
𝑥1⃗⃗  ⃗. 𝑥1⃗⃗  ⃗ = 1 

𝑥1⃗⃗  ⃗. 𝑦1⃗⃗  ⃗ = 0 

𝑥1⃗⃗  ⃗. 𝑧1⃗⃗  ⃗ = 0 

𝑥1⃗⃗  ⃗. 𝑥2⃗⃗⃗⃗ = cos(𝛼) 

𝑥1⃗⃗  ⃗. 𝑦2⃗⃗⃗⃗ = − sin(𝛼) 

𝑥1⃗⃗  ⃗. 𝑧2⃗⃗  ⃗ = 0 

𝑥1⃗⃗  ⃗. 𝑥3⃗⃗⃗⃗ = cos(𝛼) cos(𝛽) 

𝑥1⃗⃗  ⃗. 𝑦3⃗⃗⃗⃗ = − sin(𝛼) 

𝑥1⃗⃗  ⃗. 𝑧3⃗⃗  ⃗ = sin(𝛽) cos(𝛼) 

𝑥1⃗⃗  ⃗. 𝑥4⃗⃗⃗⃗ = cos(𝛼) cos(𝛽 +  𝛾) 

𝑥1⃗⃗  ⃗. 𝑦4⃗⃗  ⃗ = − sin(𝛼) 

𝑥1⃗⃗  ⃗. 𝑧4⃗⃗  ⃗ = sin(𝛽 +  𝛾) cos(𝛼) 

𝑦1⃗⃗  ⃗. 𝑥1⃗⃗  ⃗ = 0 

𝑦1⃗⃗  ⃗. 𝑦1⃗⃗  ⃗ = 1 

𝑦1⃗⃗  ⃗. 𝑧1⃗⃗  ⃗ = 0 

𝑦1⃗⃗  ⃗. 𝑥2⃗⃗⃗⃗ = sin(𝛼) 

𝑦1⃗⃗  ⃗. 𝑦2⃗⃗⃗⃗ = cos(𝛼) 

𝑦1⃗⃗  ⃗. 𝑧2⃗⃗  ⃗ = 0 

𝑦1⃗⃗  ⃗. 𝑥3⃗⃗⃗⃗ = sin(𝛼) cos(𝛽) 

𝑦1⃗⃗  ⃗. 𝑦3⃗⃗⃗⃗ = cos(𝛼) 

𝑦1⃗⃗  ⃗. 𝑧3⃗⃗  ⃗ = sin(𝛼) sin(𝛽) 

𝑦1⃗⃗  ⃗. 𝑥4⃗⃗⃗⃗ = sin(𝛼) cos(𝛽 +  𝛾) 

𝑦1⃗⃗  ⃗. 𝑦4⃗⃗  ⃗ = cos(𝛼) 

𝑦1⃗⃗  ⃗. 𝑧4⃗⃗  ⃗ = sin(𝛼) sin(𝛽 +  𝛾) 

𝑧1⃗⃗  ⃗. 𝑥1⃗⃗  ⃗ = 0 

𝑧1⃗⃗  ⃗. 𝑦1⃗⃗  ⃗ = 0 

𝑧1⃗⃗  ⃗. 𝑧1⃗⃗  ⃗ = 1 

𝑧1⃗⃗  ⃗. 𝑥2⃗⃗⃗⃗ = 0 

𝑧1⃗⃗  ⃗. 𝑦2⃗⃗⃗⃗ = 0 

𝑧1⃗⃗  ⃗. 𝑧2⃗⃗  ⃗ = 1 

𝑧1⃗⃗  ⃗. 𝑥3⃗⃗⃗⃗ = − sin(𝛽) 

𝑧1⃗⃗  ⃗. 𝑦3⃗⃗⃗⃗ = 0 

𝑧1⃗⃗  ⃗. 𝑧3⃗⃗  ⃗ = cos(𝛽) 

𝑧1⃗⃗  ⃗. 𝑥4⃗⃗⃗⃗ = − sin(𝛽 +  𝛾) 

𝑧1⃗⃗  ⃗. 𝑦4⃗⃗  ⃗ = 0 

𝑧1⃗⃗  ⃗. 𝑧4⃗⃗  ⃗ = cos(𝛽 +  𝛾) 

𝑥2⃗⃗⃗⃗ . 𝑥1⃗⃗  ⃗ = cos(𝛼) 

𝑥2⃗⃗⃗⃗ . 𝑦1⃗⃗  ⃗ = sin(𝛼) 

𝑥2⃗⃗⃗⃗ . 𝑧1⃗⃗  ⃗ = 0 

𝑥2⃗⃗⃗⃗ . 𝑥2⃗⃗⃗⃗ = 1 

𝑥2⃗⃗⃗⃗ . 𝑦2⃗⃗⃗⃗ = 0 

𝑥2⃗⃗⃗⃗ . 𝑧2⃗⃗  ⃗ = 0 

𝑥2⃗⃗⃗⃗ . 𝑥3⃗⃗⃗⃗ = cos(𝛽) 

𝑥2⃗⃗⃗⃗ . 𝑦3⃗⃗⃗⃗ = 0 

𝑥2⃗⃗⃗⃗ . 𝑧3⃗⃗  ⃗ = sin(𝛽) 

𝑥2⃗⃗⃗⃗ . 𝑥4⃗⃗⃗⃗ = cos(𝛽 +  𝛾) 

𝑥2⃗⃗⃗⃗ . 𝑦4⃗⃗  ⃗ = 0 

𝑥2⃗⃗⃗⃗ . 𝑧4⃗⃗  ⃗ = sin(𝛽 +  𝛾) 

𝑦2⃗⃗⃗⃗ . 𝑥1⃗⃗  ⃗ = − sin(𝛼) 

𝑦2⃗⃗⃗⃗ . 𝑦1⃗⃗  ⃗ = cos(𝛼) 

𝑦2⃗⃗⃗⃗ . 𝑧1⃗⃗  ⃗ = 0 

𝑦2⃗⃗⃗⃗ . 𝑥2⃗⃗⃗⃗ = 0 

𝑦2⃗⃗⃗⃗ . 𝑦2⃗⃗⃗⃗ = 1 

𝑦2⃗⃗⃗⃗ . 𝑧2⃗⃗  ⃗ = 0 

𝑦2⃗⃗⃗⃗ . 𝑥3⃗⃗⃗⃗ = 0 

𝑦2⃗⃗⃗⃗ . 𝑦3⃗⃗⃗⃗ = 1 

𝑦2⃗⃗⃗⃗ . 𝑧3⃗⃗  ⃗ = 0 

𝑦2⃗⃗⃗⃗ . 𝑥4⃗⃗⃗⃗ = 0 

𝑦2⃗⃗⃗⃗ . 𝑦4⃗⃗  ⃗ = 1 

𝑦2⃗⃗⃗⃗ . 𝑧4⃗⃗  ⃗ = 0 

𝑧2⃗⃗  ⃗. 𝑥1⃗⃗  ⃗ = 0 

𝑧2⃗⃗  ⃗. 𝑦1⃗⃗  ⃗ = 0 

𝑧2⃗⃗  ⃗. 𝑧1⃗⃗  ⃗ = 1 

𝑧2⃗⃗  ⃗. 𝑥2⃗⃗⃗⃗ = 0 

𝑧2⃗⃗  ⃗. 𝑦2⃗⃗⃗⃗ = 0 

𝑧2⃗⃗  ⃗. 𝑧2⃗⃗  ⃗ = 1 

𝑧2⃗⃗  ⃗. 𝑥3⃗⃗⃗⃗ = − sin(𝛽) 

𝑧2⃗⃗  ⃗. 𝑦3⃗⃗⃗⃗ = 0 

𝑧2⃗⃗  ⃗. 𝑧3⃗⃗  ⃗ = cos(𝛽) 

𝑧2⃗⃗  ⃗. 𝑥4⃗⃗⃗⃗ = − sin(𝛽 +  𝛾) 

𝑧2⃗⃗  ⃗. 𝑦4⃗⃗  ⃗ = 0 

𝑧2⃗⃗  ⃗. 𝑧4⃗⃗  ⃗ = cos(𝛽 +  𝛾) 

𝑥3⃗⃗⃗⃗ . 𝑥1⃗⃗  ⃗ = cos(𝛼) cos(𝛽) 

𝑥3⃗⃗⃗⃗ . 𝑦1⃗⃗  ⃗ = sin(𝛼) cos(𝛽) 

𝑥3⃗⃗⃗⃗ . 𝑧1⃗⃗  ⃗ = − sin(𝛽) 

𝑥3⃗⃗⃗⃗ . 𝑥2⃗⃗⃗⃗ = cos(𝛽) 

𝑥3⃗⃗⃗⃗ . 𝑦2⃗⃗⃗⃗ = 0 

𝑥3⃗⃗⃗⃗ . 𝑧2⃗⃗  ⃗ = − sin(𝛽) 

𝑥3⃗⃗⃗⃗ . 𝑥3⃗⃗⃗⃗ = 1 

𝑥3⃗⃗⃗⃗ . 𝑦3⃗⃗⃗⃗ = 0 

𝑥3⃗⃗⃗⃗ . 𝑧3⃗⃗  ⃗ = 0 

𝑥3⃗⃗⃗⃗ . 𝑥4⃗⃗⃗⃗ = cos(𝛾) 

𝑥3⃗⃗⃗⃗ . 𝑦4⃗⃗  ⃗ = 0 

𝑥3⃗⃗⃗⃗ . 𝑧4⃗⃗  ⃗ = sin(𝛾) 

𝑦3⃗⃗⃗⃗ . 𝑥1⃗⃗  ⃗ = − sin(𝛼) 

𝑦3⃗⃗⃗⃗ . 𝑦1⃗⃗  ⃗ = cos(𝛼) 

𝑦3⃗⃗⃗⃗ . 𝑧1⃗⃗  ⃗ = 0 

𝑦3⃗⃗⃗⃗ . 𝑥2⃗⃗⃗⃗ = 0 

𝑦3⃗⃗⃗⃗ . 𝑦2⃗⃗⃗⃗ = 1 

𝑦3⃗⃗⃗⃗ . 𝑧2⃗⃗  ⃗ = 0 

𝑦3⃗⃗⃗⃗ . 𝑥3⃗⃗⃗⃗ = 0 

𝑦3⃗⃗⃗⃗ . 𝑦3⃗⃗⃗⃗ = 1 

𝑦3⃗⃗⃗⃗ . 𝑧3⃗⃗  ⃗ = 0 

𝑦3⃗⃗⃗⃗ . 𝑥4⃗⃗⃗⃗ = 0 

𝑦3⃗⃗⃗⃗ . 𝑦4⃗⃗  ⃗ = 1 

𝑦3⃗⃗⃗⃗ . 𝑧4⃗⃗  ⃗ = 0 

𝑧3⃗⃗  ⃗. 𝑥1⃗⃗  ⃗ = sin(𝛽) cos(𝛼) 

𝑧3⃗⃗  ⃗. 𝑦1⃗⃗  ⃗ = sin(𝛼) sin(𝛽) 

𝑧3⃗⃗  ⃗. 𝑧1⃗⃗  ⃗ = cos(𝛽) 

𝑧3⃗⃗  ⃗. 𝑥2⃗⃗⃗⃗ = sin(𝛽) 

𝑧3⃗⃗  ⃗. 𝑦2⃗⃗⃗⃗ = 0 

𝑧3⃗⃗  ⃗. 𝑧2⃗⃗  ⃗ = cos(𝛽) 

𝑧3⃗⃗  ⃗. 𝑥3⃗⃗⃗⃗ = 0 

𝑧3⃗⃗  ⃗. 𝑦3⃗⃗⃗⃗ = 0 

𝑧3⃗⃗  ⃗. 𝑧3⃗⃗  ⃗ = 1 

𝑧3⃗⃗  ⃗. 𝑥4⃗⃗⃗⃗ = − sin(𝛾) 

𝑧3⃗⃗  ⃗. 𝑦4⃗⃗  ⃗ = 0 

𝑧3⃗⃗  ⃗. 𝑧4⃗⃗  ⃗ = cos(𝛾) 

𝑥4⃗⃗⃗⃗ . 𝑥1⃗⃗  ⃗ = cos(𝛼) cos(𝛽 +  𝛾) 

𝑥4⃗⃗⃗⃗ . 𝑦1⃗⃗  ⃗ = sin(𝛼) cos(𝛽 +  𝛾) 

𝑥4⃗⃗⃗⃗ . 𝑧1⃗⃗  ⃗ = − sin(𝛽 +  𝛾) 

𝑥4⃗⃗⃗⃗ . 𝑥2⃗⃗⃗⃗ = cos(𝛽 +  𝛾) 

𝑥4⃗⃗⃗⃗ . 𝑦2⃗⃗⃗⃗ = 0 

𝑥4⃗⃗⃗⃗ . 𝑧2⃗⃗  ⃗ = − sin(𝛽 +  𝛾) 

𝑥4⃗⃗⃗⃗ . 𝑥3⃗⃗⃗⃗ = cos(𝛾) 

𝑥4⃗⃗⃗⃗ . 𝑦3⃗⃗⃗⃗ = 0 

𝑥4⃗⃗⃗⃗ . 𝑧3⃗⃗  ⃗ = − sin(𝛾) 

𝑥4⃗⃗⃗⃗ . 𝑥4⃗⃗⃗⃗ = 1 

𝑥4⃗⃗⃗⃗ . 𝑦4⃗⃗  ⃗ = 0 

𝑥4⃗⃗⃗⃗ . 𝑧4⃗⃗  ⃗ = 0 

𝑦4⃗⃗  ⃗. 𝑥1⃗⃗  ⃗ = − sin(𝛼) 

𝑦4⃗⃗  ⃗. 𝑦1⃗⃗  ⃗ = cos(𝛼) 

𝑦4⃗⃗  ⃗. 𝑧1⃗⃗  ⃗ = 0 

𝑦4⃗⃗  ⃗. 𝑥2⃗⃗⃗⃗ = 0 

𝑦4⃗⃗  ⃗. 𝑦2⃗⃗⃗⃗ = 1 

𝑦4⃗⃗  ⃗. 𝑧2⃗⃗  ⃗ = 0 

𝑦4⃗⃗  ⃗. 𝑥3⃗⃗⃗⃗ = 0 

𝑦4⃗⃗  ⃗. 𝑦3⃗⃗⃗⃗ = 1 

𝑦4⃗⃗  ⃗. 𝑧3⃗⃗  ⃗ = 0 

𝑦4⃗⃗  ⃗. 𝑥4⃗⃗⃗⃗ = 0 

𝑦4⃗⃗  ⃗. 𝑦4⃗⃗  ⃗ = 1 

𝑦4⃗⃗  ⃗. 𝑧4⃗⃗  ⃗ = 0 

𝑧4⃗⃗  ⃗. 𝑥1⃗⃗  ⃗ = sin(𝛽 +  𝛾) cos(𝛼) 

𝑧4⃗⃗  ⃗. 𝑦1⃗⃗  ⃗ = sin(𝛼) sin(𝛽 +  𝛾) 

𝑧4⃗⃗  ⃗. 𝑧1⃗⃗  ⃗ = cos(𝛽 +  𝛾) 

𝑧4⃗⃗  ⃗. 𝑥2⃗⃗⃗⃗ = sin(𝛽 +  𝛾) 

𝑧4⃗⃗  ⃗. 𝑦2⃗⃗⃗⃗ = 0 

𝑧4⃗⃗  ⃗. 𝑧2⃗⃗  ⃗ = cos(𝛽 +  𝛾) 

𝑧4⃗⃗  ⃗. 𝑥3⃗⃗⃗⃗ = sin(𝛾) 

𝑧4⃗⃗  ⃗. 𝑦3⃗⃗⃗⃗ = 0 

𝑧4⃗⃗  ⃗. 𝑧3⃗⃗  ⃗ = cos(𝛾) 

𝑧4⃗⃗  ⃗. 𝑥4⃗⃗⃗⃗ = 0 

𝑧4⃗⃗  ⃗. 𝑦4⃗⃗  ⃗ = 0 

𝑧4⃗⃗  ⃗. 𝑧4⃗⃗  ⃗ = 1  

x1

y1

x2

y2

α 

z1=z2

x3

z3

x2

z2

γ 

y2=y3=y4

z4

x4

β 



𝑥1⃗⃗  ⃗ ∧ 𝑥1⃗⃗  ⃗ = 0⃗  

𝑥1⃗⃗  ⃗ ∧ 𝑦1⃗⃗  ⃗ = 𝑧1⃗⃗  ⃗ 

𝑥1⃗⃗  ⃗ ∧ 𝑧1⃗⃗  ⃗ = − 𝑦1⃗⃗  ⃗ 

𝑥1⃗⃗  ⃗ ∧ 𝑥2⃗⃗⃗⃗ = sin(𝛼) . 𝑧1⃗⃗  ⃗ 

𝑥1⃗⃗  ⃗ ∧ 𝑦2⃗⃗⃗⃗ = cos(𝛼) . 𝑧1⃗⃗  ⃗ 

𝑥1⃗⃗  ⃗ ∧ 𝑧2⃗⃗  ⃗ = − 𝑦1⃗⃗  ⃗ 

𝑥1⃗⃗  ⃗ ∧ 𝑥3⃗⃗⃗⃗ = sin(𝛽) . 𝑦1⃗⃗  ⃗  + sin(𝛼) cos(𝛽) . 𝑧1⃗⃗  ⃗ 

𝑥1⃗⃗  ⃗ ∧ 𝑦3⃗⃗⃗⃗ = cos(𝛼) . 𝑧1⃗⃗  ⃗ 

𝑥1⃗⃗  ⃗ ∧ 𝑧3⃗⃗  ⃗ = − cos(𝛽) . 𝑦1⃗⃗  ⃗  + sin(𝛼) sin(𝛽) . 𝑧1⃗⃗  ⃗ 

𝑥1⃗⃗  ⃗ ∧ 𝑥4⃗⃗⃗⃗ = sin(𝛽 +  𝛾) cos(𝛼) . 𝑦4⃗⃗  ⃗  

+ sin(𝛼) . 𝑧4⃗⃗  ⃗ 

𝑥1⃗⃗  ⃗ ∧ 𝑦4⃗⃗  ⃗ = cos(𝛼) . 𝑧1⃗⃗  ⃗ 

𝑥1⃗⃗  ⃗ ∧ 𝑧4⃗⃗  ⃗ = − sin(𝛼) . 𝑥4⃗⃗⃗⃗  

− cos(𝛼) cos(𝛽 +  𝛾) . 𝑦4⃗⃗  ⃗ 

𝑦1⃗⃗  ⃗ ∧ 𝑥1⃗⃗  ⃗ = − 𝑧1⃗⃗  ⃗ 

𝑦1⃗⃗  ⃗ ∧ 𝑦1⃗⃗  ⃗ = 0⃗  

𝑦1⃗⃗  ⃗ ∧ 𝑧1⃗⃗  ⃗ = 𝑥1⃗⃗  ⃗ 

𝑦1⃗⃗  ⃗ ∧ 𝑥2⃗⃗⃗⃗ = − cos(𝛼) . 𝑧1⃗⃗  ⃗ 

𝑦1⃗⃗  ⃗ ∧ 𝑦2⃗⃗⃗⃗ = sin(𝛼) . 𝑧1⃗⃗  ⃗ 

𝑦1⃗⃗  ⃗ ∧ 𝑧2⃗⃗  ⃗ = 𝑥1⃗⃗  ⃗ 

𝑦1⃗⃗  ⃗ ∧ 𝑥3⃗⃗⃗⃗ = sin(𝛼) sin(𝛽) . 𝑦3⃗⃗⃗⃗  − cos(𝛼) . 𝑧3⃗⃗  ⃗ 

𝑦1⃗⃗  ⃗ ∧ 𝑦3⃗⃗⃗⃗ = sin(𝛼) . 𝑧1⃗⃗  ⃗ 

𝑦1⃗⃗  ⃗ ∧ 𝑧3⃗⃗  ⃗ = cos(𝛽) . 𝑥1⃗⃗  ⃗  − sin(𝛽) cos(𝛼) . 𝑧1⃗⃗  ⃗ 

𝑦1⃗⃗  ⃗ ∧ 𝑥4⃗⃗⃗⃗ = sin(𝛼) sin(𝛽 +  𝛾) . 𝑦4⃗⃗  ⃗  

− cos(𝛼) . 𝑧4⃗⃗  ⃗ 

𝑦1⃗⃗  ⃗ ∧ 𝑦4⃗⃗  ⃗ = sin(𝛼) . 𝑧1⃗⃗  ⃗ 

𝑦1⃗⃗  ⃗ ∧ 𝑧4⃗⃗  ⃗ = cos(𝛼) . 𝑥4⃗⃗⃗⃗  

− sin(𝛼) cos(𝛽 +  𝛾) . 𝑦4⃗⃗  ⃗ 

𝑧1⃗⃗  ⃗ ∧ 𝑥1⃗⃗  ⃗ = 𝑦1⃗⃗  ⃗ 

𝑧1⃗⃗  ⃗ ∧ 𝑦1⃗⃗  ⃗ = − 𝑥1⃗⃗  ⃗ 

𝑧1⃗⃗  ⃗ ∧ 𝑧1⃗⃗  ⃗ = 0⃗  

𝑧1⃗⃗  ⃗ ∧ 𝑥2⃗⃗⃗⃗ = 𝑦2⃗⃗⃗⃗  

𝑧1⃗⃗  ⃗ ∧ 𝑦2⃗⃗⃗⃗ = − 𝑥2⃗⃗⃗⃗  

𝑧1⃗⃗  ⃗ ∧ 𝑧2⃗⃗  ⃗ = 0⃗  

𝑧1⃗⃗  ⃗ ∧ 𝑥3⃗⃗⃗⃗ = cos(𝛽) . 𝑦2⃗⃗⃗⃗  

𝑧1⃗⃗  ⃗ ∧ 𝑦3⃗⃗⃗⃗ = − 𝑥2⃗⃗⃗⃗  

𝑧1⃗⃗  ⃗ ∧ 𝑧3⃗⃗  ⃗ = sin(𝛽) . 𝑦2⃗⃗⃗⃗  

𝑧1⃗⃗  ⃗ ∧ 𝑥4⃗⃗⃗⃗ = cos(𝛽 +  𝛾) . 𝑦2⃗⃗⃗⃗  

𝑧1⃗⃗  ⃗ ∧ 𝑦4⃗⃗  ⃗ = − 𝑥2⃗⃗⃗⃗  

𝑧1⃗⃗  ⃗ ∧ 𝑧4⃗⃗  ⃗ = sin(𝛽 +  𝛾) . 𝑦2⃗⃗⃗⃗  

𝑥2⃗⃗⃗⃗ ∧ 𝑥1⃗⃗  ⃗ = − sin(𝛼) . 𝑧1⃗⃗  ⃗ 

𝑥2⃗⃗⃗⃗ ∧ 𝑦1⃗⃗  ⃗ = cos(𝛼) . 𝑧1⃗⃗  ⃗ 

𝑥2⃗⃗⃗⃗ ∧ 𝑧1⃗⃗  ⃗ = − 𝑦2⃗⃗⃗⃗  

𝑥2⃗⃗⃗⃗ ∧ 𝑥2⃗⃗⃗⃗ = 0⃗  

𝑥2⃗⃗⃗⃗ ∧ 𝑦2⃗⃗⃗⃗ = 𝑧1⃗⃗  ⃗ 

𝑥2⃗⃗⃗⃗ ∧ 𝑧2⃗⃗  ⃗ = − 𝑦2⃗⃗⃗⃗  

𝑥2⃗⃗⃗⃗ ∧ 𝑥3⃗⃗⃗⃗ = sin(𝛽) . 𝑦2⃗⃗⃗⃗  

𝑥2⃗⃗⃗⃗ ∧ 𝑦3⃗⃗⃗⃗ = 𝑧1⃗⃗  ⃗ 

𝑥2⃗⃗⃗⃗ ∧ 𝑧3⃗⃗  ⃗ = − cos(𝛽) . 𝑦2⃗⃗⃗⃗  

𝑥2⃗⃗⃗⃗ ∧ 𝑥4⃗⃗⃗⃗ = sin(𝛽 +  𝛾) . 𝑦2⃗⃗⃗⃗  

𝑥2⃗⃗⃗⃗ ∧ 𝑦4⃗⃗  ⃗ = 𝑧1⃗⃗  ⃗ 

𝑥2⃗⃗⃗⃗ ∧ 𝑧4⃗⃗  ⃗ = − cos(𝛽 +  𝛾) . 𝑦2⃗⃗⃗⃗  

𝑦2⃗⃗⃗⃗ ∧ 𝑥1⃗⃗  ⃗ = − cos(𝛼) . 𝑧1⃗⃗  ⃗ 

𝑦2⃗⃗⃗⃗ ∧ 𝑦1⃗⃗  ⃗ = − sin(𝛼) . 𝑧1⃗⃗  ⃗ 

𝑦2⃗⃗⃗⃗ ∧ 𝑧1⃗⃗  ⃗ = 𝑥2⃗⃗⃗⃗  

𝑦2⃗⃗⃗⃗ ∧ 𝑥2⃗⃗⃗⃗ = − 𝑧1⃗⃗  ⃗ 

𝑦2⃗⃗⃗⃗ ∧ 𝑦2⃗⃗⃗⃗ = 0⃗  

𝑦2⃗⃗⃗⃗ ∧ 𝑧2⃗⃗  ⃗ = 𝑥2⃗⃗⃗⃗  

𝑦2⃗⃗⃗⃗ ∧ 𝑥3⃗⃗⃗⃗ = − 𝑧3⃗⃗  ⃗ 

𝑦2⃗⃗⃗⃗ ∧ 𝑦3⃗⃗⃗⃗ = 0⃗  

𝑦2⃗⃗⃗⃗ ∧ 𝑧3⃗⃗  ⃗ = 𝑥3⃗⃗⃗⃗  

𝑦2⃗⃗⃗⃗ ∧ 𝑥4⃗⃗⃗⃗ = − 𝑧4⃗⃗  ⃗ 

𝑦2⃗⃗⃗⃗ ∧ 𝑦4⃗⃗  ⃗ = 0⃗  

𝑦2⃗⃗⃗⃗ ∧ 𝑧4⃗⃗  ⃗ = 𝑥4⃗⃗⃗⃗  

𝑧2⃗⃗  ⃗ ∧ 𝑥1⃗⃗  ⃗ = 𝑦1⃗⃗  ⃗ 

𝑧2⃗⃗  ⃗ ∧ 𝑦1⃗⃗  ⃗ = − 𝑥1⃗⃗  ⃗ 

𝑧2⃗⃗  ⃗ ∧ 𝑧1⃗⃗  ⃗ = 0⃗  

𝑧2⃗⃗  ⃗ ∧ 𝑥2⃗⃗⃗⃗ = 𝑦2⃗⃗⃗⃗  

𝑧2⃗⃗  ⃗ ∧ 𝑦2⃗⃗⃗⃗ = − 𝑥2⃗⃗⃗⃗  

𝑧2⃗⃗  ⃗ ∧ 𝑧2⃗⃗  ⃗ = 0⃗  

𝑧2⃗⃗  ⃗ ∧ 𝑥3⃗⃗⃗⃗ = cos(𝛽) . 𝑦2⃗⃗⃗⃗  

𝑧2⃗⃗  ⃗ ∧ 𝑦3⃗⃗⃗⃗ = − 𝑥2⃗⃗⃗⃗  

𝑧2⃗⃗  ⃗ ∧ 𝑧3⃗⃗  ⃗ = sin(𝛽) . 𝑦2⃗⃗⃗⃗  

𝑧2⃗⃗  ⃗ ∧ 𝑥4⃗⃗⃗⃗ = cos(𝛽 +  𝛾) . 𝑦2⃗⃗⃗⃗  

𝑧2⃗⃗  ⃗ ∧ 𝑦4⃗⃗  ⃗ = − 𝑥2⃗⃗⃗⃗  

𝑧2⃗⃗  ⃗ ∧ 𝑧4⃗⃗  ⃗ = sin(𝛽 +  𝛾) . 𝑦2⃗⃗⃗⃗  

𝑥3⃗⃗⃗⃗ ∧ 𝑥1⃗⃗  ⃗ = − sin(𝛽) . 𝑦1⃗⃗  ⃗  − sin(𝛼) cos(𝛽) . 𝑧1⃗⃗  ⃗ 

𝑥3⃗⃗⃗⃗ ∧ 𝑦1⃗⃗  ⃗ = sin(𝛽) . 𝑥1⃗⃗  ⃗  + cos(𝛼) cos(𝛽) . 𝑧1⃗⃗  ⃗ 

𝑥3⃗⃗⃗⃗ ∧ 𝑧1⃗⃗  ⃗ = − cos(𝛽) . 𝑦2⃗⃗⃗⃗  

𝑥3⃗⃗⃗⃗ ∧ 𝑥2⃗⃗⃗⃗ = − sin(𝛽) . 𝑦2⃗⃗⃗⃗  

𝑥3⃗⃗⃗⃗ ∧ 𝑦2⃗⃗⃗⃗ = 𝑧3⃗⃗  ⃗ 

𝑥3⃗⃗⃗⃗ ∧ 𝑧2⃗⃗  ⃗ = − cos(𝛽) . 𝑦2⃗⃗⃗⃗  

𝑥3⃗⃗⃗⃗ ∧ 𝑥3⃗⃗⃗⃗ = 0⃗  

𝑥3⃗⃗⃗⃗ ∧ 𝑦3⃗⃗⃗⃗ = 𝑧3⃗⃗  ⃗ 

𝑥3⃗⃗⃗⃗ ∧ 𝑧3⃗⃗  ⃗ = − 𝑦2⃗⃗⃗⃗  

𝑥3⃗⃗⃗⃗ ∧ 𝑥4⃗⃗⃗⃗ = sin(𝛾) . 𝑦2⃗⃗⃗⃗  

𝑥3⃗⃗⃗⃗ ∧ 𝑦4⃗⃗  ⃗ = 𝑧3⃗⃗  ⃗ 

𝑥3⃗⃗⃗⃗ ∧ 𝑧4⃗⃗  ⃗ = − cos(𝛾) . 𝑦2⃗⃗⃗⃗  

𝑦3⃗⃗⃗⃗ ∧ 𝑥1⃗⃗  ⃗ = − cos(𝛼) . 𝑧1⃗⃗  ⃗ 

𝑦3⃗⃗⃗⃗ ∧ 𝑦1⃗⃗  ⃗ = − sin(𝛼) . 𝑧1⃗⃗  ⃗ 

𝑦3⃗⃗⃗⃗ ∧ 𝑧1⃗⃗  ⃗ = 𝑥2⃗⃗⃗⃗  

𝑦3⃗⃗⃗⃗ ∧ 𝑥2⃗⃗⃗⃗ = − 𝑧1⃗⃗  ⃗ 

𝑦3⃗⃗⃗⃗ ∧ 𝑦2⃗⃗⃗⃗ = 0⃗  

𝑦3⃗⃗⃗⃗ ∧ 𝑧2⃗⃗  ⃗ = 𝑥2⃗⃗⃗⃗  

𝑦3⃗⃗⃗⃗ ∧ 𝑥3⃗⃗⃗⃗ = − 𝑧3⃗⃗  ⃗ 

𝑦3⃗⃗⃗⃗ ∧ 𝑦3⃗⃗⃗⃗ = 0⃗  

𝑦3⃗⃗⃗⃗ ∧ 𝑧3⃗⃗  ⃗ = 𝑥3⃗⃗⃗⃗  

𝑦3⃗⃗⃗⃗ ∧ 𝑥4⃗⃗⃗⃗ = − 𝑧4⃗⃗  ⃗ 

𝑦3⃗⃗⃗⃗ ∧ 𝑦4⃗⃗  ⃗ = 0⃗  

𝑦3⃗⃗⃗⃗ ∧ 𝑧4⃗⃗  ⃗ = 𝑥4⃗⃗⃗⃗  

𝑧3⃗⃗  ⃗ ∧ 𝑥1⃗⃗  ⃗ = cos(𝛽) . 𝑦1⃗⃗  ⃗  − sin(𝛼) sin(𝛽) . 𝑧1⃗⃗  ⃗ 

𝑧3⃗⃗  ⃗ ∧ 𝑦1⃗⃗  ⃗ = − cos(𝛽) . 𝑥1⃗⃗  ⃗  + sin(𝛽) cos(𝛼) . 𝑧1⃗⃗  ⃗ 

𝑧3⃗⃗  ⃗ ∧ 𝑧1⃗⃗  ⃗ = − sin(𝛽) . 𝑦2⃗⃗⃗⃗  

𝑧3⃗⃗  ⃗ ∧ 𝑥2⃗⃗⃗⃗ = cos(𝛽) . 𝑦2⃗⃗⃗⃗  

𝑧3⃗⃗  ⃗ ∧ 𝑦2⃗⃗⃗⃗ = − 𝑥3⃗⃗⃗⃗  

𝑧3⃗⃗  ⃗ ∧ 𝑧2⃗⃗  ⃗ = − sin(𝛽) . 𝑦2⃗⃗⃗⃗  

𝑧3⃗⃗  ⃗ ∧ 𝑥3⃗⃗⃗⃗ = 𝑦2⃗⃗⃗⃗  

𝑧3⃗⃗  ⃗ ∧ 𝑦3⃗⃗⃗⃗ = − 𝑥3⃗⃗⃗⃗  

𝑧3⃗⃗  ⃗ ∧ 𝑧3⃗⃗  ⃗ = 0⃗  

𝑧3⃗⃗  ⃗ ∧ 𝑥4⃗⃗⃗⃗ = cos(𝛾) . 𝑦2⃗⃗⃗⃗  

𝑧3⃗⃗  ⃗ ∧ 𝑦4⃗⃗  ⃗ = − 𝑥3⃗⃗⃗⃗  

𝑧3⃗⃗  ⃗ ∧ 𝑧4⃗⃗  ⃗ = sin(𝛾) . 𝑦2⃗⃗⃗⃗  

𝑥4⃗⃗⃗⃗ ∧ 𝑥1⃗⃗  ⃗ = − sin(𝛽 +  𝛾) cos(𝛼) . 𝑦4⃗⃗  ⃗  

− sin(𝛼) . 𝑧4⃗⃗  ⃗ 

𝑥4⃗⃗⃗⃗ ∧ 𝑦1⃗⃗  ⃗ = − sin(𝛼) sin(𝛽 +  𝛾) . 𝑦4⃗⃗  ⃗  

+ cos(𝛼) . 𝑧4⃗⃗  ⃗ 

𝑥4⃗⃗⃗⃗ ∧ 𝑧1⃗⃗  ⃗ = − cos(𝛽 +  𝛾) . 𝑦2⃗⃗⃗⃗  

𝑥4⃗⃗⃗⃗ ∧ 𝑥2⃗⃗⃗⃗ = − sin(𝛽 +  𝛾) . 𝑦2⃗⃗⃗⃗  

𝑥4⃗⃗⃗⃗ ∧ 𝑦2⃗⃗⃗⃗ = 𝑧4⃗⃗  ⃗ 

𝑥4⃗⃗⃗⃗ ∧ 𝑧2⃗⃗  ⃗ = − cos(𝛽 +  𝛾) . 𝑦2⃗⃗⃗⃗  

𝑥4⃗⃗⃗⃗ ∧ 𝑥3⃗⃗⃗⃗ = − sin(𝛾) . 𝑦2⃗⃗⃗⃗  

𝑥4⃗⃗⃗⃗ ∧ 𝑦3⃗⃗⃗⃗ = 𝑧4⃗⃗  ⃗ 

𝑥4⃗⃗⃗⃗ ∧ 𝑧3⃗⃗  ⃗ = − cos(𝛾) . 𝑦2⃗⃗⃗⃗  

𝑥4⃗⃗⃗⃗ ∧ 𝑥4⃗⃗⃗⃗ = 0⃗  

𝑥4⃗⃗⃗⃗ ∧ 𝑦4⃗⃗  ⃗ = 𝑧4⃗⃗  ⃗ 

𝑥4⃗⃗⃗⃗ ∧ 𝑧4⃗⃗  ⃗ = − 𝑦2⃗⃗⃗⃗  

𝑦4⃗⃗  ⃗ ∧ 𝑥1⃗⃗  ⃗ = − cos(𝛼) . 𝑧1⃗⃗  ⃗ 

𝑦4⃗⃗  ⃗ ∧ 𝑦1⃗⃗  ⃗ = − sin(𝛼) . 𝑧1⃗⃗  ⃗ 

𝑦4⃗⃗  ⃗ ∧ 𝑧1⃗⃗  ⃗ = 𝑥2⃗⃗⃗⃗  

𝑦4⃗⃗  ⃗ ∧ 𝑥2⃗⃗⃗⃗ = − 𝑧1⃗⃗  ⃗ 

𝑦4⃗⃗  ⃗ ∧ 𝑦2⃗⃗⃗⃗ = 0⃗  

𝑦4⃗⃗  ⃗ ∧ 𝑧2⃗⃗  ⃗ = 𝑥2⃗⃗⃗⃗  

𝑦4⃗⃗  ⃗ ∧ 𝑥3⃗⃗⃗⃗ = − 𝑧3⃗⃗  ⃗ 

𝑦4⃗⃗  ⃗ ∧ 𝑦3⃗⃗⃗⃗ = 0⃗  

𝑦4⃗⃗  ⃗ ∧ 𝑧3⃗⃗  ⃗ = 𝑥3⃗⃗⃗⃗  

𝑦4⃗⃗  ⃗ ∧ 𝑥4⃗⃗⃗⃗ = − 𝑧4⃗⃗  ⃗ 

𝑦4⃗⃗  ⃗ ∧ 𝑦4⃗⃗  ⃗ = 0⃗  

𝑦4⃗⃗  ⃗ ∧ 𝑧4⃗⃗  ⃗ = 𝑥4⃗⃗⃗⃗  

𝑧4⃗⃗  ⃗ ∧ 𝑥1⃗⃗  ⃗ = sin(𝛼) . 𝑥4⃗⃗⃗⃗  

+ cos(𝛼) cos(𝛽 +  𝛾) . 𝑦4⃗⃗  ⃗ 

𝑧4⃗⃗  ⃗ ∧ 𝑦1⃗⃗  ⃗ = − cos(𝛼) . 𝑥4⃗⃗⃗⃗  

+ sin(𝛼) cos(𝛽 +  𝛾) . 𝑦4⃗⃗  ⃗ 

𝑧4⃗⃗  ⃗ ∧ 𝑧1⃗⃗  ⃗ = − sin(𝛽 +  𝛾) . 𝑦2⃗⃗⃗⃗  

𝑧4⃗⃗  ⃗ ∧ 𝑥2⃗⃗⃗⃗ = cos(𝛽 +  𝛾) . 𝑦2⃗⃗⃗⃗  

𝑧4⃗⃗  ⃗ ∧ 𝑦2⃗⃗⃗⃗ = − 𝑥4⃗⃗⃗⃗  

𝑧4⃗⃗  ⃗ ∧ 𝑧2⃗⃗  ⃗ = − sin(𝛽 +  𝛾) . 𝑦2⃗⃗⃗⃗  

𝑧4⃗⃗  ⃗ ∧ 𝑥3⃗⃗⃗⃗ = cos(𝛾) . 𝑦2⃗⃗⃗⃗  

𝑧4⃗⃗  ⃗ ∧ 𝑦3⃗⃗⃗⃗ = − 𝑥4⃗⃗⃗⃗  

𝑧4⃗⃗  ⃗ ∧ 𝑧3⃗⃗  ⃗ = − sin(𝛾) . 𝑦2⃗⃗⃗⃗  

𝑧4⃗⃗  ⃗ ∧ 𝑥4⃗⃗⃗⃗ = 𝑦2⃗⃗⃗⃗  

𝑧4⃗⃗  ⃗ ∧ 𝑦4⃗⃗  ⃗ = − 𝑥4⃗⃗⃗⃗  

𝑧4⃗⃗  ⃗ ∧ 𝑧4⃗⃗  ⃗ = 0⃗  

 

Attention : pour les produits vectoriels 

nécessitant une projection, deux résultats 

sont valident suivant que l’on projette le 

premier ou le second vecteur. 

 

 

 


