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Problème de l’échelle contre le mur

Une échelle de poids p et placée contre
un mur lisse, et fait un angle a avec 
celui-ci. Le coefficient de frottement sec 
entre l’échelle et le mur est négligeable, 
alors que celui entre l’echelle et le sol 
est µs = 0.5 .

Une personne de poids p1 = 5p désire
monter en haut de l’échelle.

Déterminer l’angle a tel qu’il arrive à
90% de la hauteur avant que l’échelle
se mette à glisser.

~̂ex

~̂ey
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Référentiel:
Laboratoire

Système(s):
Echelle + personne

Forces agissant sur le système:
Poids de l‘echelle: 
Poids de la personne:
Force exercée par le mur:
Forces exercées par le sol:

Soutien:
Force de frottement:

Contraintes: Aucune

Equations utilisables:
Equations de la statique:

Problème de l’échelle contre le mur

~p
<latexit sha1_base64="4zQhX8JzIx/OUtInV6jRT16oRUI=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXJRnFtruCG5cV7APaoWTSTBuayYQkUyhDP8KNC0Xc+j3u/BszbQUVPXDhcM693HtPqAQ3FqEPb219Y3Nru7BT3N3bPzgsHR23TZJqylo0EYnuhsQwwSVrWW4F6yrNSBwK1gknN7nfmTJteCLv7UyxICYjySNOiXVSpz9lNFPzQamMKgghjDHMCa5eI0fq9ZqPaxDnlkMZrNAclN77w4SmMZOWCmJMDyNlg4xoy6lg82I/NUwROiEj1nNUkpiZIFucO4fnThnCKNGupIUL9ftERmJjZnHoOmNix+a3l4t/eb3URrUg41Kllkm6XBSlAtoE5r/DIdeMWjFzhFDN3a2Qjokm1LqEii6Er0/h/6TtV/Blxb+7Kjf8VRwFcArOwAXAoAoa4BY0QQtQMAEP4Ak8e8p79F6812XrmreaOQE/4L19Au8vj+w=</latexit>

5~p
<latexit sha1_base64="7Jy2onKgNEc9f+ScQcrhqQl2j8U=">AAAB73icdVDLSgNBEOz1GeMr6tHLYBA8hZ34SHILePEYwTwgWcLsZDYZMju7zswGwpKf8OJBEa/+jjf/xtkkgooWNBRV3XR3+bHg2rjuh7Oyura+sZnbym/v7O7tFw4OWzpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2x9eZ354wpXkk78w0Zl5IhpIHnBJjpc5lb8JoGs/6haJbcl0XY4wygitXriW1WrWMqwhnlkURlmj0C++9QUSTkElDBdG6i93YeClRhlPBZvleollM6JgMWddSSUKmvXR+7wydWmWAgkjZkgbN1e8TKQm1noa+7QyJGenfXib+5XUTE1S9lMs4MUzSxaIgEchEKHseDbhi1IipJYQqbm9FdEQUocZGlLchfH2K/ietcgmfl8q3F8V6eRlHDo7hBM4AQwXqcAMNaAIFAQ/wBM/OvfPovDivi9YVZzlzBD/gvH0CZfWQKw==</latexit>

~FF = µs| ~N |~ex
<latexit sha1_base64="PChBWEyH6NfsjrDi4GT8N0qY+eA="></latexit>

~N
<latexit sha1_base64="iuX2qnH0ygHjeW0kQ1yS9LW4zVU=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRbBU9lUse2t4MWTVLAf0C4lm2bb0Gx2SbKFsvRHePGgiFd/jzf/jdm2goo+GHi8N8PMPD8WXBvX/XBya+sbm1v57cLO7t7+QfHwqK2jRFHWopGIVNcnmgkuWctwI1g3VoyEvmAdf3Kd+Z0pU5pH8t7MYuaFZCR5wCkxVur0p4ymt/NBseSWXdfFGKOM4OqVa0m9XqvgGsKZZVGCFZqD4nt/GNEkZNJQQbTuYTc2XkqU4VSweaGfaBYTOiEj1rNUkpBpL12cO0dnVhmiIFK2pEEL9ftESkKtZ6FvO0Nixvq3l4l/eb3EBDUv5TJODJN0uShIBDIRyn5HQ64YNWJmCaGK21sRHRNFqLEJFWwIX5+i/0m7UsYX5crdZalRWcWRhxM4hXPAUIUG3EATWkBhAg/wBM9O7Dw6L87rsjXnrGaO4Qect0+7hY/K</latexit>

X
~F ext = 0

X
~M ext
O

= 0

~FM<latexit sha1_base64="d7nIVwqBHciNYrJ/jkx/FnpLlnE=">AAAB+3icdVDLSgNBEJyNrxhfazx6GQyCp7ATxcSbIIgXIYIxQhLC7KSjQ2YfzPRKwrK/4sWDIl79EW/+jbMxgooWNBRV3XR3+bGSBj3v3SnMzS8sLhWXSyura+sb7mb5ykSJFtASkYr0tc8NKBlCCyUquI418MBX0PZHJ7nfvgNtZBRe4iSGXsBvQjmUgqOV+m65ewciPc36aRdhjOl5lvXdilf1PI8xRnPC6oeeJUdHjRprUJZbFhUyQ7PvvnUHkUgCCFEobkyHeTH2Uq5RCgVZqZsYiLkY8RvoWBryAEwvnd6e0V2rDOgw0rZCpFP1+0TKA2MmgW87A4635reXi395nQSHjV4qwzhBCMXnomGiKEY0D4IOpAaBamIJF1raW6m45ZoLtHGVbAhfn9L/yVWtyvartYuDynFtFkeRbJMdskcYqZNjckaapEUEGZN78kienMx5cJ6dl8/WgjOb2SI/4Lx+ACOilR4=</latexit>

~p
<latexit sha1_base64="4zQhX8JzIx/OUtInV6jRT16oRUI=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXJRnFtruCG5cV7APaoWTSTBuayYQkUyhDP8KNC0Xc+j3u/BszbQUVPXDhcM693HtPqAQ3FqEPb219Y3Nru7BT3N3bPzgsHR23TZJqylo0EYnuhsQwwSVrWW4F6yrNSBwK1gknN7nfmTJteCLv7UyxICYjySNOiXVSpz9lNFPzQamMKgghjDHMCa5eI0fq9ZqPaxDnlkMZrNAclN77w4SmMZOWCmJMDyNlg4xoy6lg82I/NUwROiEj1nNUkpiZIFucO4fnThnCKNGupIUL9ftERmJjZnHoOmNix+a3l4t/eb3URrUg41Kllkm6XBSlAtoE5r/DIdeMWjFzhFDN3a2Qjokm1LqEii6Er0/h/6TtV/Blxb+7Kjf8VRwFcArOwAXAoAoa4BY0QQtQMAEP4Ak8e8p79F6812XrmreaOQE/4L19Au8vj+w=</latexit>

5~p
<latexit sha1_base64="7Jy2onKgNEc9f+ScQcrhqQl2j8U=">AAAB73icdVDLSgNBEOz1GeMr6tHLYBA8hZ34SHILePEYwTwgWcLsZDYZMju7zswGwpKf8OJBEa/+jjf/xtkkgooWNBRV3XR3+bHg2rjuh7Oyura+sZnbym/v7O7tFw4OWzpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2x9eZ354wpXkk78w0Zl5IhpIHnBJjpc5lb8JoGs/6haJbcl0XY4wygitXriW1WrWMqwhnlkURlmj0C++9QUSTkElDBdG6i93YeClRhlPBZvleollM6JgMWddSSUKmvXR+7wydWmWAgkjZkgbN1e8TKQm1noa+7QyJGenfXib+5XUTE1S9lMs4MUzSxaIgEchEKHseDbhi1IipJYQqbm9FdEQUocZGlLchfH2K/ietcgmfl8q3F8V6eRlHDo7hBM4AQwXqcAMNaAIFAQ/wBM/OvfPovDivi9YVZzlzBD/gvH0CZfWQKw==</latexit>

~N
<latexit sha1_base64="iuX2qnH0ygHjeW0kQ1yS9LW4zVU=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRbBU9lUse2t4MWTVLAf0C4lm2bb0Gx2SbKFsvRHePGgiFd/jzf/jdm2goo+GHi8N8PMPD8WXBvX/XBya+sbm1v57cLO7t7+QfHwqK2jRFHWopGIVNcnmgkuWctwI1g3VoyEvmAdf3Kd+Z0pU5pH8t7MYuaFZCR5wCkxVur0p4ymt/NBseSWXdfFGKOM4OqVa0m9XqvgGsKZZVGCFZqD4nt/GNEkZNJQQbTuYTc2XkqU4VSweaGfaBYTOiEj1rNUkpBpL12cO0dnVhmiIFK2pEEL9ftESkKtZ6FvO0Nixvq3l4l/eb3EBDUv5TJODJN0uShIBDIRyn5HQ64YNWJmCaGK21sRHRNFqLEJFWwIX5+i/0m7UsYX5crdZalRWcWRhxM4hXPAUIUG3EATWkBhAg/wBM9O7Dw6L87rsjXnrGaO4Qect0+7hY/K</latexit>

~FF = µs| ~N |~ex
<latexit sha1_base64="PChBWEyH6NfsjrDi4GT8N0qY+eA="></latexit>

~FM<latexit sha1_base64="d7nIVwqBHciNYrJ/jkx/FnpLlnE=">AAAB+3icdVDLSgNBEJyNrxhfazx6GQyCp7ATxcSbIIgXIYIxQhLC7KSjQ2YfzPRKwrK/4sWDIl79EW/+jbMxgooWNBRV3XR3+bGSBj3v3SnMzS8sLhWXSyura+sb7mb5ykSJFtASkYr0tc8NKBlCCyUquI418MBX0PZHJ7nfvgNtZBRe4iSGXsBvQjmUgqOV+m65ewciPc36aRdhjOl5lvXdilf1PI8xRnPC6oeeJUdHjRprUJZbFhUyQ7PvvnUHkUgCCFEobkyHeTH2Uq5RCgVZqZsYiLkY8RvoWBryAEwvnd6e0V2rDOgw0rZCpFP1+0TKA2MmgW87A4635reXi395nQSHjV4qwzhBCMXnomGiKEY0D4IOpAaBamIJF1raW6m45ZoLtHGVbAhfn9L/yVWtyvartYuDynFtFkeRbJMdskcYqZNjckaapEUEGZN78kienMx5cJ6dl8/WgjOb2SI/4Lx+ACOilR4=</latexit>

L
<latexit sha1_base64="XMxHtKts2W9fYLz9L9U9Jmic6n4=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFZIY2roruHHhogX7gDaUyfSmHTt5MDMRSugXuHGhiFs/yZ1/46StoKIHLhzOuZd77/ETzqSyrA+jsLa+sblV3C7t7O7tH5QPjzoyTgWFNo15LHo+kcBZBG3FFIdeIoCEPoeuP73K/e49CMni6FbNEvBCMo5YwChRWmrdDMsVy7ysVx23ii3Tsmq2Y+fEqbkXLra1kqOCVmgOy++DUUzTECJFOZGyb1uJ8jIiFKMc5qVBKiEhdErG0Nc0IiFIL1scOsdnWhnhIBa6IoUX6veJjIRSzkJfd4ZETeRvLxf/8vqpCupexqIkVRDR5aIg5VjFOP8aj5gAqvhME0IF07diOiGCUKWzKekQvj7F/5OOY9oXptNyKw1nFUcRnaBTdI5sVEMNdI2aqI0oAvSAntCzcWc8Gi/G67K1YKxmjtEPGG+fACWNBg==</latexit>

0.9L
<latexit sha1_base64="7IevynVJ24NavnDrsqTk7iZ8Xzo=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSJ4Kkka2norePHgoYJpC20pm+2mXbrZhN2NUEJ/gxcPinj1B3nz37hpK6jog2Uf780wMy9IOFPatj+stfWNza3twk5xd2//4LB0dNxWcSoJ9UnMY9kNsKKcCeprpjntJpLiKOC0E0yvcr9zT6VisbjTs4QOIjwWLGQEayP5duUS3QxLZfM3aq5XQ3bFtuuO6+TErXtVDzlGyVGGFVrD0nt/FJM0okITjpXqOXaiBxmWmhFO58V+qmiCyRSPac9QgSOqBtli2Tk6N8oIhbE0T2i0UL93ZDhSahYFpjLCeqJ+e7n4l9dLddgYZEwkqaaCLAeFKUc6RvnlaMQkJZrPDMFEMrMrIhMsMdEmn6IJ4etS9D9puxWnWnFvvXLTXcVRgFM4gwtwoA5NuIYW+ECAwQM8wbMlrEfrxXpdlq5Zq54T+AHr7ROrCI3l</latexit>

~̂ex

~̂ey
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Problème de l’échelle contre le mur
X

~F ext = 0

X
~M ext
O

= 0

~p
<latexit sha1_base64="4zQhX8JzIx/OUtInV6jRT16oRUI=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXJRnFtruCG5cV7APaoWTSTBuayYQkUyhDP8KNC0Xc+j3u/BszbQUVPXDhcM693HtPqAQ3FqEPb219Y3Nru7BT3N3bPzgsHR23TZJqylo0EYnuhsQwwSVrWW4F6yrNSBwK1gknN7nfmTJteCLv7UyxICYjySNOiXVSpz9lNFPzQamMKgghjDHMCa5eI0fq9ZqPaxDnlkMZrNAclN77w4SmMZOWCmJMDyNlg4xoy6lg82I/NUwROiEj1nNUkpiZIFucO4fnThnCKNGupIUL9ftERmJjZnHoOmNix+a3l4t/eb3URrUg41Kllkm6XBSlAtoE5r/DIdeMWjFzhFDN3a2Qjokm1LqEii6Er0/h/6TtV/Blxb+7Kjf8VRwFcArOwAXAoAoa4BY0QQtQMAEP4Ak8e8p79F6812XrmreaOQE/4L19Au8vj+w=</latexit>

5~p
<latexit sha1_base64="7Jy2onKgNEc9f+ScQcrhqQl2j8U=">AAAB73icdVDLSgNBEOz1GeMr6tHLYBA8hZ34SHILePEYwTwgWcLsZDYZMju7zswGwpKf8OJBEa/+jjf/xtkkgooWNBRV3XR3+bHg2rjuh7Oyura+sZnbym/v7O7tFw4OWzpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2x9eZ354wpXkk78w0Zl5IhpIHnBJjpc5lb8JoGs/6haJbcl0XY4wygitXriW1WrWMqwhnlkURlmj0C++9QUSTkElDBdG6i93YeClRhlPBZvleollM6JgMWddSSUKmvXR+7wydWmWAgkjZkgbN1e8TKQm1noa+7QyJGenfXib+5XUTE1S9lMs4MUzSxaIgEchEKHseDbhi1IipJYQqbm9FdEQUocZGlLchfH2K/ietcgmfl8q3F8V6eRlHDo7hBM4AQwXqcAMNaAIFAQ/wBM/OvfPovDivi9YVZzlzBD/gvH0CZfWQKw==</latexit>

~N
<latexit sha1_base64="iuX2qnH0ygHjeW0kQ1yS9LW4zVU=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRbBU9lUse2t4MWTVLAf0C4lm2bb0Gx2SbKFsvRHePGgiFd/jzf/jdm2goo+GHi8N8PMPD8WXBvX/XBya+sbm1v57cLO7t7+QfHwqK2jRFHWopGIVNcnmgkuWctwI1g3VoyEvmAdf3Kd+Z0pU5pH8t7MYuaFZCR5wCkxVur0p4ymt/NBseSWXdfFGKOM4OqVa0m9XqvgGsKZZVGCFZqD4nt/GNEkZNJQQbTuYTc2XkqU4VSweaGfaBYTOiEj1rNUkpBpL12cO0dnVhmiIFK2pEEL9ftESkKtZ6FvO0Nixvq3l4l/eb3EBDUv5TJODJN0uShIBDIRyn5HQ64YNWJmCaGK21sRHRNFqLEJFWwIX5+i/0m7UsYX5crdZalRWcWRhxM4hXPAUIUG3EATWkBhAg/wBM9O7Dw6L87rsjXnrGaO4Qect0+7hY/K</latexit>

~FF = µs| ~N |~ex
<latexit sha1_base64="PChBWEyH6NfsjrDi4GT8N0qY+eA="></latexit>

~FM<latexit sha1_base64="d7nIVwqBHciNYrJ/jkx/FnpLlnE=">AAAB+3icdVDLSgNBEJyNrxhfazx6GQyCp7ATxcSbIIgXIYIxQhLC7KSjQ2YfzPRKwrK/4sWDIl79EW/+jbMxgooWNBRV3XR3+bGSBj3v3SnMzS8sLhWXSyura+sb7mb5ykSJFtASkYr0tc8NKBlCCyUquI418MBX0PZHJ7nfvgNtZBRe4iSGXsBvQjmUgqOV+m65ewciPc36aRdhjOl5lvXdilf1PI8xRnPC6oeeJUdHjRprUJZbFhUyQ7PvvnUHkUgCCFEobkyHeTH2Uq5RCgVZqZsYiLkY8RvoWBryAEwvnd6e0V2rDOgw0rZCpFP1+0TKA2MmgW87A4635reXi395nQSHjV4qwzhBCMXnomGiKEY0D4IOpAaBamIJF1raW6m45ZoLtHGVbAhfn9L/yVWtyvartYuDynFtFkeRbJMdskcYqZNjckaapEUEGZN78kienMx5cJ6dl8/WgjOb2SI/4Lx+ACOilR4=</latexit>

L
<latexit sha1_base64="XMxHtKts2W9fYLz9L9U9Jmic6n4=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFZIY2roruHHhogX7gDaUyfSmHTt5MDMRSugXuHGhiFs/yZ1/46StoKIHLhzOuZd77/ETzqSyrA+jsLa+sblV3C7t7O7tH5QPjzoyTgWFNo15LHo+kcBZBG3FFIdeIoCEPoeuP73K/e49CMni6FbNEvBCMo5YwChRWmrdDMsVy7ysVx23ii3Tsmq2Y+fEqbkXLra1kqOCVmgOy++DUUzTECJFOZGyb1uJ8jIiFKMc5qVBKiEhdErG0Nc0IiFIL1scOsdnWhnhIBa6IoUX6veJjIRSzkJfd4ZETeRvLxf/8vqpCupexqIkVRDR5aIg5VjFOP8aj5gAqvhME0IF07diOiGCUKWzKekQvj7F/5OOY9oXptNyKw1nFUcRnaBTdI5sVEMNdI2aqI0oAvSAntCzcWc8Gi/G67K1YKxmjtEPGG+fACWNBg==</latexit>

0.9L
<latexit sha1_base64="7IevynVJ24NavnDrsqTk7iZ8Xzo=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSJ4Kkka2norePHgoYJpC20pm+2mXbrZhN2NUEJ/gxcPinj1B3nz37hpK6jog2Uf780wMy9IOFPatj+stfWNza3twk5xd2//4LB0dNxWcSoJ9UnMY9kNsKKcCeprpjntJpLiKOC0E0yvcr9zT6VisbjTs4QOIjwWLGQEayP5duUS3QxLZfM3aq5XQ3bFtuuO6+TErXtVDzlGyVGGFVrD0nt/FJM0okITjpXqOXaiBxmWmhFO58V+qmiCyRSPac9QgSOqBtli2Tk6N8oIhbE0T2i0UL93ZDhSahYFpjLCeqJ+e7n4l9dLddgYZEwkqaaCLAeFKUc6RvnlaMQkJZrPDMFEMrMrIhMsMdEmn6IJ4etS9D9puxWnWnFvvXLTXcVRgFM4gwtwoA5NuIYW+ECAwQM8wbMlrEfrxXpdlq5Zq54T+AHr7ROrCI3l</latexit>

~̂ex

~̂ey

Choix de O:  point de contact de l’échelle au sol  

Selon ~̂ey : ~N + ~p+ 5~p = 0 =) ~N = �6~p
<latexit sha1_base64="KXuMNRpPZ9EzgBPWgD75nQRGv98="></latexit>

Selon ~̂ex : ~FM + ~FF = 0
<latexit sha1_base64="60dyWtXUqPWiQUHDos7jzwQaqAo="></latexit>

=) |~FM| = |~FF| = µs6|~p|
<latexit sha1_base64="4YP4AGfPbVKAxNy++H9tT/wOSOE="></latexit>

✓
�|~p| L

2
cos↵� 5|~p| 0.9L cos↵+ |~FM|L sin↵

◆
~̂ez = 0

<latexit sha1_base64="lymx3Wo8i56bgNgb5jiO6EMaUkY="></latexit>

en remplaçant

|~p|L
⇣cos↵

2
+ 4.5 cos↵� 6µs sin↵

⌘
= 0

<latexit sha1_base64="nLqE7MBi8hX8+W80FCv8YCtglyU="></latexit>

|~FM|
<latexit sha1_base64="5Eq/9B7rOVXGUPVBoX7nKMixEp0=">AAAB/nicbVDJSgNBEO2JW4zbqHjy0hgET2EmCnoMCOJFiGAWSELo6VSSJj0L3TXBMBnwV7x4UMSr3+HNv7GzHDTxQcHjvSqq6nmRFBod59vKrKyurW9kN3Nb2zu7e/b+QVWHseJQ4aEMVd1jGqQIoIICJdQjBcz3JNS8wfXErw1BaREGDziKoOWzXiC6gjM0Uts+GjeHwJObtJ00ER4xuUtTOm7beafgTEGXiTsneTJHuW1/NTshj30IkEumdcN1ImwlTKHgEtJcM9YQMT5gPWgYGjAfdCuZnp/SU6N0aDdUpgKkU/X3RMJ8rUe+Zzp9hn296E3E/7xGjN2rViKCKEYI+GxRN5YUQzrJgnaEAo5yZAjjSphbKe8zxTiaxHImBHfx5WVSLRbc80Lx/iJfKs7jyJJjckLOiEsuSYnckjKpEE4S8kxeyZv1ZL1Y79bHrDVjzWcOyR9Ynz8HmZYe</latexit>
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Problème de l’échelle contre le mur

~p
<latexit sha1_base64="4zQhX8JzIx/OUtInV6jRT16oRUI=">AAAB7nicdVDLSgMxFM34rPVVdekmWARXJRnFtruCG5cV7APaoWTSTBuayYQkUyhDP8KNC0Xc+j3u/BszbQUVPXDhcM693HtPqAQ3FqEPb219Y3Nru7BT3N3bPzgsHR23TZJqylo0EYnuhsQwwSVrWW4F6yrNSBwK1gknN7nfmTJteCLv7UyxICYjySNOiXVSpz9lNFPzQamMKgghjDHMCa5eI0fq9ZqPaxDnlkMZrNAclN77w4SmMZOWCmJMDyNlg4xoy6lg82I/NUwROiEj1nNUkpiZIFucO4fnThnCKNGupIUL9ftERmJjZnHoOmNix+a3l4t/eb3URrUg41Kllkm6XBSlAtoE5r/DIdeMWjFzhFDN3a2Qjokm1LqEii6Er0/h/6TtV/Blxb+7Kjf8VRwFcArOwAXAoAoa4BY0QQtQMAEP4Ak8e8p79F6812XrmreaOQE/4L19Au8vj+w=</latexit>

5~p
<latexit sha1_base64="7Jy2onKgNEc9f+ScQcrhqQl2j8U=">AAAB73icdVDLSgNBEOz1GeMr6tHLYBA8hZ34SHILePEYwTwgWcLsZDYZMju7zswGwpKf8OJBEa/+jjf/xtkkgooWNBRV3XR3+bHg2rjuh7Oyura+sZnbym/v7O7tFw4OWzpKFGVNGolIdXyimeCSNQ03gnVixUjoC9b2x9eZ354wpXkk78w0Zl5IhpIHnBJjpc5lb8JoGs/6haJbcl0XY4wygitXriW1WrWMqwhnlkURlmj0C++9QUSTkElDBdG6i93YeClRhlPBZvleollM6JgMWddSSUKmvXR+7wydWmWAgkjZkgbN1e8TKQm1noa+7QyJGenfXib+5XUTE1S9lMs4MUzSxaIgEchEKHseDbhi1IipJYQqbm9FdEQUocZGlLchfH2K/ietcgmfl8q3F8V6eRlHDo7hBM4AQwXqcAMNaAIFAQ/wBM/OvfPovDivi9YVZzlzBD/gvH0CZfWQKw==</latexit>

~N
<latexit sha1_base64="iuX2qnH0ygHjeW0kQ1yS9LW4zVU=">AAAB7nicdVBNSwMxEJ2tX7V+VT16CRbBU9lUse2t4MWTVLAf0C4lm2bb0Gx2SbKFsvRHePGgiFd/jzf/jdm2goo+GHi8N8PMPD8WXBvX/XBya+sbm1v57cLO7t7+QfHwqK2jRFHWopGIVNcnmgkuWctwI1g3VoyEvmAdf3Kd+Z0pU5pH8t7MYuaFZCR5wCkxVur0p4ymt/NBseSWXdfFGKOM4OqVa0m9XqvgGsKZZVGCFZqD4nt/GNEkZNJQQbTuYTc2XkqU4VSweaGfaBYTOiEj1rNUkpBpL12cO0dnVhmiIFK2pEEL9ftESkKtZ6FvO0Nixvq3l4l/eb3EBDUv5TJODJN0uShIBDIRyn5HQ64YNWJmCaGK21sRHRNFqLEJFWwIX5+i/0m7UsYX5crdZalRWcWRhxM4hXPAUIUG3EATWkBhAg/wBM9O7Dw6L87rsjXnrGaO4Qect0+7hY/K</latexit>

~FF = µs| ~N |~ex
<latexit sha1_base64="PChBWEyH6NfsjrDi4GT8N0qY+eA="></latexit>

~FM<latexit sha1_base64="d7nIVwqBHciNYrJ/jkx/FnpLlnE=">AAAB+3icdVDLSgNBEJyNrxhfazx6GQyCp7ATxcSbIIgXIYIxQhLC7KSjQ2YfzPRKwrK/4sWDIl79EW/+jbMxgooWNBRV3XR3+bGSBj3v3SnMzS8sLhWXSyura+sb7mb5ykSJFtASkYr0tc8NKBlCCyUquI418MBX0PZHJ7nfvgNtZBRe4iSGXsBvQjmUgqOV+m65ewciPc36aRdhjOl5lvXdilf1PI8xRnPC6oeeJUdHjRprUJZbFhUyQ7PvvnUHkUgCCFEobkyHeTH2Uq5RCgVZqZsYiLkY8RvoWBryAEwvnd6e0V2rDOgw0rZCpFP1+0TKA2MmgW87A4635reXi395nQSHjV4qwzhBCMXnomGiKEY0D4IOpAaBamIJF1raW6m45ZoLtHGVbAhfn9L/yVWtyvartYuDynFtFkeRbJMdskcYqZNjckaapEUEGZN78kienMx5cJ6dl8/WgjOb2SI/4Lx+ACOilR4=</latexit>

L
<latexit sha1_base64="XMxHtKts2W9fYLz9L9U9Jmic6n4=">AAAB6HicdVDLSsNAFJ3UV62vqks3g0VwFZIY2roruHHhogX7gDaUyfSmHTt5MDMRSugXuHGhiFs/yZ1/46StoKIHLhzOuZd77/ETzqSyrA+jsLa+sblV3C7t7O7tH5QPjzoyTgWFNo15LHo+kcBZBG3FFIdeIoCEPoeuP73K/e49CMni6FbNEvBCMo5YwChRWmrdDMsVy7ysVx23ii3Tsmq2Y+fEqbkXLra1kqOCVmgOy++DUUzTECJFOZGyb1uJ8jIiFKMc5qVBKiEhdErG0Nc0IiFIL1scOsdnWhnhIBa6IoUX6veJjIRSzkJfd4ZETeRvLxf/8vqpCupexqIkVRDR5aIg5VjFOP8aj5gAqvhME0IF07diOiGCUKWzKekQvj7F/5OOY9oXptNyKw1nFUcRnaBTdI5sVEMNdI2aqI0oAvSAntCzcWc8Gi/G67K1YKxmjtEPGG+fACWNBg==</latexit>

0.9L
<latexit sha1_base64="7IevynVJ24NavnDrsqTk7iZ8Xzo=">AAAB7HicdVBNS8NAEJ34WetX1aOXxSJ4Kkka2norePHgoYJpC20pm+2mXbrZhN2NUEJ/gxcPinj1B3nz37hpK6jog2Uf780wMy9IOFPatj+stfWNza3twk5xd2//4LB0dNxWcSoJ9UnMY9kNsKKcCeprpjntJpLiKOC0E0yvcr9zT6VisbjTs4QOIjwWLGQEayP5duUS3QxLZfM3aq5XQ3bFtuuO6+TErXtVDzlGyVGGFVrD0nt/FJM0okITjpXqOXaiBxmWmhFO58V+qmiCyRSPac9QgSOqBtli2Tk6N8oIhbE0T2i0UL93ZDhSahYFpjLCeqJ+e7n4l9dLddgYZEwkqaaCLAeFKUc6RvnlaMQkJZrPDMFEMrMrIhMsMdEmn6IJ4etS9D9puxWnWnFvvXLTXcVRgFM4gwtwoA5NuIYW+ECAwQM8wbMlrEfrxXpdlq5Zq54T+AHr7ROrCI3l</latexit>

~̂ex

~̂ey

On résout pour 

|~p|L
⇣cos↵

2
+ 4.5 cos↵� 6µs sin↵

⌘
= 0

<latexit sha1_base64="nLqE7MBi8hX8+W80FCv8YCtglyU="></latexit>

=) (5 cos↵� 6µs sin↵) = 0
<latexit sha1_base64="UFGtsB6PSBh5B6robC6cvTe2OIc="></latexit>

=) tan↵ =
5

6µs
=

10

6
<latexit sha1_base64="ZNshvW33vnTJy4QdL4wqC5+qEhs="></latexit>

=) ↵ = 59�
<latexit sha1_base64="vpdC729BNh5L3dXLTMLoa6dn92E=">AAACE3icbVC7SgNBFJ2NrxhfUUubwSCIRdiNiloIARsLiwjmAdkY7k4myZDZmXVmVglL/sHGX7GxUMTWxs6/cfIoNPHAhcM593LvPUHEmTau++2k5uYXFpfSy5mV1bX1jezmVkXLWBFaJpJLVQtAU84ELRtmOK1FikIYcFoNehdDv3pPlWZS3Jh+RBshdARrMwLGSs3sAfavpOgo1ukaUEo+YP8uhhb2gUddwOf4+Ow28QlTZNDM5ty8OwKeJd6E5NAEpWb2y29JEodUGMJB67rnRqaRgDKMcDrI+LGmEZAedGjdUgEh1Y1k9NMA71mlhdtS2RIGj9TfEwmEWvfDwHaGYLp62huK/3n12LRPGwkTUWyoIONF7ZhjI/EwINxiihLD+5YAUczeikkXFBBjY8zYELzpl2dJpZD3DvOF66NcsTCJI4120C7aRx46QUV0iUqojAh6RM/oFb05T86L8+58jFtTzmRmG/2B8/kD6wedfw==</latexit>

↵
<latexit sha1_base64="WoHClTJGcGfuv50fco4pClxHH48=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKexGQY8BLx4jmAckS+idzCZDZmeHmVkhhHyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXpAQ31ve/vcLG5tb2TnG3tLd/cHhUPj5pmTTTlDVpKlLdidAwwSVrWm4F6yjNMIkEa0fju7nffmLa8FQ+2oliYYJDyWNO0Tqp3UOhRkj65Ypf9Rcg6yTISQVyNPrlr94gpVnCpKUCjekGvrLhFLXlVLBZqZcZppCOcci6jkpMmAmni3Nn5MIpAxKn2pW0ZKH+nphiYswkiVxngnZkVr25+J/XzWx8G065VJllki4XxZkgNiXz38mAa0atmDiCVHN3K6Ej1EitS6jkQghWX14nrVo1uKrWHq4r9VoeRxHO4BwuIYAbqMM9NKAJFMbwDK/w5invxXv3PpatBS+fOYU/8D5/AN/PjzY=</latexit>


