
Coordonnées sphériques
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Dérivation des vecteurs ~er, ~eθ et ~eφ. . .

~̇er =

θ̇ cos θ cosφ− φ̇ sin θ sinφθ̇ cos θ sinφ+ φ̇ sin θ cosφ

−θ̇ sin θ

 = θ̇~eθ + φ̇ sin θ~eφ

~̇eθ =

−θ̇ sin θ cosφ− φ̇ cos θ sinφ−θ̇ sin θ sinφ+ φ̇ cos θ cosφ

−θ̇ cos θ

 = −θ̇~er + φ̇ cos θ~eφ

~̇eφ =

−φ̇ cosφ−φ̇ sinφ
0

 = −φ̇ sin θ~er − φ̇ cos θ~eθ

−−→
OM = ~r = r~er

~v = ~̇r = ṙ~er + r~̇er = ṙ~er + rθ̇~etheta+ rφ̇ sin θ~eφ

~a = ~̇v = r̈~er + ṙ~̇er + ṙθ̇~eθ + rθ̈~eθ + rθ̇~̇eθ + ṙφ̇ sin θ~eφ + rφ̈ sin θ~eφ + rφ̇θ̇ cos θ~eφ + rφ̇ sin θ~̇eφ

= r̈~er︸︷︷︸+ṙθ̇~eθ + ṙφ̇ sin θ~eφ + ṙθ̇~eθ + rθ̈~eθ − rθ̇2~er︸ ︷︷ ︸+rθ̇φ̇ cos θ~eφ + ṙφ̇ sin θ~eφ + rφ̈ sin θ~eφ

+ rφ̇θ̇ cos θ~eφ + rφ̇ sin θ(− φ̇ sin θ~er︸ ︷︷ ︸−φ̇ cos θ~eθ)
ar = r̈ − rθ̇2 − rφ̇2 sin2 θ aθ = 2ṙθ̇ + rθ̈ − rφ̇2 sin θ cos θ aφ = 2ṙφ̇ sin θ + 2rθ̇φ̇ cos θ + rφ̈ sin θ


