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Coordonnées cylindriques: Ԧ𝑟 = 𝜌 Ƹ𝑒𝜌 + 𝑧 Ƹ𝑒𝑧
ሶԦ𝑟 = ሶ𝜌 Ƹ𝑒𝜌+ 𝜌 ሶ𝜙 Ƹ𝑒


+ ሶ𝑧 Ƹ𝑒𝑧

ሷԦ𝑟 =( ሷ𝜌− 𝜌 ሶ𝜙2) Ƹ𝑒𝜌 + (2 ሶ𝜌 ሶ𝜙+ 𝜌 ሷ𝜙) Ƹ𝑒

+ ሷ𝑧 Ƹ𝑒𝑧

Forces: pesanteur 𝑚𝑔 Ƹ𝑒𝑧 et reaction 𝑁 = −𝑁 sin𝛼 Ƹ𝑒𝜌 + 𝑁 cos𝛼 Ƹ𝑒𝑧

Equations du movement: 𝑚( ሷ𝜌− 𝜌 ሶ𝜙2) = −𝑁 sin 𝛼

𝑚(2 ሶ𝜌 ሶ𝜙+ 𝜌 ሷ𝜙) = 0

𝑚 ሷ𝑧 = 𝑁 cos𝛼 −𝑚𝑔

𝐿𝑂 = Ԧ𝑟 ∧ 𝑚 Ԧ𝑣 = 𝑚 𝜌 Ƹ𝑒𝜌 + 𝑧 Ƹ𝑒𝑧 ∧ ( ሶ𝜌 Ƹ𝑒𝜌+ 𝜌 ሶ𝜙 Ƹ𝑒

+ ሶ𝑧 Ƹ𝑒𝑧) = 𝑚(𝜌2 ሶ𝜙 Ƹ𝑒𝑧 − 𝜌 ሶ𝑧 Ƹ𝑒


+ 𝑧 ሶ𝜌 Ƹ𝑒


− 𝑧𝜌 ሶ𝜙 Ƹ𝑒𝜌)

𝐿𝑧 = 𝐿𝑂 ∙ Ƹ𝑒𝑧 = 𝑚 𝜌2 ሶ𝜙 Ƹ𝑒𝑧 − 𝜌 ሶ𝑧 Ƹ𝑒

+ 𝑧 ሶ𝜌 Ƹ𝑒


− 𝑧𝜌 ሶ𝜙 Ƹ𝑒𝜌 ∙ Ƹ𝑒𝑧 = 𝑚𝜌2 ሶ𝜙 = 𝑚 ሶ𝜙(𝑟 sin 𝛼)2

𝑑𝐿𝑧
𝑑𝑡

= 2𝑚𝜌 ሶ𝜌 ሶ𝜙 + 𝑚𝜌2 ሷ𝜙 = 𝑚𝜌 2 ሶ𝜌 ሶ𝜙 + 𝜌 ሷ𝜙 = 0 (voir deuxieme equation du mouvement)

𝐸 =
1

2
𝑚𝑣2 +𝑚𝑔𝑧 =

1

2
𝑚 ሶ𝜌2 + 𝜌2 ሶ𝜙2 + ሶ𝑧2 +𝑚𝑔𝑧 =

1

2
𝑚 ( ሶ𝑟 sin 𝛼)2 + ( ሶ𝑟 cos𝛼)2 + (𝑟 sin 𝛼)2 ሶ𝜙2 +𝑚𝑔𝑟 cos𝛼

=
1

2
𝑚 ሶ𝑟2 + (𝑟 sin 𝛼)2 ሶ𝜙2 +𝑚𝑔𝑟 cos 𝛼


