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2.1.4 Énergie d'une onde EM

w =
1

2
H ·B+

1

2
E ·D

<latexit sha1_base64="A0/bYH7aOh5RGmXfSwRi1dobdvA=">AAACM3icbVBPS8MwHE39O+e/qkcvwSEIQmmnoB6EMRV2nODcYC0jzdItLE1Lkiqj9Ct58ZuIlx30IF79DmZbD27zQeDlvfcj+T0/ZlQq2x4ZS8srq2vrhY3i5tb2zq65t/8oo0Rg0sARi0TLR5IwyklDUcVIKxYEhT4jTX9wM/abT0RIGvEHNYyJF6IepwHFSGmpY9aer91AIJw6WVrOYOr6Aaxl0MXdSE1v1QyewoXM3UzmNoMds2Rb9gRwkTg5KYEc9Y755nYjnISEK8yQlG3HjpWXIqEoZiQruokkMcID1CNtTTkKifTSycYZPNZKFwaR0IcrOFH/TqQolHIY+joZItWX895Y/M9rJyq49FLK40QRjqcPBQmDKoLj+mCXCoIVG2qCsKD6rxD3kS5H6ZKLugRnfuVF0ipbzplVtq7uz0uVal5IARyCI3ACHHABKqAG6qABMHgB7+ADfBqvxsj4Mr6n0SUjnzkAMzB+fgE0BKiS</latexit>

@⌦
<latexit sha1_base64="S0kyizg0FheihoLR+XGStjZ+YD0=">AAAB+nicbVA9T8MwEHXKVykfDTCyWFRITFFSkICtgoWNIlFaqYmqi+u2Vh0nsh2kEvWXsDDAgFj5JWz8G5w2A7Q86aSn9+7suxcmnCntut9WaWV1bX2jvFnZ2t7Zrdp7+w8qTiWhLRLzWHZCUJQzQVuaaU47iaQQhZy2w/F17rcfqVQsFvd6ktAggqFgA0ZAG6lnV/0EpGbAsX8b0SH07JrruDPgZeIVpIYKNHv2l9+PSRpRoQkHpbqem+ggyx8lnE4rfqpoAmQMQ9o1VEBEVZDNFp/iY6P08SCWpoTGM/X3RAaRUpMoNJ0R6JFa9HLxP6+b6sFFkDGRpJoKMv9okHKsY5yngPtMUqL5xBAgkpldMRmBBKJNVhUTgrd48jLp1B3v1Kk7l3dntcZVEUgZHaIjdII8dI4a6AY1UQsRlKJn9IrerCfrxXq3PuatJauYOUB/YH3+AKmnk2I=</latexit>

⌦
<latexit sha1_base64="67lyQYLlfk8j2z0JWxD1XrrT/kU=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgadmNgnoLevFmBPOAZAmzk9lkzDyWmVkhLPkHLx70IF79HW/+jZNkD5pY0FBUddPdFSWMauP7305hZXVtfaO4Wdra3tndK+8fNLVMFSYNLJlU7QhpwqggDUMNI+1EEcQjRlrR6Gbqt56I0lSKBzNOSMjRQNCYYmSs1OzecTJAvXLF9/wZ3GUS5KQCOeq98le3L3HKiTCYIa07gZ+YMEPKUMzIpNRNNUkQHqEB6VgqECc6zGbXTtwTq/TdWCpbwrgz9fdEhrjWYx7ZTo7MUC96U/E/r5Oa+DLMqEhSQwSeL4pT5hrpTl93+1QRbNjYEoQVtbe6eIgUwsYGVLIhBIsvL5N21QvOvKp3dX9eqV3ngRThCI7hFAK4gBrcQh0agOERnuEV3hzpvDjvzse8teDkM4fwB87nD49+j24=</latexit>@

@t

Z

⌦
wdV = �

I

@⌦
S · ndA�

Z

⌦
E · JdV

<latexit sha1_base64="FCc4V3mTcQv+SCPQKd4UD9XhM9Q="></latexit>

S = E⇥H
<latexit sha1_base64="ojlqt5oCm71tSI3uMd/JWM9LzdU=">AAACDHicbVDLSsNAFJ3UV62vqEs3o0VwFZIqqAuhKEKXFa0tNKFMppN26GQSZiZCCVm78VfcuNCFuPUD3Pk3TpsstPXAwLnn3Mude/yYUals+9soLSwuLa+UVytr6xubW+b2zr2MEoFJC0csEh0fScIoJy1FFSOdWBAU+oy0/dHVxG8/ECFpxO/UOCZeiAacBhQjpaWeuQ9T1w/gbQYvcnadQVfRkMi8bGQ9s2pb9hRwnjgFqYICzZ755fYjnISEK8yQlF3HjpWXIqEoZiSruIkkMcIjNCBdTTnSy7x0ekoGD7XSh0Ek9OMKTtXfEykKpRyHvu4MkRrKWW8i/ud1ExWceSnlcaIIx/miIGFQRXCSC+xTQbBiY00QFlT/FeIhEggrnV5Fh+DMnjxPOjXLObZq1vnNSbV+WQRSBnvgABwBB5yCOmiAJmgBDB7BM3gFb8aT8WK8Gx95a8koZnbBHxifP8l2mVc=</latexit>

Vecteur de Poynting :



X
<latexit sha1_base64="gP/MQGOwN7eJCnGqvjHO21UCGGU=">AAAB6nicbVA9SwNBEJ3zM8avqKXNYhCsjrsoqF3QxjIBYw6SI+xt5pI1ex/s7gnhyC+wsdBCbP1Fdv4bN8kVmvhg4PHeDDPzglRwpR3n21pZXVvf2Cxtlbd3dvf2KweHDyrJJMMWS0QivYAqFDzGluZaoJdKpFEgsB2Mbqd++wml4kl8r8cp+hEdxDzkjGojNb1eperYzgxkmbgFqUKBRq/y1e0nLIsw1kxQpTquk2o/p1JzJnBS7mYKU8pGdIAdQ2MaofLz2aETcmqUPgkTaSrWZKb+nshppNQ4CkxnRPVQLXpT8T+vk+nwys95nGYaYzZfFGaC6IRMvyZ9LpFpMTaEMsnNrYQNqaRMm2zKJgR38eVl4tVs99yu2dfNi2r9pgikBMdwAmfgwiXU4Q4a0AIGCM/wCm/Wo/VivVsf89YVq5g5gj+wPn8A4iKNTw==</latexit>

Y
<latexit sha1_base64="OeKOBMQMYevb84yFM9C9Afs523E=">AAAB6nicbVBNT8JAEJ3iF+IX6tFLIzHx1LRoot6IXjxCIoKBhmyXKaxst83u1oQ0/AIvHvRgvPqLvPlvXKAHBV8yyct7M5mZFyScKe2631ZhZXVtfaO4Wdra3tndK+8f3Ks4lRSbNOaxbAdEIWcCm5ppju1EIokCjq1gdDP1W08oFYvFnR4n6EdkIFjIKNFGajz0yhXXcWewl4mXkwrkqPfKX91+TNMIhaacKNXx3ET7GZGaUY6TUjdVmBA6IgPsGCpIhMrPZodO7BOj9O0wlqaEtmfq74mMREqNo8B0RkQP1aI3Ff/zOqkOL/2MiSTVKOh8UZhyW8f29Gu7zyRSzceGECqZudWmQyIJ1SabkgnBW3x5mbSrjnfmVJ2rxnmldp0HUoQjOIZT8OACanALdWgCBYRneIU369F6sd6tj3lrwcpnDuEPrM8f46iNUA==</latexit>

Z
<latexit sha1_base64="hIJGtO5FEVRAOPwZJL0HrUi5yVg=">AAAB6nicbVBNT8JAEJ3iF+IX6tFLIzHx1LRoot6IXjxCIkKEhmyXKaxst83u1oQ0/AIvHvRgvPqLvPlvXKAHBV8yyct7M5mZFyScKe2631ZhZXVtfaO4Wdra3tndK+8f3Ks4lRSbNOaxbAdEIWcCm5ppju1EIokCjq1gdDP1W08oFYvFnR4n6EdkIFjIKNFGajz0yhXXcWewl4mXkwrkqPfKX91+TNMIhaacKNXx3ET7GZGaUY6TUjdVmBA6IgPsGCpIhMrPZodO7BOj9O0wlqaEtmfq74mMREqNo8B0RkQP1aI3Ff/zOqkOL/2MiSTVKOh8UZhyW8f29Gu7zyRSzceGECqZudWmQyIJ1SabkgnBW3x5mbSrjnfmVJ2rxnmldp0HUoQjOIZT8OACanALdWgCBYRneIU369F6sd6tj3lrwcpnDuEPrM8f5S6NUQ==</latexit>

E
<latexit sha1_base64="spAqTHT6V7/FvsBxN1FYHQ6m/hA=">AAAB8HicdVBNS8NAEJ34WetX1aOXxSJ4Cmla+3EriuCxgrWFNpTNdtMu3WzC7kYooT/Ciwc9iFd/jjf/jZu2goo+GHi8N8PMPD/mTGnH+bBWVtfWNzZzW/ntnd29/cLB4Z2KEklom0Q8kl0fK8qZoG3NNKfdWFIc+px2/Mll5nfuqVQsErd6GlMvxCPBAkawNlIn7fsBupoNCkXHbtSr7rmLHNtxam65mhG3VnHLqGSUDEVYojUovPeHEUlCKjThWKleyYm1l2KpGeF0lu8nisaYTPCI9gwVOKTKS+fnztCpUYYoiKQpodFc/T6R4lCpaeibzhDrsfrtZeJfXi/RQd1LmYgTTQVZLAoSjnSEst/RkElKNJ8agolk5lZExlhiok1CeRPC16fof9J17VLZdu3GTaXYvFgGkoNjOIEzKEENmnANLWgDgQk8wBM8W7H1aL1Yr4vWFWs5cwQ/YL19AnXDj/g=</latexit>

B
<latexit sha1_base64="jJA8fXYrYW1riUiBdjVWieBFMh0=">AAAB8HicdVBNS8NAEJ34WetX1aOXxSJ4CpsotbmVevFYwdpCG8pmu2mXbj7Y3Qgl9Ed48aAH8erP8ea/cdNWUNEHA4/3ZpiZF6SCK43xh7Wyura+sVnaKm/v7O7tVw4O71SSScraNBGJ7AZEMcFj1tZcC9ZNJSNRIFgnmFwVfueeScWT+FZPU+ZHZBTzkFOijdTJ+0GImrNBpYptbFCroYI4dewY4nl11/WQM7cwrsISrUHlvT9MaBaxWFNBlOo5ONV+TqTmVLBZuZ8plhI6ISPWMzQmEVN+Pj93hk6NMkRhIk3FGs3V7xM5iZSaRoHpjIgeq99eIf7l9TId1v2cx2mmWUwXi8JMIJ2g4nc05JJRLaaGECq5uRXRMZGEapNQ2YTw9Sn6n3Rd2zm3Xdu7uag2mstASnAMJ3AGDlxCA66hBW2gMIEHeIJnK7UerRfrddG6Yi1njuAHrLdPZXyP7g==</latexit>
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2.1.4 Quantité de mouvement  d'une onde EM

@⌦
<latexit sha1_base64="S0kyizg0FheihoLR+XGStjZ+YD0=">AAAB+nicbVA9T8MwEHXKVykfDTCyWFRITFFSkICtgoWNIlFaqYmqi+u2Vh0nsh2kEvWXsDDAgFj5JWz8G5w2A7Q86aSn9+7suxcmnCntut9WaWV1bX2jvFnZ2t7Zrdp7+w8qTiWhLRLzWHZCUJQzQVuaaU47iaQQhZy2w/F17rcfqVQsFvd6ktAggqFgA0ZAG6lnV/0EpGbAsX8b0SH07JrruDPgZeIVpIYKNHv2l9+PSRpRoQkHpbqem+ggyx8lnE4rfqpoAmQMQ9o1VEBEVZDNFp/iY6P08SCWpoTGM/X3RAaRUpMoNJ0R6JFa9HLxP6+b6sFFkDGRpJoKMv9okHKsY5yngPtMUqL5xBAgkpldMRmBBKJNVhUTgrd48jLp1B3v1Kk7l3dntcZVEUgZHaIjdII8dI4a6AY1UQsRlKJn9IrerCfrxXq3PuatJauYOUB/YH3+AKmnk2I=</latexit>

⌦
<latexit sha1_base64="67lyQYLlfk8j2z0JWxD1XrrT/kU=">AAAB73icbVDLSgNBEOyNrxhfUY9eFoPgadmNgnoLevFmBPOAZAmzk9lkzDyWmVkhLPkHLx70IF79HW/+jZNkD5pY0FBUddPdFSWMauP7305hZXVtfaO4Wdra3tndK+8fNLVMFSYNLJlU7QhpwqggDUMNI+1EEcQjRlrR6Gbqt56I0lSKBzNOSMjRQNCYYmSs1OzecTJAvXLF9/wZ3GUS5KQCOeq98le3L3HKiTCYIa07gZ+YMEPKUMzIpNRNNUkQHqEB6VgqECc6zGbXTtwTq/TdWCpbwrgz9fdEhrjWYx7ZTo7MUC96U/E/r5Oa+DLMqEhSQwSeL4pT5hrpTl93+1QRbNjYEoQVtbe6eIgUwsYGVLIhBIsvL5N21QvOvKp3dX9eqV3ngRThCI7hFAK4gBrcQh0agOERnuEV3hzpvDjvzse8teDkM4fwB87nD49+j24=</latexit>

dP

dt
=

Z

⌦
(⇢E+ J⇥B)dV = �dG

dt
+

Z

@⌦

X

↵,�

T↵,�n�u↵dA

<latexit sha1_base64="MVKWObgYC6XeegM6D2ZXVikQoV8="></latexit>

G =

Z

⌦
gdV

<latexit sha1_base64="qCk29aFqijFqNt9idqeox1JwH1I=">AAACCXicbVDLSsNAFJ3UV62vqktBBovgKiRVUBdC0YXurGAf0IQwmUzaoZNJmJkIJXTnxl9x40IX4tY/cOffOE2z0NYDFw7n3Mu99/gJo1JZ1rdRWlhcWl4pr1bW1jc2t6rbO20ZpwKTFo5ZLLo+koRRTlqKKka6iSAo8hnp+MOrid95IELSmN+rUULcCPU5DSlGSktedT9z/BBejy8cypXn3Eakj2Cu9ccwaHvVmmVaOeA8sQtSAwWaXvXLCWKcRoQrzJCUPdtKlJshoShmZFxxUkkShIeoT3qachQR6Wb5H2N4qJUAhrHQxRXM1d8TGYqkHEW+7oyQGshZbyL+5/VSFZ65GeVJqgjH00VhyqCK4SQUGFBBsGIjTRAWVN8K8QAJhJWOrqJDsGdfnifdumkfm3Xz/O6k1rgsAimDPXAAjoANTkED3IAmaAEMHsEzeAVvxpPxYrwbH9PWklHM7II/MD5/AOHhmPI=</latexit>

g = D⇥B =
1

c2
S

<latexit sha1_base64="jqKMORq9PwBEObQ5GOyjszcCh8o=">AAACIXicbVC7TsMwFHV4lvIKMLJYVEhMUVIQjwGpKgyMRVBaqQmV4zqtVceJbAepivInLPwKCwMMqBviZ3CTDtByJEvH59yre+/xY0alsu0vY2FxaXlltbRWXt/Y3No2d3YfZJQITJo4YpFo+0gSRjlpKqoYaceCoNBnpOUPryZ+64kISSN+r0Yx8ULU5zSgGCktdc3T1PUD2M8uYU6uM+gqGhJZfOtadwOBcOpkKX6sZoV8l3XNim3ZOeA8caakAqZodM2x24twEhKuMENSdhw7Vl6KhKKYkazsJpLECA9Rn3Q05Ujv4KX5fRk81EoPBpHQjyuYq787UhRKOQp9XRkiNZCz3kT8z+skKjj3UsrjRBGOi0FBwqCK4CQs2KOCYMVGmiAsqN4V4gHSeSgdaVmH4MyePE/aVcs5tqrWxe1JpVafBlIC++AAHAEHnIEauAEN0AQYPINX8A4+jBfjzfg0xkXpgjHt2QN/YHz/ACiKog4=</latexit>

, densité de la quantité de 
mouvement de champ E.M.

T↵� = E↵D� +H↵B� � 1

2
�↵�

X

�

(E�D� +H�B�)
<latexit sha1_base64="f3PFlDCyYSZnkO6rajUeXjTK10o="></latexit>

tenseur des contrainte de Maxwell

Système isolé: 
dP

dt
+

dG

dt
= 0

<latexit sha1_base64="gymIHTZ1rODSHV2/PGTzeZOmC1o=">AAACF3icbZDNSsNAFIUn9a/Wv6hLN4NFEJSQVEFdCEUXuqxgbaEJZTKZtEMnkzAzEUrIS7jxVdy40IW41Z1v47TNwrYeGDh8917u3OMnjEpl2z9GaWFxaXmlvFpZW9/Y3DK3dx5knApMmjhmsWj7SBJGOWkqqhhpJ4KgyGek5Q+uR/XWIxGSxvxeDRPiRajHaUgxUhp1zWM3FAhnAcxcP4SNPM8ClR/BKXozoZd216zalj0WnDdOYaqgUKNrfrtBjNOIcIUZkrLj2InyMiQUxYzkFTeVJEF4gHqkoy1HEZFeNr4qhweaBDCMhX5cwTH9O5GhSMph5OvOCKm+nK2N4H+1TqrCcy+jPEkV4XiyKEwZVDEcRQQDKghWbKgNwoLqv0LcRzoQpYOs6BCc2ZPnTbtmOSdWzbq4O63Wr4pAymAP7IND4IAzUAe3oAGaAIMn8ALewLvxbLwaH8bnpLVkFDO7YErG1y9NV58l</latexit>
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Potentiel vecteur et scalaire

r2A� 1

c2
@2A

@t2
= �µ0J

<latexit sha1_base64="hw1F+SnLeXvzJ2cLQ4MSRd+o8uM="></latexit>

r2V � 1

c2
@2V

@t2
= �⇢

✏
<latexit sha1_base64="UKHKUHi9KepO9Y4+Hq6Sel5Tobs="></latexit>

E = �
✓
rV +

@A

@t

◆

<latexit sha1_base64="rbgDHppRd8QrdReoMj9zdQnQG+o="></latexit>

B = r⇥A
<latexit sha1_base64="L8EDv7XVyRJvRXz7mKDPdpxYkSE=">AAACCnicbVA9SwNBEJ3zM8avqKWFi0GwCndRUAshxsYygjGB3BH2NnvJkr29Y3dPCEdKG/+KjYUWYusvsPPfuLlcoYkPBh7vzTAzz485U9q2v62FxaXlldXCWnF9Y3Nru7Sze6+iRBLaJBGPZNvHinImaFMzzWk7lhSHPqctf3g98VsPVCoWiTs9iqkX4r5gASNYG6lbOkhdP0D1MbpErsA+x8jVLKQKZfrVuFsq2xU7A5onTk7KkKPRLX25vYgkIRWacKxUx7Fj7aVYakY4HRfdRNEYkyHu046hAptlXpo9MkZHRumhIJKmhEaZ+nsixaFSo9A3nSHWAzXrTcT/vE6ig3MvZSJONBVkuihIONIRmqSCekxSovnIEEwkM7ciMsASE22yK5oQnNmX50m7WnFOKtXKxe1puVbPAynAPhzCMThwBjW4gQY0gcAjPMMrvFlP1ov1bn1MWxesfGYP/sD6/AHhDpjk</latexit>,

Condition de Lorentz: r ·A+
1

c2
@V

@t
= 0

<latexit sha1_base64="01mlomwCt41mRZfg0XAi4e+Tbbw="></latexit>
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Potentiel vecteur et scalaire

r2A� 1

c2
@2A

@t2
= �µ0J

<latexit sha1_base64="hw1F+SnLeXvzJ2cLQ4MSRd+o8uM="></latexit>

r2V � 1

c2
@2V

@t2
= �⇢

✏
<latexit sha1_base64="UKHKUHi9KepO9Y4+Hq6Sel5Tobs="></latexit>

E = �
✓
rV +

@A

@t

◆

<latexit sha1_base64="rbgDHppRd8QrdReoMj9zdQnQG+o="></latexit>

B = r⇥A
<latexit sha1_base64="L8EDv7XVyRJvRXz7mKDPdpxYkSE=">AAACCnicbVA9SwNBEJ3zM8avqKWFi0GwCndRUAshxsYygjGB3BH2NnvJkr29Y3dPCEdKG/+KjYUWYusvsPPfuLlcoYkPBh7vzTAzz485U9q2v62FxaXlldXCWnF9Y3Nru7Sze6+iRBLaJBGPZNvHinImaFMzzWk7lhSHPqctf3g98VsPVCoWiTs9iqkX4r5gASNYG6lbOkhdP0D1MbpErsA+x8jVLKQKZfrVuFsq2xU7A5onTk7KkKPRLX25vYgkIRWacKxUx7Fj7aVYakY4HRfdRNEYkyHu046hAptlXpo9MkZHRumhIJKmhEaZ+nsixaFSo9A3nSHWAzXrTcT/vE6ig3MvZSJONBVkuihIONIRmqSCekxSovnIEEwkM7ciMsASE22yK5oQnNmX50m7WnFOKtXKxe1puVbPAynAPhzCMThwBjW4gQY0gcAjPMMrvFlP1ov1bn1MWxesfGYP/sD6/AHhDpjk</latexit>,

Condition de Lorentz: r ·A+
1

c2
@V

@t
= 0

<latexit sha1_base64="01mlomwCt41mRZfg0XAi4e+Tbbw="></latexit>
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2.1.6.1 Les potentiels retardées 

V (r, t) =
1

4⇡✏0

Z

⌦

⇢(r0, t�R/c)

R
d⌦

<latexit sha1_base64="wAk30y7L7F/TlI57R3T5CbygXDY="></latexit>

A(r, t) =
µ0

4⇡

Z

⌦

J(r0, t�R/c)

R
d⌦

<latexit sha1_base64="xcmz4Pmu6m3eeWyR/nRPbY1bMnE="></latexit>

R = kr� r0k
<latexit sha1_base64="7KO/4XuC0xnbdZpZOXXv0TBRtA8=">AAACBXicbZDNSsNAFIUn9a/Wv6g73QwW0Y0hqYK6EIpuXFaxttCEMplO2qGTSZiZCCUtuPFV3LjQhbj1Hdz5Nk7aCFo9MPBx7r3cucePGZXKtj+Nwszs3PxCcbG0tLyyumaub9zKKBGY1HHEItH0kSSMclJXVDHSjAVBoc9Iw+9fZPXGHRGSRvxGDWLihajLaUAxUtpqm1vXZ+4Qpq4fQDE6+IY96A5LbbNsW/ZY8C84OZRBrlrb/HA7EU5CwhVmSMqWY8fKS5FQFDMyKrmJJDHCfdQlLY0chUR66fiGEdzVTgcGkdCPKzh2f06kKJRyEPq6M0SqJ6drmflfrZWo4MRLKY8TRTieLAoSBlUEs0BghwqCFRtoQFhQ/VeIe0ggrHRsWQjO9Ml/oVmxnEOrYp1eHZWr53kgRbANdsA+cMAxqIJLUAN1gME9eATP4MV4MJ6MV+Nt0low8plN8EvG+xeXGpZ7</latexit>
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2.1.6.2 Oscillateur de Hertz



9
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Série 7

d n

✓i

✓r

��

✓r

R < 1
sn(��)

stot

T (✓r) =
1

1 + 4R
(1�R)2 sin

2 ��(✓r)
2

✓r �� �

d

R d ⌧ R 8r

d(r)

rm m

m

r
0
m

�
n1 n2 0� n1 n2

x = 0

~Ei = Re

⇣
E0,ie

i(kx�!t)
~ey

⌘
= E0,i cos(kx� !t)~ey

x = 0
x = 0 ~E ~B

~Er = Re

⇣
E0,re

i(kx+!t)
~ey

⌘
= E0,r cos(kx+ !t)~ey

E0,r E0,i
~E ~B x < 0

h~Si
� ~Js x = 0

( ~D2 � ~D1)? = � ( ~E2 � ~E1)k = 0

( ~B2 � ~B1)? = 0 ( ~H2 � ~H1)k · (~t⇥ ~n) = ~Js · ~t

~n ~t

d~F =
1

2
� ~E + ~Js ⇥ ~B)dS,

dS 1/2
P hP i

huvi
huv,toti

E = c|~p| = hf

P r

Rlim

P

⇡R
2
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