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POLYNOMIAL SOLUTIONS OF THE SCHRODINGER EQUATION
APPLIED TO PHOTON CROSS SECTIONS IN ATOMS

A. L. Merts and Walter Matuska, Jr.

ABSTRACT

Soluticas of the Schrodinger cquation with & realistic potendal are canried
out in detadl, To check our methods, see have calculated a fow bound-bound,
bound-dree, and freeefree cross sections and compared our values with existing
calculations and experimental data. These compmisons, along with a listing of
the computer code in its bound-free form, are included.

L INTRODUCTION

This report intends to show how the CDC- 7800 code
DEGA-A (Dense Electron Gas Approximation-Absorp-
tion) computes the bound-free, freefree, and bound-
bound absorption cocfficients, 8, 0., and 0y, , respec-
tively, as a function of photen encrgy, hy, from the given
potentisi funcrion Vi) and the electron accupancy of the
atom. Assuming V{r) to be cxact, the code will do its
computation at any desired sccuracy, within the machine
limits, because the Schrddinger equation is solved using
exact powerserics expansions, not difference equations.

As the code is now written, any potential function can
be used if iv adheres w the three {ollowing requirements.

£, lim V(or® = 0.
X! ]

2. Afcer some finite value of r, R, the potentiai must
be V(r) = =k lr.

3. V{r) must be a ncgative. monotonically, increasing
function.

Although it is not necessary to the internal structure of
the code, we would alse like V(r) to be a function of
teraperature, density, and the atomic number of the
atom,

Throughout this report, {0,R;) is calicd Region 1 and
[R; 0] Region 2.

The following V(r) is the one most often used in the
code.

Experience has shown that a parameterized potential
waorks well and gives encrgy levels close to those thae
Herman and Skillman® calculated using their Harteee-
Fock-Slater method for isolated newtral atoms.

The potentiz} form for an isolated atom is

V(r) = Zemdd ¢ ooy, {n

where & = 0.60572Y3, However, the form sctually used in
this report, which is also valid for a compressed atom, is

R, ¢ i
Vie) = ={ZcHR, (-;1 + gm_fi -312) {2
]

forrgQraR, .,

where

Z° is the “effective number” of free clectrons,
R, is the radius of the sphere representing the spheri-
cal atomic volume,
1o is the value of the radial distance for which Eq. {2)
is equal to the value given in Eq. (3) below, and
¢ is the clectzonic charge.
in the inner region, the patential is given by

2 f ¢
Vit) & - Zee(] + ar) -z-ch(;ﬁ; - Bu) (3)
]

for0Sr<rg.



Y EAYES v Ry ,
Bo= (Z‘ (ro)/(l + arg ) o +3/2 . 4)
Iaro
Z* = 2/(1 + @rg)? ( ) 0 B (5)
L 1 +arg

After the form of the potential in the twe regions is
chosen, Egs. (4) and (5) follow from the potential’s conti-
nuity and its relation to charge density through Poisson's
equation. In the potential outlined above, the value of R,
is determined by the density of the material being con-
sidered. The value of Z* is chosen by an iterative proce-
dure so that at some finite temperature T, and for an
atom occupying a spherical volume of radius R, we have

g - .
Z=N(Z*) = f' [f n(r, T, P) dPJ 4nrt dr 6)
[+ [+]

where n is the Fermi-Dirac distribution function, repre-
senting the number of electrons at point r, having momen-
tum between P and P + dP. Using Eq. (5) we have also
determiined rq.

" We-must correct the above potentizl for self-inter-
action. This is done in the simplest possible fashion. We
replace Z in Eqgs. (2) through (5) with (Z—1) and add the
term —1/r to Eqs. (2) and (3). The potential forr > R, is
defined as —1/r. This then represents our potential func-
tion used to calculate the one-electron energies and the
one-electron orbitals from which we calculate the cross
sections and f-values.

This potential can be shown to satisfy the three pre-
viously stated conditions.

The hydrogenic potential V(r) = —1/r for 0 <r<°is
often used to check pares of the code because amalytic
solutions for this potential are known.

The code considers the Schrodinger equation in the
form

R+ 1

¢"(|-)+[A-ZV(r)— 5 J¢(r)=0.0<r€°° . (D

where

np{r) is the radial wave function (however, ¢(r) will be
called the wave function throughout the rest of this
repert),

A is the energy cigenvalue, and

¢ is the angular-morncntum quantum nurmber,

Equation (7) has an infinite (in some cases finite, but
larze) number of discrete bound solutions (negative A)
commonly denoted by 1s, 2s, 2p, 3s, 3p, 3d, etc. Of chis
infinite sequence, we calculate only the solutions allowed
by the electron occupancy. g, can be evaluated only at
discrete values of hv, because hv = [A; — ), | where A, and
A; both represent bound solutions. By using a line profile,
we then distribute each gy, over a narrow range of hv.
However, every positive A, given 2, is an cigenvalue for a
free state. This allows us to chuose any finite number of
positive X's. Therefore, we can evaluate gy, ¢ at any cnergy
hv above the threshold, and O¢s at any desired value of hy.
Here hv = [\— Ny}, N represents either a bound o7 a free
solution, and A, represents a free solution.

iI. THE METHOD OF SOLUTION OF THE
SCHRODINGER EQUATION

A. The Potential Approximation

To solve Eq. (7) on the computer, we choose a finite
R >R, to approximate r=c°and divide [O,R] into a
finite number of intervals. For each of these intervals, r?
times the potential is approximated by 2 parabola to some
specified degree of accuracy, §. This series of fits is started
at r =0 with an interval of arbitrary length. In this first
interval, we approximate the potential with

v(r)zc,+%’— +:73’ . (8)

Let r; be the left end point of this interval, r3 the right
end point, and r; the midpoint. To evaluate the c's, we
solve the set of equations

4:,rjz rearte = V(r“)rj2 forj=1,2,3. %
These cquations have no difficulty at r = 0, and they fit
the potential exactly at ry, r3, and ry. Because V(1) is a
smooth, monotonic functicn, we can cheek our €ic by
checking the validity of

ley + Er’— . :—;3* - VIOI<IVnIE (10)

at several points between 1y and ry. If chis inequality is
not satisfied for all points, we decrease the length of the
interval until inequality (Eq. {10)] is satisfied for all
points checked. This process is continued until Region 1
is complete. Here ¢;, ¢y, and ¢; should actually be



thought of as c,;, czi. and c;;,where the subscript i
denotes the ith interval.

in Region 2, obviously, ¢; = -1 and ¢) = ¢3 = 0. The
lengths of the intervals in this region arc governed enly by
an additional condition discussed later. This condition
applics to all intervals,

As the code now exists, for a given set of conditions,
all solutions to the Schrodinger equation are found by
using the same set of intervals over Region 1; however,
each solution has its own ser of intervals in Regior 2. The
code could also be written so that each solution would
have its own set of intervals over the entire range of r. It
would be impractical to require 2il solutions to have the
same set of intervals in Region 2 because the maximum
interval lengths aliowed for the various solutions in
Region 2 are so different.

B. The Expansion of the Radial Wave Function

in the expansion of the wave function, we will need
the condition c3, = 0. This is satisfied if the first require-
ment on the potential is met.

We assume the wave function to have the form

w(r} =z=jiri“ fori=1
=1

an

in the first interval. Dropping the subscript i, we substi-
tute the power scries and its second derivative for ¢(r) and
¥'(r) and the approximation for V(r) in Eq. (8} into the
Schrodinger equation to get

{"[2::, + QUE+ I:].:,}lr’

+{-zcaa; -[z‘.c, «UR+ iﬂa;}lr

{
+ E t(h "2€ghj_z "'Zczil'.l
i=3

*’[{j =2M) = 1)y =2c; ~HUR+ l)]aj}ﬁ" =0 . (12)

Here we assume that ¢; = 0 and aisa for IQj<Qel.
Also ag, ; is arbitrary because any constant times a solu-
tion eigenfunction #r) is stifl & solutien. As each
term in Eq. {3Z) must be zero for every ¢ in the interval,
we now have the recursion telatiun

Zc;'.\i_, - (?\ - 2‘[ )I‘,z

- i3
UG- -D-HEr D) (13)

forj >R+ 2

The power-series expansions in all other intervals are
also expanded about one of the interval’s end points. If
expanding about the left end point, we make the substitu-
tion d = r—p, and require that 0<d Qpiﬂ—pi where
the p's arc the cnd points of the intervals. When it is
necessary to expand about the right end point, the roles
of p; and p;,, are switched and p; - p;,;<d <O. Again
omitting the subscript i, the Schrodinger equsation can
now be written as

(0 +2pd + d*)p""(d) + (B; + Bad + Bad®do(d) =0 ,

where

By =byp® +byp+ by

By = 2byp + b,

B3 = b,

and (14)
by = A - 2¢,

by = —2¢,

by = —{2¢3 + Y2+ 1)}
Here we assume the wave function to have the form

N :
o)=Y adit fori> 1 .
=

(15)

Substituting the power series and its second derivative for
w(d) and ¢"(d), we get

[Zp’:n; + B,n,]+ Ep’;u + dpay + Byag + Bzaad

. ?_‘: fi - 25 - 1307« - 33 - 2120,

b (j - 4)‘] - 3)31.2 + Blaj.z

+ Baapy v Byap J Wi =0 (16)

with the subscripz i omitted, Again, because each term of
£q. (16) must be zero for all values of d, we have the
vecursion relations



a3 =—Ba; /2p2

ag = _[Bza] + B,az + 4[}83]/6[12

aj = _{Bgaj_4 + B;aj_s + [B| + (j "4)0 _3)]aj-2
+2() = 3)( — 2)pa; 4 }/(j —-2)j ~ 1)p?

forj>4 an

when 2, and a, are known.

We can easily show that a, = ¢(d) and a, = ¢'(d) at
d = 0. Therefore, ay and a, will always be known by the
right-boundary condition or can be evaluated with the
power-series expansion of the wave function in the pre-
vious intervai.

In practice, we start with 2, =0 for 1<j<f+1 and
dg,, an arbitrary nonzero constant to start the power-
series expansion in the first interval. Then we evaluate this
power-series and its first dzrivative at its right end point.
This determines 2, and a, for the second interval, This
process is repeated until we reach some ¥, 0 <T<R,
where we evaluate p(f) and q)'f(?); the dstermination of T
is distussed later. At the right boundary, R, ¢(R), arnd
¢'(R) are given by the boundary condition, This enables
us to start our successive power-series expansions at R and
work our way backward to T where we evaluate *pb(?) and
qp;,ﬁ'). We have a solution when qp}(?) = \a;,(?) for
2e(®) = ¢ (7). w,(F) is simply the value of the wave func-
tion at 7 found by forward expansions, and qpb(?) is the
value of the same wave funcrior ar T found by backward
expansions.

C. Determination of the Expansion Interval Length

In real life, these power series can have only a finite
number of terms. The maximum number of terms in the
present code is 50, This leads to the other condition
regulating the maximum length of a2 particular interval.
Let us define

Hn = [A -2V(r) —gﬂ;—;ﬁ] (18)

Using this definition, we can write the Schrodinger oqua-
tcn as

&(r) % h3p(r) = 0, where h? = 2V(r) 19)

choosing the sign so thaz h? >0. If b is assumed to be
constant locally, the solutiun is either

o(r) = A€ DT 4 Bebr (20)

or

@(r) = A sin hr + B cos hr, (21)

depending upon the sign. Expanding the decreasing
exponential solution in a Taylor series about an end
point of the interval, we get

C _ (hArY
@(c) =Ae"“°£ (—1)1%'!’3#- (22)
i=0

where Ar=r-— P is the maximum aliowable interval
length. With this series, we can estimate the largest value
of (hAr) that allows the series to converge to a specified
accurzey in the alloted number of terms. In Region 1, all
solutions are considered in estimating the maximum inter-
val length; however, in Region 2 only one solution at a
time is considered. The code then plugs the largest
tncountered value of h into

C

Ar=; . (23)

This C is an input parameter, and for a 50-term expansion
and 8-place accuracy 2 conservative value for Cis 6.
The sinusoidal and increasing exponential solutions

have a series similar to Eq. (22), and the interval length is
also estimated by Eq. (23).

D. Finding the Join Point ¥ for Forward and Backward
Inwegration

Let us consider the question of stability. Here again,
Eqgs. (20) and (21) can be thought of as local solutions to
the Schrodinger equation. If an error is introduced in
Eq. (20) during forward integration (increasing r) when
the first term is the desired solution, this error will grow
exponentially. However, any error introduced will dimin-
ish exponentially during backward integration. Likewise,
when the second term is the desired solution, backward
integration is urstable and forward integration cau:¢s any
ercor to diminish exponentially. Equation (21) is con-
sidered stable for integration in either direction, Any
error introduced into the integration will not grow
cxponentially; however, once an error is introduced it
cannot be diminished as was the case with Eq. (20).
Figure 1 shows the regions of stable and unstable integra-
tion for the four possible combinations of given condi-
tons.
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Fig. 1. o
Integration is stable in both directions for Vi >e;
integration is stable in only one direction for
¥(r) < 0. N indicates the asymtotic limit of V(r).

For the cases shown in Figs. 1a and 1b, T is chosen
such that V(?) is the maximum value of ¥(r). For the case
shown in Fig. 1¢, T is the center of the rightmost interval,
and for the case shown in Fig. 1d, T is chosen such that
V(® = 0. For positive A, the value of X is known and is
used to find T; however, for negative A one has only a
maximum and minimum guess at its value at this stage, so
the minimum guess is used in evaluating T.

E. Boundary Condition at R

1. Bound States~Negative A. The two right-boundary
conditions used in the code are discussed below; however,
this method of solving the Schrodinger equation is not
limited to these two conditions. For the bound state, the
Schrodinger equation becomes

@@ —Mp(r) =0asr > | (24)
Note that this is true only in Region 2. Because @(R) is
arbitrary and

Qr) = Ae VAL r (25)
is the desired solution to Eq. (24), we derive the beund-
ary condition

¢(R) = —/IAT ¢(R) (26)

Although we have no exact relation between R and the
accuracy desired, we regulate R by the following method.

First, we find the largest root of ¥(r). R is then taken as
some constant (typically 25) times this root. Then, after

the Schrodinger equartion is solved using this R, we check
the validity of

(ol < The(R)) @27
(10°"° is a typical value for ¥). If this condition is not
satisfied, we simply keep increasing R until it is. A quick
method for getting a value near |(r)| max 1S to check y(r)
at the end points of the intervals.

2. Free States~Positive A. The sinusoidal condition
given by Carson, Mayers, and Stibbs? is used on the right
boundary in the free case. This boundary condition also
applies only in Region 2,

For large r, the solution may be written

@(r) = M(r) cos [kr + 6(r)] (28)
in which k = /&,
lim M(r) = M,
PW
and (29)
lim &) =0 .,
oo r

M fixes the scale of the solution. We shall require the
normalization M =+/2/mk .

In Region 2 where V(r) = —c/r for ¢ >0, we assume a
solution of the form
o) = Alr) oos(kr +Sin r)+ B(r) sin(kr +£ 1n r) (30)
Now substitute Eq. (30) into the Schrodinger equation.

Then asymptotic expansions for A(r) and B(r) exist in the
form

A@) =Y a /" BO) =) b A", (31
where
C2
a 4= {[2(2 1)+ 7 ~n(+ 1)] b,
~f@n+1n, }/2k(n 1)
C2
b1 ={ [n(n+ R (L 1)] a,
_f—‘-(zn+l)bn}12k(n+ 1) (32)



a =M,b =0 . (33)

The sums in Eq. (31) are only semiconvergent. Therefore
A(r) and B(r) must be evaluated at an r large enough that
the sums converge to the desired accuracy,

Equation (30) can also be written as

@(r) = M(r) cos O(r) , Ga
where
M) = VA@)? + B(r)? (35)
and
1. S -1 éif_)}
Or)=k:+ i +Inr+1an [B(r)

The asymprotic series expansion for the solution of
(1) given by Eq. (34) is uniquely determined up to some
constant phase &y ; therefore, we can write

@(r) = M(r) cos [0(r} + o] . (36)
instead of Eq. (34), and we also have
¥'(r) = M'(r) cos [o(r) + aQ]
— M(r)@'(r) sin [6(r) + a,] 37

For sufficiently large R, ¢(R) and ¢'(R) are the desired
right-boundary conditions. The guesses at R may have to
be increased several times before Eq. (31) is satisfied.

The phase a is determined by an iteration process that
is explained later.

11l. DETERMINATION OF THE EIGENVALUES AND
PHASE FACTORS

A. The Eigenvalue

As stated previously, for the bound state, A is varied
until we tind a [p(Ar),A] that solves the Schrodinger
equation, We start with 2 minimum and a2 maximum guess
at A, This difference in A is divided into a specified
number of logarithmically equal A-intervals. We define

P, (AD)
F(\) =
P\

PR — o, (AD) (38)

at the end points of these A-intervals and look for a sign
change in F() in each. If we detect a sign change in an
interval, we use the Regula Falsa® method to find the
root of F(A) in that interval. AsF()) also changes sign
through poles, we check to reject these intervals,

When we find a [¢(Ar),A] solution, we must determine
whether it is the desired one for specified quantum
numbers n and £, where £<Xn—1, We have the desired
solution when

I=n—-¢-1 , (39)
where 1 is the number of roots in ¢(r). 1 is found using a
Sturm Sequence.® If Eq. (39) is not satisfied, we reject
this solution and continue our search. The value of A so
obtained is called the eigenvalue.

B. Phase Determination

In the free state, X is specified and the phase g, at the
right boundary is varied over the range 0 < &y < unti
we find a [p(a,,r),@,] that solves the Schrodinger equa-
tion. To find this solution, we again use the Regula Falsa
method to find the root of F(e,) where

¢, (g T)

W «p;(aﬁ:f)—wé,(ag,?) . (40)

F(ag) =

Here, we need rot check for poles or unwanted solutions
as was necessary for the bound states.

C. Normalization

Even though the wave functions need not be normal-
ized to be solutions to the Schrodinger equation, they
must be normalized to produce correct absorption co-
efficients, We define ¢(r) as normalized when, for bound
states:

f oDp(r)dr=1 , (41)
o

and, for free states:

-

f @y dr=8(—1")

o

(42)



The free states have this normality built into the right-
boundary condition. However, for each bound state, we
evaluate

f W) dr= 6>,

o

(43)

and the normalized wave function is'then ¢(r)/f. Equation
(43) is evaluated by polynomial multiplication and inte-
gration over each interval of r.

IV. EVALUATION OF MATRIX ELEMENTS

Now that we have found all of the necessary solutions
to the Schrodinger equation, we compute the matrix
elements, H_ . used in evzluating the absorption coeffi-
cients. The matrix elements are found by

v
Hmn = 2[ (D a:r) p(ndr

o

44)

where m and n refer to eigen solutions of the Schrodinger
equation. If one wave function is bound and the other is
free, H_ is used in evaluating 0y .. Likewise, if both are
bound, the result is Oy and if both are free, the result is
O
Equation (44) is evaluated by summing the integrals
calculated in each expansion interval. Because dVi{(r)/or
decreases as r2 and ¢(r) decreases exponentially for
bound states, this integral converges rapidly to a specified
accuracy at some finite value of r, provided at least one
@(r) represents a bound state, However, if both wave
functions represent free states, the convergence is much
slower, because each bound wave function zsymptotically
approaches a constant amplitude. Here, convergence is
achieved only through the r? decrease in 8V(r)/or.
In the first interval we have

aV(n) -2 (45)

ar = _C2,l r »

multiplied by the polynomial representations of ¢ (r)
and y_(r) that can be integrated easily. In the rest of the
intervals, we have

av(d) __Cailpi* D+ 2 (46)
ad (p; + '

which, by continued long division, can be written as a
converging power series in d when |d/p;| <1. Now,
multiplying these three polynomials, we get a polynomial
that can be integrated easily.

V. EXAMPLES

A. Bound-Free Absorptions

In the code, A, r, V(r), and H_ are dimensionless
parameters. Both A and V(r), when multiplied by one
Rydberg, are energies expressed in Rydbergs, and r, when
multiplied by one Bohr radius, is 2 length expressed in
Bohr radii.

The bound-free absorption coefficient is given by

2
Qmamenn

— (.
0, ¢(hv) = 10.756 x 10 Zl

IR S 47
}‘m - }\DIB g

where

Qm_ax is the maximum of Qm an'd Y 0
7 is the number of electrons in the bound state that
can make this transition.
g is the maximum possible degeneracy given by

2(22 + 1) for the £ of the bound state,

Here Ay, X\,, and H_, are dimensionless numbers and
Op¢ is expressed in barns per atom. Also when
hv =13.605 (A, —\,|, hv is expressed in electron volts.
The sum in Eq. (47) is over all possible bound-free transi-
tions at the given hv.

Figures 2 through 7 show examples of bound-free
absorptions for cold, normal-density beryllium, carbon,
aluminum, iron, copper, and lead as computed by
DEGA-A. In these figures, the continuous line was
computed by DEGA-A and the X’s are experimental data
given by Storm and Isrzel.* In Fig. 5, the three experi-
mental points at the m edge for iron were given by Carter
and Givens.® In Fig. 4, DEGA-A was compared with cal-
culations by Barfield, Koontz, and Huebner® for alemi-
num at low photon energies.

Even though the bound-free cross sections have been
computed down to the lowest edge in these examples, we
make no claims about the accuracy of the copper and lead
cross sections at these low photon energies.

None of the cross sections in this report include elec-
tron spin or relativistic effect.
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density (7.85 glcm®) Fe. (Z=26, ry= 1512,
R, =2.670)
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Bound-free absorption coefficients for cold, normal
density (11.34 g/em®) Pb, (Z=82, ry=2.003,
= 3.656)

B. Bound-Bound Absorptions

In checking the bound-bound case, we consider hydro-
gen, lithium, beryllium, sodium, potassium, and stron-
tium, A formula similar to Eq. (47) can be derived for
o, (hu) 2 However, because the data found in the lizer-
ature appeared in a different form, we used the formula

2
) 4H_ “8)
TN WO C NS )]

to make our numbers directly comparable, See Table 1.
Squares of dipole moments for hydrogen were com-
puted by

2
4H ..

— 49)
M~ Al

M? =

These results checked with the values of the squares of
dipole moments® given by Bethe and Salpeter.® Note that
Eq. (49) is not defined by the method presented in this
report when A, =24 .

To check the code to more digits than given by Bethe
and Salpeter (the CDC 7600 is a 14-digit machine), Hyg,2p
was computed to the maximum possible accuracy using
the hydrogenic potential and was compared with its
analytic solution, We know that for hydrogen

Py = 2r€°

and (50)

e e—rl 2

‘pr 2\/—

When these analytic expressions for ¢ are used in Eq. (44)
along with V{r) = ~1/r, we obtain

H . -8
120~ 9/6

and DEGA-A computed
H

=0.36288736930121

1s2p = 0.36288736930118 .

*Compare with Table 13, page 264, Bethe and Salpeter.?



TABLE 1

TRANSITION INTEGRAL 7
FOR COLD, NORMAL DENSITY ELEMENTS

Transition ntegral r
Screcned- Coulomb Self-Cons
Efement Teansition Hydrogenic Approx Ficld DEGA-A
Lig® 2p-2s 5.96 5.42 5.5-5.6 1.26
Ip-2s 6011 0.016 0.011-.020 0071
3s-2p 1.72 2.39 1.78
45-2p 0.105 6.177 0.148
$s-2p 0.029 0.056 0.0%%
65-2p 0.013 0.025 0420
3d-2p 1.28 1.14 0.748
ad-2p 0.19 0.18 0.148
Be 1P 2s2p-25* 2.27 2.03 1.86 3.29
Na i€ 3p-3s 341 6.0 6.7 3.63
4p-3s e.211 0.047 0.051 0.026
4s-3p 2.06 6.09 6.2 3.60
K9 4p-s 4.61 8.05 9.05 7.97
Sr i€ 5d-5p 0483 0.42 .39

8223, £g=1.928, and R;=3.263.
bZ-Q, 10=1.406, and R;=2.35S,
€Za11, ry=2.264, and Ry=3.986,
92219, rga2.714, 2nd R;=4.950.
€2=38, £5=2.475, and R)=4.518.

C. Free-Free Absorptions

1. Discussion of Gaunt Factors. A formula similar to
Eq. (47) can be derived for oy (hv) in terms of Gaunt
factors gg;: however, here we only compute Gaunt factors
for hydrogen and sodium and compare some of these
results with Karzas and Latter.’ Gaunt factors can be

evaluated with

™3

8( zCﬁ)Z

g“(ha,hv) =

L'
¥ [@ OH,,, A < H 0 ] (s
2=0 ' '

when the sum converges rapidly enough to be practical.
Here A, is the initial energy of the electron, hv is the
photon energy, Zeff is the effective number of free elec-

10

trons in the atom under consideration, and L' is a finite
integer approximation to infinity. The matrix elements
are stili defined by Eq. (44), but we rewrite the equation
as

Vi)

Hmn(?\‘_hy) = %[upm(hn,r) e gan(ka + husrddr {52)

to define the association berween energy levels and quan-
tum numbers.

The sum in Eq. (51) is not always converging rapidly.
Resuits for other thar a coulomb potential can often be
obtained in these cases by making usc of the formula'®

£ N, hv) = gg(h, hod

L
+ % Z { R+ 1)[”94 1 .Q(ha,hl’)‘ - }.ﬁ. . .R(A“'hu)ﬂ}

=0

+ 2[Hy., (002 -, E(Rn,hu)’]} : (531



where gf, is the coulombic Gaunt factor for the initial
energy and photon encrgy under consideration, HE  isa
coulombic matwrix clement defined by Eq. {52} using
V{r) = ~1/r, and L is an integer sufficiently large so thae
the sum has converged to a predetermined accurzcy. A
graph of gffh hv) is given by Karzas and Later who
citcurnvented the slow convergence problem in Eq. {51)
by using hypergeometric functions. Applications of this
procedure are limited 1o the coulomb porential,

The method for obtaining a noncoulumbic egdbv), as
described in this report, never requires che evaluation of 2
Ze v In terms of coulombic Gaumt factors,
g5, hvd, ZPHA hu) must also be evaluated and then
ZHQ o) g5, hu} must be used as the desired Gaune
factor, However, Eqs. (51) and (53} give the desired
noncoulombic g (A, hv) for 2% = 1 when the mateix
elements are computed by DEGA-A using a realistic
potential,

2. Checks an Method. For the first check on the code,
we computed several Gaunt factors with Eq. {51) using
the coulomb potental, Wiz} = —~ i/r, and compared these
results with the Karzas and Lactter graph. Here compar-
isons were made up to, at most, three significant figures,
which is the maximum sccuracy for reading the graph.
Table i shows thar for several cases we were sble to
reproduce the Karzas and Latter values. in the remaining
cases, Eq. {51) had not converged for £ = 34, the maxi-
mum value of £ used in these caleulations.

Cold, normaldensity sodium (2511, £ = 2.264,
R; = 3.986) was arbitrarily used in rhe next check
{Fig. 8). Here, for low photon energics and low inirial
energies, the Gaunt fagtors using the sodiuen potential and
2¢% = 1 should approach the coulombic Gaunt factors.
Also, for large photon encrgies and large initial energles,
the Gaunt factors using the sodium potentiai and
2200 = 11 should approach the coulombic Gaunz factors.
In both cases, the sediom Gaunt factor for 1[1‘.!\»} is
compared with che covlombic Gaunt fagcror for
O HEET?  nur(zethydy,

3. Discussion of Screening. The general sereening
effects are noted for the smali clectron kinetic energy and
the small photon energy shown in Fig. 8. As the photon
cnergy ic held fixed and the clectron encrgy is increased,
the calculated Gaunt factor increases faster than would be
expected from the covlombic case. The qualitative season
for this follows. As the electron energy is increased, the
electron wave function samples in greater and greater
detail the structure of the atom (the shielding), and as a
result the effective charge 247 increases with increasing
energy. The result is that, relative to a coulomb potential,
the cross section is raised. However, as the energy of the
clectron and the photon increase, we eventually arrive ata

L o : ,
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Fig. &
4 comparison of coulombic and shiclded potential
(Nal) Gaune factors.

point where the wave function of the electron oscillates
sufficiently rapidiy chat it is essentially seeing the
coulomb ficld of the nucleus. The effective charge is then
the nuclear charge and we have agrcement with the
coulomb field results. This corresponds to the lower
right-haad curves of Fig. 8.

4. Numerical Results. The purpese of Table B is to
illustrate ¢ trend in the convergence rate for each of
Egs. (51} and (53) as a function of (A,,hv). An integer in
parentheses indicates the value of R for which the series
was terminated. For example, where {}.‘,hu) = {1.0, 0.01},
Eq.{51) has summed to 3.07 by 34 terms, whereas
Eq. (53) has summed to within 2% of the expected (con-
verged) value of 4.10 by three terms. Here convergence
means no change in the sum to the accuracy given in
Table 3. Also, for the coulombic ease at this encrgy pair,
Eq. {(51) has not converged for € = 34, For the (1.0, 10)
entry, both Eqs, (51) and (53) have converged by =3
for the sadium case, and Eq. (51) has converged by 8= 3
in the coulombic case.

Table 11 also shows that neither Eq. {51) nor {(53) has
converged for the entries labeled with footnete b. The use

11



TABLE N

CALCULATIDNS OF COLD, NORMAL DENSITY SODIUM
AND COULOMBIC GAUNT FACTORS®

lf‘ﬂ\..ﬂ!i} 8;;0‘,3'” ) Bye (?t‘.l'w) sﬂa‘l’h v}
from Karzas Calculated for Na Calculated for Na Calculated
l‘mﬂ hu(Ry) and Latter  Using Eq, ($1)  Using Eq. (51) Using Eq, {53)
0.01 0.000) 1.97 0.83(34}) 0.83(34) 1.92(3) 1.97(34)
8.001 1.32 1.20034) 1.20(34} 1.32(3) 1.32(34)
0.0§ 1.1 1,15(29) 1.09(29) 1.08(3) 1.09(29)
0.1 108 1.08(14} 1.11{14) 1.13{3) 1.11{14}
1.0 1.10 1.10(3) 1.51(3) 1.51(3) 1.51{9)
0.1 0.0001 3.65 i.34(34) 1.34(34) 31.64(3} 3.65(34)
0.001 246 1.41(34) 1.40{34) 2.45(3) 2.45(34)
0.01 1.58 1.53(39) 1.53(34} 1.58(3) 1.58(34)
0.1 1.2 1.21(24) 1.24{24) 1.24(3) 1.24(24)
1.0 1.13 1.133) 1.99(3) 1.95(3) 1.99(11)
10 0.0401 5.5 1.92(34) 3.01(34) 6.50(3) 6.59(25) 6.59(34)
0.001 4.2 1.92(34) 3.01(34) 5.20(3) $.29(25) $.29(34)
0.0} 30 1.97(34) 3.07(34} 4.62(3) 4.10(2%) 4.10(34)
0.1 1.95 1.89(34) 3.23(34) 32243 3.29(25) 3.29(34)
16 1.3} 1.31(15) 5.50{15) 5.44(3) $.50(15) 5.50(22)
10. 0.97 0.97{3) 37.4(3) 37.4(3) 37.47)
100 0.01 4.55 2.23(34) 27.5(34) 26.7¢3) 29.8(25) 29.8(34)
0.1 3.25 2.15(34) 27.6(34) 25.5(3) 28.6(25) 28.7(34)
10 209 2.06(34) 29.6(34) 26.6(3) 29.6(25) 29.6{34)
10. 1.20 1.20(10) 50.6(10) 49.4(3) 50.6(10) 50.6{16)
100, .59 0.59(3) 106.7(3) 106.7{3) 106.2(7}
160.0 0.1 4.55 2.28(34) 102,2(34) 82.6(3) 104.3(25) 104.5(34)
1. 330 2.31(34) 102.4(34) 81.7(3) 103.2(25) 103.4(34)
0. 2,08 2.05(34) 106.1(34) 85.8(3) 106.0(25) 106.1{34)
100. 1.06 1.06(10) 125.4(10) 121.0(3} 125.4(10) 125.4(15)
1000. 0.42 0.42(3) 117.7(3) 112.7¢3) 117.7%(7)
1000.0 10.0° 3.30 2.31(34) 187.3(34) 122.4(3) 185.7(25) 188.3(34)
100k 2.07 1.89(17) 187.7¢34) 129.0(3) 172.8(10) 183.1(17)
1000. 0.99 0.99(10) 141.3(10) 135.2(3) 141.3(10) 141.3(15)
10,0600. 0.36 0.36(3) 74.1(3) 74.1(3) 74.1(7)
10,0000 100.0® 3.30 2.31(34) 244.8(34) 132.1(3) 235.4(25) 245.8(34)
1000.> 2.06 2.03(34) 232.2(34) 139.5(3) 228.1(25) 232.2(34)
10,000. 0.98 0.98(10) 128.1(10) 122.4(3) 128.1(10) 128.1(15)
100,000. 0.35 0.35(3) 51.8(3) 51.8(3) 51.8(7)

%A1 values in this wble, with the exception of the Karzes and Latter entries, were computed with the DEGA-A code. An
integer in parentheses is the valuc of R for which either Eq. (51) or (53) was terminated to obrain the Gaunt faceor.

These integers illustrate the speed of convergence of Eqs. (51) and (53).

beither Eq. (51) nor (53) has converged.

12



of @ geometric sum enables the extrapolation of Eq. (51)
to results that should represent 2 lower bound to the
infinite sum. NMumerical checks indicate that this extrapo-
fation is good ta 10% or better. To derive this extrapota-
tien formula, let us simplify Eq. (51) by setting

Y =@+ BH, (b0

and (54)

2
v: =2H, .Q(J\',hu)

From calculations, we note that both (log Yg.%) and
(tog Y3 ) approximate straight lines for large values of £,
(The (log Y,,B) pair is not to be confused with the (A;,hv)
pair.} Figure 9 illustrates this point for (1009, 100). The
straight line far V) is written as

log Y; =5(-2+q , (55)
and two known points, (iog Y).2") and
{iog Y;r o1 £+ 1), are chosen to cvaluate s and q. Equa-
tion (55) can also be written as
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Fig. 9,

A graphic representation of the terms in Eq. (51)
and the extrapolation indicated in Eq. (56).

Y, = e9(e)2% {56)

Now using Eq. (56) to take the infinite sum for all 23 ¢',
we have the extrapolation formula

Z Y; = eH(1 - %)

e=g'

(57)

The above procedure is repeated using \’:. These two
extrapolated values are added to the number obtained by
summing Eq. (51) to =R '~ 1. The results abrained by
using this extrapolation formula are given in Table 111,

TABLE Inn
EXTRAPOLATED VALUES OF
GAUNT FACTORS
g (A hv)
8es (A D) for Na Ct’cul.ted
for )ﬁ culated Using Extrapolated
Using Eq. (51); Form of Eq. (51);
A hv 2 in Parentheses 2’ in Parentheses
1000.0 100 187.3 (34) 189.5(27) 189.9 (34)
100. 187.7 (34) 188.3(27) 188.3(34)
100000 1000 244.8 (34) 259.0(27) 261.7 (34)
1000, 232.2(34) 234.2(27) 234.3(34)
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APPENIMNX
DEGA-A

DEGA-A in s present form 15 a reseasch and not a
praduction cade. The wersian, whase listing follows, anly
ealeulazes bound-free absorptions. The code lists these
absorption cocflicients and makes plots as seen in the
previous section. With slight medifications in the cading,
tmuad-bound and free-free absorptions can be ealeslated.

There are several free paramcters chatr regulste the
accuracy of the code. Mast of these parameters are set at
he beginning of the code: however, a few are found
throughaut the code. The values in the listing will give av
least four-place accuracy. The user should feel free o vary
these parametess as he picases and at his own risk.

Data are read into the bound-free version of DEGA-A
with the following FORTRAN statements.

2 FORMAT (8F10.3)
7 FORMAT (1615)
133 FORMAT (F15.5,21%)
READ Z, Z, RR2 RR
iF (Z2.LT7.0.6) end job
READ 7, ISSMAX
READ 7, (NSUBSHL (1SS), ISS = I, ISSMAX)
READ 7, KWKB
DO 132 K= 1, KWKB
132 READ 133, XLAMWKS(K), LWKB(K), NWKB(K)
READ 7, IHNUMAX
READ 2, (HNUVEC{i{HNU), ACOFVEC(IINU),
THNU = 1, IHNUMAX)

A is the atomic number of the clement
under consideration.

RR2 is the same as r, on page 1.

RR is the same as R, on page 1. Units for
RR2 and RR are number of Bohr Radii.

ISSMAX is the number of subshciis under con-
sideration,

NSUBSHL(ISS) is an array that contains the number of

electrons in each subshell. The cnrries
arc read into this array in the order is,
2s, 2p, 3s, 3p, 3d, ctc., up to the last
occupied subshell. If any previous sub-
shell is vacant, it must be assigned the
value zero.

is tive pumber of bound wave functions
to be computed. The necessary free
wave functions are gencrated internally
by the cade.

KEWKB

KLAMWKB(K) is 20 array that contains guesses at the
eigenvalues of the bound stazes. Units
are number of Rydbergs.

LWEB(K) is ap array that contains the guantum
numbers £. €= 0 for 3 - states, 2= 1 for
p - states, £ = 2 far d - states, ete.
NWKB(E) is an array that contains the quantum
numbers n. n = 1 for the 15 state, n=2
for the 2s and 2p states, n = 3 for the
3s, 3p, and 3d states, ete.

For cach K, XLAMWKB(K), LWKB(K), and NWKB(K)
should be consisent with Eq. (39). These guesses at bound
cigenvalues can be read in any order. NSUBSHL{ISS)
should be defined for each of these guesses at a bound
cigenvalue.

IHNUMAX is the number of (hv, ope(hv)) pairs
from a separate source that one
wants to corapare with the results of
DEGA-A. This option is illustrazed
by the X's in Figs. 2 through 7. If
IHNUMAX equals zero, no
(hw, g, ( hv)) pairs will be read.
HNUVEC{IHNU) is the array that contains the hv's
given in clectron-volts,

ACOFVEC(IHNU) is the array that contains the
o, ¢(hv)’s given in barns/atom.

Data decks may be stacked one behind the other, The
job terminates normally when it encounters a negative Z,

15
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DEGA-A
(LP-129)

;EEG:AM DEGARINR, OUT, FILM) ~~ -~ = om mmesomms o e e
THENSTON XLAMARY(5001e LARY!1p1) e ALFARRY( )

oNSUHSHL {2A) ¢ NSHELL (100} ’ loote IﬂaxAQY(IGOD
CoOMMDN/SCHATCH/SCRATCH 1204}

BIHERSION AMIS(+0l)e AM2S(4011, JUANS(40])

ERUIVALENCE (SCRATCH{L), snts«l))- tscantcncboa). Au25 l!:-

H (SCRATCH(B03), JMAXS(1))

2 CF(3:402) s ATOP(301), ATOPF;402) e

1

1

DYHMENSTION AROOT2)

DIMEASTON BDUMER)

Couudn,sca3s 2, 7M1, RR2. AR, Af

COMMUN/ATMAKXZ  AF(S14402)s JHANF{4A2) e IMAXe
TMRAFs IMAXFPle IMAXBs TUAXNBD) Ci3:400),

DI"ENSION ABI5])¢402) ¢ JUAXB(402) s CB(S, 402} ATOP
EQUIVALENCE(AF (L) s aBIl)) e {JMaXF (1) Jngvutlll- BF‘O%L——""-'
{CF{l)y CA{1)ys (ATOPF (12, ATOPB(Y))
COMMUN/ZERPS/EPSCONVy FEMAXe EMY 6y EWATELE. EMDVDD, VAXDIM -~ -
BIuENSIo RkATRAT00 L
5 KLAMWKB (100} KB X .
COuMUN/PT/PTe TWoSPI v LWKBI1OL) ¢ NiKA(100)
COMMON/CRLZ HNUVEC(500) e ACDFVECESN0Y e NOD
co"quzﬁg‘ggg's“”“‘-a lb“INE IsEE; n0)e NOPTS, IHNUWAXe MM{100} s
ETHODS/METHODe TEMPLAM, CA3Fe CAPFPy THETAs THETAP:
Py = 3,1415926535%598 w 3
Hal!!tn s 196 Tvose! a.nfgg
Makpiv = 100
ECSCONY = 1,0Ews -~ - - - - -~
FRMAX = },0E200
EM1S 3 1.0E=8 : : e e e —————— e e -
EVATELE = 1,0E~5
EMDYDD = 2.0E-8 e e e
AMAXFAC = 25,0
EpPHI = 1,0E~ls5 - e
DRPMIN 5 1,0Ee8
DVMAR = 1,0E=é C o mmme e e o
ATORFAC = of
DHNU‘ ™ .l -- e s e e et mm—— ————————
ZZZFAC = 1040
NODIVNG = 70
XLaurFey = 3,0
KLAWFC2 = L2
MaKkE X AMFCY 46T, 1,0
caLt nnb(xs, AND XLAMFC2 oLT. 1,0
FARMAT (E24e 140 21IS)
FORMAT (aF10,3) -
FORMAT (SE25,14)
FORMAT (1615)
FORUAT (AF10.3)
CoNTINGE
MFAC 2 1
NOPTS w 00
KPHIMAY 2 0
IFRROR = 0
RMIN = 0,0
READ 2, 2y RR2s RR
IF(Z +LT, 0+0) GO TO 99p
RMAX = RR
P2INT 3, 2z, RR2, RR
Ml = 2 - 1,0
AD o ,6057#288,333333
RFAD 7, ISsSMAX
PRINT 74 ISSMAX

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

- DEGA

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

00002
00003
00004
0000S
00006
00007
00008
00009
00010
00031
00012
00013
00014
00015
00016
00017
00018
00019
00020
00021
00022
00023
00024
00025
00026
00027
00023
00029
00030
00031
00032
00033
00036
00035
00036
00037
00038
00039
00040
00041
00062
00043
00044
00045
00045
00047

- 00048

00049
00050
00051
00052
00053
00054
00055
00056
00057
00054
00059
00060
00061
00062
00063



133

132

1 XLAMWKGY LWKBe KWXQe ZZZFAC)

118

108
109

10
135

‘“C‘D Te (NSUBSHL(ISS). 15Sel, ISSHAK) -~ m—— - - e
PRINT 7¢ INSUBSHL(ISS)e 1SSale ISSMAK)
READ 7y K9KB

PRINT 7, KyKB

FORMAT tF15¢50 218)

0N 132 Kxle KWKB )
READ 133, xXLAVWKB(X)y LyXB(K), NwKAa(K)
PRINT 1, XLAMWKB(K)» LWKB(K)s NWKB{K)
XL AMARY (K) = X| aMWKB (K) s
LARy{K) = LyXB(K)
NSHELL (K) = NWKRB (K}
LaRY(xwkp ¢ 1) = el
IF(RR2 ,GE, 0,0) SCRATCH(1l) = yi(RR2)" - .
Calt VVv(RM!M-PMAX.DRMIN.DVMA:.AToPFac.lz.xganon.

IF11ERROR ,NE, 0) GO TO 99
12P1 = t2 *

I1SKIP 2 39MAXDIM ¢ &

1ECs = 1 « ISKIP

Do 118 I=1» 2

IECS = JECS ¢ ISKIP

CalL ECWR(ATOP(I41)s IECS, 14 IE)

CALL ECWR(C(1sI)s 3ECSe}s 39 YEY — —— -
PRINT 7, IMAX o f2

IMAXP] g IMAX o ]

IF{tMaxXP] +GT. 400) GO TO 109
Do 108 I=IMaXple 400

C(IQI)’ 0,0

Ct2el) = =1o0

Ct3y1) 2 0,0

ATOP(1) = 0,0

DO 10 Iz1e IMAX _
PRINT3, C(2sI)e Cl2¢1)s C{IsI)s ATOP(TeL)
60 10 49
CONTINUE
CALL ZZZ(XLAMARY, LARY. NSHELL s Knuluaxo HNUVECe NOPTS,

1 IHNUMAXe DHNUIY ZZZFAC)

136

137

138

139

140

FORMAT 72/

PRINT 3136

DO 137 KPHIZ1e KPHIMAX
PRINT 133s XLAMARY(KPHI) s LARY(KPHT)» NSMELL (KPHT) ——
PRINT 136

PRINT 3¢ (HNUVEC(IHNU)s THNU=], IHNUMAX)
PAINT 136

DO 13@ IHNUz1, IHNUMAX
ACOFVEC (IHNU) = Qeh

KwKgMax = 0

DO 139 xPHI=1, KPHIMAY
KWKAMAX = KWKBMAX o 1 :
NWKB IKWKBMAX) B NSHELL (KPHI)
LKA (KyKBMAX) = 10006 (LARY{KPHI) o 11 + LARy(KPHY)

XL AMWKA (KWKBMAX) = XLAMARY (KPHT)

IF(LARY (KPHI) .,EQe 0) Gp TO 139 - -~ - ; - -
KyK8Max = KyKaMax « 1

NWKR (KWKBMAX) = NSHELL (KPHI)

LwkpikWwkpMaX) = 100000 oY (KPHE) = 1)} ¢ LARYCKPHT)
XLAMWKB (KwKBMAX) = XLAMARY (KPHT)

CONTINVE

KwKg = 0

14MIN = ]

KwKA = KyKB o )

XLAMARY (1} = XLAMWKB (KWKB)

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

DEGA’

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

" DEGA

DEGA
DEGA
DEGA
DEGA
DEGA

- DEGA

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

‘DEGA

DEGA
bEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

17



141

162

143

49

146

107

152

151

18

MSHELL (1) =

NdKB(KWKBy —- - - - -

LPOS = | WKB(XWKB)/1000

LaRY (1) = LWKBIKWKB) = L PDS#1000 -
IF(1.0000001#485 (xLAMARY (1))

I4MIN = TGMIN ¢

60 TO 143

14MaX 3 IHNyMAX T -

MNMaX =

DO 143 I4=]64MIN , J&MAX

MNMAK = MNMAX o )

MNMAKPY & MNMAX o §

MMIMNMAX) 3
NN EMHMAK) =

1

MYMAXP : S —

XL AMAQY (MNMAKD]) = HNUVEEC(I4) o XLAMARYlll

LARY {MNUAXP1) = | POS

Nq“ELL(WNHBKP[’ z 0

LARY IMNMAXPY o 1) s =2

KPHIMAX = 0
CONTINGE

XPHIMP) = KPHIMAX ¢ 1}

L = LaRy(KPHIYP]) S e e

IFIL +EGe =1) GO TO 135

IF{L +ERs =27 GO TO 99

METHOD 5 2

IFIXLAMARY {KPHIMP]) oLT, Qe0) METHOD = 17

XL = L

XLLPL = Le(Lel) Tt T e e

XLLM]l = xL®(

TWOXL = 2,08X( ==

LM2 = L2
LMl 2 Le)
LP1 ® Le}
xLP1 s LP1

1IF (METHOD

XL AMHDA = XLAMARY (KPHIMP1)

XL=1.0}

LT HNUVFC(IQMIN)) GD 70 1‘2

£Qs 1) GO TO j07

SMALLK 3 SORT(xLAMRDA)

RMAX = (XLLP] ¢ 1en/XLAMBDA = 30.0) *SMalli ~—

RTMD = 10,0/%AMB0A

1F(rRTMe ,GT,
IFtaToptl2et
IFtaMax LLT,
6o 10 122

AMAX = 1,2%RMAX

JIERROR = 0
60 10 1190
arooT(1) = ¢

aroaT¢2) = 0,

INAY = 12
ATOD ( TMAKS1)

000D
calL ROOTUIV(KLAMARY(KPH[MPI)o XLiPls AROOT, lcNTRo Ic"*D' ICASED

TERROR,

i 1
PRIN! 3 KLA“ARY(KPHIMPI)' ARDOT(IIO AROOT(Z)
IFI{1ERRDOR +EQ, 0) GO TO 151 :

AMAY) RMAX o KTMP ’ .
1} +GTe RMAX) RMAX = lcnS'ATOPIIZ’I)
1,01) RMax » 1,01

0
° . e e o
1

PRINT 152, IERAOR

FORMAT (15 #
TERROR = O

RMAX SET T0 l.1ATOP(I2*1)®™) ~ —

RMay = 1,1#AT3P(1241) . . e e

60 10 122
’RMAX = ARCDT

IFlakoQT(l)

12) T

+GTe RMAX) RMAX = AROOQTI))

RMAy = RMAXFACeRMAY -

IF(RMAX LT,

1-01#ATOP(12+1) }RMAX 2 l.nl'aTOP(taoly

CoTm T s e e == == DEGA - -

DEGA
DEGA -
DEGA

" DEGA

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA -
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA -
DEGA
DEGA
DEGA
DEGA -
DEGA
DEGA
DEGA
DEGA -
DEGA
DEGA
DEGA
DEGA -
DEGA
DEGA -
DEGA
DEGA ~
DEGA
DEGA -
DEGA
DEGA -
DEGA
DEGA -
DEGA

DEGA™

DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

DEGA

00126
0o0l27
0012s
00129
00130
061231
00132
00133
00134
00135
00136
00137
00138
00139
00140
npolal
00142
001423
00144
00145
00146
00147
0014g
00149
00150
00151
00152
00153
00154
00155
00156
00357
00158
00l59
00140
00161
00l62
00163
00164
00165
00166
ooler
00l68
00169
00170
00171
0nl172
00173
00l74
00175
00176
00177
ool78
00179
00180
00191
00182
00l83
00184
001as
00186
00187



153
122
110

124
125

123
111

68

[

60

69

71

1
70

PRINT 153, RMAX B
FNRMAT (& RMAX = %, E20,10)

IMax = 12

DR = ATOPFAc-ATOP(IMAXoI)

gvunt ATOE(I:?X + 1) :

MALLK = SURTI{ABSIXLAMARY (KPHIMPL) ¢ (2.0 = X T

RTMP = ATOP (IMAXel) « ,soqAro;(tnA,oll - ATop%§::;TTMP,/RTMP’,
SmaLlky = SQIT(ABSIXLAMARY(KPHIMP]) ¢ (244 = XLLPJ/RTMP)}/RTMP))
IFISMALLKL oGTe SMALLK) SMALLK = SMALLK1

DRMAK = 6,28/SMALLK

IF(DR (GTe DRMAX! DR = DRAMAX
IMAX = IMaX ¢ 1

ATOP(IMAX+1) = ATOP(IMAX) + DR
IF(IMAX LEG. 40p) 12&» 123
?Réuztlzs

ORMAT (@ 400 INTERVALS WI N sp N
LS 999 LL NoOT A (ovRMASI:) .
IFtaToPtIMAXe]) ,GEe RMAX) 111, 110
ATOPtIMAX+1) = RMAX *
CaPR = RMAX

ATOPTMP = ATOS(IMAX o 1
Aroe{imax+l) = CAPR
GO TYU (681691, METHOD
NODIV = NUODIVNG
NOPIVPL = NODIV 1 C
AxLaMB (1) XLAMFC1oxXLAMARY (ePHIMPY )
axLaMptNODIVRY) XLAMFC2# XL AMARY (KPHIMPYY - ~——— - - -~
DaXLAMB = ABS(ALOG(ABS(AXLAMB(1)))

-
axLa 1 +6Te ARS(AXLAM vo vP X = -
EOL:gBI;Z' NOEI : AXLaMR (NODIVPYY)) D LA“a DAXLAMB

y (1) = «ExP(ALOG(ASS (AyLAMA(I ] DaxLAM
X_AMBpA = AXLAMA(]1) ¢ M xLA B’
6n T0 70
TEMPLAM o xLAMBDA R
NODIV = 4§  NODIVP) = NODIV ¢
AXLAMB(l) = 0,0 $ DXL AM = py/4_ 0
oo 71 f=1, NOOIV ¢
axtaMg(Te)l! = aAXLAMB(I) ¢ DXxLAM
CALL CaRSON(XLAMRDAY C(2+IMaAX) s MFACY cAPRI XLLPI

CaPF, CASFP, THETA, THETAP, 3ERROR) I
IF(IERROR +EQe 12} GO TO 146
CONTINUE
AR?OI(]) = goo $ < AROOT(2) = O,
catt ATPIVI(XLAM » XLLP T

LI, o’gon LLPLs AROO v ICNTRe ICNTpDe ICASEs

na ¢

1
PRINT 3, xLAM3DA, AROOT(1y, AROOT 3 -

8o

el

79

J2SSET
JPSFST
J>5MiIN
JPSMAX
Go 10 g
JasF S
J259IN NODIVP]#}

JPSMAX = NODIVP1 ¢ 20

025 = (XLAMST® - XLAMgTT) /19,0
AXLAMB{J25MIN) = XLAMST?T

AXLAMB (J25MAX) = XLAMSTP

1799IN = J2SMING]

IT9MAX = J2SMAX » |

DO 7Y 179=1794INys I79MAYX
AxLaMB(I79) = AXLAMB(I79 . 1) 4 D25

1
1

J2SSET
NODIVP)

4

Hnanwoan nae

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DeGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

DEGA -

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

ool8e
00189
00150
00191
00192
00153
00194
00195
0016
00197
00198
00199
00200
00201
00202
00203
00206
00205
0020¢
00207
00208
00209
00210
00211
go0212
00213

00214
00215

00216
00217
go2la
00219
00220
00221
00222
00223
00224
00225
Q0226
00227
00228
00229
00230
00231
00232
00233
00234
00235
00244
00237
00238
00239
00240
00241
00242
00243
00244
0024s
00246
002647
00248
00249

18



90 DD 29 gz J25WINy J2SMAX ~— T oot Tsmmmem— e mseem o o s

nonoonon

73

74
27
28

XLAMSTP = AX{AMB(J)

CaLL TAYLORFEXLs XLAMSTPs IERRORe AF° JMAXFe IMAXFe CFe ATOPF)
InKy = IMAXFP] + ] .

CALL TAYLORB(XLs XLAMSTP., IERRORs AB(]s IRKM), = "~~~

1 JMAXH (1BKW) s IMAXB. CB(YeTgKW) e ATOPR(IBKW})

CALL RBOUNDRy (IFCONV,e FRSTP)
. TROUBLE “AY ARISE cu:ss AN FIGENVALUE} IF FBSTP=0 TWICE
N A ROy

onon-°o¢oo...~ib

‘HEREs LATERs FIMD NEW ROOTS aAnD CHECK STABILITY CONDITIONSe
IF(IFCONy LER, 1) 73, Te
CAPLAMB = XLAMSTP
G0 TO 75
IF(J ,EQ, J2SYINy 26, 27 o Tt . T
lr(rusrrorusrn oLEs 0e0) 2By 26,
XLAMMID = o54¢XLAMSTP ¢ XLAMSTTY b
CalL YayLORF(xL, xLAMMID, IERROR. aF, JMAyF. IMAxF, CF, ATOPF)
IAKW = IMAXFPY + )
CALL TAYLORB(XLv XLAMMIDs, IERRORe AB(1+IBKW)

1 JMaxB (IBXw), IMAxB, CB(1,IBKy;, AFOPR(IBKW)) =~ ~ "

29

31
57

58
59

CalL BOUNDLRY (IFCONVs FBMID)

IF{FBSTT +GT. FHBSTP) 29, 30 :

FRTOP - FBSTT g FBROT = FBSTP g GO TO 3l
FRTOP = FBSTP S  FBBOT = FpSTT

IF ( (FBTOF +GT. FBMID) +aND. (FEMID +GT. FRgOT)) 324 57
PRINT s8 T s
prInt 56

PP!NT 59 e e e i ——— ———
PRINT 58

PRINT 58 - T e emmm oe =
FORMAY (® xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx:x“)

FURMAT(# FgMIp IS NOT geTWEEN FgTOP AND FBBOT, MaKE SURE a VALUE

1 OF LAMBDA WAS NOT MISSED,s)

32

105

106
86

88

60 TU a7 T T TT s mmT o s e

XLAMBg = XLAMSTT S x_AMB] = XLaMSTP

FrO = FRSTT $ FBl = FBSTP )
REGULA DDES NOT CHECX STARILITY CONDTTIONS,

calL REGULA(anMQO.XLAM91.Fao-ralocAPLAMg.MAxITEn.xL.xgnnon)
HERE» LATERs FIND NEW RODTS aND CHECK STagILITyY CONDITIONSe

IF(IERROR ,NE, 0) GO TO A7

IF(XCAMSTT oLTe XLAMSTP) GO TO 105

XLAYBO = XLAMSTP T

XLAMY] = xLAMSYT

Go TO 194 ToTT s T T e m e

X[ AuBg = XLAMSTT

XLAMH] = XLAMS ; o '

1F (xLAMBO .LE cAPLAMB LAND, CaAPLAMB ,LE, xLAMBl) 75, 86

paInNT gp

PRINT s

prINT gg

FORMAT(® CaPLAMB 1S NOT BETWEEN x.AMsrT ANo !LAMSTP. X aMSTTe Ca

1p 8B, AND XLAMSTP ARE o)

87
g2

83

PRINT 3, XLAMSTT, CAPLAMB, XLAMSTP

PrINT 58

PRINT sA

IF (U2SFST «EQ. 1) 82+ B4
JPSSET = 4

PRINT g3

FORMAT(# DIVIDE THIS INTERVAL INTO 19 EQuUal INTERVALS AND TRY AGp

1IN, &)

20

PRINT s8

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

DEGA °

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

"DEGA

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
0EGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

00250

0025)
002s2
00253
00254
00255
00256
00257
00258
00759
00260
00261
00262
00263
00264
00265
00266
00267
00268
00569
00270
00271
00272
00273

00274
00275

00276
00277
00278
00279
00280
00281 -
00252
00283
00284
00285
00286
00287
0n28a
002a9
00290
00291
00292
00293
00294
00295
00296
00297
00298
00299
00300
00301
00302
00303
00304
00305
00306
00307
00308
00309
00310
00311



PRINT 58 - - - T T e
6o T0 a1

84 PRINT g5
85 FORMAT(® THIS INTERVAL FAILED FOR THE SECOND TIME.

75
66

67

65

91
98

1

1

G0 TO THE NEXT INTERVAL, *)
PRINT 58

PRINT 58
Go 710 8o
GO0 T0(e5¢ 6h) s METHOD ' T
ALPHA = CAPLAMB 8§ ~CAPLAMB = XL AMBDa
PRINT &7, ALPHA, CAPLAMA

FORGET IT ANp

FORMAT (# ALPHA =%¢ E24414 * FOR XLaMBDA "oEgQ.[Q)

60 TO 127

CoNTINUE

Ivl = ¢

D = ATOPF(2)

DLP1 = DealPl]

JMAXBOT = JMAXF(1) = }
PPUMI1) = AF{1+2)/DLP]
PDUM(2) = (AF(2,2) = XLPl1aAF(1, 2)/0!/DLP1

caLL STURMSO(;F(zvjil JMAXBOTs PDUMe Ds IV2e IERROR)
Ivl = 1vl + 1v2

IF{1MaxF EQ, 1) GO TO 98 -
DO 91 IF=2¢ IMAXF

D = ATnoF(ltel) « ATOPF{IF)

CaLL STYRMSQ(AF(141IF), J"AxF(IF). AF(l !Fol|. Dy Ivz. _TERROR)

IVl = vl ¢ Iv2

CoNTINUE

DO 95 IR=1, IMAXB

IBKW = IMAXFPl + IB

D = ATOPR(IBKN & 1) = ATOPB(IBKW) ’

CaLL STURMSQ(AR(1¢1BKW}, JMAXB(IBKy) ABlleBKH°lln
Ds 1V2y IERROR)

95 Ivl = 1vl ¢ 1v2

128
127

33

129

136 fFORMAT(®

154

1

PRINT j28, IV]
FORMAT(# THIS WAVE FUNCTION HAS’oIq' . cnoss:ueS.-)
I1B8KW = IMAXFPRPl + IMAXBP]

FaC = Aatlvtaxw)/AF(l.!waxrﬂl,
DO 33 I=19 IMAXF

JJIJ = UMAXF(T)

DO 33 UF=ly JJJ

AF(JF 1) = FACRAF(JFe 1)
IF(CAPLAMB LT, 000) CALL NORMPHI (CAPLAMB, L)
PRINT 3, CAPLAMB

KPHIMAX = RPHIMAX ¢ 1}

Go TO(129+130)s METHOD

Ivitl = Ivl o L o 1

1F (NSHELL (KPHIMAX) +EQ, TViL1) GO O 154

IVl = NSHELL(XKPHIMAX) » | = 1

KPHIMAY = KPHIMAX = 1

PRINT 134

IVl
rus PREVIOUS WAVE FUNCTION SHOULD HAVE Hap®s I5¢

o CROSSINGS o,# FORGET THE LAST EIGENVALUE AND TRy SOMEMORE,s;

60 T0 28

1RAXW = IMAXFP1 ¢+ 1

PHIMING = ABS(AD(1+IBKW))

PHIMAX9 = PHIMINg

IF(IMAXB «EQ, 1) GD .TO 3185

Do 156 1B=2, IMAXB

InKW = IMAxFPy , IR

PH15 = ABS{AB(19]BKW))

1F{PHIg 6T, PHIMAX9) PHIMAXS = PHI%

" ‘DEGA

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

"~ DEGA

DEGA

" DEGA

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

‘00312

00313
00314
00318
0031¢
00317
00318
00319
00320
00321
00322
0c323
00324
00325
00326
00327
00328
00329
00330
00331
00332
90333
00334
00335
00336
00337
00338
00339
00340
0034]
00342
00343
00344
00345
00346
00347
0034n
00349
00350
00351

" 00352

00353
00354
00355
00356
00357
00358
00359
00350
001361
00362
00343
00364
00365
00366
00367
00368
00369
00370
00371
00372

00373

21



22

156
155

157
158

li2

113
114

115

116
17

121

CONY INUE ke i

DO 1597 IF=1s IMAXF

?:Ig"? ABS(AF(I;]F)) '
(PHIg T. PHIMAXO) PHIM .

HAIA LD x9) PHIMAX9 o PHI9

PRINT 1589 PHIMAX9s PHIVING

FORMAT(® PHI MAX AND MIN ARE®, 2g20418)

IF(PHIMING LT, PHIMAX9aEPHI) GO TO 13§

PRINT 155 .

FORMAT{® RMAX IS NOT A1G ENOUGH®)

KPHIMAX = KPHIMAX ~ )

GO TO 66

NSHELL (KHPIMAX) 2 3

IMAXARY (KPHIMAX) = IMAX

XLAMARY (KPHIMAXy = CAPLAMB

LARY(KPHIMAX) = (

IF(CAPLAMB LT« 040} 1124 113 -

ALFAARY (KPHIMAX) = 0,0

60 7O 114

ALFAARY (KPHIMAX) = ALPHA

CONTINUE

JwaxS¢y1) = JMaxF(l)

DO 115 I=1e IMAXF

amlsiy) = AfF(le])

AM2S(1) = AF(2,1)

IC = IMaxsPy

ID = IMAXF

DO 1ls =1y IMAXB

Ic = 1C=]

In = 1D+l

IeXy = IMAxFP1 . IC

aM1S(ID) = AB(1e1BKNW)

AM2S(ID) = AB(2418KW)

JMAYS(ID) = JYMAKB(IBKyy

DO 117 1=2» IMAXFP]

JmaxS(1y = 0

IMAxBF = IMAXB « IMAXF

IFCS = KPHIMAX ¢ &

1ECs) = TECS « MaxXpIM

IECGE = IECSY & MAXDIM

calL ECWRIJUMAXS(1)s IECSe 1v IE)

CaLL ECWR(AMIS(l)e IECS1s 1y IF)

CalL ECWR(AM25(1ys IECS2, 1, IE)

Do 121 1=3¢ I2P)

IFCS = TECS ¢+ ISKIP

I1ECS] = IECS + MaxDIM

1ECS2 = IECS1 ¢ MAXDIM

CALL ECWR(JMAXS(I)s IECS, 1 [

Cabl ECwR(AM1S5(Iy, IECS;, 1: %E;

CALL ECWRIAM2S(IVs IECS2e 1s IE)

IF(IMaX LEQ, 12) Gn TO 12¢

IECS = 40400 - 12y
IECS = IECS®(KPHIMAX = 1) & )
1FCS = 1ECS + I2®iSKIP

TJUMP = 400 - I2

INUM = IMAX » [2

17P2 = 12+2 i

CalL ECwr(IATOP(I2P2), IECs, INjM, IE;
IECS = 1ECS ¢ IJuMP '

CALL ECWRUJMAXS(12P2)e TECSs INUMs IE)
1ECSs = IECS + lJyMP

CALL ECWR(AMIS(I2P2)s IECSe INUMs TEI

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

0037

60375

00376

00377

00378

00379

003a0

0038}

00382
00383
003a4
0038S
00386
069387
00388
00369
060390
00331
00392
00393
00364
00395
00398
00397
00398
00399
00400
00401
00402
00403
00404
00405
00408
00AQ7
00408
00400
00410
0041}
004i2
00613
0nsle
00415
00416
00417
00418
00419
00420
00421
00422
00423
00424
00425
00426
00427
00428
00429
00430
00631

00432
00433
00434
00435



1ECS & 1ECS o TJuWp - T oTomosssssom—o————oo—- - DEGA 00436

CalL ECWRIAM2S(12P2)e TECSe INUMe 1E} DEGA 00437

126 60 T0 61 , DEGA 00438
26 XLAMOTY = XLAMSTP § FBSTT 3 FagTe DEGA 00439
25 contlyue : T DEGA 00440
IFLJEEFST «EQ, 2) anr 938 DEGA 0044)

61 aTOpiiNAX®)l) = ATOPTHP OEGA 00442
6o TV <9 DEGA 00443

99 IF (KPHIMAX +E2. p} GO TO 999 DEGA 0044s
DO 120 XPHI = 1, KpHIMAX DEGA 0044S
peinT ¥, Lafly (XPHI) o oo rrrrmm oo DEGA 00468

120 PRINT 34 XLAMARY(KPMI) o+ ALFAADY (KBHI) DEGA 00447
cabL MATELE (KPHIUAXY X[ aMARYs LaRYs ALFAARYe IMAKARYs 12¢ DEGA 0044y

] NSUBRSHL e [5SMAXy NSHELL) DEGA 00449
999 CONTINUE DEGA 00450
IF (KR LT, XuWKBMaX} G0 YO 14q DEGA 00451

145 FORMATIIGXs @ EVe,s [0K, BARNSIlroH’) oo o DEGA 00452
PRINT 1aS DEGA 060453
Y100 = ALOGIO(ACOFVEC(IYY DEGA 00454
Yent = YTOP DEGA 00455

DD 164 THNU=Y, THNUMAY o ) DEGA 00458
HNUVECTINNUY = 13+4n5PHNUVEC L THNU) DEGA 00457
PRINT 3¢ WNUVECIIWNUI Y aCOFVEC( THN) Tt - DEGA 0045y
ACOFVEC;InNUY) = alL0G1o(aCOFVEL IHNU)) DEGA 00459
IFCaCOFVECITIHNU) «GTe YTOP] YTAP = ACOFVECLUIMNYY - ) DEGA 00460
IF{aCOFVECIIHNUY oLTe YROT) YROT = ACOFVEC(IHNU) DEGA 00461

166 HNUyEC IHNYY = ALOGIO (HNyvEC(INNY) ) - ‘ DEGA 00462
caLL anvi(2) DEGA 00463
CalL DGat120e¢ 9g0¢ SO0y 310v HNUVEC(L)s HNUVEC{IHNUMAX): YTOPeYBOT) DEGA 00464
Call DLGLG DEGA 00465
Cal{ SBLOG T DEGA 00466
CalL SLLOG DEGA 006467
Call PLOT(IHVUMAXs HNUVECs 1s ACOFVEC» 1v 42¢ )} . DEGA 00468
READ 7, IMNUMAX DEGA 00469
PRINT 7, IHNJMAY Te s memme : DEGA 00470

IF LIHNUMAX +EDQs 0) GO TO 997 DEGA 0047}
REAND 2+ (HNUVECTIMNUY 9 ACOFVEC(IHNII} 9 THNII=1s IMNUMRX) - DEGA 00472

DO 150 IHMU=1, IHNUMAX . DEGA 00473
PRINT 34 HNUVECITIHNU)» ACHOFVECTIHNI) : DEGA 006474
HNUVEC({THNU) = ALOGLO (HNUVEC(IHNU)) DEGA 00475
150 ACOFVEC(IMNU) = aL0G1Q(ACOFVEC(IHNUY) - T DEGA 00476
call PLOT(IHNUMAXs HNUVECe Lv ACOFVEC» le 5S¢ oi DEGA 00477

6n 10 997 DEGA 00478
998 CONTEINUE DEGA 00679
CALL ADV(1S) QEGA 004890
CaLi EMPTY DEGA 004a1
END - DEGA 00482
SUHRVUTINE ROOTDIVIXLAMRDAY XLLPys AROOTs ICNTRs ICNTDe ICASEs DEGA 00483

1 IERRORY IFSTOP) DEGA 0usné
DIMENSTON ARDOV (2) DEGA 00485
COMMON/ATHMAR/  AF(S1eag2)e JMAXFlg4p2) 9 IMAX DEGA 00486

1 luaxrv TUAXFPY s IusXBe IMaAXBrls C(30400), DEGA 00487

2 {3e402)s ATOP(apyy, ATOPF {402y DEGA 00488
DY"ENSIDN AB(S1es02)e JYAXB(4q2) e CB(3.60730 ATOPB(4°2| DEGA 00489
EQUIVALENCE(AF (1) aB(111a (JMAXF(TY0 gMAXBIL) ) DEGA 00490

1 (CF(l)s CB(1))s (ATOPF(1y, ATOPB({}) DEGA 00491
ICNTR =z o ICNTD = 9 1 IERROR = g DEGA 00492

Do 1V 1=ls [IWAX DEGA 00493
If1=1 DEGA 00494
calL BINOM tX{aMgDa, XLLP}, I1, NOROOTS, ROOT), ROOT2, NODIV,pIV)1 DEGA 00495
NOROUT! = NORDOTS ¢ 1 DEGA 00496

GO TU(14, 11, 12} NOROOTY DEGA 00497

23




24

11

Ll A Lod
D NN

184
18

15
ae0
el
e2
14
23
26
25
10
16
'™
&5
29

30

26
A

35
37

47

49

('3:]

ab
3=a
39

60
42

41
63

IFttArap(l) JLE, RooT!Y

ICNTR = ICNTR ¢ |
AROQT(ICNTR) = ROOT]
IF(ICNTR LEQ, 2)15, 14
IF(RUOT) +LT. ROOT2) 284 27

TEMD £ QoUTI 3

IFCLATOR(TL

IF(ICNTR o€

1F LICNTD LEQ, 1)19, 20 .

G, 2)15, 14

ROOT!1 = ROOT2 _ S

IFINUDIV +EQe 1121+ 19

IF L (ATOP(])
1CNTL 2 3

oLE. DIV}

$ aDIvV = pIV] s

«AND, (DIVI .LT. ATOPCIe11))22y 19 -
IDIV=1 s

IFCICNTD oEQe 1)10¢ 23
JFINUDLY +EG. 1)24y 10
IF((AY0P¢1) ,LE, DIVY) ,aND, (otvx LT,

ICNTU =
CONTINUE

IF ((LCNTD +EQe 1) +AND. ,rcutn oE0.2))29, A4
(IENTR LgGe 0)) ;50 2§

s ADIV =

IFLILLENTD «EP41) 0 aANDe

1CASE = §
1casE =z 4

[ GO0 T

o n

IFC(ATOP(1) 4LE. ROOT1) +AND. (ROOT{ .er°2¥§p7foT7,;6.17
ICNTR = ICNTR ¢ )

AROOT(ICNTR) » ROOT1
IFCICNTR «EQs 2)15s 17
«LEs ROOT2) ,aNDs (ROOTZ oLT. ATOP(I+1)))118014
ICNTR = ICNTR o 3
ARODT (ICNTR} = RDOT2

G2 10 19

JAND, (RDOT! oLT, ATOP1141)3)13014-

ATAP(Te1))32%, 10
DIV] oIV = T

IF L(AROOT(1) oLTs ADIV! oANDs (ADIV oLTe AROOT(Z)))gln 30

IERROR 5 2
PRINT
FNRAMAT (®

ReTURN

IF(¢iCcNTD EQ, 0y AND,

1cast =

ATV = (ATQP(IMAX) + ATNS(IMAXe1)) /2,0

60 T0 31

IF(LICNTD «EQ. o)

1cAst 3z 2

$ 101V =

(ICNTR _EQ, 0))34, 35

vaXx

IF(XLLP] oLTe 4261 47, 46
IMAXP] = [MAX ¢ 1}

D0 48 1=2»
IF (aR0OT (1)

IDIV = f=}

1MaXPY
2LT, ATOP

ADIV = AROOT (1)

Gn 10 33
CONTINUE
Inlv = IMAX
60 _TO 38
101y = IMAx
1F (AROOT ()

aplv =z (ATOPUIMAX) + pTOR(IMAX+1)) 2,0

60 TO 33

oLTe ATOP!

aARpIV = (ARDOT()} + ATO

60 TO 31

IFe(leNTOD LEQ, 1y AND,

IFRROR = 1

pR!NT 1y ICNTDy ICNTR

FORMAT(#
RE TURN
IcASE = 3
17 (AROOTT1)
1EPROR = 3

IERRORal,

oLTs ADIV)

1)y 49, 48

1wax))ige 39

PILIMAX+1)1/2.0
(TCNTR _EQ

ICNTD s, 12, %

31, 43

+ANDe LIENTR EQ, 111374 40

.. 11181, 42

ICNTR =@,

12)

IERR0R=2s ICASET4e MaX 1S NOT BETWEEN THE TOW ROOTS,*)

- DEGA

DEGA
OEGA
DEGA
DEGA
NEGA
OEGA
DESA
DEGA
DEGA
DEGA
DEGA

© DEGA

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
BEGA

pEGA " -

PEGA
PEGA
DEGA
DEGA
DEGA

- DEGA

DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
CEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

00498
00499
00500
00501
00502
00503
00504
00505
00506
09507
00508
00509
00510
00511
00512

00513
00514

00515
00516
00s17
00518
00519
00520

00521
00522
00523
00524~
00525
00526
00527
00528
00529
00530
00sS31
00532
00533
00534
00535
00536
00537
00538
00539
00540
0054)
00542
006543
00544
00545
00546
00547
00543
00549
005590
00551
00552
00553
00554
005585
00556
00557
00558
00559



3

31

32

33

1
2 CF(39402)s ATOP(401)s ATOPF (&r2)

n

pRINT 3, AROOT(1)s ADly

FORMAT(® IERAOR=3s ICASE=3s AROOT(]’.GE.ADIV. ARODT(I’ =’9E20-100

1 #y ADIV a%y E20,10)

RETURN

IF(IFSTOP +E0e 1) RETYURN

{unx; = xgrv $ IMaXFP1 = IMAXF ¢ 1

MaxH z IMAX ¢ ] « IDI MAXRP1 =

DO 32 I=1» IMAXF v f IMAxAP1 TuaXS < 1
A;OPE{I) =cnfo;!Xi

CFt1°1) = C(loe s F [
crih = c«a.x: CF(2:1) = C(291}
ATOPF (IMAXFPL) = ADIV

I1 = IMAX ¢+ 1 § IIl = IMAX & 2
DO 33 1=} IvaXB

111 = 111-1

IRKW = IMAXFP) o I
ATOPB(IBKW) = ATOP(III)
él = J] =1

R(1¢IBKW) = C(l,1I1) [ ] €B¢z2 K : Cf T
Cal3*IRKW) = C(3sl1} (2,18 = Ce2o10)

IRKY =z IMAXFP1 o IMAXBP)
ATOPB(IBKW) = ADIV
RETURN

END

suaqourxNE BINOMtX_AMBDA+ XLLPis I« NOROOTSs RDOT1s ROOT2s
1 NODIVe DIV])

CoOMMON, AIMAX, AF(51,402y, JMAyxF (4a2), IMAY,

IMAXFe TUAXFP1e IMAXBe IMAXAP)e C(30400)¢

DIMENSION AB (51,402}, JMAxB(402), CB(3,402 atopa,
EQUIVALENCE(AF{]) AB(])) (JMA;F(y)' J"A';;I”' a2
1 (CF(l)s CBI1))s (ATOPF(l)y ATOPB(1))})

Bl = «(2,0%C(3y1) o« XLLPD)
B2 = =2,0%C(2e])

83 = XLAMBDA = 2,09C{l,eY) -
ARSHLl : ABS(8])

IF (AHSRY +LT, ABS(82)9),nE=12) 1v 2
IF(ABSBl «LT. apS(R3)#1,0e=12) 1, 3
ROOT! = -B2/83

NORQOTS = 1

NOOIV = 0

6o 10 5

RaD = Bo#H2 = 4.0%"R1*B3

Twogl = 2,01

NODIV 2 )

DIV) = =TWOR1/B2

IF(RAD oLTe 0401 4¢ 5

NOROOTS = O

60 10 ¢

NOROOTS = 2

RaD = sNRT(RAD)

T) = ARS(TWOB])

T2 = ABS(B2 * Rap!)

!F(Te‘ LT Tl’l.oE-ao' 7 8
FORMAT ( IS5, 3E20,100 * xxXX“#)

I1 =1

PRINT g9 Il TWwogle 82¢ RAD

ROOTL = 1,0E100

60 10 10

CONTINUE

ROOT! = -TW0OB1/(RA2 ¢ RaAD)

TY = ABS(TWOB1)

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

DEGA -

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

DEGA -

DEGA
DEGA
DEGA

DEGA -

DEGA

DEGA -

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

00560
00561
00562
00563
00564
00565
00566
00567
00548
00569
nos706
00571
00572
00873
00574
0057S
00576 -
00577
00578
00579
005480
00581
00582 °
00583
00584
00585
00586
00587
00538 -
00589
00590
00S91
00592
00593
00594 ~
0059S
0n596
00597
00598
00599
00400
00601
00602
00603
00604
00605
00608
00607
00608
00509
00610
00611
00612
00613
00614
00615
006l¢
Q0617
00618
02619
00620
00621

25



26

11

12

20

22
23
26
21

72 = ABS"BE * RAD) - . a - PR

;:«72 oLTs Tlel 0E=20) 11, 12
=2

PRINT gy I)e TWOB)y B2+ R

ROOTZ = 1,0E100 2 40 : - -

G0 TU ¢ ’

CONTINYE

ROOTZ = TW0B1/(=B2 + RAD)

RETURN

END

(8]
SUBRUVUTINE REoULathAMno.!LaMal.FeooFB1vCaPLAMaoMAKITERoXLoIERROR)

CoMuON/AIMAXZ  AF(S14402)
.JHMAXF (402) s IMaX
1 IMAxF' IWAprlp I“A‘B' IMAXBP] (':(3.20(.)).
2 CF(30402)y ATOP (401}« ATOPF 402!
gé3535103 AB(51,402)y JuaxR(402), CB(3I, “OP). ATOPB (402)
ALE CE(AF(la. AB(1))y (JMAXF(Y)y JMAXB(1))»

1 (CF(1)s CB(1))s (ATOPF(1), ATOPBI(1))
En:qgu/EDSI EPSCONVe FBMAX

ORMAT (2E24,14y 4E

O anon 2524, s 4E20,10)

DO 14 ITER = ls MAXITER

IF(FB) _EQ, FA0) 20, 21

IRKW = 1MAKFP] ¢ Imaxgey e
AFAC = antleI3KW)/ZAF (1 IMaAXFPL) @ 2

:ngu:oc = FBOJND/ARS(AFAC) ) oar '!"AXFPI,

aPLAMR = .5®#(XLaMAl ¢ xLaMao)

PRINT 22 aed . C o
PRINT 22
:z}:} 52. FBOUNDC» EPSCDNV

v CAPLAMEe XLpM

PRINT oo %] aMgls XLaMgO o
PRINT >
RETRN

K .
FORMAT (& XXXXXXXXXXXXXX!XXXXXXXXXKXXXXXXXXXXXXXXXXKXXXXXXXXXXXXX.)

FORMAT(# Fgl=Fg0s FBOUNDC = ®

= E2061040 EPScONY =#,p20,10)
FORM:T(o CAPL AMB =026 144000 = (,E26, 14420 0,226 14, ;s );2
ONEGAMp = (XLaMB) = XLAMRo)/(Fnl - FBo) ’ :
XLAMB2 = XLaM3l « ONEGAMa®FR]

. 1F (xLAMB2,EQ, xLAMB],0R, yLAMR2,FO, xi AMBA) 60 TO 15

call TaYiLORF (XL, XLAMB?- IERRORs aF» JM
aAX X
IFL{IERRDR oNE, 0) RETURN ! Fr IMakee cro ATOPF,
IRKW = TMAXFP] + 1}
CakL TAYLORR(XLs XLAMB2s TERRORs AR(1e1BKW), ot

1 JMaxXBIBcW)y [MAXB, CB(1l,1RKw)s ATOPA(TBKW})

15
16
17

IF(IERROR «NE, o) RETURN

CalL BOUNDRY t IFCONVs FROUND)
IF¢IFcOoNy LEQ, 1) 15, 16

CaPLAMBE = XLAYMB2 $  RETURN

1F {aBs (FROUND) T

1FRR08 L07 oG6T, FBMAX) 17y 19
PRINT 7

FORMAT (# IERQOR = 7y FROUND GTs FBMAX®)
A . x

LAMBg - XLaM3) s XL aMg XL Av

Fao 3 FR1 b ez

FRl = FROUND

IFRRUR = 8

PRAVT g+ MAXTITER

FORMAT (® PROBLEM

el BLEM DOES NOT CONVERGE WITHIN®sISe® ITERATIONS®)

EnD ’ ’
SUBROUTINE TAYLORF(XLes ALPHLAM, [EQROR, As JMAX» I¥aX, Cy ATOR)

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
0EGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

00622

00423

00624

00625

00626

00627

00628

00629
00630

00631

00632

00533
00634
00635
00636
00637
00638
00639
00640
00641

00642
00643
00544
00s4s
00646
00647
00448
00649
00650
00651
00652
00453
00654
00655
0065¢
00657
00658
00459
00660
00661
00662
00663
00664
00665
00666
00667
00668
00669
00670
00671
00672
00673
00674
0667S
00676
00677
00678
00679
00680
00681
00682
00683



60
61
62

3o gvaxlyy = ¢
1FRQOR = 0
D = Ayop(2)
c..'0QQ.o.“".....l.000.00Gll.'l0.".9l.i.'l....'.....O.'.Q..'.0.0GO'00'
¢ LEFT BOUNDARY CONDITIONS. THESE ARg ONLY TRUE FOR
c PHI(g)=0 WHERE PHIIR) Ig THE eIGEuFuNcrlnN.

c.0....090.00.l..'.l&...0'.'......'.Q...’...;O..l.'......QG...Q'..OO.GO.

cooooo.ou0“00000000oo0«..0ooo0.00000-0..00060'000060000Oigllonllc0000000

56
6%
66
67

YT I LLYTTTIET YT YT P LT FFTTL Y TFETTRT TY FRFETTY LT FEY FPTTV T TTT YV T T

00.0.0006”06no0000000..00000.00.00.0.0.000.500.000000§§QGGGGOOOO#O.’“OQ

63

64

oooobolo*aaaoooooanoooob0000900ooeono#u'!i;i.n.ooonin.DQQOQQQQQGOQODng

DIMENSION A(S1,1)s JMAX(1)s Ci{3.4), ATAP(1) -

COMMON/METHODS/METHODs TEMPLAMe CAPFe ~APFPs THETA. TH£7AP

CAMMUN/EPS/EPSCONVs FUMAX. EMI6
60 TO (60 61)y METHOD

XLAMBDA = ALPHLAM

GO TO g2

ALPHA = ALPHLAM

XLauBDA = TEMBLAM

CONTINUE

D0 3V I=l» IMAX

Atlydy = 0,0
A(2,1) = 140

Call TAyLOR1(A[l,1ys JMAxrly, D, yi AMBNHA,

XLe Cl)el)s Ct2¢1)» EM]6e JERROR)
IF{TERROR +EQs 9} RETURN
RP =z ATOP(2)
CALL POLYQP(AC1s])s JMAX(])s RRs P)
Atlee)ys peRReax|

Call POLY1P(A(1,1), JMAX(1), RR, DFRIVP) -

at2¢2) = (DERIVPERR + POX ) ®RRe#(XL=1ep)
tFtiMax ,EQ, 1) g0 T0 37
IB0T = 2

60 TV 5@

ENTRY TaAYLORB

DO 54 t=le IVAX

JMAY (D) = 0

Go TO (65o 66)» METHOD
XLAMEDA = ALPHLAM

60 10 g7

ALPHA = ALPHLAM

XLAuBDA = TEMOLAM

CONT INUE

IFRROUR = o

1ROT = )

RIGHT ROUNDARY ,Repe CONDITIONS,

HERE aly1,11 IS aN

aR3ITRARY CONSTANTS THE MAGNITUDE OF PHI(ReBede a(201)

THE DERIVATIVE OF PHI(R,B8,) MnRMILIzEn

GO0 TU (e3¢ 64) , METHOD

CONTINUE

&ilel) = le0E~140

at2+1) = =SEITLABSEXLAMADA) I #AL1s1)
Go TO 58

THETA] = THETA ¢ ALPHA

COSTHE1 = COS(THETAY)

Arlely = CAPFeCC{THE]

TN Al Dy,

Al2e1) = CAPFP®COSTHE] = CAPFO®THETAP®SIN(THETA}!

58 XLL = XL a(XL+e1e0)

]

DO 25 I=IH0Ts IMAX
D = Atoptiel) « ATOPLI)

calL TayLORS(at1,I)e JMAXtI)s ATOP(I), Dy XLAMBDA,

XLLe Ctlal)s Cl201)e C(301)e EMIG,

IERROR)

is

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

DEGA -

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
0EGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DRGA
DEBA
DEGA
DEGA
DEGA

00684
00685
00686
00687
00688
00689
00650
00651
00692
00693
00694
00695
00696
00637
00698
00699
00700
o070l
00702
00703
00704
00705
00706
00707
oor08
00709
00710
00711
oo7l2
00713
00714
0071s
0071s
00717
po71a
00719
00720
00721
00722
00723
00724
00725
00726
00727
00729
00729
00730
00731
00732
00733
00734
4073S
00736
00737
00738
00739
00740
00741
00742
00743
0074&
00745

27



28

3
4

S

n N

11

12
13

14

15
16

17
18

!F(IERRDR +EQ. 10) RETURM -

Call POLYpPIAC( sT) e JMAK(I)s Do Aflvl"’)
Cal{ POLYIP(A{L1,1)s JMAX

25 CoRTINOE ’ {3)e Do A(20141))
37 RETURN

END
SUBROUTINE ROUNDRY (IFCONVe
COMMUNZATIMAX/  AF(515402),

1 IMaxF, IMAXFP], IMaxB,

2 CF(32402)y ATOP{4O]) s

FROUND) _

JMAXF(4N2) e IMaXe

IMAXBPly C13,400),

ATOPF 402)

DIMENSTON AB(51+4023, JwaxBt402), CB13,402), ATOPB(402)
{JMAXF {1) s JMAYB(])
1 (CF(1)s CB(1))s (ATOPF(1)s Aropéti)) '

EQUIVALENCE (AF (lys AB(1ly}

COMMONZEPS/ZEPSCONV, FgMaX

yOU ARE LIVING DANGEROUSLy IF yOU LET IMayF=), |
IN AN UNDETECTED DIVISION g8Y ZERO OR AN UNDETECTED L0SS OF accURag

I (IMAXF +EGa 1) 19 2

THIS May RESu

IF(ABS(AF (Lo IMAXFPI)) L1 Te ABSEAF(ToIMAXF))®#1,0E=6¢) 3, 1

IRKW = IMAXFPL + IMAXB
IBKwpl 2 IBKW & 3

IF(ABS(AB(1vIRKNP])) oL T, ABS(AB({sIBKW))#]1,0E=4) 35

PRINT &

FORMAT (# IN pANGER OF DIVIDING 3Y ZgRO, OR aTLEaAST LOOSING ACCU
192CYs #)

IRKW = IMAXFP) , IMAXB®) ) ) T

FaC = AB(]OIBKH)/AF(lgIHQKFPl)

AFAC = FAC®AF (24IMaAXFP1)
FRO\ND = AFAC - AB(2,18Ky)
EPSC = ABS(AFAC)“EPSCONV

IF{ABSt{FBOUND) LT, EPSCI £e 7

IFCONy £ 1§ GO 10 @
IFCONY = ¢

RETURN

END

SUSROUTINE STURMSQ(Aals J4aXys A2e ne IV2e TERRORY -
DIMENSION Al(2)s AP(2)s CPI( 51)¢ CPIPYI S1)

COMMUYN ,SCRATCH/SCRATCH (604)

EQUIVALENCE (SCRATCHI1)s €T (1)) (SCRATC“(SZ)l cnlvlc1a)

IERRUR = O

Juaxl o gMaxy

IFID +LTe 040) 21¢ 12
ISIGN = el

Go TO 13

ISIGN =

Ive = ¢

J1 = JMaxlel

00 14 Js=ys JMAXI

Jl = gl - 1

cPl¢dy = A1(d)
CrIPLtY) = (Jl=1)8CPI (Y
JUAXIP1 = UMaX]el

Po = CPI¢JMAXI)

PD = A2(1)
P10 = cPIPY(IMAXIP])
P10 = a2(2)

IF(Plg «EQs gs0) GO TO 35
1IF(p0epl0 +LTe 0,0) 154 1l
Iy2 = tv2 + 1

IF(P1D (EQs 040} GO TO 17
IF(PVeP1D LT, 0,0) 17, 18
Iv2 & jy2 = 1

FAC = cPI(1)/CPIPL(]}

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
0EGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

00746

00787

00748

00749

00750

00751

00752

00753

00754
0078S
00754
00757
00758

00759
00760
00761
00762
00763
00764
00765
00766
00767
00768
00769
06770
00771
06772
00773
00774
00775
00776
00777
00778
00779
00780
0678])
00782
on783
60784
no78S
00786
00787
00788
00789
00790
00791
00792
00793
00794
00798
00796
00797
00798
00799
00800
00801
0002
00803
00804
00805
00806
00R07



ZERD = ARS(CPI{]1))#l.0E=11 : Tt T
Do 19 J1=2s JuaxiPi
19 CPI(Y1) = CPI(J1} o FALSCPIPYI(J1)
NNZEHO = 1
Do 20 Jz2» JMaXl
IF(avscPltJd)) LLT, ZEROY 2yy 21
20 NOZERO = NOTER0O o 1} ’
60 10 o9
21 Jmaxl = JMAx1 - NOZERO
Dh 22 J=1v JMaxX!
22 cpl(J) = CPILJ+NOZERO) T ) o
IF(JMaxl LT, JUMAXIPL) 23, 18
23 JMIN = gMAXT o §
DO 2% J=JMINe JMAXIP]
24 CPI¢Jy c 0,0
DO 2% J=1s JMAXIP]
TEM® = CPI(J)
CPl¢vY) = CPIPY(Jy
25 CPIPl(Y) = =TEMP
JTEMP = gMAXI
Juayxl = JMaxIP)
Juaxlpy = JTEMP
PO = P10
fD = P10
P10 = CPIP1 (JMAXIP1)
1D = ¢PIP1(])
IF(JMaxIP1 (EQ, 1) 284 26 ~
26 DO 27 J1s2s JMAXIP]
27 PID = pipwl + CPIPI(YY)
28 IF(Plg EQe 0e0) GO TO 29
IF{PU2P10 +LT. 0,0) 29y 30
29 Ive = fv2 +
30 IF(PLID LEQe 0.,0) GO TO 33
IF{pUSPID LY. 0,0) 31, 35
31 Iva = IV2 = 1}
35 IF{JMAXIP]1 «EQ. 1) 99 18
99 Jve = SIGN®Iv2
IFCIV2 LT, 0) 32, 34
32 1eRROR = §

PRINT 33

33 FORMAT( ¢ Iv2 IS LESS YHAN 9, & ") ~— "~~~

34 RETURN
END .
SUBROUTINE YYY(RMINs RMaXs DRMINe pVMAXe ATOPFACe I32¢ IERROR»
1 XL AMWKBs LWKBs KWKBs Z22FAC) ’

_ DIMENSION XxLAMWKR(1), LWKB(1)
"x;QyMON/AzMAXI AFIS1e4n2) e JMAXF(4p2) 0 IMAX,
1 % IMAXFo IMAXFPle IupaYBe IMAXBRle C(3¢400),
2 CF(3,402)s ATOP(4g1), ATOPF(402)
DIMENSION 28(510402)y JMaXBlggale CBIavap2) e ATOPBI4p2)
EQUIVALENCE(AF (1) s AB{1) )y CUMAXF(1)s JMAXB(1))s
1 (CF(l)s CBUY))s (ATOPF(1y, ATOPB(1))
DIMENSION A(3s &) -.
DIMENSION XLAMDIM(10)e X DIM(10)
comMuON/CB3/ 2, ZM1, RR2, RR, Ap
2 FORMAT (/7/77)
1FRROR = 0
XLAMMAX 2 0,0
LMAX = 9 -
DO 65 1=1y 10
XLAMOIM(I) = 0,0
65 XLDIM(I) = 10(I=y)

DEGA -
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

DEGA

DEGA
DEGA
DEGA
DEGA
OEGA
DEGA”~
DEGA
DEGA
DEGA

DEGA

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA -
DEGA

DEGA -

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA -
OEGA

DEGA -

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

0808
00463
0o8io
00811
00812
00813
00814
008ls
00816
00817
oogls
00819
00820
00821
60822
00R23

© 00R24

00825
00826 "
00827
00828 -
00829
00830°
00831
00832
004335

00834

00835
00836
008137
00338
00839
00840
00g61
00882"
00843
00844
00845
00846
00847
00848
00849
00850
00851
00R/52
60853
00854
00855
00856
00857
00858
00859
008560
00g61}
00862
00863
0064
00865
00866
00gs7
00868
00869

29



30

66

68
69

£3

64

62

S0

51
37

21
én

59

22

D0 66 151, KwxB . . )
IF(XLAMWKBIT) oL Te XLAMMAX) XU

aMMax = XxLauwkatr)
IFILWKA(T) oGTs LMaX] L¥aX = LWKB(T) v
J = LwKB¢I) & 1}

IFIXLAMWKBIT! oLTe XLAMDIMCU)) XLAWDIMIJY = XLAMWKBE]) ~ =" =~~~ -

CcoNTINuE
LMAaXPy = LMax , 3
XL DML MaX ¢ 2) = | MAXP]®
LMAX = | MAK & 3 LUAXPI®(LMAX o 2)
XLAMOIM(LMAX) = FAC®AR .
ALDIM(LMAX) = o,ﬁz’ 8RS (xLAMMAY}
FORMAT (2E20.10)
Do ¥ L=1s LYAX
PRINT ggs XLAMDIM(L)s XLDIM(L)
IF(RR2 ,GT, 0,0, GO TO 62
IMAx =
DR = ABS(RR2) : - el
ATOP(2) = DR
Ctlely) = 0,0
Ci25l)z =160
Ct3,1) = 0,0 . e
DR = ATOPFACeATOP(IMAX41)
IF(DR GTe DRMAX) DR = pRAMAX e
IMAX = IMAX « 1
ATOP(IMAXel) = ATOP(IMay) o OR
Ctlelvax) = 0,0
C(2sIMax) = 1,0
C¢3,IMaxy = 0.0
IF(ATOP (IMAX®]) GEe RMAX) g4 &3 - -
ATOP(IMAX*]1) = RMAX
12 = IMAX
Re TURN
IMax = ¢
12 =20
IREGL 2 2
IREGE =
OPAF = 1,0 ¢ ATOPFAC
RROT = RMIN
IF(RR2 ,GEs RYAX) 50¢ 51
RT0P = mMAX
IFINISH = 2
6o 10 37
RTOP = AR2
IFINISH = O
DRTR = RYOP . REOTY
R) = +3%DRTB
Tl s
AlLL DRMAXSB(DRMax, Ry, R2, xLaAMDIM, xiDIM, LM
1IF{pRTE +LEs nNRMaAX) Go'ro E,x AMDIM, xLDIH, LHaxy
RTOP = [OT ¢ DRUaX
IFINIGH = 0
IF(IREG2 «EQe 3} 6g* 59
IF(I2 ,EQe 0) 12 = IMAX
[MAx = TMAX »
Clle IMAX ) = 000
Ci24IMaAx) = =1,0
Ce3,IMax; = 0.0
Go 10 61
DR = RTOP = RROT
DDR = DR/9.,0
1F(D" LT« DRIVINYy 22, 23
PRINT 3

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

00870
00A71
00872
00873
00874
0087S
00876
00877
00878
00879
00880
00pRY
00882
00883
00384
00885
00886
0nss8T
go868
00889
00990
00891
00892
00a93
00R9¢
00895
00896
00897
00898
00893
00900
00901
00902
00903
0N904e
00905
00906
00907
00908
00909
00910
00911}
00912
00913
00914
00915
¢o9l16
00917
00918
009l9
00920
00921
0022
00923
00924
00925
00926
00927
00928
00929
00930
00931



) AP T

23

33

34
35

ConnancnnatensoddoRonas®adtoonontainatlalaltotanientodsdnpinodssbatatioy
CPnottootatonontlonsnpatadiataatondaslettttt o dissbuosdosdoatstadoastsiion

C
c

Caoncoaadotanaotitdadsnsulioonoolates l sletslalectnsdadoundostoisstadattag

ca

CPe0aB0000 7 R00attEENRtaRoldtDonNenslos taadttelasslreatotlsctasensadodbag

61

31 IF(IMAX LT, &4QU) 2By 32 Tt T
32 prINT 7 . . _.
7 FORMAT (s THE vaxIMUM NUMRER OF INTERVALS ywILL NOT SPAN (RMIN, RMay
11.%)

28

58

I T T P T AT PV PT T PV Y LT YT TR IA XTI YT LTI LFL AT YT 2Y YL T
CooBoBaslaVoREBatoRNoRRRORGROIOTRORRaRtaRt Rl BioalleddarocResdadatsaddos

¢

L L T Y T YT Y P T YT T Y TY RSN T Y P Y FYYY T T PP PR TS TTY FETTI

S7

FnRuAr (& AN INTERVAL AL pNG THE R-axIS GOT YOO SMALLLO)—— —— -~~~

PRINT 4+ DRs DRMIN .
FORMAT (® DR =09£20,104008410Xs#DRMIN =#9E20,10)
16R0R = 21

FORMAT (e 1ERROR =®; I5)

PRINT &, IERROR

PRINT 2

Go 7O 99

R] = RADT S R3I'ZRTOP $ R2 = (R] ¢+ RI/2.0
IFial .17, 1,0E=200) 33, 34

A¢3,4) = 0,0 $ GO TD 35

A(3+4) = R1®R19V(R})

A(24%) = R20R20Y(R2)

A(l4%) = R3#R30V(R3) o

Allsl) = RI®*R3 $ Al2s1) = R2%R) $ Atf3e]) =
atledy = R3 [ al2e¢2) = R2 $ A(332y = g1
Arled)y = 1,0 8§ At2,3) = 1,0 ¢ A4(3,3) =1,0

CALL MATPAC(~1» Ay 3» 1¢ DETs p.0s 1F SING)
cratl = a(lydy $  CHAT2 = A(2.%) $ cHATI =

R=v 1S NEVER USEPe WE WILL ONLY BE WORKING WITH
WHERE V(R) .NE. 0 FOR R ,NE, O,

R = RpoT
DO 24 J=1v 8

RI%#R) T

(344

Vs

R =R, DDR ’ N ST T

VR = VIR) L

p & CHAT1 ¢ CHAT2/R ¢ CHAT3/(Rep)

xXJ = J

FORMAT {4E20.10)

PRINT 1s XJs Ry VRy P

1IF1aBS(yR o Py, yR) LT, DyMAx) 24, 25
CONTINUE

1nEGE = IREG)
IMAx = IMAX ¢ ]

Cr1elmMaX) = CHATY §  C(2eIMax) a3 CHaAT2  §  C(3.IMaX) =

aror{iMax ¢ 1y = RTOP
1F (IFINISH +EQe 1; 99, 31

I1FRROR = 22
BRINT 6, 1ERROR

PRINT 2

60 TY 99

REOT = ATOP

1F(I1REG] ,EQ, 3y S8, 57

DRTOP = ATOPFAC®RTOP

Rl = RYOP .

R7 = RTOP ¢ ,56(RTOP = ATOP(IMAX))

CalL DRMAXSBIDRMAXe Rls R2s XLAMDIMs XLDIMe LMAX)
IF(NRTOP +GT. DRMAX) DRTOP = DRMAX

RTOP = RTOP + DRTOR

60 TY 52

THIS CARD DEYERMINES MaxIMyM INYFRyaL LENGYH,

IF(IMAX JEQe 1) 40, 4}

CHAT3

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

00932
00933
00934
00935
00936
00937
00538
00939
00840
0094}
00942
00943
00944
00945
00946
00947
00948
00949
00950
00851
00952
00953
00954
00955
00956
00957
00958
00959
00960
00961
00962
00963
00964
00965
00966
00967
00968
00969
00970
00971
00972
00973
Q0974
00975
00976
00977
00978
00979
00980
00981

00982
009p3
00984
009865
00986
00987
60988
00989
00990

00991

00992
00993

31



an DR1 = DR - e T s romemmoso o DEGA 00994
DR2 = DR DEGA 00995
Dp3 = DR o ) ’ 7 DEGA 00996
DRé¢ = DR DEGA 009597
DRTMP = DR ) DEGA 00998
Go 10 42 DEGA 00999

41 DRS = DRe ' DEGA 01000
DR% = pR3 DEGA 0l001
DrR3 = pRr2 DEGA 01002
DrR2= DR} DEGA 01603
pel 3 prR ’ o ‘ DEGA 01004
DRTMP z (DR] 4 DR2 « DR3 « DR& » DRS) /5.0 DEGA 01005

42 IF(2:0oDRTMP LT, ATOPFAC®RTOP) 4g¢ 47 T T 7 DEGA 01006

46 RTOP = RTOP + 2,0°DPRTMP DEGA 01007
Gn TO 48 ) ) ‘ DEGA 01008

47 RTOP = OPAF®RTOP DEGA 01009

48 R) = RROT T T DEGA 01010
R? = RBOT ¢ ,54(RBOT o ATOP(IMAY)) DEGA 01011
CalLL DRMaXSR(DRMaXs Rle R2s XLaMDIMs X{ DIMs LMaX} ) DEGA 01012
IF(RIGP = RBAT +6T. ORMAX) RTop = RBOT * pRMAX DEGA 01013
G0 TU (54, 53) » IREG) - T T DEGA o1nls

54 xr«nlop «GE+ RR2) 559 53 DEGA 01015

55 RTOP = RR2 T - o s T CEGA 01016
IREGL = 2 DEGA 01017
60 Y0 52 ’ T DEGA 01018

53 IF(RYOP ,GE, RR} 5g¢ 52 DEGA 01019

56 RTOP = RR ' : DEGA 031020
IREGY = 3 . ) L . DEGA o1n21

CoR PR NN ONaRaelRINadBOPIRIANSBRIRlaBAaddB R IaRadODOBRLRBIRRRREREORO, DEGA 01622

S2 Ir{QMax ,LE. RTOP) 26» 26 DEGA 01023

29 RTOP = RMAX s IFINISH = 1 ~ o T T DEGA 01024
6o 10 21 DEGA 01025

25 IREGL = IREG2 T oo TTr s T o DEGA 01026
IF(IMAX LEQ, 0) 43y 44 DEGA 01027

44 IFC DR LT, ,59DRTMP) 43, 45 : ' oo TT DEGA o1d28

43 RTOP = R2 DEGA 01029
Gn TO 28 T T CooTTmrr T DEGA 01030

45 RY0D® = RBOT » ,75#DR DEGA 01031

26 IFINISH = 0 CT o DEGA 01032
6n 10 21 DEGA 01033

99 IF(12 ,EQ, 0) 12 = IMay - ) DEGA 01034
RETURN DEGA 01035
END L DEGA 01036
SUBRUUT INE DRMAXSB(DRMAXs R1s R2y xLAMDIM, XLDIMe LMAX) DEGA 01037
DIMENSION XLAMDIM(1)9 XLDIM({]) 0EGA 01038
SMALLK = 0,0 DEGA 01039
R12 = 1,0/R14#2 DEGA 010%0
R?2 = 1,0/R2842 DEGA 01041

2 TVRY = 2,neV(a1y DEGA 01042
TVR2 = 2,0%V(R2) DEGA 01043
DN 7V L=1s L™aX DEGA 01044
SK = ARS{xLAMOIM(Ly o TVR] . yLDIM{L)aR12, DEGA 01045
1F{SK oGTe SMALLK! SMALLX = SK ' DEGA 01046
Sk =.aRS(XLAMDIMIL) = TVR2 = X pIMIL)®R22) DEGA 01047
IF(SK 6T, SMALLK) SMALLK = SK DEGA 0]048

70 CONTINDE DEGA 01049
DRMAX = ¢ 28/SQORT(SMALLK) i DEGA 01050
RE TURN DEGA 01051
END T DEGA 01052
FUNCTION V1(R) DEGA 01053
coMuON/cR3/ Zv IM1, RR24 RRy AD DEGA 01054
FN2Z = 1,0/{1.0 « A02RR2) DEGA 01055

32




19

14

16

15

18
11

10

FNZ = FNZZ#o2#(2,00A00qQ2%FNZY o 1,0)8ZM) - - -~ -

Al = RR/RR2w8{ZM]/FNZoFNZZ#92 = 1.0) ¢ 1«5
VV = ZMI/RR

AQRR z AQ®RR

FNZSHRRM = =FNZ/RR

ENTRY v

1IF{R ,6T, RR) GO 1O 3

X] = R/RR

IFIR +6Ts RR2) GG TO 2

31 = VVI(XIO(%.O + AQRRox)1)#e2)
} = =V)] * FN snnnb(x *823/2,0 - -

Re TukN 1 1%%2/2.0 - AY) is0/R

V1 = FNZSRRM# (] ,0/x] +» x1##2/2,0 . 1,5) « 1,0/R

RETURN

vy = 'IUO,R

Rg TURN

END

SUBRRDUTINE MATPAC (IJOBs as Ny Me DETe EP, IF SXNG)

DIVENSION A(3, 4)

IF SING = 0

DET = 1,

NPl Nel

NPM = NoM

NM1 = Ne)

1IF(1JOR) 2y 1, 2

DO 3 I=ly N

NPI = Nel

Atl.Npy) = 1,

191.= Is1

IFIN = IP1) 24 19¢ 19

Do 3 y=iPls N

NPJ = NeJ

Atls NPJ) = 0,

AtJs NPEY) = 0,

D0 & J=1, NM1 : - ©-

C = ABS(atlJsd))

Jrl = el

DO S 1=JP1y N

D = A8S(A(Ie¢U))

IF{C=D) 69545

DET = .pET

DO 7 K=Js» NPM

B = A{l4K)

AT Ky 3 A(JeK)

AtJeK) £ B

cC =V

coNTINyE

IFt ARS(A(JeJY)I=EP) 14s 150 15

DET = 0,

xF(!JOB) 16, 16, 17

1F sING = 1

RETURN

DO 4 1= JPle N

CONST = A(IsJI/ALJ0 I}

Do 4 K= UPly NPM

AlI4K) = AlI4K) < CONSTaa(J,K)

IF{ ABS(A(NsN}) = EP) 14,y lgs 18

0o 1l I=1y N

DET = DET®AlII)

1F(IJ0Ry 10, 10, 17

DO 12 1214 N

K = Nafel

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
0EGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
PEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
0€GA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
O0EGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

01056
01057
01058
01059
01060
01061
01062
01063
010gé
01065
41066
01067
01068
01069
61070
01071
01072
01073
01074
01075
01076
01077
01078
01079
01080
0108}
01082
01083
0108%
01045
01086
01087
01088
1489
01090
01091
01092
01093
01094
01095
01096
01097
01093
01099
01100
01101
01102
01103
01104
01105
01106
01107
al108
01109
01110
01111
01112
01113
01114
01118
01216
01117
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34

20
13
12

1

kPl = Kal T e L T

D0 12 L=NPle NPM
Sz 0
IF( N . kP1) 12, 20, 20
Do 13 JEKPlY N el s
E ; E'A(RO:)'A(J'L)
tKeby (A(K,L) S
aeToRy = AUeLISizadGK
END
SUBROUTINE NORMPHI(CAPLAUBY L)

CcoMMON/ATMAX/ AF(514402y, T
JUAKF (602) s IMAX
IMaxFy IMAXFP1e IuvazB, IuaxB8Pl, é 3.:&5)-

2 CFi3e402)r ATOP(4p1)e ATOPF (452)

1 (CF(1)o CBLY))» (ATOPF(1)e ATOPBI(T))

26

2)
eo

27

23
ez2

DIMENSION AR(S1,402)9 JuaxB(402)s CB(3,%02)y ATOPB(402)

EQUIVALENCE (AF (1), AB(1)), (JMAXF{T)s JMAXB(1)),

DIMENSION CC(101)
comqou,scRATCH/SCRchH(QQQ)
EQUIVALENCE (SCRaTCH(1)e CCOY)} -
SRAR = SQRT(ABS(CAPLAMB))

IRKW = IMAXFP] + ] :
EXPSQ 3 EXP(~SGaR*ATOPR(IRKW)}

CAPA = ARl IBKW)/EXPSE T T
GUNDA2 . (CAPAsEXPSO)#s2,(2, 08S0AB)

0 = ATOPF(2)

CalL POLYMUL(AF (10100 JMaXF (1Y, AF(lol)o JMAXFll)o ces Ne)

L2 = 2sLf
LD = L2 ¢ NC
SUM = CC{NC) /LD
N = Nc
NCMp = NC =} : ToorTTm e
Do 26 NNzl NeMl

=N _
LD = LD =]
SUM = SUM®*D ¢ CC(N)/LD
GuNDAR2 = GyNDAZ2 o SyMeDes(L2 + 1)
IF(IMAXF +EQe 1) GO TO 27
po 20 1=2, IMAXE
D = ATOPF(lel) « ATOPF (I,

call POLYMUL(AF(yo1) JMAXF(I)- AF(]'I)' JMAXF (1) CC' Nc)

SUM = CC(NCI/NC
N = N¢

NeM1 = NC = 1

Do 21 NN=1ls NCM)

N=~.-1

SUK = SUMPD & CC(N)/N

GUNDA2 = GUNDA2 + SUMep ~ ~
DD 22 =1y 14axB

taxw = [MAXFPY + 1

D =z ArpoB (18K o 1) = hropB(erut

Call POLYMUL(AB(1,IBKW), JMAXB(IBKW),

AB{1oIBKW) o JUMAXB(IRKW)» CC )
SyM = «CC{NC)/NC cer Nel.
N = N¢
NCML = NC = ]
DN 23 NN=ls NCM)
NEN] ’
SUM = gym#0-= CCIN)/N
GuNDAZ2 = GUNDA2 + SUMeD ; -
GLUNDA = SURTIGUNDA2)
DO 2% f=zl» IMAXF
JJJ 3 MAXF(I)
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DEGA
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DEGA
DEGA
DEGA
DEGA
DEGA
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DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
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01118

01119

01120

01121

01122

01123

01124

01125
01126
01127
01123
01129
01130
01131

01132
01133
01134
01135
01136
01137
01138
01139
01140
0114}
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01143
01144
n1145
01146
01147
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01151
01152
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01154
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01157
01158
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01165
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01172
01173
01174
01175
01176
01177
01178
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Do 2% usls JUJ ToTTT
26 AF(Jel) = AF(J, !)/GUNDA
Do 25 Is1s IMAX8
IRKW = IM; XFPl ¢ [
JIJ = JVMAXB (18KK) S
DO 25 U=1y JWI
25 AR(J'IRXW) = aBlJvIBKW) /GUNDA
RFTURN
END -
SURROUTINE POLYMUL (Ay LMy Bs LNs € LL)
DIMENSTION A(1)s B(Y)s C(Y) :
LL = LM e LN =1
MMIN = 1

DO 1 L=y oLy . . . -

IFIL +GTs LM) 3y 2
MMAX = L
IF(L +GT. LN) 50 &
NMAXP] = L ¢ 1
60 19 ¢
MMIN = MMIN ¢ |
C‘L, z 0.0
N = NMaxPl
DO 1 M= MMIN o MMAX
NENGG]
1 C(Ly = c(L) « AMaB(N)
RFTURN
END
SUBROUTINE MATELE(KPHIMAXS XLAMAva L“RY! ALFAAQY' ngX;RV; 12*
1 NSUBSHLs ISSMaXs NSHELL)
DIMENSION JMAy (400), AM1S(400), A425(450)
EOUIVALENCE (SCRATCHI{1)e ATOPIP) s tSCRATCHIZ2}e ¢) | :
1 (SCRATCH(31s Cc2)r (SCRATCHI%) oC3)y (:anTcH(S). JMAX(I!)o
2 (SCRATCH (405) ,AM1S(1}}), (SCRATCH{RO0S), AM25;1)) :
D!MENSION XLaMaRY (109 LARY (1) ALFARRY (1) IMAxARY(i)
1 oNSUHBSHL (1) e NSHELL (1)
COMMUN,/AIMAX/ A(S1,100), CAPO(100), IFSTOP(100)s
1 XLLP1(100)9 S1(300)e¢ S2(3p0)s DVPOLY(TQ)» SCRATCH112043
2 » ALM(400), A24(400), AMT(51), AMS(SY)
3 s AIN(400), A2N(400), ANT(51)» ANS (51,
4 v ATOPP1M(4p0)r ATOPPIN(4qQ) w_ JHAxMtaoqlu JMAlutau )
COMMON/CRLZ HNUVEC(500)s ACOFVECISN0)s NGPTSe IHNUMAXe MM(100)9

oY PN

1 NN(100), MNMAy, I64MIN, Igmay
COMMUN/EPS/EPSCONV0 FBMAXe EMyge EMATELEs EMDVDDs MaAXDIM- -
1 FORMAT (1615}
2 FORMAT (2518) - - e -
3 FORMAT(5€25414)
4 FOPMAT(ZEZS 16 15) - -
5 FORMAT (/ .
6 FORMAT (4525.14. 215} -

PRINT1, mMHMAK

PRINT 1, (MM(UN), NN(MNy, MN=1, MNMAX)
KPHIMg = KPHIMAX ¢ 4

MaXpIMg = MAXDIM ¢ 4 : -

ISKIP ¢ 3¢MAxDIM 4

1ECS =

IEcsl = !Ecs + MaxplIMs

IFCs2 = IECS1+ MaxpIM

CalL ECRD (SCRATCH(1)s TECSe KPHIMge Iel
call ECRD(SCRATCH(405), IECSl, KPHIMAX, Ig) T
CalL ECRD(SCRATCH(805), lECS2, KPHIMAX, IE)
DO 31 KPHI=1y KPHIMAX

A(l,KpHT) = AMLS(KPH])
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DEGA
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01181
01182
011a3
01184
01185
01186
01187
0llse
01189
01190
01151
01192
01193
01194
01195
61196
61197
01198
01199
01200
¢1201
01202
01203
01204
01205
01206
01207
01208
01209
01210
et
01212
01213
01214
01215
012158
o121y
01218
01219
01220
01221
01222
01223
01224
01225
01226
01227
01228
01229
01230
01231
01232
01233
01234
01235
01236
01237
012338
01239
01240
01241
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31 Ar2,KPHT) = AM2S(KPHI): -~ - --——o————s——seeem oo ——-o— - - DEGA 01262

b0 21 KPHISls KPHIMAK , DEGA 01243

XL = LARy(KPHI) T TS T Ao o e s s e DEGA 01244
1IERROR = ¢ DEGA 01248
CaLL TAYLORI (At{loxkPHI)e JMaX(KPHIV® ATOPIP1, TTTT o T T DEGA 01246

1 XLAMARy (XPHI), xL, Cls C2, EM16, IERROR) DEGA 01267
JMAXKP = JMAX (KPHI) : T e e DEGA 01248

21 x Lpl(xPHI} = XL®IXL ¢ 1,0) DEGA 01249
DO 20 MNz1, MNMAx CoTToc o mTme semtoe e oo DEGA 01250

M e MMiMNY - DEGA 01251

N ® NN(unN) ® i T TUTT TS T s e e DEGA 01252
LNLML = LARY (Ny e LARY(M) + 1 DEGA 01253
DEOM = INLM] = ) R ] (Y - 01254
CallL POLYMUL (A(2eM) Juaxtn)-l- A(Z-N;- JHAX(N>-1. 52- xSZ) DEGA - 012s5§

Do 3V Jy=1y 1S2 T DEGA’ 01256
DEOM = DEOM ¢ 1,9 DEGA 01257

30 Spt ) = st N/DgOM T T T T e e T 7" DEGA 01258
CALL POLYOP (52, lg2, ATOPIP), P} DEGA 01259

20 CaPOIMN) = =C2%PR#ATOPIP#®LNLM =~ T T7T 77 DEGA " 01260
DO 35 MN=ls MNMAX DEGA 01261

36 "IFSTUP(UN) =9 T T T T s s e s DEGA 01262
Do 2% 122 12 DEGA 01263
ATORl 5 ATOPIP) T T TToSToTImosssmmo——eo— - == - DEGA T 01264
1IFCS = IECS + ISKkIpP DEGA 01265
IECSL = IECS « MaXpIMg =~~~ 7 T T mwooemomm— o e e DEGA 01266
I1FCS2 = 1ECS1 « MAyDIM . . DEGA 01267
CALL ECRD (SCRATCH(1)s IECSe KPHIM4e Ig) TooTTmT T e DEGA 01268
CallL ECRDISCRATCH{405)s IECS)oKPHIMAXe IE} CEGA 01249
CaLlL CCRD{SCRATCH(805), IECS2, KPHIMAx, IEy = ~~ "~~~ - DEGA 01270

DO 2% KPHI=Z1e KPHIMAX DEGA 01271
Arly XPHI) = AMIS{KPHI) N 1< L) 01272

25 Ar2, KPHI) = AM2S(KPHI) DEGA 01273
D = ATOPI = ATOPIP) e o 1 1) 01274
DO 27 KPHIS1le KPHIMAX DEGA 01275
1ERROR = 0 T TTTTTTIrTT T T DEGA 01276

27 caLL TAVLORS(A(1.KPHI). JMAX {KPHI) 4 ATOPIPYs DEGA 01277
De XLAMARY{KPHI)Y XL LPY(kPHI)® Clv €29 3¢ EMI6s [ERROR) ™7~ DEGA 01278

caLL DVOD(ATOPIP), Dy C2, C3, DVPOLY, 10VND, EMDVDD) DEGA 01279

M AST = ¢ T T DEGA 01280
00 28 MN=1e MNMAX DEGA 01781
IF(IFSTOP(MN) L,EQ, 5) GO 0 28 ~ ~~~ ~~ -~ oo o onmes DEGA 01282

Me MM(MY) . DEGA 01283
N=NN{MN) T o Tmrmm rm e mmm s s e DEGA 012a4
IF(M _EQ, MLAST) GO TO 33 DEGA 01285

M asT = M - ToTTTTT T T DEGA 01286
Call POLYMUL (A (1eM}e JUMaX(M)e nVPQO{Ys IDVNDs Slv IS!) DEGA 01287

33 CALL POLyMyL (ary,Nys JHMax Ny, S1, 1IS1, S2, 152} T TTTTTT T DEGA 01288
CaLL POLYINT(S2s IS2s D P} DEGA 01289
CaPOIMN) = CAPO(MN) « P ) ‘ T T DEGA 01290

IF (ABS (Py LT, Aas¢CAPo‘wN,,.EMATELE, 34, 35 DEGA 01291

36 IFSTOP(MN) a IFSTOP(MN) + | T T T DEGA #1292
60 10 28 . DEGA 01293
35 IFSTOP(MN) = o oo T s Tt TmTmTeTe : DEGA 01294
28 CONTINUE DEGA 01295
24 CONTINUE ' T T T DEGA 01296
uToplz = ATOPIP} DEGA 01297
ISKIP = 3%MAXDIM ¢ & o _ S T e OEGA 01298
TJUMP = 400 « 12 DEGA 01299
MLAST = ¢ TToT Tttt tmmtes e emissm s o s - LEGA 01300
NLasY = © DEGA 01301
Do &0 nu-l. MNMAX ’ . i ’ DEGA 01302

IFCIFSTOP(MN) .EQ. S} 6O TO 40 _ DEGA 01303



81

60

42
&4

61
45

47

48

1

1

1

1

M o= MMOMN) T e e

N = NN(uN)

IF{M_,EDs MLAST) 429 41
Mpast =

IMMAX = IMAXARY (M) = I2
IF (IMMAX +EQ. D) GO TO g0
IECS = 4#(400 - 12)

1ECS = IECS#(M « 1) ¢
IECS = IECS + 12#ISK]P
CalL ECRD(ATOPPIM(1), IECSy IMmay, IE)
IEES = 1ECS ¢ lJuMp

CalL ECRD{JMAXM(1)s TECSs IMM

IECS = IECS + lugMp cs axe 1)
CalL ECRD{A1™(1)s IECSe IMMaXe IE)
IECS = IECS ¢ I UMP

CalL ECRD{A2Mtl), IECS, 14Max, IE)
CONTINUE

IFIN JEQ, NLAST} 45¢ &6

NLasT = N

INMAX = IMAXARY(N) = I2

IF(1hNMAX LEB. g} GO TO 6]

1€CS = TECS®(N « 1) ¢ 1
ércs = IECS * I2#ISK]IP

ALL ECRD(ATOPPIN(1)y IECSe IN

Tees CCTecs o TayMe EC INMAXe IE}
calL ECRDIJMAXN(])s TECSs INMAX, Ig)
1ECS = IECS + 1 uMp

CALL ECRD(AIN(1), JECS, INMax, IE)’
IFCS = 1ECS ¢ IJuMmp
CALL ECRD(A2N(1)s JECSe INMAXs IE)

CONTINyE

™M=

IN = 1 .

Avyoplpy - ATOPI2 -
aLasTu = aAToPl2

aLsSTN = ATOPI2

IMFIRST = 0

INFIRST = 0

CALL FINDATP({IMs IMMaXe lLLP1(H)t ALASTHO ATOPP1Me

XLAMARY (M), IFRROR)
IF (IERROR +EQ. 14) GO YO 1090

CALL FYNDATP(INs INMAXe XLLPL(N}s ALASTNs ATOPPIN,

XLAMARY (N) 4 IERROR)
IFLIERROR +EQ¢ 14) GO TO 100

CONTINUE
Avorl = ATOPIPy

IF(AHS (ALASTM=ALASTN) 4 Te (ALASTM+ALASTN) ®,GE=12 ) 48¢ &9

INFIRST =2 0
IMFIRST = 0
aTOPIP]1 = «5%(ALASTM ¢ A{'ASTN)

Call FINDAL2(IM, IMMAx, xLAMARy (M), ALFAARY M)
xLLPY (4
ATOPIP1® AlMs A2Ms UMAXMs AMS+ JMSMAXs IERROR L 1y

IF(IERRIR +EQ. 12) GO Tp 100

CaLL FINDA12(IN, INMAX, XLAMARY(N;, ALFAARY (N), XLLPI [Ny,
ATOPIP1s ALNe A2Ny JMAXNe ANSs JNSMAX» IERROR)

IFULIERROR +EQs 12) GO Tp 100
IMm 3 IM &+ )
IN = IN ¢ )

Call FINDATPUIMy IMMAXs XLLP1(M)s ALASTMs ATOPPlM,

'xLAMARV(W), I€RRORy
IF{ILRROR +EQ. 14} GO YD 100

DEGA" -
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01311
01312
01313
01314
01lals
01316
01317
01318
01319
01320
01321
01322
01323
01324
0132s
01326
01327
0132p
01329
01330
01331
01332
01333
01334
01338
01336
01337

01338
01339

01340

01361
01362
01343
01364
01345
01346
01367
01348
01349
01350
01351
01352
01353
01354
01355
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01357
01358
01359
01380
01381
01362
01363
01364
01365
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CalL FINDATP(IN, INMAx, xLLP)(N), ALASTN, ATOPPIN,~ —-~— - —— - DEGA 01366

1 XLAMARY (V)¢ IERROR) DEGA 01367
IF(IERROR +EQ, 14) 100, SO F e | (] 01368
49 IF(ALASTM ,GT, ALASTN) 51, 52 DEGA 01369
51 INFIRST = 0 . T s mms——e———oi— e- o -c - gEGA 91370
IMFIRST = IMFIRST  } DEGA _ 01371
ATOPIP] = ALASTN - Cmm e sies e io———eoo - e DEGA T 01372
DM = ATOPIP] = ALASTM DEGA 01373
IFCIMFIRST ,Eqe 1) 530 oo T DEGA 01374
53 CalL FINDAl2(IM, IM"Ax, xLAMAﬂy‘M, ALFAAQY‘H| DEGA 01375
1 XLLPY (M) ALASTMo AlMe A2M, JMAXM. aMT, JMTMAX. JIERROR}  ~  DEGA 01376
IF(IERROR «EQe¢ 12) GO To 100 DEGA 01377
IERROR = 0 T CTTTTTTTTTT T DEGA 013718
CaLL TAYLORS (AMTs JMTMAXs ALASTMe M XLAHARY(MIQ DEGA 01379
XLLPL(M)s 0,09 =1,00 0,0y EMI6e IFRROR}" TTTTTTTT TTTTTC DEGA . 01380
IF (1ERROR ,EQ, 10) 100, 54 DEGA 01381
54 CALL POLYOP(AMTs JMTMAXy DMe AMS{j}) ~ =~~~ "~~~ """ ~7"77"" " DEGA 01382"
CALL POLYLIP(AUTe JMTMAX, DMy aAMS(2)) DEGA 01383
JMSMAY = 0 STmmem e ——-m———— == BEGA T §1284
CabL FINDALZ(INs INMaAXs XLAMARY (N} ALFABRY(N)e XLLP;(M’- DEGA 01385
1 ATOPIPls Alns A2Ne jMAXNe ANSS .JNSMAXe JERROR) ~ "~~~ "  pggA 01386
IF(IERROR LEQ, 12) GO Yo 100 ° DEGA 01387
IN = IN + 1 ToTTo oI eT 0 DEGA 01388
CalL FINDATPIING jnMaKy xLl.PlfM)' ALASTNO ATOPPIN. DEGA 013g9
1 XLAMARYU‘I). 1ERROR; T T T ST aEGA 01390
IF (IERROR +EQs 14) 1009 S0 DeGA 0139
52 IMFIRSY = 0 T T 01392°
INFIRST = INFIRSY o 1 DEGA 01293
ATOD‘PI = ALAST" : oot o YT TS T T T mrmmsss et s e T DEGA 0139‘
DN = aTOPIPl < ALASTN DEGA 01395
IF (INFIRST ,EQ, 1) 55, S8 o STOUTIITTIOTTTTTT T DEGAT 013967
55 CaLL FINDA12(IN, INMAXo XLAMARY (N) s ALFAARY (N} DEGA 01397
1 XLLPLINYs ALASTNs AlNe A2Ne JMaXN, ANT. JNTMAXs 1ERRORY ™"~ ~ DEGA 0139y
IF (IERROR ,EQ, 12) GO 10 100 DEGA 01399
IERROR = 0 T TTTTTTTTTTTTTT DEGA 01400"
CalLL TAYLORS(aNTs UNTMaXs ALASTNs pNe xLAugnvcnb. DEGA 01¢01
1 XLLPI(N)y 0,04 =1,0, 0,0, EMIpe IERRORy ~ ~ T TTTTTTTTTT DEGA T 014027
IF{IERROR +EQ. lo’ 1000 56 DEGA 01403
. 56 CallL POLYOP(ANTy JNTMAXO ON» ANS[I), T T T T ST T DEGA 01.‘0‘--
CALL POLY1P(ANT, JNTMAx, DN, ANS(2)) ‘ DEGA 0140%
JNSMAX = 0 - m s — === DEGA 01406
CALL FINDAL2(IMs IMMAXS XLAMARY (M) ALFAAQY‘M)' XLLP[(M). QEGA 01407
1 ATOPIPY, AlM, A2M, JMAXM, AMgy JMGMAY, IERROR) ~~ 7 DEGA ~~ 01408
IF (IERROR +EQs 12) 60 TO 100 DEGA 01409
IM = M » 1 ot T T I - DEGA 01‘30-
callL FINDATP(IM, IMMax, xLLP} (M), lLAST". DEGA 01411
1 ATOPP1M» XLAMARY (M)s IERROR) e s e —o- BEGA T 01412°
IF(JERROR +EQ, 14) 100, 50 DEGA 01413
S0 D = ATOPLl - ATOPIP} ’ Tt ToTT o T mmTmTmmEm Tt T DEGA piélé
- IERROR = , DEGA 01418
CalLL TAYLORS({AMSe JUMSMaXy ATOPIPl, Ds XLAMARYIM)» ~ "~~~ 7 7" '~ ~" "DEGA 0l4lg"
1 xLLPl (M), 0,0, =1,0, 0,0, EM1s, IFRROR) : DEGA 01417
IFLIERROR +EQ. 10) 60 To 100 TooTTTT ST T T DEGA 01418
CalL TAYLORS(ANSs JUNSMAXs ATOPIPls Do xLAuARylny, DEGA 01419
1 XLLP1(N)y 0,0, ~1,0, 0,0, EM1py IERRNR) LTI DEGA 01620
IF‘IERROR +EQe ]0! [c1o] TO 100 DEGA 01421
calL pvon(aTOPIP1le De =1,0s 0,0 pVPOLY® TDVDDs EMDVDDY - © " DEGA 01422
calL POLYMyL (aMS, JMSMAx. DvPOLv. 1DVDDe 51, IS1) DEGA 01423
CALL POLYMUL{ANSs JUNSMAXs Sye 1S)e S2» IS2) ° C e DEGA 01424
CaLL POLYINT(S2y IS2y Dy P) DEGA 0142%
CAPO(MN; = CAPO(MNy « P S e e " DEGA 01426
IF(ABS(P) oLTs ABSICAPOIMN))®EMATELE) 580 57 ~ DEGA  o¢l427.
PRIN' 7o 13SMaX ~ wecom  guves
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58
57
100

101
40

29
54

65
66

THE 6A AND NOE ARE ONLy 600D HERE FOR THE BO;ND.

62

IFSTOP(MN} = IFSTOP(MN) ¢ 1 - ~~--~~- = ——-

IF(IFSTOP(MN) ,EQe S} 409 47

IFSTUOP(MN) = 0 )

60 TO 47

PRINT 101

FORMAT (& ERROR IN REGION 3%)

CONTINUE

DD 29 MN=1, UNMAX

caPolMN) = 2,0%CaPOIMN)

PRINT 3, CAPC(MN)

FORMAY (E24,14, @ EVe, 15, E24,714, & EVa s, 18, 7
E24eldr # EVHe E24.16% * BARNS/ATOMS)

FORMATY (E24+14, ® BARNS/ATOM®)

FORMAT (/)

DD 62 MN=1e MNMAX T

tos MMMN) |

N = NN(WN) T oo
DE = AQS{XLAMARY (M) = X AMARY(N)}

HNU = pE®l3,.605 o
DE3 = DEse3

LMAX = LARY (M)
IFLLARY(N) «GTs LMaX) LMAX = LARY (N}

MNSS = N
IF(XLAMARY (M) oL Te 0,0) uNSS = M

ISS = NSHELL (UNSS)® (NSHELL (MNSS) » 1)/2 . LARY(MNSS) o1

NOE = NSURSHL (1SS!}

SA = 24(29LARY(MNSS) + 1)

DSIGMa - 10 7565.6.N0£.Lwnx.cnp04n»,-.z/,neaosn,

To = T6UIN ¢ UN -

ACOFVEC(14) = ACOFVEC(Iﬁl + DSIGMA

EM = XLAMARY (M)e13,605

EN = XLAMARY (N} *#13,605

CONTINUE

RETURN

EMD

SUBROUTINE ZZZ()NLAMWKBs _WKRs NWKR. KWkBs HNUVEC
NOPTSe IANUMAX® DHNUTe ZZZFAC)

CoMMON,/SCRATCH/SCRATCH (1204 oo T

DIMENSION XLAMWKB(1's LWKB(]1)s NWKR(1), HNUVEC([)

FaC = ALOG(10,0)

DHNU = DHNUZI

DD 6 K=1+ KWKB

XLAMWKBIK) = ABS(XLAMWKB(K})

CallL SORTI (KwKB, 2, XLAMWKB, SCRATCH, LWKR, NwKB,

X avWKg{KWKR*]l) 3 ZZZFactXLAMWKR (KWKB)

IMNUMaAX = 0

oo l Iz =1, KwKB

EPS 01
xNUM = ALOGIO(ABS(XLAHHKB(IOI)), - ALOGIO(ABS(XLAMJKB(ID . gPs))

NOINT = xNUM/DHNY

IF(NOINT «EQe ) NOINT = 3
NOINT =z NUINT ¢ 1}

SPHNU = xNUyM/NOINT

THNUMAX = THNUMAX & )

IF (IHNUMAX oGT, NOPTS) 49 S
DHNy = 1,2#DHNy

60 70 3

HNUVEC(IHNUMAX) = XLAMWKR(I) ¢ EPS
HOINTMY = NOINT =~ 1

DO 2 INT=1s NOINTM]

IWNUMAX = THNUMAY « ]

- DEGA-
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01428
01429
01430
0143}
01432
01433
01434
01435
01436
01437
01438
01439
01440
01441
01442
01443

01444

01445
01446
01447
01448
0144
01650
01451
01452
01453

01454

n1455
01456
01457
01458
01459
01460
014581
n1462
01463
01464
01465
01466
01467
01468
01469
01470
01471}
01472
01473
01474
01475
01476
01477
01478
01479
01480
01481
01482
01483
01484
0148%
01486
01487
01438
01489
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XNUM = FAC*{ALOG) 0 (ABS{X|_ AMWKB(1) « EPsI] . !Nr’snuuu) DEGA
2 HNUVEC(THNUMAX) =  EXP(XNUM) : pmem e peeR
INNUMAX = THNUMAX & ) DEGA
IF(THNUMAX oGT. NOPTSY go To 4~~~ ——— = ~- —_ - DEGA
1 HNUVEC (THNUMAX) = XLAMWKB(Ie1) DEGA
DO 7 K=], KwKS3 : e JE . DEoA
7 XLAMWKB(K) = =XLAMWKBIK) DEGA
RETURN : Ce e e DEGA
ND DEGA
SuanOUTxNE CARSON(XLAMADAs C2+ MFaGs CaPRy XLLP1y ~  ~~ " -~ DEGA
1 CAPFs CAPFPe THETA, THETAPs IERROR) DEGA
coMMON/PI/PTy TWOSPI S s e e DEGA
IERROR z 0 DEGA
smaLlc = ABS(Cc2) - C e e e -~ DEGA
SMALLK = SORT(xLAMADA) DEGA
CaPM = SQRT(TWOSPI/SMALLR) ~ =" "~ ~ < = s s ————me— e s DEGA
CaPM = MFAC*CAPM DEGA
AN z CAPM § BN =o0,0 = e e —e - pEGR
CSK = SMALLC/SMALLK $ CSKa = CSK*CSK DEGA
ACON = XLLP1 « CSKZ $ BACON = =¢CSK2 & XLLP1) "~ "~~~ """ "~="""  DEGA
DEOM = 1,0 $ TwOK » 2,005MALLK o DEGA
CaPa = AN $ CAPB = BV S CAPAP = 0.9 $ CiPBP = o0 " DEGA
po 63 NPl = 1, 15 DEGA
DEOM = DEOM#CAPR I e e e e — - OEGA
N = NP =] DEGA
XNPL1 = NP1 R ikt e = DEGA
XNNP1 = NexNPi DEGA
TWONF] = (2.0%N o 1ep)®CSK "o T T mm oo oo oo s — e DEGA
XnEOM = TWOK*XNP] DEGA
ANPY £ ((ACON . XNNP1)#8N . TWONP]&AN) XDEOM ~ ———"————"=~" -- - DEGA
BNP) = ((XNNP) ¢ BCON)#aN ~TWONP(#aN) /XDEOM OEGA
aADD = ANP1/DEOM $ BaDD = gNP1/DEOM "~ ° "7 DEGA
APADD . yNP1#AADD § APADD . xNP1#8aDD DEGA
CaPa = CAPA ¢ AADD S CaPA = CaAPB # BADD ~ ~ ~~ T "7 7TU"TTT DEGA
CaPaAP = CAPAP « APADD & CapaP = CApPBP ¢ BPADD DEGA
CaPaB = ABS(CAPA) .. ABS(CAPB) e N 1
CaPaBp = ABS(CaPAP) + ARS(CAPBP) DEGA
IF( ABS(AADD) +LTs CAPARGL,0E=4 oanDe ™~ - DEGA
1 ARS(BADD) ,Ly, CAPAB#1,0E.4 ,aND, DEGA
2 ARS(APADD) o‘-TO CADABP"I.(’E-Q .AND. S s s - = — DEGA
3 ABS(BPADD) ,LT. CaPaBP#l,0E=-4) GO TO 62 DEGA
AN = ANP} e e - IFGA
63 BN = BNP) - DEGA
PRINT 64 ) s R 1Y |
64 FORMAT (s  CAPA, CaAPB, CAPAP, aND CAPBP DO NOT convzasz,., DEGA

IERROR = 12 T DEGA -
RETURN . DEGA
Caovoonatalasaouostensrliatalinans it iss i sesiadnantbotonsstnstsvncogtony DEGA
c RUN THIS CODE FOR CAPR +GTs 1.0 DEGA
CHIBOBORtaRaasntatRal Rt otoanltilsansaantealasnenislioneaiaavatnntstens DEGA
62 CAPAP = =CAPAP/CAPR DEGA
CaPgP - _CAPBP,CAPR C e e s e e DECA
CaPF2 = CAPASCAPA ¢ CAPB#CAPB DEGA
CAPF 2 SQRT(CaPF2} I = S DEGA
CAPFP - (CAPAaCAPAP cADg.cAnqp,,cApr DEGA
THETA = SMALLK®*CAPR & £SK2ALOGICAPR) + ATAN2(CAPaAs ¢APR) DEGA
THETAP = SMALLK ¢ CSK/CAPR ¢ (CAPAP®CAPB ~ CAPRP®*CaAPA}/CAPF2 DEGA
RFTURN DEGA
END . DEGA
SUBROUTINE TAYLOR)(As JMAXs D XLAMBDAe Xt» Cye C29 EMy6e IERROR) DEGA
DIMENSION A(1) . - DEGA

40

IF(THNMAX BT, NOPTS) GO TO & ~— — == = - =~ -~ OEGA

Vi

PRIN! 7o ISSMAX

01490
0149)
01492
01493
01494
01495
01496
01497
01498
01499
01500
01501
01502
01503
01504
01505
01506
0107
01508
01509
031510
01511
01512
015113
01514
0151S
01sls
01517
01518
01519
01520
01521
0ois22
01523
01524
01525
01526
01527
01528
01529
01530
01531
01532
01533
01534
01535
01536
01537
01538
01539
01540
01541
01542
01543
01544
01545
01546
01547
01548
01549
01550
01551

vyvwe



30

al
32

33
35
3¢
20

9

40

4]

1ERROR s 0

DEO“ s 0.0

DDEOM = 2,0a#xL

Bl = 2,0%Cl = XLAMBDA

B2 = 2,0%C2

IF¢JMax 6T, 2) GO TO 4o
IFCONV = o

FaC = 1,0

AMAYx = A(2) : i -
AMAXM1g = AMAX®EM]6
po 20 =3¢ S50

DDEOM = DDEOM o+ 2,0
DEOM = DEOM ¢ DDEOM

JM] F el
Ardy = (BIGA(J.Z) + B2eA(JM1)) DEOM :
FaAC = Fac®

ARSA = JMl'ABS(A(J)’OFAC

1F1aBsa ,GT, AMAx) 30, 31
AMAYX = ABSA

AMAXM1g = AMAX®EM)g

G0 TO 32

IF(aBsa LT, aMAxM16) 33, 32

IFCONVY = o )
Go TO 20

IF(IFCONY LEQ, 1) 35, 34
JMAX = J

RE TURN

IFCONy a 1

coNTINUE

IERROR = 9

PPINT 9y IERROR

FORMAT (IS.#» TAYLOR SERIES DOES N0y CONVERGE IN squOUrINE TAYLOm
1+ DO™LOOP 20.%)

RETURN
DO 4l 4=z3. JvAX -
DDEOM = DNEOM + 2,0
DEOM = DEOM + DDEOM
JMl ¥ el
Ard) = (Bl®A(J=2) + B2#A(JUM1))/DEOM
RETURN '
END
SUBROUTINE TAYLORS(As gMAXs na. De xLAMeoA-
XLLPls Cls Cc2y C3, EMI6s JERROR)
DIMENSION A(])
IFRROR =. O
RR? ¥ RRERR
TWORR = 2,0%QRp
SAl=z XLAMEDA - 2,0#C1
SRZ: -2. U“CZ
SA3: -(2,04C3 + XLLPY)
81 SR1#RR2 ¢ SB2#RR ¢+ sB3
B2 = SB1#TWORR o SB2
B3 = 581
A(3) e =Bl®A(l) /(2,0%RR2) ] : .
ats) .= ~{Ba%Al1) +B1RA(2) +2,p®TWORR®A(3) )/(p5,(*RR2)
IF (JMax ,GT, 5} GO TO 60
ARSO = ABS(D)
FAC = 1,0
AMAX = ABS(A(2))
AMAXM1e = AMAXREM]G
FAC = FAC®ABSD
ABS3 = 2,02ABS(A(3))*FAC

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
0EGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

01552
01553
01554
01555
01556
01557
01558
01559
01560
01561
01562
01563
01564
01565
n1566
01567
01568
01569
01570
015871
nlgre
01573
01574
0157s
01576
01577
01578
01879
01580
01581
ols82
01583
01584
01585
01586
01587
01588
n1589
01590
01591

01592 -

01593
01594
01595
01596
01597
01598
01599
01600
01601
01602
01603
01604
01605
01606
01607
01608
01609
01410
01611
01612
01513

41



42

Sé

5

S6
57

1

1

45

(1)

(3]
47

4«8
49

26

1
10 FARMAT (215,» TAYLOR SERTIES NOES NOT CONVERGE IN SUGROUTINE TaYLo®

1

60

1

27
1

IF (aBs3y «GT. AMAX) Sgy §§ — == mmmomm o e e

aMAX = aAgS3
Aﬂﬁnnlb = AMAX®REM16 B TTTYCYFYTTTEL s T w
FaC = FaAC®ABSD
?$56u§ 3,0%a85(A(4))SFAC T TT o o e e e
(aBSs 6T, AMa
AmAx = aBSe PRI Xy S6¢ S7 -
AMAXMlg = AMAX®EMLS
oo 23 J=6y 50 4 2 :
Jvlazdel S M2 m J=2 0§ M3 =
v s J=
MG F gl § NS = Ju8 M3 s
osgu = JM30JUMRaRR2
AlJM1)Y 3 =(B3%AIJMS]) +B2%A(Me) o [
R1*JMS® JM4) 84 ( JM3)
*IM62 M3 2 THOQRS
osgn = M2} eRRS [} AtuM2) ) /DEOM _
ALJY 3 = (8308 (JM4)  +B2%A( M)
M3} o(BloJMA’JMB)'A(JMz)
*+JM30 JM2*THORRTA E -
FaC T FaCc®ABSD ° fau1) 1/0EoH
ArSal = Mm2#aBS(ALgM o
FaC = FaCw#ABSD tAtJMLIYeFAC
ARSA = JMI®ABS(AIJY)I*FAC T
IF(aBsa ,GT, AMAX) 65y &4
AvAx = ABSA :
AvAXM)g = AMAX®EM]E
IF (AHSA] ,GT. AMAX)66, 26 -
AMAX - ABSA} € AMAXM16 = AMAXSEM1®

IF(ABSA) +6GTe AMAX) 460 47 e -
{;t:ggi .LT; AMAXM16) 48, 26

va‘ 1=.5 o AMAXM16; 49, 26 - - - -
RFTYRN - -~ e e e
COANTINUE

IERROR = 10 Ce e s SO

painT 10, IERIOVRS

5. NO= 00P 26 IN LOOP 25,%)
Juax = S§¢9 .

IERROR - 0O

FORMAT (4E24414)

PRINT 14 AMAXe AMAXMlgs A8SAe &BSA\

RETURN e

Dolz? Jzbv JMAXe 2
JM 2wl s JMa = J-Z [ J k3 2 -3
JMG T ey $ JMg = J=g MI 2 J-3
DFSM = JM3ogM2eRR2 et
AgJMly = «(B3IRA(IMS)  B2aA (UM
Rl JM JM

’JMQ’JM3’7W09?‘A‘5MZI’ !;éeéﬁ 5 ‘!'A(Jﬂs'

DEOM = JM2#JM1w#RR2

Ardy = =(B3RAIMG)  LBreA(d >
PeA (IM3) (Bl IMSaIMIy vA(IM2
S UM3Y MO TWORR®A [ UMT) /DEgM !
RETURN ! 1/DEON
END

SUBROUTINE POLYqPR( ar JMaXe Ds B
ODIMENSION A(1)

M = JMAX

P = Atm)

JUP S M a1

IF(Up LT, 1) RETURN
DO 1 J=1s JUP

Mz Me ]

P = Pap s+ a(M)

RETURN

PRINT 7+ ISSMAX

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
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DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

DEGA ~

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

vLGA

01614

01615

01516

01617

01sl8

01619

01620

01621

01622
01623
01624
0162S
01626
01627
01628
01629
01630
01631

0lel2
01633
01634
01635
01636
01637
01638
01639
01640
Q1641
01642
01643
01644
01645
01646
01647
01548
01649
01650
01651
01652
01453
01654
01655
01656
01657
01658
01659
01660
01661
01662
01663
01664
01665
01666
01667
01668
01669
0le70
01671

01672
01673
01674
Q1675
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30

20

50

60

40

ENTRY POLYLIP

M = JMax

p = (M=1)®a(M)

JIIP 2 Ma2

1F(JUp ,LTs 1) RETURN
DN 2 J=ly JUP

M= M.y

P = Pap ¢ (Mel)®a(M)
Rr TuRN

ENTRY POLYINT

M = JMax

P = AtMI/M

JuyP = M.

IFLIVP ,LTe 1} GO TO &
DO 3 J=1ls JUP

M= M,

P = Pop ¢ AIWI/M : : R
p = Pep
RETURN
END

SUBROUTINE DVPDt ATOPIy ne C29 C3s DVPOLY, IDVDDe EMDVDD}

COMMON/SCRATCH/SCRATCH(604)

DIMENSION OVPOLY (1)

0aTOPI = =1,0/ATOPI

DN = 1,0

1F(c3 ,EQ, 0,0) 10, 20

InvDpD =

pvPolY (1) = =C2/AToPlean

EPSILON = ABS(DyPOLY (1)) #»EMDYDD

TERMLST = DVPIOLY(1)

Invpl = 1DVDD + 1

TFERMLST = TERMLST&0ATOPY

DN = DN&D

pveoLY ( IDVDD) = JDVDD®TERMLST

};éABS(DvPOLv(IDvDD)oDN, LT, EPSI{ONy 4p, 30
H =1

fenTl = )

ICNTZ = )

SCRATCH(]) = =1.,n/ATOPI#a]

EPSILON = ABS(SCRATCH(1))#*EMDVDD

TERULST = SCRATCH(Y?

ISCH = ISCH ¢ )

ICNT2 = ICNT 2 + ]

ICNTL = ICNT1 ¢ ICNTZ

TERMLST = TERMYLST#0ATOPI

DN = DN®D

ScRaTEHIISCH) = ICNT1oTeaMLsT

IF (aBS (SCRAYCH(1SCH)aDNy LT, EPSILON) 60, 50

SCRATCH(499) = C2%ATOP1 & 2,0%C3

scRraTcH (500 = 2

CALL POLyMUL (ScRaTeH(1;, IScH, SCRaTCH;499), 2, DV0Ly, 10DVOD)

RF TURN

END
SUBROUTINE FINDA12(Is IMaXs XLAMs ALFAs XLLPj» ATOPiPje

Aly A2y JMAXs ASe JSMAXs TERROR)

1
DIMENSION A1¢1), A2(1), JMAx(ly, AS(2)

1FRAOR = @

IF(Y oGTe IMpAX) 2¢ 1
aci1) = ALY

aSta) = a2(n

JSMAX = JMAX(I)
RETURN
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DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
CEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

DEGA °

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OCGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

01676
01677
01678
01679
01680
01481
01682
01683
01684
91685
01606
01487
01688
01689
6100
01691
01692
01693
01694
01695
01696
01697
01698
01699
01700
01701
01702
01703
01704
01705
0170
01707
01708
01709
01710
031711
01712
031713
01714
01715
91716
01717
01718
51719
01720
01721
01722
01723
01724
01725
01726
01727
01728
01729
01730
01731
01732
01733
01734
01738
01736
01737
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2 CALL CARSONIXLAM, 1400 1y ATOPIPY, XL Ply - "= - - "—w i w oo = DEGA 01738

1 CAPF, CABFP, THETA, THETAP, IgRROR) DEGA 01739
IF(IERROR +EQe 123 RETURN - oot T DEGA 01740
THETA] = THETA ¢ ALFA DEGA 01741
COSTHE)] = COS(THETA1) : e DEGA 01742
AS{1) = CAPF*COSTHE] R DEGA 01743
AS12) = CAPFPaCOSTHE] =~ CAPFaTHETADSSIN(THETAL) DEGA 017484
JsMaX s o DEGA 01745
RETURN DEGA 01746
END . . DEGA 01747
SUBROUTINE FINDATP (IMe TMaXe X_LPjs ALASTe aTOPPis XLAYBs IERROR) DEGA 01748
DIMENSION ATOOP1(1) DEGA 01745
1ERRUR = 0 T oo T : DEGA 01750
IF(IM ,6T. 1vAX) 24 1) OEGA 01751

1 ALAST =2 ATOPRY(IM) o T T mr e o OEGA 01752
RETURN DEGA 01753
2 IFIXLAMB 4GTy 0,0) €9 3~~~ ~°° TTToTT mToTTosSmTo—s—mTot C DEGA 01754
3 I1ERRUR = 14 DEGA 017585

RETURN T mmomrmmomm s s e e DEGA 71756
4 DR = ,2%ALAST DEGA 01757

Rl = 1,05°aiAST ) ‘ T TTT s T e DEGA 01758
CaLL DRYAXSH(DRMAX, ALAST, R1, XLawg, XLLP1, 1) DEGA 01759
IFIpR ,6Te DRMAX) DR = DRMAX Tttt TmT o DEGA 01760
ALAST = ALAST + DR DEGA 01761
RETURN o ' T T T e DEGA 01762
END DEGA 01763

PRINT 7+ 1SSMAX vEus guvos
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18,56,54,J15yM2y 01,09/73 S
18.560¢540¢SY0B (NAME=J15WM, AC=J15De USF=DEGAA, Ti=
18456056019 5c=156000, PL=2200, MX=66, )
18,56,54,81 CLzUy PR=bs CAT=6, UA=BTi5C131)
18456455+ ASSIGNMTs OLDPL (PLBeLF223L00»SHB)
18,56.55.65 ASSIGNED
18,56,55,LF223L00 ,
184564550ASSIGNMTe NEWPL (NLB» ¢+ SHB)
18e56056¢66 ASSIGNED
18+56+56¢L0274L00
1856456« UPDATE(FsS)

18457.07. DECK STRUCTURE CHANGED
18,57,07, VECK STRUCTURE CHANGED
18¢57¢14e UPDATING FINISHED
18457+ 15.REWIND (SOURCE)
18,57.1%.UPDATE (Ne I=SOURCE) -
18,57.3R. UPDATING FINISRHED
18,57,3R8.CUPYSBF (COMPILE,OUTPUT)
18,57+43+.CP 00005.336 SEC,
18.57.43.PP 0005T7.626 SEC,
18,57.43.55 00127,002 SeC,
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18576430
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