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Aujourd’hui

Mouvement central: bref rappel
Démarche historique .vs. approche adoptée ici
Ellipse en coordonnées polaires
Mouvement central en 1/r2

Equations du mouvement
Solutions
Conservation de l’énergie
Potentiel effectif
Lois de Kepler
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Le système solaire
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Mouvement central de centre O: résumé.

L’ accélération est parallèle au vecteur position
Le moment cinétique est une constante du mouvement
Le mouvement est plan

cste du mouvement

L’accélération radiale est: 

Si le mouvement est périodique de période T et que la trajectoire couvre une
surface S, alors:

L’accélération radiale s’écrit aussi (Binet):
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Démarche historique

Tycho-Brahé, Képler, Newton (16ième-17ième siècle):

Observation du mouvement des planètes ⇒ lois de Képler:

⇒ déduction de la forme de la force (en 1/r2)
⇒ théorie de la gravitation universelle (Newton)

1ère loi de Kepler:  
Les trajectoires des planètes sont des ellipses dont le Soleil est un foyer.

2ième loi de Kepler: 
Le rayon vecteur balaie des aires égales en un temps fixe.

3ième loi de Kepler: 
T2/a3 est une constante, où T est la période de révolution et a le demi 
grand-axe de l’ellipse
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Démarche historique

SC + SIE + GC : 21ième siècle:

Nous allons procéder de manière exactement inverse:

Nous assumerons que nous connaissons la forme de la force, et en
particulier sa dépendance en 1/r2, 

nous en déduirons que la trajectoire des planètes est elliptique, en
montrant que le rayon vecteur peut être mis sous la forme

nous vérifierons que les autres lois de Képler sont satisfaites.

p

r(✓)
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Ellipse en coordonnées cartésiennes, 
équation paramétrique

O
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<latexit sha1_base64="TNTBdKmw5S9FRbyB5mbVOHmxuDE=">AAAB6HicdVBNS8NAEN34WetX1aOXxSJ4CkkNbb0VvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btoKKvpg4PHeDDPzgoQzpR3nw1pb39jc2i7sFHf39g8OS0fHHRWnkkKbxjyWvYAo4ExAWzPNoZdIIFHAoRtMr3O/ew9SsVjc6lkCfkTGgoWMEm2kVjAslR37ql6teFXs2I5TcytuTio179LDrlFylNEKzWHpfTCKaRqB0JQTpfquk2g/I1IzymFeHKQKEkKnZAx9QwWJQPnZ4tA5PjfKCIexNCU0XqjfJzISKTWLAtMZET1Rv71c/Mvrpzqs+xkTSapB0OWiMOVYxzj/Go+YBKr5zBBCJTO3YjohklBtsimaEL4+xf+TTsV2HdtteeVGfRVHAZ2iM3SBXFRDDXSDmqiNKAL0gJ7Qs3VnPVov1uuydc1azZygH7DePgEh/Y0e</latexit><latexit sha1_base64="TNTBdKmw5S9FRbyB5mbVOHmxuDE=">AAAB6HicdVBNS8NAEN34WetX1aOXxSJ4CkkNbb0VvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btoKKvpg4PHeDDPzgoQzpR3nw1pb39jc2i7sFHf39g8OS0fHHRWnkkKbxjyWvYAo4ExAWzPNoZdIIFHAoRtMr3O/ew9SsVjc6lkCfkTGgoWMEm2kVjAslR37ql6teFXs2I5TcytuTio179LDrlFylNEKzWHpfTCKaRqB0JQTpfquk2g/I1IzymFeHKQKEkKnZAx9QwWJQPnZ4tA5PjfKCIexNCU0XqjfJzISKTWLAtMZET1Rv71c/Mvrpzqs+xkTSapB0OWiMOVYxzj/Go+YBKr5zBBCJTO3YjohklBtsimaEL4+xf+TTsV2HdtteeVGfRVHAZ2iM3SBXFRDDXSDmqiNKAL0gJ7Qs3VnPVov1uuydc1azZygH7DePgEh/Y0e</latexit><latexit sha1_base64="TNTBdKmw5S9FRbyB5mbVOHmxuDE=">AAAB6HicdVBNS8NAEN34WetX1aOXxSJ4CkkNbb0VvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btoKKvpg4PHeDDPzgoQzpR3nw1pb39jc2i7sFHf39g8OS0fHHRWnkkKbxjyWvYAo4ExAWzPNoZdIIFHAoRtMr3O/ew9SsVjc6lkCfkTGgoWMEm2kVjAslR37ql6teFXs2I5TcytuTio179LDrlFylNEKzWHpfTCKaRqB0JQTpfquk2g/I1IzymFeHKQKEkKnZAx9QwWJQPnZ4tA5PjfKCIexNCU0XqjfJzISKTWLAtMZET1Rv71c/Mvrpzqs+xkTSapB0OWiMOVYxzj/Go+YBKr5zBBCJTO3YjohklBtsimaEL4+xf+TTsV2HdtteeVGfRVHAZ2iM3SBXFRDDXSDmqiNKAL0gJ7Qs3VnPVov1uuydc1azZygH7DePgEh/Y0e</latexit><latexit sha1_base64="TNTBdKmw5S9FRbyB5mbVOHmxuDE=">AAAB6HicdVBNS8NAEN34WetX1aOXxSJ4CkkNbb0VvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btoKKvpg4PHeDDPzgoQzpR3nw1pb39jc2i7sFHf39g8OS0fHHRWnkkKbxjyWvYAo4ExAWzPNoZdIIFHAoRtMr3O/ew9SsVjc6lkCfkTGgoWMEm2kVjAslR37ql6teFXs2I5TcytuTio179LDrlFylNEKzWHpfTCKaRqB0JQTpfquk2g/I1IzymFeHKQKEkKnZAx9QwWJQPnZ4tA5PjfKCIexNCU0XqjfJzISKTWLAtMZET1Rv71c/Mvrpzqs+xkTSapB0OWiMOVYxzj/Go+YBKr5zBBCJTO3YjohklBtsimaEL4+xf+TTsV2HdtteeVGfRVHAZ2iM3SBXFRDDXSDmqiNKAL0gJ7Qs3VnPVov1uuydc1azZygH7DePgEh/Y0e</latexit>

c
<latexit sha1_base64="7P2riHwNJNe3cTMHX6+SzPhslc4=">AAAB6HicdVBNS8NAEN34WetX1aOXxSJ4CkkNbb0VvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btoKKvpg4PHeDDPzgoQzpR3nw1pb39jc2i7sFHf39g8OS0fHHRWnkkKbxjyWvYAo4ExAWzPNoZdIIFHAoRtMr3O/ew9SsVjc6lkCfkTGgoWMEm2kFh2Wyo59Va9WvCp2bMepuRU3J5Wad+lh1yg5ymiF5rD0PhjFNI1AaMqJUn3XSbSfEakZ5TAvDlIFCaFTMoa+oYJEoPxscegcnxtlhMNYmhIaL9TvExmJlJpFgemMiJ6o314u/uX1Ux3W/YyJJNUg6HJRmHKsY5x/jUdMAtV8ZgihkplbMZ0QSag22RRNCF+f4v9Jp2K7ju22vHKjvoqjgE7RGbpALqqhBrpBTdRGFAF6QE/o2bqzHq0X63XZumatZk7QD1hvnyOBjR8=</latexit><latexit sha1_base64="7P2riHwNJNe3cTMHX6+SzPhslc4=">AAAB6HicdVBNS8NAEN34WetX1aOXxSJ4CkkNbb0VvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btoKKvpg4PHeDDPzgoQzpR3nw1pb39jc2i7sFHf39g8OS0fHHRWnkkKbxjyWvYAo4ExAWzPNoZdIIFHAoRtMr3O/ew9SsVjc6lkCfkTGgoWMEm2kFh2Wyo59Va9WvCp2bMepuRU3J5Wad+lh1yg5ymiF5rD0PhjFNI1AaMqJUn3XSbSfEakZ5TAvDlIFCaFTMoa+oYJEoPxscegcnxtlhMNYmhIaL9TvExmJlJpFgemMiJ6o314u/uX1Ux3W/YyJJNUg6HJRmHKsY5x/jUdMAtV8ZgihkplbMZ0QSag22RRNCF+f4v9Jp2K7ju22vHKjvoqjgE7RGbpALqqhBrpBTdRGFAF6QE/o2bqzHq0X63XZumatZk7QD1hvnyOBjR8=</latexit><latexit sha1_base64="7P2riHwNJNe3cTMHX6+SzPhslc4=">AAAB6HicdVBNS8NAEN34WetX1aOXxSJ4CkkNbb0VvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btoKKvpg4PHeDDPzgoQzpR3nw1pb39jc2i7sFHf39g8OS0fHHRWnkkKbxjyWvYAo4ExAWzPNoZdIIFHAoRtMr3O/ew9SsVjc6lkCfkTGgoWMEm2kFh2Wyo59Va9WvCp2bMepuRU3J5Wad+lh1yg5ymiF5rD0PhjFNI1AaMqJUn3XSbSfEakZ5TAvDlIFCaFTMoa+oYJEoPxscegcnxtlhMNYmhIaL9TvExmJlJpFgemMiJ6o314u/uX1Ux3W/YyJJNUg6HJRmHKsY5x/jUdMAtV8ZgihkplbMZ0QSag22RRNCF+f4v9Jp2K7ju22vHKjvoqjgE7RGbpALqqhBrpBTdRGFAF6QE/o2bqzHq0X63XZumatZk7QD1hvnyOBjR8=</latexit><latexit sha1_base64="7P2riHwNJNe3cTMHX6+SzPhslc4=">AAAB6HicdVBNS8NAEN34WetX1aOXxSJ4CkkNbb0VvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btoKKvpg4PHeDDPzgoQzpR3nw1pb39jc2i7sFHf39g8OS0fHHRWnkkKbxjyWvYAo4ExAWzPNoZdIIFHAoRtMr3O/ew9SsVjc6lkCfkTGgoWMEm2kFh2Wyo59Va9WvCp2bMepuRU3J5Wad+lh1yg5ymiF5rD0PhjFNI1AaMqJUn3XSbSfEakZ5TAvDlIFCaFTMoa+oYJEoPxscegcnxtlhMNYmhIaL9TvExmJlJpFgemMiJ6o314u/uX1Ux3W/YyJJNUg6HJRmHKsY5x/jUdMAtV8ZgihkplbMZ0QSag22RRNCF+f4v9Jp2K7ju22vHKjvoqjgE7RGbpALqqhBrpBTdRGFAF6QE/o2bqzHq0X63XZumatZk7QD1hvnyOBjR8=</latexit>

a
<latexit sha1_base64="rzwa0GLt4KDDkVXTdfo1bsNq3Cc=">AAAB6HicdVBNS8NAEN34WetX1aOXxSJ4CkkNbb0VvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btoKKvpg4PHeDDPzgoQzpR3nw1pb39jc2i7sFHf39g8OS0fHHRWnkkKbxjyWvYAo4ExAWzPNoZdIIFHAoRtMr3O/ew9SsVjc6lkCfkTGgoWMEm2kFhmWyo59Va9WvCp2bMepuRU3J5Wad+lh1yg5ymiF5rD0PhjFNI1AaMqJUn3XSbSfEakZ5TAvDlIFCaFTMoa+oYJEoPxscegcnxtlhMNYmhIaL9TvExmJlJpFgemMiJ6o314u/uX1Ux3W/YyJJNUg6HJRmHKsY5x/jUdMAtV8ZgihkplbMZ0QSag22RRNCF+f4v9Jp2K7ju22vHKjvoqjgE7RGbpALqqhBrpBTdRGFAF6QE/o2bqzHq0X63XZumatZk7QD1hvnyB5jR0=</latexit><latexit sha1_base64="rzwa0GLt4KDDkVXTdfo1bsNq3Cc=">AAAB6HicdVBNS8NAEN34WetX1aOXxSJ4CkkNbb0VvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btoKKvpg4PHeDDPzgoQzpR3nw1pb39jc2i7sFHf39g8OS0fHHRWnkkKbxjyWvYAo4ExAWzPNoZdIIFHAoRtMr3O/ew9SsVjc6lkCfkTGgoWMEm2kFhmWyo59Va9WvCp2bMepuRU3J5Wad+lh1yg5ymiF5rD0PhjFNI1AaMqJUn3XSbSfEakZ5TAvDlIFCaFTMoa+oYJEoPxscegcnxtlhMNYmhIaL9TvExmJlJpFgemMiJ6o314u/uX1Ux3W/YyJJNUg6HJRmHKsY5x/jUdMAtV8ZgihkplbMZ0QSag22RRNCF+f4v9Jp2K7ju22vHKjvoqjgE7RGbpALqqhBrpBTdRGFAF6QE/o2bqzHq0X63XZumatZk7QD1hvnyB5jR0=</latexit><latexit sha1_base64="rzwa0GLt4KDDkVXTdfo1bsNq3Cc=">AAAB6HicdVBNS8NAEN34WetX1aOXxSJ4CkkNbb0VvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btoKKvpg4PHeDDPzgoQzpR3nw1pb39jc2i7sFHf39g8OS0fHHRWnkkKbxjyWvYAo4ExAWzPNoZdIIFHAoRtMr3O/ew9SsVjc6lkCfkTGgoWMEm2kFhmWyo59Va9WvCp2bMepuRU3J5Wad+lh1yg5ymiF5rD0PhjFNI1AaMqJUn3XSbSfEakZ5TAvDlIFCaFTMoa+oYJEoPxscegcnxtlhMNYmhIaL9TvExmJlJpFgemMiJ6o314u/uX1Ux3W/YyJJNUg6HJRmHKsY5x/jUdMAtV8ZgihkplbMZ0QSag22RRNCF+f4v9Jp2K7ju22vHKjvoqjgE7RGbpALqqhBrpBTdRGFAF6QE/o2bqzHq0X63XZumatZk7QD1hvnyB5jR0=</latexit><latexit sha1_base64="rzwa0GLt4KDDkVXTdfo1bsNq3Cc=">AAAB6HicdVBNS8NAEN34WetX1aOXxSJ4CkkNbb0VvHhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btoKKvpg4PHeDDPzgoQzpR3nw1pb39jc2i7sFHf39g8OS0fHHRWnkkKbxjyWvYAo4ExAWzPNoZdIIFHAoRtMr3O/ew9SsVjc6lkCfkTGgoWMEm2kFhmWyo59Va9WvCp2bMepuRU3J5Wad+lh1yg5ymiF5rD0PhjFNI1AaMqJUn3XSbSfEakZ5TAvDlIFCaFTMoa+oYJEoPxscegcnxtlhMNYmhIaL9TvExmJlJpFgemMiJ6o314u/uX1Ux3W/YyJJNUg6HJRmHKsY5x/jUdMAtV8ZgihkplbMZ0QSag22RRNCF+f4v9Jp2K7ju22vHKjvoqjgE7RGbpALqqhBrpBTdRGFAF6QE/o2bqzHq0X63XZumatZk7QD1hvnyB5jR0=</latexit>

C1
<latexit sha1_base64="639y4SBiV4aRpKkOfgjHBAGTE2w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI+FXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpb2zu7e8X90sHh0fFJ+fSsY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeYNhd+94lrI2L1iLOE+xEdKxEKRtFKD82hNyxX3Kq7BNkkXk4qkKM1LH8NRjFLI66QSWpM33MT9DOqUTDJ56VBanhC2ZSOed9SRSNu/Gx56pxcWWVEwljbUkiW6u+JjEbGzKLAdkYUJ2bdW4j/ef0Uw7qfCZWkyBVbLQpTSTAmi7/JSGjOUM4soUwLeythE6opQ5tOyYbgrb+8STo3Vc+teve3lUY9j6MIF3AJ1+BBDRpwBy1oA4MxPMMrvDnSeXHenY9Va8HJZ87hD5zPH7fhjWE=</latexit><latexit sha1_base64="639y4SBiV4aRpKkOfgjHBAGTE2w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI+FXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpb2zu7e8X90sHh0fFJ+fSsY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeYNhd+94lrI2L1iLOE+xEdKxEKRtFKD82hNyxX3Kq7BNkkXk4qkKM1LH8NRjFLI66QSWpM33MT9DOqUTDJ56VBanhC2ZSOed9SRSNu/Gx56pxcWWVEwljbUkiW6u+JjEbGzKLAdkYUJ2bdW4j/ef0Uw7qfCZWkyBVbLQpTSTAmi7/JSGjOUM4soUwLeythE6opQ5tOyYbgrb+8STo3Vc+teve3lUY9j6MIF3AJ1+BBDRpwBy1oA4MxPMMrvDnSeXHenY9Va8HJZ87hD5zPH7fhjWE=</latexit><latexit sha1_base64="639y4SBiV4aRpKkOfgjHBAGTE2w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI+FXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpb2zu7e8X90sHh0fFJ+fSsY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeYNhd+94lrI2L1iLOE+xEdKxEKRtFKD82hNyxX3Kq7BNkkXk4qkKM1LH8NRjFLI66QSWpM33MT9DOqUTDJ56VBanhC2ZSOed9SRSNu/Gx56pxcWWVEwljbUkiW6u+JjEbGzKLAdkYUJ2bdW4j/ef0Uw7qfCZWkyBVbLQpTSTAmi7/JSGjOUM4soUwLeythE6opQ5tOyYbgrb+8STo3Vc+teve3lUY9j6MIF3AJ1+BBDRpwBy1oA4MxPMMrvDnSeXHenY9Va8HJZ87hD5zPH7fhjWE=</latexit><latexit sha1_base64="639y4SBiV4aRpKkOfgjHBAGTE2w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI+FXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpb2zu7e8X90sHh0fFJ+fSsY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeYNhd+94lrI2L1iLOE+xEdKxEKRtFKD82hNyxX3Kq7BNkkXk4qkKM1LH8NRjFLI66QSWpM33MT9DOqUTDJ56VBanhC2ZSOed9SRSNu/Gx56pxcWWVEwljbUkiW6u+JjEbGzKLAdkYUJ2bdW4j/ef0Uw7qfCZWkyBVbLQpTSTAmi7/JSGjOUM4soUwLeythE6opQ5tOyYbgrb+8STo3Vc+teve3lUY9j6MIF3AJ1+BBDRpwBy1oA4MxPMMrvDnSeXHenY9Va8HJZ87hD5zPH7fhjWE=</latexit>

C2
<latexit sha1_base64="f2QqxneubuzRwXtEuOW6LVobU+o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYI+FXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbT5sLvPqHSPJaPZpagH9Gx5CFn1FjpoTmsDcsVt+ouQTaJl5MK5GgNy1+DUczSCKVhgmrd99zE+BlVhjOB89Ig1ZhQNqVj7FsqaYTaz5anzsmVVUYkjJUtachS/T2R0UjrWRTYzoiaiV73FuJ/Xj81Yd3PuExSg5KtFoWpICYmi7/JiCtkRswsoUxxeythE6ooMzadkg3BW395k3RqVc+tevc3lUY9j6MIF3AJ1+DBLTTgDlrQBgZjeIZXeHOE8+K8Ox+r1oKTz5zDHzifP7lljWI=</latexit><latexit sha1_base64="f2QqxneubuzRwXtEuOW6LVobU+o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYI+FXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbT5sLvPqHSPJaPZpagH9Gx5CFn1FjpoTmsDcsVt+ouQTaJl5MK5GgNy1+DUczSCKVhgmrd99zE+BlVhjOB89Ig1ZhQNqVj7FsqaYTaz5anzsmVVUYkjJUtachS/T2R0UjrWRTYzoiaiV73FuJ/Xj81Yd3PuExSg5KtFoWpICYmi7/JiCtkRswsoUxxeythE6ooMzadkg3BW395k3RqVc+tevc3lUY9j6MIF3AJ1+DBLTTgDlrQBgZjeIZXeHOE8+K8Ox+r1oKTz5zDHzifP7lljWI=</latexit><latexit sha1_base64="f2QqxneubuzRwXtEuOW6LVobU+o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYI+FXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbT5sLvPqHSPJaPZpagH9Gx5CFn1FjpoTmsDcsVt+ouQTaJl5MK5GgNy1+DUczSCKVhgmrd99zE+BlVhjOB89Ig1ZhQNqVj7FsqaYTaz5anzsmVVUYkjJUtachS/T2R0UjrWRTYzoiaiV73FuJ/Xj81Yd3PuExSg5KtFoWpICYmi7/JiCtkRswsoUxxeythE6ooMzadkg3BW395k3RqVc+tevc3lUY9j6MIF3AJ1+DBLTTgDlrQBgZjeIZXeHOE8+K8Ox+r1oKTz5zDHzifP7lljWI=</latexit><latexit sha1_base64="f2QqxneubuzRwXtEuOW6LVobU+o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYI+FXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbT5sLvPqHSPJaPZpagH9Gx5CFn1FjpoTmsDcsVt+ouQTaJl5MK5GgNy1+DUczSCKVhgmrd99zE+BlVhjOB89Ig1ZhQNqVj7FsqaYTaz5anzsmVVUYkjJUtachS/T2R0UjrWRTYzoiaiV73FuJ/Xj81Yd3PuExSg5KtFoWpICYmi7/JiCtkRswsoUxxeythE6ooMzadkg3BW395k3RqVc+tevc3lUY9j6MIF3AJ1+DBLTTgDlrQBgZjeIZXeHOE8+K8Ox+r1oKTz5zDHzifP7lljWI=</latexit>

P
<latexit sha1_base64="hKSgFSD7v8QS+Xn0xIkMciP3fvA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi2GXBjcsW7APaIJPpTTt2MgkzE6GEfoEbF4q49ZPc+TdO2iy09cDA4ZxzmXtPkAiujet+O6WNza3tnfJuZW//4PCoenzS1XGqGHZYLGLVD6hGwSV2DDcC+4lCGgUCe8H0Nvd7T6g0j+W9mSXoR3QsecgZNVZqtx6qNbfuLkDWiVeQGhSw+a/hKGZphNIwQbUeeG5i/Iwqw5nAeWWYakwom9IxDiyVNELtZ4tF5+TCKiMSxso+achC/T2R0UjrWRTYZETNRK96ufifN0hN2PAzLpPUoGTLj8JUEBOT/Goy4gqZETNLKFPc7krYhCrKjO2mYkvwVk9eJ92ruufWvfZ1rdko6ijDGZzDJXhwA024gxZ0gAHCM7zCm/PovDjvzscyWnKKmVP4A+fzB6aXjMo=</latexit><latexit sha1_base64="hKSgFSD7v8QS+Xn0xIkMciP3fvA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi2GXBjcsW7APaIJPpTTt2MgkzE6GEfoEbF4q49ZPc+TdO2iy09cDA4ZxzmXtPkAiujet+O6WNza3tnfJuZW//4PCoenzS1XGqGHZYLGLVD6hGwSV2DDcC+4lCGgUCe8H0Nvd7T6g0j+W9mSXoR3QsecgZNVZqtx6qNbfuLkDWiVeQGhSw+a/hKGZphNIwQbUeeG5i/Iwqw5nAeWWYakwom9IxDiyVNELtZ4tF5+TCKiMSxso+achC/T2R0UjrWRTYZETNRK96ufifN0hN2PAzLpPUoGTLj8JUEBOT/Goy4gqZETNLKFPc7krYhCrKjO2mYkvwVk9eJ92ruufWvfZ1rdko6ijDGZzDJXhwA024gxZ0gAHCM7zCm/PovDjvzscyWnKKmVP4A+fzB6aXjMo=</latexit><latexit sha1_base64="hKSgFSD7v8QS+Xn0xIkMciP3fvA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi2GXBjcsW7APaIJPpTTt2MgkzE6GEfoEbF4q49ZPc+TdO2iy09cDA4ZxzmXtPkAiujet+O6WNza3tnfJuZW//4PCoenzS1XGqGHZYLGLVD6hGwSV2DDcC+4lCGgUCe8H0Nvd7T6g0j+W9mSXoR3QsecgZNVZqtx6qNbfuLkDWiVeQGhSw+a/hKGZphNIwQbUeeG5i/Iwqw5nAeWWYakwom9IxDiyVNELtZ4tF5+TCKiMSxso+achC/T2R0UjrWRTYZETNRK96ufifN0hN2PAzLpPUoGTLj8JUEBOT/Goy4gqZETNLKFPc7krYhCrKjO2mYkvwVk9eJ92ruufWvfZ1rdko6ijDGZzDJXhwA024gxZ0gAHCM7zCm/PovDjvzscyWnKKmVP4A+fzB6aXjMo=</latexit><latexit sha1_base64="hKSgFSD7v8QS+Xn0xIkMciP3fvA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi2GXBjcsW7APaIJPpTTt2MgkzE6GEfoEbF4q49ZPc+TdO2iy09cDA4ZxzmXtPkAiujet+O6WNza3tnfJuZW//4PCoenzS1XGqGHZYLGLVD6hGwSV2DDcC+4lCGgUCe8H0Nvd7T6g0j+W9mSXoR3QsecgZNVZqtx6qNbfuLkDWiVeQGhSw+a/hKGZphNIwQbUeeG5i/Iwqw5nAeWWYakwom9IxDiyVNELtZ4tF5+TCKiMSxso+achC/T2R0UjrWRTYZETNRK96ufifN0hN2PAzLpPUoGTLj8JUEBOT/Goy4gqZETNLKFPc7krYhCrKjO2mYkvwVk9eJ92ruufWvfZ1rdko6ijDGZzDJXhwA024gxZ0gAHCM7zCm/PovDjvzscyWnKKmVP4A+fzB6aXjMo=</latexit>

Lieu géométrique des points P 
tels que 

C1P + PC2 = 2a
<latexit sha1_base64="zN98nlyw6j+cPKmklKqx9qWJ9Qg=">AAACD3icbVDLSgMxFM34rPU16tJNsCiCUGaKYDdCoRuXFewD2mHIpJk2NJMMSUYow/yBG3/FjQtF3Lp159+YaQfU1gOBwzn3cHNPEDOqtON8WSura+sbm6Wt8vbO7t6+fXDYUSKRmLSxYEL2AqQIo5y0NdWM9GJJUBQw0g0mzdzv3hOpqOB3ehoTL0IjTkOKkTaSb58NhLHzdNr03VYGL+CP0mr6tQxewxry7YpTdWaAy8QtSAUUaPn252AocBIRrjFDSvVdJ9ZeiqSmmJGsPEgUiRGeoBHpG8pRRJSXzu7J4KlRhjAU0jyu4Uz9nUhRpNQ0CsxkhPRYLXq5+J/XT3RY91LK40QTjueLwoRBLWBeDhxSSbBmU0MQltT8FeIxkghrU2HZlOAunrxMOrWq61Td28tKo17UUQLH4AScAxdcgQa4AS3QBhg8gCfwAl6tR+vZerPe56MrVpE5An9gfXwDB0mbTw==</latexit><latexit sha1_base64="zN98nlyw6j+cPKmklKqx9qWJ9Qg=">AAACD3icbVDLSgMxFM34rPU16tJNsCiCUGaKYDdCoRuXFewD2mHIpJk2NJMMSUYow/yBG3/FjQtF3Lp159+YaQfU1gOBwzn3cHNPEDOqtON8WSura+sbm6Wt8vbO7t6+fXDYUSKRmLSxYEL2AqQIo5y0NdWM9GJJUBQw0g0mzdzv3hOpqOB3ehoTL0IjTkOKkTaSb58NhLHzdNr03VYGL+CP0mr6tQxewxry7YpTdWaAy8QtSAUUaPn252AocBIRrjFDSvVdJ9ZeiqSmmJGsPEgUiRGeoBHpG8pRRJSXzu7J4KlRhjAU0jyu4Uz9nUhRpNQ0CsxkhPRYLXq5+J/XT3RY91LK40QTjueLwoRBLWBeDhxSSbBmU0MQltT8FeIxkghrU2HZlOAunrxMOrWq61Td28tKo17UUQLH4AScAxdcgQa4AS3QBhg8gCfwAl6tR+vZerPe56MrVpE5An9gfXwDB0mbTw==</latexit><latexit sha1_base64="zN98nlyw6j+cPKmklKqx9qWJ9Qg=">AAACD3icbVDLSgMxFM34rPU16tJNsCiCUGaKYDdCoRuXFewD2mHIpJk2NJMMSUYow/yBG3/FjQtF3Lp159+YaQfU1gOBwzn3cHNPEDOqtON8WSura+sbm6Wt8vbO7t6+fXDYUSKRmLSxYEL2AqQIo5y0NdWM9GJJUBQw0g0mzdzv3hOpqOB3ehoTL0IjTkOKkTaSb58NhLHzdNr03VYGL+CP0mr6tQxewxry7YpTdWaAy8QtSAUUaPn252AocBIRrjFDSvVdJ9ZeiqSmmJGsPEgUiRGeoBHpG8pRRJSXzu7J4KlRhjAU0jyu4Uz9nUhRpNQ0CsxkhPRYLXq5+J/XT3RY91LK40QTjueLwoRBLWBeDhxSSbBmU0MQltT8FeIxkghrU2HZlOAunrxMOrWq61Td28tKo17UUQLH4AScAxdcgQa4AS3QBhg8gCfwAl6tR+vZerPe56MrVpE5An9gfXwDB0mbTw==</latexit><latexit sha1_base64="zN98nlyw6j+cPKmklKqx9qWJ9Qg=">AAACD3icbVDLSgMxFM34rPU16tJNsCiCUGaKYDdCoRuXFewD2mHIpJk2NJMMSUYow/yBG3/FjQtF3Lp159+YaQfU1gOBwzn3cHNPEDOqtON8WSura+sbm6Wt8vbO7t6+fXDYUSKRmLSxYEL2AqQIo5y0NdWM9GJJUBQw0g0mzdzv3hOpqOB3ehoTL0IjTkOKkTaSb58NhLHzdNr03VYGL+CP0mr6tQxewxry7YpTdWaAy8QtSAUUaPn252AocBIRrjFDSvVdJ9ZeiqSmmJGsPEgUiRGeoBHpG8pRRJSXzu7J4KlRhjAU0jyu4Uz9nUhRpNQ0CsxkhPRYLXq5+J/XT3RY91LK40QTjueLwoRBLWBeDhxSSbBmU0MQltT8FeIxkghrU2HZlOAunrxMOrWq61Td28tKo17UUQLH4AScAxdcgQa4AS3QBhg8gCfwAl6tR+vZerPe56MrVpE5An9gfXwDB0mbTw==</latexit>

x2

a2
+

y2

b2
= 1

<latexit sha1_base64="X/PSnOTofMhpbl8hVcxq2rL6m5w=">AAACDnicbZDLSgMxFIbPeK31NurSTbAUBKHMFMFuhIIblxXsBdpaMmmmDc1khiQjDkOfwI2v4saFIm5du/NtzLSz0NYDCT/ffw7J+b2IM6Ud59taWV1b39gsbBW3d3b39u2Dw5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vclV5rfvqVQsFLc6iWg/wCPBfEawNmhgl3u+xCR9uKtOU2wudIbmJMmIl5FL5A7sklNxZoWWhZuLEuTVGNhfvWFI4oAKTThWqus6ke6nWGpGOJ0We7GiESYTPKJdIwUOqOqns3WmqGzIEPmhNEdoNKO/J1IcKJUEnukMsB6rRS+D/3ndWPu1fspEFGsqyPwhP+ZIhyjLBg2ZpETzxAhMJDN/RWSMTRraJFg0IbiLKy+LVrXiOhX35rxUr+VxFOAYTuAUXLiAOlxDA5pA4BGe4RXerCfrxXq3PuatK1Y+cwR/yvr8AVMbmvA=</latexit><latexit sha1_base64="X/PSnOTofMhpbl8hVcxq2rL6m5w=">AAACDnicbZDLSgMxFIbPeK31NurSTbAUBKHMFMFuhIIblxXsBdpaMmmmDc1khiQjDkOfwI2v4saFIm5du/NtzLSz0NYDCT/ffw7J+b2IM6Ud59taWV1b39gsbBW3d3b39u2Dw5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vclV5rfvqVQsFLc6iWg/wCPBfEawNmhgl3u+xCR9uKtOU2wudIbmJMmIl5FL5A7sklNxZoWWhZuLEuTVGNhfvWFI4oAKTThWqus6ke6nWGpGOJ0We7GiESYTPKJdIwUOqOqns3WmqGzIEPmhNEdoNKO/J1IcKJUEnukMsB6rRS+D/3ndWPu1fspEFGsqyPwhP+ZIhyjLBg2ZpETzxAhMJDN/RWSMTRraJFg0IbiLKy+LVrXiOhX35rxUr+VxFOAYTuAUXLiAOlxDA5pA4BGe4RXerCfrxXq3PuatK1Y+cwR/yvr8AVMbmvA=</latexit><latexit sha1_base64="X/PSnOTofMhpbl8hVcxq2rL6m5w=">AAACDnicbZDLSgMxFIbPeK31NurSTbAUBKHMFMFuhIIblxXsBdpaMmmmDc1khiQjDkOfwI2v4saFIm5du/NtzLSz0NYDCT/ffw7J+b2IM6Ud59taWV1b39gsbBW3d3b39u2Dw5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vclV5rfvqVQsFLc6iWg/wCPBfEawNmhgl3u+xCR9uKtOU2wudIbmJMmIl5FL5A7sklNxZoWWhZuLEuTVGNhfvWFI4oAKTThWqus6ke6nWGpGOJ0We7GiESYTPKJdIwUOqOqns3WmqGzIEPmhNEdoNKO/J1IcKJUEnukMsB6rRS+D/3ndWPu1fspEFGsqyPwhP+ZIhyjLBg2ZpETzxAhMJDN/RWSMTRraJFg0IbiLKy+LVrXiOhX35rxUr+VxFOAYTuAUXLiAOlxDA5pA4BGe4RXerCfrxXq3PuatK1Y+cwR/yvr8AVMbmvA=</latexit><latexit sha1_base64="X/PSnOTofMhpbl8hVcxq2rL6m5w=">AAACDnicbZDLSgMxFIbPeK31NurSTbAUBKHMFMFuhIIblxXsBdpaMmmmDc1khiQjDkOfwI2v4saFIm5du/NtzLSz0NYDCT/ffw7J+b2IM6Ud59taWV1b39gsbBW3d3b39u2Dw5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vclV5rfvqVQsFLc6iWg/wCPBfEawNmhgl3u+xCR9uKtOU2wudIbmJMmIl5FL5A7sklNxZoWWhZuLEuTVGNhfvWFI4oAKTThWqus6ke6nWGpGOJ0We7GiESYTPKJdIwUOqOqns3WmqGzIEPmhNEdoNKO/J1IcKJUEnukMsB6rRS+D/3ndWPu1fspEFGsqyPwhP+ZIhyjLBg2ZpETzxAhMJDN/RWSMTRraJFg0IbiLKy+LVrXiOhX35rxUr+VxFOAYTuAUXLiAOlxDA5pA4BGe4RXerCfrxXq3PuatK1Y+cwR/yvr8AVMbmvA=</latexit>

O

y
<latexit sha1_base64="fHd3Ofo39OCZ6T6IuApaHtVI2Os=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokI9ljw4rEF+wFtKJvtpF272YTdjRBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WB6N/e7T6g0j+WDyRL0IzqWPOSMGiu1smGl6tbcBcg68QpShQLNYeVrMIpZGqE0TFCt+56bGD+nynAmcFYepBoTyqZ0jH1LJY1Q+/ni0Bm5tMqIhLGyJQ1ZqL8nchppnUWB7YyomehVby7+5/VTE9b9nMskNSjZclGYCmJiMv+ajLhCZkRmCWWK21sJm1BFmbHZlG0I3urL66RzXfPcmte6qTbqRRwlOIcLuAIPbqEB99CENjBAeIZXeHMenRfn3flYtm44xcwZ/IHz+QPku4zz</latexit><latexit sha1_base64="fHd3Ofo39OCZ6T6IuApaHtVI2Os=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokI9ljw4rEF+wFtKJvtpF272YTdjRBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WB6N/e7T6g0j+WDyRL0IzqWPOSMGiu1smGl6tbcBcg68QpShQLNYeVrMIpZGqE0TFCt+56bGD+nynAmcFYepBoTyqZ0jH1LJY1Q+/ni0Bm5tMqIhLGyJQ1ZqL8nchppnUWB7YyomehVby7+5/VTE9b9nMskNSjZclGYCmJiMv+ajLhCZkRmCWWK21sJm1BFmbHZlG0I3urL66RzXfPcmte6qTbqRRwlOIcLuAIPbqEB99CENjBAeIZXeHMenRfn3flYtm44xcwZ/IHz+QPku4zz</latexit><latexit sha1_base64="fHd3Ofo39OCZ6T6IuApaHtVI2Os=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokI9ljw4rEF+wFtKJvtpF272YTdjRBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WB6N/e7T6g0j+WDyRL0IzqWPOSMGiu1smGl6tbcBcg68QpShQLNYeVrMIpZGqE0TFCt+56bGD+nynAmcFYepBoTyqZ0jH1LJY1Q+/ni0Bm5tMqIhLGyJQ1ZqL8nchppnUWB7YyomehVby7+5/VTE9b9nMskNSjZclGYCmJiMv+ajLhCZkRmCWWK21sJm1BFmbHZlG0I3urL66RzXfPcmte6qTbqRRwlOIcLuAIPbqEB99CENjBAeIZXeHMenRfn3flYtm44xcwZ/IHz+QPku4zz</latexit><latexit sha1_base64="fHd3Ofo39OCZ6T6IuApaHtVI2Os=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokI9ljw4rEF+wFtKJvtpF272YTdjRBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfzsbm1vbObmmvvH9weHRcOTnt6DhVDNssFrHqBVSj4BLbhhuBvUQhjQKB3WB6N/e7T6g0j+WDyRL0IzqWPOSMGiu1smGl6tbcBcg68QpShQLNYeVrMIpZGqE0TFCt+56bGD+nynAmcFYepBoTyqZ0jH1LJY1Q+/ni0Bm5tMqIhLGyJQ1ZqL8nchppnUWB7YyomehVby7+5/VTE9b9nMskNSjZclGYCmJiMv+ajLhCZkRmCWWK21sJm1BFmbHZlG0I3urL66RzXfPcmte6qTbqRRwlOIcLuAIPbqEB99CENjBAeIZXeHMenRfn3flYtm44xcwZ/IHz+QPku4zz</latexit>

x
<latexit sha1_base64="sS/1Y4RUFRdYgUjEZXi7AEhWI1A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ1P+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqtTyOIpzBOVyCBzdQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4zeM8g==</latexit><latexit sha1_base64="sS/1Y4RUFRdYgUjEZXi7AEhWI1A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ1P+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqtTyOIpzBOVyCBzdQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4zeM8g==</latexit><latexit sha1_base64="sS/1Y4RUFRdYgUjEZXi7AEhWI1A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ1P+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqtTyOIpzBOVyCBzdQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4zeM8g==</latexit><latexit sha1_base64="sS/1Y4RUFRdYgUjEZXi7AEhWI1A=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsMeCF48t2A9oQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKLSPJb3ZpqgH9GR5CFn1Fip+TQoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQRaj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ1P+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqtTyOIpzBOVyCBzdQhztoQAsYIDzDK7w5D86L8+58LFsLTj5zCn/gfP4A4zeM8g==</latexit>

C1
<latexit sha1_base64="639y4SBiV4aRpKkOfgjHBAGTE2w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI+FXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpb2zu7e8X90sHh0fFJ+fSsY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeYNhd+94lrI2L1iLOE+xEdKxEKRtFKD82hNyxX3Kq7BNkkXk4qkKM1LH8NRjFLI66QSWpM33MT9DOqUTDJ56VBanhC2ZSOed9SRSNu/Gx56pxcWWVEwljbUkiW6u+JjEbGzKLAdkYUJ2bdW4j/ef0Uw7qfCZWkyBVbLQpTSTAmi7/JSGjOUM4soUwLeythE6opQ5tOyYbgrb+8STo3Vc+teve3lUY9j6MIF3AJ1+BBDRpwBy1oA4MxPMMrvDnSeXHenY9Va8HJZ87hD5zPH7fhjWE=</latexit><latexit sha1_base64="639y4SBiV4aRpKkOfgjHBAGTE2w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI+FXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpb2zu7e8X90sHh0fFJ+fSsY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeYNhd+94lrI2L1iLOE+xEdKxEKRtFKD82hNyxX3Kq7BNkkXk4qkKM1LH8NRjFLI66QSWpM33MT9DOqUTDJ56VBanhC2ZSOed9SRSNu/Gx56pxcWWVEwljbUkiW6u+JjEbGzKLAdkYUJ2bdW4j/ef0Uw7qfCZWkyBVbLQpTSTAmi7/JSGjOUM4soUwLeythE6opQ5tOyYbgrb+8STo3Vc+teve3lUY9j6MIF3AJ1+BBDRpwBy1oA4MxPMMrvDnSeXHenY9Va8HJZ87hD5zPH7fhjWE=</latexit><latexit sha1_base64="639y4SBiV4aRpKkOfgjHBAGTE2w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI+FXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpb2zu7e8X90sHh0fFJ+fSsY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeYNhd+94lrI2L1iLOE+xEdKxEKRtFKD82hNyxX3Kq7BNkkXk4qkKM1LH8NRjFLI66QSWpM33MT9DOqUTDJ56VBanhC2ZSOed9SRSNu/Gx56pxcWWVEwljbUkiW6u+JjEbGzKLAdkYUJ2bdW4j/ef0Uw7qfCZWkyBVbLQpTSTAmi7/JSGjOUM4soUwLeythE6opQ5tOyYbgrb+8STo3Vc+teve3lUY9j6MIF3AJ1+BBDRpwBy1oA4MxPMMrvDnSeXHenY9Va8HJZ87hD5zPH7fhjWE=</latexit><latexit sha1_base64="639y4SBiV4aRpKkOfgjHBAGTE2w=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEaI+FXjxWtB/QhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpb2zu7e8X90sHh0fFJ+fSsY+JUM95msYx1L6CGS6F4GwVK3ks0p1EgeTeYNhd+94lrI2L1iLOE+xEdKxEKRtFKD82hNyxX3Kq7BNkkXk4qkKM1LH8NRjFLI66QSWpM33MT9DOqUTDJ56VBanhC2ZSOed9SRSNu/Gx56pxcWWVEwljbUkiW6u+JjEbGzKLAdkYUJ2bdW4j/ef0Uw7qfCZWkyBVbLQpTSTAmi7/JSGjOUM4soUwLeythE6opQ5tOyYbgrb+8STo3Vc+teve3lUY9j6MIF3AJ1+BBDRpwBy1oA4MxPMMrvDnSeXHenY9Va8HJZ87hD5zPH7fhjWE=</latexit>

C2
<latexit sha1_base64="f2QqxneubuzRwXtEuOW6LVobU+o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYI+FXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbT5sLvPqHSPJaPZpagH9Gx5CFn1FjpoTmsDcsVt+ouQTaJl5MK5GgNy1+DUczSCKVhgmrd99zE+BlVhjOB89Ig1ZhQNqVj7FsqaYTaz5anzsmVVUYkjJUtachS/T2R0UjrWRTYzoiaiV73FuJ/Xj81Yd3PuExSg5KtFoWpICYmi7/JiCtkRswsoUxxeythE6ooMzadkg3BW395k3RqVc+tevc3lUY9j6MIF3AJ1+DBLTTgDlrQBgZjeIZXeHOE8+K8Ox+r1oKTz5zDHzifP7lljWI=</latexit><latexit sha1_base64="f2QqxneubuzRwXtEuOW6LVobU+o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYI+FXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbT5sLvPqHSPJaPZpagH9Gx5CFn1FjpoTmsDcsVt+ouQTaJl5MK5GgNy1+DUczSCKVhgmrd99zE+BlVhjOB89Ig1ZhQNqVj7FsqaYTaz5anzsmVVUYkjJUtachS/T2R0UjrWRTYzoiaiV73FuJ/Xj81Yd3PuExSg5KtFoWpICYmi7/JiCtkRswsoUxxeythE6ooMzadkg3BW395k3RqVc+tevc3lUY9j6MIF3AJ1+DBLTTgDlrQBgZjeIZXeHOE8+K8Ox+r1oKTz5zDHzifP7lljWI=</latexit><latexit sha1_base64="f2QqxneubuzRwXtEuOW6LVobU+o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYI+FXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbT5sLvPqHSPJaPZpagH9Gx5CFn1FjpoTmsDcsVt+ouQTaJl5MK5GgNy1+DUczSCKVhgmrd99zE+BlVhjOB89Ig1ZhQNqVj7FsqaYTaz5anzsmVVUYkjJUtachS/T2R0UjrWRTYzoiaiV73FuJ/Xj81Yd3PuExSg5KtFoWpICYmi7/JiCtkRswsoUxxeythE6ooMzadkg3BW395k3RqVc+tevc3lUY9j6MIF3AJ1+DBLTTgDlrQBgZjeIZXeHOE8+K8Ox+r1oKTz5zDHzifP7lljWI=</latexit><latexit sha1_base64="f2QqxneubuzRwXtEuOW6LVobU+o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKYI+FXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbT5sLvPqHSPJaPZpagH9Gx5CFn1FjpoTmsDcsVt+ouQTaJl5MK5GgNy1+DUczSCKVhgmrd99zE+BlVhjOB89Ig1ZhQNqVj7FsqaYTaz5anzsmVVUYkjJUtachS/T2R0UjrWRTYzoiaiV73FuJ/Xj81Yd3PuExSg5KtFoWpICYmi7/JiCtkRswsoUxxeythE6ooMzadkg3BW395k3RqVc+tevc3lUY9j6MIF3AJ1+DBLTTgDlrQBgZjeIZXeHOE8+K8Ox+r1oKTz5zDHzifP7lljWI=</latexit>

P
<latexit sha1_base64="hKSgFSD7v8QS+Xn0xIkMciP3fvA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi2GXBjcsW7APaIJPpTTt2MgkzE6GEfoEbF4q49ZPc+TdO2iy09cDA4ZxzmXtPkAiujet+O6WNza3tnfJuZW//4PCoenzS1XGqGHZYLGLVD6hGwSV2DDcC+4lCGgUCe8H0Nvd7T6g0j+W9mSXoR3QsecgZNVZqtx6qNbfuLkDWiVeQGhSw+a/hKGZphNIwQbUeeG5i/Iwqw5nAeWWYakwom9IxDiyVNELtZ4tF5+TCKiMSxso+achC/T2R0UjrWRTYZETNRK96ufifN0hN2PAzLpPUoGTLj8JUEBOT/Goy4gqZETNLKFPc7krYhCrKjO2mYkvwVk9eJ92ruufWvfZ1rdko6ijDGZzDJXhwA024gxZ0gAHCM7zCm/PovDjvzscyWnKKmVP4A+fzB6aXjMo=</latexit><latexit sha1_base64="hKSgFSD7v8QS+Xn0xIkMciP3fvA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi2GXBjcsW7APaIJPpTTt2MgkzE6GEfoEbF4q49ZPc+TdO2iy09cDA4ZxzmXtPkAiujet+O6WNza3tnfJuZW//4PCoenzS1XGqGHZYLGLVD6hGwSV2DDcC+4lCGgUCe8H0Nvd7T6g0j+W9mSXoR3QsecgZNVZqtx6qNbfuLkDWiVeQGhSw+a/hKGZphNIwQbUeeG5i/Iwqw5nAeWWYakwom9IxDiyVNELtZ4tF5+TCKiMSxso+achC/T2R0UjrWRTYZETNRK96ufifN0hN2PAzLpPUoGTLj8JUEBOT/Goy4gqZETNLKFPc7krYhCrKjO2mYkvwVk9eJ92ruufWvfZ1rdko6ijDGZzDJXhwA024gxZ0gAHCM7zCm/PovDjvzscyWnKKmVP4A+fzB6aXjMo=</latexit><latexit sha1_base64="hKSgFSD7v8QS+Xn0xIkMciP3fvA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi2GXBjcsW7APaIJPpTTt2MgkzE6GEfoEbF4q49ZPc+TdO2iy09cDA4ZxzmXtPkAiujet+O6WNza3tnfJuZW//4PCoenzS1XGqGHZYLGLVD6hGwSV2DDcC+4lCGgUCe8H0Nvd7T6g0j+W9mSXoR3QsecgZNVZqtx6qNbfuLkDWiVeQGhSw+a/hKGZphNIwQbUeeG5i/Iwqw5nAeWWYakwom9IxDiyVNELtZ4tF5+TCKiMSxso+achC/T2R0UjrWRTYZETNRK96ufifN0hN2PAzLpPUoGTLj8JUEBOT/Goy4gqZETNLKFPc7krYhCrKjO2mYkvwVk9eJ92ruufWvfZ1rdko6ijDGZzDJXhwA024gxZ0gAHCM7zCm/PovDjvzscyWnKKmVP4A+fzB6aXjMo=</latexit><latexit sha1_base64="hKSgFSD7v8QS+Xn0xIkMciP3fvA=">AAAB6HicbVDLSsNAFL2pr1pfVZduBovgqiQi2GXBjcsW7APaIJPpTTt2MgkzE6GEfoEbF4q49ZPc+TdO2iy09cDA4ZxzmXtPkAiujet+O6WNza3tnfJuZW//4PCoenzS1XGqGHZYLGLVD6hGwSV2DDcC+4lCGgUCe8H0Nvd7T6g0j+W9mSXoR3QsecgZNVZqtx6qNbfuLkDWiVeQGhSw+a/hKGZphNIwQbUeeG5i/Iwqw5nAeWWYakwom9IxDiyVNELtZ4tF5+TCKiMSxso+achC/T2R0UjrWRTYZETNRK96ufifN0hN2PAzLpPUoGTLj8JUEBOT/Goy4gqZETNLKFPc7krYhCrKjO2mYkvwVk9eJ92ruufWvfZ1rdko6ijDGZzDJXhwA024gxZ0gAHCM7zCm/PovDjvzscyWnKKmVP4A+fzB6aXjMo=</latexit>

x = a cos↵
<latexit sha1_base64="YhMk0Xp8VsIm0OnUklWjJaVpSMI=">AAAB+nicbVBNSwMxEM3Wr1q/tnr0EiyCp7Irgr0IBS8eK9gPaJcym2bb0GyyJFm1rP0pXjwo4tVf4s1/Y9ruQVsfDDzem2FmXphwpo3nfTuFtfWNza3idmlnd2//wC0ftrRMFaFNIrlUnRA05UzQpmGG006iKMQhp+1wfD3z2/dUaSbFnZkkNIhhKFjECBgr9d3yI77CgHtEatwDnoyg71a8qjcHXiV+TiooR6PvfvUGkqQxFYZw0Lrre4kJMlCGEU6npV6qaQJkDEPatVRATHWQzU+f4lOrDHAklS1h8Fz9PZFBrPUkDm1nDGakl72Z+J/XTU1UCzImktRQQRaLopRjI/EsBzxgihLDJ5YAUczeiskIFBBj0yrZEPzll1dJ67zqe1X/9qJSr+VxFNExOkFnyEeXqI5uUAM1EUEP6Bm9ojfnyXlx3p2PRWvByWeO0B84nz+ZkZLk</latexit><latexit sha1_base64="YhMk0Xp8VsIm0OnUklWjJaVpSMI=">AAAB+nicbVBNSwMxEM3Wr1q/tnr0EiyCp7Irgr0IBS8eK9gPaJcym2bb0GyyJFm1rP0pXjwo4tVf4s1/Y9ruQVsfDDzem2FmXphwpo3nfTuFtfWNza3idmlnd2//wC0ftrRMFaFNIrlUnRA05UzQpmGG006iKMQhp+1wfD3z2/dUaSbFnZkkNIhhKFjECBgr9d3yI77CgHtEatwDnoyg71a8qjcHXiV+TiooR6PvfvUGkqQxFYZw0Lrre4kJMlCGEU6npV6qaQJkDEPatVRATHWQzU+f4lOrDHAklS1h8Fz9PZFBrPUkDm1nDGakl72Z+J/XTU1UCzImktRQQRaLopRjI/EsBzxgihLDJ5YAUczeiskIFBBj0yrZEPzll1dJ67zqe1X/9qJSr+VxFNExOkFnyEeXqI5uUAM1EUEP6Bm9ojfnyXlx3p2PRWvByWeO0B84nz+ZkZLk</latexit><latexit sha1_base64="YhMk0Xp8VsIm0OnUklWjJaVpSMI=">AAAB+nicbVBNSwMxEM3Wr1q/tnr0EiyCp7Irgr0IBS8eK9gPaJcym2bb0GyyJFm1rP0pXjwo4tVf4s1/Y9ruQVsfDDzem2FmXphwpo3nfTuFtfWNza3idmlnd2//wC0ftrRMFaFNIrlUnRA05UzQpmGG006iKMQhp+1wfD3z2/dUaSbFnZkkNIhhKFjECBgr9d3yI77CgHtEatwDnoyg71a8qjcHXiV+TiooR6PvfvUGkqQxFYZw0Lrre4kJMlCGEU6npV6qaQJkDEPatVRATHWQzU+f4lOrDHAklS1h8Fz9PZFBrPUkDm1nDGakl72Z+J/XTU1UCzImktRQQRaLopRjI/EsBzxgihLDJ5YAUczeiskIFBBj0yrZEPzll1dJ67zqe1X/9qJSr+VxFNExOkFnyEeXqI5uUAM1EUEP6Bm9ojfnyXlx3p2PRWvByWeO0B84nz+ZkZLk</latexit><latexit sha1_base64="YhMk0Xp8VsIm0OnUklWjJaVpSMI=">AAAB+nicbVBNSwMxEM3Wr1q/tnr0EiyCp7Irgr0IBS8eK9gPaJcym2bb0GyyJFm1rP0pXjwo4tVf4s1/Y9ruQVsfDDzem2FmXphwpo3nfTuFtfWNza3idmlnd2//wC0ftrRMFaFNIrlUnRA05UzQpmGG006iKMQhp+1wfD3z2/dUaSbFnZkkNIhhKFjECBgr9d3yI77CgHtEatwDnoyg71a8qjcHXiV+TiooR6PvfvUGkqQxFYZw0Lrre4kJMlCGEU6npV6qaQJkDEPatVRATHWQzU+f4lOrDHAklS1h8Fz9PZFBrPUkDm1nDGakl72Z+J/XTU1UCzImktRQQRaLopRjI/EsBzxgihLDJ5YAUczeiskIFBBj0yrZEPzll1dJ67zqe1X/9qJSr+VxFNExOkFnyEeXqI5uUAM1EUEP6Bm9ojfnyXlx3p2PRWvByWeO0B84nz+ZkZLk</latexit>

y = b sin↵
<latexit sha1_base64="KNRPOYg8V+c3iFbH2r2wHu31bPk=">AAAB+nicbVBNS8NAEJ3Ur1q/Wj16WSyCp5KIYC9CwYvHCrYV2lAm2027dLMJuxsl1P4ULx4U8eov8ea/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UK4ctnWcKspaNBaxug9QM8ElaxluBLtPFMMoEKwTjK9nfueBKc1jeWeyhPkRDiUPOUVjpX65kpErEpCe5pL0UCQj7Jerbs2dg6wSLydVyNHsl796g5imEZOGCtS667mJ8SeoDKeCTUu9VLME6RiHrGupxIhpfzI/fUpOrTIgYaxsSUPm6u+JCUZaZ1FgOyM0I73szcT/vG5qwro/4TJJDZN0sShMBTExmeVABlwxakRmCVLF7a2EjlAhNTatkg3BW355lbTPa55b824vqo16HkcRjuEEzsCDS2jADTShBRQe4Rle4c15cl6cd+dj0Vpw8pkj+APn8wekhpLr</latexit><latexit sha1_base64="KNRPOYg8V+c3iFbH2r2wHu31bPk=">AAAB+nicbVBNS8NAEJ3Ur1q/Wj16WSyCp5KIYC9CwYvHCrYV2lAm2027dLMJuxsl1P4ULx4U8eov8ea/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UK4ctnWcKspaNBaxug9QM8ElaxluBLtPFMMoEKwTjK9nfueBKc1jeWeyhPkRDiUPOUVjpX65kpErEpCe5pL0UCQj7Jerbs2dg6wSLydVyNHsl796g5imEZOGCtS667mJ8SeoDKeCTUu9VLME6RiHrGupxIhpfzI/fUpOrTIgYaxsSUPm6u+JCUZaZ1FgOyM0I73szcT/vG5qwro/4TJJDZN0sShMBTExmeVABlwxakRmCVLF7a2EjlAhNTatkg3BW355lbTPa55b824vqo16HkcRjuEEzsCDS2jADTShBRQe4Rle4c15cl6cd+dj0Vpw8pkj+APn8wekhpLr</latexit><latexit sha1_base64="KNRPOYg8V+c3iFbH2r2wHu31bPk=">AAAB+nicbVBNS8NAEJ3Ur1q/Wj16WSyCp5KIYC9CwYvHCrYV2lAm2027dLMJuxsl1P4ULx4U8eov8ea/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UK4ctnWcKspaNBaxug9QM8ElaxluBLtPFMMoEKwTjK9nfueBKc1jeWeyhPkRDiUPOUVjpX65kpErEpCe5pL0UCQj7Jerbs2dg6wSLydVyNHsl796g5imEZOGCtS667mJ8SeoDKeCTUu9VLME6RiHrGupxIhpfzI/fUpOrTIgYaxsSUPm6u+JCUZaZ1FgOyM0I73szcT/vG5qwro/4TJJDZN0sShMBTExmeVABlwxakRmCVLF7a2EjlAhNTatkg3BW355lbTPa55b824vqo16HkcRjuEEzsCDS2jADTShBRQe4Rle4c15cl6cd+dj0Vpw8pkj+APn8wekhpLr</latexit><latexit sha1_base64="KNRPOYg8V+c3iFbH2r2wHu31bPk=">AAAB+nicbVBNS8NAEJ3Ur1q/Wj16WSyCp5KIYC9CwYvHCrYV2lAm2027dLMJuxsl1P4ULx4U8eov8ea/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UK4ctnWcKspaNBaxug9QM8ElaxluBLtPFMMoEKwTjK9nfueBKc1jeWeyhPkRDiUPOUVjpX65kpErEpCe5pL0UCQj7Jerbs2dg6wSLydVyNHsl796g5imEZOGCtS667mJ8SeoDKeCTUu9VLME6RiHrGupxIhpfzI/fUpOrTIgYaxsSUPm6u+JCUZaZ1FgOyM0I73szcT/vG5qwro/4TJJDZN0sShMBTExmeVABlwxakRmCVLF7a2EjlAhNTatkg3BW355lbTPa55b824vqo16HkcRjuEEzsCDS2jADTShBRQe4Rle4c15cl6cd+dj0Vpw8pkj+APn8wekhpLr</latexit>

↵
<latexit sha1_base64="EBU6LNuo7n7lcAv/3GrQ/2JRJQI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDHgxWME84BkCb2T2WTI7OwwMyuEJR/hxYMiXv0eb/6Nk2QPmljQUFR1090VKcGN9f1vb2Nza3tnt7RX3j84PDqunJy2TZppylo0FanuRmiY4JK1LLeCdZVmmESCdaLJ3dzvPDFteCof7VSxMMGR5DGnaJ3UIX0UaoyDStWv+QuQdRIUpAoFmoPKV3+Y0ixh0lKBxvQCX9kwR205FWxW7meGKaQTHLGeoxITZsJ8ce6MXDplSOJUu5KWLNTfEzkmxkyTyHUmaMdm1ZuL/3m9zMb1MOdSZZZJulwUZ4LYlMx/J0OuGbVi6ghSzd2thI5RI7UuobILIVh9eZ20r2uBXwsebqqNehFHCc7hAq4ggFtowD00oQUUJvAMr/DmKe/Fe/c+lq0bXjFzBn/gff4A3q2POA==</latexit><latexit sha1_base64="EBU6LNuo7n7lcAv/3GrQ/2JRJQI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDHgxWME84BkCb2T2WTI7OwwMyuEJR/hxYMiXv0eb/6Nk2QPmljQUFR1090VKcGN9f1vb2Nza3tnt7RX3j84PDqunJy2TZppylo0FanuRmiY4JK1LLeCdZVmmESCdaLJ3dzvPDFteCof7VSxMMGR5DGnaJ3UIX0UaoyDStWv+QuQdRIUpAoFmoPKV3+Y0ixh0lKBxvQCX9kwR205FWxW7meGKaQTHLGeoxITZsJ8ce6MXDplSOJUu5KWLNTfEzkmxkyTyHUmaMdm1ZuL/3m9zMb1MOdSZZZJulwUZ4LYlMx/J0OuGbVi6ghSzd2thI5RI7UuobILIVh9eZ20r2uBXwsebqqNehFHCc7hAq4ggFtowD00oQUUJvAMr/DmKe/Fe/c+lq0bXjFzBn/gff4A3q2POA==</latexit><latexit sha1_base64="EBU6LNuo7n7lcAv/3GrQ/2JRJQI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDHgxWME84BkCb2T2WTI7OwwMyuEJR/hxYMiXv0eb/6Nk2QPmljQUFR1090VKcGN9f1vb2Nza3tnt7RX3j84PDqunJy2TZppylo0FanuRmiY4JK1LLeCdZVmmESCdaLJ3dzvPDFteCof7VSxMMGR5DGnaJ3UIX0UaoyDStWv+QuQdRIUpAoFmoPKV3+Y0ixh0lKBxvQCX9kwR205FWxW7meGKaQTHLGeoxITZsJ8ce6MXDplSOJUu5KWLNTfEzkmxkyTyHUmaMdm1ZuL/3m9zMb1MOdSZZZJulwUZ4LYlMx/J0OuGbVi6ghSzd2thI5RI7UuobILIVh9eZ20r2uBXwsebqqNehFHCc7hAq4ggFtowD00oQUUJvAMr/DmKe/Fe/c+lq0bXjFzBn/gff4A3q2POA==</latexit><latexit sha1_base64="EBU6LNuo7n7lcAv/3GrQ/2JRJQI=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0RzDHgxWME84BkCb2T2WTI7OwwMyuEJR/hxYMiXv0eb/6Nk2QPmljQUFR1090VKcGN9f1vb2Nza3tnt7RX3j84PDqunJy2TZppylo0FanuRmiY4JK1LLeCdZVmmESCdaLJ3dzvPDFteCof7VSxMMGR5DGnaJ3UIX0UaoyDStWv+QuQdRIUpAoFmoPKV3+Y0ixh0lKBxvQCX9kwR205FWxW7meGKaQTHLGeoxITZsJ8ce6MXDplSOJUu5KWLNTfEzkmxkyTyHUmaMdm1ZuL/3m9zMb1MOdSZZZJulwUZ4LYlMx/J0OuGbVi6ghSzd2thI5RI7UuobILIVh9eZ20r2uBXwsebqqNehFHCc7hAq4ggFtowD00oQUUJvAMr/DmKe/Fe/c+lq0bXjFzBn/gff4A3q2POA==</latexit>

a2 � b2 = c2
<latexit sha1_base64="LSnXhEfLM+kRHA1q6nWQjgxuFZg=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBiyUJgr0IBS8eK9gPaNOy2W7apZtN3N0USujv8OJBEa/+GG/+G7dpDtr6YODx3gwz8/yYM6Vt+9sqbGxube8Ud0t7+weHR+Xjk5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/cndwm9PqVQsEo96FlMvxCPBAkawNpKH++6V33fRLSJ9d1Cu2FU7A1onTk4qkKMxKH/1hhFJQio04ViprmPH2kux1IxwOi/1EkVjTCZ4RLuGChxS5aXZ0XN0YZQhCiJpSmiUqb8nUhwqNQt90xliPVar3kL8z+smOqh5KRNxoqkgy0VBwpGO0CIBNGSSEs1nhmAimbkVkTGWmGiTU8mE4Ky+vE5abtWxq87DdaVey+MowhmcwyU4cAN1uIcGNIHAEzzDK7xZU+vFerc+lq0FK585hT+wPn8ATPmQcg==</latexit><latexit sha1_base64="LSnXhEfLM+kRHA1q6nWQjgxuFZg=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBiyUJgr0IBS8eK9gPaNOy2W7apZtN3N0USujv8OJBEa/+GG/+G7dpDtr6YODx3gwz8/yYM6Vt+9sqbGxube8Ud0t7+weHR+Xjk5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/cndwm9PqVQsEo96FlMvxCPBAkawNpKH++6V33fRLSJ9d1Cu2FU7A1onTk4qkKMxKH/1hhFJQio04ViprmPH2kux1IxwOi/1EkVjTCZ4RLuGChxS5aXZ0XN0YZQhCiJpSmiUqb8nUhwqNQt90xliPVar3kL8z+smOqh5KRNxoqkgy0VBwpGO0CIBNGSSEs1nhmAimbkVkTGWmGiTU8mE4Ky+vE5abtWxq87DdaVey+MowhmcwyU4cAN1uIcGNIHAEzzDK7xZU+vFerc+lq0FK585hT+wPn8ATPmQcg==</latexit><latexit sha1_base64="LSnXhEfLM+kRHA1q6nWQjgxuFZg=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBiyUJgr0IBS8eK9gPaNOy2W7apZtN3N0USujv8OJBEa/+GG/+G7dpDtr6YODx3gwz8/yYM6Vt+9sqbGxube8Ud0t7+weHR+Xjk5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/cndwm9PqVQsEo96FlMvxCPBAkawNpKH++6V33fRLSJ9d1Cu2FU7A1onTk4qkKMxKH/1hhFJQio04ViprmPH2kux1IxwOi/1EkVjTCZ4RLuGChxS5aXZ0XN0YZQhCiJpSmiUqb8nUhwqNQt90xliPVar3kL8z+smOqh5KRNxoqkgy0VBwpGO0CIBNGSSEs1nhmAimbkVkTGWmGiTU8mE4Ky+vE5abtWxq87DdaVey+MowhmcwyU4cAN1uIcGNIHAEzzDK7xZU+vFerc+lq0FK585hT+wPn8ATPmQcg==</latexit><latexit sha1_base64="LSnXhEfLM+kRHA1q6nWQjgxuFZg=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBbBiyUJgr0IBS8eK9gPaNOy2W7apZtN3N0USujv8OJBEa/+GG/+G7dpDtr6YODx3gwz8/yYM6Vt+9sqbGxube8Ud0t7+weHR+Xjk5aKEklok0Q8kh0fK8qZoE3NNKedWFIc+py2/cndwm9PqVQsEo96FlMvxCPBAkawNpKH++6V33fRLSJ9d1Cu2FU7A1onTk4qkKMxKH/1hhFJQio04ViprmPH2kux1IxwOi/1EkVjTCZ4RLuGChxS5aXZ0XN0YZQhCiJpSmiUqb8nUhwqNQt90xliPVar3kL8z+smOqh5KRNxoqkgy0VBwpGO0CIBNGSSEs1nhmAimbkVkTGWmGiTU8mE4Ky+vE5abtWxq87DdaVey+MowhmcwyU4cAN1uIcGNIHAEzzDK7xZU+vFerc+lq0FK585hT+wPn8ATPmQcg==</latexit>
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Ellipse en coordonnées polaires

O

P Q

d

Lieu géométrique des 
points tels que

r
✓

e : excentricité

|��!OP |
|��!PQ|

= e 0 < e < 1

|��!OP |
|��!PQ|

= e =
r

d� r cos ✓

r(1 + e cos ✓) = ed

p

r
= (1 + e cos ✓)

p = ed
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Ellipse en coordonnées polaires et cartésiennes

p

r
= (1 + e cos ✓)

O

r
✓

a
<latexit sha1_base64="K0sbq16kgPLQqrzc+uWJduK0lzg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20a1XvqlprXlfqtTyOIpzBOVyCBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4Av9uM2Q==</latexit>

b
<latexit sha1_base64="Prju82QmmWQsoLjc3BWIz6S9OkI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQzKFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jpp16reVbXWvK7Ua3kcRTiDc7gED26gDvfQgBYwQHiGV3hzHp0X5935WLYWnHzmFP7A+fwBwV+M2g==</latexit>

c
<latexit sha1_base64="UtJp94rs5P2lEy6PEIzvD21TAhA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipyQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDWz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20a1XvqlprXlfqtTyOIpzBOVyCBzdQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AwuOM2w==</latexit>

x
<latexit sha1_base64="gxHJCzxsWMshlnSJ5CRvp3/bH3w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2FZoQ9lsJ+3azSbsbsQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMTqPqAaBZfYMtwIvE8U0igQ2AnGNzO/84hK81jemUmCfkSHkoecUWOl5lO/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+Sdq3qXVRrzctKvZbHUYQTOIVz8OAK6nALDWgBA4RneIU358F5cd6dj0VrwclnjuEPnM8f4reM8A==</latexit>

y
<latexit sha1_base64="YSXaL3jRL16OT+YtVYZb7AmHN84=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48t2A9oQ9lsp+3azSbsboQQ+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBZcG9f9dgobm1vbO8Xd0t7+weFR+fikraNEMWyxSESqG1CNgktsGW4EdmOFNAwEdoLp3dzvPKHSPJIPJo3RD+lY8hFn1FipmQ7KFbfqLkDWiZeTCuRoDMpf/WHEkhClYYJq3fPc2PgZVYYzgbNSP9EYUzalY+xZKmmI2s8Wh87IhVWGZBQpW9KQhfp7IqOh1mkY2M6Qmole9ebif14vMaNbP+MyTgxKtlw0SgQxEZl/TYZcITMitYQyxe2thE2ooszYbEo2BG/15XXSrlW9q2qteV2p1/I4inAG53AJHtxAHe6hAS1ggPAMr/DmPDovzrvzsWwtOPnMKfyB8/kD5DuM8Q==</latexit>

(x+ c)2

a2
+

y2

b2
= 1

<latexit sha1_base64="Yuy1zt8vN2kqq+52eemq9VXtCck=">AAACEnicbZBNS8MwGMfT+TbnW9Wjl+AQNgajrYJehIEXjxPcC2x1pFm6haVpSVKxlH0GL34VLx4U8erJm9/GdOtBNx9I+PP7Pw/J8/ciRqWyrG+jsLK6tr5R3Cxtbe/s7pn7B20ZxgKTFg5ZKLoekoRRTlqKKka6kSAo8BjpeJOrzO/cEyFpyG9VEhE3QCNOfYqR0mhgVvu+QDitPNRw9c6ZpkhfsAbnNMmIl5FLaA/MslW3ZgWXhZ2LMsirOTC/+sMQxwHhCjMkZc+2IuWmSCiKGZmW+rEkEcITNCI9LTkKiHTT2UpTeKLJEPqh0IcrOKO/J1IUSJkEnu4MkBrLRS+D/3m9WPkXbkp5FCvC8fwhP2ZQhTDLBw6pIFixRAuEBdV/hXiMdBpKp1jSIdiLKy+LtlO3T+vOzVm54eRxFMEROAYVYINz0ADXoAlaAINH8AxewZvxZLwY78bHvLVg5DOH4E8Znz9gnJv1</latexit>

Utiliser les relations entre coordonnée 
cartésiennes et polaires:

r =
p

x2 + y2
<latexit sha1_base64="9jOUhscNG4/IqsWJ695kXOQOxK0=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSIIQkmioBuh4MZlBfuANi2T6aQdOnk4M1FD7Ke4caGIW7/EnX/jtM1CWw9cOJxzL/fe48WcSWVZ38bS8srq2npho7i5tb2za5b2GjJKBKF1EvFItDwsKWchrSumOG3FguLA47Tpja4mfvOeCsmi8FalMXUDPAiZzwhWWuqZJXGJOvJOqOyx65ykXWfcM8tWxZoCLRI7J2XIUeuZX51+RJKAhopwLGXbtmLlZlgoRjgdFzuJpDEmIzygbU1DHFDpZtPTx+hIK33kR0JXqNBU/T2R4UDKNPB0Z4DVUM57E/E/r50o/8LNWBgnioZktshPOFIRmuSA+kxQoniqCSaC6VsRGWKBidJpFXUI9vzLi6ThVOzTinNzVq46eRwFOIBDOAYbzqEK11CDOhB4gGd4hTfjyXgx3o2PWeuSkc/swx8Ynz98C5Ny</latexit>

x = r cos ✓
<latexit sha1_base64="QxWJ5DC/g9oQBz3kjdnJkahrK/w=">AAAB+nicbVBNSwMxEM36WevXVo9egkXwVHaroBeh4MVjBfsB7VKyabYNzSZLMquWtT/FiwdFvPpLvPlvTNs9aOuDgcd7M8zMCxPBDXjet7Oyura+sVnYKm7v7O7tu6WDplGppqxBlVC6HRLDBJesARwEayeakTgUrBWOrqd+655pw5W8g3HCgpgMJI84JWClnlt6xFdY4y5VBndhyID03LJX8WbAy8TPSRnlqPfcr25f0TRmEqggxnR8L4EgIxo4FWxS7KaGJYSOyIB1LJUkZibIZqdP8IlV+jhS2pYEPFN/T2QkNmYch7YzJjA0i95U/M/rpBBdBhmXSQpM0vmiKBUYFJ7mgPtcMwpibAmhmttbMR0STSjYtIo2BH/x5WXSrFb8s0r19rxcq+ZxFNAROkanyEcXqIZuUB01EEUP6Bm9ojfnyXlx3p2PeeuKk88coj9wPn8AzBeTAw==</latexit>

Remplacer dans l’équation en 
coordonnée polaires.

…

Identifier a,b, et c
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Ellipse: relation entre (e,p) et (a,b)

r =
p

x2 + y2
<latexit sha1_base64="9jOUhscNG4/IqsWJ695kXOQOxK0=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSIIQkmioBuh4MZlBfuANi2T6aQdOnk4M1FD7Ke4caGIW7/EnX/jtM1CWw9cOJxzL/fe48WcSWVZ38bS8srq2npho7i5tb2za5b2GjJKBKF1EvFItDwsKWchrSumOG3FguLA47Tpja4mfvOeCsmi8FalMXUDPAiZzwhWWuqZJXGJOvJOqOyx65ykXWfcM8tWxZoCLRI7J2XIUeuZX51+RJKAhopwLGXbtmLlZlgoRjgdFzuJpDEmIzygbU1DHFDpZtPTx+hIK33kR0JXqNBU/T2R4UDKNPB0Z4DVUM57E/E/r50o/8LNWBgnioZktshPOFIRmuSA+kxQoniqCSaC6VsRGWKBidJpFXUI9vzLi6ThVOzTinNzVq46eRwFOIBDOAYbzqEK11CDOhB4gGd4hTfjyXgx3o2PWeuSkc/swx8Ynz98C5Ny</latexit>

x = r cos ✓
<latexit sha1_base64="QxWJ5DC/g9oQBz3kjdnJkahrK/w=">AAAB+nicbVBNSwMxEM36WevXVo9egkXwVHaroBeh4MVjBfsB7VKyabYNzSZLMquWtT/FiwdFvPpLvPlvTNs9aOuDgcd7M8zMCxPBDXjet7Oyura+sVnYKm7v7O7tu6WDplGppqxBlVC6HRLDBJesARwEayeakTgUrBWOrqd+655pw5W8g3HCgpgMJI84JWClnlt6xFdY4y5VBndhyID03LJX8WbAy8TPSRnlqPfcr25f0TRmEqggxnR8L4EgIxo4FWxS7KaGJYSOyIB1LJUkZibIZqdP8IlV+jhS2pYEPFN/T2QkNmYch7YzJjA0i95U/M/rpBBdBhmXSQpM0vmiKBUYFJ7mgPtcMwpibAmhmttbMR0STSjYtIo2BH/x5WXSrFb8s0r19rxcq+ZxFNAROkanyEcXqIZuUB01EEUP6Bm9ojfnyXlx3p2PeeuKk88coj9wPn8AzBeTAw==</latexit>

r(1 + e cos ✓) = p
<latexit sha1_base64="iJzqz4TvuFsrOBVCpU2pXRyNHEk=">AAACA3icbVDLSgNBEJyNrxhfq970MhiEiBB2o6AXIeDFYwTzgCSE2UlvMmR2Z5npFUIIePFXvHhQxKs/4c2/cfI4aLSgoajqprsrSKQw6HlfTmZpeWV1Lbue29jc2t5xd/dqRqWaQ5UrqXQjYAakiKGKAiU0Eg0sCiTUg8H1xK/fgzZCxXc4TKAdsV4sQsEZWqnjHlBNCz49pUBbXBnawj4gO6FXNOm4ea/oTUH/En9O8mSOSsf9bHUVTyOIkUtmTNP3EmyPmEbBJYxzrdRAwviA9aBpacwiMO3R9IcxPbZKl4ZK24qRTtWfEyMWGTOMAtsZMeybRW8i/uc1Uwwv2yMRJylCzGeLwlRSVHQSCO0KDRzl0BLGtbC3Ut5nmnG0seVsCP7iy39JrVT0z4ql2/N8uTSPI0sOyREpEJ9ckDK5IRVSJZw8kCfyQl6dR+fZeXPeZ60ZZz6zT37B+fgGmliU5w==</latexit>

On remplace dans
p

x2 + y2 + xe = p
<latexit sha1_base64="J6pOHMDPrmhPHS+vNvJGaGCx2zg=">AAACA3icbVDLSgMxFL1TX7W+Rt3pJlgEQSgzo6AboeDGZQX7gHZaMmmmDc08TDLSYSi48VfcuFDErT/hzr8xfSy09cDlHs65l+QeL+ZMKsv6NnJLyyura/n1wsbm1vaOubtXk1EiCK2SiEei4WFJOQtpVTHFaSMWFAcep3VvcD326w9USBaFdyqNqRvgXsh8RrDSUsc8aMl7obJh20GnKG07I92GiKIrFHfMolWyJkCLxJ6RIsxQ6ZhfrW5EkoCGinAsZdO2YuVmWChGOB0VWomkMSYD3KNNTUMcUOlmkxtG6FgrXeRHQleo0ET9vZHhQMo08PRkgFVfzntj8T+vmSj/0s1YGCeKhmT6kJ9wpCI0DgR1maBE8VQTTATTf0WkjwUmSsdW0CHY8ycvkppTss9Kzu15sezM4sjDIRzBCdhwAWW4gQpUgcAjPMMrvBlPxovxbnxMR3PGbGcf/sD4/AG4hpWS</latexit>

p
x2 + y2 = p� ex

<latexit sha1_base64="d27vUIOW3k4r7FHlcfbLaad3aAc=">AAACAnicbVDLSgNBEOz1GeNr1ZN4GQyCIIbdVdCLEPDiMYJ5QLIJs5NJMmT24cysZFmCF3/FiwdFvPoV3vwbJ8keNLGgoajqprvLiziTyrK+jYXFpeWV1dxafn1jc2vb3NmtyjAWhFZIyENR97CknAW0opjitB4Jin2P05o3uB77tQcqJAuDO5VE1PVxL2BdRrDSUtvcb8p7odJhy0EnKGk5I4SuUIRO6bBtFqyiNQGaJ3ZGCpCh3Da/mp2QxD4NFOFYyoZtRcpNsVCMcDrKN2NJI0wGuEcbmgbYp9JNJy+M0JFWOqgbCl2BQhP190SKfSkT39OdPlZ9OeuNxf+8Rqy6l27KgihWNCDTRd2YIxWicR6owwQliieaYCKYvhWRPhaYKJ1aXodgz748T6pO0T4rOrfnhZKTxZGDAziEY7DhAkpwA2WoAIFHeIZXeDOejBfj3fiYti4Y2cwe/IHx+QNduJVq</latexit>

On élève au carré:

x2 + y2 = p2 � 2pex+ e2x2
<latexit sha1_base64="5cu+hJuh6ZWbc0ZB8jhrtZyWSgA=">AAACCXicbVDLSgMxFM34rPU16tJNsAiCWGZGQTdCwY3LCvYB7bRk0jttaOZBkpEOQ7du/BU3LhRx6x+4829M21lo64HkHs65l+QeL+ZMKsv6NpaWV1bX1gsbxc2t7Z1dc2+/LqNEUKjRiEei6REJnIVQU0xxaMYCSOBxaHjDm4nfeAAhWRTeqzQGNyD9kPmMEqWlrolHHQef4lTf+BrHupw5OIaR1qDjaLNrlqyyNQVeJHZOSihHtWt+tXsRTQIIFeVEypZtxcrNiFCMchgX24mEmNAh6UNL05AEIN1suskYH2ulh/1I6BMqPFV/T2QkkDINPN0ZEDWQ895E/M9rJcq/cjMWxomCkM4e8hOOVYQnseAeE0AVTzUhVDD9V0wHRBCqdHhFHYI9v/IiqTtl+7zs3F2UKk4eRwEdoiN0gmx0iSroFlVRDVH0iJ7RK3oznowX4934mLUuGfnMAfoD4/MHZxeWTA==</latexit>

x2(1� e2) + 2pex+ y2 = p2
<latexit sha1_base64="lbvqc47990vbsJI1mDRIftVtCTQ=">AAACCnicbVDLSgMxFM3UV62vqks30SJUimVmFHQjFNy4rGAf0I4lk962oZkHSUY6DF278VfcuFDErV/gzr8xbWehrQfCPTnnXpJ73JAzqUzz28gsLa+srmXXcxubW9s7+d29ugwiQaFGAx6IpkskcOZDTTHFoRkKIJ7LoeEOryd+4wGEZIF/p+IQHI/0fdZjlCgtdfKHo3sbF61T0OUEl2wcwgiXcKyv+AqHunTyBbNsToEXiZWSAkpR7eS/2t2ARh74inIiZcsyQ+UkRChGOYxz7UhCSOiQ9KGlqU88kE4yXWWMj7XSxb1A6OMrPFV/TyTEkzL2XN3pETWQ895E/M9rRap36STMDyMFPp091Is4VgGe5IK7TABVPNaEUMH0XzEdEEGo0unldAjW/MqLpG6XrbOyfXteqNhpHFl0gI5QEVnoAlXQDaqiGqLoET2jV/RmPBkvxrvxMWvNGOnMPvoD4/MH9POV8A==</latexit>

x2 + 2
pe

(1� e2)
x+

y2

(1� e2)
=

p2

(1� e2)
<latexit sha1_base64="x67RRDQehKKwCj5nonhe+dg69Do=">AAACNnicbZDLSsNAFIYn9VbrLerSzWARKsWSREE3QsGNG0HBaqGNZTI9aYdOLsxMpCH0qdz4HO7cuFDErY/gtEao1QMDP99/DmfO78WcSWVZz0Zhbn5hcam4XFpZXVvfMDe3bmSUCAoNGvFIND0igbMQGoopDs1YAAk8Drfe4Gzs396DkCwKr1UagxuQXsh8RonSqGNeDO8cjKsObvuC0CyGUVaxD0DD/REe4mrO0ztn2sCnP/2/eccsWzVrUvivsHNRRnlddsyndjeiSQChopxI2bKtWLkZEYpRDqNSO5EQEzogPWhpGZIApJtNzh7hPU262I+EfqHCEzo9kZFAyjTwdGdAVF/OemP4n9dKlH/iZiyMEwUh/V7kJxyrCI8zxF0mgCqeakGoYPqvmPaJzkPppEs6BHv25L/ixqnZhzXn6qhcd/I4imgH7aIKstExqqNzdIkaiKIH9Ixe0ZvxaLwY78bHd2vByGe20a8yPr8AsJSnCA==</latexit>

On ajoute un terme à gauche et à droite un terme pour faire apparaître un carré parfait en x 

x2 + 2
pe

(1� e2)
x+

p2e2

(1� e2)2
+

y2

(1� e2)
=

p2

(1� e2)
+

p2e2

(1� e2)2
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On divise par 
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Les coniques en général

La description de l’ellipse en fonction de l’excentricité e et du paramètre p=ed
peut être étendue à d’autres côniques en fonction de l’excentricité.

e = 0.75

e = 1
e = 1.5

e = 0.5

d = 2

8
>>>><

>>>>:

e = 0 cercle
0 < e < 1 ellipse
e = 1 parabole
1 < e < 1 hyperbole
e = 1 droite

De manière générale, une courbe cônique est définie
par deux paramètres: (e,p), ou (a,b)

avec les relations:

ou leurs inverses:

a =
p

|1� e2| b =
pp

|1� e2|

p =
b2

a
e2 = 1± b2

a2
+: hyperbole
- : ellipse

p

r
= (1 + e cos ✓)

p = ed
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Mouvement central en 1/r2

On admet que la force est de la forme: 

Note: Nous savons déjà que si F est la force de gravité, alors � = MG

~F = Fr ~̂er = �m
�

r2
~̂er � : cste >0 : force attractive

<0 : force répulsive

L’approche du mooc (13.2)  est identique, mais les notations adoptées sont différentes ( 

Comme le mouvement est central, les propriétés vues au chapitre
précédent sont valables:

Le moment cinétique est constant

Le mouvement est plan

La vitesse aérolaire est constante

L’accélération radiale est

La formule de Binet relie l’accélération

radiale aux paramètres de la trajectoire

|(~r ^ ~v)| = |~LO|
m

= r2✓̇ = C = 2ȦO

ar = r̈ � C2

r3

ȦO

ar = �C2

r2


d2

d✓2

✓
1

r

◆
+

1

r

�
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Mouvement central en 1/r2 : Démarche

Ecrire l’équation de Newton (en coordonnées polaires, composante radiale)

Utiliser la formule de Binet (qui relie l’accélération radiale à ) 

Utiliser les propriétés du mouvement radial (constance du moment cinétique)

Faire un changement de variable approprié qui permettra d’identifier une
équation différentielle du second degré dont la solution est bien connue.

Faire le changement de variable inverse

Identifier que la solution         a la forme d’une elllipse
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Mouvement central en 1/r2: Newton

L’équation de Newton projetée sur er s’écrit, en tenant compte de la formule de Binet:

mar = �m
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r2
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1
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+
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r

�
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�
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LO

m
=)


d2

d✓2

✓
1

r

◆
+

1

r

�
=

m2 �

L2
O

Elle est de la même forme que l’équation de la dynamique d’une masse m pendue au 
bout d’un ressort de raideur k (⟹ oscillateur harmonique) 


d2

dt2
x+

k

m
x

�
= g
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Mouvement central en 1/r2: Solution

Pour trouver la solution de l’équation

… il suffit d’avoir un oeil exercé.  En effet, on pose: 

… puis on effectue le changement de variable: 
Oscillateur
Harmonique de 
pulsation 1

Dépendent des conditions initiales

… et la solution générale est: 
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A partir de on trouve

Mvt central en 1/r2: Trajectoire elliptique 

soit

On peut poser d=0 sans perte de généralité

On reconnaît l’équation d’une courbe cônique de paramètres

Si alors la trajectoire est un ellipse! 

Rappel:
p

r(✓)
= (1 + e cos ✓)

Q(✓) = D cos(✓ + �)

1
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A ce stade-là, il nous manque encore D pour connaître les paramètre de la 
cônique. D dépend des conditions initiales (position, vitesse) et il n’est pas évident
de les relier aux paramètres de la cônique.  

Nous connaissons une constante du mouvement (le moment cinétique ). 
Comme la force de gravitation est conservative (elle dérive d’un potentiel), alors
l’énergie mécanique est également constante au cours de l’évolution.

Nous montrerons ensuite que si nous connaissons ces deux grandeurs, alors les 
paramètres de la cônique peuvent être déterminés. 
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(Emec, LO) () (e, p) ou (a, b)
<latexit sha1_base64="aT3dUWNdgbhWx/qcisFBzENCrmw="></latexit>
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Constance de l’énergie mécanique

Nous avons vu (voir ‘Puissance-Travail-Energie’) que:
Une force qui dérive d’un potentiel est conservative
Si toutes les forces qui agissent sur un système sont conservatives, alors l’énergie
mécanique

est une constante du mouvement.

L’énergie cinétique se calcule à partir de la vitesse en coordonnées cylindriques. 

Emec = Ecin + Epot

~v = ṙ ~̂er + r✓̇ ~̂e✓

v2 = ~v · ~v = (ṙ ~̂er + r✓̇ ~̂e✓) · (ṙ ~̂er + r✓̇ ~̂e✓) = ṙ2 + r2✓̇2

Ecin =
1

2
m|~v|2 =

1

2
mṙ2 +

1

2
mr2✓̇2 =

1

2
mṙ2 +

L2
O

2mr2| {z }
r2✓̇=C=
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m
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Pour l’énergie potentielle, on tire parti du fait que le force est centrale
(ne dépend que de r)

L’énergie mécanique est donc:

Par commodité on pose

Constance de l’énergie mécanique

La grandeur K utilisée ici (énergie mécanique/m) n’est pas la même que celle du mooc 13.2 

~F = Fr ~̂er = �m
�

r2
~̂er = �m

@

@r

⇣
��

r

⌘
~̂er = �r(Epot)

Epot = �m
�

r

Emec =
1

2
mṙ2 +

L2
O

2mr2
�m

�

r
= E0 = cste

Emec

m
=

1

2
ṙ2 +

L2
O

2m2r2
� �

r
=

E0

m
= K = cste
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Détermination des paramètres de la trajectoire

Montrons que la connaissance des constantes du mouvement
énergie mécanique (K, à un facteur de masse près) 
moment cinétique LO

permet de déterminer les paramètres de la trajectoire du point matériel.

Ingrédients:

Equation d’une cônique: ①

Constante des aires: ②

Paramètre de la cônique: ③

Energie mécanique constante: ④

Démarche: on exprime et      puis on remplace dans④. 

p

r
= 1 + e cos ✓

C =
LO

m
= r2✓̇

p =
L2
O

m2�
=

C2

�

ṙ r


1

2
ṙ2 +

C2

2r2
� �

r

�
= K = cste
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Commençons par 

ṙ(✓) =
dr

d✓

d✓

dt
=

dr

d✓
✓̇ =

C

r2
dr

d✓
= �C

d

d✓

✓
1

r

◆
=

Ce

p
sin ✓

② ①

ṙ2 =
C2e2

p2
sin2 ✓

On exprime et à partir de ①:      1

r

1

r2

1

r
=

1

p
(1 + e cos ✓) 1

r2
=

1

p2
(1 + e cos ✓)2

⑤

⑥ ⑦

⑤, ⑥, ⑦ dans④:

③

C2e2

2p2
sin2 ✓ +

C2

2p2
⇥
1 + 2e cos ✓ + e2 cos2 ✓

⇤
� C2

p2
[1 + e cos ✓] = K

C2

2p2
�
e2 sin2 ✓ + e2 cos2 ✓ + 1� 2

�
| {z }

=e2�1

= K

Détermination des paramètres de la trajectoire
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En simplifiant, et en utilisant③ on obtient un système de deux équations à deux
inconnues (e et p):   

qu’on peut si on le désire réécrire en fonction de LO et/ou en explicitant les 
paramètres a et b de la conique plutôt que e et p.

Détermination des paramètres de la trajectoire

Il suffit de connaître les deux constantes du mouvement K et LO
pour déterminer les paramètres de la conique.

8
>><

>>:

C2

2p2
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p =
C2

|�|

8
>>>><

>>>>:

L2
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p =
L2
O

m2|�|

8
>>><

>>>:
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2a

= |K|

b2

a
=

L2
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m2|�|

a =
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|1� e2|

p =
b2

a
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Type de trajectoire
(cercle ellipse, parabole ou hyperbole)

[mooc 13.2]

Le signe de K détermine la nature de la cônique:

C2

2p2
(e2 � 1) = K

8
<

:

K < 0 ! e < 1 ! ellipse ou cercle
K = 0 ! e = 1 ! parabole
K > 0 ! e > 1 ! hyperbole
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Type de trajectoire,
Potentiel effectif

Si on revient à l’expression de l’énergie mécanique, on constate qu’elle prend une
forme qui ne dépend que de r et de dr/dt. On peut donc réinterpréter les termes
qui la constituent:

Ce terme a la forme d’une énergie cinétique Ce terme a la forme d’une énergie potentielle ‘effective’ Epot eff 

On réécrit sous une forme indépendante de m

Emec =
1

2
mṙ2 +
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O
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�m
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r
= mK = cste
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m
=

1

2
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2m2r2
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r
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2
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2r2
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r
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1

2
ṙ2 + U(r) = K = cste

U(r)

[mooc 13.2]
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Potentiel effectif

K = Kmin

K < 0

K = 0

K > 0

K = Kmin

K < 0

K = 0

K > 0

r ne varie pas: trajectoire circulaire

r varie entre rmin et rmax: trajectoire elliptique

rmax= ∞ trajectoire parabolique

Trajectoire hyperbolique
� |�|

r

1

2
ṙ2 + U(r) = K = cste

U(r) =
C

2r2
� |�|

r

C2

2r2
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K = Kmin

K < 0

K = 0

K > 0

r ne varie pas: trajectoire circulaire

r varie entre rmin et rmax: trajectoire elliptique

rmax= ∞ trajectoire parabolique

Trajectoire hyperbolique

Portrait de phase

Dans l’espace on trace les courbes

Le système (e.g. planète, satellite, corps astral, comète) évolue sur une
courbe K = cste. 

(r, ṙ)
1

2
ṙ2 + U(r) = K = cste
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Portrait de phase
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Lois de Kepler

Nous avons décrit le mouvement de points matériels soumis à des forces en 1/r2, 
c’est-à-dire à des potentiels en 1/r . 
Montrons que ceci est cohérent avec les lois de Kepler:

1ère loi de Kepler:  
Les trajectoires des planètes sont des ellipses dont le Soleil est un foyer.

Nous l’avons démontré. 

2ième loi de Kepler: 
Le rayon vecteur balaie des aires égales en un temps fixe.

C’est une conséquence de la conservation du moment cinétique

L2
O
/m2�

r(✓)
= 1 +

DL2
O

m2�
cos(✓)

C2/�

r(✓)
= 1 +

DC2

�
cos(✓)

|(~r ^ ~v)| = |~LO|
m

= r2✓̇ = C = 2ȦO = cste
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Lois de Kepler

3ième loi de Kepler:
T2/a3 est une constante.

On combine les formules

et 

Ce qui donne:  

b2

a
=

L2
O

m2|�| =
C2

�

C = 2ȦO = 2
S

T
= 2

⇡ab

T
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a
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(2⇡ab)2

T 2�

T 2
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=
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Mouvement des planètes: résumé

L’équation d’une conique en coordonnées polaires est:

En partant de l’hypothèse que la force de gravité a une dépendance en
1/r2, on vérifie les lois de Kepler :

Les trajectoires des planètes sont elliptiques,
La vitesse aérolaire est constante,
La grandeur T2/a3 est une constantes (a: demi grand axe de l’ellipse, T: 
période de révolution)

L’énergie mécanique est une constante du mouvement, au même titre que le 
moment cinétique:

Ecin Epot

p

r
= (1 + e cos ✓) a =

p

|1� e2| b =
pp

|1� e2|

p =
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a
e2 = 1± b2
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2
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8
>>>><

>>>>:

L2
O

2m2p2
(e2 � 1) = K

p =
L2
O

m2|�|

Mouvement des planètes: résumé (2)

On identifie un potentiel effectif: 

Le signe de l’énergie mécanique détermine le type de conique:

La relation entre les paramètres de la conique et les constantes du 
mouvement est:

Ex: planètes
Ex: satellite qui décolle
Ex: astéroïde

ou ou

8
<

:

K < 0 ! e < 1 ! ellipse ou cercle
K = 0 ! e = 1 ! parabole
K > 0 ! e = 1 ! hyperbole
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