Cubic Stereographic Projection.nb

m Define Functions to Plot Stereographic and Cyclographic Projections

<< Graphics Arrow"

stereographicProjection[{h_, k_, 1_}] :=Module[{n = {h, k, 1} /¥ {h, k, 1}.{h, k, 1}, 6, T, 8},
6 = ArcCos[n[3]];

r = Tan[z];

n[2] 7t 7t
¢ = ArcTan| al1] ]- ) (Sign[n[1]] - 1) - ) (Sign[n[1]] + 1) (Sign[n[2]]-1);

If[e : , {{PointSize[0.04], RGBColor[1l, O, O], Point[r {Cos[¢], Sin[¢]1}]},
Text[StringJoin[ToString[h], ToString[k], ToString[1l]], r {Cos[¢], Sin[¢]}, {0, -2}1},
-0
{{Thickness[0.01], RGBColor[1l, O, 0], Circle[Tan]| "2 ] {cos[¢]1, sin[¢]}, 0.08]},

Text[StyleForm[StringJoin[ToString[h] , ToString[k], ToString[l1]], FontColor RGBColor[O, 1, 0]],

-6
zan[ " "] cos(el, sint41}, 10, 21]}]]

cyclographicProjection[{h_, k_, 1_}] :=If[h O&&k O,
{Thickness[0.01], RGBColor[1, 0, 1], Circle[{0, O}, 1]}, Module[{n = {h, k, 1} /V/ {h, k, 1}.{(h, k, 1}, 6, T, &},

b
6 = ArcCos [n[3]] - 2 ;

2
¢ = ArcTan[ n&li
n

; . ; i Cos[¢] Sin[¢] n
{{Thickness[0.01], RGBColor[1l, O, 1], Line[Table[{Sin[¢] Sin[6], Cos[¥]}. ( _sin[¢] Cos[é] ) Ay, 0,7, 30 H1

]- : (sign[n[1]] - 1) - : (Sign[n[1]] + 1) (Sign[n[2]] - 1);

{Thickness[0.0l] , RGBColor[1l, 0, 1], Dashing[{0.04, 0.02}],

. . . Cos[¢] Sin[¢] 7
Line[Table[{Sin[y] Sin[6], Cos[¥]}. ( _sinld] Cos[o] ), (v, n, 2, 2 HI1M]

m List of Poles

P°1e5 = {{ll ll l}l {11 '11 1}/ {_ll 1/ 1)/ {‘11 '11 ‘1}};
Show[Graphics[{Circle[{0, 0}, 1], Arrow[{O, 0}, {1.2, 0}], Arrow[{0, O}, {0, 1.2}], Text["a", {1.2, O}, {-1, 0}],
Text["b", {0, 1.2}, {0, -1}], Text["c", {0, O}, {1, 1}], Map[stereographicProjection[#] &, poles]}],
AspectRatio 1, PlotRange All, TextStyle {Font "Times", FontSize 18}];

b
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m Spherical to Cartesian Transformation and Branch Cuts

r=vVx2+y2+22

f=cos (i) = cos‘l(

z
VaZ+y?+22 )
¢p=tan"' ()

= x — y Plane (z = 0)

Plot3D[ArcTan[y], {x, -1, 1}, {y, -1, 1}, PlotPoints 30,
X

AxesLabel {"x", "y", None}, PlotLabel "¢ = ArcTan[y/x]", ViewPoint

¢ = ArcTan[y/x]

-1

1 7
Plot3D[ArcTan| ¥ ]- . (sign[x]-1) x+ 5" {x, -1, 1}, {y, -1, 1}, PlotPoints 30, AxesLabel
x

2
PlotLabel "¢ = ArcTan[y/x]-(Sign[x]-1) (x/2)+n/2", ViewPoint

¢ = AlrcTan[y/x]—(Sign[x]—l) (77/2) +71/2

{2.342, 0.925, 3.885}];

{2.342, 0.925, 3.885}];

=",

y", None},
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Plot3D[ArcTan[Y ]+ ; (Sign[x] - 1) (-7) + ; (Sign[x] + 1) (Sign[y] - 1) (-n), {x, -1, 1}, {y, -1, 1}, PlotPoints 30,
X

AxesLabel {"x", "y", None}, PlotLabel "¢ = ArcTan[y/x]+(Sign[x]-1) (-7t/2)+(Sign[x]+1) (Sign[y]-1) (-7/2)",
ViewPoint {2.342, 0.925, 3.885}];

¢ = ArcTan[y/x]+(Sign[x]-1) (-7/2)+(Sign[x]+1) (Sign[y]-1) (-71/2)
-1

1

So the spherical to cartesian conversion for ¢ with the desired branch cut is: ¢ = tan™!( i )— 72r (Sign(x) - 1) — ’2' (Sign(x) + 1) (Sign(y) — 1)
Similarly, for the x-z plane (y = 0), ¢ = 7 (1 - Sign(x)) and for the y-z plane (x = 0), ¢ = 7 (2 - Sign(y)).

m x — z Plane (y = 0)

Plot3D[ArcTan[Z] /.y 0, {x,-1,1}, {z, -1, 1}, PlotPoints 30,

AxesLabel ({"x", "z", None}, PlotLabel "¢ = ArcTan[y/x]", ViewPoint {2.342, 0.925, 3.885}];

b
Plot3D - Sign[x .y s {x, -1, s {2, -1, ; PlotPoints , AxesLabe x", "z", None},
lot3 2 (1 i )/ 0, { 1, 1}, { 1, 1} 1 i 30 bel {"x" }

PlotLabel "¢ = n/2(1-Sign[x])", ViewPoint {2.342, 0.925, 3.885}, PlotRange {O, n}];
y —z Plane (x = 0)

Plot3D[ArcTan[i] /.x o0, {y,-1,1}, {z, -1, 1}, PlotPoints 30,

AxesLabel {"y", "z", None}, PlotLabel "¢ = ArcTan[y/x]", ViewPoint {2.342, 0.925, 3.885}];

7
1’101:3D[2 (2 -signf[y]) /. x O, {y, -1, 1}, {z, -1, 1}, PlotPoints 30, AxesLabel {"y", "z", None},

7T 3
PlotLabel "¢ = n/2(2-Sign[y])", ViewPoint {2.342, 0.925, 3.885}, PlotRange {2 v, H:




