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COMPUTFR PROGR.AMS FOR X-RAY CRYSTALLOGRAPHY. 

PART II: 

PROGRAM FOR DIFFRACTOMETER ANGLE SETTINGS 

by 

E. J. Gabe* 

- 	- 

ABSTRACT 

This program calculates the three setting angles 

for a 4-circle diffractometer in the bisecting position 

o). It is applicable to any system, and any type of 

systematic absence may be allowed for. The required 

angles may be calculated for any segment of reciprocal 

space. 

— — 	 — 
*Research Scientist, Mineralogy Section, Mineral Sciences Division, 

Mines B ranch , Department of Energy, Mines and Resources, Ottawa, 

Canada. 
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PROGRAMMES D' ORDINATEUR 

POUR LA RADIOCRISTALLOGRAPHIE 

PARTIE II: 

PROGRAMME POUR CALCULER LES ANGLES 

DE RÉGLAGE D' UN DIFFRACTOMITRE 

par 

E. J. Gabe* 

RÉSUMÉ'  

Le présent prdgramme calcule les trois angles de réglage 

pour un diffractométre 4 cercles en position bissectrice (w = o) 

Il s'applique a tout systéme et l'on peut tenir compte de tout 

genre d'absence systématique. Les angles requis peuvent etre 

calculés pour tout segment d'espace réciproque. 

*Prépose 77£ la recherche, Section de la mirili:Dogie, Division des sciences 
. 

minerales, Direction des mines, ministére de l'Énergie, des Mines et 
des Ressources, Ottawa, Canada. 
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INTRODUCTION 

This is the second program in the series of programs for X-ray 

crystallography. In order to use a 3- (or 4-) circle diffractometer for 

the collection of intensity data for structure analysis, it is necessary to 

calculate the setting angles 0, X, (w) and 20 for every reflection h, k,/ 

within a sphere of radius Z sin e . This program calculates the requir-max 

ed angles for the w = o case from orientation information about 3 reflec- 

tions 	 (i = 1,2,3). The orientation matrix R. is calculated,as well _ 

as the real and reciprocal cell lengths and angles. 

GENERAL DESCRIPTION 

In essence, a 3- or 4-circle diffractometer is a device that will 

allow any reciprocal-space vector h. to be turned into a position so that 

diffraction can occur in a horizontal plane, i.e., the vector bisects the 

angle between the incident and diffracted beams. In a 3-circle device, this 

can only be done in two ways, for which w = o, but in a 4-circle device it 

may be done in an infinite number of ways. This allows the instrument to be 

o et ira va ..iet y of • , •ays, ar: 	as permitting complete rotation about h.. 

The instrument is described in terms of the three Eulerian angles 

w,x, and 4) . Reference to the illustration below will show how the Eulerian 

angles are chosen in this particular case: 

1 	1. 	1 
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If the 0-axial system is chosen so that Zo  is parallel to the 0-axis 

of the instrument and Y bisects the angle 20, then X
e 

will be in the direc-

tion of the diffraction-vector. The other system is chosen so that Z.e. is 

along the 0-axis of the instrument and X (e. is at 0 = 0. Any vector xe ,yo , z , 

may be brought into coincidence with the X 0-axis by suitable changes to the 

angles co, 4) , and X.  To obtain the angles, consider a unit vector along Xo: 

The projection of x
0 
 onto OM = cosce 

and x onto ON = sinco. 

The projection of OM onto OM = coscocosX, 

and OM/onto Xcb = coscocosXcos0. 



.= 

xYzo 

where T.. 	= 
13 
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The projection of ON onto X0  = -sincositick; 

thus, the projection of x o  onto XI, 	coscocosXcoscp-sinwsinO. 

Similarly, 

the projection of OM onto Yo = coswcosXsinly, 

the projection of ON onto  Y4, 	sincocosc/y; 

thus the projection of x
0 
 onto Yo = coswcosXsinct. + sincocoscb. 

Also, 

the projection of OM onto Z,e, = coscasinX. 

Hence, any vector in the direction X 9  is made up of components 

coscocosXcos0 - sincosing5 

coswcosXsincty +sincocosct) (1) 

coscesinX 

in the 4,-axis  system. 

Any vectôr in the crystal system (h,k,i) may be described in 

terms of orthogonal components x o , yo , zo  if we define an orthogonality 

matrix T.. such that 
13 

13)(ek 

a* b*cosy* c*cosP* 

o b*siny* —c*sinP*cosa 

[o o 	1/c 

and x
o 

lies along a*, is in the a*b* plane and z o  is perpendicular to 

that plane. 
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There must also exist a rotation matrix R which will rotate the 

orthogonal system into coincidence with the 4,-system,and we already know 

that if 3 angles w,X and 4) are chosen so that the components of the vector 

in the 4)—system satisfy (1), changes w,X,4) in the appropriate settings will 

bring the vector into the diffracting position l i.e. it will lie along x
0 
 . Thus, 

2 sin  6 
d) ( coswcos Xcos - sinwsind1 	 h 

coswcosd)sind)i- sinwcosd) = R.T. k , 

coswsinX 	 i 

( 2 ) 

where  Z sinek is the magnitude of the vector. If we have 3 non-coplanar 

reflections, hi,k.,/., which define a right-handed coordinate system,we 

may write: 
0= R.T.H, 

where H is the matrix of h,k,/ values and Ois the matrix of angular corn- 

ponents w., , X , . Thus 
1 	1_1 	1 	, 

- 
OH

1 
 = R.T. 

Knowing Te it is possible to calculate R but, in fact, this is not necessary. 

In the case of the 3-circle instrument, i.e. w = 0, for any reflection h,k,/, 

(Z) becomes: 
h 	2 sin0/XcosXcose. 

R. T . (k) = (2 sinO/kcosXsin (t))= (yo) • 

2 s in 0/ksin x 

Hence, as we know the matrix R. T•, 
es, 

0 = tan -1  (Yik/x4) 

-1 z / ! Z 	Z 
X = tan 

(0/i3 z  + Yoi  _1  

26 = 2 tan ( if(xcb  + y ci)  + z4,)/(4 - x ci)  - yo  - zct.)) 



_ 

The 4-circle case is more easily treated with matrices. If we have a 

vector  x, y,  zo  in the 0-system, it can be transformed to the 0-system by 

applying a series of rotations cD,X,l2 1  

where 

cos (1) sind,  

cos0 o 

1 

cos X o sinX 

o 	1 	o 

-sin X o cos X 

x=  

= 

r cos ce sinw o 

-sin w c o sw o 

1 

such that 

	

(

Xe 	0)  (Xe) 

	

Q.x.4). yo 	= Q Y0 	= ° 

	

zep 	;25 	ID 

if the 0 vector is in the diffracting position. 

Hence, 
h 

(k) = ( xoe\ 

is the full equation for any reflection h,k„/ to diffract. 

Expanding Sl.x.CD gives Q = 

[

coswcosxcos0 - sinwsin0 coswcosXsine + sinwcose coswsinX 

sinwcos Xcose - cososine -sinwcosXsine + coswcose -sinwsinX 

-sinxcose -sinXsine  cos.  

‘0 



[ 1 	0 

0 cos tp s 

0 -sin V/ c 

0 

= 	0 cos tp sin .Q , 

0 -sin V/ costk 

-6 

From the expressions (1) we may find 91 and x for any value of co we choose, 

and then form the matrix Q. It is more convenient,however,to consider 

only special cases (co= 0 or X = 90) where considerable simplification results. 

In any case,it is not particularly meaningful to find the settings X and e• for 

arbitrary values of co. 

A more useful treatment is to consider rotation around the diffrac-

tion vector by the azimuthal angle ik , for which the matrix Q becomes: 

which still has the form of Q and from which new values of co, 0 and X may 
roe 

be extracted for any value of 

X = tan
-1 

v
/

Q
z 

1 
 + Q

32
/Q 33 ) 

3 	
2 

9$ = tan
-1 

(Q2 /Q
31 

 ) 
3  

= 

If the starting position (11/= o) is arbitrarily chosen as co = o,we have: 

[cosXcos /6 cosXsin 91 sinX 

Q = P -sin0 	cos e• 	0 

-sinXcos0 -sinxsingS cosX 

cos Xcos  Ø 	 cosX sin stb 	 sinX 

= -cossin0-siniksinxcos0 costkcos9S-sinIksin sin g1 sineicosX 

sinVisin.6-cos,ksinXcos0 -sini,ecosyi-cosilisinxsin9s cosli/cos0 

from which the values of co, X  and  may be extracted. 

To return to the case of the 3 setting reflections, a useful by-product 

tan
-1 

(-Q
23 /Q

13 ) 

-1 
of the matrix R. T. is the metric tensor  G ' . This may be formed as follows: 



-7- 

G
-1 

= 

R T 	. T 

because R is orthogonal. Then 

G 
-

.
1
. =aa cosa>..:<. , 

13 	1 	J 	13 

from which the reciprocal cell parameters may be found. In similar manner 

the direct cell parameters may be found from G. 

The separate problem of indexing through any segment of reciprocal 

space with any order of changes to h,k, and 	has been solved as follows: 

Any reflection hkI (referred to hereafter as h) may be reached from an 

origin reflection h
0 
 by an integral number of steps Ah in the 3 directions; 

i.e. 
h = h

0 
+ n

1
ah

1 
+ 

n2Ah2 
+ n

3
an3 

i.e. 	h 	h 	h 1  Ahz  Ahl ( n 1)  

k=.(k:)+ A k 1  Pk 2  LIk 3 	n 2  ( ) 

ail Pe A,g3 	n 3 

or (h i ) =  (h 0.)+  Eàh.1 (n.) . 

The steps ph ,Ah . and Ah . are  chosen so that they are increments in . 	12 	13 

going from one layer to the next, one line to the next, and one point to the 

next,in reciprocal space. 

If we wish to have layers normal to h, lines parallel to k, and 

successive points along I, 

100   

[Ahil = 0 1  0.  

001 



(3) 

(4) 
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Thus, the 3 steps Ah represent the 3 directions formed by the intersections 

of the 3 planes bounding the required volume of reciprocal space. It is 

easy to see how this can be adapted to cover the limited regions required in 

the higher-symmetry systems. It may be necessary, or more convenient,to 

scan the required volume of reciprocal space in more than one segment 

but at the same time avoid duplicating reflections already considered or 

symmetrically equivalent reflections. This is achieved by allowing a 

different choice of origin reflection for each segment. 

In order to proceed from line to line and layer to layer correctly, 

it is necessary to know the starting reflection for each line and layer. This 

is worked out at the beginning of each segment,by specifying a starting re-

flection hs  and then working out the first line and first layer reflections as 

follows: 

(hsi•) =  (h01 )  + [Ah..] (n.); 13 	3 
-1 

the refore 	M 	
n 

.] 	(h .-h .) 	( •). 13 	Si 	01 	J 

From which the first reflection of the layer (subscript L) is: 

h . =  h. 
 01 
 + [Phi n

Li 
	, il 	1 

the first reflection of the line (subscript i) is: 

hei =hL . 
+ [Ahiz] nz  

and the first point (subscript s) is: 

hsi  = hei  + [Ah 13] n 3 . 
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An example will clarify the procedure. Suppose we wish to find all the 

reflections with h negative for a monoclinic crystal, starting at the re-

flection -3, 2,4 and indexing so that k changes fastest, h next and L  least. 

0-1  0 	 00  1 
- 

Ah
.ij 

= 0 0 1 and [M..]
1 
 = -1 0 0 

13 
100 	010 

h
Oi 

is -1, 0, 1 as we are considering a monoclinic crystal and we do not 

wish to repeat reflections wtthh= 0 or i= o. Thus, from (3): 

0 0 10 (3 
-1
(3 - -1 

[Ahiji 	- 	=-J002=2 

4 - 1 	0 1 0 3 	2 

and from (4): 

h
L 

= -1 + 0 = -1 

k 	0+ 0=0  

= 1  +3  = 4  

Start of layer, 

hL = -2 + -1 = -3 

= 0 + 0 = 0 	Start of line within layer, 

= O + 4 = 4 

h
s 

= 0 + -3 = -3 

k s = 	+ 	= Z 	Starting or current reflection. 

îs  = 0+ 4=  4 
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After each reflection the current values are incremented until a 

limit is exceeded. The line reflection is then incremented and the current 

reflection set equal to it, until a limit is exceeded. The layer reflection 

is then incremented and the line and current reflections set equal to it until 

a limit is exceeded. 

DETAILS OF THE CALCULATION 

h, k, t, 0, X, 0 values are read for 3 reflections which define a 

right-handed coordinate system. From the details of these reflections the 

matrix R.T is computed and, from this, G
-1 

and G, which give the recipro-e., 

cal and real cell parameters. Further information concerning the segments 

of reciprocal space required and the order of indexing is read together 

with systematic absence information. Each reflection h,k,i is tested against 

an expression of the type: 

Ah + Bk + Ci= Dm +  E,  

where A, B, C, D. and E determine if the reflection is acceptable. Any 

number of these conditions may be applied to axial, zonal or general re-

flections. 

From the details of the starting and origin reflections given, n
1

, 

n
2 

and n
3 

are  calculated,  and  then reflections are generated in the preset 

sequence until all reflections in the reciprocal segment with 20 values less 

than some limit have been dealt with. The same operations are then repeat-

ed for any other segments required. 



Comme nts  Contents Card Column (c.c.) 

First Card 

1-3 XXX 
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n p ut: 

The details of the description of both input and output are the same 

as for the first program in this series. The input is all from punched cards 

and the output is all on the lineprinter. 

No. of structures to be 
processed 

4-80 	 blanks 

The remainder of the cards are in sets, 1 set per structure. 

Title Card 

1-70 

71-80 

Wavelength Card 

1-8 

T,itle of structure 

blanks 

xx.xxxxx 	Wavelength of radiation 
used 

• 

	

9-80 	 blanks 

Reflection Cards 

There are three of these cards. 

• 

	

1-4 	 xxx b 	 h 

• 5-8 	 xxx b 

	

9-12 	 xxx b 

	

13-21 	 xxx.xxxx b 

	

22-30 	 xxx.xxxx b 	X 

	

31-39 	 xxx.xxxx b 	0 • 

	

40-80 	 blanks 

Values for reflec-
tion h, 



blanks 

xxx bb 

4-80 

This  is followed by_R cards 

1-5 Type of reflection to 
*hich condition applies; 
see below 

D 

1 

2 

3 

4 

5 
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Limits Card 

xxx b 

	

5-10 	 xxx.xx 

	

11-80 	 blanks 

Reflection Condition Cards 

No. of reciprocal space 

segments (N) 

Maximum value of 20 

1-4 

1-3 	 xxx 	 No. of reflection condi- 
tions (R) 

	

6-10 	 xxx bb 

	

11-15 	 xxx bb 

	

16-20 	 xxx bb 

	

21-25 	 xxx bb 

	

26-30 	 xxx bb 

	

31-80 	 blanks 

The first number has the value 1-7 as follows: 

00£ 	 reflections only 

11 	 11 

I t 

Ok0 

h00 

Old 

6 	 hk0 

7 	 hk£ 

e.g.)  parameters 7 1 1 1 2 0 would mean that for all reflections  h, k,/, 

 Ah + Bk + CtDn± E 

h + k + 	= 2n 
for the reflection to be present. 

would be would be 
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Any number R of these cards may be given, and multiple conditions 

may be given for the same reflection type. 

Segment Cards 

The reflection condition cards are followed by N-cards, each of which 

deals with the indexing of 1 segment of reciprocal space. 

	

1-4 	 xxx b 	ho 

	

5-8 	 xxx b 	ko 	 Origin-defining reflection 

	

9 - 12 	 xxx b 4 
13-16 	 xxx b 	h

11 

17-20 	 xxx b 	1121 	 Increment steps in hki for 
layers 

21-24 	 xxx b 	h
31 

25-28 	 xxx b 	h 1  

29-32 	 xxx b 	

h 

2o, 	 Increment steps in hkê for 

33-36 	 xxx b 	h3'.' 	 lines 

37-40 	 xxx b 	h
13 

41-44 	 xxx b 	h23 	 Increment steps in hld for 

points 
45-48 	 xxx b 	h 33 

49-52 	 xxx b 	hs  

53 - 56 	 xxx b 	k s 	 Starting reflection 

57-60 	 xxx b 	i s  
61-80 	 blanks 

Output: 

The first page of output gives the matrix R. T from which all 

calculations are done, the reciprocal and real lattice parameters, and the 

maximum values of h,k,i. The subsequent pages list h,k„e,c1),X, ZO and 

Lp
-1 

for all reflections. All output quantities are labelled and no explana- 

tion is needed. 
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This whole sequence is repeated as many times as there are 

structures to be processed. 
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PROGRAM LISTING 

FORTRAN IV G LFVEL 1 , MOP 0 

MAIN 

C PP0GRAM TO CALCULATE SrTTING ANGLES PHI,CHI AND TWOTHETA FOP ALL PERMISSIUE 
C  RFFLECTIONS FOP ANY SYSTEM. GIVEN H,K,L,PHI,CHI AND THETA FOR ANY THREE 
C NON—COPLANAR RULECTIONS WHICH DEFINE A RIGHT HANDED SYSTEM 

DIMENSION H(3),K(3),L(3),PHA(3),CHA(3)1THATF(3),V(313)ISTHETA(3), 
ICRHI(3),SPHI(3),CCHI(3),SCHI(3),TRG(3,3),VI(3 ,3 ),R( 3,3 ) , GII 3,3 /1 
24(3),ANG(3),G(3,3),AS(3),ANGS(3),EDH(3,3),EDHI( 3 1 3 ) , ESTHKLI 3,3 / , 

 3VEC(3),VECVEC(3),DH(3,3),IND(3),RT(3,3),ICOND(10 ) , HS( 10 ).KS (10 ), 
4LS(11),IR(101,1S(10 ),INDEX(3) 
INTEGFR H,DH,X,Y,I,H0,HS,HMAX,FSTHKL 
LNCD=1 
LNPT=1 
READ(LNCD,q)NSTRUC 
On loon NSETT=1,NSTROC 
DEGREE=1q1. 0 /3.141593 
RADIAN=1.1/DEGREE 
WRITE(LNPT,3) 

• F(JRMAT(1H1 1 /) 
RE4D(LNCD,13) 
WRITE(LNPT,13) 

13 	F0RmATI70 11 

REAMINCD,1)WAVE 
1 	FORMAT(E.5) 

DO Ion T=1,3 
RrAD(INCD,21H(I),K(1),L(I),PHA (I),CHA(1),THATE(I) 

2 	FICIRMAT(3(I?,1X),3(E8.4,1X)) 
CPHI(1)=C1S(PHAIII*RADIAN) 
SRH1(1)=SIN(PHA(I)*RADIAN) 
CCHI(I)=CoS(CHA(I)*RADIAN) 

• SCHI(I)=SIN(CHA(I)*RADIAN) 
STHETA(I)=2.0/WAVE*SIN(THATEM*RADIAN) 
V(3,I)=L(I) 
VI2,1I=K(I) 

100 	V(1,1)=H(I) 	• 
C TRIG MATRIX HPHI 

DO 111 1=1,3 
TRG(1,I)=STHETA(I)*CCHI (I)*CRHIII) 
TRG(2 1 1)=STHETA(I)*CCHIIII*SPHI(I) 

101. TRG(3,I)=STHETA(I)*SCHI(I) 
C INVERT INDEX MATRIX 

CALL INVERT (V,VI) 
C COMPUTE UR MATPIX !eR‹ AND PRINT 

CALL MATMUL (TRG I VI,P) 
4 	EHRMAT(/11X,2HR'e,11,5H,1<ii ,E12.8,4X,2HRY, 1 11,5H12<# ,E12.8,4X, 

121R1',,I1,5H,3<4 0:12.8) 
nn 113 I=1,3 

103 	WRITE(LNPT,4)I,R(I,1),I,R(1,2),I.R(I,3) 
C COMPUTE RECIPROCAL AND REAL METRIC TENSOPS G—I AND G 
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DO 104 1=1,3 
ni 104 J=1,3 

104 	RT(.1,1)=R(1,J) 
CALL MATMUL (RT,R,GI) 
CALL PARAM (GI,AS,ANGS) 
WRITF(LNPT,5)AS(1),AS(2),AS(3),ANGS(1),ANGS(2),ANGS(3) 

5 

	

	FaRMAT(///5X 1 4HA*0 ,F10.6,5X,4HB*0 IF10.6 1 5X 1 4HC*01 ,F10.6,5X, 
16HALF*0 ,ç'10.5,5X,6HBET*0 ,F10.515X,6HGAM*0 ,F10.5) 
CALL INVERT LGI,G) 
CALL PARAM (G,A,ANG) 
WRITFUNPT,61A(1),A(2),A(3),ANG(1),ANG(2),ANG(3) 

6 	FORMAT(///5X,4HA # ,E10.6 1 5X,4H8 0 ,E10.6,5X,4HC # ,F10.6,5X, 

	

16HALF 0 ,F10.5,5X,6HBET 	,E10.515)(16HGAM 4 ,E10.5) 
nn 105 1=1,3 
D)  105 J=1,3 

105 	R(I,J)=R(I,J)*WAVE 
***** SETTINGS PROCEDURE  •**** 

C READ NUMBER OF RECIPROCAL SEGMENTS ANGULAR LIMITS AND ABSENCE CODES 
'READ(LNCD,B)NUMSEG,THETA2 
S=SIN(RADIAN*THETA2*0.5) 
SS2=S+S 
SS4=SS2*SS2 
00 200 J=1,3 	 • 
ANG(J)=S1N(ANG(J)*RADIAN) 

200 ANGS(J)=SIN(ANGS(J)*RADIAN) 
HMAX=SS2/tAS(1)*ANGS(2)*ANG(3)*WAVEi+1.0 
KMAX=SS2/(AS(2)*ANGS(3)*ANG(1)*WAVE1+1.0 
LMAX=SS2/(AS(3)*ANGS(1)*ANG(2)*WAVE)+1.0 
WR1TE(LNPT,14)HMAX,KMAX,LMAX 

14 	FORMAT(///,3(6X,13)) 
C READ REFLECTION CONDITIONS 

RFADUNCO391NCOND 
9 	FORMA -1(13) 

FORMAT(I3,1X,F6.2) 
IF(NCONP.E0.0) GO TO 208 
DO 207 1=1,NCONO 

207 	READ(LNCD,10)ICOND(I),HS(I),KS(I),LS(I),IR(I),IS(1) 
10 	FORMAT(6(13,2X)) 	• 

20B 09 Inn() NSEG71,NUMSEG 
READ(LNCO37)H0,(We10,DH(1,1),DH(211),DH(3,1),0H(1,2),0H(2,2), 
10H(3,2),DH(1,3),DH(2,3 ) ,0H(313),IND(1),IND(2),IND(3) 

7 	FORMAT( 15(13,1X)) 
nn ?ni 1=1,3 
nn 201 J=1,3 

201 	FOH(I,J)=DH(I,J) 
CALL INVERT (FOH,FDHI) 
DO 202 1=1,3 
INDEX(I)=FDHI(I,1)*(IND(1)-H0)+EDHI(1,21*(IND(2)-K0)+EDH1(43) 
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1*(INPM-L01 
IHINPFX(I).7.0) cn TO 205 
!NW X1I1=INnEX(1 ) -0. F+ 
GI TO 21? 

2 05 	INUFX(I)=UDFX(1)+0,5 
20? CONIINUF 

FSTUKI(1,1 ) =n1I(1,1 ) *INnEX(1 ) +H0 
FSTUKL(2,1)=nH(2,1)*INnEX(1)+KO 
T5THKL(3,1)=nH(3,1)*INDEX(1)+L0 
fl 	23 1.1,3 

FSTUKL(I,2)=DH(I12)*INDFX(2)+FSTHKUI,11 
203 	FSTAKL(I, 1 )=DH(I,1)*INniX(3)+FSTHKL1I,21 

C STAU nr REFLUTInlm 
NRAGE=55 

301 	X=FSTOKL11,11 
Y=FSTHKL(2,3) 
7=FSTHKL(3,3 )  

C START A NEW PAGE  AND PRINT HFAnINGS 
G ) TO 503 

10? NRAGF= 0  
WRITF(LNPT,I1) 

11 	FIRMAT(1H1,//20X,IHH,4X11HK,4X,IHL,5X,7H 
1 7THFIA,X,6H LP-1 9/) 

303 	1)-(x.u.0.AND.Y.10.0.ANn.7.FQ.01 GO TO  500 
IF(NCON0.F09 0 1 GO rn 304 	, 
n ) ioc N=1,NCoND 
YON 0 =1CONDIN1 
Gn Tn1 1 10,12 0 , 1 30,340,350, 1 50,37011JCONn 

1 10 	IIX.1- 0.0.AND.Y.F0.01 on  10 370  
Gi in 300 

320 	IF(X.10. 0 .AMD.Z.F0, 0 1 GO TO 370 
GO in 3oq 

1 30 	IF(Y.F,).0.ANT).Z.F0.0) GO To 310 

GO TO 300 
340 	IF(X.EQ.0) GO TC 370 

ÇO TO 1 00 
350 	Ic(Y.E(,). 0 1 GO TO 170 

G0 TO 101 
360 	IL(7.FQ.0) Gn To 1 7 n 

G0 TO Y10 
1 70 	LHS=IAbS(X*HS(N)+Y*KS(N)+7*LS(N)1 

m=1Rifq 
1F1mon(LHS,m).NF.IS(N)) GO TO 500 

mln 	c1NTII\inF 
C  PHI ,CHI  AMC) 2FHFIA CALCULATION 
304 	S1,1,A= 0 .0 

on 4)e 1=1,1 
VFC(I)=R(1,1)*X+R(i12)*Y 41.01,31*i 

PHI 	,5X,71-1 	CHI 	,5)(17H 
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400 	SIGMA=SIGMA+VFC(11*VEC(1) 
IF(SIGMA.GF.SS4)  GO  TO 500 
FI] T=ABS(VEC( 
CFN=ABSIVEC(2)1 
TOP=ABS(VEC(3)) 
IF(BOT.NE.0.0) PHI=ATAN2(CENOOT)*DEGREE 
IF(13OT.F.Q.0.0) PHI=90.0 
SIGMA=SIGMA—TOP*TOP 
IF(SIGMA.NE.0.0) CHI=ATANMOP,SORT(SIGMA))*DEGREE 
IF (SIGMA.FQ.0.0) CHI=90.0 

CPHI AND CHI IN 270 TO go RANGE 
IEIVEC(31.11.0.0) CHI=360.0—CHI 
IFIVFC111.LT.0.0) GO TO 401 
IF(VEC(7).LT.0.0) PHI=360.0—PHI 
GO TO 402 

401 	IF(VEC(2).LT.0.0) PHI=180.0+PHI 
In(VEC(2).G.F.0.0) PHI=180.0—PHI 

402 	IE(CHI.F.0.90.0.0P.CHI.EQ.270.0) PHI=999.0 
SINS1=0.25*(SIGMA+TOP*TOP) 
THETA=2.0*DEGREE*ATANISORT(SINSW(I.0—SINSQ))) 
TOP=4.0*S{)RT(SINSQ*(1.0—SINSQ)) 
qOT=1.0—SINSQ—SINSQ 
80 1=1.0+00T*BOT 
POL=TOP/BOT 
WRITE(LNPT,12)X,Y,7,PHI,CHI/THETA,P13L 
NPAGE=NPAGE+1 

12 	FOVIAT(I8X.1312X,13,2X.13,315X,F7.31,5X,E6.4) 
C INCRFIENT INDICES 
500 	X=X+DH(1 9 3) 

Y=Y+011(2,3) 
7=7+DH(3,31 
IX=IARSIX ) 
IY=IABSIY1 
17.=IABS( 7) 
iFIIX.LT.HMAX.AND.IY.LT.KMAX.AND.IZ.LT .LMAX1 GO TO 503 
DO 501 1=1,3 
ESIHKI(1.2)=ESTHKL(1,21+0H(I,2) 

501 	ESTHKL(I,3)=FSTHKI(1 9 2) 
IX=IABSIESTHKII1,3/1 
1Y=IABSIFSTHKLI2,31) 
I7=1ABS(ESTHKL(3/3)) 
IF(IX.LT.HMAX.AND.IY.LT.KMAX.AND.IZ.LT .LMAX) GO TO 301 
DO 502 1=1,3 
FSTHKL(III)=ESTHKL(I,1)+DH(1,1) 
FSTHKLII,21=FSTHKL(1,1) 

50? 	ESTHKL(1,3)=FSTHKL(I,2) 
IX=IABSIESTHKL(1,3)1 
IY=IABSIFSTHKL(2,3)) 
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Ii=1ABS(FSIHKL(3,3)) 
IE(IX.LT.HMAX.AND.IY.LT.KMAX.AND.17.LT.LMAX)  Sn  10.301 
GO TO 1001 

503 IF(NPAGE.r,T.54) GO TO 302 
Ga TO 303 

1000 CONTINUE 
STOP 
[NO  
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SUBROUTINES 

c IN)/cPT -0(3 1A1PIX U  f 	1 VE U1 
Sq!11UTIMF 1NVVO.  (11,11I) 
of ,ArNstr)N  1.1 r3 ,31,1!1 ( 3,3) 
U111,11=0(2,?)*U(3,1 ) -11(2,3)*11(3,?) 
UII?,11=-03(2,11*U(3,3 ) -U(2,31*U13,11) 
01(3,11=11(2,1 ) *U(3,2 ) -M2,21*U ( -3,1) 
OT11, 7 )=-(011,21*U ( 3,3)-u(1,3)*U(3,2))• 
Ul(?,? ) =11(1,1)*U(3,3 ) -1111,31*U13,1) 
U1(3,2)=-M(1,1 ) * 1 . 1 13,21-U(1,2)*U(3,1)1 
U1(1,1)=U(1,? ) *U(2,3 ) -U11,31*U12,2) 
111(7,31=-1U(1,11*U(2131-U(1,3)*U(2,11) 
111,31=11(1,1 ) *U(2,2 ) -Ull,21* ( 112,11 
1 )1“. .0(1,1 ) *UI(1,1)+0(1,2)*UI ( 2,1)+U(1,3)*U1(3,1) 

1n() 	1=1,3 
on 1C;00 J=1,3 

1n00 IIIII,J1=U1(I,J)/DMAT 
PF.TUPN 
171n 

C MULTIPLY TWi1 eviAlgICFS TrIGETHER 
SUPkOUTINF MATMUI (AMAT,I7MATICMAT) 
DIMNION )7VIAT(3,3),RMAT(3 1 3),CMAT(3 1 3) 
n2 2nN) I=1,3 
ni , u0 ,1 J=1,3 
fl,u11(I,J)=n.0 
nq 2i1 (1  K , 1,3 

?nry) climI,J)=CmAT(I,J)+f\MAT(I,K)*BmAT(K,J) 

p. \in 

C 	xrCT Ur:ME:ITS PROM MC TR IC TFNSf1R 
SJRtJUTTN 	PA .,tAM  t  Win, ) 
n1 ,11 -  W.; ION WI 3,31,013),T( 3) 

r.) - 1 	3 1 inn 1 . = 1 	3 
J= 

	

on r) I) ( I ) = Si.)R T. (  v( 	) ) 
T(1)=4 i.2 ,-)57cs-t-.4 7-tCOS(WI?.,31/(0(2)*DC 3) )) 
7( ?)=r7.29578*A;.tCOSIWC1,31/(D(1)*D(3))) 
T( 3) =57. ?'.?57E1*APCOS Vt11 1,2)/ DI 1)* 1 1( 2) ) 


