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Abstract: 

A computer pror;ram POWlS - 60, based on least-squares calculations, for 

crystalloGraphic and magnetic structure refinements from X-ray or neutron 

diffraction powder data is reoorted. Great flexibility is achieved by a 

special problem oriented subroutine to be supplied by the user defining 

any functions in terms of any parameters. Three examples are given to­

gether with the source listing of the whole program. 
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I Introduction 

POWLS is areiterative least-squares FORTRAN program for refinement of 

crystal and magnetic structures f'rom neutron or X-ray diff'raction powder 

data. There is an option available to calculate Bragg angles and structure 

factors. 

Observed quantities may be structure factors, integrated intensities, or 

any function of intensity. In case of overlapping peaks, the total inten­

si ty may be treated as one observation, and (or) the individual estimated 

values may be treated as additionai observations. Provision is made for 

use of a non-diagonal weight matrix in such cases. 

Any type of parameter can be used. In addition to the usual positional and 

thermal parameters one can easily refine multiplicities, occupancy factors, 

magnetic parameters (including those for non-collinear and spiral struc­

tures), form factor parameters, unusual descriptions of thermal motion etc. 

This flexibility is achieved by a special problem oriented subroutine to 

be supplied by the user defining any functions in terms of any parameters. 

11 Princip of Least Squares Calculation 

POWLS forms and solves the matrix equations 

(ATpA)X = ATpF, 

where X is the m * 1 dimensional matrix of m parameter adjustments to be 

determined: 

x. 
J 

x. 
m 

F is the (n * 1) matrix of the n (> m) residual functions 

f. = f(obs). - f(calc). l l l 

to be minimized. P, the weigtlt matrix, is the inverse of the varlance -

covariance matrix of F: 

~2(f1) ~1~2?12 

~1~2912 ~2(f2) 
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A is the ootrix of partial derivatives of the functions with respect to 

the pararreter adjustITl2nts: 

'df. 
_ l 

a .. ---lJ ,&x. 
J 

fue a .. are obtained by a numerical method. AT is the transposed of A. 
lJ 

111 Description of POWLS Flow ScheITl2 

fue MAIN program reads the input data to be described later. There is an 

option for reading form factor tables. A weight matrix P is formed by an 

input correlation matrix 9" of F or by an unit matrix using standard de-lJ 
viations of the observations. 

Bragg angles and trigonometrie functions are calculated from Miller indi­

ces, cell constants, and wave length for use in subroutines. 

With this input information the refinement loop starts. In each cycle 

di fferent pararreters may be refined. Therefore a parameter swi tch card is 

read at the beginning of each cycle. These switches indicatewhether a pa­

rarreter is to be varied or not. The number of the swi tches set determines 

the dimension of the actual refinement problem. 

To calculate the (n x 1) matrix F(calc), the MAIN program calls slmrouti­

ne FUNNY, which is to be wri tten by the user in order to obtain indi vi du­

al model functions with the pararreters. With F(calc) FUNNY returns to 

MAIN and the matrix F = F(obs) - F(calc) is stored for further use. 

fue partial deri vati ves are calculated by changing the free parameters 

one by one by small increments dx. and forming a nei """"'bour matrix F'. The J ~l 

partial derivatives a .. are calculated as (f! - f.)/dx. and their matrix 
lJ l l J 

is stored as A. 

With A, P, and F the MAIN program calls subroutine WEAST, which calcula­

tes the matrix products ATpA = B and ATpF = V'. To solve the equation BX 

= V' , the subroutine SMI inverts the matrix B to B-1 and the parameter 

adjustment mtrix is obtained by X = B-iv'. WEAST returns to MAIN yiel­

ding, together with X and B, the matrix V of the remaining residuals v., 
l 

the standard deviation of an observation of unit weight FAX = vTPV/(n -m), 

and the weighted error matrix XM = B-1/FAX. 

MAIN adjusts the pararreters and calculates their standard deviations. fue 

increments dXj are adapted to the deviations for use in further refineITl2nt 

cycles. 
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At the end of each refinerrent cycle subroutine OUTPUT lists a current pa­

rarreter output, which will be described later, and a new cycle may be 

started by reading a new pararreter switch card. 

After the last refinerrent cycle MAIN calls OUTPl~ for final listings de­

pending on options, whereafter a new start is possible at different points 

of MAIN, also controlled by option switches. 

IV The Subroutine FUNNY(PIZ,FZ) 

FUNNY, supplied by the user, obtains the current parameters PIZ from MAIN 

and produces the model functions FZ. Useful crystallographic quantities 

are prepared in COMMON blocks by MAIN facili tating the programning of FZ, 

like 

AS,BS,CS,CAS,CBS,CCS: the reciprocal cell constants 

WAVE 

IH,IK,IL,SINT,SIN2T 

FFZ,DELZ 

NP ,NF ,NI ,NZ 

* * * I *) ( *) ( *) a ,b ,c ,COs~()( ,cos (3 ,cos ~ ; 

the wave lenght; 

Miller indices and trigonorretric functions; 

form factor tables and help for interpolation; 

maximum numbers of parameters, functions, sets 

of Miller indices, form factor tables. 

Because of the great variety for constructing rodel functions by FUNNY, we 

will limit the description to some suggestions listed in appendix. The 

examples consist of a proved cornrnon part and three prob lem oriented inserts, 

one- for magnetic, the others for crystal structure refinerrents from X-ray 

and neutron diffraction measurerrents. 

'Ihe common part of FUNNY, which may be used for most problems, includes 

COMMON declarations and a control output. The calculated model functions 

are listed in corrparison with the observed and R-values are printed defi­

ned by 
~Ivil 

R" = =-~~~ [lf(obs\1 

The R-values are calculated including and omitting zero observations. 

The problem oriented sections of FUNNY show a common flow. Adefinition of 

general pararreters is followed by the loop of reflections. Parameters de­

pending on scattering angle are introduced here. Within each reflection loop, 

an atomic loop includes atomic parameters. Finally the calculated values 

are summed up to the model functions to be compared with the observations. 
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v Description of Input Data 

1. Title card FORMAT(18A4). 

Cols. 1 -72 Text. 

2. Option card FORMAT(24I3). 

3· 

Cols. 1 - 3 INTEG(l) = 0 
~ 0 

4 - 6 " (2) < 0 
= 0 
> 0 

7 - 9 " (3) =,0 
~ 0 

10-12 " (4 ) = 0 
-t 0 

13-15 " (5) 
. 
66-69 " (23) 

70-72 " (24) = 0 
~ 0 

Weigt1t matrix is diagonal. 
Weight matrix is non-diagonal. 

Only Bragg angles output. 
Bragg angles and functions output. 
Total nurnber of refinerrent cycles. 

No output of matrices. 
Output of matrices. 

No form factor tables. 
Total number of form factor tab les • 

Not used . 

" " 
Final halt. 
Restart after final cycle. 

Form factor tables, four cards FORMAT(8F9.3) in each table, 
if IN'IEG( 4) > O. 

First card cols. 1 - 9 Form factor for sin 8 /A = 0.00. 
10-18 " " " " = 0.05. 
. 
64-72 " " " " = 0.35. 

Second " " 1 - 9 " " " " = 0.40. 

Fourth " " 64-72 " " " " = 1.55. 

4. Function cards FORMAT(I3,2F12.5,6A4,I21). 

Cols. 1 - 3 Function identification number. 

4 -15 Observed values of functions. 

16-27 Standard deviation of functions. 

28-51 Description of function. 

52-72 = 0 A further function card folIows. 
~ 0 : This is the last function card. 

5. Correlation cards FORMAT(2I2,F12.6,I56), 
if INTEG( 1) ~ o. 

Cols. 1 - 2 Function identification nurnber i. 

3 - 4 Function identification nurnber j. 

5 -16 Correlation coefficient between functions i and j. 

17-72 = 0 A further correlation card folIows. 
t 0 : This is the last correlation card. 
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6. Reflection cards FORMAT(4I3,I60). 

Cols. 1 -

4 -
7 -

3 Reflection identification number. 

6 Miller index h. 

9 " 11 

11 

k. 

1. 10-12 " 

13-72 = 0 
-; 0 

A further reflection card folIows. 
This is the last reflection card. 

7. Parameter cards FORMAT(I3,10A4,2F12.7,I5). 

Cols. 1 - 3 Parameter identification number. 

4 -43 Description of parameter. 

44-55 Initial value of parameter. 

56-67 Initial increment for calculating derivative. 

68-72 = 0 : A further parameter card folIows. 
-; 0 : 'Ihis is the las t parameter card. 

8. Cell data card FORMAT(7F10.5). 

Cols. 1 -10 Wave length in Angstroem. 

11-20 a 
0 " " 

21-30 b " " 0 

31-40 c " " 0 

41-50 Cosine of alpha. 

51-60 " " beta. 

61-70 " " ganma. 

9-. Parameter switch cards FORMAT(72I1), 
one card for each refinement cycle. 

Co1. 1 = 0 Parameter number 1 is not to be refined. 
-; 0 

2 = 0 
-; 0 

72 = 0 
-; 0 

" 
" 
" 

" 
" 

" 
" 
" 

" 
" 

1 is " 
2 is not " 
2 lS " 

72 is not " 
72 is " 

" " 
" " 
" " 

" " 
" " 
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VI Description of Printed Output 

The printed output is preceeded by a listing of the input data. Control­

led by INTEG(2) a parameter output after each cycle is listed. It is in­

dicated in the first colurm, whether the parameters were changed in the 

preceeding cycle or not. The further colurms list identification numbers, 

old values, applied adjustrrents, new values, and the standard deviations 

of parameters, respectively. Subsequently the estimated VTPV/(n-m), the 

standard deviation of an observation of unit weight, is printed followed 

by a special FUNNY output (see description of FUNNY). 

If INTEG(2) = 0 an output of matrices may be obtained. The matrices prin­

ted out are the matrix of the correlation coefficients «!. = xm • ./(xm .. * 
1/2 1J 1J 11 

xm •. ) of the parameters, the matrix of errors in the parameters XM, 
an~Jthe normalized matrix of normal equations XM-1. The latter is useful 

for hypothesis test according to W. C. Hamilton (Statistics in Physical 
Science, New York: The Ronald Press, 1964). 

The functions output, also caused by INTEG(2) consists of six columns, 

representing the identification number of function, its description, the 

observed and calculated values, their difference and the weighted remai­

ning residuals. The printed R-values are defined as 

R' = II 1 1 lLP .. (f(ObS). - f(calc).)2j1/2 

and 
VTpv 

R = --~T;;""";""'--' 
F( obs) PF( obs) 

If INTEG(2) < 0 the output of Bragg angles and related crystallographic 

quantities is listed like Miller indices, sin8, sin(28), e and 28. 
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APPENDIX A LISTING OF SOURCE TEXT POWLS 
IWITHOUT PROBLEM ORIENTED SECTION OF FUNNYI 

C POWLS-60 
C MAIN PROGRAM FOR REFINEMENT OF POWDER DIFFRACTION DATA 
C 
C DEVELOPEO BY G. WILL & D. E. COX 119621 
C IN COOPERATION WITH W. C. HAMILTON 
C PUBLI SHED IN J. APPL. CRYST. 12. 483 1 1979 I 
C DOCUMENTED BY E. JANSEN & W. SCHAEFER. BONN/JUELICH 
C 

C 

C 

C 

COMMON IFCTI NF.NOISOI.FOBSISOI.FCALCISOI.SIGF1IS01.DELFlIS01 
COMMON IHKLI NI.IHI2001.IKI2001.ILI2001.SINTI2001.SIN2112001 
COMMON IINTI INTEGI241.ISELI721.NCOUNT.ICYC 
COMMON ILTCI AS.BS.CS.CAS.CBS.CCS.WAVE 
COMMON ILSOI VISOI.XI201.XMI20.201.BI20.201 .RHOISO.SOI.FAX 
COMMON IMGNI NZ.FFZI1S.321.DELZI1S.31 J 
COMMON IPRMI NP.NPVAR.PVALUEI72J.PNEWI721.ADJUSTI72J.SIGMAI721 
COMMON ITXTI HOLLERI18J.WHATI72.101.HOWISO.61 

DIMENSION AFCALCISOI.MARKISOI.PNOWISOJ.PINCRISOI.AMATISO.201 

FLOATF I I I J =FLOAT I I I 1 
SORTFIXXI=SORTIXXI 

C-----READ & WRITE TITLE & OPTIONS 
782 READ I S . 1 I I HOLLER I I J . 1=1 .18 I 

WR I TE 16. 1051 I HOLLER I I 1 . 1=1 . 18 I 
REAO I S. 2 I I I NTEG I I I . 1=1 .24 I 
WRITE16.1061 
WRITEI 6.2 I I INTEGI I 1.1=1.24 I 
ICYC=INTEGI21 
NZ=INTEGI41 

C-----IF INTEGl41 ~= 0 READ & WRITE FORM FACTOR TABLES 
IFINZI322.322.321 

321 WRITE16.1041 
00306IZ=1.NZ 
READ ( 5.307 I I FFZ ( I Z. I NZ J . I NZ= 1 .32 J 
WR ITE ( 6.307 J I FFZ I I Z . I NZ J . I NZ= 1 .32 J 
D030815Z=1.31 

308 OELZ! IZ. ISZI=IFFZI IZ. ISZI-FFZ( IZ. ISZ+1 I I/O.OS 
306 CONTINUE 
322 CONTINUE 

C-----REAO & WRITE OBSERVATIONS & RELATED MARGIN5 OF ERROR 
NCOUNT=O 
WRITE 16.l001 

S READ ( 5.3 I I F . FOBS I I F I . S I GF 1 I I F I . I HOW ( I F . J 1 . J= 1 .61 . I TEST 
WR I TE ( 6.9 I I F . FOBS ( I F 1 . S I GF 1 ( I F I . ( HOW 1 I F . J I . J= 1 .61 . I TES T 
NCOUNT-NCOUNT+1 
MARKIIFI=NCOUNT 
NO(NCOUNTI-IF 
IFIITESTI6.S.6 

6 NF-NCOUNT 
C-----SET OEFAULT CORRELATIONS IN OBSERVATIONS 

D071=1.NF 



D07J=1.NF 
RHOII.JI=O. 

7 RHOIJ.JI=l. 
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C-----IF INTEGll 1 ~= 0 READ ADDITIONAL CORRELATIONS IN OBS. 
I F I I NTEG I 1 1 110.11 .10 

10 READI5.411.J.RHOIJ.ITEST 
K=MARK I I 1 
L=MARKIJI 
RHOIK.LI=RHOIJ 
I F I I TEST 111 .10.11 

C-----DEVELOP ERROR MATRIX OF OBSERVATIONS 
11 D0151=1.NF 

D015J=1.NF 
I F I RHO I I . J 1 1 B. 15.8 

8 K=NOIII 
L=NOIJI 
RHO I I • J 1 =RHO I I . J 1-5 I GF 1 I K 1-5 I GF 1 I L 1 

15 CONTINUE 
C-----INVERT ERROR MATRIX INTO WEIGHT MATRIX 

1000IFIINTEGI1111002.1001.1002 
1002 CALLSMI50IRHO.NFI 

GOT0505 
1001 D010031=1.NF 
1003 RHOI I. I l=l./RHOI I. II 

C-----READ MILLER INDICES 
505 NCOUNT=O 

WRITE16.1011 
18 READ15.161 IRUN. IHI IRUNI. IKI IRUNI. ILI IRUNI. ITEST 

WR ITE 16.161 I RUN. ! H I I RUN 1 . I K I I RUN I . I LI I RUN 1 • !TEST 
NCOUNT=NCOUNT+l 
IFI ITESTI17.18.17 

17 NI=NCOUNT 
C-----READ START PARAMETERS AND RELATED INCREMENTS FOR DERIVATIVES 

NCOUNT=O 
WRITE16.1021 

19 READ 15.201 I P. I WHAT I I P. J I. J= 1 .101 . PVALUE I I PI. P I NCR I I PI. I TEST 
WRITEI6.201 IP. IWHATI IP.JI.J=1.101 .PVALUEI IPI.PINCRI IPI. ITEST 
NCOUNT=NCOUNT+1 
IFI ITEST 121.19.21 

21 NP=NCOUNT 
C-----READ CELL CONSTANTS ICOSINES OF ANGLESI 

WRITE16.1031 
READI5.22IWAVE.AO.BD.CO.CA.CB.CC 
WRITEI6.22IWAVE.AO.BO.CO.CA.CB.CC 

C-----CALCULATE RECIPROCAL CELL CONSTANTS 
SA=SORTFl1.-CA-CAI 
SB=SORTFl1.-CB-CBI 
SC=SORTFl1.-CC-CCI 
CAS=ICB-CC-CAI/ISB-SCI 
CBS=ICA-CC-CBI/ISA-SCI 
CCS=ICA-CB-CCI/ISA-SBI 
SAS=SORTFl1.-CAS-CASI 
SBS=SORTFl1.-CBS-CBSI 
AS=l./IAO-SBS-SCI 
BS=l./IBO-SAS-SCI 
CS=l./ICO-SAS-SBI 

C-----CALCULATE TABLE OF TRIGONOMETRIC FUNCTIONS 



DD251 = 1 . N I 
DUM 1 =FLOATF I I H I I I P-AS 
DUM2=FLOATFI IKI I II-BS 
DUM3=FLOATFI ILI I II-CS 
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C ---SINITHETAI 
S I NT I I I = I WAVE/2. I -SORTF I DUM 1-DUM 1 +DUM2-DUM2 

1+DUM3-DUM3+2.-IDUMI-DUM2-CCS+DUMl.DUM3 
2-CBS+DUM2-DUM3-CASI I 

C ---SINI2-THETAI 
25 SIN2TI I 1=2.-SINTI I I-SORTFI 1.-SINTI I I-SINTI I I I 

C 
C --- START OF REFINEMENT PROCEDURE - •• 
C 
C-----IF INTEGI21 < 0 CALL BRAGG ANGLE OUTPUT 
C IF INTEGI21 = 0 FINAL CALCULATION OF MODEL FUNCTIONS 

90 I F I I NTEG 121 12B. 60.26 
C-----READ PARAMETERS TO BE VARIED 

26 READ15.2911 ISEL! I 1.1=1.721 
C-----DEVELOP SYSTEM OF EOUATIONS IN PARAMETER ADJUSTMENTS 
C ---CALCULATE MODEL FUNCTIONS FROM PARAMETERS 

60 NCOUNT=O 
CALLFUNNYIPVALUE.fCALCI 

C ---IF INTEGI21 <= 0 CALL FINAL OUTPUT 
IFIINTEGI21128.28.27 

C ---CALCULATE NEIGHBOUR FUNCTIONS BY VARYING ONE PARAMETER ONLY 
27 NCOUNT=D 

D0301=1.NP 
I F I I SEL! I I-I 130.33.30 

33 NCOUNT=NCOUNT+l 
D034J=1.NP 

34 PNOWIJI=PVALUEIJI 
PNOW I I I =PNOW I I I +P I NCR I I I 
CALLFUNNYIPNOW.AFCALCI 
D035J=t.NF 
K=NOIJI 

C ---RESIDUAL FUNCTIONS 
DELF1IJI=FOBSIKI-FCALCIKI 

C ---MATRIX OF DERIVATIVES 
35 AMATIJ.NCOUNTI=IAFCALCIKI-FCALCIKI I/PINCRI I I 
30 CONTINUE 

C-----WEIGHT & SOLVE EOUATIONS 
NPVAR=NCOUNT 
CALLWEASTIDELF1.AMAT.X.XM.B.FAX.NPVAR.NF.RHO.VI 

C-----ADJUST PARAMETERS. DETERMINE MARGINS OF ERROR 
NCOUNT=O 
D0401=1.NP 
I F I I SEL! I I -1 142.41 .42 

41 NCOUNT=NCOUNT+l 
ADJUSTI II=XINCOUNTI 
PNEW I I I =ADJUST! I I +PVALUE I I I 
SIGMAI I I=SORTFIXMINCOUNT.NCOUNTI I 
GOT040 

42 ADJUST I I 1=0 
PNEW ( I I =PVALUE I I I 
SIGMA ( I 1=0 

40 CONTINUE 
C-----CALL CURRENT PARAMETER OUTPUT 
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28 CALLOUTPUT 
C-----IF INTEGl2J ( 0 ASK FOR EXIT OR NEW START 
C IF INTEGl2J = 0 DECREMENT INTEGl2J ONLY 

IFI INTEGl2J J333.1234.334 
C-----REPLACE PARAMETERS. CALCULATE INCREMENTS FOR DERIVATIVES 
C & DECREMENT INTEGl2J 

334 o043I=1.NP 
PVALUE l I J =PNEW l I J 
IFISIGMAl I J J43.43.510 

510 PINCRl I J=O.l-SIGMAl I J 
43 CONTINUE 

1234 INTEGl21=INTEGl21-1 
C 
C --- END OF REFINEMENT PROCEDURE ---
C 
C-----START NEW REFINEMENT PROCEDURE WITH READING NEW PARAMETERS 
C TO BE VARIED 

GOT090 
C-----IF INTEGl24J ) 0 START PROGRAM AGAIN WITH NEW DATA SET 
C IF INTEGl241 = 0 START AGAIN WITH NEW OPTIONS' PARAMETERS ONLY 

333 IFl INTEGl241-1 J777.778.779 
777 CALLEXIT 

C-----CALL EXIT 

C 

C 

778 READ l 5.2 J( 1 NTEG l 1 1 . 1 = 1 .241 
ICYC=INTEGl21 

781 READ l 5.201 I P. I WHAT I I P. J 1 . J= 1 .71 . PVALUE I I P J . P 1 NCR I 1 P J . !TEST 
I F I !TEST J 90.781 .90 

779 GOT0782 

1 FORMAT I 18 I A4 1 J 
2 FORMATI2413J 
3 FORMATI 13.2F12.5.6A4. 121 J 
4 FORMATI212.F12.6.156J 
9 FORMAT I 13. 2F 12. S. 4X. 6A4. 117 J 

16 FORMATI413. 1601 
20 FORMATI 13.10A4.2F12.7. 15J 
22 FORMATI7F10.51 
29 FORMATI7211 J 

100 FORMAT I ' OOBSERVAT IONS' J 
101 FORMATl 'QMILLER INDICES' J 
102 FORMAT I 'OPARAMETERS' J 
103 FORMAT I 'OCELL CONSTANTS' J 
104 FORMAT I 'OFORM FACTOR TABLES' 1 
105 FORMATIIX.t8A4//1 
106 FORMAT I 'OOPT IONS' J 
307 FORMATI8F9.3J 

END 

C POWLS-60 
C OUTPUT 
C 

SUBROUTINEOUTPUT 
COMMON /FCT/ NF.NOl50J.FOBSI50J.FCALCI501.SIGF1150J.OELF1150J 
COMMON /HKL/ NI.IHI200J.IKI2001.ILI2001.SINTI2001.SIN2TI200J 



C 

C 

C 
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COMMON IINTI INTEG(24J, ISEL(72J,NCOUNT,ICYC 
COMMON ILTCI AS,BS,CS,CAS,CBS,CCS,WAVE 
COMMON ILSOI V(SOJ,X(20I,XM(20,20I,B(20,20I,RHO(SO,SOJ,FAX 
COMMON IPRMI NP,NPVAR,PVALUE(72I,PNEW(72J,AoJUST(72I,SIGMAI 721 
COMMON ITXTI HOLLER(18J,WHAT(72,10I,HOW(SO,61 

DIMENSION NOoUM(SOI,YESI2I,oUMMYI20,201 
oATA YES/'YES', 'NO'I 

FLOATF( 1I )=FLOATI 11 1 
SORTF(XXI=SORT(XXI 

C-----WRITE TITLE 
WRITE(6,11 
WR I TE 16,21 I HOLLER I I 1 , 1=1 , 181 

C-----IF INTEG(2J ) 0 CURRENT PARAMETER OUTPUT 
C IF INTEGI21 = 0 FINAL OUTPUT 

IFI INTEGI21 1101,102,103 
C 
C -.- BRAGG ANGLE OUTPUT ---
C 
C-----CALCULATE & LIST BRAGG ANGLES & RELATEo FUNCTIONS OF H,K,L 

C 

101 WR!TE 16,31 
002011=l,NI 
0001=ARSINISINT( I) J-S7.3 
0002=2.·0001 

201 WR I TE 16,41 I H ( I 1 , I K I I I , III I I ,S I NT I I 1 ,S I N2T I I I ,0001 ,0002 
RETURN 

C --- FINAL OUTPUT ---
C 
C-----ACCUMULATE RESIOUALS & OBSERVATIONS WEIGHTEo OUE TO ERRORS IN OBS. 

102 WR!TEI6,SI 
WRITEI6.61 
WRITEI6.71 
WRITEI6,61 
0005=0 
0006=0 
002021=1,NF 
K=NOI I I 
oELF1IKI=FOBSIKI-FCALCIKI 
0004=OELFIIKI/SIGF1IKI 
0005=000S+0004--2 
0006=0006+IFOBSIKI/SIGFIIKII-·2 

C-----LIST OBSERVATIONS, FINAL RELATEO CALCULATIONS & RESIoUALS 
202 WRITEI6,BIK,IHOWIK,KK1,KK=l,6I,FOBSIKI,FCALCIKI,OELF11KI,0004 

C-----CALCULATE & WRITE R-FACTOR WITHOUT CORRELATIONS IN OBSERVATION 
AKIM=SORTFIOoOS/00061 
WR ITE I 6,20 I AK I M 

C-----ACCUMULATE RESloUALS & OBSERVATIONS WEIGHTED BY WEIGHT MATRIX 
0004=0 
0005=0 
o02031=1,NF 
o0203J=l,NF 
0005=0005+RHOI I,JI-FOBS( I )-FDB5IJ) 

203 0004=0004+RHOI I ,JI-oELF11 I 1.0ELFlIJI 
C-----CALCULATE & WRITE R-FACTOR WITH CORRELATIONS IN OBSERVATIONS 



ODD5=SORTFI 0004/0005 J 
WRITEI6,25JODD5 
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[-----WRITE VPV I[ORRELATION IN[LUDEDJ 
WRITEI6,9JODD4 

[-----LIST FINAL P~RAMETERS 
WRITEI6,10J 
WRITEI6,11J 
D02041=1,NP 

204 WRITEI 6, 12 J I, I WHATI I,J J ,J=1, 10 J ,PVALUEI I J 
RETURN 

[ 

[ ••• [URRENT PARAMETER OUTPUT ••• 
[ 

103 IODD5=I[Y[-INTEGI2J+1 
WRITEI6,13JIODD5,I[Y[ 
WRITEI6,14J 
WRITEI6,6J 
D02051=1,NP 

[-----IF PARAMETER TO BE VARIED YES 'YES' 
I F I I SELI I J J 270 , 270 , 271 

271 NYES=1 
GOT0205 

270 NYES=2 
205 WR I TE 16,15 J YES I NYES J , I , PVALUE I I J , ADJUST I I J , PNEW I I J , SIGMA I I J 

[-----WRITE VPV/IN-MJ 
WRITEI6,16JFAX 

[-----IF INTEGI2J ~= 0 RETURN 
I F I I NTEG 12 J -1 J 206,207,206 

[-----IF INTEGl3J = 0 RETURN 
207 I F I I NTEG 13 J J 208,206,208 
206 RETURN 

[ 

[ ••• MATRIX OUTPUT ••• 
[ 

[-----[ORRELATION MATRIX FOR PARAMETERS 
208 WRITEI6,17J 

K=1 
D02501=1,NP 
IFI ISELI I J J250,250,252 

252 NODUMIKJ=1 
K=K+1 

250 [ONTINUE 
WRITEI6,18JINODUMIKJ,K=1,NPVARJ 
D02091=1,NPVAR 
D0210J=1,NPVAR 

210 DUMMYI I ,JI=XMI I ,JI/SORTFIXMI I, I J.XMIJ,JI J 
209 WR ITE I 6,19 J NODUM I I J , I DUMMY I I , J J , J= 1 , NPVAR J 

[-----ERROR MATRIX FOR PARAMETERS 
WR ITE I 6,21 J 
WRITEI6,23JINODUMIKJ,K=1,NPVARJ 
D02111=1,NPVAR 

211 WR I TE 16,22 J NODUM I I J , I XM I I , J J , J= 1 , NPVAR J 
[-----NORMALIZED MATRIX OF NORMAL EOUATIONS 

WRITEI6,24J 
WRITEI6,23JINODUMIKJ,K=1,NPVARJ 
D02121=1,NPVAR 
D0213J=1,NPVAR 



C 
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213 B[ I.JJ=B[ I.JJ/FAX 
212 WR I TE [ 6.22 J NODUM [ I J . [ B [ I . J J . J= 1 . NPVAR J 

RETURN 
1 FORMAT[88H1STRUCTURE FACTOR AND LEAST SOUARES PROGRAM FOR OVERLAPP 

11NG POWDER DATA. J 
2 FORMAT[ 1X.18[A4J J 
3 FORMAT[72HO TRIGONOMETRIC FUNCTIONS H K L SINTHETA SIN2THET 

1A THETA 2THETA J 
4 FORMAT[26X.13.1X.13.1X.13.F9.5.1X.F9.5.2F8.2J 
5 FORMAT[lHO.25X.22HFUNCTIONS OF INTENSITYJ 
6 FORMAT[1HOJ 
7 FORMAT[2X.3HNO .. 8X.11HDESCRIPTION.12X.54HOBSERVED CALCULRTED 

1 DELTA DELTA/SIGMA J 
8 FORMAT[2X.12.2X.6A4.4E15.4J 
9 FORMAT[6HO VPV=E11 .4.24H [CORRELATIONS INCLUDEDJ J 

10 FORMAT[69H1THE F VALUES ABOVE ARE CALCULATED FOR THE FOLLOWING PAR 
1AMETER VALUES J 

11 FORMAT[10HOPARAMETER.16X.11HDESCRIPTION.23X.5HVALUEJ 
12 FORMATI1HO.14.8X.10A4.E16.6J 
13 FORMATI22HOLEAST SOUARES. CYCLE 12.5H OF 12.8H CYCLES. J 
14 FORMATI68HOREF$ PAM. OLD VALUE CHANGE NEW VALUE 

1 SIGMA J 
15 FORMATI1H .A3.3X.12.2X.4E16.6J 
16 FORMATI21HOESTIMATED VPV/IN-MJ=E11.4J 
17 FORMATI19HOCORRELATION MATRIXJ 
18 FORMATI5HO .2015J 
19 FORMATI1HO.12.3X.20F5.2J 
20 FORMATI38HOWEIGHTED R FACTOR FOR FUNCTIONS IS F6.4.46H. CORREL 

1ATIONS IN OBSERVATIONS NOT INCLUDED. J 
21 FORMATI25HOMATRIX OF SECOND MOMENTSJ 
22 FORMATI1HO.12.3X.10E11.4J 
23 FORMATI1HO.10111J 
24 FORMATI66HONORMALIZED MATRIX OF NORMAL EOUATIONS FOR USE IN HYPOTH 

1ESIS TESTS J 
25 FORMATI36HODITTO BUT CORRELATIONS INCLUDED. R=F7.4.1H. J 

END 

C POWLS-60 
C WEAST IWEIGHTED LEAST SOUARESJ 
C 

C 

SUBROUTINEWEASTIF.A.X.XM.B.FAX.NP.NO.P.VJ 
DIMENSIONFI50J.AI50.20J.XI20J.XMI20.20J 
DIMENSIONB[20.20J.PI50.50J.VI50J.DUMMYI50.50J 

D011=1.NP 
D01J=1.NO 
DUMMY I I . J J =0 
D01K=1.NO 
DUMMYI I .JJ=DUMMYI I .JJ+A[K. I J-P[K.JJ 
D021=1.NP 
D02J=1.NP 
BII.JJ=O 
D02K=1.NO 

2 B[ I .JJ=BI I .JJ+DUMMY[ I.KJ-A[K.JJ 



o041=l,NP 
V I I 1=0 
o04K=l,NO 
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4 VI I I=VI I I+FI K l-oUMMYI I,K I 
005 I = 1 , NP 
o05J= 1 , NP 

5 oUMMYI I.JI=BI I.JI 
CALLSMI5010UMMY,NPI 
o061=l,NP 
XI I 1=0 
o06K=l,NP 

6 X I I I =X I I I +oUMMY I I , K I -V I K I 
VPV=O 
o07J=l,NO 
VIJI=FIJI 
o071=l,NP 

7 VIJI=VIJI-XIII-AIJ,II 
008 I = 1 , NO 
o08J=l,NO 

8 VPV=VPV+VIJI-VI I I-PI I,JI 
FAX=VPV/FLOATINO-NPI 
o091=l,NP 
o09J=l,NP 

9 XM ( I , J I =oUMMY I I , J I -FAX 
RETURN 
END 

C POI..JLS-60 
C SMI 50 (SYMMETRIC MATRIX INVERSIONI 
C 

C 

SUBROUTINE SMI501o,NI 
DIMENSION 0150,50l,Sl501 

o02J=l,N 
oOll=l,J 
01 I ,JI=-ol I,JI 

lo1J,II=01I.JI 
201J,JI=1.+o1J,JI 

o08LR= 1 , N 
IFI 1.-oILR,LRI .EO.O. I GO TO 9 
oILR,LRI=l./l 1.-DILR,LRI I 
o04J=l,N 
SIJI=oILR,JI 
IFlJ-LRI 3,4,3 

30IJ,LRI=DIJ,LRI-0ILR,LR! 
oILR,JI=oIJ,LRI 

4 CONTINUE 
o08J=l,N 
IFIJ-LRI 5,8,5 

5 o071=l,J 
IFll-LRI6,7,6 

601I,JI=Dll,JI+DII,LRI-SIJI 
oIJ,II=Dll,JI 

7 CONTINUE 
8 CONTINUE 



RETURN 
9 WRITE[6.101 

10 FORMAT [ 'OERROR I N SM I SO I I 
CALL EXIT 
END 
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C POWLS-60 
C FUNNY [MODEL FUNCTIONSI 
C 

C 

C 

SUBROUTINEFUNNY[PIZ.FZI 
COMMON /FCT/ NF.NO[SOI.FOBS[SOI.FCALC[SOI.SIGF1[SOI.DELF1[SOI 
COMMON /HKL/ NI. IH[2001. IK[2001. IL[2001.SINT[2001.SIN2T[2001 
COMMON /INT/ INTEG[241.ISEL[721.NCOUNT.ICYC 
COMMON /LTC/ AS.BS.CS.CAS.CBS.CCS.WAVE 
COMMON /MGN/ NZ.FFZ[lS.32J.DELZ[lS.31 I 

DIMENSION PIZ[721.FZ[SOJ 

C-----SET CONSTANTS 
PZ=6.2B318S3 
RADZ=S7.29S779 
BG=0.017 

C •• • •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C 
C ••• PROBLEM ORIENTED PART ••• 
C 
C TO BE PREPARED INDIVIDUALLY 
C EXAMPLES SEE APPENDIX B 
C 

C······ ...... ··· .. ········ .. ······· .. ·······.········· ................. . 
C-----IF FUNNY 15 CALLED FOR CALCULATING NEIGHBOUR FUNCTIONS RETURN 

IF[NCOUNTI603.604.603 
C 
C ••• CURRENT CONTROL OUTPUT ••• 
C-----WRITE TABLES OF CALCULATED INTENSITIES & RELATED OBSERVATIONS 

604 ICON = INTEG[SI 
610 WRITE[6.381 J 

D037SJO=1.10 
J01=JO+10 
J02=JO+20 
J03=JO+30 
J04=JO+40 
WRITE[6.30S1JO.FZ[JOI .FOBS[JOI .J01.FZ[J01 I .FOBS[J01 I .J02.FZ[J021. 

lFOBS[J021.J03.FZ[J031.FOBS[J031.J04.FZ[J041.FOBS[J041 
37S CONTINUE 

C-----CALCULATE & WRITE R-FACTORS INCLUOING & OMITTING ZERO OBS. 
FRZZ=O.O 
FRNZ=O.O 
FRZY = 0.0 
FRNY = 0.0 
00304J=1.NF 
FRZZ=FRZZ+ABS[FOBS[Jl-FZ[Jl I 
FRNZ=FRNZ+FOBS[JI 
ICHEK = FOBS[JI 
IF[ ICHEK) 620.620.621 



C 

C 
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621 FRZY = FRZY + ABSIFOBSIJI - FZIJI 1 
FRNY = FRNY + FOBSIJI 

620 CONTINUE 
304 CONTINUE 

FRZ=FRZZ/FRNZ 
IF IFRNY.EO.O. IGO TO 1000 
FRY = FRZY I FRNY 

1000 WRITEI6.312IFRZ 
WRITEI6.314IFRY 

603 RETURN 

30S FORMATI115.2F9.2.115.2F9.2.115.2F9.2.115.2F9.2.115.2F9.21 
312 FORMATI '0' .40X.34HR - FACTOR INClUDING ZEROS =F10.41 
314 FORMATI '0' .40X.34HR - FACTOR WITHOUT ZEROS =F10.4] 
381 FORMATI117H1 NO IICAlC] I lOBS] NO IICAlC] I lOBS] NO II 

1 CAlC 1 I lOBS] NO I I CAlC ] I lOBS] NO I I CAlC 1 I lOBS] I I I] 

END 
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APPENDIX B LISTING OF SOURCE TEXT FUNNY 
IPROBLEM ORIENTED SECTIONSI 

EXAMPLE 1 

C FES04 STRUCTURE REFINEMENT BY NEUTRON DIFFRACTION 
C SPACE GROUP PNMA (ND. 62 INT. TABLESI 
C PHYS. STAT. SOL. (Al 40.447 119771 
C 

DIMENSION SFZ(1001 
C 
C-----SET ACUTAL OVERALL PARAMETERS 
C ---SCALE FACTOR SCZ 

SCZ-PIZI241 
C ---OVERALL TEMPERATURE FACTOR OTZ 

OTZ=PIZ(251 
C 
C ••• LOOP JF REFLECTIONS ~ •• 

00 200 JHKL-t.NI 
C-----SET ACTUAL MILLER INDICES AH.AK.AL 

AH-IHIJHKLI 
AK-IKIJHKLI 
AL" I LI JHKL J 

C-----RESET STRUCTURE FACTOR 
SFZIJHKL1"0.0 

C 
C 

C 
C 

C 

C 

C 

C 

C 
C 

• LOOP OF ATOMS IN ASYMMETRIC UNIT -
NAT - 5 
00 300 JAT-1.NAT 
---SET ACTUAL ATOMIC PARAMETERS 

POSITIONS AX.AY.AZ 
AX-PIZIJATJ 
AY-PIZIJAT+NATJ 
AZ-PIZIJAT+2-NATl 

SITE OCCUPANCIES WZ 
WZ-PIZIJAT+3-NATI 

SCATTERING LENGTHS BZ 
BZ-PIZIJAT+4-NATI 
IFIJAT.GT.3JBZ-PIZI23J 
---CALCULATE STRUCTURE FACTOR IFORMULA FROM INTERNATIONAL TABLESI 
cc-e.0-COSIPZ-IAH.AX-IAH+AK+ALI/4.01 l-COSIPZ-IAK.AY+AK/4.011.COSIP 

FZ·IAL-AZ+IAH+ALJ/4.01J 
ACCUMULATE STRUCTURE FACTOR 

SfZIJHKLJzSfZIJHKLI+BZ-WZ-CC 
300 CONTINUE 

- END OF ATOM LOOP -

C-----CALCULATE INDIVIDUAL INTENSITIES 
SfZIJHKL1-SFZIJHKLI-·2 

C 
C 

SFZIJHKL1-SFZIJHKLl - sez / ISINTIJHKL1-SIN2TIJHKLI I 
SFZIJHKLI-SFZIJHKLI-EXPI-2.0 - OTZ • (SINTIJHKLI/WAVEI··21 

200 CONTINUE 
••• END Of REFLECTION LOOP •• -
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C-----CALCULATE BLOCK INTENSITIES INCLUDING MULTIPLICITIES 
C IMODEL FUNCTIONSI 

FZll 1=2.0-SFZI 1 1+4.0-SFZI21 
FZI21=4.0-SFZI3J 
FZI3J=4.0-SFZI4J+B.0-SFZISJ+2.0-SFZI6J 
FZI4J=4.0-SFZI7J 
FZISI=B.O-SFZIBI 
FZI61=4.0-SFZI91+B.0-SFZII01 
FZ 17 1=4. O-SFZ I 11 I 
FZIBI=B.0-SFZI121+2.0-SFZI131 
FZI91=4.0-SFZI141+4.0-SFZI151 
FZI10J=4.0-SFZI161+B.0-SFZI17J+B.0-SFZIIBJ 
FZI 11 I=B.O-SFZI 191+4.0-SFZI201+4.0-SFZI21 I 
FZI121=B.0-SFZI221+B.0-SFZI231 
FZI13J=B.0-SFZ(24J+2.0-SFZI25J+B.0-SFZ{25J 
FZI14J=4.0-SFZI271+B.0-SFZI2BI+B.0-SFZI291+4.0-SFZI301+B.0-SFZI31 I 

F+4.0-SFZI321+B.0-SFZI331+4.0-SFZI341+4.0-SFZI3SI+B.0-SFZI361 
FZI151=2.0-SFZI371+B.0-SFZI3BI+B.0-SFZI391+4.0-SFZI401 
FZI161=4.0-SFZI41 1+4.0-SFZI421+B.0-SFZI431+B.0-SFZI441+B.0-SFZI451 

F+4.0·SFZI461 

APPENDIX B EXAMPLE 2 

C FES04 STRUCTURE REFINEMENT BY X-RAY DIFFRACTION 
C SPACE GROUP PNMA (NO. 52 INT. TABLESJ 
C PHYS. STAT. SOL. IA J 40. 447 11977 J 
C 

DIMENSION SFZI100J 
C 
C-----SET ACTUALL OVERALL PARAMETERS 
C ---SCALE FACTOR SCZ 

SCZ=PIZI21 J 
C ---OVERALL TEMPERATURE FACTOR aTZ 

OTZ=PIZI22J 
C 
C •• - LOOP OF REFLECTIONS ••• 

00 200 JHKL=l.NI 
C-----SET ACTUAL MILLER INDICES AH.AK.AL 

AH=IHIJHKLJ 
AK=IKIJHKLJ 
AL= I LI JHKL J 

C-----RESET STRUCTURE FACTOR 
SFZIJHKLJ=O.O 

C 
C • LOOP OF ATOMS IN ASYMMETRIC UNIT • 

NAT = S 
00 300 JAT=l.NAT 

C ---SET ACTUAL ATOMIC PARAMETERS 
C POSITIONS AX.AY.AZ 

AX=PIZIJATI 
AY=PIZIJAT+NATI 
AZ=PIZIJAT+2.NATI 

C SITE OCCUPANCIES WZ 
WZ=PIZIJAT+3-NATJ 



C 

C 

C 

C 
C 
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sCATTERING LENGTHs BZ 
NT=20.-sINTIJHKLJ/WAVE 
DT=sINTIJHKLJ/WAVE-.DS-FLDATINTJ 
BZ=FFZ I JAT . NT+ 1 l-DT-DELZ I JAT . NT+ 1 I 
---CALCULATE sTRUCTURE FACTOR IFORMULA FROM INTERNATIONAL TABLE51 
CC=8.0-COsIPZ-IAH-AX-IAH+AK+ALJ/4.0J J-COsIPZ-IAK-AY+AK/4.01 l-COsrp 

FZ-IAL-AZ+IAH+ALI/4.0Jl 
ACCUMULATE sTRUCTURE fACTOR 

sFZIJHKLJ=sFZIJHKLJ+BZ-WZ-CC 
300 CONTINUE 

- END OF ATOM LOOP -

C-----CALCULATE INDIVIDUAL INTENsITIEs 
sFZIJHKLJ=sFZIJHKLJ--2 

C 
C 

sFZIJHKLJ=sFZIJHKLJ - SCZ / ISINTIJHKLJ-SIN2TIJHKLJ I 
sFZ/JHKLJ=SFZIJHKLJ-EXP/-2.0 - OTZ - /SINT/JHKLJ/WAVEI--2J 

200 CONTINUE 
--- END OF REFLECTION LOOP --. 

C-----CALCULATE BLOCK INTENSITIE5 INCLUDING MULTIPLICITIEs 
C IMOOEL FUNCTIONSJ 

FZl1 J=2.-SFZI 1 J 
FZ/2J=4.-sFZI2J 
FZI3J=4.-SFZ/4J 
FZ/4J=8.-SFZISJ 
FZISJ=4.-SFZ/SJ 
FZI6J=8.-SFZltOJ 
FZ 17 J =4. -SFZ 111 J 
FZI8J=2.-SFZI37J 
FZISJ=8.-SFZI381 
FZltOJ=4.-SFZI401 
FZI 1 t J=2.-sFZ/13J 
FZI121=4.-sFZlt41 
FZlt31=4.-sFZltSJ 
FZI14J=4.-sFZI41 J 
FZl1SJ=8.-SFZI44J 
FZI161=8.-SFZI4S1 
FZI171=4.-SFZI161 
FZI 181=4.-SFZI21 J 
FZllSJ=8.-lsFZI23J+sFZI22J J 
FZI201=2.-SFZ/2SJ 
FZI211=4.-sFZI27J 
FZI22J=4.-SFZI30J 
FZI23J=8.-sFZI31 I 
FZI241=8.-SFZ/33J 
FZI2SJ=8 .• SFZI36J+4 .• ISFZI34J+SFZI3SJ J 

APPENDIX B EXAMPLE 3 

C DYAs04 MAGNETIC sTRUCTURE ANALYSIS BY NEUTRON DIFFRACTION 
C J. PHYs. C: SOLID sT. PHYS. 4. 3224 11971 J 
C 

OIMfNSION BZ/SJ.SFZISOJ 
Rff11 H.K.L 
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C 
C --SCALE ANO TEMPERATURE FACTOR PARRMETERS 

SC=PIZI171 
TF=PIZI181 

C --MAGNETIC STRUCTURE CONSTANTS ANO PARAMETERS 
FF=.2695 
AM=PIZI191 
PA=PIZI201-BG 
PB=PZ/4.-PA 
PC=PIZI211·BG 

C 
C --. LOOP OF REFLECTIONS ---
C 

00 200 JH=l.NI 
C --CALCULATE MAGNETIC FORM FACTORS 

NT=20.-SINTIJHI/WAVE 
OT=SINTIJHI/WAVE-.OS-FLOATINTI 
00 100 1=1.NZ 

100 BZI I I=FFZI I .NT+1 I-OT-DELZI I .NT+1 1 
C --SET ACTUAL PARAMETERS H.K.L 

H=IHIJHI 
K=IKIJHI 
L=ILlJHI 

C --RESET STRUCTURE FACTOR COMPONENTS 
A=O. 

C 
C 
C 

C 

C 

C 
C 
C 
C 

C 

C 

C 

300 

+ 
+ 

B=O. 

--- LOOP OF ATOMS ---

NA=4 
00 300 JA=l.NA 

--SET ACTUAL ATOMIC PARAMETERS 
X=PIZIJAI 
Y=PIZIJA+NAI 
Z=PIZIJA+2-NAI 
S=PIZIJA+3-NAI 
--ACCUMULATE STRUCTURE FACTOR 
A=A+S-COSIPZ-IH-X+K-Y+L-ZII 
B=B+S-SINIPZ-IH-X+K-Y+L-ZII 

CONTINUE 

._. END OF ATOMS LOOP .--

--INCLUOE TEMPERATURE CORRECTION 
AB=SORTIA--2+B-·21-EXPI-TF.ISINTIJHI/WAVEI-·21 
--COMPLETE MAGNETIC INTENSITIES 
00=1.-1 IH-AS-COSIPAI 1 •• 2 

+IK*BS-COSIPBII*-2 
+IL*CS*COSIPCI 1**21*IWAVE/12-SINTIJHI 1 1**2 

AB=IAB*FF*AM-BZI1 1 1**2-00*SC/ISINTIJHI*SIN2TIJHI 1 
--INCLUOE MULTIPLICITIES 
IFIH.NE.OIAB=2-AB 
IFIK.NE.OIAB=2-A8 
IFIL.NE.OIAB=2-AB 
--STORE AB. CLEAR MODEL FUNCTIONS 
SFZIJHI=AB 
FZIJHI=O. 
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200 CONTINUE 
C 
C ••• END OF REFLECTIONS LOOP ••• 
C 
C --CALCULATE BLOCK INTENSITIES (MODEL FUNCTIDNSI 

1 FZ( 1 I=SFZ( 1 I 
2 FZ(21=SFZ(21 
3 FZ(31=SFZ(31 

00 4 1=4.6 
4 FZ(41=FZ(41+SFZ(II 
S FZ(SI=SFZ(71 
6 FZ(61=SFZ(BI 

00 7 1=9.11 
7 FZI71=FZI71+SFZ(II 

00 B 1 = 12.14 
8 FZI81=FZ(8)+SFZ( I) 
9 FZI91=SFZ(lS1+SFZI161 

10 FZ(10)=SFZI17)+SFZI18) 
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RPPENDIX C LISTING OF PRINTED OUTPUT 

EXRMPLE 

FES04 STRUCTURE REFINEMENT SY NEUTRON OIFFRACTION 

OPTIONS 
0 6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

08SERVATIONS 
1 5000.00000 100.00000 200 101 0 
2 20.00000 20.00000 011 0 
3 8650.00000 100.00000 210 111 070 0 
4 280.00000 20.00000 201 0 
5 50.00000 20.00000 211 0 
6 4400.00000 100.00000 220 121 0 
7 2050.00000 50.00000 301 0 
8 1830.00000 50.00000 112 400 0 
9 520.00000 30.00000 202 410 0 

10 200.00000 50.00000 022 122 411 0 
11 2600.00000 50.00000 231 302 420 0 
12 3430.00000 60.00000 222 312 0 
13 2150.00000 50.00000 421 040 331 0 
14 12000.0000 120.00000 501 322 412 1 

MILLER INOICE5 
1 2 0 0 0 
2 1 0 1 0 
3 0 1 1 0 
4 2 1 0 0 
5 1 1 1 0 
6 0 2 0 0 
7 2 0 1 0 
8 2 1 1 0 
9 ? 2 0 0 

10 1 2 1 0 
11 3 0 1 0 
12 1 2 0 
13 4 0 0 0 
14 2 0 2 0 
15 4 1 0 0 
16 0 2 2 0 
17 2 2 0 
18 4 1 1 0 
19 2 3 I 0 
20 3 0 2 0 
21 4 2 0 0 
22 2 2 2 0 
23 3 1 2 0 
24 4 2 1 0 
25 0 4 0 0 
26 3 3 0 
27 5 0 1 0 
28 3 2 2 C' 
29 1 3 2 () 

30 4 0 2 IJ 

31 5 1 J 

32 2 4 0 0 

33 1 4 1 0 
34 0 3 0 

35 4 3 0 0 
36 4 1 2 0 
37 0 0 2 0 
38 2 2 0 
39 3 1 1 0 
40 1 0 2 0 
41 0 3 1 0 
42 2 3 0 0 
43 2 1 2 0 
44 3 2 0 
45 1 3 0 
46 4 0 
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PARAMETERS 
1 X FE 0.0 0.0010000 0 
2 X 5 0.1740000 0.0010000 0 
3 X 01 O. i210000 0.0010000 0 
4 X 02 0.3470000 0.0010000 0 
5 X 03 0.1260000 0.0010000 0 
6 y FE 0.0 0.0010000 0 
7 Y 5 0.2500000 0.0010000 0 
8 Y 01 0.2500000 0.0010000 0 
9 y 02 0.2500000 0.0010000 0 

10 Y 03 0.0610000 0.0010000 0 
11 Z FE 0.0 0.0010000 0 
12 Z 5 0.4880000 0.0010000 0 
13 Z 01 0.7530000 0.0010000 0 
14 Z 02 0.4630000 0.0010000 0 
15 Z 03 0.3340000 0.0010000 0 
16 WZ FE 0.5000000 0.0010000 0 
17 WZ 5 0.5000000 0.0010000 0 
18 WZ 01 0.5000000 0.0010000 0 
19 WZ 02 0.5000000 0.0010000 0 
20 WZ 03 1.0000000 0.0010000 0 
21 BZ FE 0.9510000 0.0010000 0 
22 8Z 5 0.2487000 0.0010000 0 
23 BZ 0 0.5803000 0.0010000 0 
24 5CALE FACTOR 1.0000000 0.0010000 0 
25 OVERALL TEMPERATURE FACTOR 0.3000000 0.0010000 1 

CELL CON5TANT5 
1.20300 8.71500 6.80400 4.79500 0.0 0.0 0.0 

'0 I:UIL[i i • DSS I ND 11 [RLe I 1 I ass I Nt) , (ALe I I OB'·, 1 Ne 11 (ALe I 1 I aas I ND r I (ALl 1 I U8~ 

1222 72 sooo .00 11 635 87 2600 00 21 o 0 O. 31 o 0 . C 4\ " J 
3. 80 20. 00 12 979 63 3430 00 Z2 0.0 0 32 o 0 0 <2 il 1-' 11 

3 2178. 05 8650 00 13 787. 46 2! 50, 00 23 0 O. 33 0 0 <3 0 
90. 36 280. 00 14 3197. t7 12000 00 24 0 0 " 0 0 .. o 0 
12 43 50 .00 15 2545 28 0 .0 25 .0 0 35 o 0 0 0 '5 o 0 

124$ .02 HOD 00 16 3575 45 o. 0 26 0 0 36 o 0 o. 0 '6 o 0 

622 ,U 2050. 00 17 O. 0 o. 0 2 , u. u u. u 3 , u 0 4? " LJ 
383 25 1830 00 18 0 0 0 0 28 0 .0 0 .0 38 0 0 48 

159 29 520 00 19 0 .0 0 .0 29 o 0 0.0 39 0 0 49 
10 91 73 200 . oe 20 0 0 0.0 30 0.0 0.0 40 0 o 0 50 . - FAC'!OR \N[LU01NlJ ZEROS 0.7311 

FA[ TOR u: THaUT ZEROS 0.7311 

STRU[TURE FACTOR RHO LEAST SQUARES PROGRAM FOR: OIJERLAPP I Nt. pQL.mER nATR. 
FESO. 5 TRU( TURf Rff! HEMENT BY NEUTRON OIFFRACT!ON 

LEAST SDUARES. eitlE I OF 6 (yCLfS. 

RtF' PAM OlO ..... ALUE CHANGE NE" VALUE SI (,MA 

ND 0 .0 .0 0.0 0 0 
ND O. I HCOOE -00 0 0.174000E.OO 0 0 
NO O. t 21 DOOE +00 .0 0.121000(·00 0 0 
NO O. 34 700DE ~OD 0 0.34 70DOE +00 0 0 
NO O. t26000E .00 .0 O. 126000E .00 0 0 
NO 0 0 0.0 0.0 0 0 
NQ 7 0 2S0üOOE .00 0.0 O. 2500COf .00 0 0 
NO 8 0 250000E-OO 0.0 O. 250000E -00 O. 0 
NO 9 0 250000E -00 0.0 O. 250000E -00 0 0 
NO 10 0 61 OOOOE -0 I 0.0 0.610000E-01 0.0 
NO tI 0 0 0.0 0.0 0.0 
NO 12 O. "SBOOOE-tOO 0.0 o ... eaOOOE .00 0.0 
NO 13 O. 75300Df +00 0.0 o. 7530aOf .00 0.0 
NO " 0 "63000f+OO 0.0 O ... 63000f.OO 0.0 
NO 15 0 334000f .00 0.0 o 334000f .00 0.0 
NO 16 0 .500000f+00 0.0 0 5DOODDf+OO 0.0 
NO t7 O. 500000E+OO 0.0 0 . 500000E -00 0.0 
NO 18 0 . 50000DE +00 0.0 0 500000E -00 0.0 
NO 19 0 500000E -00 0.0 0 500000E -00 0.0 
NO 20 O. 100000E+OI 0.0 O. IOOOOOE-OI 0.0 
NO 21 O. 95 1 OOOf +00 0.0 0 951000f+00 0.0 
NO 22 0 . Z4e700E +00 0.0 0 248700E +00 0.0 
NO 23 0 580300E -00 0.0 0 . 580300E -00 0.0 
<ES 2' O. I OOOOOf +0 1 O. 2"6766 7f +0 I O. 367667f-t01 O. IIB777f .. OO 
NO 25 O. 300000f+00 0 0 0 300000E -00 0 0 

ESTIMATEQ VP\l1 ( N-I1I. 0 3426E .02 

NO ! j CIlLC / I 10651 NO 11 tRlt' I ! DBS I NO I1 [Al[ I I I aBS I NO 11 [Ale I I 'aBS' NO 11 (Ale I 1 I DOS I 

I .... 95. SS 5000.00 tI 2337.88 2600.00 21 0.0 0.0 31 0 0 O. J " 0.0 o 0 
2 13.96 20.00 12 3601.78 3430.00 22 0.0 0.0 32 O. 0 O. 0 42 0 
3 8007 .96 8650.00 13 2895.25 2150.00 23 0.0 0.0 33 0 0 0 0 43 0 
4 332 .22 280.00 " 1175".91 12000.00 24 0.0 0.0 34 0 0 0 0 .. 0 
5 45 .68 50 00 15 9358. " 0.0 25 0.0 o 0 35 O. 0 r 0 '5 0 0 .0 
6 4577 54 4.00 00 16 131.5 ?4 00 26 0.0 o 0 36 0 0 IJ 0 '6 0 0 C 

2288 .08 2050. 00 t7 0 0 o 0 27 o 0 o 0 37 O. 0 'J .0 4? 0 0 G 
1409 07 1830 00 18 0 .0 0.0 28 0.0 o 0 3B 0 0 0 0 '8 o 0 o 0 
585 66 520.00 19 O. 0 o 0 29 0.0 o 0 39 O. 0 0 0 '9 o [) 

10 33' . 25 200.00 20 O. 0 o 0 30 0.0 o 0 40 o 0 0 0 50 

fA( T OR I NClUQ 1 Ne. ZEROS C 0851 

FR[ TOR LI 1 Tr;OuT ZE RQS o 0851 
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5 fRUCTuRE f AC T OR A~O LfAS T SOUAF'fS PRQGRAM ~OR aVE RL APf> I Nü POuDfJi? DJ:HR. 
FE~04 STRU(TURE RU !NfME~T BY NEuTRON OIFFRA(T 10 .... 

LEFIS T SQUARE S [YCLf , OF S [Y[LES 

Rf(. PR" OlO vRlUE [HAtvGE NE" IjAlUE 5 I GMA 

o n n 0 0 D.O 

NO 0 174000E+OO 0 O. [ 7<4000E.OO 0.0 

'ES O. 121000E"00 -0 733158E~03 O. t20267E +00 O. 658508E -02 

NO O. 34 "OOOE .. 00 o . 0 o. 347QQOf: "00 0.0 

NO O. J 26DODE .. 00 0 0 0 126QODE .00 0.0 

NO 0.0 0.0 0.0 0.0 

NO 7 O. 2SQOOOE ·00 0.0 o. 250QOOf +00 0.0 

NO 8 o . 2S0000E" 00 0.0 O. 2S0000E +00 0.0 

NO 9 0.250000(+00 0.0 O. 25000DE .. 00 0.0 

NO 10 Q.610000E-OI 0.0 0.610000E-01 C.O 

NO \1 0.0 0.0 0.0 0.0 

NO 12 O. "BBoaOE "00 0.0 O. "BBoaOE +00 0.0 

'ES 13 O. 153000E .. uD 0.990911 E 03 Q.753991[+00 0.897032E-02 

NI] " O. 4630QOE +00 0.0 O.463000E+00 0.0 

.0 ! 5 O. 334QOOE +00 0.0 O. 334QOOE +00 0.0 

NO 16 0.500000(+00 0.0 D. 500000E +00 0 0 

NO 17 O.500000E+OO 0.0 0.500000(+00 0 0 

NO 18 O.500000E+OO 0.0 O. SOGOODE +00 0 0 

NO 19 O. SOOOOOE .. 00 0.0 o . SOOQQOf +00 0 0 

NO ,0 0.100000E+01 0 0 0.100000[+01 0 0 

NO 21 Q.951000f+OO 0 0.951000E+00 0 0 

NO 2Z O. 248100E +00 0 O. 248100E +00 0 0 

NO 23 O. SB0300f ~OD 0 O. 580300f +00 0 0 

NO 2' 0.361667f+Ol 0.0 0.361661["'01 0.0 

NO 25 0.300000E+OO 0.0 O. 30DDOOE ~DQ 0.0 

ES Tl MATEO IIPII/1N-MI- O. 3696E +02 

NO tl eAl[ I I I oes I NO 11 eAlC I [ ! aBS I NO I' (ALe 1 I 10B51 NO 

4539.43 5000.00 11 2346.67 2600.00 21 0.0 0.0 31 

13.92 20.00 12 3632.44 3430.00 2Z 0.0 0.0 32 
7912 '6 8650.00 13 2891.15 2150.00 23 0.0 0.0 33 
jj3.01 280.00 14 11105.41 12000 00 24 0.0 0.0 34 

51.21 50.00 15 9366.33 0.0 25 0.0 0.0 35 
4535.49 4400.00 16 13151.51 0.0 26 0.0 0.0 36 , 2278.62 2050.00 17 0.0 0.0 27 0.0 0.0 37 

8 141 I .77 1830.00 18 0.0 0.0 z::; 0.0 0.0 38 
9 582 .15 520.00 19 0.0 0.0 29 0.0 0.0 39 

10 330 47 200.00 20 0.0 0.0 30 0.0 0.0 40 

R - fRCTOH I N(LUQ I NG ZEHOS 

R - FRCTOR ~ I THOUT ZEROS 

S TRuC TuRE FAC-:-OR AHO LEAST saUARES PROC.RAM FOR OIlERLAPP I NG PQUOER OATA. 
FESO-4- STRU(TURE REFINfMENT SY NEuTRON OIFFRACT ION 

f fRc;r SQuARES [yrt.E 3 OF B (Y(lfS. 

RH. PAM. OLO IIAUJf CHANGf NEu VALUf SIGMA 

NO 0.0 0.0 0.0 0.0 
NO O. I HOOO( +00 0.0 0.114000f+00 0.0 
NO O. 120267["'00 0.0 0.120261f+00 0.0 
'ES 4 0 34 70eoE +00 0.54~819E-02 0.352498E·00 0.435375E-02 
NO 5 O. 126000E-00 0.0 O. 1 26000f '-00 0.0 
NO 6 0 0 0.0 0.0 0.0 
NO 7 0 2S0000[ +00 0.0 o . 250000E .00 0.0 
NO 8 0 2S0000[+00 0.0 o . 250000E .00 0.0 
NO 9 0 250000E·00 0.0 O. 250000E .00 0.0 
NO 10 0.610000[-01 0.0 0.610000E-01 0.0 
NO 11 0.0 0.0 0.0 0.0 
NO 12 O.488000f+OO 0.0 o. 4aaOOOE .00 0.0 
NO 13 1'),7S3991(+00 0.0 0,153991[+00 0.0 
<ES 14 O. 46laOOE +00 0,414251(-02 0,461743f+00 0.132246E-01 
NO 15 0 334000E +00 0.0 O. 334000E .00 0.0 
NO 16 O. 500000E -Da 0.0 0.500000E·00 0.0 
ND 17 O. SOOOODE +00 0.0 O. 50QOOOE .00 0.0 
NO 18 0, soaeOOE +00 0.0 o . 500000E. 00 0.0 
NO 19 O. SOOOOOE +00 0.0 O. SOOOOOE .00 0.0 
NO 20 O.IOOOOOE·OI 0.0 O.IOOOOOE·OI 0.0 
NO 21 0.951000[+00 0.0 0.951000E·00 0.0 
NO 22 O. 248100E +00 0.0 O. 249700E +00 0.0 
NO ?3 O. 580300E +00 0.0 0.580300E·00 0.0 
00 24 o 367667E-01 0.0 0.361'667E+Ol 0.0 
NO 25 O. 30DDOOE +00 0.0 O. 30QOOOE +00 0.0 

EST jr1ATEO IIPII/!~-MI· O. 3267E-02 

NO 11 [ALe! I 1 ces I NO 11 (RLe 1 I (oes 1 NO 11 (AlC I I IOB51 NO 

4851 .25 5000.00 11 2498. 73 2600.00 21 0.0 0 0 31 
24 .26 20.00 12 3483. 78 3-430.00 22 0.0 0 0 32 

77B3. 21 8650.00 13 284S 20 2150.00 23 0.0 O. 0 33 
361 95 280.00 \4 11502.21 12000. 00 24 0.0 O. 0 34 

37 84 50.00 15 9258.04 O. 0 25 0.0 0 0 3S 
6 4244 94 4400.00 16 13165.00 0 0 26 0.0 0 0 36 
7 2340 48 2050.00 17 0.0 0 0 27 0.0 0 0 3/ 
8 1522 OS 1830 00 18 0.0 O. 0 28 0.0 0 0 38 
9 605. 39 520 00 19 0.0 0.0 29 0.0 0 0 39 

10 358 07 200. 00 20 0.0 0.0 30 0.0 0 0 40 

FAC TOR 1 ~ClUO I NCi ZEROS 

fAC TOR U! THOUT ZEROS 

(I eRLe r [ t0651 NO I ,eRLe I I IOB51 

0.0 0.0 41 0.0 0.0 
0.0 0.0 '2 0.0 0.0 
0.0 0.0 43 0.0 0.0 
0.0 0.0 .. 0.0 0.0 
0.0 0.0 4S 0.0 0.0 
0.0 0.0 46 0.0 0.0 
0.0 0.0 47 0.0 0.0 
0.0 0.0 48 0.0 0.0 
0.0 0.0 49 0.0 0.0 
0.0 0.0 50 0.0 0.0 

0.0849 

0.0849 

l' (AlC 1 , ,aBS I NO I' eAlt 1 I lOBS 1 

0 0.0 4\ 0.0 0 0 
0 0.0 42 0.0 0 .0 
O. 0.0 43 0.0 O. 0 
0.0 0.0 .. 0.0 O. 0 
0.0 0.0 45 0.0 
0.0 0.0 46 0.0 0 0 
0.0 0.0 47 0.0 O. 0 
O. C 0.0 4a 0.0 0 0 
0 0.0 49 0.0 O. 0 
O. 0.0 50 0.0 O. 0 

O.OBOI 

C .0801 
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5 TRUC TURE rR[,DR ANQ LEAST SOUARE5 PROGRAM FOR QVERlAPP1NG &>QuCE p. Dwrn 
rrS04 srRUCTURf REF1NEME/lH "' NEuTRON DIFFRHCTlON 

LEAS r SQUARES oeLf • Of 6 [ytU:S. 

REf' PRM OLD VALUE CHA~L.E NE" VAlUE 5J (,nA 

NO 0.0 0.0 0.0 0.0 
NO O. 1 74QOUt .. uu u. u u. ! J4UUOl:. +UU U 

NO O. 120261E~OO 0 0 0.120267[·00 0 
'ES O. 35Z498E ·00 -0.118/21[-02 o. 35\31IE·OO U6315E -02 
NO 0 · 126QOOE ·00 0.0 O. 126000E +00 0.0 
NO 0 0 0.0 O. 0 0.0 
NO 0 25000QE +00 0.0 0 2500QOE .00 0.0 
NO 0 · 2S0000E +00 0.0 0 ,2500QOE .00 0.0 
NO 0 250QOOE .00 0.0 0 250000E .00 0.0 
NO 10 0 610000E-01 0.0 O. 610000[-01 0.0 
NO 11 0 0 0.0 0 0 o 0 
NO 12 0 .. aBOQDE +00 0.0 0 ,"BaOODE +00 0.0 
NO 13 0 153991E+OO 0.0 O.753991E·OO 0.0 
\ES " 0 461743E"'00 -0. 298784E -02 0, "6" 755E +00 D.124576E-OI 

NO 15 O. 334000E ... OO 0.0 O,334000E+00 0.0 
NO 16 0 SOaOOQE .00 0.0 o. 500000E ·00 0.0 
NO 17 0 500000E.00 0.0 0.500000(+00 0.0 
NO 18 0.500000[ .. 00 0.0 O. SODODOE +00 0.0 
NO 19 D. SOOOOOE ... 00 0.0 O. soanOOE +00 0.0 
NO 20 0.100000E+01 0.0 0.100000E+OI 0.0 
NO 21 o . 951 OOOboa 0.0 O. 9S 1 OOOf+OO 0.0 
NO 22 0.240100[+00 0.0 O.249100E+OO 0.0 
NO 23 O. 590300f +00 0.0 o. S80300E +on 0.0 
NO 24 0.361667E+Ol 0 0.361661[+01 0.0 
NO 2S O. 30aOOOE +00 0 0.300000r-00 0.0 

ES TI MRTED VPY/!N-M'a 0 3322E +02 

NO I1 (Ale I I I aBS I NO I1 (Al( I I 1085 I NO 11 tRl( I I lOBS' NO 11 (RL(' I 10851 NO J! [AlC I I I DBS I 

47'14 .83 5000.00 11 2477.00 2600.00 21 0.0 0.0 31 0.0 0.0 " 0.0 0.0 

17 '1 20.00 12 3501.89 3430.00 22 0.0 0.0 32 0.0 0.0 '2 0 .0 

7807 00 8650.00 \3 2855.56 2 t 50.00 23 0.0 0.0 33 0.0 0.0 '3 0 .0 

• 3'0 81 280.00 '4 11541.95 12000.00 2' 0.0 0.0 3' 0.0 0.0 ce 0 0 ·0 

5 42. 36 50.00 15 9375.78 0.0 25 0.0 0.0 35 0.0 0.0 45 0.0 0.0 

6 4310.60 4400 00 16 1317".71 0.0 26 0.0 0.0 36 0.0 0.0 '6 0.0 0.0 

2330.92 2050 00 17 0.0 0.0 27 0.0 0.0 37 0.0 0.0 47 0.0 0.0 

t 491.50 1830 00 18 0.0 u .0 28 0.0 0.0 38 0.0 0.0 48 C 0 0.0 

602.07 520.00 19 0.0 0.0 29 0.0 0.0 39 0.0 0.0 '9 0.0 0.0 

10 340.50 200.00 20 0.0 0.0 30 0.0 0.0 .0 0.0 0.0 50 0.0 c 0 

R - FA(TQR I NCLUO I NO ZEROS 0.0194 

fRCTOR UlTHOUT ZEROS 0.0194 

STRUCTURE fACTOR AHO lEAST SOUARES PROGRAM FOR QVERLAPP 1 HG POUOER DArR. 

FESO" STIW(TURE REF I NEMENT 6' NEurRON OIFFRRCT!ON 

LERST SOURRES. CY(LE 5 OF 6 CYCLES. 

RH' PAN. OLO vAlUE CHANGE NE" YRlUf SIGMA 

NO 0 0 0.0 0.0 .0 

NO 0 · 114000( +00 0.0 O. 174000f+OO 0 

NO O. 120261f·00 0.0 O. 120261E .00 0 

HO 4 O. 351311[+00 0.0 O. 351311E+00 0.0 

'ES 5 0.126000[+00 -0. I 62565E -02 O. 124314E +00 0.268144E-02 

NO 6 0.0 0.0 0.0 0.0 

NO 7 o . 2S0000f ·00 0.0 O. 2S0000E ·00 0.0 

NO 8 O. 250000E -00 0.0 0.250000E+OO 0.0 

NO 9 O. 2S0000E +00 0.0 O. 2S0000E +00 0.0 

'ES 10 0.610000r-Ol 0.103795E-Ol 0.713795E-Ol 0.198155E-02 

NO 11 0.0 0.0 0.0 0.0 

HO 12 O. 4SS000E +00 0.0 o . 488000E -00 0.0 

NO 13 0.153991E+00 0.0 0.15399IE*00 0.0 

~.~ 14 O. 46415SE *00 0.0 o . 464 7SS! *00 0.0 

'ES 15 O. 334000E *00 -0.202521E-02 O. 331 975E -00 0.'28818E-02 

NO 16 O. SOOOODE ·00 0.0 o . 500000E - 00 0.0 

NO 17 O. 500000E -00 0.0 o . SOOQaDE ·00 0.0 

NO 18 o . 50000DE *00 0.0 o . SOOOOOf *00 0.0 

NO 19 o . 500000E - 00 0.0 O.500000f*00 0.0 

NO 20 D.IOOOOOf·Ol 0.0 0.100000[*01 0.0 

NO 21 0.951000E-00 0.0 0.951000E+00 0.0 

NO 22 0.24e100E·00 0.0 O.248100E*00 0.0 

NO 23 O.580300r+oo 0.0 0.590300f+00 o 0 

NO Z' 0.367661f*01 0.0 0.361661E*01 0.0 

NO Z5 O. 300000E -00 0.0 O. 3000COf +00 0.0 

EST IMAHD vP'v'/IH-l1la 0 9592(*01 

NO I j (Ale I I I oes I NO 11 (AlC I I 1 aes 1 NO I1 (ALc 1 I ( 0851 NO 11 (Al( 1 I I aes 1 NO [1 (RLe 1 I 1 DBS I 

4916.32 5000.00 \I 2828 83 2600 00 21 0.0 0 .0 31 0 .n " 0 

0.08 20.00 12 3411 .43 3430 00 22 0.0 0 .0 32 0 0 4:' O. 

8358.29 8650.00 13 2235. 31 2150 00 23 0.0 0 0 33 O. .0 '3 0 .0 o 0 

356.93 280.00 " 121-4 [ .31 12'000.00 2' 0.0 0 .0 3' 0 .0 o 0 .. 0 0 o .U 

3'.83 50.00 15 8441 " 0.0 25 o 0 0 .0 35 .0 0.0 '5 0 .0 0.0 

4516.69 4400.00 16 13415 86 0.0 26 0.0 0 36 0 0.0 45 0 0 o 0 

2238.2":' 2050.00 " 0 .0 0.0 Z7 0.0 0 37 0.0 0 47 0 0 o 0 

1531. ZB 1830.00 18 0 0 0.0 28 0 0 38 0 0 '8 0 0 0 

589.09 520.00 19 0 .0 0.0 29 0 0. 39 0 0 '9 .0 o C 

10 212,84 200.00 20 0 0 0.0 30 0.0 0 '0 .0 0 '0 0 o 0 

fA[ TOR I N(lUDlfO/;[, ZEROS 0 04 \ 3 

FAC TOR ~! THOuT ZEROS 0 04\ 3 
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5 TRU( TURf rAC TOR A .... O l tAST SQUARE':::> PROC.RAM FOR QVfRLHPP [NG PQWDfR DATH. 

FfSOc STRUCTURE RfF INEMfNT BY NEUTRON III FfRAC T ION 

LfAS f SQUARE: ~ ['!'elf 6' OF fi ("'Cl ES. 

RH I PAM DLD VALU[ (HANGE NEU VALUf SIGMA 

"" 0 0 0 0 0 .0 
ND 0.1 HQnOE +00 0 .0 O. I7<OOOE-OO O. 0 
NU O. 120261E ·00 0 0 o. 1202S7f +00 0 0 
NO O. 351311(+00 0 0 O. 351311(+00 0 .0 
YES O. lZ437u+on 0 852312E -03 O. 12522 7E ·00 O. :z 725B-,[ -02 

NO O. 0 O. 0 0 0 0 0 
ND 0 250000f .00 0 0 o . 25000Df" 00 0 0 
NO 0 250000E .oa 0 0 o . ?50000E' 00 0 0 
NO 0 ;ZSOOOOE .00 0 0 O. 2S0000E" 00 0 0 
YfS 10 O. 113195f -01 O. 386S4Zf Q3 O. 117660f -01 0 211.29[-02 
NO 11 0 .0 0 0 0.0 0 0 
NO 12 O. "SBOODE .00 0 0 0.488000(+00 0 0 
NO 13 O. 753991[+00 O. 0 0.753991(·00 0 0 
NO 14 O. 4641SSE .00 0 .0 0.464 75Sf .00 0 0 
YE 5 ! 5 O. 331915[·00 -0. 113147E-02 O. 330e43E +00 0 43515IE-02 
NO 16 0 soaooor .. 00 0 0 0.500000E.00 O. 0 
NO 17 0 . SCaeOOE .. 00 0 0 O. SOOOOOE '00 0 .0 
NO 18 0 500000E '00 0 0 o . SOOOOOE' 00 0 0 
NO 19 0 500000E -00 O. 0 O. soanoor .00 0 0 
ND ?n O. I OOOOOE -O! .0 0.100000[+01 n. n 
NO 21 0 .951 OOOf .00 0.951000(+00 0 .0 
NO 22 O. 248700r+OO 0.248700(+00 0 .0 
NO 23 0 S80300E -00 O.580300E·00 O. 0 
NO 24 0 361661E-01 0.361661E·01 0.0 
NO 25 O. 300000E .00 O. 300000E. 00 0.0 

ES TI MATEO VP\l/!~-MI· 0 9913E·01 

NO Ir [Al( ! I 1085 t NO [I (Al( 1 I 10851 NO [I (A~" I I laBS 1 NO 

4929. S8 5000.00 11 2806 62 2600.00 21 0.0 0.0 31 
0.32 ZO.OO 12 3495 04 3430.00 22 0.0 0.0 32 

8364.18 8650.00 13 Z20Z 50 2150.00 Z3 0.0 0.0 33 
365.93 280.00 14 12122.09 12000.00 Z4 0.0 0.0 34 

39.08 50.00 IS 8403.36 0.0 Z5 0.0 0.0 35 
4S51.63 4400.00 16 134e5.ee 0.0 26 0.0 0.0 36 
n44.28 Z050.00 11 0.0 0.0 21 0.0 0.0 31 
1534. 18 1830.00 I B 0.0 0.0 28 0.0 0.0 38 
595 68 SZO.OO 19 0.0 0.0 29 0.0 0.0 39 

10 262 .51 200.00 20 0.0 0.0 30 0.0 0.0 40 

R ~AC TOR 1 NCLUOI N~ ZEROS 

FACTOR "I THOUT ZEROS 

5fRurTuRf F~CTaN R~a LEAST 50uAIUS ~ItOC"AM 'Olt OVf"lR"PI~C ~O&.lOftit OATA. 
F[S04 STRlJ['fi!Rf tiEF l~n1f~T I!v ~fUTtltO~ (j1"tltACTIO~ 

NO OESl RjPT la~ OBSERVEO CALCULATEO OEl TR 

ZOO Il'l O. SOOOE -04 4930f .04 O. 104:?f +02 
Oll O. ZOOOf 'OZ 3Z04f'00 0.1ge8f-OZ 
110 111 020 0 . 86S0f -04 B3B5f'04 O. 2852f -03 
201 o. Z800E '03 O. 3B59f -03 -0. 8S93f 'OZ 
211 0 SOOOE -02 0.3908E·OZ 0.109Zf·02 
220 121 O. 4"00E .04 O. 4S58f '04 -0.1518f·03 
301 0 2050E -04 0.2244[·04 -0.1943f·03 
112 400 0.1830E·04 0.1534f·04 0.29S8f·03 
Z02 410 0.5200E-03 0.5951E·03 -0.16e8E·02 

10 022 122 411 O. 2000E '03 O. 282SE '03 -0.625IE·02 
11 231 302 420 o 2600E -04 O. 2801E '04 -0. 2066E 'Ol 
12 222 312 O. 3430E .0. O. 34SSf .0. -0.6504E·0? 
I J 421 040 311 0.2150E·04 O. n03E -04 -0. 5250E '02 
14 50 I Jn 412 0.1200E·05 0.1212E·05 -0. 1221[·03 

uE [GHTEO Iit FFlC10R FaR fUN[ TI ONS 15 o 0513. COIo!:REl A r I aNS 1 N oeSERvAT IONS 

Dir TO BUT COR"hAT I ON~ INCLUDEO. R· 0.0513. 

"Pv- u 1 093E ·03 I COR"ELHT IONS INClUOfOI 

[I [Al( I I t ces I NO I1 (Al( I I 1 aBS t 

0.0 0.0 .. 0.0 
0.0 0.0 42 0 : 
0.0 0.0 43 0,0 (, 

0.0 0.0 .. u. u. u 
0.0 0.0 4S 0.0 0.0 
0.0 0.0 46 0.0 0.0 
0.0 0.0 " 0.0 0.0 
0.0 0.0 48 0.0 0.0 
0.0 0.0 49 0.0 0.0 
0.0 0.0 50 0.0 0.0 

0.0395 

0.0395 

DEL TAlS I GM 

O. 1042E -00 
o. U40f-00 
0.28S2f·01 

-0.429Bf-01 
0.54S8E·00 

-0.1518f-01 
-0.3886E·01 

O. 5916E'0 I 
-0.2523E·01 
-0. :250E-01 
-0.4132E·01 
-0.1084[·01 
-0.1050E·01 
-0.1011E·01 

NOT 1 NCLUOEO. 
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'Hf , vAL Jt ~ AftD\ff A"' lAllul RHO , O' 'H' , Ol ( 0 .. : '-:.. "'~"A,.,t 1( ft "'~l ,JI' 

fltAJtAM[ rE. Dt ~(' I ~l ~ n~ \iJolllll 

· " u " · ; (; 1 '.(JUDI ·Ut) 

· 01 U \ IU/h I1 • u, 

· 02 ~~) \ 'I \ \, • I) l 

· 03 l' 11~.':11f • U() 

, 
" 0 u 

; l' :'~JOOUUI • 00 

, O' 0 7~OOOOf • UD 

, 02 u ,~OOOO( • 00 

1 U , 0' " ~6LG[ C·. 

11 1 'f 0 Ü 

12 0 HHWQUt • (lu 

!3 1 O' 0 1') 'Q91 f '00 

" 1 02 0 4&4 7:':'f .oC! 

15 1 03 0 ) ~ot- .. 3f ·00 

1& "1 'E 0 SOOOt 10[ • 00 

t7 "l 5 0 ~oooo'.)( • Du 

18 ", O' 0 ~OOOD( f • DU 

19 "1 02 u ~OOOOOI • Du 

20 "l 03 Ü \ OOOuüf -01 

21 Bl 'E U '1";100'.)( on 

22 8l 5 0 ,cE; 'out· J{J 

23 BI 0 o 590300f .('(j 

" S(AlE nu TOIt 0 1616& 1[ .01 

25 OvERAll TfrlPfItATUIt[ fJU TOIt 0 lODOOOf • oe 

STRU(TUJtf FAC TOR AHO LEAST SQUAItES ""OC.RRM FOIt Q'cIEItLF"""; '-Ir.. PQuOtlt OA'A 
FESQ4 5 TRu( TuliP[ RfF INEMENr 8' NEUTItOIrril DIFFItA(T [0" 

TIt I GQNOME fR I [ FUNe T IONS .. L 5 J "'TH! TA 5 I ~2TI1E TA THE TA <TMElf l 

0 0 ! 380" o 21343 ., 93 IS 87 
0 1431 e o Z8340 8 73 16 .. 
0 15346 0 3032~ a 83 11 66 
0 16392 0 32301' 9 .. 18 87 

16827 0 33114 9 69 19 38 
11681 0 3018001 10 18 20 37 
18652 0 36650 10 75 71 50 
20601' 0 010393 11 91 23 83 
220131 0 43119 12 96 25 9' 

I 22751 o U309 13 15 76 30 
I 24209 o 46918 I- O. 28 07 
2 21481 o 518'1 15 95 1I 90 

21608 o 53069 .6 03 37 0', 
0 18635 o 5'877 • b ,- II 7" 

2t1988 o 55'81 I b 85 3l J( 

30693 o 58'23 
" 

88 " J', 

0 314S9 o 591]' '9 3_ ,., b" 
I 0 3159& o 59938 '8 -, lI> A' 
3 0 32-23 t') 6114' 1 a 97 " H_ 

o 0 11~19 o 6,520 18 98 ". 'p 

2 32784 o 61901. 19 I- j. :>13 
3365' o 6338(' '9 &1 19 j-

33109 0 &J.13 19 7O .- '0 
3510] o &51]1 70 55 " • 0 
35J61 o 6615' 20 " ., 

" 35909 o 61078 21 05 " [,. 
361, 9 o 68108 71 S' n o. 
3102' o 68186 71 73 'J .& 

3115' 68989 71 81 'j 67 
3;~O' 69173 7t 91 " 81 
)7768 o b99.1 n 19 .. 18 
37960 C 70;( 38 n " .. 67 
?:,15C 70~3G 2? 03 86 
38261 70699 n sc .. 9~ 

0 38287 10737 72 51 '5 02 
0 38338 108: 7 n 5_ ., 09 

2':.'Je9 C '857]- " 53 79 06 
i570C .9674 :. 8' 79 79 
25 7 'l) 0 49j:1Q' " 9' ,. 8' 
?6n;j' 1 C 50,49 , 5 o. 30 ,7 
,9He S6GS4 !7 06 >. '7 
29898 5

'
:,)62 :' '0 3' 8C 

29969 5
'

183 1 .. 3' 88 
299"'8 5"",99 ',7 'S 3' 8' 
3e' 39 ~ '. '5 " 5' " 0" 
)C 374 5'" "'9~ 

" 
65 " 

,. 
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RPPENDIX C EXRMPLc 2 

FES04 STRUCTURE REFINEMENT 8Y X-RAY oIFFRACTION 

OPTIONS 
0 11 0 5 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

FORM FACTOR TA8LES 
24.000 23.710 22.890 21.660 20.150 18.510 16.870 15.310 
13.840 11.470 9.710 8.740 7.600 6.990 6.510 6.120 
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 

18.000 17.190 15.160 12.730 10.740 9.450 8.660 8.210 
7.890 7.220 6'.470 5.690 4.930 4.230 3.620 3.130 
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 
8.000 7.796 7.250 6.482 5.634 4.814 4.093 3.492 
3.010 2.338 1.944 1.714 1.566 1.462 1.374 1.296 
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 
8.000 7.796 7.250 6.482 5.634 4.814 4.093 3.492 
3.010 2.338 1.944 1.714 1.566 1.462 1.374 1.296 
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 
8.000 7.796 7.250 6.482 5.634 4.814 4.093 3.492 
3.010 2.338 1.944 1.714 1.566 1.462 1.374 1.296 
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 

08SERVATIONS 
1 15.40000 3.00000 200 0 
2 43.50000 5.00000 101 0 
3 45.00000 5.00000 210 0 
4 100.00000 6.00000 111 0 
5 84.00000 6.00000 220 0 
6 68.50000 6.00000 121 0 
7 65.00000 5.00000 301 0 
8 24.00000 4.00000 002 0 
9 2C.00000 4.00000 221 0 

10 10.00000 3.00000 102 0 
11 1.00000 2.00000 400 0 
12 6.70000 3.00000 202 0 
13 3.30000 2.00000 410 0 
14 7.00000 3.00000 031 0 
15 33.00000 4.00000 321 0 
16 2.00000 2.00000 131 0 
17 1.00000 2.00000 022 0 
18 23.00000 4.00000 420 0 
19 50.00000 5.00000 312.222 0 
20 20.50000 4.00000 040 0 
21 3.50000 2.00000 501 0 
22 11.00000 3.00000 402 0 
23 9.00000 3.00000 511 0 
24 12.50000 3.00000 141 0 
25 14.30000 3.00COO 103.412.043 1 

MILLER INDICES 
1 2 0 0 0 
2 1 0 1 0 
3 0 1 1 0 
4 2 1 0 0 
S 1 1 1 G 
6 0 2 0 0 
7 2 0 0 
8 2 1 1 0 
9 2 2 0 0 

10 1 2 0 
11 3 0 1 0 
12 1 2 0 
13 4 0 0 0 
14 2 Cl ~ 0 L 
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15 4 1 0 0 
16 0 2 2 0 
17 1 2 2 0 
18 4 1 1 0 
19 2 3 1 0 
20 3 0 2 0 
21 4 2 0 0 
22 2 2 2 0 
23 3 1 2 0 
24 4 2 1 0 
25 0 4 0 0 
26 3 3 1 0 
27 5 0 1 0 
28 3 2 2 0 
29 1 3 2 0 
30 4 0 2 0 
31 5 1 1 0 
32 2 4 0 0 
33 1 4 1 0 
34 1 0 3 0 
35 4 3 0 0 
36 4 1 2 0 
37 0 0 2 0 
38 2 2 1 0 
39 3 1 1 0 
40 1 0 2 0 
41 0 3 1 0 
42 2 3 0 0 
43 2 1 2 0 
44 3 2 1 0 
45 1 3 1 0 
46 4 0 1 1 

PRRRMETER5 
1 X FE 0.0 0.0010000 0 
2 X 5 0.1860000 0.0100000 0 
3 X 01 0.1300000 0.0100000 0 
4 X 02 0.3670000 0.0100000 0 
5 X 03 0.1300000 0.0100000 0 
6 Y FE 0.0 0.0100000 0 
7 Y 5 0.2500000 0.0100000 0 

8 Y 01 0.2500000 0.0100000 0 

9 Y 02 0.2500000 0.0100000 0 

10 Y 03 0.0720000 0.0100000 0 
11 Z FE 0.0 0.0100000 0 

12 Z 5 0.4580000 0.0100000 0 
13 Z 01 0.7600000 0.0100000 0 
14 Z 02 0.4580000 0.0100000 0 
15 Z 03 0.3190000 0.0100000 0 

16 UZ FE 0.5000000 0.0010000 0 
17 LoIZ 5 0.5000000 0.0010000 0 
18 UZ 01 0.5000000 0.0010000 0 
19 UZ 02 0.5000000 0.0010000 0 
20 UZ 03 1.0000000 0.0010000 0 
21 SCALE FACTOR 0.0100000 0.0010000 0 
22 OVERALL TEMPERRTURE FRCTOR 0.2000000 0.0010000 1 

CELL CON5TRNTS 
1.54180 8.71800 6.81100 4.79800 0.0 0.0 0.0 
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NO t I [ALe I I I aas I NO I ((AL [ I I I Das I NO I1 [AL[ I I I aas I NO 

567. 85 15. .0 11 3.31 I .00 21 133 51 3.50 31 

2963 19 43 50 12 445 08 5. 10 22 740 30 11 .00 32 

\173 69 45 00 13 237 05 3. 30 23 189 24 9 00 33 

<4679 52 100 00 14 231 .89 7 00 24 712 95 , 2 so 34 

3333 04 84 .00 15 1127 86 33 00 25 821 73 14. 30 35 

2765 76 68 50 16 :1504 40 7.00 26 0 0 0 0 36 

2904. 15 65 00 17 110. 71 I .00 27 0 0 0 0 37 

716. 23 24 .00 18 8,. .68 23 00 28 0 0 0.0 38 

73\ .55 20 .00 19 20l11.37 SO .00 29 0 .0 0.0 39 

10 488. 10 10 00 20 878.51 20 so 30 0.0 0.0 40 

FReTQR INCLuOING ZEROS 

FReTQR LJ I THQUT ZEROS 

5 TRUC TURE FAC TOR AHO LERS T SQUARES PROGRAM FQR OVERLAPf' I NG PO'-lOER DATR. 
FESQ4 STHU(TURE REFINEMENT SY X-RAV DIFFRACTION 

LCRS: sc:..;nR(S c'(eLf 1 GF tl [YCLES. 

REF, PAM. 

NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 
NO 10 
NO 11 
NO 12 
NO 13 
NO 

" NO 15 
NO 16 
NO 17 
NO 18 
NO 19 
NO 20 
'ES 21 
NO 22 

OlD VALUE 

0.0 
O. I 86000E +00 
O. 1 30DaOE +00 
Q.367000E·OO 
0.1 30DaeE +00 
0.0 
o . 250000E +00 
O. 2SQOOOE +00 
D.250000E+00 
0.720000E-01 
0.0 
O ... saODOE +00 
O.750000E+OO 
O.458000E+00 
0.319000E+00 
O. SOOOOOE +00 
O.5000COE+QO 
O.500000f+OO 
O. SoaOOOE +00 
0.100000E+Ol 
O.IOOOOOE-Ol 
O. 200aaaE +00 

[HANGE 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
o 0 
o 0 
o 0 
o 0 
o 0 
o 0 
0.0 
o 0 
o 0 
o 0 
o 0 
o 0 

-0 978299E 02 
o 0 

NEu vAlUE 

o 0 
0.1 86000E +00 
O. 1 30000E +00 
o 367000E+00 
0.130000E+00 
0.0 
O. 2S0000E +00 
o 2S0000E +00 
o 2S000DE +00 
O.7200DOE-Ol 
o 0 
O.4S8000E+QO 
O. 7S0000e +00 
O. 4S800De +00 
O. 31 9000E .00 
o. SQOOOoe +00 
O. 500000E ·00 
o . SODOOOE +00 
O. SOOOODE +00 
Q.IOOOOOE+OI 
o .217013E-03 
O. 200000f +00 

EST!MATEO VPV 11 N-M I- O. 2448e +0 1 

NO 11 (Al( I I I oes I NO I f (AL( I I r OBS) NO r f (Al() 

12 .32 15.40 11 0.07 I .00 21 2 90 
64 .31 43.50 12 9.66 6. 70 22 16. 07 

38 <9 45.00 13 5. 14 3. 30 23 4.11 

101 .55 100.00 14 5 03 7 00 24 16. 77 

72 . 33 a4.00 15 24 . .8 D. 00 25 17. 83 
60 04 68. SO 16 7 .'j\ :.:: .00 26 0 .r 
63. 02 65.00 17 2 . • 0 I 00 27 0 0 
15 54 24 00 18 19. 42 23.00 28 0 .0 
15 .88 2C.00 19 45. 17 50.00 29 0.0 

10 10.59 10.00 20 19. 06 20. SO 30 0.0 

FA( TOR r NCLUO r NG 

f.1C rOR \.JI fHOU T 

I 

SIGMA 

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. 950068E -OS 
0.0 

IOe51 NO 

50 31 
1\ .00 32 

9 00 33 
12 50 3. 
I. 30 35 

0 0 36 
0 .0 37 
0 0 38 
O. 0 39 
0 0 40 

ZEROS 

ZEROS 

11 (RLe I I I Das I NO [ I [ALe I I I aBS I 

0 o. 0 4! 0.0 0.0 

0 O. 0 42 0 n c 0 

O. 0 . 0 43 O . 0 0 0 

0 0 .0 44 0 .0 0 .0 

0 O. 0 45 O. 0 0 0 

n n n 46 n n n n 
O. O. 0 47 0.0 O. 0 
n. 0 0 48 0.0 O. 0 

O. 0 0 49 0.0 0 0 

0 O. 0 50 0.0 0.0 

43 4990 

43 4990 

11 (ALe I I ,aBS 1 NO 1 f [ALe) I lOBS I 

0 .0 0 .0 41 0.0 0.0 

0 0 0 0 42 0.0 0.0 
0 0 0 0 .3 0.0 0.0 
o. 0 O. 0 .. 0.0 0 0 

0 0 0 0 45 0.0 0 0 
O. 0 0 G .6 0.0 0 0 
0 0 0 0 0 0.0 0 0 
0 .0 0 .0 48 0.0 0 0 

0 .0 O. 0 49 0.0 0.0 

0 0 0 0 50 0 0 0.0 

O. 1767 

0 1767 
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5 TRUC TURf FAC IOR A~O LEAST SOuRR:S PRQGRAM FOR OVERLAPP I "'G PQuDER DATR. 
fESO· 5 UfUC TuRf RH I "'E ME"" r 8' X-PAY o J FFRAC T I ON 

lEAS T SQUARES [v[LE 10 CF 11 eYCLE5. 

RfFf PAn. OLO VALU[ (HANGE 'Eu VRLUE 51 &MA 

'0 o 0 0 0.0 0.0 
.0 O. 174068f·00 0 O. 1 74068f ·00 0.0 
.0 O. 131576[·00 0.0 O. 131576E·00 0.0 
'0 O. 345796[·00 0.0 o. 345786[+00 0.0 
.e O. 125026E ·00 0.0 O. 12S026E -00 0.0 
NO 0 0 0.0 0.0 0.0 
'0 O. Z50000E .00 0.0 o . 2S0000E -00 0.0 
'.0 O. 2S0000E -00 0.0 O. 250000E .00 0.0 
'0 O. 250QOOE. 00 0.0 O.250000E+00 0.0 
NO 10 O. 6B2637E -01 0.0 682637E -01 0.0 
'0 11 0 0 0.0 0 0.0 
_0 12 O. 493716E +00 0.0 0 493716E .00 0.0 
NO 13 O. 180243[+00 0 0 o. 780243f*00 0.0 
NO 14 O. 450951 E +00 0 0 0 450851E+00 0.0 
'0 15 O. 347300E·00 0 0 O. 341300[·00 0.0 
'0 16 0 500000E+00 0 0 0 500000f*00 0.0 
.0 17 n 500000f+00 0.0 0.500000[+00 0.0 
.0 18 0 500000E.00 0.0 O.500000r·oo 0.0 
'0 19 0 SCaeODE .00 0.0 O. SOOOOOf .00 0.0 
NO 20 O. 1 DOOaDE ·01 0.0 0.100000r*01 0 0 
'ES 21 0 211016[-03 O. S90682E -05 0.222923f-03 0 S0237BE -05 
'0 22 0 200000E -00 0.0 o. ZODOnDE *00 0.0 

fSTIMATEQ VPV/IN-Ml- 06703E+OO 

NO 11 (Ale I I I aes 1 NO Ir (Al( I I 10851 NO I f (Al( I I 10851 NO 11 (Al( I I 1085 I NO 11 (Al() [I aes 1 

14. 12 15 40 11 0 33 1.00 21 7.06 3.50 31 
47 54 43 SO 12 8 29 6.70 22 10.69 11.00 32 
47 OS 45 00 13 2. 39 3.30 23 7.55 9.00 33 

104 22 100 00 14 6 08 7.00 24 15. BO 12.50 34 
78. 38 84 .00 15 29.29 33.00 25 13.19 14.30 35 
60.17 68 SO 16 6.07 Z.OO 26 0.0 0.0 36 
65.58 65 00 17 2.70 I. on 27 0.0 0.0 37 
24 .22 24 00 18 22.25 23.00 28 0.0 0.0 38 
20. 71 20 00 19 46.51 50.00 29 0.0 0.0 39 

10 9.45 10.00 20 20.53 20.50 30 0.0 0.0 40 

R - FACTOR I N(lUO I HG ZEROS 

R - fACTOR &.11 THOuT ZEROS 

5 TRU( TuRE FAC TOR AHO lfAS T SQUARES PROGRAM FOR OVERlAPP I HG PO&.lOER OAUL 
fES04 STRUCTuRE REF1NEMfNT SV )(-RAV OIFfRACTION 

lEAST SOUARES. [Y[lE 11 Of 11 [V[lES. 

REf. PAn. OlO VRlUf (HANGE HE&.I VAlUE SI GnA 

NO 0 0 0 0 0.0 0.0 
vES O. 1 7406BE .00 -0 425 163E -04 O.174025E·00 O. 393366E -02 
VES O. 131576E·00 0.240518E-02 O.133981f·00 0.962636E-02 

'ES 4 o. 34S786E·00 0.172118E-02 0.34 7S08E .00 0.7S6 .. 7E-02 

'ES 5 O. 125026E ·00 -0. 373283E -04 O. 124988E .00 0.482838E-02 
NO 6 0 0 0.0 0.0 0.0 
NO 7 0 250000E·00 0.0 O. 250000E .00 0.0 
_0 8 0 2S0000E-oO 0.0 O. 250000E -00 0.0 
NO 9 0 250000E·00 0.0 o . 2S0000E .00 0.0 
vES 10 0 682637E-01 -0. 898803f-03 0.673649E-01 0.74313IE-02 
NO 11 0 0 0.0 0.0 0.0 
vES 12 0 493716E .00 -0. 161363f-02 0.492102[+00 0.153117E-Ol 
VES 13 O. 780243E .00 O. 223576E -02 0.782479[·00 0.137436E-Ol 
vES 14 0 450951 [.00 -0.101442E-02 O. 449836f .00 0.22896SE-Ol 
VES 15 0.347300[·00 0.31 S636E -03 0.347615E·00 0.912016E-02 
NO 16 o . sooooor • 00 0.0 o . SOOOeOE .00 0.0 
NO 17 0.500000f+00 0.0 o . SOOOaaf .00 0.0 
NO 18 O. SOOOOOE -00 0.0 o . 50aOOOr .00 0.0 
NO 19 o . SOOOOOE +00 0.0 o . SOaOOOE .00 0.0 
NO 20 0.100000[+01 0.0 0.100000E+Ol 0.0 

'0 21 0.222923E-03 0.0 O. 222923E -03 0.0 
NO 22 O. 200eOOE .00 0.0 o . lOOeOOE .00 0.0 

EST IP1ATEO VPV/IN-Mr- 0 98BlE .00 

NO 11 [Al[ I I 1085 J NO [I [Al[ I I 1 oes t NO I1 eRLe I I ross 1 NO 

13 98 15.40 11 O. 35 I 00 21 6 90 3. SO 31 
48 07 43.50 12 8 62 6. 70 22 10 47 11 .00 32 
46. 31 45.00 13 2. 73 3. 30 23 7. 45 9 00 33 

102 41 100.00 14 5 87 7 00 24 15. 77 12 50 34 
78 68 84 00 , 5 29 55 33 00 25 13. 19 14 30 35 
'59 37 68 '50 16 g~ on ,. 36 
65. .. 65 .00 17 2. 70 I .00 27 0.0 37 
24 29 24 00 18 22. 27 23. 00 28 0 38 
20 69 20 00 19 45. 77 SO 00 2q 39 

10 10 01 10 00 20 20. 77 20. SO 30 40 

R fA(TOR 1~(lU01NG ZEROS 

fA( TOR 1.11 THQUT ZEROS 

0.0 0.0 41 0 0 0 
0 0.0 42 O. 0 0 
0 0.0 43 0 0 0 
0 0.0 44 0 0 0 

0.0 0.0 45 0 0 0 
0.0 0.0 46 0 0 0 
0.0 0.0 47 0 0 .0 
0.0 0.0 48 0 0 0 
0.0 0.0 49 0 0 0 
0.0 0.0 50 0.0 0 

0.0819 

0.0819 

I1 (Ale 1 I r 085 t NO ,r (ALe I I I aes 1 

0 41 0.0 .0 
0 42 0 0 0 
0 43 0 .0 0 
0 .. 0 0 o 0 

.0 45 0 0 0.1 
0 0 ~ ~ o. 
0 0 .0 n 0 .0 
0 0 0 48 o. 0 
O. 0 .0 49 O. 0 0.0 
0 0 0 sr, 0 0 0.0 

0.0803 

o 0803 



- 32 -

ST~U[ruRE fRCTOw A"'O \.-lAST SQuARES PROGRAM fOR QVERlAPPINIi POLJD~R ORTR. 
FfS04 SfJ~u(TuRf RHINfMfNT Br )(-IU:~'f OIFFRA(TIDN 

NO DfSCR1PTION OBSERVEO (AL(UlATEO OH TA 

200 O. IS-40f .02 0.1399E-02 O. 1420[+01 
101 0 4350E ·02 O. 4BOJE +02 -0 4569f.0 I , 210 0 "SODE .. 02 0.4631[+02 -0. 1301f+01 
111 O. 1 DOOf .. 03 0.1024[+03 -0 2409E.0 I 
220 O. 94QOE +02 0.7868[+02 0 5319E+Ol 
121 0.6850[+02 0.5932[+02 0 9183[+01 
301 O. 650Df +02 O. 6544E .. 02 -0 4385f+00 
002 O. 24QOE +02 O. 2429E .02 -0.2911[·00 
221 O. ZODDE .02 Q.2069f"02 -0. 6970E '00 

, 0 '02 '0.1 OOOE .. 02 0.1001["02 -0. S99'E -02 
11 '00 0.1000f·Ol 0.3501 E -00 0.6.99E-00 
'2 202 o .6700E+01 0.9623[·01 -0.1923[+01 
'3 410 O. 3300E "Ot 0.2730E"Ot O. 5102f +00 ,. 03' 0.1000[tOI 0.5B69[+01 0.1131[+01 
'5 32' 0.3300[-02 0.2955E+02 0.3 .... 9[+01 
'6 '3' 0.2000f+Ol 0.5933[+01 ~0.3933[+01 
17 022 0.1000[+01 0.2696[+01 -0.1696[+01 
'9 420 0.2300E+02 0.2221E+07 0.133"[ +00 
'9 312.222 O. 5000E -02 0."511[+02 0."233E+01 
20 0'0 (I. 20S0E t02 O. 2011E +02 -0. 266"E+00 
2' SO, , . 3S00E +01 0.6903[-01 -0.3"03E+Ol 
22 402 o . 1100E+02 0.1041[+02 O.53AlftJO 
23 511 0 9000E+OI 0.144B[+01 O.1552f+Ol 
24 ,., O. 1250[+02 0.1571[+02 -0.3213f+Ol 
25 10:::1.412.043 O. 14]OE t02 0.1319[+02 0.1111[+01 

OEL TA/SIGMA 

0.4132["00 
-0.9139E·00 
-0. 2614E "00 
-0.4016[+00 
0.8865[+00 
0.1530f"Ol 

-0.9770[-01 
-0.7Z93E-Ol 
-0.1117[+00 
-0. 1965E -02 
O.3249E"00 

-0.641 OE .00 
O. 2B5 1 [+00 
O. 3110E +00 
0.B622[+00 

-0.1961[+01 
-0.B"B1E*00 
0.183"f+00 
0.B465[+00 

-0. 6660E -0' 
-0.1101[+01 
0.1190[+00 
0.5115[+00 

-0.10!l1[+01 
O.3103f+00 

I.oIEI(,HTEO R FRCTOR FOR FUN[TION5 IS O.IOBB. CORRELRTIONS IN OBSERVATIONS NOT IN[LUDEO. 

01 TTD BUT (ORlitELATIONS I .. CLUDeo. R- 0.10BB. 

vpv- 0 IS8IE"Ol ICOlltRfLATIONS I"CLUDE01 

rHE " vALUfS AeOV[ ARE CALCULATE:O FQR THf FOLLOj.jING PARAMETER vALUfS 

F"ARAME rEif OE SC~ I PT ION VALU[ 

, FE 0.0 

, 5 0.174025[+00 

, 0' 0.13398IE"00 

, 02 0.34 7S08E +00 

, 03 O. 12498Bf +00 

, FE 0.0 

, 5 O. 250000E" 00 

, 0' O. 2S0000E +00 

, 02 O. 250000E +00 

'0 , 03 0.673649E-Ol 

11 Z FE 0.0 

'2 Z 5 0.4921 02E +00 

13 Z 0' 

,. Z 02 O. ""9B36E +00 

, 5 Z 03 0.347615E+00 

'6 1.11 FE O. SOOOOOE -00 

" o . SOOOnOE + 00 

'9 1.11 01 o . SOOOaO! .. 00 

'9 1.011 02 o . SOaOaO! .00 

20 0.'00000['01 

SCALE FAC TOR O. 222923f -03 

a . ZODDea! + 00 
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APPENDIX C EXAMPLE 3 

OYAS04 MAGNETIC STRUCTURE ANALYSIS BY NEUTRON OIFFRACTION 

OPTIONS 
o 2 o 0 000 0 000 0 0 0 0 0 0 0 0 0 0 0 

FORM FACTOR 
1.000 
0.560 
0.0 
0.0 

OBSERVATIONS 

TABLE5 
0.9BO 
0.490 
').0 
0.0 

1 3730.00000 
2 1 782 . 00000 
3 1800.00000 
4 1205.00000 
5 978.00000 
6 1 1 78 . 00000 
7 880.00000 

MILLER 
1 
2 0 
3 1 
., 1 

5 2 
6 0 
7 0 
8 2 
9 3 

10 I 
11 0 
12 3 
13 1 
14 0 
15 3 
16 2 
17 2 
18 0 

INDICES 
o 0 
o 1 
1 1 
2 0 
o 1 
2 1 
1 2 
1 2 
I 1 
3 1 
o 3 
2 0 
1 3 
3 2 
o 0 
2 I 
o 3 
2 3 

PARAMETERS 
1 X OY! 
2 X OY2 
3 X OY3 
4 X OH 
5 Y OYl 
6 Y OY2 
7 Y on 
8 Y OY4 
9 Z OYl 

10 Z OY2 
11 Z on 
12 z OY4 
13 5 OYl 
14 5 OY2 
15 5 OY3 
16 5 OY4 
17 5CALE FACTOR 

0.950 
0.430 
0.0 
0.0 

60.00000 
40.00000 
40.00000 
3S.00000 
30.00000 
3S.00000 
30.00000 

18 TEMPERATURE FACTOR 
19 MAuNETIC MOMENT 
2Cl PHIA 
21 PH I C 

CELL CON5TANT5 
0.97000 7.06900 7.06900 

0.890 
0.380 
0.0 
0.0 

100 
001 

0.830 
0.290 
0.0 
0.0 

111 
120+201+021 
021 
212 
311+131+003 

o 0 

0.760 
0.250 
0.0 
0.0 

0.0 
0.5000000 
0.5000000 
0.0 
0.5000000 
0.5000000 
0.0 
0.0 
0.2500000 
0.5000000 
0.7500000 
1.0000000 
1.0000000 

-1.0000000 
-1.0000000 
0.2670000 
0.2000000 
7.0000000 

45.0000000 
90.0000000 

6.33400 0.0 0.0 

0.690 
0.210 
0.0 
0.0 

0.620 
0.180 
0.0 
0.0 

0.0010000 
0.0010000 
0.0010000 
0.0010000 
0.0010000 
0.0010000 
0.0010000 
0.0010000 
0.0010000 
0.0010000 
0.0010000 
0.0010000 
0.0010000 
0.0010000 
0.0010000 
0.0010000 
0.0100000 
0.0010000 
0.0010000 
0.0100000 
o 0100000 

0.0 

o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
o 
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NO \ I [~ll) I 1 JoBS I NO I1 [AL[) 1 I Oe5) NO I1 [Ale I I I CBS I NO 11 [Ale I I I aas I NO 11 (ALe I ; 085 I 

t 450 69 3730 00 11 0 21 0 0 0 31 0 .0 0 " o 0 0 

1200 01 t 792 00 12 0 22 0 0 .0 32 0 0 0 '2 0 r 0 

1 I SB 51 1800 00 13 0 Z3 0 0 o. 0 33 O. 0 o. 0 '3 0 0 0 

109a .6~ 1205 00 ,. 0 0 2' 0 .0 0 .0 3' 0 .0 0 .0 •• 0 .0 0 

739 30 978 00 15 0 o 0 25 o. 0 0.0 35 0.0 0.0 '5 0 0 o n 

613 21 1178 00 16 o 0 0 0 26 0 0 0.0 36 0.0 0.0 '6 0 0 0 

475 37 880 00 17 0.0 0.0 27 0.0 0.0 37 0.0 0.0 .7 0 .0 

570 '5 0 0 18 0.0 0 0 28 0.0 0.0 38 0.0 0.0 48 0 .0 O. Ü 

314 '0 0 19 o 0 0.0 79 0.0 0.0 39 o. 0 0.0 49 0 0 0 

10 194 27 0 20 0.0 0.0 30 0.0 0.0 40 0 0 0.0 50 O. 0 0 

R FA[ TOR ]N(lUD1NC, ZEROS 0.4\10 

R FAC TOR Lj I THQuT ZEROS 0.4110 

STl~UCTURE FReTQR AND LEAST SQuARES PRQGRAM FOR OVERLAPPIN(i POIJDfR DATR. 

0'(A50· MAIjNE TI [ 5 HlUC TuRf ANALySIS BY NEUTRON OIFFRA[T [ON 

LEAST SQuARES ['(CLE I OF 2 [YClES. 

REF, PA" 0' C VAlUE (HANGE NE" VAlUE 5 ]GMA 

NO 0 0 0.0 0.0 

NO .0 0 0.0 0.0 

NO O. 500000E -00 0.0 O. 500DOOE +00 0.0 

NO O. 500000E -00 0.0 o . SOOOOOE +00 0.0 

NO 0.0 0.0 0.0 0.0 

NO o . SOOOOOE" 00 0.0 o . SOOOOOE .. 00 0.0 

NO O. SOOQOOf "00 0.0 o. SOOOQOE ·00 0.0 

NO 0.0 0.0 0.0 0.0 

NO C.O 0.0 0.0 0.0 

NO 10 o 2S0000E -00 o 0 0 2S0000f ·00 0.0 
NO 11 o 500000E - 00 0.0 O. SCQOODE +00 0.0 

NO 12 0 7S0000E -00 0.0 O. 7S0000E -00 0.0 
NO 13 O.IOOOOOC·OI o 0 O. 100000[+01 0.0 
NO 14 0 I aOeCDE"O I 0.0 O. 100000[+01 o 0 

NO 15 -0.1 OQOOOf ·01 o 0 -0. 100000(·01 0.0 

NO 16 ·0 I aOeaOE .. O I 0.0 -0. 100000r"Ol 0 0 

NO 17 o 261QOOf" 00 0.0 0 . 261QOOE .00 0 0 
NO 18 . 200000E - 00 o 0 0 . 2000eOE -00 0 0 
"fS ,. 100000f·0 I D.IHS"1f·OI 0 8HS"1f·01 O. 1 B9287E -00 

"5 20 "'laDOOf ·02 0.3236 76E-02 0 113616f .02 O. 39S0"SE.0 I 
NO : 1 o 900000E -02 o 0 0 900000f -02 O. 0 

es r ,,.,JHrD VPVf I ~ " ,. 0 I ~S6f ·01 

_0 11 [Rl ( I I 1 Des I NO 'I eRle I I r 08S I NO Ir [Al[ I I r 085 I _0 11 (Ale I 1 1 08S I NO 11 (Al( I 1 r 08S I 

.... 19 61 ]130.00 11 0.0 0.0 21 0.0 0.0 31 0.0 0 0 41 0 0 0 0 

1873 07 1782 00 12 0.0 0.0 22 0.0 0.0 32 0.0 O. 0 42 O. 0 0 0 
1808 29 1800.00 13 0.0 0.0 23 0.0 o 0 33 0.0 0 0 43 0 0 0 0 

1286 12 1205.00 14 0.0 o 0 24 0.0 0.0 3' 0.0 0 0 .. 0 0 0 0 

1058.09 918.00 15 0.0 0.0 25 0.0 0.0 35 0.0 0 0 45 0 0 O. 0 
1133.91 1 t 78 00 16 0.0 o 0 26 0.0 O. J 36 0.0 O. 0 46 0 0 0 0 
142.00 B80.00 17 0.0 0.0 27 0.0 0.0 37 0.0 0 0 47 0 0 0 0 

851 39 o 0 18 0.0 0.0 2B 0.0 o 0 38 0.0 O. 0 48 0 0 0 .0 

15" . 00 0.0 19 0.0 o 0 29 0.0 (j.0 3. 0.0 0 0 4' O. 0 0.0 

10 303. 23 0.0 20 0.0 0.0 30 0.0 0.0 40 0.0 0 0 50 0 0 0.0 

FAClOR 1"(LUOI .. C, ZER05 0.09BO 

Ff=lCTOIQ ur THOUT ZEROS 0.09BO 
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STRUCIURE FReTQR RHO LEAST SQUARES PROGRAM FOR OVERLRPP!NG PQUOER DArR. 

OYASQ4 I1ACrNE TI [ 5 TRU( TURf ANALySIS ev NEUTRON DIFFRACTION 

LEAST SQUARES. (V[LE 2 OF 2 (Y[LES. 

RfFI PAn. QlO VALUE [HANGE NEU VAlUE SIGMA 

NO 0.0 0.0 0.0 0.0 

NO 0.0 0.0 0.0 0.0 

NO o . SOOOOOE +00 0.0 O. SOaDeeE +00 0.0 

NO O. SOOQOOE +00 0.0 O. SOaoeeE +00 0.0 

NO 0.0 0.0 0.0 0.0 

NO O. SoaoeOE +00 0.0 O. SOOOOOE +00 0.0 

NO 7 O. SOOOOOE +00 0.0 O. soaoeor +00 0.0 

NO 8 0.0 0.0 0.0 0.0 

NO 9 0.0 0.0 0.0 0.0 

NO 10 O.250000E+00 0.0 o . 25000DE ·00 0.0 

NO II O.500000E+OO 0.0 o . ~OOOOOE +00 0.0 

NO 12 o . 150000e ·00 0.0 O.750000E+00 0.0 

NO 13 0.100000[+01 0.0 0.100000E+Ol 0.0 

NO 14 0.100000e+Ol 0.0 0.100000e+Ol 0.0 

NO 15 -0.100000[*01 0.0 -O.IOOOOOe*OI 0.0 

NO 16 -0.100000[+01 0.0 -O.IOOOOOf+Ol 0.0 

NO 17 0.267000E*00 0.0 0.267000E+00 0.0 

NO 18 O. 20DDeDE .00 0.0 O. lOaDeDE ·00 0.0 

rES 19 0.874541E+Ol -0.1 76120E ·00 0.955815E+01 0.151121[+00 

rES 20 O. 113616E ·02 -0.1 Q4996E ·02 O. 66B7BOE *02 O. 590312E.0 1 

NO 21 o . 900000E +02 0.0 O. 90DOOOE +02 0.0 

ESTIMATEO VPY/IN-MI- 0.1251E+02 

CQRRElAT I ON MAU 1)( 

19 20 

19 1.00-0.50 

20 -0 . SO 1.00 

MAlR I X DF SECDNO MOMENTS 

19 20 

t9 0.2284E-Ot-0.4424E+00 

20 -0.CC24E+00 0.348SE+02 

NORMALIZEO MATRIX Of NORMAL EOUATIONS fOR uSE IN H't'POTHESIS TESTS 

19 20 

19 0.5806E+02 0.1310E+00 

20 0.1310E+00 0.3805E-01 

NO I I (AlC I I I D8S I NO I I ('=il[ I I I aas I NO I I eRle I I I oes I NO I I [Al[ I I I aes I ~O I I eAle I J I aes I 

I 3131.41 ~730. 00 II 0 0 0 21 0 0 31 0.0 0 .0 41 0 o n 

2 1798. 13 1782.00 12 0 0 0 22 0 0 32 0.0 0 .0 42 0 0.0 

3 1735.95 I BOO. 00 13 0 0 0 23 0 0 33 0.0 0 0 41 0 o 0 

1336.40 1205.00 U 0 0 0 24 0.0 0 H 0.0 0 0 44 0 C Ü 

1038.51 9'8.00 15 0.0 0 25 0.0 0 35 0.0 0 0 45 n 0 " " 

1046.65 I I 7B .00 16 0.0 0.0 26 0.0 0.0 36 0.0 0 0 46 Q O. I) 

7 712.32 880.00 17 0.0 0.0 27 0.0 0.0 37 0.0 0 0 47 " v o 0 

8 826.58 0.0 18 0.0 0.0 28 0.0 0.0 38 0.0 0 0 48 O. 0.0 

9 683.59 0.0 19 0.0 0.0 29 0.0 0.0 39 0.0 0 0 49 O. 0 0 

10 291 .10 0.0 20 0.0 0.0 30 0.0 0.0 40 0.0 0 0 50 0 O. 0 

R FA[TOR [H(lUD I HG IER~S 0.0496 

R FA( TOR Lot I THOUT ZEROS 0.0496 
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5 TRU(TURE FAC TOR AHO lfAS T SQUARES PROGRAI1 FOR QVfRlRPP I Ne;, POuOER DArR. 
DrASQ4 MAGNETIC STRUCTURE ANAlySIS er NEUTRON OIFFRACTION 

FUNC TI ONS OF J NTENS I TY 

NO. OESCR\PT ION oeSERVEO CAlCUlATEO OfL TA 

\ 00 0 3"130E .. 04 0 3131E+04 -0.141\4(·01 
00\ O. 1182[+04 O. 1198[+04 -0.1613E+02 
11\ O. 1800[+04 O. 1 736E +04 O. 640Sf .02 
120+201 +021 o. t205E +04 O. 1 336E +04 -0.1314f+03 
02\ 0 91BOE .03 O. 1 039E +04 -0.6051E·02 
2\2 0 1118E+04 O. 1047E+04 0.1314[+03 

7 311+131+003 0 D800E .03 O. 7123E +03 0.1617[+03 

I..tE 1 [jHTED R FACTOR FQR FUNCTlQNS \5 0.0139. CORRElAT IONS \N aSSERVAT IONS 

DITTO Bur CORRElATIONS INCLUOEO. R- 0.0739. 

VPVz 0.6621 E +02 r CQRRELAi IONS I NClUOEO 1 

THE f VALUf5 ABOlJE ARE (AL(ULATED FOR THE FOLLOLolINC, PARAME TER IJALUf5 

PARAME TER DESCRIPTION IJALUE 

~ 0'1' I 0.0 

)( 0'1'2 0.0 

)( 0'1'3 O. SOOOOOE *00 

)( 0'(4 o . 500000E - 00 

'I' on C.O 

'I' Ol2 O. SOaOOOE *00 

Y OY3 O. SaOOOOE *00 

y OY4 0.0 

0" 0.0 

\0 Or2 O. 2S0000E *00 

11 Z Oy3 o . SOOOOOE * 00 

\2 1 DY4 O. 150000E*00 

\3 5 Oll O.\OOOOOE-O\ 

\4 5 0'1'2 O.lOOOOOE*Ol 

\5 5 Dy3 -0. 100000E *01 

\6 SOU -O.\OOOOOf-O\ 

\7 SC.' E FA[ TOR 0.261000E*00 

\8 TEMPERRTURE FA[ TOR O. 20DOODE *00 

\9 MR&NETI[ MOMENT 0.856815E*01 

20 PHIA O. 668780f -02 

2\ PHI[ O. 900000f -02 

5 TRU( TURE FR[ TOR RNO LERS T SQuARES PRO&RAn FDR DVERLAPP I HG PDUDER DATA. 
DyAS04 MAGNETI[ STRU[TURE ANAlySIS 8'1' NEUTRa .. OIFFRA(TIO .. 

Tft I (iONOME Tft I ( FU"C T 10"S H 
\ 
o 

\ 
o 
3 

• L 
0 
0 
\ 
2 
0 
2 
\ 
\ 
\ 
3 
0 
2 

51NTHETA 
0 0.0686\ 
\ 0.07657 
\ 0.\2360 
0 0.\53<2 

0.\5710 
0.\5710 
0.\678\ 
0.2\677 

\ 0.23008 
\ 0.23008 
3 0.2297\ 
0 0.20737 
3 0.2<936 
2 0.25655 
0 0.20583 

0.20862 
0.26758 
0.26758 

SIN2THfTA THETA 2THfTA 
0.\3690 3.93 7.87 
0.\5269 <.39 8.78 
0.2<53\ 7.\0 10.20 
0.30320 8.83 \7 .6~ 
0.3\037 9.0< \8.01 
0.3\037 9.0< 11.01 
0.33086 9.66 \9.32 
0.<2323 \2.52 25.0< 
0 ... 78\ \3.30 26.6\ 
0."78\ \3.30 26.6\ 
0 .• ·1114 \3.21 26.56 
0.07937 10.32 21.65 
0.<8297 14 .•• 21.18 
O. <9593 I' .87 29.73 
0.<028< \\.88 23.76 
0.<0805 \2.0< 2<.08 
0.5\56< \5.52 3\ .0< 
0.5\56' \5.52 3\ . O' 

OEl TA/51 GMA 

-0 2351[-01 
-0. 4034E +00 

O. 1601 [+01 
-0. 3154E·O~ 
-0 2011[+_ 
O. 3753E"0 I 
0 5589E -0 \ 

NOT 1 NCLUDEO. 
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