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ABSTRACT

A cubic harmonic least squares Fortran IV program has been written for
the refinement of cubic structures with disordered or rotating groups, e.g.
MX6, which cannot be refined satisfactorily with classical methods. The
program has been used to refine neutron powder data for the plastic cubic
phases of M0F6, NF6, SF6 and NaZUBrG. The anion density is assumed to lie on
the surface of a sphere of radius the M-X distance. The powder pattern
intensities and relevant crystal data are input and the program refines the
M-X distance, a scale factor, an overall Debye-Waller factor and the cubic
harmonic coefficients by a full matrix, least squares treatment. The program
is adaptable, with small changes in the structure factor expression, to other
disordered cubic structures.
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1. INTRODUCTION

Many disordered crystals showing cubic symmetry are only cubic on average.
For example, cubic M°F6’ WFe, SFes KBZrF7 and CBr4 have reorienting groups
with anion density distributed spherically about the central cation.
Diffraction studies of these phases assuming discrete spherical or ellipsoidal
anions are not satisfactory because the disordered anion density is smeared
out and curved. Although Tlow R-factors may be obtained by classical
refinements, the bond-lengths and temperature factors for the disordered atoms
will be in error. A better approach is to use cubic harmonic functions which
assume the rotational motions and which, furthermore, have very few least
squares variables.

Cubic harmonic analyses have been made with single-crystal data [Seymour
and Pryor 1970; More, Lefebre and Fouret 19771. No computer program has been
reported for profile refinement of powder diffraction patterns with these
functions. The program described here was written for the analysis of neutron
powder data for the plastic cubic phases of M0F6, WF6 and SF6. For these
compounds, the cubic harmonic refinements have worked well, and the results
obtained with the program have been fully described in the literature [Levy et
al. 1975; Levy, Taylor and Wilson 1976; Taylor and Waugh 1977]. As mentioned
above, the program is only designed for smeared out cubic distributions, but
would not work for anions well defined in angular position. Relevant details
such as formulae and input data are given here for others wishing to use the
method. A magnetic tape of the program in Fortran IV may be obtained from the
author. A listing is given at Appendix A for completeness of documentation.

2. MATHEMATICAL DETAILS

For the M0F6, WF6 and SF¢ (MX6) cases, with Mo, W or S at (000) and body-
centred cubic positions, the anions lie on the surface of a sphere of radius c
about the cation M. The normalised anion distribution

where
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are the cubic harmonic functions [Von der Lage and Bethe 1947], a, are
amplitude coefficients, ¢ 1is the M-X distance and & (r-c) is the delta
function. The program includes harmonics up to K4. Ko alone is for a
spherically symmetric case, K2 assumes peaks in <100> directions and K3 in
<111> directions.

The anion contribution to the structure factor has the term Tx(hkl) =
6z amBmJ2m where the Bm are the same as the corresponding Km with x, y and z
replaced by h, k and 1, and the J2m are the spherical Bessel functions of
order 2m. The Tx are the Fourier transforms of the Km. The latter obey the

recurrence formulae:

Jn+1(x) N E'Jn(x) - é% Jn(x)
where
JO(X) - S'i)l’(l X 3 (x) = s1'xnzx _ co)s( X
J4(x) = sin x<1—x05§- i’—%+%>- cos x<lng-- -)1<—g->, and
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Here x = kc, where k = 4n siné/x [Seymour 1970].

The structure factor expression is, for the neutron case,




F(hk1) = exp(-B sinze/xz) {bm + bXTx(hkl)},

where B is an isotropic Debye-Waller factor, and bm and bx are the scattering
Tengths of the cation and anion. The calculated intensity at a point in the
powder pattern is

- . 2.,.2 2
I, = hfl S whk]exp(- 2B sing/A ){bm+bX Tx(hk1)} s

where S is the scale factor, and W a Gaussian weighting term which depends on
the deviation of the 26 value of the data point from the theoretical 24 value
of the (hk1) reflexion.

The profile-fitting method is described by Rietveld [1969]. The present
problem was linearised by a Taylor expansion about the initial least squares
parameters, and the full matrix, Tleast squares procedure follows that of
Hamilton [1964]. The program is set to run for a certain number of cycles.
After a given cycle, not necessarily the last, the observed and calculated
powder patterns are printed. The program occupies 72K of core. Thirteen
cycles with six variables took 5 minutes and 34 seconds of CPU time on an
IBM360/50H computer (CPU times are 10 times less on the IBM370 computer).

3. DATA INPUT
3.1 JcL

The program uses arrays and not discs for storage, so no special JCL
cards are needed other than those for running a normal Fortran program.

3.2 Control Cards

card 1 A, a*, b*, c*, cos a*, cos B*, cosy* - 7F10.5

Card 2 h k 1 h k 1 - 6I5

min® "min® 'min? "max® "max® 'max

card 3 R1, R2, R3, BBMO, BBF, OVB - 6F10.5




Card 4 XF, R4, ACELL, ICARD, ICC, T2CORR - 3F10.5, 212, F10.5
3.3 Data Cards

THI, II, IBI, WI - F10.5, 2110, F10.5

One card for every data point. Blank card at end of data. Regions with
no reflexions are not punched up. (II-IBI) cannot be 1, or the program will
stop (1 is a flag for superposed h,k,1). In this case, II or IBI should be

changed by one count.

3.4 Parameter Selection Card

(KI(1), 1=1,6) - 711

1 for refine, 0 for no refinement. See below for description of the KI.
3.5 Definitions

A : wavelength in A

a*, b*, c*, cos o*, cos B*, cos v* : reciprocal cell parameters

hoine Kmin? Toin® Mnaxe ¥maxe Thay & minimum and maximum values of h, kK,

1 expected over the range of the pattern. The minimum values are 0 and the
maximum values positive. Exceeding the maximum (hk1) in the pattern will not
matter. The program sets h>k>1.

R1 : a scale factor

R2, R3 and R4 : the cubic harmonic coefficients 3,5, 23 and e R1 alone
gives a spherically symmetrical distribution.

BBMO : scattering length of cation M.

BBF : scattering Tength of anion X.




OVB : overall Debye-Waller factor in A2,

XF  : initial X-F distance in A,

ACELL : cubic unit cell edge in A.

ICARD : intensities are printed, punched before the ICARD 'th' cycle.
ICC : number of least squares cycles.

T2CORR : 26 zero angle in degrees.

THI : 201 of observation in degrees.

I1, IBI : observed intensity, background intensity.

WI : machine halfwidth in degrees 26 at the point.

KI(1), I=1,6 : parameter selection integers (1 or 0) for refinement of
scale (R1), 3y, (R2), 335 (R3), X-F distance, a, (R4) and overall B.

3.6 Other Details

Matrix inversion is carried out by a local subroutine SID [Robinson
1968]. Multiplicity data are coded explicitly for m3m. These would need
changing for m3 [International Tables for X-ray Crystallography 1965]. The
present program holds for MX6 groups on the cubic lattice points. If ions at
other sites should occur, the structure factor expression in the program would
need an additional term, but the least squares part of the program would be
unaffected. The program has been run, modified in this way, for the high
temperature phase of NaZUBr6 [Gaune-Escarde et al. 1979]. For MX4 groups, the
normalisation constants would change from 6 to 4. Peak asymmetry corrections
[Rietveld 1969], should be applied to the data where necessary before using
the program. MNote a singlimit in the program just before statement 40 which
may need changing. The number of pattern points (360 in the program) set by
dimensions of LLH, etc. may also need changing.




3.7 Qutput

The program first Tists the input data, including the neutron pattern.
The (hk1) are listed when they occur in the pattern with their (II-IBI),
o(II-IBI), Gaussian weights and multiplicities. Where more than one (hk1)
term occurs, the (II-IBI) and «(II-IBI) are given as one for the (hk1)
preceding the last (hk1) of the superposed group. These data are followed by
the weighted and unweighted R factors, old and new parameters,. correlation
coefficients and chi-squared values for each of the ICC cycles. The observed
and calculated patterns are printed out where nominated in the cycle output.
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APPENDIX A
PROGRAM LISTING

80740 LISTING OF CARD INPUT.
C PROGRAM IS SET UP FOR NA2UBR6 CASE
DIMENSION JJH{500)4JJKI500)sJJL{5CD),TTH2(500)
CIMENSION ITT1H{50)sTIK(50)¢1IL(50),SSS{50)+IM(50)
REAL*8 CC.CCC,CCCC,CCCDyNsDN,CDD,DDDD,B1,B2+B34B4yB5,B64B7
REAL*8 B3sB89,B17,811.,D2.03
DIMENSIUN A{500+6),FF(500)+PIT1{500)+AB(6+500)+AC16,6)
NIMENSION AD(6) yAF(6) 4AG(500),AH(500) +AL(6+6)
CIMENSION LLH(5GO) o LLK(500) 4LLL(50C) +FFF{500}4SSSIG(500),
# $S§SS(500),STHI(5C0)
DIMENSTON SGL6)+COR(6E,6)KI(6)
LL=1
LLXx=1
19=1
I=1
REAC(1s1) WAV,AS,B5S,CSyCAS,C3S,CGS
1 FCRMAT(7F10.5)
WRITE(3+42)WAV,ASsBSyCS+CAS,CBSsCGS
2 FORMATI'OWAV="! yF1045 ¢ 'A%=1 ,F10.5,/'0B*=1,F10.5+'C*=14F10.5¢/
1 YOCOSALF*=9,F12.54'COSBET%='4F1C.5,/"0COSGAM*=",F10.5)
REAC(Ly3)JHMIN ¢ JKMIM JLMIN JHMAX ) JKMAX ) JLMAX
3 FCRMATI(615)
WRITE(394)JHMINy JKHIN, JLHINS JHMAX ) JKMAXy JLMAX
4 FORMAT('OJHMIN=',I5.'JKMIN='.15,'JLM1N="IS./'OJHMAX='.IS.'JKMAX=*
1 *,15,"JLMAX=',I5)
READ(1,910)R1+R2,R3,RBM0,BRF,OVEB+BBNA
910 FCRMAT(7F10.5)
REAC(1+910L)XF R4 ,ACELLyICARD,ICCsT2CORR
9101 FORMAT({3F10.5+212,F1C.5)
wRITE(3.911)R1,R2.RB.OVB.BBMU,BBF,XF,R4'ACELL.BBNA.T2CORR
911 FORMAT(3X, YRl= *,F10.5,'R2= *yF1l0.5+/ 3X,
% 1R3= ', F10.5, 'OVERALL B = *4F1G0.5,/ 3X,
£1SCATT FACTOR MO= ',F10.5,'SCATT FACTOR F= ',F10.5,
% tX-F STARTING= '4F10.5,'R4= *,F10.5,"ACELL= *"4F10.5+/ 3X,
# YRENA= ',F10.5,1GX, *TWO THETA ZERO =',F12.5)
IF(ICC.EV.0)GO TO 9113
WRITE(3,9112)ICARD
9112 FURMAT(10X.'STRUCTURE FACTORS PRINTED,PUNCHED AFORE 'yI12y" CYCLE?)
9113 CONTINUE
RR1=R1
FR2=R2
RR3=R3
RR4=R4
XXF=XF
covB=0v8
C SET UP ARRAY (F HKL AND 2 THETA POSSIBLE
603 JH=JHHMIN
JK=JKMIN
JL=JLMIN
51 CONTINUE
50 SINSOT=(NAV**2/4.)*(JH**Z*AS**2+JK**2*BS**2+JL**2*CS**Z
1+2.*JK*JL*BS*CS*CAS+2.*JL*JH*CS*AS*CBS+2.*JH*JK*AS*BS*CGS)
SINT=SQRTISINSCT)
IF(SINT-.600)4J0,505,505
40 CONTINUE
IF{SINT--.01)505,+505,41
41 CONTINUE
T=FLOAT(JH+JK+JL)/2.
IT=INT(T)

(Continued)
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80780 LISTING OF CARD INPUT.
TT=FLOAT(IT)
TIT=T-TT
IF(TTTeGTaad5.ANDTTT.LT..55)G0 TO 505
IF{(JH.LT.JK)IGD TO 505
IF(JH.LT.JL) GO T3J 505
IF(JKLTLJLIGD TO 525
61 TH=ARSIN(SINT)*57,296
TH2=2.%TH
JJH(T)=J4H
JJK(TI)=JK
JJL(Ii=JL
TTH2(T)=TH2
I1=1+1
505 CONTINUE
IF{JL.GE.JLMAX)GO T0O 501
504 JL=JdL+1
GO 710 51
501 IF(JK.GE.JKMAX)GO TO 5062
JL=JLMIN
JK=JK+1
GO TC 51
502 IF(JH.GE.JHMAXIGO TO 503
JU=JLMIN
JK=JKMIN
JH=JH+1
GO TC 51
503 CONTINUE
10=1-1
C READ PATTERN POINT,AND FIND CONTRIBUTING HKL 'S
680 READ(L 6LO)THIZWIT,IBI,4]
THI=THI+T2CORR
610 FORMAT(F10.5+2[110+F1045)
WRITE(3,809)THI,II+IBI«+WI
809 FORMAT(1JUXsFl0.5,2110,F10.5)
IF(I1 .EQ.0.)G0 TO 070
I1=11-181
X=FLOAT(I1]}
KKK=I1+2.%1B1
Y=FLOAT{KKK]}
S1=SOURT(Y)
J=1
D0 €20 1=1,10
JE=JJH(T)
JK=JJK(T)
JL=JJL{T1)
TH2=TTH2( 1)
P=1.55%nl
Q=A8S{THI-TH2)
IF(R.GT.PIGO T 630
C CODF IN NULTIPLICITIES
IF{JHJNE.JKJANDJJK.NESJLIM=43
IF{JFeNE.JKeAND.JK.EC.JLIM=24
IF(JH EWeJKaANDIKNELJLIM=24
IF{JH.EQ.JKAND.JKJEQ.JLIM=8
IF(JL-EU.O.AND.JH.ME-JK)M=24
IF{JL.EQ.0.ANDLJH.EQ s JKIM=12
IF(JK.EQeQsAND.JLFU W0 )IM=0
CR=Q%%x2
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80/80 LISTING NOF CARD INPUT.
WH=WI*%2
PP=2.772568
PPP={PP*QC) /WHW
AA=TH2/57.296
ARA=SIN(AA)
ER=AA/2.
BEB=SIN(BB)
S=EXP(-PPP)
SS=(M*S)/(WI*AAA*BBI*10.)
ITH(J)=UH
[IK(J)=JK
TIL{dI=JL
$§S(J)=5S
IN(J)}=M
J=J+1
630 CONTINUE
620 CONTINUE
[1C=4-2
IF{II0.EQ.0)GU TO 69C
IF(II0.LT.0)GO TO 655
DO 650 K=1,110
F=1.
SIG=1.
[Q=1
LLE(LL)=TTHI{K)
LLKCLL)I=TIK(K)
LLLELL)Y=TIL(K)
FFE(LL)=F
SSSIGILL)I=SIG
SSSSILL)=SSS(K]
STHI(LL)=THI
LL=LL+1
WRITE(3.660)TTHIK)»TIKIK) s ITLAK) 9FoSTGeIQ¢SSSIK)»IM{K)
640 FORMAT{1X+314+1X+2F9.34153,F9.4)
660 FORMATU{10X.314+1Xe2FG.34,13,F9.3,14)
650 CONTINUE
690 CONTINUE
' Mé=Jg-1
LLH{LL)=TIH({MM)
LUK(LL) =TIK{MM)
LLLOLL)=TIL{MM)
FFFILL) =X
SSSIG(LL)=S1
SSSS{LL)=5SSS{MM)
STEI(LL)=THI
LL=LL+1
LLXx=LLX+1
WRITE(3,660)TIH{MM)y TIK{MM) o TIL (MM}, X,51,IQsSSSE{MM)IM(MM)
695 CONTINUE
GO 70 6480
670 CONTINUE
NOC=LLX-1
NO=LL-1
WRITE(3,950)N00
950 FORMAT({10X, "N} OF OBSERVATIONS IS ',I14)
WRITE(3,951)ND
651 FORMAT(10X,'NUMBER OF HKL CATA IS ',I4)
ICy=1

(Continued)
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8C/80 LISTING OF CARD INPUT.
9122 REAC(I1+9L2)(KTI(I)eI=1s6)4KI1
912 FCRMATI(7IL)
INCY=0
R1=kR1
R2=RR2
R3=RR3
R4=RR4
XF=XXF
0vVB=00V8
900 INCY=INCY+1
IFCICARD.NELICYIGU TC 9002
WRITE(3,+9001)INCY
9001 FORMAT(6X,'0BSERVED ANL CALCULATED INTENSITIES BEFORE CYCLE ', 13) ‘
WRITE(3,301)
01 FORMATILSXs'H' 45X e 'K¥95Xe L' 45Xy 10BS INTENS' +5Xs*CALC INTENS ' 45X,
*'DELTA 1')
9CN2 CONTINUE *
V1=0.
v2=0.
VB:O'
V4=0.
AA1=0.
LA2=0.
AA3=0.
AN4=0.
AAS=C.
AA6=C.
FF1=0.
JJ=1
DO 800 I=1.NO
D=LLH{T) %2+ LLK{T }xx24LLLLT)*%2
DD=D*%2 ,
DOD=LLH{ D) %%4+L LK (T)¥#4+LLL T T VR%4
CODD=(LLH(T )#k2) % (LLK{T ) %%2) % (LLLIT )*%2)
D2=LLH{T Y% B8#LLK( 1) *%8+LLL(T)**8
C3=D%*4 -
C=(2.%3.1410%XF}/ACELL
CC=CSQRT(D)
CCC=Cx*CC
CCCC=DSIN(CCC)
cccb=ncas(cce
THETA=STHI(1)/{2.%57.290)
STHA=SIN(THETA)
STHAL=STHA/ WAV
SL2=STHAL#%x2
SL22=-0VB*%35L2%*2,
SL222=EXP{SL22]}
EEE=8BMO
FFF1=6.%BBF
Bl= CCCC/CCC
B2= {(DDD/GD-0.600)
B3=({1.00+(-45.D0C+125,D00/CCC**2)/CCC**2)/CCCI*CCCC
B4=(-(-10.D0+105.D0/CCC**2)/CCC**2)*CCCD
5= ( DDDD/D*%3 +{CDD/DD-0,6D0)/22.D0~- 1.D0/105.D0 )
B6={—1.D0+(210.D0-{4725.D0-1C395.00/CCC*%2)/CCC*%*2) /CLLC**2)
* *(CLCC/CCC
B7=-((21.D0-(1260.D0-10395.N0/CCC*%2)/CCC**2}*CCCD)/CCC**2
88=D2/D3-28.D0%35/5,00-210.ND0*B82/143.00-1.D0/3.D9
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80/80 LISTING OF CARD INPUT.

B9=CCCC/CCC*{1.0N+811%(-€30.00+B11*%(51975.D04B11%(-945945.00
* +2027025.00%B111)))

B10=CCCD*BL1%(36.0D0+B11%(-6930.0C+B11%(270270.D00-2027025.D0%B11}))

D1=B1+R2*B2%(B3+B4 ) +R3*B5*{B6+BT ) +R4*B8*(BI+B10)

FOLLOWING 14 CARDS MODIFY THE S.F.FOR THE NA CONTRIBUTION

JX=LLH(T)

JY=LLK(I)
JZ=LiLLt1)

IF(UXeEQelANDWJY.EQ.1)EEEL1=0.00%0BBNA

IF(UXeEQa2., AND2JYEQ.O)EEEL=-2.0%BBNA

IF(JUXeEQe2.AMD.JY.EQ.L)EEEL=0.0%BBNA

TF(JXeEQe2AND sJYeEQe2.ANN.JZ.EQ.QO)EEEL=2.0 *BBNA

IF(JXeEQe3eANDJY.EQel) FEEL=0.00%BBNA

IF(JXeEQe2eAND eJY EQ 2. ANDoJZ.EQ.2)EEEL=—2.%BBNA

IF{JXeEQe3.AND.JY.EQ.2) EEEL=0.0%BBNA

IF(JUX.EQe4ANDJYLEQ.O)EEEL1=2.%B8BNA

IF(JUX+EQe3.AND.JY.EQ3)EEEL1=0.00%BBNA

IF{JXeEQe4+ AND.JY.EQ41) EFEL=0.CO%BBNA

IF(JUXeEQa4eAND.JYEQQ2)EEEL=~2.0%BBNA

E={EEE+EEEL+FFF1=*D1) .

F1=R1*SSSS{T)*(E*%x2) %5222

AL=SSSS(T)*(E**2)=%5L 222

A2=2,%R1%SSSS{T)*E*FFF1%*B2%{B3+84)*5L 222

A3=2 ,%R1%SSSS{T)*EXFFFL*B5*(B6+B7)%*S5L222

CCC1=2.%3.14159%XF*CC /ACELL

Cl=(CCCl/XF)*CAS(CCC1)

C2={CCC1/XF)*SIN(CCC )

C3=C1l/CCC1-C2/(CCC1*xx%2)

C4=C1l/(CCCL**3)-3.%C2/{CCL1**4)

C5=CL/{CCCL*%5)=5,%C2/{CCC1*%*6)

C6==~C2/(CCC1*%2)=-2,%CL/{CCCL*x%3)

C7=—C2/(CCCL1**4)~4,%C1/(CCCLl*%5)

C8=CL/(CCCL1**T7)-T.%C2/{CCC1**8)

C9=~C2/(CCC1*%6)=6*CL/(CCCL**T)

Cl10=C1/(CCC1*%9}-9.%C2/(CCC1**10)

Cl11=-C2/(CCC1%*8)=-8,%C1l/(CCCL**T)

A4=2  %R1%SSSS(I)*SL222%EXFFF1*{C3+R2*%B2%(C3-45.%C4+105, *¥C5+10. #¥C6
* ~105.,%CT7) +R3*¥85% {=C3+210.%C4~4T725.%C5+10395.%C8-21.%C6
%  41260.%C7-12395.%C9) +R4*RB*(C3-€3C.*%C4+51575.%C5-945945.%(C8
$ #2027025.%ClO+36.%C6—6930.%CT+270270.%C9~-2027025,%C11))

A5=2.%R1%SSSS{ 1) *E*FFF1*B8*(89+B810)*S5L222

Ab6=—R1%SSSS{I )*E*%242,%SL2%5L222

G=FFF{I)

IF(G.GT.1.00! .DR.G.,LT.C.999 }GJ TO 801

AAl=AALl+Al

AA2=AA2+A2

AA3=AA3+A3

AA4=AAG+A4L

AAS=AAS+AS

AA6=AAG+AL

FFl=FFLl+Fl

IF(ICARD,NE.ICY)IGO TO 8011

WRITE(34415)LLHITI) LLK(D)LLLID)

FCRMAT{10X,'SUPERPOSED REFLEXION',314)

CCONTINUE

GO TO 309

AAl=AALl+Al

(Continued)
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80/80 LISTING OF CARD INPUT.

RAZ=AAZ+AZ

AA3=AA3+A3

AA4G=AA4G+ AL

AAS=AAS+AS

AAG=AAG+HAD

FF1=FF1+F1

FF11=FFF(I)-FF1

IF(ICARD.NELICYIGD TO 9022

NRITE(3.902)LLH(I)vLLK(I)oLLL(I),FFF(I)'FFl'FFll
902 FORMAT(10X,314.3F12.5)
9022 CONTINUE

IF(ICARD.NE.ICY)GO TO 940

420 FORMAT(ZF10.3)

940 V1=V1+FFF{1}#%2/SSSICIT)**2
V2=V2+FF11%%2/SSSIG(T)**2
V3=V3+ABS(FF11)

V4=V4+ABSIFFF(I1))
AlJJs1)=0A1
AlJdJs2)1=AA2
AlJJs3)=AA3
AlJJe4) =AASL
AlJJs5) =AAS
A(JJl.0) =LA
FF{JJ)=FFl1
PIT(JJ)=SSSIG(1)**2
Jd=JJ+1

LA1=C.

AA2=0.

LA3=0.

AA4=0,

AA5=0.

AA6=C.

FF1=0.

800 CONTINUE

41 FCRMATI1IX,F10.5)

WE HAVE STORED AsF+AND WEIGHT MATRICES +A HAVING ALL DERIVATIVES

WE NOw CALCULATE A'P  HITE NMCN~VARIABLES EXCLUDED
DO 613 1=1,NCO
K=1
D091l4 J=1+6
IF(KI(J).EQ.0) GO TO 914
AB{K, I1=8(1,J)/P11(I)

K=K+1

914 CCNTINUE

913 CONTINUE
ANN=K-1

NEXT MULTIPLY A'P B8Y A AND CALL RESULT ACI(3,3)
0O 915 K=1.6

DOG15 L=146
. AC(K.L})=0.

915 CONTINUE
No 916 1=1,N0ON
D0 G17 K=1,NN
KK=1

DO 917 J=1.6
IF(KI{J)+EQ.0IGO TO 917
AC(KqKK)=AB(K'I)*A(IvJ)+AC(K'KK)
KK=KK+1
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80/80 LISTING OF CARD INPUT.
917 CONTINUE
916 CONTINUE
CWE NOW HAVE A'PA WE FORM A'PF WHERE F{N,1) IS NOT WEIGHTED
C A'P IS AB(3.I) BY F(N,1} THIS IS A 3X1 MATRIX CALLED AD
DO 812 J=1.NN
AC(J)=0.
812 CONTINUE
CO 8121 TI=1,N00
DO 8121 J=1,.NN
AD(J)=AD(J)I+ABLJ, I }%FF(])
8121 COGNTINUE
C WE NOW FORM INVERSE OF A'PA ,1.E.CF AC(NN,NN)
CALL SIDIACy—1s64NMsNN+DET)
WE MULTIPLY INVERSE.STILL CALLEC AC BY AD(NN,s1)
TO GET AF{3,1) WHICH IS ANSWER FOR SHIFTS
DO 821 J=1.NN
AF(J) =0,
821 CONTINUE
CO 820 J=14NN
DO 820 I=1.NN
AF(J)=AF(JI+AC (I, I )XAD(T)
820 CONTINUE '
DO 943 J=1,NN
WRITE(3,941)AF(J)
G473 CONTINUE
C FOR ERRCRS MULT A(NOOLNNJ)BY AF{NN) GIVING AG(NOO)
DO €301 J=1,N0OO
AG(J)=0.
8301 CONTINUE
CO 830C I=1l.NCO
KKk=1
DO 831 J=1.6
IFIKI(4).50.0)G0 TO E31
AGLTI)=AGIT)+A(1,4J)*AF[KK)
KK =KK+1
831 CONTINUE
830 CONTINUE
C SUBTRACT AG FROM F CALL THIS AH,AND WEIGHT IT
CO 832 [=1,N00
AH(T)=(FF(I)-AG(I))
832 CONTINUE
C MULT BY AH AGAIN ,CALL IT AK
AK=C.
DO 833 I=1.NDO
AK=AK+AH{1)**2/P11 (1]}
833 CONTINUE
SIGSQ=AK/ (NOUO-NN)
C CALCULATE MOMENT MATRIX OF PARAMETERS:
C CALL IT AL
DU 840 I=1,NN
DO 840 J=1+NN
ALLI +J)=SIGSQ*¥AC(I,J)
840 CONTINUF
DO 8401 I=14NN
SG(I)=SQRT(AL(I,.I))
3401 CONTINUE
C THESE ARE ERRORS (N SHIFTS
C CALC CORRELATION COEFFICIENTS

«(r O

(Continued)
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8C/3GC LISTING NF CARC INPUT.
00 8402 I=1,NN
D) 8402 J=1,NN
COR(I,J)=AL({I+J}/ (S G(I)}%S G{U)I
8402 CONTINUE
C R-FACTCRS
ve=ve/vl
RW=SQRT (Ve
R=V3/V4
WRITE(3,903)RH4R
903 FORMAT(6X, *WEIGHTED R IS ?+F10.5, "UNWEIGHTED R IS 'yF 10.5)
WRITE(3,8403)
3403 FORMAT{10X,'PARAMETER VARIED? 45X+ '0LD*+5Xs *SHIFT'45X,
* 'NEW"5X,"'SIGMA')
Kik=1
CO 920 J=1.6
IF(KI{J).EQ.0)1GD TO 920
GO TO (9211922+923+924+5254+961),4J
921 R11=R1
R1=R1+AF{KK)
WRITE{(34926)RLL,AF{KK)+R1+S GIKK)
926 FORMAT(10X,'R1',4F10.5)
KK=KK+1
GO TO 920
924 XFl=XF
XF= At +AF (KK)
WRITE(3,927) XFLl.AF{KK)+XFe+S GUKK)
927 FORMAT{10X,'X—-F DISTANCE' ,4F10,.5)
KK=KK+1
GO TO 920
922 R22=R2
R2=R2+AF(KK)
ARITE(34928)R22,AF (KK} +R2+S GIKK)
928 FGRMAT{10X,*R2'+4F10.5)
KK=KK+1
GO TO 920
923 R33=R3
R3=R3+AF(KK)
WRITE(3,929)R33,AF (KK} R34S GIKK)
929 FORMAT(10X,*'R3',4F10.5)
KK=KK+1
GO TC 920
G25 R44=R4
R4=R4+AF{KK)
WRITE(3+930)R44,AF(KK)1R4+S GIKK)
530 FORMAT(1OX.'R4',4F10.5)
KK=KK+1
GO TO 920
561 GvBl=0v8
OVB=0VB+AF (KK
WRITE(3,9611)10VBLsAF{KK),0VB,4SG{KK)
9611 FORMAT(10X,'GVERALLB ', 4F10.5)
KK=KK+1
GO TC 920
920 CCNTINUE
WRITE(3,931)
931 FORMAT(10X,'CORRELATICN CCEFFe 11+12¢0002192204.4ETC")
DO 932 I=1,NN
L0 932 J=1.NN

—
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80/80 LISTING OF CARD IM%;T.
WRITE(3,933)COR(I+J)
933 FGRMAT(3(10X+5F1045/1})
932 CONTINUE
WRITE(3,934)81GSQ
934 FORMAT(6X+'CHISQUARED= *,F10.5)
ICY=1CY+]
IFCINCY.LT.ICCIGO TD 900
IF(INCY.EQ.ICC)GOD TO 9122
936 CONTINUE

STGOP

END
1.309 113636 .113636 «113€36

0 0 0 4 4 4

15. 6. Q. «85 68
2.8 Ce 8,800 1520.265
16.45 232 215462
l6.50 234 215.62
16.55 245 215.¢€2
16.6 258 215.62
16.65 262 215.62
16.79 292 215.62
16.75 292 215.62

C MORE PATTERN DATA CARDS ...

i11101

For the MX6 case, remove BBNA from read statement with format 910,

and the 14 cards modifying the S.F. formula.

(Continued)

P e e



OO0 MmO

8851
8822
8852
8853

8854

€8805
8805

8806
8807 -
8808

8804

8810
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SUBROUTINE SID(SIDW,LSID,)NROW,MSID,NSID,SIDET}
SUBROUTINE TO SOLVE INVERSE AND DETERMINANT OF M*M MATRIX
WITH SOLUTION MATRIX M*®({N-M) IF REQD. USES GAUSS~JORDAN METHOD.
EG. TO SOLVE ((A})(X}=(B)y A=3 X 3, B=3 X 1,

THEN STORE (Al),(A2),(A3),(B) IN NEIGHBOURING COLS.
RESULT (R1)y(R2),(RI)p (X}

IF LSID=+1 THEN ONLY DET AND (X} SENSIBLE.

[F LSI0O=0 THEN ONLY DET SENSIBLE.

IF LSID=-1 THEN INVERSE WILL ALSO BE IN ((R})

NOTE THAT THE CRIGINAL MATRIX IS DESTROYED

AS THE RESULT OCCUPIES LOCATIONS PREVIOQUSLY {((A)).
'NROW® MUST BE THE NO. OF ROWS IN THE DIMENSIONED VARIABLE FOR
WHICH *SIDWN' IS A SUBSTITUTE.

IF MSID IS MORE THAN 50, CHANGE IFSID(50), ETC.

TO THE NUMBER OF ROWS REQD.

DIMENSION IFSID(S50),ILSID(50),IGSID(S0), SIDW{50,50)
DIMENSION IFSID(SO0),ILSIDI50),1GSID(50),SIDK(2)
SIDET=].

I[SID1=MS1D-1

[SIDR=NSID-MSID

IF(I1SIDR)8802,8851,8851

00 8822 KSID=14MSID

ILSID(KSID)=0

IGSID(KSID)=KSID

DO 8803 KSID=1,MSID

IF{LSID}B8S2,8853,8853

KSID1=1

GO TO 8854

KSID1=KSID+1

RSID=0.

00 8804 ISID=1,MSID

IFCILSIDUISID)18804,8805,8804

HSID=SIDW{ ISID+KSID}

JRSID=1SID+{KSID-1)*NROW

WSID=SIDH({JRSID)

XSID=WSID

[F(XS1D)8806,8807,8807

XSID=-XSID

IF{XSID-RSID)8804,8808,8808

RSID=XS{D

PSID=WSID

KFSID={SID

CONTINUE

IFSIDIKSID)=KFSID

ILSID(KFSID)=KFSID

SIDET=SIDET*PSID

IF(S10€ET)B8810,8802,8810

J0 8R15 1SID=1,MSID

[



c8856
8856

€8855
8855

8815
8870

c88s58
8858

8821

c8824
8824

€8823
8823

8820
8825
8803

8841
8844
8842

c8861l
8861
8846

cage0
8860
8843

8840
8802
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JRSID=1SID+{KSID-1)*NROW
IF{1SI0-KFSID)8855,885648855
SIOW(ISID.KSID)=1./PSID
SIDW(JRSID}=1./PSID

GO TO 8815
SIOW(ISID,XKSID)=-SIDW{ISID,KSID)/PSID
SIDW(JRSID)=—SIDWIJRSID) /PSID
CONTINUE
[F(KSID1-NSID)8870,8870,8803
D0B8825JS1D=KSID1,NSID
IF(JSID-KSID)B858,8825,8858
WSID=SIDW({KFSID,JSID)
JRSID=KFSID+(JSID-1)*NROW
WSID=SIDWI JRSID)
IF{WSID)8821,8825,8821

00 8820 ISID=1,MSID
JRSID=1SID+{JSID-1)*NROW
IFLISID-KFS1D18823,8824,8823
SIDH(ISID,JSID)=WSID/PSID
SIDW(JRSID)=HSID/PSID

GO TO 8820
SIDW(ISID,JSID}=SIDH(ISID,JSIDI+NSID*SIOW (ISIDsKSID)
JOSID=ISID#{KSID-1)*NROW
SIOW(JRSIDI=SIDW(JRSID)+WSID*SIDW{ JDSID)
CONTINUE

CONTINUE

CONT INUE

DO 8840 KSID=1,I1SIDL
KFSID=IFSID(KSID}
KLSIO=TILSID(KFSID)
KGSID=IGSID(KSID)
IF(KFSID-KGSID)8841,8840,8841
IFILSID)BB42,8843,8844
IF{1SIDR)88B02,8843,8846

D0 B86L ISID=1,MSID
JRSID=1SID+{KFSID-1)*NROW
JDSID=ISID+(KGSID—1) *NROW
RSID=SIDW(ISID,KFSID)
RSID=SIDW(JRSID}
WSID=SIOW({1SID,KGSID)
WSID=SIDW{JDSID)

SIOWL ISID,KFSID}=WSID
SIOW(JRSID)=NWSID

SIOW{ ISID,KGSID)I=RSID
SIDN{JDSID}=RSID

DO 8860 JSID=1,NSID
JRSID=KSID+{JSID~1)*NROHW
JDSID=KLSID+(JSID-1) *NROW
RSID=SIDW(KSID,+JSID)
RSID=SIDWIJRSID)
WSID=SIDOW(KLSID,JSID}
WSID=SIDW(JDSID)
SIOW(KSID,JSID)=WSID
SIDHIJRSID)I=HSID
SIDW(KLSID,JSID)=RSID
SIDW({JDSID)=RSID
ILSIO(KFSID)=KSID
ILSID{KGSID)=KLSID
IGSID(KLSID)=1GSID(KSID)
IGSIOIKSID)=KFSID
SIDET=-SIDET

CONTINUE

RETURN

END OF SUBROUTINE

END

b e



