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1.3.4 Pulse, vitesse de phase et vitesse de groupe

ug =
d!

dk
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<latexit sha1_base64="AdS4ceLs9Pa6cFBLWOAXogA8b9k=">AAACG3icbZC7SsRAFIYn3l1vq5Y2g4tgFRIV1EIQbSwVXHdhs4TJ7El2yOTCzImwxLyGja9iY6GFWAkWvo2zl8LbDwMf/zmHM+cPcik0Os6nNTU9Mzs3v7BYW1peWV2rr2/c6KxQHJo8k5lqB0yDFCk0UaCEdq6AJYGEVhCfD+utW1BaZOk1DnLoJixKRSg4Q2P5dafwoxPqSQjRpl6oGC971MsSiFhlKK6op0TUxzu/jE9i36n8esOxnZHoX3An0CATXfr1d6+X8SKBFLlkWndcJ8duyRQKLqGqeYWGnPGYRdAxmLIEdLccXVbRHeP0aJgp81KkI/f7RMkSrQdJYDoThn39uzY0/6t1CgyPuqVI8wIh5eNFYSEpZnQYE+0JBRzlwADjSpi/Ut5nJh40YdZMCO7vk/9Ce8929+09+/jqoHF6NglkgWyRbbJLXHJITskFuSRNwsk9eSTP5MV6sJ6sV+tt3DplTWY2yQ9ZH19D36C6</latexit>



1.3.3.2 Solution générale

⇠(x, t) =
1

2⇡

Z
C(k) exp[i(kx� !t)]dk

<latexit sha1_base64="GTaN4CNUpfiB5OUp0TCdNfoZ3E0=">AAACLnicbVDLSgNBEJz1GeMr6tFLYxAiaNiNgnoQxFw8KhgTyC5hdtIbh519MDMrCUs+yIu/IogHPYhXP8NJzEGjBQNFVTX TXX4quNK2/WbNzM7NLywWlorLK6tr66WNzVuVZJJhgyUikS2fKhQ8xobmWmArlUgjX2DTD+sjv3mPUvEkvtGDFL2I9mIecEa1kTqlutvnUOnvg947AzeQlOXOMK+Bm/IhuDzWUK+Ee+BiP22bYAh9OABwkwh71MyAB92wUyrbVXsM+EucCSmTCa46pWe3m7AswlgzQZVqO3aqvZxKzZnAYdHNFKaUhbSHbUNjGqHy8vGxQ9g1SheCRJpn1hurPydyGik1iHyTjKi+U9PeSPzPa2c6OPFyHqeZxph9fxRkAnQCo+agyyUyLQaGUCa52RXYHTWNadNv0ZTgTJ/8l7RqVeewWqueXh+Vzy8mhRTINtkhFeKQY3JOLskVaRBGHsgTeSVv1qP1Yr1bH9/RGWsys0V+wfr8Ar+DpHg=</latexit>

@2⇠

@t2
= u2 @

2⇠

@x2
<latexit sha1_base64="BMIJmpYuLbElqzNmWE0Y/zO+yko=">AAACN3icfVC7TsMwFHV4lvIKMLJYVEhMURKQgAGpgoWBoUiUVmrSynGd1qrzkO2gVlF+ioX/YIKBAQbEyh/gtBGCFnEkS8fnnnvte7yYUSFN81mbm19YXFourZRX19Y3NvWt7VsRJRyTOo5YxJseEoTRkNQllYw0Y05Q4DHS8AYXeb1xR7igUXgjRzFxA9QLqU8xkkrq6 FeOzxFOnRhxSRFr29AZ0uz7DmXbzs5gkuv/G4fK2NErpmGOAWeJVZAKKFDr6I9ON8JJQEKJGRKiZZmxdNN8JGYkKzuJIDHCA9QjLUVDFBDhpuOtM7ivlC70I65OKOFY/dmRokCIUeApZ4BkX0zXcvGvWiuR/omb0jBOJAnx5CE/UVlEMI8QdiknWLKRIghzqv4KcR+pdKQKuqxCsKZXniVN27AODds4vT6qVM+LQEpgF+yBA2CBY1AFl6AG6gCDe/AEXsGb9qC9aO/ax8Q6pxU9O+AXtM8vkaissg==</latexit>

avec ⇠(x, 0) = a(x)
<latexit sha1_base64="foEig1dAx8EP71w8NKq1LJDXmx4=">AAAB/HicbVBNS8NAEJ34WetXqkcvi0VoQUJSBfUgFL14rGBtoQ1ls920Szcf7G60JfanePGgB/HqD/Hmv3Hb5qCtDwYe780wM8+LOZPKtr+NpeWV1bX13EZ+c2t7Z9cs7N3LKBGE1knEI9H0sKSchbSumOK0GQuKA4/Thje4nviNByoki8I7NYqpG+BeyHxGsNJSxyy0hwyVhsfILl8iXBqWUccs2pY9BVokTkaKkKHWMb/a3YgkAQ0V4VjKlmPHyk2xUIxwOs63E0ljTAa4R1uahjig0k2np4/RkVa6yI+ErlChqfp7IsWBlKPA050BVn05703E/7xWovxzN2VhnCgaktkiP+FIRWiSA+oyQYniI00wEUzfikgfC0yUTiuvQ3DmX14kzYrlnFgV6+L2tFi9ygLJwQEcQgkcOIMq3EAN6kDgEZ7hFd6MJ+PFeDc+Zq1LRjazD39gfP4A0RiSEQ==</latexit>

@⇠

@t

����
t=0

= b(x)
<latexit sha1_base64="578UXncK6j2lC7/oktUzKd5ee30="></latexit>

,

Solution :

C(k) =
<latexit sha1_base64="DLojndFZ7+khapTS4sJdx7RHBPk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBahXkLSCupBKPbisYKxhTaUzXbTLt1swu5GKKG/wYsHPYhXf483/43bNgdtfTDweG+GmXlBwpnSjvNtFdbWNza3itulnd29/YPy4dGjilNJqEdiHstOgBXlTFBPM81pJ5EURwGn7WDcnPntJyoVi8WDniTUj/BQsJARrI3kNavj85t+ueLYzhxolbg5qUCOVr/81RvEJI2o0IRjpbquk2g/w1Izwum01EsVTTAZ4yHtGipwRJWfzY+dojOjDFAYS1NCo7n6eyLDkVKTKDCdEdYjtezNxP+8bqrDKz9jIkk1FWSxKEw50jGafY4GTFKi+cQQTCQztyIywhITbfIpmRDc5ZdXSadmu3W7Zl/fX1Qat3kgRTiBU6iCC5fQgDtogQcEGDzDK7xZwnqx3q2PRWvBymeO4Q+szx/Tv45b</latexit>

[A(k)� iB(k)] /2
<latexit sha1_base64="58Uqg6ZRHXFWQAPvCzqjdneuH0I=">AAACCXicbVDLSsNAFJ3UV62vqEtBBotQF9akCuqu1o3LCtYWklAm00k7dPJg5kYooTs3/oobF7oQt/6BO//GpM1CWw9c7uGce5m5x40EV2AY31phYXFpeaW4Wlpb39jc0rd37lUYS8paNBSh7LhEMcED1gIOgnUiyYjvCtZ2h9eZ335gUvEwuINRxByf9APucUoglbr6vi2YBxa+qgyP8DHHjazbkvcH4JzUSl29bFSNCfA8MXNSRjmaXf3L7oU09lkAVBClLNOIwEmIBE4FG5fsWLGI0CHpMyulAfGZcpLJHWN8mCo97IUyrQDwRP29kRBfqZHvppM+gYGa9TLxP8+KwbtwEh5EMbCATh/yYoEhxFkouMcloyBGKSFU8vSvmA6IJBTS6LIQzNmT50mnVjVPq7Xq5e1Zud7IAymiPXSAKshE56iOblATtRBFj+gZvaI37Ul70d61j+loQct3dtEfaJ8/zwiW/w==</latexit>

[A(k) + iB(k)] /2
<latexit sha1_base64="gy6nZ0UVDLFkVRIm5qXp5fsXyNs=">AAACCXicbVDLSsNAFJ3UV62vqEtBBotQEWpSBXVX68ZlBWsLSSiT6aQdOnkwcyOU0J0bf8WNC12IW//AnX9j0mahrQcu93DOvczc40aCKzCMb62wsLi0vFJcLa2tb2xu6ds79yqMJWUtGopQdlyimOABawEHwTqRZMR3BWu7w+vMbz8wqXgY3MEoYo5P+gH3OCWQSl193xbMAwtfVYZH+JjjRtZtyfsDcE5qpa5eNqrGBHiemDkpoxzNrv5l90Ia+ywAKohSlmlE4CREAqeCjUt2rFhE6JD0mZXSgPhMOcnkjjE+TJUe9kKZVgB4ov7eSIiv1Mh300mfwEDNepn4n2fF4F04CQ+iGFhApw95scAQ4iwU3OOSURCjlBAqefpXTAdEEgppdFkI5uzJ86RTq5qn1Vr18vasXG/kgRTRHjpAFWSic1RHN6iJWoiiR/SMXtGb9qS9aO/ax3S0oOU7u+gPtM8fy9qW/Q==</latexit>

si

si
avec

k > 0
<latexit sha1_base64="1F71AO0DxKccJS9jEqgBCFotlRE=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0iqoF6k6MVjBWsLbSib7aZduh9hdyOU0L/gxYMexKv/x5v/xqTNQVsfDDzem2FmXhhzZqznfTulldW19Y3yZmVre2d3r7p/8GhUogltEcWV7oTYUM4kbVlmOe3EmmIRctoOx7e5336i2jAlH+wkpoHAQ8kiRrDNpfG1V+lXa57rzYCWiV+QGhRo9qtfvYEiiaDSEo6N6fpebIMUa8sIp9NKLzE0xmSMh7SbUYkFNUE6u3WKTjJlgCKls5IWzdTfEykWxkxEmHUKbEdm0cvF/7xuYqPLIGUyTiyVZL4oSjiyCuWPowHTlFg+yQgmmmW3IjLCGhObxZOH4C++vEw6ddc/c+vu1f15rXFTBFKGIziGU/DhAhpwB01oAYERPMMrvDnCeXHenY95a8kpZg7hD5zPHyanjfg=</latexit>

k < 0
<latexit sha1_base64="B5kEQSpzodPb62pGLYCBNa42VbI=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0iqoIKHohePFawttKFstpt26X6E3Y1QQv+CFw96EK/+H2/+G5M2B219MPB4b4aZeWHMmbGe9+2UVlbX1jfKm5Wt7Z3dver+waNRiSa0RRRXuhNiQzmTtGWZ5bQTa4pFyGk7HN/mfvuJasOUfLCTmAYCDyWLGME2l8bXXqVfrXmuNwNaJn5BalCg2a9+9QaKJIJKSzg2put7sQ1SrC0jnE4rvcTQGJMxHtJuRiUW1ATp7NYpOsmUAYqUzkpaNFN/T6RYGDMRYdYpsB2ZRS8X//O6iY0ug5TJOLFUkvmiKOHIKpQ/jgZMU2L5JCOYaJbdisgIa0xsFk8egr/48jLp1F3/zK27V/fntcZNEUgZjuAYTsGHC2jAHTShBQRG8Ayv8OYI58V5dz7mrSWnmDmEP3A+fwAjl432</latexit>

et A(k) = Fk(a(x))
<latexit sha1_base64="JG+Zr40cNJLYPnHBg547BzrcG1U=">AAACAnicbVDLSsNAFJ3UV62vqAsXbgaLkG5CUgV1IVQFcVnB2kIbwmQ6bYdMHsxMxBKy8VfcuNCFuPUr3Pk3TtostPXAhcM593LvPV7MqJCW9a2VFhaXllfKq5W19Y3NLX17515ECcekhSMW8Y6HBGE0JC1JJSOdmBMUeIy0Pf8q99sPhAsahXdyHBMnQMOQDihGUkmuvndh+LXztIcRg9eZ60MDGY+1WsXVq5ZpTQDniV2QKijQdPWvXj/CSUBCiRkSomtbsXRSxCXFjGSVXiJIjLCPhqSraIgCIpx08kAGD5XSh4OIqwolnKi/J1IUCDEOPNUZIDkSs14u/ud1Ezk4dVIaxokkIZ4uGiQMygjmacA+5QRLNlYEYU7VrRCPEEdYqszyEOzZl+dJp27aR2bdPLs9rjYui0DKYB8cAAPY4AQ0wA1oghbAIAPP4BW8aU/ai/aufUxbS1oxswv+QPv8AVSvlJc=</latexit>

, !B(k) = Fk(b(x))
<latexit sha1_base64="FZNbljngm5hyUnciCH7LPzUu2gQ=">AAACCXicbVBNS8NAEN34WetX1KMgi0VILyGpgnoQSgXxWMHaQhPCZrtpl+wmYXcjltCbF/+KFw96EK/+A2/+G5O2B219MPB4b4aZeX7CqFSW9a0tLC4tr6yW1srrG5tb2/rO7p2MU4FJC8csFh0fScJoRFqKKkY6iSCI+4y0/fCy8Nv3REgaR7dqmBCXo35EA4qRyiVPP3BiTvoINoywepE5GDF4NfJCaPjGQ7Va9vSKZVpjwHliT0kFTNH09C+nF+OUk0hhhqTs2lai3AwJRTEjo7KTSpIgHKI+6eY0QpxINxv/MYJHudKDQSzyihQcq78nMsSlHHI/7+RIDeSsV4j/ed1UBWduRqMkVSTCk0VByqCKYREK7FFBsGLDnCAsaH4rxAMkEFZ5dEUI9uzL86RTM+1js2ae35xU6o1pICWwDw6BAWxwCurgGjRBC2DwCJ7BK3jTnrQX7V37mLQuaNOZPfAH2ucPdZiXZA==</latexit>



1.3.4 Pulse, vitesse de phase et vitesse de groupe

ug =
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<latexit sha1_base64="AdS4ceLs9Pa6cFBLWOAXogA8b9k=">AAACG3icbZC7SsRAFIYn3l1vq5Y2g4tgFRIV1EIQbSwVXHdhs4TJ7El2yOTCzImwxLyGja9iY6GFWAkWvo2zl8LbDwMf/zmHM+cPcik0Os6nNTU9Mzs3v7BYW1peWV2rr2/c6KxQHJo8k5lqB0yDFCk0UaCEdq6AJYGEVhCfD+utW1BaZOk1DnLoJixKRSg4Q2P5dafwoxPqSQjRpl6oGC971MsSiFhlKK6op0TUxzu/jE9i36n8esOxnZHoX3An0CATXfr1d6+X8SKBFLlkWndcJ8duyRQKLqGqeYWGnPGYRdAxmLIEdLccXVbRHeP0aJgp81KkI/f7RMkSrQdJYDoThn39uzY0/6t1CgyPuqVI8wIh5eNFYSEpZnQYE+0JBRzlwADjSpi/Ut5nJh40YdZMCO7vk/9Ce8929+09+/jqoHF6NglkgWyRbbJLXHJITskFuSRNwsk9eSTP5MV6sJ6sV+tt3DplTWY2yQ9ZH19D36C6</latexit>



1.3.5  Ondes stationnaires 



1.3.5.1  Ondes sur corde



1.3.5.2  Formulation générale d'un mouvement harmonique

@2⇠

@t2
= u2 @

2⇠

@x2
<latexit sha1_base64="BMIJmpYuLbElqzNmWE0Y/zO+yko=">AAACN3icfVC7TsMwFHV4lvIKMLJYVEhMURKQgAGpgoWBoUiUVmrSynGd1qrzkO2gVlF+ioX/YIKBAQbEyh/gtBGCFnEkS8fnnnvte7yYUSFN81mbm19YXFourZRX19Y3NvWt7VsRJRyTOo5YxJseEoTRkNQllYw0Y05Q4DHS8AYXeb1xR7igUXgjRzFxA9QLqU8xkkrq6FeOzxFOnRhxSRFr29AZ0uz7DmXbzs5gkuv/G4fK2NErpmGOAWeJVZAKKFDr6I9ON8JJQEKJGRKiZZmxdNN8JGYkKzuJIDHCA9QjLUVDFBDhpuOtM7ivlC70I65OKOFY/dmRokCIUeApZ4BkX0zXcvGvWiuR/omb0jBOJAnx5CE/UVlEMI8QdiknWLKRIghzqv4KcR+pdKQKuqxCsKZXniVN27AODds4vT6qVM+LQEpgF+yBA2CBY1AFl6AG6gCDe/AEXsGb9qC9aO/ax8Q6pxU9O+AXtM8vkaissg==</latexit>

⇠ = f(x) sin(!t)
<latexit sha1_base64="Q2okidPTDEctZG6Vy66Lpw5RW6Y=">AAACBnicbVBNS8NAEN3Ur1q/oh57WSxCewlJFdSDUPTisYK1hSaUzXbTLt3sht2NtIQevPhXvHjQg3j1N3jz35i0OWjrg4HHezPMzPMjRpW27W+jsLK6tr5R3Cxtbe/s7pn7B/dKxBKTFhZMyI6PFGGUk5ammpFOJAkKfUba/ug689sPRCoq+J2eRMQL0YDTgGKkU6lnlt0xhZcwqI5r0FWUw6orQjJAUNdKPbNiW/YMcJk4OamAHM2e+eX2BY5DwjVmSKmuY0faS5DUFDMyLbmxIhHCIzQg3ZRyFBLlJbMnpvA4VfowEDItruFM/T2RoFCpSeinnSHSQ7XoZeJ/XjfWwbmXUB7FmnA8XxTEDGoBs0Rgn0qCNZukBGFJ01shHiKJsE5zy0JwFl9eJp265ZxYdevi9rTSuMoDKYIyOAJV4IAz0AA3oAlaAINH8AxewZvxZLwY78bHvLVg5DOH4A+Mzx9pj5ZP</latexit>

Ondes stationnaires: 

f(x) = A sin(kx) +B cos(kx)
<latexit sha1_base64="tDddkE7NMj6r958UDtAPoywsTy4=">AAACCnicbVDLSsNAFJ34rPUVdenCwSK0CCGpgroQat24rGBtoQllMp20QyeTMDORltClG3/FjQtdiFu/wJ1/Y5Jmoa0HLpw5517m3uOGjEplmt/awuLS8spqYa24vrG5ta3v7N7LIBKYNHHAAtF2kSSMctJUVDHSDgVBvstIyx1ep37rgQhJA36nxiFxfNTn1KMYqUTq6gdeeVS5vIK2pByWh6MKPIZ1aONAZq9iVy+ZhpkBzhMrJyWQo9HVv+xegCOfcIUZkrJjmaFyYiQUxYxMinYkSYjwEPVJJ6Ec+UQ6cXbIBB4lSg96gUiKK5ipvydi5Es59t2k00dqIGe9VPzP60TKO3diysNIEY6nH3kRgyqAaSqwRwXBio0TgrCgya4QD5BAWCXZpSFYsyfPk3bVsE6MqnFxe1qq1fNACmAfHIIysMAZqIEb0ABNgMEjeAav4E170l60d+1j2rqg5TN74A+0zx/BhJbn</latexit>

kL = n⇡
<latexit sha1_base64="OwpvilZfRp3kX7ERTiAOuOeXJ0E=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFoNgddxFQS2EoI2FRQRjIskR9jZ7yZLdvWN3TwhHfoWNhRZi66+x89+4Sa7QxAcDj/dmmJkXJpxp43nfTmFpeWV1rbhe2tjc2t4p7+496DhVhDZIzGPVCrGmnEnaMMxw2koUxSLktBkOryd+84kqzWJ5b0YJDQTuSxYxgo2VHoe3lxJ1Elbqliue602BFomfkwrkqHfLX51eTFJBpSEca932vcQEGVaGEU7HpU6qaYLJEPdp21KJBdVBNj14jI6s0kNRrGxJg6bq74kMC61HIrSdApuBnvcm4n9eOzXReZAxmaSGSjJbFKUcmRhNvkc9pigxfGQJJorZWxEZYIWJsRlNQvDnX14krarrn7hV9+LutFK7ygMpwgEcwjH4cAY1uIE6NICAgGd4hTdHOS/Ou/Mxay04+cw+/IHz+QPBqJAI</latexit>

B = 0
<latexit sha1_base64="t1+28KurkulRIlHqttkzmgRmcko=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFoNgddxFQS2EEBvLiMYEkiPsbfaSJbt7x+6eEI78BBsLLcTWH2Tnv3GTXKGJDwYe780wMy9MONPG876dwsrq2vpGcbO0tb2zu1feP3jUcaoIbZKYx6odYk05k7RpmOG0nSiKRchpKxzdTP3WE1WaxfLBjBMaCDyQLGIEGyvd16+9Xrniud4MaJn4OalAjkav/NXtxyQVVBrCsdYd30tMkGFlGOF0UuqmmiaYjPCAdiyVWFAdZLNTJ+jEKn0UxcqWNGim/p7IsNB6LELbKbAZ6kVvKv7ndVITXQYZk0lqqCTzRVHKkYnR9G/UZ4oSw8eWYKKYvRWRIVaYGJtOyYbgL768TNpV1z9zq+7V3XmlVs8DKcIRHMMp+HABNbiFBjSBwACe4RXeHO68OO/Ox7y14OQzh/AHzucPsUqNug==</latexit>

kL = n⇡
<latexit sha1_base64="OwpvilZfRp3kX7ERTiAOuOeXJ0E=">AAAB8nicbVA9SwNBEJ2LXzF+RS1tFoNgddxFQS2EoI2FRQRjIskR9jZ7yZLdvWN3TwhHfoWNhRZi66+x89+4Sa7QxAcDj/dmmJkXJpxp43nfTmFpeWV1rbhe2tjc2t4p7+496DhVhDZIzGPVCrGmnEnaMMxw2koUxSLktBkOryd+84kqzWJ5b0YJDQTuSxYxgo2VHoe3lxJ1Elbqliue602BFomfkwrkqHfLX51eTFJBpSEca932vcQEGVaGEU7HpU6qaYLJEPdp21KJBdVBNj14jI6s0kNRrGxJg6bq74kMC61HIrSdApuBnvcm4n9eOzXReZAxmaSGSjJbFKUcmRhNvkc9pigxfGQJJorZWxEZYIWJsRlNQvDnX14krarrn7hV9+LutFK7ygMpwgEcwjH4cAY1uIE6NICAgGd4hTdHOS/Ou/Mxay04+cw+/IHz+QPBqJAI</latexit>

A = 0
<latexit sha1_base64="7oZ2+yy9ZuZ3NFFRqyRmd7Y903g=">AAAB7HicbVA9SwNBEJ2NXzF+RS1tFoNgddxFQS2EqI1lRGMCyRH2NnvJkr29Y3dPCEd+go2FFmLrD7Lz37hJrtDEBwOP92aYmRckgmvjut+osLS8srpWXC9tbG5t75R39x51nCrKGjQWsWoFRDPBJWsYbgRrJYqRKBCsGQxvJn7ziSnNY/lgRgnzI9KXPOSUGCvdX1263XLFddwp8CLxclKBHPVu+avTi2kaMWmoIFq3PTcxfkaU4VSwcamTapYQOiR91rZUkohpP5ueOsZHVunhMFa2pMFT9fdERiKtR1FgOyNiBnrem4j/ee3UhOd+xmWSGibpbFGYCmxiPPkb97hi1IiRJYQqbm/FdEAUocamU7IhePMvL5JW1fFOnKpzcXdaqV3ngRThAA7hGDw4gxrcQh0aQKEPz/AKb0igF/SOPmatBZTP7MMfoM8fr8KNuQ==</latexit>



1.4 Interaction ondes-milieu de propagation

- Réflexion et réfraction
- Diffraction
- Diffusion 



1.4.1.1 Réflexion et réfraction à la jonction de deux cordes

S =
⇠0r
⇠0i

=

p
µ1 �

p
µ2p

µ1 +
p
µ2

<latexit sha1_base64="/MMN7OcSAabOKT7MXyXEUUrsPRw="></latexit>

T =
⇠0T
⇠0i

=
2
p
µ1p

µ1 +
p
µ2

<latexit sha1_base64="tzW/NYLzFG3j/91iJ+++LQ5tOM4="></latexit>



1.4.1.1 Ondes planes

✓i
<latexit sha1_base64="WyogJeT8+RaRViNgGq6hie/pK20=">AAAB8XicdVDLSsNAFJ34rPVVdelmsAiuQpLWPnZFNy4rWBtoQ5lMJ+3QycOZG6GE/oQbF7oQt/6NO//GSVtBRQ9cOJxzL/fe4yeCK7CsD2NldW19Y7OwVdze2d3bLx0c3qo4lZR1aCxi6fpEMcEj1gEOgrmJZCT0Bev6k8vc794zqXgc3cA0YV5IRhEPOCWgJbcPYwZkwAelsmU2GzXn3MGWaVl1p1LLiVOvOhVsayVHGS3RHpTe+8OYpiGLgAqiVM+2EvAyIoFTwWbFfqpYQuiEjFhP04iETHnZ/N4ZPtXKEAex1BUBnqvfJzISKjUNfd0ZEhir314u/uX1UggaXsajJAUW0cWiIBUYYpw/j4dcMgpiqgmhkutbMR0TSSjoiIo6hK9P8f/EdUy7Yjpm87pabl0sAymgY3SCzpCN6qiFrlAbdRBFAj2gJ/Rs3BmPxovxumhdMZYzR+gHjLdPuAKQuw==</latexit>

✓r
<latexit sha1_base64="1VRajI8Yi1jdr69IfggJ7J4jkMQ=">AAAB8XicdVDLSsNAFJ3UV62vqks3g0VwFdI09LErunFZwdpAG8pkOmmHTh7O3Agl9CfcuNCFuPVv3Pk3TtoKKnrgwuGce7n3Hj8RXIFlfRiFtfWNza3idmlnd2//oHx4dKviVFLWpbGIpesTxQSPWBc4COYmkpHQF6znTy9zv3fPpOJxdAOzhHkhGUc84JSAltwBTBiQoRyWK5ZpNe26XceWWXdqjVZObKfhWE1cNa0FKmiFzrD8PhjFNA1ZBFQQpfpVKwEvIxI4FWxeGqSKJYROyZj1NY1IyJSXLe6d4zOtjHAQS10R4IX6fSIjoVKz0NedIYGJ+u3l4l9eP4Wg6WU8SlJgEV0uClKBIcb583jEJaMgZpoQKrm+FdMJkYSCjqikQ/j6FP9PXNus1kzbbF07lfbFKpAiOkGn6BxVUQO10RXqoC6iSKAH9ISejTvj0XgxXpetBWM1c4x+wHj7BNxfkNQ=</latexit>

✓T
<latexit sha1_base64="FQSSJ9i3vDnsrJVoE9NvI2S8NSQ=">AAAB8XicdVBNS8NAEN34WetX1aOXxSJ4CkkrtL0VvXis0NpAG8pmu2mXbjZxdyKU0D/hxYMexKv/xpv/xm0boYo+GHi8N8PMvCARXIPjfFpr6xubW9uFneLu3v7BYeno+E7HqaKsQ2MRKy8gmgkuWQc4COYlipEoEKwbTK7nfveBKc1j2YZpwvyIjCQPOSVgJK8PYwZk0B6Uyo7tLIBXSKNWqbtV7OZKGeVoDUof/WFM04hJoIJo3XOdBPyMKOBUsFmxn2qWEDohI9YzVJKIaT9b3DvD50YZ4jBWpiTghbo6kZFI62kUmM6IwFj/9ubiX14vhbDuZ1wmKTBJl4vCVGCI8fx5POSKURBTQwhV3NyK6ZgoQsFEVDQhfH+K/ydexXardsVu3F6Wm1d5IAV0is7QBXJRDTXRDWqhDqJIoEf0jF6se+vJerXelq1rVj5zgn7Aev8CX0GQgA==</latexit>

✓i = ✓r
<latexit sha1_base64="EiRUVmZDxxvJLchDfXhbA1y8oM0=">AAAB/nicbZDNSsNAFIUn9a/Wv2iXbgaL4CokVVAXQtGNywrWFtoQJtNJO3QyCTM3Qij1Vdy40IW49Tnc+TZO2yy09cDAx7n3cu+cMBVcg+t+W6WV1bX1jfJmZWt7Z3fP3j940EmmKGvRRCSqExLNBJesBRwE66SKkTgUrB2Obqb19iNTmifyHvKU+TEZSB5xSsBYgV3twZABCTi+wgWqwK65jjsTXgavgBoq1Azsr14/oVnMJFBBtO56bgr+mCjgVLBJpZdplhI6IgPWNShJzLQ/nh0/wcfG6eMoUeZJwDP398SYxFrncWg6YwJDvVibmv/VuhlEF/6YyzQDJul8UZQJDAmeJoH7XDEKIjdAqOLmVkyHRBEKJq+KCcFb/PIydOqOd+rUncu7s1rjugikjA7RETpBHjpHDXSLmqiFKMrRM3pFb9aT9WK9Wx/z1pJVzFTRH1mfP04alNY=</latexit>

sin ✓i
sin ✓T

= n21
<latexit sha1_base64="vvnn+WCW8ghBdfzgU5ZgLgoUJQw=">AAACFXicbVDLSsNAFJ34rPUVdelmsAjioiRVUBdC0Y3LCq0tNCVMppN26GQSZm6EEvIPbvwVNy50IW4Fd/6N08fCth64cOace5l7T5AIrsFxfqyl5ZXVtfXCRnFza3tn197bf9Bxqihr0FjEqhUQzQSXrAEcBGslipEoEKwZDG5HfvORKc1jWYdhwjoR6UkeckrASL596oWK0MzTXGIP+gyIz/OZZz2/ln5WcXPfLjllZwy8SNwpKaEpar797XVjmkZMAhVE67brJNDJiAJOBcuLXqpZQuiA9FjbUEkipjvZ+KYcHxuli8NYmZKAx+rfiYxEWg+jwHRGBPp63huJ/3ntFMLLTsZlkgKTdPJRmAoMMR4FhLtcMQpiaAihiptdMe0TExKYGIsmBHf+5EXSqpTds3KlfHV/XqreTAMpoEN0hE6Qiy5QFd2hGmogip7QC3pD79az9Wp9WJ+T1iVrOnOAZmB9/QLQjZ76</latexit>
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Série 5
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