
Defining Rolfsen Screw
twist = r x, Sin3  2 x, Cos3  2 x +

1 - r 2 π  3 - x, Sin3  2 2 π  3 - x, Cos3  2 2 π  3 - x +

2  3 π n, 0, 0, r x, -Sin3  2 x, -Cos3  2 x +

1 - r 2 π  3 - x, -Sin3  2 2 π  3 - x, -Cos3  2 2 π  3 - x + 2  3 π n, 0, 0

ParametricPlot3Dtwist /. n → 0, x, 0, 2 π  3, {r, 0, 1}

trefoiltwist = Flatten[Table[twist, {n, 0, 2}], 1]

ParametricPlot3Dtrefoiltwist, x, 0, 2 π  3, {r, 0, 1}, Exclusions → None

R[{x_, y_, z_}, θ_] := x + θ  3, y Cosθ  2 + z Sinθ  2, -y Sinθ  2 + z Cosθ  2

R#, π  2 & /@ trefoiltwist // Simplify

ParametricPlot3DR#, π  2 & /@ trefoiltwist // Simplify, x, 0, 2 π  3, {r, 0, 1}

Different Torus Projection Attempt
onetwist

ParametricPlot3Donetwist /. n → 0, x, 0, 2 π  3, {r, 0, 1}

Theta[{x_, y_, z_}] := ArcTan[y, z]

Phi[{x_, y_, z_}] := x

AnotherTorus[leaf_] := Module{θ = Theta[leaf], ϕ = Phi[leaf]},

2 + r Cos[θ] Cos[ϕ], 2 + r Cos[θ] Sin[ϕ], r Sin[θ] // Simplify

ParametricPlot3DAnotherTorus /@ trefoiltwist, x, 0, 2 π  3, {r, 0, 1}

Show

ParametricPlot3D2 + Cos[θ] Cos[ϕ], 2 + Cos[θ] Sin[ϕ], Sin[θ], {θ, 0, 2 π},

{ϕ, 0, 2 π}, PlotStyle → Directive[Opacity[0.2]], Mesh → None, PlotPoints → 100,

ParametricPlot3DAnotherTorus /@ trefoiltwist, x, 0, 2 π  3, {r, 0, 1}, Mesh → None,

ParametricPlot3DRotationMatrixπ  3, {0, 0, 1}.2 - Cos[3 t] Cos[2 t],

2 - Cos[3 t] Sin[2 t], Sin[3 t], {t, 0, 2 π}, PlotStyle → {Thick}



Dror Bar-Natan: Academic Pensieve: People: Bettencourt: ProjectMathematicaSources: RolfsenScrew.nb 2016-11-17 15:38:43

http://drorbn.net/AcademicPensieve/People/Bettencourt/ProjectMathematicaSources/#MathematicaNotebooks



Show

ParametricPlot3D2 + Cos[θ] Cos[ϕ], 2 + Cos[θ] Sin[ϕ], Sin[θ], {θ, 0, 2 π},

{ϕ, 0, 2 π}, PlotStyle → Directive[Opacity[0.2]], Mesh → None, PlotPoints → 100,

ParametricPlot3DAnotherTorus /@ R[#, Pi] & /@ trefoiltwist // Simplify // Simplify,

x, 0, 2 π  3, {r, 0, 1}, Mesh → None,

ParametricPlot3DRotationMatrixπ  3, {0, 0, 1}.2 - Cos[3 t] Cos[2 t],

2 - Cos[3 t] Sin[2 t], Sin[3 t], {t, 0, 2 π}, PlotStyle → {Thick}



trefoiltwist

R[#, 0] & /@ trefoiltwist

AnotherTorus /@ R[#, 0] & /@ trefoiltwist // Simplify // Simplify

Projecting to Torus
onetwist = twist[[1]] /. n → 1

zRot[θ_] := RotationMatrix[θ, {0, 0, 1}]

TorusProject[leaf_] := Module

{θ = {1, 0, 0}.leaf},

zRot[θ].{0, 1, 1} * leaf + {Cos[θ], Sin[θ], 0}



ParametricPlot3DzRotπ  2.{0, 1, 1} * onetwist +

{Cos[{1, 0, 0}.onetwist], Sin[{1, 0, 0}.onetwist], 0}, x, 0, 2 π  3, {r, 0, 1}
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trefoiltwist

trefoilscrew = Table[Map[RotateFunction, trefoiltwist], {n, 0, 2}] // Simplify

ParametricPlot3Dtrefoilscrew, x, 0, 2 π  3, {r, 0, 1}

Badlands
Manipulate

ShowParametricPlot3D

RotationMatrix[θ, {0, 0, 1}].Table[twist, {n, 0, 0}][[1, 1]], x, 0, 2 π  3, {r, 0, 1},

Graphics3D[Arrow[{{0, 0, 0}, twist[[1]] /. {r → 0.5, x → 0.5, n → 0}}]], {θ, 0, 2 π}

twist[[1]] /. {r → 0.5, x → 0.5, n → 0}

Graphics3D[Arrow[{{0, 0, 0}, twist[[1, 1]] /. {r → 0.5, x → 0.5}}]]

Table[twist, {n, 0, 0}][[1, 1]]

ParametricPlot3DTable[twist, {n, 0, 2}], x, 0, 2 π  3, {r, 0.8, 1}

ParametricPlot3DTable[twist, {n, 0, 2}], x, 0, 2 π  3, {r, 0, 1}

R[{x_, y_, z_}, θ_] := x + θ  3, y Cosθ  2 + z Sinθ  2, -y Sinθ  2 + z Cosθ  2

ParametricPlot3DTable[q@R[#, 0] & /@ twist, {n, 0, 3}], x, 0, 2 π  3, {r, 0, 1}

q[{x_, y_, z_}, r_: 1, R_: 2] := {R + r Sin[x], R + r Cos[x] y, z}

Torus[r_: 1, R_: 2] := R + r Cos[θ] Cos[ϕ], R + r Cos[θ] Sin[ϕ], r Sin[θ]

ParametricPlot3D[Torus[], {θ, 0, 2 Pi}, {ϕ, 0, 2 Pi}]

θ = rx + 1 - r 2
π

3
- x + 2  3 π n

torustwist = RotationMatrix[θ, {0, 0, 1}].

r x, Sin3  2 x, Cos3  2 x + 1 - r 2 π  3 - x, Sin3  2 2 π  3 - x,

Cos3  2 2 π  3 - x - {θ, 0, 0} + 2  3 π n, 0, 0 + 2 {Cos[θ], Sin[θ], 0},

RotationMatrix[θ, {0, 0, 1}].r x, -Sin3  2 x, -Cos3  2 x +

1 - r 2 π  3 - x, -Sin3  2 2 π  3 - x, -Cos3  2 2 π  3 - x +

2  3 π n, 0, 0 - {θ, 0, 0} + 2 {Cos[θ], Sin[θ], 0}

ParametricPlot3DTable[torustwist, {n, 0, 2}], x, 0, 2 π  3, {r, 0, 1}

CoordinateTransform["Cartesian" -> "Cylindrical", {1, 1, 1}]
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