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Abstract

The Karlsruhe code MODINA (KfK 3063, published November 1980)

has been extended in particular with respect to new approxima

tions in the folding models and to the calculation of errors

in the Fourier-Bessel potentials. The corresponding subroutines

replacing previous ones are compiled in this first supplement.

The listings of the fit-routine-package FITEX missing in the

first publication of MODINA are also included now.

Der Karlsruher Code MODINA zur modellunabhängigen Analyse der ela

stischen Streuung spinloser Teilchen mit dem optischen Modell

1. Supplement

Der Karlsruher Code MODINA (erstmals pUbliziert im November 1980,

KfK 3063) wurde im Hinblick auf neue Näherungen in den Faltungs

modellen und hinsichtlich der Fehlerrechnungen in den Fourier

Bessel-Potentialen erweitert. Die entsprechenden Subroutinen sind

in diesem ersten Supplement zusammengestellt.

Die Listen des Fit-Routine-Paketes FITEX, die in der ersten Publi

kation von MODINA fehlten, sind ebenfalls aUfgeführt.
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1. Introduction

In the present first supplement to the program description of

the code MODINA [1] new options and models are introduced and

the corresponding FORTRAN-listings are compiled. Since there is

no general change in the structure of the input and in the

output of the code only the few changes in the handling of the

program are explained in the following. Hence, the present re

port has to be used in close connection with KfK 3063 to the

pages .of which is directly referred.

2. to 4. as in the first edition

5. Input Description

5.1.2.1 Options

JCARD 2 [ (FORMAT 815)

further cornrnents on page

FOLDED COULOMB POTENTIAL 1 22 1
st edition

REAL POTENTIAL 4 19 " "
TARGET DENSITY (FOLDING) 0 26 " "
lMAGINARY POTENTIAL 1 19 " "
CONSERVE VOLUME-INTEGRAL 0 21 " "
RELATIVISTIC KINEMATICS 0

NORMALIZATION VEFF (FOLDING) 0 3 1st suppl.

CONSTRAINTS 0 3+5 " "

5.4. Folding Models

Systematic studies [2] of different forms of a ~ocal Qensity

~pproximation (LDA) in density dependent aN-interactions showed

that the previously used form (eq. 5.4.2) is not the best choice.

Therefore, eq. 5.4.2 should be replaced by the following ex-



-2-

pression

rev. (5. 4 . 2) + 1+ +VpN(r) = -A • f( r-r'l) •

2/3 + 2/3 +
{[ 1-my p (r ' )] • [ 1- ( 1-m)y p (r) ]}m m

where the term in the curly brackets considers the new form

("mixed") of the LDA [2].

5.4. 1 Effective interaction

The analytic integration of eq. 5.4.1 is no longer used. For any

formfactor fex) (which may be defined by the user in SUBROUTINE

FXV) a numerical integration is furtheron used. Therefore, the

folding model blocks POGA, POGAFB, POAR, and POARFB may be re

placed by theblocks POGYNA and POGYNAFB, where the latter is

valid for the Fourier-Bessel option (FB) in the densities (see

below) .

The form factor fex) (eq. 5.4.3) of the effective interaction

coded now in POGYNA and POGYNAFB is a Gaussian plus Yukawa

interaction [3].

rev. (5.4.3)

The corresponding subroutines are contained in the module

POGYNA which has to be included in front of MODINA. The options

for this folding models are

_INCLUDE_L~AD(POGYNA)

REAL POTENTIAL

TARGET DENSITY (FOLDING)

IMAGINARY POTENTIAL

= 7
= 1

= 1

OR

OR

2

2

(see 5.4.2)

(see 5.3.1)

The number of parameters for POGYNA is NP = 28
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The parameters of the interaction are

P (4) = A = 1.

P(5) = aG = 2.009 fm

P (6) = Y = 1.645 fm'

P ( 14 ) = VG = 20.6 MeV

P ( 15) = m = 0.2

P ( 18) = Rv = 8.0 fm Cut-off radius of fex)

P ( 19) = Vy = 111. MeV

P(20) = a y = 0.85 fm

P (21 ) = R = 10 fm Cut-off radius of densities
p

The given values are suitable for elastic a-particle scattering

from medium weight nuclei at E = 104 MeV [2,3].a

When using the folding model POGYNA the parameters of the form

factor in most cases may not be varied during the fit. Hence,

fIx) is usually computed only once at the beginning of the job,

in order to save computing time. If one, however, wishes to vary

parameters of fex) this may be switched on by setting option

(CARD 2, see above)

NORMALIZATION VEFF (FOLDING) = 1

(otherwise 0)

There may be also some reasons [2] to couple the parameters y and

m (eq. 5.4.2) during the fit according to the equation

rev. (5.4.2c) y = a + a • m1 2

This can be achieved by setting option (CARD 2, see above)

CONSTRAINTS = 1

with the additional use of parameters

P ( 16)

P (17)

=

=



5.4.2.2
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Fourier-Bessel series

In the folding models the density distributions p or p may alsom n
be parametrized in a less model dependent way by use of a Fourier-

Bessel-series added to one of the functional formsF-3, G-3

(5.4.8)
N'

Pm,n (r) = (F-3;G-3) + I: ß j (~)
v= 1 v 0 RCTF

This model independent description (including also the FB option

for the imaginary potential, (see sect. 5.3.1.2) is coded in the

L~AD-module POGYNAFB which is called with the options

INCLUDE_L~AD(POGYNAFB)

REAL POTENTIAL = 8

The total nurnber of parameters of these model is NP = 49. The

meaning of the parameters P(l) to P(12) is the same as for

POGYNA except of P(4) (see below). The FB-density cut-off radius

and coefficients are stored at the same places as the corres

ponding real FB-potential values.

P(4) = VG
P (13 ) = RCTF
P ( 14 ) to P(28) = ß ,v = 1 , 15v
P(29) = R (Imaginary see sec t . 5 . 3 . 1 . 2

cl
Potential) ,

P(30)to P (37) = ci J i = 1 ,8 see sect.5.3.1.2

P(38) = m see sect.5.4.1

P(39) = R " " 5.4 . 1
v

P (40) = Vy " " 5.4 . 1

P (41 ) = a y " " 5.4. 1

P(42) = R " " 5.4 .7

P (43) = / /A1/3 " " 5.4.6 + 5.4.8
m,n

P(44) = a " " 5.4.6 + 5.4.8m,n
P(45) = w " " 5.4.6 + 5.4.8

P(46)
m,n 1/ 3 " " 5.4.6 + 5.4.8= Cp/A

P (47) = a " " 5.4 .6 + 5.4.8
P

P(48) = w " " 5.4.6 + 5.4.8
P
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In the standard POGYNAFB module the functional form to which

the FB-series is added is a 3-parameter Fermi form (eqs. 5.4.6 and

5.4.8). When wishing to select a G-3 distribution in eq. 5.4.8

an additional L~AD-module named DEG3FB has to be included in front

of POGYNAFB.

Parameters of f(x) may not be varied in this form of the folding

model.

The option CONSTRAINT (see above) has another meaning in POGYNAFB

than in POGYNA. It may here be used to suppress negative reqions

in the densities which sometimes occur in FB-analyses [31 in the

following way:

if CONSTRAINT = 1 the factor

is multiplied to the value of X2 (eq. 3.2) during the fit, where

A is the mass number of the target nucleus. This means that the

value of X2 is doubled if a negative density of unit

1 occurs [31.

Input examples for two typical folding model cases are given in

table 4a and 4b.
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Table 4a

Input example for POGYNA

oo

.005

20.00
20. i'
\0 •
.001

1

1.893E+04
5.133E+03
2.39:>1'+03
1.06'1E+03
2. 366E+'1;:>
5.190E+01
5.639E+01
9.775E+Ol
1.49<) E+0 I
2.027,,+01
5.7!'-1E+1)1
7.580F+01
4.36 9 UO'

.005

1.645
O•
• "l5
-.166

21

1.243E+05
4.960E+04
1.916E+04
5.789E+03
1.160F+03
6.467E+02
7.67IE+02
1.528E+03
1.357F+03
1.248F+03
1.002!:"O?

104.

2.009
1.
1 1 1•
.512188

.005

o
o

o
o

1.
1•
8.
1.1134

.005

o
o

ON 40-CA
20.

-10

o
o

1
1

//IAK623FO JOB 10623,145,POCIAI,GltS,REGION:800~,TIME:3

// EXEC FHtG,LIB:ZYK
//t.SYSPRINT 00 DU~~Y

//L.SYSIN 00 *
INClUOE LOADIPOGYNAI
INCLUDE LOA~I~CDINAI

ENTRY MAIN
//G.SYSIN 00 *

1 I 0
1 7 2
o 0 0

104 MEV AlPHA-PARTIClES
4.0026 39.96259 2.

1500 6~ 74 2 100
;> 28 17P:9.4,lX I)

+ 15. 1. 34 4 O.
+1.625 .640 O.
• 20 O. 1.1199
1.070 .49 O.

2 6 17IF9.4,IXII
+10. .2 .005

1 5 122131
7 8 9 22 23

2 420 11210PFlO.3,IP2EIO.311)
3.187 2.335E+05 ?627E+04 3.738
4.289 7.599E+04 8.889E+03 4.8~9

5.422 3.213E+04 3.677E+03 5.954
6.615 1.144E+04 1.466E+03 7.166
7. 7 17 2.59BF+03 5.592E+02 8.268
8.323 8.623E+02 9.646E+OI 8.599
8.874 6.054E+02 2.511E+Ol 9.425
9.976 1.169E+03 1.12IE+02 10.251

10.526 1.399E+03 3.521F+Ol 10.802
11.077 1.386E+O~ 2.008E+OI 11.627
11.903 1.223E+03 4.939F+01 12.178
12.45~ 9.3QIE+02 6.027E+Ol 12.7287.019F+02
13.278 4.182E+02 5.610E+01 13.554 2.802E+02

1. U17F-"3
7.579E-04
5.09;>E-04
2.445E-04
9.32QE-05
".150E-1)5

2. 133E-02
1.255E-02
5.092E-03
2.269E-03
4.917E-04
9.449E-05

81. 503
86.606
91.665
96.679

106.573
116.29 I

-.161

I 171F9.4,\X)1

7~.935 3.440E-02 1.729E-03
Q4.060 1.441E-02 8.365E-04
e9.141 6.961E-03 4.837E-04
94.177 2.811E-03 3.IBOE-04

101.648 9.332E-04 2.80PE-04
108.530 2.655E-04 5.769F-05

2 2 17IF9.4,lXII
1.3227

4 171F9. 4, IX))
3.766 .586

1110131

2
+l O. ,

20
2

+.05
//

+5.



-7-

Table 4b

Input example for POGYNAFB

I 1100 10011

1.645
6.5

2o

2.009
I.

104.

o
1

o
o

20.6
1.

o
o

CN 40-0
20.

-10

o
o

I
1

IIIAK6?340 JOß [0623,145,POCIAI,GllS,REGION=ROOK,TIME=10
11 EXEC FHlG,lIB=IYK
Ill.SYSPRINT 00 OUMMY
IIl. SYSIN 00 «

INClUOE LOAOIPOGYNAFBI
INClUOE lOAOIMOOINAI
ENTRY "!AIN

IIG.FT07FOOl 00 OSN=IAK621.CA400.0ATA,0ISP=MOO
IIG.FTOBFOOl 00 OSN=IAK623.CA40"!.OATA,OISP=MOD
IIG.SYSIN 00 «

1 I 0
182
o 0 0

104 "!EV AlPHA-PARTIClES
4.0026 39.96259 2.

1500 60 74 2 100
2 4917IF9.5,lXII

15. 1.34 40.
1.618 .643 O.

25 26 27 28

1.243~+05 I.A93E+04
4.960E+04 5.133E+03
1.916E+04 2.392E+P3

.002

.002

111 •
.512188

.002

.002

.85
-.166

.002

.002

• 20 11.
1.05722 .493642 O. 1.1134

2 1117IF9.4,lXI!
+10. .2 .005 .005
+.002 .002 .002 .002

I 10 122131
7 8 9 15 16 17 IR 19 20 21 22 23 24

2 420 (12(OPFIO.3,lP2EI0.3111
3.187 2.335E+05 2.627E+04 3.738
4.289 7.599E+04 8.889E+03 4.859
5.422 3.213E~04 3.677E+03 5.954
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'Program Listings



MODINA

MAIN, page 65

ISN 0002
I<;N 0003
1SN 1)004
ISN 0005
1SN 0006
ISN 0007
1SIII 0008
1SN 0009
I<;N 0010
ISN 0011
ISN 0012
ISN 0013
1S"J 0014
1SN 0015
ISN 0016

C-----H,~!JPTPROGR~MM ZUR ANALYSE VON ELASTISCHER STREUU~G

C-----OIE GENERELLE AR~EITSROUTINE HEISST "SCAMPO"
REIIL*'l TAG,UHR
cn"MON /CZF /Trr)
T10=ZE1TIO.1
rAI.L OATUM (TAG,UHR)
WR1TE 16,60001 TAG,UHR

6010 FORMAT I' START OF THE JO!'. : ',A'l,2X,A!'!,' H.MIN.SEC'l
eALL se TRlA
CAlL SCAM:>O
CALL DATUM (TAG,UHB)
WRITE 16.6001) TAG.UHR

6001 FOfH1AT (///, EIliD OF THE JOA : ',A8,2X,A8,' H.MIN.SEC')
WRITE (6,6002)

6012 FORMAT (///' MODINA, REV.4, NOVEMBER 1983'1
STOP
FND I

CD

I

MODINA

OPTION, page 66

ISN 0002

ISN 0003
ISN 0004
ISN 0005

ISN 0006
ISN 0007

SUßROUTlNE OPTION
C-----LESEN DER OPTIONEN ZUR STEUERUNG VON POTFIT
C KE(42): MEHRFACH-OPTIONEN

CQMMON /INPT/KEI421.WIIIOOOI.INI1001
READ 15.50011 KE

5001 FOR~AT 114151
C-----AUSDRUCK DER OPTIO~EN

WRITE 16,60011 IKE(I'.I=l,101
6001 FORMAT 1//1/1//' NUMBER OF INDEPENDENT CAlCUlATlONS '.12/

1 ' CM-DATA ',12/
2 ' GRlD CALCUlATIONS '.121
3 ' PRINT INPUT '.121
4 ' PRlNT CPU-TIME '.12/
5 ' PRINT CROSS SECTIONS '.12/



I SN 0008
IC)N 0009

ISN 0010
I SN 0011

ISN 0012
I SN 0013
ISN 0014
ISN 0015

ISN 0016
ISN 0017

6 ' PRINT CROSS SECTIONS/RUTHERFORD
7 ' PRINT SCATTERING A~PLITUOES

8 ' PRINT POTENTIALS
q , PRINT POTENTIAL MOMENTS

WRITE 16,600Z1 IKEIII,I=11,191
600Z FOR"'<\ Tl

1 ' PRINT OENSITIES
Z ' PRINT OENSITY MOMENTS
3 ' PUNCH POTENTIALS OR OENSITIES '
4 ' PUNCH MOMENTS '
5 ' FOLDED COULOM8 POTENTIAL
6 ' RE<\L POTENTIAL
7 ' TARGET DENSITY IFOLOINGI
8 ' IMAGINARY POTENTIAL
9 ' CONSERVE VOLUME-INTEGRAL

WRITE 16,60051 IKE(II,I=ZO,2Z1
6005 FDRJ'IIn 1

1 ' RELATIVISTIC KINEMATICS
Z ' NORMALIZATION VEFFIFOLDINGI
3 ' CO"lSTRAINTS

WRITE 16,60041
6004 FORMAT (I' KEIZ3-Z81 : FREE'/)

WRTTE 16,60031 (KE(IJ,I=29,3Z)
6003 FORMAT 1 ' PLOTTER TYPE

1 ' PLOT CROSS SECTIDNS
2 ' PLOT CS/RUTHERFORD
3 ' PUNCH THEORETICAL CROSS/SECTI0NS
6 ' KE133-4Z1 : FREE ' )

1000 RETURN
END

',121
, ,I ZI
',IZI
, , IZ J

',IZI
',121
,[41
,141/

',121
',IZI
, , I ZI
',IZI
, , I Z 1

',IZI
',IZI
, , 12 1

',IZI
" J ZI
, ,r 21

'. 121

o

I

---~_._---------------~-~---------------



MODINA

VA02M, page 76

I SN 0002
ISN 0003
ISN 0004
ISN 0005
ISN 0006
ISN 0007
ISN 0008
ISN 0009
ISN 0010 100
ISN 0011
ISN 0012
ISN 0013
ISN 0014
ISN 0015
ISN 0016
!SN 0017
ISN 0018
ISN 0019
ISN 0020
ISN 0021
ISN 0022

,
2

ISN 0023
ISN 0024
ISN 0025 22
1SN 0026
ISN 0027
ISN 0028 600
ISN 0029 21
ISN 0030
ISN 0031 3
I <;N 0032
IS"l 0034
I SN 0035
1SN 0036
ISN 0039
I<;!11 0040
ISN 0041
ISN 0042
ISN 0043

SU8ROUTINE VA02MIM,N,F,X,E,ES,IpD,MC,W,DI
IMPI_ICIT REAl*A lA-H,O-11
REAl*4 F413001.X41301.E41301.W41210001.WIII0001
OlMENSION WI2I,XI301.F{300I,IWI301.P(2),E(301
COMMON IINpT/KDI421.WI.INI1001
00 100 l=l,"l
X4 I Il ~ XI 1 I
E4fI)=ElIl
C'1NTI"IUE
KE=O
IP=IA~SI I PPI
W41~ I=ES
H4121=0.
W4(3)=0.
11(3)=0.
IW[ 11="1+1
IWI21=MC
IW131~1

IW 141=0
Np=O
W4[41=0.
CALl (ALFUNIM,N.F.X.DI
IF IM) 22,22,21
IWI21=IW(31
WPITE 16.6001 IWI31
M=-M
FORMAT 1/' CPU-TIME EXCEEOED AFTER ',13,' CALLS OF CALFUN'/I
DO "3 1=1."1
F4 I 1 ) =F ( 1I
w4141=W4141+FIII*FIII
IF IKOI221.ED.l) (ALL CONSTRlM.N,F,X,P,W41
\/(4)=1014141
WI 31 =W4 (3 I
IF IlwI31.N':.Np.AND.IWI31.NE.l.AND.IP.NE.1I GO TO 4
IF IKOI51.EQ.l) (ALL HORA
WRITEI6t601 IW!3),W(41,IWI4) ,<1131
\-IR ITE16.611 lXI Il,I=l.NI
NP=NP+IP
IFIIPP.LE.OI GO TO 4

~



ISN 0045
I S"J 0046
ISN 0047
ISI\I a04R
ISN 0049
ISN 0050
ISN 0051
I SN 0053
[SN 0054
ISN 0055
[SN 0056
ISN 0058
ISN 0059
ISI\I 0061
I SN 0062
ISN 0063
I SN 0·064
ISN 0065
[SN 0066
ISN 0067
[SN 0069
ISN 0070
I SN 0071
ISN 0073
ISN 0074
ISN 0075
I SN 0076
ISN 0077
ISN 0078
I SN 0079
ISN 0080
1SN 0081
ISN 0082
ISN 0083
ISN 0084

ISN 0085
I SN 0086
I SN 0087
ISN 0088
I SN 0089
ISN 0090
I SN 0091
ISN 0092

\oJRrTE16,661
WPITEl6,611 IfIII,I=l,~)

4 C~LL FITEXIKE,~,N,F4,X4,E4,W4,IW)

on 101 l=l,N
X(1)=X4III

101 CO~'TINUE

IFIKE.EO.ll Gn TO 2
00 103 1=1,"1
f1II=F4111

103 CONT1NUE
IFIMC.EQ.ll GOTO 9
CALL CALFUNIM,N,F,X,PI
IF 1'I.LE.OI "1=-"1

f KW=4+N+N+N*N
Da J(')4 I=l,KW
Wlf)=io/4III

104 CONTINUE
WP I TE ( 6 ,601 I W(3 I ,k I41 , I w141 ,W 13 I
WPITEI6,6111Xlll,I=1,NI
IFIIPP.LE.OI GO TO 9
WPITE'16,661
liRITEl6,61I IFIII,I=I,MI
[FIKE*[KE-31.NE.0.OR.W{SI.LE.0.1 GO TO 9
WRITEl6,621
WPITE[6,611 IWI4+II,I=1,NI
WRlTE{6,6':1
IIRITEI6.611 11l14+N+II,I=1,NI
wR I TE 16, 64)
L=4+N+N
Da 1 r =1,N
K=L+1
L=L+1

7 WR1TE16,611 lWIJI,J=K,LI
9 WRITE16,651 KE

60 FORMATl'O',I4,' ITERATIONS TOTAL CHISQUARE =',l D E12.5,'
1=',14,' 101131 =',IPE13.5/' VARIABLES'I

61 FOP'IAT!' ',lPIOE13.51
62 FORMATI'OSTANDARD ERRORS'I
63 FORMAT! 'OEPQOR ENHANCEMf;NTS' 1
64 FDRMAT['OERROR CORRELATION M~TRIX'I

65 FOPMAT['OCONVERGENCE WITli ERROR CODE',I?I
66 FORMATI' FUNCTIONS'I

RETURN
END

1101141

;;;
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ERMOM, page 98

ISN 0002
ISN 0003
ISN 0004
I5N 0005
[SN 0006
ISN 0001
{SN 0008
15N 0009
ISN 0010
ISN 0011
ISN 0012
ISN 0013
ISN 0014
ISN 0015
15N 0016
ISN 0011
lSN 0018
ISN 0019
ISN 0020

ISN 0021
ISN 0022
ISN 0023
ISN 0025
ISN 0026
ISN 0021
I SN 0028
ISN 0029
ISN 0030
ISN 0031
ISN 0032
I SN OOB
ISN 0034
ISN 0035
[SN 0036

SUBROUTINE ERMOMIII,IU,IO,IUl.IU2,VARM,RCTF.CHI2,P~SI

IMPllCIT REAl*8 IA-H.O-ZI
REAL*8 PI/3.141592653589793001
REAL*4 ',llIIOOOI
OI~ENSION VARMI30,301.RMS[10I,ORSI9J
COMMON IINPT/KEI421.WI,INIIOOI
FAK=16.00*RCTF**6*CHI2*2.00/IPI*PII
OS=O.OO
01") 20 K=1U.IO
Il=K-IUl
12=11+ IU2
00 10 J=IU.IO
Jl=J-IUl
J2=Jl+IU2
OS=OS+VARMIII+ll,II+Jll*I-1.1**II2+J21/112*J2J**2

10 CONTINUE
20 CONTINUE

OS=OS*FAK
OS=OS/RMS141**2

C-----OS=IOELTA J/ JI**2
00 100 l=I,9
lR=l
IF IL.GE.41 lR=l+l
ll=l-3
OS2=0.00
OS3=0.00
ORS I LI =0. 00
F2=FAK*PCTF**ILI*21
F3=FAK*RCTF**ll
0050 K=IU,IO
l1=K-lUl
12 =11 + lU2
00 40 J=IU.IO
Jl=J-IUl
J2=Jl+IU2

~

Co>

I



JSN 0037

ISN 0038

ISN 0039
ISN 0040
1SN 0041
I SN 0043
ISN 0044
I SN 0045
1SN 0046
ISN 0047
I SN 0048
1SN 0049

ISN 0050
ISN 0051
ISN 005~

1SN 0055
1SN 0056
1SN 0057
1S N 005A
ISN 0059
ISN 0060
ISN 0061
ISN 0062
1SN 0063
lSN 0064
ISN 0065

DS2=DS2+VARMII1+Il,II+JII*I-I.001**112+J2J*FUNll,I2,J2,RCTF)
1/112*J21**2
OS3=OS3+VARMIII+Il,II+JII*I-1.DOI**112+J21*FUNll,12,O.RCTF)

1 1l12*J2 I**2
40 CONTINUE
50 CONTINUE

IF IL.EQ.31 GO Ta 60
RMST=RMSILRl**lI*RMSI41
DS2=DS2*F2/RMST**2
DS3=DS3*F3/RMST*2.DO/RMS(4)
GO TO 70

60 RMST=DLOGIRMSI311*RMSI4J
OS2=DS2*F2/RMST**2
OS3=DS3*F3/RMST*2.00/RMSI41

C-----DS2=IDElTA <J*Rl>I<J*Rl>I**2
C-----DS3=KORRELATIONEN ZWISCHEN J UND Rl
C-----DRSlll=IDELTA <RL>I<RL>I**2

70 ORSILl=DS+DS2-DS3
IFIKEI171.NE.0' DRSlll=OS2
IF IL.EQ.31 L1=1
ORS IL J=OSQRTlDRSIL I I*RMSILRIIlABSILlI

100 CONTINUE
00 200 1=1,3
RMSI1l=ORSI1l

200 CONTTNUE
RMSI 4 1=0 SQR Tl 0 S, *R MS14 I
00 300 1=5,10
RMSI 1l=ORSII-ll

300 CONTINUE
RE TURt-!
END

.:



MODINA

FUN, page 99

ISN 0002
ISN 0003
ISN 0004
ISN 0005
ISN 0006
ISN 0007
ISN 0008
ISN 0010
I SN 0011
ISN 0017
ISN 0013
ISN 0014
ISN 0015
ISN 0016
ISN 0017
ISN 0018
ISN 0019
ISN 0020
ISN 0021
ISN 0022
ISN 0023
ISN 0024
ISN 0025
ISN 0026
I SN 0027
ISN 0028
I S~ 0029
[SN 0030
ISN 0031
[SN 0032
ISN 0033
ISN 00~4

ISN 0035

FUNCTION FUNll.Il.Jl.RCTF)
[MPlICIT REAl*8 lA-H.O-ll
REAL*8 PI/3.141592653589793DOI
Il=I
N=I1
XNP=N*P I
If IN.EQ.O) GO Ta 10
GO Ta 11.2.3,4,5.6.1,8.9I,L

I F=I-l.DOI**IN+ll*P[*N*SIIXNP)
GO TO 190,100).IZ

2 F=I-I.DOI**IN+l)+I.DO
GO TO {90.1001,IZ

3 F=I-l.DOI**tN+II*PI*N*SIIXNPI
F=1.DO-F/lPI*Nl**2
GO TO t90,100),IZ

4 F=I-l.DOI**IN+ll+l.DO
F=-F*2.DO/llPI*NI**21+1.DO
GO Ta 190.1001,IZ

5 F=IPI*N)**2
F=1.OO-6.DO/F
GO TO 190,1001.Il

6 F=I-1.D01**IN+II+1.DO
F=-F*2.DO/llPI*NI**21+I.DO
F=-F*12.DO/IIPI*NI**2)+1.DO
GO Ta 190.100),Il

7 F={PI*NI**2
F= I. DO-6. DOI F
F=-F*20.DO/lIPI*NI**2)+I.DO
GO TO 190,IOOl,Il

8 F=I-I.DOI**IN+ll+1.DO
F=-F*2.DO/IIPI*NI**21+I.DO
F=-F*12.DO/IIPI*NI**21+I.DO
F=-F*30.DO/IIPI*N)**2)+I.DO

~

on
I



I SN 0036 GO TO 190dOO I,IZ
I~N 0037 g F=(PI*NI**2
ISN 0038 F=1.DO-6.DO/F
l SN 0039 F=-F*~0.OO/I(PI*NJ**21+1.DO

rSN 0040 F=-F*42.DO/IIPl*NI**21+1.DO
ISN 0041 GO TO 190,100l,lZ
ISN 0042 10 F= 1. 00
rSN 0043 90 I Z=2
ISN 0044 N=J1
ISN 0045 X"l P="l*P I
lSN 0046 FUN=F
rSN 0047 IF (N.EQ.OI RETURN
l SN 0049 GO TO (l,2,3,4,5,6,7.8,9I,l
ISN 0050 100 FUN=FUN*F
ISN 0051 RETURN
ISN 005?- END

MODINA
CONSTR, DUMMY ROUTINE to be added if

other models than POGYNAFB are used

'"I

ISN 0002
ISN 0003
ISN 0004
I SN 0005
ISN 0006
ISN 0007

SU8ROUTINE CONSTRIM,N,F,X.P,W41
l~PlICIT RE~l*e IA-H,O-ZI
REAl*4 W4(21
OIME"lSION P(21.FI2I,XI21
RETURN
END



MODINA

BLOCK OF FIT-ROUTINES, to be added

C-----------------------------------------------------------------------
C
C -u Ilc V E R- S ION
C
C PROGRAMM BESCHREIBUNG Nil.. 320 VON G. W. SCHWEIMER
C LINEAR lEAST SQUARES PROBLEM 11B-A*XII="IINIXI
C SOlVED BV HOUSEHOlDER TRANSFORMATIONS
C REDUNDANT VARIABLES ARE OETECTED BV THE METHOn OF G.GOLUB, NUMERISCHE
C MATHEMATIK, Vol. 7, PAGE 206-216, (1965)
C INPUT VARIABLES:M: NUMßER OF ROWS OF A AND B
C N: NUMBER OF CDlUMNS OF A AND ROWS Of X
C A: M*N MATRIX IDESTROVEDI
C B: VECTOR OF "I COMPONENTS IDESTROVEDI
C OUTPUT VARIABLES: x: VECTOR oF VARIABLES, THE REDUNDANT VARIABLES ARE
C SET TO ZERO. THE IIXII=MIN IS NOT USED BECAUSE THE
C COMPCNENTS CF X ARE ASSUMED TO BE NOT COMMENSURABlE
C IP: PERMUTATION VECTOR OF N Co"lPONENTS, IT CONTIINS
C THE COlUMN LABlES OF MATRIX A OROERED ACCORDING
C THEIR IMPORTANCE IN REDUOING THE EUCllDEAN NORM
C A: THE UPPER PART CONTAINS THE TRANSFORMED INPUT A
C Al2,I1 CONTAINS THE SQUARE OF THE !'lJCLIDE.AN NORM
C 8: TRANSFORMED INPUT 8
C IER: ERROR CODE
C IER=O NO ERROR
C IER=-l All COMPONENTS OF X ARE ZERO AND MAV BE
C REDUNDANT
C IER=-2 NO ACTION BECAUSE "I < N Oll. N < 1
C IER>O THE FIRST IEP COMPONENTS OF IP CoNTAIN THE
C LABELS OF THE NONZERO COMPONENTS OF X, THE REMAIN-
C ING COMPONENTS OF X ARE ZERO AND MAV BE REDUNDANT
o NOTE: ALL ARITHMETIC OPERATIONS ARE PERFORMEO IN DOUBLE PRECISION,
C AN ITERATIVE IMPROVEMENT IS IMPOSSIBLE WITHOUT SAVING A AND 8.
C THE ROUND OFF ERROR OF 11B-A*X11**2 IS APPROXIMATlY GIVEN BY
C IIBIINITIALlll**2 - lIBITRANFORMEDl!1**2
c***********************************************************************

~



ISN 0002
ISN 0003
ISN 0004
ISN 0005
I SN 0006
ISN 0008
ISN OOOCJ

I SN 0010

ISN 0011
ISN 0012
ISN 0013
ISN 0014
ISN 0015
JSN 0017
ISN 001A
ISN 0019
JSN 0020
ISN 0022
I SN 0023
JSN 0024
ISN 0025
JSN 0026
rSN 0027
ISN 0028
ISN 0030
ISN 0031
ISN 0032
ISN 0033
JSN 0034
ISN 0035
JSI\: 0036

ISN 0038
ISN 003CJ
ISN 0040

SUBROUTINE LIlESQr~.N.IER.A,A,X,VPI

DIMENSION AIM.NI.BIMI,XrNI,vptNI
DOUBLE PRECISION S,T,U,V.W,OElTA,SIG
IEQ=O
IFI~.lT.N.OR.N.lT.11 GO TO 19
00 1 J=I,N

1 VPUI=J
C ROTA TI ON LOOP

00 10 K=l,N
C PIVOT ELEMENT

U=O.DO
00 4 J=K,N
C=O.
00 2 I=K.M
IFIABSlllfl.JI'.lE.lIBSICII GO Ta 2
L2=I
C=AII,JI

2 CONTINUE
IFIC.EO.O.1 GO Ta 4
S= O. 00
T=O.OO
00 3 I=K,M
V=OBLEIAII,JII/DBlEtCI
S=S+V*V

3 T=T+V*DBLEIBIIII
IFIU.GE.T*rT/SII GO TO 4
U=T*lT/SI
SIG=OBlEtCI*OSQRTISI
W=T
l=J
LI =L2

4 CaNT INUE
IFIU.EQ.O.OOI GO Ta 11

c PER~UT= lIlKI ANO ~tKI

I=VPlll
VPILl=VPIKJ
VPIKI=I

'"I



I SN 0041
ISN 0042
ISN 0043
ISN 0044
I SN 0045
ISN 0046
ISN 0041
ISN 0048
ISN 0049
ISN 0050
ISN 0051

ISN 0052
I SN 0053
ISN 0054
ISN 0055
ISN 0056
ISN 00'51
I SN 0058
ISN 0060
ISN 0062
ISN 0063
ISN 0064
ISN 0065
ISN 0066
ISN 0061
ISN 0068
ISN 0069
ISN 0010
ISN 0071
ISN 0012
ISN 0013

ISN 0014
ISN 0015
ISN 0016
ISN 0011

ISN 0018
ISN 0019

00 5 1=1, M
C=A I I, LI
An ,Ll=AI I,KI

5 AII,Kl=C
C=BIKI
EI I KI =B I LU
BILll=C
00 22 J=K,N
C=AIK.JI
AIK.JI=AILl,Jl

22 AlL 1, J I =C
C ROTATION OF THE LOWER COLUMN FRAG~ENT OF AIKI AND BIKI

U=SIG+DBLEIAIK,K11
V=OBlEIA{K,KII/SIG
DELTA=IOBLEIBIK11+V*WI/U
AIK,KI=-SIG
BIKI=-V*W
L=K+l
IFIL.GT.MI GO TO 10
IFIK.GE.NI GO TO 8
00 1 J=L,N
S=V*OBLEIAIK,JII
00 6 I=L.M
T=DBLEIAI[,KII/SIG

6 S=S+T*OBLEIAI[.JII
T=IOBLEIAIK,J11+SI/U
AIK.JI=-$
00 1 I=L,M

1 AII,JI=DBLEIAII,J11-T*OBLEIAII,KII
8 00 9 I=L,M
9 BIII=OBLEIBIIII-OELTA*OBLEIAII,Kll

10 CONTlNUE
C END OF ROTATION LOOP

K=N
GO Ta 12

11 I(=K-l
IER=K

C SQUARE OF THE EUCLIDEAN NORM
12 s=o.oo

L=K+l

cD



ISN 0080 1F(K.EQ.~1 GO TO 14
1SN 0082 00 13 I=l.M
[SN 0083 13 S=S+OBlElBl[) I*OBLEt8I111
1SN 0084 14 AI2,1I=S
15N 0085 IFIK.EQ.NI GO TO 16

C COMPONENTS OF X WH1CH Da NOT REOUCE THE EUCl1DEAN NORM
1SN 0087 00 15 [=l.N
1S"/ 0088 00 15 J=l.N
[SN 0089 1P=VPlJ I
[SN 0090 XI[PI=O.
1SN 0091 15 CONT 1NUE
ISN 0092 [FlK.EO.OI GO TO 20

C COMPUTATION OF X
I SN 0094 16 CONTINUE
[SN 0095 IP=VPlKI
ISN 0096 XlIPI=OBlElBIKII/OBlEIAIK.KII
JSN 0097 IFtK.EO.lI GO TO 21
ISN 0099 00 18 J=2.K
ISN 0100 l=K+2-J '"
[SN 0101 S=ßll-ll 0

ISN 0102 00 17 I=l.K I
[SN 0103 [P=VPlIl
ISN 0104 17 S=S-DBlElAll-1.III*OBlElXtIPII
[SN 0105 IP=VPll-11
[SN 0106 XlIPI=S/OBlElA(l-I,l-lll
[SN 0107 18 CONTHlUE
ISN 0108 GO TO 21

C ERROR CODE
[SN 0109 19 IER=IER-1
I SN 0110 20 [ER=IER-1
ISN 0111 21 RETURN
ISN 0112 END



ISN 0002
I SN 0003
ISN 0004
ISN 0005
I SN 0006
ISN 0008
ISN 0009

ISN 0010
ISN 0011

ISN 0012
ISN 0013
ISN 0014
ISN 0016
ISN 0017

C PROGRAMM BESCHREIBUNG NR. 320 VON G. W. SCHWEIMER
C***********************************************************************
C INVERSION OF THE PROOUCT MATRIX AITRANSPCSE01*A
C THE ~llTRIX A IS REOUCED TO AN UPPEQ. TRI ANGULAR MATRIX R BY
C HOUSEHCLDER TRANSFCR~ATICNS. THE REMAINING COMPUTATION IS STRAIGHT
C FORWARD.
C INPUT VARIABLES: N: NUMBER OF COLU~NS OF MATRIX A
C M: NUMBER OF ROWS OF MATRIX A, M >= N > 0
r: A: INPUT MATRIX IDESTROVEOI
C OUTPUT VARIABLES: IR: ERRCR CCDE
C IR=-2:MLTNORNLT1
C IR=-l RANK OF MATRIX A IS ZERO
C IR=O NO ERROR, RANK OF MATRIX A IS N
C IR>O RANK OF MATRIX A IS IR. THE INVERSE OF AIT1*A
C IS COMPUTEO CONSIDERING THE IR COLUMNS OF A INDICA-
C TED BV THE FIRST IR COMPONENTS OF IP
C A: TRI ANGULAR MATRIX R. R=AII,JI 1<=J=l,N
C 0: VECTOR OF LENGTH IN*IN+111/2, IT CONTAINS THE
C UPPER TRI ANGULAR PART OF THE INVERSE OF AITI*A
C IP: PERMUTATION VECTOR OF LENGTH N, ITS FIRST IR
C COMPONENTS CONTAIN THE LABELS OF THE USEFULL
C COLUMNS OF A, THE LAST COMPONENTS CONTAIN THE
C LABELS OF THE COLUMNS WHICH ARE LINEAR CONBINATIONS
C OF THE FIRST.
C***********************************************************************

SUBROUTINE INVATA(M,N,IR,A,D,VPI
OlMENSION A(M,NI,Olll,VPINI
DOUBLE PRECISION SIG.S,T.U.V
IR=N
IF(M.LT.N.OR.N.LT.11 GO TO 19
00 1 l=l,IR

1 VPII1=I
C HOUSEHOLDER LOOP

K=O
2 K=K+1

C PIVOT ELEMENT
3 (=0.

00 4 I=K,M
IFIABSIA1I,KI'.LE.Cl GO TO 4
C=ABSIA( I,KI 1
11 = I

'"



[SN 0018 4 CONTINUE
[SN 0019 IFIC.GT.O.1 GO TO 8
[SN 0021 IR:IR-1
ISN 0022 IF(K.GT.IRI GO TO 13

C SET UP THE PERMUTATION VECTOR IP ANO PERMUTE THE COlU'INS OF MA TR 1X A
ISN 0024 l=VP(K I
ISN 0025 00 5 J=K,IR
lSN 0026 5 VPI JI:VPIJ+ll
ISN 0021 VP IIR+ll=l
lSN 0028 00 7 1=1,'1
ISN 0029 C= AI I. KI
ISN 0030 00 6 J=K,JR
ISN 0031 6 Al I,JJ:A( I, J+lI
ISN 0032 7 AII,JR+lI=C
ISN 0033 GO TO 3

C ROTATION OF THE lOWER COlUMN FRAGMENTS OF A(KI
ISN 0034 8 00 9 J=K.IR
ISN 0035 C=A(K,J I

"I SN 0036 AIK,JI=AIIl,J1 "
lSN 0037 9 Alll,J1 =C
ISN 0038 S=AIK.KJ
I SN 0039 V=O.OO
IS N 0040 00 10 I=K.M
ISN 0041 U:D'llEI All ,KI IIS
ISN 0042 10 V=V+U*U
ISN 0043 V=1.00/0S0RTtVI
[SN 0044 SIG=S/V
ISN 0045 U=S+SlG
I SN 0046 AIK,KI=-SlG
ISN 0041 IF(K.GE.IRI GO TO 13
ISN 0049 L=K+l
ISN 0050 00 12 J=l, IR
ISN 0051 S:V*OBlEIAIK,JII
ISN 0052 00 11 I:l,M
I SN 0053 11 S=S+IOßlEIAII,KII/S1GI*OBlEIAI1,JII
[SN 0054 T=lDBlEIA( K.JI I+SI/U
lSN 0055 AIK.JI=-S
ISN 0056 00 12 1=l,M



ISN 0057
ISN 0058

I SN 0059

ISN 0061
ISN 0062
ISN 0063
I SN 0064
IS N 0066
I SN 0067
ISN 0068
I SN 0069
I SN 0070
ISN 0071
ISN 0072
ISN 0073
ISN 0074

ISN 0075
ISN 0076
ISN 0077
ISN 0078
ISN 0079
ISN 0080
lSN 0081
ISN 0082
I SN oOln
ISN 0084
ISN 0085
ISN 0086
ISN 0087
ISN 0088
I SN 0090
I SN 0092
ISN 0093

12 At I,JI=08LElAII,JII-T*OBLElAtI,KII
GO Ta 2

C END OF HOUSEHOlOER lOCP
13 IFIIR.EQ.OI GO TO 20

CINVERSE OF THE TRIANGULAR MATRIX R STOREO IN 0
IJ=O
00 16 K=1.tR
OlIJ.Kl=1.fAIK.KI
IFIK.EQ.l1 GO TO 16
I=K
00 15 l=2.K
11=1
1= 1-1
S=O.OO
DA 14 J= 11, K

14 S=S.DBlElAII,JII*OBLEIOIIJ+JII
150tIHIl=-S/OBLEIAll,I1l
16 IJ=IJ.K

CINVERSE OF THE PROOUCT MATRIX
IJ=O
DA 18 J=I.tR
00 Ifl l=l,J
IJ=IJ+l
I1=IJ
L=J-I
S=O.OO
00 17 K=J,IR
S=S.DBLElOlllll*nBlEIDtll+lll

17 Il=I1+K
180l1JI=S

GO Ta 20
19 IR=-2
20 IFlIR.EO.OI IR=-1

IFlIR.EC.Nl IR=O
RE TURN
END

'"'"



C PROGRAMM BESCHREIBUNG ~R. 309 veN G. W. SCHWEIMER
c***********************************************************************
C MINIMISATION OF A FUNCTION FIXI OF ONE VARIABLE X
C CALLING SEOUENCE
C KE=O
C II21=MAXIMUM NUMBER OF FUNCTION EVALUATIONS
C WIII=START VALUE OF X
C W{31=FIRST STEP SIZE
C W(4)=ABSOLUTE SEARCH ACCURACY
C W(5)=RELATIVE SEARCH Af.CURACY
C I WI21=FUNCTION VALUE FIXI AT X=Wlil
C QPTIONAL WRITE IIII,X.F
C CALL FITIIKE,I,WI
C IFIKE.EQ.11 GO TO I
C XMIN=Wlil
C F~IN=wtZI

C NF=III)
C KE = ERROR CODE: KE=O NO ERRORS, KE=
C Z MAXIMU~ NUMßER OF FUNCTION EVALUATIONS
C 3 ROUNOING ERRORS, PROBABLY BECAUSE BOTH W(4) AND W(5) ARE Ton SMALL
C THE WOR~ING FIELOS lAND WHAVE THE LENGTH 3 AND 11 RESPECTIVELY
C THEY CONTAIN ALL INFORMATION FOR THE CONTINUATION OF THE SEARCH
C THEREFORE A SEARCH WITHIN ANOTHER SEARCH (AN BE DONE JUST CHANGING
C THE WORKING FIELDS
C IF Z FUNCTION VALUES FI ANO FZ ARE KNOWN FOR X = Xl AND X2 RESPECTIVE
C LY WITH Xl NE XZ ENTER THE CAllING SEQUENCE AFTER DEFINING :
C KE = I; 1(1) = 3; W(6) = XI; W(7) = XZ; W(9) = Fl; WflO) = FZ AND
C Wll) = USERS CHOICE
C WORKING FIELD VARIABLES:
C 1(1): CURRENT NUM~ER CF FUNCTION EVALUATIONS
C 1121: MAXIMUM NUMBER OF FUNCTION EVALUATIONS
C 1(3): MINIMUM POINTER, THE MINIMUM FUNCTION VALUEIS AT WI7+1(3)1
C Wll): CURRENT VALUE OF X
C WlZI: USER SUPPLIEO FUNCTION VAlUE
C Wf31: FIRST STEP SIZE
C WI4 AND 5): SEARCH ACCURACIES
C WI6, 7 AND B): Xl. XZ AND X3 wITH Xl < X2 < X3
C W19. 10 AND 11): FUNCTION VAlUES AT Xl, XZ AND X3 RESPECTIVELY
c***********************************************************************

'"...



ISN 0002
ISN 0003
ISN 0004
I SN 0006
[SN 0007
ISN 0008
I SN 0009
[SN 0010
I SN OOll
ISN 0012
I SN 0013
[SN 0015
ISN 0016
ISN 0017
ISN 0018
IS~ 0020
ISN 0021
ISN 0022
IS"I 0023
ISN 0025
ISN 0026

ISN 0027
[SN 0028
ISN 0029
I SN 0031
ISN 0032
I SN 0033
ISN 0034
ISN 0035
ISN 0036
ISN 0037
[SN 0038
I SN 0039
ISN 0040
ISN 0042
ISN 0044

SUBROUTINE FIT!IKE.V,Wl
OI~ENSION V131,W(111
IFIKE.EO.l1 GO TC 2
KE=l
VI II =1
VI31=-1
W( 61=Wlll
W191 =101 I 21

1 WIll=Wlll+WI31
GO TO 12

2 IFIVll1.GT.2.1 GO TO 3
VI 31 =0.
11 I 71 =1/ 111
IH 101=101121
IFIWI21.LE.WI911 GO TO 1
VI31 =-1.
IH 11 =11 161-11 I 3 I
GO TC 12

3 IFIVlll.GT.3.1 GO TC 5
WlSl=WllI
lI(lll=Wl21

CORDERING OF THE 3 FIRST VALUES OF X: 1/(61 < WI71 < WISI
00 4 J=I,3
K=7-MOOIJ,21
IFIWlKI.LE.WIK+111 GO TO 4
Wlll=WIKI
WIKI=W(K+ll
WIK+ll =Wlll
K=K+3
Wlll=W(Kl
't/(KI=WIK+ll
WI K+lI=WIli

4 cONTINUE
VI31=0.
IFIWI91.LT.WI101.AND.WI91.LT.WII111 VI31=-I.
IFIWlll1.LT.WllOl.AND.Wllll.LT.W(911 VI31=1.
GO TO 9

'"'"



I SN 0045
ISN 0047
ISN 0048
ISN 004'1
ISN 0050
ISN OOSZ
ISN 0053
ISN 0054
ISN 0055
ISN 0056
ISN 0059
ISN 0059
ISN 0060
ISN 0062
ISN 0064
ISN 0065
I SN 0066
ISN 0067
ISN 0068
ISN 006'1
ISN 0071
ISN 0072
ISN 0073
ISN 0074
[SN 0075

ISN 0076

ISN 0078
[SN 0080

[SN 008Z
[SN 0083
ISN 0084
ISN 0085
ISN 0087
ISN 0088

C SORT IN THE NEW VAlUES OF X AND F
5 IF(Vl31.EO.0.l GO TC 6

J=V131
W(7-Jl=Wt7l
WIIO-Jl =W( 101
IFllWI7+JI-Wllll*IWll1-WI711.GT.0.1 GO TO 7
Wl1l=Wt7+JI
WllOl=WllO+JI
W(7+JI=Wlll
WIIO+JI=WI21
IF(W(ZI.GE.W[1011 V(31=0.
GO TO 9

6 J=-l
IFIWll1.lT.WI711 J=l
IFlwl21.GT.WllOll GO TO 8
WI7+JI=W[71
WIIO+Jl=WllOl

7 Wl71=WI II
W{ 101=W{ZI
IV=Vf3 I
IFlWI21.lE.W(10+IVll Vl31=0.
GO TC 9

8 WI1-Jl=Wlll
WIIO-JI=Wl2J

9 IV=Vl31
J=7+IV

C ERROR TESTS
IFIWl61.EO.Wl71.0R.W(71.EO.WI91.0R.IWl'1l.EQ.W(101.AND.WIIOI.EQ.WIl

111 11 GO TO 15
IFIV(11.GE.Vl211 GC TO 16
IF IVI31.EO.0.1 GO TC 10

C STEP SIZE LIMITATION
W( 1l=WIJI+Z.*Vl31*IWI81-Wl6J I
GOTO lZ

10 Wlll=A~IN1(WIB1-WI71.WI71-WI611/IWl81-WI611

IF(Wll1.GT.0.l1 GOTO 11
Wll1=.5*IWI61+WI811
GOTO 12

'"'"



C PREDICTION OF THE POSITION OF THE MINIMUM
ISN 0089 11 Wlll={IWI91-WI1011/{WI61-WI111-1WI101-WIII11/1WI11-WIS111/1101161-

l\o11B1I
ISN 0090 Wtll=.5*IWI61+WIB1+lWtlll-WI911/1Wtll*tW{~I-WIBIIII

C TEST OF CONVERGENCE

ISN 0091 WI21=ABStWIII-WIJII
I SN non IFIWI21.LT.ABSlWI411.0R.WIZI.LT.ABSIWI51*wtJI11 GO TO 13
ISN 0094 12 Vlll=Vlll+l.
ISN 0095 RETURN
ISN 0096 13 KE=O
ISN 0097 14 II/=V(3)
ISN 0098 W{ 11 =\011 7+1 1/1
ISN 0099 WI21=WllO+IVl
ISN 0100 RETURN
ISN 0101 15 KE=KE+I
ISN 0102 16 KE=KE+l
ISN 0103 GO TO 14
ISN 0104 END '"""

c***********************************************************************
C PROGRAMM BESCHREI8UNG NR. 320 I/ON G. W. SCHWEIMER
c***********************************************************************
C CHISQUARE MINIMISING SUBROUTINE
C SOLVES THE NONLINEAR LEAST SQUARES PROBLEM
C USI~G A LEAST SQUARES INTERPOLATION BETWEEN VARIABLES AND FUNCTIONS
C OR THE EXACT GRADIENT OF THE FUNCTIONS
( (ALLEO SUBROUTINES: LILESQILINEAR LEAST SQUARES PROBLEM I
C I~VATAIINVERSICN CF AITRANSPOSEOI*Al
C FITll0NE DIMENSIONAL MINIMUM SEARCHI
r. CAlLING SEQUENCE
C KE=O
r. M=NUMBER OF FUNCTICNS. M GE N
( N=NUMBER OF VARIABLES. N GE 1



C
r:
c
C
r
~

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

00 1 I=l.N
XIII=STARTING VALUES OF THE VARIABLES

1 EIII=ABSOLUTE SEARCH ACCURACIES FOR THE VARIABLES. EIl) NE 0
Wlll=FIRST STEP SIZE IN UNITS OF EIII. IF LE 1 W{11 = 100 BV FITEX

THE MAXIMUM ALLOWED STEP SIZE IS 2*Wlll
WI21=METHOD OF APPROXIMATION. 0 FOR LEAST SQUARES INTERPOLATION

1 FOR EXACT GRADIENT OF THE FUNCTION5
IWll'=NUMBER OF POINTS TO BE REMEMBEREO. IF LE N IWIll = N+L
IWI21=MAXIMUM NUMBER OF FUNCTION EVALUATIONS. IF EQ 0 IW121=2IWll1

IF IWl21 LT 0 NO ACTION EXCEPT KE = 0
JA=4+ MAXOI14.IN*IN+5)1/21+IM+N+L'*IIWILI+ll

2 WI41=O.
00 3 I=l.M
FII,=FUNCTION VALUES AT THE POINT X
IFIW{ZI.EQ.O.1 GO TO 3
WIJA+I+M*IJ-lll= DFIII/OXIJI FOR J=l.N

3 WI41=WI41+FII)*FIII
OPTIONAL WRITE IW{31.IWI41.WI31.WI41.X.F
CALL FITEXIKE.M.N.F.X,E,W.IWI
IFIKE.EQ.l1 GO TO 2
WI31=ERROR RENORMALISATION FACTOR
W(4)=MINI~UM OUADRATIC SUM OF THE FII)
X=MINIMUM POINT
F=FUNCTIONS AT THE MINIMUM POINT
KE=ERROR CODE KE=O: WITHOUT ERRORS

KE=2: USER INTERRUPT
KE=3: MAXIMUM NUMBER OF FUNCTION EVALUATIONS
KE=4: ROUNDING ERRORS
KE=5: THE FUNCTIONS 00 NOT DEPENT ON XlIWI411
KE=6: USELESS VARIABLES IN THE PREPARATORV CALLS,

THE LABELS OF THE VARIABLES ARE IW131.IW141
KE=7: M LT N OR N LT 0 OP WI21*IW(2)-1.1 NE 0

WI4+I'=STANDARO ERRORS OF THE VARIABLES
WI4+N+II=ERROR ENHANCEMENTS
WI4+N+N+I+IJ*IJ-lll/21=ERROR CORRELATION BETWEEN XIII AND XIJI I<J
IW131: NUMBER OF FUNCTION EVALUATIONS
IW141: NUMBER OF DEGREES OF FREEOOM

iil



I SN 0002
{SN 0003
I SN 0004
I SN 0005
ISN 0006
ISN 0008
ISN 0009
JSN 0010
ISN 0011
ISN 0013
{SN 0015
'SN 0017
{SN 0019
ISN 0020
ISN 0021
ISN 0022
ISN 0023
{SN 007.4
ISN 0025
ISN 002&
ISN 0027
{SN 0028
ISN 0029
ISN 0030
{SN 0037.
ISN 0034

C WORKING FIELD: 11'1: LENGTH 4+K wlTH K = IWll1
C W: LENGTH 4+HAX(14,(N*IN+51)/21+IH+N+1)*IK+ll+M*N
C ADRESSES IN 11'1
C 4+L: LABELS OF THE CUADRATlC SU,,"S
C ADRESSES IN W
r 4+1: STANDARD ERROR OF XIII
C 4+N+I: EqROR ENHANCEMENT FOR XIII
C FROH 4+N+N+l: ~ATRIX 0 AND ERROR CORRElATIONS
C FROH JS+l MATRIX S; JS = 4+MAXOI14,{N*IN+51)/Z)
C FROH JA+1: MATRIX A WITH JA = JS+IM+N+ll*IK+l1
C THE WORKING FIELDS CONTAIN ALL INFORMATION FOR THE CONTINUATION OF
C THE SEARCH. THIS AlLOWS A SEARCH WITHIN ANOTHER SEARCH JUST CHANGING
r. THE WORKING FIELDS
C***********************************************************************

SUAROUTINE FITEXIKE,M.N.IW,F,X.E.WI
DIMENSION FIMI ,XINI ,EINI ,will ,IWIl I
DOUBLE PRECISION S.T.U.V,EPSf1.D-5f
EQUIVAlENCEIA,IRI
IFllw(2).LT.01 GO TO 50
JD=4+N+N
JS=4+MAXOI14.IN*IN+5)lf21
l'4=M+N+l
IFIKE.NE.OI GO TO 2
IFIIWIlI.LE.NI IWl11=N+1
IFIIWI21.EQ.OI IWI21=2*lwl11
IFIWI11.LE.1.1 1'1(1)=100.
11'1(3)=1
K=IWl11
00 1 L=l,K
IWIL+4)=1+K-L

1 WIJS+lM*ll=7.E75
KE=l

2 K=IW(l1
KV=K
JA=JS+lM*IK+lI
JM=JS+LM*IW(5)-LM
J3=JA-LM
IFIKE.EC.21 GO TO 52
IFIH.LT.N.OR.N.LT.1.OR.kI21*IWI21-1.).NE.0.1 GO TO 57
IFIW(4).lE.0.1 GO TO 50

'"'"



ISN 0036
ISN 0037
ISN 0039
ISN 0040
ISN 0041
ISN 0043

I SN 0044
ISN 0045

ISN 0047
ISN 0049
ISN 0050
ISN 0051
ISN 0053
JSN 00';4
ISN 0055
ISN 0056
JSN 0057

ISN 0058
ISN 0059
I SN 0060
ISN 0061
ISN 0062
ISN 0063
I SN 0064
ISN 0065
ISN 0066
I SN 006'3
J SN 0070

C ROW OF ~ATRIX S TC BE REPlACFD BY NEW VAlUES
l= IWIK+41
IFIWIJS+lM*LI.EO.7.E751 KV=L-l
00 3 I=loK
Jl=JS+lM*IWII+41
IFIWI41.lT.WIJIII GO TC 4

3 CONT INU E
C ONE OIMENSIONAl SEARCH IS NECESSARY

GO TO 37
4 IFIIWI21.EQ.0•• ANO.I.GT.MAXOIN+I,KVII.OR.IWI2).EO.I •• ANO.I.GT.II)

1 GO TO 37
C VECTnR OF LABELS OF THE OUAORATIC SUMS

IFIKV.LT.KI KV=KV+l
11 =K+4
12=K-I
IFII2.EO.01 GO TO 6
DIJ 5 J= I, 12
11=11-1

5 IWlll+11=IWllll
IWIIlI:l
JM:JS+lM*IWI51-lM

C NEW ROW
6 Jl=JS+lM*ll-ll

00 7 [: I, N
Jl=Jl+l

7 Wl JlI :XII I
1)0 8 I=ltM
Jl:J[+1

81lIJll=FIII
WIJ1+1I=wI41
IFIIWI31.GE.IWI211 GO TO 53
IFIN.EQ.l1 GO TO 42
IF IWI:!) .EO.I •• OR. IW13I.GT.N+ll GO TO 15

~

I



1SN 0012
I SN 0013
1SN 0075
1SN 0016
lSN 0071
[SN 0078
1SN 0019
ISN 0080
ISN 0081
1SN 0082
I SN 0084
ISN 0085
ISN 0086
ISN 0081
ISN 0089
1SN 0090
ISN 0091
1SN 0092
1SN 0093
ISN 0094
ISN 0095
ISN 0091
1S"l 0098
1SN 0100
I S"l 0101
ISN 0102

1SN 0103
. (SN 0104

1SN 0105
(SN 0106
1SN 0101

C PREPARATORY FUNCT10N EVAlUATIGNS
MF=IWI31
IFIMF.EQ.l1 GO TO 12
XIMF-ll=WI31
J2=JS+N
S=O.OO
00 9 1=1.'"
T=Ft Il-IHJ2+1 I

9 S=S+T*T
J=2
IFIS.lT.EPS*EPS*WIJS+lMll GO TO 55
WI3J=S
Jl=2+N+Mf
Wl Jll=SQRT IW1311
1FIMF.lE.21 GO TO 12
I1=N+l
00 11 J=3.MF
12=J2+lM*IJ-21
5=0.00
00 10 1=1. M

10 S=S+(WI12+1l-WIJ2+I11*IFI1l-WIJ2+111
IFIOABS(WIJ11*~II1+JI-DABS(SI1.LT.EPS*OABS(S)1GO TO 56

11 CONTINU E
12 IFIMF.EQ.N+ll GO TC 15

WI31=XIMFI
XIMFI=XIMF1+WI11*EIMFI
GO TO 100

C END CF PREPARATORY fUNCTION EVALUATIONS
C SUM OF INVERSES OF THE QUADRAT1C SUMS

15 S=O.OO
00 16 L=l.KV
T=W I JS+lM*L I

16 S=S+1.00/(T*TI
W(JA1=1.00/S

'"



C CENTRE OF THE VARIABLES ANO,FUNCTIONS
ISN 0108 Il=M+N
ISN 010'1 00 18 1=1,11
ISN 0110 Jl=JS
ISN 0111 S=O.OO
I SN 0112 00 17 L=I.KV
ISN 0113 T=WIJl+LHI
ISN 0114 S=S+WIJl+II/IT*Tl
ISN 0115 17 Jl=Jl+LH
I SN 0116 18 WIJ3+II=S*WIJAI
ISN 0117 IFIKE.NE.l1 GO TO 60
ISN 0119 IF(WI21.EQ.0.l GO TO 20
ISN 0121 .11 =JA-M-l
I SN 0122 00 19 l=l.M
ISN 0123 19 1/1 J 1H I =F t I I
ISN 0124 GO TO 23 '"C MATRIX A '"
ISN 0125 20 Jl=JA
I SN 0126 00 22 l=l.N
(SN 0127 U=WIJ3+[1
ISN 0128 00 22 J=I,M
ISN 0129 Jl=Jl+1
ISN 0130 J2=JS
ISN 0131 S=O.OO
ISN 0132 T=I/I J3+N+J I
ISN 0133 00 21 L=l,KV
J SN 01"34 V=wt J2+LMI
ISN 0135 S=S+IWIJ2+N+JI-TI*tl/IJ2+II-UI/IV*VI
ISN 0136 21 J2=J2+LM
ISN 0137 22 Wl Jl I=S*WtJAI
ISN 0138 IF1KE.NE.l1 GO TO 62

C LINEAR LEAST SQUARES PROBLEM
ISN 0140 23 CALL LILESQIM,N.IR,W1JA+II,WIJA-MI,WI51,WIN+511
ISN 0141 IFIIRl 54,24,35



C MATRIX 0
ISN 0142 24 H=JO
ISN 0143 00 26 1=1. N
ISN 0144 T=WIJ3HI
I SN 0145 00 26 J=l,I
ISN 0146 J1=J1+1
ISN 0147 J2=JS
ISN 0148 S=O.OO
ISN 0149 U=WIJ3+JI
lSN 0150 DA 25 l=l,KV
ISN 0151 V=W I J2+lM I
ISN 0152 S=S+IWIJ2+II-TI*IWIJ2+JI-UI/IV*VI
ISN 0153 25 J2=J2+lM
ISN 0154 26 \oll JlI =S*W( JA)

C NEW VARIABLES
ISN 0155 IFIWI21.EQ.0.) GO TO 28
ISN 0157 DA 27 1=1, N '"ISN 0158 27 XII)=wIJM+II-WII+4) w

ISN 0159 GO TO 31
ISN 0160 28 00 30 l=l.N
ISN 0161 12=1
ISN 0162 J1=JO+ll*I-lll2
ISN 0163 S=O.OO
ISN 0164 00 29 J=l.N
ISN 0165 J1 =J1+I2
ISN 0166 IFlJ.GE.11 12=J
ISN 0168 29 S=S+WIJ11*WlJ+4)
ISN 0169 30 Xl 11=1011 J3+I l-S

C TEST OF CONVERGENCE
I SN 0170 31 A=O.
ISN 0171, ob 32 1=1. N
ISN 0172 WIl+41=X{I)-WIJM+II
ISN0173 32 A~AMAX1{A.ABSlWII+41/EII»)1

I SN 0174 IFIA.LT.1.1 GO TO 50
ISN 0 l76 1101(4)=0
ISN 0177 101(3)=1.
[SN 0178 IFIA.lT.2.*W(111 GO TO 33



C STEP SIZE LIMITATION
ISN 0180 IW(4)=1
ISN 0181 W(3) =2.*WI ll/A
ISN 0182 33 00 34 1=1."1
ISN 0183 34 XII)=wIJM+I)+WI3)*kII+4)
ISN 0184 GO TO 100

C RANOOM PREOICTION
ISN 0185 3'; 00 36 1=1, N
ISN 0186 A=WIJ3+Il
ISN0187 36 XII)=WIJM+I)+WI1)*EII)*IMODIIA8SIIR),200)-1001/100.
ISN 0188 IW141=3
ISN 0189 GO Ta 100

C ONE DIMENSIONAL SEARCH
ISN 0190 37 IFIN.EQ.11 GO TC 43
ISN 0192 IFIIWI31.GE.IW(2)) GO TO 53
I SN 0194 IF(IWI41.EQ.21 GO TC 3q
ISN 0196 IW141=2
ISN 01 q7 00 38 1=1, N '"...
ISN 0198 38 WIJ3+IJ=XII)-WIJM+I)
ISN 0199 IR=3
ISN 0200 W151=A
lSN 0201 IR=20
ISN 0202 W161=A
ISN 0203 WI81=0.5
JSN 0204 W1111=0.
ISN 0205 1/1121=0.
ISN 0206 WIl31=0.
JSN 0207 wI141=1.
ISN 0208 WI16 I=WI JM+UO
ISN 0209 W(17)=WI41
ISN 0210 GO TO 40
I SN 0211 39 W(9)=WI41
ISN 0212 CAll FI Tli KE.ld51 .kI81.
ISN 0213 40 00 41 l=l,N
ISN 0214 4) XIII=WIJM+IJ+WI81.WtJ3+l1
ISN 0215 IFtKE.EC.31 KE=Z
ISN 0217 IFIKE.EC.2) GO Ta 53
ISN 0219 KE= 1
lSN 0220 WI31="18'
ISN 0221 GO TO 100



[SN 0222
ISN 0224
ISN 0225
ISN 0226
I SN 0227
ISN 0228
ISN 0229
[SN 0230
ISN 0231
I SN 0232
ISN 0233
ISN 0234
ISN 0235
ISN 0237
ISN 0239
I SN 0240
[SN 0241
ISN 0243

ISN 0244
(SN 0245
I~N 0246

[SN 0247
ISN 0248
ISN 0250

ISN 0251
ISN 0252
ISN 0253
ISN 0254
ISN 0255
I SN 0256
ISN 0257
I<;N 02<;8

C ONLY ONE VARIA8LE X
42 IFI[WI31.GT.ll GO TC 43

KE=O
WllOI=\llll*Elt )
Wll U=El11
\I lt21 =0.

43 IR=IW(21
W161=A
101181 =XIlI
W191=W141
CALL F[TIIKE,WI51,WI811
1101141=2
XI1l=W(81
IFIKE.EQ.ll GO TC 100
IFIKE.GT.OI KE=KE+l
11131=0.
W151 =0 ~

IFIWI61.NE.0.1 GO TO 14
101 (5) =SQR Tl A8S II 101 ( 131-101 (15) l/(I WI 161 -\lI 1711 /( 101 ( 131-101 ( 141 I -I W11 71 -

11/(18)I/IWI141-WI1511111
WI61=1.
101171=1.
GO TO 71

C END OF SEARCH
50 KE =0

IFIWI41.EQ.0•• OR.[WI21.LT.01 GO TO 100
GO TO 52

C ERROR CODE DEFINITION
51 KE=KE+t
56 KE=KE+l
55 KE=KE+l
54 KE=KF+l
53 KE=KE+l

KE=KE+l
52 00 51 I=I.N
51 104(1+41=0.

'"'"



ISN 0259 WI31=0.
1SN 0260 TFIKE*IKE-31.NE.O.OR.IKE~EQ.3. ANO. [wI21.EQ.l •• OR. IWl3I. EQ.O •• ANO.

lIWl31.LE.N"'1 GO TO 74
C COMPUTATION CF THE ERRCRS CF THE VARIABLES
C RESTORE MATRIX G

ISN 0262 IFIWI21.EQ.0.I GO TO 15
ISN 0264 Jl=JA
ISN 0265 11 =N+l
ISN 0266 00 45 1=2,11
ISr..1 0267 IFlI.GT.MI GO TO 45
ISN 0269 00 44 J=I,'"
ISN 0270 44 WIJl +J I =0.
[SN 0271 45 Jl=Jl+M
I SN 0272 00 49 1=I,N
I SN 0273 DA 46 11=1,111 '"a>

ISN 0274 A=WI4+N+1l1
1SN 0275 IFIIR.EQ.II GO TO 47

·ISN 0277 46 CONTlNUE
I SN 0278 47 IF(ll.EQ.l1 GO TO 49
1SN 0280 Jl=JA+M*( 1-1 I
I SN 0281 J2=JA+M*( 11-1 I
ISN 0282 WI4+N+lll=W(4+N+IJ
ISN 0283 00 411 J=I,N
ISN 0784 A=W( Jl+JI
ISN 0285 WIJl+JI=W(J2+JI
IS/II 07.86 48 WIJ2+JI=A
ISN 0287 49 CONTINUE
ISN 0288 GO TO 66

C INVERSE OF MATRIX 0
ISN 0289 60 T=SQRTIWIJAII
ISN 0290 Jl=JA
ISN 0291 00 61 1=I,N
ISN 0292 S=WIJ3+11
IS N 0293 J2=JS+I-LM
ISN 0294 00 61 L=I,KV
ISN 0295 Jl=Jl+l



JSN 0296
ISN 0297
JSN 0298

ISN 0299
IS"I O~OO

JSN 0301
J SN 0302
ISN 0303
J SN 0304
I SN 0305
JSN 0:'06
ISN 0~07

ISN 0309
ISN 0310
ISN 0311
I SN 0312

ISN 0313
ISN 0314
ISN 0315
ISN 0316
ISN 0317
ISN 0318
ISN 0319

(SN 0320
ISN 0321
ISN 0323
JSN 0324
[SN 0325
ISN 0326
ISN 0327
ISN 0328
ISN 0329
I SN 0330

61 WIJll=T*IWIJ2+l*LMI-SI/WIJS+L*L~1

CALL INVATAIKV,N,IR,wIJA+II,wIJO+II,XI
IFIIR174,20,74

C MATRIX G = A*INVERSE CF 0
62 00 65 L=I,M

Jl=L+JA-M
00 64 1=I,N
11 =JO+I 1*1-1 1/2
12=1
S=O.OO
on 63 J=l,N
11=11+12
IFIJ.GE.Il 12=J

63 S=S+W I I lI*OBLE IwtJ l+J*M I J
64 XI I I =S

00 65 J=I,N
65 WIJl+J*MI=XIJI

C DIAGONAL ELEMENTS OF GITI*G
66 Jl=JA

00 68 1=I,N
$=0.00
00 67 L=I,M
Jl=Jl+l

67 S=S+WIJ11*DBlE[WIJ111
68 WI4+N+II=OSQRTISI

C STANDARD ERRORS AND ERROR CORRELATIONS
CAll INVATAIM,N,IR,WIJA+l1,WIJO+II,xl
IFIIR.NE.OI GO TO 74
00 69 [=I,N
WII+41=SQRTtWIJO+II*I+(I/ZJI

69 WI4+N+II=WII+41*wt4+N+II
Jl=JO
00 70 l=l,N
00 70 J=I,1
J1"=Jl+1

70 WIJ11=wtJ1J/lwll+41*WIJ+411

'""



C ERROR RENORMAllSATICN FACTCR
ISN 0331 71 S=O.OO
ISN 0332 00 72 1=1.14
ISN 0333 72 S=S+WIJM+N+I I
ISN 0334 WI31=DSORTfDABSIWIJM+lMI-S*S/MI/MAXOIM-N-I.111
ISN 0335 00 73 1=I,N
ISN 0336 73 W{I+41=WII+41*W{31

C RESTORE OPTIMUM VAlUES TO X ANO F
I SN 0337 74 !Wf41=M-N-l
ISN 0338 IF 1 I KE-51* I KE-61. NE.OI GO TO 75
ISN 0340 1101 131=J-2
ISN 0341 IW{41=MF-l
ISN 0342 75 00 76 I=l,N
ISN 0343 76 X1I I =,ll JM+ Il
ISN 0344 00 77 1=1,14
ISN 0345 77 FIII=WIJM+N+II
ISN 0346 Wf41=WIJM+LMI
ISN 0347 100 IF{KE.EO.l1 IWI31=IW13'+1
ISN 0149 RETURN
ISN 0350 END

w
CX>

I

MODINA
FORHAD, integration subroutine to be added

2**1'(7)

E~DPUNKT~ DES INTEGRATIONSINTERVALLS

FIX) ODER INTEGRAlWERT
GEWUENSCHTER RELATIVER INTEGRATIONSFEHLER
STfU~RlA~L, STATEMENT 2
HALßIERUNGSORDNIJNG, 7AHL DEI' INTERVALLE IST

UND PI21PHI
p 111
p 141
D(5)
1'(61
I' 171

I~TEGRATION DURCH FORT"ESETZTE HALBIERUNG. RO~ßERG-VfRFAHREN

PROGRAMMßESCHREIBUNG NR. 29 VON G.W. SCHwEIMER

C---------------------------------------------------------------------
C
r.
c
c
C
C
C
C
C
C



SUBROUTINE FORHADIKE.PI
DIMENSION PI2'5)
IF IKEIl 01. 2

1 P(3)=PIll
P(6)=-1.
I<E=1
RHURN

2 [FIP(6)13.4.7
3 PIS'=P(4)

0(6)=0.
1'(3)=012)
KE=l
I\E TURN

4Pll1)=.'5*10IZ)-011»)*loI4)+P[B11
PIS)=1.
P(7)=!.•
p(6)=1.
I< E=l

5 1'(7)=1'(7)+1.
0(8)=.5*0181
PI91=1.
PI101=0.

6 1'131=0(1)+1'181*0191*11'121-0111)
RE TURN

7 1'(9)=1'191+2.
PI101=PII0)+PI41
I< E= 1
IFIP[81*PI91-1.16.8.8

8 1<":=2

I SN 0002
rSN 0003
IS"J 0004
ISN 0005
r SN 0006
[SN 0007
ISN OOOS
ISN 0009
I SN nOH)
I SN OOll
ISN 001Z
ISN 0013
[SN 0014
rSN 0015
[SN 0016
ISN 0017
IS"J 0018
TSN 0019
ISN ::>020
[SN 0021
I Sr.: 0022
[SN 00:<'3
rSN 0024
ISN 0025
rSN 0026
r SN 0027
ISN 0028
rSN 0029
[S'l 0030

c
c
C
C
C
C
c

PI 8)
I' I 9 l
°(l0)
I' 1111

.'5**IP(7)-1.)
INTERVAllNUMMER: 1, 3, 5, ••• , 2**IPI7)-1.)-1.
SUMME DER STUETZWERTE IN EINER HAI.ßIERUNG

BIS P(25) INTEGRALWERTE NACH DER TRAPEZ- IPlll1),SIMPSON- IPI12
COTES- 11'(131), ROMAERG- 11'1141 ~IS 1'12'511 FORMEL FUE
2**1'(7)+1 STUETZPUNKTE

~

I



JSN 0031 E=4.
TSN 0032 A=Pllll
TSN 0033 Pllll=.S*A+IPI21-PIIJI*PI81*PI101
IS"J 0034 "1= PI 71
TSN 0035 DO 9 M=2,N
ISN 0036 8=PI"1+10)
ISN 0037 PIM+I01=PIM+91+lol~+91-A)/IE-l.l

ISN 003R A=B
[SN 00~9 9 E=4.*E
I SN 0040 PI41=PIN+I0J
ISN 0041 IFlPl41 )11,10,11
[SN 0042 Ir) F=ABS( PI"l+9) I
I SN 0043 (;0 TO 12
ISN 0044 11 F=ABSIIPIN+91- o 141 I/P(4) I
ISN 0045 12 IFIE-ABS(P(511115,15.13 ...

0

ISN 0046 13 IFIN-15)5,14,14 I
ISN 0047 14 KE=4
ISN 0048 PISI=E
[SN 0049 GO TO 16
I SN OOSr) IS KE=3
[C:;N 0051 16 RFTURN
ISN 0052 END



POGYNA

new folding model package, replacing POGA (page 117)

and POAR (page 143)

ISN OOOZ
I SN 0003
ISN 0004
ISN 0005
I SN 0006
ISN 0001
ISN 0008

ISN 0009

C----------------------------------------------------------------------
C-----P-O-G-y-N-A-------------------------------------------------------
C-----~IKROSKOPISCHESOPTISCHES POTENTIAL
C-----BELIEBIGE WECHSELWIRKUNG IN FXV BERECHNET
C-----MIT DICHTE-ABHAENGIGKEIT
C-----NEUTRONEN- UND PROTO~ENVERTEILUNG VERSCHIEDEN
C-----NUKLEONENVERTEILUNG IN FUNCTION DENS BERECHNET
C-----COULOMßRADIUS PIZ)
C-----MASSENZAHL PI3}
C-----Z*l PIN+41
C-----REALTEIL : NORMIERUNG = PI4l
C CUT-OFF = Pile)
C GAMMA = PI6}
C-----IMAGINAERTEIL P17l, P181, PI9l
C OBERFLAECHE PIIOI. PIllI, PIlZ}
C-----COULO~B VC UND VD
C-----COULOMB AUS GEGEBENER LADUNGSVERTEILUNG EXAKT BERECHNET

SUBROUTINE POTE IP,PR,PI,NI
IMPLICIT REAL*B IA-H,O-ZI
OlMENSION P(ZI.PRIZ).PI12J,FI25}.SI251.DIZI
REAL*B ROOIZI/O.OO,O.DO/
DIMENSION V(401I,UCI200I,RODIZOOI,RODA(ZOOI
REAL*4 WIIIOOOJ
RE"AL*a PGNIIO}/Z4027IAD8921466DF,Z402630336A58B32Z,

* Z40246069IE694A69,Z40ZIB658BR64DBFB,
* Z40IE4lFF31573B48,Z401AI817A311A820.
* Z4015519FE196E249.140100B461DF7E414.
* 13FA64DAF529DB3FA.Z3F4825A009D3A2BA/

REAL*e XGNIIOI/Z4013973DF98886AF.Z403A502C6D25!71F,
* Z405FAB33C5594BOF,Z40e2C8ZE09FBFFB4,
* Z40A20469FD3886D1.Z4DBFOF9B9A352A6F.
* Z40D6D05EAF1EB739,Z40E989320B9FECBC.
* 140F6C60D3DEBB4F5,Z40FE3DAD0638E101/

...



ISN 0010
1SN 0011
ISN 0012
1 SN 0013
ISN 0014
ISN 0015
ISN 0016
1 SN 0018
ISN 0019
1 SN 0020
ISN 0021
ISN 0022
1 SN 0024
ISN 0025
ISN 0026
ISN 0027
ISN aOZ8
[SN 002 Q

ISN 0030
ISN 0031
ISN 0032
ISN 0033
ISN 0035
[SN 0037
ISN 0038
ISN 0039
ISN 0040
ISN 0042
ISN 004?
ISN 0044
ISN 0045
I SN 0046
ISN 0048
I SN 0049
ISN 0050
[SN 0051

ISN 0053
ISN 0054
ISN 0055

REAL*8 PJ/3.14159Z653589793DO/.F~/.5DO/.FGA/I.DOI

COMMON IINPTI KE(4ZI.WI.[NIIOOI
DATA NC1I01
[FeNI 2.1.Z

1 N=28
NP=N
IF I(KE(161.NE.71.CR.eKEI171.EC.OIJ N=1
ALP=2.DO/3.DO
RETURN

2 IFIN-2 I 3,4,4
3 AHI3=P(31**(1.DO/3.DOI

IF (KE(151.EQ.OI GO TO 66
C~ll COUlPOll.P,R.VC.VOI
GO TO 9

66 1l.=PIZI*AHI3
A=I.43985*P(NP+4J/R
V2=-.5*AI IR*R 1
VO=A-R*R*V2
PCR=R

9 H=P(NP+3J
R=Plll
IF (PI151.LT.O.DOJ PI151=0.DO
IF IKEIZ2J.GT.OI PI61=Pllbl+PI171*PI15J
AKO=PI 15 I*P 16 I
AMO=IFGA-PI1511*PI61
NC2=H*ZO.
IF ((NCl.EQ.NC21.ANO.IKE1Zl'.EQ.OII GO TO 21
HD=FGA/H
H12=HO*FA
PI8=3.DO*PJ*H/3.~0

ISM=PINP+61+PINP+7J
IFIISM.GT.2001 ISM=200
15M2=P ll8) IH
1S"'l=P I211/H
1 SM I 2= I SM 1+I SM 2
IFII5M12.GT.[SMI ISM12=ISM

C-----BERECHNUNG VON FXV
ISM2~=2*IS"'12+1

CAlL FXVIH.ISM22.V.PI
NC1=NC2

"'"



ISN 0056
ISN 0058
ISN 0059
ISN 0060
ISN OOM
ISN 0062
I5N 0063
ISN 0064
ISN 0065
ISN 0066
ISN 0061
1SN 0068
ISN 0069
ISN 0070
ISN 0011
I SN 0012
ISN 0013
I SN 0014
I SN 0016

ISN 0071
ISN 0018
rSN 0019
ISN 0080
ISN 0081
ISN 0082
ISN 0084
ISN 0085
ISN 0086
ISN 0081

ISN 0088
ISN 0089
ISN 0090
15"1 0091
ISN 00'12
15N 0093

C-----NOR~IERUNG DER NEUTRONEN- UND PROTONENVERTEILUNG
IF IKEI171.EQ.l1 GO TO 20
CALL OPNIROO,PI
011l=PI31-PlNP+41/~1141

OI21=PINP+41/WI141
ROOI21=ROOI21*OI2l
GO TO 21

20 Olll=Pl3l
21 SIll =0.

S12l=P1211
SI51=.00000100
K=O
NF=O

10 CALL FORHAOIK.Sl
GO TO 111.11,12,12l,K

11 SI41=SI3l*SI31*OENSIP.Sl
NF=NF+l
GO TO 10

12 IFINF.LE.51 GO TO 11
ROOlll=DllI/14.00*PJ*SI411

C-----INTEGRATION
43 Rl=O.OO

00 44 ISI2=1.ISMI2
Rl=Rl+H
S13l=Rl
ROON=ROOlll*OENSIP,SI
IF lKEI171.EQ.21 RODN=ROON+ROOI21*OENSPIP.SI
ROD I IS 121=RODN
RODAlIS12l=FGA-AMC*RODN**ALP
UClISl~l=O.OO

44 CONTINUE
C-----R-STRICH-PUNKTE

Rl=O.OO
00 7 ISl=l.ISMl
Rl=Rl+H
ROON=ROOlI Sll
SIM=11+MOOIISl.2Il*Rl*Rl*ROON
RODN=FGA-AKO*RODN**ALP

...
'"I



1 SN 0094
I SN 0095
ISN 0096
ISN 0097
ISN 0098

ISN 0099
ISN 0100
ISN 0101
ISN 010Z
ISN 0103
ISN 0104
ISN 0105
ISN 0106
1SN 0107
1 SN 0108
1SN 0109
ISN 0110
1SN 0111
ISN 011Z
ISN 0113
ISN 0114
ISN 0115

ISN 0116
1SN 0117
ISN 0119
ISN 01Z0
ISN 01Z1
ISN 0122
1SN 01Z3
ISN 0124
ISN 0125
ISN 0126
ISN 01Z7
ISN 01Z8
ISN 0129

C-----FO VON R-STRICH. R-ALPHA
DO 6 IS1Z=1.ISM12
A=IIS1*IS1+IS1Z*IS121*H*H
B=Z.OO*IS1*1S12*H*H
FO=O.DO
RODM=RODN*RODAIISIZ1

(-----W1NKELINTESRATION
00 5 1=1.10
C=A-B*XGNIII
(=DSQRHC!
X=C*HO
J=1(
X= 1(-J
FF=FA*IVIJI+X*IVIJ+11-VIJIII

. (=A+B*XGNf 11
C=OSQRTfC I
X=C*HD
J=X
X=X-J
FF=FF+FA*fVIJI+X*f~IJ+11-VIJIII

5 FO=FO+FF*PGNI11
6 UCfISI21=UCIIS1ZI+SIM*FO*RODM
7 CONTINUE

RETURN
C-----INTERPOLATION

4 R=PllI
IF fKE(15J.EQ.01 GO TO 77
CALL COULPO(Z.P.R.VC.VDI
GO, TO 19

71 IF IR-PCRI 75.18.18
75 VC=VO+R*R*VZ

VD=R*2.*VZ
GO TO 79

18 VC=I.43985*P(NP+4J/R
VD=-VC/R

79 J=R*HO
X=R*HD-J
IFfJ.EO.ISMI GO TO Z11

......



ISN 0131
ISN 0133
ISN 0134
ISN 0136
ISN 0137
I SN 0138
ISN 0139
ISN 0140
ISN 0141
ISN 0142
ISN 0143
ISN 0144
ISN 0145
ISN 0146
ISN 0147
ISN 0148
ISN 0149
ISN 0150
ISN 0151
ISN 0152
[SN 0153
ISN 0154
ISN 0155

ISN 0156
ISN 01.57
ISN 0158
ISN 0159
ISN 0160
ISN 0161
ISN 0162
ISN 0163

IFIJ.EO.OI GO TO 213
VCC=UCIJI+X*IUCIJ+11-UCIJI I
IFIJ.EO.11 GO TO 212
VDD=IUCIJ+11-UCIJ-111*HI2
GO TO 150

211 VCC=UCIJI+X*IUCIJI-UCIJ-111
VDD=IUCIJI-UCIJ-III*HD
GO TO 150

212 VDD=IUCIJ+11-UCIJII*HD
GO TO 150

213 VCC=2.*UCl11-UCI21
. VDD=I UCI21-UCI1l I*HD

150 Fl=PIS*PI4 I
PR 111 =VC-F I*VCC
PR 121=VD-F1 *VDO
KEW=KEI181
GO TO 1170,1801,KEW

170 SS=R-PI81*AH13
A=P191
Y=1.DO/l1.DO+OEXPISS/AII
Z=-DEXPISS/AI/A*V*V
PI (l)=-P17I*V
PI (21 =-PI 7I*Z

C OBERFLAECHf.NABSORPTION
WD=PIlOI
IF;IWDI 310,311,310

310 SS=R-Pll11*AH13
A=P1121
Z=DEXPI SS/ AI
VV=I.DO+Z
V=Z! IVV*VV'
Z=V*ll.DO-2.DO*Z/VVI/A

~

'"



[SN 0164 PI(II=PIIII-4.00*WO*V
ISN 0165 P[121=PII21-4.00*WO*Z
ISN 0166 311 RETURN

C I'''AGINAERTEIL VOLUMEN
ISN 0167 ISO SS=R-PISI*AHI3
ISN OlM A=PI 9 I
ISN 0169 Y=1.00/11.00+0EXPISS/AI)
ISN 0170 Z=V*V*Y*OEXPISS/AI*I-2.00/AI
I SN 0171 v=v*v
I SN 0172 PI I 1l=-P(71*V
ISN 0173 PIl21=-P(7I*Z ...

'"C OBERFLAECHENABSORPTION I
ISN 0174 WO=!>llOI
ISN 0175 IFIWOI 110.111,110
ISN 0176 110 SS=R-!>IIII*AHI3
ISN 0177 A=P1l21
ISN 017S VI=I.OO/(1.00+0EXPISS/AII
ISN 0179 V2=OEXP I SSI Al
ISN 01S0 Y=Yl**3*V2*1-2.DO/AI
ISN 0181 Z=Vl**4*V2*Y2*6.00/IA**ZI-vl**3*V2*Z.DO/IA**ZI
I SN 0182 PIlll=PIlll+4.DO*WO*V*A
ISN 0183 PIIZI=PI(21+4.00*WO*Z*A
ISN 0184 III RETURN
ISN 0185 END



ISN 0002
ISN 0003
ISN 0004
ISN 0005
ISN 0006
ISN 0007
ISN 0008
TSN 0009
ISN orno
ISN 0011
ISlII 0012
I SN 0013
I SN 0014
ISN 0015
ISN 0017
ISN 0018
ISN 0020
ISN 0021
ISN 0022

ISN 0002
ISN 0003
ISN 0004
ISN 0005
[SN 0006
[SN 0007
TSN 0008
ISN 0009
ISN Ooto
ISN 0012

c-----p-O-G-Y-N-~-------------------------------------------------------

C G~USS PLUS YUK~W~ INTER~CTION NUMERICALLY INT~GRAT=O

SU8ROUTINE FXVIH,tSM12,DV,Pl
IMPLICIT REAL*8 IA-H,n-ll
DIMENSION DVl4011,Pl2J
G:PI51*PI51
G:l.DO/G
AV:l.DO/PI201
FY=Plt9J
FG:P1l4J
P:O.DO
00 100 1:1,401
R:R+H
OVIII:O.DO
EXPD:R*R*G
IF (DABS(EXPOI.lT.174.DOI DVIII=FG*OEXPI-EXPOJ
FXPO=AV*R
IF lDARSIEXPOI.LT.114.DOI DVII1:DVIII+FY*OEXPI-EXPOl/",XPO

1')0 CONTINUE
RETU~N

iöNO

SU8ROUTINE OPNIROO,PI
IMPlICIT REAL*8 IA-H,O-ll
REAL*4 WIII0001
DIMENSION R00121,F1251,P(21
PEAl*a PI/3.141592653589793DOI
DATA NCl/OI
COMMON IINPTI KE(42I,WI,INII001
NC2=WII31+.2
IF INCl.EQ.NC21 GO TO 10
NCl:NC2

~
-J



I SN 0013
ISN 0014
I SN 0015
ISN 0016
ISN 0017
ISN 0018
ISN 0019
ISN 0020
ISN 0021
ISN 0022
ISN 0023
ISN 0025
ISN 0026
ISN 0027
ISN 0028
ISN 0029
ISN 0030

ISN 0002

ISN 0003
ISN 0004
ISN 0005
r SN 0006
rSN 0007
ISN 0008
ISN 0009
ISN 0010
ISN 0012
ISN 0013
ISN 0014

C-----NORMIERUNG DER PROTONEN-VERTEILUNG
FI1l=0.
Fl 21 =P I 211
"'15)=.00000IDO
K=O
NF=O

100 CALl FORHADIK.FI
GO TO 1110.110.120.1201. K

110 FI41=F(3)*FI3)*OENSPIP.FI
NF=NF+l
GO TO 100

120 IFINF.LE.51 GO TO 110
ROO(2)=I.DO/14.DO*PI*FI4)1

. RHC2=ROOI21
RETURN

10 ROOI21=RH02
RETURN
END

FUNCTION DENSIP.Sl
C-----3-PARAMETER FF.RMI-VERTEILUNG DER NEUTRONEN ODER MASSE

IMPLICIT REAL*8 (A-H.O-Z)
DIMENSION P121.S121
DENS=O.DO
C=PIZ2)*P(31**II.DO/3.DOI
A=P(23)
W=P(24)
R= S13)
IF IR.GT.PI2l)) RETURN
DENS=II.DO+R*R*W/IC*CII/II.DO+DEXPIIR-C)/AII
RETURN
END

...
Cl>



I SN 000-2

ISN 0003
ISN 0004
ISN 0005
I SN 0006
I SN 0007
ISN 0008
ISN 0009
ISN 0010
ISN 0012
I SN 0013
ISN 0014

ISiII 'lOOZ
ISN 0003
ISN 0004
ISN 0005
I SN 0006
ISN 0007
ISN 0008
ISN 0009
I SN 0010
I SN 0011
ISN 0012
I SN 0013
ISN 0014
I SN 0015
ISN 0016

I SN 0017
ISN 0019
ISN 002/}
ISN ooZl
ISN 0022
ISN 0023
I<;N 0024
ISN 0025

FUNCTION DENSPIP.S)
C-----3-PARA~ETER FERMI-VERTEILUNG DER PROTONEN

I~PLICIT REAL*8 lA-H.O-ZI
DIMENSION P121,S121
DENSP=O.DO
C=PI251*PI31**II.DO/3.001
A=P1261
W=P1271
R= S 131
IF IR.GT.PI2111 RETURN
DENSP=ll.DO+R*R*W/IC*Cll/ll.DO+DEXPIIR-CI/AII
'(ETURN
END

[-----'-P-Q-G-y-N-ft------------------------------------------------------_
SUBROUTINE DENPRIP,W,NP.M.N.V~RM.CHI2J

I~PLICIT REAL*3 (A-H.O-Zl
REAL*4 1011110001
DIMENSION PIZJ.W(21,VARMI30.30).SIZ51.DI21.CPI2.201,ROOI21
DIMENSION RMSIIOI
'(EAL*g PJf:.14IS926535S9793DOf
rOMMON IINPT/KEI421,WI.IN1IOOI
COMMON IIFITIIAI301.NC,ID
RC=P1211
AHI3=P(31**II.OOf3.DOI
Z2=WI151
H=. 1DA
NS=RClH+2.
DRSM=O.OO
DRSN=O.DO

C-----LADIINGSVERTEILUNG
IF IKEllSJ.EQ.ül GO Tn 10
NW=7
00 I 1=1,4
NW=NW+WIINWl+l.l

1 CONTINUE
NC=wIINWJ+.l
00 2 I=l.NC
(PI Z, I1 =1011 1"1\01+11

...
<D



ISN 0026
1SN 0027
ISN 0028
I SN 0029
ISN 0030
1SN 0031
ISN 0032
1SN 0033
I SN (l034
1SfI/ 0035
1SN 0036
ISN 0037
1SN 0038
1SN 0040
1SN 0041
I SN 0042

ISfII 0043
1SN 0045
I SN 0046
ISN 0047
I SN 004f!
ISfII 0049
ISN 0050
ISN 0051
ISN 005?
ISN 0054
1SN 0055
ISfII 0056
IS"l 0057
ISN ,a058
I SN 0059
IS"l 0060
ISN 0061
IS"l 0062
ISN 0063
ISN 0065
19J 0066

2 CONrI"lUE
NW=NW"WIINWI").1
SI1l=0.
S121=CP12,l1
SI51=.00000100
K=O
"lF=O

3 CALL FORHADIK,S)
GO TO 14.4,5,51, K

4 SI41=SI31*SI31*OEN2ICP.SJ
NF=NF+1
GO TO 3

5 IF lNF.LE.51 GO TO 4
RHOC=12fI4.00*oJ*SI411
WRITE 16,60021 RHOC

6002 FOR~AT 111' PENSITY CHARGE = ',1 0 015.51
C-----DROTQNENVERTEILUNG

10 IF IKEI171.EQ.l1 GO TO 20
CALL OPNIROO,PI
Dlll=PI31-PINP+41/WI141
DI21=PINP+41/WII41
ROOI21=ROOI21*OI21
GO TO 21

20 Oll I=P131
21 IF IKEI171.lT.l1 Ge TO 1000

SI1.1=0.
SI21=PIZlI
SI51=.00000100
K=O
NF=O

22 CALl FORHADIK.SI
GO TO 123,23.?L,24I, K

23 S(41=SI31*SI31*OENSIP.SI
NF=NF+l
GO Tn 22

24 IF INF.LE.51 GO TO 23
ROO 111 =0 II 11 14. OO*PJ*S (4) I
WRITE 16,60041 ROO

I
g:
I



ISN 0067
(SN 0068
ISN 0069
ISN 0070
TSN 0071
ISN 0073

I SN 0074
ISN 0075
ISN 0076
(SIIJ 0077
ISN 0078
ISN 0079
ISN 0080
ISN 0081
ISN 0083
ISN 0084
ISN 0085
ISN 0086
I SN 0087
ISN 0089
ISN 0090
ISN 0091
ISN 0092
ISN 0093
I SN i)094
(SN 0096
ISN 0097
ISN 0098
ISN 009~

I SN 0100
ISN 0102
ISN 0103
ISN 0104
ISN 0106
I SN 0107
ISN 0108
ISN 0110

6004 FORMAT 111' DEN5ITIES MATTERINEUTRONS ANO PROTON5',lP2DlS.S1
VK=4.00*PJ*IPI21*AHI31**3/3.DO
OCK=PINP.41/IWIt41*VKI
PH(=PI21*AH13

31 IF lKEllll.EO.ll WRITE16.60031
6003 FnR'lAT 1111' '.7X,'R'.11X.''1ATTER'.10X,'NEUTROfljS',lOX.

1 'PROTONS'.10X.·CHARGE'1
33 R=-H

00 100 I=1,flj5
/l.=P .H
D"=O.
DN=O.
0°=0.
OC=O.
IF lR.LT.OHC) OC=OCK
WIIH-ISI=O.DO
WI 1.2*~jSI=0.DO
WII·3*NSI=0.OO
S<3 )=R
IF {I(El171.EQoll GO TO 32
ON=OENSIP.SI*ROOll1
OO=DENSPIP.SI*ROOI21
OM=DN.DP
GO TIJ 35

32D'1=oENSIP.SI*ROOll1
35 IF IKEI151.EQ.ll DC=DEN2ICP,SI*RHOC

WI!l=OM
WI r.NS I =DN
WII.2*NSI=DP
wlr·3*NSI=DC

91 IF lKEllll.EO.ll WRlTE 1f:,60111 R.DM,ON.Op.DC
100 CO~ITINUE

6011 FnR"IAT I' ',OPFI0.3.5X,411PDI2.4,5XII
IF tIKEI121.EQ.01.AND.lKEI141.EQ.011 GO TO 203
KM"I=MODIKEI141.10001/100
KM "!=K!' I 141llQOO
IF IKEI171.NE.21 KMN=O
on 110 1=1.4

'"



lSN 0111
lSN 0112

ISN 0114
I S"l 0115
ISN Oll 7
I SN 011!l
ISN 0120
ISN 01Z1
ISN 0123
ISN 01Z4
ISN 0126
ISN 0127
ISN 0128

ISN 0129
ISN 0130
ISN 0131
I SN 0133
lSN On5
I SN 0136
ISN 0137
ISN 013'1
I SN 0139
lSN 0140
I SN 0142
ISN 0144
ISN 0145
ISN 0146
ISN 0148
ISN 0149
ISN 0150

ND=I-l
I F I I I K E I 17 1• EQ. 1) • AN D. I I. GT• 111• AND. I • NO T. I I KE I 15 J• EQ. 1 I • AND. 11. E

1 Q.41J 11 GO TO 110
CAll MOHENTIND,W,H,NS,RMSI
IF 1I.EO.l1 WRITE (6,63001

6300 FORMAT 1111' MATTER DENSITY'l
IF II.EO.21 WRITE 16,63011

6301 FORMAT 1111' NEUTRON DENSITY'I
IF II.EO.31 WRIT~ 16,630Z)

63~Z FORMAT 1//1' PROTON DENSlTY' 1
IF II.EQ.41 WRITE 16,63031

630~FORMAT 111/' CHAPGE DENSITY'I
WRITE 16,650lJ IRMSIJ1,J=l,3), IRMSIJI,J=5,10J

6501 FORMAT {I' K-TH MOMENT FOR K = -Z, -I, •••• +5. +6'
1 19tFIZ.5,2XI'

\lPITE [6,650Z' RMSI41
650Z FORMAT 1/' VOIUME = '.lPD12.5J

IF IIKMM.GT.OI.AND.II.EQ.lll \lRITE 18,70011 RMS
IF IIKMN.GT.OI.AND.II.EQ.ZII WPITE 18,1001' RMS

110 CONTINUE
Z03 IWP=NS

IWS=l
KO'1=MODIKE(13),10001/100
KO"l=KE I 131/1000
IF (KEll11.NE.21 KDN=O
IF IKDM.GT.O.OP.KON.GT.OI WRITE17.70011 {\lIII,I=IWS,IWPI
IWS=IWP+l
Iwo=IWP+NS
IF I!(DN.GT.OIWRITE 11,70011 IWIIl,I=IWS,IWPI

7001 FORMAT( 15X, '*',6( 1PDliJ.3,',' llI
1000 PE TURN

END

'"'"



ISN 0002
ISN 0003
ISN 0004
I SN 0005
ISN 0006
ISN 0007
I SN 0008
ISN 0009
ISt>: 0010
ISN 0011
ISN 0012
lSN 0013
ISN 0014
lSN 0015
ISN 0016
ISN 0017
ISN 0018
lSN 0019
ISN 0020
ISN 0021
ISN 0022
ISN 0023
lSN 0025
ISN 0026
lSN 0027
ISN 0028
ISN 0029
ISN 0031

ISN 0032
ISN 00:33
ISN 0034
ISN 0035
ISN 0036
ISN 0037
ISN 0038
ISN 0039

C-----POTENTIAl PRlNT
SUBROUTINE POTPRIP.W,NP,M,N,VAR~,CHI21

IMPllCIT REAl*~ IA-H,O-ll'
REAl*4 loH 11000 I
DIMENSION PI21,PRI21,PI121,WI21,VARMI30,301,RMSI 101
COMMON IINPT/KEI421,WI,INIIOOI
COMMON 11FIT/IAI301,NC,IO
NRC=PINP+31*IPINP+61+PINP+71-1.1+1.
RC=NRC
H=.lOO
AHI3=PI31**11.DO/3.001
NA2=WII21+.2
HA=PINP+31
NSA=PINP+61

. MSA=Pl'JP+7)
PINP+31=H
NS=RC/H+2
MS=O
PINP+6)=NS
PINP+71=MS
NN=l
eAll POTEIP,PR,Pl,NNI
IF IKEI151.EQ.l1 GO TO 6
R=PI21*AH13
A=1.43985*PINP+41/R
V2=-.5*A/IR*RI
VO =A-R*R*V 2

6 IF IKEI91.EQ.l1 WRITE16.60001
6000 FORMAT 1111' ',10X,'R',15X,'REAl'.13X,'REAl+crUlOM~',8X.

1 'IMAGINARY',llX,'COUlOMB'1
9 R=-H

00 2 l=l,NS
!l=R+H
Plll=R
WtI)=O.OO
Wl I+NSI=O.OO
Wl I+2*NSI =0.00
CAlL POTEIP,PR.PI,NPI

'"'"



ISN 0040
I SN 0042
ISN 0043
ISN 0044
ISN 004S
I SN 0046
ISN 0047
ISN 0048
ISN 0049
ISN OOSO
I SN OOSI
{SN 00S2
ISN 0054
ISN 00S5
ISN 0056
ISN 0057
JSN 0058
ISN 0060
ISN 0061
ISN 0062
ISN 0063
ISN 0064
ISN 0065
ISN 0066
ISN 0067
ISN 0068
ISN 0070
ISN 0071
ISN 0072
ISN 0074
ISN 0075
JSN 0076
{SN 0077
ISN 0078
ISN 0079
ISN 0080
ISN 0082
ISN 0083
IS"I 0084

TFlKEIISI.EQ.OI GO TO 3
CAlL COULPOl2,P,R,VC,VDl
GO TO I

3 IF lR-P 121*AH131 4,S,5
4 VC=VO+R*R*V2

GO Ta I
5 VC=I.43g8S*PlNP+41IR
I PRI21=PRlll

PR III =PRlll-VC
WII,=PRlll
WI I+NSI =PI 111
IF lKEI91.EQ.II WRITEl6,61001 R.PRlll.PRl21.PIll1.VC

2 CONTINUE
6100 FORMATl' ·,OPF15.3,5X,41IP015.7.5XII
6300 FORMAT (1//' REAL POTENTIAl'l

31 KMR=MOOIKEI14I,10)
IF lIKElIOI.EQ.OI.ANO.IKMR.EQ.OII GO TO 30
NV=O
!o/RITE 16.63001
CALl MOMENTINV.W.H.NS,RMSI
WRITE 16,60011 IRMSIll,I=I,3).IR~SIII,I=5.IOI

6001 FORM~T 1//' K-TH MOMENT FOR K = -2. -1 ••••• +5. +6·/9IFI2.5.2XII
VOL=R~SI41/IPI31*NA21

WRITE 16.60021 RMSI41.VOl
6002 FORM~T 1/' VOlUME = ',IPOI2.5,' PER NUClEON PAIR = ',IPD12.51

IF IKMR.GT.OI WRITE 18,70011 RMS
6400 FORMAT 1///' IMAGINARY POTENTIAl'l

32 KMI=MODlKE1141,1001/10
IF IIKElI01.lT.21.AND.IKMI.EQ.011 GO TO 30
NV=l
WRITE (6.64001
CAll MOMENTINV,W,H,NS,RMSI
VOl=RMSI41/IPI31*NA21
WRITE 16,60011 IRMSIII,I=I.3I,IRMSIII,I=5,lOI
WRITE 16,6002l RMSl41,VOl
IF IKMI.GT.OI WRITE 18,70011 RMS

30 PI NP+31 =HA
PINP+61=NSA
P lNP+71 =MSA

'",.



ISN 0085
ISN 0086
ISN 0087
I SN 0088
ISN 00<)0
ISN oon
I SN 0093
ISN 0094
I5N 0095

IWP=NS
11015=1
KPR=~ODIKEI131,101

IF (KPR.GT.OI WRITE 17,70011 IWlll,I=IW5,IWPI
IWP=IWP+NS
IF IKPI.GT.Ol WRITE (7,70011 IW(1I,I=IWS,IWPI

7001 FOR~AT ((5X,'*',611PDI0.3,','l11
RETURN
END

g:
I



POGYNAFB

new folding model package with FB-option, replacing

POGAFB (page 128) and POARFB (page 156)

ISN 0002
ISN 0003
[SN 0004
[SN 0005
[SN 0006
ISN 0007
ISN 0008

ISN 0009

C----------------------------------------------------------------------
C-----p-O-G-Y-N-A-F-~---------------------------------------------------

C-----MIKROSKOPISCHfS OPTISCHES POTENTIAL
C-----BELIEBIGE WECHSELWIRKUNG I~ FXV BERECHNET
C-----MIT DICHTE-ABHAENGIGKEIT
C-----FOURIER-ßESSEL-DICHTEN
C-----NEUTRONfN- UND PROTON~NVERTEILUNG VERSCHIEDEN
C-----NUKLEONENVERTEILUNG IN FUNCTION DENS BERECHNET
C-----COULOMBRAD[US Pl?l
C----~MASSENZAHL Pl31
C-----l*Z PIN+41
C-----REALTEIl : NORMIERUNG = P(4)
C CUT-OFF = PI391
C GAMMA = Pl~l

C-----IMAG[NAERTEIL PH), PI8 •• Pl91
C OBERFlAECHE PIIOI, PlilI, PIIZI
C-----COUlOMB VC UND VD
C-----COUlOMB AUS GEGEBENER LADUNGSVERTEILUNG EXAKT BERFCHNET

SUBROUTINE POTE IP,PR.PI.NI
IMPlICIT REAl*8 IA-H.O-ll
DIMENSION PI21,PRIZI.PIf21.FI25.,SI2SI,DI21
REAL*8 ROOI21/0.00.0.DO/
DIMENSION VI4011.UCI200l,RODAIZOOI,ROO/2001
REAL*4 WIIIOOOI
REAL*8 PGN/lOI/l4027IAD8921466DF.Z402630336A56B322,

* Z402460691E694A69.l402IBt58BB64DBFB.
* l40lE4lFF31573B48,l401A1817A317AB20,
* l4015519FE196E249.Z40100B467DF7E474.
* Z3FA640AF529DB3FA.Z3F4825A00903A2BA/

REAL*8 XGNI101/l40139130F98B86AF,l403A502C6D25171F.
* l405FAB33C5594BOF.l4082C8ZE09FRFFB4,
* 140A2D469FD3886Dl.l40BFOF9B9A352A6F,
* l40D6D05EAF7EB739.Z40E988320~9FEC8C.

* Z40F6C6DD3DEBB4F5,140FE30AD0638El01/

g;



ISN 0010 REhL*8 PJ/3.141592653599793DOI,FA/.5DOI,FGA/1.DOI
TSN 0011 COMMON IINPTI KEt421.~I.INII001

ISN 0012 CO'lMON IIFlTl IAI301.NC,ID
ISN 0013 COMMON ICONI VNEG
I SN 0014 OATA NCI/01.NC3/01
ISN 0015 IF lN I 2.1,2
ISN 0016 1 N=49
ISN 0017 NP=N
ISN 0018 IF ItKEI161.NE.81.0R.IKE(17).EQ.011 N=l
ISN 0020 RETURN
TSN 0021 2 IFIN-21 3,4.4
ISN 0022 3 AH13=PI31**t1.DO/3.DOJ
TSN 0023 NC4=Pt3 J
ISN 0024 NF=INI81
ISN 0025 IO=IAI NFI
ISN 0026 1F t 10. EQ. NP I 10=1 AINF-ll '"I SN 0028 IF [KEI181.LT.3J GO TO 113 -<

TSN 0030 I OW= 10
ISN 0031 RCTFW=PI29J
ISN 0032 00 111 1=1.NF
I SN 0033 IF IIAIII.GT.281 GO TO 112
ISN 0035 111 CONTINUE
ISN 00:6 112 IO=IAI1-11
I SN 0037 IUW=30
I SN 0038 IF (lO.LT.141 10=28
lSN 0040 113 IF IKEI15J.EQ.OJ GO TO 66
ISN 0042 CALL COUlPOll,D.R,VC.VO)
TSN 0043 GO TO 9
ISN 0044 66 R=Pt21 *AH13
ISN 0045 A=1.43985*PINP+41/R
ISN 0046 V2=-.5*AI tR*RI
ISN 0047 VO=A-R*R*V2
ISN 0048 PCR=R
ISN 004Cl Cl R=Plll
ISN 0050 AKO=P{ 381*PI 61
lSN 0051 AMO=IFGA-PI38JI*PI61
lSN 0052 H=PINP+3J
ISN 0053 NC2=H*20.



[SN 0054
[SN 0056
[SN 0057
[SN 0058
[SN 0059
ISN 0060
ISN 0061
[SN 0063
[SN 0064
[SN 0065
ISN 0066
1 SN 0068

1 SN 0069

[SN 0070
[SN 0072
ISN 0073
[SN 0074
lSN 0075
ISN 0076
ISN 0077
ISN 0078
[SN 0080
[SN 0081
I SN 0082
rSN 0083
I SN 0084
[SN 0085
1 SN 0086
ISN 0087
[SN 0088
[SN 0089
ISN 0090
ISN 0092
ISN 00Q3

[F lNC1.EO.NC21 GO TO 21
HD=FG4/H
H12=HO*FA
PI8=e.OO*PJ*H/3.00
AL 1'=2. 00/3.00
ISM=PINP+61+P(NP+71
IF lISM. GT .2001 ISM=200
1S"l2=P 091 IH
ISM1=P(42 JlH
ISM12=ISMl+[SM2
IF(ISM12.GT.ISMI ISMI2=ISM
ISM22=2*1 SM12 +1

C-----BEPECHNUNG VON FXV
CAlL FXV(H,ISM22,V,PJ

C-----NORMIERUNG DER NEUTRONEN- UNO PROTONENVERTEILUNG
IF lKE(171.EO.1) GO TO 20
CALL OPNIROO,PI
01I)=PI31-PlNP+41/WII41
DI21=PlNP+41/WII41
ROOI21=ROOI21*0121
GO TO 21

2001l)=PI31
21 IF lNC3.EO.NC41 GO TO 43

SI 11=0.
SI21=1'{421
SI51=.00000100
K=O
NF=O

10 CALL FORHAOlK,SI
GO TO (IL,II,12,12I,K

11 SI41=SI31*SI31*OENSIP,SI
NF=NF+I
GO TI1 10

12 IFlNF.LE.51 GO TO 11
ROO(II=0{11/14.00*PJ*SI411
NC3=NC4

'"Cl>

I



ISN 0094
ISN 0095
rSN 0096
ISN 0097
1 SN 0098
[SN 0099
ISN 0101
ISN 0102
ISN 0103
ISN 0104

ISN 0105
[SN 0106
ISN 0107
ISN 0108
ISN 0109
ISN 0110
ISN 0111
[SN 0112
ISN 0113

ISN 0114
ISN Oll5
1 SN 0116
ISN 0117
ISN 0118

1 SN 0119
[SN 0120
ISN 0121
ISN 0122
rSN 01.23
rSN 0124
ISN 0125
ISN 0126

43 Rl=O.OO
00 44 IS12=1.1SM12
Rl=Rl+H
S131=R 1
RODN=ROOlll*OENSIP.SI+OEFBlP.SI
IF IKEI171.EO.21 RQDN=RODN+OENSPIP.SI*ROOl21
ROOlIS121=ROON
ROOA{IS121=FGA-A~0*RODN**AlP

UCllS121=0.00
44 (ONTINUE

C-----FAlTUNG

C-----R-STRICH-PUNKTE
VNEG=O.OO
Rl=O.OO
00 7 ISl=l.ISMI
Rl=Rl+H
ROON=ROOllSII
S[M=ll+MOOlrSl.211*Rl*Rl
VNEG=VNEG+SIM*OABSIRODNI
SIM=SI~*ROON

RODN=FGA-AKO*ROON**AlP
C-----FO VON R-STRICH. R-AlPHA

00 6 [SI2=1.1SMI2
A=IIS1*IS1+[SlZ*ISIZI*H*H
B=2.00*ISl*IS12*H*H
ROOM=ROON*ROOAllS1ZI
FO =0.00

C-----WINKElINTEGRATION
00 5 1=1.10
(=A-B*XGNI 1 I
C=DSQRT IC I
X=C*HO
J=X
X=X-J
FF=FA*IVIJI+X*IV1J+II-VIJIII
r:=A+R*XGNl 1 I

~



ISN 0121
ISN 0128
I SN 012 0

ISN 0130
ISN 0131
ISN 0132
ISN 0133
ISN 0\34
ISN 0135
I SN 0136
I SN 0131

ISN 0138
I SN 013Q
ISN 014\
[SN 0142
[SN 0\43
ISN 0144
[SN 0145
ISN 01.46
ISN 0141
ISN 0148
ISN 0149
ISN 0150
ISN 0151
[SN 0153
ISN 0155
ISN 0156
ISN 0158
ISN 0159
ISN 0160
ISN 0161
ISN 0162
[SN 0163
ISN 0164
ISN 0165
I SN 0166

r: =DSQR TICI
X=C*HD
J=X
X=X-J
FF=FF+FA*IVIJI+X*IVIJ+ll-VIJIII

5 FO=FO+FF*PGNll1
6 UCIIS121=UCIIS121+SIM*FO*RODM
7 CONTINUE

VNEG=VNr=G*PI8
VNEG=FGA+IPI31-VNEGI**2
RETURN

C-----INTERPOlATION
4 R=PI1l

IF IKEI151.EQ.OI GO TO 77
CAll COULPOI2. D ,R,VC.VDJ
GO TO 19

71 IF IR-PCRI 75.18,18
15 VC=VO+R*R*V2

VD=R*2.*V2
GO TO 19

18 VC=1.43985*PINP+41/R
VD=-VC/R

19 J=R*HD
X=R*HD-J
IFIJ.EQ.[SMI GO TO 211
IFIJ.EQ.OI GO TO 213
vCC=UCIJI+x*IUCIJ+1l-UCIJIJ
IFIJ.EQ.11 GO TO 212
VDD=IUC(J+11-UCIJ-111*H12
GO TO 150

211 VCC=UC I JI +X*I UC I J) -UC I J-1 J J
VDO=IUC(JJ-UCIJ-IJI*HO
GO TO 150

212 VDO=IUCIJ+II-UCIJII*HD
GO TO 150

213 VCC=~.*UC(11-UCI21

VDD=IUC(2l-UCII1J*HD

'"o



ISN 0167
ISN 0168
ISIII 0169
ISN 0170
1 SN 0171
ISN 0172
1 SN 0173
ISN 0174
ISN 0175
1SN 0176
ISN 0177

ISN 0178
I SN 0179
ISN 0180
ISN 0181
ISN 0182
ISN 0183
ISN 0184
ISN 0185
ISN 0186
ISN 0187
I SN 0188
ISN 0190

ISN 0191
ISN 0192
ISN 0193
ISN 0194
ISN 0195
ISN 0196
I SN 0197

ISN 0198
ISN 0199

150 Fl=Pl8*PI41
PR 111=VC-Fl*VCC
PRI21=VO-Fl*VDD
KEW=KEI Hll
GO TO 1170.220,170,220I,KEW

170 SS=R-PI81*AH13
A=P191
Y=l.DO/ll.DO+OEXPlSS/All
Z=-OEXPISS/AI/A*V*V
P 1 111 =- P171 *v
PI l21=-P17 I*Z

C OBERFLAECHENABSCRPTION
WD=PI101
IF(WOJ 30.31,30

30 SS=R-Pl111*AH13
A=Pfl21
Z=DEXPISS/AI
VV=I.nO+Z
V=Z!IVV*VVI
Z=v*11.DO-2.DO*Z/VV1/A
Pll1J=PII11-4.DO*WO*V
PII21=PII2J-4.DO*WO*Z

31 lF IKEI18J.GT.2J GO TO 500
RETURN

C IMAGlNAERTEIL VOLUMEN
220 SS=R-PI81*AH13

A=P 191
V=1.00/11.DO+OEXPISS/All
Z=V*V*V*OEXP{SS/AI*I-l.OO/Al·
v=v*v
PI (11=-PI71*V
PII21=-P17I*Z

C 08ERFlAECHENABSORPTlON
WD=P I 10 I
lFIWOI 230,231.230

'"



lSN 0200
I SN 0201
ISN 0202
ISN 0203
ISN 0204
ISN 0205
ISN 0206
ISN 0207
I SN 0208
ISN 0210
I SN 0211
ISN 0212
ISN 021?
ISN 0215
ISN 0217
ISN 0218
ISN 0219
I S1o.I 0220
ISN 0221
I SN 0222
ISN 0223
ISN 0224
ISN 0225
ISN 0226
ISN 0227
ISN 0228
TSN 0229

ISN 0230
ISN 0231
ISN 0232
ISN 0233
I SN 0234

230 SS=R-Pll11*AHI3
A=P1121
Yl=I.00/11.DO+DEXplSS/All
Y2=OEXPISS/AI
Y=Yl**3*v2*1-2.00/AI
Z=Yl**4*v2*Y2*6.00/IA**21-Yl**3*Y2*2.DO/1A**21
PIlll=PIlll+4.DO*WD*V*A
PII21=PII21+4.00*WD-Z*A

231 JF IKEIIBI.GT.2IGO TO 500
RETURN

500 SYF8=0.DO
SZFB=O.DO
IF lR.GE.RCTFWI GO TO 391
IF I(KEI191.NE.21.AND.1KElI91.NE.311 GO TO 321
POOI=O.DO
DO 322 1=31.37
11= 1-29
PI301=PI301+PIII*I-I.00l**II/II**2

322 CONTINUE
321 00 390 1=30.37

I X=I-29
IF IRl 380,380,381

380 SYFB=SYFB+PIII
GO Tn 390

381 YFP,=PJ*R*IX/RCTFW
SYFB=SYFB+P(II*OSIN1YFBI/YFB
SZFB=SZFB+P111*IOCCSIYFBI*PJ*IX*YFB/RCTFW

1 OSINIYFBI*PJ*IX/RCTFWIIYFB**?
390 CONTINUE
391 PIlll=Pllll-SYFB

PII21=PII21-SZFB
RETURN
FoND

0>
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ISN 0002
ISN 0003
I SN 0004
ISN OOOS
ISN 0006
ISN 0007
ISN 0009
ISN 0009
ISIII OOla
I SN 00ll.
ISN 0012
ISN 0013
ISN 0014
IS"J 0016
ISN 0017
I<;N a019
ISN 0020
ISN 0021

ISN 0002
ISN 0003
I SN 0004
ISN OOOS
ISN 0006
ISN 000 7

ISN 0008
ISN 0009
ISN 0010
ISN 0012

C-----P-O-G-Y-N-A-F-B---------------------------------------------------
C GAUSS PLUS YUKAWA INTERACTI8N NU~ERlr.ALlY INTEGRATED

SUBROUTINE FXVIH.ISM12,DV,PI
IMPLICIT REAl*g l~-H,O-Zl

DIMENSION DVl401l,PlZI
G=PISI*PIS)
G='.• DO/G
AY=I. JO/P 141 I
FY=P(401/PI41
R=O.OO
00 100 l;l,ISM12
R=R+H
DV (11=0.00
EXPO=R*R*G
!F IO'BSlEx POI.LT.174.DOI DVlll=DEXPl-EXPOI
EXPO=J\Y*Q.
IF IOABSIEX?OI.LT.174.DOI DVIII=OVlll+FY*OEXPI-ExoOI/EXPO

1')0 r:ONTINUE
RETURN
E"lD

SUBROUTINE OPNlROO.P)
IMPlICIT REAL*ß IA-H.O-ZI
REAL*4 WIlI0001
DIMENSION ROOl 21 ,Fl2S1 ,Pl21
REAL*8 PI/3.141S926S35B9793DOI
DA TA NC 1/01
COMMON IINPTI KEI421.WI,INIIOOI
NC2=WI (3) +.2
IF INC1.EQ.NC2J GO Ta 10
NCI=NC2

'"'"I



C-----NORMIERUNG DER PROTONEN-VERTEILUNG
ISN 0013 F 111 =0.
ISN 0014 Ff21=Pf421
ISN 0015 FI51=.000001DO
ISN 0016 1<=0
ISN 0017 NF=O
ISN 0018 100 CALL FORHADII<.Fl
ISN 0019 GO TO f110.!10.120.1201. K
I SN 0020 110 FI41=FI31*FI31*DENSPfP.FI
ISN 0021 NF=NF·1
ISN 0022 GO TO 100
ISN oon 120 IFfNF.LE.51 GO TO 110
ISN 0025 ROOI21=1.DO/14.DO*PI*FI411
ISN 0026 RH02=ROOI21
ISN 0027 RETURN
ISN 0028 10 ROOf21=RH02

Cl>ISN 0029 RETURN ..
ISN 0030 END

ISN 0002

ISN 0003
I SN 0004
[SN 0005
ISN 0006
ISN 0007
I SN 0008
ISN 0009
ISN 0010
I SN 0012
ISN 0013
ISN 0014

FUNCTIDN DENSIP.Sl
C-----3-PARAMETE~ FERMI-VERTEILUNG DER NEUTRONEN ODER MASSE

IMPLICIT REAL*8 IA-H.O-I}
DIMENSION P121.S121
OENS=O.DO
C=PI431*PI31**11.DO/3.DOI
A=P1441
W=P1451
R=S131
IF IR.GT.P(42)1 RETURN
DENS=11.DO.R*R*W/IC*CII/11.DO.DEXPIIR-CI/AII
RETURN
END



C-----FOURIER-BESSEl OENS
I SN 0002 FUNCTION DEFBIP,SI
ISN 0003 IMPllCIT REAl*9 IA-H,O-ZI
ISN 0004 REAl*4 011110001
(SN 0005 REAl*3 PI/3.1415926535B9793001
ISN 0006 DIMENSION PI2I,SIZ)
IS"J 0007 (OMMON IINPT/KEI421.WI,INII001
TSN 0008 oEFB=O.oO
ISN 0009 R=S131
ISN 0010 ·IF (R.GT.PI13)1 RETURN
I SN 0012 RCTF=Ptl3)
ISN 0013 PI141=0.00
ISN 0014 00 50 1=15.28
ISN 0015 II =1-13
ISN 0016 PI 141 =P 1141 +P I I 1*1-1.00 I** II 11 1**2
ISN 0017 50 CONTlNUE
TSN 0018 SYFB=O.OO
JSN 0019 00 100 1=14,2B

'"(SN 0020 IX=I-13 '"
I SN 0021 TF I RI 10,10.20
TSN 0022 10 SYFR=SYF~+PIII

TSN 0023 GO TO 100
ISN 0024 20 YFB=PI*R*IX/RCTF
ISN 0025 SYFB=SYFB+PIII*OSINIYFBI/YFB
JSN 0026 100 CONTINUE
JSN 0027 DEFB=SYFB
ISN 002B R!:TURN
TSN 0029 END



TSN OOI')~

ISN (J003
TSN 0004
TSN 0005
TSN 0006
TSN 0007
ISN 0008
TSN 0009
TSN 0010
TSN 0011
TS"I 0012
ISN 0013
TSN 0014
TS"I 0015
ISN 001e

TSN OOe 7
ISN 001g
ISN 0020
I SN 0021
ISN 0022
I SN 0023
ISN 0024
TSN 0025
ISN 0026
TSN 0027
ISN 0028
ISN 0029
I SN 0030
ISN 0031
I SN 0032
ISN 00~3

ISN 0034
TS"I a035
TSN 0036
TSN 0037

C-----P-O-~-Y-N-A-F-~---------------------------------------------------

SUBROUTINE OENPR(P.W,NP.M.N,VAR~.CHI21

IM~LICIT REAL*8 IA-H,O-Z)
P,EAL*4 WIlIOOOJ
DT"4 ENS I ON P 12 J ,W (2 I , V ARM 130 , 30 I , S I 30 I , 0 I 2 I , CP I '2, 20 I • R0 ('11 2 I
DIMENSION RMSII01
QEAl*8 PJ13.1415926535897 0 3001
COMMON ITNPT/KE(42I,WI,INIIOOI
COMMON IIFIT/IAI30l,NC,IO
RC =P142 J
AH13=PI31**ll.00/3.001
12=WT (5)
H=.lOO
NS= RC/H+2.
fJR SM=O. fJO
OR SN=O. 00

C-----lAOUNGSVERTEILUNG
IF (KEtl51.EQ.OI GO TO 10
"1"1=7
on 1 I=1.4
NW=NW+WIlNWJ+I.1

I CONTTNUE
NC=WI(NWI+.I
nn 2 1= 1. NC
ep (2. I I=WI INW+I I

2 CONTPWE
Nw=NW +"1 II NW I +1 • ,
S ( 1 ) =0.
SI2J=C P I2,lJ
5(5)=I.D-6
K=O
NF=O

3 CAll FORHADIK,SI
Gn TO 14,4. 'i. 5J. K

4 SI41=S(3)*SI31*OEN2fCP.SJ
NF=NF+l
GO TO 3

8l
I



I<;N 0038
1 SN 0040
ISN 0041
15N 0042

15N 0043
15N 0045
ISN 0046
IS1II 0047
1SN 0048
1 SN 0049
ISN 0050
1SN 0051
I'>N 0053
15N 0054
1SN 0055
1S"l 0056
1SN 00'57
I SN 0058
15111 0059
1SN 0060
15N 0061
TS1II 0062
IS1II 0063
1SN 0065
TSN 0066
ISN 0067
ISN 0068
[SN OOf,q
lSN 0070
1SN Don
T5N 0072
15N 0073
ISN 0074
lSN 0075
15N 0017
1 SN 0078

5 l~ INF.LE.51 GO TO 4
RHOC~Z2/14.00*?J*S(4)1

WRITE 16.60021 RHOC
6002 FORMAT 111' OENSITY CHARGE = ',lP015.5l

C-----PROTONENVERTE1LUNG
20 IF IKEI17).EQ.l) GO TO 20

r.ALL OPNIROO,PI
0(11=PI31-PIN~+4l/WlI41

~(21=P(NP+4)/WI14)

ROOI21=ROO(2)*OIZ)
GO TO 21

200111=P(3)
21 IF IK!:ll"'ll.LT.1) GO TO 1000

SI 1) ~O.

<;[21=0142l
5151=1.0-6
K=Q
NF=O

22 CALL FORHAüIK,S)
GO T 0 I 2?, ::! 3, 24, 241, K

23 SI41=S(3)*S(3)*OENSIP,S)
NF=NF+l
GO TO 22

24 IF INF.U:.5J so ''1 23
ROOIl)=Dllllr4.!'11*PJ*SI411
WPIT~ 16.60041 ROD

6004 FORMAT 111' OFNSITIES MATTERINEUTRONS ANO PROTO"lS'.lP2D15.5)
VK=4.00*PJ*IPI21*AH131**3/3.DO
OCK=PI"lP+4)/IW!141*VKI
PHC=PI21*AH13
PCTF=P(13)
RCT2=QCTF-.Ol
NF=lN I 8l
lO=IAINFI
!F 110.EQ."lPl TO=TAINF-li
00 25 I = 1, "'F
TF 1IAI11.GT.I3) GO TO 76

'"...



I SN 0080 25 CflNTINlJE
ISN 0081 26 IlJ=IAIII
ISN 0092 II=I-l
15"1 0083 ru I = lU-I
JSN 0084 IU2=IU-14
ISN aOfl5 IF "<EI 18) .l T.') GO TO 30
I SN 001'7 DO 8 I=l.NF
ISN 00S8 IF I lAI 1I.GT.281 GO TO 9
1SN 0090 'l CONT1NlJE
1SN 0091 9 IO=IAI1-11
I S~J 0092 30 IF IKEIlll.EQ.11 WRITE 16.6001)
ISN 0094 6001 FOR"iAT 11/1' ',7X.'R'.llX.'~ATTER'.10X.'NEUTRONS'.11X,'ERROR',

1 QX.'ERROP PERC',8X.·PROTONS',lOX.'CHARGE')
ISN 0095 " P =-H
15"1 0096 . an 100 I=I,NS
ISN 0097 R=R+H
IS'J 0098 0"'=0.
ISN 0099 DN=O.
I5N 0100 op=o. Cl>

Cl>

ISN 0101 OC=O.
I5N 0102 CRR=O.
15"1 0103 lo/l 1+"151 =0.00
I5N 0104 WII+?*NSI=I).DO
ISN 0105 W{1+3*N5)=0.DO
15N 010" WII+4*NSI=0.DO
JSN 0107 5(3)=R
15"1 0108 IF (1~.L T.PHCI JC =OC I(

15"1 Oll/) K!:17=KE 117 1
I SN 0111 GO TO 134.351. KE17
ISN0112 34 D~=DENSIP.51*ROOIIJ+DEFSIP.SI

ISN 0113 GO T'1 36
15N 0114 35 DN=DENS(P.SI*ROO(11+DEF8IP.SI
ISN 0115 DP=DENSPIP.51*ROOI21
ISN 0116 O"1=DN+OP
I S'J 0117 36 IF I KE (15 1• EQ. 1 1 DC=DEN2ICP.SI*RHOC
I SN Oll q \oll I I =OM
rSN 0120 \oIII+2*NSI:DN
IS"I 0121 WI 1+3*"15) =np



ISN 0122
I';N 0123
ISN 0125
J SN rnu
ISN 'Jl?1
TSN 0128
ISN 0129
ISN 0130
ISN OJ3'
TS"J 0132
ISN Cl133
I SN 0134
ISN 0135
TSN 0136
ISN 0137
ISN 0138
I SN 0139
ISN 0140
IS'" 0142
ISN 0143
ISN 0144
ISN 0145
ISN 0147
rSN 0148
ISN 0149
ISN 0151
ISN 0152
r SN 0153
ISN 01';5
r SN 0156
ISN 0157
ISN 0159

ISN 0161
1 SN 0162
I';N 0164
ISN 0165
ISN 0167

WII+4*"ISI=DC
IF I R.GE.RCTZ) GO Ta 90
08 50 K=IU.IO
Il=K-TUI
I2=II+IU2
V=I2*PJ*R/RrTF

59 DO 60 J=IU.IO
.I I = .I-I U 1
J:'=JI+IU2
Z= .12*0 .I*R/RC TI"
IF IR) 70,70,80

70 ERP=ERR+VARMITI+ll.II+JII
1;0 TO 60

PO ERR=ERR+I()';INIV)*OSINIZI/IV*ZII*VARMIII+II.II+JI1
60 rONTTNUF
50 CONTI"JUE

WII+NSI=OSORTIFoR*CHI2*Z.OOI
IF IKEI171.EO.IJ GO TO 85
ERR=WII+NS)/DN*100.
GO TO 90

85 ERR=WII+NSI/DM*100.
90 IF IKElllJ.EQ.lI WRITE 16,(019) R,DM.DN.wlI+NSI.ERR.OP.OC

100 CONTINUF.
6010 FORMAT I' '.OPFlO.3.5X.6IlPDI2.4,5XlI

1F I IKE112 ) • E0.0 I • liND. I KEI 14 I • EQ. 0 Jl GO TO 203
KMM=MODIKE(14),10001/100
KMN=KEI141/1000
IF (KEl17l.NE.21 KMN=O
on 1'0 1=1,4
"10=1
IF II.EO.l) "10=1-1
I F I I IKEil 7 I • EQ. 11 • .liND. I I • GT• 11 ) • ANO. I • NO T. I I KEI 15) • EQ. 11 • ANO. I I. E

I 0.4)111 GO TO 110
CALL MOMENTINO,W,H,NS,RMSI
IF II.EQ.ll HRITE 16,63001

6300 FORMAT 1111' MATTER DENSITV')
IF II.EI'J.2) WRlTE 16.63011

6301 FORMAT 1111' NEUTRON OENSITV'I

Cl

'"I



ISN 0168
ISN 0170
ISN DJ71
ISN 0173
1SN 0174
I SN 0175

I SN 017f:
1SN 0177
1SN 0178
I SN 01BO
ISN 0182
1S'J 0184
ISN 0185
1SN 0186
!SN 0187

ISN 0188
1SN OlA"!
I SN 0191
ISN 0193
IS'" 01<)4
ISN 0195
1SN 0196
ISN 0197

1. SN 0198
ISN 0200
rSN 0202
I S~' 0203
1SN 0204
ISt\! 0206
ISN 0207
1SN 0208

1E 11.~O.31 WRITE 16,63021
6302 FORMAT (///, PPOTON OENSITY'I

1F 11.EQ.41 WRITE 16,63031
6303 FOR~AT 1/11' CHARGE DENSITY'I

WRIrE 16, 6501 I 1RM S{J 1, J =1. 31. ll~ MSI J I , J =5.10 I
6501 FORMAT 1/' K-TH "''JMENT FOR K = -2, -I, ••• , +5, +6'

1 191F12.5,2XII
WRITE 16,650Z1 R~S141

6502 FORMAT 1/' VOLUME = ',11'012.51
1F IIKMM.GT.OI.~NO.II.EO.111 WR1TE 18,70011 RMS
IF IIKMN.GT.OI.A'J0.II.EQ.211 WRITF 18,70011 RMS
IF 1I1.GT.?I.OR.III.EQ.lJ.ANO.IKEI171.EQ.ZIJ I GO TO lOS
fALL ERMO~ III,IU,IO,IU1,1UZ,V~RM,RCTF,CHI2,RMSJ

WRITE 16,65031 IRMS1JJ,J=l,3),IRMSIJI,J=5.101
WR1TE 16,65041 R"'S141

6503 FORMAT 1/' ERRaRS OF K-TH ,",OMEt\!T Fe!' K = -2, -I, ••• ,+5. +6'
1 /911P01Z.5.ZXJI

6504 FOPMAT 1/' ~RRQR VOLU~E = ',lPOIZ.SI
109 IF IIKMM.GT.OI.ANO.II.EQ.ll} WRITE 18,70011 RMS

1F lIKMN.GT.OI.ANO.I1.EQ.ZII WRITF. IB,r0011 RMS
ao CONTINUE
203 I \oI°=NS*Z

1WS=1
KDM=MnOIKE1I3I,1000l/IOO
KON=KEI13111nrJO
IF IKEI17J.NE.21 KON=O
rF IKOM.GT.o.nR.KoN.GT.OI Wll.ITEI7.70011 IWI!I.r=IWS,IWPI
1WS= 1WP+1
IWP=IWP+NS
I F 1KON • GT .0 I WR IT E 1r. 70011 1W1I I • I =! WS. I WP I

7001 FORMATI(5X,' *' ,6111'910.1,'.' 111
1000 PE TUR"l

E"W

Ö
I



ISN 0002
ISN a003
ISN 0004
ISN 0005
'SN 0006
'SN 0001
'SN 0008
ISN 0009
ISN 0010
ISN 0011
I SN 0012
ISN 0013
I S'l 0014
ISN 0015
I SN 0016
I SN 0011
ISN 0018
ISN 001'1
ISN 0020
ISN 0021
ISN 0022
JSN 0023
1 SN 0024
ISN 0026
ISN 0021
ISN 1)028
J SN 0029
ISN 0030
ISN 0031
ISN 0032
I SN 0034
I SN 0036
ISN 0031
ISN 0038
ISN 0039
r SN 0040
ISN 0042

C-----POTENTIAL PRINT
SUBROUTINE POTPRIP,W,NP,M,N,VARM,CHI21
IMPLICIT REAL*8 IA-H,O-ll
REAL*4 1011110001
DIMENSION PI2I,PRI21. P II21.WI21.VARMt30.301.RMSllOJ
REAL*8 PJ/3.141592653589193001
COM~ON IINPT/KEI42I,WI.INII001
(OMMDN IIFIT/IAI301.NC.ID
NRC=PINP+31*IPINP+61+PINP+1'-1.1+1.
RC=NRC
H=.100
AHI3=PI31**II.DO/3.001
NI\.2=WI12J+.2
HA=PINP+3 I
NSA=PI NP+61
'1SI\.=PINP+11
PINP+31=H
NS=RC/H+2
"S=O
PINP+61=NS
PINP+11=MS
N~I= 1
(ALL POTEIP.PR.PI.NNI
IF IKEI151.EQ.ll GO TO 6
R=PI21*AH13
1\.=1.43985*PINP+41/R
V2=-. 5*11./ I R*R )
VO=A-R*R*V2

6 NF=INI81
rO=ll\.tNFI
IF IIO.EQ.NPI IO=IAtNF-l1
IF IKEI181.LT.31 GO TO 13
10W=10
RCTFW=P 1291
RCTFW2=RCTFW-.Ol
DD 11 l=l,NF
IF lIAlll.GT.291 GO TO 12

11 CONTINUE

::



ISN 0043 12 IUW=IAI I I
1SN 0044 1Ul W=I UH-1
ISN 0045 1U2W= IUW-30
15" 0046 IIW=I-1
ISN 0047 . ~ IF IKEI91.EQ.l1 WRITE 16,60101J.~

ISN 0049 6010 FOP"4AT 11/ I' , • 7X• ' R' • 8 X. • REAL' • 7X.
1 'REAL.COULQMB',3X.'I"4AGINARY',5X,"'ERROR IMAG',4X,'ERROP PERC',
2 4X,'COULO"4B'1

ISN 0050 R=-H
ISN 0051 Da 2 l=l,NS
ISN 0052 R=R.H
ISN 0053 P{11=R
ISN 0054 10 {11 =0. DO
ISN 0055 WII+NSI=O.OO
ISN 0056 WII+2*NS1=0.DO
ISN 0057 1011.3*NSI=0.DO
ISN 0058 DV=O.DO "'"ISN 0059 DVk=O.DO
ISN 0060 CALL POTEIP,PR,PI,NPl
ISN 0061 IF{KEI151.EQ.OI GO TO 3
ISN 0063 CALl COULPOI2.P.R,VC.VDI
ISN 0064 GO TO 1
ISN 0065 3 IF {R-PI21*AH131 4,5.5
(SN 0066 4 VC=VO+R*R*V2
ISN 0067 GO TO 1
ISN 0068 5 VC=1.43985*PINP.41/R
I SN "0069 1 PRI21=PRlll
1SN 0070 PRllJ =PRI lJ -VC
JSN 0071 WI lI=PR 111
I SN 0072 WI HNS) =PIlll
ISN 0073 IF IKEtI81.LT.31 GO TO 81
I SN 0075 IF IR.GE.RCTFW21 GO TO 81
ISN 0077 00 ISO K=IUW.IOW
ISN 0078 Il=K-IUIW
ISN 0079 I2=IlHU2W
ISN 0080 y= 12*PJ*R/RCTFW



l SN 0081
ISN 0082
ISN 0083
ISN 0084
I SN 0085
ISN 0086
JSN 0087
ISN 0088
[SN 0089
ISN 0090
ISN 0091
[SN 0092
ISN 0093

[SN 0095
ISN 0096
lSN 0091
ISN 0098
ISN 0099
ISN 0101
ISN 0102
lSN 0103
ISN 0104
[SN 0105
ISN 0106
ISN 0107
ISN 0108
ISN 0109
ISN 0111
ISN 0113
ISN 0114
ISN 0115
[SN 0116

ISN 0111
ISN 0118

[SN 0119
ISN 01Z1

DO 160 J=IUW.IOW
J1=J-IU1W
JZ=Jl+[U2W
Z=J2*PJ*R/RCTFW
IF IR) 170.110.180

170 OV=OV+VARMIIIW+11.IIW+J11
GO TO 160

1800V=OV+IOSINIYI*OSINIZI/IY*ZII*VARMIIIW+II.IIW+JII
160 CONTINUE
ISO CONTINUE

WII+2*NSI=OSQRTIOV*CHI2*2.001
Ovw=-WII+Z*NSI/PlI11*100.

81 IF IKEI91.EQ.11 WRITE 16.6110IR,PRl11,PRIZI,PlI11
1 .WII+Z*NSI.OVW.VC

Z CONTINUE
6110 FORMAT I' ',OPF10.3.ZX.611POIZ.4,ZXII
6300 FORMAT 1111' REAL POTENTIAl'l

31 KMR=MOOIKEI141,10)
IF IIKEII01.EQ.OI.ANO.IKMR.EQ.OII GO .TO 30
NV=O
WRITE t6.63001
CAlL MOMENTINV.W.H.NS.RMSI
WRITE 16,60011 IRMSIII.I=1,31.IRMSIII,I=5,101

6001 FOR~AT 111' K-TH MOMENT FOR K = -2. -1 ••••• +5. +6'/9IF12.5.ZXIl
VOL=RMS(41/IPI31*NAZI
WRITE 16,600ZI RMSI41.vOl

600Z FORMAT 1/' VOlUME = ',lPOIZ.5,' PER NUClEON PAIR = ',lPOIZ.51
IF IKMR.GT.OI WRITE 18.70011 RMS
IF lIKEI171.NE.01.CR.IKEI161.LT.3)1 GO TO 3Z
CAlL ERMOMtII.IU,IO,IUl.IUZ,VARM.RCTF,CHIZ.RMSI
VOL=RMSI41/IPI31*NAZI
WRITE 16.65011 IRMSIII.I=1.31.IRMSIII.I=5.101

6501 FORMAT 111' ERRORS OF K-TH MOME~T FOR K = -Z. -1 • ••• • +5. +6'
1 1911P012.5,2XII

WRITE 16.650ZI RMSI41.VOl
6502 FORMAT 1/' ERROR VOLUME = ',lPOIZ.5,' PER NUCLEON PAIR = "

1 IP012.51
IF IKMR.GT.OI WRITE (8.10011 RMS

6400 FORMAT 1111' IMAGINARY POTENTIAL'I

(;j



ISN 012<'
ISN 0123
I SN 0125
ISN 0126
ISN 0127
ISN 0128
ISN 0129
rSN 0130
ISN 0131
TSN 0133
(SN 0134
ISN 0135
ISN 0136
ISN 0137
ISN 0138
ISN 0139
rSN 0140
ISN 0141
[SN 0143
ISN 0144
ISN 0145
I SN 0146
ISN 0148
ISN 0149
ISN 015n
I S"J 0152
ISN 0154
JSN 0155
ISN 0156

32 KMI=MODIKE(141,1001/10
IF IIKEI101.LT.21.AND.IKMI.EQ.OII GO TO 30
NV=l
WRITE 16,6400)
CAll MOMENTINV,W,H,NS,RMSI
VOl=RMSI41/IPt31*NA21
WRITE 16,60011 (RMStII,I=l,3),IRMSIII,I=5,lOI
WRITE t6,6002) RMSI41,VOl
IFIKEI181.LT.31 GO TO 30
CALl ERMOM(IIW,IUW,IOW, [UIW, IU2W,VARM,RCTFW,CHI2,RMSI
VOl=RMSI41/(PI31*"JA2)
WRITE 16,6501) lRMStII,l=l,3),IRMSIII,I=5,101
WRTTE (6,65021 RMSl41,VOL

30 PINP+31=HA
PI"JP+61=NSA
PINP+71=MSA
IWP=NS
IF ItKEI161.GT.21.AND.IKE1l61.lT.511 IWP=IWP+NS
IWS=l
KPR=MODIKEI131,101
KPI=MODIKEI13I,100l/10
IF (J<PR.GT.OI WRITE 1/;,70011 lWl[I,[=IWS,IWPI
IWS=IWP+l
IWP=IWP+NS
IF lKEI181.GT.21 IhP=IWP+NS
IF lKPI.GT.OI WRITE 16,70011 (WIII,I=IWS,rWPI

7001 FORMAT 115X,'*',611PDI0.3,','1I1
1000 RETURN

END

.......



ISN 0002
ISN 0003
ISN 0004
ISN 0005
ISN 0006
ISN 0001
ISN 0008
ISN 0009

SU8ROUTINE CCNSTR{~.N.f.X.P.W41

IMPlICIT REAl*8 IA-H,O-ZI
DIMENSION fI21.X{ZI.PI21
REAl*4 W4121
COM~ON ICONI VNEG
W4141=W4{41*VNEG
RETURN
END

...
'"I
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