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ABSTRACT

Stereographic projections for materials having hexag-
onal symmetry depend on the axial (c/a) ratio. Thus, each
material requires its individual set of stereographic pro-
jections. The facilities of the NRL Research Computation
Center have been used to calculate and plot standard stereo-
graphic projections for sevenhexagonal close-packed metals
with different axial (c/a) ratios. The stereographic pro-
jections and the computer program are included in this
report.

PROBLEM STATUS

This completes one phase of the problem; work on other
phases is continuing.

AUTHORIZATION

NRL Problem MO01-08
Project RR 007-01-46-5406

Manuscript submitted March 28, 1969,
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COMPUTER-PLOTTED STEREOGRAPHIC PROJECTIONS

INTRODUCTION

The stereographic projection is a device for condensing three-dimensional angular
relationships onto a plane. By preserving the angular relationships, the stereographic
projection becomes most useful in crystal-structure studies. The interpretation of
electron diffraction patterns and transmission electron micrographs is especially aided
by the stereographic projection. Standard stereographic projections (a stereographic
projection with a plane of low indices as the plane of projection) greatly facilitate solving
problems in trace analysis, twinning, and crystal orientation.

A standard stereographic projection for the cubic crystal system gives the angles
between planes (or normals to planes), the angles between directions, and the angles
between planes and directions for all materials that belong to the cubic crystal system.
For materials belonging to the hexagonal crystal system a different stereographic pro-
jection is needed for each material, because the formulas which represent either angles
between planes, angles between directions, or angles between planes and directions de-
pend on the axial (c/a) ratio of the material (1).

Standard stereographic projections of normals of planes of hexagonal close-packed
(hcp) crystals with different axial (c/a) ratios have been published (2-13). The standard
stereographic projections in this report have been calculated and plotted by means of a
computer program. The materials and the axial (c/a) ratios of the projections are:
beryllium (1.5677), cadmium (1.8856), hafnium (1.5811), magnesium (1.6235), titanium
(1.5873), zinc (1.8562), and zirconium (1.5931), The lattice constants or axial ratios used
in these calculations were taken from either Barrett and Massalski (13) or Pearson (14).
The standard stereographic projections that were calculated and plotted for each material
are the (0001), the (1010), and the (1012) projections. The program could easily be modi-
fied to calculate other standard projections or different axial (c/a) ratios.

METHOD

To plot a stereographic projection of radius R, the indices of the plane of the pro-
jection (h;k;i,4;) must be chosen. Another pole (h;k,i;1;), known to be 90 degrees from
the (h;k,i;©,) pole, is used to establish a y axis, while a third pole (h,k,i,<,), known to
be 90 degrees from the (h;k.i,©;) pole, is used to establish an x axis, as in Fig. 1. The
angle o« between the (h;k;i;4;) and (h,k,i,%,) poles is then calculated.

Any (defg) pole can now be plotted on this projection. The angles between the (defg)
and the (h,k,i,?,), (h,k,i,2,), and (h,k;i,£,) poles are then calculated. These angles
are y, ¢, and y, respectively. The radial polar coordinate (15) of the (defg) pole can now
be found to be R, =R tan (y/2). The angular polar coordinate for the (defg) pole can also
be calculated from the relationship (16) between the three sides of the spherical triangle
and one included angle. The three sides of the spherical triangle between the (h,k,i,%,),
(h,k,i,%,), and (defg) poles are a, ¢, andy. The included angle ¢ is the angular polar
coordinate and can be expressed as

COS ¢ - COS ¢ COS a
cos 6 = s T
Sin ¢ Sin «
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The angular polar coordinate, having been calculated from the inverse cosine func-
tion, is restricted to values between 0 and ». The correct quadrant for the angle must be
determined.

The angle y between the (defg) and the (h;k;iz€;) pole is calculated and compared to
B, which equals 90 degrees. I yis equal to or less than g, ¢ lies in the first or second
quadrant (0 < ¢ < « ), but if y is greater than g, ¢ lies in the third or fourth quadrant
(<6< 22).

The polar (R,, ¢) coordinates can now be transformed to cartesian (x,y) coordinates
without any ambiguity. The (x,y) position of the (defg) pole is then plotted to an accuracy
of +0.01 in. The error in the plotted point, determined by superimposing a 1-degree
Wulff net, is less than 0.5 degrees for a 10-in.-diameter net.

Standard stereographic projections of the (0001), (1010), and (1012) poles are shown
for beryllium (1.5677) in Figs. 2 through 4,* for cadmium (1.8856) in Figs. 5 through 7,
for hafnium (1.5811) in Figs. 8 through 10, for magnesium (1.6235) in Figs. 11 through 13,
for titanium (1.5873) in Figs. 14 through 16, for zinc (1.8562) in Figs. 17 through 19, and
for zirconium (1.5931) in Figs. 20 through 22,

The angles between the (0001), (1010), and (1012) poles and the poles of the planes
used in the stereographic projections are given in Tables 1, 2, and 3, respectively.

A flow chart of the computer program used to do the calculations and plotting is
given in Appendix A. The program itself is given in Appendix B.

*Figures 2 through 22 appear on pages 5 through 25.
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Fig. 22 - (1012) Stereographic projection of zirconium (1.5931)
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Table 1
Angles Between Planes for Selected Hexagonal Metals
Axial (c/a) Ratio
Bikiaty) hoKalats | pe cd Hf Mg i Zn Zr
(1.5677) | (1.8856) | (1.5811) | (1.6235) | (1.5873) | (1.8562) | (1.5931)
0001 0001 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1010 90.00 90.00 90.00 90.00 90.00 90.00 90.00
2021 74.56 77.07 74.68 75.07 74,74 76.87 74.79
1011 61.08 65.33 61.29 61.92 61.38 64.99 61.47
2023 50.35 55.44 50.59 51.34 50.70 55.01 50.81
1012 42.15 47.43 42.39 43.15 42.50 46.98 42.61
1013 31.11 35.97 31.32 32.00 31.42 35.54 31.52
1014 24.35 28.56 24.53 25.11 24.62 28.18 24.70
1015 19.90 23.53 20.06 20.55 20.13 23.20 20.20
1120 90.00 90.00 90.00 90.00 90.00 90.00 90.00
1121 72.31 75.15 72.45 72.88 72.52 74.92 72.58
1122 57.47 62.06 57.69 58.37 57.79 61.69 57,88
1123 46.26 51.50 46.51 47.26 46.62 51.06 46.72
1124 38.09 43.31 38.33 39.07 38.44 42.86 38.54
1125 32.09 37.03 32.31 33.00 32.41 36.59 32.51
1230 90.00 90.00 90.00 90.00 90.00 90.00 90.00
1231 78.21 80.15 78.30 78.60 78.35 80.00 78.39
1232 67.34 70.85 67.51 68.04 67.59 70.57 67.66
1233 57.94 62.49 58.16 58.83 58.26 62.12 58.35
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Table 2

Axial (c/a) Ratio

hikydytyf Bl s | Be cd Hf Mg Ti Zn Zr
(1.5677) | (1.8856) | (1.5811) | (1.6235) | (1.5873) | (1.8562) | (1.5931)

10T0 | 0001 | 90.00 | 90.00 | 90.00 | 90.00 | 90.00 | 90.00 | 90.00
1010 0.00 | 000 | 000 | 000 | 000 | 000 | 0.00
60.00 | 60.00 | 60.00 | 60.00 | 60.00 | 60.00 | 60.00

2031 | 15.44 | 12.93 | 1532 | 14.93 | 15.26 | 13.13 | 15.21
61.19 | 60.84 | 61.67 | 6L11 | 61.16 | 60.86 | 61.15

1011 | 28.92 | 24.67 | 28.71 | 28.08 | 28.62 | 25.01 | 28.53
64.05 | 62.98 | 63.99 | 63.82 | 63.96 | 63.06 | 63.94

2033 | 39.65 | 34.56 | 39.41 | 38.66 | 39.30 | 34.99 | 39.19
67.36 | 65.69 | 67.27 | 67.02 | 67.24 | 65.82 | 67.20

1012 | 47.85 | 42.57 | 47.61 | 46.85 | 47.50 | 43.02 | 47.39
70.40 | 68.39 | 70.30 | 70.01 | 70.26 | 68.56 | 70.22

1013 | 58.89 | 54.03 | 58.68 | 58.00 | 58.58 | 54.46 | 58.48
75.08 | 72.92 | 74.93 | 74.64 | 74.89 | 73.10 | 174.85

1074 | 65.65 | 61.44 | 6547 | 6489 | 6538 | 61.82 | 65.30
78.10 | 76.17 | 78.02 | 77.75 | 77.98 | 76.3¢ | 77.94

1015 | 70.10 | 66.47 | 69.94 | 69.45 | 69.87 | 66.80 | 69.80
80.20 | 78.48 | 80.13 | 79.89 | 80.09 | 78.64 | 80.06

1130 | 30.00 | 30.00 | 30.00 | 30.00 | 30.00 | 30.00 | 30.00
90.00 | 90.00 | 90.00 | 90.00 | 90.00 | 90.00 | 90.00

1131 | 34.40 | 33.17 | 34.34 | 3414 | 3431 | 33.26 | 34.28
90.00 | 90.00 | 90.00 | 90.00 | 90.00 | 90.00 | 90.00

1192 | 43.10 | 40.08 | 42.95 | 42.49 | 42.88 | 40.32 | 42.82
90.00 | 90.00 | 90.00 | 90.00 | 90.00 | 90.00 | 90.00

1133 | 51.26 | 47.33 | 51.08 | 50.50 | 50.99 | 47.66 | 50.91
90.00 | 90.00 | 90.00 | 90.00 | 90.00 | 90.00 | 90.00

1134 | 5771 | 53.55 | 57.52 | 56.92 | 57.43 | 53.90 | 57.35
90.00 | 90,00 | 90.00 | 90.00 | 90.00 | 90.00 | 90.00

1195 | 62.61 | 58.57 | 62.43 | 61.86 | 62.34 | 58.92 | 62.26
90.00 | 90.00 | 90.00 | 90.00 | 90.00 | 90.00 | 90.00

1230 | 19.11 | 19.11 | 19.11 | 1911 | 19.11 | 19.1 | 19,11
40.89 | 40.89 | 40.89 | 40.89 | 40.89 | 40.89 | 40.89

79.11 | 79.11 | 7911 | 79.11 | 79.11 | 79.11 | 79.11

{Table Continues)




NRL REPORT 6919 29
Table 2 (Continued)
Angles Between Planes for Selected Hexagonal Metals
Axial (c/a) Ratio
Bikidity | BoRodots | pe cd Hf Mg Ti Zn Zr
(1.567'7) | (1.8856) | (1.5811) | (1.6235) | (1.5873) | (1.8562) | (1.5931)
1231 22,34 21.41 22.29 22.14 22.27 21.48 22.24
42.27 41.86 42.25 42.18 42,24 41.89 42,23
79.34 79.27 79.34 79.32 79.33 79.27 79.33
1232 29.32 26.79 29.19 28.80 29.13 26.99 29.07
45,717 44,43 45,70 45.49 45,67 44,53 45.64
79.96 79.72 79.94 79.91 79.94 79.73 79.93
1233 36.79 33.06 36.61 36.05 36.53 33.36 36.45
50.16 47.90 50.05 49.70 49.99 48.07 49,95
80.78 80.35 80.76 80.69 80.75 80.38 80.74
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Table 3
Angles Between Planes for Selected Hexagonal Metals

Axial (c/a) Ratio

hikyig 4, | hyk,i,d,

Be Cd Hf Mg Ti Zn Zr
(1.5677) | (1.8856) | (1.5811) | (1.6235) | (1.5873) [ (1.8562) | (1.5931)
1012 0001 42,15 47.43 42.39 B 43.15 42.50 46.98 42,61

1010 47.85 42.57 47,61 46.85 47.50 43.02 47,39
70.40 68.39 70.30 70.01 70.26 68.56 70.22
2021 32.41 29.64 32.29 31.92 32.24 29.89 32.19
58.61 55,50 58.65 58.1717 58.67 56.15 58.69
63.29 59.32 62.92 61.79 62,76 59.27 62.60
82.76 18.03 82,53 81.82 82.42 78.40 82.32
1011 18.93 17.90 18.90 18.78 18.88 18.01 18.86
49.29 51.91 49,42 49.83 49.48 51,70 49.54
76.77 67.24 76.32 74.93 76.11 68.03 75.92
86.28 87.00 86.61 87.61 86.76 87.55 86.90
2023 8.21 8.01 8.20 8.19 8.20 8.03 8.20
43.00 46.61 43.17 43.71 43.25 46.32 43.33
77.60 77.13 77.97 79.11 78.14 78.00 78.30
87.50 85,38 87.02 85.52 86.79 84,74 86.59
1012 0.00 0.00 0.00 0.00 0.00 0.00 0.00
39.21 43.21 39.40 39.99 39.49 42.88 39.57
71.06 79.25 71.45 72.63 .| 71.62 78.97 71.79
84,30 85,14 84.78 86.29 85.01 86.04 85.21
1013 11.04 11.46 11.07 11.15 11.08 11.44 11.09
36.09 40,20 36.28 36.88 36.37 39.86 36.45
62.52 70,66 62.89 64.05 63.06 69.96 63.22
73.26 83.40 73.71 75.15 73.93 82.53 74,72
1014 17.80 18.87 17.86 18,04 17.89 18.80 17.¢1
35.53 39.63 35.72 36.32 35.81 39.29 35.69
57.51 65.28 57.87 58.97 58.03 64.62 58.18
66.50 75.99 66,92 68.26 67.12 75.17 67.30
1015 22.25 23.90 22.33 22.59 22.37 23.18 22.41
35.77 39.89 35.96 36.56 36.05 39.55 36.14
54.34 61,76 54.68 55.73 54.84 61,12 54.98
62.50 70.96 62.45 63.70 62.63 70.18 62.81

(Table Continues)
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Table 3 (Continued)

31

Axial (c/a) Ratio

hikidydy | Mokoldy | ge | ca Hf Mg Ti Zn Zr
(1.5677) | (1.8856) | (1.5811) | (1.6235) | (1.5873) | (1.8562) | (1.5931)
1130 | 54.47 | 50.37 | 54.28 | 53.68 | 5419 | 50.71 | 54.11
90.00 | 90.00 | 90.00 | 90.00 | 90.00 | 90.00 | 90.00
1121 | 38.83 | 37.83 | 38.80 | 38.67 | 38.78 | 37.92 | 38.76
70.83 | 63.07 | 170.49 | 69.43 | 70.33 | 64.28 | 70,19
76.98 | 80.02 | 7713 | 77.60 | 77.20 | 79.78 | 77.27
1132 | 27.29 | 28.31 | 27.35 | 27.51 | 27.37 | 28.24 | 27.40
66.50 | 71.52 | 66.75 | 67.50 | 66.86 | 71.12 | 66.96
8476 | 75.73 | 84.34 | 83.01 | 84.14 | 76.48 | 83.96
1123 | 21.18 | 23.03 | 21.27 | 21.55 | 21.31 | 22.89 | 21.35
59.17 | 65.09 | 59.45 | 60.32 | 59.58 | 64.61 | 59.70
84.68 | 85.53 | 85.14 | 86.55 | 85.35 | 86.35 | 85.54
1124 | 19.60 | 21.61 | 19.70 | 19.99 | 19.74 | 21.44 | 19.78
54.30 | 60.51 | 5459 | 5550 | 54.73 | 60.00 | 54.85
77.00 | 86.86 | 77.45 | 78.86 | T7.66 | 86.02 | 77.85
1125 | 2047 | 22.46 | 20.56 | 20.86 | 20.61 | 22.30 | 20.65
51.09 | 57.31 | 51.38 | 52.27 | 51.51 | 56.79 | 51.63
71.37 | 81.02 | 71.81 | 73.18 | 72.02 | 80.19 | 77.20
1230 | 50.65 | 45.90 | 50.43 | 49.74 | 50.33 | 46.30 | 50.23
59.52 | 56.17 | 59.36 | 58.87 | 59.29 | 56.45 | 59.22
82.71 | 82.00 | 82.68 | 82.57 | 82.66 | 82.06 | 82.65
1231 | 39.44 | 3674 | 39.33 | 38.95 | 39.27 | 36.98 | 39.22
49.60 | 48.38 | 49.55 | 49.39 | 490.53 | 48.49 | 49.50
62.02 | 55.25 | 61.70 | 60.71 | 61.55 | 55.81 | 61.42
69.82 | 64.35 | 69.55 | 68.74 | 69.43 | 64.80 | 69.32
7400 | 75.36 | 74.07 | 7428 | 7410 | 75.25 | 74.13
88.43 | 88.77 | 88.57 | 89.00 | 88.63 | 88.99 | 88.69
1232 | 29.45 | 28.45 | 20.41 | 29.29 | 29.39 | 28.55 | 20.38
41,08 | 41.60 | 41.11 | 41.21 | 41.13 | 41.57 | 41.14
66.25 | 6418 | 66.41 | 66.88 | 66.48 | 64.87 | 66.54
72.58 | 69.31 | 72.18 | 70.95 | 72.00 | 69.07 | 71.83

(Table Continues)
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Table 3 (Continued)

Axial (c/a) Ratio

Bikidity| Bakslats | pe cd Hf Mg Ti Zn Zr
(1.5677) | (1.8856) | (1.5811) | (1.6235) | (1.5873) | (1.8562) | (1.5931)
79.49 | 72.30 | 79.14 | 78.08 | 78.99 | 72.88 | 78.84
80.29 | 84.81 | 80,51 | 81.20 | 80.62 | 84.46 | 80.71
1233 21.42 | 21.62 | 21.44 | 21.48 | 21.44 | 21.61 | 21.45
34.57 | 36.27 | 34.65 | 34.92 | 34.69 | 36.14 | 34.73
59.93 | 64.16 | 60.14 | 60.78 | 60.23 | 63.82 | 60.32
73.38 | 12.26 | 173.65 | 74.51 | 7318 | 73.04 | 73.90
81.73 | 79.10 | 81.29 | 79.90 | 81.08 | 78.64 | 80.89
87.92 | 79.55 | 87.52 | 86.29 | 87.34 | 80.24 | 87.17




Appendix A

COMPUTER PROGRAM FLOW CHART
Evaluate constants
Read HH, KX, II, LL
4
Draw circle for projection
Calculate angles between planes

Write legend on side of projection
Write heading on printout

H=HH; K=KK; I =I; L = LL =

Calculate v, ¢, x, R, 6

Test

If 4> 90 degrees

If y < 90 degrees continue

Correct quadrant for ¢

Print, plot, write H, K, I, L

END
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Appendix B

COMPUTER PROGRAM FOR STEREOGRAPHIC PROJECTIONS
AND ANGLES BETWEEN PLANES
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PROGRAM PROJECT
EXTERNAL ARSF

TYPE INTEGER H'KnI.L.HH(EZO)oKK(éZO)‘II(ZEO)vLL(ZZO)

DIMENSION ABUFFER(2%4) +3BUFFER(254) ¢ CHBUFFER(254)

C AND A VALUES SPECIFY C/A RATIO

C = 15873 % A = 10000

CONSTANTS USED LATER IN THE PROGRAM

RADIUS = 5e¢ % ADDX = 10e $ ADDY = S,
CONV = 57,29577

CON = SQRT(0«75¥(A/C) *%2)

COM = SQRT(1le)

COP = SQART(1e + 3e¥(A/C)¥¥2)

COR = SQRT(3s)

COT = SART(4e+7127e /4 ) ¥ (A/T)%%2)

COMP = 145708
NN = 0O

IJv =0

1 = 1J + 1

READ 101 eHHOTJU) oKK(IU) s II(IU)sLL(IU)
FORMAT (413)

NN = NN + 1

IF(EOF+5) 51450

CONTINUE

DO 1 .IJK = 143

GO TO (60461462 41IK
CALL PLOTS(ABUFFER2544+1)
GO TO 65

CALL PLOTS(BBUFFERIZ25441)
CALL PLOT(DOe30ee¢—-3)

GO TO &5

CALL PLOTS(CBUFFER25441)
CALL. PILOT(Deas0e9y~3)
CONTINUE

ODRAW A CIRCLE OF RADIUS 5.0 ABOUT X =

CALL PLOT(5e35e4¢3)

DELX = QL.

XR = Se

XR = XR + DELX

IF(15e—=XR) 9014+4902+902
ARGU=ABSF (RADIUS¥ % 2= (XR-ADDX) *#2)

‘ARG = SQRT(ARGU)

YR = ARG + ADDV
CALL PLOT(XRsYR.2)

GO TO 900

CALL PLOT(15e+5e42)

XR = 15,

XR = XR - DELX

IF(XR=5e) 9119124912

ARGU = ABSF (RADIUS*¥2 — (XR~ADDX)*%2)

10esY

Se

35
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[N eNeNeNe]

noopo

915
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311
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316
317

318
s

32L
322
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326
327

328
3725

331
332

333
2130

336
337

338
339

E. A. METZBOWER

ARG = SQRT(ARGU)
YR = ADDY - ARG
CALL PLOT(XRsYR2)
GO. TO 909
CONTINUE

CALL PLOT(5415632)

BETAl =
BETA2 =
BETA3 =

ANGLE BETWEEN THE
ANGLE BETWEEN THE
ANGLE BETWEEN THE

ARGBETA1
ARGBFTA?
ARGBETA3
IF (ABSF (ARGBETA1)=~14)

D0
Ce0

IF (ARGBETAL1) 31243104313
ARGHETA]l = —1a

GO TQ 310

ARGBETAL = 1.

BETA1 = ACOS(ARGBETAI1)
IF (ABSF (ARGBETA2)=1e)
IF(ARGBETA2) 31743154318

ARGBETAZ2 =
GO TO 315

ARGBETAZ2 = 1.

BETAZ2 = ACQS(ARGBETA2)
IF(ABSF(ARGBETA3)-14)

IF (ARGBETA3) 32243204+323
ARGEBETA3 = -1,

GO TO. 320

ARGBETA3 =
BETA3 =

—1le

le
ACOS({ARGBETA3)

RHQ1
RHO2
RHQ3 =

i

ANGLE. BETWEEN THE
ANGLE BETWFEEN THE
ANGLE. BETWEEN THE

ARGRHO1 00
ARGRHO2 0.0
ARGRHO3 = Q.0
IF(ABSF (ARGRHO1)=-1.)
IE(ARGRHO1)..327:3251328
ARGRHO11 =
GO. TO..328.
ARGRHO1 = 1

RHO1 = ACQS(ARGRHOL)
IF (ABSF (ARGRHGC2)~-14)
IFE (ARGRHQ2) 33243309333
ARGRHO2 = =140

"M

~1le

GO .TO 330

ARGRHOZ2 = 1.

RHO2 = ACOS(ARGRHOZ2)
IF (ARSF ( ARGRHO3)=14)
IF (ARGRHO3)_ 3374335338
ARGRHO3 =
GO TQ 335
ARGRHO3 = 1.

RHO3 = ACQOS(ARGRHO3)
ABETA1 = CONV*BETA1

—-1le

(¢}
1
1

0
o-
o-

$ ABETA2

(0]
1
1

31543154316

32043204321

1
(o}
2

32543254326

3300330331

33543354336

C

THE
THE
THE

(2e=4+5%(A/CI%%2) /(COT*COP)
310+3104+311

AND THE
AND THE
AND THE

ONV#BETA2

z=1-1 0 PLANES
-1 2-1 0 PLANES
2 0—-2~3 PLANES

0 1-1 0 PLANES
0 0 0 1 PLANES
-1 2-1 0 PLANES
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ABETA3 = CONVH*BETA3

ARHO1 = CONV#*RHOI $ ARHO2 = CONV#*RHO2

ARHO3 = CONV*RHO3

PRINT 40.ABETAl (ABETA2«ABETA3

FORMAT( 1HL 44X +OH BETA]l = +FQ9e5,9H BETAZ = +F9e5419H BETA3 =
1 F9e5//)

PRINT 414 ARHO1 4ARHO2,ARHO3

FORMAT (5X+8H RHO1 = 1FGe54.8H RHO2 = +F945,8H RHO3 = +F9e5/ /)

LEGEND WRITTEN ON SIDE OF PROJECTION

GO TO (984198.298) «+ IJK

CALL SYMBOL(Ce5+16e1 106280+ 195HSTANDARD (0C0O1)+40eCe15)
GO TO 10

CALL SYMBOL{C eS5+6e1104280+13HSTANDARD (1010)+¢040415)
CALL SYMBOL(3e3816a3:¢0e28041H~90e001)

GO TO 1C

CALL SYMBOL(Ce5+464140e¢28C+15HSTANDARD (1012)+4040415)
CALL SYMBOL(3:3816¢310e¢280s1H~90e0s1}

CONTINUZ

CALL o>YMBUL(GCe5956490e¢2809 13HPROJECTION OF 4009 13)
CALL SYMBOL(0e544¢710e6280+6HPLANES1CeQ+6)

CALL SYMBOL{(CeS+44C10e280114HIC/A = 1eD873)10e0914)

HEADING WRITTEN ON TOP OF PAGE

GG TO (399,1399,2399) 4 IJK

PRINT &11.C

FORMAT ¢ 1H1 +38H STANDARD PROJECTION ( 0 O O 1) C/A = +F6eb//)
GO TO 11

PRINT 1412,.C _

FORMAT (1H1 +38H STANDARD PROJECTION ( 1 0-1 0) C/A = +sF6ed//)
GO TO 11

PRINT 2413.C

FORMAT (1H14+38H STANDARD PROJECTION ( 1 0—=1 2) C/A = +F6es//;
CONTINUE

IK = 0

IK = IK + 1

H = HH(IK)

K= KK(IK)

I = 11(IK)

L = LL(IK)

AH = H ®AK = K $ Al =1 % AL = L

UNEED = SQRT(AH¥¥%¥2 + AK¥¥2 + AH¥AK + Qe 7S¥ALXAL¥ (A/C)¥*#2)

PsSIt
Psl2
PSI3

ANGLE BETWEEN 0001 AND HKIL PLANE
ANGLE BETWEEN 10-10 AND HKIL PLANE
ANGLE BETWEEN 10-12 AND HKIL PLANE

ARGPSI 1 { « 7TSHAL* ( A/C) ¥#2) / ( CON¥UNEED)

ARGPSI? = (AH+eS5%AK )/ (COM*UNEED)

ARGPSI3 = (AH+eS5¥AK+1e5¥AL¥* (A/C)¥%2) / (COP*UNEED)
IF (ABSF (ARGPSI1)=1e) 355:355,356

IF(ARGPSI1) 35743554358

ARGPSI1 = —~1la

GO TO 355

ARGPSI] = 1

PS11 = ACOS(ARGPSIL)
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377
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3a1
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383
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341
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343
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346
347

348

E. A . METZBOWER

IF (ABSF (ARGPSI2)~1e) 360+3604+361
IF(ARGPSI2) 362+360+363

ARGPSI2 = -1

GO TO 36Q

ARGPSI2 = 1.

PS12 = ACOS(ARGPSI2)

1F (ABSF (ARGPSI3)-1e) 36343654366
IF(ARGPSI3) 36743654368

ARGPSI3 = =1

GO TQ 365

ARGPSI3 = 1

PSI3 = ACOS(ARGPSIZ)

PHI1 = ANGLE BETWEEN THE HKIL AND THE 2?-=1-1 0 PLANES
PHIZ2 = ANGLE BETWEEN THE HKIL AND THE -1 2-1 0 PLANES
PHI3 = ANGLE BETWEEN THF HKIL AND THE 2 0-2-3 PLANES
ARGPHI1 = (2e¥AH=AK+Q¢5S%* (2 ¥AK—-AH) ) / (COR¥UNEED)

ARGPHIZ2 = (~AH+2¢#AK+0¢5¥ (2 #AH~AK) )/ (COR*¥UNEED)
ARGPHI3 = (2«¥AH+AK— (D e/ 44 ) ¥ALK (ALCI¥%2) / (COTH*¥UNEED)
IF(ABSF(ARGPHI1)=1e) 37043704371

IF(ARGPHI1)Y 37243704373

ARGPFPRLIL = —=1e

GC TO 1370

ARGPHI1 = 1.

PHI1 = ACOS(ARGPHI1)

IF{ABSF (ARGPHI2)=1e) 37543754376

IF (ARGPRH.I2)Y 37743754378

ARGPHIZ2 = =1e

GO TO 375

ARGPHIZ2 = 1.

PHI2 = ACOS(ARGPHIZ2)

IF (ABSF (ARGPHI3)—1+) 380.:380+381

IF (ARGPH13). 38213804383

ARGPHI3 = =1,
GO IO 380.
ARGPHI3 = 1.

PHI3 = _ACOS(ARGPHI3)

CHI1l = ANGLE BETWEEN THE HKIL AND THE O 1-1 0 PLANES
CHI2 = ANGLE BETWEEN THE HKIL AND THE O O 0 1 PLANES
CHI3 = ANGLE BETWEEN THE HKIL AND THE -1 2-=1 0 PLANES
ARGCHI1 = (AK+0«S#AH) /(COM*¥UNEED)

ARGCHIZ2 = (Oe«75S*¥AL¥(A/C)¥%2)/(CON¥UNEED)

ARGCHI3 = (=AH+2.¥AK+QeSX (24 ¥AK~AH) )/ (COR¥UNEED)

IF (AUSF (ARGCHI1)=1e) 34043404341
IE(ARGCHIL) 342434014343

ARGCHI1 = —1.

GO TO 340

ARGCHI1 = 1.

cHil = ACOS(ARGCHILLD

IF (ABSF(ARGCHI2)~1e) 34543454346
IF(ARGCHI2) 347.:3451348

ARGCHIZ = =1

GC TQ 345

ARGCHIZ2 = 1.

CHI2 = ACOS(ARGCHIZ2»

IF (ABSF (ARGCHI3)=1e) 35043504351



an

AOOCO00000000000000N

ao0oob

Do

351
382

353
350

12

203
209

701
702

703
700

501

NRL REPORT 6919

39

IF(ARGCHI3) 352:350+353

ARGCHIR = =1

GC TO 350

ARGCHI3 = 1.

CHI3 = ACOS(ARGCHI3)

CONVERT ANGLES FROM RADIANS TGO DEGREES
APHI1 = CONV#PHI| $ APHIZ = CONV#PHI2
APHI3 = CONV#PHIJ

ACHI1 = CONV#CHI1 $ ACHI2 = CONV#*CHIZ2
ACHI3 = CONV¥*CHI3

APSI1 = CONV * PSI1 & APSI2 = CONV % PSI2
APSI3 = CONV % PSI3

R1 IS THE RADIAL POLAR COORDINATE OF THE HKIL POLE IN A 0001

STANDARD PROJECTION

R2 IS THE RADIAL POLAR COORDINATE OF THE

STANDARD PROJECTION

H<KIL POLE IN AN 10-10

R3 IS THe RADIAL POLAR COORDINATE OF THE HKIL POLE IN AN 10-12

STANDARD PROJECTION
ARTHETAIL

IS THE ARGUMENT OF THE INVERSE COSINt OF THE ANGL. THETAIL

Wnirer 1S 1HE ANGULAR POLAR COCRDINATE UF THE HKIL PCLE IN THE

0001 STANDARD PROJECTION

ARTHETA2 IS5 THE ARGUMENT OF THE INVERSE COSINt OF THE ANGLe THETAZ

WHICH IS5 THE ANGULAR POLAR COORDINATE OF Tht HKI

10—10 STANDARD PROJECTION

POLF IN ThHE

ARTHETA3 IS THE ARGUMENT OF TriE INVERSE COSINF OF THF ANGLE THETAS3
WHICH IS THE ANGULAR POLAR COORDINATE OF TrHE HKIL POLE IN THE

10—-12 STANDARD PROJECTION

R1 = RADIUS * TANF(PSI1/24)

R2 = RADIUS % TANF(PSI2/2e)

R3 = RADIUS # TANF(PSI3/2)

ARTHETALl = (COS(PHI1)~COS(BETA1)*COS(PSI1))/(SIN(DETAL)*SIN(PSIL))
ARTHETA2 = (COS(PHI2)-COS(BETA2)*COS(PSI2) )/ (SIN(LETA2)*STIN(PSI2))
ARTHETAS = (COS(PHI3)—-COS(BETA3)*COS(PSI3) )/ (SIN(EETAS) *SIN(PSI3))
GO TO (12413s14)410K

CONTINUE '

IF PSI1 1S GREATER THAN 90 DEGREESsHKIL POLE wWILL NOT BE ON

(0001) PROJUECTION

IF(COMP = PSI1) 206+209+209
CONTINUE

CORRECT QUADRANT FOR THETAI

IF(ABSF(ARTHETAL1)=14) 7004 700+ 701
JELCARTHETAL)Y 7Q2+ 700, 7Q3

ARTHETA1l = ~1.

GO TO 700

ARTHETAL1l = 1o

THETAl = ACOS(ARTHETALl)

IF(RHO1 — CHI1l) 50145024502
THETA] = 2e%3414159 ~ THETAI
GO TO 502

CONVERT FROM POLAR COORDINATES (R1+THETAL)

TO CARTESIAN
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COORDINATES (XsY)

X = RI*COS(THETAL)
Y = R1 #* SIN(THETAL)
ATHFTA1 = CONV * THETAl

X1eYl ARE THE COORDINATES OF THE HKIL POLE AND WwILL BE PLOTTLD
ON THE (0001) PROJECTION

X1l = X + ADDX $ Y1 = Y + ADDY

GO TO 15

CCNTINUE

IF PSI2 IS GREATER THAN 90 DEGREES+HKIL PCLE wlILL NOT B& OiN
(10-10) PROJUECTICN

IF(COMP — PSI2) 2064120941209

CONT INUE

CORRECT QUADRANT FOR THETA2

[F(ABSF(ARTHETAZ2)~1e) 17004170041701
IF(ARTHETA2) 1702,1700+1703
ARTHETAZ = =1,

GO TO 1700

ARTHETAZ2 = 1.

THETAZ2 .= ACOS(ARTHETA2)

IF (RHO2 — CHI2) 15C1,1502,1502
THETA2 = 2.%#3414159 - THETA2

CONVERT FROM POLAR COORDINATES (R2sTHETA2) TO CARTESIAN
CCORDINATES (XsY)

X. = R2%COS(THETAZ2)
Y = R2*#SIN(THETA2)
ATHETA2 = CONV * THETAZ2

X24.Y2 ARE THE COORDINATES OF THE HKIL POLE AND wiLL BE PLOTTED
ON THE (10-10) PROJECTION

X2 = X + ADDX $ Y2 = Y + ADLY
GO TO 15
CONTINUE

IF PSI3 1S GREATER THAN 90 DEGREES«HKIL POLE WILL NOT BE ON
(1Q0-12) PROJECTION

[IF(COMP - PSI3) 2061220942209
CONTINUE

CORRECT QUADRANT FOR THETAZ3

IF (ABSF(ARTHETA3)=1e) 2700+2700+2701
[F(ARTHETA3) 2702,2700+2703
ARTHETA3 = —1.

GO TO 27Q0

ARTHE rA3 = 1o

THETA3 = ACOS(ARTHETA3)

IF(RHO3 — CHI3) 250142503+,2503
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THETA3 = 2+%3.14159 -~ THETA3

CONVERT FROM POLAR COORDINATES (R3+THETA3) TC CARTESIAN
COORDINATES. (XaV)

X = R3 % COS(THETA3)
Y = R3%¥Sing1HETAR)Y
ATHETAR = CONV * THETA3

X3+Y3 ARE THE COORDINATES OF THE HKIL POLE ANUL WwWILL otZ PLOTTED
ON THE (10-12) PRUJECTION

X3 = X + ADDX $ Y3 = Y + ADDY

CONTINUE :

IHX = ABSF(100e%X)

JHY = ABSFE(100.%Y)

GO TC (398,1398,2398) + 1JK

DRINT 401 sHoKsI sl ¢APSI1eAPHI 1 sACHI 1 JATHETAL XY s [HX s IHY

CALL SYMBOL(X13Y140e063330e0=1)

FORMAT (5X4413+8H PSI1 = +FB8e3+8H PHI1 = +F8e3¢8H CHIL = JF8e3,
1CH THETAL = +FB843+s5H X = +F5e2415H Y = 4F5.24216/)

IN ORDER TO AVOID WRITING THE HKIL VALUES ON TOP OF EACH OTHER
THIS SERIES DOF COMMANDS MOVES THE ORIGIN OF THE TROUBLESOME
HKTIL VALUES

IF(L=5) 920+820+920
IF(H=1) 830+821,920
IF(K) 822+823.920
TF(K+1) 9208244920
IF(1) 920+840,920
IF(1+1) 92048404920
IF(H+1) 92048314920
IF(K)Y 920.832,833
IF(I-1) 920+8404920
TF(K=1) 9204+834,+,920
IF(I) 920+840+920
IF(Y) 841,920,4842
Y1Y = Y1 + QCelD
X1%x = %1 + 0,05

GO TO 939

YiY = Y1 = Qel5

XiX = X1 + 005

GO TO 939

IF(IHY) 930¢931+930
TF(I — 4) Q32.933,932
YlyY = Y1 - 017

X1X = X1 = Del7

GO TO 939

Y1Y = Y1 4+ 0e17

X1X = X1 — 0e17

GO TO 939

IF (Y]l — 0e50) 934,935,935

YIY = Y1 + 005

GO TO 936

YV = Y1 - 005

XiIX = X1 + 005

~0 TO 14

PRINT 402+HsKe 1+ APSI21APHIZ2sACHIZWATHETAZ s Xo Y ¢ [HXs IHY
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402 FORMAT(5X1413+8H PSI12 = +F8e348H PHIZ

1
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403
1
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1534
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1537
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16

939
940

241

951

960
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CALL SYMBOL(X2+Y2410e0643+Cev—1)
1FBe3+8H CHICZC = +F8Be3
1WFHe24216/)

10H THETA2 = +sF8e345H X = +F5e245H Y

Y1¥ = Y2 — 005
X1X = X2 + NeNS
GO 70O 16

PRINT 403+sHsKesI 3L sAPSI3+sAPHI3 4 ACHI3 W ATHETA3¢X Y s IHXs IHY

CALL SYMBOL(X34Y330e0633+0e3—1)

FORMAT (DX 44 13+8H PSI3 = FB8e348H PHI3 1FBe3+8H CTHI3 = 4F8e3s
TOH THETA3 = gF84345H X .= +FHe24¢5H Y = 1WF5e24216/)
IF(IHY) 1920+¢192141920

IF(L=-4) 1922+19234,1924

YIY = Y3 + Nel7

X1IX = X3 = 017

GO TO 939

IF(L-3) 19244+19254+1924

IF(H=2) 192441923,1924

YIV - Y3 — 017

X1X = X3 — 017

<0 TO. 939

IF(L-5) 1930+1931,4,1930

IF(H=2) 1932:1933,1930

IF(K+1) 1930+1934,193n

IF(I+1) 1930+41935,41930

Y1lY = Y3 + 0«05

X1X = X3 + 0005

GO TO 939

LE(H=11 19304.1936:.1930

IF(K=1) 1930+1937,1930

IE(I+2) 1930+1938,1930

Yy = Y3 — 0el10

X1X = X3 + 005

GO TO 939

YlY = ¥3 - 0.05

X1IX = X3 + 005

GO IO 939

CONTINUE

THE FOLLOWING SERIES OF COMMANDS WRITES THE VALUES OF Hsxsls AND L

NEAR THF HKIL POLE

IE(H) 94029414941

XX1 = X1X

YY1 = V1Y +.0.09

CALL SYMBOL(XX14YY140e105+1H=30e00s1)
CALL NUMBERLXIX1Y1Y.90e105+HsQes2HI1)

X2X = X1X + 009
Y2v = vYly
IF(K) 95049514951
XX2 = X2X
YY2 = Y2Y + 0409

CALI SYMHOL (XX22Y.Y210.6105s1H=900019.1)
CALL NUMBER(X2X+Y2Y10e¢105+Ke0e0s2HI1)

X3X = X2X + 0609
Y3y = va2vy
IF(J) 9601961 +96)
XX3 = X3X
YY3 = Y3Y + N.ng

CALL SYMBOL(XX3+4YY340e105¢1H=90e0s1)
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Y4y = vY3Y

IF (L)Y 9704971971
ST70 XX4 = X4X

vva = viav oL Y.0Q

CALL SYMBOLLAAYy 1 149061054 1H=30e00 1)
971 CALL. NUMBER(X4XsY4Y10e105+L90es2HI1)
206 IF((NN=1)=1K) 24,2490

2 CALL PLOT(10e45e33)
CALL PLOTS(040)

1 CONTINUF
CALL STOPPLOT
301 FND
SCOPE
1LOAD
1RUN 242500
0O 0 o
1 0 -1
1 0 =1
1 0 -1
1 0 -1
1 0 -1
1 0 -1
1 o 1
1 0 1
1 o0 1
1 0o 1
1 0 1
1 0 1
o 1 -1
c 1 -1
0 1 -1
cC 1 -1
0o 1 -1
o -1
0o -1
0 -t
o -1
o -1
o -
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