
‡ Define Functions to Plot Stereographic and Cyclographic Projections

<< Graphics`Arrow`

stereographicProjection@8h_, k_, l_<D := ModuleA9n = 8h, k, l< ë è!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!8h, k, l<.8h, k, l< , q, r, f=,
q = ArcCos@nP3TD;
r = TanA q
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f = ArcTanA nP2T
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HSign@nP1TD + 1L HSign@nP2TD - 1L;
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, 88PointSize@0.04D, RGBColor@1, 0, 0D, Point@r 8Cos@fD, Sin@fD<D<,

Text@StringJoin@ToString@hD, ToString@kD, ToString@lDD, r 8Cos@fD, Sin@fD<, 80, -2<D<,99Thickness@0.01D, RGBColor@1, 0, 0D, CircleATanA p - q
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E 8Cos@fD, Sin@fD<, 0.08E=,
TextAStyleForm@StringJoin@ToString@hD, ToString@kD, ToString@lDD, FontColor Ø RGBColor@0, 1, 0DD,
TanA p - q
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E 8Cos@fD, Sin@fD<, 80, 2<E=EE
cyclographicProjection@8h_, k_, l_<D := IfAh ã 0 && k ã 0,8Thickness@0.01D, RGBColor@1, 0, 1D, Circle@80, 0<, 1D<, ModuleA9n = 8h, k, l< ë è!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!8h, k, l<.8h, k, l< , q, r, f=,

q = ArcCos@nP3TD -
p
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;

f = ArcTanA nP2T
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HSign@nP1TD + 1L HSign@nP2TD - 1L;99Thickness@0.01D, RGBColor@1, 0, 1D, LineATableA8Sin@yD Sin@qD, Cos@yD<.J Cos@fD Sin@fD
-Sin@fD Cos@fD N, 9y, 0, p,

p
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=EE=,9Thickness@0.01D, RGBColor@1, 0, 1D, Dashing@80.04, 0.02<D,
LineATableA8Sin@yD Sin@qD, Cos@yD<.J Cos@fD Sin@fD

-Sin@fD Cos@fD N, 9y, p, 2 p,
p
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‡ List of Poles

poles = 881, 1, 1<, 81, -1, 1<, 8-1, 1, 1<, 8-1, -1, -1<<;
Show@Graphics@8Circle@80, 0<, 1D, Arrow@80, 0<, 81.2, 0<D, Arrow@80, 0<, 80, 1.2<D, Text@"a", 81.2, 0<, 8-1, 0<D,

Text@"b", 80, 1.2<, 80, -1<D, Text@"c", 80, 0<, 81, 1<D, Map@stereographicProjection@#D &, polesD<D,
AspectRatio Ø 1, PlotRange Ø All, TextStyle Ø 8Font Ø "Times", FontSize Ø 18<D;
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‡ Spherical to Cartesian Transformation and Branch Cuts

r =
è!!!!!!!!!!!!!!!!!!!!!!!!x2 + y2 + z2

q = cos-1 H zÅÅÅÅr L = cos-1 J zÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅÅè!!!!!!!!!!!!!!!!!!!!!!x2 +y2 +z2
N

f = tan-1 H yÅÅÅÅx L
ü x - y  Plane Hz = 0L

Plot3DAArcTanA y
ÅÅÅÅ
x

E, 8x, -1, 1<, 8y, -1, 1<, PlotPoints Ø 30,

AxesLabel Ø 8"x", "y", None<, PlotLabel Ø "f = ArcTan@yêxD", ViewPoint Ø 82.342, 0.925, 3.885<E;
f = ArcTan@yêxD
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Plot3DAArcTanA y
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HSign@xD - 1L p +
p
ÅÅÅÅ
2
, 8x, -1, 1<, 8y, -1, 1<, PlotPoints Ø 30, AxesLabel Ø 8"x", "y", None<,

PlotLabel Ø "f = ArcTan@yêxD-HSign@xD-1LHpê2L+pê2", ViewPoint Ø 82.342, 0.925, 3.885<E;
f = ArcTan@yêxD-HSign@xD-1LHpê2L+pê2
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Plot3DAArcTanA y
ÅÅÅÅ
x

E +
1
ÅÅÅÅ
2

HSign@xD - 1L H-pL +
1
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HSign@xD + 1L HSign@yD - 1L H-pL, 8x, -1, 1<, 8y, -1, 1<, PlotPoints Ø 30,

AxesLabel Ø 8"x", "y", None<, PlotLabel Ø "f = ArcTan@yêxD+HSign@xD-1LH-pê2L+HSign@xD+1LHSign@yD-1LH-pê2L",
ViewPoint Ø 82.342, 0.925, 3.885<E;

f = ArcTan@yêxD+HSign@xD-1LH-pê2L+HSign@xD+1LHSign@yD-1LH-pê2L
-1

-0.5

0

0.5

1

x

-1

-0.5

0

0.5

1

y

0

2

4

6

So the spherical to cartesian conversion for f with the desired branch cut is:   f = tan-1 H yÅÅÅÅx L - pÅÅÅÅ2  HSignHxL - 1L - pÅÅÅÅ2  HSignHxL + 1L HSignHyL - 1L
Similarly, for the x-z plane Hy = 0L, f = pÅÅÅÅ2  H1 - SignHxLL  and for the y-z plane Hx = 0L, f = pÅÅÅÅ2  H2 - SignHyLL .

ü x - z  Plane Hy = 0L
Plot3DAArcTanA y
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x

E ê. y Ø 0, 8x, -1, 1<, 8z, -1, 1<, PlotPoints Ø 30,

AxesLabel Ø 8"x", "z", None<, PlotLabel Ø "f = ArcTan@yêxD", ViewPoint Ø 82.342, 0.925, 3.885<E;
Plot3DA p
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 H1 - Sign@xDL ê. y Ø 0, 8x, -1, 1<, 8z, -1, 1<, PlotPoints Ø 30, AxesLabel Ø 8"x", "z", None<,
PlotLabel Ø "f = pê2H1-Sign@xDL", ViewPoint Ø 82.342, 0.925, 3.885<, PlotRange Ø 80, p<E;

y - z  Plane Hx = 0L
Plot3DAArcTanA y
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E ê. x Ø 0, 8y, -1, 1<, 8z, -1, 1<, PlotPoints Ø 30,

AxesLabel Ø 8"y", "z", None<, PlotLabel Ø "f = ArcTan@yêxD", ViewPoint Ø 82.342, 0.925, 3.885<E;
Plot3DA p
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 H2 - Sign@yDL ê. x Ø 0, 8y, -1, 1<, 8z, -1, 1<, PlotPoints Ø 30, AxesLabel Ø 8"y", "z", None<,
PlotLabel Ø "f = pê2H2-Sign@yDL", ViewPoint Ø 82.342, 0.925, 3.885<, PlotRange Ø 9 p
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