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1.1 L’équation d’onde
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1.1.2 L’équation d’onde (de d’Alembert)

@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>

u2 =
T

µ
<latexit sha1_base64="S0OdPjSnnTvwL61HYSXCBOzcd4E=">AAAB/nicbVBNS8NAEN3Ur1q/oj16WSyCp5JUQT0IRS8eK7S20MSy2W7apbubsLsRQoh/xYsHPYhXf4c3/43bNgdtfTDweG+GmXlBzKjSjvNtlVZW19Y3ypuVre2d3T17/+BeRYnEpIMjFslegBRhVJCOppqRXiwJ4gEj3WByM/W7j0QqGom2TmPiczQSNKQYaSMN7Gry0IBX0Aslwlk7zzye5AO75tSdGeAycQtSAwVaA/vLG0Y44URozJBSfdeJtZ8hqSlmJK94iSIxwhM0In1DBeJE+dns+BweG2UIw0iaEhrO1N8TGeJKpTwwnRzpsVr0puJ/Xj/R4YWfUREnmgg8XxQmDOoITpOAQyoJ1iw1BGFJza0Qj5HJQZu8KiYEd/HlZdJr1N3TeqN+eXdWa14XgZTBITgCJ8AF56AJbkELdAAGKXgGr+DNerJerHfrY95asoqZKvgD6/MHSsOU2A==</latexit>

u2 =
�p0
⇢0

<latexit sha1_base64="BlROic7Q+m3IV9uRQwsUnntF4vg=">AAACCXicbVDLSgMxFM3UV62vUZeCBIvgapipgroQim5cVrC20BmHTJppQ5PMkGSEMnTnxl9x40IX4tY/cOffmLaz0NYDl3s4516Se6KUUaVd99sqLSwuLa+UVytr6xubW/b2zp1KMolJEycske0IKcKoIE1NNSPtVBLEI0Za0eBq7LceiFQ0Ebd6mJKAo56gMcVIGym097P7GrzwY4lw7vcQ5wimoTvKfdlPTA/tquu4E8B54hWkCgo0QvvL7yY440RozJBSHc9NdZAjqSlmZFTxM0VShAeoRzqGCsSJCvLJHSN4aJQujBNpSmg4UX9v5IgrNeSRmeRI99WsNxb/8zqZjs+CnIo000Tg6UNxxqBO4DgU2KWSYM2GhiAsqfkrxH1kMtEmuooJwZs9eZ60a4537NSc85uTav2yCKQM9sABOAIeOAV1cA0aoAkweATP4BW8WU/Wi/VufUxHS1axswv+wPr8AV6LmUY=</latexit>
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1.1.2.3 Ondes à la surface d’un liquide

Combinaison d’un déplacement vertical 
(transversal) et horizontal (longitudinal)
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<latexit sha1_base64="bjEHVbvk/p+yeiBWcWeNlkv2F3o=">AAAB6nicdVBNS8NAEN3Ur1q/qh69LBbBU8hW0za3ohePLVhbaEPZbDft6mYTdjdCCf0FXjzoQbz6i7z5b9y0FVT0wcDjvRlm5gUJZ0o7zodVWFldW98obpa2tnd298r7BzcqTiWhHRLzWPYCrChngnY005z2EklxFHDaDe4uc797T6VisbjW04T6ER4LFjKCtZHavWG54tiug7xaHTq24yDXrRnieQ0XIYiMkqMClmgNy++DUUzSiApNOFaqj5xE+xmWmhFOZ6VBqmiCyR0e076hAkdU+dn80Bk8McoIhrE0JTScq98nMhwpNY0C0xlhPVG/vVz8y+unOmz4GRNJqqkgi0VhyqGOYf41HDFJieZTQzCRzNwKyQRLTLTJpmRC+PoU/k96VRud2VXba59XmhfLQIrgCByDU4BAHTTBFWiBDiCAggfwBJ6tW+vRerFeF60FazlzCH7AevsEU3qNnQ==</latexit>

Y
<latexit sha1_base64="+ercRt6nySOjHuTiwZpA9k3mdZs=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GpLq9LErunHZgrWVdiiZNNPGZh4kGaEM/QI3LnQhbv0id/6NmbaCih64cDjnXu69x4sFVxqhDyu3srq2vpHfLGxt7+zuFfcPblSUSMraNBKR7HpEMcFD1tZcC9aNJSOBJ1jHm1xmfueeScWj8FpPY+YGZBRyn1OijdS6HRRLyHYQrleqENkIYcepGFKv1xyMITZKhhJYojkovveHEU0CFmoqiFI9jGLtpkRqTgWbFfqJYjGhEzJiPUNDEjDlpvNDZ/DEKEPoR9JUqOFc/T6RkkCpaeCZzoDosfrtZeJfXi/Rfs1NeRgnmoV0schPBNQRzL6GQy4Z1WJqCKGSm1shHRNJqDbZFEwIX5/C/0m3bOMzu2zXW+elxsUykDw4AsfgFGBQBQ1wBZqgDShg4AE8gWfrznq0XqzXRWvOWs4cgh+w3j4BVQCNng==</latexit>

Z
<latexit sha1_base64="+UDtREMedjbogRqEqk8ahYsU9lI=">AAAB6nicdVDLSgMxFM3UV62vqks3wSK4GpLq9LErunHZgrXFdiiZNNPGZh4kGaEM/QI3LnQhbv0id/6NmbaCih64cDjnXu69x4sFVxqhDyu3srq2vpHfLGxt7+zuFfcPblSUSMraNBKR7HpEMcFD1tZcC9aNJSOBJ1jHm1xmfueeScWj8FpPY+YGZBRyn1OijdS6HRRLyHYQrleqENkIYcepGFKv1xyMITZKhhJYojkovveHEU0CFmoqiFI9jGLtpkRqTgWbFfqJYjGhEzJiPUNDEjDlpvNDZ/DEKEPoR9JUqOFc/T6RkkCpaeCZzoDosfrtZeJfXi/Rfs1NeRgnmoV0schPBNQRzL6GQy4Z1WJqCKGSm1shHRNJqDbZFEwIX5/C/0m3bOMzu2zXW+elxsUykDw4AsfgFGBQBQ1wBZqgDShg4AE8gWfrznq0XqzXRWvOWs4cgh+w3j4BVoaNnw==</latexit>

h
<latexit sha1_base64="WX2A+yZtugxftnKT8gUS3XC4WvE=">AAAB6nicdVDLSgNBEOyNrxhfUY9eBoPgadndxDxuQS8eEzAmkCxhdjKbjJl9MDMrhCVf4MWDHsSrX+TNv3E2iaCiBQ1FVTfdXV7MmVSW9WHk1tY3Nrfy24Wd3b39g+Lh0a2MEkFoh0Q8Ej0PS8pZSDuKKU57saA48DjtetOrzO/eUyFZFN6oWUzdAI9D5jOClZbak2GxZJmNetW5cJBlWlbNKVcz4tQqThnZWslQghVaw+L7YBSRJKChIhxL2betWLkpFooRTueFQSJpjMkUj2lf0xAHVLrp4tA5OtPKCPmR0BUqtFC/T6Q4kHIWeLozwGoif3uZ+JfXT5Rfd1MWxomiIVku8hOOVISyr9GICUoUn2mCiWD6VkQmWGCidDYFHcLXp+h/0nNMu2w6ZqNdKTUvV4Hk4QRO4RxsqEETrqEFHSBA4QGe4Nm4Mx6NF+N12ZozVjPH8APG2ydeAo2j</latexit>

L
<latexit sha1_base64="N6nQatRhE9S+sXWyBubbwpcvsSg=">AAAB6nicdVDLSgNBEJz1GeMr6tHLYBA8LbubmMct6MWDhwSMCSRLmJ30JmNmH8zMCmHJF3jxoAfx6hd582+cTSKoaEFDUdVNd5cXcyaVZX0YK6tr6xubua389s7u3n7h4PBWRomg0KYRj0TXIxI4C6GtmOLQjQWQwOPQ8SaXmd+5ByFZFN6oaQxuQEYh8xklSkut60GhaJn1WsU5d7BlWlbVKVUy4lTLTgnbWslQREs0B4X3/jCiSQChopxI2bOtWLkpEYpRDrN8P5EQEzohI+hpGpIApJvOD53hU60MsR8JXaHCc/X7REoCKaeBpzsDosbyt5eJf3m9RPk1N2VhnCgI6WKRn3CsIpx9jYdMAFV8qgmhgulbMR0TQajS2eR1CF+f4v9J1zHtkumY9Va52LhYBpJDx+gEnSEbVVEDXaEmaiOKAD2gJ/Rs3BmPxovxumhdMZYzR+gHjLdPM1qNhw==</latexit>dx

<latexit sha1_base64="Fk4UFAcMVKrgTncdksMQ6uxJJlk=">AAAB63icdVBNS8NAEN3Ur1q/qh69LBbBU9ikRttb0YvHKtYW2lA22027dLMJuxuxhP4DLx70IF79Q978N27aCir6YODx3gwz84KEM6UR+rAKS8srq2vF9dLG5tb2Tnl371bFqSS0RWIey06AFeVM0JZmmtNOIimOAk7bwfgi99t3VCoWixs9Sagf4aFgISNYG+l6cN8vV5CNTr1q3YPI9pBTc3Pieg5CVejYaIYKWKDZL7/3BjFJIyo04ViproMS7WdYakY4nZZ6qaIJJmM8pF1DBY6o8rPZpVN4ZJQBDGNpSmg4U79PZDhSahIFpjPCeqR+e7n4l9dNdVjzMyaSVFNB5ovClEMdw/xtOGCSEs0nhmAimbkVkhGWmGgTTsmE8PUp/J90XNup2q5dvzqpNM4XgRTBATgEx8ABZ6ABLkETtAABIXgAT+DZGluP1ov1Om8tWIuZffAD1tsnKHiOGQ==</latexit>

Surface non 
perturbée

Surface 
perturbée
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1.1.2 L’équation d’onde (de d’Alembert)

@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>
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1.1.3 Solution de l’équation d’onde
⇠(x, t) = ⇠1(x� ut) + ⇠2(x+ ut)

<latexit sha1_base64="VoasBCFM2R1ePXI2L8SpvL2l/iM=">AAACEnicbVBNS8MwGE7n15xfVY9egkOcTEs7BfUgDL14nOB0sJWSZukWlqYlSWVj7Cd48a948aAH8erJm//GrOtBN18IPB/vy5v38WNGpbLtbyM3N7+wuJRfLqysrq1vmJtbdzJKBCZ1HLFINHwkCaOc1BVVjDRiQVDoM3Lv967G/v0DEZJG/FYNYuKGqMNpQDFSWvLM/VafwlL/UB3AC6ix52h2lGhaTmlF07Kmnlm0LTstOAucDBRBVjXP/Gq1I5yEhCvMkJRNx46VO0RCUczIqNBKJIkR7qEOaWrIUUikO0wPGsE9rbRhEAn9uIKp+ntiiEIpB6GvO0OkunLaG4v/ec1EBWfukPI4UYTjyaIgYVBFcJwObFNBsGIDDRAWVP8V4i4SCCudYUGH4EyfPAsaFcs5tirW+c1JsXqZBZIHO2AXlIADTkEVXIMaqAMMHsEzeAVvxpPxYrwbH5PWnJHNbIM/ZXz+AFpNmek=</latexit>

Cas particulier: ⇠(x, t) = ⇠0 sin[k(x� ut)]
<latexit sha1_base64="RuFrrbsgR2rk4cxTyEjrqM+XFAw=">AAACC3icbZC9SgNBFIVn41+Mf1FLm8EgJKDLbhTUQgjaWEYwJrBZwuxkkgyZnV1m7kpCSGvjq9hYaCG2voCdb+NskkKjBwY+zr2XO/cEseAaHOfLyiwsLi2vZFdza+sbm1v57Z07HSWKshqNRKQaAdFMcMlqwEGwRqwYCQPB6kH/Kq3X75nSPJK3MIyZH5Ku5B1OCRirlcfNAcfFwSGU8EXKLQc3NZfY6xcHRwmU/Fa+4NjORPgvuDMooJmqrfxnsx3RJGQSqCBae64Tgz8iCjgVbJxrJprFhPZJl3kGJQmZ9keTS8b4wDht3ImUeRLwxP05MSKh1sMwMJ0hgZ6er6XmfzUvgc6ZP+IyToBJOl3USQSGCKex4DZXjIIYGiBUcfNXTHtEEQomvJwJwZ0/+S80yrZ7bJft85uTQuVyFkgW7aF9VEQuOkUVdI2qqIYoekBP6AW9Wo/Ws/VmvU9bM9ZsZhf9kvXxDRgfmFU=</latexit>

x
<latexit sha1_base64="hgpDtFVJU1ump7NcPzB7Y2u++CE=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmIzGxutyhidoRbSwhESGBC9lb5mBl7yO7e0Zy4RfYWGhhbP1Fdv4bF7hCwZdM8vLeTGbm+YngSjvOt1VYWV1b3yhulra2d3b3yvsH9ypOJcMmi0Us2z5VKHiETc21wHYikYa+wJY/upn6rUeUisfRnR4n6IV0EPGAM6qN1HjqlSuO7cxAlombkwrkqPfKX91+zNIQI80EVarjOon2Mio1ZwInpW6qMKFsRAfYMTSiISovmx06ISdG6ZMglqYiTWbq74mMhkqNQ990hlQP1aI3Ff/zOqkOLr2MR0mqMWLzRUEqiI7J9GvS5xKZFmNDKJPc3ErYkErKtMmmZEJwF19eJu2q7Z7ZVfuqcV6pXeeBFOEIjuEUXLiAGtxCHZrAAOEZXuHNerBerHfrY95asPKZQ/gD6/MHEvGNbw==</latexit>

t
<latexit sha1_base64="VU7Evj8VyJsKycg0Dsd9JOLcQtg=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCsjrsoqF3QxjIBYwLJEfY2c8mavb1jd08IIb/AxkILsfUX2flv3CRXaOKDgcd7M8zMC1PBtfG8b2dldW19Y7OwVdze2d3bLx0cPugkUwwbLBGJaoVUo+ASG4Ybga1UIY1Dgc1weDv1m0+oNE/kvRmlGMS0L3nEGTVWqptuqey53gxkmfg5KUOOWrf01eklLItRGiao1m3fS00wpspwJnBS7GQaU8qGtI9tSyWNUQfj2aETcmqVHokSZUsaMlN/T4xprPUoDm1nTM1AL3pT8T+vnZnoKhhzmWYGJZsvijJBTEKmX5MeV8iMGFlCmeL2VsIGVFFmbDZFG4K/+PIyaVVc/9ytuNf1i3L1Jg+kAMdwAmfgwyVU4Q5q0AAGCM/wCm/Oo/PivDsf89YVJ585gj9wPn8ADNmNaw==</latexit>

⇠
<latexit sha1_base64="PJ/t+dDRkiqu1t3rCnsgeQRGvVg=">AAAB7HicbVA9SwNBEJ3zM8avqKXNYhCsjrsoqF3QxjKiMYHkCHubuWTJ3t6xuyeGkJ9gY6GF2PqD7Pw3bpIrNPHBwOO9GWbmhang2njet7O0vLK6tl7YKG5ube/slvb2H3SSKYZ1lohENUOqUXCJdcONwGaqkMahwEY4uJ74jUdUmify3gxTDGLakzzijBor3bWfeKdU9lxvCrJI/JyUIUetU/pqdxOWxSgNE1Trlu+lJhhRZTgTOC62M40pZQPaw5alksaog9H01DE5tkqXRImyJQ2Zqr8nRjTWehiHtjOmpq/nvYn4n9fKTHQRjLhMM4OSzRZFmSAmIZO/SZcrZEYMLaFMcXsrYX2qKDM2naINwZ9/eZE0K65/6lbcy9uzcvUqD6QAh3AEJ+DDOVThBmpQBwY9eIZXeHOE8+K8Ox+z1iUnnzmAP3A+fwCKHI5I</latexit>

⇠
<latexit sha1_base64="PJ/t+dDRkiqu1t3rCnsgeQRGvVg=">AAAB7HicbVA9SwNBEJ3zM8avqKXNYhCsjrsoqF3QxjKiMYHkCHubuWTJ3t6xuyeGkJ9gY6GF2PqD7Pw3bpIrNPHBwOO9GWbmhang2njet7O0vLK6tl7YKG5ube/slvb2H3SSKYZ1lohENUOqUXCJdcONwGaqkMahwEY4uJ74jUdUmify3gxTDGLakzzijBor3bWfeKdU9lxvCrJI/JyUIUetU/pqdxOWxSgNE1Trlu+lJhhRZTgTOC62M40pZQPaw5alksaog9H01DE5tkqXRImyJQ2Zqr8nRjTWehiHtjOmpq/nvYn4n9fKTHQRjLhMM4OSzRZFmSAmIZO/SZcrZEYMLaFMcXsrYX2qKDM2naINwZ9/eZE0K65/6lbcy9uzcvUqD6QAh3AEJ+DDOVThBmpQBwY9eIZXeHOE8+K8Ox+z1iUnnzmAP3A+fwCKHI5I</latexit>

t = const
<latexit sha1_base64="y6MgDgfdfLVO979WijpAZHZ/dcE=">AAAB+3icbVA9SwNBEN2LXzF+nVraLAbB6riLgloIQRvLCMYEkiPsbTbJkr3dY3cuGI78ExsLLcTWP2Lnv3GTXKGJDwYe780wMy9KBDfg+99OYWV1bX2juFna2t7Z3XP3Dx6NSjVldaqE0s2IGCa4ZHXgIFgz0YzEkWCNaHg79Rsjpg1X8gHGCQtj0pe8xykBK3VcF/A1bgN7gowqaWDSccu+58+Al0mQkzLKUeu4X+2uomnMJFBBjGkFfgJhRjRwKtik1E4NSwgdkj5rWSpJzEyYzS6f4BOrdHFPaVsS8Ez9PZGR2JhxHNnOmMDALHpT8T+vlULvMsy4TFJgks4X9VKBQeFpDLjLNaMgxpYQqrm9FdMB0YSCDatkQwgWX14mzYoXnHkV7+r+vFy9yQMpoiN0jE5RgC5QFd2hGqojikboGb2iNydzXpx352PeWnDymUP0B87nD5cVk+8=</latexit>

x = const
<latexit sha1_base64="9trvphlxc3z82TUAIS25ARnfmNU=">AAAB+3icbVA9SwNBEN3zM8avU0ubxSBYHXdRUAshaGMZwZhAcoS9zSZZsrd77M6FhCP/xMZCC7H1j9j5b9wkV2jig4HHezPMzIsSwQ34/rezsrq2vrFZ2Cpu7+zu7bsHh09GpZqyGlVC6UZEDBNcshpwEKyRaEbiSLB6NLib+vUh04Yr+QjjhIUx6Une5ZSAldquO8I3uAVsBBlV0sCk7ZZ8z58BL5MgJyWUo9p2v1odRdOYSaCCGNMM/ATCjGjgVLBJsZUalhA6ID3WtFSSmJkwm10+wadW6eCu0rYk4Jn6eyIjsTHjOLKdMYG+WfSm4n9eM4XuVZhxmaTAJJ0v6qYCg8LTGHCHa0ZBjC0hVHN7K6Z9ogkFG1bRhhAsvrxMGmUvOPfK3vXDRalymwdSQMfoBJ2hAF2iCrpHVVRDFA3RM3pFb07mvDjvzse8dcXJZ47QHzifP51pk/M=</latexit>

� = 2⇡/k
<latexit sha1_base64="wcEDmEOeT+uzEsPAMRYd2YZ+QzA=">AAAB/XicbVBNS8NAFHzxs9avWI9eFovgKSZVUA9C0YvHCtYWmlA22027dLMJuxuxhP4VLx70IF79H978N27bHLR1YGGYmcd7O2HKmdKu+20tLa+srq2XNsqbW9s7u/Ze5UElmSS0SRKeyHaIFeVM0KZmmtN2KimOQ05b4fBm4rceqVQsEfd6lNIgxn3BIkawNlLXrvjchHsYXaEa8lOGToZdu+o67hRokXgFqUKBRtf+8nsJyWIqNOFYqY7npjrIsdSMcDou+5miKSZD3KcdQwWOqQry6e1jdGSUHooSaZ7QaKr+nshxrNQoDk0yxnqg5r2J+J/XyXR0EeRMpJmmgswWRRlHOkGTIlCPSUo0HxmCiWTmVkQGWGKiTV1lU4I3/+VF0q453qlTcy7vzqr166KQEhzAIRyDB+dQh1toQBMIPMEzvMKbNbZerHfrYxZdsoqZffgD6/MH1M6TTQ==</latexit>

T = 2⇡/!
<latexit sha1_base64="MSVlvzGAOh6uerDGu5V3wIGnz1I=">AAAB/XicbVDLSsNAFJ3UV62vWJduBovgqiZVUBdC0Y3LCq0tNKFMppN26DzCzEQsob/ixoUuxK3/4c6/cdpmoa0HLhzOuZd774kSRrXxvG+nsLK6tr5R3Cxtbe/s7rn75QctU4VJC0smVSdCmjAqSMtQw0gnUQTxiJF2NLqd+u1HojSVomnGCQk5GggaU4yMlXpuuQmvYQ0GCYWnMJCcDFDPrXhVbwa4TPycVECORs/9CvoSp5wIgxnSuut7iQkzpAzFjExKQapJgvAIDUjXUoE40WE2u30Cj63Sh7FUtoSBM/X3RIa41mMe2U6OzFAvelPxP6+bmvgyzKhIUkMEni+KUwaNhNMgYJ8qgg0bW4KwovZWiIdIIWxsXCUbgr/48jLp1Kr+WbVWvbo/r9Rv8kCK4BAcgRPggwtQB3egAVoAgyfwDF7BmzNxXpx352PeWnDymQPwB87nD1Bkkv4=</latexit>
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1.1.4 Ondes à trois dimensions

@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>

@2⇠

@t2
= u2r2⇠

<latexit sha1_base64="NsOpsDGE9mtL6Nv3zszmv4PRq9k=">AAACIHicbVBNSwMxEM36WevXqkcvwSJ4KrtVUQ9C0YvHCtYWum2ZTbNtaDa7JFmxLP0lXvwrXjzoQfSmv8ZsW0RbBwJv3nvDZJ4fc6a043xac/MLi0vLuZX86tr6xqa9tX2rokQSWiURj2TdB0U5E7Sqmea0HksKoc9pze9fZnrtjkrFInGjBzFthtAVLGAEtKHa9rEXSCCpF4PUDHirhL17NvzpsW6Vhuc4yXgBPoexoW0XnKIzKjwL3AkooElV2vaH14lIElKhCQelGq4T62aaLSGcDvNeomgMpA9d2jBQQEhVMx2dN8T7hungIJLmCY1H7O+JFEKlBqFvnCHonprWMvI/rZHo4LSZMhEnmgoyXhQk5ugIZ1nhDpOUaD4wAIhk5q+Y9MDkpU2ieROCO33yLKiXiu5hsVQ8uz4qlC8mgeTQLtpDB8hFJ6iMrlAFVRFBD+gJvaBX69F6tt6s97F1zprM7KA/ZX19A+HxooQ=</latexit>

r2⇠ =
<latexit sha1_base64="akUtWrqnYV33CmKMmhcXaRv565c=">AAAB9nicbVBNS8NAEJ3Ur1q/qh69LBbBU0iqoB6EohePFawtNLFstpt26WYTdzfFEvo7vHjQg3j1t3jz37htc9DWBwOP92aYmRcknCntON9WYWl5ZXWtuF7a2Nza3inv7t2rOJWENkjMY9kKsKKcCdrQTHPaSiTFUcBpMxhcT/zmkErFYnGnRwn1I9wTLGQEayP5nsABxw9V5D2xy0654tjOFGiRuDmpQI56p/zldWOSRlRowrFSbddJtJ9hqRnhdFzyUkUTTAa4R9uGChxR5WfTo8foyChdFMbSlNBoqv6eyHCk1CgKTGeEdV/NexPxP6+d6vDcz5hIUk0FmS0KU450jCYJoC6TlGg+MgQTycytiPSxxESbnEomBHf+5UXSqtruiV21L25PK7WrPJAiHMAhHIMLZ1CDG6hDAwg8wjO8wps1tF6sd+tj1lqw8pl9+APr8wcVZZHz</latexit>

@2⇠

@x2
+

@2⇠

@y2
+

@2⇠

@z2
<latexit sha1_base64="j1CMG9wtZOsEzQvL0ZU8h0cgpf4=">AAACW3icjVHPS8MwGE2rm3NOrYonL8EhCMJoq6Dehl48TnBusHYjzdItLP1Bkspm6T/pQRD/FQ+mWxHdBP0g8PLe+74kL17MqJCm+abpa+ul8kZls7pV297ZNfb2H0WUcEzaOGIR73pIEEZD0pZUMtKNOUGBx0jHm9zmeueJcEGj8EHOYuIGaBRSn2IkFTUwYsfnCKdOjLikiPVt6Exp9rWH076dwTP4h2v2L9dz7hoYdbNhzguuAqsAdVBUa2C8OMMIJwEJJWZIiJ5lxtJN85mYkazqJILECE/QiPQUDFFAhJvOk8ngiWKG0I+4WqGEc/Z7R4oCIWaBp5wBkmOxrOXkb1ovkf6Vm9IwTiQJ8eIgP2FQRjCPGQ4pJ1iymQIIc6ruCvEYqXik+oyqCsFafvIq6NoN67xhN67vL+rNmyKQCjgCx+AUWOASNMEdaIE2wOAVfGglray965pe1WsLq64VPQfgR+mHn+mBtSo=</latexit>

1

r

@

@r

✓
r
@⇠

@r

◆
+

1

r2
@2⇠

@✓2
+

@2⇠

@z2
<latexit sha1_base64="YYivuNgLyi1nTu0qEWIM3WKd+44="></latexit>

1

r2
@

@r

✓
r2

@⇠

@r

◆
+

1

r2 sin ✓

@

@✓

✓
sin ✓

@⇠

@✓

◆
+

1

r2 sin2 ✓

@2⇠

@�2
<latexit sha1_base64="53Dn74+8pIxJCg3hxj4JTeBsLHc="></latexit>

Coord. cartésiennes 

Coord. cylindriques 

Coord. sphériques  



1.1.5 Histoire

Pythagore

~ 500 av. J.-C. 

Galieo

Giovanni 
Benedetti

~ 1550 ~ 1700 

Isaac Newton

~ 1800 ~ 1900 

The Lord 
Rayleigh

Jean Baptiste 
d’Alembert

Pierre Simon 
Laplace

Joseph 
Fourier 

~ 1800 ~ 1750 

Daniel Bernoulli

Relation entre 
hauteur du son et 

longueur de la 
corde 

Relation entre 
hauteur et 
fréquence 

Vitesse du 
son 

(conditions 
isothermes)

Equation 
d’onde et 
premières 
solutions 

Vitesse du 
son 

(conditions 
adiabatiques)

Solution eq. 
d’onde,  

superposition 
d'une somme 

infinie  des 
fonctions

Présentation 
cohérente de 
l’acoustique



1.2 Propriétés de base des ondes 

• Ce que ce propage dans un 
mouvement ondulatoire

• L’effet Doppler
• Ondes de choc



1.2.1.1 Densité d'énergie d’une onde 

✏ =
1

2
µu2

✓
@⇠

@x

◆2

+
1

2
µ

✓
@⇠

@t

◆2

<latexit sha1_base64="YcPXXD7uf3jxT7Mh668zCmVfKjw="></latexit>
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Série 2
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Série 2
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Série 2

! = f(k)

@⇢

@t
+r · (⇢u) = 0 r · J = 0

⇢
@u

@t
= J⇥B�rp E+ u⇥B = ⌘J

d

dt
(p⇢��) = 0 r⇥B = µ0J

r⇥E = �@B

@t
r ·B = 0

E J
⌘ = 0

@⇢

@t
+r · (⇢u) = 0 ⇢

@u

@t
= �rp+

1

µ0
(r⇥B)⇥B

@B

@t
= r⇥ (u⇥B)

d

dt
(p⇢��) = 0

⇢ p B u

B̃ ũ ⇢̃ p̃

@⇢̃

@t
+r · (⇢0ũ) = 0 ⇢0

@ũ

@t
= �rp̃+

1

µ0
(r⇥ B̃)⇥B0

@B̃

@t
= r⇥ (ũ⇥B0) p̃ =

�p0
⇢0

⇢̃ = c2s⇢̃

cs =
p
�p0/⇢0

B̃
ũ ⇢̃ p̃ Ã(x, t) = Aei(k·x�!t)

p̃

ũ = (0, ũy, 0) k = (kx, 0, kz) B0 = B0ẑ

! = c2Ak
2
z

cA = B0/
p
µ0⇢0

ũ = (ũx, 0, ũz)

!2 =
1

2
(c2A + c2s)k

2 ±
r

1

4
(c2A + c2s)

2k4 � c2Ac
2
sk

2k2z

B0

⇠(x, t) = R(r)⇥(✓)Z(z) cos(!t+ �)
R,⇥, Z

r
@

@r

✓
r
@

@r
R

◆
+
⇥
(krr)

2 � n2
⇤
R = 0

⇥00 + n2⇥ = 0

Z 00 + k2zZ = 0

k2 = k2z + k2r !2 = c2k2

kr 6= 0

✓ z
r �! 1 r

⇠(r, t)

⇠(r, t) =
⇠0 sin(kr � !t)p

r

1/r


