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1.2.1.1 Densité d'énergie d’une onde 
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<latexit sha1_base64="YcPXXD7uf3jxT7Mh668zCmVfKjw="></latexit>



1.2.1.2 Intensité d’une onde
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<latexit sha1_base64="Yl6JJ/WWOCAyiEzeuF+lbeaB2xo=">AAACG3icbVDLSgMxFM3UV62vqks3wSK4GmZGQV0IRTe6q2BtodMOmTTThiaTIcmIZZjfcOOvuHGhC3EluPBvTB8LbT0QOJxzDzf3hAmjSjvOt1VYWFxaXimultbWNza3yts7d0qkEpM6FkzIZogUYTQmdU01I81EEsRDRhrh4HLkN+6JVFTEt3qYkDZHvZhGFCNtpKDs+MLYo3R2nZ/7kUQ4c/PMy6Ev+wKm0Bec9FDHg/4DDZyOF5Qrju2MAeeJOyUVMEUtKH/6XYFTTmKNGVKq5TqJbmdIaooZyUt+qkiC8AD1SMvQGHGi2tn4shweGKULIyHNizUcq78TGeJKDXloJjnSfTXrjcT/vFaqo9N2RuMk1STGk0VRyqAWcFQT7FJJsGZDQxCW1PwV4j4y7WhTZsmU4M6ePE+anu0e2Z59dnNcqV5MCymCPbAPDoELTkAVXIEaqAMMHsEzeAVv1pP1Yr1bH5PRgjXN7II/sL5+APAdoHI=</latexit>

B = 10 log10
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<latexit sha1_base64="3OhN8tmvEIDzEHy+zst5VIL2qgw="></latexit>

B[dB]
<latexit sha1_base64="KLXo2abnma50SClTnXLIG4Mxdu8=">AAAB9nicbVBNS8NAEN34WetX1aOXxSJ4CkkV1FupF48VrC2koWw2m3bpZhN3J8US+ju8eNCDePW3ePPfuG1z0NYHA4/3ZpiZF6SCa3Ccb2tldW19Y7O0Vd7e2d3brxwcPugkU5S1aCIS1QmIZoJL1gIOgnVSxUgcCNYOhjdTvz1iSvNE3sM4ZX5M+pJHnBIwkt/AXWBPkHthw5/0KlXHdmbAy8QtSBUVaPYqX90woVnMJFBBtPZcJwU/Jwo4FWxS7maapYQOSZ95hkoSM+3ns6Mn+NQoIY4SZUoCnqm/J3ISaz2OA9MZExjoRW8q/ud5GURXfs5lmgGTdL4oygSGBE8TwCFXjIIYG0Ko4uZWTAdEEQomp7IJwV18eZl0arZ7btfs67uLar1RBFJCx+gEnSEXXaI6ukVN1EIUPaJn9IrerJH1Yr1bH/PWFauYOUJ/YH3+AJWnkkg=</latexit>



1.2.2 L’effet Doppler
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<latexit sha1_base64="riyqynjAGL9utC5vJNQTxbnyrAU=">AAACEnicbVC7TsMwFHV4lvIKMLJEVAgWoqQgAQNSBQtjUSmt1ESR4zqtVceJbKdSFeUTWPgVFgYYECsTG3+Dk2aAliNZ9+ice3V9jx9TIqRlfWsLi0vLK6uVter6xubWtr6z+yCihCPcRhGNeNeHAlPCcFsSSXE35hiGPsUdf3ST+50x5oJE7F5OYuyGcMBIQBCUSvL0IyfgEKUOSzwrK0oru5pq45NxruWllXl6zTKtAsY8sUtSAyWanv7l9COUhJhJRKEQPduKpZtCLgmiOKs6icAxRCM4wD1FGQyxcNPioMw4VErfCCKuHpNGof6eSGEoxCT0VWcI5VDMern4n9dLZHDhpoTFicQMTRcFCTVkZOTpGH3CMZJ0oghEnKi/GmgIVRpSZVhVIdizJ8+Tbt20T826eXl3Vmtcl4FUwD44AMfABuegAW5BE7QBAo/gGbyCN+1Je9HetY9p64JWzuyBP9A+fwC2qp3j</latexit>

vS = 0
<latexit sha1_base64="K0tKo6gVSIvFbaPJM79xBaVCiIo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0iqoB6EohePFY0ttKFstpt26WYTdjeFEvobvHjQg3j193jz37hpc9DWBwOP92aYmRcknCntON9WaWV1bX2jvFnZ2t7Z3avuHzypOJWEeiTmsWwHWFHOBPU005y2E0lxFHDaCka3ud8aU6lYLB71JKF+hAeChYxgbSRv3Hu4dnrVmmM7M6Bl4hakBgWavepXtx+TNKJCE46V6rhOov0MS80Ip9NKN1U0wWSEB7RjqMARVX42O3aKTozSR2EsTQmNZurviQxHSk2iwHRGWA/VopeL/3mdVIeXfsZEkmoqyHxRmHKkY5R/jvpMUqL5xBBMJDO3IjLEEhNt8qmYENzFl5dJu267Z3bdvro/rzVuikDKcATHcAouXEAD7qAJHhBg8Ayv8GYJ68V6tz7mrSWrmDmEP7A+fwBcuY60</latexit>

vS = 0.7v
<latexit sha1_base64="zshAuBmx5G+Olks6j8Ur41IMNHc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0iqUD0IRS8eK1obaEPZbDft0s0m7m4KJfRPePGgB/Hqv/Hmv3Hb5qCtDwYe780wMy9IOFPacb6twsrq2vpGcbO0tb2zu1feP3hUcSoJbZKYx9ILsKKcCdrUTHPqJZLiKOC0FQxvpn5rRKVisXjQ44T6Ee4LFjKCtZG8Uff+yrFro2654tjODGiZuDmpQI5Gt/zV6cUkjajQhGOl2q6TaD/DUjPC6aTUSRVNMBniPm0bKnBElZ/N7p2gE6P0UBhLU0Kjmfp7IsORUuMoMJ0R1gO16E3F/7x2qsMLP2MiSTUVZL4oTDnSMZo+j3pMUqL52BBMJDO3IjLAEhNtIiqZENzFl5eJV7XdM7tqX96dV+rXeSBFOIJjOAUXalCHW2hAEwhweIZXeLOerBfr3fqYtxasfOYQ/sD6/AEem4+t</latexit>



Champ ultra-profond de Hubble





1.2.3 L’onde de choc

vS = 0
<latexit sha1_base64="K0tKo6gVSIvFbaPJM79xBaVCiIo=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0iqoB6EohePFY0ttKFstpt26WYTdjeFEvobvHjQg3j193jz37hpc9DWBwOP92aYmRcknCntON9WaWV1bX2jvFnZ2t7Z3avuHzypOJWEeiTmsWwHWFHOBPU005y2E0lxFHDaCka3ud8aU6lYLB71JKF+hAeChYxgbSRv3Hu4dnrVmmM7M6Bl4hakBgWavepXtx+TNKJCE46V6rhOov0MS80Ip9NKN1U0wWSEB7RjqMARVX42O3aKTozSR2EsTQmNZurviQxHSk2iwHRGWA/VopeL/3mdVIeXfsZEkmoqyHxRmHKkY5R/jvpMUqL5xBBMJDO3IjLEEhNt8qmYENzFl5dJu267Z3bdvro/rzVuikDKcATHcAouXEAD7qAJHhBg8Ayv8GYJ68V6tz7mrSWrmDmEP7A+fwBcuY60</latexit>

vS = 0.7v
<latexit sha1_base64="zshAuBmx5G+Olks6j8Ur41IMNHc=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0iqUD0IRS8eK1obaEPZbDft0s0m7m4KJfRPePGgB/Hqv/Hmv3Hb5qCtDwYe780wMy9IOFPacb6twsrq2vpGcbO0tb2zu1feP3hUcSoJbZKYx9ILsKKcCdrUTHPqJZLiKOC0FQxvpn5rRKVisXjQ44T6Ee4LFjKCtZG8Uff+yrFro2654tjODGiZuDmpQI5Gt/zV6cUkjajQhGOl2q6TaD/DUjPC6aTUSRVNMBniPm0bKnBElZ/N7p2gE6P0UBhLU0Kjmfp7IsORUuMoMJ0R1gO16E3F/7x2qsMLP2MiSTUVZL4oTDnSMZo+j3pMUqL52BBMJDO3IjLAEhNtIiqZENzFl5eJV7XdM7tqX96dV+rXeSBFOIJjOAUXalCHW2hAEwhweIZXeLOerBfr3fqYtxasfOYQ/sD6/AEem4+t</latexit>

vS = v
<latexit sha1_base64="qm3WzYThboEg5F0hCe2pZh6srmM=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0iqoB6EohePFY0ttKFstpt26WYTdjeFEvobvHjQg3j193jz37hpc9DWBwOP92aYmRcknCntON9WaWV1bX2jvFnZ2t7Z3avuHzypOJWEeiTmsWwHWFHOBPU005y2E0lxFHDaCka3ud8aU6lYLB71JKF+hAeChYxgbSRv3Hu4HveqNcd2ZkDLxC1IDQo0e9Wvbj8maUSFJhwr1XGdRPsZlpoRTqeVbqpogskID2jHUIEjqvxsduwUnRilj8JYmhIazdTfExmOlJpEgemMsB6qRS8X//M6qQ4v/YyJJNVUkPmiMOVIxyj/HPWZpETziSGYSGZuRWSIJSba5FMxIbiLLy+Tdt12z+y6fXV/XmvcFIGU4QiO4RRcuIAG3EETPCDA4Ble4c0S1ov1bn3MW0tWMXMIf2B9/gDHXY76</latexit>

vS = 1.4v
<latexit sha1_base64="bnM3iDtGtjjBV8RleqP4sH2vhrc=">AAAB8nicbVA9TwJBEJ3DL8Qv1NJmIzGxutwhiVqYEG0sMYpg4EL2lgU27O5ddvdIyIVfYWOhhbH119j5b1zgCgVfMsnLezOZmRfGnGnjed9ObmV1bX0jv1nY2t7Z3SvuHzzqKFGE1knEI9UMsaacSVo3zHDajBXFIuS0EQ5vpn5jRJVmkXww45gGAvcl6zGCjZWeRp37K9+toFGnWPJcbwa0TPyMlCBDrVP8ancjkggqDeFY65bvxSZIsTKMcDoptBNNY0yGuE9blkosqA7S2cETdGKVLupFypY0aKb+nkix0HosQtspsBnoRW8q/ue1EtO7CFIm48RQSeaLeglHJkLT71GXKUoMH1uCiWL2VkQGWGFibEYFG4K/+PIyaZZd/8wtu5d3lVL1OgskD0dwDKfgwzlU4RZqUAcCAp7hFd4c5bw4787HvDXnZDOH8AfO5w9zW4/V</latexit>



1.2.3 L’onde de choc

↵
<latexit sha1_base64="nln7l6lgR9Qv2bosKJ7yNhmo4Dc=">AAAB8HicbVBNS8NAEJ34WetX1aOXYBE8haQK6q3oxWMFawttKJPtpl262Sy7G6GU/ggvHvQgXv053vw3btoctPXBwOO9GWbmRZIzbXz/21lZXVvf2Cxtlbd3dvf2KweHjzrNFKFNkvJUtSPUlDNBm4YZTttSUUwiTlvR6Db3W09UaZaKBzOWNExwIFjMCBortbrI5RDLvUrV9/wZ3GUSFKQKBRq9yle3n5IsocIQjlp3Al+acILKMMLptNzNNJVIRjigHUsFJlSHk9m5U/fUKn03TpUtYdyZ+ntigonW4ySynQmaoV70cvE/r5OZ+CqcMCEzQwWZL4oz7prUzX93+0xRYvjYEiSK2VtdMkSFxNiE8hCCxZeXSbvmBedezbu+v6jWb4pASnAMJ3AGAVxCHe6gAU0gMIJneIU3RzovzrvzMW9dcYqZI/gD5/MH8paPnw==</latexit>

sin↵ =
v

vS
<latexit sha1_base64="/NY2UO4/mWnE3oiLZHXhtrzOVn0=">AAACBnicbVBNS8NAEN34WetX1GMvi0XwFJIqqAeh6MVjRWsLTQib7aZdutmE3U2hhBy8+Fe8eNCDePU3ePPfuGlz0NYHA4/3ZpiZFySMSmXb38bS8srq2nplo7q5tb2za+7tP8g4FZi0ccxi0Q2QJIxy0lZUMdJNBEFRwEgnGF0XfmdMhKQxv1eThHgRGnAaUoyUlnyz5krKoYtYMkSX0A0Fwtk4z8b+XV71zbpt2VPAReKUpA5KtHzzy+3HOI0IV5ghKXuOnSgvQ0JRzEhedVNJEoRHaEB6mnIUEell0ydyeKSVPgxjoYsrOFV/T2QoknISBbozQmoo571C/M/rpSo89zLKk1QRjmeLwpRBFcMiEdingmDFJpogLKi+FeIh0kEonVsRgjP/8iLpNiznxGpYF7en9eZVGUgF1MAhOAYOOANNcANaoA0weATP4BW8GU/Gi/FufMxal4xy5gD8gfH5A3cDmEE=</latexit>





1.3 Superposition d’ondes



1.3.1 Principe de superposition
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<latexit sha1_base64="vpdtFvmQDt8HD08u3NFfp1Xvf1Y=">AAACPHichVDNS8MwHE39nPOr6tFLcAieSlsF9SAMvXjcwLnB2pU0S7ew9IMklY2yv8uLf4U3D1486EG8ejbdiugm+CDweO/9kvyenzAqpGk+aQuLS8srq6W18vrG5ta2vrN7K+KUY9LAMYt5y0eCMBqRhqSSkVbCCQp9Rpr+4Cr3m3eECxpHN3KUEDdEvYgGFCOpJE+vOwFHOHMSxCVFrGNDZ0g9a/ytQNmxxxcwzZ3/okMVLXt6xTTMCeA8sQpSAQVqnv7odGOchiSSmCEh2paZSDfL78SMjMtOKkiC8AD1SFvRCIVEuNlk9TE8VEoXBjFXJ5Jwov6cyFAoxCj0VTJEsi9mvVz8y2unMjhzMxolqSQRnj4UpKqOGOY9wi7lBEs2UgRhTtVfIe4jVZBUbeclWLMrz5OWbVjHhm2c108q1cuikBLYBwfgCFjgFFTBNaiBBsDgHjyDV/CmPWgv2rv2MY0uaMXMHvgF7fMLmDSuDg==</latexit>
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@t2

= u2 @
2⇠2
@x2

<latexit sha1_base64="WH9FSwBtgyo4JQWZYsNmuSuKV8A=">AAACPHichVDNS8MwHE39nPOr6tFLcAieSlsF9SAMvXjcwLnB2pU0S7ew9IMklY2yv8uLf4U3D1486EG8ejbdiugm+CDweO/9kvyenzAqpGk+aQuLS8srq6W18vrG5ta2vrN7K+KUY9LAMYt5y0eCMBqRhqSSkVbCCQp9Rpr+4Cr3m3eECxpHN3KUEDdEvYgGFCOpJE+vOwFHOHMSxCVFrGNDZ0g9e/ytQNmxxxcwzZ3/okMVLXt6xTTMCeA8sQpSAQVqnv7odGOchiSSmCEh2paZSDfL78SMjMtOKkiC8AD1SFvRCIVEuNlk9TE8VEoXBjFXJ5Jwov6cyFAoxCj0VTJEsi9mvVz8y2unMjhzMxolqSQRnj4UpKqOGOY9wi7lBEs2UgRhTtVfIe4jVZBUbeclWLMrz5OWbVjHhm2c108q1cuikBLYBwfgCFjgFFTBNaiBBsDgHjyDV/CmPWgv2rv2MY0uaMXMHvgF7fMLm4uuEA==</latexit>

@2(⇠1 + ⇠2)

@t2
= u2 @

2(⇠1 + ⇠2)

@x2
<latexit sha1_base64="JZ9Z7UwP62VsPEM2I2wQSyvOEpA=">AAACUXicdVHLSwJBHP65vUx7WB27DElgBLK7BdUhkLp0NMgUXJXZcVYHZx/MzIay+B92qVv/RpcOdWhWJUrtBwMf32Me37gRZ1KZ5lvGWFldW9/IbubyW9s7u4W9/UcZxoLQGgl5KBoulpSzgNYUU5w2IkGx73Jadwe3qV5/okKyMHhQo4i2fNwLmMcIVprqFDzHE5gkToSFYpi3bVRyhqxjIXSKUmCfjH9EpNr2+BrF2vRfakloqEO5TqFols3JoEVgzUARZlPtFF6dbkhinwaKcCxl0zIj1UrSPQmn45wTSxphMsA92tQwwD6VrWTSxxgda6aLvFDoFSg0YX8nEuxLOfJd7fSx6st5LSWXac1YeZethAVRrGhApgd5sS4mRGm5qMsEJYqPNMBEMH1XRPpYV6X0F6QlWPNPXgQNu2ydle3y1f15sXIzKyQLh3AEJbDgAipwB1WoAYFneIdP+Mq8ZD4MMIyp1cjMMgfwZ4z8N5Z7sRc=</latexit>
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Sources 
ponctuelles 

Front 
d’onde, t1

Front d’onde, 
t2 > t1



1.3.2.1 Battements
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<latexit sha1_base64="Yju5aDBuryEt/UjALn4Sl6lVzgM="></latexit>
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Série 3
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