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FOREWORD

The preparation of stereographic projections can be time consuming and

tedious, especially for non-cubic crystal systems, This study was an attempt

' to adapt an existing computer program to a CDC 6600/Cyber 76 mainframe computer
with Calcomp plotting subroutines, Some modifications to the program plotting

capabilities also were made.
The author would like to acknowledge the help of P.J, Moroz, Jr. of the
Armco Steel Research Center, Middletown, Ohio in interpreting the functions of

the different plotting commands in the original computer program (Reference 1).
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1. INTRODUCTION

Automating the generation of stereographic projections is of great

convenience to the materials scientist. A source listing of computer programs
which provides the capability to draw stereographic projections for any crystal
system is contained in the appendix. This computer program has the following
capabilities:

1. Draw stereographic projections of any size up to 5.4 inch radius (13 cm)
on the 11 inch on-line plotter or draw stereographic projections up to
14.75 inch radius on the 30 inch off-line plotter.

2. Plot stereographic projections for plane normals, directions, or
directions superimposed on plane normal projections. Hexagonal
projections use the 4-index notation.

3. Up to nine different plots can be drawn per computer run for a given
crystallographic system.

4. The user can adjust the spacing of the plots and the size of the
drawn symbols., Also, an enclosing square can be drawn around each projection.

This program is written in FORTRAN EXTENDED code for processing on a CDC 6600/
Cyber 76 computer using Calcomp Plotting Subroutines., The basic reference which was
used is given in Reference 1.

2, PROGRAM ARCHITECTURE

A flow chart is contained in Figure 1. Note that subroutines are used
extensively throughout the program to perform specialized tasks,

The main program acts as an organizer, reading in the key parameters, and
directing the calling of appropriate subroutines. Subroutine PRO1l
calculates some geometric quantities from the crystal lattice data and
stores them in unlabeled common. Subroutine PRO2 computes some geometric
quantities from the plane index value selected to be the center of the

projection. Subroutine PRO3 reads in the index value of the center of

1




START

\(READ RADI, HT, NPERM, SEP, REC/

l

ORIGIN PLOTTER

i

\READ A, B, C, a, B, v, W/

CALL PRO 8

I = (NPERM * 241) *#3

—3\ READ IH, K, L, M

\READ I, K, IT, L, M

YES H

NNl = O

Fig. 1. Flowchart




[caLL ero 2

L

CALL PRO 3

IT=I1+1

CALL PRO 6

REORIGIN |
PLOTTER

NSVim2

REORIGIN |
PLOTTER

NWS=1 ;Lcm. PRO 5

Fig. 1 - Continued
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CALL PRO 2

CALL PRO 3

IBT=IBT+1 |

CALL PRO 4

<NSW> NSW = 2

NSW=1

k]

CALL PRO 5

Fig. 1 - Concluded
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the projection and calculates various parameters which are placed in Common.
Subroutine PRO4 calculates the plotting coordinates of the indices (in inches)
and determines which indices are within the field of projection. The accuracy
18 0.010 radian. The index coordinates are placed in common for use in subroutine
PRO5, Subroutine PRO5 does the actual plotting and labeling of the indices.
Subroutine PRO6 calculates quantities from the index values of directions and
places them in common for use in subroutine PRO4, Subroutine PRO7 draws the
projection circle, the enclosing square, and prints the title, Subroutine PRO8
can be used to permute indices for plotting. For example, by reading in a
number, N, all possible combinations of indices from NNN to NNN could be generated,
thereby simplifying the inputing of data. However, in this version it is
inoperative.
3. DATA INPUT DESCRIPTION

The set up for the data deck structure is identical for on-line plotting
and off-line plotting.
3.1 On-Line Plotting.

A typical data deck structure is shown in Table 1, The first data card
takes care of some "housekeeping" chores. It is this data card which specifies
the desired plot radius (in cm), the height of the symbols to
be plotted (in inches), the permutation code (must be 0), and the separation
distance (in inches) between plots, An unformated read statement is used, so that
the parameters must be separated by commas. If the last parameter is a 1, an
enclosing square will be drawn.

The second data card which reads in a number to drive the pen to the -Y limit
position in order to establish an origin should be at least -11.5.

The third data card provides information about the crystallographic
system and the projection option desired. The first three parameters-

A,B,C-provide the length of the crystallographic axes. The next three parameters -
5
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a, B, v - provide the crystallographic angles. The angles are determined
by the usual crystallographic convention(2). The last parameter, NN, specifies
the projection type reduested: (a) NN=1 specifies a projection of plane normals;
(b) NN=2 specifies a projection of directions; and (c) NN=3 specifies a pro-
jJection of directions superimposed on plane normals. An unformated read state-
ment is used for this data card too.

The next group of data cards provides the indices that are to be plotted.
If the hexagonal system is hexagonal (a+8+y=300 Degrees), the 4 index
system must be used. Data is entered under the format specification 313
(non hexagonal) or 4I3 (hexagonal). A negative index has the form: -XX.
Note that although the capability exists for entering an index value greater
than 9, only integers up to 9 will be plotted above the location on the
projection. The data set is terminated as follows:
(a) Non-hexagonal system: Place a -1 in card columns 10-11.
(b) Hexagonal system: Place a -1 in card columns 13-14.

The next data card specifies the number of plots to be run.

The final data card set consists of the title for the stereographic
projection and the index of the center of the projection. There must be
as many of these sets as there are plots to be run. The plotter draws four
lines of 20 characters each, so that each line begins with card columns
1, 21, 41, and 61. The index of the center spot must be of the same form as
the other indices. Thus, for a hexagonal system, the 4 index notation must be used.

For the cases where plane normals (NN=1) or direction (NN=2) projections
are requested, the final data set would have the arrangement:

Title Card

Index of Center of Projection

Title Card

Index of Center of Projection

Etc.

For the case where the plane normals are superimposed on directions (NN=3), the

final data set would have the arrangement:




Title Card

Index of Center ~ Plane Projection
Index of Center - Direction Projection
Etc.

3.2 Off-Line Plotting

The advantages of off-line plotting are: (a) large plots can be run, and
(b) the accuracy of plotting is greater than for on-line plotting. The
disadvantage is that the turn-around time is much greater (typically, at
least one day).

The set up of the data deck is the same as for on line plotting. The
second data card which reads in a number to drive the pen to the ~Y limit

position in order to establish an origin should be at least -19.50.
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4. CONTROL CARDS
A detailed description of the control cards used in running a job will not
be given since these cards change with changes in the operating systems.
However, the following general comments should be helpful:
(a) The library subroutine which draws the projection circle and enclosing

square must be accessed, or a similar subroutine added to the computer program.

(b) For off-line plotting, the library subroutine which places the plotting
comnands on magnetic tape must be accessed.

(c) For off-line plotting,the job card must contain the appropriate
parameter to indicate that a magnetic tape i1s required to man the job,
Also, a tape LABEL control card is necessary., The tape library must be
notified to load the magnetic tape reel prior to the execution of the job; and after
the completion of the job, the tape library must be notified to run the off-line
plot.

5. RESULTS

The utility of the stereographic plotting computer program is depicted

e TR Ot A SN TIPS R AP T % S -

in Figures 2-4. Figure 2 shows a stereographic projection of plane normals for
hexagonal titanium. Figures 3a and 3b show a stereographic projection of plane f
normals for face centered tetragonal N14W using different unit cells. Figure 4
shows a superimposed projection of directions on plane normals for a tri-clinic
crystal. These projections, which can be readily obtained, are extremely

useful in x-ray and electron diffraction investigations, For example, they

e oS N e O PPN PO AT O A gt 1+ e

can be used to determine the crystallographic orientation of a portion of a

foil in transmission electron microscopy work,
6. CONCLUSIONS
Computer plotting of stereographic projections provides the capability to

easily and quickly plot desired projections with good accuracy.
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0 0 1 PROJECTION
TRICLINIC PLANES AND
DIRECTIONS

Fig. 4. Stereographic Projection of Plane Normals Superimposed on Directions in a
Triclinic Crystal System.
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PIIOGRAM STER (INPUT,O0UTPUT,PLOT) 0co001
c 000302
c REF JONARI AND THOMAS, THE STEREOGRAPHIC PROJECTION AND ITS 000003
c APPLICATIONS, TZCHNIQUES OF METALS RESEARCH, IIA, INTERSCIENCE, C00304
c 1969, PP 107-132 ¢00005
c €60006
c SIS INIIITIS SIS INSINIIB NI INIISRIBISTITIENISESISNIIGIS 800007
c MODIFIZD vy CAPT 903 SCHAFRIK, AFML 060068
c B IUNT SIS IINSSE NI NNIININI N IINIIEIIINISNSIIEISIINEUISHBIINIEY 0c0069
DIMENSION NT(4,20) 060010
INTEGZR RET 000011
COMMON /A7 PI 0000412
COMHMON NIyNDy 2,Q,Ry\RS,VOL,511,522,533,512,523,S31,%0,H,V,U, €C0013
JRADI yR2yHR25B() 33(250) sF(250)90(253) 9X1(25)),Y2(250),21(250),SH, (1141} L
2SKySLsE9X2yY2,2Z29X,yY 600015
394y8,CsALPHA,BETA,GAMMA 0c3016
COMMON /737 NWT 000017
COMMON /57 IH(250),K(25C) ,IT(25C0),L (250) 600018
COMMON /7 1IR,I 000019
DATA NMAX 72850/ 060020
PI=2.,*ASIN(1.0) 600021
PRINT ?7 000022
7 FORMAT (1H1,T2,*0FF=-LINZ PLOT*/) 000223
C SET=UP FOR ON=LINZ PLOT, NOTZ THAT TOTAL PLOT MUST BE LESS THAN 600026
c 10,5 INCHES (60025
C READ PLOT RAJTIUS(SM)I oHT QF PLOTTED SYMIOLSIIN) oNPERM=D, AND 000026
c SZPZAATION DISTANCS 3STW.SN PLOTS(IN). cooo27
C THI FOLLOWING VBALUZS ARE RcCOMMENDED 000028
C FOF ON=LINZ PLOTt RADIUSSCY4: 3y HT=,070, NPIRMZD 4SEP=&.D 00029
C FOR OFF=LINT PLOT, WADIUS=154dvy HT=,100y NPZRM=0p) SEP=04e 0 600030
C TO ORW™MW THZ :NCLISING RICTANGLT, RcT=i, tCcGCo3L
C IF A RFCTANGLZ IS NOT DoSIRED, RET=2 000032
RIAD *, JW0Iy HT, NPEIMPSEPHRET 060033
IF (R=TeNZIe1) RET=D 000036
PRINT 59, RADI, HT, NPZIRM,SEP 000035
59 FORMAT (T2, *3.0T RADIUS IS *, FBe3y® CM*,/ T2,*HT OF NUMBERS IS*,0GC0036
AF543y /7 T2,°NPIM IS %, 12 7/ ccoo3?
BT2,*SIPZRATION 3ZTHIIN PLOTS IS *,Fhel, * INCHES®) 000038
IF (RIT,EZ2sC) PRINT 1043 600039
143 FORMAT (//T2,*ND cNCLOSING RICTANGLE®) 0600%0
C RADPL IS5 THZI SPACING BSTWIIN CIUTZIRS OF THE PLOTS 000061
RADPLERADI®2,0/2.544+SP 660062
C KI,WI BRI THZ PARAMETERS USED IN PRO7 TO DRAW THE ENCLOSING SQUARE 600063
H1=(RADI¢3,5C) 72454 000064
WizMy 0000468
€ INITIALIZE ORIGIN AT BOTTOM OF PAGE Co0046
RZAD 506)3,YORIG (1 711%4
5060 FOSMAT(F3,.1) 000048
CALL PLOT(0.0,YORIGy~3) 000049
C MOVE ORIGIN TO CINTER OF PASE 630050
CALL PLOT (64091407533 000051
C READ IN PARA4ETERS OF CRYSTAL LATTICE 000052
C AyByC ARZ THE LENGTHS OF THE 3 CRYSTALLOGRAPHIC AXES 000053
C ALPHMA, BETA, GAMMA ARE THZ THRIE CRYSTALLOGRAPHMIC ANGLES (111119
C NN SOICIFIzS THE TVYPE OF oLI3T DISIRED 111127
C NNsi PROVIN:ZS A PLANE PROJZCTION c000s%6
€ NNs2 PR0V¥IIES A DIRICTINN PROJSCTION 000087
C NN=3 PROVIO:ZS A DIRECTIOIN PROJECTION SUPERIMPOSED 000038
c ON A PLANZ PROJECTION 000059
READ ®*, Ay8yCyALPHAL,BTA,GANNAYNN 000080
NSS=3 000062
C TEST FOR AN MEXAGONAL CRYSTAL STRUCTURE, coooed
C IF MEXAGOMAL STRUCTURy USZ &=INO:X NOTATION (11 [L%]
16
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c.y

LY

20
22

25
bb

c

C REAQ IN NUM3ZR OF PLOTS JESIRED (1 TO 9

120
]

C
c
c
c
c
c
21
c
c
c

C READ TITLE,

1F (ASS(ALPHA+BETA+GAMMA=300,0)4LE. (0,001) ) NSSs2

IF(NNeEQe 14 ANDONSS.EQe 1)
IFINNeEQo16ANDL'ISSeEQe 2)
IF(NNGEQe 26 ANDNSSs Qe 1)
IF(NNGFQs 20 ANIGNSS.EQe 2)
IF(NN«FQe 30ANINSSe£EQ. 1)
IF(NNeEQe 30 ANIeNSSeZQe 2)

PRINT
PRINT
PRINT
PRINT
PRINY
PRINY

0
3%
4“2
3
03 ]
L6

000064
00065
606066
000067
000068
000069
000070

FORMAT (/7T2,%PLOT PLANE PJECTIONS= NON-HEXAGONAL CKYSTAL STWC®)I (000071

FORMAT (//T72,*PLOT PLANE PROJZCTIONS~ HEXAGONAL CRYSTAL STRUCT®)

009072

FORMAT (77T2,%PLOT DIRICT PROJZCTIONS=NON=HZIXAGONAL CRYSTAL STRUC*)000073

FORMAT (//T2,*PLOT DIRZCT PROJECTIONS= HEXAGUNAL CRYSTAL STRUC*)

000076

FORMAT(/7/125% PLOT PLANE 1 DIRECTION PROJICTIONS= NON-HZIXAGONAL *) (00075
FORMAT (7/T72,%PLOT PLANE & UIRECTIONS = HEXAGONAL®)
PRO1 CALCULATES SOMI BASIC QUANTITISS JSED LATER

CALL PROt

NPEaw CAN BZ USED TO PROVIOSZ PERMUTEZD INOICES.

THIS WOULD ELIMIINATE ThE NIZD FOR OATA CARDS WITH THE INDICZS.

HOWEVZ? THIS ASPECT OF THI PROGRAM IS NOT DFVELOPED,

SZT  NPERM=D
IF (NPER1.NE.0) GO TO 158

THIS PART 0F THE PROGRAM RZAJS THE INOICESy COUNTS THEM,

AND STORES THFM IN ARRAYS.

NOTES WEXAGONAL INDICES YUST BZ GIVEN IN

I=0

GO TO (271,202),4 NSS
1 Islet

READ 2,IH(I) HK(D)4LLI), M
2 FORMAT(313,12)

IF (MeL¥ed) GO TO &

GO0 TO 204
2 Islet

READ 22, IH(I),K(I), IT(I),L(X)pM

FOOMAT (&LI3,1I2)

IF (MeLT,0) GO TO &
GO TO0 202

I=I=4

IF (I1.GT.NMAX) PRINT 3,NMAX

FORMAT ( 3(/),34%%%,3X,*Y0U

A®THZ INDICES®, 7/, T3, *7
8 3/ )

PRINT bLb,l

FORMAT (/,T2,%N0Os OF INDIC

AND PLOTS THEM,
NNO=1
NN1=0

READ 5,19
FORMAT (I1)

=S

4=INDEX NOTATION

HAVS EXCSEDZD ARRAY DIMEZNSIONS FOR *#,
HE ARRAY DIMENSIONS ARE SET FOR *,I4,

USED WAS *,15)
C THIS PART OF THE PIOGRAM CALCULATES THE APPROPRIATE COORDINATES

THIS SRANCH TRANSFERS THI OROGRAM TO THI APPROPRIATE PLACE
OEPENDING ON THE TYPE OF PROJECTION REQUIRED.

60 TO (21,21,52) 4NN

PRO2 CALCULATES PARAMETERS FOR PLANZ PROJECTIONS

20 CALL PRO2(IyNSS)

A TRANSFER TO STATEMENT 50 BELOM IS DONE IF A PLANE PROJECTION IS

REQUESTED
GO TO (51,51)4NNO

PRPO6 CALCU.ATES PARAAMETES FOR DIRECTIONS

CALL PROS5 (1,UyVyHyNSS)
REQUESTED,
GO TO (50,51),NNO

SAME PLOT,
NNi=3
DO 10 II=1,I9

DATA CAROD,.

THIS SECTION PROVIJIES FOR PLOTTING PLANSS AND DIRECTIONS ON THE

NEW LINES 97GIN WITH CC1,CC21,CCudy)AND CC6L OF THE

060676
ceoor?
000078
600079
000080
600081
¢o0ds2
006003
0C 0084
0c008s5
(00086
cooo8r
06004808
0000089
€00090
€C0091
ccao92
000093
60069%%
c00095
000096
000097
000098
000099
060100
600101
060102
€001C3
£00104
000105
00106
800107
(60108
000109
000110
€00114
000112
200113
600116
6Co11%
000116
000117
060148
ecae119
€00120
000121
gcos22
00123
00126
coo12s
00126
0C012?7
600128
000129
0C0130




C NOTE! THERE MUST 82 AS MANY TITLE CARDS AS PLOTS DESIRED 000131
READ 450, ((NT(KAy,JA) ,JA=21,20) yKAS1,4) 000132
450 FORMAT (SuAl) 660133
IF (11.6T.1) GO TO 11% c00136
C PRO? DRANS THE CIRWCLE OF THE PROJZCTION AND THE ENCLOSING SQUARE, 600135
c ALSO IY ORINTS THE TITLE. C001L36
8  CALL PROZ(N1,H1,NT,RAJI,RET) 600137
NNO=NiO+1 000138
C THIS SECTION ACTUALLY CALC POSITION COORDS, AND PLOTS PLANES 600139
c AND DIRECTIONS ON THc SAME PLOT. 0001460
00 99 1I3T7s3i,2 60161
NNSIBT 000862
GO TO(20,21) 9NN 0001463
C PRO3 READS THE CENTER INJEX ANO CALC SCVERAL PARAMETERS 000146
51  CALL PRO3(NNyU,V,H,NSS) (00143
C PLOTTING OF THE INDICES IS DONE IN THIS DO-LOOP 000146
D0 103 N=i,I 000447
€ PRO4 CALC PLNTTING COORD AND DETERMINES IF INDEX IS WITHIN 000148
C  THZ PROJZCTION FIELD, 000149
c ACCURACY I3 0.10 RADIAN 003156
CALL PROG (NyNSH) 600151
GO TO (11,100),NSH 600152
c PROY DOZS THZ PLOTTING JF ALL INOICES 600153
11 CALL PROS (NyN3S,NN) 060156
100 CONT INUC £00155
39 CONTINVE 000156
NNO=1 000157
10 CONTINUE 6C0158
C END OF SECTION FOR SUPER-IMPOSZD PLOTS 600159
c 000160
C THIS TERMINATES THTZ PROGRAM 000161
57 CALL PLOT (RAJPL,0e0,=3) 600162
CaLL PLOTZ(999) 000163
GO To 30 000164
c 000165
C BEGIN SSCTIGN FOR PLOTTING PLANI OR DIRZCTION PROJECTION GC0166
50 20 313 1I=1,1I8 “00167
C READ TITLE, NENW LINES B=GIN WITM CC1,CC21,0C41,AND CC61 OF THE 0C0168
c OATA CARDS. 066169
C NOTES THcRE 'dUST BZ AS MANY TITLE CARDS AS PLOTS DESIRED. 030170
RIAD 450, ((NT(KAyJA)3JA=1,20) ,KA=1yk) 000171
IF (I1.GT.1) GO TO 111 0C0172
C PRO? DRA4S THE CIRCLE OF THI PROJECTION AND THE ENCLOSING SQUARE. 000173
C  ALSO IT PRINTS THZ TITLZI. 000176
38 CALL PROT(W1,41,NT,RAJI,RET) 000175
C PRO3 RZADS THE CINTEZR INJTX AND CALC SEvERAL PARAMETERS 000176
CALL PRO3 (NN,U,V,H,yNSS) 000177
C PLOTTING OF THc INDICES IS OONE IN THIS 00-LOOP €00178
00 313 MN=1,I1 600179
C PROW CALC PLOTTING COORD AND DSTERMINES OF INDEX IS WITHIN 600180
c THe PROJZCTION FIZLOD. ¢Go101
c ACCHRACY IS 0,10 QADIAN 000182
CALL PRO4 (N,NSH) 060103
60 TO (311,313), NSW 000184
c PRO> DO0:S THZ PLOTTING OF ALL INDICES cooses
311 CALL PROS(NyNSS,NN) 060166
310 CONTINUE Gcose?
C END OF SECTION FOR PLOTTING PLANE CR DIRECTION PROJECTIONS 6Co188
G0 Y0 57 660109
30 sTOP 600190
114 CALL PLOT (0e0y0.0,3) 600191
CALL PLOT (RADPLyGeG9=D) cco192
IF  (NN143Qe3) GO TO ® 000193
60 T0 38 600194
C PROS NOT OPZRATIONAL. BE SURE NPERMs) 000193
onub
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: 150 CALL PROS (Wpan, il COFY T 000196
I=NPERN®*3 600197
3 . GO T0 25 , 060198
: END 000199
c 8002006
g SIS 883 8303 eSS 383858822818 8333353335838858 ccoz20s
to0202
SURARQUTINE PROY 030203
C THIS PROGRAY CALCULATES JASIC QUANTITIES FROM THE CRYSTAL LATTICE 66d206
Cc DATA AND PLACES THSM IN COMMON, 0Cc0205
COMMON NIZND, PyQysRySy)VO0L,S11,5S22+333,512,523,531,H0,H,V,U,000206
1RADIZR2yH(25C) 4 GL250L) s FL25D) 4D (250) 9X1(255),Y1(259),21(250),SH, €00207
2SKySL9E9X29¥252Z29XyY 060208
392y09CyALPHA,3ZTA,GAMYA 300209

COoMMON 74/ PI 000210 -9
P=COS (ALPHA®PI/180,0) coo214
A=COS(RZTA*PI/180.0) 060212
R=COS(GAM1A®PLI/180,0) 600213
RS=SQ3T (1. ~R*Q) 600214
VOL=A®*R*22SQRT (1, ~P*P=-Q*QA=R*R+2.,0*P*Q%R) ' ¢C0215
$11=3%8%C*Co(1,-P%P) 000216
S22=A%A%CeC* (1,.~-Q%Q) coo0217
S33=A%A%*323%(1,-R%R) 660218
S$12=A%*3°C33% (P*QQ~R) (Ca219
S$23=A%A%ICO (Q%R=P) g0g220
S31zA%BeI*C: (¥P=(Q) ocd224
NI=(C*SART (1. 0-2%Q= ((P=Q*R) /RS)*%2)) t0o0222
HEA/ND 000223
Va=((W*C* (P~0*R) )/ (B*RS*R3)) 000226
Uz=((H2C*Y) ¢ (V*3*R) I/A c0022%
R2=( (RADT*RADI) +0,.5) 000226
RcTURN oog227
END 000228
c 600229
g $38SSeE3 PSS E835588855553883585338333835885338883¢888¢38 Uonz:n
(00231
SUBROUTINE PRO2(IC,NSS) £o00232
C THIS PROGRAM QUANTITIES FROM THE INDEX VALUE OF PLANZ AND PLACES 000233
Cc THEM IN CO44ON FOR USc IN PRO&4, 000236
COMMON N3,ND, PyQyRySyVOL,S11,522,533,5129523,531,W0,H,V,U,000235
1RANIZR2,H(250)95(250)9F(250) 3D (250),X1(253),Y¥1(253),21(25C),SH, 000236
2SKgSLpE9pX25Y2,229XyY 0C0237
3yAy8,CyALPHA, IETA,GAMMA 000238
COMMON /C/ IM(250),K(253),1IT(250),L(250) G00239
00 5 I=1,IC 6C0240
HII)=2IHID) 000268
6(I)=K(I) 000242
F(I)=L (I} (00243
D(I)=VOL/SQRT ((SLLPH(II*H(T) )+ (S22°G(I)*G(I))+(SI3*F(II*F(I))+(2.°C002k0
1S12°H(II*G(I)) ¢ (2. °SI1*HITII*FUI))+(2:°S23*G LIV *F(IN)) 00245
X1(I)=RADI*H(II®*D(I)/A 000246
YL(I)=RADI®D(II* ((G(ID/B)~(H(I)®R/A))I/RS GOO267
21 C(II=RADI*OD(IN* (H(I)*U+GLII*V+F(I)*WI/A 000268
5 CONTINUE 0C0249
RETURN 060250
END 000251
c 000252
g $38288988358838588885385885588 328833883338 7335733855883838¢ ::::;:
SUBROUTINZ PROI(NNyUZ,VZ,HWZ,NSS) 000255
C THIS PROGRAM RSADS IN Tr: INOEX OF CINTER OF THE PROJECTION AND 0c0256
c CALCULATES VARIOUS PARAMZITERS WHICH ARE PLACED IN COMMON,. 000257
C NOTES A HEXAGOMNAL SYSTZM PEQUIRES 4~INDEX NOTATION 800258
. C ALSO 8 A NESATIVS NUMBER ON THE DATA CARD AFTZR THE INODEX DATA 000259
c WILL TERMINATE TH® INPUTING OF DATA. 000260
COMMON N3,NO, PyQyRyRS)VOLS11,522,533,512,523,5S31,00,0,V,U,000261
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IRADTIR2,4(25C) 65 (250),F(250),0(25C),X1(250),Y1(250),21(250),SH, co0262
@SKySLyEgX2,Y¥29229X,Y 000263
3,49RyCHALPHA,IETA,GANMA 000264
GO TO (4,31), NSS €0026%
& RIAND 2, NH NKyNL,M (co266
2 FORMAT(3I3,12) oco2e7
IF(M) 7,046 000268
7 CALL PLOT(10.94%:0,-3) 600269
PRINT 5 6go2re
5 FORMAT (T2,*PR0GRAM TEZRMINATZD FROM PRO3*) goo27¢
CALL 2L0TZ (233) 000272
GO 70 3 000273
6 CONTINUE 0602746
GO TO (1,3)yNN go0275
1 SHz=NH goo27e
SK==NK goo27?
SLs=NL 060278
E=VOL/SAT((SLL*SH2SH) +(S22%SK®SKI+(SII*SL*SL)I +(2,*512%SH*SK) ¢+ (2.%000279
1S23%35K*S5L) +(2,*S31%SL*SH)) 000280 E
X2=RADI*SH*:/A 0co281
Y2=RADI*I* ((SK/3)=(SA*R/A)) /RS 060282
Z23RADI®T* (SHPU+SK®V+SLAHW) /A 000283
GO TOo 3 000286
9 SU==NH gco285
SV==NK €00286
SHz=NL 0co28?
L3 E=SQRT (A®ASSUSSU+3*B*SVPSVLCPCOSHPSHE2,* D3 L*SYLSH*P2,%CPA*SHSY*Q(C 0288
142,%8483%SYUsSVY*R) 000269
X2=PADI® (SU*RA+SV*I*R+IH*C*Q) /E uco290
Y2=RADI®* ((SV*3I*S)+ ((SH*C* (P=-Q*R)I/RS))/E 000291
Z2zRA0I* (ARARUZPSUSI* 38 y2*SYICPCPUZPSH4BPCPP* (VZ*SHFHZ®SV) +A%C*Q* (000292
AMZ*SULSH*UZ) #4032 % (UZ*SV+VZ*SU) )/ (E®A) 000293
3 RETURN 00029
31 RoAD 30 ,NHyNKy NIy NLyM 060295
30 FORMAT (»13,12) 030296
IF (M.LT.0) GO TO 7 0€ 0297
GO TO (1,42)y NN €060298
(Y4 SUz= (NH=NI) 600299
Sv=« (NK=NI) 0c0308
SH==NL gco304
60 TO &3 000302
END c00303
c aCco304
g $38383833S33F 3380833, 83388882383383383335833882323383383888 000;:2
[ 11
SU3BROUTING PROL(N,NSH) 00307
C THIS PROGRAM CALCULATES THE PLOTTING CORROINATES OF THE INDICES v00308
c (IN INCHZS) 000309
C AND DETERMINIS IF THZ INDEX IS WITHIN THE FIZLO OF PROJECTION 000310
C ACCURACY IS 0.10 RANIAN 060311
€ THz INDEX COJRDS, XA&Y, AT PLACES IN COvMON FOR USE IN PROS Goa3te
COMMON N3,4ND,’ PylpRyRSyVOL9S119522,S339512)S2355319WDyW,V,U,000313
1RADIHR29H(230) 96 (253 yF(250),0(C50)4X2(250),Y1(250),21(2504,SH, 0003se
2SKySLeE9X2,Y2,229XyY 030315
39hs39CyAL2HA,FETA,GANMA 000316
NSW=4 000317
DSNOM=X2% (X1 (N)=X2) +Y2* (YL (N)=Y2) +22% (21 (N)=22) 000318
IF(DENOM) 21,137,214 oce3s9
10 NSW=z2 400320
GO TO 16 060321
21 X3=(X2*(VL1(N)SY2+21(N)I®22)=X1(N)®(Y2%Y2+72%22))/7DENOM oce322
Y32(Y22(X2*XL(ND#22% 24 (N) ) =YL(N)I®(X2*X2+Z2%2Z2)) /OSNON 603323
23=(22%(X2°X1(N) +Y2*YL (N ) =21 (N)*(X2%X2+Y2°Y2) ) /OENOM 000326
TEX3I*X3+4Y3%Y2+23%23 000323
IFtT=R2)85,8,10 000326
8 IFI(SHI911,9 oco32?
acricass®
131 :
rTQpAL o - 20
AG 5 BE> sl 70 OP
15? %)
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11 IF(SK)9,12,9

ha s o -4

12 X=x3 000329
Y=Y3 000330

GO TO 16 000334

9 S=SQART(X2%X2+Y2%Y2) 000332
A11z=(X2%22) /7 (RADI®S) 000333
A12==(Y2%22)/(RADI*S) 000336
A13=S/RADI 000335
A21=Y2/S 000336
A22z-X2/S 600337
z=(A11%X 3+A12%Y3+A13%23) 0C0338
Y=A21%X3+A22%Y3 000339

14 RETURN 000340
END L0368

¢ 000362
g $38355388558383833538838583533385539335553835559555858555888 :ooses
00 34k

SUIROUTINZ PROS (NyNSS,NNA) 060365

C THIS PROGRAY DOES THE PLOTTING OF THE INOICES €00346
COMMON N3,ND, PyQyRyRS9VOL»S1195S22,5339512,523,S31,W0,WyV,U,000347
IRADTR2,H (250) »5(25C) 4 FL250) »0(250) 3 X21(253) »¥Y1(2530),24(250),SHy,  CO0 368
2SKySLsE9X2,¥Y2,Z24 Xy Y 000349
39As39CoALPHAJETA,GANMA 000350
COMMON /37 HT 600351
COMMON /07 18,I 000352
DIMENSION NNUC&) 9NJ (&) g NAST (4) yROIFF (k) 000353

C ND I35 USED TO PLOT A LINZ OVER AN INDEX INDICATING A NEG VALUE 000354
€ NR IS USSO TO PLOT A BLANK SPACZ OVER AN INDEX INDICATING A 000355
c POSITIVE VALUE. 060356
NO=80 000357

NB=72 000358

€ NSYM SPECIFISS THI SYMBOL USED TO PLOT THE POINT 000359
C PLANES HAVZ AN X 600360
€ DIRZCTIONS NAVE A DIAMONOD 000361
IF (NNA.ZQe1) NSYM=y 600362

IF (NNA.ZQe2) NSYMs35 000363
KH=H(N) 000364
KK=6(N) 060365

KL=F (N} 000366

IND=3 000367

GO TO (201,2M2),NSS 000368

C THIS SECTION DETSRMINES HEXAGONAL 4=INDICESe THE INPUTTED £c0369
c 4=INDICES WERE COMVERTZD TO 3~INDICES FOR 000370
c COMPUTATIOAAL REASONS, 000371
202  INDzh 600372
GO TO (2101,2002), NNA 0co3”’s

C  HEXAGONAL PLANES 000374
2001 NJ(1)=KH 000375
NJ(2)3KK 000376

NJ(3) 2= (KHeKK) 000377
NJCL)=KL 000378

GO TO 203 060379

C  HEXAGONAL DIRECTIONS 000300
2102 ROIFF(1)=(2*KH=KK) /3, 000381
€ HEXAGONAL OLRZCTION TEST FOR TRUNCATION OF INOEX DUZ TO 060382
c RECOMPUTATION, 000303
C PROGRAM WILL PLOT AN ASTERISK ABOVE TRUNCATED INDEX 000386
ROTIFF(2) = (2*KK=KH) /3¢ 060385
ROIFF(3)==(KH+KK) /3, Geo3se

ROIFF (&) =KL 000387

DO 45 ILzi,h 600368
NJ(IL) =RIIFF (IL) 000389
NAST(IL) =1 000390

IF (A3S( NJ(IL)=RDIFF(IL))eGEsL1.E~3) NAST(IL)=2 060398

48 CONTINUE ¢00392
GO TO 203 600393
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c
2

C
203

c
C
c
c

96
c

c
c
c

THIS SECTION DEYZRMINES NON-HCXAGONAL 3 INJDICES
01 NJ(1)=KH
NJ(2)=KK
NJ(3)=KL
TEST FOR SIGN OF INDEX
00 &4 J=1,IND
IFINJ(J))55,66,66
55 NN(J)=ND
NJ(J)==NJ(J)
GO TO &&
66 NN(J)=NB
4l CONTINUE
CONVZRT X,¥Y COOROS FROY INCHES TO CM
X=Xs2.56
¥YzY/2.54
DRAW SPECIAL SYMAOL IN CCNTER FOR PLANE PROJELTION (SQUARE)

IF (XeEQe3e0eANDe YoEQeOe0o ANDGNNALEQe2) CALL SYMBILU(X,Yy HT ,

Aﬂ,noﬂ, 1)

DRAW SPECIAL SYM30L IN CINTER FORDIRECTION PROJECTION (TRIANGLE) AND

PRINT INDEX JELOW4 SYMBOL AT CENTER
IF (XeEQedeCoeANDeYoEQe0e0.AND,NNAL,EQs2) GO TO 95
ORAW THZ INDIX SYM3OL
CALL SYM3OL (XyYsHT4NSYNy0e0,-2)
POSITION PIN ABOVZI INDEX THAT WILL BE LABELED
PYL=Y+HT
00 30 1II=%1,IND
MOVE PEN TO SPACZ NUMBERS
B3X=X+ (II-2)*(HT+0,01)~0,03
CALC ARRAY VALUE FOR TABLE FOR THE INDEX INTEGERS
NSYB=NJ(II) +54
TEST FOR INDZX INTZGER cXCEEDING 9
IF (NSY3,GT.63) GO TO 12
DRAW THE INJIEIX INTZGERS

13 CALL SYM30L (38X 3PY2,HT4NSY3,060,~1)

30
c

c

31

c
70

L)

CONT INUE
POSITION PEN ABOVE NUMGIER TO DRAW LINE INDICATING NEG
PY2=PY1+HT+ 032
DRAW NTG LINZ OR BLANK
D0 31 IJ4=1,IND
IX=X=Je03¢(IJ=2) *(HT¢+3a01)
HTIT=HT+0, 31
CALL SYM3OL (3XsPY2,HTTHNN(IJ) 90eCy=1)
CONTINUE
IF (NSS.Z2424ANJeNNALEQe2) GO TO 70
RETURN
ORAW ASTERISK FOR HEX DIRECTIONS TO INDICATE TRUNCATION
PY3=PY2+0,05
00 46 ILL=1,%
OX=X¢(ILL=2)*HTT =0.03
IF (NAST(ILL).EQe1) CALL SYMIOL (DXyPY3I4HTT,72,0,0,=2)
IF (NAST(ILL),EQe2) CALL SYMBOL (OXyPY3,50339215060,5~1)
CONTINUE
RZITURN

95 CALL SYM3IOLIX,YsHT5250409~21)

12

10
11

PY1=Y=2, 13*NT

60 70 96

NSY9=32

IF (NSSeEQ41) PRINT 104NV
IF (NSS.ZQe2) PRINT 14,NJ
FORMAT (T2,3(1X,16) )
FORMAT (T2,4(1X,16) )
PIAINT 18,13,1

16  FUR4vAT (72,13, I5)

G0 TO 13
END
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000419
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g $88¢8388838883882883338337808392535335538353858553853555883 000460
000661
SUBROUTINE PRO6 (IC,UZ,VZI,W2Z,NSS) 000462
C THIS PROGRAY CALCULATES QUANTIES FROM INDEX VALUES OF DIRECTIONS (6063
c AND PLACES THEM IN GOMMON FOR USE IN PRO&L. 06046k
COMMON N7, ND, PyQyRyRIpVOL9S119522953355129523,S31,H0,HyV,U,C(0665 1
1RADIR2,H(250),6(250)yF(250),0(250) yX1(253),Y1(250),21(250),SH, 000666
2SKySLeEgX29Y25229XyY 000467
J3AyB,yCoALOHA,3ETA,GANNA 0C 0468
COMMON /C/7 IH(259),K(259),IT(250),L(250) 0060469
IF (NSS.ZQe2) GO TO 20 000470
D0 6 I=1,IC 0C04T
H(D)sIH(D) 000472
G(I)=K(D) 0C0LT3
FLId=L(I) 000LT6
6 CONT INUE 000475
el DO 7 I=1,IC (00476
DCI)=SQRT (A*ASHITI®HITI) +3%B*G(I)*G(I)+C*C*F(I)*F(I)+2.*DB*C*G(I)*F(GCOLTTY
101%P2,%CPA*F (1) *H(LI*Q+¢2., PA*B*H(I)*G(I)*R) 060478
X1 (I)=RADI®(H(I) *A+G(1)*B*R4+F(I)*C*Q)/0(]) 000479
Y1(I)=RADI* ((S(I)*B*RSI+{(F(I)*C*(P-Q*R))/RS)I)I/ZD(]) 600480
Z3C(I)2RAII*(A*A2H(I)*UZ+3*3%G(I)*VZ+COCAF (I)*HZ+3°CPP* (VI F(TI)+WZ*00060L
1G(IIVCAPCH*QP* (F(I)PUZ+AZ *HII) ) +A®S*R*(UZSG L) +H(II*VII I/ (DLII*A) 0C0482
7 CONTINVE 000483
RITURN 000684
20 00 5 I=1,IC 000L8S
HII)=IH(I) -IT(]) 0006086
G(T)=2:*K(I)=TH(I) C00L87
F(D =L 020488 ‘
5 CONT INUE 0COLA9
GO TO 21 CC06%0
END 000698
c 000692
g $388850333083823358830858 3883888853833 2882323588338338888¢ 0::“:3 :
000496 i
SUBROUTINI PPO7 (WN1,r1,NT,RDI,RET) CO0M95 :
C THIS PROGRAM DRANS THE PROJEZCTION CIRCLE, THE ENCLOSING SQUARE, AND (EO0WS6
C PRINTS THE TITLE 000497
DIMENSION NT(4y20) 0C0498
COMMON /A7 PI 000499
INTEGER RETY 0C¢J500
RAD=RADI 72,54 000501
C HH1,WWL ARE THC HZIGHT AND WITH OF THE RECTANGLE gaos502
C REC MUST EQUAL 1 IN ORDER TO GET RECTANGLE 0L 0503
HH1zHL1 %2, 000504
WHi=W1%2,0 0C0505.
C CA.L RECT USZS A SPEZCIAL CALCOMP ROUTINE=- MUSY USE SPECIAL 000506
c CONTROL CAROS TO ACCESS IT. 000507
IF (RETJENel) CALL KECST(=Hi,=W1,HH1,HHN143:0,3) Gcoso08
C THIS SECTION OF THS PROGAM IRAHS THE PROJECTION CIRCLE 0coses
C DRAW CIRCL: USES & SPECIAL CALCOMP ROUTINE- MUST USE SPECIAL 000510 i
c CONTROL CARDS T) ACCESS IT. 000518
CALL CIRCLE (RADy 040903936000y RAD9RAD,Ge0) 000542
€ PRINT TITLZ FROM NT ARRAY, TITLE WILL 8SE PLACES IN LOWER 000313
c LEFT=MAND CORNER BETWIEN SQUARE AND CIRCLE. 000516
C LETTZIR NT FIXED AT 04403 INCH 000515
CALL PLOT (0405000,3) 000516
DO 90 L3=i,b 000517
YY==(RAD=0:50)=(0+2000)*(LR~1) co0518
00 90 (LS=1,20 000519
XXz= (RAD*0,12)¢(, 075)*( LS=1) 000520
CALL SYMIOL(XXyYYyod094NTC(LRyLS)»0.0,41) 000521
90 CONTINUE 000522
RETURN : oces23
ENO 600526
c 060528
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000526

c $3835358383335333988355 53588558 ESSISEIEETSESLSS5333333383S -
c 6005
SUBROUTINE PROS (NPZRM,4NSS) 600528
C THIS SUBROUTINE COULD BE DLVELOPED TO PERMUTZ INDICES IN ORDER TO 0C 0529
c AVOID READING IN THE CARO DATA, 000530
RITURN 000531
END 660532
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