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Aujourd’hui

Rappels sur le calcul vectoriel
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Scalaires et vecteurs

Définition: Scalaire
Un scalaire est une grandeur définie par un nombre et une unité

Exemples:
Masse [kg], temperature [ºC, K], énergie [J, eV], charge de l’electron [c]

Définition: Vecteur
Objet défini par plusieurs grandeurs numériques définissant son 
module (ou norme, ou intensité) et son orientation, et une unité.

Exemples:
Position (x,y,z) [m], vitesse (vx,vy,vz) [m/s] d’un objet, quantité de mouvement
(px,py,pz) [kg m/s], forces (Fx,Fy,Fz) [kg m/s2], vecteur rotation etc…. 

(William Hamilton, 1843)
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Plan contenant et  ~a
<latexit sha1_base64="0M2+4KYoBQT+uf6PfXgZjysDHjM=">AAAB7nicdVBNS8NAEJ34WetX1aOXxSJ4Ckka2norePFYwX5AG8pmu22XbjZhd1MooT/CiwdFvPp7vPlv3LQVVPTBwOO9GWbmhQlnSjvOh7WxubW9s1vYK+4fHB4dl05O2ypOJaEtEvNYdkOsKGeCtjTTnHYTSXEUctoJpze535lRqVgs7vU8oUGEx4KNGMHaSJ3+jJIMLwalsmNf16ueX0WO7Tg113Nz4tX8io9co+QowxrNQem9P4xJGlGhCcdK9Vwn0UGGpWaE00WxnyqaYDLFY9ozVOCIqiBbnrtAl0YZolEsTQmNlur3iQxHSs2j0HRGWE/Uby8X//J6qR7Vg4yJJNVUkNWiUcqRjlH+OxoySYnmc0MwkczcisgES0y0SahoQvj6FP1P2p7tVmzvzi83vHUcBTiHC7gCF2rQgFtoQgsITOEBnuDZSqxH68V6XbVuWOuZM/gB6+0T632P6Q==</latexit>

~b
<latexit sha1_base64="ryvTYgk17giJIUxEvrNvHTc0nTs=">AAAB7nicdVBNS8NAEJ34WetX1aOXxSJ4Ckka2norePFYwX5AG8pmu22XbjZhd1MooT/CiwdFvPp7vPlv3LQVVPTBwOO9GWbmhQlnSjvOh7WxubW9s1vYK+4fHB4dl05O2ypOJaEtEvNYdkOsKGeCtjTTnHYTSXEUctoJpze535lRqVgs7vU8oUGEx4KNGMHaSJ3+jJIsXAxKZce+rlc9v4oc23FqrufmxKv5FR+5RslRhjWag9J7fxiTNKJCE46V6rlOooMMS80Ip4tiP1U0wWSKx7RnqMARVUG2PHeBLo0yRKNYmhIaLdXvExmOlJpHoemMsJ6o314u/uX1Uj2qBxkTSaqpIKtFo5QjHaP8dzRkkhLN54ZgIpm5FZEJlphok1DRhPD1KfqftD3brdjenV9ueOs4CnAOF3AFLtSgAbfQhBYQmMIDPMGzlViP1ov1umrdsNYzZ/AD1tsn7QKP6g==</latexit>

~a

~b

�~a

Somme et différence de vecteurs

~a+~b

~b� ~a

Simon Stevin, 1586

Analogie:
En géométrie Euclidienne, un 
vecteur correspond à une 
translation d’une certaine longueur 
dans une certaine direction
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Multiplication d’un vecteur par un scalaire

Analogie:
La longeur de la flèche est 
multipliée par le scalaire 

~a
<latexit sha1_base64="8qV2M7pMgEOvQImGdp07ett32sg=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKexGwRwDXjxGMA9JljA76U2GzM4uM7OBsOQrvHhQxKuf482/cfJANLGgoajqprsrSATXxnW/nNzG5tb2Tn63sLd/cHhUPD5p6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0O/NbY1Sax/LBTBL0IzqQPOSMGis9ku4YWUanpFcsuWV3DvJDvFVSgiXqveJntx+zNEJpmKBadzw3MX5GleFM4LTQTTUmlI3oADuWShqh9rP5wVNyYZU+CWNlSxoyV39PZDTSehIFtjOiZqhXvZn4n9dJTVj1My6T1KBki0VhKoiJyex70ucKmRETSyhT3N5K2JAqyozNqGBDWHt5nTQrZe+qXLm/LtWqyzjycAbncAke3EAN7qAODWAQwRO8wKujnGfnzXlftOac5cwp/IHz8Q09jpAC</latexit>

2~a
<latexit sha1_base64="gbFsDFPjcS0CHlhV6XD/HJMLZA0=">AAAB83icbVDLSgNBEOz1GeMr6tHLYBA8hd0omGPAi8cI5gHZJcxOepMhs7PLzGwgLPkNLx4U8erPePNvnDwQTSxoKKq66e4KU8G1cd0vZ2Nza3tnt7BX3D84PDounZy2dJIphk2WiER1QqpRcIlNw43ATqqQxqHAdji6m/ntMSrNE/loJikGMR1IHnFGjZV8QqrEHyPL6ZT0SmW34s5Bfoi3SsqwRKNX+vT7CctilIYJqnXXc1MT5FQZzgROi36mMaVsRAfYtVTSGHWQz2+ekkur9EmUKFvSkLn6eyKnsdaTOLSdMTVDverNxP+8bmaiWpBzmWYGJVssijJBTEJmAZA+V8iMmFhCmeL2VsKGVFFmbExFG8Lay+ukVa1415Xqw025XlvGUYBzuIAr8OAW6nAPDWgCgxSe4AVencx5dt6c90XrhrOcOYM/cD6+AV2pkJI=</latexit>

3~a
<latexit sha1_base64="uzB0OMTrE4Q4VgdD6BxN1UNt+po=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgKWwSwRwDXjxGMA/ILmF20psMmZ1dZmYDYclvePGgiFd/xpt/4+SBaGJBQ1HVTXdXkAiujet+Obmt7Z3dvfx+4eDw6PikeHrW1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8H4bu53Jqg0j+WjmSboR3QoecgZNVbyCKkRb4IsozPSL5bcsrsA+SGVdVKCFZr94qc3iFkaoTRMUK17FTcxfkaV4UzgrOClGhPKxnSIPUsljVD72eLmGbmyyoCEsbIlDVmovycyGmk9jQLbGVEz0uveXPzP66UmrPsZl0lqULLlojAVxMRkHgAZcIXMiKkllClubyVsRBVlxsZUsCFsvLxJ2tVypVauPtyUGvVVHHm4gEu4hgrcQgPuoQktYJDAE7zAq5M6z86b875szTmrmXP4A+fjG182kJM=</latexit>
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Scalaires et vecteurs: repère

Pour différencier un vecteur d’un scalaire, différentes conventions sont utilisées:

~v v v

~̂i î x̂1 Longueur 1 (convention)

Soyez cohérent·e avec les notations que vous utilisez. Gardez les mêmes
tout au long de l’exercice.  

Dans une équation, si l’expression de gauche est vectorielle, celle de droite 
doit également l’être

N’oubliez pas de repérer les vecteurs, de la manière qui vous convient. 
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Scalaires et vecteurs: repère

Définition: Repère
Un repère est défini par un point de l’espace (origine) et trois (en 3D) 
vecteurs non-coplanaires

Si de plus les vecteurs sont unitaires (de longueur 1), perpendiculaires entre eux
(orthogonaux) et orientés selon la règle du tire-bouchon, alors on parle de repère
orthonormé. Nous nous limiterons à ce cas-là.

O

~̂x3

~̂x2

~̂x1

~x1
<latexit sha1_base64="k4i8erOx+OYD0v4dgt34rVnuH+U=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXJTNKne4KblxWsA9ph5JJM21okhmSTLEM/Qo3LhRx6+e482/MtBVU9MCFwzn3cu89YcKZNgh9OCura+sbm4Wt4vbO7t5+6eCwpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vsr99oQqzWJ5a6YJDQQeShYxgo2V7noTSrL7Wd/tl8qogiyqVZgT10euJbWa73k16M4thMpgiUa/9N4bxCQVVBrCsdZdFyUmyLAyjHA6K/ZSTRNMxnhIu5ZKLKgOsvnBM3hqlQGMYmVLGjhXv09kWGg9FaHtFNiM9G8vF//yuqmJ/CBjMkkNlWSxKEo5NDHMv4cDpigxfGoJJorZWyEZYYWJsRkVbQhfn8L/ScuruOcV7+aiXPeXcRTAMTgBZ8AFl6AOrkEDNAEBAjyAJ/DsKOfReXFeF60rznLmCPyA8/YJMieQpQ==</latexit>

~x2
<latexit sha1_base64="dQlW5uYbasLLEi8sTK0L60CGn+A=">AAAB8HicdVDLSgMxFM34rPVVdekmWARXJTNKne4KblxWsA9ph5JJM21okhmSTLEM/Qo3LhRx6+e482/MtBVU9MCFwzn3cu89YcKZNgh9OCura+sbm4Wt4vbO7t5+6eCwpeNUEdokMY9VJ8SaciZp0zDDaSdRFIuQ03Y4vsr99oQqzWJ5a6YJDQQeShYxgo2V7noTSrL7Wd/rl8qogiyqVZgT10euJbWa73k16M4thMpgiUa/9N4bxCQVVBrCsdZdFyUmyLAyjHA6K/ZSTRNMxnhIu5ZKLKgOsvnBM3hqlQGMYmVLGjhXv09kWGg9FaHtFNiM9G8vF//yuqmJ/CBjMkkNlWSxKEo5NDHMv4cDpigxfGoJJorZWyEZYYWJsRkVbQhfn8L/ScuruOcV7+aiXPeXcRTAMTgBZ8AFl6AOrkEDNAEBAjyAJ/DsKOfReXFeF60rznLmCPyA8/YJM6uQpg==</latexit>

~x3
<latexit sha1_base64="6MwCyVlY6eLK3qBrfAmPOIjZhT4=">AAAB8HicdVDLSgMxFM3UV62vqks3wSK4KplW6nRXcOOygn1IO5RMmmlDk8yQZIpl6Fe4caGIWz/HnX9jpq2gogcuHM65l3vvCWLOtEHow8mtrW9sbuW3Czu7e/sHxcOjto4SRWiLRDxS3QBrypmkLcMMp91YUSwCTjvB5CrzO1OqNIvkrZnF1Bd4JFnICDZWuutPKUnv54PqoFhCZWRRq8GMuB5yLanXvUqlDt2FhVAJrNAcFN/7w4gkgkpDONa656LY+ClWhhFO54V+ommMyQSPaM9SiQXVfro4eA7PrDKEYaRsSQMX6veJFAutZyKwnQKbsf7tZeJfXi8xoeenTMaJoZIsF4UJhyaC2fdwyBQlhs8swUQxeyskY6wwMTajgg3h61P4P2lXym61XLm5KDW8VRx5cAJOwTlwwSVogGvQBC1AgAAP4Ak8O8p5dF6c12VrzlnNHIMfcN4+ATUvkKc=</latexit>

O
<latexit sha1_base64="4AG/SMFmDgAOfJwA+4W7xIDcL/w=">AAAB6HicdVBNS8NAEJ34WetX1aOXxSJ4KkmUmt4KXrzZgv2ANpTNdtOu3WzC7kYoob/AiwdFvPqTvPlv3LQVVPTBwOO9GWbmBQlnStv2h7Wyura+sVnYKm7v7O7tlw4O2ypOJaEtEvNYdgOsKGeCtjTTnHYTSXEUcNoJJle537mnUrFY3OppQv0IjwQLGcHaSM2bQalsV2yDahXlxPFsx5BazXPdGnLmlm2XYYnGoPTeH8YkjajQhGOleo6daD/DUjPC6azYTxVNMJngEe0ZKnBElZ/ND52hU6MMURhLU0Kjufp9IsORUtMoMJ0R1mP128vFv7xeqkPPz5hIUk0FWSwKU450jPKv0ZBJSjSfGoKJZOZWRMZYYqJNNkUTwten6H/SdivOecVtXpTr3jKOAhzDCZyBA5dQh2toQAsIUHiAJ3i27qxH68V6XbSuWMuZI/gB6+0T/aaNCg==</latexit>

Repère quelconque Repère orthonormé
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Composantes d’un vecteur dans un repère

Les composantes du vecteur dans le repère orthonormé
sont obtenues par projection de     sur les vecteurs de base  

~a
<latexit sha1_base64="43w6Aq+PA9elnlNmjSHb3jipP3Q=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BgQxGME84BkCbOT3mTI7MwyMxsIS8Bf8OJBEa9+jzf/xsnjoIkFDUVVN91dUSq4sb7/7a2tb2xubRd2irt7+weHpaPjhlGZZlhnSijdiqhBwSXWLbcCW6lGmkQCm9Hwduo3R6gNV/LRjlMME9qXPOaMWic1OyNkOZ10S2W/4s9AVkmwIGVYoNYtfXV6imUJSssENaYd+KkNc6otZwInxU5mMKVsSPvYdlTSBE2Yz86dkHOn9EistCtpyUz9PZHTxJhxErnOhNqBWfam4n9eO7PxTZhzmWYWJZsvijNBrCLT30mPa2RWjB2hTHN3K2EDqimzLqGiCyFYfnmVNC4rgV8JHq7K1buneRwFOIUzuIAArqEK91CDOjAYwjO8wpuXei/eu/cxb13zFhGewB94nz+2JJA3</latexit><latexit sha1_base64="43w6Aq+PA9elnlNmjSHb3jipP3Q=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BgQxGME84BkCbOT3mTI7MwyMxsIS8Bf8OJBEa9+jzf/xsnjoIkFDUVVN91dUSq4sb7/7a2tb2xubRd2irt7+weHpaPjhlGZZlhnSijdiqhBwSXWLbcCW6lGmkQCm9Hwduo3R6gNV/LRjlMME9qXPOaMWic1OyNkOZ10S2W/4s9AVkmwIGVYoNYtfXV6imUJSssENaYd+KkNc6otZwInxU5mMKVsSPvYdlTSBE2Yz86dkHOn9EistCtpyUz9PZHTxJhxErnOhNqBWfam4n9eO7PxTZhzmWYWJZsvijNBrCLT30mPa2RWjB2hTHN3K2EDqimzLqGiCyFYfnmVNC4rgV8JHq7K1buneRwFOIUzuIAArqEK91CDOjAYwjO8wpuXei/eu/cxb13zFhGewB94nz+2JJA3</latexit><latexit sha1_base64="43w6Aq+PA9elnlNmjSHb3jipP3Q=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BgQxGME84BkCbOT3mTI7MwyMxsIS8Bf8OJBEa9+jzf/xsnjoIkFDUVVN91dUSq4sb7/7a2tb2xubRd2irt7+weHpaPjhlGZZlhnSijdiqhBwSXWLbcCW6lGmkQCm9Hwduo3R6gNV/LRjlMME9qXPOaMWic1OyNkOZ10S2W/4s9AVkmwIGVYoNYtfXV6imUJSssENaYd+KkNc6otZwInxU5mMKVsSPvYdlTSBE2Yz86dkHOn9EistCtpyUz9PZHTxJhxErnOhNqBWfam4n9eO7PxTZhzmWYWJZsvijNBrCLT30mPa2RWjB2hTHN3K2EDqimzLqGiCyFYfnmVNC4rgV8JHq7K1buneRwFOIUzuIAArqEK91CDOjAYwjO8wpuXei/eu/cxb13zFhGewB94nz+2JJA3</latexit><latexit sha1_base64="43w6Aq+PA9elnlNmjSHb3jipP3Q=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BgQxGME84BkCbOT3mTI7MwyMxsIS8Bf8OJBEa9+jzf/xsnjoIkFDUVVN91dUSq4sb7/7a2tb2xubRd2irt7+weHpaPjhlGZZlhnSijdiqhBwSXWLbcCW6lGmkQCm9Hwduo3R6gNV/LRjlMME9qXPOaMWic1OyNkOZ10S2W/4s9AVkmwIGVYoNYtfXV6imUJSssENaYd+KkNc6otZwInxU5mMKVsSPvYdlTSBE2Yz86dkHOn9EistCtpyUz9PZHTxJhxErnOhNqBWfam4n9eO7PxTZhzmWYWJZsvijNBrCLT30mPa2RWjB2hTHN3K2EDqimzLqGiCyFYfnmVNC4rgV8JHq7K1buneRwFOIUzuIAArqEK91CDOjAYwjO8wpuXei/eu/cxb13zFhGewB94nz+2JJA3</latexit>

~a
<latexit sha1_base64="43w6Aq+PA9elnlNmjSHb3jipP3Q=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BgQxGME84BkCbOT3mTI7MwyMxsIS8Bf8OJBEa9+jzf/xsnjoIkFDUVVN91dUSq4sb7/7a2tb2xubRd2irt7+weHpaPjhlGZZlhnSijdiqhBwSXWLbcCW6lGmkQCm9Hwduo3R6gNV/LRjlMME9qXPOaMWic1OyNkOZ10S2W/4s9AVkmwIGVYoNYtfXV6imUJSssENaYd+KkNc6otZwInxU5mMKVsSPvYdlTSBE2Yz86dkHOn9EistCtpyUz9PZHTxJhxErnOhNqBWfam4n9eO7PxTZhzmWYWJZsvijNBrCLT30mPa2RWjB2hTHN3K2EDqimzLqGiCyFYfnmVNC4rgV8JHq7K1buneRwFOIUzuIAArqEK91CDOjAYwjO8wpuXei/eu/cxb13zFhGewB94nz+2JJA3</latexit><latexit sha1_base64="43w6Aq+PA9elnlNmjSHb3jipP3Q=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BgQxGME84BkCbOT3mTI7MwyMxsIS8Bf8OJBEa9+jzf/xsnjoIkFDUVVN91dUSq4sb7/7a2tb2xubRd2irt7+weHpaPjhlGZZlhnSijdiqhBwSXWLbcCW6lGmkQCm9Hwduo3R6gNV/LRjlMME9qXPOaMWic1OyNkOZ10S2W/4s9AVkmwIGVYoNYtfXV6imUJSssENaYd+KkNc6otZwInxU5mMKVsSPvYdlTSBE2Yz86dkHOn9EistCtpyUz9PZHTxJhxErnOhNqBWfam4n9eO7PxTZhzmWYWJZsvijNBrCLT30mPa2RWjB2hTHN3K2EDqimzLqGiCyFYfnmVNC4rgV8JHq7K1buneRwFOIUzuIAArqEK91CDOjAYwjO8wpuXei/eu/cxb13zFhGewB94nz+2JJA3</latexit><latexit sha1_base64="43w6Aq+PA9elnlNmjSHb3jipP3Q=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BgQxGME84BkCbOT3mTI7MwyMxsIS8Bf8OJBEa9+jzf/xsnjoIkFDUVVN91dUSq4sb7/7a2tb2xubRd2irt7+weHpaPjhlGZZlhnSijdiqhBwSXWLbcCW6lGmkQCm9Hwduo3R6gNV/LRjlMME9qXPOaMWic1OyNkOZ10S2W/4s9AVkmwIGVYoNYtfXV6imUJSssENaYd+KkNc6otZwInxU5mMKVsSPvYdlTSBE2Yz86dkHOn9EistCtpyUz9PZHTxJhxErnOhNqBWfam4n9eO7PxTZhzmWYWJZsvijNBrCLT30mPa2RWjB2hTHN3K2EDqimzLqGiCyFYfnmVNC4rgV8JHq7K1buneRwFOIUzuIAArqEK91CDOjAYwjO8wpuXei/eu/cxb13zFhGewB94nz+2JJA3</latexit><latexit sha1_base64="43w6Aq+PA9elnlNmjSHb3jipP3Q=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BgQxGME84BkCbOT3mTI7MwyMxsIS8Bf8OJBEa9+jzf/xsnjoIkFDUVVN91dUSq4sb7/7a2tb2xubRd2irt7+weHpaPjhlGZZlhnSijdiqhBwSXWLbcCW6lGmkQCm9Hwduo3R6gNV/LRjlMME9qXPOaMWic1OyNkOZ10S2W/4s9AVkmwIGVYoNYtfXV6imUJSssENaYd+KkNc6otZwInxU5mMKVsSPvYdlTSBE2Yz86dkHOn9EistCtpyUz9PZHTxJhxErnOhNqBWfam4n9eO7PxTZhzmWYWJZsvijNBrCLT30mPa2RWjB2hTHN3K2EDqimzLqGiCyFYfnmVNC4rgV8JHq7K1buneRwFOIUzuIAArqEK91CDOjAYwjO8wpuXei/eu/cxb13zFhGewB94nz+2JJA3</latexit>

O

~̂x3

~̂x2

~̂x1

~a

A1~̂x1<latexit sha1_base64="/WiSxtqT2qPO7t4FzlGtxm4+wXA=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXJVJFdvuKm5cVrAP6AxDJs20oZkHSaZYxln4K25cKOLW33Dn35hpK6jogQsn59xL7j1ezJlUlvVhFJaWV1bXiuuljc2t7R1zd68jo0QQ2iYRj0TPw5JyFtK2YorTXiwoDjxOu974Mve7Eyoki8IbNY2pE+BhyHxGsNKSax7ACxdBe4RVak8oSW+zTL9Lrlm2KpZlIYRgTlDt3NKk0ahXUR2i3NIogwVarvluDyKSBDRUhGMp+8iKlZNioRjhNCvZiaQxJmM8pH1NQxxQ6aSz/TN4rJUB9COhK1Rwpn6fSHEg5TTwdGeA1Uj+9nLxL6+fKL/upCyME0VDMv/ITzhUEczDgAMmKFF8qgkmguldIRlhgYnSkeUhfF0K/yedagWdVqrXZ+VmdRFHERyCI3ACEKiBJrgCLdAGBNyBB/AEno1749F4MV7nrQVjMbMPfsB4+wR+s5UX</latexit>

A2~̂x2<latexit sha1_base64="983fmjCBjWwF0kiBFcmwzZdsNuM=">AAAB/3icdVDLSgMxFM3UV62vUcGNm2ARXJXJKLbdVdy4rGAf0BmGTJq2oZkHSaZYxln4K25cKOLW33Dn35hpK6jogQsn59xL7j1+zJlUlvVhFJaWV1bXiuuljc2t7R1zd68to0QQ2iIRj0TXx5JyFtKWYorTbiwoDnxOO/74Mvc7Eyoki8IbNY2pG+BhyAaMYKUlzzyAF54NnRFWqTOhJL3NMv0ueWbZqliWhRCCOUHVc0uTer1moxpEuaVRBgs0PfPd6UckCWioCMdS9pAVKzfFQjHCaVZyEkljTMZ4SHuahjig0k1n+2fwWCt9OIiErlDBmfp9IsWBlNPA150BViP528vFv7xeogY1N2VhnCgakvlHg4RDFcE8DNhnghLFp5pgIpjeFZIRFpgoHVkewtel8H/StivotGJfn5Ub9iKOIjgER+AEIFAFDXAFmqAFCLgDD+AJPBv3xqPxYrzOWwvGYmYf/IDx9gmBz5UZ</latexit>

A3~̂x3
<latexit sha1_base64="uxIhnrFRdHbK7euB2KRKcnAkmSU=">AAAB/3icdVDLSgMxFM34rPU1KrhxEyyCqzJpxba7ihuXFewDOsOQSTNtaOZBkimWcRb+ihsXirj1N9z5N2baCip64MLJOfeSe48XcyaVZX0YS8srq2vrhY3i5tb2zq65t9+RUSIIbZOIR6LnYUk5C2lbMcVpLxYUBx6nXW98mfvdCRWSReGNmsbUCfAwZD4jWGnJNQ/hhVuF9gir1J5Qkt5mmX4XXbNklS3LQgjBnKDauaVJo1GvoDpEuaVRAgu0XPPdHkQkCWioCMdS9pEVKyfFQjHCaVa0E0ljTMZ4SPuahjig0kln+2fwRCsD6EdCV6jgTP0+keJAymng6c4Aq5H87eXiX14/UX7dSVkYJ4qGZP6Rn3CoIpiHAQdMUKL4VBNMBNO7QjLCAhOlI8tD+LoU/k86lTKqlivXZ6VmZRFHARyBY3AKEKiBJrgCLdAGBNyBB/AEno1749F4MV7nrUvGYuYA/IDx9gmE65Ub</latexit>

O, ~̂x1, ~̂x2, ~̂x3
<latexit sha1_base64="tfwwOn65XiAQXPqgA/ibp1eDUig="></latexit>

~̂x1, ~̂x2, ~̂x3
<latexit sha1_base64="0wwN/ukgDGj8EiUinm4XR6v0Tcs=">AAACGnicdZDLSsNAFIYnXmu9RV26GSyCixKSNLR1V3DjsoK9QBPKZDpth04uzEyKJeQ53Pgqblwo4k7c+DZO2gpW9IeBn++cw5nz+zGjQprmp7a2vrG5tV3YKe7u7R8c6kfHbRElHJMWjljEuz4ShNGQtCSVjHRjTlDgM9LxJ1d5vTMlXNAovJWzmHgBGoV0SDGSCvV1yx0jmbpTgtO7LOtbsLwK7DJcBZW+XjKNy3rVdqrQNEyzZtlWbuyaU3GgpUiuEliq2dff3UGEk4CEEjMkRM8yY+mliEuKGcmKbiJIjPAEjUhP2RAFRHjp/LQMnisygMOIqxdKOKc/J1IUCDELfNUZIDkWv2s5/KvWS+Sw7qU0jBNJQrxYNEwYlBHMc4IDygmWbKYMwpyqv0I8RhxhqdIsqhC+L4X/m7ZtWBXDvnFKDWcZRwGcgjNwASxQAw1wDZqgBTC4B4/gGbxoD9qT9qq9LVrXtOXMCViR9vEFwamh6Q==</latexit>

Il y a différentes conventions pour écrire un vecteur en composantes

~a =
�!
OA = A1~̂x1 +A2~̂x2 +A3~̂x3 =

3X

i=1

Ai~̂xi =

0

@
A1

A2

A3

1

A = (A1, A2, A3)

<latexit sha1_base64="5fPM/i9LdHcakW7kTxO3pLok8kM="></latexit>
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Propriétés

Composantes de la somme de deux vecteurs:

Multiplication d’un vecteur par un scalaire:

~a = (a1, a2, a3) ~b = (b1, b2, b3)

~c = ~a+~b =

0

@
a1
a2
a3

1

A+

0

@
b1
b2
b3

1

A =

0

@
a1 + b1
a2 + b2
a3 + b3

1

A

�~a = �

0

@
a1
a2
a3

1

A =

0

@
�a1
�a2
�a3

1

A � 2 R



Physique Générale: Mécanique pour SC, SIE et GC | Automne 2024     02.01: Rappels mathématiques: calcul vectoriel

Faculté des 
sciences
de base

Swiss 
Plasma
Center J.-P. Hogge     10

Somme de deux vecteurs

A1

A2

A3

O

~̂x3

~̂x2

~̂x1

~a
<latexit sha1_base64="EOiFBcSMLwIm9gZHRPh8CiPamMo=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgKcwEMcktIIjHCOYByRJmJ73JkNkHM7OBsAT8BS8eFPHq93jzb5xNIqhoQUNR1U13lxdLoQ0hH05ubX1jcyu/XdjZ3ds/KB4etXWUKA4tHslIdT2mQYoQWkYYCd1YAQs8CR1vcpX5nSkoLaLwzsxicAM2CoUvODNW6vSnwFM2HxRLpEwIoZTijNDqJbGkXq9VaA3TzLIooRWag+J7fxjxJIDQcMm07lESGzdlygguYV7oJxpixidsBD1LQxaAdtPFuXN8ZpUh9iNlKzR4oX6fSFmg9SzwbGfAzFj/9jLxL6+XGL/mpiKMEwMhXy7yE4lNhLPf8VAo4EbOLGFcCXsr5mOmGDc2oYIN4etT/D9pV8qUlOntRalxfb+MI49O0Ck6RxRVUQPdoCZqIY4m6AE9oWcndh6dF+d12ZpzVhEeox9w3j4BAymQbQ==</latexit><latexit sha1_base64="EOiFBcSMLwIm9gZHRPh8CiPamMo=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgKcwEMcktIIjHCOYByRJmJ73JkNkHM7OBsAT8BS8eFPHq93jzb5xNIqhoQUNR1U13lxdLoQ0hH05ubX1jcyu/XdjZ3ds/KB4etXWUKA4tHslIdT2mQYoQWkYYCd1YAQs8CR1vcpX5nSkoLaLwzsxicAM2CoUvODNW6vSnwFM2HxRLpEwIoZTijNDqJbGkXq9VaA3TzLIooRWag+J7fxjxJIDQcMm07lESGzdlygguYV7oJxpixidsBD1LQxaAdtPFuXN8ZpUh9iNlKzR4oX6fSFmg9SzwbGfAzFj/9jLxL6+XGL/mpiKMEwMhXy7yE4lNhLPf8VAo4EbOLGFcCXsr5mOmGDc2oYIN4etT/D9pV8qUlOntRalxfb+MI49O0Ck6RxRVUQPdoCZqIY4m6AE9oWcndh6dF+d12ZpzVhEeox9w3j4BAymQbQ==</latexit><latexit sha1_base64="EOiFBcSMLwIm9gZHRPh8CiPamMo=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgKcwEMcktIIjHCOYByRJmJ73JkNkHM7OBsAT8BS8eFPHq93jzb5xNIqhoQUNR1U13lxdLoQ0hH05ubX1jcyu/XdjZ3ds/KB4etXWUKA4tHslIdT2mQYoQWkYYCd1YAQs8CR1vcpX5nSkoLaLwzsxicAM2CoUvODNW6vSnwFM2HxRLpEwIoZTijNDqJbGkXq9VaA3TzLIooRWag+J7fxjxJIDQcMm07lESGzdlygguYV7oJxpixidsBD1LQxaAdtPFuXN8ZpUh9iNlKzR4oX6fSFmg9SzwbGfAzFj/9jLxL6+XGL/mpiKMEwMhXy7yE4lNhLPf8VAo4EbOLGFcCXsr5mOmGDc2oYIN4etT/D9pV8qUlOntRalxfb+MI49O0Ck6RxRVUQPdoCZqIY4m6AE9oWcndh6dF+d12ZpzVhEeox9w3j4BAymQbQ==</latexit><latexit sha1_base64="EOiFBcSMLwIm9gZHRPh8CiPamMo=">AAAB7nicdVDLSgNBEJyNrxhfUY9eBoPgKcwEMcktIIjHCOYByRJmJ73JkNkHM7OBsAT8BS8eFPHq93jzb5xNIqhoQUNR1U13lxdLoQ0hH05ubX1jcyu/XdjZ3ds/KB4etXWUKA4tHslIdT2mQYoQWkYYCd1YAQs8CR1vcpX5nSkoLaLwzsxicAM2CoUvODNW6vSnwFM2HxRLpEwIoZTijNDqJbGkXq9VaA3TzLIooRWag+J7fxjxJIDQcMm07lESGzdlygguYV7oJxpixidsBD1LQxaAdtPFuXN8ZpUh9iNlKzR4oX6fSFmg9SzwbGfAzFj/9jLxL6+XGL/mpiKMEwMhXy7yE4lNhLPf8VAo4EbOLGFcCXsr5mOmGDc2oYIN4etT/D9pV8qUlOntRalxfb+MI49O0Ck6RxRVUQPdoCZqIY4m6AE9oWcndh6dF+d12ZpzVhEeox9w3j4BAymQbQ==</latexit>

~b
<latexit sha1_base64="X5bd/c07bK1K8l/rbzgVxAkkIDA=">AAAB7nicdVDJSgNBEO2JW4xb1KOXxiB4GnqijsktIIjHCGaBZAg9nZqkSc9Cd08gDAF/wYsHRbz6Pd78GzuLoKIPCh7vVVFVz08EV5qQDyu3srq2vpHfLGxt7+zuFfcPmipOJYMGi0Us2z5VIHgEDc21gHYigYa+gJY/upr5rTFIxePoTk8S8EI6iHjAGdVGanXHwDJ/2iuWiO2cOU6VYGK7VeJWXUPKlapLLrBjkzlKaIl6r/je7ccsDSHSTFClOg5JtJdRqTkTMC10UwUJZSM6gI6hEQ1Bedn83Ck+MUofB7E0FWk8V79PZDRUahL6pjOkeqh+ezPxL6+T6qDiZTxKUg0RWywKUoF1jGe/4z6XwLSYGEKZ5OZWzIZUUqZNQgUTwten+H/SLNuOyer2vFS7vl/EkUdH6BidIgddohq6QXXUQAyN0AN6Qs9WYj1aL9brojVnLSM8RD9gvX0CLGiQiQ==</latexit><latexit sha1_base64="X5bd/c07bK1K8l/rbzgVxAkkIDA=">AAAB7nicdVDJSgNBEO2JW4xb1KOXxiB4GnqijsktIIjHCGaBZAg9nZqkSc9Cd08gDAF/wYsHRbz6Pd78GzuLoKIPCh7vVVFVz08EV5qQDyu3srq2vpHfLGxt7+zuFfcPmipOJYMGi0Us2z5VIHgEDc21gHYigYa+gJY/upr5rTFIxePoTk8S8EI6iHjAGdVGanXHwDJ/2iuWiO2cOU6VYGK7VeJWXUPKlapLLrBjkzlKaIl6r/je7ccsDSHSTFClOg5JtJdRqTkTMC10UwUJZSM6gI6hEQ1Bedn83Ck+MUofB7E0FWk8V79PZDRUahL6pjOkeqh+ezPxL6+T6qDiZTxKUg0RWywKUoF1jGe/4z6XwLSYGEKZ5OZWzIZUUqZNQgUTwten+H/SLNuOyer2vFS7vl/EkUdH6BidIgddohq6QXXUQAyN0AN6Qs9WYj1aL9brojVnLSM8RD9gvX0CLGiQiQ==</latexit><latexit sha1_base64="X5bd/c07bK1K8l/rbzgVxAkkIDA=">AAAB7nicdVDJSgNBEO2JW4xb1KOXxiB4GnqijsktIIjHCGaBZAg9nZqkSc9Cd08gDAF/wYsHRbz6Pd78GzuLoKIPCh7vVVFVz08EV5qQDyu3srq2vpHfLGxt7+zuFfcPmipOJYMGi0Us2z5VIHgEDc21gHYigYa+gJY/upr5rTFIxePoTk8S8EI6iHjAGdVGanXHwDJ/2iuWiO2cOU6VYGK7VeJWXUPKlapLLrBjkzlKaIl6r/je7ccsDSHSTFClOg5JtJdRqTkTMC10UwUJZSM6gI6hEQ1Bedn83Ck+MUofB7E0FWk8V79PZDRUahL6pjOkeqh+ezPxL6+T6qDiZTxKUg0RWywKUoF1jGe/4z6XwLSYGEKZ5OZWzIZUUqZNQgUTwten+H/SLNuOyer2vFS7vl/EkUdH6BidIgddohq6QXXUQAyN0AN6Qs9WYj1aL9brojVnLSM8RD9gvX0CLGiQiQ==</latexit><latexit sha1_base64="X5bd/c07bK1K8l/rbzgVxAkkIDA=">AAAB7nicdVDJSgNBEO2JW4xb1KOXxiB4GnqijsktIIjHCGaBZAg9nZqkSc9Cd08gDAF/wYsHRbz6Pd78GzuLoKIPCh7vVVFVz08EV5qQDyu3srq2vpHfLGxt7+zuFfcPmipOJYMGi0Us2z5VIHgEDc21gHYigYa+gJY/upr5rTFIxePoTk8S8EI6iHjAGdVGanXHwDJ/2iuWiO2cOU6VYGK7VeJWXUPKlapLLrBjkzlKaIl6r/je7ccsDSHSTFClOg5JtJdRqTkTMC10UwUJZSM6gI6hEQ1Bedn83Ck+MUofB7E0FWk8V79PZDRUahL6pjOkeqh+ezPxL6+T6qDiZTxKUg0RWywKUoF1jGe/4z6XwLSYGEKZ5OZWzIZUUqZNQgUTwten+H/SLNuOyer2vFS7vl/EkUdH6BidIgddohq6QXXUQAyN0AN6Qs9WYj1aL9brojVnLSM8RD9gvX0CLGiQiQ==</latexit>

B1
<latexit sha1_base64="eFnOniaQ8z/65FV96yVCUcqRxzY=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GpKqY2dXFMFlRfuAdiiZNG1DM5khyQhl6Ce4caGIW7/InX9j+hBU9MCFwzn3cu89YSK4Ngh9OLml5ZXVtfx6YWNza3unuLvX0HGqKKvTWMSqFRLNBJesbrgRrJUoRqJQsGY4upz6zXumNI/lnRknLIjIQPI+p8RY6faii7vFEnLxCcY+gsj1fOT5niXliu+hM4hdNEMJLFDrFt87vZimEZOGCqJ1G6PEBBlRhlPBJoVOqllC6IgMWNtSSSKmg2x26gQeWaUH+7GyJQ2cqd8nMhJpPY5C2xkRM9S/van4l9dOTb8SZFwmqWGSzhf1UwFNDKd/wx5XjBoxtoRQxe2tkA6JItTYdAo2hK9P4f+kUXaxzermtFS9WsSRBwfgEBwDDM5BFVyDGqgDCgbgATyBZ0c4j86L8zpvzTmLmX3wA87bJy8Djb4=</latexit><latexit sha1_base64="eFnOniaQ8z/65FV96yVCUcqRxzY=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GpKqY2dXFMFlRfuAdiiZNG1DM5khyQhl6Ce4caGIW7/InX9j+hBU9MCFwzn3cu89YSK4Ngh9OLml5ZXVtfx6YWNza3unuLvX0HGqKKvTWMSqFRLNBJesbrgRrJUoRqJQsGY4upz6zXumNI/lnRknLIjIQPI+p8RY6faii7vFEnLxCcY+gsj1fOT5niXliu+hM4hdNEMJLFDrFt87vZimEZOGCqJ1G6PEBBlRhlPBJoVOqllC6IgMWNtSSSKmg2x26gQeWaUH+7GyJQ2cqd8nMhJpPY5C2xkRM9S/van4l9dOTb8SZFwmqWGSzhf1UwFNDKd/wx5XjBoxtoRQxe2tkA6JItTYdAo2hK9P4f+kUXaxzermtFS9WsSRBwfgEBwDDM5BFVyDGqgDCgbgATyBZ0c4j86L8zpvzTmLmX3wA87bJy8Djb4=</latexit><latexit sha1_base64="eFnOniaQ8z/65FV96yVCUcqRxzY=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GpKqY2dXFMFlRfuAdiiZNG1DM5khyQhl6Ce4caGIW7/InX9j+hBU9MCFwzn3cu89YSK4Ngh9OLml5ZXVtfx6YWNza3unuLvX0HGqKKvTWMSqFRLNBJesbrgRrJUoRqJQsGY4upz6zXumNI/lnRknLIjIQPI+p8RY6faii7vFEnLxCcY+gsj1fOT5niXliu+hM4hdNEMJLFDrFt87vZimEZOGCqJ1G6PEBBlRhlPBJoVOqllC6IgMWNtSSSKmg2x26gQeWaUH+7GyJQ2cqd8nMhJpPY5C2xkRM9S/van4l9dOTb8SZFwmqWGSzhf1UwFNDKd/wx5XjBoxtoRQxe2tkA6JItTYdAo2hK9P4f+kUXaxzermtFS9WsSRBwfgEBwDDM5BFVyDGqgDCgbgATyBZ0c4j86L8zpvzTmLmX3wA87bJy8Djb4=</latexit><latexit sha1_base64="eFnOniaQ8z/65FV96yVCUcqRxzY=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GpKqY2dXFMFlRfuAdiiZNG1DM5khyQhl6Ce4caGIW7/InX9j+hBU9MCFwzn3cu89YSK4Ngh9OLml5ZXVtfx6YWNza3unuLvX0HGqKKvTWMSqFRLNBJesbrgRrJUoRqJQsGY4upz6zXumNI/lnRknLIjIQPI+p8RY6faii7vFEnLxCcY+gsj1fOT5niXliu+hM4hdNEMJLFDrFt87vZimEZOGCqJ1G6PEBBlRhlPBJoVOqllC6IgMWNtSSSKmg2x26gQeWaUH+7GyJQ2cqd8nMhJpPY5C2xkRM9S/van4l9dOTb8SZFwmqWGSzhf1UwFNDKd/wx5XjBoxtoRQxe2tkA6JItTYdAo2hK9P4f+kUXaxzermtFS9WsSRBwfgEBwDDM5BFVyDGqgDCgbgATyBZ0c4j86L8zpvzTmLmX3wA87bJy8Djb4=</latexit>

B2
<latexit sha1_base64="P82EdP4bRPzRlOOGM24Mc1H6fHs=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GnqijplbUASPEc0CyRB6Op2kSc9Cd48QhnyCFw+KePWLvPk3dhZBRR8UPN6roqpekAiuNMYfVm5peWV1Lb9e2Njc2t4p7u41VJxKyuo0FrFsBUQxwSNW11wL1kokI2EgWDMYXU795j2TisfRnR4nzA/JIOJ9Tok20u1Ft9wtlrDtnDiOhxG2XQ+7nmtIueK5+Aw5Np6hBAvUusX3Ti+macgiTQVRqu3gRPsZkZpTwSaFTqpYQuiIDFjb0IiETPnZ7NQJOjJKD/VjaSrSaKZ+n8hIqNQ4DExnSPRQ/fam4l9eO9X9ip/xKEk1i+h8UT8VSMdo+jfqccmoFmNDCJXc3IrokEhCtUmnYEL4+hT9Txpl2zFZ3ZyWqleLOPJwAIdwDA6cQxWuoQZ1oDCAB3iCZ0tYj9aL9TpvzVmLmX34AevtEzCHjb8=</latexit><latexit sha1_base64="P82EdP4bRPzRlOOGM24Mc1H6fHs=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GnqijplbUASPEc0CyRB6Op2kSc9Cd48QhnyCFw+KePWLvPk3dhZBRR8UPN6roqpekAiuNMYfVm5peWV1Lb9e2Njc2t4p7u41VJxKyuo0FrFsBUQxwSNW11wL1kokI2EgWDMYXU795j2TisfRnR4nzA/JIOJ9Tok20u1Ft9wtlrDtnDiOhxG2XQ+7nmtIueK5+Aw5Np6hBAvUusX3Ti+macgiTQVRqu3gRPsZkZpTwSaFTqpYQuiIDFjb0IiETPnZ7NQJOjJKD/VjaSrSaKZ+n8hIqNQ4DExnSPRQ/fam4l9eO9X9ip/xKEk1i+h8UT8VSMdo+jfqccmoFmNDCJXc3IrokEhCtUmnYEL4+hT9Txpl2zFZ3ZyWqleLOPJwAIdwDA6cQxWuoQZ1oDCAB3iCZ0tYj9aL9TpvzVmLmX34AevtEzCHjb8=</latexit><latexit sha1_base64="P82EdP4bRPzRlOOGM24Mc1H6fHs=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GnqijplbUASPEc0CyRB6Op2kSc9Cd48QhnyCFw+KePWLvPk3dhZBRR8UPN6roqpekAiuNMYfVm5peWV1Lb9e2Njc2t4p7u41VJxKyuo0FrFsBUQxwSNW11wL1kokI2EgWDMYXU795j2TisfRnR4nzA/JIOJ9Tok20u1Ft9wtlrDtnDiOhxG2XQ+7nmtIueK5+Aw5Np6hBAvUusX3Ti+macgiTQVRqu3gRPsZkZpTwSaFTqpYQuiIDFjb0IiETPnZ7NQJOjJKD/VjaSrSaKZ+n8hIqNQ4DExnSPRQ/fam4l9eO9X9ip/xKEk1i+h8UT8VSMdo+jfqccmoFmNDCJXc3IrokEhCtUmnYEL4+hT9Txpl2zFZ3ZyWqleLOPJwAIdwDA6cQxWuoQZ1oDCAB3iCZ0tYj9aL9TpvzVmLmX34AevtEzCHjb8=</latexit><latexit sha1_base64="P82EdP4bRPzRlOOGM24Mc1H6fHs=">AAAB6nicdVDJSgNBEK2JW4xb1KOXxiB4GnqijplbUASPEc0CyRB6Op2kSc9Cd48QhnyCFw+KePWLvPk3dhZBRR8UPN6roqpekAiuNMYfVm5peWV1Lb9e2Njc2t4p7u41VJxKyuo0FrFsBUQxwSNW11wL1kokI2EgWDMYXU795j2TisfRnR4nzA/JIOJ9Tok20u1Ft9wtlrDtnDiOhxG2XQ+7nmtIueK5+Aw5Np6hBAvUusX3Ti+macgiTQVRqu3gRPsZkZpTwSaFTqpYQuiIDFjb0IiETPnZ7NQJOjJKD/VjaSrSaKZ+n8hIqNQ4DExnSPRQ/fam4l9eO9X9ip/xKEk1i+h8UT8VSMdo+jfqccmoFmNDCJXc3IrokEhCtUmnYEL4+hT9Txpl2zFZ3ZyWqleLOPJwAIdwDA6cQxWuoQZ1oDCAB3iCZ0tYj9aL9TpvzVmLmX34AevtEzCHjb8=</latexit>

B3
<latexit sha1_base64="Nz2ESW5A3uk/LG9cIUDbbbv4erM=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ0+iY+YWFMFjRLNAMoSeTk/SpGehu0cIIZ/gxYMiXv0ib/6NnUVQ0QcFj/eqqKoXpIIrjfGHtbS8srq2ntvIb25t7+wW9vYbKskkZXWaiES2AqKY4DGra64Fa6WSkSgQrBkML6d+855JxZP4To9S5kekH/OQU6KNdHvRLXcLRWw7ZcfxMMK262HXcw0pVTwXnyHHxjMUYYFat/De6SU0i1isqSBKtR2can9MpOZUsEm+kymWEjokfdY2NCYRU/54duoEHRulh8JEmoo1mqnfJ8YkUmoUBaYzInqgfntT8S+vnemw4o95nGaaxXS+KMwE0gma/o16XDKqxcgQQiU3tyI6IJJQbdLJmxC+PkX/k0bJdkxWN6fF6tUijhwcwhGcgAPnUIVrqEEdKPThAZ7g2RLWo/Vivc5bl6zFzAH8gPX2CTILjcA=</latexit><latexit sha1_base64="Nz2ESW5A3uk/LG9cIUDbbbv4erM=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ0+iY+YWFMFjRLNAMoSeTk/SpGehu0cIIZ/gxYMiXv0ib/6NnUVQ0QcFj/eqqKoXpIIrjfGHtbS8srq2ntvIb25t7+wW9vYbKskkZXWaiES2AqKY4DGra64Fa6WSkSgQrBkML6d+855JxZP4To9S5kekH/OQU6KNdHvRLXcLRWw7ZcfxMMK262HXcw0pVTwXnyHHxjMUYYFat/De6SU0i1isqSBKtR2can9MpOZUsEm+kymWEjokfdY2NCYRU/54duoEHRulh8JEmoo1mqnfJ8YkUmoUBaYzInqgfntT8S+vnemw4o95nGaaxXS+KMwE0gma/o16XDKqxcgQQiU3tyI6IJJQbdLJmxC+PkX/k0bJdkxWN6fF6tUijhwcwhGcgAPnUIVrqEEdKPThAZ7g2RLWo/Vivc5bl6zFzAH8gPX2CTILjcA=</latexit><latexit sha1_base64="Nz2ESW5A3uk/LG9cIUDbbbv4erM=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ0+iY+YWFMFjRLNAMoSeTk/SpGehu0cIIZ/gxYMiXv0ib/6NnUVQ0QcFj/eqqKoXpIIrjfGHtbS8srq2ntvIb25t7+wW9vYbKskkZXWaiES2AqKY4DGra64Fa6WSkSgQrBkML6d+855JxZP4To9S5kekH/OQU6KNdHvRLXcLRWw7ZcfxMMK262HXcw0pVTwXnyHHxjMUYYFat/De6SU0i1isqSBKtR2can9MpOZUsEm+kymWEjokfdY2NCYRU/54duoEHRulh8JEmoo1mqnfJ8YkUmoUBaYzInqgfntT8S+vnemw4o95nGaaxXS+KMwE0gma/o16XDKqxcgQQiU3tyI6IJJQbdLJmxC+PkX/k0bJdkxWN6fF6tUijhwcwhGcgAPnUIVrqEEdKPThAZ7g2RLWo/Vivc5bl6zFzAH8gPX2CTILjcA=</latexit><latexit sha1_base64="Nz2ESW5A3uk/LG9cIUDbbbv4erM=">AAAB6nicdVDJSgNBEK1xjXGLevTSGARPQ0+iY+YWFMFjRLNAMoSeTk/SpGehu0cIIZ/gxYMiXv0ib/6NnUVQ0QcFj/eqqKoXpIIrjfGHtbS8srq2ntvIb25t7+wW9vYbKskkZXWaiES2AqKY4DGra64Fa6WSkSgQrBkML6d+855JxZP4To9S5kekH/OQU6KNdHvRLXcLRWw7ZcfxMMK262HXcw0pVTwXnyHHxjMUYYFat/De6SU0i1isqSBKtR2can9MpOZUsEm+kymWEjokfdY2NCYRU/54duoEHRulh8JEmoo1mqnfJ8YkUmoUBaYzInqgfntT8S+vnemw4o95nGaaxXS+KMwE0gma/o16XDKqxcgQQiU3tyI6IJJQbdLJmxC+PkX/k0bJdkxWN6fF6tUijhwcwhGcgAPnUIVrqEEdKPThAZ7g2RLWo/Vivc5bl6zFzAH8gPX2CTILjcA=</latexit>

~c
<latexit sha1_base64="jmwsQTTgM9xkpWfIEBEIN7u2Mxk=">AAAB7nicdVDLSgNBEOz1GeMr6tHLYBA8LbMxkPUWEMFjBPOAZAmzk9lkyOzsMjMbCEs+wosHRbz6Pd78GycPQUULGoqqbrq7wlRwbTD+cNbWNza3tgs7xd29/YPD0tFxSyeZoqxJE5GoTkg0E1yypuFGsE6qGIlDwdrh+HrutydMaZ7IezNNWRCToeQRp8RYqd2bMJrTWb9Uxu6VX/V8H2G3hj0fVyzxLn2/hpHn4gXKsEKjX3rvDRKaxUwaKojWXQ+nJsiJMpwKNiv2Ms1SQsdkyLqWShIzHeSLc2fo3CoDFCXKljRooX6fyEms9TQObWdMzEj/9ubiX143M5Ef5FymmWGSLhdFmUAmQfPf0YArRo2YWkKo4vZWREdEEWpsQkUbwten6H/SqrieTeauWq7frOIowCmcwQV4UIM63EIDmkBhDA/wBM9O6jw6L87rsnXNWc2cwA84b58LfJAL</latexit><latexit sha1_base64="jmwsQTTgM9xkpWfIEBEIN7u2Mxk=">AAAB7nicdVDLSgNBEOz1GeMr6tHLYBA8LbMxkPUWEMFjBPOAZAmzk9lkyOzsMjMbCEs+wosHRbz6Pd78GycPQUULGoqqbrq7wlRwbTD+cNbWNza3tgs7xd29/YPD0tFxSyeZoqxJE5GoTkg0E1yypuFGsE6qGIlDwdrh+HrutydMaZ7IezNNWRCToeQRp8RYqd2bMJrTWb9Uxu6VX/V8H2G3hj0fVyzxLn2/hpHn4gXKsEKjX3rvDRKaxUwaKojWXQ+nJsiJMpwKNiv2Ms1SQsdkyLqWShIzHeSLc2fo3CoDFCXKljRooX6fyEms9TQObWdMzEj/9ubiX143M5Ef5FymmWGSLhdFmUAmQfPf0YArRo2YWkKo4vZWREdEEWpsQkUbwten6H/SqrieTeauWq7frOIowCmcwQV4UIM63EIDmkBhDA/wBM9O6jw6L87rsnXNWc2cwA84b58LfJAL</latexit><latexit sha1_base64="jmwsQTTgM9xkpWfIEBEIN7u2Mxk=">AAAB7nicdVDLSgNBEOz1GeMr6tHLYBA8LbMxkPUWEMFjBPOAZAmzk9lkyOzsMjMbCEs+wosHRbz6Pd78GycPQUULGoqqbrq7wlRwbTD+cNbWNza3tgs7xd29/YPD0tFxSyeZoqxJE5GoTkg0E1yypuFGsE6qGIlDwdrh+HrutydMaZ7IezNNWRCToeQRp8RYqd2bMJrTWb9Uxu6VX/V8H2G3hj0fVyzxLn2/hpHn4gXKsEKjX3rvDRKaxUwaKojWXQ+nJsiJMpwKNiv2Ms1SQsdkyLqWShIzHeSLc2fo3CoDFCXKljRooX6fyEms9TQObWdMzEj/9ubiX143M5Ef5FymmWGSLhdFmUAmQfPf0YArRo2YWkKo4vZWREdEEWpsQkUbwten6H/SqrieTeauWq7frOIowCmcwQV4UIM63EIDmkBhDA/wBM9O6jw6L87rsnXNWc2cwA84b58LfJAL</latexit><latexit sha1_base64="jmwsQTTgM9xkpWfIEBEIN7u2Mxk=">AAAB7nicdVDLSgNBEOz1GeMr6tHLYBA8LbMxkPUWEMFjBPOAZAmzk9lkyOzsMjMbCEs+wosHRbz6Pd78GycPQUULGoqqbrq7wlRwbTD+cNbWNza3tgs7xd29/YPD0tFxSyeZoqxJE5GoTkg0E1yypuFGsE6qGIlDwdrh+HrutydMaZ7IezNNWRCToeQRp8RYqd2bMJrTWb9Uxu6VX/V8H2G3hj0fVyzxLn2/hpHn4gXKsEKjX3rvDRKaxUwaKojWXQ+nJsiJMpwKNiv2Ms1SQsdkyLqWShIzHeSLc2fo3CoDFCXKljRooX6fyEms9TQObWdMzEj/9ubiX143M5Ef5FymmWGSLhdFmUAmQfPf0YArRo2YWkKo4vZWREdEEWpsQkUbwten6H/SqrieTeauWq7frOIowCmcwQV4UIM63EIDmkBhDA/wBM9O6jw6L87rsnXNWc2cwA84b58LfJAL</latexit>

~a = A1~̂x1 +A2~̂x2 +A3~̂x3 =

0

@
A1

A2

A3

1

A

<latexit sha1_base64="WZJKvpy3WNQMu/l9hxwe91p1pYU="></latexit><latexit sha1_base64="WZJKvpy3WNQMu/l9hxwe91p1pYU="></latexit><latexit sha1_base64="WZJKvpy3WNQMu/l9hxwe91p1pYU="></latexit><latexit sha1_base64="WZJKvpy3WNQMu/l9hxwe91p1pYU="></latexit>

~b = B1~̂x1 +B2~̂x2 +B3~̂x3 =

0

@
B1

B2

B3

1

A

<latexit sha1_base64="AvbLt9YrvG3SRSynUnT/yF2Z6lA="></latexit><latexit sha1_base64="AvbLt9YrvG3SRSynUnT/yF2Z6lA="></latexit><latexit sha1_base64="AvbLt9YrvG3SRSynUnT/yF2Z6lA="></latexit><latexit sha1_base64="AvbLt9YrvG3SRSynUnT/yF2Z6lA="></latexit>

~c = ~a+~b = (A1 +B1)~̂x1 + (A2 +B2)~̂x2 + (A3 +B3)~̂x3 =

0

@
A1 +B1

A2 +B2

A3 +B3

1

A

<latexit sha1_base64="noVG2fpxCHqXR1F2cV6OW7kATz4="></latexit><latexit sha1_base64="noVG2fpxCHqXR1F2cV6OW7kATz4="></latexit><latexit sha1_base64="noVG2fpxCHqXR1F2cV6OW7kATz4="></latexit><latexit sha1_base64="noVG2fpxCHqXR1F2cV6OW7kATz4="></latexit>
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Définitions: vecteurs colinéaires

Définition: Deux vecteurs et 
sont colinéaires si

~a = (a1, a2, a3) ~b = (b1, b2, b3)
~b = �~a � 2 R

b1 = �a1, b2 = �a2, b3 = �a3

~a

~b
<latexit sha1_base64="JgpfV6DhbyYBy4j4PqrserKnUY4=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgaZmNG7PeAl48RjAmkCxhdjJJhsw+mJkNhCUf4cWDIl79Hm/+jbNJBBUtaCiquunuChLBlcb4wyqsrW9sbhW3Szu7e/sH5cOjexWnkrIWjUUsOwFRTPCItTTXgnUSyUgYCNYOJte5354yqXgc3elZwvyQjCI+5JRoI7V7U0azYN4vV7CN6557iRG2a1eeh+s5qbme4yLHxgtUYIVmv/zeG8Q0DVmkqSBKdR2caD8jUnMq2LzUSxVLCJ2QEesaGpGQKT9bnDtHZ0YZoGEsTUUaLdTvExkJlZqFgekMiR6r314u/uV1Uz30/IxHSapZRJeLhqlAOkb572jAJaNazAwhVHJzK6JjIgnVJqGSCeHrU/Q/ua/azoVdvXUrDW8VRxFO4BTOwYE6NOAGmtACChN4gCd4thLr0XqxXpetBWs1cww/YL19Ag+fkAc=</latexit>

~a

~b
<latexit sha1_base64="JgpfV6DhbyYBy4j4PqrserKnUY4=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgaZmNG7PeAl48RjAmkCxhdjJJhsw+mJkNhCUf4cWDIl79Hm/+jbNJBBUtaCiquunuChLBlcb4wyqsrW9sbhW3Szu7e/sH5cOjexWnkrIWjUUsOwFRTPCItTTXgnUSyUgYCNYOJte5354yqXgc3elZwvyQjCI+5JRoI7V7U0azYN4vV7CN6557iRG2a1eeh+s5qbme4yLHxgtUYIVmv/zeG8Q0DVmkqSBKdR2caD8jUnMq2LzUSxVLCJ2QEesaGpGQKT9bnDtHZ0YZoGEsTUUaLdTvExkJlZqFgekMiR6r314u/uV1Uz30/IxHSapZRJeLhqlAOkb572jAJaNazAwhVHJzK6JjIgnVJqGSCeHrU/Q/ua/azoVdvXUrDW8VRxFO4BTOwYE6NOAGmtACChN4gCd4thLr0XqxXpetBWs1cww/YL19Ag+fkAc=</latexit>

Les deux vecteurs ont la même 
direction, mais peuvent avoir des 
longeurs, des supports et des sens 
différents.
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Définitions: vecteurs coplanaires

Définition: Trois vecteurs sont coplanaires si ils sont dans le 
même plan. On a alors:

~a,~b,~c

~c = �~a+ �~b �,� 2 R

~a

~a
~b

<latexit sha1_base64="JgpfV6DhbyYBy4j4PqrserKnUY4=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgaZmNG7PeAl48RjAmkCxhdjJJhsw+mJkNhCUf4cWDIl79Hm/+jbNJBBUtaCiquunuChLBlcb4wyqsrW9sbhW3Szu7e/sH5cOjexWnkrIWjUUsOwFRTPCItTTXgnUSyUgYCNYOJte5354yqXgc3elZwvyQjCI+5JRoI7V7U0azYN4vV7CN6557iRG2a1eeh+s5qbme4yLHxgtUYIVmv/zeG8Q0DVmkqSBKdR2caD8jUnMq2LzUSxVLCJ2QEesaGpGQKT9bnDtHZ0YZoGEsTUUaLdTvExkJlZqFgekMiR6r314u/uV1Uz30/IxHSapZRJeLhqlAOkb572jAJaNazAwhVHJzK6JjIgnVJqGSCeHrU/Q/ua/azoVdvXUrDW8VRxFO4BTOwYE6NOAGmtACChN4gCd4thLr0XqxXpetBWs1cww/YL19Ag+fkAc=</latexit>

~c
<latexit sha1_base64="ffzyUyW5HbTMMBeDATojV/O4atk=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiR9Zllw47KCfUAbymQ6aYdOJmFmUiihH+HGhSJu/R53/o3Th6CiBy4czrmXe+8JEs6UdpwPK7e1vbO7l98vHBweHZ8UT886Kk4loW0S81j2AqwoZ4K2NdOc9hJJcRRw2g2mN0u/O6NSsVjc63lC/QiPBQsZwdpI3cGMkowshsWSY5e9iuvVkWM7jXKt0jCkWnXceg25trNCCTZoDYvvg1FM0ogKTThWqu86ifYzLDUjnC4Kg1TRBJMpHtO+oQJHVPnZ6twFujLKCIWxNCU0WqnfJzIcKTWPAtMZYT1Rv72l+JfXT3Xo+RkTSaqpIOtFYcqRjtHydzRikhLN54ZgIpm5FZEJlphok1DBhPD1KfqfdMq2W7HLd9VS09vEkYcLuIRrcKEBTbiFFrSBwBQe4AmercR6tF6s13VrztrMnMMPWG+f+KaP9w==</latexit>

~b
<latexit sha1_base64="JgpfV6DhbyYBy4j4PqrserKnUY4=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgaZmNG7PeAl48RjAmkCxhdjJJhsw+mJkNhCUf4cWDIl79Hm/+jbNJBBUtaCiquunuChLBlcb4wyqsrW9sbhW3Szu7e/sH5cOjexWnkrIWjUUsOwFRTPCItTTXgnUSyUgYCNYOJte5354yqXgc3elZwvyQjCI+5JRoI7V7U0azYN4vV7CN6557iRG2a1eeh+s5qbme4yLHxgtUYIVmv/zeG8Q0DVmkqSBKdR2caD8jUnMq2LzUSxVLCJ2QEesaGpGQKT9bnDtHZ0YZoGEsTUUaLdTvExkJlZqFgekMiR6r314u/uV1Uz30/IxHSapZRJeLhqlAOkb572jAJaNazAwhVHJzK6JjIgnVJqGSCeHrU/Q/ua/azoVdvXUrDW8VRxFO4BTOwYE6NOAGmtACChN4gCd4thLr0XqxXpetBWs1cww/YL19Ag+fkAc=</latexit>

~c
<latexit sha1_base64="ffzyUyW5HbTMMBeDATojV/O4atk=">AAAB7nicdVDLSsNAFL2pr1pfVZduBovgKiR9Zllw47KCfUAbymQ6aYdOJmFmUiihH+HGhSJu/R53/o3Th6CiBy4czrmXe+8JEs6UdpwPK7e1vbO7l98vHBweHZ8UT886Kk4loW0S81j2AqwoZ4K2NdOc9hJJcRRw2g2mN0u/O6NSsVjc63lC/QiPBQsZwdpI3cGMkowshsWSY5e9iuvVkWM7jXKt0jCkWnXceg25trNCCTZoDYvvg1FM0ogKTThWqu86ifYzLDUjnC4Kg1TRBJMpHtO+oQJHVPnZ6twFujLKCIWxNCU0WqnfJzIcKTWPAtMZYT1Rv72l+JfXT3Xo+RkTSaqpIOtFYcqRjtHydzRikhLN54ZgIpm5FZEJlphok1DBhPD1KfqfdMq2W7HLd9VS09vEkYcLuIRrcKEBTbiFFrSBwBQe4AmercR6tF6s13VrztrMnMMPWG+f+KaP9w==</latexit>

�~b
<latexit sha1_base64="49wQqLUgyLMe24pFtMHfIIqFzbA=">AAAB9HicdVDJSgNBEO2JW4xb1KOXxiB4GnrixIy3gBePEcwCyRB6OpWkSc9id08gDPkOLx4U8erHePNv7CyCij4oeLxXRVW9IBFcaUI+rNza+sbmVn67sLO7t39QPDxqqjiVDBosFrFsB1SB4BE0NNcC2okEGgYCWsH4eu63JiAVj6M7PU3AD+kw4gPOqDaS3w1AU9ydAMuCWa9YIjapeu4lwcSuXHkeqc5JxfUcFzs2WaCEVqj3iu/dfszSECLNBFWq45BE+xmVmjMBs0I3VZBQNqZD6Bga0RCUny2OnuEzo/TxIJamIo0X6veJjIZKTcPAdIZUj9Rvby7+5XVSPfD8jEdJqiFiy0WDVGAd43kCuM8lMC2mhlAmubkVsxGVlGmTU8GE8PUp/p80y7ZzYZdv3VLNW8WRRyfoFJ0jB1VRDd2gOmoghu7RA3pCz9bEerRerNdla85azRyjH7DePgEubZJb</latexit>

�~a
<latexit sha1_base64="gFBVNfdXIfgvH7854XohWx+W9Hg=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwFZI0tHVXcOOygn1AE8pkMm2HTiZhZlKooV/ixoUibv0Ud/6Nk7aCih4YOJxzLvfOCVNGpbLtD2Njc2t7Z7e0V94/ODyqmMcnXZlkApMOTlgi+iGShFFOOooqRvqpICgOGemF0+vC782IkDThd2qekiBGY05HFCOlpaFZ8ZkORwj6M4JztBiaVdu6atZdrw5ty7YbjusUxG14NQ86WilQBWu0h+a7HyU4iwlXmCEpB46dqiBHQlHMyKLsZ5KkCE/RmAw05SgmMsiXhy/ghVYiOEqEflzBpfp9IkexlPM41MkYqYn87RXiX94gU6NmkFOeZopwvFo0yhhUCSxagBEVBCs21wRhQfWtEE+QQFjprsq6hK+fwv9J17WcmuXeetVWc11HCZyBc3AJHNAALXAD2qADMMjAA3gCz8a98Wi8GK+r6IaxnjkFP2C8fQIDFJNN</latexit>
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Définitions: Vecteurs linéairement indpendants

Définition: Trois vecteurs sont linéairements
indépendants si ils ne sont ni colinéaires, ni coplanaires:

�~a+ �~b+ �~c = 0 () �,�, � = 0

~a,~b,~c
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Norme d’un vecteur

Définition: Norme (ou module, ou intensité)
La norme d’un vecteur est sa longueur. C’est un scalaire. 

Si le repère est orthonormé, alors le théorème de Pythagore
permet d’écrire:  

(O, x̂1, x̂2, x̂3)

O

A1

A2

A3

A

�!
OA = (A1, A2, A3)

|�!OA| = k�!OAk =
q

A2
1 +A2

2 +A2
3

~̂x3

~̂x1
~̂x2
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Produit scalaire entre deux vecteurs

Définition: Produit scalaire
Le produit scalaire entre deux vecteurs et faisant un angle    est
le nombre réel défini par:

~u ~v

✓
~v

~u

~u · ~v = k~ukk~vk cos ✓
<latexit sha1_base64="pjrKr4QGapi4WWkXMXO1/HN2xt4=">AAACN3icbZDNSgMxFIUz9a/Wv6pLN8EiuCoztaAboeDGlSjYKnRKyaS3bWhmMiR3CmXoW7nxNdzpxoUibn0D03bAar0QOPc7uST3BLEUBl332cktLa+sruXXCxubW9s7xd29hlGJ5lDnSip9HzADUkRQR4ES7mMNLAwk3AWDi4l/NwRthIpucRRDK2S9SHQFZ2hRu3jlD4GnyZj6vKOQTrvhmJ5TXzZAZ2Bi61k7R4c/lCvjYx+QtYslt+xOiy4KLxMlktV1u/jkdxRPQoiQS2ZM03NjbKVMo+ASxgU/MRAzPmA9aFoZsRBMK53uPaZHlnRoV2l7IqRTOj+RstCYURjYmyHDvvnrTeB/XjPB7lkrFVGcIER89lA3kRQVnYRIO0IDRzmygnEt7F8p7zPNONqoCzYE7+/Ki6JRKXsn5cpNtVSrZnHkyQE5JMfEI6ekRi7JNakTTh7IC3kj786j8+p8OJ+zqzknm9knv8r5+gbP/q0R</latexit>

✓
<latexit sha1_base64="UCRbW5+F1hj3DYIftSlmAFwhi1I=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2A9oQ9lsN+3azSbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFK7T6OOdJBueJW3QXIOvFyUoEczUH5qz+MWRpxhUxSY3qem6CfUY2CST4r9VPDE8omdMR7lioaceNni2tn5MIqQxLG2pZCslB/T2Q0MmYaBbYzojg2q95c/M/rpRje+JlQSYpcseWiMJUEYzJ/nQyF5gzl1BLKtLC3EjammjK0AZVsCN7qy+ukXat6V9Xafb3SqOdxFOEMzuESPLiGBtxBE1rA4BGe4RXenNh5cd6dj2VrwclnTuEPnM8foQ+PHg==</latexit>
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Propriétés:

1.

2.

3. Commutativité: 

4. Dans un repère orthonormé, si et alors

5. Distributivité:

6. Le produit scalaire est indépendent du repère (orthonormé) 

Produit scalaire entre deux vecteurs

~u · ~v = u1v1 + u2v2 + u3v3

~u k ~v =) ~u · ~v = k~ukk~vk

~u ? ~v =) ~u · ~v = 0

~u · ~v = ~v · ~u

~u · (~v1 + ~v2) = ~u · ~v1 + ~u · ~v2
<latexit sha1_base64="OQ1hIdNHZ/gR+nS8VZGzyG2MJa8=">AAACQnicbVBLS8NAGNzUV62vqEcvi0WoCCUpgl6Egh48VrAPaULYbLbt0s2D3U2hhPw2L/4Cb/4ALx4U8erBbRrBNg4szM7Mx7c7bsSokIbxopVWVtfWN8qbla3tnd09ff+gI8KYY9LGIQt5z0WCMBqQtqSSkV7ECfJdRrru+HrmdyeECxoG93IaEdtHw4AOKEZSSY7+YE0ITuIUWtgLJaxl10nqmPAM/vIGPL2Ci7lCrOA0HL1q1I0MsEjMnFRBjpajP1teiGOfBBIzJETfNCJpJ4hLihlJK1YsSITwGA1JX9EA+UTYSVZBCk+U4sFByNUJJMzUvxMJ8oWY+q5K+kiOxLI3E//z+rEcXNoJDaJYkgDPFw1iBmUIZ31Cj3KCJZsqgjCn6q0QjxBHWKrWK6oEc/nLRdJp1E2jbt6dV5s3eR1lcASOQQ2Y4AI0wS1ogTbA4BG8gnfwoT1pb9qn9jWPlrR85hAsQPv+AVuQsBQ=</latexit><latexit sha1_base64="OQ1hIdNHZ/gR+nS8VZGzyG2MJa8=">AAACQnicbVBLS8NAGNzUV62vqEcvi0WoCCUpgl6Egh48VrAPaULYbLbt0s2D3U2hhPw2L/4Cb/4ALx4U8erBbRrBNg4szM7Mx7c7bsSokIbxopVWVtfWN8qbla3tnd09ff+gI8KYY9LGIQt5z0WCMBqQtqSSkV7ECfJdRrru+HrmdyeECxoG93IaEdtHw4AOKEZSSY7+YE0ITuIUWtgLJaxl10nqmPAM/vIGPL2Ci7lCrOA0HL1q1I0MsEjMnFRBjpajP1teiGOfBBIzJETfNCJpJ4hLihlJK1YsSITwGA1JX9EA+UTYSVZBCk+U4sFByNUJJMzUvxMJ8oWY+q5K+kiOxLI3E//z+rEcXNoJDaJYkgDPFw1iBmUIZ31Cj3KCJZsqgjCn6q0QjxBHWKrWK6oEc/nLRdJp1E2jbt6dV5s3eR1lcASOQQ2Y4AI0wS1ogTbA4BG8gnfwoT1pb9qn9jWPlrR85hAsQPv+AVuQsBQ=</latexit><latexit sha1_base64="OQ1hIdNHZ/gR+nS8VZGzyG2MJa8=">AAACQnicbVBLS8NAGNzUV62vqEcvi0WoCCUpgl6Egh48VrAPaULYbLbt0s2D3U2hhPw2L/4Cb/4ALx4U8erBbRrBNg4szM7Mx7c7bsSokIbxopVWVtfWN8qbla3tnd09ff+gI8KYY9LGIQt5z0WCMBqQtqSSkV7ECfJdRrru+HrmdyeECxoG93IaEdtHw4AOKEZSSY7+YE0ITuIUWtgLJaxl10nqmPAM/vIGPL2Ci7lCrOA0HL1q1I0MsEjMnFRBjpajP1teiGOfBBIzJETfNCJpJ4hLihlJK1YsSITwGA1JX9EA+UTYSVZBCk+U4sFByNUJJMzUvxMJ8oWY+q5K+kiOxLI3E//z+rEcXNoJDaJYkgDPFw1iBmUIZ31Cj3KCJZsqgjCn6q0QjxBHWKrWK6oEc/nLRdJp1E2jbt6dV5s3eR1lcASOQQ2Y4AI0wS1ogTbA4BG8gnfwoT1pb9qn9jWPlrR85hAsQPv+AVuQsBQ=</latexit><latexit sha1_base64="OQ1hIdNHZ/gR+nS8VZGzyG2MJa8=">AAACQnicbVBLS8NAGNzUV62vqEcvi0WoCCUpgl6Egh48VrAPaULYbLbt0s2D3U2hhPw2L/4Cb/4ALx4U8erBbRrBNg4szM7Mx7c7bsSokIbxopVWVtfWN8qbla3tnd09ff+gI8KYY9LGIQt5z0WCMBqQtqSSkV7ECfJdRrru+HrmdyeECxoG93IaEdtHw4AOKEZSSY7+YE0ITuIUWtgLJaxl10nqmPAM/vIGPL2Ci7lCrOA0HL1q1I0MsEjMnFRBjpajP1teiGOfBBIzJETfNCJpJ4hLihlJK1YsSITwGA1JX9EA+UTYSVZBCk+U4sFByNUJJMzUvxMJ8oWY+q5K+kiOxLI3E//z+rEcXNoJDaJYkgDPFw1iBmUIZ31Cj3KCJZsqgjCn6q0QjxBHWKrWK6oEc/nLRdJp1E2jbt6dV5s3eR1lcASOQQ2Y4AI0wS1ogTbA4BG8gnfwoT1pb9qn9jWPlrR85hAsQPv+AVuQsBQ=</latexit>

~u = (u1, u2, u3) ~v = (v1, v2, v3)
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~a = A1~̂x1 +A2~̂x2 +A3~̂x3 =

0

@
A1

A2

A3

1

A

<latexit sha1_base64="WZJKvpy3WNQMu/l9hxwe91p1pYU="></latexit><latexit sha1_base64="WZJKvpy3WNQMu/l9hxwe91p1pYU="></latexit><latexit sha1_base64="WZJKvpy3WNQMu/l9hxwe91p1pYU="></latexit><latexit sha1_base64="WZJKvpy3WNQMu/l9hxwe91p1pYU="></latexit>

~b = B1~̂x1 +B2~̂x2 +B3~̂x3 =

0

@
B1

B2

B3

1

A

<latexit sha1_base64="AvbLt9YrvG3SRSynUnT/yF2Z6lA="></latexit><latexit sha1_base64="AvbLt9YrvG3SRSynUnT/yF2Z6lA="></latexit><latexit sha1_base64="AvbLt9YrvG3SRSynUnT/yF2Z6lA="></latexit><latexit sha1_base64="AvbLt9YrvG3SRSynUnT/yF2Z6lA="></latexit>

Produit scalaire dans un repère orthonormé

En admettant que la distributivité a été démontrée, la propriété 4. est facile à
prouver:  

~a ·~b = (A1~̂x1 +A2~̂x2 +A3~̂x3) · (B1~̂x1 +B2~̂x2 +B3~̂x3)
<latexit sha1_base64="33UuYrIl9RGkhMEZyxzKJRNFEN4="></latexit>

= A1B1 +A2B2 +A3B3
<latexit sha1_base64="/b0YZqPgmkFVtZWogDnUxxPSycs=">AAACCHicbZDLSsNAFIZPvNZ6i7p04WARBKEkaUE3QtWNywr2Am0Ik+mkHTq5MDMRSujSja/ixoUibn0Ed76N0zYLbf3hwMd/zmHm/H7CmVSW9W0sLa+srq0XNoqbW9s7u+beflPGqSC0QWIei7aPJeUsog3FFKftRFAc+py2/OHNpN96oEKyOLpXo4S6Ie5HLGAEK2155tEluvJsdK3rDGl0NDozrGiseGbJKltToUWwcyhBrrpnfnV7MUlDGinCsZQd20qUm2GhGOF0XOymkiaYDHGfdjRGOKTSzaaHjNGJdnooiIWuSKGp+3sjw6GUo9DXkyFWAznfm5j/9TqpCi7cjEVJqmhEZg8FKUcqRpNUUI8JShQfacBEMP1XRAZYYKJ0dkUdgj1/8iI0nbJdKTt31VKtmsdRgEM4hlOw4RxqcAt1aACBR3iGV3gznowX4934mI0uGfnOAfyR8fkDoJ+UmQ==</latexit>
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REGLE DE LA 
MAIN DROITE

Produit vectoriel entre deux vecteurs et        :

Produit vectoriel

~a
<latexit sha1_base64="d5eOH8nU5mJ5oZUaKBYJgb5AmN0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2A9oQ9lsJ+3SzSbsbgol9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+4XfmaLSPJZPZpagH9GR5CFn1Fip058iy+h8UK64VXcJskm8nFQgR3NQ/uoPY5ZGKA0TVOue5ybGz6gynAmcl/qpxoSyCR1hz1JJI9R+tjx3Tq6sMiRhrGxJQ5bq74mMRlrPosB2RtSM9bq3EP/zeqkJ7/yMyyQ1KNlqUZgKYmKy+J0MuUJmxMwSyhS3txI2pooyYxMq2RC89Zc3SbtW9W6qtcd6pVHP4yjCBVzCNXhwCw14gCa0gMEEnuEV3pzEeXHenY9Va8HJZ87hD5zPH4wIj6k=</latexit>

~b
<latexit sha1_base64="0GrI8DJgDvOZyCN2hWNPr4g8VYk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lqQY8FLx4r2A9oQ9lsJ+3SzSbsbgol9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZW8epYthisYhVN6AaBZfYMtwI7CYKaRQI7AST+4XfmaLSPJZPZpagH9GR5CFn1Fip058iy4L5oFxxq+4SZJN4OalAjuag/NUfxiyNUBomqNY9z02Mn1FlOBM4L/VTjQllEzrCnqWSRqj9bHnunFxZZUjCWNmShizV3xMZjbSeRYHtjKgZ63VvIf7n9VIT3vkZl0lqULLVojAVxMRk8TsZcoXMiJkllClubyVsTBVlxiZUsiF46y9vknat6t1Ua4/1SqOex1GEC7iEa/DgFhrwAE1oAYMJPMMrvDmJ8+K8Ox+r1oKTz5zDHzifP42Nj6o=</latexit>

Nous avons défini le produit scalaire entre deux vecteurs, dont le 
résultat est un nombre reel. Le résultat du produit vectoriel que nous 
allons définir sera donc un vecteur. 
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Produit vectorial: définition

Définition: Produit vectoriel
Soit un repère orthonormé, et deux vecteurs

et 
Le produit vectoriel entre et , noté ou est le 
vecteur défini par

~a ^~b =

�������

~̂x1 a1 b1
~̂x2 a2 b2
~̂x3 a3 b3

�������
=

0

@
a2b3 � a3b2
a3b1 � a1b3
a1b2 � a2b1

1

A

(O, ~̂x1,
~̂x2,

~̂x3)

~a = (a1, a2, a3) ~b = (b1, b2, b3)
~a ~b ~a ^~b ~a⇥~b

~a ^~b = ~̂x1(a2b3 � a3b2) + ~̂x2(a3b1 � a1b3) + ~̂x3(a1b2 � a2b1)
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Propriétés du produit vectoriel

~a · (~a ^~b) =

0

@
a1
a2
a3

1

A ·

0

@
a2b3 � a3b2
a3b1 � a1b3
a1b2 � a2b1

1

A = a1a2b3 � a1a3b2 + a2a3b1 � a1a2b3 + a1a3b2 � a2a3b1 = 0

~b · (~a ^~b) =

0

@
b1
b2
b3

1

A ·

0

@
a2b3 � a3b2
a3b1 � a1b3
a1b2 � a2b1

1

A = a2b1b3 � a3b1b2 + a3b1b2 � a1b2b3 + a1b2b3 � a2b1b3 = 0

=) (~a ^~b) ? ~a

=) (~a ^~b) ? ~b

1. Le produit vectoriel entre deux vecteurs est perpendiculaire à
chacun d’eux, et donc au plan qu’ils définissent. 

Pour montrer que deux vecteurs sont perpendiculaires, on peut montrer que 
leur produit scalaire est nul.
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2. La norme du produit vectoriel est égale à l’aire du parallélogramme
défini par les deux vecteurs. 

Propriétés du produit vectoriel

✓

~u

~v
~̂x1

~̂x2

O

~̂x3

k~v ^ ~uk

k~v ^ ~uk = k~vkk~uk sin ✓

~v ^ ~u =

�������

~̂x1 kvk kuk cos ✓
~̂x2 0 kuk sin ✓
~̂x3 0 0

�������
=

0

@
0
0

k~vkk~uk sin ✓

1

A

~v = (k~vk, 0, 0)
~u = (k~uk cos ✓, k~uk sin ✓, 0)~v ^ ~u

est parallèle à
est perpendiculaire à , dans le plan
est perpendiculaire à et      

~̂x1
<latexit sha1_base64="jpmEdnYQIpxpMm7cQMsL2lebIRU=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwISVJQ1t3BTcuK9gHNCFMppN26OTBzKRYQ77EjQtF3Pop7vwbJ20FFT1w4XDOvdx7j58wKqRhfGhr6xubW9ulnfLu3v5BRT886ok45Zh0ccxiPvCRIIxGpCupZGSQcIJCn5G+P70q/P6McEHj6FbOE+KGaBzRgGIkleTpFWeCZObMCM7u8twzPb1q1C5bDctuQKNmGE3TMgtiNe26DU2lFKiCFTqe/u6MYpyGJJKYISGGppFIN0NcUsxIXnZSQRKEp2hMhopGKCTCzRaH5/BMKSMYxFxVJOFC/T6RoVCIeeirzhDJifjtFeJf3jCVQcvNaJSkkkR4uShIGZQxLFKAI8oJlmyuCMKcqlshniCOsFRZlVUIX5/C/0nPqpn1mnVjV9sXqzhK4AScgnNggiZog2vQAV2AQQoewBN41u61R+1Fe122rmmrmWPwA9rbJ42Zk5w=</latexit>

~̂x2
<latexit sha1_base64="sbPlRdVKcQfff8QXH5b91z+wiA8=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwISVJQ1t3BTcuK9gHNCFMppN26OTBzKRYQ77EjQtF3Pop7vwbJ20FFT1w4XDOvdx7j58wKqRhfGhr6xubW9ulnfLu3v5BRT886ok45Zh0ccxiPvCRIIxGpCupZGSQcIJCn5G+P70q/P6McEHj6FbOE+KGaBzRgGIkleTpFWeCZObMCM7u8tyzPL1q1C5bDctuQKNmGE3TMgtiNe26DU2lFKiCFTqe/u6MYpyGJJKYISGGppFIN0NcUsxIXnZSQRKEp2hMhopGKCTCzRaH5/BMKSMYxFxVJOFC/T6RoVCIeeirzhDJifjtFeJf3jCVQcvNaJSkkkR4uShIGZQxLFKAI8oJlmyuCMKcqlshniCOsFRZlVUIX5/C/0nPqpn1mnVjV9sXqzhK4AScgnNggiZog2vQAV2AQQoewBN41u61R+1Fe122rmmrmWPwA9rbJ48dk50=</latexit>

~̂x1
<latexit sha1_base64="jpmEdnYQIpxpMm7cQMsL2lebIRU=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwISVJQ1t3BTcuK9gHNCFMppN26OTBzKRYQ77EjQtF3Pop7vwbJ20FFT1w4XDOvdx7j58wKqRhfGhr6xubW9ulnfLu3v5BRT886ok45Zh0ccxiPvCRIIxGpCupZGSQcIJCn5G+P70q/P6McEHj6FbOE+KGaBzRgGIkleTpFWeCZObMCM7u8twzPb1q1C5bDctuQKNmGE3TMgtiNe26DU2lFKiCFTqe/u6MYpyGJJKYISGGppFIN0NcUsxIXnZSQRKEp2hMhopGKCTCzRaH5/BMKSMYxFxVJOFC/T6RoVCIeeirzhDJifjtFeJf3jCVQcvNaJSkkkR4uShIGZQxLFKAI8oJlmyuCMKcqlshniCOsFRZlVUIX5/C/0nPqpn1mnVjV9sXqzhK4AScgnNggiZog2vQAV2AQQoewBN41u61R+1Fe122rmmrmWPwA9rbJ42Zk5w=</latexit>

~̂x2
<latexit sha1_base64="sbPlRdVKcQfff8QXH5b91z+wiA8=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwISVJQ1t3BTcuK9gHNCFMppN26OTBzKRYQ77EjQtF3Pop7vwbJ20FFT1w4XDOvdx7j58wKqRhfGhr6xubW9ulnfLu3v5BRT886ok45Zh0ccxiPvCRIIxGpCupZGSQcIJCn5G+P70q/P6McEHj6FbOE+KGaBzRgGIkleTpFWeCZObMCM7u8tyzPL1q1C5bDctuQKNmGE3TMgtiNe26DU2lFKiCFTqe/u6MYpyGJJKYISGGppFIN0NcUsxIXnZSQRKEp2hMhopGKCTCzRaH5/BMKSMYxFxVJOFC/T6RoVCIeeirzhDJifjtFeJf3jCVQcvNaJSkkkR4uShIGZQxLFKAI8oJlmyuCMKcqlshniCOsFRZlVUIX5/C/0nPqpn1mnVjV9sXqzhK4AScgnNggiZog2vQAV2AQQoewBN41u61R+1Fe122rmmrmWPwA9rbJ48dk50=</latexit>

~̂x1
<latexit sha1_base64="jpmEdnYQIpxpMm7cQMsL2lebIRU=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwISVJQ1t3BTcuK9gHNCFMppN26OTBzKRYQ77EjQtF3Pop7vwbJ20FFT1w4XDOvdx7j58wKqRhfGhr6xubW9ulnfLu3v5BRT886ok45Zh0ccxiPvCRIIxGpCupZGSQcIJCn5G+P70q/P6McEHj6FbOE+KGaBzRgGIkleTpFWeCZObMCM7u8twzPb1q1C5bDctuQKNmGE3TMgtiNe26DU2lFKiCFTqe/u6MYpyGJJKYISGGppFIN0NcUsxIXnZSQRKEp2hMhopGKCTCzRaH5/BMKSMYxFxVJOFC/T6RoVCIeeirzhDJifjtFeJf3jCVQcvNaJSkkkR4uShIGZQxLFKAI8oJlmyuCMKcqlshniCOsFRZlVUIX5/C/0nPqpn1mnVjV9sXqzhK4AScgnNggiZog2vQAV2AQQoewBN41u61R+1Fe122rmmrmWPwA9rbJ42Zk5w=</latexit>

~̂x3
<latexit sha1_base64="JHwWRKMU+/Ghf7XHqWKCXoQSo/M=">AAAB+HicdVDLSsNAFJ34rPXRqEs3g0VwISVJQ1t3BTcuK9gHNCFMppN26OTBzKRYQ77EjQtF3Pop7vwbJ20FFT1w4XDOvdx7j58wKqRhfGhr6xubW9ulnfLu3v5BRT886ok45Zh0ccxiPvCRIIxGpCupZGSQcIJCn5G+P70q/P6McEHj6FbOE+KGaBzRgGIkleTpFWeCZObMCM7u8tyre3rVqF22GpbdgEbNMJqmZRbEatp1G5pKKVAFK3Q8/d0ZxTgNSSQxQ0IMTSORboa4pJiRvOykgiQIT9GYDBWNUEiEmy0Oz+GZUkYwiLmqSMKF+n0iQ6EQ89BXnSGSE/HbK8S/vGEqg5ab0ShJJYnwclGQMihjWKQAR5QTLNlcEYQ5VbdCPEEcYamyKqsQvj6F/5OeVTPrNevGrrYvVnGUwAk4BefABE3QBtegA7oAgxQ8gCfwrN1rj9qL9rpsXdNWM8fgB7S3T5Chk54=</latexit>

~v
<latexit sha1_base64="JDb2v+93O8XshCYnYjcRKfydT/I=">AAAB7nicdVDLSgNBEOyNrxhfUY9eBoPgQcJMFJPcAl48RjAPSJYwO5lNhsw+mJkNhCUf4cWDIl79Hm/+jbNJBBUtaCiquunu8mIptMH4w8mtrW9sbuW3Czu7e/sHxcOjto4SxXiLRTJSXY9qLkXIW0YYybux4jTwJO94k5vM70y50iIK780s5m5AR6HwBaPGSp3+lLN0Oh8US7iMMSaEoIyQ6jW2pF6vVUgNkcyyKMEKzUHxvT+MWBLw0DBJte4RHBs3pcoIJvm80E80jymb0BHvWRrSgGs3XZw7R2dWGSI/UrZCgxbq94mUBlrPAs92BtSM9W8vE//yeonxa24qwjgxPGTLRX4ikYlQ9jsaCsWZkTNLKFPC3orYmCrKjE2oYEP4+hT9T9qVMrksV+6uSo2LVRx5OIFTOAcCVWjALTShBQwm8ABP8OzEzqPz4rwuW3POauYYfsB5+wT2f4/s</latexit>

(~u,~v)
<latexit sha1_base64="d05GxzALOXL8mC2I3ZWkA1Y2/XA=">AAAB+nicdVDLSgMxFM3UV62vqS7dBItQoZRJFdvuCm5cVrAPaIeSSdM2NJMZkkyljPMpblwo4tYvceffmGkrqOiByz2ccy+5OV7ImdKO82Fl1tY3Nrey27md3b39Azt/2FZBJAltkYAHsuthRTkTtKWZ5rQbSop9j9OON71K/c6MSsUCcavnIXV9PBZsxAjWRhrY+WJ/RkkcJaVFnyVnA7vglB3HQQjBlKDqpWNIvV6roBpEqWVQACs0B/Z7fxiQyKdCE46V6iEn1G6MpWaE0yTXjxQNMZniMe0ZKrBPlRsvTk/gqVGGcBRIU0LDhfp9I8a+UnPfM5M+1hP120vFv7xepEc1N2YijDQVZPnQKOJQBzDNAQ6ZpETzuSGYSGZuhWSCJSbapJUzIXz9FP5P2pUyOi9Xbi4KjdIqjiw4BiegCBCogga4Bk3QAgTcgQfwBJ6te+vRerFel6MZa7VzBH7AevsEX3mUBQ==</latexit>

~v k ~u =) k~v ^ ~uk = 0

~v ? ~u =) k~v ^ ~uk = k~vkk~uk
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Identités vectorielles utiles

(~a ^~b) · (~c ^ ~d) = (~a · ~c)(~b · ~d)� (~a · ~d)(~b · ~c)

~a · (~b ^ ~c) = ~b · (~c ^ ~a) = ~c · (~a ^~b)

~a ^ (~b ^ ~c) = ~b(~a · ~c)� ~c(~a ·~b)

Quelques identités vectorielles que nous utiliserons, données sans 
démonstration:

Produit triple

Produit mixte
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Résumé

~u = u1
~̂x1 + u2

~̂x2 + u3
~̂x3 =

0

@
u1

u2

u3

1

A = (u1, u2, u3)

(O, ~̂x1,
~̂x2,

~̂x3)~uComposantes du vecteur exprimées dans le repère :

Norme:
|~u| = k~uk =

q
u2
1 + u2

2 + u2
3

Produit scalaire entre deux vecteurs:

~u · ~v = u1v1 + u2v2 + u3v3

~u · ~v = ~v · ~u
~u · ~v = kukkvk cos ✓

~u k ~v =) ~u · ~v = k~ukk~vk

~u ? ~v =) ~u · ~v = 0

Propriétés:
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Résumé (2)

Produit vectoriel:

Propriétés:

~a ^~b =

�������

~̂x1 a1 b1
~̂x2 a2 b2
~̂x3 a3 b3

�������
=

0

@
a2b3 � a3b2
a3b1 � a1b3
a1b2 � a2b1

1

A

~a ^~b = ~̂x1(a2b3 � a3b2) + ~̂x2(a3b1 � a1b3) + ~̂x3(a1b2 � a2b1)

(~a ^~b) ? ~a,~b

k~a ^~bk = k~akk~bk sin ✓
(~a ^~b) = �(~b ^ ~a)

~a ? ~b =) k~a ^~bk = k~akk~bk
~a k ~b =) k~a ^~bk = 0

Identités:
~a ^ (~b ^ ~c) = ~b(~a · ~c)� ~c(~a ·~b)
~a · (~b ^ ~c) = ~b · (~c ^ ~a) = ~c · (~a ^~b)

(~a ^~b) · (~c ^ ~d) = (~a · ~c)(~b · ~d)� (~a · ~d)(~b · ~c)


