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FOFEWORD

This report was prepared by General Atomic Division of General Dynamics
Corporation, San Diego, California, under Contract AF 29(601)~6492. The
research was performed under Program Element 7,60.06,01,D, Project 5710,
Subtask 07,003/005, and was funded by the Defense Atomic Support Agency (DASA).

Inclusive dates of research were 1 June 1963 to 13 July 1965, The report
was submitted 15 Macrch 1966 by the Air Force Weapons Laboratory Project Officer,
1Lt F. C. Tompkins III (WLRY). The contractor's report nurver is GA-5585.,

This report is divided irto six volumes as foilows: Volume I, Summary and
the Fireball Models; Volume II, Early Fireball Phenomena in the TIGETROPE Eventg*
Volume III, SPUTTER Subroutines for Radiation Transport in Spheres; Volume 17,
SPUTTER Subroutines for Radiation Transport in Planes; Volume V, Material
Properties; and Volume VI, Extensions of the Physics and Problem Areas.

The SPUTTER subroutines for radiation tramsport in planes described in
Volume IV were developed by Dr. B. E, Freeman and Dr. C. G. Davis, Jr. The
cooperation and contributions of Captains Milton Gillespie, William Whittaker,
and George Spillman of the Air Force Weapons Laboratory are gratefully
acknowledged.

This technical report has been reviewed and is approved.
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1Lt, USAF
Project Officer

Lt Colonel, USAF Colonel, USAF
Chief, Theoretical Branch Chief, Research Division

* Volume II has been withdrawn , and will not be published.
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ABSTRACT

The radiation-transport subroutines of the SPUTTER code for plane slab geometry
have been supplemented by alternative formulation based on integration along
sampling riy paths through the slab. Angular integrations are performed by

the Gaussian quadrature method which determines the ray angles, Options may
be exercised to determine the number of angles and the nature of the radiation
boundary condition at one toundary of the transport region, The characteristic
ray code differs from the current integral method in performing problems having
a large number of zones more rapidly and in having more general boundary
conditions. Por most applications a small number of angles give adequate
accuracy. The numerical method used in the ray code is described. In addition,
the organization of the code is discussed and subroutines are listed.
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The SPUTTER code subroutines for radiation transport in planes described
herein are as they existed on July 30, 1965. General Atomic has exercised due
care in preparation, but does not warrant the merchantability, accuracy, and
completeness of these subroutines or of their description contained herein.

The complexity of this kind of program precludes any guarantee to that eftect.
Therefore, any user must make his own determination of the suitability of these
subroutines for any specific use and of the validity of the information produced
by their use.
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SECTION 1
v INTRODUCTION

The new routines for radiation transport in planes closely parallel the
spherical radiation transport subroutines (Volume III) in mathematical
formulation and code organization. This parallelism is especially close
between the SRADTN (for spheres) and PRADTN (for planes) subroutines in
which calculations peripheral to the transport integration are performed.

In fact, it is likely that these subroutines can be condensed tc form a single
subroutine for spheres and planes, although currently they are separate.

The routines reported here are to be considered as alternatives to
the routines based on the integral formulation of the transport equation
currently ‘n use. By comparison, the current integral version is more
accurate in the performance of angular integrations of the intensity, but
for problems requiring a large number of zones it requires more com-
putation time. Boundary conditions on the radiation intensity, however,
are much more naturally incorporated into the new vexrsion.

Conditions suggesting a preference for using the new routines are:
(1) a large number of zones and a desire to reduce calculation time and
(2) the necessity of specifying a radiation intensity incident on the slab
surface which has arbitrary angular and irequency dependence.

The numerical sequences used in solving the transport ecuation are
discussed in Section II. A description of the diffusion approximation used
in conjunction with the transport solution is given in Section III and a brief
description of the methods of frequency integration is given in Section 1V,
Section V includes the actual code description in terms of code organiza-
tion and economics. Section VI includes some initial studies on timing
and accuracy in the angular integrations.




SECTION 11
NUMERICAL SOLUTION OF THE TRANSPORT EQUATION

The radiation routines described herein contain a formulation based
on the numerical solution of the radiation transport equation along a selec-
tion of sampling rays through the slab. Relevant averages over the
angular distribution are obtained by numerical quadrature, as described
in Section 2. 3, and the numerical solution of the transport equation along
the photon ray is presented in Section 2. 1. Criteria for selecting the
sampling rays are discussed in Section 2.2. All of the derivations of this
section apply to photons of a particular frequency; integration over fre-
quency is discussed in Section IV,

The radiation transport equation in plane geometry that describes
the changes in the specific intensity I,, of photons of frequency v resulting
from pure absorption and emission according to the local thermodynamic
equilibrium assumption is

V— 1
kex =0, (B, -1), (2.1)

where

B =25 —

o =o (1 - e-hv/e) ’
v v

and o, is the pure absorption coefficient. The scattering coefficient is
assumed to be negligibly smail compared to the absorption coefficient.
Additionally, the retardation of the photons is neglected, as is valid when
the radiavion energy is small and temperatures change slowly. The
resulting equation descrives the guasi-steady intensity field resulting from
the distribution of sources existing at a particular time,

Defining the monochromatic optical depth, T, as

1 X
1'=-f o' dx . (2.2)
* Jo
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the values

B=a +br, T. ,STELT, .
- - -1 i-3
where
B. T. 1-B. 1 T. B, 1-B.
i-1 i-35 i-5 i-l i-3 i-1
= F £ , b = ~——el—— (2. 4)
- T - T, - T, 1 =T,
i-z  i-l i-z  i-l
and
B=a++b+1', -r_%_<_'rg'ri,
where
Bi17i- BTy B; - By 1
a, = H & b, = ———_&
+ T, =T, 3 + T, -T.
1 1-3 1 1-3

For the case of a constant or step-function source, the source function B
takes a value depencent on which interface of the zone is affected, If the
left interface (7t = T 1) satisfies the criteria for a constant source,

B =B, T, <7<,
i-1’ i-17= = i-

(B

If the right interface (t = 'ri) satisfies the criteria,

T, 1£T7L T,
i-3 - 1

B = Bi-—;:

The integral of Eq. (2. 3) can be evaluated with the interpolation function
of Eq. (2. 4) to give for the intensity

_ ~A/2 -A/2
W LR AL +p;.1le , (2.5)

where

ai_%=a++b+(-ri- l) ,

B. ,=a -a +(b -b )6 -9--1)

i-3 - %% - 4'\i 2 '

‘Yi-’%=b-(1+A-Ti)-a_

In these expressions, A =7, - 7; ;. The coefficients of Eq. (2.5) can be

re-expressed by using the definitions of Eq. (2. 4):




B, 1= i i-g _ _i-2 i-1 ’ & (2. 6)

Bi1-Bi,
Vi F-\Biy - al2 C

The terms in Eq. (2. 6) may be intérpret,pd as containing combinations of
numerical approximations to the values of the source function and the T
derivative of the source function at the boundaries of the interval.

This form of the equation, in fact, can be obtained in another way
starting from Eq. (2.3). Two successive integrations by parts transforms
the expression for Ii into the following equivalent form:

T, 2 -{T,-T)
1 =(B-8) 4|1 -(s-28 2y [F3B, L T,
i 8t /. i-1 aT ). 2
i i-1 T or

i-1 (2.7)

in terms of values of the source function and the first two derivatives of
the-source function with respect to 7.

In an optically thin interval, the most important contribution arises
from the term. I;_} and B, whick represent the transmitted intensity and
the emission from the zone. The derivative terms cancel in this approx-
imation; this is perhaps more directly indicated by Eq. (2. 3). In the
optically thick interval, which is the extreme opposite, only the first two
terms evaluated at i are usually of significance. The terms fromi - 1
are strongly attenu: ted and 82B/872 in the integral is usually small., In
the limit, the diffusion approximation results from the term 8B/97);,
Between limits, it is necessary to consider the integral term in Eq. (2. 7).

If A is not too large, a representative mean value of the exponential
in the interval may be taken to give for the integral of Eq. (2.7)

T (T, -7
i o2 M _as2leB\ 8B
e dT: e — - — ,
2 or/. ot/
T l81' i i-1

ard thus the expression for intensity becomes




1 = (B--— {[ ( _813)1-] -al2 [3*> 'g%)i-l]}e-A/z

(2. 8)

This expression has just the form of Eqs. (2.5) and (2. 6) when the dif-
ference expressions are identified with the derivatives,

It is clear from the derivation of Eq. (2. 5) that the resulting intensity
is a positive quantity. With positive values for zone source functions, the
linear interpolation expression assures that the integral contribution is
always positive. Since the boundary intensity is always; a positive quantity,
the positivity of all intensities is assured.

In the diffusion approximation limit, only quantities at interface i will
survive, and

which can be evaluated as

8B _ 98B
ocug (2.9)

where

The independent variable h depends only on x, so that angular integrations
of I; can be performed explicitly in the diffusion approximation, which
takes account of the dependence on angle of Eq. (2.9). A difference
approximation can also be based on this expression, assuming that B is
linear in h, i.e.,

:):) B, -B.1
.__....i.

9t /) " h. LR (2.10)
i i i-3

where p is the cosine of the angle which the ray makes with the slab
normal., The corresponding equation for the intensity is Eq. (2.5), in
which

.
0
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2, 1,2, Small-optical-depth Expansion

ttttt

- If the optical depth is very smali, the mtennty expreuzomm
Eq, (2, 3) takes a much simpler form, Cee

. h 1 1 5 R
L=L [431+4BM+-2- Bi_%-li-J]A . (2.12)

Although this result is the limiting form of Eqs, (2, 5) and (2. 6), the terms
must cancel through second order in an expansion in.A before the first
surviving term, derived in part firom the quadratic terms of the exponen-
tials, is obtained. Consequently, for sufficiently small argument, the
fivite number of figures used in the exponential will render the result
inaccurate. For the exponential from the IBM-7044 system, this restricts
che argument to a number greater than ~2 x 10-4; but with the lower-
accuracy fast exponential (see Section V), the argument must be somewhat
larger. Since the relative error approximately equals the argument of the
exponential, the criterion for using Eq. (2. 12) in the PTRANS subroutine
is now set at A< 2 x 10-2, With this value, the greatest relative error
arising fromn the expansion and carcellation should be on the order of

1 percent,

2.1.3, Boundary Conditions

Integration of the transport equation to obtain intensities is per-
formed through the thickness of a zone, called a "trans' region., At
intersections of characteristic rays with the inner and outer surfaces of
each layer it is necessary to supply the starting value of the intensity I;_j
required in Eq. (2.5). Three classes of boundary conditions occur:

1. The trans region outside boundary coincides with outside zones
of the SPUTTER calculation and a prescribed function, I, is
applied at the left boundary value:

X p £ 0 or blackbody boundary condition . (2.13)

IA+1’ “) = Ioi
7
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2. The right-hand boundary of the slab provides for reflective and
transmittal boundary condiﬁiona as well as special routines to
establish prescribed intensitiés for angles with u<0 at the boundary:

I( IB. - )"I(xIB' “)’ I( B’ ® ) =0

‘or " (2. 14)

B K) =I (u.t) ,

IB' -

where Ij is the prescnbed negatwely directed boundary intensity
applied to the outerboundary as a function of a.ngle, frequency,

and time. Intensities at up to 50 frequencies and six angles can

be accommodated in the table located'in the array QINTI(N). The
table entries are used as I and are formed in the subroutine QUE4
whére: they“are stoFed in.the:QINT]- :array: ..Since-this subroutine
is appropnate to the thermal:interaction application, additional
uses may reqmre subroutines tazlored to'the specific application.

3. All other trans bounda.nes are bounded; by regions in which the
diffusion approximatmn is valid (see Section III), Consequently,
vthe boundarywurface intensities:on contiguous trans regions
inside or-outside of-a diffusion region are given by the diffusion
approximation intensity derived'in Section III:

C om 33
Ii-l = Bi_-l - | 8h>i . . (2.15)

-
oSy
o

2.2." ANGULAR INTEGRATION

Integrals over the polar angle of the intensity are required, ag des-
cribed in Section 2, 2,1, to carry the calculation forward in time and to
provide edits of informative derived quantities. These are formed by
numerical quadrature using the intensities evaluated at a series of discrete
values of polar angle by the integrations described in Section 2. 2. Since
in the plane calculation the value of the polar angle remains fixed along a
characteristic ray and enters only parametrically in the equations, it is
possible to exercise a choice of polar-angle values in order to optimize
the accuracy of the resulting integrals.

The numerical quadrature method used for the PTRANS subroutine
is the so-called double Gaussian, {1} In this method the integrals of the
radiation quantities {flux, energy, pressure, etc.) are approximated by

n
f ifpdan=§ A_(f)
0

Ao

i 4
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where (If) . is the known value of the integrand at a chosen value K of the
cosine of the polar angle, . In the method of Gaussian, not only are the
coefficients A, determined but the values of j,, are fixed to minimize the
difference between the integral and the approximation. The result of this
minimization is to relate the y,, to the zeros of the Legendre polynomial
of order n + 1,

For those integrals having the range -1 < 4 <1 it is frequently
adva.nta.geous to treat the forward and backward hemisphéres separa.tely
to allow for the possibility of a discontinuity in I at 4 = 0. Such discon-
tinuities or very abrupt changes in the values of the intensity between
forward and backward directions may occur in systems which are trans-
parent enough that strong 'source regions are accessible. In these cases,
a better fit to the mtegrand is obtained by-the two approximating functions
which permit a discontinuity at ¢ = 0 than by a single approximating function
which imposes a smooth behavior near ¢ = 0, The method used in PTRANS,
based on separate integration regmno for -1<pu<0and 0 s 1, is called
the double Gaussian quadrature method Valuel of Am and um, dre derived
by a* umple .transformation from thole -for the~single mtegration regzon.
Since. the angles”for a smgle mtegra.hon region are arranged symmetncally
about the.interval midpoint, for double region mtegra.tion it is pouible to
identify pairs of angles u . havmg the.same weight Age In Table:2, 1, the
values{2) for the 0<u g1 mterval are recorded for values ofn = I, 2,,3 4,
5. The total number of forward and backward angles, 2n + 2, for eachn
(also equal to the total number of entries in the table of [ and A, for
each n) is also listed in the table,

The backward and the corresponding forward ray integrations in the
PTRANS subroutine are performed sequentially. Since the same absolute
values of u,, are required for these two calculations, many of the quantities
formed in the backward integration pass can be used for the forward pass
as well, and hence these quantities are saved to increase calculation
efficiency. Contributions of the pair of forward and backward intensities
to the weighted sums corresponding to the angular integrals are tallied at
the same time that the forward integration pass is being calculated.
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SECTION III
THE DIFFUSION APPROXIMATION

- nn
B RN
i WL am———ct

g

The radiation transport equation in the limiting case of an optically
thick medium admits of the diffusion approximation in which the expres-
sion for the radiation intensity is greatly simplified; only the local pro-
perties affect the radiation intensity at the point in question. An expansion
of the radiation source function B, about the point r permits the intensity
I,(n) of the radiation field in the direction making an angle, whose cosine
is g, with the linear direction to be formed.

PR
7

sw a2

3:1. DIFFERENTIAL FORM:OF THE DIFFUSION.FLUX .

The general solution of the transport equation formpihe st_ar,’tiﬁg" ‘:
point of the derivation. The integral expression for the intensity a:gpn{‘ L.
cable to all geometries is \, S s

AT n "'H.

- \R‘T)zf B(r')e'(T'T')dT‘ ’ . L
. )

I

x
where T = J' 0_k,p ds, in which K, is the monochromatic.absorption coef-
ficient (in cm2/g) at frequency v. By expanding B(T') in-series aboutithe
point 7, i.e., PR

2
B(‘T') =B(3.|-)+8_B.(,Tl - 1.)4..1;9_‘2(1-' - 1-)2 tees

- s Tk 81' 28 2 H

T ..

the intensity becomes ‘ . T
2

I:B-EE-’-la B-oo

T 2,2
or

or

for plane slab geometry.
The diffusion approximation results from retention of only the first

two terms, so that the diffusion intensity is

11
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and the monochromatic diffusion flux ¢r and radiation energy ER are

4nc 1 8B

_?.m:f I du == "o 5x

(3.2)

1
ER=2wIIIdu=4nB .

3.2. CRITERIA FOR THE SELECTION OF DIFFUSION REGIONS

The criteria for the validity of the diffusion approximation can be.
obtained by examination of the above derivation--namely, that the expan-
sion of the §curce function be justified‘and that the expansion converge
rapidly so that-the neglect of all:biit'the leading terms is valid; If the"
source function is linear in 7' at the point in question and is also linear
for a distance of the order of one mean free path on either side of the point,
the criteria are satisfied. These criteria are difficult to quantify since
they refer to a finite region containing the point in question. If all of the
terms (or a large number of them) were checked for rapid convergence,
thie would imply (making a smoothness assumption) that the diffusion
criterion is met, It isnot possible with finite differences, however, to
form the higher-order local derivatives approximnations,

In the SPUTTER subroutine PRADTN, criteria designed to give an
indication of both the local and nonlocal behavior hive been employed,
First, at the zone interface at which the intensity and flux are to be
evaluated, the inequality

Yo

3B, .
|-8-i1-|<< B (3' 3)

is required. In this expression h = J Kp dx is the optical depth normal to
the slab; the derivative is approximated hy the centered first difference of
B between adjacent zones, The resulting‘expreuion, of course, contains
some nonlocal aspects resulting from the finite difference approximation,
which ensures that when neighboring zones are optically thick, no nonlocal

source perturbation is close enough to invalidate the diffusion approximation.

However, to provide for the cases when a source perturbation is located
a fraction of an optical depth from an interface meeting the condition of
Eq. (3. 3), the diffusion region is constricted. Starting frorn—the closest

12
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interfaces ocutside the diffusion region (where Eq. (3. 3) is not satisfied),
all of those interfaces lying within a prescribed number of mean free paths

are removed from the diffusion region,

The criteria used in SPUTTER are controlled by input numbers.
The criterion of Eq. (3. 3} uses the input number HCB:

ITG|< HCBx Y2 , (3. 4)

where TG is the difference approximation to the gradient and Y2 is the
source function evaluated at the interface by interpolation. The second
criterion uses the input number HVB (in mean free paths), If

|Q3() - Q3(3)|> HVB , (3.5)

then the interface with index J which satisfies Eq. (3. 4) is removed from
the-diffusion region. In Eq. (3.5); Q3.is the normal optical depth and I is
"the indéx of the nondiffusion interface adjoining the diffusion region., .

Although the. thffuuon calculation is conmdorably -faster. than the )
transport, the establishment of two transport regions separated by the
single zone requires still more calculation to set up characteristic rays
and perform bookkeeping operations. To avoid the duplicate setup calcu-
lations required for an additional transport region, a test is made to
eliminate a diffusion region consisting of a single zone, :

3.3. DIFFERENCE FORM OF THE DIFFUSION FLUX

The diffusion intensity derived above is
.\ ., :‘- \ .
[=p.J2B 3B . ,
Kp 9x

In the group frequency approximation of SPUTTER, the intensity integrated
over a frequency interval (vj, vj +l) is required:

fvj-l-l Idy = fvj+l B d _E_Ee j’ J+1 8B dv
v v, )

h] J

In terms of the partial Rosseland mean absorption coefficient
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the frequency group intensity becomes

V. v,
1.=f J“Idv=f i pa _pde” Y . (3. 6)
j ax

v. Vj

It is desired to evaluate this quantity at each zonal interhce m thea
mesh, Since ihc known quantities are the zore temperaturel and dennihe:,
the absorption coefficients «; and the integrated source functions X6 =f Bav
are first evaluated, not at the interfaces but at positions representative of
each zone, ,

The question remains-as to how best to approximate the derivatives
and interpolate for the coefficients-in Eq. (3. 6) at the interfaces from the
quantities available at zone positions. The answer depends on.the tem- -
perature and density profile across the interface from which these terms
could be calculated directly, Since the profile is not known, we must
select a reasonable approximation which will permiit the calculation to;be
carried out. In fact, the appropriate profile depends on the events which’
have taken place in the calculation and on the energy transport mechanisms
of greatest importance in it. As extreme examples, a problem dominated
by hydrodynamics might have quantities determined by passage of a strong
shock and subsequent linearization in mass coordinates of the pressure
behind the shock, whereas a radiation-dominated diffusion problem is
characterized by linearity of the radiation potential, which, in turn,
depends on the Rosseland opacity. Of course, such detailed information
about the progress of a problem is generally unavailable, so, at best, an
approximation based on over-all accuracy is needed.

Since the terms under consideration are the radiation diffusion
equations, the interpolation is performed in a way to give greatest accuracy
when the diffusion terms are most important--namely, when the profile is
being determined entirely by radiation diffusion, It is also desirable to
reduce the number of coefficients requiring interpolation. This can be
doune by noting the identity
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and by forming the variable v = J‘ PK; dx. In terms of these quantities, the
intensity can be written as

Vit
afJ B dv
v v,

1.=f3’f113dv-u L )
i, T

- TV e
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SECTION IV
FREQUENCY INTEGRATION

Equations derived in Sections II and III which are applicable to a
particular frequency of the radiation field are of limited usefulness in the
SPUTTER calculations, Although in principle a calculation at a particular
frequency might be valuable for comparison with high-resolution spectrc-
scopy, in practice no such data have been available, Of much more use
are intensit: ‘e averaged over a wide frequency band, These quantities can
be compared with data from wide-band measurements and, most important
of all, can be summed for use in the energy integration in the SPUTTER
code. The guantities to be summed are the frequency-integrated radial
flux component, the radiation energy density, and the radiation pressure,
For performing interaction calculations, it is also valuable to form other
components of the radiation flux, )

Basically, the quantity which is required for each of the above
applications is the frequency-group intensity Iij'

V.
1..=f e (4.1)
ij i

v,

j

Then, for example, this quantity can be integrated over angles to form
¢ij' the contribution to the flux at position i of frequency group j:

M
.= I,-1.)pds ,
®5; J-l(‘J ) # o

and thus the total radiant flux at position i is

Equation (2. 8) gives the expression for the frequency-dependent intensity
to be used in Eq. (4.1). The frequency integ. tion of Eq. (2. 8) has been
reported recently, (4) but the current SPUTTEnr code does not include the
transmission functione, The first two terms of Eq. (2. 8) which form the
diffusion limit can be integrated, as in Section 3. 3, to give

16




I.7=8,, -+— —21 (diffusion limit) , (4.2)
ij ij ¢ ox
R,
J
in which the first term .
v,
B, =f *1 g (v) av
ij i
v,
J

is the frequency-group Planck function and the second term contains the
frequency-group Rosseland mean absorption coefficient oR. = p «:. In this
form, Eq. (4.2) corre:tly gives the frequency-group intengity for the
optically thick limiting case. The remaining B; and 8B/ 81-)i terms of

Eq. (2. 8) are formed in the same way. Thus,

L =5 - éﬂ.%ﬁ.) ; (.e..g_g) (.a._g_g) ]e-A/z
bR R4y VR NR T4,

9B -A
tl. o -B, 4 (= ]e : (4. 3)
[1-1,J i-1,j («Rax>i_1’j

In Eq. (4. 3), mean values of the exponentials have been extracted from the
frequency integrals and the outstanding problem is to speciiy their values.

Two options are available; they differ in the absorption coefficient used to

calculate the optical depth. The first is

— )
el-e R (4. 4)
and the second is
2 P
e = e .
where
v,
f i+ o B dv
v Vv
']
’p T B,
1)
and
8 =x =% )
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For small optical depth, the correct result makes use of the Planck mean
absorption coefficient, From Eq. (2. 12) the frequency integration then
gives

1 1 1
L=k ; +[_ZBij P B3t 2B Ii-l'j]cpé . (4. 5)

The above prescriptions for frequency-group means are far from
satisfying and call for further work. Considerable economies can be made
through reductions in the number of frequency groups if a more accurate
means of averaging within groups can be found. Presently used choices
of frequency groups appear to give a reasonably accurate result, however,
as indicated by comparisons between calculations with the nominal number
of frequency groups and calculations with a very large number of frequency
groups, (It is expected that a unique correct result will be obtained as the
number of frequency groups is increased, irrespective of the choice of the
weighting function in the frequency-group-average absorption coefficient, )
Consequently, a very few frequency groups should be adequate if a suitable
averaging procedure were developed.

Even with a crude averaging scheme, considerable improvement in
accuracy results from choice of frequency-group boundaries so as to
reduce the variation of the absorption coefficient within the group.

Work on the absorption coefficient for air indicates that approxi-
mately 20 groups, carefully selected as to their locations, afford quite
adequate resolution. Enough information is known about air to make this
selection appear quite reasonable. Air absorption coefficient tapes
(DIANE)* have been prepared for 18, 20, and 90 groups. The 90-group
tape is used to check on the frequency integrations at selected times. The
proper averages to use are difficult to decide on at this time. There are
provisions for reading 1nto storage from the DIANE tapes both the Rosseland
and Planck averages, which are used at present in the thick or thin limits,

respectively,

*
See Section VI of Volume V.
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SECTION V
SUBROUTINE ORGANIZATION AND ECONOMICS

The present plane transport subroutines were written with the idea
of removing unnecessary caiculations from inside the frequency loop and
characteristic ray integrations, These improvements required an increase
in storage for the subroutines to attain a decrease in calculational time.
The reorganized subroutines will be discussed in two sections, corres-
ponding to the two major subroutines: (1) the radiation subroutine (PRADTN)
in which most of the preliminary setup and the diffusion calculation is com-
pleted and (2) the transport subroutine (PTRANS) in which the intensity
calculation and angular integrations are performed. The subroutines
which execute the opacity interpolations (KAPPA), Planck function
(PLNKUT), and fast exponential (FREXP) will be discussed in Section 5.4,
The input numbers and the output edits will be presented in Sections 5. 5
and 5. 6.

5.1. THE PRADTN SUBROUTINE

In PRADTN, the high-frequency groups are merged, a source region
is established, boundary sources and derivatives are calculated, regions
for transport and diffusion are formed, diffusion fluxes are calculated,
frequency integration is performed, and the radiation time-step control is
evaluated. Each of these activities in PRADTN will be discussed in sub-
sequent paragraphs,

5.1.1. Merge Frequency Groups

Frequency groups that are too far out on the Planck tail for a
"maximum'' temperature in the mesh are merged. The criterion used is
as follows: If the lower frequency boundary hv, of the group in question
(hv,, hvy) is greater than ten times the maximum temperature (THMAX)
in the mesh, this group will be merged with the next lower group. Merging
will continue until over half the groups have been merged; at this point,
either the calculation is terminated or a second DIANE tape is called. On
merging, Rosseland and Planck averages are formed by using the following
equation for dB/d64 and the appropriate sums:
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The Planck weighting functions (bj) are obtained from PLNKUT, as des-
cribed later., On completing the merging, the merged opacities are

formed:
kp= L dBv/d04 / )3 dBv/(d64 x kp) (CAPAR) ,
(5.2)
=Y bje4xp / ije"‘ (CAPAC) . "
5.1.2., Set Up Sources and Derivatives .

The {requency-dependent sources must be established at the inter-
faces from the zonal quantities b;0f,1 (X6(i)) and 73,4 (H3(i)). The dif-
ference equations used were given in” Section 2.1, Before the calculation
of the Planck function (bj) is made, i.e., before calling PLNKUT, a test
is made to see if u; (i. e., the reduced frequency hv,/6)> 19; if so, b; = 0
(i.e., the source X6(i) = 0.0), Ifu; <19.0 and u%< 0. 01, then b; = 0 also,
assuming that for pd < 105, the small b, (b ~ 10-9) will produce a negli-
gibly small source contribution. An mc'lex {ICX) is set equal to the last
zone that contains a source. This source index is used to limit the trans-
port calculation to the region containing sources. While setting up the
sources and derivatives, tests are made on their discontinuous nature to
use either a linear or constant form in the intensity integrations, The
initial check is on the minimum optical depth of adjacent zones to ensure
that both are transparent (less than 0, 3). If this condition holds and if
both the sources and optical depths are changing rapidly in x (change
greater than a factor of two), the derivative at that interface (TG(i)) is set
equal to zero. The zero source derivative is used in PTRANS, as a test, .
to set up the constant source terms. For the intensity integration, special
boundary sources and derivatives are also established at the edge of the
source region (I = ICX) and at the outside of the mesh (I = IM) (see
Section 2.1, 3).
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5.1.3. Determine Diffusion Region

The principal criterion for defining a diffusion region is that the first
derivative of the source function (TG) be small compared to the source
(Y2) (see Section 3.2). When the zone is found to be diffusion, the boundary
is tagged by setting (X3 = -1, ), Before incorporating this interface into a
diffusion region, the possible influence from sources on either side is con-
sidered and a further test is made. From the last diffusion boundary, a
test is made for an optical depth in succeeding zones to the left. If more
than HVB optical depths appear in the next zone, then this zone is calculated
by transport and removed from the diffusion region (set X4(i) = -1. 0),

HVB is an input number, which is usually around 5. When x = 0 is reached
after testing each zone, zones out to the right of the present transport
region are tested in the same manner, The above test buffers the trans-
port region with an (HVB) mean-free-path-thick diffusion boundary. If the
zone boundary stays diffusion, i.e., X3(i) = ~1. 0 and X4(i) = 0.0, a dif-
fusion flux is calculated from the source gradients, as described in
Section 3.1, The regions where X3(i) = 0. or X3(i) = -1. and X4(i) = -1.
have been established as transport regions because they did not meet the
diffusion criteria or they reverted to transport regions by the optical-
depth test described above. This transport region is then identified by
setting the left boundary to IAX and the right boundary to IBX, More than
one trang region may be set up in PRADTN, and if sc, 2 PTRANS calcu-
lation will be made for each region. No one-zone diffusion region is
allowed and the region outside the sources (I > ICX) is always considered a
transport region,

5.1.4. Time-step Control and Monofrequency Calculation

These two aspects of the new code are related since the ''grey"
absorption coefficients from the DIANE tape are used to estimate a radi-
ation time step as well as to form the monofrequency time-dependent
calculation. In the multifrequency calculation, after all groups have been
processed, an additional call for KAPPA is made to read in the grey ,
absorption coefficients. These averages were obtained by integrating the ;
frequency-dependent absorption coefficients for both Planck (kp) and ‘
Rosseland (kg) in the DIANE code. The actual time step for radiation
transfer is then obtained from the formula

Aty = (0.5 +1.5 H3(i)2)/(acrcRe3) x CV{i) , (5. 3)
12

where CV(i) is the specific heat and ac = 4,12 x 10 The mass point in
question is also checked to ensure that it will not gain or lose more than
half its original energy:

AtR = 0.5 x CV(i) x &(i) x G(i)/ | ER()] , (5. 4)
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where £R(i) is the divergence of the flux and G(i) is the mass in the zone,
The minimum of these values is compared to the hydro time step (Courant)
and if smaller,

NRAD = FIX(DTH2/DTRMIN) and DTR = DTHZ/NRAD (5. 5)
is set to cycle NRAD times through the radiation routine,

The monofrequency calculation also uses the grey absorption coef-
ficients from the DIANE tape. I1f KMAX = 0.0 and S15 = 1.0, thefrequency-
averaged opacities are bypassed on the tape and only the grey absorption
coefficients are read into storage. For_succeeding cycles, S15 is set
equal to zero and the interpolations for kg and kp are performed in
KAPPA using the stored opacities originally read into KAPPA's common
storage. When the problem is restarted it is therefore necessary to reload
S15 equal to one. If the DIANE tape is not designated (the tape unit assigned
must be stored in AMASNOQ(J+17), where J is the material number), then
the KAP routine is called (KAP8 for air) and used for the monofrequency
calculation,

5.2. THE PTRANS SUBROUTINE

The subroutine PTRANS is called by PRADTN to carry out the
intensity integration between IAX and IBX, saving various quantities on
the inward pass that will be used on the outward pass as well as the
angular integration of the flux between rays (J‘_% In du). After the inten-
sity transport along a typical ray in the outward direction {iA +~iB) is done,
the flux is calculated while the inward pass of the intensity calculation is
being completed. The angular integration is based on a linear inter-
polation of the intensities between rays. The logic in PTRANS is des-
cribed in detail in the following sections,

5.2.1, Selection of Angles

At present, only five sets of Gaussian angles and weights are stored
in the subroutine, These can be selected by setting an input number
(LMDA(37), the number of angles with u>0) to the desired nt+l. The
selection from storage is made from the following indices

NY = LMDA(37) - 1
NMU = (NY-1) x (NY+2) + 1
NGS = NMU+NY + 1 ,

NMU selects the cosine of the angle (um); NGS selects the relation
(umA.m). the cosine of the angle times the Gaussian weights for the flvx
formulation,
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5.2.2. Intensity Integration a.l&ng Characteristic Rays

The integration using Eq. (2,11) starts at the left boundary with the
appropriate boundary condition and proceeds outward, storing the expo-
nentials 87 in (H4(i)), the derivatives u 8B/8h)1+ in X8(i), and the cal-
culated intensities in sum X3(i). The more genera.l boundary conditions
are established (see Section 2. 1) and the stored quantities are now used
except for the change of sign of u 8B/ 8h)1+1 in Eq. (2. 1) to calculate the
intensities I(F2), on the outward pass.

The regions where constant sources, and therefore zero boundary
derivatives, should be used in the intensity integrations were established
in PRADTN by setting TG(i) equal to zero. In the integration along a
particular ray, a test is made on TG(i) at each interface; if zero, the
source terms Y2(i ~ 1) and Y2(i) are set equal to X6(i - %) respectively
(see Fig. 2.1).

As discussed in Section 2. 1.1, the accuracy of the exponential term
and the effect of truncating errors mean that the general formula will not
reduce in the limit of small optical depths to the transparent case. To
correct this situation, a test is made on T; (the half optical depth T is
stored in H2(i)), andif <'10-2 a switch is made to the limiting form of
the transport equation (Eq. (2. 12) developed in Section II).

5.2. 3, Angular Integration

The only integral over angle formed in PTRANS, at present, is the
flux; (\f Ip dp) the formula for energy (s Idp) is included for possible use
later, These integrals are formed on the outward pass from the intensity
(sum X3(i)) stored on the inward pass and the intensity being calculated
(F2). The difference forms of the equations are

X2(i) = § (F2 - sum X3(i)) x wo A,

ER(i) = } (F2 + sum X3(i)) x A_

5.3, DIFFERENCES WITH INTEGRAL FORMULATION

The principal difference in the subroutines is in replacinyg the inte-
gration of angle done explicitly in 1he integral formulation by a sampling
scheme of a double Gaussian nature. It is expected that accuracy can be
achieved with a minimum number of rays (presumably less than n = 6, see
Section 2.2). This result is in logical argeement with the use of the 54
approximation in the neutron-transport work., The advantage, therefore,
will appear in problems with many zones, since the integral method will
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increase as the number of zones squared whereas the present method will
only increase linearly with zones, Furthermore, the present method
makes it possible to have special boundary conditions depending on angle
(see Section 2. 1, 3).

5.4, AUXILIARY SUBROUTINES

In addition to the two new basic subroutines PRADTN and PTRANS,
some changes have been made in the auxiliary subroutines EXP, PLNKUT,
and KAPPA, These changes include (1) a fast exponential (FREXP), (2) a
two-argument Planck function, and (3) the use of the average opacities
from KAPPA (0 and p interpolation) for the monofrequency calculation as
well as for the Planck opacities.

The new fast exponential routine FREXP uses table lookup and inter-
polation rather than the normal expansion methods. The routine is written
in machine language but uses the library routine EXP(X) for positive X or
X > -10. An over-all gain in speed of a few percent was achieved in one
comparison SPUTTER calculation,

The PLNKUT routine, with its associated tables PLNKTT, has been
corrected and made more efficient by using a two-argument call which
now calculates from either the analytic form or from the tables the dif-
ference in

v 3
_1 2 hy 1 _
v1 c e -1

The accuracy is irnproved since now not only differences of nearly equal
numbers are subtracted.

The subroutine KAPPA, which calls in {he group-averaged absorption
coefficients from the DIANE tape and performs a bilinear log interpolation
in temperature and density, has been modified to obtain the grey absorption
coefficients as well as the Planck averages. At present, the format of
the DIANE (absorption coefficient) tape inclus‘es a BCD record for tape
identification, the Rosseland and Planck averages for a selected set of
temperatures and densities from 0, 25 ev to 50 ev and from 10 normal to
10-6 normal, and the actual integration,.f K, dv, for the grey case. The
grey or frequency-integrated averages are also used for an estimate of
the time steps in PRADTN., KAPPA reads in first the tape name, the
number of frequency groupe, and the size of the records, If the sentinel
for multifrequency is set to KMAX =1, then the first frequency group,
hv}. and its absorption coefficients are read into storage, The inter-
polations in log 6; and log p; are performed and a return to PRADTN is
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made. If KMAX =0, then KAPPA skips over the frequency-dependent
absorption coefficients and reads into storage the grey averages., A
signal, S15 = 0, is subseguently set, and for further cycles the inter-
polations are made on the stored quantities; the tape is not called again.

5.5. INPUT NUMBERS

The input quantities used in the radiation-transport subroutines and
their functions are listed in Table 5.1, The entries in it are as follows:
column 1 is the storage location number used for entering the quantity into
storage with the CARDS subroutine, column 2 lists the FORTRAN name of
the stored quantity, column 3 gives the range of admissible values of the
input quantity, column 4 describus its function and identifies special values
it may assumes, ard column 6 records a set of values of the quantities which
might be typical of those for a normal problem. Included is a set of values
for the input quantities selected for solving typical problems.

5. 6. EDITS

The editing of such frequency-dependent quantities as H3, the optical
depth (Rosseland), X6, the source (b:6%), X2, the flux (in ergs/4/3 « sec)
X2/DENU, the flux divided by the frequency group, THETA, the temper-
atare (ev), and EI, the energy (ERGS/G) versus radius is accomplished by
setting S12 to the desired number of cycles between prints. These multi-
frequency edits have been used to evaluate the criteria for the subroutines
as well as for diagnostics during the calculations.

A list of sample editing for a particular frequency group is given on
page 27. The HNU is in electron volts. The quantities found useful to dis-
play for each frequency group and for a characteristic ray are listed on
page 28. The format statements, in the listings appended, have been
revised for the debug print from those used on page 28.
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Table 5,1
PLANE RADIATION INPUT QUANTITIES

Card
No.

Quantity

Range
of
Valuss

Description

Typical
Value

37
44

81

83

87

88

90

121

127

147
150

8466

8478

8858

LMDA(37)

HVB

HCB

CcB

GL

AC

ACO3T4

S12
S15

TELM({25)

TELM(37) | >

SOLLID{10)

2,3,4,5,6

20

20

Neg., 0,
%0 pos.

'| integer

.-

Number of angles with ¢ > 0,

# 0, performs multigroup frequency approximation;
= 0, performs single-group frequency approximation.

Number of optical mean free paths by which a transport
region is extended at the expense of sach adjacent diffusion
region. (See Section 3,2.)

Criterion to define a diffusion re.ioﬂ'ln terms of relative
gradient of the source function., Diffusion regions are
eliminated if 0, (See Section 3.2,)

Criterion to combine frequency groups. I1f the iower fre-
quency of the group is more than CB times the temperature
of the hottast zone, that group is combined with the adjacent
grcup of lower {requency. A half-ia'goltr value presents
termination of the problem when half or more of the groups
have been combined. (See Section 5,1.1.)

One of two criteria for choice of linear or stepwise constant
source within a zone, (See Section 5.1.2,)

Indicator for radiation boundary condition at 1B,

GL = negative, total reflection;

GL = 0, intensity for 4 < 0 is zero;

GL = }, blackbody intensity based on temperature located

in THETA(IB) for u< 0;

GL = positive integer, intensity for y < 0 obtained irom
source routine. GL must equal number of frequency
groups.

(See Section 2,1.3,)

One of two criteria for choice of linear or stepwise con-
stunt source. Minimum value for using a linear source.
(Sve Section 5,1, 2,)

Transport debug edit criterion, Edit occurs if # 0 and
< cycle number,

Number of cycles between multifrequency edits.

Trigger controlling call cf DIANE tape, Must have value
# 0 on starts or restarts,

Constant multiplying the radiation time step. Can be used

to modify the stability criterion,

Maximum permisaible {ractional energy in any zone due to
radiation, Time step may be reduced to meet this
requirement,

Thick~thin criterion, 1f 0, Planck mean is used to form
H2; otherwise, Rosseland mean. (See Section 4.)

0.1

10,5

0.333

0.3

10

0. 05
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SECTION VI

TIMING STUDIES AND ACCURACY IN
ANGULAR INTEGRATION

6.1. TIMING CALLS

The comparison in calcul tion time wat obtained by using timing
calls at selected locations in tl.e logic of the code. To use the timing calls,
it was necessary to establish a fiducial time from the system clock and
then print the location of the time call, the time, and the difference in
time between calls for each call, The subroutine that carries out these

steps is CLOCK.

In the calculations described above, the subroutine CLOCK was
called at the following locations in PRADTN and PTRANS:

PRADTN

13,105 - Before frequency loop

13,140 - After call KAPPA on merge

13, 701 - After call KAPPA on main frequency loop

13,151 - After calculating general sources

13. 180 - Before calling PTRANS

13,292 - After EDIT (normal) end of frequency loop

13,286 - After last frequency start time step
-13,239 - End of cycle (return to main program)

PTRANS

14. 708 - Before debug print

The following calculation was timed in units of 1/60 sec for the
above breakdown in computing time, !

The calculation described here did not use the TG criteria (see
Section 5. 1. 2) nor the special boundary conditions (see Section 5. 2. 4).
Three ray passes were completed for each frequency group for a total of
six angles, forward and back, and with 32 active zones. The total time
for 21 frequency groups was ~14.9 sec. The breakdown in time for a
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single frequency group (in units of 1/60 sec) are the following:

~
~
Call KAPPA for absorption coefficient 14, \
After sources 1. >
Characteristic ray passes (3) 3. \\\
After call PTRANS with EDIT 23, T
Average time required ~4] [hv Y
The start and merge of KAPPA is ~32
Total time with EDIT ~869 (1/60 sec)
Total time without EDIT ~515 (1/60 sec)

6.2. ACCURACY IN ANGULAR INTEGRATIONS

Comparisons have been made betwec calculations for two sets of
angles for a radiation shock problem. The problem consists ol a hot
(5 ev) shock moving into cold low-density air. The effect on the flux
versus linear zones for a set of four and eight angles is given in Fig. 6. 1.
This result indicates that as few as six and probably even four angles
would be sufficient for reasonable accuracy.
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Fig. 6.1--Flux vs linear zones for six and ten angles
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B TR AN AR TR

»Fg"

$IBF«C PRADTN FULIST,DECK,REF PRADGOGE
SUSROUTINE RADTN PRADOOLCN
CCMPILED OCTOBER 7, 1965 WBL
c PLANE CHARACTERISTIC TRACE WITH DOUBLE GAUSSIAN I NTEGRATION PRADOO30
CHEREREXERERE RS RS X LR AR RRE SRR R AR K KRR XA SR E SRR XSS R R KR E SR ER XSS XX PRADCO4C
Cs SPUTTER COMMON **PRADOCST
c *PRADO060
COMMON  LMDA{37), NR v NSMLR o IA 18 1CA ¢ 1CB +»PRADOOT0
KMAX BLANKL, BLANK2, BLANK3, [AP1 18P1 ICAP1 , ICBP1 ,PRADOOBO
it IG + NRAD » BLANK4y 1AML 18M1 [CARL , ICBM1 ,PRADOD90
el IGM1 o [ALPHA, BLANKS, TH THMAX BLANKG6s DELPRT,PRADOLOO
FREQ CNTMAX, AR v+ ASMLR o PUSHA , PUSHB , BOILA , BOILB +PRADOL10
CVA cve + SLUG ALPHA ¢ HVA HVB HCA s HCB +PRADO120
EMINA , EMINB o CA cs v+ GA G8 GL » GR +PRADO130
RHOL RHOR , EPIO EPSI RIA o RIB ROIB PRADO14O
RPIA RPIB o, RPDIA o RPOIB o TPRINT, TA 78 » TC PRADO150
COMMON L v VE OTH2 DTH2P 4 DTH1 OTRMEIN, DTMAX +PRADO160
OTMAX1l, DTMAX2, DTMAX3, DTR SNITCH, CO CMIN o+ DELTA ,PRADO1T7O
GAMA WCRIT » SIGMAQ, AC ACO3T4, CNVRT SUMRA o SUMRB ,PRADO180O
ROIA ROEAML, ROIB , ROIBPLl, GMS v S1 $2 + 83 +PRADO190
S4 $5 1 56 ° ST v S8 v S9 S10 v S11 +PRADO200
Sl2 S13 + Sl4 4 S15 v S16 » S17 » Sl8 v S19 +PRADO210
$20 €0 v O v TAU s ZERDO 4 R {152)y DELTAR(152)+PRAD0220
ASQ (152} RD 11523, VO (152}, ROD (152), SMLR {152),PRAD0230
DELR { 37), P (152), P1 {152}, PB {152), PBl {152) PRADO240
COMMON P2 (1523, Sv (152), RHO (152), THETA (152),PRADO250
W (1521, E (152), El (152}, EK (152)4 A (152) 4 PRADO260
v (152), 6 (152)s O (152), ¢ {1525, X2 (1521 +PRADO270
X3 (152}, X4 (15209 X5 (152), X6 {152}, X7 (152) +PRADO280O
SMLA {152), SMLB (152), SMLC (152}, SMLD (152), SMLE (152)PRAD0290
&C {152}, ER {1520, SMLQ (1521, SMLH (1520, BIGA (152).PRADO30OO
aIGe (152), CV $152), 8C (152}, B8R (152}, CHIC (152),PRADO310O
CHIR {152)y CAPAC (152}, CAPAR (152} CRTC (152)s CRTR (152),PRADO320
CRTPC (152), GOFR (152), FEW (152}, CAR {152}y OKLM ( 37) PRADO330
COMMON TELM ( 37)y EKLM | 37)s ELM ( 37)y FCLM ( 37)4PRADO34O

DN NEWN -
“« % @ @ e e
* * % o e
* e oo e
- ¢ % ¢ e we
® 9 ® ® ? 9 e s e O e se
b4
=
o=t
»
-

. % ® ° »

DO L WN -

D N>R WN -

1 FRLM ( 37), MWLM ( 37), QLM { 37) ¢ AMASNO( 37)y CHRNO ( 37),PRADO3SO

2 1rl ( 37y, 2P2 { 370, SOLED ( 37)y ECHCK ( 37), RK ({104) 4PRADO360

3 RL { 37)s RHOK {104)s ROK (104), THETAK(L104), TEMP ( 16),PRADD3T0

& HEAD ( 12), MAXL v MAXLM PRADO380

Cs *¢PRADO390
C O824 RRENE SR X BN SR LA SRR SLRE SRR ERE L SRS AEE B R EEB LXK ERR L S SRR SR 2K EC R & -RADOL 00O
OIMENSION Q3(1)+TG(1)oH2(1D+QLUL13oXBI1)oSUNX3{1) +SUMXA(L) PRADO410
DIMENSION H4l{1),Y2(1)4H(1),5UMX2(1},Q2(1) PRADO420Q
OIMENSION GQ37(1), Q38(1), H3L1} PRAD0430
COMMON /LINDLY/ HNU,SGNL ¢ IHNUy NHNUHNUP ¢ 57 ¢ IM o I Ny DHNUy THICK 4 NY PRADO440
COMMON /CNTRLZ SCYCLE, JMULTY PRADO4S5O
COMMON /DAVIS/ ICX, ICY PRADO460
COMHMON /TQ/ QINTL1(300), QINT2(300), TITLE(12} PRADOATO

c PRADO480
EQUIVALENCE(SMLA)H&) ,(SHMLD,Y2) PRADO49O
EQUIVALENCE (BCoTG)o(BIGBoH)y(CRTRySUMX2) ¢ (CHIC» SUAX3} PRABOS500
EQUIVALENCE (SMLHsX8)y(CARsQ37),({CHIR¢Q38) ¢ (SMLC ¢H3) PRACOS510
EQUIVALENCE (ACD3T4,TRDBG)+(S5S124EDITNF) PRADOS20
EQUIVALENCE (EC+Q1) o (XT9H2)9(BIGA,SUNA4).(GOFR,Q3) PRADOS30

C PRADOS540
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RGN

Siae

Mbaiz o o 1)

[ v

CEES53025 58084802 LSRR LSRR RS LI R LSRR MAE R RS CXEXEE L PR S XSS LS S SR E S E2PRADOSSO

c *PRADOS60
c EDITMF SAME AS  S12 *PRADOSTO
c H SAME AS  BIGB *PRAD0580
c H2 SAME AS X7 PRADO590
c H3 SAME AS  SMLC *PRAD0600
¢ Hé SAME AS  SMLA *PRADO610D
c Q1 SAME AS EC *PRAD0620
¢ Q3 SAME AS  GOFR *PRADO630
c Q37  SAME AS  CAR *PRAD0640
c Q38  SAME AS  CHIR *PRAD0650
c SUNX2 SAME AS  CRTR #PRADO660
c SUMX3 SAME AS  CHIC *PRAD0670
c SUMX4 SAME AS  BIGA *PRADO6 80
c 6 SANE AS 8C *PRAD0690
c TROBG SAME AS ACO3T4 *PRADOT00
c X8 SAME AS  SMLH $PRADOT10
c v2 SAME AS  SMLD *PRADO720
c ¢PRADOT30
C 5088883048820 8 80884 S8R R LR EECEESRLE S S LS LRV A EE SR RE S KRS AR bR S SES LR BEPRADO 740
c PRADO750
c PRADO760
c FEX, FM; SUMRHO, CSQO, XSQDs Y, YSQDs @2, NOT USED PRADOTT0
< ' PRADOTE0
C et 0 8 4RSS EEEEL SRS EE SR EEEREE S LSS RS BEIPEE L R E AR SR S S EE B EXESHPRADOT IO
c ‘ *PRADOB0O
c PLANES ONLY *PRACOB10
c ‘ *PRADO820
C AR50 88200 806X R R SR SRR SR B SRR EEEUEEE S S S SR SR LRSS SR SR KR S ES S ¥ 2 XS 4PRADOB IO
¢ *PRADO840
c BOUNDARY CONDITIONS PRADO8SO
c . SPRA[)860
C“0“.“‘##“0“‘.“.“.‘““.‘.“#".i#:t‘.‘.‘..‘.‘t‘#‘“....““#t‘t#PR‘DOG?O
c PRAD0880
c L.H. BLACKBODY IF SOLID ON LEFT PRADO890
c PRADO9OO
c NO VAPOR ZONE HAS FLUX OUT FROM SOLID PRAD0910
c PRAD0920

NTIMES=BOILB PRAD0930

IM=]BM1 PRAD0940

IN=TA PRAD09S50

IF(ZP1(26) .EQ.0.) GO TO 15 PRADO960
c SAVE STUFF FROM EIONX FOR NONEQ AND RESET IN OR IN

IF (PUSHA .LT, 0.0) GO TO 100

IN = NR - 1

WSZ2=BCIIN¢1)

WSZ3=BR{IM+1}
NSZ24 = CRTC(IM21)
WSZ5=RHO( IM+1)
G0 70 15

100 IN = NR
wsz2
WSZ3
HSZ4
WSZ5

BCCIN-1}
BREIN-1)
CRTCUIN-1)
RHO( IN-1)
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15 CONTINUE PRADO990

IMPLs[M+] PRAD1000
INML=IN-1 PRAD1010

CALL CVCHK (KOOOFX) PRAD1020

IF (IMP1-IN} 156,190,125 PRAD1030

c PRAD1040
c NO VAPOR ZONES PRAD1050
c PRAD1060
190 X2(IMP1) = 1,0283E12 * AUIN) & (THETALIN)®84 — THETA(IMP1)®%4) PRAD10T0
ER(IM)==X20 IMP1) PRAD1080

GO TO 1300 PRAD1090

125 IR=IN PRAD1100
THTAMX=,025 PRADI110

IF (TALPHA-1) 130,140,130 PRADL120

130 S1 = 13.0130 PRAD1130
CALL UNCLE PRAD1140

140 DO 180 I=IN,IM PRAD1150
X3(1)=0, PRAD1160
X4{1)=0, PRADLLTO
X5{1)=0. PRAD1180
X6(1¥=0, PRAD1190
CRTR{1)=0, PRAD1200

c PRAD1210
c SEY UP FOR KAPPA INTERPOLATION PRAD1220
c PRAD1230
QLT }=THETAL L) %44 PRADLI 24D
Q3TCE)=ALOGITHETAL L)) PRADY250
Q38(I)=ALOGISV( 1)) PRADL260

c PRAD1270
c FIND IRy RIGHTMOST ZONE WITH THETA GREATER THAN 0.05 &V PRADL280O
c PRAD1290
IF (THETA(T)-THTAMX) 160,160,150 PRAD1300

150 THTAMX=THETALL) PRAD1310
160 IF (THETA(1)-0.05) . "80,170 PRAD1320
170 IR={ PRAD1330
180 CONTINUE PRAD1340
IF (THTAMX LT, THETACIB)) THTANX = THETA(IB) PRAD1350

c PRAD1 360
c PRAD1370
C 300X R RN ARA RS E R R LU PR R EKE LS R KD ESE L RN SR RER AR R SRS R O R A C AR E R EE S S EPRAD1ISBO
c *PRAD1390
c BEGIN FREQUENCY LOOP $PRAT 1400
c *PRAD1410
CE2 3200808888050 X AR SRR ER S SR XL L SRS ESE AR EEER R SR RSB R SE XL SRS AR XS SSPRAD L1420
200 HNUP = 3,E3 PRAD1430

c PRAD1440
c SET UP MAX FREQ BOUNDARY PRAD1450
c PRAD1460
HNUP4 = 8.1E13 PRADL4T0
THNU=] PRAD1480

DO 210 I=IN¢IMP1 PRAGY 49D

210 SUNX2(11=0.0 PRAD1500
IF (KMAX.EQ.0} GO TO 280 PRADLS10

c PRAD1520

C THIS CODING WONT WORK IF HNU NOT EVALUATED PRAD1530
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PIRRRRN A "Ly ]

[z X 2K 3] o000 aon

[z N 2N

220

240
250

260

270

272
275

280

290

CALL KAPPA(IN,IN)
HNU4=HNUS*4

DHNUP = DHNU
DHNU = HNUP - HNU

MERGE GROUPS WITH HNU MORE THAN CB TIMES LARGEST THETA
IF (THTAMX- HNU/CB) 240,300,300
REJECT TAPE IF MORE THAN HALF OF GROUPS RERGE

IF (ITHNU+IHNU-NHNU) 260,250,250

IF (AMOD(CB,1.} .EQ. 0.5) GO YO 260
$1=13.0250

CALL UNCLE

D0 270 I=INsIM

BETA=HNU/THETA(L)
BETAP=HNUP/THETA(1)
DFB=PLNKUT(BETAyBETAP)

If (OFB.EQ.0.) GO TO 270
TENP(1)=DFB¢Q1(1)

EMBl=EXP(-~BETA)

ENB2sEXP(~BETAP)

TENP{2) =DFB+0.03849T74/Q1{ 1) *(HNU4/(1,0-EMBL)
1#EMB1~HNUP4/ (1,0-EMB2)*ENB2)

FORKR NUKERATORS AND DENOMINATORS OF MERGED KAPPAS

X6(I)=X6(1)¢TEMP(])

X&4(1)=X4{1)+TEMP( 2}

X5¢1)=XSU{1)+CAPAC{T)*TEMP(L)}
X3(1)=X3( L) +TEMP(2)/CAPAR(T)

CONTINUE

IF (GL «LT. lo «ORe IHNU .EQ. 1) GO TO 275

MERGE FREQUENCY-DEPENDENT EXTERNAL INPUT INTENSITIES
NMU = LMDA{37)

IQNT = NMU & (IHNU - 2)

00 272 1 = 1, NMU

IQNT1 = IQNT + I

TQONT2 = IQNT1 + NMU

IFU{IHNUGGT.2) DHNUP=].

QINTL(IQNT2) = QINTL{IQNT2)*DHNU + QINTLI({IQNT1)¢DHNUP
HNUP=HNU

THNU=THNU+1

HNUP4 =HNU4A

IF (THTANX- HNU/CB) 220,310,310

MONOFREQUENCY CALCULATION

KHNU=1

CALL KAPPA (INyIN)
DO 290 I=IN,IM
X5{l)=1,
X6(1)=Ql( 1)
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PRADY 54O
PRAD1IS50
PRAD] 560
97292765
PRAD15TO
PRAD1S 50
PRAD1590
PRAD1600
PRADLI610O
PRAD1620
ERAD1630
PRAD1640
PRAD1650
PRAD1660
PRAD16TO
PRAD1680
PRAD1690O
PRAD1700
PRADL710
PRAD1720
PRAD1730
PRAD1740
PRAD1750
PRAD1760
PRADL1TT0
PRADLT80O
PRAD1T90
PRAD180O
PRAD1810
PRAD1820
PRAD1830
RADI8S0
PRAD18S50
PRAD1 860
9729765
PRAD1880
PRAD1890
9/29/65
PRAD1910
PRAD1920
PRAD1930
9/729/65%
§/729/65
PRAD1950
PRAD1960
PRAD1970
PRAD1980
PRAD1990
PRAD200C
PRAD2019
PRAD2020
PRAD2030
PRAD2040
PRAD2050
PRAD206&0




R

ryriﬂ

[2X 2K 3l

OO

310
329
330

340
350

355

360

370
380

AL
390

392

395

400

410
420

3c0

DFB8=1.0

HRU = ,001

ICX=1IR

IF (GL .GT. 0.0) ICX = IN
ICY=IN

60 TO 480

IF (IHNU-1) 5504370,260

FORM MERGED KAMPAS

0C 350 I=INsIM

IF (Xé{1}) 3204350,330
S1=13.0320

CALL UNCLE
CAPAR(IDI=X4(1)/X3( 1)
CAPACLII=XSLIN/X6(])
CONTINUE

HNUP = 3.E3

HNUP4 = 8.1E13

DHNU = HNUP - HNU
THNU=THNU-1
IF(GL.LT.1e) GO TO 370
00 355 I=1,NMU

IQNT2 = IQNT + [ + NMU
QINTL{IQNT2) = QINTL(IQNT2)/0HNU
G0 TO 370

TYPICAL GROUP CALCULATION OF SQURCES

CALL KAPPA({IN,IN)

DHRU= HNUP=HNU

HNU4=HNUS*4

IF {(GL-1.) 390,380,380

1F (HNULNE.ROK{ INNU+52)) GO TO 490
IF (GL.NE.FLOAT(NHNU)) GC TO 490
CULATE I CX, ICy
ICX=IN

ICY = IN

If (GL .lE. 0.) GO 1O 395

ICX = IM

DO 392 I = IN, IM

OFB = PLNKUT(HNU /7 THETA(L), HNUP / THETAUL))

X6(I)=DFB*QL(T)
GC TO 480

00 470 I=IN.IR
BETA=HNU/THETAL D)

AVOID CALCULATION OF DFB LESS THAN 1E-5

IF (BETA-19.0) 400,410,410
BETAP=HNUP/THETA(I)
EHB2=EXP{~-BETAP}

IF (BETAP-0.01) 410,410,460
IF (1CX~-1R) 430,420,420
1Cx=[~"
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PRAD20T0
PRAD2080
PRAD2090

PRAD2100
PRAD2110
PRAD2120
PRAD2130
PRAD2140
PRAD2150
PRAD2160
PRAD2170
PRAD2180
PRAD2190
PRAD2200
PRAD2210
PRAD2220
PRAD2230
PRAD2240
PRAD2250
PRAG2260
9/29/68

9/29/65

9/29/765

9729765

PRAD2270
PRAD2280
PRAD2290
PRAD2300
PRAD2310
PRAD2320
PRAD2330
PRAD2340
PRAD2350
PRAD2360
PRAC2370
PRAD2380
PRAD2390
PRAD2400
PRAD2410
PRAD2420
PRAD2430
PRAD2440
PRAD2450
PRAD2460
PRAD2470
PRAD2480
PRAD2490
PRAD2500
PRAD2510
PRAD2520
PRAD2530
PRAD2S40
PRAD2550
PRAD2560

PP -




chaz

T

430 IF (I-1CY} 4404440,450
440 ICY=ICY+]l

PRAD2570
PRAD2580
PRAD2590
PRAD2600
PRAD2610
PRAD2620
PRADZE 3D
PRAD2640
PRAD2650
PRAD2660D
PRAD2670
PRAD2680
PRAD2690
PRAD2700
PRAD2T10
PRADZ2720
PRAD2T30
PRAD2T740
PRAD2750
PRAD2760
PRAD27T70
PRAD2780
PRAD2790
PRAD2800
PRAD2810
PRAD2820
PRAD2830
PRAD2840
PRAD2850
PRAD2860
PRAD2870
PRAD2880O
PRAD2890
PRAD2900
PRAD2910
PRAD2920
PRAD2930
PRAD2940
PRAD2950
PRAD2¢60
PRAD29™.
PRAD29E0
PRAD2990
PRAD30NGC
PRAD3IN1G
PRAD3020
PRAD3030
PRAD3040
PRAD30SO
PRAD3060
PRAD30TO
PRAD3080
PRAD3090

c
c ICX IS INDEX OF LAST ZONE WITH SIGNIFICANT SOURCE
c
c ICY IS INDEX OF FIRST ZONE WITH SIGNIFICANT SOURCE
C
450 X6(1)=0.0
x5{(1)=0.0
G0 TQ 470
c .
c FORM SOQURCES X6 AND X5
C
460 DOFB=PLNKUT{BETA,BETAP)
X6(10=0FB*Ql1{ 1}
C TEMP(2)=0.0384974/Q1( [)*(HNU4/(EXP(BETA)~1.0)
c 1 ~HNP4/(1.0-EMB2)*ENMB2)
c X5(1)=DI-B+TEMP{ 2)
ICX=IR
470 CONTINUE
480 IF (INM1) 490,520,500
C
c SET BLACKBODY CONDITION FOR IA GREATER THAN 1
c
490 S$1=13.0490
CALL UNCLE
500 DFB = PULNKUT (HNU/THETA(INM1), HNUP/THETALINML )}
X6LINMY) = DFB * THETA(INMl)®*®4
C SET BLACKBODY CONDITION IF DESIRED FOR IMP1
520 IF (GL.NE.O.S5) GO TO 530
OF3 = PLNKUT(HNU / THETA(IMP1)s HNUP / THETA(IMPL))
X6(IMP1) = DFB * THETA(IMPLI**4
$30 C31=0.0
C
c FORM ROSSELANDO AND PLANCK OPTICAL DEPTHS
o
D0 590 i=IN,IM
IF (CAPAR{1)}) 550,550,540
540 IF (CAPAC({I)) 550,550,560
550 S1=13.0550
CALL UNCLE
c
C CHOOSE ALL ROSSELAND IF SOLID 10 1S POSITIVE
C
560 IF (SOLID(1031.EQ.0.) GO TO 57¢C
HUZ)=CAPARLTII/SVID)
GO To 580
STO HILI=CAPAC(1)/SV(I)
$80 H2¢1)=H(I)®DELTAR(I)
IF (ALPHA ,GT. l.) GO TO 586
H3(l} = CAPAR(I) * G(1)
GC TO 588
CAVEAT. ASYNCHRONISMS IN SV AND DEFLTAR LEAD YO ERRONECUS FLUCTUATIONS
C IN H3., THIS CaN BE FIXED BY SUBSTITUTING G IN PLANES, BUT LPHERESPRAD3ILIOO

C

WiItL STILL HAVE THIS TROUBLE.

i

PRAD3IL10




#

586 H3I(1)=CAPAR(T)/SVITI®DELTAR(]) PRAD3120

§88 Q31=Q31+H3(1) PRAD3130 ;
Q3(1+1)=Q31 PRAD3140 p
H{i)=0.5%H(T) PRAD3LS -
H2(1)=0,58H2( 1) PRAD3L1¢) ‘
H3([)=0.5#H3( 1) PRAD3170 ( .

¢ PRAD3180 ‘
c LERQ DIFFUSUIN INDICATORS AND X2 PRAD3190 ;
c PRAD3200
X2(11=0,0 PRAD3210
X3(1}=0.0 PRAD3220 ;
X4(1)=0.0 PRAD3230 ;

590 RHC(1)=0.0 PRAD3240
X2{1MP1120.0 PRAD3250
X3{1MP1)=0.0 PRAD3260
X4({[MP1)=0.0 PRAD32T0
IF (ICY .6T. ICX}) GO TO 990 PRAD3280

¢ . PRAD3290

c STEP-LINEAR CRITERION AT ICY PRAD3300 3

c UNCONDITIONAL STEP AS BOUNDARY CONDITION IF ICY = IN PRAD3310 3

o PRAD3320 )
IF (I1CY=IN) 675,600,610 PRAD3330 :

600 Y2{TN)=X6(IN) PRAD3340 ; :
TG({IN)=0.0 PRAD3350
GG TO 620 PRAD3360 !

610 TEMP(1)=H3(ICY-1)+H3(ICY) PRAD3370 |
TGOICY)aX6(ICY)/TEMP(L) PRAD3380 ,
Y2(ICY)=TGLICY)SHI(ICY-1) PRAD3390 i

c PRAD3400 3
c FORM Y2 AND TG SET X3==1 [F A DIFFUSION CRITERION MET USING HCB PRAD3410 | :
c : PRAD3420 |

620 ICXMl=1CX-1 PRAD3430
IF (ICY .GT. ICXMl) GO TO 672 PRAD3440 3
DO 670 I=1CY, ICxM1 PRAD3450 ]
TEMPLL)=H3(I+1)+H3( 1) PRAD3460 i
IF (AMAXY(X6(I)y X6(I+1)) (LE. 0.) GO TO 64C PRAD34T0 i
(F (AMINI(H3(1), H3(E+1)) .GT. AC) GO T0 650 i
IF (ABSU{H3([)-HA(L+1)})/TENP{1)) .GT. GA) GO TO 640 PRAD3490 i
IF (ABSCUXSE(IN-X6LT412220X601)0X641+1)33~6A} 6509650,640 PRAD3500 ‘

640 TG(I+1)=0.0 PRAD3510
GO TO 670 PRAD3520 '

650 TGLI+1)=(X6(1+1)-X6(1))/TEMP(1) PRAD3530 :

c PRAD3540 :
C TGUI+1)=(QL{I+1)=QL (I D) /TEMPLLI®(XS(T1+)1)+X5(1))/2.0 PRAD3550
c PRAD3560 \
Y2{L+1)=(X6( T+ 1) #HI( 1)+ XOCI)*HI(E+1))/TENP(L) PRAD3570
IF (ABSITG(I+1))-HCB*Y2(1+1)) 660,670,670 PRAD3580
- 8%9 X3(1+1)=-1,0 PRAD3590
670 CONTTNUE PRAD3600
c PRAD3610
c RADEATION BOUNDARY COWDITION AT ICX PR.D3620 |
c (VACUUM IF ICX = IM AND GL NOT 1/2) PRAD3630 ,
¢ PRAD3640 !
672 IF (ICX-IM) 680,690,675 PRAD3650 : !
675 S1 = 13,0675 PRADI660 3
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[2 X2 X3!

680

690

CALL UNCLE

TEMP (1) =H3(ICX+21) ¢H3L(ICX)
TGUICK+1)=~X6(ICX}/TEMP(L}
Y2UICX+1)==TGEICX+]1)*HI(ICX+1)
GC TO 700

IF {(GL .EQ. 0.5) GO TO 700
Y2(IMP1)=X6(1CX)

TG(INMP1)=0.0

EXTEND TRANSPORT REGION BOUNDARICS, IF NEEDED, TO PROVIDE HVR MEAN
FREE PATHS

700
710
720

730
740
750
760
770
780
790

800
810

820

830
840
850

860
870
880
89¢C
no

910
920

930

IsIN+]

IF (X3(1)) 720.740,730

I[=f+1

IF (J=-1CX~1) 710+740,820
$1=13,0730

CALL UNCLE

J=l-1

[F (Q3{1)-Q3(J)~HVB) 760,760,770
X4(J)=-1.0

JaJ-1

IF (J-IN) 770,750,750

I=[+1

iF tI-1Cx-1) 780,780,820
IQ'AXB(I)) 790,770,730

J=1

IF (Q3(J)-Q3(I-1)-HVB) 810,810,720
X4(J)=-1,0

J=J+l

IF (J-iCx-1) 800,720,720

I=IN¢+1

VEST 7O FORM TrANSPORT REGIGNS

IAX=1IN
IF (X3{I[)) 850,860,730
IF (X4(1)) 860,87C.77)

REMOVE INE INNE DIFFUSION REGION

[=1+1 _

IF (1-1C’ -1) 840,950,950
1=1+1 !

[F {1-1CX~1) 8804950950
1t (X3(1)) 890,840,730

. X4(1)) 840,900,730
re «1-3

60 To 960

1F (X3(1)) 920,940,730
IF (X4(1)} 940,930,730
FORM X2 FOR DIFFUSION ZONES IN CRDER
X2(1) = =1,37€12 * TG(I)
[=1+1

IF (I 1CX-1) 910,980,980
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PRAD3670
PRAD3680
PRAD3690
PRAD3700
PRAD3710
PRAD3720
PRAD3730
PRAD3740
PRAD3750
PRAD3760
PRAD3TT0
PRAD3780
PRAD3790
PRAD3800
PRAD3810
PRAD3820
PRAD3830
PRAD3840
PRAD3850
PRAD3860
PRAD3870
>RAD3880
PRAD3890
PRAD3900
PRAD3910
PRAD3920
PRAD3930
PRAD3940
PRAD3IISO
PRAD3960
PRAD3970
PRAD3980
PRAD3990

PRAD4O10
PRAD4020
PRAD4030
PRAD40 40
PRAD4050

PRAD4OTO
PRAD4080
PRAD4090
PRAD4100
PRAD4110
PRAD4120
PRAD4130
PRAD4140
PRAD4150
PRAD4160
PRAD4170

PRAD4190
PRADG20C
PRAD4210

PSR-~ 1320




c PRAD4220
c DO TRANSPORT TO IM IN REGION OF NO SOURCE
c PRAD4240
940 IAX=[ PRAD4250
GO TO 860 , PRAD4260
950 IBX=iM PRAD4270
960 CALL TRANS([AX,IBX) PRAD4280
IF (I1BX-IM) 670,990,990 PRAD4290
970 1=18X+2 PRAD4300
GC TC 930 PRAD4310
980 IF (I .GT. IM) GO TO 990
1AX=]
GO 70 950 PRAD4330
C PRAD4340
c OPTIONAL EOIT OF X2 ETC,. PRAD4350
c PRAD4360
990 IF (EDITMF) 1020,1020,1000 PRAD43T70
1000 [ARG1=S0L1D(18)+0,001 PRAD4330
1ARG2=EDITMF+0.001 PRAD4390
IF (MOD{IARGl,IARG2)) 1020,1010,1020 PRAD4400
1010 WRITE (3) HNU, IN, IM, IMPl, SOLID(18)s TH, DHNU PRAD4410
) : c IN SPHERICAL VERSION, REDIT IS GIVEN RHO. PRAD4420
c REPLACED HERE BY CAPAR. PRAD4430
WRITE (3) (C(I)y [=INsIMPL1)y (H3(1l}, I=INsIM)y (X6{I)s I=IN,IMP1),PRADA440
LIX2(1) s I=INs IMP1), PRAD4450
2 (CAPAR{I)y I=INgIMPL)y (THETA(I)e I=IN,IMPL)s (EI(I), Ix=IN,IM) PRAD4460
XX==2,0 PRAD4470
WRITE (3} XXpXX9XX9XXgXXyXX9 XX PRAD4480
BACKSPACE 3 PRAD4490
JMULT=] PRAD4500
1020 DC 1023 I=IN+INP1 PRAD4510
- SUMX2{I)=SUMX2(1)+X2(1) PRAD4520
1030 CCNTINUE . PRAD4530
C PRAD4540
c ADVANCE FREQ, STORE EMERGENT FLUX, TEST FOR COMPLETION OF GROUPS PRAU4S50
c PRAD4560
HNUP=HNU PRAD4570
HNUP4=HNU% PRAD4580
IHMJ = [HNU + 1 PRAD4590
IF ( IHNU~NHNU} 1040.1040,1060 PRAD4600
1040 CALL DVCHK (KOOOFX} PRAD4610
GO TO (1050,360), KOOOFX PRAD4620
CEESS5R 306 F 40NN R RRRA KR EERRAERERSE SRR SR ERE REE SR RS SRR SRR Sk &R EPRADSL630
c *PRAD4640
c END FREQUENCY LoOP *PRAD4G650
c *¥PRADG660
CHFLEXR R PP RR KRB BER LRV E AR SRR EX S A RN SR FER R SRR REE R USRS K E LR QRS SRS E AR RIPRADLGHTO
- 1050 St = 13,1050 PRAD4680
CALL UNCLE PRAD4690
1060 SUMX2(INkM1) = 0.0 PRAD4TO00
DC 1070 I=INM1, IMPl PRAD4T10
- X201} = suMxa2(l) PRAD4T20
1070 ER(I) = SUMX2([) - SUMX2(I+1) PRAD4T30
c PRAD4 740
c FORM MCNOFREQUENCY QUANTITIES AND FIND MIN TIME STEP PRAD4T50
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c PRAD4T760

Ws8 = 0,0 PRAD4TT0

D0 1075 I = 1, MAXLM PRAD4780

1075 WSB = wWSB + ELM(I) PRAD&T90
DTR1=1,E10 PRAD4800
DTR2=1,E10 PRAD4810

IF (KMAX.EQ.0} GC TO 1080 PRAD4820

CALL KAPPA(IN,IN) PRAD4830

1080 DO 1230 I=IN,IM PRAD4B40
c PRAD4E50
Cc IF ROSS IS ZERO EXIT PRAD4860
C PRAD4BTO
IF (CAPAR(I)) 1090,1090,1100 PRAD4880

1090 S1=13,1090 PRAD4890
ALL UNCLE PRAD4900

1100 TEMP(3)=CAPAR(I) PRAD49S10
IF {(SCLID(10)) 1110,1120,1110 PRAD4920

1110 TEMP(1)=CAPARS S PRAD4930
GO TO 1130 PRAD4940

1120 TEMP({1)=SQRT{CAPAR{ I )#CAPAC(I)) PRAD4950
1130 IF (TEMP(1)) 1090,1090,1142 PRAD4960
1140 H{I)=0.5¢TEMPLL)/SVLI) PRADA9T0
H3(1) = H(1) & DELTAR(I) PRAD4980

IF (+001-THETA(I1)) 1160,1230,1230 PRAD4990

1160 IF (H3(I).GV.0.1% GO TO 1170 PRADS000
IF (ER{1).EQ.0.) GO ¥O 1170 . PRADSO010

WS6B « E(1) * G(1) PRADS020

IF (TELH(37) +EC. 0.0) GO TO 1170 PRACS030

IF (WSBB ~ TELM(37) * WSB) 1170, 1165, 1165 PRADS5040

1165 TEMP( 2)=.5¢CV(I)S®THETA(I)eG(I)/ABS(ER(])) PRADS050
GO TO 1180 PRADS060

1170 TEMP(2)=(o5¢1.5%H3( 1) 2e2)8CV(1)/(4.1132E12%TEMP (3 )CTHETA(])#%3) PRAD5070
TEMP(2)=TEMP{2)*TELH(25) PRADS5080

CHE 002 RER NS RERESRUR LR R LGRS SRR SRR ERE LS REE SR E SR A SRS K RS AR R AR S $E 2SS XPRADS090
C *PRADS100
Cc FIND M INIMUM TIME SsTEP *PRADS110
C ®PRADS120
CHP88 9008385838 $ 43006 E RS NRARERBUESRRRCIXRSEREREEEERERE K2R SRR ERG &S &EPRADS] IO
1180 IF (TEMP(2)) 1230,1230,1190 PRADS140
1190 CONTINUE PRAD5150
IF (TEMP(2)-DTR1) 1200,1210,1210 PRADS160

1200 DTR2=DTR1 PRADS170
EMN2=1MN) . PRADS180
DTRL=TEMP(2) PRADS5190
INNL=] PRAD5200

60 70 1230 PRADS5210

1210 IF (TEMP{2)~DTR2) :220,1230,1230 PRADS220
1220 VIR2=TEMP(2) PRADS230
INN2= 1 PRADS240

1230 CONTINUE PRADS5250
DTRMIN=DTR1 PRADS260
EO=IMNIL PRAD5270

[ PRAD5280
c PRINT HINIMUM TIME STEPS BETWEEN EDITS PRAD5290
c PRADS300
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IF (DTRI-TELM(26)}) 1240,1250,1250 PRADS310 I k
1240 TELM(26)=DTR] PRADS320 j
TELM(27)=IMNL PRADS330 | 3
TELM(28)=DTR2 PRADS5240 , ]
TELM{ 29 )=IMN2 PRADS350 : i
TELM(30)=S0LID(18)+1.0 PRAD5360 | ;
1250 CONTINUE PRADS3T0 ‘ ;
c PRAD5380 ! 3
c DETERMINE IF RADIATION OR HYDRO WILL SUBCYCLE PRADS390 ! 4
c . PRADS400 i 2
IF (DTRMIN-DTR} 1280,1300,1260 PRADS410 ' 3
1260 BLANK3=TH+AMINL{DTRMIN,GR#DTH2) PRAD5420 ]
IF (S17) 1300,1270,1300 PRAD5430 C
' 1270 59 = 1.0 PRADS440 u E
G6C TO 1360 PRAD5450 ; 3
CP883-2 5080850804080 R ERRRERERREERRREREARRE S E SR A RE S SR E RSS2 S e 8002 e s &kPRADSL 60 |
c *PRADSATO ;
c REDUCE TIME STEP *PRAD5480 !
c *PRAD5490 |
CHEE52 80085 456 E S0 RN LS S LSRR REEERRR L LS L LSS AR KL G AR EE SR E X3S LSS0 k2K &2 ksPRADSS00
1280 NRAD=ZP1(18)/DTRMIN+1.0 PRAD5510 ! 4
DTR=ZP1(18)/FLOATINRAD) PRADS5520 ! )
IF (NRAD-NT IMES) 1300,130041290 PRADS5530 !
1293 S1=13.12%0 PRADS5540 |
CALL UNCLE PRADS5550
¢ ZERO OUT STRAY QUANTITIES FROM PREVIOUS CYCLES PRADS5560 l
1300 OG 1310 [ = IMPl, IG PRADS570 ,
CAPAR(I) = O, PRAD5580 ]
CAPAC(1) = 0. PRAD5590 I ;
X2(1¢1) = 0, PRADS600 i b
X3{i+3) = 0, PRADSSIO :
X4tl+1) = O, PRADS620 r
SUMX2(1+1) = 0, PRADS 630
SUMX3tI+1} = 0. PRAD5640
SUMX4lI+1) = O, PRADS650
1310 ER(i¢l) = O, PRADS660
1F (ZP1(26% EQs D.0) GJ TO 1400
¢ RESTORE GOOOIES FOR NONEQ
. (PUSHA .LT. 0.0) GO TO 1350
8C IMPl)=WS22
BR(IMPL)=WSZ3 i
CPIR(IMPL) = WSZ4 E
Ri:O( IMP1)=WSZ5
GO TO 1400
Tt .3 BCUINML) = wWSZ2
BR{ENML) = WSZ3
CRTRUINML) = WSL4
’ RHC( INM1) = w525
1400 RETURN
END PRADS680
45
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DImcNSION  Q37(1),

CONMON /CNTRL/ SCYC
. COMMON /DAVIS/ ICX
COMMON  /TQ/ QINT1

-3
}

Q38(1),

H3{1)

LE, JMULY

s ICY

{300}, QINT2(300), TITLE(12)

EQUIVALENCE (SMLA,H4),(SHLD,Y2)
EQUIVALENCE (BCoTG)o(BIGByH) o (CRTR,ySUNX2) 4 (CHIC, SUNX3)
. EQUIVALENCE (SMLHXBJe (CAR,Q37)4(CHIR,Q38)(SMLC +H3)
EQUIVALENCE (ACD3T4,TRDBG),(S12,EDITNF)
EQUIVALENCE (ECoQL)o(XT +H2) o (BIGA,SUMX4) 4 {GOFR,C3)
C““‘.‘."““““‘.“‘..“““‘.“‘.“‘*‘.‘.“...“‘..‘0"..““"*'.‘PTRAOSQO

49

$IBFTC PTRANS FULIST,DECK,REF PTRAQQ00
SUBROUTINE TRANS(N,M) PTRAOO10

C CCMPILED JULY 1, 1965 L]:18 PTRA0D20
C PLANE CHARACTERISTIC TRACE WITH OOUBLE GAUSSIAN INTEGRATION PTRAQD30
c DECKX DBLGAU REQUIRED FOR INTEGRATION COEFFS. PTRAQ040
CHEXIESE LRSS EEB PSSR XSS LRSS LRSS ELBRES SRS CEESE S E VXSRS EE S0 EPTRAQODSO
ce SPUTTER COMMON **PTRA0060
c *PTRAOQTO
COMMON LMDA(3T7)s NR ¢ NSMLR , IA o I8 e ICA o 1CB +PTRAQ080

1 KMAX o BLANK1, BLANKZ2, BLANK3, [AP1 , IBP1 , ICAPl , ICBP1 ,PTRAQO90

2 It y IG ¢+ NRAD o BLANK4, 1AMl , [BML  :CAMl , ICBM1 PTRAO100

3 ItPl o IGM1 , TALPHA, BLANKS, TH » TMAX o BLANK6, DELPRT PTRAOLLO

4 FREQ o+ CNTMAX, AR o ASMLR o PUSHA , PUSHBE , BOILA , BOIL8S ,PTRAQl20

5 CVA ¢+ CVB e SLUG o+ ALPHA , HVA s+ HVB o HCA 2 HCB +PTRAQL130

6 EMINA o FEMINB 4 CA + CB + GA v GB ¢ GL ¢+ GR oP/RAOL40

7 RHCL o+ RHOR , EPIO 4, EPSIL 4 RIA v RIB » ROIA , RDIB PTRAOLS50

8 RPIA o RPIB o RPDIA o RPDIB o TPRINT, TA « T8 « TC PTRAO160

. COMMON 0 s TE ¢+ DTH2 , OTH2P , DTH1 , DTRMIN, DTMAX ,PTRAOL70
1 DTMAX1l, DTMAX2, DTMAX3, DTR » SWITCH, CO o CMIN , DELTA ,PTRAO180

2 GAMA o WCRIT 4 SIGMAQy AC s ACO3T4, CNVRT , SUMRA , SUMRB ,PTRAOL190

3 ROIA o+ ROIAM1, ROIB , ROIBPL, GMS v S1 v S2 « §3 »#TRA0200

. 4 S4 v S5 v S6 v 87 ¢ S8 v S9 + S10 o« S11 »PTRAO210
5 S12 ¢ S13 v 514 v S15 v S16 » S17 « S18 + S19 +PTRAQ220

6 S20 v EO « FO ¢+ TAU » ZERQ 4 R (152)¢ DELTAR(152),PTRAD230

T ASQ (1522 RD (152)s VD (152)+ RDD (152)y SMLR (152) ,PTRAD240

8 DELR ( 37), P {152), P1 (152), P8 {152), PB1 (152! PTRAD250
CGMMON P2 {182}, SV {152}, RHO €152}, THETA (152} ,PYRAD240

1 W (152), € (152), El (152)y EK (152), A (152) +PTRAD270

2 Vv (152)+ G (15231, D (152), C {152), X2 (152) ,PTRAQ280

3 X3 {152}, X4 (152), X5 {152)+ X6 {152), X7 (152) 4PTRAO290

4 SMLA (152)s SMLB (152), SMLC (152), SMLD (152), SMLE (152),PTRAO300

5 EC (152), ER (1525, SMLQ (152), SMLH (152), BIGA (152},PTRAO310

6 BIGB (152)) CV {152), 8BC {152}, BR {152)y CHIC (152),PTRAD220

7 CHIR (152), CAPAC (152>, CAPAR (152)4 CRYC (152)y CRTR (152),PTRAO330

8 CRTPC (152)y GOFR (152), FEMW (152)y CAR (152), OKLN ( 37) PTRAQ340
(.CHMON TELM { 27)y EKLM ( 3T7),y ELM { 37)e FCLM ( 37),PTRAO.SO

1 FRLM { 37}, WLM { 37), QLM { 370y AMASNO( 37}, CHRNO ¢ 37).PTRAQ360

2 1Pl ( 37), 2P2 ¢ 37)y SOLID ( 37)4s ECHCK ( 37)4 RK (104) ,PTRAO370

3 RL { 37)y RHOK (104), RDK (10«4} THETAK(104), TEMNP ( 16),PTRAO380

4 HEAD ( 12), MAXL o MAXLM PTRAD390

Ce* ®*PTRA0400

CHERLASRRERERATARRERRCREERRAEERARSRERACE S SR IRCE R XN ST LA IRARAE S LSO X SR EPTRAOSL L0
DIMENSEON Q3(1)+7TG{1}¢H2(1)9QLL1)sXB(1)ySUNX3{1) +SUMXL(1)
DINENSION H4(1),Y2(1),H(1),sSUMX2(1),Q21{1)

PTRAO420
PTRAO430
PTRAD440

COMMON /LINDLY/ HNUsSGNLy THNUy NHNUy HNUP ¢NT o IM ¢ INy DHNU, THICK ¢ NY PTRAO450

PTRAD460
P7RAO4LTO
PTRAL480
PTRAD490
PTRADS0O
PTRADS10
°TRAGS20
PTRAOS530
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V@O RS WN -

100
110
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SHS SRS AR SERKERRAREEEN RS HERBEETSSE

OIMENSICN RR(40)
DATA RR/2,113248E-01,7.886752E-01¢1.056624E-01+3.943376E-01,

1.127017€-01,5.000000E-01,8.872983E~01,3.130600E-02,
20222222€6-0112.,464T18E-01¢64943180E-02+3.300095E-01+
6.699905E-01,9.305682E-01+1.207610€-02,+1.076071E~01,
2.184655E-01,1,618513€E-01+4,691010€-02,24307653E~01,
5.000000E~01,7,69234TE-01¢9.530899E-01,5.557100€-03,
5.522540£-0241.422222E-01,41.840889E~01,1,129063E~01,
3.376520E-0241.693953E-0143,806903E-01,6.193096E-01,
8430604TE-01,9.662348E-01,2.892400E-0343.,055570E-02¢
8.906520E-0291.448918E-01¢41.498251E-01+8.276980E~02/

EDITMF SAME AS sl2
H SAME AS BIGS

H2 SAME AS X7
H3 SANE AS SMLC
He SANE AS SNLA
Q1 SAME AS EC
Q3 SAME AS GOFR

Q37 SAME AS CAR
Q38 SAME AS  CHIR
SUMX2 SAME AS CRTR
SUMX3 SAME AS CHIC
SUMX4 SAME AS BIGA

G SAME AS 8c
TROBG SAME AS ACO3T4
X8 SANME AS SMLH
¥2 SAME AS SMLD

FEX, FM, SUMRHO. CSQUDy XSQDe Y, YSQOD, Q2, NOV USED

PLANES ONLY

1AX=N

18X =M

IN=TA

INML=IN-1

INPYL = M ¢+ 1
CALL DOVCHK(KOOOFX)
G0 TO (100,110), KOOOFX
S1=14,0100

CALL UNCLE
18XP1=[8X¢)
TALPHA=ALPHA

ERROR IF NOT PLANE

GO TO (130,120,120)¢ [ALPHA
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PTRAOSSO
PTRADS560
PTRAOS70
PTRAQS80
PTRAOS530
PTRAO0600
PTRAQ610
PTRAOG20
PTRADS30
PTRAD640
PTRAC650
*PTRAO0660
*PTRAOGTO
*PTRAQ0680
PTRA0690
*PTRAOT00
*PTRAQT10
*PTRAO720
*PTRAOT30
*PTRADT40
*PTRAO750
*PTRAOT60
*PTRAOTTO
*PTRAOT80
*PTRAOT90
*PTRAOLOO
*PTRAO31O
*pTRA0B20
*PTRA0830

2322240000 cRR AR SRE LR SRS RS 60K RP TRAD2SD

PTRAO8S50
PTRAO0860
PTRAOBT0
PTRA0880
PTRADSSO

A0SR IR RS RLZ RGPS LLAR S LR RN SR EREE S EE R AR AR AR EE SRE KRR XXX EE X4 X 4PTRAOG00

*PTRAQOI910
¢PTRA0920
*PTRAO0930

S0 AR AR RBER RS REREREESE L RE R KRR ERE LR AR E LR AR BE LR SEE XSS L 2R 64X %22 2PTRAQF4O

PTRA09S0
PTRA0960
PTRAO970
PTRA0980
PTRA0990
PTRAL1000
PTRAL010
PTRA1020
PTRAL1030
PTRAL1040
PTRA1050
PTRAL1060
PTRA1070O
PTRA1080
PTRA1090




OO

[z N aXul OO0 [N N al

[uNaNa]

[

]

<

St

(TR RO -

»

R ETREEN

120 S1=14.0120
CALL UNCLE
130 NY = {MDAL37) -1
NNU = (NY =~ 1) * (NY + 2) ¢ 1

NGS = NMU ¢ NY ¢+ ]

JJ =0

140 I=[AX

F2=0.0

IF IAX=IN TRANSFER TQ 150 VO SET SPECIAL BOQUNDARY CONDITIGNS
IF (TAX-IN) 360,150,180

. 180 IF {TG(I) .EQ. 0.}
' TEMP{1)=H2( [-1)/RR{NMU)

00 POSITIVE ANGLES FIRST

CALCULATE BOUNDARY SOURCE INTENSITY
150 IF (INM1) 160+310,170

SET BLACK8OUY CONDITICGN FOR PUSHER

160 S1214,0160
CALL UNCLE
170 F2=X6( INM1}
66 tg 310

DIFFUSION BOUNDARY CONDITIGN AT IAX

X23{1)=TG( I ) *RRINNU)

IF (TEMP(1)-1.E-2) 190,190,200
190 F2X = Y2(l-1) - TG(I-1) * RRINNU)

Y201} = x§{1I-1;

PTRAL100
PTRALLIL0
PTRAL1120
PTRA1130
PTRA1140
PTRA1150
PTRA1160
PTRAL170
PTRAL180
PTRAL190
PTRAL1200
PTRA1210
PTRAL220
PTRA1230
PTRA1240
PTRA1250
PTRAL1260
PTRAL1270
PTRAL1280
PTRA1290
PTRAL300
PTRA1310
PTRAL1320
PTRA1330
PTRAL3SO
PTRAL1350
PTRAL1360
PTRAL370
PIRAL1380
PTRAL1390
PTRA1400
PTRAL410
PTRA1420
PTRAL430

F2 = Uyatr) + y2tI-1)) * 0.5 ¢ X6l1-1) - F2X-F2X) * TENPIl) ¢ F2XPTRA1440

GG TO 250

60 TQ 250

210 IF (TGLI-1)
X8(I-1)=TGLI-1)*RR(NMU}

220 IF (TG(1)

200 H&4(1-1)=FREXP{~TEMP(1))
F2=Y2(1}=XBLII+(XB{L)-RRINMU)*TG({1-1))*H4(I-1)

«EQ. 0.} Y2U{I-1) = X6(1-1)

REGULAR INTEGRATION STEP FOR F2,

«EQ. 0.} Y2(1) = X6(1-1)

X8(1)=TG(I)*RRIRNU)

TENPCL)=H2(I~1)/RR(NMU)
IF (TEMP(1)-1.E~2) 230,230,240
230 F2 = {{Y2(!1) + Y2(1-1)) * 0.5 + X6{I-1) - F2 = F2) * TENP(1) ¢+ F2

60 TO 250

240 H4{1-1)=FREXP(-TEMP(1))
F2=Y2(1)-X8( 1)+ 1iF2-Y2(I-1)¢XB(I-1)i%*HG(1~]

1+X8(1)-X8{1-1) L%, 1-1)

250 IF (F2.LT7.0.0)°GO TO 280
260 SUMX3(1)=F2

POSITIVE MU

PTRA1450
PTRA14 )0
PTRA14 70
PTRAL4 30
PTRA14 90
PTRALY®)O
PTRALF10
PTRAL1%20
PTRAL1530
PTRAL1540
?TRAL1550
PTRA1560
PTRALIST0
PTRA1580
PTRAL1590
PTRA1600
PTRALl610
PTRAL620
PTRAL630
PTRAL1640

g
1 B8

£

Syt pp e AT AL Yn S AT

§ o g L ettt enlls a S

e A08

o S A ot A A o P RS g i

T

A2

o

Py

etk Bh o



[

IF (TGUI) <EQe 0o) Y2UI} = X6(1) PTRA1650
I=i+l PTRAL660
IF (I-1BXP1l) 270,270,320 PTRAL1670
270 1F (1-1CX=-1) 22042204290 PTRA1680
c PTRAL690
c NEGATIVE F2 ERROR PTRAL700
c , PTRAL710
280 S1=14.0280 PTRAL1T20
CALL UNCLE PTRA1730
c PTRA1T40
c NO SOURCE IN ZONE GREATER THAN ICX PTRAL750
c PTRAL760
290 IF (F2.EQ.0.0) GO YO 260 PTRALT70
TEMP(1)=H2(1-1)/RR{NNU) PTRA1TSO
Hel I-1) =FREXP(~TEMP(1)-TENPLLN) PTRALT90 ¢
F2=F2%H4(1-1) PTRA1800 :
GO TO 260 PTRA1810
300 IF (F2.EQ.0.0) GO TO 310 PTRA1820 v
TEMP(1)=H2{ I~11/RR(NHU) PTRA1830 %
He(I-1)=FREXP(-TEMP(1)-TENP(1)) PTRA1840
F2xF2oH&4{[~1) PTRA1850 '
310 SUMX3L(I) = F2 PTRAL1860 :
I=[+1 PTRAL870
IF (I-1CY) 300,300,210 PTRAL1880 |
c PTRA1890 g
c DO NEGATIVE ANGLES SECOND PTRA1900
o PTRA1910 ‘
320 I=18XP1 PTRA1920 ;
IF (IBX-IM)} 370,330,360 PTRAL1930 ‘
330 IF (GL) 480,520;340 PTRAL1940
c GL = 1/2 MEANS BLACKBODY CONDITION SET AT INP1 PTRA1950
c GL = POSITIVE INTEGER MEANS INTENSITIES FROM QINT1 TABLE AT IMP1 PTRA1960
c GL = O MEANS VACUUM AT INP1 PTRA1970
c GL NEGATIVE MEANS REFLECYIVE CONDITION AT INP1 PTRA1980
340 IF (GL.NE.O.S) GO YO 350 PTRALISS0
F2 = X6(INP1) PTRA2000
GO TO 480 PTRA2010
350 IONT = J3 ¢ 1 + {NY ¢ 1) & (IHNU - 1) PTRA2020
F2 = CINTIUIQNT) / 68.5 * DHNU PTRA2030
GC TG 480 PTRA2040
c PTRA2050
c ERROR IF INDEX EXCEEDS NORMAL RANGE PTRA2060
c PTRA2070
360 Si=14.0360 PTRA2080
CALL UNCLE PTRA2090
c PTRAZ100
c DIFFUSION BOUNDARY CONDITION AT 18XP1 PTRA2L10
c PTRA2120 N
370 IF (TG(I) <EQ. 0.) Y2(I) = X6(D) PTRA2130 A
TEMPC 1) =H2( 1) /RRINNU) PTRA2140 ‘
If (TEMP(1)-1.E-2) 380,380,390 PTRA2150
380 F2X = Y2(1+1) ¢ TG(I+1) & RRINNU) PTRA2160
F2 = ((Y2(1) ¢ Y20i+1)} & 0.5 ¢ X8(1) - F2X = F2X) & TENP(1) + F2XPTRA2170
GO TD 430 PTRA2180 |
390 H4{ L)=FREXP(-TENP(1)) PTRA2190
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399

400

410

420
430
440

450
460

470

480
490

500

510

520

530

F2aY2{ 1 )+XB(T1)+{(RR{NMUI*TG(TI+1)-XB8(1))*H4(T)
GO TO 430
IF (TG(I+1l) .EQe Oe¢) Y2(I+1) = X6(I)

REGULAR INTEGRATION STEP FOR F2, NEGATIVE MU

IF (TG(1) .EQ¢ 0.) Y2(1) = X61{1)

TEMP(1)=H2(1)/RR{NMU}

IF (TEMP(1)-1.E-2) 410+410,420

F2 = ((Y2(1) + Y2(I+1)) % 0.5 + X6(I) - FZ - F2) * TEMP(:) + F2
GO TO 430

F2=Y2{ L beXBII)+({F2~-Y2(1¢1)=-XBL1+1))aHG{I)+XB{I+1)-XB(I))*H4(L)
If (F2.LT.0.) GO TO 460

SUMX4(1)=F2

FORM CONTRIBUTION TO X2
X201)=X2{ 1) ~(F2-SUMXA{ 1) )*RRINGS)
RHO( I )=RHO( T ) +(F2+SUNMX3( 1} )*RRINGS)}/RR{NMU)

IF (TG} «EQe 0o} Y2{I) = X&(I~1}
[=[-1

IF (I-1AX) 530,450,450

IF (I-ICY) 500,4004+400

$1=14.0460

CALL UNCLE

NO SGURCE IN ZONE LESS THAN [ICY

IF (F2.EQ.0.0) GO TO 480
TEMP(1)=H2(1}/RR(NMU)

H4¢ 1)=FREXP{-TEMP(1)-TEMP( 1)}
F2aF2¢H4( 1)

SUMX4(1)=F2
X2(1)=X20[)=(F2-SUMX3{1 ) )#RR(NGS}
I=l-1

IF (I-1-1CX) 399,470,470

NO SOURCE IN ZONE LESS THAN I[CY

IF (F2.EQ.0.0) GO TO 510
TEMP(1)=H2(1)/RR{NMU}
H4([)=FREXP{-TEMP(1)-TEMP(1)}
F2=F2%H4( 1)

SUMX4(T1)=F2
X2{1)=X2(1)~({F2=-SUMX3( 1) )*RRINGS)
I=1-1

IF (1-1aX) 530,500,500

F2=0.0

GC TO 480

CONTINUE

{F (TRDBG .EQ. 0.0 OR. YRDBG .GE., SOLID(18}) GO TO 539
STORE INTENSITIES FOR DEBUG PRINT
XX = ~0,5
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PTRA2200
PTRA2210
PTR” 2220
PTR/ 2230
PTRA2240
PTRA2250
PTRA2250
PTRA2270
PTRA2280
PTRA2290
PTRA2300
PTRA2310
PTRA2320
PTRA2330
PTRAL2340
PTRA2350
PTRA2360
PTRA2370
PTRA2380
PTRA2390
PTRAZ2400
PTRA2410
PTRA2420
PTRA2430
PTRA2440
PTRA2450
PTRA2460
PTRA2470
PTRA2480
PTRA2490
PTRA2500
PTRA2510
PTRA2520
PTRA2530
PTRA2540
PTRA2550
PTRA2560
FTRA2570
PTRA2580
PTRA2590
PTRA2600
PTRA2610
PTRA2620
PTRA2630
PTRA2640
PTRA2650
PTRA2660
PTRA26T0
PTRA2680
PTRA2690
PTRA2700
PTRA2T10
PTRA2720
P+RA2730
PYRAC 140
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539
540

550
560

JJd = JJ + 1
WRITE (3) XXo [AXy JJJo

[8XP1, SOLID(18), THe RR{NMU)

WRITE €3) (SUMX3{1)s SUMX4(I), I

XX = -2,

WRITE (3) (XXe I = 1, T)
BACKSPACE 3
DHNU=HNUP-HNU

Ji = JJ + 1

NMU = NMU + 1

NGS = NGS + 1

IF {JJ-NY) 140,140,550
00 560 I=TAX,IBXP1
X2(1) = X2(1}* 2.052€E12
RETURN

END

= [AX, 1B8XP1)

S4

PTRA2750
PTRA2760
PTRA2770
PTRA2780
PTRA2790
PTRA2800
PTRA2810
PTRA2820
PTRA2830
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PTRA2850
PTRA2860
PTRA28T0
PTRA2880
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