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L INTRODUCTION

POLYNOMIAL SOLUTIONS OF THE SCHRODINGER EQUATION

APPLIED TO PHOTON CROSS SECTIONS IN ATOMS

by

A. L Merta and Walter Matuska, Jr.

ABSTRACT

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

This report intends to show how the CDC-7600 code
DEGA-A (Dense Electron Gas Approximation-Absorp-
tion) computes the bound-free, free-free, and bound-
bound absorption coefficients, IJbf, Ufp and Ubb, respec-
tively, as a function of photon energy, hu, from the given
potential function V(r) and the electron occupancy of the
atom. Assuming V(r) to be exact, the code will do its
computation at any desired accuracy, within the machine
limits, because the Schr6dinger equation is solved using
exact power-series expansions, not difference equations.

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

1. ~~ _V(r)r2 = O.

2. After some finite value of r, RI, the potential must
be V(r) = –ic ~r.

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

Although it is not necessary to the internal structure of

the code, we would also like V(r) to be a function of
temperature, density, and the atomic number of the
atom.

Throughout this report, [O,R1 ] is called Region 1 and

[Rl ,-] Region 2.

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

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

The potential form for an isolated atom is

V(r) = Ze/r(l + cxr)2 , (1)

where tY= 0.6057 Z1’3. However, the form actually used in
this report, which is also valid for a compressed atom, is

(RI rz
V(r) = –(Z*e)/R1 ; + — -

2R;
3/2 ) (2)

forrO<r<R1 ,

where

Z* is the “effective number” of free electrons,
RI is the radius of the sphere representing the spheri-

caI atomic volume,
r. is the value of the radial distance for which Eq. (2)

is equal to the value given in Eq. (3) below, and
e is the electronic charge.

In the inner region, the potential is given by

V(r) = – Ze/r(l + ,~r)2 – Z*e/r
(&‘ ‘0)

(3)

for O<r<ro.
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%2= ($)(:),(,+%)+ +3/2 .

Z* = Z/(1 + &rO)2 [(~).+ll .

(4)

(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 PoissQn’s
equation. In d-se potential outlined above, the value of RI
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

R, -
Z= N(Z*)= J [J 1n(r, T, P) dP 4nr2 dr , (6)

o 0

where n is the Ferrni-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 r..

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 -1) and add the
term -l/r to Eqs. (2) and (3). The potential for r > RI is

defined as –1 /r. This then represents our potential func-
tion used to calculate the one-electron energies and the
one-electron orbitals from which we calculate the cross
sections and f-values.

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

The hydrogenic potential V(r) = –1 /r for O< r <co is
often used to check parts of the code because analytic
solutions for this potential are known.

The code considers the Schrodinger equation in the
form

[ 1~“(r) + ?t-2V(r) –m r2 @)= O, O<r<m , (7)

where

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

A is the energy eigenvalue, and
!2is the angular-momentum quantum number.

.

Equation (7) has an infinite (in some cases finite, but
large) number of discrete bound solutions (negative A)

commonly denoted by 1s, 2s, 2p, 3s, 3p, 3d, etc. Of t!
infinite sequence, we calculate onIy the solutions allowed
by the electron occupancy. ubb can be evaluated only at
discrete values of hu, because hu = Ihl -X2 Iwhere X1 and
A2 both represent bound solutions. By using a line profile,
we then distribute each Ubb over a narrow range of hu.
However, every positive h, given ~, is an eigenvalue for a
free state. This allows us to choose any finite number of
positive A’s. Therefore, we can evaluate ub f at any energy
hv above the threshold, and off at any desired value of hu.
Here hu = Ihl – X21, Al represents either a bound or a free
solution, and A2 represents a free solution.

11. THE METHOD OF SOLUTION OF THE
SCHRODINGER EQUATION

A. The Potential Approximation

To solve Eq. (7) on the computer, we choose a finite
R > RI to approximate r = W,and divide [O,R] into a
finite number of intervals. For each of these intervals, r2

times the potential is approximated by a parabola to some
specified degree of accuracy, ~. This series of fits is started
at r = O with an interval of arbitrary length. In this first
interval, we approximate the potential with

C2 c~
V(r) =cl+—+—

r r2 . (8)

Let rl be the left end point of this interval, r~ the right
end point, and r2 the midpoint. To evaluate the c’s, we

solve the set of equations

clr~ + C~rj + C3 ‘V(rj)rf forj = 1, 2, 3. (9)

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

ICI + ~ + ~ -V(r) lQ(r)lli (lo)

at several points between rl and r3. If this inequality is
not satisfied for all points, we decrease the length of the
interval until inequality [Eq. (1o)] is satisfied for all
points checked. This process is continued until Region 1
is complete. Here c1, C2, and C3 should actually be
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thought of as c I,i , cai , and c3,i ,where the subscript i
denotes the ith interval.

In Region 2, obviously, Cz = –1 and c1 = C3 = O. The
lengths of the intervals in this region are governed only by
an additional condition discussed later. This condition

applies to all intervals.
As the code now exists, for a given set of conditions,

all solutions to the Schr6dinger equation are found by
using the same set of intervals over Region 1; however,
each solution has its own set of intervals in Region 2. The
code could also be written so that each solution would
have its own set of intervals over the entire range of r. It
would be impractical to require all solutions to have the
same set of intervals in Region 2 because the maximum
interval lengths allowed for the various solutions in
Region 2 are so different.

The Expansion of the Radial Wave Function

In the expansion of the wave function, we will need

the condition C3,1 = O. This is satisfied if the first require-
ment on the potential is met.

We assume the wave function to have the form

@r) = ~ajirj-l for i = 1 (11)
j=l

in the first interval. Dropping the subscript i, we substi-
Sthe power series and its second derivative for q(r) and

v“(r) and the approximanon for V(r) in Eq. (8) into the
Schrodinger equation to get

{[ }
2C3 + Q(Q+ 1)] al /rz

‘( [+ —2c2al –
I

2c.j+Q(!2+l~a2 if

.

+z{(A – 2cl)aj-2 – zc2aj-1

j=s

[’+ (j-2) (j-1) -2c3
}

.- Q(Q+ l)Jaj rj-3=0 . (12)

Here we assume that C3 =0 and aj =0 for 1 <j <Q+ 1.
Nso a~+~ is arbitrary because any constant times a sohl-

tion eigenfunction ~(r) is still a solution. As each

term in Eq. (12) must be zero for every r in the interval,
we now have the recursion relation

2c2a..1 – (h ‘2 Cl)aj.2
forj>Q+2 .

aj=(j-2)(j -1)- Q(Q+l)
(13)

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 – pi and require that O< d < pi+l–pi where

the p’s are the end points of the intervals. When it is
necessary to expand about the right end point, the roles
of pi and pi+l are switched and pi –pi+l< d <0. Again

omitting the subscript i, the Schrodinger equation can
now be written as

(p2 + 2pd + d2)q’’(d) + (Bl + B,d + B3d2)@d) = O ,

where

B1 =b1p2 +b2p+b3

B2 =2blp+b2

B3 = b]

and

bz = –2c2

b3=fi2c3 +!2(!2 +1)] .

Here we assume the wave function to have the form

(14)

p(d) =
z

ajidj-l for i > I . (15)

j=l

Substituting the power series and its second derivative for

~(d) and W“(d), we get

2p2a3+f@J+P“aq“pa3 +‘la’ ‘B2aJd[

+ z~ “– 2)(j – I)p’aj + (j – 3)(j – 2)2Paj.~
j=s

+ (j –4)(j –3)a. J-2 + B1aj-2

+ J32aj.3 + 133aj -
a

dj-3 = o (16)

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

I



a3 =–B1a112p2

a4=~B2a1 +B1a2 +4pa3]/6p2

{
. =– B3aj.4+B2aj.3

aJ
+ [Bl + ~ – 4)(j ‘S)]aj-z

}
+ 2(j – 3)(j – 2)paj.~ /(j – 2)(j – l)p2

forj>4 (17)

when al and a2 are known.
We can easily show that ai = q(d) and a2 = p’(d) at

d = O. Therefore, al and a2 will always be known by the
tight-boundary condition or can be evaluated with the
power+enes expansion of the wave function in the pre-
vious interval.

In practice, we start with aj = O for 1 <j < Q+ 1 and
a~+~ 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 al and a2 for the second interval. This
process is repeated until we reach some ?, O <?< R,
where we evaluate ~f (?) and ~~ (?); the determination of F

is discussed later. At the right boun&ry, R, @R), and

P’(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 Ipb(fi and

~~(?). We have a solution when q@) = q~(l?) for

Pf(?) = ‘#b(T)- @f(T) is simply the value of the wave func-
tion at ? found by forward expansions, and qb(?) is the
value of the same wave function at T found by backward
expansions.

C Determination of the Expansion Interval Length

In real life, these power series can have only a finite
number of terms. The maximum number of terms in the
present code is 50. This leads

regulating the maximum length
Let us define

[ 1Q(Q+ 1)
Y(r) = A – 2V(r) -~

to the other condition
of a particular interval.

(18)

Using this definition, we can write the Schr&-1.inger equa-
tion as

p“(r) t hzp(r) = O, where hz = f~(r) (19)

choosing the sign so that h2 >0. If h is assumed to be
constant locally, the solution is either

4

@r) = Ae-hr + Behr

or

~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

(22)

where Ar = r -pi is the maximum allowable interval
length. With this series, we can estimate the largest value
of (hAr) that allows the series to converge to a specified
accuracy in the alIoted number of terms. In Region 1, all
solutions are considered in estimating the maximum inter-
v~ I~@; however, in Region 2 only one SOhItiOII iU a

time is considered. The code then plugs the largest
encountered vaJue of h into

Ar=~ . (23)

This C is an input parameter, and for a 50-term expansion
and 8-place accuracy a conservative value for C is 6.

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

D. Finding the JoirI Point ? 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 Schr6dinger equation. If an error is introduced in
Eq. (2o) during forward integration (increasing r) when
the first term is the desired solution, this error will grow
exponentially. However, any error introduced will dimin-
ish exponentially during backward integration. Likewise,
when the second term is the desired solution, backward
integration is unstable and forward integration causes any
error to diminish exponentiaUy. 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.
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Integration is stable in both directions for ~(r)’> O;
integration is stable in only one direction for
~(r) <O. A indicates tbe asymtotic limit of ~(r).

For the cases shown in Figs. la and lb, ? is chosen

such that ~(?) is the maximum value of ~(r). For the case
shown in Fig. lc, ? is the center of the rightmost interval,
and for the case shown in Fig. Id, ? is chosen such that
~(f) = O. For positive A, the value of h is known and is
used to find ?; however, for negative A one has only a
maximum and minimum guess at its value at this stage, so
the minimum guess is used in evaluating ?.

E. Boundary Condition at R

1. Bound States-Negative k The two right-boundary
conditions used in the code are discussed below; however,
this method of solving the Schr6dinger equation is not
limited to these two conditions. For the bound state, the

Schrbdinger equation becomes

p“(r) – l~lp(r) = O as r + ~ . (24)

Note that this is true
arbitrary and

@r) =.Ae-@r

is the desired solution
ary condition

only in Region 2. Because I#(R) is

(25)

to Eq, (24), we derive the bound-

Y+(R)=+ WY(R) . (26)

Although we have no exact relation between R and the
accuracy desired, we regulate R by the following method.
First, we find the largest root of ~(r). R is then taken as

some constant (typically 25) times this root. Then, after

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

[P(r)lmax < ‘Yl@R)l (27)

(10-1s is a typical value for ~). If this condition is not

satisfied, we simply keep increasing R until it is. A quick
method for getting a value near lq.Xr)!mW is to check p(r)
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

p(r) = M(r) cos [kr + 6(r)]

in which k =4,

lim M(r) = M,
*-

and

lim2.@ .0 .
rrw

M fixes the scale of the solution. We shall require the
normalization M = = .

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

(k) (k).(~o)
yXr)=A(r)cos lcr+Slnr +Nr)sin kr+S Inr

Now substitute Eq. (3o) into the Schr&iinger equation.
Then asymptotic expansions for A(r) and B(r) exist in the
form

A(r) = ~nlrn, B(r) =x bnirn , (31)

where

—

{[ 1Q(Q+l)+$–-n(n+l) bnan+ 1 –

}
–~(2n+ l)an /2k(n+ 1)

b
{[

C2.
n+l 1n(n+l)– ~–Q(Q+l) an

}
–~(2n+ l)bn /2k(n+ 1) (32)

5
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and

a. =M, bO=O . (33)

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

Equation (30) can also be written as

~r)=M(r)cos 6(r) , (34)

where

M(r) =~A(r)2 +B(r)2 (30

and

[1A(r)
f3(r)=kr +~+lnr+ tan-1 ~

The asymptotic series expansion for the solution of

P(r) given by Eq. (34) is uniquely determined up to some
constant phase a~; therefore, we can write

yXr) = M(r) cos [O(r)+ ~] , (36)

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

p’(r) = M’(r) cos [6(r) + cr~]

– M(r)d’(r) sin [O(r)+ ~] . (37)

For sufficiently large R, 9(R) and 9’(R) are the desired
right-boundary conditions. The guesses at R may It tie to
be increased several times before Eq. (31) is satisfied.

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

III. DETERMINATION OF THE EIGENVALUES AND
PHASE FACTORS

& The Eigenvalue

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

Vb(m
F(X) = —

qf(hm
V@,?) – p:(w) (38)

at the end points of these A-intenrals 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(h) in that interval. As F(h) also changes sign

through poles, we check to reject these intervals.
When we find a [p(h,r),X] solution, we must determine

whether it is the desired one for specified quantum
numbers n and Q, where Q< n – 1. We have the desired
solution when

I=n– Q-l , (39)

where I is the number of roots in p(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 A so
obtained is called the eigenvalue.

B. Phase Determination

In the free state, h is specified and the phase ~ at the
right boundary is varied over the range O < a~ < m until
we find a [@~,r),~] that solves the Schrbdinger equa-

tion. To find this solution, we again use the Regula Falsa
method to find the root of F(%) where

9b(c@)

‘(aQ) = @rQ,F)
p;(cYQ,2)- @:(aQ,?). (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 p(r) as normalized when, for bound
states:

—

J ~r)~r) dr = 1 , (41)
o

and, for free states:

.

J
p~p~ dr = 8(A – X’) .

0
(42)
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The free states have this normality built into the nght-
boundary condition. However, for each bound state, we
evaluate

J
~r)~r) dr = ~’ , (43)

o

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, Hmn, used in evaluating the absorption coeffi-
cients. The matrix elements are found by

Hmn = 2
J_

9m(r) ~ @n(r) dr ,
0

which, by continued long dhrision, can be written as a
converging power series in d when Id/pi I <1. Now,
multiplying these three polynomials, we get a polynomial
that can be integrated easily.

v.

A.

EXAMPLES

Bound-Free Absorption

In the code, A, r, V(r), and Hmn are dimensionless
parameters. Both A and V(r), when multiplied by one
Rydberg, are energies expressed in Rydbergs, and r, when
multiplied by one Bohr mdius, is a length expressed in
Bohr rad~i.

The bound-free absorption coefficient is given by

~aH:nT?
ubf(hu) = 10.756 X 106~Q

Ixm -Anl’ g ‘
(47)

(44)

where

where m and n refer to eigen solutions of the Schrodinger
equation. If one wave function is bound and the other is
free, Hmn is used in evaluating Ub~. Likewise, if both are

bound, the result is Ubb, and if both are free, the result is

of~.
Equation (44) is evaluated by summing the integrals

calculated in each expansion interval. Because aV(r)/&
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-z decrease in W(r)/&.

In the first interval we have

W(r) -2
&

=—cz,lr , (45)

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

av(d) cz,i(Pi + d) + 2ca,i
—= —

ad (pi + d)3 ‘
(46)

Q~ax is the maximum of Qm and Q .
~ is the number of electrons in ~he bound state that

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

2(2Q + 1) for the Qof the bound state.

Here ~, An, and ~n are dimensionless numbers and
ub f is expressed in barns per atom. AISO when
hv = 13.605 Ik – ~ 1, hu 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
absorption for cold, normal-density beryllium, carbon,
aluminum, iron, copper, and lead as computed by
DE GA-A. In these f~res, 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. s 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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Bound-free absorption coefficients for cold, normal
densjty (11,34 g/cm3) Pb. (Z= 82, ro = 2.003s

B. Bound-Bound Absorption

In checking the bound-bound case, we consider hydro-

gen, lithium, beryllium, sodium, potassium, and stron-
tium. A formula similar to Eq. (47) ean be derived for
crbb(hu). 2 However, because the data found in the liter-

ature’ appeared in a different form, we used the formula

r=

Ilm – hn!4 (4Q2 -I)max

(48)

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

puted by

4H:mn

‘2= Ixm - Xnl”

These results checked

(49).

with the values of the squares of

dipole moments* given by Bethe and Salpeter.s Note that

Eq. (49) is not defined by the method presented in this
report when Am = An.

To check the code to more digits than given by Bethe
and Salpeter (the CDC 7600 is a 14-@t machine), ~1s,2p

was computed to the maximum possible accuracy using
the hydrogenic potential and was compared with its

analytic solution. We know that for hydrogen

%s = 2re-r

and (50)

when these analytic expressions for ~ are used in Eq. (44)
along with V(r) = -M, we obtain

H
8

= — = 0.36288736930121
@2P @

and’ DEGA-A computed

H~%2p= 0.36288736930118 .

“compare with Tshle 13, page 264, Bcthe and Sdpeter.a
RI = 3.656)



Element Transition

Li Ia 2p-2s

3p-2s
3s-2p
4s-2p
5s-2p
6s-2p
3d-2p
4d-2p

Be Ib 2s2p-2s2
Na Ic 3p-3s

4p-3s
4s-3p

K Id 4p4s
Sr 1= 5d-5p

aZ=3, ro=l.928, and R1=3.263.

bZ=4, ro=l.406, and R1=2.355.

CZ=l 1, ro=2.264, and R1=3.986.

‘Z=19, ro=2.714, and R1=4.950.

‘Z=38, ro=2.475, and R1=4.518.

TABLE I

TRANSITION INTEGRAL ~
FOR COLD, NORMAL DENSITY ELEMENTS

Transition Internal 7

Sereened-
Hydrogenic

5.96
0.011
1.72

0.105
0.029
0.013
1.28
0.19
2.27

3.41
0.211
2.06
4.61
0.483

C. Free-Free Absorption

1. Discussion of Gaunt Factors. A formula similar to
Eq. (47)2 can be derived for uff (hu) in terms of Gaunt
factors gff; however, here we Only compute Gaunt factors
for hydrogen and sodium and compare some of these
results with Karzas and Latter.g Gaunt factors can be

evaluated with

?T&
gfi(~a,hu) = —

8( Zeff)2

: [(Q+ 1)~+1 ,(~a)hu)’ + QHQ.1,,(~2,h@2] (51)
Q=O

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

Coulomb
Approx

5.42
0.016
2.39
0.177
0.056
0.025
1.14
0.18
2.03
6.0
0.047
6.09
8.05
0.42

Self-Cons
Field DEGA-A

5.5-5.6
0.011-.020

1.86
6.7
0.051
6.2
9.05

4.26
0.071
1.75
0.148
0.044
0.020
0.748
0.148
3.29
3.63
0.026
3.60
7.77
1.39

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

J W(r)
Hmn(Aa,hu)= 2 pm(ha,r) ~ wn(~a+ hud dr (52)

o

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

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

‘=+fi {(Q+1)[%+l,Q(kahv)2 ‘%+l,Q(xa)hv)l
!2=0

[
hu)2 – Hc+ QHQ.l,Q@a* 1}~-1,QO=,W2, (53)

10



where g~f is the coulombic Gaunt factor for the initial
energy and photon energy under consideration, Han is a
coulombic matrix element defined by Eq. (52) using
V(r) = -l/r, and L is an integer sufficiently large so that
the sum has converged to a predetermined accuracy. A

graph of g~f(aa,hv) is given by Karzas and Latter who
circumvented the slow convergence problem in Eq. (51)
by using hypergeomernc functions. Applications of this
procedure are limited to the coulomb potential.

The method for obtaining a noncoulombic uff(hv), m

described in this report, never requires the evaluation of a
Zeff(X ,hu). In terms of coulombic Gaunt factors,

g;f(xa}~v), z eff(xa,hv) must also be evaluated and then

Zcff(A ,hU) g~f(la,hv) must be used as the desired Gaunt
factor.a However, Eqs. (51) and (53) give the desired
noncoulombic ~f (A=,hv) for Zeff = I when the matrix
elements are computed by DEGA-A using a realistic
potential.

2. Checks on Method. For the first check on the code,

we computed several Gaunt factors with Eq. (51) using
the coulomb potential, V(r) = – I/r, and compared these
results with the Karzas and Latter graph. Here compar-
isons were made Up to, at most, three significant figures,
which is the maximum accuracy for reading the graph.
Table II shows that for several cases we were able to
reproduce the Karzas and Latter values. In the remaining
cases, Eq. (51) had not converged for Q= 34, the maxi-
mum value of Qused in these calculations.

Cold, normal-density sodium (Z = 11, r. = 2.264,
RI = 3.986) was arbitrarily used in the next check
(Fig. 8). Here, for low photon energies and low initial
energies, the Gaunt factors using the sodium potential and
Zeff = 1 should approach the coulombic Gaunt factors.

Also, for large photon energies and large initial energies,
the Gaunt factors using the sodium potential and
Zeff = 11 should approach the coulombic Gaunt factors.
In both cases, the sodium Gaunt factor for (Aa,hv) is
compared with tbe coulombic Gaunt factor for

(Xa/(Zeff)2 , hv/(Zeff)2 ).

3. Discussion of .%reening. The general screening
effects are noted for the small electron kinetic energy and
the small photon energy shown in Fig. 8. As the photon
energy is held fixed and the electron energy is increased,
the calculated Gaunt factor increases faster than would be
expected from the coulombic case. The qualitative reason
for this follows. As the electron energy is increased, the
eIectron wave function samples in greater and greater
detail the structure of the atom (the shielding), and as a
result the effective charge Zeff increases with increasing
energy. The result is that, relative to a coulomb potential,
the cross section is raised. However, as the energy of the
electron and the photon increase, we eventually arrive at a

101, I I I r I
1 I I I I

● ,
/“ hv .,.-4

~,

~’;?- (2’”)2 Ry
,/ -10-3

/’ I
Z ,; ?_lo.2

f’ I
11 :1

I
,0-1 ,.10’

!) /’

,//
/

/
/ /

---
/

J

/ 4-102
0-. ”

Colculoted values
Karzos ~ Letter

I I
{

J I 1 I
-3 -2 -1 I 2 3

Fig. 8.
4 comparison of coulom-bic and shielded potential
(NaI) 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 @cement with the
coulomb field results. This corresponds to the lower
right-hand curves of Fig. 8.

4. Numerical Results. The purpose of Table 11 is to
illustrate a trend in the convergence rate for each of
Eqs. (51) and (53) as a function of (~,hv). An integer in
parentheses indicates the value of Q for which the series

was terminated. For example, where (Aa,hv) = (1.0, 0.01),
Eq. (51) has summed to 3=07 by 34 terms, whereas
Eq. (53) has summe@ 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 11. Also, for the coulombic case at this energy pair,
Eq. (51) has not converged fm Q = 34. For the (1.0, 10)

entry, both Eqs. (51) and (53) have converged by Q = 3
for the sodium case, and Eq. (51) has converged by Q= 3
in the coulombic case.

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

11



Aa(Ry) hv(Ry)

0.01 0.0001

0.001

0.01

0.1

1.0

0.1

1.0

10.0

100.0

0.0001

0.001

0.01

0.1

1.0

0.0001

0.001

0.01

0.1

1.0

10.

0.01

0.1

1.0

10.

100.

0.1

1.

10.

100.

1000.

1000.0 lo.ob

loo.b

1000.

10,000.

10,000.0 loo.ob

looo.b

10,000.

100,000.

TABLE 11

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

g;f(~.w
from Karzas
and Latter

g;f O@@
Calculated

Using Eq. (51)

13ff (~aw
for Na Calculated

Using Eq. (51)

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.o6

0.42

3.30

2.07

0.99

0.36

3.30

2.06

0.98

0.35

0.83(34)

1.20(34)

1.11(29)

1.08(14)

1.10(3)

1.34(34)

1.41(34)

1.53(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( lo)

0.35(3)

0.83(34)

1.20(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)

gff GQ@
for Na Calculated

Using Eq. (53)

1.97(3)

1.32(3)

1.09(3)

1.11(3)

1.51(3)

3.64(3)

2.45(3)

1.58(3)

1.24(3)

1.99(3)

6.50(3)

5.20(3)

4.02(3)

3.22(3)

5.44(3)

37.4(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)

1.97(34)

1.32(34)

1.09(29)

1.11(14)

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)

50.6(10)

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)

128.1(10)

51.8(7)

‘AH values in this table, with the exception of the Karzas and latter enrnes, were computed with the DEGA-A code. An

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)

integer in parentheses ia the value o~ !2 for which either Eq. (51) or (53) was terminated to obtain the Gaunt factor.
These integers illustrate the speed of convergence of Eqs. (51) and (5 3).

bNeither Eq. (51) nor (53) has converged.
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I

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

and (54)

From calculations, we note that both (log Y; ,!2) and

(log Y: ,!0 approximate straight lines for large values of Q.
(The (log YR,Q)pair is not to be confused with the (Aa,hu)
pair.) Figure 9 illustrates this point for (1000, 100). The

straight line for Y; is written as

log Y; =s(l-Q’)+q , (55)

and two known points, (log Y~,, Q’) and
(log Y;, +1 ,Q’+ 1) , are chosen to evaluate s and q. Equa-

tion (55) can also be written as

,~2r
I I

. ●.”y
#

1’
x-y. 12
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I
*
x “.
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Fig. 9.
A graphic Yepvesentation of tbe terms in Eq. (51)
and the extrapolation indicated in Eq. (56).

Y: = eq(es)Q-Q’ (56)

Now using Eq. (56) to take the infinite sum for aJl Q> Q’,
we have the extrapolation formula

.

x Y; = eq/(1 –es) . (57)

Q=L?’

The above procedure is repeated using Y:. These tSVO

extrapolated values are added to the number obtained by
summing Eq. (51) to Q= Q ‘– 1. The results obtained by
using this extrapolation formula are given in Table III.

TABLE 1SS

EXTRAPOLATEDVALUES OF
GAUNT FACTORS

gff (A W
for N, G&heed

Using Eq. (51);
km hu Qin Parentheses

1000.0 10.0 187.3 (34)
100. 187.7 (34)

10,000.0 100.0 244.8 (34)
1000. 232.2 (34)
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APPENDIX
DEGA-A

DEGA-A in its present form is a research and not a
production code. llst version, whose listing follows, only

calculates bound-free absorption. The code lists these
absorption coefficients and makes plots as seen in the
previous section. With slight modifications in the coding,

bound-bound and free-free absorption can be calculated.
There’ are several free parameters that regulate the

accuracy of the code. Most of these parameters are set at
the beginning of the code; however, a few are found
throughout the code. The values in the listing will give at
least four-place accuracy. The user should feel free to vary
these parameters as he pleases and at his own risk.

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

2 FORMAT (8 F1O.3)
7 FORMAT (1615)

133 FORMAT (F15.5,215)
READ 2, Z, RR2, RR
IF (Z. LT.O.0) end job
READ 7, ISSMAX
READ 7, (NSUBSHL (1SS), 1SS = 1, ISSMAX)

READ 7, KWKB
DO 132”K= l, KWKB

132 READ 133, XLAMWKB(K), LWKB(K), NWKB(K)
READ 7, IHNUMAX
READ 2, (HNWEC(IHNU), ACOFVEC(IHNU),

IHNU = 1, IHNUMAX)

z is the atomic number of the eIement
under consideration.

RR2 is the same as r. on page 1.

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

ISSMAX is the number of subshells under con-
sideration.

NSUBSHL(ISS) is an array that contains the number of
electrons in each subshell. The entries
are read into this array in the order 1s,
2s, 2p, 3s, 3p, 3d, etc., up to the last
occupied subshell. If any previous sub-
shell is vacant, it must be assigned the
value zero.

KWKB

XLAMWKB(K)

LWKB(K)

NWKB(K)

is the number of bound wave functions
to be computed. The necessary free
wave functions are generated internally

by the code.

is an array that contains guesses at the
eigenvalues of the bound states. Units
are number of Rydbergs.

is an array that contains the quantum
numbers Q. Q= O for s - states, Q= 1 for

p - states, !2= 2 for d - states, etc.

is an array that contains the quantum
numbers n. n = 1 for the 1s state, n = 2
for the 2s and 2p states, n = 3 for the
3s, 3p, and 3d stares, etc.

For each K, XLAMWKB(K), LWKB(K), and NWKB(K)
should be consisent with Eq. (39). These guesses at bound
eigenvalucs can be read in any order. NSUBSHL(ISS)

should be defined for each of these guesses at a bound

eigenvalue.

IHNUMAX is the number of (hu, Ubf(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
IHNUMAX equals zero, no

(hu, Obf( hu)) pairs will be read.

HNUVEC(IHNU) is the array that contains the hv’s
given in electron-volts.

ACOFVEC(IHNU) is the array that contains the
ubf(h~)’s given in barns/atom.

Data decks may be stacked one behind the other. The
job terminates normally when it encounters a negative Z.
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DEGA-A

(LP-129)

c

1
2
3
7
9

997

PROGRAM DE0AA(INP9 OUT* FILM) ’-–-– “— DEGA
DIMENS1ON XLA14ARY(IOO), LARY(l@lj, ALFAAR+(1oOI, IwAxAQY 1100) DEGA

1 *NSUHSHL(28)W NSHELL(1OO)
. ---—-—. . - DEGA

CnMMoN/sCRATC~/SCRATCH (1?04) DEGA
DIMENSION AM1s(401)9 AMZ%(401), JwAXSt401i -—-——-”-” DEGA

ECiuIvhLENCE (SCR”ATCH(lJ* AMIS[lj], (SCRATCH(402}S AM2sil))? DEGA
1 (scRATCH(803)0 JMAxS(l)) -

. . . ..-— --- DEGA
DIMENSION AR00T(2) DEGA
DIMENsION PDU~(2)

. . _ -— . - .-—— ‘–—-—-–-’---” DEGA
coWYoN/CB3/ Zg 7M1, RR2, RRv AO DEGA
coM@N/AIMAX/ AF(!51sf+o?)c JMAXF(4;2) $, IMAXS ””-

.—.—-— . . .— - DEGA
1 IMAXFS IMAXFP1* IMAXB* IMAXBBrQ C(3?400)0 DEGA
2 CF(3s~02)s ATOP(401)? ATOPF(402}

. . .— ‘- DEGA
DIMENSION AB(51,407). JMAXB(.407j. CB(3:402}S A70p6(4~2\ DEGA

EQUIVALENCE (AF(l)s AO(I))? (JMA)CF(lJO ~MAMM(l))O-”--””- ‘— DEGA
1 (CF(l)! CB[l)), (AT~PF( l),, ATOpB(I)) DEGA

CCIMhIONIEPS/EPSCONV, FBMAXQ EM16, E~ATELEo EMoVDO* YdXDIM ----— DEGA
DTME~sToN ItIXL4M13(100) ‘

DYMENRION XLAMWKB(1OO)O LwKB(loi)m NwKii(tiiOt–———
—.

COWll&PI/PI, TWOSPI
CrIMMON/CRll H’.JUVEC(5OOJ* ACOFVECt5iO)* NOPTS* IHNUVAXe MMtlOo)*

1 NN(1OO)Q MN~Axs 14LAIN~ 14MAX
COM@N/LiETHOOS/METHODV TEMPLAM. c45F9 ~APFP~ THETAo fHETAP- ”’---”
Py = 3.1415926535898 S TWOSPI = 2,(J/PI
MbXI?ER = 100 --- —-. —-- -.—

MAXOIM = loo

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

- DEGA
DEGA

:;;:;NV = l,OE-5 ------ ‘-- OEGA
= 1.0E200 DEGA

EMl15 = l,oE+ -- ---- ______ - DEGA

EMAT:LE = 1oOE-5 DEGA
EMDv!D = 100E=8

.---—. . . ——— . DEGA
RMAX~AC = 25.0 DEGA
EPHI = 100E-15 - ““ ““ ‘— DEGA
OPMIN = 1OOE-8 DEGA
DvMAA = 1oOE-+ - “- ----——— “-”-” DEGA
AToP~AC = ●5 DEGA
DHNljI, s ,1 —-— -— ---- —- —— ‘“ DEGA

ZZZFAC = 10.0 DEGA
NfIllIvNG = 70 . .—————— ——— ‘–-—” ----- DEGA
XLtl~~Cl s 3C13 DEGA
XLAMFCZ = .2 --- -— —-——— — -——.— - .- DEGA

MAK: XLAM~Cl ●GTC 1,0 AND XLAMFCZ oLTs 1.0 OEGA
CALL ADv(151

---- “- DEGA
FORMAT(E240140 215) DEGA

F@RqAT(8Floo3) ‘
.——.-— -—-— -.

FoRMAT(5E25a14)
-- DEGA

DEGA

FORhl~T(1615)
- —— .-—— —-— .

DEGA
Fol?qAT(f3Flo.3)
CnNTINuE

DEGA
- .. . —-— .- -——- --—- . DEGA

MFAC = 1 DEGA
NoI+ c-500
KPHINAx z O
IFRRoR=O ““ “-” ““”-
RMTN xx 0.0
QEAO 2, Z* RR29 RR
IF(Z ●LT. 0.0) GO To 998
RVAX = RR
P21N~ 3, z, QQ2, RR
ZM1 = z - 1.0
A(I = .L3057*2**m333333
RFAo 7, ISS14AX
PRIti~ 79 ISSMAX

.- .- .— ~ - — :::;

-—. - - ...——— - -———-- ---- - . . DEGA
DEGA

. . - . . —_ - -..-.—.-.—- --— ——-- ..- DEGA
DEGA

- ——— ,—-—- .- —--- — —- --
DEGA
DEGA

. -—-- -- —-——— -- -—— DEGA
DEGA

. . . .—- - . - -- -- -
DEGA
DEGA

---- .-. .—— .- -. -—-— - —

00002
00003
00004
00005
00006
00007
00008
00009
00010
00011
013012
00013
00014
ot)o15
00016
00017
00018
:::::

00021
00022
00023
00024
00025
00026
00027
00028
00029
00030
00031
00032
00033
00034
00035
00036
00037
00038
00039
00040
00041
00042
00043
00044
00045
00046
00047
00048
00049
00050
00051
000s2
00053
00054
00055
00056
00057
000s0
00059
00060
00061
00062
00063
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-REAI) 7$ (NSUBSHL(!SS)9 ISS=10 ISSMAX). -— ‘—”--- DEGA
PRIN~ 70 (NSUBSHL(ISS)O ISS=I. ISSMAX} DEGA
READ 70 KUKB . .

DEGA
PPINT 79 KwKB

133 FORM!T(F15.5c 215)
DEI3A

-.. ..— . . .. —- ---—— .. -. . ..- . DEGA
DO 132 K=l? KtiKB DEGA
READ 1339 XLA%#KB(K)r L#CB(K), NNK~(K)- ------- .- . . .
Pf?IN~

DEGA
1$ XLA~WKB(K)s LWKB(K)* NWKB(K) DEGA

XLAhlARY(K) = XLhMwK6[K)
..— ____ . .._ ______ .,

LARY(K) = LwKB(K)
DEGA

132 NSHE~L(K) = NWKS(K) - -- --—.
DEGA

—— — — -- . .._

L~RY(KWKB + 1) = -1
DEGA
DEGA

IF[RR2 ,GE. 0.0) SCRATCH(II = vl(~62)-”, ..— ..__ ___ ~= _
DEGA

CALL YYY(RMINDRMAXtDRMINoDVMAX.ATOpFACo12* IERRDRs
1

DEGA
XLAMWttBP LWKBt KWKS. ZZZFAc; “-- ‘- ‘-- ‘- ‘-

IF(IERROR
DEGA

●NEo O) GO TO 99 DEGA
12pl = 12 ● 1

..——— -—— - —-
DEGA

IsKIp = 3*MAXOIM ● + DEGA
IIICS = 1 - !sKIP - - . - -———_ -- . ______ ______

D(l li8 1=1! 12
DEGA
DEGA

IECS = IECS + ISKIP
- . .— ___ _____ ___ . -_ _ __

DEGA
CALL EcwRfATOp(I+l)r IEcSo Is IE}

118 CALL ECwRfCflCI)t IECS*I, 3S IE) ‘-–——-”—
DEGA

—.— . . OEGA’
PRINT 79 IMAX * X2
IMAXpl = IMAX + 1

DEGA
—- -—- ———- .— _ ___ . __ . -

DEGA
IF(IMAXIJ1 ,G1. 400) GO 70 109
00 l~B I=IMAXPl~ 400

DEGA
- —-— . . . —______ _ _.. -_

C(l,l.)a 0.0
DEGA
DEGA

cf2*l,) = -1.0 -—- - ————— . . —_. . . OEGA
108 c(3!1,) = 0.0
109 ATop(l) = 0,0

OEGA. . . _______

DO 10 I=It IWAX
‘—- ‘-’–—–--––--—–- ‘“ DEGA

DEGA

10 ::I$3:9C(101)S C(291)0 C(301}, AioP(I+l) -
.—-. ..— ., ——-——-. . .

DEGA
OEGA

135 CONTINU~
- -.. .—. _ __ _.. ___ . . . - DEQA

CALL ZZZ(XLAMARY$ LARYC NSHELL* KPHIMAX9 HNUVECS NCIPyS* DEGA
1 IHVUMAX* DHNUIS ZZ7FACI - DEGA

136 Format///) DEGA
PRINT 136

---- .—_____ .._ ._-. .__, ___
DEGA

137

138

139

140

DO 1~7-~1%1=1, KPHIMAX
PQINT 133$ XL4MAI?Y(KPHI)* LhRY’(KPH~)$ NSI+ELL(KPH1) ‘–- ‘-- . ‘-

PRINT 136
PRINT 3* (HNUVEC(IHNU)C THNU=l; IHNUMAX)
PPIN1 136
00 138 IHNU=l, IHNIJMAX
AcoFvEc[IHNU) = o.fj
KWKBMAX = O _________ -. .._ . ..-

DO 139 KPt+I=l, l(PHIMAx
KWKBMAX = KWKBMAX + 1 ..— ---- . . _.

NwKB(KWKBMAX) = NSHELL(KPHI)
LwKR(KwKBMAx) = loOo~(LARy(KpH1~ + 1) + LARY(KPHI)
XLAWwKR(KWKR~AX) = XLAI.IARY(KPIIX)
IF(LARY(KPHI) .~~. O) GO TO 139 “-” - - -- - --
KWKBMAX = KWKRMAX + 1
NwKB(KWKBMAX) = NSHELL(KDHI)
LWKR(KwKfjMAx) = 1000*(~ARY(KPH~\ - 1) + LARYIKPHI)
XLAMWKR(KWKBW4XI = XLAMAQY(KPHIj
CfINTINUE
KwKB =,0
IQMIN = 1
KWKR s KwKS + 1
XLAMARY(l) = XLAMwKB(l(WKBl

DEGA
OEGA
OEGA
DEGA
DEGA

“OEGA
DEGA
bE&I
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGh
DEGA

00064
00065
00066
00067
00068
00069
00070
00071 _
00072
00073
00074
00075
00076
00077
00070
00079
00080
000EI
00082
00083
000R4
00085
00086
000R7
00088
oofi89
00090
00091
00092
00093
00094
00095
00096
00097
00098
00099
00100
00101
00102
00103
00104
00105
00106
00107
00108
00109
00110
00111
00112
00113
00116
00115
00116
00117
ot)llf3
00119
00120
00121
00122
00123
00124
00125
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NsHELL(l) = NdK13tKWKB) -__... t)Et3A - 00126

141

142

143

49

146

197

.

152

151

LPos’=-~ilKBIKdKB)/looO DEGA 00127

LARY(l) = LWKB(KWKB~ - LPDS*loOO “:-” --.––-—-——————-- - ;::; ‘“ 00128
IF(l:OOOOOOIOABS (XLAMARy (I)) _L~e HNuvFc(!4MIN)) GO ~0 142
14MIN = 14MIN ● 1

- - —— .— — -—— .--— ‘-- l)EGi

Gn TO 141 DEGA
14MAX = IHNu~dx - ““

..-. . —

MNMA% = n

—m—.-. ~EGA

DEGA

DO ~43 Ii=14MIN Q 14MAX
-—- -— —. .— -— .

DEGA
MNMAx u MNMAX & 1 DEGA

MNMAXP1 = MNMAX + i - - ‘--
---- .- ---—--— ——— .

DEGA

MM(@fMAX) = 1 DEGA
NN(t.tt4MAx) = M~MAxPI

. . -.---——
‘—---- DEGA

XL A4ARY(MNMAX~l) * IINUVEC(14) + XL’~MARY(l\ DEGA

LARY(MNYAXP1) = LPOS
. . .— -.— .. .

DEGA
NSHEqL(blNMAXPl~ = o DEGA

LARY(MNMAxPl + 1) = -2 ‘“
.—.—. .-— -- ——.

DEGA

KPHIMAX = O DEGA
coNTINuE .-.. ..-.-— —— - DEGA -

KPHIMPI = KPHIMAX + 1 DEGA

L = LARy(KpHI’4Pl)
—. ‘—- ‘DEGa

IF(L ,EQ, ‘1) GO TO 135 DEGA

IF(L .EQO -2) Go TO 99 “ ““””- ‘–”-—-’ ‘—
.—.

METHUD . z
:3:;

IF(Xi-AMARY (KPHIMPl) .LT. o.0) METHOD =“1——
—-—

DEGA
XL8L

—

xLLpl = L*(L*l) ‘“

DEGA
___ -—— . —- DEGA

XLLM1 s xL*(XL-I.0) DEGA

TwOXL = 2eo*XL - “ ‘—-–—— ‘—”—— ‘“DEGA
LM2 = L-2
LM1 = L-l ‘- ‘. - -- . . .._-.__

DEGA
‘--– OEGA

LP 1 = <e,; DEGA
xLpl = Lp~ -- --- —— -. DEGA -

IF (METHOD ●EQ. 1) GO TO 107 DEGA

XLAMtJDA = XLAYARY(KpHIMPl}
. .. —_-.-— -..——- .———

DEGA -
SMALLK = SQRT(XLAMRDA) DEGA
RMAX = (XLLP1 + 101)/XLAMBDA - 30.o’)*sMALLK ‘—

—— _—-
DEGA

RTMP = 10.O/XLAMBDA DEGA
IF(I?~MP ,GT. ?MAX) RMAX IZ RTMP ‘“

..—— . . —-— ;0:;

IF(A?OP(IZ+I) .GTc RMAX) RMAX ~ 1.65*A?OP(12*1)
IF(RMAX .LT. l.ol) RMAx u I.ol

.-———

GO TO 122

‘“- DEGA
DEGA

RNAX = le2*R~AX
..— . . . —— . — ----

::;;”
IERRoR = O
G(l TO llo

.—-. .-— --- — — “- DEGA

AROOT(1) = 0.0 OEGA

AROo~(?) = 0s0
-- . —-. --.—.. -——— .——— ---

DEGA
IMAK x 12 ● 1 oEGA

AToPIIMAX+l) = loofIoo
—-. ---

DEGA
CALL ROOTL)Iv (xLAMARy(KPH!MPl )* XLiSlo AROOTS IcNTR* icNTD* IcAsE~ DEGA

IERRoRt 1) oEGA
‘PRIN~ 3C XLAVAI?Y(KPHIMP1)* AROOT(i\9 AROOT(2) DEGA

IF(ILRROR oEQ* O) GO TO-151 -
.—— ——----- - —.—

PRINT 152C IEQROR
FCIRMAT(ISS * RMAX SET To 101A;oP(12*l)*)- .-—- —-- .-—--- —.

IERROR a O
R!4bx = 1.1*AT3P(12+1) --

-— —-—- —--- -. -— .- -- - “ . - -.

GO TO ]~a
RMAX = AR00Tt2) .—- -. — .-—- ——— ..- . . ---

IF(dROOT(l) ●GT, RMAX) RMAX = AROOT[l)
RMAx = RMAxFACeRMAX

.—- —-—— — . -

IFII?MAX .LT. l.~l*AToP (12+1) )RMAx = 1.01*AToP(12+1) ._ _—_ . — .

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA

DEGA
oEGA
DEGA ..-

00129
MM;:

00132
00133
00134
00135
00136
00137
00138
00139
00140
00141
00142
00143
00144
00145
00146
00147
00148
00149
00150
00151
001s2
00153
00154
00155
00156
001s7
00158
00159
00160
00161
00162
00163
00164
00165
00166
00167
00160
00169
00170
00171
00172
00173
00174
00175

00176
00177
00178
00179
00180
00181
00182
00183
00184
00185
0o186

-00187
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153
12?2
110

124
125

123
111

68

PRIW! 153, RWnX .. —.. .—— —— .-

FQRM+T(O RMAX = *C E20.10)
IMAX = 12

—..

DR = AToPFAC*ATOP(IMAX+I)
RTMP= ATOP(I~&X ● 1)

. -

SUALLK = SURT(ABS(XLAM@I?Y (KPHrMPli + (2c0 - XLLP1/?~MP)/RTMP))
RTMP = ATOP(IV4X61) + ,5@(ATOpf IMAY*1).- aTOp(lMAx)i-
SMALLK1 = SOaT(ABS(XLAMA?Y (KPHIMPl) ● (2.6 - XLLP1/RTMP)/RTMP))

IF(SMALLK1 sGT. SMALLK) SMALLK = SMALLKI
Da~4x = 6m28/SMALLK
IF(DR .GT. DQMAX) OR = 0Q4AX “

— -—-——-—-——.—

IMAX = IMLx ● 1
AloP(IMAx+l) = ATOPIIMAX) + DR

.- —- . . .-

IF(IMAX .EQ. 400) 1249 1’23
PRINT 125

. .- -... —. . — .— —.

FORM~Tt* 400 INTERVALS WILL NO? SPAN iOVRMAXIOI
GO TO 999

-. —.- . .._-

.IF(A~OP(IMAX*l) .GEC RMAX) 111; 11o

IITOP(IMAX+l) = RMAX
. .. —.- . .. Z—— — ...- .

CAPR = RMAX
ATOPTMP = ATOO(IMAX ● l)

.- ——— — —-—

ATOP(IMAX+l) = CAPR
GO TU (613?b91, METHOD ‘- ””-’–- ”-------———-- ‘-’”
NI)OIV = NODIVNG
NoOIVP1 = NODIV + I

. . .

AxLAhB(l) = xLAVFC]*xLAMARy (~PHI@lj
AX1.AMBINODIVpl) = XLAMFC~*XLAMARY(KPHIMpl) ‘“ ‘— . .

OAXLAMB = A13S(ALOG (ABS(AXLAM9(II 1)
1 ALOG(A9S (AxLAMB(NODIVPl )j))/NOD~V ‘“- ‘--” - :“””-- “-

IF(A5~(AXLAM9(l)) .GTQ ARSlAXL4MB(vODIvpl))) DAXLAY~ =-DAXLAMB
on 60 1=2! NOOIV

60 AyLA”B(I) = _ExP(ALOG(A9S(AxLAMR( I_l ))) + DAXLAMB)
XI_AV13DA = AXLAMd(l)

.— .-— .—..

GO TO 70
69 TEMPLAM = xLA’4BDA

. .—.- -—. — ——— = —- .- --

NODlv = ~ S NoDIVpl c NODIV + ~
AxLAMB(1) = 0.0 s OXLAM

——.. ——-- -- -
= pxlb.O

Of) 71 1=19 NOOIV
71 AXLA”B(I*l) = AXLAMB(I) + OXLAM -. . . ..—-_

—- ———— . .

CALL tARSON(XLAMFIOA* C(2*IMAXIQ MFAC$ cAPR9 XLLPIC
1 CAPF, CADFP, THETA, THETAP, IERRORj ““- .—— — —- --

XF(IERRSR sEQ. 12) GO TO 146
70 CnNTINUE

-. .-—. . . . . .

ARoO~(l) = ooo S AROOT(2) : Oolj
CALL Ro!3TDIv(xLA~g0A$ XLLP1, AROOTs IcNTR* ICN~Dt ICASE*

1 IERROR, 0!
PRINT 3, xLAW30A, ---AROOT(l)O ARO(IT(~)

J25SLT = I
.

Bo J?5FST = 1
J7SMI,N = J2sSET
J~5MAX = NOOIVPI
GO TO 90

BI J?5F>T = 2 --- . . . . .

J25$41N = NOOIVP1*l
J75V~X = NOOIVP1 ● 20

.D~5 = (xLAMsT~ _ XLAMSTT)/19,0
AxLAMB(J25MIV) = xLAMSTT
AxLAMB(J25MAX) = xLAMSTP
179WIN = J25’41N+1
179M~x = J.25YAX - 1
00 79 179=179WIN* 179MAX

79 AxLA”B(179) = AxLAMB(179 - 1) 4 D2S

DEU14
OEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
:3:;

DEGA
DE6A
DEGA
DEGA
D~GA

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
OEGA
OEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
OEGA
oEGA
OEGA
DEGA
OEGA
DEGA
DEGA
DEGA
OEGA
OEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA

00188
00189
00196
00191
00192
00193
00194
00195
00196
00197
00198
00199
00200
00201
00202
00203
00204
00205
00206
00207
00208
00209
00210
.00211
00212
00213
00214
00215

00216
00217
00218
00219

00220
go221
00222
00223
00224
00225
00226
00227
00228
00229
00230
00231
00232
00233
00234
00235
00236
00237
00238
00239
00240
00241
00242
00243
00244
00245
00246
00247
002b8
00249
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90 DO 25 J= J25VIN9 J25MAx’ ‘- —-— - DEGA
XLAMSTP = dXLAMB(J) DEGA

CALL TAYLORF(XL~ XLAMSTPC IERRoti@ ~Fe JMAXF* IMAXFS cF* ATOPF) DEGA
IPKW = IMAxFP~ + 1 DEGA
CALL TAYLORB(XLo XLAMSTPo IERRoI$o AB(l; IRKWI* ‘“’”-’ ‘–’ ‘“”- ‘“ DEGA

1- - JiiAXH(~BKW)s IMAxB, CB(ltIBKkliO ~lOPR(IBKM)) - .-—.
CALL ROUNDRy(IFCONV9 FFISTP)

c TROU6LE MAY ARISE (MISS AN ~IGENVALUE~ IF FBSTp:~ T~ICE
c IN A I?OW,
c Q***************

c“ “HERE9 LATER* FIFID NEW ROOTS AiID CHECK STABILITY CONDITIONS*
IF(IECONV .EQe 1) 73? 76

73 CAPLAMB = XLAVSTP
. . -.. ---

GO TO 75
74 IF(J ,E(JO J25MIN) 26, 27 -

—- ..-——-—- . . -. . .——. — -

27 IF(FBSTT*FBSTP ●LEO ooO) 2as 26
26 XLA$.IMID = ,5*(XLAM5TP + XLAMSTY;”’

.—--- - -- -— -

CALL TAYLoRF(xL, xLANMID, IERR(3R, AF, JMAYF, IMAxF, CF, ATopF)
IRKW = IMAXFP1 + 1

. .

CALL TAYLORB(XLS XLAMMID* IERR06s AB(l;IBKW)~
1 JMAxB(IBKw), IMAxB, CEI1,IBKW;, A;OPR(IBKW))-’”-

-_—___

DEGA
DEGA
OEGA
DEGA
OEGA
DEGA
DEGA
OEGA
DEGA
DEGA
OEGA
DEGA
oEGA
DEGA
DEGA
DEGA

CALL 60UtJURY(IFCONv* FBWID) DEGA

IF(F~STT ●GTO FBSTP)F%730
-.-—

DEGA
29 FRToP . FBSTT s = FBsTP s GO TO 31 oEGA

~o FRToP = FBSTP S FBBC)T = FBsTT” -
. -.——— -----

DEGA
31 IF(tPgTOP ●GTO FBMID) ●ANDo (FBMID .GT. FRBOT)) 32s 57 DEGA

‘ 57 PRIN~ S8
.. ._— .—.- , oEGA

PRINT 5B OEGA
PRINT 59

-——- —— —— ---- ‘- DEGA

PRINT 58 DEGA
PR!N~ 5B -

--—-—— . . ——- —- — -- - - DEGA

5R FOR14~T(@ xxXXXxXXXXxXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX*) DEGA
59 FORLIAT(* FBMIo IS NOT BETWEEN FBTOp AND Ff3BOT. MAKE SURE A V.LLUE DEGA

lG:FT:A::DA WAS NOT MISSEDO*) DEGA
. . .—. ——— —. DEGA

3Z XLA@O-= xLA~STT s XLAMOX = XLAMSTP OEGA

FPO ‘ FRSTT FBI = FBSTP
. ..-—

‘-- DEGA

c REGULA Dots NoT CHECK 5TARILITy Conditions. oEGA
CALL REGULA(XLAMBO,xLAMBI sF130$FRl *cAPLAMR,MAXITER9xL;IERRoR) DEGA

c HEI?ES LATER, FINO NEW I?OOTS ANO CHECK STABILITY CONOITIoNsC DEGA
IF(I~RROR ●NE* O) GO TO 97 DEGA
IF(XLAMSTT .LT. XLAMSTP) GO TO 105 OEGA
XLAVdO = XLAMSTP

-——— .=———_- _ .—- —— —-. . ..

xLA@l
OEGA

= XLAMSTT DEGA
Go To lo4

- -—- — —-— .Z ‘—”” OEGA

105 xLAV~O = xLA!4STT OEGA
= XLAYSTP

,.. . ----- .—.— —.- -
OEGA

10L ~~tl!;M60 .LE, CAPLAMB .ANOO CAPLAMB .LE, xLAMB1) 75; 86 DEGA

S6 PQINT 5B
PRINT 5S

OEGA
DEGA

Pf?INi 88
._. _—— .. _. .._ ..-. . DEGA

BB FORMAT(* cAPLAMB IS NOT BETWEEN xi’AMSfT 4ND xLAMSTP. XLAMSTT? CA DEGA

IPLAMH, AND XLAMSTP ARE e)
..-. DEGA

PRIN1 30 xLAMSTT, cAPLAMB, XLAMSTP DEGA

PRIN~ 58
---- ----- ----

PRINT 5S
OEGA
DEGA

87 IF(Ji?5FST ●EQ. II 82? 84
- - —. - ---- - DEGA

B2 J?5sliT = J
PRIN~ 83

DEGA
. . . --- -. DEGA

B3 FOR4AT(* DIvIDE THIS INTERVAL INTO 19 EQUAL INTERvALS ANO TRy AGA oEGA
lIN. *)

PRXN~ 56
DEGA
DEGA. .—L . . - --- -----

00250
00251
00252
00253
00254
00255
00?56
00257
00258
00?59
00260
00261
00262
00263
00264
00265
00266
00267
00?68
00?69
00270
00271
00272
00?73

:::::
00276
00277
00?78
00279
oo~80
00?81
00282
00283
002B4
002B5
002B6
00287
00288
002R9
00590
00291
00292
00?93
00294
00295
00?96
00297
00298
00299
00300
00301
00302
00303
00304
00305
00306
00307
0030R
00309
00310
00311
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PRIMT S8 -.. . . ..- .. . ..-— --

GO To 81
‘—–-DEGA

DEGA
84 PRINT 85 DEGA
85 FnRMAT(* THIS INTERVAL FAILED FOR THE SECOND TIME.

1 GD TO THE NEXT INTERVAL. ●)
FoRGET 11 ANI) DEGA

DEGA

75
66

67

65

91
98

PRINT” 58
—

DEGA
PRIN~ 58

.-.. . . .
DEGA

GO TO 80 DEGA
GO To(65? 66)9 METHOD

.-—— —.. . . . OEGA
ALpilA = cAPLAflB S “CAPLAMR z XcAMBDA DEGA
PRINT 67, ALPHA, CAPLAMQ

------ . . . . ._. —— -— ----
DEGA

FnRwAT(* ALPHA x*9 Ez6.16t * FOR XLAMBDA =~*E~&.i4) DEGA

GO TO 127
cONTi,NuE

DEGA
DEGA

Iv1 = o
.._ —.. - ._——- c_—— ..-. ———__ — .—

DEGA
D = ATopF(2) DEGA
DLPI = Do*LP1 -- -- - - ..—--—— —————-——

DEGA
JMAXsoT = JMAXF~l) - 1 OEGA

PDUM~l) = 4F(l-2)/DLPl
-.. —- — .-—— --

‘—–-”-- DEGA
PDuM(2) s (AF(202) _ xLPI~AF(I,2)/Ij)/DLpl DEGA
CALL STURMsQ(AFf291)S JMaxROT$ PDUMQ O* IV2S IERROR’)

. ..—.— - .—. .
DEGA

IVl = IV1 + IV2 DEGA
IF(IMA!(F ,EOs 1) GO TO 98 ‘“”--- ”--

-—- . ._.——— —— —A.
DEGA

00 91 IF=2t IqAXF DEGA

D = AToPF(IF*l) - ATOPF(IF) ““ ““”,- ‘--– .
.---. — .. . . . ..

OEGA
CALL STuRMsQ(AF(ltIF)s JMAxF[IF)9 AF(l,IF+I)~ DC Iv20 IERRoR) DEGA
IV1 = IVI + Iv2

.-

CONTINUE
“--” DEGA

OEGA
00 95 IR=19 I’4Ax13

-.. —-- -. .-— ..—..- -——— . . . .
DEGA

IBKW = IMAXFP1 : IB DEGA
o = !TODR(16Kd + 11 - AT0p13(I13Kii) “-,-

.—-. . . -— ..- _. ..-. . .. .
‘“-”’ DEGA

CALL STURMSQ (AB(loIBKW), JMAxB(IBKw)$ ABtltI13Kw+l)0 DEGA

1 DS Iv2t IERROR)
---- .— . . --—..

DEGA
95 Ivl = IV1 ● Iv2

PRIN~ 128, IV1
DEGA- -——-- —-— ——— —’. — -..
DEGA

128 FoRqAT(* THIs uAvE FuNcTION HAS~$I~o ● CROSSINGS.*) DEGA
127 IRKW = IMAXF~l + IMAXBP1

. . . — ..—..- . .
DEGA

FAC = A9(lsIBKw)/AF(l~IWAxFpl ) DEGA
~:J33 1=1$ IW4XF

. - .._— .-_-_—-—.. —. _ --- - .—— —.-
DEGA

= JMAXFIII OEGA
DO 33 JF=ls JJJ

--. --. ———- ------ ..-. .—-- .. -—.. .— ----
DEGA

33 AF(J~oI) = FAC*AF(JFSI) DEGA
IF(cAPLAMH .LT. 0.0) CALL NORMPHI(CAPLAMB, L) DEGA
PRINT 3, CAPLAMB DEGA
KPHIMAX = KPHIMAX ● ]

..- _—— .- ...——- . —--- -- -

GO Tol]29*130)0 METHOO
DEGA
DEGA

129 IvIL1 = Iv1 + L+ 1
. . .- . .

DEGA
IF (NsHELL(KPHIMAX) .EQ. IVIL1) GO fO 154 DEGA
Ivl = NSHELL(KPHIMAX) - L - 1 OEGA
KPHIMAX = KPHIMAx - 1 DE6A
PRINT 1349 IV1 DEGA

134 FORMAT(* THE PREVIOUS tiAVE FUNcT1oN SHOULO HAVE HAO~C 150 DEGA
1 * crossings,*/* FORGET THE LAST EIGENvALUE AND TRY SOMEMoRE,#i DEGA

GO To 26 DEGA
154 IRKW = IMAXFP1 + 1 DEGA

PHIMI,N9 = ABS(AU(191HKW))
PHIMAx~ = PHIqIN9

DEGA
DEGA

IF(IMAXB .EQ. 1) Go TO 155
q:Kj56 It3=2Q IMAXB

DEGA
-.

OEGA
= IMAxFOI + IR DEGA

PH19 = ABS.(AB(lOIBKti)) DEGA
IF(9H19 .GT. PH1,MAX9) PHIMAX9 = PH~9 OEGA

00312
00313
00314
00315
00316
00317
00318
00319
00320
00321
00322
00323
00326
00325
00326
00327
00328
00329
00330
00331
00332
00333
00334
00335
00336
00337
00338
00339
00340
00341
00342
00343
00344
00345
00346
00367
0034R
00349
00350
00351
00352
00353
00354
00355
00356
00357
00358
00359
00360
00361
00362
00363
00364
O036S
00366
00367
00368
00369
00370
00371
00372
00373



156
155

157

15R

159

~;;

112

113
114

115

116

117

121

CONTINUE _..—— —... — . . .. . .

DO 157 IF=ls IMAxF
PH19 = ABS(AF(i,IF))

—.——-— . ..——. ..- —..- - -.

IF(pq19 ●GTO PtiIMAx9) PHIMAx9 = PH19
CONTINUE . . -.-—. .- —— -- -

PRINT 158? PHIMAX9Q PHIWIN9
FoRMAT(@ PHI MAX AND WIN ARE+; 2E20Ql~)

——

IF(PHIMIN9 ,LT@ PHIYAx9eEPHI) GO TO 131
PRINT 159
FoRMAT(* RMAX IS NOT BIG ENOUGH*’)
KPHIMAX = KpHIMAx - I

.. . . . . . .- -. - ------ -

GO TO 146
NsHELL(I(HPIMAX) = h

—- -- _ ———. . . -- . - . . .—-- _

IMAxARY(KPHIMAX) = IMAX
XLAMARY(KPHIMAX) = CAPLAMB ‘- ‘----” ‘- -’—--- “—
LARY(KPHIMAX) = L
IFfcAPLAMti .LT. 0.0) 112, 113-”” ‘“—-”--’” ‘“- ‘---—-—-”-
A1.FAQRY(KPHIq4x) = 0,0
GO TO 114

.- .—-. . - .— ..- -- - --- - - — —-. -——--

ALFAARY(KPHIqAX) = ALPHA

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

CONTINUE
-. . . .—- -—.— —

DEGA
JMAxs[l) = JqAxF~l) DEGA
Dn 115 1=1s IwAXF

---- - - - . --- —- -

AMIS(I) = AF(l?I)
AM2S(I) = AF(291)

- . - -.—---- - - - -.—..

Ic x IM4xBpl
ID = IMAxF

-. ..——— .—

DO 116 Izls I!4AXB
XC = IC-1

. —-.. - — -- — - .-.. .- -- - -- --- . .

IO = ID+l
I@KN = IMAxFPI + IC

-- . —--- .

AMIS(IIJ) = AB(IoIBKU)
AM2S[1D) = A8(2*IBKti) - “- -

.___r-— — ———-—— - - .

JMAx:(ID) = JqAxB(IBKw)
DO 117 1=2s IMAXFP1

. .

JMAxs(I) = O
IMAXHF = IYAXB + IMAxF

----- ------ --- —-- .. . -—.—— . --- .

IFCS = KPHIMAX + 4
IECsl = IECS b ~AXDIM

-.

IECS2 = IECSI ● MAxOIM
CALL EcWR(JMAXS(l)$ IEcs~ 1$ IE~

..-

CALL ECWR(AMIS(l)* IECS1O 10 IE)
CALL EcwR(AM2S(1)S IECS2, 10 lEj “- ““

—— ,.

DO 121 1=30 12P1
IFCS = IECs ●, ISKIP
IECSI = IECS + MAxOIM
IECSi? = IECSI + MAXDIM
CALL ECWR(JMAX5(I)0 IEcs, 10 IE:)
CALL EcwR(AM1S(I)9 IECS1, 1, IE)
CALL EcWR(AM25(I)S IECS20 1- IE)
IF(INAX .EQ. 12) GO TO )26
IECS = 4*(400 - 12)
IFCS = IECs*(KPHIMAx - 1) ● 1
IFCS = IEcs ● 12*1SK1P
IJUMp = 400 - 12
INLJM = IMAX - 12
17P2 = IZ+2 T
CALL EcwP(ATo~(12p2)0 IEcs~ INuM? IE)

IECS = JECS + IJUMP
CALL EcwR(JMAx5(12p2)J TEcso lNUMO IE)
IECS = IECS ● IJuMP

OEGA
OEGA
DEGA
DEGA

= DEGA
DEGA

- DEGA
DEGA
DE6A
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGh
oEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA

003?4
00375
00376
00377
00370
00379
00380
00381
00382
00383
003R4
00385
00386
00307
00388
00389
00390
00391
00392
00393
00394
00395
00396
00397
00398
00399
00400
00401
oo402
00403
00404
131)41)5
00406
00407
00408
00409
0041(3
00411
00412
00413
00414
00415
00416
00417
00418
00419
00420
00421
00422
00423
00424
oo425
00426
00427
oo428
00429
00430
00431
00432
00433

00434
00435

22



126
2b
25

61

99

120

IECS = IECS + lJUMP ““ .— -.——- ----
DEGA

CALL EcWR(AM2S(12p2)? IECSO INIJMs lE} DEGA

GO TO 61 DEGA
XLAV~TT = XLAWsTP s FBSTT : FBsTP DEGA
CONTINUE

. . . . . . . . —-— . .
DEGA

IF(J25FST ●EQO 2) 80s 998 DEGA

ATOP(IM4X+I) = ATOPTJIP
Gn To k9

DEGA
DEGA

999

145

144

150

998

-...
IF(KpHI~AX .EQ. o) GO TO 999

-.

00 1~0 KPHI = IS KPHIMAX
PPINT 7, LARy(KPHI)

.. -—— .. —..-—-——-

PRINT 3$ XLAWARY(KPHI) o ALFAAI?~(KPtlI)
CALL qATELE(KPHxM4X? XLAMAQY~ LARY; ALFAARYs ~MAXARY~ 121”

1 NsURSHLV lSSMbx* NSHELL)
coNTfNuE

. . . . . . . . --.—- ---

IF(KdKB .LT. KWKBMAX) Go TO lbo
FoRMAT(15XS * Ev*o 10xO ● BARNS/A~OM*)”-–’-— —. -—. - . .

PRINT 145

OEGA
OEGA
oEGA
DEGA
OEGA
OEGA
OEGA
OEGA
OEGA
OEGA

Y+OP”=
. - . .-— -—- —- - -‘A~OGlrj(AcOFvEc(l)\ OEGA

YnOT = YTUP
DO 144 IHNU=l, IHNIIMAx

.-. . . -- —-— - ..— . - - -

liNUV~C(Il+NUl = 1306~5*HNUvEC,( IljNu)

pRINT 3* HNUVEC(IHNU)$ AcOFVEc(IHNIj) --- -–—–——— — - -
AcoFvEc(IHNU) = ALOGIO(ACOFVEC’( IHNU) )
IF(ACoFVFC(IHNU) ●GT, YTOP) YToP = ACOFVEC(IHNU~ -””

-— -—.—. .

DEGA
oEGA
OEGA
OEGA
OEGA
DEGA-.

IF(i~OFV;cfIHVIJ) *LT. YBOT) YBoT = ACOFVEC(IHNU) DEGA
HNuv:c(IHNu) = ALOGlo{HNgVEC( Il+Nu); .— .—-. oEGA

DEGA
50s qlOo HN(JvEc(l)$ HNuVEc(IHNUq~X’)t YTOP!YBOT) DEGA

CALL AOV(2)
CALL D6A(120~ 980*
CALL OLGLG
CbLL SBLOG
CALL SLLOG
CALL PLOT(IH’dUMAXO
READ 7, IHNUVAX
PQIN~ 7, IHNUWAx

oEGA
. -——— . . OEGA

DEGA

HNuvECS 19 ACOFVEC) 19 42? l) “-- - - OEGA
OEGA

. . - . —-.-—- - —————— .. DEGA
IF(ItiN\JYAX .E90 O) GO TO 997
READ 29 (HUUVEC(IHNU)! AcOFVEC’(IH~iJ)? rHN1’t=ls IHNU~AX)
00 150 IHNU=l, IHNUMAX
PRINT s, IINUVEC(IHNU)9 ACOFVEC’fIHNi))” -
HNUV:CIIHNU) = ALOGIO( HNUVEC(1HNU))
AcoFvEc(IHNU) = ALOGIO(ACOFVEC( IHNU)) ‘- -”””--”–—”—-–

CALL PLOT(IHWJMAX~ HNUVECt 1* ACOFVEC~ lw 55J 01
Gn 10 997
coNTINIJE

CALL AOV(15)
.

CALL EMPTY
END
SUBRWJTINE ROOTDIV(XLAMROAO XLLPls AROOT~ IcNTRo IcN~D~ ICASEo

1 IERI?OR9 IFSTOp)
DIMENSION AR00T(2)
coMqoN/411.lAx/ AF(51c402)s JqAXF(40Z)* IMAXS

1 IMAXF~ IqAXFPl* IqAXB* IMAXBPIQ c(3?400)$
2 CF(3,602), ATOp(40))c ATopF(402) -.

DIMENSION A6(51s4!)2)J JMAX6(40?)? c6(3~,40~)$ ATopB(4~2)
EQUlvALENCE(AF(l)t AtJ(l)l, (JMAXF(~)s .jHAx~(l)lt

1 (CF(l), CB(l)), (ATnPF[l), AT0p8(l))
IcNTR = o S ICNTD = o S IERROR = tj
DO 1! 1=1$ I~AX

OEGA
OEGA
DEGA
OEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
oEGA
DEGA
OEGA
DEGA
DEGA

OEGA
oEGA
OEGA
OEGA

11=1 oEGA

CALL BIVOM (XLAM3DA* ‘LLDIQ II, NO~ooTsO QooTl* ROo~2, NoDIv*DIvl) DEGA
NoRoOTl x NOQOOTs + 1 OEGA
GO T~(14, 11, 12\,NoRo0Tl DEGA

00436
00437
00438
00439
00440
00441
00442
00443
00444
oo4b5
00446
00447
00440
00449
00450
01J451
00452
00453
00454
00455
00456
()(J457
00458
004s9 .
00460
00461
00462
00463
00464
00465
00466
00467
00468
.00469
00470
00471
00472
otj473
00474
0047s
00476
00477
00478
(JIJ479
13~48t3
004R1
00+82
l)fJ483
004R4
00485
00486
00487
I)fJ4B8
00489
00490
00491
00492
00493
00494
00495
00496
l)0497

23



11
13

;:
2R
16

17
18

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

30

?

26
34

35
37

47

49

48

46

3p

39

40
42

1

41

43

IF’t(AT(IP(l) ,LE. Rf)OT~) ,ANDo (ROO?l SLTO ATOP~1+l~i’113~14- .—..

IcNlf? x ICNTII + 1
AROO[(ICNTR) = RoOT1

.—.. - — -.— -._. .—. .- .-

IF(ICNTR ●EQ. 2)15, 14
IF(R~OTl ●LTO ROOT2) 28s 27

-.

TEMP = QoOT1 S ROOT1 = ROOT2 . s ,RooT2 = TEMP, _
IF((~TOPtI) ●LE. RoOT1) .ANO. (ROOTi ●LTC ATOP(I+l)~)16S17 - ‘-
IcNTN = ICNTQ ● 1
AROOT(ICNTR) = ROOTI -

.— . . - _-

IF(ItiNTI? ●EQo 2)15c 17
IFt(ATop(’1~ ,LEo ROOT2) ●ANO, (ROOf2 .LT. ATOP(I*ll)j~6014

. . . .

ICNTU”= ICNTR-+ 1
ARoo~(IcNTR) = ROOT2

-— -- . . . . — . —.-—. — -- —--—-—

IF(IcNTR .EQ. 2)150 16
IF(ISNTD ,EQ. 1)19, 20 “--

------ ————- —-

IF(N~DIV ●EQO 1)21* 19
IF~(ATOp(IIOLEe DIv1) ,ANOO (DIv1 ●LT. ATriPt I+!) ))22~”19 ---—--”-
IcNTU = 1 s ADIv = D!vl S IDIV = I S G2 TO 19
IF(lCIUTD .ECI. 1)1OQ 23

-. —— - —- .—- -.

Jil@OIV oEQo i)24, 10
IF((ATOp(I).LEa DIvl) .AND, [OIV1 .LT. ATnp”(I*l)))25; ”10

-- -— - -

IcNTU x 1 ‘S ADIV =-oIVl S ~OIV = I
coNTINIJE

. - -. ..— - —. . -— — .-

IF((i,cNTD OEQO 1) ●ANDs (ICNTR ●EQo2))?99 44
IF((IcNTD .E’301).ANDo IIcNTR ●EQO o)) 450 26””-’—- .—— ___

]cAsi-= 5 s GO TO 31
ICAS~ = 4 . .-———-— —-— — ..-

IF( (AROOT(l) .LT, ADIV) .ANDO iAOIV OLTO @J?OOT(2)~)3i:30 __
IERRoQ = 2
PRINT 2
FoRMAT(* IEQI?OR=2S ICASE=4, MAX IS NOT BETWEEN THE TOW RoOTsD*)

RETURN
IF((I,CNTDCEQC o) .ANDO (ICNTR ;EQO 0))34,”35 ‘—--— ——--
IcAS~ = 1 S IDIV = IVAX
A~lv = (AToP(IMAx) + AlOPII~AX+l))/2c0

—---

Gti TO 31
IF((l,CNTO ●EQ. O) ●AND. ~ICNTR ●EQ. 1~)37$ 40

-——.. . ~ —-— -

IcA@+ = 2
IF(X~LPl ●LTO ●25) 47s 46 ‘-’”

. .- -- —-. -.— .—- .- —. —---

IMAXpl = IMAX + 1
On 48 1=2! IMAXP1

.—-. . . ..- . -— - — —— ----

IF(AROOT(I) .LTO ATOP(I)) 499 48
- .-—— —— ———

IDIV = I-1
ADIV = AROOT(1)
GO To 31

. - - - --- -— -

CONT1,NuE
II)IV = IMAX

-—. - -.-— -

GO TO 3R
IDIV = IMAx

—.

IF(ANOOTI1) ●LT. ATOP(IMAx) )380 39
ADIV = (ATDp( IMAx) ● AToP(IMAX+l))/2Do

—. -- .-..

..-.

-.

GO To 31
Af)xv = (AROoT(l) + ATOP(IMAX*lj}/200 ‘-

GO TO 31
IF((L.CNTD .EQ. 1) ,AND. IICNTR .EO.. 1))410 42
IFRROR = 1
PRINT 1* ICNTDO ICNTR
FoRMAT(* IERQOR=l, ICNTD =0, 12. *S IcNTR =*, IS\

I?ETui~
—..- -

IcASE = 3
IF(AROOT(l) SLTO AOIV) 310 43
IERROR = 3

DE(3A
DEGA
DEGA
oEGA
DEGA
OEGA
DEGA
DEGA
DEGA
OEGA
DEGA
oEGA
DEGA
DEGA
oEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
oEGA
DEGA
DEGA
DEGA
OEGA
OEGA

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
oEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
oEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA

DEGA
DEGA
DEGA
DEGA

00498
00499
00500
00501
00502
00503
00504
00505
00506
00507
00508
00509

00510
00511
00512
00513
00514
00s15
00516
00517
00518
00519
00520
00521
00s22
00!323
oo524-
00525
00526
00527
00528
00529
00530
00531
00532
00533
00534
00535
00536
00537
00538
00539
00540
00541
00542
00543
00544
00565
00546
00547
00548
00549
fJ0550
00551
00552
00553
00554
00555

00556
00557
00558
00559

24



PRINT 3. AROOT(l)o ADIv
-- .-— ..-. .-— — -- —-- DEGA

3 FORWAT(k IERROR=3C ICASE=30 ARoOT’t I)eGE.ADIv9 AROO;iI) =*sE20@loQ
1 *S AOIV =*o E20,10)

31

32

33

RETURN
IF(I~S:OP#O 1) RETURN
IMAX~ s IMAXFP1 = IMAXF + 1
IMAxB = IMAx + 1 - IDIv s IMAxBpl ~-IMAXB + 1
DO 32 1=10 IqAXF
AToPK(I) = ATOP,(I)
CF(191) = C(l*I} S CF(2,1)
cF(3~I)

= c(2pIj
= C(301)

--- .—.—. -- .

f:OPF(IMAXFPl) = AOIV
= IMAx + 1 III = IMAX + # “- -

.——.——— .—-

DO 33 1=1$ IWAXBS
111 = 111-1

.- ---- . . . . . — — —— .

IRKw = IMAxFpI + I
AYoP~(IBKW) = ATDP(III)

-—.. . —.- —. .-_——__ .

11 =11-1
CR(1*18KW) = C(l,xx) u CB(:,IBKW) = C\2,11) ““”

.— . — —_

cBt3*I13Kw) = C(3911)

2
1

3

&

5

9
7

8

10

IRKW = IMAxF~l ~ IMAXBP1
. . .. _

AToPB(IBKW) = ADIV
RETU~N

. - .- --- - . —.. -—. - . .

ENo
SUBROUTINE BIVOM(XLAMi3DAv xLLPi9 I. NOROO?Sv ROOTIo RooT2~

1 NODIVS OIV1)
COWMoN/AIMAX/ AF(5194C2)Q JMAxF(4~21D, IM4x, - ‘“–

. ---- .

IMAXF* IWAXFPIO IUAXB, IMAX13~i9 C(3*600)?
: CF(3S~02)c ATOP(401)4 ATOPF(4fi2)

—----- ..—

DIMEliSION AB(51,402), JMAx8{4np), CB(39402), AToP8(402)
EQUIvALENCE(AF(I)~ AB(l))o (JMAxF(i)9 ~MAXB(l))O ‘“ ‘-

1 (cF(l), CB(1))9 (AToPF(l)o ATOPB(I))

DEGA
DEGA
DEGA
DEGA
DEGA
oEGA
DEGA
DEGA
@EGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
oEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DE6A
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

BI = D(20f10C[301) + xLLPl)
- -. ..__-— — .

DEGA
BP = -2,0*C1201) DEGA

B3 = X1.AMHoA - 2c0*c(1$I) “ ““-
. — ——.— . .—-———— .—

APSR1
DEGA

= ABS(B1) DEGA
IF(ABSRI .LT. -A13S(R21*1.0E-12) IS ~ ‘- ‘-----”–---”-——”-- ‘-- ‘“ OEGA
IF(ABsBl .LT. ABS(R3)01.OE-12) 1* 3
ROOTIO= _B2/B3 ..—- — -—. -

NoRoOTs = 1
Noorv = o . . . ——— —— ______ ---- .—

GO TO 4
RAO = B20t32 - 4,o*R1OB3
TWOql = 2c00B1
VOOIV x 1 ..

DIvl = .Two~l/B2

IF(RAD .LTC 0.0} 40 5
NOI?OOTS = O

-.—. . . . ..-— .

GO TO 6
NoRoOTs = 2

RAD = SDRT(RAO)
T1 = Ans(TdOBl)
T? = A13S(B2 + RAD)
IF(T~, .LT. TI0100E-20) 7, 8
FoRq~T( 15, 3E20C100 * XxXxXii
11=1
PPIN~ 9s 11~ TWOBIQ B2$ QAO
RoOT1 = 1,oE1oo
Go TO 10
CnNTINUE
QoOT1 = -TWOBI/(B2 ● RAO)
Tl = ABS(TWOBII

DEGA
DEGA
DEGA
OEGA
oEGA
OEGA
DEGA
DEGA
DEGA
DEGA
oEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
oEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

00560-
00561
00562
00563
00564
00565
00566
00567
00568
00569
00570
00571
0r)572
00%73
00574
00575
00576
00577
00578
00579
of)5flo
00581
00582 -
00583
00584
00585
005136
00587
005S8 -
005B9
::;::

OO!j92
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
orJ618
00619
00620
00621

25



T2 = Ai3s(-B2 + RAD)
. . . . . . . . . . ------ ----— .— .---— --- DEGA

IF(Tz ●LT. Tl*l. oE-20) llc 12 DEGA

1111=2
..- .._— .—. .—— —---

DEGA
PRINT 90 11* TWOBIS B2s QAD DEGA

ROOT? = I,ogloo
.—. .— .— . .-—--- - — DEGA

GO To 6 OEGA

12 CONTINUE
.— ..-.--—- ----- ------ ——.

DEGA

Rt30T2 = TWOB1/(-B2 + RAD) DEGA

6 RETuRN
-. - —- . —- ——-- —- —- - -

DEGA
ENO DEGA
SUBROUTTNE RESuLA(XLAMRooXLAMBl,FBfitFBi OCdPLAMBSMAXT~ERSXLs IERRoRi DEGA
coMqoN/AIMAX/ AF(519402)s .JMAxF(402)$. lMdxt DEGA

1 IMAxFs I’4JIXFplt IqAxB9 IMAxRpls c(3~~oo)9 ““’ ‘— -—’----- - ‘EGA
2 CF(3r402)~ ATOp(401)c AToPF(402) DEGA

DIMENSlON A13(51,40?)s JMAX13(402)! CB(3S40~)? ATopB(~~2) ‘-
.—- .-

DEGA
ECJIJIVALENCE(AF( 1)9 AB(lI), (JMAxF(~)~ J“AxB(l))~ DEGA

1 (cF(l)s CB(I))S (ATOPF(l), AToPB(l))
. .—-——- ----- DEGA

COMq(JN/FPS/ ESS~ONV~ FBMAX OEGA
1 FoRMAT(zE24014s 4E20e10)

- . - . —- --— -— - - DEGA
IERQoR x o DEGA

00 14 ITER = 1S MAXITER
---- -—--—- - ... . — ..—.

DEGA

IF(F81 .EQ. F30) 20- 21 DEGA
20 IRKW = IMAXFP1 + IMAXBP1

-- - —— ——. - - DEGA

AFAc = &9(lo13Kw)/AF(l*IqAxFpl) ‘AF’(2~IMAxFp1) DEGA
FP09NDC = FBOJNO/ARs(AFAC)

_ - _-—-————— -- - - -
DEGA

cAPLAMR = ●5*(xLAMBl ● XLAM130) DEGA

PRINI 22
..— — —— —.- -— - DEGA

PRINT 22 DEGA
PRINT 230 FBOUNDCS EPSCONV ‘--” ‘-” ‘—–

—— _-. _—- . . . . .
DEGA

PRINT 24, CAPLAMBO xLAMBl* XLAMBO DEGA
PRINT 22

—.-—— ‘-– oEGA

PRI~~ ~~ DEGA
-— ——-- .- . - . . ——-— ---

oEGA
22 %$!(* xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx*) DEGA
23 FoRqAT(* FEI1=FBOO FHOUNDC = *oE20010** EPSCoNV =*,E20010)
26 FORMAT(O cApLAMB =*,E24.1494H = (OE24@14,#+ +,E24014;4H )/2)
21 ONEGAMA = (XLAMBI - XLAfiRO)/(FRl”- FBo)

XLAV~2 = XLA431 - ONEGAqA*FBl
. IF (xLAMB2,EQ. xLAWI1.OQ.XLAMR2. EQ.x~AMB6) Go ‘0 15 ~

CALLTAYLoRF~XL? xLAMB2? IERRoR9 AFs JMAXF* IMAxFs cFt AToPF)
IF(IERROQ ●NE, o) RETURN

15
16
17

7

19

14

8

IRKid = IMAXFP1 + 1
CALL TAYLORR(XL9 xLAMB20 IERRORO AB~lsIB~w)~

.———— —— -

1 JMAXH(16<W)9 IMAxB, CB(lolflt(w~Q ATopR(IBKW~ )_______, .
IF(I~RRCIQ ●NE. O) RETURN
CALL BOIINDRY(IFCONV? FBOUND)
IFIIFcONV .E9. 1) 15, 16

--- —..— -----

CAPLAMFI = XLAv13p” S RETURN
IF(4BS(FBOUNO) .GT. FBMAX) 17s 19 ‘“-”-”

_______ -. _.--_— — .—

IFRROR = 7
.—. — — --

. .. . . -.
FoR~AT(@ IERQOR = 79 FBOUND ●GTO FBMAX*) ---- .-—
RETUKN
XLAMUO . xLA491 s XLAMB1 = XLAWB2
FRO = FF?l

-.—. -—-.. .-

FR1 = FBoUNO
IFR!+oR . 8 .. -. - — ..—— -- -

PRINT R, MAXITER
FORMAT (* PROBLEM 00ES NOT cONVERGE WITHIN*s15~* IfERATIONSo)
RETU~N
ENO
SUBQOUTINE TAYLORF(XL? ALPHLAM; IE6ROR; A; JMAX* IVAX$ Cs AToPl

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
OEGA
DEGA
oEGA
DEGA
OEGA
OEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
OEGA
DEGA

00622
00623
00624
00625
00626
00627
00628
00629
00630
00631
00632
00633
00634
00635
00636
00637
00638
00639
00640
006~1
00642
00643
00644
00644
00646
00647
00648
00649
01)65cJ
00651
(10652
00653
00654
00655
00656
01)657
(j0658
00659
00660
00661
00662
00663
1)0664
00665
00666
00667
00668
00669
00670
00671
00672
00673
00674
00675
00676
00677
0067B
00679
006B0
006B1
006B2
00683

26



60

61

62

30

DI”ENs IoN A(5101), JMAx(I), C(301j; AT~P(l) ------ —–--—--
COWVUN/VETHODS/METHoD* TEVpLAM, CAPF* FApFPe THETAS 7HETAp
cfjMVoFJ/EpS/EPscoNv9 F13LIAX, EM16
Gn TO (60, 61), METHOD
XLAMtJOA = ALPI+LAM

GO TO 62
ALPH@ = ALPHLAM
XL6L@OA = TEMPLAM
coNTxNuE
DO 30 I=lr IMAX
JMAX{I) = o

. . . .._ . . ..— .

IERQOR = o
D = ATOP(2)

c+*******+*****@**9o**o*o***s*******&***4a**&****9***e**eti&&o***9******&

c LEFT BOUNDARY CONDITIONS* ftfESF AQE ONLY fQu~ FOR
c PHX(0)=O uHE?E PHI(R) IS THE EIGE~FUNCTlnN.
c*~NUObebe*Swee#*~*e~~~*e#~~ee#~*e~+eee~&&*#;@~9&~~0**~g@i&4e&~*S~~i+*6&

A(l,l) = o,o
A(2,1) = loo

ceo****6*0***&6*B*e******o******&**oi**&;***i*e*&*6*****a&&*keie**e****&

CALL TAYLOR1(A(191)9 JYAx(l)* Ds xi’AMBfiA~
1 XL, C(l,l)t C(2SI)! EMI6, IERROR)

IF~I~RROR .EQo 9) RETURN
. -. - . ——.——— —..

RP = ATOP(2)
CALL POLYOp(A(lOl)* JMAXI1)O RR* P) ““’-”––- ‘——-–––—–”–——----
A(1,2)= p@RRO~xL

CALL POLYlp(4(l,l), JMAX(I)O Rl?, DFRIVP) ‘---
A(.2O2) = (DERIVP*RR + P*XL)*RR**(XL-l*h) -- --....,-: –.__-

IF~ZNAX .EQ, 1) GO 10 37
IBOT = 2
GO TO S0
ENTI?y T4YLORB
DO 54 1=19 IMAX

56 JWAX(I) = O
Go TO (65J 66)0 METHOD

.-. . -—.——_-—_ ..--— —_ -

65 XLAYbOA = ALPHLAM
Gn TO 67

66 ALpw+ = ALPHLAM
XLAqUDA = TEMOLAM

67 CONTINUE
lFRROR = @

. — -— . _— --—. - . - - .

IPOT = i
e**v**o*****************e***o*********4****&*6******o****4*4**********&

RIGHT qOUNDARY ,ReB* conditions. HERE A(l,l~ IS AN
ARqITRARY c3VSTANTV THE MAGNITUDE ,OF PHI(R.B.)o A(201) IS
THE DERIVATIVE OF pHI(RoB.) NORMALIZED Tn A(l~l).

******@*e****0****o*****o**6***************:************6&**e*********&

Go To (63s 64) , METHOO
63 CONTIN(JE

A(l*i) = l,oE-140
A(2,1) = ‘SQQT(ABS(xLAMBDA) )*A(1oI;

.

GO TO SE!
64 THETA1 = THETA + ALPHA . .

---

COSTHEI = COS(TIiETAl)
A(l,l) = CAPF*COSTHE1
A(2?1) = CAPFP*COSTHE1 - CApF*THEIAp*sIN(THETAI) ,.

*o*****e***o***********#*e****o*o*&*******;**********o ***i*******i***i
58 XLL = X~*(xL+100)

DO 25 I=Ia0T9 IMAX
o = ATop{I+~) _ ATop[I)
CALL TAYLORSIA(l,I)* J4AM(I)0 ATOP(I) O.D~ xLAMBDA,

J. XLLo C(l~I)S Cf2cI)c C(301)S EM16, IFRROR)

DEGA
OEGA

DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEG4
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA

DEGA
OEGA
DE(3A
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
OEGA
oEGA
OEGA
OEGA
OEGA
OEGA
@EGA
D&A
DEW
0EG4
OEGA
DEGA

00684
00685
006R6
00687

006B8
00689
00690
00691
00692
00693
00694
00695
00696
00697
00698
00699
00700
00701
00702
00703
00706
00705
007f16

00707
00708
00709
00710
00711
00712
00713
ot)714
00715
oo716
0071?
00718
00719
00720
00721
00522
00723
00724
00725
0,0726
00727
0072a
00729
l)t3730
00731
00732
ot3733
00734
0073s
00736
00737
00738
00739
00740
00741
00742
00743

0076+
00765

27



IF(l~RROR ,EQo 10) RETURN “
. .. —- ——- — —. .— —.. ., -—- DEGA

CALL POLYop(A(lt I)s JMAX (I)* O; A~l~I+i)) DE6A

CALL POLYIP(A(l~I)* JMAx(I)o O* A(2?I*I)) ‘.–
.,—-. --- .— -.. -.—

DEGA
coNTI,NuE DEGA
RFTURN -. . - -. . - —— -— - ‘--—” ‘-” DEGA
EiD..

SllBRoUTINE BOUNDRy(IFCONVo FROUND) ““” - ‘“–-
—.

COMhluN/AIMAX/ AF[51s40?)Q JMAXF(4;21$ IMAXS
IMAXF, I14AxFP1, IMAXB, IMAxBP1, C(39400)9 -

$ CF13*402)* ATOp(401)* ATOpFt402~
OIMENSION AB(51t402)o JMax13[402)o CB13;402)9 ATOPB(452)
EQUIVALENCE(4F (1)* AB(l))~ fJHAxF[i)c ~MAxB(l))s

1 (CF(l)O C13(I))0 (ATOpF(l)~ ATOpB(IJ)
. -.—

DEGA.—,. —
DEGA
DEGA

.—.- DEGA
DEGA
DEGA
DEGA

-- -—. DEGA
‘coMMONIEPSIEPSCONV+ FBVAX DEGA

c You 43E LIVING DA’JGEROUSL? IF YOu LET I~AxF=l.,, THIS MAY REsu OEGA
c IN 4N UNDETECTED oIVISIO’4 BY ZERO OU AN UNDETECTED LOSS OF ACcuRAC DEGA

IF(IMAXF .EQ. 1) 10 2 DEGA
Z’ IF IAds(AF (l~IqAXFPl)) ,LT. ABs(AF(791MAXF) )*1.OE-4) 3? 1 DEGA
1 IRKW = IMAXFP1 + IMAXB

. —— -- . -
OEGA

IRKWpl x IBKU + 1 DEGA
IF(AdS(AB( lQIBKWPl)) .LT. ABS(AB(j~IBK’d) )~looE-4) 3s5 - ‘-” ‘- DEGA

3 PRINT 4, DEGA
~ FoRMAT(* IN DANGER OF DIVIOING ay ZEROS OR ATLEAS~ ~OOsING ACCU DEGA

lRacyi ~!iAXFPI + IMAxBpl
DEGA

5 IBKW =
.. . .- . - - —-—- —-- -

DEGA
FAC = AB(l,19KW)/AF(loIM4XFPl ) DEGA
AFAC = FAC*AF(2sIMAxFPl)

.-- —— - -.. .—.- .—- .— - --
DEGA

FRoIJl~D = AFAC - A13(2,1BKw)
Epsc = ARs(AFAC)*EPSCONV

OEGA
. - .. . — - — - -——— -— DEGA

IFIABS(FBOUNO) ●LT. EpSC) 6S 7 DEGA
6 IFCONV x 1 s GO @ 8 — - DEGA
7 IFcONV = O DEGA

.-..—-
8 RETUEN

————. ——-
DEGA

END DEGA
Subroutine STURMSQ(41O JMAxl* A29 ()$ 1~29 IERROR) “-”’”-–-—-

—.—-
DEGA

oIMENsION A1(2)0 A?(2), CPI( 51)Q CPIPl~ 51)-, ____ DEGA
COM@’4/SCHATCq/SCRATCH (6o4)

—-
DEGA

Equivalence (SCRATCH(l)S cPI (l)’)* (SCRAicH’(52)S CPIPi~i)) DEGA
---

IERROR x O DEGA
JMAxx, = JMAX1 DEGA
IF(O ●LTO OCO) 11? 12

.— ..——. .—--— — —- --
DEGA

11 ISIGN = -1 DEGA
Gf) TO 13

. . . . ..-. -—— —— —-- .—— —.....——
DEGA

12 IsIGN = 1 DEGA

13 Iv? = o
..— _—_—. — — .——

DEGA
JI = JMAxI+l DEGA
00 14 J=ls J~AXI

.. .- .—-. --—- .-——— ---—-.
DEGA

J1 ;-J1 : 1

CPI (J) = A1(J1)
.-.

14 :~:~~:~1 = (J1-l)*CpI(J)
= JMAXI-1

-. ----- . ----

OEGA
DEGA
OEGA
OEGA

PO = cPI(J’4AxI)
po = A2(1)
Plo = CPIPl(JMAXIpl)
PIo = A2(2)
IF(Plo .Eoo ooo) GO TO

lF(Pu~Plo *LT. 0.0) 150
15 IV2 = IV2 ● 1
16 IF(P1O oEQ. 0.0} GO TO

IF(PO*PID ●LT, 0.0) 170
17 Iv2 x IV2 - 1
18 FAC = CPI(l)/CPIPl(ll

DEGA
. . ..-—- . . - -- -—— - --- - DEGA

DEGA
.. . —. ——-. -——-.—- -.. .-

DEGA

5 DEGA
16

--- —
DEGA
DEGA

7 DEGA
i8 DEGA

DEGA
DEGA

00746
00767
00748
00749
00750
00751
00752
00753
00754
00755
00756
00757
00758
00759
00?60
00761
00762
00763
00764
00765
007~6
00767
00768
00769
00770
00771
00772
00773
00774
00775
00776
00777
oo778
00779
00780
00781
007s2
00783
00704
00785
00786
00787
00788
00789
00790
00791
00792
00793
13t)794
00795
00796
00797
00798
00799
00800
00801
00802
00803
00804
00805
00806
00R07

28



19

20

21

22

23

24

25

26
27
2e

29
30

31
35
99

3.?

33
34

ZERO = ARs(CPI (I)) O1. OE_II ---- --— ..–--. --- .—. ------ DEGA.
On l? J1=20 JYAX~Pl -

-—. -

CPI(JI) = CPI(JI) _ FAC*CPIP1(J1)
NOZEHO = 1
00 2? J=2! JVAXI
IF(AMs(CPI(J)) .LT. zERo) ,20$ 21
NozEuo = NozEqo + 1
GO TO 99
JMAxI s JMAxI - NOzERO
DO 22 J=IO J~4XI

DEGA
DEGA
DEGA
DEG4
DEGA
DEGA
DEGA
DEGA
DEGA

CPI(J) = cPI(J*NoZERO)
. -— _ —---

IF(JMAXI ,LT,
DEGA

JMAXIpl) 230 18
JMIN = JMAxI + ~

DO 24 J=JMINo JiAXIPl
CPI(J) = oto
DO 25 J=l, JMAXIP1
TEMO = CPI(J)

. . .

CPI(J) = CpIpI(J)
CPIP]IJ) = -TEMP
JTEMp = JMAXI
JtAAxI = JMAxIP1
JWAXIP1 = JTEhlp

Po = Plo
.-.

PO = p~~
Plo = CPIPl{JMAXIPIl
Plo = CPIP1(l)
IF(JMAXIP1 ,EoO I) 28, 26 ‘-’-–
DO 27 J1=2s JYAXIPI
PID = PID*O ● CPIpl(Jl)
IF(P1o ,EQo 0.0) GO TO 29
IF(PU*P1O .LT. 0,0) 29$ 30
IV2 = IV2 ● 1
IF(PID ,EQo ooo) GO TO 31
IF(Pu*PIO ,LTo O.O) 31s 35
IV2 = IV2 - 1
IF(JMAXIP1 .EQ. 1) 999 la
IV2 = ISIGN*IV2
IF(Iv2 .LTo 0) 32s 34
]ERROR z 5
PRINT 33
FOI?VAT( ~ Iv2 IS LESS THAN o.
RETUNN

DEGA
DEGA
DEGA

. ..—- . . . —.. . .
DEGA
DEGA.-. — ._. _ ______ ----- ___
DEGA
DEGA--- —...—-
DEGA
DEGA.—-.
DEGA
DEGA

—- .——- .——- ..— . _— .._ _
‘--- DEGA-

DEGA
DEGA
DEGA-. ._. - —.. - .-. .. ---- .—. .__. .
DEGA

-. .—

- — - - —- . .

i“) – “-- -”---” ‘–- ‘-

DEGA..
DEGA -
OEGA—
OEGA
OEGA
DEGA
DEGA.— . DEGA

.—..

.—.

FNn
b---

SUBRoUTINE YYY(RMIN! RklAXo oRMINt DVMAX~ ATOPFACo I?; IERRoR~
1 XLAMNKB* LWKB. KWKB, ZZZFAC) -

.

DIWENSION xLAVwKf3[l), LwKB(l)
‘~~MMoN/AIMAX/ AF(51$4p2)s JMAxF(4;2)~ lMAx~

1 ““- IMAXFS I’4AxFp10 IMAXB~ IwAXBPlt C(3*400)0
2 CF(3,4021, ATOP(401), ATopF(402)

OIMENSION A6(51*402)t JMAXR(402)O cB(3.402)t AT0PB(4~2)

EQUIVALENCE IAF(l)* AU(I))* (JMAXF(i)* JMAX~(l))s
1 (CF(l)O CR(1))* (ATOpF{l)$ ATOpB(j))

oIMENsIDN A(3, 4)
DIMENSION XLA1401M(lo)~ XLDIM(lOj
COMMoN/CB3/ z, zMI, RR2, RR, AO

2 FoRVAT(//l//)
IFRROR = O
XLAMMAX= 0.0
LMAX = o

DO 65 1=1~ 10
xLA~~IM(I) = OOQ

65 XLoIMtl) = 1*(1-11

OEGA
bEGA
DEGA
OEGA
DEGA
OEGA
DEGA
DEGA
OEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
OEGA
13EGA
DEGA
DEGA
DEGA
DEGA

00808
00809
00810
00811
00812
00813
00814
00815
00816
00817
00818
00819
00820
008?1
o~822 -
00823
001?24-
00825
00826-
00827
008i?8
0g829
oo830-
0Q1331
00832

,00833
00834-
00835
001136
l)tj837
00838
00839
00840
Ooflbl
00842””
00843
008b4”
oo8b5
008b6
00847
00848-
00849
00850
00851
m::”

00054
00)?55
(jo856
00857
00858
00859
00860
oo8bl
00862
00863
00g64
00865
00866
00867
00868
00869

29



66

68

69

63

64

62

50

51

37

21
60

59

22

DO 66 1s1, KtiKB
. . . ---- ---— —— —-’ ---- DEGA

IF(XLAMWkb(I) .LT. XL AWhX) XLAMMAX = XLAWKBI1) DEGA

IF(LWKR (II ●GTo LMAx) LVAX = LWKB(~) ‘-- ----- DEGA

J = LWKB(I) + 1 DEGA
lF(XLAMWKB(l) ,LT. XLAMDIM(J)) XLA~(JIM’(.J) = XLAMWKBi~) ‘“–—-—---’ DEGA
CONTiNIJE
LMAX~l = LMAX . 1

—-- . ._.---— .- .—-

XLDIM(LLIAX ● 2) = LMAxPl*[LMAx s ~)
LMAX = LMAX ● 3

--- .—___ —-- ___ .- - .

XLAqDIM(LMAX) = zZZFAC*ARs(XLAMMAX’) . - ___ .
XLDIM(LMAX) = 000
FORWAT(2E2O.1O)
DO 69 L=l, L’4Ax

—- .

PRINT 68s xLAVDIM(L)O XLDIM(L)
IF(I?R2 .GT. 0.0) GO TO 62 ““ ‘-- ‘“

-.. . . . —— . - - - --

IMAx = 1

DR = ABS(RR2)
-- .- . - — -. —— - —-

ATOP(2) = DR
C(l*l) = 0.0

- -— —-——--——- --—- -

C(291)= -1*O
C(3,1) = 0,0

. . . .— -z- - —- .-—.. - --

DP = ATOPFAC*4TOP( IWAX*1)
IFf~~ .GT. D$?~AX\ DR = DRMAX . - - - -—— - - -- — - -

IMAX = IMAX ● 1
AToplIMAx+l) = ATOP(IMAx) + OR ““ - ‘“’” -” --”–---—-”–” ---” “

C{l~IMAX) = 0.0
C(2,1MAX) = -1-0

-—--- ---

C(3,1MAX) = Ooo
IF(4ToP(IMAX*1) .GEo l?WAX} 640 63 ‘-”- ““-

- -—..- . - -—-.— -— -.

ATOP(IMAX*l) = RMAX
1? = IMAX

—.— - . - ————.—- . —

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
rll:;

DEGA
DEGA
oEGA
DEGA

DEGA
DEGA

RETURN
IMAX = o

DEGA
DEGA

12=0
IPEGA i 2

OEGA
- -- . - -..-— ———- --—— -

DEGA

IREGZ = 1 DEGA
OpAF . l.O + AToPFAc ‘- ‘“

. -— —.—— —-... DEGA

RROT = QMIN DEGA

IF(R~2 .GEc RYAX) 50s 51 ‘“
-...-. —. ‘- DEGA

RToP = RMAX DEGA

IFINISH = 1
- . - -—- - - - ------ -——— —-—- - . DEGA

GO TO 37

RTOP = RRZ - -..

DEGA
——. —--—

DEGA

IFINISH = O DEGA

ORTB . I?TOP - R80T
.- . . . —— —.. - DEGA

R] = .3*DRTB DEGA

R? z ,6*0RTB
..-. —--- .-

DEGA

CALL oRqAxsB(OQMAX, Rl, Q2, xLAMOIM, x~~DIW, LMAx~ DEGA
IF(oRTB .LE. fIRMAx) GO To 21
RTOP =

DEGA

QBOT + DRqAX DEGA

IFINIsH = O
. .—. .—.- .

oEGA
IF(IREG2 ,E(Jo 3) 6~~ 59 DEGA

IF(IZ ●EQo o) 12 = IMAX ““
—. ---- . . . .

DEGA
IMAx = IMAX + I oEGA

C(1C IMAX ) = O.o DEGA

C(2*I,YAX) = -1,0 DEGA

C(3,1MAX) = OOo DEGA

GO TO 61 DEGA
DR . RTop - RBOT DEGA

DoR = oQ/9,0 DEGA

IF(D! .LT, DQqIN) 220 23 DEGA

PRINT 3 DEGA.<-. ---

00870
00871
00872
00873
00874
00875
00876
00877
00B78
00879
00880
0013R1
00882
00B83
00B04
00B85
00886
00887
00888
00889
00890
00891
00892
00993
00894

00895
00896
00s97
00898
00899
00900
00901
00902
00903
00904
00905
00906

00907
00908
00909
00910
00911
110912
00913
00914
00915
00916
00917
0091B
0091Q
00920
00Q21
00022
00923
00Q24
00925
00926
009?7
00928
00929
00930

00931

30



3

6

6

23

33
34
35

FnRuAT(* AN INTERVAL ALoNG THE R-4x!S GOT Too SMALLb~~”-—’--—––” -
PRIIUT 40 DRs oRMIN
FoRYAT(* DR X*,E20010,*,*,10X,&DRqIN =&sE20c10)
IFR?oR = 21
FORWAT (* IE?ROR =*? 15)
PRINT 6, IERROR
PRINT 2
GO TO 99
RI = RROT S R3= RYoP s R2 = (Rl ● R3)/2e0
IF(Q1 .LTO 1.oE-200) .33, 34
A(3,~) = O.O S GO To 35

. . . . . .— —— . —. . . . .

A(3s4) = R1*R1*V(RI)
A(204) = R2*R~~v(R2)

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

A(1$4) = R3*R3ev~R3] DEGA
A(lc1) = R3*R3 S A(ZQI) = fi2kR$ % ,A(301) = iiORl”––-”DEGA -”DEGA
A(ls~) = R3 S fi(202) = R2 S A(3J2) = ~1
A(lQ+~ = l.O

OEGA
A(2!3) = 1,0 . s A(3;3) = 100 ““-

---
DEGA

c&LL MATPAC(-lOsAs 30 1. llETs 0.0. IF sING) DEGA
CHAT1 = A(104) s cHAT2 e A(2,4) S CHAT3 = ~~3,4;”- ‘“ OEGA

Coo*Soovoa*~*o*oS**o**~***o*~*~S~w*~&6~e~o~+&o~soe~o*o~SO&&~~~**O~***o~& DEGA
C*~~*So#os@~e*~oo~*S6~~e***o~o~o*Soo~~o~~@**&**~~**SSo~&S6&~e*~********i OEGA
c R=u IS NEVE? USEDO WE WILL ONLY BE wORKING WITH VS DEGA

c #HE?~ V(R) .’4E0 O FOR R ●NEo 0.
. ..-_

DEGA
c+O*~*~b@~*#~~Q*99**6~6*e@O~~s~~*b*Oi:iii***;e**********OkkiO*+e***4***& DEGA

R = KBOT DEGA
Dr) 24 J=l* 8 DEGA
R = ~ ● 00R

—.— — . ———————-.-..— ---- ---—. . .
oEGA

VR = V(Q) OEGA
p = CHAT1 6 CHA7z/R + CH&y3/(R&~) “-”” ‘“

----- .
DEGA

xJ=J
1 FOR%T(4E20.10)

DEGA
c

.. ---- . . .
““ DEGA

c PRIN~ 1S xJ? Qt VRS P DEGA
IF(ABS((VR - P)/vR) .LT, OvMAxi 24; 25 DEGA

24 CONTINUE OEGA
cb***~*~0O*O~~~***#**+~*#****V~~O@0~6&*O6***k*~i****@O**#&~&#t~******e*i DEGA

IREG~ = IREG1 DFGA
IMAx = IMAx + 1

. . . . ---- .

c(loIMAX) = CHATI S
DEGA

C(2t14AX~ = CHAT2 $ c(3;iMAX) = CHAT3 DEGA
6“1 ATOIY(lMAX + 1) = RTop DEGA

IF (~,FINISH ●EQ, 1) 99, 31 DEGA
31 IFIIMAX ,LTQ 60UI 250 32 ‘---’”--” - ‘“” ““’ “=”-” DEGA

32 PRINT 7 DEGA
7 FoRvAT(o THE VAXIMUM NUWBER OF iNTERvACS wILL NOT S~AN IRMIN, RMA% DEGA

11.*) DEGA
lFRROR = 22 DEGA
PRINT 6, IERROR DEGA
P?INT ~

. .. ..-
DEGA

GO To 99 OEGA
28 R90T = RT~p DEGA

IF(IREG1 ,CQC 3) 58, 57 DEGA

58 DQToP = PTOPFAC*RTOP DEGA
RI = RToP DEGA
R? = RTOP + _5@IRTOp - ATOp(IYAx’)’) DEGA
CALL ORVAXSBIDRMAXO Rlo Q2$ XLAMDIMt XLDIMo LMAx) DEGA

IF(rJKTOP ●GTc oRMAX) ORTOP = DRMAX
RTOP = RTOP 6 oRTOP

OEGA
DEGA

GO lo 52 DEGA
c***e**o0O*06*****0+*4*~44b**sas**O4o*ti6&***i************66********6***i DEGA
C**OOS~O*O*4~~*Os*o**~*O*@*oC~******~***s***:***o***O**&@iO6***O*e**@~o6 DEGA
c THIS CARD DETERMINES MAxIMuM INTFRVAL LENGTtlo DEGA
cO*@*SSO*O***~*o****O***a**O*******S~**e&u**6************O6*****~******o DEGA

57 IF(lHAX ~EQ, 1) 40, 41 DEGA

00932

00933
00Q34
00935
00936
00937
00938
00939

::3::

00942

00943
oo9b4
00945
00946
00947
ljt)948
1)13949
00950
00951
00952
00953
00954
00955
00956
00957
00958
00959
oo960
00961
00962
00963
00964
00965
00966
00967
00968
00969
00970
00971
00972
00973
00974
00975
oo976
00977
00978
00979
00980
00981
01)982
00983
00984
00985
009s6
00987
00988
00989
00990
00991
00992
00993
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4n

41

62
46

Ii?
6@

54
55

53
56

DR1 = DR
-.. —-. .—-— ---- .-— — .- —— —-- -—

DR2 = DR
DP3 = OQ

. . . ---

DR4 = DR
DRTVP B DR
GO TO 42
DR5 = DQ6

. . .

DR~ = 0Q3
DR3 = DR2
DR2= DRI
OQ1 = ~R

. .

ORTVp x (DR1 + 0R2 ● DR3 ● DR4, ● D65)/&o O
IF(2:o@DRTYP .LT. ATOPFAC*RTOP) 469 47

- —.- --- . . .

RTOP = RTOP + 2,0°DRTMP
GO To 48

. --- . .

RTOP = OPAF*RTOP
R1 = RHOT

.- ._—

R? = RBOT + ,50(RB0T _ ATop(IMAx)’)
CALL 0RMAxS13(DPMAxS Rlo Q20 xLAMOIMS xLDIMs LMAx) ‘“”-”
IF(R?op - Ri3c)T ●GTO oRMAX) RTOP = RBoT + oRMAx
GO To (549 53) s IREGI

- . - -.

IF(Q~oP ●GE, RR2) 559 52

I?:?:1==R:2
-.. ... . . ---- ..- —---

GO TO 52
----- . . . .

IFIQToP ,GEo QR) 569 52
RTOP = RR

OEGA
DEGA
DEGA
DEGA

DEGA
DEGA
DEGA
DEGA
oEGA
DEGA
DEGA
DEGA
DEGA
DEGA
oEGA
OEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA

OEGA

52 IF(QMAX ●LE. 2TOP) 29s 26
29 RTOP . RHAx S IFINIsH=I “ “--

- - -—...- . --.---— . . . -

GO To 21
25 IwEG1 = IREG2

.. -- .-. .— - . ..-. — —.-. -

IF(IMAX .EQ. O) 43J 44
44 IF( DR ,LTo .5*0RTMp) 43s 45

. ..- —— -

43 RTOP u R2
Go TO 26

.—. —— — ——- - --

45 RTOo = R80T + .75*OR

26 IFIN’1.SH = O
GO TO .?1

99 IF(I2 ,EQ, O) 12 = IMAx
RETURN
EiJ!)-
Su8QuUTINE ORLIAXSB(DRMAX, RI* R2s xLAMoIM* XLDIM*

:~~~~:ION XLAqDIM(l)o XLOIM(I)
= 0.0

R]2 = loo/Ql**2
R?2 = 1,0/32@*2
TVRI = 2or)*v(r?l)
TVQ2 = 2*o*v(a2!
ofl 7U L=ls LqAX
SK = AflS(XLAqDIM(L) - TVQI - XLOIM~L)*R12)
IF(SK .GT. SYALLKI SMALLK = SK
sK =. ARS(xLAqOIMIL) - TVR2 - XLOIMiL)*R22)
IF(SK ,GT. SYALLK) sMALLK = SK

70 W:NUE
= 6,28/SORTISMALLK)

RETURN
END

FUNCTION Vi(R)
COM~oN/CB3/ Z* ZMIC RR2* RR~ AO
FNZZ = 1,0/(100 + A049RR2)

LMAxl

OEGA
DEGA
OEGA
OEGA
DEGA
oEGA
DEGA
OEGA
OEGA
DEGA
OEGA
DEGA
DEGA
OEGA
DEGA

DEGA
DEGA
OEGA
OEGA
oEGA
OEGA
OEGA
DEGA
DEGA
OEGA
oEGA
OEGA
DEGA
OEGA
c)EGA

DEGA
DEGA
DEGA

00994
00995
00996
00997
00998
00999
01000
01001
01002
olno3
01004
01005
01006
01007

01008
01009
01010
01011
01012
01013
01914
01015
01~16
01Q17

:;:;:

01020
olg21
01022
01o23
01024
01O25
01O26
01027
01fi28
o1o29
01030
01031
01032
01033
01034
01035
01036
01037
olo3R
olfj39
01040
01041
01O42
01043
01044
01045
01O46
01047
01048
01Q49
01050
01051
01052

01:53
01054
01055
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FNZ = FNZZ~*2*(2, 0*AOORQ2*FNzZ & IaO)&ZMj . . . . ._ _ . . .-—.—-——+ - DEOA

Al = RR/Rti2*(ZMlIFNz*FN7Z**2 - l.0) ● :-5
Vv = ZM1/RR
AOQQ . At)*RI?
FNZSRRM = ‘FNZ/RR

. - . . .

ENTRY v
IF(R .GTO RR) GO TO 3
xl = R/RR
IF(Q .GT. RR2) GO TO 2
VI = VV/(xl*(l,O ● AoRR*x1)**2)
VI = -V1 + FNZSRRM*(Xl*@~/2.O - All - i*o/R

.-

RFTUNN .

2Vi= ‘FNzSf?I?!4*(l,0/xl + X10*212C0 _ lo5’j - 1,0/R

RETURN
Svi= -l,o#R

RETU~N
END
SUflPoUTINE MATPAC (IJOB~ At N? MS
DIMENsIoN A{30 6)
IF SING = O
DET = 1.
NP1 = N+l
NPq = N+W
NM1 = N-1
IF(Ijof)) 23 10 2

1 DO 3 1=1$ N
NPI = N+I
;~;oNPI) = 1.

= 1+1
IF(N - IP1) 2, 190 19

19 D(I 3 J=IPIs N
NPJ = N+J
A(IO NPJ) = 0,

3 A(Jo NP[) = o,
2 DO 4 J=!, NMI

c= ABS(A(J!J))
JP1 = J$l
DO 5 I=JP19 N
D = ABSIA(ICJ))
IF(C-D} 6s505

6 DFT = -DET
DO 7 K=Js NPM
B = A(l,K)
A(IOK) z A(J,I()

7 AIJcK) = 8
C.v

5 CONT:,NUE
IF( ~fIS(A(J$J)l-Ep) 149 159 15

14 DET = o,
IFIIJOR) 16, 16? 17

lb IF SING = 1
17 RETUKN
15 DO 4 IS Jpls N

coNsT = A(IsJ)/A(JsJ)
Do 4 ~. Jpls NPM

4 A(I,K) = AIIsK) - cONST6AfJ,lo
IF( ABS(A(NQN)) - EPI 14, ia~ 18

18 DO 11 1=19 N
11 DET = DET*A(IsI)

IF(IJOR) 100 10~ 17
10 DO lz 1=1~ N

K = N-I*1

. .

.

DETO EP? IF SING) . . _ ._. .

.-.. ----

. .-.
I

- .,

----- -

..-

OEGA
DEGA

_ DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
OEGA
OEGA
DEGA
DEGA
:::;

DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGAS
DEGA\
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

01056
01057
01058
01059
01060
01061
01~62
o1o63
01064

01~65
01066
01067
01060

01069
01070
01071
01072
01073
01074
01075

01676
01077
01078
01679
01090
01081
01082
01083
01084
01085
010$!6
01087
01088
O1OR9
01090

01091
01092
01093
01094
01095
01096
01097
01099
01099
01100
01101
01102
01103
01104
01105
011o6
01107
OI1O8
01109
01110
01111
01112
01113
01114
01115
01:16
01117
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20
13
12

KP1 = K+l
. . ..-_

DO 12 L=Np10 NPM
s= 0.
IF( N - KP1) 12, 20? 20
DO l? J=Kpls N

.-

s = S+S(K~J)*4(JtLi
A(K,E) = (A(K$L)_S)/A(KoK)
RETUeN
FND

.—— . ...— — —-- .—.- .-.

——-..—- . . ..-—— —. —-.—

.—---- ——. — ..—. — —- ——. .—

.— .-—. — —.—

. -- —. —— —- -. -—- —
----
SUBRoUTINE NOf?MPHI\CAPLAWBo L)
c(’JMVoN/AIllAX/ AF(51,402), JLIAxF(4fi2) s,IMAXS

-— - .- —. —.. -—- —

IMAxF, 11.IAxFPIQ IMAXB, I~AxBp10 c(30400) s_, _________ _____

; CF(30402)* ATOp(401)* ATOPF(4;2~
014ENSION AR(51,402)s JMAXB(~O?)o CB(30402)* AToPB(4d2)
EcJUIvALENCE (AF(l), AB(ll), (JMAxF”(~I~ JMAxB(l})t “--

——-.

1 (cF(])i cf3(l))s (A+6PF(l)i AIOF’B(T) !___
OIMENSION CC(101)

—— .

c@M$JloN/scRATC+/SCRATCH (604)
EQUIVALENCE (scratch cC(l)i ------

-—— —— -- —.. —

26

21
20
27

SOAR = SQRT(A3S(CAPLAM@))
= IMAXFP1 + 1

—. -—— ----

:$% = EXp(-SQAR*ATOpi3( If3KW~)
CAPA =

..——
A13(lc13KW)/ExpsQ

--- ---

GUNOA2 = (cApA*E)(psQ)**2/(2.oosQABj
o = ~ToIJF(2)

---- .- .-—. —— ——— .- ———

CALL POLYMUL(AF(lsl)o JMAXF(l); AF(l?I’)$ JMAXF(l)o cC~ Nc)
L? x 2*L:

——. .- . -—. .—- - . -

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
oEGA
DEGA
OEGA

Lo . L? 6 Nc
SUM = cc(Nc)/LD

-- . ...—-— — —.- —. -

N=Nc
Nch!l =IIJC-1 .- .— ——.

;O %; NN=1o NcM1
-1

-—. ---- . .—---—— . ——-.

LD== Lo - 1
SUM = SUM*O + CC(N)/LD

-—- —--—— -—

G11NDA2 = GuNDA2 6 slJM*o**(L2 4 ii _ ___ .

IF(IMAXF ●EQO 1) GO TO 27
—— -. - —

DO 20 1=2$ IYAXR .. ---- .—— - -— -——— -- —-- -
0 = 8TOOFII+1) - ATOPF(II - ‘-””.
CALL POLYMUL(AF(1$I)9 JMAXF(I); AF(IsI’J* JMAxF(I)~ cC~ NC)
suM = cc(~c)/Nc
M- Nr
!. = ,t,

NCM1 =NC-I
00 21 IUV=l$ NCM1
N=N_I

—. ——..— — — —-.

____— -—.-.-—

stJt4 = SUM*O + CC(N)/N
GlJNO~2 = GUND42 ● SUM*D

-— .-.— ——- —- ——— ~ -—_- .

00 2Z 1=19 IwAxB
IPKW = IMAXFP1 ● I

--- --— _. -- —.. .. — -— — -—

D = ATOP13(IBK~ + 1) _ ATop8(IBKW)
CALL POLY~fUL (AB(l,It3KW), JMAXBIIBKU), - - ‘–” “’” “-” ‘-”-

1 AB(l$IBKW)! JMAxB(IsKw)s cC9 NC)
S,,M = -cc(uC)/NC

—. -.—- -- - —-

DEGA
DEGA
OEGA
OEGA
DEGA
OEGA
OEGA
DEGA
oEGA
OEGA

!“ - .:b

FJcMl x Wc - 1
Ofl 23 N’Q=lt ‘4CM1,
NrN-1
SUM = sLJM*D - CC(N)/N
G[JNIIA2 = tiuNOA2 + suMeO
GIINOA = S(JRT(GUN13A2)
00 24 I=ls IMAXF
JJJ = JVAXF(I)

DEGA
OEGA
OEGA
OEGA
DEGA
OEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
OEGA
oEGA
DEGA
DEGA
oEGA
OEGA
OEGA
oEGA
DEGA
OEGA
oEGA
DEGA
OEGA
oEGA
OEGA
DEGA
DEGA
DEGA
DEGA
OEGA
OEGA
oEGA
DEGA. ..—
OEGA
OEGA

. .
DEGA
DEGA

— ..- -. .— - oEGA

DEGA
DEG4
OEGA—- ..—. - - - -. . — .- .-

01118
01119
01120
01121
01122
01123
01124
01125
01126
01127
01128
01129
01130
01131
01132
01133
01134
0113s
01136
01137
01138
01139
01140
011+1
01142
01143
01144
01145
01166
01147
(31148
01149
01150
(31151
01152
01153
01154
01155
01156
011s7
o11513
01159
01160
01161
01162
01163
01164
01165
01166
01167
01168
01169
01170
01171
01172
01173
01174
01175
01176
01177
01178
01179
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DO 2? J=lt JJJ
-.. -. —- —. —-— .— ‘-–– DEGA ‘“ ol18fl

24 AF(Jo I) = AF(J?I)/GUNDA
D0&5 1=1? IqAX8

. .. . . . -—- -.

= IM, xFPl + I
JJJ = JYAXB(19KW)

. . . . .. . .. ——. —— -——- —. --——

Do 25 J=l? JJJ
25 AR(J91Rl(w) = A13(J91BKw)/GuNo4

RFTURN~LD.

SURI?oUTINE POLYMUL (A, Lq, BS LN9 ~? LLI
DIMENsloN A(l)o B(l), c(~}

. . —.- —— .- — --- -

LL = LM 6 LN- 1
MMIN = 1

.-. . ——- ..— .— .—— ..— . .

DO 1 L=l tLL
IF(L .GTO LM) 3- 2

— . .-.—— —. . — —— .-—. . -

2 MMAx = L
3 IF(L ,GT, LN) 50 ~ . --- ..—— ——— .—. .—— .—- . .

4 NMAxPl = L ● 1
GO TO 6

-. -—-— .. —- ——. .— ..——— -

5 MMIN = 14MIN ● 1
6 c(L) = 0,0

--

N= NMAXP1
00 1 H= MMIN s MMAX : ‘—- “-------”—--—-——
N =N-1

1 C(L) = c(L) + A(M)*B(N)
RFTUqN

— - . ——.— -— ————.

ENO -. —----- ..-

SUBROUTINE qATELE(KPHIVAX, XLAMAQ~$ LARY* ALFAAQY* ~M4XAl?Ys x2$
1 NSUBSHL* ISSM4xs NS~ELL)

.,. --

DIMENSION JMAx[400), AMIS(400), AWzs(4tjO)
EOL)IVALENCE ~SCRATCHII)C ATOpIPl)s (SCRATCH(2). c1); ‘“ ‘- ‘-

1 (SCRATCH, C2)C (%cRATcH(4)~c3)o (SCRATCH(5), JMAX(l)),
2 (scR4Tcti(405),AMls(l ))o (scRATcl+(llo5), AM2S(1)’).

OXMENSION xLAVARY(l), LA?Y(l)* ALFAARy(l)o IMAXARY(~)
1 rNSUHSHL(l)C NSHELL(I)

—- . ..-—-—- .

COMM~N/AIMAX/ A(51,1OO), CApO(IOO)o IFSTO~(100}S
1 XLLP1(1OO)? S1(300)S s.2(300) ?,0vpOLyf70)9 SCRATCH(1204)
2 0 A1M(400)s A2$I(400)* AMT(51)? AMs(51)
3 , AIN(400), A2N(400), AN1(51)t ANS(51) - :, ““ -- —
4 0 ATOPP1~(400)* AToPPIN (400) *-JMAxM (400)s JMAXN(400)

CnMMoN/CBl/ HuUvEc(500)9 AcoFvEc(500)$ NOPTSO IHNUYAXt MM(loo)s

DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
oEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
oEGA
DEGA
OEGA
DEGA
OEGA
DEGA
DEGA
DEGA
OEGA

1 NNIIOO), MNMAYs 14141N, 14MAx
COMVON/EPs/EPSCONV, FnMAX, EM160 EI.IATELE* “EMDVDD+ qAXDIM”

1 FnRMAT(1615)
2 FORMAT (2515)
3 FOQMAT(SEZ5,14)
6 FoRMAT(2E25,169 IS) - “- “-
5 FnRMAT(/)
6 FoRMAT (4E250140 215)

PRIIUTIS MNqAx
PRINT 1, (MM(qN), NN(MN), MN=IO MNtiAx)
nPtiI~4 = KPHIYAX + 4
MAXDIM~ = MAXOIM + 4 .-

IsKI~ = 3*MAxDIM + 4
IECS = 1
IECS~ = IECS + MAXOIM4
1FCS2 = IECS1+ M4xDIM
CALL EcRD (SCRATCH(1)* rEcs, KPHIhIi+~ IF)
CALL ECRO(sCQA7cH(405)S IECS1O KPHIMAx, IE)
CALL EcRo(SCQATCH(P05), IEcS2, KPHIMAX; IEI
DO 31 KPHI=lt KPHIMAX
A[l,KPHI) = AMIsIKPHI)

DEGA
DEGA
OEGA
oEGA
DEGA
DEGA
OEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
OEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA

01181
01182
ollg3
01184
01185
01186

01187
01188
01189
:;;;:

oi192
01193
01194
01195
01196
01197
01198
01199
01200
01201
01202
01203
01204
01?05
01206
01207
01208
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
0123~
01235
01236
01%37
01238
01239
01240
01241
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31 Ar2, ~Pti Ij =“ A~25f KPHI}” - ‘- --- :-— .—. — -—–.—, .~~~~

Ofl 21 KPHI=ls KP~IMaX DEGA
XL x LARY(KPHI)

. . . .. . .. . -—.———— —.—. — -- .—— - DEGA
IERROR x o DEGA
CALL TAYLOR1 (A119KPHI)s JMAXfKPHI\~ ATOP~Pls

------ ---- -.
DEGA

1 xLAMARY(KPHI), xL, Cl, C2, E14160 IERROR) DEGA

21

30

20

36

25

27.

JMAXKP z JM4X(KPHI) .—— — - - —

xLLpl[KPHI) = XL*(XL ● 100)
DO 2? MU=l, MNMAx ----- ---------- ------- -----

M = IIM(MN)

N = NN(I.IN) p
- ---—-—-————-— —.-— -- ---

LNLM1 = LARY(N)+ LARY(M) + 1
oEoM = LNLM1 - 1

-_-——__ — .—..-. .

CALL POLYMUL (A[?oM)t JMAX(M)-is A’(20N)t JMAX(N)-lo 529 :S2)
DO 3U J=l? 1S2

.- . .- . .—--- - - _ ______________

DEOM = DEoM ● l,o
S?(J) = 52(J)/DEoM ‘- “-

-—-- .——

CALL POLYOp (s2? 1s2s ATOpIpl? p}
cfIPo(MN) = -C2*P*ATOPIP] ~*LNLMi

. -. . —-

DO 3$ MN=lS MWl~X
IFSTOP(qN) = o

- -—_—-——- —-—- -.

DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
I)EGA
DEGA
DEGA
DPGA
DEGA
DEGA

DO 24 1x2? 12
ATOP~ = ATOPIpl

. . DEGA.—.—-z -—-———--- .-—-- .
DEGA

IFCS = IECS + 15KIP DEGA
IECS1 = IECS + MAXDIM4 ‘- ‘--——–—--–

—..-

IFCS? =
DEGA

IECS1 + WAXOIM DEGA
CALL ECQD (SCQATCH(l)s TECS~ KPHIM4. IF) “–-”:” DEGA
CALL EcRo(scRATCH(405)$ IECSIOKPHIMAXs Ilzi DEGA
CALL EcQO(SCQATCH(805), IECS2, KPHIMAX; IE)””

. -——— . . - .
DEGA

00 25 KPHI=lc KPHIMAX OEGA
A(ls KPH1) = AMIS(KPHII

..- —-—-——— —— -=
OEGA

A(2, KPIiI] = 4M~S(KpHI)
o = ~TOP: - ATopIpl ““ - - - .- —-—— . — - DEGA

~~R~~RKpHI=ls KPHIMAX

DEGA
DEGA

= o
. . - - -.—--- — - .— .

DEGA
CALL TAYLORS(A(I$KPHI)S JMAX(KbHI); ATOPIPl~ DEGA

L DQ XL4MA2Y(KPHI)9 XLLP1(KPHI)$4 cl, c?9 c39 EM16S IERRORI
.--—

OEGA
CALL DVDD(ATOpIPI, Do c2, C39 oVPOLY, IDV?)D, EMOVOD\ oEGA
MI-As~ = o

—- -------
DEGA

33

36

35
28
26

DO ?~ MV=~v MVMAX OEGA
IF(IFsT5P(MN) .EQe 5) GO TO 28 “- ‘“—

—— ---- -—-_—— ——- -
DEGA

M= MM[MV) DEGA
N=NN(MN)

. . .- —- - -- - ——..- . .
DEGA

IF(M ,EQO MLAST) GO TO 33 DEGA
MLAS~ = M

- - . ---- ————— - .—---
DEGA

ChLL PoLYMUL(A(ltM)* JVAX(M)Q DVPOi_’Y~ lDVDDO S1? ISii DEGA
CALL POLyMOL(A(loN), JMAX(N)O sl, 1S1, 52, IS2j ——

CALL POLYINT(SZ* 1S2s DS P)
- DEGA

DEGA
CApOfMN) = CAPO(MN) - P
IF(ABS(p)

DEGA
,LTO ARS(CAPO(qNI )*ZhIATEL’E) 34, 35 OEGA

IFSTOP(MN) = IFSTOP(MN) + 1
. -. . . —- .-

DEGA
Gn TO 28 DEGA
rFSToP(WN) = o

.. . — .-— - - - - —. - . .--—. - —
DEGA

COVTINUE OEGA
CONTINUE

-- —..- . . . . . . .
DEGA

AT(IP12 x ATOPIPI
ISKIP = 3*qAXDIM + 6

DEGA—-—. .
OEGA

IJU@ z 400 - 12 DEGA
MLAS~ = o -- - . — .- . - .— ———— - . --- - .-— .. —— . - . .

DEGA

NLAST = O DEGA
DO 4! MN=l, MVMAX

.
OEGA

IF(I~.STOP(MN) ●EQC 5) GO TO 40 DEGA- .— _———— —.-

01242
01243
01244
01245
ol~46

01247
01248
01249
01250
01251
01252
01253

$
tji S4
01 55
01256
01257
01258’
01259
01260
01261
01?62
01263
01264
01265
o]266
01267
01268
01.?69
01270
01?71
01272
01273
01274
01?75
01276
012?7
0127~
01279
01280
01281
01202
01283
01284
01205
01%86
01;87
01288
01269
01290
01291
01292
01293
01294
0129s
01296
01297
01298
01299
01300
01301
01302
01303
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41

60
42
44

61
45

M 8 MM(~N) . . .._ ---- -.— ——. — ... DEGA
N = NIg[vN)
IF(Y ●EQO MLAST) •i?~ 41
MLAST s M
IMMAx = IMAXARY (M) - 12
IF(IMMAX oEQ. 0) GO TO 60
IECS = 4s(400 _ 12)
IEcS = IFCS*l~ - l) ● I
IECS = IECS + 12*1SK1P
CALL EcRD(ATOpPlq(l)Q IEcSt IMMAX, IEI
IFCS = IEcS ● IJUMP
CALL EcQo(JMmXM(l)o IEcSQ IMMAXQ IE)
IECS = IECS ● IJ:IMP
CALL EcRO(AIY(l)C IECSO IMMAxo IE)
IECS = IECs + I.jUMP
CALL ECQD(A2M(1), IECSt IYMAxt IE)
cnNTINuE .-

IF(N .EQ. NLAST) 45? 44
NLAS! = N
IN~AX = IMAxARY(N) - 12
IFIINMAX .EQ. O) GO TO 61
IEcS = 4*(400 - 12)
IFCS = IECS*(N --1) ● 1 -. . —.- ---- .- -- . .-— —- -—.— - - .

IFcs = IECs ● 12*1SKIp
CALL EcQo(ATOPPIN(l)s IECSS INMAXC IE)

. -.— - -. .

IECS = IECS + I+MP
cALL EcRD(JMAXN(l)O IECS, INMAXO IE) ‘—” ---”-”-”—–-’ - ‘-
IECS = IECS + IJUMP
CALL ECRD(AIN(l), IECS, INMAx, IE’)

. . .-—.— —-- . _- -— . . .

IFCS . IECS ● IJUMP
CALL ECRD(A2N(11$ IEcS$ INMAX~ IE) - “-

. — - - .. . —-.— . . .

COMTINuE
IM=I

-. - . --- --- - - -— - -

OEGA
OEGA
oEGA
DEGA
DEGA
oEGA
DEGA
DEGA
DEGA
OEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
OEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

-——— .—— .-—— -— ...IN31
ATOPIPI = ATOP12 - .—.-

A~ASTM = ATOPIa

DEGA
- OEGA

OEGA
A~AS?N = ATOPI;

-—.—— .—-. —— —..—. .. . .. .

IMFIRsT s o
DEGA
DEGA

INFIRS.T = o
-----

DEGA
CALL FIW)ATP(IM* IMMAXV XLLPllM)o ~L&STM~ ATDPPlt4~ DEGA

1 xLAMARY(Y), IFRROR)
. ---- - - -

OEGA
IF(I~RRoR ●EQo 14) GO To 100 DEGA
CALL FINDATp(IN~ INMAX9 XLLP1(N)O iLASiNS ATOPPINO DEGA

1 xLAMARYIN), IERROR) DEGA
IF(I:RROR .EQ. 14) GO TO 10o

47 :;;;;NUE
DEGA

DEGA
= ATOPIPI nEGA

lMFIKST = f)

AToPIPl = .5*(ALASTM ● &L’ASTNl
CfiLL FINDA12{IM, IMMAx, xLAMARy(M), ALFAARY(M)o xLLpi

1 ATOPIpIS A1M9 A2M, JMAXM* AMSv JM514AX, IERRoR)
IF~ILRROR ●EQO 12) GO TO 100
CALL FI’40A12(IN; INMAX, XLAqAR7(N), ALFAARY(N), xLLPi

1 AToPIPIs Alhlt A2N, JMAXN, ANss JNsMAX~ IERRoR)
IF(IERROR ,EQ. l?I GO TO 100
Ihl = IM+l

IF (AtiS(ALASTM-ALASTN) cLT. [ALASTM+ALASTN’) *05E_12 ) 486 49
-——
DEGA

48 lNFIRsT = O DEGA
DEGA
DEGA

M)” OEGA
OEGA
DEGA

N) , OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
oEGA
DEGA

IN = IN + I

CALL FIvDATP(IM@ IMMAX, XLLPl(M”)t ALASiM$ ATOPPIMS
1 xLAMARY(W), IERROQ)

IFII:RRC)R ●EQO 14) GO TO 100

01304
0130s.
01306
01307
01308
01309
01310
01311
01312
01313

01314
01+15
01316
01317
01318
01319
01320
01321
01322

01323
01324
0132s
01326
01327
01328
01329
01330
01331

01332
01333
01334
01335
01336
01337
01336
01339
01340
01341
01342
013+3’

91344
01345
01346

01347
01348
oli49
01350
01351
01352
01353
01354
01355
01356
01357
01358
01359
01360
01361
01362
0131S3
01364
01365

37



C4LL FINDATP(IN, INMAx, XLLP1(N)O ~LAsTN. ATOPpl~Q”” ‘——-——-- OEQA

1 XLAMARY(N)$ IERROR) OEGA

IF(IERROR .EQ. 14) loo~ 50 - -
. . .—. — ..—— .-— -.—- -

DEGA
49 IF(A!ASTM .GTO ALASTN) 510 52 DEGA
51 INFIRS1 = O

.-. .—— — ..—. ‘--—-- DEGA
IMFIRST = IMFIRST ● “1 DEGA
ATOPIPI = ALAsTN

. _ .. ------- -_.-–... DEGA

DM = ATOPIPI - ALASTM DEGA
IF(IMFIRsT ●EOO 1) 539 54 “-”. “-”-”

—.— — --—.
DEGA

53 CALL FINOA1211M$ IMMAx, xLAMAQ$~M~; ALFAAQY(M), oEGA

1 XLLP1(M)9 ALASTM$ &IMo A2Mt JMAXM, AMTs JMTMAx; IERROR) - OEGA
IF(yERRoR sEQ. 12) GO TO 100-. -,__ --------- DEGA
IFRRoR s o

.-— --
DEGA

CALL TAYLORS(dMT~ JMTMAxe ALAS?M* DM9 XLAqARY’fMlv DEGA
1 XLLPl(M)o Oaos -1,0, 0.0s EM16c I~RRt’)R) ”-”’-”

——-
DEGA

IF(IERROR ,EQo 10) 100, 54 DEGA

54 CALL POLYop(AYTo JMTMAX$ OMS AMS(~\)
..—— .—

‘—-- DEGA

CALL POLYIP(A~TC JMTMAxs DM~ AMS(2))” OEGA
JMSMAx = o

— ——
DEGA

cALL FINDA12(INs INMAX, XLAMAQY(Nj~ ALFAAtiY(N)* XLL@i(V)$ DEGA
1 ATOPIP1* A1N9 A2N$ JMAXNS ANS!.JNSMAX9 IERROR)”

._ -— ..-—- —- -
DEGA

IF(I~RROR ●EQ. 12) GO TO 100 ‘ DEGA
IN = Ihj s 1 . . .. —. -—. -—.

DEGA
CALL FINOATPIIN~ INMAX~ xLLPl(N’)J ~LAS;N- ATOPPIN~ DEGA

1 xLAMARY(N)? IERRoR) “ ‘“
.-.. . .

DEGA
IF(I~RROR .E!20 14) l~os 50 DEGA

52 IMFIRST = O
— .—_-—-

- DEGA
INFIRST = INFIRST + 1 DEGA
ATOPI,PI = ALASTM

.- ----- ---- ...—-._-..-.———
‘-- - DEGA

DN x ATOPIpl o ALASTN DEGA
IF(INFIRST ,EoO 1) 55, 56

.-.—— -—-—--
DEGA

551CALL FI’doA12fIN$ INMAx* XLAMARY(N); ALFAAQY(N)o OEGA
XLLP1(N)S ALASTNo AINO A2N0 JMAxNo ANTS JNTMAX; IERROR)-- - - DEGA

IF(IERROR ,EQO 12) GO TO 100 OEGA
IERROR = o

-- .---—— —-..
DEGA

CALL TAYLoRS(ANT$ JNTMAXo ALASTNS oN* XLAMARY(N)Q DEGA
1 xLLpl(Nlt 0.0s -1.00 0.0s EM160 IERROR)

.—..— —-
DEGA

IF(I~RROR cEQe 10) 100$ 56 DEGA
56 CALL””pOLYoP(ANTt JNTMAX$ DN$ ANS(l’)) ‘--

.——
- DEGA”

01366

01367
01360
01369
01370

*, 01371
01372
01373
01374
01375
01376
01377
01378
01379
01380
oi381
01382-
01303
(j1384-
01385
01386
01387
01388
01389
01390
01391
01392”
01393
01394
01395
01396’-
01397
01398
t31399
o1400-
01401

01402-
01403”
01404

chLL pOLYlp(ANTS JNTMAxt Df’Jt ANSt2~l DEGA oi40s
Jt.Js%f$X x ~

-...-— ._—-
DEGA 0~406

CdLL FINoA12(IMs IMMAX$ XLAMAR~(M); AL;AA6y(M)* xLLPiiM)J
1

DEGA 01407
ATOPIP1O AIM, A2M, JMAxM, AMSC JMsMAxs IERRoR) ‘- :pG~”-- ol40e-

IF(I~RROR OEQO 12) GO TO 100 1)1409
IM = IM ● 1

.—.- - —
DEGA 01410

CALL FINDATp(IMo IMMAx, XLLPl(M\O sLAs+M9 DEGA 01411
1 ATOPplMo xLAMARY(M)s IERRoR)

-.——

IF(IERROR ●EQc 14). 100, 50

DEGA 01412-

SO D = ATOPI _ ATOPIPI
DEGA 01413

- _ .——--- ——. . -
DEGA 01414

IERRoR = o OEGA 01415
CALL TAYLORS(AMSo JMSMAX? ATOPIP1; DC XLAMARY(M)O-

- .———-— ..— - -
DEGA

1
01416

xLLpl (M), 0.09 -1.O, 0.O, EM16, IFRROR) --”_____ OEGA 01417
IF(I~RROR ●EQO 10) GO TO 100

—--
DEGA 01418-

CALL TAYLORS(ANS, JNSMAXs ATOPXP1, OS XLAVARY(N)t DEGA 01419

1 xLLpl(N)~ O.O, -1-0, 0.O, EM160 IERRnR) ‘ ““
.——- —.

DEGA 01420
IF( IERROR sEQ. 101 GO TO 100 OEGA 01421
CALL-OVOp(AT091Pl ? “Dc -loo? o,09 oVPoLY* IDvDDs EMoVbD)- -

.—— -—.-
DEGA 01422

cALL POLYMUL(AMS, JMSMAX. OVpOLy, IOVDO~ 510 ,IslI .,,___ . ..-. ‘EGA
01423

CALL PoLYMuL(ANSO JNSMAX$ SIO IS1$ S2$ 1s2) DEGA o1424

CALL POLYINT(S2J 1s20 Do P) DEGA 01425
cAPo(MN) = cAPO(MN) _ P

----- ..-. -.
DEGA 01426

IF(A~S(P) .LT. ABS(CAPO (MN} )*EMATELE) 58s S7 -DEGA..-. .—_ . 01427------

PRIN! 7Q L>S~AX Wcum ~vuoa
. ..-—. --- —. .— - -

38



59 IF STOP(MN) = IFSTOP(MN) , 1 -----------
—--— -—- —- . ..- . DEGA

IF(I~SToP(MN) ,EQO 5) 606 47
57 IF STOP (MN) s ()

GO TO .47
100 PRINT 101

_..-

101 FORYAT(* ERROR IN REGION 3*j
40 coNTINuE

DO 29 MN=ls WVMAX
cAPo(MN) = 2.O*CAPO(MN)

29 PRINT 3, CAPO(MN)
64 FORM$T(EZA014, @ EV*, 150 E260i4; & Ev& ~, 15,

.—._.———. —- ..-

1 E24014@ * Ev*Q E%4014s * RARNS~ATOM&)
65 Ff)RMAT(E24e16* ● UA2NS/ATOM*)
66 FfIQYAT(/)

DO 62 MV=lV MNMAx
,. . . ___ - .--— _—

M = MM(VN)
N= NN[qN)

. -—--—-- . —- -—.

or = AqS(xLAMARY(M) - XLAMARY~N;)
HN(I = DE*13c605

. . —— . —. — -— ..—-

DE3 = DE**3
LMAX = LARY(q)

- - ———.— —_ —.

IF(LARY(N) ●GT, LMAx) LWqX =L&RYiM)
THE 6A AND NOE AQE ONLY GOOO HERE FOR THE BOIIND.FREE C~5E:—-—-

MNss”= N
IF(XLAMARY(M) .LT. 0.0) MNSS =.N

.._.—

ISS =’ NSHELL( WNSS)*(NsHELL(MNSS) _ 1)/2 + LARY(MNss’) + 1

WOE = NSUHsHL(ISS)
.———— .-.

GA = 2*(2~LAqY(MNSq) + I)
DSIGMA = 10,756E,6*NOEsLMAX4CAPO(MiJ) **2/(nE30G.A) ‘“
14 = 14VIN * YN - 1
AcOFvEc(I&) = ACOFVECII~) + Ds16Mh --- -- .— ________

—.

EM = XLAMARy(Ll)013@605

EN = XLAMARY(V)*13.605
- — . . —. .— .-. - — . ---

62 coNTINuE
RFTu~N

- .-————— . -— . .—-—

END
SUBROUTINE ZZZ(XLAMIWKBo LwKRo NWKB~ KWKBt’HNUVEC*

1 NOPTS9 IHNUMAX9 uHNUIW ZZZFAC)

6

3

4

5

cnWUN/SCRATCti/SCRATCli( 1204)
..—-

OIMENSION XLA’4WKB(l)~ LNKB(1)9 NWKfl(l); HNUVEC[l)
FAC = ALOG(lomO)

.

DHNU s 6HNuI
DO 6 K=ls KWKB

. .

XLAYwKB(lo = ABS(XLAMWKB(K)I
CALL SOQTl(KdKB, 2. xLAMwK$3, SCRATCH, ~wI(B, NwK13) -
XLAq~KB(KwKB*l) = ZZZFAC*XLAMWKB(KWKB)
~HNIJMAX = O
00 1 1=1, KwKR
EPS = ●o1
XNUM = ALOG1O( dBS(XLAMWK6(I+l) )) _ ALoGIO(ABS fxL’hMd~8(I) + Eps))

NOINT = xNUM/!)HNU
IF(NOINT ●EQO f)) NOINT = 1

“NOINT = NOINT + 1 -. .-

SPHNU . xNuM/VOINT

IHNuMAX = IH’duMAx + 1
IF(InNuWAx .GTc NOPTS) 4* 5
DHN(J = l,2*oHNlJ

GO TO 3
IINUVEC(IHNUMAX) = XLAMWKB(I) + EPS

NOINIM1 = NOINT - 1
DO 2 INT=l* NOINTM1
IHNUMAX = IH’duMAX ● 1

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
c):);

DEGA
DEt3A
DEGA
DEGA
DEGA
OEGA
OEGA
DEGA
DEGA
OEGA
DEGA
DEGA
OEGA
DEGA
OEGA
DEGA
OEGA
DEGA
DEGh
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA

01428
01429
01430
01431
01432
01433
01434
01435
01436
01437
(31630
01439
01440
01441

01442
01443
01444
fj1445
01i46
01447
tj1448
01449
01450
01451
01452
0]453
01454
01455
01456

01457
01458
01459
01460
01461
01462
01463
01464
01465
01466
01467
01468
01469
01470
01471
01472
01473
01474

01475
01476
01477

01478
01479
o14Fjn
01481
01482
01483
01484
o14B5
01486
01487
014au
01489

39



IFtIHNIJ~AX .QT. NOPTS) GO TO 4. . . ..—..- —. .— ‘- OEGA
XNUM = FAC*(ALOG10(Af3s(XLAMUKB( Ii ● Eps~) ● INT*SDHiUj DEGA

.- . _.— .——-
2 HNUVEC(IHNuMAX) = EXP(XNUM) DEGA

IHNUMAX = IHNUMAX + 1 _—-- OEGA
XF(IHNUMAx ●GTC NOPTS) GO TO 4 ‘-” ‘-

.— ..—
DEGA

1 HNUV~C(IHNU!fAX) = XLAMIII(B(I*I) DEGA
DO 7 K=l, KwK9

.—— -. ..- —.. .- .- —- .._ . ----
DEGA

7 XLAMNKB(I() = -XLAMWKB(K) DEGA

RETURN
. . - --- —— — ______ .

DEGA
END DEGA
SUBROUTINE CAQSONtXLAMBD4~ C2V MFAc# CApR; XLLPIO--

. .—- -—- -
DEGA

1 cAPF~ CAPFPO THETA, THETAP, IERROR) --- - ---- DEGA
c@lMON/PI/PI: TwoSPI oEGA
IERROR x o DEGA
SMALLC = ABS(C2)

-. .— — ‘- DEGA
SMALLK SQRT(XLAM8DA) DEGA
c&Pw = ——- --

DEGA~QRT{THOsPI/sMAL~K) ‘-- ‘- “-
CAPM = VFAc*CAPM DEGA
AN = CAPM S EN = Oeo

.— —...

CSK = SMALLCISMALLK s

DEGA
CSK? = CSK*CSK DEGA

ACOM = XLLP1 ● CSK2 S ecoN =
——.- —.-.

-icSK2 ●-XLLPII- ‘- DEGA
DEoM x l.O S TuIOK = 2,0SSMALLK DEGA
CAPA = AN S CAPB = BV S CAPAP i O.O S CA~BP = 000---’ DEGA

DO 63 NP1 = 1S 1S OEGA
DEOW . oEOMOCAPR

. . - ..—.—- —. —
DEGA

N = NPI - 1 DEGA
XNpl x NP1 .-.—— .-——- _-——

DEGA
xNNPl = NO)(NPl DEGA
TwONP1 x (2,0*N + lso)*CSK - ‘-

. -.-—-—..—-- — ‘—- DEGA

XnEOM = TWOK*XNP1 DEGA
ANpl = ((ACON - XNNpl)*9V - lW(3NP]iAN)/xOEOM ‘“ ‘—-

— —--
oEGA

BNp~ = ((XNNP1 ● BcON)*AN -TWONP]~qN)~XDEOM DEGA
- -.—

AAOD = ANP1/DEOM s BADO = RNP1/DEoM “-
——

DEGA
APAOD = xNPl*AAOD s QPAOO = xNPld3Aoo DEGA
cAPa = cApA + AADD S CAPB = CAPB + BAoD

,.-.——- —-
DEGA

CAPAP = CAPAP + APADD U CAPRP = CA6BP ● BPADO DEGA

CAPAB = ABs(CApA) +. ABS(CApB)
—-

‘-- DEGA

cAPABp x ABS(CAPAP) ● ABS(CAPBP; DEGA

IF( !BS(AAoO) .LT. cApAR*leoE-.4 .ANDo
. ..-—

DEGA
ARS(BADO) ,LTa CApA9*100E_4 sdND, DEGA

; ARS(ApADO) ●LTo CA~ABP*l.fiE-4 ●AND~
. - - --- —— — — ——

DEGA
3 ARSIHpAOD) ●LT. cAP4Bp*10flE-4; ,:~lo 62 DEGA

AN x ANP1
-—

“ OEGA
63 EN = BNpI DEGA

PRINT 64
-- --—— — -----

“—”- DEGA
64 FoRYAT(o CApA, CApB, CAPAP, ANO cApBP DO NoT coNvE~GE,~I .- - OEGA

IERRoR = 12 DEGA
RFTURN DEGA

c~~~**W~*~**~S***So**************b**;aSbi***&e******e****i&kk+k**O*U***& oEGA
c RUN THIS CODE FOR CApR .GT. 1.0 DEGA
c*e**V*****g~e*G**#w*********~o**~**~~#~b9~*;*#*~**b*e#U*&;&i**********& DEGA

62 CAPAP x -CAPAp/CAPR DEGA
CAPBp = -CAPBp/cAPR

..— .— - .-— —-— .—.
DEGA

cAPFd r cAPA*cAPA + CAPB~CAPB OEGA

C~PF = SQRT{C4PF2)
.- -.

CAPFp =
DEGA

(CAPAOCAPAP + CAfJB*CApqP)/cApF DEGA
THETA = SMALLK*cAPR ● CSK*ALOG\CA~R) ● ATAN2(CApAt CApR) DEGA

THETAP = SMALLK + csK/cAPI? ● (cAPAP*CAPB - CAPBp*CAPA)lCApF2 DEGA

RFTU8N oEGA

EvD DEGA
Subroutine TAYLOI?l(AO JMAXs Do XLAMBDAO XLO Cl~ C2S EM160 IERRoR) DEGA

oIME~sIoN A(l) DEGA---

PRIN! 70 ISSMAX
WI-U-

01690

01491
01492
01493
01494
01495
01496
()]497
01498
01499
01500
01501
01502
01503
01504
01s05
01s06
oltio7
01508
01509
01510
01511
01512
01513
01514
01515
01516
01517
01518
0151C)
01520

\
o“ 521
0 522
01523
01524
0152S
01526
01527
01{28
01529
01530
01531
oi532
01533
01534
01535
01536
oi537
01538
01539
();)::

01542
01543
01544
01545
01566
01547
01s48
01549
01550
01551

tJ”uw.#

40



30

31
32

33
35

34
20

9

IERROR = o . . . . . . . . . . .. —.- .- .-. . .-- —- ------ -

DEOY = 0,0
Dc)EOM = 2eO*XL;
B1 = 2,0*C1 - XLAMBDA
B2 = 2mo*C2

. . . ---- -

IF(JMAX .GT, 2) GO TO 40
IFCONV = O

..— —

FAc = l.O
AMAx s A(2)

-.

AMAXM16 = AMAX*EM16
oa 2V J=3* 50

.-. . --- -. . .— -

ODEOM z oDEOq . 2mIj
DEOM = OEOM + DDEOM

.-. . . .

JM1 = J-1
A(J) =- (B1OA(J-2) . B20AlJMl))/DEoM ““--” - - –
F4C = FAC*D
ABSA = JM1*ABS(A(J))*FAC

. - -—-——— -—— -.--—- . .

IF(ABSA .GTO AMAx) 30, 31
AMAX = ABSA

-.. —. — -— —— ——- .

AMAXM16 = AMAx*Et416
Gn T(J 32
i;(A~SA .LT. AMAxM16) 33, 32
IFCONV = O

. ..- --- -- -—. - . . -— . -—.-

60 TO 20
IF{IFCONV SEQ. I) 359 34 - “-- “- ‘“- —

. —.—— ——- . .-

JMAX = J
RFTuRN
IFCONV > 1
coNTINUE
IERQOR = 9
PRINT Q* IERI?OR
FORMAT (IS,* TAYLOR

l;Eo;;~oP 20*~l

60 DO 41 J=30 JVAX
DREOM = DDEO’4 + 200
DEOti = oEOM ● 00EO!4
JM1 = J-1

41 A(J) = (BI*A(J-2) +
RFTURN “
END

oEGA
OEGA
oEGA
OEGA
OEGA
oEGA
OEGA
DEGA
DEGA
OEGA
OEGA
oEGA
OEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
OEGA
DEGA
OEGA

— -.—.- -——————— .—— - - . -
DEGA
oEGA. ..-- ——— ——-— —-- .. --—- .-.
DEGA
DEGA
OEGA

SERIES ooEs NOT CONVEtiGE IN SUBsOUfINE TAyLoRl DEGA
DEGA
OEGA

-. . ..- . ..-— —-- —.- . ----- .- OEGA

,.

B20A(JM1))/oEoM

. . . . .- - . -— . — -

SUBROUTINE TAYLORS(A~ JMAX? RR; DO XLAMBDA$
1 XLLP1, cl* C2P ~30 EM16* IEPROR)

oIM@sloN A(l)

lFRQoR =. O
. . ..-. — . - —-—

RR? = RQ*RR

TWORU = 2,0f$RR
SQI= XLAMHDA _ 2eodl
592. -2,04C2
sla3. -(200*C3 + XLLP1)

BI = .5R1*RR2 6 SB2*RR + SB3
B2 = SBl*T~ORf? + SB2

IF(JMAX ,GTe 5) GO “
ARsD = A$3S(D)
FAC = 1.0
AMAx = ABS(A(?))
AMAXM16 . AMAX*EM16
FfiC = F&C*ABSO
A@S3 = 2oO@ABS(A13)’ *FAc

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
oEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA

OEGA
oEGA
DEGA
OEGA
DEGA
OEGA
DEGA
OEGA
OEGA
oEGA
OEGA
OEGA

01552
01553
01554
01555
01556
01557
01558
01559
01560
01561
01562
01563
01564
01565
01566
01567
01568
01569
01570
01s71
01s72
01573
01574
01575
01576
01577
01578
01579
01580
01581
0158.2
0]583
01584
01585
01586
01587
01588
91589
01590
01591
01592

01593
01594
01595
01596
01597
01598
01599
01600
01601
01602
01603
01604
01605
01606
01607
01608
01609
01610
01611
01612
01613

41



IF fABs3 cGTo AMAX} S4S 55. ‘-–—— .-. .-. —. —— - .

54 &h4Ax z 49s3
AIJAx M16 = AMAxeEM16 - ..—.—. ——— —— .-— -c --—

55 FAC = FAC*ABs D
ARS4 = 3ao*ABs(A(4))*Fllc .——. ..-—. — —— — __. -.— —---

IF(ABSA .GTC AMAx) 56, 57
56 AMAX = ARS4

.-. .—-—. _-— —— -- . . . . . .-

APAXM16 = AMAX*EM16
------ .——- . .. . . . . . . -.-—-

57 Do 25 J=60 50 ~ 2
——--

JPl=j-1 S JM2 = J-2 S JM3 ~ J-3
Jw4 = J-6 S JM5 = Js5 -

..-- .. .. —--- -.. —-- -— .. .

DFOM = JM3*JMZ*RR2
AI JM1) = -( B3*A(J~5)

,..
●B2~A(JM4) *(~l*JM5*JM4 )@ A(JM3) ‘-- “- -

1 +JM4~JM3*TuoRR~A (JM21 ) /DFOM
DEoM = JM2*J~loRR2

. —.-—- . . ..-— ..----- . .

DEGA
OEGA
DEGA
DEGA
OEGA
OEGA
DEGA
DEGA
oEGA
OEGA

“DEGA
oEGR
DEGA
OEGA
DEGA

A(J) - : :(q3~A(Jii4) +F)z*A(JM~\ ●(B1+JM4*JM3) *A(JM2) DEGA
1 ●J43*JM2*TW13RQ*4(JM1 ) ) /oE(y4

————— .-.. DEGA

FAC = FAC&ARSD DEGA

45

46
44
67
48
69

26

10

APSA1 = “jM2*A9s(AtJt41) )OFAC ‘-
--—- .———

FAC = FAC*ABSD
AFsA = JM19ABS(AtJ))*FAC ~~ -- -.-- —.–--.._.. ____

----

IF(A~sA ,GT. AMAx) 459 44
AvAx = ABSA . . -— - - -— -- —-- —-—— —.

AuAxt4~/j = AMAX*EM16

IF(AH~A~B;:~O AMAX)46V 26
——- - —..— -----

AVAX s AMAxq16 = AMAx6@416 s GO ~0 26
IF(A~SAl ●GTO AMAX) 469 47

.-.— —. —— . .- .-—. -

IF(A8sA .LT. AMAxM16) 48. 26
IF(4BSA1 ●LTo AMAXM16) 49? 26 --. ---–--_.—__ _____
JvAx =J

DEGA
DEGA
OEGA
DEGA
DEGA
DEGA

OEGA
DEGA
DEGA

DEGA
OEGA
OEGA

..-. -.. .-— .-
RFT~jRN

——— ---—-
oEGA

CONTINUE OEGA
IFRRoR z 10

. .—— .--. — —----
DEGA

P;INT 10,-IER?OI?~ I DEGA
F.P2qAT (215,* TAYLOR SERIES !IOES NOT CfINVEl?GE IN Subroutine TAYLOR DEGA

1Ss I)o-LOOP 26 IN LOOP 25s4) — - —- —— -———
.IUAX = 6il

1

60

.

i~i?riof?;“0
FoRM~T(4E24.14)

--— —- -- -- - -

PDINT It A14AXC AMAXW169 ABsA9 A6sAi
RETu~N

. - .-—.- —— ---

DO 27 J=6$ JMAXS 2
JM]=J-1 S JM2 = J-2 s JM3’ ; 3.-3

- ..—.— . . . .

Jbl~ = J-k 5 Jt45 = J-5
DFOY = JM3*J~2*RR2- - - - ‘–:–

—— ---

A(JM1) = -(B3*A(J~5) .B20A(JM4; +(nl+JM5*JM4) *A(JM3)

1 +JM4*JM3*TW09R*A (JMz) ) /DEOM
.—-- -

DEOM = JM2*J’’ll*RR2
27 A(J) = -(B3*A(JM4) +B?*A(JM3)

1

●(B1+JM40JM3) *A(JM~)
+JM3*JM2*TWORQ*A lJM~) ) /DEoM

RETU~N
END
SUEIQOUTINE POLYOP( AO JMAXs D? $i ““ - “- ‘-- ‘--- ‘-’” ‘“-

~IMENSION A(l) -
. JVAX . . . --

p = A(M)

JLJP = M-1
. --- - - . . .

IF(JUP .LT. 1) RETURN
DO 1 J=1o JUP

..— —. .-— .— -.. ..— -—. -- -- - - -

PRIN~ 79 ISSMAX

DEGA
DEGA
OEGA
OEGA
DEGA
DEGA
OEGA
DEGA
DEGA
OEGA
DEGA
DEGA
DEGA
DEGA
DEGA
OEGA
oEGA
DEGA
DE(3A
DEGA
DEGA
DEGA
oEGA
OEGA
OEGA
DEGA
OEGA

vkEA

01614
01615
01616
01617
01616
01619
01620
01621
01622
01623
01624
01625
01626
01627
01628
01629
01630
01631
01632
01633
01634
01635
01636
01637
01638
01639
01640
016bl
01642
01643
tj1644
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
01676
01675
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7

2

3
6

10

30

20

50

60

ENTRy POLYIP
. .. . .. .. .. .__ —_ —..__ ___ ------ ..- . ..-

M 8 ~M&x
P = (M-l)*A(M)

J[lp = M-2
IF~JuP .LTO 1) RETURN

. . . ...—.--— .--- ——— —

DO 2 J=ls JuP
M = M-1
p = p*D ● (M_l)*A(M}
RFTIj~N
ENTRY POLYINT
M = JMAX

- . --- -—_—— — .-.-.— ___

P = A(M)/M
JIIp = M-1

. .— ..—.—.. .——— -— . ——.

IF(JuP ,LTO 1) GO TO 6
00 3 J=lc JUp

. .—— _ ..-—- .- .— - —__ - .-.— .

M = M-I
P= P&D*A(ql/M ._ .__-. . - -.—- ——— —- — - . .

P = P*O
RETURN

. . .. --— . ..- . ..- . .. ----- .

DEGA
DEGA
DEGA
oEGA
OEGA
DEGA
DEGA
DEGA
DEGA
oEGA
OEGA
OEGA
oEGA
DEGA
DEGA
DEGA
OEGA
DEGA
OEGA

END DEGA
Subroutine DVDD( ATOP19 DO c~s c3, OVPOLY; IoVDOO EhiLjVDD) DEGA

c@~vov/scRATcH/scRAT5H(604) DEGA
DTqENsIDN OVPoLY(l) .. —.- -.-. .—----- ..-— — —- —.— -

oEGA
DA TOP1 = ‘lco/ATOpI
DN = loO

.--.— -- —. . .

IF(cJ .EQ. 0.0) 10* 20
IIIVDD = 1

...- . ———————.— . —

DvPoLy(l) = -c2/ATopI**?
EPsILoN = ABs(DvDOLY (l))*EMovOD ..

TERvLsT = DVPoLY(l)
IDVD(I = IDVDD ● 1

- - . —- —.. —. .

TFRYLST = TER$4LST*OATOPI

DN = DN*D
. .

DvPoLy(IDvDD) = IDvDD*TEQMLsT
IF (ABS(DVPOLy (IOVOD)OON) ,1.T, EpSI~ON) 40; 30 “- - ‘---
ISCH = 1
IcW1 = I
IcNTZ = I
SCRATCH(1) = .l,n/ATopX**3
EPSILoN = ABs(sCRATCH(l) I*EMOVOD
TFQvLsT = SC?ATCH(l)

. —-

IscH = Iscti + 1

:::;: = ‘CNT 2 + 1= ICNT1 + xCNT2
TEQqLsT = TEQwLST*OATOPI
oN = DN*D

SCQA!CH(ISCHI = IcNTl*TEQMLsT
IF IA~S(SCRATC+( XSCH)*DN) ,LTO EPSIi_’ON) 60, 50
SCRATCH1699) = C2*AtOPI 4 2ao°C3
SCRATCH(500) s c2
CALL POLY~uL (SCRATCH(l), ISC!+9 SCRATCH(499), 2, f)V”OLy, IDVOOI

40 RFTUKN
ENO
SUBROUTINE FIVDA12(Io IqAXS XLAMO ALFA; XLLPIS ATOpiPl~

1 AI, A20 JMAX* ASO JSMAXJ IERROR)
OI~ENSION Al(l), A2(1), JMAx(l;, AS(2]

IEQQoR = O
IF(I .GT. IMAI() 2s 1

I A<(I) = A1[II
AS(2I = AZ(I)
JsM&X = JMAx(I)

RETURN

DEG#
DEGA
DEGA
OEGA
OEGA
OEGA
DEGA
DEGA
OEGA
OEGA
DEGA
oEGA
OEGA
DEGA
oEGA
OEGA
OEGA
DEGA
DEGA
oEGA
DEGA
oEGA
DEGA
OEGA
DEGA
DEGA
DEGA
OEGA
OEGA
DEGA
DEGA
DfGA
oEGA

DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

01676
0!677
01678
01679
01680
01681
01682
01683
01684
01685
01bf36
0~687
01688
01689
01690
01691
1)1692
01693
01694
01695
01696
01697
01698
01699
01700
01701
0170.2
01703
01704
01705
01706
01707
01708
01709
01710
01711
01712
01713
01714
01715
01716
01717
01718
01719
01720
01721
01722
01723
01724
01725
01726
01727
017~8
01729
01730
01731
01732
01733
01734
01735
01736
01737

43



2 C~LL CAI?SONtXL4Mo -1.0~ 10 ATOPIPl~ XLLP1* ... . .—-— —— -- . -

1 CAIYF, CAIYFPO THETA, THETAPO IERROR)
IF(IERROR .EQe 12) RETURN

. ..- ..---— ----

TI+ETAI = THETA ● ALFA
cOSTHEl = COS(THETA1)

. .. . -—

As(l) = cAPF@cosTHEl
AS(2) = CApFP*COSTHEl - CAPF@THETA~*sIN(THETAl)
JSMAX” = o
RETUKN

~~~ROUTINE FINDATP(IM8 IMAXS XLLP1; ALAsT; ATOPplo XLAW3$ IERRoR~

DIYENSION ATDoP1(l)
IFRRUR s o

. ——. .-

IF(IM ,GT. IWAX) 2* 1
1 ALAsT x ATOPP1(IM)

. . —- --- -— —— --- -

RETURN
2 IF(XLAM9 ●GTO 0,0) 4S 3 ‘-”—- ”--- “——––—

--

3 IERRoR = 14
RFTuVN

-— .—- _--—.—-———— ——-.

4 DR = ,@ALAsT
RI = 1,05*ALAST

.- -. -—-—- —-- .-

CBLL DRvAxSR(DRMAX, ALAST, Rl, XLA@3~ XLLal* li
IF(oN .GTO oRMAX) I)R = DQMAX

. . .- - --—— -

ALAsT = ALAST + oR
RET(JRN

.- .— --— -.——- .——- .-

DEQA
DEGA
DEGA
DEGA
DEGA
DEGA
DEGA

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

END” - DEGA
. - - . . . - ——..—-—- -.-— --- - --.-——— .-—

01738
01739
01740
01741
01742
01743
01764

01765
01746
01747
017+8
01749
01750
01751
01?52
01753
01754
01755
01756
01757
01758
01759
01760
01761
01762
01763.-..

PRINT 70 ISSMAX
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18,56m54,J15wM2w 01/09073
18.56.56.S!OB (NAME=J15WM* AC=J15D~ USF=OE6AA# ?~=
18056c5401~ SC=1560000 PL=200s MX=66,
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18.56055.ASSIGrdt4T0 0LDPL{pLBOLF2231-OO~SkIBl
lt3056055c6b ASSIGNED

. . .

1805605S.LF223L00
18056055cAsSlGNMT? NEWPLINLBSCSHB)

.

18056056066 ASSIGNEO
180S6056,LD274LOo

.- . . —— . - -- - . -—-——— - —-.-—- .— --—

1805605AolJpDATE [FsS)
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18s57c140 uPOATING FINISHED
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18057s380 uPDATING FINISHEO
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