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10 - INTRODUCTION 

In the study of the level structure of ~ nucleus, the yield of the 

elastic scattering of nucleons from nuclei can give some useful informa

tions. In this way in fact the levels of the compound nucleus appear as 

resonances in the elastic scattering excitation function and often also in 

the allowed inelastic channels. The main problem in the analysis of this 

kind of data consists then in extracting the required spectroscopic infor 

mations (like energy, angular momentum, spin, widths of the resonances) 

from the experimental data. 

This problem can be easily resolved if the resonances appear as iso

lated structures in the excitation function; but if the excitation energy 

of the compound system increases, the level density becomes so high that 

it becomes necessary to t ake into account simultaneously a large number 

of resonances, SOme of these having also the same spin and parity. In 

some analysis of this kind performed by our group, the code ANSPEC was 

used. This code (') calculates the elastic excitation function for spin-O 
1 

or /2 particles scattered by spin 0 target nuclei, when a maximum number 

of five resonances, having different spin and parity, are present. This 

limitation forced us to develop a new code (UFFAXX) , written in FORTRAN 

language for CDC 6000 series computer, based on a very simple multilevel 

formula, capable of taking into account simultaneously a l!l'l.ximum number 

of 50 resonances, and also able to consider the presence of resonances of 

the same spin and parity. 

The UFFAXX programme was written starting from the optical model code 

SMOG (2); many suggestions for the code were also taken from the ANSPEC 

code. In the following sections we shall describe the scattering furmalism 

(section 2), the program structure (section 3) and two examples of appli

cation of the code (section 4). In the Appendix A we shall report the coor 

plete listing of UFFAXX. 
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This formula reduces itself to the (7) for N=1 and is also very sui! 

able for the programme organisation. The unitarity condi tion is given by 

(10) [ Jm (a~ ) - I a~ 12J? 0 J-e, J-e, 

2 . 2 Non-elastic channel analysis 

A non- el astic reaction channel can sometimes give the J-value of a 

resonance for a given I-wave, and therefore the possibility of calculat

ing the non-elastic angular distribution was inserted in the programme. 

The cross - section for a non-elastic channel is assumed to be simpl y given 

by 

(11 ) L 
n 

a P 
n n 

(cosfJ) 

In the formula (11) 

i 
rr..e,j is the width of the given non-elastic channel 

J is the J-value of the resonance 

I is the spin of the t arget nucleus 

s is t he spin of the incident particle 

rAe,j' rA, ~ ar e the el astic and total resonance width and the re

sona~ce energy respectively, to be extracted from the fit of 

the elastic data (see subsection 2.1) 

a 
n 

are the angular distribution coefficients for the considered 

transi tion sequence (for example, the coefficients given by 

Sheldon and Van Patter (')). 
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2. 3 Compound elastic scattering calculation 

The requirements for a single isolated resonance can seldom be sati 

sfied . Thus, the absorved elastic cross section may be regarded as compo

sed both by a term due to direct processes (represent ed by the formulasaf 

section 2.1) and by a term due to processes which proceed through a comp

ound nucleus formation and decay. Compound nucleus cross sections can be 

generally calculated by standard me thods (
4 ) and therefore we have consi-

de r ed only the most simple case , that is the compound elastic scattering . 

With the symbols used in refs . (4), the compound nucleus cross -section can 

be written 

( 12) 
do (82 = .!. ",2 L a , T , P (case) 

dO 8 1.V 1. V 

, V 
1. , 

where 

( 13) 
Te , (E, ) Te2 (E2 ) 

T, = 

~ 
1. 

Te (E) 

If the only energeticall y allowed (or strongly prominent) channel is the 

elastic channel, the term Ti reduces itself to 

+ ,1T + 
The code UFFAXX then contains the values av for a 0 ~ J ~ 0 tran-

sition sequence, and by using in the formulas (12) and (13) the transmis

sion coefficients calculated from the optical model potential (section 

2 . 1), the value of the compound elastic cross section can be calculated . 

3. - PROGRAMME DESCRIPTION 

The subroutine description appears apart from the main programme 

UFFAXX. 

, . 
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1) UFFAXX: the main programme reads all the data: control cards, ki

nematical variables, optical model and resonance parameters. It controls 

the whole flow of the programme and prints out the results. The numerical 

integration of the Schroedinger equation is performed by using the Cowell 

(Fox-Goodwing) method (5) . 

2) SHAPE (taken from programme SMOG (2)): calculates the total reac

tion and shape elastic cross sections. 

) ( ( ')): 3 STIRL taken form programme ANSPEC calculates Stirling 's 

series for natural logarithm of a factorial. 

4) RESML computes the resonance amplitudes. The scattering amplitudes 

are calculated according to the formula (9). 

5) DES (modification of the DES subroutine of programme SMOG (2)): 

computes the scattering amplitudes a (8) and b (8) following the formulas 

(5) and (6). Cross section and polarization are calculated. 

6) DAUX (modification of the DAUX subroutine of programme SMOG (2)): 

produces the complex optical model potential. 

7) SIGMAO (taken form programme SMOG (2)): computes the absolute 

Coulomb phase shifts 0 0 and a' . 

8) FGET (taken form programme SMOG (2)): computes the regular and ir

regular Coulomb wavefunctions and their first derivatives. 

9) to 12) COSD, SIND , ACOSD , ATAND (taken form ref.(2)) are trigono

metrical functions. 

4 . - SAMPLE CASE 

Two sample cases are presented in the Appendices Band C. The first 
32, )32 case shows the fit performed with the code UFFAXX to the S\P,P S ela-

stic scattering data (6); the second the fit performed to the data of the 

'2 C(n, n) 12 C angular distributions ('). The complete input-output data are 

listed in the Appendice B and C, and more details on the data can be fbund 

in the original papers. 
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APPENDIX A 

PROr,RA>1 UFFAXX ( I NP llT .IJUTPUT. TAPES= T NPUT. T APE6=OUTPUT) 
C-----IlE<;CRIPTlON OF INPUT DATA 
e 
r. 
~ 

r-----CONTROI.S 
r. 
C K=O VOLUME AHSORRTION 
r. K=j GAUSSIAN ARSORRTION 
C K=? PEREY-RIICK ARSORBTJON 
C K=] PEREY-RUCK AHSORRTION PLUS VOLUME ARSORRTION 
C IF TSCAMP=o OPTICAL SCATTERING AMPLITUDES ARE CALCULATED 
C IF ISCAMP NOT EQUAL TO 0 OPTICAL SCATTERING AMPLITUDES ARE 
C INPUTTED 
C KPOL=O NO POLARI ZATION CALCULATIONS 
C KPOL NOT EQUAL TO 0 OTHERWISE 
C IF LEGEND NOT EQUAL TO 0 LEGENDRE POLYNOMIALS ARE PRINTED 
C LEGEND =0 OTHERWISE 
C IF KS ITOT=O NO TOTAL CROSS SECTION CALCULATIONS 
C IF KS ITOT NOT EQUAL TO 0 TOTAL CROSS SECTIONS ARE CALCULATED 
C IF KOMPEL NOT EQllAL TO ZERO. COMPOUND ELASTIC CROSS SECTION IS 
C CALCULATED FOLL OWING FORMULA OF SHELDON AND VAN PATTER(REF.4) 
C IF KOMPEL=O OTHERWISE 
C LMAXM MAXIMUM VALUE OF THE RELATIVE MOTION ANGULAR MOMEMTUM 
C (MAXIMUM=lO) 
C NPTN NUMBER OF OPTICAL MODEL PARAMETERS SETS TO BE USED IN THE 
C CALCULATIONS 
C KS= o SPIN ORBIT POTENTIAL ARE NOT TAKEN INTO ACCOUNT 
C KS=l OTHERWISE 
C NPAS= NUMBER OF STEPS OF THE NUMERICAL INTEGRATION (MAXIMUM=300) 
C KPEN=O NO PENETRABILITY CALCULATION 
C KPEN NOT EQUAL TO 0 PENETRABILITY ARE CALCULATED STARTING FROM 
C A RADIUS RPEN WIT H NRPEN INCREMENTS DRPEN 
C IFR,S=O ONLY OPTICAL MODEL CALCULATIONS 
C IFRES NOT EQUAL TO ZERO OPTICAL MODEL PLUS RESONANCE TERMS ARE 
C CALCULATED 
C IFTL =O IF NO TRANSMISSION COEFFICIENTS ARE REQUIRED 
C IFTL NOT EQUAL TO ZERO TRANSMISSION COEFFICIENTS ARE PRINTED 
C IDELTA NOT EQUAL TO ZERO PHASES ARE PRINTED 
C IDELTA=O OTHERWISE 
C-----BASrC DATA 
e 
C NUCLEAR MASSES ARE EXPRESSED IN AMU 
C POTENTIAL DEPTH. RESONANCE WIDTHS AND ENERGIES ARE EXPRESSED IN MEV 
C NUCLEAR RADII AND DIFFUSENESS ARE EXPRESSED IN FERMIS 
C-----FMT MASS OF THE INCIDENT PARTICLE 
C FMR MASS OF THE TARGET 
C ZZ CHARGE PRODUCT BETWEEN INCIDENT AND TARGET NUCLEI 
C RCOL RADIAL PARAMETER FOR cOULOMB POTENTIAL 
C RACC ACCURACY CONTROL FOR MATCHING CONDITION 
C 
C-----SET OF NPTN GROUPS OF TWO CARDS.CONTAINING O.M. PARAMETERS 
C VP DEPTH OF THE REAL WOODS-SAXON WELL 
C WP DEPTH OF ABSORBTION WELL 
C VSP DEPTH OF THE REAL SPIN-ORBIT WELL 
C WSP DEPTH OF THE IMAGINARY SPIN -ORBIT WELL 
C WCP DEPTH OF THE VOLUME ABSORBTION WELL(OPTION K=3) 
C ENER BOMBARDING ENERGY(IN LAB.SYST.) OF THE INCIDENT PARTICLE 
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SALTI NUMBER OF BOMRAR"ING ENERGIES AT WHICH THE CALCULATION 
SHOULD BE MADE 

VARTNE UNIFORM ENERGY INCREMENT FOR SALTI-I ADDITIONAL BOMAARDING 
ENERGIES 

VA PEAL WOODS-SAXON WELL DIFFUSENESS 
VRn ITS RADIAL PARAMETER 
VAG IMAGINARY GAUSSIAN WELL DIFFUSENESS 
VRG ITS RAOIAL PARAM,TER 
VB8 IMAGINARY PEREY-AUCK WELL DIFFUSENESS 
VR8 ITS RADIAL PARAMETFR 
VCC IMAGINARY WOODS-SAXON WELL DIFFUSENESS(OPTION K=3) 
VRCr, ITS RADIAL PARAMETER 

C JMAX NUMBER OF CENTRE-OF-MASS ANGLES (MAXIMUM 40) 
C-----SET OF JMAX CARDS CONTAINING 
C TETA ARRAY OF THE CENTRE-OF-MASS ANGLES (JMAX VALUES) 
C POLAX ARRAY OF EXPERIMENTAL VALUES OF POLARIZATION (JMAX VALUES) 
C DIPOL ARRAY OF ERRORS IN EXPERIMENTAL VALUES OF POLARIZATION(JMAX 
C VALUES) 
C SGMAEX ARRAY OF EXPERIMENTAL CROSS SECTIONS (MB/SR) 
C DSMFX ARRAY OF EXPERIMENTAL CROSS SECTIONS ERRORS (MB/SR) 
C 
e 
e 
c 

IF IFRES NOT EQUAL TO ZERO,FOLLOWS A CARD CONTAINING 
NRES,NUMBER OF RESONANCES(MAXIMUM 50) 

C---_-SET OF NRES CARDS CONTAINING RESONANCE PARAMETERS 
e RL RESONANT L-VALUE 
C RJ RESONANT J-VALUE 
C ER RESONANCE ENERGY IN THE CENTRE-OF-MASS FRAME 
C GAT RESONANCE TOTAL WIDTH IN THE CENTRE-OF-MASS FRAME 
C GAP RESONANCE PARTIAL WIDTH IN THE CENTRE-OF-MASS FRAME 
C PH I RESONANCE M I X I NG PHASE (DEGREES) 
C INEl IS A PARAMETER WICH ALLOWS COMPUTATIONS FOR A NON 
C ELASTIC OUTPUT CHANNEL 
C IF INEL NOT EQUAL TO ZERO. THE FOLLOWING PARAMETERS SHOULD BE 
C INPUTTED 
C A(I) LEGENDRE POLYNOMIALS EXPANSION COEFFICIENTS FOR A GIVEN SPIN-
e -SEQUENCE IN NONELASTIC CHANNEL 
e GAl RESONANCE PARTIAL WIDTH FOR A NON ELASTIC CHANNEL 
C 
C-----FOLLOW5 A CARD WIYH TARGET THICKNESS AND DET.OUT. PAR. FOR B.W. 
C DEL TA= TARGET THICKNESS (MEV) IN TYE LABORATORY FRAME 
C IF FUORI NOT EQUAL TO 0 REAL AND IMAGINARY PART OF BREIT-WIGNER 
r. CONTRIBUTION ARE PRINTED 
C FLJnRI=o OTHERWISE 
e 
C-----IF ISCAMP NOT EQUAL TO ZERO,THE FOLLOWING DATA SHOULD BE INPUTTED 
C AMPR= OPTICAL SCATTERING AMPLITUDES TO BE INPUTTED IF ISCAMP NOT 
C EQUAL TO ZERO 
C VR= INCREMENT OF AMPR PER MEV 

DIMENSION VA (10) ,VRO (10) ,VBG (10) ,VRG (10) ,VBB (10) ,VRB (10) ,VCC (10) , 

IVRCC(IO) 
DIMENSION SALTI(10),VARINE(10) 
D I MENS I ON T lTLE ( 12) ,AMPR I ( III ,AMPR2 (11) ,AMP Il (11 ) ,AMP I 2 (II) ,VR 1 ( II 

1) ,VP2 (Ill 'V Il (11 ) ,v I 2 Cl )l ,UCCM I ( III ,UCCM II Cl II 
DIMENSION WAVER(320),AR(320),AI(320),X(32 0),Y(32 0 ) 
DI"FNSION VP ClO) ,WP (10) ,VSP (10) ,ENER (10) ,WCp (10) ,WSP ClO) 
DIMENSION DRI (11) ,DRZ (11) ,DGI (Ill ,"G2 (11) 
COM"ON/COULOM/ZZ,ETA,RHOBNC,RCOL,SIGO(Z),PENET(II),ESSE(II) 
COMMON/OMPOT/K,V,W,VS,WS,CC,RO,RR'A,BB,BG,RHOMAX,RHOBN,RHOBNG,WI'P 

I,Q,RCC,RHOCC 
COMMON/SCAMP/CRI (II) ,CRZ(ll) ,CIl ClI) ,CI2(11) ,UCS(Il) ,UCG(Il) 
COMMON/FASI/DI (11) ,DZ(II) ,COTII (11) ,COTl2(11) ,COTRI (II) ,COTR2(1l) 
COMMON/STAMPA/TETA(40),SDIFE(40),SIGR(40),SGMAEX(40)'POL(40),POLAX 

F (' 
';t v 
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1140l,DSMEXI40l,DIPOLI40l,SDAFEI40l,SIGMAR,SIGMAT,SSHAPE,SUMAO,KPOL 
COMMON/ENERGY/ELAB,ECM,FKAY,IEN.NP0T,LMAX'LMAXM,L.JMAX,WAVE,PLATA2 
COMMON/VANZlJM/ XIIIII,X21111,Yi 1III,Y21111 

I.RAPA'LEGEND,QUAPIG, DRO.KS,T6,KT,FMI,FMB 
COMMON/AFAC/ACOFAIIII 
COMMON/GEIPAI/RL 150 I .RJ 150 I ,ER 150 I ,GAT 150 I ,GAP 150 I ,PHI 150 I ,DEL TA,N 

I RES. FUORI ,BWINEL 150 I ,INEL 150 I 
COMMON/RAMENG/AOI50I,A2150) .A4150I,46150I,A8150I,GAI 1501 
COMMON/MATCH/CAIP,PAIS,CIFE,pIC 
COMMON/RA lTV /TR 1111 ,TPLUS 1111 ,TMENO 1111 ,KOMPEL 
QUAPIG=12.5663708 

4 WRITEI6,I011 
101 FORMATI1HI,40X,40H U F FAX X 

READ 100,ITITLEIMIAOI,MIAO=lol21 
100 FORMATI12A61 

IflEOfl511 7701945 
]945 PRI NT 100,TITLE 

READI5,I021 K,ISCAMP,KPOL,LEGEND,KSITOT,KOMPEL 
102 FORMATI16151 

DO 3600 1=1.50 
RLIII=O. 
RJI!I=O. 
ERI!I=O. 
GATIII=O. 
GAPIII=O. 
BWTNELI I) =0. 
PHIII)=O. 
INELIII=O 
GAIIII=O. 
AOI!l=o. 
A2ITI=0. 
A4ITI=0. 
A6111=0. 
A8Ill=0. 

3600 CONTINUE 
NRES=O 
fUORI=O. 
DELTA=O. 
IfIK-4 15,77,77 

5 READ I02,LMAXM .NPTN,KS,NPAS,KPEN,NRPEN,lfRES,lfTL.IDELTA 
IfILMAXM.GT.IO) LMAXM=lO 
IfINPTN.GT.IOI NPTN=IO 
READ 103,fMI,fMB,ZZ,RCOL,RPEN,DRPEN,RACC 

]03 fOR~ATIBfI0.5) 
DO ]806 I=I,NPTN 
READ103,VP II) ,WPIII,VSPII ) ,WSPII) ,WCPII) ,ENER II) ,SALT! II) ,VARINEII 

11 
READI03.VAIII ,VROII) ,VBGIII ,VRGII) ,VBBII) ,VRBIII ,VCCII) ,VRCCIII 

] B06 CONTINUE 
DO 1946 l=lt40 
SIr.RII)=O. 
SDAFEIII=O. 
SGMAEXII)=O. 
DSMI;XIIJ=O. 
POLAXIII=O. 
DIPOLlI)=O. 
POLII)=O. 
TETAIII=O. 

]946 SDIFEIII=O. 
READ 102,JMAX 
IfIJMAX.GT.401 JMAX=40 
READ 15,1131 ITETA IJI 'POLAX IJ) ,DIPOL IJ) ,SGMAEx IJ) ,DSMEX IJ) ,J=I ,JMAXI 

113 fORMATI5fI0.3) 
IfllfRES.EQ.OI GO TO 5300 
READ 102,NRES 
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00 500R I=I.NRES 
REAl) 5009'RL III .RJIII .fRIII .GATIII.GAPIII .PHI III oINEL III 

5009 FOR~ATI6FIO.5.I5I 
IFIINELIII.EQ.OI GO TO 500A 
RE A n I 03. A 0 I I I • A? II I • A 4 I J I • A6 I I I • A 8 I I I • GA I I I I 

50~B CONTINUE 
REAnI03.0ELTA.FUORI 
IF iTSCAMP.E<l.OI GO Tn 5300 
LMAX=LMAXM·I 
00 1751 I=I.LMAX 

3751 RHn 103.AMPRIIII .VR1111 .AMPIlIII .VIlIIl .AMPR21I1 .VR2111 .AMPI2111. 
IVI2111 

5300 NPOT=O 
7 Inl=1 

NPOT=NPOT< I 
IFINPOT.GT.NPTNI GO TO 4 
MAXEN=SALTIINPOTI 
DEPE=VARINEINPOTI 
ELAR=ENERINPOTI.DEPE-FLOATIIEN-II 
IFITSCAMP.EQ.OI GO TO 436 
no 3753 I=I.LMAX 
CRII I I =AMPRII I I .VRII I I -DEPE-FLOAT I IEN-I I 
CR2111=AMPR2111.VR2111*DEPE*fLOATITEN-II 
CII III=AMPllIII.VIIIIJ*DEPE*fLOATIIEN-11 

3753 CI2111=AMPI2III.VI2111*DEPE*FLOATIIEN-II 
436 IFIIEN.GToll GO TO II 

V=VP I NPOTI 
WI=WCPINPOTI 
W=WPINPOTI 
WS=WSPINPOTI 
VS=vSPINPOTI 
A=VAINPOTI 
RO=VROINPOTI 
BG=VBGINPOTI 
RG=VRGINPOTI 
BB=VRBINPOTI 
RB=VRBINPOTI 
CC=VCCINPOTI 
RCC=VRCC INPOTI 
Clucr=FMB*'0.33333333 
PR=RO*CIUCI 
PGA=RG*CIUCI 
PBU=RB*CIUCI 
PCO=RCOL*CIUCI 
PCC=RCC*CIUCI 

9 CO=FMI.FMB 
10 FMU=IFMI*FMBI/CO 

II ECM=IELAR-DELTA/2.I*FMU 
12 FKAY=.218728 *SQRTIARSIFMU*ECMII 

PLATA2=31.415927/IFKAY·*21 
ElA=0.157454 'ZZ*SQRTIFMI/IELAB-DELTAI 2.11 

13 TIM=FKAY'CIUCI 
250 IFiIEN.NE.II GO TO 230 

6662 WRITE16.1901 
190 FORMATI15H INPUT DATA 

IFIK-11600.601.602 
600 WRITE 16.610 I 
610 FORMATI24H ONLY VOLUME ABSORBTION 

GOTO 232 
601 WRITEI6.6111 
611 FORMATI23H GAUSSIAN ABsORBTION 

GOTO 232 
602 IFIK-2177.603.604 
603 WRITE16.6131 
613 FORMATI24H PEREY-BuCK ABSORBTION 



604 
60" 
614 

?32 
121 

1804 

1947 

3601 

GOT!) 232 
IFI K-3)71.606.71 
WRITE 16,614) 
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FORMATISSH pEREY-BUCK PLUS VOLUME ABSORBTION 
PRI'IT 121,FMI,FMB,PR,PGA,PBU,PCO.A,BG,BB.CC,V,W,Wl,VS,WS,ZZ 
FORMATI3X,3HMI=,F8.3,3X,3HMT=,F8.3/3X,10HSW RAOIUS=,fB.3/3X,16HGAU 

ISSIAN RADIUS=,FA.3/3X'18HPEREY-BUCK RAOIUS=,F8.3/3X'25HCOULOMB POT 
2ENTTAL RAOIUS=,f8.3/3X,9HSW OIfF.=,F8.3/3X,20HGAUSSIAN ABS. Olff.= 
3,FA.3/3X,22HP EREY-BUCK ABS. OlfF.=,F8.3/3X,18HVOLUME ABS. OIFf.=,f 
48.3/3X,9HSW DEPTH=,FA.3/3X,20HSURFACE IMAG. DEPTH=,F8.3/3X,19HVOLU 
SME IMAG. OEPTH=,F8.3/3X,22HREAL SPIN-ORBIT OEPTH=.F8.3/3 X'23 HIMAG. 
6 SPIN-ORBIT DEPTH=,FB.3/3X,15HCHARGE PROOUCT=,F8.0) 

PRI NTlA04 'PCC 
FOR MAT I3X'19HVOLUME ASS. RADIUS=,FA.3) 
PRI NT 1947,LMAXM'NPAS,RACC 
FORMATISX,6HLMAXM=,IS/SX,6HNPAS =,15/SX,24HACCURACY PARAMETER RACC 

1=,F10.7) 
IFIIFRES.EO.O) GO TO 230 
PRINT 3601,NRES 
FORMATI1XI120X,17HRESONANCES TABLE ,SX,3HN.=,13) 
DO 3500 I=l,NRES 
JR=2.*RJII) 
LRI=RLII) 
PRINT 3240,LRI,JR,ERII) ,GATII) ,GAPII) ,PHIII) ,INELII) 

3240 FORMATIIXI 1X,2HL=,13,5X.2HJ:,I3,2H/2.3X, 
13HFP=,FI0.5,IX,3HMEV,3X,6HTO.W.=,F10.5,4H MEV.3X.6HPA.W.=.F10.5,4H 
2 MEV,3X,6HpHASE=,F10.5,AH DEGREES,3X,SHINEL=,151 

IFIINELII) .EO.OI GO TO 3S00 
PRINT 103,AOII) ,A211) .A4II) ,A6III ,A8II) ,GAIIIl 

3S00 CONTINlJE 
PRINT 3250,DELTA 

3250 FORMATIIX,14HTARGET IN MEV=,F10.5) 
230 IFIJMAX.EQ.1) GO TO 14 

PRINT 161,ELAB,ECM,ETA 
161 FORMATI1 X1 II1X,SHELAB=,F10.5,2X,4HECM=.F10.S,2X,4HETA= ,F10.5/4BH** 

l~***·**·****··*··.**··.·*·*·······*·* •• ••• •.. * ) 14 RHORN=T1 M*RO 
C-----PENETRABILITY CALCULATION 

IFIKPEN.LE.OI GO TO 10004 
NPEN=1 

10002 TEM=PR+RPEN+FLOATINPEN-1)*ORPEN 
TOM=FKAY*TEM 
PRINT 10003,TEM 

10003 FORMATI1XIII1X,32HPENETRABILITY CALCULATION RAO. =,F15.6.1X,6HFERM 
115) 

PRINT 10007 
10007 FORMATI8X,2HL ,SX,7H F ,2X,10HITS OERIV •• 3X,9H G ,2X,10H 

11TS DERIV',2X'28HPENETRABILITY AND SHIFT 
LMAX=LMAXM+l 
DO 2001 L=l,LMAX 
LUI=L-l 
CALL FGETILUI.LV,ETA,TOM,GG,GGP,FF,FFP,SIGM) 
PAL=FF*FF+GG*GG 
PEL=FF*FFP+GG*GGP 
PENETIL)=TOM/PAL 
ESSfIL)=PENETIL)*PEL 

2001 PRINT 10006,LUI,FF,FFP,GG,GGP,PENETILI,ESSEIL) 
10006 FORMATI110,6E12.S) 

NPfN=NPEN+1 
IFI~PEN.GT.NRPEN) GO TO 10004 
GO TO 10002 

10004 RHORNC=RCOL*TIM 
RR=TIM*RB 
RHOCC=RCC*TIM 

51 



15 RHORNG=TIM*RG 
IfIK-311AqA.77 

18 Tb=fKAY*A 
IfITSCA~P.NE.OI GO TO 17 

- 15 -

C-----FIR ST MATCHING RADIUS CALCULATION 
IfIIEN.GT'lIGO TO 5900 
Iflll.En.o.1 GO TO 5901 
PIP=RHORN 
DPTP=RHOBN/fLOATINPASI 

10015 PIC=PIP 
CALL DAUX 
SWfF=CATP 
PBff=PAIS 
PICCIO=ClfE 
TRAPA=saRTISWff**2+PBff**21/PICCIO 
IfITRAPA-RACCI 10013.10014.10014 

10013 SCOTCH=PIP/fKAY 
PIC=O. 
GO TO 5900 

5901 
5900 

SCOTCH= PR+10.*AMAX1IA.AG.BB.CCI 

233 
122 

RHO~AX=SCOTCH*FKAY 
Ifl.JMAX.Ea.lI GO TO 17 
PRINT 122.SCOTCH,fKAY 
fORMATI1X,24HMATCHING RADIUSlfERMISI=,f10.3,4H K2.E11.41 
GO TO 17 

10014 PIP=PIP+OPIP 
GO TO 10015 

17 LMAX=LMAXM+1 
2 PASSI=NPAS 

NPASSI=NPAS 
CALL SIGMAOIETA.SIGOI 
Iflzz.Ea.O.1 SIGOl11=0. 

96 DO 50 L=l.LMAx 
IfIISCAMP.NE.OI GO TO 1948 
KT= ii 
KONTRL=O 

86 KPAS=NPASSI 
IC= n 
FL=L 
LH=L-1 

302 DRO=RHOMAX/PASSI 
DRO?=DRO**2 
DR025b=DR02*0.A3333333 
DR0212=DR0256/10. 

c-----CALCULATION Of POTENTIAL AND LOCAL WAVE NUMBER 
LPAS=NPAS'20 
IfILPAS.GT.3201 LPAS=320 
DO 3700 MI=l.LPAS 
RAPA=DRO*fLOATIMII 
CALL DAUX 
WAVERIMII2WAVE 
ARIMII=P 

3700 AIIMII=a 
c-----STARTING VALUES fOR f=X'I*Y ISEE REf. l' SUB YZ121 

VNOR=STIRLI2.*fLI-STIRLlfLI 
Xl11=EXPlfL*ALOGI2.*WAVE R1 111 -VNORI 
YIlI=O.o 
XI21=EXPlfL*ALOGI2.*WAVERI2 11 -VNORI 
YI?I=O.O 

C-----CALCULATION Of X AND Y fOR GIVEN LAND J 
C-----fOX-GOODWIN METHOD. REf. 3 

00 3701 MI=3.LPAS 
AX=12"DR0256*ARIMI-111*XIMI-11-DR0256*AIIMI-II*YIMI-1I 
BX=12 •• DR0256*ARIMI-111*YIMI-11.DR025b*AIIMI-11*XIMI-1I 
CX=ll.-DR0212*ARIMI-ZII*XIMI-21.DR0212*AIIMI-21*YIMI-2I 

r' , ...... ., . 
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nX=CI.-nR0212"ARCMI-2»"YCMI-2)-DR0212*AIIMI-2)*XCMI-2) 
EX=1.-0R0212*ARCMI) 
FX= np02 12*AICMI) 
DEN=EX**2+FX**2 
XC" I ) = C I AX-CX) *E X- C BX-OX) *F X) IDEN 

3701 YI,,!)=CIAX-CX)*FX+IBX-DX)*EX)/DEN 
C-----OPTTCAL SCATTER I NG AMPL nUDES CALCIILA TI ON 

RHnMAX=OROoFLOATCNPAS) 
CALL FGETILH,LV,ETA,RHDMAX,GG,GGP,FF,FFP,SIGM) 

~-----COIJLOMR FUNCTIONS AT THE FIRST MATCHING RADIUS HAVE BEEN 
C CALCULATED 

XICI )=FF 
Y\ C L.) =GG 
NPA<;I I=NPAS+16 
RHn~EC=DPD*FLOATCNPASII) 

37P4 CALL FGETILH,LV,ETA,RHOSEC,GG,GGP,FF,FFP,SIGM) 
c-----COIJLDMR FUNCTIONS AT THE SECOND MATCHING RADIUS HAVE BEEN 
C CALCULATED 

X2CU=FF 
Y2Cl)=GG 
XA=XCNPAS)*Y2CL)-YCNPAS)*X2CL) 
XB=YCNPAS)"Y2IL)+XCNPAS)*X2CL) 
Xc=x INPASII)*YI Cll-YCNPASII)*XI CLl 
XD=Y CNPASI I) "YI Cll +X CNPASI I) oXI CLl 

C-----TEST AGAINST DISASTERS AND REMEDIANDI ATTEMPT 
IFCABSCXC)+ARSCXD» 3702,3703,3702 

3703 RHnSEc=o.S*CRHOMAX+RHOSEC) 
NPASII=CNPAS+NPASII)/2 
GO TO 3704 

C-----TEST AGAINST CATASTROPHICALLY INACCURATED CALCULATIONS 
3702 IFIABSCXB/XD-I.)-O.I) 3705,3705,3706 
3705 IFCAASCXA/XC-I.)-0.1)3703'3703,3706 
3706 XE=XI CLl*X CNPASI ll-X2 CLl *x CNPAS) 

XF=XIIL)*YCNPASII)-X2CL)*YCNPAS) 
ZING=XA-XC 
ZAIIIG=X8-XD 
ZONr,=ZING**2+ZANG**2 
SMPLR=IZING*XE+ZANG*XF)/ZONG 
SMPLI=IZING*XE-ZANG*XE)/ZONG 
IECKS) 3707,3706,3707 

3707 IECKT) 3710,3709,3710 
3706 CRI III =SMPLR 

CR2 I U =SMPLR 
CII III =SMPLl 
CI? III =SMPLl 
GO TO 1948 

3709 CRIIL)=SMPLR 
ell III =SMPLl 
KT=1 
GO TO 86 

3710 CR2IL)=SMPLR 
C 12 III =SMPLl 

1948 UCSCLl=SQRTC 11.-2.*CII CLl )o*2+C2.*CRI III )·'2) 
UCGCL)=SQRTCCI.-2.*CI2CL)**2+C2.'CR2CL»**2) 

50 CONTINUE 
CR2Cll=0. 
CI2CI)=0. 
SIG'~AR=O • 
SIGMAT=O. 
SSHAPE=O. 
IECIFRES) 10016,216,10016 

C-----RESONANT SCATTERING AMPLITUDES ARE CALCULATED 
10016 CALL RESML 
?16 D02?9 L=I,LMA X 



PAR71=CRI ILl**2+CIl 1<.1**2 
PARl2=CR2IL)**2+CI2IL)**2 
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01 IL)=-O.Z5*ALOGII.0-4.0*ICII ILl-PARZI)) 
DZIl)=-O.Z5*ALOGII.0-4.0*ICIZIL)-PARZZ)) 
IFI ,IMAX.EQ.I) GO TO 5902 
DGI ILl=DI ILl*57.295779 
OGZIL)=D2Il)*57.29S779 
UIM'1l=2.*CR2 III 
URR'I=I.-2.*CI2IL) 
UIM~II=Z.*CRI III 
URROI=I.-Z.*CII III 
UCCMIIL)=SQRTIUIMMI**Z+URREI**2) 
UCC~ I I III =SQRT I II I MMI I **2+URRE I I*"Z) 
DRIIL)=ZB.A47BB95 • ATAN2IuIMMII,URREII) 
DR2IL)=2B.647BB95 * ATANZIuIMMI,URREII 

590Z COTT!ILl=IPARZI-CI1 III I/PARZI 
COTTZ III = IPARZ2-CI? IL)) IPARZ2 
COTRI IL) =CRI IL 1 IPARZI 
COTR2ILI=CRZIL)/PARZ2 
FL=L-I 
TPLIIS III =4.* ICI I ILl-PARZll 
TMENOILI=4.*ICIZILI-PARZZI 
IFIL.EQ.I) TMENOII)=O. 
TR III = I I FL + I. ) * 1 TPLUS III 1 +FL *TMENO Ill) I I Z. *FL + I. ) 
SIGMC=12.*FL+I.)*TRIL)*31.4IS9Z7/IFKAY**2) 
SIG~AR=SIGMAR+SIGMC 

IFIIFTL.EQ.OI GO TO Z29 
PRI NT 125 ,FL, TPLUS III , TMENO III ,TR Ill, S IGMC 

J25 FORMATIIX'2HL=,F4.0,SX,3HT+=,EII.4,5X,3HT-=,EII.4,SX,3HT =,EII.4,5 
IX,IJHSIGMRCIM8)=,FIO.41 

?29 CONTINUE 
DR21!)=0.0 
OG<lII=O.O 
02(1)=0.0 
COTP2(1)=0. 
COTI21I)=0. 
UCGII)=O. 
UCC~III)=O. 

C-----TOTAL CROSS SECTIONS CALCULATION 
IFIKSITOT.EQ.O) GO TO 5001 
CALL SHAPE 
IFIJMAX.EQ,J) GO TO 5001 
WRITEI6,2522)SIGMAR,SIGMAT,SSHAPE 

2522 FORMATI18H SIGMA REACTlbN=FI5.8'IOHMILLI8ARNS/18H SIGMA TOTA 
IL =F15.8,IOHMILLI8ARNS/IBH SHAPE El. SIGMA=FI5.8,IOHMILLIBARNSI 

C-----OIFFERENTIAl CROSS SECTIONS CALCULATION 
500 I CALL OES 

IFIJMAX.EQ.I) GO TO 5002 
IFIKOMPEL.EQ.O) PRINT 405 
IFIKOMPEL.NE.O) PRINT 5100 

405 FORMATIIX, 119HCMTETA SIGMA EL. SIGMA INEL. SIGMA RUTH. SIG 
IMAITETAI EXP DSIGMA [XP POLITETAI POLITETAI EXP DPOL E 
2XP 1 

~IOO FORMATIIX, 119HCMTETA SIGMA SH. SIGMA C.EL. SIGMA T.EL. SIG 
IMAITETAI EXP DSIGMA EXP POLITETA) POLITETAI EXP DPOL E 
2XP ) 

GO TO 5003 
5002 IF I IEN.GT.I) GO TO 5003 

PRINT 5006,TETAIII 
5006 fORMAT(lX'lOHCM ANGLE =.FIO.3/1X,20H···················· 

IFIKOMPEL.EQ.OI PRINT 5004 
IFIKOMPEl.NE.O) PRINT 3577 

5004 FORMATIIIX,9HELA8IMEVI,IX,9HSIGMA EL.,IX,9HSIGMA IN •• IX,9HSIGMA RU 
1.,2X,8HPOLARIZ.,IX,9HSIGMA RE.,IX,9HTOTAL IN.,IX,9HSIGMA SH. 1 
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lS77 FOP MATIIX, 119H ELAB SiGMA SH. SIGMA C.EL. SIGMA T.EL. SIG 
IMAITETAI EXP OSIGMA fXP POLITETAI POLITETAI EXP OPOL E 
ZXP I 

~003 DO 406 J=l,JMAX 

409 

STn A=TfT A I.J! 
IFIKOMPEL.NE.OI GO TO 409 
IFISTETA.EQ.O.I GO TO 409 
SIGPIJI=IETA·*ZI/I14.*FKAY**ZI*ISINOISTETA/Z.I**411*10. 
IFUMAX.EQ.li GO TO SCOS 
PRI " T 410,TETAIJI ,SDIFl fJI ,SOAFEIJI ,SIGRIJI ,SGMAEXIJI ,OSMEXIJI ,POL 

1 IJI .POLAX IJI ,OIPOL IJI 
410 FOR~ATIF6'1,FI0.3,?FlS.S,F13.S,FlS.3,F13,S'F17.5,FlS.4I 

GO TO 406 
SO OS PRI NT 5000.ELAB,SOIFEIJI.SOAFEIJI,sIGRIJI,POLIJI,SIGMAR.SUMA0 ,SSH 

lAPE 
5000 FORMATll0X,F10.S,7F10.31 

406 CONTINUE 
IFIJMAX.EQ.ll GO TO 414 

341Z WRITEI6,lZ61 
126 FOR NA TIIX,SOHCOULOMB PHASES AND SCATTERING AMPLITUDES TABLE liZ 

129 

] 1000 
6Z 

414 

77 
20 

lX,lHL,Zx,lHJ,4x,BHCO.PHAS.,lx,ZOHMOD U RES.ANO OPTIC.,lX,20HREAL A 
2ND lMAG.AMPL. ,8X,lHL,ZX,lHJ,ZX.ZOHMOO U RES.ANO OPTIC •• IX.20HREAL 
3 ANn IMAG.AMPL. I 

00 AZ L=],LMAX 
LI X=L-l 
LUX=Z*L-l 
LEX=Z*L-3 
IFILEX.LY.OI LEX=O 
PRINT IZ9,L1X,LUX,ACOFAILI.UCCMII ILl ,UCSILI.CRI III ,CIl ILl ,LIX'LEX, 

lUCCNI III ,UCGILI.CRZILI ,CIZILI 
FORMATIZI3,ZH/Z,F8.4.1X,ZFI0.7,lX,ZFI0.4,6X,213,ZH/2,2FI0.7,lX,2Fl 

10.4) 
IFIIDELTA.EQ.OI GO TO 62 
PRINT 11000,L1X.LUX,ORl ILl ,IlGl III ,L1X.LEX,OR2ILI ,OG2ILI 
FORMATIIX,lSHSCATTERING PHAS,SX,ZI3,2H/2,2FI0.3,6X,213,2H/Z.2F9.31 
CONTINUE 
IEN=IEN+l 
IFIIEN-MAXENI6,6,7 
PRI NT 20 
FOR~ATI30X,44HCRAZY CONTROL pARAMETER FOR POTENTIAL CHOICE/30X,38H 
IBRAUEREI 1ST GESCHLOSSEN.HILFE,HILFE 

STOP 
ENn 

UBFTC ACOX NOOECK 
FUNCTIoN ACOSOIXI 

C---------THIS FUNCTION IS TAKEN FROM PROGRAM SMOG IREF. 21 
ACQSOz ACOSIXI*S7.29S779 
RETURN 
EN!) 

$JBFTC ATAX NOOECK 
FUNCTION ATANOIXI 

C---------THIS FUNCTION IS TAKEN FROM PROGRAM SMOG IREF. 21 
ATANO-ATAN IXI*S7.29S779 
RETURN 
EN!) 

$IBfTC coso XX NOOECK 
FUNCTION COSO IXI 

C---------THIS FUNCTION IS TAKEN FROM PROGRAM SMOG IREF. 21 
COSO=COSIX*0.0174S32921 
RETURN 
END 

r' ,""' 
uJ 



~IAFTC OAIlXX NOOECK 
SUBROUTINE OAUX 
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,---------MOOIFICATION OF THE OAUX SURROUTINE OF THE PROGRAM SMOG IREF21 
COMMON/COULOM/ZZ,ETA,RHOBNC,RCOL,SIGOl21 
COMMON/OMPOT/K,V.W,VS,WS,CC,RO,RR,A,BB,BG,RHOMAX,RHOBN,RHOANG,WI'P 

I,O,RCC,RHOCC 
COMMON/ENERGY/ELAB,ECM,FKAY,IEN,NPOT,LMAX,LMAXM,L,JMAX,WAVE 
COMMON/VANZUMI X I I II ) ,X2 I II ) , Y 1 I III ,Y2 I III 

I,RAPA,LEGENO,OUAPIG, ORO,KS,T6,KT,FMI,FMB 
COMMON/MATCH/CAIP,PAIS,CIFE,PIC 
IFIPIC.LE.O.I GO TO 100 
FL= Q. 
RAPA=PIC 
RHOAB=RR 
GO TO 5 

100 RHOAB=RR 
IFIKSI77,5,18 

I~ IFIKT)77,2,3 
2 O=L-I 

GO TO 20 
<; 0=0.0 

GO TO 20 
3 O=-L 

20 EX=I.0/11.0+EXPIIRAPA-RHOBNI/T611 
IFIK-\l4,7o\3 

13 IFIK-2177,40,35 
3~ IFIK-3177,31,77 

11 PARZ=EXPIIRAPA-RHOCCI/IFKAY*CCII 
FCII=I.O/II.O+PARZI 

40 PBUC=EXPIIRAPA-RHOBBI/IFKAY*BBII 
FCI =4.0*PBUC/II.0+PBUCI**2 
FCR =EX 
GO TO 6 

4 FeR -=EX 
FC I =EX 

6 FSI =EXPIIRAPA-RHOBNI/T61/RAPA*EX**2 
FSP =FS I 
GO TO R 

7 PGAIJS= I IRAPA-RHOBNGI I IFKAY*BGII **2 
FCR =EX 
IFIPGAUS-15.130,30,22 

22 FCI =0. 
GOTO 6 

30 FCI =EXPI-PGAUSI 
GO TO 6 

R FL=L-I 
IFIRAPA-RHOBNCI50,50,51 

50 OQ=ETA/RHOBNC*13.0-IRAPA/RHOBNCI**2 1 
GO TO 52 

5i QQ=2.0*ETA/RAPA 
~2 XR=-I.-V*FCR/ECM+QQ 

XRSO= -O*VS*FKAY*FSR/IECM*AI 
XGF=FL*IFL+I.I/IRAPA**21 
XI=I-W*FCI-WI*FCIII/ECM 
XISO= -O*WS*FKAY*FSI/IECM*AI 
P=XP+XRSO+XGF 
Il=XI+XISO 
WAVE=RAPA*IXR**2+XI**21**0.25 
IFIPIC.LE.o.1 RETURN 
CAIP=-IXR+I.-QQI 
PAIS=-XI 
CIFE=QO 

77 RETIJRN 
ENO 
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qRFTC DESX NODECK 
SURROUTl NE DE S 

C---------MOOIFICATION OF THE DESX SUBROUTINE OF THE PROGRAM SMOG (REFZ) 
COM~ON/AFAC/ACOFA(II) 
COMMON/COULOM/ZZ.ETA.RHOBNC.RCOL.SIGO(Z).PENET(II).ESSE(II) 
COMMON/SCAMP/CRI (11) .CRZ(II) .Cll (Il) .CI2(11) 
COMMON/STAMPA/TETA(40).SDIFE(40).SlGR(40).SGMAEX(40),POL(40),POLAX 

I (40) ,DSMEX (40) , DIPOL (40) , SDAFE (40) • S IGMAR, S IGMAT ,SSHAPE .SUMAO, KPOL 
COMMON/ENERGY/ELAB.ECM.FKAY,IEN.NPOT,LMAX.LMAXM.L.JMAX,WAVE.PLATA2 
CO"1MON/GE I PA I IRL (50) • RJ (50) • ER (50) • GA T (50) • GAP (50) , PH I (50) • DEL T A, N 

IRES. FUOR I, BW INEL (50) • INEL (50) 
COMMON/RAMENG/AO(50) ,A2.(50) ,A4(50) . A6(50) ,AA(50) ,GAI(50) 
COMMON/VANZUMI XI!ll) ,X2(lll.n (II) ,YZ(II) 

I.RAPA,LEGEND.QUAPIG, DRO,KS,T6,KT,FMI.FMB 
COMMON/RAITV/TR(II).TPLUS(II),TMENO(II),KOMPEL 
DIMENSION P(14,40) .PP![4,40) ,AR(40) ,BR(40) ,AI (40) ,BI (40) 
DIMENSION FATMOL(50) ,EXSGMR(II) ,EXSGMI (II) 
IF(IEN.GTol) GO TO 203 

I DO 20 J=I,JMAX 
5IDSQ=SIND(TETA(J» 

IF !OSQ) 82,83,82 
83 SI2=0.0 

GO TO 4 
82 SIZ=I.O/DSQ 

4 CO=COSD(TETA(J» 
64 P(I.J)=I.O 

P(2.J)=CO 
PP(1,J)=0.0 
TWOLPI=3.0 
FL:l.0 
DO 20 L=I q 1 
TL=FL·!.O 
p(L+2,J)=(TWOLPI*CO*P(L+I,J)-FL*P(L,J»/TL 
PP(L+I,J)=TL*S12*(CO*P(L+I,J1-P(L+2,Jll 
TWOLPI=TWOLPI+2.0 

20 FL=TL 
IF(LEGEND.EQ.O) GO TO 203 
PRINT 206 

206 FORMAT(IX'2IHLEGENDRE POLYN.TABLE 13X,4HTETA,8X,2HPI,8X,ZHPZ,8X,ZH 
IP3.AX'2HP4,8X'2HP5,8X,'HP6,8X'2HP7.8X'ZHP8,dX'ZHP9,7X'3HPIO,7X,3HP 
Zll,7X,3HPI2 ) 

DO 204 J=I,JMAX 
?04 PRT NTZ05,TETA(J) ,P(2,J) ,P(.3,J) ,P(4.J) ,P(5,J) ,P(6,J) ,P(7,J) ,P(8,J), 

Ip(9.Jl ,p(IO,J) ,P(II,J) ,p(12,J) ,p(13,J l 
205 FORMAT(F7.2,IZFIO.7) 
203 FKAYD=I.O/FKAY 

DO 300 L=I,LMAX 
FLIII=L-l 
IF(FLIII) 100,100,101 

100 ACOFA(L)=SIGO(I) 
GO TO 102 

101 ACOFA(Ll=ACOFA(L-ll+ATANZ(ETA,FLIII) 
102 EXSGMR(L)=COS(2.*ACOFA(L)-2.*SIGO(I» 

EXSGMI (L)=SIN(2.*ACOFA(Ll-2.*SIGO(I» 
300 CONTINUE 

DO 21 J=I,JMAX 
Z3 TNC=TETA(J) 
25 SN=(SIND(TNC/2.01)**2 

IF(SN)90.91.90 
91 FNO=O.O 

FLN=O.O 
GOTO 92 

90 DLOG=ALOG(SNl 
IF !OLOG) 93,91 ,93 
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93 FLN=ETA*DLOr, 
FNO=ETA/(2.0*FKAY*SN) 

92 ECI=FNO*SIN(FLN) 
ECR=-FNO*COS(FLN) 
AStJ~R=O.O 
ASUMI=O.O 
BSU~R=O.O 
BSUMI=O.O 
DO )0 L=I,LMAX 
FL=L 
ATRl =FL -CRI (L1 • (FL-I. 0) *CR2 (L1 
ATI1=FL*CII(L).(FL-I.0)*CI2(L) 
ATRl =CRI (Ll-CR2 (LI 
BTI1=Cll (Ll-CI2(Ll 
ASUMR=ASUMR'(ATRI*EXSGMR(L)-ATII*EXSGMI(L»*P(L,J) 
ASUMI=ASUMI.(ATR1-EXSGMI(L)·ATII-EXSGMR(L»*P(L,JI 
ASUMR=BSUMR'(BTR1*EXSGMR(L)-BTll*EXSGMI(L»*PP(L,J) 

10 BSUMI=BSUMI'(BTRI*EXSGMI (L)'BTII*EXSGMR(L»*PP(L,J) 
AR(J)=ECR'FKA10*ASUMR 
AI(J)=ECI'FKAYO*ASUMI 
BR(J)=FKAYD*8SUMI 
BI(J)=-FKAYD*BSUMR 

21 SOIFE(J)=(AR(J)**2'AI(J)**2·BR(JI*-2·BI(J)**2)*10. 
IF(KOMPEL.GT.O) GO TO 1000 
IF(~RES.EQ.O) GO TO 100Z 
DO 201 J=I,JMAX 
SOAFE(J)=O. 
DSOAFE=O. 
SlJMAO=O. 
DO ZOO I=I,NRES 
FATMOL(I)=BWINEL(I)*PLATAZ*(2.*RJ(I)·I.)/2. 
SUMAO=SUMAO·FATMOL(I) 
IF(INEL(I).EQ.O) GO TO ZOO 
AO=FATMOL(I)/QUAPIG 
OSEZ=(AO(II*P(I,JI.AZ(I)*P(3,J).A4(1)*P(5,J).A6(1)*P(7,J)+AS(I)* 

IP(9,J»/AO(II 
DSDAFE=OSDAFE'AO*OSEZ 

ZO 0 CONTI NUE 
201 SOAFE(J)=SDAFE(J).OSDAFE 

IF(KOMPEL.EQ.O) GO TO 1002 
1000 COPO=Z.*(TPLUS(I)'TMENO(Z»·4.*(TPLUS (2)+TMENO(3»·6.*(TPLUS(3)+ 

ITMENO(41)+S.*TPLUS(4) 
COPZ=4.*(TPLUS(2)+TMENO(3»+6.S5714*(TPLUS(3)+TMENO(4)).9.523S* 

ITPLIIS (4) 

COP4=5.*CTPLUS(31·TMENO(4»+S.4155S*TPLUS(4) 
DO 1001 J=I,JMAX 

1001 
1002 

40 

SOAFE(J)=PLATAZ/(S.*3.1415927)*(COPO+COP2*P(3,J)+COP4*P(5,JI) 
SIGR(J) =SOIFE(J)+SOAFE(J) 
IF (KPOL)40,41 ,40 
DO 4ZJ=I,JMAX 

42 

IF(SDIFE(J).EQ.O.) GO TO 4Z 
IFcKOMPEL.EQ.O) GO TO 43 
POLlJ) =-(2.*(AR(J)*BR(J)+AI(JI*BI(J»)/SIGR (J)*10. 
GO TO 42 

43 POL(J)=-(2.0*(AR(J)*BR(J)+AIfJ)*BI(J»I/(SOIFE(J»*10. 
CONTINUE 

41 RETURN 
E"IO 

$IBFTC FGETNX NODECK 
SUBROUTINE FGET (LU,LV,ETB,ROT,G,GP,F,FP,SIGM) 

C---------THIS SUBROUTINE IS TAKEN FROM PROGRAM SMOG (REF.2) 
DIMENSION A(30) 
DATA A/I.70611767,5.4649554E-03,-5.319326E-05,B.1355E-07'-1.50046E 
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1-08.3'10943E-IO'-10.E-II.8.33333333E-02'2.7777777E-03.7.9365076E-0 
24.5.952380E-04.8.4175084E-04.1.9175269E-03.6.4102564E-03 •• 98940093 
34 •• 944575023 •• 865631202 •• 755404408 •• 617876244 •• 458016777 •• 28160355 
40 •• 950125098E-01 •• 271524594E-Ol •• 622535239<-01 •• 951585116E-Ol'.124 
5628971 •• 149595988 •• 16915651 9 "182603415 •• 18945061 0 / 

LM=LU 
L=O 
ETA=ETB 
RAII=ROT 
IfCETA-27.7)16.16.6~ 

16 IfCU65tl8tl5 
18 IfCETA-l.E-15)25.1.1 
25 CO=l. 

CLzCO 
SIGO=O. 
GO TO 26 

1 IfCETA-2.02)2.2.5 
? I z7 

P=A C Il 
DO 3 K=I.6 
1=1-1 
P =P 0E T A *E T A + A C I ) 

3 CONTINUE 
P=P*ETA 
516=0. 
DO 4 K=I.5 
SIG=SIG+ATANCETA/fLOATCK)) 

4 CONTINUE 
SIGO=-SIG+P 
GO TO 7 

5 1=14 
P=A (Il 
ATE=I.ICETA*ETA) 
DO A K=1.6 
1=1-1 
P=P*ATE+ACI) 

6 CONTINUE 
P=P*I./ETA 
SIGO=3.1415927/4.+ETA*CALOGCETA)-I.)-P 

7 CO=EXPC-3'1415927*ETA)*SQRTCC6.2831852*ETA ) /Cl.-EXPC-6.2831852*ETA 
Ill) 

CL=CO 
26 RAU1=1.6666666*ETA+7.5 

8=0. 
IfCRAU-RA Ul)9.8.8 

8 ITE:-l 
GO TO 10 

9 ITE=I 
IfCETA-2.) 13.14.14 

14 RAUlzl.2*ETA+8. 
IfCRAU-RAUl)13.10.10 

23 IfCL-LM)19.24.62 
24 LSECU=LM+l 

L=L+\ 
TAC=ETA 
UAR=RAU 
G=GO 
GP=GPO 
f=fO 
fP=fPO 
SIGM=SIGO 
RETURN 

IS IfCL-LSECU)65.27.6s 
27 IfCL-LM)28.28.60 



ZR IFIFTA-TACI6S.29.6S 
Z9 IFIPAU-IIARI65.36.65 
19 L=L+I 
36 B=FI OAT III 

n=snRTIA*S+ETAoETAI 
R=R""A/RAlJ+FTA 
CL:ooRA1)/(2.*B*R+B)*CO 
CO=rL 
SIGL=SIGO+ATANIFTA/AI 
SI(lo=SIGL 
GL:P/Q*GO-8/Q*GPO 
GPL=Q/H*GO-R/B*GL 
r,O=GL 
GPn=GPL 
~1P= r, 

IF I !TEIZI o1Zo1Z 
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ZI IFIR*IB+I.I-RAIJ*IRAU-Z.*ETAI150.50.ZZ 
Z? FL=FO 

FPL=FPO 
31 MP=~1P+l 

GO TO IZ 
33 WL=ARSIFPO*GO-FO*GPO-I.I 

IFIWL-5.E-05135.34.34 
3S ITE=O 

GO TO 23 
34 FO=FL 

FPO=FPL 
IFIMP-2150.66.66 

50 FL=R/Q*FO-B/Q*FPO 
FPl=Q/8*FO-R/B*FI_ 
FO=FL 
FPfl=FPL 
WL='ASIFPO*GO-FO*GPO-I.I 
Ir(WL-S.[-05123.30,30 

30 MP=MP+l 
IFIMP-ZI31.66.66 

60 WRITEI6.Z0SI 
205 FORMATIZ6HL~ LT THE PRECEEOING 

GO TO 61 
6? WRITE 16.Z061 

Z06 FORMATI15HL LESS THAN 0 

63 
Z07 

64 
ZOR 

GO TO 61 
WRITE 16.Z071 
FORMATI15H ETA BIG 
WRITEI6.Z081 
FORMATI3ZHUNOERFLOW GIVES 0 FOR F AND FP 
GO TO 61 

65 WRITEI6.Z091 
209 

66 
?IO 

61 
211 

10 

FORMATIIBH CHANGEO L.ETA.RI 
GO TO 61 
WRlTEI6.ZI01 
FORMATI38HE R R 0 R I N 
WRITElh.ZIIIL.LM.ETA.RAU 
FORMATI216.ZEZO.81 
N=O 
PS=l • 
GS= ,\ • 
PT: ". 
GT=l.-ETA/RAU 
SOMPS=PS 
SOMGS=GS 
SOMPT=PT 
SOMGT=GT 

MET HOD 

45 AN=IZ.*FLOATINI+I.I/IZ.*FLOATINI+Z.I*ETA/RAU 
AN=IETA*ETA-FLOATIN*IN+IIII/IRAU*FLOATIZ*N+ZII 

GO 



PSI=ANOPS-RN*PT 
GSI=ANor,S-RN*GT-PSI/RAU 
PTJ =AN*PP'lN*PS 
GTI=AN*GT+BN"GS-PTI/RAU 
IFI N-16141.42.42 

41 PS=PSI 
GS="SI 
PT=PT! 
GT=GT! 

4? SOMPS=SOMPS+PSI 
SO"'4r;S=SOMGS+C,S l 
SOMPT=~OMPT oPT! 
SOM" T =SOMGT +G T! 
IFI N-IhI43.44.44 

43 N=N>J 
GO TO 45 
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44 N=N+I 
TEST=PS·*Z.PT**2-PSl*o2-PTl**Z 
IFITFSTI47.47.4h 

4h PS=PSI 
GS=GSI 
PT=PTl 
GT=GTl 
GO TO 45 

47 TETAO=RAU-ETA*ALOGI2.*RAU1+SIGO 
GO=SOMPS*COSITETA01-SOMPT"SINITETAOI 
Gpn=SOMGS*COSITETAOI-SOMGT*SINITETAOI 
IF iITE148. 12tl2 

48 FO=SOMPT*COSITETAOI+SOMPS*SINITETAOI 
FPO=SOHGT"COSiTETAOI+SOMGS*SINITETAOI 
IFILHI62.24.J9 

13 JV='l 
AO=FXPI-3.1415927*ETA1/CO 
RINI=O. 
RINTP=O. 
RINJ=O. 
RINJP=O. 
P=120.+2.*ETAI/IIO.*RAUI 
IFIFTA-I.E-16152.52.54 

54 IFI47.123889/ETA-IO.151.52.52 
51 Q=4.7123889/ETA 

GOTO 53 
5? Q= I. 
53 DOS A J=1.9.2 

ALPH=FLOATIJI"P 
BETA=FLOATiJl"Q 
DO ';7 K=l.JV 
MU=K+14 
MV=K+22 
VA=ALPH+P"AIMUI 
AV=ALPH-P"AIMUI 
EI=EXPI-RAU*VA+2."ETA"ATANIVAII 
E2=EXPI-RAU"AV+2."ETA*ATANIAVII 
RINA=AIMVI*IEI+E21 
RINI=RINI+RINA 
RINA=-AIMV1"IVA"EI+AV*E21 
RINIP=RINIP+RINA 
VA=RETA+Q*AIMUI 
AV=AElA-Q*A IMUI 
T!=TANH IVAI 
T2=TANHIAVI 
AI=2.*ETA*VA 
A2:c?*ETA*AV 
IFIETA-RAU-5.155.S6.S6 
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55 RINA=ACMVI*CC1.-TI**ZI*SINCA1-RAU*TII+CI.-TZ**ZI*SINCAZ-RAU*T2)) 
RINJ=RINJ+RINA 

56 RINA=-ACMV)*CT1"Cl.-Tl**2)*COSCA1-RAU*Tl)'TZ*Cl.-T2""2)"COSCA2-RAU 
I*TZ) ) 
RINJP=RINJP·RINA 

57 CONTINUE 
5~ CONTINUE 

RINlzP*RINI 
RINIP=P"RINIP 
RINJ=Q*RINJ 
RIN ,JP=Q"RINJP 
GO=AO*RAU*CRINI+RINJI 
GPO=AO*RAU*CRINIP+RINJPj+GO/RAU 

lZ 8S0=1. 
BS1=ETA"RAU/CB+l.) 
BB=BSO+BSI 
J"I 
S=fLOATCJ)"BSI 

7~ J=J+l 
BSZ=I./fLOATCJ**Z.Z*J*L+J)*CZ.*ETA*RAU*BSI-RAU*RAU*BSO) 
IfC~SSCBSI/SB)-1.5E-08)71'7Z,72 

71 M=-1 
GO TO 78 

7Z M~O 
7A BSO"BS] 

Bsi=BSZ 
BB~RB+BSZ 
S"S+fLOATCJ)*BSZ 
IfCABSCBS2/BB)-I.SE-08)73,74.74 

73 1=-1 
GO TO 75 

74 1=1 
75 IfCM*I)76,76,77 
77 IfCCO)64,64,79 
79 FO=CO*RAU*S8 

fPO=CO*CCB+I.)*SB+S) 
IfClTE)33,70,70 

70 IFCLM)62,Z4,Z3 
END 

$IBFTC RIS~UL NOOECK 
SURROUTI NE RESML 
CO~MON/ENERGY/ELAR,ECM,FKAY,IEN,NPOT,LMAX,LMAXM,L,JMAX,WAVE,PLATA2 
COM~ON/GEIPAI/RL(50),RJC50),ERCSO),GATCSO),GAPCSO),PHICSO),DELTA,N 

IRES.fUORI,RWINELCSO),INELCsO) 
CO~MON/SCAMP ICR 1 C II ) ,CR2 C 11 ) ,C I I C 11 ) ,C I 2 C II ) ,UCS C II ) ,UCG C 11 ) 
COMMON/RAMENG/AO CSO) ,AZCsO) ,A4CSO) ,A6CSO) ,A8CSO) ,GAl (50) 
OIMfNSION flWRICII) ,BWIl CII) ,BWR2CII) .SWI2Cll) 
IFCNRES.EQ.O) GO TO 19 

20 DO 3 LA=I.ll 
BWRI CLAI =0. 
IlW!lCLA)=O. 
BWR2CLA)=O. 

3 BWI?CLA)=O. 
1=1 

4 L=RLCI)+I. 
J=RJCI)*Z. 
IFCRLCI)-RJCI)) 5,5,6 

5 UCCMOD=UCSCL) 
GO TO 7 

6 UCCMOD=UCGCL) 
7 GAPR=GAPCI)/UCCMOD 

GAPP=GAICI) 
DIE~ERCI)-ECM 

G2Z=0.2s*GATCI)**2 



GPT=GAPR*GAT(I)*O.S 
DENRW=DIE**Z+GZZ 
IF (DELTA) 8,8,Q 

A DBWR=DIE*GAPR/DENBW 
DBWI=GPT/DENBW 
BWINEL(I)=GAPR*GAPP/DENBW 
GO TO 10 
SIP=OIE+OELTA/Z. 
SOP=O.S*GAT(I) 
SUP=SIP/SOP 
SIT=SIP-OEL TA 
SOT=S IT ISOP 

SUPZ=SUP**Z+I. 
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SOTZ=SOT**Z+I. 
CAIJA=ATAN2(SIP,SOP)-ATANZ(SIT,SOP I 
OBW~=(GAPR*O.S/OELTAI*ALOG(SUPZ/SOTZ) 
OBWI=(GAPR/OELTA)*CAIJA 
BWINEL(II=(2.*GAPP*GAPP/(GAT(I)*OELTA))"CAIJA 

10 cosnxx=coSO(Z.~PHI(I)1 

SINOXX=SINO(Z.*PHIIII) 
OBWPF=COSOXX*ORWR-SINOXX*OBWI 
OBWIF=SINOXX*OBWR+COSOXX"OBWI 
IF (RL( II-RJ (I) I ZI ,ZI ,2Z 

ZI RWRI (LI =BWRI (LI +OBWRF 
BWil(LI=BWII (LI+OBWIF 
IF(FUORI.EQ.O.) GO TO 100 
PRINT I,L,J,GAT(I),GAP(II,BWRI(LI'BWII(L),UCCMOO 

I FORMAT(IX'2IS,SFIO.S) 
100 GO TO 23 
2Z BWR2(LI=BWR2(L)+DBWRF 

BWI2(L)=BWIZ(LI+OBWIF 
IFIFUORI.EQ.O.) GO TO Z3 
PRINT I,L,J,GAT(II,GAPII),BWRZ(L),BWIZ(LI,UCCMOO 

23 1=1+1 
IF(I.GT.NRES) GO TO 11 
GO IO 4 

II DO 12 K=I,LMAX 
JK=K-I 
JI .. 2*JK+I 
JZ=Z"JK-I 

14 PEZZ=I.-BWl! (K) 
SNORT =CRl(K)"PEZZ +(O.S-CII(K))"BWRI(K) 
CUMO =CRl(KI *BWRI(K)+CII(K)"PEZZ +O.S"BWll(K) 
CRI(K)=SNORT 
CII(K)=CUMO 
IF(Cll (K)-LRI (K)**Z-Cl! (K)""Z) 16'15015 

16 PRINT 11,J.,JI 
11 FORMAT(61 X,36HUNITARITY IS VIOLATED FOR L.,13,aHANO J=, 

II3,ZH/Z ) 
IS ETTO=I.-BWIZ(KI 

COCCO =CRZ(K)"ETTO +10.5-CIZ(K))*BWRZ(K) 
DE =CRZ(K)"BWRZ(KI+CIZ(KI"ETTO +O.S*BWIZ(KI 
CRZ(K)=COCCO 
CI2(K)=OE 
IFICIZ(K)-CRZ(K)·*Z-CIZ(K)*"Z) 18'IZ,IZ 

18 PRINT 11,JK , JZ 
I Z CONTINUE 
lQ RETURN 

END 
'IBFTC SHAPE X NOOECK 

SUBROUTINE SHAPE 
C---------THIS SUBROUTINE IS TAKEN FROM PROGRAM SMOG (REF.ZI 

COMMON/F AS I 10 I III ) ,OZ (1 I ) 'COTtI (111 ,COTtZ ( III ,COTR I (11) ,COTRZ ( II ) 
COMMON/STAMPA/TETA(40),SOIFE(40),SIGR(401,SGMAEX(40),POL(40),POLAX 
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1(40).OSMEXI40).0IPOLI40).SOAFEI40).SIGMAR.SIGMAT.SSHAPE.SUMAO.KPOL 
COMMON/ENERGY/ELAB.ECM.FKAy.IEN.NPOT.LMAX.LMAXM.L.JMAX.WAVE.PLATAZ 
OIMFNSIONSENI ill) .SENZIII) .COSI III) .COSZIll) .REI Ill) .RE2(11) 

3\ DO 20 I=I.LMAX 
B POSTO=COTII (1)**2.COTRI II)""Z 
9 PESTO=COTIZII)""Z.COTRZII).*2 

10 PASTO=fXPIZ.O*OIII» 
II PIS!O=EXPIZ.O*OZII» 
I? PERI=PASTO*IPOSTO-I.O)/IPOSTO·I.O-Z.O*COTIIII» 
13 PERZ=PISTO"IPESTO-I.O)/IPESTO·I.O-Z.O"COTIZII» 

SEN! I I) =o.S" I I.O-PERI) 
SEN?II)=O.S*II.O-PERZ) 
COS! II)=PERI 
COS2II)=PERZ 
REI I I) =EXP I-Z.O*OI I I» 

Zo RE2II)=EXPI-Z.0*OZII» 
00241=I.LMAX 
FI=I-I 

ZI PARlS= I.O-REIII) 
Z2 PARlT= I.O-REZII) 
Z3 SSHAPE=SSHAPE'IFI'I.O)·IREIII)*SENIII)'O.ZS*PARZS**Z)·FI*IREZII)*S 

IENcl\)'Q.ZS*PARZT**Z) 
Z4 SIGMAT=SIGMAT·IFI'I.O)*ISENIII)'O.S*COSlll)*PARZS)'FI*ISENZII)·O.S 

l*COSZII)*PARZT) 
SSHAPE=SSHAPE*4.0*PLATA2 
SIGMAT=SIGMAT*4.0*PLATAZ 

30 RETURN 
END 

~IBFTC SIGOX NOOECK 
SUBROUTINE SIGMAO IETA.SIGO) 

C---------THIS SUBROUTINE IS TAKEN FROM PROGRAM SMOG IREF.Z) 
DIMENSION SIGOIZ) 
PE=ETA 
SIGO! 11=-(PE/(12,O*(PE**Z+16,O»))*ll,O+(PE**Z-4S.0)/(30eO*(CPE··2 

l'!6.0)**Z».IPE**4-160.0*IPE**Z)'IZ80.0)/llllb.0'PE **Z)**4)*105.0 
Z) ) 

SIGOI !)=SIGOI 1)_PE'IPE/Z.0)*ALOGIPE**Z·16.0)+117.0IZ.0)*ATANIPEI 
14.0»-IATANIPE)+ATANIPE/Z.0)+ATANIPE/3.0» 

Z SI~OIZ)=SIGOII)+ATANIPE) 
RETliRN 
ENfl 

$IBFTC SINDXX NODECK 
FUNCTION SINDIX) 

c---------THIS FUNCTION IS TAKEN FROM PROGRAM SMOG IREf. 2) 
SIND~SINIX*0.OI74S3292) 
RETURN 
END 

$IBFTC STIRL NOOECK 
FUNCTION STIRLIX) 

c---------TAKEN FROM PROGRAM AN SPEC IREF.I) 
IF IX-Z.) S,3.4 

5 STIRL=O. 
GO TO B 

3 STIPL=O.693147IB 
GO TO B 

4 Y=X.l. 
STIRL=IY-0.S)*ALOGIY)-Y.0.91B938S3+10.OB3333333-10.0027777778-0.00 

10793bS079*11./IY*Y»)*II./IY*Y»)/Y 
RETURN 
END 
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APPFNDIX 13 

INPlJT ()~TA 

PER(Y-flUCI< _B50"B TI Otl 
""" 1.000 "IT" 12.000 
5W " ~ ()IUS" 4 . 000 
GAU<;SIMI !'!.lOIllS" 0 . 000 
P(Pf"Y - "UCI< IUOIIIS: 4.000 
CO'" 0 .... POT(IH I Al 1'.01.0 I US" 4 . 000 
S~ IlIFf" ." . 650 
GAII~~ I MI A8S . Il If"r.1I O . O ~ O 
pEf.lEY - GUCI< ~Il<; . OIFF.. .700 
VOUI"[ MIS . OIFF . = 0.000 
511 Il [PT H., 56 .0 00 
SIIPf".r.[ , ... .lG . Of"p TH= 4. 0~0 

VOLt J04E IM~G . DEPTI'= 0 . 00 1 
PEAL SPI"'~OPRIT OFP TH. '>.50 0 
I 04AG . ~PPJ-OPAlT IlEPI'i. (' . 000 
CflAPr,E PQO!lI)CTz 16 . 
VOLtI"£ A8S . IIAOIII<;.. 0 . 00 ' l......... • 

IlpAS" 60 
AC( IJ"ACY PAP,METER PACC" . 0010000 

PESOtl.lNCF<; TABLE N. " 15 

L. 

L" 

L- J. 3/2 fA" .I.. 701no ME~ TO."._ 

L ' 

L' J= 5/2 (Roo 4. ~20{\n MF V 10 . " ,,, 

L_ J :o J/2 ER. ..'107 00 Mrv TO.", . 

J= 5/2 Ell" _.'I]JOO i'lEV TO. IoI •• 

L- J1I 312 ERa 4. 'I8b~0 "If v TO.". 1I 

L_ J.. ]/2 pI.. s.nooon "lE v TO .... " 

L- '" 912 ER" 5 . r 251)0 "EV TO.".1I 

L" 

L _ , J. 5/2 [Ih 5.12200 MEV TO.W • • 

L. J" 3/2 Ellt 5.111.00 '4 fV TO." . " 

L' J. 7/2 ER" 5.1'1600 '4EV TO.II." 

l" J= 1/2 ER- 5.i'06no MEV TO.II." 
y ... RGET IN HEy. ."0'00 
CM ANr,lE;: 140.20~ .................... 

ElAR!MEVl 
5 . 2560& 
5 . 25500 
5 . 26 000 
5 . 26500 
5 . 27000 
5 . 21500 
5 . 28000 
5 . 2A500 
5 . 2'10 00 
5 . 2'15 00 
5 .J OOOO 
5 . 30500 
5 .]1000 
5 . ]1500 
5 . ]2000 
5 . 32500 
5 .J3000 
5 . J]500 
S . J4000 
5 . J4500 
5 . 35000 

SIGf.4'" El. 
i'5 .J~7 
i'~.'7 1 
i''l . Ill! 
30 . '135 
31. . 12/1 
41..'1.'1 
1,7 . 1." 
1.5 . 2'''' 
30 . 721 
,1. . 5'1;: 
12'\'3 
10 . 0'1" 

.'1 . 1. 16 
7 . 2H 
6 .1"" 
5 . 1..5 
b . 9"; jO 

11.1. 3'> 
lO . 35Q 
31 . J"r 
.3.02_ 

SIG"'" IN. 
~ . Olil) 
0.000 
0.000 
0 . 000 
0 . 000 
0.000 
0 . 000 
0 . 000 
0 . 000 
0.000 
0.000 
0.000 
0.000 
0 . 000 
0.000 
0.000 
0 . 00 0 
O. QOO 
0.000 
0.000 
0.000 

SIG04'" RU . 
\6.31;2 
16. ]51 
16. ]20 
Ib.2e'l 
11..258 
16.227 
11. . 197 
160lM 
11..135 
lb. IDS 
lb . 075 
11. . 04.1. 
11. . 01_ 
15 . 98_ 
15.'154 
15.'Ji! ' 
15 . 1'19. 
15 . 864 
15.1135 
15 . 805 
15 . 715 

.0 2800 ME v p ... . If • • 

. 02 000 i'lE V PA . If." 

. 0 \ 000 i'lE v PA . If . 1I 

.00100 i'lEv P ... . II •• 

. 01800 i'lEv P .... If •• 

. 01300 04Ey pA.II . 1I 

. 03000 04E Y PA . If • • 

. 00400 MEV PA .II • • 

. 00300 ME V 1' .... 11 •• 

.0 11 00 MEv p~.II." 

. OJ500 MEV PA."." 

. 00 15 0 MEv p ........ 

. 01300 ME V pA ." • • 

POL.Rll . 
O. OOG 
0 . 000 
0.000 
0 . 000 
0 . 000 
0 . 000 
0 . 00 0 
0 . 000 
0.000 
0.000 
O. 000 
O. 000 
0.000 
0.000 
0.000 
0 . 000 
0 . 000 
0 . 000 
0.000 
0.000 
0 . 000 

SIGM'" RE. 
5a l.\02 
585 . 53_ 
5'11 . 12'J 
1.00.822 
615.205 
640.111 
678,'02 
638.8]1. 
5._ . 862 
535.51.1 
5 ... 1 36 
555 . 691. 
561.238 
580 . 104 
595.208 
61 2.9.7 
1.3\.765 
1..5.999 
6.1.1 0159 
1.32 . 969 
1.11.83 3 

.02'00 IOEv PH ... SE", 0 . 00000 DEGREES tNEl" - 0 

.00300 HEV pHASE. 0.00000 DEGREES 

. 001.50 "4 EV PH. SE_ 0.00000 DEGAEES 

.0 0250 04EV PH"'SE" 0.00000 DEGREES INEl- -0 

.01300 04 EV pl-lAsr. 0.00000 DEGREES PIEla - 0 

. 00130 "EV PI-IASE_ 0.00000 OEGAEES INEL " - 0 

.00200 "'EV pH ... SE" 0 . 00000 DEGREES INEL" ~O 

.02250 MEV pl-I_SEa 0 . 00000 OEGREES IN£L .. - 0 

.010 00 "EV PHASE., 0.00000 DEGREES INEl" ~O 

.00170 MEV PI-IASE" 0.00000 DEGREES INE l'" - 0 

.000 20 MEV PIHSE'" 0.00000 DEGREES INEl- ~O 

. 00900 "'E V PM"'SE= 0 . 00000 DEGREES INEl " -0 

. 01500 "EV PMA Sh 0.00000 DEGREES tNEL" - 0 

.00130 MEv PHASE., 0 . 00000 DEGREES iHEL" · 0 

. 01000 "EV PHASE" 0.00000 OEGREES 

TOUl I N. 
O .il l)~ 
0 . 000 
0 . 000 
0 . 000 
0 . 00 0 
0.000 
0.000 
0.000 
0.000 
0 . 000 
0.000 
0 . 000 
0 . 000 
0 . 000 
0.000 
0 . 000 
0 . 000 
0.000 
0 . 00 0 
0 . 000 
0 . 000 

SIG"" SH . 
419.263 
426.10] 
441 . '32 
'7] . 732 
S'5.HI 
721.951. 

111.2.0.8 
\415.8]7 

BSI .ZI S 
5 2 1.983 
J'I3 . b5] 
331 . 8\ 0 
295.25 1 
272.010 
26\.099 
21.8.947 
3 08.503 
39\ . J'3 
505 . 955 
1.10 .8 07 
671..319 
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APPENDIX C 

YIELD .. ~n A"I GUI.AP O,o;TR!HUlTo)'IS wiTI'! <;fU:CTffl 1)'1 PARA'1ErFRS 
ItlPUT 11ATA 

P£loIfV-RIICt< il llSOIlATlnN 
... ,'" 1.011'1 MT: 12. 000 
Sit RAIlIU'S_ ?86;> 
GAU'>SIII'" qAt) I US" 0 . 000 
P£~EY-'lIJCI( 11.1.0 1'15.. 2.662 
cnULO"lFi PflTt:tHIAL RAIllltSz 2.R"'2 
sw JlIFF." .6S0 
r,AUsstAN MIS. nIFF." 0.0<10 
prllFY-HIiCK ARS. OlrF... .41 ~ 

VOLUMf "AS. OIFF... 0.000 
SI! [IEI'll'!'" 50.000 
SURFAcr ,"'AG. orPlH: 4.0 J O 
vnLUfoIr H~Ar. . nrPTH_ o.oo~ 
Hf.Al <;PIN- OHBIT DrPTlt. 11.000 
IHAG. SPIIl - ORRtT f\Epnt~ J .oon 
CHAP(';( PHlllll.)C'_ o. 

L",Ir,XM'" 3 
NPAS" 10 
ACCURACY PARt,METER R/lCe" .0100000 

II(SO'tA'<CFS f48L£ 

L. J. '" ". I.R920D "" 
L_ J. m ". 2 . bASon "" 
L- J. m ". 3.]JjOOO '" 
L' , J. '" ,,- 3 . 92600 "" u.RGET ", MEV_ • n3200 

ElAlI- 1.90000 EC,'= 1.719 08 ETA= 

N . = • 
TO,w.= 

TO,IoI . " 

TO.II ... 

TO.II ... 

0.00000 ......................................................... 

.00100 ", PA . W ... ,00600 ", PHASE" 0,000(10 OEGREES INEL_ ., 

.08000 ", pA,II, .. . 06400 . " PHASE .. 0 , 00000 DEGREES INEl" ., 

. 90000 "" PA .1I. a .66000 ." PHASE_ 0 . 00000 DEGREES INEla ., 
o\ FlOOO "" PA . 11._ .13500 ." PHASE= 0.00000 DEGAEES INEl- ., 

011\ TCHI"tr. AADIUSlFEAHI51" 9 .362 , . .217IE· 00 
L' ,. , .. • 7070E·on T-= ' . 
L' ,. , .. .I"'HE·OO T-= . 1 .... 2E·00 
L' ,. , .. .3636E-00 T-= . 1005E·00 
L' ,. , .. • 1097E-02 T-= .1>20SE-03 

SIGMA PEACTION_ 100 1 .6&30:;616<114 1 lLl BARNS 
SIGMA r Ou.l ? 16S .SSS 71174H ILL 1 RARNS 

SIlAPE ". S IGMA_ 111>3.1192?,'''05MILLIflARNS 
LF.G£N(lRE POL YN . TAflLF 

T£TA " " " " IS. 00 • 96592511 .1'19'151 ql . I'I0411>3Q .I,R46955 
30. 00 . 866025 .. .625nooo .32H5'16 .023.3 75 
.. 5.00 .7071068 .?50000D -0\71,1767 -,"062500 
60 . 00 .5000000 -.1250000 -.n75000 -.28 9 0625 
75.00 .Z51'1R19\ -.1995190 -.)4488"6 0\ 43"295 
90 . 00 .ooonooo -. 5000000 -.0000001 . ]750000 

105.00 -.251'1R190 -.3995191 .34<0811.5 .1 .. 3.29" 
120.00 -. "999999 -.1 250001 ... 375000 -. 289 0"2" 
135.00 -.70710 67 .,,499999 0I76776B -, "062500 
150 . 00 - . 866025 .. .62 .. 9999 -. 32<0759_ . 023_37] 
165. 00 - . Q65925B .11995190 -.110<0\638 . 68"6952 
CMTETA ~ IG14 A ". 5tr,'U C.EL. SIGNA T .EL. 

I S . a 2311.1125 15 1 •• A055 390.305". 
30.0 188."62 11",,0?15 30".56.22 
.5.0 126.IIQ3 81 . 88_2<1 20B.777'" 
60.0 73.0_9 63 . 95Q17 137.008'" 
75 . 0 37.550 61. 161'>25 911.71609 
90.0 23.79. 62 . )2678 86.12047 

105.0 330165 61. ! 6620:; 9".3315] 
120.0 66.660 "3.95917 130.61891 
135 . 0 120.81l 111.&8_28 202.69759 
150.0 1830133 lib. :021 .. 299.23482 
165. a 233.5"6 151 •• BOS3 3115.02618 
COULOM!! PI1"SES .NO ~CATTERING "14PLITUOES r4BLf. 

L J CO.PH"5. 1400 U RES. AND OPTIC. REAL ." 
0 '" 0 . 0000 .0:; .. 1211<0) .5"\2843 . 20"0 , '" o.nooo .9221135 .<1221135 -.062. , '" 0.0000 • 7977302 079761>61 -.0072 , '" 0.0000 .999"515 . 999.515 .001 B 

, .7 070E.OO , olU9E·00 , . 2511"E·00 , .8927E-03 

" " . SHI2S9 .3983060 
-. 2232721 -. 37<0023" 
- .3756505 -0\ .. 84376 

.01'191"'37 .32324Z2 

.34 2727f1 .0.31003 

.0000001 - .3,Z5000 
-.3"2127f1 .0 .. 3100 I 
-.0898"39 .)232 .. 22 

.]75650" -.\ .. 8.]73 

.2232123 -. )7_0235 
-.5"71256 • )983057 

S tGMAlT EUI '" - 0 . 00000 
·0 . 00000 
-0. 00000 
·0.00000 
-0.00000 
-0.00000 
- 0 . 00000 
-0.00000 
-0. 00000 
-0.00000 
-0.00000 

IH"G.ANPL. 
.677B 
.0"32 
.1012 
.0003 

('" 

SIGMAClHAI .. 289.2083 
SIGNAC (1481 _ 181 •• 591 
S IGHRClMR'_ 5211 .... 01 
SIGHRClMR'_ 2.55"0 

" " " '" '" '" .2455"11 .096111410 - .0<027678 -0\ 650559 -.265.900 -.3"02156 
-.4101781 -. 338775 7 -.1895753 -. 0070382 .1607048 . 2732026 

0127 0582 .2983398 .2855358 .115112" -0I0'18"Z - .Z.61193 
.2Z31 .... 6 -. 0736 31'18 _ .21>78985 -.11182287 .0638713 . 2337529 

-. 2730499 - .1702200 .159 .. 9]8 . 2316]01 -.0]05438 -.227<0795 
-. 0000001 .27] .. 375 . 0000001 -.Z.1>0937 -. 0000001 . 2255859 

.2730500 -0\702199 -.159 .. 9"0 .2316]00 .03054101 -.2274795 
- . 2231 ..... -.0736 391 .2678986 -0\ 882285 - .0638716 .2337530 
-.127058" .29B3399 - .285535 7 0115\121 01041845 -. 246719. 

... to 111:10 -. 33117755 .1895750 -.0070378 - 0\601051 .2732028 
- .2"55.07 .09611'139 .0"27683 ~.165056" .265.903 -.3" 02159 

OSIGNA '" POUTEU) POUTEUI '" OPDl '" - 0 . 000 ·.15825 
- 0 .000 -.30706 
· 0.000 -,"1355 
-0.000 -.<00171 
-0.00 0 -.21785 
-0 . 000 .0.90_ 
-0.00 0 .28<135 
-0.000 .41 679 
-0 . 000 .39188 
- 0.000 .21111. 
-0.000 .1"338 

L J 

'" '" '" '" 

MOD U RES.AND OPTIC . 
0.0000000 0 . 0000000 

.9251002 .9255815 

.Q.I'I"281 .94<oB763 

.9996897 .9996897 

·0 . 00000 
·0 . 00000 
-0 . 00000 
-0.00000 
-0.00000 
- 0 . 00000 
-0.00000 
-0.00000 
-0 . 00000 
-0.00000 
-0.00000 

REAL AND 
0.0000 
-.1025 

.2588 

.0010 

- 0.0000 
- 0.0000 
- 0 .0000 
-0.0000 
-0.0000 
- 0.0000 
-0.0000 
- 0.0000 
- 0.0000 
-0.0000 
-0.0000 

IMAG.AHPL . 
0.0000 
.0.90 
01026 
.0002 



- 30 -

\ . 711523 [fA: 0 . 00000 ................................................ 
IOHel'l,,.,, IIAr'IUS (F(R" I <;):: 9 . Jb2 ,. . zeDer·nO ,. O. T': , 10'2£'OG ,.- O. , .10.2(_00 ,- ,. T': 0\ 51''''OG H .147)['00 , 0\514(.00 ,. ,. y.: .JIC;5t>o~ H .ll1bl fOGO , • 2618E ' 00 ,. J . TO: • ]2r2:E- 1I2 ,.- . b702( - OJ , . .~117[- O3 

'jIG"" I>r.ACT 1 O~. <j'H . 159<; 1 RbZ'1llll ~ARNS 
5 TG". TnT~L · ;> \ ~ 7 . R 1J1I9;>3'1'1ILL I S .... INS 

'511,01,"'( n . SiGMA" I\SO. 11417J71'1\LL IH"IINS 
C"TETA <;IG'1~ '". 51(;'1/\ C.[L . 5\G'4A. T . (L. SIGHAIT(TII\ '" 15.0 Z41 , Q51 ISI.MI'h'S ]94 . 14042 - 0.00000 

30 . 0 ] 89 . <;"9 llfo.ObUICI 305 .1>1)19 - o.ooono 
4<;.0 125.171 81 .flO;>14 ;;006 . 11'1'15 - O. ooono 
60 . 0 10. 1'12 63.5311'11 11] . 730'16 - 0.00000 
75.0 J4 . ,,53 6n . 111]'1 '15.5t.4 \!> - 0.00000 
'10.0 21 . 146 61 . 1113 4 0 113 . 21'116 - 0 .000 00 

10S.0 30 . 560 "n . 11IlQ 91 . 21 152 - 0.00000 
120 . 0 64 . 319 t.3.53 .... 9\ 121.115114 - 0.00000 
135 . 0 120 . 355 1'11 . 60271 201 . '15111 - 0 . 00000 
ISO . O JlH:' . i?26 11" . 0641J7 102 . 29045 - 0.00000 
165 . 0 ;>40.263 151 . <'>8'1). ]'11 .'151110 - 0 . 00000 
COlJlDMI1 PHASES A-'O <;CATTERINr. A'lPl I TUOES UElLE: 

J CO . PHAS . '" U IIES.A'lD OPTiC . II[~L ,"0 IMAG. AMPl. ,,, D .~'lOO .<;4)'l2n4 . 541'1204 .21n7 .672n 

J" n . oooo . '1201243 . '120124] -. 064) . ous 
SI;> 0.0000 .7'10226] .7'1 00$11'1 -. 0020 . 104'1 

'" 0.0000 . '1'1'13'1 .... 7 .9'1 93'1f!7 . 0020 . 0003 

1 . 811)8 EU_ 0.00000 

"A T CHI'~;, IIAI) IU; 1 FER"I S I 0' Q. ]62 '" . 2844[ ' 00 ,. O. T.: . 7013[ ' 00 ,.- O. , .7013E·00 ,- ,. T' " . \510( ' 00 H olSO"'·OO , .1,>4 8F.OO ,- 2 . T'" .38"6( ' 00 , .. .1117E·00 , . 2766F.OO ,. J. T' " . 1315E-02 ,.- • n9SE - 03 , .1 0b8E - 02 
SIr.MA ~(ACTlClN. Q<j2 . 9R2<H~82 I MILL IR_RNS 
SIr."IA TOUL · 2133 .474 84'1 17101 I LL IIHRNS 

SHAPE " . SIGMA" 1140. 49} /l609"t.t1 lLi A"IINS 
Ct.tTETA <;IG.,.A '". Slr.'4A C.EL. <;IG"'A T.EL. SIGM~ !TETAI '" 15.0 ;>52 . 12& 151.67179 4n3 .7 Q806 - 0.00000 

]0. a 1 92. ~2'6 11<;.1l8]JI 301 . 90884 - 0 . 00000 
4S . 0 \ 22. 330 111.25;>4 1 203 . 5825. - 0 . 000110 
M.O 66 . 111 t.1.08528 \29 . 202<;9 - 0 . 00000 
75 . a 32 . 229 (l,0.221 4S '12 .4523 0 - 0 . 00000 
QO.O 1'1 . "2] 61.]81(1,3 80 . 1'104'12 -0.0000 0 

105.0 27. 211t. (1) . 22345 87 .5 0QII - 0.00000 
120 . 0 60 . 113 63 . 01l5211 123.19875 -0.110000 
135.0 119 . ]01 111 . 25;>40 200.55363 -0. 00000 
\ <;0 . 0 1'13 . 0 4 3 115.882QQ 3011 .9256'1 - 0.00000 
165.0 ;>55 . n2 151. 67\ 78 _07.4 0348 -0.00000 
COULOMR PHASES A"JO <;CA TTERI"JG A"PLITUflE<; TAIII F 

1 J CO . PHlS . MOD U PES . A'lO OPTIC . REA L '"' IIIAG.~MPL. 0 '" o.o~OO . 5 465(1 43 . 5465043 . 21 70 .6660 , '" 0.0000 . 9111}<;/l2 .91 A1582 -. 0661 .0 457 , ,,, 0 . 0000 . 783 19 09 . 7117769Q .01"A .1 08/1 
J '" 0.0001 . '1993423 .'1993423 . 002' 1 .000] 

ELAH" 2 . 0500, EC"'" 1 . 87754 ETA- 0.00000 ............................................... 
"UCHI'IG IUOtuS tFEII"'ISI" 9 . 362 , . . 28ROE-00 
1_ O. T'" • 69I\(I,E.oo , .. O. , . 6'1116[ . 00 ,. ,. T'" • \605E'00 ,.- . IShE·oO .1 582E ·01l ,. , . , .. .6(1,70E·00 H • \ 170('00 .4470 E_OO ,. J . T·" .1 4 1 5E - 02 ,.- .1I04"E-03 .111>5 E-1I2 

S I GMA IIEACT ION" 1294 .3'16;>01\)91011 LL ISARN5 
S I GMA TOTAL ?II]S . 4400 37871'11 LL 18AIINS 

SHAPE " . SIGIIA_ 1541. 04382'14Q'IILl I!lAllt~S 
CMTETA <;IG'IA " . 51""A C . El. SIGMA T .EL . SIGMAITETAI '" IS . 0 489.127 214 . 9]]17 7(14.66006 - 0.110000 

]0 . a 318.135 157.92507 _76.05'172 - 0.00000 
45 . a lH.53C 103. Q7631 251.50661 - 0.00000 
60. a 4/1 . 983 71 . 65463 126.63754 - 0 . 00000 
75 . 0 211 . OO~ 15.90070 95 . 90974 - 0 . 00000 
911 . 0 \4.147 7~.96004 9].70746 - 0.00000 

105 . 0 10.67 0 75 . '100 7 0 86.5706. - 0 . 00000 
\20 . 0 38 . 973 77 . 65463 116 . 621)6 - 0 . 00000 
\35 . a 146 . 544 10).976]0 250 . 51989 - 0 . 00000 
\ SO . a ]29.7311 157 . 925;)5 487 .66317 -0.00000 
165. a 510. 784 2 14.'13316 125 .7 16'16 - 0.00000 
C(')UlO"'1I PHASES ANO <;CATTEII I 'lG A~PLl TUOES TA BLE 

, CO.PHAS . '400 U RES . AND OPTIC . ilEAL ." IMAG.AMPL. , '" 0.0000 .5490370 . 54903 7 0 . 2Z10 . 6600 , In 0 . 0000 .QI62)5) . 916215] -. 061112 .0 4 70 , ,,, 0 . 0000 . <;770R I3 .77 57432 .1138 . 2697 
J '" 0 .0 000 . '1992822 .99Q21122 • 002] • 0004 

SlGM~CU'Rl ; 280 .591" 
S \ GHRC1 ""I)= 160.9372 
SIG~RCI"Rl • 533.50JII 
SIGMRCIMR)= ? lZ7I 

051G'4A t:,l", POLIT(T41 

0 , , 
J 

- 0,000 -. 15<;10 
-0,00 0 - .JO~U 

- 0.00(j -. 41112 
- 0.000 -. 40n41 
-0.000 -. 21520 
- 0.000 . 0.~12 
- 0.000 . 28328 
- 0 . 000 . 40928 
- o . oon .38))7 
-0 .00 0 .2B72 
- 0 .00 0 .1391 'I 

1 J 

,,' ,,, 
'" ,,, 

MOO U 1I[5 . _NO OPT IC. 
O.oooooon 0 . 0000000 

. 9234050 . 92]'1033 

.94545'1S .'140571'18 

.9996608 . '1996608 

S I GMIICtMII)z 21;> . 42S6 
S \ GMIICIMII) : 111 0 . 3824 
SIGMIIC(MI'1)"' S37.2701 
SIO"'",CI"II) = 2 . 9049 

DS[r.HA '" POLlfEU) 
- 0 .00 0 -. 14335 
- 0 . 000 -.28266 
- 0 .000 -.38Q22 
-0.000 -. 38150 
- 0 . 000 -. 200_8 
- 0 .0 00 .0_625 
- 0.000 .26162 
- 0 . 000 .38956 
- 0 .00 0 .35 .... (1,6 
- 0.000 . 2S091 
- 0.000 .1 25'19 

, J MOO U RES . VIO OP TIC. 

'" 0 .00000 00 0.0000000 ,,, . 9217]44 .9222509 
on . '1.251'1 .... .9360571 ,,, .9'196302 .'1'196302 

S I GHR C (I"BI 264.6775 
S IOM RC (HBI 179.7918 
SIGHRCIHAI 846.8315 
SIGHPCI MAI 3 . 08'14 

OS I GMA '" POLITEUI 
-0. 000 - .077/14 
- 0.000 -. 15296 
-0.000 -. 19666 
- 0.000 -.10 673 
- 0 . 000 . 04228 
- 0 . 000 .001111] 
- 0 . 000 . 0225) 
-0.000 . 25642 
- 0.000 . 29'106 
- 0 . 000 . 20)42 
-0.000 . 09871 

, J 

0" ,,, 
'" ,,, 

MOO U RES . AND OP TIC. 
0 .00000 00 0.0000000 

.9200880 .'12(62)8 

.'1396556 .9]1 3056 
. 9995916 . 9995976 

POl U EU] '" OPOl '" - 0 . 00000 
- 0 . 00000 
-0.00000 
- 0 . 00000 
-0.0 0000 
- 0 . 00000 
- 0.00000 
-0.00000 
- 0 . 00000 
-0.0 0000 
- 0 . 00000 

REAL At.lO 
0 . 0000 
-01 0<;5 

. 26 70 

.00 II 

- 0 . 0000 
- 0 . 0000 
- 0.0000 
- 0.0000 
-0.0000 
- 0 . 0000 
- 0 . 0000 
- 0 . 0000 
- 0.0000 
- 0 .0000 
-0.0000 

IMAG.AHPL. 
0 . 0000 

.OS05 

.IOQQ 

.0002 

POL (lETA) '" OPOl '" - 0 . 00000 - 0.0000 
- 0.00000 - 0 . 0000 
- 0.00000 - 0 . 0000 
-0.00000 - 0 . 0000 
-0.00000 - 0 .0 000 
- 0 . 00000 - 0 . 0000 
-0.0000 0 -0.000 0 
- 0.00000 - 0 . 0000 
-0.000 00 - 0 . 0000 
-0.00000 -0.0000 
-0.00000 - 0 . 0000 

REAL ." !MAG.AMPL. 
0.0000 0 . 0000 
-01 0114 • 0521 

. 2755 .1117 

.001 2 . 0002 

POLITEUI '" OPOL '" -0.0 0000 
- 0 . 00000 
- 0 . 00000 
- 0 . 00000 
- 0.00000 
- 0.00000 
-0.00000 
- 0 .00000 
- 0.00000 
- 0 .00000 
-0.00000 

IIUL ANO 
0 . 0000 
-0111 2 

. 284 S 

.0013 

- 0 . 0000 
- 0 .0000 
- 0.0000 
-0.0000 
- 0 . 0000 
-0.0000 
-0.0000 
- 0.11000 
- 0.0000 
- 0.0000 
- 0 . 0000 

lM~G.AI4PL . 
0 . 0000 

.05)6 

.1 261 
• 0002 




