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PREFACE

An attempt has been made to keep the programs as subroutine oriented

as possible. Usually only 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), SYMOR (VI.E) , MATIN

(VI.F), STUDNT (VI.G), DNTERP (VII.E), DIFTAB (VII.F), FORD IF (VIIoG),

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 components: QOTT(v) , dependent upon the

long-range force constant C.. , and AQ (v) , an oscillatory term due
6 . g

to the presence of glory extrema

Cfe
QS L LCir) - 8,083
°<su-

where \\ - JU- V /~" is the wavenumber, L is value of the orbital

quantum number JL corresponding to "Tn , a maximum in the phase

shift, and ?7 is the second- derivative of "77 with respect(,tn [_ 1*1

to x- evaluated at L
O

It can be shown that by expanding about the high-velocity limit,

(2b) may be written

r— — .
where E "~ 2. /̂  ̂^ is the energy,

*7

-i A,e , Aze4

*
For a more complete description of the derivations of the formulae see

Wise. Theor. Chem. Institute Report WIS-TCI-469 (1972).
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and r is the position of the minimum of (of depth e) the potential.

The constants g , a^ are related to the curvature of the potential well

at r = r , and the constants H. , H0 , ... , A- , A ', ... ,
m 12 1 2.

were found to be to a good approximation independent of the curvature,

e , and r , and of the form of the potential. Furthermore, for the

A * '
energy range 1 <_ E j< 100 , where E = E/e is the reduced energy, it

was found only the terms H arid A , A , A« and A, were required.

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

the values of the constants are:

g = 0.186299 (I-5a)

H = 3.267 +.0.80 (I-5b)

a = 0.4215587 (I-5c)

A = - 0.1655 + .0016 (I-5d)

A2 = 0.1057 + 0.0160 (I-5e)

A3 = - 0.0544 + 0.0160 (I-5f)

A4 = 0.0139 + 0.0084 (I-5g)

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

- Y, -ir"
. (1-6)

and

4 V -VE V ' £ e- £3 /(I-7)
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where f C.k \
Y, - 8. 083 ( -̂ r- )

(1-8)

_Q

It has been shown previously that when the r term in the potential

begins to affect the cross section, it may be accounted for by replacing

Q_TT(v) in (1) by QQTT(v) + 2TT/3 0 , where 0 = CQ/C, .DLL bLL o O

It is clear from the form of (1-6) that Q.(v) has an oscillatory

component. The condition for extrema in Q is that sin (j) = +_ 1 ,

which can be shown to lead to:

4

where the maxima and minima in Q(v) are indexed by N(v ) in the order
O

they occur, i.e. , N = 1 corresponds to the first maximum, N = 1.5 cor-
l

responds to the first minimum, N = 2 is the second maximum, etc. The

quantities v are the associated values of v at the extrema.
6
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II. UNITS

All of the results and .programs below assume the following system

of units:

-24
Mass M = 10 g = 1 ppg (picopicogram)

Length L = 10 cm = 1 A (angstrom)

-13
Time T = 10 sec = 1 dps (decipicosecond)

In this sytem,

1 amu = 1.660531 ppg

1 a.u. = 0.52917715
o

1 Km/sec = 1 A/dps

1 eV = 160.21917 cpe

1 Kcal/mole = 6.94793 cpe

h = 6.626196 cpe-dps

•K = 1.0545919 cpe-dps

kT = 1.380622 cpe @ T = 100°K
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III. 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 HI and A , A. , A« , A, are those for the L-J (12-6) potential

given in (1—5).

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, Cl, C6,

in that order, according to the format (15, 6F10.4, E15.6), where:

N - No. of velocities for which Q(v) is to be calculated

MU - u (reduced mass)

EPS - £

KM - r
m

Al - a^ (I-5c)

BO, Cl - b and c are related to the leading terms in the expansion

/ * //in powers of 1/E of L and ?7 ' respectively.
g {n\

1/2
Since the only quantity required is g <= b /c , b

may be set equal to g and c- to 1 .

C6 = C the long-range force constant,
b

The succeeding cards of the data contain the .velocities V(I), 1 = 1

N, for which the Q(v) are to be calculated, according to 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
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QSLL =

DELQ = AQ (v)
O

q = Q(V) =
AQg(v)/QSLL(v)



XSECT7 — ; - .-- - -
COMPILED BY FOR-V S7E6 ON 06 SEP 71 AT

IGE USED: cooEfi) 000270; D A T A ( O > ooosis

•m

I 1* C
1 2*

1 3*i **•'
1 5 «
I 6* 100

1 ?' 5
1 8*

1 9* 6

1 Ht jig —
1 12* j

I 13* "'?°

1 15*

1 1G*
17*
18* 30

19*

21* .

I 22* ?
1 23 * 1
1 24* WO

I 25*
1 2 6 * '
i 27* i '

I 28*
29*
30*

31*

33*
34*

35* 200
36* 50

I 37*

PROGRAM TO GENERATE RAPID CROSS SECTIONS j$
REAL MU i • ' • kf- ' ' .
DIMENSION • V ( 2 0 0 l t A ( 4 ! - » T I T L E f l B I %• ^
D A T A A/-0.1S55.0.1057»-0.0544f0.0139/f Hl/3.267/iff . i
D A T A Pi/3.141592e;5/»HCROSS/i.d5459l9/ ' fe«. . ' 1
R E A D 15. 5> (TITLECI)»I=1.18I pi' ' '

' F O R M A T ( 1 8 A 4 ) . . :̂||
WRITE TStSl ITITLETTIf 1=1 »18I \^
F O R M A T C lH l f lOX»18A4 l ^
R E A D ( S f l O ) N»MUt EPS»RMf Al f BO»C1»C6 ^

~"FORMA'T"it lBf6FilO.'4"tElSV6'I " fe'f " '• "'
WRITE f S .20V N»MUtEPSfRMf Alf BOf ClfC6 '^,
FORMAT (1HO»10X.»NO. OF VELOCITIES • f I8/11X » •REDUCED MASS*»E15.6/

~1 llXf • WELL-DEPTH EPS' »E15. 6/1 IXe 'POTENTIAL WINIMqW HH*f El5.^11Xt
2 'PHASE SHIFT COEFFICIENT Al *»E15.6/11X* 'BETA COEFFICIENT BOft;
3 E15.6/11X»'COEFFICIENT Cl' » E15.6/11X* • LONG RANGE C6»fEl5.6^v

R E A D ( 5 > 3 C » C V t Z l t ] E = l*NI ' n ' •>-
FORMAT (8F10.4I 1
Dl = C6/HCROSS ft^
02 - 2««PI*RM*BO ' |gcli '
D3 r 4.*RM/HCROSS ' lS ''
D4 - 2.*PI*RM»HCROSS/«EPS*C1I ;{:f̂

WRITE ( 6 » 4 D I ' ^
FORMAT f //IHOt SXw 'NO.'t 8X. • V't 13Xf *QSLL ' t 10 Xf «D|LQ'f 11X t 'OTOT'e

1 10Xt»DELQ/QSLL' /4Xf lOOf lH*J/ I '.i '
DO ?00 I =" If N ' "" ;
QSLL = 8o083*tDl /V(IM**C.4 ''
ETR r 0 .5*MU*VCI)*Vf 11

Z .- EPS/ETR
PHI = - 0.75*PI + D3*EPS*IA1 + Z * f A f l ) + Z * f A C 2 ) * Z«IA(3I » Z»

1 A f 4 M I ' M / V f I)
DELQ - D2*S!3RTf D4»V! IJ 1*11. * HI* Z! *SINI PHII

Q = QSLL + DELO '
OF = DELQ/QSLL

WRITE ( E f S O ) I fV< l» fQSLL.DELf i fOfOr
FORMAT (3XfI5f5E15.61
GO TO 100 :

IND OF C O M P I L A T I O N : NO DIAGNOSTICS.

COMPILATION TIME;
-r/o-KEtwesTs:— —
i/o WORDS TRANSFERED:

0.653 SEC.
-TO- —

57470
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IV. PHASHT

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

••' •' 3 ' •
variable Y = (N - -s-)v.T to the model

O JN

Y =
where, after regression, the following ansatz is made:

I _ 2cx, evV . c 9 c- r
- — - — } O; -

 L_±_ _ 1
l - Civ-2)

which leads to

e = ^ 2 -
Ax S, (iv-3)

2
Values of e r and e are calculated from (IV-2) assuming A , A9,

A3, A, are given by (1-5). "ERROR" denotes 95% confidence interval

half widths. The confidence intervals were calculated using first-order
&&

propagation of error, and took the error in A, , A_, A,, A, into account.

I.e., if Hi — T̂ û a) » then

2_ "~
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Input to the program is as follows:

)
Card 1: title information in columns 1-̂ 72 (18A4)

Card 2: NOB, IWGHT, MU (215, F10.4)

Card 3 (or more): V(I), I =1, ..., NOB (8F10.4)

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

where

NOB - number of observed extrema

IWGHT - if 0 data has assumed constant absolute error. If 1 ,

data is assumed to have constant relative error.

MU = y (reduced mass)

V(I) - extrema velocity v for I-th extremum

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



R » S I PHASHT ,
tt oo caHfKfeb.tt t -v s?E& ON o«» JAM 72 AT oat 33

STORAGE ysEDjeooEm 000121) DATA to; 000552
i \ f > " i't'-s * * £ • * » « • * >

,^ , < . v «» •*.. **

••^v^ fli'AViwBf'x'Ys&^Htf"
,2*
3*

X « 3D ) i Y (30)

1*
>»

*»

t*
*«

. .
,VI jO) * A f 1) *<t (11 f t(S| ,^< * ,5 ) « T| Till < I •!

t • HEAD 1
100 READ < & , 5 I « T ! T t £ t J ) , l « i , l 8 )

: FORHAT or
AND REOUCC&

* t*
MU«

i, ncuftvc;,tmiofi
TTT

NOTE ... IF v 1* UNITS OF icM/Sic ANO mi jN]f.i*fi «RA»V THEM unit
OF ENEtfflt WILL «E I»C-l1 C*€$* |*OTt THAT $ONS HAS «NtT* Of *CT|0

27 >•
2* /
27

3«
1*

(7*
(»«

C
C
t

<2I5*FIO*1»
WRITE (6̂ 0* NOB,1»*GHT,MU
F O K AT O « O X » » N O » OF OBSERVATIONS • *« »p o/1 I
IH »•••» ilO/1 UNREDUCED MASS ...»»E»5t4>
READ IN eXTR^NA VELOCITIES AND CXTREHA tWCCS

SW »T

33*
JO FORHAT (8F10.H)

WRITE

70,-
7*
7J '

7§

n
10

«

*

«
•

i
3

• '3
3
3

»*
f*

4*' - v

3* . * ' *• -
rl* , 5JBO)
S« 50
^* , , .:
7* ... ,-

00 500 1 » 1»NOB
ETR • 0 * S * M O * V t l ) * V < j l ' ' , ' ,

YU> * ( t N O E X t l ) • 0 .375 )»v t l l

IF HKISMT *EQ. i ) «u> • i , / c T < n » Y < i u
NRITi (6,50* I |VU ) , E T R » | N D E X ( | > , X < I » ,YU > ,
FORMAT < 3 X , l 5 . 5 E i S » 6 J
CALL P O L F I T J X , Y , W ,N00 ,C ,E »R .NoEG »S I S J
WRltE {tuttttl NOEGfSIC .- , ,•

ttt;»^ta*<T<tiiti^toij^rj^twfHi>i^ijtw«*/iJi«M.. - T. - - . i . ' . - •*-_.-' T ' j * l r . ^ r - I'V *' TTIJ. r~JJ ,T -F^ -TT ~ ~ " 7\~ ' .*..*•**•*• w — •-: ^ .._' - - - - - - -

» -&fr,' \. ' V • %"

FORMAT ( ? X t U » £ » S , 5 l S X , t i B . S >
"*A£R""« -— -—

4i4,. EPSRM * AER/ At
If*
SO*

:M!;'~gfr 40

EE2« EE/A1
«RtT£ (6,8
FORMAT t/loX»»AJ«EPS«RM •* ,E 1 2 > M E R R D f t * S E | 2 t S » » ) V ) Q X « » E P 5

t«M TT



>H6
'17

>S2

2 6 3

J65

J72!

173

53 *

55*
56*

_, S7> .
say
59*
60*
61*
62*
63*

65*
66*
67*

IF (NDEG .EQ. 0 ) GO TO lOO /
EER s C O N S « C ( 2 ) / A ( 1 ) •
EE » A B S ( C O N S * E < 2 ) / A ( 1) ) I '
EPS B. E t lR/EPSKM . 0
EE2 » £ P S * S Q R T ( R ( I . l ) / C < I ) *»2 * R ( 2 i 2 } /C< 2 |ji»2 -2 . *R (

12 )» * £ R A » > . $ '
W R I T E (6 ,85 ) E£R iEE»EPS iEE2 t t -

85 F O R M A T ( / 1 0 X . « E P S « E P S * R M » « , £ 1 2 ,_5 , 2X t M ERRJ3J! * *»E t2 .5 ,
1 FROM Al •0 *H2 i5S9 . . . • i E 1 2 • 5 » 2^ , ' ( ERROR «'|>| 12 . 5 , « j

IF (NDEG » E Q « 1) QO TO IQO ' ^-|
EPS » C ( 3 ) « A ( I ) / ( C ( 2 ) * A ' ( 2 ) J fe
EE • E P S * S Q K T | R l 2 ( 2 ) / C i 2 ) » » 2 + R ( 3 , 3 ) /C ( 3 ) «§:2 - 2 « » R (

1 C ( 3 » ) * E R A 1 A 2 ) . " JS*'
W R I T E (6,90) EPS,£E / If

90 FORMAT ( / ^ fOX j igPs »' |E12.5 ,2X , » (ERROR •* »E n»*S~o ' )*>
GO TO 100 ; t

END . ' . - ' . , " ' . ' . ' : ' . . ' - l!

b2.i/'Ul-lL»!L
•t,
i

• ) « / l O X , « E p

''

2 -%\ j t r t -»ii « ., « 1 / \ W | ̂ |f '

END OF COMPILATION:

COMPILATION
i/o REQUESTS;

NO DIAGNOSTICS.

0*959 SEC.
61

-if

I/O WORDS TRANSFEREDJ 61 198
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A. POLFIT

This subroutine fits a polynomial
n

bcx) -
1

to a set of N data points C^t > ty(, ) I £ L - fv , by weighted

forward regression.. The criterion used to determine /C,D . /Ct yi/^/ui

2.
the minimization of the approximate variance of fit 5 :

A/

I

where TAT*' is the weight assigned to the i-th data point (if thei*
2. I / 2.

variance of the i-th data point is £T' , then IV I ̂ / O^ ) .

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

gonal polynomials : K/\

hex) = Z3 aK »k(:?c':)r k=o

where the pi S satisfy T^ C3^-) — 1 and

« - C:x-uk) pkcx) -irh PK-

Dk

The fit is continued until all terms whose contributions to the variance

2.
5 are significant at the 90% level (F-test) have been added.
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CALL POLFIT (X, Y, W, N, C, E, R, M, SIG)

Input :

X(I) - abscissa X^r of the I-th data point

Y(I) - ordinate M ' of the I-th data point

W(I) - weight 1&" of the I-th data point
(*

N - no. of data points

Output:
l-\

C(I) - /C?. > coefficient of 3C. in final polynomial

E(I) - 95% confidence interval halfwidth of C(I), i. e. , ~t

2
R(I,J) - covariance of C(I) and C(J) multiplied by t ,

2
i.ê . , t cov (I,J)

M - degree of final fitted polynomial

SIG - 5 , standard error of fit where t is the critical value

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

N-M-1 degrees of freedom.

NOTE: Because of dimensioning^ the program in its given form is limited

to N < 21 and M < 4.



OR,si POLFIT
CLE 000 COMPILED BY FOR-V S7E6 ON 04 JAN 72 AT 08:34JQ3.

STORAGE USEDJ CODE(l) 000662! DATA(O) 000323

101
101
101
101
101
101
101
roi
101
101
101
101
101
101
101
101
103
103
104
104
105
105
106
106
106
110
1 10
110
112
1 1H
117
120
123
125
126
1 3.0
131
132
133
134
135
140
141
142
143
14H
145
147
]l50

I151

152

1 *
2*
3*
4*

5*
V -6*'' ' -

7*
8*
9*

1 1 *
12*
13*

_j**

21*
22*
23*

25*
26*
27*
28*
29*
30*
31*
32*

33*
3«<«
35*
36*
37*

. 38*
39*
40*
41*
42*
43*

45*
46*
47*
48*
49*
50*
51*

C
C
C
c .;
x "••'
c
c
c
c
c
c
c
c
c
c

100

200

300

SUBROUTINE rOLF»T { * » Y • « , N , C , E , R , M , S I G ) '$
FITS A POLYNOMIAL OF DECREE M ( DETERM I NED/fB * ROUTINE) TO A &ET Op
N POINTS (XI I ) ,Y( 1 ) ) jal ','. .. ,N . | * ''
VM I! IS THE WEIGHT ASSIGNED TO POINT to EF. G • "FOR ASSUMED CoNSTARl
ABSOLUTE ERROR, W ( l j « 1. , ANn FOR ASSUMED. CONST ANT PERCENT AGE
ERROR, WC I) . «• J./(Y( I )*Y( 1 ) ) ,
THE POLYNOMIAL is GIVEN BY P(X> » cm + ;'£•• C(M+ i i * x « » M
E(l) IS THE 95 PERCENT CONFIDENCE INTERVAL;$HALF«IDTH OF C < I >
R ( l t J ) IS THE C O V A R I A N C E BETWEfN C ( I ) AND ;f| ( J J , MULTIPLIED BY THE
SQUARE OF fH£ C R I T I C A L V^LuE OF THE $TUDE$;t T STAfiSflc' •£' .
THE DEGRiEE IS INCREASED UNj IL .ALL . TERMS SIGNIFICANT AT THE ffl
PERCENT LEVEL HAVE BEEN I NCLUDrO , §A... ff
THE POLYNOMIAL IS DETERMINED UslNfi THE MEIllfD OF ORTHOGONAL .
POLYNOMIALS. Iff
AT E X I T FROM THE ROUTINE M WILL BE THE DETJlPMlNEO DEGREE OF .ijlE
POLYNOMIAL AND SIG iflf 1 L L CONTAIN THE RMS Rl?|llDUAL OF THE F 1 t J\|
DOUBLE PRECISION U,V*A ,B,VY,AYY,WAYY,SYN,T^;WORK,PI ,P2»suMi ,suM2t

I SUM3.SUMH ** '
D IMENSION X( 1 ) ,Y( 1 ) ,W( i ) , C ( | ) , g ( J ) »U(5) ,V(5> sA(5) ,B<5,b),D(5),

1 R(5,B) (,F90(25) ,TV5(25)
EQUIVALENCE ( V Y i B ( I , 5 l > » (T,B( 1 , H ) ) , ( «A Y Y , B <; 1 , 3 M , < S YN • B < 2 , 5 )> ,

1 ( WORK f B ( 2 , M ) ) ( (1 Y Y » B (3 » 5 > ) 1
DATA T 95/ 1 2* 706 i 4. 303,3* 1^2 t 2. 776, 2*571 , 2 .^7 , 2 « 365 »2 • 3U6 , 2 o 262 ,

I 2.224,2.201 ,2.179,2.160*2. 145 °2. 131 *2*12q,2. 1 1 Q , 2 . 1 0 1 , 2 . 093 , 2 «0«
2, 2.080 ,2.0/4, 2.069 »2 1 O*1* » 2 « 060/
DATA F 9U/ 3 9. 86, 8. 53, 5. 5H, 4, 54, 4. 06, 3. 78, 3i> 59 » 3. 46o 3 .36, 3. 2 8, 3. 23 i

1 3. IB, 3 » J H , 3. 10, 3. 07, 3. 05, 3. 03, 3. 01, 2e 99, |e 97, 2, 96, 2. 95, 2. 94, 2. 9;
2 2.92./- • •' ' - . • , - .. ,|
DATA V(l )/0. DO/ : ; ?
DO 200 l'» »,4 ..' . - : • ;:.̂  "''.:•••;•;. i:..'''--'-V::.^ -; •';-•: ' ' . ' ' . ' .. .
1 1 ° I * 1- . .-- ' .- : - . , . • • - : . . • . . ' : . • : • ' .- '• -

'•DO-- l o o , J " i , l l - . ' '•'.-•..''';.- •'.-, '. :V;: /:. ','.- '. -"';' '"-'.•'- - ' . . ;•
B i i « J > « o.oo '-:'. -. "•... •••;:.-:- .:.-;:"-' "..•;••••••••• (•"•'' :''".: • ' " • '
B(5»I > « O.DO u

.'Biiin'-- t«D.o;; "'. ;'-r '.,';••/;-.':- =--:- •;;',.^.-.:'-/.-^'.-;;
;'-:" ' "

SUMI a O.DO , : -
SUM2 s O.DO - - • • . . ; . ' • • - ' : - , - . ; ; • ;; V ; :- -;; -• -:-:: ';-,- : ••'=-. •'— .
suM'3 •'•Q«D'O '" : • - ;; '••- ••-.•»•''."'.- .. ;--;-:;

:' • ,
V Y a Q.DO • • • ' . ' • • • - , - .
DO 300 I » 1,N '. '• '••-.-,' '-. ?:,; •; : •'''-./ ' '•'; ' •-.. .';•';. . '
t « wt i.) _ :. •,•".- /'.:'. •-•:.• ,,v.,;,, _..- ' .-,,, ;'-. . . . . / . -
SUMI » SUMI * T • ,
SUM2 a SUM2 + T*X(ll -•'-.• '

; T « 'T»Y( i i - • - . ' • . - •.:'•'/'' - • ' - . - . ' , ' • ' , - ' , : • ' ' • ' •':-. ' . ' . . . " •
SUM3 a SUM3 * T
VY " VY * T*Y ( I )

,-A'l 1 > » SUM3/SUMJ
Q { I ) a SUMI • ' • • . . -
U( I ) > SUM2/SUM1
B(2,ll a - U( 1 )

52* AYY 0*DO



.'"*,-'

fcSif'''

||6<,

an

3§fe".?:
JsPSSfe

'OilW0.

P

I

.' ... : ' • • ". . • •' :'/.;LV;,-- : ; ..;"• ••" '• • : - •
51
55
56
57
61
62
63
61
65
66
71
72
73
71

177
200
201
203
2 OH
205
206
207
21 1
212
213
211
215
216
217
221
222
225
227
230
231
232
231
235
^36
23?
210
211
211
215
250
252
251
255~
260
263
261
267
271
272
271
276
277

53*
51*
55*

- - '.S**..:.
57*

; 58* ';:•
59*
60*
61*
62*
63*
61*
65»
66*
67*
68*
69 «
70*
71*
72*
73*
71*
75*
76*
7 7 *
78*
79*
80 *
81*
82*
83*
81*
85*
86*
87*
88*
89*
9CI«
91 «
92*
93*
91*
95*
96*
97*
98*
99*

100*
101*
102*

~TQ3*~
101*
105*
106*
107*
108*
Fd9»

VY = VY - A< 1 I»A'U )»DI 1 » :

.•.-•:•'•-. .-'.i * i ; • :':••-•• :• • - . - •-••;••.; ,.- '' . -
BOO :- •:•..•! ' = -I- * 1 .-' •- - ;••.--•. •:• .. - / - . •' / '. -. - - -. -- ' , -- • '

IF U .GT. 5) QO TO HOO -
.-•- .--' •' i.r-- : i - i'v '•'•/• '; :-': , •'-• •.'.•'- ,:',.-:: :' '- •. . •- " ' :;. ,;• • . •

SUMl « 0,00
:: r" ;•• suM2:-.» O.DO "•; •_•"..;'.'•" ••.•/.: :.'-•..'.. . '•-

- SUM3 a O.DO ' : ' • • ' . . . *
SUMl « O.DO
DO 800 J » 1 »N

••• . • PI • i .DQ '...'•• •"•••••••''.•.••• .': '
P2 « O«DO
WORK » X( J)
DO 700 K = 1 , 1 1
T « <WORK -U«K))*P1 - V<K)*P2
P2 « Pt • . ; :- '.-,-.• . • . • . •"

700 PI « T
T « W( J)*P1
SUMl = SUMl * T*Pi*WORK • , r' ' '
SUM2 a SUM2 + T»P2*WORK; 'f
SUM3 a SUM3 + T*P1 . . •. |;' . : :

800 SUMl o SUMM * T«Y(J> V,/ j
••' ' . on >• * 'Surta •'•'"•.' /. . ' . "'' ' •' ' ••'•• •• |« ;• ' . ; ; :;

U( ! > • SUMI/5UM3
' V ( I » « * SUM2/D< 1 1 )
A( 1 ) = SUM1/SUM3 ..
WAYY « A( 1)*A( 1 ) *D( 1 » ?1
A Y Y » A Y Y + W A Y Y . il?
IF (l.tQ.2) GO TO 1000 fj.
8(1.1* •" -UU 1 )«B( I I ,1) - V( Ji)«B( i*2il t §
DO 900 J <s 2,1 I ; t

900 B(I.J) « B(ll,J-l) • - U( I I ) *B ( I I i J) - V< J n»B< I-2i J)
1000 IDF ' » N-l

SYN • D A B S t V Y - AYY)/lDf >
FP a WAYY/SYN i
IF 1FP «GT. F90<lDri) GO TO 500

I 100 MM * 1-1
M. • MM-I - ' • " ' , . -. '' '•'

- - - " - A Y y .. A.yY..^ jy-^yy - • ; - • - - - • .'̂ ->r:-;-— • - - " - ' • -;•""---••• ' ' :

IDr « N-MM '• : ••:•,.••,:;
SYN ° DABS(VY - AYY> / I O F
DO 16QQ K ° I ,MM . . • • ' , - : . ,
T * O.DO
DO IBOO'-J " K i M M !i • /

1500 T « T , » A(J»*B(J,K)
1600 C(K) •'••• T : ;

COEF •• SYN»T95( 1DF)*»2 ;
DO 2UOO K * 1 .MM ,
DO 1900 J •« K,MM ; '••'.
^ •••' 0.00 :

DO 1800 L a JiMH .

1800 T » T •»• B(L»K>»BiL.J)/D<L>
R(K,JJ " T«COEF ,

1900 R(J»K) « K(K,J)
2000 £ < K ) «• S(jRTtR(K»K) 1

S1G * SQRT(SYN)
RETURN

. • • •'•-.'.-'-....'••-'••• • • '
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IV-5

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 residual

S for the fit is an estimate of the coefficient of variation of

the data. The value -S = 0.31% is compatible with known experimental

precision.

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

o
with I, S_, S , S , S. , given by (IV-2), with e = 8 cpe, r = 4 A ,

JL ^ J 4 m

a. = 0.421559. I.e.,J.

-'N,

and V. — V' C I "t" O ) where & is a normal distributed
L I*

n 2.random variable with mean 0 and variance O~ .In each case

IWGHT =1, so the calculated value of S should approximate CT

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

3. er = 0.5%. Calculated -S = .55%.

4. 0 = 0.25%. Calculated S = 0.18%.



DATA OF U, BUCK. K»A> KOHLfeR, ANo H» * Z* PHVSlK 244il80

NO. OF OBSERVATIONS •>;
WEIGHTING SWITCH •r. I
REDUCED MASS »*» 342'* 99*02 t

' " ' ' . = . - .'•

NO.
••••»**»*

; . v " • ' • ' - . . ' . ' • • • • ' • / ; • • • E T K ' : . - / . ^ : . ; - . ' . . - INDEX ".''.

r's -f*

~,.^«.\'--

• J3 '_ " Y '. '

•••"••'. 'I ." •
••'•- .2 : i

- •••'• a '•.
- ' . • • • 4 ; • - •

5
' ' 6 ; •

.' :"'••!••• !•
: ;- -8 f •
- - '.9- • > .

10
1 1
12
13

•234000+01
207500+01
188000*01
170500+01
154500+01
141300+01
130500+01
120700+01
1 12500+01
104500+01
968000+00
910000+00
855000+00

.937694+02

.737336+02

.605264+02

.497827+02
f 408 77 7 + 02
?34191 1*02 .
.29 1642+ 02

•216738+02
• 187009 + 02
. 160465 + 02
. 141812*02
.125188+02

'.».5oOOOO*0'l
• ssbobo+o i
*600QOO+01
.650000+01

. . 750000 + 0 t
.aobooo+oi
.850000+01
.9ooooo+oi
.950000+01
.100000+02

•i 10000+02

. . I06p^ = 01 '•

,2008||-0l

.292473-01

.342886-01

.461387-01

.534734-01

.623189-01
•70Sl|0-Ol

.108225^02
• . 1 0'634<| + 02' •
.1 o& 750 + OS

. 102356 + 02-

.''I 006 7.6 + 02

.995062+01

.9«b687+bi

.970312+01

.953562+01
.' ,931700 + 01 i

.921375+01

.908437+01

POLYNOHIAL OF DEGREE
RMS RESIDUAL .••

3 DETERMINED
•31262-02

COEFFICIENT ERROR
••••••*••**•*<

-...-• ..'•-.• -' p-
, •• . 1

' - ' • • • • ' 2
;- . - • 3 '..:'-,

.11338*02
- .55601 +02
•52421+03

"•22900+04

•»»«»•*»•*«•**»*«»*« . § •

.15915+00
« 14017+02
•34821+03 '
•25523+04

A1»EPS»RM " •18782*02 (ERROR- .26364+00 )
EPS»RM FROM AI » 6»42l559 «.. •44S&3*02 (ERROR tt •62538+QO

EP'S«EPS»RM » ;.5S653 + 03 .(ERROR » il4030+03 I
EPS FROM Al «0*421559 «.. i 12192*02 (ERROR « .29827 + 01 )

EPS •• *11762*P2 (ERROR «* )



TEST DATA .--- EPS • 8* --- RH "<• R0.

NO. OF OBSERVATIONS; •••
WEIGHTING SWITCH t«•

13
1

REDUCED MASS »». •300000*02

NO. ETK I N-D'E x

1
. 2
" • 3

4

"•'' 5

7
8

' • • 9 '-
id ;
11
12
13

.800000+00"

.900000+00

. 100000*01

.110000*01 ;

. 120:000*0!

. 130000*01

.140000*01

.150000*01

. 160000*01

.170000*01

. 180000*01

.190000+01

.200000+01

« 960000*0!
•121500*02
• 150000 + 02
• 181500 + 02
•216000+02
•253500+02
•294000+02 ;
•337500+02
•3840QQ+02
•433500+02
•486000+02
•541500*02
•600000+02

•778734+oJ
•725479+Ql
•678422*01
•636708+0!
•599584+0!
•566407+01

,509803*01
•t8SS33+oi
«f63495+ol
•^43412+Ql
• **25019 + n I

S'
• f'

' . 0IOM4-67 + 00
.82 30 4 5 -bl
. 6 6 6 6 6._7 - 0 1

• 4629:&3-Ol
03-9 4 ̂.7-0 I

• 29629:6-01
.260|i7-0l
•230f|l-0l
• 2057P-01

• 166667-01... I ?£

|; -.64l272|0l
.6671 1 1T*01
.687979+01
.705014*01

,7307lO*fl
,740470*^1
,748699*^1
.755685+lQi
,761656+01
,766790+01
.771232+01
,775097+01

fOLYNQHIAL OF DEGREE -4 DETERMINED
RESIDUAL

TERM COEFFICIENT

•97530*OH

ERROR
0««*0000000000

0
1
2
3
4

A1«EPS»RM

.81434+01
-•25576+02
• 13067*03

-.54394+03
."0TnT7'S+'OT~

• .13490*02

•0*»»0««»*»0»«*00«0«0

•10321-QI '
•96037*00
•29574+02
•3636I+Q3
• 15322 + OH

(ERROR- .17097-01 i
0»42l&59 •• •EPS0RM FROM A 1

EPS«EPS»RM « ^SAOO+OI (tRROR
"EPS FROH Al «0."l21&59~iT7"

•32QOO+D2(ERROR •

.96126+01 I
,80000 + 01 (ERROR *>

* ;, * 16387 + 01 j

•H05&6-01 >

•30107+OQ

EPS 079998+01



TEST DATA --- a 8, ..- a 4» *«.*. $|6MA * 0,005

NO. OF OBSERVATIONS ...
WEIGHTING SWITCH ...

13
i

REDUCED MASS .e. ~»300000 + Q2

NO,
*•«»»»••»»«*••*•

.. ETR .-;•' .' INDEX . \
««»«»**•*••o ** »»*•oe***»»•«»«••«* Q * *

1
2
3
4
5
6
7
a ! '

1 0 ^11
12
13

800000+00
900000+00
100000+01
110000+01
120000+01
130000+01
MOOOO + OI
150000+01
160000+01
170000+01
180000+01
190000+01
200000+01

.960000+01

.121500+02
* 150000 + 02
•181500+02
•216000+02
•253500+02
$291000+02
.337SOQ+02
•381000+02
•433500+02
•186000+02

•600000+02

•82660l+0l
o -780906 + 0 1

•• .721(331+ o I
.67 4.6 15 + 01.
.628<i29 + ol;

.568245 + 01 •'
•531 429+Q 1
.51 I 698 + Ql

,464704+Ql
.4l6258 + C)i
.426992+01

«ioi|"6; + oo

.5509^-01

*340l|i'6-0l
.296296-01
•260417-01
.230681-01
*20576l-0l
.184672-01
.166667-01

.63128} |fa I

.684331+01

.700827+01

.729362 + 0*1

.74304^+01

.7M089H+01
o7587l7+01
.765726+01
.768967*01
.776641+01
.778985+01

POLYNOMIAL OF DEGREE 3 DETERMINED
RESIDUAL •••

.TERM E ' T

' '

.54587-02

ERROR

}

- 0
1

' ' . • . . 2 .
3

.84388+01
- . *4 1 1 8 9 + 0 2

-.20993+01

I>«ft»««*e0a&«««$9a99 . ,;

• ' • ' • • ! '
• 23523 + 0 0 . ' . ' ' > '
•15733+02
•29728+03 '
.16183+04

A1*EPS»RM * .13979+02 (ERROR* .38967*00 }
EPS'RM FROM Al • 0»42lS59 ••• .33)61+02 (ERROR'* «92436 + QO J

EPS»EPS»RM • .44231+03 (ERROR « .15748+03 >
EPS FROM Al «Qi>42l559 >«. . 13338 + 02 (£R RQR * »43880»0t )

EPS * .15858*02 (ERROR ^ i£



TEST DATA --- EPS « 8. --- RM.* f* -«- SIGMA * 0*0025

NO. OF OBSERVATIONS • ••
WEIGHTING SWITCH • ••

13
I

REDUCED MASS •300000+02

NO, V

. 1 •

• 3" •
'•' 4 • •

.-• / 5
' 6
7
8
9

10
1 1
12
13

1

ij

i

800000+0
TOOOOO'+'o'
100000+0
1 10000 + 0
120000+0
130000+0
140000+0
150000+0
160000+0
170000+0
IdOdOd+o
190000+0
200000+0

0
0
1
1
1
1
1
i
1
1
1
I
1

• •••

.

.

.
.*

. ' •
*
.

. .

*;i
•
0

! ETR
«••»»•»«»

960000*01

lbOOOO*02
.18 IS 0.0 + 02
^16000+02
2&3500+02
294000+02
337500+02
384000+02

486000+02
541500*02
600000+02

;
POLYNOMIAL OF DEGREE
RMS RESIDUAL .•

TERM COEFF
*•**

---. —

•*«*•**«*•**•*«*

0 ,8192

2 .1
3 -.7

EPS«HM FROM

EPS«EPS»RM a
EPS FROM A 4

•

ICIENT
••****

1*01

8461+03
1384*03

Al • Q*

• 0.

* * 0 « • *

.

.

'. •

»

•

'. •

«

. . «

•

3 DETERMI

INDEX
*»•»«•**

838536+0
710310+0
727lOO*o

636197*0
598382+0

5 3&62 2+d
51 1618 + Q
485833+0

H43228+0

NED

«*«•»»

i
i

i
i

i
i '•. .-.

i

•18440-02

ERROR
•«•«««« •»*«**«»*»»*«««*»

•79429-01

iih.-
4; •* * • <Hff*|| *»»«*««*••••

Y ''
»•»«*»•»„

8 2 8 + Ojl
• 8"230|f-0i e66B"S29 + qjI
• 6 666,̂ 7 -01 .689600 + 0/1
.5509p|)-0l .706871+01
.462 9'*-f -01 .718436 + 01

• 340131-01 .741217 + 01.
• 29629.1-01 .747183 + 01'
•2604^1-01 «758589+01
•230641-01 .762166+01
• 20576VI-01 .768163 + 01
•18467^-01 a770B83+01
•166667-01 ,776312+01

I
• ••'«

t

•531B6+01
M0056 + Q3
0&5802+Q3

42
02 (CR
1559 •»

ROR« »131S8*00 )
• »32|92+02 (ERRO

• 28646 + 03 : (ERROR * •53236*02. )
421559 •»» *8>986*0i (ERROR «

R » O12I2 + 00 )

*isri9*oj j
EPS •• •10101+02 (ERROR ••



V-l

V. XTREMA

This main program produces a fit of the experimental variable

3,

3
Y = (N - -ĵ v to the model

where, after regression the following ansatz is made:

(V-2)

which lead to

(V-3)

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.



31 XT ft EM A "~ *"
OOO COMPILED BY FO R-V S7EA ON 1& SEP 7j AT 1 9 t 2-3 I 2* •

3KAGE US

I*
2"
3*
4*

---• 54

6*
7*
8*
9*
0«
1*
2*
3*
4*
5«
6*
7*
8*
9*

20«
21*
22 *
23*
24*
25*
26 •

> 27*
28*
29*
30*
31*
32*
33*
34*
35*
36*
37*
38*
39*
40*
41*
42*
43*
44*
45*
46*
47*
48*
49*
SO*
51*
52«

ED! C O D E t l ) Q003I7J D A T A ( 0 ) 000«U4 " ."

REAL INDEX (30) iMU t.

C
too "
5

6
C
C
C
C
C
C

10

20

C

i
30

40

500
50

60

80

85

9̂0

95

D I M E N S I O N E<30) » Y < 3 0 ) ,«(3Q) ,V(3Q) ,T1TLE< 18) £
DAT* U/0.421559/ ,\3

HEAD IN E X P E R I M E N T TITLE ;;'5 £
READ (5,5) 1 T I T L E < I ) , I"l !, Ig) fT |'
F O R M A T (18A4) . P
W R T T E (A,&) (TlTLEj I } , InJ , |8) '
FORM A T MHI t l O X t I'SAt/l
R E A D \n NO. OF D A T A POINTS NOB* WEIGHT SWITCH £«GHT ur o ABSOLUTE
ERROR AND w j i ) » i. IF i. R E L A T I V E ERROR AND^-HHII « i/vni«»2i,.

AND REDUCED MASS MU« fe f;
NOTE . .. IF .v IN UNITS OF «M/SEC AND wu I'M i.̂ -|:24 r,RAM, THEN uNiis
OF ENE RGY WILL BE I.E-H ERGS, (NOTE THAT CONS^HAS UNITS OF ACTION
I.E. 27 ERG-SEC) ffe

RE AD (5,10) N-OBiIWGHT.MU . • *%
FORMAT (2I5.F10.4) ri
*R.l7-E (6,20) NOB.lwGHTiMU '&. i
FORM A T ( 1 H O » JOX , » NO. OF OBSER V AT I ONS . . • » , I 1 0/|-'l X , » «E I GHT I NG SWITJC

IH ... t , I J O / 1 IXi'REoUcED MAsS ...»,El5»6) i ^
R E A D JN EXTRFMA VELOCITIES AND EXTREMA iNDKESl^
READ (5,30) < v< i) i i « i »NOB) %
READ (5,30) ( 1NOEX( I ) ,!B| ,NOB)
FORM A T (8Fi0.4)
W R t T E (6,40)
FORMAT (////BXi'NO, « , 8x , « y « i \ 5X , * ETR » . \ 1 X . » 1 NOES » . II X i • T • /6X . 60 (

1 IH*)/) ; .J\
00 5Qo I « 1 ,NOB f
E ( i > « 0.5»Mu*V( I ) »V( I ) i

Y ( J ) m (INDEX(I) - 0.375j»vU) ^
W ( I ) » 1 . %
IF (IWGHT ,EO. 1) W ( I » « I •/( Y( I )»Y(I ) ) i
WRjT E (6,50) I iV( I) ,£( D ,INDEX( I ) ,Y( I ) '
FORMAT (3X , !5,4E15i6)
SIG « FIT (E,Y »W»NoB,AiERM,ERAER,E2R|j:RE2R,EPS tEREpS|RM,ERRM)
W R I T E (6,60) SIG
FORMAT (//lOx.'RMS RESIDUAL OF FIT »..»,E15,5/)
EPs«M « A l E R M / A I
EE » F R A E R / A I
WRjTE (6,80) AlERM.ERAER.EpSRM.EE
F O R M A T (/10X,»A1«EPS»RM » » , E 1 2 . 5 , 2X « » (ER"ORn» ,El2,5i' M/|OX,*EPS*

IRM FROM Al « 0.421559 . * e • ,E 1 2 .5 , 2X » • ( ERROR »»,E12.5,» )»)
EPs2 • E2R/EPSRM
EE » EP52»SQRT( ( ERE2R/E2R ) **2 * ( EE/EPSRM ) »«2 )
WRlT E (6,85) E2R,ERE2RiEPS2.EE
F O R M A T < / 1 0 X « »EPS*EpS»RM a » ,E I 2 . 5 , 2X i » ( ER ROR • » , E 1 2 . 5 , » » » / l O X , « E P S

I FROM Al -0.421559 . . . ' ,E I 2 • 5 , 2x » » ( LOWER BoUNO ON ERROR •*,E12«5,
2 • ) • )
WRITE (6,90) EPS.EREPS
FORMAT (XlOX.tEPS . • , 1 1 2 «5 . 2X , « ( ERROR «*iEl2.5.» JO
W R i T E (6,95) RM.ERRM
FORMAT < / l O X , » R M « • , E I 2 . 5 , 2X , • ( ERROR «»,El2.5,*)» »
GO TO 100

1 • • . • ' • . ' . •
i . ' ' ' . . '
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V-2

A. FIT

This subprogram performs the mechanics of the fit of (V-l), 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 c- and c,, (80 and 5 ,

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

expansion

}̂ + /!!

where

= irU

E2- ^ £ E* / (V-5)

The iteration is continued until the rms residual converges to 1%.

Z = FIT(E, Y, W, N, AIERM, ERAEM, E2R, ERE2R, EPS, EREPS, RM, ERRM)

returns Z = S the rms residual and

A1ERMS = a,er , E2R = £
2r , EPS = e , and1 m m

ERAEM, ERE2R, ERRM, the resp. 95% confidence interval halfwidths of

these quantities.



f T T T T " ' ' "~~
OoO C O M P I L E D BY F n R - V S 7 E < S ON 1 A

00030MJ

71 AT I 9 1 23 I 27

I*
2* C
3* C
«•• c

&•
7* C
8*
9*
0*

2* 100
3*

5*
1 6 * , 1

7* """" 200
8» 1
9*

20"

*j:•
I 23*7

25* 300

27*
28*

i 29*

32* 1
33*

3A» 10
37*

FUNCTION FIT < E i Y i W | N , A l E R M ,
PERFORMS I T E R A T I V E FITTING OF
Ed) . T R A N S L A T I O N A L ENERGY OF
Y( I ) • (N-0,37S)*v< H
DIMEN S I O N EM ) »YM ) »W( 1 ) ,X(30,
DATA A/-0. 1A5S»D»JOS7»-0,05«H,
NOTE - CONS a PI*HcROSS/2.
EPS = 5.
E2R • 80.
S 1 6 P « 0 .
K 0 u N T ° 0
KOljNT a KOUNT * 1
IF (KOUNT ,GT. 10) GO TO H00
DO 2Qo I « .1 ,N
X( l .! ) = (A;( 1 ) * EpS *fA(2) *
E< I) )/E( I )

X« i .2) • E2R *CA(2j +EPS *(2.*

SIG a B I L l N R (XiY,WiN|C,ER.RHO

E2R » C<2) i .
DEL • SIG i SIGP
SIc,P . SIG'
IF (A-BS(DEL) .GT. 0*01*S1G> GO
A l F ^ R M " C O N S « c < l >
E R A E R « CONS*ER( 1 )
E2R m CONS*E2R
ER£2R B CONS*ER<2)
EREpS a ER(3)
RM « E2R/(EPS«EPS)
ERRM • RM*SQRT( •*«»(EREPS/EPS)
*ERE2R/(EPS*E2R) )
FIT '• SIG

POR-MAT t//iOx, '•«»*»FAILURC TO
GO To 300

E R A E R » E 2 R i ERE 2R»F.PS,FfEPS|RM,ERRM)
EXTREMA VALUES ...
POINT i ,%
• EXTREMA ORDIN£|E
2)»C(3) ,ERH) ,Ap)
0.0139/ jCONS/l «%56SM7B|/ |

fel f

-' ' k. . ' '

" H •'

II •!'M""ij •. .
EPS *U<3) *EPSMAC*|/E( I ) >/E( I ))>

- 1
A (3) •+ 3.«EPS *A|N)/E< H )/E(I ) )/

.30) 1. |

. . 'I. ' / • | •. •. ' ' '

TO |00

F-
1

•*2 * CERE2R/E2Rj»«2 " 1 . *RHO*EREPS

- . 1 ' '

CONVERGE tN |0 fTER AT IONSV)

38*

END OF COMPT

ENo

NO DIAGNOSTICS.

C O M P I L A T I O N T IME! SgC
I/O
I/O

REQUESTsi
WORDS TRANSFEREbl

-

50
5i»973
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B. BILINR

Performs a weighted bilinear regression of the .model

YL = /C, + yCi Xi| -+ y03 X £2.

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

Input:

X(I,1) - X.]9 I-th value of first variable

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

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

N - No. of data

NDIM-row dimension of X
Output :

C(J) - c, , J-th parameter
J

E(J) - 95% confidence interval half width of C(J)

RHO - r_« correlation coefficient between c? and c»

Z =3 rms residual of fit, calculated from

' 2



53

57*
58* i'OO

SI r, 2 a o. D o
SUMY'' a o.DO.
'DO 200 1 * 1 ,-N
~T V Y( I ) - C( I ) - c'tY)
SI c 2 a S IG2 + W( I ).»T«T
SUMY a SUMY * W(I)«T

!*NOIM)

A2*

64*

Ts*"

c ( i ) « c t I » * SUMY/SUMW
i IDF » N-3

's !G ?_ J? _ s..'. .G ?/.! °.£_ j
"B i L"I N R = D S Q R T ( S I G 2 )
T a T 9 5 ( IDF ) * o ! L I N R
E ( 2 » e T » D S Q R T « A I i j
£(3) • T*DSQKT<A22)
E(!> a T*OSQRT( (1.00 * < Aj 1 *SUMX | «SUMX 1 * 2.00«A2l •SUMX1*SUMX2 *

67*
68* RHo a A 2 1 / D S ( J 9 T I A l l « A 2 Z )

RETURN
END

END OF Co M pILATloNj NO DIAGNOSTICS.

C O M P I L A T I O N T I M E !
J^° REQUESTS:
1/0 WORDS TRANSFEREOT

êi
68883"
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C. EXAMPLES

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

1. Note that S = 0.31%

2. S = 0.12xlO~5 % (true

3. J" - 0.66% (true 0.5*)

4. ^ = 0.21% (true 0.25%)
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1

iii

%

-̂1
s

<i
r|

Sj

1

fij

5
1
I

is

D«TA OF' U. BUCK, K. A. KOHLER,

NO. OF 06SJERV At ION'S ...
WEIGHTING SWITCH ••• 1
REDUCED MASS .,* •3M2|499.»02

NO. V ETR

''=%:' 1 23**000 + 01 .93769(4+02
; i-- 2 207500 + 01 .737336*02

3 ' 186000+01 .60526M*02
•4 170500 + 01 •H97827*02
5 15*4500 + 01 •'408777*02
6 1-11300 + 01 •SH^l 1+02
7 130500 + 01 .2i9 1612*02
8 ; 120700 + 01 •2'49'485*02
9 1 12500 + 01 .216738*02
10 10*4500 + 01 .187009*02
ll 968000+00 •160H65+Q2
12 9iOOOO + 00 .1*41812*02
13 855000+00 .125188*02

!•
. ( .

R;MS RESIDUAL OF FIT ... ,30

Al*EPS»RM m •187M8+02 (ERROR-
EPS»RM FROM Al • O.*»2l559 ...

EPS«EPS»RM . .56106+03 (ERROR
EPS FROM Al «o«*»2l559 ... .126

EPS • .18831*02 (ERROR * «2

,IB822*OI (ERROR •- .•!

AN0 H* PAULV • Z« PHYSIK 2S«» 180 (1971)

* • ' ' " "

4 • - :

n .
INDEX v j

• • '" II f
• 5 0 0 o 0 0 + 0 I .0823-5 + 0?
•550oOO+Ol , 063M1+0?

• 650oOO + Ol . 0*4*431^02 \
•700oOO + 0| . 0235^02
•750oOO+Ol , 0067̂ |02 |
•8QOoOO+Ol ,99506||oi |
• SSOoOO + OJ •98068J|:|I0 1 H-
• 900QOO+P1 .9703l»i-0l
•950000+01 .95356l%0l
•100QOO+02 .931700^0^
•105000+02 .921375^01 v
• 110QOO + 02 ,908«»37j|0i f ' j

fe
&

.13757+00 >

• .57075*02 ) -f
15 + 02 (LOWER BOUND ONfERROR . .12867 + 01 )

HH2*01 ) !'

*027*00»



- TE5T"D'A"TT~=̂ ^ -- NO -- EPS « 8 » -- RM M,

1 NO. OF OBSERvATfONS
WEIGHTING SWJT CH »..
REDUCED MASS ...

i
.300000*02

NO. v ETR INDEX
j™, • »•••*••••••••••••••••••••••••••••*•**•».•••••••• •••*•••••!**«
I ~-——— — - ' ' - — f
**! I 800000*00 .960000*01 .039812*01 ,6fl8l9*0|

9oOOOO*00 __.121500*02 • 7 79Q6 1 *0 1 ___ .667HOt§fOl
loOOoO + Ol" """ .150000*02 " "~ • 72564*0*0 f. '"" ^': "
110000*01 .181500*02 .678505*01
1200 D0*0| * :2J[6J) 0 0*02 .63675^*01 ,7l9lg:|*Qi
13000^0*01 r2535'o'6*02 .59961 I *0j . 7307^|*0l"

7.1 M 0000*01 .291000*02 _ . , » . - . i-.. _ .

150000*01 .337500*02 *5366l3*0l_ \_ »7'<871%:01_
160000*01 •3'8"«»ddo + 62 ^»5d98~ld*di

10 170000*01 .!4335QO*02 .'•85537*01;
ll_ 1_8 0 000*01 .186000*02
T"2 ITffOOO*Ol «5«41500*02

200000*01 .(600000*02

RMS RESIDUAL Or FIT ... .122*7-07

Al*EPS»RM * t|3M90.*02 (ERROR- ,59740-06 )
EPS*RH FROM A'i • 0.12ISS9 ... .3200Q*02 (ERROR • ,,'• i *> I 7 I-pS )

V

EPS»EpS*RM . , 25AOO*03 ( E R R O R * ,21102-03 ) |
EPS FROM Al «Q.H2 l559 ... .60000*Q> ( L O W E R BOUND 0>| ERROR . .66039-05

' • - • ' • . • . . • . ' • • • ' . f • .
EPS • , 80000 + 01 (ERROR « •lS783*q l l ' '

RH ~m VM0000 +bl { E R R O R ~i ~7

1_



T E S T ' " D A T A "--"-"E~P5~;a *. H* -*•- S I G M A «

('•$

•,%

4i«'"*-&y-l
I

A
*X*am

1

I
1
1
S|

1
if*:

Pi|

%•$tia

NO.
»••

M
6

,' '' 7 ••
•••s;.
9

10
n
12
1 3

1 • ' " . <

NO. OF OBSrRv'AfToK
WEIGHTING SWITCH •
REDUCED MASS ...

: V

8 00000+ 00 «

';"" loooou+or ""••
| 1 1 0000+01 •

'. 'i ; 1 20000+01 •
1 30000*0 I . •
H o o o o + o i •
isoooo+oi ,
1 60000+0 1 •
17 0000. +.01 «
1 80000+01 •
190000+01 .
200000+01 i

R^S RESIDUAL OF FIT

'ST.. ••'—-i
• • I

•300000+02

ETR

j 2 1 500 + 02
150000+02
18J500+02
2160(10 + 02
253500+02
29^000+02
337500+02
38MOQO+02
M335od'*02
•486000*02
SHi 500*02

••• .661

Al«EPS*RM » •13653+02 «ERRoR»
EPS»RM FROM Al « 0»**2l559 ••• «

EPS»EpS*RM » .30311+03 (ERROR
EPS FROM Al .d« H2..15S? ... .?359

EPS « •98608*01 (ERROR « »7?

3 . " ' • - . .
-' •' - 41

•: II - '

' INDEX yfe • . ' • I • •

•826601+01 ,63l2fl|%0l |
• 780906 + OJ .6690«|)loi ' . •' v
• 72ifl31*0'ir "~.68M33||or "?

• 6 7^6 15 + 01 « 7008^7 + 01
• 628«<29 + O l t 7 0 9 l i 5 + 0|
• 598518 + 01 .729362-^01
• 5682M5 + 01 .7H30H<»|oi
«53lH29 + Ol .7H089<»;*0 1
• 5JI&98 + 01 .758717^*01

• M6*< 70*4+01 « 7 689^ |*01 }':
• HH6 258 + 0| » 7766H J.+ Oj '"

03-02 ;

.32379+00 ) /
3238^+02 (ERROR * ^76aOB+oO )

• " • . ' " " |
« .12063+03 ) 1
1+01 (LOWER BOUND ON ERROR B .37312+01)

6HI+Q1 )

lit 31 »7 3*0 l (ERROR * 08182*01



" TE S~ --- EPS 8. .-- • H, *«• SIGMA » 0.0025

NO. OF OBSERVATIONS ~i..
WEIGHTING SWITCH •'••. ;
REDUCED MASS ...*•

T3T

.300000*02

ETR INDEX
•••••••<

1
2
3 ~ .
•4
5
6
7
8
9
10 !
11
12
13

800000*00
9oOOOO*00
loOOoo*bi
I 1 0000*0.1
1 20000*01
1 30000*0 i
MOOOO + OI
1 50000*0 1
160000 *0 t
1 70000*01
1 80000*0 1
190000*01
200000*01

.960000+01
* 121500 + 02

... .150000+02-
.181500+12
• 21 6000 + 02
•253500+02
• 27HOOO+02
• 33*7500*02
•38^000+02
•T335QO+02
»**86000 + 02
.5*1 15 00 + 02
•600000+02

•B38536*0|
•78031 0*0 |
•727 1 00*01
• 6801 10*01
• 6.3.6)97*01
•598382*0)

•535622*0)
• 5 1 1 6 1 8 * 0 )
••'H85833 + 01
•M6t 257*0 J

::iiiii:°\

P'- • sS"
. 6 1 0 8 2 8/|p ) : ' j

. 7.0687 l+;|fn

.718M36*;|) v

.7H1217|J1. . I

.762166*0!

.768163+0)
,770883+Pl
.776312+1)

RMS RESIDUAL «F FIT

Al»EPS*RM »
EPS»RM FROM

•13^95+02 (ERROR- ,98363-OI )
Al B O.H2)559 »•• .32013+02 (ERROR .23333*00 )

EPS»EpS«RM o ,25«»10*P3 (ERROR •
EPS FROM Al aQ.««2l559 ... »79372*pl (LOWER BOUND ON ERROR • •107264Q1)

EPS " .77712+01 (ERROR *
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VI. QFIT

This main program directs a weighted nonlinear regression of the

model

E J (vi-i)

where

and after regression the ansatz g,- - €, and (1-8) is made, leading

Y;

(VI-3)

The regression is automatically repeated with initial values for

f.— 05- being the values obtained from the first regression, and a new

adjustable parameter If/ being added to the model:

QCir) = Y . i r - f - Y K ^ +Y,



VI-2

After regression the ansatz

Y =. Z7
, Cvi-5)

is made, leading to

'. \ s/z
C, = — Y/ '

The required input is of the following form:

CARD 1: Title information (18A4)

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

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

CARD 4 (or more): Q(I), 1=1, ..., N (8F10.4)

where

N - Number of velocities at which cross sections are given

MU - y , reduced mass of the system

EPS, RM, Al, GO, C6 - initial estimates for e , r , a. , g , C,
m 1 o 6

IWGHT - if 0 data are assumed to have constant absolute error; if 1,

constant relative error

V(I) - the I-th velocity observation

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

If the scale of the Q's is not known, C-, C_ and g will be found
D O O

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

affected.



VI-3

Output of the program includes the values of t j , ...j «£

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

matrix of the errors of jr. , ..., V/



•1
I—OF-I-T-r——

300 COMPILED BY FOR-V S7E6 ON 11 SEP 71 AT 09:22:29,

USED:-CODEI 000272; O A T A I O I

A CONSISTENT SET OF UNITS .FOR THIS PROGRAM IS • sr

100
110 -

120

35

70

AND KM/SEC FOR VELOCITY .
REAL MU
DOUPLE PRECISION Rl 36 > »X tP AR tERrH 2001 tPZC 200 )M$UP(6 lrBtOW(6 I
D I M E N S I O N X t l 2 0 0 ) . Q l 2 0 0 ) t W ( 2 0 0 ) t P A R ( 6 ) t E R ( 6 ) "
C O M M O N V( 200') tEt 2(101 .

—DA T-A-- 8L-0-W-/6 *0-* DC-/. 9UPV l-<0 8? 1« 02 r 5 » D:
E X T E R N A L X S E f T . D X S E C T
READ (5.10) jtQM).1-1.13)
FORMAT (16A41
WRITE 15.20) <Q<I)»I-1»18)
FORMAT (1H1.10X.18A4I <

-—READ~1-5f-30) NfMUfEPS-rRMrAiT-GOTC6-»IWGH7 r~ ~ ~
IF IWGHT r 0» ASSUMED C O N S T A N T ERROR. IF. IWGHTr 1, ASSUMED

C O N S T A N T RELATIVE ERROR.
FOR A -LENNARD-JONES 12-6 POTENTIAL--Al—=-Oi421559."GO-r 0*1 8E299
CRUDE INITIAL ESTIMATES FOR EPS AND RM MIGHT BE|5. AND 4.. RESP.

FORMAT '(I5t5F10.4tEi5.6tI5) /f

F O R M A T ( IHO.lOXt 'NO OF D A T A PO INTS ft I8/11X t'RECCED MASS»tE15 .B /
1 1 1 X . « I N I T I A L EPS«»E15.6 /11X» ' INITIAL R M ' t E l S .
2 E1 E . 6 /11X » ^ l|i IT IAL- GO • t E «v6/«rXrr* rttf T tA t €
3G S W I T C H ' . I 8 / ' )

CALL TRIAL ( PARtC6. Al .GO tE PS tRM)

READ (5 .40) IQ.(i) tI = ltN)
FORMAT (8F10.4)
f\ f* On n TT ^ t fc!~ —— - — ' ~ i.--L- _ , _ X L -. ___ „_ .^,, ^ ̂  _ ^ _ , .„_ _„ „ „ .„, „• DO ZDU I — " I t N ".— ~ ' • ~~~ "
W ( I ) = 1.
i f I I W G H T . E ' Q k ' l ) W C I ) r 1. /CQ(I »«G (111

- E( I)- = o*5*MU*V(rK*V-(-I>— —— —
W R I T E ( 6 . 6 0 )

FORMAT ( / /»0 FIT WITH 5 PARAMETERS (NO C 8 ) f / / )
-CALL G A S S 5 9 (1 tXSECTtDXSECTtNtHtQtB^PARtBUptBLOWvl .O-3 t l .D-3 t1 .0
It 2 0 t R » E R t F t F 2 t X )

CALL FINAL ( S t P A R t E R t R )
-WRI-TE— (-S*?0-)— —: — -. : :

F O R M A T C / /»b FIT WITH 6 PARAMETERS (WITH C 8 ) f / / l
CALL GASS59 (1 tXSECTtDXSECTtNtMtQtStPARtBUPtBLOWti .0-3t l .D-3t1.0

It 10 tRtER tFtF2 tX)
CALL FINAL C6.PAR.ER
GO TO 100

I

% l l X t » I N I T I A L Al» .
&vty l lXi 'WEIGH T

1

-6

-6

tR )

END OF COMPILATION: NO DIAGNOSTICS.

COMPILATION TIME: 0.664 SEC,
-IV OH? E^J U E-S-T-S t _-___5i—,
i/o WORDS TRANSFERED: 55129

» -̂
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A, TRIAL

This subprogram converts initial estimates for e , r , a, , g
m 1 o

and C.. into initial estimates for V. , ... , v/- (denoted by
b 1 b

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

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

Input:

C6 - long-range C,

Al - a (]

GO - gQ (]

EPS - e

RM - rm

Output:

PAR(l) = YT (1-8)

PAR(2) = Y2 (1-8)

PAR(6) = Y, (VI-8)
b



T.RTAL ..... ....... : — .;:.:__....._..._ .....

COMPILED DY FOR-V S7E6 ON SEP 71 AT 09!22:<l6.

!AGE USED: C.ODECI) 000102; DATAIOI 000035

- 1 *.•';'

*» *
f. *

3* .
«4*
5" ' ^ '-,— ' •* '
6*
7V

9*
10 *

.'"'11* "T-
12 *' •!
13» if.-.

SU3ROU
- , r> nil n t c*UUUULL

• DT MEN-S
DATA H(

_,j D A Df 1 %P AKT 1 I

PAPC2I
PARC 3 I

PARtSI
PARC1I
PARIS)
RETURN
END'

INE TRIAL I P A R , C 6 » Alt GO t EPS.RHI
P R E C I S 1 0 N - p A R~- — — -^ - - -- - - -- — 7
O N P A R C 1 ) . , ' • (

HC RO SSX 1. D5«» 5919 Vt PI/ 3.1*115926 5V
'= 8.083 »'( C6 /HCROSS-|» *0 *1— — ̂ — —

= EPS
«SQR7r2.*Pl*RH«HCROSSf||SI

= EPS»PARJi»)
= Al|PAR(«»l

f.

I
4?

= 0

END or COMPILATION: NO DIAGNOSTICS.

COMPILATION TIME:
i/o REQUESTS:

-I-VO -

0.395 SEC

52011
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B. FINAL

This subprogram takes the final values of Y-, > • • • > Y/- an(i
J. b

their errors, and outputs values and errors for e , a, , r , C, , g ,
J. m o o

2
a, er , e r , 3 , and C 0 .1m m o

CALL FINAL (NP , PAR, ERR, R)

where:

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

PAR(I) - Y. 1 < I < NP
i

ERR(I), - 95% confidence interval half width for PAR (I)

R(I,J) - correlation coefficient r.. Between PAR(I) and PAR(J),

stored as an NPxNP matrix.
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I
1jjg
2d
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T-V

'f&i
1

IIP
&i
i
'4't
•f?
IS
$*s
|3

I

•*W

II

1i
*F

il

1
-A*|isf,-va
i11̂
Mi
#
&?

S

1
M
rl
ij
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jS|

1
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*3

1

^1

1
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. .V-r e T vi A i -' • • ' ' ' , • ' • ' ' • • ' . : • ' • • ' • : • . ' ' • • '1 r A ^ w t_ ' '. . '- ' t ' ' _ . - . . - . . ~_ . . ^.. , . , , . . , _ t. . . . . _

300 COMPILED BY FOF-V S7E6 ON If SEP 71 A T 09 :22:i9 • f- '
' ' - ' ' ' • • • • - . . - . • . . ' - . . . . . . . r : . . ' . . . / • ! : . .

<?AGF tJ^c-h* rnn'rii"! nnncnn: nata in i nnrii77 _ ' . _ . _ • . • _ • '... . _ . .» t* W (_ v *J •»• I/ *

•i». ; - . - . • - .
••7 4. ' - -
4_ '". - -

. ' ; 3 . * - - • •
M*
*> *

•' ;6* ' :.' '•

7*
8* :' •

. 9 • ' • ' ' •
10*

--.-11 *-:- — -
12*
13*
•!*»•»• ,-

-' 15*1 .
15*
17 * ---.
18*
19*
2 0 *

' 21* i ''!•'
' -22*i"' i
---23 *--1--— ;• -

21* 10
25*

27* 20
28*
29 *
,30*
31*

-33*-.' ; - • . • • - • • .
3ft>:':V.., .-
35*
36* 35

.;. 37*, -'••;,;:,;
oo*

' " • ' • • 39 * ' - I . ' •
*»o* . , : . - - :o . ' - : v

— — -l|j- * -- - - i| u

«J2*

" ' • . .*•?'* • / - - - :
• -, fi tj.*,. "

4 *f * • . —

i5*;-..;.'r:.;
16* 50

- • I?"*- .-".'V-
18*

ENO_dF_,rCOM
• .- ' . _ . . ' . ^ • -

SUBROUTINE FINAL INP.PARiERR»R) . !'
'., ' :-. .. • . • . '. r • ' - i

• h niipn r P pFp-TCThM P AR • rnR • RI 1 1 . . j

DIMENSION P A R C D t E R R C l ) ||
D A T A HCROSS/1. 0515919V «PI/3.111S9265/ ||
NN - NP +- i - . . • • - - jir- • •. • $

. • . EPS = ' P A R C 31 • ' . " - . . ' . . j * ' . j |

• • - E R E P S - .ER-RC3.) . • . : . . . "-.;'. . ; ' . - . : \ ' - . ( . ' . - . • . - . | ? ' ' ; f -

ERA1 r A l * S Q R T < C E R R « i ) / P A R C l H**2 + C ERR C 3 » /PAf 1 3 ) )* *2 * C E R R C 5 S /
1 P A R C 5 ) ) * * 2 * 2 . *R(3*3*NN > * E R R ( 3)* ERRC1 )/ IPARf;|) * P A R C 1 ) ) -2«*

—2 Rl 3*1* NN > *ERR C 31 *ERR C5 )/ ( PA R( 3) *P AR Cf5 ) J~-2 «* |̂1*1 *NN J *ERR 1'* »*— —
• ;. 3 ERR* 5 ) / ( P A R t 1 » * P A R ( 5 ) )'' ) . . Ivl" .'•••J^

RM r b . 2 5 * P 1 A R ( 5 ) * H C R O S S / ( P A R l 3 M P A e C 3 M ||" g

1 R( 3+1*NN ) « E R R ( 3 ) *ERR (5 ) /C PA R J 3 I *PAR C 5)} } ||| "ft
C6 '= H C R O S S * I P A R C 1 » /8o 083 )** 2 .5 ^
ERC6 - 2« 5 *C6»ERR Cl r/PA R ill ^"* M
GO •= 8 « * P A R C 2 ) * P A R ? 3 J*«3.5/ (H CR'OSS* HCROSS * C2 - *|JI*PAR t 5) )**1'.5) |

'• ERGO = G O * S Q R T C CERRI2 I /PAR C2 ) ) **2 + 12. 25* C E R R ( 3>| / P A R C 3 1 )**2 t+2.25|
• • • • • • • • * • " - , ' r •

ILKKij I / r f iHI j I***1^. * ,/• *rf t t *c.* Nnl I * t K.K'I c. 1 *t.(r< rw j l.r \ rfl.Kl t.1 * r A K t j t w

2 - 3 . * R C 2 + M N N ) « E R R l 2 ) * E R R C 5 l / < P A R i 2 I * P A R < 5 ) I-lt}.5*Rt 3+1*NN ) - ? E R R C 3 1
3 * E P R C 5 ) / ( P A R C 3 > * P A R C 5 I ) )

--. • '. WRI'TE C6.»10I -" • " • ' ":
FORMAT ( / / / lOXt ' T E R M ' . S X t 'VALUE f* 8X . »95 PERCENT HALFHIOTHV5X*

1 50C1H*)/ I

FORMAT (10X»» C6 » t 2E15 .6/10 X» » GO 9 »2E15.6/10X» • EPS • t2E15 .6 XlOXi
1 ' Al «.2E15«6/10X.» RM ».2E15.6) j

, ,. . . A 1 C" D M — n * ? C * k J r * P n C C i f t D A D f £ i f r .., , . . , - , : • . " - , , -A it Kn — U ^ j t D ' n C n U ^ i ^ r A f T l " ? ! }
ERAER • '= 0«25*HCROSS*ERR<1) I
WRITE 16.30) A1ERM. ERAER . j

- ." irnDMAT „' f. s a v _ *"*'i « C*D c * o M.I.— c * s p i ^ * * • . * • * • -' . ?V- . . • 'r U.Kn A I 1 / a A TAX * tr 3*KrI * f t Ic « u » LI 5* b 1 — . . • .^ . — . . ,
E2P ..= 0 . 2 5 * H C R O S S * P A R r 5 ) ?
£RE2R - 0 . 2 5 * H C R O G S * n : R R C 5 )

- URT TI' f f . . "t p. i r ri B » r i) r 90 •• > -= • • . . . . - . - • . . ; . . •WM.I 1 L » u » V> .,• I L /. n ) I. r< I. if, \\ - . . > - . . . — - . . . - . .....

FORMAT C /8X»«RM*EPS* *2»0E12«6«E iS«6> .
IF CNP .LT. 6) RETURN

• ..... BETA — 1 •S.*PAR-I o'l/P I •• • —.' •—•
J ERBEtA = 1.5*ERR(6)/PI

WRITE «S. 10) B E T A » E R B E T A
irnDMAT f / i ~ n v i * n FT A * * ? r 1 K . c i rrUHriMl l / ' X U / v f f U u l A V£t .J lD»Df - -.. .

" , • • . C8 - C'6*BETA- " ' • . " • ' • ' • ; ' : . . " •• • . ' • ' • . ' . • . ' ; • . . ; : . " ' . •
ERC8 .:•= C8*SQRTC1ERC6/C6) * *2 > CERBET A /BETA » *»2 : *2**Rll + 5*NN)*ERC6

WRITE C 6 t B O ) C8»ERC8 ,
• FORMAT «/10Xf« C8 »t»2E15,6)

KL 1 VIKri . . . . . . . . . . , .

' • • ' ' VEND' ' . ' " . ' • • " . : . - ' . . . - . •
PILATIONr JlO -DIAGNOSTIC S^

' ' . ' • • - . . • - . : • • ' " • ' . ' ' . ' ' • ' " . ' " • . ' • • " • ' . ' ' •
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C. XSECT/DXSECT

Subprogram which calculates Q(v) given Yi » • • • • » Y/- by means1 6

of (1-6) (XSECT), or 3Q(v)/3Y. , 1 1 i .1 6 (DXSECT).

1. CALL XSECT (PAR, F, NOB, NP)

Input:

PAR(I) - Y. 1 1 I £ NP

NOB - No. of velocities v

NP - No. of 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)'9Q(V)/3Y. for I-th velocity



IODO COMPILED BY FOR-V S7E6 ON 11 SEP 71 AT 09:22*56.

RAGE USED: CODE!1) 000120; O A T A I t i ) 000110; BLANK--COMMON«2I-00062Q

i*

3*
1*

,.„_ 5 i;;__.

. 6*
7 *

9*
10*

.... .ii,.--

12*
' -1.3 *•"•.-

1 4 • .I :::'i5y-;
I-' 16* :•

m ii ~ ''m~'~. n* i
1 '" 18*" ,' ;

i I9 *

C
C
•c---— -•••
c
c

•
c

100

SUBROUTINE XSECT (PAR»F»NOB»NP I
S UBROU-T-INE - WHICH C A tCULATES-^R^5S-^elMHWS-
OF THE FOLLOWING P A R A M E T E R S ...

8 .083* tCB/HCROSS)* *0 .1

^-IVEN Vfttrtf&S-

PAR. f l )
PAR (21
P A R C 3 )
P A R C H

=v2:..*PI*RH«GO*SC-RT(-2i-*Pi«-RH«M-C.ROSS/i;-PSl-%-
= EPS ' .' . - ' . • ' .- - ' • ••$.
= 1.*A1*EPS*RM/HCROSS . f&f .
~-«|-)i*EPS*EPS*RM-/HeRaSS—— — : §f-
= 2 . *PI*C8/ (C6*3. I ffy
PRECISION PARfF»A.Hl .PI75tPHI tZ ||-,

P A R C G )
DOUBLE
DIMENSION PAR( 1)»F(1) t A ( 1 > - — - -
COMMON V ( 2 0 0 ) t E ( 2 0 0 )
D A T A A/-0. 16 SSDOtO. 10570 G.C-0..5 440-lt.0.139D-.l/
D A T A Hl/3*-26-700A»PI7
DO 100 I = I'tNCB
2 - P A R ( 3 ) / E ( I )

EMM/viii

P?•*

31

+ PARC2) *DSQRT(V( i n * ( l 4 ;DO +H1 *Z )*DSINI PHIFCII = PAR( l l/Vm**0.4
1-)— *—PArR+SH——-—: -: ————— £

RETURN I
ENTRY OXSECT f P ARt F,NO Bt NP) £j .- '

— ENTRY -POINTrWHKH- RtTURNS~MATR.TX~OF—DERIVft-T-JVE^riCHf-MODEL-WTTH
RESPECT TO PARAMETERS
DO 500 I = 1»NOB .:.
rm—= -ivDoy y t rr» «o\ i— —
Z r PAR(3 I /E ( I>
SUM = C A ( l ) * Z M A < 2 ) * Z* tA I31 * Z*A(1I1I!/I
PHI — -PI 7 5 + t PA RI <rt » PA Rt5^h»SUtH /̂ 1-rt
SPHI = DSIN(PHI) :

CPHI = DCOS(PHI)
-ROaTV -=-SQRTiV-(-ri>—— \ , •'. ' . -— —

TERM = I.DO- + H1*Z • : ' • ' ' • - ' ; ' - - , ' . : • ' . . - ' ; ' • ' • •
PROD = R O O T V * T E R M

F( I+2*NOB) = P A R ( 2 ) * R O O T V * f T E R M * C P H I * P A R I 5 J * ( A I 2 1 * Z»I2.*AI3) *
1 3i*Z*^ i lJ I>/(E(I)*V(I I I + Hl*SPHII/Eli)

PR<)b-^s^^OJD»PAR4-2f*ePH-I—^ .' . '.' ' . . ' '. ' —— :

F(I + 3*N6Bi = PROD/VII) ^ ..
IF (NP ,EQ« (Bl FII*5*NOBt = 1.DO'' ;:

• -«f X"»'.' •

• •:12*,V\
13*

3UU" - ^ »xT t »n'WD^F^ -̂ "TTi vu'» :3vr\-r-*-YX~i ; : : ~

• •^ • - • ' • ' • ' • • . ' •RETURM • ' . ' ' / . ' • : • " • ' . . . •" . . ." . ^.f-:-'';y. ' . ' - . ; • • : • . . • " . ' • . - : ' ' : . - •
: •" 'END - " '"'• ' '' ' .': ' '--"•• ' '. ' • • . ' ' ' ' ' • • ' " ' : •" ' • : f:.'. • • ' • . • '• \ '-. •/ '•• . '

END OF; COMPILATTON: NO DIAGNOSTICS,

COMPILATION TIME:
i/o REQUESTS: >

0.978 SEC.
59
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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

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

Univ. Wis. Computing Center.

1. CALL GASS59(IO, YMU, DYMU, NOB, W, Y, NP, TH, BUP, :BEOW, EPS1, EPS2,

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

INPUT: 10 - I/O parameter. If 0, no printing is done. If 1, only last

iteration is printed. If 2, all printing, is performed.

CALL YMU (TH, F, NOB, NP) - stores Y(I) in F(I) 1 £ I <_ NOB

CALL DYMU (TH, DELZ, NOB, NP) - Stores 8Y(I)/860 in DELZ(I,J)
J

1 £ I <. NOB, 1 <_ J £ NP .

NOB - No. of observations

Y(I) - I-th observed value

NP - n, No. of parameters 8 , ... 6
l n

TH(J) - J-th parameter value 6. . Initially should be set to an

estimate of 6. .
J

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 the ..sum of squared

residuals (SSR) per iteration.

EPS2 - Stopping criterion for relative change in each parameter per

iteration.
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EPS3 - 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 6.

D(I,J) - (NP X NP matrix) determined value of correlation between

9± and 6.

E(I) - determined 95% confidence interval halfwidth for 6.

2. CALL MAXLIK (10, YMU, DYMU, NOB, W, Y, NP, TH, D, E, F, R, DELZ)

The iterative fitting of the 9 vector is done between entry points

GASS59 and MAXLIK; from entry point MAXL1K onwards, the statistics of

the fit are determined. A call to MAXLIK calculates the statistics for

the given 9 vector, but does not determine the 9 vector by means of

a fit.



r - -G.-AS-S.59'
300 COMPILED BY FOR-V S7ES ON 1M SEP 71 AT G9:23:02.

RAGE USED: CODEID 003321;. D A T A I O I - o o 2 6 z ' 6 >

SUBROUTINE GASS59 110 »YMU.DYMU.NOB»W»Y.NP»TH»BU|»BLOW»EPS1»EPS2.
1 EPS3»MAXITtD»E»R»RHDEL'Z;J —— ——:—-• jj# —-

IMPLICIT DOUBLE PRECISION (A -H tO-21 jj
REAL Y.W . . H
R E A L STUDNT - ~ '". — - . - -| -
DIMENSION Y( l ) .wm.TH( l ) .BUPUI . BLOWU I • Oil 11E (||l • QC20 I . A( 4001 •

1 P(2Q l tPH l (2b l tTB(20 l«UTS(20) tF f II »R (II t DELZt 11 ||
~D AT A Ft AM/1 o D =2/ s FNU /1 ^Dl"/— : If- —-..:—

NPSO = NP*NP , ?*" ' '
GA =' FLAM jjfc -
IF (10 .EG. 01 GO TO 50 ' "P '
WRITE f 6.11 NOB.NP ""\

50

F O R M A T ( • ! ENTRY TO GASS59 ' / / I O X » ' F I T TO' .18
l-i 'THERE- ARE ' 118 » 3 X » ' PA R A MET ER '̂ -IN^TW E~M Ot

WRITE (E .2 I
FORMAT ( / /5X .t 'INITIAL PARAMETER VALUES V/15X ••

1AMETER VALUE ».5X.'UPPER-BOW4i)»-/5X-T7iHlH*-»V1
W R I T E (5.2001;) f.If B L O U . I I I » T H C I 1 .BUPI IB .I=leNP|
I T E R ~ 1 '"

8 t3X» |OBSERVAT lONS f / 10X
*-/ » ^—:

IER BOUND»»9X»»

CALL YMUfTH.F.NOB.NPJ
DO 100 I = l .NOB f

___ JH m v b — KJ g •* », ^F™ t T • ' —1™ —:Rdl -—Yd I *- F i I I -; ~ — —|
100 SSQ - SSQ * W(I)*RII1»R(II *

KOUNT =1 i
——: SS-QfNT-r—S-SQ— : ; i

SSQEI = SSQ f
IF (10 .NE« 01 WRITE (6.31 SSQ I'

-3 FORMAT ( / / 5X t • INITTAL SUM ~OF-S QUA1?E-S-'-f DZthrtOI
IF ( S S Q .LT. l.D-50) RETURN

150 CONTINUE
"———IF—t-tO~fGEv-?r-UR-IT:E—1-6-r«rr~-̂ TTER »KOUNT :
1 F O R M A T | / / / 5 X t * A T ITERATION•»I5»lOXt 'CUMULATIVE MO.

1 MADE'.1101
G A - =- GA *D SORT IS SQ /SSQB«r I /FNV —— ——
SSQ8«» = SSQ
1NTCNT = 0 ' V-
CALL-D^YMUi-T.H»1>ELZfNOBtNPI — ..' ' ' '-— ; •
NI = - NOB . I '.'
DO 650 I = l.NP :

^ BilT • ^ —KI/\C ' • i. ^ . • ~ -.- '• -> • ' •_ ' '
— "Nl7"*" NOp : '——: : • ~——'
= (I-1)*NP
= I - N P , . • • • " . - ; .
-: N-OB— : : '• : -
550 J = I.I
= NJ * NOB
= IJ + • NP -" ' • • • • - ' ••• .-----. - -
=• II * J

FUNCTION CALLS

500

NI
II
IJ

-NJ-
DO
NJ
IJ
JI
SUMD = O.DO

-DO-500-K—s-i-T-NO-B -1

SUMD = SUMD + DELZCNI*KI«DELZINJ*KI*MIK|
DIJI) = SUMD



•r| 5<4*

;N , 5 5 *

;] -—SB.
^ 57*

1 • 58 *

% . 6 0 *
1 51*
| -- 62*
1 63*

1
61*
C f" »fj 3 *

66 *
67«

— — C Q A"* - Do *

69*
m 70*
1 -T1-*

1 72*
1 73*
1 — ?i|-«

I ' 75*
1 76*
|a 77 *
1 78*
Î ^S ft n *ja — 80*
m 81*
9 82*
$1 834,

!:1 85*
Jiai
H---86-*
m 87*
l| 88*
m — a-9*-
m • so*
I 31*

-33'U- UV

Q (
DO

— 600 -01

IF
c«t n r ibD U •• . 'LI

700 NI
DO

______ „-.,„_'.._-._ a i T
— - " -:— NX

IJ
W T
»-» f\DO
IJ
JI

i -- T F"

Al

710 Al

^ ̂
NI
DO
NI
DO

i JI
jj

. 7"3tJ WT
MA

760 DP
. .. - fci TNI

DO
NI
TC
lr

1 DP
IJ

_• Q g

U

JI
A|1

770 Al
IF

01 -I-J-1 - s -S U M 0—•
Q ( I » r O . D O

SOQ K •= 1 » N O B
011» - GUI + WIK I * D E1Z INI-+K-) * RIK -|-

I D I I I I S.LT. 1.D-50I D I I I I = 1.0-50
fri r̂}—S— D S9 R T-H> l-tt»-H—'• :—

= - NP
710 I = 1»NP

= ' I - NP . !
CII = O .DO .; , • ' . - .
710 -J - =- 1 r I • ' ,.
- IJ + NP,
=. NI * J '
P ••= D I I J 1

A I I J ) = TEMP
I) = T E M P
L--SYMQR-fA-»NP-»WPrPTrOEtZ) : '-—
- -NP
730 I = l .NP
•-•-- N I v * N P " " " " ~ ~ ~ ~
730 J = ^..NP
= NI * J

73tr—WT s i-j > --- - »T s i -j-r-*-frAB^t)et21J in»P-re>-
M A S T E R = 1

0 0 ' = 1.00
— _ . mt f^ ,„ , ___ , - -„_ . „_ • '

-' ""'"Nr- f " ' ""
770 I = l .NP
r NI + NP

IF~t-W T S^-I->—rQ T-<r
OD = D P R O D * D I N I + I I * * I 1 . / N P 1
= I - NP

.....J||__,
???;

-H-T-StMA^STCRM M A S T E R = I

96*

99* 780
100*
t ni * : •
102*
103*
101*
105* .

108*
109*

- W T S t I)
AMU =
CALL Ht
-T.r i-p-Tl

STEP =
. SUM1 =

SUM3 =

DO 790
C IIM1 —i U .n JL ••*

SUM? =
SUMS =

r IJ * NP
= NI + J :
J^» -s-D 11J J /1E <-I4*&f^»-l ——
I ) = A I I J )
IDPROD .LT. l.D-50) DPROD = 1.0-50

W T S M S T = W T S t M A S T E R I ~ _- . :___.—:—
00 780 I = l .NP
II = C I - 1 I » N P * I
PI D --—d-i-i-i/'E-f-i-i—— ——— -^ ~
PHI II) = PM>
IF I D A 8 S I W T S I D I .LT. 1.0-501 W T S I I I =1.0-50

A I I I I * G A * H T S m * D P R O D / O I I I I
M A T I N l A . N P . P . l . O E T t P I V R A T )

R ft T-^rL- T . 1.0-161 G O T O
l .DO
O.DO
O.DO
O.DO
I = i.NP

* PHI < tl-^*--SUM 1— -
SUM2 * P I I I * P I I »
SUMS + PHIII I*PHIII I



Ill*
112*
113*
111*
115*
1 1 6 •*-
117*
118*

19 *"
120*
121*
12 2*
123*
121*
125 *

.126*
127*

.129*
130*
1 31 *
132*
133*

135*
135*
1 37 *
138*
139*
110*
111*
112*
113 *
111*
115*
•i fi r * -J. 1 'J *

117*
-118*
119 *
150*

•151*
1 C "» *15 <i *
153*
151*

- 1 C C * -1 bo *
156*
157*
1 "^ O*ID O*

159*
160*
161*
162*
163*

X *DIAG
,165*

- ••• 1 3U

,.g... .

800
810

820

7

8-30"
II

"31-Q

8
i850
i860
870

8 80

890
900

10

. ..—o * n3iu

11

920

12

NOSTIC
930

• • !-• H J. » 'JL 1 - Pill - - -— -- —

TEMP : S U M 1 / D S Q R T ( S U M 2 * S U M 3 )
IF ( D A B S ( T E M P ) .ST. ' 1.0-0) TEMP = 1.00
TEMP = 5 7 . 2 9 5 7 8 D O * D A C O S ( TEMP ) "r " "
IF (10 ,LT. 2) GO TO 800
WRITE ( 6 t 6 ) D E T t P I V R A T f T E M P

19Xt 'ANGLE IN SCALED COORDINATE S» »F10. 5 ) &.'
DO 810 I = 1»NP . "<;.

- 'P(I) = PHI( II *STEP/E (I ) -•- ~ ~ .-<-,.
• isw - o • &' ^

DO 820 I = ItNP £•' f
J-'.\ ' V

— TB( I ) •= TH(I) '-*• P(I) — --- — ' %>
IF ( T B f I > .GT. BUP(I) .OR. TBCI ) . LT . BLOW ( I) » ' I^W - 1
IF (10 .LT. 2) GO TO 830 ' l\
WRITE ( 6 t 7 ) ' - •- ' — - • - • - • " • - - • -
F O R M A T ( / 9 X t ' T E S T POINT P A R A M E T E R VALUES •) Ki |I
WRITE (6t2pl l) (TB( I ) »I = ltNP) $£ '*

SUME - .0.00 '. ^;. ' '
CALL Y M U ( T B » F t N O B t N P I , fj

— KOUNT - KOUNT + 1 -" - ~ " " tj-; -
DO 810 I = It NOB ;V 1
R(I1 = Y ( I I - F ( I 1 • ^ ' .?

• " • • S U M B 1 ="SUMB f W(I ) *R(I )»RM) — ' '• ' " ""% - ' -
IF (10 « G T . |) WRITE < 6 t 8 ) SUMB |i
F O R M A T ( / 9 X t » T E S T POINT S U M - O F SQUARES • »020.10J :

'IF (SUMB .LE>. (1»00'+ EPST)*SSQJ GO Tt) 890 " "
IF (TEMP .GT. 3.D1 .AND. GA . GT . 1«D-50I GO TO 880
STEP = 0.5DO*STEP
INTCNT - INTCNT * 1
IF (INTCNT .GE. 3G) GO TO 980 ,
GO TO 800 ( '

k'

INTCNT = INTCNT * 1
IF (INTCNT .GE. 36) GO TO 980
r1 n T n 7 c nU U I U i b U ' ' • •;-(

DO 900 I ~ ItNP
THII1 = TBf II

IF (10 .GE. 2) WRITE (6t lO) GA
F O R M A T C / 9 X » » A T THE END OF THE REGRESSION* G A M M A IS f»D2Q.10f
JLr 5 L r ->i *L t_ « U« UU J UU 1 U J^LJ

DO 910 I = ItNP
IF (DABS(P I I I ) .GT. OABS(THi l ) *EPS2IJ GO TO 920
U U IN 1 i PJ U L .

WRITE (Stll) EPS2
F O R M A T ( / 'OITERATION STOPS ... RELATIVE CHANGE IN EACH PARAMETER I

1 c i c r c c - - - T i J A M f . « n * ? n ' * . n %o L t b j I HAN »Ucy«lul
GO TO 999
IF f DABS (SUMB -SSQB1) .GT. EPS1*SSQ81) GO TO 930

FORMAT (/' ITERATION STOPS ... RELATIVE CHANGE IN SUM OF SQUARES I
IS LESS THAN»»D20.10»

* THE TEST FOR EQUALITY BETWEEN NON-INTEGERS MAY NOT BE MEANINGFUL.
IF ISTEP .NE. 1.00) GO TO 970



-163*
167*
168*
169*
170*

-1-72*-
173*
171*
175*
176*
177*

-17 8 '
179*
180*

- 181*
182*
183*

—1-8^*-
165*
186*

—187 *
188*
189*

—19
191 *
192*

-193*
191*
195*

935

910

950

960
9 70

980

1 99 * -
200*
201*
202*-
203*
201* .
205*
206*
207*

-208*
209*
210*
211*
212*
213*
211*
2 If ,*
7 I f ,*
217*
218*
219*

-220*
221*
222*

992
16

2001
2011

—201-2-

999

DEL-ZM-II**2
SSQI 00 TO 970

GO TO 991

-DO - 950 I DUB-••=-.-1 »-5— : ; — : : •—
D O 9 3 5 I - ' I t N P • • ' . ' . • • ' '
T B . I I I T T H I I I + P i l l
I F - I T B I I I .GTi. B U P I I I *OR«—TBIII-*LTr-BLOWMH-60~TO-970 -
C O N T I N U E ;•.
SUME = O.DO , & •

-C ALL ~YMU IT BT DEL-Z-TN 0 BrNP-l— |*~-—
KOUNT = KOUNT + 1 Jjf
DO 910 I - I t N C B r'i
S U M B = SUMB * W I I » * I Y M - | —
IF I .11.DO + E P S 1 ) * S U M B .GE.
DO 915 I = I t N P
•• ij f f t -v _,_"T Q 1. T-ft- . „ _ . _ . _ ._. .,...,,,.._ - - -"1 nf ~1 /"""—IB I i I
DO 950 I - l.NOB
R(I) = Yd) - DELZIII

— F (I I - = DELZIII
IF 110 .LT. , ] 2 > GO TO 960
W R I T E I 6 » 7 I ' ' •

—WRIT E-f-S-r201-l-»—l-TB-f H—rla-tr-
WRITE IG»81 SUMB
SSQ = SUMB

— CONTINUE -
ITER - ITER * 1
IF fSSQ .LE|. EPS3*SSQINT)

-I F— f I-T E R—-jl-A-X-tf-l—150
WRITE C 6 t l 3 )
FORMAT I / / /»0****SUM OF SQUARES CANNOT BE REDUCED TO SUM OF SQUARE

IS A T L A S T IT ERA T ION-TERM IN A Tl̂ ff 06 C UR S •-/-!-
GO TO 999
W R I T E I 6 t l 1 l D E T » P I V R A T

- F 0 RM-A-T-f / 'OR frT-t0- 0 F-p-IVQ-TS—rS-̂ fO -̂S-M^AL-L-'•/*-• frE-THER MILN ANT *-r-5X^-0?g-«^^TH
1 5 X » * R A T I O OF PIVOTS»tD20.10l !

GO TO 999
, it of" T r § C ^ .C -% - C* D C" "J-- — , - , - ^ 'MKJ. 1C I D V X D / ur;>J> ^~ " ~ ~

FORMAT l / fOITERATION STOPS ... CHANGE IN SUM |F SQUARES IRELAFIVE
1TO INITIAL VALUE » IS LESS THAN••>DZO. 101 |

/Irt T/> QOQ -*—>-- _ .. m-t _^ t . . _; ^-ir,-^r^,.-r~r--,.-,-- - , ..UU I U JJ J ' " - ——— , • "

WRITE C6tl6l MAXIT
FORMAT l/ f*****ITERATION TERMINATES— NO. OF ITERATIONS EXCEEDS**

1I10J
FORMAT II9.3D20.10)
F O R M A T ( 5 X « 6 D 2 0 . 1 0 I

-FORMAT I/I10»SO20
GO TO 999
ENTRY MAXLIK 110tYMUtDYMUtNOB*U«YtNP»TH»D»EtF»R.OELZI
N PS Q = NP *N P —-— —
SUMW =. O.DO ;

CALL YMUITH*F»NOB»NPJ
-s-s o • s, ,o. oo - -v——— — •. •-. - •— :—^—^—•

IF 110 .OT. II W R I T E I S t l O l l I
DO 1000 t - l . N O n
5UMW = SUMW * W i l l - - .-.-,.„„_..
Rl II = YIII - Fill

IF 110 .LE. II GO TO 1000

1000
W R I T E C6t l019l I t Y I I ) *F I I I t R I D t T E M P
SSQ - SSQ * U I I I * R I I I » R I I }



225*—1011-- (1 HI t 5 X •-• NO-»-'• t 8 X *^ 08SER VE-B-'-^-7^»-«-F-INAL~-MO&Et-V ALUE-S' i
1'RE SIDUAL•.8X. 'WEIGHTED RESIDUAL'/5X1100 11H* I/ I

9 X »

1 225*

1 226*
] 227*

1 228*
-229*

230*
231*
232*
233*

1 2 3 1 *2-3-5-*-
236*
237*

— 238*
* 239*
210*
211̂ -

'212*
213*

~ 211*
215*

.216*
Z17 *•
218*
219*

— 250*
251*
252*
25 3*
251*
255*
2 56 *
257*
258*
259*

.260»
261*
262*

. 263*
261*
-265*
266*
267*

' *> C fi *-. .Zoo*
269*
270*

272*
273*
271*
275*
276*
977 »f. 1 1 T

278*
'21 9 »

1019

1800

1900
2000

— -j 1015

2100

2200

t

2300
2100
2007

31

1011

2008

2009

F O R M A T (19. 1020.101
-CALL DYMU(TH»DELZ»NOBtNPI .-.—_-- ~-

NI = -NOB . ' . ...

DO 1900 I = l.NP • . ; • • • •

11 =11-1 I«NP
. NJ = - NOB - ••" ' • ' ' ' . [ & . ' ;

__ _. ' fttrt r r • <•'?•''-• - - .... „ - . . . . - - ... -.. „- I J • • _ - • ! "-"NP - . . • • - • • • • - - v ^ - •
DO 1900 J = 1*1 i^r 4

NJ = NJ * NOB ,• . "' • :: ' . • • • . / || ' .£''•
- IJ -• IJ + NP -- • - - . «|^ - • f

j i = i i * ' j ' . ' . - • • ' m •
SUMD = O.DO ' \

" DO 1800 K - l.NOB """ "~ " ~" " " " ;te
SUMD = SUMO * W(K)*DELZ(NI*K)*DELZ!NJ*K) «| ^
A(IJ) = SUMD ' |J ; ..jf
A(JI) - SUMD • f e . - . « • !
IDF - NOB - f^P ' |J
IF (10 .NE. 0) WRITE! 6»1015I "1
F O R M A T I 'DCORRELATIvN MATRIX^y-| • . - • :

DO 2100 I =. l.NPSQ I

D(I ) = A( I) . ' ' • h
L ALU" rl'A 1 IN i U fN" fA fU*L l t 1 t r J. VK Hit £

DO 2200 I = l.NP . i
II = (I-1)*NP + I • ;.- , ; . . , ' . $ :.

"IF iDCIII »LT. l»D**5uf DIIII - l^D^DU ;-p &
E(II = OSQRTCOCII I 1 " , ' . . . p - . ' E
NI = - NP '< . ; • || : ¥
DO Z10U I - ItNP • |K
NI r NI + NP '':
IJ = I - NP j
DO 2300 J - It I «
JI - NI + J i
IJ r IJ + NP :
DlJII - D( JI 1 r\ t f I i*E f Jl J
D(IJ1 = D( JII
IF (10 .NE. 01 WRITE (6.20071 I. ( Of NI+ JI . J=l .11
F O R M A T f 5X » ' R O W * 1 15 .9F12 .6 /1 13X»9F12»6 1 I
IF (10 .NE. 01 WRITE 16.31) DET.PIVRAT
F O R M A T ( / 'ODETERMINANT' .D20.10.10X. ' R A T I O OF PIVOT S' .020.10 1
IF (IDF .EQ. Of GO TO ouuu
SDEV =. SS6/IDF
T F A C T R = STUDNT(IDF)

- T E T *TA MT fl l UDTTC fC.inifi l rm Cnfll TnCAF flu »NL» U I W K l T L i b f f l U l H l 5SQ » SDL V ff XDr"
FORMAT C / / /5X .«SUM OF S3. ft ESIDUALS ' .020. 10/ 5X. 'MEAN SQ« RESIDUALS

lf .020. 10.5X.MFOR'. 18 .3X. 'DEGREES OF FREEDOM)' )

IF MO .NE. 01 WRITE 16.20081 SDEV. T F A C T R . SUMW
FORMAT 15X» 'STANDARD ERROR OF EST IMATE' »D20ilO. 10X . 'CRITIC AL STUOE

.!f VI T — T u A 1 lie •-. C1 n 1 JR V . «C ill* - .nt uc T n U T C t - r x - s n i n o1NI~I VALUL f r lu • J /3.A f DUft Or iftiBHTS fl/Zu'»"lD|- — • — '
IF (10 .NE. 0) WRITE 16.20091
FORMAT f / / / 5X .»NO. ' . 7X» 'PARAMETER VALUE • »1X»'ST ANDARD E R R O R ' t T X f

1*rnMrTni n&uci UAI r--UTnTu* /rvj. nn 11 U>A t\V>wNrJLU. DHrlU HPLr™ "11 XU 1 n ^a XV JU » 1 M* » * I

DO 2500 I r l.NP
TEMP = EfII*SDEV



281*
282* \
283*
281*
285*

-285*-—
287 *
288*
289*—
290*
291*

-292*—
293*
29H*

-295 *~T
295* «
297* '

-2^9**—
299*

2500
3000

3100

—E ,<•!)- - - -TEMP
I F ( Z O ' . N E .
IF (10 -EQ.
DC 3100 I =

3200

2003

' t D E L Z )
f t
"

--SNO-

T-FA e-T R: = —'—— —.
0! W R I T E I6 .20C1I ' Z f T H . I Z I t T E M P t C C Z I;
0 .OR. P I V R A T .LT. 1.0-12) R E T U R N
l .NP

II = t I-1I*NP *
Q C I ) = A I Z Z I
GALL— SYMQR -I
NI r - NP
DO 3200 I = l .NP
» t T ^ *4lY* -* LI D- - • - ——- —- • I" -r --T-1.-U- .--r-,-T«r---. r . . - - - - T - L . INI — NI * Nr
A C N I + I ) ' ~ . (MI)
IJ r I - NP
00-32 0-0—J-=—1-t-t
IJ - IJ + NP
A < I J I = A<NiI+J!
11 n^ T F t c *s fi'-n t & ' -WRITE—f~o-»~Zuuo t — "
F O R M A T l / / 9 X t « E I G E N V A L U E S O F
W R I T E (6t2011) ( P ( I > . I ^ l .NPJ
R E-TUftN- : ~-——'•
E N D

M O M E N T H A T R I X - F I N A L A N A L Y S I S ' / I

C O M P I L A T I O N : -l-OI-AGNO "'•'

h-^H-HE-Ji
is,1 '*-

' "

i/o REQUESTS: .
i /o W O R D S T R A N S F E R E D :

121
9<i557 -



VI-9

E. SYMQR

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.S VEC)

INPUT: A - matrix of which eigenset is to be found. (Only the lower

triangle of A is used)

N - size of A

NDIM - dimensioned size of A

OUTPUT: EIG(I) - I-th largest eigenvalue of A

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



SYMGJR '. -i; • • . . ' .

**>0 COMPILED BY FOR-V S7E6 ON Q* SEP 71 AT 1 o'j «.3I H2 •

IAGE USEDJ C O D E M ) ob'isiiir P A ' T A I C I • 06105.2

, !,*_
2*
3*

5*
6*

_.7.«-
8*
9*

10*.

12*
-1.3*-
1 «4«
1 S*

17*
18*

20*
21*
22*
23*
2H*
-25*-
26*
27*

C
C

C
C

C
C

29*
30*
31*
32*
33*
3H*
35*
36*

38*
39*

11*
1«2*

H7*
18*

-H9«-
50*
51*
-52*

130

-l«40

_S U B R 0 U T I N E S Y M Q.R .(A , N., N D | M , E J G;. YE C |,_: -~ ..——- - •- -
USES THE QR ALGORITHM ON SYMMETRIC M A T R I X A TQ OBT.'ftlN EIGENVALUES
NOTE THAT ONLY LOWE* TRIAN G L E OF A Is USED (AND

. E1G - VECTOR Oj. E I GEN VALUES I N -DESCEND 1 NG-ORDER
VEC - M A T R I X OF EIGENVECTORS INI ORDER OF; E
IND - ERROR RETURN INDICATIR

,_.IF. U NORMAL , -1_. sUM.._OF--E I GENV ALUES: NO.T— T.R ACE.
IF 2 SUM OF SQUARED EfG. NOT EQUAL TQ NORM
IF 3 BOTH OF ERRORS '. '• ' I'l̂,
IMPL I C I T DOUBLE PRECISION (A.H,0-Z) ipj : ....
DIMENSION AM ) ,QAMMA(50) ,BET A ( 50 ) ,BET ASQ ( 50 | *EI<fel:s ) »«HM9)

1 ,P(49) ,Q(H9> ,3lpoSV(50l ilVPO'SfSO) I'
5

..E Q U I V.A L E N C E. .(|| p.Q SJV-(4- )-,-gA H HA4 1 ) > , ( I VP-OS { 1 ) iB-E-T-A-« ĵ|;l , t
1 M ) )'',|PC 1J (BE'TAIIH ••tQllltBE'TAI U ) .*"'

4-ORD-U)

11 ''to

B£iA.SQ̂

INO « 0
IF (N .£«. 0) GO T0r5&0
N.I « N - 1
N 2 » N - 2
-ENORM." 0«DO-: '• -
TRACE « O.DO

« - NDIM
I 10 J « 1,N -
« NJ * NOIM
• NJ * J I
100-4—*--J»N
« NJ + I

ENORM
TRACE
ENORM
ENORM

NJ
.::...: ... DO

NJ
JJ

-4 •. D 0
i IJ
lOO ENORM

- ----TRACE
lio ENORM
;.,: ENORM

—^_-__GAMMA( 11
IF (N2) 280,270,120

120 NRN « -NDIM
,..,._-.̂ -.•:,:' DO 26Q NR » 1, N2 -

NRN « NRN + NDjM
"•'•'•; . I SUB « NRN * NR * 1
_,_.. ; B • - A (I SUB) — :

S » 0,DO
DO 130 I a NR.N2
S- » S * A (NRN. +--!-->.
AdSUB ) a o*DQ
IF (S oLE. O.DO) GO

.,

A I U ) * * 2
•AI-JJ-I
0.5D0»AJ,
ENORM

-A-I-W—r

2 ) **2

TO 250

1 .DO
,GE. O.DO)

- - - . - - S G N
IF (B

ISO SGN • •!.DO
160 SQRTS a DSQRT(S)

D a 0 , 5 D Q * S G N / S Q R T S
_T E M P—a~0 S Q R T-Wl̂ , &0«->
•W'INRI. a TEMP
AMSUB ) a TEMp

GO TO uo

-B-»04-



53*
5 «* •
55*.-
56*
57*
58*
59*
60*
6|* -
62*
63*

2)

170

180

B »'-SGN«SQRTS
DO 170 I a NR,N2
TE.MP a D » A J N R N * 1*
W < 1 + 1 ) a T E MP
A(NRN * 1* 2) a TEMP

— WTAW a. O.DO
DO 220 1 - N R i N I
SUM a 0»DQ
DO 180 J a NR, I
IJ a J»ND1M + 1* 1
SUM a SUM * A ( I J ) « W < J )

190

200
210

230

65*
66*
67*
,68*
69*
-70*-
.71*
72*
73*
7H*
75*

77*
78*
79*
80*
81* 260
82* -270-
83*

2 q 0
250

85*
86*
87*

... 88*
89*
•90*
. 9,j *

92*
•93*

-..9.14 •
9S«
96*
. 9 7 •

98*
99*

10 a*
101*
102*
103*
101*
105*

280

290

300

310

IF
DO

a W(J)
2HO -I

2«00*(W( I

107*
108*
•DIAGNOSTIC*

(Nl .LT. It) GO TO 210
200 J • 1 1 i N ]

IJ a I»NDIM * J * 1 - -
SUM a SUM * A(IJ)*W(J)
PU) a SUM

-WTAW-a WTAVK- +- SUM«Wt-M-
DO 230 I a NR.N1
QU ) a Pi 1 ) -WTAW*VH I )
DO 2MO J ° N R i N I
Q J a Q ( J )
WJ

-DO

A(IJ) a A(1J) -

B E T A t N R ) « B ... ...
BETASQ(NR) • 8*8
GAHMA(N R * t ) a AilSUB * NDlM>

B a A < I J )
BtTA (N-l 1 a B
BETASW<N-1) « B * B-- •———-
GAMMA(N) a A(IJ + NDJM)
BETASQ(N) a O.DO
-DO 300 I -•-! »N i —
IJ • I - NOIM
DO 290 J » 1iN
IJ a u * NQlM -——,
VEC( 1 J) a 0,00
IJ a (|.|)»NDtM +1

-VEC-I IJ» « l-fOO __
M a N
SUM a Ot00
N p * c _ I _ . _ _ ; '.._

—-1^ f p^ J" **• ~ "•' '' "*" '*" —.— —.— "~—~-"̂ ""~1" —-"-""" ~_ "- ^-*--:- ,"~" --- : -. - -

GO TO *»00
SUM a SUM * SHIFT
-COSA-a~l..DO -: — — : ; — :
G a G A M M A ( 1 1 - SHIFT
PP a G
PPBS a Ppo.Pp~4.--BCT.ASQH-) ——
PPBR a DSQRTJPPBS)
NJ a . NDIM
-DO-370-J_*--4-»M̂  ———_^_-
NJ a NJ 4 NDIM
COSAP a COSA
T H E- T E-S-T--f 0 R - E-Q U A L4 T Y—B E T-W E t N—N &N-1H T E « E R S- N 0 T_ B £- MG F U t ,



109*

110*
1 I 1 *
1 12*
1 13*
114*
115*
116*
1 1 7 *
l i e *
119*
120*
121*
122*
1 23*
12H*

1 12S*
3 1 26*
I 127*
1 128*
4 1 29 *

1 13°*

137*

133*
I3H*
i 3 c •

136*
137*
i 30 »

139*
MO*
111*
M2*
M3*
« 11 <i •„
M5*
MA*
M7*
MB*
M9*

151*

1 153* - -

I 155*
1 156* -
1 157*
1 158*
1 159*
i 160*

I 1M*
i 1.6-2*
1 163*
1 16H*
1 165*-—

3^O

330

3*40
350

i

360

|70
380

390
<IQO

«"

H20

M30

HHO

IF tPpBS .NE. Q, DO) GO TO 3^0 /
SINA a O.DO

COSA • 1 .DO
GO TO 350
S I N A » BE T A ( J ) /ppflR • . -,',/,-•'
S1NA2 « BETASQj JJ/pPBS ;ff
COSA a PP/PPBR £
N T « J * N P A S • . -' L:;l' -~ ... • ,.-*-.
IF (NT • GT, N) NT • N ' • £l • . •$*
o o 3 M o » » i t N T . . . ' . [ J f , . • • $

TEMP • COSA *VEC(IJ) * SINA»VECMJ * NOIM) ' ,
VECdJ * NDIM) » -SINA*VEC( Ij) * COSA* VEC ( U* NO if t
V E C ( 1 J ) a T E M P 1$ . . . - . _
DIA a GAMMA(vH-i) - SHIFT ' ft • .' t '§
U a S1NA2 «(G 4 D1A) • ' ' . . . ; •• .' ; ' .. 0 '• . |
G AMM A ( J ) a G » 11 y^
«5 - OIA - u ! . • : . f
PP a 01A»COSA . SlNA*COSAP*BETAt J) \.
I F ( J n N E « M l r ; n T G i A n | S ;

BETA( JJ a SINA*PP ' £! . '
BETASQ(J) a SlNA2*PP*pP »|! • J
G 0 T 0 3 8 D 3* bSIU 1 w jrau , , . . • jjs, - ^

PPBS • PP*PP i* flETASQC J»l ) |§
PPBR a DSQRT(JPPBS) If
B F T A l 1) n SIN'A«PPHR • '. _ - ^ - _ . . - . .

BETASQ(J) a SlNA2*PPBS !
G A M M A ( M * l ) a G . ?

NPAS » NPAS *l •
IF (BETASQ(M) ,GT» 1«0 - 2|) QQ TO HlO :i/
EIG(M*1) a GAMMA(M*1) * SUM
BETA(M) * 0»DO
BETASQ(M) a 0*00 ;"
M a M - i • ' ..'.'.'•'... ' ' . . ..- ' • | ' •
IF (M o EQ • o) an .TO.I to ',,.•' . •. . . - - ' " ?
IF (BETASQ(M) .LE. 1.0 - 21) Go TO 390 ?

R12 a Rl * R2
t) I F • R | - R2

TEMP a D5QRT <D|F»D1F + BETASQlM))
Rl * R12 * TEMP .

. ... R2 » R|2 - TEMp --
OIF « OAQSCA2 - Rl) - OABS(A2 • R2)
IF (OIF .LT. 0.00) GO TO ^20 ; - . ' . ,
SHIFT a R?
GO TO 310
SHIFT a Ri
GO TO 310 - - . ' . - _
E1G( 1 ) a GAMMA ( | ) * SUM
00 MHO J a i ,N
IP05V ( J) • J
IVPOS(J) a J
IORD(J) a J

_.. M- a N -. - - - , .



I 166*

| 167*

1 l & 8*
J 169*

1 17°*
1 '71*
I 172*

I I/J'
1 7 4 *
175*
176*
177*
178«
179*
180*
j a t *
182*
183*
184*
185*
186*
187*
188*

1 l89*
i 1*0*
1 191*
J 192*
1 193*

1 O U A
T V

f I Oc ».
1 ••' •*

196*
197*
t eg*.1 r V

199*
200*
201«
202*
203*
204* -
205*
206*

207*
208*
209*
210*

GO

450 DO

: IF
TE

El
-_:._._ El

I T
10

- 1 0
160 CO
470 M

1 F

IF
NL

- J. DO
• NL

N.V
N P

IF
LV

— - IV
IP
NNI

v - - D O

• 1 I L
IN
TE
V£

M _ r» w c*
•f g U V t
1 9fl C O

500 ES
ES
n ow **

K
510 K '

1 p_

SUf
DO

__. :. IL

I J
520 sur

___. SUI

DO
IL

__ U

TO 4/0
460 J • I^
(EiG(j) *GE

IP . EiG(J)
i( J) » E l G f J*| )
>(J*|) • TEMp-
IMP • 10HDIJ)
ID(J) » 10HD(J*I)
IU(J*1) • ITEMP
ITINUE
• M - I
CM .NE. 0) GO- TO-.
(Nt *EQo 0) GO TO

490 L « S 8Ni
» NL * NDlM
« IORDCL)

E J G t J4.llI GO..TO-

500

|r;.

530

540
550

212*
213*
214*
215*
• DIAGNOSTIC*.
216*
217*
*0i
2 1 8 *
219*
220*__84-

(NP »EQ* L) QO TO 490
» IVPOS«L) .

I VpOS < NP ) « L V—' -—'—
IPOSV'CLV) a NP

' » CNP- i)|NDIM
..480 -• !•--»-! tN —
» NL * 1
' » NNP * 1
IP o VEC(IL) —-.—
II ID B VECC INP)
1C INP) » TEMp
ITINUE — —
IM • 0.00
iQ « 0.00
5 5 0 N R R - a - 1 , N—^

• K - 1
( K - » L E » 0 )

l • O .DO
520 I » K » N 1
» ( N R R .» I ) »ND lM
* ( K - I ) * N D l M * I * I

« SUM * V E C C ID*Af IJ)
. O - SUM * SUM -: ___—__——r ^f ^f l l • ~W - ~'4f *f |T|—•..,«,»—.»». — —., -, _..»,..,™.^,,-_-_.,:-r--rmt-rjnr-T.r' _'.• . ' - . . _ . . —»—!

53Q I « K » N j
» ( N R R - 1 ) « N O I M * I + 1
« < K - 1 ) »ND I M * I • -*- 1-— _______

V E C U L ) » V E C C J L ) - S U M » A f l ( J r
GO TO 510
-E S U M- B - E S U M - * £ I G C N R R »- .--••-- ~^~
ESSQ » ESSQ * EIG(NRR)«*2
TEMP o DABSC128.DO«TRACE»
THE TEST FOR EQUALITY-BETWEEN- NON-IN-TECERS-
IF c c D A B S C T R A C E - ESUM) * TEMPI - TEMP ^NE
TEMP • 2S6.DO*ENORM

TC-S-T~T̂ R~~e-(̂ UAVt-T-Y—B.£-T-WECN~-NO-N̂ f̂ î t̂{fS-
IF <(DABS(ENORM ••> ESSQ) * TEMP) - TEMP »NE
IF CIND .NE, 0) WRITE (6,86) IND
F OR MA T—< * O* »-RROBA BLE—E R R0«

GO TO-5HO--

.»— 1-

MAy NOT- -BE
0.00) t NO

ME AN I
m IND *

_MAy
0«DO) | NO a IND * 2



221*
22 2 •

560 RETURN
END

END OF COMPILATION;

COMPILATION TIME I
I/O. REQUESTS*

... |/Q_~WORDS TRANSFEREDl
SYMQR ... • .,••'."':•" •-. '•;• -.. .'•• •• ; ' •• :
OI8A"09/08-IOI*«3

DIAGNOSTICS.

J.|76 StC.
"' -92 • • • ' • ; . • •
-.7.9.4 7 A'i=——-
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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 )

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 (-log JPIVRAT

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



3jpQ«I K A T I N • . . • ' • • . - • ' . • / ' J

•iu:_LE_noD r o M P T L F n RY F O R - V - S S D I ON 09 AUG 70 AT i8:ro:36. l

Joioi:
:flo i o 3
Jaion
J 0 1 0 5
•I 0 J n £_
loan?
f 01 10
m a i i l
J01 1 M
SOI 15

a ni ' K
loi 1 7
KOI 20
1. n i ? ?
KOI 2M
10125
If 0 I ?7

ISi!!-
am i ^ ?
f 01 35

mIf n i u K
| j01M7
Jois i
|l 0 1 "5 tt

f 0 1 5 6
f-01 57
I"! n i K n

3 0 1 6 1

in? K?

0 0 1 6 7
in i ?n
Q 0 1 7 2
1017M
101 75
ID 176
10201
in ?n?

0 0 2 0 3
10705
UQ210-

1 *
2 *

3*
M *
5 *

fc*
7 *

3 *
0*

2*
3 *

... ti' *

5 *
E*
7 * .

M;

7 I *

2 ¥

. ,25*
'? K, *

• 'Ml*
. 30'*

31;*

3 3 *

3 E *
3 7 *

39*
tl f") £

U 1 4

M 2 *
M 3 *
(t U *

M S *
M R *
« 7 * .
M B *
M 9 *

END OF

. ' • ' . • . - . • • . • f f

. .SUBROUTINE M A T I N t A «N i B • NBt DET iPI VR A TI \ \ f i \
" " IMPLICIT DOUBLE PRECISION u -HtO-ZJ ?;

DIMENSION A (I ) «BU ) . : 1
flL i O A B S ( A< 1») • ' ' ' 1 •
AU - AL
DET r 1 .00 j . .
NK : - N . ' ;i

nn i nan K - i • N ^
NK : NK 4 N . . $%
KK ~ NK 4 K " ' . . . . ' j|

. P I V O T = . A ( K K _ 1 . - - - • $ . . . . . . . - * ' :
PI V R A T : - O A B S ( P I V O T 1 S '
IF ( f l L . G T . P I V R A T 1 At = P I V R A t | |

.» JF ( A l l - I T . P T W P A T I All = P T U R A T " It ^ 1
( DET c O E T * P I V O T '^ '• * '

IF ( P I V R f i T .LT . l .D-50) P IVOT r l.D-50 ^

P I V O T r 1 . D O / P I V O T ; ?
KI r K -IN
nn » na T - i • N
KI = KI 4 . N .

JDO A ( K I ) = A ( K I » * P I V O T '. !•
TF IN8 t,FQ. 0) GO TO 300 *
KI r K - N : |
DO 200 I - i ,NB }
K T r K T 4 N • • '

300 DO 1000 J = ItN '
IF (J ,EQ. K) GO TO 10DD
JK r NK 4 J
T = A UK)

J l r J - N , '
K I r K - N • ' • , ' •
nn onn T z i .w
JI r . JI + N ..
KI =' KI 4 N

unn A I . I T I - A ^ . I T I - A I U T I . T

IF (NB .EQ, 0) GO TO 1000
JI = J . - N

DO 500 I = 1 »NB. • ' ' ... • ' . / " .
J;l = JI 4 N . .,:.... .'.,.'. . . ' . - . .
KT = KT 4 N

500 B f J I ) t; B-IJ1I - B ( K I 1 » T .
1000 CONTINUE

.... _ ,_PIVRA rT -i A L / A U ,,-̂  . -v; ... "/. ix ' _|. : ., ,

R E T U R N ;
END

C O M P I L A T I O N : NO D I A G N O S T I C S .



VI-11

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)



I "STJDNT '
ODD COMPILED BY FOR-V S7E6 ON 08 SEP 71 AT 10:i3:59»

ORAGE USED: CODECD 000070; D A T A I O I oooosz

**\
3* '
it*
5 * ' "
6*
7* __

"8*
9*

10*
11*12* j
13* '»
-i+»T
15*
16*
17*
18*.

50
100

200

300

FUNCTION STjUDNT (IDF) _ • _____ __
R E T U R N S 9 5 > E R C E N T S T U OE N T-T "V ATuT FOR" 1 0:F" "0 E 6T " 0 F~ FREEDOM"
D I M E N S I O N T ( 2 9 I ,
D A T A T/12.706t<4.3a3«3.182f2.77S«2.571fZ.«l«l7^2.365«2.3a6«2.2G2f 2

18»2.201t2.179f2.160e2.1^5.2»131»2.T2b»2>ilb»2/ibl»2V033f^
20.2.071t 2.069 1 2. OSIt 2.060 .2.056.2. 052 »2. 0« 8t2|p«l5/

IF IIDF .LT. GDI GO TO 100 __ jjjj. : ' . ': ..... '.
~ S T U O N T ="l.9i50 »"2«4/iDF~ , "IS ""

RETURN ' • ' $ • "
IF (IDF .LTj. 301 00 TO 200 vl
STUDNT r
GO TO 50
IF fl
STUDNT = TC'lOFi
GO TO 50
STUDNT = l.E*3Q
GO "TO 50 .
END ' t . .

•22•tie

8 * 2.52/IDF

•LE. 01 GO TO 300

"E1W-OT|"C 0 MPIL ATIO N T "NO DTA13NO"STTCS1

C O M P I L A T I O N TIME: """ -~
i/o REQUESTS:
i/o WORDS TRANSFERED:

Oi282 SEC.
16
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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

o
e = 13.3 cpe, r = 4.92 A (intended to mimic Li-Hg) , }i = 9.69925 ppg.,m

g = 0.186299, a. = 0.421559, C, = 0.378xlQ6 cpe-A6 . (a = 0.25%)
O J. O

1. True value of Yc = 0

(a) NP = 5 (No Cg)

(1) Note that the correlation between y.. (C,) and the other
1 o

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 (C0 assumed present)o

(1) STANDARD ERROR OF ESTIMATE IS 0.259%, no change from NP = 5,

indicating y, is not necessary to the fit.

(2) The correlation between y, and y, is high. (-0.98)
1 b

(3) The determined value of C0 is not significantly different
o

from zero.

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

2. True value of y_ = 2

(a) NP = 5 (C assumed zero)
o

(1) STANDARD ERROR OF ESTIMATE = 0.388% (larger than before)

(2) Precision of Cf is lower than before.o

(b) NP = 6 .(C0 assumed present)o

(1) STANDARD ERROR OF ESTIMATE = 0.260%, lowered from NP = 5.
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(2) C0 is found to be significantly greater than zero.o

(3) Cfi still has comparatively low precision.

It is to be noted that the presence of C~ , ei'ther real or imagined,

results in an uncertainty in the value of C., .



- T E ST RUN-ON O-'-Bfl I EN 0 «

NO OF D A T A POINTS *» 8

REDUCED MASS •969925*01
INITIAL EPS . l^ODOO+02
INITIAL RM •170000*01

A-l

CROSS

I N I T I A L GO .190000*00
I N I T I A L C6 .378000*05

-W EIG H TING' 5 w IT CH~~ — ~ "1

FIT W t T H 5 PARAMETERS CNO C8I

Sic

asi"tfx&



ENTRY TO GAS-SS-9-

FIT TO 18 OBSERVATIONS

___•_-5 PAR-AHE-TERS-IN-THE-MOOE-t-

INI-TXAL PARAMETER VALUES

-PAS AM E-TE-R- -V A-LUI-

********** ft* ******** ft **«**«**** ****6***»**«* **«************-* **********

2 .0000000000*000
3 .DCOCOCOOOO+000

-* ^QOQOO 00-Q 30 -rQ 00-
5 ..0000000000*000

57*001
11000COCOO+O.C2

.1000000000+003

.500CCODODG+DC2

.10DOOCOCDG+OC5

IJfTTIAL SUM OF SQUARES

ITERATION STOPS ... RELATIVE CHANGE IN EACH PARAMETER IS LESS THAN

CORR rLATI3N MATRIX _ : _ : _ •- .-•

. - .
.1CCDOOOGCO ̂ 002



."3

; ROW 1

• '• 'O A 11- - - -- •?-'Kuir £
: ROW 3
5 - ROW *

ROW 5

i

r iFTCP.MTNA. &T«

i.oooooo 2L
^ -t ^ e_7f «? • -t nnnnrn ,....r— .'Ci • -,

.119972 -.785783 . l .OCCOOO

.OS957C -.Sl"9235 ... 7.7*38 3' . l . O O O O Q O • '".-, : " ./
• l U l i b H ^ 1 ""•foj tt:33 » y b M o u J » j033Zl 1 « O O U D C D - • • • • ~

' ' . (i • / ' " • ' . ' - ' ' ' r • - ' . - • ' ' ' •• • • " - '

f t SZ937U *5??— P?? P A T T O n P P T V n T C TP^I PO T*^K^ PPX -

, . - ' : ' . " ' . ' ' - . ' • ' ' ' • ' • ' . '

. ' ' '' - . ' ' -

SUM OF Stl. RESIDUALS
M E A N S3. R E S I D U A L S .S87«»5731S7-Q05 . (FOR

-S-TA-MD A RO-E-R-RO R -CF-E s-T-î A-Te—-—-.-26-2-19 <re-7^5--o B2—
SUM Or W E I G H T S .7377959W53-CO£»

13 D E G R E E S OF F R E E D O M )
- -ST U-DErhu—r- v A tue-

NO. PARAMETER VALUE S T A N D A R D ERROR
-»•*-«-*-»-•*•#-*-• *-»• #-*•'

-2 .8 BH 9
3 .1399192153*002
» .1C*77C5<»CD+CC3

-5— .̂-3-3 S-91510-7 «H- G-0«»•

.5C715371I* "4 + 000

.1596391954+300

.=515^3*3^+002-

CONFIO. B A N D H A L F - W I D T H

.10^0853953+001

,1023333511+001
.32192914CS+CDC

E I G E N V A L U E S H^>MENT f* A T R I-X— F IN AL- A N A L Y S I S -

.S8E4768959-OG2 .577128538«»-003 .2862985311-003 .157CC5G419-CC



, = . ' TERM '

• •**»•**•*»*»•»

V A L U E 95 PERCENT HALFWIDTH
ft*******************

C6

6 fto " • .
EPS
Al
Rn

A1*EPS»RM

.377715+06

.139949+02
.135199+00

.276225+02

.72 9 95 1+03 ^

.102333 + 01 •' '"r

.363316-01 ;'| t.
r- A -v 4 >. n & 4-tr^ ' , __ ,',......

. • 687m S*UU' • "
. !,•!

.8«l8760-01 , ;

RM*EPS«»2 .888272+03 .351800+02

FI| WITH 6 PARAMETERS I WITH C8»

$m



T-0-eA-SS5-9-

rIT TO

-THERE-ARE-

48 OBSERVATIONS

6 PARAMETERS If*-'THE MODEL-

INITIAL PARAMETER VALUES

LOWER— aqUN-D—- -PARAM E-T,ER__V-ALUE- .-UP-BE-R--3-Q.UN.O-
********************************************** ******* 4T«****** *********

.. o ood o goo-p O-̂ O-QQ- -̂ i3J4£JW-3S-36-+-aa4- Htooa&o&asc t̂oo3-
2 .OCOOOCOCOC+OOC
3 .0000000000*000

-4 i&ee&Bocooc+cco-
5 .0000000000+000
6 oOOOOOOOOOO+OOO

.8849899637+GJjl

.1399492168+002
-rfra4-7-Te5-4&0+aE3" —
.3359151074+004
.0000000000+000

.10CCOOOOOC+DC3

.5000000000+002
—-S-2&G B&OO DC D+-DC 5—

.1000000000+005
.100CCOOOQO+OC9

INITIAL SUM OF SQUARES .2956066162-CC3

|fl ITERATION STOPS ... RELATIVE CHANGE IN EACH P A R A M E T E R IS LESS THAN .10000CCOCO-CG2

Wm CORRELATION
IB'
'•̂ 1 pnu

• ' ROW
rjaK ROM

11 ROW
jm ROW

m
H DETERMINANT
*m •

MA

-1 •

2
3

5
6

TRIX

i nncnnn
.109323

-.067173
1*1.5 ZZ

-.096477
-.980106

.129848491

1.000000 . •
-.787775 l.OOOOCC

ZutJTb .^..7.7^645 " l o G O O O Q u „_.- - : •,•?••".'- • • - • - - - -
•«. 7C'*T77C QC^ iOQi t """•••Qrtfi "T't'̂ rs'P'*^**^**' i^ i^ O f5if^W"^T T'**' V 1 '"".l- "* t V **'* - -— . f O f OJD .3DH8S4 .SuHlOt;*-. v.!lv.-G«J-E îU • ' • • ( ' •

-.136736 .092670 .128555 .113359 1.000000

5-027 RATIO OF PIVOTS .104982344 7-GC5

-SUM- OF— Si. RESIDUALS
MEAN SQ. RESIDUALS

>232Z15-8327--CQ3-

.6731329349-005 (FOR
STANDARD ERROR OF ESTIMATE .2594430555-002
Stf M~OF~»E-I G^HT-S .73 7 7959^58-00 4-

42 DEGREES CF FREEDOM I
CRITICAL STUDENT-T 2.C13



1 NO. PARAMETER VALUE

1 1 ".. .131302020E + 001

| 2 .3835959553+001

3 ^TQOCTCOTCj iPn?.1.53 B b ,i:> e / 1 -» uu <£
1 .1 .1017772172+003
1 5 .3370098131+00'*

S, • „ ?i 1 am*" c d *n PI. ii XO J Jo t» o X + U l_ 1

I ,._,'.^ ... .._: -',., -•":. ...-i-.'-'u:-'-.

I EI3ENVALUES OF MOMENT

1 .S83711688f-aC2

• •• • ' • •'•'"' ' . ' • ' "'-'.'I'- ' •" . ' ' ' • • • • • ' .

I $««•**** a* * * * * * * * * * * * * * * * * *

1 SO .211061+00
I EPS .139861+02

1 RM .1512 11+01

1 RM*EPS**2 .888520+03

1 SETA .101129+01

I eg . 379*20*05

S T A N D A R D ERROR CCNFID. 3AND HALF-WIDTH

.2573181711+OC1 .5192E8S751+CC1

.1873918117+000 .37315 SS717+CGC
_ . . — C-n C T7 Q T 7C C AF* P-O- ^ rt T o fur c f t o r* A o *•• t. 5U3 o / 3 o So b +U L'U _ • ILiyBb Sir C + ui_ 1 — --

.1595028352+000 .3220785173 +OCD .

.6609026839+002 .13337015C1+GC3 :.
t-R-tti t^ 1'n T"T 4. nr* i' TI 1 ntid •"t'"T Ar"»i. J. J T JL J J l.UJ/T'JUi. • J 1 1U4 4 3 J J / * J J 1 • ' - • • . '. "

"'.-' ",' .'- .7. .; • "j "^ .'-. • • . • _ , . ' . ' . ' • .". ' • ' ' ' " " . ' • ' • , ' - • "'• ' •' ' • ' " • ' • - - ' '

. ,-.,--.^,,,-:: ,:;,?,::....:. - - - _ . - ; • ; ; . • ^ - . - . - : - - - ̂  y - j r y- .^ -',, , ; - ;̂- - : - .- -, - _- . , . '_

. . - . - ; • • • - ; • ;•-•• - . • - - • ' • • • - . . . - • . . . . • . - . - - : • - . ' . - ; . , : - ' • : • • " - • ; . • • - ; ;

•"•- ' • •"'::<*• : • ' " - • - . - • • ' . . • • • . - • • - • ' • ' • : , • • ' " . . : . : . - . '• > ^ . . . . . . . ~ — ' " "

.. . : . . •• . • ' ' • • ' . ' •••• ' • ' • ' .
1 ATRIX— FIN \L ANALYSIS •

57E5694685-OC.3 .2861523«»27-OC3 .9792655G89 -GOq .7620278987-C

95 PERCENT HALFWTDTH

* * * * * * * * * * « * < ! * * * * * * * * * « * , ' . . . - - • ' . ' . . . " . . . • . . . " . ' •

.7205«»3-01 . ;'•

.101986+01

.839337 + 00 ' -. . " '' • , l4feg^^^_ ' ' •. ' " • - '

.351628+02

.118513+C1 ;

.^61013+06



TE;ST RUN-ON O'BRIEN

NO OF D A T A POINTS <

I N I T I A L EPS
I N I T I A L R M

-INITIAL—Al—
INITIAL GO
I N I T I A L CG

.iiooao+02
.170000+01

.190000+00

.378000+06
WEIGHTING SWITCH

FIT WITH 5 PARAMETERS I NO C8I

I/' '

ft



ENTRY TO GASS59

rIT TO
-THERE ARE-

18 O B S E R V A T I O N S

INITIAL PARAMETER VALUES

PARAH€-T£R—V- AL UE- -UPPE3 3-OUMO-

»**«****« * * * * *a**** * * * * * »****»*********»«*»»** **•*;* * * * * * * * * * * * * * * * * * ***

r n n n n h n n n n n ^ n n n . t 7ti > 100 0 Q C 0 0 0 0 * 00 9-
2 .OOCOCOOOOO+OCO
3 .COOOQOOQOO*000

0000300000+000

.836851«*t57+OCl
•«1"»00000000 + OG2

.10'OOOOOCOO+003

.5000000000+002

•1000300000*005

INITI4L SUM OF S Q U A R E S .69^308972-001

— xi e.rt-tt-t--.t:faft- -i-t-t

C O R R E L A T I O N K

ROW 1
ROW 2

ROW 1
ROW 5

r-i — m-v~m — ftCrer**- «-*-»

A T R I X

l.OCOOOO
-.125319
. 12012C
.059591
.1C1897

•c. — fe rr« i>ny c. — -A -iv-

1.000000
- • 7« 5 5 1:9̂
-.619105
-.753207

—»**•«— t*-r i«-««-ffe-a JrO fcEri-J J-riM-W »-*-t- t=-t> fcf t-«s-trtro trt-C :

r .ODCOOC . . . . . . . . . . . . —. . - . -
.771527 1.000000 .
•96178C .903171 l .OCCOOO



D E T E R M I N A N T .1538018739-022 RATIO CF PIVOTS .1C48C84199-CC5

SUM OF S3. prSIPUALS »£*»8'!>Pl?4K?l-Pri^
MEAN S3. RESIDUALS .1508152237— 004 <F03
STANDARD ERROR OF ESTIMATE .3883193578-C02
'•HM rt p u rr-T f» LJ T T TT. Tan A an c 'c_ n on5Un Ur Wtlbnli • . r J .ia'roOUo 3 U U*»

NO. PARAMETER VALUE S T A N D A R D ERROR

************************** *** • ************ *****!

1 .13*»S277770 + OQ«» ^7563563823*000
2 .88"»22«»71C7+OD1 .2781089*»56*ODC
3 i n n i K 7 T f i u n t n n " ' 7*5''<3?'i''i <»1 +nnr
4 .10«»777D373+dD3 .23720775«H+0 CO
S .3372315152 + COt . 9828877413 + 002

EI3ENVALUES OF MOMENT MATRIX-FINAL ANALYSIS

- __,_,,, • ' • • . . " . ' . - ' ' • ' . • ' ' • • "' • ' '; ' . •

43 DEGREES OF FREEDOM)
CRITICAL STUDENT-T VALUE 2.C17

CONFID. BAND HALF-UICTH

i***** * **************** ******** * * * * * * * * * * * *

.15«»5«»3733a*CGl

.560835788D + CCC , . '. .' •
•j «TI q-i Cfifi C Q +rjn 1

.4783542557+3CC

. 19820 95 972 +003 .

.6810167958-002 .5749401385-D03 .2851315924-003 .2592519584-CC'? .156102235'?-C



TERM V A L U E 95 PERCENT HALFWIDTH
«• • •» •»*»*•»•

C6
G O

'" • ' ' ' EPS ••
Al
RM

.377563+06
.212611+00
•110167*02
.135197*00
.152512*01

1 •»••*»•••»••*••••••••• 9 « ' •

.106351*01 .

.786561-01
• 151635*01 . -•• j ) j , .

- .219101-01 .. ' ' •". . : fe
.727111*00 r:|

A1*EPS*RM .276213*02 .125117+00

-R H * EP-S * * 2 • e 83101*03——-.

FIT WITH 6 PARAMETERS fWITH C8?
—i. .—.4-

!*

-r-



ENTRY TO CASS53-

-IT TO 48 OBSERVATIONS
-THE-RE—ARE —6 PARAMETERS— IN—THE—M0&EL—-

INITIAL PARAMETER VALUES

LOWER -P-AftAME-TER—V-AtUg „ UPPER B-04mD-

»0000000000*000 .1346277770*054-
2 .0000000000+000
3 ,0000000000+000

-«D v&G&&eB&e&EhK)Be-

.88122171D7+001

.11Q1S73643+OD2

5 . .COOOOOOaOO+OCO
6 .DCOOOOOOCO+OOC

.3372315152 + OC«4

.OOOODOOODD+OCD

****««*««**«*****

-+-O8-9-
.1000000000+003
.500COOOQQC+CD2

. iaoaoQoaao+005
.1DODDOOOOC+DC9

INITIAL SUM OF SQUARES .6185Q54621-CC3

ITERATION S T O P S ... RELATIVE CHANGE IN SUM OF S3UARES IS LESS T H A N

1 '

1
R O W

ROW
ROW
R O W
R O W
R O W

1

2
3

6

-.068259
-.111588

---.98010.9

-.737424
-0625830

T f C Ql~ "^~e /Ob33 i

-.135852 ,

'

1.000000
.776739

.091774

• •• ' ; .. . • ;. . . • .

l .OCOOCO
• 904885" i.«OC3uQO . •
.127835 .117993 l .OCGOOO

DETERMINANT RATIO OF PIVOTS .10168183C1-CC2

.2834185229-003
.674-8050070-005

STANDARD ERROR OF ESTIMATE .2597702845-OC2
SUM OF HEIGHTS ,1

SUM OF SG. RESIDUALS
-HE-AN-- S&-.-R ESIDUALS- - &E-G4R E-ES- 0 F - F.R-E-S DC-M I

CRITICAL STUDEKT-T VALUE 2oC19



-SlASiaARILJERBLQR.
ft************************************************************

: * * * * * * * * * * * * * * * * * *»* * *

2 .8828189130+001
3 ^1101071320+002

-1 .101-7 81 2052+00 3-
5 .337352080H + OC'*
6 .1127919393+C01

.1878C087t»2+OCD

.50S7'161533*OQO
-.-1 5 ?>2&S 06 2 9 *0 0 0-

.1547«»27233+OD1

.378S82159S+CCD

.1022511331+001
-•-3-2-3-4572-713+-ODO
.133891Q3S3+CC3
.3122708120+001

EIGENVALUES OF MOMENT MATRIX-FINAL ANALYSIS

TERM VALUE 95 PERCENT H A L F W I D T H

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * « « *

C6
G O
EPS
Al
RM

.375257+06
.211818+00
•HOI Li / +LJZ
.135181+00
.153C93+01

.721291-01

.190069-01 ' - -
,,838121+00

A1*EPS*RM .276261+02 .852789-01

-RM*EFLS»*2 .889122+0 -3~- -r3*3-G&3-K}-2-

8ETA .197091+01 .119093+01

C8 .739608+06 .566678+05
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VII. JWKB

This main program computes JWKB phase shifts "77 (£") for given
. --*"•

reduced energies E = E/<J and values of the orbital quantum number J(_

such that jr =• & ~ t z h C t . is a multiple of 0.05 (For details of

the calculation of VJ , see function PHASHT) .•

The total cross section is given by

Letting

s
and

t_/ ~_x, « (VII-3)

Since (_y — Q Li Q , the program computes Q by means of

^ k. •L<0

where L is a value large enough so that ̂ X'P —La*r"~~̂ "lL, can ^e estimate^

accurately.

Values of &£? are calculated at every 0.05 in b until one

of the following is true:

?2
(1) b > 2 and SQ — -^ <^Ln < 0.1 A2/b (This condition

°2
forces the remaining cross section AQ to be less than 0.05 A ),
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< 2
(2) The Jeffreys-Born long-range phase shift "*! — ~TT ^T~~li

and agrees witji -"W to within 0.01 radians for 3 successive values— - • ; — t j t _ - . . . _
of >t .

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

The intermediate values of "Y\ are then calculated by interpola-
^ V__

tion (DNTERP) . The remaining cross section ^ — _ - , is

*
The program could be improved by replacement of DNTERP with a continued-

fraction interpolation program, since the limiting form of -^ n is

CXL

estimated two different ways:

I ... t—

«•-
(The factor of ^77 / ^\ ^s to correct for the discrepancy

tea t=D

between '77 and -77 JB
CX t (ji

(2) S| '— J&m tf is obtained by means of the e-algorithm
^

(EPSALG) .

Finally, the apparent C,, constant Cx
Ft^ is calculated by means of:

O D
uf? _ -K2k /

x 8.003
INPUT;

Card 1: Title (20A4)

Card 2: NE, MU (15, F10.4)

Card 3: (ELIST(I), I = 1,NE) (10F8.0)
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where:

NE - No. of energies (in reduced units) for which cross sections are

to be calculated

MU - reduced mass of system in ppg.

ELIST(I) - I-th energy in reduced units

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

OUTPUT; The values of • E , C, , and a (zero of potential) are in

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 e and r , respectively.

& 1
F°r J<L corresponding to every 0.05 in b = (£ + -r-)/A, the

following are outputted:

L -

B - b
YO - y = 1/r

o o 2 2
RO - r the outer most zero of 1-b /r - V(r)/E (in reduced units)

o
ETATAB(LL) -

ETAJB -
SL

DELQ - ^ ci (in reduced units)
-̂ JL

IER - Error return from determination of turning point. If = 0,

normal convergence. If ̂  0 turning point i's incorrect (see

REGFAL)

ISW - Error return from determination of **7 . . If = 0, normal

convergence. If 4 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 the algorithm, and the convergents for ^ appearing at every

other element (the first such appearance being the one used). The

following are then printed out:

T - Execution time in seconds

CROSS - = (A2)

TR °?
QJB - Q + AQ from eq.(VII-5) (A )

Li

C6APP - c*PP»JB (cpe-A6)
D

ND - highest degree used in interpolation (see DIFTAB)

and finally,
ft <ir ̂

CROSS - Q =
K

EPSVEC(J) - <3

C6APP - C^PP
D

•CD

NOTE: Values of ^_ outputted are in reduced units.

REMARKS; (1) A user-defined potential function- -POT-IN/POT is required (q.v.)

(2) EUNIT and RUNIT are treated as dimensional units except for

°2
actual cross sections which are in A ,

(3) The subroutines TIMSET (in line 54) and TIMGET (in line 93)

are specific to the UWCG 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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(A) The convergence tolerances for the calculation, of "77 ,
JB ^

convergence to "^7 , 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

°2
and give a cross section which has limits of error -*- 5A .



JWKB
*05 / 3 1 /7.2wQ IJ 53 | I 2 ( , 0 )

l« C PROGRAM WHICH COMPUTES JWKB PHASE SHIFTS AND TOTAL CROSS SECTIONS
.... 2._._ C _ _ _ A CONSISTENT .SET, OF UN..LT.S_._F_O.R._IH_l.S.._P.ROG.R.Aj11....A.RE. _ _. „.._

3. C ANGSTROMS, PI COP I COGRAMS i AND DEC I PICOSECONDS (GIVING CENT I PICOERGS
4 . C AS THE .UN IJ .Q.F._ENE.R_GY.J . ; , ._
5. REAL MU
6. D I M E N S I O N EL. IS T. .1.2 0.0.) »ET A_LABJ.20Q j ,0 i F U-000 UEP_SV-EC -1-2 0.1.......... ... . k
7. COMMON B.RO.EiX
8 • _: DATA EPS/0 ,.00.5/.., TO.L JB/0.. 0 .!„/_. tOLY-0/ UE?5./
9s DA T A PI 2/1 »57079633/,HX2/1, I 1216241/

. 10. EXTERNAL VE.F.F. _ _:
I I . W R I T E ( 6 . 2 } T O L Y O , £ P S , T O L J B
1 2 o __ . 2 FOR MA T (.1 H i . 5 X.,_» E .NJ.R.Y_T 0- - J W X B./.BN T ER P_±/_/ / / S X , » T 0 L E R A N C E F 0 R Y 0 „ < R £ _
13» I L A T I V E ) 9 , E l 2 « 5 / 5 X i » T O L E R A N C E FOR ETA ( A B S > » ,EJ2 *5/5X i »TOLERANCE FO
1 4 e 2R JB -L..I.M-I.T .»..i E.l 2 . 5J „ ..__ . „
is* c READ IN TITLE OF EXPERIMENT

.. ._ 16 • __. READ J..5...3 ) J_DJ F.LL)..« Jĵ J.,,2.0 ) _„
17 » 3 F O R M A T ( 2 0 A H ) .
I8e .._.„_ W RITE C605.J (.D-I.F_U-)-.i..I.*l-,..2.Q-) — -:-
19e 5 FORMAT ( 1 H 1 , t OX , 2QA*» )

^ 2 Q » . C READ IN NO, OF .ENER.G I ES NE—AND -REDUCED ~HASS_MU --.
21. READ (S,6) NE.MU

.._..22» 6_ .FORM-A-T. US „ F I 0 ».<4 J : _.:
23. C READ IN LIST OF ENERGIES
2<». READ «5,7) ( EL I S.T.U.).» I » 1 • NE ) ^_
25« 7 FORM A T ( 10F8.0)
26. C POT IN. SHOULD- RETURN THE .V ALUE... OF—THE—ZE.R.O...OF _t HE.. PO_T.E.NT | AL . _1
27» C C6 SHOULD BE VALUE OF LONGER-RANGE C6 IN REDUCED UNITS, THE

_.. 28 , C SCALE. JD.F.-W.H I.C.H.. A.RE_G.J_V.EN_LN_EJ«UJU£J^^ —
29. S I G M A * POTIN(C6.EUNJT|RUNIT)
30» ... S I G I N V . a. I ,/SIGMA._. .. __. __.: ,
31« SIGIN2 a 2 9*SIGINV

. 32« CONS JB_..»._0,..l 875 *P_IZ*.C&... : ... .. ... . .
33. ECONS » 2««MU*EUNIT/HX2

__...3<»t. WRI.TE_.(.6...9.)....MU..CA...S.LG.MA , .E.U.N l.T... R.UN.I-T- - _ _._
35. 9 FORMAT (////5X ,'PHASE SHIFTS AND CROSS SECTIONS FOR REDUCED MAS S » »
36 » 1 .E1..H..6/5X., »LO.NGrrR.ANGE- _C6-»-. EJA. 6V5X.» • ZERO—0£-POTE.NT_tAUf -iE.I-116/
37» 2 5X,»UN|TS.OF.ENERGY AND LENGTH»»2EiH*6J

.. 38. DO 1.000-J « liNE i—_ —
39. , E «= Et 1 ST( I ) ;

.._.«*0 « __.'. W A VE--^_ SQRT ( E«-EC-ON.S..J - I : , — .11-
Hl« A « WA V E * R U N I T 0

. 42. CJB o..CQNSjB*.A/E -
H3» COEF » 16««PI2»RUNIT/WAVE
1 H , . WR I TE -..( 6 , I 0 ) - E .WAVE » A...- . ..
M5« 10 FORMAT (///5X , »ENERGYf,FI 0,5«5X,*WAVE NO«».EI 5,6,5X»'A«WAVE«RUNIT»

_ .16 « 1 o E 11 • 6 / /5 X . « FOLLOW l-NG J.A B L-E—tN- -REDUCED -UN. J XS. E UN-IT ,.RUN 1 T » / )...
47. WRITE U 8i5> -

. 48, ._ 1-5 FORMAT... ( llXi*L-f.t--5X.i*B.* l..-8X.t-*-.Y.OJ..».10-X(-
f-RO-i-»-9-X».(e-TA-*-»l-iX.|fCT.AUB.*.|..

49. I 9X 0'DELQ» ,7X,» IER» ,3X.» ISW»/5X,100(1H«>/I
50, 1JB o .0........ '. j -
51. C CALCULATE PHASE SHIFTS AT EVERY «05 IN REDUCED IMPACT PARAMETER
5 2.»—.—.- L S T E P--* -A./-2 0.. ______ . : , ; .
53. IF (LSTEP .LT* I ) LSTEP « 1

. 54 « CAi,L.-.T-|-MS-E-T-l-Q.«-) -
55. DO 500 LL = i.200



56. N E T A a LL
. S 7 » L a --L S T F P • f I' L <• 14. —**T »™ • • * • • * f fci r W ^ " l̂ i'lH" J ~f' ™

58. 0 p ( L + 0 . 5 J / A
5 9 • ——I F— (B . G T ,--S-i-G-M-A 4—GO—T 0—4-QQ— '—* ——
60. XL H S I G I N V
6.1 . __ XU .-»-S.I.G 1-N2 ••
62. GO TO 200

. 63t - lOO XL a -I »/B -
6H» xu a S I G I N V
65. C FIND -T U R N I N G PO I NT -YO - o -1-/RO
66, C IER a 0, NORMAL. IF NOT 0, ERROR IN ROOT <SE£
6 7 . ZOO C A L b-~ R E G FA L < X L , X U-, X i V E-F-F ( T 0 L Y 0 ,5 ,2 0 r I £ R-)
68. RO a l./X
6 9 •-..— —C C A L C U L A-T E p H A S E- --SH-1F-T—E-t-A
70. C ISW a 0, NORMAL. IF NOT 0, THEN DID NOT CONVERGE TO EPS ACCURACY
7 I . TOL -» EPS/A ' • • ———-
72« ETAjB o CJ6/8«*B
73. IF •( ETAJB ,-L~T-t—!•«-)- TOL—«- ETAJB«-TOL- —-
7**. ETATAB(LL) a A*PH A5HT < TQL , 9 , I SW()
75 , ——PE1_Q B B« < S I N ( ET ATAB < LL ) ) ) »*2
76. WRITE (6,20) L , B i X , RO , £ T A T A B < L L > , ETAJB , OELQ.IER , ISW
77,- 20 FORMAT ( i 0 X . I 5 , 3 F J 0.6 , -3 E 1 H . 6 .216)
78. JF (COEF*B*DELQ « G T « 0.1 .OR* B ,LT, 2.) GO TO
-79 , — WRITE ( 6 , 22 )
80. 22 FORMAT ( /5X . ' REM A I N I NG CROSS SECTION IS LESS THAN 0*05 S« ANG»|
8 l-_ _____ — i c c i - T n A n n - - - - _ - — - _ __ - __ __ - . _ ______ _________ _ - _Jw U u l V v U v / " " ' " . . . . . " ~ ' " "

82. ««00 TOL « TOLJB
83. ------------------ IF- ( E T A J B -*-L-T-.-l-»-)--T-OL- « • tT A J B * T-0 tr -------------- ...... ------- - ------------ - ™ - .........
84. IF ( A B S ( E T A T A B ( L L ) «• E T A J B ) *LT . TOL ) UB * IJB + \

._ 85 . -------------------------- I F - ( I JB , L--T-*— 3—.-OR-,—E-T-A-jB-~»-G-T-«— 2-r^-- &0— T-O—BO-0 ---------------
86» W R I T E U.23) I JB
87. — -- 23 -------- FORMAT(/5X , » AFTER-* , I 8 , SX , « ASYMp-ToT I C-PH*SE -SH I pTS . ET A JB I S ,
88e 1 THAN 1 ' ) i
89. -------- -------- 60 TO 6QQ -- ------------------------- : ---------------------- ----------------------------- ,
90. 500 CONTINUE

_ _9 I ..-.-— ----- ----- WR I T E -U ,2 S ) --------------------------------------------- — -
92, 25 FORMAT ( 1 OX ,' MORE THAN 200 PART I AL WAVES ARE REQUIRED') ;
93, ____________ 400 ____ T - ° -T 1 MGE T ( 0 ) ________ ________ ...... _____________________ _________________________ i ...... ___________ ........... -
-9«U NO B 10 i
95 « ------------------- CALL DIPT AB«ETAT-AB, NETA, OIF, NO iEPS-»-
96. N M A X «s LST£P»(NETA«-l ) *'l

-'97. ------------- _ B S T E P « -- L S T EP-/-A --- - ------- --
98« 00 0 0.5/A
99 , ______________________ ĵ .. s ..... ,Q _________________________ - _________________ . • . _

100« IEPS ° 0
101. -------- -.— Q -«- 0 . ---------- - --------------------------- : -------
102. DO 700 LL * i ,NMAX
-103 . — - ------ - --- L --»- L L «. 1 ----------------------- — -----------
IOH, 0 o (L+0.5)/A
.JOS, -- _____ -- ___ TOL « EPS ..... - _____ ...... ....... — - - __________ ...........
106» ETAJB » CJB/B«*5
1 0 7 -» -------- ------ I F ( ETA J B , L T , - 1 * ) — T 0 L- «~ E-T-A- J B « T 0 L ---------- - — ^
108. ETA = DNTERP(B,BO,BSTEP,ETATAB,NETA»DlF,NO»tOL)
J o 9 » ----- D E L-0-- »-B-»-(-S-I-N-(-E-T-A-M-*-»-2— -----------
110, Q B Q *

- 1-1 I . --- - — I F -(-tL - , L £-•— N M^ X -*-2 0 -. 0 R r- 1 tPS-̂ E-8 •*— W— 40-T-O— 7 0 0-
U2» CALL EPSALG «3,M,EpSVECl



i |3« J .9 2 '> 2*(M/2) * M

U5» IF < ABS(EPSVEC< J> » EPSVEc<J*2M *CQEF *GT. Q»M 60 TO 700
1 1 6 « _ ___________________________ IEP-S .J? ..... -1 ........... _______________________________ ..... ________ .' _________ .' _________ - _______ ..... _________________
1 1 7 » WRITE U,21) (EPSVEC(K) ,K»1 ,M>
1 1.9 i-_- 21 ------- FORMAL.J/5X»
119* GO TO 800
J 2 0 < ______ : ________ 7-QQ ____ C 0 NT I N U E, ........
121. 800 B « B t ' I, /A
J 2 2 • --- _ ------------ Q J B^ s _ Q ..... *^ A «E T A -» Q JB-VJM. ( -C J B., B t/ ET-A JB
»23» CROSJB « COEF*QJB
1 2 H .1 ____ __ ___________ C R.O.S.S._.a,_C 0 E E* -Q ___ ..... _______________ -
12S« C6APP »
I 2 6 « _______ - _____________ W R 1-T.E ,(-6,30 1 . . 1 1 C B.O S S_t Q.f C R 0 S . J B , Q J B ,.C & A P P , N:D ____ __ _________ : _______________ ..........
1 2 7 i 30 F O R M A T ( / / 5 X | « T I M E ( S E C ) ' ,F 1 0 » 3/ 1 OX . ' C R O S S SECT ION AT UST PHASE 5
1 20 • ------------------------- 1 HI F.T » »F I 0 . 2 , I OX ,.» Q • (F I 0 . 3/ | OX_, » JB EXTRAPO;UA.T£0 T CR-OSS SECT I ON...I SQ_ A
1 2 9 » 2 N G ) • » F | 0 . 2 , J O X , » Q J B ' i F ! O t 3 i I O X » »CA A P P A R E N T • , E I 5 » 6/ 1 OX , » H I G H E S T OR
.i 30 • __ ..._ ..... _____ 30ER ..01 FF.ERENCE... USED ....... IN ........ I - N T E R P O U AT.tONl . I 8 ) __________________________ ....... . _ ....... __. _ ......... _
131 t I F ( M » E Q « 0 ) G O T O 1000

._l 3.2.i_ ___________ -....-CROSS- s C O E f * E P S V E C ( J J - _ ____________ ........... ______ - ______________________ . ___________ .................. _ ______________
133« C 6 A P P H H X 2 « W A V E « ( C R O S S / 8 . 0 8 3 > * « 2 t 5 / M U

WR!.T.C-.(6-,<lQl CROS5,EPSVEC(
135» 10 FORMAT U OX i » EPS I ION ALGORITHM CROSS SECT I ON » f F I 0 . 2 » I OX , » Q « ,F J 0» 3 •
..! 3 6-1 _ _______ 1. 1 0 X >.1.C 6- A PP-A R E Nl » , E J H . 6 )._ ... ....... ________________________________________________
137* JOOO CONTINUE
I 38* _______ .......... ________ SJOP ____________________ ..... _________ ...... ________________________________ ..... _____ . _________________________ . - . . . „ _ .....
13?* END

NO OF COMPIUATIONJ NO DIAGNOSTICS.
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A» PHASHT

This function computes the value of the JWKB phase shift 77 for

given E and b = (£ + ~o")/k ' to a given absolute tolerance, by means

of the formulae

f / '-•> Y*"\. ̂ Cr > Ye

0 (V.II-7)

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

F(r)

. , ̂  _- I - — ~
E

and y = 1/r (y = 1/r ). The quantities tf and 7̂ are given
o o I / ( 2 ,

by

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
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 ?/ (b,E)
(JL

NOTE: Values of B(b), R0(r ), and Y0(y ) are obtained through the

COMMON statement of line 10.



M PHASHT
JB)_ _.PHAS.HT_

it FUNCTION PHASHT (EPS,NIT£R,ISW)
2 i C F.1 ND5. .VALUE. OF_JWKB_.PHA.SE^SHJ^J^.F..OR_IJ

11P.A.C-T_EAR AMEJER--.B4----T.URNl NS.
3» C POINT R0» EPS JS ABS ERROR C R I T E R I O N * 2«*NITER IS MAX NO. OF

-_$ f C PQ I NTJ WHICH MA.Y BEMUSED ..I N.JNTEGRAU fl.N—(-N.LT.ER—*LE.»_9J
5» C IF ISW ,NE, 0, F A I L E D TO C O N V E R S E TO A C C U R A C Y EPS

._ 61 _._ C NOTE .-•>.. RE.QU I RES_ f_UNC T I ON?:. E..F.2 iF3.,._.WH ICK FOR_. Y _B 1 /R. RETURN
7« C F ( Y ) m U » S Q R T { 1 « ( B * Y > * « 2 - V < R )/E U / ( Y » Y )

__8 •_ _ C F 2 ( Y4_« S Q RJ < L.» < B « Y ) » • 2 * V < R ) / E-) /-( Y » Y )
V» C F 3 * t ) * ( S O R T ( I » ( B » Y ) »»2«V (R » /£) » S Q R T ( l*< B « Y ) S s >2 ) ) / t V*Y )

_.LO.i CAMH.O N B r. 8 O.i E. i Y Q
II. DATA PJ2/I»S7079633/
...121 E XT ER N A U- F , F 2 » F 3 . , , ,
J3i L I M j T * 2«9NJTER

. I «i i J.F.. .(-fl-.» LE » RO ) —GO—T 0-4.00 - - - -
15, B I N V * I»/8
J 6. i T 0 L-.-5..._0 .5 * E PS ;

17. ETA1 * ADS!MPfBlNV,YO fF2tTOL:tL!M!T»!SWn'
1 8 .- E T A 2 9 A 0 S I MP ( 0 . » B I N V , F3 t-T OL » L I M I T- .-I S W2 » —
19« ISW •» ISW1 * I SW2

.20 »-.- ^ PH ASH.! ». ETA J.--* .-ET-A-2 , - , .
21. RETURN
.22. JXLO
23. RETURN
2 H * END

.O.F_JtOMRJ jLUJ.0N.I '. NO 0 I A6 NOST_I C S •
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B. VEFF/F/F2/F3

Four entry-point function which returns values of

VEFF(y) = 1 - b2y2 - V(r)/E

F(y) = (1

2F2(y) = VEFF /y

2F3(y) = (vEFF - - - b )/y

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)

ARGUMENT: X = y



J6_( ,CLJ_—
it FUNCTION VEFF(X)

. -2 » _ -C 0 M M0-N_:.B ,.R.p-i-Ê _Y4)- -
3* U * B«X

_-.4-i V E F F_ _»-4.»_-.-4J.« U~a-PO-T-(-l t / X-)-(
5t RETURN

._. & , £ N T R Y F ( X) -
7. IF (X ,UTt UE-3) GO TO 200

._ 8 ,— , — U2 - - X * X——:
9t v B POT( u/xj/E

..|.0 , WO R K-•--«•-- B * B* U 2 +- -V
lit IF (WORK »L,T« 0«0|) GO TO 100
-12, '—. IF < WORK , GTt-0» 9999999 .AND ,-WORK—.L-Tt-IrO J-J-ISORK -w~0 t9999999-r-
|3t VEFF • (It «• S Q R T ( | t « W O R K M / U 2
I H , . RE-T U R N

100 VEFF « 0 « 5 « ( B * B ' » ' V / U 2 ) « ( \ « 4 0, 2 B « W O R K • ( I « + 0 « 5 » W O R K ) )
I A. : RFTl IRN :•"I W w M C, f V •* " - '

17t 200 VEFF « Ot5»B*B
.10,— RETURN^
19t ENTRY F2(X>

; 2lt WORK «• 1, > U«U • POT(t,/x»/E
2 2 • J F- < W 0 R K—,-t-T-t—O-t—•,- A N 0-̂ -W O-RK—t-G-T-t—• 0-. 0 J-)—W 0 R K—«—» W 0 R K—
23. VEFF « SQRTIWQRK)./|X«XJ

L 2H . RE TURN -• - --
j 25. ENTRY F3(X)
L_^ 2 6 . I F ( X , LT , I . E - 34—6 0 TO- HO0 ,
; 27. U2 B X»X
. 2 8 t B B- w

29. OODA' «• BB * POTI1./X) /(U2»E»
. 30.•— WORK w U2*DODA-

31t IF (WORK «t T» OtOl) GO TO 300
3 2 • -— - V E F F * ( S Q R T « A B S ( I . «• W 0 R K > ) * S Q R-T-f-A B SH*» B B • U 2 )-)-)-/ U 2- —
33« RETURN

_ 3 <* ,__>__.30 0 W0 R K «~D 0 0 A *0 0 0 A —
35. V « BB«BB
34* VEFF- • ~0«S«-(-BB*DOD-A")—4—0* 1 25*U2» M V-WORK )-+-0«S»U2»» BB* V*WORK«
37» 1 D O O A ) )
1H« — RFTl lRN -" «f W W • % ! < • » W *" * ~ " "" -~" -rn—.- T.-..L — .

39* «»00 VEFF » 0.
4 0 • R E T U R N ,—
<U t END

(NO OF COMPILATION! NO DIAGNOSTICS,

i
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C. POTIN/POT

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

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

1. PQTIN

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

OUTPUT: C6 - values of C, in reduced units EUNIT = e and RUNIT = a
o

EUNIT - e dimensional unit in cpe of energy (of order e)

o
RUNIT - a dimensional unit in A of distance (of order r or a)

m

POTIN - returns value of O (V(a) = 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 poirntwise

potential (EUNIT = e- and RUNIT = r ). The value of V(r) is calculated
m

by quadratic interpolation

V(r) ̂  V -f Ar -V Bv2-
(VII-9)

where A(I) and B(I) are calculated by the routine. Extrapolation to

low r is done by extrapolation of the closest quadratic, extrapolation

to large r is done by

( — o
V ^~ (vii-io)

where C8 = C0 is calculated from the last data point and Cfo o

INPUT: Card 1: NOB (15)

Card 2: EPS, RM, C6, SIGMA (10F8.3)

Card 3ff: (X(I), V(I) , I = l.NOB) (10F8.3)

where

NOB - no. of points

EPS - e (cpe)

RM - r (A)
m

C6 - C, (reduced units)
o

SIGMA - a (reduced units)

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

V(I) - I-th value of V (reduced units)
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o /-

REMARKS: (1) CQ is calculated from C0 = - r V - r C, for r = X(NOB),
O o O

V = V(NOB)

(2) It is not necessary that EPS = e and RM = r , but any scale

factors may be used.



aj.̂ .̂*i-î .-«,—̂.i*_j4*-

POT
• 05/3 1 /_72*0 U.5.3-t ?§—(.• Q.)

It
.,..'.29

ROT ,

... 4 .•
5»

_ 6 •
7.

_8 »
?t
| 0 1
l i t

.
IB*

_:1 6 «
17.

._^ o y -

19.
20 »
21 *
_22 •
23*
_Z<4»
2B»
.26.
27.

_jt 8 t
29.
30.
31 .
32 •-
33.
_3«< ,
35.
SAt-• ̂  «r «

37.
38 .
39.
-4»o .
«*l •
<I2.

JD

20

FUNCTION POT|N(C6CONS,EPS,RM)
_o i MENS.J ON - x (so), v (5Q-), A (so»-,a c
READ (5,10) NOB

._F 0 R MA t_ (-| 5 )
R E A D ( 5 , 2 0 ) E P S » R H , C 6 , S I G M A

- C 6 C 0 N S * C 4
F O R M A T ( J O F 8 . 3 )

- R E A D ( 5 , 2 0 ) ( X ( J I , V ( ! ) -» I * HNOB )
R2 « X ( N O B ) * X ( N O B )

-R& * R 2 « R 2 * R 2 —
CB « * R 2 « ( V 1 N O B

- R 2 m — \ » / X ( N O B » l
R6 9 R 2 * R 2 * R 2

501

* C6)

-90

TEST *
NN
D 0
HI
r̂  <!. " ~ (H

HH «
0 12 ••
023 a
H I 2 ..... s
A ( I »
B< I ) .
NN «
RUP B
POTJN

o NOB
90 I -
* X (
« X(
« X (

B -.V

» V
s - H

( R2»C8 -+-CA ) >V ( N08» -
i

2-.NN
m X(

* i»" x (i -. n
I ) •-• VI I»l )
l * i ) « v < i »
/H2 -—

* (H12*023
•• ( H 1 2 * 0 2 3
(NOB+1 1/2
X(NOB)
9 SIGMA

012/M12)/HH
-D-I2)./-|-H4-*HMJ-.

100

R £ T U R-N
ENTRY POT(R)
IF (R .GT. RUP)
J P NN
I F C R
I IP (

. GT , ; X ( ! ) )-
+ n/2
, GT . -~ I -)— GO

GO TO ,500 ----

GO-TO-20Q

TO— 1 00

*4OQ* WW'

«» H «
«»5.
_«|6 *
H7.

200

-300
HOO

5 0 0

I • 2
CO TQ\i ̂/- - | ̂

1 » I * 1
I F ( I -t EQ •— HOB ) - GO -TO- -3-0-0
IF (R'X«I)| HOO.^001200
!-- m •- NOB - »— 1-
HH

HH»( A( I ) *HH*B ( I )
* X( I )
- -V-M-)-POT IN w

RETURN
R 2 - P - 1 • / 1 R *-R- 1
R6 « R2*R2»R2
POT-I N . 8--.R&* (
RETURN
-END - ___________ • _____

-) —

16 OF- COUP IUAT ION cS



VI I-

D. QJBVAL

» , ^ ̂  .TR . , /

* >2and "̂ 76 ^ 3T C^A

3Z

Function which computes ) «_ <•£ where

2
the integral is done by expansion of sin and

CALL: Q = QJBVAL (CJB.B)

INPUT: CJB - 3TTAC-/32E
D

B - b

OUTPUT: QJBVAL -
f » ' -
I J(f /UÂ
J

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

figures for values of B for which



l« FUNCTION
-.1- 2 » C P l . R F - Q . R M . S .
, 3i C WHERE ETAJB.IS J»B PHASE SHfFT FOR UON6»RANQE C6i
i H I,., .; C E T A J B„ s. t J 8 X-B f * 5 .i—C J B. .s_._3.*.P.l •C 6 / ( 3.2*E 1 :
"C 5. DIMENSION S(10)
il..*i DATA .§/!..•.» •0.».333A3333.4.0.t.O«'».'»'l.<l.*J.«lfl,»0.«3.|7J.40.a.|.e»2 10*I.fi:i093«»-7.E«3.
1 7. 1 -.<*2755S97E'»5,,939683<<5E»7,''« JS66i39lE«8,t20'*72'»06E'''JO,
l._ 8 t ,. 2 • i 2 I 5H9902E«12/--

9» QJBVAU « 0,
_^_J,Qt T s B»B - :

I 1» Z * CvJB/tT*T)
_.j 2 » Z.- »--Z*2 .
13, T • Z/T

-̂ :| M • . : D-OD-A- * -l-t r— : - — . — -.
TIS* DO 500 I B I »10
L. 1 6 », DEL Q - -SL S-( I_|L«.0.0 D Ay-U 0-t.I »-2 ) ,
; 17» QJ8VAU • QjBVAl. * OEUQ
L_.l-8 • I F ( ABS IDELQ > —»-LJ-f—.!.-• E«3*Q J8 -VAU—60—T-0--6.0.0

19» 500 DODA " DODA«T
._ 2 0 •-._ 600 Q J B V A L-. B— Z * Q J B V A U- :
21t RETURN

,_,2 2.t E N D : - -

ID 9.r_toHP.iVAT..UDLN i -N.Q
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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:

(1) 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, XO, H, N, D, ND, EPS)

ARGUMENTS: X - abscissa of interpolant

XO - 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 ordinate' 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.)



1 DNTERP
-UL7-2«04-IA34 1.8 ( ».0 ) .- DNTERP _.-—

i» FUNCTION DNTERP<X eXO»H»Y»N,Oi.ND.EPS|
.2.9- :.C_- - P.E R FOR M..S-D-I-F-F-E-R.E-N.C E-1 N T E R P-0 L-A -T~I 0 N—U P—T-0— OR DtR—NO-
3« C D <•» DIFFERENCE TABLE FROM DIFTA8
-M 8 C E P S.._* - E-S T-I M A-T-E- 0 F—A 8 S 0 L̂ -T E—E&R &R—J-N—Y-»-S~- —
5. DIMENSION YU > »D< I)
6 o M • 0 , . : __ • ' • •"' -.'
7» DODA • 1 .
8 * , , TOL- -.»—E PS -— : i . . '. '. ___
Vt THETA = (X*XQ)/H
0.9 J..._.s ._THE.T-A~ -4---0-.-5 '. — •-> _
i • IF ( I tLTe 0) I - Q

3, THETA «? THETA • I
4| 0__ | Q . _ | _.̂ » ._| . ,____ „__

5. DNTERP ' » Y I I >
6 . . J F < I • G T o—N~*.-N 0-)—G 0—T 0-2 0 00,- '• ——
7. IF (I «LT. NO) GO TO 1000
8 « C USE ST I RL-I NG 'S -C-E-N-T-R-A-L—-0 I FFERENCE—F-ORMUitA-^—

19. DO MOO J m \ ,ND
7 n * ..,- Trtl ss 7 • * T rt I „ .,__... • ̂

' 9* *J * " ~ I V W «.••»! U W " ' ' ' " •

21 . L' = J/2
97. „ 1 [^ Zg M. * f —«, .-i ~ , „f, «. V —— _____ ,^_ |^ «» , , * £ » |^ . _—_»,. - ~"— -1 "---"--""•" I-«'l--"-t--U— -I—- L^

23. IF (ABS(D(K)> .LE. TOL) GO TO SQQ
_ 2 M « OODA = DODA/J — —
2S. IF (2*L »N E « J) GO TO 300

27« DODA ^ DODA*<THETA.L) !

_28 o GO- TO -350 . ;
29. 300 DOOA » OOOA»(THETA*L) •:
30. DNTER^ « - D N T- E R P-* - 0.5«DODA»( 0 < K )•—•t—D-t K-»-'|-l-»—i --
31. GO TO MOO j
32. 3 B 0 -—- D N T E R P - « DNTERP- *— T E R M * D ' K ) -!
33. MOO M » M + N w' J i
.3M « __500 RET-URN.. L .__ • j
35. C USE NEWTON»S FORWARD DIFFERENCE FORMULA ;
36» JOOO -00 1500 J a.-l-.ND —- - - - L
37? TOL * 2.8TOL i
38 e K s-M •+--!- - - L-
39, IF (ADS(0(K>) «LE» TOL ) GO TO )600 j

Mis DNTERP * DNTERP * DODA#0<K) j
H2 t 1 500 M -= M * -N--«- J . • , :
M 3 e 1600 RETURN . . . . . . i
MM» -C USE NEW.TON»S BACKWARDS - DIFFERENCE— F-ORMULA-4-
MB. 2000 DO 2500 J a ),ND :

M8, .._ - IF {ABS(D(K) ) .LE» TOL) GO TO-260Q-
M9« DODA " DODA<MTHETA + Jwl ) /J
50 , ..„. DNTERP—=- DNTERP—*—DOOA*D< K->
Bl e 2500 M » M «• N V J
5 2 , 2 600— R ErT U R N
S3* END

OF COMPILATION! NO .DIAGNOSTICS.
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F. DIFTAB

This program constructs a finite difference table from N equally-

spaced data points, with ordinates y. (1 _<_ i _< N) . Successively higher

order differences are computed until no element of the current column

in the difference table is larger than the propagated error,

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

INPUT: Y(I) - y. I-th ordinate

N - no. data points

FJ?S - estimate of absolute errors in Y(I)

OUTPUT: D - difference table stored in packed-mode: i.e., the first-

order differences are in D(l) ... D(N-l), the second-order

differences in D(N) ... Df2N-2), etc.

ND - set to highest-order difference calculated.



UwtbiiA» «*.--*»̂ «̂  £

:! OIF TAB
"05/3 |/

1 . It
1" 2»T-~ •-«•-'
i 3*
i .. ti

• *•
S ' 6 fr 7 —

1 81

I" 9'! JOt
1 • n •
! 1 2 •). . ... __
I 13*
! .Hi...

' !!'i 1 9 tf—- '" '

F'!I-i 18*! ".
i 2Q«-

1 -2U
! 22.

72-QUJ3J

C
C

c
__ c

100_-

200

20 I tO> DITTAB
SUBROUTINE OIFTAB<ViN,0,NOiEPS)
CALCULATEiS DIFFERENCE TABLE- OF Y<|) »-• • Y(Nl
NOTE • o MUST BE DIMENSIONED AT LEAST NO*JN«U
NO-M...UP.OM.. .ENTRY* MAX..ORDER-.D I FFRENCE TO-BE CALCULATED* UPON
RETURN JS ACTUAL HIGHEST ORDER
EPS <• ABSOLUTE ERROR -EST I MATE- OF— Y IS— TO_.StOP-0!FF-ERENCES -
DIMENSION Yd ) ,0< 1 )
MAXO -'* NO
ERRLVL « 2. -EPS
M * N _
T • FORD1F (YtM,0)
ND • «
K» 1 : ' . . .. . - ' .
IF (ND .GE^.MAXD ^oR«— M...*LE«--i: »OR». T-_«LE*- ERRLVLX 60. TO 200 -
ND « NO * J

J * K + M
T * .: FORDIF(0-tK-)-t-M.|D-l%» )
K • J
GO TO 100
RETURN
END

OF__COMPILATION:
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G. FORDIF

Function which calculates the vector of forward-differences

corresponding to a vector of ordinates.

CALL: DMAX = FORDIF (Y, N, D)

INPUT: Y(I) - I-th ordinate

N - No. of data

OUTPUT: D(I) - I-th forward difference, Y(I+1) - Y(I)

FORDIF - max|D(I)| 1 <_ I < N-l



1 FORDIF
|a05/3 U72-01-J 53 J 2 1 -<~,0 )______F-ORDl

I t FUNCTION FORDIF < Y , N , D )
2 * ._ C C AleUUAT.E-5-E-ORIN ARD--D I FFE-RENC-ES—Dl-I-l—•—Y4-I^44—•—Y--M4-
3« C RETURNS VAI.UE OF HAXIMUH DIFFERENCE

.. H, oiMENS J-ON -viI j 9o< 1 >
5» N * N w J

__6 t T B- 0 « - -— - ——
7* DO |OQ I 9 1»N
8,- D ( M * Y ( I 4 I »-»-Y-| I ) •-
9. 100 IF (T »U T p ABS(0(!)) ) T * ABS(DU}>

,| 0• FORD I F—*»—I
l i t RETURN
t 2 »— —END .—i

JND OF- COMP I U AT I ON S -NO D I AGNOS? !
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HL 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 S ( m = 0 , 1, 2, ...):m

e^J' =0 (m - 1, 2, ...)

£Qm) = Sm (m = 0, 1, 2, ...)

(») . (m+1) /( (m+1) _ (m) =

r+1 r-1 r r ' '

The £„ 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(l) roe X(M) - will contain the e-diagonal of convergentsc
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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(l)

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



EPSAL6
?P5 /_31/7 2-PI j 53 f 22_ j.,.0_L, E .P5ALG.

• I t SUBROUTINE E P S A L G < $ , M , X )
?* C_ EX.T.RAPO.LAI.e.S..,5UM._Q.F. .5E.RJ_ES_5_B.y_E.P.S.UJDLNL_A.L6.0.R.LT.Hll
3« C S IS VALUE OF CURRENT P A R T I A U SUM, AT EXIT M IS LENGTH OF
M I C THE. .EPS I LO.N.. &!.AGQNAU_X.U-L-i_f.t.X..(AL
5» C BEST ESTIMATE OF SUM JS IN X(J)t WHERE J m 2»MOO«M,2>

._ A * o i MENS ION xj i.)
7» K P M

.. . 8 i M.-B....M. ...*. -1 .
9. X < M | B 0.

..1 01 A 1...... .S
lit tOO IF (K ,LE» 0) GO TO 200

'_.- 1.2 i AO «._X < K*-L)_*._UXU UX U-U-
13. X(K*I) m Al

!&• K o K » I
;..._.! 6 « ._.. GO TO -.1.00

17. 200 X( 1 ) <s AI
„_. | 8 * RETURN ._

19, END

NO OF COMPILATIONJ 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) If 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, F, EPS, LIM1, LIM2, IER)

INPUT: XL,XU - Endpoints of an interval containing the root

F - name of function which stores the value of F(OC ) in y in

the call Y = F(X)

EPS - relative error criterion for root. Termination occurs when

relative change in root is less than EPS or the root itself

is less than EPS

LIM1 - 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 regula 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 LIM1 iterations

3 No convergence to EPS tolerance x^ith LIM2 iterations

4 Root was lost in regula falsi iterations .(no longer a sign

chang e)

REMARK: The convergence testing could be improved slightly ;by adding

line 12.5 HO = EPS*H

and replacing line 50 with

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



R E G F A L

}•
2 *
3.

5.
6.
7.
B.
9.

11.
1 2 *
13.

-- I H .
. 15.
16.
17.
t R .

19,
7n »
21 .
27 .

23.
? M *

25*
7 A •

27o
7R .

29.
30 o
31 *
•» 2 o
33.
•JM .

35*

. 37.
38 •
39,

, un .

' u 2 o

*)3.
u o .

*4 A *

. *»7,

SI •
c ? .

S3.
t u .

Ĉ
r
C

C
c
c

t n n• -l-u u

7OO

250

300
350

SOO

600

700

800

SUBROUTINE REGFAL < XL » XU « X ,F . EPS , L I M 1 .L I M2 , I ER 1
FINDS ROOT OF THE EQTN F f X ) " 0 IN I -NTE-R-V AU ( XL . XM -I--
BY METHOD OF REGULA FALS I ( GUARANTEED CON VERGENCE)
EPS •» R E L A T I V E ERROR TOLERANCE FOR ROOT
L I M J •» ALLOWABLE ITER. TO FIND SIGN CHANGE IN AN INTERVAL.
LIM2 " ALLOW ABLE -ITER AT I ONS TO FIND ROOT — . -
IER a 0, NORMAL. » 1 NO OR MULT ROOT TO TOLERANCE EPS. « 2 NO
SIGN CHANGE WJ-T-M -Li-Mi ITERATIONS* "« -^ NO CONVERGENCE— WITH. LIMI I.TI
» M, LOST ROOT IN REG. F ALS I I TER ATI ONS

F A ** F I X L ) -
X s XL ,

IF (LIMI ,EQ. 0) GO To 300
J B 1 ,

HH a EPS»H
D O ? O O l « l > L I M l
IF (H «LE« HH) GO TO 250
Y « y i , .A *^ " I* "

DO 100 K " 1 i J
C * Q t r * ( V ^ U \ /•• r D " * " • * " > % A ™ "" 1" " — ""' " "' ""' ' " ' ' ' ' ' ' ' ' .-,...,--•'• . . ....

IF <FA«FB »LE« 0») GO TO 350
X T-, y A u— B - f\ - - T n ' ' - _ . ,

H » 0*5«H
J — ? * i . .. .

- *** •' *• w . - - ' - - • L " • • • . . . . . .

IER ". 2 • .
RFTtiRN
IER • 1 •
RF T URN ;

- (\w'w^*' , '

FB « F(X*H) '•
A * X
B « X * H ,
r A _ r i A j
i it\ Ot 1 \ f\ f - . - -

HH B A B S « H ) ;

XP u A
00 800 1 a l ,LIM2 i
X n A - r A « H / ( F R » F f l ) !
rt 1LJ f! • - r "rt ** I ' 9 l r ** " M r " "' ' "" " " " , . , . , ,

J B 1 1

F X 3 F ( X } '• '
IF «FX*FA ) 500. 1000.600 i
CD - f X ' . , ^" " F W « • » ^ » i i . j .

F A « . F X . . ; • • _ .
A A v ,'• " A • • - . . . , . , . . . . . . . , , . . , , , _ . . . .

IF (FA*FB .GT. 0«) GO TO 900
U Q O m A ,., . , ,. _ „ . , . , ,i i ~ *^ ri

IF (J «EQ. 2) GO TO 8QO
-OELX » X - - - X P
XP B X

-IF 1 A B S ( D E L-X-) ~. L- -T-»- E -P S « A B S <-X )— t 0 R . -A B S-i*l— « VT-«-E P S-l— G 0-T 0-100 0-
IF <ABS(H) «LT, 0»9*HH) GO TO 8QO i
X m ft a ̂  ft I A JL-A 1 1

J a 2 • j

HH e ABS(H) i

•T>r"'Tr



•-r̂ -irri- i- *-." i- rJttf * j. i

54*

58.

60*
61.1. .
62.

900

1000

IER * 3
RETURN
IER n H
RETURN
IER s 0 ; . • ,. :
RFTllRN

END

MO OF COMPIUATIONJ , NO DIAQNOSTICS,
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,J. ADSIMP

This function returns the value of the integral
xu

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

is a slightly modified version of Alg. 182 , Comm. ACM _6, 315 (1963).

QALL: VALUE = ADSIMP (XL, XU, F, ERRTOL, MAX, 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 0, normal convergence. If ̂  0, then more tha,n 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)



A D S J M P
:«OS/3I-/-Z2*0 U 534_28 » , Q ) — ADS I MR ....... ________ ........... ...... . ------------ .... ..... ----------------- , .............. ___ ..... . __ ........ __

I . F U N C T I O N A D S I M P ( X L , X U , F . E R R T O L . M A X , I E R )
| ___ 2. _______ C— ____ I N T E G R A T E S ;F-(X I-F ROM XU-TO....XU BY- AD APT.1VE SIMPSONS, _RUtE ____ ......
j 3. C E R R T O L « A L L O W A B L E A B S O L U T E E R R O R T O L E R A N C E
• ___ << » ____ C _ MAX -«.-L-l-M I T— ON -NO-F-UNCT I ON -C ALLS ------- : ------------------ ..... _______________________
j 59 C • IF IER .NE. 0 MORE THAN MAX POINTS ARE REQUIRED
| ._ 6.1 _______ _.._ __ _. D I M E N S 1 0 N- D X ( 3 0 > .»£ P S P_ ( 3 0 .) • X 2 ( 30 ) , X 3 (-3 0 ) -. f. .2.1 3 0-)-, F 3-( 3 0 J » F «M 3 0 J.
' 7. J F M P < 3 Q > ,FBP(3Q) »EST2<3Q) .EST3«30) ,PVAL<30»3)
:-• ..... 8 « _____________ I NTEGER -RTRN4 30 ) --- , --- - -------- -- -------- --- _'. ________

9. EPS a ERRTOL
0 . _____ A ..-«?-XL _ , ___ : _ : _ . _________
1 . . B a XU
2 • ________ , _________ L V L B 0- ____________________________ ..-- ; ______ - ___________________
3. EST s UO
S « ___ _ ____ '. — D A -.a - B w -A ---------------------------- : --------- - ______
5» FA « Ft A)
6 1 ____ . ___________ : — F M 0 .H » o * F < -t A * B-)-«-O •
7« FB a ' F ( B )
8 > K O U w T s l -V - " ---- ' -- ~ ' ' -— — - •- f> W W (V I"' "^ ' W ' *

9. 100 LVL o LVL * I
—.20 « ---------- ---- D X < L V L > «? 0 » 3 3 3 3 3 - 3 3 3 3 * D A ----------- - -------- — -

2 i « SX o O X ( L V L » « 0 » 166666667
— 22 t ---------- F 1 a -1 « 0»F ( A + -0 » 5 *DX j-UV-U )-» --- -

23. X 2 < L V L > • A * O X ( L V L )
.., 2H •— — ------- ---- F2 ( L V L » » F ( X 2 ( LVL ) ) -------------------------- ̂  ----

2S . X 3 U V L ) ' » X 2 ( L V L ) * D X ( L V L )
_... 2 6 , — — ------ '- ------- F3UVL) e F < « 3 ( U V U » ----------------

27. E P S p ( L V L ) • EPS
_ .2 8 • ----- F H ( L V U » --»- «« « 0 • F-t W ( -U-V U > - -*- Q . 5 » 0 -X-4 t-V -t- M

29. F M P ( L V L ) P FM
._30.-- ----------------- - E S T l o S X # ( F A -* F I -* F2 ( LVL ) ) -

31 . F B P ( L V L ) « FB
—32 t ---- ...... ------ E S T 2 ( LVL ) « SX* ( F2 ( L VL -I- •-* F3 tL-Vfc )~*-pM4-

33. e ' S T 3 ( L V U I > S X » ( F 3 ( L V L I * FMUVLI * F8J
__.3«<. ----- —SUM .» EST-l - +
35» KOUNT s KOUNT + M
..36f ------------------- IF (ABS(EST^SUM)- .ST»- EPSP-(LVL)-- J -GO-T-0- 500-
37. 100 LVL = LVL w' I
.38« --- = ------------ 1 s RTRN .(L-VU>~ ...... -— --- ----- —
39o PVAL < L V L « I ) P SUM
qo a ------ ...... ---------- 60 -TO ( 600,7-00 ,800 )-,--! ...... ----------------------------- —
ma 500 IF ( L V L « G E » 30 « O R t KOUNT 9 G £ 9 M A X ) 60 TO

.,«<2 » ------------------ R T R N < L V L ) ..... •— t
H3. FM a F 1

..««^, ----- _. ---- FB » F 2 ( L V D --------------- : ------------ —
H5» EST * E S T I ' •

« ---- 550 --- D A -a- 0 X ( L V U J
H 7 o E P S , * 0 ,S77«£PSPUVU

.<t8» ------ ...... - - ------ GO TO 100
<f9« 600 RTRN(LVL) «•' 2
BO » ---------- ...... - FA « F 2 ( LVL)
5J. FM » FMP(LVL)
5 2 « ----- F 8-o-F 3 ( L V L->
S3. EST » EST2UVL)

-S«4 •— A -B—X2 (-L-V-W-I
5S» GO TO S50



^Jl-.̂ jL-l

U V U 8 3
..f-.3Lt.LViX__
F4 (LVU

, FBP J LVU_
» EST3UVU
X3UVU

550
P V A L { LV-UO-)—*- P.VAU UVL ,.2 )_.*._. EJMLA.U-Uf-UJ-l-

IF ( L V L t G T . I r Go TO HOO
..._ ADS IMP. a .SUM ______________ _ ________ : ___ ....... _______________ __________

IER » 0
_____ I F...< KQUN.T. ..,.OT-»_J»AX.|_I.tR_t_i _____

RETURN
__._ E N 0 _______________________ _„_ _____________ _, __

1 0 0 F _ C0MPJ L AT 10N J NO 0 KA6NO.SJt.lCS •
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K. SAMPLE OUTPUT

The problem shown is for the Na-Hg system with the pointwise potential

taken from U,, Buck and H. Pauly, J. Chem, Phys, J54, 1929 (1971).

o
The units of energy and length were e = 8.79 cpe and r = 4.72 A ,

m
A

resp. The output shown is for E = 1.65.

&
NOTES: (1) The last partial wave calculated was at £ = 455, (b =3),

°2
when 6Q < 0.1 A /b,

(2) The convergents of the e-algorithm after 5 extrapolations were:

= 175.4996 (best), 175.4999, 175.0902.

(3) The calculation took 6 seconds on an Univac 1108 (1.5 ys add time).

Since every seventh "77 was calculated, without interpolation the
>̂

execution would have taken 40 seconds.

°2(4) The e-algorithm extrapolated cross section was 696.6 A , with

- 0.6690 x 105 cpe - A6 .



ENTRY TO JWKB/DNTERP

jrOL.E_RANCE_FOR.IO_J R E L A T I V E ) • IQOOO.QJL
TOLERANCE FOR ETA (ABS) t50QOOi»02

BUCK»PAULY NA«HG MS«PO.INT I N T E R P O L A T E D P O T E N T I A L :

PHASE SHIFTS AND CROSS SECTIONS FOR REDUCED: MASS, »3H25i3*Q2
LONG-RANGE CA «SOOOQO+QO
ZERO OF POTENTIAL tfilOa^Q*QD .
UNITS OF ENERGY AND LENGTH .879000*01 ,<»72000*01



ENERGY i.6SDOO WAVE NO. ,298886+02 AsWAV£*RUN I T ,111071*03

FOLLOWING TABLE IN REDUCED UNITS EUN1T|RUN)T

L
• 0*09 * e*« « »

0
7

HI
21
28
.35
12
19
56
63
70
77
81
91
98
105
112
119
126
133
140
117
151
16)
168
175
182
189
196
203
210
217
221
231
238
245
252
259

B
«»»»»«*»•«*

a003544
9053I63
•102783
Q1521Q2
.202021
•251640
•301260
.350879
.100198
.150118
.199737
.549356
.598975
.648595
.6982)4
.717833
• 797152:
.817072
.896691
.9463)0
.995929

1.045549
1.095168
UH1787
1'.194106
1.211026
L. 29364.5
1.343264
1,392883
1.412503
I > 19 21 2 2
1.541741
L.. 5. 91.3.60 .
1.640980

_L. 6 9.0 5.99
1.740218
1.789837
1.839457

YO
«»***»o««

1.122920
•12186S
. .1)8988.
.111354

JL».108Q74_
•HQ0376
.39U12
.380208

1.355286
.L.«.3AL3 3 8_
1 .326383
l_» 3 101.77
1 .293687
1 .276065
I .257647
L. 23833 L
) .2)8499
U19843H
1 , 176721
L. 154330
.1309)7
.105848
.079500

JL»0500)4
.017)24
.978690
.929633
,864247
,790788
..725005.
,684871
..654228 _
.628806
t_6047JJ4_
.584066
.565683
.548497

RO
»e e »»»*4 e«g

.702780
87Q3302
«704728
.707037
o710S90
g714Q94
»718849
.724528
,730892
.737852

,753930
.76.3.081_
,772984

.795)36

.807538

.820682

..834422

.8198)9
,866303
.884238
.904284
,926355
.952368
•983)65
1.021774
1,075693
1.157077
1.26456)
1.379301
1.46Q130

_ US 2 8.5 19
1 .590316
1,653675
1,712136
U767773
1.823165

ETA

"9856023*02

"•lUJlSSISl
",551 184*02

-.371170*02
9.293494*02
••217882*02-
•• 147260*02
•• 8)6297*0)

,347989+01
,855836*0)
.131465*02
« 172409+Q2
,208403*02
.239393*02
.265423*02
.286279*02
.301672*02
.31 1727*02
,316020*02
.31*4321*02
»306323*Q2
.291 102*02
,268476*02
.237233*02
.197253*02
B149959*02
,103836*02
.707472*01
,527661*0)
,405952*0)
,313450*01
.237284*0)
,185593*01
. 147790*01
.117491*01

ETAJB

7

,225136*14
,296475+QS.
.109763+07

,374171+05
,124782+05
.507399+01
,236738+Ql
.122195*01
,68)437+03
.403969+03

,163309+03
, 109695+03
.758775+02
,538309+02
.390420+02
,288705+02;

,165916+02
.128503+02
,100771+02
.799193+01
,640371+01
,517958*01
,122580+01
.347520+01
.287901+01:
.210149+01
,20)591+01
.170229+01
,144543+Ql
.123371+01
,105813+01
.911701+00
,788927+00
t685468+QO
,597871+00

DELQ

•1750333Q2

8116608^01
•908811-01
.119412*00
,162609*00
»195Q12»01
.233086*00
,142485=01
.276974*00
•108493*00
•371505*00
,605077*01
.347806*00
:,194877*00
•6972J |*00
,623540*00
.689164*00
,825251*00
.107484*00
.851474*00
. 577642-01
. 357779*01
,286871*03
.570106*00
.657322*00
.121839*01.
.126025*01
.792292*00
•591686*00
,966*429*00
.755222*00
.110085*01
•100412*01
•826Q42"01
.817165*00
•160253*01
.177444*01
.156592*01

IER

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0 .
0
0
0
0
0
0
0
0
0:
0
0
0
0
0
0
0
0
0
0

isw

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0,
0
o:
0 i
0
0
0
0
0
0
0
0:
0
0.
0
0,
0
0
0
0
0
0
0
0



266 1*689076 ,533001 1, 876168 .991833*00
273 1.936695 .516827 1.927121 .855276*00
280 1.9883H .50SH<| 1. 778571 .731171*00
287 2.037931 .192703 2.029621 .632512*00
291 2.067553 .'480683 2oQ8037l ,548260*00
301 2.137172 .^69277 2.130939 .177267*00
308 2.186791 .158130 2.I&1358 i1l7H5*00
315 2.236111 .118098 2.23U56 .365977*00
322 2.286030 .138210 2.281851 ,322221*00
329 2.335619 .128822 2.331968 .281637*00
336 2.385268 .'*19813 2.3820H ,252239*00
313 2.131888 ,11J18<» 2.132001 .221201*00
350 2.1815Q7 .102911 2,181939 ,199832*00
357 2.531126 ,391970 2.531835 .178601*00
361 2.&83715 .387312 2*58)696 ,160013*00
371 2,633365 .380008 2.631527 ,113761*00
378 2.682981 .372919 2,681332 ,129111*00
-385 .2,. 732603 , 366 IS 1 .2,, 734 MS ,, .J4.66.0J *00
392 2,782222 .35959? 2.780879 ,.105632*00
399 2.831812 .353279 2,830626 .957176-01
106 2.88J161 . ,317179 2,880358 •669113-01
113 2,931080 ,311288 2.930078 .790661-01
120 2.980699 .335591 2.979/88 ,720631-01.
127 3*030319 ,330089 3, 029187 ,6S7892«01
131 3,079938 .321762 3.079J79 ,601676-01
111 3,129557 ,319605 3.128863 ,551111-01
118 3,179176 ,311610 3, 178510 ,505676-01
155 3.228796 .309769 3.228217 ,161612-01

M A J N 1 N G CROSS SECTION IS LESS THAN 0.05 SQ ANG

SILON ALGORITHM CONVERGES ...
175,1996 "51,9791 175,1999 102.81J9 175.0902

,523369*00
,159735*00
,105163*00
,358183*00
,317591*00
,282395*00
.251776*00
.225059*00
,201672*00
.181111*00
,163068*00:
,117116*00
,133001*00
,120180*00
,109317*00
.991260-0)
,90565900)

. -,826366*01
,755259*01
,691369.01
.633857-0)
.581991-0)
,535136-0)
,192735*0)
,151303«0)
,119112-0)
,387688-01
,358800*0)

.132352*01
,110138*01
.892186*00
.712228*00
,567069*00
,150956*00
.358958*00
,286106*00:
,229219*00
,181175*00
•118570*00
•120355*00
,978999*0)
, 799813*01
.656165-01
.510507*01
•117026*0)
-,,37,1401*01
,309289»01
,258658-01
•21 7 121*01
.182855-01
» 151523-01
• 130970'fOl
• 1H361«01
,919672-02
.B12256-D2

, ,696181»02

1

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
.0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
.0
0-
0
0
0
0
0
0
0
0
0
0
0

;.o
0
0.
o;
0
0
0
0
0
0
0

IE (SEC) 5.937
CROSS SECTION AT LAST PHASE SHIFT 691.92
JB EXTRAPOLATED CROSS SECTION (SQ ANG) 696, 5J
HIGHEST ORDER DIFFERENCE USED IN INTERPOLATION
EPS1LON ALGORITHM CROSS SECTION 696i55

Q 175.090
QJB 1

10
Q 175,500

75.190 C6

C6 APPARENT

APPARENT ,668939

,669031*05


