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2.1.1 Applications linéaires - définition 
Dans tout ce chapitre ,  et  désignent des espaces avec vectoriels de dimension finis 
sur un même corps . 

<latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E
<latexit sha1_base64="UOUV/CpYy4PgVNs6bkvy1VPdoN4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BQTwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZ1fjNM=</latexit>

F
<latexit sha1_base64="PuEQf2gIh7Dny7yK8ReAIZCJskw=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BD3pMwDwgWcLspDcZMzu7zMwKIeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YRK81g+mHGCfkQHkoecUWOl+l2vWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rw2p9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvctypV4pVW+yOPJwAqdwDh5cQRXuoQYNYIDwDK/w5jw6L86787FozTnZzDH8gfP5A57jjNQ=</latexit>

G
<latexit sha1_base64="3mYMzQZ+e/Un5AL6OtJmQV5dek0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi+Cliv2ANpTNdtIu3WzC7kYoof/AiwdFvPqPvPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3Uz91hMqzWP5aMYJ+hEdSB5yRo2VHshdr1xxq+4MZJl4OalAjnqv/NXtxyyNUBomqNYdz02Mn1FlOBM4KXVTjQllIzrAjqWSRqj9bHbphJxYpU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvkZl0lqULL5ojAVxMRk+jbpc4XMiLEllClubyVsSBVlxoZTsiF4iy8vk+ZZ1buont+fV2rXeRxFOIJjOAUPLqEGt1CHBjAI4Rle4c0ZOS/Ou/Mxby04+cwh/IHz+QP6d40C</latexit>

K

Définition (application linéaire) 
On appelle application linéaire , une application de  dans  
possédant les propriétés suivantes : 
-   
- . 

On note  l’ensemble des applications linéaires de  dans .

<latexit sha1_base64="QREQJTgdDbEC+O3RoF3U9blSXgw=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIqHgqiuKxgv2ANpTNdtMu3WzC7kQJof4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzz48F1+A431ZhaXllda24XtrY3NresXf3mjpKFGUNGolItX2imeCSNYCDYO1YMRL6grX80dXEbz0wpXkk7yGNmReSgeQBpwSM1LPLCb7A17ir+GAIRKnoEd/07IpTdabAi8TNSQXlqPfsr24/oknIJFBBtO64TgxeRhRwKti41E00iwkdkQHrGCpJyLSXTY8f40Oj9HEQKVMS8FT9PZGRUOs09E1nSGCo572J+J/XSSA49zIu4wSYpLNFQSIwRHiSBO5zxSiI1BBCFTe3YjokilAweZVMCO78y4ukeVx1T6sndyeV2mUeRxHtowN0hFx0hmroFtVRA1GUomf0it6sJ+vFerc+Zq0FK58poz+wPn8AIq+T0Q==</latexit>

u : E ! F
<latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E
<latexit sha1_base64="UOUV/CpYy4PgVNs6bkvy1VPdoN4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BQTwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZ1fjNM=</latexit>

F
<latexit sha1_base64="PtjAbZKfUHt5Tl2u+Y92VeoTr1E="></latexit>

u(~x+ ~y) = u(~x) + u(~y), 8~x, ~y 2 E,
<latexit sha1_base64="H4fFRqSzcPgQd6uuRKMwGfSmdn8="></latexit>

u(�~x) = �u(~x)), 8~x 2 E, 8� 2 K
<latexit sha1_base64="KiyU1xweOwzOE5XvV89mGznkMzA=">AAACD3icbVDLSsNAFJ34rPWV6tLNYBEqSEmkqMuiKC5cVLAPaEOZTCft0MkkzEyUEvIRfoBb/QR34tZP8Av8DSdpFrb1wMDhnHvnHo4bMiqVZX0bS8srq2vrhY3i5tb2zq5Z2mvJIBKYNHHAAtFxkSSMctJUVDHSCQVBvstI2x1fpX77kQhJA/6gJiFxfDTk1KMYKS31zVLPR2oksYjvksr1Cbw57ptlq2plgIvEzkkZ5Gj0zZ/eIMCRT7jCDEnZta1QOTESimJGkmIvkiREeIyGpKspRz6RTpxFT+CRVgbQC4R+XMFM/bsRI1/Kie/qySzovJeK/3ndSHkXTkx5GCnC8fSQFzGoApj2AAdUEKzYRBOEBdVZIR4hgbDSbc1cSf8W0pOJbsae72GRtE6r9lm1dl8r1y/zjgrgAByCCrDBOaiDW9AATYDBE3gBr+DNeDbejQ/jczq6ZOQ7+2AGxtcvXzycaw==</latexit>

L (E,F ) <latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E
<latexit sha1_base64="UOUV/CpYy4PgVNs6bkvy1VPdoN4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BQTwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZ1fjNM=</latexit>

F

Remarque 
• L’application nulle  telle que  est linéaire. 
• Pour toute , . 
•  est une espace vectoriel appelé espace vectoriel des 
applications linéaires  dans  de tel que :  

-   
-  

<latexit sha1_base64="8JWQiQZDXDNJdAkA1/koH0qIEFs=">AAACHnicbVDLSsNAFJ3UV62vqEs3g0VwVRIpKq6KorisYB/QhDKZTNqhk0yYmSglZOt3+AFu9RPciVv9An/DSZuFbT0wzOGce+feOV7MqFSW9W2UlpZXVtfK65WNza3tHXN3ry15IjBpYc646HpIEkYj0lJUMdKNBUGhx0jHG13lfueBCEl5dK/GMXFDNIhoQDFSWuqb0PE48+U41FdqZfACXkNH0MFQISH4I7zpm1WrZk0AF4ldkCoo0OybP47PcRKSSGGGpOzZVqzcFAlFMSNZxUkkiREeoQHpaRqhkEg3nfwkg0da8WHAhT6RghP1b0eKQpkvqytDpIZy3svF/7xeooJzN6VRnCgS4emgIGFQcZjHAn0qCFZsrAnCgupdIR4igbDS4c1Myd8WMpCZTsaez2GRtE9q9mmtflevNi6LjMrgAByCY2CDM9AAt6AJWgCDJ/ACXsGb8Wy8Gx/G57S0ZBQ9+2AGxtcviCui7A==</latexit>

0 : E ! F
<latexit sha1_base64="kML3lTIRN7fwZOnZFG2vUOcvENM="></latexit>

0(~x) = ~0F , 8~x 2 E
<latexit sha1_base64="sL5M4LWIU5UlYLEV9aEAAgoU0po=">AAACFXicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIkVdFkVx4aKCfUBTymQ6aYdOJmFmIpSQ7/AD3OonuBO3rv0Cf8NJmoVtPTBwOOe+5rgho1JZ1rdRWFpeWV0rrpc2Nre2d8zdvZYMIoFJEwcsEB0XScIoJ01FFSOdUBDku4y03fF16refiJA04I9qEpKej4acehQjpaW+eRBBh3Lo+EiNJBbxfVK5OYW3J32zbFWtDHCR2DkpgxyNvvnjDAIc+YQrzJCUXdsKVS9GQlHMSFJyIklChMdoSLqacuQT2YuzDyTwWCsD6AVCP65gpv7tiJEv5cR3dWV26LyXiv953Uh5l72Y8jBShOPpIi9iUAUwTQMOqCBYsYkmCAuqb4V4hATCSmc2syWdLaQnE52MPZ/DImmdVe3zau2hVq5f5RkVwSE4AhVggwtQB3egAZoAgwS8gFfwZjwb78aH8TktLRh5zz6YgfH1C3ATno8=</latexit>

u 2 L (E,F )
<latexit sha1_base64="bfsqrO+3kNrg4reaAMuSkHFmwuM=">AAACFnicbVDdSsMwGE3n35x/VW8Eb4JDmDejlaHeCENRvJzgfmArJc3SLSxNS5IORpnP4QN4q4/gnXjrrU/ga5huFdzmgcDJOd9PcryIUaks68vILS2vrK7l1wsbm1vbO+buXkOGscCkjkMWipaHJGGUk7qiipFWJAgKPEaa3uA69ZtDIiQN+YMaRcQJUI9Tn2KktOSaB3GpMyQ4scbuzQm8hL+XW9csWmVrArhI7IwUQYaaa353uiGOA8IVZkjKtm1FykmQUBQzMi50YkkihAeoR9qachQQ6SSTH4zhsVa60A+FPlzBifq3I0GBlKPA05UBUn0576Xif147Vv6Fk1AexYpwPF3kxwyqEKZxwC4VBCs20gRhQfVbIe4jgbDSoc1sSWcL6cuxTsaez2GRNE7L9lm5cl8pVq+yjPLgEByBErDBOaiCO1ADdYDBI3gGL+DVeDLejHfjY1qaM7KefTAD4/MHSECfBw==</latexit>

u(~0E) = ~0F
<latexit sha1_base64="mSCx5hw+RZ+w9rdvGIIuDub+eV8=">AAACHHicbVDLSgMxFM3UV62vUZeCBIvQYikzUtRlURQXLirYB7SlZDKZNjQzGZKMUIbu/A4/wK1+gjtxK/gF/obpdBa29UDgcM595Tgho1JZ1reRWVpeWV3Lruc2Nre2d8zdvYbkkcCkjjnjouUgSRgNSF1RxUgrFAT5DiNNZ3g18ZuPREjKgwc1CknXR/2AehQjpaWeeVjo+EgNJBbx3bhwXYI3xRI8KcEOdrkqwp6Zt8pWArhI7JTkQYpaz/zpuBxHPgkUZkjKtm2FqhsjoShmZJzrRJKECA9Rn7Q1DZBPZDdO/jGGx1pxoceFfoGCifq3I0a+lCPf0ZXJ0fPeRPzPa0fKu+jGNAgjRQI8XeRFDCoOJ6FAlwqCFRtpgrCg+laIB0ggrHR0M1sms4X05FgnY8/nsEgap2X7rFy5r+Srl2lGWXAAjkAB2OAcVMEtqIE6wOAJvIBX8GY8G+/Gh/E5Lc0Yac8+mIHx9QvD76An</latexit>

(L (E,F ),+, ·)
<latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E
<latexit sha1_base64="UOUV/CpYy4PgVNs6bkvy1VPdoN4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BQTwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZ1fjNM=</latexit>

F
<latexit sha1_base64="4G3OrIQWyenWvKDDjwPid6GRsd4="></latexit>

8u, v 2 L (E,F ), (u+ v)(~x) = u(~x) + v(~x), 8~x 2 E
<latexit sha1_base64="e72Eo9u53/JCsjfaPyPFQtrhqsQ="></latexit>

8u 2 L (E,F ), 8� 2 K, (�u)(~x) = �u(~x), 8~x 2 E
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2.1.2 Noyau et image d’une application linéaire 
Définition 
Soit , 
• on appelle noyau de , et on note , le sous-ensemble de  défini par : 

. 
• on appelle image de , et on note , le sous-ensemble de  défini par : 

 

<latexit sha1_base64="xaT1lKdIFB0xrFKIukf28nNxP9c=">AAACFnicbVDLSsNAFJ3UV62vqBvBzWARKkhJpKjLoiguXFSwD2hKmUwn7dDJJMxMhBLid/gBbvUT3Ilbt36Bv+EkzcJWDwwczrmvOW7IqFSW9WUUFhaXlleKq6W19Y3NLXN7pyWDSGDSxAELRMdFkjDKSVNRxUgnFAT5LiNtd3yZ+u0HIiQN+L2ahKTnoyGnHsVIaalv7sEIOpRDx0dqJLGIb5PK1TG8PuqbZatqZYB/iZ2TMsjR6JvfziDAkU+4wgxJ2bWtUPViJBTFjCQlJ5IkRHiMhqSrKUc+kb04+0ECD7UygF4g9OMKZurvjhj5Uk58V1dmh857qfif142Ud96LKQ8jRTieLvIiBlUA0zjggAqCFZtogrCg+laIR0ggrHRoM1vS2UJ6MtHJ2PM5/CWtk6p9Wq3d1cr1izyjItgHB6ACbHAG6uAGNEATYPAInsELeDWejDfj3fiYlhaMvGcXzMD4/AHLV565</latexit>

u 2 L (E,F )
<latexit sha1_base64="iJSCgGENJVf4nXCNaDtd+7llAzo=">AAAB/nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFNy6r2Ae0Q8mkmTY0kwxJRihDwQ9wq5/gTtz6K36Bv2GmnYVtPRA4nHNfOUHMmTau++0U1tY3NreK26Wd3b39g/LhUUvLRBHaJJJL1QmwppwJ2jTMcNqJFcVRwGk7GN9mfvuJKs2keDSTmPoRHgoWMoKNlR5Q0i9X3Ko7A1olXk4qkKPRL//0BpIkERWGcKx113Nj46dYGUY4nZZ6iaYxJmM8pF1LBY6o9tPZpVN0ZpUBCqWyTxg0U/92pDjSehIFtjLCZqSXvUz8z+smJrz2UybixFBB5ovChCMjUfZtNGCKEsMnlmCimL0VkRFWmBgbzsKWbLbSoZ7aZLzlHFZJ66LqXVZr97VK/SbPqAgncArn4MEV1OEOGtAEAiG8wCu8Oc/Ou/PhfM5LC07ecwwLcL5+AUvPln8=</latexit>u

<latexit sha1_base64="53yfmvzMIDoQaE9Tk5Y8MzkZ2NY=">AAACCHicbVBJSgNBFK2OU4xT1KWbwiC4Ct0i6jLoRnATwQyQDqG68jspUj1Q9VsMTS7gAdzqEdyJW2/hCbyG1UkvTOKDD4/3/sTzYik02va3VVhZXVvfKG6WtrZ3dvfK+wdNHSWKQ4NHMlJtj2mQIoQGCpTQjhWwwJPQ8kY3md96BKVFFD7gOIZuwAah8AVnaCTXRXjC9A4UnSS9csWu2lPQZeLkpEJy1HvlH7cf8SSAELlkWnccO8ZuyhQKLmFSchMNMeMjNoCOoSELQHfT6c8TemKUPvUjZSpEOlX/TqQs0HoceKYzYDjUi14m/ud1EvSvuqkI4wQh5LNDfiIpRjQLgPaFAo5ybAjjSphfKR8yxTiamOauZLuV9vXEJOMs5rBMmmdV56J6fn9eqV3nGRXJETkmp8Qhl6RGbkmdNAgnMXkhr+TNerberQ/rc9ZasPKZQzIH6+sXm4ebHg==</latexit>

Ker u
<latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E
<latexit sha1_base64="ndBkIzGWkvWxBffr95IYl6+IHV4="></latexit>

Ker u = {~x 2 E|u(~x) = ~0F }
<latexit sha1_base64="iJSCgGENJVf4nXCNaDtd+7llAzo=">AAAB/nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFNy6r2Ae0Q8mkmTY0kwxJRihDwQ9wq5/gTtz6K36Bv2GmnYVtPRA4nHNfOUHMmTau++0U1tY3NreK26Wd3b39g/LhUUvLRBHaJJJL1QmwppwJ2jTMcNqJFcVRwGk7GN9mfvuJKs2keDSTmPoRHgoWMoKNlR5Q0i9X3Ko7A1olXk4qkKPRL//0BpIkERWGcKx113Nj46dYGUY4nZZ6iaYxJmM8pF1LBY6o9tPZpVN0ZpUBCqWyTxg0U/92pDjSehIFtjLCZqSXvUz8z+smJrz2UybixFBB5ovChCMjUfZtNGCKEsMnlmCimL0VkRFWmBgbzsKWbLbSoZ7aZLzlHFZJ66LqXVZr97VK/SbPqAgncArn4MEV1OEOGtAEAiG8wCu8Oc/Ou/PhfM5LC07ecwwLcL5+AUvPln8=</latexit>u

<latexit sha1_base64="7A6zsQLDNGrVqU3GtzAv619U1a4=">AAACB3icbVDLSsNAFJ3UV62vqks3g0VwVRIRdVl0o7sK9gFpKJPppB06yYSZG7GEfIAf4FY/wZ249TP8An/DSZuFbT0wcDjnvub4seAabPvbKq2srq1vlDcrW9s7u3vV/YO2lomirEWlkKrrE80Ej1gLOAjWjRUjoS9Yxx/f5H7nkSnNZfQAk5h5IRlGPOCUgJHcHrAnSO9CnCX9as2u21PgZeIUpIYKNPvVn95A0iRkEVBBtHYdOwYvJQo4FSyr9BLNYkLHZMhcQyMSMu2l05MzfGKUAQ6kMi8CPFX/dqQk1HoS+qYyJDDSi14u/ue5CQRXXsqjOAEW0dmiIBEYJM7/jwdcMQpiYgihiptbMR0RRSiYlOa25LOVDnRmknEWc1gm7bO6c1E/vz+vNa6LjMroCB2jU+SgS9RAt6iJWogiiV7QK3qznq1368P6nJWWrKLnEM3B+voFxU2aqA==</latexit>

Im u
<latexit sha1_base64="UOUV/CpYy4PgVNs6bkvy1VPdoN4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BQTwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZ1fjNM=</latexit>

F
<latexit sha1_base64="QrMSfRdtyhkEMCF31hUgP13k8gk="></latexit>

Im u = {~y 2 F |9~x 2 E, ~y = u(~x)}

Exemple :  

Proposition 2.1.1 
1.  est un sous-espace vectoriel de . 
2.  est un sous-espace vectoriel de . 

<latexit sha1_base64="53yfmvzMIDoQaE9Tk5Y8MzkZ2NY=">AAACCHicbVBJSgNBFK2OU4xT1KWbwiC4Ct0i6jLoRnATwQyQDqG68jspUj1Q9VsMTS7gAdzqEdyJW2/hCbyG1UkvTOKDD4/3/sTzYik02va3VVhZXVvfKG6WtrZ3dvfK+wdNHSWKQ4NHMlJtj2mQIoQGCpTQjhWwwJPQ8kY3md96BKVFFD7gOIZuwAah8AVnaCTXRXjC9A4UnSS9csWu2lPQZeLkpEJy1HvlH7cf8SSAELlkWnccO8ZuyhQKLmFSchMNMeMjNoCOoSELQHfT6c8TemKUPvUjZSpEOlX/TqQs0HoceKYzYDjUi14m/ud1EvSvuqkI4wQh5LNDfiIpRjQLgPaFAo5ybAjjSphfKR8yxTiamOauZLuV9vXEJOMs5rBMmmdV56J6fn9eqV3nGRXJETkmp8Qhl6RGbkmdNAgnMXkhr+TNerberQ/rc9ZasPKZQzIH6+sXm4ebHg==</latexit>

Ker u
<latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E
<latexit sha1_base64="7A6zsQLDNGrVqU3GtzAv619U1a4=">AAACB3icbVDLSsNAFJ3UV62vqks3g0VwVRIRdVl0o7sK9gFpKJPppB06yYSZG7GEfIAf4FY/wZ249TP8An/DSZuFbT0wcDjnvub4seAabPvbKq2srq1vlDcrW9s7u3vV/YO2lomirEWlkKrrE80Ej1gLOAjWjRUjoS9Yxx/f5H7nkSnNZfQAk5h5IRlGPOCUgJHcHrAnSO9CnCX9as2u21PgZeIUpIYKNPvVn95A0iRkEVBBtHYdOwYvJQo4FSyr9BLNYkLHZMhcQyMSMu2l05MzfGKUAQ6kMi8CPFX/dqQk1HoS+qYyJDDSi14u/ue5CQRXXsqjOAEW0dmiIBEYJM7/jwdcMQpiYgihiptbMR0RRSiYlOa25LOVDnRmknEWc1gm7bO6c1E/vz+vNa6LjMroCB2jU+SgS9RAt6iJWogiiV7QK3qznq1368P6nJWWrKLnEM3B+voFxU2aqA==</latexit>

Im u
<latexit sha1_base64="UOUV/CpYy4PgVNs6bkvy1VPdoN4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BQTwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZ1fjNM=</latexit>

F

Démonstration: 
1. Faire en exercice (simple). 

2. On montre que  est un sous-espace vectoriel (sev) de . On a   

alors   et donc . Maintenant si  et 

<latexit sha1_base64="7A6zsQLDNGrVqU3GtzAv619U1a4=">AAACB3icbVDLSsNAFJ3UV62vqks3g0VwVRIRdVl0o7sK9gFpKJPppB06yYSZG7GEfIAf4FY/wZ249TP8An/DSZuFbT0wcDjnvub4seAabPvbKq2srq1vlDcrW9s7u3vV/YO2lomirEWlkKrrE80Ej1gLOAjWjRUjoS9Yxx/f5H7nkSnNZfQAk5h5IRlGPOCUgJHcHrAnSO9CnCX9as2u21PgZeIUpIYKNPvVn95A0iRkEVBBtHYdOwYvJQo4FSyr9BLNYkLHZMhcQyMSMu2l05MzfGKUAQ6kMi8CPFX/dqQk1HoS+qYyJDDSi14u/ue5CQRXXsqjOAEW0dmiIBEYJM7/jwdcMQpiYgihiptbMR0RRSiYlOa25LOVDnRmknEWc1gm7bO6c1E/vz+vNa6LjMroCB2jU+SgS9RAt6iJWogiiV7QK3qznq1368P6nJWWrKLnEM3B+voFxU2aqA==</latexit>

Im u
<latexit sha1_base64="UOUV/CpYy4PgVNs6bkvy1VPdoN4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BQTwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZ1fjNM=</latexit>

F
<latexit sha1_base64="yZwanBusFRXzst24ypPabrNmiH4=">AAACFnicbVDdSsMwGE3n35x/VW8Eb4JDmDejlaHeCENRvJzgfmArJc3SLSxNS5IORpnP4QN4q4/gnXjrrU/ga5huFdzmgcDJOd9PcryIUaks68vILS2vrK7l1wsbm1vbO+buXkOGscCkjkMWipaHJGGUk7qiipFWJAgKPEaa3uA69ZtDIiQN+YMaRcQJUI9Tn2KktOSaB50hwYk1dm/hJYxLv7ebE9csWmVrArhI7IwUQYaaa353uiGOA8IVZkjKtm1FykmQUBQzMi50YkkihAeoR9qachQQ6SSTH4zhsVa60A+FPlzBifq3I0GBlKPA05UBUn0576Xif147Vv6Fk1AexYpwPF3kxwyqEKZxwC4VBCs20gRhQfVbIe4jgbDSoc1sSWcL6cuxTsaez2GRNE7L9lm5cl8pVq+yjPLgEByBErDBOaiCO1ADdYDBI3gGL+DVeDLejHfjY1qaM7KefTAD4/MHSrCfBw==</latexit>

~0F = u(~0E)
<latexit sha1_base64="aju3fsWUcxzyWZv2/Pk37uWwGIA=">AAACA3icbVA9SwNBEN2L3/EraqfNYhCswp0EtQwKop2CMYFcCHubSbJkb+/YnQuGI2DjX7GxUMTWP2Hnv3ETr9DEBwOP92aYmRfEUhh03S8nNze/sLi0vJJfXVvf2Cxsbd+ZKNEcqjySka4HzIAUCqooUEI91sDCQEIt6J+P/doAtBGRusVhDM2QdZXoCM7QSq3Crj8Anrqj1gX1haI+wj2mVyEdJbRVKLoldwI6S7yMFEmG61bh029HPAlBIZfMmIbnxthMmUbBJYzyfmIgZrzPutCwVLEQTDOd/DCiB1Zp006kbSmkE/X3RMpCY4ZhYDtDhj0z7Y3F/7xGgp3TZipUnCAo/rOok0iKER0HQttCA0c5tIRxLeytlPeYZhxtbHkbgjf98iy5Oyp5x6XyTblYOcviWCZ7ZJ8cEo+ckAq5JNekSjh5IE/khbw6j86z8+a8/7TmnGxmh/yB8/EN84WXFg==</latexit>

~0F 2 Im u
<latexit sha1_base64="lgIRCDHX+VlI8dbtMR0JfDKq+y4=">AAACBXicbVA9SwNBEN2LXzF+nVpqsRgEq3AnQS1FG+0iGBVyR9jbTJIle3vn7pwYjjQ2/hUbC0Vs/Q92/hs38Qq/Hgw83pthZl6USmHQ8z6c0tT0zOxceb6ysLi0vOKurl2YJNMcmjyRib6KmAEpFDRRoISrVAOLIwmX0eB47F/egDYiUec4TCGMWU+JruAMrdR2NwOEW8xPYzrKaKDgmgY3TKsE+0L12m7Vq3kT0L/EL0iVFGi03fegk/AsBoVcMmNavpdimDONgksYVYLMQMr4gPWgZaliMZgwn3wxottW6dBuom0ppBP1+0TOYmOGcWQ7Y4Z989sbi/95rQy7B2EuVJohKP61qJtJigkdR0I7QgNHObSEcS3srZT3mWYcbXAVG4L/++W/5GK35u/V6mf16uFREUeZbJAtskN8sk8OyQlpkCbh5I48kCfy7Nw7j86L8/rVWnKKmXXyA87bJ6E7mKw=</latexit>

Im u 6= ?
<latexit sha1_base64="0p0hZ5bd9Tt2JkmD2FwKy5hyP1Y=">AAACIXicbVDLSgMxFM34rO+qS0WCRXQhZUZEXRbd6K6CVaFTSia9o6GZzJDcKZZhli78Dj/Abf0Ed+JO/AAX/oRp68LXgcDhnHNzkxMkUhh03VdnZHRsfGKyMDU9Mzs3v1BcXDo3cao51HgsY30ZMANSKKihQAmXiQYWBRIugvZR37/ogDYiVmfYTaARsSslQsEZWqlZLPkd4Fk336ZDsplTXyhKfYQbzE4imtPUptyyOwD9S7wvUqqs9k4/btd61Wbx3W/FPI1AIZfMmLrnJtjImEbBJeTTfmogYbzNrqBuqWIRmEY2+ExON6zSomGs7VFIB+r3iYxFxnSjwCYjhtfmt9cX//PqKYYHjUyoJEVQfLgoTCXFmPaboS2hgaPsWsK4FvatlF8zzTja/n5s6d+tTWhy24z3u4e/5Hyn7O2Vd09tRYdkiAJZIetki3hkn1TIMamSGuHkjjyQHnl07p0n59l5GUZHnK+ZZfIDztsn5hinrA==</latexit>

~y, ~y0 2 Im u



4

alors il existe  tels que  

. 

Donc le vecteur . Ce qui termine la démonstration. 

<latexit sha1_base64="ivHrMMWGsPcMUfryPIlEb/LnJy4=">AAACFXicbZDLSgMxFIYz9VbrbdSFC0WCRXQhZUZEXRZFcNmCvUCnlEyaaUMzmSHJFMswS5/BB3Cr+27ciVvXPoELX8JM24W1Hgh8/P85OcnvhoxKZVmfRmZufmFxKbucW1ldW98wN7eqMogEJhUcsEDUXSQJo5xUFFWM1ENBkO8yUnN716lf6xMhacDv1CAkTR91OPUoRkpLLXPH6RMc3ycncAxHCXQohzctM28VrFHBWbAnkC/uDcvfD/vDUsv8ctoBjnzCFWZIyoZthaoZI6EoZiTJOZEkIcI91CENjRz5RDbj0QcSeKiVNvQCoQ9XcKT+noiRL+XAd3Wnj1RX/vVS8T+vESnvshlTHkaKcDxe5EUMqgCmacA2FQQrNtCAsKD6rRB3kUBY6cymtqR3C+nJRCdj/81hFqqnBfu8cFbWEV2BcWXBLjgAx8AGF6AIbkEJVAAGCXgCz+DFeDRejTfjfdyaMSYz22CqjI8fqwmi0w==</latexit>

~x, ~x0 2 E
<latexit sha1_base64="esS4Zrc3828lVenpIpLFDAhqRdc=">AAACrXicfVHrSuQwFE7retlZL6PL/to/wcE7jK2ICsvCsBfwpwuOCpNxSNPTGkzTkqSDQ+kz+Tw+wb7Gpp0uXvFA4OP7vnPJOUEmuDae9+C4Mx9m5+YXPrY+LS4tr7RX1y50misGfZaKVF0FVIPgEvqGGwFXmQKaBAIug9uflX45BqV5Ks/NJINhQmPJI86osdSofU8CiLksqOCx3C1bRNjckJIxsGJS7mGS5FO8VWK8+R03Os 63a/qu3MG16ZHY2iGkZZ2WaLxPnJZsCr5jxI9tK1eLgAz/Dzhqd7yuVwd+DfwGdFATZ6P2XxKmLE9AGiao1gPfy8ywoMpwJsB+ONeQUXZLYxhYKGkCeljUiy3xhmVCHKXKPmlwzT7NKGii9SQJrDOh5ka/1CryLW2Qm+hkWHCZ5QYkmzaKcoFNiqsr4ZArYEZMLKBMcTsrZjdUUWbsLZ91qWorHelqM/7LPbwGFwdd/6h7+Oeg0/vR7GgBfUXraBv56Bj10Ck6Q33EnC/ON+eX89vdd/suca+nVtdpcj6jZ+HG/wBw/9BX</latexit>

�~y + µ~y0 = �u(~x) + µu(~x0)

= u(�~x) + u(µ~x0)

= u(�~x+ µ~x0)
<latexit sha1_base64="+NS2oIxaXs2UCbNc8O3n8g+MQlA=">AAACKnicbVDLSgMxFM34tr6qLt0EiygoZUaKuhTd6K6CtUKnlEx6R4NJZkjuiGWYn/A7/AC3+gnuxK3gb5g+FlY9EDicc25ucqJUCou+/+5NTE5Nz8zOzZcWFpeWV8qra1c2yQyHBk9kYq4jZkEKDQ0UKOE6NcBUJKEZ3Z32/eY9GCsSfYm9FNqK3WgRC87QSZ3yXihduMvCe+B5r9ilocqGfLugodA0RHjA/FzRgmadcsWv+gPQvyQYkQoZod4pf4XdhGcKNHLJrG0FfortnBkUXEJRCjMLKeN37AZajmqmwLbzwa8KuuWULo0T445GOlB/TuRMWdtTkUsqhrf2t9cX//NaGcZH7VzoNEPQfLgoziTFhPYrol1hgKPsOcK4Ee6tlN8ywzi6Ise29O82NraFayb43cNfcrVfDQ6qtYta5fhk1NEc2SCbZIcE5JAckzNSJw3CySN5Ji/k1Xvy3rx372MYnfBGM+tkDN7nN7J/qDk=</latexit>

�~y + µ~y0 2 Im u

2.1.3 Image d’une famille liée, image d’une famille génératrice par 
<latexit sha1_base64="xaT1lKdIFB0xrFKIukf28nNxP9c=">AAACFnicbVDLSsNAFJ3UV62vqBvBzWARKkhJpKjLoiguXFSwD2hKmUwn7dDJJMxMhBLid/gBbvUT3Ilbt36Bv+EkzcJWDwwczrmvOW7IqFSW9WUUFhaXlleKq6W19Y3NLXN7pyWDSGDSxAELRMdFkjDKSVNRxUgnFAT5LiNtd3yZ+u0HIiQN+L2ahKTnoyGnHsVIaalv7sEIOpRDx0dqJLGIb5PK1TG8PuqbZatqZYB/iZ2TMsjR6JvfziDAkU+4wgxJ2bWtUPViJBTFjCQlJ5IkRHiMhqSrKUc+kb04+0ECD7UygF4g9OMKZurvjhj5Uk58V1dmh857qfif142Ud96LKQ8jRTieLvIiBlUA0zjggAqCFZtogrCg+laIR0ggrHRoM1vS2UJ6MtHJ2PM5/CWtk6p9Wq3d1cr1izyjItgHB6ACbHAG6uAGNEATYPAInsELeDWejDfj3fiYlhaMvGcXzMD4/AHLV565</latexit>

u 2 L (E,F )

Théorème 2.1.1 Soit , 
1. Si   est une famille liée de  alors 

 est une famille liée de . 
2. Si  est une famille génératrice de  alors 

 est une famille génératrice de . 

<latexit sha1_base64="xaT1lKdIFB0xrFKIukf28nNxP9c=">AAACFnicbVDLSsNAFJ3UV62vqBvBzWARKkhJpKjLoiguXFSwD2hKmUwn7dDJJMxMhBLid/gBbvUT3Ilbt36Bv+EkzcJWDwwczrmvOW7IqFSW9WUUFhaXlleKq6W19Y3NLXN7pyWDSGDSxAELRMdFkjDKSVNRxUgnFAT5LiNtd3yZ+u0HIiQN+L2ahKTnoyGnHsVIaalv7sEIOpRDx0dqJLGIb5PK1TG8PuqbZatqZYB/iZ2TMsjR6JvfziDAkU+4wgxJ2bWtUPViJBTFjCQlJ5IkRHiMhqSrKUc+kb04+0ECD7UygF4g9OMKZurvjhj5Uk58V1dmh857qfif142Ud96LKQ8jRTieLvIiBlUA0zjggAqCFZtogrCg+laIR0ggrHRoM1vS2UJ6MtHJ2PM5/CWtk6p9Wq3d1cr1izyjItgHB6ACbHAG6uAGNEATYPAInsELeDWejDfj3fiYlhaMvGcXzMD4/AHLV565</latexit>

u 2 L (E,F )
<latexit sha1_base64="ajEUJqG8w0UbsShXLuTKmkRBgA4=">AAACF3icbVDLSgMxFM34rPU16tJNsAgupMxIUTdCUQSXFewDOkPJZG7b0MyDJFMow/yFG3/FjQtF3OrOvzHTzkJbD4QczrmX5Bwv5kwqy/o2lpZXVtfWSxvlza3tnV1zb78lo0RQaNKIR6LjEQmchdBUTHHoxAJI4HFoe6Ob3G+PQUgWhQ9qEoMbkEHI+owSpaWeWXUCooaU8PQ2w1fYSZ0x0BSynn2KHe5HSuq7kGIn65kVq2pNgReJXZAKKtDomV+OH9EkgFBRTqTs2las3JQIxSiHrOwkEmJCR2QAXU1DEoB002muDB9rxcf9SOgTKjxVf2+kJJByEnh6Mk8h571c/M/rJqp/6aYsjBMFIZ091E84VhHOS8I+E0AVn2hCqGD6r5gOiSBU6SrLugR7PvIiaZ1V7fNq7b5WqV8XdZTQITpCJ8hGF6iO7lADNRFFj+gZvaI348l4Md6Nj9noklHsHKA/MD5/AH4Tn4c=</latexit>

E = {~e1, . . . ,~ep} <latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E
<latexit sha1_base64="bKhDunJYKi82eoKOMPyiwb9/nsQ=">AAACHXicbVDLSgMxFM3UV62vqks3wSK0UMqMFHUjFAVxWcE+oDOUTHrbhmYeJJlCGeZH3Pgrblwo4sKN+Ddm2oLaeiBwOOdebs5xQ86kMs0vI7Oyura+kd3MbW3v7O7l9w+aMogEhQYNeCDaLpHAmQ8NxRSHdiiAeC6Hlju6Tv3WGIRkgX+vJiE4Hhn4rM8oUVrq5qu2R9SQEh7fJPgS23FUtMdAY0i6VqmMbd4LlCzjHzUs2Uk3XzAr5hR4mVhzUkBz1Lv5D7sX0MgDX1FOpOxYZqicmAjFKIckZ0cSQkJHZAAdTX3igXTiaboEn2ilh/uB0M9XeKr+3oiJJ+XEc/VkmkUueqn4n9eJVP/CiZkfRgp8OjvUjzhWAU6rwj0mgCo+0YRQwfRfMR0SQajSheZ0CdZi5GXSPK1YZ5XqXbVQu5rXkUVH6BgVkYXOUQ3dojpqIIoe0BN6Qa/Go/FsvBnvs9GMMd85RH9gfH4DF52hUA==</latexit>

F = {u(~e1), . . . , u(~ep)} <latexit sha1_base64="UOUV/CpYy4PgVNs6bkvy1VPdoN4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BQTwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZ1fjNM=</latexit>

F
<latexit sha1_base64="ajEUJqG8w0UbsShXLuTKmkRBgA4=">AAACF3icbVDLSgMxFM34rPU16tJNsAgupMxIUTdCUQSXFewDOkPJZG7b0MyDJFMow/yFG3/FjQtF3OrOvzHTzkJbD4QczrmX5Bwv5kwqy/o2lpZXVtfWSxvlza3tnV1zb78lo0RQaNKIR6LjEQmchdBUTHHoxAJI4HFoe6Ob3G+PQUgWhQ9qEoMbkEHI+owSpaWeWXUCooaU8PQ2w1fYSZ0x0BSynn2KHe5HSuq7kGIn65kVq2pNgReJXZAKKtDomV+OH9EkgFBRTqTs2las3JQIxSiHrOwkEmJCR2QAXU1DEoB002muDB9rxcf9SOgTKjxVf2+kJJByEnh6Mk8h571c/M/rJqp/6aYsjBMFIZ091E84VhHOS8I+E0AVn2hCqGD6r5gOiSBU6SrLugR7PvIiaZ1V7fNq7b5WqV8XdZTQITpCJ8hGF6iO7lADNRFFj+gZvaI348l4Md6Nj9noklHsHKA/MD5/AH4Tn4c=</latexit>

E = {~e1, . . . ,~ep} <latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E
<latexit sha1_base64="bKhDunJYKi82eoKOMPyiwb9/nsQ=">AAACHXicbVDLSgMxFM3UV62vqks3wSK0UMqMFHUjFAVxWcE+oDOUTHrbhmYeJJlCGeZH3Pgrblwo4sKN+Ddm2oLaeiBwOOdebs5xQ86kMs0vI7Oyura+kd3MbW3v7O7l9w+aMogEhQYNeCDaLpHAmQ8NxRSHdiiAeC6Hlju6Tv3WGIRkgX+vJiE4Hhn4rM8oUVrq5qu2R9SQEh7fJPgS23FUtMdAY0i6VqmMbd4LlCzjHzUs2Uk3XzAr5hR4mVhzUkBz1Lv5D7sX0MgDX1FOpOxYZqicmAjFKIckZ0cSQkJHZAAdTX3igXTiaboEn2ilh/uB0M9XeKr+3oiJJ+XEc/VkmkUueqn4n9eJVP/CiZkfRgp8OjvUjzhWAU6rwj0mgCo+0YRQwfRfMR0SQajSheZ0CdZi5GXSPK1YZ5XqXbVQu5rXkUVH6BgVkYXOUQ3dojpqIIoe0BN6Qa/Go/FsvBnvs9GMMd85RH9gfH4DF52hUA==</latexit>

F = {u(~e1), . . . , u(~ep)} <latexit sha1_base64="7A6zsQLDNGrVqU3GtzAv619U1a4=">AAACB3icbVDLSsNAFJ3UV62vqks3g0VwVRIRdVl0o7sK9gFpKJPppB06yYSZG7GEfIAf4FY/wZ249TP8An/DSZuFbT0wcDjnvub4seAabPvbKq2srq1vlDcrW9s7u3vV/YO2lomirEWlkKrrE80Ej1gLOAjWjRUjoS9Yxx/f5H7nkSnNZfQAk5h5IRlGPOCUgJHcHrAnSO9CnCX9as2u21PgZeIUpIYKNPvVn95A0iRkEVBBtHYdOwYvJQo4FSyr9BLNYkLHZMhcQyMSMu2l05MzfGKUAQ6kMi8CPFX/dqQk1HoS+qYyJDDSi14u/ue5CQRXXsqjOAEW0dmiIBEYJM7/jwdcMQpiYgihiptbMR0RRSiYlOa25LOVDnRmknEWc1gm7bO6c1E/vz+vNa6LjMroCB2jU+SgS9RAt6iJWogiiV7QK3qznq1368P6nJWWrKLnEM3B+voFxU2aqA==</latexit>

Im u

Démonstration : faire en exercice. 
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2.1.4 Projection 

Définition (projection) 
Soit  un espace vectoriel,  et  deux sous-espaces vectoriels de  tels 
que , tout vecteur  peut donc s’écrire  
avec  et . On appelle projection (ou projecteur), sur  
parallèlement à  l’application  de  dans  définie par : . 

<latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E
<latexit sha1_base64="so63e75TJJutdLgeMuEJdZ/v1c8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F9fz+vFK7zuMowhEcwyl4cAk1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w/CY413</latexit>

F1
<latexit sha1_base64="uQx0nkOfaE6kJXFAbm+8ifcu0s0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB6DgniMaB6QLGF2MpsMmZ1dZnqFEPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3cz81hPXRsTqEccJ9yM6UCIUjKKVHm57lV6x5JbdOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/MT52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDKnwiVpMgVWywKU0kwJrO/SV9ozlCOLaFMC3srYUOqKUObTsGG4C2/vEqalbJ3Ua7eV0u16yyOPJzAKZyDB5dQgzuoQwMYDOAZXuHNkc6L8+58LFpzTjZzDH/gfP4Aw+eNeA==</latexit>

F2
<latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E
<latexit sha1_base64="Bd+pY6aFN5w1hTchT/9jWYNctMc=">AAAB+3icbZDLSsNAFIZPvNZ6i3XpZrAIrkpSiroRiqK4rGAv0IYwmU7aoZNJmJmIJfRV3LhQxK0v4s63cdpmoa0/DHz85xzOmT9IOFPacb6tldW19Y3NwlZxe2d3b98+KLVUnEpCmyTmsewEWFHOBG1qpjntJJLiKOC0HYyup/X2I5WKxeJBjxPqRXggWMgI1sby7dINukS3vot6ccJTZbDq22Wn4syElsHNoQy5Gr791evHJI2o0IRjpbquk2gvw1Izwumk2EsVTTAZ4QHtGhQ4osrLZrdP0Ilx+iiMpXlCo5n7eyLDkVLjKDCdEdZDtVibmv/VuqkOL7yMiSTVVJD5ojDlSMdoGgTqM0mJ5mMDmEhmbkVkiCUm2sRVNCG4i19ehla14p5Vave1cv0qj6MAR3AMp+DCOdThDhrQBAJP8Ayv8GZNrBfr3fqYt65Y+cwh/JH1+QM7G5Km</latexit>

E = F1 � F2
<latexit sha1_base64="P7VWVI7kbSxI0LV01zRJ26di6sk=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegCB4jmAckS5iddJIhs7PrzGwwLPkOLx4U8erHePNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+grqNEMayxSESqGVCNgkusGW4ENmOFNAwENoLhzdRvjFBpHskHM47RD2lf8h5n1FjJb4+QpU8T0uaS3HaKJbfszkCWiZeREmSodopf7W7EkhClYYJq3fLc2PgpVYYzgZNCO9EYUzakfWxZKmmI2k9nR0/IiVW6pBcpW9KQmfp7IqWh1uMwsJ0hNQO96E3F/7xWYnpXfsplnBiUbL6olwhiIjJNgHS5QmbE2BLKFLe3EjagijJjcyrYELzFl5dJ/azsXZTP789LlessjjwcwTGcggeXUIE7qEINGDzCM7zCmzNyXpx352PemnOymUP4A+fzB0Qukcc=</latexit>

~x 2 E
<latexit sha1_base64="uvjTm+DY9+NVTcpg1UP2VVq8P8o=">AAACCHicbZDLSsNAFIZP6q3WW9SlCweLIAglKUXdCEU3LivYC7QhTKaTdujkwsykWEKXbnwVNy4UcesjuPNtnLZBtPWHgY//nMOZ83sxZ1JZ1peRW1peWV3Lrxc2Nre2d8zdvYaMEkFonUQ8Ei0PS8pZSOuKKU5bsaA48DhteoPrSb05pEKyKLxTo5g6Ae6FzGcEK2255mFnSEl6P0aXKCPXRqc/XHbNolWypkKLYGdQhEw11/zsdCOSBDRUhGMp27YVKyfFQjHC6bjQSSSNMRngHm1rDHFApZNODxmjY+10kR8J/UKFpu7viRQHUo4CT3cGWPXlfG1i/ldrJ8q/cFIWxomiIZkt8hOOVIQmqaAuE5QoPtKAiWD6r4j0scBE6ewKOgR7/uRFaJRL9lmpclspVq+yOPJwAEdwAjacQxVuoAZ1IPAAT/ACr8aj8Wy8Ge+z1pyRzezDHxkf35VNmRE=</latexit>

~x = ~x1 + ~x2
<latexit sha1_base64="CHUKvbiLkaQ0hVOXffbBB0OFvUY=">AAAB+nicbVBNS8NAEJ3Ur1q/Uj16WSyCp5KIqMeiIB4r2A9oQ9hsN+3SzSbsbqol9qd48aCIV3+JN/+N2zYHbX0w8Hhvhpl5QcKZ0o7zbRVWVtfWN4qbpa3tnd09u7zfVHEqCW2QmMeyHWBFORO0oZnmtJ1IiqOA01YwvJ76rRGVisXiXo8T6kW4L1jICNZG8u1yd0RJ9jjxXdRlAt34rm9XnKozA1ombk4qkKPu21/dXkzSiApNOFaq4zqJ9jIsNSOcTkrdVNEEkyHu046hAkdUedns9Ak6NkoPhbE0JTSaqb8nMhwpNY4C0xlhPVCL3lT8z+ukOrz0MiaSVFNB5ovClCMdo2kOqMckJZqPDcFEMnMrIgMsMdEmrZIJwV18eZk0T6vuefXs7qxSu8rjKMIhHMEJuHABNbiFOjSAwAM8wyu8WU/Wi/VufcxbC1Y+cwB/YH3+ABsmk0E=</latexit>

~x1 2 F1
<latexit sha1_base64="rZvaulcDynyxl2ARy56em0Ngzjo=">AAAB+nicbVBNS8NAEN3Ur1q/Uj16WSyCp5KUoh6LgnisYD+gDWGznbZLN5uwu6mW2J/ixYMiXv0l3vw3btsctPXBwOO9GWbmBTFnSjvOt5VbW9/Y3MpvF3Z29/YP7OJhU0WJpNCgEY9kOyAKOBPQ0ExzaMcSSBhwaAWj65nfGoNULBL3ehKDF5KBYH1GiTaSbxe7Y6Dp49Sv4C4T+Mav+HbJKTtz4FXiZqSEMtR9+6vbi2gSgtCUE6U6rhNrLyVSM8phWugmCmJCR2QAHUMFCUF56fz0KT41Sg/3I2lKaDxXf0+kJFRqEgamMyR6qJa9mfif10l0/9JLmYgTDYIuFvUTjnWEZzngHpNANZ8YQqhk5lZMh0QSqk1aBROCu/zyKmlWyu55uXpXLdWusjjy6BidoDPkogtUQ7eojhqIogf0jF7Rm/VkvVjv1seiNWdlM0foD6zPHx42k0M=</latexit>

~x2 2 F2
<latexit sha1_base64="so63e75TJJutdLgeMuEJdZ/v1c8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F9fz+vFK7zuMowhEcwyl4cAk1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w/CY413</latexit>

F1
<latexit sha1_base64="uQx0nkOfaE6kJXFAbm+8ifcu0s0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB6DgniMaB6QLGF2MpsMmZ1dZnqFEPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3cz81hPXRsTqEccJ9yM6UCIUjKKVHm57lV6x5JbdOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/MT52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDKnwiVpMgVWywKU0kwJrO/SV9ozlCOLaFMC3srYUOqKUObTsGG4C2/vEqalbJ3Ua7eV0u16yyOPJzAKZyDB5dQgzuoQwMYDOAZXuHNkc6L8+58LFpzTjZzDH/gfP4Aw+eNeA==</latexit>

F2
<latexit sha1_base64="Dj96JhijXyqQ1LF4s6VoJbVKYLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5JuNAg==</latexit>u

<latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E
<latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E
<latexit sha1_base64="cDkt3Q4p5L9hM0HiusnS7hXTUKs=">AAAB/3icbZDLSsNAFIZPvNZ6iwpu3AwWoW5KIkXdCEU3LivYC7ShTKaTduhkEmYmxRK78FXcuFDEra/hzrdx2mahrT8MfPznHM6Z3485U9pxvq2l5ZXVtfXcRn5za3tn197br6sokYTWSMQj2fSxopwJWtNMc9qMJcWhz2nDH9xM6o0hlYpF4l6PYuqFuCdYwAjWxurYh0mxPaQkfRifoiuUYcft2AWn5EyFFsHNoACZqh37q92NSBJSoQnHSrVcJ9ZeiqVmhNNxvp0oGmMywD3aMihwSJWXTu8foxPjdFEQSfOERlP390SKQ6VGoW86Q6z7ar42Mf+rtRIdXHopE3GiqSCzRUHCkY7QJAzUZZISzUcGMJHM3IpIH0tMtIksb0Jw57+8CPWzknteKt+VC5XrLI4cHMExFMGFC6jALVShBgQe4Rle4c16sl6sd+tj1rpkZTMH8EfW5w8B95V3</latexit>

u(~x) = ~x1

Proposition 2.1.2 
La projection sur  parallèlement à  est une application linéaire dont le 
noyau est  et l’image est . 

<latexit sha1_base64="so63e75TJJutdLgeMuEJdZ/v1c8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F9fz+vFK7zuMowhEcwyl4cAk1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w/CY413</latexit>

F1
<latexit sha1_base64="uQx0nkOfaE6kJXFAbm+8ifcu0s0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB6DgniMaB6QLGF2MpsMmZ1dZnqFEPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3cz81hPXRsTqEccJ9yM6UCIUjKKVHm57lV6x5JbdOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/MT52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDKnwiVpMgVWywKU0kwJrO/SV9ozlCOLaFMC3srYUOqKUObTsGG4C2/vEqalbJ3Ua7eV0u16yyOPJzAKZyDB5dQgzuoQwMYDOAZXuHNkc6L8+58LFpzTjZzDH/gfP4Aw+eNeA==</latexit>

F2
<latexit sha1_base64="uQx0nkOfaE6kJXFAbm+8ifcu0s0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGoB6DgniMaB6QLGF2MpsMmZ1dZnqFEPIJXjwo4tUv8ubfOEn2oIkFDUVVN91dQSKFQdf9dnJr6xubW/ntws7u3v5B8fCoaeJUM95gsYx1O6CGS6F4AwVK3k40p1EgeSsY3cz81hPXRsTqEccJ9yM6UCIUjKKVHm57lV6x5JbdOcgq8TJSggz1XvGr249ZGnGFTFJjOp6boD+hGgWTfFropoYnlI3ogHcsVTTixp/MT52SM6v0SRhrWwrJXP09MaGRMeMosJ0RxaFZ9mbif14nxfDKnwiVpMgVWywKU0kwJrO/SV9ozlCOLaFMC3srYUOqKUObTsGG4C2/vEqalbJ3Ua7eV0u16yyOPJzAKZyDB5dQgzuoQwMYDOAZXuHNkc6L8+58LFpzTjZzDH/gfP4Aw+eNeA==</latexit>

F2
<latexit sha1_base64="so63e75TJJutdLgeMuEJdZ/v1c8=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GNREI8V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4WV1bX1jeJmaWt7Z3evvH/Q1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeuWKW3VnIMvEy0kFctR75a9uP2ZphNIwQbXueG5i/Iwqw5nASambakwoG9EBdiyVNELtZ7NTJ+TEKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadkg3BW3x5mTTPqt5F9fz+vFK7zuMowhEcwyl4cAk1uIM6NIDBAJ7hFd4c4bw4787HvLXg5DOH8AfO5w/CY413</latexit>

F1

Démonstration : faire en exercice. 

2.1.5 Composition de deux applications linéaires 

Soient  et  deux applications 
linéaires, on rappelle la définition de la composée de  et , 
notée , telle que : 

<latexit sha1_base64="16B9i6hDnkIDoFUhXUqVC6YPZRI=">AAACFnicbVDLSsNAFJ3UV62vqhvBzWARKkhJpKjLoiguXFSwD2hCmUwn7dDJJMxMCiXU7/AD3OonuBO3bv0Cf8NJmoVtPTBwOOe+5rgho1KZ5reRW1peWV3Lrxc2Nre2d4q7e00ZRAKTBg5YINoukoRRThqKKkbaoSDIdxlpucPrxG+NiJA04I9qHBLHR31OPYqR0lK3eABH0KYc2j5SA4lFfD8p35zC25NusWRWzBRwkVgZKYEM9W7xx+4FOPIJV5ghKTuWGSonRkJRzMikYEeShAgPUZ90NOXIJ9KJ0x9M4LFWetALhH5cwVT92xEjX8qx7+rK9NB5LxH/8zqR8i6dmPIwUoTj6SIvYlAFMIkD9qggWLGxJggLqm+FeIAEwkqHNrMlmS2kJyc6GWs+h0XSPKtY55XqQ7VUu8oyyoNDcATKwAIXoAbuQB00AAZP4AW8gjfj2Xg3PozPaWnOyHr2wQyMr1/NBp66</latexit>

v 2 L (E,F )
<latexit sha1_base64="JY1ojjjsMG48b9b7OZ1CnC2JrHQ=">AAACFnicbVDLSsNAFJ3UV62vqBvBzWARKkhJpKjLoqAuXFSwD2hKmUwn7dDJJMxMhBLid/gBbvUT3Ilbt36Bv+EkzcJWDwwczrmvOW7IqFSW9WUUFhaXlleKq6W19Y3NLXN7pyWDSGDSxAELRMdFkjDKSVNRxUgnFAT5LiNtd3yZ+u0HIiQN+L2ahKTnoyGnHsVIaalv7sEIOpRDx0dqJLGIb5PK1TG8PuqbZatqZYB/iZ2TMsjR6JvfziDAkU+4wgxJ2bWtUPViJBTFjCQlJ5IkRHiMhqSrKUc+kb04+0ECD7UygF4g9OMKZurvjhj5Uk58V1dmh857qfif142Ud96LKQ8jRTieLvIiBlUA0zjggAqCFZtogrCg+laIR0ggrHRoM1vS2UJ6MtHJ2PM5/CWtk6p9Wq3d1cr1izyjItgHB6ACbHAG6uAGNEATYPAInsELeDWejDfj3fiYlhaMvGcXzMD4/AHOjp67</latexit>

u 2 L (F,G)
<latexit sha1_base64="Dj96JhijXyqQ1LF4s6VoJbVKYLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5JuNAg==</latexit>u <latexit sha1_base64="7po7ND7Uk1077GshnARBXDIQ4/0=">AAAB/XicbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl047IF+4A2lMn0ph06mYSZSaGE4ge41U9wJ279Fr/A33DSZmFbDwwczrmvOX7MmdKO820VNja3tneKu6W9/YPDo/LxSUtFiaTYpBGPZMcnCjkT2NRMc+zEEknoc2z744fMb09QKhaJJz2N0QvJULCAUaKN1Jj0yxWn6sxhrxM3JxXIUe+Xf3qDiCYhCk05UarrOrH2UiI1oxxnpV6iMCZ0TIbYNVSQEJWXzg+d2RdGGdhBJM0T2p6rfztSEio1DX1TGRI9UqteJv7ndRMd3HkpE3GiUdDFoiDhto7s7Nf2gEmkmk8NIVQyc6tNR0QSqk02S1uy2VIFamaScVdzWCetq6p7U71uXFdq93lGRTiDc7gEF26hBo9QhyZQQHiBV3iznq1368P6XJQWrLznFJZgff0C9SCWVg==</latexit>v

<latexit sha1_base64="z89UuWjynjj5gs1GKfRIF+GGu14=">AAACBXicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7EPaoWTSTBuaZIYkUyhD136AW/0Ed+LW7/AL/A0z7Sxs64HA4Zz7yglizrRx3W+nsLa+sblV3C7t7O7tH5QPj5o6ShShDRLxSLUDrClnkjYMM5y2Y0WxCDhtBaO7zG+NqdIsko9mElNf4IFkISPYWOkpQV3CFEHjXrniVt0Z0CrxclKBHPVe+afbj0giqDSEY607nhsbP8XKMMLptNRNNI0xGeEB7VgqsaDaT2cHT9GZVfoojJR90qCZ+rcjxULriQhspcBmqJe9TPzP6yQmvPFTJuPEUEnmi8KEIxOh7PeozxQlhk8swUQxeysiQ6wwMTajhS3ZbKVDPbXJeMs5rJLmRdW7ql4+XFZqt3lGRTiBUzgHD66hBvdQhwYQEPACr/DmPDvvzofzOS8tOHnPMSzA+foFeFuZWA==</latexit>u � v
<latexit sha1_base64="qGRTT4WDyO295zbhrqj+HWlm12g="></latexit>

8~x 2 E, u � v(~x) = u(v(~x))
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Proposition 2.1.2 
Si  et   alors . 

<latexit sha1_base64="16B9i6hDnkIDoFUhXUqVC6YPZRI=">AAACFnicbVDLSsNAFJ3UV62vqhvBzWARKkhJpKjLoiguXFSwD2hCmUwn7dDJJMxMCiXU7/AD3OonuBO3bv0Cf8NJmoVtPTBwOOe+5rgho1KZ5reRW1peWV3Lrxc2Nre2d4q7e00ZRAKTBg5YINoukoRRThqKKkbaoSDIdxlpucPrxG+NiJA04I9qHBLHR31OPYqR0lK3eABH0KYc2j5SA4lFfD8p35zC25NusWRWzBRwkVgZKYEM9W7xx+4FOPIJV5ghKTuWGSonRkJRzMikYEeShAgPUZ90NOXIJ9KJ0x9M4LFWetALhH5cwVT92xEjX8qx7+rK9NB5LxH/8zqR8i6dmPIwUoTj6SIvYlAFMIkD9qggWLGxJggLqm+FeIAEwkqHNrMlmS2kJyc6GWs+h0XSPKtY55XqQ7VUu8oyyoNDcATKwAIXoAbuQB00AAZP4AW8gjfj2Xg3PozPaWnOyHr2wQyMr1/NBp66</latexit>

v 2 L (E,F )
<latexit sha1_base64="JY1ojjjsMG48b9b7OZ1CnC2JrHQ=">AAACFnicbVDLSsNAFJ3UV62vqBvBzWARKkhJpKjLoqAuXFSwD2hKmUwn7dDJJMxMhBLid/gBbvUT3Ilbt36Bv+EkzcJWDwwczrmvOW7IqFSW9WUUFhaXlleKq6W19Y3NLXN7pyWDSGDSxAELRMdFkjDKSVNRxUgnFAT5LiNtd3yZ+u0HIiQN+L2ahKTnoyGnHsVIaalv7sEIOpRDx0dqJLGIb5PK1TG8PuqbZatqZYB/iZ2TMsjR6JvfziDAkU+4wgxJ2bWtUPViJBTFjCQlJ5IkRHiMhqSrKUc+kb04+0ECD7UygF4g9OMKZurvjhj5Uk58V1dmh857qfif142Ud96LKQ8jRTieLvIiBlUA0zjggAqCFZtogrCg+laIR0ggrHRoM1vS2UJ6MtHJ2PM5/CWtk6p9Wq3d1cr1izyjItgHB6ACbHAG6uAGNEATYPAInsELeDWejDfj3fiYlhaMvGcXzMD4/AHOjp67</latexit>

u 2 L (F,G)
<latexit sha1_base64="zZsvPddf06FOO7w2CmmpBeQlACk=">AAACHXicbVDLSsNAFJ3UV62vqEsXDhahgpREirosiujCRQX7gKaUyXTSDp1MwsykUEKWfocf4FY/wZ24Fb/A33CSdmFbDwwczrmvOW7IqFSW9W3klpZXVtfy64WNza3tHXN3ryGDSGBSxwELRMtFkjDKSV1RxUgrFAT5LiNNd3id+s0REZIG/FGNQ9LxUZ9Tj2KktNQ1DyPoYCowHEGHcuj4SA0kFvF9Uro5hbcnXbNola0McJHYU1IEU9S65o/TC3DkE64wQ1K2bStUnRgJRTEjScGJJAkRHqI+aWvKkU9kJ84+ksBjrfSgFwj9uIKZ+rcjRr6UY9/Vldmh814q/ue1I+VddmLKw0gRjieLvIhBFcA0FdijgmDFxpogLKi+FeIBEggrnd3MlnS2kJ5MdDL2fA6LpHFWts/LlYdKsXo1zSgPDsARKAEbXIAquAM1UAcYPIEX8ArejGfj3fgwPielOWPasw9mYHz9AjQ7oZM=</latexit>

u � v 2 L (E,G)

Démonstration : faire en exercice. 

2.1.6 Application linéaire entre espaces de dimension finie 
Dorénavant, les espaces vectoriels utilisés sont de dimension finie.

Proposition 2.1.4 
Soient  une base de  et  alors pour 
tout vecteur , le vecteur   est une combinaison linéaire des 
vecteurs .

<latexit sha1_base64="fXHH34B7R0jqvOgOcd9yPfX1SS0=">AAACInicbZDLSgMxFIYzXmu9VV26CRbBhZSZUrwshKIILivYC3RKyaSnbWgmMySZQhnmWdz4Km5cKOpK8GHMtBW19YfAx3/O4eT8XsiZ0rb9YS0sLi2vrGbWsusbm1vbuZ3dmgoiSaFKAx7IhkcUcCagqpnm0AglEN/jUPcGV2m9PgSpWCDu9CiElk96gnUZJdpY7dy56xPdp4TH1wm+wG7sDoHGkLSdY/yNRYO8E2j1Ywk3aefydsEeC8+DM4U8mqrSzr25nYBGPghNOVGq6dihbsVEakY5JFk3UhASOiA9aBoUxAfViscnJvjQOB3cDaR5QuOx+3siJr5SI98znelBaraWmv/VmpHunrViJsJIg6CTRd2IYx3gNC/cYRKo5iMDhEpm/oppn0hCtUk1a0JwZk+eh1qx4JwUSrelfPlyGkcG7aMDdIQcdIrK6AZVUBVRdI8e0TN6sR6sJ+vVep+0LljTmT30R9bnF6yto8c=</latexit>

E = {~e1,~e2, . . . ,~en} <latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E
<latexit sha1_base64="xaT1lKdIFB0xrFKIukf28nNxP9c=">AAACFnicbVDLSsNAFJ3UV62vqBvBzWARKkhJpKjLoiguXFSwD2hKmUwn7dDJJMxMhBLid/gBbvUT3Ilbt36Bv+EkzcJWDwwczrmvOW7IqFSW9WUUFhaXlleKq6W19Y3NLXN7pyWDSGDSxAELRMdFkjDKSVNRxUgnFAT5LiNtd3yZ+u0HIiQN+L2ahKTnoyGnHsVIaalv7sEIOpRDx0dqJLGIb5PK1TG8PuqbZatqZYB/iZ2TMsjR6JvfziDAkU+4wgxJ2bWtUPViJBTFjCQlJ5IkRHiMhqSrKUc+kb04+0ECD7UygF4g9OMKZurvjhj5Uk58V1dmh857qfif142Ud96LKQ8jRTieLvIiBlUA0zjggAqCFZtogrCg+laIR0ggrHRoM1vS2UJ6MtHJ2PM5/CWtk6p9Wq3d1cr1izyjItgHB6ACbHAG6uAGNEATYPAInsELeDWejDfj3fiYlhaMvGcXzMD4/AHLV565</latexit>

u 2 L (E,F )
<latexit sha1_base64="P7VWVI7kbSxI0LV01zRJ26di6sk=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegCB4jmAckS5iddJIhs7PrzGwwLPkOLx4U8erHePNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+grqNEMayxSESqGVCNgkusGW4ENmOFNAwENoLhzdRvjFBpHskHM47RD2lf8h5n1FjJb4+QpU8T0uaS3HaKJbfszkCWiZeREmSodopf7W7EkhClYYJq3fLc2PgpVYYzgZNCO9EYUzakfWxZKmmI2k9nR0/IiVW6pBcpW9KQmfp7IqWh1uMwsJ0hNQO96E3F/7xWYnpXfsplnBiUbL6olwhiIjJNgHS5QmbE2BLKFLe3EjagijJjcyrYELzFl5dJ/azsXZTP789LlessjjwcwTGcggeXUIE7qEINGDzCM7zCmzNyXpx352PemnOymUP4A+fzB0Qukcc=</latexit>

~x 2 E
<latexit sha1_base64="ijkq6xMw7CmAt3rMCzIC+NP6iYY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BItQLyWRoh6LXjxWsB/YhrLZTtqlm03Y3RRL6L/w4kERr/4bb/4bt20O2vpg4PHeDDPz/JgzpR3n28qtrW9sbuW3Czu7e/sHxcOjpooSSbFBIx7Jtk8UciawoZnm2I4lktDn2PJHtzO/NUapWCQe9CRGLyQDwQJGiTbSY1LujpGmT9PzXrHkVJw57FXiZqQEGeq94le3H9EkRKEpJ0p1XCfWXkqkZpTjtNBNFMaEjsgAO4YKEqLy0vnFU/vMKH07iKQpoe25+nsiJaFSk9A3nSHRQ7XszcT/vE6ig2svZSJONAq6WBQk3NaRPXvf7jOJVPOJIYRKZm616ZBIQrUJqWBCcJdfXiXNi4p7WaneV0u1myyOPJzAKZTBhSuowR3UoQEUBDzDK7xZynqx3q2PRWvOymaO4Q+szx9YRJC3</latexit>

u(~x)
<latexit sha1_base64="2vKFGEmUWj1BRDQia12ey94fI4k=">AAACCnicbVDLSgNBEJyNrxhfUY9eRoMQIYRdCepFCHrxGME8IBuW2UknGTI7u8zMBsKyZy/+ihcPinj1C7z5N04eB00saCiquunu8iPOlLbtbyuzsrq2vpHdzG1t7+zu5fcPGiqMJYU6DXkoWz5RwJmAumaaQyuSQAKfQ9Mf3k785gikYqF40OMIOgHpC9ZjlGgjefljN4mL7ghoAqnHztzUS9i1U8Iu74ZalbBIvXzBLttT4GXizEkBzVHz8l9uN6RxAEJTTpRqO3akOwmRmlEOac6NFUSEDkkf2oYKEoDqJNNXUnxqlC7uhdKU0Hiq/p5ISKDUOPBNZ0D0QC16E/E/rx3r3lUnYSKKNQg6W9SLOdYhnuSCu0wC1XxsCKGSmVsxHRBJqDbp5UwIzuLLy6RxXnYuypX7SqF6M48ji47QCSoiB12iKrpDNVRHFD2iZ/SK3qwn68V6tz5mrRlrPnOI/sD6/AEj+Jnp</latexit>

{u(~ei)}i=1,...,n

Démonstration : Soit  alors    tels que . Alors 

.  

<latexit sha1_base64="P7VWVI7kbSxI0LV01zRJ26di6sk=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegCB4jmAckS5iddJIhs7PrzGwwLPkOLx4U8erHePNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+grqNEMayxSESqGVCNgkusGW4ENmOFNAwENoLhzdRvjFBpHskHM47RD2lf8h5n1FjJb4+QpU8T0uaS3HaKJbfszkCWiZeREmSodopf7W7EkhClYYJq3fLc2PgpVYYzgZNCO9EYUzakfWxZKmmI2k9nR0/IiVW6pBcpW9KQmfp7IqWh1uMwsJ0hNQO96E3F/7xWYnpXfsplnBiUbL6olwhiIjJNgHS5QmbE2BLKFLe3EjagijJjcyrYELzFl5dJ/azsXZTP789LlessjjwcwTGcggeXUIE7qEINGDzCM7zCmzNyXpx352PemnOymUP4A+fzB0Qukcc=</latexit>

~x 2 E
<latexit sha1_base64="Edu1SOq+7mRtbnqAAydzW5EvM+c=">AAAB8HicbVDLTgJBEOzFF+IL9ehllJh4IruGqEeiF4+YyMPAhswODUyY2d3MzBrJhq/w4kFjvPo53vwbB9iDgpV0UqnqTndXEAuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLVCqhGwUOsG24EtmKFVAYCm8HoZuo3H1FpHoX3ZhyjL+kg5H3OqLHSQwef7A5NjrvFklt2ZyDLxMtICTLUusWvTi9iicTQMEG1bntubPyUKsOZwEmhk2iMKRvRAbYtDalE7aezgyfk1Co90o+UrdCQmfp7IqVS67EMbKekZqgXvan4n9dOTP/KT3kYJwZDNl/UTwQxEZl+T3pcITNibAllittbCRtSRZmxGRVsCN7iy8ukcV72LsqVu0qpep3FkYcjOIEz8OASqnALNagDAwnP8ApvjnJenHfnY96ac7KZQ/gD5/MHUhuQGg==</latexit>

9!
<latexit sha1_base64="MNnf+ihoejp7CtcML04JsnzvgfY=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCi1ISKeqy6EZwU8E+oAlhMpm0QyczYWYiLbULf8WNC0Xc+hvu/BunbRbaeuDC4Zx7ufeeMGVUacf5tpaWV1bX1gsbxc2t7Z1de2+/qUQmMWlgwYRsh0gRRjlpaKoZaaeSoCRkpBX2ryd+64FIRQW/18OU+AnqchpTjLSRAvtwELhl6LFIaFWGg4BDj3J4G9glp+JMAReJm5MSyFEP7C8vEjhLCNeYIaU6rpNqf4SkppiRcdHLFEkR7qMu6RjKUUKUP5reP4YnRolgLKQpruFU/T0xQolSwyQ0nQnSPTXvTcT/vE6m40t/RHmaacLxbFGcMagFnIQBIyoJ1mxoCMKSmlsh7iGJsDaRFU0I7vzLi6R5VnHPK9W7aql2lcdRAEfgGJwCF1yAGrgBddAAGDyCZ/AK3qwn68V6tz5mrUtWPnMA/sD6/AHUzpS1</latexit>

x1, . . . , xn 2 K

<latexit sha1_base64="r9MwdKTQmOQmywrUCETtXYI7Pj8=">AAACDXicbVA9SwNBEN2LXzF+RS1tFqNgFe4kqE0gaGMZwXxAEo+9zSRZsrd37O6FhOP+gI1/xcZCEVt7O/+Nm0sKTXww8Hhvhpl5XsiZ0rb9bWVWVtfWN7Kbua3tnd29/P5BXQWRpFCjAQ9k0yMKOBNQ00xzaIYSiO9xaHjDm6nfGIFULBD3ehJCxyd9wXqMEm0kN3/SHgGNxwku47aKfDdmZSd5EHjsMpxakLjMzRfsop0CLxNnTgpojqqb/2p3Axr5IDTlRKmWY4e6ExOpGeWQ5NqRgpDQIelDy1BBfFCdOP0mwadG6eJeIE0JjVP190RMfKUmvmc6faIHatGbiv95rUj3rjoxE2GkQdDZol7EsQ7wNBrcZRKo5hNDCJXM3IrpgEhCtQkwZ0JwFl9eJvXzonNRLN2VCpXreRxZdISO0Rly0CWqoFtURTVE0SN6Rq/ozXqyXqx362PWmrHmM4foD6zPHwdGm40=</latexit>

~x =
nX

i=1

xi~ei
<latexit sha1_base64="t9KYmnwDomyRncRPQqmOamA8GVM="></latexit>

u(~x) = u
⇣ nX

i=1

xi~ei
⌘
=

nX

i=1

xiu(~ei)
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Proposition 2.1.5 
 et  deux espaces vectoriels. Soient , 

respectivement , une base de  (respectivement base 
de ). Soit  alors pour tout  chacun des 
vecteurs  a des composantes dans la base . On peut noter ces 
composantes 

 

Quelque soit , on connait les composantes sur la base , . 
Alors les composantes de  

  

avec                                               . 

<latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E
<latexit sha1_base64="UOUV/CpYy4PgVNs6bkvy1VPdoN4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BQTwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZ1fjNM=</latexit>

F
<latexit sha1_base64="fXHH34B7R0jqvOgOcd9yPfX1SS0=">AAACInicbZDLSgMxFIYzXmu9VV26CRbBhZSZUrwshKIILivYC3RKyaSnbWgmMySZQhnmWdz4Km5cKOpK8GHMtBW19YfAx3/O4eT8XsiZ0rb9YS0sLi2vrGbWsusbm1vbuZ3dmgoiSaFKAx7IhkcUcCagqpnm0AglEN/jUPcGV2m9PgSpWCDu9CiElk96gnUZJdpY7dy56xPdp4TH1wm+wG7sDoHGkLSdY/yNRYO8E2j1Ywk3aefydsEeC8+DM4U8mqrSzr25nYBGPghNOVGq6dihbsVEakY5JFk3UhASOiA9aBoUxAfViscnJvjQOB3cDaR5QuOx+3siJr5SI98znelBaraWmv/VmpHunrViJsJIg6CTRd2IYx3gNC/cYRKo5iMDhEpm/oppn0hCtUk1a0JwZk+eh1qx4JwUSrelfPlyGkcG7aMDdIQcdIrK6AZVUBVRdI8e0TN6sR6sJ+vVep+0LljTmT30R9bnF6yto8c=</latexit>

E = {~e1,~e2, . . . ,~en}
<latexit sha1_base64="8FkarW/5pZiAbkU7puKEaEPhqPs=">AAACInicbZDLSsNAFIYnXmu9RV26GSyCCylJKV4WQlEQlxXsBZoQJpNJO3RyYWZSKCHP4sZXceNCUVeCD+OkjaitPwx8/OcczpzfjRkV0jA+tIXFpeWV1dJaeX1jc2tb39ltiyjhmLRwxCLedZEgjIakJalkpBtzggKXkY47vMrrnRHhgkbhnRzHxA5QP6Q+xUgqy9HPrQDJAUYsvc7gBbRSa0Rw6meOeQy/saaQeZEUP1ZgZY5eMarGRHAezAIqoFDT0d8sL8JJQEKJGRKiZxqxtFPEJcWMZGUrESRGeIj6pKcwRAERdjo5MYOHyvGgH3H1Qgkn7u+JFAVCjANXdeYHidlabv5X6yXSP7NTGsaJJCGeLvITBmUE87ygRznBko0VIMyp+ivEA8QRlirVsgrBnD15Htq1qnlSrd/WK43LIo4S2AcH4AiY4BQ0wA1oghbA4B48gmfwoj1oT9qr9j5tXdCKmT3wR9rnF7Gmo8o=</latexit>

F = {~f1, ~f2, . . . , ~fm} <latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E
<latexit sha1_base64="UOUV/CpYy4PgVNs6bkvy1VPdoN4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BQTwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZ1fjNM=</latexit>

F
<latexit sha1_base64="xaT1lKdIFB0xrFKIukf28nNxP9c=">AAACFnicbVDLSsNAFJ3UV62vqBvBzWARKkhJpKjLoiguXFSwD2hKmUwn7dDJJMxMhBLid/gBbvUT3Ilbt36Bv+EkzcJWDwwczrmvOW7IqFSW9WUUFhaXlleKq6W19Y3NLXN7pyWDSGDSxAELRMdFkjDKSVNRxUgnFAT5LiNtd3yZ+u0HIiQN+L2ahKTnoyGnHsVIaalv7sEIOpRDx0dqJLGIb5PK1TG8PuqbZatqZYB/iZ2TMsjR6JvfziDAkU+4wgxJ2bWtUPViJBTFjCQlJ5IkRHiMhqSrKUc+kb04+0ECD7UygF4g9OMKZurvjhj5Uk58V1dmh857qfif142Ud96LKQ8jRTieLvIiBlUA0zjggAqCFZtogrCg+laIR0ggrHRoM1vS2UJ6MtHJ2PM5/CWtk6p9Wq3d1cr1izyjItgHB6ACbHAG6uAGNEATYPAInsELeDWejDfj3fiYlhaMvGcXzMD4/AHLV565</latexit>

u 2 L (E,F )
<latexit sha1_base64="Ii/6TiZOgcPaIpulTFtb/BoVYXY=">AAAB+nicbVBNS8NAEJ3Ur1q/Wj16WSyCh1KSUtSLUPTisYL9gDaUzWbTLt1kw+5GKbE/xYsHRbz6S7z5b9y2OWjrg4HHezPMzPNizpS27W8rt7a+sbmV3y7s7O7tHxRLh20lEkloiwguZNfDinIW0ZZmmtNuLCkOPU473vhm5nceqFRMRPd6ElM3xMOIBYxgbaRBscSunAqqVVCf+0IrVDFa2a7ac6BV4mSkDBmag+JX3xckCWmkCcdK9Rw71m6KpWaE02mhnygaYzLGQ9ozNMIhVW46P32KTo3io0BIU5FGc/X3RIpDpSahZzpDrEdq2ZuJ/3m9RAeXbsqiONE0IotFQcKRFmiWA/KZpETziSGYSGZuRWSEJSbapFUwITjLL6+Sdq3qnFfrd/Vy4zqLIw/HcAJn4MAFNOAWmtACAo/wDK/wZj1ZL9a79bFozVnZzBH8gfX5A31rkjs=</latexit>

i = 1, 2, . . . , n
<latexit sha1_base64="VscO3L2OLP0fcfqCtGRSZZry+rw=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoMQL2FXgnoMevEYwTwgu4TZSW8yZHZ2mUcgLPkNLx4U8erPePNvnCR70MSChqKqm+6uMOVMadf9dgobm1vbO8Xd0t7+weFR+fikrRIjKbRowhPZDYkCzgS0NNMcuqkEEoccOuH4fu53JiAVS8STnqYQxGQoWMQo0VbyTdWfAM1g1meX/XLFrbkL4HXi5aSCcjT75S9/kFATg9CUE6V6npvqICNSM8phVvKNgpTQMRlCz1JBYlBBtrh5hi+sMsBRIm0JjRfq74mMxEpN49B2xkSP1Ko3F//zekZHt0HGRGo0CLpcFBmOdYLnAeABk0A1n1pCqGT2VkxHRBKqbUwlG4K3+vI6aV/VvOta/bFeadzlcRTRGTpHVeShG9RAD6iJWoiiFD2jV/TmGOfFeXc+lq0FJ585RX/gfP4AvL6RgA==</latexit>

u(~ei)
<latexit sha1_base64="HrChqDEs9eFUHg4okGgF9jnp5sw=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFQVxWsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6W19Y3NrfJ2ZWd3b/+genjU0TJVhLaJ5FL1QqwpZ4K2DTOc9hJFcRxy2g0nt7nffaJKMykezTShQYxHgkWMYGMlvx9jMyaYZ3ezQbXm1t050CrxClKDAq1B9as/lCSNqTCEY619z01MkGFlGOF0VumnmiaYTPCI+pYKHFMdZPPIM3RmlSGKpLJPGDRXf29kONZ6God2Mo+ol71c/M/zUxNdBxkTSWqoIIuPopQjI1F+PxoyRYnhU0swUcxmRWSMFSbGtlSxJXjLJ6+SzkXdu6w3Hhq15k1RRxlO4BTOwYMraMI9tKANBCQ8wyu8OcZ5cd6dj8VoySl2juEPnM8fetWRZQ==</latexit>F

<latexit sha1_base64="WApOIgmBlMiGF3kpBu+AaC8oPaU=">AAACFXicbVBNS8NAFNz4bf2KevSyWIQKUhIp6qVQ9OJRwdpCU8Nm+6Lb7iZhd1MoIX/Ci3/FiwdFvAre/DduYw9qHVgYZubx9k2QcKa043xaM7Nz8wuLS8ulldW19Q17c+taxamk0KQxj2U7IAo4i6CpmebQTiQQEXBoBYOzsd8aglQsjq70KIGuILcRCxkl2ki+fZBWvCHQDHKf7eM69lQq/Kxfd/MbgYmfsX6Oi0CY+33fLjtVpwCeJu6ElNEEF7794fVimgqINOVEqY7rJLqbEakZ5ZCXvFRBQuiA3ELH0IgIUN2suCrHe0bp4TCW5kUaF+rPiYwIpUYiMElB9J36643F/7xOqsOTbsaiJNUQ0e9FYcqxjvG4ItxjEqjmI0MIlcz8FdM7IgnVpsiSKcH9e/I0uT6sukfV2mWt3Did1LGEdtAuqiAXHaMGOkcXqIkoukeP6Bm9WA/Wk/VqvX1HZ6zJzDb6Bev9C9PMnqU=</latexit>

u(~ei) =
mX

j=1

aij ~fj

<latexit sha1_base64="P7VWVI7kbSxI0LV01zRJ26di6sk=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegCB4jmAckS5iddJIhs7PrzGwwLPkOLx4U8erHePNvnCR70MSChqKqm+6uIBZcG9f9dnIrq2vrG/nNwtb2zu5ecf+grqNEMayxSESqGVCNgkusGW4ENmOFNAwENoLhzdRvjFBpHskHM47RD2lf8h5n1FjJb4+QpU8T0uaS3HaKJbfszkCWiZeREmSodopf7W7EkhClYYJq3fLc2PgpVYYzgZNCO9EYUzakfWxZKmmI2k9nR0/IiVW6pBcpW9KQmfp7IqWh1uMwsJ0hNQO96E3F/7xWYnpXfsplnBiUbL6olwhiIjJNgHS5QmbE2BLKFLe3EjagijJjcyrYELzFl5dJ/azsXZTP789LlessjjwcwTGcggeXUIE7qEINGDzCM7zCmzNyXpx352PemnOymUP4A+fzB0Qukcc=</latexit>

~x 2 E
<latexit sha1_base64="bWD2JGyhBJFZ4+he1/mEF+qp61U=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFEVxWsA+YDiWTZtrQTDIkGaEM/Qw3LhRx69e482/MtLPQ1gOBwzn3knNPmHCmjet+O6W19Y3NrfJ2ZWd3b/+genjU0TJVhLaJ5FL1QqwpZ4K2DTOc9hJFcRxy2g0nt7nffaJKMykezTShQYxHgkWMYGMlvx9jMyaYZ3ezQbXm1t050CrxClKDAq1B9as/lCSNqTCEY619z01MkGFlGOF0VumnmiaYTPCI+pYKHFMdZPPIM3RmlSGKpLJPGDRXf29kONZ6God2Mo+ol71c/M/zUxNdBxkTSWqoIIuPopQjI1F+PxoyRYnhU0swUcxmRWSMFSbGtlSxJXjLJ6+SzkXdu6w3Hhq15k1RRxlO4BTOwYMraMI9tKANBCQ8wyu8OcZ5cd6dj8VoySl2juEPnM8feVCRZA==</latexit>

E

<latexit sha1_base64="dC9ZXHWaU/athudrJo7gWl9kmhE=">AAACDHicbVDLSgMxFM3UV62vqks3wSK4KjMi6qZQdOOygn1Apw6Z9E4bmskMSaa0DPMBbvwVNy4UcesHuPNvTB8LbT0QOJxzLjf3+DFnStv2t5VbWV1b38hvFra2d3b3ivsHDRUlkkKdRjySLZ8o4ExAXTPNoRVLIKHPoekPbiZ+cwhSsUjc63EMnZD0BAsYJdpIXrHkDoGmo6yCXZWEXsoqTvYg8MhjeOpA5jGTssv2FHiZOHNSQnPUvOKX241oEoLQlBOl2o4d605KpGaUQ1ZwEwUxoQPSg7ahgoSgOun0mAyfGKWLg0iaJzSeqr8nUhIqNQ59kwyJ7qtFbyL+57UTHVx1UibiRIOgs0VBwrGO8KQZ3GUSqOZjQwiVzPwV0z6RhGrTX8GU4CyevEwaZ2Xnonx+d16qXs/ryKMjdIxOkYMuURXdohqqI4oe0TN6RW/Wk/VivVsfs2jOms8coj+wPn8AquabYw==</latexit>

~x =
nX

i=1

xi~ei

<latexit sha1_base64="d8mdPZuKv/99uo5LcTR2mgWeELw=">AAACFHicbVBNS8NAEN34WetX1aOXxSJUhJJIUS9C0YtHBWsLTQ2b7aTddjcJuxuxhPwIL/4VLx4U8erBm//G7cdBWx8MPN6bYWaeH3OmtG1/W3PzC4tLy7mV/Ora+sZmYWv7VkWJpFCjEY9kwycKOAuhppnm0IglEOFzqPv9i6FfvwepWBTe6EEMLUE6IQsYJdpIXuEwKbn3QNOH7ACfYVclwkt7Z052J7DrgyZeD4/8IPN6XqFol+0R8CxxJqSIJrjyCl9uO6KJgFBTTpRqOnasWymRmlEOWd5NFMSE9kkHmoaGRIBqpaOnMrxvlDYOImkq1Hik/p5IiVBqIHzTKYjuqmlvKP7nNRMdnLZSFsaJhpCOFwUJxzrCw4Rwm0mgmg8MIVQycyumXSIJ1SbHvAnBmX55ltwelZ3jcuW6UqyeT+LIoV20h0rIQSeoii7RFaohih7RM3pFb9aT9WK9Wx/j1jlrMrOD/sD6/AHcap4c</latexit>

u(~x) =
mX

j=1

�j
~fj

<latexit sha1_base64="hoa3T71IE/AynhFgjczk2tTvbW8=">AAACCnicbVC7TsMwFHXKq5RXgJHFUCExVQmqgKVSBQtjkehDakLkuE7r1nEi20FUUWYWfoWFAYRY+QI2/ga3zQAtR7rS8Tn3yvceP2ZUKsv6NgpLyyura8X10sbm1vaOubvXklEiMGniiEWi4yNJGOWkqahipBMLgkKfkbY/upr47XsiJI34rRrHxA1Rn9OAYqS05JmHjk8U8oawBh2ZhF5Ka3Z2x+GDRyHSr2HmmWWrYk0BF4mdkzLI0fDML6cX4SQkXGGGpOzaVqzcFAlFMSNZyUkkiREeoT7paspRSKSbTk/J4LFWejCIhC6u4FT9PZGiUMpx6OvOEKmBnPcm4n9eN1HBhZtSHieKcDz7KEgYVBGc5AJ7VBCs2FgThAXVu0I8QAJhpdMr6RDs+ZMXSeu0Yp9VqjfVcv0yj6MIDsAROAE2OAd1cA0aoAkweATP4BW8GU/Gi/FufMxaC0Y+sw/+wPj8ASgLmfI=</latexit>

�j =
nX

i=1

xiaij
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Démonstration : Il suffit juste utiliser la linéarité de  , 

<latexit sha1_base64="xaT1lKdIFB0xrFKIukf28nNxP9c=">AAACFnicbVDLSsNAFJ3UV62vqBvBzWARKkhJpKjLoiguXFSwD2hKmUwn7dDJJMxMhBLid/gBbvUT3Ilbt36Bv+EkzcJWDwwczrmvOW7IqFSW9WUUFhaXlleKq6W19Y3NLXN7pyWDSGDSxAELRMdFkjDKSVNRxUgnFAT5LiNtd3yZ+u0HIiQN+L2ahKTnoyGnHsVIaalv7sEIOpRDx0dqJLGIb5PK1TG8PuqbZatqZYB/iZ2TMsjR6JvfziDAkU+4wgxJ2bWtUPViJBTFjCQlJ5IkRHiMhqSrKUc+kb04+0ECD7UygF4g9OMKZurvjhj5Uk58V1dmh857qfif142Ud96LKQ8jRTieLvIiBlUA0zjggAqCFZtogrCg+laIR0ggrHRoM1vS2UJ6MtHJ2PM5/CWtk6p9Wq3d1cr1izyjItgHB6ACbHAG6uAGNEATYPAInsELeDWejDfj3fiYlhaMvGcXzMD4/AHLV565</latexit>

u 2 L (E,F )
<latexit sha1_base64="trrciBgKTXu5oHXKdL+Syc1npCA="></latexit>

u(~x) = u
⇣ nX

i=1

xi~ei
⌘

=
nX

i=1

xiu(~ei)

=
nX

i=1

xi

mX

j=1

aij ~fj

=
mX

j=1

⇣ nX

i=1

xiaij
⌘

| {z }
�j

~fj .

2.1.7 Caractérisation de injective 

On rappelle qu’une application  est injective si :  
 

<latexit sha1_base64="yBIEQAWSh6Y/0q3FTmY4TPDMKc0=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIqHiq9eKxgv2ANpTNdtMu3WTD7kQJof4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzz48F1+A431ZhZXVtfaO4Wdra3tnds/cPWlomirImlUKqjk80EzxiTeAgWCdWjIS+YG1/fDP12w9MaS6je0hj5oVkGPGAUwJG6tvlAF/ha9xTfDgCopR8xPW+XXGqzgx4mbg5qaAcjb791RtImoQsAiqI1l3XicHLiAJOBZuUeolmMaFjMmRdQyMSMu1ls+Mn+NgoAxxIZSoCPFN/T2Qk1DoNfdMZEhjpRW8q/ud1EwguvYxHcQIsovNFQSIwSDxNAg+4YhREagihiptbMR0RRSiYvEomBHfx5WXSOq2659Wzu7NKrZ7HUUSH6AidIBddoBq6RQ3URBSl6Bm9ojfryXqx3q2PeWvBymfK6A+szx/+fpO6</latexit>

f : A ! B
<latexit sha1_base64="COUqsPSmLxkhL8VUYXASVuhT4bw="></latexit>

8x, x0 2 A, tels que f(x) = f(x0) =) f(x) = f(x0).

Théorème 2.1.2 
Soit , alors 

                         est injective  . 

<latexit sha1_base64="xaT1lKdIFB0xrFKIukf28nNxP9c=">AAACFnicbVDLSsNAFJ3UV62vqBvBzWARKkhJpKjLoiguXFSwD2hKmUwn7dDJJMxMhBLid/gBbvUT3Ilbt36Bv+EkzcJWDwwczrmvOW7IqFSW9WUUFhaXlleKq6W19Y3NLXN7pyWDSGDSxAELRMdFkjDKSVNRxUgnFAT5LiNtd3yZ+u0HIiQN+L2ahKTnoyGnHsVIaalv7sEIOpRDx0dqJLGIb5PK1TG8PuqbZatqZYB/iZ2TMsjR6JvfziDAkU+4wgxJ2bWtUPViJBTFjCQlJ5IkRHiMhqSrKUc+kb04+0ECD7UygF4g9OMKZurvjhj5Uk58V1dmh857qfif142Ud96LKQ8jRTieLvIiBlUA0zjggAqCFZtogrCg+laIR0ggrHRoM1vS2UJ6MtHJ2PM5/CWtk6p9Wq3d1cr1izyjItgHB6ACbHAG6uAGNEATYPAInsELeDWejDfj3fiYlhaMvGcXzMD4/AHLV565</latexit>

u 2 L (E,F )
<latexit sha1_base64="Dj96JhijXyqQ1LF4s6VoJbVKYLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5JuNAg==</latexit>u

<latexit sha1_base64="rh2nstNDdQgpZZS9ZQqWFTl8BEQ=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lE1GPRiwcPFewHtKFstpt06WY37E6UEOpf8eJBEa/+EG/+G7dtDtr6YODx3gwz84KEMw2u+22VVlbX1jfKm5Wt7Z3dPXv/oK1lqghtEcml6gZYU84EbQEDTruJojgOOO0E4+up33mgSjMp7iFLqB/jSLCQEQxGGtjV/q0UEachKBaNACslHwd2za27MzjLxCtIDRVoDuyv/lCSNKYCCMda9zw3AT/HChjhdFLpp5ommIxxRHuGChxT7eez4yfOsVGGTiiVKQHOTP09keNY6ywOTGeMYaQXvan4n9dLIbz0cyaSFKgg80Vhyh2QzjQJZ8gUJcAzQzBRzNzqkBFWmIDJq2JC8BZfXibt07p3Xj+7O6s1roo4yugQHaET5KEL1EA3qIlaiKAMPaNX9GY9WS/Wu/Uxby1ZxUwV/YH1+QN5uZVS</latexit>()
<latexit sha1_base64="5pZ/vfV8wy1muwiFKrZnK8z/ku4=">AAACBnicbVDJSgNBEO1xjXGLehShMQiewowE9SIERRC8RDALZELo6VSSJj0L3TXBMMzJi7/ixYMiXv0Gb/6NneWgiQ8KHu9VUVXPi6TQaNvf1sLi0vLKamYtu76xubWd29mt6jBWHCo8lKGqe0yDFAFUUKCEeqSA+Z6Emte/Gvm1ASgtwuAehxE0fdYNREdwhkZq5Q5chAdMbkHRlMb0grqJOwCe2Gnr2k1bubxdsMeg88SZkjyZotzKfbntkMc+BMgl07rh2BE2E6ZQcAlp1o01RIz3WRcahgbMB91Mxm+k9MgobdoJlakA6Vj9PZEwX+uh75lOn2FPz3oj8T+vEWPnvJmIIIoRAj5Z1IklxZCOMqFtoYCjHBrCuBLmVsp7TDGOJrmsCcGZfXmeVE8KzmmheFfMly6ncWTIPjkkx8QhZ6REbkiZVAgnj+SZvJI368l6sd6tj0nrgjWd2SN/YH3+ADycmFk=</latexit>

Ker u = {~0E}
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Démonstration : 

•  est injective  . 

Soit , donc . Or  est linéaire, alors  . 
Ainsi,  

. 

Donc . 

<latexit sha1_base64="Dj96JhijXyqQ1LF4s6VoJbVKYLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5JuNAg==</latexit>u
<latexit sha1_base64="SeG8j6QX7TvSGnISDMkkqLqna6w=">AAAB+XicbVA9SwNBEN2LXzF+nVraLAbBKtxJUMugjYVFBPMByRH2NnvJkr3dY3cuEo78ExsLRWz9J3b+GzfJFZr4YODx3gwz88JEcAOe9+0U1tY3NreK26Wd3b39A/fwqGlUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo9uZ3xozbbiSjzBJWBCTgeQRpwSs1HPd7r2SA80HQyBaqyfcc8texZsDrxI/J2WUo95zv7p9RdOYSaCCGNPxvQSCjGjgVLBpqZsalhA6IgPWsVSSmJkgm18+xWdW6eNIaVsS8Fz9PZGR2JhJHNrOmMDQLHsz8T+vk0J0HWRcJikwSReLolRgUHgWA+5zzSiIiSWEam5vxXRINKFgwyrZEPzll1dJ86LiX1aqD9Vy7SaPo4hO0Ck6Rz66QjV0h+qogSgao2f0it6czHlx3p2PRWvByWeO0R84nz+e2pOp</latexit>

=)
<latexit sha1_base64="5pZ/vfV8wy1muwiFKrZnK8z/ku4=">AAACBnicbVDJSgNBEO1xjXGLehShMQiewowE9SIERRC8RDALZELo6VSSJj0L3TXBMMzJi7/ixYMiXv0Gb/6NneWgiQ8KHu9VUVXPi6TQaNvf1sLi0vLKamYtu76xubWd29mt6jBWHCo8lKGqe0yDFAFUUKCEeqSA+Z6Emte/Gvm1ASgtwuAehxE0fdYNREdwhkZq5Q5chAdMbkHRlMb0grqJOwCe2Gnr2k1bubxdsMeg88SZkjyZotzKfbntkMc+BMgl07rh2BE2E6ZQcAlp1o01RIz3WRcahgbMB91Mxm+k9MgobdoJlakA6Vj9PZEwX+uh75lOn2FPz3oj8T+vEWPnvJmIIIoRAj5Z1IklxZCOMqFtoYCjHBrCuBLmVsp7TDGOJrmsCcGZfXmeVE8KzmmheFfMly6ncWTIPjkkx8QhZ6REbkiZVAgnj+SZvJI368l6sd6tj0nrgjWd2SN/YH3+ADycmFk=</latexit>

Ker u = {~0E}
<latexit sha1_base64="l6q0i8EWPSQOmTv8FBpRZiBFvdk=">AAACA3icbVDLSgNBEJyNrxhfUW96GQyCp7ArQT0GvQheIpgHZEOYnXR0yOzsMtMbEpaAF3/FiwdFvPoT3vwbJ4+DJhY0FFXddHcFsRQGXffbySwtr6yuZddzG5tb2zv53b2aiRLNocojGelGwAxIoaCKAiU0Yg0sDCTUg97V2K/3QRsRqTscxtAK2b0SXcEZWqmdP/D7wNPBiPpCUR9hgOkNaDqiCW3nC27RnYAuEm9GCmSGSjv/5XcinoSgkEtmTNNzY2ylTKPgEkY5PzEQM95j99C0VLEQTCud/DCix1bp0G6kbSmkE/X3RMpCY4ZhYDtDhg9m3huL/3nNBLsXrVSoOEFQfLqom0iKER0HQjtCA0c5tIRxLeytlD8wzTja2HI2BG/+5UVSOy16Z8XSbalQvpzFkSWH5IicEI+ckzK5JhVSJZw8kmfySt6cJ+fFeXc+pq0ZZzazT/7A+fwBQZuXRQ==</latexit>

~x 2 Ker u
<latexit sha1_base64="GwCpVo0y0k0KX07DQFU71r3aENs=">AAAB/nicbZDLSsNAFIYnXmu9RcWVm8Ei1E1JpKgboSiIywr2Am0Ik+lpO3RyYWZSLCHgq7hxoYhbn8Odb+M0zUJbfxj4+M85nDO/F3EmlWV9G0vLK6tr64WN4ubW9s6uubfflGEsKDRoyEPR9ogEzgJoKKY4tCMBxPc4tLzRzbTeGoOQLAwe1CQCxyeDgPUZJUpbrnkYl7tjoMljenqFM7JS99Y1S1bFyoQXwc6hhHLVXfOr2wtp7EOgKCdSdmwrUk5ChGKUQ1rsxhIiQkdkAB2NAfFBOkl2fopPtNPD/VDoFyicub8nEuJLOfE93ekTNZTztan5X60Tq/6lk7AgihUEdLaoH3OsQjzNAveYAKr4RAOhgulbMR0SQajSiRV1CPb8lxeheVaxzyvV+2qpdp3HUUBH6BiVkY0uUA3doTpqIIoS9Ixe0ZvxZLwY78bHrHXJyGcO0B8Znz9Y6ZUa</latexit>

u(~x) = ~0F <latexit sha1_base64="Dj96JhijXyqQ1LF4s6VoJbVKYLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5JuNAg==</latexit>u
<latexit sha1_base64="bfsqrO+3kNrg4reaAMuSkHFmwuM=">AAACFnicbVDdSsMwGE3n35x/VW8Eb4JDmDejlaHeCENRvJzgfmArJc3SLSxNS5IORpnP4QN4q4/gnXjrrU/ga5huFdzmgcDJOd9PcryIUaks68vILS2vrK7l1wsbm1vbO+buXkOGscCkjkMWipaHJGGUk7qiipFWJAgKPEaa3uA69ZtDIiQN+YMaRcQJUI9Tn2KktOSaB3GpMyQ4scbuzQm8hL+XW9csWmVrArhI7IwUQYaaa353uiGOA8IVZkjKtm1FykmQUBQzMi50YkkihAeoR9qachQQ6SSTH4zhsVa60A+FPlzBifq3I0GBlKPA05UBUn0576Xif147Vv6Fk1AexYpwPF3kxwyqEKZxwC4VBCs20gRhQfVbIe4jgbDSoc1sSWcL6cuxTsaez2GRNE7L9lm5cl8pVq+yjPLgEByBErDBOaiCO1ADdYDBI3gGL+DVeDLejHfjY1qaM7KefTAD4/MHSECfBw==</latexit>

u(~0E) = ~0F
<latexit sha1_base64="v5YyGBjdTp7wnvv0AEQkkdZwgj4="></latexit>(
u(~x) = u(~0E)

u injective
=) ~x = ~0E

<latexit sha1_base64="5pZ/vfV8wy1muwiFKrZnK8z/ku4=">AAACBnicbVDJSgNBEO1xjXGLehShMQiewowE9SIERRC8RDALZELo6VSSJj0L3TXBMMzJi7/ixYMiXv0Gb/6NneWgiQ8KHu9VUVXPi6TQaNvf1sLi0vLKamYtu76xubWd29mt6jBWHCo8lKGqe0yDFAFUUKCEeqSA+Z6Emte/Gvm1ASgtwuAehxE0fdYNREdwhkZq5Q5chAdMbkHRlMb0grqJOwCe2Gnr2k1bubxdsMeg88SZkjyZotzKfbntkMc+BMgl07rh2BE2E6ZQcAlp1o01RIz3WRcahgbMB91Mxm+k9MgobdoJlakA6Vj9PZEwX+uh75lOn2FPz3oj8T+vEWPnvJmIIIoRAj5Z1IklxZCOMqFtoYCjHBrCuBLmVsp7TDGOJrmsCcGZfXmeVE8KzmmheFfMly6ncWTIPjkkx8QhZ6REbkiZVAgnj+SZvJI368l6sd6tj0nrgjWd2SN/YH3+ADycmFk=</latexit>

Ker u = {~0E}

•    est injective. 

Soient  tels que  

  (puisque  est linéaire) 
  

  (par hypothèse) 
  

donc  est injective. 

 Ceci finit la démonstration.

<latexit sha1_base64="5pZ/vfV8wy1muwiFKrZnK8z/ku4=">AAACBnicbVDJSgNBEO1xjXGLehShMQiewowE9SIERRC8RDALZELo6VSSJj0L3TXBMMzJi7/ixYMiXv0Gb/6NneWgiQ8KHu9VUVXPi6TQaNvf1sLi0vLKamYtu76xubWd29mt6jBWHCo8lKGqe0yDFAFUUKCEeqSA+Z6Emte/Gvm1ASgtwuAehxE0fdYNREdwhkZq5Q5chAdMbkHRlMb0grqJOwCe2Gnr2k1bubxdsMeg88SZkjyZotzKfbntkMc+BMgl07rh2BE2E6ZQcAlp1o01RIz3WRcahgbMB91Mxm+k9MgobdoJlakA6Vj9PZEwX+uh75lOn2FPz3oj8T+vEWPnvJmIIIoRAj5Z1IklxZCOMqFtoYCjHBrCuBLmVsp7TDGOJrmsCcGZfXmeVE8KzmmheFfMly6ncWTIPjkkx8QhZ6REbkiZVAgnj+SZvJI368l6sd6tj0nrgjWd2SN/YH3+ADycmFk=</latexit>

Ker u = {~0E} <latexit sha1_base64="SeG8j6QX7TvSGnISDMkkqLqna6w=">AAAB+XicbVA9SwNBEN2LXzF+nVraLAbBKtxJUMugjYVFBPMByRH2NnvJkr3dY3cuEo78ExsLRWz9J3b+GzfJFZr4YODx3gwz88JEcAOe9+0U1tY3NreK26Wd3b39A/fwqGlUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo9uZ3xozbbiSjzBJWBCTgeQRpwSs1HPd7r2SA80HQyBaqyfcc8texZsDrxI/J2WUo95zv7p9RdOYSaCCGNPxvQSCjGjgVLBpqZsalhA6IgPWsVSSmJkgm18+xWdW6eNIaVsS8Fz9PZGR2JhJHNrOmMDQLHsz8T+vk0J0HWRcJikwSReLolRgUHgWA+5zzSiIiSWEam5vxXRINKFgwyrZEPzll1dJ86LiX1aqD9Vy7SaPo4hO0Ck6Rz66QjV0h+qogSgao2f0it6czHlx3p2PRWvByWeO0R84nz+e2pOp</latexit>

=) <latexit sha1_base64="Dj96JhijXyqQ1LF4s6VoJbVKYLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5JuNAg==</latexit>u
<latexit sha1_base64="ivHrMMWGsPcMUfryPIlEb/LnJy4=">AAACFXicbZDLSgMxFIYz9VbrbdSFC0WCRXQhZUZEXRZFcNmCvUCnlEyaaUMzmSHJFMswS5/BB3Cr+27ciVvXPoELX8JM24W1Hgh8/P85OcnvhoxKZVmfRmZufmFxKbucW1ldW98wN7eqMogEJhUcsEDUXSQJo5xUFFWM1ENBkO8yUnN716lf6xMhacDv1CAkTR91OPUoRkpLLXPH6RMc3ycncAxHCXQohzctM28VrFHBWbAnkC/uDcvfD/vDUsv8ctoBjnzCFWZIyoZthaoZI6EoZiTJOZEkIcI91CENjRz5RDbj0QcSeKiVNvQCoQ9XcKT+noiRL+XAd3Wnj1RX/vVS8T+vESnvshlTHkaKcDxe5EUMqgCmacA2FQQrNtCAsKD6rRB3kUBY6cymtqR3C+nJRCdj/81hFqqnBfu8cFbWEV2BcWXBLjgAx8AGF6AIbkEJVAAGCXgCz+DFeDRejTfjfdyaMSYz22CqjI8fqwmi0w==</latexit>

~x, ~x0 2 E
<latexit sha1_base64="iYMGH+yihjYS0bam3uRCzomL8QQ=">AAACFnicbVDLSgMxFM34rPU16kZwEyxiuykzUtSNUHTjsoJ9QDuUTJppQzOZIckUyzB+hx/gVj/Bnbh16xf4G2baEWzrgcDJOfeRHDdkVCrL+jKWlldW19ZzG/nNre2dXXNvvyGDSGBSxwELRMtFkjDKSV1RxUgrFAT5LiNNd3iT+s0REZIG/F6NQ+L4qM+pRzFSWuqah1GxMyI4fkhK8Ar+Xk6TUtcsWGVrArhI7IwUQIZa1/zu9AIc+YQrzJCUbdsKlRMjoShmJMl3IklChIeoT9qacuQT6cSTHyTwRCs96AVCH67gRP3bESNfyrHv6kofqYGc91LxP68dKe/SiSkPI0U4ni7yIgZVANM4YI8KghUba4KwoPqtEA+QQFjp0Ga2pLOF9GSik7Hnc1gkjbOyfV6u3FUK1essoxw4AsegCGxwAargFtRAHWDwCJ7BC3g1now34934mJYuGVnPAZiB8fkDnrGfOw==</latexit>

u(~x) = u(~x0)
<latexit sha1_base64="SeG8j6QX7TvSGnISDMkkqLqna6w=">AAAB+XicbVA9SwNBEN2LXzF+nVraLAbBKtxJUMugjYVFBPMByRH2NnvJkr3dY3cuEo78ExsLRWz9J3b+GzfJFZr4YODx3gwz88JEcAOe9+0U1tY3NreK26Wd3b39A/fwqGlUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo9uZ3xozbbiSjzBJWBCTgeQRpwSs1HPd7r2SA80HQyBaqyfcc8texZsDrxI/J2WUo95zv7p9RdOYSaCCGNPxvQSCjGjgVLBpqZsalhA6IgPWsVSSmJkgm18+xWdW6eNIaVsS8Fz9PZGR2JhJHNrOmMDQLHsz8T+vk0J0HWRcJikwSReLolRgUHgWA+5zzSiIiSWEam5vxXRINKFgwyrZEPzll1dJ86LiX1aqD9Vy7SaPo4hO0Ck6Rz66QjV0h+qogSgao2f0it6czHlx3p2PRWvByWeO0R84nz+e2pOp</latexit>

=)
<latexit sha1_base64="9ifom6OIozM2EhuOH1PZoghUyrw=">AAACHnicbZDLSsNAFIYn9VbrLerSzWAR68KSSFE3QlEQlxXsBdoQJtNJO3RyYWZSLCFbn8MHcKuP4E7c6hP4Gk7SLGzrgYGP/z9nzszvhIwKaRjfWmFpeWV1rbhe2tjc2t7Rd/daIog4Jk0csIB3HCQIoz5pSioZ6YScIM9hpO2MblK/PSZc0MB/kJOQWB4a+NSlGEkl2TqMKr0xwfFjAk+ncJycwCuYsZHYt7ZeNqpGVnARzBzKIK+Grf/0+gGOPOJLzJAQXdMIpRUjLilmJCn1IkFChEdoQLoKfeQRYcXZTxJ4pJQ+dAOuji9hpv6diJEnxMRzVKeH5FDMe6n4n9eNpHtpxdQPI0l8PF3kRgzKAKaxwD7lBEs2UYAwp+qtEA8RR1iq8Ga2pHdz4YpEJWPO57AIrbOqeV6t3dfK9es8oyI4AIegAkxwAergDjRAE2DwBF7AK3jTnrV37UP7nLYWtHxmH8yU9vULyJyieQ==</latexit>

u(~x� ~x0) = ~0F <latexit sha1_base64="Dj96JhijXyqQ1LF4s6VoJbVKYLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5JuNAg==</latexit>u
<latexit sha1_base64="SeG8j6QX7TvSGnISDMkkqLqna6w=">AAAB+XicbVA9SwNBEN2LXzF+nVraLAbBKtxJUMugjYVFBPMByRH2NnvJkr3dY3cuEo78ExsLRWz9J3b+GzfJFZr4YODx3gwz88JEcAOe9+0U1tY3NreK26Wd3b39A/fwqGlUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo9uZ3xozbbiSjzBJWBCTgeQRpwSs1HPd7r2SA80HQyBaqyfcc8texZsDrxI/J2WUo95zv7p9RdOYSaCCGNPxvQSCjGjgVLBpqZsalhA6IgPWsVSSmJkgm18+xWdW6eNIaVsS8Fz9PZGR2JhJHNrOmMDQLHsz8T+vk0J0HWRcJikwSReLolRgUHgWA+5zzSiIiSWEam5vxXRINKFgwyrZEPzll1dJ86LiX1aqD9Vy7SaPo4hO0Ck6Rz66QjV0h+qogSgao2f0it6czHlx3p2PRWvByWeO0R84nz+e2pOp</latexit>

=)
<latexit sha1_base64="uLlRQRPn23vdufpn2jntog4wzhQ=">AAACIXicbVDLSgMxFM34rO+qSzfBIrqxzIioy6IbwU0FW4VOKZn0ThvMZIbkjrQM8wF+hx/gVj/BnbgTP8DfMH0srPVA4HDOubnJCRIpDLrupzMzOze/sFhYWl5ZXVvfKG5u1U2cag41HstY3wXMgBQKaihQwl2igUWBhNvg/mLg3z6ANiJWN9hPoBmxjhKh4Ayt1CqW/AfgWS+nhyOyn1NfKOoj9DC7Ak1zmtqUW3aHoNPEG5MSGaPaKn777ZinESjkkhnT8NwEmxnTKLiEfNlPDSSM37MONCxVLALTzIafyemeVdo0jLU9CulQ/T2RsciYfhTYZMSwa/56A/E/r5FieNbMhEpSBMVHi8JUUozpoBnaFho4yr4ljGth30p5l2nG0fY3sWVwtzahyW0z3t8epkn9qOydlI+vj0uV83FHBbJDdskB8cgpqZBLUiU1wskjeSYv5NV5ct6cd+djFJ1xxjPbZALO1w8nT6RQ</latexit>

~x� ~x0 2 Ker u
<latexit sha1_base64="SeG8j6QX7TvSGnISDMkkqLqna6w=">AAAB+XicbVA9SwNBEN2LXzF+nVraLAbBKtxJUMugjYVFBPMByRH2NnvJkr3dY3cuEo78ExsLRWz9J3b+GzfJFZr4YODx3gwz88JEcAOe9+0U1tY3NreK26Wd3b39A/fwqGlUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo9uZ3xozbbiSjzBJWBCTgeQRpwSs1HPd7r2SA80HQyBaqyfcc8texZsDrxI/J2WUo95zv7p9RdOYSaCCGNPxvQSCjGjgVLBpqZsalhA6IgPWsVSSmJkgm18+xWdW6eNIaVsS8Fz9PZGR2JhJHNrOmMDQLHsz8T+vk0J0HWRcJikwSReLolRgUHgWA+5zzSiIiSWEam5vxXRINKFgwyrZEPzll1dJ86LiX1aqD9Vy7SaPo4hO0Ck6Rz66QjV0h+qogSgao2f0it6czHlx3p2PRWvByWeO0R84nz+e2pOp</latexit>

=)
<latexit sha1_base64="EN+Igkt50Bc+SR/tyFCq//qwNUk=">AAACG3icbZDLSsNAFIYn9VbrLepShMEiurEkUtSNUBTBZQV7gTaEyXTSDp1MwsykWEJWPocP4FYfwZ24deET+BpO0i5s9cDAx/+fM2fm9yJGpbKsL6OwsLi0vFJcLa2tb2xumds7TRnGApMGDlko2h6ShFFOGooqRtqRICjwGGl5w+vMb42IkDTk92ocESdAfU59ipHSkmvud0cEJw8pPJnAUQovYY5W6t64ZtmqWHnBv2BPoQymVXfN724vxHFAuMIMSdmxrUg5CRKKYkbSUjeWJEJ4iPqko5GjgEgnyb+RwkOt9KAfCn24grn6eyJBgZTjwNOdAVIDOe9l4n9eJ1b+hZNQHsWKcDxZ5McMqhBmmcAeFQQrNtaAsKD6rRAPkEBY6eRmtmR3C+nLVCdjz+fwF5qnFfusUr2rlmtX04yKYA8cgGNgg3NQA7egDhoAg0fwDF7Aq/FkvBnvxsektWBMZ3bBTBmfP/9KoZQ=</latexit>

~x� ~x0 = ~0E
<latexit sha1_base64="SeG8j6QX7TvSGnISDMkkqLqna6w=">AAAB+XicbVA9SwNBEN2LXzF+nVraLAbBKtxJUMugjYVFBPMByRH2NnvJkr3dY3cuEo78ExsLRWz9J3b+GzfJFZr4YODx3gwz88JEcAOe9+0U1tY3NreK26Wd3b39A/fwqGlUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo9uZ3xozbbiSjzBJWBCTgeQRpwSs1HPd7r2SA80HQyBaqyfcc8texZsDrxI/J2WUo95zv7p9RdOYSaCCGNPxvQSCjGjgVLBpqZsalhA6IgPWsVSSmJkgm18+xWdW6eNIaVsS8Fz9PZGR2JhJHNrOmMDQLHsz8T+vk0J0HWRcJikwSReLolRgUHgWA+5zzSiIiSWEam5vxXRINKFgwyrZEPzll1dJ86LiX1aqD9Vy7SaPo4hO0Ck6Rz66QjV0h+qogSgao2f0it6czHlx3p2PRWvByWeO0R84nz+e2pOp</latexit>

=)
<latexit sha1_base64="PZ6DccePZ7MViQeTDNej2PsUuT4=">AAACEHicbZDLSsNAFIYnXmu9xbp0M1hEVyWRom6EohuXFewF2lAm05N26OTCzKS0hLyED+BWH8GduPUNfAJfw0mbhW39YeDjP+fMOfxuxJlUlvVtrK1vbG5tF3aKu3v7B4fmUakpw1hQaNCQh6LtEgmcBdBQTHFoRwKI73JouaP7rN4ag5AsDJ7UNALHJ4OAeYwSpa2eWeqOgSaTFN/iOZ2nPbNsVayZ8CrYOZRRrnrP/On2Qxr7ECjKiZQd24qUkxChGOWQFruxhIjQERlAR2NAfJBOMrs9xWfa6WMvFPoFCs/cvxMJ8aWc+q7u9IkayuVaZv5X68TKu3ESFkSxgoDOF3kxxyrEWRC4zwRQxacaCBVM34rpkAhClY5rYUv2t5CezJKxl3NYheZlxb6qVB+r5dpdnlEBnaBTdIFsdI1q6AHVUQNRNEEv6BW9Gc/Gu/FhfM5b14x85hgtyPj6BR9jnXM=</latexit>

~x = ~x0
<latexit sha1_base64="Dj96JhijXyqQ1LF4s6VoJbVKYLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5JuNAg==</latexit>u
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Proposition 2.1.6 
Soient   injective, et  famille libre de 

, alors la famille  est libre de . 

<latexit sha1_base64="xaT1lKdIFB0xrFKIukf28nNxP9c=">AAACFnicbVDLSsNAFJ3UV62vqBvBzWARKkhJpKjLoiguXFSwD2hKmUwn7dDJJMxMhBLid/gBbvUT3Ilbt36Bv+EkzcJWDwwczrmvOW7IqFSW9WUUFhaXlleKq6W19Y3NLXN7pyWDSGDSxAELRMdFkjDKSVNRxUgnFAT5LiNtd3yZ+u0HIiQN+L2ahKTnoyGnHsVIaalv7sEIOpRDx0dqJLGIb5PK1TG8PuqbZatqZYB/iZ2TMsjR6JvfziDAkU+4wgxJ2bWtUPViJBTFjCQlJ5IkRHiMhqSrKUc+kb04+0ECD7UygF4g9OMKZurvjhj5Uk58V1dmh857qfif142Ud96LKQ8jRTieLvIiBlUA0zjggAqCFZtogrCg+laIR0ggrHRoM1vS2UJ6MtHJ2PM5/CWtk6p9Wq3d1cr1izyjItgHB6ACbHAG6uAGNEATYPAInsELeDWejDfj3fiYlhaMvGcXzMD4/AHLV565</latexit>

u 2 L (E,F )
<latexit sha1_base64="uwgw0TdAsLy5uYYbqeprRFoeaP4=">AAACInicbZDLSgMxFIYzXmu9VV26CRbBhZSZUrwshKIbFy4q2At0ypDJpG1oJhmSTKEM8yxufBU3LhR1JfgwZtqK2vpD4OM/53Byfj9iVGnb/rAWFpeWV1Zza/n1jc2t7cLObkOJWGJSx4IJ2fKRIoxyUtdUM9KKJEGhz0jTH1xl9eaQSEUFv9OjiHRC1OO0SzHSxvIK526IdB8jltyk8AK6iTskOBmmnnMMv7FskAVCqx+Lu6lXKNoleyw4D84UimCqmld4cwOB45BwjRlSqu3Yke4kSGqKGUnzbqxIhPAA9UjbIEchUZ1kfGIKD40TwK6Q5nENx+7viQSFSo1C33RmB6nZWmb+V2vHunvWSSiPYk04nizqxgxqAbO8YEAlwZqNDCAsqfkrxH0kEdYm1bwJwZk9eR4a5ZJzUqrcVorVy2kcObAPDsARcMApqIJrUAN1gME9eATP4MV6sJ6sV+t90rpgTWf2wB9Zn18KLaQB</latexit>

L = {~v1,~v2, . . . ,~vn}
<latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E
<latexit sha1_base64="h1zU+YJVrgSRo3ZK/V6g9WrZUqU=">AAACHXicbVDLSsNAFJ34rPUVdelmsAgtSElKUZdFNy4r2Ac0IUwm03boZBJmJoUS8iNu/BU3LhRx4Ub8G6dtwNp6YODcc+7lzj1+zKhUlvVtrK1vbG5tF3aKu3v7B4fm0XFbRonApIUjFomujyRhlJOWooqRbiwICn1GOv7odup3xkRIGvEHNYmJG6IBp32KkdKSZ9adNCk7Y4LTcebZlQv4W9V05bAgUnJR5RUn88ySVbVmgKvEzkkJ5Gh65qcTRDgJCVeYISl7thUrN0VCUcxIVnQSSWKER2hAeppyFBLpprPrMniulQD2I6EfV3CmLk6kKJRyEvq6M0RqKJe9qfif10tU/9pNKY8TRTieL+onDKoITqOCARUEKzbRBGFB9V8hHiKBsNKBFnUI9vLJq6Rdq9qX1fp9vdS4yeMogFNwBsrABlegAe5AE7QABo/gGbyCN+PJeDHejY9565qRz5yAPzC+fgDWd6Eq</latexit>

{u(~v1), u(~v2), . . . , u(~vn)} <latexit sha1_base64="UOUV/CpYy4PgVNs6bkvy1VPdoN4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BQTwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZ1fjNM=</latexit>

F

Démonstration : 
On doit montrer que l’implication : 

  
On a  

  (  est linéaire). Ainsi,  

. 

<latexit sha1_base64="Da0IF2tFaIoVc9KP96n4eSfbqlA="></latexit>

8�1,�2, . . . ,�n 2 K,
nX

i=1

�iu(~vi) = ~0F =) 8i = 1, . . . , n,�i = 0.

<latexit sha1_base64="z1Rs8w2hMDVLV+qMVJSuEjAg6fk=">AAACGXicbVBLSwMxGMzWV62vqkcvwSLUS9mVol4KRUE8VrAP6NYlm822oUl2SbKFsuzf8OJf8eJBEY968t+YPg7aOhCYzHxD8o0fM6q0bX9buZXVtfWN/GZha3tnd6+4f9BSUSIxaeKIRbLjI0UYFaSpqWakE0uCuM9I2x9eT/z2iEhFI3GvxzHpcdQXNKQYaSN5RdtVCfdSWnOyBwFdZpIB8ihMyu6I4HSUefQU1uD0YmfeDfSKJbtiTwGXiTMnJTBHwyt+ukGEE06Exgwp1XXsWPdSJDXFjGQFN1EkRniI+qRrqECcqF463SyDJ0YJYBhJc4SGU/V3IkVcqTH3zSRHeqAWvYn4n9dNdHjZS6mIE00Enj0UJgzqCE5qggGVBGs2NgRhSc1fIR4gibA2ZRZMCc7iysukdVZxzivVu2qpfjWvIw+OwDEoAwdcgDq4BQ3QBBg8gmfwCt6sJ+vFerc+ZqM5a545BH9gff0A8gCfng==</latexit> nX

i=1

�iu(~vi) = ~0F
<latexit sha1_base64="SeG8j6QX7TvSGnISDMkkqLqna6w=">AAAB+XicbVA9SwNBEN2LXzF+nVraLAbBKtxJUMugjYVFBPMByRH2NnvJkr3dY3cuEo78ExsLRWz9J3b+GzfJFZr4YODx3gwz88JEcAOe9+0U1tY3NreK26Wd3b39A/fwqGlUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo9uZ3xozbbiSjzBJWBCTgeQRpwSs1HPd7r2SA80HQyBaqyfcc8texZsDrxI/J2WUo95zv7p9RdOYSaCCGNPxvQSCjGjgVLBpqZsalhA6IgPWsVSSmJkgm18+xWdW6eNIaVsS8Fz9PZGR2JhJHNrOmMDQLHsz8T+vk0J0HWRcJikwSReLolRgUHgWA+5zzSiIiSWEam5vxXRINKFgwyrZEPzll1dJ86LiX1aqD9Vy7SaPo4hO0Ck6Rz66QjV0h+qogSgao2f0it6czHlx3p2PRWvByWeO0R84nz+e2pOp</latexit>

=)

<latexit sha1_base64="DzhvJbTKfY4lJppCAhI/dQ6EbxY="></latexit>

u
⇣ nX

i=1

�i~vi
⌘
= ~0F

<latexit sha1_base64="Dj96JhijXyqQ1LF4s6VoJbVKYLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5JuNAg==</latexit>u
<latexit sha1_base64="6K/SJPs+4kLML4dY6EYinVTrye0=">AAACG3icbVBNS8NAFNz4bf2qevSyWARPJZGiXgTRi+BFwWqhqWGzfa1LN5uw+1IsIf/Di3/FiwdFPAke/Dduag/aOrAwzLzh7ZswkcKg6345U9Mzs3PzC4ulpeWV1bXy+sa1iVPNoc5jGetGyAxIoaCOAiU0Eg0sCiXchL3Twr/pgzYiVlc4SKAVsa4SHcEZWiko7/kmjYJMHHn5raK+tMk2CwT1+8Czfl4wYXWEe8zOQdOcpkG54lbdIegk8UakQka4CMoffjvmaQQKuWTGND03wVbGNAouIS/5qYGE8R7rQtNSxSIwrWx4W053rNKmnVjbp5AO1d+JjEXGDKLQTkYM78y4V4j/ec0UO4etTKgkRVD8Z1EnlRRjWhRF20IDRzmwhHEt7F8pv2OacbR1lmwJ3vjJk+R6r+rtV2uXtcrxyaiOBbJFtsku8cgBOSZn5ILUCScP5Im8kFfn0Xl23pz3n9EpZ5TZJH/gfH4D1mmhSw==</latexit> nX

i=1

�i~vi 2 Ker u

Or  est injective alors  (voir Théorème 2.1.2). Ainsi, 

  car 
 famille libre de . Ce qui termine la 

démonstration.

<latexit sha1_base64="Dj96JhijXyqQ1LF4s6VoJbVKYLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5JuNAg==</latexit>u
<latexit sha1_base64="5pZ/vfV8wy1muwiFKrZnK8z/ku4=">AAACBnicbVDJSgNBEO1xjXGLehShMQiewowE9SIERRC8RDALZELo6VSSJj0L3TXBMMzJi7/ixYMiXv0Gb/6NneWgiQ8KHu9VUVXPi6TQaNvf1sLi0vLKamYtu76xubWd29mt6jBWHCo8lKGqe0yDFAFUUKCEeqSA+Z6Emte/Gvm1ASgtwuAehxE0fdYNREdwhkZq5Q5chAdMbkHRlMb0grqJOwCe2Gnr2k1bubxdsMeg88SZkjyZotzKfbntkMc+BMgl07rh2BE2E6ZQcAlp1o01RIz3WRcahgbMB91Mxm+k9MgobdoJlakA6Vj9PZEwX+uh75lOn2FPz3oj8T+vEWPnvJmIIIoRAj5Z1IklxZCOMqFtoYCjHBrCuBLmVsp7TDGOJrmsCcGZfXmeVE8KzmmheFfMly6ncWTIPjkkx8QhZ6REbkiZVAgnj+SZvJI368l6sd6tj0nrgjWd2SN/YH3+ADycmFk=</latexit>

Ker u = {~0E}
<latexit sha1_base64="0lv9HPlFGp5A3qILYyAoYpti1A8=">AAACFXicbZDLSsNAFIYnXmu9RV26GSyCCymJFHVTKIrgsoK9QBPDZDJph04mYWZSKCEv4cZXceNCEbeCO9/GaZuFtv4w8PGfczhzfj9hVCrL+jaWlldW19ZLG+XNre2dXXNvvy3jVGDSwjGLRddHkjDKSUtRxUg3EQRFPiMdf3g9qXdGREga83s1TogboT6nIcVIacszTx2ZRl5G63b+wKHD9GSAPAqdEcHZKNdUn7GVezeeWbGq1lRwEewCKqBQ0zO/nCDGaUS4wgxJ2bOtRLkZEopiRvKyk0qSIDxEfdLTyFFEpJtNr8rhsXYCGMZCP67g1P09kaFIynHk684IqYGcr03M/2q9VIWXbkZ5kirC8WxRmDKoYjiJCAZUEKzYWAPCguq/QjxAAmGlgyzrEOz5kxehfVa1z6u1u1qlcVXEUQKH4AicABtcgAa4BU3QAhg8gmfwCt6MJ+PFeDc+Zq1LRjFzAP7I+PwBwG2ejw==</latexit> nX

i=1

�i~vi = ~0E
<latexit sha1_base64="SeG8j6QX7TvSGnISDMkkqLqna6w=">AAAB+XicbVA9SwNBEN2LXzF+nVraLAbBKtxJUMugjYVFBPMByRH2NnvJkr3dY3cuEo78ExsLRWz9J3b+GzfJFZr4YODx3gwz88JEcAOe9+0U1tY3NreK26Wd3b39A/fwqGlUqilrUCWUbofEMMElawAHwdqJZiQOBWuFo9uZ3xozbbiSjzBJWBCTgeQRpwSs1HPd7r2SA80HQyBaqyfcc8texZsDrxI/J2WUo95zv7p9RdOYSaCCGNPxvQSCjGjgVLBpqZsalhA6IgPWsVSSmJkgm18+xWdW6eNIaVsS8Fz9PZGR2JhJHNrOmMDQLHsz8T+vk0J0HWRcJikwSReLolRgUHgWA+5zzSiIiSWEam5vxXRINKFgwyrZEPzll1dJ86LiX1aqD9Vy7SaPo4hO0Ck6Rz66QjV0h+qogSgao2f0it6czHlx3p2PRWvByWeO0R84nz+e2pOp</latexit>

=)
<latexit sha1_base64="8yqOb24ukSuzVPT7bjqQyV4y1rM=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XgopREiropFN24rGAf0IQwmUzaoZNJmJkIJfQL3Pgrblwo4ta1O//GSZuFth4YOJxz7517j58wKpVlfRultfWNza3ydmVnd2//wDw86sk4FZh0ccxiMfCRJIxy0lVUMTJIBEGRz0jfn9zkfv+BCEljfq+mCXEjNOI0pBgpLXlmzQljgRiDtGXXocOCWMk65DnVQwLkUdiClmdWrYY1B1wldkGqoEDHM7+cIMZpRLjCDEk5tK1EuRkSimJGZhUnlSRBeIJGZKgpRxGRbjY/ZwZrWgmg3ks/ruBc/d2RoUjKaeTrygipsVz2cvE/b5iq8MrNKE9SRThefBSmDKoY5tnAgAqCFZtqgrCgeleIx0ggrHSCFR2CvXzyKumdN+yLRvOuWW1fF3GUwQk4BWfABpegDW5BB3QBBo/gGbyCN+PJeDHejY9Fackoeo7BHxifP7iPmf8=</latexit>

8i = 1, . . . , n,�i = 0
<latexit sha1_base64="uwgw0TdAsLy5uYYbqeprRFoeaP4=">AAACInicbZDLSgMxFIYzXmu9VV26CRbBhZSZUrwshKIbFy4q2At0ypDJpG1oJhmSTKEM8yxufBU3LhR1JfgwZtqK2vpD4OM/53Byfj9iVGnb/rAWFpeWV1Zza/n1jc2t7cLObkOJWGJSx4IJ2fKRIoxyUtdUM9KKJEGhz0jTH1xl9eaQSEUFv9OjiHRC1OO0SzHSxvIK526IdB8jltyk8AK6iTskOBmmnnMMv7FskAVCqx+Lu6lXKNoleyw4D84UimCqmld4cwOB45BwjRlSqu3Yke4kSGqKGUnzbqxIhPAA9UjbIEchUZ1kfGIKD40TwK6Q5nENx+7viQSFSo1C33RmB6nZWmb+V2vHunvWSSiPYk04nizqxgxqAbO8YEAlwZqNDCAsqfkrxH0kEdYm1bwJwZk9eR4a5ZJzUqrcVorVy2kcObAPDsARcMApqIJrUAN1gME9eATP4MV6sJ6sV+t90rpgTWf2wB9Zn18KLaQB</latexit>

L = {~v1,~v2, . . . ,~vn} <latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E
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2.1.8 Caractérisation de surjective, bijective 

On rappelle qu’une application est surjective si  de  dans  si :  
 

<latexit sha1_base64="yBIEQAWSh6Y/0q3FTmY4TPDMKc0=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIqHiq9eKxgv2ANpTNdtMu3WTD7kQJof4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzz48F1+A431ZhZXVtfaO4Wdra3tnds/cPWlomirImlUKqjk80EzxiTeAgWCdWjIS+YG1/fDP12w9MaS6je0hj5oVkGPGAUwJG6tvlAF/ha9xTfDgCopR8xPW+XXGqzgx4mbg5qaAcjb791RtImoQsAiqI1l3XicHLiAJOBZuUeolmMaFjMmRdQyMSMu1ls+Mn+NgoAxxIZSoCPFN/T2Qk1DoNfdMZEhjpRW8q/ud1EwguvYxHcQIsovNFQSIwSDxNAg+4YhREagihiptbMR0RRSiYvEomBHfx5WXSOq2659Wzu7NKrZ7HUUSH6AidIBddoBq6RQ3URBSl6Bm9ojfryXqx3q2PeWvBymfK6A+szx/+fpO6</latexit>

f : A ! B
<latexit sha1_base64="nWwFofU58f/o0tULfi1Y4v69JVA=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY+oF4+QyCOBDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3cxvPaHSPJYPZpygH9GB5CFn1FipftMrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdl77JcqVdK1dssjjycwCmcgwdXUIV7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+AJXLjM4=</latexit>

A
<latexit sha1_base64="nHV6ZkUj2uHQz28RjqNxNOP9tOc=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY8ELx4hkUcCGzI79MLI7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju7nffkKleSwfzCRBP6JDyUPOqLFSo9YvltyyuwBZJ15GSpCh3i9+9QYxSyOUhgmqdddzE+NPqTKcCZwVeqnGhLIxHWLXUkkj1P50ceiMXFhlQMJY2ZKGLNTfE1MaaT2JAtsZUTPSq95c/M/rpia89adcJqlByZaLwlQQE5P512TAFTIjJpZQpri9lbARVZQZm03BhuCtvrxOWldl77pcaVRK1VoWRx7O4BwuwYMbqMI91KEJDBCe4RXenEfnxXl3PpatOSebOYU/cD5/AJdPjM8=</latexit>

B
<latexit sha1_base64="lHP0JDDswrMVUjLaDKjun9lHanI=">AAACJXicbVDLSgNBEJz1bXxFPXppDIKChF0R9aDg4+JRwaiQDWF20quDs7PrTK8kLPkZL/6KFw+KCJ78FScxB18FDUVVN91dUaakJd9/94aGR0bHxicmS1PTM7Nz5fmFc5vmRmBNpCo1lxG3qKTGGklSeJkZ5Emk8CK6Oer5F3dorEz1GXUybCT8SstYCk5OapZ3wzg1XCnoQCg1HK5DiG231kK7Lxw4gbBNBRAquM0Ruq51D+LV9lq1Wa74Vb8P+EuCAamwAU6a5ZewlYo8QU1CcWvrgZ9Ro+CGpFDYLYW5xYyLG36FdUc1T9A2iv6XXVhxSgvcua40QV/9PlHwxNpOErnOhNO1/e31xP+8ek7xTqOQOssJtfhaFOcKKIVeZNCSBgWpjiNcGOluBXHNDRfkgi25EILfL/8l5xvVYKu6ebpZ2T8cxDHBltgyW2UB22b77JidsBoT7J49smf24j14T96r9/bVOuQNZhbZD3gfny72opI=</latexit>

8y 2 B, 9x 2 A, tel que y = f(x).

Théorème 2.1.3 
Soit , alors 
                         est surjective de  dans   . 

<latexit sha1_base64="xaT1lKdIFB0xrFKIukf28nNxP9c=">AAACFnicbVDLSsNAFJ3UV62vqBvBzWARKkhJpKjLoiguXFSwD2hKmUwn7dDJJMxMhBLid/gBbvUT3Ilbt36Bv+EkzcJWDwwczrmvOW7IqFSW9WUUFhaXlleKq6W19Y3NLXN7pyWDSGDSxAELRMdFkjDKSVNRxUgnFAT5LiNtd3yZ+u0HIiQN+L2ahKTnoyGnHsVIaalv7sEIOpRDx0dqJLGIb5PK1TG8PuqbZatqZYB/iZ2TMsjR6JvfziDAkU+4wgxJ2bWtUPViJBTFjCQlJ5IkRHiMhqSrKUc+kb04+0ECD7UygF4g9OMKZurvjhj5Uk58V1dmh857qfif142Ud96LKQ8jRTieLvIiBlUA0zjggAqCFZtogrCg+laIR0ggrHRoM1vS2UJ6MtHJ2PM5/CWtk6p9Wq3d1cr1izyjItgHB6ACbHAG6uAGNEATYPAInsELeDWejDfj3fiYlhaMvGcXzMD4/AHLV565</latexit>

u 2 L (E,F )
<latexit sha1_base64="Dj96JhijXyqQ1LF4s6VoJbVKYLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5JuNAg==</latexit>u

<latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E
<latexit sha1_base64="UOUV/CpYy4PgVNs6bkvy1VPdoN4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BQTwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZ1fjNM=</latexit>

F
<latexit sha1_base64="rh2nstNDdQgpZZS9ZQqWFTl8BEQ=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lE1GPRiwcPFewHtKFstpt06WY37E6UEOpf8eJBEa/+EG/+G7dtDtr6YODx3gwz84KEMw2u+22VVlbX1jfKm5Wt7Z3dPXv/oK1lqghtEcml6gZYU84EbQEDTruJojgOOO0E4+up33mgSjMp7iFLqB/jSLCQEQxGGtjV/q0UEachKBaNACslHwd2za27MzjLxCtIDRVoDuyv/lCSNKYCCMda9zw3AT/HChjhdFLpp5ommIxxRHuGChxT7eez4yfOsVGGTiiVKQHOTP09keNY6ywOTGeMYaQXvan4n9dLIbz0cyaSFKgg80Vhyh2QzjQJZ8gUJcAzQzBRzNzqkBFWmIDJq2JC8BZfXibt07p3Xj+7O6s1roo4yugQHaET5KEL1EA3qIlaiKAMPaNX9GY9WS/Wu/Uxby1ZxUwV/YH1+QN5uZVS</latexit>()

<latexit sha1_base64="1Mign5D78lNhfJmgti/2wiuDgGE=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRbBU9mVol6EoiB6q2A/oF1KNk3b0CS7JLPFsvSfePGgiFf/iTf/jWm7B219MPB4b4aZeWEsuAHP+3ZyK6tr6xv5zcLW9s7unrt/UDdRoimr0UhEuhkSwwRXrAYcBGvGmhEZCtYIhzdTvzFi2vBIPcI4ZoEkfcV7nBKwUsd128CeIL2XeIITfIVvO27RK3kz4GXiZ6SIMlQ77le7G9FEMgVUEGNavhdDkBINnAo2KbQTw2JCh6TPWpYqIpkJ0tnlE3xilS7uRdqWAjxTf0+kRBozlqHtlAQGZtGbiv95rQR6l0HKVZwAU3S+qJcIDBGexoC7XDMKYmwJoZrbWzEdEE0o2LAKNgR/8eVlUj8r+eel8kO5WLnO4sijI3SMTpGPLlAF3aEqqiGKRugZvaI3J3VenHfnY96ac7KZQ/QHzucPAwaSmw==</latexit>

Im u = F

Démonstration : appliquer la définition de la surjectivité. 

Proposition 2.1.7 
Soient   surjective, et  famille 
génératrice de , alors la famille  est 
génératrice de . 

<latexit sha1_base64="xaT1lKdIFB0xrFKIukf28nNxP9c=">AAACFnicbVDLSsNAFJ3UV62vqBvBzWARKkhJpKjLoiguXFSwD2hKmUwn7dDJJMxMhBLid/gBbvUT3Ilbt36Bv+EkzcJWDwwczrmvOW7IqFSW9WUUFhaXlleKq6W19Y3NLXN7pyWDSGDSxAELRMdFkjDKSVNRxUgnFAT5LiNtd3yZ+u0HIiQN+L2ahKTnoyGnHsVIaalv7sEIOpRDx0dqJLGIb5PK1TG8PuqbZatqZYB/iZ2TMsjR6JvfziDAkU+4wgxJ2bWtUPViJBTFjCQlJ5IkRHiMhqSrKUc+kb04+0ECD7UygF4g9OMKZurvjhj5Uk58V1dmh857qfif142Ud96LKQ8jRTieLvIiBlUA0zjggAqCFZtogrCg+laIR0ggrHRoM1vS2UJ6MtHJ2PM5/CWtk6p9Wq3d1cr1izyjItgHB6ACbHAG6uAGNEATYPAInsELeDWejDfj3fiYlhaMvGcXzMD4/AHLV565</latexit>

u 2 L (E,F )
<latexit sha1_base64="uwgw0TdAsLy5uYYbqeprRFoeaP4=">AAACInicbZDLSgMxFIYzXmu9VV26CRbBhZSZUrwshKIbFy4q2At0ypDJpG1oJhmSTKEM8yxufBU3LhR1JfgwZtqK2vpD4OM/53Byfj9iVGnb/rAWFpeWV1Zza/n1jc2t7cLObkOJWGJSx4IJ2fKRIoxyUtdUM9KKJEGhz0jTH1xl9eaQSEUFv9OjiHRC1OO0SzHSxvIK526IdB8jltyk8AK6iTskOBmmnnMMv7FskAVCqx+Lu6lXKNoleyw4D84UimCqmld4cwOB45BwjRlSqu3Yke4kSGqKGUnzbqxIhPAA9UjbIEchUZ1kfGIKD40TwK6Q5nENx+7viQSFSo1C33RmB6nZWmb+V2vHunvWSSiPYk04nizqxgxqAbO8YEAlwZqNDCAsqfkrxH0kEdYm1bwJwZk9eR4a5ZJzUqrcVorVy2kcObAPDsARcMApqIJrUAN1gME9eATP4MV6sJ6sV+t90rpgTWf2wB9Zn18KLaQB</latexit>

L = {~v1,~v2, . . . ,~vn}
<latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E
<latexit sha1_base64="h1zU+YJVrgSRo3ZK/V6g9WrZUqU=">AAACHXicbVDLSsNAFJ34rPUVdelmsAgtSElKUZdFNy4r2Ac0IUwm03boZBJmJoUS8iNu/BU3LhRx4Ub8G6dtwNp6YODcc+7lzj1+zKhUlvVtrK1vbG5tF3aKu3v7B4fm0XFbRonApIUjFomujyRhlJOWooqRbiwICn1GOv7odup3xkRIGvEHNYmJG6IBp32KkdKSZ9adNCk7Y4LTcebZlQv4W9V05bAgUnJR5RUn88ySVbVmgKvEzkkJ5Gh65qcTRDgJCVeYISl7thUrN0VCUcxIVnQSSWKER2hAeppyFBLpprPrMniulQD2I6EfV3CmLk6kKJRyEvq6M0RqKJe9qfif10tU/9pNKY8TRTieL+onDKoITqOCARUEKzbRBGFB9V8hHiKBsNKBFnUI9vLJq6Rdq9qX1fp9vdS4yeMogFNwBsrABlegAe5AE7QABo/gGbyCN+PJeDHejY9565qRz5yAPzC+fgDWd6Eq</latexit>

{u(~v1), u(~v2), . . . , u(~vn)}
<latexit sha1_base64="UOUV/CpYy4PgVNs6bkvy1VPdoN4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BQTwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZ1fjNM=</latexit>

F

Démonstration  

On sait que l’image par  d’une famille génératrice de  est  une famille 
génératrice de  (voir Théorème 2.1.1). Or l’application  est surjective, donc 

.  

<latexit sha1_base64="xaT1lKdIFB0xrFKIukf28nNxP9c=">AAACFnicbVDLSsNAFJ3UV62vqBvBzWARKkhJpKjLoiguXFSwD2hKmUwn7dDJJMxMhBLid/gBbvUT3Ilbt36Bv+EkzcJWDwwczrmvOW7IqFSW9WUUFhaXlleKq6W19Y3NLXN7pyWDSGDSxAELRMdFkjDKSVNRxUgnFAT5LiNtd3yZ+u0HIiQN+L2ahKTnoyGnHsVIaalv7sEIOpRDx0dqJLGIb5PK1TG8PuqbZatqZYB/iZ2TMsjR6JvfziDAkU+4wgxJ2bWtUPViJBTFjCQlJ5IkRHiMhqSrKUc+kb04+0ECD7UygF4g9OMKZurvjhj5Uk58V1dmh857qfif142Ud96LKQ8jRTieLvIiBlUA0zjggAqCFZtogrCg+laIR0ggrHRoM1vS2UJ6MtHJ2PM5/CWtk6p9Wq3d1cr1izyjItgHB6ACbHAG6uAGNEATYPAInsELeDWejDfj3fiYlhaMvGcXzMD4/AHLV565</latexit>

u 2 L (E,F ) <latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E
<latexit sha1_base64="CAxnpqEKNiEHuWAyfTsamLTId74=">AAAB83icbVBNSwMxEM3Wr1q/qh69BIvgqeyKqMeiF71VsB/QXUo2TdvQJLskE7Es/RtePCji1T/jzX9j2u5BWx8MPN6bYWZenApuwPe/vcLK6tr6RnGztLW9s7tX3j9omsRqyho0EYlux8QwwRVrAAfB2qlmRMaCteLRzdRvPTJteKIeYJyySJKB4n1OCTgpDIE9QXYn8cTibrniV/0Z8DIJclJBOerd8lfYS6iVTAEVxJhO4KcQZUQDp4JNSqE1LCV0RAas46gikpkom908wSdO6eF+ol0pwDP190RGpDFjGbtOSWBoFr2p+J/XsdC/ijKuUgtM0fmivhUYEjwNAPe4ZhTE2BFCNXe3YjokmlBwMZVcCMHiy8ukeVYNLqrn9+eV2nUeRxEdoWN0igJ0iWroFtVRA1GUomf0it486714797HvLXg5TOH6A+8zx+80JF/</latexit>

Im u <latexit sha1_base64="Dj96JhijXyqQ1LF4s6VoJbVKYLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5JuNAg==</latexit>u
<latexit sha1_base64="1Mign5D78lNhfJmgti/2wiuDgGE=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRbBU9mVol6EoiB6q2A/oF1KNk3b0CS7JLPFsvSfePGgiFf/iTf/jWm7B219MPB4b4aZeWEsuAHP+3ZyK6tr6xv5zcLW9s7unrt/UDdRoimr0UhEuhkSwwRXrAYcBGvGmhEZCtYIhzdTvzFi2vBIPcI4ZoEkfcV7nBKwUsd128CeIL2XeIITfIVvO27RK3kz4GXiZ6SIMlQ77le7G9FEMgVUEGNavhdDkBINnAo2KbQTw2JCh6TPWpYqIpkJ0tnlE3xilS7uRdqWAjxTf0+kRBozlqHtlAQGZtGbiv95rQR6l0HKVZwAU3S+qJcIDBGexoC7XDMKYmwJoZrbWzEdEE0o2LAKNgR/8eVlUj8r+eel8kO5WLnO4sijI3SMTpGPLlAF3aEqqiGKRugZvaI3J3VenHfnY96ac7KZQ/QHzucPAwaSmw==</latexit>

Im u = F



12

On rappelle qu’une application est bijective si elle est injective et 
surjective. 

<latexit sha1_base64="yBIEQAWSh6Y/0q3FTmY4TPDMKc0=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIqHiq9eKxgv2ANpTNdtMu3WTD7kQJof4VLx4U8eoP8ea/cdvmoK0PBh7vzTAzz48F1+A431ZhZXVtfaO4Wdra3tnds/cPWlomirImlUKqjk80EzxiTeAgWCdWjIS+YG1/fDP12w9MaS6je0hj5oVkGPGAUwJG6tvlAF/ha9xTfDgCopR8xPW+XXGqzgx4mbg5qaAcjb791RtImoQsAiqI1l3XicHLiAJOBZuUeolmMaFjMmRdQyMSMu1ls+Mn+NgoAxxIZSoCPFN/T2Qk1DoNfdMZEhjpRW8q/ud1EwguvYxHcQIsovNFQSIwSDxNAg+4YhREagihiptbMR0RRSiYvEomBHfx5WXSOq2659Wzu7NKrZ7HUUSH6AidIBddoBq6RQ3URBSl6Bm9ojfryXqx3q2PeWvBymfK6A+szx/+fpO6</latexit>

f : A ! B

Proposition 2.1.8 
Soient  , alors  les propositions suivantes sont équivalentes : 

(i)  est bijective, 

(ii)  et , 
(iii) l’image par  d’une base de  est une base de . 

<latexit sha1_base64="xaT1lKdIFB0xrFKIukf28nNxP9c=">AAACFnicbVDLSsNAFJ3UV62vqBvBzWARKkhJpKjLoiguXFSwD2hKmUwn7dDJJMxMhBLid/gBbvUT3Ilbt36Bv+EkzcJWDwwczrmvOW7IqFSW9WUUFhaXlleKq6W19Y3NLXN7pyWDSGDSxAELRMdFkjDKSVNRxUgnFAT5LiNtd3yZ+u0HIiQN+L2ahKTnoyGnHsVIaalv7sEIOpRDx0dqJLGIb5PK1TG8PuqbZatqZYB/iZ2TMsjR6JvfziDAkU+4wgxJ2bWtUPViJBTFjCQlJ5IkRHiMhqSrKUc+kb04+0ECD7UygF4g9OMKZurvjhj5Uk58V1dmh857qfif142Ud96LKQ8jRTieLvIiBlUA0zjggAqCFZtogrCg+laIR0ggrHRoM1vS2UJ6MtHJ2PM5/CWtk6p9Wq3d1cr1izyjItgHB6ACbHAG6uAGNEATYPAInsELeDWejDfj3fiYlhaMvGcXzMD4/AHLV565</latexit>

u 2 L (E,F )
<latexit sha1_base64="Dj96JhijXyqQ1LF4s6VoJbVKYLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5JuNAg==</latexit>u
<latexit sha1_base64="5pZ/vfV8wy1muwiFKrZnK8z/ku4=">AAACBnicbVDJSgNBEO1xjXGLehShMQiewowE9SIERRC8RDALZELo6VSSJj0L3TXBMMzJi7/ixYMiXv0Gb/6NneWgiQ8KHu9VUVXPi6TQaNvf1sLi0vLKamYtu76xubWd29mt6jBWHCo8lKGqe0yDFAFUUKCEeqSA+Z6Emte/Gvm1ASgtwuAehxE0fdYNREdwhkZq5Q5chAdMbkHRlMb0grqJOwCe2Gnr2k1bubxdsMeg88SZkjyZotzKfbntkMc+BMgl07rh2BE2E6ZQcAlp1o01RIz3WRcahgbMB91Mxm+k9MgobdoJlakA6Vj9PZEwX+uh75lOn2FPz3oj8T+vEWPnvJmIIIoRAj5Z1IklxZCOMqFtoYCjHBrCuBLmVsp7TDGOJrmsCcGZfXmeVE8KzmmheFfMly6ncWTIPjkkx8QhZ6REbkiZVAgnj+SZvJI368l6sd6tj0nrgjWd2SN/YH3+ADycmFk=</latexit>

Ker u = {~0E} <latexit sha1_base64="1Mign5D78lNhfJmgti/2wiuDgGE=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRbBU9mVol6EoiB6q2A/oF1KNk3b0CS7JLPFsvSfePGgiFf/iTf/jWm7B219MPB4b4aZeWEsuAHP+3ZyK6tr6xv5zcLW9s7unrt/UDdRoimr0UhEuhkSwwRXrAYcBGvGmhEZCtYIhzdTvzFi2vBIPcI4ZoEkfcV7nBKwUsd128CeIL2XeIITfIVvO27RK3kz4GXiZ6SIMlQ77le7G9FEMgVUEGNavhdDkBINnAo2KbQTw2JCh6TPWpYqIpkJ0tnlE3xilS7uRdqWAjxTf0+kRBozlqHtlAQGZtGbiv95rQR6l0HKVZwAU3S+qJcIDBGexoC7XDMKYmwJoZrbWzEdEE0o2LAKNgR/8eVlUj8r+eel8kO5WLnO4sijI3SMTpGPLlAF3aEqqiGKRugZvaI3J3VenHfnY96ac7KZQ/QHzucPAwaSmw==</latexit>

Im u = F
<latexit sha1_base64="Dj96JhijXyqQ1LF4s6VoJbVKYLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5JuNAg==</latexit>u

<latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E
<latexit sha1_base64="UOUV/CpYy4PgVNs6bkvy1VPdoN4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BQTwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZ1fjNM=</latexit>

F

Démonstration  
 (i)  (ii) : appliquer Théorèmes 2.1.2 et 2.1.3). 
(i)  (iii) : faire en exercice. 

<latexit sha1_base64="rh2nstNDdQgpZZS9ZQqWFTl8BEQ=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lE1GPRiwcPFewHtKFstpt06WY37E6UEOpf8eJBEa/+EG/+G7dtDtr6YODx3gwz84KEMw2u+22VVlbX1jfKm5Wt7Z3dPXv/oK1lqghtEcml6gZYU84EbQEDTruJojgOOO0E4+up33mgSjMp7iFLqB/jSLCQEQxGGtjV/q0UEachKBaNACslHwd2za27MzjLxCtIDRVoDuyv/lCSNKYCCMda9zw3AT/HChjhdFLpp5ommIxxRHuGChxT7eez4yfOsVGGTiiVKQHOTP09keNY6ywOTGeMYaQXvan4n9dLIbz0cyaSFKgg80Vhyh2QzjQJZ8gUJcAzQzBRzNzqkBFWmIDJq2JC8BZfXibt07p3Xj+7O6s1roo4yugQHaET5KEL1EA3qIlaiKAMPaNX9GY9WS/Wu/Uxby1ZxUwV/YH1+QN5uZVS</latexit>()
<latexit sha1_base64="rh2nstNDdQgpZZS9ZQqWFTl8BEQ=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lE1GPRiwcPFewHtKFstpt06WY37E6UEOpf8eJBEa/+EG/+G7dtDtr6YODx3gwz84KEMw2u+22VVlbX1jfKm5Wt7Z3dPXv/oK1lqghtEcml6gZYU84EbQEDTruJojgOOO0E4+up33mgSjMp7iFLqB/jSLCQEQxGGtjV/q0UEachKBaNACslHwd2za27MzjLxCtIDRVoDuyv/lCSNKYCCMda9zw3AT/HChjhdFLpp5ommIxxRHuGChxT7eez4yfOsVGGTiiVKQHOTP09keNY6ywOTGeMYaQXvan4n9dLIbz0cyaSFKgg80Vhyh2QzjQJZ8gUJcAzQzBRzNzqkBFWmIDJq2JC8BZfXibt07p3Xj+7O6s1roo4yugQHaET5KEL1EA3qIlaiKAMPaNX9GY9WS/Wu/Uxby1ZxUwV/YH1+QN5uZVS</latexit>()

2.1.9 Isomorphismes 

Définitions. On appelle :  
• homomorphisme : ; 
• endomorphisme : ; 
• isomorphisme :  bijective, on dit que  et  sont isomorphes; 
• automorphisme :  bijective. 

<latexit sha1_base64="xaT1lKdIFB0xrFKIukf28nNxP9c=">AAACFnicbVDLSsNAFJ3UV62vqBvBzWARKkhJpKjLoiguXFSwD2hKmUwn7dDJJMxMhBLid/gBbvUT3Ilbt36Bv+EkzcJWDwwczrmvOW7IqFSW9WUUFhaXlleKq6W19Y3NLXN7pyWDSGDSxAELRMdFkjDKSVNRxUgnFAT5LiNtd3yZ+u0HIiQN+L2ahKTnoyGnHsVIaalv7sEIOpRDx0dqJLGIb5PK1TG8PuqbZatqZYB/iZ2TMsjR6JvfziDAkU+4wgxJ2bWtUPViJBTFjCQlJ5IkRHiMhqSrKUc+kb04+0ECD7UygF4g9OMKZurvjhj5Uk58V1dmh857qfif142Ud96LKQ8jRTieLvIiBlUA0zjggAqCFZtogrCg+laIR0ggrHRoM1vS2UJ6MtHJ2PM5/CWtk6p9Wq3d1cr1izyjItgHB6ACbHAG6uAGNEATYPAInsELeDWejDfj3fiYlhaMvGcXzMD4/AHLV565</latexit>

u 2 L (E,F )
<latexit sha1_base64="9LOx+h/ZaPlcdXOYD0DVyruxzd4=">AAACFnicbVDLSsNAFJ3UV62vqBvBzWARKkhJpKjLohRcuKhgH9CEMplO2qGTSZiZCCXU7/AD3OonuBO3bv0Cf8NJmoWtHhg4nHNfc7yIUaks68soLC2vrK4V10sbm1vbO+buXluGscCkhUMWiq6HJGGUk5aiipFuJAgKPEY63vg69TsPREga8ns1iYgboCGnPsVIaalvHsAYOpRDJ0BqJLFIbqeVxilsnPTNslW1MsC/xM5JGeRo9s1vZxDiOCBcYYak7NlWpNwECUUxI9OSE0sSITxGQ9LTlKOASDfJfjCFx1oZQD8U+nEFM/V3R4ICKSeBpyuzQxe9VPzP68XKv3QTyqNYEY5ni/yYQRXCNA44oIJgxSaaICyovhXiERIIKx3a3JZ0tpC+nOpk7MUc/pL2WdU+r9buauX6VZ5RERyCI1ABNrgAdXADmqAFMHgEz+AFvBpPxpvxbnzMSgtG3rMP5mB8/gDJvZ64</latexit>

u 2 L (E,E)
<latexit sha1_base64="xaT1lKdIFB0xrFKIukf28nNxP9c=">AAACFnicbVDLSsNAFJ3UV62vqBvBzWARKkhJpKjLoiguXFSwD2hKmUwn7dDJJMxMhBLid/gBbvUT3Ilbt36Bv+EkzcJWDwwczrmvOW7IqFSW9WUUFhaXlleKq6W19Y3NLXN7pyWDSGDSxAELRMdFkjDKSVNRxUgnFAT5LiNtd3yZ+u0HIiQN+L2ahKTnoyGnHsVIaalv7sEIOpRDx0dqJLGIb5PK1TG8PuqbZatqZYB/iZ2TMsjR6JvfziDAkU+4wgxJ2bWtUPViJBTFjCQlJ5IkRHiMhqSrKUc+kb04+0ECD7UygF4g9OMKZurvjhj5Uk58V1dmh857qfif142Ud96LKQ8jRTieLvIiBlUA0zjggAqCFZtogrCg+laIR0ggrHRoM1vS2UJ6MtHJ2PM5/CWtk6p9Wq3d1cr1izyjItgHB6ACbHAG6uAGNEATYPAInsELeDWejDfj3fiYlhaMvGcXzMD4/AHLV565</latexit>

u 2 L (E,F ) <latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E
<latexit sha1_base64="UOUV/CpYy4PgVNs6bkvy1VPdoN4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BQTwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZ1fjNM=</latexit>

F
<latexit sha1_base64="9LOx+h/ZaPlcdXOYD0DVyruxzd4=">AAACFnicbVDLSsNAFJ3UV62vqBvBzWARKkhJpKjLohRcuKhgH9CEMplO2qGTSZiZCCXU7/AD3OonuBO3bv0Cf8NJmoWtHhg4nHNfc7yIUaks68soLC2vrK4V10sbm1vbO+buXluGscCkhUMWiq6HJGGUk5aiipFuJAgKPEY63vg69TsPREga8ns1iYgboCGnPsVIaalvHsAYOpRDJ0BqJLFIbqeVxilsnPTNslW1MsC/xM5JGeRo9s1vZxDiOCBcYYak7NlWpNwECUUxI9OSE0sSITxGQ9LTlKOASDfJfjCFx1oZQD8U+nEFM/V3R4ICKSeBpyuzQxe9VPzP68XKv3QTyqNYEY5ni/yYQRXCNA44oIJgxSaaICyovhXiERIIKx3a3JZ0tpC+nOpk7MUc/pL2WdU+r9buauX6VZ5RERyCI1ABNrgAdXADmqAFMHgEz+AFvBpPxpvxbnzMSgtG3rMP5mB8/gDJvZ64</latexit>

u 2 L (E,E)
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Proposition 2.1.9 
 et  sont isomorphes  .

<latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E
<latexit sha1_base64="UOUV/CpYy4PgVNs6bkvy1VPdoN4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BQTwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZ1fjNM=</latexit>

F
<latexit sha1_base64="rh2nstNDdQgpZZS9ZQqWFTl8BEQ=">AAAB/HicbVBNS8NAEN3Ur1q/oj16CRbBU0lE1GPRiwcPFewHtKFstpt06WY37E6UEOpf8eJBEa/+EG/+G7dtDtr6YODx3gwz84KEMw2u+22VVlbX1jfKm5Wt7Z3dPXv/oK1lqghtEcml6gZYU84EbQEDTruJojgOOO0E4+up33mgSjMp7iFLqB/jSLCQEQxGGtjV/q0UEachKBaNACslHwd2za27MzjLxCtIDRVoDuyv/lCSNKYCCMda9zw3AT/HChjhdFLpp5ommIxxRHuGChxT7eez4yfOsVGGTiiVKQHOTP09keNY6ywOTGeMYaQXvan4n9dLIbz0cyaSFKgg80Vhyh2QzjQJZ8gUJcAzQzBRzNzqkBFWmIDJq2JC8BZfXibt07p3Xj+7O6s1roo4yugQHaET5KEL1EA3qIlaiKAMPaNX9GY9WS/Wu/Uxby1ZxUwV/YH1+QN5uZVS</latexit>()

<latexit sha1_base64="K+vecyvIqjlUYVqsXpF0JP95HXg=">AAACGnicbVDLSgMxFM3UV62vUZe6CBbBVZmRom6EoiguK9gHtKVk0kwbmswMyR2xDN34HX6AW/0Ed+LWjV/gb5hpu+jDA4GTc+4jOV4kuAbH+bEyS8srq2vZ9dzG5tb2jr27V9VhrCir0FCEqu4RzQQPWAU4CFaPFCPSE6zm9a9Tv/bIlOZh8ACDiLUk6Qbc55SAkdr2YRPYEyQdLvEQ3+BLPHW/bdt5p+CMgBeJOyF5NEG5bf82OyGNJQuACqJ1w3UiaCVEAaeCDXPNWLOI0D7psoahAZFMt5LRL4b42Cgd7IfKnADwSJ3uSIjUeiA9UykJ9PS8l4r/eY0Y/ItWwoMoBhbQ8SI/FhhCnEaCO1wxCmJgCKGKm7di2iOKUDDBzWxJZyvt66FJxp3PYZFUTwvuWaF4X8yXriYZZdEBOkInyEXnqITuUBlVEEXP6BW9oXfrxfqwPq2vcWnGmvTsoxlY3385gaEt</latexit>

dim E = dim F

Démonstration : Soit  un isomorphisme, donc  bijective. D’après 
Proposition 2.1.8, l’image par  d’une base de  est une base de . Ces bases ont le même 
cardinal alors on a l’égalité de des dimensions de  et . 
La réciproque (voir exercice A.2.11.). Ceci termine la démonstration. 

<latexit sha1_base64="xaT1lKdIFB0xrFKIukf28nNxP9c=">AAACFnicbVDLSsNAFJ3UV62vqBvBzWARKkhJpKjLoiguXFSwD2hKmUwn7dDJJMxMhBLid/gBbvUT3Ilbt36Bv+EkzcJWDwwczrmvOW7IqFSW9WUUFhaXlleKq6W19Y3NLXN7pyWDSGDSxAELRMdFkjDKSVNRxUgnFAT5LiNtd3yZ+u0HIiQN+L2ahKTnoyGnHsVIaalv7sEIOpRDx0dqJLGIb5PK1TG8PuqbZatqZYB/iZ2TMsjR6JvfziDAkU+4wgxJ2bWtUPViJBTFjCQlJ5IkRHiMhqSrKUc+kb04+0ECD7UygF4g9OMKZurvjhj5Uk58V1dmh857qfif142Ud96LKQ8jRTieLvIiBlUA0zjggAqCFZtogrCg+laIR0ggrHRoM1vS2UJ6MtHJ2PM5/CWtk6p9Wq3d1cr1izyjItgHB6ACbHAG6uAGNEATYPAInsELeDWejDfj3fiYlhaMvGcXzMD4/AHLV565</latexit>

u 2 L (E,F ) <latexit sha1_base64="uSKr5/nEtGyBhzZLXssCtwGWCfQ=">AAAB/XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFNy5bsA9oh5JJ77ShmQdJRihD8QPc6ie4E7d+i1/gb5hpZ2FbDwQO59xXjhcLrrRtf1uFjc2t7Z3ibmlv/+DwqHx80lZRIhm2WCQi2fWoQsFDbGmuBXZjiTTwBHa8yX3md55QKh6Fj3oaoxvQUch9zqg2UjMZlCt21Z6DrBMnJxXI0RiUf/rDiCUBhpoJqlTPsWPtplRqzgTOSv1EYUzZhI6wZ2hIA1RuOj90Ri6MMiR+JM0LNZmrfztSGig1DTxTGVA9VqteJv7n9RLt37opD+NEY8gWi/xEEB2R7NdkyCUyLaaGUCa5uZWwMZWUaZPN0pZstlS+mplknNUc1kn7qupcV2vNWqV+l2dUhDM4h0tw4Abq8AANaAEDhBd4hTfr2Xq3PqzPRWnByntOYQnW1y/zh5ZV</latexit>u
<latexit sha1_base64="uSKr5/nEtGyBhzZLXssCtwGWCfQ=">AAAB/XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFNy5bsA9oh5JJ77ShmQdJRihD8QPc6ie4E7d+i1/gb5hpZ2FbDwQO59xXjhcLrrRtf1uFjc2t7Z3ibmlv/+DwqHx80lZRIhm2WCQi2fWoQsFDbGmuBXZjiTTwBHa8yX3md55QKh6Fj3oaoxvQUch9zqg2UjMZlCt21Z6DrBMnJxXI0RiUf/rDiCUBhpoJqlTPsWPtplRqzgTOSv1EYUzZhI6wZ2hIA1RuOj90Ri6MMiR+JM0LNZmrfztSGig1DTxTGVA9VqteJv7n9RLt37opD+NEY8gWi/xEEB2R7NdkyCUyLaaGUCa5uZWwMZWUaZPN0pZstlS+mplknNUc1kn7qupcV2vNWqV+l2dUhDM4h0tw4Abq8AANaAEDhBd4hTfr2Xq3PqzPRWnByntOYQnW1y/zh5ZV</latexit>u

<latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E
<latexit sha1_base64="UOUV/CpYy4PgVNs6bkvy1VPdoN4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BQTwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZ1fjNM=</latexit>

F
<latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E
<latexit sha1_base64="UOUV/CpYy4PgVNs6bkvy1VPdoN4=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BQTwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZ1fjNM=</latexit>

F

Proposition 2.1.10 
Si  est un isomorphisme alors  est un isomorphisme.<latexit sha1_base64="uSKr5/nEtGyBhzZLXssCtwGWCfQ=">AAAB/XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFNy5bsA9oh5JJ77ShmQdJRihD8QPc6ie4E7d+i1/gb5hpZ2FbDwQO59xXjhcLrrRtf1uFjc2t7Z3ibmlv/+DwqHx80lZRIhm2WCQi2fWoQsFDbGmuBXZjiTTwBHa8yX3md55QKh6Fj3oaoxvQUch9zqg2UjMZlCt21Z6DrBMnJxXI0RiUf/rDiCUBhpoJqlTPsWPtplRqzgTOSv1EYUzZhI6wZ2hIA1RuOj90Ri6MMiR+JM0LNZmrfztSGig1DTxTGVA9VqteJv7n9RLt37opD+NEY8gWi/xEEB2R7NdkyCUyLaaGUCa5uZWwMZWUaZPN0pZstlS+mplknNUc1kn7qupcV2vNWqV+l2dUhDM4h0tw4Abq8AANaAEDhBd4hTfr2Xq3PqzPRWnByntOYQnW1y/zh5ZV</latexit>u

<latexit sha1_base64="4PMGFpuiMeNjIwIeu7BH17HxvTo=">AAACAnicbVC7TsMwFL0pr1JeBUYWiwqJhSpBFTBWsDAWiT6kNlSO67SmjhPZDlIVdeMDWOET2BArP8IX8Bs4aQbaciRLR+fcl48Xcaa0bX9bhZXVtfWN4mZpa3tnd6+8f9BSYSwJbZKQh7LjYUU5E7Spmea0E0mKA4/Ttje+Sf32E5WKheJeTyLqBngomM8I1kZqxQ/JmTPtlyt21c6AlomTkwrkaPTLP71BSOKACk04Vqrr2JF2Eyw1I5xOS71Y0QiTMR7SrqECB1S5SXbtFJ0YZYD8UJonNMrUvx0JDpSaBJ6pDLAeqUUvFf/zurH2r9yEiSjWVJDZIj/mSIco/ToaMEmJ5hNDMJHM3IrICEtMtAlobks6Wypfpck4izksk9Z51bmo1u5qlfp1nlERjuAYTsGBS6jDLTSgCQQe4QVe4c16tt6tD+tzVlqw8p5DmIP19QtrBZg7</latexit>

u�1

Démonstration :  est un isomorphisme alors  est bijective et donc  est bijective aussi. 
Il suffit donc de montrer que  est linéaire.  

Soient  alors . 
On obtient 

.  
De même on montre que  

<latexit sha1_base64="uSKr5/nEtGyBhzZLXssCtwGWCfQ=">AAAB/XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFNy5bsA9oh5JJ77ShmQdJRihD8QPc6ie4E7d+i1/gb5hpZ2FbDwQO59xXjhcLrrRtf1uFjc2t7Z3ibmlv/+DwqHx80lZRIhm2WCQi2fWoQsFDbGmuBXZjiTTwBHa8yX3md55QKh6Fj3oaoxvQUch9zqg2UjMZlCt21Z6DrBMnJxXI0RiUf/rDiCUBhpoJqlTPsWPtplRqzgTOSv1EYUzZhI6wZ2hIA1RuOj90Ri6MMiR+JM0LNZmrfztSGig1DTxTGVA9VqteJv7n9RLt37opD+NEY8gWi/xEEB2R7NdkyCUyLaaGUCa5uZWwMZWUaZPN0pZstlS+mplknNUc1kn7qupcV2vNWqV+l2dUhDM4h0tw4Abq8AANaAEDhBd4hTfr2Xq3PqzPRWnByntOYQnW1y/zh5ZV</latexit>u <latexit sha1_base64="uSKr5/nEtGyBhzZLXssCtwGWCfQ=">AAAB/XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFNy5bsA9oh5JJ77ShmQdJRihD8QPc6ie4E7d+i1/gb5hpZ2FbDwQO59xXjhcLrrRtf1uFjc2t7Z3ibmlv/+DwqHx80lZRIhm2WCQi2fWoQsFDbGmuBXZjiTTwBHa8yX3md55QKh6Fj3oaoxvQUch9zqg2UjMZlCt21Z6DrBMnJxXI0RiUf/rDiCUBhpoJqlTPsWPtplRqzgTOSv1EYUzZhI6wZ2hIA1RuOj90Ri6MMiR+JM0LNZmrfztSGig1DTxTGVA9VqteJv7n9RLt37opD+NEY8gWi/xEEB2R7NdkyCUyLaaGUCa5uZWwMZWUaZPN0pZstlS+mplknNUc1kn7qupcV2vNWqV+l2dUhDM4h0tw4Abq8AANaAEDhBd4hTfr2Xq3PqzPRWnByntOYQnW1y/zh5ZV</latexit>u
<latexit sha1_base64="4PMGFpuiMeNjIwIeu7BH17HxvTo=">AAACAnicbVC7TsMwFL0pr1JeBUYWiwqJhSpBFTBWsDAWiT6kNlSO67SmjhPZDlIVdeMDWOET2BArP8IX8Bs4aQbaciRLR+fcl48Xcaa0bX9bhZXVtfWN4mZpa3tnd6+8f9BSYSwJbZKQh7LjYUU5E7Spmea0E0mKA4/Ttje+Sf32E5WKheJeTyLqBngomM8I1kZqxQ/JmTPtlyt21c6AlomTkwrkaPTLP71BSOKACk04Vqrr2JF2Eyw1I5xOS71Y0QiTMR7SrqECB1S5SXbtFJ0YZYD8UJonNMrUvx0JDpSaBJ6pDLAeqUUvFf/zurH2r9yEiSjWVJDZIj/mSIco/ToaMEmJ5hNDMJHM3IrICEtMtAlobks6Wypfpck4izksk9Z51bmo1u5qlfp1nlERjuAYTsGBS6jDLTSgCQQe4QVe4c16tt6tD+tzVlqw8p5DmIP19QtrBZg7</latexit>

u�1
<latexit sha1_base64="4PMGFpuiMeNjIwIeu7BH17HxvTo=">AAACAnicbVC7TsMwFL0pr1JeBUYWiwqJhSpBFTBWsDAWiT6kNlSO67SmjhPZDlIVdeMDWOET2BArP8IX8Bs4aQbaciRLR+fcl48Xcaa0bX9bhZXVtfWN4mZpa3tnd6+8f9BSYSwJbZKQh7LjYUU5E7Spmea0E0mKA4/Ttje+Sf32E5WKheJeTyLqBngomM8I1kZqxQ/JmTPtlyt21c6AlomTkwrkaPTLP71BSOKACk04Vqrr2JF2Eyw1I5xOS71Y0QiTMR7SrqECB1S5SXbtFJ0YZYD8UJonNMrUvx0JDpSaBJ6pDLAeqUUvFf/zurH2r9yEiSjWVJDZIj/mSIco/ToaMEmJ5hNDMJHM3IrICEtMtAlobks6Wypfpck4izksk9Z51bmo1u5qlfp1nlERjuAYTsGBS6jDLTSgCQQe4QVe4c16tt6tD+tzVlqw8p5DmIP19QtrBZg7</latexit>

u�1
<latexit sha1_base64="2jGeK+LQOI8brV7A99I6wdE9ON8=">AAACFXicbZDLSgMxFIYz9VbrbdSFC0WCRXQhZUZEXRYFcdmCvUBbSibNtKGZzJBkCsMwS5/BB3Cr+27ciVvXPoELX8JM24VtPRD4+P9zcpLfCRiVyrK+jMzC4tLySnY1t7a+sbllbu9UpR8KTCrYZ76oO0gSRjmpKKoYqQeCIM9hpOb0b1O/NiBCUp8/qCggLQ91OXUpRkpLbXOvOSA4jpIzOIaTBDYph3dtM28VrFHBebAnkC8eDMs/j4fDUtv8bnZ8HHqEK8yQlA3bClQrRkJRzEiSa4aSBAj3UZc0NHLkEdmKRx9I4LFWOtD1hT5cwZH6dyJGnpSR5+hOD6menPVS8T+vESr3uhVTHoSKcDxe5IYMKh+macAOFQQrFmlAWFD9Voh7SCCsdGZTW9K7hXRlopOxZ3OYh+p5wb4sXJR1RDdgXFmwD47AKbDBFSiCe1ACFYBBAp7BC3g1now34934GLdmjMnMLpgq4/MXr+2i1g==</latexit>

~y, ~y0 2 F
<latexit sha1_base64="XPCjOm1rBO2TCqQyvO2wi9nklYc="></latexit>

9!~x, ~x0 2 E tels que ~y = u(~x) et ~y0 = u(~x0)
<latexit sha1_base64="45BithrLVc/cl/W5f50hKApFnlc="></latexit>

u�1(~y + ~y0) = u�1
�
u(~x) + u(~x0

�

= u�1
�
u(~x+ ~x0)

�

= (u�1 � u)(~x+ ~x0)

= ~x+ ~x0 = u�1(~y) + u�1(~y0)
<latexit sha1_base64="uZtvR8jLjiJcAcF9Txbl2pzHziY=">AAACL3icbVDLSsNAFJ34rPUVdelmsAh1YUmkqBuh6MZlBfuAJpbJZNIOnTyYmRRCyHf4HX6AW/0EcSPuxL9w0kawrQcGDuecO3fmOBGjQhrGu7a0vLK6tl7aKG9ube/s6nv7bRHGHJMWDlnIuw4ShNGAtCSVjHQjTpDvMNJxRje53xkTLmgY3MskIraPBgH1KEZSSX3dLMcP6amZVS2mhlxkjQlOk+wEXsFCgb+BwunrFaNmTAAXiVmQCijQ7Otflhvi2CeBxAwJ0TONSNop4pJiRrKyFQsSITxCA9JTNEA+EXY6+VoGj5XiQi/k6gQSTtS/EynyhUh8RyV9JIdi3svF/7xeLL1LO6VBFEsS4OkiL2ZQhjDvCbqUEyxZogjCnKq3QjxEHGGp2pzZkt/NhScy1Yw538MiaZ/VzPNa/a5eaVwXHZXAITgCVWCCC9AAt6AJWgCDR/AMXsCr9qS9aR/a5zS6pBUzB2AG2vcPswapHA==</latexit>

u�1(�~y) = �u�1(~y)
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2.1.10 Isomorphismes entre  et <latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E
<latexit sha1_base64="oSWLeKNnFieaJwb68LKXQ2DEUfU=">AAAB/3icbVDLSsNAFL2pr1pfUZduBovgqiRS1GXRjeCmon1AG8tkOmmHTiZhZiKU0IUf4FY/wZ249VP8An/DSZuFbT0wcDjnvub4MWdKO863VVhZXVvfKG6WtrZ3dvfs/YOmihJJaINEPJJtHyvKmaANzTSn7VhSHPqctvzRdea3nqhULBIPehxTL8QDwQJGsDbS/e2j6Nllp+JMgZaJm5My5Kj37J9uPyJJSIUmHCvVcZ1YeymWmhFOJ6VuomiMyQgPaMdQgUOqvHR66gSdGKWPgkiaJzSaqn87UhwqNQ59UxliPVSLXib+53USHVx6KRNxoqkgs0VBwpGOUPZv1GeSEs3HhmAimbkVkSGWmGiTztyWbLZUgZqYZNzFHJZJ86zinleqd9Vy7SrPqAhHcAyn4MIF1OAG6tAAAgN4gVd4s56td+vD+pyVFqy85xDmYH39AkFflws=</latexit>

Kn

Soit  un espace vectoriel de dimension , muni d’une base  
alors pour tout  ses composantes dans la base  sont uniques, on a : 

 
On définit l’application linéaire  par  : 

. 
L’application  dépend de la base  choisie. 

<latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E <latexit sha1_base64="kuvqsFNbjEvULVMnkk4XIG+iKgw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpuyXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH2f+M+w==</latexit>n
<latexit sha1_base64="eZCywb+1cuCW/LpVCIlYXU7Tb3I=">AAACIXicbZDLSgMxFIYzXmu9jbp0EyyCCykzpWg3QlEElxXsBTqlZNLTNjSTGZJMoQzzKm58FTcuFOlOfBnTi6itPwQ+/nMOJ+f3I86UdpwPa2V1bX1jM7OV3d7Z3du3Dw5rKowlhSoNeSgbPlHAmYCqZppDI5JAAp9D3R/cTOr1IUjFQvGgRxG0AtITrMso0cZq2yUvILpPCU9uU3zlJd4QaAJp2z3H31gwyDuhVj+W8NK2nXPyzlR4Gdw55NBclbY99johjQMQmnKiVNN1It1KiNSMckizXqwgInRAetA0KEgAqpVML0zxqXE6uBtK84TGU/f3REICpUaBbzon96jF2sT8r9aMdbfUSpiIYg2CzhZ1Y451iCdx4Q6TQDUfGSBUMvNXTPtEEqpNqFkTgrt48jLUCnn3Il+8L+bK1/M4MugYnaAz5KJLVEZ3qIKqiKJH9Ixe0Zv1ZL1Y79Z41rpizWeO0B9Zn19MjKOd</latexit>

E = {~e1,~e2, . . . ,~en}
<latexit sha1_base64="fIlTysAPD5xETMEBGrhzXRT9Bck=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwVRIRdWdRBJcV7APaUCbTm3boZBJnJsUS8gV+gFv9BHfi1q/wC/wGd07TLmzrgQuHc+6L40WcKW3bX1ZuaXlldS2/XtjY3NreKe7u1VUYSwo1GvJQNj2igDMBNc00h2YkgQQeh4Y3uB77jSFIxUJxr0cRuAHpCeYzSrSR3PYQaPKY4jYT+KZTLNllOwNeJM6UlC5//AzVTvG73Q1pHIDQlBOlWo4daTchUjPKIS20YwURoQPSg5ahggSg3CR7OsVHRuliP5SmhMaZ+nciIYFSo8AznQHRfTXvjcX/vFas/Qs3YSKKNQg6OeTHHOsQjxPAXSaBaj4yhFDJzK+Y9okkVJucZq6Md0vlq9Qk48znsEjqJ2XnrHx6Z5cqV2iCPDpAh+gYOegcVdAtqqIaougBPaMX9Go9WW/Wu/Uxac1Z05l9NAPr8xfVk56y</latexit>

~x 2 E
<latexit sha1_base64="ahMPg5nq7UjoShY2KnpYS2QNXL8=">AAACB3icbVDLSgMxFL1TX3V8VV26CRbBVZkRUTdiUQSXFewD2qFk0kwbmskMSUYoQz/AD3CrCz/Anbh15SeIX+BvmGm7sK0HAodz7uPk+jFnSjvOt5VbWFxaXsmv2mvrG5tbhe2dmooSSWiVRDySDR8rypmgVc00p41YUhz6nNb9/lXm1++pVCwSd3oQUy/EXcECRrA2UrMVYt0jmKfXw3ah6JScEdA8cSekePFpn8cvX3alXfhpdSKShFRowrFSTdeJtZdiqRnhdGi3EkVjTPq4S5uGChxS5aWjyEN0YJQOCiJpntBopP7tSHGo1CD0TWUWUc16mfif10x0cOalTMSJpoKMFwUJRzpC2f9Rh0lKNB8YgolkJisiPSwx0eZKU1uy2VIFKruMO3uHeVI7KrknpeNbp1i+hDHysAf7cAgunEIZbqACVSAQwSM8wbP1YL1ab9b7uDRnTXp2YQrWxy+Az530</latexit>

E
<latexit sha1_base64="huj2hVr7utKHqg+Uy5TX2DNN2cg=">AAACEnicbVA9SwNBEN3zM8avqKXNYhC0CXcS1CYQtLGMYD4gF4+9zSRZsrd37O4Fw3G/wca/YmOhiK2Vnf/GzSWFJj4YeLw3w8w8P+JMadv+tpaWV1bX1nMb+c2t7Z3dwt5+Q4WxpFCnIQ9lyycKOBNQ10xzaEUSSOBzaPrD64nfHIFULBR3ehxBJyB9wXqMEm0kr3DqjoAmDymuYFfFgZewipPeC+wSHg2Ix3DmQ+oxr1C0S3YGvEicGSmiGWpe4cvthjQOQGjKiVJtx450JyFSM8ohzbuxgojQIelD21BBAlCdJHspxcdG6eJeKE0JjTP190RCAqXGgW86A6IHat6biP957Vj3LjsJE1GsQdDpol7MsQ7xJB/cZRKo5mNDCJXM3IrpgEhCtUkxb0Jw5l9eJI2zknNeKt+Wi9WrWRw5dIiO0Aly0AWqohtUQ3VE0SN6Rq/ozXqyXqx362PaumTNZg7QH1ifP+8Knak=</latexit>

~x =
nX

i=1

↵i~ei
<latexit sha1_base64="oCFvCgabRZYfRNrioxQ41DIVyjU=">AAACGXicbVDLSsNAFJ3UV62vqstuBotQQUoiRV0WRRB0UcE+oIllMp20QyeTMDMRSsjC7/AD3OonuBO3rvwCf8NJm4VtPTBwOOe+5rgho1KZ5reRW1peWV3Lrxc2Nre2d4q7ey0ZRAKTJg5YIDoukoRRTpqKKkY6oSDIdxlpu6PL1G8/EiFpwO/VOCSOjwacehQjpaVesWSHQ2pTDm0fqaHEIr5NKlfH8OaBH/WKZbNqTgAXiZWRMsjQ6BV/7H6AI59whRmSsmuZoXJiJBTFjCQFO5IkRHiEBqSrKUc+kU48+UQCD7XSh14g9OMKTtS/HTHypRz7rq6cnDrvpeJ/XjdS3rkTUx5GinA8XeRFDKoAponAPhUEKzbWBGFB9a0QD5FAWOncZraks4X0ZKKTseZzWCStk6p1Wq3d1cr1iyyjPCiBA1ABFjgDdXANGqAJMHgCL+AVvBnPxrvxYXxOS3NG1rMPZmB8/QIi5qCQ</latexit>

� 2 L (E,Kn)
<latexit sha1_base64="Y3dcocyx9aGokmkQ4FrKxPGhTsc="></latexit>

8~x 2 E,�(~x) = (↵1,↵2, . . . ,↵n)
<latexit sha1_base64="oCFvCgabRZYfRNrioxQ41DIVyjU=">AAACGXicbVDLSsNAFJ3UV62vqstuBotQQUoiRV0WRRB0UcE+oIllMp20QyeTMDMRSsjC7/AD3OonuBO3rvwCf8NJm4VtPTBwOOe+5rgho1KZ5reRW1peWV3Lrxc2Nre2d4q7ey0ZRAKTJg5YIDoukoRRTpqKKkY6oSDIdxlpu6PL1G8/EiFpwO/VOCSOjwacehQjpaVesWSHQ2pTDm0fqaHEIr5NKlfH8OaBH/WKZbNqTgAXiZWRMsjQ6BV/7H6AI59whRmSsmuZoXJiJBTFjCQFO5IkRHiEBqSrKUc+kU48+UQCD7XSh14g9OMKTtS/HTHypRz7rq6cnDrvpeJ/XjdS3rkTUx5GinA8XeRFDKoAponAPhUEKzbWBGFB9a0QD5FAWOncZraks4X0ZKKTseZzWCStk6p1Wq3d1cr1iyyjPCiBA1ABFjgDdXANGqAJMHgCL+AVvBnPxrvxYXxOS3NG1rMPZmB8/QIi5qCQ</latexit>

� 2 L (E,Kn) <latexit sha1_base64="ahMPg5nq7UjoShY2KnpYS2QNXL8=">AAACB3icbVDLSgMxFL1TX3V8VV26CRbBVZkRUTdiUQSXFewD2qFk0kwbmskMSUYoQz/AD3CrCz/Anbh15SeIX+BvmGm7sK0HAodz7uPk+jFnSjvOt5VbWFxaXsmv2mvrG5tbhe2dmooSSWiVRDySDR8rypmgVc00p41YUhz6nNb9/lXm1++pVCwSd3oQUy/EXcECRrA2UrMVYt0jmKfXw3ah6JScEdA8cSekePFpn8cvX3alXfhpdSKShFRowrFSTdeJtZdiqRnhdGi3EkVjTPq4S5uGChxS5aWjyEN0YJQOCiJpntBopP7tSHGo1CD0TWUWUc16mfif10x0cOalTMSJpoKMFwUJRzpC2f9Rh0lKNB8YgolkJisiPSwx0eZKU1uy2VIFKruMO3uHeVI7KrknpeNbp1i+hDHysAf7cAgunEIZbqACVSAQwSM8wbP1YL1ab9b7uDRnTXp2YQrWxy+Az530</latexit>

E

Théorème 2.1.4 
L’application  définie par  

 
est un isomorphisme de  sur . 

<latexit sha1_base64="oXvmygobROK9YkAXRDXVJRuPOdw=">AAACAHicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7APaoWTSTCc0kwlJRihDN36AW/0Ed+LWP/EL/A0z7Sxs64HA4Zz7ygkkZ9q47rdTWlvf2Nwqb1d2dvf2D6qHR22dpIrQFkl4oroB1pQzQVuGGU67UlEcB5x2gvFd7neeqNIsEY9mIqkf45FgISPY5FJfRmxQrbl1dwa0SryC1KBAc1D96Q8TksZUGMKx1j3PlcbPsDKMcDqt9FNNJSZjPKI9SwWOqfaz2a1TdGaVIQoTZZ8waKb+7chwrPUkDmxljE2kl71c/M/rpSa88TMmZGqoIPNFYcqRSVD+cTRkihLDJ5Zgopi9FZEIK0yMjWdhSz5b6VBPbTLecg6rpH1R967qlw+XtcZtkVEZTuAUzsGDa2jAPTShBQQieIFXeHOenXfnw/mcl5acoucYFuB8/QI96Zeb</latexit>

�
<latexit sha1_base64="Z4eGqO2h0Xt0+5nRI/aNlv/3uyc="></latexit>

~x 2 E 7! �(~x) = (↵1,↵2, . . . ,↵n) 2 Kn
<latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E
<latexit sha1_base64="oSWLeKNnFieaJwb68LKXQ2DEUfU=">AAAB/3icbVDLSsNAFL2pr1pfUZduBovgqiRS1GXRjeCmon1AG8tkOmmHTiZhZiKU0IUf4FY/wZ249VP8An/DSZuFbT0wcDjnvub4MWdKO863VVhZXVvfKG6WtrZ3dvfs/YOmihJJaINEPJJtHyvKmaANzTSn7VhSHPqctvzRdea3nqhULBIPehxTL8QDwQJGsDbS/e2j6Nllp+JMgZaJm5My5Kj37J9uPyJJSIUmHCvVcZ1YeymWmhFOJ6VuomiMyQgPaMdQgUOqvHR66gSdGKWPgkiaJzSaqn87UhwqNQ59UxliPVSLXib+53USHVx6KRNxoqkgs0VBwpGOUPZv1GeSEs3HhmAimbkVkSGWmGiTztyWbLZUgZqYZNzFHJZJ86zinleqd9Vy7SrPqAhHcAyn4MIF1OAG6tAAAgN4gVd4s56td+vD+pyVFqy85xDmYH39AkFflws=</latexit>

Kn

Comme pour tout  admet une décomposition unique sur la base , 
l’application  est bien définie. 
Démonstration : faire en exercice A.1.1

<latexit sha1_base64="fIlTysAPD5xETMEBGrhzXRT9Bck=">AAACCXicbVDLSsNAFJ3UV62vqks3g0VwVRIRdWdRBJcV7APaUCbTm3boZBJnJsUS8gV+gFv9BHfi1q/wC/wGd07TLmzrgQuHc+6L40WcKW3bX1ZuaXlldS2/XtjY3NreKe7u1VUYSwo1GvJQNj2igDMBNc00h2YkgQQeh4Y3uB77jSFIxUJxr0cRuAHpCeYzSrSR3PYQaPKY4jYT+KZTLNllOwNeJM6UlC5//AzVTvG73Q1pHIDQlBOlWo4daTchUjPKIS20YwURoQPSg5ahggSg3CR7OsVHRuliP5SmhMaZ+nciIYFSo8AznQHRfTXvjcX/vFas/Qs3YSKKNQg6OeTHHOsQjxPAXSaBaj4yhFDJzK+Y9okkVJucZq6Md0vlq9Qk48znsEjqJ2XnrHx6Z5cqV2iCPDpAh+gYOegcVdAtqqIaougBPaMX9Go9WW/Wu/Uxac1Z05l9NAPr8xfVk56y</latexit>

~x 2 E
<latexit sha1_base64="ahMPg5nq7UjoShY2KnpYS2QNXL8=">AAACB3icbVDLSgMxFL1TX3V8VV26CRbBVZkRUTdiUQSXFewD2qFk0kwbmskMSUYoQz/AD3CrCz/Anbh15SeIX+BvmGm7sK0HAodz7uPk+jFnSjvOt5VbWFxaXsmv2mvrG5tbhe2dmooSSWiVRDySDR8rypmgVc00p41YUhz6nNb9/lXm1++pVCwSd3oQUy/EXcECRrA2UrMVYt0jmKfXw3ah6JScEdA8cSekePFpn8cvX3alXfhpdSKShFRowrFSTdeJtZdiqRnhdGi3EkVjTPq4S5uGChxS5aWjyEN0YJQOCiJpntBopP7tSHGo1CD0TWUWUc16mfif10x0cOalTMSJpoKMFwUJRzpC2f9Rh0lKNB8YgolkJisiPSwx0eZKU1uy2VIFKruMO3uHeVI7KrknpeNbp1i+hDHysAf7cAgunEIZbqACVSAQwSM8wbP1YL1ab9b7uDRnTXp2YQrWxy+Az530</latexit>

E
<latexit sha1_base64="oXvmygobROK9YkAXRDXVJRuPOdw=">AAACAHicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7APaoWTSTCc0kwlJRihDN36AW/0Ed+LWP/EL/A0z7Sxs64HA4Zz7ygkkZ9q47rdTWlvf2Nwqb1d2dvf2D6qHR22dpIrQFkl4oroB1pQzQVuGGU67UlEcB5x2gvFd7neeqNIsEY9mIqkf45FgISPY5FJfRmxQrbl1dwa0SryC1KBAc1D96Q8TksZUGMKx1j3PlcbPsDKMcDqt9FNNJSZjPKI9SwWOqfaz2a1TdGaVIQoTZZ8waKb+7chwrPUkDmxljE2kl71c/M/rpSa88TMmZGqoIPNFYcqRSVD+cTRkihLDJ5Zgopi9FZEIK0yMjWdhSz5b6VBPbTLecg6rpH1R967qlw+XtcZtkVEZTuAUzsGDa2jAPTShBQQieIFXeHOenXfnw/mcl5acoucYFuB8/QI96Zeb</latexit>

�
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2.1.11 Formes linéaire

Définition (forme linéaire) 
On appelle  une forme linéaire sur  une application linéaire de  dans , 
i.e. . 

<latexit sha1_base64="Dj96JhijXyqQ1LF4s6VoJbVKYLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5JuNAg==</latexit>u
<latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E
<latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E
<latexit sha1_base64="mCvtupUGK6M7BaUschliAut8kVs=">AAAB/XicbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl0I7hpwT6gDWUyvWmHTiZhZiKUUPwAt/oJ7sSt3+IX+BtO2ixs64GBwzn3NcePOVPacb6twtr6xuZWcbu0s7u3f1A+PGqpKJEUmzTikez4RCFnApuaaY6dWCIJfY5tf3yX+e0nlIpF4lFPYvRCMhQsYJRoIzUe+uWKU3VmsFeJm5MK5Kj3yz+9QUSTEIWmnCjVdZ1YeymRmlGO01IvURgTOiZD7BoqSIjKS2eHTu0zowzsIJLmCW3P1L8dKQmVmoS+qQyJHqllLxP/87qJDm68lIk40SjofFGQcFtHdvZre8AkUs0nhhAqmbnVpiMiCdUmm4Ut2WypAjU1ybjLOayS1kXVvapeNi4rtds8oyKcwCmcgwvXUIN7qEMTKCC8wCu8Wc/Wu/Vhfc5LC1becwwLsL5+AbBtlis=</latexit>

K
<latexit sha1_base64="UV77NKYKfknqZMrv8KRpJrz7Nj0=">AAACFHicbVDLSsNAFJ3UV62vqODGzWARKkhJpKjLogiCLirYBzSlTKaTduhkEmYmQon5DT/ArX6CO3Hr3i/wN5ykWdjqgYHDOffOPRw3ZFQqy/oyCguLS8srxdXS2vrG5pa5vdOSQSQwaeKABaLjIkkY5aSpqGKkEwqCfJeRtju+TP32AxGSBvxeTULS89GQU49ipLTUN/cih3Lo+EiNJBbxbVK5OoY3R32zbFWtDPAvsXNSBjkaffPbGQQ48glXmCEpu7YVql6MhKKYkaTkRJKECI/RkHQ15cgnshdn+RN4qJUB9AKhH1cwU39vxMiXcuK7ejILOu+l4n9eN1LeeS+mPIwU4Xh6yIsYVAFMy4ADKghWbKIJwoLqrBCPkEBY6cpmrqR/C+nJRDdjz/fwl7ROqvZptXZXK9cv8o6KYB8cgAqwwRmog2vQAE2AwSN4Bi/g1Xgy3ox342M6WjDynV0wA+PzBxyenmo=</latexit>

u 2 L (E,K)

Exemples :  
1. Soient  et l’application 

. 
2. Soit  l’ensemble des fonctions continues sur . On définit, 
pour tout  

. 
 une forme linéaire sur .

<latexit sha1_base64="mEmBd5H4R6kqD8NAiDW5qhmvkNo=">AAACHXicbVDLSsNAFJ3UV62vqEsXDhbBRSmJFHVZdOOyin1AE8JkMmmHTiZhZiKU0KXf4Qe41U9wJ27FL/A3nLRZ2NYDFw7n3Dv3zvETRqWyrG+jtLK6tr5R3qxsbe/s7pn7Bx0ZpwKTNo5ZLHo+koRRTtqKKkZ6iSAo8hnp+qOb3O8+EiFpzB/UOCFuhAachhQjpSXPPEaeXYMOC2IlaxB5HDpUV4TU0Pez+4lnVq26NQVcJnZBqqBAyzN/nCDGaUS4wgxJ2betRLkZEopiRiYVJ5UkQXiEBqSvKUcRkW42/cgEnmolgGEsdHEFp+rfiQxFUo4jX3fmF8pFLxf/8/qpCq/cjPIkVYTj2aIwZVDFME8FBlQQrNhYE4QF1bdCPEQCYaWzm9uSvy1kKPNk7MUclknnvG5f1Bt3jWrzusioDI7ACTgDNrgETXALWqANMHgCL+AVvBnPxrvxYXzOWktGMXMI5mB8/QLSlaH9</latexit>

a1, . . . , an 2 R
<latexit sha1_base64="cnNQt9twGZcQHRxzlCTZWQX2R1w="></latexit>

u(~x) = u(x1, x2, . . . , xn) = a1x1 + a2x2 + · · ·+ anxn
<latexit sha1_base64="9zVy+nfUmP1xJtWpE9UiLlFMyT8=">AAACEHicbVDNSsNAGNzUv1r/Yj16WSxCBSmJFPVY7MVjBVsLaSib7aZdutmE3Y1YQl7CB/Cqj+BNvPoGPoGv4SbNwbYOLAwz37ffMF7EqFSW9W2U1tY3NrfK25Wd3b39A/Ow2pNhLDDp4pCFou8hSRjlpKuoYqQfCYICj5EHb9rO/IdHIiQN+b2aRcQN0JhTn2KktDQ0q4MAqYnEImmndcc6t92zoVmzGlYOuErsgtRAgc7Q/BmMQhwHhCvMkJSObUXKTZBQFDOSVgaxJBHCUzQmjqYcBUS6SZ49hadaGUE/FPpxBXP170aCAilngacn86TLXib+5zmx8q/dhPIoVoTj+SE/ZlCFMCsCjqggWLGZJggLqrNCPEECYaXrWriS/S2kL1PdjL3cwyrpXTTsy0bzrllr3RQdlcExOAF1YIMr0AK3oAO6AIMn8AJewZvxbLwbH8bnfLRkFDtHYAHG1y8r/pza</latexit>

C ([0, 1])
<latexit sha1_base64="Bo6V5QPC2poVcP5tlioynlAoiI0=">AAACAXicbVDLSsNAFL2pr1pfVZduBovgQkoiRV0W3bisYNpCGspkOmmHTiZhZiKU0JUf4FY/wZ249Uv8An/DSZuFbT0wcDjnvuYECWdK2/a3VVpb39jcKm9Xdnb39g+qh0dtFaeSUJfEPJbdACvKmaCuZprTbiIpjgJOO8H4Lvc7T1QqFotHPUmoH+GhYCEjWBvJ9ewLx+9Xa3bdngGtEqcgNSjQ6ld/eoOYpBEVmnCslOfYifYzLDUjnE4rvVTRBJMxHlLPUIEjqvxsduwUnRllgMJYmic0mql/OzIcKTWJAlMZYT1Sy14u/ud5qQ5v/IyJJNVUkPmiMOVIxyj/ORowSYnmE0MwkczcisgIS0y0yWdhSz5bqlBNTTLOcg6rpH1Zd67qjYdGrXlbZFSGEziFc3DgGppwDy1wgQCDF3iFN+vZerc+rM95ackqeo5hAdbXL9Zql00=</latexit>

[0, 1]
<latexit sha1_base64="/ocCoIt+QsujOyZeybtW3e98CWs=">AAACFnicbVDLSsNAFJ3UV62vqBvBzWARKkhJpKjLYjcuK9gHJKFMppN26GQSZiZCCfE7/AC3+gnuxK1bv8DfcNJmYasHBg7n3NccP2ZUKsv6Mkorq2vrG+XNytb2zu6euX/QlVEiMOngiEWi7yNJGOWko6hipB8LgkKfkZ4/aeV+74EISSN+r6Yx8UI04jSgGCktDcyjALqUQzdEaiyxSFtZzbHObe9sYFatujUD/EvsglRBgfbA/HaHEU5CwhVmSErHtmLlpUgoihnJKm4iSYzwBI2IoylHIZFeOvtBBk+1MoRBJPTjCs7U3x0pCqWchr6unF267OXif56TqODaSymPE0U4ni8KEgZVBPM44JAKghWbaoKwoPpWiMdIIKx0aAtb8tlCBjLTydjLOfwl3Yu6fVlv3DWqzZsiozI4BiegBmxwBZrgFrRBB2DwCJ7BC3g1now34934mJeWjKLnECzA+PwBJXme7w==</latexit>

f 2 C ([0, 1])
<latexit sha1_base64="YW/PWZSINWrkgj+mQXcmgzKycXk=">AAACF3icbVDLSgMxFM3UV62vqitxEyxCuykzUtSNUHTjsoJ9QDuWTJppQzOZIbkjlKH4HX6AW/0Ed+LWpV/gb5hpu7CtBy4czrk3N/d4keAabPvbyqysrq1vZDdzW9s7u3v5/YOGDmNFWZ2GIlQtj2gmuGR14CBYK1KMBJ5gTW94k/rNR6Y0D+U9jCLmBqQvuc8pASN180dx0S/hK9zhErqJPX5wsF+EEu5BN1+wy/YEeJk4M1JAM9S6+Z9OL6RxwCRQQbRuO3YEbkIUcCrYONeJNYsIHZI+axsqScC0m0xOGONTo/SwHypTEvBE/TuRkEDrUeCZzoDAQC96qfif147Bv3QTLqMYmKTTRX4sMIQ4zQP3uGIUxMgQQhU3f8V0QBShYFKb25K+rbSvxyYZZzGHZdI4Kzvn5cpdpVC9nmWURcfoBBWRgy5QFd2iGqojip7QC3pFb9az9W59WJ/T1ow1mzlEc7C+fgHGSZ6q</latexit>

u(f) =

Z 1

0
f(t)dt

<latexit sha1_base64="Dj96JhijXyqQ1LF4s6VoJbVKYLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5JuNAg==</latexit>u
<latexit sha1_base64="9zVy+nfUmP1xJtWpE9UiLlFMyT8=">AAACEHicbVDNSsNAGNzUv1r/Yj16WSxCBSmJFPVY7MVjBVsLaSib7aZdutmE3Y1YQl7CB/Cqj+BNvPoGPoGv4SbNwbYOLAwz37ffMF7EqFSW9W2U1tY3NrfK25Wd3b39A/Ow2pNhLDDp4pCFou8hSRjlpKuoYqQfCYICj5EHb9rO/IdHIiQN+b2aRcQN0JhTn2KktDQ0q4MAqYnEImmndcc6t92zoVmzGlYOuErsgtRAgc7Q/BmMQhwHhCvMkJSObUXKTZBQFDOSVgaxJBHCUzQmjqYcBUS6SZ49hadaGUE/FPpxBXP170aCAilngacn86TLXib+5zmx8q/dhPIoVoTj+SE/ZlCFMCsCjqggWLGZJggLqrNCPEECYaXrWriS/S2kL1PdjL3cwyrpXTTsy0bzrllr3RQdlcExOAF1YIMr0AK3oAO6AIMn8AJewZvxbLwbH8bnfLRkFDtHYAHG1y8r/pza</latexit>

C ([0, 1])
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Théorème 2.1.5 
Soit  un espace vectoriel d’une base , et soit 

  une forme linéaire sur , alors il existe  éléments de , 
notés  tels que  on a  

. 

<latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E
<latexit sha1_base64="eZCywb+1cuCW/LpVCIlYXU7Tb3I=">AAACIXicbZDLSgMxFIYzXmu9jbp0EyyCCykzpWg3QlEElxXsBTqlZNLTNjSTGZJMoQzzKm58FTcuFOlOfBnTi6itPwQ+/nMOJ+f3I86UdpwPa2V1bX1jM7OV3d7Z3du3Dw5rKowlhSoNeSgbPlHAmYCqZppDI5JAAp9D3R/cTOr1IUjFQvGgRxG0AtITrMso0cZq2yUvILpPCU9uU3zlJd4QaAJp2z3H31gwyDuhVj+W8NK2nXPyzlR4Gdw55NBclbY99johjQMQmnKiVNN1It1KiNSMckizXqwgInRAetA0KEgAqpVML0zxqXE6uBtK84TGU/f3REICpUaBbzon96jF2sT8r9aMdbfUSpiIYg2CzhZ1Y451iCdx4Q6TQDUfGSBUMvNXTPtEEqpNqFkTgrt48jLUCnn3Il+8L+bK1/M4MugYnaAz5KJLVEZ3qIKqiKJH9Ixe0Zv1ZL1Y79Z41rpizWeO0B9Zn19MjKOd</latexit>

E = {~e1,~e2, . . . ,~en}
<latexit sha1_base64="UV77NKYKfknqZMrv8KRpJrz7Nj0=">AAACFHicbVDLSsNAFJ3UV62vqODGzWARKkhJpKjLogiCLirYBzSlTKaTduhkEmYmQon5DT/ArX6CO3Hr3i/wN5ykWdjqgYHDOffOPRw3ZFQqy/oyCguLS8srxdXS2vrG5pa5vdOSQSQwaeKABaLjIkkY5aSpqGKkEwqCfJeRtju+TP32AxGSBvxeTULS89GQU49ipLTUN/cih3Lo+EiNJBbxbVK5OoY3R32zbFWtDPAvsXNSBjkaffPbGQQ48glXmCEpu7YVql6MhKKYkaTkRJKECI/RkHQ15cgnshdn+RN4qJUB9AKhH1cwU39vxMiXcuK7ejILOu+l4n9eN1LeeS+mPIwU4Xh6yIsYVAFMy4ADKghWbKIJwoLqrBCPkEBY6cpmrqR/C+nJRDdjz/fwl7ROqvZptXZXK9cv8o6KYB8cgAqwwRmog2vQAE2AwSN4Bi/g1Xgy3ox342M6WjDynV0wA+PzBxyenmo=</latexit>

u 2 L (E,K) <latexit sha1_base64="sxhrtqlJFrvCaQX4o+BHfbB9UbA=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI9BETwmYB6QLGF20puMmZ1dZmaFEPIFXjwo4tVP8ubfOEn2oIkFDUVVN91dQSK4Nq777eTW1jc2t/LbhZ3dvf2D4uFRU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj25nfekKleSwfzDhBP6IDyUPOqLFS/a5XLLlldw6ySryMlCBDrVf86vZjlkYoDRNU647nJsafUGU4EzgtdFONCWUjOsCOpZJGqP3J/NApObNKn4SxsiUNmau/JyY00nocBbYzomaol72Z+J/XSU147U+4TFKDki0WhakgJiazr0mfK2RGjC2hTHF7K2FDqigzNpuCDcFbfnmVNC/K3mW5Uq+UqjdZHHk4gVM4Bw+uoAr3UIMGMEB4hld4cx6dF+fd+Vi05pxs5hj+wPn8AZvbjNI=</latexit>

E <latexit sha1_base64="kuvqsFNbjEvULVMnkk4XIG+iKgw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlpuyXK27VnYOsEi8nFcjR6Je/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSvqh6l9Vas1ap3+RxFOEETuEcPLiCOtxBA1rAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MH2f+M+w==</latexit>n
<latexit sha1_base64="mCvtupUGK6M7BaUschliAut8kVs=">AAAB/XicbVDLSsNAFL2pr1pfVZdugkVwVRIRdVl0I7hpwT6gDWUyvWmHTiZhZiKUUPwAt/oJ7sSt3+IX+BtO2ixs64GBwzn3NcePOVPacb6twtr6xuZWcbu0s7u3f1A+PGqpKJEUmzTikez4RCFnApuaaY6dWCIJfY5tf3yX+e0nlIpF4lFPYvRCMhQsYJRoIzUe+uWKU3VmsFeJm5MK5Kj3yz+9QUSTEIWmnCjVdZ1YeymRmlGO01IvURgTOiZD7BoqSIjKS2eHTu0zowzsIJLmCW3P1L8dKQmVmoS+qQyJHqllLxP/87qJDm68lIk40SjofFGQcFtHdvZre8AkUs0nhhAqmbnVpiMiCdUmm4Ut2WypAjU1ybjLOayS1kXVvapeNi4rtds8oyKcwCmcgwvXUIN7qEMTKCC8wCu8Wc/Wu/Vhfc5LC1becwwLsL5+AbBtlis=</latexit>

K
<latexit sha1_base64="/CIf7TkbLMLRv9e4gdlxzEUeFD0=">AAACI3icbZDLSgMxFIYz9VbrrerSTbAUXEiZKUVdFt24rGAv0Cklk2ba0ExmSM4IZegT+Bw+gFt9BHfixoVrX8NMO4JtPRD4+P9zcpLfiwTXYNufVm5tfWNzK79d2Nnd2z8oHh61dBgrypo0FKHqeEQzwSVrAgfBOpFiJPAEa3vjm9RvPzCleSjvYRKxXkCGkvucEjBSv1h2E9djQPrOOZ5D1YAYhKB/BelO+8WSXbFnhVfByaCEsmr0i9/uIKRxwCRQQbTuOnYEvYQo4FSwacGNNYsIHZMh6xqUJGC6l8y+M8VlowywHypzJOCZ+nciIYHWk8AznQGBkV72UvE/rxuDf9VLuIxiYJLOF/mxwBDiNBs84IpREBMDhCpu3orpiChCwSS4sCW9W2lfp8k4yzmsQqtacS4qtbtaqX6dZZRHJ+gUnSEHXaI6ukUN1EQUPaJn9IJerSfrzXq3PuatOSubOUYLZX39AHi0pGU=</latexit>

{�1,�2, . . . ,�n} <latexit sha1_base64="w4tMkWR/F+GK0OQY7b4JNME2/os=">AAACE3icbVDLSsNAFL3xWesrKq7cDBbBVUmkqMuiCC4r2Ac0pUymk3boZBJmJsUS+hl+gFv9BHfi1g/wC/wNJ20WtvXAwOGce+cejh9zprTjfFsrq2vrG5uFreL2zu7evn1w2FBRIgmtk4hHsuVjRTkTtK6Z5rQVS4pDn9OmP7zN/OaISsUi8ajHMe2EuC9YwAjWRurax14QScw58kaUpE8T5DGB7rp2ySk7U6Bl4uakBDlqXfvH60UkCanQhGOl2q4T606KpWaE00nRSxSNMRniPm0bKnBIVSedxp+gM6P0kMlhntBoqv7dSHGo1Dj0zWSI9UAtepn4n9dOdHDdSZmIE00FmR0KEo50hLIuUI9JSjQfG4KJZCYrIgMsMdGmsbkr2d9SBWpimnEXe1gmjYuye1muPFRK1Zu8owKcwCmcgwtXUIV7qEEdCKTwAq/wZj1b79aH9TkbXbHynSOYg/X1C0k0npc=</latexit>

8~x 2 E
<latexit sha1_base64="tS61dqPrIW4fWQe94VQet/TtNqo="></latexit>

u(~x) = u
⇣ nX

i=1

xi~ei
⌘
=

nX

i=1

�ixi

Démonstration : 
On a , et donc les images  sont des scalaires que l’on peut 
noter . On a donc 

.

<latexit sha1_base64="9JkP846aeRFJ1wyd9fpZD1+MWrI=">AAAB7HicbVBNSwMxEJ2tX7V+VT16CRbBU9mVol6EoiCClwpuW2iXkk2zbWg2WZKsUJb+Bi8eFPHqD/LmvzFt96CtDwYe780wMy9MONPGdb+dwsrq2vpGcbO0tb2zu1feP2hqmSpCfSK5VO0Qa8qZoL5hhtN2oiiOQ05b4ehm6reeqNJMikczTmgQ44FgESPYWMm/RVfovleuuFV3BrRMvJxUIEejV/7q9iVJYyoM4VjrjucmJsiwMoxwOil1U00TTEZ4QDuWChxTHWSzYyfoxCp9FEllSxg0U39PZDjWehyHtjPGZqgXvan4n9dJTXQZZEwkqaGCzBdFKUdGounnqM8UJYaPLcFEMXsrIkOsMDE2n5INwVt8eZk0z6reebX2UKvUr/M4inAEx3AKHlxAHe6gAT4QYPAMr/DmCOfFeXc+5q0FJ585hD9wPn8AYkuNww==</latexit>

F = K
<latexit sha1_base64="VscO3L2OLP0fcfqCtGRSZZry+rw=">AAAB83icbVDLSgNBEJyNrxhfUY9eBoMQL2FXgnoMevEYwTwgu4TZSW8yZHZ2mUcgLPkNLx4U8erPePNvnCR70MSChqKqm+6uMOVMadf9dgobm1vbO8Xd0t7+weFR+fikrRIjKbRowhPZDYkCzgS0NNMcuqkEEoccOuH4fu53JiAVS8STnqYQxGQoWMQo0VbyTdWfAM1g1meX/XLFrbkL4HXi5aSCcjT75S9/kFATg9CUE6V6npvqICNSM8phVvKNgpTQMRlCz1JBYlBBtrh5hi+sMsBRIm0JjRfq74mMxEpN49B2xkSP1Ko3F//zekZHt0HGRGo0CLpcFBmOdYLnAeABk0A1n1pCqGT2VkxHRBKqbUwlG4K3+vI6aV/VvOta/bFeadzlcRTRGTpHVeShG9RAD6iJWoiiFD2jV/TmGOfFeXc+lq0FJ585RX/gfP4AvL6RgA==</latexit>

u(~ei)
<latexit sha1_base64="IXbIlI2a3FHJnRkXYuhyuKbM19w=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKqMegF48RzAOSJcxOepMhsw9meoUQ8hFePCji1e/x5t84SfagiQUNRVU33V1BqqQh1/12CmvrG5tbxe3Szu7e/kH58KhpkkwLbIhEJbodcINKxtggSQrbqUYeBQpbwehu5reeUBuZxI80TtGP+CCWoRScrNTqBki8J3vlilt152CrxMtJBXLUe+Wvbj8RWYQxCcWN6XhuSv6Ea5JC4bTUzQymXIz4ADuWxjxC40/m507ZmVX6LEy0rZjYXP09MeGRMeMosJ0Rp6FZ9mbif14no/DGn8g4zQhjsVgUZopRwma/s77UKEiNLeFCS3srE0OuuSCbUMmG4C2/vEqaF1Xvqnr5cFmp3eZxFOEETuEcPLiGGtxDHRogYATP8ApvTuq8OO/Ox6K14OQzx/AHzucPRCuPiQ==</latexit>

�i
<latexit sha1_base64="SB+TbjRWXDCg50/ukfp2G7w/3sY="></latexit>

u(~x) = u
⇣ nX

i=1

xi~ei
⌘
=

nX

i=1

xi u(~ei)| {z }
�i

=
nX

i=1

�ixi

Exercices de TD 4 : Mercredi	(18	sep),	Jeudi(19	sep) 

-Exercise	A.2.3	(page	49)	
-Exercice	A.2.6,	Questions	1.	et	2,	(page	50)	
-Exercice	A.2.17	(page	55)	
-Exercice	A.2.4	(page	50)	


