 20 92814E+05
5.99462E+04 7.90112E~01 4¢60T60E+0S 3+64053E+05
6,1683TE+04 B.89208E=~01 3.90942E+05 3¢4T629E+05
6e34213E+04 1.0666TE+00 3+3091TE+05 3.52978BE+05
6+51589E+04 1.44004E+00 2+ T9480E+05 4e02462E+05
6468B964E+04

S¢16910E«05

“J TOTAL = Z2419649E+]10

PLANCK MEAN OPACITY = 1,27538E=01 - MEAN=SQUARED: PLANCK MEAN OPACITY = 4,10100E~02
ROSSELAND MEAN=FREE=PATH = 1.02335E+01 1/ROSSELAND MEANFREE=PATH = 9,77187E=02
MEAN-SQUARED ROSSELAND MEAN=FREE=PATH = 1,17084E+02 I PRIME = 1.22241E+02

» 4


http:5,16910E.05
http:2TZ9480E.05
http:6.51589E.04
http:3.47629E.05
http:4,60760E+.05
http:5.99462E.04
http:5.29959E.04
http:l.29631E.05
http:4*60456E.04
http:1.48930E.05
http:3,91660E.06
http:2*51948E+.04
http:5oE44634E.06
http:7*04065E.05
http:1*47693E.04
http:1.00000E.04

TOTAL OPACITIES AND VOLUME EMISSION 89

TEMPERATURE = " 1+00000E+04 SI/H MASS RATIO = 0. PRESSURE = 5.00000E+02
OMEGA TOTAL MU BlWasT) J
Te81306E+03 1+02061E+400 2+ T368TE+06 247932TE+06
9.,55663E+03 1.16140E+00 3,51758E+«06 4+08533E+06
1.,12942E+04 1.18433E+00 4+20701E+06 4.98248E+06
1.30318E+04 1.15121E+00 4o TTH2BE+06 5¢4961TE+D6
1447693E+04 1+411326E+00 5+20408E+06 5.T7T934BE«06
1,65069E+04 1.03044E+00 5¢49347TE+06 5.66069E+06
1,82445E+04 3449362E=01 5.64844E+06 5.36241E+06
1,99B21E+04 B.68244E=01 5,68123E+06 4.93269E+06
2.17196E+04 8.04199E=01 5.60789E+06 4.50986E+06
2¢345T2E+04 T+43786E=01 5444634E+06 4+05091E+06
2.51948E+04 6.%2171E~01 B.214B7E+06 J.60958E+06
2.69323E+04 6+443554E-01 $¢93104E+406 341T339E+06
2+8B6699E+04 T+00609E~01 4461095E+06 3.2304BE+06
3404075E+04 64559506E~01 44268T79E+06 2+80014E+00
3.21450E+04 6+22364E=01 3.91660E+06 2¢43755E+06
3,38826E+04 5.92549E=01] 3.56430E+06 2¢11202E+06
3,56202E404 S.73403E~01 3.21973E+06 1+84621E+06
3,73578E+04 5.64T36E~01 2.888B6E+06 1+63144E+06
3.90953E+04 5.7T8239E=01 '2457595E+06 1.48952E+06
4408329E+04 6¢03171E=01 2.2B388E+06 1+37757TE+06
4.25705E+04 Be47295E~01 2+01430E+06 1+30384E+06
4,43080E+04 T731611E~01 1. T6T92E+06 1.29343E+06
4+ 60456E+04 Be8B348E~01 1454469E+06 1.37222E+06
4,T7B32E+04 1.12226E+00 1e34401E+06 1.50833E+06
44,95207TE+04 1.41250E+00 1+164B4E+06 1e64533E+06
S5.12583E+04 1,95127€£+00 1. 00588E+06 l«96274E+06
5.29959E+04 2.65688E+00 B+65656E+05 2.29994E+06
Se47335E+04 3,69461E+00 Te42604E+05 2« T4363E+06
5.64T10E+04 5.+38B21E+00 6435134E+05 3.42224E4+06
5,82086E+04 T«S55346E+00 5.41686E+05 4409161E+06
5499462E+04 9.930T0E+00 4+60760E+05 4+5756TE+06
6+1683TE+04 F.34949E+00 3+90942E+05 3+65511E406
6+34213E+04 B842234TE+00 343091TE+05 2+T2129E+06
6,5158SE+04 Te27116E+400 24 794B0E+05 2¢03214E+406
6,68964E+04 5.2104TE*00 2.35536E+05 1.22725E+06

£€6 ~ A

J TOTAL = 1.86320E+11

PLANCK MEAN OPACITY = 1.,08186E+00 MEAN«~SQUARED PLANCK MEAN OPACITY = 2,65185E+00
ROSSELAND MEAN=FREE=PATH = 1422367E+00 1/ROSSELAND MEAN=~FREE~PATH = B8,17215E=01
MEAN-SQUARED ROSSELAND MEANSFREE=PATH = 1,70466E+00 I PRIME = ]1,60168E+00


http:164533E.06
http:148952E.06
http:1*84621E.06
http:2o43755E.06
http:5.36241E.06
http:1.54469E.06
http:4.60456E.04

¥v6 - d

1.00000E+04

- TOTAL |OPACITIES AND VOLUME EMISSION

SI/H MASS RATIO = 5,00000E=03

S, 00000E+02

TEMPERATURE =
OMEGA TOTAL MU BiWeT) J
7.815906E+03 1+0535BE+00 2+736BTE+06 2+88350E+06
9.55663E+403 1+19804E+00 3.5175BE+06 44,21421E406
1.12942E+04 1.22222E+00 4420701E406 5.141B88E+06
1.30318E+04 1.18848E+00 4. T7T425E+06 5.67411E+06
1,47693E+04 1¢14934E+00 5.20408E+06 5.98123E+06
1,65069E+04 1.06849E+00 5+49347E406 5,86973E+06
1.82445E+04 9486049E-0) 5,64844E+06 5.56964E+406
1,99821E+04 9.02392E~01 5.68123E+06 5.12669E+06
2417196E+04 8437926E-01 5,60789E+06 44+69899E+06
2¢34572E+04 7+76659E=01 Se44634E+06 4+22995E+06
2451948E+04 7.21893E-01 5421487E+06 3.76458E+06
2469323E+04 6471061E=01 4.93104E+06 3.30903E+06
2486699E+04 7426245E=01 4461095E406 3.34868E+06
3,04075E+04 6+79954E~D1 4+268T9E+06 2.90258E+06
3,21450E+04 6+44202E=01 3.91660E+06 2.52308E+06
3.38826E+04 612892E=01 3+56430E+06 2+118453E+06
3,56202E+04 5.92414E«01 3.21973E+06 1:90741E+06
3.73578E+04 5+82535€=~01 2+88B86E+06 1,68286E+06
3.,90953E+04 5¢94951E=01 2.57595E+06 1.53257E+06
4.08329E+04 6+18905E=01 2.28388E+06 1.41350E+06
4425T05E+04 ,6+62125E=01 2.01430E+06 1.33372E+06
4243080E+04 7+45655E=01 1.76792E+06 1.31826E+06
4,60456E+04 9,01978E«01 1.54469E+06 1.39328E+06
4.77832E+04 1.13781E+00 1e34401E+06 1:.52922E+06
4,95207E+04 1e43147E+00 1.16484E4+06 1466T43E+06
5.12583E+04 1+97520E+00 1.00588E+06 1498681E+06
5.29959E+04 2.6859TE+00 8.,65656E+05 2.32513E+06
5.47335E+04 3.73946E+00 Te42604E+05 2477693E+06
5464T10E+04 5.46531E+00 6435134E+05 3.47120E+06
5,82086E+04 7.69097E+00 S+41686E+05 4416609E+06
5.99462E+404 1.01658E+01 4e60760E+05 4+68399E+06
6+16837E+04 9.666B6E+00 3.90942E+05 3.77918E+06
6,34213E%04 8+¢69040E+00 3+30917E+05 2.87580E+06
6.51589E+04 8.01219E+00 2¢794B0E+DS 2+423924E4+06
6+68964E+04 6+50909E+00 2435536E+05 1.53313E+06
J TOTAL = 1.92937E+11

PLANCK MEAN OPACITY = 1,12028E+00 MEAN=SQUARED PLANCK MEAN OPACITY = 2,86213E+00
ROSSELAND MEAN-FREE=PATH = ],18383E+00 1/ROSSELAND MEAN-FREE-PATH = B8,44718E-01
MEAN-SQUARED ROSSELAND MEAN=FREE-PATH = 1,59482E+00 I PRIME = 1,50563E+00


http:1.92937E.11
http:8.64040E.00
http:3.73946E+.00
http:2.01436E.06
http:5.68123E.06
http:1.30318E.04
http:3.51758E.06

v}
1
Ne
w

TEMPERATURE =

OMEGA
7.81906E+03
9,55663E +03
1,12942E+04
1+30318E+04
1,47693E+04
1.65069E+04
1.82445E+04
1.99821E+04
2,17196E+04
2.36572E+04
2,5194BE+04
2,69323E+04
2,86699E+04
3.04075E+04
3.21450E+04
3.38826E+04
3,56202E+04
3,73578E+04
3,90953E+04
4,08329E+04
4,25705E+04
4,430B0E+04
4.60456E+04
4,TT832E+04
4,95207E+04
5,12583E+04
5429959E+04
5,4T3I35E+04
5.64710E+04
5.82086E+04
5.99462E+04
6, 16837E+04
6.34213E+04
6,51589E+04
6468964E+04

PLANCK MEAN OPACITY =
ROSSELAND MEAN~FREE~PATH =
MEAN=SQUARED ROSSELLAND MEAN=-FREE=PATH -= 1+49617E+00

T+00000E+04

TOTAL OPACITIES AND VOLUME EMISSION

SI/H MASS RATIO =

TOTAL MU

1.08616E+00
1.23422E+00
1.25963E+00
1.22529E+00
L.L§499E+00
1.10623E+00
1.02247E+00
9:36304E~01
8:714T1E~0]
8,09396E=01
7.5147TTE=01
6,98442E=0)
7.51769E~01
7.03855E~=01
646594TE~01
6.33148BE=-01
6el11345E=01
6.00260E=-01
6411594E=01
6.34576E'01
6+ 76896E=01
7.59644E=01
9,15563£~01
1.15336E+00
1.45053E+00
1.99932E+00
2+ T1S36E+00
3.78491E+00
5.54361E+00
7.83080E+090
1.04050E+01
9.98985E+00
9.16565E+00
8.T6658E+00
7+83124E+00

J TOTAL =

1.15870E+00

1+14686E+00

1.00000E~02

BiWsT)
2.7368TE+06
3.51758E+06
4420701E+06
44 TT425E+06
5.20408E+06
5,4934TE+06
Seb64B44E+D6
5.68123E+06
5,60789E+(6
5. 44634E+06
5,214BTE+06
44,93104E+06
4.61095E+06
4. 268TIE+ 06
3.91660Ew06
3,56430E+06
3,21973E+06
2.88B86E+06
2¢57T595E+06
2.283B8E+06
2.01430E+06
1.76792E+06
1e54469E+06
1e36401E+06
1.16484E+06
1.00588E+06
8.65656E+05
Te42604E+05
6.35]134E+05
Ge416B6E+05
4460760E+05
3.90942E+05
3.30917TE+05
2+794B0E+05
2+35536E+405

1,99553E+11

PRESSURE =

MEAN=SQUARED PLANCK MEAN OPACITY =
1/ROSSELAND MEAN=FREE=PATH

I PRIME

5.00000E+

J
2+.9726TE+06
4e¢34148E+06
S5.29926E+06
5+84983E+06
64166TBE+ 06
6. 07T03E+ (06
5.77536E+06
$.31935E+06
4.88T11E+06
4+40824E+ 06
3.91888FE+06
3,44405E+06
3.4663TE+06
3.,00461E+06
2+60B25E+06
2.25673E+06
1.9683TE+06
1.73406E+06
1.57544E+06
1444929E4+06
1+¢3634TE+06
1:34299E+06
le41426E+06
1.55013E+06
1.68%63E+06
2.01108E+06
2+350STE+06
2+8l069E+06
3.52094E+06
4424184E+06
44T79420E+06
3,90545E+06
3.,03308E+06
2+4500BE+ 06
1.84454E+06

3.09145€

91

02

+00

B.71945E~01

=  1e41B8TE

+00


http:1.99553E.11

96 = d

TEMPERATURE = |

5.00000E=02 5. 00000E+02
OMEGA TOTAL MU BiWsT) J

7481906E+03 1+33499E+00 2,7368TE+06 3+65370E+06
9.55663E+03 1.50955E+00 3.517568E+06 5+30997E+06
1412942E+04 1,54400E+00 4420701E+06 6+49560E+06
1,30318E+04% 1.50542E+00 44 T7425E+06 T41BT2TE«06
1,47693E+04 1,45720E+00 5.20408BE+06 7+58340E+06
1,65069E+04 . 1.39850E+00 5.4934TE+06 7.68262E406
1.82445E+04 1.30S77E+00 5,64844E+06 T+37555E406
1,99821E+04 1,20048F+00 5,68123E+06 6+82019E+06
2,17196E+04 1.13443E+00 5.607B9E+06 60361 74E+06
2,345T2E+04 1.06734E+00 5.44634E+06 5.8}307E+06
2.5194BE+04 9484063€=01 5.2148TE+06 5.13176E+06

2,69323E+04 9,13766E=01 4493104E+06 4+50582E+06
2.86699E+04 9,52673E=01 4461095E+06 4439273E+06
3.04075E+04 8.92308E~01 4,26879E+06 3.80907E+06
3,21450E+04 8,37171E-01 3,91660E+06 3.27886E+06

3,38826E+04 7.92678E=01 3.56430E+06 2.82534E406
3,56202E406 T7460486E=01 3.21973E+06 2.44856E+06
3.7357BE+04 7.39929g-01 2,88886E+06 2413755€406
3.90953E+04 7.42761E=01 2.57595E+06 1.91332E406
4,08329E+ 04 7.58106E=01 2,28386E+06 1.73142E+06
4425705E 404 7¢93352E=01 2.01430E+06 1.59805E+06

4,43080E+04 B+69965E~01 1.767T92E+06 1.53803E+06
4,60456E+04 1+02295E+00 1.54469E+06 1.5B015E+06
4o TT7832E%04 1,27811E4+00 1s34401E+06 1+ T1779E+06
4,95207E+04 1.60587E+00 14164B4E+06 1.87058E+06
5,12583E+04 2.1986BE+00 1,00S88E+06 2,21161E+06
5,29959E+04 2496044E400 8.65656E+05 2,56273E406
5,47335E404 4.16840E+00 7.426064E+05 3.09547E+06
5,64710E%04 6.20945€+00 6435134E405 3.943B4E406
5.82086E+04 9,02518E+00 54.41686E+05 4,88BB2E+06
5,99462E+04 1424526E+01 4,60T60E+05 5.73769E+06
6.16837E+04 1.2756BE+01 3.9094as+05 4498716E+06
6434213E+04 1+32396E4+0) 3.30917E+05 44381226406
6.51589E+04 1.52367E401 2.79480E+05 4+25806E+06
6+68964E+04 1.91725E+01 2435536E4+05 4251581E406.

1.00000E+04

TOTAL OPACITIES AND VOLUME EMISSION

* S1/H MASS RATIO

JTOTAL = 2.52546E+11

PLANCK MEAN OPACITY =  1.466640E400 MEAN=SQUARED PLANCK MEAN OPACITY = 6+67620E+00
ROSSELAND MEAN-FREE=PATH = 9.23758E=01 1 /ROSSELAND MEAN=FREE=PATH = 1.08253E400
MEAN=SQUARED ROSSELAND MEAN~FREE=PATH = 9.68548E=01 ... - 1 PRIME ® 9.44790E-0}


http:4.60760E.05
http:1,16484E.06
http:1:60587E.00
http:1.91332E.06
http:7.68262E.06
http:3.51756E.06

1

TOTAL OPACITIES AND VOLUME EMISSION

TEMPERATURE = 1.00000E+04 SI/H MASS RATIO = PRESSURE = 1.00000E+03
OMEGA TOTAL MU BlwsT) J
7+8]1906E+03 2 75983E+(0 2+ 7368TE+(6 T+55328BE+06
9.55663E+03 3.10929E+00 3.51758E+06 1+09372E«07
1,12942E+04 3.17530€+00 4¢20T01E«06 1.33585E+07
1,30318E+04 3.08417E+00 4+ TT425E+06 let7246E+07
1.47693E+04 2.96001E+00C 5.20408E+06 1,54041E+07
1,65069E+04 2, TA662E+00 S+49347TE+06 1.50885E+07
1.82445E+04 2+534T0E+ 00 5464844E+06 1e43171E+07
1,99821E+04 2.32214E+00 5+68123E+06 1.31926E+07
2417T196E+04 2+15526E+00 E+60789E+06 1.20864E+07
2¢345T2E+04 1.99725E+00 S5+44634E+06 1.0877T7E+07
2.51948E+04 1,86360£+00 5+214BTE+06 9.T1B44E«06
2,69323E+04 1.73878BE+00 4e93104E+06 B+.5T400E+068
2.86699E+04 1.82141E+00 4461095E+06 8+39B45E+406
3,04075E+04 1.71115E+00 4.26879E+06 T+30454E+06
3.21450E4+04 1,63451E+00 3.91660E+06 6,40171E+06
3.38826E+04 1.57871E+00 3.56430E+06 5.62700E+06
3,56202E+04 1.56556E400 3.21973E+06 5.0406BE+06
3,73578E+04 1.58343E+00 2+.88886E+06 4.,57430E+06
3,90953E+04 1.567450E+00 2+5T595E+06 4¢31343E+06
4.08329E+04 1.80028E+00 2.2838BE+06 4.11163E+06
4,25705E+04 1.99381E+00 2+01430E+06 4.01613E+06
4943080E+04 2.33208E+00 1.76792E+06 4., 12292E+06
44.60456E+04 2+93502E+00 1.54469E+06 4453371E+06
44 TTB3I2E+ Q4 3.82156E+00 1+34401E+06 5413621E+06
4,95207TE+04 44916B3E+00 1.16484E+06 5.72730E+06
5,12583E+04 6.93367E+00 1.00588E+06 6¢9T443E+06
5.29959E+04 9.56651F+00 B.65656E+05 B+2B130E+06
S.47335E+04 1+34286E+01 T+42604E+05 9.97215E+06
5,64T10E+D4 1.97158E+01 6435134E+05 1.25222E+07
5.,82086E+04 2.TT492E+01 5.416B6E+05 1.50313E+07
B5,99462E+04 3.65686E+01 4¢60760E+05 1+6B8493E+07
6.16837E+04 3.44252E+01 3+90942E+05 1+434583E+07
6.,342]13E+04 3.,02620E+01 3.30917E+05 1.00142E+07
6,51589E+04 2.67414E+01 2479480E+05 Te4T36BE+06
6,68964E+04 1.91132E+01 2.35536E+05 4+501B4E+06

J TOTAL = 5456403E+1]

™ PLANCK MEAN OPACITY = 3,23074E+00 MEAN=SQUARED PLANCK MEAN OPACITY = 3,15483E+01
! ROSSELAND MEAN~FREE~PATH = 4,40783E=-01 1/ROSSELAND MEAN=FREE=~PATH = 2,26869E+00
8 - MEAN=SQUARED ROSSELAND MEANSFREE«PATH = 2,24443E=-01 I PRIME = 2.,02680E-01



g6 - d

TOTAL OPACITIES AND ‘VOLUME EMISSION 94
TEMPERATURE = 1.00000E+04 SI/H MASS RATIC 5,00000E~N3 PRESSURE = 1.00000E+03
OMEGA TOTAL MU BiWsT) J
7.81906E+03 2.85877E+00 2.73687E+06 7+B240BE+06
9,55663E+03 3,21872E+00 3.51758E+06 1.13221E4+07
1.12942E+04 3.,28B812E+00 4420701E+06 1.38332E407
1.30318E+04 3.1947SE+00 4,7T425E+06 1.52525E4+07
1.,4T693E+04 3.06631E+00 5,20408E+06 1+59573E+07
1,65069E+04 2,8556TE+00 544934 TE+06 1,56875E+07
1+82445E+04 2.63892E+00 5.64B44E+06 1449058E+07
1.99821E+04 2.418B4E+00 5.68123E+06 1437420E+07
2,17196E+04 2424963E+00 5.60789E+06 1+26156E+07
243457T2E+04 2.08928E+00 Be44634E+06 1413789E+07
2e51948E+04 1,94623E+00 5.21487E+06 1401493E407
2.69323E+04 1.81523E+00 4.93104E+06 8.95098E+06
2.86699E+04 1.89279£400 4.61095E406 8.T2TS6E+06
3,0407SE+04 1.,776838E£+00 4.26879E+06 7+59151E+06
3,21450E+04 1.69504E+00 3.91660E+06 6+63879E+06
3,38826E+04 1,63507E+00 3.56430E+06 5.827B8E+06
3,56202E+04 1.61819E+00 3.21973E+06 5.21014E+06
3,73578E+04 1,63268E+00 2.88886E+06 42 71657E+06
3,90953E+04 1,72070E+00 2.57595E+06 4443265E+06
4,08329E+04 1.84375E+00 2.28388E+06 4.21085€+06
4,25705E+04 2+034T4E+00 2.01430E+06 4409B56E+06
4,43080E+04 2.37086E+00 1.76792E+06 4+19148E+06
4.60456E404 2.97276E+00 1¢54469E406 4.59200F+06
4,77832E+04 3.86321E+00 1+34401E+06 5.1921BE+06
4,95207E+04 4496596E+00 1416484E406 5.76453E406
5.12583E+04 6+99426E+00 1.,00588E+06 7+03537E+06
5,29959E+04 9.63TTHE+DD B+65656E+05 Be34296E+06
5,4 T3I35E+04 1.35332E+01 Te42604E+05 1.00498E4+07
5.647T10E+04 1.98921F+01 6435134E+05 1426341E407
5.82086E+04 2.80603E+01 5.41686E+05 1.51999E+07
5,99462E+04 3.70984E+01 4460T60E+05 1+70935E+07
6.1683TE+04 3.51407E+01 3,90942F+05 1s3738CE+07
6¢34213E404 3.13152E+01 3¢30917€+05 1.03627E+07
65¢51589E+04 2«B4)132E+01 2.79480E+05 7Te94091E+06
6.68964E+04 2+2064356401 2+.35536E+05 5419202E+06
J-TOTAL = S5.74134E+11
PLANCK MEAN OPACITY = 3,33369E+00 MEAN=SQUARED PLANCK MEAN DPACITY = 3,324B4E+Q1
ROSSELAND MEAN-FREE~PATH = 4,25889€~01 2.34803E+00

1/ROSSELAND MEAN=FREE~PATH =

MEAN=SQUARED ROSSELAND MEAN=FREE=PATH = 2.09286E~01 I PRIME = 1.,90032E~01



1.00000E+04

TOTAL OPACITIES AND VOLUME EMISSION

TEMPERATURE = SI/H MASS RATIO 1.00000E=02 1.00000E+03
OMEGA TOTAL MU BlwsT) J
T«81906E+03 2495598E+00 ., 2¢73687E+06 8+09013E+06
9.55663E+03 3.32615E+00 3,51758E+06 1.,17000E+07
1,12942E+04 3.39885E+00 4.207T01E+06 1.,42990E+07
1,30318E+04 3.30331E+00 44,77425E+06 1.57708E+07
1,47693E+04 3,17074E+00 5,20408E+06 1.65008E+07
1,65069E+04 2+96312E+00 S5¢49347TE+06 1+627TBE+0T
1.82445E+04 2.74171E+00 5.64B44E+06 1.54864E+07
1.99821E+04 2+51425E+00 5+68123E4+06 1.42840E+07
2,17196E+04 2.34286E+00 5.6078B9E+06 14313BSE+07
24.345T72E+04 2.18035E+00 5.44634E+06 1,18749E+07
2.51948E+«04 2.02791E+00 S5+21487E+06 1+.05753E+07
2,69323E+04 1.89082E+00 4+93104E+06 9«3237T0E+06
2,8669%E+04 1.9633BE+00 4.61095E+06 9.05306E+06
3.,04075E+04 1.84491E+00 4+268T9E+06 T«87551E+06
3.21450E+04 1.75491E+00 3.,91660E+06 64B7326E+06
3,.,38826E+04 1+6%08lE+00 3+56430E+06 6.02657E+06
3.56202E+04 1.6T025E+00 3.21973E+06 5.37775E+06
3.735T78E+04 1.68139E+00 2.8888B6E+06 4+B5730E+06
3.90953E+04 l.76641E+00 2.57595E+06 4.55019E+06
4.,08329E+04 1.886T4E+00 2.28388BE+006 4430909E+06
4,25705E+04 2.07522E+00 2.01430E+06 4+18012E+06
44,43080E+04 2+40922E+00 1.76792E+06 4425930E+06
4,604D6E+04 3.01013€+00 1.54469E+06 4.64973E+06
4,T7832E+04 3,90460E+00 1.34401E+06 5+247B1E+06
4,95207E+04 5,01500E+00 1.164B84E+06 5.84165E+06
5.12583E+04 T.05498E+00 1,0058BE+06 7.09646E+06
5,.,29959E+04 9,70933E+00 8,65656E+05 Be4h0494E+06
5,47335E+04 1.36388E+01 T+42604E+05 1.01282E+07
5.64710E+04 2400704E+01 6.35134E+05 1.27474E+07
5.,82086E+04 2.837STE+01 5.41686E+05 1.53708E+07
5.99462E+04 3.76359E+01 4+60760E+05 1.73411E+07
6,16837E+04 3,58668€+01 3,90942E+05 1.40218E+07
6,34213E+04 3,23843E+01 J.30917E+0S5 1l.,07165E+07
6,51589E+04 3.01104E+01 Z4T79480E+05 B,41526E+06
6.68964E+04 2.5018BE+01 2+35536E+05 5.892B2E+06

J TOTAL = 5491743E+11

PLANCK MEAN OPACITY = 3,43564E+00 MEAN=SQUARED PLANCK MEAN OPACITY = 3,50500E+01
ROSSELAND MEAN-FREE=PATH = 4,12192E-01 1/ROSSELAND MEAN=FREE-PATH = 2.42605E+00
MEAN=SQUARED ROSSELAND MEAN~FREE=PATH = 1495834E~0} I PRIME = 1,78732E=01



001 -

TEMPERATURE = 1,00000E+04

6,68964E+04

-TOTAL OPACITIES® AND" VOLUME EMISSION

S+00000E=02

2+35536E+05

SI/H MASS RATIO PRESSURE = 1.00000E+03
OMEGA TOTAL MU B(WsT) J
7.81306E+03 3.6824TE+Q0 ZeT368BTE+06 1.00784E+07
9,55663E+03 44)12639E400 3.51758E+06 1.45149E407
1,12942E+04 44222B8TE+00 4,20701E«06 1o 7TTEETE+OQT
1.30318E+04 4,11207E+00 G, TT425E+06 1¢96321E+07
l.4T693E+04 3.95070E+00 S.20408E+06 2.05598E+07
1.65069E+04 3.77569E+00 De4934TE+ 06 Z2407417E+07
1.82445E+04 3.52206E+00 54 64B44E+06 1.98941E+07
1.99821E+04 3,23955E+00 5.68123E+06 1.84046E+07
2.17196E+04 3.0557T8BE+00 5.607B9E+06 1e71365E+07
2.34572E404 2.8B092E+00 5¢44634E+06 1+56905E+07
2.51948E+04 2465426E+00 5e2148TE+06 1e384)16E+07
2.69323E+04 2+4TO56E+00 4493104E+06 1.21825E+07
2.86699E+04 2.50550E+00 4.61095E+06 1+15528E+07
3+04078E+04 2+35T18E+00 4.268T9E+06 1.00623E+07
3.,21450E+04 2.21465E+00 3.91660E+06 Ba6TIBIE+06
3.,38826E+04 2%11897E+00 3.,56430E+06 Te55263E+06
3.56202E+04 2+07022E+00 3+21973E+06 6«66556E+06
3,73578E+04 2.05573E+00 2.888B6E+06 5.938T1E+06
3.90953E+04 2.11770£+00 2+57595E+06 5. 45509E+06
4408325E+04 2e+21T724E+00 20:2838BE+06 5.06390E+06
4.25T708E+04 2+3B64TE+00 2:01430E+06 4+B0T06E+06
4.43080E+04 2.70425E+00 1eT6T92E+ 06 4.TB090E+06
4,60456E+04 3.29840E+00 1.54469E+06 5.09501E+06
4477832E+04 4+22845E+00 1434401E+06 5.68307E+06
4495207E+04 5.40533E+00 14164B4E+06 6429632E+06
5412583E+04 T+54610E+00 ‘1+005BBE+06 Te59046E+06
5.29959E+04 1.,02942E+01 8465656E+05 B8e91123E+06
S.4T33GE+04 ‘1+45132E+01 T«42604E+05 1o 0TT7TT6E+QT
5.64710E+04 2+15636E+01 6+¢35134E+05 1.369STE+Q7
5.82086E+04 3.10331E+01 5.41686E+05 1.68102E+07
5.99462E+04 421784E+01 4+60760E+05 1:9434]1E+07
6,16837E+04 4420093E+01 3.90942E+05 1464232E+07
6.34213E+04 4414359E+01 3+3091T7E+05 1.37119E+07
6.51589E+04 444B94E+01 2eT9480E+05 1.24335%E+07
5.02361E+0]

1418324E+07

J TOTAL =  7.29241E+11

PLANCK MEAN OPACITY = 4.23431E+00 MEAN-SQDARED PLANCK MEAN OPACITY = 5.,33730E+01
ROSSELAND MEAN=FREE=PATH = 3,31863E~01 1/ROSSELAND MEAN-FREE=PATH = 3,01329£+400
MEAN=SQUARED ROSSELAND MEAN=-FREE=PATH = 1.26208E=01 . I PRIME = 1,18918£-01


http:8.91123E+.06
http:5.60789E.06
http:2.47056E+.00

APPENDIX E
NEW TECHNOLOGY AND PATENTS

After a diligent review of the work performed under this
contract, NAS 3-13461, it has been determined.by The KMS
Technology Center that no new innovation, discovery, improve-
ment, or invention was made during the course of the work per-
formed, and that no patentable items can result from this work.


http:determined.by
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