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ABSTRACT

The computer program ATLAS calculates model stellar atmospheres in radiative
and convective equilibrium for the complete range of stellar temperatures. The
approximations used limit the program to plane-parallel, horizontally homogeneous,
steady-state, nonmoving atmospheres with energy and abundances constant with depth.
The program has been written to allow detailed statistical equilibrium calculations,
but only hydrogen continua and H are coded at present. Most of the published con-
tinuous opacities and hydrogen lines have been included, and provision is made for
adding others easily. There is also provision for treating line opacity as line-
absorption distribution functions.

In Sections 2 through 7, we discuss all aspects of model atmosphere calculations
1n considerable detail. These include the radiation field, statistical equilibrium,
thermodynamic properties, opacity, convection, and the temperature correction. In
Sections 8 and 9, we discuss the computer program itself, by going first through a
sample calculation and second through a technical discussion of the program coding

and operation.

The program was written in FORTRAN IV and is essentially machine independent.
A listing is available on magnetic tape.
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RESUME

Le programme ATLAS pour ordinateur calcule les modeles des at-
mosphéres stellaires dans un €quilibre radiatif et convectaf pour
toute l'étendue des tempeératures stellaires. Les approxaimataons
utiliseées limitent le programme a des atmosphéres en plans paral=-
leles, hcmogéhes horizortalement, en etat stable, ammobiles, et
ayant une energie et des abondances constantes avec la profondeur.
Le programme a ete eecrit pour permettre des calculs detailles de
l1'éguilibre statistique, wais seulement les spectres cortinus de
l'hydrogene et de H sont programmés pour l'anstant. La plupart
des opaciteés du spectre continu qua ornt €té publaées et la plupart
des raies de l'hydrogene ont €té incluses et on peut en ajouter
d'autres facilement. On peut aussi traiter l'opacité des raies

comme fonctaiorns de dastribution des raies d'absorption,

Dans les Sectiors de 2 & 7 nous discutons de tous les aspects
des celeuls des moceles d'astmospheres avec beautoup de détails.
Ceux=-c1 comprennent le champ de radiation, l'equilibre statista-
gue, les propriéteés thermodynamigues, l'opacité, les corvexions
et la ecorrection de températures. Dans les Sectaions B et 9 nous
discutons du programme lui-meme, en faisant d'abord un calecul
sample puis une discussion technaigque de la séquence d'instructions

du programme et de la marche de ce dernier.

Le programme a €teé €crit em FORTRAN IV et est essentiellement
indépendent de ltordinateur. Um listsge sur bande magnétique peut

en etre obtenu.
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KOHCTIRKT

Tlporpamma ATJIIAC nna snexTpoHHOR cuerHo-pemawmed MalunHH
BHUNCIISSET MOIENbHHE 3Be3NHHe a2TMocHepH B U3NyuawlieM U KOHBe-
KTUBHOM PEBHOBECHUM IJNH NONHOTO NUAaTA30HA 3IBE3OHHX TeMIepPaTyp.
JnoTrebOnsaeMie NPUOIMKXEHUA OTPAHUUMBAKT IIPOIPAMMY B DaMKax
TINOCKO~apanlenbHhX, TOPUIOHTANBHO~ONHOPONHNX, YCTAHOBUBMETOCH
COCTOAHVA, HeIBUXyUNXCH aTmocdep ¢ 3Hepruell M PACHPOCTPAHEHHOC—
TAMM TIOCTOAHHHMU C TnySmuo#i. [lporpaMma Guna cOCTaBIEeH& UTOOH
TOBBOJNNTL NMONPOOHHE BHUUCIEHWUA CTATUCTUUYECKOTO DPABHOBECUA, HO
TOJNBKO BOHOPOIHHE HENPEPHBHHE CIEKTPH U H  KomupOBaHH B
HacTofAulee BpeMs. DHIO BKIWUEHO GOJNBUMHCTBO ONYOSIMKOBEHHHX
HENDPEepHBHLX HENPO3IPAYHOCTel N BONOPONHHX JNUHUIL, U NpenycMaTpe-
HIA OMNU CHeN&Hy 08 Ho6aBleHIs IPYyIUX. fMeeTcw Takxe Tpei-
yeMaTpeHVe IONA PACCMATPUBARUA HEOPORPAUHOCTU JNUHUA Kakrk QyHRUIT
pacrupenenedna TOTACHeHUs IMHM,

B ornenax 2 no 7 wmu ofcyxnceM 3HAUUTENBHO OeTalNbHO BCe
BUIL BHUNUCIEHWA MONENbHOR arTmMocdeps. 3Ty BKINYAKWT NONE UINYUEHVSH,
CTATUCTUURCKOE PABHOBECHUE, TEPMOIMBaAMUUECKNe CBOWCTERA, HeENmpos-
TauHOCTh, KOHBEKIMNK ¥ TeMNepaTypHYKW TICHPaBKYy. B oTnenax & u ©
i ofcyxmaer caMmy ODPOTPaMMy IOs 3JeKTPOHHOW CueTHO~Tewawler
MAWKHE CHepBa PACCMATPUEBAHA TPOCTHE BbUUCIEHUS & 38TeN LPOMBEBONSA
TeXHUUEeCKoe OOCYXIEeHNe KOIUDPOBAHUA U NeWCTBMUA MPOTPaMMH.

llporpamma Swna manncaua no ®OPTPAH'y IV u sBnseTcs IO
CYWEeCTRBY HE3aBUCUMON OT MamMEH. lMeeTCH CIMNCOK HA MATHUTHONR
TeHTe.



MAGNETIC TAPE LISTING

The programs listed in this report can be obtained on magnetic tape by sending a
tape at least 600 feet long to

Robert L. Kurucz

Smithsonian Astrophysical Observatory
60 Garden Street

Cambridge, Massachusetts 02138

The tape will be written in BCD card images at 800 bpi.



WARNING

There is no way to guarantee that ATLASS5 does not contain errors. In fact, it
is almost certain that it does, since the code is 80 long. There also may be truncation
or underflow problems on computers like an IBM 360, even though all those known at
present have been allowed for. We algo point out that the computation of a model
atmosphere should be considered a physical experiment. The program may not be able
to calculate & model for conditions that do not oceur in real stars or for conditions that
violate the initial assumptions on which the program it based.
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ATLAS:
A COMPUTER PROGRAM FOR CALCULATING
MODEL STELLAR ATMOSPHERES

Robert L. Kurucz
1. INTRODUCTION

The calculation of a model atmosphere is a straightforward process once several
assumptions and approximations have been made to simplify the problem physically
and computationally. We simplify the problem as follows:

A. The atmosphere is in a steady state.

B. The flux of energy is constant with depth in the atmosphere since the energy
source for the star lies far below the atmosphere and since no energy comes into the
atmosphere from above. The flux is usually specified by an effective temperature

such that flux = UTg O = 5.6697E-5.

f
C. The atmosphere is homogeneous except in the normal direction. We ignore

granules, spicules, cells, spots, magnetic fields, etc.

D. The atmosphere is thin relative to the radius of the star, so we can consider

plane layers instead of concentric shells.

E. There is no relative motion of the layers in the normal direction and no net
acceleration of the atmosphere, so the pressure balances the gravitational attraction,

]
<
L

(1. 1)

2
dr
P—5 = —PB+

dt

a3

Here p is the density and g is the gravitational acceleration, which is approximately
constant because the atmosphere is thin,

This work was supported in part by the Smithsonian Research Foundation.
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with M, and R, the mass and radius of the star.

F. The atomic abundances are specified and constant throughout the atmosphere.

Given these assumptions, we go through an iteration process to find the parameters
that describe the model atmosphere. We guess the temperature at a set of depth points
in the atmosphere and calculate the pressure, number densities, and opacity at each
point. From these quantities we determine the radiation field and convective flux at
each point. The total flux does not, in general, equal the prescribed constant flux, so
we change the temperature at each point according to a "temperature correction"
scheme. We repeat the whole process with successive temperature distributions until
the total flux is constant to within a small error.

Since the number densities and pressure also depend on the radiation field, we
must carry several quantities from iteration to iteration. However, the radiation
field often has only a negligible effect on these quantities, in which case only the

temperature need be carried from iteration to iteration.

We describe this iteration process in considerable detail as follows: Section 2 1s
concerned with the radiative energy-transport equations and the computation techniques
required to find the radiation field, given the atomic number densities. In Section 3
we consider the effects of the radiation field on the number densities and the means
for carrying this information from iteration to iteration. We discuss the computation
of the various thermodynamic properties of the gas in Section 4. Section 5 contains
expressions for each of the opacity sources included in ATLAS. We consider convec-
tive energy transport and the temperature correction scheme in Sections 6 and 7,
respectively. In Section 8 we describe the calculation of a model atmosphere by
examining sample input and output; programing details of ATLAS, including the listing,

are given. In the last section, we describe and list various utility programs.

R
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2. RADIATIVE ENERGY TRANSPORT

2.1 The Transfer Equation

Our approach will be to follow a beam of photons of frequency v as it passes
through the atmosphere. The number density of photons per unit solid angle and fre-
quency Nv(w) will change with time owing to the presence of absorbing, emitting, and
scattering atoms. (By "atom' we actually mean any atomic system, such as an atom,
molecule, electron, negative ion, or ion plus electron.) In the absorption process an
atom subtracts a photon of energy hv from the beam or adds one to the beam in pro~
portion to the number of photons in the beam. The "adding" process, when considered
separately, is called negative absorption or stimulated emission. In the emitting
process an atom adds a photon of energy hv to the beam independent of the number of
photons in the beam. In the scattering process an atom takes a photon from the beam
and immediately gives up another, generally of slightly different energy and in a dif-
ferent direction.

If we consider all such atomic processes occurring at frequency v and let £ and u
denote lower and upper energy levels of any transition, we can add the absorption,
emission, and scattering rates to obtain a differential equation of the form

de(w)
T = —Nv(m) Z [ absorption coefficient (£ — u)] n(¥)

+ Nv(m) Z [ absorption coefficient (u — £)] n(u)
~ Nv(w) Z [ scattering coefficient (£ —~ u)] n(£)
+ 2| emission coefficient (u — £)] n(u)

+ Z[ scattering emission coefficient (u —~ £)] n(u) . (2. 1)

fpp




While n(2) and n(u) are number densities of atoms in the lower and upper levels, we
note that if a level is not bound, n(u) or n({) refers to the number density in an energy

interval dE corresponding to the frequency interval h dv.

Since we are actually concerned with the structure of the atmosphere instead of
with photon beams, we convert from coordinates moving with the photons to coordinates
fixed in the atmosphere,

e -_—
v-V+

d d

a = i (2.2)
which reduces to

g—t =c %Z , (2. 3)

because the atmosphere is time independent (Section 1). Also, the number density
Nv(m) corresponds to the intensity (energy area“1 sec“l sterml Hz_l)

Iv(m) = ¢ hv Nv(w) (2.4)

y
where the photon-velocity factor ¢ converts number density to number flux and the
factor hv converts to energy intensity. Substituting equations (2. 3) and (2. 4) into
(2. 1), we obtain

dIv - 2[ absorption coefficient ¢ — u)]
== -1 n(£)
z v C
.y > [ absorption c%efﬁment (u— £)] n()
-1, 2| scattering co;afﬁment (£ ~ u)] n(f)

+ Z[ emission coefficient (u — L) n(u)

+ Z[ scattering emission coefficient (u — £)] n(u) . (2. 5)



In model stellar atmospheres it is customary (for simplicity) to assume that the
scattering emission 1s isotropic — i.e., that photons are scattered with equal proba-
bility in all directions. Consequently in this approximation,

fZ[ scattering emission coefficient (u — £)] n(u) dw

= 4n Z[ scattering emission coefficient (u -~ £)] n(u) . (2. 6)

Furthermore, we assume that the scattering rates are slowly varying functions of
frequency, as is the case for electron scattering or for Rayleigh scattering at fre-
quencies away from lines. Then, if we integrate over all solid angles, we find that
approximately as many photons are scattered into a frequency interval as are scattered
out to other frequencies. Thus, the scattering and scattering emission rates are equal,

flv T [ scattering co;.-fficient L — w)] n(t) dw

= f}:[ scattering emission coefficient (u — )] nu) dw . 2.7

Combining both scattering approximations (2. 6) and (2.7), we obtain

Z [ scattering coefficient (£ — u)] n(!)fI &
c v 4m

= Z[ scattering emission coefficient (u — £)] n(u) , (2. 8)
which we can use to simplify equation (2. 1).

We adopt a notation for the various coefficients — a for absorption, s for scattering,

and ¢ for emission — to obtain the transfer equation

Y [—E n({) a, (£ -~ u) + Z n) av(u-*- 1) - Z n(L) sv(lh-u)] Iv

] &

+[En(u)ev(u—-l)-!-f}n(!)sv(l—-u)flv%::—] . (2.9)



2.2 The Source Function

We introduce the source function Sv to simplify the equations describing the radia-
tion field by adopting a notation for the emission process similar to that for the

absorption process. We define

Zn)e @—2) + Tn(d)s (L~ u) IIv(du/41r)
v Eala, - W -2 awa, @~ Dz als LW

S (2. 10)

The equation for the change in intensity (2. 9) becomes

dI
v

Tl [En(l)av(z—- u) - En(u)o.v(u—- 1+ En(z)sv(z — u)] -1,+8) . (2.1])

To simplify further, we now proceed to relate n(£) to n(u) and uv(l —1u) to
a, (u ~— £) and to evaluate €, The relation between uv(l —u) and av(u — £) can be
seen if we consider the absorption of a photon from the beam by an isolated atom. By
time reversal (since 1n one case N photons become N - 1, while in the other, N - 1
become N), the two coefficients must be equal. A complication arises if the levels
are degenerate with statistical weights g(£) and g(u). The transition rates must be
proportional to the number of final states available, so that

av(ﬂ 1) av(u—-l)

sw gl ' (2. 12)

Further complications may arise when we consider interactions among a large number
of atoms and Doppler shifts in the frequency of the transition; however, we will assume
that equation (2. 12) holds in any case.

e et 4 e mereem— — e o
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Using the relation (2. 12) between the absorption coefficients, the quantity
En(!)uv(l —~u) - En(u)uv(u —- 1)
becomes

1
En(l)uv(l — 1) - Zn(u) g%ﬁ))' uv(.! —u)

or

n(u 2
Za@a, (t —u) [1 - ;% E{E)l] . 2. 13)

The transfer equation (2. 11) becomes

dI
== {En(l) a,(t —u) [1 - g% g%)l] +Znl)s (L _-u)} -1 +8) , (214

and the source function becomes

IZnwe (-1 +Znl)s (-~ u)jlv (Go/4)
v™ Znd)a, (€ = wll- m@/adlgh/ewl} + Za@)s,d —u)

S . (2. 15)

To evaluate e, we consider the special case of thermodynamic equilibrium, for
which the following conditions apply:

A. The radiation and matter are described by one temperature, T.

B. There is no net energy transfer, so the radiation field is constant over space,
implying from equation (2. 14) that Sv = Iv.
C. The intensity Iv is described by the Planck function,

B

3
2h hv/kT -1
,= B /AT



-1
o3y P/KT _

D. The photon number density N is Bv/chv = (2v2/ n .

E. Any process
A+B+CHere 1 +2+3+00

where A, B, C and 1, 2, 3 represent particles or photons, is in equilibrium (detailed
balance) such that

n(A) n(B) n(C) +-+ R(ABC **+ —~ 123 +-+) =n(l) n(2) n(3) *+** R(123 -+ ~ABC ***),

where the R's are the rate coefficients.

F. The energy-level populations are related by the Saha equation

Ny, ng - Ul(ZlekT/h2)3/2 U,(2nM, kT /n2)3/2 Uy (2n M3kT/h2)3/2 ... o~El23... /KT

—

- b ]
DA PRBC -t UA(2vMAkT/h2)372 U (21rMBkT/h2)3/2 U (2n M, kT/n%)%/2 ... c"EABC. - /KT

B
—Ei/kT

where the U's are partition functions ('UX =2 g; € for all i in X) or statistical

weights. An example is the Boltzmann equation for two levels of the same ion:

-E_/kT
nw _ gw @Mkt 2 e W pay EEQ/AT

n(f) ~ g(f) -E,/kT g()
(2-rerT/h2)3/ 2, 1

., Further examples are given in Section 4.
We now apply the equilibrium conditions for the process
Ay + hv & A@m) .
From the discussion in Section 2. 1 and from E above, we know

I I €, (u—~1)
n(f) uv(l — 1) pSYvie n(u) [av(u — 1) +

chv chv



or

—~ g =0 - _ Do g(f)
ev(u l)-—n(u)uv(l u) [1 ad) g(u)] Iv

Since 1 b= Bv and [n(u)/n()] [g(2)/gm)] = e—hv/k T, we obtain
3,2
¢, (1) =EQ VKT (g —uy1 - eBV/KT, _7‘_(L__12113\' - 1
e - b4

or finally

ev(u—-l)ﬁg-(g 2hv.  —u) . (2. 16)

Returning to the general case, we assume that the ratio (eq. (2. 16))

A T

g)a, (L —~u) ~ 2

is independent of whether or not the gas is in thermal equilibrium. This is plausible,
because in thermal equilibrium the ratio in no way depends on the properties of the gas.
We note that for a line transition the emission coefficient (2. 16) implies that the
absorption and emission profiles are identical. This is, in fact, the case in a high-

density, nonmoving atmosphere.

We substitute our result for e, (eq. (2. 16)) into the source function (2. 15),
first making the transformation

3
_ ) D E() ZhvT
Zne, (u—~12) =Znd)a_ (£ —~u) H&% g{u_l) o2

3 -1
= — _d) g#)| 2hv” | n(f) g)
En(!)uv(l u) [1 o) g(u)] 3 [n(u) (D) 1] ,



to obtain

-1
3
n(u 2hv" | n() g(u - [+ B}
InWa, (L ~u) [ K%g%ﬁ%]?[ﬁ%ﬁ)) g{]))- ] + Zn)s u)flv d
s =
v Emha(!*u)[ g%%g% + In)s (£—u)
2. 17)

2.3 Mass Absorption Coefficients, Optical Depth, and the Plane-Parallel Approximation

We wish to change variables and make some simplifying definitions before pro-

ceeding. First, we define the following mass absorption coefficients or opacities:

KV(! —-u) = n(l) av (l _..u) { 1- [n(u_)/nf)‘l)] [g(l)/g(u)] } , (2. 18)

k,=Zk, (=1 |, (2. 19)
nf) sv(l ~= 1)

0, —~u)=——— | (2. 20)

0,=Z0, (- . 2. 21)

We have divided by the mass density p in order to remove the rapid variation caused
by the change in the number densities as we pass through the atmosphere. In this
notation, the transfer equation (2. 14) becomes

dl
pdz

=k, +O N1 +8) , (2.22)

and the source function (2. 17) becomes

S =Exv(! -u)Sv(um-I) + crvflv (Go/4m)

v — , (2. 23)
v v

10



where we have defined a source function for a single transition,

-1
3
_ 2" In(f) g(u)
S —1)= 2 [n(u) g(l)ul] . (2. 24)

To make the derivative dI V/ p dz in the transfer equation (2. 22) of the same physical
magnitude as Iv, we divide it by k,+ 0, and define the optical depth along the beam such
thatdr = (k +0 ) p|dz|. We note that in an optical depth T, the number of original
photons left in the beam decreases by e (from dI/dT = -~ I). Therefore, photons do
not travel distances greater than a few optical depths. The density in a stellar atmos~
phere can be large enough so that the distance corresponding to a few optical depths 1s
small compared to the radius of the star. In this case, the radiation field cannot "see"
curvature, and we can treat the atmosphere in plane layers where distances and optical
depths are measured in terms of the normal distance x. Then, z = x/cos 0 = x/ My

dz = dx/p, and the optical depth along x is determined from

d'rvﬁh(xvi-dv)pdx , T=0atx=« . (2. 25)

The transfer equation then can be written in the simple form

v = -
“dT_Iv Sv . (2. 26)

2.4 Properties of the Radiation Field

f we assume that Sv is specified, we cfn integrate equation (2. 26) to obtain Iv.
The homogeneous solution is I,=c(T) e% u. Substituting this solution into the non-

homogeneous equation gives the result

v

™ /H -
I =-eV jSet/“%E

11



where c is an arbitrary constant. There are two cases: p< 0Oand p> 0. For p<« 0,
the boundary condition is no incident radiation at the top of the atmosphere ('rv =0),

with the result

-
v
~(t=7)/u
= v dt
Iv—»uf S, e T p<O0 . (2. 27a)
0

For p > 0, the boundary condition is that the intensity contribution from infinity is
zero because the energy source in a star is finite:

=T )/b g
Iv=f S, e v S om0 . (2. 27b)
T

v

We are also interested in properties of the radiation field other than the specific
intensity Iv. The radiation field that each atom sees and that governs the level popu-
lations is the integrated intensity S Iv dw. Another quantity, the radiative energy that
actually passes through the atmosphere in any outward direction per unit area per
second, is the flux j' pl do. The cosine factor u subtracts the inward-flowing radia-
tion from the outward-flowing radiation to yield the net outward flow. A third property
is the radiation pressure (1/c) fpz IV do. Since photons carry momentum hv/c, they
exert a pressure. The pressure in the normal direction per unit frequency, or the
rate of momentum transfer per unit area, is the normal component of the energy flow
M Iv) integrated over all angles and divided by the photon velocity c.

We can formalize this discussion by introducing the intensity moments

- [ ]
3 = JIV L, (2. 28)
(g @
H, = f" L& (2. 29)
and
- {.2; &
K, = f Wi L (2. 30)

12
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J, is called the mean intensity, and the integrated intensity is 4wJ . The flux is

4"Hv; for confusion, Hv is also called the flux. The monochromatic radiation pressure
is 4nK_/c, but K does not have a common name. Use of the moments keeps all the
radiation quantities in the same units. Note that the source function (2. 19) can be
written in terms of J L a8

_ z rcv(l-u)sv(uml) +0J

§,= — 5 . (2. 31)
v v

We can also take the moments of the transfer equation (2. 26)

dIv
hEr =1,-8,

v

de

—=J,-5, , (2. 32)
Vv

de

T = Hv . (2. 33)

If we use the relation dw = 2w sin 6 d® = -2 dyu, the moments become

1
1
Jv=§ f Ivdp , (2. 34)
-1
1
1
vaé-fplvdp . (2, 35)
-1
1
1 2
Kv=§f n Ivd"l . (2. 36)
-1

13



To evaluate equations (2. 34) through (2. 36), we substitute the solution for Iv (eq.
(2.27a, b)) to obtain

1 0 (7, 0/b g 1 o (=T /1 g
vm-z-ffSe -;l—dp+~2~ffsve ?dp,
-1 0 0 -
v
(2. 37)
.
1 ; J'V ~(T -t)/p 1 1z -(t-7 )/p
Hv-—-if S, e dtdp+~§ff 5, e dt dp ,
-1 0 o T
v
(2. 38)
and
0o 7 o
. L .- ~(t-T )/p
Kv=§ J‘J- 5, e pdtdp+-2—J-J’ 5, e p dt du
-1 0 0T
v
(2. 39)

The preceding notation can be considerably simplified if we introduce the exponential

integral
r -xz !
e -X n-2
En(x)=f — dz=f e /“p dp (2. 40)
1 Z 0
so that
-
v oo
_1 _ 1
Jv(-rv =3 j sv El(TV t) dt +3 J. Sv El (t - "rv) dt (2.41)
0 T
v
.r -]
! 1
HV('r =-3 f Ez (t,~ 1 dt+2 j Ssz t-7,)dt , (2. 42)
0 T

v
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and

.
v o
_1 1
KV(TV)—-Z-J- S, Eq (T, -t dt+5 vaE3 (t-7)d . (2. 43)
0 T

v

We see that the mean intensity is an average over Tof Sv for Tnear T . The flux is
the difference between Sv for T greater than T, and Sv for Tless than T, We must
remember that Sv depends on J v (eq. (2.31)), so we actually must solve an integral
equation to determine Sv ord "

2.5 Computing the Optical Depth

We define 2 mass variable - f p dx, which we call rhox (pronounced rocks), and
use it to label depth points in the atmosphere. In non-FORTRAN equations, we denote
rhox by M and the differential -p dx by dM.

We now consider the numerical calculation of the radiation field, assuming we
know the opacity as described in Section 5. We divide the atmosphere into N layers,
each labeled by depth Mj' The optical depth is easily found by integrating the opacity,

M,

)
Tvj =f (k,+0,)dM . (2.44)
0

Simple integrals like (2. 44) are performed by fitting parabolas to the integrand
for each depth interval in the atmosphere, as follows:

XN xj+l xj""l

f £(x) dx = Ef f(x)dx=Zf (aj+bjx+cjx2)dx
0 .
% %

p—— -

2 2 3 3

b(x; , -X;) c.(x.,~X)
- A2 T R .
Z __aj(xj+1 x;) + 2 + 3

I

e

——

[ b + 2 2
(X, X, . + X, + X,
= E a, + 1% * %) L A% T M % ) (x
j 2 3 j+1

L —_

-X) .

(2. 45)
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In ATLAS, the 1nterpolation coefficients a]., bj, and o are determined by weight-

ing forward and backward parabolas inversely by their second derivatives, as shown

in the following diagram:

BACKWARD PARABOLA

F

fr+|/

1

106-048

+2e

/

/ FORWARD PARABOLA

/

f fj“l fl%
'-/7 - WEIGHTED

\\_/

MEAN PARABOLA

Xl+

I X+2

This weighting avoids large overshoots, which are a problem with simple parabolic

interpolation. The unweighted parabolas are given by the expressions

c.= fj+l - fj + f]_l ,
] (xj+l - xJ) (Xj“"l = X]'l) (XJ - x]—l) (XJ+1 - Xj) (xj - Xj"'l) (X- Xle)
(2.46¢)
f, - f -1
bJ ey (xj + x._l) c. , (2. 46b)
] -1
and
f. -1 -1
2= fj—*l RS X, XX G (2. 46a)
1 -1
The weight is
les !
j+l1 (2.47)

w. =
] l%+1|+[éﬂ_ ’
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so the weighted mean parabola is

a,=w.a, + (1l -w)a,.
a=was(l-wa, o

e

b, =w.b, + (1 -w.) b,
5= WPyt =W by

c. =w.c, + (1 - w) ¢ . (2. 48)

j i j+l

2.6 Computing the Mean Intensity and Flux

The source function, mean intensity, and flux are calculated as described by

Kurucz (1969) by using integration matrices.

To derive these matrices, we consider the general moment integral of the specific

intensity,
[= w]
M (D=2 [ signt-n""tsw E |t- 1 at 2. 49)
n 2 n : ‘
0

Then, from equations (2.41), (2.42), and (2. 43),

J(T) = Ml('r) , H(») = Mz('r) , and K(T)= M3(T)
We divide the integration range into N subintervals,
N Tj+1
- 1 . -1
M_, =M (1) =3 E sign (7 - " f SWE[t-7,ldt . (.50
j=1 T,

J

We now assume that S can be represented by a parabola in the interval (-rj, T j+ 1).
Thus,

3 N
k-1
Sit) =Z t E Ciat 5 @.51)

k=1 i=1

17



where the Cjki are interpolation coefficients. The Cjki can be, for example, one-half
the sum of the forward-parabolic and the backward-parabolic interpolation coefficients;
or they can even be linear if a large number of points is used. In the version of
ATLAS described here, however, the interpolation coefficients Cjki were found by

passing a parabola through SJ. and Sj +1 and by least-squares fitting Sj_ 1 and Eij +

1
These coefficients are listed in Table 1.

x

Inserting the expression for S(t) (eq. (2.51)) into the jth term of the sum
(eq. (2.50)), we find that

j+1 3 N
. _ . \n=1 _ k-1
Mmj-zsngn ('rj ) J’ thnlt 'r!] E t E Cjk:.lsi . (2.52)
T. k=1 1=]
J
This expression can be simplified to
3 N
My =Z Ttk E CigSi (2.53)
k=1 1=1
where
Tj+1
. _ n-1 k-1
Mgk = 2 SR (T, = Ty f t En]'r_q - t| dt (2.54)

T,
]

is an integral that can be evaluated analytically. To evaluate 7 nfyk’ we use the

indefinite integral

JEn(x) dx = - En+1(x) (2. 59)

18



Table 1. Least-squares parabolic interpolation coefficients.

2 2
= - - - - +
D Tj-l + Tj+2 Tj Tj-l --|-j "l"j+1 Tj+l Tj-l Tj+l Tj+2 2 -rj -er

T,
C =il
jlj-1 D
o T T et T Ty Ty Tied)
13 (Tj - Tj"'l)D
2 2
T.(T. + T -T,T. - T, T.
c. . T e T T T T2
jlj+l (T. Tj+l) D
c _ T.T.+l
j1j+2 D
c _“('r.+ *r.+1) c 1
i2j-1 D j3j-1 D
2 2 2
o ==l 72T T T o Tt 2T T
j2j (Tj“Tj-Fl)D i3j ('rj—-rj+l)D
2 2 2
c _ -Ti1 2T Ti49 c _ T - 2-rJ * Tin
j2j+l (Ts Tj+l) D j3j+1 (-rJ - 'rj+l) D
c _ =(T, + 'r.H) c 1
j2j+2 D j3j+2 D
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and integrate by parts, obtaining

k-1 k-1
<-rj En+1ITlZ - le Tl En+1[T£ TJ+II>

. k-2 k-2
+(k~—l)81gn('rj--r£) (Tj En+2|~r£—'rj| T4l En+2|T£ TJ+1[>

+ (k- Ik - 2) (-r;‘":3 E _.|*

k-3 \
n+3

- —rjl - Tj+1 En+3|Tl - Tj+l‘/

£

(2. 56)

We must evaluate 5 ntik carefully when the 7's are small because of two cases of
numerical cancellation. First, for | I -rj] small, we write out the expression for
um £k explicitly using the power~series expansion for the exponential integrals and

grouping terms in such a way that no loss of accuracy occurs The power series 1s

n-1 o
n-1 m
G R - E : P 2 (-=%)
En(x) (n -~ 1)! log x -y + m (m-n+1)m! °?
m=1 m=
m#n-1

(2.57)

where y = 0.577215664901533 is Euler's constant. Second, for Tj/'rl small, we use
the power-series expansion around T ! and evaluate only those terms that do not cancel
analytically. The expansion 1s

n-2
- l 2 L _X-——-“-d—
E -9 =E (0 +YE (0 +5¥ E 0+ + g ()

n-1 = m+n
+E_L]5'—E1(X)+enx E h[l+&+m;a+...+ml +m_!

m=0

(2. 58)
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Detailed expressions for @ ntik can be extracted from program PRETAB listed 1n
Section 9. 2.

We now collect terms to achieve the form of a matrix operator on S

N 3 N N 3 N
Mg = Z wij Cixi SﬁZZE neik Ciia S
j=1 k=1 i=1 j=1 k=1 i=1
N 383 N N
"‘ZEZ ik Cik:i SJ Z EmlJ j (2.59)
j=1 k=1 i=1 j=1

where

ZZ Mntik Cukj

(2.60)
k=1 1=1
The matrix En is the desired matrix operator
Mn = = S (2.61)
To calculate the flux or mean intensity, we simply matrix multiply
J=AS (2.62)
and
H=¢58 , (2.63)

where we have defined the matrices

A =

IrT

landq,

i

Ji
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2.7 Computing the Source Function

We recall equation (2. 31) for the source function

*E K, (£ ~u) Sv (u—1) + o, Jv

g =
v K + 0
v v

and rewrite it as

Sv=(l_av)sv+quv ,

where

szﬁzwmswu*m

v K
v

)

and

o
v

v + 0
Kv v

m

Equation (2. 64) is an integral equation for Sv since J v depends on Sv.

tion, the integral equation becomes

S=(-a)S+aAS
or

I-aAS=1-0a)8S ,

where I is the identity matrix, a is now a diagonal matrix, and S and S are now column

(2. 64)

(2. 66)

In matrix nota-

(2.67)

vectors. The solution to this system of equations can be rapidly obtained by Gauss-

Seidel iteration since the matrix is almost diagonal. The iteration proceeds as follows:

An initial guess is made for S, such as S = 8. This vector is multiplied by the matrix

(I - o Q) to give a vector that differs by A from the required result (I - a) §,

A=(I-aANS-(0~-a)8

22
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We wish to find a correction AS so that

The solution of equation (2.69) is

(I~aAS+AS)=(1-0a)8

AS=ﬂ-uAfTawM§-auuAJﬂ=-ﬂ-uAflA .

Since (I - a A) is almost diagonal,

T-an 1=

so that

AS = -

1

l-ai

A

1+-a. A,
i~

We iterate on the eguation

Snew - Sold "

AS

Aii

H

until AS/S is less than some prescribed value, currently 1. E-5.

quantity (1 - a), which may lead to numerical difficulties.

or

(2. 69)

(2.70)

(2.71)

(2.72)

(2.73)

Equation (2.67) for the source function can be rewritten in a form that avoids the

g — e
ita e

g
K+ O

)§

23
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and finally

(1+9-- -q—A)S=§ . (2.75)
K K

2.8 Pretabulation of the Matrices and Treatment of Large Depths

Since the integration matrices are rather complicated to evaluate, they have been
pretabulated for a fixed T set, where the values of Thave been chosen to give accurate
integrations. The program that does this, PRETAB, is listed in Section 9.2. The
43 points currently used are the following:

1 0 12 0.01 23 0.63 34 3.65
2 0.000032 13 0.016 24 0.78 35 4.15
3 0.000056 14 0.025 25 0.95 36 4.9
4 0.0001 15 0.042 26 1.15 37 6.1
5 0.00018 16 0.065 27 1.35 38 T.7
6 0.00032 17 0.096 28 1.6 39 10,

7 0.00056 18 0.139 29 1.85 40 12.5
8 0.001 19 0.196 30 2.15 41 15.

9 0.0018 20 0,273 31 2.45 42 17.5
10 0.0032 21 0.375 32 2.75 43 20.
11 0.0056 22 0.5 33 3.15

Note that since there are few points near the surface, integrals at monochromatic
optical depths of 10-4 and less cannot be very reliable if the source function varies
there. The abundance of points at large depths allows better treatment of these

regions.

To evaluate Sv, J v and Hv, we Interpolate a, and §v from the T, set onto the fixed

T set. Then we solve for 8, and use it to integrate for J ,and H . Finally, we inter-
polate Sv, J W and Hv back onto the T, set. For the interpolations we use the method
described in Section 2. 5.

Y Optical depths larger than the last value of the fixed T set (T = 20) must be treated
separately by using the asymptotic forms for the A and & operators, namely,

a”s ds
Vv

I - (2.76)

=
q
o
23]
If
o
<
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These asymptotic relations can be derived by evaluating KV at large depths and then
using the moment equations (2. 32) and (2. 33) fo find J v and Hv by differentiation.
From equation (2. 43), we have

K (1) =%f S (M Eglt-T [dt . 2.77)
0

We expand S(t) around T

S(t) =S(t.) + (T_ = t) (—-l> +dr - (dzs") P
- v v dt 2 VT 2 ’
TV dt T

v

and insert the expansion into the integral (2. 77),

T

_'_2 dZS v @
K(t)=][|S8T)+~ _Cl§ + = v -l-f E, (T -t)dt+—l- E,(t- T )dt
vy v v v \dt - 2 2 2 3" v 2 3 v

v T 0 -
v v
[‘ T
2 v g
ds - a’s 1 2y
N _(dt) TV( 2) 2f tEg (T, - 1) dt + 3 J' LEy(t - 7 ) dt
T dt
v T 0 T
| v v
[ T w
2g L[ 1 2
1/d
+ 3 -c;? 5 f t E3(‘rv—t) dt+§f i E3(t-"rv) dt
T 0 T
- v v
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From equations (2. 54) and (2. 56), we find

2 2
a°s
_ ds Ty v 1 1
Kyrp) =[S+ (a‘t‘) T\ [3 T2 E4(""v)}
T dt
v T
v
+ Q_S. - .(_i..%_s.- 1 ™ +.:.I'.. E (-r )
dt v dtz 3 v 2758
L v Tv

[ /2
1/4d78 2 12
¥ "z'(‘".a:) [3*5%*%“&}
at” /.

! v

The asymptotic form for the exponential integral

2

-X
e n _ nn+1l e
En(X) - [1 -3 7 y - } (2.78)

implies that we can ignore En (t,) terms for T large. We find

2
1 1(d%s
Kv(fv)~§S('rv)+g(——2) , (2.79)
at® ) _

v

so that to second order,

dK ds
H = vo_ _j_l_ v
v dT 3 dr
v v
and
aH, a’s
J -8 =— =2 (2. 80)
v v d'rv 3 d_'_2
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Derivatives are taken by bisecting the angles formed by the extension of the line
segments as shown in the following diagram:

106=-048

The result is

_ »
dx 1 TJ+lTj
where
D;
T, = ,
1+q/1+D?
J
with
1f.~-f.
D_:—_.l___l:.l_
i S x. -x ?
7 -1
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and where

. mafoj_ll, 11,1, |fj+lD

The scaling factor S converts f and x to the same magnitude

We calculate Sv by iteration on the numerical derivatives until the relative change
in §, is less than 1. E-5.

2.9 Computing Specific Intensity

The specific intensity Iv(p) at the surface for cos 8 = p is often required, especially

for solar work,

(. =T /b aT ,
Liw=]8 e Tl (2.27b")

0

We evaluate this by means of parabolic interpolation coefficients for Sv, with the

following result:

N

L= (euri/p Jag + oy i)+ oo+ ? + W2}

i=1

~Tin)/H
+1 2 2
—e 1 {ai+bi('ri+l+p) + ci[('ri+l+p) + R ]}) ,

or
N
-T/p
- i 2
Iv(p) = E {e [Si + (bi + 2ci 'ri) P+ Zci B ]
i=}

-T

g1/P 2]
[5,1+ by +2¢; 7y, ) p+ 20, } : 2.81)
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At small optical depths, we expand in & = (Tigg ™ -ri) / u to avoid cancellation problems,

N

-, / 9

v(p) = E e ""1+1 H : SiA + [sl + (bi + zcl -ri) u] AT
i=1

bt

- |
n

2 z : A
+ [Si + (bi + Zci -ri) g+ 2(:i p] o . (2.82)

n=3

No allowance is made for the integral from TN to infinity, so the last Tv/p must be
large.

2.10 Frequency Integrations

Frequency integrals over flux and mean intensity are required for the temperature
correction, for radiation pressure, and for photoionization rates. For the integration,
we choose as many frequencies as necessary to represent the shapes of the various
continua or lines. The integrations are truncated at some maximum frequency, usually
an opacity discontinuity, such that inclusion of higher frequency points does not affect
the model, except perhaps in the outer surface layers, where some of our assumptions

break down 1n any case, or at such large optical depths as to be unimportant.

The integrals are evaluated by multiplying the various integrands at each frequency
fv. by a previously determined integration coefficient w, that is a function only of the
fréquency spacing. The integration coefficients can be determined in any manner, but
in Section 9.1 a program (FRESET) is given that uses the least-squares parabolas
defined in Section 2. 6.

The integral over all frequencies f = f fv dv is the sum Z W, fv_. Since the mono-
chromatic quantities are required in ATLAS only as integrands, thely need not be saved
once they have been added to the integral sums. Consequently, monochromatic quan-
tities can be evaluated for any number of frequencies, one frequency at a time, with

a minimum storage requirement.

29



2.11 Radiation Pressure

The radiation pressure is given by the integral

e
rad ¢ dev ’

as discussed in Section 2.4. However, to save computation we do not evaluate Kv
directly but use the moment

de
am = (KV+Uv) Hv *

Then,

dPrad _ 4n

T o f(}cv + Uv) Hv dv . (2.83)

The quantity on the right side of equation (2. 83) is the acceleration the gas experiences
when it absorbs photons from below. Once the radiation field is known, Pra d is easily
evaluated by integrating over M and specifying P ooa= 0 at M = 0. The actual value at
the surface could be found by evaluating Kv (at considerable expense), but there is no
current need in ATLAS to know Pra d accurately at the surface.

2.12 Rosseland Optical Depth and Opacity

It is sometimes convenient to describe a model atmosphere in terms of a mean

optical depth. For example, a good way to get a first guess for a model temperature

old old

distribution is to take some existing T(M)  , express it as T({(T)) , then scale the

temperature by the ratio of the effective temperatures

new

T((r)" === T,

eff
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new

and finally convert back to obtain T(M) The Rosseland optical depth is well suited

to this type of scaling, as we will show below.

The Rosseland optical depth T Ross and the corresponding Rosseland opacity are
based on the behavior of the integrated flux at large depths,

ds

O S
J.Hv dv = 3 d-rv dv . (from eq. (2.786))

At large (mean) optical depths, Sv goes to J v and J_, goes to Bv because the gas and
radiation are almost in thermal equilibrium. Photons created at one temperature are
absorbed before they can travel to regions of significantly different temperature, so
the mean intensity must reflect the gas temperature The Rosseland depth 1s defined
so that

dB
fH dv=3d JB dv:ij-—‘i dv
v 3 d-r v 3 dT
Ross v
To find Kpogg® W€ start with

d dBv
T S
Ross v

and substitute d-r dM to obtain

Ross  "Ross

dB
1 d j f 1 v
- | B dv = dv
KROSS dM v K., + Uv dM

or

1 _f[ 1/(k,+ 0 )1 (dB_/dM) dv
KRoss faB,/amy dv

31



We change from dM to dT to make the definition independent of stars,

[1/(k. + ¢ )} (@B /dT) dv
1 =I/ v v v/ i (2. 84)

Values of the various derivatives mentioned are

dB B_ hv/kT
LA L4 (2. 85)
- ’ .
dT = ] /KT,
dB 3
v _40T
JdT dv = — , (2. 86)
and
J‘H A .[B qol d or? 40T at
= pdv =
v 3 dTRoss 3 dTRoss T 3n d‘rRoss
(2.87)

The scaling properties of T(TROSS) follow from equation (2. 87) when we substitute

the value of the integrated flux

4
9T g 40T dT

4w 37 dTRoss

We have a differential equation for T(TRoss) at large depths, which has the solution

3 4 4

2 Teff TRoss TC=T
or
. 1/4
T(*Ross) = Teff (Z TRoss T C)

Thus, T(TROSS) should scale as Teff for large optical depths in radiative models.
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3. STATISTICAL EQUILIBRIUM
3.1 Rates

We turn to the problem of finding the level populations n(k). The rate of change
of the population in level k 18 given by the equation

ng@* -n(k)z [R(k“ k') + C(kﬂk’)} +Z n(k") [R(k'»k) + C(k' ——k)] , (3.1
k' Kk’

which simply states that the rate of change in population of level k must be the sum of
the radiative and collisional rates into level k minus the sum of those rates out of
level k. We specify that the level populations be constant (statistical equilibrium),
with the result that dn(k)/dt = 0.

We assume that electrons are always in thermal equilibrium because the electron
density in a stellar atmosphere is sufficient to ensure very frequent electron-electron
collisions. We therefore do not need to solve for the electron distribution, and we can
simplify the consideration of any transition involving a free electron by integrating out
the electron-energy dependence, assuming the Maxwell-Boltzmann distribution. For
example, the rate for the recombination of a proton and an electron to a hydrogen atom
is expressed in terms of the proton number density times the electron number density,
not in terms of the electron density per umt energy. Consequently, we need to solve

only for discrete levels.

Also, we can ignore scattering transitions since by defimition they cancel from the

statistical equilibrium equations.
In considering the radiative and collision rates, it is convenient to treat separately

the upward and the downward transitions. We will derive the rates and then summarize
the results at the end of this section.
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Let us first consider an upward radiative transition, where k and k' can be
the same or in different ions,

A(K) + hv = A(#) + hy — A(u) = AK')

H

or

AK) +hv = A(f) + hv— A(n) = AT (K) + e
Atoms in level k absorb

fn(l) J uv(l —u) Iv dodv = fn(l) av(l —u) 4T Jv dv ergs/sec ,
which corresponds to absorbing

J

jn(l) av(l —-1u) 4'rri-l—“"} dv  photons/sec

Since the lower level is bound, n(£) = n(k) and the rate is
J

nk) R (kK = (k) f o (f—wdrgZ dv . (3.2)

Next we congider the downward transition, where k and k’ are in the same or
different ions,

A(k) = A(u) — A(Z) + hv = A(k’) + hv

L]
or

AT(K) +e=A@u)— A(#) + hv= A(K) +hv .

The downward absorption rate is similar to the upward one,

J
fn(u) uv(u—-—l) 41r—h~—: dv ,

34



but there is also an emission rate,

J- u)J‘e (u—-l)—-dv

The total rate is thus

J

This expression can be simplified by using equations (2.12) and (2. 16) to reexpress
uv(u — {) and ev(u—- £) in terms of uv(f —u),

o dn J 2
n(k) Ry o (k—~k)= Jn(u) gﬁ%l a (2 —u) ( hv" + 8;“2’ ) dv

The final step is to evaluate n(u). If k and k’ are in the same ion, the upper level
is bound, so n(u) = n(k) and the rate is

4mJ 2
(k) Ry, (k— k)*n(k)g—%sl a (2 — 1) (T‘-’-+8:2")dv : (3.3)

Tor k and k’ in different ions, the upper level is a continuum state of energy
E(u) = E(k’) + hv. Since the electrons are in thermal equlibrum, we have from the
discussion in Section 2.2.F,

nw _ _ 2n Mk'I‘/h2 3/2 g(k) e*E(U)/kT
n(k) n, (21'erT/h )3/2 2() (21kaT/h2)3/2 2e-E(k)/kT ’
or
9 3/2 '
n() = n(k) n, -;- (27?ka> e[E(k) ~E(k")] /KT e-hv/k’I‘ . (3. 4)
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Then,

o, [ 12 /2 &) _[E(k)-EK")] /KT
_Te -
down(k k) 3 (2 T) g e

T mk gk)

47w d 2
-hv/kT v 8wy
Xfav(b—»u)e (—h—v—- + 203 ) dv

Cc

For later reference, we define

2
R(k—-k)»fav(fz u) e (hv JV+ 2 ) dv

We note that for k and k’ in the same ion, equation (3.3) becomes

[E(k) E(k")] /KT =
(k— k') = g%};)l R(k— k)

down ’

and for k and k’ 1n different ions, equation (3.5) becomes

3/2

n 2 ,
(kg,kf)=Te(_A___> £ (E®) - B KTg gy

Rdown 2w mkT gk)

In thermal equilibrium, equations (3.7) and (3.8) can be written

k— k) = 2K R~k

down n(k)

(3. 5)

(3.6)

(3.7)

(3.8)

(3. 9)

To find the upward collision rate by electrons, we integrate the cross section

Q(£ — u) over the Maxwell~Boltzmann distribution,

) Cypll =) =0k mg o T faq—w BT E L
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The downward collision rate, in analogy to the downward radiative rate, is

However, it 1s convenient to express the rate in terms of Q(£ —u). As was the case
for the radiative cross sections, the time-reversal argument dictates that the collision

cross sections Q(f — u) and Q(u ~-£) be related by

Qu-—- 1) _QU—1)
g (k) gk @. 1)

but for collisions the two cross sections refer to different energies. If Q4 — u) is for
energy E, Q(u— ¢) is for energy E - [E(m) -~ E(k’)]. This energy shift results in the

(E) - E(k)]/KT

appearance of a Boltzmann factor e m the integral when equation (3. 11)

is substituted,

nk) Gy (k—Kk') = (k) /b‘\Tf(, E(u) - Ek)]/LTQﬂ_hu)e—E/kTT{gf% |

If k and k" are in the same ion. then n(u) =n(k), so

(k —k’) = BED ([E(R) -~ E®)] /KT | fsmeu o~E/KT E dE

Cdown g(h) KT KT
(3.12)
We thus have a simple relation between Cup and C down’
g Cy, - (k—k) e EMI/KT _ on CoplK K € -E(K’)/KT (3.13)

which we could have found easily by using a detailed balance argument. If k and k’ are
in different ions, substituting equation (3.4) for n(u) (or detailed balance) yields the

relation
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_ 3/2 _ ,
g(k) Cgoum—K) € E(k)/KT (wz"h‘;’kT) 2 = g(k) Cy (kK E(k)/KT
e
(3. 14)
Summary:
Upward rates, bound-bound and bound-free,
J'V
Rup(k-w k') = fo.v(l —~u) 4n o dv , (3.29
A = [8kT -E/KT E dE ,
Cup(ku-lx)m—ne p— fQ(l-—* kT kT ° (3.109
Downward rates, bound-bound
4 Jv 8 v2 :
down(l\ ~K') = g—(ll)-g(k) av — 1) ot ----—«-—CZ dv (3.39)
Caounlk— ) = Bt e o[E() =Bk /KT ¢ Copl ~H) - (3.13")
Downward rates, free-bound,
3/2
(k) = & ( b’ > B0 o (E(K) - E(K)]/KT
2 \2wmkT g(k)
4nd 2
XJ-uv(l-—-u) o~hv/KT ( hv" + 8‘”2" )dv (3.5)
c
n (2 V" g ) JE®) -EE)] /KT 5
e+« n_
~ 2 (Zv mKT g(K) Rk —~Kk) ,  (3.8)

n 9 3/2
Te (2 h T) g&) [E(k)-Ek ") /KT o (k'—k) . (3.14")

dovm (k—~Kk') = mmk g(k) up
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3.2 Irrelevant Levels

Assuming we know the rates, we can, in principle, write down the statistical
equilibrium equations for all levels. However, not all levels need to be considered
explicitly. Closely spaced levels near a continuum have very large collision rates
with each other and with the continuum: - The collision rates are so high that the radia-
tion field has a negligible effect, and since the electrons are in thermal equilibrium,
they must force the levels into thermal equilibrium. - Therefore, the collision rates
between higher levels cancel from the equations (they are in detailed balance), and the
higher level radiative terms drop out because they are negligible. The equations for
the remaining levels, together with constraint equations, form a matrix equatjon that
can be solved for the level populations.  The first constraint is that the total number
density is prescribed by the gas pressure Dyotal = Pgas/kT. The second is that the
total number of atoms and ions of a given element must be a prescribed fraction of the
total number of atoms and ions, since the element abundances are assumed to be con-

stant. ~ The third constraint is charge conservation.

We can also eliminate radiative transitions that have extremely high opacity if we
are interested in a region where the optical depth is very large at frequencies that
contribute significantly to the rate integrals. Because the opacity is very large, the
source function given by

v

- z K (I—u) (2h v3/c2) {m()/n)iga)/gt)] - l}'l N UvJ

v K + @
v v

S

becomes

s =207 [0 g _ |
v c2 n(u) g(f)

Since the optical depth is large, Jv: Sv+ (l/3)(dZSV/d~r‘2)) (eq. (2.76)); if it is "very

large, " Jvcz Sv’ or
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3 -1
J - z_h.._y_. EQ) g_(_) — 1
v= T2 |n g(f)

The upward rate (eq. (3.1)) is

n(z)f (1—u) 8":2’ Ii%((ﬁ—))g-(% ] dv

and the downward rate (3. 3) can be transformed as follows:

fn(u) EQ) o () %8“" [5(9 EM _ 1} 8"”"2 } dv

2 |[p e 2

= n(l)fu (f1) —— 8mv” n(w g() <1+{(n(£)/n(u)]lg(u)/g(fz)l—1})
? P B\ iy /mau)llgea) /e(@)] - 1

1
_ 81 n({
n(f)fa (£~1) c;’ [ﬁ% J dv

In this case of very high optical depths, the rates are equal, so we can drop the transi-
tion from our equations. These radiative cancellations often occur, for example, for
the Lyman lines and continuum of hydrogen, and even for the Balmer lmes. See
Peterson (1969) for a discussion of this and for the definition of ""very large" optical
depths.

3.3 When Are Detailed Calculations Necessary?

For many models we can calculate the total flux accurately even if we make the
approximation that the mimber densities are given by the Boltzmann equation. At
large optical depths for a main-sequence model, the densities are often high enough
for collision rates to maintain thermal equilibrium in the level populations. This
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situation is called local thermodynamic equilibrium, or LTE. At small optical depths,
this approximation may not, in fact, be valid. However, the total flux cannot be very

much affected by conditions al small optical depths.

If the level populations are given by the Boltzmann equation, we can calculate
ionization equilibria using the Saha equation without any knowledge of the radiation
field, and since the source function becomes 8=l Ak +o)B +lo W, ) B
the calculation of the radiation field is decoupled from the calculation of the level
populations and opacities. Therefore, in ATLAS, when pressures are calculated for
a given temperature distribution, the ionization, the level populations, and the opaci-
ties are calculated at the same time. Then the radiation field is calculated and the
temperature correction made. A number of iterations are performed over the whole

process to get a self-consistent model.

Because LTE 1s usually assumed in model calculations, more elaborate statistical
equilibrium calculations are mtroduced, when necessary, as a modification, not ab
initio. At the end of each iteration, a statistical equilibrium calculation 1s mide and
fudge factors b(k) (called departure coefficients) are determined. These factors can
be 1nserted into the Boltzmann equations, Saha equations, opacities, source functions,

and rates in the next iteration of the model, as follows:

The Boltzmann equation becomes

n(k’) _ bk’ gk’ _ ~IEX) - E®KI/KT
nE)  bE gk °© ; (3.15)

the Saha equation for ionization,

ok, iy g . (er ka)B/ 2 ~IE(K') - E(9)]/KT

) b g 2 ; (8- 16)
the partition function,
U= 3 bk gk) e E®/KT 3. 17)
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the source function,

-1
S, (K'~k) = 2 l:b(km) hv/kT lil :
[

and the opacity,

-hy/KkT

be&3=mmaJPm)l-wmm?mne

The detailed balance principle from Section 2.2 becomes

n(A) n(B) nc ... R(ABC *+* =123+ )= n(l) n(2) n(3) , « R(123 -+

b(A) b(B) b(C) (1) b(2) b(3)

50 that we can express any rate in terms of the opposite rate for example,

_ n(k’) '
Ck—k’) H(%))b(k) C(k'—~k)

Also, the downward radiative rate (3.9) becomes

')-_@) mk_,)R(k k')

R k) bk’

down'K—k

(3. 18)

(3.19)

~ABC),
(3.20)

(3.21)

(3.22)

The statistical equilibrium equations for one element can be transformed from the

number density form to the "b" form as follows. Starting with

nk) Y [Rk—~k’) + Ck—=k)] = _n(k’) [Rk~k) + Ck'~kj]

the equilibrium equations in terms of up and down rates are
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n(h) &Z down(k —k’) + wn(k“k’)] + Z [Rup(k—-k’) + Cup(k—-k’il:

k<l\ K>k

3 9 P o]+ 3 o0 [0 ]
k'>k K<k

Expressing R, in terms of R and C down 1P terms of Cup and dividing through by
n(k), we find

20 [ cyon] 3 [ €

k'<k k' >k

= nk") bk") nk) [/ 1 e nk’ . e
Z n(k) b(k) n(k’) [R( k) + Cup(k k )] + E ] _(_)n(k) |: (k'—Kk) + C (L 1\)]
k'>k k'«

Then,

_Q(E)_ w Bilkowle’ . k! .
b(k’) (k) [R(k k") + Cup(k k)] + Z [Rup(k k") + Cup(k k)]
k'<k k'>k

bk ’ ’ b k) n(k’ r .
P [Rk—k) + € kK] + > M i (R + € (k=)

k'>k k'<k

Finally,

b(k)( %%%%%)[Rm—-k)+c (k'— k) Z [R (k—k") + C_ (k—-k)](

K <k K>k
}: b(k) [R(k'~K) + C,, (k--k)] Z by 2K E(‘—‘il[Rup(ku-k) + Cyplk'=K]

b(k’) n(k)
k'>k k' <k

(3.23)
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where [b(k)/b(k’)] In(k’)/n(k)] is given by either equation (3. 15) or equation (3. 16), as
appropriate.

The b(k) factors have been defined only by ratios. For normalization we require
that the highest energy level have b(k) = 1. For example, the proton 1s the highest
hydrogen energy level, so b(p) = 1.

3.4 Statistical Equilibrium in ATLAS

The subroutine that performs the equilibrium calculations is a considerably modi-
fied version of one written by Peterson (1969). It finds the b(k) factors for H and H_
but assumes that the number densities of all other species are independent of the radia-
tion field. Detailed equilibrium calculations for other species cannot significantly
affect the flux in regions where H or H (or Rayleigh scattering or electron scattering)
is the dominant opacity. For stars of spectral types from early B through G, these
are the principal opacities at frequencies where most of the flux appears. Therefore,
statistical equilibrium for H and H should be sufficient to determine the surface flux
for a large number of stars. At other frequencies, such as in a strong metal continuum
in the far ultraviolet, it may be necessary to perform detailed calculations for the
metal if the surface flux must be accurately determined. It 1s a relatively simple
matter to modify ATLAS to do statistical equilibrium for any species.

3.5 Computing Statistical Equilibrium for Hydrogen

The hydrogen calculations leave out all the bound-bound radiative transitions on
the assumption that the radiative rates cancel for the stronger lines and that the
weaker lines have a negligible effect on the level populations compared to the effect
of the collisional transition. The radiative rates for the Lyman continuum are also
assumed to cancel. The levels above 6 are assumed to have b(k) = 1, aﬁd collision
rates to and from bound levels higher than 8 are assumed to be inconsequential.

The assumptions concerning the strong lines are obviously not valid at small

optical depths in the atmosphere, where the line cores are formed. The bound-bound
rates must be included in the equilibrium equations in order to calculate the line cores.
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However, line wings and the continuum are formed at depths in the atmosphere where
the optical depths in the line cores are in the thousands, so the approximation is valid

for computing the line wing and continuum fluxes.

The statistical equilibrium equations (3.23) for hydrogen take the form

k
bk) | Ry (k-~P) + €, (k—P) + bh((llz‘,l) %((k—m) Copk—~K)
k'=1
8
. ;{ Cypk—K)| = bip) [Rp 1) + € (D)

8

b]\ nck ; r o

E b(l\)b(k E((I)lcp —-k)+§ b(k') Cy (k—k)
Kk'=

Setting b(7), b(8), and b(p) = 1 and substituting them mto equation (3. 15), we obtain

k

N k’ - E®)]/KT ok

6

- Z b(k) Cyp (k—k’)

k'=k

= R(p—k) + Cypk—P) + € (k=7) + C  (k—8) . (3.24)

This system of gix equations is easily solved for the b(k)'s once the rates have been

calculated.
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We will discuss the hydrogen cross sections a, in Section 5. The collision cross

sections Q(k—k’) (from Peterson, 1969) are

(3.25)

In E/E, .,
-2 [ kk . 0.148 }waz , K'> k

% S VR
kk’ Ykk E/Ekk’ (E/Ekk’)ﬁ

-2

where f, , 15 the transition probability, Y,y ,=k *~k’"%, E, = E(p) Yy, and a is the

: atomic radius. The collision rate coefficient is

Cen 2 [BET -2
Coplk—K) = n, mag of B ag  vi2,
E E E E
Kk’ Kk’ Kk Kk
X “‘W E1<—}”{“.i,“") + 0.148 (W) E5 (—1:;'1:—> ’ (3.26)

and the ionization rate coefficient is

2 - - - .
Cypk=P) = 1 mag ‘/—Snl‘mT kS ¢~ (B -~ ERI/KT (3 27)

3.6 The Negative Hydrogen Ion

Up to this point, we have ignored the fact that there are processes affecting the
level populations other than electron collisions and radiative transitions. There are
various heavy-body reactions, including molecule formation. If we consider hydrogen
m a stellar atmosphere at temperatures high enough so that molecules are not important,
these processes have negligible effect. But for H , these reactions dominate the 1ates,

especially since H repels electrons. -

We have taken reaction rates from Lambert and Pagel (1968) for electron collisions,

3/2
n(H") C(H +e—H+2e) = n(H") n_ 10757 (5—,‘},&) ,
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where H refers to the ground state of hydrogen, and for charge cancellation,

_ 1/3
n(H ) n(p) C [H tp—~H i Hmn> ])] = n(H ) n(p) 10 74 (@iﬁg) ,

where H(n> 1) refers to some excited state of hydrogen near the continuum, which we
assume to be in LTE, so that n|H(n> 1)] = n(p) n, f(T). From Browne and Dalgarno
(1969), we have taken the associative detachment rate

n(H") n(H) C(Hh+H—-H2+e) = n(H ) n(H) 10787

and ignored atomic collisional detachment, as they recommend We have assumed that
the levels of H2 are populated according to the Boltzmann equation, which implies that

n(Hz) is related to n(H)2 by a Saha equation

The statistical equilibrium equation is

n(H ) R(H +hv-~H-+e) + n(H) n(H) C(H“+H~-~H2 +e)
+n(H ) np) CIH +p—H+Hn>1)] +n(H) C(H +e—H+2e)
\2

=n(H) R(H+e~-H +hv) + n(H C(H2+e——H'+H)

+n(H) n[Hmn> 1)] CIH+Hn> 1) — H +p] +n(H) C(H~2e —~H +e)

Using the detailed-balance relation (3.20) to express both sides of the equation with

the same rate coefficients, we find

n(H ) R(H +hv—-H+e) + n(H ) n(H) C(H +H —~H,+e)

+n(H ) np) C[H +p—~H+Hn>1)] + n(H') C(H +e —~H+2e)

" _@_S(H") n(H ) R(H+e —H +hv) + %((%—l_—) n(H) n(H) C(H + H—~H,+e)

[0V n(H) n(p) C[H +p—H+Hn> )] + %(l}?_-)

e n(H) C(H +e—~H+2e) .
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The solution for b(H") is

b(H ) = b(H) {R(H+e —H" +hv) + n(H) C(H‘+H—-H2+e)
+n(p) CIH +p—~H+H(n> D]+ C(H"+e --H+2e)}/
{R(H +hv—H+e) + n(H) C(H‘“+H~»—H2+e)

+n(p) C[H + p—~H+H@m>1)] + C(H +e —~H+2e)}

Since the b factors for these reactions are defined only by ratios, b(H) is taken as unity,
so the Saha equation for B~ becomes

n(Hn, g(H) g, (2*rr ka)3/2 -0 7552 ev/KT
)

n(d)  b(E) g~ 2

’

where

gH) =2 , g =2 , and gH)=1

3.7 Computational Note

In the statistical equilibrium calculations for H and H™, the integrals R, R, and
dR/dT are computed assuming that J v and a are temperature insensitive. After the
temperature correction has been made, R is corrected by the factor dR/dT AT. The
collision rates are calculated with the new temperature distribution, and the matrix
equations are set up and solved for the b's. These b's are used in the next iteration

of the model to calculate populations, opacities, and source functions.
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4. THERMODYNAMIC QUANTITIES

4.1 Gas and Turbulent Pressures

The motion of an atmospheric mass element is described by the equation

= g - e (4. )

where the surface gravity g = GM,./ Ri is presumed to be constant since the atmosphere
is thin and contains little mass. We assume that the atmosphere is in steady state and
that any motions of the gas are random. We ignore convection when discussing pres-
sure.

Since there is no net acceleration, the pressure-balance, or hydrostatic-equilib-

rium, equation becomes

dp
total
o= (4.2)
or
dp
total
i =g , (4.3)
with the boundary condition Pwtal = Pra qa= 0 at M =0. Then,
Ptotal =gM . (4.4)

We identify three components of the total pressure: the gas pressure P, the
radiation pressure Pra d discussed in Section 2. 11, and a turbulent pressure P turb’
which is caused by random motion of small gas elements, if such motions exist. Then,
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-P - P

rad turb (4-5)

where Pra 4 and P are the values found in the previous iteration of the model.

turb

Turbulent pressure is included in ATLAS mainly to give qualitative estimates of
turbulent effects, if such effects exist. We define

1 2
- = . 6
Prurb =2 PVturb (4. 6)
where Viarb is a velocity describing the turbulent elements. Arbitrary velocities can
be described in the form
v, . =A+Bv P .7
turb sound

and are computed once v q has been found as described in Section 4.6. The

soun
corresponding turbulent pressure is carried over to the next iteration.

For most models, turbulent pressure is ignored.

4.2 Calculation of the Pressure When T(T) or T(x) is Prescribed

If we have an initial T('r), where T is any monochromatic or mean optical depth,
or an initial T(x) but do not know T(M), we must go through considerable calculation to
find Pto tal

scale a temperature distribution from a previous model, as described in Section 2. 12.

and T(M) = T(Ptotal/ g). For example, we might have an initial T(7) 1f we

Or we might have an observational determination of T(7) or T(x). In either case, we

have to integrate the pressure-balance equation (4.2) numerically:

dP
total _
Ix _ BP (4.8)
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or

dp
total _ g (4.9)

dr K

We describe here an integration scheme for dpto tal/dT that is implemented in ATLAS.

A similar scheme could easily be divised for dPtotal/dx'

The integration starts by presecribing T(7), P__,(T), and Pturb('r). If either

rad
Pr'ld or P is not known, it is ignored. A guess 1s made for « at a T near the

turb
surface. The differential equation is solved for P at that depth, and the corre-

total
sponding gas pressure determined. From P and T we find a new k, either by com-
puting number densities and cross sections or by interpolating in a table of opacity as

a function of T and P. Iteration continues on P 1 and x until they are consistent to

tota
some specified maximum error. Then the differential equation 1s used to extrapolate
a guess for the pressure at a point farther into the atmospbere. The whole procedure

is repeated until the pressure is known all the way through the atmosphere.

The details of the integration are as follows: Since the P's and T change by many
orders of magnitude in going from the top to the bottom of the atmosphere, 1t 1s con-
venient to convert to the logarithmic derivative,

dpP dInP
to

total _ Ttotal tal _ g
dT T T dln T Tk
or
dInP o1 gr (. 10)
dln T T kP : :
total

We choose T points at uniform intervals in In T to maintain simple expressions for

integration and extrapolation, and we specify T, Pra & and P at each point, by

turb
interpolation if necessary.
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There are three regions where different forms of integration are used. The first
is from T = 0 to the first T. We assume that  is constant in this region and use the

simple difference equation

pieal o x _o & . (4. 11)
1 1 Ky
Then,
_ total rad turb

P=P =P P
and

Ky = xl(Pl, Tl)

. < . new old
We continue to iterate on  until [In P, 7, - In P(otqy | = 0-00005.

For the next three points, we switch to the logarithmic difference equation

_ total total j
AlnPy ) =InP P> "= —py Aln T (4. 12)
K, P,
i
Our first guess for the pressure is
m plotl - plotal | 4 g, plotal 4. 13)
j i-1 i-1

The iteration equations are

total _ prad _ pturb

P.=P . ,
J ] J J
= n.(PJ., T, ,
and
g,
AlnPtmal — — A=t .
total
Kj Pj
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Once we have obtained the first four points, we use a much more sophisticated
scheme, called Hamming's predictor-corrector method (Carnahan, Luther, and

Wilkes, 1969). If we consider a function in the interval (x we can fit

n-3’ xn+1)’
interpolating functions to fourth order. Since we know the value fn, we can predict

fn+ 1

={ +é-

o1 =Tpg t3 AX@L -6

' 14 5.V \Y
-1 +2fn_2) + 5 ax)" £, for fin(xn-3’ an). (4. 14)

Hamming also fitted f with the function

=9y _1 3 ’ N ¢ 5,V Y
18t gl PR AXE L YR -0 D -g @07, for L o o Xp, ) s
(4. 15)
, \Y%
to evaluate f I as

which can be computed, after use of the prediction for fn oY nt]
specified constant in the interval (X gy X +l) , we can eliminate f° by combining the
two expressions for fn +1 to obtain a still better value for fn N The result 1s

126f - 14f ¢ 9f o+ Ax(42fy | + 108f, - 54f | + 24f

Foo= -2
n+1 121

(4. 16)

Putting the pressure equation into these formulas yields for the guess,

total +8AlIn PtOtal -4AlIn P?Otal +8Aln Pmtal
1-1 Jj-2 1-3

3 b

31n P,
In P;otal _ j-4

(4. 17)

and for the iteration equation,

total total 1

In plotal +91n PPR | 42 A 1n plot2
j=3 j-4 i

=(126 PP _ 14mp
j j-1

+ 108 A In p;‘jtl"’l ~54A1In p;.‘fg"l +24Aln pj?‘j’f')/lzl . (4. 18)

Once the pressure is known, rhox is found from equation (4. 4).
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4.3 Jomization and Molecular Equilibrium Equations

Although we need explicitly only those number densities that affect opacities,
others must be considered because of their indirect effects. If ionization 1s mvolved,
we have to find the number densities of all species that contribute a significant number
of electrons. For molecules, we have to know what other molecules compete for the
atoms available.

To calculate the equilibrium number densities, we set up as many equations as
there are constraints. The first constraint is abundance — the total number density of
atoms of each element must be a prescribed fraction of the total number of atoms,
n,. As an example, for a hydrogen-helium atmosphere with abundances Xy and xHe,

we might write the equations, including most of the species possible, as
+ -

nHI) + n(H II) + 2n(H2) + 2n(H2) +nH ) = }%-IDA (4. 19)
and

n(He I) + n(He II) + n(He III) = XHenA . (4. 20)
When other elements are included in the atmosphere, there are also cross terms link-
ing the abundance equations. The hydrogen equation would have n(CH), n(NH), n(OH),
etc. ; the carbon equation, n(CH); the nitrogen equation, n(NH); the oxygen equation,

n(OH), etc.

The second constraint 1s charge conservation. For the same example of a hydro-
gen-helium atmosphere, we must have

n(H II) + n(H;) +n(He I) + 2n(He II) - n(H) - n_=0 . (4.21)

The last constraint is that the total number of particles is n,

total = F/XT;

n(H ) + n(H I0) + n(Hy) + n(H;) +n(H") + n(He I) + n(He IN)

+ n(He IOI) + n,=n (4.22)

total '
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Each term in the equilibrium equations can be written as a function of neutral
atom and electron number densities by means of a Saha equation (see Sections 2. 2,
3.3, and 4.4). Some examples for the abundance equation for hydrogen follow:

U(Hz)[sz(Hz)kT/hzlg/ 2 -[E(H)-E(H D] /KT
n(Hy) = n(H ) n(H I 75757 © , (4. 23)
{U(H D[2nM(H DkT/h%) ¥4
2,3/2 2,3/2
i T = B 1) U, (2mmkT/h")" “ U(H I)[2«M(H Ik T/h"] e_[ E(H I)-E(H 1)] /kT
e U(H D[2vM(H DKT/b%] 3/2
(4. 24)
o n2.3/2 2.3/2 +
n(H+) _nEDn@E] Ue(zmeT/h ) UH ID[2»M(H IDKT/h] e'[E(Hz'E(H DI /KT
2 T [U(H D{2nM(H DkT/h2 /22
(4. 25)
- U ) [2eME kT /b2 372 ~[E(H)-E(H 1)} /KT
n ) =n(H Hn, 2 3/2 23/2 © s
UH D[2rMH DkT/h7] U, (2wmkT/h%)

(4.26)

where UH 1) =1, U, = 2, and M(HT) =M(H II) *M(H ), and where
E(I—IZ) <EH)<EHI< E(HZ) < E(HII). The evaluation of such Saha equations will
be discussed in Section 4.4. We solve the resulting equilibrium eguations for the

number densities of neutral atoms, for n A and for n. Once these values have been
obtained, any other number density can be found through use of the appropriate Saha

equation.

Since the equilibrium equations are not linear, their solution reguires an iteration
process. In ATLAS a Newton-Raphson technique is used (Carnahan et al., 1969).
We specify which atoms, ions, and molecules are to be considered. Then ATLAS
writes the equations in the form
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fiotal g2 Ppp PR 77 ) =0

fe (nA,nH,nHe, cuey, ne)=0 , (4.27)

and analytically calculates a matrix in which each element is the derivative of each
equation with respect to each variable,

total total . total
on A BnH ane
i én on an
reetn A H e . (4.28)
J *
of o Bfe oy
on A BnH Bne

After making a first guess for the number densities ngy ATLAS puts them into the
equations and the matrix. In general, the guess will be off, so the equations have
nonzero values. A first-order correction is obtained from the first~order matrix
equation

B,
EK &, =% (4. 29)
7
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which is solved by Gauss-Jordan elimination (Carnahan et al., 1969). The new num-

ber densities are n, - Al. Iteration continues until the relative change 1s below 0.0001.

For two special cases, there are faster ways to solve the equilibrium equations
than the matrix method just described. If the molecules to be considered and their
approximate number densities can be specified in advance, the equilibrium equations
can be ordered and transformed for an iterative solution that treats the equations one
at a time. However, such a scheme requires considerable revision when new mole-
cules are added or when physical conditions change, so the initial guess for the
number densities is no longer valid. The matrix method described above has no such
shortcomings.

The second case is when the temperatures in the models are high enough so that

molecules are not important in the equation of state. Then n =n,+n, and there

total
are no cross terms linking the abundance equations, so a simple iterative scheme can
be used to find the electron number. Once the electron number is known, any atom or
ion number can be found by using the electron number to evaluate each term in the

appropriate abundance equation and then solving the abundance equation for each ion.

The iteration proceeds as follows: We guess an electron number n, and find

Dy =D 1N We go through the abundance equations (in any order) one element

at a time. Each equation has the form
n(Q) + n(Q+) + n(Q++) + 0= XQ“A . (4. 30)

We write the Saha equations 1n terms of n(Q) and the provisional value of ns

n@") ;%@l E (4.31)
e
and
+ 4
n@™") =28 g 2Q & o (4.32)
e e e
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which we substitute into the abundance equation,

n(Q) +9-® E+ 3@ &£ = —xQn . (4. 33)

e

-
We solve for n(Q) and use the Saha equations to find n(Q+), n(Q ), etc. We evaluate
the charge~conservation equation as we go by adding

m@h + 2n@™) + 3n@ ) + .-+

electrons for each element. Once we have evaluated all the abundance equations, the

charge equation yields a new value for n_, which we use as the basis for the next

e,
iteration. Convergence can be speeded by averaging the old and the new values for n.

4.4 FEvaluating Saha Equations

Several different methods are used to evaluate Saha equations in ATLAS. For the
equilibrium equations described in Section 4.3, where every number density is written
in terms of neutral atoms and electrons, the Saha equation has the general form

ke e e S
P123.. K €, (4. 34)
n
e
where
. ot e, 3k'I‘/h2) 320 emmkT /Y B E  _[pmk e =E,-E,++=E_]/kT
= e
U (2mM kT/h%) 82 .. v (@M _KT/h7) 3/2

Here, nlfz 3 has m atoms and k positive charges. In a negative molecule, the electron
is counted with the atoms. The examples given in Section 4. 3 illustrate the general
expression. The function £ is evaluated either by finding each partition function as
described later or by approximating all the partition functions by one polynomial, as
described next.
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If we assume that the partition functions are independent of the gas density and
the radiation field and that the dissociation energy 15 independent of gas density, then
£ is a function only of the temperature, so 1t can be approximated by an expression of

the form

E(T) = exp [k; - b+cT-dT2+eT3-—fT4-g(m-l-—k)lnT], (4. 35)

ev

where

= k+ e
a__[E(n123---m>_El Ey Em]

Note that a is positive for neutral and negatively charged molecules because they have
lower energies than do free atoms. In the following pages, we tabulate coefficients

for an 1mtial set of €'s, which we found by least-squares fitting the tables by McBride,
Heimel, Ehlers, and Gordon (1963). The fit 1s accurate to better than 1% for

1000 K ¢ T ¢ 6000 K and to 1 or 2% as T approaches 506 K. The accuracy of the
equilibrium constant 1tself may be considerably worse because of a large uncertainty
in the dissociation energy. Many of the molecules tabulated do not play a significant

role in stellar atmospheres.

The code for 1dentifying atoms and molecules 1s as follows: The atomic number
for each component is treated as a base 100 digit, and the digits are ordered 1mcreas-
ing from left to right to form a number. An electron component, as in H, is written
00 and ordered as 100. The positive charge is written after the decimal point, for
example, 2.02 = He' " =HeIll. An example from the table is 608. = CO.

The alternative method for evaluating the Saha equation 1s to compute each partition
function separately. This has the advantage that the dependence of the partition function
on the gas density and on the radiation field can be treated explicitly. For this reason,
Saha equations for atoms and ions are normally treated by a separate subroutine that
tabulates or computes partition functions for all ions through H II, He III, Li IV to
CIV, NV, OVItoSVL Cl Vto NiV, and Cu III to Es III. This subroutine can also
solve the abundance equation for an element in order to find the number density for

each ion.
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CODE

101.,0
103,0
104.0
105.0
106.0
107.0
108,0
109,0
111.0
112.0
113,0
114,0
115,0
116.0
117.0
303,0
308.0
309.0
31740
408,0
409,.,0
417,0
505,.,0
50740
508.0
509.0
516.0
5170
606,4,0
607.,0
608.0
609,0
615,.,0
61640
617.0
TO0T.0
T08.,0
709,0
T14.0
715.0
T16.0
808,40
8ll.0
812.0
813.0
8l4,0
815.0
816.0
817.0
909.0
911.0
912.0
913.0
914,0
91640

A
4ebTT
2+429
2e211
3,001
3,470
3.699
4+395
5+844
24050
1.999
24901
3.190
34300
3.530
Gah3]
1.095
3.599
5904
44959
4,596
6.305
48099
24775
44002
8a.142
B.499
=117
5.117
62156
8.109

11,108
44,966
teB95
T892
3,340
9763
6,508
2819
44510
Telll
4.987
Sellb
3.,079
3,903
4e987
Be310
6,071
5e358
20745
1.592
44953
3.200
6.790
5420
3,338

B
Geb662BE+D]
G,4942E+01
4¢3816E+0]
4+6403E401
445506E+01
4e5244E+0Q]
4e5T746E+01
4e6618E+01
4eb4TOFEO]
©e3437E+01
4.5688E+01
4e4TTOE«OD1
4e4680E+01]
4e52T2E«0]
4.58B6E«0Q]
444533E4+01
Gob6142E401
4eb6TL4ED]
“.61365001
4y6T7TE+D]1
4,5612E+01]
4.51BBE+01
4o T6E4LTEOD]
4+6300E+01
4,8023E+01
4.8234E¢01
4eT420E01
4.7698E+01
4+9635E+01
4.7853E+01
e9170E+01
4.7368E+01
4. 7509E+01
4esBS4LTELO1
4.7009E+01
4e8696E+01
4+7365E+01
4.6TT70E«+0O1
4eT1l4TED]
4. T6B3E+D]
4.69B8E+0D1
4+8625E+01
4o6421E«01
4.656TE+0]
4¢T561E+01
4,84TTE-D]
4o T307E+D1
4eTGBBE+D]
4.6832E+01
4.8632E+01
4+6T1TE+0O1
4¢5468BE+01
4,7788BE+01
4.6897E+01
4o6TO6E+D]

C
1.8031E~03
202453E-03
1.9892E~03
1.8826E~03
147112E-03
1.8435E-03
1. 7004E~D3
1.5382E=-03
2e4)63E=-03
22153E=-03
1.8402E=-03
1.6858E=~03
1.8959E=-03
1.8600E~03
145637E~03
2¢6336E=-03
242259E-03
2+3070E~03
2.6086E~-03
1.9489E=-03
2.0201E~D3
2e3767E~0D3
2e3946E=D3
2¢1331E-03
1.7285E=03
1.8910E=-03
1.8949E-D3
2¢3363E=-03
3,4811E~03
1.8656E=03
1.5802E=-03
2.0173E-03
2.1172E=03
1.7379E*03
2+4592E=~03
1.9224E~-03
1.9840E~-03
242411E~03
1.8720E~03
242458E~-03
2¢2584E-03
1.6321E=03
2¢6221E-03
243003E-03
2+0103E=-03
1.5511E-03
2.4172E-03
1.6987E-03
2.1078E=-03
240165E-03
247566E=-03
245089E-03
241362E~03
2+1060E-03
1.9206E-03

60

D
5.0239E«07
5¢5182E=07
4e9231E~D7
446424E«07
346319E=07
4o9000E=07
444905E=-07
4+0410E=07
6e1037E=07
5.4885E=07
4e1240E=-07
3.7373E=D7
446T3TE=D7
L4eT3I2TE=DT
3.9598E-07
64537T1E=07
5¢3905E=07
5eTO63E=-D7
6+9954E=07
4eTO26E=~DT
4oB061E=07
62258E-07
640992E=07
5e29T0E=D7
3490B4E=07
443591E=07
44.3323E-07
6.0581E=07
1.0492E=06
4e6185E=07
3.4434TE=-07
4o TT59E=07
449533E=-07
3.6954E-07
6.5348E=07
449143E=07
449280E=07
55102E=-07
4e1254E=07
545753E~07
5eT73644E=07
3,3915E=07
648505E=07
44,3846E-07
44,5650E=-07
249069E-D7
6.2096E=-07
3.5057TE=-07
5e1344E=07
4.6054E=07
Te4062E=07
6e5244E~07
5:0666E=07
4o9B64E=07
44,3001E-07

E
Bel424E=-11
B840615E=11
Teld716E~11
6e9646E=11
5¢0164E~-11
Te7353E~11
7.0861E=11
644407E~-11
940492E=11
B41160E=11
5T606E-11
5.0857TE~11
6.8061E=11
Tel690E~11
642107E~11
Q.0532E=~11
T+6894E=-11
Ba2626E~1]
1,0618E«10
Te2325E=11
6+.8880E=11
9.,3904E-11
B49752E~11
TeT658E~11
5e4649E~11
6s1263E«11
549586E=11
9.0605E-11
1,6849E~10
Tel497E-11
4,68T70E=11
6. T404E=11
T«2805E~11
44T60BE=]11
9.8261E=11
Te4b692E-11
Te2933E=-11
Te9B99E=~11
543950E=~-11
Te9113E-11
8+,3948E=11
446025E=11
1,0200E-10
5¢3231E«11
6+2393E-11
3.2807E~11
Be9966E~11
444697E=11
Tetal14E~11
6442B8E~11
141213E-10
947170E=~11
Te1400E~11
648598E~11
5.8063E-11

F
5.0501E*15
4eT616E=15
4.“3“BE-15
4el1526E~15
2.8716E-15
4eT639E=15
493648BE=-15
3.9816E-15
5¢3705E=~15
408026E=-15
342768BE=-15
248282E~-15
4,0256E=15
4¢3041E~15
3.8283E=15
5¢5650E=15
4¢4T72T7E=~15
44B369E~15
6e3774E=~15
4botl96E=15
4e0195E=15
56190E~-15
5¢2339E=15
4¢5615E=15
3,1075E~-15
3,4901E-15
3.2733E~15
5¢3453E-15
1.0370E=-14
4¢3750E-15
246563E-15
3.8474E~15
4e4007E~15
245585E=15
5.8172E=15
4e5399E-15
4e3354E=15
4e6459E=-15
2¢9053E~15
445753E=15
4.9197E“15
245839E~-15
6.0540E=15
208469E~15
3e4674E=15
le548B6E~15
5¢2500E~15
243647E~15
4e¢3173E~15
346296E-15
6eTO66E-15
5« 7561E~15
440530E~15
3.7971E~15
3,2077k=15



CODE
9170
il111.0
1117.0
1216.0
1217.0
1313,.,0
1317.0
L414.0
141640
1417.0
1515.0
151640
161640
161740
1717.0
1010640
1010840
1011640
10308.0
10607.0
10608,0
10811.0
1081240
30308.,0
40909,.,0
40917.0
41717.0
5uB08.0
50809,.0
50817.0
50909,0
$0917.0
51717.0
60606,0
60717.0
60808.0
60816.0
60909,0
61616.0
70708.0
70808.0
T0909.0
80B14,0
BOBl6.,0
80B17.0
80913.0
8091640
81313.,0
81317.0
81617.0
Bl717.0
90912.0
90914,0
90916.0
121717.,0
14141464.0

A

2ablb

« 730
4e222
24901
24701
le604
5074
3.252
betl8B
44002
5.033
De63T7
4,380
ZaT49
24676
84850
9.511
TeS514
B+.894
13,135
12.311
B4286
6,823
Ta366
13,202
1l1.168
Qel49
14,587
15.397
13,416
13,251
11.196
9elal
13,957
12.126
16.56]
14,210
10,268
1l1.881
11,440
Gs.621
6056
13,447
11.023
Salbt
12703
T.0482
10,615
11.108
Teb696
a2l
10,812
11,835
6674
Bea360
T.588

b
4o TO6B0E+O1
4e5152E+01
4ebl47E+01
446082E+01
4eob99sb+01
4.7559E+01
4. T2T76E+01]
4eT179E+01
4.7989E001
446541E+01
©e8223E+01]
4e6919E+01
4« T693E«+D]
4eT7565E4+01]
4.8021E+01
9+3457E+01
9e3163E+01
F42053E+01
Ga2675E+01
Se.608BE+01]
9.4191E+01
Ye2T70lE-O1
941448E+01
Yab344F+01
5.7539E+01
9+668TE+0]
947191E+01
9«9071E+01
949301E+01
S549020E+01
De6613E+01
945496E+01
9.5721E+01
1.0081E+02
9.8836F+01
140097E+02
1.0000E«02
9«TTETE+O1
1+0044E+02
9.9172E+01
9.7617E+01
9¢6316E+01
1.0004E+02
F+840S5E+01
9¢7361E+01
949135E+01
9.6508E+01
947475E+01
GeB74TE«D]
9+6006E+01
9.7105E+01
9.8150E+01
SeT45TE«O]
FeT4)LTESD]
9«7591E+01
5«9755E401

C
2el411E~03
3.6917E~03
3.0037E~03
246137E-03
2eB&44TE-D3
2.9097E-03
245438E=-03
2.0256E=-03
1.7935E=03
245534E=-03
2+6B9BE-03
2eT646E=D3
1.9029E~D3
3.5631€E-03
2e41B4E=03
242374E-03
2+6530E=03
2eT514E=-D3
345194E=03
3.4106E=03
3,0252E=-03
4,3703E«D3
3.9729E~03
4,5560E-03
3.8763E=03
4.5979E-03
543790E-03
445233E-03
4.0104E*03
4e61T74E-D3
4e3092E=-D3
4,9555E=-03
5.538B7E~03
3.9913E=03
4.,B6RTE-D3
343659E=03
349763E=-03
3.7637E-03
4e56422E-03
3.9917E=-03
3.6891E-03
4e4386E=03
3,7484E-03
3.7855E~03
4.3717E-03
543486E=-03
4.0897E-03
4.5545E-03
5¢9340E-~03
4.6730E=03
4+9032E=03
543328E-03
44,3744E=03
44.4298E=03
6«5730E-03
5.5188E-03

61

D
Se3239E~07
1.0752E~06
Bea5128E~07
GeBBG4SE~DT
Te9686E~07
T.7B12E=-07
6+7568BE~07
4451B6E-07
3.7532E~07
6«8459E=-07
Te0362E«07
Te4350E~-07
442359E~-07
1.0897E~06
6e5374E~-D7
2e9465E~07
5.6946E"07
5.1218E<07
T«B1B1E~D7
6.7378E=-07
5e9689E~-07
le0975E~06
QeaT59E~-D7
14 0617E=06
Teab3lE-07
1,0294E-06
1l+3389E=-06
947552E=-07
8,217T1E~-07
14 0596E=06
9+9043E-0D7
1,2437E=-06
le480TE=D6
841028E-07
lo.1673E-06
S«TTT0E-D7
T+805BE-07
Te7313E-07
Q.8359E-07
Belll7E-D7
Te5141E-07
1ls0275E=-06
6e5483E=-07
T«a7032E=-07
9+9792E=-07
1.2832E-06
849324E-07
1.0557TE~06
145245E-06
la133GE-06
le2363E-~D6
1.2759E=-06
94917TE~D7
1.0205E-06
l47908E=06
1e3275E06

[
Te8l52E=11
1.7017E~10
143301E=10
1.0253E~10
1e2369E-10
la175%3E~10
1.0182E-10
5¢7418E=11
4a5974E=-11
1.0209E~10
1.0075E=10
1,0948E=10
5¢5948E=11
1.7573E=10
1.0061E~10
2.7708E-11
6e3927E=11
6e6192E=-11
1.0862E~10
BaT666E~11
T.7220E-11
l1e6241E«10
14368BE-10
le4668BE~10
9.0689E~11
1+4006E-10
109437E'10
142B07E«10
1+0551E~10
144704E=-10
1.3679E-10
1,8065E~10
2.2304E-10
1.0167E'10
la6627E-10
643873E~11
9¢5929E=11
9.9261E-11
142836E=-10
1.0518E<~10
Fe6734E=11
le4206E~10
6eB867TE=11
9.7481E=11
143788E=10
148036E=10
l41798E~10
1a4532E=10
2e2355E~10
l.6106E-10
18020E~10
1.7933E-10
143304E=-10
1.3991E~10
2+7180E-10
148099E~10

F
4e5625E~15
1.0459E=-14
8.0960E~15
6.0759E~15
7.49““E-15
6+9499E=15
640055E=15
20957T7E-15
2.32425_15
5¢9733E=15
5.8493E=15
6e4205E-15
3.043BE~15
1.0805E=14
6+0420E=-15
la2186E=15
5.0416E-15
3e6540E~15
6ed491E~15
4e8365E-15
4e2351lk=15
Pe6222E-15
B+0099E=~15
Be3566E~-15
4o6B9TE~15
7.8330E=15
1.1303E=14
6e9373E=-15
5.6521E=15
Bs2987E=15
Te6726E«15
1e0483E~14
1s43192E=14
503621k=15
9¢5674E=15
3.0525E~15
449686E~-15
53065E~15
6e9210E~15
5¢7309E-15
5e2293E-15
T«9BT3E=-15
3.,0007E=~15
S5e1594E~15
TeT4B9E=-15
1.0208E=14
6e4190E~15
Bel253E~15
1.3000E=-14
342064E-15
1s0475E~14
1.0193E~14
Te2634E-15
T.8045E~15
le6183E-14
9.9184L=15



CODE
141717,0
161717.0

1010105,0
1010106,0
1010107,0
1010115.0
101060640
1050808.0
4040808,0
5050808,0
6060707,0
6080909,.,0
6080917.0
6081717.0
6090909.0
7070909,0
T090909,0
B0B0B1640
8081313.0
B090916,0
8l61717.0
9090915,0
9091111.0
9091616.0
11111717.0
15151515,0
15171717.0
16161717.0
101010106,.,0
101010114.0
101040808,0
505080808,0
609090909,0
617171717.0
707080808,0
808090916,0
909090914,0
509090916.,0
1417171717.0
1010101060640
10103030808,0
10108081111.0

A
Be902
5545
11,697
12.600
12.004

9,809
l6.864
19,005
16,308
214561
214323
18,010
16.353
l4.698
14,507
10,459

Bes498
14,568
15,827
11.166
104044
154220
12,416

9.634
10,590
124320
10,038

Be382
17,019
13.329
19.626
28,019
19,911
13,406
19,793
18,367
246176
134344
16323
23,067
204465
18,921

B
9eb64T1E«D]
9+46606E+01
1e4035E+02
1.4032E+02
143972E+02
1.3915E+02
le4492E+D2
1l44558E+02
1e4586E+02
145114E+02
1+5074E+02
144925E+02
144834E+02
l.48B8lE+02
le4924E+02
1.48205#02
144891E+02
le5135E+02
1a504T7E«02
1+4B79E+02
1le%79¢2E+02
1e491TE+02
1.4619E+402
1e4B94ED2
1.4537E002
145101E+02
1.4827E+02
1+4800E+02
1.8859E+02
1.8810E+02
1e9304E+02
20056E+02
20282E+02
2e0244E+02
245222E+02
200205E4+02
2.0238E+02
2.0111E+02
2.0167E+02
243815E+02
2+%088E+02
2e4136E+02

C
5e5820E~03
5+6007TE~03
3.,6309E=-03
4,1238E-03
3.5646E~03
4.2856E-D3
5+.1010E=-03
4o T5B6E=-D3
6.9613E~03
T«34T9E=03
Te59T4E~D3
5.6538E=~03
644946E«03
Te3795E~03
S«T7370E-03
7.0988E=03
6.9578E=03
6.,0103E=-D3
6.T434E~03
T.0308E~03
Be6T1SE~-D3
78109E~03
1,1031E~02
B841079E=-03
1.1630E-02
9.8958E~03
1.0007E~D2
9.6837E~03
3,7864E-03
544222E-03
5«1031E~03
9.3202E~03
Be5497E=D3
142294E=02
1.2135E-02
B49550E=~D3
1,0223E-02
1.0262E=-D2
1.3270E-02
6.0074E-03
1.,1084E~D2
1e3325E=D2
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D
1l44873E-06
1.5018E=06
5e3929E-07
Te24TTE=07
5+ 7T0S3E=07
6¢7730E=-07
942490E=-07
Be4T52E-07
1«5378BE=06
146545E-06
147755E=-06
1.0650E=06
143929E=06
le7419E=-06
1.,0B835E-06
1:6054E=~06
1:5265E=06
lel784E=06
le4313E=D6
1¢5561E=06
202202E=-06
1,8403E=06
3,0793E=-06
149604E=06
3.3523E-06
2e5896E=06
2¢7339E=06
2+6048E=06
2e397BE-07
6+7853E=07
5.8373E=-07
2406406E=06
leb6244E=06
3.1728E=D6
2e6460E=-D6
1l48432E-06
2¢3178BE-06
2¢3219E=06
3.54B1lE=D6
6e4283E=-DT7
2¢3946E-06
342511E~06

E
2¢2154E=10
242568BE=10
5.8765E=-11
Ba9409E=-11
6e897TTE-11
Tell15E=11
141306E~10
1.0015E=10
2+0635E=10
242582E=10
244835E=-10
142623E=10
148326E~10
2e4434E-10
142821E=10
2e1898BE=10
2+0284E=10
1e4333E-10
1.8513E«10
2.0725E-10
3,2508E=10
245421E=10
4,7040E=10
2eT548BE=10
5e2149E«10
3.7449E=-10
441313E-10
3,9044E=10
4e9693E~12
4,886TE~11
3.8644E=11
24T315E=10
1e9675E=10
hebT16E«10
3.5206E=10
243302E-~10
3,1296E-10
3,1349E-10
5.3087E=~10
3.6092E-11
3.2062E=10
44.6891E-10

F
1e2977E=~14
le3326E~14
29271E=15
44,8096E=~15
3,7564E=-15
3,3400E=15
5e9293E=15
5¢1064E~15
lel460E=14
162593E=14
le@l36E=-14
643361E-15
9+9610E=15
14385BE~14
6.,4057E=-15
1lo2222E-14
1.1073E=-14
T«3393E=-15
949056E=15
lal314E=16
1le8B94E=-]14
l44249E=14
2+8095E=~14
1e5572E=-14
3.1482E-14
21697E=14
2e4GBLE=-14
262991E=14
14367BE=-15
1.2069E=15
BeB439E=16
1,5035E=-14
1.0002E~14
2eT232E=14
le9324E=14
1ls2254E=14
le7196E=14
le7243E=-14
3.1197E=14
3.635T7E=-16
ls7815E=14
2e7211E=14



The density dependence of the ionization energy and the partition function arises
from collisions between atoms or between atoms and ions. Levels with very high
gquantum numbers are no longer bound, and the iomzation energy is reduced. The
process 1S not easy to calculate, so in ATLAS we assume that there is a definite cutoff
energy and that the bound levels maintain their original values. As described 1n
Drawin and Felenbok (1965), we assume that the energy difference is inversely pro-
portional to the Debye radius, which is a2 measure of the distance between charged
particles in the gas,

7
AE = 1.44E-7 —&i

T , inev , (4. 36)
Debye

where Zeff is 1 for neutral particles, 2 for those once 1onized, etc., and

» _ kT
Debye ~ 2 ’ (4.37)
4me n
c
with n, the square charge density. For singly charged ions and electrons, n,, =0

for doubly charged, n, ;= 4ni, ete. If only single ionizations occur or if hydrogen 1s
by far the dominant ion, n = 2ne. If He III 1s important and if heavier elements are

neghgible, n,=1n, +n, - (ne - nA) + 4(11e -n where the excess number of electrons

A
(ne -n A) comes from He III,

A

The partition function has the form

-E./kT
U=Zbg e . . (3.17")

If there were no energy cutoff, there would be an infinite number of levels and conse-
quently an infinite partition function. Therefore, some sort of energy cutoff is always
necessary. At low temperatures (T ¢ 800 E for E in ev, i.e., 4000 K for E =5 ev),
the upper levels are not populated, so the value of the cutoff has a negligible effect on
the sum; but at higher temperatures, the cutoff determines the value of the partition

function.
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As an example of a partition-function caleulation, we consider an atom with hydro-
genic upper levels that have b's unity. The partition function is

E=E1 E=E:2
—Ei/kT 9 —En/kT
U= E bigi e + G 2 n e
E=0 E=E
1
oT
U=U0+Ul ’ (4.38)
where
13. 595 22 c
E =FEF w—-*————""=FE =-— inev
n 0 2 o0 2

n

We can approximate U 1 by an integral over n,

dn . (4. 39)

n
2 , ~[E_-(c/n)1/kT
==Gf n e
n

When the upper levels are populated, E /kT 10 to 20; choosing ni 2 20 implies that

c/n kT < 1. Therefore, we can expand the exponential in a power series,

n,
-E_/kT 2 3
U, =Ge f C ""Elr (20 ) +%(2c )*} dn
n, nkT i n kT " \n" kT

) 2
cge =T ) s b 3 )2 5o )3
3 \uPxr/ 2 \n2xr/ 18 \pZkr
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We change variables from n to AE = 13.595 Z2/n° = ¢/n°, with the result

3/5 AE2
U ~c ‘Ew/kT\<_______l3-59522 1,48E 1 e\ 1 ey ]
1 € l AE 3 kKT ~ 2 \kT 18 \KT g
AE
1
(4. 40)
To apply this result to hydrogen, we treat the first six levels explicitly,
6 2
v, =Z annz o-[13.595-(13. 595/n°)] /KT ’
n=1
, _ _ 2 _ _
and evaluate U, by choosing n = 6.5, AE, = 13. 595/(6.5)°, AE,=AE_ ;o> G=2

and E = 13.595.
[= =}

For elements that do not have b's caleulated, we pretabulate the partition functions
at a fixed cutoff AE = 0. 1 ev and specify a G factor. We find the partition function for
AE = 0.1 for any temperature by linear interpolation. If the actual AE is less than
0.1, we use the interpolated value. If AE 1s greater than 0.1, we add the integral U

evaluated with AEl = 0.1 and AEZ = AEcutoﬁ’

13
to the interpolated value.

The table of partition functions is stored in a compact form in subroutine PFSAHA,
described in Section 8.5. Many of the partition functions were taken from Drawin and
Felenbok (1965), who give tables of partition functions for many elements for AE = 0. 1,
0.25, 0.5, 1., 2., and 3. ev. By fitting the expression for Ul to their tabulated
U as a function of AE, it was possible to obtain an approximate value for G. We com-
puted partition functions for atoms other than those Drawin and Felenbok tabulated by
adding all the known energy levels and tossing in a few more for good measure. The
principal source was Moore (1949), but more recent papers were used when available.
The computed partition functions are lower limits since many of the higher levels have
not been found, and in fact for some elements, very little is known about the spectrum.
Because of this uncertainty, no effort was made to include AE dependence. Even so,
these partition functions should be reliable at low temperatures since most of the lower
energy levels are known.
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Once we have the partition functions, the Saha equation for ionization takes the

form

1 -(E_-AE) /kT

i+ 3/2 L it
D _ 5 448515 - — 2UTAEbE) . 4. 41)

n* D U(T,AE,b's)

There is one further complication with Saha egquations: Once we have solved the
equilibrium equations, we continue the model calculation and find that we need to use

Boltzmann equations of the form

nt) =n@ Egl ¢ TEO-EQIAT w1

in order to evaluate number densities for levels that contribute to the opacity. Thus
the quantity actually required 1s n/U, not n. For atoms, we have just described
methods for finding partition functions that can be used to obtain n/U easily. However,
if the equilibrium constant &(T) has been used to find n (eq. (4.35)), we evaluate n/U
by rewriting the Saha ecuation (4. 34) in the form

1123...m

k 2 3/2.K 2373
U<n1§ 3. ..m [n,/2(2mmkT/h%) / ] [l/(2'rrM123kT/h ) /2

k+ _ [nl/Ul(Zank'r/hZ)B/Z] e [nm/Um(z’TMka/hz)s/zl

k+
-[Em", )-E,---E_]/kT
X e 123 1 m i (4. 43)

Since 11k

+

12
M 123 is just the sum of Mi’ and since the dissociation energy is tabulated (eq. (4.35)),
n/U can be evaluated straightforwardly.

g Dy and Mi are known, since Ui can be found as described above, since

4.5 Mass Density and Height

The mass density p is simply the atomic number density n A’ found in Section 4. 3,

times the average mass of each atom. The average atomic weight is

L=TXM, (4. 44)
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80
p=nApMA s (4. 45)
where MA = 1.660E-24 is 1 atomic mass unit.

The height x is
M
X = - f o (4. 46)
p
0

with x arbitrarily 0 at the first rhox. Only the differences in height are meaningful.

The pressure scale height h from equation (4. 2) is

P
b - _total

oF (4.47)

4.6 Thermodynamic Derivatives

A number of useful partial derivatives, some of which will be needed in Section 6

to calculate the convective flux, follow:

Specific heats,

_ (8E

Cv = (acr) (4.48)

p
and
OE 2 (%t P

c = [2E . | 2_(Ztotal OF _“total (Bp

P~ 3T, 3T \ p P 3T /p, 2 \3T/,
total total total P total

(4. 49)
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where E is the energy per unit mass,

£ - 3 ntotalkT . 3Prad +Zni[Ei +(dIn Ui/d In T) kT]
2 p P P

s (4. 50)

with E; the ground energy and (d In Ui/d In T) kT the internal energy of atom i; the
adiabatic gradient,

(a In 'r) __ Protal <8ln p) . (4.51)
BlnPS TpCP BlnTP ’

total

and the sound velocity,

(4. 52)

It is convenient in ATLAS to take derivatives holding P or T constant, not Pto tal

nor p. In general, if we change variables from u, v to X, y, we have the identities

3),- () %), (8, @),

(dv/8u)
By .

In the special case u, v to u,y, we find

and

(af) i (af) (81/8y), (8v/Bu)_
v

= =] - . (4. 55)
Bu Bu), " @v/By),

We use this identity to reexpress the partial derivatives in a form for calculation:

s\ (OE/3P)p (8p/0T)y,
Cv= \oT), "~ (p/3B) ’ .56
P pro%)r
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o - (gg_) _(BE/8P)p (P11 /0T)p  Piota (gp_) (8p/8P). (8P 4y/0Dp
P
p

aT (aptoml/aP)T pz aT p (aPtotal/aP)T
(4. 57)
(a In p _T (% _T (,B_p_) _ (80/0P)y (OPy5101/8T)p “58)
51in T =% \oT =% |\3T (3P, . /0P) ’ :

Ptotal P’co'tal P total T

and
C., (8P /dP)
v2 P total T (4.59)

sound CV (Bp/BP)T

If we ignore any turbulent pressure and assume that radiation pressure varies as T4,
then

apP
total
() -

and

<8Ptota1) - 4Prad 4.61)
T P T

and we are left with only four derivatives to evaluate — (8E/ BT)P, (8E/ BP)T, (9p/ BT)P,
and (Bp/BP)T .

We calculate these four derivatives numerically as follows: We make up a small
set of equilibrium equations, as in Section 4.3, that include only the most abundant
elements. At present, these equations include only hydrogen and helium, but others
can easily be added. We note that considerable approximation is allowed because our
object is to find not the exact energy nor mass density but the derivatives of those
quantities. We include H I, H II, H2, He 1, He II, and He III, for which the Saha
equations are
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n(H I = —(-—l 2.4148E15 T3/2 o~18-595/kT (cf. 4.24)
e

n(H,) = n(H 1) n(H I) exp (4 477 _ 4. 6628E1 + 1.8031E-3 T
- 5.0739E-7 T2 + 8.1424E-11 T° - 5.0501E-15 T* - 1.51n T) ,
(cf. 4.34, 4.35) (4.62)
nHe I =28 45 4148E15) 13/2 -24.508/kT (cf. 4.34)
e
and
n(e ) = 2D 45 4148815 T° o78-983/KT (cf. 4.34)

n
e

where we have assumed UH I) =2, U(He I} = 1, and U(He II) = 2. We solve the equa-
tions keeping either T or P constant and varying the other by +0.001. For each solu-

tion we find the density

b M (4. 45)

and the energy per unit mass

E= [—3— n_ o 131'{-1?95 n(H II) + ——2- E(Hz) n(H,) + 241;15,80 n(He II)
, 78.983 T \*
78983 nHe III)] KT + 3P, ("fg) o, (cf. 4.50)
where
Py _ _aa76 1(1. 8031E-3) T + 2(-5.0739E-7) T2 + 3(8. 1424E-11) T°

kT kT

+ 4(-5.0501E-15) TT (cf. 4.50, 4.62) (4.63)
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because for HZ’ (dInU/d In T) is important. The derivatives are

oE

_ 500 N
(ﬁ):p = T, [E(1.001 T) ~ E(0.999 T)]

H

sE) _ 500 ]
(-ﬁ)r =P [E{1.001 PO) E(0.999 P

(%,%)P &%‘209 [p(1.001 Ty) - p(0.999 T )l ,

pp) _ 500
<BP)T -5, [p(1.001 Pp) - p(0.999 P)]
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5. OPACITY

For computational convemence, we divide all possible absorption and scattering
transitions mto the following 20 groups:

1. H I bound-free and free-free transitions. It is customary for astronomers to
apply the name of the bound state to both the bound-free and the free-free transitions,
even if there is no bound state. Thus the proton-electron free-free 1s called neutral
hydrogen or H I free-free.

2. H; bound-free and free-free.

3. H bound-free and free-free.

4. H 1 Rayleigh scattering.

5. He I bound-free and free-free.

6. He II bound-free and free-free

7. He free-free. There is no bound state.
8. He I Rayleigh scattering

9., Low-temperature absorbers (T < 10000K): CI1+ Mgl+S8Sil+ All bound-free
and free-free.

10. Intermediate-temperature absorbers (10000 K £ T £ 20000 K):
Sid+Mgll+Call + NI+ Q1Ihbound-free and free-free.

11. High-temperature absorbers: C I-IV + N II-V + O II-VI + Ne I-VI bound-free
for frequencies greater than the Lyman limit of hydrogen.

12. Electron scattering.

13. H2 Rayleigh scattering.

14, HI lines.

15. Line-absorption distribution functions.

16. Line-scattering distribution functions, i.e., line opacity considered as scat-
tering because Sv '-_-'Jv.
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17. Other or experimental absorption lines.

18. Other or experimental scattering lines, i.e., line opacity considered as scat-
tering because Sv e J.

19. Other or experimental continuous absorptions.

20. Other or experimental continuous scatterings.

For each group we find a total mass absorption or scattering coefficient and a
source function, as discussed in a general way in Section 2. These coefficients are
labeled xv(i) and cri(i) for continuous absorptions and scatterings and zv(i) and of}(i) for
lines. The line and continuous opacities are kept separate, so that in small wavelength
intervals the continuous opacity can be kept constant while the line opacity is recal-
culated at several closely spaced wavelength points. Total-absorption coefficients are
obtained by summing over groups,

K, = Z Kv(i) ’

£,=T )

c_ c,.

o, 2 o ,
I L.

o, = z o) ,

and

k_(total) = x_+ £ + ¢+ ot (5.1)

v v v v Ty ’

The total source function is the average over all the groups:

 _ZNO50DLOS 0T ofmI, .3 ol 3 (5.2)

v xv(total) '

In the following, we describe each group, beginning in considerable detail with
hydrogen.
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5.1 HI Bound-Free and Free-Free

The bound-free absorption coefficient has the form

oD

n
_ n 1 ~hv/kT
xv(bound-free) = E ry a, ( -5 ) ’ (5.3)

=1 n

as discussed in Section 3.5. Here the upper level is the proton, for whichb= 1. The
number density in each level n, 1s found from the Boltzmann equation

£, -E_/kT
nn-bnn(HI)Tj-(—ﬁT)e s (5.4)

where 8y = 2n2 and E = 13.595 ev 22[1 - (1/n2)], and where n(H I)/U(H 1) was found

earlier as described m Section 4. The cross sections a, are given by polynomial

approximations (Gingerich, 1969) to the Coulomb cross sections of Karsas and Latter
(1961),

2 2\ ,2
_ 2.815E29 Z zo\zo
a, = —-~—~—-—-—--——n5 v3 l:An + (Bn+C ) }

n ) ©-5)
for
z2
Vv = 3.28805E15—2 ’
n
where
64 1-r4 elo m

2.815E29 = —m—'—'

Note that since 3.28805E15 is the ionization frequency and 13.595 ev is the ionization
energy, (3.28805E15)h/kT = 13,595 ev/kT. The polynomial coefficients are as follows:
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n A B C

n n n
1 0.9916 2.719E13 -2.268E30
2 1. 105 ~-2.375E14 4.077E28
3 1.101 ~-9.863E13 1.035E28
4 1.101 -5.765E13 4.593E27
5 1.102 -3.909E13 2.371E27
6 1.0986 -2,.704E13 1.229E27
7=n 1 0 0

For levels above 8, the summation of levels is treated as an integral over n:

n(H 1) on2 o-13.595 72 [1-(1/n%)] /KT 2.815E29 7%
U(H 1) 53
n:n’:g v

(1- ewhv/kT)

_ D(HD 2.815E29 2% | hy/kT, , [ -13.595 22 |1~ (1/n%)] /KT dn
~ U@ 1) 3 ( ) 3
v f n
n
_n(HD) 2.815E20 2% | hv/kT,
UETD) 3 ( )
v
1 kT 13.595 22 [1- (1/n"%)] /k 2
w L (e- : - (/)] /KT _ -13.595 Z /kT) .
2 13.595 22

(5.6)

If v < 3.28805E15 Zz/n’z, the lower limit of the integral must be increased, which can
be accomplished approximately by replacing 13.595 Z2/n’2 kT by hv/kT.

The free-free absorption coefficient has the form

n(H I 8KT -E/KT E dE hv/kT
Kv(free-free)--—(—p—l-)ne \/_ﬁf{ fuv(E)e / rir (1-e v/ )y, (5.7)
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where the mtegral is over the Maxwell-Boltzmann distribution for electron energies
since we have assumed that electrons are m thermal equilibrium. The opacity can be

rewritten as

—hv/kT)

k, (free-free) = n(HI) n, F (T) (1-e , (5.8)

where the function Fv('I') 1S interpolated from a table derived from a graph in Karsas
and Latter (1961). The values listed in the table below are to be multiplied by

3.6919E8 zz/v3'r1/2,~where

161r2 eG < h2 )3/2

3.6919E8 = 7 \Zems k
log10<é.28805E15%§?9
-3.0 -2.5 -20 -1.5 -1.0 =05 0.0 05 1.0 1.5 2.0
-4.0 | 5.53 5.49 5.46 5.43 5 40 5.25 5.00 4 69 4 48 4.16 3 85
-3.5 | 4 91 4.87 4.84 4.80 4.77 4.63 4.40 4.13 3.87 3.52 3.27
-3.0 | 4.29 4.25 4.22 4.18 4.15 4.02 3.80 3.57 3.27 2 98 2.70
2.5 | 3.64 3.61 3.59 3.56 3.54 3.41 3.22 2.97 2.70 2.45 2.20
-2.0 | 3.00 2.98 2.97 2.95 2.94 2.81 2.65 2.44 2.21 2.01 1.8l
1Og10(£%) ~1.5 | 2.41 2.41 2.41 2.4]1 2 41 2.32 2 19 2.02 1.84 1.67 1.50
1.0 | 1.87 1.89 1.91 1.93 1.95 1.90 1.80 1.68 1.52 1.41 1.30
-0.5 | 1.33 1.39 1.44 1.49 1.55 1.56 1.51 1.42 1.33 1.25 1.17
0.0 | 0.90 0.95 1.00 1.08 1.17 1.30 1.32 1.30 1.20 1.15 1.1l
0.5 | 0.45 0.48 0.52 0.60 0.75 0.91 1.15 1.18 1.15 1.11 1.08
1.0 | 0.33 0.36 0.39 0.46 0.59 0.76 0.97 1.09 1.13 1.10 1.08
1.5 | 0.19 0.21 0.24 0.28 0.38 0.53 0.76 0.96 1.08 1.09 1.09

The source function is

(= u)

Z Ky Sn + K, (free-free) Bv

_ o=l
S, = k (bound-free) + « (free-free) (5.9)
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where

3 -1
S, = 2B (5, ™7 )

Since bn 15 computed for only the first six levels, S = Bv for n > 6. The expression

n
for k_S_,
n n

n 3 -1
_ | n _1 ~hv/kT\|| 2hv hv/kT
"nsn“[p un<l e iH:TZ (b_e - 1) } :

n a
k § =-B0p (1—-1—e‘h"/kT) .
v bn

5.2 Hg Bound-Free and Free-Free

Although the H,, opacity could be written in terms of the Hy

use the component number densities instead in order to keep the opacity calculation

number density, we

independent of the equilibrium calculations described in Section 4. Thus, because of
its low abundance relative to the sum of H,, HI, and H II, we can find the H; opacity
even if H; has not been 1ncluded in the equation of state. Since the photodissociation

of H; results 1n a proton and a ground-state hydrogen atom, we actually use the num-
ber density

Zbl

n(H L, r=1) = gy NED

Bates has calculated the opacity for the 150'_ 2p0, transition of H; in several

papers. His results for the sum of bound-free and free-free transitions are summarized
in a table by Gingerich (1964). This table was fit with polynomials to yield the opacity
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v H

k =MHLD=L) i Do m F (D) (1-e /KT,

where

F (T)= exp((—ES/kT)— 3.0233E3 + {3.7797E2 + [-1.82496E 1

+(3.9207E-1~ 3.1672E-3Inv) Inv] Inv} Inv)
with

E_ = -7.342E-3 + (-2.409E-15 + {1.028E-30 + [-4.230E~46

+ (1.224E-61 - 1.351E~77 v) v} v}y)v ev
The source function is assumed to be the Planck function.

5.3 H Bound-Free and Free-Free

The bound-free absorption coefficient 1s

- -hv/KT
xv(bound-free) =I—1—%ﬂ a, [1 - _‘?__......_._} ,

b(H")
where
- - n(HIn=1) " h 3/2 0.7552 ev/kT
n(H) = (") HELEED 2 (%ka e : (5. 10)

The cross section is from Gingerich (1964), who fit polynomials to Geltman's (1962)
calculations. The polynomials have been reexpressed and simplified as follows:

e, = 6.801E-20 + {5.358E-3 + [1.481E13 + (-5.519E27 + 4.808E41/v)/v]/v} v

79



for v = 2. 111E14, and
a = 3.695E-16 + (-1.251E-1 + 1.052E13/v)/v

for 2.111E14 < v =< 1.8259E14, where 1.8259E 14 is the ionization-limit frequency.

The bound-free source function is

3 -1 -hv/kT
Sv(bound-free) = 2hv {b(H-) ehv/kT - 1:} =B 1-e

o2 Y b(H") - e—hv/kT

The free-free absorption coefficient is

Kv(free-afree) = E(H—I;nil) n, Fv(T)

H

where FV(T) 15 given by

F (T) = [1.3727E-25 + (4.3748E-10 - 2.5993E~7 T)/v]/ v

2

which 1s a fit to the dipole-length calculations by Stilly and Callaway (1970).

5.4 HT Rayleigh Scattering

The cross section 15 from Dalgarno (1962),

o
v P

_ n(HLr=]) (5.799E—13 L L422E6 2.734)

% 26 A8

where \ = 2.997925E 18 /min (v, 2.922E15).

5.5 He I Bound-Free and Free-Free

The cross sections for the first 11 levels are listed below in the form of power
laws:
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Level g E v Ina
1 1 1

[

[

1 1's 1 0.0 5.9447E15 33.32 - 2.0 1n v

2 2% 3 19.819 1.1526E15  -390.026 + (21.035 - 0.318 In v) In v
3 2ls 1 20 615 0.96025E15 26.83 - 1.911n v

4 29p° 9  20.964 0.87607El5 61.21 -2.91n v

5 21p° 3 21.217  0.81465E15 81.35 - 3.5 In v

6 3% 3 22.718 0.4519E15 12.69 - 1.54 In v

7 3ls 1 22.920 0.4031El5 23,85 - 1.86 In v

g 3°p° 9 23.006 0.3821EI5 49.30 - 2.60 In v

9 3°D+3lD 20 23.073  0.3659E15 85.20 - 3.69 In v
11 3'p° 3 23.086 0.3628E15 58.81 - 2.89 In v

Data for the n=1 and n=2 levels were taken with modifications from Gingerich (1964),
and the data for the n=3 levels, from Hunger and van Blerkom (1967). The higher
levels starting with n=4 are treated hydrogenically with By = 4112, with

E_ = E(He II) - E(H I/n” = 24.567 - 13. 595/n°, and with n’=4,

The free-free opacity has been calculated by Peach (1967), but since it is approxi-

mately the same as the hydrogen value, we have used the latter.
The source function is the Planck function.

It would be straightforward to include the b factors for helium, as was done for
hydrogen.

5.6 He II Bound-Free and Free-Free

The opacity is hydrogenic with Z = 2 and n’= 10, but E_= 54.403/n°, not
4(13.595) /nz. The source function is the Planck function. Inserting b factors would

be easy.

5.7 He Free-Free

Carbon, Gingerich, and Latham (1969) give a polynomial fit to the free-free cal-
culations of John (1968). The opacity is
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K = ..n_(.}ﬁ._f;n_:l)_ ne FV(T)

v

where
F (T)=aT +b+ =
S =a T
with
a= 3.397E-46 + (~5.216E-31 + 7.039E-15/v)/v
= ~4.116E-42 + (1.067E-26 + 8. 135E-11/v)/v ,
and

c=5.081E-37 + (-8.724E-23 - 5.659E-8/v)/v

5.8 He I Ravleigh Scattering

The cross section is from Dalgarno (1962):

O‘v p X 4

2

_nHeln=1) 5.484E-14 |/, 2.44E5 __5.94E-10 T
- 2.2 ’
\ A2\ — 2.90E5)

where

_ _2.997925E18
‘min(v, 5. 15E15)

The frequency cutoff keeps the expression from blowing up in a region where it is not
valid.

5.9 Low-Temperature Absorbers

Opacities are included for C I, Mg I, AlI, and Sil. This is by no means a com-
plete list of opacity sources, but these produce almost all the opacity at temperatures
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high enough so that molecules are not important, except perhaps for Fe I. A hydro-
genic calculation for Fe I was done by Travis and Matsushima (1968), but there are
large uncertainties 1n such an approximation, even for astronomers For models of
stars with "evolved" abundances, other opacity sources such as C~ should be mvesti-
gated.

The opacity routines unfortunately have not been written in a form amenable to
insertion of b's for statistical equilibrium calculations We have included either only
low terms that are strong absorbers or opacity tables that give cross sections per
atom in the ground term. To rewrite the subroutines 1n b form, we should find experi-

mental cross sections or calculate them one level at a time.

The best available opacity tables are the quantum~defect calculations by Peach
(1970), which give the sum of bound-free and free-free cross sections per atom 1n the
ground term. These tables are put into ATLAS by choosing temperatures at which
the opacities are important and choosing the minimum number of frequencies necessary
to represent the form of the opacity These frequencies are both sides of any sigmfi-
cant opacity discontinuity, the lowest and the highest frequency tabulated, and, if needed,
extra points in the continuum of the ground state. The compact table that results from
this procedure is converted to logarithms. To find the opacity for any T and v, we

linearly interpolate or extrapolate in terms of In T and In v.

The C I cross sections are calculations from Henry (1970), but only the three
lowest levels are included. The data for these levels follow:

Level g, E1 v,

P 9 0 2 7254E15  1.219E-17 [3 317 )2 2. 317 }
1 3/2 5/2
D 5 1.264 2.4196E15  1.030E-17|2.789 ) - 1. ‘789( )

3/2 5/2
S 1 2.683 2.0761El5 9.59E-18 3.501(v) - 2. 501()
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The Mg I opacity is from Peach's tables for 4000 to 10000 K. The levels that
appear explicitly as discontinmities are the following:

Level v Level v

35 's  1.8488510E15 3d I 4.5772110E14
3p P 1.1925797E15 ap °P  4.1440977E14
3p 1P 7.9804046E14 345D 4.1113514E14

Al lis represented only by the ground state for which the cross section at the
limit was measured by W. Parkinson and E. Reeves (private communication to

O. Gingerich and J. Rich) and for which the frequency dependence was guessed:

Level g, E1 v, a

2 vy 3
3p °P 6 0 1.443E15 2.1E-17 (—v—>

The levels of Si I opacity, from Peach's tables for 4000 to 12000 K, that appear

explicitly as discontinuities are as follows:

Level v Level v
1 1
23 3
3p° 5P 1.9723165E15 4p 5D 5.3295914E14
3p2 1D 1.7879689E15 3d 5F  4.7886458E14
3p% 1s  1.5152920E15 4p 1D 4.7216422E14
3d b 5.5723927E14 3d%P  4.6185133E14

5.10 Intermediate-Temperature Absorbers

Opacities are included for NI, O 1, Mg II, SiII, and Ca II; these should be signi-
ficant mainly for evolved stars with low hydrogen abundance. Many more opacities
could be included.
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The N I cross sections are calculated from Henry, but only the three most
important levels are included:

Level B; El v a;

v, \2 v.\3
§="P 4 0 3.517915E15 1.142E-17 4.29(———) w3.29(--l>

i
v v

vi\3/2 v,\5/2
D-"P 10 2.384 2.941534E15 4.41E-18 3.85(-—) - 2.85|—=

v

9 3 vy /2 v 5/2
P-"pP 6 3.575 2.653317E15 4.2E-18{4.34 = -3.34 oy

The O I ground-state cross section is from Henry, but the frequency v is defined
equal to the hydrogen value:

Level g. E v a
i 1 1 1

v Va2
P 9 0 3.28805E15 2.94]51-18{2.66(—5)- 1.66(—”

1
v

The Mg II cross sections are fits to Peach's tables for the two lowest levels:

Level g; E. v, a

1 1 1
9 v \4 v.\D
3s“s 2 0 3.655492E15  1.40E-~19 6.7(—\-} - 5.7 71>

v.A\3
3p2P 6  4.43  2.564306El5 5.11E-19(~§>

The $i II opacity is from Peach's tables for 10000 to 20000 K. The levels that
appear explicitly as discontinuities are the following:

Level v Level

1 Yi
3p 2P 3.9466738E15 4d 2D  9.2378947E14
342D 1.5736321E15 5p 2P 8.3825004E14
5

4p “P  1.5171539E15
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The Ca I cross sections are fits to Peach's tables for the lowest levels:

Level

E

B 1 Vi ¢4
o vy 3
45 °8 2 0 2.870454E15 5 4E-20(—v->
2 vy 1/2
3d °D 10 1.697 2.460127E15 1.64E-17 —v->
2 v, 3 Vi 4
dp °P 6 3.142 2.110779E15 4.13E-18 0.69(—) + 0.3](—;—)

v

5.11 High-Temperature Absorbers

These are opacities for low-lying levels of C O-IV, N II-V, O II-VI, and Ne I-VI
that all fall in the Lyman continuum of hydrogen and consequently are important only
at temperatures high enough for the Lyman contmuum to be somewhat transparent.
The cross sections are from several sources, but mainly from Henry; some were fit
to Hildago (1968, 1969), a few were taken from Peach, and one was taken from Flower

(1968).

[ vi /2 i l+p/2i|
uvsai Ai<7)p +(1_A1)<—v->

The following page lists the transitions 1n order of frequency.

5.12 Electron Scattering

We assume that the scattering is independent of angle,

n

o = 6.653E-24 —
v p

5.13 H, Rayleigh Scattering

The cross section is from Dalgarno (1962),

n{H

14E-13  1.28E-6  1.61

p

9) (s

. x5 \8
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Code Transition g

6.“1
6e01
10.00
oel0l
6401
7201
T+01
701
Ba401
B.01
Bas01
Ma01l
6.02
10.01
[
T«02
10.01
Te02
10,01
02
Te02
de02
Be02
Be02
8.02
603
7.03
10,02
10.02
603
10.02
10,02
10,02
7.03
10,02
8,03
603
T.03
8.03
10.03
7.04
10,03
10,03
10,03
Be04
10,03
10,03
10,03
T 04
84,04
Be04
10,06
10,04
10,04
10,04
8.05
10,0%

2Pw3pb
25=-3p
2D=3P
15-2P
2P=15
4P-3P
15=2P
1D-2P
1P-2P
2P=3P
2D=3p
2P«1D
2D=1D
45=3p
1P=25
2P=15
2Pa3P
P-25
2D=3p
2P=1D
2P=15
2P=15
15«25
15-2P
1D-2p
3P-2P
55=4P
2P=15
1P=25
15=2P
AP=45
25=15
1D=2D
1D=2P
aP=2D
3P=25
3P-2P
2D=3P
2P=15
15=25
«P=3p
“P=25
2P=15
2P-3p
20=3P
2P=1D
3P=25
2D=1D
45-3P
2P=15
25~15
1P=25
15=2%
15.2P
1D-2P
3P=2P
55=4P
25=15
2P=15

6
2
10
1
)
12
1
5
9
6
10

]
10
&4
3
3
6
9
10
]
&
]
1
2

1

diast -

-

1
5
9
5
-]
3
1
9
2
5
5
9
9
9
o]
.3
1
2
2
6
-}
0
-]
9
0
&
6
2
3
1
1
5
9
5
2
-]

13,71
11,96
9.28
0.00
0,00
5.33
44,05
1,90
0,00
5.02
3,33
5,02
3433
0.00
12,69
5.,02
04,00
650
12453
0.00
0.00
0.00
0,00
T«l0
5.35
2e51
0,00
Te4l
8,00
16,20
691
D400
0,00
3,20
3,20
0,00
8.35
0.00
15.74
0.00
D.00
B.88
22484
D499
Te71
S5.08
Te71
10,20
5.08
D.00
T-71
0,00
19,69
0,00
T.92
.76
0,00
11.01
0,00
0,00

v

1
e 145945E+15
4e574341E+15
54220770E«15
5.222307E+15
5.892577Ee}1%
6+4177022E+15
6+181062E+15
6. T01B79E+15
Tel1583R2E+15
Te2B44BBE+]S
Teb93612E+15
T-8B5955E+15
Ba295079E+15
8.,4976B6E+15
Be509966E+15
BaST2856E+15
Q.906370E+15
1. D00653E+16
1eD46078E+1p
1l«D6T15TE+16
loeléb6T34E+1ls
la156B13E+16
1.157840E+16
1al77220E+16
1.198B13E+16
1.267503E+16
le327649E4+16
le3bléepeEsle
1.365932E+1¢
luGBl4aB7E«LG
1.490032E+16
14533389E«16
14559452E+15
1l.579688E+16
1e643205E+16
1.656208E+16
l.67T1401E+16
1.719725E+1%
1laT737B39E+16
1.871079E+16
1.873298E+15
1,903597E+16
2.060T3RE+16
2al25492E+18
2e162610E+16
24226)12TE16
2:251163E16
2+42T78001Es16
2.317678Ee]ls
2034B946E«16
2.351911Ee16
2.3669T3E+16
24507544E+16
2+4754065E«16
24B64850E+18
2«96559BE+16
34054151E+186
3.085141Ee15%
34339687E+16
3.B18757E+1l6
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a
1
&+90E-18
2«50E=18
leDBE=17
5+35E~18
4eb0E-1B
3,50E~18
6+ TSE=18
6|65E‘-18
te65E=18
3+.43E=-18
3+53E~18
2e32E=18
JeF7E=18B
7.325""18
2«00E~18
lebBE=1B
4e16E=]B
2.40E-~18
4eBOE~18
2+T1E=1B
2.06E~18
Se20E=19
9« 10E=19
5¢30E=18
3.97E~18
3,79E-18
3,65E-18
T«00E~18
9+30E~17%
l1+10E~18
S5e49E~18
1«B0E~18
BaTOE=19
4elTE=~1B
1.39E=~18
2450E=~18
1«30E~18
le4BE~18
2+70E~18
ls27E~18
9+10E~19
2+90E~18
4ueb0E~1B
5e90E~19
1469E~18
le69E~]18
G+30E~19
T«90E~19
la65E~18
3.11E~18
T+30E=19
5+00E~19
6+90E=19
Te60E=19
la54E=18
l1.53E-18
la40E-18
Z2.80E=18
3.60E~19
4a90E=19

1.000
1.000
1,000
3.769
1950
1.000
3,101
22789
24860
bolTh
3.808
3.110
3,033
3.837
1.750
3,751
2717
1.750
1000
Zelb8
le626
2el2b
Le 150
1.000
2.T80
2.T77
24014
1,000
1.500
1.750
3,000
2277
3,000
22074
2,792
2adbb
1,750
20225
1,000

=831
3,000
1.000
1000
1.000
1937
leBol
2455
1,000
24277
1963
l.486
1.000
1.000
1.000
24104
2,021
la471
1,000
1.000
laléS

o

CTFCCONDPF NV N W R PV NVARLDE PN -dNOO S FUTWELNWANNA AV AWM RN PO

Reference

PEACH

HENRY

PEACH
HENRY

HIDALGD
HENRY

HIDALGO

HENRY
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HENRY

HIDALGO

HENRY

HIDALGD
HENRY

HIDALGO
HENRY
HIDALGO
HENRY
HIDALGO

HENRY

HIDALGO
HENRY
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HIDALGO
FLOWER
HENRY



where

2.997925E18
min (v, 2.922E15)

A=

and

n(H,) = [n(H 1)? exp (4’k4T77 - 4.6628E1+ 1.8031E-3 T - 5.0739E~7 T"

3 4

+8.1424E-11 T - 5.0501E-15T" - 1.5 In T) ) (4.62)

with n(H I) = [n(H I)/U(H )] 2b ) at low temperatures.

5.14 H]1 Lines

The Stark-broadened line cross sections for n < 5 are calculated by a subroutine
based on one by Deane Peterson. The theory comes from Griem (1960, 1967) and is
strictly valid only for the wings of high-series members. Since various approxima-
tions are used for the line cores, this subroutine should be used only for calculating
model atmospheres, where some error in opacity is allowable. It should not be used

to calculate detailed line profiles for comparison with observation.

The cross section for each line is given by
wez
uv(nw- m) =—— § Pv(lv-vnm[)dv y (5.11)

mc um

where { m is the Stark f value for the transition and P ie the profile function normalized
(ideally) so that

fP(lv—vnml)dv“—"l : 5. 12)
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The Stark f value fnm is tabulated by Underhill and Waddell (1959). It is less than the
total f value for a line when n+m 158 odd because there 1s a line component that is not
affected by electric fields and so is not Stark broadened. This component appears at
line center with a Voigt profile, but as one of our approximations we ignore it in
treating the line core. For large m, the Stark f value approaches the total f value,
so the total f value is used for (m-n) > 10 by scaling from {

n, m+ 10 as
o
m2 —n? ’
based on Menzel and Pekeris (1935, eq. (1.31)).

The profile function P for Stark broadening by ions and electrons is given by the

approximate expression
P dv=p@) % Rdv , (5. 13)

where B is a variable chosen so that all lines have approximately the same profile

p(R) dB:

1.EB ¢ A
B:uu—-—m—-——-—zv ’ (5'14)
F0 Knm Vnm
where
n4 m4
Knm = 5.5E-5 53 (5.15)
m--n

(if m is small, there is a correction to K nm? and where FO is the mean field produced
by heavy ions,

F, = 1.25E-9 nf/3 , (5. 16)

0
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assuming n, = n,. Also, the derivative df/dv converts the profile to frequency units,

and R is a factor that accounts approximately for broadening by electrons. There are
two regions where p and R have different expressions:

8
P(B) = y
80+ p3

R=Q+1 , for B<20 ; (5. 17)
and
p@ ~ 1.5879/2 |

R=Q(1+D)+1 , for p=20 . (5. 18)

In the above,

y 2
Q—1+7~1-T vy e " dy=1.5+0.5 5 ’ (5.19)
o vy + 1.384
with
_ . 2hAv
Y1=™ BxT
4982 172 ) ] n? 2
I'—*(—;T) yy " |[0.4e +E1(yl)-~2—El(y2)] l--—2 , (5.20)
m
with
1'r1:ne(Av)2
Chr
e’n,

and E 1 the exponential integral; and
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-
D= omadn (2m2 3.2880.)E15)
0 e Av

a1/
X [(Zmz Mﬁﬁ%’/——“’) (1.3Q +0.30 1) - 3.9 3‘288015’;:151‘] . (5.21)

We now discuss overlapping lines. If v is near one of the first lines in a series,
we need to consider the effects of only one or two lines, but as we approach the series
limit the lines overlap to such an extent that they form a pseudocontinuum with the
continuum cross section. The last observable line has been estimated by Griem (1964,
eq. (59.46)):

Mg =515 - (5.22)

To find a lower and an upper m to limit the summation over lines, we proceed as

follows: We find n from the relation

ne /3.288‘?51215

and the nearest m (on the low-frequency side) from

e e '[ 3.98805E 15
(3.28805E15/n%) - v

Then we take

%k
m,=max (m ,n+1) ,

£
for m =6 ,

%k
m, =m +1 ,
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and

sk
m,=m -1,
*

for6 <m =m_ ;

*
m =m +4

ifm > m_, we use the bound-free cross section at the limit v, (as computed in Section
5.1). A complication arises when n=4 and m=8 or 9 because Paschen o also falls in

the same region; so Paschen a is added separately.
The absorption coefficient (in a simple case) 1s finally

2 mu

on? b -E /KT b_\ -(E. -E.)/KT
- AHD __»n, "n Z av(n_-m){lm(_nf‘.)e won i\ ,

v P UMHI) b

-

mxml

and the source function is

b -(E_ -E_)/KT 3,9
s =L va(n—-m) [1— m "~ F/ } 2hv /e

(bn/bm) ehv/kT _ 1

5.15 Line-Absorption Distribution Functions

The remaining opacities are included in ATLAS only as dummy subroutines either
because the work has not yet been completed (for distribution functions, helium lines,
etc.) or because these opacities are designed to be experimental or to satisfy some
objective other than computing a model atmosphere.

We do not need to know the opacity explicitly at every frequency in order to cal-
culate a model atmosphere, because the structure of the atmosphere is determined by

integrals that depend not so much on the details of the spectrum but more on its average

properties. If only continuum opacities are considered, the integrals ean be evaluated

92

[



accurately by sampling at relatively few frequency points By adopting a line-absorption

distribution function, we obtain the same simplification when line opacities are included

A distribution function can be found and then presented to ATLAS in a subroutine.
We choose an interval (not necessarily related to the integration frequencies) for which
we want an "average" opacity and compute the line opacity for the whole region as a

function of temperature, pressure, electron number, and microturbulence,

106-048

We could take a distribution function 0 for the fraction of the mterval that has fv
between £ and? + Af_,
v v Vv

|
j06-048 ;

0]

Pvmm !V PV max

but for our purposes, we take the distribution function in the form where f is the frac-
tion of the interval with opacity £ L O less,
106-048

J;'1/ min J;lf' ’Pl/ max



because we can invert this to get something that looks like a line profile:
106-048

11/ max

hy

L ty min
| £ 0

We can describe these last two figures more mathematically. We have

£
f(e) = fv £,(0) d2 (5.23)
0
so that
£(0)=1£(4 . )=0
and
fe)=f(2, V=1

Since the distribution function f(!v) is monotonic, the inverse relation £ v(f) 15 well
defined. The end points are then

L=t

max

and

2O =1, min
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For computation, we represent the distribution function f by n steps, the number
and width of which must be empirically determined,

106-048
~ -
A -
- T3
)
\\ " fa v
R‘\ ~- le
\\ - o
N 1,
| 0
f

|W||W2IW3| Wa ’ W5 }'—“’e "*l Wy st l

If ATLAS requests line opacity for a frequency in the interval covered by the distribu-
tion function, we tell ATLAS the number of steps n and the values of w, and .ei. Then
ATLAS calculates T, (£ i), Sv(ﬂ i)’ J v(li), and Hv(ﬂ i) and includes LA in frequency
integrals

n
1 =f Z wil(f)dv , (5.24)
i=1

assuming the line source function is th The w,'s must be constant with depth at any
given frequency in order for ATLAS to be able to calculate the radiation field.

In representing lines by distribution functions, we make two implicit physical

assumptions. The first is that the absorption-coefficient spectrum has the same
relative shape at all depths Mj where line opacity is important:
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106~048

VAV _~N\

hot

1, (M) 1, (M)

These two cases have identical distribution functions. In the second case, the distri-
bution function predicts the wrong optical depths. The only way to investigate this

effect is to compare distribution-function calculations to explicit line calculations.

The second assumption is either that lines of different strengths are uniformly
distributed throughout the interval or that the continuum source function and opacity
do not vary radically over the frequency interval to which the distribution function
applies, so that it makes no difference where in the interval the lines appear. If the
interval for the distribution function is chosen such that strong opacity discontinuities
are avoided and if the width of the interval 1s chosen such that Av/v £ 5 to 10%, this

assumption should be no problem.

5.16 Line-Scattering Distribution Functions

If we desire that high-opacity regions have Sv = ,» We can take our previous
distribution function and replace the first step or steps !Zl by o

106-048

__}f“j I | L4

This approach might be used, for example, to get a qualitative estimate of the effect

of detailed line-~transfer calculations for strong lines.
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5.17 Other or Experimental Absorption Lines

Lines can be calculated explicitly. For example, we can put in several metal
lines with Voigt profiles or helium hnes with Stark broadening. The source function

is arbitrary.

5.18 Other or Experimental Scattering Lines

We might experiment to see what happens if we treat the cores of several strong
lines as scattering.

5.19 Other or Experimental Continuous Absorbers

We might want to test the importance of C~, etc. The source function is

arbitrary.

5.20 Other or Experimental Continuous Scatterings

We might want to test the importance of C Rayleigh scattering, etc.
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6. CONVECTIVE ENERGY TRANSPORT

Radiation is not the only means available for transporting energy through the
atmosphere. If the gradient (-dT/dx) is greater than the adiabatic gradient (~dT/dx) A
the gas is convectively unstable and convection can carry energy by moving hot gas
elements into cooler regions. Unfortunately, convection is not well understood, so
most researchers resort to an elaborate but essentially dimensional analysis called
the mixing-length theory. We present here only a crude dimensional analysis and the
relevant results (see Cox and Guili, 1968, for details). The constants are traditional.

The mixing-length theory assumes that the convective elements are rising and
falling bubbles. The bubbles, of diameter £, rise a distance £ while radiating part of
their energy and finally merge into the background. Since f varies through the atmos-
phere, the ratio £ /h is usually specified, where h = Pto tal/ pg is the pressure scale
height (eq. (4.47)). The ratio of mixing length to scale height, £/h, is generally

prescribed as a constant such as 1 or 2.

Gradients are usually expressed as logarithmic derivatives d In T/d In P = V such
that

dT _ din'T
“ax T eeT

- T
_hv. (6.1)

The convective bubbles would follow the adiabatic gradient VA’ but radiative losses

force a value nearer the average gradient V, so

V> V>V, . (6.2)

The convective flux is obtained through the following argument: In rising a dis-
tance £, the bubble (of fixed mass) becomes hotter than its surroundings by an amount
AT,
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-dT -dT - £
AT = K_";) _ (_a;)B} t=w-vp® T . (6.39)

If we multiply by the specific heat at constant pressure, we find the excess energy per

unit mass AE,
AE=AT C. = (V=¥ )(i)T C (6. 4)
p B\h p -

This energy is converted to a flux by multiplying by pv_. . s where v 18 the bubble

velocity,

f
flux ~ (V- VB) (E) T CP pvconv

The "exact" expression is

_1(L -
4“Hconv 2 (h) PCp T Veony (V-Vp > (6.5)
but we still need to evaluate Y oony and (V- VB).

An expression for the convective velocity is found by considering the force on a
bubble when its density is slightly changed. The equation of motion is

d

-—m-—r....g-.

2
X
at?

jo

P

E . (4-1 )

O |-

If there were no density change, dzx/dtz would equal 0, but with p— p[1 + (Ap/p)],

the acceleration is

2
a®x ____1dP  ApdP _-ap
dtz g pdx+p2dxhp g . (6.86)

This acceleration corresponds to a force -g Ap that acts for an average distance £ to
produce an average kinetic energy for the bubble of -gf Ap. Then,

2
PV eony ™ -gf Ap . (6.7)
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To "evaluate'" Ap, we relate it to AT and finally to (V- VB) through equation (6. 3),

ap_ (2mp) AT _ (elnp) oot
b - (anrr)P T (BlnT \ () - (6-8)

Then from equations (6.7) and (6. 8),

2 - BInp 1
Veony ~ "8 (8 In T>P v- VB)(E) : (6.9)

The "exact" value for the convective velocity is

v u‘[-ihizll—'-’-—& (v-v‘ (6. 10)
conv = 88 \x) \oinT), B - :

An elaborate argument is required to find (¥ -Vg) We evaluate the ratio of the
radiative loss while the bubble rises to the excess bubble energy when the bubble

merges. We know that the excess bubble energy is proportional to (V uVB). If there
were no radiative losses, VB would equal VA and the excess energy would be propor-
tional to (V-V,). Then, [(V-V,) - (V-Vp)] /(v - V) must equal the ratio of radiative
loss to excess bubble energy. We can also ""calculate" the radiative loss directly. We
make the approximation that the bubbles are optically thick. Then from equation (2. 87),

the radiative flux satisfies the relation

3 3
4ﬁvadv:z4w4gE gtlr‘ =.£3§ KUT gx_T '
Ross Ross P

The radiative loss is the flux times the area times the lifetime of each bubble:

3
16 _OT AT 1
~ 5 i A , (6.11)

3 KRoss conv

where 1/2 is the "radius, " and A the "area, ' and £ /vconv the lifetime of the bubble.

The excess bubble energy is the excess energy per unit mass (eq. (6.4)) times the

mass of each bubble,

(AT CL)(pV) (6. 12)
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where V is the bubble "volume.' The ratio of the two energies (6. 11) and (6. 12) is

3
(V-9,) - (V- Vp) [(160T /3)/“Ross pl (AT/f) A (£ /Vconv)

B =
V- Vp) AT Cp, pV
3
- 160T"/3 A
XRoss P CP F’Vconv
Since A/V ~ 1/4 and we know V ony ITOM equation (6. 10), we find
(V=Va) - (V-Vg) 323 0T"

V-V - \
(V- Vp) kpogs PL Cp P N-(1/8) gh (¢/8)2(8 In p/8 In T) [, (V - Vp)

(6. 13)
where we have inserted the "exact" constant 32vZ. To sumplify this equation, we
define

5 2
D=3 322 0T - (6. 14)
2
KRoss phcp(z/h) P \[-(1/8) gh (£ /h)“(8 In p/8 In Tp
s0 that
2 _— ™

(V= Vp) - (V- V )17 =2D(V=-Vp)
The solution is

(V-V,) =D+ (V-V,) - '/[D+(V-V)]2—(V-V)2\ (6. 15)

B A A A :
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or, expressed as a power series to avoid truncation problems,

2
(V-VA) 2 \ 1 1-1 (V-VA)
(V-Vg =D+ V-Vl |55 m- A "§+2 T4 | DT W-Y,)
4
*l'iig D(Y-VVA?V +) ' (6. 16)
2 - (V=V,) \
In summary:
Convective flux,
4+H =1 z C.Tv (V- V,) (6.5)
c 2\h/ PP " Veonvy B - )
Convective velocity,
1. (2 (a1 )
= S <z onp -
Vconv \/ g &b <h> <8 In T)P V-Vp - (6. 10)
Bubble gradient,
(V-V)mD+(v_V)-\/[D+(V—V)]2—(V-V)2\ (6. 15)
B A A A ’ ’
with
3 2
322 0T

D=

[ SR I

(6. 14)

=
Kross PR Cp 2/0) P \/-(1/8) gh (2 /0)%(8 In p/3 In T)p

The derivatives Cp, V,, and (3 In p/d In T)p are discussed in Section 4. 6.

103



7. THE TEMPERATURE CORRECTION

7.1 Introduction

In general, the trial temperature distribution that we have used to calculate the
radiation field will not have produced the desired total flux

4

oT
— eff
FH- — - (7.1)

There will be a flux error

AH=%~vadv~Hconv (7-2)

that we must attempt to reduce by modifying the temperature distribution.

We begin by considering the case where there is no convective flux (so the algebra
is simple). Since most of the flux we see at the surface comes from the region where
the atmosphere is just becoming optically thick, roughly 0.1 =< v = 2,0, the tempera-
ture at shallow layers cannot greatly affect the flux. Consequently, it is very difficult
to use the flux errors near the surface to derive temperature changes. The flux

derivative

dH
Tvog - (2.32)

dr v v
v

is, however, sensitive to the temperature in the optically thin region and can be used
to obtain temperature corrections near the surface by forcing the proper flux deriva-
tive up from the optically thick region where the temperature is known. A correction
based on the flux derivative is called a A correction from the operator used to

calculate J "
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A temperature correction can be derived by perturbing or expanding a moment
of the transfer equation to get a first-order equation. Then a workable temperature
correction is found by making some approximation to simplify the first-order equa-
tion. The temperature correction need not be very accurate, because successive
iterations of the model remove small errors. It should be emphasized that the
criterion for judging the effectiveness of a temperature correction is the total amount
of computer time needed to calculate a model. Mathematical rigor is irrelevant.
Any empirically derived tricks for speeding convergence are completely justified.

In ATLAS we use a flux correction related to one derived by Avrett and Krook
(1963) and a A correction that is an approximation to an integral-equation temperature
correction derived by B6hm~Vitense (1964). We also include a term to smooth out

the region where the two operations overlap.

7.2 The Flux Correction

To derive the flux correction, we start with the second moment of the transfer

equation

V-H (2.33)

and rewrite it in terms of rhox

de
aMm (Kv+ ov) Hv - @3

Then we perturb with the substitutions
K «—K +AK ,
v v v
M—~M+AM ,

(xv + ov)» (xv + crv) + A(nv+ ov) 5
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and
H —H + AH
v v v

to obtain the first-order equation

daM

I (7.4)

dAKv
I (Kv + D‘v) AHV + A(Kv + cv) Hv + (xv + Uv) Hv

If we can solve equation (7.4) for AM, we can find AT through
4T
AT -_— - m AIVI

We know Hv, (xv + ov), and AH=H _C&_L but we do not know AHV, A(rcv + crv), or
AKV, so we must eliminate reference to them. We divide equation (7.4) by (Kv + Ov)

to 1solate AHV, then integrate over frequency to obtain AH, and finally assume that

dAK AK + 0 )

1 v _ v v

_[(x + ¢ )dM dv_f(x +0) H dv . (7.5)
v v Vv VvV

We are left with a differential equation for AM

%’?/{M"JH'% , (7.6)

for which the solution, setting AM(0) = 0, is

) dy (7.7

M
AM = f Hy) - )
0

The final flux correction is
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=2

T . (7.8)

AThux = = am &M

We now consider the flux correction when convection is included. We rewrite the
expressions for the convective flux given in Section 6 so that the dependence on T and

V is obvious,

3
(V-9,)
A 3/2 7.9)

H = AT >
conv ETG ‘(v _VA)]37§ y

where
U U R T(e) 1 h(z)z dln p
ar 2 PPt K g B \xy dn T/, °
9
B:-—Q—:_{ 32&0
6 2 5 )
T
KRoss P h Cp(z/h) p ‘/(1/8)gh(£/h) (dln p/d In Tp
and
w-v,) |? wv-v,) |
sod, 11 A L1-1-3 ‘A
2727 | 56 2-4.6 3 +o
+(V -9, BT® - (V-V,)

We obtain a temperature correction by expanding T and V to first order in AT and by
assuming that the AT dependence of 7 is negligible and that all other quantities are

independent of AT.

The expansion for the flux is

3
_ ) dAT/T
Hoony * AHgopy = A(T+AT) [(V VA "dm P

-3/2
6 5 dAT/T 3/2
X[BT +6 BT AT+(V-VA)+—&—11—1%J z / » (7.10)
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where for V we have simplified

_dInT __dIn(T+AT)_dInT[l+ (AT/T)] -y 4 9AT/T
din P dlnP dln P P

Continuing the algebra,

3
-v,)
AT V-Va
H + AH = A T(l + —-—--)
conv conv T [BTS R

)J3/2 (l * d_ln'%
A

6
y {1 , (BT A'I’G/T) + [(dAT/T)/d In p]} 532
BT’ + (V-V,)

and to first order,

AH AT | . {(3/2) [(dAT/T)/dIn P] _ (3/2)[(AAT/T)/dIn P] 9D AT/T }

=H
conv “conv T (V--VA) D+ (V- A) D+(V—VA),

This differential equation can be written more clearly as

- AT |, ___ 9D (3/2) (GAT/T)/d In P} D
AHconv' I_Iconv T [1 D+ (V- VA)] * Hconv (V- VA) 1+D + (V’-VA)

(7.11)

We have found that when Hconv is large, the terms containing D can be ignored because
D« (V- VA) .

To obtain a single expression involving both the radiative and the convective flux,
we change the variable from AT to AM and add AHconv to the differential equation for
AM that we found earlier. We substitute AT = -dT/dM AM into the equation for AH
while noting that

conv’
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to obtain

=%

N dar 1 ( 9D 3/2) (dV/dM) D
BHcony = = Hoony aM T ][1" D+ (v-vA)] * SA [1 "D (V-VA)]§AM

e
by
4

-H

D dAM
conv(v-vA)[“Duv-vA)] e (7. 12)

The combined differential equation for AM is

(3/2)V D l dAM
{Hrad N Hcouv \% -VA) [1 DT \Y% -VA)]} dM

+H {dT X [1 —-9-—D—--] + (3/2) (d9/dn) [1 + D }} AM

daM T 'D+(v-vA) V-9, D+ (V-Vy)

= Hrad-i-HconV-i;“\" . (7.13)

The solution is

AM = j_fl EW) Hrag * Hoony -CC}:‘

= ) dy , (7.14)

Head * Hoony [B/29/(7 =01 (1+{D/ID + w-v,)1}

where

y
_ coef of AM
gly) = exp (J coef of dAM/dM dy)
0
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Since the derivation of AM was only to first order, AM may not be valid for large
flux errors. To prevent difficulties, we establish the limits

T T
-1 _Ross _ .y - ROSS (7.15)

K K
Ross Ross

7.3 The A Correction

To derive the A correction for the case of no convection, we start with the moment
equation

de
ar_ v'Sv ’ (2.32)
Vv
or
de
FE = (K, +0) @, -8 ) , (7. 16)

and express it in the form of an operator equation. Since Sv is given by the relation

e |
Sv = (1« a, Av) a- av) Bv , (from 2.67)
we have
de -1
W=(Kv+ o*v) (Av-I) (I-uvAv) (I—av)Bv . (7.17)

We expand Bv in terms of AT,

dB

Bv“’Bv*Tﬁ‘y AT (7. 18)
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but we ignore any AT dependence in the functions (x,+ crv), A » and a Consequently,

we have

dB
_ -1 v
SOy o) By mh@-e A) ey <BV+E"I‘—AT> ’

=0

dM

or for the error in the flux derivative,

&H

dM

dB
~(k,+0) @ -8 )= (k,+0) (A -1)A-a A) T (-a) AT .
(7.19)

We integrate equation (7. 19) over frequency to remove the frequency dependence

of AT,

dB
ggg -—f(xv-'- 0) @, ~S) dv=f(xv+ov)(Av-Iv)(I-avA‘) Y@-a,) 355 dvAT

(7.20)

This equation can be solved explicitly (cf. Peterson, 1969), but it is extremely time-
consuming to evaluate the /A operator and the inverse operators. Instead, we settle
for an approximation — we ignore all but the diagonal matrix elements. This is
possible because the off-diagonal elements are small, at least in the upper layers of
the atmosphere where the correction 1s relevant. The inverse (I - U.V.Av)hl becomes

(1- nvAv diag)_ 1, and the temperature correction becomes

(dgcf/dM) - f(xv +0)(J, ~8) dv

J-(Kv+ c,) [(Av diag l)/(l-—avAv diag)] (lnav) (dBv/dT) dv

ATA

(7.21)

If we approximate Sv by straight-line segments, we can evaluate the diagonal matrix

element according to the discussion in Section 2.6 to obtain
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7.4 The Surface Correction

The third correction term, which smooths out the region where the first two over-
lap, is the surface correction. One way to remove a flux error at the surface is
simply to reduce or increase the temperature by a constant value all the way through
the atmosphere. If we use the fact that the temperature in the region where the sur-
face flux is formed is approximately T offy We find that AT ~ 4 Teff HO since

=0T ff/4'rr. As a minimum, we take a smaller temperature, AT ~ 4 T HO/
Part or all of this temperature correction is produced by the flux and the A correc-
tions. The average sum of the two corrections in the region forming the surface flux
is approximately

2
_1
AT -~2—J- (AT , + AT
0.1

flux) d"’Ross ’ (7.26)
Then the required surface correction is

AT —4T

surt C&} (7.27)

The limit on this correction 1s 'reff/zs.

7.5 Other Fudges

The total correction 18

AT = ATpy  + AT, +AT_ o . (7.28)

An empirically derived speeding-up process based on the behavior of AT from
iteration to iteration is also used when there is no convection. If AT changes sign, it
is multiplied by 0.5; if it has the same sign, it is multiplied by 1.25.
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If the flux errors are large on the first iteration, ATLAS gives up on the old tem-
perature distribution and calculates a new one (although it might eventually get the
original one to converge). If there is no convection and the error at the last depth is
outside +90% or -50%, the new temperature distribution is

3

1/4
T= Teff {Z [0.710 * TRoss ™ 0.1331 exp (-3.4488 TROSS):I} . (7.29)

1f convection is included and the error is greater than 1000% at any depth, ATLAS
integrates down from the nonconvective surface region using an effective gradient
(dln T/d 1n P) g = (d1n T/d In M) - The gradient is defined as the larger of

(d In T) _ M@ T/dIn P) + H (d1n T/d In P),
eff

dIn M T H (7. 302)
rad conv

and

dln M

(d In T) _ (dIn T/d31n P)+1 (7. 30b)
eff



8. ATLAS

8.1 A Sample Model Calculation

We will describe the programing twice; first, we will follow a model computation
from beginning to end with reference to input and output; the second time, in Sections
8.4 and 8.5, we will discuss the subroutines in order. In Section 8.6, we give a list-
ing of ATLAS5. Numbers in parentheses following subroutine names refer to pages
in this listing.

To start a model calculation, ATLASS5, the main program, calls READIN to get
instructions. (Look at the first two pages of ATLASS, then turn to page 19 and glance
through READIN and its subroutines up through page 37.) READIN reads the data cards
by using subroutines FREEFF, FREEFR, IWORDF, and DUMMYR. If necessary, it
calculates a starting temperature distribution by use of TTAUP, filling in any variables
for which data have not been read in from BLOCKE and BLOCKR. READIN produces
a two-page printout of the data, which it passes to the rest of the program through
COMMON blocks. I there are insufficient data or if the data are in the wrong format,
READIN complains and quits (calls EXIT).

On the next page, we have a listing of the input deck that produced the sample
model that we will discuss. The order of the cards does not matter (much) because
each datum or set of data is preceded by a code word and the numbers themselves are
read with a free-field format. A number can appear anywhere on the card after the
code word and in any format ag long as it is followed by a comma or a blank. Input
cards will be discussed in detail in Section 8. 3.

The input deck requests six iterations on a 10000 K, log g = 4 model, starting
froma T (TROSS) distribution that READIN will determine for 40 1's, beginning with

log + = -4.5, in steps of 1/6. Frequency integrals are to be performed using the

Ross
78 frequencies listed. The results are to be punched out at the end of the sixth itera-
tion. The card BEGIN indicates the end of the input data and tells ATLAS to begin the

model calculation.

117



TEFF 10000 ORAVITY o
TITLE SAMPLE MODEL

CALCJLATE STARTING MODEL
JTERATIONS o PUNCH O O O

READ FREQUENCIES 78

3,286046T1E+13
4,05931694F+13
5.13757296E+13
6s7T1029939E+13
9.13346307E+13
1.3152186BE+14
1«R25BB5BTE+l4
1 «95000000E+14
2405503331E+14
2«65000V0000E+14
3,30000000E+14
3.,65339255E+14
4.50000000E+14
5.50000000E+14
4£.50000000E+14
7.50000000E+14
TeF804125BE+14
Bal2e013322E+14
S.00000000E+14
1«00000000E+15%
1.10000000E+15
1.19257RS1E+15
1.25000000E+15
1.35000000E«]15
le®4299856E+15
1a51529048E+15
1.55000000E+15%
1+65000000E+15
1,78796T11E+15
1.82000000E+15
1,B4ABS2B5E+15
1a97231453E«15
2+02000000E+15
2e07610208E+15
2«30000000E+15
2ebl960242E+15
260000000E+15
24T25402T3E+15
3.,00000000E+15

1

‘00 '-‘0.5
001

78 caoL

1a664402500E13
3.85635500E+12
5«3912H8550E«12
T«86364000E+12
1.21158305E+13
2e005936390E+13
2+55333846E«13
1453B29037CE+13
9.32490356E+12
3.68109332E+13
3.78L1694TE+123
1.23397723E+13
5+17916416E+]13
5.00000000E+]13
“4e9937758BE+13
Se66913371E+13
1la19860200E+13
Feal92656TEw12
Ce32404280E+13
5«00000000E«13
4.38960590E+13
1.56961149E+13
6.475939]19E«13
5a00073710E«13
1.58713079E+13
3.61460000E+13
“aT1491758BE«13
BaB4560518E+13
4el5928130E+12
44,069510B6E+13
1.20617571E+13
2466007730E+12
64964T70460E+13
o T436T545E+13
1e22435459E+14
3,03310636E+13
1e397575S30E+14
245644)B36E+13
3429021965E+14
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3.28805329E+13
“4a05932506E+13
5.137583248+13
6.71031281F+13
9.13348133E+13
1,31522132E+14
1.,82588952L+1¢4
2+05502919E+14
2430000000E+14
3,00000000E+]4
3.65338525E+14
4 +00000000E+ 14
5.00000000E«14
6.00000000E+«14
T7.00000000F+14
T.98039662E+14
Bu22011678E+14
8.50000000E+14
9.50000000E+14
1.,05000000E+15
1.15000000E+15
1.19258089E+15
1,30000000E+15
1.40000000E+15
1,44300144E+15
1.51529352E4+15
1.60000000E+15
1.75000000E+15
1,7BT797069E+15
1,848B4915E+15
1.90000000E+15
1.97231847E«15
2.07609792E+15
2+20000000E+15
2.419597SBE«1%
2+50000000E+15
2+72539727TE+15
2+B0000000E+15
3,2880467T1E+15

3485635500E+12
539128550E+]2
Te86364000E+12
1.21158305E+]13
2¢00936390E«13
255333B46E+13
4440620250E+12
3,12524966E+12
2eB5685104E+13
3,37T166143E+13
136031090E+13
4,60720442E+13
4e945T651BE+13
5«00000000E+13
44,86600648E+13
1479512994E¢13
1.19860200E+13
4ella49T0QBE+L3
4us31B28356E+13
4o97535082E+13
5¢22340180E+12
2elT291574E+13
4e54821099E«13
5e25T709620E+]13
3,61460000E+13
1423599776E«13
3,B6973422E+13
B8.1B550T14E+13
1,11544291E+13
9.0285622B8E+12
B44B029699E+13
1lo442441540E+13
1,98923000E4+13
le277T0122E+14
44585TH63TE+13
B.B85358763E+13
G4eTLTSS5303E+13
1.00571733E+14
1e0741211BE+1%



On the first page of the sample printout (p. 121), we find the following informa-

tion:
Effechive temperature.
Log gravity.
A title to label the printout and punchout.

An abundance scaling factor, which varies all the abundances except hydrogen
and helium as a group so that, for example, a subdwarf might have a scaling factor
0.01.

The abundances for hydrogen and helium relative to the total number.

The abundances for all the other elements before the scaling factor is applied, in

logs relative to the total number.
Twenty opacity switches telling which opacities are to be included (Section 5).

Whether a temperature correction 1s to be performed (Section 7). If we have a
converged model already and, for example, want to find only the surface flux, we

would not need a temperature correction.
Whether pressure is to be calculated (Section 4. 1).

Whether flux or intensity is to be found only at the surface, as in an emergent

spectrum calculation.

Whether scattering 1s to be included in the source function. In approximate cal-

culations, there 1s a considerable time savings in setting a to 0 in eguation (2. 65).

Whether convective flux should be included 1n the temperature correction (convec-

tive flux is always calculated to indicate its importance).
The ratio of mixing length to scale height for convection (Section 6).

Whether molecular-equilibrium equations are to be solved for molecular number
densities or only for the electron number through ionization (Section 4. 3).

Whether turbulent pressure is to be included (four parameters are given for
determining the turbulent velocity) (see Section 4. 1).

The number of iterations for the model.
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Print and punch switches for each iteration. We will discuss these as we look at

the printout and punchout. Zeros mean no output.

The name of the frequency set. Frequency sets are named go that they can be
easily distinguished from one another if they differ at only a few points.

The number of frequencies and the limits on the frequency integration. In this
case, we are using a frequency set with 78 points, which were chosen to represent
the major discontinuities in the cool opacities (Section 5.9). For example, frequencies
74 and 75 mark a C I edge. It might be possible to calculate a model with as few as
50 frequencies (to save computer time) without affecting the values of the frequency
integrals, but no effort was made to do this for this sample calculation. The number
following each frequency is the frequency integration weight (Section 2. 10).
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The second page of printout from READIN contains the starting model. Remember
that on the input cards we specified 40 Rosseland depths. READIN then takes the gray
temperature distribution T(TAUROS)=TEFF*(. 75*(. 710+4TAUROS-. 133 1*EXP
(~3. 4488*TAUROS))) **. 25 and converts it to T(RHOX) by using subroutine TTAUP for
the pressure integration (Section 4.2). TTAUP(34) finds the Rosseland opacity from
a table as a function of log T and log P. The results printed out are RHOX, T, P,
and ABROSS. Only RHOX and T are used in the model calculation.

We have said nothing about statistical equilibrium calculations, so READIN
assumes local thermodynamic equilibrium (LTE) and sets the b's of hydrogen and H™
to unity (Section 3. 3).

After READIN returns to the main program, ATLAS5(2) starts DO 100, which is
the model iteration. At the beginning of each iteration, ATLAS increments the variable
ITEMP, which is stored in COMMON /TEMP/. The subroutines test this variable to
see if it changes, and when it does, they recalculate the temperature~-dependent param-

eters.

The first procedure in each iteration is to calculate the pressure in DO 11 (Section
4.1). Then ATLASS5 calls POPS(37) to solve the equilibrium equations for the number
densities. The argument CODE identifies atoms and molecules. The atomic number
for each component is treated as a base 100 digit, and the digits are ordered increas-
ing from left to right to form a number. An electron component, as in H , is written
00 and ordered as 100. The positive charge is written after the decimal point, for
example, 2.02 = He' @ = He IIL

If IFMOL were 1, we would go to statement 200 to include molecules. If there is
a new temperature distribution (which there is) and if IFPRES is 1 (which it is), POPS
will call NMOLEC to solve the equilibrium equations (glance through NMOLEC(50)).
NMOLEC stores its results in COMMON array XNMOL, which is available to MOLEC,
and in XNE, XNATOM, and RHO. If CODE is any number greater than 0 (as later,
when POPS is called by opacity routines), POPS calls MOLEC(48) to retrieve the
number density/partition function for the reguested atom or molecule. MOLEC and
NMOLEC will be discussed in more detail in Section 8.3 because they require special
input.
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Going back to the beginning of POPS(37), for the model we are discussing
IFMOL = 0, so NELECT(39) finds the electron number XNE, the atom mumber
XNATOM, and the density RHO. It finds these quantities by 1terating on the number
densities of the more abundant elements through calls to PFSAHA(39). PFSAHA is a
general routine for finding partition functions, ionization fractions, ionization fractions /
partition functions, or electron contributions. The main body of the routine is a large
table of partition functions and ionization potentials followed by a small section (pages
46 and 47) that deciphers the table to find partition functions and then ionization
fractions.

The printout from NELECT on the next page (which is printed only on the last
iteration of the model in order to save paper) shows how the different elements con-
tribute electrons. The left side gives the fraction of the total electron density con-
tributed by each element. Note that since hydrogen 1s partially ionized the hydrogen
contribution far exceeds all those but for He and C, so the other elements could just
as well have not been included. On the right side of the page, we find the number of
electrons contributed by each atom. Thus at the first point, H is . 146 neutral and . 854
1omized, He is all neutral, Na 1s all ionized, Ca is almost all doubly 10mzed, etc.

Going back to POPS(37), 1f CODE is a number greater than 0 but not a molecule,
POPS calls PFSAHA to find the ion fraction/partition function. POPS then converts
the 10n fraction to a number density by multiplying XNATOM and the atomic abundance.

Once the equilibrium equations have been solved, any subsequent call to POPS for
the same ITEMP does not have to bother with NELECT or NMOLEC.

Now ATLAS5(2) is ready to calculate opacities and the radiation field. It first
calls PUTOUT(4) to initialize page headings. PUTOUT(4) handles all the output from
ATLASS itself. Next ATLASS initializes frequency integrals by calling all the sub-
routines that do frequency integration: TCORR(8), which does the temperature correc-
tions; STATEQ(1]), which does statistical equilibrium; ROSS(13), which calculates
Rosseland opacity; and RADIAP(14), which caleulates radiation pressure.
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ATLAS5(3) does a long loop DO 25 over frequencies. There 1s a special option
for doing equally spaced wavelengths instead, which can be brought in with a control
card described in Section 8.2. FRESET and RCOSET are the frequencies and integra-
tion coefficients described above. ATLASS expects the opacity to be in the form of a
step representation of the distribution function (Section 5. 15), so there is a loop
running from statement 24 to the statement IF(N. LT. NSTEPS)GO TO 24, where N is
the step mumber. ATLASS5 does not know how many steps to expect or the weight for
each step until the statement CALL KAPP(N, NSTEPS, STEPWT). Normally this option
is not used, so both NSTEPS and STEPWT are 1. Backing up a few lines, the state-
ment CALL PUTOUT(2) imitializes some sums over the distribution function for surface
flux or surface intensity. Then we start into the loop over the steps by calling KAPP
to find the opacity.

Now we look at KAPP(55) in detail. The first thing KAPP does is check ITEMP
for a new temperature distribution, in which case KAPP calls POPS to get hydrogen
and helium number densities over partition functions, XNFPH and XNFPHE, which it
stores 1n COMMON /IONS/ for use by any of the opacity routines. Subroutines that
require number densities for other elements call POPS on their own so that they are
self-contained for easy modification or deletion. Then KAPP imtializes STEPWT and
NSTEPS. If N> 1 (not the case in our example), all the contimious opacities have
already been calculated for N = 1, so KAPP would skip to the section that treats dis-
tribution functions. This section would call LINOP and LINSOP and then adjust the

total opacities and source functions for the change in line opacity.

For the normal case when N = 1, KAPP erases the opacity arrays and then calls
the opacity subroutines for which the switches are on. The opacities are described
in detail in Section 5. The subroutines are as follows:

1. HOP(56) uses COULX(57) for coulomb bound-free cross sections and
COULFF(57) for coulomb free-free cross sections.

2. H2PLOP(58).
3. HMINOP(58).
4. HRAYOP(57).
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5. HE1OP(59) uses COULFF(57).

6. HE20P(60) uses COULX(57) and COULFF(57).
7. HEMIOP(60).

8. HERAOP(61).

9. COOLOP(61) uses C10P(62), SEATON(62), MG20P(63), AL10P(62), and
SI10P(64).

10. LUKEOP(65) uses NIOP(65), O10P(65), MG20P(66), SI20P(67), CA20P(66),
and SEATON(62).

11. HOTOP(68).

12. ELECOP(70).

13. H2RAOP(70).

14. HLINOP(71) uses STARK(72).
15. LINOP(73).

16. LINSOP(73).

17. XLINOP(73).

18. XLISOP(73).

19. XCONOP(73).

20. XSOP(73).

Each subroutine returns its opacity through COMMON /OPS/. Five subroutines
(HOP, HMINOP, HLINOP, XLINOP, and XCONOP) also return source functions in
COMMON /OPS/. The remaining subroutines have source functions BNU or JNU.

KAPP(38) finally constructs from the variables in COMMON /OPS/ the average

opacities ACONT, SIGMAC, ALINE, and SIGMAL (Section 5) and the source functions
SCONT and SLINE, all of which are stored in COMMON /OPTOT/.
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Once the opacity is known, ATLAS5(3) calls JOSH(74) to find the radiation field
(Section 2). First JOSH finds the total opacity ABTOT, the scattering frachon ALPHA,
and SNUBAR, the part of the source function that is not JNU. Then it finds TAUNU by
integrating ABTOT with subroutine INTEG(15). If IFSCAT = 1 (which it is for our
example), JOSH solves the integral equation for the source function (Sections 2.7
and 2.8). (See statements with statement numbers in the 30's.) JOSH interpolates
ALPHA and SNUBAR to the internal tau set XTAU by use of subroutine MAP1(16) and
then solves the integral equation for 8 on XTAU. The integration matrices for J and
H are stored in COMMON /MATX/ as 43 by 43 arrays, which are tabulated in
BLOCK/J(77) and BLOCKH(86). The matrix multiplication in the integral equation is
written out explicitly to force the compiler to give a fast, efficient code. Once the
source function is found, it is interpolated back to TAUNU space.

The matrix solution is good only up to TAUNU = 20, so SNU, JNU, and HNU at
large depths are found by taking first and second derivatives of SNU by using subrou-
tine DERIV(14) (Sections 2.7 and 2. 8). (See statements with statement numbers 1n
the 40's.)

Next JOSH finds JNU and HNU at depths less than 20 in XTAU and interpolates
from the XTAU scale the results to the TAUNU scale.

The special cases of surface flux only or surface intensity only (Section 2.9) come

at the end of the routine.

Returning to ATLAS5(3), we now know the monochromatic opacities and the radia-
tion field for step N, so we can compute integrands and add to integrals over frequency.
The integration coefficient RCOWT is the frequency weight times the step weight.
ATLASS5 calls the four subroutines with integrals, TCORR(8), STATEQ(11), ROSS(13),
and RADIAP(14). Then it calls PUTOUT(5) to add to the total for the surface flux at
this frequency and to print out the results for the step. Since we are not using distribu-
tion functions in this example, we get no results.
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ATLAS5(3) continues through the loop over N. When the loop is completed,
ATLAS5 calls PUTOUT(5) to print and punch (if IFPRNT or IFPNCH equals 1) the
surface flux. The first page of printout is shown on the next page. The wavelength
is in nanometers and the magnitudes are -2.5 times the logs. TAUONE is the log
RHOX at which TAUNU = 1. TAUNU(NRHOX) is the log optical depth at the last depth.
For the flux to be accurate, TAUNU(NRHOX) should be greater than 10 at every fre-
quency. Both these quantities give estimates of the opacity variation with frequency.

The punch has the form
FLUX 3.288047E13 5.9589E-07

In ATLAS5(3), statement 25 is the end of the loop over frequency. All frequency
integrals are determined once this loop is completed, so ATLAS5 can finish the 1tera-
tion. First it calls ROSS(13) to find ABROSS and TAUROS. Then it calls CONVEC(96)
to compute the convective flux. CONVEC first computes the derivatives (3E/ BT)P,
(BE/BP)T, (8p/8T)P, and (8p/8P)T (Section 4.6), from which it finds CV’ CP’ Veound’
(81In p/9In T)p (@ InT/81n P)g, and d In T/d In P. Finally, it computes the con-
vective velocity and flux (Section 6).

Returning to page 3, ATLAS5 calls RADIAP(14) to compute the radiation pressure
{Section 2. 11).

Next, ATLASS5 calls TCORR(8) to do the temperature correction (Section 7).
After statement 30 comes the flux correction; after 40, the A correction; and after 43,

the surface correction. The total correction is statement 50.

Pages 131 and 132 are samples of what TCORR produces if IFPRNT > 1. The
first page is from the first iteration, and the second is from the last, in order to show
the improvement. The column CONV/TOTAL is the fraction of convective flux if
convection were included in the temperature correction. ERROR is the percentage
flux error. DERIV is 100(dH/dTROSS)/CJ;;. Note that the starting guess seems
good in terms of flux errors. The flux-~derivative errors are rather large but should
be no problem. Normally, a previously computed starting model would be used as the
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first guess for the temperature distribution, in which case the flux error at optical
depth unity would be smaller. A much larger flux error at large depths could be
handled by TCORR, say +1000% for radiative models or +1000000% for convective
models. Large negative flux errors tend to be unstable.

On the second sample page, that is, the sixth iteration of our example, the flux
error is down to 1%, the flux derivative error is down to 2%, and the temperature
correction is on the order of 30 K. A few more iterations can be made to bring the

errors as close to 0 as required.

In TCORR, the remainder of the subroutine is made up of various fudges for
salvaging bad starting guesses or for speeding convergence. Finally, the temperatures
are changed to their new values.

After TCORR, ATLAS5(3) would call STATEQ(11, 12) if we were doing statistical
equilibrium. STATEQ would first compute the collisional rates for H and combine
them with the previously calculated radiative rates to find b(H ). Then STATEQ would
do the same for hydrogen.

Next, ATLAS5(3) calls HIGH(99) and TURB(99) to find geometric HEIGHT, VTURB,
and PTURB.

At the end of each iteration, ATLASS5 calls PUTOUT(6) to spew out the results for
the iteration. If IFPRNT > 1, PUTOUT prints all the variables that it has lying about
in labeled COMMON blocks and that are not to be printed in the summary table (see the
next two pages). Finally, if IFPRNT > 0, PUTOUT prints the summary shown on
page 136. Note that the temperatures on the summary table are the corrected values,
so the data in the table are not consistent with the temperatures until the model con-
verges.

Alsgo if IFPNCH > 0, PUTOUT punches the results in a form that can be read in

again, as shown on pages 137 and 138, either to continue the calculation if the model
bhas not converged or to accomplish whatever purpose the model was calculated for.
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TEEF

TITLE SAMPLE MODEL
O=AZITY IFGP 1 11111001 00100000000

10000« GRAVITY 4,000 LTE

CINVEZTION OFF 1,00 TURBJLENCE OFF (.00 0,00 (.00 000
ABJNDANCE SCALL 14000 ABJUNDANCE CHANGE 1 4900 2 410U
ABUNDANCE CHANGE 3 "11.60 & -9.60 5 -9-20 & —3.50 7 --‘o.lZ
ABUNDANCE CHANGE 9 w6,60 10 =3.50 11 6,18 12 =4.57 13 =5.65
ABUNDANCE CHANGE 15 w6462 16 <4486 17 =6.60 18 5,30 19 =7,00
ABUNDANCE CHANGE 21 «9,01 22 =7.55 23 =B.13 26 =6,5B 25 =T.l17
ABJNDANCE CHANGE 27 wB440 2B =6497 29 =T7,30 30 =7.63 31 =9.11
ABUNDANCE CHANGE 33 =G,70 34 =B84,80 35 «5,40 36 =8.80 37 =5.,42
ABUNDANCE CHANGE 39 9,60 40 =9,60 4] =10430 42 =10.00 43 «20,00
ABUNDANCE CHANGE 45 w]1,20 46 =10470 47 =11430 48 =9.98 49 «10434
ABUNDANCE CHANGE 51 =10440 52 =10,00 53 =10.60 54 ~10.00 55 =10.,90
ABUNOANCE CHANGE 57 «10,60 5B =10440 59 =11420 60 =10,50 61 =20,00
ABUNDANCE CHANGE 63 =11430 64 =~10.90 6% =11.60 66 =10.80 &7 =11.50
AZUNDANCE CHANGE 69 =11490 70 «10490 71 =11470 72 «11,40 73 =11.,70
ABUNDANCE CHANGE 75 =11040 76 =10,70 77 =10,80 78 =10.40 79 =11,30
A3UNDANCE CHANGE Bl =11e50 82 «1041% 83 =11.30 B4 =20.00 85 =20.00
A3JINDANCE CHANGE B7 «=20.00 B8 =20.00 B89 =20,00 90 =11.70 91 =20.00
ASUNDANCE CHANGE 93 =20,00 94 «20,00 95 -20.,00 96 -20,00 97 =20,00
A3UNDANCE CHANGE 99 ~20400
READ DECK 40 RHDX+T+P«XNE+ABRDSSPRAD,,VTURB
Be45691298E~05 T700+3 Boab52E=D]l 3,460E+1]1 3.57BE=D1 5.312E=04 0.
1.22%59051E=04 TT0642 142256400 4.BSTE+1]l 3,760t-01 8.074E=04 O,
1473637 744E=04 7702¢1 1o73TE4DD 6.618E+11 3.921E=01 1.214E=03 D.
2e02986209E=04 770740 2.42BE+D0 8,835E+1) ¢.0BTE~-O1 1.812E=-03 O,
3.36158983E=04 771043 3.359E¢00 1.15BE+12 44,243E=-01 2,692E=-03 0,
4eb]1T24BBOE~D4 77152 4ubl3E400 L,497E+12 4,395E=01 3,983E-03 O,
6.31027399E~0¢ 77177 6.304L+00 1,909E+12 44536E=-01 5.872E~03 O,
BaS5962419T7E=D4 TT27e5 BoSBBE+00 2.628FE¢12 44T44E=0] B,b646E=03 0,
141686678BBE=03 773048 1416TE+01 3,03BE+12 %.890E«01 1.270E=02 0O,
1.58BB8214E=03 TT4le3 145BTE4QL 3.788E«¢12 5.,077TE~01 1.,E63E=02 O,
2«162827T11E=0D3 T753.4 24160E+0]1 4,709E+12 5,299E=-01 2.734E=02 0,
2¢94B14345E-03 TT6Be2 249644E+0]1 5,B44E+12 5.5T0E-01 4,015E«02 0.
4.02498758E=-03 TTB6s7 4o019E+0D1l 7,249E«412 5,906E-01 5,909E~02 O,
5.50164396E~03 781040 5,493E«0]1 9.005E¢12 6.334E~0) B.,TIBE=D2 O,
7e52407493E=03 783841 7e511E«0]l 1,121E+13 6.8BBOE=01 1.290E«0Q1 O.
1.02834532E=02 787640 1wD26E402 Le410E+13 7T4661E=01 1,919E=01 0.
1.40163540E«02 T922e4 1o399E+D2 1,761E+13 B.516E=D1 2.859E~QL1 O,
1«900640002E-D2 79822 14896E+02 2.242E+13 9.B62E-01 4.271E=01 O,
2.554B46879E=02 80562l Z2.54BE+02 24B79E+13 1,171E+00 6.404E-01 O,
3.39218929E=02 B15340 3.3B3E+02 3T4BE+13 1.639E+00 9.,621E~01 0.
4.42691601E-02 827942 %4412E+02 44960E+13 1,B42E+00 1.446E+00 O,
5eb5504204E~02 B4dQabt Soeb3IE4D2 L,6T0E+13 2.460E+00 24.1T7T1E+00 Q.
Te06643319E=02 B646.5 Ta0l4EeD2 9,097E+13 3,429E+00 3.245E+00 O,
Be54564361E-02 BO05+5 B.436L402 1,27BE+14 5,137E+00 4,B839E+00 Q.
1.00917247E=0D} 924244 14,002E+03 1.792E4+14 T.B49L+00 7,192E+00 O,
1e16596651E=D1 965044 1o155E+03 2445TE+14 1,1T74E+01 1.060E«01 0.
143276496420E=01 10151e5 14312E+403 3,240E+16 ]4633E+01 1.,536E+01 0.
1450915325Em01 10731e3 144BTE+D3 4.009E+14 1,94TE+DL 2.198E+01 O,
12 74261950E~01 1140645 leT11E«D3 4,733F+14 1.972E+01 3.103E+0Q0]1 O,
2+089B9640E~01 1219240 2,046E+03 5,532E+14 [.TT0c+01 4,366E+0) 0.
2e6B07932TE=DL 13133.4 2.618E«03 6.T7T16E+14 1,505E+01 6.235E+401 O,
A.T04BG029E~01 14222.9 3.615E+03 B.651E«+14 1,278+01 B.970E«O1l O«
5443T50161E~01 1545845 S5,309E¢03 1,180E+15 1.,129t+01 1,291E+02 O,
Be276BOBL1E~OLl 1685246 B4091E+03 1.6T3E+15 L.051E«01 1.862E+02 O.
1e27296426E+00 1B42B.2 1.246E+04 2.397E+15 1.,009:+01 2.686E+02 O,
1.9560B422E400 20194.8 1.917E+04 3,602E+15 9,794E+00 3.864E+02 0.
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14
20
26
32
a8
4
50
56
62
68
T
BO
Bé
92
98

"“3.28
=4 450
"5.72
=4 450
-B,73
-9.23
-10.3‘9
«1l0a.15
=11.00
’11.10
~11.10
"20.00
-12,00
-20,00



2G5 TBLaBSRE-D0 22145,3
Lo0H24TEHGE-QU  24337.7
GabJBOGOUGTESDO 2675042
De58525H90E+00 2945642
READ FREQUENCIES 78 1
1 3,288046T1E+123
3 4.,05931694E+13
5 Se13757296E+13
7 64T1029939E+13
3 Fe13346307E+13
11 1e315218B68E+14
13 14825B85B7TE+14
15 1.95000000E+14
17 205503331E+14
17 2+60000000E+14
21 3+.30000000E+14
23 3465339255E+14
25 4250000000E+14
27 5«50000000E+14
27 6250000000E+14
31 Te50U000000E+14
33 Te9B804125BE+]4
35 £422013322E+14
37 9,00000000E+14
39 1.00000000E+15
41 1.10000000E+15
43 1.19257851E+15
45 1425000000E+15
47 1«35000000E+15
49 1244299856E+15
51 1.51529048E+15
53 155000000E+15
55 1.65000000E+15
57 1a78796T11E+15
59 1.82000000E+15
61 l1.R4HB52B5E+15
63 1a97231453F+15
65 2+02000000E+15
67 2e0761020BE+]1S
&9 2+30000000E+15
71 2241960242E+15
T3 2e6G000000E15
75 2eT254027T3E+15
77 3.,0C000000E+15
BEGIN

24923L+04
4o%405EL+04
6+500E+04
Se435L«004
T8 CoJaL
le64402500E+13
3.,85635500E+12
5439128550E+12
TeB6364000E+12
1,21158305E+13
2+00936390E+13
2e¢55333B46E+]13
1.5382603T7E+13
9.32490356E+12
3.68109332E+13
3.78116947E+13
1.23397723E+13
S5«17916416E+13
5.000C0000E+13
4a993T7TT58BE+13
5.66913371E+13
1.19860200E+13
9.4192656TE+12
5432404280E+13
5.00000000E+13
4,98960530E+13
1,56961149E+13
6a4T7593919E+13
5.00073710E+13
1,58713079E+13
3.61460000E+13
4.T1491T58EC«13
BeB4560518E+13
4415928130E+12
4,06991086E+13
1.20617571E+13
2.66007730E+13
6e964T0460E+13
4eT4367545E+13
1a226¢35459E+14
34033106306E+13
1le39757530E+10
2456641B36E+13
3.29021965E+14
ITERATIDN
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3.28805329E+13
4,05932506E+13
5.13758324F+13
6471031281FE+13
9.13348133E+13
1,31522132E+14
1.82588952E+14
24+05502919E+14
2.30000000E+14
3.00000000E+14
3.65338525E+14
4,00000000E+14
5.00000000E+14
6+.00000000E+14
7.,00000000E+14
T.98039662E+14
Be220)116TEE+14
8.50000000E+14
9.50000000E+14
1.05000000E+15
1.15000000E+15
1.1925B089E+15
1.30000000E+15
1,40000000E+15
1,44300144E+15
1,51529352E+15
1.,60000000E+15
1,75000000E+15
1.78797069E+15
1,84884915E+15
1,90000000E+15
1,97231847E+15
2407609792E+15
2+.20000000E+15
2441959758E+15
2+50000000E+15%
2eT25397T2TE+1S
2.B80000000E+15
3.,28B8046T1E+15

6 COMPLETED

4,750E+1% 9,6BBE+D0 5,509E+02 0.
6+523E+15 94.8T72E+00 7.790E+402 Q.
Ba765E+15 1.038E+D1 1.086E+03 0.
la156E+16 1,122E+01 1.506E+03 0.

3.85635500E+12
5.39128550E+12
7.86364000E+12
1.21158305E+13
2,00936390E+13
2.55333846E+13
4,40620250E+12
3.12524966E+12
Z24B56B85104E+13
3,37166143E+12
1.36031090E+13
4e60T720442E+13
4e945TE51BEL3
5+00000000E+13
4 o B8460064BE+]13
1.79512994E+13
1.19860200E+13
4,11449708E+13
4,91828356E+13
4¢97535082E+13
5.223401B0E+13
2017291574E+13
4s564B21099E+13
5+25709620E+13
3.,61460000E+13
1.23599776E+13
3.,86973422E+13
Be18550T14E«13
1411564291E+13
9,0285622BE+12
8,48029699E+13
1,42641540E413
1.98923000E+13
1.27T770122E+14
445857663TE+13
B.H5358763E+13
4o.T1T755303E+13
1,00571733E+14
1.07412118E+14



ATLAS5(3) continues to iterate on the model for NUMITS iterations. Once the
model is completed, ATLAS5 calls READIN for more instructions. If READIN finds
an END card, it calls EXIT.

8.2 Control Cards for ATLASSH

The control cards for ATLAS were designed to be simple and straightforward.
The easiest way to avoid error is to consider whether all the information needed to
calculate a model atmosphere is being supplied to READIN. First, the physical
parameters: effective temperature, surface gravity, and abundances. Second, the
physical processes: opacities, statistical equilibrium, convection, and turbulence.
Third, the operational procedure: the starting model, the frequency set, and the
mumber of iterations. Fourth, the type and form of cutput.

The data and instructions are either presented as code words or preceded by
identifying code words. This allows each set of data identified by a code word to
appear in any order, with several to a card. READIN reads with a free-field format
in which the end of a field is signified by a blank or a comma (a code word can also be
ended with an equal sign). Numbers can be written in any I, E, or F format, and
words can be any length but only the first six letters are read. The following are

examples of equivalent input cards:

TEFF=1. E4
TEFF 1.E 4
TEFF 10000
TEFF=10000
TEFF, 1. E+4,

For several models to be calculated in succession, only those data that change
need be specified. If no new data are specified, the calculation continues from the last
iteration of the previous model.
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We list here sample input cards with brief descriptions as necessary. The letters
and numbers actually read are underlined. Cards that require special input or produce
special output will be discussed further in Section 8. 3.

TEFF=10000

Effective temperature, TEFF.

GRAVITY=4 or GRAVITY=1.E4

Gravity, GRAV. The log is assumed if the number is less than 10.

OPACITY ON HLINES, HOT

OPACITY OFF HLINES, HOT

OPACITYIFOP 11110000000000000000

_— o W e wwe e e e e e e e b e e e e v

The 20 code words and their defaults are as follows:

1. H1 ON 11. HOT OFF
2. H2PLUS ON 12. ELECTRON ON
3. HMINUS ON 13. H2RAY OFF
4. HRAY ON 14. HLINES OFF
5. HEl ON 15. LINES OFF
6. HE2 ON 16. LINESCAT OFF
7. HEMINUS ON 17. XLINES OFF
8. HERAY ON 18. XLSCAT OFF
9. COOL ON 19. XCONT OFF
10. LUKE OFF 20. XSCAT OFF

IFOP is a list of all 20 switches.

ITERATIONS 6

Number of iterations, NUMITS. Maximum is 15.

MOLECULES ON

MOLECULES OFF

Molecules in equilibrium equations. If ON, special data are read in separately as
described in Section 8. 3. Defaults OFF.
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CALCULATE STARTING MODEL 40 DEPTHS STARTING AT -3.5 SPACING . 125

Used only after TEFF and GRAV are defined. The 40 optical depths are in
TAUROS, Rosseland tau, against which READIN defines a temperature distribution,
T = TEFF*(. 75%(. 710+ TAUROS-. 133 1*EXP(-3. 4488*TAUROS)))**. 25.

Then READIN uses subroutine TTAUP to find T(RHOX). The maximum value for
NRHOX, the number of depths, is 40

ABUNDANCE SCALE 1.

ABUNDANCE CHANGE 1 .5, 2 .5, 6 -3

The default abundances (number fractions) are listed in subroutine BLOCKE(32)
and stored 1n array ABUND in COMMON /ELEM/. The actual abundances used are
stored in array XABUND in COMMON /XABUND/. The abundances in array ABUND
can be changed with an ABUNDANCE CHANGE card by specifying the atomic number
and the new abundance. Negative numbers are assumed to be logarithms. The array
XABUND is filled by taking the abundances in ABUND and multiplying them, except
for H and He, by a scaling factor XSCALE, which defaults 1. Thus we might get
abundances for a subdwarf by setting XSCALE to 0.01.

v — — - —

Requires one integer for each iteration, so the number of iterations must be
specified before these cards are read. The print options are (IFPRNT= )

0 no print,

1 print only summary table,

2 print temperature correction, surface fluxes, etc.,

3 print 2 and TAUNU, SNU, JNU, etc., at each frequency,

4 print 2 and all opacities at each frequency.
Defaults 2. See Section 8.3 for examples of 3 and 4.

The punch options are (IFPNCH= )

0 no punch,

1 punch model,

2 punch 1 and surface fluxes or intensities,

5 punch 2 and molecular number densities over partition functions.

Defaults 0, except 1 on the last iteration. See Section 8.3 for examples of 5.

141



READ FREQUENCIES 65 FREQS. INTEGRATE FROM 1 to 50, TESTI IS THE ID.

Starting with the next card, reads 65 triplets of subscript, frequency, and inte-
gration coefficient in any order on as many cards as necessary. Each card may con-
tain any number of complete triplets. If there are extremely large opacity edges, the
model calculation may be left unchanged by simply ignoring regions of high opacity. In
this example, integration runs from freguency 1 to frequency 50. TESTI is simply a
name used to identify the frequency set to avoid confusion when several different sets
are available.

READ DEPARTURE COEFFICIENTS 40

Starting with the next card, reads a previously calculated set of b's for 40 depths
on 40 cards. READIN expects to find RHOX, BHYD for n = 1 to 6, and BMIN on each
card. The RHOX on these cards is a dummy for 1dentification only. Defaults all b's
unity.

READ STARTING T-TAU FOR 40 TAUS

Starting with the next card, reads TAUROS and T for a starting model. TAUROS
may be 1n logarithms. READIN proceeds as for a CALCULATE card

READ DECK 40 RHOX

Starting with the next card, reads 40 cards each with RHOX, T, P, XNE, ABROSS,
PRAD, and VTURB. If this deck is to be used as a starting model, the calculation will
depend only on RHOX, T, PRAD, and VI'URB and can get by with only RHOX and T if
PRAD or VTURB is not critical. Once RHOX and T have been read, READIN will
supply zeros to fill out the list if the card is left blank after any variable.

LTE
NLTE

NLTE stands for non-LTE, which is a negative way of saying statistical equilibrium
calculations are requested. Defaults LTE with all b's unity.
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BEGIN MODEL

Marks the end of data for READIN and the return to ATLAS to begin the model

calculation.

SCATTERING ON
SCATTERING OFF

Compute the source function exactly with scattering or approximately without.
Defaults ON.

END

In ATLASS this calls EXIT.

TITLE=TEST OF NEW OPACITY ROUTINES

Columns 7 to 80 are printed as a title on the summary table at the end of each

iteration.

CONVECTION ON MIXLTH=1.5
CONVECTION OFF

If ON, the total flux that enters the temperature correction includes convective
flux as well as radiative flux. MIXLTH, the ratio of mixing length to scale height, is
1.5. Defaults OFF with MIXLTH 1. The convective flux is always calculated to indi-
cate its possible importance, as long as IFPRES is 1 and MIXLTH > 0.

TURBULENCE ON TRBFDG=0, TRBPOW=0, TRBSND=0, TRBCON=5.
TURBULENCE OFF

If ON, pressure computation includes turbulent pressure. The turbulent velocity
in kilometers per second is

VTURB = TRBFDG*RHO**TRBPOW + TRBSND*VELSND/1. E5 + TRBCON ,

where the sound velocity is in centimeters per second. Defaults OFF.
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CHANGE RHOX 35 1.E-5,1.57E-5, etc.

Reads 35 new rhoxes on as many cards as necessary. This card is used, only
after a model has been defined, to change point spacing or to extrapolate to greater
or smaller depths. In changing RHOX, READIN interpolates T, P, XNE, ABROSS,
VTURB, PRAD, BHYD, and BMIN and sets NRHOX to 35.

SURFACE FLUX

SURFACE INTENSITY FOR 5 ANGLES=1.,.8,.6,.4,.3

SURFACE OFF

Calculate flux (IFSURF=1) or intensity (IFSURF=2) only at the surface, as in a

spectrum calculation. There is a maximum of 20 angles. Defaults OFF.

PRESSURE ON

PRESSURE OFF

Compute pressure and number densities. Defaults ON.

CORRECTION ON

CORRECTION OFF

Do temperature corrections. Defaults ON.

WAVELENGTH 500. BY .001 TO 501,

Instead of frequencies, uses equally spaced wavelengths. The units are
nanometers.

SCALE MODEL 40 -4.5 .1666666666 TEFF=5000 GRAVITY=3

This card must come after a model has been defined and TEFF and GRAV have
been specified. This instruction scales models with gravity and effective temperature.
The numbers define TAUROS, as on a CALCULATE card, and the TEFF and GRAV for
the new model. READIN computes TAUROS for the existing model by integrating
ABROSS. It then interpolates all the existing variables, as with a CHANGE RHOX
card, to the new TAUROS. READIN then makes the scalings
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Tnew = TOld(TEFFneW/TEFFOId)

and

old

old rppre¥ /rEFFOld) 4 GRAVPEY /GRAVOY)

PRAD™Y = PRAD

Then READIN calls TTAUP to find RHOX for the new model. If the new TEFF and
GRAV are the same as the old, the result is just an interpolation of the old model
onto a log TAUROS scale.

CALL DUMMYR

This allows additional data to be read in by using DUMMYR without having to
modify READIN.

8.3 Options

We will go through the control cards again pointing out the results of using special

options.

MOLECULES ON

There are two cases. When IFPRES = 1 (PRESSURE ON), NMOLEC(50) solves
the molecular equilibrium equations. In the loop DO 20, NMOLEC reads a card for
every species to be considered in the molecular equilibrium equations. The data are
read by NMOLEC instead of READIN, so NMOLEC can be deleted to save central
memory space without leaving a big array behind in READIN. (This can be changed 1f
memory space is no object.) Since NMOLEC reads after READIN has finished, the
data cards must come after the BEGIN card. On each card, NMOLEC expects the
molecule code and six constants that go into the polynomial form of the Saha equation
(Section 4. 4) in the format (¥18.2, F7.3,5E11.4). For atoms, these constants can be
left blank, in which case NMOLEC uses PFSAHA to do the Saha equation. The cards
are printed out as they are read in as shown on the following two pages. The end of
the data is denoted by a 0 card or a blank card. Since NMOLEC reads only once each
time ATLASS is executed, all models run at the same time must include the same

molecules.

145



MOLEZJLES INPUY

—

1.00
1401
200
2401
2.02
6.00
601
T.00
T.01
8400
8.01
9.00
11.00
11.01
12.00
12.01
13,00
13.01
14.00
14.01
15.00
16,00
17.00
19.00
19.01
20.00
20,01
20.02
101,00
106,00
107,00
108,00
109,00
111.00
112,00
113,00
114,00
115,00
116400
117.00
6064.,00
607.00
608,00
609.,00
615,00
616.00
617.00
T07.00
738,00
709,00
714,00
T15.00
716.00
808.00
811400
812,00
813,00
814,00
815,00
Bl6.,00
817.00

~0.000=0,
—0.000-00
-0.000-0.
-0.000*0.
=0+000~-0.
~0.000-0,
=0+000~0.
~0+000=04
-0.000'0.
=~0,000-04
*0.000'0.
=0.000-0.
-00000‘0.
=0.000=0,
=0+000~0,
=0+000=0,.
“0.000*0.
=0+000-0,
=0+000=0,
=0+000=04
-0.000“00
~0+000-04
-0.000-0.
-0+000=0,
“0.000-0.
“0-000-0-
=0000=0,
-00000‘00

b7
3.470
3.699
44395
5844
24050
1999
2,901
3.190
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For this sample run we have put in 100 species, the maximum allowed by the
dimensions, to find out which molecules are important in the sun (assuming complete
ignorance). The constants are taken from the table in Section 4.4. Once we know
which molecules are important, if any, we can restrict the input list to those. There
is also a maximum of 25 different elements.

NMOLEC continues to process input data up through statement 28. On any subse-
quent call to NMOLEC, the data are already in a usable form, so NMOLEC skips
directly to statement 30 to make a guess for the number densities at the first depth.
Then NMOLEC sets up and differentiates the equilibrium equations to get a set of
linear equations for the correction to the number densities (through statement 99)
(Section 4.3). NMOLEC calls SOLVIT(17) to solve the equations. The number densi-
ties are corrected, and iteration continues until the number densities converge.
NMOLEC repeats this process for every depth, then prints out (only on the last

iteration, to save paper) the results as shown on the following three pages.

Once NMOLEC has found the number densities, it goes through the list to find
number densities/partition functions (in ATLAS5). These are stored in array XNMOL
in COMMON. Using blank COMMON saves core on CDC machines, but if space is no
object, this could be converted to COMMON /MOLS/. The same COMMON must occur
in MOLEC.

Finally, if IFPNCH = 5, NMOLEC prints and punches XNMOL, XNATOM,
and RHO, as shown on pages 152 and 153.

XNMOL is used by MOLEC(48) as its source of data. If a molecule is requested
that is not in XNMOL, MOLEC guits; if an atom is requested that is not in XNMOL,
MOLEC calls PFSAHA. The only way to find a molecular number that is not in
XNMOL is to request the neutral-atom number densities for the components and to
use a Saha equation to construct the molecular number density completely indepen-
dently of the molecule routines.
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3.615E=0%
1.084E-DB
2¢954E~08
T«B65E-DB
1.930E*07
3.460E=D7
3.575E-07
3.423E-D7
3e422E~07
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3.6805“19
2.331E~19

3,554FE-29
1eB66E=26
Sel163E=24
2+345E=23
6-8065-24

2.036E=26
1,075E=-23
2.86TE=21
1e157E~20
3.076E=-21

1e651E-23
Q.QBlE-Zl
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24022E=29
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94291E~25
Qu223E~g2
1.595E-19
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Ge057E=22
2e526E~19
lelBé4E~]18
4.362E-19
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6.32BE+]15
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leB82E.21
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1.523E-19
3.522E-20

3e990E=2a
1.889E-21
4e502E=19
1.009E=18
44080E~19

8.649E-10
4eB6OE~-D%
1.398E~08
3.785E=08
9.933E~08
24336E=07
3.550E*07
3.528E=-07
3.413E=07
3.42BE=-07

5.735€-19
1.888E=19

1.B58E-28
BeD16E=26
1.,488E-23
l.5818=23
Se620E~24

1.080E~25
“.606E-23
B.031E=21
Te591E=21
2e501E~21

le016E-22
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7.090E-18
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2.109L-22
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Se661E+16
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S5ell6E=-24
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B.125E-20
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4ebBTE=2Z
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debl5E~17
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1.0318-23
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3.6“4{'2“
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B.039E-21
1.07BE-18
Te189E-19
3.583E=-19

14592E-09
6e41HE-DO
1.B00E-08
©uB39E=08
1.251E=~07
2eTOLE=DT?
3.594E~-07
3.48BE-07
3.414E=07
3.43BE=07



The second case for MOLECULES ON is IFPRES = 0 (PRESSURE OFF), where
NMOLEC is not called but MOLEC reads XNMOL as a punch deck, which must come
after the BEGIN card. MOLEC prints the data as they are read in.

PRINT 3 and PRINT 4

Samples of the printout for these two options appear on the next two pages.

NLTE

H IFPRNT > 0, STATEQ(1]) prints out H and H rates and b's, as shown on the
third, fourth, and fifth pages following. I IFPNCH > 0, PUTOUT(7) punches the deck
listed on the sixth page following.

SURFACE INTENSITY

PUTOUT prints and punches surface intensities instead of surface fluxes, as

follows:

Print:
WAVE FREQUENCY TAUONE TAUNU MU INTENSITY
109.999 2. 725403E+15 -2.04 1.83 1. 000 1.732E-08  etc.

Punch:
FREQUENCY 2.725403E+15 1.000 1.732E-08 etc.
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8.4 Propraming Details of ATLAS5

ATLASS is programed in essentially machine-independent FORTRAN IV. The
whole program can be logieally divided into six blocks of subroutines:

MAIN READIN POPS KAPP JOSH CONVEC
ATLAS5 | READIN POPS KAPP HOP JOSH CONVEC
PUTOUT | DUMMYR | NELECT COULX COULFF | BLOCKJ | HIGH
TCORR FREEFR | PFSAHA H2PLOP HMINOP | BLOCKH | TURB
STATEQ | FREEFF MOLEC HRAYOP HEIOP
ROSS IWORDF NMOLEC | HE20P HEMIOP
RADIAP TTAUP HERAOP COOLOP
DERIV BLOCKE ClOP SEATON
INTEG BLOCKR MG1OP AL1OP
PARCOE SI1OP LUKEOP
MAPI N1OP 010P
SOLVIT MG20P SI20P
EXPI CA20P HOTOP
w ELECOP HZRAOP

HLINOP  STARK
LINOP LINSOP
XLINOP  XLISOP
XCONOP XSOP

As presented in this report, the blocks are not distinguished but are loaded

together.

This requires slightly less than 120000 octal locations on a CDC 6400. If

the molecule routines were completely integrated without use of blank COMMON, the

requirement would be about 130000. However, it is more often necessary to cut

down on field length, in which case subroutines that are not used can be replaced by

dummies or the blocks can be treated as overlays.
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Some possible deletions are as follows:

if no statistical equilibrium, STATEQ;

if no molecules, MOLEC and NMOLEC;

if opacity not needed, LUKEOP and its functions or HOTOP, etc.;

if no convection, CONVEC.

Some modification is required to set up overlays because of calls to block POPS
from several points in block KAPP. The opacity routines call POPS individually so
that they are completely self-contained for easy deletion or change. The calls to
POPS can be removed from the subroutines and put into ATLAS5, and the data can be

transmitted to the subroutines through additional common blocks.

The overlay layout would be as follows:

Start model

MAIN

READIN

Start iteration

MAIN

POPS

Start frequency integration

Finish iteration

KAPP
MAIN

JOSH
MAIN CONVEC

or
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The second alternative for KAPP and JOSH would require changing overlays at every

irequency.

8.5 Subroutines

ATLASS5(1)

PUTOUT(4)

TCORR(8)

STATER(11)

ROSS(13)

RADIAP(14)

DERIV(14)

INTEG(15)

PARCOE(15)

MAPI1(16)

SOLVIT(17)

EXPI(18B)

We discussed ATLAS5 fully in Section 8. 1.

Output (see Section 8. 1). The only thing to mention here is that
there are alternate formats for different p scaling on different
computers.

Temperature correction (see Sections 7 and 8. 1).

Statistical equilibrium (see Sections 3.5, 3.6, 8.1, and 8. 3).
Rosseland opacity and optical depth (see Section 2. 12).

Radiation pressure (see Section 2. 11).

Derivatives (see Section 2.8). A scaling factor is included to avoid

truncation problems.

Integrals (see Section 2.5). Uses PARCOE.

Parabolic interpolation coefficients (see Section 2. 5).

Parabolic interpolation. (Maps one vector at a time.) Uses same
formulas as PARCOE but is faster. MAPI is set equal to the num-
ber of points required for the inverse interpolation, as in JOSH.

Solves linear equations using Gauss-Jordan elimination.

Exponential integrals.
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W(18)

READIN(19)

DUMMYR(28)

FREEFF(29)

FREEFR(30)

Writes debugging aids. For example, CALL W(6HOPACIT, AHYD,
1000) would produce an opacity table 1000 words long, and CALL W
(6HI , FLOAT(I), 1) would print a subscript.

Reads input (see Sections 8. 1 and 8.2). This routine is very long,
but the logic is easy to follow once FREEFR, FREEFF, and IWORDF
are understood. Data not read in are filled in from BLOCKE and
BLOCKR. The printout is produced in the section with statement
numbers in the 1500's.

Dummy routine for modifying READIN.

Free-field function for reading numbers. FREEFF is called once

for every number required from array CARD. CARD is an array of
LAST Hollerith characters, the last one of which must be a blank.
The most convenient way to read cards is to dimension an array
CARD for 80, equivalence a blank to CARD(81), and set LAST to 81.
In general, there is no restriction on the length of CARD, nor does
LAST have to be the last member of CARD (but simply the last
member to be searched). To find a number, FREEFF sets IFFAIL
to 0 and starts searching through CARD, starting at CARD(NUMCOL),
for any field in an E, F, or I format that is followed by either a
comma or a blank and with an exponent less than MAXPOW, If
FREEFF does not find a number, it calls EXIT when MORE = 0, or

it returns with a 0. and IFFAIL = 1 when MORE = 1. When FREEFF
returns, NUMCOL is set at the blank or the comma marking the end
of the number. All numbers are returned floating point, so an integer
is produced with a statement like M=FREEFF(CARD).

Free-field routine for reading numbers from cards. FREEFR calls

FREEFF with MORE = 1. If FREEFF does not find a number,
FREEFR reads another card and calls FREEFF again.
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IWORDF (31)

TTAUP(34)

BLOCKE(32)

BLOCKR(33)

POPS(37)

Free-field function for reading words as integers. Any method for
reading words in a machine-independent fashion turns out to be
rather cumbersome. The approach here is based on converting each
letter or digit to an integer, then combining the integers into one
large integer. The maximum word length is set by the computer
with the smallest integer size, 231—1 for an IBM 360. This allows
6-digit base~37 numbers, so that words of up to six characters can
be converted uniquely. Words longer than six characters are trun-
cated after the first six. The processing logic for IWORDF is
similar to that for FREEFF except that LETCOL marks the starting
place. Words can be made up of any number of letters and decimal
digits as long as the word starts with a letter. Ends of words are
marked by blanks, commas, or equal signs. IWORDF also stores
the characters it reads in array WORD.

Solves the pressure-balance equation for a T(r) distribution (see
Section 4.2). TTAUP uses an opacity table, which 1s produced by
a special version of ATLAS5, listed in Section 9. TTAUP 1s cur-
rently set up for Rosseland depths and Rosseland opacity for

3100 < T < 28000 and 0.01 < P < 10°. The table would have to be
recalculated for significantly higher or lower temperatures or
pressures or for radically nonstandard abundances. Opacities

other than Rosseland can also be used.
This is actually a BLOCK DATA for COMMON /ELEM/.

This is actually a BIOCK DATA for many of the COMMON's that
appear in READIN.

Populations (see Section 8.1). The argument MODE can take the

values

lor 11 for the number density/partition function of the atom
or molecule CODE;
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2 or 12 for the number density of the atom or molecule CODE.
If IFMOL = 1, calls to POPS must be all 1's and 11's
or 2's and 12's.

11 and 12 are the same as 1 and 2 except that if CODE is an atom,
POPS returns all ionization stages through CODE.

NELECT(38) Finds the electron number (see Sections 4.3, 4.4, and 8.1). The
only point we have not already discussed is that the iteration is
speeded up by dropping elements from the calculation if they con-
tribute less than 10™° of the electrons.

PFSAHA(39) Partition functions, Saha equations for ionization fractions (see
Sections 4.4 and 8. 1). Since the partition-function table is com-
plicated, the easiest way to explain it is to decode an example.
For 2.01 the table reads

200020001, 200020071, 208524971, 382669341, 128222452, 5440302, D+F

The code letters at the end of the row refer to the source, Drawin
and Felenbok. Others refer to the ground state only, summed energy
levels, and fake sources for the partition function. The number
5440302 decodes into the ionization potential, 54.403, and the scaling
factor G, 2. The other numbers decode into the partition function

at 10 temperatures, as follows:

T U

54.403* 2000/22 * 3 = 14837 2.000
5= 24728 2.000
7 = 34620 2.000
9 = 44511 2.007
11 = 54403 2.085
13 = 64294 2.497
15 = 74186 3.826
17 = 84077 6.934
19 = 93969 12.82
21 = 103860 22.45

166



For any given T, the partition function 1s found by linear interpola-
tion or extrapolation 1n this table. PFSAHA finds the 1omization
fractions by first computing nl“/n1 for the ions considered, then

solving the equation

I'l'1 l’llnz nln2n3
_..._+__.—1+-;1--.--i-—-§+. o= ]
n n n n n

for nl/n, and finally constructing each ionization fraction n'/n.

MOLEC((48) Molecular and atomic number densities/partition functions (see
Sections 8. 1 and 8. 3).

NMOLEC(50) Solves molecular equilibrium equations (see Sections 4.3, 4.4, 8.1,
and 8.3). We have described the general features, but the details
are too complicated to explain without going through every statement.
In ATLAS5, NMOLEC 1s called with a MODE ] or 11 to get number
densities/partition functions, but for other applications it can be
called with a MODE 2 or 12 to get number densities.

KAPP(55) See Sections 5 and 8. 1.

HOP(56) Uses COULX and COULFF (see Section 5. 1).
COULX(57) See Section 5. 1.

COULFF(57) See Section 5. 1.

H2PILOP(58) See SBection 5. 2.

HMINOP(58) See Section 5. 3.

HRAYOP(57) See Section 5.4,

HE10P(59) Uses COULFF (see Section 5. 5).
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HE20P(60) Uses COULX and COULFF (see Section 5.6).

HEMIOP(60) See Section 5. 7.

HERAOP(61) See Section 5. 8.

COOLOP(6]1)  Uses CIOP, MGIOP, ALIOP, and SI1OP (see Section 5.9).

C10P(62) Uses SEATON (see Section 5. 9).
SEATON(62) Seaton's cross-section formula,
1
ov=eo [ A(2) v-n (1)
MGI1OP(63) See Section 5. 9.
ALI1OP(62) See Section 5. 9.
SI10P(64) See Section 5. 9.

LUKEQP(65) Uses N1OP, O10P, MG20P, SI20P, and CA20P (see Section 5. 10).

N1OP(65) Uses SEATON (see Section 5. 10).
010P(65) Uses SEATON (see Section 5. 10).
MG20P(66) Uses SEATON (see Section 5. 10).
SI20P(67) See Section 5. 10.

CA20P(66) Uses SEATON (see Section 5. 10).
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HOTOP(68)

ELECOP(70)

H2RAOP(70)

HLINOP(71)

STARK(72)

LINOP(73)

LINSOP(73)

XLINOP(73)

XLISOP(73)

XCONOP(73)

XSOP(73)

JOSH (74)

BLOCKJ(77)

BLOCKH(86)

See Section 5.11. The last column in the table 1s a subscript for
identifying ions in XNFP. In DO 10, those cross sections that do
not contraibute a significant amount of opacity are passed over.
See Section 5. 12.

See Section 5. 13.

Uses STARK (see Section 5. 14).

See Section 5. 14.

See Section 5. 15.

See Section 5. 16.

See Section 5. 17.

See Section 5. 18.

See Section 5. 19.

See Section 5. 20.

Finds J and S and H (and I) (see Sections 2.7, 2.8, 2.9, 5, and 8. 1).

This is actually a BLOCK DATA for COMMON /MATX/. The data
are computed by program PRETAB, listed in Section 9. 2.

This is actually a BLOCK DATA for COMMON /MATX/. The data
are computed by PRETAB.
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CONVEC(96) Calculates thermodynamic derivatives and convective flux (see
Sections 4.6 and 6).

HIGH(99) Geometric height in kilometers (see Section 4. 5).

TURB(99) Turbulent velocity and pressure (see Section 4. 1).
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8.6 Listing of ATLASS
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PAGE 1
PROGRAM ATLASS{INPUT=513.0UTPUT=513PINCH=S513«TAPESSINPUT,
1TAPE6=JJTPUT»TARPET=PUNCH)
ZOMMON /ABROSS/ABROSS5(40) » TAUROS(40)
CTOMMON /ABTOT/ABTOT(40) sALPHA (40)
COMMON 7CONV/DLTDLP (40) «HEATCP (40) vDLIDLT{40) o VELSNU (40D)
1 GRDADB(40) sHSCALE (40) oFLXCNV{40) yVCONV (40) sMIXLTH
2 IFCONV
REAL MIXLTH
ZOMMON /DEPART/BHYD(40+6) +BMIN(40) «NLTEON
COMMON /ELEM/ABUND (99) sATMASS (99) vELEM(99)
TOMMON /FLUX/ FLUXWFLXERR(40) ¢FLXDRV(40) +FLXRAD(4D)
COMMON /FREQ/FREQ+FREQLGEHVET(40) +5TIM(40) +BNJ(40)
COMMDN /FRESET/FRESET(500) +RCOSET{500) «NULIsNUHT « NUMNJ
COMMON /HEIGHT/HEIGHT (40)
COMMON /IF/IFCORRIFPRESIFSURF & IFSCATIFMOL
COMMON ZIFOP/ZIFOP(20)
COMMON /TONS/XNFPH({40+2) + XNFPHE (40 3)
COMMON /ITER/ ITERSIFPRNT(LS) o IFPNCHI15) «NUMITS
COMMON /JUNK/TITLE(T74) +FREJID(6) vwLTE«XSCALE
COMMON /MUS/ANGLE(20) +SURF]I (20) sNMU
COMMON /OPS/AHYD (40) sAHZP (40) s AHMINC4D) +SIGH(40) yAHEL (40) »
AHEZ2 (40) s AHEMIN(40) ¢SIGHE (40) ¢ ACOOL (40) «ALUKE{(40) sAHOT (401} »
SIGEL (40) +SIGHZ2(40) +AHLINE(40) 4ALINES(40) «SIGLIN(4D) &
AXLINE(%D) +SIGXL (40) sAXCONT(40) +SIGX(40) +SHYD(4Q) &
SHMIN(40D) o SHLINE (40) o SXLINE(60) s SXCONT (40)
COMMON /OPTOT/ZACONT (40) v SCONT(40) ALINE(40) +SLINE(4O) +SIGMAC(4Q)
1 SIGMAL (40)
TOMMON /PTOTAL/PTOTAL (&0)
COMMON /PUT/PUT.IPUT
COMMON /RAD/ ACCRAD(40) «PRAD {40}
COMMON /RHOX/RHOX (40) s NRHOX
COMMON /STATE/P(4D) o XNE{40) s XNATOM(40) 4RHD L 40D)
COMMON /TAUSHJ/TAUNU (40) sSNJ(40) oHNU(6D) s UNU(H0) ¢ JMINS (40}
QEAL JINJeJMINS
COMMON /TEFF/TEFF «GRAVLGLOG
COMMON /TEMP/T(40) o TKEV(4D) 4 TK (40) sHK T (40) 4 TLDOG140) y 1 TEMP
COMMON /TURBFPR/VTURB (40) +PTJRB(40) « TRAFDG+TRBCON+TRBPIW s TRBSND »
1 IFTURB
COMMON /WAVEY/WBEGIN'DELTAWsIFWAVE
COMMON 7/ XABUND/XABUND(99) s WwTMOLE
C=1ls38054E=16
H26e6256E-27
C=24997925E10
E=1460210E=19
ATMASS=14660E=24

£ UM

INPUT SECTION

PREFIX P PRESSURE

PREFIX T TEMPERATURE

PREFIX X ABUNDANCE FRACTION

PREFIX F IONIZATION FRACTION

PREFIX R FREQUENCY INTEGRAL OR INTEGRATION COEFFICIENT
PREFIX A DR AB MASS5 ABSORPTION CODEFFICIENT

PREFIX XNFP NUMBER DENSITY OVER PARTITION FUNCTION
ALPHA I5 THE FRACTION OF OPACITY CAUSED BY SCATTERING
NLLTEON=0 LTE

NLTEON=1 NLTE

BHYD STATISTICAL EQUILIBRIJM FACTOR FOR HYDROSEN
BMIN  STATISTICAL EQUILIBRIJM FACTOR FOR HMINUS
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11

12

PAGE

ABUND CTONTAINS THE NDRMALLY ASSUMED ASJUNDANCES
ELEM CONTAINS THE LETTER CODES FOR ELEMENTS

RCOSET HAS INTEGRATION COEFFICIENTS FOR THE FREJQUENCIES
NUMBER OF FREQUENCIES IN THE FREQUENCY SET

NUMNU

NJLD NJMBER OF THE FREQUENCZY AT WHICH INTEGRATION S5TARTS

NUHI
IFCIRR

NJMBER OF THE FREQUENCZY AT wHICH INTEGRATION 5T0PS
TEMPERATURE CORRECTION ON OR JFF

IFPRIES PRESSURE INTEGRATION ON OR OFF

1FSJRF=D
IFS5JRF=1
IFSJRF=2
IFS5CAT=D NO

IF5CAT=1 SCATTERING IN SQURCE FUNCTION

IFMOL=1 SET

IFMOL=0 ASSUME ND MOLECULES ANL ITERATE FOR NJMBER DENSITIES

CALCULATE FLUX FOR EVERY DEPTH
CALCULATE FLUX AT SURFACE ONLY
CALCULATE INTENSITY AT SURFACE

SCATTERING IN SDURCE FUNCTION 5SNU=BNU

UP EQUILIBRIUM EQUATIONS FOR NUMBER DENSITIES

NUMITS NUMBER OF ITERATIONS

FREJID IS5 A
XSCALE I5 A
IFPRNT(I)=0
IFPRNTI(I) =}
IFPRNT(]) =2
IFPINT(I) =3
IFPRNT (1) =4
IFPNCHII) =0
IFPNCH(T) =1
IFPNCHII) =2

IFPNCH(I) =5

LABEL FOR THE FREQUENCY SET

SCALING FACTOR FOR METAL ABUNDANCES

DO NOT PRINT ANYTHING FDR ITERATION I

PRINT MINIMAL SUMMARY TABLE AT END OF ITERATION
PRINT ALL FREQUENCY INDEPENDENT DATA

PRINT SNUsTAUNUWJNUSETC.

PRINT OPACITIES

DO NOT PUNCH FOR ITERATION 1

PUNCH STRUCTURE

PUNCH STRUCTURE AND SURFACE FLUX OR INTENSITY
PUNCH 2 AND MOLECULAR NUMBER DENSITIES/PART FANS

FOR IFSJRF=2 HAVE NMU ANGLES

IFWAVE=] STEP NUMNU WAVELENGTHS STARTING AT WBEGIN BY WSTEP
XABJUND ARE THE ABUNDANCES USED IN THE MODEL
EXP1O{X)=EXP(X#2,30258509299405E0)

ITEMP=0

CALL READIN(D)

ITERATION SECTION

ole]
ITER=ITERAT

CHANGING ITEMP TELLS THE SUBROUTINES THEY HAVE A NEW TEMPERATURE

100 ITERAT=1+NUMITS

ITEMP=]ITEMP+ITER

IF(IFPRES.EQ.0)GD TO 12

INTEGRATE EQUATION OF HYDRDSTATIC EQUILIBRIUM
DD 11 J=1sNRHOX

PTDTAL (J) =GRAV®RHOX (J)
P(J)=PTOTAL(J)=PRAD(J)=PTURB{J))

IF(RHOX (1) «EQaQWIP(1)=P(2) /2,

IF(RHOX (1) aEQuD&}PTOTALIL)=PTOTAL(2) /2.

CALL POPS{De+]leXNE)

CONTINUE

CALL PUTOUT(1)

ERASE FREQUENCY INTEGRALS
IFU{IFCORRLEQa1)CALL TCORRI(1+0)
CALL RO55(1+0)

CALL RADJAP(1+0)
IFINLTEONCEQ. LI CALL STATEQ(1+0)

FREJQUENCY INTEGRATION SECTION
DO 25 NU=NULODNUHI
IF(IFWAVE.EQ.0)GO TO 21
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21
22

20

24

23

25

100

PAGE
AAVEZABEGINeFLOAT (NU=NULO) #DELTANW
FREJ=2+997925E17/WAVE
RCO=ABS(DELTAwW/WAVE#FREQ)
30 T0 22
FREJI=FRESET (NW)
RCO=RCOSET (NU)
FREJLS=ALOG(FREQ)
D2 20 J=1+NRHOX
EHVET (J) =EXP(=FREQ®HKT (J))
STIMUJ) =1 e=EHVKT (D)
BNU(J)I =1 e4Ta39E=GTHFREQ*®IREHVKT (J) /STIMID)
CALL PUTQUTI(2)
N=0
NZN+]
CALL <APPINWNSTEPS+STEPWT)
CALL JOSH(IFSCATsIFSURF)
RCOWT=RCORSTEPWT

IF(IFSJURF«GT«0)GO TO 23
IF(IFCORRSEQa1)CALL TCORR(Z24RCOWT)
CALL RADIAP(2+RCOWT)

CALL ROSS(Z2+RCOWT)
IF(NLTEONEQa1)CALL STATEG{Z2+RCOWT)
THIS PASSES VALUE OF STEPWT TO PUTOUT
PUT=STEPWT

IPUT=NSTEPS

CALL PUTOQUT(3)

IF(NeLT«NSTEPS)GO TO 24

CALL PUTOUT (&)

CONTINUJE

IF(IFSURFGT0)GO TO 1

FINISH ITERATION

CALL ROS55(3.0)
IF(IFPRES<EQa1)CALL CONVEC
CALL RADIAP(340)
IF(IFCORRLEQ«1)CALL TCORR(340)
IF(NLTEON.EQ.1)CALL STATEQ(3.0)
CALL HIGH

IF(IFTURBLEQs1)CALL TURB

CALL PUTOUT(5)

CONTINUE

50 TO 1
END
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SUBROJTINE PUTOUT (MODE)
ZOMMON /ABROSS5/ABROSS(40) + TAJROS (40)
COMMON ZABTOT/ABTOT(40) sALPHA(40)
COMMON /CONV/DLTDLP(40) «HEATCP (40) +DLRDLT (40) yVELSND (40) »
1 GRDADB (40) sHSCALE (40) o FLXCNV (40) s VCONV (4D) wMIXLTH
1FCONV
REAL MIXLTH
COMMON /DEPART/BHYD(40+6) +BMIN(40Q) «NLTEON
COMMON /ELEM/ABUND(99) +ATMASS (99) «ELEMI{99)
COMMON /FLUX/ FLUXWFLXERR(40) «FLXDRV{40) +FLXRAD (40)
COMMON /FREQ/FREQsFREJLGEHVKT (40) +STIM(40) «+BNJ(40)
COMMDN /FRESET/FRESET(500) «RCOSET(500) « NULDsNUHT ¢ NUMNJ
COMMON /HEIGHT/HEIGHT (40)
COMMON /IF/IFCORRGIFPRESEIFSURFIFSCATAIFMOL
COMMON /IFOP/IFOP(20)
COMMON /IONS/XNFPH(4042) o XNFPHE (4D+3)
COMMON /ITER/ ITERVIFPRNT(15) ¢ IFPNCH{15) oNUMITS
COMMON /JUNK/TITLE(T4) «FREQID(6) oWLTE W XSCALE
COMMDN  /MUS/ANGLE(20) »SURF] (20) oNMJ
COMMON /OPS/AHYD (40) sAH2P (40) s AHMIN{40) +SISH(40) AHEL (40)
AHE2 (40) sAHEMIN (40) +SIGHE (40) +ACOOL (40) yALUKE (40) vAHOT (40) &
SIGEL (40) «SIGH2(40) s AHLINE (40) «ALINES(40) «SIGLIN(4O)
AXLINE(4Q) oSIGXL (40) s AXCONT (40) «SIGX (40} oSHYD (40) »
SHMIN(40) ¢SHLINE(40) «SXLINE (40) «SXLONT (#0)
COMMDN JOPTOT/ACONT («0) «SCONT (40) s ALINE (40) +SLINE (40) « SIGMAC (40} +
STIGMAL (40)
COMMON /PTOTAL/PTOTAL (40)
COMMON /PUT/PUTWIPUT
COMMON /RAD/ ACCRAD(40) +PRAD(40)
COMMON /RHOX/RHDX (40) «NRHOX
COMMON /STATE/P(40) «XNE (40) + XNATOM(40) «RHD(40)
COMMON /TAUSHJ/TAUNU(40) o SNJ(40) sHNU(40) o JNU(4D) « JMINS (40)
REAL JNUsJMINS
COMMON /TEFF/TEFF+GRAVGLDG
COMMON /TEMP/T(40) « TKEV(4D) 4 TK (40) oHKT{40) o TLO5(4D) o ITEMP
COMMON /TURBPR/VTURB(40) yPTJURB(40) +TRBFUGTRBCONS TRBPOWSTRBSND
1 IFTURB
COMMON /WAVEY/WBEGIN+DELTAWsIFWAVE
COMMON /XABUND/XABUND (99) «WwTMOLE
DIMENSION SURFIN(20) ¢F(20) «DUMMY (40425) 4ABLDOG(20)
EQUIVALENCE (DUMMY (1) +AHYD (1)) o {F (1) +STIM(1))
DATA ONeOFF/3HON +3HOFF/
EXPL1O(X)=EXP(X#*#2,3025B509299405E0)

E VR N

—

50 TD(100+4200+3004400+500) 4+MODE

AEADINGS
100 IF(IFPRNT(ITER) «EQ.O}RETURN
IFHEAD=0
NU=SNULD=~1
RETJRN

INITIALIZE 5UMS OVER STEPS
200 HSURF=0.
HNU(1)=0e
WAVE=2.997925E17/FREQ
NUzNU+]
DO 201 MUS1eNMU
201 SURFIN(MU)}=0.
N=O
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300

301

303

305
305
310

312
312

320
321

322
325
326

400

10}

PAGE 5
RETJURN

SUM OVER STEPS AND STEP DEPENDENT QUANTITIES

N=N+1

NSTEPS=IPUT

STEPWT=PUT

HSURFEASURF+HNU (L) #STEPWT

D0 301 MUSLeNMU

SURFIN{MU) =SURFIN(MU) +SURFI (MU) RSTEPWT

IFCIFPRNT(ITER) «EQ«Q)RETURN

IF{NSTEPSEQ.1)GO TO 310

IF(IFHEADEQsO)WRITE(6+10])

IFHEAD=1

IF(NSEQIIWRITE(6+303)

FORMAT ({1HO)

ANULG=ALOGLO(HNU(LY)

IDUMEVAP L { TAUNU sRHOX o NRHOX s L & sRHOX 1 ¢ 1)

RHOX1=ALOGL10 (RHOX1)

TAUEND=ALOGL O { TAUNU (NRHOX) )

WRITE(6+305)STEPWT+HNU(L) +HNULG«RHOX1 +» TAUEND

FORMAT (61X 9FLl0eBylPEL3 o4 vOPFL245¢19X02F64e2)

FORMAT (61X sFlOaBsOPEL13a4+0PFLl245¢19Xe2F642)

IFCIFPRANTUITER) wEQe4)GO TO 320

IFCIFPRNT(ITER) o NE«3)RETURN

WRITE(6+312)WAVESFREQ s (JoRHIX{J) + TAUNJ(J) ABTOT (J) »
LALPHA () «BNU(J) «SNUCJI) o JNULY) o JMINS (J) «HNU(J) o J=1 o NRHOX)

FORMAT (1H1//6X10MWAVELENGTHF 943 ¢ 3X9HFIEQUENCYOPEL3 46/

FORMAT(LHL1//6X1OHWAVELENGTHF 943 ¢3X9HFREQUENCYIPEL13,6/
1/712X4HR-0OX ¢ TXSHTAUNU o 6XSHABTOT ¢ SXSHALPHA +BX3IHBNU ¢ BX3HSNU »
2BXAHINU s TXSHJIMINS s TXIHHNU/ (6X1241PFELL143))
28X34INU e TXSHJIMINS y TX3HHNU/ (6X1240P9EL1w3))

RETJIRN

WRITE(6+321)

FORMAT( 126H1 AHYD AH2P AHMIN SIGH AHEL AHE2 AMEMIN SIGHE
1 ACDOOL ALUKE AHOT SIGEL 513-42 AMLINEALINESSIGLINAXLINE 5I1GXLAXCONT
2 S51GX)

DO 325 J=1+NRHOX

DO 322 I=1.20

ABLIG(1)=04

IF(DUMMY (U ]1) oGT40 ) ABLOG( 1) =ALLGLO (D IMMY (Je 1))

CONTINUE

WRITE(8+326)JsABLOGJ

FORMAT{[4+2X20F6e201X13)

RETURN

PRINT SJM5 OVER STEPS

IF(IFPRNT(ITER) «EQQO)RETURN

IDUME=MAPL (TAUNUD « RHOX s NRHOX 9 1 o t+RHOX 1 w1)

RHOX1=ALOGLO (RHOX1)

TAUEND=ALOGL10 (TAUNU (NRHOX))

IF INSTEPSGT&1)RHOX1=04

IF (NSTEPS+GTa 1) TAUEND=O.

IF(IFSURF 4NE«OsAND+ IFSURFLNELL1)GD TD 4DS
IF{IFNMEADGEQLOIWRITE(64101)
FORMAT(IHY//7/7710X4HWAVE ¢ TXTHHLAMBDA s TXS5HLOG He7X3IHMAG
110X9HFREQUENCY + 8XIHHNU s LOXSHLOG HeTX3I4MAG10X6HTAUONE +6H TAUNW)
IFHEAD=1

IF(HSJRFaLE«Q«)HSURF=]14E=30

HLAMEMS JRF*FREQ/WAVE

4NULG=ALOGL10 (HSURF)
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“HLAMLG=ALUGID (HLAM)
HLAMMG= =2 o SRHLAMLG
ANUMG=+2 « SEHNULG
WRITE (6+401) NUYWAVE yHLAM 4 HILAMLG o HLAMMG o FREQ s HSURF s HNUL G # HNUMG »
1RAOX 1 « TAUEND «NU
401 FORMAT (I5sF1la3+s0PE1344¢0PF1245+F104340PE2046+E134440PF12.5¢F1043s
40] FORMAT(ISsF11le3e1lPEL3ut4esOPF1245+F10e3+1PE20ubsE1344v0PF1245¢F10.30
1 9X2Fbelelh)
405 IFUIFSURF«NE«2}YGOD TO 410
JF(IFHEADEQ.QIWRITE(64102)
102 FORMAT(1HL///7/710X4HWAVE « SXOHFREQUENCY « 3X12HTAUONE TAUNU
15(17H MU INTENSITY ))
IFHEAD=1
ARITE(6 2406 I NUWAVE +FREQsRHIXL e TAUEND »
1 (ANSLE (MU) «SURFIN(MU) sMUZ] ¢ NMU)
406 FORMAT(IS5¢F1l0e341PELSebsOP2F6420(5(0PF64341PEL)43)))
406 FORMAT(154F1043¢0PEL1546+0P2Fb642s (5(0PF643+40PELL1.3)1})
410 IFUIFPNCHUITER) «LTe2)RETURN
IF({IFSURF.GT2)RETURN
IF(IFSURFLEQ.2)G0 TO 415
WRITE(7+411)FREQ«HSURF
411 FORMAT(4HFLUXW+1PE20469EL1344)
411 FORMAT(4HFLUX«ODPEZQe6sELl3a4)
RETJRN
415 WRITE(T+416)FREQw (ANGLE (MU) ¢ SURFIN(MUJ) «MUz14NMJ)
416 FORMAT(OHINTENSITY+1PE1Sebe3 (OPFS542s1PElle4)/(5(0PF5e241PE11e4)))
416 FORMAT(GHINTENSITYvOPELISo603(0PF5.2¢0PELLL4) /(5(0PF54240PELL40)))
RETJRN

SUMMARIES
500 IF(IFPRANTIITER) 4ER.0)GD TO 550
IF(IFPRNTUITER) «EQe1)GO TO 540
WRITE(S654501) tJoRHOX (J) oPTOTAL {J) «PTURI(J) «GRDADB(J) ¢ DLTDLP (I} s
IVELSND (J) +DLRDLT(J) +HEATCP {J) sHSCALE (J) « VCONV (J) oFLXCNV (J) s
2J=1+NRAIX)

501 FORMAT(IHL///7//132H RHOX PTOTAL PTURB GRDADB
1 DLTODLP VELSND DLRDLT HEATCP HSCALE VCONV
2 FLXCNV JUI341P11ELL.3))
2 FLXCNY /(I3+0P11ELL143))
WRITE(64502)FLUX

502 FORMAT(1HO10BX4HFLUX1IPEL24%)

502 FORMAT(1HOL108X4HFLUXOPEL244)
WRITE(64503) (JeXNATOM(J) s ACTRAD (J) sPRAD (J) o XNFPH{J s 1) o XNFPHIJ42) »
IXNFPHE [Js1) « XNFPHE (Je2) o XNFPHE (Jv3) ¢+ J=1 s NRHOX)

503 FORMAT(LHL////7/132H XNATOM ACZCRAD PRAD XNFPH1
1 XNFPH2 XNFPHEL XNFPHE2 XNFPHES
2 /(1341PBEL1143))
e /(13.0PBE11.3))

DO 539 J=]+NRHOX
IF(IFCORREQaD) FLXRAD(J) =FLUX=FLXCNV (J)

539 FLXCNV(JISFLXCNVIJ) /(FLXCNV(J) +FLXRADLJ))

540 WRITE(6+541) TEFFGLOGSTITLE«ITER

541 FORMATUIHL//7//7/5H TEFF+FBe0+8H LOG GeFTa3+10XT4ALe2Xs
19HITERATION+13)
ﬂRlTE(boShZ)(JoRHOX(J).T(J)0P(J)oXNE(J)«RHO(J).ABRObS(J)t
LHEISHT (J) o TAURDS LJ) o FLXCNV {J) « VTURB (J) +FLXERR (J) o FLXDRV (J) »

2J=1 +NRHOX)

542 FORMAT(132HO ELECTRON
1 ROSSELAND HEIGHT ROSSELAND FRACTION PE
2R CENT FLUX/132H RHOX TEMP PRESS5JRE NUMBER DEN
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4SITY MEAN (KM) DEPTH CONV FLUX VTURB
5 ERROR DERIV/(1341PELO«3+0PFOelv1PBELLa3¢OPF14434F8,3))
5 ERRIR DERIV/ (I340PELOe340PF941+0PBELL43+0PFlbe3sFAL3))
550 IFUIFPNCHIITER) «EQ40)RETURN

PUNZHOUT
AzZQFF
IF{IFCONVLEQ.1)A=0ON
B=0FF
IFUIFTURB.EQ.1)B=DN
ARITE(T4552) TEFF!GLOG'HLTE'TITLE'IFDD!A'MlXLTHOB.TRBFDGO
1TRBPON!TRBSND!TRBCONoXSCALEO(IZ|ABUND(IZ)olz=1!99)
552 FORMAT(SHYEFF F7.0+9H GRAVITY F5.3¢1X%A4/6HTITLE 74Al
17134 OPACITY IFOP2012/12H CONVECTION A3eFbe2el2r TURBULENCE A3
24F642/16HABUNDANCE SCALE FT.3417H ABUNDANCE CHANGE2(12+F&a3)/
30174 ABUNDANCE CHANGEG(I34FT42)))
ﬂRITE(7‘554,NRHOXO(RHOX(J)'T(J)‘P(J)'xNE(J,!ABRDSS(J,‘pRAD(J)0
1VTURB (J) » )31 s NRHOX)
554 FORMAT (9HREAD DECKI3+31H RHOX+TePsXNE+ABROSS +PRAD«VTURB/
1(IPEL15¢B8s0PF9.1+1P5E10a3))
1(0PE154Bv0PF9,1+0P5E1043))
IF{NLTEONLEQ.DIGO TO 560
ﬂRITE(70556)NRHOX|(RHOX(J)!(ﬂHYD‘JtX)sI=1!6)!BMIN(J)!J*I!VRHOX)
556 FORMAT(2THREAD DEPARTURE COEFFICIENTSI3+214 RHOX BHYD 1=6 BMIN/
LUIPELlo%s0PTF944))
L(OPELLle4sOPTF9.44))
560 IF(IFWAVELER.1)GO TO 570
NRITE(79562)NUMNU!NULD!NUHI!FREQID!(NJ.FRESET(NU)!RCOSET(NU)!
INUZ1 o NUMNY)
562 FORMAT(16MREAD FREQUENCIE531403X6A1/(15|1p2517¢8015'2E17.8))
562 FORMAT (16HREAD FREQUENC1E53XQ!3X6A1/(1500PZEI7.801502E17-B))
S5T0 WNRITE(7+571)ITER
571 FORMAT(SHBEGIN«2OX1OMITERATION 13+10H COMPLETED )
RETURN
END

178



10

11

20

21

23
2z

PAGE 8
SUBRDJTINE TCORR (MODE «RCOWT)

COMMON /ABROS5S5/ABROSS (40) s TAURDS (4 0)

COMMDN /ABTOT/ABTOT (40) vALPHA (40)

COUMMON /CONV/DLTOLP (40) «HEATCP(40) +OLIDLTL40) «VELSNL (40) »

1 GRDADB (40) +HSCALE (40) ¢FLXCNV (40} o VCONV (40) WMIXLTH

1IFCONV

JEAL MIXLTH

COMMON /FLUX/ FLUXSFLXERR(40) oFLXDRV(4D) «FLXRAD (40)

COMMON /FREQ/FREGFREGLGAWEHVKT (40) «STIM(40) +BNJ(LD)

COMMON /ITER/ ITERSIFPRNT(L15) +IFPNCHI15) «NUMITS

COMMON /PTOTAL/PTOTAL (4D}

COMMDN /RAD/ ACCRAD(40) sPRAD(40)

COMMON /RHODX/RHOX (40) s NRHOX

COMMON /STATE/P (40) o XNE (40) s XNATOM{40) sRHD (40)

COMMON /TAUSHJ/ TAUNU{40) s SNU(40) +HNUC&0) ¢ JNUL4D) s JHINS (40}
REAL JNJSJMINS

COMMON /TEFF/TEFF «GRAV +GLOG

COMMON /TEMP/T(40) ¢ TKEV(40) « TK(40) oHKT{40) o TLDS(40) s ITEMP
COMMON /TURBPR/VTURB (40) +PTURB(40) « TREBFDG«TRBCONWTROPDW S TRBSND +
1 1FTURB

DIMENSIDON RJMINS(40) +RDABH(40) +RDIAGJI(40) +OLDTL (60D

DIMENSION DABTOT(40) «DTDRHX (40} ¢HRATID(40) «CODRHX (401 4G 14D) »
13FLJX(6D) «DDLT(40) sDRHOX (40) ¢DTFLUX(4D) oDTLAMB (40} 4LUM (40D}
2ZTINTEG(40) +DTSURF(40) +T1(40) sCNVFLX(4D) 4GRDEFF (40) yRHOXL (40)
EQUIVALENCE (HKT(1)+G{1)+DUM{1)+DTSURF (1))

EQUIVALENCE (TKEV (1) +CNVFLX(1) +RHOXL 1))

EQUIVALENCE (TLOG(1) +DTDRHX (1) «DTFLUX{1)) o ({TK (1) eT2(1))
EQUIVALENCE (FLXERR(1) 4DABTDT(1) +DRHOX (1) ¢ ITAUNU(L) «DDLT (1))
EQUIVALENCE (RDABH (1) sCODRHX (1} «GFLUX (L) +TINTEG (1) +HRATIO(1))
EQUIVALENCE (RDIAGJ(1)+DTLAMB(]1) 4+ORDEFF (1))

30 TO (10+20+30) +MODE

ERASE FREQUENCY INTEGRALS

DO 11 J=1leNRHOX

RJMINS (L J)=0.

RDABH(J) =0,

RDIAGJJ) =D

FLXRAD(J) =0

RETJRN

FREJUENZY INTEGRATION

DD 21 J=])eNRHDX

RJMINS (J)=RIMINS (J) «ABTOT (V) #JMINS(J) #RCOWT
FLXRAD(JI=FLXRAD(J) +HNU (J) #RCOWT

TERYZ2=0.

DD 24 J=]1e«NRHOX

TERM1=TERMZ

IF (JeNE=NRHOX)D=TAUNU(J+1)=TAUNU(D)
IF(Del.EsaD1)GO TO 23

EX=0a

IF(Del.Te10)EXZEXPI (34D)

TERUMZ=o5® (D+EX=25) /D

50 TO 22

TERMZ2Z (9227843350984 67=ALDRG(D) I RDR(225+4D# (Ba33333333333333E=2+D%
1(1,06106666666666TE-2+D41,3888B80608888B89E=3)))
DIAGU=TERM1+TERM2
DBDT=BNJ(J) ®FREQAMKT (N /T{N /STIM(D)

24 RDIAGJI(J)=RDIAGJI(J) +ABTOT(J) #(DIAGI=1e) /7 {1a=ALPHA(J)®DIAGI) ¥

101la=ALPHA(J) ) *DBDT#*RCOWT
RETIRN
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AVRETT=CRODK TAU CORRECTION MODIFIED FOR CONVECTION
30 CALL DERIVIRHOX+TsDTDRHX sNRADX)
CALL DERIVIRHOX«DLTDLP +DDLT «NRHOX)
DO 31 J=1vNRHOX
CNVFLX(J) =0,
DEL=]le
020
IFCIFCONVLEQL L) CNVFLX L) =FLXCNV (D)
IF(ENVFLX (J) +GT« 0« ) DEL=DLTDLP {J) =GRDADB L))
VCOZoSEMIXLTH®*SORT (=2 S#PTOTAL (J) /RHO(J) #DLRDLT (J))
FLUXCOZ o S#RHO(J) #MEATCP () BT (J) #MIXLTH/12.5664
IFMIXLTHaGTs0a) D=8 %S5, 669 TE=-S50T (J) ARG/
1 (ABROS5S(J) #*HSCALE (J) #RHO(J) ) / (FLUXCORL2.5664) /VCO
DsDE#2/24
£ CODRHX(J)*(RDABH(J)OCNVFLX(J)'(DTDRHX(J)/T(J)‘(IO-Q-'D/(D*DEL))‘
1 1«5%DDLT () /DEL#(1e+D/(D+DELI) ) /(FLXRAD(J) +CNVFLX(J) ®
2 15%DLTDLP(J) /DEL®()e+D/(D+DEL)))
CALL INTEG(RMOX+CODRHX +GeNRHOX)
DO 32 J=1+NRHOX
G{J)Y=EXP{G(J))
32 GFLJX(J)=6(J)*(FLXRAD(J)¢CNVFLX(J)'FLJX)/(FLXQAD(J)‘CNVFLX(J)*
1 1+5#DLTOLP(J)/DEL*(1a+D/ (D+DEL)))
CALL INTEG(RHOX +GFLUX «DRHOX »NRHOX)
DD 33 J=1+NRHOX
DRHIX(J)=DRHOX (J) /G (J}
DRHIX (J) =AMAX] (=TAUROS (J) /ABROSS(J) /24 vAMINL(TAURQS (J) /ABROSS(J) s
1DRHIX (J)))
33 DTFLUX(J)=«DRHOX (J) ®DTDRHX (J)
DTFLUX{1)=0a

20 41 J=1+NRHOX
41 FLXERILJIZ(FLXRAD(J) +CNVFLX(J)=FLUX) /FLUX*100,
CALL DERIV(TAURDS+FLXERR+FLXDRV+NRHOX)
TEFF2S=TEFF/25.
DO 43 J=z1+NRHOX
IFLCNVFLX (J) /FLXRAD(J) oL Tal2E=5) FLXDRV (J) =RJMINS (J) /ABROSStJ) /
1FLUX#100.
DTLAMB (J) ==FLXDRV (J) #FLUX/1004/RDIAGJ (J) #ABROSS(J)
IF(CNVFLX(J) /FLXRAD(J) LT o leE=SeANDTAURDS (U)oL Tela) S0 TO 42
DTLAMB(J) =0,
DTLAMB(J=1)=DTLAMB(J=1)/2,
DTLAMB(J=2)=DTLAMB(J=2}/2,
DTLAMB(J=3)=DTLAMB(J=3)/2,
DTLAMB(J=4)=DTLAMB(J=4)/2,
DTLAMB(J=5)=DTLAMB (J=5)/2.
FUDSE TO AVOID VERY LARGE TEMPERATURE CORRECTIONS
42 DTLAMB(J)=AMAXL{=TEFF25+AMINL(TEFF25.2TLAMB(J) ))
43 CONTINUE

DTSJRe (FLUX=FLXRAD(1)) /FLUX#,25%T (1)
DTSJRZAMAXLI=-TEFF25+AMINL(TEFF25.DT5UR))
DO 45 Jx]lsNRHOX

45 DUM(J)=DTFLUX (J) +DTLAMB (J)
CALL INTEG(TAURDS+DUMsTINTES»NRHOX)
I10UMN=MAPL (TAUROS ¢ TINTEG+NRHOX v« 1 ¢ TONEW1)
10UM=MAPL ITAURDS e TINTEGYNRHOX 24 ¢ TTWO 0 1)
TAVE(TTWO=TONE) /2«
IF(DTSUR#TAV.LE«Qs) TAVZO,.
IF(ABS{TAV) «GT«ABS(DTSUR) ) TAV=DTSUR
DTSUREZDTSUR=TAV
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00 49 J=leNRHUX
DTSJRF (J)=DT5UR

D0 50 J=1+NRHOX

HRATID (I =CNVRLX (J) 7 (CNVFLX {J) *FLXRAD (D))

TL(N EDTFLUX(J)+DTLAMB (J) «DTSURF (J)

IF(IFARNT(ITER) «LE«1)GO TD %0

ARITE(ES100! (JeRHOX(J) o T(J) «DTLAMB(J) o+DTSURF L) oDTFLUXII) «TLES) »
1ARATIO(J)Y o FLXERR (J) «FLXDRV (J) ad= 1 s NRHIX)

FORMAT{ 1M1/ //94H0 RHOX T DTLAMB DT5URF DTFL
1JX Tl CONV/TOTAL ERKOR DERIV/
ZUI341PEL124+0PF10alv4F9,141X1PELLe3v1X0P2F1043))
2{I2+0PE12e4+0PF10a1v6F941+1X0PEL1e34]1X0P2F1043))

DO &1 J=1+NRHOX

IF(IFCONVWLERLLIGD TO 462

IF(ITERWERL1)GD TOD 62
IF(OLDTL(DI *T1 (D) aGTa0)TI(NIETLILIIR]) 25
IF(OLDTLI (N #T1 () alTa0a1TLINIETI(I) %,5
ADTI (N =TI (I

TN =T{N T

FUD3ES TO MAKE UP FOR BAD STARTING GUESSES

IF(IFCONVLEQ.L1)GD TO 71

IF(ITER.GT«1)G0O TD 80

TF{FLXEIR (NRHUX) 4L To90a s AND2FLXERR INR4DX) sGTa=5041G0 TO 80

DO 70 J=1+NRHOX

TN =TEFFR (o 75# (4 T10+TAURDS (J) =u 1331 0EXP (+3,44BB#TAURDS (D) )) ) #n 25
a0 TO 80

DO 72 J=1sNRHOX

TF(FLXERR(J) «GT41000.)G0 TD 73

TONTINJE

a0 TO &0

DD T4 J=1sNRHOX

SRDEFF L)) = (FLXRAD (U RDLTDLP(J)+FLXCNV (J) #«GRDADB(J) ) /(FLXRAD(J) +
1FLXCNV (J))

IF(FLXCNV(J) aGT404) GRDEFF (J)=AMAX]Y (GRDEFF (J) 4 {14«DLTDLP (U}) /3,)
AHOXL L) =ALOG (RHOX (.J))

CALL INTEG(RHOXL +GRDEFF ¢ TLDGWNRHOX)

DD 75 JSTART=1sNRHOX

IF(FLXCNVIJSTART) «GTaDWIGD TD 76

CONTINJE

30 TD 80

DO 7T J=JS5TART «NRHDX

TN =T (J=1) *EXP(TLOG(J) =TLOS(J=1))

DD 81 J=1sNRHOX

TKUJ)=1e3H054E=16*T (D)

HKT (J)=6e6256E=27/TK (J)

TKEV(J)IZ8ab6lTLE=S#T (J)

TLOS TN =ALOGI(T ()

RETJRN

END
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SUBROJTINE STATEQ(MODE+RCOWT)
THE BJJND=BOUND COLLISION RATES WERE DERIVED FROM AN ANALYTIC FIT
TO THE CROS55 SECTION CALCULATIONS OF BURKE«ORMONDE AND WHITAKER.
PROC. PHYY5« 50C.s 196Bs VOL 92+ 319

THE CR055 SECTION USED (IN JNITS OF PI®AO##2) IS
A1J = 4RFIJR(EH/EQ) *#2# (LOG(E/EQ)} /{E/ED)+4s148 /{E/EQ)#=6)

FI1J = DSCILLATOR STRENGTH

EH = GROUND STATE BINDING ENERGY

E0 = THRESHOLD ENERGY

D M PETERSON MAY 1968

COMMON /DEPART/BHYD(40+6) «BMIN(40) «NLTEON

COMMON /FREQ/FREQ«FREQLGYEHVET (40) +5TIM(40) +BNJ(40)

COMMON /IONS/XNFPH{40+2) o XNFPHE (404 3)

COMMON /ITER/ ITERSIFPRNT(15) o IFPNCH(15) +NUMITS

COMMON /RHOX/RHOX (40) ¢« NRHDX

COMMON /STATE/P(40) +XNE(40) « XNATOM(40) «RHD(40)

COMMON /TAUSHJ/TAUNU(40) »SNJL{40) o+ HNU(40) o JNU(40) ¢ JMINS(40)

REAL JINJsJMINS

COMMON /TEMP/T(40) +TKEVI40) o TR (40) ¢+ HET (40) « TLOG{40) s I TEMP

DIMENSION DRADIK (4046) +QRADKI (40e6) +IIDHMK (40) s IRODKHM (40)

DIMENSION DOQRAD(40+6) +DARD (40) »TOLD (40)

DIMENSION HCONT (&) +DUMMY (&)

DIMENSION A(6+6) +RIGHT(6) +QCOLL(BB)

EQUIVALENCE (A(L) +TAUNUTL1)) ¢ (QCOLL (L) oMNUCL) ) o« (HCONT (1) oDJMMY (1))

DIMENSION F(B48)

DATA F/8%0uss41624 72804 4e079104004084680,9402899401193428620+5204
1601394 040646T 401506010038 44#04+400780044,02209+40558544179%0l1423])
23200+ 4004814+0401271 0002 T6B0e065510ua207041442542%0,04003184+.008037
3290016044203229¢¢07455%0402340¢148615404/

30 TO(10+20+30) +MODE

ERASE FREQUENCY INTEGRALS

DO 11 I=zl+6

DO 11 J=1sNRrOX

TOLD (I =T (J)

JRDAML {)) =0,

JROCHM(I)I =0,

DORD(J) 20,

DORAD(Je])=0a

ARADKI(Je IV =0

ORADIX(Je]l)=z0.

RETURN

FREQUENCY INTEGRALS

RFRAT=12e5664/646256E=2THRCONT/FRED

HVCF2 o Hbeb2S6E~2THFREQ® (FREQJ/ 2+ 997925E10) %02

DO 21 N=2+6

HCONT (N) =COULX (N+FREGQ 1)

HMINBFE=0a

IF(FREQeGTeleB8259E14oANDWFREJLTe2+111E14) MMINBF=
1 3.695E«16+(=1.251E~1+1.052E13/FREQ) /FREQ

IF{FREQeGEaZel11EL14)HMINBF=6.B01E~204+(5,358E=3+(1,481E13+
1{=5,519E27+4.8B08E41/FREQ) /FREDR) /FREQ) /FREQ

DO 25 J=19+NRHOX

RJ=RFRAT®JINU(J)

RJEZRFRATREHVEKT (J) # (UNUJ) +HV()

RJEDTZRJEMHK T (J)®FREQ/T(J)

DD 26 l=2+6

ARADIK (Jo 1) =QRADIK(Js ) +HCONT(]) #RJ
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DORAD(Js 1) SDORAD(J o I) «HCONT (1) #RJEDT
ARADKTI(Je 1) =ORADKTI(Jal) +HCONT (1) #RJE
IRDAMK (J) SOPDHMK ( J) o MMINBF #R)
DERD(JIEDORD (J) + HMINBF#RJEDT
ARDCHM{J) SORDKHM (J) «HMINBF #RJE
RETURN

IFL{IFPRNT(ITER) oGT.0YWRITE(64201)

FORMAT(1H1/////36X30HHMINUS STATISTICAL EQUILIBRIUM/1OX4HRHOX
1 1K6HQELECT.6XbH0A550C.6X5HDCHARG.6X64:RDKHM.bXbHORDHMK.1X4HBMIN)
DO 210 J=1+NRHOX

DT=T{J)=TOLD(J)

THETAZ50404/T(J)

DELECT=10enn (=8, T)#THETA#® (145) #XNE(J)
DASSOCE]Oe## (mB,7) 82 #BHYD(Ja 1) #XNFPH{JW 1)
CHARGS=10e## (=Tok) #THETA®R, 3333338 XNFPH(J2)

ARDEHM I D) =QRDK MM (J) +DORD (J) DT

BMIN(J) E{OROKHM (J) +QELECT+QASSOC+QCHARG) /

1 (ORDHMK () «QELECT+0AS50C+QCHARG)
ﬂRITE(b.le)JoRHOX(J).OELECT.OASSOCoQCHARG;DRD(HM(J).
12RD=AMK (J) 4BMIN(D)

FORMAT(15+1P6EL223+0PF1044)

FORMAT (I540P6EL243¢0PF1044)

IFC(IFPRNT(ITER) «GT40IWRITE(6431)
FORMAT (1H1/////30XB3HSTATISTICAL EQUILIBRIUM RATES RATE=SIGN (AL
10G10(AMAX] (ABS (RATE®L.E20) s1e)) oRATE) /

213240 RAD 1=K K=l 2=K Ke2 3=K Ke3d 4=k K=& 5=k
3¢=5 6=K K=t COLL 1=K 2=K 3K bwk 5=K b=k 5=8
“6=8 /

51324 COLL 1=2 1-3 1=& 1-5 l=¢ 1=7 2=3 2=b 2=5
62«6 2=7 3=6 3-5 3=b 37 4=5 bwb bl S=b 5=7
76=7 )

DO 120 J=14NRHOX

DY=T(J) =TOLD (D)

THE134595/TKEV (J)

DO 50 I=1e8

y=1

SCOLLATwI) =24 2E=B#YH%3/SORT (TH) REXP (=TH/Y##2) #XNE(J)
ACOLL(I+I) 15 THE BOUND FREE RATE

IF (1.EQ«8) GD TO S50

11=1+1

DO 40 K=]1le8

2=K

GIKEle/YRN2=], /2082

XO=TH®*GIK
a=2.186E-10*F(IcK)/GIK*'Z!XO*SQRT(T(J))*(EXPI(X.XO)#.IAB*XO*
2EXPI(54X0))

DCOLL (I «K)ZQRXNE (J)

DCOLL (K eI =0COLL (1K) RIY/Z) %a2#EXP (XD)

CONTINUE

CONTINUE

DD 65 I=1leé

ALI+1Y=QRADIK(JW])

CRADKI (Je])EQRADKI (Jo 1) «DQRAD (Jo 1) #DT
RIGHT(I)'QRADKI(JUI)¢QCOLL(101)#QCOLL(1|7)+OCOLL(1|B)
DD 55 Kzl«8

A(T+I)=ACT oI 20COLLITWK)
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IF (1eEDab) GO TO &5
Il1=1+1
DD &0 K=11lwb
A{T+K)==0QCOLL(IsK)
60 A(K+1)==-QCOLL (K]}
65 CONTINJE

CALL SOLVIT(A+6+RIGHT «DUMMY)
D3 B0 L=1ls6
B0 BHYD(JsL)=RIGHT(L)
IF (IFPRNT(ITER)W.LEW1) GO TD 120
DO 90 I=leo
JRADKI(Js 1) =SIGNIALOGLO (AMAXL (ADS(IRADKI(Ue ) %) .E20) sla)) e
1IRADKI(Je]1))
90 JRADIK(J+I)=5IGN(ALDGLIO(AMAX]L (ABS{IRADIK (Jel) %1 4E20) ela))y
LIRADIK(Je1))
DO 95 I=1l.8
DO 95 K=1+8
95 JCOLLUIWK)=S5IGNIALOGLIOC(AMAX]L (ABSIOCOLL (I +K)R1aE20) vlu)) s
12COLL (I +K))
WRITE (6+4100) Je(ORADIK(Jo]) «ORADKI(JI) sI=10b6) s
LOQCOLL (T oI) oI=146)+0COLL(5+8) «QCOLL(64B)
100 FORMAT (IHOIS+12F642+6X8F642)
WRITE (64110) (OCOLL (1 9K) oK=247) o {DCOLLCZoK) oK=347) o (QCOLL(34K)
1£=4eT) o (QCOLL (4 9K) oK=54T7) o (JCOLL (59K ) oK=6+7) «ATOLL(67)
110 FORMAT (6X21F6a2)
120 CONTINUJE

160 WRITE (6+0170) {JsRHOX(J) o {BHYD({Je1) el=146) s =1 +NRHOX)

170 FORMAT(1IH1///7//30X36HSTATISTICAL EQUILIBRIJM FOR HMYDROGEN/
1 15X4-HRHOX +»10X2HBL vBX2HBZ +BX2HB3+BX2H34+BX2HBS «BX2ZHB6/
2(8XI2+1PEL1le441X0P6FL0u4))
2(BXI2+0PELlle%s1X0P6FL1044))

RETJRN
END

S5UBROJTINE ROS5S5(MODE+RCOWT)
COMMON /ABROSS5/ABROSS5(40) ¢ TAUROS (40)
COMMON /ABTOT/ABTOT(40) vALPHA(40)
COMMDON /FREW/FREQ+FREQLGEMVKT(40Q) +5TIM(40) +BNJ(40)
COMMON /RHOX/RHDX (40) yNRHOX
COMMON /TEMP/T(40) +TKEV(40) v TK (@0) «HKT(40) + TLOS(40) s I TEMP
G0 TO(10+20930) +MODE
10 DO 11 J=19+NRHOX
11 ABRJS5(J)=0.
RETJRN
20 DD 21 J=1+NRHOX
DBDT=BNJ(J) *FREQ#HKT(J) /T(J)/5TIM(J)
21 ABROSS(J)=ABROSS(J)+DBDT/ABTOT(J) #RCONT
RETJRN
30 DO 31 J=1+NRHOX
31 ABROSS(J) = (4an5,.6697TE=5/3,14159)#T{J)#n3/ABROSS(J)
RHOXO=RHOX (1)
RHOX(1)=0.
CALL INTEG(RHOX +ABROS5S+TAURDS +NRHDX)
RHOX (1) =RHOXQ
RETJRN
END
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SUBROJTINE RADIAP (MODE +RCOWT)

COMMON 7ABTOT/ABTOT(40) +ALPHA{4D)

COMMON /FLUX/ FLUXsFLXERR(40) +FLXDRV (40} oFLXRAD (40)
COMMON /RAD/ACCRAD(40) +PRAD (2D)

TOMMON /RHOX/RHOX (40) sNRHOX

COMMON /TAUSHJ/TAUNU (40) + SNU (40} vHNU (60) s JNU(40) +JMINS(4D)
REAL JNU+JMINS

DIMENSIDON DUM(40) sH(4D)

EQUIVALENCE (DUMI(1)+ABTOT(}))

530 TO (10+20+30) +MODE

D2 11 J=1+NRHOX

H4(J1=0D.

ACCRAD(JI=0.

RETJRN

DO 21 J=1w+NRHOX

4= {J) «HNU (J) #RCOWT
ACCRAD(JI=ACCRAD (J)+ABTOT (J) #HNU (J) #RCOWT

RETJRN

DO 31 J=1+NRHOX
ACCRAD{J)=ACCRAD(JI*#12.56b64/2.997925E10

FUDSE TD KEEP MODEL FROM BLOWING UP WITH LARGE FLUX ERRORS
IF(HIJY /FLUX e GTele ACCRAD (J) sACCRAD (N RFLUX/HLY)
CONTINUE

CALL INTEG(RHOX+ACCRAD«PRAD+NRHOX)

RETJRN

END

SUBRDJTINE DERIV(X«FsDFDXsN)

ASSUMES THAT ANY ZERO IN X JCCURS AT A ENDPOINT
DIMENSION X{1)«F (1) DFDX(1)

DFDX (1) =(F(2)=F (1)) /(X{2)=X{1))

Nl1=N-1

DFDXAN) = {F (NI =F{NL1)) /{X(N)=X(NL}}

IF (N.EJ.2)RETURN

STABS(X(2)=X (1)) /(X(2)=X(]1))

DD 1 J=2sNl

SCALESAMAX]1 (ABS(F(J=1) ) +ABS(F(J)) sABS(F(Je1)) ) 7ABS (X ()]
IF(SCALE«EQeOe) SCALE=1W

DIS(F{J+ L) =F(J} )/ (X(J*1)=X(J))/SCALE
DE(FIN =F{J=1)) /(X (J)=X1J=1)) /SCALE
TAN1=D1/{5%#SQRT(1++D1%#%2) 1)

TAN=D/ (SRS50RT (le+D¥%2) s 14)
DFDX{J)={TANL*TAN) /{1+~TANL*TAN) #5CALE
RETURN

END
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SUBROJTINE INTEGIX+F+FINTN?
DIMENSTION X{1)eF (1) WFINT(])
DIMENSION A(40) +B(40) +C(40)
CALL PARCOE(FeXaAsBsCaN)
FINT(LI (ALY #(B(1)/2+C L) /3a®X (1)) RN(L))RX(L)
FINT(2)=(A(L)+(B(1)/24+CUL)/3aRX(2))RX(2))HX12)
IF{N+EJ+2)RETURN
Nl=N=l
DO 10 I=2N1
10 FINTUI#L)SFINTUI) #(ALI)+BII) /2% (X(I+1)+X(1))+
ICUI) 73R C(XII+1) o XA I RX (1oL X (I RX(I))IRIX{IeL)=X(]))
RETJRN
END

SUBRDJTINE PARCOE(FeXyvAsBeCoeN)
DIMENSION FUL)YaX(1)wA(1)sB(1)aC{1)
Cl1)=0.
B (FID)=F (1) /(X(2Y=X(1))
A(L)I=FI{L)=X(1)#B({1)
Nl=N=]
CINY=0
BIN)=(FIN)=F{NL))/{X(N)=X{N1))
A(N)SF(N)=X(N)%#B(N)
IF(NeEJe2)RETURN
D0 1 J=2sN]
Jl=d=1
DE(F (D =FIJLN) 7 (X (D) =X(J1))
CUINSFLIe ) /7 (I (Jel =X {1 R (X (Jel) =X (JL) D) =F I /7 L(X LI =X {JL1) ) »
LIXCIe D =X (DN SFLIDI /LX) =X (JLIIRIX(J+L)=X(J1)))
BIJISD=(XTJ)+X(JL1)) RC ()

1 ACJISF Il =X(JL)RD+X(J)#*X (J1)*C(D)
N1=N1=~1
DI 2 J=2eNl
JF(C(J) sEQeDe)GD TO 2
Jlsdel
WT=ABS{C(JL1)) 7 (ABSICUUL) ) +ABSIC(I)))
ALJISATUL)+WTRLATD) =A(J1))
BlJ)=B8(J1)«wT=(B(J)=B(J1))
CL=CUIL) +WTR(C I =C(J]1))

2 CONTINUVE
RETJRN
END
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FUNCTION MAPL IXOLDyFOLDoNOLD s XNEWsFNEWsNNEwW)
DIMENSION XOLD L) +FOLD (1) o XNEW(1) oFNEW(])
L=2
LL=0
DD 50 K=1NNEw
10 IF(XNEN(K) oL T« XOLDIL)IGO YO 20
L=L+1
IF(Le3TaNDOLDIGD TO 30
30 TO 10
20 IF(L«EJ«LLIGDO TO 50
IF{L.EQ42)GO TO 30
Li=l=1
IF(LeGTelL*leOReL«ERe3)GO TD 21
CBAC=CFOR
BBAC=3FJR
ABAC=AFDR
IF(LLEQ«NULDIGD TO 22
a0 TO 25
21 L2=L-2
DE(FOLDILI)=FOLDIL2)) 2 (XOLD (L)) =XDLD(L2))
CBACSFOLDIL) /CIXOLD (LY «XOLD (L1 I # (XDLO (L) =XOLD(L2)) )+
1(FOLD(LZ) /(XOLD(L) =XOLD(L2) }=FOLD(LL) 7 (XOLD (L) =XOLD(L1}) )/
2(XOLDIL1)=XOLD(L2))
SBAC=D=(XOLD(L1) +XOLD (L2} ) #CBAC
ABACSFOLD(L2)=XOLD(L2) ®#D+XOLD(L1) #XOLD(L Y #CBAL
IF(LaLTeNULDIGD TD 2%
22 C=CHAC
B=BBAC
AzABAC
LL=L
30 TO S0
25 O=(FOLD(L)=FOLD(LL) ) /{XOLD(L) =XOLD(LLY)
CFOR=FOLD(L+1)/ ({XOLD(L*1)=XDLD{L) )= (XDLD(L+1)=XOLDIL1)) )+
1T(FOLDALL) 7 (XOLD(L+1) =XOLD (L) ) =FOLD (L) /7 {XDLD(L*1)=XOLDIL))) /
2IXOLD(L)=XOLD (LY ))
BFOI=D=(XOLD(L)+XOLD(L]1))®CFDR
AFOR=FOLD (L1) «XOLD (L 1) #D+XOLD (L) #XOLD(L1) #£FOR
WT=0s
IF(ABS(CFOR) oNEL O )WT=ABS(CFOR) 7 (ABS(CFOR) «ABS (CBAC) )
AZAFDOR*WNT® (ABAC~AFQOR)
B=BFOR+WT* (BHAC=BFQR)
C=CFOR+WT* (CBAC-CFOR)
LL=L
30 TO S0
30 IF(L.EQ.LLIGOD TD 50
L=AMINO(NDLDwL)
C=0.
Bz (FOLD(L)~FOLD(L=1)) /7 {XOLD (L) =XOLDIL=1))
A=FOLD (L) =XOLD (L) *B
LL=L
50 FNEW{K) =A+ (B+CHXNEW(K) ) ®XNEN (K)
MAPL=L L]
RETJRN
END
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SUBROJTINE SOLVIT(A+NBeIPIVOT)
SOLVES LINEAR EQUATIONS
A 15 A COMPLETELY FILLED N BY N ARRAY WHICH 15 DESTROYED.
8 IS THAE RIGHT SIDE VECTOR OF LENGTH N AND RETJRNS A5 THE SOLUTION
IPIVOT IS5 A SCRATCH AREA OF LENGTH Na
DIMENSION A(1)«B(1)«IRPIVOTI(1)
EQUIVALENCE (AMAX « SWAPSPIVOT T}
20 20 J=1+N
20 IPIVOT(NI=0

D0 550 I=1+sN
AMAX=0s
DO 105 J=lsN
IFCIPIVOTIJ) aEQa1}GO TO 105
JK=J=N
DO 100 X=1sN
JKE JK+N
IF(IPIVOTI(K) «EDe1)GO TO 100
AA=ABS(A(JIK))
IF{AMAX2GE«AA)GD TO 100
1ROW=J
ICOLUM=X
AMAXZ=AA

100 CONTINJE

105 CONTINUE
IPIVOT(ICOLUM) =IPIVOT(ICOLUM) +]
IF(IRONEQe ICOLUMIGO TO 260
IRL=IROW=N
1CL=ICOLUM=N
DD 200 L=1wN
IRL=]RL+N
SWAP=A{]RL)
ICL=]JCL*N
ACIRL)=ALICL)

200 A(ICL)Y=SWAP
SwAP=B(IRDOW)
B{IONI=BICULUM)
B(ICOLUM) =5WAP

260 ICIZ=TCOLUMSNCOLUM=N
PIVIT=ALICIC)
ALICICY=1a
1CL=IZOLUM=N
D0 350 L=1leN
ICL=1CL*N

350 ACICL)=ACICL) /PIVOT
BCICOLUMI =B IICOLUM) /PIVOT
L1IC=ICIOLUM®N=N
DO 550 L1=1+sN
L1IC=L11Ce]
JF{L14EQ.ICOLUMIGO TO 550
TzA(LLIC)
A(L1IC)=0.
L1L=L1=N
1CL=ICOLUM=N
DD 450 L=1lsN
LIL=L1L*N
ICL=ICL*N

450 A(LIL)ZA(LIL)=ACICL) =Y
BLL)SBILL) =3 (ICOLUM) #*T

550 CONTINJE
RETURN
END

188



FUNCTION EXPI(NWX)

EXPONENTIAL INTEGRAL FOR POSITIVE ARGJMENTS AFTER CODY AN

THACTHERs MATrHa OF COMP4+22+641(1968)
DATA x1l/=~14E20/

DATA ADSALlaA24A34A4sAS+BOBLBZ B304/
1=44)TBeS4T1728217+57721e726T139444,9938.31388962037,
2 1842.1108B6680004101,0938061619064+54034161B4097568
3 7653743323337614432597.188129027546106,10794245759,

4 635.41941837B8382437,2298352833327/

2 «9999T7957705156549.04161556946329+264,3784088791317»

3 23.0192559391333,46,90522522TB444445,43096T839469389

4 10.0411643B29054432.426421069513B441.280T841891424,

5 2044494785013794¢34315092135933024+.103400130404874/
DATA EDeELsE2sE3+E@sESsEbFlaF2eF3eFGaeF54F6/
1-e99999999999844 7 4=264627106043 Bl 14=241.,055827097015,
2=895.92795777293T+=1298+856BBT464B4¢~545,374158R83133,
292,310039388533,
G 1332.7B537T4B257s 2777Te61949509163¢ 2404,01713225909,

1

3

DATA COsCleC20C34C4eC5¢CH64DLeD2eD34D%sD5+4D6/

4eb562T10T9T5096E=-T

~5.66575206533869 2B.6271060422192,

5 631.,6574B3280800/

10 EX1=(EX+EX®IEQ+ (E1+{E2+ (E3+ (EQe {ES*EL/XY/X)/X) /X)) /XY IX)/
(X+ FLle(F2+(F3+(Fos(F5+F&/X)/X)/X)/XIIXYI/X

20 EXIZEX®(CH+ (C5+1Ca+(C3+{C2+ (CL+CORXIRX) AX) X)) RXIHX]) /
(Do+ (D5+(Das (DIA+ (D24 (D1eX)HX) HX) RN} #X) #X)

30 EX1S(AO+ (AL« (AZ2+(A3+ (AG+ASRX) RX)HX)BX) 8X)/
(BO+ (Ble (B2+(B3+(BaeX)mX)#X)#X)#X)=ALDG{X)

1

1

1

IF(X+EQeX1)GD TO 40
EXZEXP (=X)

Xl=X

IF(Xe3Te4e)GD TO 10
IF(XaGTals)GO TO 20
IF(Xa3Ta0s1G0 TO 30
EX1=0.

30 TO 4«0

30 TO 40

30 TO 40

40 EXPI=EX]

41

€ 100
100

IF(NeEJ«1)RETURN

Nl=sN=1

DD 41 I=1sNi
EXPI=(EX«X*EXP]) /FLOAT(I)
RETJRN

END

SUBROJTINE W{AsBN)

DIMENSION B(1)
WNRITE(64100)A«(B(I)sI=]1wN)
FORMAT(1HOsAb640OPL0EL12e%/ (TXs10EL2u%))
FORMAT(1HD 2 A6+ 1PL0OEL1244/ (TXe10EL2u4))
RETJRN

END
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PAGE 19
SUBROJTINE READIN(MODE)
MODE=1 COMPUTE A MODEL
MODE=2 READ A PREVIOUSLY CALCULATED MIDEL FOR SOME APPLICATION
MODE=20 SAME AS 2 BUT ON ENCOUNTERING END RETURN WITH NRMIX=0
COMMON /ABROSS/ABROSS (40) 4 TAURDS(40)
COMMON /CONV/DLTOLP (40) «HEATCP (40) sOLRDLT(40) o VELSND (40) »
GRDADB (40) yHSCALE(GD) oFLXCNV{40) s VCONV (40) «MIXLTH

2 1FCONYV

QEAL MIXLTH

COMMON /DEPART/BHYD(40+6) «BMIN(40) o+NLTEUN

COMMON /ELEM/ABUND(99) «ATMASS(99) +ELEY(99)

COMMON /FLUX/ FLUXSFLXERR (4D) +FLXDRV (40} +FLXRAD (40}

COMMON /FREE/WORD(6) «RUMCOL+LETCOL +LAST+MORE+IFFAIL «MAXPOW
COMMON /FRESET/FRESET{(500) +RCOSET(500) «RULOWNUHT e NUMNU

COMMON /HEIGHT/HEIGHT (40)

COMMON /IF/IFCORRCIFPRESSIFSJRF«IFSCATSIFMOL

COMMON /IFOP/IFOP(2Q)

COMMON /ITER/ JTERCIFPRNT(L15) «IFPNCH(1S5) «NUMITS

COMMON ZJUNK/TITLE(74) +FREQID(6) +WLTE «XSCALE

COMMON /MUS/ANGLE (20) +SURFI (20) oNMJ

COMMON /PTOTAL/PTOTAL (40)

COMMON /RAD/ACCRAD(40) +PRAD(40)

COMMON /RHOX/RHOX (40) +NRHOX

COMMDN /STATE/P(4Q) «XNE (40) s XNATUM{40) yRHO(40)

COMMON /TEFF/TEFF +GRAV +GLOG

COMMON /TEMP/T(40) +TKEV(40) +TK (40) oHK T (40) o TLOG(40) s ITEMP
COMMON /TURBPR/VTURB(40) +PTJURB(40) + TRIFDGs TRBCIN+TRBPOWTRBSND »
1 IFTURB

COMMON /WAVEY/WBEGINSDELTAWSIFWAVE

COMMON /XABUND/XABUND(99) + WTMOLE

DIMENSION CARDI(BO)

EQUIVALENCE (CARD(1) +XABUNDI(1)) 4 (CARDB]1 +XABUND{B]))

DIMENSION RHUXA (40) yDUML (40) +DUMZ (40) «DUM3 (40) +DUML (40) +DIM5 (40)
DIMENSION DUME (40) +DUMT 140) +DUMB (40) » TAUSTD (40)

EQUIVALENCE (DUMY{1)+DLTOLP (1)) o {DUMZ (1) +HEATCP (1))
EQUIVALENCE (DUM3(1) +OLRDLT(1)) 4 (DUM&G (1) sVELSND(L))
EQUIVALENCE (DUM5S(1) +GRDADB(L)) s (DUMEI(1) +HSCALE(L))
EQUIVALENCE (DUMTZ(1) oFLXCNV (L)) « (RHOXA(1) s VCONV (1) «DUMB(1))
EQUIVALENCE (TAUSTDU1) «XNATOMLL1))

DIMENSION IFOP1(20)

A1 oHZPL IS eHMINUS sHRAY yHE 1 o+ HE2 yHEMINUS +HERAY « CODL o LUKE »

40T ELECTRONsH2RAY oHL INES oL INES oL INESCAT «XLINES o XLSCAT o XCONT « XSCAT
DATA IFOP1/324+4609929997+5T95915B8+429928411165+¢111664564753810,
1 15271257 4173061463699T 011527 436946TBGT 16486629457 7716835,
2 229651794849T711626416BT722014T+16B7TT11471.65152896+45046435/
DATA WWLTEsWWNLTE/4HLTE eaHNLTE/

DATA BLANK/]1H /

EXPLOIX)=EXP(X®#2,30258509299405E0)

CARDBL=BLANK

LAST=81

MAXPOW=38

MORE=0

LETCOL=1

READ(S+1) CARD

FORMAT{B0A1)

(M)ACHINE (I)NDEPENDENT (A)}LPHAMERIC (CYODE

BASE 37 Azls Z2=26y Q=27 9=36

MIAC=IW)IRDF (CARD)

NUMCOL=LETCOL

TEFF

—
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3

5000

97

IF(MIAC.EG.10201331G0 TO 100
GRAVITY

IF(MIAC.ED.519223721)G0 TO 200
JPACITY
1F(MIAC.EQ.1070201044)G0 TD 300
KAPPA

IFIMIACLER.20688921)1G0 TO 400
ITERATIONS
IF{MIAC.EQ.661B56T97)G0 TO 500
MOLECJLES
IF(MIAC.EQ.930198669)G0 TO 600
CALTULATE
IF(MIACLEQa210518764)G0 TD 700
ABUNDANCE
IF(MIACEQaT74175307)G0 TO 80O
PRINT

IF(MIAC.EQ.3091118B9)G0 TO 900
PUNCH

IF(MTAC.ER431069574)G0 TO 1000
READ

IF(MIACLER«91B640)GD TO 1100
LTE

IF(MIAC.ERQ.17173)G0 TO 1200
NLTE

IF(MIACLEQa726315)G0 TO 1300
BEGIN

IF(MIACLEQ.401151T)GO TO 1500
SCATTERING
IF(MIACLEQe1323236444)G0 TOD 1600
END

IF(MTACLEQeT367)GD TO 1700
TITLE

IF(MIAC.EQe3796659261GD TO 1800
CONVECTION
IF(MIACLEQ4236883734)0G0 TO 1900
TURBULENCE
IF(MIAC.EQ.1427151802)G0 TO 2000
CHANGE RHOX
IF{MIAC.EQa223095242)G0 TO 2100
FREJUENCIES
IF(MIACL.EQ.450075960)G0 TD 2200
SURFACE
IF(MIACLEQ.13578B12572)6D TO 2300

PRESSJRE
IF(MIACLEDL1143518210)G0 TO 2400
CORRECYION
IF(MIAC.EQe2370B0BT0IGD TO 2500
WAVELENGTH

IF(MIAC.EQa1597906832)G0 TO 2600
SCALE MODEL
IF(MIAC.EQ435762836)G0 TO 2700
CALL

IF(MIACCER.153784)G0 TO 2800

WRITE(6+2) CARD

FORMAT(21H I DO NOT UNDERSTAND 80A1)
CALL EXIT

LETZOL=MAXO (LETCOL «NUMCODL)

MORE=1

MIAC=IWORDF (CARD)
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IF(IFFAILLEQW1IGO TO 98
MORE=D
a0 7O 3
Cﬁiiihlli!l*l
100 TEFF=FREEFF{CARD)
FLUXZ5eb6b69TE=5/1256642TEFF A4
30 TO 97
CRAsmniihnstns
200 5RAV=FREEFF (CARD)
IF(GRAVeLT#104)GRAVZEXPL10(GRAV)
SLOG=ALOGLO(GRAV)
50 TO 97
Ciiili!lllill
300 MIAC=]IWORDF (CARD)
C ON
IF{MIAC.ER.569)GD TO 380
o JFF
IF(MIACLEQW20763)G0 TO 390
C IFOP
IF(MIACLEQe464662)GD TO 370
30 TO 9000
370 NUMZOL=LETCOL
DO 371 I=1.+20
371 IFOP(I)=FREEFF (CARD)
50 TD 98
C IN
380 ISWCH=1
530 TO 391
d OFF
390 ISWCH=0
391 MORE=1
395 MIAC=IWIRDF (CARD)
IF(IFFAIL-EQaLl)GD TO 97
DD 392 1=1+20
11=1
IF(MIACLEQIFOPL(I)IGDO TO 363
392 CONTINJUE
G0 TO 9000
393 [FOP(IT)=]5WCH
G0 TO 395
Ci*#*lﬂ!lllli

400 3D TO 9000
C*ﬁﬁ*'lil*i!l
500 NUMITS=FREEFF (CARD)
DO $01 I=1415
501 IFPNCH(I) =0
IFPNCHINUMITS) =1
30 TO 97
N R
600 MIAC=IWORDF (CARD)
c ON
IF(MIAC.EQ.569)G0 TO 610
c OFF
IF(MIAC.EQ4s20763)G0O TO 620
30 TO 9000
610 IFMOL=1
30 TO 97
620 IFMOL=0
30 TO 97
Cﬁiﬁ*lil'll*l
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PAGE 22
TO0 NRHOX=FREEFF (CARD)
TAUILS=FREEFF (CARD)
STEPLS=FREEFF (CARD)
D0 701 J=1+NRHOX
XNE(J) =0
PRAD(J)=0.
VTURB(J) =0,
PTURB(J)=0.
TAURDS (J) =EXPLOITAULLG+FLOAT (J=1) #STEPLG)
701 T(J)=TEFF®(275# (o T104TAURDS(J)=s 1331 #EXP (=3444BB#TAURDS(J)))) #2275
CALL TTAUP(T+TAUROS+ABROSS+PTOTALYP+PRADIPTURBGRAVINRHUX)
0D 702 J=1+NRHOX
702 RHOX(J)=PTOTAL (J)/GRAV
30 TD 97
CRERBERERERRS
BOD MIAC=IWIRDF {CARD)
C SCALE
IF{MIAC.EQ.35762836)G0 TO 810
c CHANGE
IF(MIAC.EQ.223095242)60 TO 820
G0 TO 9000
B10O NUMZOL=_ETCOL
XSCALE=FREEFF (CARD)
a0 10 97
820 MORE=1
B2l 1Z=FREEFF (CARD)
IF(IFFAIL.EO.1)GD TD 98
ABUND(IZ)=FREEFF (CARD)
a0 1O 821
CHRERRRBRRNRE
900 DO 901 I=1eNUMITS
901 IFPRNT(I)=FREEFF (CARD)
30 TO 97
CHRARERARRERS
1000 DD 1001 I=14NUMITS
1001 IFPNCH(I)=FREEFF (CARD)
aD YO 97
CRERRRRRRRARE
1100 MIAC=IWORDF {CARD)
NUMCOL=LETCOL
FREQUENCIES
IF(MIAC.EQ,450075560)G0 TO 1110
DEPARTURE COEFFICIENTS
IF(MIAC.EQ.287559136)G0 TO 1120
STARTING T-TAU
IF(MIACLEQ.135509444T7)GD TJ 1130
DECKL
IF(MIACLEQ.209579)1G0 TO 1140
30 TO %9000
C FREQUENCIES
1110 NUM=FREEFF (CARD)
NULD=FREEFF (CARD)
NUHI=FREEFF (CARD)
NUMNUZNJM
LETCOL=NUMCOL
NDUMMY = IWORDF (CARD)
DO 1111 I=1l.6
1111 FREQJID(I)=WORDI(])
NUMCOL=LETCOL
DO 1112 I=1+NUMNU

" n N N
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PAGE 23
NU=FREEFR (CAKD)
FRESET (NU) =FREEFF (CARD)
C PROVISION FOR READING WAVELENGTHS

IF(FRESETI{NU) oLTal4E7)FRESET(NUI=2,997925E17/FRESET (NJ)

1112 RCOSET(NUY=FREEFF (CARD)
532 TO 98

C JERPARTJRE COEFFICIENTS

1120 NRHIX=FREEFF (CARD)
DO 1122 J=1+NRHOX
NJMCOL=1
READ(S+1)CARD
DUMMY=FIEEFF (CARD)
DO 1121 I=lsb

1121 BHYD(Je1)=FREEFF (CARD)

1122 BMIN(J))=FREEFF (CARD)
WNLTE=WANLTE
NLTEON=1
oD TO 98

1130 NRHOX=FREEFF (CARD)
D20 1131 J=1sNRHOX
NUMZIOL=1
AEAD(5+1)CARD
TAUROS (J)=FREEFF (CARD)
T(J)=FREEFF (CARD)

PRAD(J)=0.
XNE(J)=0a
VTURB (J)=0e

1131 PTURB(JI=0.
IF(TAJRIS (1) wGTL04)G0 TO 1135
DD 1132 J=1s+NRHOX

1132 TAUROS(J)=EXP10O(TAURDS(J))

1135 CALL TTAUP(TvTAUROS.ABROSSaPTOTAL.P.PQAD.PTURB.GRAVvNRHOX)
20 1136 J=1+«NRHOX

1134 RHOX(JY=PTOTAL (J) /GRAV
530 TO 98

1140 NRHOX=FREEFF (CARD)
o0 1141 J=1eNRHOX
NUMCOL=1
READ(5+1)CARD
RHOX (JY=FREEFF (CARD)
T{J)=FREEFF (CARD)
MORE=1
P(J)=FREEFF {CARD)
XNE(J)=FREEFF (CARD)
ABRISS(J) =FREEFF (CARD)
PRAD (J) =FREEFF (CARD)
VTURB (J)=FREEFF (CARD)

1141 MDRE=0
IF(RHMOX (1) «GE«Ds1G0 TO 58
DO 1142 J=1+NRHOX

1142 IHOX(JIY=EXPLO(RHOX(J))
G0 TD 98

Cliiﬁnlﬁllﬂll

1200 NLTEON=D
WLTE=WWLTE
DO 1202 J=l+%0
DO 1201 I=l+6

1201 38HYD(JsI)=1.

1202 BMIN(J)=1.
30 TO 97
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1300 NLTEON=L
WLTE=wWNLTE
20 TO 97
Caminn ks assn
1500 IF(MODENE.1)GOD TD 1510
IF(NUMITS.EQeQIWRITE(641501)
IF(NRAJXEUODIWRITE(H41502)
IFINUMNJISEQsO)WRITE (641503}
IF(TEFFeEDeDe)WRITE(6+1504)
IF(GRAVL.EQeDWIWRITE(6+1505)
1501 FORMAT (204 HOW MANY ITERATIONS)
1502 FORMAT(14H HOW MANY RHOX)
1503 FORMAT(21H HOW MANY FREQUENCIES)
1504 FORMAT(10H WHAT TEFF)
1505 FORMAT(13H WHAT GRAVITY)
IFINUMITSLEQLOICALL EXIT
IF (NRHOX+EQe0)CALL EXIT
TIF{NUMNJLEQ.OICALL EXIT
IF(TEFFLEQsD ) CALL EXIT
IF(SRAV.EQeDe) CALL EXIT
1510 CONTINJVE
IF(ABJUND (1) al.TeOs)ABUND (1) =EXPL1O{ABUND (1))
IF(ABUND (2) LT+ 0 YABUND(2)=EXPLO(ABUND(2))
DD 1511 17=3.99
IF(ABUND(12) «GT40u) ABUND(IZ) =ALDGLIO(ABUNDI(IZ) )
1511 ZONTINUE
WRITE(6e1512) TEFF+GLOGWWLTE«TITLE «XSCALE
L1(ELEMIUIZ) sARUND(IZ) v1Z=1499)
1512 FORMAT(LHML///7/7/5H TEFFFT40+8H LDG GF6u2s3XAL/
1THOTITLE #74AL/THOXSCALEFBL3+42(3XsA2+F643)/(10(1XAZsFEe2)))
DO 1513 1Z=3.99
1513 XABUND(IZ)=EXP1O(ABUND(IZ))#XSCALE
XABUND (1) =ABUND (1)
XABJIND (2)=ABUND(2)
WTMOLE=0.
DO 15164 IZ=1.99
1514 WTYMOLE=WTMOLE«XABUND(IZ}®ATMASS(]Z)
DD 1516 J=1+NRHOX
TE{J)=1a3BOS4E=16%*T(J)
HKT(J)R6ab256E=27/TK (J)
TKEVI(J)I=8e61TLIE=-5*T (J)
TLOG(J) =ALOG(T (UM
ANATOM (D) =P (J) ZTK LJ) =XNE ()
RHD(J) =XNATOM(J) #WTMOLE* ] 46 560E«24
1516 PTURB(I)I S S#RHO(J)RVTURB(J) =2
WRITE(641517)IFOP
1517 FORMAT(3HOHLIZwTH HZPLUSIZ «7TH HMINUSI2+5H HRAYIZwaH HELIZ
1 @H HE2I12e8H HEMINUSIZ2+6H HERAYIZ#SH COOLI1Z245H LUKEIZ/
2 4H HOTI2+9H ELECTRONIZ2+6H -H2RAYIZ+TH HLINESIZ2+6H LINESIZ,
3 9H LINESCATIZ2e7TH XLINESIZ2+7TH XLSCATIZ2«6H XCONTIZ2e6H XSCATIZ)
WRITE(641518) IFCORRYIFPRES vIFSURF o IFSTATWIFCONVeMIXLTHIFMOL »
1IFTJRB+TRBFDG+TREPOW+ TRBSND s TRBCON
1518 FORMAT(THOIFCORRIZ2+8H IFPRES]Z2eBH [IFSURFIZeBH JFaCATIZW
1 84 IFCONVI2+8H MIXLTHF6e247TH IFMOLIZ/TH IFTURBIZs
2 8H TRBFDGF6.2+8H TRBPOWF&.2+BH TRBSNDF6eZ2eBH TRBCONFE.2)
IF(MDDEWNE«1)GO TD 1575
WRITE(61521)INUMITS+IFPRNT « IFPNCH
1521 FORMAT(TH NUMITSI3«8H IFPRNTLISIZ«BH IFPNCHLISI2)
IF(IFWAVELEQ.0)GD TO 1560
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WNRITE(6+1536)WBEGINSDELTAW ¢ NUMNU
1536 FORVAT(THOWBEGINF1le4+9H DELTAWF T4 48H NUMNUJIS)
30 TD 157%
1560 WRITE(6+1561)FREQID+NUMNUSNJLDWNUMI
1561 FORMAT(AHOFREWID &6A14+8H NJMNUT 44 TH NULOT4+7H NUHIT&)
NN= (NUMNU+3) /4
NNN=NJMNUNN#3
IF (NNNaLTe1INN=]
IF (NNNoLTel)NNN=1
ARITE(6+41563) ((NUSFRESET (NU) yRCOSET (NJ) aNU=T o NJMNUSNN)Y ¢ 1=1 +NNN)
1563 FORMAT((4{3XI3¢1P2E1346)))
C1l%63 FORMAT((4(3XI3+0P2E13+8)))
IF{NN<EJ+NNNIGD TO 1575
NNN=NNN+]1
WRITE(6+1564) { {NUFRESET INU) yRCOSET {NJ) oNU=1 o NJMNU+NN) s I=NNN «NN)
1564 FORMAT((3(3XI3+1P2EL346)))
C1564 FORMATI((3(3XI3+0P2EL3e6)))
C
1575 CONTINUE
WRITE(6415TE) (JeRHOX () o T(J) oP (J) v XNE (J) vABROSS(J) +PRAD(J) »
IVTURB (D) o+ {BHYD(JeI) o I=106) «BMIN(J) s J=]1 +NRHOX)

1576 FORMAT(LIHL///7//78X4HRHOX +IX1HT +BXLHP yBX3HXNE + 6X6HABROSS «SX4HPRAD »
1 6XSHVTURBs24X4HBHYD + 25X 4HBMIN/
2UI3WIPEL13ab+0PF941+1PS5E10e341X0PTFB4))

C Z2{13vOPEL346+0PF9e1l+0P5SELOu3+1X0PTFBu))
Cc
RETJRN
CHERRRRRDREER
1600 MIAC=IWDRDF (CARD)
C IN
IF(MIACLEQL569)G0 TO 1610
C JAFF
IF(MIAC.EQ.20763)G0 TO 1620
30 TO 9000
1610 IFSCAT=1
30 10 97
1620 IFSCAT=D
a0 TO 97
CREARRRRRENRR
1700 IF(MODENE+20)CALL EXIT
NRHIX=0
RETJRN
CRARRERRERRAR
1800 DD 1801 Izl+74
1801 TITLE(I)=CARD([+6)
50 TO 98
CRAXRRARARERR
1900 MIAC=IWORDF(CARD)
C IN
IF(MIAC.EQ.565)G0 TO 1910
c IFF
IF{MIACLEQe207463)G0 TO 1920
30 TO 9000
1910 IFCONV=]
NUMCOL=LETCOL
MIXLTH=FREEFF (CARD)
30 TO 97

1920 IFCONV=D
MIXLTH=1l.
DO 1921 J=1+NRHOX
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1921

ODLTDLP(J)=0.
HEATCP(J) =0,
DLRDLT(J)=0.
VELSND(J)=0.
SRDADB(J)=0.
HS5CALE(J)=0.
FLXCNV(JI=0.
VCONV(J)=0a
a0 10 97

CERERARARBAARR

2000
c
C

2010

2020

MIAC=IWORDF (CARD)

IN

IF(MIACLEQW.569)G0 TO 2010
JFF

IF(MIAC.EQ.20763)G0 TO 2020
30 TO 9000

1FTURB=1

NUMCOL=LETCOL
TRBFDG=FREEFF (CARD)
TRBPOW=FREEFF {CARD)
TRBSND=FREEFF {CARD)
TRBCON=FREEFF (CARD)

30 TO 97

IFTJRB=0

TRBFDG=0.

TRBPOW=0s

TRBSND=0.

TRBZON=0.

30 TO 97

CRuERtRBatennn

2100

2101

2102

2104
2105

2106

NNEW=FREEFF (CARD)

D0 2101 J=1eNNEW

RHOXA (J}=FREEFR(CARD)

IDUM=MAP) {RHOX + T« NRHOX yRHOXA s DUM] y NNEW)
IDUM=MAP]L (RHOX o P s NRHOX ¢+ RHOXA ¢ DUMZ s NNEW)
IDUM=MAP ] (RHOX « XNE « NRHOX s RHOXA s DUM3 o NNEW)
IDUM=MAP]L (RHOX + ABROSS s NRHOX s RHOXA ¢ DUM4G s NNEW)
IDUM=MAR]L (RHOX ¢ VTURB « NRHOX « RHOX A ¢ DUMS ¢ NNEW)
I1DUM=MAP] (RHOX «PRAD yNRHOX ¢ RADXA «DUME « NNEW)
IDUM=MAP ] (RHOX s BMIN ¢« HRHOX «RHOXA s LUM7 o NNEW)
DD 2102 J=1+NNEW

T(J)Y=DUM] (J)

P(J)=DJIMZ (J)

XNE (J) =DUM3 (J)

ABRDSS (J) =DUM4 (J)

VTURB (J) =DUMS (J)

PRAD (J) =DUMS L))

BMIN(J)=DUMT (J)

DD 2105 I=1lse

IDUMSMAPL (RHOX+BHYD (1 4]1) sNRHOX ¢RHOXA¢DUML o NNEW)
DD 2104 J=1+NNEW

BHYD(Je 1) =DUM1 (J)

CONTINUE

NRHIXZNNEW

DD 2106 J=1e«NRHOX

RHOX (J) sRHOXA(J)

50 TO 97

CRRMN RSN

2300
c

MIAC=]IWDRDF LCARD)
INTENSITY
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2310
2311

2320
2330

IF{MIACSEQe6513564309)60 TO 2310
FLUX

IF(MIAC.EQe321147)GD TO 2320
JFF

IF(Y1AC.EQ.207623)G0 TO 2330
S0 TO 9000

NMU=FREEFF (CARD)

DO 2311 MU=1+NMU

ANGLE {(MJ) =FREEFF (CARD)
IFSURF=2

30 7O 97

1IFSJRF=]

50 TO 97

IFSJRF=0

30 TO 97

CREARRERRRENR

2400
C

<

2410

2420

MIAC=IWIRDF (CARD)

IN

IF(MIACJERQaS569IG0 TO 2410
JFF

IF(MIACLEQe20763)1G0 TO 2420
30 TO 9000

IFPRES=1

GO TO 97

IFPRES=0

GO0 TO 97

CHREEFAARBRAER

2500
C

C

2510
2520

2521

MIAC=IWIRDF (CARD)

ON
IF (MIACLEQ.569)GO TD 2510
OFF

IF (MIAC.EQe20763)G0 TO 2520
50 TO 9000

1FCORR®)

S0 10 97

1FCORR=0

DO 2521 J=law)d

FLXERR () =0.

FLXDRV (J)=0.

50 TO 97

CHRERRABRERERR

2600

WBEGIN=FREEFF (CARD)
DELTAW=FREEFF (CARD)
WEND=FREEFF (CARD)
1FWAVE=]

NULD=1

NUHISTFIX ( (WEND=WBEGIN) /DELTAW®45) +1

NUMNU=NUMI
50 TO 97

CRANRRERRAERER
SCALING MODELS OR CHANGING RHOX SPACING TO BE JNIFORM IN TAUROS

C
2700

NRHOX=FREEFF (CARD)
TAULLGaFREEFF (CARD)
STEPLG=FREEFF (CARD)

MORE=1

TEFFL=FREEFF (CARD)

GNEW=FREEFF {CARD)
IF(GNEWaLT«104) GNEW=EXP10 (GNEW)
MORE=0

DO 2701 J=1+NRHOX
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2701 TAUSTD(J)ZEXPLO(TAULLG*FLOAT(J~1)®STEPLG)
RHOXD=R-HOX (1)
IHOX(1)=0.
CALL INTEG(RHOX +ABRDSS«TAURDS ¢ NRHDX)
IHOX (1) =RHOXO0
IDUMTMAPL (TAURDS «RHOX s NRHOX « TAUSTD « DUML yNRHOX)
IDUMZMAP] (TAURDOS » ToNRHOX s TAJSTD » DUM2 s NRHOX)
1DUM=MAR] (TAURDS «PoNRHOX s TAJSTD o DUM3 o NRHDX)
IDUM=MAPL { TAURDS « XNE « NRHOX s TAUSTD s DUMA « NRHIX)
1DUMEMAPL (TAURDS vABROSS «NRHIX « TAUSTD ¢ DJUMS o NRHOX)
IDUM=MAP]L (TAURDS ¢ PRAD «NRHOX s TAUSTD « DUME v NRHOX)
IDUM=MAP] (TAURDS s VTURB «NRHOX s TAUSTD s DJMT 4 NRHOX)
1DUMEMAP L {TAURDS+BMIN«NRHOX s TAUSTD o DUMB y NRHOX )
20 2702 J=1+NRHOX
RHOX (J)=DUML (D)
T(J)=DUM2 (D)
P(JY=DUMA (D)
XNE (J) =DUM4 (J)
ABROISS (J)=DUMS (J}
PRAD(J) =DUMG ( J)
VTURB (JI=DUMT (D)

2702 SMIN(J)=DUMB ()
DO 2704 =16
1DUM=MAPL (TAURDS vBHYD (1 e1) o NRHOX « TAUSTD yDUML o NRHOX)
D0 2703 J=1aNRHOX

2703 BHYD(JsI1)=DUML ()

2704 CONTINJE
IF(TEFF1lsEQe04)GO TO 97
IF{TEFFlaEQuTEFF«ANDGNEWLEJLGRAVIGD TD 97
DO 2710 J=1+NRHOX
TAURDS (J) =TAUSTD (D)
T(JI=T(J)RTEFF1/TEFF

C FOR DETAILED WDRK WITH RADIATION PRESSURE OR TJRBULENT PRESSURE

C BETTER METHODS FOR SCALING THOSE QJANTITIES SHQULD BE INSERTED
PTURB(J) =0

2710 PRAD(J)=PRAD(J}Y*(TEFF1/YEFF) ®#&n (GNEN/GRAV]
TEFF=TEFF1
FLURKEB 4 669TE=5/12,5664%TEFF R,
SRAV=OGNEW
SLOG=ALIOGLO(GRAV)
TALL TTAUP(T+TAUROS+ABROSS+PTOTAL +P+PRADYPTURB 4GRAV +NRHOX)
DD 2711 J=1+NRHOX

2711 RHOX(J)=PTOTAL(J)} /GRAV
30 TO 97

CRRARARAREERSR

2800 CALL DUMMYR
530 TO 97

Clﬁiﬂlﬂﬁiﬁll‘l

END

SUBROUTINE DUMMYR

c DUMMY INPUT ROUTINE FOR MODIFYING READIN
RETJRN
END
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FUNCTION FREEFFICARD)
COMMON /FREE/NORD{6) s NUMCOL sLETCOL WLASTWMORE 2 IFFATL +MAXPOW
DIMENSION CARD(1)
DIMENSION A(10)
DATA A/LHO&IMHL o lHZ 4 1H3wlHG o LHS o LHE s LHT s IHB s 1 MG/
DATA 2PT/1Ha/sQCM/LH/ sQMI/1H=/QOE/LAE/ «QPL/1H*/3DBL/1H /
IFFAIL=0
IF(NUMCOL«GT&LASTIGD TO 3002
ANSNER=0e
ASION=1.
ISIGN=]
NPT=O
i1Fp=0
NSO
ASSIGN 100 YO NSWCH
20 1000 NCDL=NUMCOL +LAST
T=CARD INCOL)
30 TO NSWCH«(100+200+3004400)

100 IF(ZEQ«QBLIGD TO 104
00 101 I=1s10
IFICEQLALI)IGO TO 102

101 ZONTINJE
IF(CsED«QPTIGO TO 103
IF(CeEDOCMIGO TO 104
IF(CEQ.QMIIGO TO 105

999 ASIGN=l.
ANSWER=D.
NPT=0
1FO0=0
N=0
ASSIGN 100 TO NSWCH
530 10 1000

1D2 N=N+)
ANSWER=104®%ANSWER+FLOAT(]=1)
50 TO 1000

103 ASSIGN 200 TO NSWCH
50 TO 1000

104 IF(NGE240)GD TO 999
FREEFF=ANSWER#ASIGN

998 NUMZOL=NCOL +1
RETJRN

105 TF(NLEQL0)G0 TO 106
G0 TO 999

106 ASIGN==1.
50 10 1000

200 20 201 I=1.10
IF(CeEQaA(I))IGD TO 202

201 CONTINUE
IF(CLEQ.QE YGU TO 203
IF(C.EQ«QBLIGO TO 204
IF{CEQQCMIGU TD 204
GO TO 999

202 N=Nel
NPT=NPT+1
ANSWER=10*ANSWER+FLOAT(Iw1)
30D TO 1000

203 ASSIGN 300 TO NSwWCH
50 TO 1000

204 I1F(NJEQLOIGD TO 999
FREEFF=ANSWER#®ASIGN/ 10« %#NPT

200
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300
301

3Dz
310
303

304

4«00

“01

402

403

1000

3002

3001

3000

530 TO 998

DD 301 I=1+10

IF{C+EQ.A(I}}IGD TO 302
CONTINUE

IF(CEQ.QBLIGU TO 303
IF(CLEQ.QMIIGO TO 304
IF{C«EQ+QPLIGD TO 303

G0 TO 999

NPDOANER=[~1

IFO=1

ASSIGN 400 TO NSWCH

a0 TO 1000

NPOWER=0

30 TO 310

ISIGN==1

NPOWER=0

50 TO 310

o0 401 I=lsl0

IFICEQA(INIGD TO 402
CONTINUE

IF({CsEQ.QCMIGO TO 4D3
IF(C.EQ.QBLIGD TO 403

30 TO 999
NPONER=])O®NPOWER+*I~]

IFO=1

IF(NPOWERSGE 4MAXPDW)GD TO 999
30 TO 1000

IF(IFDEQsQ)GD TO 999
FREEFF=ANSWER®ASIGN#LO . #% (I SIGN#NPOWER=NPT)
30 TO 998

CONTINUE

NUMCOL=LAST+1

IFFAIL=1

IF (MORESGT«0)GD TO 3000
WRITE(6+3001) (CARD(I) «I=14LAST)
FORMAT(2BHIFREEFF HAS READ DFF THE END/{1XBOAL))
CALL EXIT

FREEFF=Da.

RETJRN

END

FUNCTION FREEFR({CARD)

COMMON /FREE/WORD (&) sNUMCOLSLETCOL «LAST+MOREIFFAIL «MAXPOW
DIMENSION CARDI(1)

MDRE=1 .
FREEFR=FREEFF {CARD)

IF(IFFAILEQ.OIRETURN

L=LAST~-1

READ(Se1) (CARD(I) sI=14L)

FORMAT (BOAL)

NUMCOL=1

FREEFR=FREEFF (CARD)

RETJRN

END
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500

501
1999

502

503

504

505

506

600

601
602

604
603

PAGE 31

FUNCTION IWORDF (CARD)

COMMON /FREE/WORD (6) s NUMCOL yLETCOL + LAST+»MORE+IFFAIL « MAXPOW

DIMENSION CARD({1)

DIMENSION A(3p)

EQUIVALENCE (QEAL5))

DATA A/1HAWIHBs1IHCyIHD ¢ IHE o 1HF o LHG o LMo 1HY o 1HJ o LHK o LHL « LHW o 1HN
11A0¢19P ¢ IHQ e IHR « LHS o LHT v IHU o IHV o 1MW o 14X e IHY « 1HZ 9 1HO v JHY w1420 L H3 e
21H4 3 1HS e lHE 2 IHT s LHB o 1HG/

DATA JIPT/1Ha/ «QUM/1H s/ «QEQ/IH=/wOBL/1H /

DD 1 I=lsé

AORDI{I)=0QBL

IFFAIL=0

IFILETCOL«GT«LAST)IGD TO 4002

N=0

(M) ACHINE (I)NDEPENDENT (A)LPHAMERIC (C)ODE

MIAC=0

ASSIGN 500 TO NSWCH

D0 2000 NCOL=LETCOLWSLAST

C=CARD(NCOL)

30 TO NSWCHe+(500600)

IF(CeEQQBLIGO TO 1999

DO 501 II=1e26

IF(ZEJ«A(I]))GO TO 502

CONTINJE

MIAC=0

NSO

ASSIGN 500 TO NSWCH

30 10 2000

IF{C«NELQE YGD TO 506

IFINCOLLEQ41)GD TD S06

I=CARDINCOL=-1)

D0 503 1=27+36

IF(CEQA(INIGD TO 504

CONTINUE

IF(CNE«QPTIGO TO S06

C=CARD (NCOL+1)

DD 505 [=27+36

IF(CEQLA(I}YIGD TD 1999

CONTINUE

IF(ZsEQ.QBLIGD TO 1999

N=N+]

MIAC=]1

ADRD(1)=AtI])

ASSIGN 600 TO NSWCH

30 TO 2000

IF(C.EQ.QBLIGO TO 603

IF(CLEJQEQYGD TO 603

IFICLEJQCMIGD TO 603

DD 601 II=1+3%

IF(C.EQA(IINIIGD TO 602

CONTINUE

530 TO 1999

N=N+1

IF(NGT6)GD TO 604

MIAC=37aMIAC+11]

WORD(N)=A(II)

30 TO 2000

IWORDF=M]AC

LETCOLSNCOL+]

RETJIRN
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<000 CONTINJE
LETCOL=LAST+]
4002 I1FFAIL=]
IF (MORELGT0)1G0 TO %000
WRITE(6+4001) (CARD(1) o121 4LAST)
4001 FORMATI(2BH1IWORDF HAS READ JFF THE END/(1XBOA1l))
CAL. EXIT
4000 IWORDF=0
RETJRN
END

SUBRDJTINE BLDCKE
COMMON /ELEM/ABUND (99) «ATMASS(99) sELEM(99)
1H 2HE
DATA ABJND/ T el
3Ll 4BE 58 6C ™ 2] 9F 10NE  1INA  12MG

l=lleby ~9eby =922 e=3a500ebol2v=3s2B8y =babs =350 =6alBe=bebTs
13AL 1451 15P 165 17CL  18AR 19K 20Ca  21sC 2271

2-5.650-‘0.50.-6562!-‘Q.B"‘ E-T1-X ] *5.39-7.00.“‘5.72 ."9.011-7055§
23V 24CR  25MN 26FE 2720 28BNI  29CU 302N 31GA  335E

FeBalI3vmbeD8u=TalTomtab v wBabvmb497s «Tu3saTabIe=Fells=BaT3
3345 345E 35BR 36KR  37RB 385R 39y 407 4InB 424D

4 24Ty wBuBe =Fatts =mBeBrwFat2e=Ge23y =Febs =Faboe=l0e3e=10404
43TC 44«RU  4S5RH  46PD &7AG 480D 49IN 505N 5158 527E

Bm20e09=100be=]l1a29=104Te=1lla3+=94984=10a34s=10a344=[0sss=~10404
531 S4XE  55CS S56BA  5TLA  SHCE 59PR  60ND 61PM  625M

6=10069=10a00=10e94=]l0al50¢=lDsbo=l0nea=lleZe=10s5+w20400e=11+0%
63EU 646D 65TB  66DY 67HD 6BER  &9TM  70Y3  71LJ  T72+4F

Tellede=10e99=]1)ebes=l0a8es=11054s=llalv=lluPe=10uGo=lloeTo=1lubs
TATA  Té4wW TSRE 7605 T7IR TBPT 79AU BOH: BLlTL B2PB

BelleTe=10e9a=lle4e=l0eT7s=]l0aBy~10ebs=1lude=llalo=lleSe~10415
83B] B4PO BS5AT B&RN BTFR HBRA BYAC G0T4 GlPA 92J

9-11.30-20.01-20-00&20.0!-20.0!-20.00“20-00-11.7‘-20.0!‘120(:)!
FAINP  94PU  95AM  96CM  9TBX 9BCF 99ES

T=20e0v=20e04220400=2040¢+20s04=20404=204,0/

DATA ATMASS/ 1.00B+4003,

5093999601341 02814124s01414a01416e00¢19400+2041B42249F2%4310
C6eFBelBa0943009B8432e07435:045439,95439410040408+44,96¢47,90,
50094952400 454494455eB8545B,094458¢7105345546537469472+72460,
TeaT24TBe960T79e914B83480¢B5 4B yBTab39BB4G1491022+9251:¢95.950
G9e000101elvl02e90106a4el0TaTF0ll2elvlleBallBaTel2laBalZ2Tabn
126090131 a341320aF0137u%al3Be90140414140.9+14443414T7404150u40
15204157 e3415B84941624501640T01670434168,94173.0417504178454
181e0¢183:941B6a34]190u24]192e2+195410197000200.6420444+4207820
209e00210400211e04222e0022300422641422701923240¢23140423840»
237400244200 243.04247a00424T7a04251404254,0/

DATA ELEM/ 2HH « 2HHE

2HLI+ 2HBEs 2HB 4 2HC + 2HN « 2HO & 2HF » 2HNEs 2HNA 2MMG,
2HAL e 2HS5Iv 2HP o 2ZMS v 2HIL s 2HAR. 24K o 2HCTAW 2HSC, 2HTI,
2HV ¢+ 2HCRs 2ZHMNs 2ZHFEs 2HIDs 2HNLs 2HCUy 2HZNe 2HGAs Z2HOES
2HASs 2HSEe 2HBRs ZHKRs 2HRB, 2HSRs 24Y + 2HZRs 2HNBe« 2HMD,
2HTCs 2HRUs 2HRHe 2HPDs 2HAGs 2HIDe 2HINs 2HSNe 2HSBe ZHTE.
2HT o 2HXEws 2HCS5s 2HBAW 2HLAs ZHCEs 2rPRe ZHANDe ZHFM. 2HSM,
2HEUs 2HGDs 2HTBs 2HDYs 2H4Ds 2HERs 2-TMe 2HY3s 2HLUs 2HSF,
2HTAs 2HW « 2HREs 2HDSs 2HIRs 2HPYs 2HAUN 2HMOs 2HTLe 2HPB.
2H31+ 2HPD+ 2HATe 2HRNs 2HFRe 2HRA, 2HACs 2HTHe 2HPA, 2HU o
2HNP e ZHPUs 2HAMy 2HCM, 2HBX s 2HCFs 2HES/

END

O E NN P W
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SUBRODJTINE BLOCKR
ZOMMON /CONV/DLTDLP (40) +HEATCP (40) oDLRDLT (40) ¢+ VELSND(40) »

1
2
REAL

GRDADB (40) yHSCALE (40) + FLXCNV (40) o VCONV (40) WMIXLTH.
IFCONV
MIXLTH

COMMON /DEPART/BHYD(40+6) «BUIN(40) «NLTEON

COMMON /FLUX/ FLUXWFLXERR(40) +FLXDRV(64D) +FLXRAD(40)
COMMON /FRESET/FRESET(500) +RCOSET (500) +NULOsNUHI +NUMNU
ZOMMON /1F/IFCORRIFPRES«IFSURF«IFSCAT IFMOL

COMMON /IFOP/IFOP(20)

COMMON /IONS/XNFPH(4042) o XNFPHE (40D+3)

COMMON /ITER/ ITER.IFPRNT(15) «IFPNCH(L15) +NUMITS

COMMON /JUNK/TITLE(74) +FREQAID(6) +WLTE+XSCALE

COMMON /MUS/ANGLE(20) «SURFI (20) yNMUJ

COMMON 7RAD/ACCRAD (40) «PRAD(40)

COMMON /RHOX/RHOX (40) yNRHOX

COMMON /TEFF/TEFF +GRAV«GLOG

COMMON /TURBPR/VTURB (40) +PTURB(40) » TRBFDGTRBCIONsTRBPIWTRBSND

1

IFTURB

COMMON /WAVEY/WBEGINsDELTAWIFWAVE

DATA

DLTDLP +HEATCP «DLRDLT s VELSND +GRDADB +HSCALE « FLXCNV s VCONV/

1 40%04040%04+4070, ¢40%0e 2940800 v40R0av60R04440%0./

DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
DATA
END

IFCONVeMIXLTH/0v1le/
BHYDsBMIN/4O#] o v 00R] o040 ) 0 sb0%1 o 040%]aveOWLastORL,/
NLTEON/O/

FLJX/0e/

FLXERR+FLXDRV/40%0a 440%0y/

NUMNU/ZO/

IFCORRs IFPRES ¢ IFSURF o IFSCATIFMOL/ 191404140/
TFOP/1e10lolaleloa0e0s1909001l+0¢0+s0¢040+0404+0/
XNFPH ¢ XNFPHE/40%04 440204 ¢40R04040%0 4 ¢40#04/
IFPRNT/292v242029202¢202429202v20292/
IFPNCH/040+40402040¢0+040¢0¢0404040+0/
NJMITS/70/

TITLE/Ta®1H /

WLTE/GHLTE /

XSCALE/le/

SURFI/20%0a/sNMU/L/

ACCRAD/40#04/ +PRAD/4O*0./

NRHOX 70/

TEFF/0e/

GRAV/Qe/

VTJRB/&4O®0,/

PTJRB/40%04/
IFTURB«TRBFDG+ TRBPOW s TRBSND + TRBCIN/0 400 s0us0a 904/
1FWAVE/Q/
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SUBRDJITINE TTAUP(T+TAUSABSTD+PTUTALsP+PRADPTUIBGRAVINUMTAU)
ROSSELAND OPACITYes NORMAL ABJUNDANCESs T=3100 TD 28B000. P==2 TO +6

miey

TAUS ™MJST
DIMENSION
DIMENSION
DIMENSION

EJUIVALENCE

DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION

HAVE LOG SPACING

TUL) «TAUCL) sABSTD (1) «PTOTAL (1) 4P (1) 4PRAD(L) «PTURBI(1)

TABT (30) +TABP(30)

TABKAP (30430} +KTAB (30430} +PXAP(30)
(TABKAP (1) +KTABI(1))

KTAB01 (30) JKTABOZ (30) +KTABD3(30) +KTABO4 (30)
KTABOS(30) +KTABOG (30) +KTABOT (30} +KTABOB(30)
KTABO9(30) «KTABL1Q{30) +KTABL11(30) 4KTAB12(30)
KTAB13(30)+KTABL4(30) +KTABL15(30) +KTABL6(30)
KTAB1T(30) «XTABIB(30) +KTABLI9(30) +KTAB20(30)
KTAB21(30)+KTAB22(30)4KTAB23(30) +KTABZ4(30)
KTAB25(30) 4KTAB26(30) +KTAB27(30) »KTAB28(30)
KTAB29(30) +KTAB30 (30)

EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE

(KTAB(DO1) +KTABOL (1)) + (KTAB(0O31) +KTABD2(1))
{(KTAB(061) +KTABD3I (1)) + (KTAB(D91) +KTABD4 (1))
(KTAB(121) +KTABOS (1)) + (KTAB(151) +KTABO6(11))
(KTAB(L1B1) +XTABDT (1)) +(KTAB(211)«KTABOB(1))
(KTAB(241) +KTABOS (1)) +(KTAB(2T1)+KTABLO(1))
(KTAB(301) +KTABL111) )+ (KTAB(33]1)sKTABL12(1))
(KTAB(361) +KTABL3(1)) +(KTAB(391)KTABL4 (1))
(KTAB(421) +KTAB1IS(L) )+ (KTAB(451) «XTABL6(1))
(KTAB(4B1) +KTABLT (1)) o (KTAB(511) +KTABLB(1))
(KTAB(541) +KTABLI (1)) o (KTAB(S571)4KTAB20(1))
(KTAB(60L) «KTAB21 (1)) + (IKTAB(631) +XTAB22(11})
(KTAB(661) +KTAB23 (1) )+ (KTAB(691) +KTAB24(1))
(KTABIT21) +KTAB251(1) )+ (KTAB(T51) +KTAB26(1))
(KTAB(TBL) +KTAB27(1) )+ (KTAB(B11) yXTAB28(1))
(KTAB(B841) oKTAB291(1)) « (KTABI(BT1) +KTAB30(1))

DATA NT«NP/30.30/

DATA TABT/ 345000 34525y 3,550 3,575+ 346004 3,625 34650,
1 3,675y 32700y 34725+ 37504 3775+ 348004 3uB25+¢ 3850+ 34875,
2 3.900¢ 349254 34950 34975y 4a0000 440504 441004 4ol504 44200,
3 4.250' “.3000 “I350’ “'400' “.450/

DATA TABP/ =2e0009=125004=1a000y =«2500¢ D000+ »500s 14000,
1 14250y 15004 12750y 240004 222504 22500¢ 24750y 340004 34200,
2 34400¢ 346004¢ 34B00s 44000+ 42200+ 424004 446004 4800y 5,000,
3 5,2000 544000 546000 54800s 64000/

DATA KTARQL/ =2.000
1042824242454 =41b69=394043612e=32204w2B04s=23834=196Tv=1564y -2+000
2=11BTs =B65s =bble =585 =566+ =563y =5634 =564 =563+ =558, -2.000
3 =541e =5219 =519s =519 =520 =520+ =51Bs =490« =4BOs =479/ ~22000

DATA KTABOZ2/ =1,500
1=42B8T7 4wt 24B4mt]1984=0055403772e~34104=3015+=2608+=22004=1759, ~]14500
2=1414+=1060s =776+ =618+ «566y =5564 =557+ =559 =560+ =560, =14500
3 w55]le =522¢ =5]184 =5]18s =51Bs =513y =519+ =500 =4B8le ~&79/ «~]«500

DATA KTABO3/ -1.000
1w6429B84=0206s=42069v=6]122 y=3906y=35834=3212+=28214~24244~2020 -1.000
2+164)1e=1271s =93Bs =601ls =571y =539, =538 =544 =540, =553, -1.000
3 =553¢ =526% =517s =515¢ =515y «517s =518¢ =510+ ~4B3+ ~479/ =1.000

DATA XTABD4/ =-e500
1=63103=6235v=41905¢m4145¢4=40039=37314y=33894=301Bv=2635+=224T0 -2500
2=1B60s=16814=1121y =809y =59T7¢ ~508y =494+ =504+ =5]1Bs =530 - 500
3 =538y =528¢ =513y =512y =511y =512y =514 =513 =689 ~479/ - 500

DATA KTABOS/ 0.000
1=43D094=4205+=4154 94120 4=404] s=3B363s=353]14y=31085e=28200=2444 0.000
2#20604=16T6e«1300y =948y =656+ =4Tby =415+ «4lBy =64424 =469 04,000
3 =492y =513y =502¢ =504+ =504¢ =5034 =506¢ =509 =496¢ =479/ 0.000

DATA KTABOG/ «500
1=6276+=41363=04061 +=403]1¢=3995¢4=3867T4«3613+¢=32964=29534=25%4 «500
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2=22219=18394=-14544=107Bs =733y =462y =311y =275 =298y =340,
3 ~3B4e =645le =669y =B2¢ =690y =491y =491l =496y =496y =477/
DATA KTABO7/
1=62024=60189=3905v=385T74=3B42+v43784+=35984=33]17+=2999+=26562y
€=230Bv=193T4=15554=1169y =795y =462+ =213s «90y =THy =122
3 «1H5s «309s =386y =424y =455y =G4hBy =469 =4T72s =479y =670/
DATA KTABDB/
l=4l4be=39604=3B04s=3T7394=37234=369]y=3546+y=32B7+=298Ll+=265b+
2=2313+=1952+=157Te=1193y =813s =440y =173, 2 52 18
3 =4By =200 =313 =3T3y =422¢ =4hTe =454y =456y =463y =660/
JATA KTABO9/
1=40743=38494=369]14=236054=35TF4=35644=346)4+32304=29384=2623»
222291 9=19424=1576e=1198y ~B818¢ =453, =137, 87» 186 1764
3 1lls =63e =2140 =303y ~3The =blby =433y w437y =b4b2y =bdi/
DATA XTARL1Q/
1«39B864v=3T4bs=3565¢+345B84=34174234090=33444=314T74=2BT24=2567.
2=2245¢=1907+=1553+~11854 =809y =440,y ~103s 161s 313+ 34l
3 290+ 101y =Bb6es =211l =306s =371y =403y «4l2¢ ~«alTs =422/
DATA KTAS11/
1=3B8Llv=36314=34304«3301v=3242+=32324y=3197+=3040+=27854=24914
2=21784v=1851e=15104=1153¢ =TBEy =418y =T0s 224+ 426+ 503,
3 478. 288, 69y =944y =217+ =308y =359y =3Bl =388+ =393/
DATA KTABl2/
1=37614=3505+w328B4y=31394wl30604yw30404a30254=2911+y=2681+=2399,
2=2096e=1T77B4=14494=1105¢ =T49¢ =387y =36s 279+ 520+ 650+
3 bbb 692y 251, 4Ty =104y «2254 =3004 =337, =352, =358/
DATA KTAB13/
1-36279=33720=31424+29734=28T754=2B414=28354=2T7604=25624=229b
2=20014=1693+=13T64=10434 =700y =347, le 327y 59Bs T76»
3 B39« T0&s 453+ 215 32y =1184 =220¢ =279y =305+ =315/
DATA KTABl4/
1+3481+=32314=29934+2807+v=26914=26394=26324=25914+24304=-2182,
2=1897+=15974=1288y ~970s =639¢ =299, 43 372+ &63. BBOs
3 994 922+ 6Tls 40&s 194, 13¢ =119y =20)s =245 ~263/
DATA XTAB1S/
1=33244=3085¢=2B0h s=2604+v225080=24304=24244+24054=22B5+y=2060+
2=1T787 e=14969=1196y «88Bs ~570s =242, 90e 4174 T1Bs G4y
3 1123+ 1132+ B97s 616e 3TT7e 170 Te =102y ~167Te ~199/
DATA KTABL&/
1-31922=2964+=2T7264=25]154n23b64=2282v=22564=224T+v=2158+=1956
2=«16954=14104=1117¢ =~81Bs ~509s «~1924 1324 4544 758y 1019,
3 1209y 1290+ 1080s 793+ 536 3l4s 127 =4y =BBs =134/
DATA KTABLT/
1+3055¢=~2B8399-26039=23894y=2226+v=2128+=20904s=20B4+=20234y=1847
2=1599+=1323+=1036s =Thby ~44Sy <1374 L1T7¢ 493s T97s 1067
3 12Ble 1434 12628 977s 704 471s 264y 110, Ge =56/
DATA KTABlB/
1=29164=2T71004=24814=2264+=2090+=19784=1927+=191T7u~187Bs=1732»
2=1499e=1232y =953y 66T =3T76s =TBs 226+ 5344 B3%, 111l
3 1341 1563y 14400 1l64e 8BOs 638 416 242+ 118, 37/
DATA KTAB19/
1=2T7T6es=25TBs=2358 422140 +v=195Ts=18314=]1T76T7v=]lTL9e=1T26s=1609¢
2=1396v=1139¢ ~86T7¢ =589+ =305¢y =l6s 2T9¢ 578+ BT74+ 1151
3 1392« 1674y 1610¢ 1351 1062s Bl2s SB8le 390, 247« 14B/
DATA KTAB20/
1=2632e224634022334=20174=182T7s=1689¢=161l0vy=1583+=1568¢~14804
2=12894«1044s ~TT7T9¢ =508+ =232+ 4Bs 335 6254 9l4s 1190,
3 1438 176By 1770 1538y 124Bs 991y 757+ 5%2¢ 393« 277/
DATA KTaB21/
1=24B893=2306¢=2]1054=1896¢=1T004=]15519=145Bswlée]lGs=1405s=13424
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«200
«500

1000
1.000
1.000
1.000
14250
14250
1250
1250
1500
1500
1.500
14500
1.750
1750
1.750
1750
24000
2000
2.000
24000
24250
24250
24250
24250
2+500
2500
24500
24500
24750
24750
24750
2750
3.000
3.000
3.000
3.000
3.200
34200
3,200
3.200
3.400
346400
3,400
3,400
34600
3.600
3.600
34600
1.800
3.800
3,800
3.800
4+000
44,000
4s000
«.000
4200
4e200



2=1176+ =945, =690¢ =4J5¢ =157« 115« 393s 675 957 1229,
3 14080+ 1B4bs 1916 1720 14364 1173 93Be T254 5544 423/
OATA KTAB22/
12367 +=216T+=10764=]1T7T)e=l575¢=141bswl13114=1259,=1241+=-1198%
2~105Be =Babs =598 =34l, =79 185, 455, T2Bs 1002+ 1269,
3 15198 1912 20464 1897« 16254 1357+ 1lll4s 906y 7254 583/
SATA KTABZ3/
1222064=202 7 ¢=184bsmlb6tbv=14524al2Bbs=116Be=11034=107R:=1047T,
e =3344 «=T3Bs =5030 =254, Oy 25Bs 519y TB&4s 1049, 1310,
1 15584 1968 21584 2065+ 1812 1543, 13114 1093s G066 755/
JATA KTABZ4/
1-206T7s=18B8Te=17109=1520¢=13294=1158+=1029s ~95)s =917+ =892
2 =B04s «629s =406+s =165, Bls 332+ 5HBb6s B62s 1099+ 1353,
3 1597y 2016y 22534 22204 1996y 17304 la98s 1283 1092s 935/
DATL KTABZ2S/
1-19¢9e=174T4=15T49=13934=12064=1033y =895+ =BD4e =759 =735,
2 =667+ =515¢ ~306s =Ths 1654 409y 655y 903« 1152+ 1399
3 1637 2060 2332 2361y 2175« 19174 168B4s 14754 1282s 1121/
DATA KTABZS/
1=1794¢=1608s=143Tyv=1264+~1082¢ =909y ~TH5¢ =662« =605y =577,
2 =525 =394+ =203, 18+ 251y 487y T26be 96T7s 12084 1447,
3 16804 2101 2399 2484 2345, 21034 1870y 1666 1675y 1312/
DATA KTaB2t1/
1=1660+=14T70e=13000«1133y w958y =TBTw =63Ts =525¢ =45by =421
2 =379y =272y =96+ 1ll&4s 339y 56Bs BO0« 1033+ 1266+ 1498,
3 1724 21404 2457 2591 25044 22854 20554 18554 16654 1504/
DATA KTaBzs/
1-15284=13354y=1163+=1000¢ =833 =645y =513« =392+ =312+ =268
Z =2304 w]l42. l4y 213y 430y 652« BTHs 1102y 13264 1552
3 1771+ 2180 2507+ 26B24 26469, 2462y 2239 20634 1B6Z2+ 1699/
DATA KTABZ29/
1213974«12019=1027s «B&Ts =706 =543 =390y =2634 =172+ =119
2 =B0« =8By 129+ 315+« 5234 73Bes G655+ 11Ta4e 13624 160G,
3 1B2ls 2221 25%34 2759y 2779y 2631s 2421« 222Bs 20544 1893/
DATA XTaB30/
1=126B4=1069y «B92y «T733, «578y =420y =26Bs =137y =37, 254
2 67 128y 248y 420¢ 6159y B26s 1037 12484 1460y 1669,
3 1874y 2263y 25964 2825, 2892, 2789y 26004 2411, 2244 2088/
DATA ISYART/0/
EXP10O(X)=EXP(X#2,30258509299405E0)
IF(ISTARTLEQ.L1)IGO TO 19
15TART=]
DO 13 IP=1eNP
DD 13 IT=1eNT
13 TABCAP(ITWIP)=FLOATIKYABLITIP)) /1000,
19 DLGTAJU=ALOGI(TAU(2) /TAUI(L1))
PLOG3=0.
PLDO32=0.
PLOGL1=0.
DPLOGZ=0.
DPLOGL1=D«
C ASSJME CONSTANT OPACITY NEAR SURFACE. FIRST GJESS5=,.1
ABSTD(1l)=.1
DD 22 J=1+NUMTAU
DO 24 1P=]1WNP

IDUM=MAPL (TABT « TABKAP (14 IP) «NTALDGIO(T{J)) «PKARP(IP) 41}

24 CONTINJE
IF(JeEQs1)PLOG=ALOG(GRAV/ABSTD (1) ®#TAU(1))
IF(JaGTeleAND o JeLE«4)PLOG=PLOGL+DPLOG]

IF(JaOTa4)PLOGE (3, #PLOG4+8 RDPLOGL=4,%DPLD52+84#DPLUG3) /3.

ERRDR=1.
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44200
44200
4LatDOD
Lo QU
4 940U
L o400
4a 00
4.600
44600
44600
44800
4 oBOU
44,800
44800
5.000
S«000
50000
5000
54200
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54400
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20

21

22

106

110

115
200

50 TO 21

IF{JeED LIPNEW=ALDG(GRAV/ABSTD(LI®TAULL) )
IF(JaaTelaANUGJaLE o) PNEWS(PLOG* 24 *PLIGL+DPLOG«DPLODGL) /3,
TFiJeGTeb)PNENT 11264 #PLOGL=144*PLDGA+G,#PLOG4+424 #¥DPLOG*
1 1084*DPLOGI=54.#DPLOG2+244*DPLOG3) /121,
ERRIR=ABS(PNEw=RPLDG)

PLOG=PNEW

PTOTAL (J) =EXP(PLOG)

PLJ)EPTOTAL(J) =PRADIJ)=PTURB(J)

TDUMEVARL (TAUP +PKAP +NP+ALOGLO(P (J)) ABSTD(J) 1)
ABSTD(J)=EXP1O(ABSTD (J))
DPLIG=GRAV/ABSTD (J) #TAULI) /PTOTAL (J)RDLGTAY
IF(ERIDRaGT«00005)G0 TO 20

PLOG4=PLOG]

PLOGASPLOGZ

PLD32=PLOGL

PLO31=PLOG

JPLIG3I=DPLOGYE

DPLOG2=DPLOG]

DPLIGL=DPLOG

CONTINUE

RETJRN

FND

SJUBROJITINE POPS(CODE +MODE « NJMBER)

DIMENSION NUMBER (404])

REAL NJMBER

COMMON /IF/IFCORRIFPRESIFSJRFeIFSCATIFMOL
COMMON /RHOX/ZRHOX (40} yNRHOX

COMMON /STATE/P{40) o XNE(40) « XNATOM(40) «RHD (40}
COMMON /TEMP/T(40) 4 TKEVI40) s TK(40) aHET (40) «TLOG40) o JTEMP
COMMON /XABUND /7 XABUNL (99) +WTMOLE

DATA ITEMP1/0Q/

IF(IFMOL.EQe1)GO TO 200

IF(IFPRESEQu]l sANDITEMPLNELITEMPL) CALL NELECT
ITEMPL=1TEMP

1IF(CODELEQWD)RETURN

1F (CODELT1004)G0 TO 110

WRITE(6+1086)

FORMAT(14H1MOLECULES OFF)

CALL EXIT

1Z=CODE

NION=(CODE~FLOAT(IZ) ) #100.+145

DO 115 J=1eNRHOX

CALL PFSAMA(JsJZ+NION«MODE +NJMBER)

PAGE 37

PFSAHA ETURNS IONIZATION FRACTIONS OR JONIZATION FRACTIONS/

PARTITION FUNCTIONS SO CONVERT TO NJMBER DENSITIcS
NNNN=NTON
IF (MODEaL. T+ 10) NNNN=)
DO 115 TON=1+NNNN
NUMBER (J+ TON) =NUMBER (.« TON) #XNATOM (J) #XABUND (12)
RETJRN
IF (IFPRESAEQal+AND ITEMPLNE. ITEMP1) CALL NMOLEC (MODE)
ITEMP1=1TEMP
IF (CODEEQsO)RETURN
CALL MOLECU(CODE +MODE +NUMBER)
RETIRN
END
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401

“02
“406

11

12
20

250

400

403

404
500

PAGE 34
SJBROJTINE NELECT
COMMON JELEM/ZABUND(99) yATMASS(9%) oELEM(SY)
COMMON /1TER/ ITERWSIFPRNT(15) «IFPNCHI15) «NUMITS
COMMON /RHOX/RHDX (40) «NRHOX
COMMON /STATE/P(40) «XNE(40) « XNATOM{40) «RHD(40)
COMMON /TEMP/T(40) s TKEV(40) +TK (40) +HMKT (40) o TLOG(40) I TEMP
COMMON /XABUND/XABUND (99) s WTMOLE
DIMENSION ELEC(40) «E(10) «X(10) «MASK (1D) yNELEMZ (10) «+nNIONZ(10D)
DATA NELEMZ/142+6411412413014319420426/
DATA NIODNZ/1 924292429242 e24242/7/N2/7107/
IF(ITERLTNUMITSIGO TO 4«06
DO 401 I=1eNZ
NELEM=NELEMZ (1)
E(I)=ZELEMINELEM)
WRITE(64402) {ECI) s I=1aNZ) o (E(TI) wI=14N2Z)
FORMAT(1HL///7/50X22HELECTRON CONTRIBUTIONS/2X«20(4X4A2))
XNE(L)=PULY/TK (1) /2.
DO 500 J=1sNRHOX
IF(JaGTelIXNE(JI=ZXNE (U1} 2P (J) /P (J=1)
XNTOT=P (J) /TK (J)
XNATOM(J) =XNTOT=XNE (J)
DO 1 I=1aNZ
MASC (1) =]
DD 20 L=1+200
XNENEW=De
DO 11 I=1sNZ
IFIMASK (1) 4EQeDIGD TO 11
1Z=NELEMZ (T}
NION=NIONZ (1)
CALL PFSAHA(JsIZWNIONs4«ELEQ)
E{I)=ELEC(I)
X{IY=ELEC{J) ®XNATOM(J) #XABUNDI12)
XNENEWS=XNENEW+X (1)
CONTINUE
XNENEWNS (XNENEW+*XNE(J)) /2
ERRDR=ABS ( (XNE (J) =XNENEW) /XNENEW)
XNE (JY=XNENF W
XNATOM () =XNTOT=XNE (J)
IF(ERRORWLT««0005)G0 TO 400
1F(JeEQe1)GO TO 20
X1=«00001*XNE(J)
IF(ERROR«LT«#05)X1=X1%10.
DO 12 I=1eNZ
IF(X(]I)alLTeX1IMASK(I)=0
CONTINUE
CONTINJE
WRITE(6+250)
FORMAT(22H XKNE DOES NOT CONVERGL}
CALL EXIT
RMD (J) =XNATOM(J) #*WTMOLE®*] .660E-24
IF(ITERLLTNUMITS)GD TO 500
PO 403 1=1eNZ
X(IY=X{1)/XNE(J)
WRITE(64404) e (XTI)al=1oNZ) s (E(])oI=1aNZ)
FORMAT(I3+20F6.3)
CONTINUE
RETURN
END
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SUBIOJTINE PESAHA(JeIZWNION+MODE s ANSWER)

MODE 1
MODE 2
MODE 32
MODE 4
MODE +
COMMON
COMMON
COMMON
DIMENSION
REAL IP
DIMENSION
DIMENSIIN
DIMENSION
DIMENSTON
DIMENSION
DIMENSION
DIMENSION
DIMENSION
DIMENSION
OIMENSION
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EJUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EJUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
EQUIVALENCE
2) C 3) 0 4)
DATA NNNO1/

RETURNS TONIZATION FRACTION /PARTITION FUNCTION
RETURNS ITONIZATION FRACTION

RETURNS PARTITION FUNCTION

RETURNS NUMBER OF ELECTRUNS PRODUCED
10 RETURN ALL ION5 YO NION,.
/DEPART/BHYD (40+6) +BMIN(40) +NLTEON
/STATE/P (40) « XNE (40) + XNATOM(40) +KHO (40}
/TEMP/T (40) s TKEV (40} ¢ TK (40) yHKY (40) » TLOG(40) + I TEMP
ANSWER (40+6) sF (6) o IP(6) 4+PART (6) 4POTLIL6) oL OCZ (2%)

SCALE(4)

NNN(64353)
NNNOL (54) «NNNO2 (54) sNNND3(54) «NNNOG (56) yNNNG5(54)
NNNOG (54) «NNNOT (54) sNNNOB(564) sNNNOG(56) +NNNLO(54)
NNNL1(54) +NNN12(54) yNNN13(56) ¢NNN14(54) +NNNL15(54)
NNN16(54) «NNNLT(54) oNNNLB(54) sNNNLI9(54) ¢NNN2O(54)
NNN21(564) ¢+NNN22 (54) sNNN23(54) +NNNZ24 (54) +NNN25 (54)
NNNZ6(56) sNNNZ2T(54) sNNNZB156) sNNN2G (54) sNNN3Q (54)
NNN31(54) «NNN32{54) ¢+NNN33(54) +NNN34(54) o NNN35(54)
NNN36(54) «NNN3T(54) sHINN3B(54) +NNN3J(54) «NNN&O (12}

55) sNNNOZ2 (1))
163) +NNNO4 (1))
271) «NNNO& (1))
379) «NNNOB (1))
4B87) +sNNN1O(1))
595) yNNN12(1))
T03) «NNNL14 (1))

NN (
(NNN ¢
{NNH(
(NNN(
(NNN
(NNN (
ONNN
(NNLEC

1) «NNNOL1 (1)) o (NNNY(
109} «NNNO3 (1)) v (NNNI
217) oNNNOS 1)) v INNNI
325) «NNNOT7 1)) o (NNNI
433) «NNNOF (1)) 4 (NNNI
5611 ¢NNN11(1)) o (NNNI
649) +NNNL13 (1)) o (NNN{
T5T) «NNNIS(1) 2o (NNNT B11) eNNN16(1))
INNN{ B65) oNNNLTEL)) o (NNN{ 919) oNNN1B (1))
(NNN( 973) oNNN19 (1)) o« (NNN(1027) wNNN20O (1))
(NNN(10B1) oNNNZ21{1)) s (INNNUL1L135) «NNNZ22(1))
(NNN(1189) yNNN23 (1)) 4 (NNN(1243) «NNN24(1))
(NNNUL297) oNNN25 (1)) o (NNNCL3SL) oNNN26(T))
(NNH(1405) NNN2T (1)) o (NNN(L1459) «NNN28(1))
(NNN(1513) NNNZ29(1)) s (NNNCL1567) sNNN3O(1))
(NNN(1621) ¢NNN31(1)) o« INNNULETS) sNNN3IZ2(1))
(NNNTLT29) oNNN33 (1)) 5 INNNCL783) vNNN3G (1))
(NNNCLB3T) ¢NAN3S (1)) « (NNNC1IBIL) NNN36(1))
(NNN{1945) «+NNN3T(1)) o (NNN{1999) +NNN38(1))
(NNN(2053) « NNN3G (1)) o (NNN(2107) sNNN4O (1))

( 5)U &) «t i 8 t 9 (1o (

IP ) G

200020001
100010001,
100010001
200020001+
100010001«
200020011,
100010001,
200020001,
100010001

200020011
100010001
100010011
200020071,
100010001,
2012204814
100010201,
200020211+
100010001

DATA NNNO2/

100010051,
200120231,
100010001,
200020001
600060001
100310831,
200721061,

104311441,
211422771,
100010201,
200020011,
600560281,
132016901,
233526401,

201620881
100010001
102111241
208524971,
100010001
212922881,
126225521
227936571
1000100014

131615641,
249627631,
126225521,
2012206614
608761991,
214226411,
297533311,

231228281
100010001
145022061
382669341
100010001
258731081,

67216512,

69610342,
100010001+

190623681,
309034911

67216512,
223426161,
637466191,
315738741,
36904048)

210

378953411
100010001
363059451
128222452
100010001
394251691
351165562
137217102
100010001,

298037691,
39545051
351165562,
332644691,
693973361,
419147071
4640T764T651

1359502«
1359500
2458104
5440302,
5440300
538901
7561907,
12241800,
12241800/

931900,
1820600,
15385000,
21765700,
B29500,
2514900,
3792000,

REF
Da+F

DeF
Ds+F

DeF
DeF
DeF

AEL
AEL
AEL
AEL
AEL
AEL
AEL
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MODE ALONE RETURN NIDN UNLY.

1.00
1401
2000
2.01
202
3.00
3,01
3.02
3.03

4,00
4401
4,02
4403
5.00
5.01
5.02



SO
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NN P W N e

100010001
B9329227T1.

1000100G1 «
96110042,

DATA NNNO3/

595060251
105513201,
204922771
403141851
919899541
596862721
112816481
210124681
BT74TB9691

620865751
180324851,
262630421,
457051681y
107211512,
684177081,
240733751,
293634211
924795711}

DATA NNNQ&/

424151091,

95610702,
503567171,
124420321,
215026541,
575958511,
900296401
469162051

99511422

6228T4TB],
1181130324
775391141,
306943181,
323137551,
5R9B859231 .4
102610802,
791295541,
129214572,

DATA NNNOS/

615472711«
135324181,
100010001,
580158751

93510272,
529774371,
103312152,
62917871l
200020001,

B7TT10602,
377252001,
100010051
591759741,
110411662,

94611322,
1406160062,

98311802,
200320211,

DATA NNNOG/

100010001«
580158751
96910772
601386081
105712442
100010011,
2001200251,
100010001 .
579758751

100010161
591860351,
116012242,
108812932,
144616652,
1014106214
202921001,
100110611,
591459501,

DATA NNNOT/

100611232,
674896701,
558857701y
100310211,
2003202014
100010001,
5777158651
103511582
825189211

120612752,
121814462,
583558761
110313021,
208622331,
100210881,
591259631,
124713242,

95210052,

DATA NNNOB/

563057761
101110771,
200720521,
100010001,
575458521
40264344])
B74497931

588160311,
126716471,
217224081,
100210881
591459851,
496757481
106011282,

100010001+
105311262,

713280191,
341851341,
350941931,
594071181
124914302,

BB110342,
“6206849]
391145791,

99410492,

91312832,
149619922,
106612482,
606281181,
421566491,
595860671
113912542,
121419552
170523002,

127215002+
6615802614
105313051,
642687101
127116062
135816202,
181320182
136715512+
207322131,

119621261,

71813142,
130714232,
148916832,
189221182,
1184145814
226926901,
177455431,
600560591+

134214102,
167018942,
59326059] .
172828201
250530971
207436531,
604461351
140014772,
106211532,

6317686T1y
232438081 .
284439171,
207436531,
6100632014
658274401,
119812802,

100010001
126315202,

95712292+«
BB416332,
494556971,
92913362
1825206232,
1283170624
116419932
539862151,
115213492

221842502+
3297616424
143716252,
101712232
508255151
636470031,
152921152,
402686872
320140922

172919582,

94410852,
210239461
15933652
257647882
188221442,
222224262
173619202,
253031421

50711872
321968812,
153916552,
187820722,
234425702,
204831781,
368457091
176546012,
611461681,

147815462,
211723412,
635969541,

55311252,
410251081
523168101,
622563161,
155316292,
134317202,

7910497651,

T1914052,
551370951,
523168101,
672674071
833492941,
138415142,

211

100010001,
196126432,

167623542,
296550722,
644872001,
203331152,
“«03762662,
239334312,
283736822,
T03178471,
169022242,

79914013,
101914173,
181420032,
142916342,
594863811,
B15199581,
318348952
154822203
49B45BT762

218624152y
122613672,
74013022,
64111533,
75110223,
240626682,
263128352,
2106422892,
417657451

246445382,
106014333,
177118872,
226624612,
279630222,
509479731,

92814872,

99718753,
622362781,

161416822,
256527892,
796790971
215637942,
611571211,
B38999681.,
640764981,
170517812,
237934082,

127817282,
262045302,

86810262,
838999681
B43698661
103511532,
164717802

25929800
1125508/

2437501,
4757101,
6447600,
1452915,
2959202
LbT42501
77445900,
ST86200,
1361307/

3510711,
S4u8B8500,
7739300,
11387300
13807900,
1741802
3498003,
6264500,
B713300/

11421300,
15711700,
2155808,
4106907,
6350000,
9701900,
12630000,
15790900
513802/

4728301
7165000,
988B000,
13836900,
17209000,
T64404,
1503101,
BO11905,
10928900/

14122600,
18648900,
598400,
1882203
2844000,
11996000,
153770004
19042000,
814913/

16340004~
3346001,
4513000,
16672900
20510900,
1048300,
1972000,

PAGE 40
G 5.03
DeF 6400

DeF
DeF
DeF
DeF
DeF
De+F
D+F
DasfF
DeF

601
6,02
6a03
700
701
Te02
7.03
Te04
B.00

DaF
Def
DeF
DeF
AEL
D»+F
DaF
D+F
DeF

8.01
B.02
8.03
B.0s
8.05
900
9.01
9.02
9,03

DeF 9,04
AEL 9,05
D+F10,.,00
D+F10.01
D+F10.02
D+F10,03
AEL10,04
AEL10,05
DsF11.00

D+F1l1.01
D+F11,02
P+F11.03
AELI1.04
AEL11,0%
DeF12.00
D+F12.01
DeFl2.02
AEL12.03

AEL12.04
AEL12.05
D+F13.00
D+F13,01
DsF13.02
DeF13,03
AEL13,.04
AEL13,.05
D+F14,00

D+F14.01
D+F 14,02
D+Fl4,03
FAKl4.04
AEL 14,05
AEL15.00
AEL15.01
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564058961
100811411l

604164611
149720221

DATA NNNO9/

200420781
100010001
822RABTR91
443056011,

91610392,
560058861
104512901
202321571
538155931,

227025361,
100010001
930697831,
694982961 .
113512242,
633871081
177025421,
26416428261,
571657911y

DATA NNN1O/

BT3396771,
50656957])
95110872,
558960371,
100010001
550256831,
92110362
5820820814
97111072

104411072

B7610522.
120013232,
677779341,
1000100514
578158781,
112412002,
103112292,
123213982,

DATA NNNL11/

202020011
100010001
554657081
96010862+
657793361,
100110061
205822781 .
100010001
555157161

200720361«
100110341,
581260301,
118413212,
119515082,
104311741,
279234761,
100510821,
5856626471,

DATA NNNL12/

99411262,
9264696691y
190624662,
976799291
100010001,
555157161
181021172
476659872
228327012

123814062,
105212282,
297634542,
101110322,
100510821,
585662471,
260333222,
721284672,
308134272,

DATA NNN13/

971498311,
100010001
272835172
373954132
323142642y
248329302,
970698231+
T172T7611y

T1611552

99210032,
100510821,
425851532,
743597002,
519660272,
3264234952,
990699881,

92911652,
205635512,

DATA NNNl&/

280639822,
377150952,
264730962
600060321
739594821,

984LT472
328847052,

5383697224
616070292,
3641436462,
629270891,
139921212,
265535782,
5866683462,

709579551,
280936121,

281430911,
100010001,
102610932,

96911522,
136416942

82410062
375163021
358355061
598067191

118513532,
1344216824
154921252

95311692+
106913911
636585461
133216772
145920212,
172625622

211923291,
135929551

73012702,
180836632,
195826322
145919971
427553061,
168744821,

82816862,

182930402,
151215062,
391743752,
105810882,
168744821,

B28B16B&62.
430155582,

98211413,
381143862y

102610572,
168744821,
632278322
121414713,
679975352,
373439752
100710152,
152620872,
5568281952

87610823,
791788382,
394042872

86911302,
309342852
454754842
TT1785912,

90410172
441552181,

336936471,
12001C001
1216144652
1442168572
2334298824
123314602
1224204062

TB3IL0LS52

B90O13782.

175525872+
439092662y
345149322,
138816082
240147261,
151530162
2546443722
309750502,
463976582

28013716l
79119282
2853638724
90321023,
352944302,
294345051,
68B994501,
130232522
42510013,

4B4T66392,
2405320032,
482952832,
111911502,
130232522,

42510013,
710089242
134515623,
536563472,

108711172
130232522

97212013,
173920143,
824789522,
421744582y
102410322,
295141952,
115315823,

129115003,

97610683,
463549832,
151020222
567372412,
641973532,

94710343,

212

112912422
602168241,

392542021
100010001,
185124742,
227326892,
364242962
168619132,
2B6036T742
124814802,
2271737172,

406763932,
182132573
641378942,
182720672
907161124
58010303,
76512833,
720793642
106413633,

52557574l
405274892,
129023363,
416863253,
533162332,

69010322,
136319772,

69012813,
168423663,

84310223+
3689406512,
573761912
118112122

69012813,
168423663,
110213293,
177919963,
734983512

1147117B2

69012813
146817723,
229225713,

96610363,
469949412,
104010482,
550468122
205625293,

170919183,
116012523,
533056782
2675346752,

97112553,
B2BT92212.
112112093,

3015500
5135400/

6500700,
22041300
1035703+
2339900,
3500000,
4T28900.
7250000,
8802800,
1300916/

2379903+
3990006
5350000,
6780000
1575411
2762007
4090003,
5978900,
7500000/

433403,
3180905,
4600005,
6090000,
8259900,

6511003,
1186701,
5121003,
6700000/

8438900,

653900,
1280000,
2415000,
7390000,
9200000,

681900,
1356900,
2747000/

4324000,
9940000

674000,
1464900,
2930500,
4800000,
6500000,

6T6400,
1645000/

3095000,
5000000,
7300000,

743100,
1563600,
32369000,
5300000,

PAGE 41
AEL15.02
AEL1S.03

AEL15.04
G 15.05
D+F 16,00
D+Fl6,01
D+Fl6.02
D+F 16403
D+Fl6.04
DsF16405
D*F17.00

D+F17.01
D¢F17.02
DsF17.03
DaFlTa04%
D+F18,00
DeFlB84C1
D+F18.02
D+F18.03
DseFl8.04

D+F19.,00
D+F19.01
DeF19.02
D+F19.03
D+Fl9.04
D+F20,00
DOFZ0.0L
D+F20,02
D+F20,03

DeF20,04
AELZ21,00
AELZ21,01
AELZ21.02
FAK21.03
FAKZ]404
D+F22.00
D+F22.01
D+F22402

DseF22.03
FAK22,.,04
AEL23.00
AELZ23.01
AEL23.02
AEL23.03
AEL23.04
D+F24.00
DeF24401

DeF24,02
D+F24,03
D+F24,04
AELR5.00
AELZ25.01
AEL 25,02
AEL25,03
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422055132
197023222,

636770792
274433302,

DATA NNN15/

406453722
262136622,

QHTZ23522,
3REBS44B2,
199427202
279739202,
273836622
262136422,

GBT23522

686687452,
501167232,
420363072,
666275742,
335740022,
490858232,
461857562,
501167232,
“20363072,

DATA NNN16/

227027822,
10uel63ed,
198724282,
279836622,
262136422,
201620781,
109415761,
897195961
100010001,

306233052,
222428472,
293236452,
461857562,
501167232,
231026761
247938311,
107212972
1006410231

DATA NNN17/

200020221,
100610471,
403245501,
99710051,
199820071,
502665261 4
422848161,
100010261,
403143241,

221620761,
122617301,
493151431,
104511541,
204521391,
755183501,
512153401,
114613921,
491856701

DATA NNN1B/

593676641,
4844705641,
630172361,
%3B055511,
651982321
437347431,
705183611,
510869921,
100010001,

BE4E6GTS21,
91510972,
7996686381,
691582151,
94610382,
498951671,
93510092,
B7410312,
100010051,

DATA NNN19/

461049811,
759990901,
200020011,
100010001,
673650891,
100110041,
202621931,
100010001,
791587851,

522254261,
101911142,
290720361,
100110321,
533156051,
104111741,
255331271
100110321,
100012192

DATA NNN20/

118217102,

92510012
141320802,
354454352,
209727032,
2566360224
335157222

220827002,
1064710862
291439702,
T246B9652,
324537052
465759302,

B4511463,

7179285062
416753952,

110213823,
87911303,
87011423,

46693572,

474957182

6B4582472,

720693022,
B7911303,
87011423,

356839222,
353944332,
468362702,
720693022,

87911303,
314737361,

58910042,
165021182,
108712611

223726341,
300546361 .
529654331,
135016501
229124761
901496201,
557458941,
175221251,
6649173781,

105911572,
125614082,
919797221,

94510732,
113212492,
538559501,
111614162,
123116552,
105012781,

609088131,
129017782,
211523021,
129524961,

66810932,
146019721,
3B4347931,
129524961,
155119942,

319036792,
112311612,
531170262
107212643,
415446282,
T&9693962,
147718363,

921999322,
723799822

174322233,
138916483,
145117913,
102511143,
TOBOYO4EZ s
104713233,
1264915873,
138916483,
145117913,

446052912,
577373932,

B&511123.
124915873+
138916483,
450555381
190937022,
260230862
167124841

351352061
149924112,
559358091
208226431,
266028451
102410942,
636270361,
249828711
B40396751

129515012
157017612
1028109424
121413672
139515462,

74710812,
222932532
236530712,
198535971

168935052,
302856642,
269434141,

61014202+
232950852,
281941411,
624085761

61014202
254031782

41656546512,
120212472

92712273,
148517093,
510255752,
116514243,
221826083,

213

106411363,
139419053,

2B643T043.
190721673,
215925463,
120312923,
118315403,
159818733,
192522633,
190821673,
215925463,

652382292,
110314303,
136016073,
192522633,
190721673,
692386911

68311693,
356940532,
388460411

BOB12472,
332342352,
611065171,
321837921,
302932131,
117912812
794489061,
324436181,
113013392,

180322212,
199722912,
117712832,
152016732,
169718482,
169126672
427652992,
377744832,

65911422,

68612253,
99414333,
459163351,
291753192,
99915303,
607785251,
122417632,
291753162,
389946932,

513256072,
132814282,
162521053,
193321573,
604965222
171520333,
299933893,

7600000,
Ts7038/

1617902,
3064300,
5700000,
7900000,

Tu6000.
1704900,
3349000,
5300000,
8300000/

T63314
1814900,
3516000,
5600000,
7900000,

772301
2028903,
3682900,

939102/

1796001,
3970000,
600000,
2050900,
3070000,
787900,
1593000,
3421000,
981000/

1858700,
2829900,

975000,
2150000,
3200000,
1183910,
2160000,
3590000,
1399507/

2455908,
3690000,
417502
2750004,
4000000,
5692024
1102600,
4300000,
637900/

1223000,
2050000,

684000,
1312900,
22980004

687900,
1431900,

PAGE 2
AEL2540¢
D+F26.00

DeF26.01
DeF26a0¢
ALL26,03
D‘FZ&.O“
DeF27.00
DeF27.01
D+F27.02
FAK27.03
FAKZ27.04

D‘FZB.OO
D+F28.01
D+F28.02
FAKZ2B.03
FAKZ28.04
D+F29,00
D#FEQQOI
D+F29,02
D+F30,00

D+F30,01
D+F30,02
AEL31,00
AEL31,01
AEL31.02
AEL32.00
AEL32,01
AEL32.02
AEL33,.00

AEl 33,01
AEL 33,02
AEL34,00
AEL34,.,01
AE( 34,02
D.F35.00
DeF35,01
D+F35.02
DeF364,00

D+F34,01
DeF36,02
D¢F37.00
DeF37.01
D+F37.,02
D*FSB.OO
D+F38,01
FAK38,02
AEL39,00

AEL39,01
AEL39,02
D+F40,00
D‘FQ0.0L
D+F40,02
AREL 41,00
AEL4l.01
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223725352
703972341

280830972,
82610822

DATA NNNZ2L1/

15714552
267645462,
90613732
131318312
20721573
176R24122 %
221934642,
2106227224
148520202

276347322,
669850262,
184B23562,
227126932,
2367257313,
318941082,
501968372,
241025422,
255230902,

DATA NNNZ22/

153421292
2564537212
115919551
155087211
180223462y
200020001,
100810581
795887491
100010001

288137912,
692362292
320746011
105913442+
289735212,
200220141,
125817401,

9TT11762,
100410241

DATA NNNZ23/

200020021
100310281,
252431321
100110071
200120111,
232637101,
286335341,
100010251
4040463481,

201720921,
114815371
368440461,
104611651,
205021611,
488058571,
408144471,
114013811,
494656811y

DATA NNN24/

303147981,
313037601
526258801,
440855541
3490564751,
405342041
568567471
514269581,
100010001

61846T2951,
429347901,
657372351,
686481251,
699883081,
438645621,
173485861,

86910562,
100010091,

DATA NNNZ5/

416844131
6156475101
2000200014
100010001,
424445601,
101210791,
262638511y
100010001,

71111992,

465649111,
867797531,
201020501
100310371,
481750061,
135119351,
504160621,
100310351,
172323592,

DATA NNNZ26/

204529582

946T12552
295959132,

79718153,
298640242,
460693672
455480232,

383647882,
148416582,
103515693,
289639443,
475053692
158523823,
114014653,

340937362
154822682,

T18897632.
115514323,
291735332,
311735452
284031463,
515263202

BB911173,
267928262«
364942462

484660322
770592182,
607576761 v
173122222,
414247632,
206422141,
260641031
156620252
109212891

233329881,
246138311,
433746521,
146118581
243628031,
669074381
479351961,
175321601
646T7T2781,

B27392621,
536260591,
784284071,
93810792,
96611302,
475751071
94510362
130716652,
109515351,

538464651,
112213462,
215623871,
119016501
516953311,
282340571
698579371,
118416321,
312540402

582469262,
179819212,
215527593,
495159253,
596965912,
327242303,
178521013,

214

406844002,
327244912,

123414913,
173620673,
419949102,
397644072,
348738613,
T61790472
136316243,
297731272
489656082

720187062,
107312243

95011642,
282034722
538460052,
257633021,

66210072,
248329422,
176827421

451675371
519265531,
512259221
225426511
317035371,
816189091,
571862901
256829751
813490751,

103711702,
6B94T7T759),
897095741,
125414792,
134216202,
587974491
1127121824
215327742,
291060661

B7112232
157616062
283536181+
269146361
549356551,
574580391

91010692
264945521,
510763182

807992692,
203621522,
335939413,
GH68TT533,
725379692,
519661563,
260927073,

473150632,
571469372,

174920063,
242528083,
565764332,
4B3B52692
426546GF463
106112303,
189221613,
327834282
638872352

101011483,
137615273
141817172
412247732
L626T24724
455164681
135316982,
340038582,
444268771

127520782
791492761
723389021
304734431
390442701

972106324
6B62T4341
338337901,
101411372,

131214532,
B62494881,
102711082,
176321132,
197724212,
102214572
130916002,
351843662,
119621482,

158019362,
2036226624
462756261

T7912412,
581759791
111015062
129115652,

76512182,
765791012

104911723,
227424042,
449650223,
863794813,
8720946924
709379783,
299232633,

2503500,
705300/

1614900,
2714900
728000,
1525900,
3000000,
736400,
1675900,
2846000,
746000/

1807000,
3104900,
832900,
1941900,
3292000,
T5T403
2148000,
3481900,
899003/

1690301,
3747000,
578400,
1886000,
2802900,
736200,
1462700,
3049000,
863900/

1650000,
2529900,

900900,
1860000,
2800000,
1045404,
1905000,
3200000,
1212716/

2120000,
3209900,
389300,
2510000,
3500000,
521002
1000000,
3700000
558000/

1106000,
1916900,

565000,
1085000,
2008000,

541900,
1055000,
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AEL&41,02
D+Fauz2,00

DeFaze0l
AEL4Z2.,02
AEL43,00
ACL43.01
AEL43,02
AEL44 .00
AEL44,01
AEL44,02
AEL45,.00

AEL45,01
AEL45.02
AEL4& .00
AEL46401
AEL46.02
D+F47.00
DeFaT.01
D+F47,02
D+F48,00

D+FaBe01
D+F48a.02
D+F49,00
D+F49,01
D+F49.02
AELS50,.00
AEL50,.,01
AELS50.,02
AEL51.00

AEL51.01
AELS51.02
AEL52.00
AELS2,.01
AELS52,02
D+F53,00
D+F53,01
AELS53.02
D+FS54,.00

DeF54.,01
D#FS"-OZ
D+F55.00
D+F55,01
DeF55,02
D+F56.00
D+F56.01
FAKS6,02
AELS57,.,00

AEL57.01
AELS57.,02
AEL58,.,00
AELS58.01
AELS58.,02
FAKS59.00
AELS59,01
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46410533,
1396230462,

1838268934
364860002,

DATA NNN2T/

460493592,
55480232
131720482,
139623042
4654936824

22915672
315059662,
269037812,
BDOOOBOS571

158523823,
114014653,
280535692,
364860002
158523823,
222431062,

37114563,
520270372,
851699301

DATA NNNZ2B/

125416052
BO0O080571.
2404323982,
534793262
366145232,
480767202
4B0T6T192
“wBOT&67202
343147532,

211828182,
851699301,
427555202
139219123,
514756362,
89011393,
89011393,
89011393,
645887152,

DATA NNN29/

343147532,
343147532,
222635002
222635002,
222635002
133715382,
265934782
2650347824
800381111

645887142
645887142,
562276772
542276772,
542276772
209130152,
4TBTTS532,
497877532

BT51070

DATA NNN3O/

15671BBT2.

93517192
100010011
200120901,
100312561«
51466444l
125924831
323948621
659294081,

279244452,
66666132,
101310651,
270345231,
250851931,
759086851,
©3B66TBOL
661297271,
128016962,

DATA NNN3Ll/

99117882,
187427702,
65210892
192837842
99117872,
398981651,
131429482
192837842,
600963001,

274638812,
343739872,
171325762,
6D0T7B4B02,
274638812,
130019172,
523279952
600784792,

75910412

DATA NNN32/

T3AT10B52
131429482,
110815502,
168225972,

73710852
129117892
110815502+

190731262
523279952+
216829732,
362046562,
190731262
239430882,
216829732,

354443773,
96114603,

327142303,
178521013,
44125464452,

96114603,
327142303,
444763802,
204627093,

91111273,
127617362

375549622
127617362
JO0B4B9962.
247730843,
604864112
144118243,
144118243,
144118243,
115314793,

115314793,
115314793,
100312353,
100312353,
100312353,
429859382,
120517732,
120517733,
147621462

678196342y
103414613,
118613951,
B1714042.
91914182+
99211442,
98714112,
15B626482,
222528952,

520867322,
448049452,
373552252,
111113823,
520867312,
273438022,
111414623,
111113823,
150121572

464964142,
1116414623
39BT52322,
566766422,
464964142
3BBT4B292.
398752322

518459633,
209828633

519661563,
260927073
676583972,
209828633,
519661563,

BI612173,
342541693
133915483
240433032,

644381732,
240633032,
112613853,
371043333,
673BT0372s
230028753,
230028753,
230028753
183322063,

183322063,
183322063,
145716713,
145716713,
145716713,

79410293,
2645032063,
245032063,
310343462

128316243,
192624193,
169120661
223533112,
198626022,
133315612,
199727872
426865032y
372047062,

B4410313,
539358282,
705192012,
165419233,

84410313,
516168382,
183422233,
165419233,
301940972,

83810503,
183422233,
6T248B4682.
7574846124

83810503,
596173252,
672484682,

215

674375243,
373446973

709279783,
299232633,
103412583,
3734456973
709279783,
159520253,
4905563683,
172719093,
4449584462

101112213,
4649584462
167319843,
495055893,
732276072
354142883,
354142883,
354142883,
257729373,

257729373,
257729373,
187020703,
187020703,
187020703,
129815983,
400448073,
4D044B0T3
585475982

197823443,
293334613,
250629971,
461959862,
323638692
182721252
380850742,

93712843,
585171462,

123314453,
625266642,
116414343,
218524383,
123314453,

BR411163,
262130233,
218524383,
539168952,

127315053,
262130233,
104612673,

93010103,
127315053

89510843,
104612673,

2320000,
542000/

1073000,
2000000,
555000,
1089900,
2000000,
562900y
11065900,
2000000,
568000/

1125000,
2000000,
615900,
1210000,
2000000,
584900,
1151500,
2000000,
593000/

1167000,
2000000,
602000,
1180000,
2000000,
609900,
1193000,
2000000,
618000/

1205000
2370000,
625000,
1217000,
2000000,
609900,
1389900,
1900000,
700000/

1449900,
2329900,
TET900,
1620000,
2400000,
797900,
1770000,
2500000,
787000/

1660000,
2600000,

B50000,
1700000,
2700000+

910000,
2000000

PAGE o4
AEL59a.02
AEL&QLUO

AELG60.01
FAKALEDL,02
LAEL&LLOU
FAK61.01
FAK&E1 .02
AEL62.00
AEL62401
AELL2.02
AELE3.00

AEL63.01
FAK63,02
AEL 64,00
AEL64,01
AEL64,02
AEL65.00
FAKS65,01
FAK65,.02
FAK66,00

AEL66.01
FAK6602
FAK6T,00
FAKET.01
AEL6TL02
AEL6B,00
AEL68.01
FAK68.02
AEL69.00

AEL69.01
AEL6G,02
AELT0.00
AEL70,01
AELT0,02
AELT1.00
AEL71,.,01
AELT1,02
AEL72.00

AELTZ.01
AELT2,02
AEL73,00
AELT3,01
FAKT73,02
AELT74,00
AELT4,01
FAKT4,02
AELT5.00

AELT5.01
FAKT5.02
AEL76.00
AELT6401
FAKT6.02
AELTT.00
FAKTT7,.01
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168225972,
156918512,

362046562
207523002

DATA NNN33/

98115462,
110815502,
203222611
120521331
651780821,
100010001
202320211,
104012871,
200420711,

2264330742,
216829732,
265731251
357753801
108814772,
100110111,
210023021
186129471,
222424271

DATA NNN3&/

100010021
200020311,
103411711,
206122231
100210131
400140351,
106814451,
205523051,
500950661

101910801+
216624611
147819101,
2648227841,
106812201,
416944121
2046427341,
2664830231,
518153561

DATA NNN35/

443756241
336953201
402841621,
576168741
43026534l
100010001
402841621
STHl687641,
200020011,

696282451
682481011
431546771,
788387631,
812797201
100010031,
431544771
788387631,
201220591,

DATA NNN36/

100010001,
421645151,
100010041
201221791,
100010001,
510064491
228951571
T23989131,
620099241

100010031,
477449611,
105212131,
258131471,
100010031,

82710872,

B8513232,
103511752,
162725772

DATA NNN3T/

620099241,
620099251,
347877992
347877992
3TTTTI92
209530092,
209530092,
209530092
209330092

162725772,
162725772,
129318323,
129318323,
1293168323,
450866T62 .
450866762
450866762,
450866762

DATA NNN38/

209530092,
209530092+
209530092,
209530092,
209530092«
209530092,
209530092,

450866762
450866762+
450866762+
450866762,
#50866762
450866762,
450B66T62y

S66TL6422
2564328242,

401150612,
398752322
364042301,

75310062,
195925252,
105211851
268834231,
458664151,
265429161,

12141464l
296337451,
244331781,
311535621,
154522671
474851591
350744811
345439921
559058941,

95411012,
93810882,
463148311,
96910642
116614322,
102311051,
463148311,
96910642,
218124481,

102311051,
511852711,
153220271
381645781,
102311051,
162718412,
183324132,
130814352,
391457072

391457072,
391457072,
240730533,
240730533,
240730533,
96613623,
96613623,
96613623,
966136213,

96613623,
96613623,
96613623,
96613623,
96613623,
96613623,
96613623,

757484612
316335762

623475412
672484682,
494958601
130516572
316338622
152122101
4B06T2341,

82410072
325637371,

189525811,
489064791
434862751
429153941
381665951
566362181,
586879131
469156001,
628968071

128615262,
127915272
520059491,
116012552
179622692
133018071+«
520059491
116012552
296538611y

133018071,
542455761,
270435641,
546365131,
133018071,
232328712,
305537492
155416652

80110823,

80110833

80110833,
380546863,
3680566863,
380545863,
186524763,
186524763,
186524763,
186524763,

186524763,
186524763,
1865246763,
186524763,
186524763,
166524763,
186524763,

216

93010103,
407246582

89910583,
1064612673,
7020847314
206925452
460853882
341552811
111416912,
119013732,
442853911,

358949721
B5711212»
93113762

651976431
95512512+

620477231

108314772,

675281671

748483501

182922012,
184622642,
734896851 4
135016462,
285035302,
264539391,
734996851,
135014462,
488859141,

264539401,
572958821,
460258111,
7771592781,
264539391,
348341572,
44B152402,
177018682,
141818023,

141818023,
141818023,
570368573,
570368573
570368573
318839893,
318839893,
318839893,
318839893,

318835893,
318839893,
318839893,
318839893,
318839893,
318839893,
318839893,

2800000,
900000/

18559004
2900000,

922000,
2050000
3000000,
1043002
1875000,
3420000,

610500/

2041900,
2979900,
T4la04,
1502800,
3192900,
T28700.,
1667900,
2555900,
843000/

1900000,
2700000,

330000,
2000000,
2900000,
1074500,
2000000,
3000000,

400000/

2200000,
3300000,
527600,
1014400,
3400000,
630000,
1210000,
2000000,
600000/

1200000,
2000000,
600000,
1200000+
2000000,
600000,
1200000,
2000000,
600000/

1200000,
2000000,

600000,
1200000,
2000000,

600000,
1200000,

PAGE 45
FAKTT.02
AEL78.00

AELT78.01
FAKT7B.02
AEL79.00
AELT9.01
AEL79,.,02
D+FB0L00
D«F80.01
D+FB0.02Z
AELB1.00

AELB1.01
AELBL1.02
D+FB82.00
D+F82,01
D+F82.02
AELB3,00
AELB3.01
AELB3,02
AEL84.00

FAKB4,01
FAKB84.02
FAKB5.00
FAKB85,01
FAKB85.02
AELB6,00
FAKBGLOL
FAKB86.,02
FAK8T,.00

FAK87.01
FAKBT,.02
AELBB.OO
AELBB,.01
FAK88.02
AELB9,00
AEL89.01
AELB9.02
AEL90.,00

FAKI0,01
FAKS0,02
AELF1.00
FAK91.01
FAK91.02
AEL92.00
FAK92.01
FAK32,02
FAK93,00

FAKS3,01
FAK93,02
FAK94,.00
FAK94,01
FAK94.02
FAKS5,00
FAKSS5.01
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209530062,
209530092,

450866762
L50B6LT62

DATA NNN39/

209530092,
209530092
209530092
206530092
2035300092
209530092
203530092,
209530092,
209530092,

450866762,
50866762,
“w508667T62,
“«S50B66THZ
450866762,
450B66762
450B66TEZ
450B66762,
450B66T62

DATA NNN4O/

209530092,

2 209530092
DATA LDCZ/ 143450100140l Be22027433439445+45145746346F475481+86451
1969101410601 11e116v121el26013101366141/
DATA SCALE/«00l+aDlealvla/

450866762,
450866762,

96613623,
96613623,

96613623,
96613623,
96613623,
96613623
96613623,
96613623,
96613623,
96613623,
96613623

96613623
96613623,

186524763,
186524763,

186524763,
186524763,
186524763,
186524763,
186524763y
186526763,
186524763
1865264763,
186524763,

186524763,
186524763,

318839853,
3118839893,

318839893,
318839893,
318839893,
318839893,
318839893,
318839893,
318839893,
318839893,
318839893,

318839893,
318839893,

2000000,
600000/

1200000,
2000000,
600000,
1200000
2000000,
600000
1200000+
2000000,
600000/

1200000,
2000000/

PAGE 46
FAK95.02
FAKG&.00

FAKR6.01
FAKG6.02
FAKS7.00
FAKS7.01
FAKGT.02
FAK98.00
FAK98.01
FAK98,G2
FAK99,00

FAK99,01
FAKS95,02

C
MDDE1=MODE
1F (MODE1«GT4 10)MODEL=MODEL=10
C LOWERINS OF THE IONIZATION POTENTIAL IN VOLTS FOR UNIT ZEFF

CHARGE=XNE(J)®2,

EXCESS=24#XNE(J)=P () /TK (J)

C ALLOWANCE FOR DOUBLY JONIZED MELJUM
IF(EXCESSa0Ta0e) CHARGEZCHARGE=EXCESS+ (24 #EXCESS) #4,
DEBYE=SORTI(TK(J} /2.B965E=18/CHARGE)

C DEBYE=SARTITK(J) /12u5064/44BOIE=10%%2 /CHARSE)
POTLOW=AM]IN](leeslab4E~T7/DEBYE)
TVETKEV (J)
IF(IZWLE«2BINZLOC2(IZ)
IF(I1Z2a0Te28)N=3IR]Z4+54
IFUIZWLEw2BINIONS=LOCZ(1Z+1) =N
IF(1Z«GT&42BIN]ONS=3
NIONZ2ZMINO (NJON+2 +NIONS)

N=N=

1

DO 1B JON=1+NION2
Z=10N
POTLO(ION) =POTLOWSRZ
N=N+1
NNN1OO=NNN(&sN) /100
IPCIDON)ZFLOAT (NNN10O) /1000
SENNN{SHeN) =NNNL1OO®100
IF(NJEQJ1)GD TO 16
T2000=1P{ION)®20004/11
IT=MAXO(LeMINO(OIFIX(T(J)/T2000wa%)))
DY=T(J)/T2000=FLOAT{IT)=s5
PMINE] .
I=(IT+1)/2
K1=NNN(I«N) /100000
K2ENNN(I oN}=K1#100000
£3=x(2/10

KSCALE=K2=~K3%*10
IF(MOD(IT2)aEQ0)GD TO

12

P1EFLOAT (K1) ®SCALE (KSCALE)
P2RFLOAT(K3) ®*SCALE (KSCALE)
IF(DT«GE=0.)G0 TO 13

IF(KSCALE«GT+1)GO TO 13

Kp1=

Pl
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IF{CPLoNE«IFIX{P2+45))G0 TD 13
PMIN=LP]
30 1O 13
12 PL=FLJATI(K3)®SCALE (KSCALE)
C1=NNN(I+1eN) /7100000
LSCALE=MOD(NNN(I+1sN)+10)
P2=FLOATIK1)#SCALE (KSCALE)

13 PART(ION) =AMAXL (PMINP1+(P2=P1)#DT}
IF(GeEQa0eeORAPOTLOIION) oL TeeloORaT(J) 4LToT2000%464)60 TO 18
IF(T(J) «GTa(T20002]1 1)) TV=(T2000#11a)#B8,6171E=-5
Dl:.l/TV

14 D2=POTLI(ION) 7TV
PART (ION) 2PART(ION) +G*EXP (=IP (JON) /TV) # (SORT(13,595+2#2/Tv/D2) #x3»

1(1e/3e+(lavwla5+(1a/184+D2/120a)#D2)RD2)%D2) =
2S0ORT (134595242 /TV/D1)nn3a
3(le/3e*{la=1a5+(1e/184+D1/120.)#D11)%D1)2D1))
TV=TKEV (D)
30 TO 18
16 PART(1)=224%8BHYD(Js])
IFIT(J)al.Te2000.,)G0 TO 18
PART (1) 2PART (1) +8.#BHYD(Js2) REXP(=10,196/TV) +18.#BHYD(Ja3)»
1IEXP (=12a0B4/TV)+32.#BHYD(J &) REXP(=12.T745/TV)+50.#BHYD(J 5] #*
ZEXP{=134051/TV)+T72.%BHYD(Jeb) REXP(=13,217/TV)
D1=2134595/645/6.5/TV
D2zPOTLI(LY /TV
G0 TO 14
18 CONTINUE

19 IF{(VODEl.EQ«3)GO TO 35

N=N=NION2
CF=2e®24014BELS#T (JI#SQRT (T (J))/XNELD)
DO 20 IJIN=2+NIONZ2
N=N+1
THE AMIN I5 FOR ANY UNFORTUNATE wHO HAS A 360
20 FOION)=CF*PART(ION) /PART (JON=])®
LEXP(=AMINL((IP(ION=1)«POTLO(ION~1))/TVel00,))
F(l)=1.
L=ENIONZ*1
DO 21 IDN=2sNIONZ
L=L=1
21 F(l)=1la.+F(L)®F(]1)
Fil)=1a/F(])
DD 22 IDN=2+N]ONZ
22 F(ION)=F (ION=1)#F {ION)

35 IF(MODE.LT«10)G0O TO 40
G0 TO(23+25427+429) +MODEL
23 DO 24 IJON=1+NION
24 ANSWER (J+ION)=F {JON} /PART {10ON)
RETJRN
25 DD 26 ITON=1+NION
26 ANSWERUJ+]JON)=F (ION)
RETURN
27 DO 28 ION=1+NION
2B ANSWER (J+ION)=PART(ION)
RETJRN
29 ANSWERUJs1)=0.
DD 30 ION=2.N]ON2
30 ANSWER{J+1)=ANSWER(Je1)+FUIDN) #FLOAT(JON=1)
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“0
41

“2

43

151

152

153
153

154

154
155

158
158

200

201
202

203
204

300

RETJIRN

30 TO(4leb2043+29) «MODEL
ANSWE{Js1)=F (NIDN) /PART (NI ON)
RETIRN

ANSWER (Je1)=F INION)

RETJRN

ANSWNERIJ 1) =PART (NION)

RETJRN

END

SUBIDJTINE MOLEC {CODOUT «MODE vNUMBER)
DIMENSION NUMBER (4041}

REAL NJMBER

COMMON /ELEM/ABUND (99) sATMASS(99) sELEM(99)
COMMDN /IF/IFCORRWIFPRESVIFSURF e IFSCATIFMOL
COMMON /RHOX/RHOX {40) s NRHOX

TOMMON /STATE/P(40) «XNE(40) «XNATOM{40) +RHD(40)
COMMON /TEMP/T(40) « TKEVI40) o TK (40) 4HKT(40) 4 TLOG(40) o ITEMP
COMMDN /7 XABUND/XABUND (99) s WTMOLE

ZOMMON NUMMOL + CODE (100) « XNMDL (404 100)

DATA JREAD/O/

IF{IREAD.EQ41)G0O TO 200

IF(1FPRES.EQ.LIGD TO 200

READ(54151) NUMMOL

FORMAT (15)

DD 15% JMDL=1«NUMMDL

READ(5+152) CODE (JMOL)

FORYMAT(F20.2)
READ(5+153) (XNMOL {J¢JMOL ) v J=1 wNRHOX)
FORMAT(1PBE10.3)

FORMAT(OPBELG.3)

WRITE(64154) CODE (JMOL) o (XNMDL (JsJMOL) 9 J51 «NRHOX)
FORMAT(F2042/(1PBELDW3))

FORMAT(F20.2/ (DPBE10«3))

CONTINUE

READ(5+158)
READ(5+4158) (XNATOM(J) sRHO{J) o+ J=1 sNRHDX)
WRITE(64158) (XNATOM(J) wRHD (J) vJ=1 «NRHDIX)
FORMAT (1PBE10,3)

FORMAT (OPBE10.3)

IREAD=1

IF(CODOJT«LT&1004)G0 TO 300

DD 201 JMOL=]1+NUMMOL

1F (CODE (JMOL ) 4EQ.CODOUTIGO TO 203

CONTINUE

WRITE (6+202)CODOUT

FORMAT(22HIBETTER LUCK NEXT TIMEF20.2)

CALL EXIT

DO 204 J=1+NRHDX

NUMBER (J s I0N) =XNMOL (J+JMOL)

RETJRN

C=CoDOUT

NN=1

IF (MODEWEQu11INN={C=~FLOAT(IFIX(C)))#]1D0a+145
DD 321 I=1eNN

DO 301 JMDL=1+NUMMOL

ION=NN=]+1
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301

303
304

105

311
313
314
T

400

401

1F (CODE (JMOL) #4001 oGTaCeANDCODE (JMOL) =2 0014LToCYGO TO 303

CONTINJE

530 TD 305

00 304 J=]+NRHOX

NUMBER (Je ION) =XNMOL {J s JMOL)

30 TO 321

10=20D0JT

DO 311 JMOL=]1 «NUMMOL
IF(IFIX(CODE(JMOL) ) 4EQ.IDVGD TO 313
ZONTINJE

30 TO 400

DO 314 J=1sNRAOX

NUMBEII(J+ION) =04

C=C=.01

RETJRN

T1ONz (CODOUT=FLOAT(1D) ) #100e+145
NN=ION

IF(MODE+EQal)NN=]

DD 401 J=1+NRHOX

CALL PFSAHA(J+IDsIONsMODE s NJMBER)
DD 401 I=1eNN
NUNBER(J'l’=NUMBER(J!I,'XNATUH(J)*XABJND(!D,
RETJRN

END
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10

11

13

14
14

15
16

SUBRODJITINE NMOLEC(MODE!
TOMMON /ELEM/ABUND(99) sATMASS (99) «ELEM(39)
COMMON /ITER/ ITERGIFPRNT(1S) «IFPNCHU15) +NJUMITS
COMMON /RHOX/RHOX (40) s NRHOX
COMMON /STATE/P (40) «XNE (40) s XNATOM(40) «RHD(40)
COMMON /TEMP/T (401 s TKEV(40) 4 TK(40) +H T (40) «TLDG (40} 4 ITEMP
COMMDN /XABUND/XABUND (99) « WTHMOLE
DIMENSTON EQUILJ(100) +LOCJ(101) +KCOMP5(300)
DIMENSION XNZ (40«25}
DIMENSION IFEQUACLO1)
DIMENSION EQUIL(64100)
DIMENSIDON EQ(25) «XN(25) +XAB(25) «DTERM(25) +DER (625)
DIMENSION FRAC(40 6]}
EQUIVALENCE (FRAC(1)DEQ(1))
DIMENSION EQOLD(25)
DIMENSION IDEQUA(25)
DIMENSIIN XCODE (B}
COMMDN NUMMOL «CODE (100) « XNMOL (404100}
DATA XCODE/1eE14914E1241.E10s14EBsleEboleEavleE2s14E0/
DATA IREAD/OD/
MAKE TABLE OF ALL COMPONENTS OF ALL MOLECULES
SAMPLE CODES FOR ATOMS AND MOLECULES
EXTERNAL CODE INTERNAL COMPONENTS

CARBON DIOXIDE 6080B. 6848

HMINUS 100 1+100

NEUTRAL IRON 26 26

H2PLUS 10101 1+1+101
AYDROGEN ION 1.01 1+101

SILICON 3+ 144,03 1441014101101
IF(IREADEQ.1)GD TO 30

IREAD=]

DD 1 JMDL=1+100

CODE(JIMDL) =0,

DO 1 J=1e«NRHOX
XNMIL (J e JMOL ) =00

WRITE(6+10)

FORMAT (16HIMULECULES INPUT)

DD 11 I=1+101

1IFEQUA(]I)=0

IF IFEAJA=1 AN EQUATIDN MUST BE SET JP FOR ELEMENT I
LoCJ(lr=1

DO 20 JMOL=1+101
IF(KLOC.EQe301)WRITE(6419%)
READ(5+13)CeEL2E2+E30ELsES+ES
FORMAT(F1B8e2eF743+5ELl]le%)
IF(CLEQeD2)GO TO 23
WRITE(6e14) JMOL+CrEL2E24EIEL+ESES
FORMAT (IS eF1l8a2e¢FTe3v1lPSEllet)
FORMAT(ISeF18424F743+0P5E11a%)
DO 15 II=1+8
IF(CBE-XCODE(II)IGD TO l6&
CONTINUVE

CALL EXIT

X=C

DO 17 I=1].8

10=X/XCODE(])
X=X=FLDATUID)#XCODE(])
IF(ID«E2+0)ID=100

IFEQUALID) =1
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17

18
19

20

199
23

25

28
30

3l

32

33

CCOMPSIIKLOC)Y=]D
{LOC=<LIC+]
ION=X#]100a+a5
IF(IONLT«1)G0 TO 19
IFE3UA(100) =1
1IFEUA(LIOL)=1

DD 18 I=1+10N
CCOMPSIKLOC) =101
CLOT=XLIC+1
LOCJ(JIMIL+1)=KL0OC
CODEC(JIMDLY=C
EQUIL(1+JMOL)=EL
EQUIL(Z2+JMOL) =E2
EQUIL (3 ¢JMOL) =E3
EQUIL (4+JMOL)=E4

EQUIL (5+JMOL) =ES

EQUIL (6+JMOL) =E6

WRITE(64+199)

FORMAT (19H1TOO MANY MOLECULES)
NUMMOL=JMOL~1

NLOC=KLOC~-1

ASSIGN AN EQUATION NUMBER TD EACH COMPONENT

THE FIRST EQUATION 1S FOR THE TOTAL NJMBER OF PARTICLES

THE FIRST VARIABLE IS5 XNATOM

IF ANY COMPONENT IS 100 OR 101 VARIABLE NEQUA 15 XNE

AND EQUATION NEQUA 15 CHAARGE CONSERVATION

FOR PROGRAMMING CONVENIENCE VARIABLE NEQUAL IS5 INVERSE XNE

DIMENSIONS ARE SET FOR A MAXIMUM 25 EDJUATIONS
IEQUA=1

DO 25 I=1+100

IFLIFEQUALT) sEQL0IGD TO 25
IEQJA=TEQUA=+]
IFEQUALI)=IEQUA
IDERQUA(IEQUA) =]

CONTINJE

NEQJASTEQUA

NEQJAL=NEQUA+]
IFEAUA({101)=NEQUAL
NEQNEJI=NEQUA®RR2

DD 28 KLOC=1+NLOC
ID=KCIOMPS(KLOC)
CCOMPSIXLOC)=IFEQUALID)

DO 31 K=2+NEQUA
ID=IDEQAJA(K)
IF(1DaLTal00)XAB(K) =AMAX] (XABUNDI(ID) v14E=20)
CONTINUE
IF(ID4EJAa100) XAB (NEQUA) =0,
XNTOTzP(L)/TK (1)
XN{L)=XNTOT/2.

X=XN(1}/10.

DO 32 K=2+NEQUA

XK} =X®XAB(K)
IF(IDLEQ4100) XNINEQUA) =X
XNE(1) =X

D0 110 J=1e+NRHOX
XNTIT=P(J)/TK (J)
IF(JeEQe1)GO TO 34
RATIO=P(J) /P (J=]1)
XNE(JY2XNE (J=]1)®RATIO

DO 33 K=1+NEQUA
EXN{C)=XN(X)#RATIO
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34 DD 37 JYOL=1+NUMMDL
NCOMPEL2CI TIMOL+ 1) =LDCJ LJMOL)
IFLEQUIL{1eJMOL) wEQe0e) GO T 35
TON=(COQE (JMUL )Y =FLOAT(IFIX(CIODE(IMOLI I I ®LI0D0ua*e5
EQUILJOIMOLI ZEXPIEQUIL L+ JMIL) /TKEV(D) =EQUIL {2+ JMDL) +
JTCEQUIL(3eJMOL) ¢ (~EQUIL (4o JMIL) + (EDQUIL {5+ JMOL) =EIUIL (B JMOL ) *
CTLI AT I AT (D)) AT ()=l o S5%(FLOAT (NCOMP=1ON=ION=1))2TLOG(J})
S0 TO 37
3% TF(NCOMPLGTL1)GD TO 36
EQUILJCJIMDL)Y =1,
20 TO 37
36 10=CT0DE(JMOL)
TONSNZOMP -]
CALL PFSAHAUJZIDsNCOMP 412 +FRAC)
EQUILJUIMOL) =FRAC(JWNCOMP) /FRACIJ 1) #XNE (J) 28] N
37 CONTINJE
DO 48 K=z1+NEWUA
48 EJ0LD(K)=0.

S5ET UP 15T ORDER EQUATIONS FOR THE CHANGE IN NJMBER DENSITY OF
EACH ELEMENT.

50 DD 60 KL=1+NEWNED

60 DEQ(KL) =0,
EQ(1)==XNTOT
K1=1
KK=1
DD 61 £=2+NEQUA
EQ(L)ZED(L) +XN(K)
Ci=C1+NEQUA
<1l IS5 ACTUALLY 1K
DED(KI) =1
ED(C)=XN(K)~XAB(K)#XN(])
K=(K+NEQUA]L
DEQ(KK)=1.

61 DEQ(K)==XABI(K)
IFLIDEQUAINEQUA) oLTL100)GD T 62
EQI(NEIJA) ==XN(NEQUA)
DEQ(NEINEQ)=~]1,

62 CTONTINUE
DD 99 JMOL=1+NUMMDL
NCOMPELOCJI (JMOL+ 1) =L OCJI (IMDL)
IFINCOMPLEQ.1)1GO TO 99
TERM=EQJILJ (JUMOL)
LOCJ1=LDCJLJIMOL)
LOCJI2=2LDCIIIMOL+1) =1
DD B0 LOCK=LOCJ1sLODCJIZ
K=EKCOMPS (LOCK)
IFICLEQ.NEQUAL)GD TO 79
TERMSTERM#XN(K)
a0 TO 80

79 TERMETERM/XN(NEQUA)

B0 CONTINUE
EQC1)=EQ(1)+TERM
DO 85 LOCK=ELOCJLl«LODCJ2
K=K COMPS (LOCK)

IF(K LTSNEQUALIGD TO B}
KENEQUA
DE«TERM/XN(K)
S0 TO 82
81 D=TERM/XNIK)
82 EQI(K)=EQ(K)+TERM
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83
33
99

101

102
105

107

108
109
110

NEQJAK=NEDUA®K=NEDUA
C1=NEJJAK+1
DEQ(K1)=DEQ(K])+D

DO 83 LICM=LOCJLLOCJ2
M=K COMPS (LOCM)

IF (MaEQ.NEQUAL)M=NEQUA
MK =M+ NEJUAK

DEQ (MK) =DEQ (MK ) +D
CONTINUE

CONTINJE

CALL SOLVITI(DEQ+NEQUAEQWDTERM)

IFERR=0

SCALE=100.

DO 105 K=1sNEQUA

RATIO=ABS(EQ(K) /XNIK))
IF(RATID«GTa«001) IFERR=1
IF(EQILD(KI*EQ(K) o LT« 02 EQICYSEQIK) #4869
XNEJ=XNIK) =EQ(K)

XN1OO=XNI(X) /100«

TFIXNEQ«LT«XN1DO)GO TO 101

XNLDO=XNIK) %100,

IF (XNEQ.GT4XN100)GO TO 102

XN () =XNEQ

30 TO 105

XN () =XN(K) /SCALE
IF(EQOLD(KI*EQ(K) oL T04) SCALE=SGRT (SCALE)
30 TO 105

XN{C)=XN10OO

EQOLD (K)=EQ(K)

IF{IFERR.+EQe1)G0 TO 50

30 107 K=1+NEGWUA

XNZ (JeK}=XNIK)

XNATCMIJ)=XN(])

RHO(JI =XNATOM(J) RWTMOLE*] a6 60E=24
IF{IDEJJA (NEQUA) EQa100) XNE (J)=XNINEJJA)
DD 109 JMOL=1NUMMOL
NCOMP=LOCJI{IMOL+1) =L OCI(JIMDL)

XNMOL (J o JMOL) =EQUIL J (JMOL)

LOCJ1=LDCJ (IMOL)

LOCJI2=L0CJ(JMOL+1) =]

20 109 LOCK=LOCJ1+LOCJZ

K=K ZOMPS (LOCK)

IF(C.EDLNEQUAL)GO TO 108

XNMOL (J o JMOL ) =XNMOL {J e JMOL ) #XN (K)

GO TD 109

XNMOL. (J o JMOL ) =XNMOL (J o JMOL) /XN (NEJUA)
CONTINUE

CONTINJE

IF(ITERLLTNUMITS)IGD TO 120
WRITE(64112) (JeRHOX () o T ) 4P {J) o XNE(J) o XNATOM(J) sRHD(J) o
1J=1+NRHDIX)

PAGE 53

112 FORMAT(1HL////11X4HRHOX y9XL1HT o LIX1HP s 10X3HXNE ¢ BXSHXNATOM 4 BX3HRHO/

1(15+1P6E12+3))
1({I5+0P&ELZ2e3))

NN= (NUMMOL/10)#10

IF (NNl T« NUMMOL)NNZNN+10
DD 111 JMOL1=1+NN+10
JMOLLO=JMOL 1+9

111 ARITE(64113) (CODE(JMOL) « JMOL=JMOLL ¢ JMILL0) w {J o (XNMOL (JeJMIL) »
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1JMOL=JMOL L »JMOL10) v J=1 o NRHOX)

113 FORMAT(1HM1////50%X26HMOLECULAR NUMBER ODENSITIES/S5X10F12e.2/

1UI5+1P10EL2e3))
of 1(I5+0P10EL1243))

120 IF(MODEWZEQea2eORJMODESED121GD TU 149
D0 125 K=2+NEQUA
ID=IDEQJA (K}

IF(IDLED.100)GD YO 122
DD 121 J=1+NRHDX

C CALCULATE PARTITION FUNCTIONS
CALL PFSAMA(J+IDe1+3+FRAC)

121 XNZ(JeKI=XNZ(JeK) /FRACIJIaL) /1o HTBOE2D/SORT ( (ATMASS (IDIRT () ) #%3)
ad TO 125

122 DD 123 J=1+NRHOX

123 XNZ(JoKIZXNZIJoK) /24/2%414BELS/TLI) 7SIRTIT LI

125 CONTINUE
D0 140 JMOL=1+NUMMOL
NCOMP=LJOCJ (JMOL+1)=LOCJ (UMDL)

IF(EQUIL(1«JMOL) «EQaDe)GO TO 135
DD 126 J=1eNRHOX

126 XNMOL (JeJMOL) =EXPIEQUIL (1« JMIL) /T(IY)
AMASSZ0.

LOCJ1=LICJ LIMOL)
LOCJ2=LDCI UMD +1) =]

DO 130 LOCK=LOCJLlLOCUZ
CSRIOMPS(LOCK)

IF(LLEQ.NEQUALIGD TO 128
I1D=IDEQJA(K)

IF(IDeLT+100) AMASS=AMASS«ATYMASS(ID)
DD 127 J=1+NRHDX

127 XNMOL (JaJMOL) =XNMDL (J o JMOL ) #XNZ (J oK)
30 TOD 130

128 DD 129 J=1«NRHDX

129 XNMOL (J o JMDL) =XNMOL (J o IMOL) /XNZ (J+NEQJA)

130 CONTINJE
D0 131 J=)+NRHDX

131 XNMOL (JoJMOL ) =XNMOL (J 9 JMOL) # ] o BTBLEE2O%SORT ( (AMASS*T (J) }##3)
GO TO 140

135 1D=CODE (JUMOL)

DO 136 J=1+NRHOX
CALL PFSAHA(JWIDNCDMP 43 4FRAC)

136 XNMDL (JeJMOL ) =XNMOL (JeJMOL)Y /FRAC (I 1)

140 CONTINUE

149 IF(IFPNCHIITER) «NE«S)IRETURN
WRITE(64150)

150 FORMAT(1H120X3BHNUMBER DENSITIES / PARTITION FUNCTIUNS)
WRITE(&6+151) NUMMOL
WRITE(T7+151)NUMMOL

151 FORMAT{(IS+10H MOLECULES)

DO 155 JMOL=1+NUMMOL
WRITE(64152VCODE (JMOL Y o {XNMIL (Vo JMDLY v J= 1 +NRHDX)
WRITE(T+152)CODE (JMOL ) » ( XNMOL (Jo JMOL) o J=]1 «NRHOX)
152 FORMAT(F20.2/{1PBE1D.3))
C 152 FDRMAT(F20e2/ (OPBEL1CW3))

155 CONTINJE
WRITE(&+158) (XNATOM{J) sRHO(J) 9 J=1 «NRHIX)
WRITE(7+158) {(XNATOM(J)) «RHO(J) s J=1 o NRHDX)

158 FORMAT(11H XNATOMRHO/(1PBE1OD.3))

C 158 FORMATI(11lH XHNATOM+RHD/(OPBE1Ds3))
RETJIRN
END
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SJBROJTINE KAPP{NWNSTEPSSTEPWT)
ZOMMON /FREO/FREQ+FREGLGSEHVKT (40) 4 STIMI40) +BNI(4D)
COMMON /IFOP/IFOP(20)
COMMON /TONS/XNFPH(4042) « XNFPHE (404+3)
COMMON /OPS/AHYD(40) s AH2P (40} yAHMINI(A0) «SIBHI40) sAHEL {40)
AHEZ (40} yAHEMIN(40) +SIGHE (40) ¢ACOOL (40) «ALUKE (40} s AHOT {40) »
SIGEL(40) +SIGHZ (40) «AHLINE (40) oALINES(40) +SIGLIN(4O) »
AXLINE(40) +SIGXL (40) s AXCONT (40) +SIGX(40) «SHYD (40} »
SHMIN(40) «SHLINE (40) + SXLINE (40) « SXCONT (40}
COMMDN /OPTOT/ACONT (40) ¢ SCONT (40) »ALINE (40) oSLINE (40) +SIGWAC{40) »
STGMAL (40)

1
COMMON /RHOX/RHOX (40) +NRHOX

COMMON /STATE/P (40) oXNE(40) ¢ XNATOM(40) sRHO (4D)

COMMON /TEMP/T(40) +TKEV(40) o TK (40) «HKT(40) +TLOG(40) s ITEMP
DIMENSION DUMMY (40+25)

EQUIVALENCE (AHYD (1) +DUMMY (1))

DATA ITEMP1/0/

IF(ITEMPLEQ.ITEMP1)GO TO 90

ITEMP1=ITEMP

IFUIFOP (1) eEQe1)CALL POPS(1401sL1sXNFPH)

IF(IFOP(5) +IFOP(T7) «GT40) CALL POFS5(2402+11¢XNFPHE)
STEPWT=1.

NSTEPS=1

IFIN3T&1)GD TD 200

DO 91 J=1w+NRHOX

DO 91 1=1+25

DUMMY (Js1) =0,

IFUIFOP (1) «EQa1) CALL HOP

IF(IFOP(2) oEQa1)CALL M2PLOP

IF(IFOP(3) «EQal) CALL HMINOP

IF(IFOP (4) «EQ.1) CALL HRAYOP

IFCIFOP(S) 4EQa1)CALL HELOP

IF (IFOP(6) «EQe1) CALL HE20P

IF(IFOP(7) sEQe1) CALL HEMIOP

IF (IFOP(8) sEQ41) CALL HERAOP

IF(IFOP(9) 4EQ41) CALL COOLOP

IF(IFOP(10) 4EQs1) CALL LUKEOP

IF(IFOP(11) «EQe1)CALL HOTOP

IF(IFOP{12) sEQel)CALL ELECDP

IF(IFOP(13) ¢EQe 1) CALL H2RAOP

IFCIFOP(14) oEQe1aANDoNoGTL0) CALL HLINOP
IF(IFIP(15) aEQal e ANDNaGTLO)CALL LINIOPINSNSTEPSSTEPWT)
IF(IFOP{16) ¢EQe1+ANDsNoGTL0) CALL LINSIP (NyNSTEPSSTEPWT)
IF(IFOPU1T) oEQel+ANDeNoGT,0) CALL XLINOP

IF(IFOP(18) eEQe1luaANDoNoGT40) CALL XLISOP
IF(IFOP(19)«EQe1)CALL XCONOP

IF(IFOP(20) 4EQ.1) CALL X50P

DO 100 J=1vyNRHOX X
ASA-2P (J) *AHEL (J) «AHE2 (J) ¢ AHEMIN (J) «ACOOL ( J) *ALUKE (J) AHOT (J)
ACONT (J)SASAHYD (J) sAHMIN{J) AXCONT (J)

SCONT (J) =BNU (J)

IF (ACONT (J) «GT o042 SCONT (J) = (A#BNU(J) «AHYD {J) #SHYD (J) «AHMIN(J) #
SHMIN(J) «AXCONT (J) #SXCONT (J)) /ACONT (J)

ALINE (J)SAHLINE(J)+ALINES(J) +AXLINE (D)

SLINE (J) =BNU(J)

IF(ALINE(J) «GTo0s) SLINE(J) = (AHLINE {J) #SHLINE (J) sALINES (J) #BNU(J) +
AXLINE (J) #SXLINE (J) ) ZALINE ()
SIGMAC(J)=STGH(J) +STGHE (J) #STGEL (J) #5T13H2 (J) *SI1EX (J)
SIGMAL (J)=STGLINIJ) +SIGXL (J)

RETJRN
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IFLTIFIP(15) wEQul) CALL LINOP(NWNSTEPSsSTEPWT)

TF(IFDOP{16) eEWelICALL LINSOP(NNSTEPSSTEPWT)

D0 201 J=1eNRHOX

ALINE( SAHLINE(J) «ALINES (J) «AXLINE(J)

IF(ALINE(J) oGTa0e) SLINE (JY= (AHLINE (J) #SHLINE {J) +ALINES (J) #BNUCJ) »
1AXLINE (JI#*SXLINE(J)) ZJALINE(J)

SIGUMAL (J)=SIGLIN(JY +51GXL(J)

RETJIRN

END

SUBRDJTINE HOP

REQJIRES FUNCTIDNS COULX AND COULFF

COMMON /DEPART/BHYD(4Dy6) «BMIN(&O) o NLTEON

COMMON /FRED/FREQFREJLGWEHVKT (40) +STIM(40) «BNItGD)
COMMON /1ONS/XNFPH(4042) o XNFPHE (40+3)

COMMON Z70PS/AMYD(40) +D1(40w19) «SHYD (4D) 4D2(460 &)

COMMON /7RHMOX/RHOX (40} « NRHOX

COMMDN /STATE/P(60) «XNE(40) «XNATOM{40) +RHO(40)

COMMON /TEMP/T(40) o TKEV(40) s TK (40) +HKT(40) « TLOSG(40) + ITEMP
DIMENSION CONT(B) oBOLT(40+8) +EXLIM(40) JFREET(40) «BOLTEX(40)
DATA ITEMP1/0/

IF(ITEMPLEQ.ITEMP1)GO TO 2D

ITEMPI=1TEMP

DD 15 J=1«NRHOUX

DO 11 N=1.8

AOLT(JeNISEXP (= (134595=13,595/FLOATINRN}) /TKEV(J))#2 #FLJAT(N#N) &
LXNFPHR{Je1) Z/RHO ()

DD 12 N=1+6

BOLT{JeNI2BOLT (JaN)#BHYD (JsN)
FREET(J)SXNE (J) #XNFPH(J+2) /RAD(JI /SORT (T LI))
XREXNFPu(Jol)® (2072271345951 8TKEVIJ) /7310 (J)
BOLTEX(J)SEXP{=134427/TKEVIJ))#XR

EXLIM(S)ZEXP {=134595/TKEV (J})#&XR

DD 21 N=1.8

CONT (NI =COULXINsFRED14)

FREQ3=FREQ##3

CFREE=3.6919EB/FREQ3

C=2.815E29/FREQ3

DD 32 J=1+NRHOX

EX=BOLTEX(J)

IF (FREQeLT o4« 05933E 13 EXSEXLIMIL) JERVCT LN

e (CONTUTIRBOLT (JoT) +CONT(B)®BOLT(JeB) + (EX=EXLIM{J) )} %o
1COULFF{Je1)#FREET () ®CFREE) #STIM(J)

SzHEBNJ(J)

DD 31 N=ls6

HEHSCIONT (NI RBOLT (I o N R {1 a=EAVKT (J) /BRAYD (JoN) }

S=S5+CONT IN)#EOLT(JeN)RBNUCJ) RSTIM(J) /BAYD(JoN)
AHYD(J)zH

SHYD(J)=5/H

RETURN .
END
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FUNZTION COULX (N«FREQ+2)
DIMENSION Ate)+Bl&)+CLE)
DATA A/a991691e105¢1e¢1010141010le102v1.0986/
DATA B/2+719E13+=243T75E144~9aB863E13v=5,765E134=3e909E13+=2.704E13/
DATA (/=2e626BE30+440TTE28414035E28444593E27+243T1E27414229E27/
IF(FREQeLT&/#Z#3,28B05E15/FLOAT(N#N)IGD TO 1
COULX=24815E29/FREQ/FREQ/FREJ/FLOATIN®RS) RZans
IF(NeGTe6)RETURN
COULXECOULXR(A(N) +{BIN)+CIN)#(Z#Z/FREJ) ) ®(ZRZ/FREW))
RETJIRN
COULX=D.
RETJRN
END

FUNCTION COULFF (JsNZ)

COMMON /FREQ/FREQ+FREQLG+ERVKT (40) +STIM(40) +BNJ40)
COMMON /TEMP/T(40) o« TKEV(40) o TK{40) sHKT(40) s TLQS(40) s ITEMP
DIMENSION Z4L0DG(6)+A(11+12)

DATA 24L0G/0ev1e20412+149084942440B2442.7T958843a11261/
DATA A/
15.53!5."905."605.‘|3|5u‘0005.25t5.°0!".69!‘0|‘080‘b.16%3.85'
24091 v4aBT 3448440480027 T 0463400400401 3¢3,87423.5243e2T»
3432944625400 20421B0%e1544a02+30B8003a5T4342T742498424700
4346493061 9305943056930549344193022924¢9702:700204542020+
53.00'2.9892.97'2.95!2.9"'2.81!2.65!2.‘0‘00202102001v1|810
62041020010 20404204)1924%1924324201942e02010BoslabTelea50
71.8701089!1t9111.9301-950109001D80O1.6801052‘1-“1!10300
Ble33vled9elebbsladPeleb501a560le5lelet2s1a3341ad54lelTy
900908095401 0000le08slel7ele30v1e320103001a2091al5+410lls
A0S 9048404524060+ 04T75¢0a9L0lalSslelBolelb5elellalelBy
30033400360 0039¢00463065900e769049741e09¢1el3¢1a1041.08s
C0el1990021900244002840.384065340eT76+04964140841.09+109/
SAMLOG=ALOGLO(158000%2Z#Z/T)R2
SAMLDGT10.39638=-TILOG(J)/1415129+24L0OG(NZ)

IGAM=MAXO (MINOTIFIX{GAMLOG+T7) +10) s1)
HVETLG=ALOGLO (HVKT) #2

AVEKTLG= (FREOLG=TLOG(J))/1.415129=20.63764
ITHVCTEMAXO(MINDCIFIX (HVRTLG+94) s 11) s 1)

P=GAMLOOG=FLOAT (IGAM=T)

A=HVETLOG=FLOAT (IHVKT=9)
COULFF=(le=P)®(({]le=Q) #A{]GAMIHVKT) +2%ALIGAMy IHVKT+1) )+
1PR((1u=0) #ALIGAM]1 o JHVKT) +JRA{IGAM L2 IHVKT+1)) -

RETJRN

END

SUBROJTINE HRAYQP

COMMON /DEPART/BHYD (40D ¢6) «BMIN(40) «NLTEUN

COMMDN /FREO/FREQFREQLGEHVET (40) +STIM(40) «BNI(40)
COMMON /IONS/XNFPH(4042) +XNFPHE (40+3)

COMMON /0PS5/D1(40+3)+SIGH(40) +D2{40v21}

COMMON /RHOX/RHOX (40) +NRHOX

COMMON /STATE/P(40) o XNE (40) + XNATOM{40) 4RHO (40)
WAVESR2,499T7925E18/AMINL(FREDe2+463E15)

NWZWAVE®R®Z

516G (5.T99E=13+10bZ22E=6/wW+2.TB4/ (WARNW]) / (WWHAW)
DD 2 J=1eNRHUX

SIGHIJ) =SIGHANFPH{J» 1) #2 4 #BAYD (Je1) /RHAI(D)

RETJRN

END
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SUBRDJYTINE HzPLOP

COMMON /DEPART/BHYD(40+6) «BMIN{40) oNLTEON

COMMON /FREQ/FREQeFREDLGEHVET (40) o5TIM(40) «BNJL4O)

COMMON /JONS/XNFPH{40+2) o XNFPHE (#D3)

COMMON /70PS5/D1 (40) sAHZ2P{40) 4D2(40«23)

COMMON /RHOX/RHOX (40) s NRHOX

COMMON /STATE/P(40) « XNE{(40) s XNATOM(40) +RHD (40)

COMMON /TEMP/T(40) ¢ TKEVI40) o TK(40) sHKT(40) o TLIG(40) o ITEMP

IF(FREJeGTa342BBOSELS)RETURN

FRE=340233E34(3T7T9TE2+(~14B2496E1+(3,920TE=1=3.16T2E=3#FIEQLG)*

1FREJLS) #FREQLG) #FREOLG

ES=wT4302E=3¢(=24409E=)5+(]402BE=30+(~4,230E=btb+(]a224E=6]~

1 1e351E=TT#FREJ)AFREQ) ®FREQ) #FREQ) #FRED

DO 10 J=1+NRHOX

10 AFZ2P(J) =EXPU=ES/TKEV(J) «FRYBXNFPH{Jo 1) #2 4 #BHYD (Jo 1) #XNFPH(Je2)/

1RHO(JIRSTIM(D)

RFETIRN

END

SUBROJTINE HMINOP
COMMON /DEPART/BHYD(40D+6) yBMIN(40) +NLTEON
COMMON /FREQ/FREQ+FREQLGHEHVLT (40) +5TIM(40) «BNJLGD)
COMMDN /IONS/XNFPH(40+2) +XNFPHE (4043)
COMMON /70PS/D1(4042) sAHMIN(40) «D2(40418) +SHMIN(40) sD3(4043)
COMMON /RHOX/RHOX (40) o+ NRHOX
COMMON /STATE/P(40) «XNE(40) «XNATOM(40) +RHD (40)
COMMON /TEMP/T(40) s TKEVI{40) 4 TK (40) «HKT(40) «TLOS(40) +ITEMP
OIMENSTION XHMIN{(4D)
OATA ITEMPL1/0/
IF(ITEMPLEQ.ITEMP1)GOD TO 20
ITEMP1=]TEMP
DO 11 J=1+NRHOX
11 XHMINCJISEXP (L T552/TKEVIJ) )/ (24%2414BEL5#T{J) RSQRTUT(J) ) ) &
1BMIN(J) #BHYD (Jo L) #XNFPH(Je 1) #XNE (J)

20 Bz (1e372TE~25+4+3748BE~10/FREJ) /FREQ
{=«245993E=-7/FREQ##2
IF(FREQeLE«148259E14)G0 TO 23
IF(FREQ.GE«24111E14)GO TO 22
4MINBF=23,695E~16+(~1,251E~1+1,052E13/FREQ) /FREQ
G0 TO 30

22 HMINBF=6.801E=20+(5,358E«3+ (1adB1lEL3+({=~5,519E27+4,B0BE4L/FREQ)/

1FREQJ) /FREQ) /FREQ
GD TOD 30

23 HMINBF=D.

30 DO 31 J=1+NRHOX
AMINFF=(BeC/T(J) ) ®XNFPHUJ 1) #2.#BHYD (Jo 1) #XNE {J) /RHO (D)
H=HMINBF# {1+ =EHVKT (J) /BMIN(J) ) RXHMIN(J) /RHO{J)
AHMIN (J) SH+HM]NFF

31 SHMIN(J) = (H#BNU(J) #STIMJ) 7 (BMIN(J) =EAVKT {J) ) +AMINFFRBNU(J)) /

1AHMINGD)
RETJRN
END
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SJBROJTINE HELOP

REQIIIES FUNCTIONS COULX AND COULFF

COMMON /FREO/FREOQ«FREQLGIEHVKT(40) «STIM(40) +BNIL40)

COMMON /7 IONS/XNFPH{40+2) « XNFPHE (40 +3)

COMMON /0PS/D1(40+4) +AHEL(40) sD2(40+20)

COMMON /RHOX/RHOX (40) «NRHOX

COMMON /STATE/P(40) +XNE(40) o XNATOM (40) »RHD (40)

COMMON /TEMP/T(40) o TKEV(40) o TK (40) oHKT(40) « TLOG{40) v I TEMP

DIMENSION CHI(10) +BOLT(40¢10) +EXLIMI40) «HEFREJI(L10) +TRANS(10)+GI10)

DIMENSION BOLTEX (40) +FREET (40)

OATA S/lev3anlesPevIasdavlarFav20s03a/

DATA HEFREQ/54945209E15+14152844E15449603331F15448761076E150
1 «BLl4T7104E1544451904BE15+44030971E15+443821191E154430660215E15+
2 «3627B91ELS/

DATA CHI/0eel9eBl942006154200964421e2179224T18422.920423.0060
1 234073+23,086/

DATA ITEMPLl/0/

IF(ITEMPLEQ.ITEMPLIGO TO 10

ITEMP1=ITEMP

DO 5 J=1e+NRHOX

DD 4 N=1e]10

BOLT(JeN)ZEXP (=CHI{N) /TKEV LD ) G {N) #XNFPHE (Jw 1) /RMO T}

FREET{(JI=XNE(J) #XNFPHE(Je2) /RHD(J) /32TIT (D))

XREXNFPHE (Jo L) R (4,/24/134595)#TREV(J) /RHO(J)

BOLTEX(J)=EXP(=23,730/TKEV(J)) #XR

EXLIMIJISEXP(=24458T7/TKEV (J) ) ®XR

FREQJI=FRAEQ#=3

CFREE=3+6919E8/FREQ3

C=2.815E29/FREQ3

00 15 NMIN=1+10

TRANS (NMIN) =0,

IF (HEFREQ(NMIN) «LE.FREQ)GOD T3 16

CONTINJUE

30 TO <40

G0 TO (21922+23424642542642T+28+29430) oNMIN

TRANS(L)=EXP(33,32=2.,2FREQLG)

TRANS(2)ZEXP (=390,026+(21,035=,318#FREJILG) #FREILG)

TRANS{3)=EXP(26+83=1,91*FREJLG)

TRANS (41 =EXP(61e21=2.9%FREJLG)

TRANS(S5)=EXP(81435=3,5RFREJLG)

TRANS{L)ZEXP(124569=1,54%FREJLG)

TRANS(7)=EXP(23.,85+~],B6#FREULG)

TRANS(8)=EXP (49.30=2+.60*FREJILG)

TRANS(9)=EXP(85,20=3.69%FREJLGQ)

TRANS(LIO)=EXP(5B,81=2,89%FREJLG)

DD 45 J=1+NRHOX

Ex=BOLTEX{J)

IF(FREDaLTe2055E14)EXSEXLIU(D) FJEHVKT (D)

AE1={EX=EXLIM(J) ) #C

DO &1 Nxl.10

HEL=HE1+TRANS (N) ®#*BOL T {J N}

AHEL (J)S{HEL+COULFF (Je 1) #FREET(J) #CFREE) #5TIM ()

RETJRN

END
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SUBROJTINE HEZ20DP
REQIIRES FUNCTIONS COULX ANO COULFF
FREJUENCZIES ARE 4X HYDROGENSCHI ARE FDOR JON POTzS4,403
ZOMMON /FREW/FREODFREGLGSEHVKT (40) o STIN{40) 4BNJ(40)
COMMON /TONS/XNFPH({40s2) o XNFPHE (4043)
ZOMMON /OPS/DL(40+5) «AHE2(4D) «D2(60413)
COMMON /RHOX/RHOX (40} «NRHOX
COMMDN /STATE/P{40) o XNE{40) « XNATOM(40) «RHD(40)
COMMON /TEMP/T(40) « TKEV(40) ¢ TK (40) «HXT{40) «TLIG{40) + I TEMP
DIMENSION CONT(9) «BOLT(40e9) «EXLIM(40) +FREET(40D) +BOLTEX (4D}
DATA ITEMPL/0/
IF(ITEMPLEQLITEMPLIGO TO 20
ITEMPL=ITEMP
20 15 J=1e«NRHOX
DO 14 N=1s9
BOLT{JeN) SEXP (= (544403=54,403/FLOAT(N&N)) /TKEV(J) ) #2 . #FLOAT (N&N) »
LXNFPHE (Je2) /RHD(J)
FREET(JISXNE (J) #XNFPHE (J3) /RHD(JI /52T (T LY
XR=XNFPHE(JZ )R (24/2e/134595)#TKEV(J) /RHO(J)
BOLTEX(J)=EXP(=53,859/TKEV (J))#XR
EXLIMIJIZEXP (=54,403/TKEV (J)) #XR
DD 21 N=1.9
CONTUIN)=COULX (N-FREQ«24)
FREJ3ISFREQn#3
CFREE=3.6919E3/FREQ3wL,
[52.B15E29%2,%2,/FREQ3
20 35 J=1WNRHOX
EX=8D.TEX ()
IF(FREQaLTela31522E14)EXZEXLIM{J) /EAVIT (L)
HEZ2=(EX=EXLIM(J) ) »(C
DD 31 N=1.9
HE2=HEZ2+CONT (NI ®BOLT (JeN)
AHEZ (J) 5 (ME2*COULFF (Jo2) RCFREE#FREET(JI)RSTIM(D)
RETJRN
END

SUBROJTINE HEMIOP

COMMON /FREQ/FREQ+FREQLGeEHVKT (40) o 5TIM{40) «BNI{4D)
COMMON /TONS/XNFPH{40¢2) ¢+ XNFPHE (4D43)

COMMON /0PS/D1(4046) sAHEMIN(40) +D2 (404182

COMMON /RHOX/RHOX (40) « NRHDX

COMMON /STATE/P (40) +XNE(40) « XNATOM(40) 4RHI (4 0D)

COMMON /TEMP/T(40) « TKEV(40) ¢ TX (40) +HKT {40) 4 TLIG(40) « ITEMP
AZ3439TE~4b* (=5,216E~31+T7,039E=~15/FRED) /FRED
Brabo]l16E~42+1]1.067E=26+B4135E-11/FRED) /FREQ
(=5e0BlE-3T7+(wBoT24E~23=5,659E~B/FREJ) /FRED

DD 3 JT1eNRHOX

AHEMINC(I) S (ART (U) «B+C/THEI) ) RXNE(J) RXNFPHE(Jo 1) /RHD(J)
RETURN

END
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s JERDJTINE HERAOP
COMMON /FREQ/FREQ«FREGQLGWEHVET(40) +STIM(40) +BNJ(40)
COMMON /IONS/XNFPH(40+2) « XNFPHE (404 3)
ZOMMON /OPS/DL(40e7) +SIGHE (40) 2sL2{40417)
ZOMMON /RHOX/RAUX (40) « NRHOX
COMMON /S5TATE/P(40) o XNE(4D) ¢ XNATOM(40) 4RHO (40)
NAVESZ 99T925E1B8/AMINL(FREQ+54.15%E15)
WWENAVER®D
SIGSS e 4BAE=L14/WW/WWH (14 +(20bUES5+5.94EL10/ IWN=2.90E5) ) /W) #R2
DO 2 J=1e+NRHOX
2 SIGHE(J)I=SIG#XNFPHE(Jsl) /RHI(J)
RETJRN
END

SUBROUTINE COOLOP
SI1eMGleALLWC)
COMMON /FREQ/FREQ«FREQLGWEHVET (40) +STIM(40) +BNJ(4D)
COMMON /0PS/D1(40e8) +ACOOL (40) «D2(40s106)
COMMON /RHOX/RHOX (40) +NRHDX
COMMON /STATE/P(&0) «XNE(40) o XNATOM(40) +RHD{40)
COMMON /TEMP/T(40) «TKEV(40) s TK{40) +HKT(40) »TLD3(40) s I TEMP
DIMENSION XNFPC(40) ¢ XNFPMG(40) o XNFPAL (40) « XNFPSI (40)
REAL MG1lO0P
DATA ITEMPL1/0/
IFC(ITEMPWEQ.ITEMPIIGO TO 10
ITEWPL=ITEMP
CALL POPS(6evlleXNFPC)
CALL POPS(12sv11lsXNFPMG)
CALL POPS(1l34v11+XNFPAL)
CALL POPS{14ss11+XNFPS])
10 DO 20 J=1+NRHOX
20 ACOIL{II=(CIOR{J) RXNFPCUJ) «MEGLIOP (J) #XNFPMG(J) «ALLOP (J) R#XNFPAL(J) +
15T10P(J) #XNFPSI () ) RSTIM(J) /RHO (D)
RETJRN
END
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FUNCTION ClOoP ()

CROSS-SECTION TIMES THE PARTITION FUNIZTION

COMMON /FREQ/FREQWFREQLGWEHVKT{40) sSTIM40) +BNU(40)

COMMDN /RHOX/RHOX (40) « NRHDX

COMMON /TEMP/T(40) s TKEV(40) o TK {40) oMK T (40) o TLIGLA0) + I TEMP
DIMENSION C1240(40) «Cléa4(40)

DATA FREQLeITEMP1/0440/

IF{ITEMPLEQ.ITEMPLIGO TO 30

ITEMPL=1TEMP

0D 20 K=1eNRROX

C1260(K) =S5 #EXPl=]4264/TKEV(C))

Cleaa () =EXP(=2,683/7TKEVIK))

IF(FREQLEQ.FREJLIGO TO 40

X1446z0,

X1240=0.

X1100=0a
IF(FREQ4GEe2+7254E15)X1100=5EATON(2,7254E15¢14219E=1742,¢34317)
IF(FREQeGEe2e4196E15)X1240=5EATUN(24%196E15+1403E-17¢1454¢24789)
IF(FREDeGE«2¢0T61ELS) X1444=SEATON(2.0T61E15v9e59E~18414543,501)
FRE21=FREQ

Cl10P=X110089,+X1240%C1240(J) +X14suanClasal)

RETJRN

END

FUNCTION SEATON(FREQOSXSECTWPOWER A}

COMMON /FREOD/FREGWFREQLGEHVKT (40) «STIM(40) «BNJ(4O)
SEATONEXSECT®* (A+ (1.-A)®(FREJO/FRED) ) #
1SORT((FREQO/FREQ) #% (IFIX {2+ #POWER+401)))

RETJIRN

END

FUNZTION AL1OP(U)

CROSS=SECTION TIMES THE PARTITION FUNCTION

COMMON /FREQ/FREQWFREQLGEHVLT(40) +STIM(40) +BNJI(40)
ALL1DP=0.
IF(FREQWGE«14443E15)AL10OP=2,1E=17#(1.4643E15/FREJ) #u3se,
RETJRN

END
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WP WNE O ~NW R W N~

1A

4000
=42 047
-4],80
=41a27
~45.58
-l g3
=50e96
'50.63
«-53.02
-%51.78
-52428
~52402
=5238
=5236
'5“.70
=54435

11
20
21
22
23

24
a0

REAL FUNCTION MGLOP (J)

£3055=SECTION TIMES THE PARTITION FUNITION

COMMON /FREQ/FREQFREQLGsEHVKT (40) +5TIM(40) +BNJ(4D)
COMMON /RHOX/RHOX {40) +NRHOX

COMMON /TEMP/T(40) o TKEV (40) yTK(40) sHKT(40) «TLOG(40) o ITEMP

PAGE 63

DIMENSION FLUG(9) sFREOMG(T) 4PEACHI7415) o X(7)«TLG(T) 4DT (40) «NT (40)

DATA PEACH/
5000 4000 7000 8000 9000 100060
by =824350y =062,100y =61a795, =&l 46Ty «4)l,159 -40,883,
By =4laT35s wbloB5B82y =4le363y =41lall5e =40,8660 =40.0631
3y w@la223s =4lellédy =40.951ly =40,755s =40,549¢ =404347,
3y =46,008¢ =042,95Ts =624205s =4leb39y ~41.1984 =40.861
L XY -‘2.7“7. -41069“. -“0.939. -40.3700 -39.925| -39.566!
9 -‘8.388' *“6.6300 -“5.3““. -44.355! *43.5&8! -“2.92‘0
3y w4B8,026s =464220¢ ~44.859y =434803y =42.95Ty ~42.2640
Be =69.6043y =4T7,36Te «45,7290 =444491 0 =43,5209 =42.T7360
5. -4803520 '“6.050' -“4.393| -“3.1“00 *“2-157' -“10363‘
5y =4Be 79T s =464453y =44eT65¢ =43,486s =42,480s =41,068,
By =48.5601 =b46,1969 =44a50T7s =434,22T7s =42a222¢ =41440By
Gy =4BaBT69 »46e513y =~444B06s =43,509s «42.488e =61lab60
Jy =4B BS56y =4644930 =aboTBbs =43448Fy «42.467y =414639,
by =50eTT2s =4Bol07v =46s176r =04,T0Tes «43,549 =424b110
Gy =50e3499 =0T 643y ~45,685s =t o198y =43,027, =42,618/

wAVE (A}
1500
1550
1621
1622
2513
2514
3756
3757
6549
6550
T234
7235
7291
7292
9000

DATA FREQOMG/149361452E15+1.848B510E15+14192579TELSe7,.9804046E14

1 4e5772110E14+44144097TEL4vbel113514E14/

DATA FLOG/35423123+35,19844435,15334434,71450434431318433,

1 33,65788+33464994+33,43947/

75728

DATA TLG/Ba29405+8451719+84699514Be8536T7¢84987204%a10498+5421034/

DATA FREQL+ITEMP1/04+0/
IF(ITEMPLEQLITEMPLIGO TO 20
ITEMPL=]ITEMP

DO 11 Kzl sNRHOX
N=MAXD(MINOQ(OSIFIX(T(K) /1000)=3)4l)
NT (<) =N
DT(CIS(TLOGI(K) =TLGIN}) ZUTLGIN+L) =TLG(N})
30 TO 21

IF(FREQ.EQ.FREQL)GDO TO 30

FREJ1=FREQ

DO 22 N=1.+7

IF(FREQ,GT«FREQMG(N))GD TO 23
CONTINUE

Nz8

D=(FREQLG=FLOGIN)) /(FLOGIN+1)=FLOGI(N))
IF(Na QT 2INS2#N=2

D1lsle=-D

DO 264 IT=1+7
X(ITIZPEACH(IToN+1)#D+PEACH(ITsN) #D]
N=NT (J)
MGLOP=EXPIXINY®{L1e=DT(J)} )+ X(N+L)#DT (J))
RETJRN

END
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FUNCTION SIM10P (D)
TROSS~SECTION TIMES THE PARTITION FUNCTION
COMMON /FREGQG/FREQFREQLGVEHVET (40) +STIM(40) «BNJIL4D)
COMMON /7RHOX/RHOX (40) s NRHOX
COMMON /TEMP/T(40) «TKEVIA0) o TK (40) +HLT(40) o TLIOS(40) « JTEMP
DIMENSION FLOGU(11)+FREQSI(9) X (9) 4TLG(9) «DT(40) 4+NT{40)
OIMENSION PEACH(9419)
DATA PEACH/

4000 %000 6000 7000 8000 9000 10000 11000 12000 WAVE (A)
3684136438a138938414043R.14143B,143438,166438,14443B414543B4145, 1200
37uB834 4374839437 aB8434374847437a85043374853437.855:372857437.8584 1400
37898437 .B9B43T BT 43 7aB97 4374897437 8964374895437 4B95+437+8%944 1519
“@0eT37440.3190404047439:8554394T7144359e604439,517+39.645439,385, 1520
40,5814640,164439,893439,702+392561+390452¢39e366439.295+39.235, 1676
452521 e 040056+430T753,343,254442aBTB844245B80442e332062+119441.9304 1677
4545200604655+ 434T5241430251 0424871442569 +42a315442409444148964 1978
55 a06B05])sT83v49455344T4F42006eT234454T684464,99T7444,3604434823, 1979
53.86B4504369¢468403]14464355445.0024444106443,308442652+42.1004 5379
5401334500597 9482233 4464539045426 40402624603 ,656442.790+424230, B3RO
544051 +50a51404Bu1500080454345,1T64044175443,36B4424T024424141¢ 5624
5".‘0‘02 y50.35k|‘08.‘055 !"6.733 “!5.‘033!‘0‘0"015"03.592 !‘!2.912!‘02.3‘00! 5625
5443204504 T22+48031341460582344542774%442510430423442e73B+64241604 6260
55e69145)1aT65489e04444Tabl544602210454119444,223443,6TB4424B48y 6261
55e061 3510933449041 2 44705823064 1BR445,085¢44,180443,405,42,813, 6349
5569734520193 469e6304647eaT694v4623494450226444e314:43,555442,913. 6350
5509221526101 089057 T 00T aT]15¢46e29500541720444259443.50044248584 6491
5608284524821 450011044Bo146+06a056445.0TT444,522¢43.T730443,061, 6492
5606574520653 4049090444Te983 3460491 94543154644360443.569442.901/ 6900

C 3PelDs15+1De3De3F 41D 3P

DATA FREQS51/241413750E154149723165E1541078T9689E154145152920E15
1 545723927E144543295914E14444TBBOG58E1a44,7216422E1444,4,6185133E14/
DATA FLOG/35+4543B435,30022435421799¢35,11986434.95438433,95402,
1 33.90947¢33,802464433,7TB835,33,766264+33.70518/
DATA TLO/842940548451719+846995148,8536T748,98720¢9410498454210344
1 93056549,39266/
DATA FREQL+ITEMPL/Qus0D/
IF(ITEMPLEQ.ITEMPL)GO TO 20
ITEMPLI=ITEMP
DD 11 K=1+NRHOX
N=MAXD (MINO (B IFIXI{TIK) /1000e)=3)41)
NT (L) =N
11 DY) = (TLOGI(K)=TLG(N) )} /{TLG(N«]1)}=TLGIN))
50 T0 21
20 IF(FREQ.EQ.FREQLIGD TO 30
21 FREJ)I=FREQ
DO 22 N=1+9
IF{FREQ.GTLFRENSI(NY)GD TD 23
22 CONTINUE
N=10
23 D= (FREQLG=FLOGIN)}/(FLOG(N+]1)=~FLDGB{N))
IFINGGTa2)IN=28N=2
Di=]le~D
DD 26 IT=1.9
24 XUIT)=PEACH(IToN+1) #D+PEACH(IT NI ®D1
30 N=NT())
STIOP=EXP (= (XIN)R{1o=DT{J))+XIN+1)#DT(J))) %5,
RETURN
END

[at
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SUBROJTINE LUKEOP
SI2eM32+CAZaN1+01
COMMON /FREQ/FREQFREQLGEMVLT(40) STIMI4D) +BNJIL40)
COMMON /0PS/0L1(40+9) sALUKE (40) 4D2(4Ds15)
COMMON /RHOX/RHOX (40) s NPHOX
ZOMMON /STATE/P(40) o XNE(40) «XNATOYM(40) yRHI(40)
COMMON /TEMP/T(40) +TKEV{40) ¢ TK (40) +HKT(40) « TLOG(40) »ITEMP
DIMENSTION XNFPN(4D) o XNFPO(40) «XNFPMGLGO) o XNFPSI (40) +XNFPCA(40)
REAL N1OP«MG20P
DATA ITEMPL/0/
IF(ITEMPLEQ.ITEMP1)YGO TO 10
ITEMP1=1ITEMP
CALL POPS(7ev]1+XNFPN)
CALL POPS(Ba+vleXNFPO)
CALL POPS(12401+1+XNFPMG)
CALL POPS(14401+«1«XNFPS])
CALL POPS(2040Le1eXNFPCA)
DO 11 J=1+NRHOX
ALUKE(J)=INLOP{J)RXNFPN(J) +D10P (J)Y #XNFPRPO(J) +MI20P (J) #XNFPUG(J) +
1SI122P (J) RXNFPSI(J)Y«CAZOP(J) RXNFPCA{J) ) #STIM(J) /RHD(Y)
RETURN
END

REAL FJUNCTION N1OP(J)

CROSS=S5ECTION TIMES PARTITION FUNCTION

COMMON /FREQ/FREQ+FREQLGEHVEKT (40) +STIM{40) +BNJ40)

COMMON /RHOX/RHOX (40) o NRROX

COMMON /TEMP/T(40) ¢ TKEV(40) o TK (40} oHKT(40) 4+ TLOG(40) +ITEMP
DIMENSION C1130(40)4+C1020(40)

DATA FREQL+ITEMPL1/04.+0/

IF(ITEMP.EQ.ITEMPLIGD TO 30

ITEMPLI=ITEMP

00 20 K=1+NRHOX

C1130(K) 264 REXP («3,575/TKEV (L))

ClO20(K) =104 *EXP (=2 4384/TKEVIK))

IF(FREQJEQLFKREDL)IGD TO 4«0

X1130=0a

X1020=0.

X853=0.

IF(FREQWGE 3«51 T915E15) X853 =5EATONII .51 T915EL1501ala2E=1742004429)
IF(FREQeGE ¢ 24941534E15)X1020=SEATON(2,.941534E15 4a%lEalByla543.85)
IF (FREQeGE«2465331TELIS)X1130=SEATON(24653317E15+442E=18¢le524436)
FREW1=FREQ

NIOP=XB53#4 . +X1020%C1020(J) +X1130%C11301{))

RETJRN

END

FUNCTION O10P(J)

CROS5-SECTION TIMES PARTITION FUNCTION

COMMON /FREQ/FREQsFREQLGSEHVKT(40) «STIM(40) +BNJ(40)
DATA FREGL1/0s/

IF(FREQ.EQ.FREQLIGD TO 1

X911=0.
IF(FREQaGE+328B05E15)X9L1=SEATON(3,28805E15+2494E~1841a02eb6)
FRE21=FREQ

J10P=X911%9.

RETJRN

END
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REAL FUNCTION MG20PR(J)
TROSS5-5ECTION TIMES PARTITION FUNCTION
COMMON /FREU/FREQ«FREQLGSEHVKT (40) +STIM(40) «BNJ(40)
COMMDON /RHOX/RHOX (40) +NRHOX
COMMON /TEMP/T(40) ¢ TKEV(40) +TK{40) yHKT (40) «TLUG(40) + ITEMP
DIMENSION Cl169(4D)
DATA FREQLITEMP1/0e+0/
IFUITEMPLEQ.ITEMPLIGO TO 30
ITEMPLI=ITEMP
DD 20 £=1eNRHOX
C1169(K)I=64*EXP (=4.43/TKEV(K))
IF(FREQJEQLFREQL)IGO TO 40
X1169=0.
XB824=0,
IF (FREDWGEa34635492E15) XB24SEATON(3,635492E1541040b=194%0vb.T)
IF{FREQ.GEaZ24564306E15)X1169=5.11E=19R{2.564306E15/FREQ) #a3
FREQL1=FREQ
MGRIP=XB24#2.+X11698L]1169(J)
RETJRN
END

FUNCTION CA20P (D)

CROSS5=-SECTION TIMES THE PARTITION FUNCTION

COMMON /FREQ/FREQsFREQLGEHVKT (40) +STIM(40) +BNJ(40)

COMMON /RHOX/RHOX (40) ¢ NRHOX

COMMON /TEMP/T(40) 4 TKEV(40) ¢ TK(&0) ¢HKT(4D) 4 TLOG(40) o I TEMP
DIMENSTION C1218(40) +C1620(40)

DATA FREQL+ITEMPL/04+0/

IFUITEMPLEQ.ITEMP1)GO TO 30

ITEMPL=ITEMP

DO 20 K=1aNRHUX

C121B(K) =10+ %EXP(=~1e69T/TKEV(K))
Cl420(K) 26 REXP(=3,142/TKEV(K))

IF(FREJ.EQ4FREQ1)GD TO 40

X1420=0.

X1218=0.

X1044=0.
IF(FREJQuGEe24BT0454E15) X1044=5,4E=20# (2,870454E15/FREQ) ##3
IF(FREQsGE«246012TE1S5) X1218=1,64E=1T7T#S50RT(2.46012TELS/FRED}
IF{FrREZe Tl ale 10T 79F15) X1420=SEATON(24110TT9ELS 4« 13E-1B03s4469)
FREJ1=FREQ

CA2OP=X1044%2,+X]121B8#C1218 (1) +X1420%C1420())

RETJRN

END

237



PN = DN WA

FUNCTION 5120P(J)
C CROSS=SECTION TIMES THE PARTITION FUNZTION
COMMON /FREQ/FREQ+FREQLGEHVET (40) «5TIM(40) +BNJ140)
COMMON /RHOX/RHOX (40) «NRHOX

COMMON /TEMP/T(40) « TKEV(40) o TK (40) +HKT (40) « TLIG(40) I TEMP

PAGE &7

DIMENSION FLOG(9) «FREQSI(T) 4PEACH(5414) oX{6) o TLG(6) +DT(40) 4NT (40)
DATA PEACH/

10000
-“3.39“1'
=42e26440
-“0-605“'
=544,2389
=504410B+
=52.09360
=51+9548,
54426007
=5247355,
=53,5387.
~5342417
=53,5097.
=54405610
=534B4569

12000
=h3,8941,
=~42a28%4
=40.6054,
=52+2906,
-‘08.‘0892‘
-50.07‘10
-49.9371
=51.T7319,
=50e2218B9
'50.9189!
=50.6234,
=50e8535,
=51e2365+
=51.02560

14000
*43-89“10
—h2e2blles
~404,6054,
=-50.8799
-4T41090,
w4B.5999,
=4BalbaT
-"9.9 17e!
*‘08.‘0059'
-t340200
=4B,T7252
—hB8,9263
=6941980
wiBoa3860

16000
=43 ,894]
—42e2bbbs
4046056
~49,8033,
~4640672s
4744676
=6743340,
wiaBs5395,
=-4T.0267«
=4745750¢
=4T+2810,
=4Tsb65860
=4 T o497
=4T.4368y

18000
~43,8941,
~hle2bbly
~40460544
~aB,9485,
~45,25100
46,5649
“’6.‘0333'
-‘01.‘0529.
wle5 49402
whbobIble
=ibe14100
-b4balF9%4 ¢
wbba@302y
wbbo2lb620

20000
=43,894])
=42el4b4L,
~40a6054
-48.2“90'
=k o5933,
=bB 8240
45,6947,
+46.5T70%
=-45,0592
-“5.5082'
-45.2153
=46543581
=aS5e4014,
05,2266/

WAVE (A}
S00
600
159
760

1905

1906

1975

1976

3245

3246

3576

3577

3900

4200

DATA FREQSI/%s996541TEL1S543,9466738E15415T36321E1541.5171539€E15,
1 9¢2378947E14+B.3B25004E14¢746869872E14/

C 2P 2D 2P 2D 2P

DATA FLOG/364329B4436414752435,91165034.95216+36,95561434,45951,
1 36636234¢34427572434420181/

DATA TLG/9e2103449e39266494506811546803449.7981349450349/

DATA FREQL+ITEMP1/04+0/
IF(ITEMPLEQ.ITEMPLIGO TO 20
ITEMP1=ITEMP
DO 11 £=1+NRHOX
NEMAXO (MINO(S+IFIX(T(K)/2000e)=4)+1)
NT (£} =N
11 DTU(KI=ATLOG(K ) =TLGIN} )/ {TLGIN+ L) =TLG(N))
50 70 21
20 IFIFREDLEDQLFREQL)GO TO 30
21 FREJ1=FREQ
DD 22 N=1a7
IF(FREQ«GTAFREQSI(N))GO TO 23
22 CONTINUE

N=8

23 DE(FREQLG=FLOGIN)) /(FLOG(N+1)~FLOGIN})
IF(NeGTe2INZ2#N=2
IFINGEQeleIN=13
Dlzle=D
DO 24 [T=1s6

2% XUITYZPEACHIITsN+1)*D+PEACH(IT NI ®D1

30 NzZNTL))
SIZOPTEXPIXIN)#{1e=DT(I))+X(NeL)RDT ()Y ) Rs,
RETJRN

END
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5JBROJTINE HOTOP
COMMON /FREQ/FREQWFREQLGEHVET (40) +STIMAD) +BNJ(4D)
COMMON 70FS5/D1(40410) sAHROT (40} 4D2{40w14)
TOMMON /RHOX/RAGX (40) «NRHDOX
TOMMON /STATE/P(4D) +XNE (4D) ¢ XNATOM(40) +RHD (4D)
COMMON /TEMP/T(40)aTKEV(40) « TK(40) oHXT (40) «TLO3(40) « 1 TEMP
DIMENSION XNFP(40421)
DIMENSION At420)
DIMENSION AL(63) 4AZ(63)4A3(063) sAG(63) ¢AS(63) +AB(H3) WAT(42)
EQUIVALENCE (A(1) «AL(1)) 4 (A(BG)sA2(1))etAlL127)A3(1))
EQUIVALENCE (A(150) A4 (1)) 4 (AL253) «A5(1)) «(A(316)sAL(]1))

O =0 N ol -RENT. RV B S TUN N X~ PR e Nolis BENTE . JUC AN VI N

NP WM e

EQUIVALENCE (A(379)4AT(1))

DATA Al/
4o [49945E 15 6290E=]18% 140004 bee Gae 13.71» 2un ba0]
4e5T43641E15e 2450E=18s 14000 444 Zev 1196w P 601
502207T0E15¢ 1e0BE~=174 1e000s 4ayv 1D 9e2Bs 2w 6,01
Se222307TE15s 5435E=]1By 34T69¢ 240 lew 0004 lban 10.00
5eB925TTELSe ob0E=18Bs 129500 bas Ooo Da00e 2o 6,01
6alTTO22E15¢ 3450E=18¢ 120004 44s 1240 54338 2w 601
6elBlOGZELSe 6uT75E=180 341010 Sae  lave 42054 baw 701
6.701879E15! b.bSE—lBo 2.7890 5.' Sev 1-900 Gas T«01
7.1583325150 b.bSE*lB- 2+860 Gaw Few De0Dy be/ TaUl

JATA A2/
Te2B44BBELSs 3a43E«]18s 44174 50v buw 5602¢ 1lan EaOl
Te693612E15% 3253E-18s 3a8084 Ses 10ew 3e33% llas fa01
TeBBS955E1Se 2432E-~18s 341104 Sy Gos 5029 1law 8.01
Be2950TFELSs 3497E=18¢ 340334y Saw 10 3334 lles B.01
BebGTOHBEEL1Se TeIZ2E~18yy 348374 Say “av 0400% llew BaQ1l
BoB509966E15e 2400E=18s 127504 Teus e 12463, XY b.02
Be5T2B54E15¢ 1abBE=184¢ 3475l Bavr  bas S5402¢ 1llaw BeOl
DeF063TOELS e 4ol6E~18s 247174 3440 bouw 04000 17w 10.01
14000693E16s 2440E=18¢ 1750 Tes Faw 6e50s 3a/ be Q2

DATA A3/
1eD4607TBELGY 44BOE=lBs 140004 440 104y 12453« Taw 7.02
1eD6T1ISTELGs 24T1IE~1Bs 2e14Bs 3., bur 0eDO¢ 170w 10401
1al46734EL6r 2e06Ex]Bs 1eb260 Gus bur 000 Tas T.02
1.156813516! SOZOE—XQQ 2el260 EPE) bus 0-000 17w 10-01
1a157840E160 9e10E~19y 44750y 4uy law 0200 3an 6a02
1elT7220E160 5e30E«18+ 1o000y 4uy 1240 TelOsw Taw 7,02
1.198813E16' 3.97E*180 2eTBOs bas las 535¢ 120> 8!02
1.267503E16 3aT9E~184 247774 bav Saw 2e51s 1240 B.02
1e327649E16s 3465E=18¢ 24014y 6Ga Fes 0.00¢ 12a/ Ba.02

DATA A&/
14361466E15y TeO0E=~18y 14000+ 20¢ 5Sew TeBs 1lew B«02
1e365932E16y Pe30E=194 1a5009y Tee 6o BeOODs Guy 6403
1e4Bl4BTELEs lolOE~184 12750« Teo 3a0 164204 Bes T.03
1a490032E16e 5449E=1Hy 3.000¢ 549 len 691« 184 10.02
1.533389516! 1.805‘18! 2.277! bay Favs 0a0Ds 1Bans 10002
1.559“52E16' 8'705-190 340004 Ga» oo 0e0Do boo 6.03
1.579683E160 hll?E-lBQ 24074 “aw Sav 3420 1Bao 10-02
1.643205E16 1o39E=18Bs 247924 Suv Sen 3.20% 18Ban 10.02
1e65620BE16+ 2450E~184 24346 Sev Fan 0.00¢ 1Bs/ 10,02

DATA A5/
1e6714D1E160 1030E~1B4 14750¢ Tos  9Guav Bad5s Bew T«03
LaT19725E16s 144BE«1By 242254 Senw  Duw Da00Ds 184 10,02
le737839E16v 2+TOE=1Bs 140004 4uy 10ev 15a7b4s 134w B,03
1.871079E16+ 1a2TE~18, eB3le bas bar 0aD0s 13aw B8.03
1eBT329B8EL16s 92l0E~19s 30004 %us las 0.00¢ Baow T7.03
1+903597E16s 290E~18¢ 140000 4as 12as B28By 134 8,03
24D60T3BE16e ©ab6UE«1By 140008 3.4 129 224Bé4s 194 10,03
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2el25492ELlbs 5.90E=19y 140000 Gav 6Gav 9e9%s O T«064
2e4162610E160 1u6FE=18s 1937 S5es bauvs TeTle 1%/ 1003
DATA A6/
2e226127E16y lebGE=184 1uBals Sev 10ey 5.08s 19e 10.0%
2¢251163E16s 9230E=19s 2:455¢ bew boo Tells 19ee 10,03
2'275001E169 7.90E'190 1.000! Gays 9.0 10-20! l".! 800‘*
2e3176T7BEL16s 14b65E=18Bs 24277¢ 6o 10s0 56089 Ll9w+ 10.03
2e348B946E16% 3ellE=18s 1a963s bov Gev 04000 194 10.03
2e351911E16s Te30E=19s 14486+ Ses bow TaTle LT 10,03
2¢3669T73E16y 5400E=19+ Lo000s 4o Zeo 0400 Qus Te04
2e507544ELl6s 60F90E-19y 140003 6oy Ias 1969s léey Bes04
2eT54065E16y Te60E=199 14000 209 lew 04009 léa/ 8404
DATA AT/
2+B6EGBSOELGy LaS54E=~1Be 24)10%9 bos leo Te92s 20a» 10404
2eF655IBE16¢ 1aS3E~18s 24021s Sov Doy 3.T6s 204 10.04
34054151E16¢ 1le%0E=~18s le4Tls bas Teo 0004 2040 104,04
3,085141E169 2480E«1Bs 14000+ 4o Ses 11e0ls 2040 10,04
3e3396BT7ELGe 3460E=19¢ 14000s bas 2e» 0e00¢ 154 Ba0D5
3,B818B75TELlbe 4e90E=19y lalé5s Gav bao 0+00s 21a/ 10.05

DATA NJM/60/

DATA ITEMP1/0/
IF(ITEMPL.EQ.ITEMPLIGO TO 95
ITEMPLI=ITEMP

TALL POPS(64030119XNFP)

CALL POPS(T7e04s]lleXNFP(145))
CALL POPS(Ba0OS5+11eXNFP{1410))
CALL POPS5(10405+11eXNFP(1416))

95 L==b6
DO 20
L=ELs+7

1=1 +NUM

IF{FREQ.LT«A(L)IGO TO 20

XSECT=A(L+L)®(AlL+2)+{AIL) /FREQ)=A{L+2)#(A{L)/FREQ)) =
1 SORT((A(L)/FREQ)#*®IFIX(A(L+3))}

ID=A(L+6)

D0 10 J=1+NRHOX

XX=XSECTHXNFP (JoID) A (L +4)
IF (XXoGTeAHOT(J) /1004 AHOT{J) 2ARDT (I + XX/ZEXP LA IL+5) /TREV(J))
10 CONTINUE
20 CONTINUE

DQ 30 J=1sNRHOX

30 AMDT(J)=AHOT(J)#5TIM(J) /RHOX (J)

RETJRN

END
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SUBROJTINE ELECOP

COMMON
ZOMMON
COMMON

20 1 J=

JOPS/7D1(40+11) «SIGEL(40) «D2(4Ds13)
/RHOX /RHOX (40) s NRHOX
/STATE/P(40) 4 XNE(40) « XNATOM(40) 4RHD(40)
1 «NRHOX

SIGEL () Z46653E~24RXNE (J) /RHD (D)

RETJIRN
END

SUBROJTINE H2RAUP

COMMON
COMMON
COMMON
COMMDN
COMMON
COMMDN
COMMON

/DEPART/BHYD (4006} +BMINI4D) oNLTEDN
/FREQ/FREQ¢FREOLGEHVXT (4D} «STIM (40} «BNI(40)
/IONS/XNFPH{40+2) o XNFPHE (4043}

70P5/D1(40412) 451GH2(40) sD21(60,412)
/RHOX/RHOX (40 ) « NRHOX

/STATE/P (40) ¢« XNE (40) « XNATOM (40) sRHO(%0)
/TEMP/T(40) ¢ TKEVI40D) s TK(40) «HAKT (40) aTLOG(40) «ITEMP

DIMENSION XNH2 (40)
DATA ITEMPL/0/
IF(ITEMPLEQ.ITEMPLIGL YO 20

1TEMP]=

1TEMP

DD 11 J=1eNRHUX
11 XNH2 () SOXNFPHIJ 1) #2 o #BHYD (U 1) ) HR2REXP (4,4 TT/TKEVIJ) =4 662BEL+
1(1eBD31E=34 (=5,0239FE«T+(Bal424E=11~5.0501E=134T(J))&T{J))InT(J))=

2T(J)=1a

S#TLOG(J) ) /RHD(J)

20 WAVE=2.,997925E1B/AMINL(FREDYZ24.922ELD)
WWZWAVER®D
SIGT(BeldE~]13+]aZBE=t/WWoLlobL/ (WwhwWw) )/ (wWRWW)
DD 21 J=1leNRHOX

SIGHZIJ)I=S]IGRXNH2 (D)

21

RETJRN
END
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SJBIDJTINE RHLINOP

REQJIIIES STARK AND COULX

COMMON /DEPART/BHYD(40+6) +BMIN{40) « NLTEON

COMMDN /FREQ/FREDWFREQLGSEHVKT (40) «STIM{40) «BNJ(40)
ZOMMON /IONS/XNFPH(40e2) s XNFPHE (4043)

COMMON /OPS/D1(40413) AHLINE(40) vD2(40eB) +SHLINE(40) «D3(4042)
COMMON /RROX/RHOX (40) o NRHOX

ZOMMON /STATE/P(40) «XNE(40Q) + XNATOM(40) +RHD(40)

COMMON /TEMP/T(40) « TKEV(40) o TK (40) vHET(40) « TLOS3(40) » I TEMP
DIMENSION BOLT(4044) oMLAST(40)

DATA ITEMPLl/0/

IF(ITEMPLEQ.ITEMPL)GO TO 20

00 10 J=1e+NRHOX

MLAST{J)=1100./XNE{J)#",1333331333

D0 10 N=lea

BOLT(JaNIZEXP (= (13¢595=13,595/FLOATINAN) ) /TKEV(J) ) #2,#FLOAT (NXN) »
LBHYD(JeN) #XNFPH(Je 1) /RHO(J)

ITEMPL=]ITEMP

N=SORT{3.28805E15/FREQ)

IF(NaEJe0aOReNeGT L&) RETURN

A0 TO (21+22+30+30) N

JFIFREQeLT+2EL5)RETURN

30 TO 30

IF(FREQeLTe4s44E14)RETURN
MFREQ=S50RT(3,28805E15/(3,28805E15/FLOAT (N#N) =FIEQ))

D0 50 J=1eNRHOX

M]1=MFREQ

M2=M1]1+]1

M1=MAXO (Ml +N+1)

=0

5=0s

IF(M)JLE«6)GO TO 39

IF{M1.OT«MLAST(J))IGD TO 45

Miz1]l=1

M2zv2+3

IF(NeLTe4eOPaM1+GTL8)G0 TO 39

H=STARK (3vdeJ) R la=EHVET(J) RBHYD(Jed) /BHYD(Je3) ) #BOLT (Je3)
STHRBNU(J) #STIMIL) 7 (BHYD{J43) /BHYD(Je4) «EHVKT(U))

DO 40 M=M]l M2

BHYDJM=1.

IF{MaLEw6)BHYDJIMEBHYD (JoM)

ASSJMING FREQ APROXIMATELY FREQNM

A=STARK (NeMoJ) # (1 o —EHVKT (J) #BHYDJIM/BHRYD(J+N) ) #BOLT (JeN)
“=H+A

SES+ARBNU LI RSTIMIJ) 7 (BHYD(JaN)} /BHYDJM=ERVKT (J))
AHLINE(J) =H

SHLINE(J)}=5/H

3D TO 50

AHLINE(J) =COULX {INo3w2BB06ELS/FLOATINAN) vl o) *¥{Le=EHVKT{J)/
1BHYD(JaN) ) #BOLT (JsN)

SHLINE(H) =BNU(J) #S5TIM(J) 7/ (BHYD (JeN) =E-VKT (J))

CONTINUE

RETJIRN

END
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FUNCTION STARK (NeMu )

COMMON /FREO/FREQWFREQLGeEAVET (40) vSTIM(40) +BNJ(40)

TOMMON /RHOX/RHOX (40} « NRHOX

COMMON /STATE/P(40) «XNE (40) « XNATOM [40) «RHO (40}

COMMDN /TEMP/T(40) «TKEV(40) o TE (40) oHKT (40} « TLOG(40) + I TEMP
DIMENSION FO(40)

DIMENSION KNMTAB(Se4) «FSTARK{10w4)

QEAL NNoMM4 IMPACT +sKNMeKNMTAS

JATA CNMTAB/4000356¢e000523 4001054000149 4200225+20125+01774:02b+
1e0364B4e049340l20441T19e223v026l0a3424s068344B6601e02v1alFolatst/
DATA FSTARK/ 41387 440791024021 269e0139444006462+400648144.007779,
1 «002216ve00144343,001201443921901193+203766+4022094+401139,
2 «D08036+a005007+0003B504,002658440021514461034415000.06931

3 G0276B4e01485,,0102344006588440049564,003542,4,002B838+4B1634417884
4 o05985420231894401762+001195+4007B2520005882+2004233+4003375/
IF YOJR RYDBERG IS5 DIFFERENT YOU MAY SET LINES IN STRANGE PLACES
DATA RWD/3.2BB05E15/

DATA ITEMPL/0/
EXINT(X)==ALOG(X) w8575 164 (497996 (421654=(4033572a{.0029222~
1 1e05430E=anx)ax)aX))X)#X

IF(ITEMPLEQ.ITEMPL)YGO TO 20

DD 10 X=1eNRHOX

FOUC) =1 o 25E=9nXNE(K) %2, 66660607

ITEYPLI=ITEMP

XN=N

XM=y

XZXN/ XY

AX=Xmn2

NNTN#N

CUELE L

MMINNZM=N

IF(MMINNLGTL5)G0 TO 21

ENM=KNMTAB (MMINNsN)

8D T0 22

KNM=5,5E=5% (NNRMM) %42 / (MM=NYN)

IF(MMINNLGTL10)G0 TO 23

FNM=FS5TARK (MMINNWN)

30 TD 30

FNM=FSTARK (10N R ({20 %#XN+1004) /7 (XN+104) /XM/ (1 g=XX))nn3
FREINMZRYD# (] o /NN=1 4 /MM)

DEL=ABS(FREQ-=FREQNM)

DRETA=2.997925E)18/FREQNM®R2 /FO(J) /KNM

BETA=DBETA#DEL

YIMMRDEL #HKT (J) /2
¥22(3,164159%3,14159/24/s0265384/2.997925E10) #DEL#R2/XNE(J)
STATZ1 o5+ 5R{Y]1R#R2+]14384)/(Y1%82+4],386)

IMPACT=0w

JIF(Y1aGTaBaaORaYLlaQGELY2)GO TO 40

EXY2=0e

IFIYZalEeBW)EXY2ZEXINTI(Y2)
IMPACT=1eo3BASORT(Y1IR(1a=XX) ) ®(oGuEXP(=Y1) «EXINT(Y])=aSREXY2)
IF{BETALGT«20.)G0 TO 45

PROF=B4/7(B80«+BETAR®3)

RATIQ=ASTAT+IMPACT

30 TO 50

PROF=145/BETA/BETA/SQRTI(BETA)
DIDIT6.428#]44BE=25% (2 #MMaRYD/DEL) #XNE(J) ¥ {SQRT (2 4 #MM#RYD/DEL) #
1(1e3%05TAT 30 IMPACT)=2,98YDRHKT (J)})
RATIO=DSTAT#AMINL(14+D10Is1425)«IMPACT

STARK= . 0265384 #FNMRPROFRDBETARRATIO

RETURN

END
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SUBROJTINE LINOP(JeNSTEPS+STEPWT)

DUMMY FOR LINE ABSORPTION DISTRIBUTION FUNCTIONS
COMMON /DPS/DL(40414) 9ALINES(40) s02(40,10)
RETJIRN

END

SUBROJTINE LINSOP(JsNSTEPSSTEPWT)

COMMON 70PS5/0) (40415) «SIGLIN(40) +D2(4049)

DUMMY FOR LINE ABSORPTION DISTRIBUTION FUNCTIONS 5=J
RETJIRN

END .

SURROJTINE XLINOP

COMMON /0PS/D1(40+186) sAXLINE(40) +DZ(40s6) 4 5XLINE(40) +D3 (40}
JUMMY LINE OPACITY ROUTINE

RETJIRN

END

SUBROJTINE XLISOP

COMMON /0PS/D1(40+17) o SIGXL(40) +D2(40T)
JUuMMY LINE SCATTERING ROUTINE

QETJIRN

END

SUBROJTINE XCONOP

COMMON /OPS/DL(40¢18) sAXCONT (40) 4D2(4D45) «SXCONT (40)
DUMMY CONTINUQUS OPACITY ROUTINE

RETJRN

END

SUBRDJTINE XS50P

COMMON /0PS/01(40419) +S1GX(40)+D2(4045)
DUMMY SCATTERING ROUTINE

RETJRN

END
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SUBROUTINE JOSHUIFSCAT W IFSURF)
1FSZAY=1  SOLVE INTEGRAL EJJATION FOR SOURCE FUNCTIUN
[IFSCAT=0 S5ET Shku=SHAR
IFSJRF=D CALCULATE J AND H
1FSJRF=1 CALCULATE SURFACE FLUX
IFSJURF=2 CALCULATE SURFACE SPECIFIC INTENSITY
COMMON /ABTOT/ABYODT (40D) +ALPHA(40)
COMMON /MATX/COEFJ(43443) JCDEFH(43463) +XTAUI43) oNXTAU
COMMON /MATX/CLU43) 4C2143) oC3(43) 4Cala3)405(43)+Co(a3)(TIa3),
CBIl42) oCH(43) o C10(43)sCl1143)4CL2043)6C13043)y
Cle1a3)4C15043) oClela3) ¢C17(43),CLBI43) CLlylald)y
C20(43)2C21143) 4C22(03) 4223(43)4C24(a3)4C25(ad),
C26043) o C2T143) oC2B143)e0291(43) 4C30(43)4C31(43),
C32143) 4033043} 4C34063)4C35(63)4C36(43)4C37(a3).,
CI8143)+3C39(43)4Ca0(63) 4l61(a3)4Ca2(43)4C43143)y
COEFH(43¢43) o XTAU(43) 4 NXTAU
D1(43) 4D2(43)eD3(43) y0al43)4Do(43)4D6L43) DT I463])
DB (43) 4D9143) 4 D10(43) +D11(43)4D12(43)4013143)
D14(43)4D15043) 4D16(43)4D17(&3)4D1B(43)D1G(43)
D20(43) vD21(43) 4D221(¢3) +D23(43) 4D24(43)«D25(43),
D26{43)4D27(43) D28 (43)4D29(43),4,D30(431,031(43)
D32(43) +D33(43)4D34(43)4D35(63)4D36143)4D371(43)
D38(43)4D39(43) 4D40(43)4D61(43)4D62(43) 4D43(43)
XTAU(43) sNXTAU
DIMENSION COEFJ(43+43)
DIMENSION CDEFH{43443)
EQUIVALENCE (CDEFJ(1)CLUL))
EQUIVALENCE (CDEFH(1)eD1(]1))
COMMON /7MUS/ANGLE(20) +SURFI{20) s NMU
COMMON /OPTOT/ACONT (40) ¢SCONT (40) ¢ALINE (40} ySLINE(40) «SIGUAC(40)
1 SIGMAL (40)
COMMON /RHOX/RHUX (40) «NRHOX
COMMON /TAUSHJ/TAUNU(4O) +SNJT40) sHNULG0) « JNUT40) v JMINS (40)
REAL JNJsJMINS
DIMENSIDN XS5(43) yXSBAR(43) «XALPHA(43) +DIAG(63) o xH{43) +XJS(43)
EQUIVALENCE (XSBAR(1) «XH{1)) o (XALPHA(L) +XJS5(1))
DIMENSION A(40)+B8(40) +C{40) «SNUBAR (40}
EQUIVALENCE (A(L) «HNU(L) ) o (B (1) 4 JNUTL)) o LC 1) o JMINSEL))
REAL NEwW
DD 10 J=1¥NRHDX
ABTOT(J)=ACONT (J) «ALINE(J) +STOMAL (J) +STIGMAL ()
ALPHA LU= (STGMACIJ) «SIGMAL () ) Z/ABTOT L)
SNUSAR(JIS (ACONT (I RSCONT{J)ALINE(J) #SLINECIY) /
1 CACONT (DY +ALINE(J))
RMOXO=RAHOX (1)
RHOX(1)=0.
CALL INTEG{(RHOX+ABTOT s TAUNUNRHOX )
RHOX (1) =RHOX0
IF(IFSCATSEQLL)GO TO 30
DO 20 J=1e+NRHDX
SNU(J) =SNUBAR (J)
IF(IFSJURFaEQ2)GD TD 70
MAXJZVMAPL (TAUNU +SNUSNRHOX s XTAU XS eNXTAY)
IFUIFSURFLERLLIGD TO 60
DO 21 J=1eNRHOX
ALPHA(J) =D,
MAXJEMAPL {TAUNU + SNUBAR «NRHOX s XTAU S XSBAR «NXTAU)
MAXJEMAPL (TAUNU»ALPHA «NRHOX s XTAU « XALPAASNXTAL)
DO 31 L=1eNXTAU
IN CASE OF BAD INTERPODLATION

»

B Wb NN P W -
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40

41

43

o5
46

50
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TF(XALP4AIL) oL TeQOu ) XALPHA(L) =04

XS(L)=XSBAR(L)

DIASIL)sle~XALPHA (L) *COEFJ (L oL)

XSBAR(L)=(la=XALPHA(L))®XSBAR(L)

THE LIMIT ON LD 34y THE MAXIMUM NUMBER DOF ITERATIONOSs IS ARBITRARY

DQ 36 L=1+NXTAU

IFERR=D

CENXTAU+L

DD 33 KX=]1+NXTAU

(zK=]

DELXS=CLIK)I#XS (1) +C2(K)#XS(2)+CA(K)RXS () +L4iK) RXS5(4) (5 (L) RXS(5) +
1C6IE)I #XSIEI +CTIKIRXSIT) +CRBILIRXS(B) +COIKI#XS () +CLO(K) #XS(10) +
2C11IK)I XS (L) +CL2(K)IRXS(12)+CLA(K)AXS5(13)+CLle(K)®XS(14)
3C1I5(K)#XS {15} +CLO(K) #XS(16) «CLT(K)RXS(1T)+C1B{K)AXS(18) «
GCLIIKIAXS(19) «C20(K)RXS(20) +C2L(K)#XS(21) +C22(CI#XS(22) «
SC2I(KIAXS{23) +C264(KIAXS(264) «+C25(KIRXS(25) +C26 (L) #X5{26)+
G6C2T(KI XS (27)+C2B(K)#XS(28)+C29(K)IRXS{29) +C30(KL)RXS5(30) »
TC3LKIRNS(31) +C32(KIRXS{32) +CIIIKIRXS(33) «CA4 (L) HXS(34)+
BCAS(K)#XS(35) «CAGIKIRAS(IH) +CIATIK)I#XS(3T)+CIB(K) AXS(IA) +
YCIFIKI #XS(39) + {40 (KI RXS5(40) +Col (KIRXS(4l)+Ca2 (L) AXS(42)+
TCLILKIAXS(43)

DELXS=0.

DD 32 M=1+NXTAU

DELXS=DELXS+COEFJ (K +M) #XS (M)

DELXSZ (DELXS#XALPHA(K) +XSBAR(K) =XS(K)) /DIAGIK)

ERRIR=ABS(DELXS/XS(K))

IF(ERIDR+GT4»00001) IFERR=1

X5(€)=X5(K) +DELXS
IF(IFERREQa0)GO TO 35
CONTINJE
IF{IFSURFLEQ«1)GO TO 60

MDUMMY=MAP 1 (XTAUWXS¢NXTAU S TAINUSSNUWMAXY)
IFIMAXJLEQaNRHOX) GO TO 46

MAXJLIZMAXJ+]

DO 40 J=MAXJ1 «NRHOX

SNU(J) =SNUBAR ()

Y=MAXD (MAX =141}

NM1=NRHIX =M+ ]

NMJIENRADX=MAXJ+1

THE LIMIT ON DD 45 15 ARBITRARY

DD &5 L=1e+NXTAU

ERROR=0.

CALL DERIVITAUNU(M) ¢ SNULM) s rANU (M) o NML)

DD 41 J=MsNRHOX

ANU(J) =HNULD) /3.

CALL DERIVITAUNU(MAXJ) o HNU (MAXJ) o JIINS IMAXJ) yNMJ)
DO 43 J=MAXJL +NRHOX

JNUGJ) =IMINS (J) +SNULD)

SNEWE (1e=ALPHA (J) ) RSNUBAR (J) +ALPHA LI} #UNU(J)
ERRIDR=ABS (SNEW=SNU(J) ) /SNEW+ERROR

SNU{J) =SNEW

IF(ERRORSLT««00001)1GO TO 46

CONTINUE

IF(IFSURF4EQ«2)GO TO 70

DD 51 L=1+NXTAU
XJS(L)==X5(L)
XHIL)=0.

DO 51 M=1«NXTAU
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XJSUL)=XJIS (L) «CORFJ(L oM) ®X5( M)

51 XH(L)EXH(L)$LOEFHIL sM) WXS (M)
50 DO %1 K=lyNXTAY

XJ  ZCIAKIOXS I +C2(KIEXS(2) «+CA{K)IRNS(I) +Ca(K) RS (4) +C5(CI #X5(5)+
1O MXS(n) e FIKIBXE(T)I+CBIC) XS (M) «CIIKIAXS(9)+C10DIK)IRXSLLIU) +
cCLLIRI XS (11D eC 12 (K)I®XS(L2)+C13(KIRXS(L3)+CLa(<I®XS(]als
ACLS(RIAXSULS) «ClE(KIRXS(16)«CLT(KINXS(1TI+CIE(L)RXS{]B)
DCIGIK) RXST19) «C0(KIRXS(20)+C2LIK) #XS{211+C221K) #RS(22)
SZ23I(KIAXS(23) +C2a(KIAX5(24)+C25(R)IEXS(25)+C26(K)RXS(26)
BC2T(K)IRXS(2T)+C2BIKINXS(28) eC29(K) #X5(29) +L30(K)RXS(30)+
TCALIKIWXS (I ) «C32(KINXS(32)+C33(K)RXS{33) (34 (K)RXS(30)
BEISIKIRXS{35) «C36(KIRXS(36) «CITIKINXS(IAT)+CAB(K)RXS(IH]+
JCIIKIAXS(39) «C40 (K RXSLH0) +ChLIKIRXS(4])+Ca2(K)RXS(42]) 4
TC&I(K)#XS5(43)

XJSUK)=XJ=XS(K)

XHIE) =D IK) #X5(1)4D2IK)#XS5(2) 4DI(KIAXS(I) +D4(K)I RS (4]} +DS (LI RXS(5) +
1D6(K)BXS{6) «DT(KINXSITI4DBIL) #XS (R +DIIKI#X5(9) +DI0IKI#XS(101
2DLIUK)I XS (11)+D12(K)RAXS(L12)+DL3(K)RXS{I3)eDlG(KINXS(]14) e
IDISI(KI®XS(15) «D16 (K} RXS(16) ¢D1T(KIRXS(1T)«DIB(K)I#XS(1R)
4D19{K)I#X5(19)+D20(K) #X5(20) +D2LIK) #XS(2]1)+D22(KIRXS(22)+
5023(K)®XS5(23)+D24(K)#XS{24)+D25(K)®XS(25)4D26(L)RX5(26)«
BD2TI(KIRXS(2T7)4D28(K)#XS(28) ¢D29(KIRXS(29) «D30(C) #X5(30)+
TOIL(K)I #XS5{31)+D32(K)#XS5(32)eDIAI(K)IRXS(33)+D30{C)2X5(30)+
BD35(KIRXS(35) D36 (KI®XS5(36)«DITIKIRXS(IT)I+DIB(K)#XS(38)
FO3F(KIRKS [39) D40 (K) #XS(40) +D4L (K)RXS (1) #Da2(C)#XS5(42)+
TI43(K)#XS(43)

51 CONTINUE

MDUMMY=ZMAP ] (XTAUsXJSyNXTAUSTAUNU s JMINSaMAX J)

MDUMMY ZMAP L (XTAU s XHoNXTAU s TAJUNU s HNU «MAX.J)

D0 52 J=1lWMAX)

52 JNULJY=JUMINS (J)Y+5SNUTD)

RETURN

60 ~ANU(1)=0.

00 61 M=1«NXTAU
61 HNUCL)=HRUCL) «COEFH (1 eM) #X5(M)

RETJRN
70 CALL PARCOE(SNUTAUNU«AsB+CoNRHOX)

N1 =NRHIX~1

DO T4 MU=l «NMU

ab=1.

SUM=E0.

DO 73 J=leNl

NEWED.

TANGLE=TAUNU(J+1) /ANGLE (MU)

IF({TANGLE«LT 4504 ) NEW=EXP (=TANGLE)

D=TANGLE=TAUNU(J) FANGLE (MU)

IF{DeLEse03)G0O TO 72

SUMESJM+OLD®* (SNUGL) « ({B{J) +28C{JI*TAINU(J) ) #2aaC(J) R

LANGLE (MJ) ) RANGLE (MU) ) =NEW® {SNU{J+1) + ({B(J)+2.2C{JIRTAUNU(J+]1) )+

2 26%C(J)RANGLE (MU) ) #ANGLE (MJ))

30 TO 73
72 SUMESJMeNEWR (SNUCJ) # {SNULJY « (B J) +2.%Z(J) #TAUNJ(J) ) RANGLE (MU) +

1SN o (BUJ) 024 ®C I RTAUNU(J) ¢ 2 #C(J) RANGLE (MJ) ) #ANGLE (MJ) ) &

2ULUL(ID/Fe* o) AD/Busla)®D/Tevle)RD/bas1e)®D/5erle)#D/besr]la)®

3D/73) 2D/ 2e) 2D
T3 OLD=NEW
T4 SURFI(MJIESUMOLD®* (SNUINRHOX) ¢ { {B (NRHIX) +2 4 #C(NRHOX) %

1 TAUNU INRHOX) ) 2 o ®C {NRHOX) #ANGLE (MU) ) #ANGLE (MU} )

RETJRN

END
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SJBROJTINE BLOCKJ
CAN BE BLOCK DATA INSTEAD DF SUBROUTINE
COMMON /MATX/CJ(1849) «CHILIB4Y) s XTAUL43) oNXTAU

PAGE 77

DIMENSION CJ 11(36)+CJ 21036)+CJ 3(36)+CJ 4(36),CJ 5{36)
DIMENSION CJ 6(36)+CJ 7(36)+CJ B(36)+CJ 9(36)+CJ 101{36)
DIMENSION CJ 11136} 4CJ  12(36)9C) 13036)+CJ  14(36)4CJ 15(36)
DIMENSION CJ  16(36)4CJ 17(36)+CJ 18(36)+CJ 19(36)+CJ 20(36)
DIMENSION CJ 21(36)+CJ 22(36)+CJ 23(36)+C) 24(36)+CJ  25(36)
DIMENSION CJ  26(36)+CJ 27(36)+CJ  2B(36)+CJ  29(36)+CJ  30(36)
DIMENSION CJ 31(36)+CJ 32(36)+CJ 33(36)+CJ 36(36)+CJ  35(36)
DIMENSION CJ  36(36)+CJ 3T(36)+CJ  38(36)4CJ 39(36)+.CJ 40(36)
DIMENSION CJ  41136)+CJ  42(38)+CJ  43(36)4CJ) 464(36)4C) 45(36)
OIMENSION CJ  46(36)4CJ 4T1{36)9CJ 4B(36)4CI  49(36)4CJ 50(36)
DIMENSION CJ  S1(36)+CJ 52(13)
EQUIVALENCE (CJ 1(1)+CJ o 11) e (CJ 2()«CJ t 37))
EQUIVALENCE (CJ 3011eCH U T3 hWiC 4(1)+CJd [ 109))
EQUIVALENCE (CJ 501)CJ € 145))4(C 6(1)Cy ( 181))
EQUIVALENCE (CJ TULYCY ( 21T 0 (CJ BL1)+Cy ( 253))
EQUIVALENCE (CJ 9U1)eCJ ( 2891 4(CJ  10(1)CO ( 325))
EQUIVALENCE (CJ  11(1)eCJ { 361)1)4(CJ 12(1)+CJ € 397))
EQUIVALENCE (€U 13(1)+CJ ( 433))4(CJ 14(1)+CJ ( 469))
EQUIVALENCE (CJ 1501)sCJ ( 505)3)4(CJ 16(1)CJ ( 561))
EQUIVALENCE (CJ  17(1)+CJ { STTI)o(CJ 1B(1)sCJ ( &13))
EQUIVALENCE (CJ  19(1)¢CJ ( 64911 4(CJ 20(1)+CJ ( 685))
EQUIVALENCE (CJ  21(1)+CJd ( 721))4(CJ  22(1)CJ { 75T))
EQUIVALENCE (CJ  23(1)+CJ ( 793))4(CJ 24(1)+CJ ( B29))
EQUIVALENCE (CJ 25(01)+CJ ( B65))+(CJ 26(1)4CJ { 901))
EQUIVALENCE (CJ  2T(1)+CJ € 937))4(CJ 2B(1)+CJ { 973))
EQUIVALENCE (CJ  29(1)+CJ (1009))«(CJ 30(1}+CJ (1045))
EQUIVALENCE (CJ 31(1)CJ (1081))4(CJ 32(1)4CJ (111T7))
EQUIVALENCE (CJ  33(1)+CJ (1153))4(CJ 3401)+CJ (1189))
EQUIVALENCE (CJ  35(1)sCJ (1225))4(CJd 361{1)+Cd (1261))
EQUIVALENCE (CJ  37(1)sCJ (1297))4(CJ 38(1)+CJ (1333))
EQUIVALENCE (CJ  39(1)4CJ (1369))+(CJ 4011)+CJ (1405))
EQUIVALENCE (CJ  41{1)+CJ {1441))e(Cd 42011 4CJ (1a77))
EQUIVALENCE (CJ  431(1)4CJ (1513)14(CJ  44(1)+CJ (1549))
EQUIVALENCE (CJ  45(1)+CJ (1585))4(CJ 46(1)+CJ (1621))
EQUIVALENCE (CJ  47(1)+CJ (18657))4(CJ 4B(1)4CJ (1693))
EQUIVALENCE (CJ  49(1)2CJ (1729))41CJ S0(1)+CJ (1765))
EQUIVALENCE (CJ S1UL)+CJ (1BO1))«(CJ 52(1)+CJ (1837))
DATA CJ 1/
1 B8e14986025E=05¢ 7e3153B254E~05s 647117B656E~054 6424581491E=05,
2 5¢79416138E=05¢ 5436599004E~05y 4495677731E=05¢ 4453702132E~05
3 4¢11409031E=05¢ 3.,70180419E~05¢ 3,30221502E=05+ 2.BB995437E=05,
% 2455766809E=05+ 2024455861FE~050 148B519709E=05+ 1l45884TT44E=05,
5 1433092440E=05+ 1.09509308E=05+ B4B86744834E=06¢ 6.98752785E=064
6 543394447BE=06+ 4.00549621E~064 3,06255733E=06s 2,3067115BE=06,
T 1470829464E~06y 1+2275691TE=06y B437423163E~0T7y 6417580912E-07.
8 4431441568E«0Ty 2.84814120E=07y 1490447B9LE=~0T+ 1e28668434E=0T
9 TeT21T1575E=08¢ 4414502255E=-08y 2,000629B2E=08y B.21662923E=09/
DATA CJ 2/
1 2.064916539E=09y 3.36821047E«10s 2497451696E=11y 1,9B489427E=12
2 1le372BT283E~13y 9.73803273E-15s 7,037B80218E=l6y 1.5015356TE=Ddb,
3 1469998410E=044¢ 144955156BE=04¢ 1,33114548E=064s 1422361492E=04,
4 1412691930E=04+s 1.03789120E=04y 9,482B8272E~05+ B,5896595BE=05,
5 Te72399845E-054 6.88765300E=05y 6,02632697E=05¢ 5,33275330E-05,
6 446T7953579E=D5s 3493007243E=05y 3,31179453E«054 2.77440975E=05,
T 2428276312E=05s 1.84843096E=05y 1,45654595E=054 1,11299644E=05,
B Be34933442E=06v 6,3B378621E=06s 4,80007272E-06+ 3,56085984E=06,
9 2455880582E-06+ 1.87063082E-06+ 1,28731302E~06s 8499315117E-0T/

248
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JATA CJ

DATA CJ

DATA CJ

DATA CJ

DATA CJ

DATA CJ

3/

5e936TRBL49E=DT
Bab40D03431E=0B
7:020B0564E=10+
2e029B2455E=]4,
14a73973599E 04,
1e06792177E«Q0b s
T203363020E-05,
4400347229E=05,
1.B8565261E=05,
&/

6o51134BLTE=Qb
1+9079826BE~06
4eD4F0L009E=-OT
4e25298033E=08,
6e323BBB10E~-]1+
le%9624885E-]15.
3,20147632E=044
1e9195096T7E=04+
142070541 9E«0Q4
5/

6ubZ2642BTTE=DS,
2e91266T43E-05,
4406004 74E=06
2e5T3PBESLE~DS
5e3617B620E-07.4
3242644T7430E=08"
BelT244054E=12
“.28“7Bﬁ615'0“'
S5a4l1B8BT7599E=04
6/

3.12498628E-04.
1e91470492E=04
Fe94231585E~05.
3.9B685750E=05,
1.27538260E~05,
3422090046E=06+
5 T6E444G52E~07,
1e52972066E=08+
1e02648B4TTTE~]L2
T/

6e90BB16LTE~LL,
BaT75314BT724E=04,
4e82001904E=Db4,
24B7T1B9BBE=D4
1+40006B24E=Q4
5ell791622E=05,
1.56821BA2E=05,
3.63822025E~06,
5e29466043E~07,
B/

4a30222799E=~06
14243B1B66E~]134
la13155813E=Q3,
1e4b64335T6E=D3,
Teb3496969E~D4
442837 TT7T39E=04y
2e00902454E~04
649331404 TE=DS
2+03112075E~05

3.969770BLE=DT
4o 169T6593E~08
6e20017576E-114
1e46698029E=15,
l.48361768E=04+
9.72270010E-~05+
6+15124360E=-05,
3.3784654TE=05,
1la4B8549320E=05,

4 490004469E=Db s
1e31301454E=06+
2+73512100E=07,
1a74688037E=-08+
©a2199249BE=12+
2.56B9453TE=D4
247132044 TE=D4
1.7300933TE~04
1s067544B1E=D4y

5.54893860E=05
2422560211E-05,
Tel2006931E«060
1479817365E~06
3.21823317E=-07,
Ba54035678E~09
5.7217135BE=13,
4e3BTTHBI2E~D4y
4e55714232E~04

2eT92T746TOE-D4,
1.678B9720E=04y
Ba17917639E-05,
2499067370E=-05,
Qelbb4b5428E~06,
2412624430E=06,
3,09434371E-07,
245143B79RE=09,
Te26941T783E=14,

6e9B754282E=04,
T«30251690E=-04,
4e2b6B5T352E=064.
2e4136T155E=04,
1413344596E=04,
3.4912B6652E-05,
1.14643071E=05y
24432755T5E=06,
2e555226410E=07

3.79933350E=10+
Ba9892199BE=15,
1e14602725E~03+
1a197TTT94E«D3 4
6662669551 E-04,
3.60559179E=04,
1e58263961E=04y
521706171E=05,
1.39770538E=-054

249

Ze6bB159722E=07
1+71270216E=08+
4a137376)18E=12
1e38762226E=044
14277B27B3E=Dé4 o
B TBRSTTSIE=05
Sa46199981E-05,
2.83013360E«05,
1e13525420E=05,

3.6319B185E=-06+
9+17268607E=07,
lab66166733E=07
4235658139E=-09.,
2e91B75343E-13,
246B265016E-04,
2¢33081797E=D4
1.55132197E~044
G436443364E=05,

4e56528336E-05,
1.66953761E=05+
541163B732E=0b
1418705058E~-06+4
1.72754489E=07 4
14403773B4E=09
440585106TE~Lb
4a4B00T290E=C4
3,88B09427E=04

224B145814E=04+
1.40916781E=D4.
6e62222043E=054
242B655892E~05,
€eb9979937E=06
1,42175560E=06
1.49335410E-07.
2422068435E-10.
525369629E-15

T«l5098172E«D4s
6a110673BTE=D4
3.71876560E=04.
2403264175E=04.4
8.93004808E~05,
2a94446879E=05,
TeBBI23T36E=D6
1266332221E=06
1.04953205E=0T7.

2+5352B033E-11+
1e11484772E=03,
1.17595604E-034
9.8489B020E~04+
5284007292E=04+
3.018233]15E=04+
1.,20908862E=044
3.B6672514E=05,
e T66076481E=06
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1460954311E=07
belTl34TBE6E=-0G,
2486165744E=13,
1452892603E=04y
lel6648599E=-04.
7.8933410BE=-05
4o TT466096E-05.
2432B53T12E=05,
845162251BE~06/

2+60990507E=06
6.05529102E=07y
Bo81246833E-08,
T+16089755E«10,
2.0703231BE=14+
2.82680119E=04,
2.11908717E~04,
1.38103891E=04.
Tet6624217SE=05/

3,696469T2E=05
1427648716E~-05,
3.T4036592E-06
Ta9374T7694E=07y
8.33728B443E-08,
1.23969092E-10,
2¢9331363BE~15y
4. T4192405E=04y
3,4B8B83455BE=04/

2e166255359E~04,
1,1B707073E=04,
S221781154E=05,
1.72069282E=05,
4,61055441E-06
9460397422E~07,
6.13382136E-08,
lo4BlT72404E=11,
6,81346357E=04/

TeblT9T143E=04,
5e42551009E-04 s
3,28350939E-04,
1,70210809E~04,
6.82295010E=05+
24182641298E-05,
5451132513E~06,
9.8634225BE=-07
2.61742BB3E-08/

1e75354660E=124
1412418194E=03
1425851232E~03,
Ba6T4B6TI1E=D4
511122829E=04 .
2.48203963E=04,
9.06877167E=05,
2eTTBGATIFE=D5 Y
Gea4553426E-06/
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DATA CJ

OO~ P U N

DATA CJ
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DATA TJ 9/
4e3098726BE=by
4e526T0223E=0T»
6+473052396E=10+
1e59242422E=14+
1e90726204E=03,
2+50895650E=03,
1423180309E~03y
6eb0bELTLILE=DbL
2:91182454E=04+

JATA CJ 10/
Je59420089E=0%+
2+5699TOLBE=05,
5235260374E=06
3441B237TT6E=QTw
Be25663209E~11¢
3.05596719E=03,
341113006TE=03,4
4418929514E=03,
1497241133E=03»

DATA CJ 11/
1+00267T07BE«Q3s
4o0030B105E=0Q4+
1:27898063E=04»
3e22B408T7T1E«~D5,
e TTbLLA56E=060
153261121E=07,
1ls026664851E=]11
4+59800329E=03,
4o b6B292BT5E=Q3,

DATA CJ 12/
6e54922376E=03,
2+.8BB6ABTS0E«03,
1le37143155E=03,
4e98459080E«Q4
1e52561656E=04y
3,53701589E=05¢
5.1454959BE=06+
helT9TI8B4E=QB,
1420820145E=12+

13/

Teb49592T2E=03

7«8026730T7TE=03»

Lall71BL79E=Q2+

4o63T749691E=03+

2211034644E=03,

Te2lTBBlSTE«Q&

2:11247909E=04»

bobTTISTI42E=0%,
4eb99T9281E=06

14/

6.98388223E=09,

le65198131E=13,
1206982944E=02
1.095157T14E=02
1e6494TTAKE=02,
6e2TB25452E=03,
2.65388823E=03,

Beb6154TI0E=O% s

231249B62E=0D4

2291128982E=-06
1.85928420E=07,
4e49123318E=11,
1.8764511BE=03,
1e93448596E~-03,
2+02160072E=-03,
1.08166934E~03,
5.55869126E=04
2022414B06E=04,

T«11054588E=05,
1e79528489E~05,
3¢21262T03E~064
8452456611E=08.
5«TLOT1794E~12,
3.06538575E=03,
3«15877521E=03,
3.32802567E=03,
1s71470116E~03,

Bel234B3583E=044
3,001404TBE=Q&4
9.18898504E=05,
2¢13103008E~05,
3.10063265E=06+
2+51902665E=08,
Te2B8208746E=13,
4ob04TT562E=03,
4o T6051134E-03,

5.03719066E=03,
2439518284E=03,
1.10808371E-03,
3+81044905E=04,
1.11506092E~04,
236483834E=05,
2,48305034E=06,
3.69092105E=09,
BaT73165412E=14,

Tebb6239614E=03,
T«9491858BE=-03,
8+50948584E~-03,
3.85370081E-03,
1leb657T70792E=-03,
5443449520E~04,
1.45315957E=04,
3.,02408B67E=05,
1e93010363E~06,

4265986964E=10,
1.06T716479E-02,
1.07198145E~02,
1«11999257€=-02,
1424602153E-02,
5.17676322E=03,
2+019624T78E=03,
6¢41233882E«04y
lebl465T25E=04

250

le74737B2BE=Db
4e63683585E=08
3.,1063B78B4E~124
1.88596108E=03,
1.98883780E=-03»
1.64022653E-03,
Qebts52TT1I3E~QGy
4a56912546E=04»
1.66800680E=04+

54109007704E=054
1e18509126E«05,
le7264B625E«06+
l+40114383E=-0B+
4a05067958BE~-13
3,07256282E«034
342509844BE=03y
2e66019BT73E=03,
1e42979273E=03,

6+65943148E=04y
2029640344BE~04y
HeTlOTHEGLE=DS
14424866 TOE=05,
1449631817E~D6
2el2449327E-09,
52262T96L1E=14»
4.61T32873E=-03,
4e92176307E=-03,

34B4919968E«03,
24006456361E~03 4
BaT71743T49E=D4s
24868621113E~04,
Te67190760E=05,
1.59731092E=05,
1.01981189E=06y
2e46281967E-10,
T263344239E=03»

T.68593738E~03y
Ba2521916BE~03
6.6706T668E~03
3.,20032500E-03+
1426373000E~03,
4.02532513E=-04s
1.01486491E~Q4,
le814T7045E=05
4281267394E=07,

3.22282472E=11+4
1.06801444E~02
1.07579188E-02
1416984458E~02,
9.56746194E=03,
4e2136119TE-03.
1451059058E=03,
4e60319T77BE=O4,
1,06538851E~04,
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943797T549E~0T,
Tea62144641E=09,
2020340597E=13,
1.89330275E~03,
2413292357E=03,
1442967762E=03,
Te90233024E=04,
3.69718850E=04y
1.27509362E=-04/

3,73475053E=05,
Te92410065E=06,
8432230538E=07+
1e23734148E=09,
229274593BE=14+4
3.08598245E=03,
3451262193E=03,
2426255825E=-03,
le19998887E=03/

5e24251321E=04+
leT258BB21lE~04,
4eb21T024BE=D5
F462450663E=06.
e 195T2206E=07,
14843565TE=-10,
4458905399E=03,
4e66062203E-03,
Se3B44245BE=-03/

3.364188459E-03,
1e67194936E-03,
6465317431E=04,
2eL23T113BE=D4,
5435872980E=05,
94586405T1E=06+
2454309663E=07.,
1.70337329E=11,
Teb4265143E=-03/

TeT279751BE-03
9+08595967E~03.
Sebb624413E=03
2e61T2B999E=03,
F246397409E=06y
2.89087221E«04y
6e69768382E=-05y
973991532E=06+
T+90933701E-08/

242B589265E~12
l1:06B65355E=02,
1408245983E-02,
1e30537716E=02+
T«64B2T7637E~03,
3.38651398E-03,
1s152727T26E=03,
303626964T3E=04,
T=12127109E=05/
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DATA CJ

DATA CJ

DATA CJ

DATA

DATA CJ 1%/
4+BOBYB2ZTBE=-05
3.067T75966E«060
Teb0345596E~10.
1le24208536E=02,
la24597184E=02,
1.2830B312E=Q2,
2409342998E=024
6+96923411E-03.,
2e6T803436E=-D3,

167
Be4BB33440E=by
2el2901324E~04,
3.8016B928E=05,
1:00706369E=06+
64 73B72941E=11,4
1la94BBLOSTE«D2
1a95572554E=02,
2002906364E=02y
3,37894606E=02,

DATA CJ 17/
1:07554640E~02,
3.472392321E=~03,
1¢12430016E=03,
2e59191151E«04,
3.75917115E=Q5,
34046569192E-07,
BaT9152445E~12,
2e6B2T6939FE=02,
2e694T4RGAE=D2,

18/

2aB239T7420E=02,

“4a988107T0TE=D2,
1a45996143E=02,

4o T1782027E=~0D34
1435601978E=03,

2eB85230445E=04,

2+9B0559T73E=05,
4e%l1T9135E~0UB
1:06191002E=~12,

19/

209329601 2E=024

2495021568BE=02,

3.13820917E=02,
belbBLl3BIGKE~D2,
la5T707TBLS9E=02,

GeTI9TZTOILE=V3,
1¢25402197E=03,

2e5B20BG44E=D4,
la636T9751E=D5,

cJ 20/

3.92856743E=D9.

3.3BT719415E=D2y
3,39029120E=02+
3e418465344E=02
3.69034406E=-02,

Ta92311401E=D2¢

1o 75449024E=02+

5.154T1899E=D3

le2b627607TE=Q3,

2+88550145E-05,
Tab4B4L14GTE-DT
541200696TE=11+
la26427T7306E=~02,
1e24902550E=02,
1e31B6T664E=02
1e50640284E~02,
546391447BE~03
19998986 7E=~034

6.075BT3CSE~04,
le4044]1165E=044
2403976B23E-05,
la65462426E=07,
e TT92T7345E=12
1a94943513E-02,
1a9615026TE=02,
2409790973E=02,
2¢36650522E=-02,

B.52894894E-03,
2083262704E«03,
Bs20332823E=04y
1eT3143499E=«04,
1.812B5B95E=05,
2468803496E=08,
6e35267562E=13,
246B3B0900E=D2,
24T0533594E=02,

229536B461E=02,
3a43114TBLE~DZ,
1.12081149E=-02
3.52695H11E-03,
9430420718E~04,
1l.92429775E=04,
1a22285626E=-05
24941B4605E=09,
22931056845E=-02,

2e9344B369E«0D2,
2ev965TTO12E=02+
3.28196439E~02,
4210710605E=02,
1e16349995E=02
3.52654009E=03,
BaT298B704E =04,
1454704606E=04,
4o0T3IBASLBE=0D6

271514068E-10,
3.38T7442TE~0D2,
3039270440E=D2
344432194T7E-024
3.89082216E~02+
5+11201902E~02,
1e271568996E=02,
3.,66546818E=-03,
Be29549046E=04y

251

le54845115%E«~05,
1e256B2795E-07»
3463144429E=17,
1e24328975E=-02,
1e25432456E=024
1+3BB362B1E«02,
14 06396460E«02»
4ea513B3247E-03,
1e52653504E-03,

Lobh3bTSBESE-Db,
Q93B545059E=05,
9+839T79455E=06
le460690B1E=~0H.
3¢45369833E~13,
1e950478B90E=02
1e972264258BE=020
2424T766315E-02»
1+67T865205E-02,

6e62031125E~034
2412313739E=03,
5263506593E=04+
lel6B66620E=040
Te44097461E~06,
1.79291701E=09,
2468144T94E~02,
24685T70222E=02
2072430323E=02+

3.16415686E=02,
2.40016204E=02,
Ba4056T489E=03
2+60069160E=-03,
be4B541490E=04,
1415342167E=04.
3.04580008E«06,
2403375111E=10,
2493166665E=024

2e93715472E=024
2a993649550E=02
3+52993354E-02
24732728B61E=024
84564306269E=03,
2451682379E-03,
SeT4439671E«D4,
Bo28739739E~05.
6.6B441342E=-07,

la924B2164E=1]y
3.38B15700E=02+
3.39685030E=02,
344B6635643E-02,
4o34TBE93TE=D2
3429130965E=02+4
9+451480609E=03,
2e65931636E=03,
5452603530E=04+
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T«4T082608E=-064
L+10965833E=~08,
2e62432019E=13,
1424423905E=02
1426425720E=02,
le&613710B7E=024
8452366488E-03,
3.52682352E-03,
lel44602B0E=03/

3.05000337E=04,
6e3369B772E=05.
%,03995811€=06,
9eT6459366E=10y
1494810935E=02
1.95238140€E=024
1e99228219E=-02,
2+59060675E~02+
1.34852146E=02/

5.00327821E-03,
1.568T73156E-03,
3.93125304E=04
7.008638642E=05,
1a8542507BE~Db
123970942E=104
2.6B22028Z2E~-02,
2+6B9024TBE=D2
2.76017887E=02/

3466967999E-02,
1.87161429E~02,
6+22335553E=03,
lo86076446E-03,
4s2T7250986E=04,
6+18339132E-05,
5.00070384E=07.
1+44205805E~11,
2+93212301E-02/

2e941TGTBLE=D2
3.04259264E=02»
4e37293513E-02,
2+0B412122E-0Q02,
6abt256291E=03,
1.83075442E=03,
3,683149531E=04,
3.,99203092E=05+
5.89393441E-08/

1.39050368E=12+
3.3B8913295E=-02,
3440448073E-02.
3.56957363E-02y
Se%B8379364E~02,
24417T09942E~02
Te04353074E~03
1,81718603E=03,
3.72158022E=04/
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DATA CJ

DATA CJ

DATA CJ

DATA CJ

DATA CJ

DATA CJ
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2e22659T15E=040
5«840B484TE=06
3.88277143E=10+
3. 7BT55493E=02
3,79203122E=02+
3,8373B644E=D2
4e22050142E=020
P+99650283E=02,
190636001E=02,
22/

S«3211B8372E=03,
1al9014956E=03+
lab6992TOGSE=Qb
135876813E~06
3.B96462240E=11+
“4adT122B49E=02
4«07T81BO96E=02
4©al4B9035TE=Q2
4o TASLZLTLE=Q2
23/

1+23805652E~01
2el12632345E=02+
5.59792888E-03.
1413580719E=034
1216311835E=044
1a69215319E=07,
3.96B6T7843E=]2
4e3266641TE=Q2
4¢33581273E~Q2
24/

4444994366E=02y
542T270383E=02
1.53805931E=01»
Ce2B6T6EL2E=02
5473789848BE-03,
Lel34T7569TE=Q3,
6e9996B308BE=05,
1le64654429E=08
4s320BT7632E=02
25/

Ga322T7BT43E=02
443400443BE-02
4e%95B3505E=02
5.55906118E=02y
1eB856537T4E=OLw
2T9429568BE~02
606091 TBALE~O3
1e0156520TE=03,
2+56TBTHBG6E~D5
26/

1.666992T5E=D9
3.62016216E=02,
3.62263025E=02
3.64521995€E=02+
3,B82437TBSE=02
5.00133841E-02»
1.99418938E=01,
2+61425920E=02
5el11311185E-03,

1s19153630E«040
9e5752TT1TE~DT
24751B2611E=11y
3.7BT92755E=02
34T7957695BE=02
3.87602803E=-02
“s58079989E=02
622151021E=02»
1240947336E=02,

3.B4637814E=03.
TeaP1436695E~04y
Be416723406E=05,
1419593740E=07
24B1213504E~12»
4a07183460E=-02»
4s08426810E«02y
4e21248963E=02
5419486346E=-02»

Te3609912TE~D2 4
14539991 60E=02+
3.,7940852BE-03,
Teb2385553E=04y
4+75131868E~05,
1412528107E-08,
4432342833E=02,
hed2565325E=-020
Ge365T6211E=02

4452881489E-02,
5.86246340E=02,
BeT26465990E-02
1,72256496E~02,
3.94296355E-03,
62 T4516532E=04y
1.73056589E+05+
1al3374274E=09+
4e32121598E-02

403242 T4T2E-Q2
4435504092E=02
4eS9B9BBOYE-Q2
be30TL46B0E-02
1a03646665E=01+
1.89929637E=02»
3.91386910E=-03,
5e¢3B061069E=040
G 17562098E=060

1lel7B50743E=10
3.62035109E=-02
32626432184E~02.
3466436361E=-024
3.,97276968E-02,
5.80103385E=-02,
1.09586908E=01»
1sB0656790E=02+
3+34058255E«03,
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5,7321433E=05,
Be%36471641E-08¢
198752421E~12
3,788861088E=02
3480264251E=02
3294B96661E=-02
5+186B0175E~02
3.79264661E=-02
14036444628BE=02y

2.61953759E=03,
503226513BE=04+
3.34177509E=05,
Te96107135E~09
4407045732E-02y
4e07293704E=02
4o0953TT773E~02
4e30212543E=02v
5496595030E=02

4a220943T0E=D2
1.1089998BBE=02
262063726E<03,
4e54536615E=040
1lel7765788E=05,
TeT64B93TZE=1D»
4e323823T74E-02,
4e32T738504E=02
4e36326376E-02

4eb5156962E-02y
6eB97927T66E=02,
4.812B7151E=-02
1419534085E=02y
256435298E-013,
3.,5882767TE~O4«
2eB82293429E=06.
8402278537E=11+
4e32147075E=02,

4e326B2614E=02
4e38D93044E~02
4eB803942BLE=02
Te57836932E=020
5e947]14146E=02
le3365T202E=02+
2457362900E=03,
2e56602824E-04,
3,65311742E=07,

Be%95B46THE=12
3.62069750E=-02
3.62779330E~02
3.69982490E=02+
4el1B6B4BB3E-02y
T+213640554E-02,
5e94793914E-02,
1.,18401639E=02,
2e21597730E=03+
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2434905250F =05,
5¢62015093E=-09.
3.78705822E-02
3.78985392E=02+
3.81520308E=02
4e05309718E=02,
6699491 7TTE=Q2
2468360813E~02
T+52188T26E=-03/

1.61578530E-03,
3.17985329E=04,
8429812235E~06
5¢49724892E=10+
4e0TOBITIGE=D2
4aQT74B6T59E«02,
4e11495151E=02,
4e%4338295E=-02
8+00440021E-02/

2493020252E=02
7.78581980E~03,
1e71219569E=03,
2e42625106E-04,
1492524640E=06y
5e498433T71E~11y
4e32412033E=02
4+33035646E=02y
4439353696E=02/

4,89934064E=02,
945517B919E=02
3.42518696E~02,
8.52602534E-03,
1e695194B82E=03,
171739540E=04
2:4T641T764E=0T
5.78776151E=120
4e32193789E=02/

4433150958E=02
4e42899816E~02+
5.106451508E=02
1#10123496E=01y
4s05637117E=02
8489196126E<03,
1.715696B89E=03»
1,04242060E=04ay
2442123395E~08/

3,61991027E=02
3.62132746E~02,
3.63411687E=02+
3474895600E-02,
4450254T746E=02,
1.130255%02E=01,
3+495984015E~02.
T«98B00065E=034
1.30517128E=03/
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DATA TJ 27/
6.B88176910E=~Ddb
5e25702999E~06
leeT21169BE~L10,
2e9310452BE=0D2
2493395542E=02+
2e96326546E~02,
3.1B67T9302E=02«
4e43148129E-024
2e099364433E=01»

DATA CJ 28/
Z2a49076025E~D2
4s35445309E=03+
4e15953076E~-04
5.73294937C=07.
1e31720BB6E=]11»
2.56430254E=-02,
2¢56B852340E=02
2461121441E~02,
2.8924B48BlE=02

DATA CJ 29/
4439205671E=02»
243064213TE=0Ols
2e34557191E~02
4,00811123E~03,
2e2BlOLEITE~D4
5.06251462E«08,
2422761665E=02
2e22B29944E=02,
2e23045596E=02,

OATA CJ 30/
2e28930634E-02
263D70342E=02
Goa5264TA2E-02
2e5T211631E«01
2.48502333E=02,
3,54233209E-03
8415126391E=05,
5+401384071E~09
1723544 T0E-02

DATA CJ 31/
le724343B3E-02y
14732358B99E=02+
1e796446101E«024
2+416523609E02
4e14736368BE-D2y
2ebb6937T4TE=OL
2e100T1223E=~02s
2¢406B4BTTE=03»
1le66302014E«05,

DATA CJ 32/
4e4494945BE=10"
1437811376E=02+
1e37917405E~02
1389B2799E~02»
1.46961074E=02»
1.B7061758E=02+
3,92866B30E=02+
2288593 7B5E~0Ol
2«1439188TE~02

3.,26823531E=04,
4458502450E«07y
1.06039398E~11+
2¢93129919E=02«
2¢93649910E=024
2498916735E=02,
3433963T95E=02»
5431920594E-02,
1.12013093E=01+

159750451E-02,
2eBTOL164THEE~D3,
1a67551113E=04,
3.78143135E=08+
2+56383409E=02y
2e5646TTITE=02
245T228259E~024
2¢6401T019E~D2
3.,0680B0TTE=D2«

552858594E=02,
1,18332498E=01
1e5322631BE~02,
2+32818065E-03,
5+53788075E=05,
3.46775995E=09
2e22773802E~02
24228BB3068E=02
2e239T79289E=02

2e32491203E~02,
24B83995587E=02,
5.8137895BE~02
1.30192772E-D1,
1.51148435E=02,
1.82616568E~03,
1.30057303E-05,
3.52551166E~10y
1.72361127E=02

1.72501011E=02
1e73907151E=02»
l1«844T017BE=-D2»
2+38450945E~02
5+40B00B24E~02
1.30B78244E=0]+
1.30176391E=024
1.11154500E=D3,
1a%24233)13E~-D6

3,19056755E=11»
1437820629E=02,
1438010045E+02
139920548E~02
125227098 7E~02
2+117B9T25E=02+
5e24646620E=02
1.37313825E=01+
1233813743E=02»

253

1432263645E~040
3,032180B2E=08
2e593072216E«02
24931T7T6092E=02
294113137E-~D2
3.02496816E=02
3.56156B24E«02
6491640591E=02+
SeB826426BTE=D20

1e062544)12E=020
1.67963537E=03,
4e0B9408TS5E-DS,
2459506T66E~09
2+56398398E~02+
2456533350E-02
2«5 TBBTTT4E=-D2
246B6364B3E=-020
3433507344602

T256826005E=02y
SeTl643469E=02+
9.55330997E=03,
1421213576E=D3,
B4B9242600E-D6«
2e4426490BE~100
2422782905E=02+«
20229741 T7T3E-D2
242489T7T765E=D2

2439401206E=024
3.15019911E=02,
TeBB629990E=02,
6.63608B831E=-02,
9453662310E-03,
8450690362E=D4+
1411972018E«D6
2¢53124541E=11+
14723733364E~02»

1.72623239E=-02+
1.751456B2E=02
1.91532719E=02»
2+T24B8293E=02.
Te55433B16E=02»
S5.TOT04857E=02
8431203265E~03,
4¢3BY18146E=04
9429901017E~08

1437799601E-02
1a3783T454E=02
1e3B1786464E=-020
1441210902E=024
1a59778404E=02»
2+50716330E-02,
Tat534B8113E-02
6e35764233E~02
Te44208358E~03
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3,24455102E=054
2e0B452552E-09
2e93090679E-02
2.93256917E-02
2+949260B2E=-02
3.07973230E~02
3.90380654E=02+
1.16575775E~01,
3.70%233364E=-02/

6e72152469E=03,
BaB0394242E=04,
6e59741042E=06
1.83037178E=10s
2e56409641E~024
2+56645878E=02,
2+59023307E=0C2
2eTT041846E=02
3.737828BlE=02/

1.25832006E=01.
3.76047112E=02,
6412663729E=03,
5469369511E~04,
Te69668743E-074
1,75607129E-11,
2422T99595E=02,
2023141315E=02,
2426593445802/

2+49151104E~02
3.64043040E~02,
1,36137259E=-01,
3,93311909E-02
6..6693160E-03,
3.38428996E=-04,
Te33764515E-08,
1.72345593E-02,
1.72395531E-02/

1.72845732E~02,
1.76851231E=02,
220156230BE=02
3227267114E=02,
1e36071502E~01.
3,54B10703E-02
4 7175546BE-0D3,
1s04896063E=04,
€£433B73136E-09/

1e37806330E-02,
le37866904E-024
1e3B4T7430BE=02+
1.43171872E=02,
1.70905750E=02
3,10732443E«02.
1l444921051E=01,
3.5B8313B61E-02
3.73383866E~03/
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oaTA CJ 33/
1470148693E=03,
24¢0967261%E=006+
4e6392149TE=] 10
1+10852267E=02
16 1099B664E=02
1e12474539E=024
1:21983629E=02
le6T7074935E-024
3,06981296E=02

DATA CJ 34/
3,10028330E=01+
24078BBB262FE=02
VbS5 2T7996E~0b
1+91823034E=07
BaDD3GS169E=03 s
Be05549048E=03»
Be07386492E=03
B+23689T61E=03
9,22537505E~D3

DATA CJ 3%/
1.38442261E=02
,4492T631E-02
3.26514616E-01+
1488174151E=02+
34438505T2E=Q4y
191222769E=08
6e23926423E~03,
6241 T1365E-03,
belb6264BTE=Q3,

DATA CJ 36/
6e4555133BE=03»
T«55107120E=03,
1625918504E=02+
3,45085256E«02
3,50633150E-01+
1+55020551E=02+
Ba3NT58490E=05,
2e064941162E-09,
3.862310704E=03,

DATA CJ 371/
3.B6568359E=-03,
3.,89154986E-03
4o,08391991E=03,
S«QlT47072E~D3,
9e12649T7T2E=03»
2+6B935185E=02+
3439572661E=01»
9410755191E=03,
BeBL251505E=06

DATA CJ 38/
1¢8366167TT7E~]1Ds
2.98266213E=03,
2e9B861305TE=03,
3,02104965E-03,
342440184 TE=03,
4e23T78BB6HE=D3,
Bes40D0BT711E~03
2¢8256130TE=02+
3,7099D169E=01»

Gebe396LBLE~Qb
1436208322E=-07»
1.10836014L=02+
1.10865271E=02
1el112B976E=0Q2s
1413470595E=024
le2TT73T48TE=QL2
19594443 TE=D2
5+3267T9383E=02

1e43359269E=01.
1e13072749E=02,
2e25785061E=«04,
1429916430E=08,
B8.05381410E=03,
Be05T0TE59E=03
B,08978091E~03,
B2342087T72E=03
9«B0G90903E=03»

1.67T11B796E=02+
baP2459652E-02y
1,45742764E=011
Be9BBS0140E=-03,
52B8497905E-0%,
1.33221545E=09,
6e23946831E=03,
bel2b3T5562E~03
6alBOLBOIGBE=D3,

6460736T780E=-03,
BelT7302480E=03,
14526408962E=02»
4,BBBBOGELSE=-D2
1.58268%933E=-01,
6+606454805E=03,
6.89T02873E=D6
1e45796071E=104
3486333191E-03.

3.86793““6E-030
3,9142820BE=03»
4e21067T52TE~03
S5456772337E=03
1e413047814E-024
4o08571483E~-02y
1.48214255E=-01y
3429653T9TE-03
5.59498B831E~07

2.9822T7T01E=03y
2+98297T027E=03
2+98921719E~03,
3404456B02E-03
3.37728863E=03,
4«B7350005E~03
1.070756T3E~02
4426527329E=02
1.646316337E=01
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1+56988946E=-04
94251 T4TIE=-09
1410861214E=-02,
1+10888033E=024
1el1357432E-02,
1ele9B83165E=02,
1:36229698BE=02+
2439552086E=024
8+05305435E=02

5eT7T9514507TE=02,
5e57200234E=03
3.51550992E=0%
S+07TB29318E~10
B.056408592E=03,
B405979643E=013,
Bal1714522E=03¢
Be5644B0995E=03
1406485399E~02+

2406310483E=024
Tal7143792E=02,
6el3074379E=02
1.,94809638E=03,
4e4]l5915BlE-08
94499691 T76E=110
6e2398424TE=03,
6al24T7S0111E-03,
6e326646TTE=03,

6.81898452E=03,
910333057E=03,
1.91039365E-02.
TeB83625393E-02,
6490948156E-02
2444930269E-03,
4439648683E-07,
3.862R2087E-03,
3.,86374079E=03,

3,B87203051E=03,
3,94550854E«03,
“+38819654E=-03,
6+39B6BT12E=-03.
la449377905E=-02
6+328138648E-02
4e93249265E=02+
Te26006984E-046+
3.73815783E=08+

2:98240025E=03,
2+98350958E-03,
2e¢99462686E-03,
3.08020825E=03,
3.5718059B8E-03,
5¢76017191E=03,
le426T4113E=02
Te23734657E=02
4eQ0269B622E=020
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2446638190E~05,
6e4B0Y2636E~10
110845115E=02
1s10927065E=02
141175028BE=02,
1417902001E~02
1o4B4B4TBOE=02
2e97559740E=024
1.50256705E-01/

3.41359790E~02
2+50380051E=03,
2e96723592E=06»
6e%B8783939E~11
BeU56450428E=03,
B8.06478541E~03,
BelbT5T59TE~03
BeB2T7TL009E-03
1.13099547E=02/

265963449 TE=02
1e53427244E=01
3.60649980E-02
1e49719844E=03.
2483561601E=07,
6423899214E=03,
6elb052283E=03
6e2563172BE-03
be3TLLLTOSE=03/

7411587158E=03,
1.05183121E=02,
2¢4894T7623E=02,
12,60081234E-01.
3,39747806E=02,
551214534804,
2495110464E=08,
3.86298440E-03
3,86445644E-03/

3.,87920970E-034
3299284634E-03,
4ebbTTBOLSE~O3,
Te6041684TE=03y
1.96168808E=02»
1.506254T72E=01,
2420913623E=02»
1.082608B1E~D64s
2+587703B0E~09/

209824926TE=03»
2+9B84463436E-03,
3.00392462E-03,
3.14873479€=03,
3.84B11665E-03,
6e86B845602E=03,
1.91B78660E=02
le66053959E=01
l466654156E=02/
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JATA CJ 39/
S54B851716028~03»
De2b3ASGBTTE~DT
2445811060E=03,
2.45B66BB2E=03.
2e46369BBOE-03,
2450B25196E=03,
247755111 TE=D3,
3.9666T7T106E=03,
B,48186839E=03,

DATA CJ 40/
3,09773686E~02y
443574244 TE=OL
2+ 761649053E=-03,
1425926537E=0T7»
1e59791453E=03,
1.5984B045SE=-03,
1:60615109E=034
lab4TT567T1E=Q3
1e8966797TE=D3,

DATA Cu a1/
2e3T7700375E=034
6eBT4574T0E~D3,
2eT5T754555Ea02,y
4eB82704032E=010
BeTlT74906TE=D4 e
1,81401024E=08,
9e139564B6E=04»
9.14509689E=04.
9.20060T7T08E=04.

DATA CJ 42/
9e61194906E=-04y
1+1573088BE=03,
la964B3346E=D3
44B4501549Ea03,
2410834728E=024
5e25453937E=01,
1e26599544F <04,
2039594123E=09,
5e13523377E=04+

DATA CJ 43/
5e140655BTE~04%
5+19519981E=04+
5¢5416298B6E~04
T«08013039E=04&+
1e294T239TE=03
3.51958611E=03,
156127T09E=D2
Gal42T72689E«01
26343320842E=05,

DATA CJ 44/
2416926351E=Dby
2416971108E=04.
2e17370342E=04»
2¢20961634E=044
2e%21B1308BE~D4,
3,33935009E=04»
6e51494BS9E=04»
1.89317411E=03,
9e426B2602E=034

1425355455E=03,
6.15562975E=08+
2e45B820983E=~03,
2e45910309E=03,
2446B0543TE=03,
2¢53692541E~03,
2e¢93133156E-03,
Gae66523184E=03,
1411569348E-020

5e0240355TE-D2»
1e57375913E=01
3.,89957840E-04y
Beb&Z23T466E-0T9,
145979616BE«03
1.59895221E=03
1le60889254E=03+
1la6B261296E=03s
2+03548663E=03,

3¢50944290E=03.
B+96846B56E-03,
4435335831E-~02+
1e61597899E=01»
6o 6B896813BE~05,
1427335576E=09,

leB3368213E=~04y
“a24539926E=09.
2e45B828425E-03,
2445984 7T3E=03,
2447553079E-03,
2e59202576E~03,
3,15215542E-03,
5¢53158490E=03,
144772171 TE=02»

Bat7913144E=02y
3.,77857605E-02
3.0BD28604E=D5
6« 095B87246E=10+
1e59804B13E=-03,
1«5998174T7E~03,
1ls61762298E=030
1.473099274E«D3,
2223996953E=03,

4e25010023E-03y
1.25938324E-02,
6e9611283BE=02»
3414210153E~-02
4e0T529713E~06
9413895040E=06.

9414004768E-04s 9414092560E=04.4
G414992926E-04y 9415B72212E=04»
9e2493517BE=D4s 9,31625042E=04,

9¢BBLl57B59E=040
1,27040239E=03,
2+364T5676E=03,

1,02573661E«03,
1.43802604E=03,
2¢92202B64E=03,

6.68905982E~034 9.,29025396E-03,
3,26306164E=024 5,7827BS590E=D2
1448969451E=01s 7412696350E=03,
7.71608101E~06y 5.02732802E-07.
5413463168BE=04y 5,1348B2434E=04,
5¢13571550E=04y 5,13655863E~060

52a14548042E=04 5415393454E=04,
54231890B1E=064s 5.2B7624T3E~04y
5e74T21309E=04y £.04536894E=-04,
Te986821169E=04s 9426601T69E=D4y
1.5887B8219E=034 2.0246B563E~03,
4.8097T9190E~D3y 74036T5174E-03
2e65454282E=020 5,2378949TE=~D2
1¢3178B475E~014=5.07506631E=04y
1454943305E=06¢ 1,05811B0T7E=07+

241693430TE=D4y 2416940274E=Db s
2¢17005925E=04y 2.17065625E~04y
2e17723430E-04s 2.18323192E=04,
22232333556 =040 2,27628323E~04+
2e54446296E=040 24T1679B59E~04 s
3.B586564BE«04y 4,48647359E=04+
Ba23B1l0075E~04s 1.04303235€-03,
2+72049733E=03+ 3,92601880E=03,
1.79699471E=02+ 3,8569118TE-02.
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1o47698909F =05,
3.00506659E~10.
2e458420T0E=03+
2e46121352E-03,
2+4B9324TBE-03,
2266B57395E=03,
344785674 TE=034
6eT4B34E3TE=03
2412195479E-02/

1e81191796E=01
133290042E=02
149089263BE~064
1.59785166E~03,
1.59820532E~03,
1260139193E=-03,
le62960733E=03»
1o79849426E-03
2e54428T4TE=-03/

5ed9241140E~03,
1.78542716E=02,
1.80490484E=014
£e39612290E~03,
2066109955E-07,
9+13930152E=04,
9al4246216E=04,
F417413055E=04.
9441753339E=04/

1.08031414E-03,
1.67507093E-03,
3.75712891E=-03,
1239059007TE=02,
1,79391487E-01,
1,60875816E=-03,
3.41952527E-08+
Sel3496B84E=04,
5+13800434E=04/

SelbBA6035E=04y
5.39397236E~04
6oeb516805E=04,
1.08188455E=~03,
2258522337E=03,
1.03698638E-02»
14851149]13E=01,
3.56621382E=044
Te42101112E=09/

2¢16951215E~04+
2417T175119E~04,
201942T7122E=04y
243371487TTE=04+
2.96866923E=04,
5234182709E~04»
1e4035599BE~03,
5+69311432E=03,
1.65305886E=01/
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DATA LJ 45/
1 T2125B6173E-01s 1416125715601 =9427B85203BE=034=9,73364263E~05,
2=2651140046E=064=Te08946062E=08v~1+33934783E=09s 44,2793429TE=05,
be21949511E=05y 4e27960923FE«05y 427981844E=05s 442B019886E=05,
442B80B6468FE=05s 4,28200632E=05¢ %«2B410013E=05+ 4.28790970E~054
4429458468E=05y 4930605192E=05y 4432715551E=050 4¢35610169E=05,
4¢399BBTISE=05y 4a4B3B0IBGE=05y 4259993015E~05y 4476125895E=05
4e996454029E=05¢ 5,32166317E=054 5,79B20100E=05¢ 6449650582E~05+
Te4b927056E-05¢ 8e63754826E=05s 1021712664E«040 1423636362E=04+
1.54807865E-064¢ 1.9394428lE=04y 2457259964E~D40 3,61546842E-04/
DATA CJ &6/
] 4.,8044906BE«0%s 64T7T6662483E=-0by 9,54036BTHE«D4y 1+51001582E-03,
2 2467BT1203E=03s 5.24401095E=03s 8,97290116E=03v 1437035572E«0Oly
3 7.7B656505E=01s 970826118E=02+=1.0916295TE=D2v=1.94896605E=04,
4=8e2179333BE-06v=%2333546T4E~07v 4.B8926B618E~06¢ 4,89285502E=06
5 4eB9298166E=06y ©oB89321384E=06y 4o89363601E~06e 4,89437490E=060
6 4.B9564182E=060¢ 4¢B979653BE-06s 4490219285606+ 4¢90959974E=-06
7 4,92232340E~06y 4a945T3611E~0bs 4.97784272E=06¢ 5.02639520E=-06+
B 5.11960569E~06e 5424799833E=06¢ 5.42646214E=06y Sab68413513E=06.
9 6os044T2391E=06s 6eS56B855330E=06s T7¢33324B10E=06s 8439324366E~06/
DATA CJ 67/
1 9¢6590234B1E«0bs 1lal3593361E=05s 1.36520370E=05+ 1469502305E=05,
2 2410471150E=05¢ 2475900014E=054 3.61682422E=05+ 5,00482191E=05,
3 £e92366305E«05¢ 9,57300603E=05¢ 1s@7227509E=04s 24509571T1E=Q4.
4 446B8850060E=04s F460463T772E=064e=92411625T70E=06s 1lal2442752E~01y
5 Be274B3L0TE=OLly 943339901 0E=024=34TB021236E=034=1456965841E=04,
bwbeBOGDITS4E“0b =94 B83I932073E=08+=9,83972297E=08+v=9,84002466E=08y
TeeB4057T7TTBE=OB+=9484158354Ew084=9,843343B6E=08+=5,84636229E=08+
Be9eB51B9850E~0Bsw9eB619T236E=084~=9,8796265TE=084=9490996497E=08»
Gal 9658291 2E=0B4=1¢00425187E=07+=1401586683E=07+=1,03817643E=07/
DATA CJ 4B/
1=1e06914T1BE=0T 4v=1all236T40E=DTvwlel7524632E=074¢~1.26415013E=07,
2=143951042BE~0Ts~1e58986850E=0Tv=~1sB86634126E-07+=24,20547285E=07,
3226 T4B2937E=07v=322329964T3E=0Tv=64,431152233E=07+=5.58628611TE=07
4=TeT3022042E=0Ts~le0T106T48E~064=]1.5B8698806E~06422,356T108TE~06,
5m3 4508545 T8E=060=5.99057583E=0694=1al78BBBOYE=05+=2.69569256E=054
beTeBOB46056E=05e=b 756753640 =04+=3,85302696E-03y 9452489529E=-02+
7 Ba34Bl9192E~(O)ly 944053B96LE~024=9475525756E=034~1465569T752E~04,
B=2ab0590716E~0Bs=2+60600024E=084=2,6060T006E-0B+~2460619B06E=08,
Ow?2eb606430B0E=~0B9=24+606838L4E=08v=2,60753660E-0B+~2.60881760E~08/
DATA CJ 49/
1=22611164B30E«0Bs~2,61523210E=084=2462224TBBE=0Bv=24635159459E=~08+
2=2ab52B86963E=084w2e5T7966019E=0Be~2+73101140E=0B+=2,8020T7022E~-08»
3a2490080546E=084=304359910E=«0Bs=3.243BT63TE=08+=3,5357T1296E=08»
6=349635193) EaDBs=4e559T4)TTE=08e=542T615674E~DB+=6,24530616E=08,
5e7e56309112E=0Bs=9447808894E=08ev=1418B841964E=074=1,57802846E=07+
6w2e09T723976E=0T +=2e954124T6E=0T v=6al6T71139TE=07+=5.,88720583E=074
7094356 T6036E=0T1=1e6773262BE=060=3,40469579E=06+=B436208T66E=06+
Be3eb8T73STT2E~Q5e+2e97280704E=04+=1.09915B58E~02¢ 9.27463390E~02»
9 Bed1IBT41IBIE=0ls Da397T224TE=02+=9+75916655E«03+=1.21433306E-09/
DATA CJ 50/
11221437592E=09e=1221440807E=09+=1221446T01E~09+v«1,21457418E~09,
2-1e214761T6E=09¢=1421508339Ew094v=1,21567326E=09++~1.216T4650E~09,
3m1421B62695E=09¢=1422185740E=094=1:227B0229E=09e=1423595589E=09,
4=l o 24B82B859E=09e=1e2T7192260E«094=14+30461649E=09+=14,3500245TE~09
5l 4l565584E=09¢=1+50763296E=09s=1464151023E=092=1,837466065E=09.
6=2el1003211E=099=2e436B0651E=«094s~2BTT73197E=09+=3,47545902E=09,
Teba34090389E=091=5e423B351FE=09¢v=Tel6BT6TS6E~09++9,48085809E-09,
Bale32707TR15E=08¢=14085935498E=08v=2460775219E=064=4,10071712E=08+
9eTe241T7F0)5E=080=~1443956009E=07+=3.42506712E=07+=1,40134936E=0&/

X~ WP
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oaTa CJ 51/
1=94 TODGEE2E-UL 4 =14b540GT93E=042=9 T515B564E=03s 9,41592324E=0D2
2 Bet201B552E=0ly 2.00443013E-02+=940996646TE~114=9,0999B056E=]1
3-9410021T49E~11+=9210065]186E=11++9410144169E=11+=94102B2606E=11,
4-9410519432E=11+=9010954140E=11v=9411745054E=11l4=9,13130813E=«11+
5-9415511324F=11+-9419891800E=]1v~9.25899129Em110=-5,34984102E-11
6=94523896TOE-11v=94 7645768 TE=114=1a00986696FE~10s+1,05811883F=10,
T«1e12567016E~104=1422385T05E=104+1436730202E=109=1.56634264E-10¢
B=leBO431063E=10+=2412441329E«104=24556T83T0E~10+=3,18012771E=10,
F~3495642810E=10v=5.20035550E=104=6+B3820118E«10v=9,503346363E=10/

OATA CJ S22/
1-1232157045E=«09+~14B3904531E=09+v=2.,B6022274E=004e4s97692943E=09,
2=9eT0293516E-00vm242463 1475 E=0Bv=Ba71919425E~080=5,4874B367TE=07+
3=T744B344600E=064=14B03766B5E~04v=1,01123390E~02y T+35345544FE=024
“ 9,8988B7661E-01/

DATA XTAU/Dus «00003244000056¢40001+aVU001B2000324
140005644001 0a0018+a00324000564e010a0164002544042¢2065,
2e096901239101960e2734037504510639e7B80a95410154103531eb0lab542a15,
32.‘!5!2.75‘3.15!3.650“.25!5.0'6.207'8010-01205!15.017l592001

DATA NXTAU/43/

END

SUBRDJTINE BLOCKH
CAN BE BLOCK DATA INSTEAD OF SUBROJTINE
COMMON FMATX/CJ(1B49) sCHI1B4G) o XTAU(G3) JNXTAY

DIMENSION CH 1036) «CH 2136) +CH 3(36) 4CH 4(36) 4CH 5(3¢8)
OIMENSION CH 6(36) +CH T(36)oCH 8(36)«CH 9(36)+CH  10(36)
DIMENSION CH 11(36)4CH  12(36)4CH 13(36)4CH  14(36)CH 15(36)
DIMENSION CH 16(36)4CH 17(36)+CH  1B(36)4CH  19(36)4CH  20(36)
DIMENSION CH  21(361+CH  22(36) «CH  23(36)+CH  24136)4CH 25(38)
DIMENSION CH 26(36)sCH 27(36)+CH  2B(36)4CH  26{36)4CH 30(36)
DIMENSION CH  31(36)+CH  32(36)+CH  33(36)4CH  34{36)4CH 35(36)
DIMENSIDN CH  36136)4CH  37(36)+CH  38(36)+CH  39(36)+CH  40(36)
DIMENSION CH  41(36)+CH  42(36)4CH  43{36)+CH 46 (36) 4CH &5(36)
DIMENSION CH 46(36)4CH 47(36)sCH 4BIU36)4CH 69(36)4CH 50(36)
DIMENSION CH S1(36)4CH 52(13)

EQUIVALENCE (CH 101)oCH 1))+ (CH 2{1)eCH © 37))
EQUIVALENCE (CH 301YaCH { 7311 41CH 4(1)eCH ( 109))
EQUIVALENCE (CH S5(1)CH ( 145)) o (CH 6(1)+CH ( 181))
EQUIVALENCE (CH TO1YaCH ( 217)1) e (CH 8(1)eCH ( 253))
EQUIVALENCE (CH ULYoCH ( 28914 (CH  10(1)4CH ( 325))
EQUIVALENCE (CH 11(1)eCH ( 361))4(CHd  12(1)4CH ( 397))
EQUIVALENCE (CH  13(1)+CH ( 433)) 4(CH 14(1)4CH ( 469))
EQUIVALENCE (CH 15(1)sCH ( 50511 4(CH 16(1)4CH ( 541))
EQUIVALENCE (CH 17(1)+CH € S5T7))«(CH 1B(1)eCH ( 613))
EQUIVALENCE (CH 19(1)+CH ( 649))+(CH 20(1)+CH ( 685))
EQUIVALENCE (CH 21(1)eCH { T21)1)4(CH 22(1)4CH ( 757N
EQUIVALENCE (CH 23(1)+CH ( 793))+(CH 24(1)4CH ( B29))
EQUIVALENCE (CH  25(1)+CH { B65))4(CH  26(1)4CH ( 901))
EQUIVALENCE (CH  27(1)4CH ( 937)1)+(CH 2B(1)+CH ( 973))
EQUIVALENCE (CH 29(1)+CH (1009))+(CH 30(1)+CH (1045))
EQUIVALENCE (CH  31(1)¢CH (108131)4(CH 32(1)4CH (1117))
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EQUIVALENCE (CH 33(1)+CH (1153))4(CH  34(1)eC+ (1189))
EQUIVALENCE (CH  35(1)+CH (1225))¢(CH  36(1)+C4 (12611))
EQUIVALENCE (CH  3T7(L)sCH (1297))+(CH 3BLL1).CH (1333))
EQUIVALENCE {(CH 39(1)+CH (1369))4+(CH 40(1)+CH (1405))
EJUIVALENCE (CH  61(1)sCH (1441))+(CH 42(1)+CH (14T77))
EQUIVALENCE (CH  43(1)eCH (1513))4(CH  44({1)+CH (1549))
EQUIVALENCE (CH 45(1)+CH (1585))+(CH 46(1)+CH (l621))
EQUIVALENCE (CH 47(L)+CH (165T7))+(CH 4BU1) +CH (1693))
EQUIVALENCE (CH 49(1)+CH (1729))4(CH  S0(1)+CH (1765))
EQUIVALENCE (CH S1(1)eCH (1801))+{CH 52(1)+CH4 (1837))
DATA CwH } ¥4
1 7¢15668111E=064=Tab3518254E=069=T7415194]190E=064=T74,14908817E~0b,
2=Tel6034126E=069=T70136559]15E061=741204125B82E=06+=T7410337944E=064
3=T406894113E-069=T401450683E~06e=649309063BE-061=6,79555793E=06y
4=6463291T7TEE=D6 =64l TABIGOE«Q6v=b6¢D695TOLTE=D064=5.67267991E=06+
5=54222937T3E=Qbe=beTO4B2T15E~060¢~4,14396013E=06+=3,53845938E=06,
6=2e91564T52E~06+=2e33T73116BE~06v=1u8815T7141E~0b6e=1448246502E=06+
Telal@abS56TOE=069=Be5399T4B3E~0T +=0e430TT6TIE~DT 9=4456544435E-07T,
Be3e2694580BE=07+=24+21153320E~0T79=1450B7T7193E-074v=1.03653072E~07
F=65033945T09E~0B+=3446862852E~0B+-1.70494B08E«0B+=7.13023297E~09/
DATA CH 27
1=1eBlE76142E=094=3,04652954E=~104=2474072641E-11sw]l B85486483E=]12,y
2=1e29572640E«13¢2942587795BE~154=6,72963730E=16¢ 1449104109E=05,
3=23,90201199E=06s=1a6138B8B10E~05+y=144903T775E=054=«144B935421E=05,
4a]l 4B87T1099E=050=144851452TE~05¢=1448079226E=054~1.47359130E~-05,
Swle®6223031E-054=1044479043E«054~1,41656379E~054=1438265136E=05,
6=1a337B1B66E«05+=1426520376E+054=1,1B8246559E~05+=1,08871250E=05,
T~9eBOT09529E=06+=Be63795420C~06s=T7 23757861 TE=Qbe=6407754325E=06"
B=4sBT201699E=061=3492204193E«062+3,09012066E~064=24385557510=06»
9«leTBOLO945E=06b9=14341291B4E~064=9,516394T3E=0T7+=64,81498671E-07/
DATA (H A/
1=4460980408E=07+v=23214494034E~0T74=2,156058241E=074=1432141502E=07,
2=Te2301299BE~08+=3¢55385179E~08v=1048624949E-08+=3,78691638BE=09,
3+6435028248E~109=571285479E+11+=3,86633654E=12+=2.70085094E=13,
4=1¢92992T751E=14e=1240274544E=154 1.520265T4E=05, 1.6B8173785E-05,
5 4o098909S51E=06v=1aT7558T7254E=054=1a519427TBE-Q05+=~1e51773T709E~05,
6=1451506530E=05v=1451059123E«054+«]1450322201E«054=1e%916085TE=05,
Tmle®T3T936BE=054w]404497640E=054=1441036562E-054=1,36461842E~05,
B=1¢29053252E=05+-1e20612605E=05¢=1411048794E=054=1.00031765E~05»
F=BusBl06062BE=06+=T252317033Ew0bs=64,19B95694E=~061+1=4,96932846E=06/
DATA CH &/
1=4.00036789E=06+=3.15182512Ew060=244331B8816E=069=1+81564832E=06+
2=1e36B06B0BE=060=94T063595TE=DTe=b¢95101755E=07v=4aT01B1345E=0Ty
32342077091 1E=0T7s=2¢20370321E=074=1.34779083E=0T7+=723744175TE=08,
4B gb26TTLIH4E=0B8vw]e51590763E=08+=3,86248133FE=09¢=6.47699272E=10+
b B2684230E=]11v=3494347888Ew]2v=2s754T73821E=13+~1296843285E=14y
b=19430T7T3233€E=15y 2.9TB96B10Ew05y 2,.,97980436E«054 3,02862105E=05,
7 5450647 T10E~064+3439987F1T7E=054=2e97607355E=054=2497074652E=05,
BulaF6191403E=05+=2a94T41216E=051=2,92456T43E=05¢=2488957424E=05,
9=248330118B6E~059=24T76510734E-054=2,67537628E=-05+4=2.53008644E=-05/
DATA CH 5/
1=2+436457T701E=05+4=2417T70577TTE=05¢=1 49610558 7TE=059=1a7272466TE=05,
2=lo4T4B45)3E=05¢=]142]1523844E=054=0,74178213E=06+=T484222059E=06y
JwbolTBTANSIE=06 9=k o TH99335E=006e=3,55932255E~061=2.681899T1E=04"
4=l 90278810E=06s=~123626421TE=0bv=9421T7183B0E=0T+v=6e2B8B82146TE=D7
Sme32001343E =0T 4246421292 TE=0T o=]1 4445635 T1E=0T+4=T106577364E=08,
b=l e T1IHBTZIE=OBy=~TaS5T71T75055E=09+=1269T70521E-094+1+14225320E=10,
VT=TeT3051375E=]12v=5040018920E=1234=3,B5B7T1BBE=~1644=2.,080470236E=15,
B 5233166565E=05s 5+33305336E~05¢ 5,33611719E=054¢ S,45903541E~05,
G 900536442B2E=06¢~5,49BT750876E=050=5,32380T78TE=054=5,30746T7814E=05/
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DATA CH &/
1=5e2B138232F-05e=5,24019312b=054+5,17726512F05+=5,075T70460E=05,
C=by953BB09GE=U5 1=ty TY2ZITHOOL ~05 4=t 453254263 =050=4,23593265E=05
3-34899926B0E-051-3,5129236E=094-3,00404208E-054=246418755LE=05,
6=2e IT6B1IBBIE=054=1,T70699821E~054w]1o406T2H9BE=054=1,106753)3E-05,
S=8e543994T9E-064=643T549656LeDb =6 B03B30643E-06v=3,40827054E 064
5=2e4407554TE~064m1e65097143E=064=1212633564F=06+=7,737926885L 07,
TohaT3252649E-074=2,589386320=07v=1427276602E-074=5,32279265E-08,
Bele35622540E-0B4=2.274246725E=09422.0459566TFw10¢mls 3846559 k=114
7=946T257493E =1 34=6491165342E=144=5,02365045F~15, 9«11154271E=05/
DATA (H T/
1 941137385T7E=054 9u11540613E-05s 9,11851613E=05, 9o 359T5905E =04,
< 1ebTOLIVUIE-D54~1403462545E~044+9,0B8852056E-05¢=9,04268240E-05,
3-8.97163108E-050-3.863033765-050-8068853571[-05v-B.h7952605E-050
G-H.20369956E-05v—7.7575129lE-05v-7.2h95532lE-Ob.—6.67h26582E-050
S-b.Dl1769315-05v-5.29478997£-05o-ﬁ.SZOQUObbE—OSv*3.beOOOlBE-05¢
b-Z.?GbOlh73E-05v-Z.&0372258E-05t-1u8938l?TGE-O5v-l.56199095E-05n
7-1.090923795-050-8.2lQBBO““E-Obv-S.BBlBQOTSE-Ob.-ﬁ.l7635691£-06o
ﬂ-Z.BZﬂ95145E-060-1.92724820t-06v-l.32“016h05-06v-B.097b7079Ew07'
9—6.63060175E-07--Z-17777566E-07v-9.10757716E—080-2-32056G91E-08/
JATA CH 8/
1-3.89133110E-09v-3.500706695~100*2036919192E*1l0-10655007065-120
2=1.18260370E=134=B84595602TBE=]5, 1a61084638E=06¢e 1,61120655EaD4,
3 1.61147523E=04y 146119T762TE-04, 1e61290471E=04y 1.656636480E=04,
“ 3.128334195-050-1.86767459E—Oﬁv—l.603835135-04ow1.590956245-04n
5-1.57151776E-04v—1.5“0373755-04.-1.50316852E-040-1-45h1“273E-04o
6-1.37‘921lBE-O‘.-l.23479528E-0“|*1.1827573“E-04t-1'06530b855-04v
7-9.3321ZhhlE-OS0-8.01050512E-05.-6-60003185E~050-5.29053047E-051
B-“.253753465“05!“3.35527875E—05'-2.590171635-059“1.932735505—050
9-1.6562602lE-05»-l.033185795—05v~7.398331605—060-5.00h64369E-06/
DATA CH 9/
1-3.51526¢135-060-2.3“558186E-06v-lo#3454739E-06v-7oB4901321h-07g
2-3.858008565-07v-l.61363209E007|-G.llOQlQﬁhE»OB.-bu893520b2E-09o
3-6-201695655-100-4.19700385E-11n—2.93182374E—120-2.09h963295~13.
4=ls522694B8E~14y 2,9511B055E=04y 2.95178254E=04, 2495223603E=04,
5 2495307214E=044 2,95460869E=04y 2,95735398E-04, 3,0276566BE=04,
& 5.58676946E-050-3-37573853E-04c~2093054976E-040-2.H9397455E-04o
7-2.83590510E-06‘-2-76688690E-06.-2.676198925-06.-2.52996639E-06.
B~2.36378122Ew06v-2-175821255-04--1.95954621E—0kv*1.725620855-04v
9-1-57323476E-060-1-21375266E-040-9.72882826E-05n-7-831178135-05/
DATA CH 10/
1-6'1696287BE~050-4.76263lObE-OS.-B-SSBb?#blE-OSv~2-67755h73E~050
2-1089963232E-05o-lo36034154E-05o*9-20135573£-060-6-277270015-060
3-6.312611‘55-061-2-637424385-061-1.4&303115E-06.-7.092B31255-07v
6-2.966218025-07;-7.5576&7025-030-1.267316415-080-10lﬁOOBlBZE-OQ.
5-7-71570818E-110-5038979685E-120-3-85131719E-13v~2.79926878E-140
6 Se2T45026TE~D4s 5427548209E=04s 5,27621866E«06, 542T7757352E~04,
T 5¢28005236E=064 542B444092E=04, 50292129B0E=040¢ 5.42982886E=~04,
8 9-43257262E-05--5.942890955-06'-5.21949858E-06sw5-11218869E-04o
9-6.985937435—06.wﬁ.820979865-040-6.55597512E-040-4.d5563821E-04/
DATA CH 11/
l-3o9lbhl3315-0#--3-526“7471E-0ﬁ!~30lDBDOBbbE-Dﬁt-Z.bSOSIZBlE-04o
szolBBﬁlﬁﬁﬁE-OGQ*lo74996619E-04.-1.60851lkbE-DQo—1-10959921E-04o
3-8.565088095*050*6.39065263E-05t-ﬁ.BleOleE-OSv—3-41589h41E-05|
6-2-54608124E-05v-l-bS““B?OSE-OSv—l-12868617E-050~7.75380763E-06|
5-4.76205493E-06v-2.5945021IE-O6|-1.27523489E-060—5.33293310E-070
b*l-35875428E-07.-2-278603865*08o-2o04962735E-090-1.38710531E-100
T=9468951630E=12+-6e9236T014E=134=5,03233504E=144 B46T939527E~04
B BebBOBED]I9E=04y B,68196952EDiy Bob6BIGIBIBE~DG, 8.6B7T70151E~04,
9 8e09422TTTE~DGr BoaT0555854E«04y Bo72685043E06, 9200316827E~04/
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DATA CH 12/
1 118726820E=044=1405068040E=034=B451640282E=06+-8430180001E=04.
2=B40232855TE=044=745783B031E~044=7,07603B20E~06+=6e50991942E=04,
3-5.86013815E=04s=5.15855T99E~044-5,40257134E=044=3,62606B02E=04+
4n249057680BE=044=243385706TE=044«14B4211669E=04vw1e42]1B3646E-04,
Swle060T9FBIE=04s=T499196360E=054~5,66953416E=054-4,05972023E-05
6=24745B1721E=05+=1487312937E~05+=1428676222E=05+~7486932554E<06+
Tete30539149E=0b6=2a11610499E~064=BeB4F15B42E~07vm2.2545698BE=0T
8=3+78043305E=08+=3440075163E-094=2,30144881E~10+~1,60763829E=11,
F=1el4873131E=124=B434926889F~14y 1.6149B416E=03s 1.61522B56E=03/
DATA CH 13/
1 1461541206E=03s 1461574893E«03y 1,616362B6E=03¢ 1leb1744182E-03,
2 1e61930543E=03y 1462277036E~03s 1.62924T70E~030 1,68333458E=-03,
3 3460899757E«044=14B2730765E=03+=1.5841066TE~030=1,52899488E~03+
4=1444234855E=03+=1436546950E=03v=14236B9296E-034=1.11271628BE=03+
5=9eT89T1597E~04+=8435109934E=04+26aB8753B020E~064+=5250779439E=04+
6=4e43]1616B2E=009=3a49011624En044=2,69337615E=064~2400915634E=04+
T=1e51349791E=04+=1007355641E=04+=T+68658545E=05¢=5.19840976E=05,
B=345459750TE~05+=2+43579462E~05+~1448953901E~05+=B414B90300E«06
Qw4 a00495346E-069+126746995TE=Dbs=ba2664T7390E~074=7,15352259E~08/
DATA CH 14/
1=6.436470743E=09v=443544B5649E=10+v=3404166311E~11+=2,173360B3E=12+
2=1457962724E=13y 2.50T20905E~034 2,50755068E-03+ 2450780708E=03+
3 24508B27754E=03¢ 2.50913426E«03¢ 2,51063770E-03y 2.,51322757E=03,
4 2451801809E+«03y 2,52687709E=-03s 2.54289614E~D34 2.03774332E-03,
5 1a76260416E«0044+2,78126196E=034=2.45704320E«034=2.31262955E=03,4
6w2e15394575E=03e=1e97T774832E=03=1,77739883E=03+~1,56245308E=03,
T=12331883T74E=039=10409584644E=034=8,T77427902E=04+=7e05726344E~04»
B=5455621605E=064=4e2866B89T3E=00ew3419696027E~044=2.40TE3539E=04+
9=1e70762699E=004+=142224TTTHE=D44=Boa26646695E=054-5463817215E=05/
DATA CH 15/
1=3487261829E=05¢22436795672E=05421029532571E=05+=643655764BE=0b
2=2466157673E=06e=6eTT7995222E=070=1013667632E~0Tv=140223T714BE=08
3649181361 1E=109~4aB83219157E=110=3,4526353BE«12+=2.50935807E=13,
4 3,20994276E=03y 3.21034034E«03y 3,21063B6TE~03y 3,21118592E«03.
5 3421218201E~03y 3,21392850E«03+ 3,21693250E=03¢ 3.22247328E=03,
6 3423266196E=034 3,250BTO11E~03y 3,28333413E=03+ 3,52680121E«03,
T 2490599435E=04+=3+99201557E~034=3,07BB0403E=034«2,86239707E~03,
B=2462426T7)11E=03+=2435540482E=034=2+,06836350E=034=1476152461E=03,
9=1444821000E=03+=1.15882208E=034=9431623746E~D4¢=T7433184816E=064/
DATA CH 16/
1=52654T73991E=04+=442]15959458E~04¢=3,]17461231E=0D4+s=242509214TE=04»
2=1e61113538E+04+=120892T7603E~044=T¢%2843836E=05+=54101T70507E=054
3=34119114B6E~05+=147060184T7E=05+=8438286988E=069=3,50466057E=06+
4=B4926425T74E=07+=1a49636185Ew0T+=1434574290E~084=9,10558142E=10+
5«60359T7281BE=11v+4e5438B504E=-12+-2430236900E=13s 5.561912502E~03»
b Seb)19T4B54E~03y 5462021633E~03s 5,62107432E=03e 5.62263566E=03
T 5e62537113E=03¢ 5463007179E=03y 5.63872596E=03s 5.65458361E=03,
8 5.68273038E~03s 5473223829E~03y 5.82772200E=03+ 6417039808E~034
9 1943639190E=034=626810391BE=034=5,377114)10E=034~4,91201049E-03/
DATA CH 17/
1o5439582996€E=034=3485110758E-034=3,27335460E=034=2,68668446E=03,
2=20l46964T3E=03¢~1472437T61E=034«1.355986B0E«034~1,04510471E=03,
3=TeTB72B323E=040=5.86106634E=04e=4a153B2293E~044=2,97210854E=04,
4w2a00BT333TE~Obs=1436950183E~069=9,4033395TE=05e=5,T74T765590E=05,
523,14294076E=05¢=1¢54399049E=054=64453582T5E=064=1,64330990E~06+
b=2e T540T226E=0Tv=2+4T632234E~084~1,675261T3E=009+=1,16994362E=10,
TeBe35B829T27E=12++6407419294E~134 Bo608T263TE=-034 8,60958456E=03,
B B8+61022836E-03y Be61140900E=03y Bab61355681E~-03¢ B8461731911E~03,
9 Beb23TTI964E=03y Bo6356597TBE=03y Bo65738046E-03y B.6957T7446E-03/
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DATA CH 18/

1 Bo76277550E=D3s 8.889B1793E=03¢ 9.07314195E«03+ 9.,60580772E=03,
2 S46BYET448E-044-1e02680B0TE~02v=B:.2B4901B3E=-034=7237632354E-03
3wbe4I6BOBOFE=D34=5.4536399)1E=031=b,46443150E-034=3,56017279E=03,
4=24B551T842E=034~2+24242398Ew034-1,72651510E-03+-142B528029E=03,
5 b6ETHE52E-Dbv~508462TEBTE=D4v=44BI554200E=0644=3,30726916E=04,
6=2e253B7610E«0b+=1:54T03T12E=049=-9445251600E=054=5,16691993E=05,
Te2¢53739882E=054=1.06022757E=05:«2+69865726E=0064=4.521146TBE-0T,
ety 063BT0BTE=DB =24 74859164E=094=1,91919631E=104v=1437094058E~11

I+9.962037T76E=13,
DATA CH 19/

1 1.04735808E~02,
2 la05000549E~-02+
3 1,0773B115E~02,

1404706488BE=02,

140675927 TE=02,
12052371076 =02»
1.0966333T7E=~02,

1,0471586BE~02y 1.04722905E-02/
1.04B00379E=D2+
1.05654328E-02+
1.12726017E=02

1.064870926E-02+
1.0637861BE=02+
1.26399636E-02

4 1,00257118E=034-123244B573E~024~1.02003B84E=02+=84,84301595E-03,
S5=Tak5329555E=0306407603132E-034~448297TB01E=034=3,86459789E-03
6w3o02952045E=-03+=243288B278E-03+4~1.73132600E=-034-1.,30078168BE=03,
T=9420311543E=064s=6e5T610360E=044~44438B846T72E=044=3,02318135E=04,
Bu2eDT4#03662E«040=1226655650E=04v=b:9194539TE~05+=3,39630183E~05+
ImleblB4l204E=05+=3,6082925TE=064=6.064192720E-0T¢~5.42826409E-08/
DATA CH 20/
1=3,6700956BE=09+=2s562003B81E~10+«1uB82978663E=110=1432944308E=12+
2 1433110352E=024 1+33121192E=02y 1433129323E~02¢ 1¢33144233E-02,
3 1233171350E«02¢ 1433218831E-024 1+33300305E=02+ 1433449935E=02,
4 1933722851E«02+ 1434203163E~02 1435034721E-02+ 14365B6923E~02,
S 1e38764431E~02s 1.421T4069E=024 1,4916182BE-02+ 1.68840513E-02,
6 146B0696T6E~039=14T558595BE=024=1,3196B8210E=-02+=1.1028B702E=02
TwBe9322641TE=03 4274065680 T3E=03+=5,63477235E=03+=4.40515439E=03,
Bu3¢37BT7T289E+~034=2450692076E=03+=1.88069912E=034=-1,3286%37BE=03+
F=Fe4BI50LO1E~04s=643945249TE~04+-4435142460E=040=2,9B8317864E=04/
DATA CH 21/
1=14B203556TE=04v=94923745215E«05+-4,8T741814BE=054=2.03423910E-05,
2+5a1T079894E=D64=Bob65204519E~0T s+ToT6B21TT6E=08v=5.24960379E=09,
3=3,66338380Ew104n2.61574502E=110e=1,900124B4E~124 1e62635669E~02
1a626477BBE=02y 1.62656B79E~D2y 1,62673547E=024 1.62703861E-02,
1a62756934E=024 1.62847988E~024+ 1,63015153E=024 1463319866E-02,
1263855544E=02y 1.64781138E~02, 1,66502535E=02+ 1,68902874E-02,
14726264926E=02+ 1.80097009E=024 1491301740E~02¢ 2,20507234E-02,
1.6059846TE=034=2429301685E=024=1,64041170E=024=14,21520191E~02,
9w12032698]BE=02+=B8e19508155E=034=6438158993E=-034=4.87910449E~03/
DATA CH 22/
1-326101T455E=034=24T70275023E=034=145056661BE=034=1,3580652BE~03
2=9414371740E=D4s=642149763BE=061=4425669633E=06+=24594TT519E=04,
32]441505510E=044=6493399826E~054=-2489124421E=05+=7.34137T704E~06+
4=14227208TTE=0bs=14100BB3BHE=0T4=T4434T0144E~09¢~5.18589035E=10+
Sm3aT0162362E=11+-2.6B824340E=12y 1.902B8838E~02y 1490301864E~024
6 1e90311635E=02+ 1.90329549E=024 1.50362129E=02+ 1490619163E=02+
7 1490517000E=02+ 1¢90696574E=02y 1491023759E-02+ 12515984B0E~02,
B 1e92590133E~02¢ 1e94429574E~02y 1496983785E=02+ 2.00918628E=02+
9 2.0B715613E=-02¢ 2.20119512E=02y 2.373T71486E=02s 2483114149E=02/
DATA CH 23/
] 2e%6456465Em03+=2,93002107E«02+-1496758212E=024=14527414TBE=02
2=14202B7271E«D2¢=963]11440)19E~03+=T7.08564280E-03+-54,22193919E=03,
32348977576 TE=031=24T4046T50E=03+=1+54871B13E«03+v=1430935747E~03
4vB8e0B519151E~0644=64077464BTE=D4e=3.69934554E=04+=2401465T063E=04»
5r0sB506T7634E=05+=441055407TE~054+1206094561E=054=1+73777685E=06+
6=1e55703706E=079=14050594B2E=084=~7,32346100E=10+-5.22518089E=11+
723479330169E«124 241887T223E=02y 2.18891059E-02+ 2,18901436E-02
B 2418920464E=02¢ 2418955065E=02s 2419015636E-02s 2.19119529E«02
@ 2419310185E=02+ 2a1965T44BE=02s 2420267078E-02s 2.21317887E=02/
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DATA CH 24/
1 2423263609E~02+ 2.25956922E-02v Z2430087684E=02+ 2438202866E-02,
2 2049B915H3E=02+ 2467122164E=02¢ 2.94459970E-02+ 3.60952709E=02+
3 2e92743075E=034=3,7364T840E=D2+=2.38681375E=02+=-1485748279E~02»
4m] 342667B59E~020=1407616185C=024=7488376564E=03+=5,8588843TE-03,
5=4s10243568E-03+=2.9080BL05E=031=]1,94826632E=~03+=1.31904346E=03,
6=9400565180E=041+-5+470625456E=04+=2297330725E=00+-1445238774E=04»
7=6e03779764E=05+=1452TT9792E=05¢~22545933T71E=069=2+27T744155E=07>
Hele536B82999E-084-1206903513E=09+=7¢62254979E=11+=5453125955E~12+
3 2e36015631E=-02+ 2436029258E-02v 2.36039630E-02+ 2436058645E-02/
DATA CH 25/
1 2436093224E=02+ 2436153754E«02+ 2436257567E=02y 2236448050E=024
2 2436796912E=02+ 2437403567E~02+ 2,386451879E=02s 2.40390035E=02+
3 24%306T7409E=02+ 2.4T159813E~02s 2455150365E~02 2.66539649E~02
4 2e83052241E=02y 3.08509T49E=02v 3,47923899E=02+ 44+46119530E=02
5 3420503910E=034=boe4T1BTEL4E=02+=2+9924TTI0E=02+=2.254202B1E~02
6=1a6811043BE=02v=1+21916112E~021=8,99598616E=034~6.25826949E=03+
T=4e41481615E=03v%2e9445T279E~034w1.98669550E=-03+-1+35260584E=03+
§rBal9264T5)14E=044=4443981117E=044=2,16298007E=04+=B,96923905E~05,
9=2¢26306235E=05+=34T6143506E=06+=3.35701359E=-07+~2.25853298E~08/
DATA CH 26/
1-157126337E~09+=1+119398808E=10+=B4117534B6E-12y 2,10819534E-02,
2 2410831118E=02+ 2,10839807E~02y 2.10855737E-02+ 2.10884705E~02,
3 2410935411E+02y 2411022372E=02+ 2411181919E~02+ 2411472395E-02
4 2011981948E-02¢ 2.12B59096E-02+ 2414479200E-02+ 2.16713789E-02
S 2420121631E=02¢ 2.2674BOTIE=-02+ 243612B573E-024 2.495B8564E~02
6 2:699964181E«02¢ 3.00695593E«02¢ 3.50546660E-02¢ 4.,82036877E-02¢
ToTe97111T83E=04e=4,87438566E=02¢=3,093286T78E=02v=2426544865E-02,
Be=leb206T269E~02++1a18463299E=02+=841T7351975E-034=-5.73132332E-03,
9-3.B80196984E=031=2455452966E=031~14T73345966E=03+=1.06625341E-03/
DATA CH 27/
1=5.65090551E=Dbs=2sT4450106E~044w14134T76006FE=0604=2,85368603E=05,
2mboT2921T4TE=064~44209T2316E=079=2,82677419E=08+=1.96399356E~09,
3=1.39783925E~104+1.01292468E=11y 1.80345087E=02y 1.80354466E=02,
1,80361500E=02s 1.80374397E~02y 1.8039784%E-02+ 1480438900E-02,
1.80509298E-02y 1.80638448E-02y 1.80873553E-02+ 1,8128588B0E-02,
1481995382E=02¢ 1,83304906E=02+ 14B5109119E=02y 1,87856137E-02+
1493181999E=02+ 2,00685569E=02¢ 2411377479E=02s 2.27412677E=02,
2+51123942E~02+ 2.88515368E«02y 3.50095187E-02¢ 5.16632021E-02,
3.00500586E~-03+=54105020)16E=-02+~3,11834652E=-02+=2,184T72301E=-02/
DATA CTH 28/
1=145755B003E=02+v=120746TTBBE=024v=T 44769435 E=03+=4,92345064E=03,
2=3429037961E~03++2.22343494E=03v=1433610350E~03+=7.1B8622045E=04»
a3 6 T6F4325E=040=1443252661E=044=3,58B17234E=05+=5,92553698BE=06+
4n5,25827462E=0T+=3452284403E=08¢=2,%4380886E=09+=1.73737228E~10+
5=1¢25787831E=110 1e64T86075E=02s 1e64796279E=02y 1.64800433E-02y
5 leb4BL1T1IS5E=02¢ 1464832231E=02v 1466B6B161E=024 1,66929723E=02,
T 1o65042692E~02¢ 1e65248325E=02y 1.65608906E-024 1.0622919BE~02,
B le6T737T3I508E=02y 1468948B904E=02v 1+71344875E=02+ 1.75980955E=02»
9 1482492013E=02¢ 1.9172746BE=02y 2,05483911E-02s 2425612944E=02/
DATA CH 29/
1 2e56B21454E=«02¢ 340T7T104584E«02y 348B090757TE=-02 5.60828824E=02,
2 1.38D16993E=034=5.70339351E=02+=3,20B06211E~02¢=2.276T9574E~02»
3=1.,529013BTE«02+~14+0529147TE=024=6+BT75998B9E~034-4,56641458E-03,
4=340T70T724T2E=03+=1483601908E=034+=9.8284241TE-Ob4s=4,73524685E=04,
5=la@4334826E=040=0,B66502T74E=050=7497307566E~06+=To05164855E~07
6+4aT712864T3E-0Bv=3426392278E~094+223176273TE=10+=1,676458T71E=-11+
7T 14493B2T0TE~02¢ 1449389B3SE~024 1449395182E-02+ 14494049B5E=-02,
B le49422810E=02+ 14+496454010E=02¢ 1a49507513E~024 1+4960565BE=-02,
9 1e49784293E=02+ 1450097490E=024 1.50636142E-02¢ 1451629417E=-02/
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DATA CH 30/
1 1.52995974E~02+ 1455072323E~02+ 1.5%083061E~02+ 1.64700506E~02,
2 1472637549E=02s 1484392393E024 2.01465276E-02¢ 242753141BE-02+
3 246B6264659E=02¢ 343227T631E=02+ 442050555BE=02+ 6432993021602+
4 4aTT638112EnD30mbelIB56622E=024=3,71436BB0E=024=2442903955E=02+
S=latbtbD26BBE~02+-14058B2308E=024=6496335960E=03s~4464839913E-03,
6=2sT5BBIBBOE=034+1446685643E=034+T7,02506B29E-044~2.86T46026E=04
T=Tal0B52755E-05+=~141634]1BBTE=054=1.02437BB2E=064=6.82424944E-08,
BrbdaTl5B7306E=094=~3434334041E=104=2.41552083E~11s 1,19676523E=-02,
9 1el96B2039E-024 14196B6175E=02¢ 1419693759E«02+ 1419707550E-02/
DATA {H 31/
1 1419731688E=02+
2 1e20229452E=02,
3 1.,24073222E=-02

1419773080E=02
1.20646023E=02

1.19987195E=02
1¢2164139346E=02v 1422469917E«02
1427166280E=024 1.31489715E-02s 1437581127TE=-02,
4 1o646565416E-02¢ 1.459520156E=02s 1479155963E-02+ 2.09638003E=-02+
5 2455T38576E-02y 3,173T70854E«02¢ 4413539855E=-024 6.4T330583E=-02»
6=3413002439E=034-6464300268E=02v~3,38972397E=024=2425383908E-02+
T=1242927434E=02+=9429930308E=03++6415889710E=-03+~3,62688409E~03,
Be)laPl46B013E«034=9411336T95E=04e+3469930636E=04v=9,11557B1BE=D5,
9=l o4B8423565E=054=103010856BE«064=B¢640)7695E-0B+v=-5.95801290E=09/
DATA (CH 32/

1+1984900BE=02,

1-442174566BE=-109=~3,04351150E=11

9.90290825E=03
G.909B5662E=03,
9.97963508E=034
1:04998993E=02
1430576130E-024
2+49835860E-02

Ge90351464E-03
9.91592T02E=03
1.00409936E=02+
1.08439750E=02
1.45908932E~02
3.1804430BE=02+

9.90213654E=03+
G490461T2BE=D3 .
Ge9269T745TE=D2,
1.01253323E=02.
121327544 7E=D2«
1469430759E~02
G4248839B0E=02»

9.90257751E=03.
9.90654721E-03,
0494634027TE=03,
1.02533023E-02,
1.20382071E=024
24043596TTE02
Tel7810122E=02

[ BESR RV IE SRR

BebT332704E=034=taB9B95852E=024=3,T5877207E=02¢=2,31267135E=-02
G=1e4T7569239Ew02¢-9464269831E-034w5460654549E~034=2,92702753E=03/
DATA CH 33/

1=14380225B87E~034=5455694562E=D4sv1435743764E=044m=2,19418569E=05,
2=1e9116259BE=064=14263939B3E=0T++B,69039953E~00+=6.13877527E~104

3

O~

=4a42306311E~11y
Ba178T76969E=03,
B8418875298E~034
8.28931430E-03,
829336T7940E-D3,
1e19121548BE=02+4
2«50435890E-02,
DATA CH 34/

8el7T66125E-03
B8e1T7965656E-03,
Be197638B09E=-03,
Be3S5TO9TISE-O3
9432067034E~03,
1.37590627E-02,
3.27774T721E=D2

8+17801593E=03,
8.18120883E-03,
B421321213E-0D3,
Be#5989986E=03+
988797957E=D3
1e64T02835E~02
4e5934T7375E-02

8.17T828196E-03,
8.18387062E=03,
B8423998502E-03,
Be65784069E=03,
1.06988496E-02,
1499453256E-02
Te4201324BE=02/

1=3,864440691E=034=T7461316789E«024+3461005009E=02+=2425876634E=024
2010454157 TIE=02+=~8433E64216E=03+=4,30235527E=-03+=2,00920297E=03,
3=B8402226334E-044~1+94269373E=0044=3,1177BBSSE~054=2,70011013E=-06+
4=127T7780823E=~079~1221896014E~084=8¢59347250E=104s=6a1B8247844E=]11

o~

1
2

6e11252521E=03+
6.11397502E~03
612703979E=0Q3,
6e242BGL199E=03,
6294051524E-D3y
DATA CH 35/
1.01105399E=02+
2e¢29T7TT6191E=D20

6e1127B293E=-03,
6e11510290E~03»
6:13B35434E=03,
6e31744633E=03,
Ta34963242E-~03

1420139653E=02»
3.12457639E=02

5.1129T7622E=03,
6e11703692E=03,
6e15TB0263E=03y
6e4b6D9TTH2E=D3 4
Te93233789E=03,

1244190263E-024
4e32092B22E-D2+

6¢1133306]1E=-03,
621205B8433E=-03,
6+19362BB9E=-03,
6e66074206E=03,
Be799B3611E-~03/

1 7BT794221E=02
6.0368262BE=02

3 Te9650403TE=034=TeTT7435659E=02+=3,82082T69E=D2+«2,39372959E=02,
4=1233928966E=02+~647T60227T0E=03+4=3e11640595E=034=~1422867BT76E=03,
5=2e93T7645T0E~04s~4ab6654415E=05+=6,0077396TE=Obe=2462358411E=07,
bele79205213E=-0Bv~142599T7124E=094=9.04651546FE=11 4.84035T7T]1BE~D3,
T 4eB40556B3E~034+ 44B40TO65TE~03s ¢oB4098112E=03 4,84]48033E=-03,
B 4oB4235409E~03 ¢ 44,B43B5235E=034 4.B4660042E~03y 4,85160115E=03,
9 4eBO6D3E555E=03 4oBT7542922E=03¢ 6490317432E=034 4,9412T79BE=-03/
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FAGE 93
DATA CH 36/

1 4¢99902191E=03y 5e11005101E=03, 5.26444026E=034 5,48033520E«03,

2 5.479%63422E=03y 6£.264351713E-03y 6.90795579E-03+ 7,90675700F=03+

3 5,366B85632E=03s 14114988B55£=02 1437134602E~024 1.74284831E=-02,

6 24330751603E=02y 3415664164E=02¢ 4o71303961E=02y Boa31860584E-02+«

5wl e39B000B0E=032=B842T387920E~021=4426914313E-024~2,30114305E=02,

6=1e13291684FE=02+=54a10872289E=039~149B326793E~034-4,06T7128035k=-04+
7-7¢3368B891E~05+=6224166B34E=06+=4,06032922E=0T7+=2,76215855L =08,
b=1¢9364B60BE~09s=1238742936E-10y 3,06078216E=03+ 3,06090577E~03

Y 3,06099849E=03+ 3.0611684TE=03s 3,0614TTSSE~03s 3.06201853E-03/

DATA 4 3T/
3,06296614E=03y 3.060464T54E=03y 3,06774352E=03+ 3407316939E~034
3,08245429E~03y 3.09966TOTE~03s 3,12324631E=03¢ 3.,15896B46E-03
3422761 7HTE=03y 3.322997B0E=03y 3.45626012E«03y 346504T653E=03,
3.92579238E~-03y 4a33292826E~03y 4+94215751E=03y 5.81499105E~03
6eBI90B541E=03s Bu426B8T18BE=03y 1406056083E=02+ 1e398B0458E=02»
1eB5952310E=02y 2+6922209BE=02+¢ 3¢97570231E~02y B417551485E=02+

722e0913)1453E~03¢=8s11066235E=02+=3+25775813E=02+=1456223141E=02»

BabeB9366661E=03+v=2a63175308E=03+=6410107245E~064s=9,4653206TE~05

3T TB8T0666E=06e=5e15T7T4B40Ew0T4w3449642591E=0Brv=2.4428T458E-09/
DATA CH 38/

1«1 76656400E~10¢ 2+40512571E«03s 2.40522114FE=03y 2.40%29272E~03+
2+490562396E-03y 2.4056625BE-03¢ 2.4060B023E=03+ 2.40679639E=03,
2e¢%DBl0O991E=03y 2441050005E=03¢ 2¢4146B874E~03¢ 2+4218B700E-03»
2+435106190FE-03¢ 2445333B46E=03y 2.480B99B2E-03s 2.53384359E=03+
2+460735450E=03¢ 247T0997012E~03y 2.85933438E=03s 3,0T7T069863E=-03,
343B24FTS5TE~D3y 3.84746668E=03s 4,51040248E-030 5,32899596E~034
6e9T2T666TE-03¢ B.09200038E=03+ 1.05T0770BE<02+ 1,38891885E-02,
14973651 T6E=02¢ 2.84560234E=02y 4453047976E=-02y Ba93548007E=02,
1e14633644E-02v~Be50321604E=024=24.84309792E-02v~1.22811274E-02/

DATA CH 39/

1=244,5BB617TBBE=03¢=1406252349E=0342],59353873E=04v=1432809452E«05.,

2+8452138923E~074~547458B77TE=DB 4wt o00355036E-094~2e85539274E=10y
2e017126B5E=03y 2401720552E=03+ 2.01726451E-034 2.0173726BE=03,
2¢01756936E=03y 2.01791361E=034 24,01B8503BBE-03s 2.,01958652E=03.
2e02155648BE=03y 2402500B71E=03s 2.03094102E=03y 2,04186369E=03,
2.05685634E=03y 2407955939E=03+ 2412315372E~034 2.1B3640614E=-03,
2426B01810E=03y 2.39068326E=03y 2.56398272E~03+ 2.81504874E~03,
3,19818241FE=030¢ 3473643021E«03y 4+39752935E=03s 5,31530603E=03,
6.6038649TE=(Q3y Ba55456517E=03s 1.11290500E=-02y 1.557428B79E-02/

DATA CH 40/

1 2420122110E=024 3439250844E=02s 5436BTH7TTE=02s 9495979074E=02,

2 7¢38783044E-034=9450072179E«024=2+793567T1E~02+v=1401851683E=02

32 24587849E-034~3436029960E=0bv=2eT5671564E=054=1,.T75095562E-064

4o1e1T7317B4FE=07s=Bel38T2981E-09+=5,78618369E=10+ 143369137BE=03,
1e33696491E=03¢ 1+33700326E=03y 1433707358E=«03s 1+33720143E=-03
1e33742520E-03¢ 1.337808B89E~03+ 1a33B51262E-03% 1433979310E~-03.
1434203698E=03s 12345B89263E-03y 1435299095E=03s 1436273259E~=03,
1e3774B05TE=03y 1440578764E~03¢ 1244504138E=03¢ 1449974151E=03»
1457916833E=034 1.691186T0E=03s 1485566113E=03¢ 2,U9931507E-03/

DATA CH 41/

1l 2e06365704E=03s 2.86428333E=03y 3,4443893BE~034 4,25209311E~03

2 5.461649607E~03¢ To0359236TE=03¢ 9.70370806E=03s 1,34682349E-02,

3 2,01665716E=02y 3.06303250E=-02y 4473318B755E=02s 1406574541E=01

4 6.58B0832B0E=034=9+8545169TE=02+=2441064074E=02+=5.12218188E=03»

SmTed]lBe241l0E-0bs~5.94664130E=054=3,72309705E=06+=2,47T259455E=07,

be]leTOSDR0E4E=QBy=1020694890E=09¢ 7.7B854591E~064 7,7B883836E~04.

7 7.78905770E=Q4s T+TB9459BEE=04s ToT75019109E=04y TuT7914T093E-004

B Ta79366544E=04s Toe79769034E~04y 7.B05013B0E=04s 7.81T846B0E~04

9 7.839B964TE~Q&4s T,8804B62BE=04y 7,93618284E-04+ B402048402E~04/
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JATA CH 42/
BalBZ228B3E~Ubk.
GsBOBGLSSTE=D4
1s6626656TE=03,
3493352139E~03s 5,3622558T7E-03,
1e59396774E~02s 2438349433E=02,
6ebF4T6BOLE~0Ie=]1400450686E=01

1w1.1260T643E~0%4¢=Ta04375324E~06+

Hel o lb965265E<-09s 44458T6399E-04,

5 e45927T49E~D44s 4,4596RB32E=04

JATA TH 43/
4e4b6390166EwDbs 4446B0L609E=04
“s51041255E=040 4.54159369E=04,
4oBOSSTOS6ECD4y 4,9B052784E~04.
621115532TE-Q4y 64BT90B45)1E=D4,
1«10358370E-034 1,347B0443E=03,
2492284891E=-03y 3,.95529451E=-03,
142101B8B09E=02+ 2.02B05452E=02,
CeSBUTOBLEE=D29=9,4502T264E=D24

FwlelS5337590E=050=]ea441l04T65E=06

DATA CH 44/
1+91892428E=04,
1.91931479E=04,
1e92283299E~04s 1492587B&TE=Duy
1e953952T72E~044s 1a97394042E=04y
2¢13906976E=0b4y 2,24582219E~04,
2093578931 E=04s 3,3B4B6B4BE=04
506659361BE=04y 7413435T19E~04
la6l173826E=03s 2.2960791BE«03,
Tebb612215E-030 1442774187602,

DATA CH &5/
9+05176743E«034v=5,10890130E=02,
1le76371B06E=Qbs 446T6B303BE-DB
3,88361829E-054 3.B8372100E-05,
3.8848509BE=-05y 3,BBSBTRS3E=05,
3.,897T19962E=05+ 3,90752038E=06,
3.99196469E-05y 4, 06T4T385E=05,
4aS26T72436E=05¢ Go,B82063665E=05
6o TUH26BBSE=05¢ T7479135491E=05,
1¢3B8B2621E~040 1473609351E=04y

DATA CH 46/

4o 260B60461E~Q4s 5,9T7959532E=04,
2¢364)1BOEBE~0D3y 4464229330E=03,
14e0535965E~02+=B+03045607E=02+
6e92153933E=064 3,B1045304E~07,
4a55339966E-06+ 4e55361495E=06,
44555B86639E=06¢ 4+55B0209BE«0b
405B060TE0E=06s 4460231T7T29E=006,
4aT76334352E=06 4oBB256254E=0b4
5462100286E=06¢ 6106333B2E=06»

DATA CH &7/
B8e96T4B562E=060
1+949364BTE=D5

Be%0638968E-04
1007“26366E“03|
la9662243TE=03

£ P e

L4

Lol e SV P R VIR N

1.91899370E=04
1«71961B5BE~D4,

OO~ O e N OO~ O P W RS

O TR WA

1e05404093E=05,
255363991E=~05,
6e4015B596E=05+ BaBS54B1005E=05,
4e®3310225E=04y 945254939BE-04
2eTl406b]l66E=034=T,4B157T7T95E=-D2,
567396829E=06b+=T74734026T79E=08,
T=TsT35010TBE-D84=7+73579B07E~08"
BeTeT43BT240E=DBs=Ta 7517579508+
GwT+B330511BE=0Bs=Te89307593E=08+

L S L Ny
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Bu71B50601E=04y 9.1T120249E =04,
1421221123E=034 1.40639039E-03,
Cevl3B64SIE=03¢ 3.07813259E=034
T234083699E=03 1407710625E~02
Lbal&TGT7560E-~02s 1al066TH4HE=0L
«Ba36055502E~03e=1.38819796L=03,
b o6bT33399F«0T4+34,21186259E~08+
4445B92B30E=D4ay 4,45905154E =04,
GobbDGOTIRE=D4 s 4446164033E~04/

4ot T52256BE=04s 4ouB761254E-04,
4o5B903016E=~0by 4o67981895E=040
5e234D1307E=04y 545904263TE=D4 .
T295544891E=04+ 9425829005 =04,
1270733573603 24165967T1E-03,
5e71D016659E=~03s Be2B724061E=034
3.94082016E-02¢ 1e19326015E~01,
=2a39B23456E=034=3,2B9T7955BE-D4,
=G e943]1339BE=08+=7.,02990926E=09/
145190657 TE=D4y 1491914122E=04
1e92013946E~-044 1492109479E=04,
1,93111123E-064+ 14940741 72E=04s
201226243E=04+ 2.0653137TE=(4,
2e395T129BE=04¢ 2461445769E«04,
3.92625716E=044 446616TT26E=04,
Be9923B192E=064s 14202TTBTTE=03,
3,28165543E=034 4,T0753692E=03,
3,06073228E«02 1411348CT7T7E-OL/

4 23839019E~03y 64¢52943626E=05,
4a29668844E-10s 3,8B348]35E=-05,
3,88390931E=054y 3.BBG251T1E-05,
3,B87T6307E-054 3,8911918BE=05.
3,92651340E-05s 3,95256307E=05,
4e17193111E«05s 4431701504E~05,
5.24B4B66BE-05s S5,u7483530E«05,
9,20210692E-05s 1a1115615TE=D4,
2e29633624E=044 3,03982032E~04/

Ba4D16T7451E~004y 1432644657BE~03,
1.03060732E~02+ 14U2579B71E=Ol
54768605BTE~03y 1,50710934E-04,
4.55312566E=06 445532B223E«0Déb+
“e55400643E=D6s 4455469159E=06
4+56194105E=-064 4,56BB0930E~06+
4ab320BT92E=Dbs 4e6TT10664E=064
5.04B00120E=~06+ S.2B6B360TE=D6
64Bl460TT6E=DOe 7T2aT96018B6BE=06/

1.26603932E~05+ 1.5T0B70BBE=05
3e3457B555E~054 4ob2TT9TBOE=05
1e366412175E~04y 2.33722148E=04y
2423092560E~03¢ B473151804E~D2+
5010252645E~030 1a27671125E=06
=T273434165E«084=T4T345TTBLE=08
=7T3717602E~D8+=7,739538B7BE=~08+
=TaT655TTOOE~08 4T, TB932455E=08+"
-7.98398026E~08+-8,15856703E~-08/



PAGE 95

D2aTa I 4B/

1=-B4400BI16BE-OB v~84T389B190E=084=9423069411E-08+=9,92561203E=08,
2=1e094B5909E=0T4=142468T7480E«074=1446242275E«0T o=l i264T724TE~0T
3=2e091353F6E~0T o ~2e599T71094E=07+=343595962TE=0T s=4434381901E=07
42549937 2B T 1E«(T +=B8a27837373E-07+=1422141783E-06+-1,80526801L=06,
HelebT3436TTE=Qby=4052B3B449E=06+v=B8480T740B9BE=064=1,9T7946979E-054
4©=5457319213E=05+=3+16220538E=04+=04,67T708855E=03+ 7.,988098BBE=02»
T=1e74626993E=03e=To73015278E=02s 5.0B1l1076HE=03¢ lolb4l5672E=04,
3=2435229915E=0Be=2435238254E=08+=24352644508E=08+=2,35255975E=08.
I=24352T68B26E=084=24353133]19E~08¢=2435375891E=0H84v~2.35490651E=08/
JATA CH 49/
1=2e35699450E=08+v=236065296E~08+v=2436693794E=08v«2437850421E-08+
2=2039636BL0E=0UBe=244]1B36442E=0B4=2,46435373E=-0B8sv=2.52798064E=08+
3=2461636631E«0Bv=leT6414620E=-08¢~2+9232T7T810E~0B+=3,1B8612956E-08+
4=3 45661 7144E=QB8v=4009T99T72TE=OBs=4 4736187 79E=08+=5.59823597E=08,
S=beTbB342B4E=0Bev=B4s46519064E«0Be=]1405922602E=07+=1a402T70863E=07
6=]14B8590096TE=0T+=22609302T1E~0T4~3,666945B3E-07+~5,16006631E~07
T=84154T706T2E=0T+=1a4505059TE=06+=2+91340829E~064=T7,064558759E=06+
Be2e99192566E=05¢=2426323937E~04+=5.8251544TE=03s T7T.79B019%6E=02
F 246498193 TE=D5+=Te7238B07T06E~02y 5+084556BTE-03+=1,10721562E=09/
DATA CH 50/
1-1e10725448E+09¢=10410728363E=09+=1a10733706E=09+=1,10743423E=09
2wl ol07606428Ea09e=1a10789586E4094~1+10843063E=09+=1,10940360E=09.
3w1allll0B36E«094»14114036964E=094=1411942618E~09¢~1412681T742E=09,
4wl al3T99643E=09 0l el5941759E=094=]1a18904619E«09¢=],23018909E=09,
5wledB96399BEm09+=1437292604E~09+=1049409450E=09s=14,6713332BE=09
b=14917656T4E=Q0Fv=242]1268B24E«09¢=2461035604E=09+=3,14B8T76883E-09,
Tw3a3271TT21E=09 44 489960462E=004=5,4634T7526E=-09¢=~8,53112373E=09,
balel9l1B8032E=0Be=1066462T26E~084=2432831944E=084v=3,64734820E-08y
Qwbat0BlBLllE=QBe=] 2652829807 s22,98194168E~0T+=1.19785294E=06/
DATA CTH 51/

1=8401992633E«06bv=12262B3B59E=044«5,07820452E=03s 773783206E~02,
2 54355B2696E-03¢=14%39061T76E=0]4~B,42356555%E~114=8,423856T4E=11,
3aBat240T515Ewll smBeb244T55TE=1Ll+v=B442520365E=11v-844264T795E=11"
GmBe42B6629 E=1le=8e4326TO0Ll5E=11+v-8443996095E=1]19=8,4527350REwlly
5-8e4T4b6TBTTE=LLlv=B8e51505756E=1]1¢=8457043105E=1]1+=Ba6541T017E=11+
6=BaB8l45923TE=11v=9403639B25E~114-9e34424940E=114~9,7B87B527E=11,
Taleddl09656E=10e=141l3150043E=10v=10426351379E«10e=]1,44658354E=10,
BelebbS530972E=10v=149593075BE=~104+2e35606951E=10e=2.9274B415E=10+
9=3,63830105E«100=0,o77578458E=100=642712211TE-10+=8,70043581E=10/
DATA CH 52/
1-1420775676E=099=1 4677555604 E=09+=246023267TBE«0F4=4,5126T74064E=09
2=B o TSBBLITHE=09¢=240153992TE=DBoe=T4T345]12TBE=OB o=t o TT50958BE«0T
3eba2636B08)Ew0bv=]1o38811220E=044m5,35582696E=03y 646666666 TE-02
& 1+38689160E=-01/

END
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SURRDJITINE CUNVEC
COMMDN FABRNSS/ZABROSS(40) « TAJRUS (40

CoMMUN /CONV/ULTDLP (40) «HEATCP (4D »UL IDLT 140) o VELSNL T40) »

PAGE Y&

i GROALIL&U) sHSCALE (40) oFLXCNVIG0) s VCONV {40} «MIXLTHS

1 IFCONY
REAL MIXLTH
COMMON /IF/THCORRGIFPRES «IFSURF o [FSCAT W IFMOL
COMMON F1TONS/ZXNFPH{40«2) o« XNFPHL (404+3)
ZOMMON /PTOTAL/PTOTAL (40)
TUMMON /RAD/ACCRADLI4D) «PRAD(40)
COMMON /RHOY /RADX (40) «NPHOX
COMMON /STATL /P (40) «XNE(4U) «XNATOM(4D) okHD(40)

COMMON /TEMP/T(4U) «TKEVI4D) o TK (40) sHET(40) « TLIH(40) I TEMP

CIMMON /TEFF/TERF «GRAV 4GLUG

COMMON /TURBPR/VTURB (40) «PTJRB40) « TRIFDG TRBCINGTRUBPOW+ TRBONL

1 1FTURB

COMMON /7 XABUND/XARUND(99) s WTHMOLE

DIMENSION EN(4) «DEQlass) +DUMMY (&)

DIMENSTION TNEW(4) «PNEW(4) dENERGY (&) «R<4ON (&)
DIMENSIDON DTORHX (40)

EWUIVALENCE (LTDRHX(]) «DLYDLP (1))

CALL DERIVIRHUX«T«+DTDRHX «NRHDX)

CALCULATE DERIVATIVES BY EVALUATING FUNCTIONS AT « AND - 4001

FIRST GJESSES

XHzAMAX1 (XABUND (1) sl E=20)
XHE=AMAX] {XABUND{(2) +1.E=-20)
XNHEL1=XNATOM (1) #XHE
XNHIZXNFPHI{le1)*2.
XNAT=XNATOM( L)

XNEL=XNE (1)

DO 30 J=1eNRHOX

TNEwW (1)=T{J1#%1,001
PNEN (1) =P (J)
TNEW(Z2)=T(J)*_939
PNEW(2)=P(J)

INEW(3) =T
PNEW({3)=P(J)#].001
TNEW(6) =T ()
PNEW(&) =P (J)%.999

D0 15 I=]le4

TN=TNEW(])
TEKN=TN®]1,3804E=16
TKEVN=TN®B.6171E~5
XNTOT=PNEW(]) /TKN
CT32=22.,414BELS*TN2S0RT (TN)
CEQW2=CTIAZREXP(=13.595/TKEVN)
Q4470

IF(TNeLT 2100004 ) CEOHHZ=EXP (44477/TKEVN=4,6628E1+(1.8031E=3+

1(=5,0239E-7+(8.1424E~11-5,0501E=15#TN) #TN) #TN) #TN=1,4,5#ALOG(TN))

THE AMIN IS5 FOR ANY UNFORTUNATE wHO HAS A 360
CEQHEZ2=4 ¢ #CTAZHEXP(=AMINL (24 ,580/TKEVN+15041)1}
CEQHE 3= 4. CT328#20EXP («AMINL1 (784983 /TCEVN150,))
DD 13 K=14100

XNHZ2=XNHL1®CEQHZ / XNEL

XNHH=XNH L ##2#CFOHH

XNHE2=XNHE1#CEQHEZ2 /7 XNEL
XNHE3SXNHEI*CEQHE3/ XNEL #%*2
EDC(1)=SXNHL#XNHZ+2 o RXNHH=XH&XNAT
EQ(Z2)=XNHELl*XNHE2+XNHE3«XHE#XNAT
EQ(3)SXNH2+XNHE2+2 « #XNHE3=XNEL
EQ(6)=XNH]L+XNHZ ¢ XNHH+* XNHE L + XHHEZ + XNHE 3+ XNEL=XNTOT
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14

15

PAGE 97

DEQULe LIS {XMHAL*XNHZ+4 o #XNHH) /XNHL
DEQ(1+2) =0,

SEQ(le3)==-XH

DEQ(lsé)z=XNHZ/XNEL

DEQ(2+1)=0,

DEQ(2+2) = {XNHEL+XNHEZ+XNHES) / XNHE L
DEQ(293) =wXHE
DEQ(2v4) = (=XNHEZ=2+#XNHE 3) /XNEL
JEQ(3 1 )=XNHZ2/XNH]
DED(342)=(XNHE2+XNHE3) /XNHEL

DEQ(3¢3)=0.

DEQ(Iv0) = (aXNH2=-XNHEZ2~4 o #XN-E3=XNEL) /XNEL
DEQUA 1) S IXNHL*XNH2Z+2a®XNHH) /XNH]
VEQ(4e2)=(XNHEL+XNHE2+XNHE3) /XNHE]
DEQ(4+3)=0.

DEQ(4 o) = (=XNHZ2=~XNHEZ2=2 s #XNHE3I+XNEL) /XNEL
CALL SOLVIT(DEQs4+EQ+DUMMY)
D1311=DEQ(1+3)/DEQ(14]1)

D1411=DEQ{1+4) /DEQ(1+1)
E111=EQ{1)/DEQ(1+1)

22322=DEQ(2+3) /DEQ(24+2)

22622=0DEQ(2+4) /DEQ(2+2)

E222=EQ(2) F/DEQ(2+2)

334313DEQ(3+4) /DEQ(34]1)

D3231=DEQ(3+2) /DEQ(34]1)
E331=EQ{(3)/DEQ{3+1)

J6441=DEQ(4+4) /DEQ{4]1)

D64241=DEQ(4e2) /DERQ(4s])

F44el=ED(4) /DEQ(4e])
PR0321311+02322#03231
2004=01311+02322%04241
200332(01611+4024227003231=-03431) /0033
EWD23=(E111+E222#03231=E331) /20Q3
PORIL=(J14]11+024220804241=-04441) /024
EOQIA4=(E111+E222%04241~E44]1) /0006
EQ(&4)=(EQD04=FENQQ3) / (QQL04~22Q03)
ES(3)=EJQQ3-L0003#EQ (&)
EQ{2Z)=E222-02422%EQ(4)~02322#EQ(3)
EQ{1)=E111~Ql4]11*EQ(4)~Q13]11#EQ(3)
ERRDR=ABS(EQ(1) /XNH1)+ABS(EJ(2) /XNHEL) *ABS(EQ(3) /XNAT) »
LABSIEQ (&) /XNEL)

XNH1=XNH1=-EQ(})

XNHE1=XNHELl=EQ(2)

XNAT=XNAT=EQ(3)

ENEL=XNEL=EQ (4)

IF (ERRDRLT4«00001)GD TO 14

CONTINJE

CALL EXIT

XNH2=XNHAL*CEQH2/XNEL

ANHHEXNH L ##2 RCEQHH
XNHEZ=XNHE L ®CEQHE 2/ XNEL
XNHE3=XNHE 1 #CEQHE 3/ XNEL ##2

EHH= =l o4 TO/TEEVNS (1 a# (1 .B03IE=3)+ {2, %(=5,0739E=T)+ (3 ,#(B,1424E~=11])
1o ®(=5,0501E~15)%TN)®RTN)#TN) #TN

RHON( T ) = XNATRWTMOLE®*]1 . 660E=24

ENERGY ()2 ({1 o5#XNTOT+13.595/TKEVN#XNUYZ+EHHRX Nririe
1 24«580/TKEVN#XNHEZ2+ 78,983 /TKEVNR#XNHEZ) #TKN+
2 JoHPIADIII®UITN/T(J) ) #R4) /RADNIL])

DEDT= (ENERGY (1) =ENERGY (2)) /T (J) #5004
DRDT=(RAON(1)}~RHON{2)) /T (J) %500,
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26

25

26

30

DEDPG= LENERGY (3 ) =ENERGY (%)) /P (J) #500.
DRDPG=(RHON{3} =RHON(4) ) /P (J) #500.

CALZJULATE THeHMODYNAMIC QUANTITIES AND CONVECTIVE FLJX
[GNIRING PTURB AND ASSUMING PRAL PROPIORTIONAL TD Tewmg
OPDPGELe

DPDT=4ePRAD(D /T L)

DLTDLP (I SPTUTAL (U /THJ) /QRAVRDTDRMX (J)
“EATCV=DEDT-DEDPG®*DRDT/DURDPS

HLATC2{J) =DEDT~DEDPGRDPDT /DPDPG=PTOTAL (J) /RHD [ J) #2828 {DRDT -~
1DRDPGRDPDT/DPDPG)

VELSND I =SORT (HEATCP {J) /HEATCVRDPDPG/DRDPG)

QLROLT LI =T (I} /RHO (I # (DRDT=DRDPG=DPDY/DPDPG)
GRDADA(I) 2=PTOTALLJ) /RHO () /T(J) #DLRDLT (J) /HEATIP L))
~SCALE(J)=PTOTAL(J) /RHO(J) 7/ 3RAV

VCONVIJ)=0.

FLXINVJ) =0,

IF(MIXLTHEQuU&) GO TO 30

DEL=DLTOLP (J)=GRDADB (J)

IF(OELLT=0.)G0 TO 30

VED= o S®MIXLTH®SORT (= S*PTOTAL (J) /RAD (D) #DLRDLY (J))
FLUXCO=oSURHD (J) ®HEATCP () T (J)aMIXLT/12.5664
DEBaRG 466G TE=SHT (J) ##s/ (ABRISS{JI *HSCALE(J) #RHD{J) )/
LIFLJIXCOR 12456641 /VCD

D=De®2/2,

DDD=(DEL/Z7 (D+DEL ) ) ##2

IF(ODDaLTee5)0GD TO 2«

DELTA={1e=50RT(1+~DDD) )} /DDD

3D TO 2¢&

DELTA=.%

TERM=5

JPE=1,

DOWNEZL.

JP=JP+2,

DOWN=DIWN+2 4

TERM=UP/DOWN#DDD#*TERM

DELTAZDELTA+TERM

IF(TERMeGTeleE=6)G0 TO 25

DELTA=DELTA®DEL®#2/(D+DEL)

VEONV D) =VCO*S0RT (DELTA)

FLXCNV(J) SFLUXCORVCONV(J) #DELTA

CONTINUE

RETJRN

END
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PAGE 99
SUBROJTINE HIGH
TOMMON /ABTOT/ABTOT (40) s ALPHAGE)
COMMON /HEIGHT/HEIGHT (40)
COMMON /RHOX/RHOX (40) «NPHDX
COMMON /STATE/P(40) «XNE(40) « XNATOM (40) +RHO(40)
OIMENSION RHOINV{40)
EQUIVALENCE (RHOINV(1)»ABTOTI1))
20 1 J=1+NRHOX
1 RHOINV(JY=]l.E=5/RHO L)
CALL INTEG{RHOX+RHOINV«HEIGHT s NRHOX)
RETJIRN
ERD

SJBROJTINE TURB

COMMON /CONV/DLTDLP{40) »HEATCP (40) +DLADLT(40) wWELSND (40) »

1 GRDADB (40) +HSCALE (40) « FLXCNV(40) « VCONV (40) sMIXLTH

Fi IFCONV

REAL MIXLTH

COMMON /RHOX/RHOX (40} « NRHOX

COMMON /S5TATE/P(40) +XNE (40) + XNATOM (40) +RHO (40)

COMMON /TURBPR/VTURB (40) +PTJURB{40) ¢ TRIFDGTRECIN« TREBPOW«TRBSND »

1 IFTURB

D0 10 J=1+NRHOX

VTURB (J) = (TRBFDG#RHO(J) *#TRBPOW+TRBSNI#VELSEND(J) /1et5+TRBION) #1,ES
10 PTURB(J)=RHO(J) #VTURB(J) ##2#0,.5

IETJIRN

END
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9. UTILITY PROGRAMS

9.1 FRESET

Given a list of frequencies, FRESET (pages 1 to 3 in the listing in Section 9. 5)
computes least~squares parabolic integration coefficients, which are defined in
Section 2. 6. FRESET punches the frequencies and integration coefficients in a format
that can be read by READIN.

Below we list a sample input deck for FRESET. First comes the name of the fre-
quency set and then the list of frequencies or wavelengths that FRESET reads using
subroutines FREEFR and FREEFF from ATLAS5. Negative numbers represent
discontinuities, which FRESET divides into two, one frequency on each side of the
discontinuity. The end of the data is marked with a 0.

CooL

H =3,28B05E]15%¢e~aB8220125E154=3,65338B0E144«4205503125E154~4131522E1%
w341334722E134=6+7103061E139-54123757BlE134~440593210E13+~3,28805E13
HMINJS =1641.9

C =2e7254E150=2e4196E15+=2,0761E15

AL =le%43ELS

MG =14B4BBSLUELSe=1419257T9TEL154~T7T.9804046E14

S] «149723165E154=14T7B7968BYE154~14515%2920E15
el95E150023E154426E154e30E154433E150 e4E154e45E154e5E154455E15,
ebEL1S540b65E]1540TEL1SseTS5E150485E150a9EL15

e F5E15414E1541e05E150141E1541a15E15,
1e25E1591e3E15¢1a35E150)e4E1541e55E1501eb6E1541ab65E1541a75EL5
1eB2EL154149E15424.02E15

2e2E1542e3FE1542e5E150246E1522.HE1543.,E15

O

The easiest way to use FRESET is to start by reading in all the discontinuities

required. FRESET will print them out in order with integration weights indicative of
their spacing. With this information, intermediate frequencies can be chosen easily.
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9.2 PRETAB

PRETAB (pages 4 to 10) computes integration matrices for the radiation field as
described in Section 2.6. The dimensions are set for a maximum of 80 T's, which
are listed in the statement DATA TAU. Instructions are given by defining the variables
NTAU, IFJ, IFH, and IFPUN. PRETAB also requires subroutine EXPI from ATLASS,

9.3 ATLAS5 for TTAUP

This is a modified version of ATLAS5 (pages 11 and 12) that produces an opacity
table for TTAUP. It is run just as if ATLAS5 were computing a model.

9.4 REDIME

REDIME redimensions all the arrays in ATLASS that are dimensioned 40 to any
dimension up to 99. A card with the new dimension precedes the deck to be converted.
The deck is followed by a card with 0 in column 1.
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9.5 Listing of Programs
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10

11

12
70

15
16

17

22

23

PAGE

PROGRAM FRESET (INPUT+OUTPUT +PUNCHsTAPES=INPUT +TAPEG=JUTPUT »
1TAPET=PJUNCH)

DIMENSION FREWIN(1000) +FREQ(1000) +RCD(1000)

DIMENSION A(1000)

COMMON /FREE/WORD (6) s NUMCOL s LETCOL sLAST+MORE + IFFAIL 4MAXPOw
DIMENSION CARD(81)

DATA CARD/BL®1H /

MAXPOWNZ99

LAST=81

NUMCOL=1

D0 1 I=1.+1000

RCO(1) =0,

IEAD (5+2)ALABEL

FORMAT (AS)

WRITE(6+80)

FORMAT (1H1)

IN=1

FREQIN(IN) =FREEFR (CARD)

IF(FREJIN(IN) sEQe0a)GD TO 11
IF(ABS(FREQIN(IN)) oL T lsES)FREQIN(IN) 22,99T7925EL1T/FREQIN(IN)
INZINe+1

30 TO 10

DD 12 I=1.IN

ACI)=ABS{FREQIN(I))

WRITE(6+T0) 1 +FREQINCI) 4AC(])

FORMAT (I15+2E20.8)

DD 16 LAST=2+IN
LASTI=IN=LAST+2

DO 15 I=2+LAS5T1

IF(ALI) aGE«A(I-1))GD TO 15
SAVE=A(I=-1)

A(I=1)=A(])

A{I)=SAVE

SAVE=FREQIN(1=-1)
FREQIN{I=1)sFREQINII)
FREQIN(I) =SAVE

CONTINUE

CONTINUVE

WRITE(6+80)

DO 17 I=1.IN

WRITE(6T70) I+FREQINII) +A(])

WRITE(6+80)

J=1

DD 22 I=1.IN
FRED(J)=A(I)

JzJel

IF(FRETINLL) «GEL0)GO TO 22
IF(I.EQ.IN)GO TO 22
FRE2(J)=A(])

J=Jel

CONTINUE

NJzJ=1

DO 23 J=1lw+NJ
ARITEL(6+T0) JoFREQ(J)

Klzl
DD 39 J=lNJ

274



PAGE

IF(J«EQaNJIGO TO 32

IF(FRED(J*1) o NELFREQIJIIGOD TD 39

32 €2=J

NUM=KZ2=(]l+]

IFINUMLGTL2)G0 TO 33

W= (FREJ () =FREQ(J=11)/20

RCO(I) =W

RCO(J=1) =W

Cl=¢(2+1]

30 TO 39

33 C21=x2=-1

DO 35 K=K]l«K21

MzK=K1+1

DD 34 L=KlwK2

NEL=K1+]

RCOIL)ZRCOIL) + (FREG(K* 1) =FREJI(K) I #PARZI(Ms1oN+FREQ (K1) oNUM) +
L1(FREQ(K+1)&%2=FREQ(K)##2) /2 #PARCO(Ms2ZsNeFREQG(LL) ¢NUM) «
2IFREQ(K+1) ®#3aFREQ(K) ##3) /3, #PARCD (My3«N+FREG (<1} 4NUM)

34 CZONTINJE

3% ZONTINJE
£1=K2+1

39 CONTINJE

NJ1=NJ=1
D0 45 J=1sNJI]
1IF(FREG(J+1) 4NELFREQUJIIGO TO 45
FREJ(JUI=FREQ(J) *#.,99699%
FREQ(J+1)=FREQ(J+1)#]),000001

45 CONTINUE
IF(FREJIN(IN) aLT40a ) FREQ(NJ)Y=FRED (NJ) #,9999599
WRITE(6+80)
WRITE(6+47T7)NJ1WNJL+ALABEL
WRITE(T«TTINJLWNJL+ALABEL

77 FORMAT(17H READ FREOUENCIES+I5+29H VALUES. INTEGRATE FROM 1 TOy
115 3Ha A6+11H 15 THE 1D}
DD &1 J=z2wNJ
JlzJ=1
WRITE(TT0)J1+FREQUJ) +RCO(D)

41 ARITE(GeT0)J1FREQ(J)4RCO(I)
CALL EXIT
END

FUNCTION PARCO(J+K+T+TAUWNTAU)
DIMENSIDON TAU(1)

PARCO=0e.

JI2zl=Je2
IF(JI12eLTeleDRaJIZaGTe4)RETJRN
IF(JeEQ.1)GD TO 100
IF{J+EQeNTAU~1)GO TO 200
X1=TAJ(J=1)

X2=TAU ()

X3=TAU(J+1)

X4=TAJ(Je2)
DEXLRE24XLR82 [ X24X3) R (X1eX4) 02 RX2%X3
XXD=(X2=X3)#®D
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30 TO (10420430440)4J12
10 30 TO (11le12e13) 4K
11 PARCO=X2%X3/D
RETJRN
12 PARZO==(X2+X3)/D
RETJRN
13 PARCO=14/D
RETURN
20 GO TO (2122423) 4K
21 PARLZOZXI3M (=X ]1##2XHu%24X3RX]1oXIRXG) /XXD
RETJRN
22 PARCO= (X1%%2-2 ,#XANR2+XHNR2) 7 XXD
RETJRN
23 PARCOz(=X1+2,#X3=X4) /XXD
RETJRN
30 G0 TO (31432433)sK
31 PARCO=X2# (X1 AR24X4RAN2aX2RX1=X2RhXH) /XXD
RETJURN
32 PARCOS (=X1®#242  RX2RR2XHuR2) /XX]D
RETJRN
33 PARCO=(X1=2%X24X4)/XXD
RETJRN
40 30 TO (41e42+43) 4K
41 PARCO=X2#X3/D
RETJRN
42 PARCO=«(X2+X3)/D
RETURN
43 PARCO=14/D
QRAETIRN
100 X1=TAU(l)
X2=TAJ(2)
X3=TAJI(3)
30 TO (1104120913001
110 G0 TO (1114112¢113) 4K
111 PARCO=X2#X3/(X1=X2)/({X1=X3)
RETJRN
112 PARCO==(X2+X3)/(X1=X2)/(X]=X3)
RETJRN
113 PARCO=1le/(X1=X2)/{X1=X3)
RETJRN
120 50 TO(121e1224123) K
121 PARCO=X1#X3/(X2=X1)/({X2=X13)
RETJRN
122 PARCO==(X1+X3)/(X2=X1)/(X2=X23)
RETURN
123 PARZD=1e/(X2=X1)/(X2=X3)
RETURN
130 GO TO(131e1324133) K
131 PARCO=X1#X2/(X3=X1)/(X3=X2)
RETJRN
132 PARCO==(X1+X2)/(X3=X1)/{X3=X2)
ETJRN
133 PARCO=1e/(X3=X1)/(X3=X2)
RETJRN
200 X1=TAJ(NTAU=2)
X2=TAJ(NTAU=~])
X3zTAJINTAU)
I13=]~NTAU+3
530 TO (110+1204130)413
END
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PROGRAM PRETAB{OUTPUT+PUNCHTAPEG=DUTPUT «TAPET=PUNCH)

COMMON TOEF (B0+80)

DIMENSION CO(6400)+5(B0) +TAJIBL) +F(BOD) +EXACT(BD) +ERRORI(B0)

EJUIVALENCE (COEF +CO)
DIMENSION LABEL(2)
ODIMENSION A(4) oB(4) oCtl4)aDI(4)
DATA TAJ/Qus «0000324,000056440001+20001B4.00032%
140005692001 0400182400324 s005600014e01640025+604244065,
2609638139 401960627320037500500630e7B4a954l0l501a350l0belalB5e2a415,
32005927593 e150306544e25454006620TaBel0evl2e50152017e5¢204/
DATA LA3EL/3HCJ «3HCH /
DATA AOB'COD/Ia!O-!0-!ln|0¢!1i000010!0.!0.!1»!0.'0.'0.900!10/
NTAU=43
IFJ=]
1FJ=0
IFH=0
1FH=1
IFPUN=D
1FPJUN=1
TAU(NTAJ+L)=TAU(NTAU) +]1000.
NFIR5T=1
NLAST=¢
IFIIFJeEQeOINFIRST=2
IF(IFHaEQeO)NLAST=]
20 50 N=NFIRSTeNLAST
CALL INTCO(COEF+TAUWNTAUSN])
WRITE(6+200)
200 FORMATI(1HL)

DD 201 L=1eNTAU
201 WRITE(6+4202) (COEF(LoJ) o J=1oNTAW)
202 FORMAT(/(X10E13.5))

20D 70 M=1.+4

DD 3 L=1sNTAU

CALL ANALYTI(TAUIL) «S{L) sEJvEH«A M) «B M) 4C (M) 4D (M)

EXACT(L)=EJ

IF(NeEDW2) EXACT (L) =EH

3 CONTINUE

DO 9 L=1sNTAU

FiL)Y=0D.

OD 1 J=1sNTAU

1 FIL)=F(L)*COEF(LJ)®5())
9 ERRIR(LI=(F(L)=EXACTIL)}/EXACT (L)

Nl=A (M)

NZ2=8B (M)

N3=C (M)

N4=D (M)

WRITE(64¢29)N1LoN2eN3sNG

29 FORMAT(19H1ANALYTIC TEST S=elleolHe a1 0bHTAUS oI LsTHTAURS 2= o] 1
AQHEXP (=TAU) 7/
15X e 9X3HTAUIX ¢ 10X1IHS 10X o SX1 IHFUNCTION N=] 144X+ BXSHEXACTBX «
2BXSHERROR)

WRITE(6+30) (Lo TAUIL) oS({L) oF{L) +EXACT(L) +ERROR(L) sL=1«NTAL)

30 FORMAT(]S+5E21,14)
TO0 CONTINUE

IF(IFPUNLERLO)GD TO 50

I1=0

DO 4 J=1sNTAU

DD & L=1sNTAU

I=]+1

4 ZO(I)=CIEF (L)
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CALL PUNDAT(COSNTAU®®Z ¢LABEL (N))
CONTINUE
CALL EXIT
END

FUNCTION EXPIDI(TAUL+TAUJ«TAUJLsK sKK s N)
JIMENSION FACT(11)+P51(6)

DATA ALDGD+ALOGD1/0ee0e/

DATA FACT/lesles2006042440¢120007204450404+40320403628804¢362880047/
DATA P51/=¢577215664901533,+.422784335098467+.922784335098467,
11.2%56117668463180041.506117668431800¢1.706117668431800/
DATA SAVEDSAVEDL1/1.E30s1.E30/

D=ABS (TAUL=-TAUJ)

D1=ABS(TAUL=-TAUJL)
IF(DaEQeSAVEDAND+D1.EQ.SAVEDLIGD TO 1
IF(DeGT«0e)ALDGD=ALOG (D)
IFID1a0T+04)ALOGD1=ALOGID])

SAVED=D

SAVED1=Dl

0==D

Pl==D1

NKK=N+KX

K2 =K

TERM=Da

IF({TAJIeGT40De) TERMSTAUJR®KK L

IF{TAJIeEQeQus ANDKKKLEQeO) TERM=],
TERM1=TAUJLR#KKK

C=PST (NKK)=ALOGD

C1=PS5I (NKK)=ALDGD1

SUM= (TERM=TERM1) /FLOAT (NKK=1)

DD 5 MM=Z,.11

TERM=TERM®D

TERM1=TERM]1*D1

IF(MML,EQ.NKK}IGD TD 3

SUM=SUM= (TERM=TERML) /FLOAT (MM=NKK} /FACT (MM)
G0 TO 5

SUM=S5UM+ (TERM#C=TERM1#C1) /FACT (NKK)
CONTINUE

EXPIDI=5UM

RETJRN

END

SUBROUTINE INTCO(COINT«TAUSNTAUSN)
DIMENSION COINT(80+80)
DO 1 L=1+NTAU

DD 1 J=1+NTAU

SUM=ZDe

DD 2 K=1+3

DO 2 I=1sNTAU
P=PARCO(I +K v JeTAUSNTAU)
IF(P.EJ.0.)GL TO 2
EZETA(N+Ke]l oL« TAUSNTAL)
SUMSSJM+ESP

CONTINJE
COINTI{LoJ)=5UM

RETURN

END
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FUNCTION ETAINSK s oL o TAUSNTAU)
DIMENSION TAU(1)
IF(1.GT«NTAUIGD TD 1
IF(]«EQ.D)GD TO 1
Ti=TAU(])
TIL=TAU(I+])
TL=TAJI(L)
ZzSIGN(le o TI=TLIRR(N=-])
5=15IGN({1+I=L)
TIL=ABS(TI=-TL)
TILL=ABS(TI1-TL)
l=K=1
(2=2K=2
(3ede}
X1=X}
x2=xK2
N1zN+]
NZ2EN+Z
N3=N+3
TT=T1
IF(T]uEQaDa) TT=loE=40O
IF(TI1a3Tele)GOD TO 7
IF(TLeLE#s20seANDeTI1eLTeTL/104)GD TO 9
IF(TLeGTe20e¢ANDeTI1eLTaaQO01)IGO TO 1
T IF(TILelTeel6aANDTI1L4LT&al6)G0 TO 2
Cl=TTaa LREXPI (N1TIL)
C2=5uX1nTTRRK2REXP] IN2+TIL)
CAsXL#X2#TTRag 3REXPI (N3«T]L)
D1sTI1®o#K 1 #EXPI(NLTI1L)
D2=SaX1#T]I1#aK2#EXP] (N2TI1L)
DIeX]1axX2u8TIL1anK 3REXPI (NITILL)
20 T0 8
G CleTTRaC oEXPIS(TL+TIsNs1)
Co=SaXIaTTRAK2REXPIS(TLeTIwN+2)
CAasX1aX2#TTHRCIREXPIS(TLeTIeNe3)
DI=TIIRaK I REXPISITL«TI1eNs]1)
D2=SaxX )1 #TI 1Rk 2REXPIS(TLeTIL1oNs2)
DA=X1AX2RTI 1w KIREXPIS(TLATI1eN3)
B ETA=Z/2.%ABS(Cl+C2+C3-D1~D2=-D3)
RETURN
2 ETAZZ/2e*ABS(EXPIDI(TLoTIoTI1oKolaN)¢SuX1#EXPIDI(TLoTIoTILeKs24N) ¢
1IN RX2HEXPIDI(TLeTIeTIleKe3eN))
RETJRN
1 ETA=0.
RETJRN
END
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FUNCTION EXPIS(XeYosNeNN)
DIMENSION E(10)
DATA X1/=1a/
IF{XeEQaX1IGD TO 2
Xl=X
EX=EXP (=X}
DD 1 I=1+6
E{I)SEXPI(IsX)
IF(YaEJa0e)G0 TO 10
SUM=z0.
TERM=Y#®#® (NN=]1)
IF(INNEDQ3) TERM=TERM/2,
DO 3 I=]1sN
TERM=TERM®Y /FLOAT (NN+[=1)
NIl=N=]+1
SUMESJM+TERMRE (NI1)
TERM=TERM#EX®Y/FLOAT (NN#N) /X
SUM=SUMeTERM
00 & Mxl,.100
TERMETERM®FLOAT (M) /FLOAT (INN¢NeM) #Y /X
5%,
T=1le
DD 5 MM=1..M
T=THX/FLOAT (MM)
S=5+T
SUM1=5UM+SHTERM
IF(SUMLEQ.SUM]1IGD TO 9
SUM=5UM]
EXPIS=5UM1
RETJRN
EXPIS=0s
RETJRN
END

SUBRDUTINE ANALYT(X+SsAJeHeAsBWCoD)
SZA+BRX«CRXRR24DHEXP (=X)

EL1=EXPI(leX)

E2=EXPI(2+X)

E3=EXPI(3+X)

E4=EXPI (44X}

ES=EXPI(5+X)

AJZAR(1o=E2/2e) *BR(X4EI/2.)+CR(24/34+XNR2=E4)
HZARES/249BR* (la/3e=E4/2)+CR{20/3.8X+ES)

IF(XeGT«0) GU TO 23

AJZALDG(2e) /2%D+A)

Hx{1e=ALOG(24)) /2a%D*H

RETURN

AJZAJHDRIEXP (=X) /2 # (ALOG(2e®X) +e577215664901533)+E1/24)
HEHSDRIEXP (=X) /2% (2= 5TT7215664901533=AL0G(24RX))=(E2+EL1)/24)
RETURN

END
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41

42
43

100

120
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130
131

PAGE
FUNCTION PARCOU(JsK el oTAUSNTAY)
QIMENSION TAUI(]D)
PARCDO=0.
J1z2ul~Je2
IF(JIZILT'I'OR.JIZCGTb“)RETJRN
IF(J«EQeNTAU=~11GD TO 100
IF(J«EJ1)GO TO 200
IF(JEQaNTAU)GD TO 300
X1=TAJ(J=1)
X2=TAJ(J)
X3=TAJ(J*1)
Xe=TAJ(J+2)
DEX]IREZeNGRR L (X24XT) M (XL OXG) 2 RX2HX3
XXD={X2=X3)#D
S0 TO (10420¢3De40) eJl2
30 TO (11e12+13) 9K
PARCO=X2#X3/D
RETJRN
PARCO==(X2+X3) /D
RETURN
PARCO=1le/D
RETJRN
30 TO (21e22423) 4K
PARCOSXI# (=X | ##2=X4uu2eXINXL+X3HX4) /XXD

RETURN

PARCO= (X]1#%2w2 ,#X 3R 4X4R%2) /XXD
RETJRN

PARCO= (=X1+24%X3=X4) /XXD

RETJRN

90 TO (31%32+33) K

PARCOSX2# (X1 R#2+ X4 82mX 28X uX2%XG) /XXD
RETJRN

PARCO= (=X]1%R242 ,#X28%2aXHuR2) /XXD
RETJRN

PARCD= (X1=2o%X2+X4) /XXD

RETJRN

GD TO (41+42443) 4K

PARZO=X2%X3/D

RETJRN

PARCO==({X2+X3) /D

RETJRN

PARCO=14/D

RETUJRN

X1=TAJ(J=1)

X2=TAU(D)

X3=TAU(J+1}

XKox2o#TAU{J+))=TAU(D)
DEXIR#24XoMN2m (X24XI) R (X1 eXG) 42, ®X2%X3
XXD={(X2=X3) =D

30 TD (10+412041304333)4J12

G0 TO (121e122+123)4K

PARCOSX3N (=X 182 uX 4Rt 4 XIRX]eXINX4L) /XXD=X2#X3/D
RETJRN

PARCOZ (X1#R2m2  RXIRKZ4XGRR2) /XXD* (X2¢X3) /D
RETJRN

PARCDz (=X1424%X3=X4) /XXD=]1le/D

RETJRN

S0 TO (131e1324133) 4K

PARCOSXZ® (X1 AR+ X4RU2=X28X ) wX28X4) /XXD+2 #X2%X3/D
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132
133

200

220
221

222
223

230
231

232
233
300
310
311
312

320
321

322
333

PAGE
RETIRN
PARTOS (=X1##242 HAZHB2=XLuR2) /XXDw2a®(X2¢X3) /D
RETJIRN
PARCOZ (X1=2e#X2+¢X4) /XXD*2a/D
RETJRN
X1z2.#TAU(J) =TAU(J+])
X2=TAJ(D)
X3zTAJ(J+])
X6z=TAJ(J+2)
DEXLRR2eXLRNIm (X24X3) R(XL4XL) 22, #X2HX3
XXD=z (X2=X3) ®D
30 TO(333+220+230440)4J12
30 TO(2210222+4223) 4K
PARZO=X3M (=X 1 #R2=X4#%24XIRX]1+X3AX4) /XXD+2,#X2#X3/D
RETJRN
PARCOZ (X1##2=2 4 RXIRR2+ XLMBD )} /XXD=24# (X2+X3) /D
RETJRN
PARCO=z (=X1#24#X3=X&) /XXD42e/D
RETJRN
30 TO (23192324233) 4K
PARCOSX2# (X1 #R24X4GR%2aX2#X] =X2RX4) /XXD=X2#X3/D
RETJRN
PARCOZ (=X1R%#242 (RX2RR2aXLnW2) /XXD* (X3+X2) /0D
RETJRN
PARCO=(X1w2e®X2+X4) /XXD=14/D
RETJRN
X1=TAU(J=]1)
X2=TAJ(J)
S0 TO (310+32043334333)4J]2
G0 TO(311+3124333) 4K
PARTO=X2/ (X2~X1)
RETJRN
PARCOz1le/ (X1=X2)
RETURN
G0 TO(321¢322333) 4K
PARCO=X1/(X1=X2)
RETJRN
PARCO=]la/(X2=X1}
RETURN
END
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SJBROJUTINE PUNDAT (XeNUMBSTITLE)

X IS AN ARRAY TO BE PUNCHED IN DATA STATEMENTS
NUMB 1S5 ITS LENGTH

TITLE 15 A 3 LETTER DUMMY NAME FOR THE DUTPUT ARRAYS
DIMENSION X (1)

DIMENSION IDIMI(300)+COMMAS(300) 4A(B1)+BI(81)

DATA B/1lHL1eBR]lreolM2eBR 1o lHI 0B8R IHesIrHosBRIHsn1HSsE® -
1 IHOWBR]IHe e lHT o8B lHo s LHEBwBR ]l He s 1O s8R 1o/

DATA JCDMMA+QBLANK sQSLASHeJPAREN/1MHewlr a1H/»14(/
NARRAY= (NUMB+35) /36

LASTENJIVB=NARRAY#36+ 34

DIMENS]IONS

DD 10 I=1e+NARRAY

IDIM{I)I=30

COMMAS (1) =QCOMMA

DD 11 I=5+NARRAY+S

COMMAS () =QBLANK

COMMAS (NARRAY) =QBLANK

IDIMINARJRAY)=LAST

WRITE(6«12) ITITLESIIDIMII) »COMMAS(I) o T=1vNARRAY)
WRITEATo12) (TITLE I «IDIM(]) sCOMMAS(I) v I=1wNARRAY)
FORMAT(6Xa1OMDIMENSION oS5(A3¢I3+41H(+T1241H) sAl))
EQUIVALENCES

DD 20 I=1+NARRAY

IDIM(I)=(]=~]1)#36+]

COMMAS (1) =QC0OMMA

DO 21 I=2eNARRAYs2

COMMAS (1) =QBLANK

LZOMMAS INARRAY) =OBLANK

WRITE(6922) (OPARENSTITLE«LTITLE«IDIMII) «COMMASIT) o I=1+NARRAY)
NRITE(7422) (QPARENSTITLE s« TITLESIDIM(I) »COMMAS (1) 8 1=]1 «NARRAY)
FORMAT (6X e 12HEQUIVALENCE v2(AlsA34I3vaH{1)4A341M(]ae2H))aR]1})
DATA STATEMENTS

L=0

DD 33 ISTART=1wNUMBs36

L=L+l

TIEND=VINO (NUMB«ISTART+35)

DD 30 K=le81

AlK)=B(K)

=1

DD 31 I=ISTARTIEND

IF(I=]/4®4,FEQel)KTK+]

A(K)I=X(])

C=Ke2

K=K=1

A{K)=2SLASH

WRITE(T+32)TITLEsLelA{I) wdz=]eK)
ARITE(6432)TITLEsLetALJ) s d=]14K)

FORMAT(OX+5HDATA oA3e13elH//7(5XA1+4{E1548+A1)))}
RETJRN

END
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PROSRAM ATLASS (INPUT=513+0UTPUT=513+PUNCH=513+TAPES=INPUT,
1TAPES=DJTPUT « TAPET=PUNCH)
COMMON /ABROSS/ABROSS5(40) +TAJRDS L40)
COMMON /ABTOT/ABTOT (40) +ALPHA(40)
COMMON /CONV/DLTOLP (40) yHEATCP (40) +DLRDLT(40) «+ VELSND (40) »
1 GRDADB (40) vHSCALE(40) o FLXCNV (40) + VCONV (40) »MIXLTH»
2 IFCONV
JEAL MIXLTH
ZOMMON /DEPART/BHYD(4046) +BMIN(40) «NLTEON
COMMON ZELEM/ABUND (99) +sATMASS(99) +ELEY(99)
COMMDN /FLUX/ FLUXWFLXERR (40) +FLXDRV (40) oFLXRAD(40)
COMMON /FREQ/FREOWFREOLGYEHVKT(40) o+STIM(40) +BNU(40)
COMMON /FRESET/FRESET(500) +RCOSET(500) +NULD+NUH]T +NUMNU
COMMON /HEIGHT/HEIGHT (40)
COMMON /IF/IFCORRIFPRESIFSURFIFSCAT»IFMOL
COMMON /IFOP/IFOP{20)
COMMON /IDONS/XNFPH{4042) s XNFPHE {40+3)
COMMON /ZITER/ ITER+IFPRNT(15) «IFPNCH{15) ¢NUMITS
COMMON /JUNK/TITLE(74) +FREQID(6) +WLTE+XSCALE
COMMON /MUS/ANGLE (20) o SURFI(20) #+NMU
COMMON 7OPS/AHYD (40) vAHZ2P (40) s AHMIN(40) »SIGH(4D) +AHEL (40) »
AHEZ2 (40) sAHEMIN(40) ¢ SIGHE (40) +ACOOL (40} ¢ALUKE (40) +AHDT (40) »
SIGEL (40) +SIGHZ (40) s AHLINE (40) +ALINES(40) +SIGLIN(40)
AXLINE(40) +SIGXL (40) «AXCONT(40) +513X(40) +SHYD(40)
SHMIN(40) s SHLINE(40) ¢« SXLINE(40) « SXCONT («40)
COMMON JOPTOT/ACONT (40) + SCONT(40) «ALINE (40 +SLINE(40) ¢ SIGMAC(40) 4
1 SIGMAL (40)
COMMON /PTOTAL/PTOTAL (40)
COMMON /PUT/PUTSIPUT
COMMON /RAD/ ACCRAD(40) »PRAD(40)
COMMON /RHOX/RHOX (40) s NRHOX
COMMON /STATE/P(40) +XNE (40) 4 XNATOM(40) +RHO(40)
COMMON JTAUSHJ/TAUNU(40) »SNJ(40) +HNU{(40Q) v JNU(40) s JMINS (40)
REAL JNJe«JMINS
COMMON /TEFF/TEFF +GRAV+GLOG
COMMON /TEMP/T(40) +TKEV (40) o+ TK (40) vHKT(40) s TLOG(40) + ITEMP
COMMON /TURBPR/VTURB{(40) «PTJURB (40) » TRAFDGyTRBCON s TRBPOWs TREBSND »
1 IFTURB
COMMON /WAVEY/WBEGIN+DELTAWsIFWAVE
COMMON /XABUND/XABUND(99) + WTMOLE
DIMENSION ABNORM(40)
DIMENSIJON KAGROS5(40)
EQUIVALENCE (ABRDSS(1)+KABRDS(1))
DIMENSIDN TABT(30)+TABP(30)
DATA NTeNP/30+30/
DATA TABT/35+3e¢5254305543e57543¢633082543465034675434T¢347250
1 3e75¢3e775834893aB25¢3u8593e8750309934925+349543497544, vas05+40ls
2 44l504020%4e25048304e350hutr0ba45/
DATA TABP/=2Zee=la5s=las=e5+0090591e91a2541e5+1a7502002u25¢2e5
1 2.75-3.|3.203.4|3.603.8.4.t“-Zih.ﬁvﬁob!ﬁ.BoS-050205.4050605-806-/
EXP1O(X)=EXP (X®2,302585092994E0)
CALL READIN({1)
WRITE(G6+T5)TABT «TABP
ARITE(T+TS)TABT+TABP
75 FORMAT(6X10HDATA TABT/4X o T(Fba3elHe) /SX1HL 9O (FBeIelte)/
1 SXIHZ2¢P(F6e3elHe) /SX1IH3v4{(FbadelHe) sFba3delH//
2 6X10HDATA TABP/4X»T(Fbe3elHe) /5X1HLs9(Fbe3nlHe)/
3 EX1HZ+9(FOe3elHs) /5X1HIv4(FOe3elHo) sFba3vlH/)
NRHIOXENT
1TER=]

N Pr R N
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Z21
22

20
24

23
25

29

100

DO 1 J=1 +NRHOX
TIJ)=EXPLO(TABTY ())
TK(J)x1438054E~162T(J)
HKT{J) 26.6256E~27/TK{J)
TRKEVIJIEB.61TIE=S54T (J)
TLOS (I =ALOG(T L))
1TEWP=D

DO 100 C=]1«NP
ITEWPTITEMP oK

DD 2 J=1+30
ABNORW (U} =20,
ABRD55(J)=0.
PLJIZEXP10(TABP(K))
CALL POPS{0eslvXNE)

PAGE 12

FREJUENCY INTEGRATION SECTION

D0 25 NJ=NULOUNUH]
IF(IFWAVE-EQ.0)GO TO 21

WAVEZWBEGINFLOAT(NU=NULO)SDELTAW

FREJ=2:99T925ELT/WAVE

RCO=ABS(DELTAW/WAVERFREQ)

G0 TO 22
FREJ=FRESET (NU)
QACO=RCISET (NU)
FREJLG=ALOG{FREQ)
DD 20 J=1eNRHOX

EHVAT(J) =EXP (=FREQ®HKT(J) }

STIM(J)=le=EHVKT(J)

BNUGJ) =l e4T439E=GTRFREQ##IREHVKT (J) /STIM())

Nz=0
NzN+1

CALL XAPP(NsNSTEPS+STEPWT)

RCONT=RCORSTEPWT
DO 23 J=1+NRHOX

ABTOT (D) =ACONT () +ALINE (J) +STGMACTJ) #SIGMAL (J)
DBDOT=BNJ(J) RFREQ#*HKT (J) /T(J) /STIM(J)

ABNORM(J) =ABNDRM(J) «DBDTRRCOWT
ABRDSS5(J)=ABROSS(J) «DBDT/ABTOT (J) #RCOANT

IF(NeLT«NSTEPS5)GO TO 24

CONTINJE
DO 29 J=1+NRHOX

NORMALIZATION IS5 PERFORMED WITH AN INTEGRAL S0 THAT A
MONOCHROMATIC OPACITY CAN BE FOUND BY INTEGRATING DVER OMLY ONE

FREQJENCY

ABRDSS (J)=ABNORMUJ) /ABROSS {.))
CABRROS(J)=ALOGI0(ABROSS5(J) ) #1000

C1=X/10
K2zK=K1#]10

WRITE(6+7TIK1+K2+TABP(K) o (KABROS(J) vJz1e10) «TABP(K) o
1(KABRO5(J) ¢J=11+20) +TABPIK) 4 (KABROS(J) «J=21430) +TABP (K)
WRITE(TeTTIKLsK2+TABPIK) « (KABROS(J) v J=1+10)+TABPIK)
1IKABROS(J) 2J=11+20) + TABPIK) « (KABROS(J) v J=21430) s TABP (L)

TT FORMAT(6XOHDATA KTABeZ2IlelH/o56XaF643/5XIHLI«10tISw1re) o6XF6a3/
1 SXIH2e10(15s1He) s6XF6e3/5X1H3+TG{ISv1l40) o I5e1H/v6XF6,43)

CONTINJE
CALL EXIT
END
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PROGRAM REDIME{INPUT+OUTPUT sPUNCHTAPES=INPUT«TAPEG=DUTPUT »
1TAPET=PJUNCH)

DIMENSION A(BQ)

3CD CHARACTERS

DATA 2A40Bs0CIRDsOE+QF s QG+ GHv DI v 0J 9T 9L +IMsON+I0+OP ¢ 0+ QR+ 0S»
12T e IUsIVION DX ¢ DY ¢0Z 400 +01 9229034044 25+06+07938¢QFvaPLUSSGMINUS
235STAR+ASLASHQPARL +QPARR +QDOLL +QEDUAL »JBLANK + JCOMMA +QPOINT/
3 1HA01NB|lHCOlHD!lHE!IHFOIHGQIHHQIHIQIHJOIHKOIHLolHHQIHNolHO!al.
6 LHI¢IHR e IHS o LHT o 1HU s 1HV o 1HA o IHX o 1AY o 1HZ o 1HO e 1Al o l1HZ s 1H3 v 1HG s 1HD
5 1HOw1HTslHBsIHG s lHe o lH=s 1M e 1H/ v 1H{s1rH) s1rSslHZslH slHavlHe/
IFCONT=0

READ{(S5+11)QDIML+QDIMZ

FORMAT {80A1)

READ{(S+11)A

IF(A(]1) «EQ«NO)CALL EXIT

IF(A{L1) sNELQBLANK)IGO TO 100

IF(A(L) dNELOBLANK AND« IFCONToNEL0)GD TD 25

IFCONT=0

1IF(A(T)EQ.QCIGO TO 20

IF(A(T) .EQeQD)GD TO 21

30 TO 100

IF(A(8)«NELOO)GO TO 100

IF(A{(9) NE«OM)GO TO 100

IF(A(10) «NE.QM)GD TO 100

IFIA(11)«NEL.QO)GO TO 100

IF(A(12)«NEsQUNIGDO TO 100

N=13

IFCONT=]

50 TO 30

IF{A(B) 4NELQI)GO TO 22

TIF(A(9) JNEL.QM)GO TO 100

IF(A(10) «NELQEIGD TO 100

IF(A(LL) «NE-QN)GO TO 100

IF(A(L1Z2) «NEQS)GO TO 100

IF(A(13) «NELQIIGD TO 100

IFtA{14)«NE+GWO)GD TO 100

TIF(A(15) «NELQGNIGD TO 100

N=16

IFCONT=1

50 TD 30

IF(A(B) «NELOA)GO TO 100

IF(A(9)NELQTIGO TO 100

JF(A(10) «eNELGQGAIGO TO 100

N=L L

IFCONT=2

30 TOD 40

S0 TO (30¢40) o IFCONT

N=N~l

DD 31 I=N+4&9

IFCA(I) 4EQeOPARLORA{]) ERLICOMMA) GO TO 35

CONTINUE

N=T7

GD TD 100

Nz=]l+l

IFCAIN) «NE«Q&)GD TO 30

N=N+1

IF{AIN)«NE«QO)GD TO 29

N=N+l

IF(AIN) aNE+OPARRGAND <A (N) « NE+JCOMMA)GD TO 29
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PAGE 14
A(1+]1)=2DIM1
A{]+2)=DDIM2
a0 TO 29
39 N=N=-1
40 DD 41 I=N+69
IF(AC(TI)EQaRA)GD TO 45
41 CONTINJE
N=T
G0 TD 100
45 N=N+l
IF(A(N) «sNELQO)GO TO 40
N=N+]
1IF{A(N) sNELOSTARIGO TO 39
A(1)=2DIM]
A{l+1)=2D]IM2
30 TO 39
100 WRITE(6+101)A
101 FORMAT(1X+80A1)}
WNRITE(7+11)A
520 TO 10
END
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