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PREFACE

An attempt has been made to keep the programs as subroutine oriented
as possible. Usually enly the main programs are directly concerned with
the problem of total cross sections. In particular the subroutines
POLFIT (IV.A), BILINR (V.B), GASS59/MAXLIK (VI.D), SYMQR (VI.E), MATIN
(VI.F), STUDNT (VI.G), DNTERP (VII.E), DIFTAB (VII.F), FORDIF (VII.G),
EPSALG (VII.H), REGFAL (VII.I), AND ADSIMP (VII.J), are completely
general, and are concerned only with the problems of numerical analysis

and statistics. Each subroutine is independently documented.
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*
I. DISCUSSION

The total cross section Q(v) , where v is the relative velocity,

is assumed to be a sum of two compenents: (v) , dependent upon the

SLL
i
long-range force constant Cé , and A_Qg(v) , an oscillatory term due

to the presence of glory extrema
QLV) = QSLL(V) 1 AQ(}(’U’)

(I-1)

where /

Qe ) T §.083 -(%)

, 22 .
AQq (v Y 4nT" Ly , o (29,5

where 17\: /LLV /‘h is the .wavenum})er, Lg is value of the orbital
cjuanturti number A correspending to ’)Zm , @ maximum in the phase
o " : . '
shift, and 72 " is the second-derivative of 42 with respect
- m : m

to A evaluated at Lg .
It can be shown that by expanding about the high-velocity limit,

(2b) may be written

AQ%('U') = (2w, ) 80( [|+He Hzé ,]Myé

(I-3)
_ 2 ' |
where E - ‘E/A’U" is the energy,
, 2
P = -3 ¢ A€M (g 4 Al L Ay »
4 CRu ' E E“ (I-4

For a more complete description of the derivatiens of the formulae see

Wisc. Theor. Chem. Institute Report WIS-TCI~-469 (1972).



and r is the pesition of the minimum of (of depth €) the potential.
The constants g,» a8 are related to the curvature of the potential well
at v r = rm , and the.constants Hl s H2 s oo o Al s Az s eee
were found to be te a good approximation independent of the curvature,
€ , and L and of the form of the poetential. Furthermore, for the

% *
energy range 1 < E < 100 , where E = E/e is the reduced energy, it

was found only the terms H., and A

1 1 ,'A2 » A, and A4 were requirgd.

3

For a Lennard-Jones 12~-6 potential, i.e.,

Vi = e | (%)%‘Z(%)é]

the values of the constants are:

g, = 0.186299 _ (I-5a)
Hy = 3.267 +.0.80 | (I-5b)
a; = 0.4215587 (I-5¢)
A) = - 0.1655 + .0016 - (I-5d)
A, = 0.1057 + 0.0160 ' (I-5e)
Ay = - 0.0544 + 0.0160 (I-5f£)
A, = 0.0139 # 0.0084 (1-5g)

In terms of free parameters, (1) may be rewritten

Qe = Y, v P v, v (s e )2

(I-6)

and




I-3

where

(I-8)

It has been shown previeously that when the r_8 term in the potential
begins to affect the cross section, it may be accounted for by replacing

Qurr (V) in (1) by Q

SIL SLL(v) + 2n/3 8 , whgre B = C8/C6 .

It is clear from the form of (I-6) that Q(v) has an oscillatory
component. The condition for extrema in Q is that sin ¢ =+ 1 ,
which can be shown to lead teo:

2 3 {1
3 - 2enh Ae L Ae” e €
<:/\/__ __.),1:3’ = €Efm Cll WARAURE o 2 +73 4,/11
8 + E gzr = E3 e 4/(1-9)
where the maxima and minima in Q(v) are indexed by N(vg) in the order
they occur, i.e., N = 1 corresponds to the first maximum, N = 1.5 cor-
: |
responds to the first minimum, N = 2 is the second maximum, etc. The

quantities vvg are the associated values of v at the extrema.
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II. UNITS

All of the results and programs below assume the follewing system

of units:

Mass M= 10—24 g = 1 ppg (picopicogram)
-8 0 "
Length L=10 " cm=1A (8ngstrom)
Time. T = lO_13 sec = 1 dps (decipicoesecond).

In this sytem,

1 amu = 1.660531 ppg
1 a.u. = 0.52017715 - A
1 Km/sec = 1 X/dps |
l‘eV = 160.21917 cpe

1 Kcal/mole = 6.94793 cpe

h = 6.626196 cpe-dps
A = 1.0545919 cpe-dps
kT = 1.380622 cpe @ T = 100°K
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ITII. XSECT

The purpose of the main program XSECT is-to calculate total cross
sections Q(v) by means of (I—6)-(I—8). The assumption is made

that H, and A are those for the L-J(12-6)potential

1 1°2

given in (I—'5).

Ay s Ay s A,

The first card of the data set contains (18A4). 72 columns of title
information, which is reproduced at the top of the output.

The second card of the data specifies N, MU? EPS, Al, BO, C1, Cé6,
in that order, according to the format (I5, 6F10.4, E15.6), where:

N - Né. of velocities for which Q(v) ié to be calculated

MU - U (reduced mass) |

EPS - ¢

RM - rm

Al - a; (I-5¢)

BO, Cl1 - bo and ¢, are related to the leading terms in the expansion

1
*
in powers of 1/E of L_ and 17” respectively.
g m

Since the only quantity required is g = bo/cll/Z . b,

may be set equal to g, and ¢y to 1.

C6 = C6 the long-range force constant.

The succeeding cards of the data contain the velocities V(I), L =1, ...,
N, for which the Q(v) are to be calculated, according te the format
(8F10.4).

The output of the program is a table of the values of V(I), QSLL,

DELQ, Q, and QF for I = 1, ..., N, where



I11-2

QSLL

ff

%1 (V)
4, (v)

ft

DELQ

Q=Q(v) = Qg (v) + 49, (v)

QF = AQg(V)/QSLL(v)
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‘0 COMPILED BY FOR V STEG ON 06 SEP 71 AT 17:813 11, »

6E USED: ‘CODEC1) 000270 DATA(O) 000515 L e e

%1

1
.’Li&
B

1 ’é  PROGRAM T0 GENERATE RAPID cnoss 'SECTIONS
TR T T REAL MY T T T T T ) :
I "DIMENSION V(2003 sA(4Y»TITLE(1B) ;
4 DATA A/-041655¢0.1057¢-0.054%+0. u139/-ﬂ}/q:g§7r e
TG TTTTTTTUBATA PI/3.14159265/ W HCROSS /i T5E59197 i ' ‘
6% 100 READ $5+5) (TITLE(I)sI=1s18) 5
7¢ 5 ° FORMAT (18A4)
BY T WRITE TS +61 TTITLETIVi I=T 718
9¢ 6 FORMAT (1H1+10Xs18A4)
10« READ (S5.10) 'MUEPSeRMeAleBD9Clo CG
11+ RO T FORMAT TtI5y6F10.GeELB LB T i B
12¢ WRITE (64209 N+MUeEPSeRMs A1¢BO»C1+C6
13s 20 FORMAT (1HOv»10X»?NO . OF VELOCITIES'-IBIIXX»'REDUQED MASS®+vE1546 7
ClgeTTT I 11XV WELL=DEPTH EPS*vEISTE67YIXe "POTENTIAL MINIMGH RAYVEISHZ
15e 2 YPHASE SHIFT COFFFICIENT A1°oE15.6/11X0°BEYA COEFFICIENT B
16e 3 E1546/11X+°COEFFICIENT C1'¢E15.6711Xe *LONG RnNGE C6°vE15.67;
17677 T TTTTREAD (55301 (VITF IZIWND
18+ 30 FORMAT (8F10.4} .
18+ D1 = C6/HCROSS :
~20%" D2 "= 25*PI*RMEBO !
21 'D3 = 4.sRM/HCROSS ~ ;
22« D4 = 2,¢PI+RM2HCROSS/{EPS*C1)
T23% 7 T WRITE (Bv40) T T T
24s 1O FORMAT (//1HC»5X9»"ND o ax.'v'.13Xo'GSLL'.10x.'6§La'.11x.'nror'
25+ 1 10X+ °DELQ/GSLL®/8X ¢100(1H21 /)
26D 0 2001 ="1¥N , ,
27+ ¢ - GSLL = 8,.083#(D1/V(I)}eeC.H s
- 28e \ . ETR = 0. smu:vu)twn‘
293¢ T = EPS/ETR
30+ - PHI = ~ 0.75¢PT + D3sEPSs (Al + Zs (AC1}) + Zo(atzn + ZetA(3) ¢ Ze
31 1 A(Q))IDIIV(I)
*"3zr““"***———ueLn“-"o215nRTTuwva171711—"v—uIrszSIN:anv
33 : -@ = QSLL + DELO . .
3y OF = DELGZGSLL o -

A 350 ,200"'unxvt 64500 1.Vdi1.eSLL-bELﬁ$o.oF
i 36¢ 50  FORMAT (3X+I5¢5E15.6)

37+ 4 GO TO 100
“38e TENDT
S . e !
ND oF COHPILATION‘ ,NO'-DIAGNOSIICS. ' !
e e ' :
. ‘ | _ - - \
- COMPILATION TIMES - 0653 szc. B o S \

———-I70 REQUESTS T30 —8
1/0 WORDS TRANSFEREDZ . s7~7of,, L

N TR P > - . G e o e e b, A o WYeT v KD ks Amit s e -




Iv. PHASHT

V-1

The purpese of this program is to produce a fit of the experimental

variable ' - (N - %)VN to the model

f S‘ SZ
= 1 + = + = + -
Y E E’?_

where, after regression, the following ansatz is made:

’

. _ 2a C:Y“ v, L+
T = =n ) S,:_Ze rmA, H
qT—tg L ,qrf%:“ — L >

which leads teo

a,e’, = T_r_EI

. Z
e*Vvm = Mh S /A,

2

e - A\S?_

A?_S]

(Iv-1)

- l.)zj rxz
(1v-2)

(Iv-3)

Values of Ezrm and € are calculated from (IV-2) assuming Al’ A2’

A3? A4 are given by (I-5). "ERROR" denotes 95% confidence interval

halfwidths. The confidence intervals were calculated using first-order

. *% :
propagation of error, and teok the errer invAl, Az, A3, A4 into account.

2%,

e (2 ) 4 ()G e e + (L)



Input to the program is as follows:
Card l:) title information in columns 1=72 (18A4)
Card 2: NOB, IWGHT, MU (2I5, F10.4)
Card 3 (or more): V(I), I =1, ..., NOB (8Fl0.4)

Card 4 (or more): INDEX(I), I =1, ..., NOB (8F10.4)

. where

NOB - number of observed extrema

IWGHT - if 0 data has assumed constant ébsolute error, If
data is assumed to have constant relative error.

MU = u (reduced mass)

V(I) ~ extrema velocity wv_. for I-th extremum

N
INDEX(I) - extrema index N for I-th extremunm

V-2



b&ntus:un‘ntaa:.vcanr.ucsn,

DATA AL/DsAZESE9/ 4 A/=041688000 108755010848} 04 6
&l/ﬁrﬁﬁ‘*%-‘f/mmnﬂ/-snu»i: ENE

onnar txnt.:ox.taae;a‘

Exﬁ"iwiﬁﬁw 6?‘5’113_
-ER”OR ND *!l) -

" AND REDUCED MASS MU«

"NGTE ses IF_V IN UNIYS OF KW/SEC AN ';‘ “FHEN
F ENERGY WILL BE 1oE~i¥ ERGS: !nﬂxt tnar qﬂus nus Uulrlf &

LeEw27 ERG'SEC?

READ 15y 10T ﬁba'x“*ﬁT“ﬂB ;""
*FO&NAT L2154F 108" A
r?e_fa.za; «oa,swsﬂy nu

t)tx.suqxnttit

‘90 500 I - l. ﬁ

r'%- l./ivqltnvcl::

; ?”‘i TETR :tﬁbcxctt.itit-?ext
Xy issssts.é:~au L i
1 2 ‘

ENREE V1B 0 ver:nnsnpoztax,‘ A
i ::a;rr;c;z»rsiing0sn

118 (64700 JiTTINIELS
oNMAT LKy fs.els‘s oﬁht-ll.ﬂ

NER W cﬁﬁﬁ-tfts
€E ® CONSOE(L)
. EPSRM AER/AY

- EE2% EEZAL. |
T OWRETE, ‘&.cui AER&EEt!PSRﬂ :az

- FORMAT 1710k YALOEPSaRY ub EY2, 5.2!0'(:#"0R¢';€12-!.' ;'/tnx‘osr*
aan Fﬁnn Al ~,6T?!jssv_.o,i,ztz.s;zxoiltnaon ".clz.s.v t0$;~v




»44 - 53s -~ 'IF (NDEG sEW. 0) GO-TO lo0 - - ;

Y46~ S4e - © EER = CONSeC(2)/A(1) e f _
247 - 55 - . - EE ® ABS(CONSeE(2)/A(1)) : I I3 T
’60:  56% - EPS = EER/EPSRM o b -
)5 . S7es . EE2 ® EPS‘SQRT(R(l.l)/C(I’aOZ + RJZ.Z)/cczggfz -Z.OR(I.Z)/(Ctl).c
)51 - 58 T 121) * ERALY - S T
)52 . 59e WRITE (6,85) aER.EE.EPs»E£2 o iy Ly
260 0. B85  FORMAT(/10X+*EPSSEPSeRN =% ,E)2, s.zx»'tcRRoa =0.Etz.5 )'/tq;.'ap
260 6le "1 FROM Al =0e¢42]559 -.-0.enz.s,zx.'(ERRon -gwsxz 5,0 ;'; o
26 ) b2 , IF (NDEG -E@, 1) g0 TO 100 : .
63 638, EPs = C(SDOA(l)/(C(Z)'ACZJ) ¥ '
269 b4e V EE ® EP5eSQRT{R12,2)/C12)%e2 » R(B.J)/C(S)a&? - zo-th 3)/(C(ﬁ50‘
264 45e 1 C(3)) + ERALA2) _ , . . e
265 6be WRITE (46,90) EPS,EE k2. ,
7678 90 FORMAT (/710X; f‘Ps -'.512.5 zx..(ERROE .'nEP5°So' 1)
172 68 - g0 TO jOoO S : .
273 59% END . : . . o .

4 - " HA

Y END OF COMPILATION: " NO DIAGNOSTICSs .. |
COMPILATION TIMES -~ . Ds95% SEC,
1/0 REQUESTS: | el ;
) 170 wonos TRANSFERED: C 61198 !
4 : ; .
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A. POLFIT

This subroutine fits a polynemial

M k

R=0

to a set of N data poibnts (x ) %L) leLe N » by weighted

)

forward regression. The criterion used to determine /Cc,,/C‘),..)/CM is

the minimization of the approximate variance of fit S?' :
N
Z - E 2 w, ( P ;) )2
: ,’ t — L
ST v-Mel ST g

where ’M)": is the weight assigned to the i~th data point (if the

2 2
variance of the i-th data point is (5’[ , then w7y & '/O'Z ).

The mechanics of the fit are performed by use of calculated ortho-

gonal pelynomials: M
=0

where the Pk)s satisfy 'PD (x)=1 and

PIR+ (x) = (DC-—MR) P\;\(I) — Vp Ph—\(l)
\

N
Z w, Ph(xi) P,J' (x;) = gkj Dk
L=
The fit is continued until all terms whose contributions to the variance

52 are significant at the 907 level (F-test) have been added.



Input

IV-4

CALL POLFIT (X, Y, W, N, C, E, R, M, SIG)

X(I) - abscissa JC[ of the I-th data point
Y(I) - ordinate y_i of the I-th data point
W(I) - weight W[ of the I-th data point

N - no. of data points

Output:

NOTE:

to N

-1
C(I) - L., » coefficient of x in final polynomial

E(1) - 95% confidence interval halfwidth of C(I),_i;g.; + C;f

R(I,J) - covariance of C(I) and C(J) multiplied by t2 R
i.e., t2 cov (I1,J)

M - degree of final fitted polynomial

SIG - S , standard error of fit where t is the critical value

of the student-t ‘statistic for o = .05 (Equal-Tails) and

N-M-1 degrees of freedom,

Because of dimensioning,the program in its given form is limited

< 21 and M < 4.



OR S 1 POLFIT ‘ ‘ :
CLE 000 COMPILED BY FOR v 5756 ON 04 JQN 72 AT OB 34'03.

STORAGE useo'vcoos(x) 000&62:.041At0) boo323 s
3 SRS ‘ P

10l |-’,; 7-"SUBRUUTINE FOCFTIT (X Vs W*N.C.E.R M, SIG) 7 ,

101 2% C - FITS A POLYNOMIAL OF DEGRLE M ¢DETERMINEDéBV ROUTINE) TO A SET OF
181 . 3¢ € N POINTS (XUI)Y(I)) I3lyeqe N & .
100, 4 C. WOTY TS THE WETGHT "ASSTGNED 1O POINT 1% Eie.'roa ‘ASSUMED LoNSTANT
101 - B :C ABSOLUTE ERROR, W(l) = 1s , ANp FOR ASSUMED. CONSTANT" PERCENTAGE
101 ks ERROR, "W(I) = fo/(YUI)eY (1)), _ :

101 7 C THE POLYNOMIAL IS GIVEW BY P(X) = CH) Y e c(mn-x-m

101, .- 8¢ C E(I) IS THE 95 PERCENT CONFIDENCE INTERVALIHALFWIDTH OF Cl(l)
101 “9e ¢ R(1sJ) IS THE COVARIANCE BETWEEN ¢ (1) ANDiC(J)y, MULTIPLIED BY THE
101 10 cC "SQUARE OF THE CRITICAL VaALUE Of THE STUDENT T sTatistic 3
100 . 1le - ¢ THE DEGREE 1S INCREASED UNTIL aLL IERMS S&@NlFchNT AT THE go

101 120 C  PERCENT LEVEL HAVE BEEN INCLUDED, § ¥
101 i3e ¢C_ THE POLYNOWMTAL TS DETERMINED UsING THE ME&' D OF ORTHOGONAL

101 14e C POLYNOMIALS.
101l 15 € AT EXJT FROM THE ROUTINE M WiLL BE THE DET RM]NED DEGREE OF THE
101 16s € 7 POLYNOMIAL AND 'STG WiLL CONTAIN THE RMS RESIDUAL OF THE FIT &
103 17¢ . DOUBLE PRECISION UyV4A,ByVY AYy  WAYYsSYN, THWORK,PI Pz.sumn,sunz.
103 j§Be 1 SUM3,sUM4 © ¥

104 J9¢ —  DIMENSTON x(t»,Y(n».w«x) C(x).g(xi 0(5).vtsi.A(s).e(s.sl.D(Sl.
104 20e - . 1 R(515),F90(25),795(25)

105 21 7 EQUIVALENCE (VYIBU145))sLT, 3(1 4)),(WAYY 8(1:3)).(SYN98&2.5)).
105 22 1 (WORK4B(2,47),(AYYsB(305)) ] —
106 23 - DATA T95/124706144303,3¢182+2.776 20571t20447.20365’20306o202620
106 24+ ] 2¢22892.201420179,24160,2,145 z.lal.z.lzq.zoxno,z.lol 2.093, 2.40¢
106  25e¢ 2, 2-080»2»074o2-06992005402a060/

1107 26% .~ - DATA F90/39¢846:8¢5345¢54,4,54,4¢06,30¢7893 svos.qs,auao 3.23 3.23,
110 - 27 - 1 3e418,3014,3 03013007.300503003 3.0]92099.&097.2 46,2, 95.209";209
1107 28 "2 2.927 R - R

112 29e _f.ﬁ .- DATA VI(1)/0+D0/ ;;lf}q:_-':j S B

117 31y 11t =1+ 1 .

120 - 32+ p0- 100 U = byQy. o

123 © 33« 100 Blled) ® QeDQ 0 e

125 34e T BUSeLY B Q.DO T T e o '
126 2356 2000  BUIsl) = 1aDO° ~ o oo T T :
130 36e. U B(595) m 1eDO LT i o T o
130 37% . S5UMI = 0.00 AT -
132 ‘380'"i”f*£i”SUM2j=_Q30D P ;;j;f

133 39 . .. - SUM3 = 04D0 R

134 - 40e . VY ® 0.D0

135 q1e 0 DO 300 .1 = IoN

140 - 42¢ o . T = W(L) : .

19T 43% . SUMT = SUMI * T ) -
192 44« - SUM2 = SUM2 + T'xtlt

143 45 "1 T = Tey(l)

1487 Tyes T SUMI A SUMATE T

145 ° 47e 300 VY ® VY + Teyv(1)

t47  48e¢ -~ - A(]) = SUM3/SUMI.

150 49 D(1) = SyM1 7

151 . 50e . Ul1) = SUM2/SUMI.
1152~ sle - B(2y1) = = U1y

psy  sze T e 50




154 53e VY 3 VY =~ AfQ)eA()%D())
155 S4e .. . pa L )
1156 55w ;}SODE+41'a S T T LS T
157 S5be .. L LIF (1 »GTe 5).GO0 TO 100 . . ..-" v o &
161 57 '11 | I e
162 58 SUMI = 0.00 |
163 59 . SUM2-m Q.DO- .
164 609 . SUM3 a 0.,DO
1165 61 SUMY = D.DO _
166 62 - DO 800 J = 1N
171 63 Pl % 1.Dg _
172 64e P2 = 0.DO
1173 659 WORK = X(J) o
174 bbe - 00 700 K & 1yt o - -
1177 670 -1 = (WoRk =UlK))Iep) = viklepa =
1200 68 o P2 = P} AN S
3201 6% 700 P1L = T
203 70¢ T a W(gleP1 2
{204 71e SUML = SUML ¢+ T*PleWORK
205 720 SUM2 & SUMZ + TeP2eWORK.
7206 T3¢ T TTSUMI T SUMY FTTERL .
j207 74+ 800  SUMY4 = SUMY4 + rvvta) i
{211 75¢ . D(I) = SUM3 B
212 76¢ uer) = SuMi/sSumd
213 77+ v(l) & SyM2/D¢(11l)
1214 78¢ ACL) = SUM4/5UMd )
g 79 WAYY & A(IV1%A(1) 8D(1) L
216 80e AYY = AYY + WAYY .
217 8l IF (1.EQs2) GO T0 1000 o
221 82e T BlIsl) = -U(ll)‘etll,l) - v(ll)‘B(l‘Z.l)
22 83+ Do 900 J. = 2,11 _
125 . B4e 900 BlIsJ) = BlllaJd=1) = u&lx)sa(xbe» - vtili-etl z.u)
1227 85+ 1000 JODF s N-1 ' e '
1230 86 'SYN ® DABS(VY = AYY)/lDF o S
1231 87 FP = WAYY/SYN , e
32 88e - IF (FP eGTe F90HDFH GO0 7o 500
1234 89 1100 MM = la| : . :
Ya 90 ESLALALLES e eedes et e enn e e e e
A6 T 9 AYY ® AYY w wAyY ST T e e e '
237 92e IDF & NeMM - '
1240 93  SYN B DABS(VY = Avv)/loF
1241 94 D0 1600 K & 1,MN
H244 95¢ T = 0400
245 96 - 7 DO 1500 .9 ® KyMM
250 97+ 7 1500 T =& T % ATITeB(J4K) ‘
1252 98e . 1600 C(K) =T '
1254 99 T ‘COEF = starvs(lDF)aoz
255 ioge ) 2060 K & 1oMM
60 101e 00 1900 J = KyMH
263 102 7 w000 ’
264 103s TTTp0 1800 L s J,HM . B
67 lo49 1800 T a T + BlLsK)eB{L, J)/D(Ll
271 . 105» " R(KyJ) = TeCQEF . = |
272 106e 19200 R{JsK) = R(K,J) .
{274 1070 2000 EU(K) = SQRTAR(KeK))
1276 logs S1G6 ® SQRT(SYN)
1090 RETURN B




300 1106 . END . - DU o

TTTTENG OF T EOMPICAT TONS T T T NG T BT AGNOS TIES g T T T T
I I R P o S
CONPTCATION TIWEY 1,526 SECq
170 REQUESTS} o . &6, pio
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g
‘ 4
f
: ¢
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IV—§

B. EXAMPLES

Four example calculations are given.

1. Data of U. Buck, K. A. Kohler, H. Pauly, Z. Phys. 244, 180 (1971).
IWGHT = 1 (assumed constant relative error), so the rms reéidual
S8 for the fit is an estimate of the coefficient of variation of
the data. The value § = 0.31% is compatible with known experimental
preciéion.

Examples 2-4 are based upon the synthetic data calculated from (IV-1)

.o
with I, S 82, 83, 54 » given by (IV-2), with ¢ = 8 cpe, r = 4 A,

1° »
a. = 0.421559. 1I.e.,

. |
A s, S, . O3 Sy (1£i£13)
E{ = :IT + = + - 2 E 3 4

. E, E ( i
A - T
and YL = YL (14 8) where &  is a normal distributed
random variable with mean 0 and variance (5'2 . In each case

IWGHT = 1, so the calculated value of § should approximate Lo}

2, Y=Y, i.e., 0 = 0 ., Calculated S = 0.0098%.

3. @ = 0.5%. Calculated S = .55%.
4. o = 0.25%. Calculated S = 0.18%.
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2o PHYSIK 244,180

(19711
v

[k,i;f', i
‘@  Lo

'QNO; r OBSERVATIONS

WEIGHY!NG SWITCH 000”3

" REDUCED MASS sss

B tJQ;T§??UZ

NO.

v

s e e

ETR‘

lNDEX

Y

0.0-000-0-ooa;o.aaOOO.uucaaa-ucaonoaéoeeegcoa.o‘coélnqva

ontth.Oct.ov.ogt;dOg

e 1ZUT00%01

e 112500+01

I BE AT
eZl6738+02

+850000+0!

© «+900p00+q! -
"+ 950000401

T H0082650T
efH61387-01

TL9B068B70TT
«970312+01)

e .234000*01 .93769%+DZW-"..Suunoo‘gl"' e 106 =0t ‘.x08225402
2 1. +207500%01 .. +737336+02 T, 5500004p) C T v i385 0v  Jioéddgenz-T
8 . »188000+0} - +605264402 . 4600000+l e 1652§2-01 ¢ 105750404
§ . 41705004040 0 «497827+02 0 7 ,650000+01 .2008&9 0l «lpY431+02
5 "+ 154500+01 T q408777+02 - +700p000+n] s24463¢-01 «1p23se+02-
b e 141300+01 43419114027 - ,750000+n1 - +292473=01 100676402
7 . 130500+01} - 02916424021 " 4800000+0) - - «342886=01 e 995062401
8

9

10 «104500+01 + 187009402 _ " +534734=01 0953562401

Y +968000+D0 T2 160965+02 +100000¢+02 «623189~01} «931700+01

12 . 910000400 = +141812+02 4 105000+02 +705140=01 «921375+01

13 +855000+00 r-125!88¢02‘7 - 2110000+02. é798801=01" « 908437401

. . B ! [ T Y
POLYNOMIAL OF DEGREE‘ 3 DETERMINED s

“RWS RESTDUAL oo .;-31262-02

TERM  COEFFICIENT | ERROR B
!Cuconodto00.00!.QGOOtobcttﬁtotbbtltqoc'qv...o,o.. 5
0 «11338+02 “15915+00
1 T =e5560T+072 . e 13017%02
2 252421403 - +34821+03
3 -.229004-04,w .25523404
_A,;Epg.nm - .xa7az+oz (ERROR- ‘-26364400 )

.EPS‘RM FRON Al" 00421559 oo "044553002 (ERROR‘&’

-,EPS'EPSORM -f

'662538*00 )

: -55653+03 .(ERROR " *_.14030003 )
‘;EPS FROM Al -0~42l559 “es t|2492¢oz . (ERROR # ‘29827‘01 ,
7”5 - ""“2"’2 ‘ERW k: f"?;’:v;:;.:.*-'6_42368‘0“:- o

= 5 AT RS ey i)
g _.L:.fréhfﬂl’ B SR DRV A R AR R




e

TEST DATA === EPS. & 84 === RM 8 45 wse NO ERROR ' _ B
e R PRI —
 NOo OF OBSERVATIONS oss 43 . . . v .0
C WELIGHTING SWITCH ees -~ © o cd o .
REDUCED MASS see ~300000+02 T
"NO. v . ETIR INDEX Y

. ooocccocoott-000ncotooﬂonteq.-vcaocacaO-'.oac.cowu"'G'*ht'touoioctututsooﬁtcno.

.800000+00” =

;’l

P *oqeoouo+0| '.83909ow01= 'A.|04g67+00 .641272§01
2 *900000+00 P 1215004027 7778 734%gi T «823045=-g1 - T WEe7ilTEOT
a3 »100000+0} : '-150000002- 2 725479+01) ebbb6647=01 0 687979+01
4 0 110000+01 " e181500+02 0678422401  e55098%=01 «705014+01
g «120000+01 ~e216000+02° «636708+01 T 46294301 .7190ﬂ9~qi
b «130000+01 . +253500+02 +5995844+01 «394437=01 "2730710+§
7 . 40000+01 0294000402 05664074+n1 - e340§36=01 .7404704@&
8 2 150000+01  ¢337500+02 «536433¢p1 -Q..296 ?6'01 o748699+§1
9 « 160000401 - © +384000+02 ° . ,509803+Q1 4'.2605 7=01 - «755685401
10 +170000+01 ¢433500+02 +485533401 - - «230&81=01 0761656401
11 «180000+01 "486000+02 T« 86399541 020578T~01 v 766790+01
12 + 190000401 «541500+02 S e 443412401 . eiBH6F2-01 771232401
13 220000040} +600000+02 e 425049+n1 .l666§7-o| 0775097+01
g o Lr? ’
. POLYNOMIAL OF DEGREE -4 DETERMINED B
.'f—RHS RESTIDUAL e 097_530¢UH 'v N - =
| TERM. COEFFICIENT _ERROR
.oochco-c.-anotuoc9¢o¢¢ctoioioitoua¢630-ﬂacongo'g
0 - 81434401 -.10341-01
[ « 255786+ UZ T «96037400
2 " 013067+03 . e29574+p2
3 =~e54394403 e346361+03
g _.llo7b+uq "o 15322+09%
AI'EPS'R" « 13490402 (ERROR=  417097.01 j

"EPSSRM FROW AT = 0s4ZI55% e+ +32000902 (ERROR +40556=01

EPSEEPSERM w 425600403 (ERROR = - ",96126601 )

EPSFROW AT, “0.921559 v "+80000¢0T  (ERROR $307107+00 1

079998*Oli-lERR0R '

'EPS - 016337001 !




TEST DATA === gPS = Be === RH @ 4u <ae SIGHA & 0,005

" NO, OF OBSERVATIONS eee !3 

£l

WEIGHTING SWITCH "eyo oy
REDUCED MASS oo T2 300000+02
No. v ETR xNoEx %% Y

anoooooooaoocouoooﬂu.oatt09«»&60@‘0000‘50-ano.oa.a@ba.oog;geiouaadc.v‘toOOgeecaoa

+800000+00

5
olﬂ“lybl*uo

1 A o?bOUOU'bOl 0826601¢Ql ¥ _“___v063!281§01 -
2 - 700000%00  vi215003027 T .780906%p1  +B23§45-01 +669065801-
3 +100000+01 ¢150000402 - ,721831+p1 - 1646ERT 01 s684331%01
4 ,110000+01 2181500402  .674s15+01 5509%4-01 e 700827401
5 L120000%01 V216000902 +528429+g1 7 cH62953=01 «7091 150l
6 413000040} +253500402 2598548401 +3944%7=-01 »729362401
7. 414000040} §294000402 4568245401 +340136-01 2743044201
8 ! w150000%01 0337500+027 .531429+p1 0296296=01 v 740894401
? 0 160000+01 0384000+02 a5 11698+01) - e260417=01 c758717+01
10 i +170000401 4433500402 487927401 +230681=01 0765726401
11 «180000+01 “486000+02 «H64704+01 s2057&T=0T 0 768967+01
12 «190000+01 +541500402 = «446258+0i .1846;2-01 0776641401
13 $200000+0) +600000+02 = 4426992+l 01666P7-Ol «778985+01
POLYNOMIAL OF DEGREE 3 ' DETERMINED ﬁ
RMS RESIDUAL v54587 =02 i
k : . , - B
 TERM COEFFICIENT ERROR | . -
u..c.qonnoqucbcacaonioq-ccodatataauuoaaeaa.aeegagg )
. ; §
P | g
Lo 84388401 423523400 :
i =+ 447185+072 e 15733+02 |
2 +44756403 029728+03 ﬁ
3 v-.20993+04 « 16483404 }
| l*EPsORM ®. 213979402 = (ERRORs  438967,00 ).. - . - '
EPS®RM FROM Al ™ 0s421559 see 33161402 (ERROR # «92434+00 )
EPSCEPS®RM = +44231403 (ERROR 2  o15748403 )
EPS FROM Al =De421559 ese - 613338402 (ERROR ® s4388040) )
EPS =  +15868402 ° (ERROR ® _e5195740) )
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P s PN S - -
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B e a2 T RN P




cc= RM ® 44 ube SIGMA & 040025 . -

" TEST DATA === EPS = 8,
'NOQ.OF,OBSERVATIONS eee 13 ;
WEIGHTING SWITCH o0 R N
REDUCED HASS ves «300U00+02
2
- 1 7
NO, v ETR INDEX W v o7

«000000‘000!Q00000 300ceooéagadotcoetQOQGQQ--.ongeai‘coﬂ:¢§¢¢00000000¢00'900¢.¢‘

H

400

§ - «800000+400. +960000+01 +8385364p1 + 1041 0640828*0
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3 +100000+01- + 150000402 0727100+g1 " .essswy =01 .689500+qi
4 «110000401 - m;8|500+02,' +680110+01 ¢5509¢H~01 0706871401
g «120000%01 +214000402 J836197+01 .qazv%g ol V71843601
"6 ) 4130000401 ©«253500+02 & - ,5983824gl +39447%=01 729147401
7% 140000401 ¢294000402  +566941+ql 4-340136-01 e741217+01
8 @ «150000%01  +337500+02 " eB35422+q1 $296298=01 | .737183%01
9 |  +160000+01 " 6384000+02 W511s18+01 026041701 « 758589401
10 «17000040) - 4433500402 . 485833401 . - 023068l=01 . 4762166401
[ « 180000+01 «486000+02 . e46U257+01 .2057alf01 «768163+01
b2 : ¢ 190000+01 +541500+02 Ce4432284+! el8h672%01 0770883401}
13 ; +200000+01 2600000402 242545641 4166687=01 e77631220¢
1 ( -
: POLYNOMIAL oF DEGREE 3 DETERMINED )
RMS RESIDUAL +oe -leqqo =02 - T
) : . B
TERM 'COEFFICIENT - ERROR 'é :
.0!00000Quqccccdltc‘O.0!ttp‘cncéccutuﬁtﬁotgg¢g,agg. g
M ‘ b
0 81921401 279429=p1 K
T = 2B IVI0T 5318 0T '
2 e18464+03 ./ 210056403
3 =e71384+0) 055802403
AL*EPSORM & ¢135741+02 (LRROR- Cs13158400 ) :
EPSORM rRoM Al @ 0.424559 she  032)192402. (ERROR B 031212400 )
EPS®EPS®RM = o28646¢03 (ERROR = 453236402 ) 1 ,
EPS FROM Al w0e4215589 a.o ¢88986‘01 (ERROR @' 345719404 )
EPS = -xo:on#oz «ennoa .. .37«59.0, )




V. XTREMA

This main program produces a fit of the experimental variable

3
Y= (N - 8)VN to the moedel

- Ao A A 243 + M373 0 4 Y 3)
l = £ —_ —_— -
l E ( ‘ E EZ E3 (v-u

where, after regression the following ansatz is made

2a,€Vm [ty e, =28 Imh g cy=€

(V-2)
which lead to
err, = TR o
o 2 (V-3)
e = L3

The details of the fitting procedure are described in V.A (FIT)

The description of the input and output is the same as in Section
Iv.



i

BT XTRENR 77777 ~ —
Op0 COMPILED BY FoRay S7E4 ON 16 SEP 71 Ay 19123125,
DRAGE USED] CODE(]) 0003173 patAlD) 000844 T - i
1e REAL INDEX (30) MU ' g
r A DIMENSTON Etso!.Y(JO).Wtao;.vtso).TlrLg<1a, =
e , DATA 41704421559/ ,
4 C READ N EXPER{MENT TITLE - L e o _ﬁ___*
T8 4088 READ (5,51 (TpTLE() 181, i) °F £
be S  FORMAT (18A4) ‘ P :
7 TWRITE (6,6) (TIYLE(!),I=|.|8) V
8¢ 5 FORMAT (1H1,10X,18a4/)
9 c READ tN NO. OfF DATA POINTS NOBy) WEIGHT SWITCH gWGHT ({IF 0 ABSQLUTE
10¢ C ERROR AND W(g1) .= 1. IF 1, RELATIVE ERROR ANDSW(T) E_I/V(l,'QZ’Q
TTTIIe TTE TTTTTAND REDUCER MASS Mue T i
12e C NOTE L,ee IF v IN UNITS OF kM/SEC AND MU (N PeEm24 GRAM, THEN ung
13# ° ¢ OF ENERGY w]LL BE I'E'lqAERGSo (NOTE THAT cowgﬁHAs UNITS OF ACTION
149 C 1, E~27 ERG=SEC) R
i5¢ READ (5,109 NOB.I\M;HT,MU T
16¢ 10 FORMAT (2154F10e4) : sl
IS A WRITE (6,20) NOBZTWGHT MU ' S ' i
18 20 FORMAT (1HO» 10Xy "Noe OF OBSERVATIONS 400%s110/1 1K, 'WEIGHTING SWITC
CAY TH ,oeqvy110/1)Xs"REDUCED MASS e0e? ELS048): i :
20° C READ "IN EXTREMA VELOCITIES AND EXTREMA !ND!CE%;
21 READ (5,30) (vil)yr=1,NoB) i
22¢ READ (5,30) (lNDEX(l),!a[,NOB)
239 T30 FORMAT (BF10.4)
24° WRTE (6,40) .
25% 40 FORMAT (////5%X4'NO,*, 8X,*y ISX.°ETRO 1lxl'tnoaxv 11X, Y%/6%,601
T 26" 1 1H*)y /) . ‘ A <&
. 27 00 500 I = 1,NOB ¢ -
28¢ E(1) = O SOMUQV(X)-V(X’ - i
29 Y(1) & (INDEX(1) = 0.375pey(1) ~ [
30+ Wir1) = 1o . ' x
31 IF (TWGHT (EQe 1) WlI) = 1. /7(Y(1)ev(l)). )
32 500 WRITE (6,50 ;.v«x,ostr).luoex(x).v(x) ’
33 50 FORMAT (3x.l s HE15,6)
34 SIG = FlT_mev.W NoB, AtERM ERAER,E2R,ERE2R, EPS, echS RMIERRM)
356 WR1TE (6,60) SIG
36 40 FORMAT (//10x,'RMS RES!DUAL OF FIT see?4E18,5/7)
37 - EPSRM = AlgRM/AL '
3ge EE = gRAER/A}
age WRITE (6,80) ALERM,ERAER,EPSRM,EE ' '
40¢ 80 FORMAT . (/10X,*A1%EPSeRM o E12e5,2X,'(FRRORE" ,£12,54°% )'/10X,¢EPSe
AT OIRM FROM AT m 00421559 a0 JE12e5,2X1° (ERROR 30 E12,5,' 1)
42 EPS2 = E2R/EPSRM - o ~
43e EE = pPS20SQRT( (ERE2R/E2R)®e2 & (FE/EPSRM)es2 )
qqe WRiTE (6,85) E2R,ERE2RIEPS2+EE .
45e 85 roRMAT(/lox.ogPSoEpS¢RM o' ,E12,5,2X4' (ERROR = ,El2, 5.' 1*/10X,'EPS
46 ! FROM Al 20421559 o0¢"'yE1205,2X,*(LOWER BOUND ON gRROR ®¢,E12¢5, _
Tgge T ey o — -
- 48°* WRITE (6,90) EPS,EREPS o
49* : 90 ~ FORMAY (/10X,*EPS a' E12,5,2X, " (ERROR wu'1Ej12¢5,? }4)
soe . WRITE (6,95) RM,ERRM
S51¢ 95 FORMAT (/710X,¢RM = ¥ E12,5,2X,*(ERROR a?yEj2+¢5,%)9% )
. 52e | GO To 100 ' _ o .
‘ .




- B 1 A '

"END OF COMPILATION; - NO DIAGNOSTIcS o -

COMPILATION TIME} 0,731 SEcCs
170 REQUESTST - - 51 4
1/0 WORDS TRANSFERgp! -~ 55238 '
' #
3
N
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e A e b &




A, FIT

This subprogram performs the mechanics of the fit of (V-1), given
data E(I), Y(I), W(I), for I = 1, ..., N , where W(I) is the weight
of the I-th data point. Initial estimates of e, and s

resp.) are iteratively refined by bilinear regression of the first-order

(80 and 5 ,

expansion

oY

] <, + (= )| Ces05)

Y. = &

L a/CZ. /Cz ])C; A3 /C;UCSO (V-4)
where 2 A ﬁ3
gi:_“_(A\.\_AL'CG 4 A3 £3 -'l—_L_i_;/%b)
2L, E E E* E

X _
@_\f_ - ALz < A, + 2 A3 L3 + 3A‘f/0‘3)
dL3 EZ = E E? (V-5)

The iteration is continued until the rms residual converges to 17.

Z = FIT(E, Y, W, N, AIERM, ERAEM, E2R, ERE2R, EPS, EREPS, RM, ERRM)
returns Z = S the rms residual and
2
ALERMS = ajer , E2R = ¢'r , EPS = ¢ , and
ERAEM, ERE2R, ERRM, the resp. 95% confidence interval halfwidths of

these quantities.



ST FIT -
4 000 COMPILED BY raRay S7Es ON

16 sEp 71 A7 19323327,

ORAGE USED: CODE(1) 000304} nATALO) 0001s7
e FUNCT]ION FIT LEsY W,N .AlERM.ERAER E?n,EnczR.rPS,rREPS.RM ERRM)
29 € - PERFORMS 'ITERATIVE FITTING OF EXTREMA VALUES o,
3* ¢ Ef1) « TRANSLATIONAL ENERGy OF POINT | e
ye C Y(1) = (N=D,375)9yv(]) === EXTREMA ORDINATE
-1 TDIMENSTON E(1) YTy oW(1),X (30, 2)4C(3),ERL4) AN : .
6* DATA A/=0+16564De1057:~0,0544, 0.0139/.c0NS/|;§565478l/ y
7. o NOTE « CONS o PI‘HCR055/2Q 3 5‘
ge EPS = S5
9 E2rR = 80,
109 SlgP w00 - N e B
i1 TKOUNT 50T *
12¢° 100  KOUNT = KOUNT + 1 2
13 IF (KOUNT ,Gt, 10) Go To 400 &
Tqe D0 200 I = 1,N E 1 '
159 Xtpel) = (AC]) < EPS *tA(2) + EPS o(A(S) *epsﬁgntu,/E(x))/ctny)/
e 16 . L E¢INZELD)
400 T X2y 2 E2R e(AT2Z] +EPS *(ZeeR(3) 7+ 3,0EPS 'AR“'/E‘l"’E‘l"/
18 L (slI)sE(T)) i
19¢ SIG = BILINR (XsYyWaN, c.gR RHO.JO) i
20° EPS = EPS + c(3) A i
2] CE2R = C(2), , S
22» DEL a SIG & SIGP
238 T T s 16P a SI1G - T ;
24 | IF (ABSI(DEL) .GTes 0e01°$1G) GO TO 100 ' ,
; 25*% 300 AlgRM = CONSec(!) :
i 26° ERAER = CONSsER(1)
5 27 E2rR = CONSsE2R
4 28+ " ERE2R = CONSeER(2) :
3 294 EREPS = ER(J) A P
30° RM = p2R/(EPSeEPS) i '
31 - ERRM. w RMeSQRT( 4..(5REPS/[PS)0-2 + (EREZRanR)-uz = 44*RHO®EREPS
3Z* 1¢ERE2R7(EPS®E2R) ) W ,
Jae Fly o« S16 ¢
e o REYURN - e tene s et _ N
38400 wRyTe (8,(gY T T
-4 10 FOrMAY t//lOn."o'oorAlLuR: ro cONVERGE lN 1o 17ER4?IONS°/)
37e .60 To 300 .
& | -38°¢ END
; END Or CoMPlLATloN' . NO DIAGNOSTI¢Se.
E COMPILATON TIME} 0,644 SECH
¢ 170 REQUESTsT I 50
3 1/0 WORDs TRANSFERED! 54973 .




B. BILINR

Performs a weighted bilinear regression of the model
A

Y, =<+ L2 Xy + L3 K2

L
7 = BILINR (X, Y, W, N, C, E, RHO, NDIM)

Input:

X(1,1) - Xil’ I—th'value of first variable

X(1,2) - Xi I-th value of second variable

2,
Y(I), W(I) - ordinate and weight of I-th data pt.

N - No. of data

NDIM~row dimensioen of X
Output:
cl) - cs s J-th parameter

E(J) - 95% confidence interval halfividth of c(J)

RHO - r23 correlation coefficient between e, and c3

Z'=S rms residual of fit, calculated from
N ' A 2
2 |
st = 7w (v T
!

N-3 2



S1G2 = 0.D0
SUMY = 0.D0.
..bo 200 1 = by . -
Tos Y(I) = -Ct1) = c(2) ox{g) = CULI)®X(14NDIM)
e S1G2 = S1G2 + W{l)eTey . . . - ) S
200 SUMY ‘a SUMY &+ W(IleT .
Cl1). e CULI) & SUMY/SUMW
IDF = N=3 : .
. S1e2_ = Sl1G2/10F
T T BILUTNR = DSART(SIG2)
T = T9S5(IDFleplLINR
E(2) = TeDSQRY(AL})
‘E(3) = TeDSQRT(A22)
E(1) = TeDSQRT!( (1.D0 * (A1JeSUMXJeSUMX] ¢+ 2.DN®A219SUMX]eSUMX2 «
] A22aSUMX2eSyMR2)/S5UMN) /7SUMW ) :
RHo = AZl/DSopT(A!l‘AZZ)

RETURN
e e e —— END .....
%' END OF CpMPILAT1ON} NO DJ]AGNOSTIcS,
g . " COMPILAT|ON TIME: 14094 SEgCe
» 170 REQUESTS? 58 e
; [/o,wonos TRANSFERED? 58883
e




EXAMPLES

The. four examples are the same as described in IV-B.

Note that § = (,.31%
S = 0.12x10™° % (true 0%)

S = 0.66% (true 0.5%)

0.21% (true 0.25%)

(2
]



DATAOF UL BUCK; KeA, KOHLER, AND We PAULY + Z. PHYSIK 244 180 (19711

T NOe OF OBSERVATIONS v

_ - y y o T T oo
WEIGHTING SWITCH oo . |
REDUCED MASS o445 . - 9342499402
NO. ' v _ETR . : INDEX : .
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VI. QFIT

This main program directs a weighted nonlinear regression of the
model

&(»U-) =Y, U'I/S +Y2_v\’1[n+ H_!IS‘] Amn qﬁ

E (VI-1)

where

-
- e

Y.
Cl)__ _ 3T 4 \/3 + \L/_"l__ (A\_‘,AZ. 5 A3Y5 .g.A'( S’)WI N

4 v vE E ET g3
and after regression the ansatz YS = €  and (I-8) is made, leading
" ¢, = % (v /8.083)° "%
Y}n = \11 / AFNQ;L
a, = Y, 'Yi; / }(

(}D =Y ?-/2_ /‘h (WYI//Z)
E; = ‘)?;
(VI-3)

The regression is automatically repeated with initial values for
Yl-'YF being the values obtained from the first regression, and a new
adjustable parameter n being added to the model:

Qe = ¥ T Yt LS gy,

(VI-4)
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After regression the ansatz

3 C ¢ ., (VI-5)

8:083 (VI—6)

The required input is of the following-form:
CARD 1: Title information (18A4)

CARD 2: N, MU, EPS, RM, Al, GO, C6, IWGHT (I5,5F10.4,E15.6,15)

CARD 3 (or more): V(I), I 1, ..., N (8F10.4)

CARD 4 (or more): Q(I), I

1, ..., N (8F10.4)
where
N - Number of velocities at which cross sections are given
MU - 4 , reduced mass of the system
EPS, RM, Al, GO, C6 - initial estimates for ¢ , L al s go s CG
IWGHT - if O data are assumed to have constant absolute error; if 1,
constant relative error
V(1) - the I-th velocity observation

Q(I) - the I-th cross section observation.

If the scale of the Q's is not Known, Cg» Cg and g will be found

finally to contain the same factor, but no other parameters will be

affected.
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Output of the program includes the values of yl s eee) Yé

with error intervals (denoted parameters 1-6), and the correlation

matrix of the errors of Yl 9 eceey 'Y6



L-QFLT-— - :
DOC COMPILED BY FOR-V STE6 ON 14 SEP 71 AT 09:22:29. o

'AGE USED.—CODE!I) 0002720-

DATA(D’ 0073"0»~BLANK—COMMON(Z)«OUDSZO o e

S 1e c A CONSISTENT SET. OF UNITS FOR YHIS PROGRAM IS .@y oo :
2 1 E=24 - GM-FORMASSI—1~ €~1w~€RG%*FOR-ENERG%r ANCST-ROMS—FOP—LENGTH—
3 3 c AND KM/SEC FOR vsLocxrv. 3 R B
qd ue _REAL MU ' e
4 - 5e-— DOUDLE PRECISTON R(36)onPAPwERvF(200)wF°(200)g:UP061rBLOu(6) e
4 6o DIMENSION X(IZUU)oGKZOD)oH(ZOU)oPAR(S)oER(G) g, . %
2 . T “ COMMON V{(2001»E (200} ' :
§ ——8e- --DA7A SLOHIG*O“DC/vBUPf1108rf76215191127ﬂﬂ1t1ﬂﬂ Do T
3 ‘9 EXTERNAL XSECTsDXSECT iz g
: 10= 100 READ (5010) fQ(I)eI= 1.13) . o o ‘
2 - 11+ {10 ~-—FORMAT (1EAH4T - = R L § i s
g 12+ 4 WRITE (6+20) (Q(I),Ic 1.18) :
o 13e 320 FORMAT (1H1¢10Xe18A4) ‘ ' .
1 —tue——————READ-{-5v¢30)" NvHUvEPSwRHvAerOvCGvIRG — e
@ 15+ C - IF IWGHT = Os ASSUMED CONSTANT ERROR. IF. IWGHT= 1e¢ ASSUMED
§ 16+ C CONSTANT RELATIVE ERROR.
17 %-~"C " FOR A-LENNARD-JONES 12~ S'PO1ENYIAt_AI*’ a.u2155§- 80-=-0:18€299 -———
4 18s C . CRUDE INITIAL ESTIMATES FOR EPS AND RM MIGHT BE(S. AND 4.9 RESP.
4 19s 30 FORMAT (IS+5F10.4+E15.6415) : '
g 2C* - szvemtsrss,wanuvepsvanriivsovcsviﬂe"' ‘%v -
§ 21+ - 35 FORMAT (1HO+10Xe*NO OF DATA POINTS®»I8/11X»*REBUCED MASS® s E1S5. €7
1 22+ 1 11Xe*INITIAL EPS*¢E15.6/11Xe "INITIAL RMY4E15. g¢11x.'INITIAL Al
§~—~23a~”~r~-~z E1S. 6/11Xo'INITItt“GO'oEtﬁ.ﬁfIiXT‘TNiTIit 6641515*6111X1*HEIGH7%N
I 24 3G SWITCH'+187) : . : i
' 25+ CALL TRIAL (PARsCEsA1+GO+EPSsRMI
26% “READ S+ 40— tVt I I=1 Ny
27 _ READ (5+40) (Q(I)sI=1¢N)
28« 80  FORMAT (8F10.4) : . _ ,
—- 29 @k mee—e =0 200 T = LN : s : - e e
Joa,iy COWEI) = 1. - o
31e . IF CIMGHT JEG. 1) W(I) = 1./(elllcqt111
32¢——200——EC )= 05 eMUs VLT HeY-EE) -
. 33e NRITE (6460 R
| 34+ - 60 _FORMAT (//°0 FIT WITH 5 PARAMETERS (NO €8)*//) ,
; 4—35o;~w~~~fw»CALL GASS59 (1vXSECTvDXSEcToN'Hvav51PARtBUP98LOHv1.D ~3+1eD~391.0~ s
' 36+ . - Lo 200RIEReFeF2eX) . '
37 " CALL FINAL (59PARERR)
384 —————WRITE—(E+ 01—
39« 70_. FORMAY (//°0  FIT NITH 6 PARAMETERS (WITH CB8)*//)
40 ©. CALL GASS59 (1oXSECToDXSECToNvHoG-SvPARoBUP-BLOHvI D-3s1eD-301.0-6
§ - 41e-——19p 10 eReER 2 FoF 2:9: X} :
42 ' - CALL FINAL (6¢PAR¢ER +R)
43 GO 70 100
Y48

} eno oF conPILArIou: '

= END—

"COMPILATION TIMES

- I/0 WORDS TRANSFERED:

ﬂlno:'oihsnosrxcs.’

B PIL 0.664 SEC.
i T /- 0-REQUESTS 5%
55129
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A, TRIAL

This subprogram converts initial estimates for € , roos al > 8
and C6 into initial estimates for Yy s oeee 0 Y (denoted by

PAR(l) ... PAR(6).)

CALL TRIAL (PAR, C6, Al, GO, EPS, RM)
Tnput:

C6 - long-range q6
Al - a; (I-5¢) e | : -

GO - g, (I-5a)

EPS - ¢
RM - ¢
m
Output:
PAR(1) = v, (I-8)
PAR(2) = Y2 (1-8)
PAR(6) = Y6 (VI-8)




-TRIAL e _
a00 COHDILED BY FoR- v s 7E8 N 1q sep 71 AT oa‘zz ns. -

AGE usco' CODE(l) 0001023 DATA(D! D0DOO35 -g“»‘ S e
1 SUBROUTINE TRIAL ‘(PAR, CG-AIvGO wEPSeRM) - . .
—2 % OOUBLE—-PRECISTON--PAR—-— — i
3s ‘DIMENSION PAR(1) . o r
Tooge "~ DATA HCROSS/1. 0545919/ PI/3.1~159265/ ”
: 'St%{mr~*~”PARtl) 2 B8.083%(C6/HCROSS)*#sDs0—— - -
B PARP(2Z) = (z.aPIanntsso 'SGRI(Z.OPI‘RH:HCROSS_ PS) c
Te. PAR(3) = EPS. o : : o ,
8w : PAR:«#-:*n"wnntcpsrncnuss" 7
9e C PAR(US) = EPSePARI(Y4) o
10s PAR(Y) = A119AR(~1 i
1le T § "PAR(E) =708 R R S S g
12¢ 5 RETURN. ",
END QF~COHPILATION!. . “NO . DIAGNOSTICSe =~
”-,COHPILATION TIME: ~ O, 395 ssc; T
--I20 REQUESTS: ... :
11/0 weaes—%nan&Feqeer————sze
‘.
L
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B. FINAL

This subprogram takes the final values of

their errors, and outputs values and errors for

a6, €T, B, and C8 .
_ CALL FINAL (NP, PAR, ERR, R)

where:

NP - no. of parameters of fit (5 or 6)

PAR(I) - Y, 1T <we

ERR(I). - 95% confidence interval halfwidth for PAR(I)

R(I,J) - correlation coefficient rij between PAR(IL) and PAR(Jj,

stored as an NPXNP matrix.



ino COMPIL‘D BY FOR<V svss on 14 SEP 71 AT 09 zz 9. f A

QAGE US'-'D~ CODE(I) 0005403 DATA(O) 000177-.-_"_1»_.

1o.“1,:;fg’cuanou11~s FINAL INPYPARJERRR) ;
24 DOUBLE--PRECISION-P-AR+ERR »REII— :
3¢ . - DIMENSION PAR(U11+ERR(1) = :
T  DATAHCROSS/1. 05u5919/99113 14159255/ _
e B i NN T NP e L s e s - e i
“ s .. EPS = PAR(3) | o i
Te _ EREPS = ERR(3) SRR F
8 SRS - P e VAQ(Q’*EPSIPkaS)" . e s B
9" - ERAL =.A1eSQRT((ERRU4I/PARI4))ee2 + (EPR(})/PARIB’)'*" + (ERR(S5)/
10s 1 PAR(S’)t*Z + 2.%R{343¢NNI*ERRI3)sERRIY)I/ (PARGIICPARIY)) -2,

ﬁ“li*““““““““z R(?’Q‘NN)OERR(3J‘ERR(S)/(PAR(S)*P&R(S)?—-2¢¢B Q*qtNNPQERREQlﬂ"*—ﬂ
12% -3 ERR(S)/(PAR(Q"PAR(SD) ) g

13 . RM = SsﬁAR(S)OHCROSS/(PAR!S)tPAP(3)) , s é
rew—" ERRY*‘ RMSORT 45w tERR I/ PAR3II+ a2~ ¢ LERRLE)7PARIS) Yo 2~ =050
159} 1 RUI+UsNN)PERR(3)LERRIS) /IPARI3I2PAR(S)) ) : )

15e €6 = HCROSS*(PAR[1)/8.083)s%2.5 -~ " | |

178 ERC6-Z~2s 5*CETERR (117 PARILY- o e e

GO = 8.¢PAR(2)*PARI(3 )+ 23, Sl(HCROSStHCROSS*(Z.tgitPARlS))0*1 50 %
 ERGO = GO*SQRT((ERR(ZI/PAR(2) Y #22+412,25¢ (ERRI3Y/PAR(3) 1422 #Z.25%
1*1ERQfﬁ)/pgntst):c2-v~7~t&+2+2*~~1ffaﬂizr*eR@ﬁi%v(paaiﬂ»vPAR(J)r~
2 —3.*R(Z*QaNN)tERR(ZlQCRR(SII(PARIZ!tPAR(S)l -10. StR!S*QtNN) ERRE3
L 3 'EPR(S)/(PAR(3)¢PAR(5)) r- , _ _— .
~~~~~ 238t WRITE ¢6910) " o o ' “o

24« 10 FORMAT (IIIIOX"TERMNBX"VALUE'oBXo'SS P‘-'RCENT HALFHIDTH'/SXo i
.25+ . 1 50(1H*)/)

964 ——————— —WRITE—t6+20}C6vERCEVED tERGGrE’-Sv-EREPSTﬂ’I'vER*&rRHv—ERRH— -
27 20 " FORMAT (10Xe* C6 *912E15.6/10%Xe* GO °*¢2E15.6/710Xe°® EPS*e2E15.6/10X

28+ 1 * Al %¢2E15.6710Xe* RM "+2E15.6) , tE :
ve 29 @i ATERM 2~ 0'e 25%HCROSS o PAR (8} e e e
© 30« " ERAER = 0.25¢HCROSS*ERR(Y4) - S ' .
31s . .  WRITE 159301 A1ERMIERAER. . S e
‘-32'~—~38——-—F0RHA¥—118X14Al*EPS‘RM'in%: EvELSv 6 ————t— :
33e E2P = 0.25sHCROSS*PAR(S) j_' o E R , o
3&xttr.;ﬁ, "ERE2R = D.25¢HCROSS*LRRESY = . N I .
C35e = WRTTE CGe30Y CTRICREDR v o v o i e e s T i
36 35 . FORMAT (/8X.*AMeEPSes2%E12.69E15.6% - .
378 7 IF (NP oLT. 61 RETURN' S o '
——3Bet QVAETA”‘MT‘S*PAR(871PLI,
.39 ; f,}fﬁERBETA = 1.5¢ERR(GI/PT
40 . WRITE (6»40) BETA-ERBETA
"~41*‘~—QD—”~“FORMAT~(IlOXv'BEIA'vZEIS;S}
42+ €8 = CB*BETA ~ S e : ; ‘
 §3s ERCB cstsaRTt«ERcslcs)caz s (ERBETA/BETA)#s2 42.sRI145sNN)*ERCE
—wuQa--m-~r~veaaf4*;%cs=ss1a:;' : R LIEY RASIC Y S A S
L. . WRITE (6950) C8+ERCS o
" .FORMAT (/710Xe* C8 '.2215.5: o R ,
R RN 7= #m o o e e

END
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C. XSECT/DXSECT

Subprogram which calculates Q(v) given Yys oo s Y6 by means

of (I-6) (XSECT), or BQ(V)/BYi » 1 <1i < 6 (DXSECT).

1. CALL XSECT (PAR, F, NOB, NP)
Input:
PAR(I) - v; L1<I<NP
NOB - No. of velocities v
NP - No. 6f parameters Y, {= 5 or 6)
Output:
F(I) - Q(v) for I=th velocity
2. CALL DXSECT (PAR, F, NOB, NP)
Input: |
PAR(I), NOB, NP - as above
Output:

F(I,J) - (NOB X NP matrix)'aQ(V)/an for I-th velocity



I XSG T - : e — -
oco. COMPILED BY FOR-V- s7£s ON 14 SEP 71 A1 09:228564
RAGE USED:. 0005«1)'ooou20. oavntu: 000110. BLANKWCOHMON(2!~000620--~~»-~~mwu~w¢~§
1+ suenouvxnz XSECT (PAR.F.NOB-NPI , ‘ e - S
g2« ——C— SUBROUTINE-HHICH - cALcuLaTssmcaﬂss—SEC%ions—eIveu—v*tafs : -
2 3 C OF THE FOLLOWIMG PARAMETERS ces - )
4s . €  PAR(1) = 8.083s(C65/HCROSS)I**0.8 . L
58 G PARIZ ) :~z.'PI-RM'eo~scRI(2.-PI~RncHCROSSIEPSi“? s S
6+ C PAR(3) = EPS 5o :
74 € ' PAR(4) = 4.=ALSEPS*RM/HCROSS . g
***mﬂ#~"*€“—-**PAR(5)~:%ﬂ.'EP’tEP'tRMVHCROSS~“** S
q 9« C . PAR(E). = 2+2FI*C8/1CE23,) ‘ ‘ &
10¢ ... .~ DOUBLE PRECISION PAReFeAeHLsPIT5¢PHI¢2Z &
241 e DIMENSTON PARUIDoFUL) A CUD — - - LT e
12e . COMMON V(200)sE(200) = S
13  DATA A/-0.1655D0+0.1057D6s~C.5440-1+0. 1390-1/ #
—1 4o DAT-A-H1Y/ 3% 26TDUIvPI?Sf2735&19#&3ﬁ8f———“——m—~~-
18 - DO 100 I = Y.NOB :
4 16 . ,“ 'Z = PARI3IZE(TD) ' . ' ' ‘
%”““17'““%f¢ PHI = =PI75-¢" (PAR(Q)—*”PARCSltftirr"+2t1ﬁ12}~*2t(ﬁ(3) #Z*ACQlirr1~
o 18e 0 1 ECINIZVAD) L
M 19+ 100 F(I) -»PAR(1|/vcxraoo.n + PAR(Z)ODSGRT(V(I))t(IJDD 4H1tZ)#DSINlPHI
T2 0T —1 ) —+—PARLE) — : —~— —% . - — -
1 21« RETURN ? ' R _ o A -
@ 22« ENTRY DXSECT (PAR-F-NOB:NP) ’ B » ;
] 23« —C T ENTRY" POINTfNHICH‘REYURNS*H&TRIX‘ﬁF'DERIVATIVE-ﬁf MODEL—WI TH——
i 24+ C . RESPECT T0 PARAMETERS » Fo - !
d  25% . .., DO 500 I = 1sNOB .- :
gf+fzsi~f##————~rtI1-~1—n07V(r11vo~ﬁ 3
4 27e . Z = PAR(3I/ELIY. ‘ ‘ : ‘
4 28+ _;'., SUM = (A1) + Z+(A(2) Zo(A|3) . ZsA(u)))l/E€T)
q 29T PHI-==PI75" +“1PAR!¢1~#*Pth§f*SUﬂ1i#fIi
i 30s . " - U SPHI = DSIN(PHI)
i 31e 0 CPHI = DCOS(PHI)
“*‘32t~—*—*—~“fﬂOOTV‘f“SGRT(ViI
33 :5?f,ﬁ~'tznn = 1.D0 + H1sZ - o B -
34e" : PROD = ROOTVtTERM U S , N

e FAT4NOBY = PROD&SPHI = - - e e S
L F!I42'NOB)-‘~PAR(Z)ORUOTVt(TERH:CPHIOPAR(S)‘lAlZl * 20(2.‘A(3) *
Y1 3.0ZeA(83YI/CECTIAVIIND ¢ H1SSPHINZECI) ~ -
~PROD-=—PROD 6PARE 2} e CPHT—— —
. F(IL+3sNOB) = PROD/ZVII) . .. ... - SR
i UTF NP oE@e 60 FAL#5sNOBY = 1.80°7 %
‘}sne—m—rcz4nonoaa~? PRODoSUM/V%{},:"“ S E—
- CRETURN -~ c
‘END -

= .fm*::f:;mumfxﬁ%%%z«m”.w&%m@ i

:Nb-of COMPILATION‘ ”'?fjAﬁﬁokaiAGNOSIiCS§il

N Y e O

; j_jconprLarxon TIMES R 0.978 SEC.
~ -jI/o REQUESTS:. . - - - - - 59

o—uoaosm%a*NSFeneQL————sassq4" '
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D. GASS59/MAXLIK

This subprogram performs general nonlinear regression of NOB obser-

vations Y(I), with weights W(I), to the model

? = % (e\)‘“) 971)

This program is a reworked version of a program of the same name of the

Univ. Wis. Computing Center.

1. CALL GASS59(I0, YMU, DYMU, NOB, W, Y, NP, TH, BUP, BLOW, EPS1, EPS2,

EPS3, MAXIT, D, E, F, R, DELZ)

INPUT: IO ~ I/O parameter. If O, no printing is done. If 1, only last
iteration is printed. If 2, all printing is performed.
CALL YMU (TH, F, NOB, NP) -~ stores §(I) in F(I) 1 < I < NOB
CALL DYMU (TH, DELZ, NOB, NP) - Stores BQ(I)/BGj in DELZ(I,J)
1<I<NOB, 1<J<NP.
NOB - No. of observations
Y(I) - I-th observed value
NP - n, No. of parameters 61 s S en
TH(J) - J-th parameter value Gj . Initially should be set to an
estimate of ej . |
BUP (J), BLOW(J) - Bounds set upon the allowable values of TH(J):
BLOW(J) < TH(J) < BUP(J).
EPS1 - Stopping criterion for relative change in thie .sum of squared
residuals (SSR) per iteration.
EPS2 - Stopping criterion for relative change in each parameter per

jiteration.
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EPSS - Stopping criterion for relative change in SSR from initial
SSR.
MAXIT - Maximum allowed number of iterations (e.g. 20)
F,R - work vectors of size NOB
DELZ - work space of size NOB X NP
OUTPUT: TH(I) - determined value of 6i
D(I,J) - (NP X NP matrix) determined value of correlation betﬁeen
_Qi and Gj

E(I) - determined 957 confidence interval halfwidth for Gi

2. CALL MAXLIK (I0, YMU, DYMU, NOB, W, Y, NP, TH, D, E, F, R, DELZ)
The iterative fitting of the 6 vector is done between entry points

GASS59 and MAXLIK; from entry point MAXLIK onwards, the statistics of

fhe fit are deterﬁined. A call to MAXLIK calculates the statistics for

the given 0 vector, but does not determine the 6 vector by means of

a fit.



GASS59 .. - | S e ; e e
0o yOMPILED BY FOR v S7[6 ON 1u SEP 71 AT 09 23 02 ‘ SR L ‘

AGE USEDS CODE(I) 003321: DATA(O). 002626; - . .uhmgm;;.;. 'nliw~-~}~--v~i

. . . g* , : o
‘1 . .. SURROUTINE GASSSS {I0 9YMUoDYHUvNOB oHvYGNPvTHoBU!’oBLOHvEPSIOEPSZQ i
28—} EPSIMAXITy Dy ErFeRe-DELZ) - — T —3
3 - IMPLICIT DOUBLE PRECISION tA-Hs0-2) R = Z
e . REAL YW , , ’ L ]
i Ge eetee——— REAL STUDNT cee e IR :
6« .- - DIMENSION Y(l)oH(l)vTH(l)oBUP(l)oBLOH(IioD(l)'EleoG(ZG)oAIQDD'v
Te. 1 PU201+PHT(2001+TBL201sHTSE20)sFC1sRILV4DELZETY

—rga QAT A~ FLAM/ 190 =2/3 FNU713017

-9 . NPSG = NPNP £

10e GA = FLAM ' ok
* 11w oo IF (10 4EG. 00 GO TO 5O i

T12e WRITE (6e1) NOBNP : o ; :

12 1 FORMAT (%1 ENTRY TO GASSSS'//IOX"FIT To'.Ie.3x.3oastnvurlons'/10x
—14e- :w——i"THERE"APE'118|3Xv'PARAMETERS‘iN”THE“HOOEt'vv 5

158 | "WRITE (6¢2} -

16 2 FORMAT (I/SXw'INITIAL PAR AMETER VALUES'IIISXp'LQHER aounu'.sx.'PARﬁ
T & e L AME TER- VAL UE® 95 Xy ' UPPER—BOUN D7 SX-vT-G-1He3-79 : : -5
©18% WRITE (5+2001) (IoBLOH(I)oTH(I)-BUP(ID-I 1oNP) 5
198 50 ITER = 1
—20+——7 550~ =0+ D0——

21 .. CALL YMU(THvF-NOBvNPB
S22 : DO 100 I = 1+NOS : : , : S
—=23%. o T RAI) YT =T e . e a— e e

24s 100 - S3Q = SSQ ¢ N(I)OR(I)tR(I) N : £

25 KOUNT = 1 ' i
—=26* ———§SOINT--=-5SQ- - : — :

27+ - SSGEY = SS@ - I . }

28» " IF (10 .NE. 0) WRITE (6,3} SS@° '

~ 2983 —-~~FORMAT t//5x.'warxAt“sunwﬂFmscunﬁts~102ﬂTtay-~--—~“——-*~-m~mw_ww-

30+ IF (SSG «LTe 1D-50) RETURN - .

31+ 150 CONTINUE ‘ -
32y LF“‘TO""GE"“Zf"VRiTE“TﬁT#T—TTEk*ﬁﬁﬁﬁT :

.33+ & FORMAT (///5Xe®AT ITERATION'vIS-IOX-'CUHULAIIVE NOe. FUNCTION CALLS

34 1 MADE'-IIO) o , _ :

B 13 Bl c F GAousenrtssa/ssaaqr/rnv N ' —
. 35 : $SSQB4 = SS54 C ' o : -

37+ o INTCNT = O ' .

38+ . LALt-DNMU(THrﬂEtivNﬂﬁrNPv ——

393« . NI = - NOB S

40¢ DO 650 I = 1¢NP . ,:,~ Ll e S :

—- 4] & o= N 2 oNT 4 -NOB - e _ _ — —_

42 II = (I-1)sNP Lo :

43 ' IJ = I - NP -

——4 4. — NJ—~~—_NOB '

45 » D0 550 v = 11"

46 .. NJ = NJ & NOB N e

yre - - 1J = IJ ‘4 NP . Tl e i s e e e e i o ot e e e

43s S JI = IT e 9 ' - ' :

49 » . SUMD = 0.D0 . - \

———50 8- ior— 0-~50 O—K-~5—1-+NO-B _—
51+ S00° SUMD = SUMD + DELZ(NI+KIODELZ(NJOKS‘H(K)
52« .. . DUJI) = SUMD.




{——53 ¢——550-—D(TU)- = ~-SUMD——--

54 e QeI = o.oo ,
§  55s Do sou K = 14NOB ;
56 ¢ - 600 ——Q(I) = @«1) + H(KI'DELZ(NI+K10R(Kr i — .
I 57s : O IX -'11 + I A s
. 58% . IF (DUII) WLT. 1.D- 500 DIII) = 1.D-50 2
——5 3¢ §50—E{ FF—=—DSART-AD T — ~
. 60 700 ° NI = - NP '
B1le . DO 710 I = 1eNP
JRp— 82 “._.._._._..,.._'_..ww._.__ NI’ :NI -4 NP
63 IJ = I - NP
G4’ WIS(I) = 0.DO0:
65¢ DO 710 -=—1vE -
66+ 1J = IJ + NP . 5
67 JI = NI + J o ¥
A 68 s - TEMP 2 D CTIJ Y s -
. 6%+ A{IJ) = TEMP .
70 710 ALJI) = TEMP -
71 '-“"-CALL"SYH0R~1A1NP1NPro“ 23
72+ NI = -NP '
AL " DO 730 I = 1NP
- £ X ~M~N1~:~N174WNP e
S 75 DO 730 J = 1eNP :
76 JI = NI » J . i
777130 HTS(d)”‘"HTS(JT“‘“O%BS1ﬂEthdTrTrP‘Ii
78 . MASTER = 1

73« 760 DPROD" 1.00

@) o e N NP

TR e

81s DO 770 I = 1sNP f
82 NI = NI + NP S g
83— —FFHT ST BT+ HTSHMASTERII—MASTE R—-=—F
84ys. ° DPROD = DPROD*D(NI4I)*+(1./NP) .
85+ IJ = I - NP
- B # - DO-TTD - = 1s1 —
87+ o .- IJd = IJ & NP
8ge JI = NI + U o
-—389 -——"*—A(}J+~~*D(Idbll =E€J3=
? 90s 770 AWJT) = A(IJ) .
91+ -~ IF (DPROD .LT. 1.0-50) DPROD = 1. 0-50;.
92 o WTSMS T2 WTSEMASTER P v oo et e
93¢ . .- DO 7801 = 1sNP :
9y - TT = (I-1J1sNP ¢ I |
QG PEIV—=--QCT) S ECT—
36 PHIAI) = PCI). . . S S
97+ ... IF (DABS(WTS(I)) «LTe. 1D~50) WTSLI) :»1.0—50 o

- se:—»-"~—-w15¢1)~'~utsns1fuvscx._
99s 780 AUIIY = ALII) .+ GASWTS(I)sDPROD/DAII) .
100+ - CALL MATIN C(AsNP+Pe1eDETsPIVRAT) -
:—*}OL‘JH~ ﬂ;.’-TF—FFIVRﬂ?~vL‘r—%fg‘i84"€0—40—9 R

108+  © SuM3 sun; ¢ PHIC(IYePHItT)

162+ = STEP = 1.00 . e
103+ - . .. SuM1 = 0.00 B :
104 v ‘ . f‘“ SUHZ = 0.D0 - . RIS ...‘...._T . G . T SV SO RO
105¢ SuM3 =.g.00 S S
4 106 D0 790 I = 1sNP
—107-#- e S UML—Z—PLT S PHI T -4—-SUNL
108% . . SUMZ = SUMZ + P(I)eP(I)




113% - 790 - -PHICI) = PUI) - - = eeeebs " - » —

111» TEMP = SUM1/DSORTISUM2eSUM3)
4 112« IF (DABS(TEMP) «G3T+ 1.D0) TEMP = 1.00
: 113+ -~ - TEMP = 57.29578D0+DACOSCTIEMPY  ~mmmror -oommoes
114 IF (IO -LT. 2) GO TO 800 ' _
4 115« = WRITE (6e6} DETvPIVRA?vTEHP ‘
| "“1 16 ""—‘*G-“-*—FO RMAT~ (7 9%y *OETERMINANTSvD 2051 OvSXv*RATIO- ‘OF“‘?';‘VOY’S“TDZO“‘W"‘—“"‘
4 117 138X "ANGLE IN SCALED COORDINATES®»F10.5} .

118+ 800 DO 810 I = 1eNP , o i?
119+-—~ 810 - -~ P(I) ='PHI(Il'SYEP/E(11'*“"—“'j"'M“"*““~‘"'”"'-f

i

120 -~ ISW = 0 i
121« . DO 820 I = 1sNP e
d-—122s—————TB1I) = THLI) + PLI) - _ Fis
§ 123+ 820 IF (TBtI) .GT. BUP(I) .OR. TB(I) .LT.'BLcucI)»
§ 124+ IF (I0 «L7. 2) GO 710 830
- 125 —-- WRITE (6+7) - T s o s B "
.126¢« 7 FORMAT (/3X¢°"TEST POINT PARAMETER VALUES®) hi
127» WRITE (6+2G11) (TBtI} eI=1sNP) &
— 1282830 IFC-ISH-SEG+ 711G~ TO— 860
2129 | SUME = 0.DO
130« "CALL YMUUTB+FsNOBINP)
— 131% " — KOUNT = KOUNT 41 - R e
132 . DO 840 I = 1+NOB : o : g
133+ R(I) = Y(I) - FU(I)
134~ 840 SUMB =T SUMB ¥~ w111tRfI)'R(Il
135+ IF (I0 «GTs 1) WRITE (6+8) SUMB S
135+ .8 FORMAT [/3X+°TEST POINT SUM:OF SQUARES®eD20.10)
137" ~$ssc~—-1r {SUMB oLEw (13D0 4 EPSTI8SSQI~60 10 890~ - -—— = o mo——
138+ 1860 IF (TEMP .GT. 34D1 <ANDe GA oGTe 1.0-50) GO TO 880
133+  BT70 STEP = 0.S5DO0*STEP o :
——140% INTCNT =—INTCNT—%—1 _ ‘ ~ -
141 ~ IF (INTCNT .GE. 3G) GO Y0 980 , S .
142+ G0 T0 800 - n 3
—-143%~ —~880 - GA = GASFNU-- -~ : = -
144 INTCNT = INTCNT + 1 . ;
145 IF (INTCNT .GE. 36) GO TO 980 - o
145 —G0—T0—760 : : : —
147+ 890 DO 900 I = 1NP 3
.148» 900 TH(I) = TB(I) :
G e GGG T GUMB T ¢ e e o e
150 = IF (I0 .GEe 2) WRITE (6¢10) GA L
151 10 FORMAT (/9%Xe'AT THE END OF .THE REGRESSION: GAMMA IS°*D20.10?
152+ — 1F~(EP52-LE~—0 D8 —60-—F0—-328
153+ DO 910 I = 1sNP ‘ -
154+ . IF tDABS(PII)) .sr. DABS{TH{(IV*EPS2)) GO TO 920
155 #9810 — CONTINUE - R 4 — :
156+ WRITE (6¢11) EPS2 . _ : -
157+ 11 FORMAT (/*OITERATION srops eeoe RELATIVE CHANGE IN EACH PARAMETER I
— 158 &—————15—-LESS—T-HAN*vD20+18) ‘ : :
153 60 T0 999 - '
160+« . 920 IF (DABS(SUMB -SSQBY4) .GT. EPS1sS5Q8B4) GO T0 930
~~161¢ - WRITE (6912 EPS1 -~ - —— e =
162« . 12~ FORMAT (/% ITERATION STOPS <ees RELATIVE CHANGE IN SUM OF SQUARES I
163+ - 1S LESS THAN':DZO 10} S
— 164 6010993
X #DIAGNOSTIC® THE TEST ron EGUALITY BETWLEN NON~INTEGERS MAY NOT BE MEANINGFUL.
1650 930 IF (STEP .NE. 1.00) GO 10 970




4—1654 DG - 950 LOUB- T~ 195
167+ DO 935 T = 1wNP !
E 168+« TB(I) = THI(I) + PCI) - S ‘
4 — 169+~ - -~ - -IF CtIB(I} .67, BUP(I) sORs—TIB(E) LT+ BLOWEINHI—60-TFO—3T70 ——— — -
170+ -~ 935  CONTINUE : - W L
E 171+ .~ SUME = 0.DO o
4 —-172¢ uALtmvnucte'oEsznoevNP»
4 173 - KOUNT = KOUNT + 1 5
: 174« ' DO 940 I = 1sNCB . o S
175+----940 - SUMB =~ SUMB + H(I)t(Y(I#~'~DELZCI))'¢c Fip— e 7
176 IF (11.D0 + EPS1)*SUMB .GE. S$SSG) .60 TO 870 ! : o
177 DO 945 I = 1eNP . S e ¥
=178 +——94 55— TH{I}-=—TFBLT)
179+ . - DO 950 I = 1+NOB
180+ RUI) = Y(I) - DELZ(I) 2
—- 181#~—950 ~—F(I) = DELZCFI— .
182+« IF (I0 .LT.;2) GO T0 960 A
i83» WRITE (6071 W
184+ WRITE— {57201 1+ —FOCEI—vT=1rNP—
185+ WRITE (6s83 SUMB :
186+« 960 © SSQ = SUMB _ *
—187 #-——9TD ——CONTINUE - - = - o oom oo oo S e
] 188+ ITER = ITER ¢ 1 a L
189+ IF (SSQ oLEj« EPS3*SSQINT) GO TO 991 = £
— 190+ -~——~IF—117=R-»paxqﬂ4~1sn.153.992 : g,
191+ : 980 WRITE (6+13)
192+ } 13 FORMAT (///°0ss#2SUM OF seuaqss CANNOT BE REDUCED T0 SuM OF SQUARE
—-193 st -=--1S AT-LAST-ITERATION-TERMINATION- oecuns'/, —
194s GO TO 999 : : -
195+« 990 WRITE(G+14) DETsFIVRAT
—1-96¢—14——~FORMAT({/ *GRATIO- OF“PIVO?S"TS"*Gﬂ*SﬂtttJf4-BETERHINth~415X1ﬂ2ﬂ11ﬂ
197+ 15Xy *RATIO OF PIVOTS®»D20.10) ,
© 198+ . GO YO0 939 _ .f :
- 199¢---991 ~— WRITE (6v15) EPS3—-———~— : = e
200+ 15 FORMAT (/*OITERATION STOPS eeo 'CHANGE IN sun gF sauanzs (RELATIVE
201 170 INITIAL VALUE) IS LESS THAN®eD20.10}
- 202 ¢ —-—=—G0 ‘10 999 — —— :
203e 992 WRITE (6¢16) MAXIT
204s . 18 FORMAT (/'---oa-ITERAtlon TERHINATES-~ No. OF ITERATIONS Excccos'
205¢ - —- - - - -1110¢} - - — S o st i o e et e s o+ St 1 4 rrwtoene — e
206 ¢ 2001 FORMAT (19.3020.10) o . .
207¢ 2011 FORMAT (5X+6D20.10) . _—
m208¢~m~2012~—FORM&T(IIIU:SDEOwIDJi&ﬂXw% u113*s
209+ - GO 70 999
210+ ENTRY MAXLIK (IOoYHU-DYMUtNOB'ﬂ'YoNPoTHoDoEoFoRoDELZ)
211% - e NPSQ =- NP &NP-—— -
212+ 999 SUMW = 0.DO
213 CALL YHU(THonNOBoNP)
{ - 2146 e § S Q- T 000 5o
21%e¢ ~ IF (10 .07, 1) WRITE (6+1011)
2160 ‘D0 1000 [ = 1eNOD o : o : :
217 - - SUMW- = SUMW ¢ WD) L T I e T T
218 REI) = Y(I) - FLI) , - ~ ' S
219 IF t(I0 .LE. 1) GO TO 100C
-~220 8 —TEMP--=—D5ART-CMET 1) o RAT)
221 © WRITE €6¢1019) ToY(I)oF (I) sRITIDsTEMP

222+ 1000 SSG = SSQ + W(IISR(IIeR(I)

I . -
i R B R R AR R L i gt
A ST E ” papE -




223 % . 1011»—FORMAT

(1H1v5Xe] '&o o 98Xe-*0BSER VED'—":?‘X-O LFINAL--MODEL—VALYES o 3 Xp - e

224+ "1°RESIDUAL *s8Xs*WEIGHTED" RESIDUAL'ISX-IUO!th!/!
225 1019 FORMAT (I9,4020.10) -
226¢ - - —CALL DYMU(IHvDELZvNOB-NF!~~~~—-~~~-~~“~n~~»~~~~~w~~«-
227 NI = -NOB . ‘ -
228+ . DO 1900 I = 1NP
—229¢ NI NTF-+-NOB—
230 ¢ II = (I-1)sNP SR e ,
231 . NJ = - NOB _ g - g
- 232 ._-.....'_.__...._-,_4____._‘1\] :'71;'--'NP“"';—~_'" R - ‘ﬁr’;% - - —n e
233 D0 1900 J = 1.1 i N
234s . NJ = NJ + NOB gg )
—235 T Id=TY NP g% 7
. 236+ JI = II + J =
1 237+ SUMD = 0.DO L : %y
§ —238e¢—---- - DO 1800 K = 1eNOB™ " - = - -
4 239« 1800 SUMD = SUMD +- U(K)tDELZ(NI*K)tDELZ(NJ#K) © A %
24D * ALIJ) = SUMD LB
241+ 1900 —A (YT =—SUMD v
4 242+ 2000 IDF = NOB - NP . '
1 243s - IF (I0 eNEe 0) WRITE( 601015)
;~%~2uu¢-*¢1o1s‘~r0RvAT {*OCORRELATION -MATRIX*/}—
T 245s DO 2100 I = 1,NPSQ _;--
246 2100 D(I) = ALI)
247+ ‘ uALL*MATINm(DvNPvAvaDE%rF%W%#
2u8 s DO 2200 I = 1sNP _
249« II = (I-1)eNP 4 I - : ;
~—250% o =~ IF (D(III wLTe "15D= 50’“B1Iif“‘“t“0=5u &
251+ 2200 E(I) = DSQRTI(DIII?) o _ 5
252 NI = - NP ! - %
253 ——00—2400—F-=—1¥NP '
254 NI = NI + NP , ; : :
255+ IJ = I - NP : y -
" 2568 T oopQ 2300 Y =IO ' R
257+ JI = NI + J j
258 - IJ = IJ + NP ’
——259% DIJIr—‘~ﬂ(JI)1ff+i:: -
' . 260% 2300 D(IJ! = D(JI) '
261 2400 IF (JI0 oNEe. O) WRITE (6,2007) Io(DlNI*JIoJ'l-I)
262+~ "2007 ~"FORMAT "(5X+ *RON*vI5+9F125 srez3x;9r12"s)1-—~t-~"~ —
.263s - . IF (I0 «NE. 0) WRITE (6+31) DET,PIVRAT
264s 31 FORMAT (/'ODETERMINANT'oDZU.lOolDXo'RAYIO OF PIVOTS®+D20e10)
=2 G eI F—-IOFEQs 01*GO’TO“SOGG—————~—-+*—-
266 SDEV = SSG/IDF ‘
267 TFACTR = STUDNT(IDF)
--—-268 ¢—— - IF (10 .NE. 09-- WRTTE—(6-51014)—SSQvSDEV v EDF
269+ . 1018 FORMAT (///5Xs*SUM OF SG. RESIDUALS®eD20.1075Xs "MEAN so. RESIDUALS
270+ " 1°+02C. 10-5x.'tF0R'-Ia.3x.'ocsR£Es OF ‘FREEDOM) *) ~
271+ SDEV—=—DSORI4SDEV)-
2712 - IF tI0 +NE. O) WRITE cs.zooer SDEVs» TFACTR +SUMW
273 zooe FORMAT (5X¢ *STANDARD. ERROR OF ESTIMATE®+D20s 10v10Xo'CRITIChL STUDE
2788 - INT-T VALUE*sF10.3/5X9*SUM - OF -NETOGHTS *+D20410) - -~ -~
275 - IF (I0 <NE. O) WRITE (6+2009)
276+ 2009 FORMAT (/7/5Xs*NO.®s7Xs *PARAME TER VALUE'.qx-'STANDARo cnnon°-7x.

-—“€770~--~f~%‘€ONFIﬂr"BhND*H&tF*H

278+

219o,3

— TR

fnfun FY-a') 2408 548

vy IJAY?U‘.I.”""

DO 2500 I = 1sNP .
TEHP = E(I)'SDEV




‘*-—~283--~~~~“—~£«I)~-—rEnP-TFacrn — e — e
281+, 2500 IF (10 NE. O) WRITE (6+2001) ToTHUT 1o TEMPSET) ‘
282+ 3000 IF (10 .E9. 0 <OR. PIVRAT «LT. 1.0-12) RETURN

2838 - o DG 3100 T = LgNPer e _ e e
284+ ' II = (I-11sNP + IA o o % . e
285+ 3100 G(I) = A(II) Is '

——2854—————— CALL—SYHAR - A v NP NP+PvDELZH

28T+ NI = - NP - =
288+ . -~ DO 3200 I = liNP E
-~ 2898 —-———-= NI I~ NI-4 NP- -
290 - AINI « IV = Q(I)
291 IJ = I - NP
—292 4D 0--3200-J—=—LvF -
233+ IJ = IJ + NP 3
294+ 3200 A(IJ) = AINI+JY _ ;
~--296 #p———— YRI TE~6v2003} = . B -
296+ : 2003 FORMAT (//9Xs*EIGENVALUES OF MOMENT MATRIX-FINAL ANALYSIS®/}
| 297+ : © WRITE (652011) (P(I}sIZ1NP) :
| —298+— RETURN :
299+ END
§ -—END--OF-COMPILATION:- 1-DIAGNOSTICSe— -
— COMPLLATEON —TIMEY— 45829 SE€w i
. I/0 REGUESTS: .| 124 ‘
i I/0 WORDS TRANSFERED: = 94557 ‘
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E. SYMOR

This program is a reworked version of a Univ. of Wis. Computing
Center routine of the same name which computes the eigenvalues and eigen-

vectors of a N X N . symmetric matrix A by means of the Q-R method.

CALL SYMQR (A, N, NDIM, EIG., VEC)

INPUT: A - matrix of which eigenset is to be found. (Only the lower
triangle of A is used)
N - size of A
NDIM - dimensiomed size of A
QUTPUT: EIG(I) - I-th.largest eigenvalue of A

VEC(J,I) - (NDIM X N matrix) - J-th component of eigenvector I



'SVMQR

A\GE USED

,_13':

0 CONPILED BY FoR-v S7t6 ON Q8 S&P 71 AT

i0j43142,

: CODE(I’ 0015618 DATAHJ) 001052

‘ SUBROUT!NL svmon (AoN, NDIM.EJG VECL. L ;
2  C. . USES THE QR ALGORITHM ON SYMMETRIC MATRlx A To 0BTRIN EIGENVALUES
3 C NOTE THAT ONLY LOWER TRIANGLE OF a..ls USED (AND pEstnoyEo)
40,“Vcww_*.exe - VECTOR .0} EIGENVALUES IN.DESCENDING-ORDER (f o oo o
5¢ . C ° " VEC = MATRIX OF EIGENVECYORS. InN ORDER OF, EIGENV@LUES
6 € . IND =~ ERROR RETURN INDICATIR C
e IC IF. 0. NURMAL, ). SUM._OF_ EIGENV.ALUES: NOIWJRACE ...... SR
Be ¢ IF 2 SUM OF SQUARED E[Ge NOT EQUAL To NORM e
"9e¢ . C°  IF 3 BOTH OF ERRORS : o S i3
108 ... IMPLICIT DOUBLE PRECISION. (A=H 0@Z) oo : S S
Clie DIMENSION A(1),GAMMALSO), BEYA(SO).BEYASQ(SD)oElq~lyawtq9)oVLC!l) 4y
12 Lo P(49).Qt%?)qlPOSV(SD).lVPOStSD’.lORD(50) i 3
~13e ““MEQUIVALLNCE-quosxttnﬁaAMMAt444444x£054¢L4aEt4+441,440nn44)4321*sov_
140 '_Hn).tP(n.aETMlH.mH).BENHH‘ - .
- 15¢% - 1 . IND =D
S 16 ... _IF (N +EQe 0). go -10.. Ssﬂ — e
E 17 NJ'N"I. : _
1 18¢ N2 a N = 2 . [_r' - - o i
19 ___ . _ENORM.= QeDO. : S S S SV — e
.20 .TRACE = Qge.DO o o ' 4
218 .~ NJ = = NDIM | T e
22% ... . DO 110 J B fuN. .. - - - e e -
‘23e - "NJ = NJ + NDIM |
24 JJ = NJ & J Y ;
250, DO 1001 JyN— 0 2
26} TJ = NJ ¢ _ ¥
~27¢ 100 ENORM = ENORM . A(lJ)onZ' R : o
288 . TRACE = TRACE +-A(Jd) . S st
! 29¢ 110 ENORM = ENORM a o.soo.A(JJ)'-z . &
.30-_-_ ©.. . ENORM = ENORM + ENORM :
S GAMMAG L) Ay
©32¢ . IF_IN2) 2804270,120
33e° nzo _NRN & =NDIM - .
3qe‘ <D0 - 260 NR = l’NZ o e e e
3se NRN-'= NRN + ND M
360 ©. .1SUB = NRN ¢+ NR ¢ |
37— B L ALISUB ) -
g 5 a 0,00 .. -
39 D0 130 1 = NR,N2 '
. 40% .. 130 ...5.-3 S ¢+ AINRN. ¢ .} ¢ 2)002. —
4pe . " ACISUB ) = DeDp
42 "“1F (S oLEe 0eDp) GO TO 250
uqsq__“iyo 5. m_S_e.BeB__. :
44 - - SGN = 14D0° e :
4se - .. LF (B +GEe 0OeDp) GO To J60 -
46¢. 180 T .S5GN ® @14 DO . e e e e
479 160 . SQRTS = DSQRT(S) ‘
48 e . D = 0,5DO*SGN/SQRTS
—49.e _TEMP—=_DSQRIA0,500-4_—ped)
50¢: _WINR) s TEMP-
51e CACISUB ) -'IEMP

528 L.

D8 DITEMP-—




53e B ' =SGNeSQRTS R ' . ;
S5y DO 170 | = NR4N2 o - . : ,
55e¢ .. TEMP = DeA(NRN ¢+ |+ z, S : '.z;j,__.w..__;m__‘.-w.._-w_-._~--
56¢ W(l+1) = TEMP o o S > ' .
4 57 170 A(NRN + ]+ 2) = TEMP LT & , .
A 5B . WTAW. =..04D0 ..— - — e e _ A s
1 59 DO 220 | = NR,N| o L B
60 SUM = QeDO , o - &, _
18 . .. DO 180 J ® NRyl . ... —een : : -
b2¢ IJ = JSNDIM + [+ | . , - _
4 63 180 SUM = SUM + Al1Jlowlyy
- [ L I T B e B -
&5¢ IF (N] oLTe 11) GO TO 2!0
! YL 190 DO 200 J = [l,N) &
4 . 67% . . I1J = JeNDIM ¢ 4 & .. e S S S
.68¢ 200 SUM = SUM ¢ AlfJlew(J)
A 690 210 P(I1) = SUM -
F—700—-220-—GTAW-8 WTAW. +-SUMSN.(]) — e = - —
'y .71 DO 230 1 = NRyN| , o * : &b
72¢ 230 QUI) = P{I) =WTAWeW(]) . g oo A
730 DO 240 J 3 NRyNi . ...Z-_.-»~.-.._<.~-.._<-..‘_-.-A.. e emFaguge s e g me e L
740 QU = a(J) : %
75 W = W) i S o
A--T60 DO 240 1 _JyN}— S ,
; 77 i 1J = JoNDIM ¢ 1+ |- . ’
780 240 AlIJ) = ALlJ) = 2-00-1wt|)-04 . WJ!Q(!’) ¥
79¢ 250  BETA(NR) = 8§ _ R T T r .
80¢ "BETASQ(NR) = Bae . . : i
q 61 260° - GAMMA(NR+l) = A({]S5UB Noxn» L i
4 820-—270—1J = N2*NDIM-4-N — s a -
83e B s A(lJ) : . ' -
84s BETA (N=}) = B o .
85® - ... .~ . BETASW{(N=l) o geB- — - SO ' : R e = -
8se , GAMMA(N) = A(LJy + NDIM) S A -
4§ B7e 280 BETASQ(N) = 0,pp o A ' |
Y. .88 e DO 300 ) m. 14N i : i : ‘ —
B9 ©1J m ] = NDIM ' . , 1 : :
908 DO 290 J = N . e
QL ld m 1Y ¢ NDIM - - - e : e e e
920 290 VEC(IJ) = 0400 ‘ : ' : _ ‘
93¢ 1J = (l=])eNDIM ¢ |
940300 —-VEC(-1J) 31400
S 95a M o N
940 SUM = 0.D0
97 e NPAS- 2 ) e
98 GO TO 400
99 310 SUM = SUM + SHIFT
100e .. —COSA—=--1.,D0 ..
101°° G = GAMMA(1) = SHIFT -
102¢ PP = ¢ o , o o ‘ ‘
1032 . ...~ .. PPBS ® PPoPP ¢ BETASQ {4 )-inn — : e e e e o
104 ‘ PPBR = DSQRT(PPBS) ' . | | ' '
105¢ - NJ = = NDIM '
406 D0-370-J-m |4
107¢ ‘ " NJ = NJ ¢+ NDIM
108 - COSAP = COSA
-olAGNosrtC- THL—TESf*FOR EQUALIT¥~BETWE£N~NON~1NYEGERS Nkr-Not—&eﬂMEAN4NGru&r-mn




1oge

110
Iile
. 112
‘X113

115
llee
11720 .
llee
119 330
1208
121

1229

{ 1190320 SINA.=_BETA(J)/PRBR .

e NT @ g NPAS . ... ..

SR

1F (PPBS oNEe QgeDO) GO TO 320
SINA = 0,DO . -
SINA2 = De0DO e,
COSA = 1,00 -

. GO 10 350

v v e Sd mameiemm - P S b o h e Abem g cee ey etk e

SINA2 = BETASQ(J)/PPBS
COSA o PP/PPBR
GTe N) NT &= p
®= lsNT

IF (NT
Do 34p |

—_— o = NJ e+ L. —

TEMP = COSA DVEC(IJ) + SINA’VEctlJ . Nosn)
¢ cosAOVEc(lJOj

VECtIJ + NDIM) = -SlNA'VEC(lJ)

123¢ ...340.. . VEC(1J) = TEMP. . -
124¢ 350  DIA = GAMMA(J*;! = SHIFT
125 U a SINA2 (G 4 DIA)
4260 GAMMA(J). B Gl
1279 6 = DIA - U ! ,
] 128¢ PP.= DIA®COSA « SINA-cosuPtazrgcJ)
129e - L 1F (J oNEe M) GO -TO-360-- I -~
130 ' BETA(J) 3 SINAspP
131¢ BETASQ(J) = SINAZ2SPPepP 5
132¢.o . .GO- TO 380  — . g
133e 360 PPBS = PPePP » BETASQ(J¢I) :
134¢ " PPBR = DSQRT(PPasS) 2
135 ... - BETA(J) = SINAePPBR - -~ — - o 4 - S —
136 370  BETASQ(J) = élNAZ'PPBs :
-3 137e 380 GAMMA(M*}) = G :
‘4 138e NPAS = NPAS..#+_j} .
139 IF (BETASQIM) o,GTe LoD = 21) GO TO 410 3
1400 390 EIG(Mel) s GAMMA(Me]l) ¢ SUM :
14919 400 - BETA(M). .= 04D0_ . —
d 1420 BETASQ(M) = Oepo
| 143 Ma M= | A
g4 JF(M-eEQe- oamgo_qo“ : ' - i
| 145 IF (BETASQ(M) LLE, 1.0 - 21) Go 10 390‘ !
1460 430 A2 & GAMMA(M®*|) : ’
1470 R2 & QebpPUEA2 .
4 1480 R1 & QeBDUSGAMMA (M)
149 Ri2 = Rl + R2
4 1500 DIF =R} .= R2 ..
4 151 ’ TEMP = DSQRT(D{FeDIF « BETASQ(MD)
4 152¢ , R1 = RL2 + TEMP
§ 153 ... ...R2 8 R12 = TEMP. e el
“ 154¢ DIF ® DABS(A2 = RI) = DABS(Az - gz,
4 155 IF {DIF «LTe 0oDD) GO TO uzo - N
1560 SHIFT_= R2.._. -
1579 GO TO 3l0
158 . 420 SHIFT = R\ i
l 159 GO TO 310 .. e ) . e e e
1609 430 EIG(1) = GAMMA||) + SUM
{ 161 DO 4490 J = 14N
1620 1POSVAJI_m
163¢ S IVPOS(J) =
1640 440 IORD(Y) = J

;650,*m_;“_w“

-M. = N




1166 . 6o 10 470
167 450 DU 460 J & | 4M

3 le8e . IF (EIG(J) GE, E!G(Jol)l GOMTO Mso SR
1 169 - TEMP = EJG(J) P '
170 : E1GLY) = Elalds))
1710~ o EIGHJe) = TEMP- -
1729 - ITEMP = JORDUJ) -
1730 . 10RDtY) = 1ORD({J*)) AR } : A
174 . . JORDIJ+)) = ITEMP L e ek e
17568 . 440 - CONTINUE ' ' e T
176¢ 470 Ma M -
1770 _§F (M «NEs D) GO-TO-450
j78¢ . IF (N] +gEWQe 0O) 6O 10 500
179 NL & = NpIM ° . L _
180 . . DO 490 L = JoN| = - R
jaie : NL = NL + NDIM o
4 182 NV = JORDIL)
41830 NP ® LPOSV(NV). -
1899 IF (NP +EQe L) GO TO 490
1854 LV = (vPOSHL) L
1860 ——.. ... JVPOS(NP) B LV
187 IPOSV(LV) = NP L
4 188° NNP = (NP= L1)¢NDIM
41890 — . . ...DO- 480 -} .=} N
190 -} 1L = NL « |
191 . INP = NNP ¢ 1 .
192¢ - - - - TEMP ® VECCEL) --momonaiion
193 VEC(IL) = VEC(INP)

4 1940 480 VEC(INP) = TEMp -
] 19592 —490-——CONTINUE -
196¢ 500 ESUM = 0,D0

197 - : £SSQ = 0.00
198# — . -..———DO 550 -NRR-.m .|, N
199 © K ® N

§ 200 510 Ks=K=-1 . ¥
1 2010 IF- (K- 4LE s 0). GO-T.O—BHO-
{ 202¢  SUM ® 0400 -

203e. DO 520 I = x N . - - o :
204%. . . 1L = (NRR .= L)eNDIM.#_] s} e _—
205¢ iy = (K-xl-NDIM + 1 R ‘ o
| 206 . 520 SUM = SUM + VEC(IL)®A(IJ) R o ,
207 e SUN- B SUM-—+__SUMN : : R S S— » - ;
208¢ _ DO 530 1 = KN ' - o o
209 1L = (NRR. = 1)aNDIM + | + | y :
2109~ = 1J = (K=JIONDIM -# | .} e rnem - e
211 530 VEC(IL ) = VEC(IL) - SUMeA(] ) . : '
212 GO TO 510 :

§ 213¢. .. 540 — ESUM- e _ESUM..e. g;a(NRR,-m“w“,
2140 550 ESSQ = ESSQ ¢ EJG(NRR)ee®2

215¢ ' TEMP » DABS(128,DU*TRACE) : o
*DIAGNOSTIC®. THE TEST FOR EQUALITY.BETWEEN-. NON=INTEGERS. MAy. NOT..BE . MEANJNGFUL ¢-—
2160 CIF ((DABS(TRACE = ESUM) + TEHP) - TEMP +NEs 0,p0) 'ND o IND ¢ |} .
g 217+ : TEMP o 256+D0sgNORM .
1 20 1AGNOSTICE THE-TEST- FOR-EQUALLTY— BETWEENMNgN~}&;EGERS*HA%-NQ‘~BE~N£AN&N5£U§f———
] 258 S . 1F ((DABS(ENORM = ESSQ) ¢ TEMP) = TEMP +NEs O,p0O) ND s XND ¢ 2
219¢ IF. (IND oNEw 0) WRITE (6,86) IND

| 2200 84— FORMAT(100s. PRoEABLewERROR—4N~S¥MQR¢§~1N0LCATOR-~145J— .




2 z l“"‘ A 5 6 d c R t’. T‘\G’R N"“ A e A et S e e e T mme e
222¢ ; END . 7
END OF coMPILATION: | jfbjAG~osrl¢s;f”7Tfff““wfﬁff[“A“w”““"”“” f
~"mM"W"E'c:?{?’u.At10N thE; 3.376 SEC. :
~1/0. REQUESTs: . . c 92 e
. [ l/o'WORDS~JRANSFERED&~“~—79675 jl s .
{symer . , , o S ;
0]8A‘09/08-10193 , A:JTZ‘&}j e .
. | \
-
g B
3 .
e i : . o
: i ‘bfi i K ) k N , 7 »
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F. MATIN

Program which solves the set of equations AX = B , and inverts A ,

by means of Gaussian elimination with no pivoting.

CALL MATIN (A, N, B, NB, DET, PIVRAT)
where:
A - N X N matrix of equations (replaced by A_l),
N - size of A
B -~ N X NB matrix of right-hand side of equations (replaced by solu-
tion matrix X)
NB - no. of different right-hand sides (if 0, B is ignored by routine)
DET - returned determinant of A
PIVRAT - set to ratio of minimum to maximum pivots (-logloPIVRAT

is approx. no. of decimal figures lost in the computations).



T MATIN o o o '
chﬂlLC 0 MF_ILLD_,B.L F_OJL_\L,S 6D L,_Oﬂ_(LB__.U.G_LD_AI__J B 3 4136,

o1e0y. 1 ,)UBROUTINE MATIN (AN BoNBoDETvPIVRbY’

foins 2» - IMPLICII DOUBLE PRECISION tA-~Hs0Q-2Z)
a1ey 3e ~ _DIMENSION A(1)sBU]) D
105 ' o AL = DABS(AC1 M)

010E 5.* AUz AL

40107 & : DET = 1.D0
4C110 7+ NK = - N
0111 ;K DO 1000 K = 1N

11y 9 e TONK = NK s N
%0115 - 10+ KK = NK + K
LRI I o PINOY = A(KKL

#0117 12+ PIVRAT = 'DABS(PIVOT) :
0120 13+ © IF (AL .GT. PIVRAT) AL = PIVRAT

0122 14ye : JF (AU .1 T, PIVRAT) AU = PIVRAT i
10124 45 ~©  DET = DETspIvOT _ N 5 ?
§0125 16> " . IF (FIVRAT .LT. 1.D-500 PIVOT = 1.0-50 S
§012? 179 ALKK) == 1..D0 ' . i
‘o130 1§ . PIVOT. = l.DD/PIVOT ¥
o131 13» : KI = K =iN -
0132 . 2fs 00 100 T 2 14N
0135 2F . KI = KI 4. N
D13 22 100 ° A(KI) = A(KI) #PIVOT !
; 23 : . 1F_(NB E@. 0) GO YO 300 £
] v 24 KI = K = N A ' :
40143 290 . DO 200 I = §wNB =
A01usg 2R —KI_ = KI 4 N i
folu7  zf» 200 B(KI) = BIKI) *+PIVOT ¥
#0151 - 28+ 300 0O 1000 J = 1en '
10154 29: ' IF _(J .FQ. K) GO YO 100D.
0156 . 30+ 0 JK = NK ¢ g
§:0157 3. ’ T = ALJK)
0160 128 - AGIKY = 0.00
#1G1 €1 - 33 JdI T J - N
§'01E2  3us KI = K = N’
$i0163 354 _no.uno I = 1oN
{C01€6 36 JI = JI + N
[0G167 374 KI = KI ¢ N '
10170 38 4nn AC.AY) = A(JI} A(BIIQT
430172 33+ o IF (NB +EQ. u) ‘GO Te 1ooo
1017y 40» ‘ . JI = J - N -
10115 uls KT = K - N ;
0176 42+ .7 D0O.500 I = 1NB
10201 43 o Jd1 = JdT e N
gz202 4l KI = KI ¢ N R
10203 4Se¢ - 500  ALJIY = BUJI) - eth)or
mnens UEe . 10DO0 CONTINUE
uoz:o.mwwuwa,”_qﬁ *,N-vanntm-wALJAuﬂm,q,w — S
nu? 4ae RETURN -
OGN~ 43 END

END OF COMPILATIONZ NO  DIAGNOSTICS.
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G. STUDNT

This function returns the value of the student-t statistic for IDF

degrees of freedom at the 95% level. (Equal-Tails).

T = STUDNT (IDF)



U U N L TS

I STIONT
1 000 COMPILED BY FOR-V STE6 ON 08 SEP 71 AT 10¢ u3: 59,

i RAGE usso’ CODE{1) 000070; DATA(D) 00OOS2

N
t

o)

i 1.;', f FUNCTION STUDNT (IDF) - ' o
1 T2 TTTET T RETURNS 95 PERCENT STUDENT-T VALUE ron "foF DEG. OF. rnscoon .

3e ! . DIMENSION T(29) '
4* . DATA T/12.706+4+30343.182+24 17s¢z 571.z.uu1.2.3ss.z.3osoz.zsz.z 22
5¢ T 71892420102017912.16002.14502.13192¢120020110¢2410102.093+2.08692.08
6 . 2002.07492.069+2.06442. osn.z.nss.z.osz.z.oua.zgpnsr :
T7e -~ . IF (IDF +LT. 603 GO 70 100 . " &
- L STUDNY =71.960 ¢ z.u/IoF AR IRE
. 9+ 50 RETURN - o :
i10s 100 IF (IDF LLT. 30) 60.Y0 200 - .~ L
11 STUDNT = 1.858 4 2.52/I0F I .
12+ | Go 10 sg ' ' '
13+ 3 200 IF (IDF +LE. O 80 70 300’
1ye STUDNT = T(IDF)Y
15 G0 10 50
~ 16% 300 STUDNT = 1.E+30 I
17 60 T0 50 T
i 18s.. END Lo
FENDOF; COMP TUATIONS " NO  DIAGNUSTICS:
§ T COMPILATION TIME: 0.282 SEC. . . ; T T
TI70 REQUESTS: . . 86 - . :
I/0_WNORDS TRANSFERED- . 56746 - ' “
fo
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H. EXAMPLES

*
The example is 48 cross sections Q(v) for 1 < E < 40 generated
by means of XSECT (see Sect. II) from a L-J (12,6) potential with
)
€ = 13.3 cpe, r. = 4,92 A (intended to mimic Li-Hg), u = 9.69925 ppg.,

g, = 0.186299, a; = 0.421559, C, = 0.378x106 cpe—x6 . (o= 0.25%)

6
1. True value of Yy = 0
(a) NP = 5 (No CS)
(1) Note that the correlation between Yl(CG) and the other
parameters is small.
(2) The "STANDARD ERROR OF ESTIMATE" is 0.262%, which is compatible
with the precision of the calculated Q(v)'s.

(b) NP = 6 (C_, assumed present)

8

(1) STANDARD ERROR OF ESTIMATE IS 0.259%, no change from NP = 5,
indicating Ye is not necessary to the fit.

(2) The correlation between Yy and Y is high. (-0.98)

(3) The determined value of C, is not significantly different

8

from zero.

(4) The precision of C, has decreased markedly.

2, True value of Ys = 2

(a) NP =5 (C8 assumed zero)

(1) STANDARD ERROR OF ESTIMATE = 0.388% (larger than before)
(2) Precision of C6 is lower than before.
(b) NP = 6.(C8 assumed present)

(1) STANDARD ERROR OF ESTIMATE = 0.260%, lowered from NP = 5,
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(2) C8 is found to be significantly greater than zero.

(3) ¢

6 still has comparatively low precision.
It is to be noted that the presence of 08 » either real or imagined,

results in an uncertainty in the value of C6 .



- TEST RUN~—ON O'BRIEN Q'S—-»«»—FA—S!—»CR—OSS——SEN-I«ON—GE—NERAI—NL—————'

4 . N0 oF DATA POINTS 4B .".~i B o :

d e - - - REDUCED MASS- - 6969925400 — ot el e
ST INITIAL EPS. ¢ L140000402 0 0 oo T T T L -

INITIAL RM ©. - «870000401 0 - oo =0

~ INTTIAL A1 —— 5440 D00%D0 ey

| CINITIAL GO 190000400 . . ° . o i

- INITIAL C6 - .3780p0+06 - =~~~ . . o

:f-%w~~aw*~usrcurxns suxrcu R T P

FIT M[TH 5 PARAMETERS (NO C8) -




L-—ENI£¥—IO~GASSS&— , 4 = L ot ne
; FIT 10 48  OBSERVATIONS
-—-—————4HEQE~AREwm—;ﬁw4F-PAQ%HE¥EQS~IN vns»qo .
: INITIAL PARAMETER VALU‘S -
_LOMER BOUND _ PARAMETER _VALUE—— UPPER.EOQUND-
) ....".‘.‘.8..‘.“.“.“.‘..“‘.C.Qtﬁ““t“..““‘.‘.‘t.*.“'.t““#‘3
_-_-————}————-vaaaegagaas4age~————r;;4ssua5ncAﬁfu . 2000080004005
2 .000000000C+000 .8358514457+001 .1000000930+0C3
3 .DC00OC000G+060 - .14000000C0+0C2 »500CC00C00+002 | C e e
— % 0000000000+000—<10I313094340C3 42003000000 +0C5 . . EEE—
5 .00000C0000+000 -3393053C18+006 .10000GOCOG+0CS DR
INTTIAL SUM OF SQUARES .6928%30832-CCl
ITERATION STCPS au. RELATIVE CHANGE IN EACH PARAMETER IS LESS THAN
—CORRELATISN MATRIX '
i ’ )




T AR € Pt YRITT  T RE ER L pRIEC. et e i A - ‘ - .
N
1 1.c00000 . 2\ -
25125735 ~—1.000000 e S
3 .118972 . -.785783 _ 1.0CCCCO - |
5 C6957C. - -.519235  .774383 .  1.000000

1*“——R0ﬁ*—;—5-”“—_‘1ﬁt?8ﬁ“““*'“7ﬁiQ°5“*“——“9G#&ﬁ%“*’**"?ﬁi%?f“——-i”ﬁﬁﬁﬁ

|
s
§
v

'—DE?ERHINANT u~w~;463932QSZZ—O22~~*—«~——-R*¥IG-GF~PEVG¥S--—viGS}CB3265-€€1

SUM OF S2. RCSIDUALS  .2956C664652-CC3

MEAN S3. RESIDUALS .6874573157~005 - (FOR = 43 DEGREES OF FREEDOM | -
—————STANDARD-ERROR -CFESTIMATE— 5 262&943?25—0EZ”““*~*“-€R%¥%€#&‘STUDENT~F*VA&UE~~~*- sSTT
| SUM OF KZIGHTS: +737795%458-CCy o S

CNO. PARAMETER VALUE . STANDARD ERROR © CONFIO. 8AND HALF-WINTH

’.’" (2 3 2 2% 2 2 ol 2 “ L2 3 2 2 2 2 2 ‘ b N S A S g S 32 2l RY 222 P‘Q'*ﬁ-i‘-‘*&&&“.‘&#‘“t PRGSO PSS S8 bt &’—.‘t-tﬂo‘-t SO -

1 .13#049359600010 .5151'&924“9*000 . .1040863953+001
2 -884989963 7400118 F5IULEZT4TIEE— 378 IF2TL452+E0E
3 «1399432168+GG2 »5C74537144+000 +1023333511+001
4 «»10877C540C*0CC3 +15363319354+300 »32192914C8+CCC
s J—

.3359181avu¢acuumg-~.saxeawa&3w+saz~-f-1133w}£sssc+cd3~—w -

YA STNUAL HEC NAE  MAM
T e W e - 8 W TRy o A Al 17 W

Y MENT—MATRIN~FINAL—ANACYSIS
.6864768359-0C2 .5771285384-C03 ~  ,2862986211-003  .2605C84319-3C4. -1576CS641e-CC




s s g m e - o e e e o e e e e a -

. TERM VALUE 95 PERCENT HALFWIDTH
~'-~~—-»}»...j.....-...-ooot.-to--o-ooototto-t‘u’a- PEOOROPES RN - —

€6 +377715406  .72995u4403
6022119354 00—+ 627 958-01
EPS «139949402  ,102333+01. 3
o A1 +435139+00  «363346-01 :
i RY - - - -5 3529901 ———35 687149+ 00— S e B
P ALSEPSSRM «276225402 +848760-01 s
RMeEPSs»2 «888272+403 . 351800402 ‘ R
“FI] WITH 6 PARAMETERS (WITH C8) o &
— , A 7
?} ’;;E v ?,1 ¢
e v ,,', . e ﬁ,..fr.,..- - — S — s b 4o v e e e -
: ! X

Al SN

P e IR

RS- S e e e e et e b s o = 4+ S vein e

1
!

Sty mR R

-




—ENTRY-T0-GASSS5S

TIT Yo a8 OBSERVATIONS P L

kL

gt o

THERE ~ARE—————6——PARAMETERS IN- THE MODEL—

‘IN ITIAL PARAME TER VALUES

LQHEL&OU&D_-~—————MAH ETER-VALUE __—_UQPEQ JQUND

.03..“‘““‘ttt‘ttt““t.3“““‘.t“"‘tt‘t#"“‘tﬁ t‘t*#t‘#tttt‘#‘tt -

00000030004000— 1346493536+004  .1030006000+008:

2 <00000C0COC+0GH -8849893637+001 «100000C300+06C02
3 - -.D000C0R000C+000 «1393492168+052 ».500030000C+002

——s000EC0C000+CCO0——104TT05400+303———<200EC00RRL+OCS

S .0000000000+0C0 «3359161074+00% .100000003C+035
6 -0000000000+00C ©  .000C000000+0C0  .100CCOOGG0+0CS
INITIAL SUM oF'souA95§ . .2956066462-C03
ITERATION STOPS ... RELATIVE CHANGE IN EACH PARAMETER IS LESS THAN .10000CCCCO-0CZ

CORRELATIIN MATRIX

~-ROW¥——31 ——1-«0B0000-

ROW 2 .109323 1.006000

RO '3 -.067173  -.78777S 1.0000GC

ROU 45112322 5268716 = 1IE64S t+-o88890

ROW 5 ~+086477 = ~.767335 «26483Y4 904 TEEET 1.££¢tﬁﬁ‘ T

ROW 6. -.380106 ~2136736 «092670 .128555 , 113859 '1.000000
DZ TERMINAVT .1zsauauéis-027 RATIO OF PIVOTS +1089823447-CC5

SUM_OF. S2.. RESTDUALS-—__ _.2827158327~C03 : SN

MEAN SQ. RISIDUALS .6731329349-005 (FOR 42 DEGREES OF FREEDOY)

3 STANDARD ERRCR-OF ESTIMATE 2534430555-002  "CRITICAL STUDENT-T VALJE:.
| ———SUM—OFWEIGHTS— 1377953458004 —— ‘ — S




NO. PARAFETER VALUE STANDARD ERROR. 5 ccnrxc. 3AND HALF-WIZTH

..‘.‘Ot..t.0.0“““.“.‘ttt‘.“‘.."“.‘tt..‘tt'tlt‘0.“33‘&"‘0.‘&0‘.‘.‘.*"tt.‘t.8#3“8

1 .1343020206+008  .2573188744+0C1 +5192E86754+3C1
2 .8835969563+001 . . .1873918117+30C .3721553717+GCC
3———139863587€6+4002 — - - +50537933664000 — 1019855420+ 00—
8  ,1047772472+003  ,153965028352+4000  .3220785173+0C0
5 .33700968131+004 .6609026832+002 «1333701561+5C2 o S
6— 2118835661480 1541351837 +06F 3 HIB4 535 T+ - —

' .6837116884-002 = .5765694685-003 .2868523427-0C3  .9792655089-C08  .7620278987-0

rron________v¢gue-—~_____ss_agacgNx_uagsuTnvu

8‘8.“.00..‘“I."0*“.““."#“““8#.*‘.#8‘.“3 E

c6- 3zszas+es—u—_—.sszzs;oga
60 . «211061+400  .720543-01 )
EPS «139864+02 ,101986+01
AL WM&OUOL 1
RM ' 854211401 +833337+00
_———————LLLEBSORM-r21$Z¢3tOZ———~—0843153!"1 A
_ RM*EPSs+2 .88852C+03 «351628+02
3 BE TA «101129+01  .148513+01
c8 <379 520G+ 06— <E61013+06




i TEST RUN-ON O°BRIEN 8%§—===WITH-C8-Z CH— oo e

. - NO OF DATA POINTS - = 48 . R | N -
LI REDUCED MASS . ° 4.9599254a}m.“muw-MwL%¢;;;,“;¢mﬁw_;mwd&wAwn,m“,Aw..
o INITIAL EPS 140000402 . . - o B
INITIAL RM .. 970000401 - - - = . 07 ' ' '
INLTIAL-AL- +449.0000+00-——
INITIAL GO +130000+00

L - INITIAL C6 +378000+06 e y
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R T Ry SO U PURUEE IV P z g ————

o D im e

S S et o ar ve et

TIT TO " g8  OBSERVATIONS
—ARE—————5——PARAMETERS—IN—FHE—MODEL~
INTITIAL PARAME TER VALUES |
LOMER- BOUND-——  PARAMETER VALUE __ UPPER 30UND

SEETC SIS ERESEEBRER R ALAR SRR RE LS LS SR RLEE ST I SL AN SR ECI B LL AT LSS LA ZEFRTS

-
<S40 {)

2 .00C0000000+0C0 .8368514457+4001 .10C0000G00+002

3 -.0000000000+000 ©+1800000000+40%2 - .50000000C0+002

—q———BE8ECE8806+0E6—1PI813094 34083 — —+2886656006+CES

5 © «000030000C+300 .3894053018+004 ©+1300000000+0C5
INITIAL SUM. OF SQUARES «6944338372-C01

CORRIZLATICN MATRIX

N

—ITERATICN- STCRS—wwe RELATIVE_CHANGE -IN—SUM-OF—SGUARES—IS—LESS—THAN— +1CCCBEEEES-002—

-

P

ROW 1 . 1.0C0000
ROW 2 -.1258149 1.000000 _
ROW I e 120120 =3 7855191 00C000 .
ROW 5 «C59694 -.619106 774527 1.0000630 S
ROW - S «1£1897 -.763207 . .96478C 203471 1.0£C600
.g;. M



DETERMINANT  .3538018733-622 - RATIO CF PIVOTS .1088C84132-CC5

______Sua_OE_SQ."R,SIDUALS_*___.SQ85DSQSZ1-FP1 D

'MEAN S3. RESIDUALS .1508152237~004 (FOR q3' DEGREES OF FIEEZCM) o
> STANDARD ERROR CF ESTIMATE ' »3883893578- -Go2  CRITICAL STUCEXNT- T VALUE 2.C17
——*———sun—op~wersn¢s .7339uea ss’aa : : —— — —— : e

f
'

NO.  PARAMETER VALUE

STANDAQD ERROR CQNFID. BAND HALF YIDTH L
. ‘.‘."..“..‘.'.“‘““““’..‘t“'.‘“.."..“‘."“ ‘*‘3“““““*0“’".“““‘.“..““
| 1. 01345277770000‘! ‘ <.‘7553553823*000 015‘55“37330*331
2 «8882247107+001 ~ «27810893456+2CC - «560835788C+CCC
3 - aWM%HBB—G—— ———=351 83584584551
5 .10"?7703730003 .‘ ) «2372077541+0C0 «4783582557+0CC
_5 .337231515205&‘4 . . «982887T7413+80GC2 «1982095972+0303
EISENVALUES OF MOM'EN‘T' MATRIX-FINAL ANALYSIS , .
-6840167958-002 - »5749404385-003 .2851315924-063 .2592513684-CCa 1561022856
S ' | R .
) TR e o

- . R

VoL . . : T TRy
A . . o . . R L.
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NTIRY T CASCCEH
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TIT 10 48 - O3SERVATIONS -

FHERE—ARE—————6——PARAMETERS—IN-—THE-MODEEL

INITIAL PARAMETER VALUES

LOWER—BOUND—— PARAMETER-VALUE UPPER BOUND

R i SEI2 223 23R R E RS2 R - RE R RS RS2SRRSR ETRIES R ER Y N tt‘tt#t#““t‘t‘.

~——————-_;—————vaaaggagggs+aag——-——1%343311113*ggg____,,*ggggggggg$ggg -

2 -0000C00000+0C0 «8842247107+001 -1300000C00+003
3 .0000003000+0030 -1401573648+4002  .5000000000+0C2
4 5686000600+000————164777037-340.03 -2000086060+005—
5 . .C000000000+000 <3372315152+004 .1000000000+0CS
6 -0£000000060+003 .000000000C+0C0 -1000C0000C+0C9
© T INITIAL SUM OF SQUARES .6485054621-CC3 |
 ITERATION STOPS ... RELATIVE CHANGE IN SUM OF SQUARES IS LESS THAN . .100000800C-082

1.500000

ROW 1

ROW- 2 <1IC8430 pargslalitegidi;

ROW 3 -«366259 -.787424 . 1,00G6000

ROW L ~0111588 --625830 - 776739 1.0C0cCC0

RO 5309553676635 6485488 — -G IER—

ROW 6 - -.980109 -«135852 | <0917 74 2127835 2117993 = 1.C0CCCCO
DETERMINANT 012644245246-C27 RATIO OF PIVQTS «10468183C1-CCZ

SUM OF SG. RZSIDUALS -2834185229-003

ME-AN- S3«—RESIDUALS- - «674-8058073-005-— ——¢FOR————— 42— DEGREES-OF-FREEDCMY—— — — .

STANDARD ERROR OF ESTIMATE «259T70288E~0C2 CRIVICAL STUDENT-T VALUE 20.£18

SUM OF HEIGHTS -7339488055-004 . o : : VRS

PSRN ) 0V S RI LR A R 5 LR A

T S -~ E T m— e



N PARAMETZR VALU E__,_S‘LAMD.ARD._ERR‘OR____C_QBLEID.._B.A_ND_LALE:H_ID I )

I IS EZ RIS R AR RS RS 222 R R R 2 R R R A2 2 S L R R R R S R R R R R P R I R R R E R R RS R S R R R P R R E F S P RS E I N SRR

1 .1342982568+004 42582873877+0081 «5212239424+001
2 -8828483430+061 .1878C08742+40C0 «378%821598+0C0
3 «16801071320+002 .5057464533+0C0 +1022514331+001
4 «10478420524003 —— -1 6028606294000 —3234572713+000 — — -
5 «3373520804+0CY .5634987007+0G2 «1338340363+CC3 o o _
3  «8127919393+001 «1537827233+4001 «3122708120+001 - N

- EIGENVALUES OF‘_'MOHENT MATRIX-FINAL ANALYSIS

o .

O e e e e T U U SO

" e

_ .68184585221-062 . 5788860009-063 . 2853441146-003— 9782674181504 — 7579928803 -CE6-

TERM . VALUE 95 PERCENT HALFWIDTH

I EZ 2 EERIERERLARE R R R R R R R R RRRARTRL R R R RN R ' 27 , ]
€8 2375257406  .3681C2408 S
Go +211848400 .724291-01 - . - ' :
EPS SI40I0T+02 1022614801 — —
Al .43518440C -390069-01 S -
RM  «453C93+C1 -838421+00 - ' ’ ,
ALeEPSRM ,276261+02 .852789-01 s E -
e RMeEPSes2 883422403 —— - 353009402 — ' ' —
BETA .197C94+01 - .189098+401 .

c8 «739608+06 566672406

LIRS




VII-1

VII. JWKB

This main proéram computes JWKB phase shifts 4ZI-GE’ for given _
reduced energies E* = E/@ and values of the orbital quantum number ,e
such that ,.6—’*: (,Q'ﬂ'z_i)/k@ is a multiple of 0.05 éFor details of
the calculation of _7741 , see function PHASHT).

The total cross section is given by

o
QCE) = 5, E;é R S P
Letting

5 "i}_ = A M 2721, (VII-2)

and .

' L

ﬂ_‘,L} = 2;0 gﬂ,/& |  (VII-3)
Since Q = @if 100 , the program computes Q by means of

R |
Q= Eég; <-O-LL T Aﬂ—L_) (VII-4)

where L is a value large enough so that [&ﬂi: £1,a5 ElL= can be estimated

accurately.
X ' *
Values of Elﬂl are calculated at every 0.05 in b  until one
of the following is true:
% o
() b >2and SQ= .BE".T SH,L < 0.1 A%/b (This conmdition

: o}
forces the remaining cross section AQ to be less than 0.05 Az),



VII-2

3B 3'T Cé <2

e

2 The Jeff -B 1 -ra has hift =

(2) e Jeffreys-Born long-range p e‘s - 4/(1 l(g ‘H‘V}(f
- _and agrees with f,)l: ] to within 0.01 radians for 3 successive values

of /Q,

When either condition is satisfied, this value of /& is taken as L .

e

iate values of N are then calcula

(9 her 1

tion (DNTERP)*. The remaining cross section AQ = % AX ﬂ’L is

ed by dinterpola-

— e e e = o em me Em

The program could be improved by replacement of DNTERP with a continued-
fraction interpolation program, since the limiting form of /71. is
l R
o< A

estimated two different ways:

- A1L~ 7L g/&m ’1 cu (QIBVAL) 1ros)

(The factor of 7ZL=/11 is to correct for the discrepancy
L

between ’VL‘L and 713-8 )

(2) 1 i is obtained by means of the €-algorithm
: l_;ao
(EPSALG).
Flnally, the apparent Cq ‘constant Ce 8PP js calculated by means of :

Sh

PP ’F\ R (
8.083 (VII-6)

INPUT:

Card 1: Title (20A4)
Card 2: NE, MU (I5, F10.4)

Card 3: (ELIST(I), I = 1,NE) (1OFS8.0)
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where:
NE - No. of enérgies (in reduced units) for which cross sections are
to be calculated

MU - reduced mass of system in ppg.

NOTE: 1In addition, a user defined function POTIN/POT is required (q.v.)

OUTPUT: The values of = E » C, y and 0 (zero of potential) are in

76
"reduced units. The quantities EUNIT = e and RUNIT = a are the reducing
units of energy and distance returned by POTIN (q.v.): they should be
of the order of € and roo» respectively.
, * 1
For ,Q— corresponding to every 0.05 in b = (& +-§)/A, the
following are outputted: _ -

L- A

%
B-b
Y0 -y = l/ro

RO - r the outer most zero of 1-b2/r2 - V(r)/E (in reduced units)
ETATAB(LL) - Y ’
ETAJB - %30
;&
DELQ - (in reduced units)
1y M0

normal convergence. If # O turning point is incorrect (see
REGFAL)
ISW - Error return from determination of 711- . If = 0, normal

convergence. Lf # 0 , did not converge (see PHASHT).
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A table of the above quantities is printed out, the units being those
obtained treating EUNIT and RUNIT as dimensional units.

Finally, the e—algorithm sequence of diagonal convergents
(EPSVEC(I), I = 1,M) are printed out, M being the number of applications

of th thm, and the convergents for a appearing at every

L 0o
other element (the first such appearance being the one used). The
following are then printed out:

T - Exeéution time in seconds

o
cross - Qp = %—T 91, . @
Q - 9.1_
JB .. 02
QJB - QL + AQ™" from eq.(VII-5) (A")
) . o .
C6APP - CZPP’JB (cpe-2%)

ND - highest degree used in interpolation (see DIFTAB)

and finally,

8T
CROSS - Q = e ﬂ_w
EPSVEC()) - 9

C6APP - czpp

NOTE: Values of 9  outputted are in reduced units.

REMARKS: (1) A user-defined potential fﬁnction-—POT{N%POT is required (q,v,)i
(2) EUNIT aﬁd RUNIT are treated as dimensional units except for

actual cross sections which are in Xz,
(3) Thé_subroutines TIMSET (in line 54) and TIMGET (in line 93)

are specific to the UWCC Univac 1108, and set and read an internal clock.

These functions are not necessary for execution of the program. Line 54

may be deleted and line 93 replaced with '"600 CONTINUE"
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(4) The convergence tolerances for the calculation of 72 s

Je L
convergence to 7Z£ , and determination of the turning point, are
given by EPS (absolute), TOLJB (relative/absolute), TOLYO (relative),
in line 8.

*
(5) The phase shift calculations generally terminate at b < 3

G2
and give a cross section which has limits of error + 5A7.



JWKB

205/3}3/72=01353§12 (.,0) L NWKB._
le C PROGRAM WHICH COMPUTES JWKB PHASE SHIFTS AND TOTAL CROSS SECTIONS
26 € . A CONSISTENT _SET.OF UNJTS FOR THIS PROGRAM ARE
3 C ANGSTROMS._PicoplcocRAms.AND DECIPICOSECONDS (GIVING csnr;rxcoznss
Y4 C AS THE UNIT_OF ENERGY) - . . .
Se REAL MU
6o _ . DIMENSION ELIST{200),ETATAB{200),DIF12000)EPSVECL20) . _ ..  _ %
70 COMMON B 4RO E X _ B N
Be . DATA EPS/0.005/,70LJB/0401/,TOLYO/}eE"S/ . . B}
9 CDATA P12/71.57079633/,HX2/1.,412)62417
10 EXTERNAL VEFF __ . . . " e
1le WRITE (6,23 TOLYO, EPS TOLJB
20 2 FORMAT (1H1.SX, LENTRY_J0 JWKB/DNTERP_Y////5X,9TOLERANCE FOR YO _{RE..
13e ILATIVE) ' )E12:5/5X+*TOLERANCE FOR ETA (ABS)',E12+B/5X 1 *TOLERANCE FO
BET 2R JB .LIMITR E12450 . _ . ' e
15 C READ IN TITLE OF EXPERIMENT
_lée . READ _(5,3) ».,‘,(_DJE,.(_,L).J,XJ.._I.A...Z.Q.) e
170 3 FORMAT (20a4) : ' .
186 e . WRITE (6,51 ADIFCI)aI®) 4200 R
19 5 FORMAT (1H1,10X,2044)
.20e .. . C-_._... READ IN NO, OF ENERGIES .NE_AND. Rcoucao MASS_ MU
21 READ (5,6) NE,MU
220 .. & FORMAY (IS . FlOeM). . __ - e e
23 ¢ READ IN LJIST OF ENERGIES
246 e READ (B,7) (ELISTAI)ol®VoNE) . . o . N
250 7 FORMAT (10FB8+0) ' (

260 C. .. _POTIN. SHOULD.RETURN THE VALUE OF_THE..ZERO._OF _THE. POTENTIAL . __ .
27 C C6 SHOULD RE VALUE OF LONGE=RANGE C6& IN REDUCED UNITS; THE :
. 286 €. SCALE OF WHICH ARE_GIVEN_IN_ EUNIT(ENERGY) _AND_RUNIT (LENGYH)_ ___
29 SIGMA = POTIN(CHL:EUNITRUNIT) ‘

30, e SIGINV. = 1o/SIGMA__ .. . . ... e
3t SIGINZ 8 2,2S5[GINV
o 32¢ ... CONSJB. = _0,1875&Pl28Ch . _ .. o N
33, ECONS = 20¢MUSEUNIT/HX2
3 WRITE (6,9) MU,CoSIGMA,EUNIT RUNLT o
35, 9 FORMAT (///7/5X,*PHASE SHKFTS AND CROSS SECTIONS FOR REDUCED MASS'o
36e 1} Elqob/sx.'LONGnRANGE ce'.sxﬂ.ejsx,vzsaoﬁnf POTENTIALYSENYeb/ .
37 2 p PUNITS OF ENERGY AND LENGTH',2E1406) : ) -
. 38.__.__~_mm".oo 1D00 1 = laNE-. _— - T e
394 E = ELIST(]) ;
o400 WAVE.. 2= _SQRT(ESECONS) = : L
41 A 5 WAVE«RUNIT ' : N
428 e CJB B CONSJUBPA/E . - " e e e el
43¢ COEF = lénnPIZERUNIT/WAVE
44, _— CWRITE (6,10).E.WAVE A S e .
45, 10 FORMAT //ISX.!ENERGY',FlGeBsSX vave No. .Exs A.Sx,'AGNAVEGRUNIT'
_Y4be_. “~~Ww405x406//5x AFOLLOWING. TABLE“IN.REDUCED«UNITS EUN!T,RUNIT'/) e -
47 . . C WRITE (b6,15). S -
HBe . . 35 FORMAT . (14Xs°LY, Sx.'a'.,ex 'YO'.lUx.'RO'»m9x.°ETA’.llXa'ETAJB'| -
49 I 9K, °DELQ'.7X.'!ER'p3x.'lsw'/5x.l00(lH°)/i
S0e. . 148 = 0. S N S
5ie C CALCULATE PHASE SHIFTS AT EVERY 405 IN REDUCED IMPACT PARAMETER
— 52 LSTEP-= AL200 S ——
53, IF (LSTEP +LTe | ) LSTEP s | '
o BYe_ . CALL -TIMSETA04) - - S o i
-3-%Y DO 500 LL = 1,200 :
o a e oare 2 T " Tyee. e s o ey s e TR

T



56 NETA = LL
.57 o -LSTEP® (i) : : : R VSO
58, B = (L+0.5)1/A ’
—59 JF—(B 0GTy--SIGMAI—GO—TO-}00
604 XL = SIGINYV
bl XU .=_SIGIN2
62, GO 70 200
S Y ) PSSR N + | « BEN § U I Y T S —_ S e e
b4 XU = SIGINV ' ' o
650 G FIND.-TURNING -POINT-Y0.--8.-]/RO- - - S
660 C IER = 0, NORMALe IF NOT. O, ERROR IN ROOT {SEE REGFAL)
6T 200 CALL-REGFALAXL y XUa X g VEFF-yT0LY.0 45 420y 1ERD S
680 RO & le/X )
Y X T C—— CALCULATE -PHASE - -SHIFT—ETA - N S—
70 o ISW = D, NORMALe IF NOT. D. THEN DID NOY CONVERGE T0 EPS ACCURACY
S § B T — I T ———
724 ETAYUR = CJBR/BeeS S P
—-73e IF-(ETAYB -obT ol e} TOL-m- ETAJB *TOL- —
740 ETATAB(LL) = A*PHASHT({TOQL, 9.XSW)
- 75 - —DELQ Z-BO(SIN(ETATAB(LL)) )oe2 - oo e e
7bo . WRITE (6,20) LB X, RO.ETATAB(LL).ETAJB.DELQ.!ER 1sw
= 7Te~ - 20 —- —FORMAT -(1OX215+3F 1096, 3F1l%abs2]6)— e
78 IF (COEF#BeDELQ ¢GTe Dol «ORe B oLTy 2¢) GO 7O 400
SR 4 X e—— - B J e SR 1 S - — S -
80 22 FORMAT (/SX.'REMAINING cRoss SECTION IS LESS THAN O, 05 sQ ANG'l
- Bleem e —GO--TO 600 - N S e e
82 400 TOL = TOLJB , .
- B3¢ — e [F (ETAJB “ateTo-10)-TOL = ETAJB®TOL— e e e e e
84 IF (ABS(ETATAB(LL) = ETAVB) +LT,s TOL ) NB =z 1JB ¢ l
-850 . ~IF -1 JB-g LT-0--3— - OR g—-ET-AYB-—GT-0—20)—GO—T-0—500 o e
Bbo WRITE (6,23) JB

~87o~w-w«23-m~mFORMAT(/5X,1AFIER5111815X.JASXMPJOIJCwFHASEm$H1FIS1MEJAdBmlS+LESS-~
880 1THAN 11%) . |

B9 e o e GO- TO. 600 -~ : » R -
0 S00 CONTINUE _ )
91 WRITE -16,25) —— e
920 25 FORMAT (10X, "MORE. THAN 200 PARTIAL WAVES. ARE REQU!RED') , ; .
930 e 600 T-8 TIMGET (Ol e oo o i ~ e
QY ND = LD . o | »
95¢ - CALL-DIFTABIETATAR, NETA.DIF1ND.EP e R ——
96 NMAX = LSTEP®(NETA=}) + | : :
97 BSTEP =-LSTEP/A ; ‘ -
985, B0 s ODeB/a L
LA K S —— | T Y ) ) L i ~ ]
100, . lEPS = 0 . . _ S )
100e oo @ B 00 : S e
102 ’ DO 700 L = | ,NMAX. 1
103 ~ Lo bbo - é
104 Bz (L+0,5)/A ' _
1058 - - el YOk B EPS . o e . et
106, ETAUB = CJB/B--S . ' '
~ 1070 IF (ETAUB oLTo--19)—TOk-o--ETAVBOTOL— : — -~
108¢ ETA = DNTERP(B,BO,RSTEP,ETATAB,NETADIF ND,TOL)
—~ 109 DELQR—=--B¢-{ S IN(ETA))0e2
110 @ =2 Q ¢« DELQ ,
1o : lF*{ELm,LEr—NMAX—w—ZQ~103¢~lEPS—#EQt*++~50~39—700~—-————-——m——54L
- bi2e CALL EPSALG (QyM,y EPSVEC)




N . B . P phatt . . N L
Al adiiiin S 0 T W i : . ettt i b U e 2 taront i i e owid F s o Lol dh e 9 b i s T e

SREL : Jo® 2% 28(M/2) ® M : - ' -
S N e X _IF (M _sLEe 2) GO YO 700 L B . e
1150 IF (ABS(EPSVEC(J) " EPSVEC(J*Z)) *COEF o¢GTe 0ol) GO YO 700
L Arée , 1EPS ® | ... — ‘ i o ' .
S Te WRITE (6,21) (EPSVEC(K) Kl M) !
IO U Y D— ) FORMAT _(/Z5X s LERSILON_ALGORITHM. CONVERGESMJLLLIlSXJlDF’qu!’nw___w_”
19 GO 10 800
320 700 CONTINUE_ _ —
12t 800 B = B + l4/A '
d22e i QUB_ 5 Q. ¢ ASETASQJBVAL(CJB,B)/ZETAJB -
123 'CROSJB » COEF#QJB
124 CROSS a. COEFQ
- §25e C6APP = HK2%WAVE® (CROSJB/8, 083)00205/MU
. ¥ S— WRITE _(4,30) T,CR0OSS,Q,CR0OSJB,QJB,C6APP ND
127 A0 FORMAT (//5X,9TIME (SEC)',F10,3/10X,'CROSS SECTION AT LAST PHASE §
A28 VHIFT' 3 F)10e2:10X0 QY F10¢3/10X,"'JB. EXTRAPOLATYED CROSS. SECTIOQON.  (SQ_A.
129 2NG) 2 F1002,10%,'QUB"1F10¢3,10X4?Ch APPARENT®,E1S+6/10X,9HIGHEST OR
_.130¢ , 3DER DIFFERENCE USED. IN_INTERPOLATION® 18) e
131 IF (M +EQe 0) GO TO 1000 . :
1320 ~.CROSS. 2. COEF*ERSVEC.(J) A ‘ e
133 C6APP = HX2¢WAVES(CROSS/8,083)8¢2,5/MU :
A3 WRITE_ (6,40} CROSS,EPSVEC(J)1COAPR _ )
135 40 FORMAT (10Xx:'EPSILON ALGORITHM CROSS’ schlouo.r:o.z.lox.ve°.F!nes.
136 1.10X,5C6 APPARENT! JEJH 6) i
137 1000 CONTINUE | _
V3B STOP S
139 END :

NO OF COMPILATIONS NO DIAGNOSTICS, ' o
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A. PHASHT

This function computes the value of the JWKB phase shift 7Z£, for
given E and b= (% +-%)/k » to a given absolute tolerance, by means

of the formulae

P - % v r . AN
1= 1 N (%)
_ '}0 F:VZ
= Ta-n -] S04y (£<x)
° % (VII-7)

where V(r) is the potential, T is the largest positive zero of

F(r)
- _ A V)
Eoo) = | T2 E

and y = 1/r (yo = l/ro). The quantities 771 and 771. are given

L l ‘_- Z
7, = f‘ A

o Ty ¢ w

The integrals are performed by function ADSIMP (q.v.)

CALL: ETA = PHASHT (EPS, NITER, ISW)
INPUT: EPS - Absolute error tolerance for integrals in Eq. (VII-7,8)
NITER |, . s s 1
NITER - 2 is the maximum number of points which may be used

in the integrations.
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OUTPUT: ISW - = 0, Normal convergence of integrations; if # 0, integrals
did not converge (see ADSIMP)

PHASHT - value of 7Z2'(b,E)

NOTE: Values of B(b), RO(ro), and YO(yo) are obtained through the

COMMON statement of line 10.



ki _
PY
M PHASHT , o
9-95141172-91153117 [ D PHASHY. - : ‘ . )
[ X FUNCTION PHASHT (EPS, N!TER Iswy
. Zo_m___c ___FINDS. VALUE OF. JWKB*PHASEMSHJFT“FOR*JNPACT_PARAHETER By TURNING.
i c POINT ROy EPS IS5 ABS ERROR CRITERIONe¢ 2¢oNITER IS MAX NO, OF
.mg_ﬂpm_mm~c“w_w“ﬁolujﬁwwung“MAx.eewussnmluwjuraﬁaAJJQumiﬂlxznmjLsiwﬁimmw“mﬁ_MN_
1 54 < IF 1SW oNEe D, FAILED To CONVERGE TO ACCURACY gPS
S Y €. NOTE o REQUIRES FUNCTIONS F, F24F3, WHICH FOR.Y = J/R RETURN _____
T c FLY) s'c:-soartxa¢e~v>-az “ V(R)/E})/(YWY)
e Be . C . F2(Y)_a SART(lwe(BeY)ee2«VI(R)/ELLLYRY) —_—
) C FALY) @ lS@RT(1v(a-v)°uZHVtR)/:)asQRTt1@q3ayp%ez))/tv°7)
104 COMMON B ,ROsE YO . . e e e
R DATA P12/1,57079633/
T EXTERNAL_F +F2,4F2 — e
130 LIMIT & 2¢8NITER o
144 e lF._ (B _sLEs RO) GO 70 100 e
154 BINV # |¢/B
16 TOL 8. 0¢S*EPS. __
170 ETAL 5 ADSIMPI(BINV,YO,F29TOL LIMIT,ISWL)
.18 ETAZ2.5. ADS!MP(O.:BINV.FJQTOL A IMIT, I SW2)
194 ISW & ISW] + Isw2
o200 PHASHT.® EVA}.# ETA2 . —— U
21, , RETURN
22, 100 PHASHT 5. P12#B. = ROMADSIMP.(00,Y0.4FsERLSH LLMIY,JSWJ
23, RETURN. ,
4 Hoe S END.. ... ; . — . ' I
IND QF COMPJLATION: .~ NO _DIAGNOST|CS., A _ -
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B. VEFF/F/F2/F3

Four entry-point function which returns values of
2
VEFF(y) = 1 - b’y” - V(r)/E

F(y) = (1 - 4 VEFF)/y°

F2(y) = -\ VEFF /y2
F3(y) = (‘\JVEFF —"{—1———1;2—377)/3'2

where y = 1/r , and b and E are obtained via the COMMON statement

of line 2.

CALLS Z = VEFF(X)
Z = F(X)
Z = F2(X)
Z = F3(X)



M 7 S
@E?-os/unznousaus (.m S A
f ) FUNCTION. VEFF(X)
@8 COMMON_ By RO-0.E4.Y.0.
X X U s Bex - , .
Qe vanwﬂmt+m-~UJu~n.£0144,¢x44g?
- Y RETURN -
— _— ENTRY--FAX)
7 IF (X oLTe 1eE=3) GO TO 200
-8 U2 - XX
A X Ve POT()e /X)/E
A I WORK--B--B8BeU2.. 4.V ’
, 1l 1F (WORK oLTo 0+01) GO YO !DO
e e [P A WORK 4 G T 00499999994 AND.—WORK~1LYa~leOt}_WORK~4~009999999-—W
e VEFF ® ta. = SQRTIle = WORK))/U2 ; .
.,.7_.444._.*._“_.’_ e — RE-TURN - S —— : e s e e
150 100 VEFF ® 0.50(8*B¢V/UZ)¢(10 + 0.25-wonx-(1. + DeSeWORK))
16 RETURN- —
N 200. VEFF = 0¢59B+¢8B
e} B0 - RETURN-- : —
19 ~ ENTRY F2(X) :
20 9 B B K : - S
F 21 WORK ® 1.'. Usy = POT(|e/X)/E.
22 1F- (WORK~0LT!~—00—~0ANDr~ WORK~~|GT—0—°0-00])mWORK~MW0RK -
.23 VEFF ® SQRTI(WORK)/(XeX)
— Y RETURM- e — N —
. 250 ENTRY F3{X) ' .
Ll 26 IF-—(X 9LTo9EwI)-GO-T0--H00 : SR
. 270 U2 5 X#X
28 BB--w-Bep : :
29 . DODA ® BB & POT(}a/X) /{U2%E) :
e 30 @i e WO RK B U2 0DODA— e : R
T 3l IF (WORK oLTo 0s01) GO 7O 300 .
320 - VEFF -®.. (S@n?(Aas(l.-wonx)»-SQR1+A85¢rroaa~UZ));/Uz -
33 RETURN
e 34 0 300-—WORK- ®-DODA®DODA
-1 V « 88e88
B 3 T 4 . ~0¢5¢‘BBGOODA’-~#-DO125*020((VcWDRK} 'o-_-oosouzusanv-wonxaw-
Y FY { DODA)) - o ,
3080 : RETURN-- : — . S —
39 400  VEFF ® D,
40 - RETURN-.
Hle END ‘
ND or COMPILAT!ON! NO DIAGNOSTICS,’
i
e
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P Ay

C. POTIN/POT

This function is a user-defined routine which returns values of

potential constants (POTIN) and values of V(r) (POT)

1. POTIN

CALL: SIGMA = POTIN (C6,EUNIT, RUNLT)

OUTPUT: C6 - values of C6 in reduced units EUNIT = e and RUNIT = a
EUNIT - e dimensional unit in cpe of energy (of order g)
RUNIT - a dimensional unit in K of distance (of order r or o)
POTIN - returns value of O (V(c) = 0) in units of RUNIT

2. POT

CALL: V = POT(R)

INPUT: R = r in reduced units

OUTPUT: POT - V(r) in reduced units
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3. SAMPLE PROGRAM

The program listing is of a function which reads in a pointwise
potential (EUNIT = € - and RUNIT = rm), The value of V(r) is calculated
by quadratic interpolation

V) = V4 Ar + By?

(V11-9)

where A(I) and B(I) are calculated by the routine. Extrapolatioen to
low r 1is done by extrapolation of the closest quadratic, extrapolation
to large r is done by

¢, _ Cg

vir = A _\F_é 8 (VII-10)

where C8 = C is calculated from the last data point and C

8 6 °
INPUT: Card 1: NOB (I5)
Card 2: EPS, RM, C6, SIGMA (1l0F8.3)
Card 3ff: (X(I), v(I), I = 1,NOB) (10F8.3)
where
NOB - no. of points
EPS - £ (cpe)
o
RM -~ r (A)
c6 - C6 (reduced units)
SIGMA - 0 (reduced units)

X(I) - I-th value of r. (reduced units)

V(L) - I-th value of V (reduced units)
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REMARKS: (1) C8 is calculated from C8 = - r8V - r606 for r = X(NOB),

V = V(NOB)

(2) It is not necessary that EPS = € and RM = roos but any scale

factors may be used.



g I 3! P
E'if" o i ] e lia
:T - et e et e eaatmasn o b oo et 2ot JO T,
I
POT ‘ 1 .
»06/31/72201153325 (,0)_ .. POT___ - .
RE FUNCTION POTIN(COCONS EPS,RM)
e B DIMENS]ON. - X£50)sV{50)4A(50).48(50) -
k1 READ (5,10) NOB
Y 10 FORMAT {}5)
5 READ (5,20) EPS,RM,C6,S1GMA
m‘_,..b ¢ o COCONS. & €l — .
T 20 FORMAT (10F84¢3) _ "
.l e READ - 453200 X 1) gV (-F)-5 18-, NOB )- ——
R R2 = X(NOB)#X(NQB)
—§00 - R& » -R2oR2eR2- - -
110 C8 » =R2¢(VINOB)ORs ¢ C4)
b0 R2-3-)a/X(NOBe )82 - -
13, : R6 » R2eR2eR2 |
LN TEST—% eR6#(R29C8-4—Cb) 7V (NOB=)- -
150 ' NN = NOB » |
160 DO-90--1-%--2)NN -
T4 7 Hl # X(1) = X({(im})
A B M2 g X T 0 ) WA e
19 HH 2 X(lsl)eX{]al)
S ] [ —————— Y I A AR R e A B AN S—
21, , D23 = VIi]+1) = V(1)
~22s H12- 8- HI/H2- e
23, A(T) ® (HI2¢D23 ¢ DI12/M12)/HH
240 90 B(]) B (H120D23 ». DI12)/(HLlsHH)
25, NN = (NOB#11/2 .
...... 26— RUP..® X(NOB} - o oormmos e S
27 POTIN = SIGMA
—28 RETURN-oome
29, ENTRY POT(R) ‘
-~ 300 IF (R 0GTe RUP)-6GO.-T0.500 -
3l 1 = NN -
- 3201 00— IF-(R «GT4—X(}))--GO-T0--200
33 1 s (1+1)/2
3H e Pl 10 G T 040G 0-T.0—-1.00 NS
3B : 1 = 2
.36 RUSEY Y, Y ¥ TOUY, Y T, S
37, 200 1 2.1 + | .
~ 384 e P {1 -4 EQ o—NOB )60 -T0-300 -
i 39, IF (ReX(]1)) 400,400,200
|80 e 300--1--5-NOB- m—]-e-
| 41e 400 HH & R = X(1) o
~ 42— POTIN B VA1) #-HH3 (A(]) eHHeB (1))
43 _ RETURN
Y — 500-——R2-® -Ja/{(ReR). — -
| 454 R6 = R2eR2eR2.
—Y 6 S POYIN 8 wR&%{R22CB2CH)
47 : RETURN
e H4B8e¢ o END . e — - -
b OF-COMPILATION} .. NO__DIAGNOSTICSe

- -
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D. QJBVAL
&0 ' /
sz . 238
Function which computes /6" ‘L where
the integral is done by expansion of sin‘?' and 123‘6 - 3i CéA .

L 32 45
CALL: Q = QJBVAL (CJB,B)
INPUT: CJB - 3MAC,/32E
B - b
oJ y
‘. -JB

OUTPUT: QJBVAL - S,{vml‘? " d b

g |

REMARKS: The value returned is correct to more than 3 significant

figures for values of B for which 773'8 <2
'L



iy ’ - LN i L iy s L . N - sl RIS sea i
i N RS - foseancdod . . oot . i i e e bt et Al PP I CU SR R R P, : R

QJBVAL ‘ _ : : , ,
'95/31/72'0115§l27~JJ°,*~mw,QJBVAL ' ' —
.' I o FUNCTION QUBVAL(CJB,B) _ : ‘ '
20 € . _PERFORMS._ INTEGRAL_FROM B _YO_ !NF!Nlty“OF BQ(SLN“ETAJBDG°2 e
L e ¢ WHERE ETAJB IS JoB PHASE SHIFT FOR LONGoRANGE Cé1
S e € _ETAJB = CJB/Bee5, CJB. = JeP1®C&/(320E) __ _
B DIMENSION S(10)
.0 - _ DATA S/1e3;eD233333333,0, Dﬂqqqqﬂﬂ%.909317%6031592003lﬂlO?S%?E"3
X | ®¢42755597E=5,093968345En7,",15661391E=84020472406E"10,
... By @ @0 210499020024 . el
% QJBVAL = O,
;»,_I,Dl ..7..,.5 B"B PSR - : e i e oot
“tle % CJBHT!‘H :
—Jee , 2. =2 2% : : e
13 T e T _ _ :
34 DODA.-® 1o ; ; R
1% : DO 500 I s 1,10 : '
T lb. _ DELQ._.3 S(l)!DODA!L!OQ!uz) : ; S
c 170 o QUBVAL » QUBVAL + DELQ
184 B, —IF. qAasanLQr“.Lt,_l.EHJ°QJBVALL_50-JQ 600 . R
19 800 . DODA % DODAeT _ :
200 600._ QUBVAL.® . ZeQUBVAL. : : - -
21 RETURN ' .
—220 END_.._ — : .
D OF _COMPILATIONY __ NO DIAGNOSYTICS. . . e
|
{
|
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E. DNTERP

This function performs finite difference interpolation based on a
difference table constructed by DIFTAB (q.v.) The appropriate formula
(Forward, Backward, or Stirling's central difference) is used with maximum
order such that:

(l)v The order is less than or equal to the size of the difference
table.

(2) The size of the next term to be added is less than the prop-

agated error.

CALL: VALUE = DNTERP (X, X0, H, N, D, ND, EPS)
ARGUMENTS: X - abscissa of interpolant
X0 - left-most abscissa of data
H - stepsize of data
Y(I) - I-th ordinate of data
D - difference table from DIFTAB (q.v.)
ND - highest-order difference available in D (returned by DIFTAB, q.v.)
EPS - estimate of the absolute error of a.Y(i)
OUTPUT: DNTERP - value of interpolated ordinateg’ corresponding to X .
REMARK: The program extrapolates beyond the range of the data by means
of the nearest forward/backwards difference polynomial. (This could

be improved by extrapolating the difference table.)



! DNTERP

12086/31/72-04453318 (4+0) ... DNTERP_ - I —~ — -
i Lo FUNCTION DNTERP(KeXOoHaYoN.DaND.EPS)
- T C. PERFORMS..DLFFERENCE-INTERROLATION-UP_TO_ORDER- ND_
i 3. c D - DIFFERENCE TABLE FROM DIFTAB
; 4 C EPS.~~EST!MAT£“OE_ABSDLU7E ERROR_JN_YIS
' S5e " DIMENSION Y(}),0¢81}) : :
g_,_.._bo : M =0 ___
': 70 DoDaA B |,
o B TOL = EPS.—
9e THETA = (X2XO0)/H
B ¥ ¢ 1 -8 THETA -#--045
C 1lle IF (1 «LTe 0) | ® D
120 IF - (1-9GEe N)_|-B_ N_»_}
13 THETA s THeTA = |
- 1He N N ——— e e
154 DNTERP'u Yel) ,
-l b JF.- oGV o—-N-=w_ND}--60-T0--2000-
17 1F (l +LTe ND) GO 70 1000
180 € e USE-STIRLING S -CENTRAL—DIFFERENCE-FORMULA- S
19 DO 400 g = | ,4ND : '
-1 (YU s | PR Y ] Mm—
210 L =s J/72
220 e - M 4 1_,,3..'.4_., :
23, IF (ABS(D(K)) «LEe TOL) GO TO 500
~-2%e - DODA -= -DODA/Y - - - - . - -
25, “IF (Z%L oNEe J} GO TO 300
p X Y R — - TERM = THETASDODA—-- e o
27 DODA = DODA®(THETA=L)
— - - - 'GO--TO -350 _ —
29, 300 DODA = DODA®(THETA+L) _ ;
- 309 e DNTERP = DNTERP--*.-0e¢5¢D0DA® (DAK)-e—DA{ K| )} S
3l GO TO 400 j
- 320 --—-350 - - DNTERP -5 DNTERP-¢-TERMap (K) .
33, 400 M= M+ N - J |
——3Ye_ 500 ___RETURN.. g R
35 C Usg NEWTON'S FORWARD DIFFERENCE FORMULA - H
36— 1Q00.-00 1500 U = . d9oND i e f -
37 TOL 3 2.2T0L g
jY; I S G L O3 CTR N S - : S
39 IF (ABS(D(Kk)) .LEo TOL) 60 TO 1600 ‘
-~ 400 e . . DODA ® DODAP(THETAwJd*l)fd e e ———
Hle DNTERP = DNTERP + DODA®D(K) i
S 42e¢ 1500 - M.= M % N @ o : )
43, 1600 RETURN T ;
4Y9o. .- €. -.—-USE. NEWTON?S BACKWARDS—thFFERENCE—FORHULAmL—h-_——mnwwmuwv
45 2000 po 2500 g = }eND
-lbo o TOW-F - 208TOL- - - S
47 Kz M+ 1 «J .
48¢ .. . . —1F (ABS(D(KJ)) -eLEe TOL) 60--TO0-2600 e s
49 DODA ® DODA*(THETA+J=]) /W
500 - DNTERP-—=_-DNTERP—+_DODA®D (K S
Sloe 2500 M = M ¢ N o
520— ——-2600-—RETURN
53, END

'ND OF COHPXLAT!ON!

NO

.DIAGNOSTICS

LARALIAC £ i
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F. DIFTAB

This program constructs a finite difference table from N equally-
spaced data points, with ordinates i (1 <i £ N). Successively higher
order differences are computed until no element of the curreat column

in the difference table is larger than the propagated error.

CALL DIFTAB (Y, N, D, ND, EPS)

INPUT: Y(IL) - vy I-th ordinate
N - no. data points.
EPS - estimate of absolute errors in Y(I)

OUTPUT: D - difference table stored in packed-mode: i.e., the first-
order differences are in D(1l) ... D(N-1), the second-order
differences in D(N) ... D@N—Z} etc.

ND - set to highest-order difference calculated.




TR

D . . N NP7 B - . L R R . s
R it oGl i s B e IR e aap g AR R AP TN e Lo . L

samt o

DIFTAB
Lo

kI

' X

i Y
I© B
i by

L7

'05/31/72200453120. (40). . DIFTAB___ S

SUBROUTINE: DIFTAB(Y, N.D ND,EPS)

_CALCULATES DIFFERENCE._ TABLE OF. Y(ii~4J4~J(Ni ' A. ' —

NOTE = D MUST BE DIMENSIONED AY LEAST NDe(Nw])
ND..w UPON.ENTRY, MAX_ORDER..OIFFRENCE. V0. BE. CALCULATEDo-UPON_m“M
RETURN IS ACTUAL HIGHEST ORDER

ERS. = ABSOLUTE ERROR _ESTIMATE_OP_Y9S_ Y0 _STOP. oxrrenznces J—

DlHENSION Y(l).D(I)
MAXD. ® ND . .o SRS e e e o o

Th 9

10

ERRLVL & 2,9EPS
M.®= N ‘

f_fllo'

130

15
-

;WJQ."”_;_xonm-

E O
.18

19

.210
22-

Qe

200

i
l

l
i
|
13

T = FQRO!F:(Y.M.D) , . IR

ND. s S : . N . : A e
K ® ] a

IF . (NDW.GE* HAKQWLORI"M iLEo"lWQORo~I~4LE;WERRLVL) GD 10.200.. .
ND w ND + | ‘

ERRLYL = Z.QERRLVL : ' : NP e e e
J s K « M B o ' :

T B2 FORDIF(DAK) oM yDLJ)) _ - — e e e
G0 70..100... . : : : : . e b

RETURN

END.

Nb OF LDHPlLATION'WWMNfo;ﬂnL;ﬁjhﬁMDSlLéit;m' S , S

s o=
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G. FORDIF

Function which calculates the vector of forwﬁ?d—differences

corresponding to a vector of ordinates.

CALL: DMAX = FORDIF (Y, N, D)
*fé? INPUT: Y(I) - I-th ordinate
N - No. of data
AOUTPUT; D(I) - I-th forward difference, Y(I+1) - Y(I)

FORDIF - maxlD(I)L 1<I<N-1



stuu..-u ot it | si " L "

=
i

‘FORD:F .
guos/suwznous:zza -(v.m —FORDIF - — —
1 1o FUNCTION FORDIF (Y NyD)
P 2¢ o € - CALCULATES-FORWARD DIFFERENCES D (] )—a-—Y-0l¢})a ¥i1) —
i kN c RETURNS VALUE OF MAXIMUM oerERENcE
- He : DIMENSION - ¥ 413 oD4 )y -
} ¢ N 8 N e |
; b [ -Y &-0s. . e e et e s o e e = e
'j 7 Do 3100 ! ® loN
L. B oo = DUI) ® Y{lol)-o V] - - -
‘ 9 100 IF (T oLTo ABS(D{I)) ) T = ABS(D(I))
el Do ~-FORpIF—5_7T-
bhe RETURN
- l S END-- —-mmn e
po -OF-COMPILATION? — — —— NO—DFAGNOSTICS - -
{
i
1
|
!
{
|
|
\r___ R . o
v e et e — e e I P
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H. EPSALG

Subroutine which extrapolates a sequence of partial sums to a limit
%
by means of the e-algorithm . Only the diagonal of the matrix of con~
See P. Wynn, "Five Lectures on the Numerical Application of Continued
Fractions'", Orientation Lecture Series No. 5, Mathematics Research Center,
University of Wisconsin, Madison, Wisconsin, 53706.

vergents is stored.

The algorithm is as follows to find the limit of a-sequence of

partial sums Sm (m=20,1, 2, ...):

SE?:O m=1, 2, ...)
sé‘“) =s (m=0,1,2,...)
siii = ei?il) + l/(sr(m+l) - ercm)) (r=1, 2, ...)
The Ezﬁm) are improved estimates of the limit.

CALL EPSALG (S, M, X)
INPUT: S - current value of partial sum
M - Number of times EPSALG has been called previously for this
series
OUTPUT: M - will be replaced by M + 1

X(1) .. X(M) - will contain the e-diagonal of convergents.
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REMARKS: The approximations to the limit of the series will be in every
other X(I) . The best value for the limit will be found in X(1)

if M 4is odd or X(2) if M is even.



b . T .
T ) PRSI e eidaas el s et e b 2 s ) it b s

.
|
E
EPSALG .
-05/31172-01;53322 1.0.0) EPSALG o
"l SUBROUTINE EPSALG(SMyX)

2y €. _EXTRAPOLATES.SUM OF SERIES_S_ BY. zpsuon_u.eoennn___

I o S IS VALUE OF CURRENT PARTIAL SUMe AT EXIT M IS LENGTH OF
LX) S THE EPSILON DIAGONAL X)) _aeeX(M).
Se C. BEST ESTIMATE OF SUM IS IN X(J), WHERE J B 2eM0OD({M,2)
b — DIMENSION XAY). .. e
B K & M
e B0 M= M. ). e
9. X(M) ® 0 '
— 1Qe__ . Al m. S8 -
5 Ile 100 IF (K +LEs O) GO TO 200
ooV @e __AO. ®m. X(K!l)__!_.l_n_L(ALHX(K)Y -
13 X{Kel) ® Ai
—y e Al m_AO.___
T 15 _ K & K = |
b : 60. 10 .100.
17 200 Xtl)y = Al
e 8o RETURN. . —
19 END _
ND OF COMPILATION& NO DIAGNOSTICS,
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I. REGFAL

This subroutine finds a root of the equation F(X ) = 0 , given
an interval which contains the root, by a strategy using regula falsi
and the method of bisection. Barring multiple roots or excessive
rounding-error, the routine guarantees convergence. The algorithm pro-
ceeds as follows:

(1) Bisect the original interval until a sign change is found.

(If none is found, error return.)

(2) Apply regula falsi (secant method) until convergence is
attained.

(a) 1If the change in interval length at any step is less than
10% of the previous interval length, apply the method of bisection once.
(b) If convergence is not attained, or the root is lost,

error return.

CALL REGFAL (XL, XU, X, ¥, EPS, LIMl, LIM2, IER)
INPUT: XL,XU - Endpoints of an interval containing the root
F - name of function which stores the value of F(2 ) in y in
the call Y = F(X)

EPS - relative efror criterion for root;” iermination occurs when
relative change in root is less than EPS or the root itself
is less than EPS

LIM1I - Limit on number of applications of bisection to find a sign

change; if LIM1 = 0, Step (1) above is skipped

\
LIM2 - limit on number of applications of reguld falsi in step (2)
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OUTPUT: X - estimate of root
IER - 0 Normal
1 No root or a multiple root in interval (to tolerance EPS)
2 No sign change found with LIMl iterations
3 No convergence to EPS tolerance with LIM2 iterations
4 Root was lost in regula falsi iterations .(no longer a sign
change)
REMARK: The convergence testing could be improved slightly by adding
line 12.5 HO = EPS*Y
and replacing line 50 with

IF (ABS(DELX) . LT . HO) GO TO 1000

"»



¢ e e

REGFAL

°05/31/72«0343533124

(s0) ——_REGFAL

leo SUBROUTINE REGFAL (XL XUsX+F EPSoLlMloLlHZolERl
20 'd FINDS-ROOT OF - THE-EQTN-FX)=_-0-—IN-INTERVAL —(XL-KVU)
3o C BY METHOD oF REGULA FALS! (GUARANTEED . CONVERGENCED
Yo c EPS .= RELATIVE-ERROR_TOLERANCE—FOR-.ROOT
Se C  LIMJ = ALLOWABLE ITER, TO FIND SIGN CHANGE IN AN INTERVAL
- b C LIM2_ .~ ALLOWABLE--]TERATJONS.-TO FIND-ROOT——— . S
70 C IER = D,NORMALe =} NO OR MULT ROOT TO TOLERANCE EPS. 2 2 No
... B d SIGN. CHANGE WITH-LIiMl | TERATIONS s a3 NO_CONVERGENCE-WITH-LIMZ LY,
9o C = 43 LOST ROOT IN REGe FALSI ITERATIONS
—-100 FA-.a..FAXL)
1l X = XL
120 . H 2 AU e_Xi-
130 IF (LIMI «EQe¢ 0) GO ToO 300
-l e 9-'-1*"'-"- : 1
» 15 HH & EPSeH
- 16 - DO 200- 1 -m}yliMi
170 , IF (H ¢LEe HH) GO. TO 250
R 1 - TS G S § T ——- —
19 DO |00 K = 1oy
-20e -- e FB m o F { X H Y - S
21 IF (FA®FB +LEs Qe¢) GO TO 350
=22 4o LB O o K - K 4 —H
230 H 2 DeSey
2494---— 200 g -m 20y - S
25 1ER =® 2
- 264 o - -——RETURN - SR —
270 250 IER = |
280 . REYURN _
29 300 FB = F(X4H)
—~300— 350~ A -3 X ... - S e ——
3l B & X + H ,
320 e . FA- g FlA)—- : - —
33 HH & ABS(H) ;
—34 XP._.e A ... !
35, DO 800 | = J,LIM2 f
360 —— e K- A » FAOH/(FB=FA) . !
» 370 J = | . :
3B MO0~ FXom FUX) oo -
39 IF (FXsFA ) 500,10004600 |
400 5600 —FB-a FX ' "
Hle B = X :
S H20 - GO-T0 700~ e ! -
43 600 FA & FX ;
B L PSSR — R T R - S ——
45 IF (errB «GTe Os) GO TO 900
—Hbe -700 H-s-B-m A -or - —
. 47 IF (J «ERe 2) G0 To 800
B s DELX B X e AP e S
49 XP = X
~604- - IF. tABS(DELX)~1L79~EPSGABS(X)«oOR-—ABS4*)m1LJawEPS+~GO Y0--1000.— .
Sl IF (ABS(H) o¢LTe Be9%HH) GO TO 800
—-520 X--a—095¢ (A &R} —
53 J = 2 i g
—54, GO—T-0-400
550 800 |

HH & ABS{H)

Lt e (S



ST R T i N .
Sée IER » 3
87 RETURN ~
" s8¢ 900 IER % 4
.. 5% ~RETURN. __
604 1000 1ER ® O .
b l-' RETURN :
624 END : |
NO OF COMPILATION:  NO DIAGNOSTICSe. B
- ;
S
=
|
-
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~ J. ADSIMP

This function returns the value of the integral
XU '

f F(x)dX
XL

pobtained by means of adaptive application of Simpson's rule. The program

is a slightly modified version of Alg. 182 » Comm. ACM 6, 315 (1963).

CALL: VALUE = ADSIMP (XL, XU, F, ERRTOL, m, IER)
INPUT: XL, XU - Endpoints of the interval of integration
F - name of function which stores the value of the integrand in Y
from the call Y = F(X)
ERRTOL -~ Error bound on absolute error of the integral
MAX - maximum number of integration points which may be used
OUTPUT: - IER - if O, normal convergence. If # 0, then more than MAX
| points are needed for convergence.
ADSIMP - Returned value of integral
REMARK: All of the dimensions in lines 6-8 could be safely reduced to

15. (which necessitates a 15 in line 41)



"ADSIMP :
m06/31/7201.153828 ¢40)... __ADSIMP. . e e e e e
' le FUNCTION ADSIMP(XL.XU.F ERRTOLQMAX.!ER)
§¢_-2L_,m~.C”W“M_INTEGRATES FAX) FROM. XL .TO.. XU BY_ADAPTIVE SIMPSONS_ RULE. .
i 3. c . ERRTOL = ALLOWABLE ABSOLUTE ERROR TOLERANCE
— (o MAX .= LIMIT--ON NO_FUNGTJION CALLS —
. S c - IF 1ER eNE., O MORE THAN MAX POINTS ARE REQUIRED
| __6s . DIMENSION. .DX.(30)0EPSP(30).4X2(30)3X3(30), F2030)4FILI0)4FH4(30)
b T &FMP(30)oFBP(SO).ESTZ(&O).EST3(3D);PVAL(3D:3)
e B INTEGER .RTRN{.30)
9e EPS = ERRTOL
100 aA.=__XL
11e . B 8 XU :
120 LVL . B O - e e e e e e e
13, EST 8 1.0 ‘ S : : A
—14e- —DA-5-B = A : : —
150 ) FA = FEA) i ' ‘
—1b L FM . 4+00F({A+8.)004.5])
170 FB = F{B)
189 . e KOUNT.B .3 - -
190 100 LVL = LVL & | . :
208 e e e — DX ALVYL) -® 0e333333333¢DA - S L : .
C2be - SX m DX(LVL)®0+166666667
—22 Fl-o-4¢00F{A-% -0e580X (LVk)) ' —
23 X2(LVL) = A + DX(LVL) .
-7 P S—— o S O N PR SN &2 A1 R ) [ —
25 4 X3(LVL) = X2(LVL) & DX(LVL) :
260 : F3(LVL) & FIXA LV e - —
27 EPSP(LVL) = EPS ‘ ' }
—~ 28 FACLVL ) -2 4o 00 F(XI (VL) —*—04DoDRALVE—))— -
29 FMP(LVL) = FM , :
~ 300 s e EST] =@ SX8(FA¢ Fl-o F2(LVL) ) ——n — e e
31 FBP(LVL) = FB Lo
D2 EST2(LVL) -3 SXO(F2(LVL)-# FI(LVE)—tF M) L S
33, ‘ ESTA(LVLY = SXe(FI(LVL) » FYlLYL) ¢+ FB) P :
—340 - SUM .5 EST1-+ EST2(LVL)—s—EST-I(LVL) i e
35, KOUNT = KOUNT ¢ X L [ 4
~.360 e ~IF-(ABS{EST=SUM). ¢GTo EPSP(LVLI:).GO--TO0- 5:10_4_.*.“._”.4._%...,..,_;#.~
A7 400 LVL = LVL = | :
-38 60— e 1 = RTRN (Vi)
a9, PVAL (LVL.I) = SUM . )
BT R —— GO.-TO (600,700,800) 41 - » : -
410 500  IF (LVL oGEe 30 sO0Re KOUNT ,GEe MAX) GO YO.400"
Y429 e oo —RTRN  (LVL)--®—} :
H3e FM a F1i § :
MY i FB B F2ULV ) e - . S—
45 EST = ESTI . L
—Hbe 550 DA - DX(LVL) S , -
470 EPS = 04577¢EPSPILVL) : s S "
~-48¢ - GO TO 100 — ; : S —
49¢ 600 RTRNILVL) = 2 ' =
- B0 ¢ = FA &8-F2{LVL)
51 FM = FMPYLVL)
—5820¢ FB—o—F3(LVL)
53 EST 3 ESTZ2(LVL) »
—64e A-B-X2(LVED — — —
554 GO0 T0 550 - ‘ , : :




T Y

by 700  RYRN (LVL) @3
876 FAe FIOLVO_ - — S

‘B8 FM =& FY(LVL)
~89e . .._._FB_m_ FBPILVL)

2600 © EST & EST3(LVL)

~ebe_ A B XIILVL) .
620 : GO 70 550

A3 800 ___ SUM = PVAL(LVL,1) o PVALILVLe2) ¢ PVALLLYLG)

b4 IF (LVL +GTe 1) G0 YO 400
o689 e . . ADSIMP.® SUM. .

660 IER = 0 :
@7 ; IF._(KOUNY _,GTe _MAX) lER_® _|

684 RETURN

_ 6% END._ .

In. OF_COMPILATIONS ._______NO_DIAGNOSTICS.:

{
{

———e - T

—— e e T
t
L}
f

)}



ViI-21

K. SAMPLE OUTPUT

The problem shown is for the Na-Hg system with the ﬁointwise potential
taken from U. Buck énd H. Pauly, J. Chem. Phys. 54, 1929 (1971).
The units of energy and length were € = 8.79 cpe and r = 4.72 X .
resp. The output shown is for E* = 1.65.
NOTES: (1) The last partial wave calculated was at £ = 455, (b* = 3),
when 6Q < 0.1 Zz/be
(2) The convergents of the g-algorithm after 5 extrapolations were:

= 175.4996 (best), 175.4999, 175.0902.

(3) The calculation took 6 seconds on an Univac 1108 (1.5 ps add time).
Since every seventh 7z£ was calculated, without interpolation the
execution would have taken 40 seconds.

)
(4) The e€-algorithm extrapolated cross section was 696.6 A2, with

: (o]
c2PP = 0.6690 x 10° cpe - A° .



ENTRY TO JWKB/DNTERP

___TOLERANCE_FOR. YO_(RELATIVE) _ o10000=04

TOLERANCE FOR ETA (ABS) +50000=02

JOLERANCE FOR JB LIMIT  410000=0]

BUCK=PAULY Na=HG 452POINT INTERPOLATED POTENTIAL

i

e e e e n e e i FR—

PHASE SHIFTS AND CROSS SECT]ONS FOR REDUCED.MASS. 0342513402

-

‘LONGsRANGE Cé ¢800000+00

ZERO OF POTENTIAL 2810840+00

UNITS OF ENERGY AND LENGTH 2879000401 2472000401




ENERGY 165000 WAVE NOo 1298886402 AsSWAVESRUNIT 1410749403
FOLLOWING TABLE IN REDUCED UNITS EUNIT,RUNIT
L 8 Yo RO ETA ETAJB PEL® 1ER  1SW
COOOOCQOCOHOOQOOG‘tl‘tp"llaualtaeQGQCQQOBQQQOQOQOaaﬂ5&'590:0&#@960Dbﬁl00@9:!00’00"0OQGBOOQQPQGOQQOD
-
0 2003544 14422920 0702780 0856023402 2225336014 0175033202
7 0053163 104218868 703302 ©s 749108402 0296475408, 2116608201

2 o 0102783 1418988

21 0)524902 104914354 0707037 ©y551184+02
28 0202021 14408074 0710150 29460106402
1) 9251640 14400376 o714094 =,374]170402

0704728 =,647499+02

0109763407

1908811=01

0153145206
0374171+05

149412400
2162609+00

0124782+05

01195012=01

210  1.492]22 7250051379301 2707472+01_ 2170229+0!  «755222+00_

217 1454174} 0684871 14460130 0527661 +01 e 144543401 «110085#01

0 0
0 0
0 0
0 -0
0 0
0 o
42 0301240 10391112 _ 718849  =242293494+02 2507399+04%.  2233086+00. 1] 0
49 ¢350879 10380208 0724528 ©,217882+02 0236738+04. 0142485201 o. .0
856 o H400H98 14368192 730892 *,147260+02_ 12219504 0276974200 90 0
63 450118 (435528¢ 0737852 81629740} 0 681437+03 1408493+00 0 0
70 2499737, 1341338 __ +745524 _ =2,209508401 0403969+03 0374505+00 0 0
77 2549356 (4326383 ¢753930 ¢347989+0) 2251643403 2605077201 0 0
B4 2598975 14310477 4763081 855816201 2163309203 0347806400 0 0
91 2648595 |4293687 0772984 0131465402 ¢109695403 4194877400 0 o
98 20698214 14276068 __ 4783659 0172409402 07587725402 0697211400 0 Q.
105 9747833 14257647 0795136 v 208403402 +538309+02 +623540+00 0 0
112 «797452_ 1423833; 807538 0239393402 4390420402 0689164400 0 0.
119 2847072 1218499 0820682 0265423+02 0288705002 1825251400 0 0
126, 9896691 _ 10198434 2834422 2286279+02 0v2172191+02 0107484200 1] 0.
133 0946310 14176721, 2849819 ¢3016729+02 0165916402 1851474400 0 0
J40 0995929 1e154330__ 866303  4311727+02 1128503402 0577642~01 0 0.
147 1045549 [,130917 +884238 2316020402 0100771+02 0357779501 0 0.
159 14095148 1.105848 0904284 W314321%02. 0.7929193+01. 0286874=03 1] 0.
161 14144787 |.079500 0924355 21306323+02 - 0640371+01. ©570406+00 0 0
168 135194406 14050014  ¢952368 2291102402 517958401 0657322+00 0 0
175 12244026 1.017124 0983165 2268476+02. +422580+01. 1121839401, 0 6
182 16293645 2978690 1021774  ,237233+02 0347520401 2126025%0]. 0. 0
189 1e343264 0929633 14075493 2197253402 +2879044+01. 2792292+00 0. 0.
196 14392883 ¢864247 1.157Q77 4149959+02; 0240149+01.  9594686+00 0. s}
203  1.4425023 +790788 }426456] 0103836502 2201591 <0l 1966429400 a 0.
0 0
0 0
229 ___ 10591360 . 2654228 14528519 40595201 «123371+01. ¢100412+01 0 0
231 1.640980 0628806 14590316 0313450+0] +105813+01" 0826042=04 0 0
238 19690599 «604714_ 14653675 0227284401 291170} +00 0817165200 0 0.
245 19740218 0584064 Je712136 +1855923+0] 0788927400 0160253401 0 0
252 17898237 0565683 __ 14767773 147790401 1685448+00. 2127444401 0 1]
259 14839457 +548497 14823165 0597871400 0156592401 ] 0

117491401




266 14889076 +533001 1.876168 2991833400 $523369+00. 0132352+01. 0 0
@73 1938695 518827 1.927424  ,855278+00 245973500 01]10438+01 0 0
280 [.988314 +505414. ].978574 2734174+00 240516300 0892486400, 0 0
287 24037934 _ 4492703 2.02962} 26325]12+00. #358)83¢p0  7}2228+00" 0 0.
294 2,087553 2480683 2.08037) ¢548260+00 0317591400 +567089+00. 0 0.
Ipl  2.137172 0469277  2.130939 2477267400 0282395400 + 450955400 - 0 0
308 2.18679) + 458430 2,181358 241714500 +25]1778+00: +358958+00 0 0
315 29,2364} 2448098 242314656 036597700 022505900 02864046°00. 0 0.
322 24286030 438240 2,281854 0322221+00 0201672+00 0229249400 0 0
329 20335649 4428822 2,331968 _ 4284637400 418114100 ©184175+00 0 0
336 2,385248 419813 2.382014 9252239400 . 163068400 +148570+00 0 0
343  2.434888 o 411184 2443200} 0224201400 v 147116600 »120355+00 0 0.
350 2.484507 2402911 2.481939 2199832400  ,133001+00. 0978999=01} ] 0
357 2.534126 2394970 24531835 0178604¢00° v 120480400 ©799813=01. ‘0. 0:
364 260583745  +3B7342 2,581496 » 16004300 010934700 v656165=0} 0 0.
ﬁ 37120633365 380008 24631527 ,143761+00____,994240=01. +540507=01. 1] 0
378 2.482984 0372949 2,481332 2129441400 - 990565920} c447026*0) - O 0
~385...29732403. - 436615). 29731415 0 }J6B01400. ..-9826366m0) .e371401=0} -0 =0
392 2,782222 - 2359599 2.780879 210563200 +755259=0}. +309289=01. 0 0.
399 2,831842 0353279 24830626 9571760} 4691369201  +258658~0]. 0 0.
4D6 2.881461 +347179 2.880358 18671430} 263385701 v217121901. 0 o
413 2.93108D0_  +34)1288__ 24930078 479066420} e581991=01  «182855¢0]. 0. 0
420 24980699 0335594 2,.979788 +720631=0]. +535136e0}’ 0154523»0] " 0 0
427 3.030319 «330089  3.029487 1657892=0] 1492735=01. +13097070) 0. 0
434 3,079938 0324762 340794179 060167620} +454303e01 . v131364=0} 0 0
441 3.129587 9319605 34128863  ,55]1144=0] W419412e01) 1949672-02 0 0
H4B  3,179176 03J4510 34178540 15056780} 0387688e01. 081225402 0. 0.
455 3,22879% 0309769  J.228217 cH64612m0] ¢3158800=0). . 69648102 0 .0

MAINING CROSS SECTION 1S LESS THAN 005 SQ ANG.

SILON ALGORITHM CONVERGES oo

17544996 #S54e9791° 175.4999¢ 102484} 9 175.0902
“E (SEC) 50937
CROSS SECTION AT LAST PHASE SHIFY 694,92 ¢ 175,090 ,
JB EXTRAPOLATED CROSS SECTION _(SQ ANG) 696,51 QVB 175490 Cé& APPARENT 2668939

HIGHEST ORDER DIFFERENCE USED IN INTERPOLATION

EPSILON_ALGOR]THM CROSS SECTION

696455

.. 8 ___175.+500

10

Cé_APPARENT

0669033+05




