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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 modellunabhdngigen 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 N&herungen 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 aufgefiihrt.



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 .0f which is directly referred.

to 4. as in the first edition

IN

5. Input Description

5.1.2.1 Options

CARD 2 {FORMAT 8I5)

further comments on page

FOLDED COULOMB POTENTIAL 1 22 15% edition
REAL POTENTIAL 4 19 "o
TARGET DENSITY (FOLDING) 0 26 noom
IMAGINARY POTENTIAL 1 19 noow
CONSERVE VOLUME-INTEGRAL 0 21 noom
RELATIVISTIC KINEMATICS 0
NORMALIZATION VEFF (FOLDING) 0 3 15% suppl.
0 345 0w

CONSTRAINTS

5.4. Folding Models

Systematic studies [2] of different forms of a Local Density
Approximation (LDA) in density dependent aN-interactions showed
that the previously used form (eq. 5.4.2) is not the best choice.
Therefore, eg. 5.4.2 should be replaced by the following ex-



pression

rev. (5.4.2) Vpy(E) = -2« £(|F-F7]) -

(emy o 77 ED1 - B-Gemy o))

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 £(x) (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 f£(x}) (egq. 5.4.3) of the effective interaction
coded now in POGYNA and POGYNAFB is a Gaussian plus Yukawa

interaction [3].

rev, (5.4.3)

fix) = VG-exp(—xz/an) + VYvexp(—x/aY)/(x/aY)

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 = 7
TARGET DENSITY (FOLDING) = OR 2 (see 5.4.2)
IMAGINARY POTENTIAL =1 OR 2 (see 5.3.1)

The number of parameters for POGYNA is NP = 28




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) = R, = 8.0 fm Cut-off radius of f (x)
P(19) = Vy = 111, MeV

2(20) = ay = 0.85 fm

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

The given values are suitable for elastic a-particle scattering

from medium weight nuclei at Eu = 104 MevV [2,3].

When using the folding model POGYNA the parameters of the form-
factor in most cases may not be varied during the fit. Hence,
f(x) 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 f(x) 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 {eg. 5.4.2) during the fit according to the equation

rev. (5.4.2c) vy = a, +a, *m

This can be achieved by setting option (CARD 2, see above)
CONSTRAINTS = 1

with the additional use of parameters

P{16)
P(17)

a

il

a



5.4.2.2 Fourier-Bessel series

In the folding models the density distributions Pp OF p, May also
be parametrized in a less model dependent way by use of a Fourier-
Bessel-series added to one of the functional forms F-3, G-3

N’
(5.4.8) o _(r) = (F-3;6-3) + § B Jj_(¥E-)

men v=1 Y "° Rerp

This model independent description {(including alsoc 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 number of parameters of these model is NP = 49, The
meaning of the parameters P(1) 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) = Bv,v = 1,15
P(29) = R, (Imaginary see sect.5,3.1.2
Potential},
P(30)toc P(37) = Cy }i = 1,8 see sect.5.3.1.2
P(38) = m see sect.5.4.1
P(39) = RV _ " " 5.4.1
P(40) = VY " " 5.4.,1
P(41) = ay " " 5.4.1
P(42) = R " " 5.4.7
o P 1/3 T n
P({43) = cC /A 5.4.6 + 5.4.8
m,n .
P(44) = am,n 5.4.6 + 5.4.8
P(45) = W " " 5.4.6 + 5.4.8
rn,,n1/3
P(46) = cp/A " " 5.4.6 + 5.4.8
P(47) = ap " " 5.4.6 + 5.4.8
P(48) = wp " " 5.4.6 + 5.4.8




In the standard POGYNAFB module the functional form to which

the FB-series is added is a 3-parameter Fermi form {(eqgs. 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 regions
in the densities which sometimes occur in FB-analyses [3] in the

following way:

if CONSTRAINT = 1 the factor
c = {1+ [A - f\pm(f)|d§]2]

is multiplied to the value of ¥? (eq. 3.2) during the fit, where
A is the mass number of the target nucleus. This means that the
value of x? is doubled if a negative density of unit

1 occurs [3].

Input examples for two typical folding model cases are given in
table 4a and 4b.



Table 4a

Input example for POGYNA

[/71AK623F0 JOB (0623,145,P0CLA)yGILS+REGION=800K, TIME=3

// EXEC FHLG,LIB=ZYK

//L.SYSPRINT DD 0OUMMY
//L.SYSIN DD *
INCLUDE LOAD(POGYNAL
INCLUDE LOADUMCDIMNA)

ENTRY MAIN
f/7G«SYSIN DD *
1 1 0 1 0 0 0 0
1 7 2 1 0 0 0 0
0 0 0
104 MEV ALPHA-PARYICLES ON 40-CA
4.0026 39,96259 2. 20.
1500 eN T4 2 100 -10
2 29 (T1F9.4,1X))
+15, l. 34 40 l.
+1.625 e 640 0. 1.
«20 0. 1.1199 Be
1.070 * 49 N le1134
2 6 (7IF9.4,1X))
+10. 22 » 005 « 005
1 5 (2213)
7T 8 9 22 23
2 420 {((2{0PF10.3,1P2E10.3}))
3.187 2.335E4¢05 2.,62TE+04 3.728
44289 T7,599E+04 A.BRIE+02 4. 859
Ba42? 3,213E+04 3.6TTE+Q3 5.954
64615 1a144E+404 1.466E+03 T, 166
T«717 2.598FE+03 5.592E+02 8.2¢8
8+323 B.623E+02 8.646E+01 8.599
B.874 6.054C4#02 2.511E+01 2.425
92976 1le169F+03 1.121E+02 10251
10.526 1,3G99E+403 3.521F+01 10. 802
L1« 077 14386E#+03 2.D0RE+01 11.627
11,903 1,223E+02 4,939F+01 12.178
12.453 9,391E+02 6,02TE+01 12. 728
134278 4,182E+02 S.610FE+0] 13,554
TB.935 3,440FE-02 1.729E-03 81.503
R4,060 1l.441E-02 8.365E-04 Béa 606
9,141 €,961E-03 4,837E~04 91. 665
94. 177 2,811E-03 3.180£-04 96.679
101.648 9,332E-04 2.80PE-04 106.573
1084 530 2.655F-04 5.769F-05 116,291
2 2 {TIF9:491X))
+5. 1.3227
2 4 (T{F3a4e1X))
+10. 3. T6E 2586 -+ 161
! 1 {1013)
20
2 I (T{FG.441X))

+.05
/7

104,

2.009
1.

111,

+ 512188

1.645
O.
«85

- 1E6

« 005 « 005

1.243E+05
4.960E+04
1.91 6E+04
5.TB9E+N3
1. 160F+03
6.46TE+D2
T«6T1E+02
1.528E+03
1.357F+03
1.248F+03
1.002E4+02
T.019F+02
2.802E+02

1.893F+04
5.133E+03
2« 392F+03
1.,068E+02
2a386E+ND
5«190E+01
5 639F+01]
. TTSE+01
1.49S5E5+01
7. 027F+01
SeTA1E+N]
T«580F+01
44269E401

2. 133E~-02
14255E-02
5. 092E-03
2+4269E-D3
4.,317E-904
9. 449E-05

1.187E-13
TeSTOFE-N4
5. 092E-14
2-445E—04
Q.FZQE—OS
24 L50E-N5

20.00
20. £
17

« 001

« 006




Table 4b

Input example for POGYNAFB

//71AK62340 JDB (0623,145,POCLA) 4GILS,REGION=BOOK, TIME=10

// EXEC FHLG.LIB=ZYX
/7L SYSPRINT DO DUMMY

//L«SYSIN DD =

INCLUDE LOAD{POGYNAFA)

INCLUDE LOAD(MODINA)

ENTRY MAIN
//G.FTOTFO0L DD DSN=TAK623.CA40D,DATA,DISP=MND
//G+FTOBFO01 DD DSN=TAK623,CA40M,DATA,DISP=MOD
//7G.SYSIN DD %

1 l 0 1 0 0 0 0 0 2 1 1 1100 1001
1 8 2 1 0 c 0 1
0 0 0
104 MEV ALPHA-PARTICLES CN 40-CA
4.0026 39.9€259 2. 20, 104,
1500 60 14 2 100 -10
2 49 (T{F9.5,1X))}
15. 1a34% 40. 20.6 2.009 1.645 20,2%
1.618 643 0. 1. le €.5 .
e 20 R. 111. » 85 10,
1l,05722 « 433642 0. 1,1134 «512188 -a 166 « 007
2 11 (7T{F9a.4,1X1})
+*10. 2 » 005 « 005 « 002 «002 « 002
+,002 « 002 « 002 « 002 » 002 » 002 » 002
1 10 12213)
T 8 915 16 17 18 19 20 21 22 23 24 25 26 27 28
2 420 ({2(0PF10.3,1P2F1043)))
3,187 24335E+05 2.62TE+04 3,738 1,2425405 1.893E+04
4,289 7.599E+¢04 B,8RGE+03 4,859 4.960E+04 5.133E+03
50422 34213E404 3.6T7TE+03 50954 1.916E+04 2.3292C+02
75321 5.T63E-02 2.454E-03 76, 3%€ 4,660E~02 2.,1156F-03
784935 3.440E-02 1.729E-03 81,503 2,133E-02 1.187E-02
B4.06N 1.441E-02 B.365E-04 B6.60E 14255E-02 T.579E-04
BIe141 6.961E-03 4.83TE-04 91.665 5.,092E-03 5.092E-04
594,177 2.811E-03 3,1R0E-N4 96,679 2. 269E-03 2,445E-04

1014648 94332E-04 2.808E-04 [106.573 4.917E-04 9.328E-05
108,520 2,655E-N4 5.,T69E-06 1164 291 Gue449E-05 3.,150E-05

2 2 (T{F9.4,1X))
+5. 1632217
2 4 {(TIF9,4,1X))

+10. 3. 766 + 586 =.161
// '



‘"Program Listings




MODINA
MAIN, page 65

C—m=—- HAUPTPROGRAMM ZUR ANALYSE VON. ELASTISCHER STREUUNG
C-=m—- DIE GENELRELLE ARREITSROUTINE HEISST "SCAMPO®
ISN 0002 REAL%] TAG,UHR
ISN D003 COMMON JCZE/TID
TSN 0004 TIO=ZEIT10.)
1SN 2005 CALL DATUM (TAG,UHR)
ISN 0006 WRITE (6,6000) TAG,UHR
ISN 0007 6000 ECORMAT (¢ START OF THF JDR : ", AR,2X,A3,"' H.MINLSECY)
ISN 0008 CALL SCTRLA
ISN 0009 CALL SCAMPO
[SN 0010 CALL DATUM (TAG,UHR)
ISN 0011 WRITE (656001) TAGsUHR _ .
1SN DO12 6001 FORMATY {///' END OF THE JOB @ ',AB,2XsA8,"' H.MINJSEC')
ISN 0013 WRITE (£&46002)
1SN 0014 6072 FORMAT (///°' MODINA, REV.4, NOVEMBER 1983'}
ISN Q015 STOP
ISN 0016 FND

MODINA
OPTION, page 66

ISN 0002 SUBROUTINE OPTION
Cem—-- LESEN DER OPTIONEN ZUR STEUERUNG VON POTFIT
: o KE(42) : MEHRFACH-OPTIONEN
ISN 0003 COMMON /INPT/KE(42),WI(1000),IN(100]}
ISN 0004 READ (555001) KE
ISN 0005 5001 FORMAT (1415}
C-==—- AUSDRUCK DER OPTIOMEN
ISN 000& WRITE (6,6001) (KE{(I),I=1,10)
ISN 0007 6001 FORMAT (///////" NUMBER OF INDEPENDENT CALCULATIONS +*,12/
1 * CM-DATA *v12/
2 ' GRID CALCULATIONS ‘w127
2 * PRINT INPUF W12/
4 v PRINT CPU-TIME ty12/
5 ¢ PRINT CRQOSS SECTIONS Yw12/



ISN
ISN

ISN
ISN

ISN
ISN
ISN
I3SN

[SN
ISN

0008
0009

0010
0011

0012
0013
0014
0015

Qolé
0017

O g

6002

WDy NP WA

6005
1
2
3

£004

* PRINT CROSS SECTIONS/RUTHERFORD
* PRINT SCATTERING AMPLITUBES
' PRINT POTENTIALS
' PRINT PQTENTIAL MOMENTS
HRITE (6+6002) (KE(I)pI=11,19)
FORMAT{
* PRINT DENSITIES
PRINT DENSITY MOMENTS
PUNCH POTENTTALS OR DENSITIES
PUNCH MOMENTS
FOLDED CODULOMB PCTENTIAL
REAL POTENTIAL
TARGET DENSITY (FOLDING)
IMAGINARY PODTENTIAL
* CONSERVE VOLUME-INTEGRAL
WRITE (696005) (KE{I)y1=20,22)
FORMAT
" RELATIVISTIC KINEMATICS
' NORMALIZATION VEFF{FOLDING)
t CONSTRAINTS
WRITE (£4+46004)
FORMAT (/' KE(23-28) : FREE'/)

WRITE (6,6003) {KE{(1)e1=29,32)

6003
1
2
3
6

1000

FORMAT { ' PLOTTER TYPE
' PLOT CROSS SECTIONS
* PLOT CS/RUTHERFORD

* PUNCH THECORETICAL CROSS/SECTIONS

' KE{33-42) : FREE * )
RETURN
END

to12/
9127
*y12/

12/




MODINA

VAOZM,

ISN
1SN
1SN
1SN
ISN
1SN
1SN
ISN
ISN
1SN
ISN
1SN
1SN
1SN
1SN
1SN
ISN
1SN
ISN
ISN
ISN
ISN
ISN
1SN
1SN
ISN
1SN
ISN
ISN
ISN
1SN
ISN
1SN
1SN
ISN
1SN
ISN
1SN
1SN

0002
0003
Q004
0905
0006
QooT
0008
0009
0010
0011
0012
0013

0014
0015
001¢&
0017
0018
go1l19
0020
0021
0022
0023
0024
0025
0026
0027
0028
10239
0030
0031
0032
0034
0035
0036
0028
0040
0041

0042
0043

page 76

160

22

£00
21

SUBRROUTINE VADZMIM Ny Fy XgELESy IPP ML, W,P)
IMPLICIT REAL*8 ([A-H,D~-7}
REAL*4 F4(30N1:X4(30):E4130)WaA(21000)V,WIL100M
DIMENSTION W{2)+X{30)F{300),IW(30),P12),E{20)
COMMON JINPT/KOD{42)eWILIN(100)
DO 100 I=1,N
Xe [ 1)=XI1)
E4{1)=C(1)
CONTINUE
KE=0
IP=1A8S{IPP)
Wall1l)=ES
W4 {21=0.
W&l31=0.
W{3)=0,
IWlli=N+1
IW{2}=MC
IW{i3)=1
IW{4}=0
NP=0
W4 (4)=0.
CALL CALFUNIM N,F,X,P)
IF (M) 22,22,21
TWIZ2¥I=TW{3}
WRITE (5,600) IW(3)
==M
FORMAT (/' CPU-TIME EXCEEDED AFTER ', 13," CALLS DF CALFUN'/)
DO 2 I=1.M
F&II)=F(I)
Wal4)=Wala)+F(I1)*F(1)
IF (KO(22)Y.EQ.3) CALL CONSTR(M¢N,F,X,P,W4&)
wWl4)=Walsg)
WI{3)=W&(3)
IF (TWl{3) NELNP,ANDL TWI{3)Y.NEL1LAND.IP . NEL]) GC TO 4
IF (KO(5).5Q,1) CALL HDRA
WRITE(EE0) IW(3 ) yWl4),TWI&L) W3]
WRITE[£4561) {(X{1)eI=1eN)
NP=NP+IP
IF{IPP.LE-D) GO TN 4



TSN
ISN
1SN
ISN
ISN
1SN
ISN
1SN
ISN
1SN
ISN
ISN
ISN
1SN
TSN
ISN
ISN
1SN
ISN
1SN
ISN
1SN
TSN
1SN
1SN
1SN
15N
ISN
ISN
ISN
ISN
ISN
ISN
1SN
ISN

TSN
1SN
1SN
ISN
I SN
TSN
TSN
ISN

0045
0046
0047
0048
0049
0050
0051
0053
0054
2055
0056
0058
0059
0061

0062
0063
00¢4
00&5
0066
007
0069
0070
0071
0073
0074
0075
0076
0077
0078
0079
0080
0081
0082
0083
0084

0085
on8sé
6087
0088
Gos9
00390
0091
0092

WRITE{E 66}
WRITELE+61) (F(T)sI=1.M)
4 CALL FITEXI(KEoMeNoF&4eXa4yThyWa,1W)
Dr 101 t=1,N
X{I)=X4{1)
101 COMTINUE
IF(KE.EQ.1) GO T 2
N0 1032 I=1,M
FUI)=F4l(I)
103 CONTINUE
[FIMC.EQ.1) 5OTC 2
CALL CALFUMIMyNyF;sX,P)
IF {M.LE.D) M=-M
€& KW=4+N+N+NxN
DO 174 T1=1.KW
WIT)Y=wWall)
194 CONTINUE
"WRPITE{6,60) IW(3)ehl4) IWI4) W 3)
HWRITE{S6,61) (X1I},1=1,N}
IF({IPP.LE.D) GO TO ¢
WRITE(6.+66)
WRITE{GeELl) (FII)yI=1,M)
[F(KE*(KE-3)oNE.0.0R.W{S'.LE.O.l 50 TU 9
WRITE(6462)
WRITE[E,61) (wl&s+I),I=1,MN)
WRITE(6,62)
WHRITE(6461) [W(4+N+1),I=1,N)
WRITE(6y64)
L=4+N+N
DO 7 I=1,N
K=L+1
L=L+1
7T WRITE{6,61) [W{J)s1=K,L)
9 WRITE(6,65) KE
6N FORMAT(*0*',.,14.' ITERATIONS TOTAL CHISQUARE =" ,1PEl2.5,"
1=1,14," W(3) =',1PE13.5/" VARIABLES*)
61 FORMAT(' *,1P10EL3,5)
&2 FORMAT{'QOSTANDARD ERRORS?')
63 FORMAT({'QERRDR ENHANCEMENTS®)
64 FORMAT{®OERRDCR CORRELATION MATRIX')
€5 FORMAT(*OCCNVERGENCE WITH ERROR CODE*, I2)
66 FORMAT(' FUNCTIONS')
RETURN
END

TWi4)



MODINA
ERMOM, page 98

ISN
ISN
ISN
ISN
[SN
TSN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
[SN
ISN
ISN
ISN
ISN
ISN

1SN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
15N
ISN
ISN
I SN
ISN
ISN
ISN

0002
0003
0004
0005
0006
0007
0008
0009
0010
001t
0012
0013
0014
0015
0016
0017
0018
0019
0020

0021
0022
0023
0025
0026
po27
6028
0029
0030
0031
Qo032
0033
D034
0035
0036

SUBROUT INE ERMOMI{II,1IUs 10s IULe TU2y VARM4RCTFCHIZ24RMS)
IMPLICIT REAL*3 [A-H,D-Z)

REAL%#8 PI/3.141592653589793D0/

REAL*4 WI(1000)

DIMENSION VARM{30.30) +RMS{10),DRS{9)

COMMON /INPT/KE{42),;WI,IN(100)

FAK=164 D0%RCTF**6xCHI2%2,D0/{PI%PI)

D5=0.D0

nn 20 K=1U,I0

I1=K-IUl

12=11+1U2

10
20

DO 10 J4=1U,ID
Jl=J-1Ul

J2=J1+1U2
DS=DS+VARM(II+I1,II+J1)*(-1.)*%*(12+J2)/{12%J2)%%2
CONTINUE :
CONT INUE

DS=DS*FAK
DS=DS/RMS{ 4) %42
DS=(DELTA J/ J)*=x2
DO 100 L=1,9

{R={

IF {L.GEe4) LR=L#+1
LI=L-3

052=0.D0

DS2=0.D0
DRS(L)=0.D0
F2=FAK*RCTF*%(L[*2)
F3=FAK*RCTF*%xL 1

DO 50 K=IU.,IO
I11=K-IU1l

12=11+TU2

DO 40 J=1U,IO
J1=J-1Ul

J2=J1+1U2



TSN 0037 DS2=DS2+VARMITI+I1,11+)11*(-1.00)*%(12+J2)*FUN(L,12,J2,RCTF}
1 7{12%92)%%2

ISN 0038 DS3=DS3+VARM{II+I1,1I+J1)%{-1.D0)%%{I2+J2)*FUNIL,I2+04RCTF)
1 /7(I2%])2)*%%2
ISN 0039 40 CONTINUE
ISN 0040 50 CONTINUE
ISN 0041 IF {L.EQ.3) GO 7O €0
ISN 0043 RMST=RMS[LR) **LI*RMS(4)
ISN 0044 NDS2=NDS2%F2/RMST*x%x2
ISN 0045 DS3=DS3*F3/RMST*2,D0/RMS( &)
ISN 0046 GD 70 70
ISN 0047 60 RMST=DLOGI{RMS(2))*RMS[4)
TSN 0048 DS2=DS2*F2/RMST**x2
ISN 0049 DS2=DS3*F3/RMST*2,DO/RMS(4)
C-——== DS2={DELTA <J%*RL>/<JFRLD> }%x*2
C—we—= DS3=KORRELATIONEN ZWISCHEN J UND RL
Ce=——= DRS{L}={DELTA <RL>/<RL>)**x2
ISN 0050 70 DRSIL)=D5+DS2-DS3
ISN 0051 IF{KE{17).NE.O) DRS{L)=DS2
ISN 0083 TF tL.EQ.3) LI=1
ISN 0055 DRS{L )=DSQRT{(DRS(L )} *RMS{LR) /TABS{LI)
ISN 0056 100 CONTINUE
ISN 0057 DO 200 I=1.3
ISN 0058 RMS{TI)=DRS(TI)
ISN 0059 200 CONTTNUE
ISN 0060 RMS{4)=DSQRT(DS) *RMS(4)
ISN 0061 DO 300 1=5,10
ISN 0062 RMS{T)=DRS{I-1)
ISN D063 300 CONTINUE
ISN 0064 RE TURN

ISN 0065 END

— ¥l —



MODINA

FUN, page 99

ISN
1SN
1SN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
1SN
ISN
ISN
ISN
ISN
[SN
ISN
ISN
ISN
ISN
1SN
TSN
[SN
ISN
ISN
ISN
ISN
1SN

o002
0co3
0004
0005
0006
0007
0008
0010
0011
0012
0013
0014
0015
Q016
0017
ool8
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029
0030
00321
0032
0023
00734
0035

FUNCTION FUN{L,I1,J1,RCTF})
IMPLICIT REAL*8 {A-H,0Q-7)}
REAL*B PI/32.141592653589793D0/
1Z2=1

N=T1

XNP=N%P I

IF (N.EQ.0) GC TO 10

GO TO [(1eZ293+495eb69TeBe5)sL
F=(=1.D0)1%k(N+1)%PI#*N*ST{XNP}
GO TO {(90,100).,12
F={-1.D0)**[N+1)+1,D0

GO0 TO {90,100} ,17
F={=1.D0)x%x(N+1)*%PI*NESI { XNP)
F=1.00-F/{PI&N)%X%2

GO TO (90,100),12Z
F=(-1,D0)**%{N+1)+1.D0
==FE2,D0/{(PIAN)*%2})+1,D0
GO TO {90,100),12
F=(PIxN)*%x2

F=1.00-6.D0/F

GO TO (90,100),.,12
F={=-1.D0)**([N+1}+1.D0
F=—F%2,DO0O/1{PI%N}%*%*2)+1,D0
==F®12.,D0/((PI*N)*%2)41,.D0
GO TO (90,100),17
F={PI*N)*%2

F=1.D00-6.D0/F
F=—F%®20.D0/((PI*N)%%2)+1,D0
GO TO (90,100),12
F={-1.D0)¥*%{N+1)+1,D0 )
F==F*2,D0/{(PIAN)*%2)+1,D0
F==F*12.D0/1{(PIXN)*%2)}+1,.D0
F=-F%30,D0/{{PI%N)%%2)+1,D0



ISN J036 GO TO {90,1001,1Z

ISN 0037 S F=(PI®N)*%2

ISN 0038 F=1.D0-6.D0/F

ISN 0039 F=—F%20.00/0{PI%N)*%2) +1.D0
ISN 0040 F==F#%42 ,DO/{{PI*N)*%2)+1.D0
1SN 0041 GO TO {90,100),1Z

ISN 0042 10 F=1,D0

ISN 0043 90 I1=2

ISN 0044 N=J1

ISN 0045 XNP=N*P1

ISN 0046 ‘FUN=F

ISN 0047 IF (N.EQ.0) RETURN

ISN 0049 GD TO (14293,4+5:6+7+843)0L
ISN 0050 100 FUN=FUN=*F

ISN 0051 RE TURN

ISN 0052 END

MODINA

CONSTR, DUMMY ROUTINE to be added if
other models than POGYNAFB are used

ISN 0002 SUBROUT INE CONSTR{MsNyFeXyP,H4)
ISN 0003 IMPLICIT REAL%8 {A~H,0-1)

ISN 0004 REAL*4 KWa(2)

ISN 0005 DIMENSICON P{2),F(2),X(2}

ISN 0006 RETURN

ISN 0007 END




MODINA

BLOCK OF FIT-ROUTINES, to be added
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PROGRAMM BESCHREIBUNG NR. 220 VON G. W. SCHWEIMER
LINEAR LEAST SQUARES PROBLEM | IR-A%X|[|=MIN(X)
SOLVED BY HOUSEHOLDER TRANSFORMATICNS
REDUNDANT VARIABLES ARE DETECTED BY THE METHOD OF G.GOLUR, NUMERI SCHE
MATHEMATIK, VOL. 74 PAGE 206-216, (1965)
INPUT VARIABLES:M: NUJMBER DF ROWS OF A AND B
: N: NUMBER OF COLUMNS COF A AND ROWS OF X
A: M*N MATRIX (DESTROYED) '
BR: VECTOR OF M COMPONENTS (DESTROYED}
OUTPUT VARIABLES: X: VECTOR OF VARIABLESy THE REDUNDANT VARIABLES ARE
SET TO ZERO. THE |IXI1=MIN 1S NOT USED BECAUSE THE
COMPCNENTS CF X ARE ASSUMED TO BE NOT COMMENSURABLE
IP: PERMUTATION VECTOR F N CDMPONENTS, IT CONTAINS
THE COLUMN LARLES OF MATRIX A CROERZED ACCORDING
THEIR IMPORTANCE IN REDUCING THE EUCLIDEAN NORM
A: THE UPPER PART CONTAINS THE TRANSFORMED INPUT A
A{2¢1) CONTAINS THE SQUARE OF THE FUCLIDEAN NORM
A: TRANSFORMED INPUT B
IER: ERROR CODE
IER=0 NGO ERROR
IER=-1 ALL COMPONENTS OF X ARE ZERD AND MAY BE
REDUNDANT
[ER=-2 NO ACTICN BECAUSE M < NOR N < 1
IER>0 THE FIRST IEP COMPONENTS QF IP CONTAIN THE
LABELS COF THE NONZERO COMPONENTS DOF X, THE REMAIN-
ING COMPONENTS OF X ARE ZERQ AND MAY BE REDUNDANT
NGTE: ALL ARITHMETIC COPERATIONS ARE PERFORMED IN DOUBLE PRECISION,
AN ITERATIVE IMPROVEMENT IS IMPOSSIBLE WITHOUT SAVING A AND 8.
THE RCUND CFF ERROR OF |1B-A%X][|*%2 IS APPRUXIMATLY GIVEM BY
TIBUINITIAL){i%%2 — | IBITRANFORMED) ]| *%*2
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1SN
ISN
ISN
ISN
ISN
ISN
ISN

ISN

ISN
1SN
ISN
1SN
ISN
TSN
1SN
ISN
1SN
ISN
1SN
ISN

ISN
I SN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
1SN

0002
00032
0004
0005
0006
0008
0009

0010

0011
0012
0013
0014
0015
0017
ool8
e10) B
0020
0022
0023
0024

Q025
0026
0027
0028
0030
D031
0032
00323
0034
0035
0036

0038
go3s
0040

C

C

C

SUBROUTINE LILESQ{M N+IER,AyByX,VP)
DIMENSION A(MeN)oB{M)I X{N)},VPIN)
DDUBLE PRECISICON SoTsUsVsW,DELTA,SIG
TER=0)
TF{METNaOR.N.LT.1) GO TO 19
DO 1 J=1,N

1 vP{l}=)

ROTATION LODOP
DO 10 K=1.N
PIVQOT ELEMENT

U=03.00
DO 4 J=K,N
C=0.
DO 2 I=K.M
TF(ABS(A{I,+J)).LELABSI{C)) GO TC 2
L2=1
C=A{IL[,J)

2 CONTINUE
IF{C.EQ.0.) GO TOD 4
$=0.00
T=0.00
DO 3 [=K,M

V=DBLE(A{I.J1))/DBLE(C)
S=S+V%v

3 T=T+VvxDBLE(BI(I))
IF{ULGE.T*{T/S})) GO TO 4
U=T%{T/S)
SIG=DBLE(C)Y*DSQRTI(S)
W=T
L=J
L1=L2

4 CONTINUE
IFIU.5Q.0.D0) GO TC 11

PERMUTE A{K) AND 8{K)
I=VPIL)
VPIL)=VPIK)
VP{K)=1




ISN
ISN
ISN
1SN
ISN
ISN
ISN
ISN
TSN
ISN
ISN

I SN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
SN
TSN
ISN
ISN
I SN
ISN

ISN
ISN
ISN
ISN

ISN
ISN

0041
0042
0043
0044
Q045
0046
0047
0048
0049
0050
0051

0052
0052
0054
C055
0056
0057
0058
0060
n0s2
0063
0064
00&5S
0066
00e7
0068
n0&9
0070
0071
0072
0073

0074
0075
0076
oor?

Q078
0079

C

22

RCTATION OF THE LOWER COLUMN FRAGMENT OF A(K) AND B(K}

7
8
G

10

D0 5 I=1,M
C=A11,L)
A{I.L)=A{I,K)
Al I4K)=C
C=B{XK)
BIK)=B{L1l}
B{LY)=C

DO 22 J=K,.N
C=A1K»J)
AlK+J3)=AlL1l, D)
A{Ll.4)=C

U=SIG+DBLE{A(K,K))

v=DBLE(A{K,K) }/SIG
DELTA={DBLEIBI(K})1+V*W) /U
A{KeKI=-S]G

BIK])==-V*u

L=K+]

IFIL.GT.M) GO TO 10

IFIK.GE«N) GO TO 8

00 7 J=L,N

S=Vv¥DBLELA(K,)))

DO 6 I=L,M

T=DBLE(A(IL.K)}/SIG
S=S+T*DBLE{A(I.J))

T={DBLE{A(K, J))+S5})/U

AlK+J)==§

DO 7 I=L.M
A{T,J)=DBLE{AL{I,J})-T*DBLECAII,K))
ng @9 I=L'H
B(1)=DBLE(B{I))-DELTA*DBLEIA(I,K])
CONTINUE

END OF ROTATICN LOOP

il

K=N

GO T0 12
K=K-1
IER=K

SQUARE 0OF THE EUCLIDEAN NORM

12

S=0,D0
L=K+1



1SN
ISN
ISN
ISN
1SN

ISN

ISN
ISN
ISN
ISN
ISN

ISN
TSN

ISN:

I SN
ISN
ISN
ISN
ISN
[ SN
ISN
1SN
ISN
ISN
ISN

ISN
ISN
ISN
ISN

0083
o082
0083
0084
0085

0087
coes
oo89
0090
0091
0092

0094
ca95
0096
0097
0099
0100
0101
0102
0103
0104
0105
0106
107
0108

0109
0119
o111
ol12

IFIK.EQ.M} GO TO 14
DO 13 I=L.M

13 S=S+DBLE(B(IL))=DBLE{BI{I)})

14 A(2:11=S
IF{K.EQaN) GO TO 16

COMPONENTS OF X WHICH DO NOT REDUCE THE EUCLIDEAN NORM
D0 15 I=L.N
DO 15 J=L,N
IPp=vP{l})
xX{ip)=0.

[5 CONTINUE
IF{K.EQ.0) GO TO 20

COMPUTATION OF X

16 CONTINUE
[P=VP{K)
X{IP)=DBLE{B(K})/DBLE[A(K:K))
IF{K.EQ.1l) GO T 21
DD 1B 1=2,K
L=K+2~)

S=B(L-1)
Pa 17 1=1.K
IP=vPI(I)

17 S=S-DBLE(A(L-1,1))#*DBLE(X{IP}]
I1P=VvP{L~1)
X{IP)Y=S/DBLE(A(L~14L-1))

18 CONTINUE
GO TO 21

ERROR CUDE

19 IER=1ER-1

20 TER=IER-1

21 RETURN
END




ISN
1SN
ISN
ISN
ISN
ISN
ISN

ISN
ISN

ISN
ISN
ISN
ISN
ISN

0002
0003
0004
0005
0006
1¢]0).]
0009

0010
0011

0012
0013
0014
0016
0017

c

PRCGRAMM BESCHREIBUNG NR. 320 VON G. W, SCHWEIMER

oE 2 2 I L T L R r T el i e LT T T IS IITt,
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C

C

INVERSION COF THE PRODUCT MATRIX A{(TRANSPCSED)I*A
THE MATRIX A 1S REDUCED TN AN UPPER TRTANGULAR MATRIX R BY
HOUSEHCLDER TRANSFCRMATIONS. THE REMAINING COMPUTATICN IS STRAIGHT
FORWARD,
INPUT VARIABLES: N: NUMBER OF COLUMNS QF MATRIX &
: NUMBER OF ROWS OF MATRIX Ay M >= N > 0O
: INPUT MATRIX (DESTROYED}
IRz ERRCR CCDE
[R==-2: M LT NOR N LT 1
IR=-1 RANK OF MATRIX A IS ZERO
IR=C NO ERROR, RANK OF MATRIX & IS N
IR>0 RANK 0OF MATRIX A IS IR, THE INVERSE OF A(T)*A
IS COMPUTED CONSIDERING THE IR COLUMNS OF A INODICA-
TED BY THE FIRST IR COMPONENTS CF IP
A: TRIANGULAR MATRIX Ry R=A{1:J) I<=J=1¢N
D: VECTOR OF LENGTH {(N=[N+1))/2y IT CONTAINS THE
UPPER TRIANGULAR PART OF THE INVERSE OF A(T)*A
IP: PERMUTATION VECTOR OF LENGTH N, ITS FIRST IR
COMPONENTS CONTAIMN THE LABELS 0OF THE USEFULL
COLUMNS OF Ay THE LAST COMPONENTS CONTAIN THE
LABELS OF THE COLUMNS WHICH ARE LINEAR CONBINATIONS
OF THE FIRST.

M
A
OUTPUT VARTABLES:

e R e bt PSR E L RS L e it s 2R Rt

SUBROUTINE INVATA{M,N,IR,A,D,VPI)
DIMENSION A{MyN),D{1),VP[IN)
DOURLE PRECISICN SIG+SyTeUsV
IR=N
[F{MeLTeNsCRa N, LTs1l) GC TO 19
DO 1 I=1+1IR
1 vPII)=1
HOUSEHOLDER LOGP
K=0
2 K=K+]
PIVOT ELEMENT
3 C=0.
DO & [=K,M
IFIABS{ALIL.KI},.,LE.C) GO TC 4
C=ABS{A{I.XK))
Il=1



ISN 0018 4 CONTINUE

ISN 0019 IF(C.GT.0.) GO TO 8

ISN 0021 IR=IR-1

ISN 0022 IF{K.GT IR} GO TO 13
C SET UP THE PERMUTATION VECTOR IP AND PERMUTE THE COLUMNS OF MATRIX A

ISN 0024 L=VP{K)

ISN 0025 DO 5 1I=K,IR

ISN 0026 S VPUJ)=vPLJ+1)

ISN 0027 VP(UIR+1)=L

I[SN D028 DO 7 I[=14M

ISN 0029 C=A(I4K)

ISN 0030 DO & J=K,IR

ISN 0031 6 AlI»J)=A{I4J+1)

ISN 0032 7 A{IyIR+1)=C

ISN 0033 GO TO 3
C ROTATION OF THE LOWER COLUMN FRAGMENTS OF A(K)

ISN 0034 8 DO 9 J=K.IR

ISN 0035 C=A{K,J)

ISN 0036 A(KsJY=A(I1,])

ISN 0037 9 AllIl.,J)=C

ISN 0028 S=A[KyK)

ISN 0039 v=0.D0

ISN 0040 DO 10 J=K.M

ISN 0041 U=CBLE(A(I,K)}/S

ISN 0042 10 v=Vv+Uxy

ISN 0043 V=1.D00/DSQRT (V)

ISN 0044 S1G=S/V

ISN 0045 U=S+SIG

ISN 0046 A(K,K}==-SIG

ISN 0047 IF{K.GE.IR} GO TO 12

ISN 0049 L=K+1

ISN 0050 Do 12 J=L,IR

ISN 0051 S=V*0BLE(A{K,J))

ISN 0052 DO 11 I=L.M

ISN 0053 11 S=S+{(DBLE(A(I,K})/SIG)*DBLE{A(I,J)}

[SN D054 T=(CBLE(A{K.J))+S) /U

ISN 0055 A(KyJ)==-5

ISN 005¢ DO 12 I=L.M




ISN 0057 12 A{I14J}=DBLETA(I,J))-T*DBLEC(A(I,K))
ISN 0058 GO0 7O 2
C END OF HOUSEHOLDER tLOCP
ISN 0059 13 1F{IR.EQ.O0} GO TO 20
C INVERSE OF THE TRIANGULAR MATRIX R STORED IN D
ISN 0061 1J=0

ISN 0062 DO 16 K=1,IR
ISN 0063 DUIJ+K)I=147A{KyK)
ISN 0064 IF(K.EQ.1) GO TO 16
ISN 0066 1=K
ISN 0067 DO 15 L=2,K
ISN 0068 It=1
ISN 0069 I=I-1
ISN 0070 $5=0.00
ISN 0071 DO 14 J=11,4K
ISN 0072 14 S=S+DBLE(A(T,J))*DBLE(D(IJ+J))
ISN 0073 15 DUTJ+I)=-S/DBLE(A(I,I))
ISN 0074 16 TJ=113+K
C INVERSE OF THE PRODUCT MATRIX
ISN 0075 1J=0
ISN 0076 DO 18 J=1,1IR
ISN 0077 DN 18 I=1,]
1SN 0078 1J=1J+1
ISN 0079 11=1J
ISN Qo080 L=J-1
ISN 0081 5=0.D0
ISN 0082 DO 17 K=Js IR
ISN 0083 S=S+NMBLE(DLI1))*DBLE{D(I1+L))
ISN 0084 17 I1=11+K
ISN 0085 18 D(IJ)=S
ISN 0086 GO 10 20
ISN 0087 19 IR=-2
ISN 0088 20 1F{IR.EQ.0Q) IR=-1
ISN 0090 IF{IR,EC.N) IR=D
ISN €092 RE TURN

ISN 0093 END
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PROGRAMM BESCHREIBUNG MR, 309 VCN G. We SCHWEIMER

i st ol Rl el st el i it ettt bl b bt Ot L ot

OO0 N0 000000000

MINIMISATION OF A FUNCTICN FU{X) 0OF ONE VARIABLE X
CALLING SEQUENCE '
KE=0
I{2)=MAXIMUM NUMBER OF FUNCTION EVALUATIONS
W{1)=START VALUE OF X
W{2)=FIRST STEP SIZE
W{4)=ABSOLUTE SEARCH ACCURACY
W(5)=RELATIVE SEARCH ACCURACY
1 WI2)=FUNCTION VALUE F(X) AT X=W(1)
NPTIONAL WRITE I(1)+X.F
CALL FITI{KEsI +W)
IF{KE.EQas1l) GO TO 1
XMIN=W({1)
FMIN=W({2)
© NF=1{1)
KE = ERROR CODE: KE=0 NO ERRORS, KE=
2 MAXIMUM NUMBER OF FUNCTICN EVALUATICNS
3 ROUNDING ERRORS, PROBABLY BECAUSE BOTH W(4) AND W(5) ARE TOQD SMALL
THE WORKING FIELDS I AND W HAVE THE LENGTH 3 AND 11 RESPECTIVELY
THEY CONTAIN ALL INFORMATION FOR THE CONTINUATION OF THE SEARCH
THEREFORE A SFARCH WITHIN ANCTHER SEARCH CAN BE DONE JUST CHANGING
THE WORKING FIELDS
IF 2 FUNCTION VALUES F1 AND F2 ARE KNOWN FOR X = X1 AND X2 RESPECTIVE
LY WITH X1 NE X2 ENTER THE CALLING SEQUENCE AFTER DEFINING :
KE = 13 T(1) = 33 W{g&) = X153 Wi7) = X2: W{9) = Fl; W{10) = F2 AND
W(l) = USERS CHOICE
WORKING FIELD VARIABLES:
I11): CURRENT NUMABER CF FUNCTION EVALUATIONS
I{(2): MAXIMUM NUMBER OF FUNCTION EVALUATIONS
I{3): MINIMUM POINTER, THE MINIMUM FUNCTION VALUE IS AT W(T7+I(3)}
W{1l): CURRENT VALUE 0F X
Wi(2): USER SUPPLIED FUNCTION VALUE
W{3): FIRST STEP SIZE
W{4 AND 5}z SEARCH ACCURACIES
W{6, T AND 8): X1, X2 AND X3 WITH X1 < X2 < X3
Wi9, 10 AND 11): FUNCYION VALUES AT X1, X2 AND X3 RESPECTIVELY
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ISN
ISN
1SN
ISN
1SN
TSN
1SN
ISN
ISN
ISN
1SN
TSN
TSN
1SN
ISN
1SN
ISN
1SN
1SN
1SN
1SN

ISN
[SN
ISN
1SN
ISN
I SN
ISN
ISN
ISN
ISN
I[SN
1SN
1SN
ISN
ISN

0oaQ2
0003
0004
0006
0007
gooe
00nos
0010
o011l
0012
0013
6015
onls
0017
0018
0g20
0021
0022
0023
0025
0026

0027
poza
0029
0031
0032
0033
0034
003%
0036
n037
00318
0039
0040
0042
0044

SUBROUTINE FITI(KEsVyW?
DIMENSICN V{31,W{11)

IF(KE.EQ.1)
KE=

1

vil)=t
vi3)=-1

Wi6)=Wl1)
W{3)=W(2)

GC

1 WlL)=W(l)+W(3)

GO

T0 12

2 TE(VI1).GT.2.)
Vvi3)=0.

W{TI=W(]l)
Wi10)=H{2)

TO 2

GO TC 3

IFIW(2)Y.LELHIS)) GO TO 1
V(3)=‘10
W{l)=Wl6E)-WI(Z)

GO

Ta 12

3 IFIVI1Y.GT.3.) GC TC 5

W{B)=W(1)
W{ll)=W{2)

C ORDERING OF THE
DO & J=1,3
K=7-MGD(J!2)

2

-

FIRST VALUES COF X:

IFIW(K).LE.W(K+1}) GO TO 4

Wi1)=WlKI)
W{K)=W{K+1)
WiK+1)=k(1)

K=K+3

Wll1)=WI{K)
W{KY=W{K#1)
WIK#1)=WI(1l)

4 CONTINUE
V{2)=0.
IF{WI9) LT W{1l0) . AND.WI{9) L LTaW{L1L)) VIZ)=-1,
IF(W{11)LTaW{10)AND WI11) . LT.W(9)) V(3)=1,

GO

T0 9

WlE}Y < WIT) < WiB)

—S¢ —



ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN

ISN
ISN

[SN
ISN
ISN
ISN
ISN
ISN

0045
0047
0048
0049
0050
0052
0053
0054
0055
0056
00518
0059
0060
0062
0064
0065
006¢
0067
00&8
00¢&s
0071
0072
0073
0074
0075

0076

0078
0080

0082
0083
0084
0085
oos7
0088

C

c

C

S0
5

8

9

RT IN THE NEW VALUES OF X AND F
IF(V{3).EQ.Q.) GO TO 6
J=Vi3)

W{7=J)=WI(T)

Wl10~-J)=W{10)
IF({W(T+J)-W(LlI)*{WIL)})-W(T)).GTeOu) GO TO 7
W{T)=W{T7+]))

W(l0)=WI{10+))

W{T+J)=NWI1)

W(10+J)=W(2)

IF{W(2) .GE.W{10)) VI3)=0,
GO TO 9

J=-1

IFIWIL).LT.W{T)) J=1
IF{W(2).GT.W(10)) GO TC 8
W(7+J)=W(T)

Wil10+J)=KW(10)

WI7T)=W({1)

W{l10)=w{2)

IVv=Vv{3)
IFIN(2YLE.WILO+IV)) V{(3)=0.
GO TO 9

W{T-J)=K(1)

Wil0-J}=W{2)

IV=vVI3)

J=T+1V

ERROR TESTS

IFIWT6) dEQaW{T7)aORWIT)eEQeW{3)eOR{W{F)eEQaW{10)a ANDW(10)EQaWI1
11))) GO TQ 15

ITF{V{1).GE.V(2)) GC TO 16

IF (V{3).EQ.0.) GOTC 10

STEP SIZE LIMNITATION

10

WIL)=WlJ)#2.%VI(3)x(WIB)-W(6))

GOTOD 12
W{L)=AMINLIW(B)-W(T),WIT)-WIE})/(WI(B)-WIE))
IF{W(1).GT.0.1) GOTO 11

HW{l)=,5%{W{6)+W(8)]

GOTO 12




ISN

ISN

ISN
ISN
ISN
ISN
ISN
ISN
13N
ISN
ISN
ISN
1SN
ISN
ISN

0089

0090

0091
0092
0094
0095
0096
00s7
0098
0099
0100
0101
0102
0103
0104

PREDICTION OF THE POSITION OF THE MINIMUM

11 WIL)={(WI9 —HILO)) /{WIO)-WI(TII=[W{LO)~WILlL )/ (W(T)I-WI(B))I/(W{E)-
iw(s)}
WIL)=5*{WIB) +WIBI+{(WILL)-W(9)) /{W(LI*{WIEI-WIBI)))

TEST OF CONVERGENCE

W(2)=ABS(W{Ll)-W{J)})
IélH(Zl.LT.ABS(H(4)}.OR-N(ZI.LT.ABS(H(5)*HlJl)l G0 TO 13
12 Vil)=v(l)+l,
RETURN
13 KE=0
14 IV=V(3)
W{1) =Wl T+IV)
W{Z2)=W(10+1V])
RETURN
15 KE=KE+l
16 KE=KE+]
G0 TO 14
END
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PROGRAMM BESCHREIRUNG NR. 320 VCN G. We SCHWEIMER

Chxaxrdkrrd¥ e rrrhkdhdtethbrrrbdkkwbkk kb bkbkbrdedrrhhkdhdobd kb hkdhts

CHISQUARE MINIMISING SUBRQOUTINE
SCLVES THE NONLINEAR LEAST SQUARES PROBLEM
USING A LEAST SQUARES INTERPOLATICN SETWEEN VARTABLES AND FUNCTIONS
OR THE EXACT GRADIENT CF THE FUNCTIONS
CALLED SUBROUTINES: LILESQ{LINEAR LEAST SQUARES PROBRLEM)
INVATA(INVERSICN CF A{TRANSPDSECDI*A)
FITI(ONE DIMENSTIONAL MINIMUM SEARCH)
CALLING SEQUENCE
KE=0
M=NUMBER OF FUNCTICNS. M GE N
N=NUMBER OF VARIABLES, N GE 1



OO0 OA0O0O0 N DO OO0 OO0 O0O OO0

DD 1 I=1,N
X{I)=STARTING VALUES OF THE VARIABLES
E(1)=ABSOLUTE SEARCH ACCURACIES FOR THE VARIABLES, E{I} NE 0
M{1)=FIRST STEP SIZE IN UNITS OF E(I), IF LF 1 W{l) = 100 BY FITEX
THE MAXIMUM ALLOWED STEP SIZE IS 2%W(1)
W{2)=METHOD CF APPROXIMATION, O FDR LEAST SQUARES INTERPOLATION
1 FOR EXACT GRADIENT OF THE FUNCTIONS
IN{1)=NUMBER OF POINTS TO BE REMEMBERED, IF LE N IW(1) = N+l
IW(2)=MAXIMUM NUMBER CF FUNCTICN EVALUATICNS, IF EQ O IW(2}=2IW(1)
IF IW(2) LT O NO ACTION EXCEPT KE = 0
JA=4+MAXO{ L4, INKIN#5)} /2)+ (MeN+1)E L IW(L) +1)
W({41=0.
DO 3 I=1,M
F{1)=FUNCTION VALUES AT THE POINT X
IF{W{2).EQ.0.) GO TO 3
W(JA+I+M*{J-1)3= DF(I)/0X(J) FOR J=1,N
W(4)=W{4)+FTIIXFLI)
OPTIONAL WRITE TW{3),IW(4) sW{3) W{&),X,F
CALL FITEX{KE¢MyNyFpXsEsWeIW)
IF{KE.EQC.1) GO YO 2
W{2)=ERROR RENORMALISATION FAC TOR
Wl4)=MINIMUM QUADRATIC SUM OF THE F(I)
X=MINIMUM POINT
F=FUNCTIONS AT THE MINIMUM POINT
KE=ERROR CODE KE=0: WITHOUT ERRCRS
KE=2: USER INTERRUPT
KE=3: MAXIMUM NUMBER OF FUNCTION EVALUATIONS
KE=4: ROUNDING ERRCRS
KE=5: THE FUNCTIONS DO NOT DEPENT OGN X([IW(4))
KE=6: USELESS VARIABLES IN THE PREPARATORY CALLS,
THE LABELS OF THE VARIABLES ARE [W(3),IW(4)
KE=7: M LT N OR N LT 0 OR wW(2)*{W(2)-1.) NE O
W{4+I)=STANDARC ERRORS OF THE VARIABLES
W{4+N+T )=ERROR ENHANCEMENTS , :
W4 +N+N+T+{J*(J-1) }/2)=ERROR CORRELATION BETWEEN X{I) AND X{J) I<J
IN{3): NUMBER CF FUNCTION EVALUATIONS
IW(4): NUMBER OF DEGREES OF FREEDOM




ISN
ISN
ISN
1SN
ISN
ISN
ISN
TSN
ISN
ISN
SN
TSN
1SN
ISN
I5N
ISN
I SN
ISN
ISN
I[SN
ISN
ISN
ISN
I SN
ISN
ISN

0002
0003
0004
€005
0006
0oo08
0009
0010
0011
Q013
0015
o017
ac19
0020
0021
0022
0023
0024
0025
0025
0027
0028
0029
0030
0032
0034

OO OOCO YA OO

WORKING FIELD: IW: LENGTH 44K WITH K = TW{l)
Wi LENGTH 4+MAXTL14, (IN*IN+5))/2)+(M+N+L1) =(K+1)+MkN
ACRESSES IN IW -
4+L: LABELS OF THE QUADRATIC SUMS
ADRESSES 1IN W
4+#1: STANDARD ERROCR OF Xx1{1)
4+N+I: ERROR ENHANCEMENT FOR X(1)
FROM &4+N+N+1: MATRIX D AND ERROR CORRELATIONS
FROM JS#1 MATRIX S5 JS = 4+MAXO (14, {NXx{N+5))}/2)
FROM JA+1: MATRIX A WITH JA = JS+¢{M#N+1}%(K+1)
THE WORKING FIELDS CONTAIN ALL INFORMATION FOR THE CONTINUATION OF
THE SEARCH. THIS ALLOWS A SEARCH WITHIM ANCTHER SEARCH JUST CHANGING
THE WORKING FIELDCS

Sy S T T T T T T T T T 3 P e e B G A P

SUBROUTINE FITEX(KEsMeNy IWoFoeXyEeW)
"DIMENSION FIM) s X{IN)E(N),Wl1) IW(1)
DOUBLE PRECISION S,T,U,V,EPS/1.D0~5/
EQUIVALENCE{A,IR)
TF(IW(2).LT.0) GO 7O 50
JO=4+N+N
JS=4+MAX0O( L4y IN*{N+5))/2)
LM=M#N+1
IF{KE.NE.O) GO TO 2
IF{IW{1)sLEaN) IW{1l)=N+1
IFIIWI2).EQeO) TWL2)=2*TW(1)
TF{W{l).LEsle} WL1)=100.
IN{3)=1
K=IWI(1l)
DO 1 L=1,K
IW{L+41=14K-L
1 W{JS+LM*L)=T,.E75
KE=1
K=1IW{l)
KV=K
JA=JS+LM*(K+]1)
JM=JS+HL MEIW(5) LM
J3=JA-LM
IF(KE.EC.2) GO TQ 52
IF(H.LT.NOUR.N.LT. ICOROH(ZI*‘H(zi-IO]ONEOOC) GC TD 57
IF{WI4).LE.O.} GO TO 50

i



C ROW OF MATRIX S TC BE REPLACED BY NEW VALUES

TSN 0036 L=IN{K+4)
ISN 0037 IF{W(JIS+LMEL) . EQ. T«ET5) KV=L-1
ISN 0029 DO 3 I=1,K
1SN 0040 JL=JS+LM*TW{1+4)
ISN 0041 IF{W{4).LT.WlJ1}) GC TC 4
ISN 0043 3 CONTINUE
C ONE DIMENSIONAL SEARCH IS NECESSARY
ISN 0044 GO TO 37
ISN 0045 4 TF{{W{2)eEQe0uoANDs e GToMAXOIN+1,KV)}eORs{W(2)eFEQeleeANDaI+GTol})
1 60 T0 37
C VECTOR OF LABELS OF THE QUADRATIC SUNS
ISN 0047 IF{KVeLToK) KV=KV+1
ISN 0045 I1=K+6
ISN 0050 12=K~1
ISN 0051 IF(12.EQ.0) GO TQ 6
ISN 0053 DO 5 J=1,12
TSN 0054 11=11-1
ISN 0055 S IW(ILl+1)=IW(I1)
ISN 0056 TWlIl)=L
TSN 0057 IM=JSHLMEIW(5) -LM
C NEW ROW
ISN 0058 & J1=JS+LM*(L-1)
ISN 0059 DD 7 I=1,N
ISN 0060 J1=J1+1
1SN 0061 7 WJ1)=X{I)
1SN 0062 N0 8 I=1l,M
1SN 0063 Jl=J1+1
ISN 0064 8 W(J1)=F(I)
ISN 0065 W(JL+1)=H{4)
ISN 0066 TF(IW(3).GE.IW(2)) GO TO 53
ISN 0068 1IF{N.EQs1) GO TO 42

ISN 0070 IFIW(2) .EQalee ORLIWI3ILGTLN+1) GO TO 15




ISN
I SN
ISN
ISN
ISN
ISN
ISN
I SN
ISN
ISN
ISN
ISN
I5SN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

I SN
" TSN
ISN
TSN
ISN

0072
06073
o075
0076
0077
0078
D079
0080
0081
0082
0084
0085
0086
0087
0o8s
0090
0091
0062
00932
0054
0095
0os7
0098
0100
0101
0102

0103
0104
0105
01056
o107

c

PREPARATORY FUNCTION EVALUATICNS
MF=TW(3)
IF{MF.EQ.1) GO TO 12
X{MF-1)=W(3)
J2=15+N
S=0.D0
DO 9 I=1,M
T=F1{I)-W{J2+1)
9 S=S+T*T
J=2
IF{SLTLEPS*EPS*W{JS+LM}) GO TD 55
W{3)=S
J1=2+N+MF
WUJIL)=SQRT{W{3})
IF{MF.LE+2)} GO TO 12
I1=N+1
DC 11 J=3,.MF
12=J2+LM%{])-2])
$=0.00
DO 10 I=1eM
10 S=S+{W(I2+1)-W(J2+TI)X(FII)-W(J2+I))
IF{DABS(WLJ1)*WlI1+J)-DABS{S))LTLEPS*DABS{(S)) GO TO 5¢
11 CONTINUE
12 IF{MF.EQ.N+1} GO TC 15
WI3)=XIMF)
X{MF)=XIMF)+W (1) *E{MF)
GO TQO 100
END CF PREPARATORY FUNCTION EVALUATIONS
SUM OF INVERSES NF THE QUADRATIC SUMS
15 $=0.00
DO 16 L=1+KV
T=W{JS+LM*L)
16 S=S+1.DC/{T*T)
W{JA)=1,D0/S

— g —



C CENTRE OF THE VARTABLES AND. FUNCTIONS

ISN 0108 I1=M+N
ISN 0109 DO 18 I=1,11
. ISN 0110 JL=J5
ISN 0111 $=0.0D00
ISN 0112 DO 17 tL=1,KV
ISN 0113 T=W(J1+LM)
ISN 0114 S=S+WlJL+)/{T%T)
ISN 0115 1T J1=J1+LM
1SN 0116 18 W(JI3+I)=S=W{JA)
ISN 0117 IF{KE.NE.1) GO TO é0
ISN 0119 IF{W(2).EQ.0.) GO TO 20
ISN 0121 - JLI=JA-M-1
ISN 0122 DO 19 I=14M
ISN 0123 19 WltJL1+[)=F{I)
ISN 0124 . GD TO 23
: C MATRIX A
ISN 0125 20 Ji=JA
ISN 0126 DO 22 I=1,N
ISN 0127 U=H(J3+I)
ISN 0128 DO 22 J=1¢M
ISN Q129 Jl=J1+1
ISN 0130 J2=JS
ISN 0131 S=0.00
ISN 0132 T=H{ J3¢N+J)
ISN 0133 DO 21 L=1,KV
ISN 0134 V=W{JZ2+LM)
ISN 0135 S=S+{WIIZHN+I)-TI* (W J2+1} -U)/ {VEV)
ISN 0136 21 J2=J2+LM
ISN 0137 22 WJL1I=S*KW(JA)
ISN 0138 IF{KE.NE.1) GO 1O ¢£2
C LINEAR LEAST SQUARES PROBLEM
ISN 0140 23 CALL LILESQIMyNgIReW{JA+1) s WIJA-M) ¢HI5) ;WI{N+5))

ISN 0141 IF(IR) 54,424,435




iSN
ISN
TSN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

1SN
ISN
ISN
ISN
15N
SN
1SN
15N
ISN
15N
ISN
ISN
ISN

I SN
ISN
ISN
ISN
ISN
ISN
ISN
[SN

0l42
0143
0l44
0145
0146
0L 47
0148
0149
0150
0151
0152
0153
0154

0155
0157
0158
0159
01¢60
ole1
0l62
0163
0164

0165

Dl66
01¢&8
0169

0170

0171.

o172
0173
0174
0176
0177
0178

C

MATRIX D

24

25

26

J1=JD
DO 26 I=1.N

T=W(J3+I)

DO 26 J=1,1

J1=J1+1

J2=JS

$S=0.00

U=W(J3+J)

DO 25 L=1.KV

V=W [J2+LM)
S=S+{W(J2+T ) =TI *(W{J2+J)-U) / (V*V)
J2=J2+LM

W{J1)=Sxkl JA)

NEW VARTIABLES

27

28

29
30

IF{W(2),EQ.0.) GO YC 28
Do 27 I=11N
XCIY=WlIM+T)-W{I+4)
GO TO 31

D0 30 I=1,.N

I12=1
J1=JD+{I*1-1)/2
5=0,D0

DO 29 J=14N
J1=J1+12

IF{J.GE.I) I2=J
S=S¥W{J1IxW{J+4])
XUTID)=WlJ3¢1)~-5

TEST OF CONVERGENCE

31

a2

A=0.

DD 32 I=14N
W{I+4)=X11}-W{IM+I)
A=AMAXL1{A,ABS(WII+4)/E(I)))
IF{A.LT.1,) GO TO 50
IW{4)=0

W(3)=1.

IF(A.LT,.2.,*W{1l)) GC YO 33



ISN
ISN
ISN
ISN
TSN

ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
1SN
ISN
ISN
ISN
ISN
ISN
TSN
ISN
ISN
ISN
1SN
ISN
ISN
1SN
ISN
ISN
ISN
ISN
ISN

0180
0181
0182
0183
0184

0185
0186

0187

0188
o189

0190

0192
0194
Cl196
0197
0198
0199
0200
D201
0202
0203
0204
0205
0206
0207
0208
0209
02190
0211
0212
0212
0214
0215
0217
0219
0220
0221

STEP SIZE LIMITATION

33
34

IW{a)=1

Wl2)=2.*W(1}/A

DO 34 I=1.N
X{I)=W{JM+I)+W{3)*Wl]+4)
GO TO 100

RANDOM PREDICTION

25

36

DO 26 I=14N

A=W{J3+1)
XCI)=WOIM+I)+W{1)*E(I)*(MOD(TABS(IR},200}-1001/100.
IW{4)=3

GO TO 100

ONE DIMENSIONAL SEARCH
37 [F{N.EQa1l) GO TC 42

38

39

40
41

IFIIW{(3)sGEL.IN{2)) GO TC 53
IF{IW(4)Y.EQ.2) GO TC 39
IW(4)=2

DO 38 I=14N
WlJ3+T }=X{TI ) -WUJIMH])
IR=3

W(5)=A

IR=20

Wi6)=A

WiB8)=0.5

W{ll}=0,

Wilz2}=0.

W{l321}=0,

wil4gl)=1.

WLEI=W(JIM+LM)
W(l7)=wWI(4%)}

GD TO 40

W{9)=W{4&)

CALL FITLI{KE.W{5),K(3)})
DO 41 I=1sN

X{I =Wl JM+I)+N(B)IEN{J3+])
IF{KELEQ.3) KE=¢
IFIKE.EQs2) GO TO 53

KE=1
W(31=W(8)
GO TO 100




C ONLY ONE VARIABLE X

ISN 0222 42 TF(IW(3).6T.1) GO TO 43
ISN 0224 KE=0 '
1SN 0225 WILO)=W{L)*E(1)

ISN 0226 W(1T1=E(1)

ISN 0227 W{l2)=0.

ISN 0228 43 IR=IW{(2)

ISN 0229 Wi(61=A

[SN 0230 W(8)=X(1]

ISN 0231 WD) =H(4)

1SN 0232 CALL FITL(KE,W(5),W(8))
ISN 0233 IN(4)=2

1SN 0234 X(1)=Wl8)

ISN 0235 IF(KE.EQ.1} GO TC 100
1SN 0237 IF{KE.GT.0) KE=KE+1

ISN 0229 W(3)=0,

ISN 0240 W(5)=0.

[SN 0241 IF(W(6).NE,O.) GC TC T4
ISN 0243 W(5)=SQRT(ABS [{W{13)~W{15) ) /{{W{L16)=-WELT)}/tWIL3)=W{Ll4) )= (W (1T}~

LW{18))/(WI14)-W{15)))})

ISN 0244 Wi6)=1,

ISN 0245 W{T)=1,
- ISN 0246 G0 TO T1

C IND OF SEARCH

ISN 0247 50 KE=0

ISN 0248 IF(W{4) eEQ. 00 «ORSIN(2).LT.0) GO TO 100
1SN 0250 GO TO 52

C ERROR CODE DEFINITION

ISN 0251 57 KE=KE+1

ISN 0252 56 KE=KE+1

ISN 0253 55 KE=KE+1

ISN 0254 54 KE=KE+1

ISN 0255 53 KE=KE+1

ISN 0255 KE=KE+1

ISN 0257 52 DO 51 I=1,N

ISN 0258 51 WlI+41=0.

— GE —



ISN 0259 Wl3)=0. '
ISN 0260 TF{KE*{KE~2} NE2DeORw [KE2EQe 3. ANDs (W{2)+oEQelueCRs (W(3).EQ.0.4 AND,
ITW{3).LE.NI}))) GO TO 74
C COMPUTATION DF THE ERRCRS CF THE VARIABLES
C RESTORE MATRIX G

ISN 0262 IFIW{2) .EQ.04) GO TC 15
ISN 0264 Jl=JA
ISN 02&5 I1=N+1
ISN 0266 N0 45 I=2,11
ISN 0267 IF{I.GT.M) GO TO 45
ISN 0269 DO 44 J=I,M
ISN 0270 44 W(J1+J)=0.
ISN 0271 45 Jl=J1#+M
ISN 0272 - DO 49 TI=1,N
[SN 0273 DO 46 I1=I,N
ISN 0274 A=Wl4+N+]I1)
ISN 0275 IF{IRLEQ.I) GO TN 47
"ISN 0277 46 CONTINUE
ISN 0278 47 IF{Il.EQ.I) GO TO 49
ISN 0280 Ji=JA+M*{(]-1)
ISN 0281 J2=JA+M%x(11-1)
ISN 0282 WI4+N+T1)=W{4+N+I)
ISN 0283 DD 48 J=1,N
ISN 0284 A=Wl JL+J) _
ISN 0285 HJ1+J)=Wl{J2+J)
ISN 0286 48 WlJ2+J)=A
ISN 0287 49 CONTINUE
ISN 0288 GO TO €6
C INVERSE OF MATRIX D
ISN 0289 60 T=SQRT(W(JA))}
ISN 0290 J1=JA
ISN 0251 DO &1 I=14N
ISN 0292 S=W{J3+1)
ISN 0293 J2=J5+1-LM
ISN 0294 DO 61 L=1,KV

ISN 0295 Jl=J1+1




TSN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
I SN
ISN
ISN
ISN
1SN

ISN
ISN
ISN
ISN
ISN
ISN
ISN

SN
ISN
ISN
iSN
ISN
ISN
ISN
ISN
ISN
ISN

0296
02937
0298

0299
0300
0301
0302
0303
0304
0305
0206
0307
03209
0310
0311
0312

0313
0314
0315
031¢
0317
D318
0319

0320
0321
0323
0324
0325
032¢
0327
0328
0329
0330

61 WII1)=TH{WJIZ+LELM)=S)/W{JS+L*L M)
CALL TNVATAIKV NoIR,WIJA+1),W{JD+1),X)
IF{IR) 74,20,74

MATRIX G = A®INVERSE CF D

&2 DD 65 L=1,M
Jl=L+JA-M
DO &4 I=1.N
[1=JD+{1*%]-1}/2
12=1
$S=0.D0
D0 63 J=1,N
I1=11+12
IF{J.GEL.I) 12=J

62 S=S+W(I1)*DBLE(W{JL+J%M))

&4 X(1})=S
DO 65 J=1,N

£5 WHJl1+)EM)I=X())

DIAGONAL ELEMENTS OF G(T)=%G

66 Jl=JA
DO 68 I=1,N
S=0.0D0
DO &7 L=1,M
J1=J1+1

67 S=S+W(JLI*DBLE(W(IL1)}}

6B WI4+N+1)1=DSQRTI(S)

STANDARD ERRORS ANC ERRDR CORRELATIONS

CALL INVATA(M N, IR, WlJA+1),W{JD+1},X]
IF(IR.NE-O) GO TN 74
DO 69 I=1,N
W{I+4}=SQRTIWCIDH{TIXI+[)/2))
69 W{4N+T)=W{I+&)EW{4+N+T)
J1=JD
DD 70 I=1,N
DO 70 J=1,1
J1=J1+1
70 WIJD)=WLJL ¥/ NI +4)*W{J+4))



C ERROR RENORMALISATICN FACTCR

ISN 0331 71 S=0.00
[SN 0332 DO 72 I=1,M
ISN 0333 72 S=S+W{JM#N+]I)
ISN 0334 W{3)=DSQRTIDABS (W{JM+LM}-S*S5/M) /MAXO(M-N~-1,1))
ISN 0335 DO 73 1I=1,N
ISN 0336 73 Wil+4)=W(I+4)%*W(3)
: C RESTORE OPTIMUM VALUES TO X AND F
ISN 0337 74 IH{4)=M-N-1
ISN 0338 IF{(KE-5)*%(KE-6).NE.0) GO TO 75
ISN 0340 IW(3})=J-2
ISN 0341 ' IW{4)=MF-1
ISN 0342 75 DO 76 I=14N
ISN 0343 T6 X{IY=H{JM+T)
ISN 0344 DO 77 I=1.M
TSN 0345 77 FII)=WIJM+N+I)
ISN 0346 Wi4)=W{JIM+LM)
ISN 0347 100 [F(KE.EQ.1) IWI(3)=IW(3)+1
[SN 0349 RETYURN
ISN 0350 END
MODINA

FORHAD, integration subroutine to be added

(mmm e — e e m e
C

. INTEGRATION DURCH FORTGESETZTE HALBIERUNG, ROMBERG-VERFAHREN
C PROGRAMMBESCHREIBUNG NR, 29 VON G.Ws. SCHWEIMER

C

C P{l1} UND P(2) ENDPUNKTE DES IMTEGRATIONSINTERVALLS

cC P{3)

C P4 F(X) ODER INTEGRALWERT

c P25 GEWUENSCHTER RELATIVER INTEGRATIDNSFEHLER

C Pl6) STEUSRZAYL, STATEMENT 2

C

P{T) HALBTERUNGSORDNUNG, 7A&HL DER TINTERVALLE IST 2%*P(7)




ISN
TSN
15N
ISN
TSN
ISN
TSN
I8N
ISN
ISN
ISN
ISN
[SM
TSN
I SN
ISN
ISN
TSN
ISN
ISN
15N
I SN
TSN
1SN
ISN
TSN
ISN
TSN
(SN

o002
0002
0004
0005
00056
0007
ooos

0009

0019
ool1l
0012
2013
0014
2015
anls
0017
0018
onio
2020
0021
0022
N023
0024
0025
002¢&
0027
0028
0029
N0390

OO D

PL3) « 5%E(PIT)I-1.)
PL9) INTERVALLNUMMER: L1y 3y Sesasy

2{10)

P{121 BIS P(25) INTESRALWERTE NACH DFER TRAPEZ-

N

2%%P(7)+1 STUETZIPUNKTE

SUBRDUTINE FORHANDIKE,P)
DIMENSION P{25}
IF(KEYL,L,2

P{3)=P(1)

p{6!=_1.

KE=1

RETURN

TF{PLE) A4, T

P{g&Y=P{4)

Pte)=0.

PL2)¥=P(2)

KE=1

RE TURN
PO11)=.5%{P{2)1-P{1})%(P(4)+P(8))
Pl{B)=1.

P(7)=1.

Pl&Y=1.

KE=1

PLTI=P(T)+].
P(8)1=,5%P {3}

P(9)=1.

PL10)=0.
PI2¥=P(1)+P(R)*P(9)x(P{2)-P{1))
RETURN

P{9)=P{9)+2,
PL1GY=P(1014+P (%)

KE=1
IF(PIB)#PIS)-1.16,8,8
KE=2

2¥%(P(7)-1.) -1,
SUMME DER STUETZWERTE IN EINFR HALBIERUNG
(P{11)) 4 SIMPSON-
COTES- (P(13)), ROMBERG- {P(14) RIS P{25)) FORMEL FUE



TSN
TSN
TSN
FSN
ISN
I SN
ISN
ISN
TSN

ISN

I SN
[SN
‘TSN
TSN
ISN
1SN
ISN
ISN
TSN
ISN
I[SN
TSN

0031
0032
oo22
0034
0035
0036
0037
0038
0029
0040

0041
0042
00472
0044
0045
0046
0047
0048

0049

onsn
0051
0052

10

11
12
13
14

15
15

E=4I

A=P{11)
PLIN)=uS5xA+{P(2)-P[1)}EP{8)*P{10)
N=P{7T)

DO 9 M=2,N

B=P{4+10)
P{M+10)=P(M+3}+(P[M+3)-A)/({E-1.)
A=B

E=44%E

P{4)=P(N+1D)

IF{P{41)11,10,11
F=ABS({(P{N+9))

60 TO 12
E=ABS{(P{N+9)=-D{4) ) /P{4&))
IFIE-ABS{P{5)))15:15,13
FFIN-15)5,14,14%

KE=4

P{S}=F

G0 TO 16

KE=3 °

RF TURN

END




POGYNA
new folding model package, replacing POGA (pgge 117)
and POAR (page 143)

(e m e e e e e e e e e e e e e e e e i i i o o o v o o o e . o . . e .
C-——--- P=D=G=Y-N-A=—mm e e e e e e
C---—-¥MIKROSKOPISCHES OPTISCHES POTENTIAL
C--~--BELTEBIGE WECHSELWIRKUNG IN FXV BERECHNET
C-——==MIT DICHTE-ABHAENGIGKEIT
C-——- NEUTRONEN- UND PROTNNENVERTEILUNG VERSCHIEDEN
C-—--- NUKL EONENVERTEILUNG IN FUNCTIDON DENS BERECHNET
L COULOM3RADIUS PI12)
C-—--—MASSENZAHL P{3}
Com~== 127 PINT4)
C----—REALTEIL : NORMIERUNG = P14}
C CUT-OFF = P(18)
C GAMMA = P[5}
C~----TMAGINAERTEIL P{7), P{8), P(9)
o OBERFLAECHE P{10)s P{ll}, P(12)
C——=-- COULOMB VC UND VD
C~~---COULOMB AUS GEGEBENER LADUNGSVERTEILUNG EXAKT BERECHNET
ISN 0002 SUBROUTINE POTE (PsPR,PI;N)
ISN 0003 IMPLICIT REAL*8 (A-H,0-7)
ISN D004 DIMENSTION PU2),PRIZ2),PI(2),F{25)95(25),D(2}
ISN 0005 REAL*8 ROO(2)/0.00,0.00/ :
ISN 0006 DIMENSION v{401),UC{200),RCD{200),RODA(200)
ISN 0007 REAL#*4 WI(1000)
ISN 0008 REAL*8 PGNI10)/240271AD8921466DF,2402630336A58B322,

1402460691E€694A69,240218€658BR64DBFB,
1401E41FF31573848,7401A1817A317A820,
24015519FE196E249,740100B4ETDFTEAT 4y
I3FA64DAF529DB3FA,23F4825A00902A2BA/
ISN 0009 REAL#*8 XGN{10)/240139720F98B8BAAF,Z 402A502CH6D251T7TF,
Z405FAR33C5594R0F,24082C82EQ09FRFFB 4,
T40A2D469FD2886DT. Z40BFOF9BIA3S2A6F,
L40D6DOSEAFTEBT39,240ES89320B9FEC AL,
240F6C6DD3DERR4F5,740FE3DADOS638ETOL/

# o B

* 4 o» W



ISN
1SN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
I SN
ISN
ISN
ISN
ISN
I SN
ISN
ISN
ISN
TSN
ISN
I SN
ISN
ISN
I SN
SN
ISN
ISN
ISN
I SN
ISN
ISN
ISN
TSN

ISN
ISN
ISN

0010
0011
po1z2
0013
G014
0015
0016
0018
0019
0020
0021
0022
0024
0025
0026
0027
D028
0029
0030
0031
0032
0033
D035
Q037
9038
0039
0040
0042
0042
0044
0045
0046
0048
0049
0050
0051

0053
0054
0055

W N

66

—— . e —

REAL*8 PJ/3.141592653589793D0/+FA/.5D0/+FGA/1.D0/

COMMON JINPT/ KE(42),WI,IN{10OD)
DATA NC1/0/

IFIN} 2,1,2

N=28

NP=N

ALP=2.DO/3-DO

RETURN

IFIN-2) 34444
AH13=P{3)%%*(1.00/3.D0)

IF {(KE{(15).EQ.Q) GO TOD 66
CALL COW.POf1+P+R,VC,.VD)

GO 10 9

R=P[2)*AHL13

A= 1+ 43985%P(NP+4) /R

V2==45%A/ (R%*R)

VO=A-R*R*V?2

PCR=R

H=P[NP+3)

R=P(1}

IF (P(15).1lT.0.D00) P{15)=0,D0
IF tKE(22).GT.0) P{6)=P{16)+P{LT7)*P(15]
AKC=P({15)%P {6)

AMO=I{FGA-P(15) )*P[6)

NC 2=H%20.

IF {INCL.EQ.NC2).AND. {KE121).EQ.0)} GO TO 21
HD=FGA/H

H1 2=HD*FA

PI8=83,D0O%PJ*H /3. D0
ISM=P(NP+6)+P{NP+7)
IFIISM.GT.200) 1ISM=200

ISM2=P [(18)/H

ISM1=P{21)/H

ISMI2=ISM1+][ SM2
TFCISM12.GT.ISM) ISM12=ISM
BERECHNUNG VON FXV
ISM22=2*%JSM]1Z+]

CALL FXVIH,ISM22,V,P}

NC1=NC2




Cr==~- NORMIERUNG DER NEUTRONEN- UND PROTONENVERTEILUNG

ISN 0056 IF [KE(17).EQ.1) GO TO 20

ISN 0058 CALL DPN{ROO,P)

ISN 0059 DI{1)=P(3)-PINP+4) /Wil 4)

[ISN 0060 D{Z)=PINP+4)}/WI(4)

ISN 0061 ROQ(2)=RO0D{2)*0D(2)

ISN 0062 GO TO 21

ISN 0063 20 DU1)=P{(3)

ISN 0064 21 S{(1)=0,

ISN 0065 stz2)=Pt21)

ISN 00656 ${(5)=.000001D0

ISN 0067 : K=0

ISN 0068 NF =0

ISN 0069 10 CALL FDRHAD({K,S)

ISN 0070 G0 70 {11+11,12,12).+K

ISN 0071 11 S{4)=S(2}%S{Z2)*DENS{(P,S)

ISN 0072 NF=NF+1

ISN 0073 GO TO 10

ISN 0074 12 TF(NF.LE.5} GD TO 11

ISN 0076 ROO(1)=D{1)/(4.D0*PJI*S{4]))
C——=—- INTEGRATION

ISN 0077 43 R1=0.D0O

ISN 0078 DO 44 1S12=1,]I5M12

ISN 0079 R1=R1+H

ISN 0080 S{3)=R1 ,

ISN 0081 RODN=ROO(1)*DENS(P,5]

ISN 0082 EF {KE{17).EQ.2) RCON=RODN#+ROO(2}*DENSPI(P,S)

ISN 0084 ROD(IS1Z)=RODN

ISN 0085 RODA{1S12)=FGA-AMD*RODN**ALP

ISN Qo086 UC(IS121=0.D0

ISN 0087 44 CONTINUE
C---—-R-STRICH-PUNKTE

ISN 0088 R1=0.D0

ISN 0089 DO 7 ISl=1,15M1

ISN 0090 R1=R1+H

ISN 0091 ROON=ROD(IS1)

ISN 0092 SIM=(1+MOD{IS1,2))*R1*R1+RODN

ISN 0093 RODN=FGA-AKO*RODN**ALP



ISN
ISN
ISN
ISN
ISN

ISN
ISN
I SN
ISN
ISN
ISN
ISN
[SN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
1SN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
TSN

0094
0095
0096
0097
0098

0099
0100
0101
0102
0103
0104
0105
0106
0107
0108
0109
0110
oltl
o112
0113
0114
0115

0116
o117
olle
01290
0121
0l22
0123
0124
0125
0126
oL27
0128
0129

C-mm—- FO VON R-STRICH, R-ALPHA
DO 6 1512=1,ISM12
Az(IS1*¥ISL+IS12%IS12)*HeH
B=2.D0%IS1*1S12%H%H
F0=0.D0
R0DM=RODN*RODA( IS12)

Cm-mmm- WINKEL INTEGRATION
DO 5 I=1,10
C=A-B¥XGN{ [ )

C=DSQRT{C)
X=C*HD
J=X
X=X~}
FF=FAR(VIJ)+X*(VIJ+1)-V(JI)))
C=A+B*XGN( 1)
C=DSQRT{C)
X=C*HD
J=X
X=X~-J
FE=FE+EA*{ V) +X*(V{J+1)~VIJI)))
5 FO=FO+FF*PGN{I)
6 UC{IS12)=UC{IS12)+STM*FO%RODM
7 CONTINUE
RETURN
C----—INTERPOLATION
4 R=P(1)
IF (KE{15).EQ.0) GC TO 77
CALL COULPO{2,PsR,VC,VD)
60 TO 79
77 IF (R-PCR) 75,18,18
75 VC=VO+RFR*V2
VD=R*2.%V2
GO TO 79
18 VC=1.43985%P{NP+4) /R
VD=-VC/R
79 J=R¥HD
X=R¥HD—-J
IF{J.EQ.ISM) GO TO 211




1SN
1SN
TSN
1SN
ISN
TSN
TSN
ISN
ISN
1SN
ISN
ISN
TSN
SN
ISN
1SN
ISN
ISN
ISN
ISN
ISN
TSN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

01321
0133
0134
0136
0137
0138
0139
0140
014l
0l42
0143
Olas
0145
0146
0147
0148
0149
0150
0151
0152
0153
0154
0155

0156
0157
0158
0159
0160
otsl
0le2
0163

211

212

213

150

170

310

IF{J.EQ.0) GO TO 212
VCC=UC{JY+Xx (UC(J+1}-UCTI))
IF(J.EQ.1) GO TO 212
VvOD={UC{J+1)-UC{J-1})*H12
GC T0O 150

VCC=UC LI +X*{UC(JI-UC(I-1))
VDOD=(UC{J)-UC(J-1))*HD

GO TO 150
VOD=(UC{J+1)-UC(J))*HD

0 TO 150
VCC=2.*UC{1)}-UC(2)

“VDD=(UC(2)-UC(1)}*HD

Fl=PI8*P({4)
PRIL)=VC-F1%VCC
PR(2)=VD-F1%VyDD
KEW=KE(18)

GO TO {(170,180).KEW
SS=R-P(8}*AHL3

A=P{9)
¥=1.D00/(1.D0+DEXP(5S5/A))
I==DEXP[SS/A) /A%RY%xY
PI(1L)=-P(T)*xY
PI(2)==P{T)*?
OBERFLAECHENABSORPTION
Wo=P{10)

IF(WD} 310,311,210
SS=R-P{11)*AH13
A=P(12)

I=DEXP{SS/A)

VV=1.D0+7

Y=Z/(VV*VV)
2=Y*{1.D0=-2,D0%2/VV) /A



ISN
ISN
ISN

ISN
1SN
I SN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
I SN
ISN
ISN
ISN
ISN
I SN
ISN
ISN
ISN

0164
0165
0166

0167
0168
0lés
0170
0171
0172
0173

0174
0175
0176
0177
0178
0179
0180
0181
or82
0183
0184
0185

311
c
180

110

111

PI{1)=PI{1}~4.D0%WD*Y
PI(2)=PI{2V-4,DO0%WD*Z

RE TURN

IMAGINAERTEIL VOLUMEN
SS=R-P{8)%AH13

A=P19)
Y=1.D0/{1.00+DEXP(SS/A))
Z=Y¥Y*Y*DEXP(SS/A)*(-2,D0/A)
Y=Y*xY

PITL)=—P{T)%Y
PI{2)=-P(7)%7
DBERFLAECHENABSORPTION
WD=P({10)

IF{WD) 110s111,110
SS=R-P(11)*AH13

A=P(12}
Y1=1.D00/(1.D0+DEXP{S5/A))
Y2=DEXP(SS5/4)
Y=Y1¥¥3%Yy2%(-2,D0/4)

I=Y]1*¥L*Y XY 226, D0/ {A%E2)-Y]¥¥3*Y2%2, 00/ (A%%2)

PIT{1)=PIl1)+4.D0*WD*Y%A
PE(2)=PI(2)+4., DOXWD*Z %A
RETURN

FEND




Cmm =P O G YN A o e e e e

C GAUSS PLUS YUKAWA INTERACTION NUMERICALLY INTEGRATED
1SN 0002 SUBROUTINE FXV{H, [SM12,DV,P)
ISN 0003 IMPLICIT REAL*8 {A-H,N-7)
ISN 0004 DIMENSION DV (401},P(2)
ISN 0005 G=P(5)%P15)
ISN 0006 G=1.D0/G
1SN 0007 . AY=1.D0/P{ 20}
ISN 0008 Fr=pP (191}
ISN 0009 _ FG=P{14)
ISN 0010 R=0.D0
ISN 0011 DO 100 I=1,401
ISN 0012 R=R+H
ISN 00173 DV{1)=0.D0
ISN 0014 FXPO=R&R*5 ‘
ISN 0015 IF {DABS{EXPN).LT.174.D00) DV(I}=FGXNEXP (-EXPQ)
ISN 0017 EXPO=AY*R
ISN 0018 IF (DARSIEXPD)4LT4174,00) DVIII=DV{I)+FYXDEXP(-EXPO} /TXPO
1SN 0020 170 CONTINUE
ISN 0021 RETURN
ISN 0022 CND
ISN 0002 SUBROUTINE DPNI(R(DO,P)
ISN 0003 IMPLICIT REAL*8 (A=-Hy0-Z)
ISN 0004 REAL*4 WI(1000}
ISN 0005 DIMENSION ROD(2),F(25),P(2)
ISN 0006 REAL*8 PI/3,141592653585793D0/
ISN 0007 DATA NCL1/0/
ISN 0008 COMMON /INPT/ KE(42)eWI,IN{(100)
ISN 0009 NC2=WI(3)1+.2
ISN 0010 IF (NC1.EQ.NC?2) GO TO 10

ISN 0012 NC1=NC2



ISN
ISN
ISN
I[SN
ISN
ISN
ISN
ISN
ISN
I SN
ISN
ISN
I SN
ISN
ISN
ISN
ISN

ISN

ISN
I SN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
I SN

0013
0014
0015
00156
0017
0018
0019
0020
0021
0022
0023
Q025
0026
0027
ooz28
0029
o030

0002

0003
0004
Doo5
0006
0007
0008
0009
0010
0012
0013
0014

Cemm=- NORMIERUNG DER PROTONEN-VER TEILUNG
Fl1)=0. '
Ft2)=rP{21)

F(5)=,000001D0
K=0
NF=0
100 CALL FORHAD(K.F)
GO TO {110,110,1200120)y K
110 F{4)=F{3)2F(3)*DENSP{P+F}
NF=NF+1
GO 10O 100
120 IF{NF.LE.S5) GO TO 110
RO0{2)=1.D0/ (4. DO*PI*F{4]})}
"RHTC2=R0O0(2)
RETURN
10 ROO(2)=RHO2
RETURN
END

FUNCTION DENS(PsS)
C-—m==- 3-PARAMETER FERMI-VERTEILUNG DER NEUTRONEN ODER MASSE
IMPLICIT REAL*8 {A-Ho0-Z)
DIMENSION P(2),51{2)
DENS=0.D0
C=P(22}1#P{3)%#%(1.D0/3.D0)
A=P123)
W=P124)
R=S(3)
IF {R.GT.P121)) RETURN
DENS={]1 .DO+R*R2*W/{C*C) )}/ (1 .DO+DEXPU{R-C)/A))
RETURN
END




ISN

TSN
ISN
ISN
ISN
TSN
ISN
ISN
ISN
ISN
I SN
ISN

TSN
ISN
ISN
ISN
I SN
TSN
ISN
ISN
ISN
I SN
ISN
ISN
ISN
ISN
ISN

I SN
ISN
TSN
ISN
1SN
ISN
I SN
I SN

0002

0003
0004
0005
0006
0007
noo8
0009
0010
0012
0013
ool4

0002
0003
0004
0005
000s
0007
0008
0009
0010
0011
0012
0013
0014
0015
0016

oolv
ool9o
0029
0021
0022
No23
0024
5025

FUNCTION DENSP{P,5)

3-PARAMETER FERMI-VERTEILUNG DER PROTCNEN
IMPLICIT REAL*8 (A-H,0-1)

DIMENSION P(2),S(2)

DENSP=0.,D0

C=P{25}*P{3}**(1.D0/3.D0)

A=P{286)

W=P{27)

R=S(32)

1F (ReGT«P{21)) RETURN
DENSP=(1.DO+R*R*W/(C*C) ) /{1.DO+DEXP((R-C)/A)})}
RETURN

END

=P = = Gm¥ =N Am m e e e e et

SURROUTINE DENPR{P,W,NP, My, VARM,CHI2)
TAPLICIT REAL*2 (A-H,0-27)
REAL®4 WIT1000)

DIMENSION PU2)eW(Z) o VARM(30,30),5025),0(2),CP{2,20),R00{2)
DIMENSION RMS{10)

REAL=S PJ/2.141592653589T792D0/
COMMON ZINPT/KE{&42).WI, IN{10OO)
COMMON JIFIT/TA{30)NC,ID
RC=P(21)
AH13=P(31*%x[1.00/3.D0)
I1Z2=WI(5)

H=,100

NS=RC/H+2Z,

DRSM=0(,D0

DRSN=0.D0

LADUNGSVERTEILUNG

IF (KE{15}.EQ.D) GG TN 10

NW=7

DO 1 I=114

NW=NA+WI{NWI+1,1

CONTINUE

NC=WI{NW)+,]

N 2 I=1,NC

CPL2¢I)=WI(NW+])



TSN
I SN
ISN
I SN
ISN
ISN
ISN
ISN
I SN
ISN
ISN
ISN
I SN
ISN
ISN
I SN

1SN
ISN
TSN
[SN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
1SN
ISN
ISN
ISN

I SN
TSN
TSN
ISN
15N
1SN

0026
0027
0028
0029
0030
0031
n032
0033
0034
00135
Q036
0027
0038
0040
0041
0042

0043
N045
004¢&
0047
004R
0049
0050
0051
0052
0054
0055
0056
0057
N058
7059

n060
00¢1
Do&2
0063
0065
0066

rJ

20
21

CONTINUE
NW=NW+WI(NW) +]1.1
S(1)=0,

s{2)=Cpr(2,1)
S15)=.000001D0

K=0

NF=0

CALL FORHADI(K,S)

GO TD (4+44+5+5)y K
S{4)=S(3)*S{2)*DENZ{CP, S)
NF=NF+1

60 10 32

IF (NF.LE.5) GO TD 4
RHOC=227(4.D0*21%5(4})
WRITE (646002} RHOC

? FORMAT {//* DENSITY CHARGE =

PROTONENVERTETLUNG

IF (KE(17).EQ.1) GG TQ 20
CALL DPN{RNDD,P)
D{L}=P{3)-P(NP+&)/WI[4)
D{2)1=P[NP+4)/¥WI{4)
RNOG(2I=ROOT2Z2)*D(2)

GO TN 21

D(1)=P(3)

IF (KE[17).LT.1) GC€ TO 1000
S5{11=0.

S(2)=P(21)

${5)=.,000001D0

K=90

NF =0

CALL FORHAD(K,S)

G0 TN (234234244240, K

S{4)=S{3}*S[3)%DENS(P,S)
NF=NF+1

G0 TN 22

IF {NF.LE.5) GN TC 23
RNO(11=D(1)/14.D0%PJ%S5(4})
WRITE {6.6004} ROO

"41PN15.L5)




ISN D067 6004 FORMAT (//1' DENSITIES MATTER/NEUTRONS AND PROTONS?,1P2015,5)

1SN D048 VK=4.D0%PJ*(P{2)%AH13)%%3/3.00

ISN D069 DCK=P(NP+4 )/ {W]I (4)%xVK)

ISN 0070 PHC=P{2)%*AH13

TSN 0071 21 IF (KE(11).EQ.1) WRITE{6,6003)

ISN NOT3 6003 FNRMAT (///7*% ',7X,"R*, 11X, "MATTER', 10X, *NEUTRONS*, 10X,
L YPROTONS 'y 10X, *CHARGE?)

ISN 0074 33 R=-H

ISN 0075 DO 100 I=1.NS

ISN 0076 R=P+H

ISN 0077 pM=90.

ISN 0078 _ DN=0.

ISN Q079 DP=0.

ISN 0080 DC=0.

ISN 0081 IF (R,LT.PHC) DC=DCK

ISN 0083 W{I+MS}=0,D0

ISN 0084 W{I+2%N5)=0.D0

ISN 0085 WIT#3%N5}=0.D0

ISN 0086 S(3)=R

ISN 0087 IF {KEUL1T7}«EQeLl} GC TO 32

ISN Q089 DN=DENS{P, S}*R0O01{1)

TSN 0090 DP=DENSP(P,SI*RO0(2}

ISN 0091 CM=DN+DP

TSN D092 50 TO 35

ISN 0093 32 DM=DENS(P, S)*RO0(1)

ISN 2094 35 IF (KE(15).EQ.1) DC=DEN2{CP,S)*RHOC

I[SN DO%¢ W{I)=DM

ISN 0097 W{I+NS)=DN

TSN 0098 WII+2%NS)=DP

ISN 0093 W{T+#2%NSE=DC

TSN 0100 91 IF (KE{11).EQ.1) WRITE (&€,6011} R,DM,DN.DP,DC

ISN 0102 100 CONTIMUE

ISN 0103 6011 FORMAT (' ",0PF10.3,5%X,4(1PD12.4,5X)}

ISN 0104 IF ((KE(12)4E5040)e ANDL [KE{14).EN.0}) GO T 203

ISN 010¢& KMY=MJD(KE(14),10001/100

ISN Q107 KMN=KE(14) /1000

ISN 0108 IF (KE{LT).NE,2?) KMN=0O

ISN 0110 N0 110 I=1l.4



ISN 0111 ND=1-1

ISN 0112 TF ({(KE(17).EQ41) «AND. (16T, 1)) oAND. ( NOT, {{KE{L5) .EQ. 1) AND, (1L E
1 9.41)1) 60 TO 110

ISN 0114 CALL MOMENT(NDyWsHoNSsRMS)

ISN 0115 IF (1.EQ.1) WRITE {6,6300)

ISN 0117 6300 FORMAT (///% MATTER DENSITY')

ISN 0118 If (1.E0.2) WRITE {6,6301)

ISN 0120 6301 FNRMAT {///% NEUTRON DENSITY?')

ISN 0121 IF (1.E0Q.3) WRITE (6,6302)

ISN 0123 6302 FORMAT (///' PROTON DENSITY!)

ISN 0124 IF (1.EQ.4) WRITE (6,46303)

ISN 0126 6303 FORMAT (///* CHAPGE DENSITY?) .

ISN 0127 WRITE (66501) (RMS{J)yJ=153); [RMS(J)yJ=5,10)

ISN 0128 6501 FORMAT (/* K=TH MOMENT FOR K = =2, =1y ese ++5, +67

| 1 /9{F12.5,2X})

TSN 0129 WPITE [6,6502) RMS(4)

1SN 0120 6502 FORMAT [/' VOLUME = '.1PD12.5)

ISN 0131 IF ((KMM.GT.0).AND.{I.EQ.1)) WRITE (8,7001) RMS

TSN 0133 IF [(KMN.GT.0).AND.(1.EQ.2}) WRITE (8, 7001) RMS

[SN 0135 110 CONTINUE

ISN 0136 203 IWP=NS

ISN 0137 IWS=1

1SN 0129 KDM=MOD (KE (13),1000} /100

ISN 0139 KDN=KE(13)/1000

SN 0140 IF {KE{17).NE.2) KDN=0

ISN 0142 IF (KDM.GT.0.0% .KON.GT.0) WRITE{?,7001) (WL}, 1=1WS,IWP)

ISN 0144 1MS=1HP+1

TSN 0145 TWO=THP +NS

ISN 0146 IF (KDN.GT.0) WRITE {7,70011 (WII),I=INS,IWP)

ISN 0148 7001 FORMAT ((5X, "%, 6{1PD10.3s"y 1)}

ISN 0149 1000 RE TURN

ISN 0150 END




ISN
ISN
ISN
I SN
ISN
ISN
TSN
ISN
ISN
ISN
I SN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
[ SN
ISN
ISN
ISN
ISN
ISN

I SN
ISN
ISN
ISN
ISN
ISN
1SN
ISN

0002
0003
0004
0005
0006
0007
0008
0009
Qo010
0011
0012
0013
0014
0015
0016
0017
0018
00l9
0020
0021
0022
0023
0025
0026
o027
0028
0029
0031

0032
0023
0034
0035
0036
0037
0038
0039

POTENTIAL PRINT

SUBROUT INE POTPR(PyWeNP My Ny VARM,CHI 2)
IMPLICIT REAL*8 (A-H,D-2)

REAL*4 WIL1000}

NDIMENSION P{2),PR{2)4PI(2)yWI12),VARM{30,30),RMS{10)
COMMON ZINPT/KE(42) ,WI,IN{10D)

COMMON /IFIT/IA(30),NC,yID
NRC=P{NP+3)%{P{NP+6) +PINP+T)=-1.)+1,
RC=NRC

H=.10D0

AH13=P( 2)¥x{1,D0/2,00)

NAZ2=WI12)+,2

HA=P{NP +3}

NSA=P{NP+5)

"MSA=PINP+T)

&

6000
1

3

P{NP+3)=H

NS=RC/H+?2

MS=0

P{NP+6) =NS

PINP+T7)=MS

NN=1

CALL POTE(P,PR,PI«NN)

IF (KE{15).EQ.1) GC TO &
R=P{2})*AHL13
A=1,43985*%P(NP+4) /R
V2=—,5A/{R*R)
VO=A-R%ER%VY?

IF [KE(92+.EQ.1l) WRITE(6,£000)

FORMAT (///7% ",10X"R*,15X+"REAL"y 13X, "REAL+CTIULCMB' 8%,

" IMAGINARY*, 11X, *COULOMB" }
R=-H
DO 2 I=1yNS
R=R+H
P(1l1=R
W{1)=0.00
W{I+NS)=0.D0
W{I+2¥NS)=0,D0
CALL POTE{L{P,PR,PI+NP)



ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
[SN
ISN
ISN
TSN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
[SN
ISN
ISN
ISN
TSN
SN
TSN
ISN
ISN
ISN
ISN
ISN

0040
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0054
0055
0056
0057
0058
0060
0061

0062
0063
D064
0065
0066
0067
0068
0070
0071
0072
0074
0075
0076
0077
0078
0079
0080
0082
0083
0084

W

= un

6100
6300
31

6001

6002

6400

30

TF(KE{15).EQ.0) GO TO 3

CALL COULPO{2+P+RyVC,VD)

GO TO 1

1F (R-P(2)*AH13) 4,545

VC=VO+R*R*V?2

GO TO 1

VC=1.43385%P(NP+4) /R

PR{2)=PR(1)

PR(1}=PRI1)-VC

WlI)=PR{1)

Wl [+NS) =PI (1)

IF (KE{9)eEQel) WRITE{646100) RyPR{1)4PR(2),4PIL1},VC
CONTINUE

FORMAT(® *,0PF15,35,5X,4{1P015.795X)}
FORMAT (///% REAL POTENTIAL')
KMR=MOD{(KE(14},10)

IF ((KE{10)«EQ.0}.AND. {KMR.EQ.D)) GO TO 30
NV=0

WRITE {£&46300)

CALL MOMENT{NVyWsHsNSyRMS)

WRITE (6,6001) (RMS{I)+I=1,3),(RMS{I),+I=5,410)

FORMAT (//'" K-=TH MOMENY FOR K = =25 =1p esae#5y +6?/9(F12.5,42X))
VOL=RMS[4)/{P{3)%NA2)

WRITE (£&46002) RMS(4),VOL

FORMAT {/' VOLUME = ',1PD12.5,°' PER NUCLEON PAIR = *,]1PD12.5)
IF {KMR.GT.0) WRITE (8,.,7001) RMS

FORMAT (///* IMAGINARY POTENTIAL?)

KMI=MODIKE(14),100}/10

IF ((KE(10).LT.2).AND,[KMI.EQ.0)) GO 1O 30

Nv=1

WRITE (646400)

CALL MOMENT{NV,W,HsNS,RMS)

VOL=RMS{4) /(P (3)%NA2)

WRITE (6£,5001) (RHS!I,!I=1'317(RHS(I)11=5,10,

WRITE {6,6002) RMS(4},VCL

IF {KMI.GT.0) WRITE {8,7001) RMS

P{NP+3) =HA

PINP+56)=NSA

P{NP+7) =MSA




ISN
ISN
ISN
ISN
ISN
ISN
I SN
ISN
ISN

0085
0086
0087
0088
0090
0091
0093
0094
00s5

7001

IWP=NS

TWS=1

KPR=MOD(KE(13),10)

IF {KPR.GT.0) WRITE (7,7001} (W(TI),I=TWS,IWP)
IWP=TWP+NS

IF (KPT.GT.0) WRITE (747001) (W(I),I=IWS,IWP)
FORMAT {{5X+"#*',6(1PD10s34"+%)))

RETURN

END



POGYNAFB
new folding model package with FB-option, replacing
POGAFB (page 128) and POARFB (page 156)

(mm e e e e e e et e e o e e
C--——- P-0-G-Y¥-N-A-F-B-v--em e m e e e e e e e
Cm— MIKRNSKOPISCHES OPTISCHES POTENTIAL
Cr—=—- BELTIEBIGE WECHSELWIRKUNG IMN FXV BERECHNET
C=m—- MIT DICHTE-ABHAENGIGKEIT
Co===- FOURTER-BESSEL-DICHTEN
C~~===NEUTRONEN- UND PROTONZSNVERTEILUNG VERSCHIEDEN
C-—~—- NUKLEONENVERTEILUNG IN FUNCTION DENS BERECHNET
Lrm=m- COULOMBRADIUS P({?2)
C———-—-=MASSENZAHL P{(3)
C-—===~I*] PI(N+4)
C-—=~=-- REALTEIL = NORMIERUNG = P(4)
C CUT-DFF = P{329)
c GAMMA = P(#)
(=== IMAGINAERTEIL P(T), PI(8), P(3)
c OBERFLAECHE PL10), P{11}s P(12)
Cmmmme COULCMB ¥C UND VD
C-=——= COULOMB AUS GEGEBENER LADUNGSVERTEILUNG EXAKT BERFCHNET
ISN 0002 SUBROUTINE POTE (P+PRsPI,N)}
ISN 0003 IMPLICIT REAL*8 {A-H,(0-2)
1SN 0004 DIMENSION 2(2),PR{Z2},PI{2),F(25),5(25),D(2)
ISN 0005 REAL%*S ROO(2) /0.D0.+0.D0/
ISN 0005 DIMENSION V{401),UC{2092),RODA{200),ROD{200)
TSN 0007 REAL*4 WI(100Q0D)
ISN 0008 REAL*8 PGN({1C)/Z40271AD8921466DF,240263033¢6A588322,

1402460691 E694A£9,240218B£58BB64DBFB,
Z401E41FF215723B48,740141817A43174820,
I4015519FE196E249,240100B4ETDFTE4 T4,
L3FAG64DAFS29DB3FA,Z3F4825A00902A28A/
ISN 0009 REAL*8 XGNI(10)/Z4013973DF98B86AF,Z403A502C&D25177F,
Z2405FAB33C5594B0F,74082C82EQ09FRFFB4,
240A2D469FD388607,Z40BFOFOBSA3S2A6F,
Z40D6DOSEAFTEBT39.Z40E988320R9FECSBC,
Z40F6C6DD3DEBB4FS,240FE3DADOSG3BETOL/

* * o #

# * B W

— 95 —



ISN
TSN
ISN
ISN
ISN
I SN
ISN
1SN
ISN
ISN
ISN
ISN
[SN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

00190
0011
0012
00132
GOl4
0015
0016
0017
0018
0020
0021
0022
0023
0024
0025
0026
0028
0030
0031
0032
0033
0035
0026
0037
0038
0040
0042
0043
0044
0045
0046
0047
0048
0049
0050
0051
0052
0053

W

111
il2

113

66

REAL*8 PJ/3.14159265358979300/,FA/.5D0/,+FGA/1.D0/

COMMON /IMPY/ KE{42)1,WIs IN{100)
COMMON /IFIT/ IA(30),.NC,1ID
COMMON /COM/S VNEG

DATA NC1/0/4NC3/70/

IFIN) 2.1,2

N=49

NP =N

IF {({KE(16)sNE.8).0R.{KE{]17).EQ.0)) N=1
RETURN

IF(N‘Z’ 314!4
AH13=pP(31%%x{]1,.00/3.00)

NC4=P{3)

NF=IN{(8}

- I0=TA(NF)

IF {10.EQ.NP) IO=I1A(NF-1)
IF (KE{18).LT.3) GC TN 113
I0W=10

RCTFW=P{29)

DO 111 I=1.NF

IF (1IA{I).GT.28) GO TO 112
CONTINUE

10=IA{1-1)

IUW=30D

IF (10.1LT.14) I0=28

IF {(KE{15}.£Q.0) GO 7O &6
CALL COULPOI1,°P4R,VC,VD)
GO TO 9

R=P{2)*AH13
A=1.43985%P(NP+4) /R
V2==25%A/ {R*R]}
VO=A-R*R*Vy2

PCR=R

R=P(1)

AKO=P{3Bi%P(&)
AMD=(FGA-P(38))*P[£)

H=P [NP+2)

NC2Z2=H*20.



ISN
1SN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
I SN

ISN

ISN
I SN
ISN
TSN
ISN
ISN
ISN
ISN
ISN
ISN
1SN
TSN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

0054
0056
0057
0058
0059
0060
0061
0063
0064
0065
0066
0068

00¢9

0070
0072
00732
0074
0075
0076
0077
0078
0020
0081
Qo082
0083
0084
0085
0086
0087
0088
0089
0090
0092
0093

——— ke -

20
21

10

Il

12

IF (NC1.EQ.NC2) GO TO 21
HD=FGA/H

H12=RD*FA
PI8=82,D0%PJ%H/2.D0
ALP=2,D00/3.00
ISM=P{NP+5}+P{NP+7])
TF{ISM. GT-200) ISM=200
1SM2=P{39) /H

1SM1=P{421}/H

ISMI2=] SML+ISM2
IF{ISM12,GT,ISM) ISM12=]ISM
TSM22=2%ISM12+]1
BERECHNUNG VON FXV

CALL FXV{H,[SM22,V,.P)
NORMIERUNG DER NEUTRONEN-
IF (KE{17).EQ.1) GC TD 20
CALL DPN(RDO,P)
D(L)=P{2)-PI(NP+4)/WI(4)
DU2Y=PINP+4&) /WHI{&)
ROOU2)=RO0D{2)*DI[ 2)

GO 70 21

D{1)=P(3)

IF (NC3,EQ.NC4) GO TO 43
s{1)=0.

S{2)1=P{42)

S15)=.000001DO

K=0

NF=0

CALL FORHADIK,S)

GO TO {111+11+12,12),K
S{4)=S1{3)¥%=S{3)*DENSIP,S)
NF=NF+1

GO TN 10

IF{(NF.LE.5) GO TO 11
RNOLL1)=D{1)/14.D0%PI%ES(4))
NC3=NC4

UND PROTONENVERTEILUNG




ISN 0094 43 R1=0.D0

ISN 0095 DO 44 IS12=1,15M12
ISN 0096 R1=R1+H
ISN 0097 St3)=R1
ISN 0098 RODN=RO0O(1)#DENS(P+S}+DEFB(P,S)
[SN 0099 IF {KE{17).E0.2) RCON=RODN+DENSP(P,S)*R00{2)
ISN 0101 ROD(1512)=RODN
ISN 0102 RODA{IS12}=FGA-AMO®RODN**ALP
ISN 0103 UC{IS121=0.D0
ISN 0104 44 CONTINUE
o FALTUNG
o R-STRICH-PUNKTE
ISN 0105 VNEG=0, DO
ISN 0106 R1=0.D0
ISN 0107 DO 7 ISl=1,1SM1
ISN N108 RI=RL+H
ISN 0109 RODN=ROD{IS1)
ISN 0110 SIM=(1+MOD{IS1,2))*R1#R]
ISN 0111 VNEG=VNEG+SIM*DABS{RODN)
ISN 0112 SIM=SIM*RODN
ISN 0113 RODN=FGA-AKQ*RODN*%ALP
o FO VON R-STRICH, R-ALPHA
ISN COll4 DO 6 ISi12=1,ISM12
ISN 0115 A= (IS1#IS1+1S12%1S12)%H*H
ISN 0116 R=2.00% [S1*IS12*H*H
ISN 0117 RODM=RODN*RODA[1512)
ISN 0118 F0=0.0D0
C——--~- WINKELINTEGRATION
ISN 0115 DO 5 I=1,10
ISN 0120 C=A-B%XGN( 1)
ISN 0121 €=DSQRT (C)
ISN 0122 X=C*HD
ISN 01232 J=X
ISN 0124 X=X-J
ISN 0125 FF=FAS{V{J)+X*(V{J+1) -V ) })

ISN 0126 C=A#+B%XGN(I)



ISN
ISN
ISN
ISN
ISN
ISN
I SN
ISN
ISN
ISN
ISN

ISN
1SN
1SN
ISN
SN
ISN
TSN
1SN
ISN
1SN
ISN
ISN
1SN
ISN
ISN
1SN
ISN
ISN
ISN
ISN
ISN
ISN
1SN
ISN
ISN

0127
0128
0129
0130
0131
0132
0133
01324
0135
0136
0127

0138
0139
0141
0142
0143
0144
0145
0146
0147
Cl48
0149
0150
0151
0153
0155
o156
0158
0159
0160
0ls61
0162
0163
0164
0165
0166

C=DSQRTIC)
X=C%*HD
J=X
X=xX-J
FF=FF+FAX{V{J)+X*(VI(J+]1)-V(J)))
8 FO=FO+FF¥PGN(T)
6 UCLTIS12)=UCtIS12)+SIM*FO*RODOM
7 CONTINUE
VNEG=VNEG*PIB
VNEG=FGA+{P{3)-VNEG)*%*2
RETURN
C-——=-—-INTERPOLATION
4 R=P{1}
IF {KE115).EQ.0) GC TO 77
CALL COULPO(2+P,R,yVC.VD)
GO TO 79
77 IF (R-PCR) 75.,18.,18
75 VC=VO+R%R*V2
VD=R#*2,*Vy2
GO TO 79
18 VC=1,43985%P{NP+4} /R
vD==VC/R
79 J=R#%HD
X=R%HD-J)
IF{J.EQ.ISM} GO TO 211
IFtJ.EQ.0) GO TO 213
VCC=UuC{J)eXx(UCLI+]1]}-UC(J))
IF{J.EQ.1) GO TO 212
VDD=(UC{J+1)-UC{J-1)}*H1Z
GO TO 150
211 VvCC=uC(J)+X*(UCLJ)-UCLJ-1))
vDD={UC{J)-UC(J-1))*HD
GO TO 150
212 vOD={UC({J+1)-UC{J))*HD
GO TO 150
213 VCC=2,*%UC(1)-UC(2)
VDO=(UC{2)-UC(1)}*HD

— 09—



ISN
ISN
ISN
ISN
ISN
ISN
ISN
I SN
ISN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
1SN
ISN
ISN
ISN
ISN
ISN
TSN

I5N
ISN
I SN
ISN
I SN
ISN
ISN

ISN
I SN

0le7
0168
0169
0170
0171
0172
0173
0174
0175
0176
orr7

o178

0179

0180
0181
0182
0182
0184
0135
0186
0187
0lss
0190

ol91l
0192
0193
0194
0195
0196
01s7

0198
0199

150

170

30

31

220

Fl=PI8%P(4)
PR(LY=VL-F1%*VCC
PR{2}=VD-F1*VDD
KEW=KE{18)

GO TO (170,220,170,220),KENW
SS=R-P(8)*AH13

A=P(9}
¥Y=1.D0/{1.DO+DEXP{SS/A})
I=-DEXPUISS/A)/AXY*Y
PI(L)Y=—P(T)%Y
PI(2)=-P(T)}*Z
OBERFLAECHENABSCRPTION
Wo=P{10]

1F{WD) 20,31,30

SS=R-P{11})%AHL3

A=pP(12)

I=DEXP(SS/A)

VY =1.N0+1

Y=Z/1vVv£yy)
I=Y*[1.D0-2.D0%2/VV) /A
PI{1)=PI({]l)—4,00%40*Y
PI{2)=P1{2)-4.,D0%WD%*Z

IF (KE(181}.GT.2) GG TQ 500
RETURN

IMAGINAERTEIL VOLUMEN
SS=R-P{8)*AH13

A=P{9)
Y=1.00/11.D0+DEXP{SS/A}))

I=Y*YXYSDEXP{SS/A) *¥(-2.,00/A) -

Y=Y%Y

PIl1)==-PLT)%Y
PI{2V==-P(T7)*Z
DBERFLAECHENABSORPTION

WD=P{10)

IF{WD) 230,231,230



1SN
ISN
ISN
ISN
ISN
ISN
I SN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
TSN
ISN
ISN
ISN
I SN
ISN
TSN

ISN
ISN
ISN
ISN
ISN

0200
0201
0202
0203
0204
0205
0206
0207
0208
0210
0211
0212
0212
0215
0217
0218
0219
0220
0221
0222
0223
0224
0225
0226
0227
0228
0229

0230
0231
0232
0223
0234

230 S5=R-P(11})#*AH1Z
A=P(12)
Y1=1.D0/{1.DO0+DEXP{S55/4))
Y2=DEXP{SS/A)
Y=Y1*&3%Y2%(-2,D0/4)
I=Y1%k4%Y2RY2%6, D0/ (A% *2) - Y1 *£3*Y2%2, D0/ (A%%2)
PI{1)=PI{1)+4,D0F*WD*Y*A
PI{2)=PI(2)+4.D0%WD¥Z%A
231 TF (KE(1B).GT.2)GO TO 500
RETURN
500 SYFB=0,00
SZFB=2.D0
IF (R.GE.RCTFW) GO TO 391
IF [[KE(L19)sNEs2)sAND, {KE{19)sNE3)) GO TO 321
P{20)=0.D0
DO 322 1=31,37
I1I=1-29
P{30)=P(30)+P(I)*[-1,D0})*=]I/I11*%*2
322 CONTINUE
321 DO 390 I=30.37
IX=I-29
IF (R} 280,280,381
380 SYFB=SYFB+P(I)
GO TN 390
3Bl YFR=PJ*R*IX/RCTFW
SYFB=SYFB+P{1)*DSINI(YFB) /YFB
SZFB=SZFB+P{I)*(DCCS(YFB)I*PJ*IX*YFB/RC TFW~
1 DSINIYFBY*PJ*IX/RCTFWI/YFB®42
390 CONTINUE
391 PI(1}=PI{1}-SYFB
PI{2)=PI(2)-SZFB
RETURN
END




Commm P 0= G—Y =N A=F — B~ m m — e o e e e

C GAUSS PLUS YUKAWA INTERACTIQN NU”FRIFALLY INTEGRATED
1SN 0002 SUBROUTINE FXV{HgISM12,DV.P)
ISN 0003 IMPLICIT REAL%2 {A-H,0-~Z)
ISN 0004 DIMENSIDON DV{401),PL2)
ISN 0005 G=P{5)%P(5)
ISN 0006 G=".D0/G
ISN 0097 AY=1.20/P{41)
ISN 0003 FY=P(&40)/P(4)
ISN 00D9 , rR=0,00
ISN 0019 DO 100 I=t,ISM12
ISN 0011 R=R+H
ISN 0012 DV{I}=0.0D0
ISN 9013 EXPO=R*R*G
ISN Q014 TF (DARS(EXPDI,.LT.174.00) DVITI)I=DEXP{-EXPD)
[SN 0016 EXPO=AY*Q
ISN 0017 IF {(DABS{EXP0).LT.174.D0) DVII)=DVIT)+FY=®DEXP(-EXPN) /EXPO
ISN D019 170 CONTINUE
ISN 0020 RETURN
ISN 20021 END
ISN 0002 SUBROUT INE DPN(RGO,4P)
ISN 0003 IMPLICIT REAL#*8 (A-HeD-1Z)
ISN 0004 REAL*4 HI(1000)
ISN 0005 DIMENSION ROO[2).F(25},P(2)
ISN 0006 REAL*8 PI/3,1415G265358%793D0/
ISN 0007 DATA NC1/0/
ISN 0008 COMMON /INPT/ KE{42)4W1,IN{100])
ISN 0009 NC2=WI(3)+.2
ISN 0010 IF (NC1.EQ.NC2) GO TO 10

ISN Q0012 NC1=NC2



ISN
ISN
TSN
ISN
ISN
ISN
1SN
ISN
ISN
ISN
ISN
ISN
[SN
ISN
ISN
ISN
ISN

ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN
ISN

0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0025
00256
0027
0028
0029
0030

0002

0003
0004
0005
000¢&
0007
0008
0009
0010
0012
0013
0014

100

110

120

NORMIERUNG DER PROTONEN-VERTEILUNG
F{l}=0,

FI2)=P{42)

F{5)=,000001D0

K=0

NF=0

CALL FORHADI(K,F)

GO TO (110,1105120:120})s K
Fl4)Y=F(3)%F{3)%DENSP{P,F}
NF=NF+1

GO TO 100

IF{NF.LE.5) GO TO 110
ROO(21=1.,00/14.D0%PI%F(&))

"RHO2=R0O0(2)

10

RETURN
ROO{2)=RHO2
RETURN

END

FUNCTION DENSI(P,5S)

3-PARAMETER FERMI-VERTEILUNG DER NEUTRONEN ODER MASSE
IMPLICIT REAL%*8 (A-H,0-2)

DIMENSION P{2),5{2)

DENS=0.D0

C=P{43)%P(3)%%(1,D0/3.D0)

A=Pl44)

W=P{45)

R=S5{3)

IF {R.GT4P{42)) RETURN
DENS=(1.DO+R*R*W/{C*C) )/ (1.DO4+DEXP{(R-C)/A)]
RETURN

END




ISN
ISN
ISN
TSN
ISN
ISN
ISN
ISN
ISN
I SN
I[SN
ISN
ISN
TSN
ISN
TSN
1SN
ISN
ISN
ISN
TSN
I SN
ISN
ISN
1SN
TSN
ISN

0002
0003
0004
0005
0006
0007
0008
0009
0010
0012
0013
0014
0015
0016
0017
0018
0019
0020
0021
0022
0023
0024
0025
0026
0027
0028
0029

FOURTER-BESSEL DENS

FUNCTION LEFBI(P,S)

IMPLICTT REAL%8 {A-H,0-Z)
REAL*4 WI{1D00}

REAL*3 PI/3.1541592£52589793D0/
DIMENSION P(2),5(2)

COMMON /JINPT/KE{42).WI,IN{100)
DEFB=0.D0

R=S(3)

IF (R.GT.P{13}}) RETURN

50

10

20

100

RCTF=P{13)

P(14)=0.D0

DO 50 1=15,28

I1=1-13
P{14)=PL14)+P (1) *{-1,D0)* %1 /11%%*2
CONTINUE

SYFB=0,D0

DO 100 I=14,28

I1X=1-13

IF (R} 10:10.290
SYFB=SYFR+P(])

GO 7O 100

YFR=P[*R*IX/RCTF
SYFB=SYFR+P{I)*DSIN{YFB)/YFB
CONTINUE

DEFB=SYFB

RETURN

END



1SN
I SN
ISN
ISN
ISN
ISN
I[SN
ISN
1SN
ISN
TSN
ISN
T SN
I SN
ISN

1SN
ISN
ISN
1SN
ISN
TSN
1SN
ISN
ISN
1SN
ISN
ISN
1SN
I[SN
ISN
1SN
ISN
1SN
ISN
TSN

00n2
003
0004
0005
0006
ooo7
0008
0009
0010
0011
0012
0013
0014
0015
nnle

007
0019
0029
0021
0022
0023
0024
0025
002¢
o027
oozée
0023
0930
0031
20z2
0033
0024
0035
0035
0037

Cr—=— P == Y- N~ A—F - e e e e e
SUBROUT INE DENPR(PoWeNPyMsNo VARMCHI 2)
IMPLICIT REAL*B (A-H,N-Z)
PEAL*4 WI{1000)

DIMENSION P[2),W(2)},VARM{30,30),S(30},D(2),CP[2,20)},RON(2)
DIMENSION RMS{10}

REAL*8 PJ/3.141552€53589723D0/
COMMON /INPT/KE(42) ,WILIN{1OO)
COMMON /IFIT/IA{30),NC,ID
RC=P142)
AHY3=P[3)**{1,D00/3.D0)
72=WI{5}

H=.1D0

NS=RLC/H+2,

NRSM=0,.D0

DRSN=3,.DD

C-—--- LADUNGSVERTEI LUNG
IF (KE{15).E£Q.0) GO TO 10
NW=T7
0N 1 I=1l,4
NW=NW+WI(NW)+1l.1

1 CONTINUE
NC=WI(NW)+.1
nnt 2 I=1.NC
CPIZ2; T)=WI(NW+I)

2 FONTINUE
NW=NW+W I {NW )+ .1
S(1)=0.
St2)=CP{2,1)
S15)=1,.D-6
K=0
NF=0

3 CALL FORHADI(K,S)
GN TO (4948054 5)e K

4 S(4)=S{3)%S(3)*DEN2(CP,S)
MFE=NF+1
GN 1O 3




1SN 0038 S IF (NF,LE.5) GO TO 4

ISN 0040 RHOC=72/(4.D0*PJ*S(4))

ISN 0041 WRITE t6,6002) RHOC

ISN 0042 6002 FORMAT {//*" DENSITY CHARGE = *,1PD15,5)
C-—=-=PROTNANENVERTETLUNG

TSN 0042 10 IF (KE{17).ER.1) GO TO 20

ISN 0045 CALL NPNI{ROO,P)

ISN 0046 D{1)=P({2)-PINP+4) /W] (&)

1SN 0047 N{2)=P{NP+4}/WI(4)

ISN 00483 ROO{2)=RNO{2)%=N[2)

ISN 0049 50 TO 21

TSN 0059 ‘ 20 NL11=PL3)

ISN 0057 21 IF (KE(17).LT.1) GO TO 1000

ISN 00523 S(1)=0.

ISN 0054 S(2)=P(42)

TSN 0055 S{S)=1.D-¢&

ISN 0056 K=0

ISN 2057 NF=0

1SN 0058 22 CALL FORHADIK,S)

ISN 0059 GO TO {23,23,24924)9 K

ISN 0060 23 S{4)=S(3)1%S{3)*DENS(P,S)

1SN 0061 NF =NF+1

TSN 00672 6N TO 22

1SN D0¢é3 24 IF (NF.LE.5) 30 ™0 23

1SN 0065 ROO(LI=D(1} /14,0 %P J%5(4))

TSN D06 WPITE (£,5004) RNOD

ISN D067 6004 FORMAT (f/' DENSITIES MATTER/NEUTRONS AND PROTNNS! ,1P2D15.5)

ISN 0068 VK=4.,DO0%PJ%(P (2} %AH13) *#%3/3,D0

ISN 00&Q DCK=P(NP+4) /(W (&) %VYK)

ISN 0070 PHC=P(2)%*AH13

1SN 0071 RCTF=P(13)

TSN 0072 RCT2=RCTF-.01

ISN 0073 NF=IN{2)

ISN 0074 IN=[A(INF)

ISN 0075 TE (Y10.EQ.NP) TO=IA(NF-1)

ISN 0077 DN 25 I=1,.NF

ISN 0078 IF (TA(T1.GT.13) GO TO 28



1SN 0080 25 CONTINUE

ISN 0081 ze IU=IALI)

ISN 0032 11=1-1

ISN 0082 Iul=Iu-1

TSN 0084 TU2=1IU-14

ISN D0RS [F {XE{18),LT.3) GO TN 30

1SN D087 DO 8 I=1,NF

ISN 0083 IF {IA{1}.6T.28) GC T0O 9

ISN 0090 8 CONTINUE

ISN 0091 9 I0=JA(I-1)

1SN 0092 20 IF (KE{11).EN.1) WRITE (6e6001)

ISM 0094 €001 FORMAT {///' *,7TX+"Re*,11X, *MATTER"', 10X, *NEUTRONS*, 11X, ' ERROR?,
1 9%, *FRROR PERCY ,8X,*PRNTONS',10X, 'CHARGE?)

1SN 0095 33 pP=—-H

ISN 0094 "DN 100 I=1,NS

1SN 0097 R=R+H

ISN 0098 nM=0,

ISN 0099 DN=0.

TSN 0100 nP=0,

ISN 0101 DC=9,

ISN 0102 FRR=0.

ISN 0103 W({ [+NS) =0,D0

ISN 0104 W(I+2%NS)=2.D0

ISN 0105 W{I+3%¥NS)=0.D0

ISN D105 WIT+4%NS}=0.D0

TSN 0107 S{3)=R

ISN 0108 IF (R.LT.PHC) DC=DCK

ISN 0110 KELT=KE{17)

ISN 0111 GO TN (34,35), KE17

ISN 0112 24 DM=DENSI(P, S)*ROO0(1)+DEFB(P:S)

ISN D113 GO TN 3&

ISN 0114 35 DN=DENS{P,S)*RO0{1)+DEFRI[P,S)

ISN 0115 DP=DENSP(P,S)*R00(2)

ISN 2116 DM=DN+DP

ISN 0117 36 IF {KF{15).FQR.1) DC=DENZ2{CP,SI*RHQC

ISN 0119 W(I)=DM

ISN 0120 W(T+2%NS)=DN

ISN 0121 W{ I+3¥NS)=NP




ISN 0122 WIT+4%NS)1=DC

ISN 2123 IF (R.GE.RCT2) GO TC %0

ISN 0125 D7 50 K=1U,10

TSN 012¢ I1=K~-TU1

ISN 2127 I2=11+1U2

TSN 0128 Y=[2%PJ*R/RCTF

ISN 0129 59 DO 60 J=IU,ID

ISN 0130 Ji=g-1U1

ISN 012 J2=J1+1U2

1SN 0132 I=J2%0 )%R/RCTF

ISN 91233 IF (R) 70,79, 80

TSN 0134 70 ERR=ERR+VARM[TI+I[1,T1+J1)

ISN 0135 60 TO 60

TSN 0136 RO FRR=ERR+(DSINIYIXDSIN(ZI/IY*Z))EVARM(TIT+I1,I1+31)

ISN 0137 60 MONTINUF .

ISN 0138 50 CONTINUE

ISN 0139 W{T#NS) =DSQRT{FPRECHI2%2,.D0}

ISN 0140 IF (KE{17).EQ.1) GO TO 85

ISN 0142 ERR=W{I+NS}/DN%100.

ISN 0143 GO TO 90

TSN 0l44 85 ERR=W{I+NS)/DM*100.

ISN 0145 90 IF (KEL11).ERa1) WRITE (6,6019) Ry,DMyDN,W{I+NS},ERR,DP,DC

ISN 0147 120 CONTINUE

TSN 0148 6010 FNRMAT (* ',0PF10.3,5X,6(1PD12.4,5X))}

ISN 0149 IF ((KE({12).FQ.0).AND.(KE(14).EQ.,0)) GO TO 203

1SN 0151 KMM=MOD(KE{141,1000)/100

ISN 0152 KMN=KE({14)/1009

TSN 0153 IF (KE(17).NE.2) KMN=0

ISN 0155 DD 110 I=1,4

TSN 0156 ND=T

ISN 0157 IF {1.EQ.1l) ND=I-1

ISN 0159 IF {{IKE{1T7)eEQu1) o AND s {1oGTo1) ) AND(NOT. LIKE(15) .EN.1).ANDL(I.E
1 Q.4)))) GN TN 110

1SN D1é&1 CALL MOMENT(NDoWoHoNSeRMS)

ISN 0162 - IF (1.EQ.1) WRITE {6,5300)

ISN D1b4 6300 FORMAT (///' MATTER DENSITY")

ISN 01¢é5 IF (I.EN.2) WRITE (6,£301)

ISN D167 6301 FORMAT [///' NEUTRON DENSITY")



TSN
ISN
TSN
ISN
ISN
ISN

I SN
ISN
1SN
TSN
ISN
ISN
ISN
ISN
TSN

ISN
TSN
ISN
TSN
ISN
ISN
ISN
ISN
15N
TSN
TSN
Y,
ISN
ISM
TSN
ISN

0148
0170
0171
o173
0174
o175

017¢
o177
ni78e
0180
0182
0184
0135
0186
0187

0188
01r9
o191l
0193
019%
0195
0196
o197
0198
0209
0202
0203
0204
0206
0207
0208

IF t1.EQ.3) WRITE (E,63N2)
6302 FORMAT {///' PPNTON DENSITY?!)
IF (1.EQ.4) WRITE (64£6303)
€303 FORMAT (//7/* CHARGE DENSITY!')
WRITE (656501) (RMS{J)sJ=193)s (RMS{J}eJ=5,1D
6501 FORMAT (/' K-TH MIOMENT FOR K = =2y ~la ess ¢+5, +&°
1 /9(F12.5,2X))
WRITE (6,6502) RMS({4)
6502 FORMAT (/' VOLUME = ',1PD12.5)
IF ({KMM.GT.0).4ND.[1,.EQ.1)) WRITE {8, TO0L} RMS
IF ((KMN.GT.0}.AND. ([2EQ.2}} WRITE (8,7001}) RMS
IF ((1.GT+2)40RA({1,EQa1)+AND,(KEL17).ER.2))} GO TO 10%
CALL ERMOM (TI,IU,I0Q,IULl,TU2,VARM,RCTF,CHIZ,RMS)
WRITE (646502) (RMS{J)sJ=152)5(RMS(J)J=5,10)
WRITE (&,6504) RMS(4)
6503 FORMAT (/' ERRNRS OF K-TH MOMENT FCP K = =24 =1y »»s 9+5¢ +£?
1 /9t1PD12.5,2X))
6504 FORMAT (/' ERROR VOLUME = ',1PD12.5)
109 IF ((KMM.GT.0).AND.(I.FQ.1)) WRITE (8, 7001) RM™MS
IF {{KMNeGT.0).AND,(I.EQ.2)) WRITE (8,7001) RMS
110 CONTINUE
203 IWDO=NS*2
IWsS=1
KDM=MNDIKE{13).1000)/100
KDON=KE(13) /1000
TF (KS{17).NE.2) KDN=9)
IF (KOM GTa0eNMRaKNNLGT20) WRITE(7,7001) {(WLT),I=IWS,IWP)
TWS=IWP+]
IWP=TWP+NS
IF (KDN.GT0) WRITE [Ty 7001) (WUI)I=TWSsIWP)
TO01 FNORMATU((SX.'%",6(1PD10.34', "))}
1000 RETURN
END




C-—=-- POTENTIAL PRINT

ISN 0002 SUBROUT INE POTPR{PysWsNPyMs; Ny VARM,CHI 2)
ISN 3003 IMPLICIT REAL#*8 (A-H,0-2)

ISN 0004 REAL*4 WI(1000}

ISN 0005 DIMENSION P(2),PR{2)4PI{2},W(2)},VARMI{30,30),RMS5(10)
ISN 0006 REAL#*8 PJ)/3,1415926535839793D0/
ISN 0007 COMMON /INPT/KE(42)4WI,IN(100)
ISN 0008 COMMON FIFIT/TAL30).NC,ID

ISN 0009 NRC=P(NP+2 ) %[P(NP+E)+P (NP+T)-1.)+]1.
ISN 0010 RC=NRC

ISN 0011 H=+.1D0

ISN 0012 AH13=pP[3)*%*{1.C0/3.D0)

ISN 0012 NAZ=WI(2)+.2

ISN 0014 HA=P{NP+3)

ISN 0015 NSA=P{NP+5)

ISN 0016 MSA=P{NP+T)

ISN 0017 P{NP+3)=H

ISN 0018 NS=RC/H+2

ISN 0019 M5=0

ISN 0020 PINP+6I=NS

ISN 0021 P{NP+7)=MS

ISN 0022 NN=1

ISN 0023 CaALlL POTE{P:+PR,PI,NN)

ISN 0024 IF (KE(15)s.EQel) GC TO 6

ISN 0026 R=P{2)%AH1Z2

1SN 0027 A=1.43985%P[NP+4) /R

ISN 2028 V2==45%A/ (R*R)

ISN 0029 VO=A-R*R*xV2

ISN 0030 5 NF=IN(8)

TSN 0031 I10=TA{NF)

ISN 0032 IF (INL.EQs NP} [O=IAINF-1)

TSN 0024 IF (KE{18).LT,3) GO TO 13

ISN 0036 [2W=ID

ISN 0037 RCTFH=P(29)

ISN 0038 RCTFW2=RCTFW-.01

ISN 0039 0o 11 I=1,NF

1SN 0040 IF (IA(I).GT.26) GO TO 12

I[SN 0042 11 CONTINUE



[SN 0043 12 TUW=IALI)

ISN 0044 IVIW=IUNW-1

ISN 0045 IU2W=TUW-30

ISN 00456 IIW=1I-1

ISN 0047 12 IF (KE{9).EQ.1) WRITE (6,6010)

ISN 0049 6010 FORMATI{///* *+7X+"R*38X, "REAL ", 7X,

1 "REAL+COULOMB? ,3X,*IMAGINARY®,5X,*ERROR IMAG',4X,'ERRCR PERC?,
2 4Xs*COULOMBY)

ISN 0050 R=~H

ISN 0051 DO 2 I=1,NS

ISN 0052 f=R+H

ISN 00653 P{1)=R

ISN 0054 W{l)=0.D0

ISN D055 - WlI+NS}=0.D0

ISN 0056 WIT+2%NS)=0.00

ISN 0057 WlI+3%NS)=0.D0

ISN 0058 DV=0.D0

ISN 0059 DVH=0.D0

ISN 0060 CALL POTE{PsPR;PI,NP)
ISN 0061 IF{KE{15).EQ.0) GO TO 3
ISN 0063 CALL COULPOL2,P4yR,VC,VD}
ISN 0064 GO T0 1

ISN 00€5 3 IF {R=-P{2)*AH13) 4,5,5
TSN 0066 4 YC=VO+R*R*V32

ISN Q067 GO T0 1

ISN 0068 5 YC=1.43985%P(NP+4) /R

ISN 0069 1 PR(2)=PRI(1)

ISN 0070 PR{1}=PR{1)-VC

JSN 0071 WII)=PR(1)

ISN 0072 WIT+NS) =PI (1)

ISN 0073 IF {KE{18).LT.3) GO TO 81
ISN 0075 IF (R.GE.RCTFW2) GO TQO 81
ISN 0077 D0 150 K=TUW,IOW

ISN 0078 I1=K-1U1lW

ISN 0079 I2=1T1+1U2W

TSN DO0OBO Y=12*PJ*¥R/RCTFW



ISN
ISN
ISN
1SN
I SN
1SN
TSN
I SN
ISN
ISN
1SN
ISN
ISN

ISN
ISN
ISN
ISN
ISN
ISN
ISN
I[SN
ISN
ISN
ISN
ISN
ISN
I SN
ISN
ISN
ISN
ISN
I SN

ISN
ISN

ISN
ISN

608t
0082
0083
0084
0085
0086
cos7
0088
0089
0090
0091
0092
0093

0095
0096
0097
0098
0099
0101
0102
0103
0104
0105
0106
0107
0108
0109
0111
0113
0ll4
0lls
0116

o117
0118

0ll9
0121

DO 160 J=TUW,I0OW
Jl=J-1U1w
JZ2=J1+1U2NW
2=J)2%P J*¥R/RCTFW
tF {RY 170,170,180
170 DV=SDV+VARM{IIwW+T1l.I1W+J1)
GO TO 160
180 DV=DV+{DSINIY)*DSINtZ) /(Y% Z) }:VARM{TIIW+I1,IIW+J1)
160 CCNTINUE
150 CONTINUE
WLI+2ENS)I=DSQRT{DV*CHIZ*2.D0)
DVA=—WIlI+#2%NS}/PI({1}*100.
Bl IF (KE(9)+EQel) WRITE (6+6110}RyPR{L)4PRIZ)4PI{1)
1 yW{I#2%NS)4DVH,VC
2 CONTINUE
6110 FORMAT (' ',0PF10.3,2X+86{1PD12.4+2%X))
6300 FORMAT {///* REAL POTENTIAL®)
21 KMR=MODI{KEl14)},10)
IF ({KEf10).EQ.N).AND.{KMR,.EQ.0)) GO TO 30
Nv=0
WRITE {646300])
CALL MOMENT{NV,HsHNS,RMS)
WRITE {(£+6001) (RMS{I)+I=143),{RMS{I}y1=5,10)
6001 FORMAT (/7% K-TH MCMENT FOR K = =2, =1y eeant+5s +6'/9{F12.5,2X))
VOL=RMS{&)/7(P{3)%NAZ}
WRITE (&£+6002) RMS{4),VOL .
6002 FORMAT (/' VOLUME = *'¢1PD12.5¢" PER NUCLECN PAIR = '4,1PD12.5)
IF (KMR.GT.D) WRITE (B,7001) RMS
IF ((KE{17).NE.D).CR.{KE{16).,LT.3)) GC TO 32
CALL ERMOMI(II.,1U),ID,IUl,IU2,VARM,RCTF,CHI2,RMS)
VOL=RMS{4) 7{P{3) xNA2)
WRITE {6,6501) (RMS{I)},I=1,3), {RMS5{T]},1=5,190)}
5501 FORMAT (//' ERRORS OF K-TH MOMENY FOR K = =24 -1y sns ++5, +6!
1 /7911PD12,5¢2X1})
WRITE (64+6502) RMS{4),VaL
6502 FORMAT {/' ERROR VCLUME = ' ,1PD1Z2.5," PER NUCLEON PAIR = %,
1 1PDl2.5)
IF (KMR.GT.0} WRITE (B,7001) RMS
6400 FORMAT (/77* IMAGINARY POTENTIAL®*)



ISN
I5N
ISN
ISN
1SN
ISN
ISN
TSN
ISN
TSN
ISN
ISN
ISN
ISN
ISN
ISN
TSN
ISN
ISN
[SN
ISN
ISN
ISN
ISN
ISN
I SN
ISN
TSN
ISN

0122
0122
0125
0126
0127
o128
0129
0130
0131
0133
0134
0135
0136
0137
o138
0129
0140
Dlal
0143
0144
0145
0146
0148
0149
0150
0152
0154
0155
0156

32

30

7001
1000

KMI=MOD(KE{14),100)/10

IF ((KE{10).LT.2).AND. (KMI.EQ.0)) GO TO 30
Nv=1

WRITE 1696400}

CALL MOMENT {NV,W,HsNSs+RMS)

VOL=RMS(4) /{P{2)*NA2}

WRITE (696001) (RMS{I)4I=1,3)s(RMS(I)sI=5,10)
WRITE {646002) RMS5(41),VOL

IF{KE{18).LT.2) GO TO 30

CALL ERMOMI{IIW, IUW, IOW, SULW, IUZH, VARM, RCTFW,CHI 2,RMS})
VOL=RMS{4) /{P(3)%NA2)

WRITE (646501} (RMS{I),I=1,3), (RMS{1),I=5,10)
WRITE {6+6502) RMS5(4),VOL

P{NP+3)=HA

P{NP+6) =NSA

PINP+7)=MSA

I WP=NS

IF ({KE(16)eGT+2)aANDe {KE{16}eLTa5)) IWP=IWP+NS
Iws=1

KPR=MOD{KE(13),10)

KP I=MOD{KE{13),1001/10

IF [(KPR.GT.0) WRITE (£,7001) {W(I),I=TIWS,1IWP)
INS=1WP+1

IWP=TWP+NS

IF (KE{18).GY,2) IWP=TWP+NS

IF {KPI.GT.0) WRITE (£47001) {W(I),yI=IWS,IWP)
FORMAT {(5X,"%*',6(1PD10.3+7+")))

RETURN

END



ISN
ISN
ISN
ISN
ISN
ISN
ISN
[SN

goo2
0002
0004
0005
0006
0007
0008
0009

SUBROUTINE CCNSTR{MyNyF +X+PsWs)
IMPLICIT REAL#*3 (A-H,0-1}
DIMENSICN F{2).,X(2),P(2])

REAL*4 W4l2)

COMMON /CON/ VNEG
Wal4)=Wa4{4)}*VNEG

RETURN

END
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