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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 Calcoup plotting subroutines. Some modifications to the program plotting

capabilities also were made.,

The author would like to acknowledge the help of P.J, Noroz, 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 PRO1

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
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the projection and calculates various parameters which are placed in COinn.

Subroutine PRO4 calculates the plotting coordinates of the indices (in inches)

and determines which indices are within the field of projection. The accuracy

is 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 N~Ncould be generated,

thereby simplifying the inputing of data. However, in this version it is

inoperative.

3. DATA INPUT DESCRIPTION

The set up f or 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



TABLE 1. TYPICAL DATA DECK STRUCTURE

9400, .070,O 4, I09 1
-12.00
is CG, 1.00, is.587, 90.,t 90, 112g.6,1
-01003-02000
-01OC3-0200i
-0 10 03-0 200 2
- 0100 3-0 200 3
UOa *,0 ( 2-0200 3
coucci-C1003
00102-03000
00 10 02-0 300 1
3010(2-03002
001OC2-03003
001031-02003
002001-03000
0020CI-0300i
002001-03002
002001-03003
-020:0 '0200 3
-uiGG0 0 0100 3

301330-01003
102060-P2003
C,03-ui-02000
003-02-U1000
002-03001000
001-032,02000
-01-c,2303000
-02-01003000

0 0 0 1 STO PROJ HEXAGONAL PLANES C/A=157
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a, , y - provide the crystallographic angles. The angles are determined

by the usual crystallographic convention(2). The last parameter, NN, specifies

the projection type requested: (a) NN-l specifies a projection of plane normals;

(b) NN-2 specifies a projection of directions; and (c) NN-3 specifies a pro-

Jection 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+O+y=300 Degrees), the 4 index

system must be used. Data is entered under the format specification 313

(non hexagonal) or 413 (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:

7



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.

8



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 coments 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

commands 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 is 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

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

normals for face centered tetragonal N14W using different unit cells. Figure 4

shows a superimposed projection of directions on plane normals for a tr-clinic

crystal. These projections, which can be readily obtained, are extremely

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

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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PROGRAM STER (INPUT,OUTPUT,PLOT) 66891

C REF JOHARI ANO THOMAS, THE STEREOGRAPHIC PROJECTION AND ITS 000003
C APPLICATIOGS, TECHNIQUES OF METALS RESEARCH, 11A, INTERSCIENCE, COGO04
C 19699 PP 107-13i Ga00as
C C69406
c 99999999999999999999999#9949*999 000007
C MODIFIED JY CAPT 90a iCHAFRIK, AFNI. 80008
C ** 99.9#*9999999999949499#9499 008069

DIMLNS104 NT('.,201 000018
INTEGTR RET 000011
COMM04 /A1 PI 000012
COMMON N3,ND, aOf~RRSVOLS11,S22,S33,S12,S23,S31,0woWVU, C60013
IRADI,R2,H(25C),aI25a),F(250),O(25.j8,X1(253~,Yl(ZPGh9Z1(250),SH, ocoO1.
251CSLEXZYZ,ZZ9XvY 600015
3, Av9,CALPHA,BETA,GANMtA 068016
COMMON /V~ MT 000017
COM?404 / IH(2501,K(25G),IT(25C),L(Z90I 000016
COMMON /I/ IUI 000019
DATA N'IAX /250/ 060020
PIz2.A4SIN(1.0) 000021
PRINT 7 000022

7 FORMAT (IH1,T2,*OFF-LIN:E PLOT*/) 000023
C SET-UP FOR ON-LINE PLOT. NOTE THAT TOTAL PLOT MUST BE LESS THAN 600028#
C L0.s I'4CriES 660025
C READ PLOT RAU1U5:'I,,HT OF PLOTTED SYMIOLS(IN),PM=20, AND 000021
C STPERATION DISTkNC!- IETWM r* PLOTSIN3 600027
C THEr FOLLOW'4 VALUrS ARE RiCOMENDED 000020,
C FOPS ON-LINTE PLOTS RAUIUS[9. O, HT=.C?O, NPrERMx0 ,SEP=04.0 OE0029
C FOR OFF-LINtf PLOT, RADIUS:15.349 HTM.100 NP--RH=0, SEPaO.,.0 600038
C TO L3RAW THE .NCL3STNG( ;Z:ECTANGL1.9 RLTI1. OCCO31
C IF A R7CTANGLT IS -4OT 3LSIREDO, RET=2 000032

READ *, *A619 14T, tPEi#SEPvRET 060031
IF (RQT.Mi.1) RFTmO 0000304
PRINT 59, RAor, HT, NPrERMSEP 000035

59 FORMAT (T29 *MOT RADIUS IS 4, F6*3,' CM*,/ T2,-HT OF NUMBERS IS4,0036
AF5,3, / TZ,-NP~r;?M IS ", 12 / 9CE6037
eT2,SP-RATION RETW--Tt PLOT5 IS 4^F91.l * INCHES*) 600038

IF (R!T.E2.C) PRINT'14.3 600039
143 FORMAT (//T2,*N) &NCLOSING RTCTAt4GLE*) ogo0~o

C RAOPL IS TN! SPA~V4G 8=-TWz--: Cz-;4TERS OF THE PLOTS 00001
RAOPLuRAI*2oV02. '.+SP 660604

C HI,141 AR-_ T4iE PARAIETERS USED IN PRO7 TO DRAW THE ENCLOSING SQUARE 000043
H13 (RAOI..5C)/Zo54 @g00o"
Miami 000045

C INITIALIZE ORtIGIN AT BOTTOM OF PAGE CO00141
READ 5033,YORIG 000047

5000 FO'NMAT(P591 000045
CALL PLOT(000YORIGO-3) 000019

C H4OVE ORIGIN TO CENTER OF PASE solos0
CALL PLOT I60O,1'..75*-3) 00001

C READ IN PARAI4ETERS OF CRYSTAL LATTICE 000052
C A,8,C ARx T4C LENGTHS OF THE 3 CRYSTALLOGRAPHIC AXES 000053
C ALPHA, BETA, GAMIMA ARE THE THRzS CRYSTALLOGRAPHIC ANGLES 60804
C NN SPECIFIES THE TYPE OF OLOT D:I! 065
C NNSI PROVII:S A PLA14L PROJECTION C00056
C %Mv2 PROVIXiS A DIRzCTI0N PROJECTION 00001?
C N"S3 PROV107S A DIRECTI3N PROJECTION SUPERINPOSED @sen
C ON A PLANI PROJ!CTtON 009059

READ ,9 ABCALPNALZTAGAMMA0NN M0e"
NSSaI 0000.1

C TEST FOR AN HEXAGONAL CRYSTAL STRUCTURE. 00olo2
C IF NEXAGOIAL STRUCTU~, USr: 4-INOD.X NOTATION 60001%3
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1I (AtS(LPHASTA.GAqHA-3060I.eLE.o(o00l| I NSS8| @0mos
IF (NNCQI*ANO* 4SSaEQoL) PRINT 40 CloO
I.F(NN# EQ I eAN3'tSS&EQ2) PRINT .1 060641
IF(4N,.Q, 2, AN!),SSeQ*1) PRINT 42 0l67
IF(NMF ,2,AN3,ISS@t, 2) PRINT 43 098066
ZF(NNEQ*.3,AN)3*SS.EQ*I) PRINT 45 00069
IF(N4eEQe3*AN3@4SS*eQe2) PRINT 46 s000?

45 FORMAT(//T2 PLOT PZAN! PROJECTIONS- NOh-HEXAGONAL CRYSTAL STIUC-)0OG0O1
'.1 FORMAT(//T2,'PLOT PLANE PROJECTIONS- HEXAGONAL CRYSTAL STRUCT*) 600072
42 FORMAT(/IT2,'PLOT OIZCT PROJECTIOHS-NON-HEXAGONAL CRYSTAL STRUC)1O0073
43 FORMAT(//T2,APLOT DIR:CT PROJFCTIONS- HEXAGONAL CRYSTAL STRUC*) 96O0?4
45 FORMAT(//r2,t PLOT PLANE I DIRECTION PROJECTIONS- NON-HEXAGONAL '1000075
46 FOPAT(//T2,%P.OT PLANE & OIRECTIONS - HEXAGONAL*) 068076
C PROI CALCULATES SOI! BASIC QUANTITIES JSEO LATER 000077

CALL PRO1 000679
C NPEQI CAN BE USED TO PROVIDE PERMUTEOD INDICES* 600079
C THIS HOUL3 ELIN-INATE THE NtEO FOR DATA CAROS WITH THE INDIC-S* 00001
C HONS-V: THIS ASDECT OF THZ PROGRAM IS NOT DEVELOPED 600081
C SET I4PERHuO 00202

IF (IPtR1.NE*0) GO TO 150 000M3
C THIS PART Oc THE PROGRAM R£AOS THE INOICESt COUNTS THEN, aCoD'.
C AND STORES THF4 IN ARRAYS. 00085
C NOTEa HEXAGONAL INOICLS 4UST BE GIVEN IN 4-INDEX NOTATION L006

Ize 0008?
GO TO (21,V202), NSS 0068

201 I21+1 000069
READ ZNH( I,(I)L(I), N C00090

2 FaRIAT(313,12) e0091
IF (CLT0) GO TO 4 060692
GO TO 201 000093

202 121+1 080699
READ 22, IH(I),K(I)qIT(I)vL(I)H 000ss

22 FOOMAT (413912) 00696
IF (MLTsQ) GO TO 4 000097
GO TO 202 006096

4 121-1 000099
IF (I.GTHIAX) PRINT 1,NHAX 006100

9 FOR4AT ( 3(/),3A- $,3X,-YOU HAVE EXCEDD ARRAY DIMENSIONS FOR 49 600101
A*THE INDICES*, /, 13, *THE ARRAY OIIENSIMOS ARE SET FOR ',I'., 006102
9 3(/) 1 C00163

25 PRINT 44,1 660104
481 FOR'4AT(1vT2! O. OF INDICES USED WAS *PIS) 000105
C THIS PART OF THE PiOGRAM CALCULATES THE APPROPRIATE COORDINATES C600106
C AND PLOTS THEN, 0001?

NNOu1 (0106
NNIzO 000109

C READ IN NU4374 OF PLOTS 3ESIRED (1 TO 9) 600110
120 READ 5919 C-0111
5 FORMAT (11) 06112
C THIS 4RANCH TRANSFERS T<: PROGRAM TO THE APPROPRIATE PLACE 000113
C DEPENDING ON THE TYPE OF PROJECTION REQUIRLD. 000114

GO TO (22,21952) ,N14 oC1iIS
C PRO2 CALCULATES PARAETE4S FOR PLANE PROJECTIONS 040116

20 CALL PRO2(9tNSS) 000117
C A TRANSFCR TO STATEHNT 50 BELOW IS DONE IF A PLANE PROJECTION IS 000119
C REQUESTED 0e0119

GO TO (5q,51),NNO 0ooIIA
C PP06 CALCU.ATES PARAIETES FOR DIRECTIONS 00121
21 CALL PROS (IUVwNSS) 000122
C REOUESTEO* 00123

GO TO (50,51),NNO @O0124
C THIS SECTION PROV13ES FO.A PLOTTING PLANES AND DIRECTIONS ON THE 060125
C SAME PLOT. CO0126
52 NHIu3 0C0127

00 10 11101! 00126
C READ TITLE* NEW LINES 9:GIN WITH CCICO21,CC%1,AND CC61 Of THE 0M12
C DATA CARD. 06126

17



C NOTES THERE lUST OT AS "ANY TITLE CARDS AS PLOTS OESIREO 000131
READ .50v ((NT(iKAJA)vJAzI20),KAul14) 000132

450 FORMAT (SUAI) 660133
IF (1IGT,1) GO TO 111 000134

C PRO? DRAWS THE CIRCLE OF THE PROJECTION ANO THE ENCLOSING SOUAREs 600135
C ALSO IT PRINTS THE TITLE* 406136
a CALL PRO7(WI9HIMTRAJIqRT) 0OO53

NNOSN14O,1 o00136
C THIS SECT104 ACTUALLY CALC POSITION COOROSO AND PLOTS PLANES 000139
C ANI DIRECTIONS O THf SAIE PLOT. 000146

00 99 13Tu192 E00141
NMuIST 000142
GO TO(20,21),HN 000143

C PRO3 READS THE CENTER 1NTX AND CALC SEVERAL PARAMETERS 000144
51 CALL PROI(NNUVWNSS) 00145

C PLOTTING OF THf INDICES IS DONE IN THIS 00-LOOP 000146
00 100 NzIpI 000147

C PRO. CALC PLOTTING COORO AND DETERMINES IF INDEX IS WITHIN 000146
C THz PROJECTION FIELD* 000149
C ACCURACY IS 0.10 RADIAN 00a1SO

... - CALL PRO4(NvNSW) 000151
GO TO (119109),NSW 000152

C PROS DOES TIE PLOTTING 3F ALL INDICES 000153
11 CALL PRO5(NNSSNN) 000154
100 CONTINUE toi0ss
99 CONTINUE 0001S6

NNOzl 100157
10 CONTINUE 0C1S6

C END OF SECTION FOR SUPER-IMPOSEO PLOTS 600159
C 000160
C THIS TERMINATES THE PROGRAM 000161
57 CALL PLOT (RA3PLO0,-3) 00162

CALL PLOTz1'999) 000163
GO TO 30 000164

C 000165
C 9EGIN SSCTr0:4 FOR PLOTTZr4G PLANE OR DIRECTION PROJECTION 000166
50 00 310 IIz1IB 60016T

C READ TITLE. NEW LINES 5.GIN WITH CClCC2ICCI,1ANC CC61 OF THE 0C0166
C DATA CARDS* 00169
C NOTES THERE 'UST BE AS MANY TITLE CARDS AS PLOTS DESIRED* 010170

R'TAl 450, (CT(KAJA)#JA:1,ZC)pKAnl,4) 000171
IF (IIGTI) GO TO 111 00172

C PRO7 DRAWS THE CIRCLE OF THN PROJECTION AND THE ENCLOSING SQUARE, 000 ?7
C ALSO IT PIINTS THE TITLe. 000174
38 CALL PRO'(W1l4itNTRAJIRST) 000175

C PRO3 RTA3S TIE CENTER INarX AND CALC SE4ERAL PARAMETERS 000176
CALL PRO3(NNUVWNSS) 00017?

C PLOTTING OF THE IN3TCES IS DONE IN THIS DO-LOOP C00178
O 313 4=:11 000179

C PRO4 CALC PLOTTI.4G COORO AND DETERMINES OF INDEX IS WITHIN 000160
C THe. PROJCTION FIELD. 060181
C ACCIJRACY IS 0.10 RADIAN 000162

CALL PRO4(NNSW) 000163
GO TO (311 3)t NS* 000164

C PRO5 DOS THE PLOTTING OF ALL INDICES c00165
311 CALL PRO5(NNSSPNN) 000166
310 CONTINUE C 0167

C END OF SECTION FOR PLOTTING PLANE OR DIRECTION PROJECTIONS 000166
GO TO 57 600169

30 STOP 000190
111 CALL PLOT 10.30093) 000191

CALL PLOT (RADPLPO.0,-3) cc0I92
IF (NNI.TQo3) GO TO 6 000193
GO TO 36 000194

C PROS NOT OPERATIONAL. BE SURE NPERMSO 000195



150 CALL PROS (NPErlq,Npl Du 600196
I zNPERn#*3 600197
G0 TO 25 060196

C 000200

C 000202
SUPROUTINE PROI 00203

C THIS PROGRA4 CALCULATES JASIC QUANTITIES FROM THE CRYSTAL LATTICE 000261.
C DATA AND OLACES TH'M IA C04ON* 06-0205

CO44O4 Nl,NO, P,Q,~,qSVOL,Sll,S22,S33,S12,S23,S31WWOdVU,00020S

2SKOSL,E,xZy2pZ2#xty 060205
3tA,'3,C,ALPHA,3g.TA,GA1A 000209
COMMON /A/ PI 000210
PzCOS CALP,A*Pl/l$SO 03 00211
Q2COS(RETA*PI/1S0.0I 060212
RSCOS (GA4'4A*P1/l0. 01 600213
RSzSIRTt.RU 00021.
VOL=A*R*^SQRT (1.-P'P-Q*t-RR20PQft3 CCO215
S11=53*9C*C* U. -P*P) 000216
S22uA*A*C*C* (1.-Q*Q3 000217
S33=A*A~cJ*3*(1.-R*R) CO 0215
S12A*S*C*:*P*Q-R) &C-0219
SZ3AA4C*(l*R-P) 000220
S3lzA9*3C (:t0-0) 000221
W~= (C'SQRT (1. J-!2Q- I P-Q9 RI /RS3'42)) 000222
MaA/W0 000223
Vs-(IW*C*P-*R3 3/I0~tS~RSI) 000224.
Us-u(P'P*2.(V*3*R3 3/A G00225
R~z( (iADT*RAI).S.5 000226
RdTURN 00022?
E ND 060228

C 000229
C ssissstS'isssSisssssssis5ssss9sssssisssssssssssssssssssIssss 000230
C 000231

SUBROUT14E PRO2IccNSSl C 00232
C THIS PROGRAI QIUANTITIES FROM THE It4OEX VALUE OF PLANE ANO PLACES 000233
C THI:M IN CO-44ON FOR USz IN PRO4* 00023.

COMMON N303D, PQRRSUOLS11,S22,S33,S12,S23,S31,WD,W,V,U,00023S

2SI(,SLq,X,2,Y2,Z2,XY OC0237
3,Af9,CALPHA, 3ETA,GANIIA 000236
COMMON /Cl IH(250)pK(?5Z),IT(25i)9LI2SG) 000239
00 5 I119C 00024.0
HIII'IM(I3 600211
GII)uK(I) 00021.2
F(IlsL(I CCO2.3
O(I)xVOLSQRTISlIHIIH()+(S226(I13G(I1)4 33*F113F(I))(2C02.1
15124H1I30(133.(2.*S31NIIVP*(I3 3+2.S26IIIF(I)3I C 002.5

Yl(IiuRAOIOOII)'IIG(I3/3)-(H(I)*R/A))/RtS 00024.7
Z1(IIzRADI*D(I3'IH(11*U4G(I)*V4F(I)*W3/A 0002.0

5 CONTINUE 00021.9
RETURN 060256
ENO 00021

C 000253
C 5SSSSSSSIbSSSSSOSSSISISSSSSSS005
C 600254.

SUBROUTINZ PRO3INN,UZYZWZ*NSS) 000259
C THIS PRO0GRAM1 READS IN THE INDEX OF CENTER OF THE PROJECTION AND 060256
C CALCULAT!S VARIOUS PARAM1:TERS WHICH ARE PLACED IN CONION. 000257
C NOTEs A HEXAGONAL SYSTE-m REQUIRES 1.-INDEX NOTATION 600256
C ALSO I A NESATIVE NUMBLR 04e TNT DATA CARD AFTER THE INDEX DATA 000259
C WILL TgRMINATE 7 HF INPUJTING ;F DATA. 600260

COMMON NSND, P,QRRSVOLS11,522,S33,51252,53,woo,vU,000lS1
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IRAOIR2,4(25C),G(25C),F(250),O(250),Xl(25Q),Yl(250),zl(2S0),SN, C00262
2SKPSL,E,X?,Y2,Z2,X,Y 000263
39A,R,C,ALRi4A,3fTA,GA'1A C0126.
GO TO (49,31)9 NSS C 00265

4. R:-Af 2, :4Hq,N.LN C 0266
2 FORMAT(313,I2) 0002b7

IF(M)7tagb 000268
7 CALL PLOT(l0sO,0.0,-3) 500269

PRINT 5 000270
5 FORVAT (TZ,*PROGRAM T--RMINATEO FROM PR03-) 000271

CALL *LOT-- (939 000272
GO TO 3 C00273

6 CONTINUE 66027.
GO TO l1,33,N4 000275

1 SHz-NN 000276
SK=- NK 00027
SL=-NL 050278
E=VOL/SQIT((S11*SHHz)+(S22SKSK)G(S33'SLSL)+(2SIZSHSK).(2.050 279

1S23Si(fSL) 4(2. S31*SL*SMH) 00028
X2:RA3I*S-l*#*/A 050261
Y2=RAOI ( (S/9)-(SdIR/A) )/RS 000262
Z2zRAOI*;*(SH*U.SK*V.SL*WJ/A 000263
GO TO 3 050284.

9 SUz-NH 000265
SV=-NK 00026
SII-NL 000267

4.3 E=SQRT (A44SUSJ94BeVSV9S*CiC#CSWSW2.9CSV*SW4P4Z.C*ASWSVQC08
1+2044*9*SUSV*R) 000289
X2DAOIS (SU*A.SV*9R+SW*C*QI /E (0290
Y~RO*(V3.S*(;**PGR)R)/ 000291
Z2zRADO(4AUZWSU+d43ZSVC*C4WZSNlC#P*(VZ4SW.WZ*SV)+ACQ0(000292

1W*US*J)43R(ZS+ZS)/LA 000293
3 RETURN 000294.

31 R:.AO 3ifN~4q4NKNI,NL,H 06029S
30 FORMAT ('Il3,IZ) 000296

IF t(49LT*0) GO TO 7 0C0297
GO TO (1,425, NN C00298

4.2 SUz-I(4H.NI) 000299
SV=-(NK-41) 0CO300
SHz-NL 0C0301
GO TO 4.3 000302
END C00303

C 00030'.

C 500306
SU9ROUTI14E PQO'.(N,NSNS E00307

C THIS PP.OGRAI CALCULATES THE PLOTTING CORROINATES OF THE INDICES 400308
C (14 INCHES) 000 309
C AND DETERMI'42S IF THE IN3EX IS WITHIN THE FIELD OF PROJECTION 060310
C ACCURACY IS 0.10 RAWIAN 050311
C THt INDEX COORDS9 X&Y, AR.E PLACES IN C0'4M04 POP USE IN P.ROS 040312

COMMON N1,NO , PQ,R,RS,VOLSII,S22,S33,S12,S23,S31,WO,WVU,000311
1RAOIR2,H(2'505,G(250),F(20),o(35o,x1(250),Yl(Z503,Zl(250*,SN. 0603io
ZSK,SLtEtE?9y?,Z29xgy 020315
39&,3,C,AL*HA,93ETA,GA'4A 000316

NSW1l 000317
OENO49X2*(X1(N)-X2)4Y2*(YI(N5-Y2),Z2*(L(N)-ZZ) 000316
IFC(OENOHS '1,10,21 O0319

10 NSWs2 6C0328
G0 TO 14. 000321

21 X3.(X2'iYl(N)*Y2.Z1(N)'Z2)-Xl(f4)(Y24 Y24Z2'Z2))/OENOII 00322
Y3:(Y2*(X2*Xl(N)4Z2Z1(4)-Y1CNIIX2*X2Z2*Z2))/OSNON 60323
23=(Z2*( XII ,)Y2'T1(NIS-Zl(N)*1X2'X2.Y2'Y2))/OENON 00032.
TzX3*X3*Y 3Y3.Z3*Z3 600325
IFIT-R2) 9,6,10 060326

6IFISHI9,11,9 000327
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11 IFfS1C19,12,9
12 XZX3 000329

YY ID00336
GO TO 14 000331

9 SzSQqT(XP~x2,Y2*YZ) 006332
ALI=-(X2*Z2)/(RAOI*S) 000333
A12=-(Y2*Z2Z/(RADI*S) 000334
A l3zS/RAOI 000335
A2lmY2/S 000336
A 22*-X2/S 00033V
X:-(Ai*X 3.A12*Y3+A134ZS) 090338
YaA21*X3.A22*Y3 000339

14 RETURN 000340
END 00e0341

C 000342
C SSSSSSSSSflSSSSSSSSSSSSSSSSSSS000343
C 000344

SU3ROUTI4E PRO5tNNSS,NNAI 000345
C THIS PROGRAI DOES THE PLOTTING OF THE INDICES C00346

COMMON NBPND* PQRRSVOLSiiS22,S33,S12,S23,S31,WOWVU,000347
1RAOIR2,M(250),S(25ClF(250IO(25o),XI(25J),Y1(25g),Z1(250),SM, 000348
ZSKSL,E,X2,YZ,ZZ,X,Y 000349
3,A,3s,CPALPHA,dE-TA,GANNA 000350
COMMON /3/ HT 000351
COMMON /9/ia18, 000352
DIHENSIO4 4N(4),NJ(4),NAST('.),ROIFF(4) 000353

C NO 13 USED To PLOT A LINE OVER AN INDEX INDICATING A NEG VALUE 000354
C NS IS USED To PLOT A BLANKC SPACZ OVER AN INDEX INDICATING A 000355
C POSITIVE VALUE& 000356

N02s 60 00357
NB.? 2 000318

C NSYtI SPECIFIES THE SY# BOL USED To PLOT THE POINT 000359
C PLANES HAVE AN X 000360
C DIR7CTIONS iAVE A DIAMOND 000361

IF (NNAer~ol) NSY~n4 6 00362
IF 1NNA*&0.Z1 NSYHs5 000363
KIH(N) 000364.
KKzG (N) 500365
(LzF(NI 000366
I N0 3 000367
GO TO (Zfil,2fl),NSS 000368

C THIS SECTIOl4 DETEP.IINES 4EXAGONAL 4-INDICES. THE INPUTTED C00369
C 4-INDICES WERE C0tIVERTDO TO 3-INDICES FOR 000370
C COIPUTATI3IAL REASONS. 000371
202 IN!~m4 000372

GO TO (2301,2002), NNA 00033
C HEXAGONAL PLANES 000374
2001 NJ(1)=KH 000375

NJ (212 KK 000376
NJ(3)2(HKK) 400377
NJ (41 KL 000376
GO TO 203 000379

C HEXAGONAL DIRECTIONS 000380
2902 ROIFF(1)z(2K-KKI/39 000381
C HEXAGONAL DIRECTION TEST FOR TRUNCATION OF INDEX DUE TO 000362
C RECOI4PUTATIONo 0.00363
C PROGRAM WILL PLOT AN ASTERISK ABOVE TRUNCATED INDEX 000364

ROIFFI 23.(2K-I(H/3* 000305
RDIFF(31 -(KHSKK)/3. 00036
ROIFF(4)'%KL 000367
DO 45 ILuI,'. 900366
NJ(IL~zR3IFF(IL) 000369
NAST(ZL~xl 000390
IF CAM5 NJ(ILl-ROIFF(IL1I.GEolsE-3) NAST(IL)w2 060391

It5 CONT14UE 600393
GO TO 203 000393

21.
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C THIS SiCTIOl DETERITNES NON-HEXAGONAL 3 INOICES 00039.
201 NJ(1)=KH 000395

NJ I2): KI 00039b
NJ(I3) sKL 000397

C TEST FOR SIGN OF INDEX 0E 0396
203 00 4'. JaivIND 000399

IF(NJ(J))5sf6fi,66 60000
55 NN(J)ZND 000461

NJ(.J)z-NJIJ) 000402
GO TO 44 06003

66 N'4(J)=NB 000404
44 CONTINUE 600405

C CONVERT X,Y COOROS FROM INCHES To CHI 0600
X=X/2.54 010487
SY Y/2.54 00 0408

C DRAW SPECIAL SYMIOL IN CENTER. FOR PLANE PROJE6TION (SQUARE) C00409
IF (X.EQ.O.0.AN~OY.EQ*..ANONNA.EQ1R CALL SYMBOL(XYP NT , 000410
A009 -11 000411

C DRAW SPECIAL SYM30L IN4 CENTER rORDIRECTION PROJECTION (TRIANGLE) AND 006412
C PRINT INDEX 3ELOW4 SYMBOL AT CENTER 000413

IF (X.EQ.3.C.ANJ.Y.EQ.0..ANO.NNA.EQ.2) GO TO 95 000414
C DRAW THE INaTEE SYMSOL GC0415

CALL SYMIO~L (X,Y,HT,NSY.4,0.0,-1) 000416
C POSITION PEN4 ABOVE INDEX THAT WILL BE LABELED 060417

PY1=Y4NT 000416
96 00 30 1I:1,IND 000419

C MOVE PEN TO SPACE NUMBERS GE0420

C CALC ARRAY VALUE FOR TABLE FOR THE INDEX INTEGERS OC0422
NSYB:NJ(rI) 454 C00423

C TEST FOR IN3=X INTEGER EXCEEDING 9 000424
IF (NSYS.C9T.63) GO TO 12 GE0425

C DRAN THE IN3EX INTEGERS 000421
13 CALL SYN30L f38XPYi,'4TNSY3,OoO,-l) 00 0427

30 CONTINUE 000428
C POSITION PEN ABOVE NUMaER TO DRAW LINE INDICATING NEG 060429

PY2=PY1+4TOo32 000430
C DRAWs NFG LI~iE OR BLANK 0C3431

DO 31 1J1,IlND 000432
9X=X-J.c3,CZJ-2j *(Hr.l@01J 6900433
HTTHT,0. 01 C00'.34
CALL SYN30L (3XtPY2,HTT,4NCIJ),0.Cq-1) 000435

31 CONTINUE 000436
IF (NSS.;E12*ANI).NNA.EQ*2) GO TO TO C00437
RETURN 000438

C DRAW ASTERISK( FOI HFX DIRECTIONS TO INOICATE TRUNCATION fiCO439
70 PY3=PY2,0.05 0C0448

00 4.6 ILLzI,4 000441
DXuX4(ILL-2)*HTT -0.03 000442
IF (NAST(1LL)oEt~.1) CALL SY,3L(OX,PY3,HTT,72900.09.1 000443
IF (NASTILL)oEQ*Z) CALL SY48OL (OXPY3,*03,11,0o0,-1) CI00444

46 CONTINUE 000445
RETURN 000446

95 CALL SYNflOL(X,Y,HT,2,3*0,-1J 000447
PYi=Y-2. 13HT 000448
GO TO 96 000449

12 NSY5z32 0&0450
IF (NSSsE2.1) PRINT 10,NJ G00451
IF (NSS@.EQ.2) PUINT 11,NJ 8002

10 FORMAT (T2,3(IX,I61 )0C0453
11 FORMAT (T2,4(1X,16) ) 000454

PlINT 16,19,1 000455
16 FUR4AT CTZ,13, 15) 000456

GO TO 13 006457
END 6604%

C 0049

ThS A(T ).s kjj3T QuALIT'i pUCTAX
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C 060461

SUBROUTINE! PRO6 (!CUZ91ZWZNSS) 000462
C THIS PR~OGRAM4 CALCULATES QUANTliS FRO" INDEX VALUES OF DIRECTIONS L60463
C ANa PLACES THE4 IN COM40N FOR USE 114 PROJ.. 050464

C04t404 NI,NO, POPRR.s,VOL,S11,S22,S33,Sl2,S23,S31,WOWVUC00465
IRAOIRt2,N(2503,G(2501iF(25)O(250,X(25)Y(250)Z(25)S'4, 000466
2SK*SLtE9X2tY2,Z29X#Y 001'.67
39 At SoC ALOHAg 3ET A GA'IA Gc0466
COMMON /C/ IH(250)$K(253),ZT(250)9L(2f01 000469
IF (NSS9.EQ92) GO TO 20 000470
DO 6 I8191c 000471
H(I)uIN(I) 060472
G(I)uK(ii 000473
F (IImL(I) 0004711

6 CONTINUE 000475
21 Do 7 IsIIC &00476

D(IIzSQRT(A'A4H()#(I)+.3'8(I)G(I)+CCF(IIF(I)2.0DC()F(GC477
1I)*P2.*CAF(I)*H(I[Q+2.*A9HIO(rIG(IIR)I 660478
X1(I)=RADI*(H(I) AGI**+tr*~)oi 090479
Yl1)2PAO1*((G(I)48RS).( (F(I)*C*(P-Q*R)/RS))/D(I) 000460

Zl(l)zRAI'(A*A*HCI)*UZe3 aG(I VZ.CCFI)WZ.3C*P(VZF(I)+WZ00048I

7 CONTINUE 000463
RETURN 000464

20 Do 9 rulic 600465
MII~zM(I)-T(I)00846

F(flL(fI) 000466
5 CONTINU! E8489

GO TO 21 600490
END0 0&0491

C 000492
C SSSSSfSSSSSS3SflSSSSSSSSSSSSS060493
C 900494

SUBROUTINE PPO7 (WI,41, NT, lAOI,RET) 000495
C THIS P.ROGRA4 DRAWS THE PROJECTION CIRCLE# THE ENCLOSING SQUARE, AND 600496
C PRINTS THE TITLE 000497

DIMENSION NT(4,201 000496
COMMON /A/ P1 060499
INTEGER RET oisom
RADzRAOI /2.54 06001

C HHIW1 ARE THi HEIGHT AND WIT" OF THE RECTANGLE 000502
C REC MUST EQUAL 1 IN ORDER TO GET RECTANGLE 00O03

MN~sH~2.O000504
WW~zW*2. 0 000505

C CA..L RECT USES A SPECIAL CALC04P ROUTINE- MUST USE SPECIAL 000506
C CONTROL CARDS TO ACCESS IT. 000507

IF (RETeE2@11 CALL kE.T(-H1,-W1,HH1,Ww1,3sc,3) fi00506
C THIS SECTION OF THE PROG0A1 JRAWS THE PROJECTION CIRCLE 690009
C DRAW CIRCL4 JSES A SPECIAL CALCOMP ROUTINE- MUST USE SPECIAL 0S051l
C CONTROL CARDS TO ACCCSS IT. 000511

CALL CIRCLE (009,00900336090,RADRAO,00 000512
C PRINT TITLE FROM NT ARRAY. TITLE WILL BE PLACES IN LOWER 000S13
C LEFT-HAND CORNER SETWEEN SQUARE AND CIRCLi. 060514
C LETTER HT FIXED At 0.100 INCH 000515

CALL PLOT (0.,3,800,1 060516
DO 90 LquItk 000517
YY-(RAO-05b)-(0o2030)4(LR-11 000516
00 90 LS*1920 000519
X~u-IRAO0.2)i.0?5)04 LS-1) 060520
CALL SYM30L(XX,'tV,.1OUNT(LRLS),0.0,1) 600521

90 CONTINUE 06053
RETURN O03S23
ENO 000524

C 080525
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C SSSSSSSSS3SSSSSS$SSSSSSSSSSSSSSSSSSSSSSIS SSS$ SSSSSSSS$ eaOSab

c GOOSE?
SUBROUTINE PRO8 (NPERa4NSS) G0052

C THIS SUBROUTINE COULD BE DLVELOPED TO PERNUT-E INDICES IN ORDER TO 4C0529

C AVOID REA0ING IN THE CARD DATA* 806531
RETURN 600531
ENO OOS

24
*U.IS.QoWfMnmt pIlntlng Officem lo0 - $97-094/614
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