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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

Solutions of the Schrodinger equation with a realistic potential are carried
out in detail. To check our methods. we have calculated a few bound-bound.
bound-free. and free-free cross sections and compared our values with existing
calculations and experimental data. These comparisons. along with a listing of
the computer code in its bound-free form. are included.

I. INTRODUCTION

This report intends to show how the CDC-7600 code
DEGA-A (Dense Electron Gas Approximation-Absorp-
tion) computes the bound-free, freefree, and bound-
bound absorption coefficients, Opgs Oge- and 0, , respec-
tively, as a function of photon energy, hy, from the given
potential function V(r) and the electron occupancy of the
atom. Assuming V(r) to be exact, the code will do its
computation at any desired accuracy, within the machine
limits, because the Schrodinger equation is solved using
exact power-series expansions, not difference equations.

As the code is now written, any potential function can
be used if it adheres to the three following requirements.

1. lim v(r)r? = 0.
r> 0

2. After some finite value of r, R}, the potential must
be V(r) = —lclr.

3. V(r) must be a negative, monotonically, increasing
function.

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

Throughout this report, [0,R;] is called Region 1 and
[R;,%°] Region 2.

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

Experience has shown that a parameterized potential
works well and gives energy levels close to those that
Herman and Skillman' calculated using their Hartree-
Fock-Slater method for isolated neutral atoms.

. The potential form for an isolated atom is

V(r) = Ze/r(1 + ar)? . (1)

where @ = 0.6057Z"3. However, the form actually used in
this report, which is also valid for a compressed atom, is

r2
2R?

R
V@ =@t eVR, (1 + 25 - 312) @)

forrg <r<R, ,
where

Z* is the “‘effective number” of free electrons,
R; is the radius of the sphere representing the spheri-
cal atomic volume,
ro is the value of the radial distance for which Eq. (2)
is equal to the value given in Eq. (3) below, and
e is the electronic charge.
In the inner region, the potential is given by

2
V(r) = — Ze/r(1 + ar)? — Z*e/r(j{—; - Bo) (3)
1

forO<r<r,.




- (& &l) 2 _Ry
Bo = (Z*)(ro M1 +arg)? = 432 @

20
Z* = Z/(1 + argy)? [(1 - Z‘) -+ 1] . 5)

After the form of the potential in the two 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 Ry, we have

R, [ "
Z=N(Z%) = f [f n(r, T, P) dP] 4mr? dr (6)

o] o]

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
determined ry.

" We-must correct the above potential for self-inter-
action. This is done in the simplest possible fashion. We
replace Z in Egs. (2) through (5) with (Z—1) and add the
term —1/r to Eqs. (2) and (3). The potential for r >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 Sr<eis
often used to check parts of the code because analytic
solutions for this potential are known.

The code considers the Schrodinger equation in the
form

ap"(r)+|:7\—2V(r)—%2L):] @) =0,0<r<ee | (7)

where

rp(r) is the radial wave function (however, w(r) will be
called the wave function throughout the rest of this
report),

\ is the energy eigenvalue, and

2 is the angular-momentum quantum number.

Equation (7) has an infinite (in some cases finite, but
large) number of discrete bound solutions (negative )
commonly denoted by 1s, 2s, 2p, 3s, 3p, 3d, etc. Of t!
infinite sequence, we calculate only the solutions allowed
by the electron occupancy. 0y, can be evaluated only at
discrete values of hv, because hv = |A\; — X, | where A; and
A\, both represent bound solutions. By using a line profile.
we then distribute each oy, over a narrow range of hu.
However. every positive A, given &, is an eigenvalue for a
free state. This allows us to choose any finite number of
positive A’s. Therefore, we can evaluate oy ¢ at any energy
hvu above the threshold, and og¢ at any desired value of hv.
Here hv = |]A\;— A,l, A; represents either a bound or 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=,and divide [O,R] into a
finite number of intervals. For each of these intervals, r?
times the potential is approximated by a 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

c c
V(r)%c,+-rZ +r—23 . (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

clrj2 +Cofj+cy = V(rj)rj2 forj=1,2,3. (9)
These equations have no difficulty at r = 0, and they fit
the potential exactly at ry, ry, and r3. Because V(r) is a
smooth, monotonic function, we can check our fit by
checking the validity of

6t T A T VORIVOlE a0

at several points between r; and rj. If this 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 c3 should actually be



thought of as ¢, c;;, and c3;,where the subscript i
denotes the ith interval.

In Region 2, obviously, ¢, =1 and ¢, = ¢3 = 0. The
lengths of the intervals in this region are governed only by
an additional condition discussed later. This condition
applies 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 set of intervals in Region 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 all solutions to have the
same set of intervals in Region 2 because the maximum
interval lengths allowed 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

‘p(r) =Zajirj_l fori=1

-1

11)

in the first interval. Dropping the subscript i, we substi-

* the power series and its second derivative for ¢(r) and
¢"(r) and the approximation for V(r) in Eq. (8) into the
Schrodinger equation to get

{—[2c3 + AR+ 1)] :at,}/r2

+{—2c2a, - [2c3 + L+ 1):]a2}/r

+Z {(7\ ~2ci)aj o 2cy35,
j=3

+[(j—2)(j —1)—2c3 — %+ I)Jaj}rj'3=0 (12)

Here we assume that c3 =0anda,=0for 1 <j<Q+1.
Also ay,, is arbitrary because any ‘constant times a solu-
tion eigenfunction ¢(r) is still a solution. As each
term in Eq. (12) must be zero for every r in the interval,
we now have the recursion relation

a = 2C2aj;1 - (7\ - 2c1)aj_2

== - (13)
I G-2)(G-1)—-%Q+1)

forj>Q2+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 <p;,,—P; where
the p’s are the end 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 <0. Again
omitting the subscript i, the Schrodinger equation can
now be written as

(p* +2pd +d*)y"'(d) + (By + Bod + Byd®)p(d) =0
where

B, = b; 0% +byp + bs

B, =2b;p + b,

By = b,

and (14)
b; = A—2¢,

b, = —2c¢,

by = {2¢c3 + AL+ 1)]
Here we assume the wave function to have the form

@(d) =Z a;di! fori> 1
=1

(15)

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

[2[)28.3 + Blal]+ Epza‘; + 4p3.3 + 813.2 + Bzaﬂ d

+ Z EJ =2)( - l)pzaj +(—3)— 2)2paj_l
j=5

+ (j - 4)(] - 3)aj_2 + Blaj_z

+Baaj 3 4+ B3aj_;‘ d3=0 (16)

with the subscript i omitted. Again, because each term of
Eq. (16) must be zero for all values of d, we have the
recursion relations



az = —Bla1/2p2
a4 = —{Bja; + Bya, + 4pa;])/6p?
aj = —{B3aj_4 + Bzaj_s + [Bl + (] - 4)(] —3)]aj_2

+2( - 3)( — 2)pa;, }/(j -2)(j —1)p?

forj >4 a7

when a; and a, are known.

We can easily show that a; = ¢(d) and a, = ¢'(d) at
d = 0. Therefore. a; 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 interval.

In practice, we start with a. =0 for 1 <j<Q+1 and
ay,, an arbitrary nonzero constant to start the power-
series expansion in the first interval. Then we evaluate this
power-series and its first derivative at its right end point.
This determines a; and a, for the second interval. This
process is repeated until we reach some T. 0 <T<R,
where we evaluate g (f) and gy (9): the determination of £
is discussed later. At the right boundary, R, ¢(R). and
¢'(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 gpb(’r‘) and
¢ (). We have a solution when YE®) = ¢ @) for
¢f(?) = gpb(’r‘). &pf(?) is simply the value of the wave func-
tion at T found by forward expansions, and ¢, (f) is the
value of the same wave function at 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 a particular interval.
Let us define

V(r) = |:7\ —-2V(r) __SZ_(S_ZrLzl_Z:] (18)

Using this definition, we can write the Schrodinger equa-
tion as

¢"'(r) * h%(r) = 0, where h? = £V(r) (19)

choosing the sign so that h? >0. If h is assumed to be
constant locally, the solution is either

or) = Aehr 4 Bevh' (20)

or

w(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

o0 =AHD (1) (———}j'lA 2 (22)
i=0

where Ar=r—p, is the maximum allowable interval
length. With this series, we can estimate the largest value
of (hAr) that allows the series to converge to a specified
accuracy 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
encountered value of h into

Ar = (23)

>0

This C is an input parameter. and for a 50-term expansion
and 8-place accuracy a conservative value for C is 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 T for Forward and Backward
Integration

Let us consider the question of stability. Here again,
Egs. (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 unstable and forward integration causes any
error to diminish exponentially. Equation (21) is con-
sidered stable for integration in either direction. Any
error introduced into the integration will not grow
exponentially: 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-
aons.
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Integration is stable in both directions for V(r) > 0:
integration is stable in only one direction for
V(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 V(r). For the case
shown in Fig. 1c, 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 A is known and is
used to find T; however, for negative X 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

¢'() —INp(r) = 0asr>oo . (24)
Note that this is true only in Region 2. Because ¢(R) is
arbitrary and

«Ar) = Ae VA ® (25)

is the desired solution to Eq. (24), we derive the bound-
ary condition
¢'(R) = —~/IN p(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 V(r). R is then taken as
some constant (typically 25) times this root. Then, after

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

e, <7le(R)] 27
(10" is a typical value for 75. If this condition is not
satisfied. we simply keep increasing R until it is. A quick
method for getting a value near I(p(r)!mu is to check (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

w(r) = M(r) cos [kr + 8(r)] (28)
in which k =v/X.
lim M(r) = M,
r—)oo
and (29)
lim 8(r) =0
r—>oo r

M fixes the scale of the solution. We shall require the
normalization M = \/271’? .

In Region 2 where V(r) = —¢/r for ¢ >0, we assume a
solution of the form

(r) = A(r) cos(kr+§ 1nr)+ B(r) sin(kr +< In )

K (30)

Now substitute Eq. (30) into the Schrodinger equation.
Then asymptotic expansions for A(r) and B(r) exist in the
form

A(x) =3 a /i", B =) b ", (31)
where
c2

a,, - {[sz(sz+ D+ —ntn+ 1):] b,

~S@n+ D, }/Zk(n +1)

c2
bn+l={ E’l(n+ 1) — k—2—2(2+ 1)] a
C
-Sans l)bn}/Zk(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 6(r) , (34)
where

M) = VA®? + B()® (3%)
and

8(r) = kr + % +Inr+tan’ [%}

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

(r) = M(r) cos [0(r) + ] , (36)

instead of Eq. (34), and we also have
¢'(r) = M'(r) cos [0(r) + a]
~ M(D)8'(r) sin [0(r) + o] . (37

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

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

III. DETERMINATION OF THE EIGENVALUES AND
PHASE FACTORS

A. The Eigenvalue

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

¢, (A

FQ\) = VLD — o, AD) (38)

at the end points of these Aintervals and look for a sign
change in F(A\) 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. As F(A) also changes sign
through poles, we check to reject these intervals.

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

I=n-2-1 , (39)

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

B. Phase Determination

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

¢ (1)

F(ag) - ‘pf(a Q’?)

Oy D)~ () . (40)

Here, we need not 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:

fgp(r)\p(r)dr=1 , 41)
(o]

and, for free states:

f g0y, dr=8(A—X) . (42)

o



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

fcp(r)cp(r) dr=8% | (43)

o

and the normalized wave function is’then p(r)/B. 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 evaluating the absorption coeffi-
cients. The matrix elements are found by

oV
Hmn = 2_[ &pm(r) T:r) &pn(r) dr , (44)

o

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 0, ;. Likewise, if both are
bound, the result is Opb and if both are free, the result is
Ogg-

Equation (44) is evaluated by summing the integrals
calculated in each expansion interval. Because 0V(r)/or
decreases as r2 and o(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 asymptotically
approaches a constant amplitude. Here, convergence is
achieved only through the r 2 decrease in 9V(r)/dr.

In the first interval we have

oV(r) _
B " Carf’ “5)

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

av(d) __Snilpi+ I+ 2c5;

(46)
od (o; + dy3 ’

which, by continued long division, can be written as a
converging power series in d when Id/pil < 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 Hmn 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 a length expressed in
Bohr radii.

The bound-free absorption coefficient is given by

2
h _ 7 1 6 ma.menn
obf( v) =10.756 x 10 ZW , 47)
where
Qmax is the maximum of SZm and SZn.

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 A, A,, and H_ , are dimensionless numbers and
On¢ is expressed in barns per atom. Also when
hv =13.605 A, — A1, hv is expressed in electron volts.
The sum in Eq. (47) is over all possible bound-free transi-
tions at the given ho.

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 Israel.* 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 alumi-
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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Rl = 2.426)
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Bound-free absorption coefficients for cold. normal
density (7.85 g/cm®) Fe. (Z=26, ry=1512,
R, = 2.670)
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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
abb(hv).2 However. because the data found in the liter-
ature”’ appeared in a different form. we used the formula

aH.
- mn
M, —A,l* 42— D

T (48)

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

2
4H p

M2 =—
N~ Al

49)

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 = A_.

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

P1s = 2re’
and (50)

2et/2

(p =
2P n/6

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

8
H ~——— =0.36288736930121

152p Nz

and DEGA-A computed

Hls,Zp =0.36288736930118 .

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




TABLE I

TRANSITION INTEGRAL 7
FOR COLD. NORMAL DENSITY ELEMENTS

Transition Integral 7

Screened-
Element Transition Hydrogenic
Li® 2p-2s 5.96
3p-2s 0.011
3s-2p 1.72
4s-2p 0.105
5s-2p 0.029
6s-2p 0.013
3d-2p 1.28
4d-2p 0.19
Be I° 252p-2s? 227
NaI¢ 3p-3s 3.41
4p-3s 0.211
4s-3p 2.06
K14 4p-4s 4.61
SrlI® 5d-5p 0.483

873, rp=1.928, and R{=3.263.
b4, ry=1.406, and R;=2.355.
€z=11, ry=2.264, and R=3.986.
d7-19, r9=2.714, and R;=4.950.

€z-38, 19=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 Oge (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

By, o) = 8(z<fy2

L
> [@rDH,,, O +2H, Q] 51
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, Z¢ff is the effective number of free elec-

10

Coulomb Self-Cons

Approx Field DEGA-A
5.42 5.5-5.6 4.26
0016 0.011-.020 0.071
2.39 1.75
0.177 0.148
0.056 0.044
0.025 0.020
1.14 0.748
0.18 0.148
2.03 1.86 3.29
6.0 6.7 3.63
0.047 0.051 0.026
6.09 6.2 3.60
8.05 9.05 7.77
0.42 1.39

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

oV(r)
Hmno\a’hv) = {wm(xa’r) or

gpnO\a+ hv,r)dr  (52)

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

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

gee\,h0) = gL\ hod
L
™3
+ T Z { (2 +1D [H!Z+ 1 ,2()\a’hv)2 - H§+ 1 ,2()\n’hv)2]
2=0

+2 [HQ—I _Q(xa,hv)z -H7, 'Q(Aa,hv)z:l} , (53)



where gf. is the coulombic Gaunt factor for the initial
energy and photon energy under consideration, HS isa
coulombic matrix element defined by Eq.(52) using
V(r) =—1/r, and L is an integer sufficiently large so that
the sum has converged to a predetermined accuracy. A
graph of gg(A .hv) is given by Karzas and Latter who
circumvented the slow convergence problem in Eq. (51)
by using hypergeomerric functions. Applications of this
procedure are limited to the coulomb potential.

The method for obtaining a noncoulombic off(hv). as
described in this report, never requires the evaluation of a
ZeffO\a,hv). In terms of coulombic Gaunt factors,
g&:(\, hv). Z°H A hv) must also be evaluated and then
Zeff(ha,hv) g¢(Ay,bU) must be used as the desired Gaunt
factor. However. Egs. (51) and (53) give the desired
noncoulombic gee(\,,hv) for Z¢ff =1 when the matrix
elements are computed by DEGA-A using a realistic
potential.

2. Checks on Method. For the first check on the code,
we computed several Gaunt factors with Eq. (51) using
the coulomb potential, V(r) = — 1/r, and compared these
results with the Karzas and Latter graph. Here compar-
isons were made up to, at most, three significant figures.
which is the maximum accuracy for reading the graph.
Table II shows that for several cases we were able 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 calculations.

Cold, normal-density sodium (Z =11, rq = 2.264,
R; = 3.986) was arbitrarily used in the next check
(Fig. 8). Here, for low photon energies and low initial
energies, the Gaunt factors using the sodium potential and
z¢ff= 1 should approach the coulombic Gaunt factors.
Also, for large photon energies and large initial energies.
the Gaunt factors using the sodium potential and
zeff = 11 should approach the coulombic Gaunt factors.
In both cases. the sodium Gaunt factor for (7\a,hv) is
compared with the coulombic Gaunt factor for
ANZEED?  ho/(zef)?).

3. Discussion of Screening. The general screening
effects are noted for the small electron kinetic energy and
the small photon energy shown in Fig. 8. As the photon
energy is held fixed and the electron energy is increased,
the calculated Gaunt factor increases faster than would be
expected from the coulombic case. The qualitative reason
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 Z¢ff 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 at a
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Fig. 8.
A comparison of coulombic and shielded potential
(Nal) Gaunt factors.

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

4. Numerical Results. The purpose of Table II is to
illustrate a 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 £ for which the series
was terminated. For example. where (A,,hv) = (1.0, 0.01),
Eq. (51) has summed to 3.07 by 34 terms, whereas
Eq. (53) has summeéi 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 I1. Also. for the coulombic case at this energy pair,
Eq. (51) has not converged for £ = 34. For the (1.0, 10)
entry, both Egs. (51) and (53) have converged by 2= 3
for the sodium case. and Eq. (51) has converged by £= 3
in the coulombic case.

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

11




TABLE 11

CALCULATIONS OF COLD, NORMAL DENSITY SODIUM
AND COULOMBIC GAUNT FACTORS*

g:f O\a’hv) ggf o\n’h v) B¢t O\n’h v) B¢t (R‘,hv)
from Karzas Calculated for Na Calculated for Na Calculated
A, (Ry) hu(Ry) and Latter  Using Eq. (51)  Using Eq. (51) Using Eq. (53)
0.01 0.0001 1.97 0.83(34) 0.83(34) 1.97(3) 1.97(34)
0.001 1.32 1.20(34) 1.20(34) 1.32(3) 1.32(34)
0.01 1.11 1.11(29) 1.09(29) 1.09(3) 1.09(29)
0.1 1.08 1.08(14) 1.11(14) 1.11(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 1.34(34) 1.34(34) 3.64(3) 3.65(34)
0.001 2.46 1.41(34) 1.40(34) 2.45(3) 2.45(34)
0.01 1.58 1.53(34) 1.53(34) 1.58(3) 1.58(34)
0.1 1.21 1.21(24) 1.24(24) 1.24(3) 1.24(24)
1.0 1.13 1.13(3) 1.99(3) 1.99(3) 1.99(11)
1.0 0.0001 5.5 1.92(34) 3.01(34) 6.50(3) 6.59(25) 6.59(34)
0.001 42 1.92(34) 3.01(34) 5.20(3) 5.29(25) 5.29(34)
0.01 3.0 1.97(34) 3.07(34) 4.02(3) 4.10(25) 4.10(34)
0.1 195 1.89(34) 3.23(34) 3.22(3) 3.29(25) 3.29(34)
1.0 1.31 1.31(15) 5.50(15) 5.44(3) 5.50(15) 5.50(22)
10. 0.97 0.97(3) 37.4(3) 37.4(3) 37.4(7)
10.0 0.01 455 2.23(34) 27.5(34) 26.7(3) 29.8(25) 29.8(34)
0.1 3.25 2.19(34) 27.6(34) 25.5(3) 28.6(25) 28.7(34)
1.0 2.09 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. 0.59 0.59(3) 106.7(3) 106.7(3) 106.7(7)
100.0 0.1 455 2.28(34) 102.2(34) 82.6(3) 104.3(25) 104.5(34)
1. 3.30 2.31(34) 102.4(34) 81.7(3) 103.2(25) 103.4(34)
10. 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) 117.7(3) 117.7(7)
1000.0 10.0b 3.30 2.31(34) 187.3(34) 122.4(3) 185.7(25) 188.3(34)
100.b 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)
10.000. 0.36 0.36(3) 74.1(3) 74.1(3) 74.1(7)
10,000.0 100.0b 3.30 2.31(34) 244.8(34) 132.1(3) 235.4(25) 245.8(34)
1000.b 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)

2All values in this table. with the exception of the Karzas and Latter entries, were computed with the DEGA-A code. An
integer in parentheses is the value of 2 for which either Eq. (51) or (53) was terminated to obtain the Gaunt factor.

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

b

12

Neither Eq. (51) nor (53) has converged.



of a geometric sum enables the extrapolation of Eq. (51)
to results that should represent a lower bound to the
infinite sum. Numerical checks indicate that this extrapo-
lation is good to 10% or better. To derive this extrapola-
tion formula. let us simplify Eq. (51) by setting

Y;Z=(SZ+1)H

1,0 Aarh0)®

and (54)

Y: = ‘“"|sz—1,sz(7\a'hv)2

From calculations, we note that both (log Y},?) and
(log Y;,SZ) approximate straight lines for large values of 2.
(The (log YQ,SZ) pair is not to be confused with the (A,,hv)
pair.) Figure 9 illustrates this point for (1000, 100). The
straight line for Yé is written as

log Yy =s(2—-8)+q , (55)
and two known points, (log Y;, 2" and
(log Yslz'+1 &' +1) , are chosen to evaluate s and q. Equa-
tion (55) can also be written as
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A graphic representation of the terms in Eq. (51)
and the extrapolation indicated in Eq. (56).

Y, =) (56)
Now using Eq. (56) to take the infinite sum for all 2 > &'
we have the extrapolation formula

Z Y:Z =e9/(1—¢5)
=9

The above procedure is repeated using Y;. These two
extrapolated values are added to the number obtained by
summing Eq. (51) to 2=2 - 1. The results obtained by
using this extrapolation formula are given in Table III.

(57)

TABLE 1T

EXTRAPOLATED VALUES OF

GAUNT FACTORS
8ge (W hw)
Bge (A, h0) for Na Calculated
for Na Calculated Using Extrapolated

Using Eq. (51); Farm of Eq. (51):

A, hv 2 in Parentheses 2" in Parentheses
1600.0 10.0 187.3 (34) 189.5 (27) 189.9 (34)
100. 187.7 (34) 188.3 (27) 188.3 (34)
10.000.0 100.0 244.8 (34) 259.0 (27) 261.7 (34)
1000. 232.2 (34) 234.2(27) 234.3 (34)
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APPENDIX
DEGA-A

DEGA-A in its present form is a research and not a
production code. The version, whose listing follows, only
calculates bound-free absorptions. The code lists these
absorption coefficients and makes plots as seen in the
previous section. With slight modifications in the coding,
bound-bound and free-free absorptions can be calculated.

There are several free parameters that regulate the
accuracy of the code. Most of these parameters are set at
the beginning of the code; however, a few are found
throughout the code. The values in the listing will give at
least four-place accuracy. The user should feel free to vary
these parameters as he pleases 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 (F15.5,215)
READ 2, Z, RR2, RR
IF (Z.LT.0.0) end job
READ 7, ISSMAX
READ 7. (NSUBSHL (ISS), ISS = 1, ISSMAX)
READ 7, KWKB
DO 132 K = 1, KWKB
132 READ 133. XLAMWKB(K), LWKB(K), NWKB(K)
READ 7, IHNUMAX
READ 2, (HNUVEC(IHNU), ACOFVEC(IHNU),
IHNU = 1, IHNUMAX)

YA is the atomic number of the element
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 subshells under con-
sideration.

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

clectrons in each subshell. The entries
are read into this array in the order 1s,
2s, 2p, 3s, 3p, 3d, etc,, up to the last
occupied subshell. If any previous sub-
shell is vacant, it must be assigned the
value zero.

KWKB is the number of bound wave functions

to be computed. The necessary free
wave functions are generated internally
by the code.
XLAMWKB(K) is an array that contains guesses at the
eigenvalues of the bound states. Units
are number of Rydbergs.
LWKB(K) is an array that contains the quantum
numbers 2. £ = 0 for s - states, £ =1 for
p - states, £ = 2 for d - states, etc.
NWKB(K) is an array that contains the quantum
numbers n. n =1 for the 1s state, n = 2
for the 2s and 2p states, n = 3 for the
3s, 3p, and 3d states, etc.

For each K, XLAMWKB(X), LWKB(X), 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 compare with the results of
DEGA-A. This option is illustrated
by the X's in Figs. 2 through 7. If
IHNUMAX equals zero, no
(hv, obf( hv)) pairs will be read.
HNUVEC(IHNU) is the array that contains the hv’s
given in electron-volts.

ACOFVEC(IHNU) is the array that contains the
Oy, f(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.
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DEGA-A
(LP-129)

SPSG:AM DEGAA(INP, OUT, FILM)"
IMENSION XLAMARY(100)s LARY(1l01) ALFAARY(I Ye IV

S HSHL (281 s NSHELL(100) ’ 00) s '“AXAQY(IOO)
COMMON/SCRATCH/SCRATCH(1204)

EIEECSI°N AM1S(401) s AM25(401)y JMAXS(401) .
QUIVALENCE (SCRATCH(1), AMIS (1)) (SCRATCH(‘OZ) 2 1
(SCRATCH(B803), JMAxS(1)) M ' AM S( M
DTIMENSION AROOT(2)

DIMENSION PDUM(2) e ———————

CoMvON/CB3/ 2, 7M1, RR2, RR, AD

COMMUN/AIMAX/ AF(519402) 9 JMAXF(4n2)s IMAXy ~° "7 =" === "7~

IMAXFs IMAXFP1ls IMAXBs IMAXBPYs C(3s 600)0

CF(3+402)y ATOP(401)y ATOPF(402) Ce T
DIMENSIDN AB(51+602)s JMAXB(602)s CB(3,402) ATOP8(602)
EQUIVALENCE(AF (1) AB(1)) s (JMAXF(1)e JMAXB(1))e ~ -~~~

(CF(l)y CB(1))s (ATOPF(1), ATOPB(Y))

COMMON/EPS/EPSCONVy FBMAXy EM1gy EMATELEs EMDVDDy MAXDIM =~

DTMENSTON AXLAMB(100)

OYMENGION XLAMWKB(100), L;Ka(lo -
) NWKR (
COMMUN/PI/P1s TWOSPI e tooy

COMMON/CRL/ HNUVEC(500)s ACOFVEC(500) s NOPTSy IHNUMaAXe MM(100)s

coMqozN(120). MNMAYy I4MINy I4MAYX
/METHODS/METHODs TEMPLAM, CASFs CAPFPs THET

As THETaP
Py = 3,1415926535g98 §  TWOSPI = ?.glpx P THET

MAXITER = 100 Cee e T e s
MaXplM = 100

EPSCONV = 1,0E=5 '~~~ -~~~
FRMAX = 1,0E200

EM16 = 1,0E=8 e e e —m
EMATELE = 1,0E=5

EMDyDD = 1.0E-8 mme—e -
RMAXFAC = 2540

EPHI = 1,0E=lg e e -
DRPMIN = 1,0E=-8

DVMAX = 1,0E=84 . - - -~ -~ _ B
ATOPFAC = o5

oRNyI = ,1 - : Ce e —
Z22ZFAC = 10,0
NODIVNG = 70 -
Xt AMFC1 = 3,0

XLAMFC2 = b2 T S e

MAKE XLAMFCl 46Te 1,0 AND XLAMFC2 ,LT, 1,0

caLL ADy(15)
FORMAT (E264e14¢ 215)

FORMAT (gF10,3) -
FORMAT (SE25,14)

FORMAT(1615) : Che s m— e .

FORMAT (8F10,3)
CONTINyYE T T - --
MFAC = 1

NOPTS = 500 : i
KPHIMAY = 0

IFRROR =2 0 - e o ———— e e

RMIN = 0,0
READ 29 Z9 RR2y RR CoorTTr T mTmrTm s memm
IF(Z +LTs 0.0) GO TO 99g

RMAX_= RR - e — - -

PRINT 3, 7, RR2, RR

Zul = 2 - 1.0 ‘ o i

AD = ,6057%#7%%,333333

RFAD 7, IssMax P . T

PRINT 74 ISSMAX
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-READ 74 (NSUBSHL(ISS), ISSzl, ISSMAX) - "=~ - DEGA 00064

PRINT 74 (NSUBSHL(ISS)s ISS=1, ISSMAX) DEGA 00065
READ 7+ KWKB . : o - DEGA 00066
PRINT 7, KwyKB DEGA 00067

133 FORMAT(F15.5¢ 215) TT T s mmmm—e e DEGA 00068
D0 132 X=1y KuKB DEGA 00069
READ 133, xLAMyKB(K)y LyKB(K), NWKR(K) - T Tt * ° DEGA 00070
PRINT 1y XLAMWKB(K)s LWKB(K)s NWKB(K) DEGA 00071
XLAMARY (K) = XL AMWKB (K) T TT e " DEGA 00072
LARy(K) = LwKB(K) DEGA 00073

132 NSHELL(K) = NwKg(K) T e """ DEGA 00074
LARY (KWK ¢ 1) = =] DEGA 00075
IF(RR2 ,GE, 0,0) SCRATCH(1) = yi(RR2)" CootTrr o Ssso— s == - DEGA 00076
CalL YYY(RMINSRMAX., oRMIN.DVMAx.AToPFAc Iz.IERROR. DEGA 00077

1 XLAMWKBY LWKBy KWKRe 2ZZFAC) e e =ttt T DEGA 0007g
IF(IERRDR ,NE, 0) GO TO 99 DEGA 00079
I2P1 = 12 + 1 Crm e - T~ OEGA 00080
ISKIP = 3#MAXDIM + ¢ DEGA 00081
I£Cg = 1 = ISKIP v T T TTT T omtss T s ————-m—— - DEGA 00082

00 1i8 I=1s I2 DEGA 00083
IFCS = IECS ¢ ISKIP T T T T e s DEGA 000R4
CalL ECWwR(ATDP(I41yy IECS, 14 IE) DEGA 00085

118 CALL ECWR(C(1+I)9 IECSeys 34 IE) — — : T "7 DEGA 00086
PRINT 7, IMAX , 2 DEGA 00087
IMAXP] = IMAX o+ 1 T Tt ST T T T s s s DEGA 00088
IF(IMAXP] «GT, 400) GO TO 109 DEGA 00089

Do 10g I=IMAXPls 400 - T e — - /""" DEGA 00090
Clylya 0,0 DEGA 00091
Ct2sl) = =1,0 : T T s - 7Tt DEGA 00092

108 C13y1) = 0,0 ) DEGA 00093
109 ATOP(1y) = 0,0 A ] <] 00094
DO 10 I=1s IMaXx ) DEGA 00095

10 PRINT3, c(leIds Cl201)9 C(341), ATOP(IsY) = ~—"7 "= “="==""" - pEgp 00096
6n 10 49 DEGA 00097

135 CONTINuUE - S 0] <1 00098
CALL ZZZ(XLAMARY, LARY. NSHEL L, KPHIMAXo HNUVECS NOst. DEGA 00099

1 THNUMAXs DHNUIs ZZZFAC) : : - DEGA 00100
136 FoRMAT(///) _ DEGA oolol
PRINT 136 T T e T — DEGA oolo2

DO 137 KPHI=]y KPHIMAX DEGA oolo3

137 PRINT 133¢ XLAMARY(KPHI)s LARY(KPHT)s NSHELL (KPHT) — === === DEGA 00104
PRINT 136 DEGA 00105
PRINT 34 (HNUVEC(IHNU)y THNUZ]1, IHNUMAX) S : DEGA 00106
DRINT 136 DEGA 00107

D0 138 IHNU=z1, IHN(MAX : - R e ' ‘DEGA oolos

138 ACOFVEC(IHNU) = Qef DEGA 00109
KwKgMax = O e e e - DEGA oollo

00 139 XPHI=1, KPHIMAy DEGA 00111
KWKBMAX = KWKBMAX ¢ 1 ot s DEGA 00112
NWKR (KkWkpMAX) = NSHELL(K°HI) DEGA 00113
LWwKB(KYKBMAX) = 10004 (LARY (KPHI) o 1) + LARY(KPHI) DEGA 00l1s
XLAMWKR (KWKBMAX) = XLAMARY (KPHT) DEGA oolls
IF(LARY (KPHI) L&Qe 0) Gp TO 139 Ce : - cee T .- DEGA 001lle
KwKBMAax = KwKRMAX « 1 DEGA 00117
NWKR (KWKBMAX) = NSHELL (KPHI) ) DEGA oolls
LWKR (kWKBMAX) = 1000% (| ARY(KPH]) = 1) & [ARY(KPHT) DEGA 00119
XLAMWKR (KyKBMAX) = XLAMARY(KPHI) DEGA onla2o

139 CoNTINUE DEGA 00121
KWK3 = ¢ - : DEGA 00122
T4MIN = 1 DEGA 00123

140 XwKB = KyKB o 1 DEGA ool2s

XLAMARY (1) = X_AMWKB (KWKE) DEGA oolas



141

142

143

49

146

107

152

151

18

NSHELL (1) =

NWKB (KWKB) —-—-

LPOS = LWKB(KWK8)/1000

LARY (1) = LWKB(KWKR) = _POS#1000 - ~ - ——
IF(1400000012ABS (XLAMARY (1))

IGMIN = T4MIN ¢

G0 TO 141

I4MAX = THNpyMAX T ” o

MNMAX = ¢

DO 143 I4=I4MIN , I&MAX ST

oLTe HNUVFC(IQMIN)) GO 70 142

MNMAX =z MNMAX o 1

MNMAXP] = MNMAX ¢ | ~ Tttt o TTmmmTTT T

MM ({MNMaAX) =
NN(MNMAX) =

X{ AMARY (MNMAXR]) = HNUVEC(Ia) . XLAMARY(l)
LARY (MNMAXP1) = | PDS R

1

MMAXP] e

NSHELL (MNMAXP1) = 0

LARY (MNMAXPY ¢ 1) = =2 : T T

KPHIMAX = 0
CONTINYE

KPHIMP] = KPHIMAX ¢ 1

L = LARy (KPHIMP]) T T e

IFIL «EQ, =1

IF(L +EQs =2) GO TO 99 : ot Tt T T

METHOD o 2

) 60 TO 135

IF(XLAMARY (KPHIMP1) +LT, 0e0) METHOD =} -

XL = L

xLLP1 3 Le(Lel) oo T T

XLLML = XL#®#(

TWOXL = 2,08XL - e e =

LM2 = La2
LMl * =] 7~
LP1 = Ley
xLP1 = LP1

IF (METHOD o
XLAMBDA = XL

XL=1,0)

EQe 1) GO TO 107

AMARY (KPHIMP1) mm e

SMALLK = SORT(xLAMRDA)

RMAX = (XLLP
RTMP = 10,0/
IF(RTMP ,GT,
IF(aTOP(12¢]
IF(RMAX LLT,
60 10 122
RMAX = ]1,2%R
IERROR = ©
60 10 110
AROOT (1) = 0
aR00T(2) = 0
IMAy = 12 o
ATOP{ IMAX*1)}
call ROOTDIV
IERROR,

PRINT 3¢ XLAMAaY(Knnxnpl). AROOT () s AROOT(Z)
IF(ILRROR +EQ, 0) GD TO 151 '

1 ¢ 1eg/XLAMBDA = 30.0) "SMALLX ~—
XLaMBDA

RMAX) RMAYX =z RTMP - Tt T
) +GTe RMAX) RMAX = 1.nS’ATOP(IZ‘1)

1,01) RMAX = 1,01 T

MAX s

0
0 e e

[ ]
[ ]
1

2 100000 ‘ - .

(XLAMARY(KPH]MPI)O XLLDlo ARODTO ICNTRo
1)

PRINT 152, IERROR

FORMAT (15 @
IERROR 2 0

RMAy = 1,18ATOP(12.1) ' T T mm s T

Go TO 12?
RMAX = AROOT

IF(aRo0OT (1)

RMAx = RMAXFAC®RMAY

IF(RMAX LT,

RMAX SET TO 1,1ATOP(I2+¢1)®)" -~~~ —~———————"——--—""

(2) - . e e e e e - eem .

+GTo RMAX) RMAX = aRO0T(1)

1¢01%ATOP(I2+41))RMAX = lenl®ATOP(I2¢1)

ICNTDs

ICASEs

DEGA"

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

DEGA "

DEGA

" DEGA

DEGA

" DEGA

DEGA

" DEGA

DEGA

DEGA ~

DEGA

"DEGA

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

00126
ool27

© 00128

00129
00130
00131
00132
00133
00134
00135
00136
00137
ool3ls
00139
00140
00141
00142
00143
00144
001485
00146
00147
0014g
00149
oolso
001gl
00l52
00153
00154
00155
00156
00157
00158
00159
00160
00161
00l62
00163
00164
00165
00166
oole7
00168
00169
00170
00171
00172
00173
00174
0017s
00176
ool77
00178
00179
00180
001l
00182
00183
00184
00185
00l86
00187



o PRINT 153, RMAX C e
153 FORMAT(# RMAX = #
EERNIA v £20,10) _ o
110 DR = ATOPFAC’ATOP(IMAX¢1)
RTMD= ATOP(IMAX + 1) - o
SuaLLk = SWURT(ABS(XLAMARY (KPHIMP1) ¢ (240 = XLLP1/3TMP)/RTMP))
grmpLg ATOP(IVAXel) ¢ ,S5#(ATOP(IMAyel) = ATOP(IMAX))
MaLlky = SOQT(AaS(XLAMAQY(KPH:MPl) + (205 = XLL91/RTMP)/RTMP))
IF(SMALLK] «GT, SMaLLK) SMALLK = SMaLLkl
DRMAX = 6,2B/SMALLK
IF(DR ,GTe DRMAX) DR = DRMaAX T TTeT T T
IMAX = IMaX ¢ 1
ATOP({IMAX+1l) = ATOP(IMAyx) ¢ DR T T e -
IF(IMaX JEQs 40g) 1249 123

126 PRINT 125 e e s e e -

125 FORMAT (@ 400 INTERVALS WILL NDT SPAN (gsRMAX)®)

60 TO 999 - S

123 IF(ATOP(IMAX+]1) ,GEe RMAX) :

| 111, 1
111 avoplimMaxel) = RMAX v 110

CAPR = RMAX

ATOPTMP = ATOP(IMAX ¢ 1) - ; T T T T T

ATOp(1MAX+1l) = CAPR

GO TU (6By69), METHOD ST T mmmnees —— y i
68 NODIV = NODIVNG
NOﬁIxPI = NODIV + 1 N T T
AxLAaMB (1) =z XLAMFClexLAMAR

y(xPHIMP1
AXLAMB(NODIVP]) = XLAMFc?0XLAMARY(KPHIMP1:‘ - -
0AXLAMB =0885(ALOG(ABS(A!LAM8(1)))
« ALOG(ASS (AXLAMB (NODIVP] )| NODTV TToTmm T -
IFlAuS(AXLAMs(l)) oGTo ) s 4oo1v 3 =
ARS (AXLAMB (NODIVP = -

60 2°L60 I=z2¢ NON ARLAMB (NBOTV 1))) DAXLA“B'T Q&*LA"B

xLaMa(Iy = .ExP(ALOG(ABS(AxLAMB

(1. 1 ) DA M
XLAVBDA = AXLAMB(1) M %LA p)""""*—‘ T
60 7O 70

[

69 TEMPLAM = XLAMBDA AR : : =

:oor: =4 S NODIVP] = NODIV + §

xLaMg(ly = 0,0 L3 DX| AM = /4 - e oo -

00 71 I=1, NODIV L P1/4.0

71 éxLA"g(toé) = AXLAMB(I) « DXLAM ) S -

ALL CARSONIXL_LAMRDA® C(2y IMAX)y MFACe CAPRs XLLP

1 CAPF, CAPFP, THETA, THETAP, IERROS) '__LLvl{
IF(IERROR ¢EQe 12) GO TD 146

70 CoNTINUE : - - e e e e
AR00T(1) = 0,0 § AROOT(2) = 0,0

caL RO X
. aLL ?;gégé.Lg?gvo XLLP1s AROOTs ICNTRs ICNTDs ICASEs
PRINT 3, xLAM3DA, AROOT (1), ARONT(3) : -~
J25SET = 1
80 J?sfFSt = 1 : . -
J>sMIN - J2SSEY
J2SMAX = NODIVP)
6o TO 90
B]1 J»5F5r =z 2 : Ceee e
J2SMIN = NODIVP1e1l
J?SMAX = NODIVP] ¢ 20

D25 = (XLAMST® - XLAMsTT)/19,0
AXLAMB(J25MINY = XLAMSTY
AXLAMB(J25MAX) = XLAMSTp
I179vIN =z J25MINe]
I79MAX = J25MAX = 1
00 79 I79=I79MIN, IT9MAX

79 AxLaMB(I179) = AXLAMB(I79 . 1) + D25

* DEGA

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
OEGA
DeGA
DEGA
DEGA
DEGA
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
DEGA
DEGA

00188
00189
00190
00191
ool92
00193
00194
00195
00196
oolo7
oolos
00199
00200
00201
00202
00203
00204
00205
00206
00207
00208
00209
00210
00211

‘00212

00213
00214
00215
00216
00217
002l1s
00219
00220
90221
oo222
00223
00224
00225
00226
00227
00228
00229
00230
00231
00232
00233
00234
00235
00236
00237
00238
00239
00240
00241
00242
00243
00264
00245
00246
00247
00248
00249

19




ao0oan

20

90 Do 25 J= J25UINy J2SMAX ~ — T

X__AMSTP = AX|_AMB(J)

CaLL TAYLORF(XLs XLAMSTPe IERROR® AF° JMAXFs IMAXFs CFe ATOPF)

IRKY = IMAXFP1 « 1

calL TAYLORg(XLs XLAMSTPs IERRORs AB(1y IRKW)y =~ ~— "7 "=
1 JMAXH (18KW)y IMAXBy CB(leIgKw)s ATOPR(IBKW))

CALL BOUNDRy (IFCONV, FRSTP)

™ TRguaLE MAY ARISE (MISS AN FIGENVALUE) IF FBSTP=0 TUICE
ooo&ﬁ’sozzubouoo

'HERE® LATERs FIMD NEW ROOTS aND CHECK STABILITY CONDITIONSs

IF (1FcoNy
73 CAPLAMS =

G0 7O 75

764 IF(J LEQ,

CaLL TAYLORF(xL, XxLAMMID,

.EQ. 1) 73. 7‘

XLAMSTP T o oot T o

J2S4INy 26, 27 ' Tt TTT T T
27 IF(FBSTT®#FBSTP ,LEs 0e0) 28 26
28 XL AMMID =

eS8 (XLAMSTP o XLAMSTT oo TTh T T T
Enaoa. AF, JMAyF, IMAxF, CF, ATOPF)

IRKW = IMAXFP] ¢ 1
CALL TAYLORB(XLs XLAMMIDs IERRORe AB(1¢IBKW)s

1 JMAXB (IBKw), IMAxB, CB(1,18Ky)s AFOPR(IBKW))~

CALL BOUNDRY(IFCONVs FBMID!)
IF(FBSTT +GTes FBSTP) 29, 30 . ST
29 FATOP - FBSTT ¢ FBROT = FBSTP ¢ GO TO 31
29 FRTOP = FBSTP &  FBROT = FRSTT =~ B
31 IF((FgTOP
- 57 PRINT s8

PRINT 58
PRINT g9
PRINT 58
PRINT s8
SR FNORMAT(#
59 FORMAT(®

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxXxxxxxxxxxxxxxxx“)
FBMID IS NOT geTWEEN FRTOP AND FBBOT. MaAKE SURE A VaALUE

«GTe FBMID) QANDf (FBMID +GT, FRBOT)) 324 57

1 noF LAMBDA WAS NOT MISSED,®)

60 TO g7
32 XLAMBg =

XLAMSTT s XLAMB] = XLAMSTP
FRO = FRSTT -3 FBl = FBSTP ' T
REGULA DOES NOT CHECK STARILITY CONDTTIONS,

CALL REGULA(XLAMBQesXLAMB]9FBQsFR] sCAPLAMBIMAXITER s X{ s IERROR)

HERE® LATERs FIND NEW RODTS aAND CHECK STABILITY CONDITIONSe

IF(IERROR ,NE, 0} GO TO 87
IF(XEAMSTT oLTe XLAMSTP) GO TO 105

XLAvMBO =

X

LAMSTP : Com - --

XLAMBY = XLAMSTT

GO0 TO 104

105 XLAMBp = XLAMSTT
LAMSTP - e e s R P

XLAMBY] =
104 IF (xLAMBO
86 PRINT 58

PRINT 58

PRINT BB
88 FORMAT(#®

X

.LE, CAPLAMB _AND, caPLAMB ,LE, xLAMBl) 75, 86

CAPLAMB IS NOT aETweeN x.AMSTT aND XLAMSTp. X AMSTTo

1P AMH, AND XLAMSTP ARE &)
PRINT 3, XLAMSTT, CAPLAMB, XLAMSTP

PRINT s8
PRINT g8
B7 IF (J2SFST
B2 Jo5skT =
PRINT g3
83 FORMAT(®
1IN, #)
PRINT s8

J

+EQ, 1) 82+ 84 - e e e

DIVIDE THIS INTERVAL INTO 19 EQUAL INTERVALS AND TRY AGp

Ca

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

" DEGA

DEGA

DFGA
DEGA

* DEGA

DEGA

* DEGA

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

00250
00251
00252
00253
00254
00255
00256
00257
00258
00259
00260
00261
00262
00263
00264
00265
00266
00267
00268
00269
00270
00271
00272
00273

00274
00275

00276
00277
00278
00279
00280
00281
00252
00283
00284
00285
00286
00287
on2ss
002n9
00290
00291
00292
00293
00294
00295
00296
00297
00298
00299
00300
00301
00302
00303
00304
00305
00306
00307
oco308
00309
00310
00311



84
85

75
66

67

65

91
98

95

128
127

33

129

13¢

154

PRINT §8 - - - - oo — -

6o T0 a1

PRINT BS . ‘
FORMAT (¢ THIS INTERVAL FAILED FOR THE SECOND TIME. FORGET IT ANp
1 60 TO THE NEXT INTERVAL, *)

PRINT s8

PRINT 58 ST T

Go 10 8¢

GO TO(g5e 66)9 METHOD o T mrmme T
ALPHA = CAPLAMB 8 ~CAPLAMB = XLAMBODA

Ppé”l 67, ALPHA, CAPLAMJ T o — ST
FORMAT(#  ALPHA a%y E24,140 ® FOR XLAMBDA =&,E )

60 TO 127 ) 1E34e 14

CONTINUE

Ivl = o " ot - et A — -

D = ATOPF(2)
OLP1 = De#elLPl R o
JMAXBOT = JMAXF(1) = |

PPUMI1) = AF(142)/DLP1 e — e

PpUMI2) = (AF(2,2) - XLPleAF (], 2)/0)/DLP1
CaLlL STURMSQ(AF(201). JMAXBOTs PDUMs De IV2e IERROR) "~~~ — "= =
Ivl = 1vl ¢ 1v2

IF (IMAXF (EQ@, 1) 6O TO 98 ~ === - """ - remm e e

DO 9l IF=2s IMAXF

D = ATOPF(IFe1) = ATOPF(IF) T

CALL STURMSQ(AF(141F)s JMAXF(IF), AF(1, Ir.l). Dy Ivz, xeanoa)

IVl = 1v] ¢ IV2

CONTINUE

DO 95 IR=1, IMAXB o T T T o s Tm T e
IBRKW = IMAXFP]l ¢ IB

D = ATOPRIIBKA ¢ 1) = ATDPB(IBKW) =~ 77 77" @ oo tet

CALL STURMSQ(AB(1,IBKW), JMAXB(IBKy), AB(I.IBKwol).

1 De 1V2s IERROR) T mTm

Ivl S vl + Iv2
PRINT 128, IVl TTTTT
FORMAT (¢ THIS WAVE FUNCTION HAS’.IS. ® CROSSINGS,®)
IRKW = IMAXFPl ¢ IMAXBP] e mn .
FAC = AB(19IBKW)/AF (], IMAxFPI)
D0 33 I=1s IMAXF T T T s e T T T e e e
JJJ = UMAXF (1)
0D 33 JYF=zls JJJ : TS TS T T T T e s e
?F:JZoI) = FAC®#AF(JFo 1)
F(CAPLAMB LT, 040) CALL NORM A
PRINT 5 AR A LL PHI(CAPLAMB,y L)
KPHIMAX = KPHIMAX + } : T o T e e o
GO T0(1299130) s METHOD
IviL]l = Ivl ¢ L o 1 ' ' oot : ToTTm e
IF (NSHELL (KPHIMAX) «EQ, IVIL]) GO TO 154
IVl = NSHELL(KPHIMAX) =« [ = 1
KPHIMAY = KPHIMAX « 1
PR;VTT1360TIV1
FORMAT(® HE PREVIOUS WAVE FUNCTION SHOULD HAVE HAD®s 15+
1 o CROSSINGS,s,8 FORGET THE LAST EIGENyALUE AND gay SOMEMORE _ &'
G0 TO 2¢ )
IRKW = IMAXFP] « 1
PHIMING = ABS(AY(1,I18KW))
PHIMAX9 = PHIMINg
IF(IMAXB «EQs 1) GO TO 155
Do 156 1R8=2, IMAXB -
IBKW = IMAXFP] o IR
PHIO = ABS(AB(19¢IBKW))
IF(oHI9 ,6T, PHLIMAXQ) PHIMAX9 a PHIQ

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

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

‘00312

00313
00314
00315
0031lg
00317
00318
00319
00320
00321
00322
00323
00324
00325
00326
00327
00328
00329

00330

00331
00332
00333
00334
00335
00336
00337
00338
00339
00340
00341
00342
00343
00344
00345
00366
00347
0034R
00349
00350
00351
00352
00353
00354
00355
00356
00357
00358
00359
00350
00361
00362
00343
00364
0n365
00366
00367
00368
00369
00370
00371
00372
00373

21



22

156
155

157
158

112

113
114

116

117

121

CONTINUE R

D0 157 IF=1s IMAXF
PHI9 = ABS(AF(l,1IF))

IF (PH19 67, PHIMAX9) PHIMAX9 s PHI®

coNTinuE"

PRINT 1589 PHIMAX9s PHIMING

FORMAT(® PHI MAX AND MIN ARE®, 2g20,10) : CT
IF(PHIMING LT, PHIMAX9#EPHI) GO TO 133

PRINT 159 :

FORMAT(® RMAX IS NOT BIG ENOUGH’)

KPHIMAX = KPHIMAX = 1 T

G0 TO 146

NSHELL (KHPIMAX) = §
IMAXARY (KPHIMAX) =2 IMAX
XLAMARY (KPHIMAXy = CAPLAMS ottt
LARY (KPHIMAX) = L
IF(CAPLAMB oLTs 0,0) 112,
AL FAARy (KPHIMAX) = 0,0

3y

60 TO 116 e

ALFAARY (KPHIMAX) =
CONTINUE
JMAX (1) =
D0 115 I=1¢
amls(y)y = afF(ls])
AM2S (1)
IC = IMAXBP)

1D = IMAXF o
00 116 I=z1y IMAXB

Ic =
In = 1pe1

IBKw = IMAXFP1 o IC
AMIS(ID) = AB(]sIBKW)
AMZS‘ID) = AB(24IBKW)
JMAYS(1ID) = JMAxB(IBKy)
DO 117 I=2¢ IMAXFP]
JMAXS (1) = O

ALPHA

JMAxF (1)

IMAxBF = IMAXB o« IMAXF S e

IFCS = KPHIMAX ¢+ &

1ECs] = IECS ¢ MaXnIM T
IECsZ = TECS1 + MAXDIM

calL ECWRIJMAXS(1)e IECSe 10
CaLL ECWR!IAMIS(1)e IECSls 1,
CaLL ECWR(AM2S(1)s IECS2, 1,
D0 121 I=3s I2P)

IFCS = IECS ¢ ISKIP

IECS1 = IECS o+ MaxDIM

IECS2 = IECS] ¢ MAXDIM

CALL ECWRIJMAXSII)e IECS, 1,
CcaLL ECuR(AM1S(Iy, IECS), 1,
CALL ECWR{AM2S(I)y 1ecsz. 1.
IFIIMAX oJEQs I2) GN TO 12g
IECS =z 48(600 « 12)

1E)
IE)
1E)

IECS = IECS®(KPHIMAX = 1) ¢

IFCS = IECS ¢ I2#ISKIP

IJUMP 3 400 - I2

INUM = IMAX « I2

17P2 = 1242 '

CALL ECWR(ATOP(I2P2), IECS, INjM, IE)

IECS = JECS ¢ IJuMp

callL ECWR(JMAXS(I2P2)s TECSs INUM, IE)
IECS = IECS + IJyMP

CaLL ECWR(AM1S(I2P2)s IECSs INUMs IE)

IMAXF ’ S T

= AF(2,1) ’ 0T T

1c-1 e e e e e e 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
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

00374
00375
00376
00377
00378
00379
00330
00381
00382
00383
0034
00385
00386
00387
00388
00389
00390
00391
00392
00393
00394
00395
00396
00397
00398
00399
00400
00401
004n2
00403
00404
00405
00406
00407
00408
00409
00410
00411
00412
00413
006414
00415
00616
00417
00418
00419
00420
00421
00422
006423
00424
00425
00426
00427
00428
00429
00430
00431
00432
00433
00434
00435



126
26
25

61

99

120

999

145

1644

150

998

1ECS = IECS + IJUMP s e -
CALL ECWRUAM2S(I2P2)s IECSs INUMs 1E)
60 TO 61
XLAMSTT = XLAMSTP § FBSTT 5 FRSTP
CONTINUE . i D T
IF(J25FST +EQ, 2) BOs 998
ATOP(IMAX*1) = ATOPTMP
60 TO 49
IF (KPHIMAX +EQe¢ ¢! GO TO 999 o : T
D0 120 KPHI = 1, KPHIMAX
PRINT 7, LARY(KPHI) e T T e
PRINT 34 XLAMARY (KPHI) 4 ALFAARY (KPHI)
calL MATELE (KPHTIUAXS XLAMARY e LARYs ALFAARYs IMAXARYo 12
1 NSURSHLs ISSMAX, NSHELL) .
CONTINUE ) ) T TSt T Tt mErw
IF (KWK oLT. KWKBMAX) GO TO 149
FORMAT(15Xs ® Evas 10X, # BARNS/ATOM®) —— — e
PRINT 145
YTOP = ALOG10(ACOFVEC(1)) : Tt T
YROT = YTOUP
DD 144 IHNU=z1, IHNLIMAY S emm meT— s e o -
HNUVEC [ THNUL = 13.6AS°HMUVEC(IHNU)
PRINT 3¢ HNUVEC(IHNU} S ACOFVEC!IHNY) Tt mm I T T e
ACOFVEC|IHNU) = ALOG10 (ACOFVEC(IHNU))
IF (aCOFVEC(IHNU) «GTe YTOP) YTAP = ACOFVEC(IHNU) -~ ~— -~~~
IF(aCOFVEC(IHNU)Y oL Te YROT) YBDT = ACOFVEC (IHNU)
HNUVEC (IMNU) = ALOG10 (HNyVEC(1KNY)) - e
CaLL Apv(2)
CaLL 0GA(120s 9g0s S0¢ 3109 HNUVEC(1)s HNUVEC(IHNUMAX)s YTOPeYBDT)
calLL OLGLG
csLL SBLOG A - T — -
calL SLLOG
CaLlL PLDT(IWNUMAXe HNUVECS 1+ ACOFVECs 19 420 1) R .
READ Ts IHMNUMAX
PRINT 7, IHNUMAX e e e e e
1F (1HNUMAX «EQe n) GO TD 997 o
REAND 29 (HNUVEC(IHNU) ACOFVEC(IHNSI) ¢ THN(I=1y IHNUMaX) - -
DO 150 IHNuU=1, IHNUMAX
PRINT a9 HNUVEC(IHNU) s ACOFVEC(IHNU) T
HNUVEC(THNUY = ALOGLO (HNUVEC(IHNU))
ACOFVEC(IHNU) = ALOG10(ACOFVEC{IHNU)) "~~~ "~ "~ -=——— =
CaLL PLOT(IHNUMAXs HNUVECs 1s ACOFVECs 19 5S¢ 0)
60 10 997
CONTINUE
CALL ADV(15) oo B RS -
caLL EMPTY

END » . o
SUBROUTINE ROOTpIV(XLAMgnae XLLPy1s AROOTs ICNTRe ICNTDs ICASEs
1 IERRORY IFSTOP)
DIMENSIDN ARDOT(2)
COMMON/ZATIMAX/ AF(519402)e JMAXF(4q2)s IMAXY
1 IMAXFY IMAXFPls 1MaXBe IMaAXBPls C(3+400),
CF(34402)s ATOP(403y, ATOPF(402) --
DIMENSION AB(519402) JMAXB(«O?). CB(3s402) s ATOPB(452)
EQUIVALENCE (AF(1)s aB(Ly)ys (JMAXF(T)e JMAXB (1))
1 (CF(l)y CB(1))s (ATOPF 1), ATOPR(1))

ICNTR = ¢ & ICNTD = ¢ $ IERROR = ¢

0o 19 rals IvAX

I1=1

calL BINOM (X_aMBDAs XLLP1, II, NOROOTS, ROOT), ROOT2, NODIV,DIV])
NORQUT! = NORODTS ¢ 1

60 TU(14, 11, 12),NOROOT]

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

" DEGA

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

" DEGA

DEGA
PEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

00436
00437
00438
00439
00440
004461
00442
00443
004646
004648
09666
00447
0044g
00449
00450
00451
00452
00453
00454
00455
00456
00457
00454
00459
00460
00461
00662
00463
00464
00465
00466
00467
00468

00469

00470
00471
00472
006473
00476
0N&75
00476
006477
00478
00479
00480
0048l
00482
00483
004R4
00485
00486
00487
00488
00489
00490
00491
00492
00493
00494
00495
00496
00497

23




24

11
13

27
28

17
18

15
20
21
22
14
23
26
25
10
19
46
45
29

30

26
346

35
37

47

49

4B

46
3n
39

40
42

41
43

IFt(ATap (I} LLE T 3
TenRTe ICNTa ‘.laoOTl) +AND, (ROOT] oLT, ATOP(Ie1)))13914 -— —

AROOT(ICNTR) = ROOTI 0T - Tt T T e

IF(TICNTR LEQ, 2

115, 14
I1F(ROOT] oLT. ROOT2) 28 27 T
TEMp = RQOTI s ROOT1 = ROOT2 3 RONT2 = TEMP,

IF ((ATOP(I) +LEes ROOT1) .AND.(ROOTI oLTe ATOP(I*1)))116417 " -

ICNTR = ICNTR ¢ 1
AROOT(ICNTR) = ROOTI ' o ST T o
i;:IkNTR «EQe 2)15+ 17
{ATOP (Il +LEe ROO ' )
HAL ICNT;Lo.l 00T2) ,ANDe (ROOT2 oLTe ATOP(I¢1)))189s14& = "7~

DEGA-

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

" DEGA

aROQT (ICNTR) = ROOT2 ’ TToorTT T Tt T T

IF(ICNTR +EQ, 2)15, 14

IF (ICNTD LEQ, 1319, 20 it —- - —

IF(NUDIV «EQe 1)21¢ 19

IF((ATOP(I)oLE, DIV1) ,ANDs (DIV1 LT, ATOP(I¢1)))22, 19 ~- """~

ICNTD 3 1 $ ADIV = p1IvVvl
IF(ICNTD +EQe 1)10s 23 ¥ 'IDIV'S r.s Go To 12—_'_"

IF ( (ATOP(I) ,LE, DIVI) ,AND, (DIV1 LT, ATOP(Ie1)))26, 10 =~~~

ICNTL = $ ADIV = pIvl s IDIV =1

CONTINUE T e s

IF ((LCNTD +EQ. 1) +AND. (ICNTR LEQ, z),?9. IS

IF({IENTD +EQe1) »ANDs (ICNTR o£Qs 0)) 45+ 26" — " —————"""

ICASE = § s GOT

1cASE = 4 ° 31 see s s

1F L (AROOT (1) )

I o 9 s oLTs ADIV) oANDe (ADIV .LT. AROOT(?)))3lo 30

PRINT T

FORMAT(# IERROR= = .
RETU?N 2 ICASE=4s MaX IS NOT BETWEEN THE TYOW ROOTS,*®)
IF((lcNTD,EQ, 0) ,AND, (ICNTR °

0 e —
§C§sg =1 $  10rv = {“Ax LEQ, 0))34,° 35
npIv = (ATOP(IMAX) + A . . ) o
6o TO 3] I TOP (IMAXe1)) /2,0 -

IFC(ICNTD ¢EQs 0) oANDS(ICMNTR LEQ, 1)137¢ 40 ~~~ T T T

IcASE = 2

IF(XLLPI oLTy o253 47, 46 e e i 2

IMAXP] = IMAX ¢ 1}

30 thodiar, ! L T T
) ATOP

Iolv = I(l ot tIyy 49, 48 o _ o

ADIV = AROOT(1)

Go 10 31 : L e e m e

CONTINUE ' h

IpIv = IMAX

60 TO 38

ID%VR: IMAYX . - - .

IF (AROOT (1) oLTe ATOP(IMAX)) 3B,

ADIV = (ATOP(IMAX) ¢ ATOP(IMAXol??/zoO

60 TO 31

ADIV = (AROOT (1) ¢ ATOP(IMAX+1))/

?o T? 3 111/2.0
F((LCNTD LEQ

1:Réon 10 +E% 1) JAND,(ICNTR _EQ, 1))14l, 42

PRINT 14 ICNTDy ICNTR C

FORMAT (s TERROR e
RETURL( 0Rx1, ICNTD =o, I2, #y ICNTR =°, I?)_' )
ICAsg = 3 o
IFLARONT (1) LTe ADIV

IEQROQ s . . ) 31e 43

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

"~ DEGA

DEGA

DEGA -

DEGA
DEGA
DEGA
DEGA
DEGA

‘DEGA

DEGA
DEGA
DEGA
DEGA

DEGA

" DEGA

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

00498
00499
00500
00501
00502
00503
00504
00505
00506
00507
00508
00509
00510
00511
00512
00513
00514
00515
00816
00517
00518
00519
00520
00521
00g22
00523
005246~
00525
00526
00527
00528
00529
00530
00531
00532
06533
00534
00535
00536
00537
00538
00539
00540
0054)
005642
00543
00544
00545
00546
00547
0054
00549
00550
00551
00552
00553
00554
00555
00556
00557
00558
00559




3 FORMAT (@

31

32

33

lo

1

1

1
2

1

PRINT 3, ARO

&y AD
RETURN
IF(IFSTOP oF
IMAXF = IDIV
IMAxB = IMAY
00 32 I=1s I
ATOPF (1) = A
CF(1e1) = C¢
CF(3s1) = C(
ATOPF (IMAXFP
Il = IMAY
D0 33 I=19 I
111 = 111-1
IRKW = IMAXF
ATOPB (1BKW)
11 = I1 -1
CR(1+1BKW) =
calarIpkw) =
IRKW = IMAXF
ATOPB (I1BKW)
RETURN
END

OT(l), ADIy : 3
IV =#¢ E20,10)

Qe 1) RETURN
s IMAXFP] = IMAXF ¢ 1

1ERROR=3+ ICASE=3s AROOTll)oCEoADIVo AROOT(l) =%9E200 100

e 1 « IDIy ¢ IMAXRP1 = IMAXB ¢ ]

MAXF

TOP(1)

1) $§ cF(24]) = C(2v1)
3s1) ’ T
1) 3 ADIV

1 ¢ IIl & IMAX & 2
MAXB

P1 + I

= ATOP(III) B ———t e ———

C(l,11) 3 CB(2,IBKW) = C(2,11)

ClazsID)
Pl + IMAXBP1
=x ADIV

SUBROUTINE BINOM(XLAMBDAs X{LPls I NOROOTSs ROOT]s ROOQT2¢

NODIVy
COMMON /A TMAY

IMAXF s

CF(3+40

DIMENSION AB(S51,402), JMAXB (407 c8 .
)s CB(3,602), ATOPB(402
EQUIVALFNCE(AF(l)O AB(1) ) e (UMpaXF(q)e JMAlazl))o !

(CF(1)y
Bl = -(2,0¢C
B2 = =2,0%C{
83 = X{_aMBDA
ARSR1 = ABS(
IF (ABSR] oLT
IF(ABSBL oLT
ROOT!- = -B2/
NORQOTS = 1
NOOIV = ©
6o 10 ¢
RAD = g2#B2
TWORl = 2,00
NODIV =z 1

pDIVY)
/7 AF(51,602), JMAyF(4A42), IMay,

IMAXFPyes IMAXBY IMAXAP) s C(39400)

2)9 ATOP(401)e ATOPF (4R2)

CB(1))e (ATOPF(1l), ATOPBI()))

(3s1) & XLLP1) T

2s1)

- 2,08C(1le1) - o T T
81

o ABS(B2)%1,nE=12) 19 2 e

e ABS(R3)®]1,0g-12) 1y 3

B3 ) Tttt o

- 4,0%B1%8B3
Bl

DIV] = ~TWOB]1/B2

IF(RAD LLT.
NOROOTS = ©
60 T0 ¢
NOROOTS = 2
RaD = sARTI(R

0,0) ‘. S

AD)

T1 = ARS(TWOBI1)

T2 = ABS(B2

¢ RaD)

IF(T2 ,LTe T1#1,0E=-20) 7, 8

FORVAT [ 15,
11 =1
PRINT g¢ Il

3E20,100 & xXXXX®)
TWogle B2+ RAD

RoOTL = 1,0E100

60 10 10
CONTINUE

ROOT1 = -TWOB1/(R2 * RAD)
Tl = ABS(TW0BI)

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

DEGA °

DEGA
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
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

00560 -
00561
00562
00563
00564
00565
00566
00567
00558
00569
00570
00571
00572
00573
00574
00575
00576 °
00577
00578
00579
00580
00581
00582 °
00583
00584
0058%
00586
00587
00588 -
00589
00590
00591
00592
00593
00594 ~
00595
00596 °
00597
0ns9s
00599
00600 -
00601
00602
00603
00604
00605
00606
00607
00608
00609
00610
00611

00612
00613
00614
00615
006lg
00617
00618
00619
00620
00621

25



26

11

12

20

22
23

24
21

. IF (xtaMB2,EQ,xLAMB] ,OR, xLAMR2,FQ,x AMB0) GO TO 15

15

17

T2 = ABS(=B2 + RAD)

IF(T2 ,LTe T181,0E=20) 11, 12

I1 = 2

PRINT g4 Ile TWOB1s B2+ RAD
RDOTZ = 1,0E100

G0 1O ¢ N

CONTINUE :
ROOT2 = TWOBl1/(=82 ¢ RAD)
RETURN

END

SUBROUTINE REGULA(XLAMgn.xLAMgl.FaaoraiocAPLAnaoMAxi?ER.XL.IERROR)

COMMON/AIMAX/Z AF(514402)s .UMAXF (402) 9 IMaXs
1 IMAXF, IVAXFP1y IMAXR, IMAXRPl, C73,6400)

2 CF(39402)s ATOP(401}e ATOPF(402)

DIMENSTON AB(51,402), UMAXB(402), CB(3,402), ATOPB (402)

EQUIVALENCE(AF(I). AB(1yyy (JMAXF (1) JMAxB(I)).

1 (CF(1)s CB(1))s (ATOPF(1), ATOPB(]1))

chqu/EDS/ ESSLONVe FBMaX
FORMAT (2E24,14, 4E20,10)
1ERRUR = ¢

Do 14 ITER = 1ls MAXITER
IF(F81 ,EQ, F30) 20y 21
IRKW = IMAXFpl + IMAXBP)

AFAC = Ag(l.ngN)/AF(1oIMAXFPl)’AF(ZOIMAXFPI)

FROYNDC z FBOJND/ARS (AFAC)
CaPLAMR = ¢5%(XLaMB1 ¢ XLAMBO)
PRINT 22

PRINT 22

PRINT 234 FBOUNDCs EPSCDNV

PRINT 244 CaAPLAMBs XLaMple XLaMgO

PRINT 22
PRINT 22
RETyYRN

FORMAT (& XXXXXXXXXXXXXXXXXXXXXXXXXXXXXYXXXXXXXXXXXXXXXXXXXXXXXXX“)

FORMAT (# FBl=Fg0s FBOUNDC =

XLAME2 = XLaM31 « ONEGAMaA®#FRI

8,g20010¢a

EPSCONV =8, 20610)
FORMAT (o CAPLAMB zaE24 1644H = (,E264,14,2H +,E24,14, as );2)
ONEGAMA = (XLaMB) = XLAMRo)/(Fal - FBo)

CALL TAYLORF(XLe XLAMB2+ IERRORs AFv JMAXF IMAXFo CFo ATOPF)

IF I TERRDR oNE, 0) RETURN
IRKW = IMAXFP] + 1

calL TAYLORG(XLs XLAMB2s IERRORs AB(19IBKW)s
JMAXB(IBW)y [MAXB, CB(1,1BKW}s ATOPR(IBKW))

IF(IERROR oNE, 0) RETURN

calL BOUNDRY(IFCONVe FBOUND)
IF(1FcoNy LED, 1) 15, 16
CAPL;MB = XLAMB2» $  RETURN
IF(aBS(FBOUN

IFRROR =B7 D) o6T, FBMAX) 17,
PRINT 7

FORMAT(® IERROR = 79 FROUNQD +6GTe

RETURN

XLAaMBp . XLAM3) s
FRO = FR1

Fal = FBOUND

IFRROR - 8

PRINT g+ MAXITER

19

XLAaMB]1 s XLawuB2

FBMAX®)

FORMAT (& PROBLEM DOES NOT CONVERGE WITHIN®s15ee ITERATIONS®)

RETURN

END
SUBROUTINE TAYLORF(XLs ALPHLAM,

1ERROR,

As

JMAX e

IMaXy

Co

ATOP)

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

" DEGA

DEGA

" DEGA

DEGA

" DEGA

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
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
00623
00624
00625
00626
00627
00628
00629
00630
00631
00632
00633
00634
00635
00636
00637
00638
00639
00640
006641
00642
00643
00644
00645
00646
00647
00s48
00649
00650
00651
00652
00653
00654
00655
00656
90657
00658
00559
00660
00661
00662
00663
00664
00665
00666
00667
00668
0n669
00670
00671
00672
00673
00674
00675
00676
00677
00678
00679
006R0
00681
00682
00683



DIMENSION A(S5141)s JMAX(1)s C(3,1), ATnP(l)""W‘ ~———--"~-" ‘DEGA 00684

COMMON/METHODS/METHODO TEMPLAMy CAPFs ~APFPy THETAs THETAP DEGA 00685
COMMUN/EPS/EPSCONV, FBMAXs EM16 DEGA 00686

60 TO (604 61)y METHDD DEGA 00687

60 XLAMHDA = ALPHLAM DEGA 00688
6o TO 62 DEGA 00689

61 ALPHA = ALPHLAM ; ’ DEGA 00690
XLAMBDA = TEMPLAM DEGA 00691

62 CONTINUE o ) DEGA 00692
00 3V I=1s IMax . DEGA 00693

30 JMA!(I) = 0 ' T o Tremom ) DEGA 00696
IERROR = 0 DEGA 00695

D = Arop(2) , . . ' o " DEGA 00696
COQOGGQQOQQGQQ00600000000600000000000ocoquuogouoaoooudogop?¢¢6¢°¢¢¢¢600¢ DEGA 00697
c LEFT BOUNDARY CONDITIONS, THESE ARE ONLY TRUE FOR DEGA 00698
c PHI(0)=0 WHERE PHI(R) IS THE EIGENFUNCTION, DEGA 00699
CGGG0.0000’000000000000000060000000.0000..0.000...06.’00000000000000000. DEGA 00700
A(lyly = 0,0 DEGA oo701
A(2,1) = 1e0 ) ' o DEGA 00702
Coannnnataosnactonnonnnabaonanttotonnsnat®daltnttonetgosansabotnntad®ny DEGA 00703
CaLL TAYLORI(A(1,1y, JYax(1l), D, xi AMBAA, DEGA 00704

1 XLe Cl191)9 C(2+1)s EM16s IERROR) DEGA 00705
IF(TIERROR ¢EQe 9) RETURN T "' DEGA 00706

RP = ATOP(2) . DEGA 00707

CALL POLYOP(A(Ye1)s UMAX(1)s RRey P) =~~~ ~77 "7 "77"TTTTTT—"""" " DEGA 00708
A(ly2)= poRR®axL . DEGA 00709

CalLL POLYIP(A(141)y JMAX(1)y RR, DERIVP) "~~~ "= T~ =~ "————"" =" - DEGA 00710
At24¢2) = (DERIVP®#RA ¢ PoXL)®RR#® (XL =14p) DEGA 00711
IF(tMax ,EQ, 1) GO TO 37 TtT o Tmemmasse—— =t s DEGA 00712

180T = 2 . DEGA 00713

G0 TO s8 oot T oo DEGA 00716
ENTRY TAYLORB , : DEGA 00715

DO 5% I=1s IMAX : T R DEGA 0071e

56 JMAX(I) = O DEGA no7T17
60 TO (659 66)49 METHOD T Tt — . e DEGA ~ 90718

65 XLAMBpDA = ALPHLAM DEGA 00719
60 10 g7 : Tt TTTm s smrr-Tmo st DEGA 00720

66 ALPHA = ALPHLAM DEGA 00721
XLAUBDA = TEMBLAM ’ T o ' ' DEGA 00722

67 CONTINUE DEGA 00723
IERROR = ¢ ot S MRt ] . 00724

IROT = 1 ) DEGA 00725
tonptoestoatonsnttaontonsaROBaROBNBBROBROROB BBOBONODbBRROBROBOOBBOROB, DEGA 00726
RIGHT ROUNDARY ,ReBe CONDITIONS, HERE aly1,1) IS aN DEGA 00727

AR3ITRARY CONSTANTs THE MAGNITUDE OF PHI(ReBede A(2+1) IS DEGA 0072g

THE DERIVATIVE DF PHI(R,B,) NORMILIZED TN A(l,1), . DEGA 00729
ooooooooo“ooooooo&oooooooo&o¢¢¢0¢¢¢¢¢¢¢¢ooo,oooooo«ocoo¢9999¢oo¢oo.¢%og DEGA no730
60 TO (639 64) 4 METHOD DEGA 00731

63 CONTINUE ) DEGA 00732
A(lel) = 140E-140 ) DEGA 00733
at2¢l) = =SQRT(ABS (XLAMRDA) 1 #A (141} - DEGA 00734

60 10 g8 DEGA 00735

66 THETA] = THETA ¢ ALPHA : .- ot - : c i DEGA 00736
COSTHE1 = COS(THETal) DEGA 00737
A(l,1) = CAPF2COGTHE1 DEGA 00738
A{2el) = CAPFPUCOSTHE] = CAPFSTHETAP®SIN(THETA}) N DEGA 00739
Bo0BEaN It aanatORNBIRNORtNtONENONBNOOORERORRNNORBR RN RROBOBNABBR, DEGA 00740
S8 XLL = X[o(XLe1e0) DRGA 00741
DO 25 I=1BOTs IMAX ; DEBA 00742

D = AToP(Iel) = ATOP(I} DEGA 00743

CalL TAYLORS[A(1,I)s J¥ax(I)s aTOP(I)s Dy XLAMBDA, DEGA 00744

b XLLe C(leI)y C(20I)y C(39I)s EM16, IFRROR) DEGA 00745

27



28

25
37

—

3
4

5

~ o

11

12
13

14

15
16

17
18

IF(IERROR oEQ, 10) RETURN * < ~=--——- — ——=——= === -——c---. -—-
CALL 'POLYQP(A(1sI)s JMAX(I)s Ds AlysIe]))
ggh%;:ﬂEYIP‘A‘l'I" JMAX(I)e Dy A(ReIel)y ~~— 7T TS T
RETURN - e e o
END
SUBROUTINE BOUNDRY ({IFCONVs FRODUND) =~~~ 777 """ 77— 77"
COMMONZATMAX/ AF(519602) s JMAXF(4A2)s IMaAXs
1 IMaxF, IMAXFP1, IMaxB, IMaxBPly C(3,400)s — e -
2 CF(39402) s ATOP(4p]1)s ATOPF(402)
DIMENSION AB(51,402), JMAXB(402)s CB(3,402), ATOPB(402) -
EQUIVALENCE (AF(1)s AB(1))s (JMAXF(1)s JMAXB(1))0
1 (CF(1)s CB(]1))s (ATOPF(1), ATOPB(])) o e e e—
COMMON/EPSZEPSCONVs FgMaX

yOU aRE LIVING DANGERDUSLy IF yOU LET IMaxF
- xF=1, THIS May RESU
IN AN UNDETECTED DIVISION BY ZERO 0R AN UuoeTEcTEo'[oss oF AZCURAC

IF(IMAXF «EQe 1) 19 2

IF(aBs(aAF (1o IMAXFPI)) Te ABS(AF(TsIMAXF))® -

I8KW = IMAXFP] o IMAxa'L o ABS(AF(ToIMAXF))®1,0E-4) 3, 1
IRKWP] = IBKW + 1

IF(aABS(aAB ! P T . .- — .
pntﬁt ‘58 19IRKWPL)) oLT. ABS(AB([sIBKW))®]140E=4)3s5

FORMAT (# IN DANGER OF DIVIDING RY ZEROs OR ATLEAST LOOSING ACCU

1RACYs )

IRKw = IMAXFP1 , IMAxBP] - o e
FAC = AB(19IBKW)/AF(]14IMAXFP])

AFAC = FAC®AF (29 IMaXFP1) ' e
FRO;)NO = AFAC - AB(2,IBKw)

EP?C = ARS(AFAC)®EPSCONV : S e s e
IFABS(FROUND) o¢LTe EPSc) ¢
IFCONy 2 1 s GO 1O g SO _

IFCONv = ¢

RETURN : e e — -
END

SUSROUTINE STURMSQ(Als JMAX]s A2e 0O IV2e IERROR) =~ """~~~
DIMENSION Al(2)s A?(2)s CPI( S1)s CPIPI( 51)
Egn?e“(sﬁzéngsSC“ATCH(606) ) T e — =

ALE { ATCH(1)s cPLl(])) FCH | “7s

TERROR o © 1 CPI(1)) s (SCRATCH(S2) s CPIP(]))
Juaxl g gMaxiy

IF(D oLTe 040) 119 12 B it i
ISIGN 2 wl

6n 10 13 - e —— e e e
ISIGN =

w2 = ¢ e e — —
J1 = JMaxTIel

D0 1% J=19 JMAXI : - e
J1 = Jl =1

CPI(Jy = Al(JD) o T

CPIPL(J) = (J1=1)#CPI(U)

JuaX1Pl = JMaX1=l S e — -

Po = CPI(JYAXI)

PD = A2(1) - e e me e e mm e

P10 = cPIP1 (JMAXIPI)

P10 = A2(2) .- IS RFHP
IF(P1p «EQe pep) GO TO 15

IF(P0epPl0 +LTs 0,0) 150 16 - S

Iv2 = [v2 ¢ 1

IF(P1D +EQe 0e0) GO TO 17

IF(PQ“PID oLTe 0,0) 174 18

Iv2 = 1v2 = 1

FAC = cPI(1)/CPIP1(1)

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

" DEGA

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

00746
00747
00748
00749
007590
00751
00752
00753
00754
0075%
0075¢
00757
00758
00759
00760
00761
00762
00763
00764
00765
00766
00767
00768
00769
00770
00771
00772
00773
00774
00775
00776
00777
00778
00779
00780
00781
00782
00783
00784
00785
00786
00787
00788
00789
00790
00791
00792
00793
00794
00795
00796
00797
00798
00799
00800
00801
00802
00803
00804
00805
00806
00RO7




19

20
21
22
23

24

25

c6
27
-

29
30

3

35
99

32

33
34

1

ZERO = ABS(CPI(1))#l,0E=11

DO 19 Jl1=2s JuAXIPI1

CPI(Y1) = CPI(J1) - FAC#CPIP1(J1)
NOZERO = 1

00 2V U=2s JvaXI

TF(aBs(cPI(yy) LT, ZERD) 20y 21
NOZERO = NOZEROQ + 1 '

6o TO 99

Juaxl o gMAxI o NOZERO

D0 22 J=1e JMAXI

CPI(J) = CPI(JeNOZERD)

IF(JMAXI ,LT, JMAXIP1) 23, 18
JMIN = JMAXI o §

DO 2% JU=JMINs JMAXIP1

CPI(4) = 0,0

D0 25 J=1s JMaAXIP1

TEMP = cPI(J)

CPI(Jy = CPIP1(J)

CPIPl(J) = -TEMP

JTEMP = gMAXI

Juaxl = gMaxIP]

JUAXIP] = JTEMP

PO = Pl0 T
PD = P1D

P10 = CPIP1(JMAXIP])

P1D = CcPIP1(]1)

IF(JMaxIPl ,EQ, 1) 28, 26 "~~~
D0 27 J1=2s JMAXIP)

PID = Plp®V + CPIP1(J])

IF(Plg +ERe 040) GO TO 29
IF(PYUapP10 LLTe 0,0) 299 30

Iv2 = Ive « 1

IFIPLD +EQe 0+0) GO TO 31
IF{pUeplp +LT, 0,0) 31, 35

Iv2 = IvV2 = 1

IF (JMAXIP]L oEQe 1) 99 18

IV2 = ISIGN®Iv2

IF(IV2 LT, 0) 32, 34

IERROR = §

PRINT 33

FORMAT( &« Iv2 IS LESS THAN 0, & -
RETURN

END

SUBROUTINE YYY(RMINs RMaXs DRMINs pVMAXe ATOPFACs I3+ IERRORS

XLAMWKBY LWKBe KWKBe ZZZFAC)
DIMENSION XLAMWKR(I), LWXB(1)

“~CQMMON/AIMAX/ AF(5194n2) s JMAXF (4

1

“= IMAXFe IMAXFP1ls IMAXBe IMpAXBP

n2)e IMaXe
1s C(3+400)¢

CF(3,402), ATOP(401y, ATOPF(402)

) o om e e

2
DIMENSION AB(510402)s JMaXBlaga)s CBI3e4p2)s ATOPB(4p2)

EQUIVALENCE(AF(1) s AB(1))s (JMAXF (1) JMAXB(1))
(CF(1)y CB(1))y (ATOPF(1), ATOPB(]))

DIMENSION A(3s ) .
DIMENSION XLAMDIM(10)s X| pIM(10)
COMMON,CB3/ Z, 2M1, RR2, RR, A
FORMAT(///77)

IFRROR = O

XLAMMAX =z 0,0

LMAYX = ¢

D0 65 I=ly 10

XLAMUIM(I) = 0,0

65 XLDIM(I) = I®(Ile1l

DEGA —
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

DEGA '’

DEGA
DEGA
DEGA

DEGA

DEGA

"DEGA T

DEGA
DEGA
DEGA
DEGA
DEGA

" DEGA™

DEGA
DEGA
DEGA

" DEGA

DEGA

DEGA

DEGA

" DEGA

DEGA

* DEGA

DEGA

"DEGA

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

00808
00809
00810
00811
00812
00813
00814
008ls
00816
00817

oo8ls

00819
00820
00821

00822 "

0o0n23

00824

00825

00826 "

00827

00828 °

00829

00830°

00831

00832°

00R33

00835

" '00834°

00836

00837
00838
00839
008490
00g4l

00842

00843

008484

00845
00846
00847

00848°

00849
00850
00851

00852

00853
00854
004855
00RS6
00857
00ARSA
00859
00860
00g6l
00862
00863
00g64
00B65
00866
00867
00868
00869

29



30

66

68
69

63

64

62

50

51

37

21
60

59

22

DO 66 Ixly KWKB

IF(XLAMWKBII) oLTe XLAMMAX) XLAMMAX = xLAwwKa(I)

IF(LNKR(I) oGT, LMAX) LMAX
J = Lwks(I) ; T LwrRn

IF (XLAMWKB(T) oLTe XLAMDIM(J)) XLAGWDIMIJY = XLAMWKB(I) - -~~~ "~

CoNTINUE
LMAXP1 = LMAX 4 1

XLOIM(LMAX ¢ 2) = LMAXPI®(LMAX ¢ 2)

LMAX = | MAX + 3 - R

XLAMDIM (LMAYX) = F

KLOTM(LMAK) & gap 2 N TARSIXLANNAX)

FORMAT (2E£20,10)

00 69 L=1y LMAX

PRINT ggs XLAMDIMIL)s XLDIM(L)

IF(RR2 ,GT, 0,0) GO TO 62 SRR

IMAX = |
DR = ABS(RR2) .
ATOP(2) = DR
Ctlely = 0,0
Ci24l)x =140
c(3,1) = 0,0 . e
DR = ATOPFAC#ATOP(IMAX+1)

IF(DR «GTe DRMAX) DR = pRMAX e -

IMAX = IMAX ¢ 1
AYOP(IMAxel) = ATOP(IMAyy + DR -~~~ -~~~
CtlelMax) = 0,0

C(24IMAX) = =1,0 : : P

C¢3, IMAX) = 0e0

IF(ATOP(IMAX¢1) ¢GEs RMAX) 64s 63 .

ATOP(IMAX*+1) = RMAX

I2 = IMAX : . .
RETURN

IMAX = 0 - - C e
12 = 0

IREGL g 2 - - - . R
IREGZ = |

OPAF = 1,0 ¢ ATOPFAC R s

RROT = RMIN

IF(RR2 ,GEe RMAX) 8509 5y 7 " 7
RTOP = RMAX

IFINISH = 1 - i

60 10 37
RTOP = RR2 =~ ~ S e e
IFINISH = 0

DRTB = RTOP - RBOT S e e e
R} = ,3%DRTB
L e
aLL DRMaxSB(DRMax, R1, R M
IFIDRTE oLEe NRMAX) eé'TOZEIXL“ DIM, xiDIM,
RTOP = RBOT ¢ DRMAX
IFINIGH 2 0
IF(IREG2 +EQe 3) 60 59

IF(I2 ,EQe 0) I2 = IMAX - -

IMAX = IMAX + 1

Clle IMAX ) = 0,0
Cr2oIuax) = =1,0
C(3,1Max) = 0,0

6o TO 61

DR = RTOP = RgOT

DDR = DR/9.0

IF(DR ,LT., DRMIN) 22, 23
PRINT 3

LMax)

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

" DEGA

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

" DEGA

DEGA
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
00871
00872
00873
00874
00875
00876
00AR77
00878
00879
00880
008”1
00882
008B3
00B8B4
00885
00886
00887
00888
00889
00890
00891
00892
0093
00R94
00895
00896
00897
00898
00899
00900
00901
00902
00903
0noné
00905
00906
00907
00908
00909
00910
00911
00912
00913
00914
0n915
00916
00917
00918
009log
00920
00921
00022
00923
00924
0092%
00926
00927
00928
00929
00930

00931



3 FORuAT (# AN INTERVAL A[ONG THE R=AXIS GOY TOO SMALL,&)——"~—————"° DEGA ~© 00932

PRINT 44 DRy DRMIN DEGA 00933

& FORVAT(® DR z#4F20,104%,9,10X9oDRMIN =#9E20,10) DEGA 00034
IFRROR = 21 DEGA 00935

6 FORMAT (o JERROR =%, I5) a ’ DEGA 00936
PRINT 64 IERROR DEGA 00937

PRINT 2 ' ' DEGA 00938

6o 1O 99 DEGA 00939

23 R} = RAROT § R3'= RTOP € Rz = (Rl ¢ R3)/2,0 o DEGA 00540
IF(rl ,LTe 1,0E=-200) 33, 34 DEGA 0094]

33 A(3,4 2 0,0 $ GO TO 35 T CoT T T TTTTT ODEGA 00942

346 A(3+4) = Rl“Rl°V(R1) DEGA 00943

35 A(24%) = R2#R28V(R2) ' T T " DEGA 00944
A(l,%4y = R3sR3eV(R3) o . DEGA 00945
Allsl) = RI®R3 S  A(29]1) = RP®R? §& A(3s]) = RI®R1 ~~~~ " DEGA 00946
Atlee) = R3 8§ 42(292) = R2 $ A(392) = 3l DEGA 00947
A(l,3) = 1,0 § A(2,3) = 1,0 -¢ A(3,3) = 1,0 "~~~ "~ DEGA 00948

CALl MATPAC(-lo As 39 19 DETy pe0s IF SING) DEGA 00949

cHAT) = atleé) $ CHAT2 = A(2,44) $ CHAT3 = A(3+4) o DEGA 00950
Coooooooco“ooooOOGOQQOOOoﬁoooo0000000000000000oo.oooo°0°cooo00000060060¢ DEGA 00951
Convotaotadasontisbanantstlionnootononasanldtsdosossantosssnnonassanarany DEGA 00952
C R=y IS NEVER USEDe WE WILL ONLY BE WORKING WITH vS DEGA 00953
o WHERE V(R) oNeo 0 FOR R (NE, O, S DEGA 00954
c.d&&’.b’0“60000'0.000006000000000.006000000006000000000000000.0000."“0 DEGA 00955
R = KgoT DEGA 00956

O 24 J=1s 8 DEGA 00957

R= R , DDR C o S » | 7} 00958

VR = VI(R) . DEGA 00959

P = CHAT] ¢ CHAT2/R ¢ CHAT3/(Rep) ~~~ "~~~ ~7°7° oo o DEGA 00960

xJ = J DEGA 00961

C 1 FORMAT(4E20010) T © Tttt o DEGA 00962
c PRINT 1y XJs Re VRy P DEGA 00963
IF(aBs(yR « Py, yRy LT, DvMAx) 24, 25 ' : : DEGA 00964

24 CONTINUE DEGA 00965
coooﬁoooco’ooooooououuv’ouooooooouuoogcoo0000#600»000006»06000066060006¢ DFGA b0966
1REGE = IREGI DEGA 00967

IMAY = IMAX o 1 L T oTrT o Lo DEGA 00968
CtlelMax) = CHAT) $ Ccl2eIMpaX) = CHAT2 $ C(3,IMaX) = CHAT3 DEGA 00969

61 ArOp{IMAX ¢ 1) = RTOP . S DEGA 00970

IF (IFINISH +EQ. 1) 99, 31 . DEGA 00971

31 IF(IMAX LLTe 40V) 2By 32 TocTrmmon o Com T DEGA 00972

32 PrRINT 7 DEGA 00973

7 FORMAT (4 THE MAXIMUM NUMBER OF INTERVALS wILL NOT SPAN (RMIN, RMAX DEGA 00974
11.%) DEGA 00975
IfrRROR =: 22 ’ ’ o ’ DEGA 00976

PRINT &, IERROR DEGA 00977

PRINT 2 Tt T U7 DEGA 00978

60 TO 99 DEGA 00979

28 RBOT = RTOP o : DEGA 00980
IF(IREG] ,EQ, 3) 58, 57 DEGA 00981

58 DRTOP = ATOPFACH#RTOQP ' DEGA 00982

Rl = RTDP DEGA 009a3

R? = RTOP ¢ ,58(RTOP « ATOP(IMaX)) DEGA 00984

calL DRMAXSB(DRMAXs R1s R2s XLAMDIMo XLDIM. LMaX) DEGA 00985

IF (DRTOP «GT, DRMAX) ORTDP = QRMAX DEGA 00986

RTOP = RTOP + ORTOP DEGA 00987

G0 TO 5?2 DEGA 00988
cooa000000900000600&000000000&00006000600600400006660000oo¢¢¢¢¢6¢¢6¢¢¢¢¢ DEGA 00989
c.ooo00000“oooooooooooocoooooooooaon.oooooconcuoocuoooooooooaooouooa¢¢¢¢ DEGA 00990
4 THIS CARD DETERMINES MayxIMyM INTFRyaL LENGyH, DEGA 00991
CosBoN00taPEnaotNNRBNENOtNONaONDOtRONANOOR0RaRREBBOOsbhOR NNt s DEGA 00992
57 IF(IMAX EQ, 1) 640, 41 DEGA 00993

31
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32

an

41

42
46

47
48

54
55

53
56

52
29
25

44
43

45
26

99

70

DR1 *
DR2 = DR
Dp3 = DR : .- . e
DR4 = DR

DRTMP = DR

6o 710 42

DRS * DRé4

DR4 * DRI

DrR3 = NR2

DR2= DR1

oel ; DR ‘

DRTMP » (DR] o+ DR2 + DR3 + DR4 R ~

IF(290PDRTMP LLT, ATOPFAC°RTOP)‘QZTSL;5.O Tomm T s
RTOP = RTOP ¢ 2,0%DRTMP

60 710 48 C ot T

RTOP = OPAF#RTOP

R1 = RROT ST s
R? = RROT + ,54(RBOT o ATOP(IMAX))

CaLL_ORMAXSB(DRMAXs R1s R2s XLAMDIMs X|DIMs LMaX) ~ 7~
IF(RTgP = RBOT .GTs DRMAX) RTQP = RBOT ¢ pRMAX
6o TV (S4e 53) IREG) .
IF(rRTOP ,GE, RR2) 55¢ S5p

RTOP = RR2 R

IREGL ¢ 2

GO To 52 . . — . e e e e
IF(RTOP ,GE. RR) Sg9 52

RTOP = RR

IREG] = 3

IF(RMpAX oLEe RTOP) 28y 26

RTOP = RMAX s IFINISH = 1 ~ =~ "7 "-==woro==wm-o—— =

6o 10 2,

IREG] = IREG2 o meme -
IF(IMAX LEQ, 0) 43¢ 44

IF( DR ,LT, ,54DRTMP) 43, 45 . - T

RTOP = R2
6n 10 26 - e e
RTO® = RBOT + ,75%DR

IFINISH = 0
60 10 21
IF(12 ,EQ, 0) I2 = IMAy - -
RETURN
END .
SUBRUUTINE DRMAXSB(DRMaXs Ris R2s XLAMDIMy XLDIMe LMAX)
DIMENSIDN XLAMDIM(1)s XLDIM(])
SMALLK = 0,0
R12 = 1,0/R14%2
R?2 2 1,0/R2882
TVR] = 2,08V(R1])
TVR2 = 2,0°%V(R2)
2% 1’k LivoL
=z (X DIM(Ly o« TVR] o M aR
IF(SK ogTe SWALLé))SMALLKI: SQLDI (br=rl12)
Sk =. ARS(XLAMDIMI(L) = TVR2 = wye
IF(SK ,6T, SMaLLK) SMALLK = S:LDIM(L) RZ2)
CoNTINUE
DRMAX = §e28/SORT (SMALLK)
RETURN
END
FUNCTION V1(R)
caMmON/c3/ Zy ZM1y RR2y RRy AQ
FNZZ = 1,0/7(1.,0 « AO®RR2)

DR e i 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
O0EGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
O0EGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

00994
00995%
00996
00997
00998
00999
01000
01001
01002
01003
01004
01005
01006
01007
01008
01009
01010
01011
01012
01013
01014
01015
ol0l6
01017
01018
01n19%
01020
01021
01022
01023
01024
01025
01026
01027
0l1n28
01029
01030
01031
01032
01033
01034
01035
01036
01037
01034
01039
01040
01041
01042
01043
01044
01045
01046
01047
01048
01049
01050
01051
01052
010453
01054
01055



19

16
16

15

18
11

10

FNZ = FNZZe#28(2,0%A00nQ28FNZZ & 1,008ZMY = -

Al = RR/RR2u#(ZM]/FNZaFNT7Z%a2 = 1,0) * 15

VvV = ZM1/RR

AQRR = AQ®RR

FNZSRRM = =FNZ/RR ) oo
ENTRY v

IF(R ,6T, RR) GO 70 3

X1 = R/RR

IF(R o«GTe RR2) GO TO 2

V]I = VW/(X18(1,0 » AQRRux])u#2)

;;TGB;VI . FNZSERMO(X1°°2/2.0 = A]) = 1e0/R

V] = FNzSRRMe# (] 1 'Y V) -
AeTORN 4 (1,0/x x1442/2 0 « 1,5) 1,0/R

vl = -l.o/R . . - . . I
RETURN
END

SUBRROUTINE MATPAC (1JDBs As Ny My DETe EP, IF SING)

DIMENSION A(3y &)
IF SING = 0

DET = 1.

NP1 = Nel
NPM = NeM
NM1 = Nel

IF(1J08) 29 1,y 2
DO 3 Iz1y N

NPI = NoI
A(I,NPI) = 1,
IPrl = I,1

IF(N = IP1) 2y 199 19

DO 3 J=IPle N o T
NPJ = NeoJ

A(ls NPJ) = 0,

A(Js NPI) = O,

00 4 J=1, NM1 : : o I
C = ABS(A(Je))

Jel = el

D0 5 I=zJPly N

D = ABS(AlIsN))

IF(C=D) 64545

DET = <DET

DO 7 K=Je NPM

B = A(IsK)

ALKy 3 A(JeK)

AlJeK) = 8

c =V

CoNTINYE

IF( ABS(A(JeJ))=EP) 1649 15s 15
DET = 0,

IF(IJOR) 16, 164 17

IF SING = 1

RETURN

D0 4 _ 1z JP1l, N . o -
CONST = A(IsJ)/ZA(Je))

Do & K= JPly N\NPM

A(I4K) = AlI,K) = CONSTaA(JeK)
IF( ABS(A(NeN)) = EP) 14, 189 18
00 1! I=14 N

DET = DET®A(IsI)

IF(1JoR) 10, 10, 17

0O 12 Iel¢ N

K = NaTel

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA\
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

01056
01057
01058
01059
01060
01061
01062
01063
0lngé
01065
01066
01067
01068
01069
01070
01071
01072
01073
01074
01075
01076
01077
01078
01079
01080
01081
01082
01083
01084
01085

. 01086

01087
01088
010R9

1 01090

01091
01092
01093
01094
01095
01096
01097
01093
01099
01100
o1101
ollo02
01103
ol1104
o1105
o1lo06
01107
o1l108
01109
01110
01111
o11l12
01113
01114
01115
01116
01117

33




34

20
13
12

26

2)
20
27

1

KPl = Xo1 S e —

D0 12 L=NPls NPM

Sz 0o T TTT T s T

IF( N . kP1) 12, 20+ 20

D0 13 U=KPls N - e e e ———— -

S = Sea(KeJ)®atJel)

A(K Ly = (A(K,L)=S)/7A(K,K)

RETURN

END T
SUBROUTINE NORMPHI(CAPLAMBe L)

COMMON/ATMAX/ AF(S514402)y JMAXF(4H2) 9 IMAXe ~— ~
IMaxFy IMAXFPle IMaxB, IMaxBPly C(3,400) s

2 CF(39402)9 ATOP(401)s ATOPF (4n2)
DIMENSION AR(514402)y JUMAXB(402)s CB(3,402), ATOPB(#OZ)

1

1

23
22

EQUIVALENCE (AF (1), AB(1),, (JIMAxXF(Th JMAYB (1))

(CF(1)s CB(1))9 (ATOPF(1)s ATOPBI(Y))

DIMENSTION CC(1n1)
coMMON/SCRATCH/SCRATCH (604)

EQUIVALENCE (SCRATCH(1)s cCOIN ™
SnAR = SQRT(A3S(CAPLAMR))

IRKW = IMAXFP] o 1 : -
EXPSQ = EXP(=SQAR®ATOPR(IRKW))

CAPA = AR(1+¢IBKW)/EXPSQ -t
GUNDA2 - (CAPAsExPSQ)®wa2,(2,00S0AB)
D = ATOPF(2) Y

call POLYMUL(AF(I 1)y JMaXF (1), Ar(l.l). JMAXF(I)o cc. N¢)

L2 = 2eL°
LD = L2 ¢ NC

SUM = CCINCI/LD R
N = N¢

NcM1 = NC = 1 N T
oo 26 NN=1ys NcMl

-1 U

LO z Lo -1

SUM = SUM®D ¢ CC(N)/LD ' Tt T T T

GUNDA2 = GUNDA2 4 SyMeDss(L2 + 1)

IF(IMAXF +EQe 1) GO TO 27 -

Do 20 1=2s IMaxt

D = ATOPF(Is1) = ATOPF(I) g S
JMAXF(I)s ECe NC)

CALL POLYMUL(AF(19T)s UMAXF(I)y AF(101)¢
SUM = CC(NC)/NC :
N = Nc

NCM1 = NC = 1 o T T
Do 21 Nn=1ls NCM]

N=N.1 e o
SUUM = SUM®D e+ CC(N)/N

GUNDR2 = GUNDAZ2 + SUM®D cToTTT T
DO 22 I=z1, IMAXB

IBKW = IMAXFP] o I e e e

D = ArpeB(1Bxky o 1) = ATOPB(IBKW)

call POLYMUL(AB(],IBKW) , JMAXR(IBKW),
AB(LoIBKW) s IMAXB ( TRKW) ¢ cCs NC)

SM = ~CC(NC)/NC

N = N¢

NCM1 = NC = 1 -

DN 23 NNzl, NCM1

N=N«]1 '

SUM 3 SUM®D = CC(N)/N

G(INDA2 = GUNDA2 + SUMaD : -

GUNDA = SQURT(GUNDA2)

DO 24 I=1s IMAXF

JJJ = JMAXF(I)

" DEGA

DEGA

" 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
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DeGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

01118
01119
01120
01121
ol1l122
01123
01124
01125
01126
o1l127
oll2s
01129
01130
01131
01132
01133
01134
01135
01136
01137
01138
01139
01140
01141
01142
01143
01144
01145
01146
01147
01148
01149
01150
01151
01152
01153
01154
01155
01156
01157
01154
01159
01160
01161
01162
01163
01164
01165
01166
01167
01168
011¢9
01170
01171
01172
01173
01174
01175
01176
01177
01178

01179




00 2% Jaly JJy Tt -
: ~~~~ DEGA

26 AF(J0]) = AF(J,I)/GUNDA

D0 25 I=1s IYAXB S S
IRKW = IM XFPl o I

JJJ = JYAXB (IBKW) S e

25 00(25 J=1e JJJ

AR(JYIRKW) = A8 (Js IBKW) e : e

RFTURN ! 76UNDA -
END :

SURROUTINE POLYMUL (A, LMy B, LNy Ce LLY

DIMENSION A(1)s Bl1)e C(1) T o Tr T -

LL = LM ¢ LN = 1
MMIN = 1 . - - s . e i e
00 1 L= sLL T

IF(L «GT, LM) 3, 2 T TTm T e e s

MMAX = |

sWN

NMAXP]1 = L ¢ 1

6o TO ¢ . - e e

S MMIN = UMIN ¢
6 C(L)y = 0,0 e . L

N = NMaxpPl
D0 1 M= MMIN 4 MMAX : - i
N =Nae=1
1 C(Ly = C(L) + A(M)uB : s s e
RETURN e R
END - - .

SURROUTINE MATELE(KPHIMaXs X
LAMARY® R
lntMEN:SUBSHL. ISSMaXs NSHELL) ale LA Y. ALFAAQY. IMAXARY. e
THEV TON JMAy (400)y AM]1S(400), AU2S(400)
EGYI ?;E:cg (SSRATCH(I)' ATOPIP) s (SCRATCHI(2) s ) ye oo
> (sgazrg:( 1K) ci)o (SCRATCHI(4) oC3) s (:caATcH(S). JMAX(l)).
IMENSTON. X {405) yAM1S (1)), (SCRATCH(R05,, AM25 (1))
ENST LAMARY (1)s LARY(1)s ALFAARY (1) IMAXAQY(l)

sNSUHMSHL (1) e NSHELLID) TmTms T

ICOMMUQCt;??X/ A(51,100), CAPO(100y, IFSTOP[100)s
! ! zoo)' 51(3oo)o S2(3n0)s OVPOLY(T70)e SCRATCH(1206)
2 v A z( 00), A2M(400)y AMT(S1), AMg(51)
2 J :}OéSOO). A2N 400y 4 ANT(S1)s ANS (5], T - -
COMMON/C81/ &wésooié STOQPIN(QOO)' Jiaxnieools JMAXN(“°°)
. e VMNS% OIZ;IGCO§VEC(SOO)' NOPTSe IHNUM4zXe MM(100)¢
) ] Xe s l4MAY
coMM N/EPS/EPScoNVo FEMAXs EM1ge EMATELEs EMDVDDs YaX
FARMAT (1615) ' Ya¥oIM
FORMAT (2515 : i o : -
FORMAT [5E25414) I
FORMAT (26254149 I5) : o -
FORMAT(/)
FORMAT [4E250140 215)
;R}N}l. MNMAX
RINT 1, (MM(UN), NN(MNy, MN: i
KPHIMG = KPHIMAX' & & =1s HNMAX)
MAXDIMs = MAXDIM ¢ 4 - -
ISKIP = 38MAXDIM + & ' N
IECS = 1
IEcsSl = IECS + MaXplMg
éFES? = 1ECS1e MAXDIM
ALL ECRD (SCRATCHI1)s IECSs K
]
CAtL ECRD(SCRATCH(405), IEC;I. :;:?Qnif)IE)
CalL FCRD(SCRATCH(R05), IECS2, KPHIMAX, IE
D0 31 KPHI=1e¢ KPHIMAX ' !
A(1,KPHI} = AM1S(KPHI)

CUVNEWN -

IF(L 46T, LN) 50 & St e 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
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

~ 01188

01181
01182
01183
01184
0118s
01186
01187
ollgs
01189
01190
0l191
01192
01193
0lloé
01195
01196
01197
01198
01199
01200
01201
01202
01203
01204
01205
01206
01207
01208
01209
01210
ol211
ol212
01213
01214
01215
01216
01217

01218

01219
01220
01221
01222
01223
01224
01225
0122¢
01227
01228
01229

01230

01231
01232

01233

01234
01235

01236

01237
01238

01239
01240

.012‘1

35



36

31 AI2¢KPHI) = AMRS(KPHI): - -~ -+ <~
on 21 kPHI=lye KPHIMAX

XL = LARy (KPHI) S

IERROR = ¢

CALL TAYLORY (A(19KPHI}s JMAX(KPHIs® ATOPIP1, T

XLAMARY (KPHI), XL, C1, C2, EM16, IERROR)

JMAXKP = JMAX (KPHT) — .

21 XLLPl(KPHI) = XL®(XL ¢ 1,0}

DD 2V MN=1, M\MAy - e s e m = =

M = MM({MN)

N = NN(uN) " U P

LNLM] LAQY(V). LARY(M) ¢ 1

DEOM = LNLM1 « == =- _

CALL POLYMUL (A(29M) JMAX(M)-I. A(Z'N)' JMAX(N)-IO S2, !Sa)
DO 3 J=l, IS2 cle s2s 158)

DEOM = DEOM ¢ 1,0

30 Sp(y) = s2(y)/pgOM 0 T T T
CALL POLYOP (s2y Is2, aropxpl, Py

20 CAPO(MN) = =C2#P#ATOPIP|##LNLM] .
DN 3% MN=1s MNMAX

36 IFSTUP(MN) = ¢ - e e _
Dn 2% 122y 12

aTorl ; aATOPIP) e e —————

IFCS = IECS ¢ ISKIP

1ecSl = IECS + MaXpIM4 s e
IFCSE = I1ECS1 + MAxDIM

CALL ECRD (SCRATCH(1)s TECSs KPHIMge IF) ~ - —_——

CalL ECRD(SCRATCH(495)y TECS]+KPHIMAXs IE)

CALL ECRD(SCRATCH(80S), IECS2, KPHIMAy, 1€y~ ~— "~

DO 25 KPHIZ1s KPHIMAX

A(ly KPHI} = AMIS(KPHI)
25 A2, XPHI) = AM2S(KPHI)

0 = ATOPI = ATOPIP) T T mr T
DN 27 KPHI=1ls KPHIMAX

1ERROR = 0 - e

27 caLL TAYLORS(AlloKPHI)o JMAX (KPHI) o ATOP101.

De XLAMARY (KPHI) 9 X LP1(KPHI)® Cls C2s C3s EM16y

CalL DVDD(ATOPIP], D, C2, C3, DVPOLY, IDVNHD, EMDVDD)
M _AST = ¢
Do 28 MN=ls MNMAX

IF(IFSTOP(MN) LEQ, 5) 6O O 28 ~~ ~~~ —~ ~TT Tt T

M= MM (My)

1ERROR)’

N=NN (MN) ’ S e
IF(M ,EQ, MLAST) GO TO 33

MLAST = M - e
call POLYMUL(A(LeM) s JMaX (M) DVPOLYo 10VnDe Sls ISl)

33 CALL POLyMyL(A(1,Nys JMax(Ny, S1, IS1, S2, IS2) —_—

CALL PDLYINTI(S2y IS2¢ Dy P)
CaPO(MN) = CAPO(MN) = P
IF (aBS(Py LT, ARS(CAPO(MN))oEMATELE) 34, 35

34 IFSTOP(MN) = IFSTOP(MN) + | et

60 7O 2

35 IFSTOP(UN) = ¢ - e e e e

28 CONTINUE

26 CONTINUE . . e

ATOPI2 = ATOPIPI
ISKIP = 3%MAXDIM « &
IJUMP = 400 -« 12

MLAST = 0 el —

NLAST = ©
D0 40 MNz1, MNMAx o
IF(IFSTOP(MN) LEQs 5) GD TO 40

T T DEGA

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

" DEGA

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

" DEGA

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

01242
01243
01264
01245
01746

01267

01248
01249
01250
01251
01252
01253
01254
012ss
01256
01257,
01258
01259
01260
01261
01262
01263
01264
01265
012¢6
01267
01268
0129
01270
01271
01272
01273
01274
01275
01276
01277
01278
01279
01280
01281
01282
01283
01234
01285
01286
0l>g7
01288
01289
01290
01291
01292
01293
01294
01295
01296
01297
01298
01299
01300
01301
01302
01303




41

60

42
44

61
45

47

48

M = MM(MN)

N = NN(uN)

IF(M_,EQ, MLAST) 42+ 641
MLAST 2 M

IMMAX = IMAXARY (M) = I2
IF {(IMMAX +EQ. 0) GO TO g0
IECS = 48(400 - 12)

IECS = IFCS®(M = 1) + 1
1IECS = IECS + I2®#ISKIp
calL

IFCS = 1gCS ¢ IJUMP

calL ECRD(JMAXM(1)s IECSs IMMAX, IE)
TIECS = IECS o IJjMP

CalL ECRD(AIM(1)s IECSs IMMAXs IE)
IECS = IECS ¢ IjuMp

CallL ECRO(A2M(1), IECS, IMMAx, IE)
cONTINUE

IF(N ,EQ, NLAST) 45+ 44

NLaST = N

INMAX =z IMAXARY(N) = I2

IFLINMAX «EQe o) GO TO 61

1ECS = 648(400 - 12)

IFCS = 1ECS#(N - 1) « 1

IFCS = IECS ¢ I2#ISKIP
CALL ECRD(ATOPPIN(1),
IECS = IECS o+ lJyMP
calL ECRD(JMAXN(])s IECSe INMAX, IE)
1ECS = IECS ¢ IjUMP

CalL ECRD(A1N(1), IECS, INMax, IE)
IFCS = IECS ¢ IJUMP

IECSes INMAX,

CaLL ECRD(A2N(1)s IECSs INMAXs IE)
CONTINYE

IM =

IN =1

ATOPIP] - ATOPIZ2

ALASTM = ATOPIZ

aLASTN = ATOPI2

IMFIRST = 0

INFIRST = 0

CalL FINDATP(IMs IMMAXy XLLPY (M)
1 XLAMARY (M), IERROR)
IF({TERROR «EQs 14) GO TO 100

ALASTMs ATOPP1M.

ECRD(ATOPP1M(1), IECS, IMMAx, IE)

1E) . Ce e iem o

CALL FINOATP(INs INMAXe XLLPL(N)s aLASTNs ATOPPIN,

1 XLAMARY (N} TERROR)
IF(IERROR +EQs 14) GO TO 100
CoNTINUE
ATOPI = ATOPIP)

IF (ABS (ALASTM=AL ASTN)
INFIRST = O

IMFIRST = 0

ATOPLIPl = 5% (AL ASTM # 4 'ASTN)

CaLL FINDAl2(IM, IMMAy, x| AMARy (M),

1 ATOPIP1e AlMe A2Me JMAXMy AMS
IF (IERROR +EQs 12) GO TO 100
CALL FINDAL2(IN, INMAX, XLAMARY(N),

1 ATOPIPls ALNe A2Ny JMAXNs ANSs
IF(IERROR +EQs 12) GD To 100
IM = IM o 1
IN = IN ¢

oLTe (ALASTMsALASTN)®,SE=12 ) 489 49

ALFAARY (M), xLLP1 (™),
JMSMAXs TERROR)

ALFAARY (Ny, XLLPI(N),
JNSMAX s TERROR)

CaLL FINDATP(IMs IMMAXs XLLPl(M)s ALASTMs ATOPPlM,

1 ‘XLAMARY (M), IERROR)
IF {ILRROR +EQe 14) GO TO 100

DEGA -

DEGA
DEGA
DEGA

'DEGA

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

" DEGA

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

" DEGA

DEGA

" DEGA

DEGA

" 'DEGA

DEGA
DEGA
DEGA
DEGA
DEGA

" DEGA

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

01304

61308

01306
01307
01308
01309
01310
01311
01312
01313
01314
Olals
01316
01317
0131g
01319
01320
01321
01322
01323
01324
0132s
01326
01327
01328
01329
01330
01331
01332
01333
01334
01335
01336
01337
01338
01339
01340
01341
01342
01343
01344
01345
01346
01347
01368
01349
01350
01351
01352
01353
0134
01355
01356
01357
01358
01359
01360
01361
01362
01363
01364
01365

37



CALL FINDATP(IN, INMAx, xLLP1(N), aLASTN, ATOPPIN,- -—————-—-———- DEGA 01366
1 XLAMARY (\) s IERROR) DEGA

, 01367
IF(IERROR +EQ, 14) 100, 50 T T T - “~ DEGA 01368
49 IF(ALASTM ,GT, ALASTN) 51, 52 DEGA 01369
S1 INFIRST = o T — - "= T~ DEGA 01370
IMFIRST = IMFIRST ¢ 1 DEGA _ 01371
ATOPIP] = ALASTN i TS S mT o ST ST T T T DEGA ‘01372
DM = ATDPIP] « ALASTM DEGA 01373
IF(IMFIRST LEQs 1) 53¢ S& ' T T T T T DEGA 01374
53 CalL FINDA12(IM, IMMAyx, xLAMAQy(M). ALFAAQY(M), DEGA 0137%
1 XLLP1 (M) ALASTM. AlMs A2My JMAXM, AMT, JUMTMAX, JERROR) =~ DEGA 01376
IF ({IERROR +EQe 12) GO TQ 100 DEGA 01377
IERROR = 0 i et R » A ] } 01378
CALL TAYLORS(aMTs UMTMAXs ALASTMs pMs XLAMARY(M). DEGA 01379
1 XLLPL1(M)y 0,09 =1,04 0,09 EMlKs IERROR)" DEGA 01380
IF(IERROR L,EQ, 10) 100, S& DEGA 01381
54 CALL POLYOQP(AMTs JMTMAXs DMe AMS({)) =~~~ ~ DEGA 01382 °
CALL POLY1P(AMT, JUMTMAX, DMy AMS(R)) DEGA 01383
JMSMAY = 0 ‘ DEGA 01384
calL FINDA12(INs INMAXs XLAMARY (N)J ALFAARY (N), XLLPl(N)o DEGA 01385
1 ATOPIPle AlNe A2Ns JMAXNs ANSy _JNSMAXs TERROR) ™ ~ "~ 777" 777 DEGA 01386
IF(IERROR LEQ, '12) GO TO 100 ° DEGA 01387
IN = IN + 1 : - e 1 A 1) 01388
CALL FINDATP(INs INMAXs XLLPL(N)® ALASTN' ATOPPlNo DEGA 01189
1 XLAMARY (N), IERROR) DEGA 01390
IF(IERROR +EQ¢ 14) 1009 Sp DEGA 01391
52 IMFIRST = 0 ‘ T " DEGA 01392
INFIRST = INFIRST o 1 DEGA 01393
ATOPlpP] = ALASTM TT Ty T " " DEGA 01394
DN = ATOPIP1 = ALASTN DEGA 01399
IF (INFIRST ,EQ, 1) 55, S8& : Tt TTTT T DEGA 01396~
55 CaLL FINDA13(INs INMAXs XLAMARY(N), ALFAAQY(N). DEGA 01397
1 XLLPL(N) ¢ ALASTNs AlNs A2Ns JMAXN, ANTs JNTMAXy JERROR) - " DEGA 0139g
IF(IERROR ,EQ, 12) GO 710 100 DEGA 01399
IERRUR = 0 T T """ DEGA 01400
CaLL TAYLORS(ANTs UNTMaXs ALASTNs pNs xLAuARYtN). DEGA 01401
1 XLLPI(N). o o. -1 0, o 0. EM16. IERROR) T o DEGA i 01‘02_
IF I IERROR +EQ, 10) looo 56 DEGA 01403
. 56 CALL POLYOP(ANTs JUNTMaXs DNs ANSI(1)) ~° 77~ " DEGA’ 01404
CaLL POLY1P(ANT, JNTMAX, DN, ANS(2)) DEGA 01405
JNSMAX ‘= 0 T TT T DEGA 01406
CalL FINOAL2(IMs IMMAXs XLAMARY (M)e ALFAARY (M) xLLpltu). DEGA 01407
1 ATOPIP1, AlM, A2M, JUMAXM, AMss JMgMax, IERROR) ~~~~ ~ DEGA ~ 7~ 01408°
IF (IERRDR +EQ. 12) GO TO 100 DEGA 01409
IM = IM + 1 - i DEGA 01410
CALL FINDATP(IM, IMMAx, ¥LLP1(M), ALASTM, DEGA 01411
1 ATDPP1Ms XLAMARY(M)y IERROR) " DEGA 014127
IF(IERROR +EQ, 14) 100, 50 DEGA 01413
50 D = ATOPI - ATOPIP] ' C ST m—sTo——————=—"—" "~ DEGA 016164
IERROR = o DEGA 01418
CALL TAYLORS(aAMSe JMSMAXs ATOPIPle Ds XLAMARY(M)s =~ ~ " 7777 """ DEGA Olslg
1 xLLP1 (M), 0,0, =1,0, 0,0, EM16, IFRROR) : DEGA 01617
IF (IERRDR +EQ, 1o) GO To 1oo TTTS T 77" DEGA 01418°
calLL TAYLORS(ANSy JUNSMAXye ATOPIPly Ds XLAMARY(N), DEGA 014l9
1 xLLP1(Ny, 0,0y =1,04 0,0, EM16y IERROR) - T TTTTT T 77 DEGA 01420
IF(IERROR +EQ. 101 60 To loo . DEGA 01421
caLL ovOD(aTOPIP1s D =1,0s 0,0, pvPOLYs TDVDDs EMDVOD)Y ~ "~~~ DEGA 01422
CaLL POLyMuyL (aMSs, JMSMAx. ODvPOLY, IDVDDs Sls IS1) DEGA 01423
caLL POLYMUL(ANSo JNSMAXs S19 IS1e S2¢ IS2) T TTITITTTT T DEGA 01424
CaLL POLYINT(S2y 1S2y Dy P) DEGA 01425
CAPO(MN) = CAPO(MN) o P CovTT o= T " " DEGA 01426
IF(ABS(P) +L.Te ABS(CAPO(MN))®EMATELE) 589 57 DEGA 01427 _
PRIN! Ty 15S™MAK - vcom  gyvos

38




58
57

100

101
40

29
64

1
65

66

IFSTOP(MN) = IFSTOP(MN) ¢ 1 = - - - ——— "-—=- - - - -
IF(IFSTOP(MN) LEQe S) &gy 47

IFSTOP(MN) = 0 ’

G0 TO 47

PRINT 101 .- . - - e .

FORMAT (¢ ERROR IN REGION 3%)

CONTINUE

DO 29 MN=1s MNMAX

CaPO(MNY = 2,09CAPO(MN)

PRINT 3, CAPO(MN)

FORMAT (E24,144 # EVe, 15, E24,14y & EVa , 15, 7~ —° 77 77

E24e149 # EV®s E244149 ® BARNSZATOM®)
FORMAT (E2%614y ® BARNS/ATOM®) B
FORMAT (/)
DO 62 MN=1s¢ MNMAX CT s T s e
M = MM(uN)
N = NN(uN) : ST s -=-
DE = ARS(XLAMARY (M) = XLAMARY(N))
HNU = pgwul3,q0s ) Tt T ot T T
DE3 = DE##3

LMAX = LARY (M) ) "'f""""_‘_“—"'—*"
IF(LARY(N) oGTe LMAX) LMaX = LARY(N)

THE GA AND NOE ARE ONLy GODD HERE FOR THE BO;ND.FREE CASE,

62

MNSS = N

IF (XLAMARY (M) oLTe 0,0) WNSS = M : s e
1SS = NSHELL (YNSS)e (NSHELL(MNSS) o 1)/2 + LARY(MNSS) o 1

NNE 3 NSUBSHL(ISS) . N QU S
GA = 28(2%LARY(MNSS) + 1)

DSIGMA = 10.756E060N°E0LWAX6CADO(MQ)g,z,lnEs.GA) L -
14 = I4MIN ¢ UN = | )

ACOFVEC (T4} = ACOFVEC(I4) ¢ DSIGMA . e _
EM = XLAMARY (M)#13,605

EN = XLAMARY (N)#13,605 e e

CONTINUE
RETURN i
END
SURROUTINE ZZZ(X_LAMWKRs _WKBs NWKHe KWKBs HNUVEC,
NOPTSs IHNUMAXs UMNUIs ZZZFAC)

COMMON/SCRATCH/SCRATCH (1204) : o T
DIMENSION XLAMWKB(1)s LWKB(1)s NWKR(1), HNUVEC(1)
FAC = ALOG(10,0) S mmmmme e
DHNU = DHNUI

DN 6 K=1s KWKB

éLtwwggx$) = ABS(XLAMWKR(K))

ALL SDRT1(K#KB, 2, XLAMyKB, SCRATCH, LWKB, NWKB SR -

X1 A UMKn (KWKEe 1) "= SZ2F AcaXLaMaRn (kakD) T 2 WK

IHNUMAX = 0 Tttt

00 1 I=1, KwKB

EPS = ,01 . .

XNUM = ALO0GlO0(ppS(XLaAMWKg(I¢1))) = ALOGlO(ARS(XLaAMAKg(I) ¢ EPS))
NOINT = XNUM/ZDHNY
IF(NOINT ¢EQe n) NOINT = |

NOINT = NUINT + 1 : - - s
SPHNU = xNyUM/NOINT

IHNUMAX = THVNUMAX o 1

IF (IHNUMAX ,GT, NOPTS) 49 S

OHNy = 1,24DHNy

6o 10 3

HNUVEC (IHNUMAX) = XLAMWKR(I) ¢ EPS

NOINTM1 = NOINT = 1

DO 2 INT=1e NOINTM]

THNUMAX = THNUMAX ¢ 1

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
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
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

01428
01429
01430
01431
01432
01433
01434
01435
01436
01437
01438
01439
01460
0164)
01442

01443

01464
01445
01446
01467
01448
LAY YY)
01450
01451
01452
01453
01454
n1455
01456
01457
01458
01459
01460
01451
n1462
01463
n1664
01465
01466
01467
01468
01469
01470
01471
016472
01473
01474
01475
01476
01,77
01478
01479
01480
01481
01482
01483
01484
01485
01486
01487
014388
01489

39



IF(IHNMAX ,GT, NOPTS) GO TO & ~— =~ - --

XNUM = FAC®(ALOG]0(ABS (XLAMWKB(I)  EPS)) ¢ INT#SDHNU)
HNUVEC ( THNUMAX) =  EXP (XNUM) : ’ T Tt T o
IHNUMAX = IHNUMAX + 1

IF(IHNUMAX oGTs NOPTS) GO TO &~ "~~~ — — o-

HNUVEC (THNUMAX) = XLAMWKB(Iel)

DO 7 Kx1l, KWKB T T T T s T s T s T
XLAMWKB (K) = «XLAMWKB(K)

RETURN T TSIt T T T
END

SUBROUTINE CARSON(XLAMBDAs C2¢ MFACe CAPRy XLLP1y " "7 7777 °°

1 CAPFs CAPFpPy THETA, THETAP, IERROR)

coMMON/PT/PIy TWOSPI R e
1ERROR = ¢

smaLLc = ABS(c2) : cee — - -

smaLLlK = SQRT (xLAMBDA)
CaPM = SQRT(TWOSPI/SMALLK) = =~ "~ -
CAPM = MFAC®CAPM
AN = CAPM s BN = 0,0 ) ' - -
CSK * SMALLC/SMALLK S CSK2 = CSK®*CSK
ACON = XLLPl ¢ cSK2 § BCON = =(CS + ST
gig: = i&o ss ngK = z,oSSMALLK(C Ke XLLP1d

= CAPB = 88 S CAPAP = APBP = -- -
po 63 NPl = 1, 15 AP 0.0 3 CAPBP = 0e0
DEOM = DEOM#CAPR o oo -
N = Np] = 1
XNP1 = NP1 Teem s -
XNNP1 = NaxNP]
TWONPL = (2,0%N 4 10)*CSK T - -
XnEOM = TWOK®*XNPI
ANP1 = ((ACON . XNNP1)#BN o TWONP}3AN) ,XDEOM ~ —— "=~ 7 7
BNP] = ((XNNP; ¢ BCON)®#aAN =TWONP]®gN) /XDEOM
AADD = aANP1/DEOM §  gapD = gNP1/DEOM B —
APADD - xNP1#AADD § AQPADD ; xNP1eBADD
CaPa = caPa ¢ aapDd S CaPR = CaAPB ¢ BADD '~ 7 - -
CAPAP = CAPAP + APADD 3 CAPRP = CApBP + BPADD
CaPaAB = ABS(CAPA) 4. ABS(CAPR) : T -
CaPABP = ABS(CAPAP) ¢ ARS(CAPBP)

IF( ABS(AADD) +LTe CAPAR®1,0E=4 oANDs 7
ARS(BADD) LT, CAPABe#1,0E.4 ,AND,
ARS(APADD) "oL¥e CAPABP®].nE=4 eANDs "~ """ " -
ARS (BPADD) ,LTe. CAPABP®#]l,0E-4) GO TO 62

AN = ANP] Cme

63 BN = BNP)

PRINT 64 .- - SRS — —— o

64 FORMAT (s  CAPA, CAPB, CAPAP, AND CAPBP DO NOT CONyERGE,#)

Cannovantad . BHwD 2 : »OHa
o P T T T PR T T T TSI IR T T FT T YT T YT LT Y FTT T XL L LYY T2 Y

c

cooooooo¢o°ooooaoou.ooooo»oooooooooooou0606oéuouuucoooooob86&000000060¢5

IERROR = 12
RETURN

RUN THIS CODE FOR CAPR +GTs 1.0

62 CaPAP = ~-CAPAP/CAPR

40

caPBP = .CAPBP,CAPR Ceem e e m e
CAPF2 = CAPA®CAPA + CAPR®CAPB
CAPF = SQRT(CAPF2) : - o
ga:ii = (CAPAsCAPAP , CAPBaCAPRP) /CAPF
H = SMALLK®CAPR ¢ CSKX®ALOG(CAPR) + ATaN ¢
. 2(CAPAs ¢APR)
;:532: = SMALLK ¢ CSK/CaPR ¢ (CAPAP®CAPB = CAPRP®CAPA)/CAPF2

END
SUBROUTINE TAYLOR] (As JMAXs Ds XLAMBDAe XLs C1v C2¢ EM169 IERROR)
DIMENSION A(l)

PRIN! 7+ 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

W UP

01490
01491
01492
01493
01494
01465
01496
01497
01498
01499
01500
01501
ol1so02
01503
01504
01508
01506
01507
01508
01509
01510
01511
ol1512
01513
01514
01515
0lsleg
01517
01518
01519
01520
0}521
0isa22
01523
01524
01525
01526
01527
ols2s
01529
01530
01531
01532
01533
01534
01535
01536
01537
01538
01539
01540
01541
01542
01543
01544
01545
n1546
01547
01548
01549
01550
01551

vuvve




30

31

32

33
35

34
20

9
1

40

41

1

IERROR = o . . .- i mie s e e e e w e o ———m = =
DEOM = 0,0

DDEOM = 2,0exL:

Bl = 2,0#Cl = XLAMBDA

B2 = 2.08C2 . e oo

IF (JMax ,6T, 2) GO TO 4o

IFCONV = o ' T T

FaC = 1,0

AMAY = A(2)

AMAXM1 g6 = AMAX®EM]6
Do 2V J=3s 50 o I oot TTo o mmme et
ODEDM = DDEOY + 2,0

DEOM = DEOM ¢ DDEOM o T T s
JMl = el

:;é)==rigiaA(J-z) + B2oA(JM1))/DEOM ’ o T
ARSA = UM1®ABS(A(J))#FAC
IF(ABsa ,GT, AMAx) 30, 31

AMAX = ABSA S e s

AMAXM1g = AMAX®#EM1g
60 TO 32
IF(aBsa LT, AMAyM16) 33, 32

IFCONV = o : e

Go TO 20

IF(IFCONV LEQ, 1) 35, 34 Tttt T

JMAX = J

RETURN R T moTms mmse— e m e

IFCONy a1

C{)NTINUE ot T e rT T T T T T T T T T s

IERROR = 9
PRINT 94 IERROR

FORMAT (I5,# TAYLOR SERIES DOEg NOT CONVERGE IN suaqouleE TAyLORI

o DO=LODOP 20.%)
RFETURN
DO 41 J=3. JYAX T R R
DDEOM = DNEOM ¢ 2,0
DEOM = DEOM + DDEOM S
tJy = (Bl®A(J=2) + B2#
AL AlJ=2) + B2%A(JM1))/DEDM
END T . - —— —— — .
SUBQOUTINE TAYLORS(As JMAXs RRy Dy XLAMBDA+
XLLPls Cls C2y C3, EM ;
DIMENSION A(1) #3 EMl6s TERROR)
IFRROR 2. O oo oot ot e T e s T Tt -
RR? = RR#RR
TWNRR = 2,008RR
SRl= XLAMBDA « 2,04C1
SR2=z ~-2,0%C2
SR3=z «(2,04#C3 + XLLP1)
= SR1%RRZ ¢ Sp2#RR + sBn3
B2 = SB1aTWORR , SB2
= S81
IRt i
= =(B2%A(]) e+B1%Al » ® 54
IF (UMAX ,G6T, S) éo T0 éoA 20 +2:0tTHORREA(3) /16, 00AR2)
ARSD = ABS(D)
FAC = 1,0
AMAX = ABS(A(2))
AMAXM1 g = AMAXSEM16
FAC = FAC®ABSD
ABS3 = 2,0%ABS(A(3))8FAC

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
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
01655
01556
01557
01558
01559
01560
01561
01562
01563
01564
01565
n1566
01567
01568
01569
01570
01571
nlg72
01573
01574
01575
01576
01577
01578
01579
01580
01581
01582
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

54

55

56

57

45

46
46
47
4B
49

26

I
NRMA
10 FORMAT (215,8 TAYLOR SERIES DOES NOT CONVERGE IN SUQROUTINE TaYLOR

IF (aBs3 o6T, AMAX) Sg¢ Bg — -~ - T —ois o

AmMAX = AgS3
AMAYM16 = AMAXGEM16
FAC * FAC®ABSD

e ——— e . ————— -

ARS4 = 3,0%ABS(A(4))®FAC e —— e e -

IF (aBSa 6T, AMA '
AMAX = ABS4 e X) 56, 51'_'
AMAXMlg = AMAX®EMlg

30123 J=6y 50 , 2 Co L m e e — s —
M 8_-1 b Y JM2 = J=2 s M . Je

JM“ = J-6 3 JMS = J-S i J 3 _. 3 -

DEOM £ JM3#JM28RR2 ’

ALIM]) = ~(B3®A(JUMS)  +p2¢ J
B2®*A(JMG) P(R1eJMS® M4 # T
1 +JUMGBJMIBTWORR®A ( JM2) ) /DEOM ALIM3)

DEOM £ JM2eJM]8RR2 -
ACJY 3 =(R3®A(JMG)  +B2%ALUMI) o+ (B1eJMa®UMI) *A(IM2)

FaC * FaAC®ABSD

1 +JM38 M2 TWDRR®A (M) ) /DEQM —

ARSA) = gM2eaBS(A(JM1) )@ ce s ——
Fac s Fabeasso JM1))&FAC

ARSA = JUMI®ABS(A(JY)I®FAC - oo T T o T
IF laBsa ,6GT, AMAX) 459 44

AvAy = ABSA e e e

AVMAXM1e = AMAX®EM16
:FAKASSAI oGTo AMAX)‘6' 26 N o .
MAX = ABSA1 ¢ AMAXM16 = AMAXSEM16 s GO TO 26

IF(ABSA] oGTe AMAX) 46% 47 LT o

IF (ABsA LT, AMAXM16) 4B, 26

IF(ABSA] «LTs AMAXM O
Juax = 16) 49, 26 aia
RFTYRN S s e -
CONTINUE

1eRROR = 10 et e o
PRINT 10y IERRQRy

1Se NO=L0O0OP 26 IN LDOP 25.%)

60

1

27

1

Jvax =% . T oTT
IERROR = ©

FORMAT (4E24414) - C e
PRINT 1, AMAXs AMAXMlgs ABSAs ABSAT

RETURN

00123 J=6 JMAXe 2
JM 3--1 $ JM2 = J=2 s 3L et
Jua - J.a s JMS = J-s JM = J 3
gFSM = JM3I®JM268RR2 B
(ML) = «1B3sA(JUS) ,B2uA ) ; :
(JMG AleJMSaJIM y
‘JM6°JM3’TW09R’A(JM2)’ );650; Sa 6)0A(JM3!'_ )
RESM = JM2# JU14RR2
(9 = =(B38A(JM4) +B2aA(IM3 5
? y +(B1,JMaaUM3) +A(IM2
*JM3B MR TWORRMA | UMY )
RETURN AtyMi) )/DEQM
END
SUBROUTINE POLYQP( As JMAXs Dy P) ~ =0 — - "=--= == =
DIMENSION A(l)
M:JMAX Ce . - . C L aa
P = A(M)
JUP = M = 1 . : - Cemm oo
IF(JUP LT, 1) RETURN
DO 1 J=1s JUP T e e e
M = Ma ]
P = Pep « A(M)
RETURN

PRINT 7+ ISSMAX
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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
DEGA
DEGA
DEGA
DEGA
DEGA

DEGA

- DEGA

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

VEGA

01614
01615
01616
01617
01618
01619
01620
0lg21
01622
01623
01624
01625
01626
01627
01628
01629
01630
01631
01632
01633
01634
01635
01636
01637
01638
01639
01640
01641
01642
01643
016644
01645
01646
01647
01648
01649
01650
01651
01652
01,53
01654
n1655
01656
01657
01658
01659
01660
01661
01662
01663
01664
01665
01666
01667
01668
01669
01670
01671
01672
01673
01674
01678

opudb3



10

30

20

50

60

40

ENTRY POLY1P

M = JMax

P = (M=1)®A(M)

JIP 3 Ma2

IF(JUP LLTe 1) RETURN
DN 2 J=le JUP

M = Moy

P = Pap ¢ (M=1)®a(M)
RFTURN

ENTRY POLYINT

M = JMaX

P = A(MI/M

JP = Ma) T
IF(JUP LLTe 1) GO TO &
DO 3 JU=1ls JUP

M= Moy

P = Pap « A(MI/M

P = Poo

RETURN

END

3 0
UBROUTINE pvpD( ATOPIs ns C2+ C3e DVPOLYs IDVDDs EMDVDD!

COMMON/SCRATCH/SCRATCH(604)

DTMENSION DVPOLY (1)
0aTOPI = =1,0/ATOPI
DN = 1,0

IF(C3 ,EQ, 0,0)

DVPOLY (1) = =C2/ATOPI®4p
EPSILON = ABS(DyPOLY (1)) #EMDVDD

TERMLST = DVPOLY(])
InvpD = 1DOVOD ¢ 1

TERMLST = TERMLST®#0ATOPT

DN = DN®#D

DVPOLY(IDVDD) = IDVOD®*TERMLST

IF (ABS (DyPOLY (IDyDD)«DNy Ly, EPSILONy 40, 30 -~ -~~~

ISCH = 1
IcNTL = 1
ICNT2 = ]

SCRATCH(1) = «1,n/ATOPI®&3
EPSILON = ABS(SCRATCH(1))#gMDVDD

TERMLST = SCRATCHI(])
IsCH = ISCH + 1

ICNT2 = ICNT 2 « 1
ICNTl = ICNT1 & ICNT2

TERMLST = TERVLST#OATOPI

DN = DN®D

ScRATCH(ISCH) = ICNTl®TeauLsST

IF 1aBS (SCRATCH(ISCH)«DNy LT, EPSILON) 60, 50

SCRATCHI(499) = C2%ATOPI + 2,0%C3

SCRATCHIS00)y = ¢2

CaLL POLyMUL (SCRaTCH (1), ISCH, SCRATCH(499), 2, DVPOLy, IDVDD)

RF TURN
END

SUBROUTINE FINDA12!(Is IMaXe X_AMs ALFA, XLLPle ATOPIP{,

1 Ale A2 JMAXs ASYH
JSMAX e
DIMENSION Al(1ly, A2(1), JMAX(1ly, AS(2)

IFRROR = 0

IFIT oGTe IMAX) 20 1
Ac(]) = Al(D)Y

AS(2) = a2(D)

JSMAX = JMAX(I)
RETURN

T1ERROR)

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

01676
01677
01678
01679
01680
01s81
01682
01683
01684
01685
01686
01687
01688
01689
01490
01691
n1692
01693
01694
01695
01696
01697
01698
01699
01700
01701
01702
01703
01704
01705
0170¢
01707
01708
01709
01710
01711
01712
01713
01714
01715
01716
01717
01718
01719
01720
01721
ol722
01723
01724
01725
01726
01727
01728
01729
01730
01731
01732
01733
01734
0173s
01736
01737

43



44

2 CALL CARSON(XLAMy =1,04 14 ATPPIPls XL Ply -

1 CAPF, CAPFP, THETA, THETAP, IERROR)

IF({IERROR +EQe¢ 12) RETURN
THETA] = THETA ¢ ALFA
COSTHE] = COS(THETAl)
AS(1) = CAPF®COSTHE]

AS(2) ¢ CAPFPaCOSTHE] = CAPF#THETAD®SIN(THETA])

JsuaX = o
RETURN
END

SUBROUTINE FINDATP(IMs IMAXe XLLPys ALASTe ATOPP1s XLAMBs IERROR)

DIMENSIDN ATO®P1(1)
IERRUR = 0
IF(IM ,GTe IMAX) 29 1

1 ALAST = ATOPP1(IM)

RETURN

2 IF(xLaMB 46T, 040) 49 3~
3 IFRROR = 14

RETURN

4 DR = ,2%ALAST

R1 = 1,05%ALAST

CALL DRMAXSB(ORMAX, ALAST, R1, XLauB, XLLP1, 1)

IF(DR +GTe DRMAX) DR = DRIMAX
ALAST = ALAST ¢ DR

RETURN

END

PRINT 74 ISSMAX
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01738
01739
01740
01741
01742
01743
01764
01745
01746
01747
01748
01749
01750
01751
01752
01753
01754
91755
01756
01757
01758
01759
01760
01761
01762
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18456¢55¢ASSIGNMTs DLDPL (PLBsLF223L00sSHB)
1B,56455¢6> ASSIGNED

18,56,55,LF223L00

18,56¢55,ASSIGNMTe NEWPL (NLB s+ SHB)
18¢56e55e66 ASSIGNED

1Be560564L0274L00 T o T T T T T s s s e e T
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18457+07¢ DECK STRUCTURE CHANGED ' ’ oot ST mr T T e T T

18,57,07, DECK STRUCTURE CHANGED

1Be57¢16¢ UPDATING FINISHED o To ot T TT T
18e57¢15¢REWIND (SOURCE)

18,574164UPDATE (Ns I=SOURCE) E e e S

18,57+38. UPDATING FINISHED

18,57.,3R.COPYSBF (COMPILE,OUTPYTY =~ =~ =~ ~°°
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