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Aujourd’hui

Coordonnées polaires (2D), 
Définition
Position, vitesse et accélération en coordonnées polaires

Coordonnées cylindriques
Définition
Vecteur position
Vecteur vitesse
Vecteur accélération

Formule de Poisson

Coordonnées sphériques
Définition
Vecteur position
Vecteur vitesse
Vecteur accélération
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Coordonnées polaires: position
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<latexit sha1_base64="XDfEtex3mi2EA8GZfOEwJMBS86Q=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsK3QhLDZTtqlm03Y3RRryC/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwpQzpR3n26qsrW9sblW3azu7e/t1++Cwq5JMUujQhCfyISQKOBPQ0UxzeEglkDjk0AvHNzO/NwGpWCLu9TQFPyZDwSJGiTZSYNe9EdG5NwGaQ1EEj4HdcJrOHHiVuCVpoBLtwP7yBgnNYhCacqJU33VS7edEakY5FDUvU5ASOiZD6BsqSAzKz+eHF/jUKAMcJdKU0Hiu/p7ISazUNA5NZ0z0SC17M/E/r5/p6MrPmUgzDYIuFkUZxzrBsxTwgEmgmk8NIVQycyumIyIJ1SarmgnBXX55lXTPm67TdO8uGq3rMo4qOkYn6Ay56BK10C1qow6iKEPP6BW9WU/Wi/VufSxaK1Y5c4T+wPr8AYFek6A=</latexit><latexit sha1_base64="XDfEtex3mi2EA8GZfOEwJMBS86Q=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsK3QhLDZTtqlm03Y3RRryC/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwpQzpR3n26qsrW9sblW3azu7e/t1++Cwq5JMUujQhCfyISQKOBPQ0UxzeEglkDjk0AvHNzO/NwGpWCLu9TQFPyZDwSJGiTZSYNe9EdG5NwGaQ1EEj4HdcJrOHHiVuCVpoBLtwP7yBgnNYhCacqJU33VS7edEakY5FDUvU5ASOiZD6BsqSAzKz+eHF/jUKAMcJdKU0Hiu/p7ISazUNA5NZ0z0SC17M/E/r5/p6MrPmUgzDYIuFkUZxzrBsxTwgEmgmk8NIVQycyumIyIJ1SarmgnBXX55lXTPm67TdO8uGq3rMo4qOkYn6Ay56BK10C1qow6iKEPP6BW9WU/Wi/VufSxaK1Y5c4T+wPr8AYFek6A=</latexit><latexit sha1_base64="XDfEtex3mi2EA8GZfOEwJMBS86Q=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsK3QhLDZTtqlm03Y3RRryC/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwpQzpR3n26qsrW9sblW3azu7e/t1++Cwq5JMUujQhCfyISQKOBPQ0UxzeEglkDjk0AvHNzO/NwGpWCLu9TQFPyZDwSJGiTZSYNe9EdG5NwGaQ1EEj4HdcJrOHHiVuCVpoBLtwP7yBgnNYhCacqJU33VS7edEakY5FDUvU5ASOiZD6BsqSAzKz+eHF/jUKAMcJdKU0Hiu/p7ISazUNA5NZ0z0SC17M/E/r5/p6MrPmUgzDYIuFkUZxzrBsxTwgEmgmk8NIVQycyumIyIJ1SarmgnBXX55lXTPm67TdO8uGq3rMo4qOkYn6Ay56BK10C1qow6iKEPP6BW9WU/Wi/VufSxaK1Y5c4T+wPr8AYFek6A=</latexit><latexit sha1_base64="XDfEtex3mi2EA8GZfOEwJMBS86Q=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsK3QhLDZTtqlm03Y3RRryC/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwpQzpR3n26qsrW9sblW3azu7e/t1++Cwq5JMUujQhCfyISQKOBPQ0UxzeEglkDjk0AvHNzO/NwGpWCLu9TQFPyZDwSJGiTZSYNe9EdG5NwGaQ1EEj4HdcJrOHHiVuCVpoBLtwP7yBgnNYhCacqJU33VS7edEakY5FDUvU5ASOiZD6BsqSAzKz+eHF/jUKAMcJdKU0Hiu/p7ISazUNA5NZ0z0SC17M/E/r5/p6MrPmUgzDYIuFkUZxzrBsxTwgEmgmk8NIVQycyumIyIJ1SarmgnBXX55lXTPm67TdO8uGq3rMo4qOkYn6Ay56BK10C1qow6iKEPP6BW9WU/Wi/VufSxaK1Y5c4T+wPr8AYFek6A=</latexit>

~̂ey
<latexit sha1_base64="rvTFFSPy1FlGgETlgG5wjaH8IBo=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhLDZTtqlm03Y3RRi6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwpQzpR3n26psbG5t71R3a3v7B4d1++i4q5JMUujQhCeyHxIFnAnoaKY59FMJJA459MLJ3dzvTUEqlohHnafgx2QkWMQo0UYK7Lo3JrrwpkALmM2CPLAbTtNZAK8TtyQNVKId2F/eMKFZDEJTTpQauE6q/YJIzSiHWc3LFKSETsgIBoYKEoPyi8XhM3xulCGOEmlKaLxQf08UJFYqj0PTGRM9VqveXPzPG2Q6uvELJtJMg6DLRVHGsU7wPAU8ZBKo5rkhhEpmbsV0TCSh2mRVMyG4qy+vk+5l03Wa7sNVo3VbxlFFp+gMXSAXXaMWukdt1EEUZegZvaI368l6sd6tj2VrxSpnTtAfWJ8/guKToQ==</latexit><latexit sha1_base64="rvTFFSPy1FlGgETlgG5wjaH8IBo=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhLDZTtqlm03Y3RRi6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwpQzpR3n26psbG5t71R3a3v7B4d1++i4q5JMUujQhCeyHxIFnAnoaKY59FMJJA459MLJ3dzvTUEqlohHnafgx2QkWMQo0UYK7Lo3JrrwpkALmM2CPLAbTtNZAK8TtyQNVKId2F/eMKFZDEJTTpQauE6q/YJIzSiHWc3LFKSETsgIBoYKEoPyi8XhM3xulCGOEmlKaLxQf08UJFYqj0PTGRM9VqveXPzPG2Q6uvELJtJMg6DLRVHGsU7wPAU8ZBKo5rkhhEpmbsV0TCSh2mRVMyG4qy+vk+5l03Wa7sNVo3VbxlFFp+gMXSAXXaMWukdt1EEUZegZvaI368l6sd6tj2VrxSpnTtAfWJ8/guKToQ==</latexit><latexit sha1_base64="rvTFFSPy1FlGgETlgG5wjaH8IBo=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhLDZTtqlm03Y3RRi6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwpQzpR3n26psbG5t71R3a3v7B4d1++i4q5JMUujQhCeyHxIFnAnoaKY59FMJJA459MLJ3dzvTUEqlohHnafgx2QkWMQo0UYK7Lo3JrrwpkALmM2CPLAbTtNZAK8TtyQNVKId2F/eMKFZDEJTTpQauE6q/YJIzSiHWc3LFKSETsgIBoYKEoPyi8XhM3xulCGOEmlKaLxQf08UJFYqj0PTGRM9VqveXPzPG2Q6uvELJtJMg6DLRVHGsU7wPAU8ZBKo5rkhhEpmbsV0TCSh2mRVMyG4qy+vk+5l03Wa7sNVo3VbxlFFp+gMXSAXXaMWukdt1EEUZegZvaI368l6sd6tj2VrxSpnTtAfWJ8/guKToQ==</latexit><latexit sha1_base64="rvTFFSPy1FlGgETlgG5wjaH8IBo=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhLDZTtqlm03Y3RRi6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwpQzpR3n26psbG5t71R3a3v7B4d1++i4q5JMUujQhCeyHxIFnAnoaKY59FMJJA459MLJ3dzvTUEqlohHnafgx2QkWMQo0UYK7Lo3JrrwpkALmM2CPLAbTtNZAK8TtyQNVKId2F/eMKFZDEJTTpQauE6q/YJIzSiHWc3LFKSETsgIBoYKEoPyi8XhM3xulCGOEmlKaLxQf08UJFYqj0PTGRM9VqveXPzPG2Q6uvELJtJMg6DLRVHGsU7wPAU8ZBKo5rkhhEpmbsV0TCSh2mRVMyG4qy+vk+5l03Wa7sNVo3VbxlFFp+gMXSAXXaMWukdt1EEUZegZvaI368l6sd6tj2VrxSpnTtAfWJ8/guKToQ==</latexit>

~̂e✓
<latexit sha1_base64="pdhdOMDUI5y9NAOz0f7p+YQYv4k=">AAAB/nicdVDLSgNBEJz1GeNrVTx5GQyCpzATRONN9OIxglEhG8LspGOGzD6Y6RXCEvBXvHhQxKvf4c2/cTaJoKIFDUVVN91dYaqVRcY+vJnZufmFxdJSeXlldW3d39i8sklmJDRlohNzEwoLWsXQRIUablIDIgo1XIeDs8K/vgNjVRJf4jCFdiRuY9VTUqCTOv520BeYB3cgcxiNOgH2AQXt+BVWZYxxzmlB+NEhc+T4uF7jdcoLy6FCpmh0/Pegm8gsghilFta2OEuxnQuDSmoYlYPMQirkQNxCy9FYRGDb+fj8Ed1zSpf2EuMqRjpWv0/kIrJ2GIWuMxLYt7+9QvzLa2XYq7dzFacZQiwni3qZppjQIgvaVQYk6qEjQhrlbqWyL4yQ6BIruxC+PqX/k6talbMqvzionJxO4yiRHbJL9gknR+SEnJMGaRJJcvJAnsizd+89ei/e66R1xpvObJEf8N4+AQjNliw=</latexit><latexit sha1_base64="pdhdOMDUI5y9NAOz0f7p+YQYv4k=">AAAB/nicdVDLSgNBEJz1GeNrVTx5GQyCpzATRONN9OIxglEhG8LspGOGzD6Y6RXCEvBXvHhQxKvf4c2/cTaJoKIFDUVVN91dYaqVRcY+vJnZufmFxdJSeXlldW3d39i8sklmJDRlohNzEwoLWsXQRIUablIDIgo1XIeDs8K/vgNjVRJf4jCFdiRuY9VTUqCTOv520BeYB3cgcxiNOgH2AQXt+BVWZYxxzmlB+NEhc+T4uF7jdcoLy6FCpmh0/Pegm8gsghilFta2OEuxnQuDSmoYlYPMQirkQNxCy9FYRGDb+fj8Ed1zSpf2EuMqRjpWv0/kIrJ2GIWuMxLYt7+9QvzLa2XYq7dzFacZQiwni3qZppjQIgvaVQYk6qEjQhrlbqWyL4yQ6BIruxC+PqX/k6talbMqvzionJxO4yiRHbJL9gknR+SEnJMGaRJJcvJAnsizd+89ei/e66R1xpvObJEf8N4+AQjNliw=</latexit><latexit sha1_base64="pdhdOMDUI5y9NAOz0f7p+YQYv4k=">AAAB/nicdVDLSgNBEJz1GeNrVTx5GQyCpzATRONN9OIxglEhG8LspGOGzD6Y6RXCEvBXvHhQxKvf4c2/cTaJoKIFDUVVN91dYaqVRcY+vJnZufmFxdJSeXlldW3d39i8sklmJDRlohNzEwoLWsXQRIUablIDIgo1XIeDs8K/vgNjVRJf4jCFdiRuY9VTUqCTOv520BeYB3cgcxiNOgH2AQXt+BVWZYxxzmlB+NEhc+T4uF7jdcoLy6FCpmh0/Pegm8gsghilFta2OEuxnQuDSmoYlYPMQirkQNxCy9FYRGDb+fj8Ed1zSpf2EuMqRjpWv0/kIrJ2GIWuMxLYt7+9QvzLa2XYq7dzFacZQiwni3qZppjQIgvaVQYk6qEjQhrlbqWyL4yQ6BIruxC+PqX/k6talbMqvzionJxO4yiRHbJL9gknR+SEnJMGaRJJcvJAnsizd+89ei/e66R1xpvObJEf8N4+AQjNliw=</latexit><latexit sha1_base64="pdhdOMDUI5y9NAOz0f7p+YQYv4k=">AAAB/nicdVDLSgNBEJz1GeNrVTx5GQyCpzATRONN9OIxglEhG8LspGOGzD6Y6RXCEvBXvHhQxKvf4c2/cTaJoKIFDUVVN91dYaqVRcY+vJnZufmFxdJSeXlldW3d39i8sklmJDRlohNzEwoLWsXQRIUablIDIgo1XIeDs8K/vgNjVRJf4jCFdiRuY9VTUqCTOv520BeYB3cgcxiNOgH2AQXt+BVWZYxxzmlB+NEhc+T4uF7jdcoLy6FCpmh0/Pegm8gsghilFta2OEuxnQuDSmoYlYPMQirkQNxCy9FYRGDb+fj8Ed1zSpf2EuMqRjpWv0/kIrJ2GIWuMxLYt7+9QvzLa2XYq7dzFacZQiwni3qZppjQIgvaVQYk6qEjQhrlbqWyL4yQ6BIruxC+PqX/k6talbMqvzionJxO4yiRHbJL9gknR+SEnJMGaRJJcvJAnsizd+89ei/e66R1xpvObJEf8N4+AQjNliw=</latexit>

~̂er
<latexit sha1_base64="1i8tinWy02pXHY2A+mhHQTQByM8=">AAAB+XicdVDLSgNBEJz1GeNr1aOXwSB4CjNBTHILevEYwTwgu4TZSScZMvtgZjYQlvyJFw+KePVPvPk3ziYRVLSgoajqprsrSKTQhpAPZ219Y3Nru7BT3N3bPzh0j47bOk4VhxaPZay6AdMgRQQtI4yEbqKAhYGETjC5yf3OFJQWcXRvZgn4IRtFYig4M1bqu643ZibzpsAzmM/7CvfdEikTQiilOCe0ekUsqddrFVrDNLcsSmiFZt999wYxT0OIDJdM6x4lifEzpozgEuZFL9WQMD5hI+hZGrEQtJ8tLp/jc6sM8DBWtiKDF+r3iYyFWs/CwHaGzIz1by8X//J6qRnW/ExESWog4stFw1RiE+M8BjwQCriRM0sYV8LeivmYKcaNDatoQ/j6FP9P2pUyJWV6d1lqXK/iKKBTdIYuEEVV1EC3qIlaiKMpekBP6NnJnEfnxXldtq45q5kT9APO2ychQ5P6</latexit><latexit sha1_base64="1i8tinWy02pXHY2A+mhHQTQByM8=">AAAB+XicdVDLSgNBEJz1GeNr1aOXwSB4CjNBTHILevEYwTwgu4TZSScZMvtgZjYQlvyJFw+KePVPvPk3ziYRVLSgoajqprsrSKTQhpAPZ219Y3Nru7BT3N3bPzh0j47bOk4VhxaPZay6AdMgRQQtI4yEbqKAhYGETjC5yf3OFJQWcXRvZgn4IRtFYig4M1bqu643ZibzpsAzmM/7CvfdEikTQiilOCe0ekUsqddrFVrDNLcsSmiFZt999wYxT0OIDJdM6x4lifEzpozgEuZFL9WQMD5hI+hZGrEQtJ8tLp/jc6sM8DBWtiKDF+r3iYyFWs/CwHaGzIz1by8X//J6qRnW/ExESWog4stFw1RiE+M8BjwQCriRM0sYV8LeivmYKcaNDatoQ/j6FP9P2pUyJWV6d1lqXK/iKKBTdIYuEEVV1EC3qIlaiKMpekBP6NnJnEfnxXldtq45q5kT9APO2ychQ5P6</latexit><latexit sha1_base64="1i8tinWy02pXHY2A+mhHQTQByM8=">AAAB+XicdVDLSgNBEJz1GeNr1aOXwSB4CjNBTHILevEYwTwgu4TZSScZMvtgZjYQlvyJFw+KePVPvPk3ziYRVLSgoajqprsrSKTQhpAPZ219Y3Nru7BT3N3bPzh0j47bOk4VhxaPZay6AdMgRQQtI4yEbqKAhYGETjC5yf3OFJQWcXRvZgn4IRtFYig4M1bqu643ZibzpsAzmM/7CvfdEikTQiilOCe0ekUsqddrFVrDNLcsSmiFZt999wYxT0OIDJdM6x4lifEzpozgEuZFL9WQMD5hI+hZGrEQtJ8tLp/jc6sM8DBWtiKDF+r3iYyFWs/CwHaGzIz1by8X//J6qRnW/ExESWog4stFw1RiE+M8BjwQCriRM0sYV8LeivmYKcaNDatoQ/j6FP9P2pUyJWV6d1lqXK/iKKBTdIYuEEVV1EC3qIlaiKMpekBP6NnJnEfnxXldtq45q5kT9APO2ychQ5P6</latexit><latexit sha1_base64="1i8tinWy02pXHY2A+mhHQTQByM8=">AAAB+XicdVDLSgNBEJz1GeNr1aOXwSB4CjNBTHILevEYwTwgu4TZSScZMvtgZjYQlvyJFw+KePVPvPk3ziYRVLSgoajqprsrSKTQhpAPZ219Y3Nru7BT3N3bPzh0j47bOk4VhxaPZay6AdMgRQQtI4yEbqKAhYGETjC5yf3OFJQWcXRvZgn4IRtFYig4M1bqu643ZibzpsAzmM/7CvfdEikTQiilOCe0ekUsqddrFVrDNLcsSmiFZt999wYxT0OIDJdM6x4lifEzpozgEuZFL9WQMD5hI+hZGrEQtJ8tLp/jc6sM8DBWtiKDF+r3iYyFWs/CwHaGzIz1by8X//J6qRnW/ExESWog4stFw1RiE+M8BjwQCriRM0sYV8LeivmYKcaNDatoQ/j6FP9P2pUyJWV6d1lqXK/iKKBTdIYuEEVV1EC3qIlaiKMpekBP6NnJnEfnxXldtq45q5kT9APO2ychQ5P6</latexit>

Soit un repère cartésien et un point P 
paramétrisé par 

(O, ~̂ex, ~̂ey)
<latexit sha1_base64="LaGu8Hgv/2NAKlJVU6z+64pKyak=">AAACDHicbVDLSgMxFM34rPVVdekmWIQKUmZE0GXRjTsr2Ad0hpJJ77ShmcyQZIplmA9w46+4caGIWz/AnX9j2s5CWw8ETs45l+QeP+ZMadv+tpaWV1bX1gsbxc2t7Z3d0t5+U0WJpNCgEY9k2ycKOBPQ0ExzaMcSSOhzaPnD64nfGoFULBL3ehyDF5K+YAGjRBupWypXbk/dAdGpOwKaQpZ1H+bu4xOTsqv2FHiRODkpoxz1bunL7UU0CUFoyolSHceOtZcSqRnlkBXdREFM6JD0oWOoICEoL50uk+Fjo/RwEElzhMZT9fdESkKlxqFvkiHRAzXvTcT/vE6ig0svZSJONAg6eyhIONYRnjSDe0wC1XxsCKGSmb9iOiCSUG36K5oSnPmVF0nzrOrYVefuvFy7yusooEN0hCrIQReohm5QHTUQRY/oGb2iN+vJerHerY9ZdMnKZw7QH1ifP0Fnm8A=</latexit><latexit sha1_base64="LaGu8Hgv/2NAKlJVU6z+64pKyak=">AAACDHicbVDLSgMxFM34rPVVdekmWIQKUmZE0GXRjTsr2Ad0hpJJ77ShmcyQZIplmA9w46+4caGIWz/AnX9j2s5CWw8ETs45l+QeP+ZMadv+tpaWV1bX1gsbxc2t7Z3d0t5+U0WJpNCgEY9k2ycKOBPQ0ExzaMcSSOhzaPnD64nfGoFULBL3ehyDF5K+YAGjRBupWypXbk/dAdGpOwKaQpZ1H+bu4xOTsqv2FHiRODkpoxz1bunL7UU0CUFoyolSHceOtZcSqRnlkBXdREFM6JD0oWOoICEoL50uk+Fjo/RwEElzhMZT9fdESkKlxqFvkiHRAzXvTcT/vE6ig0svZSJONAg6eyhIONYRnjSDe0wC1XxsCKGSmb9iOiCSUG36K5oSnPmVF0nzrOrYVefuvFy7yusooEN0hCrIQReohm5QHTUQRY/oGb2iN+vJerHerY9ZdMnKZw7QH1ifP0Fnm8A=</latexit><latexit sha1_base64="LaGu8Hgv/2NAKlJVU6z+64pKyak=">AAACDHicbVDLSgMxFM34rPVVdekmWIQKUmZE0GXRjTsr2Ad0hpJJ77ShmcyQZIplmA9w46+4caGIWz/AnX9j2s5CWw8ETs45l+QeP+ZMadv+tpaWV1bX1gsbxc2t7Z3d0t5+U0WJpNCgEY9k2ycKOBPQ0ExzaMcSSOhzaPnD64nfGoFULBL3ehyDF5K+YAGjRBupWypXbk/dAdGpOwKaQpZ1H+bu4xOTsqv2FHiRODkpoxz1bunL7UU0CUFoyolSHceOtZcSqRnlkBXdREFM6JD0oWOoICEoL50uk+Fjo/RwEElzhMZT9fdESkKlxqFvkiHRAzXvTcT/vE6ig0svZSJONAg6eyhIONYRnjSDe0wC1XxsCKGSmb9iOiCSUG36K5oSnPmVF0nzrOrYVefuvFy7yusooEN0hCrIQReohm5QHTUQRY/oGb2iN+vJerHerY9ZdMnKZw7QH1ifP0Fnm8A=</latexit><latexit sha1_base64="LaGu8Hgv/2NAKlJVU6z+64pKyak=">AAACDHicbVDLSgMxFM34rPVVdekmWIQKUmZE0GXRjTsr2Ad0hpJJ77ShmcyQZIplmA9w46+4caGIWz/AnX9j2s5CWw8ETs45l+QeP+ZMadv+tpaWV1bX1gsbxc2t7Z3d0t5+U0WJpNCgEY9k2ycKOBPQ0ExzaMcSSOhzaPnD64nfGoFULBL3ehyDF5K+YAGjRBupWypXbk/dAdGpOwKaQpZ1H+bu4xOTsqv2FHiRODkpoxz1bunL7UU0CUFoyolSHceOtZcSqRnlkBXdREFM6JD0oWOoICEoL50uk+Fjo/RwEElzhMZT9fdESkKlxqFvkiHRAzXvTcT/vE6ig0svZSJONAg6eyhIONYRnjSDe0wC1XxsCKGSmb9iOiCSUG36K5oSnPmVF0nzrOrYVefuvFy7yusooEN0hCrIQReohm5QHTUQRY/oGb2iN+vJerHerY9ZdMnKZw7QH1ifP0Fnm8A=</latexit>

(x, y)
<latexit sha1_base64="k1Sj6xixu0gxSHFpNV94jHAB3YU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsN+3S3U3Y3Ygh9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YcKZNq777aysrq1vbJa2yts7u3v7lYPDlo5TRahPYh6rTog15UxS3zDDaSdRFIuQ03Y4vp367UeqNIvlg8kSGgg8lCxiBBsr+bWn8+ysX6m6dXcGtEy8glShQLNf+eoNYpIKKg3hWOuu5yYmyLEyjHA6KfdSTRNMxnhIu5ZKLKgO8tmxE3RqlQGKYmVLGjRTf0/kWGididB2CmxGetGbiv953dRE10HOZJIaKsl8UZRyZGI0/RwNmKLE8MwSTBSztyIywgoTY/Mp2xC8xZeXSeui7rl17/6y2rgp4ijBMZxADTy4ggbcQRN8IMDgGV7hzZHOi/PufMxbV5xi5gj+wPn8AfGkjho=</latexit><latexit sha1_base64="k1Sj6xixu0gxSHFpNV94jHAB3YU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsN+3S3U3Y3Ygh9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YcKZNq777aysrq1vbJa2yts7u3v7lYPDlo5TRahPYh6rTog15UxS3zDDaSdRFIuQ03Y4vp367UeqNIvlg8kSGgg8lCxiBBsr+bWn8+ysX6m6dXcGtEy8glShQLNf+eoNYpIKKg3hWOuu5yYmyLEyjHA6KfdSTRNMxnhIu5ZKLKgO8tmxE3RqlQGKYmVLGjRTf0/kWGididB2CmxGetGbiv953dRE10HOZJIaKsl8UZRyZGI0/RwNmKLE8MwSTBSztyIywgoTY/Mp2xC8xZeXSeui7rl17/6y2rgp4ijBMZxADTy4ggbcQRN8IMDgGV7hzZHOi/PufMxbV5xi5gj+wPn8AfGkjho=</latexit><latexit sha1_base64="k1Sj6xixu0gxSHFpNV94jHAB3YU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsN+3S3U3Y3Ygh9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YcKZNq777aysrq1vbJa2yts7u3v7lYPDlo5TRahPYh6rTog15UxS3zDDaSdRFIuQ03Y4vp367UeqNIvlg8kSGgg8lCxiBBsr+bWn8+ysX6m6dXcGtEy8glShQLNf+eoNYpIKKg3hWOuu5yYmyLEyjHA6KfdSTRNMxnhIu5ZKLKgO8tmxE3RqlQGKYmVLGjRTf0/kWGididB2CmxGetGbiv953dRE10HOZJIaKsl8UZRyZGI0/RwNmKLE8MwSTBSztyIywgoTY/Mp2xC8xZeXSeui7rl17/6y2rgp4ijBMZxADTy4ggbcQRN8IMDgGV7hzZHOi/PufMxbV5xi5gj+wPn8AfGkjho=</latexit><latexit sha1_base64="k1Sj6xixu0gxSHFpNV94jHAB3YU=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJUkJKIoMeiF48VTFtoQ9lsN+3S3U3Y3Ygh9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YcKZNq777aysrq1vbJa2yts7u3v7lYPDlo5TRahPYh6rTog15UxS3zDDaSdRFIuQ03Y4vp367UeqNIvlg8kSGgg8lCxiBBsr+bWn8+ysX6m6dXcGtEy8glShQLNf+eoNYpIKKg3hWOuu5yYmyLEyjHA6KfdSTRNMxnhIu5ZKLKgO8tmxE3RqlQGKYmVLGjRTf0/kWGididB2CmxGetGbiv953dRE10HOZJIaKsl8UZRyZGI0/RwNmKLE8MwSTBSztyIywgoTY/Mp2xC8xZeXSeui7rl17/6y2rgp4ijBMZxADTy4ggbcQRN8IMDgGV7hzZHOi/PufMxbV5xi5gj+wPn8AfGkjho=</latexit>

��!
OP = x~̂ex + y~̂ey

<latexit sha1_base64="d5yV2zSyHNGM3MJrc0mcpERfZmg=">AAACJHicbVBNS8NAEN34bf2qevSyWARBKEkVFEQQvHizgm2FppTNdtoubrJhd1INIT/Gi3/Fiwc/8ODF3+K29qDVBwOP92aYmRfEUhh03Q9nanpmdm5+YbGwtLyyulZc36gblWgONa6k0tcBMyBFBDUUKOE61sDCQEIjuDkb+o0BaCNUdIVpDK2Q9SLRFZyhldrFY19ZW4teH5nW6ja7qOb0hN5Rv88w8wfAM8jz9h3do+mElraLJbfsjkD/Em9MSmSMarv46ncUT0KIkEtmTNNzY2xlTKPgEvKCnxiIGb9hPWhaGrEQTCsbPZnTHat0aFdpWxHSkfpzImOhMWkY2M6QYd9MekPxP6+ZYPeolYkoThAi/r2om0iKig4Tox2hgaNMLWFcC3sr5X2mGUeba8GG4E2+/JfUK2Vvv1y5PCidVsZxLJAtsk12iUcOySk5J1VSI5zck0fyTF6cB+fJeXPev1unnPHMJvkF5/MLPhWlvQ==</latexit>

Une manière alternative de paramétriser la 
position de P est la distance   à l’origine et 
l’angle que le vecteur fait avec l’axe .✓

<latexit sha1_base64="5GkCQkZLonftPU0l41tvWs3i/FE=">AAAB7XicdVBNSwMxEM3Wr1q/qh69BIvgqWxqse2t4MVjBfsB7VKyabaNzW6WZFYoS/+DFw+KePX/ePPfmG0rqOiDgcd7M8zM82MpDLjuh5NbW9/Y3MpvF3Z29/YPiodHHaMSzXibKal0z6eGSxHxNgiQvBdrTkNf8q4/vcr87j3XRqjoFmYx90I6jkQgGAUrdQYw4UCHxZJbdl2XEIIzQmqXriWNRr1C6phklkUJrdAaFt8HI8WSkEfAJDWmT9wYvJRqEEzyeWGQGB5TNqVj3rc0oiE3Xrq4do7PrDLCgdK2IsAL9ftESkNjZqFvO0MKE/Pby8S/vH4CQd1LRRQnwCO2XBQkEoPC2et4JDRnIGeWUKaFvRWzCdWUgQ2oYEP4+hT/TzqVMrkoV26qpWZ1FUcenaBTdI4IqqEmukYt1EYM3aEH9ISeHeU8Oi/O67I156xmjtEPOG+f7gWPVA==</latexit>

��!
OP

<latexit sha1_base64="6YNU08ppQ03f6lAJ5kkjZPA+fnw=">AAAB/HicdVDLSgMxFM34rPU12qWbYBFclUkttt0V3Lizgn1AO5RMmrahmWRIMsow1F9x40IRt36IO//GTFtBRQ9cOJxzL/feE0ScaeN5H87K6tr6xmZuK7+9s7u37x4ctrWMFaEtIrlU3QBrypmgLcMMp91IURwGnHaC6UXmd26p0kyKG5NE1A/xWLARI9hYaeAW+tLaio0nBisl79Kr5mzgFr2S53kIIZgRVD33LKnXa2VUgyizLIpgiebAfe8PJYlDKgzhWOse8iLjp1gZRjid5fuxphEmUzymPUsFDqn20/nxM3hilSEcSWVLGDhXv0+kONQ6CQPbGWIz0b+9TPzL68VmVPNTJqLYUEEWi0Yxh0bCLAk4ZIoSwxNLMFHM3grJBCtMjM0rb0P4+hT+T9rlEjorla8rxUZlGUcOHIFjcAoQqIIGuARN0AIEJOABPIFn5955dF6c10XrirOcKYAfcN4+AehwlY0=</latexit>

r
<latexit sha1_base64="+DTwNJiAm1wCe7zpmFoeFyyu8lI=">AAAB6HicdVDLSgNBEJz1GeMr6tHLYBA8hZkYTHILePGYgHlAsoTZSW8yZvbBzKwQlnyBFw+KePWTvPk3ziYRVLSgoajqprvLi6XQhpAPZ219Y3NrO7eT393bPzgsHB13dJQoDm0eyUj1PKZBihDaRhgJvVgBCzwJXW96nfnde1BaROGtmcXgBmwcCl9wZqzUUsNCkZQIIZRSnBFavSKW1Ou1Mq1hmlkWRbRCc1h4H4wingQQGi6Z1n1KYuOmTBnBJczzg0RDzPiUjaFvacgC0G66OHSOz60ywn6kbIUGL9TvEykLtJ4Fnu0MmJno314m/uX1E+PX3FSEcWIg5MtFfiKxiXD2NR4JBdzImSWMK2FvxXzCFOPGZpO3IXx9iv8nnXKJXpbKrUqxUVnFkUOn6AxdIIqqqIFuUBO1EUeAHtATenbunEfnxXldtq45q5kT9APO2ycnPo0i</latexit>

~̂ex
<latexit sha1_base64="7h82zKgMX5Gy85DZZ0EtEp6Gnko=">AAAB+HicdVDLSgNBEJz1GeMjqx69DAbBU9iJwSS3gBePEcwDkmWZnXSSIbMPZmaDccmXePGgiFc/xZt/42wSQUULGoqqbrq7/FhwpR3nw1pb39jc2s7t5Hf39g8K9uFRW0WJZNBikYhk16cKBA+hpbkW0I0l0MAX0PEnV5nfmYJUPApv9SwGN6CjkA85o9pInl3oj6lO+1NgKczn3p1nF52S4ziEEJwRUr10DKnXa2VSwySzDIpohaZnv/cHEUsCCDUTVKkecWLtplRqzgTM8/1EQUzZhI6gZ2hIA1Buujh8js+MMsDDSJoKNV6o3ydSGig1C3zTGVA9Vr+9TPzL6yV6WHNTHsaJhpAtFw0TgXWEsxTwgEtgWswMoUxycytmYyop0yarvAnh61P8P2mXS+SiVL6pFBuVVRw5dIJO0TkiqIoa6Bo1UQsxlKAH9ISerXvr0XqxXpeta9Zq5hj9gPX2Cctsk8w=</latexit>

On attache un repère au point P, tel
que est parallèle à la ligne de coordonnées

et      est tangent au cercle . ~̂e✓
<latexit sha1_base64="lOaZZheKy4dKpbJghRNopsQDWek=">AAAB/nicbVDLSgNBEJyNrxhfUfHkZTAInsKuCHoMevEYwTwguyyzk04yZHZ2mekNhCXgr3jxoIhXv8Obf+PkcdDEgoaiqpvuriiVwqDrfjuFtfWNza3idmlnd2//oHx41DRJpjk0eCIT3Y6YASkUNFCghHaqgcWRhFY0vJv6rRFoIxL1iOMUgpj1legJztBKYfnEHzDM/RHwHCaT0McBIKNhueJW3RnoKvEWpEIWqIflL7+b8CwGhVwyYzqem2KQM42CS5iU/MxAyviQ9aFjqWIxmCCfnT+h51bp0l6ibSmkM/X3RM5iY8ZxZDtjhgOz7E3F/7xOhr2bIBcqzRAUny/qZZJiQqdZ0K7QwFGOLWFcC3sr5QOmGUebWMmG4C2/vEqal1XPrXoPV5Xa7SKOIjklZ+SCeOSa1Mg9qZMG4SQnz+SVvDlPzovz7nzMWwvOYuaY/IHz+QO7yJX2</latexit><latexit sha1_base64="lOaZZheKy4dKpbJghRNopsQDWek=">AAAB/nicbVDLSgNBEJyNrxhfUfHkZTAInsKuCHoMevEYwTwguyyzk04yZHZ2mekNhCXgr3jxoIhXv8Obf+PkcdDEgoaiqpvuriiVwqDrfjuFtfWNza3idmlnd2//oHx41DRJpjk0eCIT3Y6YASkUNFCghHaqgcWRhFY0vJv6rRFoIxL1iOMUgpj1legJztBKYfnEHzDM/RHwHCaT0McBIKNhueJW3RnoKvEWpEIWqIflL7+b8CwGhVwyYzqem2KQM42CS5iU/MxAyviQ9aFjqWIxmCCfnT+h51bp0l6ibSmkM/X3RM5iY8ZxZDtjhgOz7E3F/7xOhr2bIBcqzRAUny/qZZJiQqdZ0K7QwFGOLWFcC3sr5QOmGUebWMmG4C2/vEqal1XPrXoPV5Xa7SKOIjklZ+SCeOSa1Mg9qZMG4SQnz+SVvDlPzovz7nzMWwvOYuaY/IHz+QO7yJX2</latexit><latexit sha1_base64="lOaZZheKy4dKpbJghRNopsQDWek=">AAAB/nicbVDLSgNBEJyNrxhfUfHkZTAInsKuCHoMevEYwTwguyyzk04yZHZ2mekNhCXgr3jxoIhXv8Obf+PkcdDEgoaiqpvuriiVwqDrfjuFtfWNza3idmlnd2//oHx41DRJpjk0eCIT3Y6YASkUNFCghHaqgcWRhFY0vJv6rRFoIxL1iOMUgpj1legJztBKYfnEHzDM/RHwHCaT0McBIKNhueJW3RnoKvEWpEIWqIflL7+b8CwGhVwyYzqem2KQM42CS5iU/MxAyviQ9aFjqWIxmCCfnT+h51bp0l6ibSmkM/X3RM5iY8ZxZDtjhgOz7E3F/7xOhr2bIBcqzRAUny/qZZJiQqdZ0K7QwFGOLWFcC3sr5QOmGUebWMmG4C2/vEqal1XPrXoPV5Xa7SKOIjklZ+SCeOSa1Mg9qZMG4SQnz+SVvDlPzovz7nzMWwvOYuaY/IHz+QO7yJX2</latexit><latexit sha1_base64="lOaZZheKy4dKpbJghRNopsQDWek=">AAAB/nicbVDLSgNBEJyNrxhfUfHkZTAInsKuCHoMevEYwTwguyyzk04yZHZ2mekNhCXgr3jxoIhXv8Obf+PkcdDEgoaiqpvuriiVwqDrfjuFtfWNza3idmlnd2//oHx41DRJpjk0eCIT3Y6YASkUNFCghHaqgcWRhFY0vJv6rRFoIxL1iOMUgpj1legJztBKYfnEHzDM/RHwHCaT0McBIKNhueJW3RnoKvEWpEIWqIflL7+b8CwGhVwyYzqem2KQM42CS5iU/MxAyviQ9aFjqWIxmCCfnT+h51bp0l6ibSmkM/X3RM5iY8ZxZDtjhgOz7E3F/7xOhr2bIBcqzRAUny/qZZJiQqdZ0K7QwFGOLWFcC3sr5QOmGUebWMmG4C2/vEqal1XPrXoPV5Xa7SKOIjklZ+SCeOSa1Mg9qZMG4SQnz+SVvDlPzovz7nzMWwvOYuaY/IHz+QO7yJX2</latexit>

~̂er
<latexit sha1_base64="ynbR2rGiSh24URaWGjUpGli56Bc=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaEDbbabt088HupFBC/okXD4p49Z9489+4bXPQ1gcDj/dmmJkXplJodJxvq7KxubW9U92t7e0fHB7ZxycdnWSKQ5snMlG9kGmQIoY2CpTQSxWwKJTQDSf3c787BaVFEj/hLAU/YqNYDAVnaKTAtr0xw9ybAs+hKAJFA7vuNJwF6DpxS1InJVqB/eUNEp5FECOXTOu+66To50yh4BKKmpdpSBmfsBH0DY1ZBNrPF5cX9MIoAzpMlKkY6UL9PZGzSOtZFJrOiOFYr3pz8T+vn+Hw1s9FnGYIMV8uGmaSYkLnMdCBUMBRzgxhXAlzK+VjphhHE1bNhOCuvrxOOlcN12m4j9f15l0ZR5WckXNySVxyQ5rkgbRIm3AyJc/klbxZufVivVsfy9aKVc6ckj+wPn8A1D6TxA==</latexit><latexit sha1_base64="ynbR2rGiSh24URaWGjUpGli56Bc=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaEDbbabt088HupFBC/okXD4p49Z9489+4bXPQ1gcDj/dmmJkXplJodJxvq7KxubW9U92t7e0fHB7ZxycdnWSKQ5snMlG9kGmQIoY2CpTQSxWwKJTQDSf3c787BaVFEj/hLAU/YqNYDAVnaKTAtr0xw9ybAs+hKAJFA7vuNJwF6DpxS1InJVqB/eUNEp5FECOXTOu+66To50yh4BKKmpdpSBmfsBH0DY1ZBNrPF5cX9MIoAzpMlKkY6UL9PZGzSOtZFJrOiOFYr3pz8T+vn+Hw1s9FnGYIMV8uGmaSYkLnMdCBUMBRzgxhXAlzK+VjphhHE1bNhOCuvrxOOlcN12m4j9f15l0ZR5WckXNySVxyQ5rkgbRIm3AyJc/klbxZufVivVsfy9aKVc6ckj+wPn8A1D6TxA==</latexit><latexit sha1_base64="ynbR2rGiSh24URaWGjUpGli56Bc=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaEDbbabt088HupFBC/okXD4p49Z9489+4bXPQ1gcDj/dmmJkXplJodJxvq7KxubW9U92t7e0fHB7ZxycdnWSKQ5snMlG9kGmQIoY2CpTQSxWwKJTQDSf3c787BaVFEj/hLAU/YqNYDAVnaKTAtr0xw9ybAs+hKAJFA7vuNJwF6DpxS1InJVqB/eUNEp5FECOXTOu+66To50yh4BKKmpdpSBmfsBH0DY1ZBNrPF5cX9MIoAzpMlKkY6UL9PZGzSOtZFJrOiOFYr3pz8T+vn+Hw1s9FnGYIMV8uGmaSYkLnMdCBUMBRzgxhXAlzK+VjphhHE1bNhOCuvrxOOlcN12m4j9f15l0ZR5WckXNySVxyQ5rkgbRIm3AyJc/klbxZufVivVsfy9aKVc6ckj+wPn8A1D6TxA==</latexit><latexit sha1_base64="ynbR2rGiSh24URaWGjUpGli56Bc=">AAAB+XicbVBNS8NAEN3Ur1q/oh69LBbBU0lE0GPRi8cK9gOaEDbbabt088HupFBC/okXD4p49Z9489+4bXPQ1gcDj/dmmJkXplJodJxvq7KxubW9U92t7e0fHB7ZxycdnWSKQ5snMlG9kGmQIoY2CpTQSxWwKJTQDSf3c787BaVFEj/hLAU/YqNYDAVnaKTAtr0xw9ybAs+hKAJFA7vuNJwF6DpxS1InJVqB/eUNEp5FECOXTOu+66To50yh4BKKmpdpSBmfsBH0DY1ZBNrPF5cX9MIoAzpMlKkY6UL9PZGzSOtZFJrOiOFYr3pz8T+vn+Hw1s9FnGYIMV8uGmaSYkLnMdCBUMBRzgxhXAlzK+VjphhHE1bNhOCuvrxOOlcN12m4j9f15l0ZR5WckXNySVxyQ5rkgbRIm3AyJc/klbxZufVivVsfy9aKVc6ckj+wPn8A1D6TxA==</latexit>

✓ = cst
<latexit sha1_base64="GtLaatQ47rjcG2DIrDZzt9hlxWw=">AAAB/HicbVDLSgNBEJz1GeNrNUcvg0HwFHZF0IsQ9OIxgnlAsoTZSW8yZPbBTK+4LPFXvHhQxKsf4s2/cZLsQRMLGoqqbrq7/EQKjY7zba2srq1vbJa2yts7u3v79sFhS8ep4tDksYxVx2capIigiQIldBIFLPQltP3xzdRvP4DSIo7uMUvAC9kwEoHgDI3Utys9HAEyekV7CI+Yc42Tvl11as4MdJm4BamSAo2+/dUbxDwNIUIumdZd10nQy5lCwSVMyr1UQ8L4mA2ha2jEQtBePjt+Qk+MMqBBrExFSGfq74mchVpnoW86Q4YjvehNxf+8borBpZeLKEkRIj5fFKSSYkynSdCBUMBRZoYwroS5lfIRU4yjyatsQnAXX14mrbOa69Tcu/Nq/bqIo0SOyDE5JS65IHVySxqkSTjJyDN5JW/Wk/VivVsf89YVq5ipkD+wPn8AmTuUuw==</latexit><latexit sha1_base64="GtLaatQ47rjcG2DIrDZzt9hlxWw=">AAAB/HicbVDLSgNBEJz1GeNrNUcvg0HwFHZF0IsQ9OIxgnlAsoTZSW8yZPbBTK+4LPFXvHhQxKsf4s2/cZLsQRMLGoqqbrq7/EQKjY7zba2srq1vbJa2yts7u3v79sFhS8ep4tDksYxVx2capIigiQIldBIFLPQltP3xzdRvP4DSIo7uMUvAC9kwEoHgDI3Utys9HAEyekV7CI+Yc42Tvl11as4MdJm4BamSAo2+/dUbxDwNIUIumdZd10nQy5lCwSVMyr1UQ8L4mA2ha2jEQtBePjt+Qk+MMqBBrExFSGfq74mchVpnoW86Q4YjvehNxf+8borBpZeLKEkRIj5fFKSSYkynSdCBUMBRZoYwroS5lfIRU4yjyatsQnAXX14mrbOa69Tcu/Nq/bqIo0SOyDE5JS65IHVySxqkSTjJyDN5JW/Wk/VivVsf89YVq5ipkD+wPn8AmTuUuw==</latexit><latexit sha1_base64="GtLaatQ47rjcG2DIrDZzt9hlxWw=">AAAB/HicbVDLSgNBEJz1GeNrNUcvg0HwFHZF0IsQ9OIxgnlAsoTZSW8yZPbBTK+4LPFXvHhQxKsf4s2/cZLsQRMLGoqqbrq7/EQKjY7zba2srq1vbJa2yts7u3v79sFhS8ep4tDksYxVx2capIigiQIldBIFLPQltP3xzdRvP4DSIo7uMUvAC9kwEoHgDI3Utys9HAEyekV7CI+Yc42Tvl11as4MdJm4BamSAo2+/dUbxDwNIUIumdZd10nQy5lCwSVMyr1UQ8L4mA2ha2jEQtBePjt+Qk+MMqBBrExFSGfq74mchVpnoW86Q4YjvehNxf+8borBpZeLKEkRIj5fFKSSYkynSdCBUMBRZoYwroS5lfIRU4yjyatsQnAXX14mrbOa69Tcu/Nq/bqIo0SOyDE5JS65IHVySxqkSTjJyDN5JW/Wk/VivVsf89YVq5ipkD+wPn8AmTuUuw==</latexit><latexit sha1_base64="GtLaatQ47rjcG2DIrDZzt9hlxWw=">AAAB/HicbVDLSgNBEJz1GeNrNUcvg0HwFHZF0IsQ9OIxgnlAsoTZSW8yZPbBTK+4LPFXvHhQxKsf4s2/cZLsQRMLGoqqbrq7/EQKjY7zba2srq1vbJa2yts7u3v79sFhS8ep4tDksYxVx2capIigiQIldBIFLPQltP3xzdRvP4DSIo7uMUvAC9kwEoHgDI3Utys9HAEyekV7CI+Yc42Tvl11as4MdJm4BamSAo2+/dUbxDwNIUIumdZd10nQy5lCwSVMyr1UQ8L4mA2ha2jEQtBePjt+Qk+MMqBBrExFSGfq74mchVpnoW86Q4YjvehNxf+8borBpZeLKEkRIj5fFKSSYkynSdCBUMBRZoYwroS5lfIRU4yjyatsQnAXX14mrbOa69Tcu/Nq/bqIo0SOyDE5JS65IHVySxqkSTjJyDN5JW/Wk/VivVsf89YVq5ipkD+wPn8AmTuUuw==</latexit>

r = cst
<latexit sha1_base64="UfeQPhuz4GF5gNtv3DzZlt2w/lQ=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIehGKXjxWsB/QxrLZbtqlm03Ynagl9H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJ74zQeujYjVHY4S7ke0r0QoGEUr3WtySTrInzBjBsfdUtmtuFOQReLlpAw5at3SV6cXszTiCpmkxrQ9N0E/oxoFk3xc7KSGJ5QNaZ+3LVU04sbPplePybFVeiSMtS2FZKr+nshoZMwoCmxnRHFg5r2J+J/XTjG88DOhkhS5YrNFYSoJxmQSAekJzRnKkSWUaWFvJWxANWVogyraELz5lxdJ47TiuRXv9qxcvcrjKMAhHMEJeHAOVbiBGtSBgYZneIU359F5cd6dj1nrkpPPHMAfOJ8/P7KSWA==</latexit><latexit sha1_base64="UfeQPhuz4GF5gNtv3DzZlt2w/lQ=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIehGKXjxWsB/QxrLZbtqlm03Ynagl9H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJ74zQeujYjVHY4S7ke0r0QoGEUr3WtySTrInzBjBsfdUtmtuFOQReLlpAw5at3SV6cXszTiCpmkxrQ9N0E/oxoFk3xc7KSGJ5QNaZ+3LVU04sbPplePybFVeiSMtS2FZKr+nshoZMwoCmxnRHFg5r2J+J/XTjG88DOhkhS5YrNFYSoJxmQSAekJzRnKkSWUaWFvJWxANWVogyraELz5lxdJ47TiuRXv9qxcvcrjKMAhHMEJeHAOVbiBGtSBgYZneIU359F5cd6dj1nrkpPPHMAfOJ8/P7KSWA==</latexit><latexit sha1_base64="UfeQPhuz4GF5gNtv3DzZlt2w/lQ=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIehGKXjxWsB/QxrLZbtqlm03Ynagl9H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJ74zQeujYjVHY4S7ke0r0QoGEUr3WtySTrInzBjBsfdUtmtuFOQReLlpAw5at3SV6cXszTiCpmkxrQ9N0E/oxoFk3xc7KSGJ5QNaZ+3LVU04sbPplePybFVeiSMtS2FZKr+nshoZMwoCmxnRHFg5r2J+J/XTjG88DOhkhS5YrNFYSoJxmQSAekJzRnKkSWUaWFvJWxANWVogyraELz5lxdJ47TiuRXv9qxcvcrjKMAhHMEJeHAOVbiBGtSBgYZneIU359F5cd6dj1nrkpPPHMAfOJ8/P7KSWA==</latexit><latexit sha1_base64="UfeQPhuz4GF5gNtv3DzZlt2w/lQ=">AAAB9XicbVBNS8NAEJ34WetX1aOXxSJ4KokIehGKXjxWsB/QxrLZbtqlm03Ynagl9H948aCIV/+LN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dpaWV1bX1gsbxc2t7Z3d0t5+w8SpZrzOYhnrVkANl0LxOgqUvJVoTqNA8mYwvJ74zQeujYjVHY4S7ke0r0QoGEUr3WtySTrInzBjBsfdUtmtuFOQReLlpAw5at3SV6cXszTiCpmkxrQ9N0E/oxoFk3xc7KSGJ5QNaZ+3LVU04sbPplePybFVeiSMtS2FZKr+nshoZMwoCmxnRHFg5r2J+J/XTjG88DOhkhS5YrNFYSoJxmQSAekJzRnKkSWUaWFvJWxANWVogyraELz5lxdJ47TiuRXv9qxcvcrjKMAhHMEJeHAOVbiBGtSBgYZneIU359F5cd6dj1nrkpPPHMAfOJ8/P7KSWA==</latexit>

(P, ~̂er, ~̂e✓)
<latexit sha1_base64="fKIQKcMLfSywLD67dOhfm4LV6L4=">AAACEXicdVBNSwMxEM36WetX1aOXYBEqSNnUYtub4MVjBWuFbinZdGqD2Q+S2UJZ+he8+Fe8eFDEqzdv/huzWkGLPhh4eW+GzDw/VtKg6747c/MLi0vLuZX86tr6xmZha/vSRIkW0BKRivSVzw0oGUILJSq4ijXwwFfQ9m9OM789Am1kFF7gOIZuwK9DOZCCo5V6hVKpeegNOabeCEQKk0lPz7w9HALyg16h6JZd12WM0Yyw2rFrSaNRr7A6ZZllUSRTNHuFN68fiSSAEIXixnSYG2M35RqlUDDJe4mBmIsbfg0dS0MegOmmnxdN6L5V+nQQaVsh0k/150TKA2PGgW87A45DM+tl4l9eJ8FBvZvKME4QQvH10SBRFCOaxUP7UoNANbaECy3trlQMueYCbYh5G8L3pfR/clkps6Ny5bxaPKlO48iRXbJHSoSRGjkhZ6RJWkSQW3JPHsmTc+c8OM/Oy1frnDOd2SG/4Lx+AIUOnhI=</latexit>

Vecteur position en
coordonnées cartésiennes

��!
OP = r~̂er

<latexit sha1_base64="l0D1+OM+lsatLwJpcVd5/xwtxyY=">AAACEHicbVA9SwNBEN3zM8avqKXNYhCtwp0I2ghBGzsjmCjkjrC3mSSLe7fH7lwkHPcTbPwrNhaK2Fra+W/cJFf49WDg8d4MM/PCRAqDrvvpzMzOzS8slpbKyyura+uVjc2WUanm0ORKKn0TMgNSxNBEgRJuEg0sCiVch7dnY/96CNoIFV/hKIEgYv1Y9ARnaKVOZc9X1taiP0CmtbrLLho5PaGa+gOGmT8EnkGed3SnUnVr7gT0L/EKUiUFGp3Kh99VPI0gRi6ZMW3PTTDImEbBJeRlPzWQMH7L+tC2NGYRmCCbPJTTXat0aU9pWzHSifp9ImORMaMotJ0Rw4H57Y3F/7x2ir3jIBNxkiLEfLqol0qKio7ToV2hgaMcWcK4FvZWygdMM442w7INwfv98l/SOqh5bs27PKzWT4s4SmSb7JB94pEjUifnpEGahJN78kieyYvz4Dw5r87btHXGKWa2yA8471+eB52R</latexit><latexit sha1_base64="l0D1+OM+lsatLwJpcVd5/xwtxyY=">AAACEHicbVA9SwNBEN3zM8avqKXNYhCtwp0I2ghBGzsjmCjkjrC3mSSLe7fH7lwkHPcTbPwrNhaK2Fra+W/cJFf49WDg8d4MM/PCRAqDrvvpzMzOzS8slpbKyyura+uVjc2WUanm0ORKKn0TMgNSxNBEgRJuEg0sCiVch7dnY/96CNoIFV/hKIEgYv1Y9ARnaKVOZc9X1taiP0CmtbrLLho5PaGa+gOGmT8EnkGed3SnUnVr7gT0L/EKUiUFGp3Kh99VPI0gRi6ZMW3PTTDImEbBJeRlPzWQMH7L+tC2NGYRmCCbPJTTXat0aU9pWzHSifp9ImORMaMotJ0Rw4H57Y3F/7x2ir3jIBNxkiLEfLqol0qKio7ToV2hgaMcWcK4FvZWygdMM442w7INwfv98l/SOqh5bs27PKzWT4s4SmSb7JB94pEjUifnpEGahJN78kieyYvz4Dw5r87btHXGKWa2yA8471+eB52R</latexit><latexit sha1_base64="l0D1+OM+lsatLwJpcVd5/xwtxyY=">AAACEHicbVA9SwNBEN3zM8avqKXNYhCtwp0I2ghBGzsjmCjkjrC3mSSLe7fH7lwkHPcTbPwrNhaK2Fra+W/cJFf49WDg8d4MM/PCRAqDrvvpzMzOzS8slpbKyyura+uVjc2WUanm0ORKKn0TMgNSxNBEgRJuEg0sCiVch7dnY/96CNoIFV/hKIEgYv1Y9ARnaKVOZc9X1taiP0CmtbrLLho5PaGa+gOGmT8EnkGed3SnUnVr7gT0L/EKUiUFGp3Kh99VPI0gRi6ZMW3PTTDImEbBJeRlPzWQMH7L+tC2NGYRmCCbPJTTXat0aU9pWzHSifp9ImORMaMotJ0Rw4H57Y3F/7x2ir3jIBNxkiLEfLqol0qKio7ToV2hgaMcWcK4FvZWygdMM442w7INwfv98l/SOqh5bs27PKzWT4s4SmSb7JB94pEjUifnpEGahJN78kieyYvz4Dw5r87btHXGKWa2yA8471+eB52R</latexit><latexit sha1_base64="l0D1+OM+lsatLwJpcVd5/xwtxyY=">AAACEHicbVA9SwNBEN3zM8avqKXNYhCtwp0I2ghBGzsjmCjkjrC3mSSLe7fH7lwkHPcTbPwrNhaK2Fra+W/cJFf49WDg8d4MM/PCRAqDrvvpzMzOzS8slpbKyyura+uVjc2WUanm0ORKKn0TMgNSxNBEgRJuEg0sCiVch7dnY/96CNoIFV/hKIEgYv1Y9ARnaKVOZc9X1taiP0CmtbrLLho5PaGa+gOGmT8EnkGed3SnUnVr7gT0L/EKUiUFGp3Kh99VPI0gRi6ZMW3PTTDImEbBJeRlPzWQMH7L+tC2NGYRmCCbPJTTXat0aU9pWzHSifp9ImORMaMotJ0Rw4H57Y3F/7x2ir3jIBNxkiLEfLqol0qKio7ToV2hgaMcWcK4FvZWygdMM442w7INwfv98l/SOqh5bs27PKzWT4s4SmSb7JB94pEjUifnpEGahJN78kieyYvz4Dw5r87btHXGKWa2yA8471+eB52R</latexit>

��!
OP

<latexit sha1_base64="zazexrRxKjPH0To6+dYMR088oyI=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBIR9Fj04s0K9gPaUDbbTbt0sxt2J0oI9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5YSK4Ac/7dlZW19Y3Nktb5e2d3b199+CwZVSqKWtSJZTuhMQwwSVrAgfBOolmJA4Fa4fj66nffmDacCXvIUtYEJOh5BGnBKzUdys9ZW3NhyMgWqvH/LYx6btVr+bNgJeJX5AqKtDou1+9gaJpzCRQQYzp+l4CQU40cCrYpNxLDUsIHZMh61oqScxMkM+On+ATqwxwpLQtCXim/p7ISWxMFoe2MyYwMoveVPzP66YQXQY5l0kKTNL5oigVGBSeJoEHXDMKIrOEUM3trZiOiCYUbF5lG4K/+PIyaZ3VfK/m351X61dFHCV0hI7RKfLRBaqjG9RATURRhp7RK3pznpwX5935mLeuOMVMBf2B8/kDnmKVYQ==</latexit><latexit sha1_base64="zazexrRxKjPH0To6+dYMR088oyI=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBIR9Fj04s0K9gPaUDbbTbt0sxt2J0oI9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5YSK4Ac/7dlZW19Y3Nktb5e2d3b199+CwZVSqKWtSJZTuhMQwwSVrAgfBOolmJA4Fa4fj66nffmDacCXvIUtYEJOh5BGnBKzUdys9ZW3NhyMgWqvH/LYx6btVr+bNgJeJX5AqKtDou1+9gaJpzCRQQYzp+l4CQU40cCrYpNxLDUsIHZMh61oqScxMkM+On+ATqwxwpLQtCXim/p7ISWxMFoe2MyYwMoveVPzP66YQXQY5l0kKTNL5oigVGBSeJoEHXDMKIrOEUM3trZiOiCYUbF5lG4K/+PIyaZ3VfK/m351X61dFHCV0hI7RKfLRBaqjG9RATURRhp7RK3pznpwX5935mLeuOMVMBf2B8/kDnmKVYQ==</latexit><latexit sha1_base64="zazexrRxKjPH0To6+dYMR088oyI=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBIR9Fj04s0K9gPaUDbbTbt0sxt2J0oI9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5YSK4Ac/7dlZW19Y3Nktb5e2d3b199+CwZVSqKWtSJZTuhMQwwSVrAgfBOolmJA4Fa4fj66nffmDacCXvIUtYEJOh5BGnBKzUdys9ZW3NhyMgWqvH/LYx6btVr+bNgJeJX5AqKtDou1+9gaJpzCRQQYzp+l4CQU40cCrYpNxLDUsIHZMh61oqScxMkM+On+ATqwxwpLQtCXim/p7ISWxMFoe2MyYwMoveVPzP66YQXQY5l0kKTNL5oigVGBSeJoEHXDMKIrOEUM3trZiOiCYUbF5lG4K/+PIyaZ3VfK/m351X61dFHCV0hI7RKfLRBaqjG9RATURRhp7RK3pznpwX5935mLeuOMVMBf2B8/kDnmKVYQ==</latexit><latexit sha1_base64="zazexrRxKjPH0To6+dYMR088oyI=">AAAB/HicbVBNS8NAEN34WetXtEcvi0XwVBIR9Fj04s0K9gPaUDbbTbt0sxt2J0oI9a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5YSK4Ac/7dlZW19Y3Nktb5e2d3b199+CwZVSqKWtSJZTuhMQwwSVrAgfBOolmJA4Fa4fj66nffmDacCXvIUtYEJOh5BGnBKzUdys9ZW3NhyMgWqvH/LYx6btVr+bNgJeJX5AqKtDou1+9gaJpzCRQQYzp+l4CQU40cCrYpNxLDUsIHZMh61oqScxMkM+On+ATqwxwpLQtCXim/p7ISWxMFoe2MyYwMoveVPzP66YQXQY5l0kKTNL5oigVGBSeJoEHXDMKIrOEUM3trZiOiCYUbF5lG4K/+PIyaZ3VfK/m351X61dFHCV0hI7RKfLRBaqjG9RATURRhp7RK3pznpwX5935mLeuOMVMBf2B8/kDnmKVYQ==</latexit>

Dans le repère , le vecteur s’écrit:(P, ~̂er, ~̂e✓)
<latexit sha1_base64="wlqubaZ4z7tXvXF+TmdUEnL5n0w=">AAACEXicbVDLSsNAFJ34rPVVdekmWIQKUpJa0GXBjcsK9gFNCJPpTTt08mDmplBCfsGNv+LGhSJu3bnzb5w+Ftp64MKZc+5l7j1+IrhCy/o21tY3Nre2CzvF3b39g8PS0XFbxalk0GKxiGXXpwoEj6CFHAV0Ewk09AV0/NHt1O+MQSoeRw84ScAN6SDiAWcUteSVKpXmpTOkmDljYBnkuSeX3g4OAemFVypbVWsGc5XYC1ImCzS90pfTj1kaQoRMUKV6tpWgm1GJnAnIi06qIKFsRAfQ0zSiISg3m12Um+da6ZtBLHVFaM7U3xMZDZWahL7uDCkO1bI3Ff/zeikGN27GoyRFiNj8oyAVJsbmNB6zzyUwFBNNKJNc72qyIZWUoQ6xqEOwl09eJe1a1b6q1u7r5UZ9EUeBnJIzUiE2uSYNckeapEUYeSTP5JW8GU/Gi/FufMxb14zFzAn5A+PzBzgYndw=</latexit>

Vecteur position en
coordonnées polaires
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Coordonnées polaires

Comme le repère est défini par rapport au 
point P, les vecteurs et dépendent du 
temps.

Lorsque nous calculerons la vitesse et 
l’accélération du point P, il faudra explicitement
en tenir compte.

O

r

✓

P (t)

~̂ex
<latexit sha1_base64="XDfEtex3mi2EA8GZfOEwJMBS86Q=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsK3QhLDZTtqlm03Y3RRryC/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwpQzpR3n26qsrW9sblW3azu7e/t1++Cwq5JMUujQhCfyISQKOBPQ0UxzeEglkDjk0AvHNzO/NwGpWCLu9TQFPyZDwSJGiTZSYNe9EdG5NwGaQ1EEj4HdcJrOHHiVuCVpoBLtwP7yBgnNYhCacqJU33VS7edEakY5FDUvU5ASOiZD6BsqSAzKz+eHF/jUKAMcJdKU0Hiu/p7ISazUNA5NZ0z0SC17M/E/r5/p6MrPmUgzDYIuFkUZxzrBsxTwgEmgmk8NIVQycyumIyIJ1SarmgnBXX55lXTPm67TdO8uGq3rMo4qOkYn6Ay56BK10C1qow6iKEPP6BW9WU/Wi/VufSxaK1Y5c4T+wPr8AYFek6A=</latexit><latexit sha1_base64="XDfEtex3mi2EA8GZfOEwJMBS86Q=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsK3QhLDZTtqlm03Y3RRryC/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwpQzpR3n26qsrW9sblW3azu7e/t1++Cwq5JMUujQhCfyISQKOBPQ0UxzeEglkDjk0AvHNzO/NwGpWCLu9TQFPyZDwSJGiTZSYNe9EdG5NwGaQ1EEj4HdcJrOHHiVuCVpoBLtwP7yBgnNYhCacqJU33VS7edEakY5FDUvU5ASOiZD6BsqSAzKz+eHF/jUKAMcJdKU0Hiu/p7ISazUNA5NZ0z0SC17M/E/r5/p6MrPmUgzDYIuFkUZxzrBsxTwgEmgmk8NIVQycyumIyIJ1SarmgnBXX55lXTPm67TdO8uGq3rMo4qOkYn6Ay56BK10C1qow6iKEPP6BW9WU/Wi/VufSxaK1Y5c4T+wPr8AYFek6A=</latexit><latexit sha1_base64="XDfEtex3mi2EA8GZfOEwJMBS86Q=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsK3QhLDZTtqlm03Y3RRryC/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwpQzpR3n26qsrW9sblW3azu7e/t1++Cwq5JMUujQhCfyISQKOBPQ0UxzeEglkDjk0AvHNzO/NwGpWCLu9TQFPyZDwSJGiTZSYNe9EdG5NwGaQ1EEj4HdcJrOHHiVuCVpoBLtwP7yBgnNYhCacqJU33VS7edEakY5FDUvU5ASOiZD6BsqSAzKz+eHF/jUKAMcJdKU0Hiu/p7ISazUNA5NZ0z0SC17M/E/r5/p6MrPmUgzDYIuFkUZxzrBsxTwgEmgmk8NIVQycyumIyIJ1SarmgnBXX55lXTPm67TdO8uGq3rMo4qOkYn6Ay56BK10C1qow6iKEPP6BW9WU/Wi/VufSxaK1Y5c4T+wPr8AYFek6A=</latexit><latexit sha1_base64="XDfEtex3mi2EA8GZfOEwJMBS86Q=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsK3QhLDZTtqlm03Y3RRryC/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwpQzpR3n26qsrW9sblW3azu7e/t1++Cwq5JMUujQhCfyISQKOBPQ0UxzeEglkDjk0AvHNzO/NwGpWCLu9TQFPyZDwSJGiTZSYNe9EdG5NwGaQ1EEj4HdcJrOHHiVuCVpoBLtwP7yBgnNYhCacqJU33VS7edEakY5FDUvU5ASOiZD6BsqSAzKz+eHF/jUKAMcJdKU0Hiu/p7ISazUNA5NZ0z0SC17M/E/r5/p6MrPmUgzDYIuFkUZxzrBsxTwgEmgmk8NIVQycyumIyIJ1SarmgnBXX55lXTPm67TdO8uGq3rMo4qOkYn6Ay56BK10C1qow6iKEPP6BW9WU/Wi/VufSxaK1Y5c4T+wPr8AYFek6A=</latexit>

~̂ey
<latexit sha1_base64="rvTFFSPy1FlGgETlgG5wjaH8IBo=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhLDZTtqlm03Y3RRi6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwpQzpR3n26psbG5t71R3a3v7B4d1++i4q5JMUujQhCeyHxIFnAnoaKY59FMJJA459MLJ3dzvTUEqlohHnafgx2QkWMQo0UYK7Lo3JrrwpkALmM2CPLAbTtNZAK8TtyQNVKId2F/eMKFZDEJTTpQauE6q/YJIzSiHWc3LFKSETsgIBoYKEoPyi8XhM3xulCGOEmlKaLxQf08UJFYqj0PTGRM9VqveXPzPG2Q6uvELJtJMg6DLRVHGsU7wPAU8ZBKo5rkhhEpmbsV0TCSh2mRVMyG4qy+vk+5l03Wa7sNVo3VbxlFFp+gMXSAXXaMWukdt1EEUZegZvaI368l6sd6tj2VrxSpnTtAfWJ8/guKToQ==</latexit><latexit sha1_base64="rvTFFSPy1FlGgETlgG5wjaH8IBo=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhLDZTtqlm03Y3RRi6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwpQzpR3n26psbG5t71R3a3v7B4d1++i4q5JMUujQhCeyHxIFnAnoaKY59FMJJA459MLJ3dzvTUEqlohHnafgx2QkWMQo0UYK7Lo3JrrwpkALmM2CPLAbTtNZAK8TtyQNVKId2F/eMKFZDEJTTpQauE6q/YJIzSiHWc3LFKSETsgIBoYKEoPyi8XhM3xulCGOEmlKaLxQf08UJFYqj0PTGRM9VqveXPzPG2Q6uvELJtJMg6DLRVHGsU7wPAU8ZBKo5rkhhEpmbsV0TCSh2mRVMyG4qy+vk+5l03Wa7sNVo3VbxlFFp+gMXSAXXaMWukdt1EEUZegZvaI368l6sd6tj2VrxSpnTtAfWJ8/guKToQ==</latexit><latexit sha1_base64="rvTFFSPy1FlGgETlgG5wjaH8IBo=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhLDZTtqlm03Y3RRi6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwpQzpR3n26psbG5t71R3a3v7B4d1++i4q5JMUujQhCeyHxIFnAnoaKY59FMJJA459MLJ3dzvTUEqlohHnafgx2QkWMQo0UYK7Lo3JrrwpkALmM2CPLAbTtNZAK8TtyQNVKId2F/eMKFZDEJTTpQauE6q/YJIzSiHWc3LFKSETsgIBoYKEoPyi8XhM3xulCGOEmlKaLxQf08UJFYqj0PTGRM9VqveXPzPG2Q6uvELJtJMg6DLRVHGsU7wPAU8ZBKo5rkhhEpmbsV0TCSh2mRVMyG4qy+vk+5l03Wa7sNVo3VbxlFFp+gMXSAXXaMWukdt1EEUZegZvaI368l6sd6tj2VrxSpnTtAfWJ8/guKToQ==</latexit><latexit sha1_base64="rvTFFSPy1FlGgETlgG5wjaH8IBo=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhLDZTtqlm03Y3RRi6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwpQzpR3n26psbG5t71R3a3v7B4d1++i4q5JMUujQhCeyHxIFnAnoaKY59FMJJA459MLJ3dzvTUEqlohHnafgx2QkWMQo0UYK7Lo3JrrwpkALmM2CPLAbTtNZAK8TtyQNVKId2F/eMKFZDEJTTpQauE6q/YJIzSiHWc3LFKSETsgIBoYKEoPyi8XhM3xulCGOEmlKaLxQf08UJFYqj0PTGRM9VqveXPzPG2Q6uvELJtJMg6DLRVHGsU7wPAU8ZBKo5rkhhEpmbsV0TCSh2mRVMyG4qy+vk+5l03Wa7sNVo3VbxlFFp+gMXSAXXaMWukdt1EEUZegZvaI368l6sd6tj2VrxSpnTtAfWJ8/guKToQ==</latexit>

~̂e✓(t)
<latexit sha1_base64="T0xXRB+FrxYXLmPW8f5H/0HOd6w=">AAACAXicdVDLSgNBEJz1GeMr6kXwMhgEvYQZEU1uQS8eFUwUsiHMTjpmcPbBTG8gLPHir3jxoIhX/8Kbf+OsiaCiBQ1FVTfdXUGilUXG3r2p6ZnZufnCQnFxaXlltbS23rRxaiQ0ZKxjcxUIC1pF0ECFGq4SAyIMNFwGNye5fzkAY1UcXeAwgXYoriPVU1KgkzqlTb8vMPMHIDMYjTo+9gEF3cW9TqnMKowxzjnNCT86ZI7UatV9XqU8txzKZIKzTunN78YyDSFCqYW1Lc4SbGfCoJIaRkU/tZAIeSOuoeVoJEKw7ezzgxHdcUqX9mLjKkL6qX6fyERo7TAMXGcosG9/e7n4l9dKsVdtZypKUoRIjhf1Uk0xpnkctKsMSNRDR4Q0yt1KZV8YIdGFVnQhfH1K/yfN/QpnFX5+UK4fT+IokC2yTXYJJ0ekTk7JGWkQSW7JPXkkT96d9+A9ey/j1ilvMrNBfsB7/QC9JpcP</latexit><latexit sha1_base64="T0xXRB+FrxYXLmPW8f5H/0HOd6w=">AAACAXicdVDLSgNBEJz1GeMr6kXwMhgEvYQZEU1uQS8eFUwUsiHMTjpmcPbBTG8gLPHir3jxoIhX/8Kbf+OsiaCiBQ1FVTfdXUGilUXG3r2p6ZnZufnCQnFxaXlltbS23rRxaiQ0ZKxjcxUIC1pF0ECFGq4SAyIMNFwGNye5fzkAY1UcXeAwgXYoriPVU1KgkzqlTb8vMPMHIDMYjTo+9gEF3cW9TqnMKowxzjnNCT86ZI7UatV9XqU8txzKZIKzTunN78YyDSFCqYW1Lc4SbGfCoJIaRkU/tZAIeSOuoeVoJEKw7ezzgxHdcUqX9mLjKkL6qX6fyERo7TAMXGcosG9/e7n4l9dKsVdtZypKUoRIjhf1Uk0xpnkctKsMSNRDR4Q0yt1KZV8YIdGFVnQhfH1K/yfN/QpnFX5+UK4fT+IokC2yTXYJJ0ekTk7JGWkQSW7JPXkkT96d9+A9ey/j1ilvMrNBfsB7/QC9JpcP</latexit><latexit sha1_base64="T0xXRB+FrxYXLmPW8f5H/0HOd6w=">AAACAXicdVDLSgNBEJz1GeMr6kXwMhgEvYQZEU1uQS8eFUwUsiHMTjpmcPbBTG8gLPHir3jxoIhX/8Kbf+OsiaCiBQ1FVTfdXUGilUXG3r2p6ZnZufnCQnFxaXlltbS23rRxaiQ0ZKxjcxUIC1pF0ECFGq4SAyIMNFwGNye5fzkAY1UcXeAwgXYoriPVU1KgkzqlTb8vMPMHIDMYjTo+9gEF3cW9TqnMKowxzjnNCT86ZI7UatV9XqU8txzKZIKzTunN78YyDSFCqYW1Lc4SbGfCoJIaRkU/tZAIeSOuoeVoJEKw7ezzgxHdcUqX9mLjKkL6qX6fyERo7TAMXGcosG9/e7n4l9dKsVdtZypKUoRIjhf1Uk0xpnkctKsMSNRDR4Q0yt1KZV8YIdGFVnQhfH1K/yfN/QpnFX5+UK4fT+IokC2yTXYJJ0ekTk7JGWkQSW7JPXkkT96d9+A9ey/j1ilvMrNBfsB7/QC9JpcP</latexit><latexit sha1_base64="T0xXRB+FrxYXLmPW8f5H/0HOd6w=">AAACAXicdVDLSgNBEJz1GeMr6kXwMhgEvYQZEU1uQS8eFUwUsiHMTjpmcPbBTG8gLPHir3jxoIhX/8Kbf+OsiaCiBQ1FVTfdXUGilUXG3r2p6ZnZufnCQnFxaXlltbS23rRxaiQ0ZKxjcxUIC1pF0ECFGq4SAyIMNFwGNye5fzkAY1UcXeAwgXYoriPVU1KgkzqlTb8vMPMHIDMYjTo+9gEF3cW9TqnMKowxzjnNCT86ZI7UatV9XqU8txzKZIKzTunN78YyDSFCqYW1Lc4SbGfCoJIaRkU/tZAIeSOuoeVoJEKw7ezzgxHdcUqX9mLjKkL6qX6fyERo7TAMXGcosG9/e7n4l9dKsVdtZypKUoRIjhf1Uk0xpnkctKsMSNRDR4Q0yt1KZV8YIdGFVnQhfH1K/yfN/QpnFX5+UK4fT+IokC2yTXYJJ0ekTk7JGWkQSW7JPXkkT96d9+A9ey/j1ilvMrNBfsB7/QC9JpcP</latexit>

~̂er(t)
<latexit sha1_base64="H2+TWti8juz+cfS3hKAcgG4PlkI=">AAAB/HicdVDLSgNBEJz1GeMrmqOXwSDoJcyIaHILevEYwRghCWF20kkGZx/M9ArLEn/FiwdFvPoh3vwbZ2MEFS1oKKq66e7yY60sMvbuzc0vLC4tF1aKq2vrG5ulre0rGyVGQktGOjLXvrCgVQgtVKjhOjYgAl9D2785y/32LRirovAS0xh6gRiFaqikQCf1S+XuWGDWvQWZwWTSN3QfD/qlCqsyxjjnNCf85Jg5Uq/XDnmN8txyqJAZmv3SW3cQySSAEKUW1nY4i7GXCYNKapgUu4mFWMgbMYKOo6EIwPay6fETuueUAR1GxlWIdKp+n8hEYG0a+K4zEDi2v71c/MvrJDis9TIVxglCKD8XDRNNMaJ5EnSgDEjUqSNCGuVupXIsjJDo8iq6EL4+pf+Tq8MqZ1V+cVRpnM7iKJAdskv2CScnpEHOSZO0iCQpuSeP5Mm78x68Z+/ls3XOm82UyQ94rx/PfpTd</latexit><latexit sha1_base64="H2+TWti8juz+cfS3hKAcgG4PlkI=">AAAB/HicdVDLSgNBEJz1GeMrmqOXwSDoJcyIaHILevEYwRghCWF20kkGZx/M9ArLEn/FiwdFvPoh3vwbZ2MEFS1oKKq66e7yY60sMvbuzc0vLC4tF1aKq2vrG5ulre0rGyVGQktGOjLXvrCgVQgtVKjhOjYgAl9D2785y/32LRirovAS0xh6gRiFaqikQCf1S+XuWGDWvQWZwWTSN3QfD/qlCqsyxjjnNCf85Jg5Uq/XDnmN8txyqJAZmv3SW3cQySSAEKUW1nY4i7GXCYNKapgUu4mFWMgbMYKOo6EIwPay6fETuueUAR1GxlWIdKp+n8hEYG0a+K4zEDi2v71c/MvrJDis9TIVxglCKD8XDRNNMaJ5EnSgDEjUqSNCGuVupXIsjJDo8iq6EL4+pf+Tq8MqZ1V+cVRpnM7iKJAdskv2CScnpEHOSZO0iCQpuSeP5Mm78x68Z+/ls3XOm82UyQ94rx/PfpTd</latexit><latexit sha1_base64="H2+TWti8juz+cfS3hKAcgG4PlkI=">AAAB/HicdVDLSgNBEJz1GeMrmqOXwSDoJcyIaHILevEYwRghCWF20kkGZx/M9ArLEn/FiwdFvPoh3vwbZ2MEFS1oKKq66e7yY60sMvbuzc0vLC4tF1aKq2vrG5ulre0rGyVGQktGOjLXvrCgVQgtVKjhOjYgAl9D2785y/32LRirovAS0xh6gRiFaqikQCf1S+XuWGDWvQWZwWTSN3QfD/qlCqsyxjjnNCf85Jg5Uq/XDnmN8txyqJAZmv3SW3cQySSAEKUW1nY4i7GXCYNKapgUu4mFWMgbMYKOo6EIwPay6fETuueUAR1GxlWIdKp+n8hEYG0a+K4zEDi2v71c/MvrJDis9TIVxglCKD8XDRNNMaJ5EnSgDEjUqSNCGuVupXIsjJDo8iq6EL4+pf+Tq8MqZ1V+cVRpnM7iKJAdskv2CScnpEHOSZO0iCQpuSeP5Mm78x68Z+/ls3XOm82UyQ94rx/PfpTd</latexit><latexit sha1_base64="H2+TWti8juz+cfS3hKAcgG4PlkI=">AAAB/HicdVDLSgNBEJz1GeMrmqOXwSDoJcyIaHILevEYwRghCWF20kkGZx/M9ArLEn/FiwdFvPoh3vwbZ2MEFS1oKKq66e7yY60sMvbuzc0vLC4tF1aKq2vrG5ulre0rGyVGQktGOjLXvrCgVQgtVKjhOjYgAl9D2785y/32LRirovAS0xh6gRiFaqikQCf1S+XuWGDWvQWZwWTSN3QfD/qlCqsyxjjnNCf85Jg5Uq/XDnmN8txyqJAZmv3SW3cQySSAEKUW1nY4i7GXCYNKapgUu4mFWMgbMYKOo6EIwPay6fETuueUAR1GxlWIdKp+n8hEYG0a+K4zEDi2v71c/MvrJDis9TIVxglCKD8XDRNNMaJ5EnSgDEjUqSNCGuVupXIsjJDo8iq6EL4+pf+Tq8MqZ1V+cVRpnM7iKJAdskv2CScnpEHOSZO0iCQpuSeP5Mm78x68Z+/ls3XOm82UyQ94rx/PfpTd</latexit>

P (t+�t)

~̂e✓(t+�t)
<latexit sha1_base64="xfiuN8o2JdDWSP9sl2dXpHzxccs=">AAACCnicdZDLSkMxEIZz6r3eqi7dRIugCCUR0boTdeFSwV6gp5ScdGqDOReSOUI5dO3GV3HjQhG3PoE738YcraCiA4GP/59hMn+QaGWRsTevMDY+MTk1PVOcnZtfWCwtLddtnBoJNRnr2DQDYUGrCGqoUEMzMSDCQEMjuDrO/cY1GKvi6AIHCbRDcRmpnpICndQprfl9gZl/DTKD4bDjYx9Q0E3c9k9AO8KtTqnMKowxzjnNge/vMQcHB9UdXqU8t1yVyajOOqVXvxvLNIQIpRbWtjhLsJ0Jg0pqGBb91EIi5JW4hJbDSIRg29nHKUO64ZQu7cXGvQjph/p9IhOhtYMwcJ2hwL797eXiX14rxV61nakoSREi+bmol2qKMc1zoV1lQKIeOBDSKPdXKvvCCIkuvaIL4etS+j/UdyqcVfj5bvnwaBTHNFkl62STcLJPDskpOSM1IskNuSMP5NG79e69J+/5s7XgjWZWyI/yXt4BAEGabg==</latexit><latexit sha1_base64="xfiuN8o2JdDWSP9sl2dXpHzxccs=">AAACCnicdZDLSkMxEIZz6r3eqi7dRIugCCUR0boTdeFSwV6gp5ScdGqDOReSOUI5dO3GV3HjQhG3PoE738YcraCiA4GP/59hMn+QaGWRsTevMDY+MTk1PVOcnZtfWCwtLddtnBoJNRnr2DQDYUGrCGqoUEMzMSDCQEMjuDrO/cY1GKvi6AIHCbRDcRmpnpICndQprfl9gZl/DTKD4bDjYx9Q0E3c9k9AO8KtTqnMKowxzjnNge/vMQcHB9UdXqU8t1yVyajOOqVXvxvLNIQIpRbWtjhLsJ0Jg0pqGBb91EIi5JW4hJbDSIRg29nHKUO64ZQu7cXGvQjph/p9IhOhtYMwcJ2hwL797eXiX14rxV61nakoSREi+bmol2qKMc1zoV1lQKIeOBDSKPdXKvvCCIkuvaIL4etS+j/UdyqcVfj5bvnwaBTHNFkl62STcLJPDskpOSM1IskNuSMP5NG79e69J+/5s7XgjWZWyI/yXt4BAEGabg==</latexit><latexit sha1_base64="xfiuN8o2JdDWSP9sl2dXpHzxccs=">AAACCnicdZDLSkMxEIZz6r3eqi7dRIugCCUR0boTdeFSwV6gp5ScdGqDOReSOUI5dO3GV3HjQhG3PoE738YcraCiA4GP/59hMn+QaGWRsTevMDY+MTk1PVOcnZtfWCwtLddtnBoJNRnr2DQDYUGrCGqoUEMzMSDCQEMjuDrO/cY1GKvi6AIHCbRDcRmpnpICndQprfl9gZl/DTKD4bDjYx9Q0E3c9k9AO8KtTqnMKowxzjnNge/vMQcHB9UdXqU8t1yVyajOOqVXvxvLNIQIpRbWtjhLsJ0Jg0pqGBb91EIi5JW4hJbDSIRg29nHKUO64ZQu7cXGvQjph/p9IhOhtYMwcJ2hwL797eXiX14rxV61nakoSREi+bmol2qKMc1zoV1lQKIeOBDSKPdXKvvCCIkuvaIL4etS+j/UdyqcVfj5bvnwaBTHNFkl62STcLJPDskpOSM1IskNuSMP5NG79e69J+/5s7XgjWZWyI/yXt4BAEGabg==</latexit><latexit sha1_base64="xfiuN8o2JdDWSP9sl2dXpHzxccs=">AAACCnicdZDLSkMxEIZz6r3eqi7dRIugCCUR0boTdeFSwV6gp5ScdGqDOReSOUI5dO3GV3HjQhG3PoE738YcraCiA4GP/59hMn+QaGWRsTevMDY+MTk1PVOcnZtfWCwtLddtnBoJNRnr2DQDYUGrCGqoUEMzMSDCQEMjuDrO/cY1GKvi6AIHCbRDcRmpnpICndQprfl9gZl/DTKD4bDjYx9Q0E3c9k9AO8KtTqnMKowxzjnNge/vMQcHB9UdXqU8t1yVyajOOqVXvxvLNIQIpRbWtjhLsJ0Jg0pqGBb91EIi5JW4hJbDSIRg29nHKUO64ZQu7cXGvQjph/p9IhOhtYMwcJ2hwL797eXiX14rxV61nakoSREi+bmol2qKMc1zoV1lQKIeOBDSKPdXKvvCCIkuvaIL4etS+j/UdyqcVfj5bvnwaBTHNFkl62STcLJPDskpOSM1IskNuSMP5NG79e69J+/5s7XgjWZWyI/yXt4BAEGabg==</latexit>

~̂er(t+�t)
<latexit sha1_base64="pCRpp8hIAgAbFx+9WAlDacQPXBs=">AAACBXicdVDLSgNBEJz1bXxFPephMAiKEGZETLyJevCoYFTIhjA76ZjB2QczvYGw5OLFX/HiQRGv/oM3/8bZJIKKFjQUVd10dwWJVhYZ+/DGxicmp6ZnZgtz8wuLS8XllUsbp0ZCTcY6NteBsKBVBDVUqOE6MSDCQMNVcHuc+1ddMFbF0QX2EmiE4iZSbSUFOqlZXPc7AjO/CzKDfr9p6Bbu+CegUVDcbhZLrMwY45zTnPDKPnPk4KC6y6uU55ZDiYxw1iy++61YpiFEKLWwts5Zgo1MGFRSQ7/gpxYSIW/FDdQdjUQItpENvujTTae0aDs2riKkA/X7RCZCa3th4DpDgR3728vFv7x6iu1qI1NRkiJEcrionWqKMc0joS1lQKLuOSKkUe5WKjvCCIkuuIIL4etT+j+53C1zVubne6XDo1EcM2SNbJAtwkmFHJJTckZqRJI78kCeyLN37z16L97rsHXMG82skh/w3j4BAD+YPA==</latexit><latexit sha1_base64="pCRpp8hIAgAbFx+9WAlDacQPXBs=">AAACBXicdVDLSgNBEJz1bXxFPephMAiKEGZETLyJevCoYFTIhjA76ZjB2QczvYGw5OLFX/HiQRGv/oM3/8bZJIKKFjQUVd10dwWJVhYZ+/DGxicmp6ZnZgtz8wuLS8XllUsbp0ZCTcY6NteBsKBVBDVUqOE6MSDCQMNVcHuc+1ddMFbF0QX2EmiE4iZSbSUFOqlZXPc7AjO/CzKDfr9p6Bbu+CegUVDcbhZLrMwY45zTnPDKPnPk4KC6y6uU55ZDiYxw1iy++61YpiFEKLWwts5Zgo1MGFRSQ7/gpxYSIW/FDdQdjUQItpENvujTTae0aDs2riKkA/X7RCZCa3th4DpDgR3728vFv7x6iu1qI1NRkiJEcrionWqKMc0joS1lQKLuOSKkUe5WKjvCCIkuuIIL4etT+j+53C1zVubne6XDo1EcM2SNbJAtwkmFHJJTckZqRJI78kCeyLN37z16L97rsHXMG82skh/w3j4BAD+YPA==</latexit><latexit sha1_base64="pCRpp8hIAgAbFx+9WAlDacQPXBs=">AAACBXicdVDLSgNBEJz1bXxFPephMAiKEGZETLyJevCoYFTIhjA76ZjB2QczvYGw5OLFX/HiQRGv/oM3/8bZJIKKFjQUVd10dwWJVhYZ+/DGxicmp6ZnZgtz8wuLS8XllUsbp0ZCTcY6NteBsKBVBDVUqOE6MSDCQMNVcHuc+1ddMFbF0QX2EmiE4iZSbSUFOqlZXPc7AjO/CzKDfr9p6Bbu+CegUVDcbhZLrMwY45zTnPDKPnPk4KC6y6uU55ZDiYxw1iy++61YpiFEKLWwts5Zgo1MGFRSQ7/gpxYSIW/FDdQdjUQItpENvujTTae0aDs2riKkA/X7RCZCa3th4DpDgR3728vFv7x6iu1qI1NRkiJEcrionWqKMc0joS1lQKLuOSKkUe5WKjvCCIkuuIIL4etT+j+53C1zVubne6XDo1EcM2SNbJAtwkmFHJJTckZqRJI78kCeyLN37z16L97rsHXMG82skh/w3j4BAD+YPA==</latexit><latexit sha1_base64="pCRpp8hIAgAbFx+9WAlDacQPXBs=">AAACBXicdVDLSgNBEJz1bXxFPephMAiKEGZETLyJevCoYFTIhjA76ZjB2QczvYGw5OLFX/HiQRGv/oM3/8bZJIKKFjQUVd10dwWJVhYZ+/DGxicmp6ZnZgtz8wuLS8XllUsbp0ZCTcY6NteBsKBVBDVUqOE6MSDCQMNVcHuc+1ddMFbF0QX2EmiE4iZSbSUFOqlZXPc7AjO/CzKDfr9p6Bbu+CegUVDcbhZLrMwY45zTnPDKPnPk4KC6y6uU55ZDiYxw1iy++61YpiFEKLWwts5Zgo1MGFRSQ7/gpxYSIW/FDdQdjUQItpENvujTTae0aDs2riKkA/X7RCZCa3th4DpDgR3728vFv7x6iu1qI1NRkiJEcrionWqKMc0joS1lQKLuOSKkUe5WKjvCCIkuuIIL4etT+j+53C1zVubne6XDo1EcM2SNbJAtwkmFHJJTckZqRJI78kCeyLN37z16L97rsHXMG82skh/w3j4BAD+YPA==</latexit>

~̂e✓
<latexit sha1_base64="lOaZZheKy4dKpbJghRNopsQDWek=">AAAB/nicbVDLSgNBEJyNrxhfUfHkZTAInsKuCHoMevEYwTwguyyzk04yZHZ2mekNhCXgr3jxoIhXv8Obf+PkcdDEgoaiqpvuriiVwqDrfjuFtfWNza3idmlnd2//oHx41DRJpjk0eCIT3Y6YASkUNFCghHaqgcWRhFY0vJv6rRFoIxL1iOMUgpj1legJztBKYfnEHzDM/RHwHCaT0McBIKNhueJW3RnoKvEWpEIWqIflL7+b8CwGhVwyYzqem2KQM42CS5iU/MxAyviQ9aFjqWIxmCCfnT+h51bp0l6ibSmkM/X3RM5iY8ZxZDtjhgOz7E3F/7xOhr2bIBcqzRAUny/qZZJiQqdZ0K7QwFGOLWFcC3sr5QOmGUebWMmG4C2/vEqal1XPrXoPV5Xa7SKOIjklZ+SCeOSa1Mg9qZMG4SQnz+SVvDlPzovz7nzMWwvOYuaY/IHz+QO7yJX2</latexit><latexit sha1_base64="lOaZZheKy4dKpbJghRNopsQDWek=">AAAB/nicbVDLSgNBEJyNrxhfUfHkZTAInsKuCHoMevEYwTwguyyzk04yZHZ2mekNhCXgr3jxoIhXv8Obf+PkcdDEgoaiqpvuriiVwqDrfjuFtfWNza3idmlnd2//oHx41DRJpjk0eCIT3Y6YASkUNFCghHaqgcWRhFY0vJv6rRFoIxL1iOMUgpj1legJztBKYfnEHzDM/RHwHCaT0McBIKNhueJW3RnoKvEWpEIWqIflL7+b8CwGhVwyYzqem2KQM42CS5iU/MxAyviQ9aFjqWIxmCCfnT+h51bp0l6ibSmkM/X3RM5iY8ZxZDtjhgOz7E3F/7xOhr2bIBcqzRAUny/qZZJiQqdZ0K7QwFGOLWFcC3sr5QOmGUebWMmG4C2/vEqal1XPrXoPV5Xa7SKOIjklZ+SCeOSa1Mg9qZMG4SQnz+SVvDlPzovz7nzMWwvOYuaY/IHz+QO7yJX2</latexit><latexit sha1_base64="lOaZZheKy4dKpbJghRNopsQDWek=">AAAB/nicbVDLSgNBEJyNrxhfUfHkZTAInsKuCHoMevEYwTwguyyzk04yZHZ2mekNhCXgr3jxoIhXv8Obf+PkcdDEgoaiqpvuriiVwqDrfjuFtfWNza3idmlnd2//oHx41DRJpjk0eCIT3Y6YASkUNFCghHaqgcWRhFY0vJv6rRFoIxL1iOMUgpj1legJztBKYfnEHzDM/RHwHCaT0McBIKNhueJW3RnoKvEWpEIWqIflL7+b8CwGhVwyYzqem2KQM42CS5iU/MxAyviQ9aFjqWIxmCCfnT+h51bp0l6ibSmkM/X3RM5iY8ZxZDtjhgOz7E3F/7xOhr2bIBcqzRAUny/qZZJiQqdZ0K7QwFGOLWFcC3sr5QOmGUebWMmG4C2/vEqal1XPrXoPV5Xa7SKOIjklZ+SCeOSa1Mg9qZMG4SQnz+SVvDlPzovz7nzMWwvOYuaY/IHz+QO7yJX2</latexit><latexit sha1_base64="lOaZZheKy4dKpbJghRNopsQDWek=">AAAB/nicbVDLSgNBEJyNrxhfUfHkZTAInsKuCHoMevEYwTwguyyzk04yZHZ2mekNhCXgr3jxoIhXv8Obf+PkcdDEgoaiqpvuriiVwqDrfjuFtfWNza3idmlnd2//oHx41DRJpjk0eCIT3Y6YASkUNFCghHaqgcWRhFY0vJv6rRFoIxL1iOMUgpj1legJztBKYfnEHzDM/RHwHCaT0McBIKNhueJW3RnoKvEWpEIWqIflL7+b8CwGhVwyYzqem2KQM42CS5iU/MxAyviQ9aFjqWIxmCCfnT+h51bp0l6ibSmkM/X3RM5iY8ZxZDtjhgOz7E3F/7xOhr2bIBcqzRAUny/qZZJiQqdZ0K7QwFGOLWFcC3sr5QOmGUebWMmG4C2/vEqal1XPrXoPV5Xa7SKOIjklZ+SCeOSa1Mg9qZMG4SQnz+SVvDlPzovz7nzMWwvOYuaY/IHz+QO7yJX2</latexit>

~̂er
<latexit sha1_base64="OtHj6kozrBktT0629aDSoWGGCkM=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhLDZTtqlm03Y3RRqyC/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwpQzpR3n26psbG5t71R3a3v7B4d1++i4q5JMUujQhCeyHxIFnAnoaKY59FMJJA459MLJ3dzvTUEqlohHPUvBj8lIsIhRoo0U2HVvTHTuTYHmUBSBDOyG03QWwOvELUkDlWgH9pc3TGgWg9CUE6UGrpNqPydSM8qhqHmZgpTQCRnBwFBBYlB+vji8wOdGGeIokaaExgv190ROYqVmcWg6Y6LHatWbi/95g0xHN37ORJppEHS5KMo41gmep4CHTALVfGYIoZKZWzEdE0moNlnVTAju6svrpHvZdJ2m+3DVaN2WcVTRKTpDF8hF16iF7lEbdRBFGXpGr+jNerJerHfrY9lascqZE/QH1ucPeEaTmg==</latexit><latexit sha1_base64="OtHj6kozrBktT0629aDSoWGGCkM=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhLDZTtqlm03Y3RRqyC/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwpQzpR3n26psbG5t71R3a3v7B4d1++i4q5JMUujQhCeyHxIFnAnoaKY59FMJJA459MLJ3dzvTUEqlohHPUvBj8lIsIhRoo0U2HVvTHTuTYHmUBSBDOyG03QWwOvELUkDlWgH9pc3TGgWg9CUE6UGrpNqPydSM8qhqHmZgpTQCRnBwFBBYlB+vji8wOdGGeIokaaExgv190ROYqVmcWg6Y6LHatWbi/95g0xHN37ORJppEHS5KMo41gmep4CHTALVfGYIoZKZWzEdE0moNlnVTAju6svrpHvZdJ2m+3DVaN2WcVTRKTpDF8hF16iF7lEbdRBFGXpGr+jNerJerHfrY9lascqZE/QH1ucPeEaTmg==</latexit><latexit sha1_base64="OtHj6kozrBktT0629aDSoWGGCkM=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhLDZTtqlm03Y3RRqyC/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwpQzpR3n26psbG5t71R3a3v7B4d1++i4q5JMUujQhCeyHxIFnAnoaKY59FMJJA459MLJ3dzvTUEqlohHPUvBj8lIsIhRoo0U2HVvTHTuTYHmUBSBDOyG03QWwOvELUkDlWgH9pc3TGgWg9CUE6UGrpNqPydSM8qhqHmZgpTQCRnBwFBBYlB+vji8wOdGGeIokaaExgv190ROYqVmcWg6Y6LHatWbi/95g0xHN37ORJppEHS5KMo41gmep4CHTALVfGYIoZKZWzEdE0moNlnVTAju6svrpHvZdJ2m+3DVaN2WcVTRKTpDF8hF16iF7lEbdRBFGXpGr+jNerJerHfrY9lascqZE/QH1ucPeEaTmg==</latexit><latexit sha1_base64="OtHj6kozrBktT0629aDSoWGGCkM=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhLDZTtqlm03Y3RRqyC/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwpQzpR3n26psbG5t71R3a3v7B4d1++i4q5JMUujQhCeyHxIFnAnoaKY59FMJJA459MLJ3dzvTUEqlohHPUvBj8lIsIhRoo0U2HVvTHTuTYHmUBSBDOyG03QWwOvELUkDlWgH9pc3TGgWg9CUE6UGrpNqPydSM8qhqHmZgpTQCRnBwFBBYlB+vji8wOdGGeIokaaExgv190ROYqVmcWg6Y6LHatWbi/95g0xHN37ORJppEHS5KMo41gmep4CHTALVfGYIoZKZWzEdE0moNlnVTAju6svrpHvZdJ2m+3DVaN2WcVTRKTpDF8hF16iF7lEbdRBFGXpGr+jNerJerHfrY9lascqZE/QH1ucPeEaTmg==</latexit>
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Coordonnées polaires: vitesse

Calcul de et de  

O

r

✓

P (t)

��!
OP = r~̂er

<latexit sha1_base64="l0D1+OM+lsatLwJpcVd5/xwtxyY=">AAACEHicbVA9SwNBEN3zM8avqKXNYhCtwp0I2ghBGzsjmCjkjrC3mSSLe7fH7lwkHPcTbPwrNhaK2Fra+W/cJFf49WDg8d4MM/PCRAqDrvvpzMzOzS8slpbKyyura+uVjc2WUanm0ORKKn0TMgNSxNBEgRJuEg0sCiVch7dnY/96CNoIFV/hKIEgYv1Y9ARnaKVOZc9X1taiP0CmtbrLLho5PaGa+gOGmT8EnkGed3SnUnVr7gT0L/EKUiUFGp3Kh99VPI0gRi6ZMW3PTTDImEbBJeRlPzWQMH7L+tC2NGYRmCCbPJTTXat0aU9pWzHSifp9ImORMaMotJ0Rw4H57Y3F/7x2ir3jIBNxkiLEfLqol0qKio7ToV2hgaMcWcK4FvZWygdMM442w7INwfv98l/SOqh5bs27PKzWT4s4SmSb7JB94pEjUifnpEGahJN78kieyYvz4Dw5r87btHXGKWa2yA8471+eB52R</latexit><latexit sha1_base64="l0D1+OM+lsatLwJpcVd5/xwtxyY=">AAACEHicbVA9SwNBEN3zM8avqKXNYhCtwp0I2ghBGzsjmCjkjrC3mSSLe7fH7lwkHPcTbPwrNhaK2Fra+W/cJFf49WDg8d4MM/PCRAqDrvvpzMzOzS8slpbKyyura+uVjc2WUanm0ORKKn0TMgNSxNBEgRJuEg0sCiVch7dnY/96CNoIFV/hKIEgYv1Y9ARnaKVOZc9X1taiP0CmtbrLLho5PaGa+gOGmT8EnkGed3SnUnVr7gT0L/EKUiUFGp3Kh99VPI0gRi6ZMW3PTTDImEbBJeRlPzWQMH7L+tC2NGYRmCCbPJTTXat0aU9pWzHSifp9ImORMaMotJ0Rw4H57Y3F/7x2ir3jIBNxkiLEfLqol0qKio7ToV2hgaMcWcK4FvZWygdMM442w7INwfv98l/SOqh5bs27PKzWT4s4SmSb7JB94pEjUifnpEGahJN78kieyYvz4Dw5r87btHXGKWa2yA8471+eB52R</latexit><latexit sha1_base64="l0D1+OM+lsatLwJpcVd5/xwtxyY=">AAACEHicbVA9SwNBEN3zM8avqKXNYhCtwp0I2ghBGzsjmCjkjrC3mSSLe7fH7lwkHPcTbPwrNhaK2Fra+W/cJFf49WDg8d4MM/PCRAqDrvvpzMzOzS8slpbKyyura+uVjc2WUanm0ORKKn0TMgNSxNBEgRJuEg0sCiVch7dnY/96CNoIFV/hKIEgYv1Y9ARnaKVOZc9X1taiP0CmtbrLLho5PaGa+gOGmT8EnkGed3SnUnVr7gT0L/EKUiUFGp3Kh99VPI0gRi6ZMW3PTTDImEbBJeRlPzWQMH7L+tC2NGYRmCCbPJTTXat0aU9pWzHSifp9ImORMaMotJ0Rw4H57Y3F/7x2ir3jIBNxkiLEfLqol0qKio7ToV2hgaMcWcK4FvZWygdMM442w7INwfv98l/SOqh5bs27PKzWT4s4SmSb7JB94pEjUifnpEGahJN78kieyYvz4Dw5r87btHXGKWa2yA8471+eB52R</latexit><latexit sha1_base64="l0D1+OM+lsatLwJpcVd5/xwtxyY=">AAACEHicbVA9SwNBEN3zM8avqKXNYhCtwp0I2ghBGzsjmCjkjrC3mSSLe7fH7lwkHPcTbPwrNhaK2Fra+W/cJFf49WDg8d4MM/PCRAqDrvvpzMzOzS8slpbKyyura+uVjc2WUanm0ORKKn0TMgNSxNBEgRJuEg0sCiVch7dnY/96CNoIFV/hKIEgYv1Y9ARnaKVOZc9X1taiP0CmtbrLLho5PaGa+gOGmT8EnkGed3SnUnVr7gT0L/EKUiUFGp3Kh99VPI0gRi6ZMW3PTTDImEbBJeRlPzWQMH7L+tC2NGYRmCCbPJTTXat0aU9pWzHSifp9ImORMaMotJ0Rw4H57Y3F/7x2ir3jIBNxkiLEfLqol0qKio7ToV2hgaMcWcK4FvZWygdMM442w7INwfv98l/SOqh5bs27PKzWT4s4SmSb7JB94pEjUifnpEGahJN78kieyYvz4Dw5r87btHXGKWa2yA8471+eB52R</latexit>

~vP =
d
��!
OP

dt
=

d(r~̂er)

dt
<latexit sha1_base64="bJXR6QmpDvosVuahvi4PDCEZhnc="></latexit><latexit sha1_base64="bJXR6QmpDvosVuahvi4PDCEZhnc="></latexit><latexit sha1_base64="bJXR6QmpDvosVuahvi4PDCEZhnc="></latexit><latexit sha1_base64="bJXR6QmpDvosVuahvi4PDCEZhnc="></latexit>

= ṙ ~̂er + r
d~̂er
dt

<latexit sha1_base64="f12flsDL2sXUX5mmgsVd4rpuW44=">AAACJnicbVDLSgNBEJz1bXytevQyGARBCbsi6CUgevEYwUQhG8LsbK8ZnH0w0xsIw36NF3/Fi4eIiDc/xcnjoNGChqKqm+6uMJdCo+d9OnPzC4tLyyurlbX1jc0td3unpbNCcWjyTGbqPmQapEihiQIl3OcKWBJKuAsfr0b+XR+UFll6i4McOgl7SEUsOEMrdd06rdMgytCoMjgOegxN0AduoCy7ih5RFRzTIFaMm2jGLE2EZdetejVvDPqX+FNSJVM0uu7QLuNFAilyybRu+16OHcMUCi6hrASFhpzxR/YAbUtTloDumPGbJT2wSkTjTNlKkY7VnxOGJVoPktB2Jgx7etYbif957QLj844RaV4gpHyyKC4kxYyOMqORUMBRDixhXAl7K+U9ZlNBm2zFhuDPvvyXtE5qvlfzb06rF5fTOFbIHtknh8QnZ+SCXJMGaRJOnsgLGZI359l5dd6dj0nrnDOd2SW/4Hx9A4HJpno=</latexit><latexit sha1_base64="f12flsDL2sXUX5mmgsVd4rpuW44=">AAACJnicbVDLSgNBEJz1bXytevQyGARBCbsi6CUgevEYwUQhG8LsbK8ZnH0w0xsIw36NF3/Fi4eIiDc/xcnjoNGChqKqm+6uMJdCo+d9OnPzC4tLyyurlbX1jc0td3unpbNCcWjyTGbqPmQapEihiQIl3OcKWBJKuAsfr0b+XR+UFll6i4McOgl7SEUsOEMrdd06rdMgytCoMjgOegxN0AduoCy7ih5RFRzTIFaMm2jGLE2EZdetejVvDPqX+FNSJVM0uu7QLuNFAilyybRu+16OHcMUCi6hrASFhpzxR/YAbUtTloDumPGbJT2wSkTjTNlKkY7VnxOGJVoPktB2Jgx7etYbif957QLj844RaV4gpHyyKC4kxYyOMqORUMBRDixhXAl7K+U9ZlNBm2zFhuDPvvyXtE5qvlfzb06rF5fTOFbIHtknh8QnZ+SCXJMGaRJOnsgLGZI359l5dd6dj0nrnDOd2SW/4Hx9A4HJpno=</latexit><latexit sha1_base64="f12flsDL2sXUX5mmgsVd4rpuW44=">AAACJnicbVDLSgNBEJz1bXytevQyGARBCbsi6CUgevEYwUQhG8LsbK8ZnH0w0xsIw36NF3/Fi4eIiDc/xcnjoNGChqKqm+6uMJdCo+d9OnPzC4tLyyurlbX1jc0td3unpbNCcWjyTGbqPmQapEihiQIl3OcKWBJKuAsfr0b+XR+UFll6i4McOgl7SEUsOEMrdd06rdMgytCoMjgOegxN0AduoCy7ih5RFRzTIFaMm2jGLE2EZdetejVvDPqX+FNSJVM0uu7QLuNFAilyybRu+16OHcMUCi6hrASFhpzxR/YAbUtTloDumPGbJT2wSkTjTNlKkY7VnxOGJVoPktB2Jgx7etYbif957QLj844RaV4gpHyyKC4kxYyOMqORUMBRDixhXAl7K+U9ZlNBm2zFhuDPvvyXtE5qvlfzb06rF5fTOFbIHtknh8QnZ+SCXJMGaRJOnsgLGZI359l5dd6dj0nrnDOd2SW/4Hx9A4HJpno=</latexit><latexit sha1_base64="f12flsDL2sXUX5mmgsVd4rpuW44=">AAACJnicbVDLSgNBEJz1bXytevQyGARBCbsi6CUgevEYwUQhG8LsbK8ZnH0w0xsIw36NF3/Fi4eIiDc/xcnjoNGChqKqm+6uMJdCo+d9OnPzC4tLyyurlbX1jc0td3unpbNCcWjyTGbqPmQapEihiQIl3OcKWBJKuAsfr0b+XR+UFll6i4McOgl7SEUsOEMrdd06rdMgytCoMjgOegxN0AduoCy7ih5RFRzTIFaMm2jGLE2EZdetejVvDPqX+FNSJVM0uu7QLuNFAilyybRu+16OHcMUCi6hrASFhpzxR/YAbUtTloDumPGbJT2wSkTjTNlKkY7VnxOGJVoPktB2Jgx7etYbif957QLj844RaV4gpHyyKC4kxYyOMqORUMBRDixhXAl7K+U9ZlNBm2zFhuDPvvyXtE5qvlfzb06rF5fTOFbIHtknh8QnZ+SCXJMGaRJOnsgLGZI359l5dd6dj0nrnDOd2SW/4Hx9A4HJpno=</latexit>

~̂ex
<latexit sha1_base64="XDfEtex3mi2EA8GZfOEwJMBS86Q=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsK3QhLDZTtqlm03Y3RRryC/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwpQzpR3n26qsrW9sblW3azu7e/t1++Cwq5JMUujQhCfyISQKOBPQ0UxzeEglkDjk0AvHNzO/NwGpWCLu9TQFPyZDwSJGiTZSYNe9EdG5NwGaQ1EEj4HdcJrOHHiVuCVpoBLtwP7yBgnNYhCacqJU33VS7edEakY5FDUvU5ASOiZD6BsqSAzKz+eHF/jUKAMcJdKU0Hiu/p7ISazUNA5NZ0z0SC17M/E/r5/p6MrPmUgzDYIuFkUZxzrBsxTwgEmgmk8NIVQycyumIyIJ1SarmgnBXX55lXTPm67TdO8uGq3rMo4qOkYn6Ay56BK10C1qow6iKEPP6BW9WU/Wi/VufSxaK1Y5c4T+wPr8AYFek6A=</latexit><latexit sha1_base64="XDfEtex3mi2EA8GZfOEwJMBS86Q=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsK3QhLDZTtqlm03Y3RRryC/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwpQzpR3n26qsrW9sblW3azu7e/t1++Cwq5JMUujQhCfyISQKOBPQ0UxzeEglkDjk0AvHNzO/NwGpWCLu9TQFPyZDwSJGiTZSYNe9EdG5NwGaQ1EEj4HdcJrOHHiVuCVpoBLtwP7yBgnNYhCacqJU33VS7edEakY5FDUvU5ASOiZD6BsqSAzKz+eHF/jUKAMcJdKU0Hiu/p7ISazUNA5NZ0z0SC17M/E/r5/p6MrPmUgzDYIuFkUZxzrBsxTwgEmgmk8NIVQycyumIyIJ1SarmgnBXX55lXTPm67TdO8uGq3rMo4qOkYn6Ay56BK10C1qow6iKEPP6BW9WU/Wi/VufSxaK1Y5c4T+wPr8AYFek6A=</latexit><latexit sha1_base64="XDfEtex3mi2EA8GZfOEwJMBS86Q=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsK3QhLDZTtqlm03Y3RRryC/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwpQzpR3n26qsrW9sblW3azu7e/t1++Cwq5JMUujQhCfyISQKOBPQ0UxzeEglkDjk0AvHNzO/NwGpWCLu9TQFPyZDwSJGiTZSYNe9EdG5NwGaQ1EEj4HdcJrOHHiVuCVpoBLtwP7yBgnNYhCacqJU33VS7edEakY5FDUvU5ASOiZD6BsqSAzKz+eHF/jUKAMcJdKU0Hiu/p7ISazUNA5NZ0z0SC17M/E/r5/p6MrPmUgzDYIuFkUZxzrBsxTwgEmgmk8NIVQycyumIyIJ1SarmgnBXX55lXTPm67TdO8uGq3rMo4qOkYn6Ay56BK10C1qow6iKEPP6BW9WU/Wi/VufSxaK1Y5c4T+wPr8AYFek6A=</latexit><latexit sha1_base64="XDfEtex3mi2EA8GZfOEwJMBS86Q=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsK3QhLDZTtqlm03Y3RRryC/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwpQzpR3n26qsrW9sblW3azu7e/t1++Cwq5JMUujQhCfyISQKOBPQ0UxzeEglkDjk0AvHNzO/NwGpWCLu9TQFPyZDwSJGiTZSYNe9EdG5NwGaQ1EEj4HdcJrOHHiVuCVpoBLtwP7yBgnNYhCacqJU33VS7edEakY5FDUvU5ASOiZD6BsqSAzKz+eHF/jUKAMcJdKU0Hiu/p7ISazUNA5NZ0z0SC17M/E/r5/p6MrPmUgzDYIuFkUZxzrBsxTwgEmgmk8NIVQycyumIyIJ1SarmgnBXX55lXTPm67TdO8uGq3rMo4qOkYn6Ay56BK10C1qow6iKEPP6BW9WU/Wi/VufSxaK1Y5c4T+wPr8AYFek6A=</latexit>

~̂ey
<latexit sha1_base64="rvTFFSPy1FlGgETlgG5wjaH8IBo=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhLDZTtqlm03Y3RRi6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwpQzpR3n26psbG5t71R3a3v7B4d1++i4q5JMUujQhCeyHxIFnAnoaKY59FMJJA459MLJ3dzvTUEqlohHnafgx2QkWMQo0UYK7Lo3JrrwpkALmM2CPLAbTtNZAK8TtyQNVKId2F/eMKFZDEJTTpQauE6q/YJIzSiHWc3LFKSETsgIBoYKEoPyi8XhM3xulCGOEmlKaLxQf08UJFYqj0PTGRM9VqveXPzPG2Q6uvELJtJMg6DLRVHGsU7wPAU8ZBKo5rkhhEpmbsV0TCSh2mRVMyG4qy+vk+5l03Wa7sNVo3VbxlFFp+gMXSAXXaMWukdt1EEUZegZvaI368l6sd6tj2VrxSpnTtAfWJ8/guKToQ==</latexit><latexit sha1_base64="rvTFFSPy1FlGgETlgG5wjaH8IBo=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhLDZTtqlm03Y3RRi6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwpQzpR3n26psbG5t71R3a3v7B4d1++i4q5JMUujQhCeyHxIFnAnoaKY59FMJJA459MLJ3dzvTUEqlohHnafgx2QkWMQo0UYK7Lo3JrrwpkALmM2CPLAbTtNZAK8TtyQNVKId2F/eMKFZDEJTTpQauE6q/YJIzSiHWc3LFKSETsgIBoYKEoPyi8XhM3xulCGOEmlKaLxQf08UJFYqj0PTGRM9VqveXPzPG2Q6uvELJtJMg6DLRVHGsU7wPAU8ZBKo5rkhhEpmbsV0TCSh2mRVMyG4qy+vk+5l03Wa7sNVo3VbxlFFp+gMXSAXXaMWukdt1EEUZegZvaI368l6sd6tj2VrxSpnTtAfWJ8/guKToQ==</latexit><latexit sha1_base64="rvTFFSPy1FlGgETlgG5wjaH8IBo=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhLDZTtqlm03Y3RRi6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwpQzpR3n26psbG5t71R3a3v7B4d1++i4q5JMUujQhCeyHxIFnAnoaKY59FMJJA459MLJ3dzvTUEqlohHnafgx2QkWMQo0UYK7Lo3JrrwpkALmM2CPLAbTtNZAK8TtyQNVKId2F/eMKFZDEJTTpQauE6q/YJIzSiHWc3LFKSETsgIBoYKEoPyi8XhM3xulCGOEmlKaLxQf08UJFYqj0PTGRM9VqveXPzPG2Q6uvELJtJMg6DLRVHGsU7wPAU8ZBKo5rkhhEpmbsV0TCSh2mRVMyG4qy+vk+5l03Wa7sNVo3VbxlFFp+gMXSAXXaMWukdt1EEUZegZvaI368l6sd6tj2VrxSpnTtAfWJ8/guKToQ==</latexit><latexit sha1_base64="rvTFFSPy1FlGgETlgG5wjaH8IBo=">AAAB+HicbVBNS8NAEN3Ur1o/GvXoZbEInkoigh6LXjxWsB/QhLDZTtqlm03Y3RRi6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzwpQzpR3n26psbG5t71R3a3v7B4d1++i4q5JMUujQhCeyHxIFnAnoaKY59FMJJA459MLJ3dzvTUEqlohHnafgx2QkWMQo0UYK7Lo3JrrwpkALmM2CPLAbTtNZAK8TtyQNVKId2F/eMKFZDEJTTpQauE6q/YJIzSiHWc3LFKSETsgIBoYKEoPyi8XhM3xulCGOEmlKaLxQf08UJFYqj0PTGRM9VqveXPzPG2Q6uvELJtJMg6DLRVHGsU7wPAU8ZBKo5rkhhEpmbsV0TCSh2mRVMyG4qy+vk+5l03Wa7sNVo3VbxlFFp+gMXSAXXaMWukdt1EEUZegZvaI368l6sd6tj2VrxSpnTtAfWJ8/guKToQ==</latexit>

~̂e✓
<latexit sha1_base64="pdhdOMDUI5y9NAOz0f7p+YQYv4k=">AAAB/nicdVDLSgNBEJz1GeNrVTx5GQyCpzATRONN9OIxglEhG8LspGOGzD6Y6RXCEvBXvHhQxKvf4c2/cTaJoKIFDUVVN91dYaqVRcY+vJnZufmFxdJSeXlldW3d39i8sklmJDRlohNzEwoLWsXQRIUablIDIgo1XIeDs8K/vgNjVRJf4jCFdiRuY9VTUqCTOv520BeYB3cgcxiNOgH2AQXt+BVWZYxxzmlB+NEhc+T4uF7jdcoLy6FCpmh0/Pegm8gsghilFta2OEuxnQuDSmoYlYPMQirkQNxCy9FYRGDb+fj8Ed1zSpf2EuMqRjpWv0/kIrJ2GIWuMxLYt7+9QvzLa2XYq7dzFacZQiwni3qZppjQIgvaVQYk6qEjQhrlbqWyL4yQ6BIruxC+PqX/k6talbMqvzionJxO4yiRHbJL9gknR+SEnJMGaRJJcvJAnsizd+89ei/e66R1xpvObJEf8N4+AQjNliw=</latexit><latexit sha1_base64="pdhdOMDUI5y9NAOz0f7p+YQYv4k=">AAAB/nicdVDLSgNBEJz1GeNrVTx5GQyCpzATRONN9OIxglEhG8LspGOGzD6Y6RXCEvBXvHhQxKvf4c2/cTaJoKIFDUVVN91dYaqVRcY+vJnZufmFxdJSeXlldW3d39i8sklmJDRlohNzEwoLWsXQRIUablIDIgo1XIeDs8K/vgNjVRJf4jCFdiRuY9VTUqCTOv520BeYB3cgcxiNOgH2AQXt+BVWZYxxzmlB+NEhc+T4uF7jdcoLy6FCpmh0/Pegm8gsghilFta2OEuxnQuDSmoYlYPMQirkQNxCy9FYRGDb+fj8Ed1zSpf2EuMqRjpWv0/kIrJ2GIWuMxLYt7+9QvzLa2XYq7dzFacZQiwni3qZppjQIgvaVQYk6qEjQhrlbqWyL4yQ6BIruxC+PqX/k6talbMqvzionJxO4yiRHbJL9gknR+SEnJMGaRJJcvJAnsizd+89ei/e66R1xpvObJEf8N4+AQjNliw=</latexit><latexit sha1_base64="pdhdOMDUI5y9NAOz0f7p+YQYv4k=">AAAB/nicdVDLSgNBEJz1GeNrVTx5GQyCpzATRONN9OIxglEhG8LspGOGzD6Y6RXCEvBXvHhQxKvf4c2/cTaJoKIFDUVVN91dYaqVRcY+vJnZufmFxdJSeXlldW3d39i8sklmJDRlohNzEwoLWsXQRIUablIDIgo1XIeDs8K/vgNjVRJf4jCFdiRuY9VTUqCTOv520BeYB3cgcxiNOgH2AQXt+BVWZYxxzmlB+NEhc+T4uF7jdcoLy6FCpmh0/Pegm8gsghilFta2OEuxnQuDSmoYlYPMQirkQNxCy9FYRGDb+fj8Ed1zSpf2EuMqRjpWv0/kIrJ2GIWuMxLYt7+9QvzLa2XYq7dzFacZQiwni3qZppjQIgvaVQYk6qEjQhrlbqWyL4yQ6BIruxC+PqX/k6talbMqvzionJxO4yiRHbJL9gknR+SEnJMGaRJJcvJAnsizd+89ei/e66R1xpvObJEf8N4+AQjNliw=</latexit><latexit sha1_base64="pdhdOMDUI5y9NAOz0f7p+YQYv4k=">AAAB/nicdVDLSgNBEJz1GeNrVTx5GQyCpzATRONN9OIxglEhG8LspGOGzD6Y6RXCEvBXvHhQxKvf4c2/cTaJoKIFDUVVN91dYaqVRcY+vJnZufmFxdJSeXlldW3d39i8sklmJDRlohNzEwoLWsXQRIUablIDIgo1XIeDs8K/vgNjVRJf4jCFdiRuY9VTUqCTOv520BeYB3cgcxiNOgH2AQXt+BVWZYxxzmlB+NEhc+T4uF7jdcoLy6FCpmh0/Pegm8gsghilFta2OEuxnQuDSmoYlYPMQirkQNxCy9FYRGDb+fj8Ed1zSpf2EuMqRjpWv0/kIrJ2GIWuMxLYt7+9QvzLa2XYq7dzFacZQiwni3qZppjQIgvaVQYk6qEjQhrlbqWyL4yQ6BIruxC+PqX/k6talbMqvzionJxO4yiRHbJL9gknR+SEnJMGaRJJcvJAnsizd+89ei/e66R1xpvObJEf8N4+AQjNliw=</latexit>

~̂er
<latexit sha1_base64="1i8tinWy02pXHY2A+mhHQTQByM8=">AAAB+XicdVDLSgNBEJz1GeNr1aOXwSB4CjNBTHILevEYwTwgu4TZSScZMvtgZjYQlvyJFw+KePVPvPk3ziYRVLSgoajqprsrSKTQhpAPZ219Y3Nru7BT3N3bPzh0j47bOk4VhxaPZay6AdMgRQQtI4yEbqKAhYGETjC5yf3OFJQWcXRvZgn4IRtFYig4M1bqu643ZibzpsAzmM/7CvfdEikTQiilOCe0ekUsqddrFVrDNLcsSmiFZt999wYxT0OIDJdM6x4lifEzpozgEuZFL9WQMD5hI+hZGrEQtJ8tLp/jc6sM8DBWtiKDF+r3iYyFWs/CwHaGzIz1by8X//J6qRnW/ExESWog4stFw1RiE+M8BjwQCriRM0sYV8LeivmYKcaNDatoQ/j6FP9P2pUyJWV6d1lqXK/iKKBTdIYuEEVV1EC3qIlaiKMpekBP6NnJnEfnxXldtq45q5kT9APO2ychQ5P6</latexit><latexit sha1_base64="1i8tinWy02pXHY2A+mhHQTQByM8=">AAAB+XicdVDLSgNBEJz1GeNr1aOXwSB4CjNBTHILevEYwTwgu4TZSScZMvtgZjYQlvyJFw+KePVPvPk3ziYRVLSgoajqprsrSKTQhpAPZ219Y3Nru7BT3N3bPzh0j47bOk4VhxaPZay6AdMgRQQtI4yEbqKAhYGETjC5yf3OFJQWcXRvZgn4IRtFYig4M1bqu643ZibzpsAzmM/7CvfdEikTQiilOCe0ekUsqddrFVrDNLcsSmiFZt999wYxT0OIDJdM6x4lifEzpozgEuZFL9WQMD5hI+hZGrEQtJ8tLp/jc6sM8DBWtiKDF+r3iYyFWs/CwHaGzIz1by8X//J6qRnW/ExESWog4stFw1RiE+M8BjwQCriRM0sYV8LeivmYKcaNDatoQ/j6FP9P2pUyJWV6d1lqXK/iKKBTdIYuEEVV1EC3qIlaiKMpekBP6NnJnEfnxXldtq45q5kT9APO2ychQ5P6</latexit><latexit sha1_base64="1i8tinWy02pXHY2A+mhHQTQByM8=">AAAB+XicdVDLSgNBEJz1GeNr1aOXwSB4CjNBTHILevEYwTwgu4TZSScZMvtgZjYQlvyJFw+KePVPvPk3ziYRVLSgoajqprsrSKTQhpAPZ219Y3Nru7BT3N3bPzh0j47bOk4VhxaPZay6AdMgRQQtI4yEbqKAhYGETjC5yf3OFJQWcXRvZgn4IRtFYig4M1bqu643ZibzpsAzmM/7CvfdEikTQiilOCe0ekUsqddrFVrDNLcsSmiFZt999wYxT0OIDJdM6x4lifEzpozgEuZFL9WQMD5hI+hZGrEQtJ8tLp/jc6sM8DBWtiKDF+r3iYyFWs/CwHaGzIz1by8X//J6qRnW/ExESWog4stFw1RiE+M8BjwQCriRM0sYV8LeivmYKcaNDatoQ/j6FP9P2pUyJWV6d1lqXK/iKKBTdIYuEEVV1EC3qIlaiKMpekBP6NnJnEfnxXldtq45q5kT9APO2ychQ5P6</latexit><latexit sha1_base64="1i8tinWy02pXHY2A+mhHQTQByM8=">AAAB+XicdVDLSgNBEJz1GeNr1aOXwSB4CjNBTHILevEYwTwgu4TZSScZMvtgZjYQlvyJFw+KePVPvPk3ziYRVLSgoajqprsrSKTQhpAPZ219Y3Nru7BT3N3bPzh0j47bOk4VhxaPZay6AdMgRQQtI4yEbqKAhYGETjC5yf3OFJQWcXRvZgn4IRtFYig4M1bqu643ZibzpsAzmM/7CvfdEikTQiilOCe0ekUsqddrFVrDNLcsSmiFZt999wYxT0OIDJdM6x4lifEzpozgEuZFL9WQMD5hI+hZGrEQtJ8tLp/jc6sM8DBWtiKDF+r3iYyFWs/CwHaGzIz1by8X//J6qRnW/ExESWog4stFw1RiE+M8BjwQCriRM0sYV8LeivmYKcaNDatoQ/j6FP9P2pUyJWV6d1lqXK/iKKBTdIYuEEVV1EC3qIlaiKMpekBP6NnJnEfnxXldtq45q5kT9APO2ychQ5P6</latexit>

d~̂er
dt

<latexit sha1_base64="UD7GXoRlmiym328SNE/bHuwrwpw=">AAACBHicbVBNS8NAEN3Ur1q/oh57CRbBU0lE0GPRi8cKthWaUDabSbt088HupFBCDl78K148KOLVH+HNf+O2zUFbHww83pthZp6fCq7Qtr+Nytr6xuZWdbu2s7u3f2AeHnVVkkkGHZaIRD74VIHgMXSQo4CHVAKNfAE9f3wz83sTkIon8T1OU/AiOox5yBlFLQ3MuhtKyvLAHVHM3QmwHIpiIIs8wGJgNuymPYe1SpySNEiJ9sD8coOEZRHEyARVqu/YKXo5lciZgKLmZgpSysZ0CH1NYxqB8vL5E4V1qpXAChOpK0Zrrv6eyGmk1DTydWdEcaSWvZn4n9fPMLzych6nGULMFovCTFiYWLNErIBLYCimmlAmub7VYiOqU0GdW02H4Cy/vEq6503Hbjp3F43WdRlHldTJCTkjDrkkLXJL2qRDGHkkz+SVvBlPxovxbnwsWitGOXNM/sD4/AFm4Jk2</latexit><latexit sha1_base64="UD7GXoRlmiym328SNE/bHuwrwpw=">AAACBHicbVBNS8NAEN3Ur1q/oh57CRbBU0lE0GPRi8cKthWaUDabSbt088HupFBCDl78K148KOLVH+HNf+O2zUFbHww83pthZp6fCq7Qtr+Nytr6xuZWdbu2s7u3f2AeHnVVkkkGHZaIRD74VIHgMXSQo4CHVAKNfAE9f3wz83sTkIon8T1OU/AiOox5yBlFLQ3MuhtKyvLAHVHM3QmwHIpiIIs8wGJgNuymPYe1SpySNEiJ9sD8coOEZRHEyARVqu/YKXo5lciZgKLmZgpSysZ0CH1NYxqB8vL5E4V1qpXAChOpK0Zrrv6eyGmk1DTydWdEcaSWvZn4n9fPMLzych6nGULMFovCTFiYWLNErIBLYCimmlAmub7VYiOqU0GdW02H4Cy/vEq6503Hbjp3F43WdRlHldTJCTkjDrkkLXJL2qRDGHkkz+SVvBlPxovxbnwsWitGOXNM/sD4/AFm4Jk2</latexit><latexit sha1_base64="UD7GXoRlmiym328SNE/bHuwrwpw=">AAACBHicbVBNS8NAEN3Ur1q/oh57CRbBU0lE0GPRi8cKthWaUDabSbt088HupFBCDl78K148KOLVH+HNf+O2zUFbHww83pthZp6fCq7Qtr+Nytr6xuZWdbu2s7u3f2AeHnVVkkkGHZaIRD74VIHgMXSQo4CHVAKNfAE9f3wz83sTkIon8T1OU/AiOox5yBlFLQ3MuhtKyvLAHVHM3QmwHIpiIIs8wGJgNuymPYe1SpySNEiJ9sD8coOEZRHEyARVqu/YKXo5lciZgKLmZgpSysZ0CH1NYxqB8vL5E4V1qpXAChOpK0Zrrv6eyGmk1DTydWdEcaSWvZn4n9fPMLzych6nGULMFovCTFiYWLNErIBLYCimmlAmub7VYiOqU0GdW02H4Cy/vEq6503Hbjp3F43WdRlHldTJCTkjDrkkLXJL2qRDGHkkz+SVvBlPxovxbnwsWitGOXNM/sD4/AFm4Jk2</latexit><latexit sha1_base64="UD7GXoRlmiym328SNE/bHuwrwpw=">AAACBHicbVBNS8NAEN3Ur1q/oh57CRbBU0lE0GPRi8cKthWaUDabSbt088HupFBCDl78K148KOLVH+HNf+O2zUFbHww83pthZp6fCq7Qtr+Nytr6xuZWdbu2s7u3f2AeHnVVkkkGHZaIRD74VIHgMXSQo4CHVAKNfAE9f3wz83sTkIon8T1OU/AiOox5yBlFLQ3MuhtKyvLAHVHM3QmwHIpiIIs8wGJgNuymPYe1SpySNEiJ9sD8coOEZRHEyARVqu/YKXo5lciZgKLmZgpSysZ0CH1NYxqB8vL5E4V1qpXAChOpK0Zrrv6eyGmk1DTydWdEcaSWvZn4n9fPMLzych6nGULMFovCTFiYWLNErIBLYCimmlAmub7VYiOqU0GdW02H4Cy/vEq6503Hbjp3F43WdRlHldTJCTkjDrkkLXJL2qRDGHkkz+SVvBlPxovxbnwsWitGOXNM/sD4/AFm4Jk2</latexit>

d~̂e✓
dt

<latexit sha1_base64="xFzHjYWaVQUp0KtX7GrKEocoypY=">AAACCXicbVDJSgNBEO2JW4zbqEcvjUHwFGZE0GPQi8cIZoFMCD09NUmTnoXumkAY5urFX/HiQRGv/oE3/8bOctDEBwWP96qoquenUmh0nG+rtLa+sblV3q7s7O7tH9iHRy2dZIpDkycyUR2faZAihiYKlNBJFbDIl9D2R7dTvz0GpUUSP+AkhV7EBrEIBWdopL5NvVAxngfekGHujYHnUBR9D4eArMgDLPp21ak5M9BV4i5IlSzQ6NtfXpDwLIIYuWRad10nxV7OFAouoah4mYaU8REbQNfQmEWge/nsk4KeGSWgYaJMxUhn6u+JnEVaTyLfdEYMh3rZm4r/ed0Mw+teLuI0Q4j5fFGYSYoJncZCA6GAo5wYwrgS5lbKh8xEgya8ignBXX55lbQuaq5Tc+8vq/WbRRxlckJOyTlxyRWpkzvSIE3CySN5Jq/kzXqyXqx362PeWrIWM8fkD6zPH2ULm2g=</latexit><latexit sha1_base64="xFzHjYWaVQUp0KtX7GrKEocoypY=">AAACCXicbVDJSgNBEO2JW4zbqEcvjUHwFGZE0GPQi8cIZoFMCD09NUmTnoXumkAY5urFX/HiQRGv/oE3/8bOctDEBwWP96qoquenUmh0nG+rtLa+sblV3q7s7O7tH9iHRy2dZIpDkycyUR2faZAihiYKlNBJFbDIl9D2R7dTvz0GpUUSP+AkhV7EBrEIBWdopL5NvVAxngfekGHujYHnUBR9D4eArMgDLPp21ak5M9BV4i5IlSzQ6NtfXpDwLIIYuWRad10nxV7OFAouoah4mYaU8REbQNfQmEWge/nsk4KeGSWgYaJMxUhn6u+JnEVaTyLfdEYMh3rZm4r/ed0Mw+teLuI0Q4j5fFGYSYoJncZCA6GAo5wYwrgS5lbKh8xEgya8ignBXX55lbQuaq5Tc+8vq/WbRRxlckJOyTlxyRWpkzvSIE3CySN5Jq/kzXqyXqx362PeWrIWM8fkD6zPH2ULm2g=</latexit><latexit sha1_base64="xFzHjYWaVQUp0KtX7GrKEocoypY=">AAACCXicbVDJSgNBEO2JW4zbqEcvjUHwFGZE0GPQi8cIZoFMCD09NUmTnoXumkAY5urFX/HiQRGv/oE3/8bOctDEBwWP96qoquenUmh0nG+rtLa+sblV3q7s7O7tH9iHRy2dZIpDkycyUR2faZAihiYKlNBJFbDIl9D2R7dTvz0GpUUSP+AkhV7EBrEIBWdopL5NvVAxngfekGHujYHnUBR9D4eArMgDLPp21ak5M9BV4i5IlSzQ6NtfXpDwLIIYuWRad10nxV7OFAouoah4mYaU8REbQNfQmEWge/nsk4KeGSWgYaJMxUhn6u+JnEVaTyLfdEYMh3rZm4r/ed0Mw+teLuI0Q4j5fFGYSYoJncZCA6GAo5wYwrgS5lbKh8xEgya8ignBXX55lbQuaq5Tc+8vq/WbRRxlckJOyTlxyRWpkzvSIE3CySN5Jq/kzXqyXqx362PeWrIWM8fkD6zPH2ULm2g=</latexit><latexit sha1_base64="xFzHjYWaVQUp0KtX7GrKEocoypY=">AAACCXicbVDJSgNBEO2JW4zbqEcvjUHwFGZE0GPQi8cIZoFMCD09NUmTnoXumkAY5urFX/HiQRGv/oE3/8bOctDEBwWP96qoquenUmh0nG+rtLa+sblV3q7s7O7tH9iHRy2dZIpDkycyUR2faZAihiYKlNBJFbDIl9D2R7dTvz0GpUUSP+AkhV7EBrEIBWdopL5NvVAxngfekGHujYHnUBR9D4eArMgDLPp21ak5M9BV4i5IlSzQ6NtfXpDwLIIYuWRad10nxV7OFAouoah4mYaU8REbQNfQmEWge/nsk4KeGSWgYaJMxUhn6u+JnEVaTyLfdEYMh3rZm4r/ed0Mw+teLuI0Q4j5fFGYSYoJncZCA6GAo5wYwrgS5lbKh8xEgya8ignBXX55lbQuaq5Tc+8vq/WbRRxlckJOyTlxyRWpkzvSIE3CySN5Jq/kzXqyXqx362PeWrIWM8fkD6zPH2ULm2g=</latexit>

8
>>><

>>>:

d~̂er
dt

= �✓̇ sin ✓ ~̂ex + ✓̇ cos ✓ ~̂ey

d~̂e✓
dt

= �✓̇ cos ✓ ~̂ex � ✓̇ sin ✓ ~̂ey
<latexit sha1_base64="kmLg5xQOnrViUACwicbUdVq6jHc="></latexit><latexit sha1_base64="kmLg5xQOnrViUACwicbUdVq6jHc="></latexit><latexit sha1_base64="kmLg5xQOnrViUACwicbUdVq6jHc="></latexit><latexit sha1_base64="kmLg5xQOnrViUACwicbUdVq6jHc="></latexit>

8
>><

>>:

~̂er = cos ✓ ~̂ex + sin ✓ ~̂ey

~̂e✓ = � sin ✓ ~̂ex + cos ✓ ~̂ey
<latexit sha1_base64="xZICjxm5CI1jQ451R5z14nfkzEk="></latexit><latexit sha1_base64="xZICjxm5CI1jQ451R5z14nfkzEk="></latexit><latexit sha1_base64="xZICjxm5CI1jQ451R5z14nfkzEk="></latexit><latexit sha1_base64="xZICjxm5CI1jQ451R5z14nfkzEk="></latexit>

= �✓̇ ~̂er
<latexit sha1_base64="pBL7slu+n3WRQDgRiF2sl2zsutQ="></latexit><latexit sha1_base64="pBL7slu+n3WRQDgRiF2sl2zsutQ="></latexit><latexit sha1_base64="pBL7slu+n3WRQDgRiF2sl2zsutQ="></latexit><latexit sha1_base64="pBL7slu+n3WRQDgRiF2sl2zsutQ="></latexit>

= ✓̇ ~̂e✓
<latexit sha1_base64="SKbchOGNMUPKx+c2Lo+Fxp2uXbM="></latexit><latexit sha1_base64="SKbchOGNMUPKx+c2Lo+Fxp2uXbM="></latexit><latexit sha1_base64="SKbchOGNMUPKx+c2Lo+Fxp2uXbM="></latexit><latexit sha1_base64="SKbchOGNMUPKx+c2Lo+Fxp2uXbM="></latexit>

Vecteur vitesse en
coordonnées polaires

~vP
<latexit sha1_base64="FBHPO3PVRYxV9XTSfu4NfiDl80w=">AAAB8HicdVDLSsNAFL2pr1pfVZduBovgKiRt0LoruHFZwT6kDWUynbZDJ5MwMymU0K9w40IRt36OO//GSRtBRQ8MHM45l7n3BDFnSjvOh1VYW9/Y3Cpul3Z29/YPyodHbRUlktAWiXgkuwFWlDNBW5ppTruxpDgMOO0E0+vM78yoVCwSd3oeUz/EY8FGjGBtpPv+jJJ0thg0B+WKY1/U61eehxzbWSIjrld1asjNlQrkMPn3/jAiSUiFJhwr1XOdWPsplpoRThelfqJojMkUj2nPUIFDqvx0ufACnRlliEaRNE9otFS/T6Q4VGoeBiYZYj1Rv71M/MvrJXpU91Mm4kRTQVYfjRKOdISy69GQSUo0nxuCiWRmV0QmWGKiTUclU8LXpeh/0q7abs2u3nqVhpfXUYQTOIVzcOESGnADTWgBgRAe4AmeLWk9Wi/W6ypasPKZY/gB6+0TTZGQsg==</latexit>

~vP = ṙ ~̂er + r✓̇ ~̂e✓ = vPr ~̂er + vP✓ ~̂e✓
<latexit sha1_base64="noLe/S1CtfNe5O0Ex6cmaJe7t5Q="></latexit>

vP✓
<latexit sha1_base64="B8NBjsJkKOrGXqnYgpOcygYb6KA=">AAAB9XicdVDJSgNBEO1xjXGLevTSGARPQ89kUW8BLx4jmAWScejpdJImPQvdNZEw5D+8eFDEq//izb+xswgq+qDg8V4VVfWCRAoNhHxYK6tr6xubua389s7u3n7h4LCp41Qx3mCxjFU7oJpLEfEGCJC8nShOw0DyVjC6mvmtMVdaxNEtTBLuhXQQib5gFIx0h/HYz+p+F4Yc6NQvFIldLbulchUTm1QcUq3MyGWFuC52bDJHES1R9wvv3V7M0pBHwCTVuuOQBLyMKhBM8mm+m2qeUDaiA94xNKIh1142v3qKT43Sw/1YmYoAz9XvExkNtZ6EgekMKQz1b28m/uV1UuhfeJmIkhR4xBaL+qnEEONZBLgnFGcgJ4ZQpoS5FbMhVZSBCSpvQvj6FP9Pmq7tlGz3plyslZdx5NAxOkFnyEHnqIauUR01EEMKPaAn9GzdW4/Wi/W6aF2xljNH6Aest09c1pJm</latexit>

vPr
<latexit sha1_base64="ucdibqZSHnLmUK21kf/GDkcMg2w=">AAAB8HicdVDLSsNAFJ3UV62vqks3g0VwFSZpWnVXcOOygn1IG8JkOmmHziRhZlIooV/hxoUibv0cd/6N04egogcuHM65l3vvCVPOlEbowyqsrW9sbhW3Szu7e/sH5cOjtkoySWiLJDyR3RAryllMW5ppTruppFiEnHbC8fXc70yoVCyJ7/Q0pb7Aw5hFjGBtpHsIJ0HeDOQsKFeQXffcqleHyEY1B9Vrc3JVQ64LHRstUAErNIPye3+QkEzQWBOOleo5KNV+jqVmhNNZqZ8pmmIyxkPaMzTGgio/Xxw8g2dGGcAokaZiDRfq94kcC6WmIjSdAuuR+u3Nxb+8XqajSz9ncZppGpPloijjUCdw/j0cMEmJ5lNDMJHM3ArJCEtMtMmoZEL4+hT+T9qu7VRt99arNLxVHEVwAk7BOXDABWiAG9AELUCAAA/gCTxb0nq0XqzXZWvBWs0cgx+w3j4BiHWQNA==</latexit>
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Coordonnées polaires: Accélération

A partir de       on dérive une seconde fois pour trouver l’accélération:

~vP = ṙ ~̂er + r✓̇ ~̂e✓
<latexit sha1_base64="2C9DD/qJSY0y/M3dF+fvzIHz6JI=">AAACNnicbVDLSgMxFM3UV62vqks3wSIISpkRQTdC0Y0boYJ9QKcMmfS2Dc08SO4UyjBf5cbvcNeNC0Xc+gmmj4W2Hggczjk3yT1+LIVG2x5buZXVtfWN/GZha3tnd6+4f1DXUaI41HgkI9X0mQYpQqihQAnNWAELfAkNf3A38RtDUFpE4ROOYmgHrBeKruAMjeQVH9wh8HSYeVV6Q91OhKnK3HPq9hmmUwuyzFP0jKqZ62IfkC1HZrpXLNllewq6TJw5KZE5ql7x1dzKkwBC5JJp3XLsGNspUyi4hKzgJhpixgesBy1DQxaAbqfTtTN6YpQO7UbKnBDpVP09kbJA61Hgm2TAsK8XvYn4n9dKsHvdTkUYJwghnz3UTSTFiE46pB2hgKMcGcK4EuavlPeZYhxN0wVTgrO48jKpX5Qdu+w8XpYqt/M68uSIHJNT4pArUiH3pEpqhJNnMibv5MN6sd6sT+trFs1Z85lD8gfW9w9qSKz6</latexit><latexit sha1_base64="2C9DD/qJSY0y/M3dF+fvzIHz6JI=">AAACNnicbVDLSgMxFM3UV62vqks3wSIISpkRQTdC0Y0boYJ9QKcMmfS2Dc08SO4UyjBf5cbvcNeNC0Xc+gmmj4W2Hggczjk3yT1+LIVG2x5buZXVtfWN/GZha3tnd6+4f1DXUaI41HgkI9X0mQYpQqihQAnNWAELfAkNf3A38RtDUFpE4ROOYmgHrBeKruAMjeQVH9wh8HSYeVV6Q91OhKnK3HPq9hmmUwuyzFP0jKqZ62IfkC1HZrpXLNllewq6TJw5KZE5ql7x1dzKkwBC5JJp3XLsGNspUyi4hKzgJhpixgesBy1DQxaAbqfTtTN6YpQO7UbKnBDpVP09kbJA61Hgm2TAsK8XvYn4n9dKsHvdTkUYJwghnz3UTSTFiE46pB2hgKMcGcK4EuavlPeZYhxN0wVTgrO48jKpX5Qdu+w8XpYqt/M68uSIHJNT4pArUiH3pEpqhJNnMibv5MN6sd6sT+trFs1Z85lD8gfW9w9qSKz6</latexit><latexit sha1_base64="2C9DD/qJSY0y/M3dF+fvzIHz6JI=">AAACNnicbVDLSgMxFM3UV62vqks3wSIISpkRQTdC0Y0boYJ9QKcMmfS2Dc08SO4UyjBf5cbvcNeNC0Xc+gmmj4W2Hggczjk3yT1+LIVG2x5buZXVtfWN/GZha3tnd6+4f1DXUaI41HgkI9X0mQYpQqihQAnNWAELfAkNf3A38RtDUFpE4ROOYmgHrBeKruAMjeQVH9wh8HSYeVV6Q91OhKnK3HPq9hmmUwuyzFP0jKqZ62IfkC1HZrpXLNllewq6TJw5KZE5ql7x1dzKkwBC5JJp3XLsGNspUyi4hKzgJhpixgesBy1DQxaAbqfTtTN6YpQO7UbKnBDpVP09kbJA61Hgm2TAsK8XvYn4n9dKsHvdTkUYJwghnz3UTSTFiE46pB2hgKMcGcK4EuavlPeZYhxN0wVTgrO48jKpX5Qdu+w8XpYqt/M68uSIHJNT4pArUiH3pEpqhJNnMibv5MN6sd6sT+trFs1Z85lD8gfW9w9qSKz6</latexit><latexit sha1_base64="2C9DD/qJSY0y/M3dF+fvzIHz6JI=">AAACNnicbVDLSgMxFM3UV62vqks3wSIISpkRQTdC0Y0boYJ9QKcMmfS2Dc08SO4UyjBf5cbvcNeNC0Xc+gmmj4W2Hggczjk3yT1+LIVG2x5buZXVtfWN/GZha3tnd6+4f1DXUaI41HgkI9X0mQYpQqihQAnNWAELfAkNf3A38RtDUFpE4ROOYmgHrBeKruAMjeQVH9wh8HSYeVV6Q91OhKnK3HPq9hmmUwuyzFP0jKqZ62IfkC1HZrpXLNllewq6TJw5KZE5ql7x1dzKkwBC5JJp3XLsGNspUyi4hKzgJhpixgesBy1DQxaAbqfTtTN6YpQO7UbKnBDpVP09kbJA61Hgm2TAsK8XvYn4n9dKsHvdTkUYJwghnz3UTSTFiE46pB2hgKMcGcK4EuavlPeZYhxN0wVTgrO48jKpX5Qdu+w8XpYqt/M68uSIHJNT4pArUiH3pEpqhJNnMibv5MN6sd6sT+trFs1Z85lD8gfW9w9qSKz6</latexit>

~aP =
d~vP
dt

=
d(ṙ ~̂er + r✓̇ ~̂e✓)

dt
<latexit sha1_base64="I6JD9I2pGXGsilbPwB5f6oWF+3w="></latexit><latexit sha1_base64="I6JD9I2pGXGsilbPwB5f6oWF+3w="></latexit><latexit sha1_base64="I6JD9I2pGXGsilbPwB5f6oWF+3w="></latexit><latexit sha1_base64="I6JD9I2pGXGsilbPwB5f6oWF+3w="></latexit>

= r̈ ~̂er + ṙ
d~̂er
dt

+ ṙ✓̇ ~̂e✓ + r✓̈ ~̂e✓ + r✓̇
d~̂e✓
dt

<latexit sha1_base64="pkFVEBjSvFDeYCMp1gBB0a7JSrM="></latexit><latexit sha1_base64="pkFVEBjSvFDeYCMp1gBB0a7JSrM="></latexit><latexit sha1_base64="pkFVEBjSvFDeYCMp1gBB0a7JSrM="></latexit><latexit sha1_base64="pkFVEBjSvFDeYCMp1gBB0a7JSrM="></latexit>

= r̈ ~̂er + ṙ✓̇ ~̂e✓ + ṙ✓̇ ~̂e✓ + r✓̈ ~̂e✓ � r✓̇2 ~̂er
<latexit sha1_base64="w5kilBWEjEaKJXd7rUP7a7C+Lpg="></latexit><latexit sha1_base64="w5kilBWEjEaKJXd7rUP7a7C+Lpg="></latexit><latexit sha1_base64="w5kilBWEjEaKJXd7rUP7a7C+Lpg="></latexit><latexit sha1_base64="w5kilBWEjEaKJXd7rUP7a7C+Lpg="></latexit>

~aP = (r̈ � r✓̇2) ~̂er + (2ṙ✓̇ + r✓̈) ~̂e✓
<latexit sha1_base64="UQWy0/QIzAMwAZh3TppnybE4eRw="></latexit><latexit sha1_base64="UQWy0/QIzAMwAZh3TppnybE4eRw="></latexit><latexit sha1_base64="UQWy0/QIzAMwAZh3TppnybE4eRw="></latexit><latexit sha1_base64="UQWy0/QIzAMwAZh3TppnybE4eRw="></latexit>

~aP = ar ~̂er + a✓ ~̂e✓
<latexit sha1_base64="Q9GGCQwBozPWgpuUeheHpRanPVk=">AAACMHicbZDLSgNBEEV7fBtfUZduGoMgKGFGBN0IQRe6jGBUyIShplMxjT0PumsCYZhPcuOn6EZBEbd+hZ3HQo0FDZdzq6iuG6ZKGnLdV2dqemZ2bn5hsbS0vLK6Vl7fuDZJpgU2RKISfRuCQSVjbJAkhbepRohChTfh/dnAv+mhNjKJr6ifYiuCu1h2pACyKCifl/weihyKoM5POASa+/vc7wLlQ45FYdEet45PXSSYtEc8KFfcqjssPim8saiwcdWD8pPfTkQWYUxCgTFNz02plYMmKRQWJT8zmIK4hztsWhlDhKaVDw8u+I4lbd5JtH0x8SH9OZFDZEw/Cm1nBNQ1f70B/M9rZtQ5buUyTjPCWIwWdTLFKeGD9HhbahSk+laA0NL+lYsuaBBkMy7ZELy/J0+K64Oq51a9y8NK7XQcxwLbYttsl3nsiNXYBauzBhPsgT2zN/buPDovzofzOWqdcsYzm+xXOV/fmSmoyw==</latexit><latexit sha1_base64="Q9GGCQwBozPWgpuUeheHpRanPVk=">AAACMHicbZDLSgNBEEV7fBtfUZduGoMgKGFGBN0IQRe6jGBUyIShplMxjT0PumsCYZhPcuOn6EZBEbd+hZ3HQo0FDZdzq6iuG6ZKGnLdV2dqemZ2bn5hsbS0vLK6Vl7fuDZJpgU2RKISfRuCQSVjbJAkhbepRohChTfh/dnAv+mhNjKJr6ifYiuCu1h2pACyKCifl/weihyKoM5POASa+/vc7wLlQ45FYdEet45PXSSYtEc8KFfcqjssPim8saiwcdWD8pPfTkQWYUxCgTFNz02plYMmKRQWJT8zmIK4hztsWhlDhKaVDw8u+I4lbd5JtH0x8SH9OZFDZEw/Cm1nBNQ1f70B/M9rZtQ5buUyTjPCWIwWdTLFKeGD9HhbahSk+laA0NL+lYsuaBBkMy7ZELy/J0+K64Oq51a9y8NK7XQcxwLbYttsl3nsiNXYBauzBhPsgT2zN/buPDovzofzOWqdcsYzm+xXOV/fmSmoyw==</latexit><latexit sha1_base64="Q9GGCQwBozPWgpuUeheHpRanPVk=">AAACMHicbZDLSgNBEEV7fBtfUZduGoMgKGFGBN0IQRe6jGBUyIShplMxjT0PumsCYZhPcuOn6EZBEbd+hZ3HQo0FDZdzq6iuG6ZKGnLdV2dqemZ2bn5hsbS0vLK6Vl7fuDZJpgU2RKISfRuCQSVjbJAkhbepRohChTfh/dnAv+mhNjKJr6ifYiuCu1h2pACyKCifl/weihyKoM5POASa+/vc7wLlQ45FYdEet45PXSSYtEc8KFfcqjssPim8saiwcdWD8pPfTkQWYUxCgTFNz02plYMmKRQWJT8zmIK4hztsWhlDhKaVDw8u+I4lbd5JtH0x8SH9OZFDZEw/Cm1nBNQ1f70B/M9rZtQ5buUyTjPCWIwWdTLFKeGD9HhbahSk+laA0NL+lYsuaBBkMy7ZELy/J0+K64Oq51a9y8NK7XQcxwLbYttsl3nsiNXYBauzBhPsgT2zN/buPDovzofzOWqdcsYzm+xXOV/fmSmoyw==</latexit><latexit sha1_base64="Q9GGCQwBozPWgpuUeheHpRanPVk=">AAACMHicbZDLSgNBEEV7fBtfUZduGoMgKGFGBN0IQRe6jGBUyIShplMxjT0PumsCYZhPcuOn6EZBEbd+hZ3HQo0FDZdzq6iuG6ZKGnLdV2dqemZ2bn5hsbS0vLK6Vl7fuDZJpgU2RKISfRuCQSVjbJAkhbepRohChTfh/dnAv+mhNjKJr6ifYiuCu1h2pACyKCifl/weihyKoM5POASa+/vc7wLlQ45FYdEet45PXSSYtEc8KFfcqjssPim8saiwcdWD8pPfTkQWYUxCgTFNz02plYMmKRQWJT8zmIK4hztsWhlDhKaVDw8u+I4lbd5JtH0x8SH9OZFDZEw/Cm1nBNQ1f70B/M9rZtQ5buUyTjPCWIwWdTLFKeGD9HhbahSk+laA0NL+lYsuaBBkMy7ZELy/J0+K64Oq51a9y8NK7XQcxwLbYttsl3nsiNXYBauzBhPsgT2zN/buPDovzofzOWqdcsYzm+xXOV/fmSmoyw==</latexit>

~vP
<latexit sha1_base64="fTDOPwcfXfG2oToozzXxrQ77fe8=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hd0Y0GPAi8cI5gHJEmYnvcmQ2Yczswth2e/w4kERr36MN//GSbIHTSxoKKq66e7yYsGVtu1va2Nza3tnt7RX3j84PDqunJx2VJRIhm0WiUj2PKpQ8BDbmmuBvVgiDTyBXW96N/e7KUrFo/BRz2J0AzoOuc8Z1UZyCRmkyLI0H2atfFip2jV7AbJOnIJUoUBrWPkajCKWBBhqJqhSfceOtZtRqTkTmJcHicKYsikdY9/QkAao3GxxdE4ujTIifiRNhZos1N8TGQ2UmgWe6QyonqhVby7+5/UT7d+6GQ/jRGPIlov8RBAdkXkCZMQlMi1mhlAmubmVsAmVlGmTU9mE4Ky+vE469ZpzXas/NKrNRhFHCc7hAq7AgRtowj20oA0MnuAZXuHNSq0X6936WLZuWMXMGfyB9fkDfWqR4Q==</latexit>

Vecteur acceleration  en
coordonnées polaires
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Retour au mouvement ciculaire uniforme

~̂n

v

R

P

~an =
v2

R
~̂n

Nous avons vu au chapitre consacré à la 
cinématique qu’un mouvement circulaire
uniforme est caractérisé par une accélération
normale:

On retrouve ce résultat en passant en
coordonnées polaires et en exprimant la vitesse
et l’accélération

R!0

~vP = ṙ ~̂er + r✓̇ ~̂e✓ = !R ~̂e✓
<latexit sha1_base64="0at17VAXNL9BAWp9GAvRqbkCl7k="></latexit><latexit sha1_base64="0at17VAXNL9BAWp9GAvRqbkCl7k="></latexit><latexit sha1_base64="0at17VAXNL9BAWp9GAvRqbkCl7k="></latexit><latexit sha1_base64="0at17VAXNL9BAWp9GAvRqbkCl7k="></latexit>

~aP = (r̈ � r✓̇2) ~̂er + (2ṙ✓̇ + r✓̈) ~̂e✓
<latexit sha1_base64="UQWy0/QIzAMwAZh3TppnybE4eRw="></latexit><latexit sha1_base64="UQWy0/QIzAMwAZh3TppnybE4eRw="></latexit><latexit sha1_base64="UQWy0/QIzAMwAZh3TppnybE4eRw="></latexit><latexit sha1_base64="UQWy0/QIzAMwAZh3TppnybE4eRw="></latexit>

0 0 0R!2
<latexit sha1_base64="VtjI7Tq7bUl2s1NxsgkYMKqTlkY=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4KkkRO90V3LisYh/SjiWTZtrQJDMkGaGUfoUbF4q49XPc+Tdm2goqeuDC4Zx7ufeeMBHcWIQ+vNzK6tr6Rn6zsLW9s7tX3D9omTjVlDVpLGLdCYlhgivWtNwK1kk0IzIUrB2OLzK/fc+04bG6sZOEBZIMFY84JdZJt9e9WLIhuav0iyVURghhjGFGcPUcOVKr+RXsQ5xZDiWwRKNffO8NYppKpiwVxJguRokNpkRbTgWbFXqpYQmhYzJkXUcVkcwE0/nBM3jilAGMYu1KWThXv09MiTRmIkPXKYkdmd9eJv7ldVMb+cGUqyS1TNHFoigV0MYw+x4OuGbUiokjhGruboV0RDSh1mVUcCF8fQr/J61KGaMyvjor1f1lHHlwBI7BKcCgCurgEjRAE1AgwQN4As+e9h69F+910ZrzljOH4Ae8t0+nU5BH</latexit><latexit sha1_base64="VtjI7Tq7bUl2s1NxsgkYMKqTlkY=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4KkkRO90V3LisYh/SjiWTZtrQJDMkGaGUfoUbF4q49XPc+Tdm2goqeuDC4Zx7ufeeMBHcWIQ+vNzK6tr6Rn6zsLW9s7tX3D9omTjVlDVpLGLdCYlhgivWtNwK1kk0IzIUrB2OLzK/fc+04bG6sZOEBZIMFY84JdZJt9e9WLIhuav0iyVURghhjGFGcPUcOVKr+RXsQ5xZDiWwRKNffO8NYppKpiwVxJguRokNpkRbTgWbFXqpYQmhYzJkXUcVkcwE0/nBM3jilAGMYu1KWThXv09MiTRmIkPXKYkdmd9eJv7ldVMb+cGUqyS1TNHFoigV0MYw+x4OuGbUiokjhGruboV0RDSh1mVUcCF8fQr/J61KGaMyvjor1f1lHHlwBI7BKcCgCurgEjRAE1AgwQN4As+e9h69F+910ZrzljOH4Ae8t0+nU5BH</latexit><latexit sha1_base64="VtjI7Tq7bUl2s1NxsgkYMKqTlkY=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4KkkRO90V3LisYh/SjiWTZtrQJDMkGaGUfoUbF4q49XPc+Tdm2goqeuDC4Zx7ufeeMBHcWIQ+vNzK6tr6Rn6zsLW9s7tX3D9omTjVlDVpLGLdCYlhgivWtNwK1kk0IzIUrB2OLzK/fc+04bG6sZOEBZIMFY84JdZJt9e9WLIhuav0iyVURghhjGFGcPUcOVKr+RXsQ5xZDiWwRKNffO8NYppKpiwVxJguRokNpkRbTgWbFXqpYQmhYzJkXUcVkcwE0/nBM3jilAGMYu1KWThXv09MiTRmIkPXKYkdmd9eJv7ldVMb+cGUqyS1TNHFoigV0MYw+x4OuGbUiokjhGruboV0RDSh1mVUcCF8fQr/J61KGaMyvjor1f1lHHlwBI7BKcCgCurgEjRAE1AgwQN4As+e9h69F+910ZrzljOH4Ae8t0+nU5BH</latexit><latexit sha1_base64="VtjI7Tq7bUl2s1NxsgkYMKqTlkY=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4KkkRO90V3LisYh/SjiWTZtrQJDMkGaGUfoUbF4q49XPc+Tdm2goqeuDC4Zx7ufeeMBHcWIQ+vNzK6tr6Rn6zsLW9s7tX3D9omTjVlDVpLGLdCYlhgivWtNwK1kk0IzIUrB2OLzK/fc+04bG6sZOEBZIMFY84JdZJt9e9WLIhuav0iyVURghhjGFGcPUcOVKr+RXsQ5xZDiWwRKNffO8NYppKpiwVxJguRokNpkRbTgWbFXqpYQmhYzJkXUcVkcwE0/nBM3jilAGMYu1KWThXv09MiTRmIkPXKYkdmd9eJv7ldVMb+cGUqyS1TNHFoigV0MYw+x4OuGbUiokjhGruboV0RDSh1mVUcCF8fQr/J61KGaMyvjor1f1lHHlwBI7BKcCgCurgEjRAE1AgwQN4As+e9h69F+910ZrzljOH4Ae8t0+nU5BH</latexit>

= �R!2 ~̂er = � |vP |2

R
~̂er

<latexit sha1_base64="G9gPB40wKwQVtuhPY7KH8jvgtDU="></latexit><latexit sha1_base64="G9gPB40wKwQVtuhPY7KH8jvgtDU="></latexit><latexit sha1_base64="G9gPB40wKwQVtuhPY7KH8jvgtDU="></latexit><latexit sha1_base64="G9gPB40wKwQVtuhPY7KH8jvgtDU="></latexit>

✓



Physique Générale: Mécanique pour SC, SIE et GC | Automne 2023 05.01: Coordonnées polaires, cylindriques et sphériques

Faculté 
des sciences
de base

Swiss
Plasma
Center J.-P. Hogge 8

Coordonnées cylindriques

Soit un repère cartésien
Et un point P paramétré par (x1,x2,x3).

En coordonnées cylindriques le point P est
paramétré par (r,f,z)

Définition:
Ligne de coordonnées (j,k):
Lieu géométrique des points tels que la 
coordonnée i varie et les coordonnées j et k 
sont constantes

On construit le repère
orthonormé tel que les axes sont le long (ou
tangents) aux lignes de coordonnées.

(O, ~̂x1, ~̂x2, ~̂x3)

(P, ~̂er, ~̂e�, ~̂ez)

VECTORWORKS EDUCATIONAL VERSION

VECTORWORKS EDUCATIONAL VERSION

⇢�

z

P

~̂x1

~̂x2

~̂x3

x3

x2
x1

~̂e⇢

~̂e�

~̂ezligne (⇢, z)

ligne (⇢,�)

ligne (�, z)

O
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Coordonnées cylindriques: position

Le vecteur position s’écrit:

Pour trouver la vitesse, il faut dériver les 
vecteurs unités: on peut les écrire en fonction
de et dériver ensuite.

~̂e⇢ = cos� ~̂x1 + sin� ~̂x2

~̂e� = � sin� ~̂x1 + cos� ~̂x2

~̂ez = ~̂x3

d~̂e⇢
dt

= ��̇ sin� ~̂x1 + �̇ cos� ~̂x2

d~̂e�
dt

= ��̇ cos� ~̂x1 � �̇ sin� ~̂x2

~r =
��!
OP = ⇢ ~̂e⇢ + z ~̂ez

d~̂e⇢
dt

= �̇~̂e�
d~̂e�
dt

= ��̇~̂e⇢

~̂x1, ~̂x2, ~̂x3

VECTORWORKS EDUCATIONAL VERSION

VECTORWORKS EDUCATIONAL VERSION

⇢�

z

P

~̂x1

~̂x2

~̂x3

x3

x2
x1

~̂e⇢

~̂e�

~̂ezligne (⇢, z)

ligne (⇢,�)

ligne (�, z)

O

Vecteur position en
coordonnées cylindriques
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Coordonnées cylindriques: vitesse

La vitesse en coordonnées
cylindriques s’écrit alors:

d~r

dt
= ⇢̇ ~̂e⇢ + ⇢

d

dt
~̂e⇢ + ż ~̂ez

d~r

dt
= ⇢̇ ~e⇢ + ⇢�̇~e� + ż ~ez

VECTORWORKS EDUCATIONAL VERSION

VECTORWORKS EDUCATIONAL VERSION

⇢�

z

P

~̂x1

~̂x2

~̂x3

x3

x2
x1

~̂e⇢

~̂e�

~̂ezligne (⇢, z)

ligne (⇢,�)

ligne (�, z)

O

Vecteur vitesse en
coordonnées cylindriques
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Coordonnées cylindriques: accélération

On dérive une seconde fois par raport au temps pour calculer l’accélération en
coordonnées cylindriques:

~a =
d2~r

dt2
=

d(⇢̇ ~̂e⇢ + ⇢�̇ ~̂e� + ż ~̂ez)

dt

= ⇢̈ ~̂e⇢ + ⇢̇
d~̂e⇢
dt

+ ⇢�̈ ~̂e� + ⇢̇�̇ ~̂e� + ⇢�̇
d~̂e�
dt

+ z̈ ~̂ez

= ⇢̈ ~̂e⇢ + ⇢̇�̇ ~̂e� + ⇢�̈ ~̂e� + ⇢̇�̇ ~̂e� � ⇢�̇2 ~̂e⇢ + z̈ ~̂ez

~a =
�
⇢̈� ⇢�̇2

�
~̂e⇢ +

�
⇢�̈+ 2⇢̇�̇

�
~̂e� + z̈ ~̂ez

Vecteur accélération en
coordonnées cylindriques
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d~"

dt
= "⇢

d~̂e⇢
dt

+ "�
d~̂e�
dt

+ "z
d~̂ez
dt

+
d"⇢
dt

~̂e⇢ +
d"�
dt

~̂e� +
d"z
dt

~̂ez

VECTORWORKS EDUCATIONAL VERSION

VECTORWORKS EDUCATIONAL VERSION

~̂ez

~̂ex
~̂ey

~̂ez ~̂e⇢

~̂e�

z

�
⇢

��!
OP

O

P

Dérivée d’un vecteur fixe dans (P, er, eq, ez):
Formule de Poisson

On considère un point P auquel un système de coordonnées cylindriques
est attaché, et un vecteur qui est fixe dans (P, ~̂er, ~̂e✓, ~̂ez)~"

~"

"⇢

"�

"z

~" = "⇢ ~̂e⇢ + "� ~̂e� + "z ~̂ez

Exemple: Vecteur reliant deux points 
d’un solide

"⇢, "�, "z constants
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VECTORWORKS EDUCATIONAL VERSION

~̂ez

~̂ex
~̂ey

~̂ez ~̂e⇢

~̂e�

z

�
⇢

��!
OP

O

P

Dérivée d’un vecteur fixe dans (P, er, eq, ez):
Formule de Poisson

Nous avons vu qu’en coordonnées cylindriques

~"

"⇢

"�

"z

d~̂e⇢
dt

= �̇~̂e�
d~̂e�
dt

= ��̇~̂e⇢

0

d~"

dt
= "⇢

d~̂e⇢
dt

+ "�
d~̂e�
dt

+ "z
d~̂ez
dt

��̇ ~̂e⇢�̇ ~̂e✓

La dérivée temporelle du vecteur
ne dépend que de      et est perpendiculaire à�̇

~"

~̂ez

d~"

dt
= �"� �̇ ~̂e⇢ + "⇢ �̇ ~̂e�

Notez que le point P peut avoir n’importe
quel mouvement dans le plan , cela
n’affecte pas

� = cste
d~"

dt
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VECTORWORKS EDUCATIONAL VERSION

~̂ez

~̂ex
~̂ey

~̂ez ~̂e⇢

~̂e�

z

�
⇢

��!
OP

O

P

Dérivée d’un vecteur fixe dans (P, er, eq, ez):
Formule de Poisson

Définissons le vecteur de rotation 

~"

"⇢

"�

"z

~! = �̇ ~̂ez

et calculons: ~! ^ ~" =

�������

~̂e⇢ 0 "⇢
~̂e� 0 "�
~̂ez �̇ "z

�������

~! = �̇ ~̂ez

~! ^ ~" = �"� �̇ ~̂e⇢ + "⇢ �̇ ~̂e�

d~"

dt
= ~! ^ ~"

Formule de 
Poisson

=
d~"

dt



Physique Générale: Mécanique pour SC, SIE et GC | Automne 2023 05.01: Coordonnées polaires, cylindriques et sphériques

Faculté 
des sciences
de base

Swiss
Plasma
Center J.-P. Hogge 15

Dérivée d’un vecteur fixe dans (P, er, eq, ez):
Formule de Poisson

La formule de Poisson est généralisable à n’importe quel axe de rotation, qui peut
de plus dépendre du temps !

Cela nous sera très utile lorsque nous aborderons la mécanique du solide
indéformable. 

Définition: Axe de rotation:

Définition: Vitesse angulaire: 

~!

|~!|

|~!|
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VECTORWORKS EDUCATIONAL VERSION

VECTORWORKS EDUCATIONAL VERSION

Retour aux coordonnées cylindriques

⇢�

z

P

~̂x1

~̂x2

~̂x3

x3

x2
x1

~̂e⇢

~̂e�

~̂ez
Une manière plus élégante de trouver les 
dérivées des vecteurs unités est d’utiliser les 
formules de Poisson. Les vecteurs et 
tournent autour de l’axe avec une vitesse
angulaire

ligne (⇢, z)

ligne (⇢,�)

ligne (�, z)

O

d~̂e⇢
dt

= �̇~̂ez ^ ~̂e⇢ = �̇ ~̂e�

d~̂e�
dt

= �̇~̂ez ^ ~̂e� = ��̇ ~̂e⇢

�̇

~! = �̇ ~̂x3

~̂e⇢~̂e�
~̂x3 ⌘ ~̂ez
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Coordonnées sphériques

VECTORWORKS EDUCATIONAL VERSION

VECTORWORKS EDUCATIONAL VERSION

P

~̂x1

~̂x2

~̂x3

x3

x2x1

ligne (r,�)

ligne (r, ✓)

~̂er

~̂e✓

~̂e�

�

✓
r

O

En coordonnées sphériques le point P est paramétré par (r,q,f)

~̂er = sin ✓ cos� ~̂x1 + sin ✓ sin� ~̂x2 + cos ✓ ~̂x3

~̂e✓ = cos ✓ cos� ~̂x1 + cos ✓ sin� ~̂x2 � sin ✓ ~̂x3

~̂e� = � sin� ~̂x1 + cos� ~̂x2

Relations inverses:

~̂x3 = cos ✓ ~̂er � sin ✓ ~̂e✓

~̂er =
⇣
~̂er · ~̂x1

⌘
~̂x1 +

⇣
~̂er · ~̂x2

⌘
~̂x2 +

⇣
~̂er · ~̂x3

⌘
~̂x3

<latexit sha1_base64="X/Hp0lWxwwxK1BI+oU1phzwodGI="></latexit><latexit sha1_base64="X/Hp0lWxwwxK1BI+oU1phzwodGI="></latexit><latexit sha1_base64="X/Hp0lWxwwxK1BI+oU1phzwodGI="></latexit><latexit sha1_base64="X/Hp0lWxwwxK1BI+oU1phzwodGI="></latexit>

~̂e✓ =
⇣
~̂e✓ · ~̂x1

⌘
~̂x1 +

⇣
~̂e✓ · ~̂x2

⌘
~̂x2 +

⇣
~̂e✓ · ~̂x3

⌘
~̂x3

<latexit sha1_base64="7aIo8Bau5DBbzaD+MQct1CwbPHw="></latexit><latexit sha1_base64="7aIo8Bau5DBbzaD+MQct1CwbPHw="></latexit><latexit sha1_base64="7aIo8Bau5DBbzaD+MQct1CwbPHw="></latexit><latexit sha1_base64="7aIo8Bau5DBbzaD+MQct1CwbPHw="></latexit>

~̂e� =
⇣
~̂e� · ~̂x1

⌘
~̂x1 +

⇣
~̂e� · ~̂x2

⌘
~̂x2 +

⇣
~̂e� · ~̂x3

⌘
~̂x3

<latexit sha1_base64="DE+8/TybQ+JMHcP1hWI2vQxC4tU="></latexit><latexit sha1_base64="DE+8/TybQ+JMHcP1hWI2vQxC4tU="></latexit><latexit sha1_base64="DE+8/TybQ+JMHcP1hWI2vQxC4tU="></latexit><latexit sha1_base64="DE+8/TybQ+JMHcP1hWI2vQxC4tU="></latexit>

⇣
~̂er, ~̂e✓, ~̂e�

⌘

<latexit sha1_base64="vzXbv8GFkxmLv8qIqogLoOYUEmY=">AAACMHicbZDJSgNBEIZ7XGPcoh69NAYhQggzQdBjwIMeI5gFMiH0dGoyTXoWumsCYcgjefFR9KKgiFefws5y0MQfGn6+qqK6fi+RQqNtv1lr6xubW9u5nfzu3v7BYeHouKnjVHFo8FjGqu0xDVJE0ECBEtqJAhZ6Elre8GZab41AaRFHDzhOoBuyQSR8wRka1CvcuhJ8LFE3YJi5I+AZTCY9VV4CLgaArLwEk0BQV4lBgBe9QtGu2DPRVeMsTJEsVO8Vnt1+zNMQIuSSad1x7AS7GVMouIRJ3k01JIwP2QA6xkYsBN3NZgdP6LkhferHyrwI6Yz+nshYqPU49ExnyDDQy7Up/K/WSdG/7mYiSlKEiM8X+amkGNNperQvFHCUY2MYV8L8lfKAKcbRZJw3ITjLJ6+aZrXi2BXn/rJYqy7iyJFTckZKxCFXpEbuSJ00CCeP5IW8kw/ryXq1Pq2veeuatZg5IX9kff8Aq92rIQ==</latexit><latexit sha1_base64="vzXbv8GFkxmLv8qIqogLoOYUEmY=">AAACMHicbZDJSgNBEIZ7XGPcoh69NAYhQggzQdBjwIMeI5gFMiH0dGoyTXoWumsCYcgjefFR9KKgiFefws5y0MQfGn6+qqK6fi+RQqNtv1lr6xubW9u5nfzu3v7BYeHouKnjVHFo8FjGqu0xDVJE0ECBEtqJAhZ6Elre8GZab41AaRFHDzhOoBuyQSR8wRka1CvcuhJ8LFE3YJi5I+AZTCY9VV4CLgaArLwEk0BQV4lBgBe9QtGu2DPRVeMsTJEsVO8Vnt1+zNMQIuSSad1x7AS7GVMouIRJ3k01JIwP2QA6xkYsBN3NZgdP6LkhferHyrwI6Yz+nshYqPU49ExnyDDQy7Up/K/WSdG/7mYiSlKEiM8X+amkGNNperQvFHCUY2MYV8L8lfKAKcbRZJw3ITjLJ6+aZrXi2BXn/rJYqy7iyJFTckZKxCFXpEbuSJ00CCeP5IW8kw/ryXq1Pq2veeuatZg5IX9kff8Aq92rIQ==</latexit><latexit sha1_base64="vzXbv8GFkxmLv8qIqogLoOYUEmY=">AAACMHicbZDJSgNBEIZ7XGPcoh69NAYhQggzQdBjwIMeI5gFMiH0dGoyTXoWumsCYcgjefFR9KKgiFefws5y0MQfGn6+qqK6fi+RQqNtv1lr6xubW9u5nfzu3v7BYeHouKnjVHFo8FjGqu0xDVJE0ECBEtqJAhZ6Elre8GZab41AaRFHDzhOoBuyQSR8wRka1CvcuhJ8LFE3YJi5I+AZTCY9VV4CLgaArLwEk0BQV4lBgBe9QtGu2DPRVeMsTJEsVO8Vnt1+zNMQIuSSad1x7AS7GVMouIRJ3k01JIwP2QA6xkYsBN3NZgdP6LkhferHyrwI6Yz+nshYqPU49ExnyDDQy7Up/K/WSdG/7mYiSlKEiM8X+amkGNNperQvFHCUY2MYV8L8lfKAKcbRZJw3ITjLJ6+aZrXi2BXn/rJYqy7iyJFTckZKxCFXpEbuSJ00CCeP5IW8kw/ryXq1Pq2veeuatZg5IX9kff8Aq92rIQ==</latexit><latexit sha1_base64="vzXbv8GFkxmLv8qIqogLoOYUEmY=">AAACMHicbZDJSgNBEIZ7XGPcoh69NAYhQggzQdBjwIMeI5gFMiH0dGoyTXoWumsCYcgjefFR9KKgiFefws5y0MQfGn6+qqK6fi+RQqNtv1lr6xubW9u5nfzu3v7BYeHouKnjVHFo8FjGqu0xDVJE0ECBEtqJAhZ6Elre8GZab41AaRFHDzhOoBuyQSR8wRka1CvcuhJ8LFE3YJi5I+AZTCY9VV4CLgaArLwEk0BQV4lBgBe9QtGu2DPRVeMsTJEsVO8Vnt1+zNMQIuSSad1x7AS7GVMouIRJ3k01JIwP2QA6xkYsBN3NZgdP6LkhferHyrwI6Yz+nshYqPU49ExnyDDQy7Up/K/WSdG/7mYiSlKEiM8X+amkGNNperQvFHCUY2MYV8L8lfKAKcbRZJw3ITjLJ6+aZrXi2BXn/rJYqy7iyJFTckZKxCFXpEbuSJ00CCeP5IW8kw/ryXq1Pq2veeuatZg5IX9kff8Aq92rIQ==</latexit>

⇣
~̂x1, ~̂x2, ~̂x3

⌘

<latexit sha1_base64="rCSq2M/J1v5g/3H6xSlHYQD3Lp8=">AAACLXicbZDLSgNBEEV7fBtfUZduGoMQIYSZKOhS0IXLCCYKmWHo6dQkjT0PumuCYcgPufFXRHAREbf+hp3HwiReaLicqqK6bpBKodG2h9bS8srq2vrGZmFre2d3r7h/0NRJpjg0eCIT9RgwDVLE0ECBEh5TBSwKJDwET9ej+kMPlBZJfI/9FLyIdWIRCs7QIL9440oIsUzdLsPc7QHPnwcD36nMgVqFjjQLz6irRKeLp36xZFftseiicaamRKaq+8V3t53wLIIYuWRatxw7RS9nCgWXMCi4mYaU8SfWgZaxMYtAe/n42gE9MaRNw0SZFyMd078TOYu07keB6YwYdvV8bQT/q7UyDC+9XMRphhDzyaIwkxQTOoqOtoUCjrJvDONKmL9S3mWKcTQBF0wIzvzJi6ZZqzp21bk7L13VpnFskCNyTMrEIRfkitySOmkQTl7IGxmST+vV+rC+rO9J65I1nTkkM7J+fgEQoKfx</latexit><latexit sha1_base64="rCSq2M/J1v5g/3H6xSlHYQD3Lp8=">AAACLXicbZDLSgNBEEV7fBtfUZduGoMQIYSZKOhS0IXLCCYKmWHo6dQkjT0PumuCYcgPufFXRHAREbf+hp3HwiReaLicqqK6bpBKodG2h9bS8srq2vrGZmFre2d3r7h/0NRJpjg0eCIT9RgwDVLE0ECBEh5TBSwKJDwET9ej+kMPlBZJfI/9FLyIdWIRCs7QIL9440oIsUzdLsPc7QHPnwcD36nMgVqFjjQLz6irRKeLp36xZFftseiicaamRKaq+8V3t53wLIIYuWRatxw7RS9nCgWXMCi4mYaU8SfWgZaxMYtAe/n42gE9MaRNw0SZFyMd078TOYu07keB6YwYdvV8bQT/q7UyDC+9XMRphhDzyaIwkxQTOoqOtoUCjrJvDONKmL9S3mWKcTQBF0wIzvzJi6ZZqzp21bk7L13VpnFskCNyTMrEIRfkitySOmkQTl7IGxmST+vV+rC+rO9J65I1nTkkM7J+fgEQoKfx</latexit><latexit sha1_base64="rCSq2M/J1v5g/3H6xSlHYQD3Lp8=">AAACLXicbZDLSgNBEEV7fBtfUZduGoMQIYSZKOhS0IXLCCYKmWHo6dQkjT0PumuCYcgPufFXRHAREbf+hp3HwiReaLicqqK6bpBKodG2h9bS8srq2vrGZmFre2d3r7h/0NRJpjg0eCIT9RgwDVLE0ECBEh5TBSwKJDwET9ej+kMPlBZJfI/9FLyIdWIRCs7QIL9440oIsUzdLsPc7QHPnwcD36nMgVqFjjQLz6irRKeLp36xZFftseiicaamRKaq+8V3t53wLIIYuWRatxw7RS9nCgWXMCi4mYaU8SfWgZaxMYtAe/n42gE9MaRNw0SZFyMd078TOYu07keB6YwYdvV8bQT/q7UyDC+9XMRphhDzyaIwkxQTOoqOtoUCjrJvDONKmL9S3mWKcTQBF0wIzvzJi6ZZqzp21bk7L13VpnFskCNyTMrEIRfkitySOmkQTl7IGxmST+vV+rC+rO9J65I1nTkkM7J+fgEQoKfx</latexit><latexit sha1_base64="rCSq2M/J1v5g/3H6xSlHYQD3Lp8=">AAACLXicbZDLSgNBEEV7fBtfUZduGoMQIYSZKOhS0IXLCCYKmWHo6dQkjT0PumuCYcgPufFXRHAREbf+hp3HwiReaLicqqK6bpBKodG2h9bS8srq2vrGZmFre2d3r7h/0NRJpjg0eCIT9RgwDVLE0ECBEh5TBSwKJDwET9ej+kMPlBZJfI/9FLyIdWIRCs7QIL9440oIsUzdLsPc7QHPnwcD36nMgVqFjjQLz6irRKeLp36xZFftseiicaamRKaq+8V3t53wLIIYuWRatxw7RS9nCgWXMCi4mYaU8SfWgZaxMYtAe/n42gE9MaRNw0SZFyMd078TOYu07keB6YwYdvV8bQT/q7UyDC+9XMRphhDzyaIwkxQTOoqOtoUCjrJvDONKmL9S3mWKcTQBF0wIzvzJi6ZZqzp21bk7L13VpnFskCNyTMrEIRfkitySOmkQTl7IGxmST+vV+rC+rO9J65I1nTkkM7J+fgEQoKfx</latexit>

~̂x1 = sin ✓ cos� ~̂er + cos ✓ cos� ~̂e✓ � sin� ~̂e�
<latexit sha1_base64="zebPetdtBtyDUPY80bHBf99o+f8="></latexit><latexit sha1_base64="zebPetdtBtyDUPY80bHBf99o+f8="></latexit><latexit sha1_base64="zebPetdtBtyDUPY80bHBf99o+f8="></latexit><latexit sha1_base64="zebPetdtBtyDUPY80bHBf99o+f8="></latexit>

~̂x2 = sin ✓ sin� ~̂er + cos ✓ sin� ~̂e✓ + cos� ~̂e�
<latexit sha1_base64="TmrtnDt18RXqEringvliD8phUMA="></latexit><latexit sha1_base64="TmrtnDt18RXqEringvliD8phUMA="></latexit><latexit sha1_base64="TmrtnDt18RXqEringvliD8phUMA="></latexit><latexit sha1_base64="TmrtnDt18RXqEringvliD8phUMA="></latexit>
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~̂er = sin ✓ cos� ~̂x1 + sin ✓ sin� ~̂x2 + cos ✓ ~̂x3

~̂e✓ = cos ✓ cos� ~̂x1 + cos ✓ sin� ~̂x2 � sin ✓ ~̂x3

~̂e� = � sin� ~̂x1 + cos� ~̂x2

Coordonnées sphériques: 
dérivées des vecteurs unites (methode 1)

d

dt
~̂er = ✓̇ cos ✓ cos� ~̂x1 � �̇ sin ✓ sin� ~̂x1 + ✓̇ cos ✓ sin� ~̂x2 + �̇ sin ✓ cos� ~̂x2 � ✓̇ sin ✓ ~̂x3

= ✓̇
�
cos ✓ cos� ~̂x1 + cos ✓ sin� ~̂x2 � sin ✓ ~̂x3

�
+ �̇ sin ✓

�
� sin� ~̂x1 + cos� ~̂x2

�

d

dt
~̂er = ✓̇ ~̂e✓ + �̇ sin ✓ ~̂e�

~̂x1 = cos� sin ✓ ~̂er + cos� cos ✓ ~̂e✓ � sin� ~̂e�
~̂x2 = sin� sin ✓ ~̂er + sin� cos ✓ ~̂e✓ + cos� ~̂e�

~̂x3 = cos ✓ ~̂er � sin ✓ ~̂e✓

d

dt
~̂e� = ��̇

�
cos� ~̂x1 + sin� ~̂x2

�

= ��̇
�
cos2 � sin ✓ ~̂er + cos2 � cos ✓ ~̂e✓ � cos� sin� ~̂e�

�

��̇
�
sin2 � sin ✓ ~̂er + sin2 � cos ✓ ~̂e✓ + cos� sin� ~̂e�

�

d

dt
~̂e� = ��̇ sin ✓ ~̂er � �̇ cos ✓ ~̂e✓

d

dt
~̂e✓ = �✓̇ sin ✓ cos� ~̂x1 � �̇ cos ✓ sin� ~̂x1 � ✓̇ sin ✓ sin� ~̂x2 + �̇ cos ✓ cos� ~̂x2 � ✓̇ cos ✓ ~̂x3

= �✓̇
�
sin ✓ cos� ~̂x1 + sin ✓ sin� ~̂x2 + cos ✓ ~̂x3

�
+ �̇ cos ✓

�
� sin� ~̂x1 + cos� ~̂x2

�

d

dt
~̂e✓ = �✓̇ ~̂er + �̇ cos ✓ ~̂e�
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VECTORWORKS EDUCATIONAL VERSION

VECTORWORKS EDUCATIONAL VERSION

P

~̂x1

~̂x2

~̂x3

x3 ~̂er

~̂e✓

~̂e�

�

✓
r

O

~!1
<latexit sha1_base64="aVm+pLyb6C7Br+TMTFs8caXi84Q=">AAAB9XicdVDLSgNBEJyNrxhfUY9eBoPgKcwEMckt4MVjBPOAZA2zk95kyOyDmdlIWPIfXjwo4tV/8ebfOJtEUNGChqKqm+4uL5ZCG0I+nNza+sbmVn67sLO7t39QPDxq6yhRHFo8kpHqekyDFCG0jDASurECFngSOt7kKvM7U1BaROGtmcXgBmwUCl9wZqx0158CT/tRACM2H9BBsUTKhBBKKc4IrV4SS+r1WoXWMM0sixJaoTkovveHEU8CCA2XTOseJbFxU6aM4BLmhX6iIWZ8wkbQszRkAWg3XVw9x2dWGWI/UrZCgxfq94mUBVrPAs92BsyM9W8vE//yeonxa24qwjgxEPLlIj+R2EQ4iwAPhQJu5MwSxpWwt2I+ZopxY4Mq2BC+PsX/k3alTEmZ3lyUGpVVHHl0gk7ROaKoihroGjVRC3Gk0AN6Qs/OvfPovDivy9acs5o5Rj/gvH0C3yWSsw==</latexit><latexit sha1_base64="aVm+pLyb6C7Br+TMTFs8caXi84Q=">AAAB9XicdVDLSgNBEJyNrxhfUY9eBoPgKcwEMckt4MVjBPOAZA2zk95kyOyDmdlIWPIfXjwo4tV/8ebfOJtEUNGChqKqm+4uL5ZCG0I+nNza+sbmVn67sLO7t39QPDxq6yhRHFo8kpHqekyDFCG0jDASurECFngSOt7kKvM7U1BaROGtmcXgBmwUCl9wZqx0158CT/tRACM2H9BBsUTKhBBKKc4IrV4SS+r1WoXWMM0sixJaoTkovveHEU8CCA2XTOseJbFxU6aM4BLmhX6iIWZ8wkbQszRkAWg3XVw9x2dWGWI/UrZCgxfq94mUBVrPAs92BsyM9W8vE//yeonxa24qwjgxEPLlIj+R2EQ4iwAPhQJu5MwSxpWwt2I+ZopxY4Mq2BC+PsX/k3alTEmZ3lyUGpVVHHl0gk7ROaKoihroGjVRC3Gk0AN6Qs/OvfPovDivy9acs5o5Rj/gvH0C3yWSsw==</latexit><latexit sha1_base64="aVm+pLyb6C7Br+TMTFs8caXi84Q=">AAAB9XicdVDLSgNBEJyNrxhfUY9eBoPgKcwEMckt4MVjBPOAZA2zk95kyOyDmdlIWPIfXjwo4tV/8ebfOJtEUNGChqKqm+4uL5ZCG0I+nNza+sbmVn67sLO7t39QPDxq6yhRHFo8kpHqekyDFCG0jDASurECFngSOt7kKvM7U1BaROGtmcXgBmwUCl9wZqx0158CT/tRACM2H9BBsUTKhBBKKc4IrV4SS+r1WoXWMM0sixJaoTkovveHEU8CCA2XTOseJbFxU6aM4BLmhX6iIWZ8wkbQszRkAWg3XVw9x2dWGWI/UrZCgxfq94mUBVrPAs92BsyM9W8vE//yeonxa24qwjgxEPLlIj+R2EQ4iwAPhQJu5MwSxpWwt2I+ZopxY4Mq2BC+PsX/k3alTEmZ3lyUGpVVHHl0gk7ROaKoihroGjVRC3Gk0AN6Qs/OvfPovDivy9acs5o5Rj/gvH0C3yWSsw==</latexit><latexit sha1_base64="aVm+pLyb6C7Br+TMTFs8caXi84Q=">AAAB9XicdVDLSgNBEJyNrxhfUY9eBoPgKcwEMckt4MVjBPOAZA2zk95kyOyDmdlIWPIfXjwo4tV/8ebfOJtEUNGChqKqm+4uL5ZCG0I+nNza+sbmVn67sLO7t39QPDxq6yhRHFo8kpHqekyDFCG0jDASurECFngSOt7kKvM7U1BaROGtmcXgBmwUCl9wZqx0158CT/tRACM2H9BBsUTKhBBKKc4IrV4SS+r1WoXWMM0sixJaoTkovveHEU8CCA2XTOseJbFxU6aM4BLmhX6iIWZ8wkbQszRkAWg3XVw9x2dWGWI/UrZCgxfq94mUBVrPAs92BsyM9W8vE//yeonxa24qwjgxEPLlIj+R2EQ4iwAPhQJu5MwSxpWwt2I+ZopxY4Mq2BC+PsX/k3alTEmZ3lyUGpVVHHl0gk7ROaKoihroGjVRC3Gk0AN6Qs/OvfPovDivy9acs5o5Rj/gvH0C3yWSsw==</latexit>

~!2
<latexit sha1_base64="8QUFQzX0H5lFHAoK82pySRBo7M0=">AAAB+HicdVDJSgNBEO2JW4xLRj16aQyCp6FnErLcAl48RjALJCH0dCpJk56F7p5AHPIlXjwo4tVP8ebf2FkEFX1Q8Hiviqp6fiy40oR8WJmt7Z3dvex+7uDw6Dhvn5y2VJRIBk0WiUh2fKpA8BCammsBnVgCDXwBbX96vfTbM5CKR+GdnsfQD+g45CPOqDbSwM73ZsDSXhTAmC4GHh7YBeKQqlciFUycMinX3JohXtGrekXsOmSFAtqgMbDfe8OIJQGEmgmqVNclse6nVGrOBCxyvURBTNmUjqFraEgDUP10dfgCXxpliEeRNBVqvFK/T6Q0UGoe+KYzoHqifntL8S+vm+hRtZ/yME40hGy9aJQIrCO8TAEPuQSmxdwQyiQ3t2I2oZIybbLKmRC+PsX/k5bnuMRxb0uFureJI4vO0QW6Qi6qoDq6QQ3URAwl6AE9oWfr3nq0XqzXdWvG2sycoR+w3j4BzqWTIQ==</latexit><latexit sha1_base64="8QUFQzX0H5lFHAoK82pySRBo7M0=">AAAB+HicdVDJSgNBEO2JW4xLRj16aQyCp6FnErLcAl48RjALJCH0dCpJk56F7p5AHPIlXjwo4tVP8ebf2FkEFX1Q8Hiviqp6fiy40oR8WJmt7Z3dvex+7uDw6Dhvn5y2VJRIBk0WiUh2fKpA8BCammsBnVgCDXwBbX96vfTbM5CKR+GdnsfQD+g45CPOqDbSwM73ZsDSXhTAmC4GHh7YBeKQqlciFUycMinX3JohXtGrekXsOmSFAtqgMbDfe8OIJQGEmgmqVNclse6nVGrOBCxyvURBTNmUjqFraEgDUP10dfgCXxpliEeRNBVqvFK/T6Q0UGoe+KYzoHqifntL8S+vm+hRtZ/yME40hGy9aJQIrCO8TAEPuQSmxdwQyiQ3t2I2oZIybbLKmRC+PsX/k5bnuMRxb0uFureJI4vO0QW6Qi6qoDq6QQ3URAwl6AE9oWfr3nq0XqzXdWvG2sycoR+w3j4BzqWTIQ==</latexit><latexit sha1_base64="8QUFQzX0H5lFHAoK82pySRBo7M0=">AAAB+HicdVDJSgNBEO2JW4xLRj16aQyCp6FnErLcAl48RjALJCH0dCpJk56F7p5AHPIlXjwo4tVP8ebf2FkEFX1Q8Hiviqp6fiy40oR8WJmt7Z3dvex+7uDw6Dhvn5y2VJRIBk0WiUh2fKpA8BCammsBnVgCDXwBbX96vfTbM5CKR+GdnsfQD+g45CPOqDbSwM73ZsDSXhTAmC4GHh7YBeKQqlciFUycMinX3JohXtGrekXsOmSFAtqgMbDfe8OIJQGEmgmqVNclse6nVGrOBCxyvURBTNmUjqFraEgDUP10dfgCXxpliEeRNBVqvFK/T6Q0UGoe+KYzoHqifntL8S+vm+hRtZ/yME40hGy9aJQIrCO8TAEPuQSmxdwQyiQ3t2I2oZIybbLKmRC+PsX/k5bnuMRxb0uFureJI4vO0QW6Qi6qoDq6QQ3URAwl6AE9oWfr3nq0XqzXdWvG2sycoR+w3j4BzqWTIQ==</latexit><latexit sha1_base64="8QUFQzX0H5lFHAoK82pySRBo7M0=">AAAB+HicdVDJSgNBEO2JW4xLRj16aQyCp6FnErLcAl48RjALJCH0dCpJk56F7p5AHPIlXjwo4tVP8ebf2FkEFX1Q8Hiviqp6fiy40oR8WJmt7Z3dvex+7uDw6Dhvn5y2VJRIBk0WiUh2fKpA8BCammsBnVgCDXwBbX96vfTbM5CKR+GdnsfQD+g45CPOqDbSwM73ZsDSXhTAmC4GHh7YBeKQqlciFUycMinX3JohXtGrekXsOmSFAtqgMbDfe8OIJQGEmgmqVNclse6nVGrOBCxyvURBTNmUjqFraEgDUP10dfgCXxpliEeRNBVqvFK/T6Q0UGoe+KYzoHqifntL8S+vm+hRtZ/yME40hGy9aJQIrCO8TAEPuQSmxdwQyiQ3t2I2oZIybbLKmRC+PsX/k5bnuMRxb0uFureJI4vO0QW6Qi6qoDq6QQ3URAwl6AE9oWfr3nq0XqzXdWvG2sycoR+w3j4BzqWTIQ==</latexit>

Coordonnées sphériques: 
dérivées des vecteurs unites (methode 2)

Vecteur rotation en coordonnées sphériques. 

Le vecteur OP subit deux rotations:

• Une rotation autour de     à la vitesse
angulaire

• Une rotation autour de
à la vitesse angulaire

• Sans démonstration:    

~̂e�
<latexit sha1_base64="gA8dow+2nlKaLgM5rWvNlQ0i1Fs=">AAAB/HicdVDLSgNBEJyNrxhfqzl6GQyCpzATxCS3gBePEcwDsiHMTjrJkNkHM7OBsMRf8eJBEa9+iDf/xtkkgooWNBRV3XR3+bEU2hDy4eQ2Nre2d/K7hb39g8Mj9/ikraNEcWjxSEaq6zMNUoTQMsJI6MYKWOBL6PjT68zvzEBpEYV3Zh5DP2DjUIwEZ8ZKA7foTZhJvRnwFBaLgRdPBB64JVImhFBKcUZo9YpYUq/XKrSGaWZZlNAazYH77g0jngQQGi6Z1j1KYtNPmTKCS1gUvERDzPiUjaFnacgC0P10efwCn1tliEeRshUavFS/T6Qs0Hoe+LYzYGaif3uZ+JfXS8yo1k9FGCcGQr5aNEokNhHOksBDoYAbObeEcSXsrZhPmGLc2LwKNoSvT/H/pF0pU1Kmt5elRmUdRx6dojN0gSiqoga6QU3UQhzN0QN6Qs/OvfPovDivq9acs54poh9w3j4BZmKVMw==</latexit><latexit sha1_base64="gA8dow+2nlKaLgM5rWvNlQ0i1Fs=">AAAB/HicdVDLSgNBEJyNrxhfqzl6GQyCpzATxCS3gBePEcwDsiHMTjrJkNkHM7OBsMRf8eJBEa9+iDf/xtkkgooWNBRV3XR3+bEU2hDy4eQ2Nre2d/K7hb39g8Mj9/ikraNEcWjxSEaq6zMNUoTQMsJI6MYKWOBL6PjT68zvzEBpEYV3Zh5DP2DjUIwEZ8ZKA7foTZhJvRnwFBaLgRdPBB64JVImhFBKcUZo9YpYUq/XKrSGaWZZlNAazYH77g0jngQQGi6Z1j1KYtNPmTKCS1gUvERDzPiUjaFnacgC0P10efwCn1tliEeRshUavFS/T6Qs0Hoe+LYzYGaif3uZ+JfXS8yo1k9FGCcGQr5aNEokNhHOksBDoYAbObeEcSXsrZhPmGLc2LwKNoSvT/H/pF0pU1Kmt5elRmUdRx6dojN0gSiqoga6QU3UQhzN0QN6Qs/OvfPovDivq9acs54poh9w3j4BZmKVMw==</latexit><latexit sha1_base64="gA8dow+2nlKaLgM5rWvNlQ0i1Fs=">AAAB/HicdVDLSgNBEJyNrxhfqzl6GQyCpzATxCS3gBePEcwDsiHMTjrJkNkHM7OBsMRf8eJBEa9+iDf/xtkkgooWNBRV3XR3+bEU2hDy4eQ2Nre2d/K7hb39g8Mj9/ikraNEcWjxSEaq6zMNUoTQMsJI6MYKWOBL6PjT68zvzEBpEYV3Zh5DP2DjUIwEZ8ZKA7foTZhJvRnwFBaLgRdPBB64JVImhFBKcUZo9YpYUq/XKrSGaWZZlNAazYH77g0jngQQGi6Z1j1KYtNPmTKCS1gUvERDzPiUjaFnacgC0P10efwCn1tliEeRshUavFS/T6Qs0Hoe+LYzYGaif3uZ+JfXS8yo1k9FGCcGQr5aNEokNhHOksBDoYAbObeEcSXsrZhPmGLc2LwKNoSvT/H/pF0pU1Kmt5elRmUdRx6dojN0gSiqoga6QU3UQhzN0QN6Qs/OvfPovDivq9acs54poh9w3j4BZmKVMw==</latexit><latexit sha1_base64="gA8dow+2nlKaLgM5rWvNlQ0i1Fs=">AAAB/HicdVDLSgNBEJyNrxhfqzl6GQyCpzATxCS3gBePEcwDsiHMTjrJkNkHM7OBsMRf8eJBEa9+iDf/xtkkgooWNBRV3XR3+bEU2hDy4eQ2Nre2d/K7hb39g8Mj9/ikraNEcWjxSEaq6zMNUoTQMsJI6MYKWOBL6PjT68zvzEBpEYV3Zh5DP2DjUIwEZ8ZKA7foTZhJvRnwFBaLgRdPBB64JVImhFBKcUZo9YpYUq/XKrSGaWZZlNAazYH77g0jngQQGi6Z1j1KYtNPmTKCS1gUvERDzPiUjaFnacgC0P10efwCn1tliEeRshUavFS/T6Qs0Hoe+LYzYGaif3uZ+JfXS8yo1k9FGCcGQr5aNEokNhHOksBDoYAbObeEcSXsrZhPmGLc2LwKNoSvT/H/pF0pU1Kmt5elRmUdRx6dojN0gSiqoga6QU3UQhzN0QN6Qs/OvfPovDivq9acs54poh9w3j4BZmKVMw==</latexit>

✓̇
<latexit sha1_base64="MWNX+s29TnYWGcXns0HJj/vV5wo=">AAAB83icdVDLSgMxFM34rPVVdekmWARXJSli213BjcsK9gGdoWTStA3NZIbkjlCG/oYbF4q49Wfc+Tdm2goqeiBwOOce7s0JEyUtEPLhra1vbG5tF3aKu3v7B4elo+OOjVPDRZvHKja9kFmhpBZtkKBELzGCRaES3XB6nfvde2GsjPUdzBIRRGys5UhyBk7y/WEMmQ8TAWw+KJVJhRBCKcU5obUr4kijUa/SOqa55VBGK7QGpXcX52kkNHDFrO1TkkCQMQOSKzEv+qkVCeNTNhZ9RzWLhA2yxc1zfO6UIR7Fxj0NeKF+T2QssnYWhW4yYjCxv71c/MvrpzCqB5nUSQpC8+WiUaowxDgvAA+lERzUzBHGjXS3Yj5hhnFwNRVdCV8/xf+TTrVCSYXeXpab1VUdBXSKztAFoqiGmugGtVAbcZSgB/SEnr3Ue/RevNfl6Jq3ypygH/DePgHSOJIl</latexit><latexit sha1_base64="MWNX+s29TnYWGcXns0HJj/vV5wo=">AAAB83icdVDLSgMxFM34rPVVdekmWARXJSli213BjcsK9gGdoWTStA3NZIbkjlCG/oYbF4q49Wfc+Tdm2goqeiBwOOce7s0JEyUtEPLhra1vbG5tF3aKu3v7B4elo+OOjVPDRZvHKja9kFmhpBZtkKBELzGCRaES3XB6nfvde2GsjPUdzBIRRGys5UhyBk7y/WEMmQ8TAWw+KJVJhRBCKcU5obUr4kijUa/SOqa55VBGK7QGpXcX52kkNHDFrO1TkkCQMQOSKzEv+qkVCeNTNhZ9RzWLhA2yxc1zfO6UIR7Fxj0NeKF+T2QssnYWhW4yYjCxv71c/MvrpzCqB5nUSQpC8+WiUaowxDgvAA+lERzUzBHGjXS3Yj5hhnFwNRVdCV8/xf+TTrVCSYXeXpab1VUdBXSKztAFoqiGmugGtVAbcZSgB/SEnr3Ue/RevNfl6Jq3ypygH/DePgHSOJIl</latexit><latexit sha1_base64="MWNX+s29TnYWGcXns0HJj/vV5wo=">AAAB83icdVDLSgMxFM34rPVVdekmWARXJSli213BjcsK9gGdoWTStA3NZIbkjlCG/oYbF4q49Wfc+Tdm2goqeiBwOOce7s0JEyUtEPLhra1vbG5tF3aKu3v7B4elo+OOjVPDRZvHKja9kFmhpBZtkKBELzGCRaES3XB6nfvde2GsjPUdzBIRRGys5UhyBk7y/WEMmQ8TAWw+KJVJhRBCKcU5obUr4kijUa/SOqa55VBGK7QGpXcX52kkNHDFrO1TkkCQMQOSKzEv+qkVCeNTNhZ9RzWLhA2yxc1zfO6UIR7Fxj0NeKF+T2QssnYWhW4yYjCxv71c/MvrpzCqB5nUSQpC8+WiUaowxDgvAA+lERzUzBHGjXS3Yj5hhnFwNRVdCV8/xf+TTrVCSYXeXpab1VUdBXSKztAFoqiGmugGtVAbcZSgB/SEnr3Ue/RevNfl6Jq3ypygH/DePgHSOJIl</latexit><latexit sha1_base64="MWNX+s29TnYWGcXns0HJj/vV5wo=">AAAB83icdVDLSgMxFM34rPVVdekmWARXJSli213BjcsK9gGdoWTStA3NZIbkjlCG/oYbF4q49Wfc+Tdm2goqeiBwOOce7s0JEyUtEPLhra1vbG5tF3aKu3v7B4elo+OOjVPDRZvHKja9kFmhpBZtkKBELzGCRaES3XB6nfvde2GsjPUdzBIRRGys5UhyBk7y/WEMmQ8TAWw+KJVJhRBCKcU5obUr4kijUa/SOqa55VBGK7QGpXcX52kkNHDFrO1TkkCQMQOSKzEv+qkVCeNTNhZ9RzWLhA2yxc1zfO6UIR7Fxj0NeKF+T2QssnYWhW4yYjCxv71c/MvrpzCqB5nUSQpC8+WiUaowxDgvAA+lERzUzBHGjXS3Yj5hhnFwNRVdCV8/xf+TTrVCSYXeXpab1VUdBXSKztAFoqiGmugGtVAbcZSgB/SEnr3Ue/RevNfl6Jq3ypygH/DePgHSOJIl</latexit>

~̂x3 = cos ✓ ~̂er � sin ✓ ~̂e✓
<latexit sha1_base64="Bg6oGg8SWbmUKsJ9dcBxSCLnBoI="></latexit><latexit sha1_base64="Bg6oGg8SWbmUKsJ9dcBxSCLnBoI="></latexit><latexit sha1_base64="Bg6oGg8SWbmUKsJ9dcBxSCLnBoI="></latexit><latexit sha1_base64="Bg6oGg8SWbmUKsJ9dcBxSCLnBoI="></latexit>

�̇
<latexit sha1_base64="DpwntJWU5umFb4UaDGgVbd/qnSs=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjLT0seu4MZlBfvAtpRMmrahmcyQ3BHK0L9w40IRt/6NO//G9CGo6IHA4Zx7yL0niKUwQMiHk9nY3Nreye7m9vYPDo/yxyctEyWa8SaLZKQ7ATVcCsWbIEDyTqw5DQPJ28H0auG377k2IlK3MIt5P6RjJUaCUbDSXW8YQdqLJ2I+yBeIS6p+iVQwccukXPNqlvhFv+oXseeSJQpojcYg/27DLAm5AiapMV2PxNBPqQbBJJ/neonhMWVTOuZdSxUNuemny43n+MIqQzyKtH0K8FL9nkhpaMwsDOxkSGFifnsL8S+vm8Co2k+FihPgiq0+GiUSQ4QX5+Oh0JyBnFlCmRZ2V8wmVFMGtqScLeHrUvw/afmuR1zvplSo++s6sugMnaNL5KEKqqNr1EBNxJBCD+gJPTvGeXRenNfVaMZZZ07RDzhvn1fSkU4=</latexit><latexit sha1_base64="DpwntJWU5umFb4UaDGgVbd/qnSs=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjLT0seu4MZlBfvAtpRMmrahmcyQ3BHK0L9w40IRt/6NO//G9CGo6IHA4Zx7yL0niKUwQMiHk9nY3Nreye7m9vYPDo/yxyctEyWa8SaLZKQ7ATVcCsWbIEDyTqw5DQPJ28H0auG377k2IlK3MIt5P6RjJUaCUbDSXW8YQdqLJ2I+yBeIS6p+iVQwccukXPNqlvhFv+oXseeSJQpojcYg/27DLAm5AiapMV2PxNBPqQbBJJ/neonhMWVTOuZdSxUNuemny43n+MIqQzyKtH0K8FL9nkhpaMwsDOxkSGFifnsL8S+vm8Co2k+FihPgiq0+GiUSQ4QX5+Oh0JyBnFlCmRZ2V8wmVFMGtqScLeHrUvw/afmuR1zvplSo++s6sugMnaNL5KEKqqNr1EBNxJBCD+gJPTvGeXRenNfVaMZZZ07RDzhvn1fSkU4=</latexit><latexit sha1_base64="DpwntJWU5umFb4UaDGgVbd/qnSs=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjLT0seu4MZlBfvAtpRMmrahmcyQ3BHK0L9w40IRt/6NO//G9CGo6IHA4Zx7yL0niKUwQMiHk9nY3Nreye7m9vYPDo/yxyctEyWa8SaLZKQ7ATVcCsWbIEDyTqw5DQPJ28H0auG377k2IlK3MIt5P6RjJUaCUbDSXW8YQdqLJ2I+yBeIS6p+iVQwccukXPNqlvhFv+oXseeSJQpojcYg/27DLAm5AiapMV2PxNBPqQbBJJ/neonhMWVTOuZdSxUNuemny43n+MIqQzyKtH0K8FL9nkhpaMwsDOxkSGFifnsL8S+vm8Co2k+FihPgiq0+GiUSQ4QX5+Oh0JyBnFlCmRZ2V8wmVFMGtqScLeHrUvw/afmuR1zvplSo++s6sugMnaNL5KEKqqNr1EBNxJBCD+gJPTvGeXRenNfVaMZZZ07RDzhvn1fSkU4=</latexit><latexit sha1_base64="DpwntJWU5umFb4UaDGgVbd/qnSs=">AAAB8XicdVDLSgMxFM3UV62vqks3wSK4GjLT0seu4MZlBfvAtpRMmrahmcyQ3BHK0L9w40IRt/6NO//G9CGo6IHA4Zx7yL0niKUwQMiHk9nY3Nreye7m9vYPDo/yxyctEyWa8SaLZKQ7ATVcCsWbIEDyTqw5DQPJ28H0auG377k2IlK3MIt5P6RjJUaCUbDSXW8YQdqLJ2I+yBeIS6p+iVQwccukXPNqlvhFv+oXseeSJQpojcYg/27DLAm5AiapMV2PxNBPqQbBJJ/neonhMWVTOuZdSxUNuemny43n+MIqQzyKtH0K8FL9nkhpaMwsDOxkSGFifnsL8S+vm8Co2k+FihPgiq0+GiUSQ4QX5+Oh0JyBnFlCmRZ2V8wmVFMGtqScLeHrUvw/afmuR1zvplSo++s6sugMnaNL5KEKqqNr1EBNxJBCD+gJPTvGeXRenNfVaMZZZ07RDzhvn1fSkU4=</latexit>

~!2 = �̇
⇣
cos ✓ ~̂er � sin ✓ ~̂e✓

⌘

<latexit sha1_base64="umsqAHvDe+oeSs2dr/3kzU/1cP0="></latexit><latexit sha1_base64="umsqAHvDe+oeSs2dr/3kzU/1cP0="></latexit><latexit sha1_base64="umsqAHvDe+oeSs2dr/3kzU/1cP0="></latexit><latexit sha1_base64="umsqAHvDe+oeSs2dr/3kzU/1cP0="></latexit>

~!1 = ✓̇~̂e�
<latexit sha1_base64="u49CRrB12JmpVwLkzSCkI8XG9zY="></latexit><latexit sha1_base64="u49CRrB12JmpVwLkzSCkI8XG9zY="></latexit><latexit sha1_base64="u49CRrB12JmpVwLkzSCkI8XG9zY="></latexit><latexit sha1_base64="u49CRrB12JmpVwLkzSCkI8XG9zY="></latexit>

~! = ~!1 + ~!2
<latexit sha1_base64="dvnQ1ZE1amiJ5HkmYMkvs5AvTEY=">AAACFXicbVDLSsNAFJ34rPUVdelmsAiCUpIi6EYouHFZwT6gCWEyvW2HziRhZlIooT/hxl9x40IRt4I7/8Zpm0UfHhg495x7uXNPmHCmtOP8WmvrG5tb24Wd4u7e/sGhfXTcUHEqKdRpzGPZCokCziKoa6Y5tBIJRIQcmuHgfuI3hyAVi6MnPUrAF6QXsS6jRBspsK+8IdDMiwX0yBjf4fkycC8Xykpgl5yyMwVeJW5OSihHLbB/vE5MUwGRppwo1XadRPsZkZpRDuOilypICB2QHrQNjYgA5WfTq8b43Cgd3I2leZHGU3V+IiNCqZEITacguq+WvYn4n9dOdffWz1iUpBoiOlvUTTnWMZ5EhDtMAtV8ZAihkpm/YtonklBtgiyaENzlk1dJo1J2nbL7eF2qVvI4CugUnaEL5KIbVEUPqIbqiKJn9Ire0Yf1Yr1Zn9bXrHXNymdO0AKs7z+SCp8B</latexit><latexit sha1_base64="dvnQ1ZE1amiJ5HkmYMkvs5AvTEY=">AAACFXicbVDLSsNAFJ34rPUVdelmsAiCUpIi6EYouHFZwT6gCWEyvW2HziRhZlIooT/hxl9x40IRt4I7/8Zpm0UfHhg495x7uXNPmHCmtOP8WmvrG5tb24Wd4u7e/sGhfXTcUHEqKdRpzGPZCokCziKoa6Y5tBIJRIQcmuHgfuI3hyAVi6MnPUrAF6QXsS6jRBspsK+8IdDMiwX0yBjf4fkycC8Xykpgl5yyMwVeJW5OSihHLbB/vE5MUwGRppwo1XadRPsZkZpRDuOilypICB2QHrQNjYgA5WfTq8b43Cgd3I2leZHGU3V+IiNCqZEITacguq+WvYn4n9dOdffWz1iUpBoiOlvUTTnWMZ5EhDtMAtV8ZAihkpm/YtonklBtgiyaENzlk1dJo1J2nbL7eF2qVvI4CugUnaEL5KIbVEUPqIbqiKJn9Ire0Yf1Yr1Zn9bXrHXNymdO0AKs7z+SCp8B</latexit><latexit sha1_base64="dvnQ1ZE1amiJ5HkmYMkvs5AvTEY=">AAACFXicbVDLSsNAFJ34rPUVdelmsAiCUpIi6EYouHFZwT6gCWEyvW2HziRhZlIooT/hxl9x40IRt4I7/8Zpm0UfHhg495x7uXNPmHCmtOP8WmvrG5tb24Wd4u7e/sGhfXTcUHEqKdRpzGPZCokCziKoa6Y5tBIJRIQcmuHgfuI3hyAVi6MnPUrAF6QXsS6jRBspsK+8IdDMiwX0yBjf4fkycC8Xykpgl5yyMwVeJW5OSihHLbB/vE5MUwGRppwo1XadRPsZkZpRDuOilypICB2QHrQNjYgA5WfTq8b43Cgd3I2leZHGU3V+IiNCqZEITacguq+WvYn4n9dOdffWz1iUpBoiOlvUTTnWMZ5EhDtMAtV8ZAihkpm/YtonklBtgiyaENzlk1dJo1J2nbL7eF2qVvI4CugUnaEL5KIbVEUPqIbqiKJn9Ire0Yf1Yr1Zn9bXrHXNymdO0AKs7z+SCp8B</latexit><latexit sha1_base64="dvnQ1ZE1amiJ5HkmYMkvs5AvTEY=">AAACFXicbVDLSsNAFJ34rPUVdelmsAiCUpIi6EYouHFZwT6gCWEyvW2HziRhZlIooT/hxl9x40IRt4I7/8Zpm0UfHhg495x7uXNPmHCmtOP8WmvrG5tb24Wd4u7e/sGhfXTcUHEqKdRpzGPZCokCziKoa6Y5tBIJRIQcmuHgfuI3hyAVi6MnPUrAF6QXsS6jRBspsK+8IdDMiwX0yBjf4fkycC8Xykpgl5yyMwVeJW5OSihHLbB/vE5MUwGRppwo1XadRPsZkZpRDuOilypICB2QHrQNjYgA5WfTq8b43Cgd3I2leZHGU3V+IiNCqZEITacguq+WvYn4n9dOdffWz1iUpBoiOlvUTTnWMZ5EhDtMAtV8ZAihkpm/YtonklBtgiyaENzlk1dJo1J2nbL7eF2qVvI4CugUnaEL5KIbVEUPqIbqiKJn9Ire0Yf1Yr1Zn9bXrHXNymdO0AKs7z+SCp8B</latexit>

~! = �̇ cos ✓ ~̂er � �̇ sin ✓ ~̂e✓ + ✓̇ ~̂e�
<latexit sha1_base64="9qJsKoNsXFLSbmdOjUkpnahZtcY="></latexit><latexit sha1_base64="9qJsKoNsXFLSbmdOjUkpnahZtcY="></latexit><latexit sha1_base64="9qJsKoNsXFLSbmdOjUkpnahZtcY="></latexit><latexit sha1_base64="9qJsKoNsXFLSbmdOjUkpnahZtcY="></latexit>
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Coordonnées sphériques: 
dérivées des vecteurs unites (methode 2)

Pour calculer les dérivées des vecteurs de base on utilise la formule de Poisson:

d~"

dt
= ~! ^ ~" ~! = �̇ cos ✓ ~̂er � �̇ sin ✓ ~̂e✓ + ✓̇ ~̂e�

<latexit sha1_base64="9qJsKoNsXFLSbmdOjUkpnahZtcY="></latexit><latexit sha1_base64="9qJsKoNsXFLSbmdOjUkpnahZtcY="></latexit><latexit sha1_base64="9qJsKoNsXFLSbmdOjUkpnahZtcY="></latexit><latexit sha1_base64="9qJsKoNsXFLSbmdOjUkpnahZtcY="></latexit>

~" = ~̂er, ~̂e✓, ~̂e�
<latexit sha1_base64="KO3obQTt69dIw0QZwnMo2gCfJqw=">AAACP3icbZA9SwNBEIb3/DZ+RS1tFoNgEcKdCNoIgo2lgolCLoS5zcRb3Ns7ducC4bh/ZuNfsLO1sVDE1s5NTKHRgYWX551hdt4oU9KS7z95M7Nz8wuLS8uVldW19Y3q5lbLprkR2BSpSs1NBBaV1NgkSQpvMoOQRAqvo7uzkX89QGNlqq9omGEngVst+1IAOdSttsIBiiIcgMHMSpXqkp9wHsZAxdjBsuwaXneoPkVDipGg/o+RxbJbrfkNf1z8rwgmosYmddGtPoa9VOQJahIKrG0HfkadAgxJobCshLnFDMQd3GLbSQ0J2k4xvr/ke470eD817mniY/pzooDE2mESuc4EKLbT3gj+57Vz6h93CqmznFCL70X9XHFK+ShM3pMGBamhEyCMdH/lIgYDglzkFRdCMH3yX9E6aAR+I7g8rJ0eTOJYYjtsl+2zgB2xU3bOLliTCXbPntkre/MevBfv3fv4bp3xJjPb7Fd5n18hB7Aj</latexit><latexit sha1_base64="KO3obQTt69dIw0QZwnMo2gCfJqw=">AAACP3icbZA9SwNBEIb3/DZ+RS1tFoNgEcKdCNoIgo2lgolCLoS5zcRb3Ns7ducC4bh/ZuNfsLO1sVDE1s5NTKHRgYWX551hdt4oU9KS7z95M7Nz8wuLS8uVldW19Y3q5lbLprkR2BSpSs1NBBaV1NgkSQpvMoOQRAqvo7uzkX89QGNlqq9omGEngVst+1IAOdSttsIBiiIcgMHMSpXqkp9wHsZAxdjBsuwaXneoPkVDipGg/o+RxbJbrfkNf1z8rwgmosYmddGtPoa9VOQJahIKrG0HfkadAgxJobCshLnFDMQd3GLbSQ0J2k4xvr/ke470eD817mniY/pzooDE2mESuc4EKLbT3gj+57Vz6h93CqmznFCL70X9XHFK+ShM3pMGBamhEyCMdH/lIgYDglzkFRdCMH3yX9E6aAR+I7g8rJ0eTOJYYjtsl+2zgB2xU3bOLliTCXbPntkre/MevBfv3fv4bp3xJjPb7Fd5n18hB7Aj</latexit><latexit sha1_base64="KO3obQTt69dIw0QZwnMo2gCfJqw=">AAACP3icbZA9SwNBEIb3/DZ+RS1tFoNgEcKdCNoIgo2lgolCLoS5zcRb3Ns7ducC4bh/ZuNfsLO1sVDE1s5NTKHRgYWX551hdt4oU9KS7z95M7Nz8wuLS8uVldW19Y3q5lbLprkR2BSpSs1NBBaV1NgkSQpvMoOQRAqvo7uzkX89QGNlqq9omGEngVst+1IAOdSttsIBiiIcgMHMSpXqkp9wHsZAxdjBsuwaXneoPkVDipGg/o+RxbJbrfkNf1z8rwgmosYmddGtPoa9VOQJahIKrG0HfkadAgxJobCshLnFDMQd3GLbSQ0J2k4xvr/ke470eD817mniY/pzooDE2mESuc4EKLbT3gj+57Vz6h93CqmznFCL70X9XHFK+ShM3pMGBamhEyCMdH/lIgYDglzkFRdCMH3yX9E6aAR+I7g8rJ0eTOJYYjtsl+2zgB2xU3bOLliTCXbPntkre/MevBfv3fv4bp3xJjPb7Fd5n18hB7Aj</latexit><latexit sha1_base64="KO3obQTt69dIw0QZwnMo2gCfJqw=">AAACP3icbZA9SwNBEIb3/DZ+RS1tFoNgEcKdCNoIgo2lgolCLoS5zcRb3Ns7ducC4bh/ZuNfsLO1sVDE1s5NTKHRgYWX551hdt4oU9KS7z95M7Nz8wuLS8uVldW19Y3q5lbLprkR2BSpSs1NBBaV1NgkSQpvMoOQRAqvo7uzkX89QGNlqq9omGEngVst+1IAOdSttsIBiiIcgMHMSpXqkp9wHsZAxdjBsuwaXneoPkVDipGg/o+RxbJbrfkNf1z8rwgmosYmddGtPoa9VOQJahIKrG0HfkadAgxJobCshLnFDMQd3GLbSQ0J2k4xvr/ke470eD817mniY/pzooDE2mESuc4EKLbT3gj+57Vz6h93CqmznFCL70X9XHFK+ShM3pMGBamhEyCMdH/lIgYDglzkFRdCMH3yX9E6aAR+I7g8rJ0eTOJYYjtsl+2zgB2xU3bOLliTCXbPntkre/MevBfv3fv4bp3xJjPb7Fd5n18hB7Aj</latexit>

d~̂er
dt

= ~! ⇥ ~̂er = ✓̇ ~̂e✓ + �̇ sin ✓ ~̂e�
<latexit sha1_base64="f/Fe071C9ysFWEhxOGkJ76MlzCw="></latexit><latexit sha1_base64="f/Fe071C9ysFWEhxOGkJ76MlzCw="></latexit><latexit sha1_base64="f/Fe071C9ysFWEhxOGkJ76MlzCw="></latexit><latexit sha1_base64="f/Fe071C9ysFWEhxOGkJ76MlzCw="></latexit>

d~̂e✓
dt

= ~! ⇥ ~̂e✓ = �✓̇ ~̂er + �̇ cos ✓ ~̂e�
<latexit sha1_base64="ml6hOMDX0FzGkJGB3aus8XcJduw="></latexit><latexit sha1_base64="ml6hOMDX0FzGkJGB3aus8XcJduw="></latexit><latexit sha1_base64="ml6hOMDX0FzGkJGB3aus8XcJduw="></latexit><latexit sha1_base64="ml6hOMDX0FzGkJGB3aus8XcJduw="></latexit>

d~̂e�
dt

= ~! ⇥ ~̂e� = ��̇ sin ✓ ~̂er � �̇ cos ✓ ~̂e✓
<latexit sha1_base64="DhgeyWSufuAIxvYsYNOpMKLLAhM="></latexit><latexit sha1_base64="DhgeyWSufuAIxvYsYNOpMKLLAhM="></latexit><latexit sha1_base64="DhgeyWSufuAIxvYsYNOpMKLLAhM="></latexit><latexit sha1_base64="DhgeyWSufuAIxvYsYNOpMKLLAhM="></latexit>
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P

~̂x2

~̂x3

x1

~̂er

~̂e✓

~̂e�

�

✓
r

O

Coordonnées sphériques:
Position et vitesse

~r =
��!
OP = r ~̂er

Vecteur position en coordonnées sphériques: 

Vecteur vitesse en coordonnées sphériques: 

~v =
d~r

dt
= ṙ ~̂er + r

d~̂er
dt

= ṙ ~̂er + r
�
✓̇ ~̂e✓ + �̇ sin ✓ ~̂e�

�

~v = ṙ ~̂er + r✓̇ ~̂e✓ + r�̇ sin ✓ ~̂e�

vr v✓ v�

Vecteur position en
coordonnées sphériques

Vecteur vitesse en
coordonnées sphériques
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d~v

dt
= r̈ ~̂er + ṙ✓̇ ~̂e✓ + r✓̈ ~̂e✓ + ṙ�̇ sin ✓ ~̂e� + r�̈ sin ✓ ~̂e� + r�̇✓̇ cos ✓ ~̂e�

+ṙ
d

dt
~̂er + r✓̇

d

dt
~̂e✓ + r�̇ sin ✓

d

dt
~̂e�

= r̈ ~̂er + ṙ✓̇ ~̂e✓ + r✓̈ ~̂e✓ + ṙ�̇ sin ✓ ~̂e� + r�̈ sin ✓ ~̂e� + r�̇✓̇ cos ✓ ~̂e�
+ṙ

�
✓̇ ~̂e✓ + �̇ sin ✓ ~̂e�

�
+ r✓̇

�
�✓̇ ~̂er + �̇ cos ✓ ~̂e�

�
+ r�̇ sin ✓

�
��̇ sin ✓ ~̂er � �̇ cos ✓ ~̂e✓

�

~a =
�
r̈ � r✓̇2 � r�̇2 sin2 ✓

�
~̂er

+
�
r✓̈ + 2ṙ✓̇ � r�̇2 cos ✓ sin ✓

�
~̂e✓

+
�
r�̈ sin ✓ + 2r�̇✓̇ cos ✓ + 2ṙ�̇ sin ✓

�
~̂e�

~a = ar ~̂er + a✓ ~̂e✓ + a� ~̂e�

~v = ṙ ~̂er + r✓̇ ~̂e✓ + r�̇ sin ✓ ~̂e�

Coordonnées sphériques:
Accélération

d~v

dt
= r̈ ~̂er + ṙ✓̇ ~̂e✓ + r✓̈ ~̂e✓ + ṙ�̇ sin ✓ ~̂e� + r�̈ sin ✓ ~̂e� + r�̇✓̇ cos ✓ ~̂e�

+ṙ
d

dt
~̂er + r✓̇

d

dt
~̂e✓ + r�̇ sin ✓

d

dt
~̂e�

= r̈ ~̂er + ṙ✓̇ ~̂e✓ + r✓̈ ~̂e✓ + ṙ�̇ sin ✓ ~̂e� + r�̈ sin ✓ ~̂e� + r�̇✓̇ cos ✓ ~̂e�
+ṙ

�
✓̇ ~̂e✓ + �̇ sin ✓ ~̂e�

�
+ r✓̇

�
�✓̇ ~̂er + �̇ cos ✓ ~̂e�

�
+ r�̇ sin ✓

�
��̇ sin ✓ ~̂er � �̇ cos ✓ ~̂e✓

�

~a =
�
r̈ � r✓̇2 � r�̇2 sin2 ✓

�
~̂er

+
�
r✓̈ + 2ṙ✓̇ � r�̇2 cos ✓ sin ✓

�
~̂e✓

+
�
r�̈ sin ✓ + 2r�̇✓̇ cos ✓ + 2ṙ�̇ sin ✓

�
~̂e�

~a = ar ~̂er + a✓ ~̂e✓ + a� ~̂e�

d~v

dt
= r̈ ~̂er + ṙ✓̇ ~̂e✓ + r✓̈ ~̂e✓ + ṙ�̇ sin ✓ ~̂e� + r�̈ sin ✓ ~̂e� + r�̇✓̇ cos ✓ ~̂e�

+ṙ
d

dt
~̂er + r✓̇

d

dt
~̂e✓ + r�̇ sin ✓

d

dt
~̂e�

= r̈ ~̂er + ṙ✓̇ ~̂e✓ + r✓̈ ~̂e✓ + ṙ�̇ sin ✓ ~̂e� + r�̈ sin ✓ ~̂e� + r�̇✓̇ cos ✓ ~̂e�
+ṙ

�
✓̇ ~̂e✓ + �̇ sin ✓ ~̂e�

�
+ r✓̇

�
�✓̇ ~̂er + �̇ cos ✓ ~̂e�

�
+ r�̇ sin ✓

�
��̇ sin ✓ ~̂er � �̇ cos ✓ ~̂e✓

�

~a =
�
r̈ � r✓̇2 � r�̇2 sin2 ✓

�
~̂er

+
�
r✓̈ + 2ṙ✓̇ � r�̇2 cos ✓ sin ✓

�
~̂e✓

+
�
r�̈ sin ✓ + 2r�̇✓̇ cos ✓ + 2ṙ�̇ sin ✓

�
~̂e�

~a = ar ~̂er + a✓ ~̂e✓ + a� ~̂e�

Vecteur accélération en
coordonnées sphériques
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Résumé: Formule de Poisson

Formule de Poisson:
La dérivée temporelle d’un vecteur de norme constante, en rotation de 
vitesse angulaire autour d’une axe    est donnée par:  

~! = ! ~̂e�
~! d~" = ~! ^ ~" dt

~"(t)

~"(t)

~"(t+ dt)

d~"

dt
= ~! ^ ~"

~"

�|~!|
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~ex

~ey

O

r

✓

P (t)

~er(t)

~e✓(t)

Résumé: Coordonnées polaires (2D)

P est paramétrisé par (r,q)

Position:

Vitesse:

Accélération:

��!
OP = r ~er

~vP = ṙ ~er + r✓̇ ~e✓

~aP = (r̈ � r✓̇2)~er
+ (2ṙ✓̇ + r✓̈)~e✓
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~a =
�
⇢̈� ⇢�̇2

�
~̂e⇢

+
�
⇢�̈+ 2⇢̇�̇

�
~̂e�

+ z̈ ~̂ez
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Résumé: Coordonnées cylindriques

P

~̂x1

~̂x2

~̂x3

x3

x2
x1

ligne (⇢, z)

ligne (⇢,�)

ligne (�, z)

O

P est paramétrisé par (r,f,z)

Position:

Vitesse:

Accélération:

~r =
��!
OP = ⇢ ~̂e⇢ + z ~̂ez

d~r

dt
= ⇢̇ ~e⇢ + ⇢�̇~e� + ż ~ez

⇢�

z
~̂e⇢

~̂e�

~̂ez
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~a =
�
r̈ � r✓̇2 � r�̇2 sin2 ✓

�
~̂er

+
�
r✓̈ + 2ṙ✓̇ � r�̇2 cos ✓ sin ✓

�
~̂e✓

+
�
r�̈ sin ✓ + 2r�̇✓̇ cos ✓ + 2ṙ�̇ sin ✓

�
~̂e�

~v = ṙ ~̂er + r✓̇ ~̂e✓ + r�̇ sin ✓ ~̂e�

~r =
��!
OP = r ~̂er

P est paramétrisé par (r,q,f)

Résumé: Coordonnées sphériques
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P

~̂x2

~̂x3

x1

~̂er

~̂e✓

~̂e�

�

✓
r

O

Position:

Vitesse:

Accélération:


