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Comparing Foley - Van Dam's and
the quaternions methods:
Rotating about the line through the
origin with direction (Phi,Theta)
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In general, we can assume that the rotation axis has direction
(Sin[phi] Cos|[th], Sin[phi] Sin[th], Cos[phi])

Foley - Van Dam' s method

Mat ri xFor m[rot ati onQZTheta = {{Cos[th], -Sin[th], 0}, {Sin[th], Cos[th], 0}, {0, O, 1}}]

Cos[th] -Sin[th] O
Sin(th] Cos[th] O
0 0 1

rot ati onOZThet aNeg = Tr anspose[r ot ati onQZThet a];
Mat ri xFor m[r ot ati onOYPhi = {{Cos [phi ], O, Sin[phi]}, {0, 1, 0}, {-Sin[phi], O, Cos[phi]}}]

Cos [phi ] 0 Sin[phi]
0 10
-Sin[phi] 0 Cos|phi]

rot ati onOYPhi Neg = Tr anspose[r ot at i onOYPhi 1;
Mat ri xFor m[r ot ati onQZAl pha = {{Cos[a], -Sin[a], 0}, {Sin[a], Cos[a], O}, {0, 0, 1}}]

Cos[a] -Sin[a] O
Sin[fa] Cos[a] O
0 0 1

rot ati onQZAl phaNeg = Tr anspose[r ot at i onQZAl phal;
point = {x, y, z};

rotations=
rotati onQZThet a. r ot ati onOYPhi . r ot at i onOZAI pha. r ot at i onOYPhi Neg. r ot at i onOZThet aNeg;

newPoi nt =rotation. poi nt

{z (Cos [phi ] Cos[th] Sin[phi ] -Sin[phi] (Cos[a] Cos[phi] Cos[th] -Sin[a] Sin[th])) +
X (—Si n{th] (-Cos[phi ] Cos(th] Sin[a] -Cos[a] Sin[th]) +
Cos [th] (Cos[th] Sin[phi 12 + Cos [phi ] (Cos[a] Cos [phi ] Cos[th] - Sin[a] Sin(th]))) +
y (Cos[th] (-Cos[phi] Cos[th] Sin[a] -Cos[a] Sin[th]) +
Sin[th] (Cos[th}Sin[phi}2+Oos[phi} (Cos [a] Cos[phi ] Cos[th] -Sin[a] Sin[th]))),
Zz (Cos [phi ] Sin[phi]Sin[th] -Sin[phi] (Cos[th] Sin[a] + Cos[a] Cos[phi ] Sin[th])) +
X (7Sin[th] (Cos[a] Cos[th] -Cos[phi]Sin[a]Sin[th]) +
Cos [th] (Sin[phi}ZSin[th]+Oos[phi} (Cos[th] Sin[a] + Cos[a] Cos[phi]Sin[th]))) +
y (Oos[th] (Cos[a] Cos[th] -Cos[phi ] Sin[a]Sin[th]) +
Sin[th] (Sin[phi}ZSin[th]+Oos[phi] (Cos [th] Sin[a] + Cos[a] Cos[phi ] Sin[th]))),
z (Cos [phi 1% + Cos [a] Sin[phi ]?) +
X (Cos[th] (Cos[phi ] Sin[phi] -Cos[a] Cos[phi] Sin[phi])-Sin[a]Sin[phi]Sin[th]) +
y (Cos[th] Sin[a] Sin[phi}+(Oos[phi]Sin[phi]7Oos[a]Oos[phi]Sin[phi])Sin[th})}
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Quaternions method

Needs [" Quat ernions™" ]
poi nt Q= Quaternion[0, X, y, z1;

rotati onAl phaQ= Quaterni on[Cos[a /2],
Sin[phi] Cos[th] Sin[a/2], Sin[phi] Sin[th] Sin[a/2], Cos[phi] Sin[a/2]];

newPoi nt Q=rot ati onAl phaQ=#* poi nt Qx» Conj ugat e[r ot ati onAl phaQ]

Quat er ni on{

a a
Sm{ ]Sln[pm](yOos[E +xOos[phi]Sin[E}7zOos[th]S|n[2}Sln[phi])Sin[th]+
a a a
[phI]SIn{E] (ZCOS,{5 +yCos[th]S|n{2}S|n[ph|] xSin{E}Sln[phi]Sin[th])Jr
Oos[i] (—zCos[phi}Sin{i}—xCos[thjSm{ }Sln[phl} ySln{i}Sin[phiJSin[thJ)Jf
2 2 2 2
a ) . a . a . .
Oos[th}Sm{z]Sln[phl}(XOOS[E}7yCos[ph|]S|n[E}+zS|n{E} n[phl}Sln[th]),
a a a
—Oos[phi}Sin[E] (yoos{E +XCOS[phi}Sin{E}7zCos[th}Sin{E} in[phi})+

Sin[g]Sin[phi]Sin[thJ (zms[; +y003[th]s|n[2}s|n[ph|] xSin[g}Sin[phi]Sin[th]) .

Cos[th] Sin[i] Si n[phi ]
2
(—zCos[phl]Sln{E} —xCos[th]Sln{z} Sin[phi] - ySln{z} Sln[phl]Sln[th]) +

Oos[;] (xCos[g} -y Cos [phi ] Sin{z

+zS|n{2]S|n[ph|1Sin[thj),

Oos{—] (yCos{g

+xCos[phi}Sin{g} 7zCos[th]S|n{2} Si n[phi }) 7Cos[th]S|n[2]S|n[ph|]
(zCos{g} +yOos[th]S|n[2} Sin[phi] - xSln[Z} Si n[phi] Sin[th]) Sln[z]Sm[phl]

Sinth] (q@os[phi]Sin[E} —xOos[th]Sin[E]Sin[phi ] —ySin[E]Sin[phi]Sin[th]) N

Cos[phi]Sin[;] (XC‘DS{S} —yCos[phi]Sin{g +zSin{g} Si n[phi ] Sin[th})

a a

Cos [th] Sln{z} Si n[phi ] (yOos[E] +xOos[phi]Sin[E} —ZCDS[th]SIn[Z]SIn[phI ]) +

a a

OOS[E] (zCos{E
a a

Sin[g] (72005[phi ] Sin{g} -x Cos [t h] Sln{z} Sin[phi] - ySm[z} Sln[phl}Sin[th}) -

+yC05[th}S|n{2} Sin[phi] - xSln{Z} Si n[phi ] Sin[th}) - Cos [phi ]

S'”[Z]S'”[ph']S‘”“hJ (XCOS[; fyOOS[phi]Sin[g} +zSin[; Si n[phi ] Sin[th]”

Comparing the results
Simplify[newPoint Q[[1]]11]
0
Tabl e[Sinplify[newPoi ntQ[[i +11] -newPoint [[i11], {i, 1, 3}]
{0, 0, 0}



