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The HALIDE computer code is described herein as

it existed on January 31, 1968. The code, in its
presented form, has been apvolied successfully by

Gulf General Atomic to the kind of problems discussed
later in this report. Gulf General Atomic has exercised
due care in preparation, but does not warrant the mer-
chantability, accuracy, and completeness of the code
or of its description contained herein. The complexity
of this kind of program precludes any guarantee to that
effect. Therefore, any user must make his own deter-
mination of the suitability of the code for any specific
use, and of the validity of the information produced by
use of the code.
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ABSTRACT

f

- Thermodynamic ard optical properties of a uranium plasma are calcu-

A " o

{%g lated for conditions that obtain in proposed gaseous-core nuclear rockets.

& As a quantitative basis for calculations, we begin with the relativistic wave-

mechanical description of a single electron moving in a spherically symmetric
potential. The potential is a modified Thomas-Fermi potential coataining

an arbitrary parameter whose value we determine by calibration against
one-electron binding energies previcusziy calculated by a relativistic, self-

consistent-field method.

From the corresponding single-particle wave functions, we calculate

oscillator strengths and estimate the many-electron properties uf ions that
are relevant to thermodynamic and optical properties. Particular emphasis
is given to the often significant effects associated with the rich energy level

and line spectra thet appear in the spectroscopy of ions having several
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2
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electrons in partially filled shells. Pressure ionization is treated in a

g

manner that is appreximately valid for nondegenerate gases for any ratio i
of Debye length to icn sphere radius and that satisfies the requirements
of thermodyramic consistency. Specific results for composition, thermo-
dynamic functions, and local and overall Planck and Rosseland mean
opacities of uranium are given for the temperature range from 5000°K to

110, 000°K and the pressure range from 100 to 1000 atmospheres. Finally, :

LB .

7. we compare the theoretical opacity at 5100°K and 3.58 X 10" atm with that

2 inferred from the measured emission from an arc containing uranium. a
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NOMENCLATURE

Eq. (110)

Bohr radius

coefficients in the simultaneous equations
(A-61), (A-62) which determine Ev and S,
p- 159

coefficients in the simultaneous equations
(A-55) whichdetermine Zgand sg; p. 158

Debye charging parameter for ath (Btn. jth

ion in plasma

)

the Planck black body function,

3
P(u) =,1.Z__‘i__.
T e -1

specific heat at constant pressure; Eq. (A-41)

specific heat at constant volume; Eq. (A-40)
speed of light

the Gaussian width of a line cluster in units
of energy divided by kpT

a quantity appearing in the Raiser approxi-
matizn for the continuous opacity, Eq. (D-8)

internal energy of plasma; Eq (A-21)
lowest energy in a given subconfiguration

energy for which the asymptotic quantum
defect has been tabulated in Table 23

contribution of electronic excitation to the
internal energy
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ex, k

ex, k, 0
ex, v
ion
Ekin
Ek(i. K)
0,0
E}\( )

Ey i)

Ep' 9

Eq

E(K).E({Ni})

ERKROS

- g RIS - L

electronic excitation energy of an ion of
species k measured from a zero energy with
the ion in the ground state

(aEex, k/a®)v

(3E,

X/ aV)e

ionization energy

contribution of translational motion to
internal energy

energy of ior Qf species k in the quantum
state i of the subconfiguration K

grouna state energy of ion of species k

energy of a free ion of kth species in a
guantum state i (k = 0,1, ...); the zero
of energy is for a state in which all of the
electrons are at rest at infisity

modification of internal encrgy arising from
Coulomb interactions between charged
particles

(OE/9©),

(2E/86)

average energy of a subconfi~uratiin
K = {N;} in an ion; the zero of energy is
for all electrons at rest at infinity; Fq. (11)

the relative contribution of the interval
Umax S U <@ is almost certainly less
than ERKROS

electronic charge
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f(E(s, K))

Helmholtz free energy
J/Z; Eq. (A-44)

the Heimholtz energ  exclusive of F_;
Eq. (A-33) P

contribution of plasma effects to the
Helmholtz free energy

a direct Slater integral; Eq. (15)

fraction of states per unit energy at energy
E in a given subconfiguration; Eq. (20)

the function F(E) (Eq. (20)) for the sub-
configuration K

Araki's function; Eq. (C-11)

factors occurring in the Bates-Damgaard
formula for bound-bound radial matrix
elements; Eqgs. (B1-B3)

(BFV/BV)G; Eq. (A-28)

a quantity used in the calculation of the
temperature derivative of the plasma
contribution to the specific internal energy;
Eq. (A-45)

average value of the sum of the kinetic
energy of an electron in shell i and its
interaction energy with the central field
created by the nuclear charge and electrons
in I-orbitals

the number of ions of species k in a sub-
configuration K having no E electrors
divided by the total number of nuclei;
Eq. (81)

the number of ions of species k consisting
of the subconfiguration K containing no E
electrons and one E electron; Eq. (82)

an arbitrary function of the energy associated
with the quantum state s of an ion in the
subconfiguration K
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£(7) angular momentum distribution function

f(r) large compoanent of Dirac radial wave
function
G%() exchange Slater integral; Eq. (16)
G(x) a function involved ia the calculation of F_;
| Eq. (A-36) P
g G=G
? o )
'f o
E
b | These quantities appear in the equations
T relating bound-free cross sections and the
28! contents of the Burgess-Seaton tables; p. 170
X = XZ nt
i a = /A
B = ﬁg@l
! gy (i) degeneracy of atomic state i in kth jon
species
gk(i) degeneracy of the i" shell in the k' ion
g(r) small component of Dirac radial wave
function
gq a quantity used in the calculation of the
temperature derivative of the plasma
contribution to the specific internal energy;
Eq. (A-45)
g a function used in the calculation of the
M volume derivative of the plasma contribution
to the specific internal energy; Eq. (A-50)
H(a, x) the Voigt function
-I:I-(a, x) the Voigt function normalized to unity at
the cluster center; Eq. (111)
’
: H(s) a function apypearing in the study of pressure
; lowering of ionization potentials; Eq. (A-T7)
| H(x, y) Eq. (A-20)
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I-electron (shell) )
M-electron (shell)
E-electron (shell)

J

J
av

J(z)
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S

J(agp)
S(ag)
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Planck's constant

the fraction of ions of species k having an
E electron; Eq. (83)

=h/2n

the ionization potential of the dominant
ion species

ionization potential of a free ion of species k

ionization potential of ion of species k;
(Eq. 65)

ionization potential of a plasma ion of speciesk

coefficients in the interpolation formula
(B-3) for I; Eqs. (B4-B6)

defined on p. 16

angular momentum quantum number

average value of J in a subconfiguration

average potential in units of ® at the
position of an ion with ionic charge z = z'-1
resulting from all other charged particles
in the plasma; Eq. (45)

average potential in units of ® at the
position of a fictitious ion having an average
charge Z

auxiliary functions used in the study of plasma
effects on statistical mechanical properties
of the plasma

single-electron total angular momentum
quantum number
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K(z)

L(TO)/Z

No

N.
i

N(in Sec. 3.1)

NLev
Np,in(N)

(N}

subconfiguration label
ze2/D®; Eq. (47)
ZeZ/D®; Eq. (52)

wave number of photoelectron in atomic
units

ionic charge in units of electronic charge

Boltzmann's constant

the overall Rosseland mean opacity;
Eq. (D-2)

the Ladenburg- Reiche function; Eq. (C-9)

orbital quantum number

atomic mass of element under consideration

matrix element for bound-tound transitions;
Eq. (90)

degeneracy of Kt shell

electronic mass

the value that the parameter m in F(E)
{Eq. (20)) takes in an ion of species k;
my is assumed to be independent of the
subconfigvration K

Avogadro's number
number of electrons in shell i

total number of plasma ions of all nuclei
in the plasma

number of energy levels in a subconfiguration
number of lines in a transition array

set of occupation numbers in a
subconfiguration
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n, n'

n:,':, n:{:l

ey
nLin(J'J'J )

principal quantum number

principal quantum numbers for the initial
and final electron states, respectively.
Except in discussing transitions, we use n
to denote the principal quantum number of
any one electron state

n* and n*' are the effective principal
quantum numbers for the initial and final
single electron states, respectively, which
occur when a photon is absorbed. Except
in discussing transitions, where a pair of
states is involved, we use n* to denote the
effective principal quantum number of any

single electron state
the lesser (greater) of n*(i) and n*(k)

for n> n_(k,I), we find oscillator strengths
by extrapolation of the bound-free strengths

If n> nc(k, I) the electron is an E-electron

number of free electrons in plasma

the principal quantum number of the first
(lowest n) possibly empty shcll with angular
momentum index I i.. an ion of species
k=2'-1

shells with n < ng (k. I) are always filled

number of ions of kth species in plasma

one-electron states with principal quantum
number n greater than Nk (for hydrogenic
states) or mp(i) (i = 1...5, i e., si, p%,
p%, d, f states) are pressure ionized

the number of lines in the array £, = £'j'
given that the angular momentum "J of the
electrons not participating in the transition
does not change; p. 75
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2
Do, k
P
Pyin
Pp
P = P(r)
P,

i
Pj(u-uoj)
Py (k=0, 1,
pk, v
Pr, o
Q

ij
Q(x, y)

q

the smallest principal quantum that an
E-electron may have in the one-electron
angular momentum state i in an ion of
species k

the smallcst principal quantum number that
is considered for an electron in orbital
state I in an ion of species k = z'-1

Eq. (A-13)

pressure

the part of the pressure arising from free
translational motion

the modification of the pressure arising
from Coulomb interactions between charged
particles.

single-electron radial wave function

single-electron radial wave function
associated with state i

the distribution function for the position
of line centers in the jth line cluster

the distribution function for the position of
line centers in a line cluster

fractional population of ions of species k
in plasma

(3Pk/E>V)6
(Bpk,/a@)v

Eq. (5)

mean interaction energy between an electron
in shell i and one in shell j.

Eq. (A-18)

z'\[/Z
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ij

H
1]

rij = r(k)

we determine Uax 59 that 6p is almost

certainly less than R; FEq. (D-9)

a quantity occurring in the calculation of
the temperature derivative of the fractional
populations P, Eq. (A-53)

electron radial coordinate = distance from
nucleus

square of the radial matrix element for
bound-bound transitions

1/k times the square of the radial matrix
element for bound-free transitions. The
free electron wave function is normalized
to unit amplitude at large distances from
the nucleus

specific entropy

Eq. (93)
Eq. (97)
sum of mean and mean square charges per ion

a cutoff parameter used in the calculation
of the pressure lowering of ionization
potentials

(8s/3v)e

(9s/0®),,

temperature

the transmission function associated with
continuous absorption; Eq. (114)

mean transmission in the frequency interval
5(hw) = A® centered atu

the statistical expectation value of TJ!

the frequency dependent fractional trans-
mission of white light through an isothermal
slab of mass depth m by the j  line cluster;
Eq. (105)
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V = V(r)

-~

electronic partition function of ion of species
k when energies are measured relative to
the ground state energy of the ion; Eq. (63)

the contribution to the electronic partition
function of an ion of species k by all sub-
~onfigurations listed for that species in
Table 9; Eq. (71)

0
= Upsps Eq. (73)

the part of the electronic partition function
of an ion of species k arising from electrons
in E-type shells

the contribution of hydrogenic type ({2>4)
states to the part UE of the electronic
partition function of the kth jon; Eq. (A-11)

the contribution of SL, P1 F3 d and f states
2 2

E
to Uk

(aUk/a B,
(a?-Uk/ap?-)V

1,/

21
2 H(3, x); Table 26

=n
hv/kpT = fiw/kgT
the most probable value of uy

frequency of line center in u units

mean transition frequency in u units in the

Jth line cluster

volume of plasma

potential energy of an electron in a central
field

min(j, j'); Eq. (121)

xvi




specific enthalpy; Eq. (A-32)
curve of growtk; Eq. (C-3)
a renormalized curve of growth; Eq. (C-6)

is proportional to the Ladenburg- Reiche
function; Eq. (C-8)

is propertional to the curve of growth for
a pure Doppler line shape

half intensity half width of an absorption line

the line half width at half intensity arising
from electron collisions; Eq. (126)

displacement of frequency from cluster center
in units of cluster width D

a guantity used in the calculation of F

Eqs. (A-37, A-38) P
atomic number
electronic partition function of ion of kth }

species; Eq. (44); the zero of energy is
that defined above

first estimate of the normalization factor 7
appearing in the calculation of populations;
p. 147

charge of the ﬁth particle in plasma

core charge

mean charge of a plasma ion

mean square charge of a plasma ion

mean value of ntP power of charge of a
plasma ion (defined on page {58)

(8Z/0@),

22/%; Eq. (46)
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B(x)

A

AEk

A2E(i2 ~ ij)
A2E(ij = j2)
A2E(ik)

A2E(ik - jk)

AZE({N;})

AZE(N;, Nj-1, {Ny} =
Ni-iy Nj: {Nk})

5
p

= €(i)

(N} = E (K)

fine structure constant

scaling parameter in scaled Thomas-Fermi
model

®-1

parameter in f(J)

a function used in fitting the Voigt function;
Eq. (C-15)

free electron degeneracy factor (Eq. A-1)
§(Kw)/®

lowering of ionization potential in an ion
of the kth species

the variance of the two-electron array in
which the jumping electron is an equivalent
one in the initial state

the variance of the two-electron array in
which the jumping electron is an equivalent
one in the final state “

variance of the two-electron subconfiguration

having an electron in shell i and one in ;
shell k. ;

the variance of a two-electron array in
which the electron ir shell i jumps to the
shell j. The electron in shell k is not
equivalent to the i or j shell electron

energy variance of subconfiguration with
occupation numbers {N;}; Eq. (21)

the variance of the transition array
{N;, Nj. ¢ N} = (Ng_yq, N;. {Neh

Eq. (D-3)

binding energy of electrons in single- , ( :
electron state i ‘

mean binding energy of an electron in kth
shell of an ion in subcenfiguration K =

{N;}; Eq. (12)

xviii




® kpT; temperature in energy units

K a quantum pember occurring in the Dirac
- theory; Eq. (6)
K a factor whick contains the explicit
dependence of the strength of a transition,
array on tne occupation numbers of the {
shells participating in the transition 5
(Table 14) ;
rcp the overall Planck mean opacity; Eq. {D-1)
A:R(u) the local Rosseland mean opacity ‘
! {(u) monochromatic bound-bound absorption
bb . . 2
coefficient (cm</gm)
IC"J (u) monochromatic bound-free absorption
f o 5
coefficient (cm¢/gm)
fcp(u) local Planck mean opacity (cmé/gm)
K o(u) continuous local Planck mean (cm&/ gm)
K ¢glu) free-frece abscrption coefficient (cm2/gm)
(% pplud) the statistical expectation value of «yp
('Cl’)f(u)) the statistical expectation value of ki
ﬁcp j(u) the contribution of the jth line cluster to
' the local Planck mean opacity (cmz/gm)
'%b .(u) the contribution of the jth line cluster to
*) the monochromatic absorption coefficient
(¢cm?/gm)
Ag Eq. {42)
A, Eq. (43)
’ 0.8853 2" /3
Bag. k(i) the asymptotic quantum defect (see Eq. (19))
. H, chemical poteniial of free electrons
uy = ki) quantum defect associated with state i
[Eq. (1))
“k chemical potential of kth ionic species *.
k g
xix N
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photon frequency

upper limit of frequency range in opacity
calculations

density

average photoelectric cross section per
initial state

parameters in the state distribution function
F(E)

Eq. (91)
Eq. (96)

the cross section per state in the initial
subconfiguration for a line of average strength
and width for a transition array in which an
ion of the kth species in an initial subcon-
figuration absorbs a photon of frequency w
and makes a transition to a final subcon-
figuration; Eq. (89)

the value that the parameter ¢ in F(E)
{Eq. (20)) takes for the subconfiguration K
of an ion of species K

(Lin)
average value of o;; over an energy .
interval §(fw) much greater than w |

specific volume

the optical depth at the cluster center
divided by the number of lines in the cluster

optical depth at center of a cluster; Eq. (C-4)

Thomas-Fermi function; Eq. (10)
Eq. (A-4) |
the coatribution to the electronic partition

function from all levels of the subconfiguration
K in an ion of the kth species; Eq. (72)

average electric potential produced at the P
position of the ion a by all other charged
particles

F- Euknk-uene; Eq. (60)
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1. INTRODUCTION

Thermal radiation is the dominant mechanism for energy transfer in
proposed gaseous-core nuclear rocket engines. Its calculation requires a
knowledge of the thermcdynamic and optical properties of the nuclear fuel.
Here we consider these properties in a reactor using gaseous uranium as
the fissionable fuel, and operating at temperatures of the order of 104 to
105 °K and pressures of the order of 102 to 103 atmospheres. The mean
degree of ionization of the gas ranges from nearly zero at the lower tem-
peratures to six or seven at the higher ones.

The calculation of the thermodynamic and optical properties of a
heavy-element gas under the stated conditions is extremely difficult. At the
lowest temperatures of interest to us, much of the internal energy of the
plasma may reside in many low-lying levels of one or two of the most
tightly bound configurations of electrons. The pertinent level schemes
are extremely complicated and not known in very great detail. Optical
properties require the calculation of transmission by line arrays whose
complexity presents even more formidable problems than arise in the deter-
mination of level schemes.

Even if all the required information were available, it would not be
practical to incorporate it into a computer program designed for the rapid
calculation of physical properties. The number of energy levels and tran-
sitions in a complex atom like uranium is enormous. In the transition
array 5f3 6d 752 - sz 6d 7s2, for example, there are thousands of
spectral lines. The mere presentation of such detailed calculations would
be a problem of considerable proportion. We avoid such a detailed approach
not only because of its extreme difficulty but also because of the almost
complete lack of required information.
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In spite of the difficulties, there have been a number of studies of

(1)

properties of uranium. Judd' ~~ has made the most systematic theoretical

study of the energy-level structure in uranium. Judd's calculations of the
deepest levels in the configuration 5f3 6d 752 of Ul are in good agreement
with the results of spectroscopic measurements. The number of known
levels is nevertheless only a very small fraction of the total. Recently,
Gurvich and Yugman, (2) using the known energy levels, have calculated
thermodynamic functions of gaseous uranium for temperatures below

20, 000°K. They make rough estimates of the errors resulting from states
whose energies are not known. Krascella has used a semi-empirical

method(3)

to calculate the spectral absorption coefficient and the Rosseland
mean cpacity of gaseous uranium. Since theirs is a semi-empirical method,
it is difficult to assess its validity from the point of view of first principles.
Morzover, assessment of their method from an empirical point of view is
difficult in the absence of data on absorption coefficients over a broad range
of temperature and densities.

In the present work, we approach the problem using methods that
remain in substantial contact with first principles. Further, by supple-
menting X-ray levels with the recent results of extensive (but by no means
exhaustive) self-consistent-field calculations of atomic energy levels per-

(4)

formed at Los Alamos, we are starting from a foundation that is
considerably firmer than that which existed a few years ago.

For neutral uranium the binding energies associated with most of the
spin-orbitals fully occupied in the ground state are known accurately from
experimental X-ray data(s)(b) and from calculations (see Table 1), For Ul
through UXII, which are all the ions that we need to consider for the present
application, one-electron binding energies associated with spin-orbitals
occupied in ground ionic states have been calcula.ted(4)(8) by means of
relativistic Hartree-Fock-Slater (RHFS) equations with an exchange term
having a magnitude two thirds of that originally introduced by Slater.

Table 2 summarises some results of the calculation.
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(In Rydbergs)

TABLE 1
ONE-ELECTRON BINDING ENERGIES IN NEUTRAL URANIUM

Bearden | Herman & RHFS RHFS
Sandstrém | & Burr Skillman | Eigenvalue | Binding Energy

nl j (Ref. 5) (Ref. 6) | (Ref. 7) (Ref. 4) (Ref. 4)
1s 1/2 8514. 7 8497.1 8486. 3 8507. 3 8580.2
2s 1/2 1602. 6 1599. 2 1564.2 1588.8 1617. 7
2p 1/2 1542.2 1539. 7 1503. 4 1532.0 1559. 8
2p 3/2 1264.2 1261. 7 1299.2 1250.8 1274.9
3g 1/2 408.5 407.8 400. 3 400.9 415.0
3p 1/2 381. 4 380.9 373.9 375.2 388.7
3p 3/2 316. 6 316. 3 327.6 310. 4 322.4
3d 3/2 273.9 274.0 287.9 269.6 280.4
3d 5/2 261.5 261.0 274.9 256.4 267.0
45 1/2 105.5 105.9 103.9 102.0 109. 4
4 1/2 92.3 93.5 92.17 90. 44 97.36
4p 3/2 76. 6 76.8 80.19 73.53 79. 78
4 3/2 57.3 57. 4 61. 58 55.07 60. 44
44 5/2 54,1 54.2 58. 52 51.96 57.17
4 5/2 28.4 25.8 33.45 27.67 31.69
4 7/2 27.9 28.0 32.56 26.86 30. 82
55 1/2 23.6 23.8 23.91 22.66 25. 76
5p 1/2 18. 6 19.1 19. 32 18.15 20.94
5p 3/2 14.5 14.3 16. 45 14.13 16. 61
5d 3/2 } - 7.72 9.536 7.556 9.352
5d 5/2 7.08 8.926 6.961 8.692
5 5/2 1.350 0.2606 0. 7899
5 7/2
6s 1/2 5.20 4,036 3.497 4. 646
6p 1/2 3.11 2.673 2.198 3.077
6p 3/2 } 2.2 2.37 2.190 1.542 2.263
6d 3/2 } 0.28 { 0.549 0.2146 0.3328
6d 5/2 0. 494
78 1/2 0. 463 0.3517 0. 5804
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Our approach is based on the use of a simple central field, the scaled

Thomas-Fermi (STF) potential, (9)

which in nonrelativistic examples appears
to be about as accurate as the Hartree-Fock-Slater potential when both are
compared with the full Hartree-Fock method. The STF potential contains

an adjustable scaling parameter o, which in Ref. 9 was calibrated to
experimental energies In the present work, we use the RHFS calculation
and neutral-atom X-ray energies to calibrate the STF potential. From

this potential we can then generate the numerous spin-orbitals that we
require in the calculation of opacities.

Initially, we consider oaly the one-electron aspects of the electrons
bound in a given ioa. (Later, we shall consider the effect of the multiplet
and fine structure produced by departures from spherical symmetry,)

Each spin-orbital is labeled by one-electron quantum numbers n, £, j. Here,
n and £ are the principal and orbital quantum numbers, respectively, and
j = 4 (£)1/2 is the one-electron total angular momentum quanturmn number.

For outer-atom electrons with £ > 2, the binding energy is not very
sensitive to j. Furthermore, numerical calculations that we have doue
show that the oscillator strength corresponding to a one-electron transition
of an electron with £ 2 2 in either the initial or final state is not very
sensitive to the value of j associated with this £ for strong transitions,
e.g., for same-shell (n=n') transitions. For these reasons, very little
effect on thermodynamic or optical properties results from spin-orbit
splitting of one-electron levels with £ > 2. Thus, the one-electron states
from which we build up an ionic state are ns%, np%, npg’ nd, nf, etc., states.
An electron having quantum numbers nt (nfj) is said to be in the nf (nfj)
shell. The specification of the number of electrons in each occupied shell
in an ion will define a subconfiguration. By a transition array we shall
mean the totality of all allowed electric dipole transitions between a pair
of subconfigurations.

We take the point of view that wave functions generated from the one-

electron Dirac equation with the STF potential form a complete set in terms

5
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of which we can describe the bound-state properties of any of the many-
electron ions in our system. The relevant properties of a one-electron
state li) are (1) the radial wave function Pi’ (2) the one-electron eigen-
values ¢ i and (3) the associated quantum defects N defined by

(k + 1)2

€, =
1

’ (1)
(n - ui)z

where k is the net ionic charge. From the radial wave functions we

can calculate the mean interaction energy between a pair of electrons, the
strength of a transition array, and certain average properties of a collection
of levels or lines associated with a subconfiguration or transition array.

We have already mentioned the enormous number of levels and lines
that occur when one is dealing with complex atoms. For these atoms the
statisticai properties of level and line distribution are of considerable
interest. The properties of importance in the present context are the
level- and line-distribution functions, and in particular the first and second
moments of these distributions. From the statistical properties we can
estimate the effect of {ine structure on the electronic partition function and
the effect of a cluster of lines on the transmission of radiation through a ‘
slab of arbitrary thickness. In general, these effects are important in our
problem, the former for the internal energy, the latter for the opacity of
the uranium plasma. A more detailed discussion of statistical aspects of

atomic spectra and their application to our problem is given in Sec. 2.3

and Sec. 5.




2. ATOMIC STATES

2.1. ONE-ELECTRON WAVE FUNCTIONS

The states that form the quantitative basis for future calculations
are generated as solutions of a one-electron Dirac equation with a scaled
STF potential. The scaling parameter a is chosen by calibration against
known X-ray levels and the results of self-consistent-field calculations.

Before proceeding further, we should emphasize the importance of
a relativistic description of our system. This is especially true since at
the low temperatures of interest to us only electrons with binding energies
€5 << ch undergo collisional and radiative transitions at a significant rate.
Nevertheless, even these electrons may have a significant probability for
being found near the nucleus and consequently may be bound much more
tightly than would be the case in the absence of relativistic effects. This
direct relativistic effect in uranium is relatively large (~25%), even for
large principal quantum numbers n, especially if the classical orbit is
highly noncircular (s- and p-electrons). Furthermore, the tighter binding
associated with direct relativistic effects leads to 4« wave function that is
more loculized around the nucleus. In turn, the increased localization
results in an increased shielding of the effective charge seen by other
electrons. In contrast to the direct effect, this indirect shielding effect
tends to reduce the binding energy of outer electrons. The indirect effect,
however, would not be exhibited in the framework of a one-electron theory,
but only in a many-body calculation,

Although relativistic effects are important, the dominant contributions
to Slater integrals and transition integrals come from spatial regions where

the electron is locally nonrelativistic and where the small component of the
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full Dirac wave function is negligible. In the following, we therefore elimi-
nate the small component from the Dirac equaticn and use only the large
component in the calculation of the normalization integrals, Slater integrals,
and transition integrals.

We let f(r) and g(r) represent the radial dependence of the large and
small components, respectively, of the Dirac wave function. The normali-

zation is such that
® 2.2 2
/ rf(r)+g(r)] dr =1 . (2)
0

If we eliminate g(r) from the pair of first-order radial Dirac equations

and introduce

22
P(r) = (2= V*'ch ) rf(r) (3)
mcC
wefind(jo)
2 24 2
o s [(E-V) _m’c +£y_'_g<f<_+_1_>]_.1.v_"_.3_(_') Poo. (@
2 r Q 2 2 Q 4\ Q
(fic)
where

Q:=E-V+me , (5)

the prime implies differentiation with respect to r, and

-(£ +1) ifj=12+
Z ““if‘j**’ie! :‘

—y

K
>

-

e T
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This equation, which we solve numerically on a high-speed computer, is

the basis for the relativistic generalization of the BERN code used by

(9)

Stewart and Rotenberg *’ in their calculation of nonrelativistic wave function.

For outer electrons, it is accurate to replace the normalization




condition (2) by

/ [p(r)]2 dr =1 . (7)
0

We can now calculate Slater integrals and electric dipole matrix elements
by precisely the same formulas that would apply if P were obtained as a
solution of the nonrelativistic Schrodinger equation. That this is an
accurate procedure is assured by the smallness of g(r) in the outer regions
of the atom, where the principal contributions to the integrals arise.

The potential energy is

ze’
V(r) = - =—r/ap) , (8)
where
d(x) = 6(x) + ax/x, x<xg
= q X2 X, . (9)

The boundary of the ion is at x;,and ¢, the TF function, satisfies

2 3 1
L8 - gy (10)
dx
$(0) =1
o(x,) = 0
d¢
17 %y 3% xq
x=r/p

1
p=0.8853 2 3
q=2"'/2
z' = core charge =k +1

Z = atomic number.
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The scale factor @ was introduced into the TF potential by Stewart
and Rotenberg and used as the basis of a semi.empirical method for com-

(9)

puting atomic and ionic wave functions. In their paper, a played the role
of an eigenvalue to be determined by equating the energy eigenvalue in the
Schrodinger equation to the experimental one-electron binding energy. In
the present work, we calibrate @ against neu.ral-atom X-ray levels and

the results of self.consistent-field calculations for both neutral and ionic
species. Stewart and Rotenberg find that cscillator strengths obtained by
their method agree with the results of alternative methods of calculation.
Further, their method kas a wide range of applicability and their calculations
are much shorter than self-consistent-field calculations.

In Fig. 1 we have plotted the computed eigenvalues of several
spin-orbitals in UI.UXII as functiors of @. The upper member of a pair of
connected curves corresponds to j = £ - 3; the lower one to j = £+ 3. From
these graphs we can detern .ine values of @ that lead to binding energies
closely reproducing the self-ccnsistent-field results calculated at Los
Alamos and shown in Table 2. Apparently, the valuec of @ determined in
this way are nearly independent of £, j, and z but exhibit a relatively strong
dependence on n. Even the 5f electron in neutral uranium, whose STF
energy eigenvalue is extremely sensitive to @ adheres to tnis rule. Table 3
shows the values of @ finally selected for all spin-orbitals with principal
quantum number n = 5 through n = 10. We disregard electrons withn <5
since they do not have a significant prohability of excitation in the range of
temperatures and photon energies of interest here. We have constructed
Table 3 ignoring, for the most part, any dependence or £ and j but acccunting
for the small variation with s'. The values of @ for n = 5, 6, and 7 were
determined on the basis of the RHFS binding energdes; for n = 7, the a's for
z'> 2 follow from the assumption that @ is independent of z. For n > 8, we

have no quantitative basis for dete rmining @, andthevalue @ = 1.10 is merely

10
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a guess on the part of the authors. Self-consistent-field calculations for
excited ions including orbitals with n > 8 would provide a systematic basis
for choosing a.

In Table 4, we list the eigenvalues obtained from Eq. (4) using the
a's given in Table 3. These eiger—~lues should be compared with the RHFS
binding energies listed in Table 2. The quantum defects in Table 5 follow
from the eigenvalues of Table 4 through the relation (1). The information
contained in both of these tables is used extensively in the detailed energy-
level and oscillator-strength calculations that we describe in subsequent

parts of this report.

2.2. ATOMIC ENERGY LEVELS

To form a suitable working basis for the calculation of energy levels
and electronic binding energies, we consider the kinds of states that are
likely to occur in an ion or atom in a thermal equilibrium plasma. In
general, in an ionic species that is relatively abundant in a high-Z plasma
we will consider three classes of bound electrons (shells):

(1) I-electrons (shells) that are tightly bound in an inner core con-
sisting entirely of closed shells. At thermal equilibrium the
probability that I-electrons in an ion near the dominant species
are excited into other one-electron states is negligibly small.

(2) E-electrons (shells). These electrons have excitation energies
sufficiently large that the probability of finding more than one
E-electron in an ion near the dominant species is negligibly
small.

(3) M-electrons (shells). These electrons are in shells that may
have any occupation consistent with the Pauli exclusion principle

and the full occupation of the I-shells.
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Thus, in an ion having N bound electrons, we consider as important .
for the statistical mechanics subconfigurations having :
(a) an invariable number NI of I-electrons,
(b) no more than one E-electron, and
N = - = - - ” .
(c) M N NI or NM N NI 1 electrons of type M
In Table 6 we give the classification adopted for the shells in each of the
first twelve ionic species of uranium.
TABLE 6
CLASSIFICATION OF SPIN-ORBITALS
Z'
nl j 1 2 3 4 5 6 7 9 9 |40 |11 |12
| 6s1/2 |1 (1 1 |1 111 ¢ 11 1 |1
ép1/2 | I I I i I MM MiMIMIM|[M
3 ép3/2 | 1 I I 1 MIMIMIMIM MM M
g 6d M|M|M|[M|M|E|E |E |[E |E |E |E
5§ M|M|M|M|M||M|M M|M|M M
7s1/2 | M |[M | M|M |E |E |E |E |E |E |E |E
NOTE: Electrons in K, L, M, N, or O shells are I-electrons. ‘
Electron in shells not listed here are E-electrons. :
We are now in a position to describe the method for calculating average z
energies of subconfigurations and the binding energies of electrons contained
in them. We make the approximation that the one-electron wave function
corresponding to a given spin-orbital is independent of the distribution of
remaining electrons over one-electron states. (In general, this is a quite
strong assumption; however, in view of the complexity of the problem we
are trying to solve and the many sources of uncertainty inherent in it, there
is hardly any basis for attempting to be more precise.) With this assumption
19
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the average energy of the subconfiguration K with N‘l electrons in shell 1,

N2 in shell 2, etc., is(ii)
N.(N,-1)
) 1
E(K)=E<{Ni})=z Nifi+2 — Q, +—§:NNQ . (11)
i i i#j
and the mean binding energy of an electron in the kth shell is
= = + - ' .
E (K)=e ((N})=£ +(N -1)Q  + Z N.Q (12)
jtk

Here we consider fk to be the average value of the sum of the kinetic
energy of an electron in shell i and its interaction energy with the central
field created by the nuclear charge and electrons in I-orbitals. The
quantity Q is the mean interaction energy between an electron in the it
shell and one in the j th shell. The sums in Eqs. (11) and (12) thus go over
occupied M and E orbitals, but not over I-orbitals.

We further assume that in a given ion the subconfiguration {N.} =
{{N’} = 1}, where i is an E-orbital and the N! are the occupa:]txons
of M type shells, has a binding energy € that is md.:apendent of the dis-
tribution {N_%}M ot electrons in M-shells. The energy of this {Nj} sub-

configuration in the kth ion is
B () =B (D) + ;- (13)

Finally, we make the approximation

E (N ) = By () (14)

that is, the energy of the parent subconfiguration {N!} _ is equal tc the

M ,
energy of the same subconfiguration in the next stage of ionization. |
To calculate the energie~ of ionic states determined by rules a, b, |

and c, and Table 4, we require only the values of fi and Qij for M-orbitals,

20

A



y

]

),

ratet FERIS T

and the enﬂj for E-orbitals. The Qij can be expressed as linear com-

binations of Slater integrals,

02 ST Lo v £

(k) Y ., e ;
Fij =2 Ryf f Pi(ri) Pj (rZ) ) dr1dr2 , (15)
0 0 Ty
) ) rk
TR P.(r.) P.(r.) P(r.) P.(r.) —— dr,d 16
i Y o Jo AR LA AR LA A L AL kit Ty9%2 (16)
>

where Ry is the Rydberg unit, r. (r>) is the lesser (greater) of r,, r , and

1
distances are in atomic units. To a very good approximation, however, we
may write simply

1) 1)

an approximation that we employ in the numerical calculations. We
tabulate Slater integrals connecting M-type orbitals in Table 7.

In addition to the Slater integrals, we need the fi's for the M-type
orbitals. Here we do not explicitly calculate expectation values in order
to obtain the fi' Instead, we determine them from the RHFS calculation of
the binding energies associated with the various spin-orbitals in the
minimum-energy subconfigurations of each ion. Denoting the set of occu-
pation numbers of this subconfiguration in a particular ion by {Ni} 0, fk

follows from

0 0 0
= € - - - .
£ k({Ni} ) (N, - 1) Q z : N.Q (18)
j*k :
The values of fk for electrons in M-type orbitals are given in Table 8. %
The f and Slater integrals allow us to determine the mean energies

k
of the subconfigurations containing no E-electrons from Eq. (11). Of these

subconfigurations, we list in Table 9 only those that are considered in

21
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TABLE 8
X INTERACTION ENERGY WITH CORE OF I ELECTRONS = - {

/ (In Rydbergs) k
i
z' | 7s1/2 | 6p 1/2 | 6p 3/2 | 6d 3/2 5f 5/2
1| 4.0537 4.2941 | 6.2453
2 | 3.8340 4.3019 | 6.2021
3 | 3.9962 4.5919 | 6.4809
§ 4| 3.9032 4.2396 | 5.7227
) 5 10.647 | 7.9658 | 10.0550
% 6 14.1841 | 12.820 12. 486
T 7 13.947 | 12. 660 12. 419
7 8 13.826 | 12.577 10. 834
9 13.747 | 12.5¢5 12.179
10 13.336 | 12.200 11.833
; 11 13.345 | 12.216 11. 764
% 12 13.301 | 12.134 11. 652
E
i
!
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TARLE 2
AVERAGE ENFRGIFS AND VARIANCES

FE  EMIN ACE o R RMIN 2K
degen. 7!”2 b | 8f [(Rydberge) [(Rydbergs)2 {| degen. 71”‘! wIJ St [(Rydberga) (l(yr!hvrgn)a
2! 1 . i
zoro00.002] 2 [ 40 |2.1075.00 | 7.4600.03 [l4.500001] 2 cla s mnen 00l 1021700
1.ex00008) 2 | sl |agsszi00 | 101463002 J1.900002f 2 t 2w 000 4.t6as.03
wogsoi0y| 2 |2 lz ]z 130101 | t.9021.02 fa.t00009] 2 of2lu.se7s. 1] 8 6707204
soha00003t 2 1|3 [o.onon 2.8845.02 ll2 0002l yho | s.2727000] 1. t466.02
1.0010:63] 2 Jola e 7649010 ] 3.6002-02 1,260 05] 4 21 1] 1013800 1.3882.02
5,04000020 1 | s |0 lz. 2197000 | t.649.02 [1.820003] 1 1] 2] 7.5714-01] 1.8254.02
5.88000030 1[4 1 ]1.1078000 ] 1.9765-02 7. 2800020 4 0 f 4] 1.0288.01] 2.1804.02
2. 1840004 1 3 [ 2 |4.8544-01 | 3.0128-02 f2.100002] o s 1ols.0%09.91( 1.0356.00
s276m0a| 4 |2 34525501 | s.9064-02 [[1.680005] o sl 168470001 1.6y66-02
20029041 1t 11 |4 |7.0916-01 ] a.6361.02 {{4.09503) ¢{217.2079-01] 2.5567-02
100400030 1 o] s [1.5853000 | 4.8250.02 [l i.640003] 0 1| 3]1.5923.01} 3.2263.02
2.1000062] 9 |6 o2 skation ] 7.4600-03 [[1.001:03] O 0|4 0. 0000 3.5496-02
.5280:03( 0 [ sttt 3523000 4.5718.02 24
{.9110004] 0 |4 ]2 |7.9003-01 | 2.9450.02 |l1.000:01] 2 110z 45%+00] 0.0000
4.3680104] 0 | 3| 3 [7.1726.01 | 4.3920-02 Ji.4n0i01] 2 0]1]1.1547 00| 0.0000
4.5045:04] 0 [ 2|4 ]1.1740.00 | 5.3043.02 Jf9.00ci01] 14 210220510001 7.0241.03
2.0020:04] 0 ] 1 |s |2.1002:00 ] 5.7180.02 Jiz.800.02] 1 1|1 ]1.0720000| 4.0157-03
300300030 0 o g6 [3.5159.00 ) s.6143.02 [[1.820002] 1 o] 212.6098-01] 8.9898.03
22 1.200002] o s | oz t816000] 7.5879-03
1.200c:020 2 |3 ]o[z2.6250:00 | 6.5119.03 [l6.300002] o 2|1 [1.0431500] 1.0327-02
6.3000+02] 2 |21}t |1.2682+00 | 8.3260.03 {l9.100102] o 1{2]3.1585 01| 1.6120.02
9.1000402| 2 |1 |2 [3.9322.01 | 1.5291.02 |/3.640.02] 0 o[ 3|0.0000 2.2245-02
3.6400002] 2 |o |3 |o.0000 2.4125.02 ‘ 2
4:2000:027 4 |4 |0 |2.5840,00 1 1. 1885.02 || | bpy, 5| 64 5t ;;;diff::, (Ryéic,‘,ﬂ
3.3600403] 1 |3 |1 |1.3270000 ] 1.7653.02 —_
8.1900103] 1 [2 ]2 |5.5179-01 | 2.5661-02 A .
7.2800003] 1 1] |2 583701 | 3. 3063.02 [|8-100%08] 4 v | 2 |0.0000 9.1853.02
2.0020103] 1 |0 |4 |4. 67501 | 5.9569.0z [|1-400002| 4 | 1|1 3.5¢83-01] &.B6SE-0
252000021 o |'s |0 |2.6004:00 | 1.0336.02 [|4:300001[ 4 210 ) 1.0874469 3.9631.03
204000030 o |41t |t 4413000 | 1.7451.02 [3-456-03] 3 9] 3]1.6684100]| 7.1590.02
vo920004l o |5 12 |7.6786.01 | 2.0324.02 [|3-640103 3 1 12]1.7769100| 3.0397.02
163800041 0 12115 7424.01 | 4.0808.02 f2-520403) 3 2l t}2.25900001 7,9528.02
4.0010004! o |1 |4 |8 624001 | 4.8879.02 |4 -800+02] 3 3ol 11%i00] 7.1600.02
2.0920003] o o s ]1.632%00] 5.2637.02 !

24
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FABTE 9 {continued)

oo s e

iy TRROrT A

P PR s

B - EMIN A2, E - EMIN 22K
degen. 6p”2 6P$/Z 5f [{Rydhergs) (Ryf")(‘l'g'i)z degen. hpl/l hpi/Z S |(Rydbergs) (Ryxlbvrgq)z
AR 2t - 10
1.400:01 2 4 1 [0.0000 0.0000 4,000 00 2 1 0 10.0000 0.0000
3. 640102 2 3 2 {1.5418:00 | 4.4673-02 1.2004101 1 2 0 {1.0122:00 ] 2.9822-02
1.820:02 1 4 « 12.4125400 | 7.00;0-02 4.080400 0 3 0 ]12.0:82+00] N.0000
2.184:03 2 2 3 13.2799100 [ 9.974K.02 1.400001 2 0 1 {&.0180-01 | 0.0000
2.912+03 1 3 3 14.0998:00 | 1.6720-01 1.120402 1 bl 1 11.7653400} 5.9150-02
.6H30102 0 3 14.9373¢00 | 2.4957-02 8.400¢01 0 2 1 12.7426+00 3.4622-02
o -"‘/.‘ 7 1.82040¢2 1 0 2 12.7564+00 | 6.6204-02
1.000.00 2 4 O 10,0000 0.0000 3.640:+02 0 1 2 | 3.6850:00 | 4.2828-02
5.600:101 2 3 1 i.19114000 1.6825-02 FAREEE B |
2.8001 01 1 4 1 17.0998:00 3.0105-02 1.000:00 2 1 0 0 |0.0000 0.0000
5.406G102 2 2 2 [2.6220:00 | 6.4524-02 8.00G01 0N 1 1 0 14.0624+00{ 1.3570-02
7.280:02 1 3 2 13.4762:00 1.1056.01 6. 000400 0 2 N 12.1380+00 1.2834-02
9.100+01 0 4 2 |4.3:72100 1.1425-0¢ 2.800:01 1 0 1 {1.7297400 3.0147-02
z' 8 5.600121 G 1 1 |2.7587+00 | 1.7301-02
2.000:00 1 4 0 |[9.9480-01 | 0,0000 9,100+ 01 0 0 2 |2.6106+C09 | 1.2297-02
4,000+ 00 2 3 0 [0.0000 0.0000 z' - 12
8.400+01 2 - 1 ]12.5005+00 3.h277-02 2.000:00 1 0 0 {0.0000 ! 0.0000
1.120:02 1 3 1 [3.4443400 | 6.2853-02 4.0004+00 0 1 0 |1.1165+00 | 0.0000
1.400:01 0 4 1 4.4041:G0 | 0.0000 1.400:01 0 0 + |1.€485400{ 0.0000
3.040102 2 1 2 15.2214400 1 4,4824-02
1.092+C3 1 2 2 16.1144:00 | 1.4398-01
3.640402 0 3 2 17.0229+C0 | 4.4824-02
o
6.000+00 2 ] 2 0 [0.0000 1.2°69-02
8.000.00 1 1 0 |1.0319.00 | 1,3252-02
1.000+00 0 4 0 |2.0789:00 | 0.0600
5 600401 2 1 1 19.63°0-01 | 1.7147-02
1.680402 i 2 1 11.9437490 | 8.3362-02
5.600404 0 3 4 12.9392400 { 1.7147-02
9,100 01 2 0 2 12.4682100 | 1.2150-02
7.280102 1 1 2 |3.0974400 | 1.1311.01
__‘:..460002 J 2 2 |4.0411400 | 6.6827.02 (
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explicit calculations. We also list the energy of these subconfigurations
relative to the subconfiguration of minimum mean energy.

Finally, the €'s for E-type orbitals are found in Table 4. For n
greater than those explicitly appearing in the table, we use the extrapolated
defect

p(£j) = lim p(n, £,j) (19)
n-» o0
and Eq. (1) to calculate the eigenvalue.

From Table 5 we infer that u(n, £, j)is well approximat.d by u(/, j) for
relatively smalln. For s-, p-, and d-electrons. the limit pu(Z, j) is attained
to very high accuracy for n = 8 and to within a ew percent for n = 7. For
f-electrons, the limiting defect is attained atn = 6. We assume that states
with / = 4 are essentially hydrogenic, having a defect near zero. (For
E -electrons, we use only the asymptotic defects {see Table 23)in the calcu-
lation of partition functions, which are relatively insensitive to the difference
between (£, j) and p for the values of n of interest to us here; we do, how-

ever, account for this difference in the calculation of oscillator strengths. )

2.3, STATISTICAL ASPECTS OF ATOMIC STATES

As long as the mean degree of ionization in a plasma is sufficiently
large, the assignment of a mean energy to each subconfigur. ion is sufficient
to accurately determine the composition and thermodynamic properties of
the plasma. This is not the case at low temperatures and large pressures,
where neutral uranium constitutes a large fraction of the total number of
plasma ions and where cnly the lowest-lying energy levels in Ul are ther-
mally excited. For this case it is necessary to know the detailed level
structure of the lowest-lying subconfiguration. For complex ions like Ul
and UII, the level structure is not well known, and even if it were it would
be cumbersome to use such large amounts of information in a flexible

computer code,

ey




2.3.1. The Energy Level Distribution Function

The very complexity of an atom makes it possible to describe its

level structure in terms of a level density function. Moszkowski(iz) has
studies level and line disfrikutions that may be expected in complex atoms.

Following Moszkowski, we shall adopt the function

m (E! -EO)
F(E'):AIE'-T:OI expl- ——— E'>E

=0 E'<E (20)

for the fracticn of states per unit energy in a given subconfiguration.
Here A is a normalization constant, leaving three quantities, EO’ ¢, and m,
to be determined.

Moszkowski has given formulas for the first and second moments of
the distribution of term energ.es in a many-electron configuration. These
formulas are expressed in terms of the moments of the distribution of term
energies for a two-electron configuration. We will apply his formulas to
the problem under consideration here. The expression for the first moment
is the mean energy already given in Eq. (11). For the variance AZE({Ni})

cf the subconfiguration with occupation numbers {Ni} , We write

2 Ni(Ni-1)Mi-NiMi-Ni-1 2
A E({Ni}) =§; 5 M, -2 M, -3 ATE(ii)
i

- | - )
N.(M, - N,) N, (M, - N

k- Tk 2.
+Zz: M1 M, -1 A“E(ik) ,  (21)

i k>i

. . . . 2..,.. 2_.,.
where Mi is the maximum occupation of the i-shell, and A E(ii) and A E(ik)
are the variances of two-electron subconfigurations composed of equivalent
and nonequivalent electrons, respectively. We have not calculated these

variances precisely; instead, we have used the corresponding, more readily

27
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available expressions for two-electron configurations. Values of AZE for
several subconfigurations in UI - UXII are tabulated in Table 9.
Having the mean energy and variance gives us two relations between

the parameters m, o, and E

0:
o0
E=f F(E')E' dE' = E + o(m + 1) (22)
: |
0
2 * 2 2
A°E = F(E') (E' -E)°dE' = (m + 1)¢° . (23)
E
0

To obtain a .hird relation, we argue as follows. We expect thermodynamic
quantities to be insensitive to the form of the distribution function F(E')
when many subconfigurations are thermally excited. When only the ground
subconfiguration of Ul is excited, however, both the translational motion
and electronic excitation may contribute significantly to the internal energy
of the plasma, and the latter is sensitive to the parameters in F(E'). With

these observations in mind, we have chosen m = 0 for all subconfigurations

in UII, UIII, etc; in Ul we take m the same for all subconfigurations (m =0.44),

choosing it so that the difference between the Eo's for the subconfigurations
of lowest energy in Ul and UII is equal to the ionization potential frora the

ground state (I0 =6.11 eV of UI).(13)

2.3.2, The Angular Momentum Distribution Function

In addition to the distribution of states with respect to energy, we
require the distribution function f(J) for the angular momentum values J
within a subconfiguration. To obtain this distribution function, we reason
as follows. Suppose that we have a shell nfj containing a large number N
of electrons, but that N is much less than the maximum number M = g[j of
electrons that this shell can hold. We further suppose that an electron

can occupy any of the &:+1 magnetic substates independent of the states

28
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occupied by the remaining electrons in the shell. This is a good approxi-

mation for N << M. The total z-component of angular momentum is

= + .o .
N JZ m, rn2+ +mN (24)

If we assume that the m are random as well as independent, then by the

central limit theorem of statistics we have asymptotically for large N
f(J ) ~ exp( BJZ) (25)
. exp(-fJ ) .

Since this form must hold for any of the three components of total angular
momentum J, it follows that the distribution function for the total angular

momentum J must be

2
£{(J) = AJe_ﬁJ . (26)

In the absence of a more rigorous, yet tractable, analysis of the
distribution of angular momentum, we will use Eq. (26) wherever we
requi?—e the quantity that f(J) is intended to approximate. We will require
f(J), in Section 5.7, for example, in order to estimate the number of lines
in a transition array.

The quantity A in Eq. (26) is simply a normalization constant:
A =2p . (27)

To obtain p we must relate it to some known property of the distribution.
. . 2 .
One such property that we can readily evaluate is (J + J), the expectation

2 . . .
value of J~ ir a subconfiguration. We have

1 N7 .2
E+——1-(J ) (28)

2p2
To calculate (J2 + J)av’ we first consider a shell nfj containing N

electrons. We want to calculate the shell average

2
(alrlay, (29)
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where |A) is an N-electron determinantal state composed of one-electron

. . . 4 .
states |i) that are eigenfunctions oI gi and Jiz' Observing that

N N N
2 2 . .
J = E Jli + E E "li"lk ' (30)
i i=1

(11)

we can calculate (AI!:2 |A) using well-known rules for obtaining matrix

elements with respect to leterminantal states of operators expressible as

sums of one- and two-electron operators:

QA,JZ ’A)>av - <i ji(ji s +i i [(ik ,.ii..J:.k,ik) - (ik ’31 'iklki)]>
i=1

i=1 k#i=1 av

= Nj(j + 1) +ZZ <[(1k ’li' i, |ik) - (ik lgi.;klki)]> .
av

i k#i

(31)

To complete the evaluation, we consider

2
[(ikljizjkz lik) - (ik'jizjkz ,ki)] . <mimk - m; 6ki> , (32)
av

where m, is an eigenvalue of jiz' Now
i

J
2 P , 2
<mimk - m; 6ki> = [2j(2j+1)] Z Z (mimk - m, Gki)
av

mk=-j mi#mk

J
= - [2j(25 +1)] ™ > m;
m. =-]
=L i(G + 1) (33)
6
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with identical contributions coming from terms involving the x- and y-
components of ji and jk. Finally, since there are N(N - 1) terms 1n the

double sum in Eq. (31), we obtain v

<(Alg2!A)>aV =[JT+)), = —I\I—(Hj(j +1) . (34) §

For more than one n/j shell, Eq. (34) generalizes to

N (M, - N,)
@+, =Y S R t ) (35)

av M, -1
X k

the sum going over all shells. Similarly, for n/ shells, the kth of which

contains Nk electrons,

. N (M, -N ) Y
. _E k'k Tk 3

; where now Mk = Z(sz +1).

From the distribution function, Eq. (26), we find

43° \
) &y . (37)

S ——a— -

@+, =——+7_

Together with Eqs. (35), (36), and (28), this result determines Jav and B ,
in terms of the occupation numbers Nk' Having determined Jav' we can
estimate the number of levels NLev arising from a given set of occupation

by means of

M
. _ k
(zuaV + 1)NLev = I | (Nk) , (38)
k

where i

numbers Nk

31
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(Mk) _ Mk! 39)
Nk Nk! (Mk - Nk)

By explicitly calculating NLev for several configurations and determining

Jav from Eq. (38), we find that

I3 [{1 FA[T(T + 1)]av}% ] ] (40)

is a slightly better approximaticn than the value determined from Eq. (37).

In practice, we shall calculate Jav from Eq. (40), and use this value in

Eq. (38) to estimate NLev' We have computed the number of levels occurring
in an LSJ scheme in a large number of configurations containing two or

more electrons. Our approximation for N is in error by less than about

Lev
5% for all configurations considered except 2. In the latter case, the
g pPtp

error is about 35%.
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3. STATISTICAL MECHANICS

We consider a neutral plasma consisting of ions of a single element
and free electrons. In calculating the thermodynamic properties of the
plasma we shall take account of the translational motion of the ions and
free electrons, the electronic excitation in each ion, and the plasma effect
resulting from the electrostatic interaction between the charged particles.
We calculate the contribution of electronic excitation to the partition func.ion
of the system for all subconfigurations specified by the rules of Sec. 2.2,
accounting for tne electrostatic splitting of each of these terms into several
energy levels. In estimating the splitting effect we utilize the statistical
aspects of atomic spectra described in Sec. 2. 3.

Our treatment of plasma interactions, and the associated effect of the
lowering of ionization potentiale, has as its basis the theory develnped by
Stewart and Pyatt. (14) Here, however, we are requirecd to modify this
theory while including the plasma effects in calculations of thérmodynamic
properties, if we are to preserve the relationships that exist among the
various thermodynamic quantities.

As our point of departure, we express the Helmholt: free energy F

of our system at temperature T and volume V in the form

eAOZk ZeAe
F=—®Zn ln('———)-@n ln( )+F , (41)
k n, e n, r

where ® = kBT (kB = Boltzmann's constant),

the number of ions with charge k times the electronic charge e, and

the number of free electrons.

S
]
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The quantities AO and Ae, which originate from the free translational

motion of the plasina particles, are given by

3

2
A o lzMEF .
0 3
h
; (ane®)
v Ae =-—-—T—V ’ (43)
h

where M is the atomic mass of the element, m, is the rest mass of an
electron, and h is Planck's constant. Finally, Zk is the electronic
partition function:

Z, =Z g (i) expl -E_ (i)/®] , (44)
i

where the sum goes over all levels i of the kth ion, and gk(i) and Ek(i) are
the degeneracy and energy, respectively, of the ith level. Fp in Eq. (41) is
the countribution to the free energy from electrostatic interactions between
charged plasma particles. Later, we shall give an explicit expression for
' Fp in terms of the temperature, volume, and the populations of the various

species of particles.

3.1. PLASMA EFFECTS

Using a finite-temperature Thomas-Fermi model, Stewart and

Pyatt(m)

have calculated the average electrostatic potential near a nucleus
iminersed in a plasma. They also give a simple analytic solution, exhibiting
Debye-Huckel and ion-sphere limits, which approximates within about 20%
the results of calculations with the full Thomas-Fermi model. This solution

is the starting point for our subsequent considerations.
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At the position of an ion with ionic charge z =z'-1 Stewart and Pyatt

give the average potential resulting from all other charged particles in the

systern as

2
3

J(z) = [2(z* + 1)]'1 {[3(z* + 1)K(z) + 1]

- 1} ’ (45)
where J(z) is the average potential in units of 6,
E n k2
— k
zz k
A — '-'_n— (46)
2 e
and Zez
K(z) = DO - (47)
The Debye length D is determined from
2 n
1 4me e
— ,‘* PR .
2 "o U Te¥y (48)

The essential assumptions in the determination of this solution are that the
nucleus and bound electrons are at a point and have net charge z and that

the free-electron density is approximately uniform.

The theory developed by Stewart arnd Pyatt is not a thermodynamically

. . . . . 15
consistent one. Following the treatment given in Munster's book, (15) let

us consider an N-particle plasma in which the charge of the ﬁth (B=1,...,N)
ﬁz‘:1 (ap < 1) instead of the full charge z‘3 that it has in the real

plasma. We let -\I-;a(aj) be the electric potential produced at the position of

particle is a

the ion a by all other charged particles. To obtain thermodynamic consistency,

we require

v 7
a’a BB
and
35
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z z aaa = ..., (59)

aaa‘3= g

We seek to meet these requirements by first introducing

é L
P-4}, (51)

which differs from J(z) only through the appearance of

1

TPy

{[3(1 + z%) K + 1)

2
eyl - € .
K=1z2 Do (52)
in pla : of K(z) Whereas J(z)® represents an average potential at the -
position of an ion with charge z, J® represents the potential at the position
of a fictitious ion hav.ng an average charge z. If we also define
27, 2V 3 )
N I- e [4me 3
= + - , 53
Ieg) Ty | | e ( o~ ) [Sagh® +1f -1 (53)
where
2 2 2 2 2 2
5( : = el t
b(aﬂ) a,z, + a222 + aNzN (54)
. — - ‘w
and N is the total number ot nuclei in the plasma, we observe that z j(1) = J. 3
By choosing
e\Ifa(aB) =-a z, J(aﬂ) ® , (55)

we readily verify that the relations {49) and (50) are satisfied.

The plasma contribution to the free energy follows from

1
Fo=e fo Zzawa(aﬁ) da_ . (56)
a

Taking an integration path along which a_ = a for all B, we can write

p
1 -
- _ : 2 aJ{a
Fp--@(ank +ne)/° —J—li da , (57)
34
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where

J(f) = 1 {[3a3(1 +z%) K + 1]
2 2a°Z(1 + z%)

2
3

-1} . (58)
Explicitly,

F 1
__p_N 3 e da
®-2L {[3a(1+z*)K+1]3-1}a

3
2 P
%(z nkk +ne)

1 2 2
3e 4me da
fo 3a ®<V®) = +1] -f 2 (s9)

Having obtained the plasma contribution to .he Helmholtz free energy

o]z

we are in a position to fully determine the equilibrium properties of the

plasma. In particular, we obtain the equilibrium composition by insisting

that
Q=F - E Py - M B (60)
be stationary for arbitrary small variations in ny and n, at constant volume
15a
and temperature.( ) In performing these variations in Eq. (60), p.k and p.e,

the chemical potentials of the kth ionic species and electrons, respectively,
play the role of Lagrange multipliers. We may very well expect that this
procedure leads to the Saha equation in which appears an effective reduced
ionization potential. Since, however, Fp depends on the particle numbers
ny and n, in a rather complex way, the value that this reduced potential
should have is not completely obvious. Therefore, it is worthwhile to
explicitly carry out the variational procedure. If we perform the variations

and use the condition of macroscopic neutrality to eliminate n_» the chemical

equilibrium conditions

N k=012, ... (61)

k- Pret THe
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AE
y4 F -
1 %k Mkt og OF, OFL = —= (62)
nF 7 n, "~ ®on_, ~ 8a _xtlhx @
k+ti Tk k+1 k
Introducing
Uk = Zk exp[Ek(O, 0)/@]
= E g, (1) exp{-[E, (i, K) - E (0,0))/®} , (63)
i
we obtain the Saha equation in the form
n U
k+1 k+1
=T exp(-(I, - AE, )/®] . (64)
n Uk k k

where the ionization potential in the absence of plasma effects,

1 (0,0) - E,(0,0) , (65)

K~ Fri

is the difference in the ground-state energies of ionic species k+1 and k.

The quantity AE, defined in Eq. (62) is the pressure lowering of the

k
ionization potential. If we examine this quantity, we find that it gives
physically plausible results except possibly when z << 1. Two limiting

cases are of interest. When
3(1+2¥) K< 1 , (66)
we find from Eqs. (51) and (62) that

AE, = k; k= (k+1)el/p0 , (67)

i. e., the lowering reduces to the Debye limit. This is a proper limit when

(66) applies except possibly for a weakly ionized gas (z << 1 and z* = 1).

For a weakly ionized gas, the Debye limit applies only if

e2/D®< 1 . (68)
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If, however, z << 1 and

- 2
zZe

D®

6 <1, (69)

the condition (66) applies, and we oﬁ@?in the Debye limit even when the
condition (68) does not apply. We have not resolved this difficulty, but we

do avoid it by an ad hoc method that we describe in Appendix A. For a

more complete description of the content of this section, we refer the reader

to a forthcoming paper by Pyatt and Parks. (16)

3.2. ELECTRONIC EXCITATION

The assumptions (a), (b), and (c) of Sec. 2.2, which together with
Table 9 enumerate the subconfigurations that we consider, underlie our
calculation of the electronic partition function. According to these assump-

. th . .
tions we can express the function U, for the k ion in the form

k
|
.0 1_E ~
Uk = Uk + Uk Uk exp[-Ik/®] , (70)
where
0 Z" 71)
K
here,

¢, (K) =Z g (s.K)e :p{-[E (s, K) - E,(0,0)]/®} . (72) *

The sum in (72) goes over all levels s in the subconfiguration K, the sum

in (71) only over subconfigurations having N-N_ electrons in type M spin-

1
orbitals. (These subconfigurations are listed for each ion in Tablz 9.)
The energy of the level s in K is Ek(s. K), its degeneracy is gk(s, K), and

Ek(O. 0) is the energy of the ground state in the k ion. The product term in
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Eq. (70) represents the contribution from states with N - (N;-1) electrons
in M-orbitals and one electron in an E-orbital. To obtain U11< we,make the

approximation

" U = Uyt . (73)

i. e., the E-electron does not perturb the energy level scheme of the
remaining N - (NI-i) M-electrons. This approximation is consistent with
Eq. (14) and the discussion following it.

We obtain UE as the partition function arising from the one-electron

k
E-orbitals:

U, = gy i) exp [, (0)/e] (74)

the sum going over all E-type orbitals. According to the discussion of

Sec. 2.2, the one-electron levels have energy (in Rydbergs)

(k +1)°

€ (i) = - (73)

(o -y, 0
and degeneracy gk(i) = (Zji + 1) or 2(22i +1).

In Appendix A, we evaluate the sum in Eq. (74). In performing the
sum, we use the results of Sec. 3.1 on the lowering of the ionization
potential to determine a value of the principal quantum number n at which
to terminate it. Moreover, when the energies ek(i) are sufficiently closely
spaced, we use an integral approximation for the sum.

Let us now consider tk«. part ¢k(K) of the electronic partiticn function.
To evaluate the sum over states of any function f(E(s, K)) we make the

replacement

D 8(8.K) £(E(s, K)= g (K) f Fy(E) £(E(s,K) dE , (76)
8
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where FK(E) is the fraction of states in Kth subconfiguration of the kth ion
having energies between E and E + dE, and g(K) is the degeneracy of the

t . . . .
K subconfiguration. For convenrience of notation, we have dropped the

ion index k. We find

d)(K) =E g(S, K) expzl[E(S,K)®- E(O: OUZ (77)
S

1 1 -m(K)-1
- g(K) A(K) exp{-[E(0, K) - E(0, 0)]/®} [—-@ + ]

7K I'[m(K)+1] ,

(78)

where I'(x) is the gamma function. Utilizing the relation (see Eq. (22))

E(0, K) = E(K) - o(K) [m(K) + 1] , (79)

in (78), and remembering that we will take my = m to be independent of

K, we obtain
-m, -1

k
7, (K) HEL(K) - E(0) - (m, +1)o, (K) -0, (0)]}
8, (K) = g, (K) [1+ 5 ] exp[ k= ]

(80)

where Ek(O) is the mean energy of the ground subconfiguration.
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4, THERMODYNAMIC PROPERTIES AND COMPOSITION

The principles and methods of the preceding sections form the
essential physical content of a computer program designed to calculate the
thermodynamic functions and composition of uranium gas. A brief des-
cription of the method of calculation 2nd a summary of the equations used
in the program are given in Appendix A.

The program requires the temperature T and the free-electron
degeneracy factor I, Eq. (A-1), as input quantities. From the curves in
Fig. 2 or from Table 10 we can obtain I' when the pressure and temperature
are given, Calculated compositions and thermodynamic functions for the
temperature range 5000°K < T < 110, 000°K and the pressure range 100 atm
< P <1000 atm are presented in Tables 11 and 12, respectively.

At the highest temperatures considered here, the internal energy of
the plasma is dominated by the translational energy and the ionization
energy, with only small contributions from electronic excitation and plasma
effects. Similarly, the pressure is dominated by translational motion with
only a small reduction by electrostatic interactions between ions and
electrons. At the lower temperatures, the effect of plasma interaction,
especially the effect of electronic excitation, may be important. We illus-
trate this in Table 13, * which gives thermodynamic functions of & uranium
plasma at ® = 1.38 eVand I' = 83. Electronic excitation contributes approxi-
mately 45 percent of the total internal energy, somewhat greater than the
relative contribution from either Ekin or Eion' The plasma effect reduces
the total energy by slightly more than 10 percent and the total pressure by
about 15 percent. These results for the plasma effect are typical of the

calculated cases for which z~1.

The symbols in Table 13 are defined in Appendix A.
42
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TABLE 13

THERMODYNAMIC FUNCTIONS AT 8 = 1.38 eV, " = 83

5o = 2 S50 = 1
Fractional populations
po 0.365 0.351
Py 0.537 0.541
PZ 0.098 0.108
P, g/cm3 0.0633 0.612
Pkin’ dynes/cm2 6.21X108 6.09x108
Pp, dynes/cm2 -1.17x108 -1.23)(108
P, dynes/cm2 5.04)(108 4.89x108
10
N ergs/g 1.47><1010 1.49x10
E , ergs/g -5.56><109 -6.01)(109
P 10 10
E , ergs/g 2.06x10 2.14x10
€ 10 10
E. , ergs/g 1.69%x10 1.69x10
° 10 10
E, ergs/g 4.,66%10 4,72%10
r 83 83
z 0.734 0.758
Cv’ ergs/g/eV 6.18x1010 6.21x1010
Cp, ergs/gl/aV 7.31x1010 7.32x1010
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Table 13 indicates that the thermodynamic properties are not very

sensitive to the value of the parameter s, introduced in Appendix A. We

0
have chosen a (T,T) point in whose vicinity thermodynamic functions are

most sensitive to So° Thus, in view of Sec. 5.1 and Appendix A, the thermo-

dynamic functions are not very sensitive to s over the entire range of T,T

0
considered here.
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5. ELEMENTS OF OPACITY CALCULATION

Bound-bound, bound-free, and free-free processes make the dominant
contributions to the spectral absorption coefficients in the uranium plasmas
that we study. The scattering of photons plays a completely negligible role
over the frequency range that is significant for the overall Planck and
Rosseland mean opacities. The free-free absorption is significant only at

very low frequencies (hv £ k_T) and we calculate it simply by means of

Kramer's formula, (B-21), gBiven in Appendix B. The calculation of bound-
free and bound-bound absorption is a formidable problem requiring a
detailed knowledge of the thermodynamic state of the gas and of the prop-
erties of electronic transition arrays contributing to the opacity. The most

relevant of these properties are the strength of the array and its line

statistics.

5.1. TRANSITIONS AND STATE POPULATIONS

Much of the quantitative basis that is fundamental to the calculation
of opacity has been ¢stablished in the preceding sections. The populations
of ionic quantum states follow from the statistical mechanical description
of the plasma. We consider as contributing to the opacity the transitions
by all electrons in initial subconfigurations defined by the general rules
(a), (b), and (c) of Sec. 2.2 and the shell classifications given in Table 6,
provided the transition frequency v lies in the range 0 < v < Vo nax that is
significant for the overall Planck and Rosseland mean opacities. In par-
ticular, we consider only initial states having either zero or one E-electron.
Accordingly, corresponding to a transition in an ion A with charge k

and having no E-electrons, there is a transition in an ion B that is obtained
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by adding an E-electron to the A-ion. The number of A-ions in the subcon-

figuration K for each nucleus in the plasma is

; N o
™ k Pk u, (81)

k

f where Py is the fractional population of the ionic species k; ¢k(K) and Uk

are defined in Sec. 3.2. The number of corresponding B-ions is given

P

r ¢, (K)

: (B) _ k

fk = Py hk-1 0 (82)

: U

i k

$

where

g
'
a

h, =—— (83) 1

is the fraction of ions of species k having an E-electron.

We are now in a position to give the number of initial states (referred

ey S

to a single nucleus) that contribute in each of the possible transition types

that we consider. If there is no E-electron present in the initial state and

(1) if an I-electron jumps to an E-shell or to an unbound state, then

f, =P (1 -h) (84)

] where 1 - hk is the probability that no E-electron is present

G

initially;

(2) if the ion is initially in the subconfiguration K, and an I-electron

jumps to an M-shell, or an M-electron jumps to an E-shell, to
an M-shell. or to an unbound state, then

&, (K)
x (85)

f. =p,.—
k kUk
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(3) if an E-electron jumps to an E-shell or to an unbound state,

then (see Eq. (74))
f. =p h] g. (1)/U 8o
k k k(l) k ° (80)

i If an E-electron is present in the initial state and

(4) an I-electron jumps to an E-shell or to an unbound state,

f, = h

k = Pk-1"k-1 ° (87)

¢ (5) if the M-shell electrons are initially in the subconfiguratior K,
and an I-electron jumps to an M-shell, or an M-electron jumps

to an E-shell, to an M-shell, or to an unbound state, then

6, (K)
Kk~ ProtProt "0 (88)
Uy

f

b s S—_ 7 e

5. 2. CROSS SECTION FOR BOUND-BOUND TRANSITIONS

The quantity of fundamental interest is the average cross section

i ogjLin) in an average line per state in tht:,hinitial subconfiguration for a
transition array in which an ion of the k'~ species in an initial subconfiguration
K absorbs a photon of frequency w and makes a transition to a final sub-

configuration K'. This cross section is given by

. 2 ,
SLin) AT 2 keM® X 1 , (89)
ij 3 0 U 2

w'2 + ﬁz(m - wo)

where Wy is the line center, w' is the half-intensity half-width, and ao is

the Bohr radius. The matrix element M is given by

M2= K'r ' (90)

65




L G I e o e o e

&L

< b b e

where NLin is the number of lines in the transition array,

* 2 2 2
fo P(r) rPi(r) dr| = (427 - 1) o, . (91)

Pi and Pj are the initial- and final-state wave functions of the jumping
electron, and distances are measured in atomic units. The quantity «!'
depends on the shells participating in the transition and their occupation

numbers. Formulas for ' are given in Table 14.

TABLE 14
FORMULAS FOR «'

Shell
Initial Final
2j(2) £'j'(L") <!
s 1/2 p /2 N/3[1 -(N'-1)/2]
s 1/2 p 3/2 2N/3[1 -(N'-1)/4]
p1/2 s 1/2 N/3[1 -(N'-1)/2]
p1/2 d 2N/3[1 -(N'-1)/10]
p3/2 s1/2 N/3[1 -(N'-1)/2]
p3/2 | d 2N/3[1 -(N'-1)/10]
d p1/2 | 2N/15[1 -(N'-1)/2]
d p 3/2 4N/15[1 -(N'-1)/4]
d f 3N/5[1 -(N'-1)/14]
f 3N/7[1 -(N'-1)/10]
£ g 4N/7[1 -(N'-1)/18]
g f 4N/9[1 -(N'-1)/14]
g h 5N/9[1 -(N'-1)/14]
>4 A 1
Note: N = occupation number in £j(£)-

shell before transition.
N' = occupation iumber in £'j'(£')-
shell after transition.
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The average value of the cross section in Eq. {89) over an energy

irterval §(hw) = 6 5(Kw)/6 = BA much greater than the line width w is

2

- = _4nr 2he 2
a—crij-——3 aaOQAM . (92)

Later we shall require a quantity S, which is the product of NLinF and
the number of states (NO/A) fk per gram of material contributing to the

transition
N 2

0 Kw
S—Af

Am_ 1%}
3 e

K a ag K'r . (93)

Here NO/A is the number of uranium nuclei in one gram.

5.3. CROSS SECTION FOR BOUND-FREE TRANSITIONS

The average photoelectric cross section per state in the initial sub-
configuration K absorbing a photon with frequency Xw, the photoelectron

2 .
emerging with kinetic energy KE = k Ry, is

. =§anag(%) K'r(k) (94)
where
_ _ 2 1 2
r= rij = (42> - “E aij(k) (95)
and
2 1 o0 2
U’I(k) = -——2—— f Pi(r) er(k. l‘) dr . (96)
J 4t - 1Yo

In Eq. (96) distances are again in atomic units and the wave function Pj(k. r)

of the photoelectron is normalized to unit amplitude at large distances

Pj(k. r) 4 cos[kr + §(r)] .

Later we shall require the quantity
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5.4, LINE STATISTICS

The splitting of subconfigurations by electrostatic forces has a sig-
nificant influence on the opacity. Instead of a single line, the totality of
transitions (transition array) between a pair of subconfigurations yields in
general a complicated spectrum consisting of many weaker lines. The
important effect is to increase the Rosseland mean opacity. This effect can
best be dealt with quantitatively in terms of band or cluster models. (17)(18)
In considering the line absorption, we take a cluster to be all lines in a
transition array. Moreover, we take the line statistics of different arrays
to be independent.

(19)

Stewart has developed the theory of absorption by a line cluster
that is most appropriate for our considerations. He considers the absorp-
tion of light by an array of N independent Lorentz lines of equal width and
a mean strength S per line. All lines have a strength uncorrelated with
the frequency of the line center, an identicalGaussian distribution of line

centers

2
-4 -t (uy - ug)
Plu, -u,) =7 ¢ D "expl- ———1} . (98)
1 0 2
D
and an identical exponential strength distribution
Q(s,) = s 1 exp(-S,/S) . (99)

Here u, is the frequency of a line center, Uy is the most probable frequency,

and D is the Gaussian width of the distribution, all in the dimensionless

units of energy divided by kB’I‘.

68




5.5. LOCAL PLANCK MEAN OPACITY

We denote the monochromatic bound-bound and bound-free mass

absorption coefficients at frequency v = k_T u/h by 'cl')b(u) and 'cl')f(u)'

B
respectively. The local Planck mean opacity is defined by
= '
fcp(u) ICC(u) + (xbb(u)) , (100)
where
- ' .
ICC(U) fcff(u) + (icbf(u)) ; (101)

icff(u) is the free-free absorption coefficient and the symbol (...) means
that a statistical expectation value is to be taken. If the lines are infinitely
sharp, the contribution of the jth cluster to the local Planck mean opacity

rcp(u) is given by

<. jtu) = <'<1')b,j(u)>

S P(u-u.), 102
(Pilu - ug) (102)

where qu is the mean transition frequency and Sj is the total strength of
the array. The total line contribution to the Kp(u) follows on summing over
all transition arrays.

To obtain the continuous absorption, we first consider the totality
of transitions of an electron with quantum numbers nfj (or nf) from an
initial subconfiguration K. If we fix the kinetic energy, szy. and angular
momentum of the ejected electron, but not the photon energy, we obtain a
line spectrum whose total cross section is proportional to Sc of Eq. (97).
We now want to determine the distribution of photon energies associated
with the considered class of transitions. This must be essentially the same
distribution that would apply in the case of a bound-bound transition array

where the jumping electron in its final quantum state dues not interact with

the parent subconfiguration "' of electrons not participating in the transition.
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Since the distribution of photon energies for a bound-bound t:ansition array
1% Gaussian, the statistical model that we have assumed dictates that the

continuous al sorption from the group of photoionizing transitions
K'nZj - K'k£'j'
and having k in the interval dk proportional to

S (nfj, k2'j") Plu - ug) duy (103)

where uoe = szy - cnzj(lc) is the mean transition energy and Sc is the

total cross section of the 'transition array.' The total continuous absorptiox
at u associated with the transition of an electron in a specified shell in some
initial subcoufiguration is obtained by summing the contribution from all
possible values of the continuous variable kz. If Sc(an. k£'j') does not vary
appreciably over a cluster width D and the frequency u is greater than

-¢_,./0 by several cluster widths, then

nlj
a0
(xt"f(u)) = Sc f. P(u - uo) duo = Sc . (104)
““nijle
In other cases, the summation over k should be carried out explicitly. One
consequence of this sumrnation is that the set of absorption edges which in
the most precise calculation would originate from the K'nij - K'k{'j'
transitions are replaced by an edge profile having a smocth variation over

a frequency range Au ~ D.

5.6. TRANSMISSION--L.OCAL ROSSELAND MEAN OPACITY

(19)

To determine the local Rosseland mean opacity, Stewart first
considers the statistical expectation of the transmission of white light
through a slab of inass depth m in the presence of a single line cluster.
The transmission in the presence of the cluster j of N lines is

T;(:n. u) = exp[-mxl',b'j(u)] (105)
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ad its expectation value is

Tj(m. u) = (TJ!(m. u)) . (106)

For the cluster model defined by Eqs. (98) and (99)

T (m, ) = [1 - FHa, x)] (107)
where
7 - ¥mS Ha0) (108)
mD

Ow is the half-intensity half-width in energy units,

x = (u - uO)/D , (109)
1
a=p"1 (w2 +£’;%s)a , (110)
H(a, x) = H(a, x)/H(a, 0) , (111)
and 2
a * e—y
H(a,x) = = f-w " y)z Tz (112)

(20)

is the Voigt function.

We obtain the local Rosseland mean opacity from

o0
1 | I
(%) —f exp[-mrcc(u)] Tj(m, u) dm (113)
R 0 .
J
where TI T, is the product of transmissions of all line clusters and we

J
have assumed that clusters are statistically independent. We have also

assumed that the transmission Tc(m, u) in the case of continuous absorption

is given by

Tc(m, u) = exp[-mlcc(u)] , (114)
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i. e., we have made the approximation
<exp[-mlc{_)£(u)]> = exp[-m(rc,; f(u))] , (115)

where /cc(u) is given by Eq. (101).

The transmission by a cluster follows once we know the mean transition
eaergy, the number of lines in a cluster, the cluster width, the strength of i
a cluster, and the line width. For a more detailed description of the method '
of calculating the transmission by a cluster, see Appendix C. We already

have the strength and the mean transmission energy i

u, = [ej(Kf) - ej'(Ki)]/G) . (116)

Here, Kf and Ki are the initial and final subconfigcurations, respectively,
and j and j' represent the set of initial and final quantum numbers, respec-

tively, of the jumping electron.

5. 7. NUMBER OF LINES IN A CLUSTER

The number of lines in a transition array depends strongly on what
are good quantum numbers of the atomic system. In atomic sysiems, con-
figurations having LS terms lead to fewer lines than configurations vrhere
the terms are split into levels corresponding to states with a given total
angular mementum J.

We suppose first of all that we know the number of lines in the array
K'i = K'i', where the parent configuration K' contains electrons, possibly
in incomplete shells, none of which are equivalent to the jumping electron
in either the initial or final state. Now we consider the case where i is an
occupied shel) of K' but i' is not; that is, the jumping electron is an equivalent
electron in the initial subconfiguration. The fcllowing conjecture leads to
a quantitative and apparently accurate basis for estimating the number of
lines in the array K'i = K'i'. The conjecture is that the ratio of the number

of levels in Ki to the number of lines coming from the transition i - i' is Dvd
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given to a good approximation by treating the jumping electrons as non-
equivalent in the initial subconfiguration. To express this conjecture

quantitatively and perhaps somewhat more clearly, we let N (... Ni +1...)

Lev
denote the number of levels in the initial subconfiguration having Ni +1
equivalent electrons in the ith shell and distinguish it from NLev(' .o (Ni, 1)

... ), the number of levels that would pertain in the case that we treat as
nonequivalent the single electron added to the Ni electrons already in the

h
it shell. Similarly, we distinguish in these two cases the number of lines

Nl (N #4), N =0+ . NN, = 1)

and

NLin(' . (Ni' 1), Ni' =0-~...N,N, =1)
for the transition 1 = i!' of an electron from the shell i in an initial subcon-

figuration in which the shell i' is initially unoccupied. The (...) represent

occupation numbers of nonparticipating shells. Our conjecture then is

N (o N+, NG=0~ .. .N,N,=1) N _ (..N +1,N,=0) i

NLin(. - (Ni, 1), Ni' =0-... Ni' Ni' = 1) NLev(. .. (Ni, 1))

The level number can be calculated by the method described in Sec. 2. 3. 2.
To estimate the number of lines when the jumping electron is nonequivalent
in the final state, we have only to estimate the number of lines that obtain
when this electron is treated as nonequivalent also in the initial

subconfiguration.

It is simple to generalize Eq. (117) so that it applies when the jumping

electron may be equivalent in the final as well as in the initial subconfiguration.

Owing to the symmetry with respect to exchange of initial and final states,

we may write
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Np (o NGHL N, =~ NG N, + 1) =
Np (o N+ 4, N) NP (NN, + 1)

N (N NN N (N 1)

Ny (oo (NG 1) N~ NG (N, 1)

(118)

In Table 15 we test the above estimate by comparing it with the actual

number of lines (multiplets) when the states in initial and final configurations

are described in an LSJ (LS) coupling scherme. In the case of multiplets,

N_. is interpreted as the number of multiplets and N as the number of
Lin Lev

terms. The estimated values are given to the nearest integer. Except for

the number of lines in the p2 - pd array, Eq. (118) approximates the actual

number of lines (multiplets) to within about 10 percent.

TABLE 15
NUMBER OF LINES (MULTIPLETS) IN A TRANSITION ARRAY

- ces Number of Lines Number of Multiplets
I ransition
Array Estimated Actual Estimated Actual
fz - fd 53 54 16 16
p2 -+ pd 12 16 6 6
d2 - dp 32 30 9 9
a> ~ ap 192 203 46 50
a3p - a2p2 287 317 71 79

To complete our calculation we require an estimate of the number of
lines in the case that the jumping electron is considered nonequivalent both
before and after the transition. We focus on particular angular momentum
states formed by coupling the angular momentum of the jumping electron to
the core angular momentum J of the remaining electrons. We ask for the

number of lines in the array £j = £'j', with the selection rule that the core
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momentum does not change. It is difficult to establish a general rule for

the number of lines n in(J,j') in this array, but the following is a reasonable

L
estimate:
Con = PP
nLin(J,J,J ) =67 +1 J < min{j, j")
iy T o rin {3 31
nLin(J’J'J) 6 min(j,j') +1 J > min(j, j") +1
np (33,30 = 6 min(j,j') + 2 min (j, j') £ J € min(j, j') +1
For the quantity NLin on the right-hand side of Eq. (118), we then obtain
NLin(' o (Nnﬁj’ 1), Nn'E'j' - ... Nnﬂj' (Nn‘z"j" 1))

o0
sy

2 2 6 1
NLev(K) ?exp(-ﬁKv ) - exp [—BK(V +1) ]+ 2:%? erf(ﬁf{v): , (120)
K

where fK(J) is the angular momentum distribution function for the subcon-

figuration K = (... NnBj' Nn'@'j')’
v = min(j, ") , (121)
4 2
B = =17 (K]° (122)

and Jav is given by Eq. (40).

5.8. CLUSTER WIDTH

Moszkowski et al. have given a general formula for the variance of
(21)

muitiplet distributions in terms of the variance of two-electron multiplets.

We may express their result in the form
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ATE(N,, Nj - 1, {Nk}... - N, - 1,NJ.,{Nk})
(N, - 1)(M. - N.) (N, - 1)(M. - N.)
_ i i it 2 ..2_... ' j 2 ,,_.,2
= Mi' > AE( ij) + Mj =3 A E(j—>j)
N, (M, - N, )
+ E kMk 1k AZE(ik-’jk) , (123)
e "

k#i, j

where Mk is the degeneracy of ihe shell k and the sum goes over all shells
k # i, k # j containing electrons that do not participate in the transition.
The quantities AzE(ik - jk) are the variances of the multiplet distribution
generated by the transition i = j from an initial configuration containing two
nonequivalent electrons, one in shell i and the other in shell k. Similarly,
AZE(i2 -+ ij) and AZE(ij - j2) are variances of two-electron multiplet dis-
tributions where the jumping electron is equivalent in the initial and final
configurations, respectively. The proof of Eq. (123) rests on the approxi-
mation that the jumping electron in the final state j does not interact with

the electron in i. From this approximation,
2_.,. . 2_,..
A E(ik - jk) = ATE(ik) , (124)

i. e., the two-electron multiplet and term variances are equal.

In uranium this approximation of noninteraction is a poor one for
many transition arrays. Nevertheless, we apply Eqs. (123) and (124) to the
determination of cluster widths in uranium, where now the sum in Eq. (123)
goes over the occupied nfj and nf shells. The AZE(ik) are given in Table 16
for the case where both i and k refer to shells of type M. When at least one

of the shells is not of type M, we use an estimate given by Stewart(zz)

1 3
A%E(iK) = '156 n:/(n:) , (125)

where nf(n:) is the lesser (greater) of n*(i) and n*(k).
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TA

BLE 16

ENERGY LEVEL VARIANCES FOR TWO ELECTRONS OUTSIDE

CLOSED SHELLS (Ry?)

i j z' =1 z'' = 2 z' =3 z'=4
7s, s 0 0 0 0
6d 1.9259x10"> | 1.7069x107> | 1. 8074x1073 | 2. 0541x107>
5¢ 3.6865x107° | 2. 9437x10"° | 4. 4025x10"° 4. 9643x10"°
J 6d,  6d 2.3209x107° | 2.8942x107° | 3.2247x107° | 3.3724x40"°
§ 5¢ 2.6746x107° | 3. 0554x107> | 4. 1645x107> | 3. 9120x1073
51,  5f 8.8224x10™> | 9.6502x10™> | 8.6767x10"> | 8.8982x10">
i 2 =5 2l =6 2t =1 2r=8
% 6p1/2, 6p1/2 1.3729x10°% | 1. 4109x10"2 1. 4589x107% | 1. 4905x10” 2
; 6p3/2 1. 1537x10" 2 | 1. 2006x10"° 1. 2494x107% | 1. 2854x10”2
: 6d 1.9108x10" % | 2. 1969x10"2 | 2. 4837x10" 2| 2. 7061x10" 2
5f 3.2798x10° 2 | 3. 2515x10°% | 3.0105x107 2| 3. 1837x107 2
6p3/2, 6p3/2 1.0714x10° % | 1.1191x107% | 1. 1684x1072 | 1. 2061x107 2
* 6d 2.6865x10" 2 | 3.0181x10" 2 3.3499x10°2 | 3.6006x10"2
é 5¢ 1.9156x10™% | 1.8791x10" % | 4. 6825x40™% | 1.8162x10" %
6d, 6d 3.9631x107° | 4. 4411x10"> | 4. 9124x107> | 5. 2856x107>
5¢ 4.8651x10™° | 5.0251x10™> | 4. 5970x1073 | 5. 3212x1073
5%, 5f 9. 1853x10™° ;F2.9827x10'3 1.1425x10" 2 | 1. 1294x107 2
i j z'=9 z' =10 z' = 114 z'=12
6p1/2, 6p1/2 1.5261x107% | 1.4971x10° 2 | 1.5423x1072| 1. 5894x1072
6p3/2 1.3252x10"% | 1.3096x10°2 | 1.3570x107% | 1. 4054x1072
5f 3.0361x10°2 | 2.9358x107% | 3.0147x107% | 3. 0632x1072
6p3/2, 6p3/2 1. 2469x10°2 | 1. 2361x107% | 1. 2834x1072 1.3314x10" 2
5f 1.7147x10°% | 1.6696x10"2 | 1.7301x10"% | 1. 7686x10" 2
5f, 5f 1. 2150x10™% | 1. 2005x10°2 | 1.2297x10" 2| 1. 2691x10” 2
— el BBt S
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5.9. L.NE WIDTH

In the range of pressures and temperatures that we consider the

principal contribution to line broadening came from electron collisions.

The electron half-width at half-intensity is approximated(23) by
n'4
2 %
I = v e (W
wLST ZZ e, (126)

where n, is the effective principal quantum number of the jumping electron
in the final state. The result is intended to apply only to lines with upper
states that are Rydberg states, but we apply it to all lines.

Natural hrcadening has a relatively insignificant effect on the line
width. We include a rough estimate of the natural width w only as a
provision in the case that it is attempted to apply the computer program to
the calculation of the Rosseland opacity in a low-pressure region where the
collision width becomes small. We use a hydrogenic approximation and

take account only of spontaneous decays to a state whose effective principal

quantum number is determined by the ionization potential of the ion;

3
-1 3/71.\2 2
w :—16—03[11(- z'ZRy/n:] (kn+ 1) (Eli) 52'2.. . (127)
n W3 * ' n

Here n, is the effective principal quantum number of the excited electron.
The relation of n, to the binding energy of the excited level is given by

Eq. (1).
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6. THE CALCULATED OPACITY

6.1. DISCUSSION OF RESULTS

We have calculated the local and overall Planck and Rosseland mean
opacities (see Appendix D) at the same temperatures and pressures as
were used in the calculation of thermodynamic properties and composition.
In Appendix E, we give a detailed description of the computer program
used to carry out the calculations in this report. The opacity results are
listed in Table 17 and shown in Figs. 3 and 4 using properties of one-
electron wave functions described in Sec. 2.1. The tabulations give the
local continuous opacity and the local Planck and Rosseland means, including
both line and bound-free transitions. The u in Table 17 is the value of u
at the end of the frequency interval. Tle line contribution is dominant in
all cases. At SOOOOK, the line contribution to the Rosseland mean is more
than one thousand times greater than the contribution from the continuous
opacity. The ratio of overall Planck ar.d Rosseland meuns is never much
greater than one, indicating that the line spectrum is not very gappy. The
gappiness tends to increase at the higher temperatures, where ions with
only one or two incomplete shells of electrons are predominant and the
transition arrays consist of a much smaller number of lines than are present
when neutral uranium exists in significant proportions.

Although there is no simple way to ascertain the accuracy of the
results listed in Table 17, we have examined their sensitivity to changcs
in the number of ions and of subconfigurations that are included as initial
states of transitions. We find that the opacity is essentially the same for
cases (1) and (2)below:

(1) We neglect all ions haviag Py < 0,005 and M-shell subconfigu-

tions K in each ion having Qk(K)/Uk < 0. 005.
(2) We neglect all ions having p, < 0. 004 and M.shell subconfigu-
rations K in each ion having Qk(K)/Uk < 0.001.
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TABLE 17

LOCAL AND OVERALL CONTINUOUS PLANCK AND ROSSE LAND
MEAN OPACITIES

THETAS %43946~01 EV & 9,1660403 DEG R = 5,3000403 DEG K
GAMMAS 8.9900406
PRESSURE=  3,6317¢02 (DYNE/CM2) = 3,5843~04 (ATM)
RHOz  1.2048=07 (O0/CM3) = 7,7694~06 (LB/FTs)
20AR= 64395801
UMAX DELYA v

28,00 50
v CONTINVOUS LOCAL PLANCK LOCAL ROSSELAND
(Cm2/6) (CM2,6) (CM2/6)
50 1.,7102+01 2.5825403 9.,6901¢01
1,00 3.,4303400 3,3453+403 640203+01
1,50 1,7102+00 3.,6589+03 7.0777401
2,00 1,3626+00 401506403 7.6785+0%
2.50 $1.3260400 8,63190+03 T7.9591+08
3,00 2.1366+400 5.0408403 9,3626+01
3,50 3.5173+00 5.3936+03 1.1269+02
8,00 5,£896+00 5,7545403 1.3681+02
4,50 8.5647+00 6.0022403 1.690%+02
5,00 14428401 6. 4494403 2.1988¢02
8,50 2,4852401 7.0360403 2.9055+02
6.00 #,1379+01 8.0940+03 §,0368¢02
6.50 6,8766+01 1.0096404 $.6262+02
7,00 1,1192+02 303596404 7.8833+02
7.50 17709402 392164064 1.0880003
8.00 27316402 246365904 1+4555+03
8.50 4,0704402 3.4898404 149056003
9,00 8,8675+02 $.5016404 2.4316403
9.50 8.1851¢02 1.3762¢0% 3.6912+0)
10,00 141060403 - 307084405 S.7670+03
10,50 144510003 150208408 $,0062¢003
11,00 1,8516+03 8.8759404 8,8553+03
11,50 2.3013+03 . 9.0978404 8,3578+03
12,00 2.7850¢03 9.3069404 5,7786403
12,50 3.2851403 2.8277403 Tel678403
13,00 3.7921+40d 8.2197+08 9,8031403
13,5%0 §,2575¢03 2.5252+08 T+2719403
14,00 4,9012+403 8,1203404 6:3557003
14,50 S.044¢0 2,6848404 6.6707+03
15,00 6.2404+03 349935404 7:1603403
15.50 6.6652+403 31.7036404 747542403
16,00 7.0313+403 306636408 844416903
16,50 703627403 1.7739004 9,3502+03
17,00 7.667340) 19236404 140883404
17,50 7.962640) 2.0721408 141770404
18.00 8.2815640) 201673904 1:3099¢04
18,50 8.6715+0) 241978404 1.8386404
19,00 904877403 2,188340% 15823400
19,50 9.8751+0) 240066404 146176408
20,00 10754404 1.9705408 1.0486900
20,50 1.1002%04 10778408 1,6936404
21,00 3142927404 10217406 16928004
21,50 144050004 19338400 14713009
22,00 14366406 203358004 16766404
22,50 1.4020008 1.7726704 3103060400
23,00 1,42600006 10289408 18272908
23,50 1439784064 $.,3576404 1.0974008
24,00 13513408 2.976140% 1.8059+00
&, 50 3432085408 $:.9138¢08 1.5806408
25,00 1.2003404 2.7911408% 1.8012406
25.50 142550004 143083400 1.2820400
26,00 1.2289904 1.,2075+06 1:.2489¢08
26,50 1449334006 142632400 1.2321¢06
27,00 301663408 1.,0001400 1:2710406
27,50 1:1808¢004 243665004 12877408
28,00 141367400 123888404 L1e3780¢08
PLANCK CONTe®  PLANCK MEAN ROSSELAND CONT, ROSSILAND wEAN
(Cnase) (Cuzse) (CN3/e) (Cu2ze)
5.3140001 9.5738403 J.9%41400 1:3949422
2,3337=43 2,5489-03 10508 s 3 72
80

=

SPE



TABLE 17 (sheet 2 of 57)

THETA: #.308u=01 EV 2 8,9862403 DEG R = 5,0000403 DEG X
GAMMAZ 7,6700403

PRESSVRER 1,0348408 (DYNE/LM2) =
RMO= 8.7268-02 (G/CM3) = 3,5752400 (LB/FTI)

1,0015402 (ATM)

‘ 2BARZ  145319-03
UMAX DELTA V
27.00 «50
v CONTINUOUS LOCAL PLANCK LOCAL ROSSELAND
(EM2/6) (CM216) (EM2/6)
.50 3,2397+01 6,6339+03 4,4998+03
1,00 $.8764+00 T.8631403 5,5093+40)
5.50 3,2009+00 9.,1426403 6.6u83+03
2.00 2.6865+400 1.,0386404 7.7008+03
< 2,50 2,4802+00 101562404 8,6682+03
) 3.00 3,7337+00 1.,2590+04 9.4791+0)
i 3,50 6.8280+00 13397708 2.0076+04
%.00 1,0006+03 1.3904408 1,0083404
“,%0 1.,6277451 1,4375004 1.0499+04
8,00 2.7033+01 1.,4037400 1.0460+004
5,50 4,5667+03 1,4859+58 1,0372404
6,00 7,6515+01 1.5633¢04 1,0489+04
6,50 1.,2750402 147632404 143310406
7.00 2,0927+02 2025508400 1.3569+06
7.50 3,3879+02 3.,068740% 1.8507+04
8,00 5,2066402 4939404 247633406
8.50 7.9576¢02 5.3198406 8,2026004
; 9.00 1.1€94003 05230400 6.0796404
9,50 1.6643403 1.,1018405 8.2181004
10,00 2.24946+03 1,3538408 1.052640%
10,50 3,0706003 1.6198+03 1,2743+0%
11,00 3,9953403 1.0608405 1.5033+08
11,50 5,0627+02 2.0961405 147070405
12,00 6.2567403 2.,294940% 1.8338+08
12.50 7.534003 2.2337408 $.0365¢08
13,00 8,0096+0) 2.,0079+05 1.6395+08
13,50 1,0304406 1.692040% 1.3253+08
; 14,00 1.,1069004 1.,2030408 9.9279¢08
14,80 103181004 9.1894904 6.5937+06
15,00 1.,4890¢C4 6.2011400 4,6285+08
18,50 1,0481006 0,5528400 3.8886¢08
16,00 1.792140% 3.8902404 3.8981408
; 16,90 1,0893¢400 3,9092+00 3.7283+08
17,00 1,9772000 4,305340% 8,1934+00
17.56 2.087%+04 0. 7604+06 4,7020+08
18,00 241391000 S.1727+08 S.1200406
18.% 2.2253404 S.ul08e00 $,3336+04
19,00 2.3305404 S.4323%08 5,3713¢08
19.5%0 2.4687004 $.3184406 5,27%1+08
20,00 2.6509404 341318406 S,1085+08
20,%0 20617006 4,9238¢9% 9,9185008
21,00 3.,1550400 9,7330400 §,7297+00
21,50 3487000 ,608%406 4,6003400
22.00 3.7393400 ©.0923000 $,8917¢00
22.50 3.6835+00 §.3000400 6, 3081000
23,00 3.06%2+00 8,3070400 9,1678+04
23.5%0 3.0223004 3.9068404 3.9067404
26,00 30762640 3.0373406 3,8388400
2,80 J.0440008 3.7115408 3.7094408
25,00 3. 2020000 3.5955406 3.5030400
. 38,80 Jo0400000 34078408 348834008
: 36.00 343009400 3.3922400 3.3899¢00
i 26,50 3.2598+00 3:3000%00 3.,2977+00
H 27,00 34778000 3:4107906 3.212%8400
PLANCK CONTe  PLANCK MEAN ROSSELAND CONTs ROSSZLAND MEAN
: ¢ 2s0) (Cuz/e) (CMa/g) (Cua/6)
$:0v20002 3.6102408 7.3034400 9.0398¢03
1,7003-06 3,7¢98°03 3054 (1Y 1 30
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TABLE 17 (sheot 3 of 57)

THETAS §,3084-01 £V = §,9862+03 DEG R = 3.0000403 DEG K

SANMAS 5,2500403

PRESSURES  2,0309008 (DYNE/CM2) = 2.0043%02 (ATM)

RHOz  3.1865=01 (G/CM3) = 7,1577+00 (LB/FTY)

20AR:  3,3i79-03
UMAX OELTA V

27,00 30
v CONTINVOUS LOCAL PLANCK LOCAL ROSSELAND
(Cu2/e) (CM2/8) (CM2/8)
+50 3,4529+04 6.6030403 8,8116403
1,00 6,1636900 7.0868403 S.8865-03
31,50 3.2806400 S.18065403 0,9%78¢03
2,00 2.7208+00 1.0391404 8,0900+03
2,%0 2.4983+00 101547400 9,0978+03
3,00 3.7451200 142596404 9.9488403
3.50 6.0380+00 103003406 1.0872+0%
8,00 3,0018¢+01 1.3910¢00 1,0078+04
»,50 1.6207+01 140381400 1.1032004
9,00 2.7005+03 1.0600406 1,1026008
5.50 §,5409¢01 18905406 1.1026%00
6,00 7.6550¢03 1.,5680¢00 1:1239¢00
6.58 12760902 147680408 1,2208+00
7.00 200937402 2.2168¢00 1.8960+04
7.0 3.3890¢02 3,0700400 2,0708008
8.00 5.,2090¢02 8.895G000% 3.1008¢06
8.50 T«%011¢02 643223408 8,6787¢00
9,00 1,1699¢0) $.520840% $.6768404
9.50 1.6651903 341019408 8.,9403008
10,60 202956403 103540403 1413502008
10,80 3.0720+03 1:6206403 1.,3609¢08
11,00 3.9970403 1:,0692¢05 1:,9971+08
13.50 $.,0649003 2.0990+03 1.8511000%
12,00 64875003 2.2559+09 193680008
12,50 Te2A70403 242307408 1.9600008
13,00 8.0833+03 2,0008+08 1.,7052+0%
13.80 1,0389¢00 146927408 1.8174008
16,00 130768000 1,2000008 140029008
14,80 143187404 9.1530406 Te10636408
18.00 $,0897400 6.2039400 8,9680+00
l§o5° l.“.’.n. ..s“..e‘) ‘.“.700.
19,00 1.7928400 3.0919¢08 3.5839¢04
19,50 1.0001¢00 349110008 3. 7600000
17,00 1.9784¢00 8,3072¢08 8,2102¢08
27,80 2.05800008 847700408 W,7060408
19,00 241000400 8.1750¢04 S,i250008
18,50 242262000 $,0169+04 $,3203000
49,00 243316400 S.4308%08 S,3662+04
19,80 200904006 $,3178408 $.,2728000
20,00 240821000 Se1303 400 $.,103%¢08
20,80 3.0830¢00 8,9260%00 8,9179¢00
21,00 341868408 8,736040% §,7358000
23,50 Jenslle00 9,0106%08 8,6080008
22,00 3.7610000 8,0903008 8, 8737000
32.%0 J+6852¢008 §43508000 8,3500000
33,00 J,8669000 8,1097+00 8,3695000
23,80 3.8200000 3.9806°04 3.9580400
26,00 3+ Tab2000 3:8399¢08 3,8300400
26,50 J.0063000 3:713140% 3.7512000
28,00 3.503%000 3:.9971 408 3,5951400
25,80 J.,0019000 30891000 3.0873000
1,00 3,3500¢00 3,3937404% 3:3010000
26.90 Jod01805% 303020000 3.2993406
37,00 3,1709000 3:2163400 3023080006
PLANCK SONTs PLANCK mgAN ROSSELAND CONT, ROSSELAND wEax
(Cngse) (Cnzse) (CNa/g) (Cna/e)
3.092%02 1.0110004 T.8308400 1.0817408
‘o."".‘ 3,60008°03 3056 [ 1} 52 as
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LABLE 17 (sheet 4 of b/)

THETAS %.3084=01 EV = 8.,9862+03 DEG R = 5.,0000403 DEG K

GAMMAS

PRESSURE=
RHOz= 2,8531=-01 (G/CM3)

2BAR=  7+4516-04
UMAX DELTA V
27.00 +50
] CONTINUOUS LOCAL PLANCK LOCAL ROSSELAND
(CM2/6) (CM2/6) (CM2/6)
+50 3.,8162+01 6.6472+03 51676403
1,00 6¢5985+00 7.8504+03 6,2300403
1.50 3.,4160+00 9.1503403 7.3771403
2,00 247785+00 3140395404 85582403
2,50 2.5282+00 1,1552+04 96077403
3,00 347634+00 1,2601+404 1,0503+¢04
3.50 6468513400 1,3409+04 1.1174+04
4,00 1.0026+01 1.3916+04 1.1511404
4,50 16299401 1,4387404 141739404
5,00 2.7060+01 1.4650404% 1.1781404
5,50 4,5510¢01 14911404 1,1807+04
6,00 7.6583¢403 1.5646404 1,2205404
6.50 1.2769402 1,7647404 1,3522+04
7.00 240945402 242177404 1.,6788+04
7.50 3,3607+402 3.0713+404 2.3427+04
8.00 5,2513402 4 4977404 3.517u+04
8.50 7.9643+402 643209404 5.,2066404
9.00 1,1704+03 8.5302¢04 Te2972404
9.50 1.6657+403 1,1023+405 9.6247+04
10,00 242965403 1,3569405 1.2059+05
10.50 3.0732+03 1,6212+405 1,4410405
31,00 3,9986+0) 1.,869°+05 1.6846405
11,50 5,0670403 24099¢ <05 1.9038+05
12,00 642600403 242568405 2.0259+05
12,50 7.5404+03 242356405 2.0317+05
13,00 8.8569¢403 2,0497+05 1.8389+05
13,50 1,0393+08 1,6934+05 1.5099+05
14,00 11479404 1,2845+05 1.1221¢05
14,50 1,3193¢04 9,1571 404 7.7984+04
15,00 1,4903+04 6.,2864404 5,3660+04
15,50 1,6495¢04 4,5566+04 4.0889+04
16,00 1.7936+04 3.8935+04 3.6949+04
16,50 1.8909+04 3.9126404 3,8177404
17,00 1.9789+04 4,3089404 4,2252+04
17,50 2.,0592+04 4,7725+404 4.7017+04
18,00 2.1409+04 5.1771+404 5,1070404
18,50 242274404 5,4190+04 $,3059+04
19000 203325404 5.4369+04 5.3451¢04
19,50 2.4708+04 5,3199+04 5.2585+00
20,00 206534404 5,1362404% 5.,0938+04
20,50 2.8842¢04 4.9280404 4.9168+¢004
21,00 3,1577+Ce $eT73784+04 447337404
21,50 I, 4503404 4,6126404 4.6103¢04
22,00 3, 7425404 W,4961+04 4,4955+04
22,50 3.8568+04 443521404 4,3518+04
23,00 3,8685¢04 441713404 4.1712+0%
23,50 3.8255¢04 3.9902+04 3,9902+04
24,00 3. 7457404 3,8405+0% 3.8u404+04
24,50 3,6476+404 J,7146404 3.7143¢04
25,00 35449404 3.,5986404 3.5967+04
25,50 34433404 3,4905+04¢ 3.4886406
26,00 3,351 7¢04 3,3950404 J.3932+04
26,50 3.2625+04 33027404 3,3009+04
27.00 3.,1802¢404 3,2174404 342155404
PUANCK CONTe  PLANCK MEAN ROSSELAND COM iy ROSSELAND VMEAN
(CM2/06) (CM2/0) (tM2/6) (Em2/6)
1,0940402 1,6136+04 T7.8601400 1.1117¢04
1,6335-06 3,5155-03 3054 81 s3 28
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5,0521408 (DYNE/CM2) = 4.9860G+22 (ATM)
1,7812+01 (LB/FT3)
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TABLE 17 (sheet S of 57)

THETA= 4.3084~01 EV = 8,9862403 DEG R = 5,0000403 DEG K
GAMMA= 2,1300+403
PRESSURE= 1,0167+409 (DYNE/CM2) = 1,0034+03 (ATM)
RHOz 5.7429-01 (6G/CM3) = 3,5853+01 (LB/F13)
28ARz  5.5008-04
UMAX DELTA U
27,00 +50
V] CONTINYOUS LOCAL PLANCK LOCAL ROSSELAND
(CmM2/6) (cM2/6) (CM2/6)
«50 4,1845401 6.6522403 5.4201403
1.00 6.9422+400 7.8523403 6.,4834+03
1,50 3.4252400 9,1521+03 7.6564403
2.00 248364400 1,0398+04 8.8188+03
2.50 2.5581400 1.,1555404 9.9735403
3,00 3,6409+00 142604404 1,0808+04
3.50 6.,8026+00 1.3013404 1:1607+04
4,00 9,8060400 103921404 1.1998404
4,50 1.5906+01 144393404 1.,2208¢04
5,00 2,6372401 1,4652+04 1,2332+04
5,50 $o4320401 1,4913404 1,2420404
6,00 7.4553¢01 1.5647404 1.2925+04
650 1,2770¢02 147651404 1.446%404
7,00 2.0949402 242382404 1,8131404
7.50 3.2614+402 3.0719404 2.5377+04
8,00 5.2521+02 4,4968640% 3.7703¢04
8,50 7.9659¢02 6,3261404 5.5133404
9.00 1.1706403 845319404 7.6348+04
9,50 16661403 1,1025+05 9.9897+04
10,00 22970403 1.3552+405 1.2491405
10,50 3.0738+03 116215405 1.4865+05
11,00 3.9994+03 1.8703405 1.7263+405
31,50 5,0680+03 2,1003405 1.96443+405
12,00 642612403 242572405 2,0772+05
¢ 12,50 745419403 202361405 2.0830405
13,00 8.6586403 240501405 1.,8817408
13,50 1.0195+04 1.6937405 15549405
14,00 103081404 142848405 1,1682+05
14,50 1031985404 941593404 8,1615+¢04
15,00 1.4906404 642886404 5.6379+04
15,50 1,6499+04 4,5602404 42521404
16,00 17939404 3.9012404 3.7800+04
16,50 18913404 3.9125404 3.8499+04
37,00 1.9793¢0% 4,3075+04 4,2279+04
17,50 240596404 47734404 4,6861404
: 18,00 241413406 $.1781 404 3.0779+04
i 18,50 202276404 S.4205404 Se.2742¢400
19,00 243330404 5e4383404 $.3192¢04
< 19,50 244713404 5.,3213+04 $,2355+04
20,00 200537404 $.1373404 5.0805+04
20,50 208848404 449290404 4,9133+04
21,00 3.1581+04 447386404 47345404
21,50 3.4509404 446332404 8,6111¢04
g 22,00 37433404 444969404 44963404
22,50 3.8575+04 §,3529+04 443526404
? 23,00 348692404 B.1721404 441720404
23,50 348263+04 3.9910+04 3.9910+04
24,00 JeT468404 3,8u88+04 3.8485+04
24,50 36484404 3.7181404 3,7180404
2%,00 345456404 3.5980404 3.5977+04
. 25,30 Jo4ubQe0n 3,64907+04 3,4903+04
. 26,00 3.3520404 3,3955+04 3,3938+04
26,50 Je2632404 3,3033404 343016404
27,00 341808404 3.2180%04 302163404
. PLANCK CONTs  PLANCK EAN ROSSELAND CONT, ROSSELAND MEAN
H (CMass) (CM2/0) (CM2/0) (Cm2/6)
L . 1.0922¢02 146420004 7.5437+00 141604404
i 1.8845-06 3,3157-03 3054 33 29 [}
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TABLE 17 (sheet 6 of 57)

THETAS 5.6009-01 EV = 1.1682404 DEG R = 6,5000403 DEG K

GAMMAS 1,9300+0

PRESSURE= 1,0153+408 (DYNE/CM2) = 1,0020402 (ATV)

RHO=  4.3733-02
28ARz  1.1822-0

UMAX DELT
24,00

v ¢

PLANCK CONT
(CM2/0)
§,6600402

3,4990~08 2,23

T '*g.« M I

3

(6/CM3) = 2,7290+00 (LB/FT3)

2
AV
38
ONTINUOUS LOCAL PLANCKk LOCAL ROSSELAND
(Ev2/6) (CM2/6) (EM2/6)
1.2869+403 8.8567+03 8,0259+03
19412402 8,2433+403 70990403
7.6565+01 9.6194+03 8,1033+03
443482403 1,0526+04 9.i556403
243596401} 1.16457+04 1.,0138404
201592401 1,2472+04 11034404
3,4399+01 1.,3280+04 1,1753+04
3.4098+401 1.3808+04 $.2303+04
3.477340% 1,4326404 142572404
4,4080+01 1.,4633¢404 1:2785+04
6.,0830401 1,4961404 1.3031+04
940556401 1.5711404 13635404
1.4199402 147711404 1.5376404
2.2932402 2.2189+04 1,9302+04
J.60u7402 3.0583+04 2.6923+04
5.5604402 44574404 3,9343+004
803564402 6.,2679404 S.6735+01
142180403 8.,4098+04 T.7708+04
1,7204+03 1.1000+05 1,0293+05
249498403 1.,387440S 1.3026+405
3,1199+403 1.6079+05 1:5077+405
4,0340403 1.8363405 1.7268405
5,0876+03 2.,0608405 1.9402+05
642628403 2.,21482405 2+0609+05
745204403 241941405 2.06964085
8,8119+403 2.0489+05 1,9307+405
1,0124404 1:7986405 1.6873+405
141386404 1,3013+40S 12293405
143066+04 9,044L+04 8.3570+04
14743404 602349404 $.8137+04
1.6307+04 4,5471+04 4,3685+04
17723404 3,9016+04 3,8352+04
1.6684404 3,9092+04 3.8728404
1.,9556+04 4,2896404 4o2104404
2.0355+04 4,7363+04 4,6254+04
2+1168+04 5,1274+04 4,9877404
242027404 5,3591+04 5.1709+04
243073404 543723404 5.2170404
2.4442+04 5,2567+04 5.1493¢+04
2.6240404 $.,0779404 5,0113404
2.8510+:04 4.8767+04 4,8558¢04
341197404 4.6952+404 446913404
3.4069404 4.5815+04 GeST3ue04
3.6933+04 4,7041404 47038404
3.,6059404 S.1801404 Se1574+04
3.8182+04 443939404 4.3920404
37774404 3.,9889+404 3.9a88+04
37001404 3,8668+04 3.,8667+04
J.0053404 $,8410404 BeBI4i¢04
3,5060+04 7.5598404 649837404
J.4078404 4,5621+04 4.5537+00
343190404 3.3908+04 3,3904+04
Je2320404 3.2004+04 3.2804404
34520404 3.1986404 3.19835¢04
3.0793¢04 341306404 J.1291¢04
3.0094+04 3.,0690404 3.,0674404
29000404 2.9878¢04 249874054
248806400 2.9161406 2.9161+04
2.8214+04 208588404 208587404
2+7665406 3,0063¢04 3.0007¢04
2.7152+0% 3.4892404 J.2688404
2:6673404 208953404 2,8935¢04
s PLANCK MEAN RUSSELAND CONT, ROSSELAND MEAN
(CMz/6) (CM2/8) {Cm2/6)

2,6782+04 5.,903740}% 1.5127¢04

16-03 8630 250 220 30
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TABLE 17 (sheet 7 of 57)
THETAS 5.6009-01 EV = 1,1682+0% DEG R = 645000403 DEG K
GAMMAS 1,2970+403
PRESSUREZ 2,0301+408 (DYNE/CM2) = 2,0036%402 (ATM) s
RHOz B8,7645=02 (G/CM3) . 5,4716+400 (LB/FT3) .
> | 2BARz  847738-03 !
UMAX DELTA U §
24,00 «38
v CONT INUOUS LOCAL PLANCK LOCAL ROSSELAND
. (CM2/6) (CM2/6) (CM2/6)
238 1,4197403 8,7992403 8,1496+403
W17 1.7835+¢02 8,2430403 7.2729+03
1.15 6.9819+01 9,6418403 8,3267403
1.54 4.3427+401 1,0553+04 9.4367403
1,92 242589+01 101490404 1.0476+04
2.31 2.0799+01 1.,2507+04 1.3u114006
2,69 3.3897+01 1.,3317404 12162404
3,08 249770408 1,3846404 1.2700¢%04
3 u6 34577401 1.4362404 1.3040+04
3.85 443989401 14671404 1.3293404
w,23 60844401 1.4978404 103595404
4,62 9.6700+01 1.5747404 144290404
5,00 1.4232402 1.7749404 1.6193+04
5,38 242996402 2.2236404 2.,0377+04
5,77 3.6153+402 3.,0652+04 28205404
6.15 5.5773+02 §,4683+04 4.0887404
. 6,54 8e3p24+02 642643400 5.8319+00 '
3 6,92 1.2218402 8,4321404 T7+9685+04
. 7.3 1.7255+03 1,0991+05 1.0457405
j 7.69 243572403 1:3769+405 143119405
8.08 3.i298+03 1,6085+05 1.5268+05
8.46 4,0468+403 1.,8414405 1,7507+05
8.85 5.1037403 2.0668405 1,9495+05
9,23 626827403 242206405 2.0844+0S
9,62 T+5443403 2,2003+05 2.0925+05
10,00 8.8400403 2,06452405 1.9423+05
10,38 1.0156+04 1.,7686405 1,6716+405
10,77 140422404 1.,2954405 1.2413405
11.15 1.9107404 9.0687+04 B8.572u¢04
311,54 1.4790404 642523400 6,0092404
¥ 11,92 1.6358404 45594404 Be4TT4406
; 12,31 1.777940% 3.9121%0% 3,8836+06
. 12.69 148746404 3.9198+404 3.89924004
i 13,08 349619404 4,3015+04 %.2060404
13,46 2.0420404 4,7519404 4.5932+04
13,85 2,1235¢400 5,142u404 4.9401404
14,23 2,2097+04 8,3749404 S.1163¢04
14,62 243147404 5.3883404 %.1710404
15,00 2,4520404 $.2725404 5,1218404
15,38 2,6324%04 5.0931404 5,0041404
15,77 2.8603¢04 4,8913404 4,871%+04
16,15 3,129640% 47093404 ,7053404
16,54 3,4877404 4,5951404 83930404
16,92 3,7050+04 4, 7148404 4,7126%0%
17.31 3,8179+04 5,1876404 S.1778404
; 17,69 3,8303¢04 4.4030404 G.4012+04
. 18,08 3,7890+04 3.9986¢04 3,9986+04
: 18,46 3.711740V 3.874240% 3.8740404
\ 18,85 3,6166404 4$,8281404 4,8179+04
: 19,23 3.8170404 75241404 6:9536+04
19,62 3,4384404 4.5606404 4.5500+04
20,00 343293404 J 4004404 344003404
20,38 J,2420400 3,2903404 3,2903+04
20,77 3.1628¢04 3.2080404 302080404
21,15 3,0887¢04 3,1380+04 3.1360+08
; 21,54 240186404 3,0738+04 3.,0735+06
i 21,92 249530404 2,9954494 2,9954¢04
i 22.31 2.8892+04 2,9246404 249206+04
22,69 2.8300¢04 2,8663404 2:8662404
i 23,08 2.7749+04 3,0103+04 3.,0087+04
£3.,46 247235404 J.4804404 3,2092+0%
23,08 2.6753¢004 2.8996404 20980400
PLANCK CONTe PLANCK MEAN ROSSELAND CONT, ROSSELAND MEAN
(CM2/8) (CM2/0) (CM2/8) (Cna/ze)
$,6798+02 2468313404 $,7885401 1.8690¢0%
3,2787=05 2,403%-03 7638 218 18 30 v
86
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TABLE 17 (sheet 8 of 57)
THETA= 5.6009-01 €V S 1.1682404 DEG R = 6,5000403 DEG K
GAMMAZ 7.5600402 ’
PRESSURE= 5,0910408 (DYNE/CM2) = 5,02u4402 (ATM) »
RHOz 2.2033-01 (6/C¥3) = 1.3755401 (LB/FTY) :
“ 2BARz 5.9877-03 3
UMAX DELTA U ;
24,00 +38 g
3
U CONTINVOUS LOCAL PLANCK LOCAL ROSSELAND 3
(Cm2/6) (CM2/6) (CMz/6) i
.38 1,6622403 9,0644403 B+6747403 H
17 2,0866402 8,2981+03 7.6486403 !
1,15 7,8854+01 9,6803403 8.6996+03 ;
1.54 4,5277+01 1,0588404 947702403 :
1,92 2,4564+01 1.1524404 1.0899+404 }
2.3 2,0926+01 1,2545404 1.1917+04 i
2.69 3,3563+01 1,3359404 1.2693+04 !
3.08 3,0330408 1+3892+04 103290404 i
3,46 3,5014401 1,4400404 1,3627404 :
3,85 4,31064401 144707404 1.3925404 H
4,23 5,9066+01 1.5010404 1.4233404 ;
4,62 8.7523+01 1.5781404 1.5096+04 ;
5.00 1,4289+02 147789404 1.7122404
5.38 2,30768+02 2,2286 )4 2.1496+04
5,77 3,6276402 3,0725404% 249642404 :
6.15 5,5957+02 44797404 4e2621404 :
. 6,54 8,4096402 6.2811404 6,0150404
; 6,92 1,2258403 8.4549404 8.1520404
H 7.3 1.7310403 1.0986+05 1,0528+405
! 7.69 2,3648+03 1,3677405 1.3127+05
! 4,08 3,1398+03 1,6095+0% 1.5345405
8,46 4,0598+403 18067405 1.7619405
8.85 5,1201+03 240728405 1,9633+05
9.23 6,3028403 2,2272+05 2.0942+05
I 9.62 7.5684+403 242067405 2¢0995:05
: 10,00 8.,6682¢03 2,0420405 1.9360+05
: 10,38 1.,0169+04 1.7418405 1.6577405
10,77 141458404 1.2904+05 1.2510405
11.15 1.3149+04 9.,0951¢04 8.8040+04
; 11,54 1.4837404 642747404 6,1769+404
! 11,92 1,6410+04 4,5844+04 45576404
; 12.8 1.7836¢404 3,9219+04 3,9061+04
i 32069 1.8203+04 3.9283404 30909300“
13,08 1,9681404 4,3137404 4,1576404
13,46 2.,0u85+04 4,7655+04 4.5153+06
13,85 241303¢404 5.1581404 4eB74L+0U
14,23 242168404 5,3912404 5,0969+04
14,62 2:.3p28404 5, 4045404 5,2216404
15,00 2.4598+404 5.2878+04 542222404
15,38 26406404 5,1076404 5,0997+04 ;
15,77 248690404 4,9053+04 449013404 y
16,15 3,1394+04 WeT7227404 47209404
16,54 4286404 4.6078404 4.6070¢04
16,92 37168404 47148408 WeT133¢04
i 17.3 3,8300404 5.1543404 8,1408¢04
! 17.69 I 8423404 W 4012404 43996404
: 18,08 3,8009¢+04 %.,0202+0¢ 4e0202¢04
. 18,46 3, 7234404 3.8851404 3.8850+04
] 18.8% 3.6280404 447690404 4.7599+04
) 19,23 3,5280404 743213404 646968404
; 19,62 3, 4290404 4,5128+04 4,5036+06
: 20,00 J3.3396+404 3,4095+04 3.4093+04
; 20,38 J.2528404 3.3000+04 3.3000+04 -
) 20,77 3.4719404 32171404 3.2171004
: 23,18 340982404 3,3652404 3.1452404
: 21,54 3,0279+06 3.0783404 3,0781+04
21,92 247620404 3.0029+04 3,0029+04
‘22,3 20980404 2.9328406 |, . 2,9328404
22,69 2.8306404 2.8734404 2.8734404
23,08 2. T834+04 3.0057+04 3,0046+04
23,46 2.7318404 34560404 3.2165+04
23,88 26835404 2.8955+04 2,8944404
PLANCK CONTs  PLANCK MEAN ROSSELAND CONT, ROSSELAND MEAN
(CM2/0) (CM2/6) (CM2/0) (Cm2/6)
8,7095¢02 2,685304 5.,8820401 146415404

2,9203-05 2,3772-03 8770 167 Lub 83 g

87

wER N TS




Pl M

TABLE 17 (sheet 9 of 57)
THETAZ 5.6009-01 EV = 1,1682%04 DES R = 6,5000403 DEG K
GAMMAZ 4,9800+02
PRESSURE= 1,0156+09 (DYNE/CM2) = 1,0023+03 (ATM)
RHO= 4,4009-01 (G/CM3) = 2,7475+0% (LB/FT3)
ZBARz  4.5508=03
UMAX DELTA V
23.00 38
v CONTINUYOUS LOCAL PLANCK LOCAL ROSSELAND
(Cm2/6) (CM2/6) (CM2/6)
.38 1.9177+03 9,3295+03 9.1275+03
77 2.4061+02 8,3402403 7.8871+03
1.15 8.,8347+01 9,7018+03 8.9337+403
1.54 %,9300408 1,0603404 1.0065+0u
1.92 2.6627+01 1.1537404 11150404
2.31 242130401 1,2558+04 1.2237+04
2.69 3, 4353+08 1,3371404 1.,3033+04
3,08 3.,0873+01 13903404 1.3631+04
3.46 3.,5415+01 1.,4409404 14020404
3.85 4,3420401 1.4713404 14353404
4,23 5,9346¢01 1,5012+04 1.4667+04 \
4,62 8.7806401 1,5777404 1.5514+400
5,00 1.4322¢402 1,7780404 1, 7541404
5,38 2.3323402 22274404 201892404
5,77 3,6340402 3.0716+0% 3.,0262+04
6,15 5,6051402 4.,4802404 4.3589+04
6.54 8,4233+02 6,2838404 6.1099+06
6.92 1,2277403 8,4592404 8,1942404
7.3 17338403 1.,0918+05 1.0501+05
7.69 2.3685403 1,3408¢405 142954405
8.08 3.1447+03 1.6032+405 1.5287+05
8,46 4,0662+03 1.,8483+05 147650405
8.85 5,1281403 2.0748+05 1,9%80405
9.23 643127403 202294405 20847405
9.62 75803403 242086405 240934+05
10,00 8.,8821403 2.0257+05 148969405
10,38 1.0205+04 1.6751+05 1.6005+05
10,77 1.3476404 1.2727+05 1,2346405
11,45 103170404 9.0996404 809239404
11,54 1.4860+04 602788404 692236404
11.92 16436404 4,5865+04 4.5607+04
12,3 1.7864+04 3.9232¢404 3.9098+406
12,69 1,8833¢04 3.,9299+0¢ 39152404
13,08 1.9712¢04 $.3161404 41054404
13,46 2.0517+04 4,7687+04 4071404
13,85 241337404 501618404 847392+04
16,23 2.2202404 Se3948404 49824404
14,62 243257+04 S.4074¢404 S.1426+00
15,00 244635+04 5,2889+04 S.1871+04
15,38 2.6444+04 S.1066404 5.0986+04
15,77 28732404 4,9012404% 4,3973404
16,15 3440404 $.7347404 4,7130+04
316,54 J,4335¢04 $,5912¢+04 4.5905+04
16,92 J.7220404 B T7u400 Qe TTHSON
17.31 3.8353¢04 43358404 443358404
17.69 J.8074404 441577404 B1877404
18,08 3.8057+04 3,991 7¢04% 3.9917+04
18,46 3.7279+04 3.,8429+404 3.83429+04
18.8% 3.6320+04 3.7084404 3, 7084404
19.23 345316404 3.5898+404 3.5898¢04
19.6 J.4322+04 J,4837404 3,4837+04
20,00 JoJ0204004 3.3893%04 « 3893404
20,38 Je25H8+04 3.2978+04 3.2978+404
20,77 304738004 3,213040% 32130404 -
21.18 3,0997+04 301353404 3,£353¢04
23,54 3.0291¢04 3:0612404 S.0031404
21,92 29630004 2:9916404 29902+04
22.3 200987404 29239404 2:9225¢04
22.69 2.0393 004 28611404 2.0597+04
PLANCK CONTs»  PLANCK MEAN ROSSELAND CONT, ROSSELAND MEAN
(CM2/8) (CMz/6) (CM2/8) tCuaze)
§,7388+02 2.0794404 6:07604012 1.6805404
5,3306-08 3,8242-03 27170 89 2 17
Yot
‘;‘ﬂ:
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TABLE 17 (sheet 10 of 57)

THETAS 6.8935=01 EV = 1,4378404 DEG R = 8,0000403
GAUMAS B8,4300402

LT
boAy

& e sriom s p3 s+ S WITEREIE TR 5 S ..

DEG K

PRESSURE= 1,0128+08 (DYNE/CM2) = 9,9952+01 (ATM)
RHO= J.4524~02 (6/CM3) = 2,1553+400 (LB/FTI)
ZBARZ  4,6792-02
UMAX DELTA UV
22,00 63
v CONTINUOUS LOCAL PLANCK LOCAL ROSSELAND
(Cm2/5) (CM2/6) (EM2/6)
263 31.796040) 9,9636+03 9.3246403
1.25 249934402 140430404 9.3687403
1.88 1,0594+02 141801404 141196+04
2.50 l.4480+402 1.3583+404 12878874
3,13 1.1232402 144702404 $3,88% 00
3,75 1,6306+402 146019404 15583404
4,38 3,2508¢02 202762404 202132404
5,00 T7.,0973+02 4,2392404 39757404
5,63 1.4251+403 Tu6624u4 Tell 8404
6.25 205604403 1.2042° 0% 141525405
6.88 4,1729+403 1437505 13147405
7.50 6.2576+403 1477 (5 16942405
8.13 8.6029+403 2426 5 2,0192405
8.75 1.0972404 345 )5 1,4696+05
9.38 1.4044¢04 BT\ o4 84465404
10,00 1.0664404 8,96 ‘04 49018404
10.63 1,8468+04 G484+ 04 443312406
11,25 240063404 4,9375404 4.7, Tie00
11.88 2:1773¢04 4,8019404 R 1Y
12,50 2.4351404 4,3971404 $e3883004
13,13 2.8204404 Ue2012404 4,2591406
13.75 3.2552+404 5.7536404 $:3971404
14,38 3.,4760+04 4,1248404 441205400
15,00 J,4584+04 4,2176404 4,2152404
15,63 343323404 1.,2365+405 9,3915+04
16.25 31813404 3,6353+00 346331400
16,87 3.0390+04 3,229040% 3.2290+04
17.50 2,9102404 3,1610+0% 3.1610+404
18.12 247910404 3.1117400 3.1107404
18.75 2.6839¢04 70594404 5¢2359+06
19,37 245908404 2.7848404 2.7840+04
20,00 245090+04 2:5559+04 245559400
20.62 2.4370404 2.4807404 24808404
21,25 2.,4068+04 2.,4111404 2,4113¢04
21.88 23001404 203019404 2.3019+04
PLANCK CONT, PLANCK MEAN ROSSELAMD CONT, ROSSELAND MEAN
(CM2/6) (CM2/6) (CM2./6) (CM2/6)
142636403 3,7803+04 2.5340402 2:0365+04
2,%x192-04 3,0812-03 3849 179 143 36
89
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TABLE 17 (sheet 11 of 57)
THETAZ 6.8935-01 EV = 1,4378+04 DEG R = 8.0000403 DEG K
GAMMAS 5,5500402
PRESSUREZ 2,0179408 (DYNE/CM2) = 1,9915+402 (ATM)
RHOZ 6+5475=02 (G/CM3) = 4,3373+00 (LB/FT3)
2BAR=:  3,5318-02

UMAX DELTA V
22,00 6
v CONTINVOUS LOCAL PLANCK LOCAL, ROSSELAND
(CM2/6) (CM2/6 (CM2/6)
.63 2.0584+403 1.0330404 9.7612403
1.25 3,3326+02 1,0589+04 9.7158+03
1.88 1.1620402 1.1952404 1,16131+04
2.50 145069402 143748404 1.3297+04
3.13 1.,1586402 1.4871404 1,4361404
3.75 1.,6653¢02 1.6168404 145979404
$.38 3,3058+02 2.2944¢04 2.2626404
5,00 7.2075+02 4,2780404 §,0567+04
5,63 14466403 7.5321404 T.2318+04
6.25 2.5987+403 11825405 141161408
6.88 4,2355+03 103899405 1,3311+40%
7.50 603508403 147925405 1.,7007+0%
8.13 8.7309+03 2.2063+05 2,0029+05
8.75 101135404 15454405 14775408
9.38 1,4253¢06 8.,8536404 8.6523404
10,00 1.6911404 $,0330404 S,0154+00
10,63 108743404 ,5629404 §,3983+04
11,25 2,0344404 5.0025¢04 84,5650+404
11,88 242096404 48636404 4,5881+04
12,50 2.4713404 . 4498404 Woku10404
13,13 2,8619+04 $.2774404 §,2755404
13,75 3,3028¢404 8,6111404 $,3332¢04
10,38 3.5264406 41375404 8,1373+06
15,00 3,5079+04 4.1808+404 81787404
15,63 3,3792¢04 1.1425405 8.,6306%04
16,25 3.2254404 3,6335404 3,6318404
16.87 3.0804404 3.2514404 3.2514¢00
17.50 2.9492+04 3.1699404 341699+04
18,32 208280404 3.1146400 3.1137+04
18.75 27192406 6.6132404 4,6356+00
19,37 206206404 247967404 2.7959¢04
20,00 2,5014406 2.5819+04 2.3819+04
20,62 244680404 2.5057404 245057+04
23,25 204307404 244353404 2,4351404
21.88 2.,3258404 243276404 2,3276404
PLANCK CONTe PLANCK MEAN ROSSELAND CONT, ROSSELAND VEAN
(CM2/6) (CM2/6) (CM2/6) (CM2/6)
142912403 3.7926404 246433:02 20971404
2,2631=06 3,3177=03 3389 179 148 3
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TABLE 17 (sheet 12 of 57)
THETA= 6.8935-01 EV 3 1,4378404 DEG R = 8.,0000403 DEG K
SAMMAS 3,1400+02
PRESSURE=Z 5,0667408 (DYNE/CM2) = 5,0004¢02 (ATM)
RHOz 1,7606=01 (6/,CM3) = 1.,0992+401 (LB/FTY)
2BAR:  2,4633-02

UMAX DELTA V
21,00 '63
v CONTINUOUS LOCAL PLANCK LOCAL ROSSELAND
(CM2/6) (CM2/6) (CM2/6)
«63 2.5308+03 1.0499404 1.0394+04
1.25 3.1896402 140656404 1.0565¢04
1,88 1.0817402 1,2047+04 1.1939+04
2.50 1.,5196+02 1.3360404 13770404
3,13 1.1510+02 1.4989404 1,4886404
3.7% 146693402 1,6267404 1.6178404
4,38 3.3322+402 243060404 2.2921404
5,00 7.2797402 4,3040404 4.1937¢04
5,63 1.4621403 75756404 T.3200404
6.25 2.6272+403 1.,1597+05 1.1097+05
6,88 4,2820+403 1,64003405 143394405
7.50 6.,4215403 1.,806u+05 1.6807+0%
.13 8.,8283+0) 2.1508+40%5 1.9358¢+05
8.75 1.125940% 15586409 148716405
9,38 1.4u12404 8,9441404 8.8302+04
10,00 1.7101+04 5.0823404 $,0560404
10,63 1.,8953+04 4,5875404 43873404
11.25 2.0568+04 5,0531404 4,6188¢04
11.08 22343404 449133404 8,5323+04
12,50 24986404 4495004 §.4866+04
13,13 248935404 403199404 4.3183¢04
13,75 3.3392+04 5,6582+04 S 480404
14,38 3e5647404 4,1719404 81715404
15,00 35453404 4,1903404 §.1889¢06
15,63 J.4t44e00 1,3493405 8,3395+04
16.25 3.2580404 3.6664404 3.6636404
16.87 3.11044+04 3,2789404 3.2789¢04
317,50 2.9767+04 3,1886404 3.1886404
18,12 2.,8530+04 3.3388404 3¢1379+04
18,75 2.7428404 6.6480404 4,.1328404
19.37 246650404 2.8151404 2.8143¢04
20.00 2.5603¢%06 2.597u404 25974404
20,62 204839404 205185404 245185404
PLANCX CONT. PLANCK WEAN ROSSELAND CONT, ROSSELAND MEAN
(CM2/6) (CM2/6) (CM2/6) tCm2/6)
143132403 3.7965404 2.6113¢02 2.1680+04
3.7899-04 3,6025-03 2614 14e 117 29
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TABLE 17 (sheet 13 of 57)

THETAS 648935-01 &V = 1,4378404 DEG R = 8,0000403 DEG K
GAMMA= 2.0100+02 i
PRESSURES  1,015640% (DYNE/CM2) = 1,0023403 (ATM)
RHOz  J3.5460-01 (6/CM3) = 2,2137+401 (LB/FTI)

{
|
B | Z8ARz  1.9107-02 |
UMAX DELTA V i
! 23,00 o83 !
V] CONTINUOUS LOCAL PLANCK LLOCAL ROSSELAND :
(m2/6) (Cm2s6) (CMa/8) i
o83 3.0732403 141001404 141018406 |
1.25 3.0603402 1.,0782404 1.0712+04 :
1,68 l.2814002 1,213u404 1.2089+04 ;
2.50 1.6309+02 1,3942404 13823400 |
3,13 1.,2003+02 1.5072404 144967400 1
3.75 1.7046402 1.,6339404 16238408 ]
- 4,38 3.3701+02 2.3146404 202089404 ;
5,00 7.3397402 4,3223400 802010004 |
5,63 1.4728403 7.6064404 7.5105+06
625 2.6457403 1.3692405 111500058
6,08 4.3118403 1.8073405 13562408
7,50 6.4650403 1,8156405 1.6650008
8.13 8.86891403 201263405 1.8817+08
8,75 1,1337+04 145672405 1,86514058
9.36 14518404 9,0007+04 8.9356404
10,00 1.7218406 $.1131404 $,0013+06
3 10.63 1.9083404 4.6151408 8,3977006
k 11,25 2+0709+04 5,0839404 8:3086400
: 31,88 202495404 9426404 8.4730006
g 12,50 2.5156404 4,5202404 8.5122¢08
! 13,13 29132004 0,3378404 ,3309+00
4 13.75 3637404 5,5987+0% $.5022¢00
14,38 3.5086404 441792404 $.1789404
15,00 3,568740% 441707404 8.1722408
15,63 34366404 11086405 7.7116+08
. 16,25 3.6769%04 3,66T4404 3.0453404
. 16,87 3,1300404 3.2902+04 3.2902+06
R 17,50 2.9951404% 3.1935400 3,1935¢04
: 18,32 246705404 31638006 3.1a05+06
. 18,75 2.7587404 6.4561900 3.7606+04
: 19,37 2:,6610204 2,8215400 2.8205¢06
20,00 2.5757+04 2.6098%04 2.6098+04
H 20.62 2449087404 2.5305404 2.5305¢04
PLANCK CONT.  PLANCK MEAN ROSSELAND CONT, ROSSELAND wEAN
(Cm2/6) (CM2/6) (CM2/0) (Cu2/e)
103015403 3,8013404 2.7813402 2.1838406
3.1565~0% 3,7500-93 2218 148 119 26
' H
f
i
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TABLE 17 (sheet 14 of 57)

THETA= 8.06268-01 Ev 2 1,7972404 DE3 R = 1,0060404 DEG K
GAMMAS 8,4400402

PRESSURE=  1,0132+408 (DYNE/ZCM2) = 9,9996401 (ATM)

RHOz 2545202 (6/CM3) = 1,589440y (LB/FTI)

2BARz  1.6837-03

UMAX DELTA V
20,00 S50
V] CONT INYOUS LOCAL PLANCK LOCAL ROSSELAND
(tm2/6) (CM2/6) {CmM2/6)
+50 1,5498+04 2.4945404 2.,4770404
1,00 1,9425403 1.3778404 1.3729+04
1,50 6.2038+02 1.2227+0% 1,2139404
2.00 6.0434902 1.,4278404 1,3363004
2.,%0 J.6384402 15265404 1.4673400
3,00 3.5419402 147052404 1.6060+04
3,50 4,9992+02 2.4266404 2.4105+04
4,00 9.1505+02 ©.1979404 4,0729+04
4,50 1.66477¢003 7.0963004 7.0886+04
$.00 2.7084403 1.3248405 11675408
8,30 4.3077493 142299408 1.2152+08
6.00 5.8778+403 1.5420408 3,4988405
6.50 7.8u50403 2.,0469408 1.8205408
7.00 9.,06043+403 1,2955405 142887408
7.50 342333400 7.5106404 7.4803400
.00 148519404 $.4903404 8,867340¢0
$.50 1.0088404 4,0827404 3,9699+04
9.00 3.7512404 44282404 9,0211+06
9.50 1.9323404 43450404 8,1655404
10,00 241368404 8,1186404 8,1118404
30,50 24460640% 8,322%4G3 83157404
13,00 @.8200004 7.6065404 6.5101404
33,50 3,0407¢06 8,7582404 8,76456400
12,00 3.U166008 $.0666+04 $,0562+04
12,50 2.9330004 2.0921405 18554408
13,00 2.0286404 8,0403404 8,0336400
13,50 2+7204900 3,5528+04 3.5480404
34,00 2,6307¢04 3,708%404 3.,7008406
18,50 2.5398404 3,599%+0¢ 3,5947+04
15,00 2.4526004 141226405 5,9679+04
15,50 2,3778¢04 2.8259+04 2.8237+04
16,00 203133404 2.44088404 2.40686¢04
16,50 206574904 2,6063404 2,4060406
17,00 242704404 2,402504 2.8018+04
17,50 2.1658404 2.38309+04 2.3790+06
18,00 2.0909+06 2.4351400 2.8331004
1s.50 1.9879¢404 2.5021404 2.4984404
19,00 1.6933404 2.5804404 2.5739+00
19,50 3.6067404 2.5188+04 2,5130+08
20,00 1.7268¢00 2.2209404 2.2363¢00
PLANCK CONTs  PLANCK MEAN ROSSELAND CONT, ROSSELAND MEAN
(CM2/5) (EM2/,6) (CM2/g} t(Cn2/6)
2.,08250+0) 8,330040% 9,0876402 2:,0783404
1,8076-0) &,0038-03 3043 2% 199 V7
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TABLE 47 (sheet 15 of 57)

THETAS 8.0168-03 EV B 1,797240% OEG R = 1.0000408 DEG K

GAMMAZ 2,8000¢02
PRESSVRE= 2,0285¢08 (DYNE/CM2) = 2,0020402 (ATM)
RMOz  5.2632-02 (6/CM3) 3 3,2858400 (L8/F¢3)
ZBARz  1.291%-01
UMAX DELTA V
20,00 «50
v CONTINYOUS LOCAL PLANCK LOCAL ROSSELAND
(Cm2/6) (CM2/6) (¢mase)
»50 1.8018¢04 2.0938%04 2.0375+04
3,00 2,3578¢03 1.068640C4 1.8882¢08
1,50 7.4539+402 1,2606404 12506000
2.00 6.7123+02 1.8618404 1.3789+04
2.%0 %,0303¢02 105725404 148221408
3,00 3.0370002 1,7365404 1725349
3,50 $.3080¢02 248800408 2,0321008
8,00 9.6321+02 §,2009404 8,2118404
§,5%0 347299403 703836704 Te3365404
8.00 20000890 1+267603 1:327240%
8,50 4,3069+03 102587405 1.2325+0%
6,00 6.162200) 1.505%540% 14522008
.50 8,223940) 243377408 1.885040%
7.00 1.027890% 1,3423408 1,3353¢08
7.%0 142920404 T.0272404 7.790% %04
8,00 1.522090% 86673404 8,6406900
8,50 1.0865+0% 4,2020400 8.3 720000
9,00 1.0355+08 $.6078400 Nedlibe0h
9,50 2.0030400 4.8212000 9.3300000
10,00 2.238108 4,28000% 8,2781008
10,50 2.5758406 $.8808400 9,8758004
13,00 2.9502¢04 7.0317408 6.0792¢04
33,50 3.1469004 8.90360% 8.0983408
12,00 3.074008 8,3512404 $,3000400
12,50 3.0875¢04 24723909 1481315008
13,00 2.9000004 0,0 20000 8.368008
13,50 200362406 Je6042400 3:6615404
34,0 2.735600% 3.8018404 37959404
14,50 2.6307004 3.70050% 3.7023¢08
18,00 2:5428+00 163092408 $.,2208¢00
15,50 2.0639400 2.9115¢00 2.90008408
16,00 23959400 2.5235406 245230004
16,30 243367408 248008900 2.0802000
17,00 2,3490000 2.0773000 2:.5762404
17,50 22358400 2.0577¢06 2.8506408
318,00 21584200 2.500840¢ 200903400
19,90 20658000 245359000 2.5337404
19,00 1950908 245507408 225850008
19,50 1.00610008 248810404 2.4578408
20,00 1.7793 008 2:1053408 21027004
PLANCK CONT:  PLANCK MEAN ROSSELAND CONT, ROSSELAND MEin
(Cnzse) (Cug/0} t{CM2se) (Cn2/6)
3.0088+03 B.3830+008 9.8888402 209359404
1,5819=0) 4,2300-03 2363 s 203 (1]
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TABLE 17 (sheet 16 of 57)

THETAS 8.6168-01 £V = 1,7972404 DEG R = 1,0000404 DEG X
GAMMAZ 1,5000¢02

PRESSUREZ 5,0897+08 (DYNE/CM2) = 5,0232+02 (ATM)

3 RHOz 143612-01 (G/CM3) = 8.4978+400 (LB/FT3)

1 lBAR: 9.3234=02
: UMAX DELTA U
: 19,00 50
, v CONTINVOUS LOCAL PLANCK LOCAL ROSSELAND
, (Cm2/6) (cv2/6) (CM2/6)
. «50 245318404 3,5214404 3,5174+04
i 3,00 3,1706+03 1,5691404 1.5620+04
1.50 9.8880+02 1.3187+404 13135404
) 2.00 7.9280+02 145075404 144967404
. 2,50 4,6602402 1.6302404 16200404
; 3,00 4,2682+02 147796404 147695404
. 3.50 5. 7406+02 2,4874404 204727404
4,00 1402643403 43149404 4oe2843404
4,50 1.8286403 73219404 7.2902¢04
' 5,00 249960403 142237405 141021405
5,50 4,5382+403 1,2965+05 342400405
. 6,00 644909403 1.6399405 1.506u+05
: 6.50 846610403 2,2165405 1,7374405
; 7.00 1.0823404 1.3980405 1,3;42+05
i 7.50 143614404 841885404 8,1328+04
5 8,00 1,6075¢04 4,8672404 4.8521+04
; 8.50 1.7756+404 4,4197404 4.3285+04
§ 9,00 1.9324+404 4.7991404 4,1223404 :
H 9.50 2.1091¢04 4,6958+04 4,3389+04
i 10,00 243547404 G, l165+404 Geh10u+04
8 10,50 2.7085¢04 4,5451404 45608404
: 11,00 3,1002+40% 7.,4081404 7.0375+04
: 11,50 343039404 4.,8572404 4,8507+04
' 12,30 3.3000¢04 §.0090+04% 4.999u4+08
i 12,50 3.2012¢04 1.,8995405 1,2213+05
: 13,00 3.0785¢04 441380404 41362400
i 13.50 2.9604+04 3,6728404 3.6706+04
5 14,00 2,8513¢04 3,7600404 3,7564+04
§ 14,50 2.7430404 3,6659+04 3.6611404
; 15,00 2.6448404 1.0335405 4.2820¢04
: 15,50 245602404 249432404 2.9418404
: 16.00 2.,4867+04 2,5962+04 205961404
i 16,50 244216406 2,5508404 2.5506404
’ 17.00 2.4157404 2,5465+04 2.5457404
17,50 2.3005¢04 2,5281404 25271404
*.8.00 242103404 25350404 245331404 3
18,50 2409955404 2.4652404 24629404
19,00 1.9980+04 2,3133404 243312404
PLANCK CONT.  PLANCK wEAN ROSSELAND CONT, ROSSELAND VEAN
(CM2/6) (CM2/6) (CM2/6) {Cm2/6)
3,2755¢03 5,3957404 141098403 3,0807+9%4
2.3016-03 Srtbua-c3 2926 727 191 3%
-

95

R ) prerER L Ot WY "




TABLE 17 (sheet 17 of 57)

THETAS B8.,6168=01 EV = 1,7972404 DEG R = 1,0000404 DEG K

GAMMAS 9.3000+401

PRESSURES  1,0140+409 (DYNE/CM2) = §,0007+403 (ATM)
RHO= 2.7566-C1 (G/CM3) = 1.7210+401 (LB/F13)
2BAR:  7,.4238-02

UMAX DELYTA U
19,00 «50

v CONTINYOUS LOCAL PLANCK LOCAL ROSSELAND

(CM2/6) (CM2/6) (EM2/6)

+50 342517404 442225404 4.2185+04
1.00 4,0696+403 16671404 1,6598+04
1.50 1,2365403 1,3558404 1,3508+404
2.00 9.0727+02 1,534540 1,5223+404
2,50 S.0640+02 16555404 1.6465+04
3.00 46202402 1.,7978404 1.7904404
3.50 60301402 2.5005+404 2,4797+04
4.00 14573403 43390404 4,3186+04
4,50 1.8759+03 7.3720404 73090404
5,00 3-0669’03 10196“‘05 1,0569+08%
5,50 46417403 143113405 1,2194+05
6,00 6,6364403 1.6619+05 1.4044+405
6,50 8.8534403 241562405 245420405
7.00 1.1063+04 1.4216405 1,2261405
7.50 1,3914406 843471404 8,2963+04
8.00 140380406 4.9554404 4,9344¢0u
8.50 1.8149¢04 44993404 44956 +04
9.00 1.9748404 448881404 448862404
9,50 21552404 447823404 47815404
16,00 204057404 44941404 4.4932+406
10,50 2.7647404 4,6145404 4,6322+404
11,00 3.1656404 74725404 743110404
11,50 3.3724404 %,9214404 4,9159+404
12,00 3,5667404 5,0349+04 5,0261404
12,50 3.2638+04 1,9030+05 1,0294405
13,00 Je1364+04 4,1901404 9,1870¢046
13,50 3.0145+04 3,7201404 3.7200404
14,00 249020404 3,7961404 3,7961404
14,50 2.7905404 3.7086404 3,7086+04
15,00 2.06901404 1,0364405 1,0364+05
15,50 2.6033¢04 2.,9815404 2,9815+04
16,00 245280404 2.6330404 246329404
16,50 244612404 2.5872+404 2.5870+404
17,00 2.4504406 2,5832404 245826404
17,50 203378404 2.5670404 2.5655+04
18,00 2.2015404 2,5725+04 245702404
18,50 21291+04 2.,5021+04 2,4992¢404
£9,00 240261406 203477400 243452404

PLANCK CONTe  PLANCK wEAN ROSSELAND CONT, ROSSELAND MEAN
(CM2/6) (CM2/6) (EM2/6) (CM2/6)
3.4642403 5,4126¢04 141964403 3,1090404
1,8834=03 3,9373-03 2625 167 139 28
96
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TABLE 17 (sheet 18 of 57)

THETAS 141202400 EV = 243364404 DEG R = 1,3000404 DEG K
GAMMAS 3.2500+02

PRESSURE= 1,0125+08 (DYNE/CM2) = 9,9924+408 (ATM)
RHOz 1+5676-02 (6/CM3) = 9,7864=01 (LB/FT3)

2BAR= 5.5372-08
UMAX DELTA U
18,00 «36
v CONTINJOUS LOCAL PLANCK LOCAL ROSSELAND
(Cm2/6) (CM2/6) (CM2/6) 3
+38 9.9796+04 11749465 1.1653+05
.17 1.2484+04 3.3532404 3.3496+04
1,15 3.7941+03 2.0225+04 1.8392+04
1.54 243354403 2,2622404 1:6690+04
1.92 1,26€9+403 1.6760+04 1.6671404
2.31 9.3917+02 1,9366+04 149220404
2.69 BeT631402 28235404 2.,8050+04
3,08 §el612403 4,5745+04 4.,5366+04
3.46 546951403 7.,0063+04 649425+04
3,85 243906403 1.,3733405 9,8499404
4,23 3.1801+03 9,6103404 9,5310L404
4,62 4,1276403 1,0707+05 1.0640+05 ]
5,00 5.1663403 22562405 1.5045¢95
5,38 6,1590¢03 7,7320404 746987404
5,77 744282403 U,6403404 46144404
6.15 845645403 3,2587404 3.2449+04
6.54 G0N0 209953404 209880404
6.92 140356404 3.,1370404 3,1271404 i
7.3 1o1G46400 3.1541404 3.1431 04
7.69 12866404 3.3820404 3,3769+04 g
8.08 14753404 3,9990404 3.9838+04
B.46 1.,6821404 7.3222404 643920404
8.85 1.8172¢04 5,1271404 Sel1uteon
9,23 1.8754+04 5,3114404 5,2926404
9.62 1.6948+04 1.8940+05 143979405
10,00 146934404 3,9835404 3.9776404
10,38 1.,8873¢04 3.8027 & 3,79168+404
10,77 1.8725¢04 4,2865+04 G.2718404
11,15 1,8392+04 3.9238+404 3,9133+04
11,54 1.,8010+04 1.0371405 4,7039+04
11,92 1.7684+04 2.,6921404 2,6892+04
12,0 1,7419+04 3.537840% 3.5277+04
12,69 1.7180404 2.3393404 243388404
13,08 1.7751¢04 26301404 2:6279+04
13,46 1.6883¢04 5,8074404 5.5510404
13,85 1,6525¢04 2,9648404 2,9596404
14,23 1.5817404 3,2535+404 3.20443404
14,62 1.5173¢404 43903404 443457404
15,00 1,4587+04 4,4031404 443875404
15,38 1.4056400 3.9202+04 3.9003¢404
15,77 1,0551¢04 3,2045404 3.1940+04
16.15 1,3057+04 209761404 209663404
16,54 1.2554404 2.6532+¢04 246468404
16,92 1,2076¢04 2.5550404 25476404
17.31 101496404 2,4663+404 204592404
17,69 1,0548404 2.1724404 241660404
PLANCK CONTe PLANCK MEAN ROSSELAND CONT, ROSSELAND VEAN
(CM2/6) (CM2/6) (CM2/6: (CM2/6)
43350403 6,0452+04 203659403 3,7305+04
1,3306=04 3,6533-03 6670 361 301 60

97




o o o

TABLE 17 (sheet 19 of 57)

THETA= 1+3202400 EV = 2,3364404 DEG R = 1,3000404 DEG K
GAMMA= 1,8600402

PRESSURE= z.oz9sooeF}ovnz/cnz) = 2,0030402 (ATM)

RHO= 3,3978-02 (G/CM3) = 2.1213+400 (LB/FY3)

1 2BAR:  4.4636-01
UMAX DELYTA U
18,00 38
v CONTINVOUS LOCAL PLANCK LOCAL ROSSELAND 1
(Cm2/6) (CM2/6) (CM2/6) i
+38 1.3826405 1.5478405 15227405 i
77 1,7293404 3,8801404 3,8763¢04 |
1.15 5,2385+03 2,1469404 201090404 }
1,54 3,0933+03 202925404 1.,7914404 i
1.92 106338403 1.8169404 1,8064¢00 !
2,31 1,1918+03 2,0302404 2.0172404
2.69 1.0869403 2.8651404 2,8525+04
3,08 1.4085403 4.8757+04 45486404
3.46 2.0406403 T.0444+04 6,9885404
3.85 2.8669+403 13129405 1.0415+05 :
923 3.6090+03 1,0078405 9.994B+04
.62 9,9464+03 1.1499405 1.1413405
5,00 6,1897403 241502405 1,5404405
5,38 7.3826403 8.696U404 8.6574+04
5,77 8.9066403 5,2954404 $,2742404
6.15 1,0278404 3.6295404 3.,6199+04 .
6,54 1,1345+04 3.3490°04 343377404
6.92 102404404 3.5487404 3,5402¢04
7.38 1.,368140% 3.5826+04 3,5708¢04
7.69 1.5313404 3,7915+04 3.7859+04
8.08 1.7467404 4,5946404 4,5780¢04
8. 46 1.9811¢04 845906404 78514404
8.85 241259+04 5,9214404 5,9069404
9.23 2.1756404 6.0016+0% 5,9900404
9.62 2.4766+04 202562405 1,4112405 3
10,00 201596+04 45750404 4,5664+04 i
10,38 2,1372+04 4,3339404 4,3241404 ;
: 10,77 241083404 4,8630404 448494404
: 11,15 2.0619+04 %o 4637404 B lu37404
\ 11,54 240136404 1.2195405 46047404
11,92 1.9725¢04 2,9193+404 2.9155+04
12,31 1.,9391+04 3.4605+04% 34525404
¢ 12,69 1.9088+04 2.4714404 2,4705+04
: 13,08 1,9599+04 27103404 2.7068+04
} 13,46 1.8651404 5,3373404 447370404
13,85 1,8217404 3,0476404 3,040u+04
14,23 1.T429404 3,2962+04 J.2871404
14,62 1467104404 401636404 441465404
15,00 1.6063+04 4,1995404 4,1806+04
15,38 15468404 3.,7882+04 3.7720+04
15,77 1.,4905+0% 3.1995404 3,1909+04
16,15 14351404 3,0253404 3,6161404
16,54 1,3783+04 207587404 2.7520404
16,92 143206404 2,6537404 2,6559+04
17,31 1.2582404 2,5457+404 2.5367+06
17,69 1.1957+04 2,2082404 2.2323+404
P.ANCK CONTs PLANCK MEAN ROSSELAND CONT, ROSSELAND MEAN
(CM2/6) (CM2/6) (CM2/6) (CM2/6)
: 5.3174403 6.,2162404 2.9213403 8,0307¢04
: 1,2310-02 3,7456-03 5832 L1 a1 (1]
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TABLE 17 (sheet 20 of 57)

THEYAZ 11202400 EV = 2,3364+404 DEG R = 1.300040% DEG K
GAMMAZ 8,8000+01

PRESSURE=  5,1215+08 (DYNE/CM2) =  §,05u5+402 (ATM)

RHOz 9.43290=02 (6/CM3) = 5.,8241400 (LB/FT3)

2BAR=  3.4363-01
UMAX DELTA V
18,00 «36
U CONTINJOUS LOCAL PLANCK LOCAL ROSSELAND
(CM2/6) (CM2/6) (CM2/6)
.38 242298405 243738405 2.3630405
o7 2.7883+404% 4.9467404 Be9u24e04
1.15 843336403 2,4558+04 2.4498+04
1,54 §.6084+03 2.4391¢04 201740404
1.92 2.41064403 2,0485+04 2.0337+04
2.31 1,6519+403 2.,2034404 2.1940+04
2.69 1.46481+403 2.9981+404 249835404
3,08 1.7921403 W,7141+404 4$,6811404
3,46 245391403 7.3035¢04 7.1980+04
3.85 3,5343403 1.2855+05 9,9304+04
4.23 4,6779+03 1.0926+05 1.05334CS
4,62 6,0683+03 1,2763+405 141521405
5,00 795865403 2.0978+05 12587405
5,38 9,0476403 1.,0054+05 9.9355+04
5,77 1.0915+04 6.180u+04 6.1606404
6.15 1.2588¢04 4.1371404 41300404
6,54 1+3900¢04 3.,8084+04 3.8021+04
6.9 145182404 4.0223¢04 4,0203¢04
7.31 1.6711¢04 4.0009¢04 3.9988¢04
7.69 18631404 $,077240% G,0704406
8.08 241149404 4.6975404 4.6925¢04
8.46 203867404 7.9558+04 7.8537406
8.85 2,5446404 5.7342+404 5,7144404
9,23 205822404 5,7456+0% 5,7326404
9.62 245618404 1,9305+95 9,3991+04
10,00 2.5173+04 4.5082+04 4.5048404
10,38 2.4705+04 4.2752404 4.2751404
10,77 24204404 46757404 4.6757+04
11,15 2.3545404 4.,320040% 4.3200+04
11,54 2.2903404 1.0635+05 1.,0635+405
11,92 2.2352406 3,0009+04 3,0006+404
12,31 2.18964404 3,3699404 3.3638¢04
12,69 201469406 2.6259404 2.6252404
13,08 241703404 2.8304404 208282404
13,46 2.0730404 4,8684+04 $,0010+404
13.85 2.0120+0% 3.2002+04 3.2000+404
4,23 19251404 3.4330404 34202404
14,62 1,8463+404% 4.0768404 8,0640+04
15,00 1.7739¢04 4.092040% 4,0779+04
15,38 1.,7079+404 3,7469+04 347350404
15,77 1,0451404 3.2868+04 3,2796+04
16,15 1.583140% 3.1682404 3.1613+04
16,54 149190404 209571404 2.9503+04
16,92 1.4584¢04 208580404 28362404
17,31 1.3822404 2.6964+04 2.6575+04
37,69 303104404 2,3820¢04 243362404
PLANCK CONTe PLANCK MEAN ROSSELAND CONT, ROSSELAND VEAN
(CM2/6) (CM2/6) (EM2/6) (CM2/6)
6.9182403 6,5383404 3.,8158+03 ue 2854404
8,3045-03 3,7479-03 4618 259 217 w2
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TABLE 17 (sheet 21 of 57)

THETAS 341202400 EV 2 2,3364404 DEG R = §,3000+04 DEG K

GAMMAS 5100040

1

PRESSURE= 1,0091409 (DYNE/CM2) = 96,9593+

RHO= 1.9373=01
ZBAR=z 2.8553-0

UMAX DELY
17.00

v 4

13,08
13,46
13.8%
14,23
le,62
15,00
15,38
15,77
16.15
16,54
16,92

PLANCK CONTY
(CM2/6)
8.0310403

1.,1090-02 3,75

T AP e
<
ﬁl,
3
%
!
4
.
s
i
5
{
‘
¥
¢
s 3
#
—

(G/CM3) = 1,2094+01 (LB/FTX)
1
AV
36
ONTINJOUS LOCAL PLANCK LOCAL ROSSELAND
(Cm2/6) (cM2/6) (CM2/6)
3.2053405 3.3225+405 3.3201405
40077404 5.0223404 5.0197404
101901404 2.6047404 245981404
5.0917+03 244529404 244466404
26084403 21575404 2:1479+04
1,6325403 202589404 2.2u61+04
16049403 2.9126404 248935404
149597403 947287404 447035404
247663403 703355404 7.2710+04
3.8031+03 12175405 9,701 7404
5,0851403 141206405 1.0157+05
645982403 143326405 1.0u35+05
8.2502403 2.0837405 1,07.5+06
9.8425403 1.,0700405 9,4952+04
13879404 65542404 6¢5173404
143702404 403846404 43757404
1e5131¢04 4.0268404 4402645404
1.0513¢404 442609404 4,2590+04
148063404 442335404 42316404
240171+004 $.2871404 G.2844+04
2+2837404 49094404 We9024+04
245754408 842074404 81725404
207404400 $.9398404 $.9230+04
247728404 S.8992+04 5.8836404
2.7418404 149690405 8.0345404
246855404 4.6786+04 4.6750404
26276404 $o4277404 Ge4274404
245680404 We8131¢04% 4.8111404
204932404 4eu551404 44851404
R4220404 1.,0846+405 1.0846+405
2439610404 3.0890404 3,0888¢04
243099404 3,3056+04% 3.3010+404
202625404 2.7057+04 2.7049404
22767404 2.892740% 2.8895404
241757404 4,5723404 Belllueou
201074404 3,2721+40% 3.2651404
200149404 34771404 34648400
19305404 3.9836+04 3.9683¢04
1.8520404 3.,9310404 3.9139¢04
1.7813404 3.5747404 3.5607+04
1,7128+0% 301274404 3.1189+04
146uS1404 2,9682404 2.9611+404
145751404 207131408 207062400
15092404 2:5440404 25374404
e PLANCK uEAN ROSSELAND CONT, ROSSELAND MEAN
(CMz/6) (CM2/6) (Cm2/6)

66343404 h,2147+03 B.4836404

7é-03 3518 224 191 33
100
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TABLE 17 (sheet 22 of 57)

C et R A% e e

THETA= 1,3787400 Ev = 2,8756%04 DEG R = 1,6000404 DEG K

GAMMAZ 347000402
PRESSURE= 1,0167+408 (DYNE/CMZ) =

10034402 (ATM)

RHO=  140304=0c (6/CM3) = 6.,4328-31 (LB/FT3)
2BARE  9,9418-01
UMAX OELTA V
18,00 63
U CONT INYOUS LOCAL PLANCK LOCAL ROSSELAND
(CM2/6) (Cm2/6) (CM2/6G)
263 2,8821404 5.8548+404 5.8530404
1.25 4,1066403 3,0634+04 2,0353+04
1,88 145070403 1.7303+404 17744404
2.50 1.,0263+403 4,3804+404 43612404
3.13 143334403 9.67871404% 96445404
3,75 1.6444403 1.,0625405 1.0766+05
4,38 2,4317+403 3.1178404 3,0974404
5,00 340954403 2,485%404 2.4758+04
5.63 3.9488403 2.1128+04 2.1075+04
6.25 5.4183403 3,1839+0% 3.2836404
6.88 7.5749+03 4,08424004 3,9311+04
7.50 8.,9696+403 $.6217408 5.7943404
8413 9.9158+03 1.,8346+404 1.8331¢04
8,75 1.0641¢406 240553404 240529406
9,38 1,0770+04 2.1065+04 241027404
10,00 1,0703+04 37249404 3,7436¢04
10,63 141120404 6+6243404 6.4878404
11,25 1.0261+04 3.,0605404 3,0506+04
11.88 9.7792+03 5.3656+04 $.3377¢04
12,50 9.1693403 6.3393404 6.1770434
13,13 8.6341403 £.9159+04 6.8293+04
13,75 8.1489+03 8.8022404 8.,3092+04
14,38 7.6993403 1.,1891+405 141070405
‘ 15,00 73573403 1.4030405 1:.3098+05
’ 15,63 742023403 1.3567405 12747408
16,25 7.3076+403 1.31206405 1,0879+08%
16.87 7.5544403 8,1689404 7.9806404
17.50 7.8537403 5.3145404 8,2288+04
PLANCK CONTYs PLANCK yEAN ROSSELAND CONT, ROSSELAND MEAN
(CM2/6) (CM2/6G) (CM2/6) (CM2/6)
3.4291403 4,6817¢04 242277403 3¢1173¢04
6,1130=04 3,9062-03 5119 399 320 79
i
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TABLE 17 (sheet 23 of 57)

THETAS 143787400 EV 5 248756404 DEG R = 1,6000404 DEG K
GAvvAs 1,9700+02

PRESSURE= 2,0200+408 (DYNE/CM2) = 1,9936402 (ATM)

RHOz 2.2538=02 (6/CM3) 5 1,4071400 (LB/Fr3)

2BAR=  8,6751-01

UMAX DELTA V
17,00 063
v CONTINUOUS LOCAL PLANCK LOCAL ROSSELAND
{Cv2/6) (CM2/6) (EM2/6)
63 WebU6T+04 7.6468404 7.6450+404
1.25 6.54697403 3,2836404 203464404
1.88 240836403 19568404 1,9493¢04
2.50 1,3950403 4,6937404 4,6696404
3.13 1.6921+03 1,0368405 9.4077404
3.75 2.0115¢03 101461405 1.,0087+05
4,38 3,5039403 3.6268+404 3.6138404
5,00 4,4845+03 206887404 2.6802404
5,63 5.7028403 24694404 2.4622404
6.25 76713403 3,8069+04 347952404
6.88 1.0252+04 5,4355404 8,7542404
7.50 1.1664400 T+6171404 6,0781404
8.13 1.25u2404 242262404 247052404
8.75 103165404 244278404 2,4263+404
9.38 163174404 243950404 2,3924+04
10,00 103109404 3.6722404 3.6548404
10,63 143403404 6.1816%04 $,0829404
11,25 142361404 209838404 2.9759+04
11,88 141763404 $,9945404% 4,9766404
12,50 1.0980404 6.0645+04 6,0175+04
13,13 1,0314404 606290404 6.6008+04
13,75 9.6912+03 8.7953+04 802110404
14,38 9.0876+03 1.2298+05 1,1373408
15,00 8,5792+03 1.4775¢405 13774405
15,63 8,2364403 1.4227405 1.3353+0%
16.,2% 8,1325403 1.1439405 141129405
16,07 8.1731403 709355404 T.8196404
PLANCK CONT. PLANCK MEAN ROSSELAND CONT, ROSSELAND MEAN
(CM2/6) (CM2/6) (EM2/5) (SM2/6)
49121403 5.1862404 3.1269403 3,5043404
8.0029-04 3,9840-03 4343 370 301 69
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TABLE {7 (sheet 24 of 57)

THETAS 1,3787+400 &V = 2,8756+404 DEG R = 1.6000404 DEG K

GAMMAZ 8:3000+¢01

PRESSUREz 5,0522408 (DYNE/CM2) = 4,9862452 (ATM)
RHOz 6¢3510-02 (6/CMI) = 3,9649400 (LB/FT3)

28ARz  7.,3071-01

UMAX DELTA v
16,00 o6
v CONTINYOUS LOCAL PLANCK LOCAL ROSSELAND
(Cm2/6) (CmM2/6) (CM2/G)
.63 9.0117404 1.0606+05 1.,0605+05
1.25 1.1312¢908% 3.6451+404 3,3707+0u
1,68 3,6034+03 2,2378404 2,2278+04
2,50 241556403 5,1083+04 $5,0879+04
3.13 2.9042¢03 141311405 8,4596+04
3,75 3,9206+03 1,2643405 8,8653+04
4,38 5,3047403 W4221404 4,4005+04
5,00 6.,7986403 3,0207+04 3,0133¢04
5,63 8,5954403 2.8657+0% 2.8607+404
6,25 1.1346e004 3.9876404 3,9744+00
6,88 $,4517+04 $5.5017+04 S,4831404
7.50 1:5797+04 74498404 5.8260+04
8,13 1.,6400+04 2.5181¢04 2.5170¢04
8,75 1.,6703+0% 2.6617+04 2.6609+04
9,38 1.6389+04 245861404 2.5845406
10,00 1.6063+04 3.6414404 346318404
10,63 14608604 S.7573404 $5,0233+404
11,25 1.4p842+04 3,0420404 3.0362+04
11,88 1.3968+04 4.7966404 §,7949+04
12,50 1.,3008+04 $.8794404 $.8533+04
13,13 1.,2165+04 6.4482404 64142004
13,75 1.4347¢04 8,7080404 8,4397+04
14,38 1.,0506+04 1.1778405 1.0857¢05%
15,00 9,7345+03 1,2679+05 1:163040%
15,63 9,uu89+03 9.6978+404 9.0795+04
PLANCK CONTe  PLANCK MEAN ROSSELAND CONT, ROSSELAND MEAN
(SM2/6) (CM2/6) (€M2/6) (Cm2/6)
,0779“003 5, 7485404 4,8040403 3,8883+04
8,4231-04 4,1656-03 2810 286 23% L1

103

< A R 4 o AR N AN ANe S e et




T i R

TABLE 17 (sheet 25 of 57)
THETAS 143787400 Ev & 2,8756+404 OEG R = 1,6000404 DEG K
GAMVAS 4,3000+01
PRESSURE:  1,0090409 (DYNz/CM2) = §,9581402 (ATM)

RHO=  1.3995-01 (6/CM3) =  8,7373400 (LB/FTY)
2BARz  6.,4006-01
UMAX DELTA V
16,00 63
v CONTINUOUS LOCAL PLANCK  LOCAL ROSSELAND
(Cv2/6) (cM2/6) (CM2/6)
.63 1.5352405 1.6680405 1.6679405
1.25 1.9250404 #.40256404 §,4013404
1,60 6.0195403 246005404 2.5974404
2.50 3.3349+03 5.3717404 S.3u81404
3,13 3.9188403 1.171840% 749729404
3.5 5,0627403 1,3382405 7.9156408
.38 6.,7305+03 8,0277404 $,0094004
$.00 8.5662403 3,3058+00 3,3008+06
8,63 1,0769+04 3.2271400 3.2233¢004
6.25 3,3994+04 843699404 8,3747406
6.088 1,7651408 6:0430+04 6.,0236404
7.50 146865404 8,091004 $,9573+404
8.13 1.9278400 2.8072404 2,8070406 :
8.75 1.9378+04 2,9081+04 2.9081+04 |
9.3 1.0867400 2.7673406 2.7872¢04 !
10,00 1,8383+00 3.8640404 3,5584+08
10,63 1.6260404 5,3398404 8,9709+04 ;
11,28 1.6877+04 3,2349400 3,2271404 j
13,88 1,5849400 4,9198+0% 8,8976+04 i
12,50 1,6764400 5.9198404 9,8903+04 1
13,13 1,3811400 6,6485404 6.6232406 .
13,75 3-2875¢0% 9.2661404 9.1780404 !
14,38 1,1912404 12775405 101676408 i
15,00 1.1087004 1.3084405 1.2696408 |
15.63 1.,0299+00 1.0699+05 9.9303404 ‘
PLANCK CONT. PLANCK MEAN ROSSELAND CONT, ROSSELAND VEAN i
(CM2/6) (CM2/6) (CM2/6) {Ci2/8) :
$e1117004 6,2773+04 646017403 442525404 !
$,4073=08 3,8957-03 2624 208 225 .3 ’

104

—————y, 58 N N » Anom N eppm N [ | | .




r)‘fo

TABLE 47 (sheet 26 of 57)

THETAZ 31723400 Ev = 3,5945404 DEG R = 2,0000406 DEG K
GAuMA= 5,6600+02
PRESSURE=  1,0151408 (DYNE/CM2) =  1,0018402 (ATM)
RHOz= ©6,7550=03 (6/CM3)

44217203 (LB/FTY)

L S——

1 2BARz  1.4080+00
UMAX DELTA v
18,00 50
") CONTINUOUS LOCAL PLANCK LO” AL ROSS .LAND
(Cm2/6) (CM2/6) (Cr2/6) i
s3] 9,1564¢04 706178404 7:6366404
1,00 $,3970+03 3.,4911404 203757008 i
31.50 1.9580+03 140623400 14569004
2,00 340911403 2.7897+04 2,7783¢04
2.%0 8.1758¢02 5,3898+04 5,0280+04
3.00 8.7208+02 8,7326404 5,3554+04
350 8,0646+02 2,4092404 2.4571004
4,00 9,68899¢02 2.6008+04 2.4662404
£,50 142074903 1.9528+404 1.94312404
5,00 17294403 3.2693+04 5.7865+04
5,50 2.7814403 248370404 2.4719+04
6,00 37156403 26353404 2.6877¢00
6,50 $,401040) 103169404 103138000
7.00 $,9834403 1.95282¢04 15236004
7.50 5.2367+03 17783404 1:7733000
8.00 5.3615¢03 %,0526+04 8,1993004
$.50 S.5614003 843203404 143482408
9.00 5.,2669+03 53270404 $,2920+04
9.50 5.0823¢03 8.595140% 6.4087404
10,00 © 98530403 847337404 83937404
10,50 4,6080003 9.8045404 9.,4719+04
31,00 9,3794¢03 140789405 1,0003+08 3
11,50 4,1957¢03 1413195405 1.041240%
; 12.10 4,36308403 1.0661405 9.9150¢04
i 12,50 4, 4169403 9.1669+04% 86707404
s 33,00 5.,U887403 7.398%5+04 Te1889+04
{ 43,50 5.9616+03 5.69526+404 SeHT734004
i 14,00 6.9622+403 4,0998+04 8,0518000
: 38,50 72669403 2.7608404 27334000
) 15.00 7.5373403 1,8600404 1.8736406
15,50 7.7087¢03 1856640 1.95532+00
36.00 T7.7235¢03 2.2182°08 23081004
16.50 7.7255¢03 249833904 20900604
17.00 747517403 5e7025404 8,691004
17,50 7796103 3.8320+04 3.7003004
18,00 82768493 3.7587404 3.5294404
PLANCK CONT.  PLANCK VEAN ROSSFLAND CONT, ROSSTLAND MEAN
(CH2/6) (EmM2/6) (CM2/6) Cv2/9)
2.220640) 3.0960404 1,0363003 £+5315408

IR e et e e
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TABLE 17 (sheet 27 of 57)

THETAS 1.7232¢00 EV 2 3,5945404 OEG R = 2,0000408 DEJ K
GAwmAZ 2,8600402

PRESSUREZ 2,0292+08 (DYNE/CM2)

= 2.0027402 (ATM)

RHOz  3,4707=02 (6/CM3) = 9,1813-01 (LB/FTY)

2BARS  1,2798+400
UMAX DELTA V

17,00 «50
v CONTINVOUS LOCAL PLANCK LOCAL ROSSELAND
Cn2/o) (CM2/6) (Cm2/8)
+50 7:0633+04 143150409 141189408
1,00 9,2385¢03 $.2633404 2,669%+04
1.50 3,1708+03 1.72208¢0% 1.7150008
2,00 1.6928403 3,27680404 3,2590+00
2450 343328403 $:2077404 S.0093¢04
3400 1.,4013+03 63307404 6.0998+04
3,50 1o0708403 206850404 2,06387¢03
4,00 1,6717403 247065404 2.81% 408
#,50 2.022740) 2.0830906 2.,0319¢04
8.00 2.766040) 3,2001006 3,8379¢+C8
5,50 4.0959403 2.9068+06 2.9188004
6,00 5,1879+403 3.222640% 2.09%2+00
§.50 5,9722+40) 15430408 1.5398+06
7.00 6.6203¢0) 1.7631408 1.7596+08
7.50 6,0779903 1,9387+08 149303008
8.00 $.9905¢03 4,2556900 4,2017+00
8.50 7.3802+0) 88027008 T.6735¢00
$.00 6.7785+0) 8,5078¢08 Ll Sdd b
9,50 6,4998¢0) 7.3526400 9,0298+08
10,00 6.3674e03 7.610740% 7.5496404
10,50 5,b330+03 8.6611+0% 0,6397+0¢
11,00 5.5202403 9.806040% 8.9317+08
13,50 5,2509403 1,0648405 9,7200+08
$2.00 5,1393403 1.0720403 9, 7848408
12,50 5.4987403 9,6845404 2,18088008
13,00 5.0359¢03 8.0622404 7.8837+08
13,50 €.606040) 602031904 $.2050408
16,00 7.5098+03 45372404 8,5006¢4C8
34,50 Tet497403 3,C253004 3.02+5¢00
15,00 7.967240) 2,0839404 2.,0372¢0%
15,50 840870403 15402404 1,5393008
18,00 8:0765+03 1.838340% 148388400
36,50 £,0575403 2.152740% Zel8ATe0N
17,00 8.0653003 3,0038400 3.0298+9%
PLANCK CoMT,  PLANCK wETAN ROSSELAND CONT, ROSSELAND wEAN
Cnase) (Cm2/6) (CMa/¢) (Cmz/6)
3.4190403 38423004 2.257640)3 2. 7388908
&,26058=03 3,8877-03 6262 (YT 303 "8
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TABLE 17 (sheet 28 of 57)

B2

THETAS 1.7234400 Ev = 3,5945404 DEG R = 2.,0000404 DEG K

GAMMAZ 1,1300402

PRESSURE= 5,0846+08 (DYNE/CM2) = 5,0181+402 (ATY)

RHOz ©,1590«02 (S/CM3} =
ZBARz 141454400

UMAX DELTA V
16,00 50
v CONTINYOUS LOCAL PLANCK LOCAL ROSSELAND
(Cnw2/6) (CM2/6) (CM2/6)
«50 1.5275405 147250405 1.7249405
1.00 1.9122¢04 5.4990404 4,2056404
1,50 S5,6094403 2,2200404 22167404
2.00 27735403 4,0766+404% 4,0584+004
2.50 2.3628+03 TeTU13+404 5.8025+04
3,00 244042403 7.4812404 5.6231+04
3,50 2.6716403 3,1440404 301278404
4,00 31133403 209197404 2.9115+04
4,50 3,7756+03 242906404 2.2854404
5,00 4,9772+403 3,4082+404 3.3947+04
5,50 647589403 33495404 303293404
6.00 80106403 347383404 3.5126¢404
6.50 8.8644+403 1.8533+04 1.8515+04
7.00 9,4898+03 2.0514+04 2,049¢ 400
7.50 9.6623+4¢03 241504404 21437404
8.00 9.6851+403 442675404 G.2450+04
8,50 9.8029+403 8,0047+04 6.0918+04
9,00 9.2035¢03 441718404 4.1565¢+04
9.50 847495403 606949404 7.1008+04
10,00 8.,2452¢03 T.3078404 7.2679+04
10,50 77582403 841571404 T9743¢04
11,00 702905403 D ul25+04 8,4676404
11,50 6.8662403 1,0916405 9.,6404+04
12,00 645883403 1,1731405 1.0404+05
12.50 645715403 141131405 1.0121+405
13,00 649093403 9,5u2u+0% 9.1133¢04
13,50 T.4696+03 T464T7+04 T7.2833+04
14,00 8.1635+03 543697404 S.33U2+04
14,50 8.2810+403 3,5032+04 3.4800404
15,00 8.3813+03 2.2603404 202343404
15,50 8.4249+03 1.,5088+04 1,5059+04
16,00 843534403 1,3056+04% 1,3048+04
PLANCK CONTs PLANCK VEAN ROSSELAND CONT, ROSSELAND wEAN
(CM2/5) (CM2/6) (CM2/6) (CM2/6)
6.0807+03 4,0602+04 3.9116403 3.0811¢04
4,0547-03 4,3309-03 4293 349 289 69

245954400 (LB/FT3)
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TABLE 17 (sheet 29 of 57)
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THETAS 17234400 Ev = 3,5945¢04 DEG R = 2,0000404 DEG K

GAMMAZ 5,5000+01
PRESSURE= 1,0202409 (UYNE/CM2) = 1,0068403 (ATM)
RHOz 9,3961~02 (6,CM3) = 5,8660400 (LB/FT3)
ZBARz  1.0416+00
UMAX DELTA V
16.00 S0
U CONT INYOUS LOCAL PLANCK LOCAL ROSSELAND
(CM2/6) {CM2/6) (CM2/6)
50 2.8407405 249719405 2.9718+05
1,00 3.5553+04 7.2612+04 72595404
1,50 1.0757+04 208778404 2.8723¢04
2,00 5.0337+03 4.6688+04% 4, 6346+04
2.50 3,9176+403 8,5923+04 S.,4804+0u
3,00 3.8138+03 8.4323404 5,3242+404
3.50 441403403 3,6504+04 3.6409+06
4.00 4,7625403 3.191740 3.1803+04
4,50 5.6934+03 246675404 2.6649404
5,00 72636403 4.0752+04 4.0545404
5,50 9,4166+03 4,5604+04 4,5469+04
6,00 1.0745+04 5.2113+404 46197404
6.50 1.1582¢04 2.3041404 23010404
7.00 142194406 24638404 204593404
750 1.2292404 244202404 2.4229+04
8,00 142248404 4,1217404 4.1031¢404
8.50 142325404 7.3646404 8.,8671+04
9,00 11554404 4,2159+04 442008404
9,50 1.0959+404 6.6551404 €+6109+04
10,00 1.0306+04 To3028404 7.3099+04
10,50 9.6863403 8.1505+04 8.0888+04
13,00 9.0798+03 9.5750404 9.3307404
11,50 845187403 1.1460+05 1,0522+05
12,00 81056403 1.2640405 1,1510+05
12.50 7.9444+03 1.2141405 1.1109+05
13,00 81147403 10403405 9.7807404
13,50 844927403 840700404 T48271404
14,00 9.0050403 5,7410404 5.7015+04
14,50 9.0220403 3,7231404 3.7001+04
15,00 9.0388+03 203604404 2.3500+04
15,50 9.0228+03 1,590240% 1.5856404
16,00 8,9183403 1,3485404 13452404
PLANCK CONTe PLANCK MEAN ROSSELAND CONT, ROSSELAND VEAN
(CM2/6) (CM2/6) (CM2/6) (CM2/6)
9.7963403 4,7852404 6.,0114403 3,5825+04
2,5350~03 4,0888=-03 394S 325 267 58
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TABLE 17 (sheet 30 of 57)

THETAZ 241542400 Ev = 4,4931404 DEG R = 2.5000404 JVEG K

GAMMAZ 94260040

2

PRESSURE= 1,0116+408 (DYNE/CM2) = 9,9840+401 (ATM)

RHOs #.5895-03
ZBAR:  1.7702+0

UMAX DELT
18,90

v ¢

40
«80
1,20
1.60

PLANCK CONT
(CM2/3)
303136403

8,9830-04 3,36

(6/CM3) = 2.8652-01 (LB/FTI)
0
AV
40
ONTINUOUS LOCAL PLANCK LuCAL ROSSELAND
{Cm2/6) (CM2/6) (CM2/6G)
4.6997+04 7.9973+04 749960¢04
5.9296403 3.0834+04 244162406
200971403 13027404 $1+2971+04
1.0962+403 1.5424+04 1.5314+04
643799402 2,9297404 2.7550+04
5.7151+02 3.1806+04 3,2739+04
4,6800+02 2.3468+04 2.2987+04
444019402 340212404 3,0025+04
4.8422+02 1.9404404 1.92u404
645055402 3.,1831404 3,2161+04
1.0258+03 13997404 143901404
1.4319+403 1,3011404 1.3159¢04
1.6601+403 9.3840+403 9,3244403
1.6995+403 11070404 1.1032+04
240043403 1.5641+404 1.5553+04
240503403 346325+04 645365404
241375403 7.9939+04 8.0138404
201220403 72467404 70584404
201164403 1.,035140S 1.2896+05
2.1104403 1.0770405 1.,0514+05
20448403 1.2088+05 141299405
1.9638+403 11777405 1.0559+05
1.9138+403 1.1000405 9.4 T2404
2.0223+03 9.2737404% 84041404
244414403 7.1823404 6.6493+04
3,2516+03 5,3873+04 5,0976+04
4,3063+403 3.9865+04 3.8660404
5,4932403 2.8362+0% 2.8029+04
5.,8852+03 1.9367+04 1,9283+04
6.¢258+03 1.4477+04 14447404
6,4339+03 1.4486+04 1.4043¢04
6.,4076¢03 2.5828+04 2,4234404
6.3670+03 3.6895¢04 3.5409+04
6.3679403 5,3537+04 7.4138404
6.4269+03 5,7851+04 5,4428404
6.,6278+03 6.5887404 6,1261+04
6.6740403 7.0928+04 6.5700+04
Te2712403 T7.0836+04 6:5963+04
7.6991+03 6,3500+0% $,8900404
8.2656¢03 4.5702+04% 4,3336+04
9.0365+03 209761404 2.8930404
9.9996+03 2.1642404 241323404
1.0978+404 1.9606404 1:,9573+04
1.1708+04 2.2271+04 2.1704404
1.2335+04 202471404 201422404
o PLANCK MEAN ROSSELAND CONT, ROSSELAND MEAN
(CM2/6° (CM2/61 (Cm2/6)
27248+ 4 8,6913402 1,9903+04
92=03 13980 o4y 809 135
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TABLE 17 (sheet 31 of 57)

THETAS 21542400 EV = 4,4931404 DEG R = 2,5000404 DEG K
GAMMA= 4,6200¢02
PRESSURE= 2,0243+08 (DYNE/CM2) = 1,9978402 (ATM)
RHOz 9.8745-03 (6/CM3) = 6.1646-01 (LB/FTI)
20AR=  1.6491+400
UNAX DELTA V

17,00 40
v CONT gNUOUS LOCAL PLANCK LOCAL ROSSELAND
(CM2/6) (CM2/6) (EM2/6)
40 83408404 1,2641405 142440405
.80 3.,0552+04 4,1759404 2.9829+04
1,20 3,5348+403 1.,5883+04 15821400
1,60 1.,7795¢03 1.9986404 1.,9909+04
2.00 1.,0652+403 3.6582+04 3.3569+04
2.40 Q,2278402 3,7039+04 3,5053+04
2.80 748754402 244761404 244570404
3.20 7.3843+02 3.0229+04 3,0193¢04
3.60 8.0952+02 149830404 149750404
4,00 1,0689+403 3.1732404 3.2136404
4,40 1.6430403 16035404 1:5953+04
4,80 2.2077+403 1,4936404 1.4p46404
5,20 25585403 1.,0803+04 1.0755+04
5,60 246950403 1.2693+04 1.2658+04
6,00 3.0494403 1.7022+04 146950¢04
6,40 3.1140¢03 3,9850404 6.5982+04
6,80 3,2154+403 8.4837+04 1.4044+05
7.20 3.1402+03 607938404 647493404
7.60 3.,0771¢03 9.,6549404 1,2103+05
8.00 3.0082+403 1.0160+405 9.,43268404
8,40 206840403 1,31158405 140523405
8,80 2.7512403 141233405 1.0210+405
9.20 246546403 1.,0653405 9.7935+04%
9,60 2.7213+03 9,2238+04 8.5612404
10.00 3.1033+03 744013404 609999404
30,40 3,8867+03 5,8091404 5.6732+04
10,80 4,9180+403 4,490u+04 4,4301404
11,20 6.0823403 3.3073404 3.2919+04
11,60 6,4516403 2.2808+04 2,2713+04
12,00 6.7690+03 1.6796404 1.6761¢04
12,40 6+9598¢403 1.5528404 15472404
12,80 69170403 2.5111404 2.5009+04
13,20 6.,8627403 3.5083404 3.4691404
33,60 6,6526403 5,5076+04 8,4732404
14,00 609021403 5,3772+404 8,2095¢04
14,40 7:1775403 641949404 S,8644404
14,80 7¢3576403 606782404 643425404
35,20 77550403 647389404 6.4549404
15,60 8.1356+403 641669404 5,8u16404
16,00 846278403 8,6020404 $,4672404
16,40 9.2733+03 3.1285+04 3.1024404
16.80 9.9210¢03 242160404 2,2073¢04
PLANCK CONTe  PLANCK LEAN ROSSELAND CONT, ROSSELAND wmEapn
(CM2/6) (CM2/6) (CM2/6) (CM2/6)
2,0984+03 2.9204+404 143984403 2,2230404

1,0615-03 3,5242-03 11540 703 Sal 119
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TABLE 17 (sheet 32 of 57)

THETAS 241542400 Ev = 4,4931404 DEG R = 2,5000404 DEG X
GAMMAS 1.8200+02
PRESSURE= 5,08'2408 (DYNE/CM2) = 5,0148+402 (ATM)
RHOs 207723=02 (6/CM3) = 1.7307+¢00 (LB/FT3)
2BARz  1.4910+00
UMAX DELTA V

17,00 40
7] CONTINYOUS LOCAL PLANCK LOCAL ROSSELAND
(Cm2/6) (CM2/6) (CM2/6)
o40 1.8065405 202469405 242357405
«80 242591404 641269404 4.5899+04
1.20 6,7565403 241263404 2.1213404
1.60 3e242440d 2.76234+04 2.T444¢04
2.00 1,9900+03 48322404 3.,6130+04
2,40 1.6583+03 4.5715404 3.6892404
2.80 1,4508+403 247325404 2.722u4404
3,20 144257403 3.,0608+404 3,0481+04
3,60 105795403 241297404 241223404
4,00 240387+03 3.3723404 3.0463404
4,40 209533403 2:2987404 2.2862+04
4,80 3.7730+03 2.26451404 242348404
5.20 $03179403 1,4362404 1.4336404
5,60 4,6059+03 1.6279404 1,6215+04
6.00 5.0393+03 1.9120404 1.9048+04
6,40 5.1347403 4,2787404 4,2568+04
6.80 5.2626403 87162404 6,8266+04
7.20 5.,0701+03 6,1414404 6.0966+04
7.60 4.8990+03 8,7118+04% 7.5915+04
8,00 4.7069+03 9.,3941+04 8.6884+04
8.40 44672403 1.0158405 9,5416+004
8.80 42272403 1,0u497405 9,2880+04
9,20 4,0291+403 1,0299405 9.2719404
9.60 3,9947+03 9,4307+04 B.4619+404
10,00 42687403 8.0821404 7.5854¢04
10,40 4,9426403 647360404 65077404
10.80 5,6591403 5.4005+04% 53620404
11,20 649075403 4.0864404 4,0655¢04
11,60 742030403 2.8351+04 208212404
12.00 74514403 1.9970404 1.988u+04
12,40 75909403 1.6985+04 1.6938+404
12,80 745125403 244102406 2.4036+04
13,20 Te4292+403 3,2695+04 3.26097+04
13,60 73942403 5.,0181+04 5,3832+04
14,00 74209403 4,8825+04% 4,8539+04
14,40 T.9479403 5,6593+064 5,5523+04
14,80 749513403, 6.1340404 5.9504+04
15,20 844332403 6.3476404 61519404
15,60 BeTHUG+03 6,0679404 S.7171+00
16,00 9.1823¢0) 4,8090404 G.7182+04
16,40 9.7537403 3.5073+04 3.4872¢06
16,80 10338408 2.5629+04 2.5549+04
PLANCK CONT. PLANCK MEAN ROSSELAND CONT, ROSSELAND VEAN
(CM2/6) (CM2/6) (CM2/6) (CM2/6)
3+8537403 3.3382+404 2.5324+03 2,6203+04

1,1698=02 4,0734=03 8596 558 487 10!
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TABLE 17 (sheet 33 of 57)
THETAS 241542400 EV S 4,4931404 DEG R = 2,%000+04 DEG K
GAMMAS 8,8000+401
PRESSUREZ 1,0178409 (DYNE/CM2) = 1,00u5+03 (ATM)
RHOz 6,0956-02 (G/CM3) = 3,8055+00 (LB/FT3)
i 2BARz  1.,4025400
UMAX DELTA V
16,00 W40
v CONTINUOUS LOCAL PLANCK LOCAL ROSSELAND
tCM2/6) (EM2/6) (CM2/6)
; 40 3.,4220405 3.670640% 3.6664405
! «80 442797404 8.6950+04 86946404
1,20 1.2786404 2.9301404 2.9278404
1,60 5.,6103+03 3.8756404 3.5545404 4
2,00 3.5476403 6.0006404 3,9399+04
.40 27483140 5.5069+0% 3.8018+04
2.80 204436403 3,0957+04 3,0832+404
3,20 244339403 3.230ue04 3,2149+04
3,60 246905403 203152404 2.3100+404
§ 4,00 3,3615403 3.5165404 3.5038+04
: 4,40 4,5a88403 206662404 2639404
4,80 5.5913+03 2:6138404 2,6020+04
5,20 62486403 1.6760404 1,6739+04
5,60 - 6,8108¢03 1,8540404 1.8508+04
6.00 70533403 2.0759+04 2,0719+04
6.40 743276403 42995404 4,2787+04
6,80 To2320403 84719404 646332404
7.20 6,9258¢403 5,9125404 $,8867404 .
7.60 6.6450403 8.4362¢04 8:3910+0%
8.00 643403403 9:2634404 8.8529404
8.40 5,9963+03 9,9616404 9.,4592+04
4 8.80 5,6530+03 1,0376403 9.2793404
9.20 5,3562+03 1,0516+05 9.5680+04
9.60 5,2213¢+03 1,0085405 9.2971404
10,00 5,3650403 9.0567+04 8,5559+04
10,40 5,9373+03 7:8066404 7.4951404
10,80 647220403 603599404 6,1404404
11,20 7.6383¢03 4.8208404 47907404
13,60 7.8570403 3.3288+04 3,3101+04
12,00 8.0388+0) 202926404 2,2823404
12,40 8.1301+03 1.808340% 38648004
12,80 8,0263+03 2.4154408 2.4089+04
13,20 7.9203+03 3,26038404 3.2314404
13,60 7.6680+03 $.0666404 4,6913+04
14,00 7.8790403 8, 7004404 67226404
16,40 8.b4bU03 $,5069404 5,3686+04
14,80 8.5740+03 $,9712404 S,7385+04
18,20 -9.1536+03 62774404 $.9287+04
15,60 9,3714403 6,0098406 5,5302+404
46,00 9,6460+403 87515404 $.6033404
PLANCK CONTs PLANCK MEAN ROSSELAND CONT, ROSSELAND MEAN
(CMg/e) (CM2/6) (CM2/9) (Cn2/6)
$,3612403 3,7816408 #,0859403 2.9567904
1,2025-02 %,0990-03 7129 (11 398 1.}
EX3T CALLED FROM 028251
112
I — - ] ] In I I lilll
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TABLE 17 (sheet 34 of 57)

THETAS 2.5850400 EV 3 5,3917404 DEG R = 3,00004064 DEG K
GAMMAZ 1,3930+403

PRESSUREZ 1,0111408 (DYNE/CM2) = 9.9790+401 (ATM)

RHOz 3,3575-03 (G/CM3) = 2.0961-01 (LB/FY3)

2BARz 241344400

UMAX DELTA UV
19,00 33
v CONTINUOUS LOCAL PLANCK LOCAL ROSSELAND
(Cm2/6) (cM2/6) (CM2/6)
o3 5,2376404 8,9736+404 8.7829404
+67 6.,8257+03 2,9260+04 2.: 200+006
1,09 2.3627+03 1.3981404 $.3903+04
31,33 102235403 1,1377+04 1.1298+04
3,67 6.5337402 2.1098+04 1:9793+06
2,00 5.,4537+02 244507404 2.3669¢04
2.3 4,5646+02 2.0764404 1.9883+04
2.67 3.4430402 2.5623404 2.5256404
3.00 J.4318¢02 1.8320¢04 1,9074406
3,3 3.,8535+02 206313404 2.6436+00
3,67 4,7927+02 141867904 141778404
.00 6.7913402 1.4906408 $.8713404
4,33 7.0784+02 8:.6972+03 8.5028+03
4,67 8,0592402 9.2804403 9.1320+03
5,00 8.2569+02 12966404 1,2816+06
5,33 8.2927+02 2.6395+04 3.2763+04
5,67 8.7719+02 $.,7771+04 S.T76k3e04
6,00 9,2949+02 6.9778404 T.1843+04
6,33 9.7865¢+02 4610404 8.2884+04
5,67 1,0315403 101345405 9.8024+04
7.00 1.0266+03 1.3254405 1.2673405
7,33 9.9589+402 10430405 9,4235404
7.67 9,8335¢02 9.,8446404 8, 7465408
8,00 1.,0789+03 8.,8011+04 7.6898+04
.33 31.4048¢03 7.5178404 6.5586+00
s 67 240308403 6.0092404 $,1790404
3,90 2.7952+03 4.3609+04 3.8746¢04
533 3,0818¢03 207959404 2,5927¢04
9.67 3,9945403 1.6812404 1.66004400
10,00 $,2706403 11950404 14193106
10.3 do4u43403 1.2690+04 1.2629+04
10,67 4,4076+03 2.3206404 2.4172+04
11,00 9,353040) 3,5331¢04 3,3575+006
1.3 9,3311+03 5,2973408 8,7238404
31,67 8,364140) 6.0308¢04 6e2223000
12,00 8,5007+03 6.0849¢04 5.,6555+04
12,9 4,7678403 65514404 $.9928400
12,67 $.1535+23 664088404 6.0666408
13,00 $.,5559+03 6.0090¢06 S.4618¢04
13,33 $,3387+03 8,3514¢06 3,0886¢04
13.67 $,9279+03 2.6843404 2,4326404
18,00 T7.0354¢03 107688404 1.,6958+04
18,3 0.,6979+03 145707404 1.5603404
14,67 9,4780840) 1.7509406 172714006
15,00 3.0126¢400 1.7593¢04 1.7278+08
18,33 3.0868+08 1.6039404 1.,6015+00
18,87 1.,0902400 1.5835+04 15819408
16,00 $.1203¢00 1,7016¢40% 1.,6998¢04
16.3 1:1626400 201230400 2.0962+06
16,67 302095008 2.0859404 248069008
17,00 1,3612+06 2:1572¢000 201250404
17,33 1.4017400 1727508 17262408
17,67 1.5094¢00 1.8050%00 1.003800 -
18,00 1.5528¢00 2.,1050008 2,0717¢08
18.9 30750400 2.0353¢00 24000608
19,67 35980400 1.8708¢0¢ 1:8725¢08
19,00 1.6060400 1.8008404 1.8086900
PLANCK CONTe PLANCK MEAN ROSSELAND CONT, ROSSELAND MEAN
t1Cnzse) (Cnase) (CMa/g) (Cn2/6)
$.9018402 2:.8636404 63310402 1.8710408

8,7046-03 3,9080-03 17007 95?7 798 159
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TABLE 17 (sheet 35 ¢i 57)

THETAS 2,5850400 Zv = 5,3917404 DEG R = 3,0000404 DEG K
GAMMAZS 6.,9300+02
PRESSURES 2,0321408 (DYNE/CMZ) =  2.0056202 (ATM)
RHOz 7,2491<03 (G/CM3) =  4¢5256~03 (LB/Fy3)
2BAR=  1.,9686400
UMAX DELTA U
18,00 33
v CONTINUOUS LOCAL PLANCK LOCAL ROSSELAND
(CM2/6) (CM2/6) (CM2/6)
«33 9.2216+04 143269405 143267408
+67 1.,1550404 3.9360404 3,23624C4
1,00 3,6829+03 1.6591404 1.6525+04
1,33 1,8360+03 14156406 1.4111404
1.67 9,9152¢02 2.5761404 2.3642404
2.00 7,7725402 2,8277406 2,714%5+04
2.3 62516402 242793404 2,2377+04
2.67 4,8332¢02 27806404 3.4694404
3.00 “,7728+02 1,90804+04 1397400
3.3 $.5632+02 2.,8417+08 4.5399+04
3,67 745112402 1.3227+04 1.3116404
%.,00 3,0077403 1.,4493406 1.7906404
8,33 143636403 9.6607+403 9.,6096403
4,67 1,3062+03 1.0693404 1.,0639+04
$,00 1,3606403 1.48260404 1.8720¢04
5,3 1,3800¢03 3,1257404 5.1061¢04
8,67 L.4041403 647235404 67958400
6,00 1.4800403 7.2804406 7.2653+04
6,3 3.5090+403 9.6011404 8.5720404
6,67 1.5410403 141290408 9.7651404
7.00 1508603 1.233240% $.1652+08%
7.33 1,4523+03 1.053240% 9.8738+00
7.67 1,4173+03 9,7675+04 8+9700+00
8,00 15118403 8.4607+04 7.7091406
8,3 1,6643¢03 7.0134404 6.5487+04
8.6? 2.5383+03 5.,6503404 5.2687+04
9,00 J,4164403 $,3162404 8,0546+06
9,33 4, 4047403 2.9756404 2,8916+04
9,67 4, 7676403 1.9097404 1.,9006+04
10,00 5,0485403 31.3793404 14376804
10.3 $.2370+03 13979406 1.3953¢06
in,67 5.,1881+03 244366404 2.4176404
11,00 5.1196+03 3,5655¢04 3.5052¢00
11,3 $.,0866403 $,3369+06 8, 7025406
11,67 $.1076¢03 $.7612+406 5.,5061+04
12,00 $,2333+03 6.0781404 8.8419+04
12,3 5.4900+03 6. 4670406 6.1015404
12.67 5.0655+03 64562404 61332404
13,00 6.,2634¢03 5.8195406 $.4761408
13,33 6.8200003 4,1993406 4,0006+08
13,67 7.5961¢403 246818404 26285404
14,00 8.5123+0) 18731404 1.0671404
18,3 9.4084+03 17077404 1.7033¢04
18,67 1:,0158¢06 19190406 1.07L 000
15,00 1.,0707+08 1.977340% 1.,9016¢04
18, 1,1397+06 1.7760408 17620404
18,67 1,1813+08 172984006 1.7170¢04
16,00 11786900 1:0290400 1.0209404
16,3 $.2207008 202215400 2.2037408
36.67 1:3178%00 25661400 2.87074004
7.0 1,8483400 22292400 201938400
. 1.5312900 108017400 1.0006¢00
17,07 $.0003400 18733000 1.8723¢408
18,00 10039408 2.0030400 2:0302¢400
PLANCK CONTe PLANCK MEAN ROSSELAND CONT, ROSSELANO MEAN
(Cnasze) (Cnase) (CHa/e) tCnasd)
$.3621003 3,0332+04 9,0203402 2.1570400
3,0315-03 4,1761-03 33372 726 88 139
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TABLE 47 (sheet 36 of 57)

THETA= 2.58%0400 EV 5 5,3917+00 DEG R = 3.0000404 DEG K
GAuvAS 2,7500402
PRESSURES 5,0730008 (DYNZ/CM2) = S,0067+02 (ATM)
RHOz 2.,0057=02 (6/CM3) = 3.,2522400 (LB/FTY)
20ARS  1.7929400

UMAX DELTA V

17,00 3
V) CONTINVOUS LOCAL PLANCK LOCAL ROSSELAND
(CmM2/6) (cM2/6) (CM2/8)
o3 1.,9780+05 24353403 2,4150405
87 2,0844908 6,0755¢0% §,0572400
1,00 7,3836403 202095400 2,2051404
1.3 3,3726+03 2,0136400 1,9990+06
1.67 1.8981+03 3,4645404 2,8060406 !
2.00 1,4090403 3,503640% 3,0556¢08 i
2.3 103223+00 2,56204064 2,5685+00
2.687 9,4079¢02 3.0211404 29517404
3,00 9.4860402 2,0575+00 2.0086400 {
3.3 1.,1279+03 3.0969+04 2,5703+08
3.67 1,5060903 1.6633404 16371406
", 00 2,0273+03 1.6365404 1.6296404
4,3 2,2507+03 13760408 13717400
9,07 2.5332403 1.3196404 1,3139+08
5,00 2,656240) 147398404 147305406
5.3 2.7003+03 3.7186404 3.6993+04
5,67 2.783%403 7.7539404 69602400 -
.09 2.7634403 7.2599+06 7.2058¢08
[9%.1.) 2,7302+03 9.8958408 1.022040%
.67 2,6953403 1.090040% 9.,9626400
7.00 2,5915+03 141520405 1.0773¢08
7.3 2.4690093 $1.0505+0% 9.,6780+00
7.67 2,9754+03 9.8292404 $,0906+04
8,00 244290403 8.5147404 7.8003¢08
.3 2,7732+03 7.0630406 07428000
.67 3.4779403 %.0225404 $.5610400
9,00 8,48071403 4,06631404 §,8887+00
9.3 5,462040) 3.0239404 3,3911+00
9,67 $5,8093¢0) 2.3208404 2.3123408
10,00 643113403 346913004 1.,6856408
10.3 $0296690° 16030400 1.5962+08
30,67 6.,2250403 2.5002408 2,6233400
11,00 643306403 3.5680404 3.5476404
13,33 6,0780¢03 $,297340% $,7658400
11,07 6.0796403 S.0807400 S.4365+00
32,00 $.2018°03 5.9066404 S,0000008
12.39 $.4673403 643255404 0:3297404
13.67 6.0337+03 603005496 6.00%4008
33,00 744312403 $,7377404 8,8478¢08
13,3 7.78760C° §,2703400 8.2001¢008
13,67 . 0e4018903 209110004 2.0980008
14,00 9,4279403 201713000 2.1620000
16,33 1.0828408 3.9912¢0008 19853406
18,07 144300006 202307400 20802400
19,00 341755006 23106404 2,0898¢004
15,33 1+2120400 2.020540% 200169408
19,67 303393004 19277404 19273004
316,00 02610400 1.9012400 1.9800¢00
16,33 1,2995004 202030404 2.2051008
36,67 104087400 2.5682008 2,4050408
17,00 351004008 22152400 21500004
PLANCK CONT PLANCK MEAN ROSSELAND CONT¢ ROSSELAND MEAN .
(Cia/e) t(Cng/se) (CMa/e) (Cn2/ze)
2.580%+03 3.3696¢06 1.7088+03 2.3919008
3,3307=03 3,7816°03 12783 689 8¢9 120
’&*X
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TABLE 17 (sheet 37 of 57)

THETAS 245850400 “V 8 5,391740% DEG R = 3,0000406 DEG K

SAMMAS 143500402

PRESSUREZ 1,0130409 (DYNE/CM2) = 9,9975¢02 (ATM)

RMOZ  #.3692+02 (6/CM3) =

28AR:  1,6766+00
UMAX DELTA U

207277400 (LE/FT3)

16,00 3
7] CONTINUOUS LOCAL PLANCK LOCAL ROSSELAND
(Cn2/6) (CM2/6) (CmM2/6)
33 3,5603+05 3.8647+05 3.8611+08
o7 8,4937404 8.6688200 8,6685+004
3,00 109250404 2490954404 2.9072¢r04
1.5 S.7313¢03 2.6520404 2,6083¢ 3
1,67 3,2131+0) 8,2201%04 2.9820+08
2,00 2.2293+03 8,0033+06 3.,0387+04
2.33 $.7223¢03 2.7598+06 207439008
2,67 3.,4700403 3.0832400 3,0662400
3,00 1,8713+03 2.3138004 241068400
3,33 147319403 3.0904+04 2.00086+04
3.87 2,3335¢03 1,7636406 1.7537000
4,00 249481003 1,7303404 1708508
P33 J,2730403 1,2981+06 1296008
8,67 3,6220003 1.,8646000 1.6500¢00
$.00 3.7802003 340030400 10391408
8,33 3,0209403 §,0085400 8.0308004
5.67 3,9099+03 8.,2520400 $:6830+006
6,00 3.0302+03 $:9352400 6+0999¢04
6.3 3,7328+03 8,99088+00 B.9081 400
6.7 3,6297003 3.,038040% 9.,2005¢08
7,00 J.0612003 10772405 1:0095008
7.3 3,2789+0) 1,0252+03% 93059408
T.87 3130903 9.6592+00 0456008400
5,00 313784003 8.5735¢06 7:8099¢04
8,33 J,0023403 7:3229404 $:8398008
8,67 9,1212403 $e23369008 5.8668¢08
9,00 $.0303+03 S.i27240¢ 87785400
9,33 $.,0677005 3.9016400 3.7815+08
.67 $:3920¢03 200996404 246092008
40,00 $.6707¢0) 1,9208400 149193408
30,3 $.037340)3 1.7283408 1.7209+08
10,67 67028403 2.51074008 2.509%00
31.00 $.63231¢0) 3.0366400 Jeu158000
1.3 $.568090) $,0032404 S.0200408
13,87 $.5508403 $.14934008 Sel1201004
12,00 $.8773903 $,6950+04 5.5891+00
12,3 6969990 6.0168000 S,8753004
12.47 7.3857903 6.0522¢04 $,05088¢04
13,00 77372003 5,625934006 842960000
13.8 $.2298003 §,304%5400 $,29068¢00
13,07 8.9127+03 3.3216404 3,1099¢00
16,00 9,0013¢03 2,64020404 23981008
18,9 3100950008 2.2100400 22030000
14,47 141056000 244520004 2.2008400
13,00 103263000 2.,5358904 245015400
19,3 32890000 2:,1083000 21307008
18.47 102822008 240028404 2.0020008
36,00 302965000 $.3003004 1.8063¢00
PLANCK CONTe PLANCK wEAN ROSSELAND CONT, ROSSELAND wEaN
1Cnase) (Cnz/e) (Cuz/e) 1CM2/6)
8.010040)3 3.8510000 246810403 2.9731¢400
3.0333~03 »,1000°0) 918 S87 e 100
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TABLE 17 (sheet 38 of 57)

THETAS 3,4467400 EV 2 7,189C+06 DEG R = 4.0000404 DEG K
GAMMAS 246980403
PRESSURT=  1,0121408 (DYNE/CM2) = 9,9886+401 (ATM)
RHO= 2.0620-03 (6/CY3) = 1,2873-01 (LB/FT3)
28ARz  2.7368+00
UMAX DELTA V
19,00 «50
v CONTINYOUS LOCAL PLANCK LOCAL ROSSELAND
(Cm2/6) (CM2/6G) (CM2/6G)
«50 703591403 202717404 202677404
1.00 1.2176+403 13542400 1,3576404
1.50 5,0597+02 102318404 141271+04
2,00 3.1696+402 143205404 143159404
2.50 2.1519¢02 1.2666+04 142117404
3.00 249176402 147979404 1,3332¢404
3.50 2.0494+02 6.7672403 641710403
4,00 2.3472+402 9.4515+03 9.3612403
4,50 2.,8366+02 3.8094+404 34205404
5,00 3.4056+02 1.14214405 8.956440%
5,50 2.8194¢02 9,8030+04% 8.0508¢04
6,00 3.,1660¢02 1.0108+05 7.5555¢04
6,50 S.4478+402 5.4520404 3.9131+04
7.00 9.37064+402 3.2753¢04 24723404
7.50 1.1755+03 2,705u+04 1.9581+04
8.00 1,2840403 2.8075+04 2.4789+04
8,50 1.¢598+03 5,2137+404 4,4678404
9.00 1.4490+03 5.8322+04 4,7185+04
9.50 2.1266+403 640477404 4.5612+04
10.00 3.,00647+03 3.5311404 2.679740%
10,50 42430403 1.,9573+404 1.6127+04
11,00 5.,1654+03 1.5134+06 1.3486+04
11,50 641356403 12130404 1,2096404
12,00 609004403 1,3235¢04 1.3225¢04
12,50 7.7821+403 1.7786404 1.7239+04
13,00 9.1603+03 1.4750404 1.4732¢04
13,50 1.0219+04 * 6765404 1.6478404
14,00 1.1583+04 «e6923404 1.6901404
14,50 1.¢318404 17362400 1.7288+¢00
15,00 1.3017408% 1.65564404 1,6534+¢04
15,50 1.4088¢04 1.6357404 1.6351¢04%
16,00 1,4331¢04 1.7312+04 1,7307+04
16,50 1,5229+04 1.6376404 1,6366¢04
17,00 1.95128+404 1,6485+04 16474404
17,50 1,5255¢04 1,6710+404 16699404
18,00 15126404 16537404 1,6526+04
18,50 1,5086+04 1.5887+04% 1.5875¢04
19,00 105262404 15682404 1.5671¢04
PLANCK CONT. PLANCK MEAN ROSSELAND CONT, ROSSELAND MEan
(CM2/6) (CM2/6) (EM2/6) tcm2/s6)
$5.0018+02 3.1540404 3.2045+02 145445404

$,8900=0¢ 4,2663~03

15168 1465 1254
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TABLE 17 (sheet 39 of 57)

THETAZ 344467400 EV = 7,1890404 DEG R = 4.0000+04 DEG K
GAMMAZ 143490403

PRESSURE= 2,0230408 (DYNE/CM2) = 1,9966432 (ATM)
RHOz 4.4092~03 (G/CM3) = 2,7527-01 (LB/Fy3)

2BAR= 2+5598+(0

UMAX DELTA U
18,00 »50

v CONTINUOUS LOCAL PLANCK LOCAL ROSSELAND

(CM2/6) (CM2/6) (CM2/6)

«S0 1.,2998+¢04 33422404 3.,3319+04
1,00 1,9915+03 1,6257+04 1,5643¢04
1,50 7.9239+02 1.4847404 1.4756+04
2.00 4,7997402 1.5408404 15257404
2.50 343661402 1.5167+0% 1.,4959¢04
3.00 4,6036402 1.8118404 146755404
3.50 3.,4402+02 7.6029¢03 75452403
%.00 3.,9487+02 143471404 1.3352+04
4,50 4,73191+402 44535404 Ge3ulaton
5,00 5,2026+02 1,1597+40S 1.0787+05
5.50 4,4654402 9.9466+04 9.0665+04
6.00 4,8493+02 9,8205+04 8.4387+04
6.50 8,2181402 5.1523404 4.4350404
7.00 1.4457+03 2.9600404 206902404
7.50 1.7968+03 2.2854+04 20738404
8,00 1.9362+03 2.6401404 2.5619+04
8,50 1,9092+03 5,0626+04 447353404
9.00 2,0842+03 S5.8684+04 S5¢3317404
9.50 2.7767403 509381404 5,2052+04
10.00 3.6817+03 33450404 2.9853+04
10,50 4,9505+03 1.6426404 1.5971+404
11.00 5.9483+03 1,3908+04 13435404
11.50 6¢9475+03 1.2551404 12539404
12,00 77433403 1.4308406 144299404
12.50 8.6702+03 19636404 1.9024+04
13,00 1.,0259¢04 1.5636404 1.5618+04
13,50 1.1187¢04 147783404 17362404
14,00 142486404 17546404 17529404
14,50 1.9156404 1+8291404 1.8277+04
15,00 1,3759+04 1,7465+04 1.7457+04
15,50 1.4910+04 1,7346404 1.7342404
16,00 145105404 108596404 1.8389+04
16450 1,6282+404% 1473564404 1.7352¢04
17.00 1.6035¢04 1.7333404 1.7329¢Cu
17,50 16232404 17547404 1.7535+04
18,00 1.605040% 1.7176¢04 1,7164404

PLANCK CONT» PLANCK MEAN ROSSELAND CONT, ROSSELAND MEAN

(€M2/6) (CM2/6) . (CM2/6) (Cn2/G)
77214402 3.3028404 5,1100402 148995+04

7.,8370=04 3,8683=03 13644 1244 1067 177
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TABLE 17 (sheet 40 of 57)
THETA= 3.4467400 EV = 7,1890404 DEG R = 4,0000404 DEG K
GAMMAS 5.3700+02
PRESSUREZ §,0539+08 (DYNE/CM2) = 4,9878+02 (ATM)
RHO= 1.2153~02 (G/CM3) = 7.5872-01 (LB/FT3)
ZBARz 203330400
UMAX DELTA V
15.00 50
(V] CONTINVOUS LOCAL PLANCK L.OCAL ROSSELAND
(CM2/6) (CM2/6) (CM2/6)
+50 2.7524404 5,3853404 %,2685+04
1.00 3,5819+03 2,0651+04 2,0390+0%
1.50 1.3331403 1.9209+04 1,9078+04
2,00 7.5892+402 1.8416+04 1,8272404
2.50 5,5717+02 1.8612+404 1.8526+04
3.00 8.0070¢02 1.8056+04 1.,7933+04
3,50 6.5690+02 8.,9541403 8,8955+03
4,00 7.,6801402 2.0435404 2.0368404
4,50 8.,7919+02 5,1930404 $,1516404
5,00 8.9988+402 1.1343405 1.,0949+05
5,50 7.9299+02 9,8846404 9.3522+04
6.00 82043402 9.3606404 8.5766404
6.50 13139403 5.0059+404 4,8360404
7.00 202652403 2.9663404 2.8208+04
7.50 247708403 2.1321+404 2.1173404
8.00 2.9876+03 2.6163404 2.5972+04
8.50 2.9327+03 4.8032404 4,7616404
9.00 3.0713¢+03 5,7696404 5,5746404
9.50 3.7467403 5,6819404 5,3961404
30,00 4.6053+03 3.,2634404 3.1675404
10,50 5.8977+03 1.5285404 1.5203+04
11,00 7.0080403 1,3794+04 1,3764406
11,50 7.9814403 1.3927404% 1,3910404
12,00 8.6030403 1,5876404 1.5865+04
12,50 9.7714403 241709404 2,0720+04
13,00 1,1705+404¢ 1,6887404 146873404
13,50 1.2019¢0% 1.,9155+04 1.8245400
14,00 1.3689404 1.,8474+04 1.8202+04
34,50 1.4297+04 1.,9617404 19615404
15,00 14776404 1.8781404 1.8781+04
15,50 1.95955¢04 1.8781+404 1.8778404
16,00 1,6108+04 2.0321+04 1,9952+04
16,50 27664404 1.8709404 1.8706+04
17.00 1.7217+06 1.8481404 1.8480+04
17.50 1.7540¢06 1.8750+04 148740404
18,00 1.7307¢0% 1.8306404 1.8293+04
PLANCK ¢cONTs  PLANCK wEAN ROSSELAND CONT, ROSSELAND MEAN
(CM2/6) (CM2/6) (CM2/6) (Cm2/6)
143287403 35001404 8.,9625+02 2,2606404

2,0264-02 3,6120-03 12492 982 829 153
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TABLE 17 (sheet 41 of 57)
THETAS 344457400 EV = 7,1890+404 DEG R = 4,0000404 DEG K
GAMMAZ 2,6500+402
PRESSURE= 1,0109409 (DYNE/CM2) = 9.9765+02 (ATM)
RHOz 2,6318=02 (6/CM3) = 1,6430400 (LB/FT3)
2BAR=  2.1831400
UMAX DELTA V

17,00 +50
v CONTINUOUS LOCAL PLANCK LOCAL ROSSELAND
(Cm2/6) (CM2/6) (CM2/6)
+50 4,9505+04 8.2186+04 8,2065+04
1.00 6,2035+03 2.6358+04% 2,4946404
1,50 2,1786403 244217404 203184404
2,00 1,1509+03 241465404 241353404
2.50 8,4077+02 241726404 2.1662404
3,00 1,2489+03 1.8698+04 1.8644+04
3.50 1,0946+03 1.,0358404 1.0306+04
%,00 1.,2942403 2.6340404 2.6310404
%,50 1,4218+03 5,6568+404 5,6422404
5,00 1,4005403 1.,3129+05 141080405
5,50 1,2455¢03 10022405 9,3383404
6.00 1,2503+03 9.3542404 8,3388404
6.50 1,8362+403 5,1981+404 5,0650404
7.00 3,0170+03 3.1463404 2.9695+04
7:50 3.6263+03 2.1865404 2.1737404
8.00 3.,8896+03 247208404 207087404
8,50 3,8061+03 §,7322+04 4.7086+04
9.00 3,9067+03 Se7942404 5.7026+404
9.50 45465403 $,6271404 5.4755404
10,00 5,4168+03 3.3802404 3.3452404
10,50 6.6310+03 1,6281404 1.6240+04
31,00 7.8767403 1.64716404 14680404
11,50 8,7738+03 1.5362404 1.5233+04
12,00 9.,6208+03 1.690740% 16896404
12,50 1,0600+404 2.2490404 2.1100404
13,00 1,2801+04 17679404 1.7664404
13,50 1,3335404 1.9975+04 1.8600+404
14,00 1,9601+04 1.9119¢04 1.9114404
14,50 1.5216+04 2.0550+404 2,0550+04
15,00 1,5542+4064 1.,9678+04 1,9678+04
15,50 1,6674+04 1.9767+04 149765404
16,00 1.,0808+04 2.1349+404 2.0795+04
16.50 1,8600+04 1,9564+04 1.9561404
17,00 1,8021+04 1.9007404 19007404
PLANCK CONTs PLANCK MEAN ROSSELAND CONT, ROSSELAND MEAN
(CM2/6) (CM2/6) (CM2/G) (CM2/6)
2,0770+03 3,7426404 1.3961403 2.5543¢04
2,3898-02 3,7050~03 9880 834 700 134
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TABLE 17 (sheet 42 of 57)

THETAS 4.3084+00 EV = 8,9862+04 DEG R = 5.0000+404 DEG K
GAMMAS 4,5200+03

PRESSURE= 1,0164+08 (DYNE/CM2) = 1,0031+402 (ATM)

RHO= 1.4121-03 (6/CM3) = 8.8158-02 (LB/FTI)

Z8AR=  J3.3337+00

UMAX DELTA V
20,00 40
v CONTINYOUS LOCAL PLANCK LOCAL ROSSELAND
(Cm2/6) (CM2/6) (CM2/6)
W40 8.,0564+03 241162404 201123404
«80 149164403 143628404 144188404
1.20 5,1203+02 9,6053+03 7.5875403
1.60 3,0296+02 9.8319+403 9,1941+403
2,00 10173402 9.4165+03 803864403
2,40 1.9803¢02 1,3587+04 9,8387+403
2.80 1.2235¢02 640077403 5,1825+403
3.20 1.32u7+02 4.6176%03 445393403
3,60 1.1603¢02 1.9854+04 1.,6192¢404
0.00 . ‘09393“02 6.4371404 4+6109¢404
4,40 143075402 509695404 4,7190+404 N
4,80 1,5330+02 7.5409+04 5,4278404
5,20 20467402 6.7875404 3.9774404
5,60 2.4710402 8.,0034+04 3,6267404
6,00 3.1542402 7.9828+04 345197¢04
6,40 3.0846402 5,6448404 3,2800404
6.80 3.0928+402 4,9335404 3.7280404
7.20 $,2086+02 4,1152+04 3.1993+04
7.60 T.76430¢02 4.5087+04 3,0714404
8,00 11772403 5,0137+04 2.8061+04
8,40 307370403 5,0243+404 2,4245+04
8.80 241270403 3.0516+04 1.8117¢04
9,20 245787403 1.9752+04 1.47764404
9,60 3.0075+03 1,4600404 13356404
10,00 3.5986+03 1.3656+04 142918404
10,40 4,3653+03 1.3029404 1.3003+04
10.80 5.6088+03 1.4682404 1,4556404
11,20 7.3020403 1.5691404 1.,5575¢04
11,60 8,2436403 1.4803+04 1,4576+404
12,00 9.3798+03 1.5051+04 1.4983+04
12,40 1.,0373¢0¢ 1.4660404 1.4639404
12,80 1.1074404 1.4521404 1.,64518+406
13,20 1.1507+04 1.,4050404 1.4067404
13,60 1,1863+04 1.4227404 1,4217+04
14,00 1.1978¢404 Le4112404 1,4103+04
14,40 1.2101406 1.4400+04 1,64390404
14,80 142013400 13631404 1.3622¢04
15,20 1.2203404 143624404 1,3615+064
15,60 3.2181¢04 1,3333¢404 143331404
16,00 1.2191¢04 1.6333404 1.5482+04
16,40 1e2321400 143904404 1.3940404
16,80 1,2039404 1.4963404 1.4785+04
17.20 10944404 1.9855+04 1.6188404
17,60 142835400 13419404 13314404
18,00 101555+04 13351404 1,3341404
18,40 1010390404 1.2138404 1.2129400
18,80 1.1077404 141729404 1.1721404
19,20 1.0890¢404 $e1418404 1.3010404
19,60 10660404 141365408 1.1158+04
20,00 1,0536404 101648404 1.1640+04
PLANCK CONTe PLANCK MEAN ROSSELAND CONT, ROSSELAND MEAN
(€M2/6) (CM2/6) (CM2/8) (Cm2/6)
3,7038+02 3.2331¢04 1,9460+402 1.3223+04
2.81948=03 &,5499-03 21766 1908 1641 264
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TABLE 17 (sheet 43 of 57)

THETAZ 4,3084+400 EV = 8,9862+0% DEG R = 5.0000+04 DEG K

GAMMA= 2,2720+403

PRESSURE=  2,0224+08 (DYNE/CM2)
1.8747-01 (LB/FT3)

RHO= 3,0028-03 (G/CM3) =
2BAR=  3,1189+00
UMAX DELTA V

119960402 (ATM)

19,00 40
v CONTINVOUS LOCAL PLANCK LOCAL ROSSELAND
(CM2/6) (EM2/6) (CM2/G)
40 1.4126404 Je1434404 341382404
.80 2,1918+03 1.7100+04 147290404
1.20 8.2642+02 141339404 1,0058+04
1,60 47214402 11517404 1.,1286+04
2.00 2,0073402 1.0721404 1.0564404
2,40 2,9907+02 1.5473¢04 1,2805+04
2.80 1,8734+02 €46128403 6.2736+03
3.20 1,9637+02 62476403 641977403
3,60 1,6630+02 2.6316404 2,5321404
4,00 2.7432+02 7.9768404 63352400
4,40 1,9464+02 6.976240% 63193404
.80 2,2260+02 7.8502404 6.4072404
5,20 3,0828+02 6,0073404 G,464T+00
5,60 4,1703+02 63576404 %,0033+04
6,00 5,3206+02 603020404 3.7807+04
6,40 5,3960402 4.8150404 3.561740%
6.80 5,3661402 5,0985+04 4,4538+400
7.20 6,7266+02 445226404 3.9829+04
7.60 1,1£76+03 46498404 3.7877404
8.00 1.,6449¢03 4,1467404 3.0291+04
8.40 2.3642+03 3.6645+04 2.3817+04
8.80 2.,8629+03 242644404 1,6824+404
9.20 3.,4256¢03 14629404 1,3272¢04
9,60 3.9255+03 1.2552404 1,2503¢04
10,00 4,6032+03 1,4625¢04 1.4089+04
10,40 5,5472+03 1.3522+06 1,3497404
10,80 6,7570+03 145493404 1.5228+04
11,20 8,3581+03 1.6009+04 1,5943+404
13,60 9,2609+03 1.5659404 1,5u93+404
12,00 1.,0298+04 1.4945404 1,4906¢06
12,40 1,1363+04 1,4603404 1.4597+04
12,80 1,1940+04 1.4974404 1.4970+04
13.20 1.,2480404 144631404 1.4028+404
13,60 1,2710¢0% 1.,4683¢04 1.4673404
14,00 1.2797404 1,4708404 1,4698+404
14,40 T 1,2730¢06 1.5058404 1.5048+04
14,80 1.,2725+04 1.4262404 1,4253+04
15,20 1.2885¢04 143951404 143941404
15,60 1.2845404 14030404 1,4026404
16,00 1,2878+04 1,8913+04 1.8382+04
16,40 12809404 1.5375+404 1.5358404
16,80 12736404 1,5869+04 1.5849+04
17,20 1,2656404 2.0926404 1.7939+04
17,60 1,2547+04 $.4171400 1.41454+006
19,00 1,2203+04 14325400 1.4322+04
18,40 1,1979¢04 1,2862400 1,2854404
18,80 1,1600404 1,2220404 1.2212¢04
PLANCK CONTe PLANCK LEAN ROSSELAND CONTy ROSSELAND MEAN
(CMa/6) (CM2/6) (CM2/6) (CM2/6)
8.6529+02 3.3450404 2.9841402 1,6848+04
3,9099-03 %,2777=03 14529 1188 956 229
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TABLE 17 (sheet 44 of 57)

THETA= #,3084400 Ev = 8,9862404 DEG R = 5,0000404 DEG K

GAMMAS 9,0400+02

PRESSUREZ 5,0517¢08 (DYNE/CM2) = 4.9856+02 (ATM)
RHO= 8.,2138+03 (G/CM3) = S5,1279-01 (LB/FT3)
28AR=  2.8657+400
UMAX DELTA V
18,00 40
v CONTINVOUS LOCAL PLANCK LOCAL ROSSELAND
(Cm2/6) (CM2/6) (CM2/6)
40 3.,0214404 5,2195404 5,2168¢04
.80 3.0104403 22564404 19962404
1.20 1.,3808403 1.4929404 1,4856+04
1,60 77498402 1.4478+04 1.4353+04
2,00 $.6415¢402 1,3388404 103357404
2,40 5,2480¢402 1,7686404 1.7208404
2.80 3.5u54¢02 7,8065403 77522403
3.20 3.7647402 9,9493+03 9.9009+03
3.60 3,8340402 3.575u+04 3,5314404
4,00 4,7396+02 445500404 9.0621404
4,40 3,6842402 8.14530404 77468404
4,80 3,9850+02 8,2537404 74334404
5,20 5,6495402 5,3454404 %.8150404
5,60 84734402 48203404 3,9777+04
6,00 10674403 4,6302+404 3.7229+04
6.40 1.11704C3 4.005840% 3.7513¢04
6.80 1.0997+03 5,2131404 4,9548+04
7.20 12450403 5,027740% 47559404
7.60 1,7969+03 ,8886%04 B,4555400
8.00 2,4329403 3.4613404 3,1536+04
8.40 3,3162403 2.5226404 2,2210+04
5.80 3.9575¢03 1.7620404 1.,6081406
9.20 4,0349+03 13128404 1.3094+0%
9,60 5,2166+03 143113404 143093¢00
10,00 5.,9939+03 16847404 1.6133+04
10,40 7.,2032403 1.,4489404 1.4468404
10,80 8.3182+403 16561404 1.6123404
31,20 9.05000403 1,6959404 1.6928404
31,60 1,0636406 1.6973404 1.,6906+04
12,00 1+1520404 1.,6098404 1.6085+06
12.40 1.2660406 1.5775404 1.5771404
12,80 13099404 1,6488404 1,6485404
33,20 1,3875¢404 1,5578404 15575404
13,60 1,3929¢04 1.,5739404 1.5729404
14,00 2,4043404 1.586640% 1.5855+04
14,40 103938404 1.6092408 1.6085¢00
14,80 13928404 1,5329404 1.5320404
315,20 104533400 1.4962¢04 1,4981404
15,60 1.,4043¢04 1.5076404 1.5469+04
16,00 1.4076406 2.3557400 2.2537+04
16,40 13990406 17700406 1,7716+04
16,80 1,3905404 1.7181404 1.,7157+04
17.20 1.3820404 21291400 1.9648¢04
17,60 1.3689404 15253404 1.5205+04
18,00 1,3232404 1.5581¢04 1+5579¢04
PLANCK CONT. PLANCK MEAN ROSSELAND CONT, ROSSELAND MEAN
(Cna/s) (CM2/e) (CM2/0) (Cm2/6)
9.2648402 3,5834404 5,5704402 21062404
$,4429-03 §,0720-03 16720 1241 1043 198
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TABLE 17 (sheet 45 of 57)

THETA= 403084400 EvV = 8,9862404 DEG R = 5.,0000404 OEG K
GAMMAZ W,4600402

PRESSURE=  1,0139+09 (DYNE/CM2)

RHO= 1.7787=02 (6G/CM3)
2BARz  2,6822+09

140006403 (ATM)
1,1105+00 (LB/FT3)

UMAX DELTA vV
37,00 40
v CONTINUOUS LOCAL PLANCK LOCAL ROSSELAND
(Cw2/6) (EM2/6) (CM2/6)
40 5.,4137404 8.1764404 8.1720404
.80 6.8545+03 2.8463404 2.5269+004
1,20 2.3033+03 1.8874404 1.8743+04
1,60 1.2302¢03 1.7179404 1,7072¢04
2.00 7.5641402 1.,5980+0% 1.5888+04
2,40 8.4933402 1,8915+04 1,8947400
2.80 5.,9308+02 8.9301+03 8.8841+403
3,20 6.2838+402 143832404 143775404
3,60 6.5195402 4,30607404 402727404
4,00 T.¢158¢02 1.,0442405 1.0333+08
“,40 5.9048¢402 8.7662404 8.,4360404
4,80 6.1283¢02 8,3785+04¢ 7.7921¢04
8,20 8.5962¢02 5,0492+404 8,8284404
5,60 1,3300+03 9,1615406 3,6188+04
6,00 3.0548+403 3.8206+04 3,3583+04
6,40 1,7508403 3.6142404 3.5763+04
6,80 347146403 $.1627404 8,7868404
7.20 1,8464¢03 5.,25264004 Se1627404
7.60 2.4349403 4,9779404 8.7766404
8,00 3,1252+403 3,1816400 3.1062+004
8,40 4,0840+03 200145404 1.9855404
e.80 4,8299403 1.5507+0% 1.5119+06
9.20 5,9572403 1,2911¢00 1.2893¢04
9.60 6.1875+03 1,3890+04 1,3881+00
10,00 7.0205+03 1.,8530+04 1,7540406
10,40 8.4411403 1.5200404 1.5221406
30.80 9.,4512+03 147643408 1.6886+04
11,20 3,0858¢04 1,7525404 1.7499+04
31,60 141643404 1.7858404 $1.7883004
12,00 12018404 1.6939404 1469314086
12,40 313603404 1.,6687404 1.6683404
12,80 303955404 1.7677408 1.7351400
13,20 1.4965404 1.,6502404 1,6800+04
13,60 1.4874404 1,6561404 1.,6861400
44,00 145035404 146738404 1.6729404
14,60 1.4893406 1.6796404 1.6787404
14,80 1.4868400 15940404 1.5938¢06
15,20 15092404 15980404 1.5980+086
35,60 1.4949+404 1.,6611404 1,6608¢00
36,00 1.4959¢04 247709404 2.5480+08
16,40 $.0p45008 1,9500004 1095815000
16,80 1.47344004 1,7002408 1.6987+00
PLANCK CONTs  PLANCK WEAN ROSSELAND CONT, ROSSELAND MEAN
tCna/8) T (EM2/0) (EM2/6) (Cu2se)
348274403 3.7772404° 8.8768+02 23066404
8,2757=03 3,6417-¢3 14708 968 801 167

EX3Y CALLED FROM 026251
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TABLE 17 (sheet 46 of 57)

THETAZ 640334400 EV = 1,2581405 DEG R = 7,0000404 DEG K

GAMMAZ 1.0080+40%

PRESSURE= 1,0131408 (DYNE/CM2) = ¢,9981404 (ATM)

RHOz  7,9465=04 (6/CMI)
26ARS 4 4004+00
UMAX DELTA UV

20,00 57
v CONTINVOUS LOCAL PLANCK LOCAL ROSSELAND
(CmM2/6) (CM2/6) (CM2/6)
57 1,2609403 5.9417+03 5,9143403
1,16 2.2870+02 4,9873403 $,0733¢03
.1 1.,0693¢+02 6,6093403 4,6871+03
2.29 6.6972+01 4,1727403 8,0648+03
2.86 4,9596+01 9eb107403 9.3279+03
I3 3.,8042401 341256400 2,2575404
4,00 6.2409+01 5.,5007¢04 3,2157404
%, 57 4,2632401 5.3507+04 2,6386+04
8,16 5.7758+01 2.7817404 1,7607+04
s, 71 9.1204+01 §,6027404 2.1521404
6.29 1.5187+02 3.9841406 2.3156+04
6,86 3.9114+02 3.1157404 1.,64077+04
7.43 9.9813+02 2,2969+04 1.3235+04
8,00 24345440 2.,0511404 1.4802¢04
8.57 209210003 1.,8132+06 1,4976004
9,14 ,8993+03 1.568140% 1.4211404
9.7 6,0093+03 141866406 1.1852404
10,29 7.8926+03 1.1896406 1.3799404
10,86 7.7998+03 13143404 1.3120+04
11,43 8.,4530+03 1.1287+04 101204406
12,00 8,3835+03 1.2051404 1.,2074404
12,57 8.3306+0) 10265404 1,0160406
13,14 8.2973+03 9.782u*03 9,6239+03
1.1 8.,0573+C3 Jel684004 8.,9278¢40)
14,29 7.7364+03 1.,2027404 1.,0165¢04
14,06 7.1912¢03 1.0625404 8.9095+0)
15,43 6,6639+03 1.,0702+04 841050403
16,00 $,9897+03 9.7777403 T.42068403
16,57 5,4283403 1.037u408 6.4265+03
17,16 4,6823+03 1.3163+04 70120203
7.1 $,1213¢03 1.7383404 8.828u+0)
1,29 3,0266403 3.0645404 1,4633404
15.80 3.2076403 8.707140% 2.3128+084
19,43 2,0346+03 63306404 2.2541404
PLANCK CONT. PLANCK MEAN ROSSELAND CONT, ROSSELAND VEAN
tCm273) (CM2/6) (EM2/6) (CM2/6)
d.2814402 2,4557+404 7.0814401 140763404

-
=

4,9610-02 (LB/FTY)

3,4900=03 §,6795-03  1usu) 1842 1842
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TABLE 17 (sheet 47 of 57)

g

THETAS 60318400 EV = 1,2581405 DEG R = 7.0000¢04 DEG X

GAMMA= 5,0500403

PRESSUREZ 2,0215¢08 (DYNE/CM2) = 1.9950402 (ATM!

RHOz= 3.,6862=03 (6/CM3) = 1.0%27-01 (LB/FTY)
2BARz  4.1394+00
UMAX DELTA V

20.00 57
v CONTINYOUS LOCAL PLANCK LOCAL ROSSELAND
(CmM2/6) (CM2/6) (CM2/6)
57 1.9373¢03 8.5321403 8.,4876403
3.14 3.3470¢402 6,6488403 6.6993+03
1.7 1.6363+02 8,0008+403 6.9801¢07
2.29 9.9717¢03 8,3474403 2¢295740>
2.86 8.9003+01 1,40648400 1.3971¢04
3.43 5.9708+03 43422404 3,3200406
8,00 9,6800401 6.8029404 8.,7912404
4,57 Tobp42+01 63721404 349497404
9,164 8,6320¢401 303195404 2.5368+404
5.7 1,6969¢02 $,3617404 2.9060400
6.29 27073402 9,3221004 27994404
6,806 $.,9210+02 2,6871404% 1,7910+04
7.%3 1.4533¢403 1.9685¢04 1.4088¢04
8,00 3.2190403 108625404 1.5260¢04
.57 3,9403403 107204404 1.,5987+06
9.16 6.278%+03 15367406 1.6383+08
1 152 7.2570403 12205400 1.2202+04
10,29 8.9303+03 1.2250404 1.2223¢04
10,86 8.8635+0) 1.1549406 $1.1584404
33.43 9,3011+03 1.18744004 1.1873¢04
52,00 9.1602¢03 15098404 103190+04
12,57 9,0073+403 141271000 1.1192¢04
13,14 8.9709+03 1.010340% 1.0076+04
13,71 8.6450¢03 141189404 9,83489¢0)
38,29 8.3360403 1.2094008 1.0321¢08
16,86 7.7080¢03 1.,1673404 9.2960+03
15,83 7.0338403 142182408 8,6595+03
16,00 6.2805+03 1.0817404 7.9452003
16,57 5.,7027+03 1.0620¢04 6.9983+03
17,18 4,9005403 1.2529¢04 8.,0583403
17,71 $,36454403 2.0385+04% 1:1665+04
18.29 308336403 3,9067¢04 2.2351+04
18,06 3,4058403 1.,1024¢08 3.9999+08
19,03 3,0359+03 801322004 8,0382+08
PLANCK CONT PLANCK EAN ROSSELAND CINT, ROSSELAND MEaN
(CM2/6) (CM2/06) (EM2/6) (Cn2/8)
8,3376¢02 2.9400+00 141535402 148338408
3s2

2,9265-03 5,0389~03 17649 2052 1700
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TABLE 17 (sheet 48 of 57)

THETAZ 6.,0318¢00 EV 5 1,2581405 DEG R = 7,0000404 DEG K
GAWMAZ 2,0050+03

PRESSURE= 5,0635¢08 (DYNE/CM2) = 4,9972+402 (ATW)
RHOz  4,5856-03 (6/CM3) = 2,8628-01 (LB/FTY)

e w

26ARz  3,8337+00

*
e oot > 5o o %

UMAX OE.TA U
19,00 57
v CONTINUOUS LOCAL PLANGY, LOCAL ROSSELAND
(cm2/6) (CM2/6) (Cr2/6)
87 4,17804¢03 10171004 1.,41160004
110 6,6170+02 8,2590+403 9.2170+03
! 1.7 3,2053+02 9.9515403 9,0956+03
2.29 1,7949+02 6.8201+03 GeT036403
f 2.86 1,8685¢02 2.1853404 2.,1874404
% 3.4 1.3005002 $,2645404 9,7088¢00%
t 4,00 1,8116902 747206404 6.5562404
4,57 1.5%90+02 741778404 $.6150+06
8,34 1.5625002 3.3627404 3.8308+04
5,71 3,6085+02 £,5528404 3,6242000
6,29 $,4324402 3.7832¢404 3.1090¢08
6,86 9.5373402 1.8517404 1.5676404
7.43 2.1762903 1,5218404 1.3251+00
8,00 %,2018003 1,5667408 1.4865+00
: .57 S,2815%403 J.4825400 1.4670008
: 9,14 78656403 1,4017+00 1.3810+408
i .1 8.,600700 1,222040% 1.2218400
i 10,29 1,0015¢04 1.2185404 Le2183404
{ 10,86 1,0006004 1.16073408 143465008
i 11.43 1,0182+04 1.2000404 1.2399+04
£ 12,00 9.9618403 1.8080404 2.1878¢06
H 12,97 9.6730¢03 1,2456404 142667400
: 13,14 9.6023+0) 1.030140% 1.0301004
13.711 9,1500°03 9.6691403 0,5972¢03
i 10,29 8.6840¢03 1.,2175404 1,1037+08
H 14,86 8,1226403 1,2640404 1.,0297+08
i 15,43 7,332600) 1.3331¢04 9,7947403
18,00 6,4702403 1.16130006 8.498940)
16,57 $,9065¢0) 1,0691404 7.8168403
17,14 S.0545¢03 1,2007404 9,6273003
17,1} 4,5315+03 243803004 1,6618004
15,29 4,0164+03 4,3769400 3.3203000
18.86 3.593240) 9.20848400 3,8361408
PLANCK CONT» PLANCK vEAN ROSSELAND CONT, ROSSELAND MEAN

L P} (€v2/6) (eM2/6) (Cu2/e)
$.8893¢02 3,3756¢04 1,2300002 178674004

3.2693=03 &,098u-03 12727 131s 1034 200
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TABLE 17 (sheet 49 of 57)

THETAZ 640318400 EV = 1,2581¢0% DES R = 7,0000408 D€G X
GAMMAS 9,9300402
PRESSVRE=  1,0339409 (DYNE/CM2) 2 1,0007+p3 (ATM)
RHOz 9.8191<03 (6/CM3) = (,1301=03 (LB/FTY)
2BaRzs  3,6150+00
UmMAX OELTA V

18,00 37
v CONTINYOUS LOCAL PLANCK LOCAL ROSSELAND
(Em2/6) (cM2/6) (CM2/8)
97 7.5328003 2.0596+04 2:0037¢00
318 3,1700¢03 141593404 141563008
1,73 5,2594¢02 1.1093404 1elidnepn
2.29 2785302 8.0368+03 7.9950+03
2.86 3,0085+02 2,9208%04 2.9386+004
3,63 1.0122902 5,8678404 $:,3799+04
4,00 200667402 747590404 T.2368+C4
8,57 2.0675402 7:.3010+0% 6.0.728+04
8,18 205585002 8,1675+04 %,0800¢04
5,74 $.0002+02 $,1382+04 3,82087+0%
6,29 8,0688402 3.0012004 3.2131400
6,00 103268403 1.6817404 1.5791408
T.43 2.886540) 1,4103908 143715408
0,00 5.0680403 1.80840404 1.4707+04
0.57 6.3387403 10098400 1.,3979+04
9,14 8.8919403 1.0830004 1o015¢00
7 9.5219¢03 3.2875408 1.207%404
10,29 10703004 3.3210¢04% 1.3110¢04
10,86 10763008 1,2163404 1.216%08
31,803 140820408 1,3671+08 1438668001
83.00 3,0009+04 2,0939904 3.96210004
12,97 1.0387400 13808404 1.8188406
13,18 1,0303¢086 1,0926404 1.,0925+06
13,7 9.7978403 1,0363404 1,0331¢08
36,29 9.4964903 $02R34¢04 1.,2033404
18,06 $.6329403 3431924084 101022400
18,63 7.,7597+03 1.3908406 11073408
‘..oo 6048403 1e2134004 9,5282¢¢3
16,87 $.310840) 1.,0949404 8.8033403
17,1 5,0101¢03 1.2767404 1.0583408
. $.9123+03 146613404 11815004
PLANCK CONTs  PLANEX WEAN ROSSELAND CONY, ROSSELAND wEaN
(Cmass) (Cu2/6) (cM2/6) (Cn2/8)
8.,9163¢02 35665400 3.,6003¢02 2.00660

3.9706-03 &,3062-03 31588 1216 %0 6
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TABLE 17 (sheet 50 of 57}

THETA= 7.7551¢400 EV = 1,6175+405 DEG R = 9.0000404 DEG K
GAMMA= 1,8236¢04

PRESSURE= 1,0137+08 (DYNE/CM2) = 1,0005+402 (ATM)

RHYz 4,9888=04 (G/CM3) = 3,1145-02 (LB/FT3)

2BAR= 5.648u+00

UMAX DELTA U
20,00 )
Y CONTINYOUS LOCAL PLANCK LOCAL ROSSELAND
(Cm2/6) (CM2/6) (CM2/6)
Y 13346403 4.9983+403 4,9747+03
«89 22662402 2.0585+03 1.9500403
1,33 8,9891+01 3.9111+03 1.5434403
1,78 5.4045+01 2.4206+403 1.1331+03
2.22 2.6575+01 1.0092+03 9.,6900402
2.67 3,2220+03 3.0445403 2.1692403
3.1 2.4018¢C1 8.0870+03 4.8028¢03
3.56 2.0360¢01 1.3553+404 6.2786+03
4.00 3.5804¢01 1.4867404 6.1062403
444 2.2926+401 1.9163+04 8.5403+03
4,89 3.0937+01 4,.5831404 1.4424+04
5,33 4,6255+0% 4.,2095+04 1.3969+04
5,78 8.0668+01 3.2571+04 1.2357+04
6.22 1.5985+02 2.1219404 1,3231+04
6,67 3.3968¢02 1.5903+04 1.3321404
7.11 7.9853402 1.64321+404 1.2123¢04
7.56 1,3663+03 1.4322+04 1.2655+04
8.0 1,5u30+03 1.3489+04 1.,2683+04%
8. 241796403 1.1077404 1.0939+04
8.89 3,0253+03 9.8411+403 9,8265+03
9.33 G,2uB84¢03 9,7977403 9,7953+03
9.78 5,3866403 7.9988+03 7.9918+03
10,22 5,9336403 9.0555403 8,2738+03
10,67 6.1967+03 1.3809404 8,6846+03
11,11 9,6623403 1.0346404 8.2316+403
11,56 5,1357+03 6.8027+03 6.79954+03
12.00 B,B0u6+03 6.7276403 642277403
12,44 4331403 8.1348+03 6.,1006+403
12,89 4.0578¢403 7.9876+03 5.5318+03
13,33 3.7208+403 1,0149+404 5,4090+403
13,78 3.4817403 1.,0737+04 5,8296+03
14,22 3.2391+03 1,0370+404 6.5734+03
14,67 248911403 2.16144¢04 9,0813+03
15,11 2.4831403 1.6277404 7.6504403
15,56 2.1685+03 1.7679404 5,8548+403
16,00 1.8493+03 5.9913404 6,5264+03
16,44 V.9366+03 5.6393+04 8,2091+03
16,89 1.5797+403 1.0289+05 9.8347+403
17,33 1.,5458+03 1,3791405 1.2u08+04
17,78 13977403 1,0583+05 1.1560406
18,22 1.,2719403 1,0496+05 1.0982404
18,67 1.2188¢03 7.5722404 5.7277403
19,11 1.0912+03 1.9678+04% 27201403
19,56 1.0216+03 9,ul146403 1.9588+03
20,00 9.2674¢02 8,7227403 1.8920+03
PLANCK €ONT.  PLANCK LEAN ROSSELAND CONT, ROSSELAND MEAN
(CM2/6) (CM2/6) (CM2/6) (CM2/6G)
2.4632+402 1.,3565+04 4,0259+01 3.6635+03

$5,9380-05 7,1310-03 29358 3538 2917 621
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TABLE 17 (sheet 51 of 57)
THETAZ 7.7551400 EV = 1,6175+405 DEG R = 9.,0000404 DEG K
GAVMAS 9.1100+03
PRESSUREZ 2,0282+408 (DYNZ/CM2) = 2.0017+02 (ATM)
RHOz 1.062u-03 (6/C43) = 6,6328-02 (LB/FT3)
2BARz  5.3092+00

UMAX DELTA V
20,00 s
v CONTINYOUS LOCAL PLANCK LOCAL ROSSELAND
(CM2/6) (cmz2/6) (CM2/6)
U4 2,2646+03 6.8596+03 6.8436403
«89 3.6760402 3,0896+403 3,0746+03
1,33 1.4764402 5,1700403 2.5505+03
1.78 8.6847+401 2.5592+403 1,6866403
2.22 4,4576401 . 240801403 2,0610403
2.67 4,8842401 5.,9822+403 5,0615403
3,11 4,2018401 1.,2816404 9,6216+03
3.56 3,1995+01 1,7319+04 1,10u5+04
4,00 5,5339401 1.5609404 9.7161+03
4, 44 3.6758+01 2,1626404 1.3511404
4,89 5.,1275+403 4,3787+404 241109404
5,33 9.5993+01 4. 4164400 1.9467+04
5.78 1.6727402 3.3125¢04 1.5374+04
6.22 3,7543+402 2.2387404 1,54607+04
6.67 6.,9480+02 1.8518404 1.6444404
7.11 1.,4552+403 1.6112404 31.4410404
7.56 243290403 1.4361404 1,3701+04
8,00 3,2082+403 1.3616404 1.3199+04
8,44 3,5134+03 101167404 1.1148400
8.89 443773403 1.,0350404 1,0343404
9.33 5.4102+03 9.8517403 9.8497+03
9.78 6.3653+403 8.,3719403 8,3539+03
10.22 6.,8242+403 9,3397+403 8.9305+03
10,67 6.,9993403 1,5370404 8,6897403
11,11 6.4656+403 1+1969+04 8,8110+03
31.56 5,9329+03 76256403 744105403
12,00 5.5793+03 7.5286403 Te1400403
12,44 5,1005403 7.8772403 6, T434+03
12.89 4,0752403 8,5946403 63321403
13,33 4,1949+403 101956404 6,7852+403
13,78 3.8260+403 1,1285404 7.0072+03
14,22 3,4626+03 1,2543404 9,1947+03
14,67 3.0626+03 2.5600404 1,2621404
15,11 2,6169+403 2,2318+04 1.,1976404
15,56 2.4991403 2.8099+404 9,4368+403
16,00 1.9665+03 8.5367404 141962404
16,44 2,0411+403 7.6124404 1.4914404
16.89 1,6817+03 9,5061+04 1.5598404
17,33 1.6333403 1.1157405 1.7814406
17.78 1.4762403 8.3807404 1,5406+04
1a,22 1,3418403 T7.7041404 143383404
18,67 12600403 4.922340% 66403403
19,11 1,1375+03 1,2557+04 3.1754+03
19,56 140577403 5.,5817+03 21343403
20,00 G.5u02402 64459403 2.1666403
PLANCK CONT» PLANCK MEAN ROSSELAND CONT, ROSSELAND MEAN
(CM2/6) (CM2/6) (CM2/6) {CM2/6)
3,7255+02 1.5152404 6.7400+01 6.2201¢03

1,6494=03 6,5288-03 26553 2766 2244 S22
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TABLE 17 (sheet 52 of 57)

THETAS 77551400 EV = 1,6175405 DEG R = 9.,0000404 DEG K
GAMYAS 3,6300+03

PRESSURE= 5,0739+08 (DYNE/CM2) = 5,0075+02 (ATM)
RHO= 2,9022-03 (G/CM3) = 1,8118-01 (LB/FT3)
2BAR= 4.,8778+00
UMAX DELTA V
19,00 44
v CONTINVOUS LOCAL PLANCK LOCAL ROSSELAND
(Cv2/s) (CM2/6) (CM2/6)
) 4,7749+03 1.1773404 1.1754404
.89 7.5839+62 5.3893403 5,4499+03
1,33 2,8913¢+02 7.0976403 5,5144+03
1,78 1,6166402 3.5399+03 3,3300+403
2.22 8.9720+04 5.0335403 4,9941+03
2,67 8,1057+01 1.3679+404 1,2519+04
3,11 8.4078+401 2447564404 2.1548+04
3,56 5.8614+01 2.6406404 2,0624+04
4,00 8.7670+01 1.8887404 1.6315+04
bbb T.4721408 2.8518+04 2,2176¢04
4,89 1.,0010+02 4.3339+404% 3,0314404
5,33 242369402 42756404 246713404
5,78 4,7267+402 3,2030404 1.,9811404
6.22 9.,4359+02 244983404 2.0494+04
6,67 1.5231+03 2,1418404 1,9800404
7.11 247535403 1.7663404 1,6606+04
7.56 3,9763+03 1.4425404 1.,4309+04
8.00 5.1873+03 1.4256404 1.4109404
8,44 5,5459+403 1.2047404 1.2030+04
8.89 6.3074¢03 1.1606+04 1.18064400
9.33 6,9458+403 1,1881+40% 1.,1803404
9,78 745231403 9.6992+03 9.,6987+403
10,22 T.6141+03 9.9446¢03 9,7663+03
10,67 7.8212+403 1.6255+04 9.7197+403
11.11 7.3336493 1.3803+04 1.0063+04
11,56 6,8046+03 9.4538+03 8.8904403
12.00 6.3876403 94459403 8,4335403
12,44 5.8205+03 9,0349+03 7.8969+403
12,89 502970403 9.9312+03 7.3475+03
13,33 4,6694+403 13716404 8,8996+03
13,78 4,1863+0) 1.4590404 1.0694+04
14,22 3.7447+403 1.,9561+404 1,6240+04
14,67 3,3006+03 %,0882+00 2.4418404
15,11 246535403 4,1952+04% 2.8952+04
15,55 2+5678+403 5,2001404 2,4375+04
16,00 242150403 1.0761405 2.9501 404
16,44 242348405 8,9236404 3,1188+404
16,89 1.8966402 77130404 2,6989+04
317.33 148120403 7.2566404 2,6402+404
17,78 16477403 $,20051+04 201153404
18,22 1,5004403 Gol412404 15494404
18,67 $.3791+03 2,4636404 7.7360+403
PLANCK CONTe  PLANCK UEAN ROSSELAND CONT, ROSSELAND MEAN
(CM2/6) (CM2/6) (CM2/6) (CM2/6)
6.1139¢02 1,9058+0% 1.2689+02 1.1377404

2.7556-03 5,2586-03 24380 2349 1963 386
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THETA=
GAMMA=
PRESSV
RHO=
Z2BAR=

UMAX
18.00

11,18
11,56
12,00
12,44
12,89
13,3
13,78
14,22
14,67
15,11
15,56
16,00
16,44
16,89
17,33
17,78

7.7551400 Ev = 1.6175+05 DEG R = 9.,0000404% DEG K
105090003
RE= 1,0137409 (DYNE/CM2) = 1.,0006403 (ATM)
6.2372-03 (6G/CM3) = 3,8939-01 (LB/FT3)
“355“3000
DELTA V
11
CONTINJYOUS LOCAL PLANCK LOCAL ROSSELAND
(CM2/6) (CM2/6) (CM2/6)
8.3894+403 1,790540% 1.7882+404
1e2443+403 7.8243403 7.7876403
4,7538+02 8.5097+03 7.9019+403
2,5397+02 47141403 4.6911403
1.5440¢02 8.6377403 8.5839+03
1.1921402 2,2126404 2.0770404
1,3475402 3.7305404 3,4175406
9.,2979+01 3,6102¢04 3,0551404
1.1p83402 2.3300404 2.2480+404
1,2256+02 3.5093404 2.9111+04
1.6529402 4,3887404 3.6203+04
3,7645402 3,8779404 3,0067404
8.1317+02 2.7905+04 2.1417+04
1.,5921403 2.4572+04 201295¢04
2.4080+03 2.1854404 2.0369¢04
3.9937+403 17792404 1.,7152¢04
5,3633403 1.3819+04 1,3800404
6.,7037+03 1.4140404 1.3918¢04
7.0664+403 1.2863404 1.,2858+¢04
7.6815+03 1,22315+04 1,2215+0%
8,0250403 1,3915+04 1,4303+04
843211403 1,0741404 1,0594+04
8.,4996403 1.0225404 1.0123400
803744403 1.5508404 1.0334+04
7.9289+03 14570404 101286404
7.3823403 1.0987404 9,8210403
6,8775403 1,1124404 9,3455403
6.2276403 1,0178404 8,8683+40)
5.,6572403 1.069740% 8.1344+03
4.9230403 1.4089+04 1,0312¢+08¢
4,3782+03 1.8191404 1,3998+04
3.8913+03 247855404 2.4781404
3,4252+03 5,9554+04 #e1527404
209900403 6.,4836404 5,3102404
2,7332403 7.5050404 4,6088+04
203767403 1,1073+405 4,9320+04
2,3455403 BuT41404 4,4393404
2,0375+03 5.9620+04 3.220040%
1.9252+403 45709404 2,5132404
1.7608+03 2.3016+04 13673404
PLANCK CONTo PLANCK MEAN ROSSELAND CONT, ROSSELAND MEAN
(CM2/6) (CM2/6) (EM2/6) (CM2/6)
8,5092402 242041+04 1.9924402 1.5222¢04
4,0100-03 S,1945-03 17333 1564 1267 297

TABLE 17 (sheet 53 of 57)

EXIT CALLED FROM 024251
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THETAZ 9.4785+00 EV = 1,9770+05 DEG R = 1,1000405 DEG X

GAMMA= 2,9000+04

PRESSURE= 1,0180406 (DYNE/CM2) = 1.0047+402 (ATW)

TABLE 17 (sheet 54 of 57)

RHO= 3.,2431«04 (6/CM3) = 2.

2BAR=  7.3827400

UMAX DELTA V
20,00 30
v CONTINUOUS LOCAL PLANCK LOCAL ROSSELAND
(Cm2/6) {Cw2/6) (CM2/6)
36 1.,0521403 1,5975+04 1.5077+04
) 2.5232+02 249257403 208211403
1,09 9,4788+01 3.1863403 1.,5432+03
1,45 5,0490+01 6.1775+403 2.5933+403
1.82 2,4794+0% 8.5713+02 Go4194402
2.18 2.3868+04 1.3681403 3,8764402
2.55 1.7054+0!} 3,3678+03 9.,1644+02
2.91 1.6421+01 5.,5056+03 1.2034+03
3,27 1,0372401 643592403 1.8901+03
3,64 1,3491+01 1,1233+04 3.1375+03
4,00 1,6810+01 343754404 5.5794+03
4,36 149528+01 341979404 6,01681+403
4,73 1,5267+01 2.4109+04 65401403
5,09 2.3132+01 2.0116404 6.9027+03
5,45 2.6771+01 1.1898+04 4,8766+403
5,82 4,1709+01 7.1629403 4,4867+03
6,18 5.8060+01 1.0507+04 6.9028+403
6.55 7.6161401 1.3154+04 8.,6239+03
6,91 1.0324402 1,5308+0% 1.0401+00
7.27 2.7067¢02 9,7403+03 9,5941+403
7.6% 5,6685+02 1,2378+404 1.1625404
8,00 T7.7550¢02 1.0216+04 1,0158¢04
8.36 9.1620+02 11016404 1.0003+04
8,73 9,4532402 1.0078+04 85293403
9,09 B, 4459402 603309403 6.2596+403
P48 7.4392¢02 5,7370403 $.6228+03
9,82 6.77868402 1.0305+04 5.,4266403
10,18 6,4774+402 9.5152+03 4,6053+03
10.55 7.7061¢02 1.1167404 448299403
10,91 1,1336403 1,201640% 444492403
11,27 1.3942+03 1,5944+04 4,5847+03
11,64 1,06500403 1.1968+404 4,5443+03
12,00 1.7885+03 241767404 5.5936403
12.36 1.7814+03 3.2961404 5.8430403
12,73 1,73161+03 1,949u+04 45435403
13,09 1.5699403 141713408 3.3707+03
13,45 144673403 207670404 3,7463+403
13,82 143355403 9.,0158+04 62389403
14,18 1.2524403 143396405 1,0560+04
14,55 1,1410+03 9,6544+04 1,1254+04
14,91 1,0506+03 8.5711404 1,0211+04
15,27 9.9375+02 6.6828+04 5.,4798+403
15,6% r,6604¢02 2,4846+04 2.8579+03
16,00 77235402 1,80647¢04 2.5040403
16,36 7,0099+02 1,0560+04 242130403
16,73 9.1239+02 %42330403 144336403
17.09 7.9417402 201310403 1,0072403
17,45 8,0815+02 4,4967+03 1,0431+403
17.82 841574402 1.5878+403 8.9933¢02
18.18 7.2658+02 4.2562+03 9.4960+02
18,55 7.1353¢02 4,9856403 9.3476¢02
18,91 6.6497¢02 2.7470403 8.,2705¢+02
19, 27 603817402 1:6986403 8.1266402 _
19,64 6.0899¢02 1.7880+03 T7.6937+02
PLANCK CONTe  PLANCK MEAN ROSSELAND CONT. ROSSELAND MEAN
(CM2/6) (CM2/6) (CM2/6) (Cm2/6)
8.2015¢018 1,1107¢04 2.4141401 1,8717¢03
8.3134<05 1,0382-02 37248 4234 32¢6 968
w
X,
o
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TABLE 17 (sheet 55 of 57)
THETAZ 9.4785+00 EV = 1,9770405 DEG R = 1.3000405 DEG K
GAMMAS 1.4570+04%
PRESSURE=  2,0237+08 (DYNE/CM2) = 1,9972402 (ATM)
RHOz 6.8915-04 (0/CM3) = 4.3024=02 (LB/FTI)
2BARz 649351400

UMAX DELTA V
20,00 «30
v CONTINYOUS LOCAL PLANCK LOCAL ROSSELAND
(CM2/6) (CM2/6) (EM2/6G)
.36 209008403 1,7478404 1.67689400
.73 43046402 3.,4621403 3,4642403
1.09 1.5486+02 4.2273403 2.2834403
1,45 81843401 6.5391403 2.3589+03
1.82 4,0110401 8.2673+402 841536402
2.18 3.8513+01 142742403 6.0552+02
2.55 2.5821+01 3,5874+03 1.,7367+03
2,91 2.6897+01 6.2236403 2,5284+03
327 245756401 7.4832403 3,4409403
%64 1,9925¢01 101936404 5,1915403
4,00 2,7296+01 3.3122404 9.2179+03
4,36 2.0322+01 3,1194404 1,0444+404
4,73 2,1775¢01 2,6576+04 1.1163+04
5,09 3.3933+01 2.2360+04 1,1409+04
5,45 5,5849+01 1,3011404% 8.0666403
5,82 1.1227+402 8,8520403 6.,9334+403
6.18 1.7949+02 142308404 9,0801+403
6,55 244077402 1414064006 1,0559¢04
6,91 3.1292+02 1.5031404 1,1405¢04
7.27 6.7345+02 1.,0249+04 1.,0391+404
7.64 1.3005+03 1.,2920404 1,2804¢04
8.00 1,7612+03 1.0050404 1.0016404
8,36 2.0660+03 1.0150404 9.7006403
8,73 21342403 1.,0928+04 9417064403
9,09 1.9153403 7.0714403 6.,9377+03
9.45 1.06999+03 5,9827+03 5.,9722+03
9.62 1.5579+03 8.8236403 S,7315+403
10.18 1,4049+03 1,0100404 5,4194+03
10,55 1.,4817403 9.6165+403 S,2414403
10.91 1.,7293+03 9.,0131403 4,9956+03
11,27 1.,9189+403 1,2097+404 5,3950403
11,64 2.2691403 9.3888+03 5,2596403
12,00 241233403 1,6629+04 6,4571+03
12,36 2,0181403 1.9051404 6.2060403
12,73 1.,8813+403 1.,2597+404 4.7130+03
13,09 1.6689+03 1.1189+04 4,0415403
13,45 1.6076403 21820404 5.1788+03
13,82 1.4129403 7.0653¢04 8,9528+03
14,38 1.,3403+03 1,0972+05 1.5537+04
14,55 1.2202403 8.8351+404 1.,7525+04
14,91 1.1260403 9,1850404 1.7694+04
15,27 1.,0878+03 7.6195+04 91413403
15,64 9.4785+402 2.7865+404 4,0684+03
16,00 8.6478+02 2,0591404 3,4140403
16,36 7.0886+02 142649404 2.9225+03
16,73 9,6975+02 4,0905403 1.,6887+03
17.09 8,0107+02 2.7961403 1,2025+02
17,45 8,6174+02 3,6000403 1.1676+03
17.82 8,3216402 1,2597403 9,6750402
18,18 7.5070+02 4,4834403 1.1633+03
18,55 7.2038¢02 5.,2908403 1+1010403
18,91 709882402 2.393140) 97690402
19,27 6.0677+02 2,2076403 1,0185+03
19,64 6,5583+02 1,8650403 9.6793+02
PLANCK CONTs  PLANCK MEAN ROSSELAND CONT, ROSSELAND MEAN
(CM2/6) (CM2/6) (CM2/6) (Cuase)
1.6739+02 1.,1602404 3.,8011401 3,0713403

7.7672=05 §,8421~03 37243 3920 3074 o9
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TABLE 17 (sheet 56 of 57)

THETA= 9.4785400 ¢V = 1,9770405 DEG R = 1.1000405 DEG K
GAMMAZ 5,8150403

PRESSUREZ  5,0719408 (DYNZ/CM2) = 5,0056+02 (ATM)
RMOz  1,9302-03 (6/C¥3) = 1,2050-01 (LB/FT3)

2BARZ  6,1862400

UMAX DELTA ¥
19.00 P14
v CONTINUOUS LOCAL PLANCK LOCAL ROSSELAND
(Cn2/6) (cM2/6) (Em2/6)
.36 5,8574403 1.8628+404 1.8208+04
.73 8.5539+402 0.3420403 43226403
1.09 3.0032402 5,5615403 4.33631403
1,45 1.5673+02 5.5334403 4,4988403
1.82 77624408 1,0544+403 1.0478+03
2.18 743390401 2:0536403 17292403
2,55 4,9562+01 5.4708+403 4.1268403
2.91 44421408 8.9088403 6,0579+03
3.27 5.2948+401 1,009u+04 607221403
J.64 3,0660401 1.5333404 9.6900+403
%.00 4.6120+08 3,6963+0H 17162404
“,36 4,5549401 3,6232+04 1.,9377+404
“w,73 5.9029+01 3,087u404 1,7767+04
5.09 9.9344+02 2.3263404 1.6836404
5,45 241466402 1,5304+04 1.,3217+04
5.82 4,5800+02 1,2565+04 1.1551+04
6.19 7.3357402 1,4748404 1.3145+00
6,55 9.0841402 Jeu726404 1.3472:-04
6.9 1.1585+03 1.353u+04 1,2758+04
7.27 1,8438+03 1,0736404 1,0707+04
T.64 2,9704+03 1.2050+404 1.2007+04
8,00 3,8206403 8.9984+03 8.9830403
8.36 4,3757+03 8.9533403 8.6955403
8.73 4,4931+03 13577404 3199403
9.69 4,0705+03 9,3860403 746959403
9.45 3.6624403 6.4235403 6,4172403
9,82 3.3912+03 6,5121403 %,9891+03
10.18 3,1096403 9,4382~03 6.,6283+03
10.55 2,9495403 8,1C74+403 6.0967+03
10,91 209132403 8,4663+03 602112403
11,27 208976403 9,8407+03 6.2260+03
15,64 2.9388+03 8.,9831+403 7.1041¢03
12.00 246742403 1.5791+04 87446403
12,36 2.3321’03 1.3150+04 T7.6865+03
12,73 241220403 1,0933404 6.1656+03
13,09 1,6196+03 2.1286404 7.1338403
13,45 1.8365+03 2.810%404 1.0601+04
13.82 1.5345403 602938404 16386404
14,18 14796403 9.,7360404 2.5694¢04
34,55 143464403 8,7966404 2.8351+04
14,91 1.2313¢03 9.9501+404 3.2019¢04
18,27 141936403 7.4540404 1.5594406
15,64 1.0495+03 2,4064404 5,8960403
‘5000 Q, 7455402 1.6294¢04 4,3329+0)
16,36 8.6855¢02 1.1278+04 3.6224+03
16,73 9.,6695+02 3:6536+403 1.9800+03
17.09 8,7747¢02 4,3160440) 1.6623403
17,45 8,6905¢02 247872403 14645403
17.82 8.0816+02 141517403 11294403
38.18 7.,9528¢02 8,223240) 1.5260¢03
19.5% 6.8374¢02 4,3138+0) 14615403
18,98 8.0985¢02 1.9437403 1:,1968+03
PLANCK CONTo PLANCK MEAN ROSSELAND cONT, ROSSELAND wEAN
(CM2/0) (CM2/0° (CM2/6) (Cm2/6)
3.9260402 1,3552404 T7:9593401 8,6326+403

$5.,5018=06 6,6200-03 34408 3148 2538 607
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TABLE 17 (sheet 57 of 57)

THETAS 9.4785400 £V 5 1.9770445 DEG R = 1,1000405 DEG K
GAMMAS 2,9060403

PRESSURE= 1,0138409 (DYNE/CM2) =
RHOz 4,2071-03 (6/CM3) =

2BARz  5,6793400
UMAX DELTA UV

1.0006403 (ATM)
246265-03 (LB/FT3)

18,00 036
v CINTINVYOUS LOCAL PLANCK LOCAL ROSSELAND
(CM2/6) (CM2/6) (CM2/6)
.36 9.6954+403 2,1485+04 2.1013404
W73 1.4139+03 5,5946403 5,5773403
1.09 4,9313+02 609029403 5.8347403
1,65 2.5319+02 4,6111403 3.8082+03
1.82 1.2816402 1,7360403 1.7297+63
2.18 1.1590+402 3,8473403 3,6612+403
2,55 8.3369401 8.,4802+03 7.2889+03
2.91 6.,6684401 1.1788+404 9.6726+03
3,27 87390401 1,2075+404 9,9789+03
3.6¢ 5,9751+01 1,9032404 1,4700406
4,00 7.0542+08 §.0693404 2.5182+04
4,36 8,7645+01 4,1255+04 2.6860404
4,73 143204402 3.3364404 2,3149+04
5,09 243122402 2.4598404 2,0495+04
5,45 4,6702+402 1.,8778404 1.7u51¢404
5,82 9.9280+02 1.5642404 1,5220+04
6.18 1.5477403 16186404 1,5640+04
6.55 2.0071+03 1.5667404 1,4916404
6,91 243143403 1.3076¢04 1.3u24400
7.27 3.1515+03 141366404 1,1356+04
7.6% 4,4321403 1.1678+04 1.1669+04
8,00 5,4025+03 9.1875+03 9.1855+03
8.36 6,0367+03 9.5608+03 9,2103+03
8.73 6104840 1,6437+04 1,0008404
9.09 5,6171+03 1.1886404 8,8905+03
9.45 5.1102403 T7.4658+03 744656403
9,82 4,7642+403 7.5157+03 741817403
10,18 4,3591+03 9.0650403 77734403
. 4,0420003 8,5134+03 7.0160403
10.91 3.7784403 1,0251+04 7416575403
11,27 3,5833+03 1.0392+404 7.9221403
11,64 3,4363+03 1.,0812+04 9.2887+403
12.00 3,069940) 1.8726404 1.2608+06
12,36 2,0478403 146625404 1,2330+04
12,73 2,3363+403 1.5750404 1,0636404
13,09 1,9988+03 3.,6435404 1,4350+404
13,45 240545403 4,2709+04 2.1094404
13,02 16977403 605674404 247372404
1,18 1,6454403 9.1709404 3,6966¢04
14,55 1,4900+403 8.2704404 37817404
14,91 1.3965+03 9.0339404 4.1093+04
15,27 102950403 6,0627404 1,9757+04
15.6% 1.3526+03 1,7778404 7.0645403
16,00 1.0703¢03 1.0619404 4,3794+03
16,36 9.6999+02 8,5250+03 309283403
16,73 P.0844+02 3,6274+03 243976403
17,09 140093403 $.5025+03 2.3534403
17,45 9.0895+02 245151403 1,7914403
17.02 8,8302+02 103621403 13110403
PLANCK CONTe  PLANCK MEAN ROSSELAND CONT, ROSSELAND MEAN
(CM2/8) (CM2/8) (CM2/6) (CM2/8)
6,0158902 3,9658404 13648402 8.2856403
9,1506=04 §,9332-03 35478 3314 2832 sg2

EX3IT CALLED FROM 024251
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We have also considered the sensitivity of the opacity to uncertainties
in the cluster width. For the case T = 50, 000°K and P = 100 atm, we
increased the width of all clusters by the factor 1.5. The efiect of this
change is to increase the overall Rosseland mean opacity by only 13 percent.
At isolated frequencies, however, the local Rosseland opacity may be

increased by about a factor of three.

6.2, COMPARISON WITH EXPERIMENT

In Figs. 5 and 6 we compare theoretical and experimental values of

24)

opacity. The experimental values are inferred from Meggers meas-

urements of the intensity of the line emission from an arc containing one

(25)

atom of uranium per one thousand atoms of copper. The theoretical
values are computed for T = 5400°K and P = 3.58 X 10-4 atm.

There are a great many uncertainties in both theory and experiment
that could account for quantitative differences between calculated and meas-
ured results, We have mentioned some of the theoretical uncertainties in
Sec. 1. The results derived fron: experimental data are based on intensities
of observed lines, which number far fewer than the lines actually emitted.

In this respect, theoretical values of »cp(u) satisfy expectations in exceeding
the values inferred from experimental data. Theory and experiment agree
qualitatively in showing two distinct peaks. We expect that the experimental
results give an accurate measure of the positions of the peaks on the fre-
quency scale. Thus, the theory should be modified to reproduce this feature
of the experimental result.

We computed the curve in Fig. % using the eigenvalues and quantum
defects as described in Sec. 2.4. In order of increasing frequency, the
two peaks in Fig. 5 come from the transitions 73* - 7p3/2. and 73% - 7p3/2.

2

respectively, in the ground configuration 5{"7s” in UIl, which constitutes

61.9 percent of the ions in the Ul-UIl plasma. That the peaks are sc sharp

owes to the narrow cluster width that results from the very high degree of
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Fig. 5. Theoretical (solid curve) and experimental (=) line

opacity; c(?s*) = 1.07 Ry
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opacity; €(7s;) = 0.98 Ry
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the spherical symmetry in the interaction between the 7s and 5f electrons

in UIl. By contrast, the same transitions frcm the ground configuration
5f36d7s2 in UI give clusters that are broad by virtue of the large degree of
nonspherical symmetry in the interaction between the 7s and 6d electrons.
To obtain the curve in Fig. 6, we adjusted the eigenvalue of the 7s) electron
and, correspondingly, the oscillator strengths for transitions out :f the

7s, state, so that the positions of the calculated peaks agree with the meas-

2
ured positions.

6.3. THE EFFECT OF THE BOLTZMANN FACTOR

In calculating the absorption by a transition array, the mean transition
energy and dispersion should be determined using a proper Boltzmann weight-
ing of the levels from which the transitions proceed. Instead, we have
calculated strength-weighted frequency moments that are independent of
temperature and reduce to properly weighted moments only at infinite tem-
perature. Moreover, we have assumed that the total strength of an array
is determined only by the population of the subconfiguration from which the
transition proceeds. These assumptions should be good approximations
only when = kBT exceeds the mean energy spread of levels in the initial
subconfiguration. In practice, it is difficult to develop a generally correct
but simple method for calculating moments that properly in~lude the
Boltzmann weighting factors. We can, however, get some indication of the
magnitude of the considered effect by examining a particular transition
array. For this purpose, we choose to study the 3d3 - 3d24p transition
array in titanium-II. We make this choice because of the almost complete
energy-level data for the 3d3 and 3d24p configurations. Calculations at an
infinite temperature Ti and a finite temperature Tf equal to one-third the

total splitting of the d3 configuration yield
(€)., =0.2276 Ry
Ty

(e)Tf = 0.2745 Ry
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for the mean transition energy and

2 2 2
(e >T. - <G>T. = 0.0081 Ry
i i
(ez) -(e)z = 0.00416 Ry2
Tf Tf

for the mean square deviation of transition energy. The detailed line spectra
for the two temperatures are shown in Figs. 7(a) and 7(b).

For the 3d3 - 3d24p array in titanium-II the effect of finite temperature
is to increase the mean transition energy and to reduce the spread about the
mean. We expect the increase in mean transition energy with decreasing
temperature to be a general feature of complex transition arrays. To have
confidence in any such conclusion, however, would require a more com-=

prehensive study of line absorption in complex atoms.
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APPENDIX A

; CALCULATION OF THERMODYNAMIC FUNCTIONS
1 AND COMPOSITION
£
DEFINITIONS
;
; k = net ionic charge(= 0 for Ul, = 1 for UII, etc.)

Py = fractional population of kth ionic species

I = free electron degeneracy factor

3
i} 2(2mm®)? (A-1)

* (N,/A) 0Zh
;« p = density
{ — .. _ =
: Z = mean ionic charge = %kpk = ne/N
ﬁ ® = kBT
g I. = ionization potential of a free ion with net charge k
§ Ii{ = jonization potential of ion k in plasma

PARTITION FUNCTIONS AND POPULATIONS

We make initial population estimates pg for specified ® and T" using
the ionization potentials Ik and setting the electronic partition functions

equal to the degenerac (1) of the ground subconfiguration:
q g Y 8y g g

k
pi = zaigk(i) exp[kzn r - Z (In-1/®)] ’

n=1

where

k
z, = ng(n exp[k/zn r - Z (In_1/®)] .
k

PRECEDING: PAGT BLANK NOT FiLMED. 147
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Table 18 gives the values of the unlowered ionization potentials Ik used in
)

our calculations. These values were suggested by Patch. (26 (The value

(13)

for Ul is Mann's result; the other values were results of RHFS cal-

culations reported by Waber to Patch in a private communication. j

TABLE 18
IONIZATION POTENTIALS

z! I(eV)
1 6. 11
2 11. 46
3 17. 94
4 31. 14
5 46.03
6 61. 82
7 87.93
8 101.1

. 9 115.0

10 128.9

11 157.9

12 178.5

0 . . . . . .
The Py provide the starting point for an iteration procedure that gives
the composition and thermodynamic functions in the presence of plasma
effects and internal states of ionic excitation. As the mathematical basis

for iteration we take the Saha equation in the form

Uk exp(k*en r - ¢k)

"k
PN ° Z ’ (A-2)
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where
Z = z U, exp(kfnT - ¢) (A-3)
k
k
= ! -
cbk E Ij-1/® , (A-4)
j=1
and Uk is the electronic partition function for the kt“ ion. We introduce
s=T+2° (A-5)

and calculate the pressure-lowered ionization potential from

1j' = Ij - (j/Z)3e , (A-6)

where

o

~
nl
"

H(s) §2 s

H(so) s<s

0
0
2
1 eZ 3 :
H(s) =2—s'[(3s-5@ + 1) -1 (A-7)

and 50 is a parameter at our disposal. In the calculation we have taken
5y ~ 2. The introduction of o is the ad hoc device by means of which we
avoid the difficulties that we may encounter when z is small (see Sec. 3.1).

The partition function U, follows from the equations of Sec. 3.2. The

k
summation in the equations for U0 include only those subconfigurations in
which the unperturbed binding energy of every electron is g-eater than the

lowering produced by pressure effects:

e (NP> 52 (a-8)

Similarly, we limit the sum in Eq. (74) for U;x by the condition

k+1J0®
l(k(i)|< T-ﬁ; . (A-9)
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We express Uf a

75"!:*1

5
= +EgU (A-10)

i=1

where U is the contribution from states with ¢ > 4; Uk' i=1, ... 51is the

contribution from s,, p;, py, d, and f states, respectively; and the g; are
2 2 2

the corresponding degeneracies (g1 = 2, g, = 2, g3 = 4, 8y = 10, gg = 14).

Explicitly,
H K 2 2
Uk = (2m~ - 32) exp(n0 k m ) (A-11)
m=5
. -ﬁk(i)
U, - z exp{ng /lm - u (0%} , (A-12)
; mm, k( )

where the uk(i) are asymptotic quantum defects for the kth ion. Here

| 2 s 2Ry
; Dy g " (k + 1) 5 (A-13)
{
n, = nt[fk—iﬂ "z-&z-' , (A-14)
k = ®
J 4
n (i) =n + He ) (A-15)
and int[...] means the integer part of [...]. The lower iimit n k(i) is

the smallest principal quantum numbe: that an E-electron may have in the
angular momentum state i in ion k. Table 19 lists the values of B in (i) =
m (z' I) used in our calculatious. One-electron states with principal

quantum number n greatei then n, or nk(x) in the k th ion are pressure-
H
ionized. Ifnk (nk(l)) is les’, than5 (nmin. k(1)), (U ) varishes.
The sum in Eq. (A-11) may involve an inconveniently large number

of terms. In that cace, we approximate the _um over terms withm >> {
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TABLEFE 19
CONTROL QUANTUM NUMPBERS USED IN PROGRAM

1 I
S RSV RZVF1 RSV B SRR BN | O VP R VP ps/zi A I
n . (2',1) n! (2. 1)
1 s [ 77 [7 [ 17 177 Je |5 |s
2 2
3 3
a | 7 4
5 5 6
6 6 6 6
7 7
8 8
9 9
10 10
1 11
12 { { 121 1 \ { {
n_(2.1) nple’ D)
17 66 |6 |5 s 1]e] 6] 6 |5 4] o
2 2
3 3
4 4 !
5 | 6 5 5
6 6 5
7 7
8 8
9 9
10 10
11 11
12 ' 12
n_ (z',)
142 8 | 8 | 8 [8 |8 | 8
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by an integral. More specifically, the terms with m £ 10 are calculated
term by term, whereas for the remaining part of the sum we make the

approximation

"k T
Z (Zm2 - 32) exp(n2 /mz) z[ k (sz - 32) exp(ng k/xz) dx (A-16)

0,k
hona/P! 21/ 2
~ Q(‘ ) Q Ei A 1a
~ nkp no'k - 2’n0'k . ( = ‘)
The result
_2 .3 2
Q(x,y) =% x~ +2x(y - 16) (A-18)

follows on expanding the exponent in Eq. (A-16) and retaining the leading
terms. It is not very difficult to verify that the approximations (A-16) and
(A-17) are poor ones only when the terms with m > 10 make a relatively

small contribution to U;i, in which case the approximation also makes a

relatively small contribution.

(i)

We apply similar considerations to the calculation of Uk . In this

case

Ek(i)
exp{n? /[m- u ()%} *H(E. 0. ) - HIZ C 4 G) n (A-19)
Pifg Py =5 N K 2z ~ MU P, k|

m=11

where

H(x,y) =x - yzlx . (A-20)

We can now calculate the full electronic partition function Uk' The
fractional populations follow from Eqs. (A-2) and (A-3), and the thermo-

dynamic functions follow without further difficulty.
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INTERNAL ENERGY

The specific internal energy E follows from

E :Jﬁ_laaF , (A-21)
B
where
=0

and F is given by Eq. (41) with N, = pkNO/A' where N = NO/A = Avogadro's
number/atomic number = number of nuclei per unit mass of material. We

express E in the form

where Ekin is the kinetic energy of free translation, Eion is the ionization

energy in the absence of plasma effects, Eex is the electronic excitation

energy, and Ep is the plasma energy:

No
Ein® %T (1 +2)e (A-22)
N, k
Eion ™ szk le-i (A-23)
k=t
N"l
Eex 2 ZpkEex. k (A-24)
N, _
Ep = - %-—A—(i +z2¥)J0® . (A-25)

The quantity Eex K is the electronic excitation energy of the kth ion measured

from a zero energy corresponding to the ground state of the ion:

1 8Uk -1
Bex, k™ Y% 38 =" U Yx.p ° (A-26)
153
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. Dty a . . . . o —— e 2 e . ,.‘HVMMA..‘.‘.,..._M..:__....-_..“v‘,,‘ e
DENSITY
3
2 - t
o = 0.010125 ®‘31Y’ A/Z  gmem > (A-27) |
‘ PRESSURE
; ) ‘
f P=-F =-(2E) (A-28) |

where v = 1/p is the specific volume. Neglecting the volume dependence
of the eiectronic partition function, but including the plasma effect, we

can write

P = P+ Pp , (A-29)
where
: N,
' - — +7Z -
; Prin = a p(1 +2)0 (A-30)
& and
P =1pE . (A-31) ‘
p 3P p
| ;
ENTHALPY |
W=E +§ . (A-32) :
{
|
HELMHOLTZ FREE ENERGY |
g

We separate the plasma contribution to F and write

F=F,+F . (A-33)

where

N
F o=—> ®|11.56882 + 2 1n A +Z(1 + InT) + 1n(Z T)

0 A
P 1 &4 ’
- E Py (ln T +6 E Ij . (A-34) T
X k A

i=0
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From Eq. (59),
NO
- 1Y -
Fp- A ®G(x) , (A-35)
where
2
G(x) =x + 1x” - 1 1n[1 s (”"); (1tx) ]+—f_— [ta_n'1 )+ 1 %] (A-36)
N3 N3
and
1
2 \3
e
x=(1+3sD®)-1. (A-37)
For s < s_ we set
0 1
2 3
e
= —— - < R -
X (1+3s0 D®) 1 s< s, (A-38)
ENTROPY
S=(E-F)e® . (A-39)

SPECIFIC HEAT AT CONSTANT VOLUME

oE
Cv - EG - (8@)
v

(A-40)
SPECIFIC HEAT AT CONSTANT PRESSURE
W
c - (-—)
P 0® P
ov v
=C +E (——) + P('—') . (A-41)
v v\0® p 2@ P
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TEMPERATURE AND VOLUME DERIVATIVES OF THERMODYNAMIC
QUANTITIES

To determine Cp and Cv we must calculate temperature and volume

= derivatives of p., C » and E . For temperature derivatives, we have '
. k' Tex, k P !
f 2 |
] U U |

_ 2] kB B k, B 3
g Fex, k0 P U, ( U, ' (A-42) |

: If we neglect the temperature dependence associated with the cutoff of the
sum over states, the calculation of Uk B and Uk B, B is straightforward and

requires no further discussion. The temperature derivative of the plasma

energy at constant volume is

, e % '
: = -5 + . - |
: Ep, 0 AN @[s(fse + ge) + Fse] ® (A-43) |
¥ Setting ,
; F=J/Z , (A-44) 5
i :
g we have
-1 2
! F  3(x+1) e
L3 : - T— — >
t=-5*27 % Do 828
(A-45)
-1 2
X + 3 {x +1) s s<s
T s 2 s D® (N

0 0
and 8g is given by Eq. (A-54)below. To obtain CV we require Ev and

(8v/8®)P. Neglecting the volume dependence of the electronic partition

| function
’ N
370 -
- , A-4
kin,v 2 A zv® ( 6)
N0 k-1
= — , A-47
Eion. v A Zpk. v( Ij) ( ) '
k j=0 -
R
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Eex. v N _A— Zpk, vEex, k (A-48)
k
N
E =‘_1_9 ®[Fs +s(fs +g )] (A-49)
PV 2 A v v gV !
2
1 e -1

gv—-zpD®(1 + x) ; (A-50)

dv 0 . 0
A _Yes -1 Y i3 +03 1 ) .
<8®)P (P A 0%, 73 Ep,v) AL U Ep, (A-51)

The population derivatives follow from differentiation of the Saha equation

(A-2); we find
= 1 XYz 4R - R
F,e ~ Pk z) %6 7 "ke Zpk ke

" %(fse + ge)(kz fk-7F - EZ)] , (A-52)

where

o
"

3 2 k-1

= 2: -53

6 2kﬁ+ﬁ( Ij+Eex’k) (A-53)
j=0

3 e2 1
- e - . A-54
8o 26D (L T¥ (A-54)

We now derive a pair of equations for 'Ze and 5o Multiplying Eq. (A-52)

first by k and summing over k, and then by k(k + 1) and performing the

sum gives

~|

10%0 T %20% ~ 30
(A-55)

16 0 20 6 30
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where ‘

|

= - 41+Z - 2%, \

a19 Z - Z (A-56) |

250 = lf( + 22 -3 20 - ’z'z) , (A-57) |

= 1 3 2
R Rk D MU G

— 2 [3 T2\
bie—z+z -(z + )/z ,
= 3 '
b26=-1-;f(z-z -22),

¢ [— — —
) o(2,,3,2
b3g ( )[ PeRie T zge( * z) Zpkk‘k“mke z(z t2z )]

n.,
and z  is calculated from

“n n
=Zpkk

Finally, we get _z'e, s from Eq. (A-55) and Py o from Eq. (A-52).

0
Similarly,
p =p E-p'z’+kp-k'.v:/i+l(sf+g)k2+k-—z_2-i) ,
k, v k| v v Yy v
(A-59)
2 -1

= A-
g, = ot (A-60)
Zz = , A-61
a1vzv * a'2vsv a3v ( )

— = A-
biv v + vasv b3v ’ (A-62)

158

Dr >, .l R -y
¢ sore e e =i | ! " I




| Tl T e diee

iv

2v

3v

1v

2v

3v

159

(A-63)

(A-64)

) - p( z2 -72) ) (A-65)
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APPENDIX B
CALCULATION OF BOUND-BOUND, BOUND-FREE,
AND FREE-FREE TRANSITIONS

We obtain 0,2, from either the STF tables, the Bates-Damgaard
tables, (27) the Burgess-Seaton tables,(zg) or by mears ot Kramers' theory.
Which of these applies for bound-bound transitiuns depend= on £ and {' and
the values of the effective principal quantum r..:abers n* and n*' of the
jumping electron in the initial and final state respectively. The tab.es
are entered according to the following scheme ior absorptions by an s, p.
or d electron and for nf -~ n'd transitions.

isn¥> f + % >

N is the nJ - STF

v electron an >
- E-electron
' is n¥'> 2" + 1 >
+ +
+ N
is n¥' - n¥> 4,5 7 Burgess-Seaton _
Bates-Damgaard
' :&;:
PREG 161 -
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Here we have made use of the observation that cr:'j for bound-bound transitions
can be accurately obtained from the Burgess-Seaton table when n*' - n*> 1.5,
The connection between rij and the Burgess-Seaton tables is given in

Eq. (B-10).

For (1) 5f -+ n'g transitions, we enter the STF tables;

(2) nf - n'g transitions, g = f transitions, and £ >4+ ['> 4
transitions, we use Eq. (B-8).

When we require STF wave functions we enter Table 20 if n' < 7, but
we obtain aizj from the STF bound-frzee tables when n'> 8. The connection
between the bound-free tables and Gij for bound-bound transitions is contained
in Eq. (B-20).

For bound-free absorptions by ans, p, or d electron and for nf =+ kd

transitions, we enter the tables for Gij according to the following scheme:

is the nf
- electron an

isn¥2 0 +1 > E-electron

STF

Burgess-Seaton

For (1) 5f - kg transitions we enter the STF tables;
(2) nf - kg transitions, ng = kf transitions, and £ 24~ k{'2> 4

transitions, we use Eq. (B-17).
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TABLE 20

oL TR Y B

iR

RA

B

ST PBOUND-BOUND » fl

i d o’ ) ) "? i | vv; |
’ 1) ] i)
! st - 2 T st -3

S61/2 | 7p1/2 |5. 799-04 || 5s1/2 | 7p1/2 | 5 791-04 || sat1/2 [7p172 | 7. K10-04]
p3¥/2 |1.077-04 Tpd/2 | 1. 08704 Tpir2 |1 7145.04
hs1/2 | Tpt/72 1. 462-02 (| 6s1/2| Tpt/2 | 1. 38004 L 6<1/2 [ 7pt/2 | 1.608.02
Tpi/2 |4 853-04 Tpif2 2. 246-04 Tpi/2 |3 367-04
Spt/2 | 71/2 {1 274-03 || Spt/2 | 7«1/2 | 1. 22603} upt/2 [ 7851/2 [1.429-03
742/2 |1.529-06 hd3/2 | 3.322-06 6d3/2 | 1. 205-.07
6pi/2 | 7s1/2 [1.506-01 TA3/2 | 4. 65706 703/2 1. 387-05
Td3/2 12.078-04 | 6p1/2| T/ 2| 1. 421-04 |l bpt/2 | 7Ts4/2 | 1.599-04
Sp3/2 | Ts1/2 }2.296-03 6d3/2 1 1. 218-01 613/2 | 1.290-01
5a3/2 |3.777-02 703/2 |1 197-03 743/2 | 1.551-03
6e13/2 12.115-04 || 5Sp3/2| 7s1/2 | 2. 349-03 || 5p3/2 | 7«1/2 | 2. 618-03
743/2 1. 364-05 6d3/2 | 2. Kos-04 6d3/2 | 3.924-04
6p3/2 | 7s1/2 | 4. 044-01 7d43/2 | 5. 829-05 7d43/2 (1. 369-04
SA3/2 19.063-03 || 6bp3/2| 7s1/2 | 3. 893-01 | 6p3/2 | 7s1/2 |4 221-04
643/2 |1.757-01 6d3/2 1 1. B78-01 6d3/2 | 1.944-01
7d43/2 |2. 294-06 7d3/2 | 6. 458-05 7d3/2 | 5. 200-07
5d3/2 | 7p1/2 |3.097-04 | 5d3/2| 6pt/2 | 1.561-02) 5d3/2 | 7p1/2 | 4. 538-04
7p3/2 [2.659-04 Tpi/2 | 3. 863-04 Tp3/2 [4.821-04
5f5/2 {1.869 02 6p3/2 | 8. 191-03 515/2 1. 882-02
615/2 |3.643-08 Tp3/2 | 3.505-04 615/2 |1.526-05
7t(5/2 }8.824-09 515/2 | 1. 859.02 718/2 | 4. 730-06
6d43/2 | 7p1/2 |4.728-01 6f5/2 | 3. 225-06 ) 6d3/2 | 7p1/2 | 3.008-01
p3/2 |4.011-04 715/2 | 2. 427-07 Tp3/2 {2.352-01
565/2 |2 801-02 f 6d43/2}) 6pt1/2 | 1. 218-04 55/2 |3.099-02
615/2 }|4.153.03 Tpt1/2] 3. 436-01 615/2 |6.894-02
745/2 | 3. 256-03 6p3/211.877-04 715/2 |2.640-02
565/2 [5d3/2 |1.869-02 Tp3/2 | 2. 717-01 ] 515/2 | 6d43/2 | 3.099-02
6d3/2 12.804-02 515/2 | 2. 444-02 7d43/2 12.013-05
7d3/2 | 2.178-05 § 515/2 | 5d3/2 | 1. 859-02§ 545/2 | 5g7/2 | 1. 799-04
5g 1. 029-07 6d3/2 | 2. 444-02 6p7/2 | 1.616-04
bg 1. 113-07 7d3/2 | 1. 430-05 7g7/2 |1.335-04

T8 9.732-08 5g 7. 565-06

bg 7. 660-06

78 6.649-06
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TABLE 20 (continued)

i ] n,z, i ' ﬂ,z i ) ﬂ,z
i ’ i i
R ) /8 (continued)
581/2 | 6pt/2 | 6. 115-03 ] 581/2 | 5p1/2 | 1. 394-01 || 5d3/2 Sp1/2 1 3.063-02
1p1/2 | 9. 875-04 6p1/2 |5.962-03 6p1/2 | 1.735-02
6p3/2 | 2. 744-04 p1/2 | 1. 124-03% 7p1/2 | 6. 117-04
Tp3/2 | 2. 292-04 S5pd/2 | 1.437-01 Sp3f2 | 3. 795-02
6st/2 ]| 6pt/2 |6. 347-01 6bp3/2 | 4.493-04 6p3/2 |9 522-03
Tpt/2 | 2. 3180-02 Tp3/2 | 2. 778-04 7p3/2 | 6. 964-04
6p3/2 | 6. 244-01 ff 6s1/2 | sp1/2 | 1. 708-02 515/2 | 1.903-02
Tp3/2 1 1. 2R89-03 6p1/2 | 6. 128-04 615/2 | 4. 500-05
spt/2 ] 6s1/2 | 1.575-02 7pt/2 | 2. 082-02 715/2 | 2. 369-05
T7s1/2 }1.573-03 S5p3/2 | 4.968-04 f1 643/2 | 5p1/2 | 5.652-08
6d43/2 | 5. 827-06 6pi/2 | 6.049-04 6p1/2 | 1. 293-01
743/2 } 2. 139-05% 7p3/2 16.714-04 Tpt1/2 | 2. 279-01
opt/2 | 7s1/2 f 1. 764-01 | sp1/2 | 58172 | 1. 394-01 5p3/2 | 4.662-04
6ed3/2 | 1. 310-01 6s1/2 1 1. TD8-02 6p3/2 {1. 870-01
7d43/2 1 1. 377-03 7s1/2 | 1. 738-03 703/2 | 1. 692-01
5p3/2 | 6s1/2 | 6. 244.01 5d3/2 | 3. 063-02 515/2 | 2. 805.02
781/2 | 2. 894-03 6d3/2 | 5.652-08 615/2 19.755-02
6cd3/2 | 2.995-04 7d43/2 | 2. 902-05 715/2 | 1. 104-02
7d3/2 | 2.063-04 | 6p1/2 ] 5614/2 | 5.362-03 § 55/2 | 543/2 | 1. 903-02
6p3/2 | T81/2 | 4.451-01 6s1/2 1 6. 128-01 6d43/2 | 2. 805.02
6d3/2 | 1. 956-01 T7s1/2 | 1. 531-0¢ 7d3/2 | 1. 805-06
743/2 1 1. 665-04 543/2 11.735-02 5g7/2 11.583-03
5d3/2 | 6pi/2 | 1.646-02 6d3/2 | 1. 293-01 6g7/2 | 4. 279.03
Tpi/2 { 5. 352-04 7d3/2 ] 1. 598-03 Tg7/2 | 1. 149-03
6p3/2 | 8.769-03 || 5p3/2 ] 581/2 | 1.437-014
Tp3/2 | 5.958-04 6s81/2 | 4.968-02
5¢5/2 | 1. 189-02 789/2 1 3.182-03
ofS/2 | 6.306-05 5d3/2 | 3. 795-02
715/2 1. 275-05 6d3/2 | 4.662-04
6d3/2 | 6p1/2 | 1.310-04 7d3/2 1 2. 709-04
7pt/2 | 2.899-01 f6p3/2 | Ss1/2 | 4. 493-04
6p3/2 11.956-01 684/2 | 6.049-014
7p3/2 | 2. 282-04 784/2 | 3. 904-014
$(5/2 |} 2. 864-02 5d3/2 | 9. 522.03
615/2 | 9.668-02 6d3/2 | 1.870-01
715/2 | 1. 7181-02 7d43/2 } 1. 049-04
515/2 | 643/2 | 2. 864-02
7d43/2 | 2. 508-06
5g7/2 | 6.609-04
6g7/2 | 5.473-04
TgT/2 1 4. 771-04
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TABLE 20 (continued)

1 j rv,z i ! " 2 i ) "Z,
i) I R S ij
b 7 R

&1/2 | Sp1/2 | 1. 382-00 §5<1/2 | sp1/2 |1 355-01 |5 [spt/2 [1. 365-01
6pt/2 [5.980-03 6p1/2 5. 488.01 6pt/2 |6.001-.03
7pt/2 |1 231-03 7p1/2 | 1. 250.03 Ip1/2 1. 450-03
Sp3/2 [1.423-01 5p3/2 | 1. 397-01 5p3/2 |1, 407-01
6p3/2 |4.608-04 6p3/2 | 3. 751.04 6p3/2 [4.637-04
7p3/2 | 2. 944-04 Tp3r2 | 2.657-04 Tp3/2 |3 122-0%

Sp1/2 | 5s1/2 |1.382-01 [spt/2 | s5s1/2 | 1. 355-01 |l sp1/2 ]| s5s1/2 [1. 365-01
ba1/2 |1.691-02 651/2 | 1.534-02 681/2 [1.641-92
751/2 |1.861-03 741/2 | 1. 878-03 781/2 }2.092-03
543/2 [3.038-02 513/2 |2.973-02 543/2 |2.998.02
6d3/2 | 3. 50108 643/2 | 5.029.07 643/2 |2 359-07
703/2 | 3. 147-05 703/2 | 2. 469-0% 743/2 |3.592-05

5p3/2 [ Ss1/2 |1.423-01 fsp3s2 | se1/2 |1.397.01 [ cris2 | 5s1/2 |1.407-04
651/2 |4.908-02 681/2 | 4. 538-02 6s1/2 |4.768-02
7s1/2 |5, 874.02 781/2 | 3. 638-03 781/2 {3.925-03
543/2 |3 752-02 543/2 | 3. 648.02 543/2 |3.684-02
6A3/2 |5, 254-04 6d3/2 | 4. 847-04 6d3/2 |6. 028-04
7d3/2 |3.064-04 703/2 | 2. 967-04 7d43/2 |3.624-04

543/2 | Sp1/2 |3.038-02 fsa3/2 | sp1/2 | 2. 972-02}§543/2 | Sp1/2 |2. 998-02
6p1/2 |1.649-02 6pt/2 [ 1.523-02 6pt/2 [1.605-02
7p1/2 |6.921-04 7pt/i2 7. 725-04 7pi/2 | 8. 066-04
5p3/2 |3.752-02 5p3/2 3. 64K-02 5p3/2 |3 684-02
6p3/2 |9. 286-03 6p3/2 |8.151-03 6p3/2 | 8. 798-03
7p3/2 | 7. 655-04 7p3/2 | 7. 842.04 7p3/2 |8.453-04
5¢ 1. 899-02 515/2 | 1. 853.02 5(5/2 | 4. 876-02
6of 3. 79605 615/2 |3.980-05 615/2 |2.306-05
] 2. 954-05 715/2 | 2. 330-05 745/2 |4.329-05

5¢5/2 | 543/2 |1.897-02 | s15/2 | sd3/2 |1.853-02 [| s15/2 | 543/2 |1.876.02
6d3/2 |2.436-02 6d43/2 | 1. 868-02 6d43/2 | 1. 949-02
7d43/2 |5. 490.08 7d43/2 | 2. 251-04 7d3/2 | 4. 760-04
sg?7/2 |2.601-03 sg7/z |3.367.03 [j515/2 | 5g7/2 | 5. 662-03)
6g7/2 |2.894-03 6g7/2 | 2. 720-03 6g7/2 |3.886-03
7g7/2 |1.944.93 7g7/2 2. V"9.03 1g7/2 | 2. 265-03
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TABLE 20 {continued)
i J o 2 i ) 'v.z i ) n.z
ij b iy i
' -9 »' {0 AR § |
Sa1/2 | spt/2 | 1.351-01 | ss1/2 | spt72 } 1. 7-01 Y sst/72] sp1/2 [ 1. 370.04
6p1/2]5.614-03 6p1/2 | 4. 894.01 6pt/2 |5 185-03
Tp1/2 | 1. 495-03 Tpt/2 | 1. 740-03 p1/2 1. 871-03
5p3/2 | 1. 392-01 5p3/2 | 1. 409-04 5Spi/2 §1.4:1-01
6p3/2|3.772-04 6p3/2 | 2.130-04 6p3/2 | 2.594-04
7p3/2 | 3. 238-04 Tpi/2 |4.191-04 Tp¥/ 2 | 4. 645-04
Spt/2) Sa1/2 [ 4. 351-04 {1 Sp1/2 | 5s14/2 | 4.367-01 §5p1,2 | 5s1/2 } 1. 370-01
681/2 ) 1.540.02 bs1/2 | 1.453-02 6s1/2 | 1.513-02
T8i1/2 | 2. 135-03 781/2 ] 2.362-03 7s1/2 | 2.503-03
543/2 | 2.963-02 5d3/2 | 3. 000-02 5d3/2 | 3.009-02
613/2 1. 492-07 6d1°2 | 1. 164-05 6d3/2 | 6.688-06
7d3/2 | 3.372-05 T3/ 2 | 5.029-08 743/2 16.102-05
5p3/2) 5w1/2 [ 1.392-01 |} 5p3/2 | Ss4/2 | 1.409-01 f5p3/2 | sst/2 | 1. 41101
6st/2 | 4,55-02 6s1/2 | 4.391-02 6bs1/2 | 4.494-02
781/2 | 4.087-03 T81/2 | 4.320-03 7s1/2 | 4. 451-03
543/2 | 3.632-02 503/2 | 3.682-02 5d3/2 | 3.686-02
6d3/2 | 5.700-04 Ld3d/2 | 4. 182-04 643/2 } 4. 927.04
7d3/2 | 3.682-04 1d3/2 | 4. *07-04 7d43/2 14.810-04
SA3/2 | Spt/2 | 2.963-02)1543/2 1 5p1/2 | 3.C00-02 § 5d3/2 | 5p1/2 | 3.009-02
6pt1/2 | 1. %513-02 6pt/2 | 1. 489-01 6pt/2 |1.516.02
Tp1/2 18.545-04 Tp1/2 | b. 586-04 Tpt/2 | 8.578-.04
Sp3/2 | 3. 632-02 Sp3/2 | 3. 682-02 Sp3/2 |3.686-.02
6p3/2|8.178-03 6p3/2 | 8. 910-02 6p3/2 |8.177-0%
7p3/2 | 8.537-04 7p3/2 | 8.972-04 7p¥/ 2 | 9. 008-.04
$15/2 | 1. 852-02 5¢5/2 {1.885-02 S15/2 |1.891-02
6(5/2 | 2. 501-05 615/2 | B. 470-05 615/2 | 5. 355-058
75/2 14.%31-05 7t5/2 | 7. 744-05% 715/2 | 9. 953.0%
$15/2 ] 5¢3/2 | 4. B652-02[1515/2 | 543/ 2 | 1. 885-02 f 5(5/2 { 5d43/2 [ 1.891-02
6d3/2}1.671-02 6e3/2 | 1.626-02 6d43/2 | 1. %70.02
T43/2 1 2. 444-04 7d3/2 | 1. 924-04 7d3/2 | 1. B61-04
sg7/2 | 7. 216.03 5g7/2 | 9. 75303 sg7/2 |4 159.02
6g7/2 | 4. 092-03 6g7/2]3.963-03 687/ {3.483.03
787/2 ] 1. 503.03 7k7/27.674-04§ | 7g7/2 3. 260-04
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TABLE 20 (continued)

2
ij

i ) 0

2t 12
551/2 | Sp1/2 | 1. 372-01 |
6p1/2 | 5.437-03

7p1/2 | 1. 982-03

—

411-01
6p3/2 | 3.016-04
7p3/2 | 5.037-04
Spt/2] 5s1/2 | 1.372-01
6s1/2 | 1.572-02

5p3/2

7s1/2 | 2. 620-03

543/ | 3. 016-02
6d3/2 [ 2. 931-06
7d3/2 | 7. 228-05
5p3/2| 5s1/2 | 1. 411-01
6s1/2 | 4.598.02
75172 | 4.571-03
5d3/2 | 3. 689-02
6d3/2 ] 5.694.04
7d3/2 | 5. 188.04
5d3/24 Sp1/2 | 3.016-02
6p1/2 | 1. 532-02
7p1/2 | 8. 557-04
5p3/2 § 3.689.02
6p3/2 | 8. 335.03
7p3/2 | 8. 994-04
5f5/2 | 1.893-02

6152 | 2. 883-05
765/2 | 1. 216-04
5¢5/2 | 543/2 | 1.893-0.
6d3/2 | 1. 486-.02
7d3/2 | 1. 882-04
5g7/2 | .. 293-02
6g7/2 | 2. 768-03
7g7/2 | 1. 061-04
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BATES-DAMGAARD TAB LES(27)
2.2
2 F
oAnH(L - 1), n¥(E), £) = (B-1)
zl
where
2 2 2
3 ¥ .
Fe - (3;”) (“ > ! ) ) (B-2)
47 -1
We obtain I from
J N
I=1 +— + , (B-3)
% - 2
© n B (n>:< - g)
where Ioo, J, K are obtained from tables by means of
A) £ =1
Ioo . 25 - 18 1 16
J =3 -100 108 - 8 14 (B-4)
K 75 - 90 15 I2
B) ¢ =2
IQo . 8 - 6 1 I6
J =3 -24 30 -6 14 (B-5)
K 16 -24 8 13
C) £ =3
I°° . 9 - 8 1 16
== - B-6
J > {-27 32 5[ L (B-6)
K 18 -24 6 I4

Here the subscripts on I refer to the n*(;; column headings in Table 21

and

An = n¥(¢ - 1) - n¥*(f) . (B-7)
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THE FUNCTION [(n (" -1, n ("), ) FOR COUTLOMD APPROXIMA FION

TAPLE 21

BOUND -BOUND TRANSUTIONS(®)

ot

r‘l’x"g N
P

P
LA

naU)
=1 r-2 F -3
n (f-1) - n (1) 2 4 b 3 3 b 4 5 t

-1.5 0.026 | -0.040 |-0.063 1 0,131 [ 10,006 1-0.048 ] 0.244]10.047 |-0, 007
1.4 0.048 [ =N, 045 |-0.031 | 0.:82] 0.055{-0.0041 0.313} 0.113 [+0,. 051
-1.3 0.080 [+0.028 [10.014| 0.242{ 0.117 [+0.053| 0.389] 0.190{ 0.123
1.2 0.12371 0,084 1 0,072 0.311 ] 0.190 | 0.123{ 0. 37t} 0.276 [ 0.206
-1 0.180] 0.154 | 0.145] 0.388  0.273| 0.205] 0.557] 0.370 | 0.298
1.0 0.2481 0.235] 0.229 u.47z; 0,364 0.208] 0.644] 0.469 | 0,397
-0.9 0.329] 0.327] 0.323] 0.559 0.461] 0.398| 0.731] 0.569 | 0.500
-0.8 0.418 | 0.425] 0.425| 0.648 © 0.560 | 0.501 | 0.813 0.668 | 0.603
-0.7 0.514 ] 0.527] 0.528 0.734 . 0.657 0.604| 0.888| 0.761 | 0.703
-0, 6 0.6121 0.629] 0.632 0.8!4{ 0.750 | 0.703| 0.952] 0.845] 0.794
-0.5 0.708 | 0.725} 0.730 0.885} 0.833] 0.794| 1.004] 0.916 | 0.874
-0.4 0.797} 0.813| 0.818 0.944% 0.903 | 0.872] 1.040} 0.972 | 0.938
-0, 0.875] 0.888 | 0.892| 0.987, 0.957] 0.935| 1.058| 1.010| 0.985
-0.2 0.937( 0.946 | 0.949 1.011i 0.993 | 0.978 | 1.058| 1.028 | 1.012
-0.1 0.980 | 0.984 | 0.985 1.016‘ 1.007 | 1.000| 1.038| 1.024| 1.017
0 1.000| 1.0060{ 1.000{ 1.000| 1.000| 4.000| 1.000] 1.000]{ 1.000
+0.1 0.996 | 0.992| 0.992| 0.963 | 0.971 | 0.977 | 0.944] 0.955| 0.962
0.2 0.967 | 0.961| 0.960 0.907% 0.921 ] 0.933| 0.872] 0.892 | 0.904
0.3 0.915| 0.908 | 0.906| 0.834} 0.852| 0.°68 | 0.786| 0.813| 0.829
0.4 0.842| 0.835| 0.831| 0.746 | 0.767 | 0.786 | 0.691 | 0.722 | 0.740
0.5 0.749| 0.745] 0.743| 0.646 | 0.670| 0.691| 0.588| 0.621 | 0.641
0.6 0.643] 0.642] 0.¢42) 0.540 ] 0.564 | 0.587| 0.483} 0.515| 0.535
0.7 0.528] 0.531] 0.532| 0.431 | 0.455) 0.479| 0.379} 0.409 ; 0.428
0.8 0.409| 0.417| 0.420] 0 324 | 0,346 | 0.369| 0.279} 0.305( 0.323
0.9 0.292 ] 0.304| 0.309] 0.222 | 0.242| 0.264| 0.185| 0.209; 0.224
1.0 0.181 | 0.1981 0.204| 0.129 | 0.147| 0.166| 0.105| 0.122 | 0.134
1.1 +0.081 | 0.102| 0.108|+0.049 [+0.063 | 0.080|+0.035(+0.047 [+0.057
1.2 -0,004 |40.049140.025]-0.017 |-0.006 |+0.008 [-0.020| -0.043 |-0.007
1.3 -0.074 {-0.047-0.040}-0,0A7 |-0.060|-0,050|-0.061|-0.059 }-0.055
1.4 -0.120{-0.096|-n.089}-0.104 |-0.097|-0,091 [.0.088-0.089 }-0.088
1.5 -0.149{.0.128 |-0,122]-0.120 '0'1191f0"’6 -0.101|-0.105 [~0,107
(a)

This table is obtained from Ref. 27.
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KRAMERS' APPROXIMATION FOR BOUND-BOUND TRANSITIONS
We express the Kramers approximation for rij in the form
. _32__‘1(&)4_1_ 5-8)
o RN n2 flw (n*n*')3
BOUND-BOUND STF TABLES
STF values of (rizj are given in Table 20.
l S (28)
; BURGESS-SEATON TABLES
For bound-free transitions,
4
n¥ 2
| r==—7rg - (B-9)
H zl
}
1 For bound-bound transitions,
2 4
1 % ~
r = 22 - gt (B-10)
Tn*x'" z!
In either case, ’
g2 = GZE_ZY cos2 ¢ . (B-11) %
The functions G = G[,E' andy = vy 10 follow from Table 22: |
2
E -2 @-) , (B-12)
z,Z Ry
¢ =mlp' -p+y] , (B-13)
E -1 E-1
= = ——— — . -14
Ve T Xt rE- 1% TTE Pop (B-14)
The functions X, &, B are given in Table 22. A
170 <
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FARLE 22

THF FUNCTIONS FOR € OULOMB APPROXIMATION BOUND IR, TRANSII l(lNS(:“

e o SR

n  Range a ‘ 5} I c a T b ] « a I b ] «
) s-p o1 Yoy X0y
; o.0.1.0° | 1.287 | 1.8%5 f-o.432] 1.208] 0 sen |.u.t2a [o0.479 | 0,265 |.0.043
2 1.0.1.471 1.086 [ 2.411 |-0.a58] 1,667 o0.265 {10,290 ].0.0545].0.0159| +0. 113
H (]
i 5o t.4.2.0°| 1.655 ] 0.629 | o.soo] 1,850 o.0944]| 0.0209 JL0.174 | 0.344 |.0.157
: é; 2.0.0.0 | 1.164 | 2.570 | -1.416] 1.594 0 0 _0.147 | 0.2515]-0.078
.‘f 6.0-0" | 0.996 | 4.602 |-7.560} 1.598 0 0 .0.147 | 0.2515|-0.078
- =3
: S
i — ) X
3 10 10
; pe- (n (p) - 1)
' 1.0-2.0 0.6617] 0,431 ] Coar) 1.5004 o.830 | 0.999 |-0.236 [.0.14% | 0.040
G
oo 10
5 cl 2.0.3.0-| 1.353 | .0.708 0 5/3 0 0 (.o.z7s.n.nzzn.n=))
* "
; 4.0.6.0° | 1.185 ] 0,084 |-0.864] 573 0 0o |-0.216 j-0.171 0
;
‘g .00 1,084 | 1.356 |.4.752] s/3 0 0 s0.216 1.0.171 0
4
-——G” ) \
: 1 12 12
i p-d [n (p) - 1]
1.0.2.0 |-8.1392 30.5131.16.451 2.4367 -1,351 {43,255 .0, 4585 1.3815(-0.273
i “
. " -
) Y2
(=] m
2 2.0.4.07 | 3.375 | -7.644 [12.816] 1.576 0 0 .0.309 | 2,046 |-1.800
'
"
z J o
S ‘4.0.6.0' 1.206 | 3.342 §-0.504] 1.59 0 o l-0.120 | o.600 0
S| k0w 1.000 | 5.754 | -7.560] 1.5096 0 o t-o.120 | 0.600 0
¢ Y
! dop S ' 24 r2
[=TN
ZZ ;0.0.6.0' 1.243 ] -1.5% {-0.200] 1.707 0 0 0,247 |.0.272 0
C ] eeen 1.127 | -0.438 | -3.6720 + 707 0 0 .0.247 |-0.272 0
f Za
d.f Gy (3 X234
538
-3 ‘0.0.6.0' 1,307 | 3.104 | 5.2800 1.565 0 0 S0.117 | 1.170 0
’ °° '6.o.uf 1.040 | 6.486 |-.5.400f 1.565 0 o l-0.117 | 1.170 )
5@
. (d Gy, XY %32
(=]
[ =)
Mon
. O
S e 0.0-0" | 1.691 | -8.622[16.200 1.921 0 o [l.0.3621 0.599 [-2.432
" It
T a
NOTE G.y.x =a+b/n +clnd
—_
n By
1.0 {0.079
1.2 [0.0069
1.4 |0.054
1.6 |0.038
1.8 |0.029
2.0 10,035
2.2 |o.053
2.4 [0.068
2 6 |0.068
2.8 |0.060
3.0 [0,050
{a)11 ig table is based on Tables 5-2 through 5-7 in Ref. 29.
Pre— ) AER 0 1
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vapt + () (B +E) B-15
o =Hy "\dE a a (B-15)
E' = KE = kinetic energy of electron in the
bound-free case
z'ZR
= - _._é}‘_' in the bound-bound case. (B-16)
n*!
We calculate u; and (du'/dE)a from Table 23 using the quantum defects at
high principal quantum numbers.
KRAMERS'APPROXIMATION FOR BOUND-FREE TRANSITIONS
For bound-free transitions, we express Kramers' formula in the
form
4 4
1
r :.19-2_2.__1_3_(%2) . (B_i?)
N3 n” n* @
BOUND-FREE STF TABLES
For bound-free transitions,
%
- (442 Ry)* ;2
r = (42> - 1) (KE) ¢ (KE),. (B-18)
Table 24 gives values of o and the energies at which they are evaluated.
If KE is in the range KEj <KEZ KEj+1' and ¢(KE) does not change sign,
we linearly interpolate
1
2 Ry\? 2
s £ = (2L —

o' (KE) (KE) o (KE) (B-19)
on a scale that is logarithmic in both o"z and KE. If ¢(KE) does change
sign in this range, we assume that ¢ is a linear function of KE.
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T/BLE 23

ASYMPTOTIC QUANTUM DEFECTS

LT R

2 | B Ry | ow (%%) eyl 2 E, . Ry) | u (S%) [(Ry)"
as as
%172 Pi/2
1 | 7.9109-02 ’ 5.44 -1.3553.01 1 | 6.1968.02 | 4.98 -4.,0245-01
2| 1.5048.01 | 4.84 -.9954.02 2 [ 1.3139-01 | 4.46 -2.1100.01
3| 4.3711.01 | 4.46 -5.6456-02 3| 3.8209-01 | 4.14 -7.6642.02
4| 6.8375-01 | 4.16 -3.6231-02 4 | 6.0949.01 | 3.87 -5.0687-02
5 | 6.7382.01 | 3.91 -2.4874-02 5 | 6.1848-01 | 3.64 -3.5247-02
6 | 9.0675.01 | 3.70 -1.9320-02 6| 8.3874.01 | 3.45 -2.6714.02
7| 1.1651400 | 3.51 -1.5177-02 7 | 1.0844100 | 3.28 -2.0643.02
3 | 1.4476400 | 3.35 -1.2091-02 8 | 1.3540400 | 3.12 -1.7009-02
9 | 1.7539400 | 3.20 -1.0104-02 9 | 1.6467400 | 2.98 -1.3847-02
10 | 2.0821400| 3.07 -8.4679-03 10| 1.9618100 | 2.86 -1.1461.02
11 | 2.4310400 | 2.94 -5.4889.03 11 | 2.2985+00 | 2.74 -8.9921-03
12 | 2.8047+00 | 2.83 -4.4566-03 12| 2.6561100 | 2.63 -7.4882-03
P3/2 d
1| 2.7713.01 | 4.78 -1.1759.01 1 | 3.8162-02 | 3.88 -3.7608-01
2| 6.4795.01 | 4.29 -1.2975.01 2 '9.7223.02 | 3.58 -1.9184-01
3| 1.1126400 | 3.99 -8.2499.02 3 | 2.8140-01 | 3.34 -1.1127-04
4 | 1.6384+00 | 3.73 -4.2033-02 4 | 4.6521-01 | 3.13 -7.4741.02
5 | 5.9238-01 | 3.50 -3.5617.02 5 | 5.0267-01 | 2.94 -4.8402-02
6 | 8.0434.01 ] 3.31 -2.7022-02 6 | 6.9236-01 | 2.79 -3.6132-02
7 | 1.0410+00 | 3.14 .2.1309-02 7 | 9.0674.01 | 2.65 -2.7308-02
8 | 1.3010400 | 2.98 -1.6691.02 8 | 1.1442400 | 2.52 -2.1592-02
9 | 1.5835400 | 2.84 -1.3879-02 9 | 1.4039+00 | 2.40 -1.7942-02
10 | 1.8876+00 | 2.72 -1.1445.02 10 | 1.6852400 | 2.29 -1.4660-02
11 | 2.2130+00 | 2.60 -9.0365.03 11| 1.9876400 [ 2.19 -1.2003-02
12 | 2.5588+00 | 2.49 -7.2591.03 12 | 2.3103400 | 2.10 -1.0341-02
f

1 | 2.0467-02| 2.00 1,2169-01

2 | 6.3532.02 | 2.00 1.8918.04

3| 1.8790 2.00 7.4583.02

4| 3.2995.01| 2.00 5.8416.03

5 | 5,0524-01 | 1.965 -9.3181.03

6 | 5.4649.01 | 1.880 -1.7579-02

7 | 7.2924.01 | 4.800 -1.6537.02

8 | 9.3443-01 | 1.720 -1.5225.02

9 | 1.1614+00 | 1.650 -1.3263.02
10 | 1.4095+00 [ 1.570 -1.1745.02
11 | 1.6784+00 | 1.500 -9.9834.03
12 | 1.9676+00 | 1.440 -8.5944.03
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For bound-bound transitiong with n' > 8, we obtain r in Eq. (93) from
2 i |
! !
r=22- (B 4k ) (B-20)
" KE 1 :
™ 1 i
E where cr(KE1) is given in Table 24 and KEi' the lowest photcelectron |
% kinetic energy at which the STF values of ¢ are evaluated, is much less |
’ than the binding energy of the jumping electron in the initial state. ;
i
ﬁ FREE-FREE TRANSITIONS f
3 .
The free-free contribution to the opacity is given by .
N T2 4. 52 ]
icff:—éiTrTOa a(Z)gf_ (Béz) u-3 . (B-21)
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APPENDIX C

CALCULATION OF TRANSMISSION BY A LINE CLUSTER

The mean transmission by a line cluster over a frequency interval

du = A centered at u is

_ o, [uHal2)
T(u) = X T(u - uO) du , (C-1)
u-(A/2)

where u, is the frequency of the cluster center and T(u - uoi = Tj(m, u) is
given by Eq. (107). The calculation of T is somewhat difficult in the case
that T(u - uo) and A =1 - T(u - uo) vary significantly in the interval; other-
wise, the calculation is relatively simple.

When T and A do change significantly over an interval, the greatest
variation of T(u - uo) occurs, in general, in the interval containing the
cluster center, u = Uy When T varies from nearly zero at the center to
nearly one at the edge, T remains near unity in intervals not containing
the cluster center. Similarly, T in off-center intervals does not vary
greatly with u so long as the same thing is true for the interval containing
the cluster center.

The foregoing remarks provide the basis for our calculation of T in
all off-center intervals. In this case we perform the integration in Eq. (C-1)

after linearly interpolating In Tfu - uo) between the interval's end points.

The result is

A A
-1 Tiu = u, +— -'I'(u-u -—)
'i"=-15/- [_dgln'r)] 4T ~ ( 0 z) "2/ ez

du A
T(u-uo+-i-)
In
Tfu = u --é-
0 2
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For the average transmission in the central interval there are two

cases to consider. If practically all of the frequency-integrated absorption

comes from the central interval, we can estimate T accurately from the

curve of growth. If this is not the case, we subdivide the central interval
into a number M of intervals and numerically integrate by summing the
contribution from each subinterval. This contribution is obtained from
Eq. (C-2) by replacing A by A/M.

The curve of growth is defined by
1 o0
W(a, TO)'= B[ [1 - T(u)] du , (C-3)
-=00

where D is the Gaussian cluster width in units of 8 and

L =N7T (C-4)

We require

_ alz
T=-A- A-f [1 - T@)] «u
-Af2

D
=1 - AW(a., ‘ro) . (C-5)

When the number of lines N is large, W(a, 'ro) is formally equivalent to the
_— curve of growth of a Doppler-broadened Lorentz line. Numerical calculations
of the latter curve of growth have been made by Hummer. (20) We find that

Hummezr's results can be fitted extremely well by a weighted root mean square

of the purely Doppler and purely Lorentz curves of growth. (30) If we
introduce
* 4
W (a, 7o) = v *H(a, 0) W(a, 7)) , (C-6)
then i s

)
w*(a, To) ~ {nsaH(a. 0) [W;:('ro)]2 +[1 - w%aH(a, 0)] [W;(‘ro)] Z} .

(C-7) s
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Here

x
WL(TO) = ZL(TO/Z) , (C-8)

(17)

where L(x) is the tabulated Ladenburg-Reiche function. This function

is well approximated by

1+ 2
L(x) =x( z 2) . (C-9)
1 +1.8x +1.57Tx

=

The function
1

w’l’;(TO) = 2n"2 F(n) (C-10)

can be obtained from the tables of

00 2
F(TO) =f [1 - exp(-‘roemx )] dx . (C-11)
n

(31)

given by Araki. The values of F(TO) in Table 25 are taken from Araki.

For 'ro<1, we use

"1‘ r—
F(ry) =zn’ 7 [1 - /2V2 + 73/6'\/3 - 13/48 + 73/1zo~/5], (C-12)

and for L >10, we use

1
F(r,) = (In 7,)? [1 +0.2886 (In 70)'1] . (C-13)
Finally, to eraluate (C-2), we require Eq. (107) and the Voigt

function, Eq. (112). For speed of calculation we make the following fit

(good to about 20% at worst)to the Voigt function:

2 . N 2 -1
H(a, x) = [e-x + ﬁ(x)a] {1 + T2, [e-x + B(x)a] } C-14)
-1 2
B(x) = 2H(3, x) [1 - %«r* H(%.x)] -2e7% (C-15)
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TABLE 25

THE FUNCTION F(7)
TO F(TO) o F(TO)
1.0 0. 643 6.0 1.482
1.5 0.839 6.5 1.511
2.0 0.986 7.0 1.538
2.5 1.099 7.5 1.562
3.0 1.189 8.0 1.584
3.5 | 1.261 8.5 1.604 j
4.0 1.320 9.0 1.623 f
4.5 1.370 9.5 1. 641 ;
5.0 1.412 10.0 1.657
5.5 1. 449
TABLE 26
THE FUNCTION U(}, x) = "% H(}, x)
x U(3, x) x U(z, %)
0 3.4737-01 2.60 2.9837-02
0.20 3.3937-01 2.80 2.4785.02
0.40 3.1665-01 3.00 2.0946-02
0. 60 2.8270-01 3.20 1.7969-02
0. 80 2.4227-01 3. 40 1.5611-02
1.00 2.0023-01 3.60 1,3708-02
1.20 1.6059-01 3. 80 1,2147-02
1.40 1.2596-01 4.00 1.0847-02
1,60 9. 7503-02 4.20 9.7510-03
1.80 7.5200-02 4.40 8.8179-03
2.00 5.8314-02 4.60 8.0158-03
2.20 4.5802-02 4.80 7.3207-03 |
2. 40 3.6610-02 5.00 6. 7140-03 i
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The values of 7 2H(3,x)in Table 26 are taken frcm Hummer's tabulation.

For x> 5, we use

H(}, x) = —— . (C-16)
nex?
|
i
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PRECEDING: PAGE BLANK NOT FILMED

APPENDIX D

OVERALL PILLANCK AND ROSSELAND MEAN OPACITIES

The overall Planck and Rosscland mean opacities, respectively,

including the corrections for induced emission, are given by

00
1_51 3 .u

»Cp =Tr4 A u e rcp(u) du (D-1)
and
415 4 -u o
(kg ) e S (1 - o (w) du . (D-2)

The values of these quantities both with and without line absorption are

included in Table 17. Their behavior as a function of temperature at constant

pressure have been given in Figs. 3 and 4. |
In performing the numerical calculations required to zvaluate K:p and
imit of i . <w, .
Kp We replace the upper limit of integration by U ax where U ax 8
chosen so that the contribution to K from the internal u <u<wmis
P max
almost certainly less than a small fraction R of :cp (in the calculation we
chose R = 0.05). We shall also show thaot the relative contribution to lcR

from the interval Yax € u< o is almost certainly less than the quantity

ERKROS shown in the tabulation of the local Planck and Rcsscland mean
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opacities.
Our present aim is to find a Yax such that the quantity 6p defined g .
¥ «.
by v
0 )
x(u) B(u) du = § x(v) B(u) du (D-3) Tt
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is less than the given number R << 1 (here we take B(u) = 151r-4 w e™).

For this purpose we shail (1) invoke the sum rule(3z)
00 2
/ Ku) du = Z- 2 b (D-4)
0 H

to obtain an overestimate of the quantity on the left-hand side of (D-3) and
(2) replace x(u) by /cc(u) to obtain an underestimate of the right-hand side

of the inequality. In (D-4), mi, and m arc thc hydrogenic and electronic

H
masses., respectively. If 4 ax >4, we may write

o0 [~ o]
/ x(u) B(u) du < B(umax) / k(u) du
u u

max max

[. )
< B(umax) [ x(v) du
0

2
< B(u ne__2 b
max’ mc Am__8
H
To obtain
a0
x {u) B(u} du =2 h (1+u,) " (D-6)
c' ! 4 “ff R
0 84
we have used the Raiser approximation(33)
u
'C(u)=D“—5 u<u,
u
(D-7)
eu1
=Dy 3 u>u,
u
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the ionization potentiai of the dominant ion species,

where us = Id/B, with Id ;

arnd

Dy = am (Béx) 11’“ = “"g : (D-8)
'H 33

Finally, for a given value of R we can f{ind Uk guch that

exp( 'umax)

Ry

z

§ <R = (D~9)

3
3\[3 ( e 2 r umax
p 16 v -'2'

u1+1

By similar arguments we can determine that the contribution to the Rosseland

mean from the interval u <u<®is less than
max -

15 “R 7
ERKROS = =D W [e)«:p(-lurx ) - exp(-Zui) + Zexp(-Zuﬁ) ('3(\11 )]

8 ff ax
umax < ui
K
15 "R 7
h 4 2D “max exp[-(ui F uma.x)] G(umax)
- w o ff - - -
- ~ - - - - e e
max — 14
where
w 7 x
G(u)=u‘7/ x e dx . (D-11)
u
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! APPENDIX E

f DESCRIPTION OF THE HALIDE PROGRAM

»

The diagrams of Figs. 8 and 9 show the relaticnship of the routines
to one another and the flow of the calculations.

The HALIDE block diagram (Fig. 8) illustrates all of the routines,
function routines, drums, and input-data tape necessary for the calculation

of composition, thermodynamic properties, and opacity. The double-

1
il
i
!
!
i

ended arrows indicate that information flows in two directions.
The HALIDE flow diagram (Fig. 9) shows the basic structure of the
program, for more detailed information the reader is referred to the

program listing at the end of this Appendix. Input parameters and output

variables are given before the program listing.
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.
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LOCAL ROSSELAND
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1

PRINT UMAX, A
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LOCAL ROSSELAND MEAN

i

LOCAL ROSSELAND
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Fig. 9. HALIDE flow diagram (sheet 3 of 3)
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DEFINITION OF INPUT PARAMETERS

The terms primary and secondary refer to the sets of subconfigurations
associated with an ion. The primary sets are listed in Table 9 and the
secondary sets differ from them only in that each of its subconfigurations
has one less electron. For Ul, for example, the secondary configurations

turn out to be the same as the primary configurations for UII (see Table 9).

LIES Data Cards Input

VARIABLE
(FORTRAN 1V) SYMBOL COMMENTS
NZI Z Atomic number of uranium
HEAD(12) An alphanumeric array that stores

72 character ''title'' messages

LIES Data Tape Input

NZT Z Atomic number of uranium

NP Maximum number of M shells

NUMZCS Maximum number of ions

MORB(6) Maximum number of electrons that
can be put in orbital i (i = 4,..., NP)

KZC(12, 3) - An array that contains the indices

. necessary to relate an ion to its

primary and secondary sets of
subconfigurations

EN(1200) An array that contains the following

for each ion: Z, core charge, ioni-
zation potential (ev), the subcon-
figuration with the least mean energy,
eigenvalues for the occupied shells
(Ry), f's (Ry), Slater integrals (Ry),
and the two electron variances

AZE;; (Ry?%Y
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LIES Data Tape Input (cont.)

VARIABLE
(FORTRAN 1IV)

SYMBOL

COMMENTS

K(1920)

HALIDE Data Card Input

HEADER(12)

KMAXIN

KRANGE

AMASS A
C1

Cc2

EPSI

SZERO s

An array that contains 16 sets of
subconfigurations; each set contains:
the set index number, the number of
electrons in a subconfiguration of

the set, the total number of sub-
configurations in the set, the occupied
shells in a subconfiguration, and the
subconfigurations

An alpharumeric array that stores
72 character ''title' messages

The maximum number of ions allowed
in the calculations. (Example: ]f
KMAXIN = 7, then U, UY, ..., Ub*
are the only ions used)

The maximum number of ions allowed
on either '"'side'' of the principal ion.
(Example: If KRANGE = 2 and the
principal ion is U4*, then U2+, ult,
u4t, U5t and UbT are the only ions
used)

The mass of uranium (235)

An arbitrary multiplicative factor for
the ionization lowering variable

(1. 06)

An arbitrary multiplicative factor for
the energy spread of all subcon-
figurations (1. 0)

Convergence criteria for Z iteration
(0.01)

Cutoff parameter used in calculating
plasma effects (2. 0)

197




HALIDE Data Card Input (cont.)

VARIABLE
(FORTRAN 1V) SYMBOL COMMENTS

MK(12) m, =m An array containing the values, for
each ion, of a parameter in the energy
level distribution (m, = 0.44 [my, k =
2,12 = 0])

UMAX u Maximum frequency allowed in the
opacity calculations (If UMAX # 0,
then the input UMAX is used at all
0, I’ points. If UMAX = 0, then the
OPAC routine computes a UMAX for
each 0, I' point)

EPSEND R Used in computing UMAX (0. 05)

EPSION Minimum fractional population an
ion mu:i have to be included in the
opacity calculation (0. 005)

EPSCON Minimum value that the quantity
¢k(K)/Ug must have for the sub-
configuration K in the ion with net
charge k to be included in the opacity
calculation (0. 001)

EPSCL This parameter determines whether
or not the continuous absorption
becomes distributed according to
Eq. (103) (0. 5). If the relative change
in S.(nfj, k£'j') over a cluster widthis
greater than EPSCL, the strength is
distributed according to Eq. 103; other-
wise the entire strenth is placed in the
interval in which the cluster center lies

CCL An arbitrary multiplicative factor for
the cluster width (1. 0)

CL An arbitrary multiplicative factor for
the number of lines (1. 0)

EPSB1

EPSE2 These numbers are used to determine if

a given cluster is making significant con-
tribution to the local Planck mean opacity

EPSWK Criteria for selecting strong clusters
' (0.4)

198




X
«

HALIDE Data Card Input (cont. )

VARIABLE

(FORTRAN 1IV) SYMBOL

COMMENTS

BIGX

GI

CGMESH

EPST

EPSTR

NMIN(12, 5) nmin(k' I)

DEF(12, 5) uk(I)

OPAC Data Card Input

Determines the mesh for integrating
transmission over mass depth

Determines when the curve of growth
is to be used to calculate the trans-
mission by a cluster of lines

Determines, when necessary, a fine-
frequency mesh for integrating the
transmission over the standard
interval of size A

Determines the largest mass depth at
each frequency at which the trans-
mission is calculated

When N7 is less than EPSTR, T,
is set to unity at all frequencies

An array that contains ithe minimum
n for each ion and each angular
momentum

An array that contains the asymptotic
defect for each ion and each angular
momentum

OPAC does not read input data cards. HALIDE reads the cards and

transfers the necessary information to OPAC.

OPAC Data Tape Input

EIG(12, 7, 7) «k(i)

DEFI(12,7,7)

An array containing l-shell eigenvalues (Ry)
as a function of ion, angular momentum
state, and principal quantum number

An array containing the required
defects for each ion, each angular
momentum state, and each principal
quantum number
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OPAC Data Tape Input (cont. )

VARIABLE
(FORTRAN 1V) SYMBOL

COMMENTS

DEFAS(12, 7) uk(I)
FIL7, 7)

IPRME(7, 3)

JMAX(7)

LHI(7)

LI(7)

LNASKI(12, 7) nas(k' I)

LNCKI(12, 7) nc(k. I)
LNFKI(12, 7) nF(k. 1)

LNMINI(7) nmin(k' 1)

LNPEKI(12, 7) n'e(k. I)

NFKI(7)

An array contaiiing the asymptotic
defect for each ion, and each angular
momentum

An array containing a factor in the
calculation of ¢', Eq. (90)

An array containing the allowed final
angular momentum states associated
with the initinl angular momentum
states in a transitiox

An array coataining the maximum
number of allowed final angular
momentum states associated with
the initial i.ngular momentum states
in a transition

An array containing the maximum
number of electrons allowed in M-
shells (one-electron degeneracies)

An array relating the index I with
the quantum number £

For n2> "as(k' 1), we find oscillator
strengths by extrapolating back from
the continuum

If n> n.(k, I), the electron is an
E-electron

Shells with n < nF(k. I) are always
filled

" The smallest principal quantum

numbers considered in the calculation
of opacity

The principal quantum number of the
first (lowest n) possibly empty shell
with angular momentum index I

I-shell occupation numbers
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OPAC Data Tape Input (cont. )

VARIABLE
(FORTRAN 1V) SYMBOL COMMENTS
S1G1(5, 20, 13) 0. An array containing the bound-free
) o's for the first five ions: U, U?,
, ult, 3+, and u4t (atomic units)
;“: SI1G2(7, 11, 13) o’i. An array containing the bound-free
"‘ { ) o's for the next seven ions: U>%,
- oo, Ut (atomic units)
212((5:’7' 2101' 1122)) Parameters used in interpolating
S bound-free o's between free-electron
kinetic energies at which they are
tabulated
SIGB1(5, 26, 3) ciz, An array containing the bound-bound
3 ¢2's for the first five ions: U, U,
u2t, U3t and U4t (atomic units) ,
SIGB2(7,11, 3) o'iz, An array containing the bound-bound ?
. J c's foritille next seven ions: U>Y, ‘
%3 e s U (atomic units)
SIGF1(5, 20) An array containing the bound-free

o's for the first two ions at an energy
of 1.0 x 10-3 Rydbergs and for the
next three ions at an energy of

| 1.0 x 10-2 Rydbergs

SIGF2(7, 11) An array containing the bound-free
o's for the next seven ions at an
energy of 1.0 x 10-2 Rydbergs 1

AF1(5, 20)

AF2(7, 11) These arrays appear in the program

but play no computational role. At E
first, it was intended to use them to !
increase the accuracy of the method f
we used for extrapolating back from b
the continuum to obtain bound-bound P
oscillator strengths }}; 6
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DESCRIPTION OF INPUT DATA CARDS

Data cards are required for all three principal routines of the
program, LIES, HALIDE, and OPAC. The data cards necessary for OPAC
are read by HALIDE.

LIES Data

Element Identification Card. The atomic number of uranium. The

format is (16).

Title Card. Any remarks may be punched on this card with a maxinium
of 72 characters. The remarks are printed at the beginning of LIES output.
The format is (12A6).

Switching Card. Any negative integer; it is used to force a call to

HALIDE. This is a repeat of the element identification card. The format

is (I16).

HALIDE Data

Title Card. Any remarks may be punched on this card with a maximum
of 72 characters. The remarks are printed at the beginning of HALIDE
output. The format is (12A6)

HALIDE Parameter Card 1. This card contains the control param-

eters for HALIDE and the thermodynamics. In standard FORTRAN notation,
the list is KMAXIN, KRANGE, AMASS, C1, C2, EPSI, SZER(, and the
format is (2110, 5E10. 4).

HALIDE Parameter Cards 2. These cards contain the elements of

| aTray. In standard FORTRAN the list is (MK(I), I=1, KMAXIN),

and the format is (8E10.4). Therefore, if KMAXIN is greater than eight,

the m

two cards are necessary.

OPAC Data

OPAC Parameter Cards. The next t".ree cards are parameter cards

for NPAC. In standard FORTRAN notation the list is as foliows:

el



* g ’

Card 1. UMAX, EPSEND, EPSION, EPSCON, EPSCL
Card 2. CCL, CL, EPSB1, EPSBZ2, EPSWK

Card 3. BIGX, GI, CGMESH, EPST, EPSTR
The format for each card is (5E10. 4).

The next two types of cards are to be used in sets. There may be as
many sets as desired.

Temperature Card. This card contains the following list: THETA,

DELNU, NOGAMA. The parameter DELNU is the increment in frequency
in the opacity calculation. It is also tested; if DELNU equals zero, the
opacities for the associated temperatures are not calculated. The format
is (2E10. 4, 110).

GAMMA Card(s). This card(s) contains the gamma's associated with

the preceding temperature. In standard FORTRAN notation, the list is
(GAMMA(I), I=1, NOGAMA). The maximum number of gamma's that may
be used with onc emperature is twenty; therefore, more than one gamma
card may be necessary for a ''set. ' The format is (8E10. 4).

Blank Card. A blank card must follow the data.
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DEFINITION OF OUTPUT VARIABLES

The terin orbital is defined as orbital plus spin orbital.

LIES Output Data

VARIABLE
(FORTRAN 1V) SYMBOL COMMENTS

G(12, 2, 20) gk(K) An array containing the degeneracies

of subconfigurations

An array containing the mean energy
for eachion, primary and secondary
set of subconfigurations, aud each
Ek({Ni}) subconfiguration in a set (Ry)

E 15, 2, 20) Ek(i)

EM(12, 2, 20} An array containing the mean energy
relative to the mean energy of the
ground subconfiguration for each
ion, each set of subconfigurations,
primary or secondary, and each
subconfiguration in a set (EMijk =

Ejjk - Bijkpgyy,) (RY)
DELEZ2(12, 2, 20) AZEk(K) An array containing the dispersion
A2E (N} in energy of a subconfiguration for
k' each ion, each set of subconfigurations,
primary or secondary, and each

subconfiguration in a set (Ryz)

EPS(12, 2, 20, 6) An array containing the eigenvalue
associated with each occupied orbital
for each ion, eacn set of subcon-
figurations, primary or secondary,
each subconfiguration in a set, and
each orbital (Ry)

HALIDXE Output Data

KD KD = integer [z + 0. 5].

KMIN An index that represents the ion with
least charge used in the calcv’ation
[KMIN = MAX(KD - KRANGE, 1,]
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HALIDE Output Data (cont. )

VARIABLE
(FORTRAN 1IV) SYMBOL COMMENTS
KMAX An index that represents the ion with
greatest charge used in the calcu-
lations [KMAX = MIN(KD + KRANGE,
KMAXIN)]
THETA S Temperature in electron volts
T1 R Temperature in degrees Rankin
T2 K Temperature in degrees Kelvin
GAMMA r Current I" associated with temperature {
(GAMMA = GAMA(I), where I is the :
current index) |
PK(12) Pk-1 An array containing the population
for each ion as a function of 6, T"
UK(12) Uk 1 An array containing the partition
function for each ion as a function
of 6,T
D1UK(12) Uk 1, B An array containing the first deriv-
o atives of the partition function for
each ion
D2UK(12) Uk 1, Bp An array containing the second
L P derivatives of the partition function
for each ion
0
UK1(12) Uk- "
D1UK1(12) vl .
k-up
D2UK1(12) u?
k-1, pg
EX(15) Ul exp(-I_, ;)
k-1 k-1/0
EX1(15) [UE exp(-1, - )]
k-1 k-1/¢ BB
EX2(15) [UE exp(-1 )
k-1 k-1/0
. PP
209




HALIDE Output Data (cont. )

VARIABLE
(FORTRAN 1IV) SYMBOL COMMENTS
1
UK2 Uk
maz
1
D1UK2 8)
k ' B
max
D2UK2 U1
krnax' BP
ZBAR z The average number of free electrons
per nucleus
ZBACK1 The value of ZBAR computed on the
next to last iteration
ZBACK2 The value of ZBAR computed on the
second to last iteration
ZSTAR 2%
AJAY T
TEMP T9/%
ITER The number of iterations for ZBAR
EKE E . The free translational contribution
kin \
to the total internal energy (erg/gm)
EPL E The plasma contribution to the total
P internal energy (erg/gm)
EIN Eex The exitation contribution to the total
internal energy (erg/gm)
EION Eion The ionization contribution to the total
internal energy (erg/gm)
PKE P . The kinetic contribution to the total
kin Z
pressure (dyne/cm¢)
PPL P The plasma contribution to tne total
P pressure (dyne/cm?)
UKA(KMAX+) Uy UK1(KMAX + 1) is set equal to zero
max if KMAX is equal to 12
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HALIDE OQutput Data (cont. )

VARIABLE
(FORTRAN 1IV) SYMBOL COMMENTS
D1UK1(KMAX+1) Ug
max’ B
D2UK1(KMAX+1) UO
l‘:rnax' PP
RHO p The density in g/cm3
TAU Torv The specific volume in cm3/g
PRESHR P The total pressure in dynes/cm2
ENERGY E The total internal energy in ergs/g
cv CV The specific heat at constant volume
in ergs/g/eV
DEDTAU Ev The derivative of internal energy
with respect to volume in ergs/cm
CP C The specific heat at constant pressure
P in ergs/g/eV
ENTHLP w The enthalpy in ergs/g
SS S The entropy in ergs/g/eV
R1 The density in 1b/ft3
TAU1 The specific volume in £13/1b
P1 The total pressure in atmospheres
E1q The total internal energy in Btu/lb
Cvi The specific heat at constant volume
in Btu/l1b/R
D1 The derivative of internal energy with
respect to volume in Btu/ft3
CP1 The specific heat at constant pressure
in Btu/1b/R
EN1 The enthalpy in Btu/lb
ET1 The entropy in Btu/1b/R
E2 The total internal energy in call/g
cva The specific heat at constant volume

in cal/g/K
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HALIDE OQutput Data (cont. )

VARIABLE
(FORTRAN 1V) SYMBOL COMMENTS
D2 The derivative of internal energy
with respect to volume in cal/cm =
i cp2 The specific heat at constant pressure ;
in cal/g/K i
!
EN2 The entualpy in cal/g |
ET2 The entropy in cal/g/K i
|
OPAC Output Data
UMAX The maximum u used in the cal-
culation; u = hv/@
DELNU A The mesh size in u space used in the
4 calculation
MMAX MMAX = integer [UMAX/DELNU]
APC(300) An array whose elements are pro-
portional to the continuous opacity
except at the time of output in which
case APC(M) = M * A, where
M=1, ..., MMAX,
, CONT(300) rcc(u) An arr:y containing continuous local
i Planck mean opacities
PLCCAL(300) K (u) An array containing the total local
P Planck mean opacities (cmz/gm)
AROS(300) icR(u) An array containing the total local
Rosseland mean opacities (cmz/gm)
PKAP1 'Ep The overall Planck continuous opacity
c (cm?/gm)
PKAP2 Tp The_overall Planck mean opacity
1 (em®/gm)
RKAP1 R The overall Rosseland continuons
! ¢ opacity (cmzl gm)
RKAP2 'k'R Thezoverall Rosseland mean opacity i
(cm®/gm) ;
i
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OPAC Output Data (cont. )

i
|
H
!

VARIABLE

(FORTRAN 1IV) SYMBOL COMMENTS

ERKROS A conservative estimate of the con-
tribution to the Rosseland mean
opacity from frequencies greater
than UMAX

TIMEC The time in seconds per transition
used to calculate the opacity

MAXPTS The total number of transitions
involved in calculating the opacity
for this 6, I" point

MAXPTD The number of unmerged clusters
that were stored for later calculations

NWKPTS The number of weak clusters in the
stored group of transitions; these
are not involved in calculating the
transmissions

NTOT The number of strong clusters in the

stored group of transitions; these
are used to calculate transmissions
(MAXPTD = NWKPTS + NTOT)
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HALIDE: PROGRAM LISTING

’
’
’

COMMON//

2 LEF(12+5) v DELE2(3cr2020), DIUK(12)

3 p2UK(12) ¢ L2UK1(12) v EM(12,2020)

4 FMNK(12,10) » G(32+2020) » GKMI(12¢5¢10)

S5 N1(12,2006) » NMIN(12,5) ¢ NSET(12:2)
6 PK(12) ¢+ PK1(12,20) v POTENT(12)

7 UK1(12) + V(12) ¢ WKI(12+2,20)
COMMON//

2 AJAY » AMASS o+ BETA » BETAZ2 » BIGX > CCL

3 CL ¢+ CONST1» GV v CV ¢+ DEOTAU» OELNU
4 DIUKZ ¢ DRUKZ2 ¢ ENERGY» ENTHLP. EPSBL » ePSB2
5 EPSENDe EPS10iie EPST » EPSTR » EPSWK ¢ EXUK
6 61 ¢+ KD * KMAXINe KMAX ¢ KMIN o+ LASTIT,
7 NP ¢+ PRESHR» RMO » SMLS ¢ S5 » SZERO »
8 THETA ¢ THETARs THELTAZ2» THETA3, UK2 ¢ UMAX

2

PI PP 302900000800 08 8080000009893 8 000999999392 80909938498¢99993899¢¢89 44

LIS CALCULATES
MEAN CONFIGURATION ENERGIES:

¢+ DIUK1¢12)
EPS(3202.2006)
JMIN(12,2)
PHIK(12)

UK(i2)

CGMESH,
DIEXUK s
EPSCL o
GAMMA »
LNAMASY
TAU ’
ZBAR o

DISPERSION IN ENECRGY OF A CONFIGURATIO!,
EI1GENVALUE ASSOCIATED WITH EACH OCCUPIED ORBITAL

COMMON/GALB/ EN(1200)9K(1920)

OIMENSION HEAD(42) sMORB(6) rKZC{15+3) 1NLOC(O) s ANIG) »
E{1502020) ¢NZRO{D) (EPSZROLE) 1FZRO(5) +1Q(6+6)+1S1G(or0)

REAL LNAMASLNGAMA
INPUT TAPE UNIT

NT= 11

READ(5,701) N2I
IF(NZ1.,LT.0) CALL MALIDL
IF(NZ1.LG.0) CALL EXIT
READ(59,700) {HEAD(J) v d=11012)
WRITE (60750)

READ(NT) NZT)NPrNUMZCS
READ(NT) (MORB(J)suJ=LsNP)

READ(NT) (K2C(Ur1)eK2C(Us2: o K2CLJ0 3} e J=1rNUMZCS)

READ(NT) (EN(J)ey=1,1200)
READINT) (K(J)eJd=191920)
WRITE(Oe700) (HEAD(JY) 1 J=1,12)
WRITE(62T51) NZToNPsNUMZCS
WRITE(6:T52)LEN

WRITL(6+750)

WRITL(60753)K

N2C= 1

NKS e

IF(NZC.6T.NUMZCS) 60 TO 100

00 120 131012

1i= 1

Lis 100e(13=1)+2

IF(KZCINZCo1) JEQ.INT(EN(LL}®*,5)) 60 TO 130

120 CONTINUE
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CHI ’
D2EXUK »
EPSCON»
GAMMA2 ¢
LNGAMA»
TEMP
ZSTAR
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130
140

150
160

170

180
190

200

210

e

220

230

-

CALL ERROR(1.,0120)

IFANCI+EQeINT(EN(LI=1) +.5)) 6O TO 140

CALL ERROR(1,0130)

POTENTANZC)=ENI{LL1+]1)
KIONZ EN(LL) 4.5
V0 loUu I12=1+NP

Le= Li+l+]l2
NZRO(f2)= EN(L2)

L3z L2+NP?
EPSZKO(IZ)= EN(LY)
Lu4= L3+NP
FZRO(J2)= ENILY)

L5= L1+142%6NP + J24NP
Lo= LS +NPxNP
DO 150 I3=1enp

L7= LS5+15
Q(I2,13)= EN(L7)

8= L6+¢13
SIG(I2115)=EN(LE)
CONTINUE

Fa2= 0.

DO 180 J=1rlb

Ji= J

Mi= 120 (Ul - 1) +

IF(KZCINLCINF ) «£Q,K(ML1)) GO TO 190

CONTINUE

CALL ERROR(1.06180)

Jes= M1 + 2

NLECT= K(J2 = 1)

NAK= NK~1
NSET(NZCoNXK) = K(JU2)

NN= NSET (NZCoNXK)

D0 200 J=1+NP

Jas Je + J

NLOC(u)= K(JU3)

KOUNT= 1

Fis O

NXZC= KZC(NLCy 1)

NXK= NK = 1
IF(KOUNT.GTeNN ) GO TO 405
M2= Ml + 8+ (KOUNT = 1)sHP
Fa= 0.

ATOT= 0.

DO 220 J=1e¢NP

Jo= M2 + J

AN(J) = K(J5)

IF(NK.£Gs2) NI(KIONIKQUNT J)= K(UY)
ATOT= " ATOT + AN(J)

IFINLECTJEQINT(ATOT 4 «5)) GO TO 230
F3= 1.
WRITE(69756) KLCINZCHNK) ¢ KOUNT

SUM1= 1)
SUMe= 0.
SUM4= Oe

D0 250 K1z1/NP
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240
250

%2

254
256

260
270
280

290

300

SUML= SUM1 + AN(K1)*FZRO(K1)
SUM2z SUM2 + AN(KL1)*#(AN(K1) = 1,)/2.*%Q(K1sK]1)
IF(K1+£QeNP) 6O TO 250
SUM3=z 0.
K2= K1 + 1 .
00 240 K3zK2sNP ;
SUM3= SUM3 + AH(K3)*Q(K1eK3)
SUM4z SUMAG + AN(KL)*5UMS
CONTINUE
EANXZCoNXK KOUNT)Z  SUML + SUM2 + SUMu
DELE2 (NZC+NXK»KOUNT)IZ Qo
SUMI1= 0.
SUMIg= Oe
DO 256 K1z1NP
TEMPML= MORDL (K1)
TEMP1Z AN(KL) #{AN(R1) =1, ) *(TEMPMLI=AN(KL) )% (TEMPM1=AN(K]1)}=1,)
2 *SIG(K1rK])
TeMP2=2 (TEMPM1=2,)*(TcMPM1~3,) !
IF(TEMPLleEQe0e s ORTEMP24£Qe0s) GO TO 252 ‘
SUMI L= SUMIl+ TEMPL1/TcEMP2 }
IF(K1.EQ.NP) GO TO 256 i
TEMP3= AN(KL) # (TEMPMI=AN(K1) )/ (TEMPM1=~1,)
N= Ki+}
SUilaz= 0.

U0 254 K2=N!NP
TEMPM2= MORB (K2)

SUMI3= SUMI3+ AN(K2)* (TEMPM2=AN(K2))*51G(K21rK2)/ (TEMPM2=~1,)
SUMIg= SUMIZ+#TEMP3&5UNMIY
CONTINUE

DELEZ (NZCrNXK+KOUNT)Z +5+SUMII+SUMI2

DO 26y K1z 1.1P
IFCAN(KL) oNEW4Os) GO TO 260
EPSINXZCrHXKeKOUNT K1) = 0,

GO Tu 280

SUM1:z 0.,

D0 27U K2z1rlP

SUM1= SUML+AN(KZ) sG(K1rK2)

EPS(NXZCrNXKrKOUNTeK1)= FZRO(K1)+SUM1= Q(K1¢K1)

CONTINUE

P6I= 1o

DO 320 J1=1/NP

NFs AN(JL)

MF= MORB(J1) « NF

JF(MF +GE, 0) GO TO 290

Fl= KOUNT

Pel= 0.

60 To 330 ;
IF(NF «Nt. 0) GO TO 300 :
6l= 1.

GO TO 310

Gl= FACT(MORB(J1))/(FACT(NF)*FACT(MF})
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310 PelIs PGI*GI

320 CONTINUVE

330 GINXLCINXKIKOUNTI= PGI
IF(KQUNT £Qs NN) GO TO 340
KOUNT= KOUNT + 1
60 TO 210

ENERGY ZERO SLLECTIO:N

340 JJ= b
0O 370 N=1/NN
IF(E(NXLCINXKrJJ ) (LTe E(HNXZCPNXKeN)) GO TO 370
JJ = N
JMININZCINXK)}= N
370 CONTINUL
NSET1= NN + 1
E(NXZCHNXKINSETL)= E(NXZCriiXKrdd )
400 CONTINUE
405 IF(F3.£Qe0¢) WRITL(6+750)
WRITE(6+757) NZTiKZLCINZCr1) oKZ2C(NZCeNK)
KOUNT= 1
410 11= ML + 3 + NP + (KOUNT = 1)#NP
IF(KOUNT +GT, NN ) 6O TO 420
IFUINT(FL ¢ .5) +EQ, KOUNT) WRITE(6,759)
122 J1+NP=1
EMINXZLC P NXKoKOUNT) = E(NXLCr1iXK s KOUNT) =E(NXZCoNXKoNSET1)
WRITE(60760) (K(J) oJ=T1012) 1G(HXZCoNXKeKOUNT) ¢ E(NXZCeNXKs KOUNT) ¢
2 EMINXZCINXKrKOUNT) o £ (NXZC o 1IXK o NSET1) +DELE2 (N2C» NXK 1 KOUNT)
417 WRITE(6¢761) (EPSINXZCHXK2KOULTIJ) 0 JZ19NP)
KOUNT= KOUNT + 1
GO TO 410
420 IF(NK.£Gs3) GO TO 430
NK=
IF(KZCINZCINK) <EGe 0) GO TO 430
60 To 170
430 NZC= NZC 4 L
NK= 2
GO 1O 110

INPUT FORMATS

700 FORMAT(12A6)
701 FORMAT(10)

OUTPUT FORMATS

750 FORMAT(1H1)

751 FORMAT(1HO+6HATOMIC» 8X e GHNUMBER OF ¢ 9X s GHNUMBER OF o /7H NUMRER»S5Xe 15
2HACTIVE ORBITALS5XeJ iHOUTEK CORESe/Z4X014»10Xe13016X913/)

752 FORMAT(19H EN ARRAY CONTAINS »/7(10(1Xe1PEL10,4)))

753 FORMAT(16H K ARRAY CONTAINS »/(20(1Xs13))) .

755 FORMAT(29H1 ZCORE 1ST OUTER @2ND OQUTER»/12X+4HCORE » 7X e 4HCORE» /73X
2I317Xe13¢7X013)

756 FORMAT(36H1 CAUTION= NUMBER OF ELECTRONS 1IN K=e 13, SHeSET »12032H
200ES NOT EQUAL REQUIRED NUMGER.)

797 FORMAT(IHO¢3Xo AHZ o 4X02HZCr1SXKo LHK e Z71X0 JU X0 J204X012)

759 FORMAT(46H0 G FUNCTION IS DEFINED AS ZEROs NI +GTe MI1).!}

760 FORMAT(I8HONL N2 N3 N4 NS Norl15Xe1HGs 15X I1HE» 10X 6HE=EMIN, 12X+ U4HEM
2IN19X» 7TH URE/7/76(1X012)95(2XelPELL,8))

761 FORMAT(1HOr14Xr» SHEPS»6(2X01PELH.8))

END

217

s
|
s
t
|
H
i
¥
.

, B

1



i
T
H

;
!
|
|

R S orerne o v

R1 FOR FAC
~ FUNCT

¢

/A
10N FACT (M)
GIVEN Me CALCULATES M FACTORAL
FACT= 1.
DO 1 I=1eM
Az 1
FACT= FACT*A
CONTINUE
RETUKN
END
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W] FOR HALIDE/A
SUBKROUTINE HALIOE

C XEXXXXXXXRXXEXXAXXKXXXXX XX XXXXXXXXXXXXXXXXXKXXKX XXX XXX KX XXX XXX XX
COMMON/ /
2 VEF(12¢5) s UELE2(1202+20)» DIUK(12) v DIUK1(32) ’
3 DUk (1) ¢ D2UK1(12) v EM(12+2020) ¢ EPS(12+2020¢6)
4 FMNK(12,10) v 6(1202020) ¢ GKMI(12+5¢10) ¢ JVIN(12,2) ’
S NI(12+2006) » NMIN(12+5) » NSET(12r2) r PHIK(12) '
6 PK(12) ¢ PKI(12:20) » POTENT(12) r UK(12) ’
7 UKi(12) e v(12) ¢+ WKI(1292.20)
COMMON//
2 AJAY » AMASS v BETA o BETAZ » BIGX » CCL r CGMESH» CHI []
3 CL ¢ CONST1» CP '+ CV ¢+ DEDTAU» DELNU ¢ DIEXUK» {2EXUK®
4 DIUKZ » DRUKZ2 » ENERGYs ENTHLPe EPSB1 » EPSB2 ¢ EFPSCL » EPSCONY
/ 5 EPSLiNDe EPSIQu» EPST ¢ EPSTR ¢ EPSWK ¢ EXUK » GAMMA » GAMMAZ2s
6 6l v KD v KMAXINe KMAX » KMIN ¢ LASTITe LNAMAS» LLNGAMA.
7 NP ¢+ PRESHR» RHO ¢+ SMLS ¢ SS v SZERO » TAU v TEMP
8 THETA » THETARs THETA2» THETA3r UK2 v UMAX » ZBAR ¢ 2ZSTAR

C XXXXKRXXXXXXXK KX XXX KX KX XK XX XXX XXX XXXKXXXXXXXXXXXXY XX XX XXX XXX XX XXX
COMMON/GALZEX(15) oEX1(19)EX2(1D)
COMMON/GALAZEKE vEPL EINeE T v PKEPPL
DIMENSION HEADER(12)+1GAMA(20) /MK(12))POT(12),PKBL(22),PKB2(12)
DATA PKB1/12%0./ .
DATA PKB2/12%0./ ’
REAL LNAMAS»LNGAMA»MK»MKe

OO0

INPUT TAPE UNIT f

NT= 11
- KEAD (51900) (HEADEK(T) 1 151,12)
READ(50901) KMAXIN?KRANGL 2 AAASS»CLeC2/EPST»SZERO
READ(50902) (MK (1)¢121sKAAXIN)
READ(5¢906) UMAX/EPSENDPEPSIONIEPSCONIEPSCL '
READ(50906) CCLoCLILPSBLIEPSDB2EPSWK !
READ(51906) BIGXsGI)COMESHPEPSTIEPSTR !
READ (NT) CINMINCIOJ) 0 J=105) 0 121012)
READ (NT) (€ DEF(I0d) ed=105) 9 121012) ,
WRITE (69950) :
WRITE (6+900) (HEAUER(I) ¢ 121012) ;
WRITE (60903) KMAXIN»KRANUE # AMASSsC1eC20SZEROIEPS]
WRITE(60909) (MK(1)sIZ12oKMAXIN)
WRITE (60904) UMAX,EPSEND»£PSIONIEPSCONsEPSCL
WRITE (60907) CCL/CLIEPSL1EPSB2+EPSHK
WRITE (60908) BIGXsGIsCGMESHIEPSTIEFSTR
CONSTIZ  9.65247c11/AMASS ;
VO 80 I1=1/KMAXIN
80 MK(I1)= (MK(I1) + 1)
vil)= 04
00 90 11=2/KMAXIN
90 V(I1)=  V(I1=1) +PGTENT(I1-1) i
LNAMASE  ALOG(AMASS: i
100 16= 0 i

READ(5+905) THETA»DELNU»NOGAMA
IF(THETALE.O0.) CALL EXIT
THETA2=  THETA®*1l.d

red
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THETA3= SART(THeTAZ) 1
THETARS 13.595/THLTA '
BETAZ le/THETA i
BETAZS BETA+UBETA

READ(52902) (GAIMA(L) »1=1/HNOGANA)

C .
C
101 I6= 16 + 1
IF (16 «6Te« NOGAMA) GO Tu 100
GAMMAZ GAMA(LG)

GAMMAZ= SORT (GAMMA)
LNGAMAZ ALOG (GAMMA)

J= JMIN(L1)
PK(1)= G(leled)
/ ZoH= PK(1)
¢ DO 120 11=2/KMAXIN
Js JMINC(I1s1)
KION= 11 -1
AK= KION
PK(11)= 0.

00 110 I2=1+KION
110 PK(I1)= PK(I1! 4+ POTENT(I2)
PK(13)= PK(I1)/THETA
PK(11)= AK*LHNGAMA =PK(11)
PK(I1)= G(ILrdeJ)sEXP{ PK(I1))
120 20H= 20H + PK(11)
D0 130 I1z=1,KMAXIN
130 PK(I1)= PK(I1)/Z0H
1TERZ 0
LASTIT= v
LBACK L= Co
LBACKZ= 0.

I A N N DT

TR AT

KMIN= 1
KMAX= KMAXIN
C
C
140 ZBAR:z 0.

Z5TAK: 0.
DO 150 I1=KM]INsiKMAX

KION= 11 - 1
AK= KION
ZBAR= ZBAR +AK*PK(I1)

150 2STAR= 25TAR +AKsAK*PK(11)
2STAK= 2STAR/ZBAR

e e o RIS o AN Ny <d L+

SMLS= ZDAR# (1, 42STAR)
IF (SMLS.LT.SZERO} GO TO 185
! CHIz (1, + (450153%2pAR* (14 + ZSTAR)#%1,5)/
2 (THETA3AGAMMA2) ) %4 ,33333333 = 1,
AUAY= Cls(CHI 4CHI#CHI/24)/(1,+ZSTAR)
60 To 156
| 155 CONTINUE ;
CHI= (1, +(45,153+¢52ZER0%(1e +ZSTAR) ¥445)/(THETA3*GAMMA2) ) :
2 *3,33333333 =1,
AJAY= Cls(CHI ¢CHIsCHI/24)#2ZBAR/SZERO
156 CONTINUE
TEMP= AJAYATHETA/ZBAR

00 160 I1=1/KMAXIN
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AJ= Il é
160 POT(I1)= POTENT(I1) = AU4TLMP 3
: PHIK(1)= GO R
. DO 1bU I1=2/KMAXIN g§
. PHIK(I1)= O, S
; LO 170 I2z2¢11 hd
; 170 PHIK(11)= PHIK(I1) +POT(12~-1) B
: PHIK(I1)= PHIK(I1)/THETA
: 180 CONTINUE
KD= INT(ZBAK + oo) 4
KMIN= MAXO (KL = KRANut 1) 3
KMAX= MINO(KD+ KRANGL »KidAXIN) {
! i
/0 .
‘ IF (LASTIT +tGs 2) GO TO 500 ;
; IF (ITER «Nt. 0) GO TO 40 :
190 CONTINUL
IF (16 +tWe 1 JANUs ITER JEue 0} 6O TO 200
IF (KMIN LT, KMIN1) GO TO 210
IF (KMAX .6T. KMAX1) 6O TO 220
KMIN1= KMIN
KMAX1z KMAX
KMN= KMIN
KMX= KMAX
60 TO 450 .
200 KMN= KMIN .
KMX= KMAX )
205 KMINIZ KMIN :
g KMAX1= KMAX !
X 60 TO 30v ;
T 210 KMN= KMIN i
oK KMX= MINO(KMIN1 = 1/KMAX) i
60 Tu 205 i
220 KMN= MAXO{(KMINsKMAX141) :
KMX= KMAX i
60 Tu 205 :
300 KION= KMN §
! 305 AMK= MK (KION) :
: MK2= SGRT (AMK ) i
‘ Iv0= 1 5
‘ UKL1(KLON) =0, !
DIUKL(KION)I=0. !
D2UKL (KION)=0. '
: IF(KIONLTKMAXIN) GO TO 300
: UKe= O
DiUKe= 0.
D2uUKe= 0.
; 306 TeST= FLOAT(KJON) #TEMP/13,595
| 307 ICON= 1
, Ji= JMINCKIONS IDO) ;
; DEL= C24SGRT(DELE2(KIONs IDOUI)) :
| 310 DELKI= C2#SURT(DELE2(KIONs» ID0» ICON)) i
! HKI= le + THETAR®DELKI/MK2 i
! EKI= 13,595% (EM(KIONs 100, ICON) =MK2*(DELKI <DEL))
i
| 221 b
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315
317
319
320

322

25

330

335

340
345

350

355

360

365

400

410

2nKI(KIONrIUOoICON)=

G(KION» U0 ICO) # (HKI %% (=MK (KION) ) ) #EXP (=EKI/THETA)

SUKI= ® £KI = MK2#DELKI*13,595/HK]

VKI= (SUKI#22) + (HKI**(-2) )% (DELKI**2)*184,824
J= 1

IF (U 6T, NP} GO TO 320

EPSJU= EPS(KIONY ILOICONI )

IF(EPSY) 317+3199320

IF(ABSAEPSY) oLE o TEST) GO TO 325

o= Jil

GO TO 315 :
IF (100 «EQe 2) GO TO 32¢ .
UKLIKION)= UKL(KION) + vKI(KIONIDOsICON)

DIUKL(KION)Z DIUKL(KION) + aKI(KION/IDO(ICON)*SUK]

D2UKL1(KION)= D2UKL(KION) + WKI(KION!IDOr»ICON)*VKI

60 To 3¢b

UK2= UK2 +wKIU(KION»JUOr ICON)

D1UK2= DIUKE + WKI(KION¢10D0eICON)#SUKI

D2UKR= D2UKE + WKI(KION+IDO» JCONI%VKI .
IFCICONSGE «NSETIKIONSIDO)) 0O TO 330 ;
ICONz ICON + 1 !
GO0 TO 310

IF (I1DO +EQs 2) GO TO 45U

M= 5

AM= M

ANK2= THETAR*FLOAT((KION ) 4%2)

ANK= SQRT(ANK2)

FMNK(KIONIM)IZ (2. AMEAM=32,) L XP(ANK2/ (AM%AM) ~POTENT(KION)/THETA)

IF (M JEG. 10) GO TO 340

M= M+ 1

AM= ™M

GO TO 335

1= 1

M= NMIN(KION: 1)

AM= M

GKMI(KION) IoM)= EXP(ANKEZ/ (AM~DEF(KIONs1))&*2 «POTENT(KION)/THETA)
1IF(M ,6EL. 10) GO 10 3%5

M= M+ 1

AM= M

60 TU 350

IF (I «Grs 5) GO 10 360

1= 1 +1

GO TO 345

IFC(KIONCGE e KMAXIN) s ANL S (IDOEQ.1)) GO TO 365
KION= KION +°
IFIKIONGGT o (KMX+1) ¢OReKIONSGT KMAXiN) GO TO 450
G0 TO 305

Iuoz 2

GO0 TO 307

CONVEKGENCE CHECK

IF L (ABS(l. = ZBACK1/ZUAR) ~ £PSI) +LE. 04) GO TO 430
IF (LASTIT +£Qe¢ 0) 6O TO 410

LASTIT= 0

IF (ITER +GE, 10) GO TO 420

GO TO 190
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420 LASTIT=S 2
60 TU 45u
430 LASTIT: LASTIT ¢+ 1
IF (LASTIT «GLe 2) GU 10 S0
450 CALL POPART
ITER= ITek 4 1
LuACKe= LBACK]
LUACKL= LBAR
DO 455 J=1.1%
PKB2(1)= PKpitl)
455 Pridt(l)= PK(1)
. G0 TO 140
: $00 wklTe(er950)
CALL ThinmL

!
C
C CUNVLKSION TO The EMNGLISH UNITS AND THOSE OTHER UNITS
C
11= 2eUBOTHLURTHLT A
Tes 1,16052044THLTA
K1= 62 ¢ 4 34KHO
TaU1=z 1./K}
P1s 9,80925L =7+PRL LHR
£l= 44302118 =babilt KGY
ke= 2439006L=64LNLRGY
cvis 2.06263L~124CV
cves 240594 7L =1c8CV
vis 2.68571L=54DLUTAU
ves= 2¢39006L=b*LELTAU
cPl= 2.06203L=124CP
g P2z 2.05947L~324CF
, ENLZ 4,302 L=64LNTILP
- EN2= 2439000068t NTHLP
- LT1= 2.06263L=12455
L eT2= 2,05947 12455
WRITE(60951) THETAPT1sTe
WRITE(601952) GAMMA
- WRITE (L1993
WRITE(60954) (1oPKR(I))UK(I) sDIUK(T) »D2UK(T) sUKI(I) P LIUKLCT)

! 2 D2UKLI(I) B XCIDeLX1(I)reX2(1) 0 ISKMINSKMAX)

2 ITtR
IF (KMAXIN.EG,12) GO TO 505
WRITL(60955) EKEstPLIEINIEToPRE/PPLIUKL (KMAX41) 2DIUKL (KMAX+1) s
2 D2UK1 (KMAX+1) e hD
60 Tu 510
505 x= 0.
WRITL(60955) EKEIEPLPEINI/ET+PKE1PPLI X2 X0 X2 KD
510 CONTINUE '
WRITE(60956)
WRITL(D9957) RHO» TAUPPRESHRENERGY 1 ZBAR/R1vTAUL#P1+E 1+ ZBARIKHOY
2 TAUIPLIE20 2BAR
WRITL (60958)
WRITE(O01959) CVIDLDTAUICPIENTHLPISS»CVL/DLrCPL/ENL1/ETL/CV24D20
e CP2sENZIET2
IF(DELNUWLEWUS) GO TO 101
WRITL(6eY50)
WiRITE(692951) THETA»T1T2
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WRITE(6r,952) GAMMA
WRITEL(60900) PRESHR,PL
WRITE(61901) RHO(K1
WRHITE(6¢962) ZUAR
CALL OPAC

60 To 10}

INPUT FOKMATS

900 FURMAT(12a0)

901 FORMAT(2110:5c10.4)
902 FORMAT(8L104+4)

905 FORMAT(2L10.4r13V)
906 FORMAT(6L10+4)

VUTPUT FORMATS

903 FORMAT (1610 KMAXI¢ KRANGE 210X SHAMASS»13X02HC1913X02HC29 10X SHSZE
EROPLINPUHEPSTI /50X 11305X01305(5X01PL10,4))

904 FORMAT(IHU P 1IXr4HUMAX e OXs 6HEPSEND ¢ 9% 6HEPSION, 9X e 6HLPSCON 10X e SHER
25CLe/6Xe5{1PE104»5X))

907 FORMAT(LIHO 12X 0 SHCCL 113X e 2HCL 9 10X, SHEPS31 030X SHEPS 2120 10X SHEPS KK
2/70X25(3Pc104495X))

908 FORMAT (1HU» 11X o 4HOIGX e 1340216 1 IX» OHCGMESHr 11X 4HEFST» 10X SHEPSTR,
270Xe5(1PE104495X))

909 FORMAT(IHOr 7X o 8HMK ARKRAY»/6Xs6(1IPELDUeSX) 2/6X16(1FEL10.4,5X))

950 FORMAT (1H1)

951 FORMAT(7HUTHLTAS»1PE10.495H EV =¢e1PL10.498H DEG R S01PEL10.4,
2oH DLG K}

952 FORMAT ( THUGAMMAS» IPE LU 4)

953 FORMAT(SHO 1+0X00HPOP{1)oSA» THPARTIT) o IXo9HDIPART (I ) o 3X 0 QHD2PART (
2I) 16X 6HUKO (1) 2+ 84X s BHUIUKU (T ) 14X BHU2UKO (T ) e SX» THEXUR (1) 0 3X»
S9HDILAUK (1) e 3X»9HUZEXUK (1))

954 FORMAT((2X212010(2XePELO.H4)))

955 FORMAT(IHGeIXe 9(2Xe1PEL1G.H)e10X012)

956 FORMAT(1HU» 16X SHRHO»21X» SHTAU» 16X 2 BHPRESSURE » 18X » 6HENERGY» 20X
S2UHLBAR)

957 FORMAT(6X s IPELUsBo1UHIG/CAI) 1IPELG .80 10H(CMI/G) rIPELY 8+ 10H(
QUYNE/ZCM2) 2 IPLL1U e Bo JUHIERG/ZG) 11PL1G,82/76Xs LPE LU By LI0HILB/FTI) o

JIPEIG B2 10HIFTIZLL)  11PLLIG.8+10H(ATM) P1PER4 B0 10H(BTUZLB)
GLPELY B0 /76X11PEL4.8010HG/CMI) P 1PE14. 8y 10M(CM3/G) v 1PEL4.8010
SH(ATM) v 1PELN, 80 10H(CAL/G) 11PELY.B)

958 FORMAT(LHO»17X02HCV 1 18X e GHDEDTAUS 22X 2HCP » 16X BHENTHALPY » 17Xy
27THENTROUPY)

959 FURMAT(6Xr1PE14¢8»10H(ERG/G/ZEV) v 1PL14 B LOM(ERG/CM3) »1FZ14,8¢10H(
QLRG/G/ZLV) 1 IPL14 B LOH(ERG/C) 2 1PE L4, 82 1O0H(ERG/EV/0) o /76X 1PELH 8,
JLIVH(LTUZLUB/R) » 1PELU B JUHIBTU/ZFTI) o1PELW . Bo10HIBTU/LB/R) 1 1PELU. 8y
GLOH(LTUZLE) 2 LPELS 8¢ 10H(BTU/R/LB) 9 /70X JPELL.B010H(CAL/G/K) 11PL]
SUeBrJUHICAL/ZCMI) s 1PEIU 481 1UHICAL/O/K) ¢ JPELG.B210HICAL/G) ' 1PEL
6489 JOHICAL/K/G) )

960 FORMAT(11HOPRESSURES »1PELC.4e14H (UYNE/ZCM2) = »1PEL0,406H (ATM))

961 FORMAT(OHURHO= #1PEJ04eLIH (G/CM3) = »3PEL10.4eSH (LB/FT3))

962 FORMAT(THUZBAKSE ¢1PL10.4)

END
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BI FOR POPAKT/A
SUBHUUTTIL. POPART

¢ KAXXXXXXKXXKXXKXXXRRXXAN AKX AXXXXKKXXKXXXXKXXXXXY XXKXXXKXXKXKX XXX XXX XXX F

COMMUN// :
2 UEF(12+5) v LLLE2(1202/20)s DIUK(12) v DIUK1(12) ' 5
3 L2UK(12) ¢ L2UK1(12) v EM(I242/20) v EPS(120202006), E
4 FMNK(12010) 9 wl1202020) v GKMI(12:5010) o UMIN(12,2) ' »
5 NIC1202006) 9 WMIN(LIZeS) ¢ NSET(12+2) v PHIK(12) '

6 PK(12) v PKI(12020) » POTENT(i2) v Un(12) ' i
7 UK1(12) ¢ vi12) ¢ WKI(1202,20)

COMMON// 3
2 AJAY v AMASS 0 BETA v OETAZ o+ BIGX o CCL v COGVESHe CHI ’ 3
3cL » CONSTLs CP ¢ CV » DEUTAUr DELNU » DILXUK» [:2EXUKo i
4 ULURC » D2UK2 ¢ ENLROYs ENTHLPY EPSEL ¢ EPSB2 » EPSCL o LPSCONs ;
S EPSENUe EPSIONe LPST t EPSTR » EPSWK ¢ EXUK ¢+ GAMMA » GAMMAZ2, f
6 61 ¢ KD » KMAXINs KMAX o KMIN o+ LASTITs LMNAMASY LNGAMAS i
7 nP r PRESHRe RHO ¢ SMLS , St ¢+ SZERO ¢ TAU » TEMP o i
8 THETA » THETAK» THETA2s THeTA3e UKZ ¢ UMAX » ZBAR ¢ 25TAR !

XXXXXXXXXXXXXXKXXXKXXXIXAXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

POPARYT CALCULATLS
POPULATIOLS s PARTITION FUNCTIONS
AND PARTITION FUNCTIUN DERIVATIVES

OO0

COMMON/ZGALZEX (15D oL X1 (15) s ER2(1Y)

DIMENSION LI(Y)

DATA DI/ 2¢¢ 240 4o 10er Q447

REAL LNAMAS e LNGAMA

HIXeYoPLoTHIS (X=YoY/X)0 XP(=P1/T))

PAXoYrPLoTHIZ (208X =2,/A8(Y8Y=16,))9EXP(=P[/TH)

QX2 YrPLaTHIZ (40060LLLOTH(X083) 42.8Xa(YaY~16,))sEXP( ~P1/TH)
RIXeYePLoTHIS =1 0/A=Y8Y/(Se0Xs23) )sLXP( =PL1/TH)

SIXeYrPIoTHIZ (=2./X=24/(3,0Xs23)0(YaY =164)) ot XP( ~P1/TH)
TXoYoPIrTHIZ (=34/(X2%3) =YaY/(5,8X845))2EXP( =P]/TH)

[

2tE= 0.
K10Nz KMIN

10 IF (KION 6T, KMAX) GO Tu 230 i
ANK2= KION#K10Hs THETaR i
ANK= SART CAlK2) 1
bBNK2= KION®13,595/TL P {
BNKE SUKT (BNK2)
IuNK= INT (LNK)

IF (LASTIT «tGe 0) 6O TO 15
TANK2= THLTASANKE
TANKY= TANKZ®TANRR

15 IF (ANKR «6Te 5¢) GO TO 45
IF (IUNK LT 5) 00 TO &y
IF (IuNK 6T, 10) GO TO 25

SR

HUK= Ce
D1HUK= 0.
D2HUK= O,

V0 20 135, IuNK |
FTEMPS  FMNK(KION+ 1) :

HUK= HUK ¢ FTimp i
IF (LASTIT +t@e 0) LO YO 20
A= 1

LIHUKS DIHUK + TANK2#FTEMP /(Asp)

225 .
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AP APt B froe o o

PeHUnS D2HUK +TANK4FIEMP/ (Assy)
20 CONTINUL
60 Tu 100
25 HUK= 0.

DIHUK= O

DeHUK= 0.

@TEm 2 QELNK P ANK POTLHTI(KION) s THETA) =0 (1050 ANKIPOTENT(KION) 07
<HETA)

FTEMpPS FMNK(KIUNP L)

HUK= HUK 4 FTEMP

1F (LASTIT +£Qe¢ 0) GO TO 30

A= 1

DIHUKS DIHUK 4 TANKZ2®FTEMP/(A®A)

D2HURZ DZ2HUK + TANKUSFTEWP/(Ased)

CONTInLL

HJKS HUK ¢+ QTtmp

IF (LASTIT +tQe O} GO TO 35 :
DIHUKS DIHUK +TANKZ4 (P (BNK ) ANK e POTENTIKION) ¢+ THETA)

“P10.OTAMKIPOTENT(KIOND » VHETAD)
PeHUK = D2HUK +TANKG ¢ (S (BNK ) ANK e POTENT (KION) ¢+ THETA)

=S (10D ANK P POTENT(KION) » THETA})

35 60 To 100
40 HUK=

0.
ULIHURS 0
L2HUKRS 0.
L0 TO 100
IF (lohK 6T, 10) GO TO 5%
HUKS= 0.
DIHUK= (|
D2HUKS O
DO 50 1=YHe JUNK
FTEMPS FMNK (KIONe 1)
HUK= HUK ¢ FICMP
IF (LASTIT +EGe 0) 0O TO %0
AsS 1
UIHUK= DIHUK ¢+ TANK29FTeMP/(A%A)
DeHUKS DEHUK ¢ TANKGsrTEMP/(ASN’
CONTINUL
60 T0 300
IF (LK +GEs ANK) GO TO 65
HUKS O
DIHUKS 0.
LeHuUxR= 0.
LU U 1010
FTeMPS FMIK(IKION» 1)
HUKS MUK ¢ FIEMP
IF (LASTIT +t@. 0) GO TO 60
Az 1
V1HUK= DIHUK ¢ TANK2AFTEAP/(ASA)
D2HUKS D2HUR ¢ TANKUSFTEMI /(A®eH)
CONTINUL .
90 Y0 100
HUK= 0.
DiHUK= 0.
LHUK= 0.
QTEMPS QUONK o ANK e POTLHT(KION) e THLTA)
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e THETA)
Lo 7v 1=5
FTEMP=
HUK=

B s 2 et At S B CrY Iy ¥ e R R 0 Y

10
FMNK(KION? D)
HUK + FTLMP

IF (LASTIT «tu. 0) 60 TO 70

Az
DIHUK=
LeHUK=
70 CONTJINUL
HUK=

1
DIHUK + TANKZ#FTLMP/(A*A)
D2HUK + TANKU*FTEMP/ (A*%4)

HUK + GQTEMP

I+ (LASTIT +LGe 0) 6O TO 75

U1HUK=
2

DeHUK=
2

75 00 Ty 10V
80 HUK=
OIHURE=
VeHUK=
G To 10V
100 tUK=
V1EtUn=
D2HUR=
u=
110 UhKI=z
IUNKI=
CNKI=
M=
v=
N=
IF(ANK 6T
IF (BNKoLT
IF(IbnKT .
[MOKS &
DIEUK]=
D2LUKI=
HTEMP=
Z2iN) 2+ THETA)

DIHUK +TARKR2+ (P(BNK ¢ ANKsPOTENT(KION) ¢ THETA)
=PllueSrAIIKsPOTENT(KION) » THETA))

D2HUK +TANK4+ (5 (LK s ANK e POTENT (KION) #» THETA)
=5(10,5s ANK?POTENT(KION) » THLTA) )

BHK + DLF(KIO» ID)

INT (uNK])

FLOAT(NMIN(KIOWrIV)) = DEF(KIONYID)
NMIN(KIONe ID)

DEF (KIONe IU

MINO(IBNKI»10)

«CHKI) GO TO 14H

«CNKI) GO TO 1&u

LE«20) GO TO 130

O

0.

0.

HIBNK» ANK»POTE JT(KION} ¢ THETA) =H({10.5-D)+ANK/PQTLN . (KIO

0O 120 1=Mel0

oTEMPZ
EUKI=
IF(LASTIT
A=l
DIEUKI=
[ 2EUK]=
120 CONTINUL
EUKI=
IF(LASTIT
D1EUK]=

e
D2EUKI=
e
125 60 To 200
130 EUKI=
VIEUKI=
D2EUKI=
90 135 I=

GKMI(KION+IDrI)
GTLMP
Q@ 0) GO TO 12V

DIEUKI + TANKZ24O0TEMP/((A=D) %%2)
D2BEUKI + TANK4*GTEMP/ ((A=D)*%4)

EUKI +HTLMP

oo U) GO TO 125

DIEUKI +TANK2* (R(BNK»ANK?POTENT (KION) ¢ THETA)
=R((10s5=D) 1 ANKe POTENT(KION) » THETA) )

D2EUKI +TANK4# (T (BNK»ANK?POTENT(KION) » THETA)
=T((10.5=D) r ANK»POTENT(KION) » THETA))

0.
0.
O
Mo TsNKI
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GTEMP=
EUKI=
IF (LASTIT
A=
DiEURI=
VeEURI=
135 CONTINUL
GO To «V0
140 LUKI=
DIEUKI=
wekUKI=
GO To 20u

GKMI(KIONs ID» 1)
EUKI + OTEMP
£Ge 0) GO TO 13>
1
D1EUKI + TANKZAGTEMP/((A = D) #%2)
D2EUKI + TANKUXGTEMI/((A = D)*%y)

0.
0.
Q.

145 IF (bINK oLTe CHKI) 60 TO 18U
IF (BIWK +GTe ANK) GO TO 155

LUKI=
LIEUK]=
LetUKI=

0.
U
0.

L0 150 I=MrN

OGTEMPS
tUKI=
IF (LASTIT
A=
DIEUKI=
DeEUKI=
150 CONTINUE
60 T 200
155 IF (JuNKI]
EUKIZ
DI1EUK]=
DREUKI=
HTEMP=
2N) e THETA)

OKMI(KIONe1ID 1)
EUKI + GTEMP
eLGe 0) GO TO 15U
I
DIEUKI + TANKZ#GTEMP/((A = D) *%2)
D2EUKI + TANKU*GTEMP/{(A = D) *ry4)

«LE. 10) 6O TO 170
0.
0.
0.

HIBNK s ANK s POTENT (KION) s THETA) =H{{(10,5=D) 2 ANK»POTENT(KIO

DO 16U I=MelO

eTEMPS
EUKI=
IF (LASTITY
A=
ULlRUK]=
L2tUK]=
160 CONTINUL
EUKI=
IF (LASTIT
D1EUKI=
2
VatUKl=
2

165 G0 T0 20y
170 EUKI=
DIEUR]=
D2EUKI=
DO 175 1=M
GTEMP=
EUKI=,

GKMI(KIONeIDe1)
EUK]I + GTEMP
bEGe 0) GO TO 1oy
1
DIEUKI + TANK2*GTEMPZ{((A = D)*%2)
D2EUKI + TANKUGTEMP/((A = D) *#y)

EUKI + HTEMP
G U) 0O TO 165

D1EUKI +TANK2* (R{UBNK ¢ ANK 2POTENT(KION) s THETA)

=R({1U5=0) +r ANK+POTENT(KION) ¢+ THETA))

D2EUKI +TANK4* (T(UNKs»ANKPOTENT(KION) ¢ THETA)

“T({10+5=D) » ANK/POTENT(KION) +» THETA))

O
Ue
Oe
¢ IBNKI

GKMI(KION»ID»1)
EUKI + GTEMP

IF(LASTIT.EQ.0) GO TO 175

Az
DIEUK]=
D2EUKI=

1

DIEUKI + TANK2#GTEMP/ ((A=D)%*2)
DREUKI + TANKU4*GTEMP/((A=D)«=*4)
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175 CONTL.WLE
60 Ty ¢0u
180 LUKIZ Us
DIEUI‘\I: C.
L2tUKI= 0.
wV Tu ¢l
200 LUKk= EUK + ul(l0)#buKl
IF (LASTIT «EGe 0) 6O TO 205
DitURnZ D1EUK + DI(IL)+UIEUKI

D2EUKZ= D2EUK + DI(ID)#D2RUKI
205 Jo= I + 1

IF (1L +GTe ) GO TU 210

60 To 110
210 EAUK= HUK + BEUK

IF 'LASTIT «tQe 0) GO TO 215

DIEXUK= DIHUK + DIEUK

D2EXUKS D2HUK + D2ZEUK

EX(KIUN)=  EXUK

EX1(KRION)= DI1EXUK

EX2(nI0ON) = D2LXUK

215 PTENI= POTENT (KIONI /T Th

IF(K]lle G s KMAXIN) GO TO 220

UK(KION)= UKL(KION) 4UK1(KIOUN+1)#cXUK

IF (LASTIT Q. 0) GO TG 22%

DIUK(KIOGN)= DIUKL(KION) +(DIUK1(KION+1)+EXUK 4UK1(KION
2 + 1)aU1EXUK = POTERT(KION)#UKL(KION + 1)#*EXUK)

D2UK(KION)= D2UKLI(KION) = POTENT(KION)*(DIUK(KION)= DIUK1(KION))
2 +{DZURI(KION#1)#EXUK +2.4DLIURL(KION+1)*DIEXUK +
J UKI(KION 4 1)% D2LXUK = POTENT(KION)#(DIUKL(KION + 1)+EXUK +
4 UKI(KION + 1)+ DIEXUK))

60 Ty 225

220 UK(KIUN)Z UKI(KION) +UKe*LXUK

IF (LASTIT «tGe 0) GO 10 22%

DIVK(KION)S DIUKI(KION) +(DIUK2*EXUK 4UK2+D1EXUK
e =POTENT(KIOI)} Y+UKEHAEXUK)

D2UK (KION)= LZUKL(KION) =POTENT(KION) # (QIUK(KION) -DIUKL(KION})

2 +(D2UK2*EXUK +2.¢#D1UK2¥D1EXUK
) +UK240D2E XUK =POTENT(KION) # (D1UK2¥E XUK
4 +UK2*U1E XURD)
225 PK(KIUNIZ UK(KION) #LXP((KION= 1)#LNGAMA « PHIK(KIOM))
lebk= Zte + PK(KION)
KION= KION + |}
G0 To 10
230 K= KMIN

235 IF (K +6T, KMAX) GO TO 240
PK(K)= PK(K)/ZLE

K= K + 1
GO YO 235

240 IF (LASTIT +bQ. 0) RETURN
K= KMIN

245 IF (K +6T, KMAX) RETURN
1= '

250 IF (1 +6T, NSET(Ks1)) GO TO 255
PKI(KsI)S PK(K)*WKI(Ke101)/UK(K)

P

i
!
!
!
1
i

LN
RO

i - I1+1

GO YO &5

295 K= K +1

60 T z4b

END
|
i
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FOR _THEKML/ZA
ﬂl""”TDRTTT" THE /ML

XAXXXAXXXXXKXXAXXXXXXXK)AXXKXXXXXXXXXXXXXXXKXXXXXXXXXXXXXXXXXXXXXXIX

COMMON//
2 ukF(lerd) v DELE2(22+2020) DIUK(12) » D1UK1(12) ’
3 peur(le) v D2UKL1.12) v EM(12+2+20) v EPS(120202006)
4 FMNK(12+10) v G(12r2020) v GKMI(129,5010) » JIMIN(12,2) ’
5 [1(1202040) ¢ NMIN(1Z29Y) v NSET(12:2) v PHIK(12) ’
6 PK(1e2) ¢ PKI(12020) ¢+ POTENT(12) ¢ UKI(12) ’
7 UK1(le) r VI(12) » WKI(1202,20)

COMMUN//
2 AJAY 0 AMASS v BETA v obLTAZ » HBl6X » CCL s CGMESHY CHI ’
S CL » CONSTLe CP r CV » DEDTAUr DELNU » DIEXUKe [JREXUK»
4 DIUKZz » D2UKZ2 ¢+ EMNEKOGYe ENTHLP» EPSEs1 o EPSHB2 ¢ EPSCL » EPSCOMY
S tPSENUe EPSIONe EPST v EPSTR 0 EPSWK 0 EXUK 0 GAMMA » GAMMAZ,
6 ol » KD v KMAXIH? KMAX » KMIN » LASTITe» LNAMAS: LNGAMA»
7 1P v PRESHR? RHO » SMLS 0 SS ¢+ SZERO » TAU s TEMP o
8 THETA » THETARe THETA2» THeTAds UK2 v UMAX » ZBAR ¢ 2STAR

; c XEXXXXXXXXXKXXKXAXKXX AKX XXX KXKXXXXXXXXXXXXXXXX XXX XXX KXXXX XXX XXX KKK XXX
: C
C THERML CALCULATES
c THEKMODYHAMIC PROPERTIES
c
COMMUN/GALAZEKE s EPLvEXtire 11 PKE » PPL
DIMENSION EIK(195) EITHT(15) »DROTHT(15) s URDTAUCLS)Y o PKTHT(15)
2PKTAU(15)
REAL LNAMAS»LNGAMA
( RHO= «010125%AMASSS THETAZ/ (GAMMA S ZBAR)
i TAUS 1./RHO
1 CKBAK= (15,0912 20ARS(1s +25TAR) #%,5) /7 {THETA3*GAMNMA2)
& . C
S c ENERGY CALCULATION
~,_\-{,,-u‘, c )
g%?_ EKE= 1e54C0NHLTLI# (1. +2BAR)*THETA
N EPL= e H*CONSTL4(1e +ZSTAR)HAJAYATHETA
B EIN= Oe
- E "—' 0,
00 100 I1=KMINsKMaX
EINS EIN +PK(IL)sv(IL)
EIK(I1)= =DIUK(IL)/7UK{lL)
El= ElI + PK(I1)*eIK(I1)
100 CONTINUL
EIN= CONSTL*LIN
| £l= CONSTL#*tI
: ENERGYS  EKE +EIN +CI1 +chL
i (¢
: C PRESSURE CALCULATION
. C
; PKE= CONSTL1#KHU® { 14 ZBAR) 4 THETA
¢ PPL= RHO*EPL/ 3,
: PRESHKE  PKE +PPL
C
[« ENTHALPY CALCULATION
C
ENTHLP=  ENLROGY +PReSHR/RHO ‘
c i
c !
FSZRO= 11,56882 +1.5*LNAMAS +ZBAR +(ZBAR +1,)*LNGAMA+ALOG(2BAR)
DO 120 I1=KMINIKMAX |
SAVE= PK(IL)/UK(]}) !
IF(SAVE+EWe0s) GO TO 120
FSLRO= FSZRO =PK(I1)%(ALOG(SAVE) +BETAxV(I1l))
i
230
B
R | v " " —




e e

[aXeX el OO0

120

130
135

140

150

CONT LUt

FSZRU= «CONSTLHTHLTA®E SZKO

CHle= CHI#CHI

ARGI1C CHIZ2/38. +CHI 41,

ARG2= (2.4CHI 43.)/1.732051

GCHI= CHI +CHIZ2/2¢ =«5¥ALOG(ARGY) +({ATAN(AKG2)
2 ~1.0473970)7/1.732051

FSPLZ ~CONSTL1/2.xTHLTA*GCHI

Fo= FSZRO +FSHL

SSPLE (EPL =FSPL)/THLTA

ENTKOPY CALCULATION

5= (ENERGY =FS)/TAHLTA

DERIVATIVES

DPOTHTE =1 +94CKBAR/ (ZBAN«THETA*(1+4CHI) )
DPDTAUS =5 CKUAR®HHOZ (ZBAKR®(1.+CHI))

FF= AJAY/LZBAR

IF (SMLSWLTeSZERO) GO TO 130

SMLF= (=FF +1,5*#CKBAR/ (ZUAR*¥(1+4CHI)))I/SMLS
60 TO 13

CONT 1 ivWUE

SMLF= (=FF +1,5*CKBAR/ ({BAR%(1« +CHI)))/SZERO
CONT1, UL

CKBAKL= ZUAR

CKBAKc= CKbshix14ZSTAR

CKBARJS=S (VIS

CKBAK4= O

DO 14U 11zKMItNPKMAX

AK= 11-1

CKBARJS= CKBARS + (AK%#3)aPK(11)

CKBAKAK= CKUBARY +(AK®s4) #PR(11)

DROTHT(I1)= 1.5%AK*BETA +BETA2#(V(11) +CIK(I1))
LURDTAU(L1)= AK3RHQ

CUNT1iIvUE

ALTHT= =), +ZBAR =ZSTAR

A2THT= e ORSMLF # (CKBARYS +CHBARZ =ZBAR*SNMLS)
SUML= O

SUM2= O

SUM3z O.

DO 1%y J1=KMIH»KMAX

Al= I1-1

PROD= PK(I1)*pRDTHT(]1)

SUML1= SUM1 +PKOD

SUM2z SUM2 +A1+PROD

SUM3= SUMS +ALl*(A1+1,)*PROD

CONT 11Uk

ASTHT= ZBARS (SUML +,5%DPUTHT* (CKBAR2 +CKBAR1))
e = 5*DPUTHT# (CKBARS +CKbrR2)

BiTHI= SMLS =(CKBAR3 +CKBARZ2)/ZBAR

B2THT= el, =¢5#SMLF*SMLS*SMLS +¢5*SMLF # (CKBAKY
2 +CKBARZ)

83THT= SMLS* (SUML +,5%DPLTHT* (CKBAR2 +CKUAR1))
2 «,54DPOTHT# (CKBARY +2.#CKUARS +CKBAR2)
ZURTHT= (A2THTSU3ITHT ~A3THT#B2THT)/ (A2THT*B1THT
SMLSTH= (ASTHT «AITHT*ZBRTHT)}/A2THT

DO 160 I1=KMINsKMAX

Al= 11-1

PKTHT(11)s PK(I1)#((1.=A1/208AR)*ZBRTHT +DRDTHT(I1)

e g poe ey v P P I ve e e e e

=SUM2

+2,+CKBAR3
=SUM3
~A1THT*B2THT)

-SuMl

2 +.5¢ (SMLF*SMLSTH +DPUTHT)#(ALl%ALl +Al =CKBAR2 =CKDBAR1))
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160

170

CONTINUL

ALTAU= =1, =(CKBARZ2 =/BAR*ZBAR)/LBAR

A2TAU= = o S LBARKSMLS*SMLF  +4 D%SMUF # (CKBAR3 +CKBAR2)

ASTAU= RHO*ZBAR¥LUBAR +45% L AR*SMLS«DPUTAU =« 5*DPDTAUS (CKBARS
é +CKBARZ) =RHC¢CKLARZ

BlTAU= SMLS =(CKBAR3 +CKBAR2)/ZBAR

B2TAU= =ly =eDaLMLF*5MLS#SMLS +e5+SMLF # (CKBARY +2,+CKBARD3

é +CKUARe)

B3TAU= RHO4ZBAK*SMLS+ . b2 UPOTAUSSMLS*SMLS =, S*DPUTAUS (CKDBARY -
'3 +2.*CRLAK3 +CKUAR2) =RHO* (CKBAR3 +CKBAR?2)

LBRTAU= (A2TAUABSTAU ~A3TAUxB2TAU)/ (A2TAU*BITAU =A1TAU+HB2TAU)
SMLSTU= (A3TAU =ALTAU*ZURTAU)/A2TAU

DO 170 I1=KMINr/KMAX

Al= I1-1

PKTAU(IL1)= PR{I1)#(KHO* (Al ~ZBAR) +.5«(SMLF*SMLSTU +DPDTAU) #
2 (Al#Al +Al ~CKUAK2 =CKpAR1 )}

CONTINUE

HOLO1= O

HOLDz= Ue

HOLDJ4= 0.

HOLD4= 0.

U0 250 I1=KMIilsKMAX

EITHT(I1)= BLTA2*#(D2UK(11)/UK(I1) =(DIUK(IL)/UK(L1))2%2)

HOLD1= HOLDL +PK(I1)»cITHT(IL)

HOLDe = HOLD2 +PKTHT(I1)*(EIK(11) +V(IL))

HULDS= HOLDJS +PKTAU(11)#*v(]I1)

HOLD4= HOLLY +PKTAU(I1)*LIK(1))

CONTINUL

EPLTHIZ =CONSTL/2xTHE TA® (SMLS* (SMLF#5MLSTH +DPDTHT; +FF#SMLSTH)
2 +£PL/THLTA

CV CALCULATION

cv= CONSTL#(1,5%(1.+ZBAR+THETA*ZBRTHT) +HOLD1 +HOLD2)+EPLTHY
EKETAU= 1e5%CONSTLI#ZHRTAUXTHETA

EINTAU= CONST1*HOLDLS

LITAU= CONSTL1*HOLLY

EPLTAUS =eH*CONSTLISTHE TA (FF*SMLSTU +SMLS# (SIALF#SMLSTU +DFDTAUY)

LLlTAU CALCULATION
DEDTAU= EKETAU +EINTAU +EITAU 4EPLTAU
ARG1= CONSTL1#(1, +ZLAR +THETA«ZBRTHT) +EPLTHT/ 3,
ARGE= PRESHR ~CONST14THLTA®ZBRTAU =~EPLTAU/3.
DTOTHT= ARGI/ZARG2

CH CALCULATION

cp= CV +DTDTHT (DEDTAW+PRESHR)
RETURN
ENO
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] FOR OPAC/A
SUBRUUT I OPAC

C
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KXXXXXXXXXXXXKKXXXXXXKXX XXX KX XXX KXXKXKXXKXX XK XX XXX X XXXY XXXXXXXXX XX

COMMUI//

2 OEF(1lgb) v DELE2(22e2¢20G)» DIUK(12) ¢+ DIUK1(12) ’
S vaun(l2) ¢ D2UK1(12) v EM(12+2+20) v EPS(1242020+6)
4 FMNK(12r10) r G(1202020) ¢ GKMI(1205¢10) » JMIN(12,2) ’
S NItle2r2uir0) ¢ NMIN(1200) » NSLCT(12¢2) v PHIK(12) ’
6 PK(1g) ¢ PK1(12+20) ¢ POTENT(12) v UK(12) ’
7 UK1(12) v vi12) v WKI(12+2,20)

COMMON//

AJAY v AMASS » BEYA v BLTAZ » BIGX » CCL v CGMESH» CHI '

cL ¢+ CONST1s CP » CV » DEDTAUr LELNU » DIEXUKs [2EXUKS

UD1URZ » D2UKZ2 » EHERGYe £ENTHLP» LPSH1 » EPSHZS ¢ EPSCL » EPSCONY

EPSENDY EPSIONY EPST v LPSTR » EPSWK ¢ EXUK  » GAMMA o+ GAMMAZ2.

ol v KD » KMAXINs KMAX o KMIN » LASTIT» LNAMAS: LNGAMAH

NP v PRESHRe RHOU » SMLS o+ SS v SZERO ¢ TAU v TEMP

THETA » THETARY THETAZe THETA3s» UK2 » UMAX ¢ ZBAR ¢ ZSTAR
XXXXXXXXXXXXXXLE XXX KXXXXXKXXAXXXKKXXXK LK XX XXX XXX XXX XXX XXX XXX XXX
COMMUN/ZGAL/ZEX(15) sEX1(1H)1EX2(15)

COMMON/ZGALB/EN{L1200) ¢ K(1920)

COMMON/GALC/LLL2p11s120LNLeLN2/NINTLoNINT2¢MZERO s JNELIKCIKS Y
2 UL eU20FNSTRLFNSTRR2PFKAPPPDEF L

COMMON/ZGALD/SIGL(S920013)9S1062(7011013) 401059200120 082(7911,412)

COMMOIN/GALE/ZSTIoBBL(D22003) o SI0B2( 721193 1SIGFL(5920)05IGF2(7011)
2 AFL(De20) s AF2(7¢11)

UIMENSION EIG(1227¢7)0DEFICL120707) 00 CAS(12¢T7)2F11(797)

2 IPRML 7930 UMAXCTZ) s LHICTY hLI(T) LN 1(12¢7)oLNCKI(12:,7),
S LNFKIC(12¢7) oLNMINTIC(T7) b LPEKTI(1207 . 1 KI(7)

DIMENSION APC(30U) r APL(300) o FFTHSR JeFF2(3007 9 CONT(300)
¢ PLOCAL(300) rAROS(3U0) v SAVL (1500

DIMENSION FZRO(0)»Q@(or6) o2 (600) el TRNG(1T) o FTABLE (20)+DI(6)

DAT“ Ul/d. '2. '“0'10.'1‘..'00/

DATA FTALLE/Z 0437 ,8399,980914099¢1418Y%91.201:30" ~ Lo37001.412¢
2 Llelli9r ] 4826145110 2,53811.502014,58491,0040],6230164101,657¢04/
INTEGER BYPASS
REAL LG/LGW

E~CUELN

ERROR FUNCTION

LKF{X)= o=l o/ C(1o4X%(,2783934X%(,230389+%X%(9,72E~4+
T.8108L=2%2))) ) %24)
LAk (=X)
LXX(Y)= Lo/ (1o Y8 (42507213 +Y4(0292732L =1 +,38278E=2%Y}) ) sl
MUATAS 0
KLRUME 0
KW= 0
BYPASS= 0
IF(IPASSWNEO) GO TO b
IPASS: b}

INPUT TAPE UN]T
NT= 11 .
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TEMPOKARY STORAGE JhUM UNITS

NU=

Nu2=

READ(NT)
READ (WT)
READ (41
READ(NT)
Ko AD (ivT)
READ(NT)
READ(NT)
READ(NT)
READ(NT)
READ(INT)
READ (WT)
READ(NT)
READ(iNT)
RLAD(NT)
READ (14T)
KREAD(INT)
READ(T)
READ(i:T)
RLEAD(NT)
READ(NT)
READ(NT)
READ(IT)
READ(NT)
READ(NT)

REWINU NT

UMAX]TIW=

el

3

(IO (KLIPK2PK3) v KI=107) 9sK22107)91K1Z1912)

COCURFI(KL K2 KS) 1 K319 7) K210 7)) 0n1=0012)

((UEFASIKLIPK2) 1h2Z1e7)rK1Z1012)

((FIT(KL KZ) PK2=10r7)eK1Z107)

((IPRVME(KLIIK2) 12511 3) K121 7)

(JUMAX(K1) k110 7)

( LHI(KL1)rK1Z107)

( LIGK1)sK1=107)

((LNASK]I (K1sr2)sK23107)01K121012)

(( LINCKI(KLoKZ2)1KR2Z19T7)0K1=10132)

(( LNFKI(K1»K2)9K2=107)0K1=1012)

(LNMINI(KL) »K1=107)

((LNPEKI(KLoK2) »K25107)9K1=1012)

(NFKI(KL1)»R1=1¢7)
(CCSIGLIKI 1 K2rK3) rK3Z1013)rK2=1920)9K1=1,5)
CC(SIGEIKIIK2IK3) pKIZ1013)9K221011)90K1=107)
((CAL(KL o KZrK3) 1K3=1022)¢K251920)0K12115)
((CAZIKLIPKEZPK3) PK331922)9K221011)0K1=107)
(((SIGBLI(KLIK29K3) 1 K3=193)0k221920) v K1Z145)
((SIGL2(K1 K21 K3) 1 K3=193)9k251011)9K1IZ107)
((SIOF1(K1rK2) 1 K221920) 9 K1=10))
((SIGFZ(KIIK2)1K2Z1911)9K1=107)
((AF1(K1er2) 1 K221+20)9K1Z105)
((AF2(K1¢K2) sKZ1011)¢K1Z1e7)

UMAX

5 IF(UMAXINGNE.O.) 6O TO 110

100

110

120

130

SELECTS UMAX IF INPUT UMAX «&Qe O,

UMAX=

CON=
2

R=

10,

6+904 300 THETASGAMMA/ (LBAR#ZSTAR*
(POTENT(KD+1)/THETA +1.))

CON# (UMAX*23) 2t XP (=UMAX)

IF(RLTJEPSEND) GO TO 110

UMAXS

60 To 100

MMAX=

UMAX +1.

INT(UMAX/0LELNIU)

IF{MMAX «LE+300) GO TU 1eu
CALL ERRUK(2.0110}

CON=

9237874 THETAKSTHLTARSZBAR# ZSTAR/ GAMMA

INITIALIZES CONTINUOUS AND LINE ARRAYS

DQ 130 MS1eMMAX

UMz
APC(M)=
APL(M)=

(FLOAT(M))sDELIWV
CON/ (UM223)
O

WRITL(6+5000) UMAX,DELNU

CALL TICKER(TIMEA)
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C
MAXPT 5= 0
KION= KMIN
140 IF(PK(KION) «6GTWEPSION) GO TU 160
! 150 KIONZ KiOn+1
f IF(KIUNoLE «KMAX) (O TO 140
IF(KLRUMOLGL0) GO TO 1loly -
G0 TOU 1560 N
160 I1= 1 ;
170 Li1= LICIn i
HFE NFKI(IL) {
Le= LNCKI(KIONSI1) :
. LIWMN= LNMINI(]1) :
d LNASE LNASKI(KION,11)
! Jis 1 .
180 IF(Jl.LEoJMAX(I1)) GU TO 190 !
11= 11+1
JF(I14LEe7) GO TO 170
00 T¢ 150
185 ui= Ji+l ;
00 Tu 1sU .
190 le= IPRME(IL10U1) !
[ FI1(I1s12) i
Le= LI(12) .
C H
C PRLSSURL TONIZATION TeS5T !
¢ H
1CON= 1
, 1.57= FLOAT(KION)*TL4P/ 13,595
° 195 u= 1
; 200 Ir(J,uTeHP) GO TU 240
) . LPSJ= EPS(KION? 1o IC0eJ)
e IFLEPSY) 21002200230
L 210 IF(AUSILPSY) oLL« TEST) GO TO 230 :
B 220 u= J+l '
| w0 TO 200
. 230 J(ONZ ICOIN+L
IFCICUNSLENSET(KIONSL)) GO TO 195 ;
§ Ku= 1 :
60 Tu 250
240 FK= PKI(KION»ICON ) /PK(KION) ;
IF(FKW.LELEPSCON) GO TO 230 i
KU= 0 !
f IF(1ca6E47) 6O TC 245
i JION= 100+ (KIQN=1) 415 ;
h DO 262 JJuls 14N
i FLRO(JUL)=  ENC(JION+JJL)
: JJuzz JION +NP*(JJ1)
. V0 241 JJ3Z 1P
. 241 Q(JUJIruJI)IZT ENGJICHIJI)
2 242 CONTlnut )
: TEPSS FLRO(1Z) !
; DO 243 JJUl:lo P :
ANS NI(KIONsICONrUUL)
243 TePS= TEPS +ANSG(JJ1»]12)
; 245 CONTINUL
250 LNz LNMN
)
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NSAVES 0
255 I;(LNI;@T.%NFKI(K]ONvII)) GO TO 26U
KY=
LPY1z EIG(KIONeI1oLNL)
FNSTKIZ  FLOAT(KION) /SGRT(=LP51)
Niz NFKI(i1)
MZEROVZ 1
257 LNwW= LN
FISTRWS  FNSTR1
: FNIZ NI(KION,ICONII1)
, FLHI= LHI(ID)
: LGW= 1s =FNI/FLHI
: Fws FI1(l2eIl)
£ KAZ 0
: 60 Ty 33U

260 IF(KUeeQel) 6O TU 31U
270 JF(LNL1oGY JLNCKI(K]IONSLL)) GO TO 300
IF AN (KIONP ICONP I1)0kG.0) GO TO 230

£
% Nlz NI(KION/ICONIIL)
E EPSIKIONI1/1C0.4 1)
’ FWSTKIZ  FLOAT(KION)/5ORT L=EPSL)
N KI= 1
MZERGLZ L
( 280 IF(LNL.EG, (LNFKI(KION/11)41)) GO TO 257
. KA= 1
60 Tu 36U
300 IF(KU.tQ.0) 60 TO 230
310 Ln1z LNCKI(KIONeI1) 41
320 IF (L1+GL.LNASKI(KION/11)) 6O 10 330
KT= 2
UEF1s DEF I (K1ONs T2 ok 1)
FWSTRIZ  FLOAT(LNI) =DEFL
MZERO1Z A

FMLEKO= DELNUSTHETA® (FiuSTRI23) /(2. sFLOAT(KION##2)%13.595)
MZELROC= FMLLRO

wWis b}
60 Tu 3b0
330 LEF1= DEFAS(KIONSIL)

40 FiNSTKLS FLOAY(L1) =DLI) .
FMZEKOS 4DELNUYSTHETA® (F . STR1483) /{2, 4FLOAT(KION#42)213.595)
IF(FMZERO.GT4le) GO TO 200
3

KT=

MLERVL= 1

MZERO2= 1

Nl= b

60 To Jo0
350 KT= 4

MZEROL= FMZERO
MZERQ2= MZEROL
N1z 1
360 ARG= “FLOAT(KION®42) sTHE TAR/ (DELNU#FNSTR1#FNSTR1)
NINT1= 1 +INT(ARG)
IF{(ARG=INT (ARG} ) oLT40.) NINT1= NINT1-}
60 To 380
370 IF(NINT1.0T+0) GO TO 185
XT1s= Lo/70e5=FLUATININTLY)
xr2= SORT(THLTAR/ZUELNUSFLOAT(KION® +2) )
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380

[N eXa]

390
395

400

410

420
430

440

450
460

470
w80

e et e . - e S a

MZEROL= eORXT24nTLe21 Y

MLEROZ= MZEKOL

FNSTKRL= SURT(XT1)4412

LiNl= INT(FNSTRY ¢0LFl 44%)
ul= DELHNUS (FLOAT(HNINTL) =o5)
IF{UL.GLe0e) GU Ty 185

PRESOURL TONICLATION TLST o INITIAL STATE

FNSTKL= SQRT(=FLOAT(KIu*2) *THCTAR/ZUL)
FHBAK= SQORT(FL UATIKIC ) s THETAKSZBAR/ZAJAY)
IF(FNSTRLILGL JFHHAKK) GO 0 189

1IF(KU,LUs1) 6O Tu 43u

IF(XKT.Ltsl) GO TO Suy

CALL LKROR(Z,U0380)

LNZ= LNPEKI(KIONIZ)
IFILNZsLELLHCKI(KIONII2)) GO TO 40U
IF(KTetWel) GO TO 430

LNL= LNi+1

6O Tu ¢5%

K5= 1

KvC= 1

KC= KION

ePS2= Teks =1

IF(KT tUel) EPS2E TLPS =Q(11,12)
MONE L= 1

MONL <= 1

IF(EPS24GE40,) GO TO HU0

FNSTRe= SURT(=FLOAT(KIVI®#2)/EPL2)
Ne= NI(KION CONP 1)

New= Ne +1

Lo= 1 =Ne/LHIC12)

IF(LG.EQeY) GO TV SHU

60 T0 540

IF(KTeNL L) GO TO 420

CALL LRRUR(2,0410)

Lide= LNCKI(K]IONII2) +1
Kr= KION
KV= 1

IF(LNe+GL JLNASKI(KC2]2)) GO TO 470
KS= 2
IF(KT46Tel) LO YO 45U

KVCZ é

60 Tu 4oU

KVC= 1

VeF2= DEFI(KCol2ollic)
MONE L= 1

FNSTHZ= FLOAT(LNZ) =ORF2

frE s e e TR 1 oA e ¢ e

FMONL = o DSDELNUSTHETAS (FNOTR2%83) /(FLOAT(KC##2)#13,595)

MONEZ= FMONL

MONEZ= MAXO(1sMONLR)
GO0 TO S40

LeFas DEFAS(KCr12)

FNSTRe=  FLOAT(LN2) -DEF2

FMONL = eDODELNUSTHETAS (FINSTRZ2883) /7 (FLOAT(KC®%2)913,59%)

IF(FMONL.GTe14) GO TO 510
KS= 3
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490
500

510

520
530

540

S50

560

570

580
590

600
~10
620
630
640
650

IF(K].GT-I% 60 TO 490

KvC=

60 Tu S0

KvC= 1

MUNLC 1= 1

MONLe= 1

60 TO Suu

K>= 4

KAS= 0

IF(KTe0Te1) GO TO 520

KVC= 2

O Tu bdov

KVC= 1

MUNEL= F MOtiL

MONE 2= MONL 3

Lu= 1

NZw= 1

ARG= “FLOATIKC242) ¢ THETAR/Z (BELNUSFNSTR24FNSTRK2)
NINT = 1 +IHT(ARG)

IF COARG=TUTLARG) ) (LT 06) NIT2= NINT2-1
00 T S6v

KAS= 1

IFININT2,6T0) GO TU 560

XT1= =1 /(FLOAT(NINTZ) =,5)

XTe= SART(FLOAT(KC*42) s THLTARZ/DELNY)
MONE L= e O2XTLlsal,58XT2

MONE 2= MONEL

F.'9TRe= SGRT(XT1)exXT2

LNZS INT(FNSTRe #ULFZ2 +.Y%)

ue~ DELNUS (FLOAT(1IINTR)=.3)

H(U2,6k0u) GO TO 570
FRNSTHe= SUKT(=FLUAT(KCs+2)sTHLTAR/U2)

IF CUIRENTZ=NINTL) sLEoU) GO 10 560
IF CONINT=NINTL) oLE«MMAX) GO TO 70V

IF{KS.6T.1) 6O TU 630
LN2= LNe+l

60 Ty 39%Y

60 TO (590+600+610r620)9KS
LiZ= LNg+1

60 Tu 29%

Ln2s LNZ+1

60 TO 44y

LN2= Lhz+L

60 TO 480

NINT2= NINT2+1

60 TO 550

CONTINUE

60 TO (6400670) rKVC
IFiKT.6T.1) 60 TO 650
CALL ERROK(2,0640)

1P KT, 06Te2) 6O TO 65
N1z LN1+1

GO To d20
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655

660

670

680

700

1000
1003
1005

1010
100

1030

1040
1050
1060

1070

1080

R s WU gy

IF(KT.6T«3)6G0 TO obU

LiNls LiNp+1

60 To 3uu

NINT1= NINT1+1

60 TU 37V

IFCIRVL T RVO) AU (KION UT o KMIN)Y) GO TO 680
LiNl= LN1+1

IF(KT.£G+0) GO TO 255

L0 T <7V

Kes KION =1

KvV= KV+1

L2z LNCKI(K10Ms1I2) +1
G0 TG 44y

CONT1IWUL

HAXPTO= MAXPTS +1

MININT= NINTZ=HINT1

TRANSITION FREQUENCY

IFININTZ2406Te0) MHINT= =MIINT
Fil= N1

Fo= LG

FKAPPC FiN1*F*F G

POPULATION OF A STATE

IF(KT«6T41) 6O TO 1070

IF(KT«£Gel) GO TO 1040

GO TO (1000¢10100201001010) K
IF((K1GNLOel) ¢OR, (KV,LLe1)) GO TO 1003

HK= le ~UKL(KION=4)/UK(KION=1)

G0 TO 1005

HK= Oe

POP= FKe (PKIKION +iiK*PK(KION=1) *UK(KION)/UK1(KIOMN))
6V Ty 1200

00 TO (1¢20+1050),KY

pCl= PKIKION)*UKL (¥ LON)/UK(KION)

GL Y0 1200

HK= 1e=UKL(KION=1)/UK(KION=-1)

POP= PK(KIOi=~1) *#HK .
w0 T 1200

00 TU (100001050010%001050) K5

60 TO (1000¢1000) 4KV

HK= 1 ~UKL(KION=1)/UK(K]ION=1)

HK= HK#wKI(KIOUNe 10 ICON) /UKL (KION)

POPZ PK(KIOI=1) *HK

60 TO leuu

IF(LNL.EQJNSAVE) 60O TO 1200

NSAVEL= LN1

HK< 1e=UKLIKION)}/UK(KIOI)

IF (KT et Ge2eOReKT L We3) Gu TV 1090

IF(KT Qo) GO TO 1120

IF(1146T45) GO TO 1100

IF(LNL.LE.10) OGKMIX= GKMI(KIONe1l.tN1)
IF(LNL.GT.10) GKMIXS EXF(THETAR®FL.AT(KION*:22)/

e (FLOAT(LNI ) =DEF (KIONy 11 ))*%2=POTENT(KION)/THETA)

POP= PK(KION)®HK#DI(11)*(KMIX/EX(KION)
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1100

1110

1120

1130

1140

1200
1210

12195
1220

1250
1235

1240
1250

1260

1270

1275

1280

60 TO 1200

CONT LUt

IF(LNl1.LLo10) FMHNKXE FMNK(KLONPLNL)
IF(LN1eGT 107 FMNKXT FLOAT(28LM15LNL=32) ¥
¢ EXP{THETAR*FLOAT (KION*#2) /FLOAT(LN1*LN1)
3 ~POTENT(KION)/THETA)

ALN1= Ll

IF(Il1.NLew) GO TU 1110 .

PUP= PK{KION)#HK*1& o #F ANKX/ (EX (KTON) %
2 (e *ALNL#AL{1=32,))

60 TO 1200

POP= PK(KION) *HK# (2, #ALN1+ALN1=504+ ) #FMNKX/
e (EX(RION) # (o #ALNI#ALNL=52J))

60 TO 12060

ARG= =U1=POTENT(KIO)/THETA

IF(I1,6T«5) 60 TO 1130

POP= PK{KION) *HK*0I (11)*#EXP(ARG) ZEX(KION)
60 TO 1lzuo

IF{I1.6Teb) GO 1O 11y

PoP= PK(KION) ¥HK# 18 o xEXP (ARG) ZEX (KION)

00 T 1200

Pop= PKKION) #HK*FLOAT (24LN1#LN1-S0) *EXP(ARG) ZEX (KTON)

STRENGTH OF THE TRANSITION
BB 1S SeTeFe BOUND=sOUNU
BO 1S BATLL-DAMGAARD
bF IS SeTeoFs BOUND=FREE
BS 15 BURGLSS~SEATON
HYD 1S HYUROGLNIC APPROXIMATION

60 TU (1£1001210012100121001270,128091280)0¢1]1
IFAMINT2eLEo0) GO TO 122V

IF{FHNSTRLIWGE. (FLOAT{({L1)+,5)) 60 TO 1260
IF(KTObe2) GO TO 1co0

CALL bF (THETADELNUPKIONIQUANIR)

60 Tu 1399

IF(FHNSTRLILGE . (FLOAT(LL1)+.5)) GO TO 1240
IF(KTWGEe2) GO TO 1250

CALL bb{KIONsGUANIR)

eC TO 1399

IF{FNSTRR.GE« (FLOAT(L2)+,5)) GO0 TO 1250
6O TO 1250

IFCFNSTRZ2=-FNSTRLj s Geleb) GO TO 1260
CALL BU(THETA»DELKNU» QUANIR)

60 TO 13599

DEFT= DEFAS(KCr12)

CALL uS(THETADELNUKIONIDEFT»QUANPR)
60 TO 1399

IF(I2.bGel4) 6O TU 1210

IFILNL.EGeD) GO TO 1275

CALL HYD(THETAsDELNUKIOHIQUANIR)

QUANZ «6428571*QUAN

60 TO 1399

IF(NINT2.6T«0) GO TO 1215

CALL bb(KJONsQUANR)

60 To 1399

IF((I2¢EUeS) ORe(I24kQ47)) GO TO 1290
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o060

1290

1300

1399

1400
1410
1420

1430

1431
1433

1435
1440

CALL EKKOR(2,128U)

IF(I2.£Qe5) GO TO 13u0 It
CALL HYU(THETA»DELNUSLIOT ) QUAI{IR)
G0 TO 1399 )

IF(LHNZeLQeD) 60 T0 240

CALL HYU(THETADELHUPKI O QUANIR)

QUANZ ¢ S88088Y¥CUAN
CONT UL

HelHHIL+S/MASL*PY IS TOTAL STRENGTH OF A LINE
PQ= POP2QUAN

CLUSTEK wIDIH

IF(ISAVEK.EQ.KIUN) GO TO 1420
ISAVLK= KION

JION= 100 (KION=1) +57
VO 1410 VYJl=1,iP
JJ3= JION +1P*(UJ1-1)

DO 1400 JJ2=1+nP

LRL (UJlraJ2) = EN(JUJI+JIZ)
CONTINUL

CONT1vUE

00 TO (1430014500145001450)0 KS
IF(KT.6T.0) 6O TO 1440

v= O,

Yis= NI(KION) ICOH I)

IF(YLlebwWeCo) GO TO 1433

Ye= DI(12)
IFU(YlobQoele) s ANDSY245G420)) GO TV 1431
L= Y1#(Y2=Y1=1,)/7(V2=2,) %02 (12¢12)
00 Tu 1433

v= Dee (12+12)

LU 1435 uJdi=lenipP

IF(JJUiet@.12) GO TO 1435

Yi= NI(KION, ICON,JUL)

IF(Y1l.tQe0e) GO TO 1435

Yes DI(uul)

L= D +4Y1#(Y2-Y1)}/7(Y2=1,)*0L2E(JJLr]2)
CONTINUL

60 Tu 1490

CONTINUL

b= 0.

Yi= NI(KION/ICONsIL)

Ya= pICIn

= (Yi=1,)2(Y2=Y1)/(Y2=-2,)#D2E(]I1s11)
Yi= NI(KION,ICONsI2)

yes bIi(12)

L= D +Y1%(Y2=Y1~1,)/(Y2=2.)%D2E(12y12)

00 1445 JJU1=1eNP
IFU(UU1.£Qe11)40R (WJL LG, 1I2Y) GO TO 1449

Yi= NI(KION, ICONsUJL)

IF(Y1,£Qe04) GO TO 1445

Ye= 0l(udl)

p= D +Y12{Y2=Y1)/(Y2-1,)%:5*(D2E (110J11}
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A

At oo i L

OO0

2
1445

1450

1455

1460

1465

1470
1475

1480
1490

1491

1492

+02E(12,JJ1))
CONTINUE
00 TU 149y
IF(K]QGTnO) GO0 TO 1400
b= 0,
JJe= JMINCKIOH])
DO 1455 JJlI=1enP
Yi= NI(KION)JU2sJJL)
IF(Yl,EQe0s) GO TO 1455
Y2z DI(JyJl)
FNSTRL= “FLOAT{nION*¥2) /EPS(KION? Lo JJ20JJ])
ARG= eO13FLOAT((KION=1)#%2)#FNSTR1I#FNSTRI/Z (FNSTRL#*%3)
D= O +Y1x(Y2-Y1)/(Y2-1,)*ARG
CONTINUE
60 Tu 1490
IF(KT,GTsl) GO TO 1475
p= G
TLEE= pDer(1l.11)
IF(TURE «£Qe0,) GU TO 146LH
ri= NI(KION 1CONYIL)
¥2s LICI1)
b= (Y1=1a)%(Y2=Y1)/(Y2~2,)%TD2E
L0 1470 JJ1=1.0P

1F(JJL kW, I1) GO TO 1470

Yi= NI(KIONW) ICON»JUL)

Y2= DI(JJL)

V= D +Y1*%(Y2=Y1)/(Y2=1,)%D2E(I1sJJ]1)
CUNT INUL

60 TO 149y

D= O

Ju2= JMIN(KION»1)

PO 1480 Jyl=1.nvP?

Yi= NI(KIONyJJ21JU])

IF{YletQ@e0a) GO TO 1480

Y2= DI(uul)

FNSTRu= “FLOAT(NION*%2) ZEPS(KION?1eJJ2rJJ])
ARG= eUL2FLOAT(KION®#2) xF NSTRD/Z (FNSTR12%6)
L= D +Y1*%(Y2~Y1)/(Y2~1,)*ARG

CONT 1NUL

CONT INUE

D= 1e414214%CCLATHETAR4SQRT(D)

IF(KS.6te4) 60 TO 1491
IFC(RToLTo4) eORe (NINT£oGT,0)) 6O TO 1492
IF(DL6T, (LELNU/Z2.44949)) 60 TO 1492

D= FLOAT(MZEROL#MONEL) #D

b= AMINL (D+DELNU/Z2,44949)

CONT inULE
LINE WIDTH

FLN2= (FNSTRe +UEF2) +%2

ARG= SURT(POTENT(KION) ) *POTENT (RION)

WN= 4e4118E-04FLOAT(KION*%3) *ARG/ (FLN2* (FNSTR2%#3) %
(POTENT(KION) +U2%*THETA))

WiN= AMAX1(WNeO,)

we= 20 *THETAX (FNSTR2#%4)/ (GAMMAXFLOAT (KC#*%2) )

WL= WN +WC

s




OO0

OOOOOOOO0

1495

1500

1510

1520

1530

1540

IFININTZ.LEL0) GO TO 1S54y
IF{BYPASS.£Q@.0) GO TO 1550

ARG= D*ALS (QUAN=SAVEQ )/ (DELNU*GUAN)
IF(ARLWGTEPSCL) GO TO 1530

BYPASSS 0

Ka= 1

DO 1495 MzleNMAKX
FFTHSK(M)Z O,

ISAVEME ABS(MNINT)
CONTINUE

M= ABS (MNINT)
FFTHSK(IM)= PQ
IF(IMLTeMMAX) GO TO 53U
FSAVEM= e ORFF THSR(ISAVEM)
CON= Se

IF(DNEeUs) CON= UELNU/ZL
DO 1520 Mz1leMMAX

IF(M.GTo ISAVEM) GU TO 1510

ARG= CON*FLOAT(ISAVEM=M)
IF(AH@.GT.“.) ARG= 4,

APC(M)= APC (M) +FSAVENM*(1,=ERF{ARG))
G0 To 1520

ARG= CONSFLOAT (M=I5AVEM)
IF(ARGeGT o) ARuLZ 4,

APC(M) = APC(M) 4.5¢FFTHSR(M)*(1,+ERF(ARG))
CONT I wUE

Kw=

GO TO bH8U

BYPASS= 1

SAVEG= QUAN

KCC= 1

KSS= V]

L0 TO 1650

CONT UL

NUMGLR OF LINLS

CALL NUINES(KION»ICON+KToFLINE)
IF(KS.LT43) 60 To 1550

SR= WL (FNSTR2%%3)/(27194%FLOAT (KC*#2))

IF(SKLTele) GO TO 1550

KCCS 1

KS5= 0

GO0 Tu lodu

CONTIHLL

STOKRL

MNINT TRAWSITION FREGULNCY
FLINE NUMuER OF LINES
0 CLUSTER WIDTH
PQ TOTAL STRENGTH OF A LINEt
wh LINE WIDTH

MDATA= MOATA +1

SAVE(MUATAr1)=  MNINT
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A — a0 b P ok

1560

1600

1610

1620
1630

1640

iobu

1660
1670

SAVE (MUATA»2)= FLINE

SAVE (MDATA»3)= U
SAVE(MUATA4)Z Py
SAVE(MDATA»D)Z  wL
IF(MUATA.LT.1500) 6O TO 580
KURUMZ KUORUM +1

WRITE(ND) ((SAVE(MDL1eMO2) #MU2=195) »MDLIS1eMDATA)

IF(KIUN+GT«KMAX) GO TO 1000

MDATAZ 0

60 TO S8v
CONTINUE

KDATAZ MOATA
KEWIND Nu
IuRUMZ KDKUM

DO 1610 Mz1rMMAX

FF2(M)= APL (M)

KCC= 0

KS5= 0

MAXPIu= MLATA

IFUIDRUMGGT o U) MAXPTDZ MAXPTD +1500«(IDRUM=1)
IF ({IURUMSNE .0} GO TO 1b2d

MAXD= MDATA
MUATAZ 0

G0 TO 1640

MAXDT= MUATA
1URUM= I0RUM=1
MAXD= 1500

IF(IURUM.LG.0) MAXD= MAXUT
READ(ND) ((SAVE(MULeMD2) #MD2Z105) »MD1=10MAXD)
IF(IDRUMLEQeU) REwIND ND

MUATA= 0

MUATAS MDATA+L

MNINT= SAVE(MOATA»1) +,5
FLINES SAVE (MOATA»2)

L= SAVE (MUATA, 3)

PQ= SAVE (MDATA4)

wL= SAVEAMUATA,S)
NSUM= ABS (MNINT)

ARG= Se

IF(DeNE«O,) ARGE ,S*PELNU/D
IF(AKGGT Ue) ARG= 4,

PHRIZRO= ERF (ARG)

MSUM= NSUM

IF (MNINT.6T«0) GO TO 1660
APC(MSUM) = APC(MSUM) +PGAPHIZKO

JA= 1

60 To 1670

APL(MSUM) = APL(MSUM) +PQ+PHIZRO

JAS 2

MoUM= MSUM+L

ge= 0.

PTEMP= 0.

IF(D.£Q.0,) GO TO 1675

ARGL1Z= (FLOAT (MSUM=NSUM) +,5) sDELNU/D
IF(ARGL1+GTs44) ARGLZ 4.

ARG2= (FLOAT (MSUM=NSUM) =+ 5) *DELNU/D

IF(ARGR+GTels) ARG2= 4.
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PHIMn= +O% (LRF (ARG1) =LRF (AKGR2))

PTLMPZ PQ*PrHIMN
Be= PHINWN/PHRIZRO

1675 DLELM= FLOAT (M5UM) #DE WU
bl= 0.

IF (CELMsuTUMAX) 6O TO 1080
IF(JAEQ. 1) APCUMSUM) T APCUMSUNM) +PTENMP
1IF(JAkus2) APLIMSUM)Z APL(MSUM) +PTENMP

Bl= PTEMP/ (APC (M5LU A +APL (MSUM) )
1680 bd= 0.
N2z 2ANSUM=MSUY

IF(NM2eLT,1) GO Tu lo9u
. IE(JALGeL) APCINMZ2IZ  APCLNM2) +PTEMP
' IF(JALO.2) APLINMZ2)IS  APL(NWM2) +PTEMP
B3 PTEMP/ (APC(NMZ) +APLINNM2))
1690 IF (U1 6L EPSLL) o UR (52 0E +EPSB2) 4 OR. (£3.GELEPSBL)) GO TO 1670
IFIKCCotUs1) 6O TO 5u0
: IF(KSSeEUL1) GO TU 1640
g IF (MDATA.LTMAXD) GO TO lok0

60 TU 1bd0

1700 CONTInUL
CON= 5¢1553E4H/7AMAS,
NMSH= MMAX

TLMPLL= EXP(-DELNU)

TeEMPLe= SOKT(TeMmPEL)

TeMPL o= EXP (ukLiWU)

LO 1710 Mz=lrmMAX

APC (M) = COnNenPC (M)

APL (M) = CON+APL (M)

PLOCAL (M)= APC(M) +APLI(M)
| CONT(M)= APC ()

'& 1710 CONTINUE
! C
; (o CALCULATE PLANCK CONTINUOUS AND PLANCK MEAN
! C
’ MMAX1= MMAX =1
TEMPLY= MHMAX$2S
TEMPE L= TEMPEL##MAX
PKAPL= (1, =~TEMPE2)*#/pPC{1) /DELNU +,5*TEMPEU*TEMPES*APC (MMAX)
PKAPg= oD% (TEMPL1#PLOCAL (1) +TEMPEUxTEMPES*PLOCAL (MMAX))

TeMPL 2= TEMPEL
DO 1720 MSHST1eMMAXL
FMSHZ MSH#* ¢ 3
PKAP1= PKAPL +FMSH®APC(MSH) #TEMPE2
PKAP2= PKAP2 +FMSH*PLOCAL (MSH) s TEMPER
1720 TEMPLe= TEMPE2+2TEMPEL
PKAPLlz ¢15398974 (DCLNJ**4) xPKAPL
PKAPZz= 0 1539897% (DELNU*#4) «PKAP2
TeMPE2= TEMPL1
TEMPL 4= TEMPE4*FLOAT(MAAX)
TEMPe Y= TEMPE1*+»MMAX
RKAPL1= (62563 +5,20333=33DELNU) Z( (DELNU#*#3)%APC(1)) +
2 o DS TEMPEUSTEMAPES/ (((1e=TEMPES) *23) #APC (MMAX) )

CALCULATE ROSSELAND CONTINUOUS

[2X 2 X el
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1730

1740

1800
18i0

1820

1825

1840

DO 1730 MSH=1,MMAX1

FMSH= MSH#*+4

TeMPEYLS 1o/ ({1,=-TEMPEZ) 4%3)

RKAPL1= RKAPL +FMSH*TEMPE2*TEMPES/APC (MSH)
TEMPLe= TEMPE2*TEMPEL

CONTINUE

KKAP1= 38497430 =25 (DLLNU*%D) #*RKAP]
RKAP1z 1./RKAF]

UO 1740 M=1rMMAX
APC(M)= APC (M} /CON

APC (M) = APC (M) +FF2(H)
APL(M) = 0.

CONTINUE
NWKPTS= 0
NST= 0

LORUMZ KLKUM
IF(IURUMiE«0) GO TO 180y

MAXD= KDATA
MUATAZ 0

NSPTS= 0

60 To 1820

MAXCT= KOATA
TURUMS JURUM =1
MAXD= 1500

IF (IURUMGEG0) MAXD= MAXUT

READ(ND) ({SAVE(MD1eMU2) 1 MUC=115)»MDLI=1FAXD)

IFCIUKUMGEG.0) REwIND HD

NSPTS= 0

MUATA= 0

MDATA= MDATA +1

MNINT= SAVE (MDATA,1) 4.5
FLINE= SAVE (MDATA,2)

U= SAVE (MDATA»3)

Pa= SAVE(MDATA4)

L1 SAVE (MDATA»S)

SELECT WEAK CLUSTERS

WUARZ WL/THETA

OMAX= AMAX1 (D»WBAR)

SOE= PQ*DELNU/ZUMAX

IM= ABS {MNINT)

TEST= APC (IM)

ARG= SUE/(1.,772454*TEST)
IF (ARLsGTEPSWK) GO TO 14325
KSS= 1

NWKPTS= NWKPTS +1

GO To 1650

NSPTS= NSPTS +1

SAVE (NSPTSe 1)=  MNINT
SAVE(NSPTS» 2)= FLINE

SAVE (WSPTSe 3)= D
SAVE(NSPTSy 4)= PQ
SAVE(NSPTS, 5)=  wL
IF(MUATA.LT.MAXD) GO TO 1820
NTOT= NSPTS
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IF (KUKUMCLQ.U} GO TO 190y
CCSAVE(MDL»%U2) 1 MD22105) o MULIS1 I NSPTS)

WRITE (ND2)

NoT=

NOT +1

NSTRNOINST)I= WoPTS
IF CIUKUM.EGe0) U TO 14904

00 To 18lu
1900 Rewlnp Nue

C{OSAVE (MDL o MDQ) 1 MU2195) P MULERD3WNTOT)

NTOT= 0
MU= 1
DO 1920 M=1eNST
NSPTS= NSTRING ()
NTOT= NTOT +iiSPTS
KREAD (1sb2)

1920 MUS= NTOT +1
ReEWIND Nbe

IFINTOT0T.1500)

1905 DO 1910 M=1/MMAX

1910 FF2(M)=

CONe (APC (M) +APLIM))

C
C CALCULATES TRANSMISSIONS
c
KROSEZ 1
BIGXLN= ALOG(BIGX)
2000 UMASLLE 0,
FKAPL= PLOCAL (RROS)
TKAP1= 1,
KR= 1
TINTUZ O
2010 DMASSHE= DMASSL =BIOXLI/FKARL
TKAP¢= EXX(DMASOL24FF e (KRUS))
MDATAZ= 0
2020 MOATA= MDATA +1
MNINT= SAVE (MDATA»L) +,5
FLINL= SAVL (MDATA»2)
(V] SAVE (MUATA» 3)
Pa= SAVE (MUATA4)
wL= SAVE (MDATA»S)
00 Ty 2090
2030 TKAPu= AMAXL(TKAPJr0,)
TKAPJ= AMINL (TRAPJr 1)
TKAPg= TKAP2* TKAPY

IF(TKAP2.LE«0«? GO T0O 2040
203% IF(MDATALLT.NTOT) GO TO 2020

FKAPZ= ~ALOG(TKAP2) /UMALS2
FKAP2= AMINL(FKAPL/FKAP2)
DTINTU=
2 FKAP1)
TINTU= TINTU +UTINTU
ARG= TKAPR2/ (FF2(KRU») *TINTY)
IF(ARGJLEEPST) GO TO 2045
NR= NR +1
UMASS1=  DMASS2
FKAPL= FKAPZ
TKAPL1S TKAPZ2
w0 TO 2010
2040 TKAPg= 0.

2045 AROS(KROS)= 1./7(TINTU +TKAPZ2/FF2(KRUS))

CALL ERRUR(2,1920)

s b TR 4 PR 2 e

(TKAP1 =TKAP2) #{(DMASS2 ~UMASS1)/(DMASS2sFKAp2 =DMASS1#
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KROS= KROS +1
IF (KROS.LE «MMAX) GO TO 2000
c
c CA_CULATE ROSSELAND HEAiv
c
TEMPLZ2E  TEMPEL
TEMPL4S  MMAX##%
TEMPESE  TEMPE1444MAX
RKAPZ= TEMPEI® (64250 -342,60416E~38DELNUI/ { (DELNU##3) #ARCS (1) )+
2 eSETEMPLURTEMP LS/ (( (1. =TEMPES) #43) #AROS (MMAX) )
DO 2050 MSHE10MMAXL
FMSH= MSH#* +4
TEMPLSS  1e/((Le=TEMPL2) 4% 3)
RKAPZ= RKAP2 +FMSHATE SPL2# TEMPES/AROS (MSH)
' TEMPL2=  TEMPL2+TEMPEL
2050 CONTINUL
RKAP2= 3,849743E=2% (DLLNU*%5) $RKAP2
RKAPZ= 1¢/RKAPZ
TH POTENT (KU+1) /THETA
IF (UMAXJLT.UL) GO TU 20538
U= Ul
uis UMAX
00 TU <¢U5Y
2053 ud= UMAX
2055 ARGLZ 0.
ARG2Z 1.
UO 2060 HM=1r7
ARG1Z ARGY +AKOZ
: ARG2= ARG24FLUAT (8=1) /U1
r 2060 CONTINUE
ERKROST 4404384 79E =92 AIASSYGAMMASRKAP 2% (UL %7)/ (ZBARAZSTAR
2 THETARS THE T AR)
- IF (UMAX+GLeUL) GO TO 20638
L ARG= 013533528
ERKROSS  ERKROS# (ARG#*U.i + (ARGESUL) #(2,9AR61 =1,))
o0 Tu 2065
~ 2063 ERKROSS  ERKROS# (2, $AKGLeL AP ( ~UM=UMAX))
2065 CONTINUE

DO 2070 M=1eMMAX

FMSH= M
2070 APC(M)= FMSH#DELNU
WRITe(605001)

WRITE(605002) (APCIM)»CONT M) +PLOCAL (M) » AROS(M) ¢yMZ1MMAX)

WRITE(6¢5003) PKAPL:PKAP2/RKAPL I KKAP2

C
CALL TICKER(TIMEDL)

C
TIMEC= (TIMEB=TIMLA)/ (FLOAT(MAXPTS) #60,)
WRITL(605004) ERKROSe TIMEZCIMAXPTS s MAXPTU/NWKPTSsNTOT
RETURN

C

c

2090 CONTINUE

9= CONsDELNUsPQ
WBAR= WL/THETA
IF(D.NEe0Ds) GO TO 2100
AS }
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—'A

HAS
ARGLE
ARG2=
TUARZ
IF (CTUAR®F
SMLD=
Ni=
00 T 211u
2100 CONTInUE
A=
HA=
HA=
TUAR=
IF((TUARSH
N1=
2110 LM™MLH=
IF(N1.LG,1
SMLY:
IF(SMLXebQ
ARG=
ARGz
AR 2=
HBARL=
HUARc=
TKARPJS
60 TO 2030
2120 TLERO=
ARG=
HUARL=
IF(FLINEWL
IF(FLINE G
HuARe=
AZERQ=
AONE=
TOlrk=
AFKACT=
Ne=
IF(AFRACT,
IF(AFRACT,
IF(TLLRO.G
60 To (2&1
2150 wne=
IF(TULHF WL
vo Ty (21u
2160 CALL tRROR
2170 TKAPJ=
00 TO 2030
2180 XEND=
INT1=
VELTA=
ARG=
HUARL=
HJARZ:
TINT=
GR=
Int2s
2190 FINTe=

L.

+.

e D6418958
WUARGUMASS225/3,1u4149927
WUARSWUAR #ARGLI/ZFLINE
ARGL/ (ARG #FLINIL)

LINE) oLT«EPSTK) 60O TO 203%
SURT(AKGLR)

0

SART{ (LARSWDAREDINASS2% yBARSS/ (314159 T*FLINE) )/ (LHD))

1e 4070073832344
HA/Z(le #14772454%A%HA)
WHARYOMASS2LMIAZ (1 TT2454 2 A*DAUSFLINE)

LINE) LT SEPSTK) GV 10 2035
1

SMLU

} SMLub= D

ABS (OLLKRWU/ZSMLLAFLOAT (KROS =MNINT)
«0,) GO TO clcv

e SeDELNU/SML_L

SMLLX +AKC

SMLX =AKOG

HF (1l e Ar AKGL P HA)

HFE (11 e Ar ARG2 P HA)
TFTBARPFLINE »iIBAR] ¢ HBARZ)

(ls =TUAR)s*FLI1E

+DeDELNUZSMLE

HFE (il Ar ARG EIA)

tel0s) TONLE (1.~TBARSHUARL)SsFLINE
Tel0e) TOiL= EXPl=TUARSFLINE#HIARY)
1.

I =14ERO

1 -TONL

TONE =TibRU

ALLRV/ZAUNL

1

LEOGI) N2= 2

LT.24) N2= 3

Tee79) 00 TO 2150

00e21800g170) 0 lic

2

Eeec) N2= 3
Vegl80e2370) b

(2,2160)
TF(TOAR)FLINL r1BAKRY s HUARZ)

s O8DELNU/SMLL

XEND/COMESH
XEND/ZFLOAT (ST L)

e SPVELTA

HF (N30 AP ARGIIA)

)

TF (TOARWFLINL e HUAR]Y » HBARZ2)
o SSTINY

1

INT2
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BRSPS
o AT

— .- ~ - e i AR KOG, WP

XINT= FINT2*UELTA
ARGL= XINT +AKG
ARG2= XINT =AKOG
HBARL= HF (N1 0 AP ARGL P HA)
HUARZ2= HF (N12A»ARG2 rHi)
TINT= TF(TUARYFLINE v r{sARY s HBARZ)
GR= GR +TINT
IFCINT246Lo (INTE=1)) WO TQ 2200
mre= INT2 +1
GO TO 2190
2200 HBARLZ HF (N1 s Ar XEWD 1 HA)
HUARg= HF (N1 0 A» ALND=ARGrhA)
§ TINT= TH(TBAR s FLINE rHisARL s HBARZ)
: GR= OR +TINT
’ TKAPY= GR/FLOAT(inNT1)
H 60 To 2030 -
¢ 2210 TUAR= FLINL*TpAR
H IF(N1,LQ.Y) GO TO 2¢20 -
¢ ARG= TUARS TBAR

woThe= SWURT(ARO*{1e +s5¢TBAR)/ (1, 4.9¢TBAR +,39258ARG))
w0 Tu 2260

2

s

2220 AKG= TBAK® TBAR .
wHiks P sARGAEL, 4TBAK)/ (1 41480 TBAF +1,574ARG)
lF'?bARobtll', (¢Y¢] TO ZZSJ °
FTBAKS BER269TUAHS (1. =TBARS (3535534 =THAK$(,9622504F 1 =
2 - TUAR#(22063333c=1 «,372c78-2,9TBAR))))
GO TO 2250 -
2230 IF(TUARWLE.10:) GO TO 2240~  »®
ARGz ALOGITHBAR) *®
FTBAKz HTIARGL) # (L, +,283C/AR0Y)
0 Tu 2250 - .
2240 Ifls 2.0 TLAK .
‘,J Fl= . oti‘FLOA'I(:F&)
e 1Fe= Ir1
' . IFl= JFi-1 .
FTBAKS 2 (THAK=FI) #(FTADLE(IF2) ~FTABLE(IF1)) 4FTABLE(IF])
2250 WSTK1> 1,128379%) TusAR
ARG1z e 772454 0A0HA
. WSTRE: SURT(ARGIs§STH +(1, =ARG1)*WSTH1*wSTK])
# - 2260 ARG= Vo =1i77245405 B8NS THZ/ (UELNUSHA)
| ‘s TKAPJZ - AMAXI(ARG#0. )
i 60 T0-2030 .
2 c. - N
§ c *OUTPUT FORMATS
[ . .
; . ¢ 5000 FORSMAT (1RO » 2X o SHUMAX» SXo THDELTA Us/IXoFGe2264¢F6.2)

5008 FORMATU(LHO »3X 9 1HU: 10Xs 1OHCOHT IMUOUS » 7X» 12HL.OCAL PLANCK e Xy 15HLOCAL
e ROSSELAND Y Z1TXe THICM2/G) o 11X THICMZ/G) 10X THICM2/6) )
5002 FORMAT((1XsO0PFO.52: 308X e 1PE10,4)3)
* 5003 FORMAT(IHOs4X s 12HPLANCY CONT. o 3X0 L JHPLANCK MEANs2Xe 1SHRUSSELAND €O
RNTeo1Xr JUMIO0SSLLAND MEANY Z78Xe THICM2/6G) 28X THICM2/G) 18X TH(CM2/G) ¢ 8

. : IXeTHICM2/G) 0 76X ¢4 (1PELU 4952 )
5034 FORMAT{1hU/2(1PEL0.4)r413)
, END
[ - )
» ’
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N g1 FoR 85/A : ) :
‘ ’ ] OUuTIng Bis(KeQUANIR

c/
C
C

20

30

40

50

SeTeFo BOUND=LOUND TAbLE

COMMON/GALC/LI:;Z:II:IZ:LNIoLNZvNINTerINTZoMZEROl0MONE10KC'KSo
Ul+,U2¢FNSTRLYFINSTR2FKAFP ) DEFL

2
COMMON/GALE/STGBL(5020+3) 9SIGB2(7¢11+3)0SIGF1(5+20)9SIGF2(Te11) s
2

AF3(S5e20) s AF2(T701Y)
DIMENSION ITY(5¢6)
DATA ITT/70030502%001024097000202%008+2%0140600010+3%0091540, 117

KJION= K

In< LN2 -4

IT= 0 -
IF(LNLJEULB) ITS 11

IT= IT +ITT(11,12)
CON= 64366194
CONl= .01

IF(KIONeLEe2) CON= 20,13108
IF(KIUNJLE2) CON1= ,001

IF Kelte2 CON=Zo/(PI#5URT(1.E=3))
OTHERWISE CONS 2./(PI#1,E~1)
IF(KION«GTeS) 60 TO 20 ‘
IF(LN2eGE48) GO TO 10

SIGR:S SIOGUI(KIONS ITr IN)

GO Tou 50

Si= SIGFL(KIONSIT)

slas S14S1

AS AFX(KIONYIT)

60 T 40

KION= KION =5 )

IF(LNceGEo8) GO TO 30 -
SIGR= SIGH2(KIONeITeIN) ’
G0 TO %0 ’

S1s SIGF2(KION, IT)

slas S1»51 '

A= AF2(KIONIT)

CONTIIWE

Fie= FNSTRA4FNSTRE

FN3= FNSTR2#*FN2

A= 0. o
SIGR= CON*FLOAT(K*22) £S512/FN3#(1, +A/CONI*FLOAT(K%*2) /FN2) '.@y?m
FL= AMAXO(L1eL2) S
FMO= MZERO1 L
Fml= MONEL _—
FN= NINTZ ~NINTL

RS (4osFLEFL =1,)4SIGR N
QUAN= Se 141592 74FMUAFMLAFN*FKAPP*R e
RETUR .y e
END

251




Bl _FOR LU/A

c

c

c
10
20

r—

TIHE BO(T 0 GUANIR)

CoM
2

DIM

DAT

¢ e e s NOCOUEFELN

0AY

e LTTNOCOOEULN

DAY

e e CLONOCUOUELN

BATES=DAMGAARD TABLE

MON/ZGALC/LLoL2rT1oT2/LNLoLH2 o NINTL/NINT2oMZEROL v MONEL 1KCoKS s
UL rU2rFNSTRIVFNSTR2/FKAPPYDEFL

ENSION TABLELI(S1v4) TABLE2(31¢4) s TABLE3(3104)

A TABLEL/=1e5r=lolr=1,31=1,21=1ed¢=1001=091=eBr=cTr=e69=e5r
el 1 =e 31 =021 =01000e9r01¢e2t 0310491250460 470480:901,00101r
1020163000680 1e5040260,0489,0800,1239,1800,248¢,329
418045180 ,612907UBreT97148751:9371498091.000¢.996,
¢967249151,8420 749y ,6437:528¢.4099,2921,1811.081¢
e 00U r=, 0719 =41201=4149¢=e0U61=,015¢,0287.0847,154¢
0235'0527'.“25's527'06291072500813'|8889¢9“60098“'10000!
0992249617 ,9081 8351 TS 064205310 e4179:304141989,102,
0019"00“70-00900“-1280'0063'--051'001“00072001“5002290
03231 04250 4528146321 4T73074818248921.9499.98%¢1,0000.992,
096092490609, 8319 7431.6422:4532044200¢3099.204141087,025¢
=e0U0r=,0899~0122/

A TAULEa/'lob’-l040’1030-102'-1010-1000'090'080‘07"060-o50

'04"03"120‘01'0.'.1'020-30-“'05!obl07'08'090100101'10271031

1.“'1.5'0161'0182'12“2'0311'03850.“72'n5590o6“8'o73“0.61ul

8BS s 94U ,I8T91,UL191,0160140009.9631,907148340,7460.646¢
eSUUP U310 e520002220012914084F92e0171=e06791=4101+-,120¢,006¢

0059011 704d900627300e3040 0461196016571 ,7500.8330,9034.957¢

¢99301,007¢160000¢9719,9219.8520¢T67246T00 ¢5649 U455 ¢ 3469 ,242¢

01471 40631=000b01=,0601=40971=911991=,0480=,0049,053+,1239,205¢

0298003989 45017 40604046703007942 8729 .9359,978¢1,00001,0000,997,

09330 .8689 0786169114587 00479143690,26401,166¢,0800,008y=,050»

'0091"1116/

A IAULE3,'1050'10“0'103"1.2'-101'-1000‘090-08'-07"06!’.50

el 1=e31=021 0100020101020 e30e80050s61¢71e¢80:991,001,191.2¢

103010800050 204U9 313103699 ¢471945579464%0e7319¢81379.888¢,952+

1000“01.0“0010056010058010056'1-000'09““0.8720.786'0691!.586'

1“5500579!0279'u186l0105'0035'-0020l'00610"088l-.1010.0“70

0113041900 ,27600 6370004691 ¢5690,5680,701¢,8459,9169,972+1.010¢

140280140200140000¢9550,89214813¢,7221,621¢,5151,409¢,305+.209,

612200047 1=40130=405991=4989¢ =010 =,007¢,0511¢1230,206,,298¢

0397045000 06030 0703107940 874 r ,9389,985¢1,012014017+1.000¢

9020 49049 8290 « TUO 1 ¢ 64119 ¢5350 42819 3237 22404134y 057,007

=e05r=,088s=,107/

THETA=
VELNU=
FL1=
FLe=

L=
FKNSTR=
GO To 20
L=

FKNSTR=
FL=

DELTAN=

T
D
L1
L2

IF((L2~L1) «EQ.1) GO TO 10
Ll

FNSTR1

L2
FNSTR2

L
(FL2=FL1) % (FNSTR1=FNSTR2)

IFCCOELTANGLT o (=1,5)) 4 OR. (DELTAN+GT4145)) GO TO 999

Ji=
Jes

17.,+10,#DELTAN
Ji=4

252




IF(OELTANJEQ145) Ji= J2
Dx= (DELTAN=TALLLLI(J2,1))/,1
60 TO (3Ur40+50) L .

) 30 Ais DXa(TAULEL(JL»2:=TABLEL(J2¢2)) +TABLEL(J2,2)
L Bl= DX#(TABLEL(J103)=TABLEL(J2+3)) +TABLEL(J2/3)
- cl= OXs (TABLES (J1r4)=TABLELI(U294)) +TABLEL(Y2,4)
. Fl= 3¢1258C1=2:29%014125%A]1
PR FJ= =12:5%CI+13,54131=A1
o FK= 9:375%C1=11.25+31+41,875%A1

GV Tu 60

40 Al= DX# (TAuLL2(J1r2)=TABLE2(J2,2)) 4TABLE2(J2+2)

Bl= DXe{TAWL EZ(U1r3)=TABLL2(J2+3)) +iadLE2(J2¢3)

Cl= DX# (TAdLEZ2(J1eu)=TABLE2(J2s4)) +TABLE2(J2+4)

Fl= 246667%(1 =2,73] +.33334A1

FJ= =8,#CI+10,%yl=2,%Al

FK= 5¢33334C1=8.2L]1+2,6607%A1

00 TU 60

50 Al= DX+ (TABLE3(J1+2)=TABLE3(J2,2)) +TABLE3(U2r2)

: ui= DX# (TABLE3(J13)=TABLEJI(J2+ 3} ) +TABLEI(U2:3)
5 cl= DXx(TABLES(J194)~TABLE3(J2,4)) +TABLE3(J214)

FI= H4e58C] =U,a3] +,5¢A1

FJ= *13.9%(]+16.%13]=2,5%A]

FK= QeaCl=lgoeal43,2Al

60 FIN= Fl +FJ/(FKNSTR=FL) +FK/(FKNSTR=FL)#%%2

Fes (CLeS*FRNSTR) #42) 4 ((FKNSTRAFKNSTR=FL*FL) 7 (4 o %FLAFL~14))

R= (GodFLEFL=1s )} #F2#F IN*FIR/FLOAT(RC#22)

RK= FKAPP SR

FMo= MZLROL

FML1z MONLE L .

QUANZ Se1U1594FMUSFMLAFLOATININT2=NINT1) #RK

Re TURIy o

999 CALL EKROR(3,0999)
Re. TUKi4
END

ﬁ!,mﬁ: “a Dot s, L ower vt i dacded  Me @
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Wl FOR UBF/A

c
C
C

10
15

20

25

30

35

40

(1]

2

2

SUBROUTINE BF (TeD 1Ko GQUANIR)

SeTeFes BOUND-FREE TAHLE

COMMON/GALC/LL12L2oI29I2¢LNLoLN2sNINTL1/NINT2)MZEROL Y MONFL1¢KCIKS?
ULrU2¢FNSTRIPFNSTR2¢FKAPP»DEF1

COMMON/GALD/SI01(5¢20+13)¢S1G2(7¢11¢13)0AL(5020012)0A2(7¢11+12)

DIMENSION EL(16) 9 ITT(5s6)

DATA £1/6001200037400794012e030007708re37e701003¢¢7e¢0106+304¢70,¢
100./

DATA IT1/70030502%00102%007¢02202%00892%09446¢0¢10+3%0+9¢540,11/

THETA= T

OELNU= 0
KION= K
E= (FLOAT(NINT2)=¢2) #DELNUKTHETA/Z 134595
11= 0

IFILNL.EG.B) TS 11

IT=
le=

IT +1TT(I1,12)
0

IF(KIONs6Te2) IE= 3
IF(KION.GT.9) GO TO 4u
DO 10 I=1013

J= 1«1

11= 1IE +1
IF(EJLE.EL(II)) GO TO 15
CONT INUE

c0 TO 40

IF(J.t@e0) GO TO 25

si= SIGL(KIONY [T V)
Y- SIGLIKIONs ITrJ+1)
TESTC $1a92
IF(TESTWLESO,) GO TO 3Y
A= AL(KIONsE1,J)
512z S1ls51

Jus J¢ It

EJ= SQRTI(EL(UJ) )
5IG6R= S12=((E1(JJ)I/E) %*A) /EJ
60 Tu 10u

A= 0,

Jz 1

Si1= SIGL(KIONIIT»J)
60 TOo 20

J= 13

AS AL(KIONe ITou=1)
S1= SIGL(KIONITsd)
00 TO 20

Ju= J ¢+lE

ARG= 1¢/SORT(E)
SIGR= ARG*(S] +(S2=51)3(E~EL(JJ))/Z(ELI(JU+3)=EL(JU) ) 2 #a2
GO0 To 1060

KION= KION =5

DO 45 ]=1913

Js 1 =1

11= 1€ +1
IF(EJLEJEL(I1)) GO TO S0
CONTINUE

254 o
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50

55

60

100

FMO*FN*F KAPP*DELNU*THETA*R/13,59%

G0 To 60

IF{Jet@e0) GO TO 55

S1s SIG2(KIUN ITrJ)
$2s SIGR(KIONs ITrJ+1)
TESTS S1s82
IF(TLSTWLELO4) GO TO 35
As AZ2(KIONy 1T »J)
60 TO 20

A= Oe

J= 1

S5i= SIG2(KIUNIT»J)
60 TO 20

J= 13

A= A2(KION)ITrJ=1)
S1= SIG2(KIUN:IT»J)
60 Tu 20

FMO= MZELRUL

FN= NINT2=NINT1
FL= AMAXU(L1:L2)

R= (GosrLAFL ~1.02510R
QUAN=

RETURN

END
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(g X X o

10

15

20
ad

R1 FO S/A
VUTINE HO(T UKo DEFT s uliaN,R)

BURGLSS=SEATON TAULE

COMMON/GALC/LL v 20119120 LNL/LN2/NINTLeNINT29/MZEROL s MONEL 2 KC 1KS o
2 ULoU20ENSTREFIWSTR2 1 FKAPP s DEF L

DIMENSION TALB(11)

DIMENSION TALAL(6012) 0 TALA2(6,12)

DATA TABU/¢0799 00090 004940381+ 4029140351.053¢,0680+0681.0600¢,0%/
DATA TABAL/Z 0793091 ,0619081427713100381629¢0204679.012347,.15048,
24131399 0647950,0972239 4 U03L 32+« 0400300 437214 ,3820911,1126+.28140,

30187900 ¢111839,0837510609490013,65841 4465219 ,32995,19896,,67382
40018480 0592301450267 145792410 0253721 490675+ 0838749 ,80434+,69236 ¢
5.546“90066991010165101.064“!1.0%100.9067“0a729243.bll78t1.““760

61,3540014301001414629,934439,68003¢1,753901,6467911.5835¢1,4039,
71.16140}6729b92c062131.9&18v1.8876'1.6852'1.“09501.088302.“310:
8242985024213001e9876+1,678411,3248702,801702,656102.558812,3103+

91.967011.581%/

UATA TABAZ/"15553'-.“02“51'011759".3750&'.121690-.0271“10
2'0099951"0311001'-12975"01918“'018916'0232550'00564560-.0766“20
5'0082“99'-011127'007“5830005275“'°c036231".050687"n0“20330
“-.07“7“10.0056“10!o0563360'003“87“"00352“79-00356170-00“8“02!
5-000951610006091&l'c019520!'002é71“'°.027022"0036152!“¢017579'
6.105720-.0151770'00206“31-.0213090'.027508'-.0165370.1170&.
1‘0012091'-0017009"0016691"0021592"00152250.10“80'-001010“0
6-.0136“7:-.013679v-.0179u2u-.0132630.080003--.0064679.-.011“61o
9=001144502,014600r=40117451,0560017=,0054889=,0089521+~.0090365,
0=e0120031 = 009983494 0396511= 004H5661=,0074882+1=,00725919~,010341,

0= 0085944 L V286717 .

E1s (FLOAT(NINT2)=05) sOELNU4THETA/13.595
DEF2z DEFT +TABA2(I2/KC)#(EL +YABAL(I2/KC))

THLTAS T

DELNU= D

KION= K

£s 1.=02/7VU1
L= Li+}

LP= L2+l

G0 TO (1055:140¢175)sL

ALPHA= 25

UETA= Qe ’
IF(FNSTRi=14) 15025020
GA= 1.287

o8= 1.85%

6C= =432

GAMA= 1.208

GAMB= +560

GAMC= ~e126

CHIAS ~el7Y

CHiBs= + 265

CHIC= ~e 043

G0 70 180
IF(FNSTRI=1.4) 25+35¢30
GAS 1.086

6b= 2:111

6C= =oh58

GAMAZ 14667




GAMB= 255
GAMC= 0290
CHlA= =s 0545
CrlB= =s 0159
Cﬂlcz, 0113
60 Tu 180
30 IF(FHSThI=24) 35045040
35 GAS 1.655
Qu= b9
6C= D
VAMA= 1.549
GAMB= 0944 1
LAMCS 00299 .
CHIA: 'nl?“ H
(o] {:H Uy
CHIC:= e i b7 '
60 TO 180 ;
Q0 IF(FNSTRI=6¢) 45050050
45 GA= selbY
Gu= 257
6C= ~l.,410
GAMAZ 1594
VAMBZ 0.
GAMC= Oe
CHIAZ o llt7
cHIB: 2515
CHIC= s 078
60 TO LU
50 GA= + 996
Ov= “e002
wi= ’7cbb
GAMAZ lebvd
GAMBZ O
GAMC= 0.
CHIA= wolh?
cHlbz «251%
CHIC: 078
60 Tu 180
55 IF(FHSTRLI.LTLe) 6O TO 999
GO TO (6Ue999,95) 1LP
60 ALPHA= U
BETAS O
SEEANSTRIZe) 659075070
65 uas 0001 7T8SGRT(FHNSTRE=1,) P
o= e 13185QRT(FNSTRLI~1,) . - .
6c= 1:0878SuRT(FNSTRI=1,) s
GAMAZ 15017
GAMB= o83 . ’
GAMC= =4999
CHIAz =236
cHlBs TP L 1]
CHICS 049
60 T0 180
70 IF(FNSTR1=3.) 75085080
75 A= 1,353
Gbs -e708
(1 0.
257
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-

80
85

90

95

115

120

GAMAZ 1.667
GAMB= 0.

GAMC= 0.
CHIAZ ~e 339
CHIb= 0224 (FNSTR1922)
CHIC= 0.

60 To 180
iFIFRSTRI=b4) 89090990
GA= 1.10%
Gb= <084
GC= =4 HOH
GAMAZ 1e007
GAMOS [/ 1%
GAMC= 0.
CHIA= =s2l0
crilnz =e171
CHICS [N

G0 TO 180

GAS l.001
Gu= 1,356
6C= =4 ,752
GAMAZ 1.t/
GAMlZ O
GAMC:= O
CHIAZ -2l
CHINz =171
CHIC= 0.

GO TO 160

ALPHAZ 32
BETA= LR

IF(FNSTHLL6Le3.) (O TO 12H
IFAFRSTRIAWT10) 6O TO S99

Fu= Do #FNSTRY =4,
Jes FJ

Jis Ja+}

V) 2 FJ ~FLGAT(V)

BLTA= DX (TADL (J11=TiB(U2)) +TABB(J2)
IF(FHOTRI=24) 11501200370

GA= =8, 3924 50RT(FHSTRLI=1,)
oys 30,5135 0RT(FNSTRA=1,)
6Cs *30.8I1850RTIFNSTRI=1,)
GAMA= 2.636

GAMB= =3.351

GAMC= 3255

CHIAz LLLY LI

CHID= 443815

CHIC= - 273

60 T0 18y

GAS 3¢375

Gu= =7,644

6Cs 12.816

GAMAZ 1576

GAMHZ Qe

GAMC= 0.

CHIAZ =409

CHl= 24006
CHIC= =1.8

258
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60 To 180
125 IF(FiNuTR1=6¢) 130,13%5135
130 vAs 1.200
Ghs o2
6C= =504
GAMA= 1.5%0
VAMHL e
GAMC= (:
CHIA= o122
CHlb= o6
CHIC= 0.
W0 TO 180
| 135 vaAs b O
, ' Gus Se 754
< 6C= “7e50
by m GAMAZ 1eb906
- GAMBZ 0.
T GAMC:= 0.
e CHlAz -el2
" CHIB= 6
CMIC= 0.
60 T0 160
140 WU TU (999034509990160) rLP
145 ALPHAS =e01
BETAS *,019
IFIFNSTR1=60) 15041590155
150 6A= 1,213
Gu= 1.5
eCs e
GAMAZ 1.707
VAMB= 0.
GAMC= 0.
CHlaz -e2h?
CHlbkz =272
CHIC 0.
60 TO jov
199 vAz iei27
U= =34
6Cs =3,672
GAMAZ= 1.707
GAMD= G
GANCE 0.
CHlAz -edh?
cnias 272
CHlC= 0.
60 TO 160
360 ALPMNAS 21
BETA= «106
IF(FNSTR1=64) 26501700270
165 GA= 1.307
- Gus 3edl8
* eC= 526
” = 10565
GAMBZ Q.
Ko SANCE [
- CHlAs »ol1?
CHlbz 3017
P | ]
N ]
s - 259
4
L

",
-




CHIC= 0.

w0 10 )80
170 6A= 1.04
otis 6.44806
oC= -1
GAMA= 1 505
© 6AMB= 0.
GAMCS 0.
CHIA= =el17
CHIN= 1e47
cHll= 0.
G0 TO 180
175 ALPHAS -, 39
uLIAS «05
GAS 1091
G *8,.622
s 16,2
OAMAS 1921
GAMH= 0.
GAMC= 0.
CnlAz =e 302
CHiNS 999
CHIC: ‘2-“-’2
180 CONT iUt
Fivas FESTRISEHSTRI
6= GA +GB/ENSTRY +6oC/Fp2
GAMS GAMA +GAML/FHSTRY +GAMC/FN2
Ml CHIA +CnIU/FNSTRI +CHIC/FN2
cnle= " CHE SALPHAS(E=1,)/(FUSTRI4E=1¢) SUETASCE=1,)/E
PHl= Sel41D9270 (ULF 2=DEFE4CHI2)
6usS= 6968 (CUSIPHII42) /(ESe(2.3GAM))
Fiuz= FNSTR1iess
Fus NINTZ2=NINT}
Fas KIONe sy
R= FNa2GUS/FY
IFININTZ.LE«Q) R3S 2,0FLOATI(KCe22) eR/ (ENSTRZ2883)
RK= FRAPPON
FMO= MZEROL
Fuiz MONE 3
IFININT2.67:0) FMLS LELNUSTHETA/13.585
GUANS FMOsFMLeFMeRK
RETURN
999 CALL ERRORI4,0999)
KETUKN
END
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HYDROGENIC APPROXIMATION ~

FOR_HYD/A ‘ . :
OUTINE HYDATrUrKsQUAOR) T

v

COMMON/OALC/LI'LZoIIOIZ:LNI'LNZrNINTlaNlNTévMZEROloMOhEI'K:oKSo

THETA=
DELNUE
KION=
FMO=
FMl=
YOEL=
FLN1Z
FLN2=
FNS
Fus
FKION=
R=

QUANS=

IF(NINT2.GTe0) GO TO 10

R=
QUANS
CONTIUE
RETURN
EnND

ULleU29FSTR1L¢FUSTR2yFKAPP P DEF L -

T B

143

K 7’

MZEROL ’

MONE L

THETASDELINY .

LN1

LN2 /

(NINT2=NINT1)*e4

IQ/FN ‘ <~

KION ,

9237874 (FKIONG 24 ) sFNE((15,595/TDELY#%4)/
(FLN1*FLN1*(FNSTR14#3)) ' .

FMO*TUEL*F LOAT (NINT2=-NINT1) *sFKAPP*R/ 13,595

e* {FKIQN*42) ¥R/ (FNSTR2%+3)
FMO*FM1aFLOAT (NINT2~-NINT1) sFKAPP#R
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B FOR NLINES/A
Sgggbu!;n& NLINES(K]1eK2eK3¢ANS)

C XEXXRXXXAXXXXKKKXXXXKXLAXXXXAXKKXXXXXXKX XXX XX KKK XXX XXX XX XXX XX XX XXX
COMMON//
2 DEF(12+5) v DELE2(12+2+20)y DIUK(12) v DIUK1(12) )
3 pauK(12) v LU2UKL1(12) v EM(12¢2020) v EPS(12+12+12006)
4 FMNK(12+10)  » Gl1202020) ¢ GKMI(12¢5010) » JMIN(12,2) ’
S NI(12+2006) v NMIN(LI2e5) v NSET(12:2) v PHIK(12) '
6 PK(12) » PKI(12:20) s POTENT(12) » UK(12) ’
7 UK1(12) v v(12) v WwKI(1212+20)
COMMON//
2 AJAY » AMASS ¢ BETA » UETA2 » BIGX ¢ CCL v CGMESHs CHI ’
3 CL + CONST1» CP r CV » DEDYAUr DELNU ¢ DIEXUK? [2EXUK?
4 DIUKZ » D2UKZ ¢ ENEKGY: cNTHLP» EPSBL » E£PSB2 ¢ EPSCL ¢ EPSCONY
S EPSeNDe EPSIOHe EPST o EPSTR ¢ EPSWR ¢ EXLK ¢ GAMMA ¢ GAMMA2»
6 61 » KD ¢+ KMAXINle KMAX ¢ £MIN » LASTITe LNAMAS: tNGAMA»
7 NP ¢ PRESHR? RHU » SMLS "» SS ¢t SZZRO ¢ TAU ¢ TEMP
8 THETA ¢ THETARY THETA2» THETAS» UK2 » UMAX ¢ 7ZBAR ¢ 2STAR

XXXXXXXXXXXKXXKXKXKAXKXX KX XXX XX XX XKE XXX AXKXKXXXKX XXX KX XXX XXX XXX XXX X
NUMBER QF LINES

o000

COMMON/GALC/LLrL20330320" L oLN2:NINT1sNINT2/MZL ROL/MONELsKCokSe
2 ULeU2oFHST (10145 TR2+FKAPPDEF

DIMENSION DI(6! 1PHI(OY s TA2797,

REAL LNAMAS» LNGAMA

DATA DI/24r24s0erl0orli,elBo/

DATA PHIZ o790 6750367506675 012, 759 .7%/

UATA TAB/O.02‘1.0’4*0.11.12*0.!1.-S*U.nluﬁ"o.oi.vu‘ 1.'20'20'0-'

2 Bet5%0e03600e08¢05%0¢03¢200r0iero¥(eiler)e/

ERF(X)= le =1/ (Lo +X%(42758393 +X%(,230389 +X*(,972C~3
2 +.078108%X)) ) ) xxy)

EX(Y)= 070010 +Y5(,25072538 +Y%(,0292732 +,38278E=2*Y) ) ) xx4)
FLIN(PIQ/R)T (P2 {RsR?)*(2s =Pss{2e*R+1e)} +5,31736167Q%ERF (Q*R)
KION= Kl

ICON= K2

KT= K3

FMO= MZEROL

FMl=s MONE L

IF(KT.6T.0) GO TO 30
IF(KS.6T.1) 6O TO 20

GAM= O«

DO 10 ID1=1sNP -

Yi= NIC(KIONICON,IDL)

Yes 0I(ILL)

GAM= GAM + Y1#(Y2-Y1)/(Y2-1+)*PHI(ID1)

10 CONTINUE
ASSIGN 11 TO M
60 TO 100

11 ASSIGN 12 TO M
60 To 110

12 Ips 11
ASSIGN 13 TO M
G0 To 120

13 A4l= A4
P = )
ASSIGN 14 TO M
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31

33
34

35

36

¥ .‘-("I
60 TO 120
14 al2= A4 .t
ASSION . TO M -
60 TO 1a.
15 CONTINUE
ylz NICKION) ICONIZ)
Ye= DI(I)
FL= (Y2=Y1)/70(Y141,)401(12)%0I(I)+DI(11))»
AL*AS/ (A4 L&ALL)
SNE A*DICIL1)*#6(KIVNe1e ICON)
GO T¢ 140
20 JCON= JMIN(KIONe 1)
GAM= Oe
U0 21 JL1=z1eNP
Y= NI(KION,ICON,IULL)
Y= DICILL)
GAM= GAM +Y1#(Y2=Y1)/(Y2~1.)*PHI(1D1)
21 CONTINUE
ASSIGH 22 Tu M
00 To 10U
22 60 TU 150
23 FiL= ALZ(LDICI1)4DIL11)#AY)
ASSIUN 24 TO M
GO TO 135
24 SN=s AG#DI(I11)*G(KIONe1e ICON)
GO TO 140
30 IF{KT.GT.1) GO TO SO
Yiz NI(KION,ICONsI1)
ves ol(11)
GAM= (Yi=14)2(Y2=Y1414)/7(Y2=1:)2PHI(]L)

IF(Y1,6Q.0¢) GAM= 0,
DO 31 101=z1+NP
IF(I01«tQ@,I1) GO TO 31

Yi= NICKIONsICONsIO1)

Ye= ol(Ivl)

OAM= GAM + Y1%(Y2-Y1)/(Y2=14)*PHI(ID1)
CONTINUE

IF(KSeUTe1) GO TO &0
ASSIGN 32 TO M

60 TO 100

ASSIGN 33 TO M

GO Tu 105

ASSION 34 TO M

GO Tu 11v

b= 11

ASSION 35 TO M

60 TO 120

A4l= A4

1P= 12

ASSIGN 36 TO M

60 T0 120

A42= A4

Yil= NIC(KION, ICON/11)
Y21= DI(11)

Yia= NI(KION,ICONeI2)
Yaa= DI(12)

FL= (Y21 =Y11 +14)%(Y22 =Y12)#AL#A3/(Y11*(Y12 +1,)s
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[N

40
41
42

43

L 50

53

51

52

100

101

105

107

SiN=

C0 TO 140
ASSION 41
60 0 100
ASSIGIN 42
60 TOo 105
Ip=

ASSIGH 43
GO TO 12V
Yi=

00 TO 140

LO 53 IV1=

EPSU=

Y22#Y21%AU]14AL2)
A2%Y11/(Y21=Y11+414)%G{KION»1sICON)

TO M
TO M

11
TO M

NI(KION, ICON»I1)

DI(I1),

(Y2 =Yl +1,)+A1/(Y1sA4)
A2%Y1/(Y2=Y141,)*0(KIONy1s1COI{}

JMIN(KIONe L)

0

1eNP

EPS(KION 12I1CO00rIUL)

IF(EPSJeLQe0,) GO TO 53
IF(IL3.Eu.0) ID3= IULL .
IF(EPSU.GTEPS(KIONs LvICONSID3)) ID3= IDL

CONTINUL

SAVEI= 11

I1< 103

Yils NI(KION,ICONeIL)

yai= DI(I1)

GAM= (Y31=1,)%(Y21-Yv1141,)/7(Y21-1.)*PHI(]IL)
IF(Y11.LG.0.) GAM= O,

VO 51 IDIZLINP

IF(IV1WEQ.IL) GO TO 51

Yi= NI{KIONsICON+IDL)

Yés= DI(IDY)

GAMZ GAM +Y1x(Y2-Y1)/(Y2~1.)#PHI(1ID1)
CONTINUE

ASSIGIN 5¢ TO M

GO To 100

FLS 1.

1i= SAVE]

Si= A2%Y11/(Y21=Y11+41.,)+G(KIONs1»ICON)
GO TO 140

Al= Oe

VO 101 IU1Z1/NP

vi= NI(KIONsICON?IUL)

Ye= DICIDY)

Al= Al+ YI®s(Y2=Y1)/(Y2=1.)*PHI(ID1)
CONTINUE

Al= 07853984 (SGRT(4,*AL+1s)=le) +1.
Als 1./A1

60 TO Me(1102203214))

A2s O

vis NICKIONs ICON/IY)

IF(Y1.£Q.00) GO TO 107

Yas DI(I1)

A2s (Yi=1:)3(Y2=Y1414)/(Y2=14)sPHI(]1)
00 106 IDi=1/NP

IF(ID1.EQ.IL) GO TO 106
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4\'{}

yi= NI(KION,ICONsIUL)

Ya= DI(IDY)

A2= A2 +Y1%(Ye=Y1)/(Y2=14)2PHI(ID1)
106 CONTI1IWE

A2= o 7853982 (SURT(4.2A2+414)-1,) +1,

A= 1./7A2

GO TO Mr(3304215¢2)
110 AS= O,

Yi= NICKION)ICON»I1)

IF(Y . .LWeOe) GU TO 112

Y2= LI(1Il)

AS= (Yileloe)a(Y2=Y1l41,)/(Y2=14)}*PHI(]I)
112 vi= NI(KION»ICON» 1)

Y2= p1¢i2) ®

A3= A +(Y141,)%(Y2=Y1=1,)1/(Y2«1,)4PHI(]I2)

DO 111 1D1=1.10P

IFUILL.EG,IL1,0R.JD1WEQL12) 6O TO 111

Yi= NI(KIONs ICON,1DL)

yas DI(ID1)

Ad= Ad + Yis(Y2=Y1)/(Y2-1.)*PHI(ID})
111 CONTINUE

Ad= 0 785398% (SGRT(4,#A341,)=10)+1,

Ad= 1e/A3

GO TO Mr(12934)
120 A4z PHI(1P)

Yi= NI(KION,ICONIIL)

IF(Y1.tWe0o) GO TO 122

Y2= D1(11)

A4= Ab +(Y1=1,)%(Y2=Y141s)/(Y2=1,)4PHI(1])
122 DO 121 luiz=1i.NP

IF(IL1.EG.I1) GO TO 121

Yi= NI(KIONs ICONeILL)

Y2s Dl(lDY)

A4S A +YL18(Y2=Y1)/(Y2=1.)2PH1(1D1)
121 CONTILE

A4S e 7853982 (SURT (4, tAU+1,)=1,) +1,

A4= 1¢/7A4

GO TO Mr(13014+35¢36943)
130 Ab= oOPHI(]IL)

DO 131 Ivi=i.uP

Yi= NI(KIONs ICONsIDLL)

Y2= Dl(iol)

AS= AYD +Y1%(Y2=Y1)/(Y2=1.,)2*pPH]I(ID1)
131 CONTINUL

AS= e 785398 (SURT(4,*A5+1.)=1,) +1,

AS= 1./A5

00 TO &3
135 A= PHI(IY)

DO 137 ILIS1WNP

Yi= NICKION)ICONsJUL)

Y2s DI(IDL)

Ab= A6 +Y18(Y2=Y1)/(Y2=1.)%pPHI(ILYL)
137 CONTINUE

AGZ e 7853983 (SURT (4 *%A6 +1s) =1,) +1.

A6S 1./806

GO TO Ms(15r24)
140 CONTINUE




23

o

150

152

154

156

158

160

162

le8

170

172

Y.

IF(GAMJEQ,0.) GO TO 210
8= SQRT(4+4GAM+1.) =1,

8= 147(e196350%(144)
Bl= SWRT (B)
bi= EX(b)

GO TU (150¢154+158+162¢108+172:174)911°
IS(IZ.EGe3) GO TO 152
FR= 5

SL= FLIN(DL1,81/FR)

60 To 200

FR= %

SL= FLIN(DLBLlsFR)

60 Tou 200

IF(I2.6Qe4) 6O TO 156

FR= '3}

SL= FLINC(DL1,B1oFR)

60 TO 200

FRr= %)

SL= . CoxFLIN(DL1,B1eFR)
60 Tu 200

IF(I2.,tUs84) GO TO 1060

FRS %]

SL= FLIN(DL1,BleFR)

60 TO 20V

FR= 1.5 -
sSL= 2e2FLIN(DABLIFR)
60 TOo 200

IF(I2,60.3) GO TO lo4
IF(I2.,£G.5) 6O TO 166

FRr= 5

sL= FLIN(DL1,B1sFR)

60 7O 200 ’

FR= ) Y-

SL= 2¢%FLIN(J1s8B19FR)
60 To 200

FR= 15

SL= FLIN(D1+B1,FR)
FRS 2¢5

SL.= SL +2.#FLIN(D1,p31oFR)
GO TOo 200

IF(I2,ku.6) 6O TO 170

FR= 1%

st= FLIN(D1,81,FR)
FR= 2e¢b

SL= SL +2.*FLIN(DLsB1oFR)
GO To 200

FR= 25

SLs FLIN(DL1,B1,FR)
FRS 3¢5

SL& SL +2.*FLIN(D1/B1/FR)
GO TO 200

IF(I2.£Q¢7) GO TO 174

FR= 2¢5

SL= FLIN(D1sBLIFR)
FRs 3¢5

SL= SL +2.*FLIN(DY+BLsFR)

60 To 200

266

K




174 sL= 1.

g 200 CONTINUL
ANSE CL#FMO#FML *SLAFL# 5N

_ ANS= AMAXL (ANS o F MO#FM1)
; Re TUKN
| 210 5= TAB(I1012)
! 60 TO 200
% END
i

81 FOR _HFZ4 -
, . FUNCTLON HF (NsAlex1etil)
T c Je Co STEWART APPROXIMATION FOR THE VOIGY FyurCTION
: ¢
% VIMENSION U1(20)rU2(26)
i DATA UL/e3473700339371 4316650 4282701 4242271420023 416059+ ,12596+
2 4097503+ ,0752000 ,058314+,045802+,0366100,0298379,0247£5/¢,0209460
i 3 00179691.0156117,013708+4012147¢,010847+,0097510, 0088179
i 4 ,008U0158+,00732079,0007140/
f DATA U2/0,1=40787541=4145050=,18988+=,209779=.106841=,18712,
2 =elbpl0r=e120549=0097220¢=e0726400=,05348109=40392659~,02909539
; 3 =4021890r=40168130=,013134¢=,010546»=,008! 881¢-,00710191~,005951,
: 4 =o00504359=,0043167¢=.0U372651=40052415¢-,0028848/

! EX(Y)= 1e/(e #Yx(42007213 +Y%(0292732L "1 +.38278E~2%Y)) ) #xls
N1= N
A= Al
Xs X1
H= Hi

IF(N1.£G.0) GO TO 30
IF(A.,GEeby) GO TU 4U
IF(XeGTe5s) 60 TO 10

11= SenX +1,
Fl= «2*FLOAT(I1~1)
12= Il +1
UAXIz Se#({X =FI)s(UL(12) =UL(11)) +UL(I1)
GO TO 20
10 UAX1= A/ (314159278 X%X)
20 Hexi= 17724543 VAX1
HOX1= O i3
) IF(Xslbels) HOXLIZ EX(X%X)
4 BX1= 2e%(H2X1/(1, =,880277*H2X1) =HOX1)
HAX1:= (HOX1 +A*HX1)/(1l¢ +1.772454sA%(HOX1 +AxBX1))
HFS HAX1/H
RETURy .
30 HF= le/(le +X#X) : .
RETURIN
40 HWF= ¢ 564 189585A/(Ha (AxA +X2X))
RETUKN
END
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Bl FOR TF/A
10N JF(TeFoHLisH2!

c . -~ -
g THRANSMISSION FUNCT10:¢ ‘ ” o
TBARS T
FLINES F : ’
R HUARL= H1 -
HBARZ= H2
g [ U
IF(FLI"EO‘,T'IOO) 60 TO0 3u . '
AKG1= (1, ~TUARSHBARL) #sFLINE
,J IF (ARG1 oLTe1,E=3) RETURN
’ TF= .
ARG2= (1, =TBAR*HBARZ) #sFLINE
| 10 JF((1,=AKRG2) ,LTe1sE~3} ReTURN
20 TF= (ARG1=ARGZ)/(ALOG(ARGL1/ARG2))
. g Re TUKiy
30 ARGlz EXP(=FLINL*TBAR®HEARL)
IFCARGLoLTo1eE=3) RETURN
TF= 1.
ARG2= EXP-FLINE*TBAR®HBAR2)
GO Tu 10 . -
END
W] FOR ERROK/A ~
;l—ﬁ—-EﬂURUUTTuL ERROR(A)
¢ A= XX.YYYY
c XX INDICATES ROUTINE
c YYYY INDICATES STATEMLNT NUMBER
c LIS = 1
c OPAC = &
c - B = 3
C BS = 4
c

WRITL(6e10) A
10 FORMAT(1HO»2Xs THERROR= rFiet4)
CALL vumi
RETUKIy g
R END ) o
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