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1. INTRODUCTION

After obtaining a suitable crystal, the first step in the determination
of its crystal structure with a computer-controlled four-circle diffractometer
is to find and identify a number of reflections. Once this has been done,
existing computer programs can be used to determine the UB matrix, which is
needed by the control computer for calculating the axial angular settings that
will enable the intensities of other reflections to be measured. Here 'find'
means determine the angular settings of the four axes of the diffractometer
that will result in the observation of a reflection. This is done by trial
and error, guided perhaps by the morphology of the crystal.

This report is concerned with identification of the reflections once they
have been found; primarily it is addressed to students and research workers
using the computer-controlled neutron and X-ray diffraction facilities at
Lucas Heights. Some familiarity with the reciprocal lattice and the
construction and principle of operation of a four-circle diffractometer is
assumed; suitable introductions to these subjects can be found in Cullity
[1965] and Ellis and Pryor [1968].

Note that the axial definitions of Ellis and Pryor used here are not the

same as those described in the International Tables for X-ray Crystallography
{Hamilton 1974].

2. USE OF STEREQOGRAPHIC PROJECTION

In many cases, there will be prior knowledge of the unit cell of the
crystal being investigated. When this so, it should be possible to assign a
consistent set of indices to the observed reflections by inspecting a
stereographic projection of the normals to the reflecting planes, utilising
the relations observed between plane normals. The procedure for drawing a
stereographic projection is illustrated in Figures 1(a) and 1(b).

In Figure 1(a), V represents the vertical direction in laboratory space
and X and D the directions of the incident and diffracted beams, respectively,
for a right-handed diffractometer. N is the normal to the reflecting planes.
The angle (X = D) = 2 BB’ where 6p is the Bragg angle for the reflection
concerned, and (D ~ N) = 90 - BB. This serves to locate N in laboratory



space. Figure 1{b) shows how N can be related to arbitrary axes fixed in the
crystal. The arbitrary axes chosen are the directions parallel to V, X and
the mutually perpendicular direction, T, when the crystal is oriented such
that w= x = ¢ = 0; w, x and ¢ are, respectively, the angular settings of axes
2, 3 and 4 of the four-circle diffractometer.

The crystal can be brought into this orientation by performing the
following sequence of operations:

(a) Rotate through w about the vertical axis. N is brought to N'; the
axis of rotation of the x-circle is then parallel to the incident
beam direction, X.

(b) Rotate through X about X. N' moves on a small circle to N". ¥ is
the angle between great circles passing through X and N' or N". If
X 1is negative, as is commonly the case, the sense of rotation will
be as shown in Figure 1(b). After this rotation, the ¢ axis will be
parallel to V.

(c) Rotate through -¢ about the vertical axis. N" moves on a small
circle to N", which is the orientation of the reflecting plane
normal when the crystal is in standard orientation, i.e. withw =y
= ¢ = Q.

For a Teft-handed diffractometer, the positive senses of 26, w and ¢ are
reversed, but the sense of X is unaltered. Of the four diffractometers in use
at the AAEC Research Establishment, the X-ray and 2TanB diffractometers are
right-handed instruments and 6HA and 2TanA are left-handed.

If the parameters of the unit cell are known, it will generally be
possible to determine the form of each reflection {h k 1}, by comparing the
observed interplanar spacing, d, with the values calculated from the unit cell
parameters. It then only remains to assign a consistent set of specific
indices, (h k 1), to the reflections; this can be done by noting zone
relations between the reflecting plane normals and using the zone law.

Even if the unit cell is not known, it is still possible to assign a
consistent set of indices to the reflections by use of the zone law, but this
involves an arbitrary choice of indices for some of the reflections, which is



equivalent to an arbitrary choice of unit cell. There can be no guarantee
that a cell chosen in this way possesses the full symmetry of the lattice or,
if it does, that it is the smallest cell with that symmetry; 1in such cases,
it is safer to work with the reciprocal lattice. An example of two sets of
indices that could be assigned to the same set of reflections is shown 1in
Figures 2(a) and 2(b). It is not jmmediately apparent that the unit cell of
Figure 2(b) is monoclinic whereas that of Figure 2(a) is only triclinic.

3. USE OF RECIPROCAL LATTICE

A stereographic projection does not make full use of the information
available since it records only the directions of the reflecting plane normals
and not the d spacings of the planes. A1l the available information fis,
however, recorded in the reciprocal lattice. The coordinates of a point in
reciprocal space can be obtained by determining the direction cosines, a;, a,
and g5 of the reflecting plane normal relative to an arbitrary set of
orthogonal axes, e.g. V, X and T, and multiplying them by the Tength of the
reciprocal lattice vector. The direction cosines can be either measured on a
stereographic projection or calculated from the observed axial angles.

However, it is not always clear how to interpret the coordinates. The
basic problem is that the reciprocal lattice is a three-dimensional structure
and spatial relations between the reciprocal lattice points may not be
apparent in a projection onto an arbitrary plane. The problem can be
simp]ified' by choosing as the plane of projection a plane containing a
significant number of reciprocal lattice points, j.e. a significant number of
reflecting plane normals. Hopefully, the remaining points will then be seen
to 1ie on a small number of planes parallel to the first piane and a suitable
choice of unit cell may become obvious. This is illustrated in Figures 3(a)
and 3(b), which show the reciprocal lattice of the data points of Figures 2(a)
and 2(b) projected onto (a) the plane containing X and T and {b) the plane
containing the reciprocal lattice points indexed as 1 0 0 and 001 in Figure
2(b). The coordinates normal to the plane of projection are marked beside
each point. Note that if two or more orders of reflection have been observed
from the same set of lattice planes, there will be two or more reciprocal
lattice points corresponding to a single plane normal in the stereographic
projection.



It is possible to discern a pattern in Figure 3(a) but it is very much
clearer in Figure 3(b). Furthermore, it is apparent that in Figure 3(b) there
are prominent reciprocal lattice rows normal to the plane of projection, which
itself contains a number of prominent lattice rows, and therefore it is
possible to choose a unit cell in which two of the interaxial angles are 90°.
One way in which this can be done is indicated in Figure 3(b). This unit cell
corresponds to the indices of Figure 2(b).

When Figures 2(a) and 2(b) were plotted, the plane normals for
reflections with X > 0 were reversed so that they lay in the half-space above
the plane of projection, to enable zone relations to be seen more easily.
This reversal must be borne in mind when assigning indices to the reflections
actuaily observed, but it is of no other significance since observation of a
reflection implies the existence of its inverse; in other words, the
reciprocal Tattice possesses a centre of inversion symmetry at the origin.
The corresponding reciprocal lattice points in Figures 3(a) and 3(b) have not
been reversed as can be seen from the negative heights above the plane of
projection in Figure 3(a). This explains an apparent lack of consistency
between Figures 2(a,b) and 3(a,b). By taking advantage of the symmetry of the
reciprocal lattice, each point could be plotted at its inversion position as
well; in some cases this might make the pattern of the reciprocal lattice
more apparent.

It should be noted that the symmetry of the lattice is seen more easily
in Figure 3(b) than 1t would be in any other projection because, in this
example, there is only a single axis of rotational symmetry and, furthermore,
a reflection from the planes normal to this axis was not observed. On the
other hand, the pattern of the lattice is more readily seen in Figure 3(a)
than it would generally be in a projection onto an arbitrary plane because, in
this example, the plane X-T is very close to a plane containing a significant
number of reflecting plane normals.

On the basis of the information contained in Figure 3(b), it 1s possible
to guess at the space group of the structure, but it must be remembered that
the reflections observed have been found in a random search and that what
appear to be systematic absences may only be the result of chance. To
identify the space group, it is necessary to make a systematic search of
reciprocal space, e.g. by using photographic film techniques.



4, COMPUTER PROGRAM_ INDX

The sequence of operations described in Section 3 is straightforward but
time-consuming. In particular, plotting of projections of the reciprocal
lattice is a tedious task and, as we have seen, more than one projection will
probably be required. The situation is made worse by the fact that the
diffractometer will be standing idle while indexing is being done, therefore
it seemed worthwhile to devise a computer program to plot a stereographic
projection of the reflecting plane normals and as many projections of the
reciprocal lattice as might be useful.

It is necessary first to establish whether a right- or left-handed

diffractometer is being used. A data card in 12 format must be supplied, with
the number 1 allocated for a right-handed, or -1 for a left-handed

diffractometer. The program then reads the axial angles for each reflection
observed. A data card, 1in 4F10.3 format, must be provided for each
reflection, giving the angles 26, w, X and ¢, in that order. The program will
handle up to twenty reflections; any data cards beyond the twentieth will be
ignored. The input data, serially numbered, are first printed on the line
printer and each reflecting plane normal 1is piotted on a stereographic
projection in standard orientation. The direction cosines and length of the
reciprocal lattice vector for each reflection are then printed to enable the
plotted normals to be identified.

It is probable that there will be cases where two or more orders of
reflection have been observed from the same set of lattice planes, and also
that the separate observations of each normal do not exactly coincide. The
program assumes that normals within about 2.5° of one another are, in fact,
the same normal and averages them to give a mean orientation. It then looks
to see which of these normals lie in the same zone. The procedure is to
calculate a zone normal for each pair of reflecting plane normals and then
assume that zone normals that lie within about 8° of each other are in fact
the same normal; the most Tlikely orientation is then obtained by averaging.
The number of plane normals in a zone can be deduced from the number of zone
normals that are judged to be the same. Axes of prominent zones, i.e. those
containing three or more plane normals, are plotted on the stereographic
projection, using the symbol + to distinguish them from plane normals (plotted
as o), numbered serially and the zone drawn. This completes the stereographic
plot.



The program then draws a projection of the reciprocal lattice paraliel to
each prominent zone axis. For each projection, the coordinates of each
reciprocal lattice point are calculated by applying a matrix rotation to its
direction cosines in standard orientation and then multiplying the results by
the length of the reciprocal lattice vector. The 7 axis is, of course,
parallel to the zone axis, but the X and Y axes can be chosen arbitrarily in
the plane normal to this axis; the rotation applied is such that the
direction in the zone initially in the plane of the stereographic projection
becomes the Y axis.

As we have seen (Figure 3(b})), many of the reciprocal lattice points will
lie in the plane of projection and the remainder will lie in a small number of
planes parallel to this plane. For each projection, the program looks at the
z-coordinates of all points, groups them according to the level of the plane
in which they lie and determines a value for the distance between neighbouring
planes. The symbol -, o or + is plotted at the projected position of each
point, according to whether it is below, in or above the plane containing the
origin of the reciprocal lattice; the z-coordinate of the point, expressed as
a multiple of the spacing between reciprocal lattice planes, is drawn beside
the symbol if it is + or -. A large 0 is drawn at the origin of the
reciprocal lattice. The coordinates of each point in each projection are also
printed on the line printer.

The JCL statements for the program are given, together with a sample set
of data, in Appendix A, the program is set out in Appendix B, and the line
printer output and stereographic plots are given in Appendix C.

It should be emphasised that this program does not assign indices to any
of the reflections. Rather .it presents the available information in a form
that makes a rational choice of indices easier, but the choice must be made by
the operator.
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FIGURE 1(a) Stereographic projection showing: X, direction of incident
beam; D, direction of diffracted beam; N normal to
reflecting planes; V, vertical direction, parallel to
axes 1 and 2 of diffractometer; T, direction perpendicular
to ¥V and X,

FIGURE 1(b) Stereographic projection showing movement of N as crystal
is rotated into standard orientation.
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FIGURE 3 Reciprocal lattice points of reflections shown in Figure 2(a,b)
projected onto (a) plane normal to ¥, and {b) the plane
containing plane normals indexed as 001 and 100 in Figure 2(b).
The reciprocal lattice axes X and Z corresponding to the indices
of Figure 2{b) are as shown; the Y axis is normal to the plane
of projection.
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APPENDIX A
JCL. AND SAMPLE DATA FOR PROGRAM INDX
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APPENDIX B
PROGRAM INDX

DIMENSICN A(4’20|.8(4120)oZ(4o400|.H(4;400)
DIMENSION G(1C)+NG(LO)
DATA MINLS/'—%/,ZERD/%0'/PLUS/"+"/

100 FORMAT(12)

101 FORMAT(4F10.3}

102 FORMAT{I441X4Fl4s4)

103 FORNAT(3X"J'anXv'X'ol3X.'Y'.13Xs'l‘l

104 FURMAT{//IIEX-'J"llX-‘Ai"lZX.'AZ'.12X.’A3':12X.'K‘l

105 FORMAT{iHL1)
106 FORMAT(//20X+"ICNE*+13/)

107 FURMA?(3X.‘J'c9X"2THETA'o9X-'DMEGA'.9Xp'CHI’

108 FORMAT(® DATA CARD ERRCR*')
READ(1,1C0) ND
IF{NDEND.EC.1) GO TO 110
WRITE(2,108)

STCP
110 CONTINUE
C
C SET UP STEREQGRAPHIC PLOT
CALL GPSENDI{1)
CALL GPLCT{CesQasl}
CALL GFLCTiLleslar2])
CALL GPLLTUT7.92.45431)
CALL GFLCT(7.+B.4544)
CALL GPLCT(4.45.4543)
CALL GFLET{10415+445+4)
DO 120 J=5,36C45
XSI=3-*CCSlJf57.295?3)+7.
YST=3-$SIN(JI57-29578’f5-45
CALL GPLCTI{XST,Y5T.4)
120 CONTINUE

c
C READ DATA AND PLOT ON STERENGRAPHIC PROJECTION

WRITE{2,107)
J=1

1 READ(lthlvEND=3’ TH'OH'CHI'PHI
WRITE(3.,102) JeTHeOM4CHI,, PHI
SINA=SIN((0.5*TH—0M)/5?.29578!
CGSA=CUS{(G.5*TH-OM)I57.29578]
SINF=SIN(PHI/57.29578)
COSF=CGSGPH1/57.29578]
SINX=SINICHI/5T.29578)
COSX=CCS(CHE/5T.29578)
A(1'J)=CCSF*SINAiS[NF*COSX*CUSA
A(ZoJ)=NE*(CGSF*CDSX*CUSA-SINFQSINAl
Al 30 )2~NO*KSINXXCCSA
A(h;Jl=2.$SIN{TH/114.592)
IF{A{44J)e1lT00) Albayd)=—Al44J)
IF(A(3,d).GE.Ca) GO TC 2
A‘#vJ)='A(4|Jl
A(B.JI=—A(3,JI
Al2ed)}=2-2124J)
Allsd)=-2l1.J)

+11X4"PHI)

Continued



c
c

o Oy

C

2

3

PR

i1

16

R=3,#TAN(O.5%ARCOS(AL3J)}))
Q=ARCCS{A(L4J)/SORTIA(L,JIRALL,J)+A(2,3)%A(2,4)))
IF(AL2+3).LTu00) Q=-Q

XST=T.4R¥SIN(Q}

¥5T=5.45-R*C0S(Q)

CALL GPLGT(XST+YS5T,3)

CALL GPTEXT{ZERD,0+1,0.)

J=Jd+l

IF{J.LE.20) 60 TO 1

CONTINUE

INT DIRECTICN COSINES OF PLANE NORMALS
WRITE{(3,104)

NA=4-1

DO 11 J=1,NA

WRITEL3+102) JrolAiKed}sK=1,4)
CONTINLE

NP=60/1INA+4)

NL=0

IDENTIFY ANLC AVERAGE IDENTICAL PLANE NORMALS

8{ls1)=A1(L,1}

Bl2sll=A{2,1)

B‘3|I)=ﬂ{3v1’

8l4,1)=1.

NB=1

DO & J=24NA

00 4 K=1,NB
[FIA(l;Jl*B(l'KI+A(ZsJi*B(Z'Kl+A13'Jl*B(3'K3.GE-0.999#B|4|K1l
C GO Ta s

4 CONTINLE

7

NB=NBE+1
B(lvNE)=A‘1vJ’
BIZQNB)=A‘2'J)
BL34NBI=A(3,J)
B{4.NE)=1.

GO T0 &
BOElsK)}=B{1,K)+A(L1,J)
BU2+K)=BL2,K)I+A(2,4)}
Bl3+sKI=B{3+KI+A(3,)
Bla+K)=Bl4,K)+1,
CONTINUE

0O 7 J=1,NB
B(4vJ}=SQRT(B(1-JI*Bl1.J)+B(2|J)*B(Zle*B(30J)*Bl3’J))
Blled)=B{lesJ)/Bl4,d}
B{2+J)=BL2+yJ}/Bl4,sJ)
BC3+J)=B(3+441/8(4,4)
CONTINUE

C TAKE AVERAGED NORMALS IN PAIRS AND DETERMINE DIRECTIGN
£ COSINES GF CORRESPGCNDING 2CNE AX1S

J=1
00 10 k=2,NB

Continued
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c

9
10

17

KL=K-1

DO 10 L=1+KL
ZULlsd}=BE2,KIBBI3,L3-BL3,K)*B(2L)
Z02ed)=BU3K)¥BIL LI-BLL,K)*B{3,4L)
Z43,3)eBUL KI*B(2,L)-BL2.K)*B(LlsL}
1(40J1=SQRT‘Z(1;J'*Z‘lel*Z(ZcJ)*Z{Z'Jl*Z‘JoJJ#Zi3cJ’)
IF{Z2(3,J).LT.0.) GO TG 8
Z{1,0)=201+d0/2{4d)
Z82,4)=2102,Jd)/72144J)
213,J)=2134d)/21{4+J)

GO TO ¢

I(1,3)==211+J)/204sd)
2(24J)==212+d)/ 2143}
Z03,3)=-2{2+d)/2144J)

J=J+l

GCONTINUE

IDENTIFY ANC AVFRAGE IDENTICAL ZONE AXES

NZ=J-1

H(1'1)=Z(1'1|

Wi2s11=212,1)

Wi3s1)=Z13.11)

Wl4esl)=1.

NW=1

DO 16 J=2.NI

DO 14 K=1sNKW
[F(Z(11J1$H(1.K3+ZlZoJ)*H(ZoKl*Z(3,J)*H(3:K]oGE.0.99$NiQ'K}l

€ GG TC 15

14 CONTINUE

15

16

Nu=NW+1
WllsNRI=Z2{1ed)}
W{2:NWi=212.+J1
Wl3NRI=2(3,4J)
Wli4eNbl=1l.

GO 7O 16

WLl oK )WLl K}+Z(1+Jd)
WEZ K I=WE2,K)+21244)
Wi KI)=WE3:.K)I+ZI(3,d)
Wl4d:K)=HlasKk) 41,
CONTINUE

C PLOT AXES OF ICNES CCNTAINING THREE OR MORE PLANE NORMALS

c

AND DRAW GREAT CIRCLE

L=0

DO 19 K=1,Nh

IF(W(4sK)olToa2.) GO TC 19

L=L+1

Z4=SQRTUWIL oK IR WEL o KI+H(2 o KIXWE2 oK) +HI3KIXNL3,K) )}
Z1=W(1,K} /24

22=Wi 24K )/ 24

23=w(3+K) /24

IF{Z3.GE.0.) GO TO 17

23=-13 g

Continued
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18

12=-72
11=-11

17 R=3.,%TAN{O.5%ARC0OS(23))
Q=ARCES(I1/SORT{11%Z1+22%22)}
[F{Z2.LTa0e) G==Q
XST=T.4R%SIN(Q) -
YST=5.45-R*C0OS(Q}
CALL GPLCT(XST,Y5T,3)
CALL GPTEXT(PLUSsOs1,0.)
CALL GPNUMBIL »*{lH ,32)%4,2,0.)
X§5T=T.+3.#L08(0Q)
YST=5.45+43.%SINIC)
CALL GPLCT(XST+YST+3)
R1=TAN{C.S%ARSIN(Z23))
R2=0,.5%(]1.~RI*RL}/R1
R=R1+R2
F1=ATAN(i/R2)
DO 18 J=1,40
F=Fl#*{1l.=0.05%J)
X=R2-R*CCS(F}
Y=R2SIN{F)
XST=3,#{X=SIN(Q)+Y*COS{0})+T.
YST=3.#{y=SIN(Q)-X#C0S(Q))+5.45
CALL GPLCTI{XST,¥YS5T+4)

18 CONTINUE

19 CONTINUE
CALL GPSEND{(2)

DETERMINE COGRDINATES OF RECIPROCAL LATTICE POINTS wW.R.T.
AXES RELATEC TC ZCNE AXES
DO 30 K=1,NW
IF(m{4,K).LTe2.) GO TO 320
Z4=SQRTUMCL M )IFALLoKI+WLZ2, KI®W{2oKI+W {3 K)RW{3,K})
LizW{1.K})/24
123wl 24K}V / 24
23=n{3+K) /14
24=5QRTt1.~23%13)
15=721/14
26=12/414
PAGE FORMAT CONTRGL
IF(FOD(NLsNP}.EQ.0) WRITE{3,105)
NL=NL+1
WRITE{3,106) NL
WRITE(3.+103)

SET UP PLCT OF RECIPROCAL LATTICE
XL=0,.
XH=0.
YL=0.
YH=0.
DO 20 J=1.NA
Blled)={23%I5%AlL,J)4Z3FT6XA(2+J)-14%A03:J) }%A04,4)
Bl2+d)=(25%A(2,J)-76%A11+J))%A{4,4)

Continued
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Bl J)=1Z4%75FA Ly ) +Z4H26%A(2,01+23%A(3, ) )}¥A{4,3])
Bl4yJ)=B(3,4)
IF{8{(4+sJ)alT.0a) BlasJ)=—Bl4.J)
IFIBI1ed) et ToXL )} XL=B(1.4)
IF{B(1,J).GT.XH) XH=B{1,d4)
IF{BlZ2+J)elTYL) YL=B(2:J)
IFIB{24J).GT.YH) YH=B(2,J]

20 CONTINUE
R=XH-XL
IF{YH-¥L.GT.R) R=YH-YL
R=0.125*R
CALL GPSEND(1)}
CALL GFLCT({Z2.+0.3,3}
CALL GPNUMBINL,*{SHICNE -12}%*,3,0.)
CALL GPLCTIR4R,2) ’
XPLT=R-XL
YPLT=R-YL
CALL GPLCTH{XPLT, YPLT,3}
CALL GPLCT(C++Carl}
CALL GPTEXTUZERO+0+2+0.)

C ORDER I COORDINATES OF RECIPRCCAL LATTICE PUINTS

J=1

21 IF(Bl4+sJ)GT.Bl4.J+1}) GG TO 22
J=J+l
IFLJ.EC.NA)Y GO TO 23
GO TO 21

22 TEMP=B{4+J)
Bl4.J)i=Bl4,d+1)
B4 d+1h=TEMP
IF(4.EQ.1) GO TO 21
J=J-1
GO TO0 21

23 CONTINLE

C GROUP 2 COORDINATES IN PLANES AND DETERMINE SPACING BETWEEN PLANES
D0 230 L=1,410
Gi{L)=0.
NG{L)=C
230 CONTINUE

L=1
GiL)=E (4,1}
NGiL)=1
DO 25 J=2.+NA
IFIB{4,J}-GIL)/NGIL).LT.0.01) GC TO 24
GlL)=G{L }/NE(L)
L=L+1

24 GILI=GLI+B(4,4)
NGIL¥=NG{L)+1

25 CONTINUE
G(L)=G{L)/NGIL)

C
C PLOT RECIPROCAL LATTICE POINTS IN PROJECTION PARALLEL TC ZONE AXIS

Continued
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DO 29 J=1,NA
WRITE{34102) Je(B{MyJ),M=1,3)
CALL GPLCT(B{LlsJ)+B(2+4)43)
IPLT=B{3,4)
IF{ZPLT*ZPLT.LT.1.E-5) GO TO 28
IF(ZPLT.LT.0.) GO TQ 27
I=ZPLT/G{2)+40.}
CALL GPTEXT{PLUS+Os+1,04)
C
C WRITE Z COGRDINATE OF PCGINT AS A MULTIPLE OF INTERPLANAR SPACING
26 CALL GPNUMBII, ' {1H +12)%,2,0.}
G0 10 29
2T I1=-2PLT/G(2)40.1
CALL GPTEXT(MINUS,0s1404}
GO TD 26
28 CALL GPTEXT{ZERO+0Os1,0.)
29 CONTINUE
"CALL GPSEND(2)
30 CONTINUE
STGP
END
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APPENDIX C
COMPUTER OUTPUT FOR EXAMPLE GIVEN IN APPENDIX A

Continued



O wd OB N e

Lm0l Wk

2THETA
10.5190
12.2990
5.3140
13.8¢C90
7.0190
7.0190
13.7990
6.3190
8.3890
16.5890
7.9490
15.5590
8.4790
17.0300
15.9690
8.2690
17.0790

Al
0.6699
-002707
0.6787
-0.4742
‘007439
—004730
-0a7241
=-0.2676
-0.9926
~0.9948
-0.6727
~0.6729
0.0375
0.03¢68
C.5464
0.2268
0.226C

22

CMEGA
5.0090
£€.3C90
2.424C
€.6550
3.2390
3.2490
6.£290
2.2890
4.0290
8.279C
3.9990
1.8140
2.959¢C
8.2190
T.799¢
3.999¢C
8.2040

A2
~C«2179
0.7446
-(C.2204
-0.87206
~J.2169
-C.86%8
-C.2110
0.73174
-C.0321
'000312
C.73%8
C.7397
-0.8520
-C.8436
0.51613
0.4118
0.4C25

CHI
~45.2190
-3705990
~44.4690

6.7090
=39.205¢
8.0790
-41.0400
-38.32%0
6.7190
5.5890
0.3690
0.1890
=31.479¢
-32.38%0
-41.2590
-61.9600
-62.4890

A3
0.70%8
0.6101
0.7005
0.1168
0.6321
G.14C5
0.6566
0.6202
0.1170
C.C574
0.0064
G.C033
0.5222
0.5357
0.6555
0.8826
0.886%

PHI
107.6640
=19.7790
107.6440

28.2740
=-106,6040
28.2740
-106.,6040
"'19. 7190
87.9890
87.9890
137.7440
137.7440
177.1490
177.1490
46,3790
28.5590
28.5580

K
0.1833
0.2142
0.0927

-0.2404
0.1224
~0.1224
0.2403
0.1102
—0.1463
~0.2954
-0.1386
=0.2707
0.1479
0.2961
0.2778
0.1442
0.2970

Continued
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ZONE 1

ZONE 3

|
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ZONE 2

Z0NE 4

Continued



ZONE 5

INE B

24

.2
1
]
b
2
.2
0 .3
L1
1]
L2
']
[
]
2
.1
.2
1
.2
0 ¢
|
L1
.2
1]
.2

Continued



ZONE 7

25

Continued
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b
o RO e

—
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WD =W N e

X
=0.14438
=0.1460
-0.01727
-0.0753
-0.0315
-0.035¢6
-0.0690
_000760
-0.0337
-0.0733

¢.0011

0.0C13
-0.0331
-0.0706
‘0.2569
-0.1426
-0.2939

X

~0.1792

00,0037
-0.0906

0.0400
=0.0144

0.0224
-0.0345

0.0006
-0.0684
-0.1429
-0.0938
=0.1838
-0.1093
-0.2207
~0.1597
-0.0858
“0.1786

26

ZONE

ZONE

1

Y
0.1124
‘601568
0.0576
-C.CT76
-C0.0420
~-0.0394
-Cc.C802
-0.C758
G.0547
C.1518
C.1386
0.2707
C.CS66
G.1515
-0.0031
—0.0217
-0.0428

Y
-0.0385
-0.05£5
-0.0197
-0.2371

G744
-C.1204
Ge1420
~0.0452
-0.C879
-C.17176
G.0297
0.0579
0.6995
C.1574
~C.2048
—0.0613
-0.13¢4

z
0.0010
~0.0001
~0.00C3
-0.2148
0.1106
-0.1103
0.2157
0.0007
—0-1063
-0.2124
G.C001
0.00046
0.1069
0.2146
=0.1056
-0.60C9
0.0004

Z
0.0024
0.1612
G.0001
0.0008
0.0962

-0.,0017
0.1907
0.0986

-0.0948

~0.1880

-0.09786

-001901

-0.0016
G.0007
0.C986
0.0943
0.1941%

Continued
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Do g ;o= O

X
-C.01C8
-001742
'0-0043

0.037C
-0.1068
g.021¢C
-0.2115
-0-0900
0.1010G
0.2€01
0.0846
0, 1646
-0.0215
-0.0468
”0-0798
~0.0899
-0.1855

X
-0.1362
-0.0755
-0.0681

0.0910
-0.0818
0.049C
-0.1656
-0.0401
0.0117
0.0301
-0.0307
-0,0607
-0.1121
-0.22176
-0.1029
”012140

27

LONE

ICGNE

3

Y
£.C10¢
C.1247
0.0055
C.231€

~0.0557
C.1206
-C.114C
0.0€3¢&
£.0€05
Celzzl
~-G.0585
~Cel143
-0.1140
-0.2262
C.161C
C.CET4
C.1363

Y

_001228

C.C578
-C.C€29
-C.1143

C.0%11
-C.0581

0.1740

0.0294
-001452
-0,2936
*G.C531
-C.1819
‘0-0054
-€.010¢
~Ca.1220
-0.0328
~-C.C673

{
C.1g27
0.0C17
0.0925

-0.CCC9
-0.C031
-0.0024
0.0CCo
0.0021
0.0868
0.1758
0.0929
0.1820
0.C516
0.1853
0.1853
C.CGC4a
0.18176

z
0.0C17
0.1920
06.0004
0.19C5

-0 000 14
0.£660
0.0004
0.0984

~0.00Q10

-0.C004

-0.0980

-0.1911

-0.£962

-0.18%1
0.1925
0.0955
0.1946

Continued
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O Weg O WN L

O = W WA e

X
0.0490
0.04089
0.025%4
0.2246

-0.09463
O.1144
~0.1854
0.0206
O.1148
0.2314
0.0045
0.0087
-0.0874
~0.1741
0.1815
0.0453
0.0913

X
~0.0439
-0.0432
-0,0213

0.1828
-0.1150
0.0948
-042265
-0.0232
0.0915
0.1810
0.0002
-0.0002
-0.11159
-0.,2259
0.0246
-0,0414%
-0.,0876

X
-0.1003
-0.1703
-0.0497
-G- 0063
-0.0804
—0.0004
-0.1631
~-3.0885

0.0343
0.0636
0.0366
0.0706
‘-0.0448
-0.0641
-0.,1899
-0-1321
-0,2728

28

LCNE

ZONE

ZONE

5

¥
-0.1101
C.159C
~0.C564
0.0857
0.C389
0.0435
0.0743
c.C&1C
-C.080¢
"O¢1836
-0.138¢
~-0.2706
-0.0995
-C- 1972
€.01017
0.0240
C.C4175

Y
-0.1124
C.1568
-0.0576
0.G176
0.042C
0.03913
(.C802
0.67398
=0.0%47
-0.1518
-C.1386
~0.2707
~-C.0566
-C.1615
0.003}
C.0£17
0.0428

Y
0.0872
C.G28l
0.C4417
0.2026

-C.G923
0.1028
~“0e17£4
0.C144
0.1287
C.2€603
€.0307
0.0599
"0-0572
-Cl.l135
0.2028
0.0577
Cal1173

z
0.1382
0.1376
0.0691
0.COZ8
0.0648

-0.0GC15
0.1336
0.0719

-0.0014
0.0030

-0.00C3
¢.00C3
0.0658
0.1360
C.2101
0.1348
C.278¢6

Z
0.1380
0.1395
0.C655
0.1356

—000028
0.0667
0.001%9
0.0724
0.06237
0.1330

-0.0010

-0.0014

—0.0001
C.0C27
0.2767
C.1364
0.2805

z
0.1263
-0.126%9
0.0642
-0.1294
—000005
~0.0664
0.0016
=0.C642
0.0605
0.1243
€.1301
0.2544
0.1288
0.2568
0.C001
-0.00C7
C.0011



