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ABSTRACT

In this report is given the listing of a FORTRAN program for
calculating the scattering of nucleons from a nonlocal optical potential.
The mathematical formulation of the problem is given, together with the
numerical methods used in the code. The input to the program is ex-

rlained and a brief fumctional description of each subroutine of the code

is given.
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INTRODUCTION

This version of the FORTRAN program for calculating the elastic
scattering of nucleons by a nonlocal optical potential grew out of many
attempts at the numerical solution of the problem. The author regrets
that many of the idiosyncrasies of the earlier versions of the code have
been retained (originally, to facilitate intercomparison of the codes),
but he did not think it worthwhile to rewrite a code of this magnitude +to

eliminate some of the clumsiness in the programming.

The physical justifications, mathematical formulation, and compari-
son with neutron experimental data up to 24 Mev are given elsewhere.l The
mathematical formulation of the problem is given again in this report to
facilitate understanding of the limitations of the numerical solution and
of the coding. Alsoc given are a description of the input parameters and
their restrictions, a brief description of each subroutine, and the flow
of logic of the calculation. The listing of each subroutine and some test

cases are presented as an appendix.

MATHEMATICAL FORMULATION

The integrodifferential Schrodinger equation is
h? a
<§M- + E> ¥(r) = - l:(USP + iWgy) 8(r) Leo + Vc(r):] J(r)

e [V e (1)

where M is the reduced mass of the incident particle and E its energy in

the center-of-mass system of coordinates.

The kernel V(Ebﬁt) is taken to be separable and is written in the

form

V(z,r') = U % (r+r')} H([z - z']). (2)

1. F. G. Perey and B. Buck, Nuclear Phys. 32, 353 (1962).
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It would have been preferable to take |r + !

this complicates very much the calculation, and the simpler choice
dicated in Eg. 2 was made. Hence V(Ebzf) depends on the variables

and cosX, where X is the angle between the vectors r and r'.

H(Ebﬁ') is chosen to be a gaussian function:
I‘-I"2
s | - (255) |
. =
H(II‘-I"I)= ’
L-I Y/
which is normalized so that
fH(|£-£'|) ar' = 1.
We define
1
p=75(r+r')

The form chosen for U(p) in Eq.

optical model calculations:

for argument of U, but

in=-

1
r, r

(5)

2 is similar to those employed in local

- U(p) = (Vg + iWy) 1 (p) + Wy £,(p), (6)
where
P - RS "1 /
fg(p) = |1+ e <—a§—> ? Rg = Togh™™®, (1)
b - RD /
fD(p) = b exp < >[l + exp < >:I = rODAl 3, (8)
Here fS(p) is a Saxon form factor, while fD(p) gives a surface imaginary

term of the Saxon derivative type which has unity at its maximum value.

Note that the variable is p and not r, as in local calculations.



The spin-orbit function in Eq. 1 is

r = R
S
2 P < ag )
8(x) < (‘5) 1 (9)
2Mc asr 4

e ()

where M is the nucleon mass. The function S{r) is often defined with M as

the pi meson mass; in this case the coefficients US and W, in Eg. 1 are

P Sk
smaller by a factor of 180.59.

The coulomb potential in Eq. 1 is assumed to come from a uniform

charge distribution of radius R, and is therefore

S
2
Vc(r)='g%< --1—2->, forréRS,
S R2
7e2
Vc(r) == for r > RS. (10)

The functions ¥(r), §(r'), and V(r,r') in Eq. 1 are expanded in

partial waves:

()
¥(r) = Z Eif—f—-c;f\i {i’g Yz‘(e,z»)} X2, (11)
) jém
., ,(I") Stptat ' ' 1
q—{(ﬁ') = Z —J—fﬁ-——cilf\lcs,l {iz Yz\'(e',tbl)} qu (12)
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Substitution of Egs. 11-13% in Eg. 1 yields the following equation for the

radial functions ujz(r) :

2 2
Q_F _ﬂU+l)J%ﬁﬂ+Euﬂﬁ)

2 dr2 r2
= - [(USP + iWgp) S(r) T(je) + Vc(r)J qu(r) + f g, (r,r") ujﬂ(r') ar',
o
(1k)
where
2(30) = (3 + 1) =208+ 1) - ¢, (15)
From the expansion of V(r,r') we easily obtain
1 t l 1
gﬂ(r,r ) = 2n rr' U (:-2- (r+r )}
-
+1 =~
v f e ('< B ”
- n3/2 = Pﬂ(cos’)() d(cosX). (16)
Now let
gz(r,r') =U [%— (r + r')J hﬂ(r,r'). (17)

Then, a straightforward evaluation of the integral in Eq. 16 gives

1 Z ot
hﬂ(r,r') = 72—-; exp {- <__E5;_> :l Kﬂ(z), (18)

b1



Kﬂ(z) =24t jﬂ(-iz), (19)
z=e%;. (20)

i
where

In Eq. 19 jﬂ(x) is a spherical Bessel function. The following ex-

pression for Kz(z) is analytically exact for all z:

K,(2) = ,(2) exp(z) + ()7}

1

where Qﬂ(z) is a finite polynomial in z !, given by

Q,(z) =
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2(2 1)2; s(s + 1) } A (D). (23)

]

As(ﬂ) =

Q,(-z) exp(-z), (21)

Thus we obtain the exact expression
. 2
1 rr' r-r
i) - = o (2 )ee (552§
plmr) = == -Qﬂ<52 o B

comy (2 L(252)}]

When z is small, the exact expression (21) is not useful for numerical work
because of large cancellations between the component terms. Hence for small

z it is better to expand Ki(z) as a power series in z:

0]

k() = ce) £ ) () &, (25)
5=0




¢(0) = ey Bol8) = 1, B,() = o, (26)
By _(£)
B (£) = =5 (27)

S(s + 20 + 1) °

The expansion (25) is used until more than a preassigned number of terms

are required to obtain an accuracy of one part in 10°. Then the exact form
(24) is employed.

Various methods were tried for solving the integrodifferential Eq.
14; the one which proved the fastest was an iteration procedure. In order
to start the iteration and to improve on the convergence of the method, use
is made of the local WKB (Wentzel, Kmmers, and Brillouin) approximation
to the nonlocal potential. We are going to replace the integral of Eq. 1
by an approximate local expression involving only r. The integral in

Eg. 1 can be written

r-z'\
I:fU E (£+£')} — [_HS/;Z_H ¥r') ar'. (28)

Note that in order to derive the WKB approximation the argument of U is

% (r + r'). The approximate expression we want is of the form
12U (o) ¥a). (29)
Let
' - r= Bs, (30)
. 1 . 1 e . .
so that 5 (£ +r ) = r+ 5 Ps. Substitution in the integral gives
2
I=fU <r+%{3s exp(-s") T(r + ps) ds. (21)
= il YA LAY 2/ Y2



Using the operator form of the Taylor expansion, the integral I can be

written as an operator expression:

I= {fe@ [Bg . <%v1 + v2>} 2‘53(7‘.:& dg} U(x) ¥(x), (22)
where
V) operates only on U(z), Vo operates only on Q(Ej. (33)

Treating the expression %-Vl + Vo, for the moment, as an algebraic quantity,

the integral over ds is easily evaluated and the following operator form

is obtained for the integral:
2
B /1
I=exp |- 52+ "2 U(r) ¥(x). (34)

Making the approximation that V; operating on U can be neglected, since in

the interior of the nucleus U(r) is isotropic, then
o2
T2 U(x) exp(rv2> ). (35)

By substituting the form in Eq. 29 for the integral in Eq. 1 and neglecting
the spin-orbit potential,

v2 T :——2M— - (I‘) —U(I‘) I‘). ( 6)
7(x) e [E Ve L }x}?(_ 3

2
In Eq. 35 the approximation is made that the operator V can be replaced
by its numerical value as given in Eq. 36; the desired result is then

obtained:

2
UL(r) = U(r) exp {- ;% {E - vc(r) - UL(r)}J . (37)




In the program Eg. 37 1s solved by an iteration procedure at the
first mesh point and calculated at all other mesh points by integrating
the differential equation obtained by the differentiation of Eq. 37.

The iteration scheme will now be explained, but to simplify the

notation, let

* 2(L + 1) .
Eaﬂ =FE - > + (USP + 1wSP) S(r) T(34) - VC(r), (38)
then Eq. 1k is rewritten as
2 2 RM
gl d * 1
T ;;5 ujﬂ(r) + Ejﬂ(r) ujﬂ(r) = \jp gﬂ(r,r') ujﬂ(r ) ar'. (3%9)

O

The upper limit RM is the radius at which the kernel function becomes
negligible; that is, gﬂ(r,r') 2 0 for r,r' 2z RM. Thus RM is the radius
for which the solutions u(r) are matched to the free-state wave functions
in order to obtain the scattering matrix elements. The detalls of the
computation of the free=state Coulomb functions and of the S-matrix

elements are very similar to those of ref 2.

When the local WKB potential UL is subtracted from both sides of
Eq. 29 and the subscripts jé are dropped for clarity, then

‘ﬁ? d? I
o ——E-u(r) + | E¥(r) - UL(T)] u(r)

dr -

If the suffix n denotes the nth-order gpproximation to the correct solu-

tion, the ilteration procedure is written

2. B. Buck, R. N. Maddison, and P. E. Hodgson, Phil. Mag. 1181 (1960).
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2
i;; uo(r)+-[E*(r) - UL(r)J uo(r) = 0, (41)

2 & %
£ [0 - w0

Notice that Eq. 41 for uo(r) is a homogeneous local wave equation
so that the scheme is easily started. The inhomogeneocus iterations, Eq.
ME, now yield a set of functions un(r) which rapidly converge to the true
solution u(r). The iteration is continued wntil the logarithmic deriva-
tive at RM’ obtained from un, agrees to within a preassigned percentage

with that obtained from un-l'

DESCRIPTION OF INPUT TO THE CODE

Since the nonlocal matrices hﬁ(r,r') (Eq. 18) are only a function
of B, the nonlocality range, they need be calculated only once for all
computations using the same value of B and the same integration mesh size.
Therefore provision is made in the code to generate and update a
"library tape" of matrices hz(r,r'). Since, frequently, several calcula-
tions are made successively while the code is in core and since searching
the library tape for the appropriate hﬂ(r,r') would be time-consuming,

provision is made in the code to write the matrices h,(r,r') on a scratch

5
tape to be used for several computations.

The code has therefore three functions: +to generate nonlocal matrices
to be added to a library tape of nonlocal matrices (on logical tape 3),
to transfer nonlccal matrices from the library tape to a scratch tape

(logical tape l), and to do a nonlocal optical model calculation using the

nonlocal matrices on logical tape 1.
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Most of the input numbers to the code are in floating-point format

(the nunber may be anywhere in the field indicated but must have a decimal

point punched), except a few specifically indicated control integers, which

are in fixed-point format (no decimal point, and the number must occupy the

right-most position in the field).

The three functions of the program are controlled by a Master

Control Card, which must precede every calculation. The system is de-

scribed below:

MASTER CONTROL CARD

Colum 1

If = 1: TFunction I
If = 2: Function II
If = 3: Function IIT

Function I: Calculation of nonlocal matrices

First Card: Master control card

Second Card: Matrix parameters (format 4LF10.8,3I2)

Colum 1-10:

11-20:

21-30:

31=L0:

hi-L2:

Lzall .

ha’ step length (in fermi) of last set of matrices

on tape

Ba’ nonlocality range (in fermi) of last set of
matrices on tape (to start a new tape ha = Ba = 0
or blank)

h , step length (in fermi) of new matrices to be
added to tape

B, nonlocality range (in fermi) of new matrices to

be added to tape

Ny (fixed point), number of partial waves (a maximum

of 25 partial waves may be used)

NB (fixed point), number of terms in asymptotic ex=

pansion of hg(r,r'); may be left blank, in which case

5 terms will be used but up to 10 terms may be used




11

]

L5-L6: Ip, if

01, a list of the matrices on the tape will

be printed;

if = 00 or blank, no list will be printed

Function II: Transferring nonlocal matrices from logical tape 3 to

logical tape 1
First Card: Master control card
Second Card: Matrix parameters (format 2F10.8)

Column 1-10: h_, step length (in fermi) of matrices to be

transferred

- 11-20: Ba’ nonlocality range (in fermi) of matrices to be

transferred

Note: The matrices must be on logical tape 3; otherwise, a tape error

will occur
Function ITT: DNonlocal optical model calculation
First Card: Master control card
Second Card: Experimental parameters (format 5F10.8)
Colurmn 1-10: ELAB, laboratory energy (in MeV) of incident particle
11-20: AMT, mass of target nuclei (in AMU)
21-30: AMI, mass of incident particle (in AMU)
31-40: ZT, charge of target nuclel (in electron units)
- 41-50: ZI, charge of incident particle (in electron units)
Third Card: Optical potential parameters I (format TF10.8)
Column 1-10: US, Saxon potential real-well depth (in MeV)
in fermi)

11-20: s Saxon potential radius parameter (r

0S

21=30: s Saxon potential diffuseness parameter (a, in fermi)

RS

A3 5]
3] =40 WS, Saxon potential imaginary-well depth (in MeV)

WD

41-50: , Derivative Saxon potential imaginary-well depth

(in MeV)




51~60+

61=70:

12

RD, Derivative Saxon potential radius parameter

(rOD in fermi)

AD, Derivative Saxon potential diffuseness parameter

(aD in fermi)

Fourth Card: Optical potential parameters II (format 3F10.8)

Column 1-10:

11-20:

21~30:

VSP, real=-well depth of spin-orbit potential
(in MeV)

WSP, imaginary-well depth of spin-orbit potential
(in MeV)

BETA, nonlocality range (in fermi)

i Notes: VSP positive gives the same convention as normal shell model ;

Column 1-10:

BETA is not used except for output purposes; the calculation is

made with whatever matrices are on tape 1

H, integration step length (in fermi) -- must be the

same as the step length of nonlocal matrices on

Fifth Card: Numerical parameters (format 6F10.8,I2)
\

11-20:

21=30:

3]1-40:
41-50¢

51~603

61-62;

logical tape 1

HC, Coulomb subroutine integration step length (in
fermi) (may be different from H; a value of 0.1

is satisfactory)

C, cutoff parameter in iteration scheme (percentage
difference in the logarithmic derivative between two
successive iteratiors to accept convergence; the value

0.0005 is usually sufficient)

-
THETAL (6_, ) 0(6) will be computed from 6_. to
min min
. . ' .
THETA? (A6) L emax in A9 steps; the 6's are in
degrees; not more than 100 angles
THETAS (emax) are allowed; emin # 0 for charged
J particles

NC (fixed point), should be greater than the number

of partial waves needed for the calculation (see

limitations below) .




15

Sixth Card: Derivative control card (format 11,8%,I1,9I3); numbers
are all in fixed point on this card

Column 1: ISp, if

if

1]

O or blank, no spin-orbit potential

1 for spin 1/2 projectile and with a

I

spin=orbit potential
10: NV = number of parameters with respect to which the
derivatives of the S-matrix elements are desired; if

none desired, leave blank

11-1%: IPA(1) the IPA's are key numbers to
indicate the parameter (see below);

there should be NV entries in the IPA

14-16: IPA(2)

17-19:  TPA(3) vector

up.to IPA(9)

Key numbers for the derivatives:

1 =108
2 =RS
3=A8
4 = WS
5=WD
6 = RD
7T =AD
R 8 = USP
9 = WeP
- Example: 1if the derivatives with respect to RS and WD are wanted, NV = 2

TPA(1) = 2, IPA(2) = 5.

Limitations in Values of Input Parameters and Error Returns

Because of the various computational techniques used and because
of the space allotted to the various arrays in the computer, the calcula=-
tion is either unreliable or cannot proceed if the input parameters are not
within a certain range. To the extent that those restrictions were known
to the author at the time of programming, several checks have been in-

corporated in the code to test the calculation, and various messages are



-

1k

printed out when an error condition is detected. The following limita=-

tions are known to apply to this version of the code:

1. The matching radius RM 1s taken as the largest of the two fol-

lowing quantities:

1/3 1/5
rOSA + 7as, rODA + 7aD.

The limitation on step length for a given matching radius is

H

A
o=

If this condition is not met, the code word DATA is printed.

2. For a given step length H there is a limitation on the size of
B, the nonlocality range, since at most 30 off-diagonal elements are used
in the matrix gz(r,r') (Eq. 17). For the calculation to proceed, the
criterion gz(r,r + 30H) s gO(RM,RM) must be met for every partial wave.
This criterion may be changed by altering the value of GRM and GIM in
subroutine NEWMAT. When the above criterion is not met, the code word

MATRIX is printed, and the calculation proceeds to the next case.

%« The value of NC should be greater than kRM - 1, where 7 is
the Coulomb parameter. A value of kRM + 5 1s usually satisfactory. In
the Coulomb subroutine if the Wronskian of the free-state equation is not

1, the message COULOMB is printed and the value of NC should be checked.

L. When the iteration scheme has not converged after 25 iterations,

the message INTEGRATION is printed, indicating a breakdown of the method.

The value of the potential parameters should be modified.

5. If the value of NC is too small, the message IMAX TOO SMALL is
printed, and NC should be increased, 25 being the maximum value it may

have.

BRIEF DESCRIPTION OF THE FUNCTION OF EACH SUBROUTINE

The program contains a short mair program to control the flow of
logic and a series of subroutines to perform the calculations. With one

exception the subroutines have no arguments transmitted by the calling
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program. The quantities of interest are stored in common. The main

brogram reads the Master Control Card and transfers control to subroutine
ADTAPE for Function I, to subroutine GETHI2 for Function II, and to sub-
routine INPUTL for Function IIT.

Function I:

Calculation of Nonlocal Matrices

The nonlocal matrices h (r,r') are symmetric with the largest

£

elements along the diagonal, the magnitude of the elements decreasing

rapldly as one moves off the diagonal. Because of storage limitation,

only a band 30 elements wide on one side of the diagonal is stored in the

computer. The length of the diagonal is 100 elements.

ADTAPE:

MATRHL:

Function EE:

Sets up the library tape and handles the writing of the
matrices, which are obtained by calling MATRHL.

Controls the packing and unpacking of the matrices and

calls the subroutine HL(I,J), which computes the elements

1
by using Egs. 21 or 25, depending on the size of = .

B2

Transfer of Matrices

GEIMMNIZ2: Searches the logical tape 3 for the appropriate matrices

and transfers them to logical tape 1.
Function III: Nonlocal Optical Model Calculation

INPUTL: Reads the input cards described in "Description of Input
to the Code."

SANGLE: Sets up a vector with the angles at which the cross sec=
tions are to be calculated.

PRINPU: Prints the input parameters.

DATAPR:

Converts the various input parameters to the same wnit
system in the center-of-mass coordinate system. The match-
ing radius is calculated and if there is not enough space,

the code word DATA is printed.
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VECTOR: Computes the various potentials at each mesh point, as
well as thelr derivatives with respect to the parameters.

The local WKB approximation is also calculated here.

COULOM: Calculates the Coulomb phase shifts and the regular and
irregular Coulomb functions and their derivatives at the
matching radius. If the Wronskian fails to be 1, the

calculation stops and the code word COULOMB is printed.

At this point a loop is entered to calculate the S-matrix elements
for each partial wave. The loop terminates when the S-matrix elements
have reached their asymptotic value of 1. With £ = O the loop 1s entered
at subroutine NEWMAT.

NEWMAT: Sets up the matrix gﬂ(r,r‘) = U { (r + r')} hﬁ(r,r‘),

NOjH

reading the h, (r,r') matrices from logical tape 1. The

matrix gﬂ(r,rf) is stored in the computer in the same
manner as the matrix hﬂ(r,r'). If, because of the step
length used and the nonlocality range, more than 30 off-
diagonal elements are required, the code word MATRIX is

printed.

INTEGR: The radial equation is solved by the iteration scheme given
previously. After each iteration the logarithmic deriva-
tive of the wave function is calculated and the
percentage deviation from the value obtained in the previous
iteration is compared with the input number C. If the per-
centage deviation is less than C, the solution is accepted;
if it is greater than C, another iteration is done, and so
on until the criterion is met. If the criterion has not
been met after 25 iterations, the code word INTEGRATION is

printed.

SCMATR:; The logarithmic derivative of the radial wave function is

matched to the logarithmic derivative of the free-state

wave function to obtain the scattering matrix element.
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DERIVS: If the derivatives of the scattering matrix elements are
required, they are calculated in this subroutine. The

method of calculation is given elsewhere.>

CLEAN: If spin 1/2 projectile is used, the first pass in subroutine
integration is done with j = £ + 1/2, and control is re-
turned to subroutine INTEGR for the case j = £ - 1/2.
The S-matrix elements are checked to determine whether
they have reached their asymptotic value (Re 8, > 0.999,
Im Sg < 0.001). If they have not, £ is increased by 1
and control is returned to NEWMAT for a new partial wave.
If the scattering matrix elements have reached their
asymptotic value, control is transferred to subroutine
SIGMAS. Each time £ is increased in the above loop, it is

verified that enough free-state Coulomb functions have been

calculated; if not, the code word IMAX TOO SMALL is printed.

SIGMAS: Calculates the differential cross sections and the polariza-
tion at the angle assigned by SANGIE,

PRSIGM: Prints the differential cross section and the S-matrix
elements (next to the S-matrix elements, under the column
IT the number of iterations for each partial wave is given);
if required, the derivatives of the S-matrix elements are

printed.

5. F. G. J. Perey and B. Buck, Neutron Phys. Div. Ann. Progr. Rept.
Sept. 1, 1961, ORNL-3193, p 250,
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APPENDIX

Listing of FORTRAN Subroutines
and

Test Cases for IBM-7090 and CDC-1604






*TYPE(FBRTRAN)

-—_

!
2

hog

f0I

DIMENSION F(200)
CemMMBN F

EQIIIVALENCE (F(61)Y,KA),(F(29),J3),(F(51),kS),
FCFe47), 1), (F(45),1.C)(F(63),17)
READ INPUT TARE in,?2,kKH,17

FORMAT (11)

IF (Ko=) o0, 100,101

CALL ADTAPE
Ge T8 |
IF (K@'Z) 6;3)4

CALL GETHLZ2
Ga TO i
CAal L INPUT4
J3=0

CALL SAWNGLE
CaLlL PRINPU
CALL DATAPR

IF (LC)? 5,5,12
CALL VECTOR
CALL CHULOM

I[F  (LC-i) ©6,6,14
KS=0

IL=U

CaiL NEWMAT

IF (L.C) R,B,16
CAai L INTEGR

IF (1.C) 9,9,18
CALL SCMATR
CAiL DERLIVS
CALL CLEAN

IF (LC) 7,8, 110
IF (LC=1i) F1,11,20
CAlL SiisMAS
CALL FRSIGM

GO 1y, f




3
|4
15

| 8
19

20
ra

WRITE BQUTPUI TAPE 9,13
Geé TO i

FOBRMAT (S5HOUATA)

WRITE QUTPUT TARPE 9,15
FARMAT(BHOCOULLAME)

Go 710 |

WRITE BuTPUI TAPE 9,17
FORMAT(/7SUMATRIX?

Ge 7186 !

WRITE duTPUI TAPE 9,19
FERMAT (! ZHOINTEGRATIEN)
GG T6 !

WRITE QUTPUT TAPE 9,2
FBRMAT (ISHOLMAX T08a SMALL)
GO T6 i

END

036
D87
0s8
039
040
041
042
043
D44
645
g46
a7
048
049
050
351

4+



*TYPE

21
2
3

4

N~

Y

5
i 6

(FORTRAN)
SURRBUTINE AT APE

DIMENSION DCid0d0Y, X (3UH),HLMATCIOD,30)

COMMBN i}

EQIIIVALENCE (DCIB)Y,H)Y L, (DCTUW),BETA)Y,(L(C17),My,
l(D(16),Nb),(U(5l):IL).(U(?ﬂl):X(I)).(D(ZIll).HLMAT)
READ INPUT TAPE 10, |,HI,BETAl,R,RFTA,M,NE,LIST
FORMAT t4F1U.8,312)

REWIND &

IF (H1) 22:272,21

IF (LIST) 4,4,2

WRITE AUIPUT TAPE 0,3

FORMAT (S6HI NON-{ ACALITY MATRICES AN TAPE/
j48H10 STeEP LENRTH BETA NOLAF MATRICES)
De 11 [=1,300

READ TAPE 3,H2,BETA2,M2
[F  (LIsl)y 7/,7,5

WRITE BUIPUT TAPE 9,6,H2,BETAZ2,M2
FORMAT (1HUSF17.8,Flg.8,19)

[F (H2-HI) 10,8,10

IF (BETAI-BETAZ) 10,9, 10

G TO iz

Da b J=t,M2

READ TAFPE 3

D@ 13 l=t,M

READ TAFE 8

WRITE TaPE  3,H,BFTA,M
X(1)=H

Do (4 [=z2,30610

X(1)=xX(l-1)+H

IL=u

IF (NB) [5,15,16
NB=5

Do 17 J6=isM
CALL MATRHL
WRTTE FTARPE 3. CCHIEMAT T, Y, I=l,100),0=1,30)

052
053
054
055
G656
057
058
059
060
0él
D62
063
64
bes
n6é
De7
068
069
0670
071
072
073
074
07y
076
077
nza
079
080
08l
o082
g8y
084
085
IF-7.)
u87

157




TL=1lL+i

IF (LIl 2,21, 18

WRTTF HUIPUT TAPE 9, 19,H,BETA,M
FERMAT (4HUNRFW,FI14.8,F16,8,19)
RETURN

ENN

088
089
090
9l
092
U93

e
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*TYFPE(FORIRKAN) 094
SURRHUTINE MATRHL nos
DIMENSTON DCrsugitdy, x(300),EX(300), 096
FHLMATCIUL,30),SMZ(9011),A4(30),B(30) 097
COMMAN 1) 098
EQUIVALENCE  (D(64)Y, ALY, (D(21), 1LY, (DC10),RETAY, (D(52).,L0), 099
FADCTA)Y N, (L(R3)LFAC), (13(54),121),(TI(88)Y,17272), (00
2(D1r59), diY, {58, 18),(D(AN)sHLR), (DCzDI1),¥ (1)), 101
ICDCIREIDISEXCI) S (De 211 1), HLMAT) L, (D(IB61),84Z01y), 102
4(DC12461),A01)),(D(12491),8(1)) 103
AL=1IL 104
IF (1L ls1,4 105

i Blast.o/ (1 .7724%39*BFT4) 106
DO l I=t1,300 107

2 Exciy=u. 108
ue 3 1=1,30u 109
B2=(X(I)/BETA)**, 10
IF (R2-50,) 3,3,4 (]

S EX(I)=51 *EXPF(-8B2) |12
4 DB 5 =1, 100 113
D& 5 J=1,3U 14

S HUMAT(1,J2=20, 115
D6 6 I=1,900 |16

6 SMz(1)=1. I+7
Do 7 [=1,30 118
A(1)=0. |19

7 B(r)=q0. 120
be o] [=1,Nb |21
Al=1 122

8 BO1)=1 . /70(2.%A1)"(2. %A1+ . +2.%AL)) 123
IF (L) fOU, 10U, 10 124
106 LO=! 125
GO T0 12 126

101 Lb=2 127

&2



Do 9 l=1,1IL
Al=1
ACT)=(CAL*(AL+}
FAC=2.
Bl=2.*al+1,
FAC=FAC/BI
Bl=gi1-2.

IF (B1) Fhosd
[Z1=900
1Z27=2504

SITATHCAT= 1))/ (20*A )

l»10

D@ ) I=t, 00
Do 13 J=l, 10N

Jlizd=-]+1

[F (Jl-sU) 12,12,14

[S=]+J
CaLL HL(L,J)

HLMAT (1,1 )=HLR

CONTINUE
CONTINUE
RETURN
END

128
129
130
13
132
133
154
135
136
157
138
139
|40
14
142
|43
144
145
|46
147
148

92



*TYPE(FORTRAN) 149
SURRBUT I hE HLCTD,J) 150
DIMENSTION DCz2ol),y(750) ,FRO300),F1(%6N),EX(XUN), 151
IGR(150,38u),GLC150,300, TUPCID0),ILOCISM,JLACI50), 152
2SM7(90N), A(301),B(3n) 153
COMMEN e XsFR,FL,EX,GR,GI,IUP,[LO,JLE,SMZ, Y}
AR 55
EQitIVALENCE (UCTUY,BETAY L C(UCI6)ISNB)Y, (D(BTY>TL)Y, 156
2(D(B8), [5),(D(59), J1y,(D(EN)SHLR) 158
1S=1S 159
Jé=Jl~-| 160
[Z2=1*J 16
IF (1z-121) ls7,7 62

i IF (SMZ(1Z)) 2,2,6 163
2 22 "X (1) *"X{(JY/(BETA**D) 164
22=1**2 165
BA=1. 166 n
BB=1. 167 ~
D8 4 K=zi,NB 168
BBE=BB*B(K)*7Z 169
IF (BA*., UDUI-BB) 4,4,9 (70
3 Ba=BA+BE | 71
GO 76 ) 172
4 BA=BA+BB 173
[z1=12Z 174
GO T6 H 175
5 SM7Z(IZ)zEXPF(=7)*FAC*(Z**(T1L+1))*BA {76
6 IF (Ji=1) 21,21,22 177
21 HLRsSMZ(1Z)/7C1.7/24539%8=T4A) 178
RETURN 179
22 HLR=EX(J4)*SMZ2(1Z4) 180
RETURN |81
7 1F (17-122) Bet 7,10/ |82
8 Z=-2.*X([)*XC )/ (BETA**2) 183
Baz=1. |84
BB=1i. |85

G8 TO (lt,Y),L0 |86




H3
4

5
I 6

28

29

19
20
26

27

De 10 Kal, 1L
BB=BB*A(K)/Z

BA=BA+RB

IF (J"'|) 26;2\5;74
HLR=BA/ (1 .7724%539*RETA)
GB TO 25
HLR=EX(J4) *BA

l=-17
BA=zi.
8B8=1.

GO T0 (14,12),L10
DO 13 K=1,1L
BB=BB*A(K)/Z
BA=BA+BB
BA=BA*EX(IS)

IF  (HLR*.0001-BA) L6, 16,15

[Z2=12Z

IW=1IL72

IF (2*Iw-IL) 29,28,28
HLR=HLR-H3A

RETURN

HLR=HLR+BA

RETURN
2==-2.*X(1)*X(U)/(BFTA*+*2)
BAa=1.

8B=t.

G T9 (20,18),L0

D8 | 9 K=l, 1L
BB=BB*A(R)/Z

BA=BA+BB

IF (JI=1) 26,226,727
HLR=BA/ (| .7724539*RETA)
RETURN

HLR=BA*EX(J4)

RETURN

END

187
|88
|89
190
191

192
193
|94
195
196
197
198
199
200
201

202
20%
204
205
206
207
208
209
210
211
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213
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215
216
217
218
219
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*TYPE(FORTRAN)

SURRAOUTINE GWETHLZ

DIMENSION  F(i2262)y,HLMATCILO,30)
EQUIVALENCF  (F(32),HETA),(FCI7),H),(F122A1),HLMAT)
CoOMMAEN  F

REWIND &

REWIND

READ INPUT TAPE |0G,6k,H,RBETA

FOKMAT (2F10,R)

De ¥ [=1,3ul

READ TAPE 3,Hi,BETAI-M]

IF (HI=H) 2,1,2

IF (BETAI-BETA)Y »2,4,2

De 3 J=i,Mli

READ TAPE 3

D 5 [6=1,M]

READ TArE 3, ((HLMAT(1,J),1=1,100),J=1,30
WRITE  TAPE I, ((HLMATCL, D ylzliomy,d=1,31)
REwWIND

RETURN

END

223
224
225
226
227
228
229
230
231
232
233
234
235
236
2387
238
239
240
241
242
243
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*TYPE(FORTRAN)

SURRBUT InNE
DIMENSION F

COMMON F
EQUIIVALENCE

INPUT4
(15265y, 1PACIDY,DSRU(Y, 25),

IDSTU(9,22),DSRD(9,25),1NS1D(9,25)

(FU21Y,E), (F(22),AMT ), (F(P3),aM1),

FCF(24),Z2T),(F(25),71),(F (1), U (F(2),RkR),(F{3),AR),
2(F(4),WS), (F{(B),wD), (FL6),RIVL(F(7),AL)Y, (Fe8)Y,USPY,

SCF ), WSEPR) ,(F(32),RE)L(FCI7IsHIW(F(IR),HC)I,(F(=5),T1),
4(F(26),A1),(F(273,A2),(F(2B),A3),(FCI9),LMY,(F(5A),NV),
S5(F(20),ISP),(F(57),NDSY, (F(62),IPR)Y, (Fe|52a4i),1PA),
6(F(4661),DSRUY, (F(48E6)Y,USIUI,(F(5111),DSRN),(F(5336),
7DS1D)

READ INPUT TAPE 10,1,E,AMT,AMI,ZLT,71,0L,kKR,

AR, WS, WD,RT,ATI,USP,WSP,BE,H,HC»T1,A1,A2,A3,
2LM, ISPLNV, (IPACI),1=1,9)

FORMAT (HFI1U.8/7F10.8/38F1IN.8/6F10.8,12/11,8Y,

I11,913)

NDS=NV
IPR=NYV
pe 2 1I1=1,9
be 2 J=i,2
DSrU(CT,J)=D.
DSRL(I,JI)=0.
DS1u(I,Jdr=0.
DST1D(I,J)=0.
RETURN

END

5
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267
268
209
270
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*TYPE(FARTRAN) 344

SURRKROUT INE SANGLE 345
DIMENSTHN DAV ,ANGETHO) » ANGEXPC N0 346
COMMON v 347
EQuIVALENCE (N(Z26Y, A1), (ND(27),A2),(D(28B)Y,23Y,(D(556!),ANG), 348
1 (D(29),Jd3), (U302, kM), tIC3 1), KMEXP),(D(5961),ANGEXP) 349
IF  (J3-1) l,4,4 350
I ANGCI)=zA 35
pe 3 [=2,100 352
ANGCT)=ANG(I-1)+A2 353
[F (ANGUI)=-AS)Y 3,2,2 354
2 KM=z] 355
G T8 s 356
3 CONTINUE 357
G T8 6 358
4 KMzKMEXP 359
De 5 [=1,KM 360
5 ANG(I)=ANGEXP (1) 36 |
& RETURN 362

END 363

¢



*TYPE(FORIRAN)

SURRBUTINE PRINPU

DIMENSION F({%0)

ComMManN F

EQUIVALENCE (FO2IY,E), (FCIDsUR)L(F(4),WS),(F(2),RS)s{(F(3),AS),
FCF S, WD), (FCOILRDYLUF(7),AD),(F(B),USP)Y,(F(9),WSP),(F(32),BETA
), (FU23)5AT) s (FUP2),AT), (F(25),Z1),(F(24),7TY), tF(17),H),(F(18),HC)
Ss(FCI9) LMY, (F(OI),KO)

IF (KU'() IJl)xS
| WRITE GUIPUT TAPE 9,72

2 FORMAT (44H| NAN-LACAL 6PTICAL POTENTIAL CALCUILATIBN)
Ge T8 5

3 WRITE GUTPUT TAPE 9,4

4 FORMAT(39H] SEARCH NON-LOCAL OPTICAL POTENTIAL)

5 WRITE BUTPUT TAPE Q,6,F,UR,USP,H,AT, WS, WD, wSP,HC

6 FORMAT(I5H PARAMETERS /1 7H EXPERIMENTAL,B5X, | |HTHEBRETICAL»
lb5)(:9HNUMF:RlCAL/i2H tLAb =1|”7.3’8X:7H\]S :,F7.3.SUX.
27HUSP =,FB.2,7X,4HH 2,F7.38/12H MT =,F7.3,8%X,7HWS =,
3F7.8,8X,/HWD 2,F7.3,8X%X, 7HWSP =,F8.2,7%,4HHC =,F7.3)
WRITE AUYPUT TAPE 9,7,7T,RS,RD,BFTA,LM,AT],AS,AD, 7]

7 FARMAT(IZH Z1 =,F7.3,8%X,7HRS =,F7.3,8X%,7HRD =,F7.3,
18X, 7HBETA 2,FB.2,7Xs4HLM =,14/12H M1 5,F7.3,

28X, 7HAS =,F7.3,8X,7HAD =,F7.3/12H 71 =,F7.3)
RETURN
END

e’2
273
274
275
276
277
278
279
230
28|
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
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*TYPE(FBRTRAN)

3

R

SURKOUT iNkE DATAFR

DIMENSIHN  FCi50),y(200)

COMMAN  F, X

EQUIVALENCE  (F(Z3),AMI) L, (F(22),AMT), (F(33yv,1),

FCF (i), RR) L (E(Z2)ROR) L (FCI14),RID»(F(H),RNIY, (FEt35), AMSP),
2IF(S8H),AMSSIS (FLA7Y,L,ES)IH>(FL21)»EILARY,(F(39Y,ETA),(F(25):,21),
SCF(24),41), (FUAU),FRS), (F (41D, EK) L, (FCID) Uy CFCIY,UL),
GCFI2)Y WS (F(4) W), (FOI3) WD) (FIB),WNLY»(FLIBY,VSP),
BLF8),VSFL), (FULIB),WSPY, (F(9),WSPL), (F(3),ARY, (F(T7),AL),
6(F(42),RMY L, (FLI7)Y,H),(F(43),NI),(F(44),NN),(F(45),LC)

[F (AMI~4,) [ 51,2
BsaMT**(1./3.)
GO 76 N

B=aMT**( 1. /3.)+AM]**(|,/3,)

RR=KOR*H
RizRUJ *8
AMSP=AMI*AMT/ (AMI+AMT)
ES=EILAR*AMT /(AMI+AMT)

ETAZU.12/745%54*2 1 */T*SURTF(AMSP/ES)

AMSS =, 1« /7B3ZHR*AMGP
EKS=AMSS*ES
EK=SORTF{EKS)
UsiIL*AMSS

WS=zWS[L*AMSS

WD=WDL *Ai“SS
WSP=WSFPL*AMSO*,011n57
VSP=VSPL*AMSS*, (i In&7
RRM=RR+/.*AK
RIM=RI+/.*A]

IF (RRM-KIM) 4,4,5
RMM=R M

GO T8 o

RMMzRRM

NzRMM/H

IF (N-9Y7) ©,8,7
LC=1

G& T8 iU

297
298
299
3400
301
302
303
304
3095
306
307
308
309
310
3
312
313
314
315
316
317
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334

139




8 LC=0D

AWN=N
RMM=AWN*H
NN=2*N

X(})=H

De 9 [=2,2U00
XC1)=X(l-1)+H
RETURN

END

335
336
337
3358
339
340
341
342
343
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*TYPE(FORTIRAN) 498
SURROBUTINE VECTOR 49%9
DIMENSION  F(400u),BT(200),x(200).AT(2n0),erRV(20N), 500
IFROZUD) SFRR(ZGN)LFRAC200),FI(200),FISKe2GUY>FISAC2U0), 501
PVRRP (1 1T),ySkEV(IG)Y,VSPR(IDU),VSPA(IODY,WRSIP(I1N0Yy.WSPRC100), 502
SWSPACILU),VOCL200),VCH (20U ,FIDWC200),FTIDR(2UN), 503
4F InA(200), 0L (2000, wi(200) 504
COMMAN F 505
EQUIVALENCE (F(S71 1), BT, (FCISI), X)), (F(3911),AT)H, 506
PCFCH7 T i) FRVYLUFCIBTIY,FR)Y (P CIQTIY,FRP),(FE(2111Y,FRA), 517
PUF 281 1)sF 1) (F(E2B 1) FISRIS(F(2711)Y.FISA),(F(BI}),VRSP), 508
SCFCGL Y ySPVY L (F LN, VSPRIS(FCT I, VSPAYL(FCI211),WKSP), 509
GCF(1SHI ) WSPR) L (F (141 1), wSPAY,(F (61 1),VCY,tF(1B871),VCK), 510
BUF (291 1) FTUW), (F (I I)LFINR)L(F(3ZII),FIDA)I,(F(R3Y,17),(F(8U),ED, 5101
GCF(43)Y,N)» (FU44),NN)L(FCILIDHPRRISI(F(I)ISARYS(FCID),VI),(FL3Z3),B), 512
JUFCI2),uE), (F(20),1SFY,(F(IB),VSP),(F(16h),8P),(F(39),ETA), 513
BUF (A1), ER), (FCi7),H), (FUOIB)Y, WD) (F(C14),R1},(F(T7),AL) 514
O F(t32),BFTI,LF (1547 1), (F(I15671),uwL) 515
Nz=N 516
NN=NN 517
Biz2.*RK 518
B2=¢2.*AK 519
pe 4 I=1,NN 520
BT(I)=(X{[)-Bi)1/8B2 521
IF (BT(L)-8b,) 2,151 Kee

| AT(L)=1.UE37 523
Ge T8 s 524
2 ATcI)=sEXFF(BICL)) 525
T FRYCI)s /701 a+aT0T)Y) 526
FR(OL)SFRV(T ) *V 527
FRROIY=FREV(I)*FROTY*AT(I)*R/AR 528
FRACI)=FRR(I) 3T Y /8 529
FICI)=FRY (D) *WS 530
FISK{I)Y=FRR(]l)*WS/V 531
4 FISACII=FrACL)*WS/Y 532

IF  (IsP-1) 18,2,85 533

49



~J

2|

1o
f

De 19 I=i,100

VSRV ([)=u.

VRSF(])=uU,

VSPR(I)=1,

VSPA(I)=L.

WRSF(l)=i.

WSPR(I)=101,

WSPA(I)=U.

Ge T8 7

D 6 [=1,N
VSPV(I)=AT(2* ) *FRV(Z*TIY*FRV(2*I)/(AR*X(]))
VRSF([)=vSPV([)*VSp
VSPRET)=VRSP(I)*B*FRV(2*[)*(AT{Z2*])-1.,Y/AR
VSPA(I)=vSPR(I)*RT(2*])Y/H-VRSP(1) /AR
WRSP(TI)=VRSP(I)Y*WSP/VSP
WSPR(J)=VvSPR(])*WSP/VSP
WSPA(I)=VSPA(])*wSP/VSP

IF (ETA) 20,20,8

pe 21 i=l,2ul

VC:Un
VCR=U.
G 710 i

BI=ETA*EK/RR
B2=3.*R*5 | /RK
Ii=z=2.*RR/H

De 9 I=1,11
B3I=.25*(X(1)/RR)**D
VC(I)=B1*(3.-Kk3)
VCROL)=BZ2*(B3-1.)
Bi=ETA*EK*4,
I1=11+1

N3=2*(N+5)

Do (] 121 1,N3
VC(I)=BI/Xx¢C1)
VCR([)=U.

IF (WD) 22s22,12

534
535
536
537
534
539
5410
54 |
5492
543
544
545
546
B47
548
549
550
551
552
553
554
555
556
557
558
55¢
560
561
562
563
564
565
566
567
568
569
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22 Dﬂ 23 1=|’251f‘ 570

FIPDwW(l)=u, 571
FInk(I)=u. 572
23 FIna(l)=n, 573
Go 10 v/ 574
2 Blze2.*RI 575
Be=2.*Al 576
De 16 1=1,nNN 577
BT(I)=(X(I)-B81)/b2 578
IF (BT(1)-88,) 14, 13,18 579
18 AT(I)=1.uE37 580
Go 78 15 58|
14 AT(L)=EXPF(BT(1)) 582
15 FINWCI)=d, *Al1(T)/(C(AT(I)+,)**2) 583
FICI)=F I CE)+FINWOT)Y*uD 584
FIDKOI)SF IDWCL) *wD*B*(AT(I)=1,)/ (AT S(ATCLIY+#1.)) 585
16 FINDACI)SFINRCI)*RT (1) /F 586
17 1F (17-1) 25,31,31 587 w
25 BEz(RET/Z.) %% 588 =
ULCI)=FRUI)Y /2. 589
WLeI)=FICl)/ze, 590
26 EX=zEXPF(~BE*(E+UL(1)=VCC(I))) 59 |
CAS=CASF (BE*WL (1)) 592
SANZSINF (BE*WL (1)) 593
FRNZEX*(FR(ID*CAS+FT (1) *SAN) 594
FIMSEX*(r 1 (I )*CAS=FR(I)*SAN) 595
IF (AESE COFRN=-UL ()Y /0L 1Y) =,00005%) 7,277,728 596
27 IF (ABSFO(FIN-WLOI))YZul (1)) =,00008) 29,29,28% 597
28 UL (i) =FRN 598
WLCT)=F I 599
Ge8 T8 cZé6 600
29 Do a0 i=1,NN 601
EX=EXPF(-BE*(E+UL(T1)=VC(]1))) 602
DI=BE*wWL(]) 603
CAS=CHSF (D) 604
SANZSINF (DI 605

DUNSFRCI+1)-FR(]) 606




30
S|

Dwn=F1(I+i)-F1¢[)

ANPZEX* (UUN*CAS+UWN*SANI+ULCIY*BE*(VC(I+1)-VC(I))
ANTZEX*(LUWN*CAS=DUNM*SAN)I+WL (I)Y*BE*(VC(T+1)=Vr{(l1))
DR=1t .+BE*UL(L)

D2=0R**2+D1**y

DULS(DR*ANR+UI*ANTIY/Z )2

DWt =(DR*aNI-DI*ANRY/1}2

ULCI+1)=sulLtly+hut

WLOT+1)=wl (1) +DWL

RETURN

END

607
608
609
610
6141
612
613
614
615
616
617
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*TYPE

23

(FORTRAN) .

SURRHUT Ink  CHULMM

DIMENSTHN  AB(350),3IGMA(S1),F(56),FP(5I),
[G(51),6P(51)

CAMMON  AB, SIGMALF,FF,G,GP

EQUIVALENCE  (AB(1Q)Y,LMAX), (ABCIB),H),

P CAB(39),HETA), (AS(4D), AKS), (AB(41),aK),
2CAR(45),0), (AB(42),RM), (AR(46),KA)

J=0n
HETAS=HETA®*y
RA=RM

Nzn

AL=50,

L=5i

Cl=AL+1.

PHI=SSURTF(CI**2+HETAS)

CHI=ATANF (HETA/C 1)
SIGMA(L)=(AL+.5)*CHI+HETA*LUGF(FPHT)-HETA-SINF(CHT)/Z(I12.*PH])+
JSINF(3.*CHI)/ (36N, *PRT**3 J)=SINF(B,*CHI)/(I12A0.*PHI**5, )+
2SINF (7. *CHI)/ (i 680, *PHT**7 ., )=-SINF(O,*CHI)/(II88, *pH][**9,)
SIAGMA(L=1)=SIGMA(LY-ATANF (HETAZAL)

AL=AL=-1.

L=L -1

LF(L=2)2, 1,1

I=n

R=RA+H

Cl=AK*R

C2=2.*C|I

SS=14.

St=SS8

TS=4.

Ti=18

SL=0.

Se2=SL

TL=I.-HETA/CI

364
365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
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Te=TL

AN=U.

NI=20

CI=AN+1.

Ca=Cs*C2

S4=51

Co=(2.*AN+| ,)*HETA/CHY
C6=(HETAS-AN*C3)/Ca
SI=CH*S51-C6*1
Ti=C5*T1+C6%*S4

S¥=82
S2=CH*82-C6*12-Si/c)
T2=CH*Te<¢+C6*SS-11/C1
AN=C3

NI=Ni-=|

§S=55+S!

TS=TS+TI

SL=SL+S7

TlL=TL+T2

IF(NI)4,4,3
WsABSF(SS*TL-SL*IS~1.)
IF(w=.0UU1)656,5
RA=RA+2U0.*H

N=nN+110

G T8 <«
THETA=CI-HFTA*LAGF (C?)+SIGMAC( )
C7=CHSF(ITHETA)
C8B=SINF(ITHETA)
G(i)=SS*C7~-TS*CH
GP(I)=AK*(SL*C7-TL*=CH)
IF(1)B,7,8

Gl=G(1)
I=]
R=RA
G3=GI

G T8 W

399
400
40 |
402
403
404
405
406
407
408
409
410
4l
412
413
414
415
416
417
4i8
419
420
421
422
423
424
425
426
427
428
429
a3p
43
482
433
434

o%



| 4
¢

(5

[F(RM=-KAD)ID, 10,11
Cl=2.*HE I A*AK
Ca=iU.*H**2/12,
Co=C4a/s11.
G7=GC(1)

M=N

R=pA+H
AKI=AKS-L3/R
Rz=rA
AK2=AKS-L3/R
AK4=AKZ2*u/
IF(MY13, 18,12
R=R-H
AKI=AKS-LS/R

GE2=((2.-LA*AKZ2) *57-( 1 . +CS5*AKI)*GI)Y/(i,+C5*AK3)

Rk =~H
AK I =AaKS-L3I/R

Glz((2.~Ca4*AKI) *HE2-( 1 . +CH*AKR2)*G7)Y/ (1. +CH*AK|)

AK4=AKA+4 , *G2*AK3+D ., *G | "AK |

G7=G1

AK2=AK|

Gl=G2

AK|=AKY

M=M= |

G 79 | 4

GCi)=G7

GP(1)=H*{(AKA-G7*AKD) /3, +GP( 1)

I =i MAX+4

CB=AK*RM

Fer+2)=u.

Fe +i)=lu.,0E=-36

AL=L

C3=zA{.*2.+1,

C4=n_+1.
FOL)=AL/SARTE (AL **2+HETAS)*((C3*HETAY
FCAL *C4)+0S/CO ) *F L+ 1) =SARTF(C4**2+HETAR) Y/

435
436
437
43R
439
440
44
442
443
444
445
446
447
448
449
450
45|
452
453
454
455
456
457
458
459
460
46 |
462
463
464
465
466
467
468
469
470

L



20

N

2C4+F(L+21)

ALz=AL~1t.

L= -1

IF(LYI6s16,15
FPCIY=AK*{(HETA+1,/Co)*F (1 )=SQRTF(HETAS+ . Y*F(2))
ALFHAZAK/Z(FPUI)Y*G(IY=-F¢I)*GP( 1))
FPeI)=zALPHA*FPR (1)

Ll=LMAX+

Do 17 i=isL
FOL)=ALPHA®F (L)
AL=0.

Do I8 _=1,L1
AL=AL+1.

Ci3=HETA/AL+AL/(CH

C4=SURTF (AL**2+HETAS) /AL
FP(L+))SAaK*(La*F(L)=C3*F(I_+1))
G(L +1)=C3I*G(L)/Ca4-nP(ILY/(C4%AK)
GP(L+1)=AK*(CA*G(LY=-C3I*G(L+1))
WsaABSF((EP(L)AG(L)=-FILY*GP(L))/ZAK=-1.)
IF(w=,00Hi1)Yla, 8,20

CaONT INUE

GO o 2

GI=G3

NENES

[Fed=-2)6,21,21

RETURN

END

47|
472
473
474
475
476
477
478
479
440
48|
482
483
484
485
486
487
458
489
490
49|
492
493
494
495
496
497

ch



*TYPE(FORTRAN) 618

SURRBUTINE NEWMAT 619
DIMENSION  FOinU) , HEMATCI00,30),F1¢200), 620
IGRCO1UG,S0),GL (10,30, TURPCILOY,ILEBCIULY,FREZ2NUD 621
camman F : 622
EQUIVALE™NCE (F(43y,M), (F(44),NN),(F(49)Y,AL), 623
F(F(47), 1) (FAB), | CIstFCiP2261),HILMAT),(F(R2A1),n1R), 624
2(Fe9261),G1), (F(S5 111, TURY,(F(3611),ILAM),(F(I211),FR), 625
S(F(2311),F1) 626
NN=NN 627
N=n 628
AL=1L 629
IF  (AL) [ s f,2 630

| REWIND [ 631
LO=1 632
Gea T8 26 633

2 L0=2 634
S Do 4 1I=1,100 636
GR(I,J)=U. 638

4 GI(l, )=u. 639
D 5 I=i,10y 640
lup(l)=uU 641

5 ILAa(l)=U 642
G T8 (6,7),.1.0 643

6 GRM=FR(NW)*HLMATI(N, ) 644
GIM=FI(NN)*HLMATIN, |) 645

7 D8 8 I=1,I14U 646
Jli=d=1+]| 648
1S=J+] 649
GR(I,JI)=FROISY*HLMAT (T, J1) 650

8 GLe1,J1)sFICIS)Y*HLMAT(I,J1) 65|
0 14 1=i,11 652
Do | 3 JEi 1N 653
Jli=d-1+1I 654

IF (J1-50) lG,10,9 655

€n




22

23

LC=Jl

Go T@ 25

[S=J+]
GR(I,JID)=FRCIS)*HLMAT(I,J 1)
GICI,JIDsFICLIS)Y*HLMAT(I,U1)
IF (GR({I,Jl)-GRM) i, 18,18
IF (GICI,J1)=-61IM) (2,015,138
[up(l)=J

G8 T8 14

CONTINUE

CeNT INUE

D8 20 i=12,-N0

D@ 19 J=I,N

Jl=d=1+1

IF  (JI=30) 16516,15
LC=Jl

G8 TO 25

[S=]+J

GR(I, JII=FR(CIS)*HLMAT (1 ,J1)
GIeI,J 1= 1CLS)Y*ALMAT (T, U 1)
IF (GR(I,J1)=-GRM) 7,019,109
IF (GIC(I,J1)Y=-G1IM) 18, 19,19
IUP(I )=y

GO T6 20

ConNTINUE

CONT INUE

KO=IUPC1I}

DG 21 =1 ,sKy

ILacl)y=i

De 24 =2, N
Ki=TUP(I)=TUP(I=-1)

IF (K1) 24,724,722

K2=K0+|

K3=K{U+K I

De 23 JEZKZsKS

ILadur=1

656
657
658
659
6610
66|

662
663
664
665
666
667
668
669
670
671

672
673
674
675
676
677
678
679
6810
681

652
683
684
685
686
687
688
669
6%0
691

i



K0=K3
24 CONTINUE
LC=N
25 RETURN
END

692
693
694
695



*TYPE(FORTRAN)
SURRBUTINE
DIMENSTOn

JTFIHCIOE) ,PROIUM PYCI O, QROCIUD) , Q161 00), 1 3cCinn),
2QIUPCIOM)LGREITON, 3D, 610100,30),x(20M),vCeint),1ue25),

INTEGR
FO9265),UkCIDU)Y,ull00),FRIECINDY,

SID(25), VRSP LU, WwRSP(CI0G),

4FRHL CION),F
CoOMMAN F
EQItIVALENCE

FOFC43), N (FCON) s NT) S (FCIT7)sHMYL(F(B1),kSP),(F(40)Y,EK2),
2(F(52),UERR)(F(23Y,LERI) . (F(54),DERN),(F(55),T1AaF),
3(F(45);LC):(F(43||);UR))(F(44||))UI)J(F(37||);FRH),
A(F(SBII)LFIH),(FL3QT1),PRY,(F (401 1Y,PIY,(Frd1i1),QRE),
SCF(4211),Q018),(F(36l1),ILA)»(F(O261),GR),(FLQ241),0G1),
G F (351 1) TUR)L(FUISI),X), (FLOI)VE), (F(BI1),VRSP),

JEFe 1211 ,WR
B, (FCI5271),
Q(FtiIn671),su
ILi=1L+]
AL=1L
NzN
NI=0
Nil=N+I
NZ2=N+?2
N3=N+J3
N4g=N-
NS =N=-2
Ne=N=-3
H2=H**2
H3I=H2*H
IF (KSP)
i De 2 =1,
UR(I)=0.
2 Ulel)=10.
3 D@ 4 =1,
FREC(I)=0.

THCHIOY , UL e200) , W (2000

(FC4BY, TLID), (FCA9), ALY, (F(47),1L),

SPY.(F (a8 1 1), 111, {F(453Z8), M)
FHHL)»(F(|537‘))FIHL);(F(|547'),UL):
L):(F(61))I7)

|’|’3
100

Ty

6Y7
698
699
700
74
7u2
703
704
705
7u6
707
708
709
710
711
712
713
714
715
716
717
718
719
720
721
722
723
724
725
726
727
728
729
731
751
732

Al



40

41

42
43

e

i) 4I.4l3;4U

DU 7 l:')N

Ki=lLg(l)

DO 5 J=Kl,l

Jisl=-U+l

QRA(I)=QRB(II+GRUJ, J 1)
QIAa(I)=0I1BCTI)+GICd,J1)

K2=1uP(i}

Kli=1+1

D 6 J=K|[,K?

JizJd=-1+1

QRACII=QUHA(II+GRCTI,J 1)
QIAC)=UinrCI)+GIC(T,Jd1)
QGRA(I)=UrO( 1) *HS
QlaCl)=016([)*H3

G T 43

Do 42 [=1,N

QRe(I)=UL(2*]1)*H?
QIA(I)=wL(2*]) *H¢

LF (KSP) 8,8, i

Dﬂ 9 I:I)N
FRECI)=GROCII+H2Y(EKZ-ALY(AL+* )/ (X(1)**2)aVC(2%])
J+AL *VRSF (1))

FIR(I)=UIBCI)+H2*A *WRS2([)

Do (| 1Nt ,»NSE
FRHCI)=HZ*(EK2-AL*(AL+1.)/(A(TI)**2)y-yC(2*1Y)
G T8 | 4

Do |2 [=],N
FRECIDI=QRO(II+H2* (FK2-AL*(AL* 1)/ (X(1)**2)aVvC(2*])
F=Cal+),)*vRSHF(1))
FIRMCLI)=QI0(I)-H2*(AL+1,)*WRSP(I])
De IS L1=NIsN3

733
734
735
736
737
738
739
741
74|
742
743
744
745
744
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769

Ly




IS FRHCI)=HZ*(ERKz=-AL*(AL+1 )/ (XCI)**2) =y (2%]))

| 4

i 8
19
20

2|

22

IF  (17-1) 14, 19,19

URCT)=H**(TL+1)
UR(g)=(2.=FRH(CID))Y*URC(])
UT(2)==r1HCI)*UiR( )

D8 15 1=2,4

BlLA=2 .=+ RH(])

URCL+I)=BLA*UR(CII+FIHC(I) *UTCI)=-URC(I=-1)
UTCI+1) =l A*UICI)=FIR(I)*URCI)=UICTI=1)
De | 8 [=5, N2

B3Rz 12 .+FRH(L1+1)

BIR=Z24 .- 10, *FRH(])

BiT==1l*FIH(D)

BZ2r= 12, +FRH(I=-1)

CR=BIR*UK(I)=BIT*UT(])=-32R*UR(CI=1)+FIR(I-1v*1lCl-1)
Cl=b Il IT*UNCI)+BIR*UT () rFIH(I=1)*UR(]I=1)=42R*I1(]1~})

BINSRAR* *2+F [HUI+[)y**D

UR( I+ )s(CHR*BSR+, ] *F[H(I+1))/B3N
UI(TI+1)=(CT*BIR-UR*FIH(I+1))/R3N
DEsRNM= 1 HUUDLY,

URP=(UR(NS)=URINA)I+I, *(R(NDS)I=URIN2))I+45, *¢JR(M )Y
~UR(N4) )/ (60.*H)

UIP= (U (nS)-UTINA)+9. (U I(ND)=UIINZ2)Y)Y+45,*eUT (NI
~UT(N4)Y) )/ (BU, *H)

UZzUR(N) * #2401 (N)*»D
DERR=(URP*UR(N)+UIP*UT(N) )Y ZU2
DERI=(UIF*URIN)-URP®UTIN)I) /U2
PDERN=DFERR**2+JER] *»2

[F (ABSH ((DERN-JERNM)/DERN)-TIOF) 30,21,21
IF (NI=-¢9) 2e»e2,31

NI=NI+i

DERNM=NERN

D 25 1=zl,N

PR(I)=U.

Pl(l)=0.

Ki=ILOC(1l)

K3=]+|

770
771
772
773
774
77%
775
777
778
779
780
781
762
783
784
785
786
787
788
789
7910
791
792
793
794
795
796
797
798
799
800
841
802
803
804
805
gU6

8h



23

24

26

29

30

32

DO ) JZK |, ]

JI=zKS-J
PROIDI=PROIY+UROJsJII*UrU)=-GI(JIJIDY*UIT(J)
PICI)Y=PLICIY+ul(JsJ i) *UR D +ERJS I *UT(J)

Ke=1UP¢(!l)
Kl=it=1

Do 24 JTK3IH»K?
JI=zJ+K |

PROI)=PROI)+GROTL I *URCID)~GI(T,01)*U]ICd)
PICI)=PECIY+G (T i) *URCUI+GROL AU *ITCY)
PROI)=RS*PROL)-QGRICTII*URCII+GIBCIY*u1(T)
Plel)=H3*PI(L)-QlBCI)*uRCIY=ARB(IY*UI(T)
UR(Z2)=(2.=FRACI)I*IRCIY+PR( 1)

UI(2)==F IHCIDY*URCTY+FT (1)

DO 26 =254

BLA=Z2,=-F=H(])
UR(L+IIYSHLA*URCDI+FIHCII*UT (I ~UR(I=-1)+PR(T)
UL+ )=l AUl (D) =c IHOT) *URCLY-UI(I-1)+PTIC(Y)
De 29 15, N2

B3r=|2,+FRH(1+1)

BIrR=s24,=10,*tRH(L)

Blr=~=10.*FIH{I])

B2R={2.+rKRA(l=-1)
CR=BIR*URCTI)I-B1I*UI(1)=R32R*UR(I=1)+FIr(l=~1iY
*UTCL =1 ) =PR(TI+1)=Ir,*PR{[)~-PR(I-1)
Cl=B11*unCi)+8IR*UT(1)=FIHCI=|)*UR({]~1)-KZ2R
*UTCT =i ) =PI+ )= 0, *PI(1)-PI(I~1)
BINZSB3R**2+F IH(I+|)y**D
URCI+IDNS(CR*SIR+C]*F IH(TI+1)) /B3N
UL(Ll+1)=(Ul*BAFR-CR*FIH([+1))/B3N

GO T 20

LC=0

IF (KSP) 372,32,33

TUCTL Y =ivi

IDciLiy=u

GO T 54

807
808
809
810
81l
812
813
814
815
Blé6
8i7
818
819
820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835
836
837
838
839
841
841
842

64



33
34
31

IDCILEY=NI
RETURN
LC=!

Ge T6 34
END

843
844
845
846
847

0§



*TYPE

(FORTRAN)

SURRIAUT [ vk SUMATR

DIMENS I Own FC4700),FL(BA),FCP(D1),GC(51),
IGCRP(S1),5RU(Z5)sSRN((Z25Y,STU(25),SID(#5)
cemMaN b

EQIiIVALENCE (FOAaB8Y, LI (FUB )Y, KSFY,(F(52y,NERAY,
T(F(B3),UERT)S(F(402),5C),(F(485B),FCP), (F(B5N9)Y,n0),
2(F(560),6CP)(Flanpal),Sxt),(F(4586),81U),
J(F(4611),5RD), (FL436),31D)

ILi=ILl
SNR=FCPOILIY=FCCIL ) *DERR+GCOIL ) *DER]
SNI=GCPCILI)=FCCIL () *DERI-GCCIL 1) *DERR
SDR=FCCIL 1Y *UERR+GECIL I I*DRERI=-FCPCIL )
SDI=GCRCLLI)+FCCIL ) *DFERI-GCCILI) *DERK
SNMESPR**2+S0] **¢

SRRz (SNR*SOK+SN]*SNT) /SN
SRI=(SN]*SDR-SNK*SN]) /SN

IF (KSP) ls1,2

SRUCILI)=SRR

STuClIL1)=SR]

GO TO o

SRDCIL1)=SKR

SINCIL1)=5K1

RETURN

END

848
849
850
851
Bh2
B53
854
855
BS54
8o7
858
859
B60
861
862
8§63
864
§65
866
&§67
668
869
870
871
g72

16




*TYPE

52

100

01
102

(FORTRAN)

SUBROUTINE DERIVS

DIMENSION F(12265),SRU(25).S]U(25),SRD(25),
ISIN(25),FC(56),GC(51),URCID0),UICID0),IPACID),
2FRH(200), ARB(100),QI0C100Y,ILOACIDM),
SHLMAT(I1D00,30),IUP(100),FRR(200),PR(200),FINW(200),
4F ISR(200),FRA(200),FISA(200),FRV(200),FIDR¢2ND),
SFIDA(200),VCR(200),VSPR(ID0),»WSPR(I100),VSPACI0D),
6WSPAC(100),VSPV(100),DSRU(9,25),DS1U(9,25),DPSRD(9,25),

7DS1D(9,25)

COMMON F

EQUIVALENCE (F(44),NN),(F(43),N), (F(48),ILI1)stF(S51),KSP)-»(F(17)sH
1), (FCAL1)LEK)(F(20),ISP), (F(49),AL), (F(56),NV), (FCIu
21),VSPR)»(FCI31 1), WSPRYL(FCIII1),VSPA),(FLT411),WSPA), (F(911),VSPyY

3),(F(4661),DSRU), (F(A488B6),DSIU)»(F(5111),D8RD),(F(5336),DSID),(F(4
4561),SRU), (F(4586),SIUY» (F(4611),SRD),(F(4434),STD),(F(402),FC), (F
5(509),GC), (F(4311),UR),(F (441 1),UI),(F(I15281),1PA),(F(3711),FRH)»(
6F (171 1),FRV)S(F(4111),0R0),(F(4211),01m),(r(3611),ILB),(F(]2261)H
JLMAT), (F(351 1), IUPY, (FCI91I1),FRR),(F(3911),PR),(F(2511),FISR),(F(2
BlII),FRA)Y,(F(271 1) ,FISA) ,(F(291 1),FIDW),(F¢3111),FIDR)-(F(3311),F1
9DA)Y, (F(57),NDBS)Y,(F(15871),VCR)

IF (NDS) 51,511,582

NN=NN

NN=NN

N=N

ILir=IL|

IF (KSP) 100,100,101

SAuUR=SRUCIL )

seoul=siuCiLI)

GO T¢ 102

SOUR=SRDC(ILI)

Soul=siDCIL)

TARSFC(ILI)*(|,+SOUR)+SOUI*GC(ILI)

TAI=GCC(ILI)Y*(I.-SAUR)+SAUIFC(ILI)

URNSUR(N) * %2+ (N) »*2

CONR=(TAR*UR(N)+TAJ*UI(N))/URN

CONI=(TAI*UR(N)-TAR®UI(N))/URN

916
917
918
919
920
921
922
923
924
925
926
927
928
929
930
931
932
933
934
935
936
937
938
939
940
94|
942
943
G944
945
946
947
948
949
950
951
952

26



103

i04
10%

106
107

TAR=(-CONR*CONI *H) /EK

TAI=(CONR**2-CONI*#2) *H/ (2., *EK)

IfF (ISP) U3, 103,104
Tu=0.

GO 710 g7

IF (KSP) 05,105,106
TU=AL

G T8 a7

TUz=-CAL+1,)

D8 50 K=|,Ny
KIp=1PA(K)

IF (KIU"I) l)l!b

D@ 2 J=i s NN
FRU(J)=FRV(J)*, (04783258
bo 5 I=i,N

QrRacl)=U.

Wiatl)=u.

Ki=lLa([)

K3=1+1

D 3§ Jd=xi,l

Ji=K3-J

Kd=1+J
TUTR=FRH(KA) *HLMAT (J, J1
QRE(IN=URG(I)+TUTR*UK(J)
QIa(I)=01aCI)+TUIR=UI(J)
K2=1UP(I1)

Ki=1=-1

DB 4 J=K3,K?

Jl=d+K)

K4=J+]
TUTR=FRHKA)*HLMAT (1, 1)
QRACIY=WRGC L) +TUTR*UKR(J)
QIAC)=01aC[)+TUTR*UI(J)
QRA(1)=ARACT ) *H
QIe(l)=QIin(l)*AH

GB TAa 34

953
954
955
956
957
958
959
960
96 |
962
963
964
965
966
967
968
966
970
971
972
Y73
974
975
976
977
978
979
980
Q48|
982
983
94
985
986
987
988

134



1 6
|7
(8

IF (KlU=2) 7,7,9
D@ 8 J=1 5NN
FRHC(J)Y=FRR(J)
PR(J)=FISR(J)

G8 716 2
¥ (K10-8) 10,10,16
D@ b J=1, NN

FRH(J)Y=FRA(J)
PR(JI=FISAC(J)
D8 15 I=1,N

QRa(l)=0.
Qracly=0.
Ki=1L8(1)
K3=]+1

D8 13 JEK s |
JI=zK3~J
K4=1+J

TUTR=FRH(K4) *HLMAT¢J,J1)
TUTI=PR(KR4G)*HLMAT( J,J1)
QRE(I)=URB (1) +TUTR*UK(J)-TUTI*UI ()
QIACI)=QIB8CI)+TUTR=ULI(JI+TUTI*URC(U)

K2=1UP(I)
Ki=|~-]

D@ | 4 JEKS» K2
Ji=zJd+KI

Kd=J+]

TUTR=FRH(K4) *HLMAT¢1,J1)
TUTI=PR(K4)*HLMAT(T,U1)
QRA(I)=URO(I)+TUTR*UK(I)=-TUTI*UI (D)
QIACI)=QI0(I)+TUIR*UI (I +TUTI*UR( )
QRACI)=URG(]) *H

RQIe(1)=Qi8(1)*H

Ge TO o4

IF (Kli-4) 17,117,109

Dea | 8 J= 1, NN
PR(J)Y=FRV(J)*,N4783258

GO 78 28

989
990
9G |
992
9v 3
994
995
996
997
998
969
1000
P00
1002
1003
1004
1005
ianeé
1007
1608
1009
1610
1G1I
1012
013
1014
1015
1016
1017
1018
Fut9
020
21
1022
1023
fg24
1025

"G



9
20
21
27
23
74

25
26
27
2%

29

K3t

31

32

IF (k1u=H) ?2h,20,27-
DG 21 J= 1 » NN
PR(JI=FILW(JS) >, B47RIZSR
G& Tu ¢8

IF (<1U=-6) 23,23,25
D8 24 u=1,Nw
PR(J)=FTDOKR(Y)

GO T8 ¢

IF (K1U=7) 2h,r6,30
be 27 J= 0 NN
PR(JY=FIUACJ)

De 3 I=1,N

GrRECI) =4,
QIaciy=0.
Ki=1lLa(1)

K3z ]+|

Do 29 JEK 1l
Ji=sK3-J
K4=1(+)

TUTI=SPRORGY *HI_MAL (), J1)
QR (] )=UndC[)=-Ul )Y *TUTI
Q1A= C[)+uRCJY*TUTL

K2=1UPrCL)
Klzi-]

e S0 J=K S, K2
JI=zu+K|

Kd=1+)

TUTI=FROnG) " MAT (] ,01)
QRACT)Y=U~aC ) ~-TUT I *yl ()
GIACI)Y=Wi0Cl)+TUITT»UK(Y)
QRACTI=URO(]) *H
QIECI)=W18(])*H

GO T6 sS4
) 33 JEZ ], N
WRa(J)=zi,

Qln(yr=y.

1026
1027
ip28
1029
1030
1031
1032
ipd3
1034
1035
1Nn36
f0s7
IRE:
1039
1640
104
1042
043
144
1045
f046
1047
048
1049
iGs0
1031
1052
1053
1054
1055
1056
t057
iuss
059
1060

44



34
35
36

38
39

40

4|
4?2

43
44

45
a6

47

48

49

510
51

IF (KTU=1) 46,46,35

IF (K1u=2) $hs 36,30

Do $7 I=1,N

TUTKR==-VUR(2*1)+TU*ySPRI])

TUTI=TU*wWSPR(T)
QRA(CIY=URO(II+TUTR*UK(I)=-TUTI*dIC])
QIACI)=QIBCI)+TUIR*UI(II+TUTI®=URC(C])

G THA 46

IF (K1U-3)  89,359,4!

Da 40 I=1,N

TUTR=TU*VSPA(])

TUTI=TU*WSPAC(T)

QRA( ) =0REB(I)+TUTR=UK(T)=-TUTI*UI(])
GIACI)=WQ1O0CI)+TUIR=UI(1)+TUTI*URC(])

GO T8 46

IF (KIU-8) 46,42,44

Do 43 [=1,4N
QRACI)Y=TU*VSPV(I)*UR(I)*, 04783258+, 0111057
QIa(l)=Tu*VSPV(I?*nl([)Y*.n4783258*,011n57
GO T8 46

DB 45 L=4 N

QRACI ) ==t U*VSPV (L) #UT(T)*.N4783258*.0i11U57
QIm()=TU*VSPV(I)*IIR(I)Y*.N4783258* n|In57
TUTR=1.

TUuTl=0,

pe 47 I=1,N
TUTR=TUTH+OQROB(I)*Ur(I)=-JIaCI)*UIC(])
TUTI=TUTI+QROCLI)I*UT(TY+JIAC])*URC(])

IF (KSP) 4K ,48,40

DSRUCKTIH, IL1)=TAR*TUTR=-TA[*TUTI
DSTUCKIULILI)=TAR*TUTI+TAI*TUTR

G8 TO 92U

DSRU(CKTIU, ILLI)=TAR*TUTR-TAT*TUTI

DSTD(KIO, [Lt)=TARr*TUTI+TAI*TUTR

CONT INUE

RETURN

END

1062
1063
064
1065
RIE-Ye]
1067
1068
1069
t070
g7
1072
073
1074
1075
1076
077
1078
1079
1080
081
t682
83
084
1035
1086
87
1088
1089
1090
fggl
1692
1093
1094
1095
096
1097
1098

94



*TYPE(FBRTRAN) 873

SugrAUT [vE CLEAN 874
DIMENSTAON  SrD(29),SKUL25),81U(2%),81D(2%), 875
IDSRU(Y,29),USTN(Y,25),05RU(Y,25),DS1U(9,25), 876
2F(s400) 877
ComMAN  F 878
EQUIVALENCE  (F(48)y, TL 1), (F(20),ISP)Y, (F(51)Y,KSR),(F(47),1L), 879
FCFAS),LC) L, (F U199, TLM) L, (F (481 1)sSRNY L (FLASA1Y,SRIIY, 880
2(F(4586),STU), (FU4hr36),53ID)»(F(5111),DRRN),(F(5336),DSID), 88|
S(F(4h61),0SRU), (F(aBRAY,NSTU) 8a2
ILt=1Ld 883

IF ([1SP) fsl,3 884

I SRNCILI)=SRUCTL ) g8s
SInCIL)=sTUCIL ) 886
bDe 2 i=1,9 887
DSRUECI,ILI)=uUSRUCT,IL 1) 8&8

2 DSIDCI,ILi)=USTUCT,ILT) 8459
G T8 v 890

S IF (1L1r=14) 4,4,6 891
4 SRD(I1)y=srU(1) 892
SINCIN=S1UC1) * 893
be 5 [zi,9 894
DSROCT. 1) =DSKRUCT, 1Y 895

5 DSTIDCI, 1 )=NSLUCLs )Y 896
GO T8 14 8v7

6 IF (KSP) 7,7,8 898
7 KSp=| 899
LC=0 9u0
RETURN 90|

8 KSP=( 902
9 IF (ABSHF(SRD(CILI)Y=0.,999) 14,110,110 903
10 IF (AHSF(SRU(ILI)Y=0.999) 14,1 1,11 904
1 IF  C(ABRSF(SIDCILID)Y-0.M0D1) [2,12,14 905
2 1F (ABSH(SIUCILID)Y-0,001) 13,13,14 906
13 LC=1 907

RETURN 908

LS




| 4

IL=IL+]|

IF  CIL=-1LM) 16, 16,15
LC=2

RETURN

LC=~1

RETURN

END

909
9i0
911

912
913
914
915

8s



*TYPE(FORTRAN)
SURROUT I nE SIGMAS
DIMENST B84 F(s9i0y,CAS(25),SAN(25),PL(25),P| M(25),
ISIRL(251,SRUL2H)HLSTU2D),SRU25),SID(Z2%), Avac!ldly,
ZSIG(IHH),PH(lUﬂ):STG(’f'ﬂZ(lﬂﬂ)
COMMON
EQUIVALENCE  (FCI0),KM), (FU84), LM, (F (A7), 1) (F(D8),51GA),
[(F €40), ARSI, (F(39),ETA), (F(D9),STGE) . (F{AUY,SIATY, (F(4i),AK),
2(F (351),5IGU),(F(48561),3R1),(F(4586),8TU), (F(d4n11),SKrD),
I(F(83A} ST (FIBRAI),ANBI S (F(B6A1),ST1G),tF(5761),P0),
4(F(5861),516LAY)
KM=zKM
ILM=]L+1
Bl=1.
B2=0.
SlnAa=0,
De [=1,1Lm
SIGA=SIGA+RI* (1 . -SRUCTY**2-STUCl)**2)+R2*(1.~
ISRDCL)**2=-S1UC1)**D)
Bl=BIl+1i.
i B2=b2+1.
SInA=ST1GEAa*3] .41H5927/7AK¢
IF (FTA)Y ¢£,2,5
2 Bi=zl.
Be=0.
SIGE=4].
be 3 I=i,ILM
SIGE=SIGE+B I *( (1. =-QRU(CI)) **2+STU([)Y**2)+
IB2*( (), =SRDCI)Y**24+SIND(1)**2)
Bl=Bl+1t.
3 Bz=z=B2+1i.
SIGE=SILeE*31.415927/AKS
Bi=i.
Be=U.
SIisT=0n.
De 4 [=1,ILM

1099

{00
fud
G2
N3
04
Ub
ué
17
08
e
i 0
i
12
13
I 4
{5
16
17
18
|9
20
2|
22
23
24
25
26
27
28
29
30
131
|32
133
| 54

64




SIGT=S1GI+BI* (1 .~SRUCIII+RB2*(|.=SRN(I)
Bit=Bl+1t,

B2=BZ2+1.,

SIAT=SIGi*42.83]1854/AKS

DB 6 I=1,1LHM

CAS([)=CHSF(2.*SiGr(1))
SANCI)=SINF(z.*SiGr (1))

Blz2.,*AK
B2=2.*S1GCC1)
B3=zZ2.*ETA

D@ 12 Tz} ,KM
PLCIY=1.

PL(2)=COSFANG(L)*n,U174532925)
PLMC(I)=1.
PLM(2)Y=SINF(ANG(I)*0.0174532925)

Ci=3.

ce=1.

C3=2.

D 7 J=3,1LM
PLCJ)=(CH*PLI2)Y*PLtd-1)=C2*PL(J=2))/C3
PLM{UY=PL(2)*PLMCJ=1)+CS*PLM(2)*PL(J-1)
Ci=Cl+2.

C2=0L2+1.

C3=C3+1.

ci=0,

SUMAR=D.

Sumal=0.

SUMBR=0.,

SUMEBI=0,

be 8 Jd=it,I1LM

SRM=(CI+1 ) *SKU(J)+CI*SRI(S)=2.*CI=1|.,
SIM=(CI+1.,)*51UCJ)+CI*STUCL)
SUMAR=SIMAR+(SRM*SANCJY+STM*CASC(JIY*FPL(J)
SUMAT=SUMAT-(SRM*CAS(JY-STIM*SANC(I))Y*PL(J)
SRM=SRU(U)-SKD(J)

SIM=STuyCJ)=-S1Dcy)

135
136
1o7
158
189
140
14|
(42
143
144
|45
|40
147
{48
149
150
151
[92
153
154
195
156
157
i58
159
160
161
162
In3
164
6%
|66
i 67
68
i 69
I 70

09



SUMBR=SUMBR+(SRM*SAN(JI+SIM*CAS(J))*PLM(J)
SUMBI=SUMBI=(SKRM*CAS(UY-SIM*SANCYIY*PLM(Y)
Ci=Cli+1.

FCr=0.

FCi=0,

IF (ETA) 9,10,9
CI=SINFCANG(1I)*U.0NB7266463)
C2=B2-RS*LOGF (1)

FCR=-ETA*CASF(C2)/(C1**2)
FCI=-ETA*SINF(C2V/¢C 1 **2)

SUMAR=SUMAR+FCR

SUMAL=SUMAT+F

SIGEI)=(SUMAR**2+SIIMA] **/+SUMBR**2+SUUMR] **2) % |11,
/(R1**2)
PB(I)=20,*(SUMA]*SUMBR-3UMB] *SUMAR)Y /7 (SIG(]v*
(Bi**2))

IF (ETA) 1, 12,11
SIGCOUCII=SIGEII*(RI**2)* [ /(FCR**24+F(C1**2)
CONTINUE

RETURN

END

171
172
173
t74
E75
t76
t77
178
179
i 80
81
182
183
|84
185
186
187
-]
189
90
191

9



*TYPE(FORTRAN)
SURRAUTINE PRSIHM

DIMENSION  F(5865) . ANG(IU0),SIGLION)..FPaCIOn),ID(25),1u(25),
ISIGCCI0N),SRU(25),R1U€(2%),SRD(25),810(25)Y,NSRULS,25),

2DSTU(9,22),D0RN(Y,25),N51IN(9,25)
CoOMMOBN  F

EQUIVALENCE (F(39Y,ETA),(FLAD),STIET), (F(59),S1GF),(F(98),81GA),
FAF(30),KM) , (F(34), M), (F(62),IFPR),(F(5561),ANG),(F(5661),S1G),
2(F(B761),P0), (F(OB&I),S1GCY (F(4561),8FR1), tF(456AK),81U),
3(F(4611),SRUI, (FL4A3A),SIDI»(F(4661),DSRU), (FL4886),DS1U),
A(F(51i1),DSRDY, (P (5336),0S8TD),(F (451 1), 1), (F(4536),1D)

IF  (ETA) lsls 1D
i D@ 2 I=1,KM
2 SIgC(l)=i,

G T8 o
15 SIgT=0.
SIGE=0.
3 WRITE @UIPUT TAPE 9,4,51GA,SIGE,SIGT
4 FORMAT (Il eHD RESUHLTS/Z19HN SIG.REACTIEON =,

IOPEI4,6,5%X, | 3HSIGL,FLASTIN =,0PEI4,6,5X,
2IIHSIG.TETAL =,0PE14,6/45X,9HS MATRI X/
36X,oHTHETA,B8X,5HSIRE., UX,4HPOL.,9X,BHSTIG/SIGE,
4|lY;IHL;4X,$HSP+;6¥.£H?I+.4X,?HIT.6X,3USR~.6Y;
53H91°,4X,2H11)
Ix=0
De 5 [=1,LM
WRITE AUTPUYT TAPE 9,6,ANG(T),SIGCIY,PB(l),si5Ct1y,
PIX,SRUCEI,SIUCTI)»T0CI),SrDCD),SIDCT)Y, INCT)
5 IXz=]Xa+1
6 FORMATI(OX,0PFA,.2,4Y,0PFi12,.4,4X,0PEF12.4,4%,nPC|2,4,

19X, 12,2X,0PF7.4,2X,0PF7.4,2X,12,4X,0FF7.4,2X,4PF7,4,

22%,12)
IX=1IX+1
be 7 [=1X,KM
7 WRITE @UTRUT TAPE 9,8,ANG(T),SIGCIY,PE(])Y,RIGCC]Y

192
1193
194
95
196
1197
ti198
i 199
f2un
1201
1202
1213
1204
1205
1206
ten?
i2u8
l2u9
1210
teld
1212
1213
1214
1215
1216
1217
1218
f219
1220
1221
1222
1223
1224
1225
1226

29



FARMAT(SX,NPFA.2:4Y, P12 .4,4X,0PEI2.4,4%X,RPE12,4)

IF ([PH"!) I3,‘7,9

WRTITE 6UIPUT TAPE o, 11

I FORMATCIHI,SUX,

P41 HUERIVATIVES OF QCATTERING MATRIX ELEMENTS/
27X.IHL,(JX,?HU'§.-|“X.2HQ§,Iﬂx;?,HAS:'UX;?HNS;IUY;?HND’
SIUY)ZHR‘L):'ﬂx;?HAgJ;!UXDQSP{I,ISPng:\sHNSP)

IX=0N

Dg 12 i=l,lm

WRITE AUTPUT TAPE 9,1 1,1X,(DSRUCU,I),u=1,9),
F(DSTUCUT 1Y ul =159y, (DSRD(U2,1)sd2=21,9),
Q(D.‘:IH(J\SJ1)1J~:‘=|:9)

b FGQMAT(OP‘U SH+ JIxS,g(Dp&l7a\s’/ZXp7HSI* f]
I9(NPEI2.5)/2X,.7HSR- y I (NPEI2.3)/2X,7HS ] - s
29(NFEIZ.9))

f2 IX=1X+|

i3 RETURN

END

1227
1228
1229
1230
1231
232
1233
1234
1235
1236
1237
1238
1239
1240
t241
1242
1243
1244
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SEARCH NON-LOCAL

TEST CASE FOR IBM-7090

64

OPTICAL POTENTIAL

PARAMETERS

EXPERIMENTAL THEOREVICAL

ELAB # u4.100 # 71.000
MT ¥ 56.000 # -0.

T # "Do # loZZD
MI # 1.000 # 0.650
ZI # —D.

RESULTS

SIG.REACTION #

THETA
D.

5.00
10.00
15.00
20.00
25.00
30.00
35.00
40.00
45.00
50.00
55.00
60.00
65.00
70.00
75.00
80.00
85.00
90.00
95.00
130.00
1035.00
110.00
115.00
120.00
125.00
130.00
135.00
140.00
145.00
150.00
155.00
160.00
165.00
170.00
175.00
180.00

SIGE.
0.1 740E
C.1706E
0.1639E
0.1458E
D.126TE
O.1054E
0.8373E
0.6315E
O.uu489E
0.2972E
D.179TE
0.9581E
0.4220E
0.1358E
0.3970E
0.7396E
0. 1849E
0.3278¢
0.4682E
D.58I7TE
0.6534E
B.6765E
0.651TE
0.5854E
0.4890E
D.3768E
D.26U5E
O0.1672E
0.973U4E
D.6164E
D.6284E
0.9634E
0.1525E
0.2180E
0.278L4E
0.3206E
0.3357E

U.157058E Ou

ou
Ou
Ou
Ou
Ou
Ou
03
03
03
03
03
02
02
02
0l
01
D2
02
02
02
02
02
02
02
02
02
02
02
ol
ol
0l
04
D2
02
02
02
02

POL.
U.
D.2637E-02
O.4911E-02
D.642DE-02
0.6683E~02
0.5075€e-02
G.7307E-03
-0.7619E-D2
-0.2196E-01
~0.4561E-D1I
-0.8463E~-01
-0.1513€E-00
-0.2730€E-0G0
-0.4958E-00
-0.2167€E-00
0.7078€E OO
8.5770€e 0O
O.u4472€-00
G.355u4€E-00
0.2806E-00
0.2104E-D0
D.1375e-00
0.5636E-D1
-0.3798E-01
-0.1510€-00
-0.2886E-00
~-0.45u48E-00
-0.6336E 0O
-0.7024€ 00
~-D.2332E-00
0.7039E OO0
0.9861E 00
0.8296€ 0O
0.6022€ 00
0.3869€E-00
0.1888E-00
0.6393E-07

SIG.ELASTIC #

WD # 15.000
RD # 1.220
AD # 0.u70

0.207966E Ou

SIG/SIGC
DO
D.
C.
U.
0.
D.
D‘
0.
D.
D.
0.
D.
D.
U.
D.
D.
D.
Ue
D.
O.
O.
0.
a.
D.
D.
D.
D.
D.
D.
D.
D.
g.
B.
D.
D.
0.
D‘



65

TEST CASE FOR IBM-7090 (CONTINUED)

NUMERICAL
use # 1300.00 H # 0.150
HSP # -0. HC # DOIDD
BETA # 0.85 LM # 20

SIG.TOTAL # 0.36502u4E Ou

IT

- S MATRIX
L SR+ SI+ IT SR- SI-
0 0.2740 -0.1583 6 0.2740 -D.1583
* i =-0.20011 -0.6271 5 -0.3219 -0.5925
2 0.0039 -0.u4952 6 -0.0053 -0.2687
3 0.7897 0.1612 4 0.89u8 0.0196
4 0.9694 -0.00u8 4 0.9492 0.0038
5 0.9957 0.00u49 4 0.998u4 0.0026
6 0.9999 0.0003 4 0.9999 0.0001

WEULVOOUVO
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TEST CASE FOR CDC-1604

SEARCH NON-LBCAILL BPTICAL PATENTIAL

PARAMETERS
EXPFRIMENTAL THEARFETICAL
ELAR = 4.1018 s = 71.0086
MT = 56.000 WS = .000 WD = 15.000
Z7 z L0010 RS = |.220 RD =z {220
M1 = | 000 AS = 650 AD = .470
Z1 = .agao
RESIILTS
SIg . KFArTIPAN = | .560142F IN3 SIG.ELASTIC = 2.08|708E 003
THFETA SIGE., FOL. SIG/SIGC
.00 I.7415F nn3g LNN0B0E 00N .00n0+ NnooO
5.00 1 .7079E DpOS 2.6111E-003 .p0o00e 000
in. 00 .61 04E nN3 4.8573F-003 L00Nn0F 000
js_ U0 I .45%90E 03 6.3370E-003 .00n0= 0oo0
20 100 | .2682F NS 6.5670E-003 .N0NngF 00O
25 . U0 | .0554F n0od 4.9215%E-003 .00n0= 00O
3n.un R.9823F nl¢ 5.3469F-004 .,00n0= NOO
35.00 A.3218E 02 -7.8648E-003 .0000e 00O
4n Q0 4,4936F 0?7 -2.2263E-002 .00n0F 0O0C
4 0D 2.9747E 2 -4.,5988E-0MN72 .0000F 0OD
5n.00 | .7982F nN?2 -8.5118F=-007 .N0NNe 0010
55.00 9.5863E nii -1.5197e-001 .0000F 000
6n 00 4,72179F nnl -2.7416E~-001 .n0noF nno
65.00 I «3535E o0/ -4.9876E-001 .0000e Qo0
7n.00 3.9236F 0l -2.1806E-0CD1I .n0noF 000
76,010 7.3713E notb 7.1254E-0DN1 .0000= NQOO
8n .01 I .8495F nNi 5.7799E-001 .00N0F 000
8s5.00 3.2818E nol 4.4734E-001 .00Nn0OF 00O
9n.0N 4,6883F nnt 3.5523E-0N1 .N0NNE 00O
9s5.00 5.8254E 0! 2.8025E-00 .0000€e 0CQ
{On. 0N 6.5499F nn| 2.0998E-00n1 .00NDF N00
igs.0n $.7743F rQ0| | +3698E-001 .00n0F 000
{1n.00 £.92%1F nni 5.5782F-002 .00Nn0OF 000
115.00 5.8611E ni| -3.8626E~-002 .00Nn0F NOD
jen.,0n 4.8952F nny -1 .5170E=-001 .0000F DOD
12s. b 3.7714E 0| -2.8950E-00 1 .0000c 0040
13n.0N 2.6474F N -4.5603E-001 .0000= NoO0
(35 .00 f.6730E nOI -6.3565E-001 .0000F 000
[4n 00 9.7040FE nnu -7.0620E-001 .00N0F 00O
14 00 6.1544F N0 -2.3916FE-001 .nanpE nno
i5n_ 0N 66,2690 nnh 7.0049E~-001 .00n0F 000
155,00 9.6139E nQb 9.8514F=-001 .00n0e noo
t6n . 00 I .5226FE 110l 8.2922E-001 .N0no0r 00O
(68 .00 2.1774E 00l 6.0i98F-001 .0000= NOO
|70 .00 2.78N8F nnl 3.8674FE~001 LA0N0F 00D
175 .00 3.2030E rnl I «8871E-001 .000n0F 00O
(8p. GN 3.3543F i)} 7.8020F-0009 LN0N0F 000
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TEST CASE FOR CDC-1604 (CONTINUED)

NUMERICAI
Usk = 1300.00 H = . 151
WSP = .00 HC = .1 0n
BFTA = .85 LM = 20
SIG.TOTAL = 3.650851¢ N03
S MATRIX
L SR+ Si+ IT SR~ SI- IT
i 0 2744 ~.1584 6 .2744 ~. 1984 0
| -.2U26 -.6268 5 -.37233 -.5Y20 5
2 L0037 -.4962 3 -.Ni'54 -.2693 6
i 3 L7907 L1603 4 L8950 U187 6
4 .9694 -.0050 4 9493 LUU36 5
5 . 995/ .0049 4 .9GR4 .0ups 4
6 .9v99 .0003 4 .99969 .Uy 4
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