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

by

A. JL Mew and Walter Manisfca, Jr.

ABSTRACT

Solution* of IJK Schrodirtger cquiuton with a realistic potential *rc carried
out in detail. To check our methods, we have calculated a few bound-bound,
boun&'ftec, and free-fire* cross sections tuid comptsrtd our values with existing
calculations and experimental claw, These comparisons, along with a luting of
the computer code in its bound-free form, are included.

This report intends to show how the CDC-?oOO cede
OECA-A (Dense Electron <Sas AppresimaiJen-Absorp-
tten) computes the btrantl'free. free-free, and bound-
bound absorption saeffteients, <?bf, oif. and o ^ . respec-
tively, as a function of photon energy, ho, from the given
potential function V(r) and the electron occupancy of the
atom. Assuming V(r) to be exact, the cade wi!l do its
computation at any desired securiQ', within the machine
limits, because the Schrisdinger equation is sotveti using
exact power-series expansions, not difference equations.

As the code is now written, any potential function can
be used if it adheres tu» the three fallowing requirements.

t. limVr# O

2. After some finite value of t, K,, the pstenstai must
be VM - -kfft.

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

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

Throughout this report, |O,R,) is called Region 1 and

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

Experience has shown that a parameterized potential
works welt and gives energy levels close to those that
iferman and Sfeiilman1 calculated using their Kanree-
Poefe-Slater method for isolated neutral atoms.

The potential form for an isolated atom is

V(r) (1)

where a = 0.6057?."J. However, the form sctuiliy used in
this report, which is also valid for a compressed atom, is

- 3/2)

where

Z* is the "effective number" of free electrons,
Ri is the radius of the sphere representing the spheri-

cal atomic volume,
r0 is the vatue of the radial distance for which Kq. {2}

is equal to the value given in V.s\. ($) below, and
e is the electronic charge.

In the inner region, the potential is given by

V<r) = - Zc/rU • »r)s -

for@<r<ro .

~ - Bo)
2R; /

(3)



•or0 )2 (5)

After the form of the potential in the two regions is
chosen, Eqs. (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 Rs

is determined by the density of the material being con-
sidered. The value of Z* is chosen by an iterative proce-
dure so that at some finite temperature T, and for an
atom occupying a spherical volume of radius R ( , we have

Equation (7) has an infinite (in some cases finite, but
large) number of discrete bound solutions (negative X)
commonly denoted by Is, 2s, 2pf 3s, 3p, 3d, etc. Of this
infinite sequence, we calculate only the solutions allowed
by the electron occupancy. ob b can be evaluated only at
discrete values of hi;, because hit = iX, - X2 ' where X| and
Xj both represent bound solutions. By using a line profile,
we then distribute each c^b o v e r a narrow range of hv.
However, every positive X, given 8, is an eigenvalue for a
free state. This allows us to choose any finite number of
positive X's. Therefore, we can evaluate ob f at any energy
hv above the threshold, and Off at any desired value of hv.
Here hv = [Kt — Xjl, X| represents either a bound oi a free
solution, and X2 represents a free solution.

II. THE METHOD OF SOLUTION OF THE
SCHRODINGER EQUATION

R. r i i
I = N(Z») = f \f n(r, T, P) dP 4ffrs dr ,

o L o J

(6)

where n is the Fermi-Dirac distribution function, repre-
senting the number of electrons at point r, having momen-
tum between P and P + dP. Using Eq. (5) we have also
determined r0.

We-must correct the above potential for self-inter-
action. This is done in the simplest possible fashion. We
replace Z in Eqs. (2) through(5)with ( Z - l ) 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 wed to calculate the one-electron energies and the
one-electron orbitais 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) = - l / r for 0 < r < ° ° i s
often used to check pares of the code because analytic
solutions for this potential are known.

The code considers the Schrodingcr equation in the
form

= 0,0<£r«£» , (7)

where
cifi[t) is the radial wave function (however, *p(r) will be

exited the wave function throughout the rest cf this
report),

X is the energy eigenvalue, and
fi is the angular-momentum quantum number.

A. The Potential Approximation

To solve Eq. (7) on the computer, we choose a finite
R > R , to approximate r = °°, and divide [O.RJ into a
finite number of intervals. For each of these intervals, r3

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

(8)

Let r, be the left end point of this interval, r3 the right
end point, and r2 the midpoint. To evaluate the c's, we
solve the set of equations

rj • c3 = V(rj)rj3 forj = I, 2, 3. (9)

These equations have no difficulty at r = 0, and they fit
the potential exactly at r,, r2, and r3. Because V(r) it a
smooth, monotonic function, we can check our fit by
checking the validity of

(10)

at several points between rt and r3. 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 c ) t c j , and c3 should actually be



thought of as ci,;, c3 j e and c3; .where the subscript i
denotes the ith interval.

In Region 2, obviously, c2 = -1 and c( = c3 = 0. The
lengths of the intervals in this region are governed only by
an additional condition discussed later. This condition
applies to al! intervals.

As the code now exists, for a given set of conditions,
ail solutions to the Schrodinger equation arc 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, U
would be impractical to require alt 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 cf 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

for i = ! (11)

in the ftrst interval. Dropping the subscript i, we substi-
tute the power scries and its second derivative for ifi{r) and
V?"{r) and the approximation for V(r) in Eq. <8) into the
Schrodinger equation to get

cy • 8(8+ lj]a3j/r

5Z
1=3

02)

Here we assume that c5 = 0 and a- « 0 for 1 < j < £ + I.
Also aB+2 is arbitrary because any constant times a solu-
tion cigenfunaion vKr) is still a solution. As each
term in Eq. {12) must be zero for every r in the interval,
we now have the recursion tetaitun

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 j and require that O=£d<p i + J -p j where
the p's arc the end points of the intervals. When it is
necessary to expand about the right end point, the roles
of pj and p j+J are switched and pi - p j + , < d < 0 . Again
omitting the subscript i, the Schrodingcr equation can
now be written as

(p- + 2pd + d2)<p"(d) * (B. + B3d + Bjd2)#(d) = 0 ,

where

B, = bjp2 + bjp + b3

Bj =2b,p + bi

B3=b,

and (14)

b, = X - 2 c ,

bj. = -2cj

b, =-(2c3 *C(C> !)j

Here we assume the wave function to have the form

fori> I . (IS)

Substituting (he power scries and its second derivative for
0(4) and <f"(d}. we get

j -S -

(16)

with (he subscript i omitccd. Agjin, because each term of
Eq. 06} must be zero far all values of d, we have the
recursion relations



a 3 = - B , a , / 2 p 2

B1a2 + 4pa3]/6p2

+ B 2 a H + [B, + (j

f o r j > 4

when a., and aj are known.
We can easily show that at = \p(d) and a2 = p'(d) at

d = 0. Therefore, aj and a2 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 iritervai.

In practice, we start with a. = 0 for 1 < j < fi + 1 and
ag+2 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 r", 0 < ? < R ,
where we evaluate i£f(?) and <£jf?);the determination of t
is disrissed later. At the right boundary, R, vKR), and
v'(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? where we evaluate Vb(?) and
vJ,C)- We have a solution when ip'fit) = yĴ C?) for
yJfCP) = ̂ jjff)- <P((?) >s simply the value of the wave func-
tion at ? found by forward expansions, and <Pb(?) is the
value of the same wave function at ? found by backward
expansions.

or

= Ae"hr + Be h r

= A sin hr + B cos hr,

(20)

(21)

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

(-1)1
(hAr)> (22)

j=0

where Ar = r—Pj 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
accuncy 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)

This C is an input parameter, and for a 50-term expansion
and 8-pIacc 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).

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

(18)

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

vs"(r) 2 = 0. where h2 = ±V{r) (19)

choosing the sign so that h1 > 0. If h is assumed to be
constant locally, the solution is either

D. Finding the Join Point r for Forward and Backward
Integration

Let us consider the question of stability. Here again,
Eqs. (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 caui es 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-
tions.



Fig.l. _ . .
Integration is stable in both directions for V(r) > 0;
integration is stable in only one direction for
V(r) < 0. X indicates the asymtotic limit ofV(r).

For the cases shown in Figs, la and lb, "r is chosen
such that V(P) is the maximum value of V(r). For the case
shown in Fig. lc, t is the center of the rightmost interval,
and for the case shown in Fig. Id, ? is chosen such that
V(F) = 0. For positive X, the value of X is known and is
used to find n 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'?.

E. Boundary Condition at R

1. Bound States-Negative X. 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

= 0 as r -* °° (24)

Note that this is true only in Region 2. Because <p(R) is
arbitrary and

(25)

is the desired solution to Eq. (24), we derive the bound-
ary condition

(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(t). 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

(27)

<1€T1S is a typical value for y). If this condition is not
satisfied, we simply keep increasing R until it is. A quick
method for getting a value near Mr)!n)ax is to check ip(i)
at the end points of the intervals.

2. Free States-Positive X. The sinusoidal condition
given by Carson, Mayers, and Stibbs2 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

(28)<M(r)cos[kr+S(r)]

in which k = \/X,

lim M(r) = M,

and (29)

=0 .

M fixes the scale of the solution. We shall require the
normalization M = y/I/iik .

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

^ In r) . (30)

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

A(r)=£an/rn,B(r)=£bn/rn

where

/2k(n

(31)

- | (2n+ l )anJ

(32)



and

a = M, b = 0 .
o ' o

(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

= M(r) cos 0(r) ,

where

M(r) = B(r)2

(34)

(35)

and

0(r) - kr + r + In r + tan"1

k
A(r)
B(r)J

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

(36)M(r)cos[0(r) + a c] ,

instead of Eq. (34), and we also have

V?'(r) - M'(r) cos [0(r) + a e]

-M(r)0'(r)sin[0(r) + afi] . (37)

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

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

HI. DETERMINATION OF THE EIGENVALUES AND
PHASE FACTORS

A. The Eigenvalue

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

F(X) = (38)

at the end points of these X-intervals and look for a sign
change in F(X) in each. If we detect a sign change in an
interval, we use the Regula Falsa3 method to find the
root of F(X) in that interval. AsF(X) also changes sign
through poles, we check to reject these intervals.

When we find a [ip(X,r),X] 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 - C - 1 (39)

where 1 is the number of roots in < (̂r). I is found using a
Sturm Sequence.3 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, X is specified and the phase ag at the
right boundary is varied over the range 0 < ag «* ?r until
we find a [<^(afi,r),afi] that solves the Schrodinger equa-
tion. To find this solution, we again use the Regula Falsa
method to find the root of F(afi) where

(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 ip(r) as normalized when, for bound
states:

I ^(r)i^(r) dr = 1 , (41)

and, for free states:

J vY^dr = (42)



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

dr = (43)

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

V. EXAMPLES

and the normalized wave function is then < (̂r)//3. 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

H m n = 2 1*« 3V(r)
3r '

dr (44)

A. Bound-Free Absorptions

In the code, X, r, V(r), and H m n are dimensionless
parameters. Both X 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

abf(hu) = 10.756 x
x mn

(47)

where

where m and n refer to eigen solutions of the Schrodinger
equation. If one wave function is bound and the other is
free, Hm is used in evaluating a.f. Likewise, if both are
bound, the result is a b b , and if both are free, the result is

"a-
Equation (44) is evaluated by summing the integrals

calculated in each expansion interval. Because 3V(r)/3r
decreases as r~2 and <p(r) decreases exponentially for
bound states, this integral converges rapidly to a specified
accuracy at some finite value of r, provided at least one
<p(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 3V(r)/9r.

In the first interval we have

dV(r) =_Q -2 (45)
9r 2>1 '

multiplied by the polynomial representations of <£m(r)
and Vn(r) that can be integrated easily. In the rest of the
intervals, we have

3V(d) (46)

£ m a x is the maximum of fim and Bn.
7? is the number of electrons in the bound state that

can make this transition.
g is the maximum possible degeneracy given by

2(2£ + 1) for the 5. of the bound state.

Here A,,,, X,,, and H , ^ are dimensionless numbers and
a b f is expressed in barns per atom. Also when
hu = 13.605 iXjj, ~\,\, ho is expressed in electron volts.
The sum in Eq. (47) is over all possible bound-free transi-
tions at the given hu.

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.4 In Fig. 5, the three experi-
mental points at the m edge for iron were given by Carter
and Givens.5 In Fig. 4, DEGA-A was compared with cal-
culations by Barfield, Koontz, and Huebner6 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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Fig. 2.
Bound-free absorption coefficients for cold, normal
density (1.845 g/cm3) Be. (Z = 4, r0 = 1.406,
Ri= 2.355)

Fig. 4.
Bound-free absorption coefficients for cold, normal
density (2.699 g/cm3) Al. (Z=13, r0 = 1.699,
fi, =2.990)

(eV)

Fig. 3.
Bound-free absorption coefficients for cold, normal
density (2.25 g/cm3) C. (Z = 6, ro = 1.442,
Rt •* 2.426)

— Cole, values
* Expt. data

hv (eV)

Fig. 5.
Bound-free absorption coefficients for cold, normal
density (7.85 g/cm3) Fe. (Z = 26, ro = 1.512,
Rt =2.670)
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Fig. 6.
Bound-free absorption coefficients for cold, normal
density (0.89 g/cm3) Cu. (Z=29, ro = 1.517,
/?, = 2.614)

10° 10' 10z I03 10" 10

Fig. 7.
Bound-free absorption coefficients for cold, normal
density (11.34 g/cm3) Pb. (Z = 82, ro= 2.003,
« , = 3.656)

B. Bound-Bound Absorptions

In checking the bound-bound case, we consider hydro-
gen, lithium, beryllium, sodium, potassium, and stron-
tium. A formula similar to Eq. (47) can be derived for
abb(hv).2 However, because the data found in the liter-
ature7 appeared in a different form, we used the formula

4H'
r = - (48)

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

puted by

" * /An"*/
(49)

These results checked with the values of the squares of
dipole moments* given by Bethe and Salpeter.8 Note that
Eq. (49) is not defined by the method presented in this
report when Xm = Xn.

To check the code to more digits than given by Bethe
and Salpeter (the CDC 7600 is a 14-digit machine), Hj , ( 2 p

was computed to the maximum possible accuracy using
the hydrogenic potential and was compared with its
analytic solution. We know that for hydrogen

Kls 2re"'

and (50)

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

H l s .2p = - ~ = O.3628873693O121

and DEGA-A computed

H l s i 2 p = 0.36288736930118 .

'Compare with Table 13, page 264, Bcthi and Salpeter.8



TABLE t

TRANSITION INTEGRAL r
FOR COLD, NORMAL DENSITY ELEMENTS

Transition integral t

Element

Lit*

Betb

Nal c

KI d

Sr«c

Transition

2p-2s
3p-2s
3s-2p
4s-2p
Ss-2p
6s-2p
3d-2p
4d-2p

2s2p-2s*
3p-3s
4p-3s
4s-3p
4p-4s
Sd-Sp

Screened-
fiydrogenic

5.96
O.OII
1.72
0.10S
0.029
0.013
1.28
0.19
2.27
3.41
0.211
2.06
4.61
0.483

Coulomb
Approx

S.42
0.016
2J9
0.17?
0.9S6
G.02S
1.14
0.18
2.03
6.0
0.04?
6.09
8.0S
0.42

Self-Cons
Field

5.5-5.6
0.011-.020

I.S6
6.7

0.OS1
6.2
9.05

OECA-A

4.26
0.071
I.7S
0.148
0.044
0.020
0.748
0.148
3.29
3.63
0.026
3.60
7.77
1.39

"Z«3, ro»!.92S, and Rt-3.263.
bZ-4, ro>1.4O6. and R|-2.3SS.
cZ-Ii, ro=2.264. and R,-3.986.
dZ»19. ro-2.714. and Rs-4.950.
eZ-38, ro=2.47S, and R,=4.S18.

C. Free-Free Absorptions

1. Discussion of Gaunt Factors. A formula similar to
Eq. (47)2 can be derived for o(f (ho) in terms of Gaunt
factors gf-j however, here we only compute Gaunt factors
for hydrogen and sodium and compare some of these
results with Kansas and Latter.9 Gaunt factors can be
evaluated with

8(ZeK)2

V

B=0

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

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

1 ^ < S 2 )

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

The sum in Eq. (SI) is not always converging rapidly.
Results for other than a coulomb potential can often be
obtained in these cases by making use of the formula10

8»O

10



where g^ is the eoutembic Gaunt factor for the initial
energy and photon energy under consideration, K ^ a is a
couiornbic rajua element defined by Eq. iiZ) using
Vit) *> -J / r , and L is an integer sufficiently large so that
the sum has converged to a predetermined accuracy. A
graph of g^X Jbv) is given by Kanats and Latter who
circumvented the slow convergence problem in Eq. {SI)
by using feypergeometrie functions. Applications of this
procedure are limited to the coulomb potential,

The method for obtaining a noncouSornbic off{hv), as
described in this report, never requires the evaluation of a

*Hvl. in terms of couiombk Gaunt factors,
g f j ^ } , Zeit(ktthu) must also be evaluated and then
2*a{\Jtiv) g|f<\.hu} must be used as the desired Gaunt
factor, ftowewr, Eqs. (SI) and (S3) give the desired
noncoulornbic gfff^4.to) for Zcf! = 1 when the matrix
elements are computed by DEGA-A using a realistic
potential.

2. GbecJw ^n Method. For the first check on the code,
we computed! several daunt factors with Eq. <5!) using
the coulomb potential, V{r}» - 1/r, and compared these
results with the Kirzas and Latter graph. Mere compar-
isons were made up to. at roost, three significant figures,
which is the maximum accuracy for reading the graph.
Table tl shows that for several cases we were able to
reproduce the Kanas and Latter values. In the remaining
cases, Eq. {51) had not converged for £a 34, the masi-
mum value of fi used in these calculations.

Cold, normal-density sodium (2<=11, r0 = 2.264,
Hi = 3.986) was arbitrarily used in the next check
(Fig. 8). Mere, for tow photon energies and low initial
energies, the Gaunt factors using the sodium potential and
Zetf B I should approach the couiombtc Gaunt factors.
Also, for large photon energies and large initial energies,
the Gaum factors using the sodium potential and
2*f{ - i j should approach the couiombic Gaunt factors.
In both cases, the sodium Gaunt factor for C^.hu} is
compared with the couSombic Gaunt factor for

l r s f f *

3. Discussion of Screening. The general screening
effects are noted for the smalt electron kinetic energy and
the smalt photon energy shown in Pig. 8. As the photon
energy is held fixed and the electron energy is increased,
the calculated Gaunt factor increases faster than would be
expected front the couiombic 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 c f f increases with increasing
energy. The result is that, relative to a coulomb potential,
the crass section is raised. However, as the energy of the
electron and the photon increase, we eventually arrive at a

• Coituio/»d values
*"— Hanoi ft loiter

!_
"z

Fig. &
4 comparison of couiombic 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 Result*. The purpose of Table II is to
illustrate a trend in the convergence rate for each of
Eqs. (51) and (S3) as a function of (A^hv). An integer in
parentheses indicates the value of 6 for which the series
was terminated. For example, where {X,,hu) ° (1.0,0.01),
Eq. (SI) has summed to 3.07 by 34 terms, whereas
Eq. (S3) has summed to within 2% of the expected (con-
verged) value of 4.10 by three terms. Here convergence
means no change in the sum to the accuracy given in
Table II. Also, for the couiombic case at this energy pair,
Eq. (SI) has nci converged foi S = 34. For the (1.0,10)
entry, both Eqs. (51) and (53) have converged by C= 3
for the sodium case, and Eq. (51) has converged by £ = 3
in the couiombic ease.

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

U



TABLE H

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

JL / K w l

0.01

0.1

1.0

10.0

100.0

1000.0

10,000.0

hi>(Ry)

0.0001
0.001
§.01
0.1
1.0

0.0001
0.001
0.01
O.I
1.0

0.0901
0.001
0.01
0.1
1.0

10.

0.01
0.1
1.0

10.

100.

0.1
1.

10.
100.

1000.

10.0b

100.b

1000.
10.000.

100.0b

iooo.b

10,000.
100,000.

from Kansas
and Latter

1.97
1.32
1.11
1.08
1.10

3.65
2.46
1.58
1.21
1.13

5.5
4.2
3.0
1.95
1.31
0.97

4.55
3.25
2.09
1.20
0.59

4.55
3.30
2.08
1.06
0.42

3.30
2.07
0.99
0.36

3.30
2.06
0.98
0.35

Cakulatcct
UifflgEq.(Sl)

0.83(34)
1.20(34)
1.11(29)
1.08(14)
1.10(3)

1.34(34)
1.41(34)
l.S3(34)
1.21(24)
1.13(3)

1.92(34)
1.92(34)
1.97(34)
1.89(34)
1.31(15)
0.97(3)

2.23(34)
2.19(34)
2.06(34)
1.20(10)
0.59(3)

2.28(34)
2.31(34)
2.05(34)
1.06(10)
0.42(3)

2.31(34)
1.89(17)
0.99(10)
0.36(3)

2.31(34)
2.03(34)
0.98(10)
0.35(3)

for Nt Calculated
Using Eq. (51)

0.83(34)
J .20(34}
1.09(29)
1.11(14)
1.51(3)

1.34(34)
1.40(34)
1.53(34)
1.24(24)
1.99(3)

3.01(34)
3.01(34)
3.07(34)
3.23(34)
5.50(15)
37.4(3)

27.5(34)
27.6(34)
29.6(34)
50.6(10)

106.7(3)

102.2(34)
102.4(34)
106.1(34)
125.4(10)
117.7(3)

187.3(34)
187.7(34)
141.3(10)
74.1(3)

244.8(34)
232.2(34)
128.1(10)
51.8(3)

1.97(3)
1.32(3)
1.09(3)
1.11(3)
1.51(3)

1.64(3)
2.45(3)
I.S8(3)
1.24(3)
1.99(3)

6.50(3)
5.20(3)
4.02(3)
3.22(3)
5.44(3)
17.4(3)

26.7(3)
25.5(3)
26.6(3)
49.4(3)

106.7(3)

82.6(3)
81.7(3)
85.8(3)

121.0(3)
117.7(3)

122.4(3)
129.0(3)
135.2(3)
74.1(3)

132.1(3)
139.5(3)
122.4(3)
51.8(3)

for Na Calcutatedl
U«ngEq.<5J)

1.97(34)
1.32(34)
1.09(29)
1.1104)
1.51(9)

3.65(34)
2.45(34)
1.58(34)
1.24(24)
1.99(11)

6.59(25)
5.29(25)
4.10(25)
3.29(25)
5.50(15)
37.4(7)

29.8(25)
28.6(25)
29.6(25)
S0.6U0)

106.7(7)

104.3(25)
103.2(25)
106.0(25)
125.4(10)
117.7(7)

185.7(25)
172.8(10)
141.3(10)
74.1(7)

235.4(25)
228.1(25)
123.1(10)
51.8(7)

6.59(34)
5.29(34)
4.10(34)
3.29(34)
5.50(22)

29.8(34)
28.7(34)
29.6(34)
50.6(16)

104.5(34)
103.4(34)
106.1(34)
125.4(15)

188.3(34)
183.1(17)
141.3(15)

245.8(34)
232.2(34)
128.1(15)

All values in this table, with the exception of the Karzes and Utter entries, were computed with the DEGA-A code. An
integer in parentheses is the value of B for which either Eq. (51) or (S3) was terminated to obtain the Gaunt factor.
These integers illustrate the speed of convergence of Eqs. (51) and (S3).

"Neither Eq. (SI) nor (S3) has converged.
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of 3 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

and (54)

From calculations, we note that both (logV^.fi) and
(log Vĵ .fi) approximate straight lines for large values of fi.
(The (log Vfi,S) pair is not to be confused with the (Xg.hu)
pair.) Figure 9 illustrates this point for (1000,100). The
straight line for Yj is written as

logY* =s{fi-G') (55)

and two known p o i n t s , ( i c g Y g , , 8 ' ) and
(tog Vj'+ I ,fi' + 1) , are chosen to evaluate s and q. Equa-
tion (55) can also be written as

(56)

Now using Eq. (56) to take the infinite sum for all 6 > S\
we have the extrapolation formula

Y* =e«'/(l-es) . (57)

The above procedure is repeated using Y| . These two
extrapolated values are added to the number obtained by
summing Eq. (51) to C = £ ' - 1 . The results obtained by
using this extrapolation formula are given in Table 111.

TABLE UI

EXTRAPOLATED VALUES OF
GAUNT FACTORS

tie

\
for Na Calculated
Using Eq. (51);
fi in Parenthetei

ff<yw>
for Na Calculated

Using Extrapolated
Form of Eq. (51);
B' in Parentheses

IO2 ,

10' j -

7" T"

— ~ EMropoloted values
for yj and tf

1000.0

20 30 40 50 60 70

fig. 9.
A graphic representation of the terms in Eq. (51)
and the extrapolation indicated in Eq. (56).

10.0
100.

10,000.0 100.0
1000.

187.3 (34)
187.7 (34)

244.8 (34)
232.2 (34)

189.S (27) 189.9 (34)
188.3 (27) 188.3 (34)

259.0(27)
234.2 (27)

261.7 (34)
234.3 (34)
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OEGA-A

DEGA-A in Us present form is a rcseavch ano" not a
production cade. Cite version, vvluisc listing follows, only
calculuses bound-free absorptions. The code lists these
absorption coefficients antj makes plots as seen in the
previous section. With slight modifications in (he turfing,
titJUfui-luutnd and free-free absorptions can be aleulaicd.

There are several free parameters that regulate the
accuracy of the code. .Most of these parameters are set at
the beginning of the cade; however, a few arc found
thtoughtmt the code. The values in the listing will £»ve at
least four-ptacc accuracy. The user should feel free to vary
these parameters as he picases and at his own risk.

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

2 FORMAT (8FIO.3)
7 FORMAT (161S)

133 FORMAT (FI5.5.2IS)
READ 2 , 1 , RR2, RR
lF(Z.LT.O.0)endjob
RE AD 7. ISSMAX
READ 7, (NSUBSHL (ISS), ISS = !, iSSMAX)
READ 7, KWKB
DO 132 K= 1.KWKI1

132 READ 133, XLAMWKB(K), LWKB(K), NWKB(K)
READ 7, IMNUMAX
READ 2, (IINUVEC(IHNU), ACOFVEC(IHNU),

= 1,IHNUMAX)

RR2

RK

ISSMAX

is the atomic number of the clement
under consideration.

is the same as xo on page 1.

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

is the number of subshcils under con-
sideration.

NSUBSHL(ISS) is an array that contains the number of
electrons in each subshcll. The entries
arc read into this array in the order Is,
2s, 2p, 3s, 3p, 3d, etc., up to the last
occupied subshcll. !f any previous sub-
shell is vacant, it must be assigned the
value zero.

KWKU is (he number of bouiui wave functions
to tie computed. The necessary free
wave functions arc generated internally
by the cade.

XLAMWKB(K) is m array that contains guesses at the
eigenvalues of the bound states. Units
arc number of Hydbergs.

LWKB(K) is an array that contains the quantum
numbers 6. B = 0 for s - states, k = 1 for
p • states, 2 = 2 for d - states, etc.

NWKU(K) is an array that contains the quantum
numbers n. n = J for the Is state, n = 2
for the 2s and 2p states, n = 3 for the
3s, 3p, and 3d states, etc.

For each K. XLAMWKB(K), LWKB(K), and NWKB(K)
should be constsent with Eq. (39). These guesses at bound
eigenvalues can be read in any order. NSUBSHL(iSS)
should be defined for each of these guesses at a bound
eigenvalue.

IHNUMAX

HNUVECdHNU)

is the number of (hi;, obf(hu» 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
I H N U M A X equals zero , no
(hu, ob f ( hv)) pairs will be read.

is the array that contains the hu's
given in electron-volts.

ACOFVEC(IHNU) is the array that contains the
abf(ho)'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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DEGVA
(LP-129)

PROGRAM oec*A*(ipjp, nuTt FXLHI •- - DEGA 00002
OfE«SlON XLAMAflVUOOl, lARYtlfti), ACFAARy(1001• IMAXARY(lOO> DEGA 00003
1 »NSUHSHLt2fll» NS«£u.tlOO| DEGA 00004
COMMON/sc('ATC-</SCRATCHfl?04> OEGA 00005
Oj«Er*S!ON AHlS(*0l)» AM25(401!» JMAXS<*0U OEGA 00006
EQUIVALENCE ISCR*TcH(i), AH1SI1)), tSCBATCWC402), AH2SiU>» OEGA 00007
1 (SCRATCH|S03li JHAXS{11) DEGA 00008
DIMENSION AR007I2) OEGA 00009
D!«E'*S!ON PDIHI21 " " " " OEGA 00010
C0*N<>N/CB3/ Z, ?Hl. RR2, RR, Ao DEGA 00011
CO«m>N/AI»AX/ A F ( S 1 , 4 G ? ) « JHAXF(4n2)t IKAXt "" ' OEGA 00012
1 IMAXFf IMAKFH1, IMAXB, lM«xBoit C(3,400)» OEGA 00013
2 CF|3r402), ATOP(401|, ATOPF(402> OEGA 00014

AB(5l,40?l« jy»X.6(4o?>» CB(3~,4o?)» ATOPB(402I DEGA 00015
ABrlH, <JM»jrF<j|» jM«vU(l)|, OEGA 00016

1 (CF|1», CBJ1IJ. IATOPF,1», ATOPBlT)) DEGA 00017
FBMAX. EH)6, E M A T E L E , EHDVOO, M«XOfM '*" OEGA 00018

AXL4M8(l00| OEGA 00019
XLAM|i/KB(lOOJ t UwKB(I01), N^KndoOl "" — OEGA 00020

TWOSPI DEGA 00021
ACOFVECtBnO), NOPTS, IMNU^aX. MH(100|, DEGA 00022

I4MIN, I«MAX OEGA 00023
TEMPUAM, CA»Ft cAPFPt THETA* T H E T A P OEGA 00024

PJ • 3.141&92653S898 S TWOSPI • 2.0/P! OEGA 00025
• 100 ' OEGA 00026
t 100 OEGA 00027
s l.OE-5 OEGA 00028
1.0E200 OEGA 00029

EM16 * 1.0E-8 " OEGA 00030
• l.OE-5 DEGA 00031
t i.OE-8 OEGA 00032
s 25.0 OEGA 00033

B l,0£»l5 - DEGA " OOO34
a 1.0E.8 DEGA 00035
* 1»OE"4 -•' '" "" DEGA 00036

ATOPfAC • .5 OEGA 00037
DHN(J1 * ,1 - - . . . - - - DEGA 0003B
Z?ZF«C • 10.0 OEGA 00039

• 70 - OEGA 00040
* 3,0 DEGA 00041
x .2 •--• DEGA 00042

MAKt X|.A"lFcl *GT. 1,0 AMD XLAMFC2 «LT. 1,0 OEGA 00043
CALL" A0v(15| "- DEGA 00044

1 FORMAT(E2*«14» 2I5» DE6A 00045
2 FpRMAT(aFl0.3) • "- " OEGA 00046
3 F0RMAT(5E25,i4) DEGA 00047
7 FORMAT(1615) ""' DEGA 00048
9 FORMAT(BFlO.3) DEGA 00049

997 CnMTlNijE ........ - D E G A 00050
s 1 OEGA 00051
B 5OO . . . - . — -- D E G A 00052

a 0 DEGA 00053
* 0 ...... ~- D E G A 00054

RMT-J S 0,0 DEGA 00055
RtAo g, 2* RR2» RR . . . . . . . DEGA 00056
IF(Z .LT. 0,0) €0 TO 999 DEGA 00057
RMAX = RR . .. - - DE.GA 0 0 0 5 S
PSlMl 3. Zi **Z§ "R OEGA 00059
ZMl » 7 - 1.0 OEGA 00060
Ao 2 ,6057»Z*»,333333 DEGA 00061
RFflD 7, ISS^AX DEGA 00062
PRINT 7* ISSMAX OEGA 00063
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RE»O 7, (MSUBSHttlSS), ISS.l, ISStAX)
PRINT 7. (MSUaSHL(lSS)t ISS»1, ISSHAXI
RE«D 7t K*KB
PRINT 7, KtfKB
F0»MAT(FI5.5« 2l5>
00 132 K«l» K4KB
»E*D 133, XLAMwKB(K), LW"CB(K), NuKR(K)
PRINT !• <tAHWK8(K). LWK3(K)« NHKB(K)

J33

132 NSHEH.(K> •
L A B
IFCR*2 ,6E. 0.0) SC»ATCHrI) « vl(RR2) "
CALL YYYe«MIN.RMAX,DRHI»|.0VMAX,AToPFAC,l2,IERROR»
1 XLAMWKBt LWKBt KWKq, ZZZFAt?)
lFtl|RR0R .ME. 0) 60 TO 99

» t2 • I ~
* 3*MAX0IM * 4

s 1 - ISKIP "
00 118 I'll 12
IF.CS « IECS • ISKIP - -
CALL ECwR(ATOs><I*l)t IECS, 1* IE)

116 CALL ECWR(C(1«II» IECS»1, 3* IE) -
PRINT 7. IMAX • f2
IMAX>»1 B IMAX • 1 - . - - . - _
IFUMAXP1 .GT. ^oo) GO TO 109
DO 1»8 IsIMAXPlt *00 - -
C ( i , i ) » o .o
Cl2tl.) « - loO . . - _ . . - _.. ..

10S C(3 f I ) > 0 .0
109 ATOPI1) • 0,0 •" ' " "

DO 10 1»1»
10 PRINt3, c U

GO TO 49
135 CONTlWUE - -- •- - - .

CALL ZZZCXLAHARY, LARY, NSHELL* KPHIMAX» HNUVEC* N9PTSt
1 IHNU^AXt DHNlUIt ZZZFAC)

136 FORMAT(///>
PRINT 136 — -••
00 137 KPHIxi, KPHIMAX

137 PRINT 133, Xt.i>MARY(KPHI) , LARY'(KPHT>» NSHFLL<KPHD
PRINT 136
PRINT 3, (HNUVEC(IHNU)t IHNU=1, IHNUMAX)
PSINT 136
00 1J6 1HNU=1, IHNIIMAX

138 ACOFVEC(IHNU) • O»fl
M o

00
• l - • • •

NSHELL(K»HI)
= 100O»(LAl»Y{KPHi) • 1) • LARy<KPHl)
X) = X L M P Y (KP

IF(L*RY(KPMI)
KWK9

MAX
MWKB'KWKBMAX)

A I
* 0) so TO 139

• 1
MWBKWKBAX) N S H E L L ( K P H I )
LWKR<KWKBMAXI = 1 0 0 0 « ( L A R Y ( K P H J J . 1) • LARY(KPHI)
XLAMNKRcKwKBMAX) • XLAMAPy(KPHI)

139 CONTINUE
KWK8 a 0
U M l N s 1

140 KwKB . KwKB • 1
s XLAMWK8<KWK9)

0E6A
DEGA
OEGA
DEGA
OEGA
OEGA
OEGA
DEGA
DEGA
OEGA
OEGA
OEGA
OEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
OEGA
DEGA
DEGA
OEGA
OEGA
DEGA
DEGA
OEGA
DEGA
OEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
OEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
OEGA
OEGA
DEGA
DEGA

00064
00065
00066
00067
0006A
00069
00070
00071
00072
00073
00074
00075
00076
000??
00078
00079
00080
OOOBl
00082
00083
ODOR*
00085
00086
000fl7
00088
00089
00C90
00091
00092
00093
00094
00095
00096
00097
00098
00099
00100
00101

00102
00103
00104
00105
00106
00107
00108
00109
00110
00111
00112
00113
00114
00115
00116
00117
00U8
OOllq
00120
0012!
00122
00123
00124
00125
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L A " Y 1 ) = LWKB1KWKB) LpOS»10
1*1 IP (1 .00OO0Ol« f t f lS (XL A MAPYlD) .

GO TO
1*2

0
. HNuvFcfI*MIN)) GOfO 1*2

00 1*3 I*=I*M1N , I*MAX
'UA MNMAX * 1

• i

1*3

l
HNUVEC«l4> • X L « M A R Y « 1 )

* 9
0

KPHIMAX

0
s -2

,<PMI"<Pj
L

,E0. -I) GO TO 135
IF<L .EO. -2) GO To 99
METHOD > 2
IF.'XLAMARY(KPHIMPl) .LT, O»O> M E T M O O • I"
XL • L
XLLPl - L*(L«1)
XLI.M1 a XL»<XL-1,O>
TWOXL c 2,0«XL
LH2 a L.2
LM1 » L-l ~
LPl s L*l
XL^I * LPl —
IF <METHOO tEQ* 1> GO TO 107

RMAX
RTMP

1*6 RMAX

, SQRT(xLAMRDA)
(XLLP1 • l.o'XLAMBDA - 3 0 .
10.0/XLAMBOA

, 6 T , 3MA)O R M 6 X » hTMP - _-
IF(A T OP( I2*1> .GT. RMAX) RMAX S 1.n5#AT0P(12*11
I F « R M A X , L T , 1,011 RMAX • 1.01
GO T° 122

SO TO n o
107 AR00T(D s

AROOT(?) a 0 .0
IWAX s 12 • 1
ATOP(IMAX*1> = 1000.0

ICASE»
1 IERROR, 1 |

PRINl 3 . X L A M A R V ( K P H I M P I ) , AROOT(i)» AR00T(2)
IFl I tRROR . E 9 . 0) GO TO 1S1
PRI"jT 152, IE^ROR

152 FORMAT (15* • RMAX SET TO 1.1ATOP«I2*H*> ~
0

= 1.1»AT3P(12*1) _ . - -
GO TO )22

151 RMAX a AR00t<3>
I F ( A H 0 0 T ( 1 > .GT, RMAX* UMAX S
RMAx s RMAxFAC»RMAx

, L T .

0E6A
DEGA
OEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DESA
DEGA
DEGA
OEGA
DEGA
DEGA
OEGA
DEGA

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

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

DEGA
DEGA
DEGA

00126
00127
0012S
00129
00130
00131
00132
00133
0013*
00135
00136
00137
00138
00139
001*0
001*1

001*2
001*3
001**
001*5
00146
001^7
001*8
001*9
00150
OOI5I
00152
00153
0015*
00155
00156
00157
00158
00159
00160
00161
00162
00163
0016*
00165
00166
00167
00168
00169
00170
00171
00172
00173
0017*
00175
00176
00177
00178
00179
00180
00191
00182
00183
0019*
00185
00186
00187
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153, RMAX — •— •
153 FORMATf* UMAX = »t E20.10)
122 iMftx's 12
110 OR = ATOPFAC»ftTOP(lMflx*n

RT»t»= ATOPtl^AX • 1> '
S«AI_I-K = SURT(ABSlXLAM«RV(KPHrMPl'J • <?»0 - XLLP1 / *TMP) /RTMP>J

ATOP(IMAX»1) * . 5 » ( A T 0 P ( I M A i * i l - ATOP(IMAX»i.
S Q ^ T C A B S C L A M A ^ Y I K P H I M P I ) * '2»0 " XLLPl/ftTMP>/RTMP)»

.GT. SMALLK) SMALLK « S*ALLKl
= 6,28/SMALUK
.ST . DRMAXI 0" • D<*MAX " " ' " ~

= IMAX * 1
ATOP(IMAX*1) = ATOPCMAXI • OR - . — .
IFd^AX ,EO. 4o6> 12*» 123

124 P R I M T 125 -
125 ro»MAT(» «00 INTERVALS WILL NOT SPftN <o*RMAx>*>

GO TO 999
123 iFtAjOPl IMAX*D .GE. RMAX) m ; H o
111 ATOP<IMAX*D = RMAX " "

CAPR S RMAX
ATOPTMP * ATOOIIMAX » 1) ' '""•
ATOP<I MAX*1) = CAPR
GO TO (6B.t>9), METHOD ""

68 MODlV = NOOIVMG
s NOOIV • 1

s xLAMFCl»XLA«A»»Y{ifPHlMPlj
AXLA«B(VODIVPU s X L A M F C 2 » X | . A M A R Y ( K P H I M P 1 ) "
DflX[_AM8 = A8S(AL0G(ABS(AXLAM8(in I

1 _ AL0S(A9S(AXUAM8(M0DIVPl ) j j> / N 0 ° t v

IFtA0S<AXLAM3tl>> ,GT« ARS<A*LAMB(N»ODIVPIJ )> 0AxLA«8 = "O
DO fiO Is2» NOOli/

60 A,,LAMS(I) = -ExP(AL06(A9S(A x LAMf l ( I . ln j •
XLAMbDA = AXLAMd(l) - . - —
60 TO 70

69 TEMPI-AM a xLAMSOA -
NODTV s 4 S NOoIVPj s NOOIV • f
AXLAMB(H = 0 .0 % DXL«M = P I / * . O ~ "
On 71 1 = 1 , NOOIV

71 AXLA MBd*l! = AXLAMBU» • OXLAM "• "
CALL (JA^SONIXLAMBDAt C « 2 » I M A X ) , MFaCt CAPR» XLLP1»

1 CAPF, CAOFP, THETA, T H E T A P , XeRROR) - -
iFdtRRDR .EQ. 12> SO TO 146

70 COMTlNUE
AROOT(I) s o.O $ AR00T(2J x 0.6 -
CALL ROOTotVtXLAMgoAt ^LLPl. A»OoT( ICNTRt ICNTDP ICASE.

1 IERROB. 0)
PRINT 3, XLAM3DA, A R O O T ( D , A R O O T ( ? J -
J?5StT = 1

80 J?5FST = 1
I _ J25SET

? s NOOIVPi
GO TO 90

81 J?Sr*r a 2
J?5MlN = N00IVP1*!
J?5M«X = N00IVP1 • 20
0?5 = (XLAMST3 - XLAMSTT>/19,0
AXLAMBU25MIV) = XLAMSTT
AXLAMBIJ25MAX) - XLAMSTP
I79MIM = J25MIN»1
I791AX s J25MAX - 1
DO 7* I79=I79MINf I79MAX

79 AxLAMB(l79) = AxLAMB(I79 - 1) •

OEGA
OEGA
DEGA
DEGA
OEGA
OEGA
DEGA
OEGA
OEGA
DEGA
OEGA
OEGA
nFftA
ytWH

OEGADEGA
DEGA
DEGA

OEGA
OEGA
OEGA
DEGA
0E6A
OEGA
OEGA
OEGA
DEGA
DF.3A
OESA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
OEGA
OEGA
OEGA
OEGA
DEGA
DEGA
OEGA
OEGA
OEGA
OEGA
OEGA
DEGA
OEGA
DEGA
OEGA
OEGA
OEGA
OEGA
DEGA
DEGA
OEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA

00188
00189
00190
00191
00192
00193
00194
00195
OOI96
00197
00198
00199
A A?AADOCQU

00201
00202
00203
00204
00205
0020ft
00207
00208
00209
00210
00211
00212
00213
0021*
00215
00216
00217
0021A
00219
00220
00221
00222
00223
00224
00225
00226
00227
00228
00229
00230
00231
00232
00233
0023*
00235
002 3 6
00237
00238
00239
002*0
002*1
002*2
002*3
002**
002*5
((02*6
002*7
002*8
002*9
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90 Oo 2 b J= J25MIN, J25MAX ~ OEGA 00250
XLAMSTP = AXLAMB(J) OEGA 00251
CALL T A Y L O R F J X L . XLAMSTP, IERR0R* if J^AXFt IMAXF. CF. AT0PF) OEGA 00252
IPKW s IMAXFP1 • 1 OEGA 00253
CALL TAYLORB<XL» XLAMSTP. lERROPt A B < 1 . I R K W ) , ~ " OEGA 00254

1 JMflXH(IBKW). iMAXBv CBlLlfiKW). ATOPR (IB«W( ) OEGA 00255
CALL BOUNDRy(IFCONV, FBSTP) .. DEGA 00?56

c TROUBLE MAY ARISE (MISS AM FIGFNVALUE) IF FBST"=O TWICE DEGA 00257
C IN A ROw. DEGA 00258
C *#••••»•»••»#••• DEGA 00?59
C HERE* LATER. FIND NEW ROOTS AND CHECK STABILITY C O N O I T I O N S . DEGA 00260

IF(IFCONV ,E9. 1) 73, 7* DE6A 00261
73 CAPLAMB S XLAMSTP DEGA 00262

GO TO 75 OEGA 00263
74 IF(J ,EO, J25".IN> 26, 27 ...-.-..- - 0 E G A 00264
27 I F ( F B S T T » F B S T P ,LE. 0,0) 28. 26 DEGA 00265
28 X L A M ^ I O S .5»(XLAMSTP • XLAMSTT) ----- 0 E 6 A 00266

CALL TAYLORFtxL, XLAMMID, IERROR, aFf JMA*F, IMAXF, CF, ATOPF) DEGA 00267
IpKW = IMAXFPl • 1 DEGA 00268
CALL T A Y L O R B < X L * XLAMMID. IE«»OP. ABU.lBKW)* DEGA 00?69

1 JMAXB(IB<w), IMAxB, CB(1,IBKH",, A T O P Q ( I B K W ) ) ----- DEGA 00270
CALL BOUNURYIIFCONVt FBMJD) DEGA 00271
lFtF«STT .GT. FBSTP) 2<j, 30 - . - - - . . - - - O£6k. 00272

29 FRToP a FBSTT % FBBOT - FBSTP $ GO TO 31 DEGA 00?73
30 F R T O P = F8STP 5 FBBOT = FBSTT DEGA 00274
31 I F < < F B T O P ,GT. FBMIP) .AND. 'FRMIO »GT. F R B O T I ) 32, 57 OEGA 00275
57 PRINT 58 DEGA 00276

PRINT 58 DEGA 00277
PRlNt 59 " ' - - - - - OEGA 00278
PRINT 58 DEGA 00279
PRINT 58 " '"" •" DEGA 00280

5S Fn»M«T(» XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX4) DEGA 00?81
59 FORMAT(• FB^lD IS MOT BETWEEN FflTOP A^O FBBOT. MftKE SURE A VdLUfr DEGA 002s2

1 OF LAMBDA WAS NOT MISSEO,«> DEGA 00283
60 TO 87 DEGA 00284

32 XLAMt>0 = XLAMSTT * XLAMBl a XLAMSTp DEGA 00285
FpO = FBSTT $ FBI » FBSTP ~ " OEGA 00286

C REGULA DOES NOT CHEC« STABILITY CONDITIONS. DEGA 00287
CALL REGULA(X(,AMBO.XLAMBl.FB0»Ffil.CAPLAMB.MAXITER,XL»IERROR) OEGA 0fl288

C HERE* LATER. FIND NEW ROOTS aND CHECK STABILITY CONDITIONS. OEGA 002f)9
IFflERROR ,NE. 0) GO TO 87 DEGA 00S»90
IF(XLAMSTT ,LT. XLA«STP) GO TO 105 °EGA 00291
X L A M B O = XLAMSTP . - --• -- • - QEGA 0029?

XLAM«1 = XLAMSTT DEGA 00?93
GO TO 104 •'•"" OEGA 00294

105 X(_AMt?O r XLAMSTT DEGA 00295
XiAM"! = XLAMSTP . . . . . . - - O E G A 00?96

104 IF(XLAMBO ,LE, CAPLAMB .AND, CAPLAMB , L E , XLAMBIJ 75', 86 DEGA 00297
8f> PRI^T sa OEGA 00298

PRlN? 58 OEGA 00299
PRINT 88 OEGA 00300

88 FORMAT(• CAPLAMB IS NOT BETWEEN XI'AHSTT 4ND X|.AMSTP. XLAMSTTI CA OEGA 00301
lpLAMti, A N D XLAMSTP ARE ») DEGA 00302
PRINT 3, XLAMSTT, CAPLAMB, XLAMSTP DEGA 00303
PRlNl 58 DEGA 00304
PRINT sa OEGA 00305

87 IF(ji5FST ,E3. U 82, 84 OEGA 00306
82 J?5s*-T = J OEGA 00307

PRINT 83 DEGA 00308
83 FORMAT(» DIVIDE THIS INTERVAL INTO 19 EQUAL INTERVALS AND TRY AGft OEGA 00309

UN. •) DEGA 00310
PRINT 58 DEGA 00311
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PPlMT 58 ••-• •- — -

60 TO m
84 PRINT 85

e 5 PORMAT(» THIS INTERVAL FAILED FOR THE SECOND TIME, FORGET IT
1 GO To THE NEXT INTERVAL. •)
PRINT 58
PRINT 58
GO TO 80

75 GO T0J65, 66)» MgTHOO
66 ALPHA = CAP L A M B $ 'CAPLAMB * X L A M B & A

PRIMT ft7, ALPHA, CAPLAMg "
67 FORMAT(• ALPHA *•. E24.]4* • FOR XLftMBDA ••»£?*.{•)

GO T° 127
65 CONTINUE

IVl
D

o
AT0PFC2)

L l 0»«LPl
JMAX&OT =
PPUM<1> a AF(lt2>/DLPl ' "
PDUMI2) = <AF<2,2) - XLPl»AF(l,?j/o>/OLPl
CALL STURMSQUF<2»)>t JMAXBOT. PDUMI 0. IVgi IE*ROR> —
ivl = IVl • IV2
IF(IMAxF .EG, 1) GO TO 98 "~
DO 91 IF=2t IHAXF
D s A T O O F I I M I ) - AT0PF1IF)

CALL ST'jRMSQ(AFtl,IF), JMAXF(IF), *F<l,tF»lj, 0, li/z't IERROR)
91 IVl * IVl • IV2
98 CONTINUE

DO 95 IR=1, IMAXB
IBKW = IMAXFP1 • IB
D = ATOPBdBKrf • 1) - AT0P8IIBKWJ
CALL STURMSQ(AB(l,IBKw), JMAxB(IBKW|, AB(I,IBKW*1),

1 Dt IV2, IERROR)
95 IVl = IVl « IV2

PRINT 128, IVl
128 FORMATS THIS WAVE FUNCTION HAS*.Is» * CROSSINGS,*)
127 IBKW = TMAXFPl « IMAXBP1 "

FAC = A3(1»IQKW)/AF(1,IMAXFPI)
00 33 1 = 1. I1AXF ""•"
JjJ = JMAXF(I)
DO 3-3 JF=1. JJJ -- "

33 AFIjF.n = FAC»AF(JFiI>
IF(CAPLAMB ,LT, 0.0) CALL NORMPHI(CAPLAMB. L)
PRINT 3, CAPLAMB
KPHIMAX = KPHIMAX • I

GO T0(129'130)» METHOD
129 IvlLl = IVl • L • 1 " "

IF<NSHELL<KPHIMAX> .EQ. IViLD GO TO 154
IVl = N S H C L L I K P H I M A X ) • L - 1
KPHT.MAX = KPHIMAX - 1
PRINT 134« IVl .

13* FORMATt» THE PREVIOUS X4VE FUNCTION SHOULD HAVE HAD*» IS»
1 « CROSSINGS,•/» FORSET THE LAST EIGENVALUE AND TRy SOMEMORE
GO TO £6

154 IRKW s IMAXFP1 • 1
PMIMIN9 = ABSlflOdflBKH) )
PHIMAX9 = PHIHIN9
IF(T"AXB .EO. 1) GO TO 155
DO 156 IB=2. IMAX8
IP.K* _ IMAxFPi • IB
PHI9 = ABS(AB(1«IBKW))

.6T. PH1.MAX9) PHIMAX9 a PHJ9

OEGA
OEGA
OEGA

AND DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA

' DEGA
OEGA
DEGA
OEGA
DEGA
OEGA
DEGA
DEGA
OEGA
OEGA
D E S A

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

" OEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA

DEGA
,»j DEGA

OEGA
DEGA
DEGA
DEGA
DEGA
OEGA
OEGA
DEGA
DEGA

00312
00313
00314

oo3is
00316
00317
00318
00319
00320
00321
00322
0C323
00324
00325
00326
00327
00328
00329
00330
00331
00332
00333
00334
00335
00336
00337
00338
00339
00340
00341
00342
00343
00344
00345
00346
00347
0034A

00349
00350
00351
00352
00353
00354
00355
00356
OO357
00358
00359
00360
00361
00362
00363
00364
00365
00366
00367
00368
00369
00370
00371
00372
00373
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156
155 DO 1S7 IF=lt

PHI9 s ABS(AF(l«lF>J
IF<PMj9 ,GT, PHIMAX9) PHIMAX9 a PHI9

157 CONTINUE
PRINT i5a» PHIMAX9. PHIM1N9

I5p FO"HAT(» PHI MAX AND MIM ARE*. 2E?0.l6)
IF(PHlMIN9 .LT, PHIMAX9»EPHI> GO TO 13}
PRINT 159

159 FORMAT I• RMAX IS NOT 81G ENOUGH*)
KPHIMAX = KPHIMAX - 1
GO TO \t(,

130 NSHELL(KHPIMAX> a 6
131 IMAXARY<KPHIMAX) a IMAX

XLAMARY<KPHI«*AX) s CftPLAMB
LARy(KPHIMAX) = L
IF(C«PLAM8 .LT. 0.0J 112, 113

112 AIFAARY(KPHIMAX) s 0,0

GO TO n 4
113 A|_FAARY(KPHI«1AX) s ALPHA
11* CONTINUE

S MDO U 5 I = l» IMAXF
AMlS<I) = AFll»I)

115 AM2StI) = AF«2,I)
IC = IMAXBPl
10 s IMAXF
00 U 6 I = l» IMAXB
IC « IC-i
10 = 10*1

= IMAXFP1 • IC
= A8<ltIBKW)

IE)

116 JMAxS,l0j S JMAx8(IBKwl

DO H 7 I=2» IMAXFPl
117 JMAXS(I) s 0

IWAXHF S IMAXB •
IFCS = KPHIMAX •
lECsl = IECS
IECs«i = IECS1 • MAxOIM
CALL ECWR(JMAXSIl>. IECS. E
CALL ECWR(AMlS(l)» IECS1. It IE)
CALL ECWR(AM2S(1), IECS2, 1, IE)
00 121 I=3» I2PJ
IFCS = IECS • ISKIP
IECS1 = IECS • MAXDIM
IECS2 = IECSl • MAXDIM
CALL ECWRUMAXSU) • IECS.
CALL ECwP-(AMiS(I), IECSl, 1,

121 CALL ECWR(AM2S(I)» lECS?. 1, IE)
IFUMAX ,EQ. 12) SO TO 12^
IECS = 4«(400 - 12)
IFCS = IECS»(KPHIMaX - U * 1
IFCS = IECS • I2*ISRIP
IJUMP S 400 - 12
INUM = IMAX • 12
I?P2 = 12*2
CALL ECWR(AT0P(l2P2|, IECS, INtjM
IF.CS = 1ECS • IJUMP
CALL ECWR(JMAXS(I?P2)t TECS. INUM. IE)
IECS = IECS • IJ(jMP
CALL ECWR(AM1S(I2P2)» IECS. INUM. IE)

1. IE)
IE)

IE)

OES*
DEGA
OEGA
DEGA
OEGA
OEGA
OEGA
OEGA
OEGA
OEGA
OEGA
OEGA
OEGA
OEGA
DEGA
DEGA
OEGA
OEGA
OEGA
OEGA
DEGA
DEGA
OEGA
OEG&
OEGA
OEGA
OEGA
OEGA
OEGA
OEGA
OEGA
OEGA
OEGA
DEGA
DEGA
DEGA
OEGA
DEGA
OEGA
DEGA
OEGA
OEGA
OEGA
OEGA
DEGA
OEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
OEGA
OEGA
OEGA
DEGA
OEGA
DEGA
DEGA
OEGA
OEGA
DEGA

003U
003T5
00376
00377
003?i
00379
00300
00381
00382
00383
003B*
00305
00386
00387
00388
00369
00390
00391
00392
00393
0039*
00395
00396
00397
00398
00399
00400
00401
00*02
00403
00404
00*05
00406
00407
00*06
00409
00*10
00*11
OO4I?
00413
00*14
00415
00*16
00*17
004lfl
00*19
00*20
00421
00422
00*23
00*2*
00*25
00*26
00427
00*28
00*29
00430
00*31
00*32
0»433
00*3*
00*35

22



IECS x IECS • I4UHP • - - ~
CALL £CWR<*HaS!UP2l . 1ECS* INtIM* IE>

126 GO TO 6!
86 XIAHSTT E XLAMSTP S FflSTT . FRsTP
S5 CONTINUE

IFCJ25F5T . E 3 . 2 ! 80« 998
fcl ATOP<IMAX*1) a ATOPTHp

GO TO *q
99 I F C K P H I M A X , E 3 . Q) GO TO 999

00 i<?0 XPHI s I , KPHJHAX
PPlM* 7 , LAt)y(KPHlt

120 P»I»|t 3« XUAMftBr(KPHJ> * ALFAA»Y(«PHI)

1 NSUBSHU ISSHAXt SSHELD
999 CONTINUE

IFUWKB . L T . KWKSHflKJ SO TO t « 0

U S ro«»M4T{l5*« • EV IOK • B R
PRIMT 1*5
VTOP s ALOG1Q(ACOFVEC(1H
Yunr « VTOP
PP 1*4 IHNUsi , iHNllMAx "
HtviUVtciIHNU) a )3»*/)S*MVllVEC<|HNUt
PRlfjt 3 , HNUVECtI"Nl» t ACOFVECdHM'j)
ACOfECltHMU) = ALOGl o (ACOFVEC (IH»JU) )
iFfACOFVECtlNMU) » G T , YTOPJ YTrtP = A C O F V E C U H N U >
IFUCOFVEC(IHMU) . L T . YROT) VBfjT s ACOFVECt IHNU)

1*4 HNuv tC(IHNL | | O
CALL «0V(2>
CALL DGA«*20« 980»
CALL DLGLG
C A L L S8L0(i
CALL SLLOG
CALL PLOTtlHVUHAX.

j l O t HMIIVEC<1>*

! • ACOFtfEC* i » *2»
REAO 7 .
P9INT T t
IF«IHNUMAX . E 3 . O> SO TO 997 . .
R E A D S * ( H W V E C U H N U > • AcOFVEcclWi)* rHNn=i, IHNUMAX)
00 1*0 IHNUsi, IHNUMAX

T 3 , Hf4UVECtIHNa>» ACOFVECrlHMl))
s ALOR10(HNIIVEC<IHNU) )

150 ACOF-*EC(IHNU| = ALOeiO(ACOFVEC(IHNUjJ "~
CALL PLOTUHMUMAX, HNUVEC. 1« ACOFVECi i t 55t 0>
GO TO 997

99B CONTINUE
CALL AOV(IS)
CALL EMDTY

F. ROOTDlV(XtAHBOft,
IEPROR. IFSTOPI

AROf>T» 1 C » * T R »

A S 1 « 4 O ? > * J A X F U f l 2 ' » I A X I
lMflXFt IMAXFP1' IMAXB« IMAXBplf C ( 3 » * 0 0 ) »

2 C F , 3 , * 0 2 ) . ATOP(401 I t ATOPF(402>
D?"E"SION AB(5i,4()2lt JMAXB(40?), CD(3t4n?>» A T 0 P B ( 4 Q 2 )
EOUtVALENCEIAF(l), AUIlttt (JMfiXF(7>« )MAXB(1))»
1 (CF(1), C B ( D ) , (ATOPF(l), AT0P8(i)>
ICMT* s o S ICNTO S O « IERR0R • 6
DO 1° 1*1' I MAX
II=1 .
CALL BI'IOM U L A M B D A , X L L P 1 . I I , NOOOOTS, ROOTi, ROOTg, NODlV,Dlv l>
NOROOTI s "lOROOTs • 1
GO T0<14, 1 1 , 12),NORQOTJ

OEGA
DEGA
OEGA

OEGA
OEGA
DEGA
OEGA
OEGA
OEGA
DEGA
OEGA
OEGA

»RY, i2t OEGA
OEGA

oecA
OEGA
DEGA
OEGA
OEGA

DEGA
DEGA
OEGA
0E6A
OEGA
OEGA
DEGA
DEGA
DEGA

VTOP»YBOTJ OEGA
OEGA

DEGA
OEGA
OEGA
OEGA
OEGA
OEGA
OEGA
OEGA
OEGA
OEGA

DEGA
DEGA

DEGA
DEGA
OEGA
DEGA
DEGA

I CASE, DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
OEGA
DEGA
DEGA
OEGA
DEGA
DEGA

)DIV,OIV1> OEGA
DEGA
DEGA

00*36
00*37
00*38
00*39
00**0
00**l
00**2
00**3
00***
00**5
00**6
00**7
00**8
00**9
00*50
00*51
00*52
00*53
00*5*
00*55
00*56
00*57

oo*s«
00*59
00*60
00*61
00*62
00*63
00*6*
00*65
00*66
00*67
00*68
00*69
00*70
00*71
00*72
00*73
00*7*
00*75

00*76
00*77
00*78
00*79
00*80
00*Rl
00*82
00*83
0«i*B*
00*85
00*86
00*87
00*88
00*89
00*90
00*91
00*92
00*93
00*9*
00*95
00*96
00*97
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13

12
27

16

17
IB

15
20
21
22

23

25
10
19

45
29

30

26
3fr

35
37

48

46

3P

39

40
42

1

41

43

•£* BOOTI) .AND.
ICVTR • i

* ROOT1
.EQ. 2)15, 14
.LT. ROOTg) 2H, 27

TEMP s 900Tl S RO0T1 c R00T2 * B0nT2
IFl(ATOPtl) .LE. R00T1) .AND.fPOOTf .LT. 4T0P(I*1)))16.17

A»00T(rcNTR) . ROOTl
I F U C M T R .EQ. 2115* 17
IF(tATOP«Il .LE* R00T2) ,AN0. (R00T2 ,i_T. ATOP!1*1)>)18*1*
ICNT« s ICNTR 4 1
A»OoT(TCNTR> * R00T2 " - - • • - -

.EQ. 2)15, 14
,EO. 1)19, 80 - . . - . - - - . ~ -

IFtM^Oiv .EQ. 1121, 19
IFUATOPfD.LE. OlVlj .AND* (DIVl ,LT. AToPCI*ll)) 22 • 19 —
ICNTO s i S AOIV * OIVI $ I0IV x I S GD TO 19
IFdCNTO «EO. 1)10. 23 "
IF(MUOIV >EO. 1)24, 10
IFf(ATOP(I),LE, OlVl) .AND. (DIVl .LT, ATnP<!«ll) )2S*. 10
ICNTU » 1 S ADIV r DIVl 5 IOIV • I
CONTINUE - — . .—

.£0. l! .ANO. ,ICNTR ,E0.2))?9, 44

.£9.1).AND. dCNTR ,£Q. 0)) 45* 26 -- - —
s 5 S GO TO 31

1CAS§ » 4 . — •;•--.-
IFdARO0T<U .LT. ADIV) .AND. <ADIV .LT. 4ROOT »2))) 31, 30

2
]«i NOT

IF f f lCNTD.EO. 0) .AND, ,ICNTP %E<3, 0 l ) 3 * t 35
ICASt = i $ IDIV s IMAX
*Dlv"= <ATOP(lMAx> • A T O S I J M 6 X » 1 ) > / 2 . 0
GO T« 31
I F < ( 1 C N T D »E0. 0) .AND.dCNTR . £ 0 . D > 3 7 | 40

3 2
LT. .251 47, 46

s IMAX • 1
DO 4U Is2t IMAXPl
IF(A«OOT(1) .LT, ATOP(I), 49, 48
IDIV s 1-1
ADIV = AROOT(l)
GO T° 31
CONTINUE
IOIV * IMAX
GO TO 3S
IF<AR0OTd> «LT. ATOPtlMftX) )38* 39
AOlV s (ATOPdMAx) • fiTOP (IMAX*1) )/2.0
GO TO 31
AD'V = tAWOOT(i) • ATOP(IMAX*l))/g.O
GO TO 31

.EQ. I) ,AND,<ICNTR ,EQ.. l>)4l, 42

THE »OOTS,#)

PRlMT I, ICNTO. ICNTR
FD"MAX(« IER30Ral» ICNTO S», 12* », =•. I?)

C S = 3
IF(A«OOT(1) .LT, ADIV) 31* 43

3

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

OEGA
DEGA
DEGA
OEGA
DEGA
DEGA
OEGA
OEGA
DEGA
DEGA
OEGA
DE6A
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
OEGA
OEGA
OEGA
DEGA
OEGA
OEGA
DEGA
DEGA
OEGA
DEGA
DEGA
OEGA
OEGA
OEGA
DEGA
OEGA
OEGA
OEGA

00498
00499
00500
00S01
00502
00503
00504
00505
00506
00507
O0S08
00S09
00510
00511
00512
00513
00514
00515
00516
00517
00518
00519
00520
00521
00522
00523
005Z4
00525
00526
00527
00528
00529
00530
00531
00532
00533
00534
0053S
00536
00537
00538
00539
00540
00541
00542
00543
00544
00545
00546
00547
005*8
00549
00550
00551
00552
00553
00554
00555
00556
00557
00558
00559

24



3« *ROOT(lj« *DIv
IER*0P-«3t ICASE*3t AROOTt1>

•• ADIV s*t £20,10)

31 IFfl^STOP .EO. 1) RETURN
IMAX)- z IDIV S IMAXFP1
IMAXB 3 IMAx • 1 - IDIv *
DO 32 I=]» IHAXF

I « ATOPCH
« C ( l t l | S CF(2t I | s

32 CFOtt) x C O t l l
• ADIV

• 1 S III « IMAX • 2
DO 33 I«i» I«1»XB
III « Itl-l
lR*W a IMAXFPl • I
ATOPb(IBKW) * ATOP(III)
It * II - 1
CH(ltlBKw) x C(1,II) %

33 C8'3»IBKW) » Ct3»Ill
IRIW * IMAXFP1 • IMAXBP1
ATOPB(IBKW) > ADIV

ADIVt ARO3T<1> >lO»

A
IMAXRP1 = IMAXB * 1

CB(2,IBKW) 3 C(2fII)

SUBROUTINE BIVOM<X(_AMBDAt XLLP|t I* NOROOTSt ROOT], R00'2»
1 NODIV. DIV1)

/ , , .
1 IMflXF. IMAXFPl* iMAXBt iMAXBPii C(3«400>t
2 CF«3f*02)t ATO<M*0))« AT0PF(*«2>
DIMENSION AB{51,402)t JHAx8(4o?), C8(3,40?|, ATOPB<*62)
EOUlVALENCEtAF(l>» ABCpIt (JMflXF(f). j M l ) )
1 (CF(l)i CBlDtt (ATOPF(l), ATOPB(I))
Bl 3 -t2.0»C(3tI) • XLLPlJ
B? * -2.0*C(2»I)
83 a XLAMBOA - 2.0»CCl»IJ " "" * ~
AUSUl , AbS(9l)
IF<AMSRl .LT. ABS«B2)«l.oE-12> It ?

2 IFCAUSBl >LT. A 8 S < H 3 ) » 1 . 0 E - " 2 ) It 3
1 900TI- s -B2/B3 -

M0ROOTS * 1
NOOIV a 0 " - - - -•
GO TO 6

3 «AD » B2*B2 -
l 2.0*gl

0IV, = -TW0BI/B2
IF'RA0 .LT. 0.0» •, 5

4 NO"OOTS T 0
60 TO 6

5 NP&OOTS s 2
RAD = SORT(RAD)
T] s ARS(T»<OS1)
T? = ABS1B2 • RAD>
IF»T«i. .LT. T1M.0E-20) 7t 8

9 FO"MAT( 15t 3E20.l0t • XXX
7 II * 1

PRINT 9, il, TWOBlt B2t RAO
ROOTi a 1.0E100
GO TO 10

8 CONTINUE
ROOT! = -T*OB1/(B2 • RAO>

10 Tl s ABSlTtfOBl)

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

00560
00561
00562
00563
00564
00565
00566
00567
005*8
00569
00570
00571
00578
00573
00574
00575
00576
00577
00578
00579
00560
00581
00583
00583
00S94
00505
00586
00587
00588
00589
00590
00591
00592
00593
00594
00595
00596
00597
00598
00599
00600
00601
00602
00603
00604
00605
00606
00607
00608
00609
00610
00611
00612
00613
00614
00615
00616
00617
00618
00619
00620
00621

25



T2 s A8S(-B2 • RAO) -
IFCT2 .LT. Tl»1.0E-20) IX, 12

1 1 IJ = 2 •••- "-
PRINT 9, Ii« THOBlt B2. RAO
ROOT2 = IIOCIOO . . . . . .
GO TO 6

12 CONTINUE
R00T2 r TW0B1/I-B2 • RAO)

6 RETuRM
END
S U B R O U T I N E RE3ULA<xLAMBft.XLAMBitFBi>»F'Bi»C4PLAMH»MAXTTER»xi..iERROR)

CO^MOM/ftlMftX/ AF151.402). .JMAxF(402)» IM«X.
1 IMAXF, IMAXFP). IMAX8, IMAXBPl, C(3,400>,
2 CF<3»*02)» ATOP<401>« AT0PF(402l

DIMENSION AB(51,402), JMAXB(4O?), C8(3 , *0?) , AT0PB(*02) "
V F ) , (JMAxFp), J M AxB| l ) ) ,

(AT3PF(1), AT0P8(l>)
E'SjjONV* FBMAX

I FORMAT(2E24.14»~4E20.10> ' . . . - - -
IERROR * o

DO 1* ITER » 1» MAXITER
IFfF«l .EQ. FHO) 20t 21

20 IR^W a IMAXFPj • IMAXBPl . --
AFftC = ABlUl3KW)/flF(liIMAXFPl)»AFf2tlHAXFPl>
FPO'jNOC = FBOJND/AHSJAFAC)
CAPLAMR = . 5 » ( X L A M 8 1 •
PRINT 22
PPIN? 22
PRIMT 23» FBOUNDCt EPSCOMV
PRINT 24t CAP1-AMB» XLflMBl,
PRlNT 22
PRlMT 22

H

ATOPFl

j

22 FO»MAT(» XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX*)
23 F O » M A T ( » FBI'FBO* FBOUMOC = ».E20»I0t« EPScONV =»tE20.10)
2« FORMAT,, CAPLAMB =».E2<»# 14, *H _ (,E2*.l4,?H •fE24.14,«H
21 ONESAMA = tXLAMBl - XLAMPIo)/<FRi - FBo)

XLAMO2 = XLA13I - ONEGAMA'FBl
. IF(x>-AMB?.EO.xUAMBi.OR,xLAMB2,pO,xLAMBn) fiO TO Is
CALL TAVj_OaF<XLf X L A M B ? . IERROR. AF» JMAXFt IMA^F
IFttERROR .NE. 0) RETUPm
iaKM's IMAXFP1 • 1
CALL TAYLORR(XLt XLAMB2t IERROR. A9<l»iBKW).
1 JMAxH(lB<w), IMAXB, CBd.jBKW). *TOPH(lBKW)J
IF«ItRR0R .NE. 0> RETURN
CALL BOUNDRY(iFCONVt F B O U N D )
IFtlfCO^y ,E3. 1) 15, 16 "' •

15 CftPLAMB = XLAMB? $ RETURN
16 IF<ABS<FBOUND) ,GT. FBMAX) 17, 19 "
17 IFRROR - 7

PRINT 7
7 FORMAT (» IERROR = 7t

19 XLAM81 , XLA«B2_ XLAH91

FBO 3 FBI
Fpl = FBOUMO
ipRtjOR _ $
PRINT a, MAXITER
FORMAT {• PROBLEM DOES MOT CONVERGE WiTHIN»tIS»» ITERATIONS*)

ENO .
SUBROUTINE TA*XORF(XL» ALPHLAM, IEPROR, A« JMAXt IMftXt C» ATOP)

0E6A
OESA
DEGA
OEGA

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

DEGA
DF.GA
OEGA
OEGA
DEGA
OEGA
OEGA
OEGA

00622
00^23
00624
00625
00626
00627
006*8
00629
00630
00631
0063?
00633
00634
00635
00636
00637
00638
00639
00640
00641
00642
00643
00644
006**
00646
006*7
00**8
00649
006S0
00651
00652
00653
00654
006SS
00&56
00657
00658
00659
00660
00661
00 662
00663
00664
00665
00f>66
00667
00668
00669
00670
00671
00672
00673
00674
00675
00676
00677
00678
00679
00680

006*1
00682
006B3

26



DIMENSION A(51,l), JMAX(l), C(3 UA). AiirtJ
CO M H O N / M E T H O 0 S / M E T H 0 0 » TE^PLAM, CA°Ft r*pFP« THETAt
COMMON/EPS/EPSCONVt FUMAX. E*16
GO T° (60i 61), METHOD

60 XUAMBOA s ALPHLAM
GO TO 62

61 ALPHA 3 ALPHLAM
XLAUBOA « TEM»LAM

62 CONTINUE
00 3U 1=1. IMAX

30 JMAxil) = 0
IFRPOR e 0

0

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

LEFT sOUNoARV COMorTIOVS. fHESp A<*E 0NUy T*UE FOR
PMT(0)sO *HE:jE PHt(R) IS THE EI G E M F U N C T I O N ,

DEGA
DEGA
DEGA

A(l«l| c 0,0 DEGA
A(2,l) x l«o DEGA

c»»»»»»»»•*•••••••••••*••••••»•••••••••••••••••••»••••••#••#»»••«••»••»» DEGA
CALL T * Y L 0 R 1 ( A ( 1 , 1 ) , JMAX|1), D, xi'AM8oA,

1 XL» C t U D i C(2t l )^ EMl6t
IFlltRROR ,E9. 9) RETURM
RP s AT0P(2>
CALL POL^Op(A(lt1>• JMAX(l), RR» P)
t l l i ^ l : P»RR»»XL
CALL POLYlP(A(l , l ) , JMAX(l), RR,

.EQ. 1> GO TO 37
IBOT * 2
GO TO SB
ENTPV TAYLORS
DO 5* t=l» IMflX

54 JMAX(I) = 0
GO TO (65, 66)• METHOD

65 X|_AM«DA = ALPHLAM
GO TO 67

66 ALPHA = ALPHLAM
XLAM«DA = TEMPLAM

67 CONTINUE
= 0
1

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
OCGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA

GO TO S8 OEGA
64 THETAl = THETA • ALPHA DEGA

COSTME1 = C O S ( T H E T A I ) DEGA
A(1,1) = CAPF»COsTHEl DEGA
A(2»H = CAPFP'COSTHEl - CAPF»THETftP*SlN(THETAl> DEGA

»•«»»»•»*•«»««»•»»»••»•»»»»o»«*<»a*««*«»*««***«««»««*«•»»»•••«••»••»•««
58 XLL = Xl,»(XL*l»O)

DO 2& I = IHOT, IMAX ' OEM
D = ATOP(I*1> - ATOPII) DEG*
CALL TAYLORS(A(l»I)t JMAXJllt A T O P ( I ) , D, XLAMBDAt OEGA
I XLL* Ctl.I). C(2»I), C O . I ) . EM16, IpRRORI DEGA

1P0T

RIGHT BOUNDARY ,&.0» COWDlTlOMS. HERE A'l.lj IS AN
g T R a R C O ^ S T A N T » THE M A G N I T U O E ,OF P H I ( R . B . ) » At2il> IS
f DERIVATIVE OF PHIfR.B.) M O R M I L I Z E D T" A(l,l),

GO TO (63. 6*) ,
63 CONTINUE

A ( 1 » D s 1.0E-U0
2 l

METHOD

0068*
0O6BS
006A6
00687
OOtiSB
00689
00690
00691
00692
00693
00694
00695
00696
00697
09698
00699
00700
00701
00702
OO7O3
00704

00705
00706
00707
00708
00709
00710
00711
00712
00713
00714
00715
00716
00717
00718
OO7I9
00720
00721
00?22
00723
00724
00725
0.0 7 26
00727
0072s
00729
00730
00731
00732
00733
00734
00735
00736
00737
00738
00739
00740
00741
00742
00743
007*4.
00745

27



10) RETURM - - - --- • -
C A L L P O L Y O P < A I I » I > • JMAXti). o. A > X » I * J > )

CALL POLYlP(Atl.I>« JMAXID* D, A(?#I*1M
25 CONTINUE
37 RETU«N - - . . . _ .

END

SU9ROUTINE BOUNOB t̂lFCOMVt FROIJND)
AF(51»402). JMAXFf*n2

IMAXB» IMAXBP1, C(3,4OO)t "
2 CF<3»*02>» ATOPUOllt ATOPFU02)
DIMENSION *8<51,4O2J, jHAXB(*O2>t CB(3,*O?), A T O P B { * 0 2 )
EQUIVALENCE(AF(1), AB(ljj, (JMAxF|i)

1 (CF(l)i CB(1>>» (AT0PF(l)» ATOPBCj))
C B

C yOU ASE LIVING D A M G E R O U S L Y IF YOU LET IMAxFal, THIS MAY U
C IN AN UMDETECTED DI«ISIOM BY ZpRO OR AN UNDETECTED LOSS OF ACCyRAC

IFtlMAXF .EQ. 1) I. Z
IF(Ads(AF(l»IMAXFPl>) .LT. A9SfAF(TtIMAXF)I•!.OE-4) 3f 1
« s IHAXFPl * IMAXB ' "~

1 I
lFlAaSlAB'1'IaKWPl)' »LT

3 PRINT 4
4 FO"MAT(» IM DAGGER OF DIVIDING OR LOOSING ACCU

)
S IMAxFPj * iMAxBPt

FflC = A8(l*I9<WJ/AF<l»IMAXFPl)
AFAC = FAC»AF(2iIMAXFPl>
FBO,,ND - AFAC - AB(2tl8KW)

EPSC = ABS(AFAO»EPSCONV
lF«At>S(FB«UNO) «LT, EPScJ H 7

N 1 $ 60 T0 3
0

6
7

a
SUBROUTINE STLIRMSQUI* JMAXp A2t n* 1V2» IERRORl
DIMENSION Al<2)t A?(2)t C P U 5l)t CplPH 51)

(!)'»• (SCRATCH (52)»
IERROR s 0

JMAXl « JMAX1
IFtO .LT. 0.01 11. 12

11 ISlGN s -1
GO TO 13

12 ISISN a 1
13 IV? c 6 "

Jl = JMAxI»l
00 1« Jaji JMAXI
Jl ="jl - 1
CPl(Jj s Al(Jl)

j4 cpiPiij) = (Ji-n»cPi(ji
JMAXlPl = JMAXI-1
P() s
PD s A2(l)
PJO = CPIp l
PlO B A2(2)
IF«Plo «EO. O.ol GO TO 15
IFlptloplO .LT. 0 .0 ) l5« 16

15 IV2 = IV2 • 1
16 IF(P1D .EQ> 0.0) GO TO 17

1FIPD»P1D .LT, 0.0) 17, 18
17 Iv2 = IV2 - 1
18 FAC = CPI(1)/CP!P1(1>

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

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

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

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

00746

00748
00749
00750
00751
00752
00753
00754
00755
0075*
00757
00758
00759
00760
00761
00762
00763
0076*
00765
00766
00767
00768
00769
00770
00771
00772
00773
00774
OO775
00776
00777
00778
00779
00780
097B1

00782
00783
00784
00785
00786
00787
00786
00789
00790
00791
00792
00793
00794
00795
00796
00797
00798
OO799
00800

oonoi
00B02
00^03
00804
OO8O5
00806
00A07

28



00 19 Jl=2» JMAXlPl
19 CPl(Jl) = CPI(Jl) . Ffit»CPIPl(JH

N0ZEH0 * I
DO 2»> J=2» JMAXI
IF(AHS(CPI(J)| ,LT. ZERO) ZUt 21

20 NOZF.NO = NO'ESO • I
GO TO 99

21 JMAxI = JMAXI - NOzERO
DO 22 J=lt JMAXI

22 CPl<J) = CPICJ*NOZE"OJ
I H J M A X I • I-T. JMAXIP1) 23f 18

23 JMIN s JMAXI • f
DO 2* JsJMIN, JMAXlPl

24 CPI(J) e 0.0
DO 2is J=l» JMAXlPl
TFMD = CPKJ)
CPI{J) r CPIPl(J)

25 CPIPI(J) = -TEMP
JTEMP = JMAXI

l
= JT£HP

p O _ p l o . _ . .

PO e P10
PIO - CPIP1 (JMAXlPl)
P1D = CPIPl(l)
IF(JMAXIP1 ,EO, 1) 28, 26 "

?6 DO 27 JJ=2. JMAXlPl
27 P1D = PlD°i) • CPIPKJD
2S IFlPlo .EO. o.o) GO TO 29

jFCpUepio ,LT. 0.0) 29» 30
29 Iv2 = IV2 • I
30 IF(P1D .EQ» 0.0) 60 TO 31

IF(pO«plD .LT. 0.0) 31, 35
31 IV2 = IV2 - 1
35 IF<J"AXIP1 tE3. 1) 99» 18
99 IV2 - ISI6N»IV2

IFCIV2 ,LT. 0) 32i 34
3? 1E»POR = 5 '

PRINT 33
33 F0"MAT( • IV2 IS LESS THAN 0, •
34 RETURN

END
SUBROUTINE YYY(RMIN» RMA X , ORMINt oVMAX» ATOPFAC.
1 XtAMrtKB« LWKB. KWKB» Z Z Z F A C )
DIMENSION XLAMWKB(I), LWKB(l)

O AFl5li4n2)» JMftXF(4n2>» IMAX,
IMAXFf IMAXFP1* IMAM'S* IMAXBPlt C<3**00),

2 C F ( 3 , 4 0 2 ) . A T O P ( 4 0 1 | , ATOPF,402)
M N > J M X U <

>

1ERHOR»

O2
EOUIVALENCE(AF(1)« AB { 1 ) ) , (JMAXF(i) t j M A X B ( l ) ) t

1 1CF(1) , C B I l l l f (ATOPF, i , f ATOPB(f))
DIMENSION A<3» 4)
DIMENSION XLAMDIMdO), XLDIM(IO)
C 0 " M 0 N / C B 3 / Z» ZM1, RR2, RR, AO

2 FORMAT( / / / / / )
1FRP.OR s 0
XLAMMAX a 0 .0
LMAX a 6 '
DO 65 1 = 1 , 10

O S 0 .0
65 M

OEGA-
OEGA
DEGA
DESA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEG'
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
OEGA
DEGA
OEGA
OEGA
OEGA
OEGA
OEGA
OEGA
OEGA
OEGA
OEGA
DEGA
DEGA
OEGA
OEGA
OEGA
OEGA
OEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
OEGA
DEGA
DEGA
OEGA
DEGA

C0808
OOflC?
00810
00311
0081?
00813
00814
00815
00016
00817
OOfllg
00819
00820
ooe?i
00822
00S23
00B2*
00825
00826
00627
00828
00829
00839
00831
00832
00A33
00834
00835
0 0 A 3 6
00837
00e38
00839
00640
00fl*l
00842
00843
006*4
00845
00846
00847
00848
00849
00850
00851
00fl52
00853
00854
O 0 R 5 S
00*56
00857
OORSft
00859
00860
0085,1
00862
00863
00fl64
00865
00866
00667
00868
00869

29



00 6«> Islt KWK8 .-.-.--. -. 0 E S A 00870
irUl-AMKKBtr) .LT. XLAMMAX) XLAMMAX » XLA*tWKBCI> OEGA 00B71
IF(L"»K«(D .GT. LMaX) UMAX S LWKB(I) "" " DEGA 00872
J s LWK9(I) • 1 DEGA 00873
IFlXLftMtfKBflJ .LT. XLAMOIM(J)) XLAMDIM(J> « XLA«WK3(1) DEGA 0097*

66 CONTINUE DEGA 00875
LMAX^l - UMAX • 1 " DEGA 00876
XuDrM(LMAX • 2> = L^AXPHMLMAX • 2j DEGA 00B77

• 3 " DEGA 00878
= ZZ?FAC»AaS(xLAMMAxj DEGA 00879
ot0 0 E GA 00880

68 F O » M A T ( 2 E 3 0 . 1 0 ) OEGA OOB«1
DO 6* L = li LMAX OEGA 00882

69 PBIMT 68» XLA«1DIM(L>« XL0IM(L> DEGA 00833
IF(R«2 ,GT, 0.0} GO TO 6? DEGA 0088*
IMAX = 1 DEGA 00885
DP = A8SIRR2) . . . . . . . . . . . D E G A 0 0 886
AT0P(2> a DH DEGA 00887
C(l.l) s 0.0 " "• " OEGA 00888
C(2,l)= .1.0 DEGA 008S9
C(3,l) s 0.0 DEGA 00fl90

63 OP = ATOPPACMTOP(IMAX»1) OEGA 00891
lF<Drt .ST. D*MAX> D" = O^MAX - ' OEGA 00892
IMflX = IMAX * 1 DEGA 00a93
A T O P ( I M A X * 1 ) = A T O P ( I M A X > • DB - DEGA 00894

C(ltlMAX) a 0.0 DEGA 00S95
C(2,IMAX> = -1.0 OEGA 00896
C<3,IMAX) = 0.0 OEGA 00897
I F < A T O P ( I M A X » I > ,GE« «*»AX) 64f 63 . - - . - - DE;6A o o eg 8

64 ATOP(IMAX»1) = RH^X OEGA 00Q99
I? s IMAX " -" OEGA 00900
RETURN DEGA 00901

62 IMAX a o . . - . . - - - - . 0 E 6 A 0 0 9 0 2

12 s 0 DEGA 00903
IPEG1 3 2 " """' DEGA 00904
IREG2 = 1 OEGA 00905
OP"«F s 1,0 • ATOPFAC ~ ""' OEGA 00906
RROT S 9MIN DEGA 00907
!FfR«2 .GE. RMAX) 50» 51 " DESA 00908

50 RTOP = RMAX DEGA 00909
IFlNlSH si -••-•- ' ' • " " • ' - • D E G A 00910
GO TO 37 OEGA 00911

51 RTOP = RR2 ""• DEGA 00912
IFlNiSH = 0 DEGA OO9I3

37 DPT8 = ftjQ? . R3OT " " DEGA 00914
R) a ,3*DHTB DEGA 00915
R? s ,6»0RTB . - . . - . - OE(JA 00916
CALL DR^AXSBORMAX, R I , R?, XLAMDIM, XI .OI^, LMAXJ OEGA 00917
lF<DrtTB ,LE. 0"MAX> GO TO 2J OEGA 00918
PTOP = 9Q0T • ORMftX DEGA OO9I9
IPlMlsH = 0 DEGA 00920

21 IF<I*EG2 »EQ. 3) 6o» 59 OEGA 0C"21
60 IFCI2 .EO. 0) U a IMAX DEGA 00o22

IMAx = IMAX • 1 DEGA 00923
C(l. IMAX ) * 0.0 DEGA 00924
C(2.lMAX) s .1,0 DEGA 00925
C(3,lMAxj * 0.0 OEGA 00926
GO TO 61 DEGA 00927

59 D» * RTOP - RBO T DEGA 00928
DOR = OR/9.0 DEGA 00929
IFfD* ,LT. DRMINj 22, 23 OEGA 00930

22 PRINT 3 DEGA 00931
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3 F 0 R M A T ( » AH INTERVAL ALOMG T«E R-AxIS GOT TOO SMALL1.*)
4f DRt DRMIN

OR E » , E 2 0 . 1 0 , * , » , 1 0 X , * O R M I N =»»E20010)

6 FORMAT {• IERROR =•, 15>
PRIMT 6, IERROR
PRINT 2
GO TO 99

23 R] * RHOT S R 3 » RTOP
IF<=»1 .LT. 1.0E-200) 33, 34

33 A(3,») s 0,0 S GO TO 35
3* A(3«*> * Rl°Rl«V(Ri)
35

$ R2 = (Rl • R3I/2.0

A(l«l) = "j-><3 •» «v?»l' = R2W(*? a "l-
A(lt<i) = «3 S A(2t2) • R2 S A(3>2) = QI
A(l,3) a 1.0 S A(2,3) = 1 . 0 • * 4(3,3) = 1.0
CALL MATPAC(-1» A* 3f 1» DETi Q.O* IF SlNG)

A(l«*) * CHAT2 « A(2»*) S CHAT3 s A(3f*>
CALL
CHAT1

C R = tf IS NEVE^ USEf). WE WILL ONLY BE WORKING WITH VS
C »(HEPt V(R) , N P . 0 FOR R ,NE. 0.
C»»»«»»o •»*»«»»«••• ••o«»»«»«»»»»«»»»»»j[«#»»»»»»«»»»»»*»«««i»«« »••••««•••«»

R = KBOT
00 2* J=lt 8
R = H • OOR "
VR s Vt«)
P = CHATl • CHAT2/R • CHAT3/(R»5J "
XJ = J

C 1 FORMAT(4E20.10) -
C PRI^j 1» XJ. Ri VR» P

I F ; A H S ( < V R - <>)/v») .LT, DvMAx') 2*; 25
24 CONTINUE

= CHAT3
IMflx _ IMAX • 1
CIlt^HAX) = CHATl $ C<2tlMAXJ » CHflT2 S

61 ATOotlMAX • 1> s RTOP
IF (1.FINISH ,EO. 1} 99, 31

31 IF(IMAX .LT, 400) 28, 32 - . -
32 PRINT 7
7 FO^MA T C O THE MAXIMUM NUMBER OF INTERVALS W I L L NOT SPAN (RMIN, RM A X

IFRJJOR a ZZ

PRINT 6, IERROR
PRINT 2
GO T" 99

,EQ. 3, 58, 57
58 DRTO** - ATOPFAC*RTOP

Rl = RTOP
R? = RTOP • .5«(RTOP - ATOP(IMAX)')
CALL O R ^ A X S B ( O B M A X , Rii H2» XLAHOIM» XLOIM.

IF<ORTOP .GT. D"»<AX) ORTOP * ORHAX
RTOP s RTOP • DRTOP
GO TO 52 ,

C THIS CARD DETERHIwrS MAxtMyM INTFRVAL L E N S T H ,

57 IF«IMAX .EQ. 1) 40, K\

DEGA
OEGA
OEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DE6A
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
OEGA
OEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA

DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA

00932
00933
00934
00935
00936
00937
00930
00939

00940
00941
00942
00943
00q44
009*5
00946
009*7
00 9*8
009*9
00950
00951

00952
00953
0095*
00955
00956
00957
00<55B
00959
00960
00961
00962
00963
0096*
00965
00966
00967
00968
00969
00970
00971
00972
00973
0097*
00975
00976
00977
00978
00979
00980
00981
00962
00993
00984
00965
OO9S6
00987
00988
00989
OO99O
00991
00992
00993
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40 DR1
DR2
DP3
DR*

DR
DR
DR
OR

DRTM? » DR
GO T° *2

41 DR5 = OR*
OR* = DR3
0P3 * DR2
0R2= DPI
Dol 3 PR
DRTMP S (DRl • 0R2 • 0R3 • OR* • OP51/S.0

42 Ir(2;0»DRTMP .LT. ATOPFAC»RTOP> 46» *7
46 RTOP = 9T0P • 2.0»ORTMP

GO TO 48
47 RTOP = OPAF«RTOP
*« Rl a RBOT

R? = RBOT • ,5«<RBOT . AT O P ( I M A X ) )
CALL DRMAXSB<DRMAXt Rl» "2» XLaMDIMt X|.DIM«
IF'RTOP - RBOT ,6T. DRMAX) RTOP s RBOT • D
GO TU ,54, 53) , IREG1 " ------

54 IFfRloP .GE. RR2) 55t Sg
55 RTOP « RR2 " ''

IREGl = S
GO TO 52

53 IFIRTOP .GE. RR) 56» 52
56 RTOP = RR

I0EG1 = 3

52 IFCRMAX .LE. ^TOP) ?9» 26
29 RTOP s RMAX S IFINISH s i

GO TO ?l

25 IREG1 = IREG2 ----- .— --
IP'IMAX ,EQ. 0) 43t **

44 IF( DR .LT. ,5»0RTMP) 43, *S " ~
43 RTOP a Rg

SO TO 26 - " '•- "
45 RTOO = R80T • ,75»DR
26 IFIN'I.SH s 0 . . . . . .

GO TO 21
99 IF(T2 ,E0. 0) 12 =

T«
EWO
SUBROUTINE DRMAXSBJDRMAXi Rj. R2t XL A M D I M , XLOlM,
DIMENSION XLAMDlM(l)« XLOIMjl>
SMALLK = o.o
R12 = l.O/Rl^'2
R?? s 1,O/R2»»2
TVRl = 2,O»V(R1)
TVR2 = 2 0
DO 7" L=l»
SIF'SK ,5Tt SMALLK> SMALLK =
SK a . A B 5 ( X L A M D I M ( L ) - TVR2 -
IF(SK ,GT. SHALLK) S^ALLK S SK

70 CONTINUE
DRMAX a 6.28/S0RT(SMALLK)
RF.TUR-N
ENO
FUNCTION V K R )
C O M M O N / C B 3 ' Zt ZMlt RR2. RRt AO
FN2Z a 1.0/(1.0 • A0«RR2>

*R22j

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

DEGA
DEGA
OEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
OEGA
OEGA
OEGA
OEGA
DEGA
DEGA
OEGA
PEGA
DEGA
DEGA
DEGA
DEGA
OEGA
OEGA
DEGA
DEGA
OEGA
DEGA
DEGA

00995
00996
00997
0099R
00999
01000
01001
01002
01003
0100*
01005
01006
01007
01008
01009
01010
0101!
01012
01013
0101*
01015
01016
01017
01018
01O19
01020
01021
01022
01023
0102*
01025
01026

01029
01030
01031
01032
01033
0103*
01035
01036
01037
0103A
01039
010*0
010*1
010*2
010*3
010**
01045
010*6
010*7
01048
010*9
01f>50
01051
01052

01053
0105*
01055

32



Al = R R / R K 2 » ( Z M I / F N Z » F N 7 Z » « 2 - 1.0) • 1«5

VV = ZMl/RR
* AO*"R

= -FNZ/RR

IFfR ,6T, *R) GO TO 3
X] s R/RR
IF'R .GT. RR2) GO TO 2
VI = VV/fXl«(1.0 • AORR»K1)»»2)
Vj s -Vi • FMZSRRM»(XX#»2/2.() -

2 Vl = FNZSRRM»(l,o/xl • xl»«2/2.0 - l.Sj - 1.0/R
T R

3 VI

EU
END
SUBROUTINE MATPAC (IJOB. A» «. M» C)ET» EP, IF SING)
DIMENSION AC3f 4)
IF SlNG a 0
OET » 1 ,
NPl = N*l
NMl = M-x
IFflVOB) 2« It 2

1 DO 3 U l i N
NPl = N*I
A(I.NPI) s 1 ,
IP1 = 1*1
IFlM - IPD 2i 19t 19

19 00 3 J=IPl» N
NPJ = N*J
A(I. NPJ> * 0.

3 AfJt NPl) = 0.
2 DO 4 Jsl» NMl

C = ABS(A(JtJ))
JP1 * J*l
DO 5 I=JP1» N
0 = ASS(A(I«J))
IF1C-DI 6t5.5

6 DET s -DET
DP 7 K=J. NPM
B = A<i,K)
A(I,KJ 3 A(J.K)

7 AJJ.K) = a
c « o

5 C O N T I N U E

IF( Af)S(A(J.J))-EP) 14. 15» IS
1* DET = 0,

IF(IJOB) 16, 16, 17
16 IF SlN6 = I
17 RETU«N
15 00 4 1= JPl, N

CO^ST = A<ltJ)/A(JtJ>
00 4 K= jPlt "*PM

A A(I,K) = A(I,K) - C O N S T 4 A < J , K )
IF) ABS(fl(N»"J)) - EP) 14, let 18

IB 00 ll Isl» N
11 DET = OET»A(IiI>

IF(lJOB) 10, 10, 17
10 DO 12 Iel, N

K = N.i»i

DEOA
DEGA
DEGA
OEGA
DEGA
OEGA
DEGA
OEGA

DEGA
OEGA
DEGA
DEGA
DEGA
OEGA

DEGA
OEGA
OEGA
OEGA
DEGA
OEGA
OEGA
OEGA
OEGA
OEGA
DEGA

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

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

OEGA
OEGA
OEGA
OEGA

01056
01057
01058
01059
01060
01061
01062
01063
01064
01065
01066
01067
01068
01069
01070
01071
01072
01073
01074
01075
01076
01077
01078
01079
01080
01081
01083
01083
OlOS*
01085
01086
01087
01088
01JR9
01090
01091
01092
01093
01094
01095
01096
01097
01098
01099
01100
01101
01102
01103
01104
OllOS
01106
01107
01108
0H09
OHIO
01111
01112
01113
01114
01115
01116
01117
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-- -- — -_ . D E G A

00 \i t«NPl» MPM DEGA
S= 0. -- — -- DEGA
IF{ « . KPI) 12, 2o, 20 DEGA

20 DO 13 J«KPi« M - ... ._ - _ 0 E 6 A

13 S * S»ACK»J)*4<JtD DEGA
12 A(Kttj = (A(K,L|-S)/A(K,K) - " OEGA

RETURN DEGA
END . . . - - . . . . . _ - - 0 E G A

SUBROUTINE NOHMPHKCAPLAMB* L) DEGA
COMMON/AIHAX/ *F(51»*02>. JMAxF(*n2>t iMAXt"~" " " DEGA
1 IMA*F, iMixFPl, IMA^B* tMAX8Pl« Cj3,*00)» DEGA
2 CF?3t402>» AToPt401)» AT0PFUS2J ~ DEGA
DIMENSION AB{51,*02>f JMAXB{*6?)» CB(3,*02), AT0PB<*02) DEGA
EOUIVALENCE(AF(1), AB{l))t (JM6xF,f,, jMftxB(lj>* DEGA
1 (CFIlli CB(l>)t (ATOPF(l). AT0P8tV>I OEGA
DIMENSION CC(lOl) - " DEGA
COMMON/SCRAfCH/SCRflTCH,604> DEGA
EOUI^ALENCE (SCRATCH(I). CC(H>" "' DEGA
SOAR s S0RT(A3S(CAPLAM3)) OEGA
IBKW = IMAXFPl 4 1 DEGA
EXPSQ = EXP(-SQAB#ftTOPB«IBKvn> DEGA
CflPA » ABCltlSKWl/EXPSQ ~" — — ~ DEGA
GUNDA2 = (CAPa«Ex

pSO)*»2/(2.0#SOAB) OEGA
D = ATO»F(2) """ """" "•- OEGA
CflLL P0LYMUL(AF(1I1)I JMftXF(l), AP(l,l')» JMAXF|1>» CC»

 NC> DEGA
L? s Z*V - • -- - 0 E G A

LD » L? • NC OEGA
SUM * CC(NC)/U> "~"' DEGA
N • NC DEGA
NC«1 » NC • 1 DEGA
DO ?6 NNslt MCMl OEGA
N = N - 1 . - . . - . . D E G A

LD » LO - 1 OEGA
26 SUM = SUM#O • CC(N)/LD ~~ DEGA

GUMDA2 - GjN0A2 * StjM«D**(t2 « 1> OEGA
IF(1«AXF .EQ. 1) GO TO 27 "~ ~ " "" """ " '"' DEGA
DO 20 ts2 f IM4X*- DEGA
D r A T O D F ( I * I , . ATOPF(I) " " " ' ~" DEGA
CALL POLYMUL«AF«ltI» » J M A X F d l i A F ( 1 * D « J M A X F ( I ) » CC» Nc> DEGA
SUM = CC(NC)/NC DEGA
N r «C D E G A

NCM1 s NC - 1 - . . . - . - . -.- . - . - . . - 0 _ G A

DO ?1 NM=li MCMl DEGA
N s N . i DEGA

21 SIJK - SUM'O • C C ( N ) / N DEGA
20 GliND*2 = GUNDA2 • SUM»D " " " " ~"~ ~ DEGA
27 DO 2 * 1=1» IMAxB DEGA

IRKW s IMAXFP\ • I — — - " - - OEGA
D e flT0OB<IBK1< • 1) - A T 0 p B ( t 8 K H ) DefiA
CALL POLYMUL(AB<I,IBKW), JMAX8( IBKW), " " OEGA

1 A B t l ' l B K r f ) * JMAXB(If)KW), CC» NIC) DEGA
S»M = -CC<MC)/NC " -" DEGA
N e Nc DEGA
NCM1 a Me - 1 " " OEGA
DO 23 NMai» NCM1 DEGA
N « N - 1 - - D E 6 A

23 SUM * SJM»O - CC(N)/N DEGA
22 G|)NDA2 - GUNDA2 * suM»D ' " _. .- D E G A

GtiMDA o SORTtGUNDAa) DEGA
DO 2* l»if IMAXF DEGA
JJJ * JMAXF(I) DEGA

01120
01121
01122
01123
0112*

01127
01128
01129
01130
01131
01132
01133
0113*
01135
pi 136'
01137
01138
01139
011*0
011*1
dlU2
011*3

011*5
01146
011*7
0H*8
011*9

01151
01152
01153
0115*
01155
01156
0U57
0115B
01159

0 J

01161
Q1162
01163
0116*
01165
01166
01167
01168
01 lft9
01170
01171
01172
01173

01175
01176
01177
01178
01179
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DO 2* Jslt JJJ
24 AF(Jtl) = AF(J,I>/6UNDA

00 2& 1=1» IMAXB
IpKW = IMjXfrPl • I
JJJ = JMAXajISKW)
DO 2S J=l» JJJ

< » > = 4BU»IBKW)/GUNDA25

END
SUBROUTINE POLYMUL (At
D1MENSION A(D» B<l>t
LL = LM • LN - 1
MMIN = 1
DO 1 L=l »U.
IF'L .GT. LH) 3» 2

2 MMAX s L
3 IF(L ,6T. LN) 5. 4
* NMAxPl s L • 1
SO T« 6

5 MMIN » MMIN • 1
6 CCU x 0,0
N a NMAxPl
DO 1 Ms MMIN * MMAX
N = N - 1

1 CjL) = C<L) • A(M)oB(N)

Bi \M% Ct LL3

DE6A
DEGA
DEGA
OEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA

OHBft
01181
01182

3

END "
SUBROUTINE M 4 T E LE(KPHIM f l X. X ( . A M A « V »

1 NSUBSHLt ISSMftXt NSHELL)
DIMENSION J M A X { 4 0 0 ) , A M J S I ^ O O ) , AM?S(4j)0)

O I I V N E « S R T H l > T P ) « S T

A L F A A R Y . I 2 f

c c C C A C C A C
(SCRATCH, . V 0 5 » , * M l S ( J > » t (SCRATCH, R05j , AMgS'd) ' , ' ,
SION XLAMiRYIxJ f L A S Y < l > t A L F A A R ^ t l ) . I M A X A R V ( | )

D S 1 1

l 4 O 0
HMUVEC'500)»

N N ( 1 0 0 ) , MNMAy,
/ P s / P V

«NSU«SHL«D» NSHELL'11

N M A ft(51,100), CAPO(]00), tFsTOP,100j»
XLLPKlOOJt S i ( 3 0 0 ) • S2(3no»t DVPoLY(7o>t SCRATCH(120*5
• A lM(400 ) t A2M(«00)» AMT(5J)', AM$t5l)
, « l N ( 4 0 0 ) , A 2 N ( 4 0 0 , , ANT,51) » AN<?(Sl)
t TOPPM(O0» A T P P i U o O 1 JMAM(

1 5 FVfC'500>» NOPTS»
I<J.MAx
M 1 6 « EMATELE* EMDVOO»

1 FORMAT(16I5)
2 FORMAT <25I5>
3 F0RMATI5E25.14)
4 FORMAT(2E25.l4t 15) "
5 FORMAf(/)
6 FORMAT U E 2 5 . 1 4 i 215)

P R l N ' l . MN1AX
PRINT It (MM,MN), NN,MNj, MNsl, MWMAx)
KPH1M4 = KPHI1AX • 4
MAX0IM4 = MAXQIM • 4 . . - -
ISKIp * 3*MAXDIM • 4
lFCSs 1
lECSl a IECS • MAXDIM4
IFCS2 = IECS1* MAXOlM
CALL ECRD (SCRATCH(I). IECS. KPHIMit l£)
CALL ECRO(SCRATCH(*05), IECSlf KPHlMAX, Ig)
CALL ECBD(SCRATCH(805), IECS2, KPHlMAx', IE)
DO 3l KPHI=1« KPHlMAX

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

01184
01185
01186
01187
01188
01189
01190
01191
01192
01193
0119*
61195
01196
01197
01198
01199
01200
C1201
01202
01203
01204
01205
01206
01207
0120S
01209

01210
01211
01212
01213
01214
01215
01216
01217
01218
01219
01220
01221
01222
01223
01224
01225
01226
01227
01228
01229
01230
01231
01232
01233
01234
0123S
01236
01237
01239
01239
01240
01241
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31 Af2,«PHI) J
DO 2 1 KOHl=l« KPHlMAX
XL a LARy(KPHI| " ;

IERROR c o
CALL T A Y L O R I ( A H » K P H I ) « JMftXrKPHI»f A T l t

1 xLAMARy(KPHI ) , x L , C l , C 2 , EM16, IERBOR)
JMAXKP = JMftX(KPHl)

21 X L L P M K P H I ) * XL»«XL • 1 , 0 )
DO 20 M M s l , MVMAx
M e MM«MN>
N » NN(MN> * •• • - - • - -
LNLMi = L A « Y | N ) # L A R Y J M ) * 1
OEOM S LNLMI - l -
CALL PQLYMUL CA<2«M>» JM»X<M»-I» A(Z»N>» JMAX<N>-I» S2« ISZ>
DO 30 Jrl» IS2 --.-..
OEOMS OEOM • i.o

30 S?«J> = S2(J)/DfOM - — -
CALL POLYOP CS2» IS2» A T O P I P I , P)

20 C«PO<MN) * -C2*P#ftT0PIP1••LNLMf
DO 3* MN=1» »<MMAX

36'IFSTfP(MN> = 0 -•---
DO 2* I*2t 12

ATOPI » ATOPIPI •- —
IFCS = IECS • ISKIP
lECSl = IECS • MAXDIM4 ----- -
IFCS* = IECS1 • MAXDIM
CALL EC'D tSCRATCH(j)» IECSt KPHIM4t IF) "
CftLL EC»D<ScRATCH(405), IECS1,KPHIMAX« IE)
CALL EC?DfSC«ATCH(805), IECS2, KPHIMAX; IE)
00 2b KPHl=i» KPHIMAX
A(l» KPHI> * ftMlS»KPHI) ' " "~

25 A(2, KP4I) r AM2S(KPHI|
0 s ATOPI - ATOPIPl
DO 2l K»Hl=lt KPHIMAX
IEBROR =0

27 CALL TAYLORS(A(ltKPHI), JMAX(KPHI), AToPIPlt
I t>» X L A M A R Y ( K P H I > » X L L P 1 < K P H I > » Cl» C?» C3i EMl6t
CALL DVDD(ATOPIPi, D, C2i C3» DVPOL'Y, I D V O D , EMDVOD'»
Ml.AST S 0
DO ?« MM=lt MMMAX
IF(IFSTOP(«N| ,EQ. 5) GO TO 28 "" ""
MB M M | M V )

• 1

IFIM .EO. MLAST) GO TO 33
MLASl s H
CiLLPOLYMULtfldtM) , JM4X(M).

33 CALL POLyM,jL(A(l,N), JM4X(N,, si,
CALL POLYINTIS?! IS2» Dt P>
CftPO<MM> = CAPO(MN) - P
I F ( A B S , P , #LT

34 IFSTOPCMN) » IFSTOP«MN)
GO TO 28

35lFSTOp(MN) m 0
26 CONTINUE
24 CONTINUE

ATOPI2 •• ATOPIP1
" = 3»«IAXDIM • *

s 400 • 12
a 0 --.--...

C4LAST a 0
DO *C MH=l, MNMAX
1F<I^STOP("<N) .EO. 5) 60 TO 40

oD Sl» IS1)
S 2 f IS2,

34, 35

OEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
OEGA
DEGA
OEGA
OEG*
DEGA
OEGA
OEGA
OEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
OEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
CEGA
DEGA
OEGA
DEGA

012*2
01243
012*4
012*5
01?46
012*7
012*8
012*9
01250
01251
01252
01253
01254
01255
01256
01257
01?58
01259
01260
01261
01?62
01263
0126*
01265
01266
01267
01268
012f.9
01270
01*71
01272
01273
0127*
01?7S
01276
012^7
01278
01279
01280
01?8l
01282
01283
0128*
01285
01286
01?87
01288
01289
01290
01291
01292
01293
0129*
01295
01296
01297
01298
01299
01300
01301
01302
01303

36



M «
N K Nfv)(MN>

IF<M ,EQ. MLAST) 42, 41
41 MLAST a M

a IMAXARYIM) - 12
,EQ. O't GO TO 60

1ECS s 4*<400 - 12)
IECS = IECS«(M - 1) • l
IF.CS s IECS • I2«1SKIP
CALL ECPD(ATOPP1M(1), IECS, 1HMAX. IE)
IFCS = IECS • IJUMP
C A L L EC?D(JMflXM(l), lECSt IMMAX* IE)
IECS r IECS • IJ,-,MP " • -
CALL EC<?P<AI1(l>t lECSi IMMAX, IE)
IFCS = IECS • I JUMP
CALL EC*D(A2Mtl), IECS, IMMAx, IE)

60 CONTINUE "
42 IF<N ,EQ. NLAST) 45. 44
4* NLAST * N " ' -

iMAxARy(N) - 12
A .EO. o) 60 TO 61 ""
4«(400 - 12)

IFCS x IECS»(«J . 1) » 1 -"
IFCS = IECS • I2»ISKIP
CALL ECRD(ATOPP1N(1). IECS« IMMAX« IE) . . .
IECS = IECS • IJUMP
CALL EC"?D(JMAXN(|). IECS. IMMAX, ie> -
IECS = IECS • IjUMP
CALL ECQD(A1M(1), IECS, INMAx, IE) "
IFCS » IECS • IJUMP
CALL EC?D<A?N(l)f IECS» INMAX* IE) "

61 C O N T I N U E
45 IM s l —

IN = 1
AT0PI.P1 = A T O P I Z ---

T = ATOPI2
= AT0PI2
= 0
= 0

CALL F I M O A T P U M * IMMAX« X L L P U M > » A L A S T M . ATOPPlH.
1 XLAMA»V(M), IF"ROR) ....
iFdtRROR .EQ. 14) GO TO 100
CALL>rMDATP(IN» INHAXt XLLPl(N)• ALASTN. ATOPP^Nt

1 XLAMARy(V), IERROR)
IFHERROR .EO. 14> GO TO 100

47 CONTINUE
ATOPl = ATOPIPl
I F U B S ( A L A S T M - A L A S T N ) ,LT. (ALASTM»ALASTN)»,5E-l2 ) 48« 49

48 IN^IRST « 0
I M F I H S T S 0
ATOPIP1 = « 5 # ( A L A S T M • ALA S T N )
CALL FIM0A12CIM, IMMAx, xLAMARy(M), ALFAA»YfM), xLLPltM),

A1M« A2M« JMAKM. AMSt JMSMAXf IERRO«)
12) GO TO 100

FI N D A 1 2 ( I N ; INMAX, XL A M A P V ( N J , ALFAARV|N), XLLPlt**U
1 ATOPIPl" AIM* A2Mf JMAXN* ANS» JNSMAXf IERR09>
IFlItRROR •EQ. 1?) GO TO 100
IM 3 IM • 1
IN a IN * 1

CALL FINDATPIlMi IMMAX# XLl.Pl(Ml• ALASTM*
1 XLAMARy{M)t IERROP,
iFUtRROR .EO. 14> GO TO 100

iPdtRRDR .EO. 1
CALL F I N D A 1 2 ( I N ;

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

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

OEGA
DEGA
DEGA
OEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
O^GA
OcGA
DEGA

81304
01305
01306
01307
01308
01309
01310
01311
01312
01313
01314
01*15
01316
01317
01318
01319
01320
01321
01322

01323

0132*
01325
01326
01327
01328
01329

01330
01331
01332
01333
0133*
01335
01336
01337
01338
01339

61341
01342
013*3
0134*
01345
01346
01347
01348
i

01350
01351
01352
01353
01354
01355
01356
013S7
01358
01359
01360
01361
01362
01363
01364
01365
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CALL FINDATPflN, INMAx, X U - P 1 | N ) , ALASTN, AT0PP1N, OEOA 01366
1 XLAMARY(V). IERROR) DEGA 01367
IFdERROR .EQ. 14) 100, 50 ~ ' DEGA 01368

49 IFfA^ASTM .GT. ALASTN) 51, 52 OEGA 01369
51 IMFI«ST * 0 . -— -- OEGA 01370

IMFlRST * IMFIRST • 1 DEGA 01371
ATOPlPl S ALASTN ~ " '" " DEGA " 01372
OM e ATOPlPl - ALASTM DEGA 01373
IFdMFISST .En. 1) 53. 54 . " DEGA 0137*

53 CALL FINDA12(IM( IMMAx, xLAMARy(M)( ALFAARY<M|, DEGA 01375
1 XLLPl(M), ALASTM, AIM. A2M, JMAXM, AMT, JMTMAX, TERROR) DEGA 01376
IFDERROR .EQ. 12) SO TO 100 DEGA 01377
IFRROR - 0 . . . . . - 0 E G - 01378
CALL TAYLORS(AMT. JHTMAX. ALASTM. OM. XLAMARYIM). DEGA 61379
1 X(.LPl'M)t 0.0. -1,0* 0.0* EMlh* IF"ROR> DEGA 01380
iFtlERROR .EQ. 10) 100, 54 DEGA 01381

54 CALL POLYOPUMT. JMTMAX. OM. Ansel))" DEGA 01382
CALL POLYlP(AMT» JMTMAX, OM. AMStS))' DEGA 01383

OEGA 013S*CALL'FINDAlZdN* INMAX, XLAMARY<N>, ALFAARY(N). XLLPl(N)t DEGA 013B5
1 ATOPlPl* AIN* A2N« JMAXN* ANS*.JNSMAX. IERROR) "" DEGA 01386
IFdERROR ,EQ. 12) SO TO 100 - OEGA 01387
IN = IN • I . " "> ' " DEGA 01388
CALL FIMr»ATP?IN* iN^A*. XLLPllN). ALASTN* ATOPPIN* DEGA 01389
1 XLAMARY(M), IERROR) ' DEGA 01390
IFdERROR «EQ. 14> 100* 50 OEGA 0139l

52 IMFjHST = 0 " DEGA 01392
INFlRST - INFIRST • 1 DEGA 01393
ATOPlPl = ALASTM " DEGA 01394
ON * ATOPlPl - ALASTN DEGA 0139S
IFIINFIRST ,E3, 1) 55, 56 " " "DEGA 01396"

55 CALL FIN0A12dN, INMAX, XLAMARYfN), ALFAAQY(NI* DEGA 01397
1 X L L P K N ' * ALASTNI AlN» A2N. jMftXN, ANT, JNTMAX, IE^WOR) OEGA 0139g
IFfTERROR ,EQ, 12) GO TO 100 DEGA 01399
ipRROR = 0 - -- -- — DEGA oi*OO
CALL TAYLORS(AMT, JNTMAX, ALASTN. 6N» XLAMARY«N>. DEGA 01401

1 XLLPL(N). 6.0, -1,0, 0.0, EMI*, IERROR) " DEGA 01*02'
i F d t R R O R , E Q . 10» 100* 56 OEGA 01*03

56 CAi.L~POLYOpUNT» JNTMAX. ON. A N S U ) ) ' " OEGA 01*04"
CALL POLYlp(AMT, JNTMAX, ON, ANS(?>> OEGA 01*05

" " OEGA 01*06
CALL FIMOAlZdM. IMMAX. X|.AMARYIM>. ALpAAPYtM). X L L P 1 < M ) . OEGA

1 ATOPlPl, AIM, A2M, JMAxM, AMS* J M S M A X , IERRORJ DEGA "01*08
IFdERROR *EQ. 12) 60 TO 100 OEGA 01*09
IM * 1M • 1 " ~~ DEGA 01*10"
CALL F1NDATP|IM, IMMAX, XLLPljMJ, ALAST M« DEGA 01*11
1 ATOPP1M. XLAMARY«M)» IERROR) ' DEGA "' 01*12"
IFllERPOR .EQ. 1*)- 100, 50 DEGA 01*13

50 D s ATOPI - ATOPlPl " " " DEGA 01*1*
IpRljOR a o DEGA 01*15
CALL TAYLORStAMS. JMSMAX. ATOPlPl. D* XLAMARY<M>. ~ ' DEGA OI4I6
1 xLLPl(M), 0,0, -1.0, 0.0, EMifc, Il?R«OR) DEGA 01*17
IFd§RR0R .EQ. 10> 60 To 100 OEGA 01*18
CALL TAYLORS(ANS, JNSMAX, ATOPIPI, O. XLAMARVIN)* DEGA 01*19
1 XLLPI(N), o.O, -1.0, 0,0, EMift, IE"BOR) DEGA 01*20
IF<I|RROR >EQ, J0> GO TO 100 OEGA 01*21
CALL'DVOO'ATOBIPI. O» -1,0. 0,0, DVPOLY* IDVOO* EMDVDD)'"' OEGA 01*22
CALL POLYMUL(AMS, JMSMAX, OyPOLY, IDVDO. Sit IS1) DEGA 01*23
CALL POLYMULUNS. JNSMAX. Sl» iSl* S2» IS2> DEGA 01*2*
CALL POLYlNT(S2t IS2, D. P) OEGA 01*25
CAPO(MNJ O CAPO(MN) - P DEGA 01*26
IF«A«S<P) .LT. ABSICAPO1MM))»EMATELE> 56. 57 DEGA 01*27.
PR1N' 7.
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56 IFSTOP(MN) a IFSTOP(MN) • 1 DEGA 01428
IF<ll-STOP<MM) .E.Q. 5) 40« 47 DEGA 01429

57 IFSTOP(MN) • 0 DEGA 01430
GO TO.47 DEGA 01431

100 PRIM! 101 " . . . . . . 0 E G A 01432
101 FO*MAT(» ERROR IN REGION 3»» DEGA 01433
40 CONTINUE OEGA 01434

DO 2* MM=l, MMMAX DEGA 01*35
CflPO<MN) = 2.0»CAPO(MN) DEGA 01436

29 PRINT 3, CAPC(MN) OEGA 01437
64 FORMAT(E24.1*. • EV», IS, E24.14, • EVi , IS, DEGA 01436

1 E24.14* • EV«« E24»14» • BARNS/ATOM»> DEGA 01439
65 FORMAT(E2*.14, • B«RNS/AT0M»> " OEGA 01440
66 Ff)«MAT(/j DEGA 61441

DO 62 KN=1» MMMAX DEGA 01**2
H s MM(MN) . DEGA 01443
N = N N I M N ) " " ~ OEGA 01444
DE = ARS(XLAMARY(M) - XLftMftRY(N)> DEGA 01445
HNll = OE» l3 .605 " DEGA 01*46
DE3 = DE#»3 DEGA 01447
UMAX s LARVJMJ "" DEGA 01448
IF(LARY(N> . S T . L M A X ) LM«X S L A R Y ( N ) DEGA 01449

THE RA AND NO£ A^E ONUr GOOO HERE FOR THE BOt|ND.FREE C&SE; OEGA 01450
MNSS = N DEGA 01*51
iFtXtAMARY(M) , L T . O,0> MNSS s M "" " " DEGA 01452
ISS =' NSHELL(MNSS)»(NSHELL(MNSS) - l ) / 2 • LARY(MNSS') • 1 DEGA 01453
NOE = NSIRSHLUSS> " " DEGA 01*54
SA = 2»(2*LARV{MNS<;) • 1) DEGA 01455
DSIG^A S 10,756E«6»NOEoL^Ax«CAPO(M\|)»»2/fOE3»GA) DEGA 01*56
14 = 14MIN • MN - ] DEGA 01*57
AC0FVECU4) = ACOFVECdtl • OSIGMA " "" DEGA 01i58
EM s XLAMARY(M)«13.605 DEGA 01*59
EN = XLAMARYJ«4)»13.6O5 ~ DEGA 01*60

62 CONTINUE DEGA 0l*6l
RFTUWN DEGA 01*62
EMO DEGA 01*63
SUBROUTINE ZZZO;LAM*KBt LWKB» NWKB^ KWKB» HNUVEC. DEGA 01*64

1 NOPTSt IHNUMAXf UHNUIt ZZ^FAC* OEGA 01*65
CO*!MON/SC«ATCIV$CRATCHU204) "" DEGA 01*66
DIMENSION XLAMWKB<l>t LWK3(D* NWKR(l). HNUVEC(l) DEGA 01*67
FAC = AL.0GU0.0) - " • OE6A 01*6B
DHNU r DHNUI DEGA 01*69
DO 6 K=l» KWKB DEGA 01*70

6 XLAMWKB(K) = ABS(XLAMWKB(KM OEGA 01*71
CALL SORT1(KWKB, 2. XLAMwKB, SCRATCH, LWKB, N^KB) DEGA 01*72
X L A M W K 8 ' K W K B * 1 ) a Z Z Z F A C * X L A M « K B < K W K 8 » DEGA 01*73

3 IHNLIMAX = ° " " ' " OEGA 01*7*
DO 1 1-1, KWKB OEGA 01*75
EPS - .01 . . • . DEGA 01476
XNIJM S A L O G 1 0 < A B S ( X L A M W K B < I * 1 M > - AU0G10(ABSIXLAMI<KB(I> • EP5>> OEGA OI477
NOlNT S XNUM/OHNU OEGA 01478

O «E<3. ol NOINT • 1 DEGA 01*79
S NOINT • 1 _ OE(JA 01*80
= xNUM/MOINT OEGA 01*81

IHMUMAX • 1 . 0 E S A 0 l482
.ST. NOPTS) 4, 5 DEGA 01483

4 DHND . i(2«0HNu DEGA 01*84
GO TO 3 OEGA 01*85

5 HNUVEc<IHNUMAX> ~m XLAMWKBdJ • EPS DESA 01486
NOlNTMl a NOIMT - 1 DEGA 01487
DO 2 INTsl, NOINTMl DEGA 01488

IHMUMAK « l DEGA 01489
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jMAX .ST. NOPTS) GO TO •
XNUM B FAC*(ALOG1O<ABS(XUAMWK8(I) « EPS))

2 HNUVEc(IHNUMAX) • EXP(XMUM)
IHN|)MAX = IHNUMAX • 1
IFtlHNUMA* »GT. NOPTS) GO TO *

1 HNUtftcCIHNUMAX) « XLAMWK8(1*1)
DO 7" K « 1 , KWK9 _ - . . .

7 XLAMWKB(K) = -XLAMWKBtKJ

INT*SDMNU)

IERROR

E
END
SUBROUTINE CA"»SON<XLAMB[)Ai C2« MFAC»

1 CAPFf CAPFP. T H E T A . THETAP* IERROR)
ON/Pl/PI" TWOSPI

0
ABS(C2»

s S0RT(xUAM8DAj
SQRT(TWOSPI/SMALLK) ""
MFAC*C4PM

AN s CAPM S BN « 0.0
CSK * SMALLC'SMALLK $
ACOM s XLLP1 • CSK2 S

O T

*LLP1*'"

CAPM

CAPA

DO 6 3

DEOM :

K > N
XNP1

1.0
AN

T»'0K s 2,0»SHAL«-K

CAPB = BN $
15

CSK? = CSK#CSK
8C0N = -<CSK2 • XLLP1)

0.0 0*0

] . 1
VPl

« l
= «2.0»N • 1«O>*CSK

= TWOK»XNP1
((ACOM _ XNNPX>»9N . TWONPjiAN)/XDEOH
({XMNPj • 6C0N)»AM - T W O N P I » R N ) / X D E O M

AAOO - ANpl/DEOM * BADD S R N P I / D E O M
APADU - x^pl»AADO $ QPADO - XM

pl*8A0D
= CAPA • AADD S CAPfl = CAPB • BADD
= CAPAP * APADO t CAPBP = CApBP • BPADO
= ABS(CAPA) *.ABS(CAPB)

A A S ABS(CAPAP) • ABS(CAPBP)
IF( ABS(AAOOI .LT. C A P A R » 1 . 0 E > 4 .ftMD. "' ~

1 ABS(BADO) ,LT. C A P A B » 1 . O E - 4 .A^D,
2 ABS(APADO) .LT. CAPABP'1.6E-4 .AND« " :
3 ABS(BPADO) , U T . CAPABP'l ,0E-*') SO TO 62
AN s ANPl ~

63 BN • BNPj
PRINT 64 - - -- ---

64 FORMAT,» CAPA, CAPB, CAPAP, ANO CAPBP 00 NOT CONVERGE.•)
= 1 2

RUN T H I S CODE FOR CAPR . G T .

62 CAPAP = -CAPAP/CAPR
CflPBp = -CAPBP/CAPR
C«PF2 = CAPA»CAPA • CAPB»CAPB
CftPF a S Q R T ( C A P F 2 >
C A P F P - (CAPA«CAPAP • CA»B»CAPRPj/CAPF
THETA * S M A L L K » C A P " • CSK»ALOS(CA" iR> • 4 2 A C A B
T H E T A P a S M A U L K • cSK/CAP" • « C A P A P * C A P B - C A P B P # C A P A ? / C A P F 2

EMO
SUBROUTINE TAVLORitAi JHAX* 0* XLAWBDA. Xt_» C\* C2* EMi6» IE«ROR)
DIMENSION A ( l )

OEGA
OEGA
OEGA
DEGA
DEGA
DEGA
DEGA
OESA
OEGA
DEGA
DEGA
OEGA
OEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
OEGA
DEGA
DEGA
DEGA
OEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OtGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
OEGA
OEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA

01*9(1
01*91
01*92
01*93
01*9*
01*95
01*96
01*97
01*98
01*99
OlSoo
01501
01502
01503
0150*
01505
01506
01*07
01508
01509
01510
01S11
01512
01513
0151*
015IS
01516
01517
01518
01519
01520
01521
01522
01523
0152*
01525
01526
01527
01*28
01529
01530
01531
01532
01533
0153*
01535
01536
01537
01538
01539
015*0
015*1
015*2
015*3
015**
015*5
015*6
015*7
015*8
015*9
01550
01551

PRIN* 7* ISSMAX
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1ERROR » o
DEOM = 0.0
DDEO* s 2.0»XL
Bl = 2.0»Cl - XLAMBOA
B2 » 2.0»C2
lF{JMAx ,GT, 2) GO TO 40
IFCONV » 0
FftC = l.o
AMAX = A<2I
flMflxMi6 = AHAX«EM16
DO 2»» J=3t 50
00EO« Z DOEO<4 • 2.6
DEOM S OEOM • DDEOM
JMl = j-1
A(J) s (
FAC S FAC'D
ARSA = JMl*ABS(A<J)>«FAC
IF(A»SA ,GT. AMAx) 30t 31

30 AMAj{ = ABSA
AMAXM16 = AMAX»EM16
GO T» 32

31 IF(AbSA ,LT. AMAXMl6) 33, 32
32 IFCONV a 0

GO TO 20
33 IFdFCONV .EO.
35 JMAX a J

DEGA
DEGA
DEGA
DEGA

OEGA
OEGA
OEGA
DEGA
OEGA

1) 35, 34

DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
OEGA
OESA
OEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA

34 IFCO^v x 1 _ OEGA
20 CONTINUE " " DEGA

IERROR = 9 DEGA
PRINT Q, IERROR DEGA

9 FORMA? (15,* TAY L O B SERIES O O E S NOf CONVERGE IN suBpOuflNE T A Y L ° R 1 OEGA
1. DO-LOOP 20.•» OEGA

A
40 DO 41 J=3t JMAX " "

DPEOM = D&EOM • 2.0
DEOM = DEOM « DDEOM
JMl = J-i

41 AfJ) s (Bl»A(J-2) * 82»A(JMl)|/DEOM

DEGA
DEGA
OEGA
DEGA
DEGA
DEGA

ENO
SUBROUTINE TAYLORS(A. jMftXt RR, 0* XLAM8DA*

I XLLPl* Cl« C2» C3, E«l6« IEPROR>
DIMENSI0N A(11
IfRpOR a 0
RR?

SB2

XLAMHDA - 2,0#Cl
2= -2,0»C2

S«3= -(2.0»C3 • XLLP1)
Bl = SRl«RR2 • SB2»"R * SB3
B? = S81«TtfORR
B3 = SRI
A(3| e
A(4) = 1 l
IFCJMAX ,6T, 51 SO TO 60
ARSO S A B S ( D )
FAC = 1 . 0
AMAX = ABS(A(2M
AMAxMif, - AMAX»EM16
FAC = FAC#ABSO
APS3 = 2.0OABS(A(3))«FAC

•Bl»A(2J
T

DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA

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

01552
01^53
01554
01555

01557
01556
01559
01560
01561

2

01563
01564
01565
01566
01567
0156B
01569
01570
01571

2

OEGA

01573
01574
01575
01576
01577
01578
01579
015B0
01581
01582
01583
01584
01585
01586
01587
01588
01589
01590
01591
01592
01593
01594
01595
0IS96
01597
01598
01599
01600
01601
QlfeO2
01603
01«04
01605
01606
01607
01608
01609
OlftlO
01611
01612
01613

41



IF(A«*S3 .GT. AMAX) 54* 55 ~ •
54 AMAX « ABS3

AMAXMJ& - AMAx»EH16 " " "
55 FAC « FAC#ABSD

APS4 s 3,0»A8S(A(4) )«FAC — " ~ "'
IF(A«S4 .GT. AMax> 56, 57

56 AMAK S ABS4 . - - . _ . .
AMAxMlfc = AMAX»EMl(S

57 DO 2» J=6, 50 , 2 ..-.- - -
JMI»J-I S JM2 « J-? $ JM3 • J-3

JM» s j-4 $ JM5 « J.5 " "
D F O H C JM3»JM2»RR2
A(JMl) a -(B3#A(JM5) «82»A(jM4) •(Bl*JM5»JM4)«A(JM3>

1 *JM4»JM3«TWORR#A(JM?) »/DFOM
OEOM = JM2»JH]oRR2
A(J) » -<R3»A(JM4> •B?»A«JM3l •(Bl*JM4*JM3>*A«JM2)

1 •JM3»JH2»TWOR»»A{JM1) »/DE0M
FAC S FAC»ABSD
APSA* = JM2»A3S«A«JM1))»FAC " ' "" "
FAC s FAC'ABSD

= JMl»ABS(A«J»>*FAC " - • - — -
,GT, AMAX) 45, 44

45 AvAx s ABSA - -

.GT
46 AMAX - ABSA1 % AMAXM16 s AMAX»EM16 $ SO TO
44 IF(A«SA1 .GT. AMAX) 46, 47 ......
47 IFIABSA ,LT, A M A X M 1 6 ) 48, 26
46 ITfAySAl .LT. AMAXM16) 49, 26 " -.-•_.--
49 JWAX a J

26
= 10

10, IERROR9 I
10 Ff>SMAT ,2l5,» TAYLOR SERIES DOES MOT CONVERGE IN SUBROUTINE

IS. OO-LOOP 26 IN LOOP 25.•)
jwax = 5 0
IFSPOR . 0

i i l 4 , - - - • - —

AMAXM16, A3SA« ABSA1

60 00 2^ J*6» JMAX. 2
JM!*J-1 $ JM2 a J-2 S JM3 * J-3 "

JM4 = J-4 S JM5 = J-5
DFOM S JM3»JM2»RR2

A(JMi,
1
DEOM a

27 A,J,
1

POINT 1 ,

J M 2 » J M 1 » R R 2
: -(B3»A(JM4)

•JM3«jM2*TW0RR»AIJMi) )

END
SUBROUTINE POL*oP< * *
DIMENSION A<D
« = «î AX
P • A(M)
JI\P = M - 1
IF(JUP ,LT. 1> RETURN
DO 1 Jsl,
M « »- 1
p s P

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

01614
01615
01616
01617
01618
01619
01620
01621
01622
01623
01624
01625
01626
01627
01628
01629
01630
01631
01632
01633
01634
01635
01636
01637
01638
01639
01640
01641
01642
01643
01644
01645
01646
01647
01648
01649
01650
01651
01652
01653
01654
01655
01656
01657
01658
01659
01660
01661
01662
01663
01664
01665
01666
01667
01668
01669
01670
01671
01672
01673
01674
01675

7» ISSMAX 00UO3
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POLUP
M > JMAX
P = <M-l!»A(M)
JH" s M-2
IFfjUP .LT. 1) »ETU»N
DO 2 J=li JUP

g p E p» 0 • (M-1)*A(M)

POLrlNT

p s AJMJ/M
J()P • M-l
IF(JUP ,LT. I) GO TO 4
00 % J=l» JUP
M s M.i

3 p s P»o « A(M)/M
4 P =

ATOPIi
END
SUBROUTINE C2» C3i OVPOLY, IDVDOt EMDVOOl

O V P O L Y < i » '
= -1.0/ATOPl

ON a 1.0
IFIC-* ,E0. O.OJ 10, 20

io inVDO = i
0VP0LYU1 = -G2/ftT0PI««?

L AB5(Ov°OLY{l) >»EMOVOD
E DVP3LYH)

30 IOVOO = IDVOD • 1
S TE<*MLST*OATOPT

IOVOOI = IDVDD»TE"MLST
IF(ft«S{0vpOLr(IOvOD)«ON, , L T . EPSIL'ONJ 40, 30 ""

20 ISCH = I
ICMTi * 1 ' - - -
ICMT2 3 1
S C " A T C H ( I > S -l.n/AT0PI»»3
E P S I L O N s A B S ( S C R A T C H ( 1 ) J » E M O V O O

TFUMLST = SC:«ATCH<1> -...._...
50 ISCH = ISCH • 1

lrMT2 a ICNT 2 * 1 "
= ICNT1 • ICNT2

TEPMtST»OATOPI "
DM » ON»O
SCi'AT'CHtlSCH) = ICNT1«TEPMLST , . - . .
IF(At»S{SCRATCH(ISCH)«ON, , L T , FPSILON) 60, 50

60 SCRATCHU99) S C2»ATOPI • 2.o*C3
SCRATCW(500> s c?
CALL P O L Y P I - ( S C A T C H ( I , , I S C H , SC»ATCH^99J , 2 , OV>OLy, IOVQO)

40 RFTU«N
END . -
SUBROUTINE FIM0Ai2<Ii IMftX. XLAM, ALFA, XLLPlt

1 Alt A?i JMAX* AS, JSMAX, IERROR)
DIMENSION Al(l,, *2(1>, J«AX<1>, AS(2>
IFBROP. S 0

IF(I . G T . IMftX) z*
 l

i A<5(1> = Al(I)
Afi(2» = A2<I>
J5«A* = JMAX(I)

DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
OEGA
DEGA
OEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
OEGA
OEGA
DEGA
DEGA
OEGA
DEGA
OEGA
OEGA
DEGA
DEGA
OEGA
DEGA
DfTGA
DEGA
DEGA
OEGA
DEGA
DEGA
OEGA
OEGA
OEGA
DEGA
DEGA
OEGA
OEGA
OEGA
OEGA
OCGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
OEGA

01676
01677
01678
01679
01680
0U81
01682
01683
01684
OlftSS
016&6
01*87
01688
01689
0U90
01691
01692
01693
01694
01695
01696
01697
01698
01699
01700
01701
01702
01703
01704
01705
01706
017O7
01708
01709
01710
01711
01712
01713
01714
01715
01716
01717
01718
01719
01720
01721
01722
01723
01724
01725
01726
01727
01728
01729
01730
01731
01732
01733
01734
01735
01736
01737



I

2 CALL CAC»SON«XL*M. -1.0. If ATOP IP l'. XLLpl« "
1 CA»F, CAOFP, THETA, THETAP, IfRROB>
IFIIERROR .EQ. 12) «ETUR*»
THET*1 S TMETA • AL^A
COST»El s COS(THETftl)
AS<1> = CAPF»COSTHEl
AS(?) = CAPFP»COSTHEJ - CAPF«THETAO«SIN(THETA1)

X S 0

END
SUBROUTINE FIVQATPHM. IMAX»
DIMENSION ATOOPHI)

O

,GT. IMAX) 2. 1
s ATOPP1(IM>

2 IFUI.AM8 »ST. 0.0) *» 3
3 IfRROR s 14

RfTU«N "- -•
• OP s .2*ALAST

Rl s 1.05»ALAST "
CALL D R ^ A X 5 B ( D R M A X , ALAST, Rj, XL A M B , XLLPl, 1)
I F < R ST. DSMAX) DR

= ALAST • DR

END

DEGA 01738
DEGA 01739
DEGA 01740
DEGA 01741
DEGA 01742
DEGA 01743
DEGA 01744
OEGA 01745
DEGA 01746
DEGA 01747

IERROR) DEGA 01748
DEGA 01749
DEGA 01750
OEGA 01751
OEGA 01752
DEGA 01753
DEGA 01754
DEGA 01755

~ " "•' DEGA 01756
DEGA 01757
DEGA 01758
DEGA 01759
DEGA 01760
DEGA 01761
DEGA 01762
DEGA 01763

PRINT 7t 1SSMAX
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01/09/73 «LASL MCH1 .16 01/09/73 MACH. 1 ECS ON
18,56,54.jl5wM2W 01/09/73
18.56.54.S<J08<NAME=Jl5WM, AC*J15D* USF=DPGAA,
18.56.54.lt scsl56000t PL>200. MX«66,
18,56.54.Si CLcJ, PR=6i CAT=6, UA=87]5Cl3l)
18.56.55.ASSIGNMT. OLDPL(PLB»LF223LOO»SHB>
18.56.55.6i> ASSIGNED
18.56,55.L'r223L00
18,56.55.ASSIGNMT* MEWPL(NLBttSHB)
18.56.56.6b ASSIGNED
18.56*56.LD274L00

18.57.07. DECK STRJCTURE CHANGED
18.57,07. I?ECK STRUCTURE CHANGED
18.57.1*. UPDATING FINISHED
18.57.15.RtWIND(S0URCE>
18.57.1fc.uPDATE<N*I=SOUf»CE) -
18.57.38. UPDATING FINJSHEO
18,57.3B.C«PYSBF(COMPILE,OuTPUTl
18.57.43.CP 00005.336 SEC.
18.57.43.PP 00057.626 SEC.
18.57.43.sS 00127.002 SEC
18.57.43.
18.57.43.
18,57,43.
18.57.43. 2W 2W
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