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3. Abordagens Newtoniana e Relativística 

n 3.0 Introdução

n 3.1 Gravitação Newtoniana

n 3.2 Fundamentos da Relatividade Restrita

n 3.3 Fundamentos da Relatividade Geral

n 3.4 Conceitos de Métrica e Curvatura

n 3.5 Métrica de FLRW	

n 3.6 Distância Própria
2
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Interação Teoria atual Mediadores Intensidade 
relativa Alcance [m]

Fraca Teoria Eletro-
fraca Bósons W e Z

Forte Cromodinâ-
mica quântica Glúons

Eletro-
magnética

Eletrodinâ-
mica quântica Fótons

Gravitacional Relatividade 
Geral

Grávitons
(hipotéticos)
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<latexit sha1_base64="gXJzUGE9xXLYeeBtcmilxHaG388=">AAACA3icbVDLSgMxFM34rPU16k43wSK4sUxE0WXRjcsK9gGdccikmTY0yQxJRijDgBt/xY0LRdz6E+78G9PHQlsPXDiccy/33hOlnGnjed/OwuLS8spqaa28vrG5te3u7DZ1kilCGyThiWpHWFPOJG0YZjhtp4piEXHaigbXI7/1QJVmibwzw5QGAvckixnBxkqhu+9TzsPcVwLqAvqaCYi8+/wEnRehW/Gq3hhwnqApqYAp6qH75XcTkgkqDeFY6w7yUhPkWBlGOC3KfqZpiskA92jHUokF1UE+/qGAR1bpwjhRtqSBY/X3RI6F1kMR2U6BTV/PeiPxP6+TmfgyyJlMM0MlmSyKMw5NAkeBwC5TlBg+tAQTxeytkPSxwsTY2Mo2BDT78jxpnlaRV0W3Z5Xa1TSOEjgAh+AYIHABauAG1EEDEPAInsEreHOenBfn3fmYtC4405k98AfO5w9F55ac</latexit><latexit sha1_base64="gXJzUGE9xXLYeeBtcmilxHaG388=">AAACA3icbVDLSgMxFM34rPU16k43wSK4sUxE0WXRjcsK9gGdccikmTY0yQxJRijDgBt/xY0LRdz6E+78G9PHQlsPXDiccy/33hOlnGnjed/OwuLS8spqaa28vrG5te3u7DZ1kilCGyThiWpHWFPOJG0YZjhtp4piEXHaigbXI7/1QJVmibwzw5QGAvckixnBxkqhu+9TzsPcVwLqAvqaCYi8+/wEnRehW/Gq3hhwnqApqYAp6qH75XcTkgkqDeFY6w7yUhPkWBlGOC3KfqZpiskA92jHUokF1UE+/qGAR1bpwjhRtqSBY/X3RI6F1kMR2U6BTV/PeiPxP6+TmfgyyJlMM0MlmSyKMw5NAkeBwC5TlBg+tAQTxeytkPSxwsTY2Mo2BDT78jxpnlaRV0W3Z5Xa1TSOEjgAh+AYIHABauAG1EEDEPAInsEreHOenBfn3fmYtC4405k98AfO5w9F55ac</latexit><latexit sha1_base64="gXJzUGE9xXLYeeBtcmilxHaG388=">AAACA3icbVDLSgMxFM34rPU16k43wSK4sUxE0WXRjcsK9gGdccikmTY0yQxJRijDgBt/xY0LRdz6E+78G9PHQlsPXDiccy/33hOlnGnjed/OwuLS8spqaa28vrG5te3u7DZ1kilCGyThiWpHWFPOJG0YZjhtp4piEXHaigbXI7/1QJVmibwzw5QGAvckixnBxkqhu+9TzsPcVwLqAvqaCYi8+/wEnRehW/Gq3hhwnqApqYAp6qH75XcTkgkqDeFY6w7yUhPkWBlGOC3KfqZpiskA92jHUokF1UE+/qGAR1bpwjhRtqSBY/X3RI6F1kMR2U6BTV/PeiPxP6+TmfgyyJlMM0MlmSyKMw5NAkeBwC5TlBg+tAQTxeytkPSxwsTY2Mo2BDT78jxpnlaRV0W3Z5Xa1TSOEjgAh+AYIHABauAG1EEDEPAInsEreHOenBfn3fmYtC4405k98AfO5w9F55ac</latexit><latexit sha1_base64="gXJzUGE9xXLYeeBtcmilxHaG388=">AAACA3icbVDLSgMxFM34rPU16k43wSK4sUxE0WXRjcsK9gGdccikmTY0yQxJRijDgBt/xY0LRdz6E+78G9PHQlsPXDiccy/33hOlnGnjed/OwuLS8spqaa28vrG5te3u7DZ1kilCGyThiWpHWFPOJG0YZjhtp4piEXHaigbXI7/1QJVmibwzw5QGAvckixnBxkqhu+9TzsPcVwLqAvqaCYi8+/wEnRehW/Gq3hhwnqApqYAp6qH75XcTkgkqDeFY6w7yUhPkWBlGOC3KfqZpiskA92jHUokF1UE+/qGAR1bpwjhRtqSBY/X3RI6F1kMR2U6BTV/PeiPxP6+TmfgyyJlMM0MlmSyKMw5NAkeBwC5TlBg+tAQTxeytkPSxwsTY2Mo2BDT78jxpnlaRV0W3Z5Xa1TSOEjgAh+AYIHABauAG1EEDEPAInsEreHOenBfn3fmYtC4405k98AfO5w9F55ac</latexit>

1
<latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit>

1
<latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit><latexit sha1_base64="SewSXpMSbbFZwBdSTgiis61GRk4=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbTbt2swm7EyGE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YJZwP6IjJULBKFqp3RcqxGxQrbl1dw6ySryC1KBAc1D96g9jlkZcIZPUmJ7nJujnVKNgkk8r/dTwhLIJHfGepYpG3Pj5/NopObPKkISxtqWQzNXfEzmNjMmiwHZGFMdm2ZuJ/3m9FMNrPxcqSZErtlgUppJgTGavk6HQnKHMLKFMC3srYWOqKUMbUMWG4C2/vEraF3XPrXv3l7XGTRFHGU7gFM7BgytowB00oQUMHuEZXuHNiZ0X5935WLSWnGLmGP7A+fwBwi+PPA==</latexit>
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http://www.j-giesen.de/astro/NaturalUnits/planck.html
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http://www.j-giesen.de/astro/NaturalUnits/planck.html
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http://www.j-giesen.de/astro/NaturalUnits/planck.html
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http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
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3.0 Introdução

Gravitação Newtoniana
Gravitação é uma força que 
se propaga instantaneamente 
entre corpos materiais.

https://askeyphysics.org/2014/11/16/1110-1114-
interstellar-rosetta-gravity-g-free-fall/gravitywell/

https://physics.stackexchange.com/questions/406104/what-
does-spacetime-look-like-near-a-black-hole

~F (~r) = �GMm

r2
r̂

<latexit sha1_base64="ZXCaHeIT0io5I378Kul5DjxX6g4=">AAACF3icbVDNS8MwHE39nPOr6tFLcAjzYGmHoBdhKKgXYYL7gLWONMu2sLQpSToYpf+FF/8VLx4U8ao3/xuzrgfdfBDyeO/3SH7PjxiVyra/jYXFpeWV1cJacX1jc2vb3NltSB4LTOqYMy5aPpKE0ZDUFVWMtCJBUOAz0vSHlxO/OSJCUh7eq3FEvAD1Q9qjGCktdUzLHRGcXKXl7BbpETyHxzCB17cBdLlOQvFQgSl0B0hpu2 OWbMvOAOeJk5MSyFHrmF9ul+M4IKHCDEnZduxIeQkSimJG0qIbSxIhPER90tY0RAGRXpLtlcJDrXRhjwt9QgUz9XciQYGU48DXkwFSAznrTcT/vHasemdeQsMoViTE04d6MYOKw0lJsEsFwYqNNUFYUP1XiAdIIKx0lUVdgjO78jxpVCzHtpy7k1L1Iq+jAPbBASgDB5yCKrgBNVAHGDyCZ/AK3own48V4Nz6mowtGntkDf2B8/gBTqJ4k</latexit><latexit sha1_base64="ZXCaHeIT0io5I378Kul5DjxX6g4=">AAACF3icbVDNS8MwHE39nPOr6tFLcAjzYGmHoBdhKKgXYYL7gLWONMu2sLQpSToYpf+FF/8VLx4U8ao3/xuzrgfdfBDyeO/3SH7PjxiVyra/jYXFpeWV1cJacX1jc2vb3NltSB4LTOqYMy5aPpKE0ZDUFVWMtCJBUOAz0vSHlxO/OSJCUh7eq3FEvAD1Q9qjGCktdUzLHRGcXKXl7BbpETyHxzCB17cBdLlOQvFQgSl0B0hpu2 OWbMvOAOeJk5MSyFHrmF9ul+M4IKHCDEnZduxIeQkSimJG0qIbSxIhPER90tY0RAGRXpLtlcJDrXRhjwt9QgUz9XciQYGU48DXkwFSAznrTcT/vHasemdeQsMoViTE04d6MYOKw0lJsEsFwYqNNUFYUP1XiAdIIKx0lUVdgjO78jxpVCzHtpy7k1L1Iq+jAPbBASgDB5yCKrgBNVAHGDyCZ/AK3own48V4Nz6mowtGntkDf2B8/gBTqJ4k</latexit><latexit sha1_base64="ZXCaHeIT0io5I378Kul5DjxX6g4=">AAACF3icbVDNS8MwHE39nPOr6tFLcAjzYGmHoBdhKKgXYYL7gLWONMu2sLQpSToYpf+FF/8VLx4U8ao3/xuzrgfdfBDyeO/3SH7PjxiVyra/jYXFpeWV1cJacX1jc2vb3NltSB4LTOqYMy5aPpKE0ZDUFVWMtCJBUOAz0vSHlxO/OSJCUh7eq3FEvAD1Q9qjGCktdUzLHRGcXKXl7BbpETyHxzCB17cBdLlOQvFQgSl0B0hpu2 OWbMvOAOeJk5MSyFHrmF9ul+M4IKHCDEnZduxIeQkSimJG0qIbSxIhPER90tY0RAGRXpLtlcJDrXRhjwt9QgUz9XciQYGU48DXkwFSAznrTcT/vHasemdeQsMoViTE04d6MYOKw0lJsEsFwYqNNUFYUP1XiAdIIKx0lUVdgjO78jxpVCzHtpy7k1L1Iq+jAPbBASgDB5yCKrgBNVAHGDyCZ/AK3own48V4Nz6mowtGntkDf2B8/gBTqJ4k</latexit><latexit sha1_base64="ZXCaHeIT0io5I378Kul5DjxX6g4=">AAACF3icbVDNS8MwHE39nPOr6tFLcAjzYGmHoBdhKKgXYYL7gLWONMu2sLQpSToYpf+FF/8VLx4U8ao3/xuzrgfdfBDyeO/3SH7PjxiVyra/jYXFpeWV1cJacX1jc2vb3NltSB4LTOqYMy5aPpKE0ZDUFVWMtCJBUOAz0vSHlxO/OSJCUh7eq3FEvAD1Q9qjGCktdUzLHRGcXKXl7BbpETyHxzCB17cBdLlOQvFQgSl0B0hpu2 OWbMvOAOeJk5MSyFHrmF9ul+M4IKHCDEnZduxIeQkSimJG0qIbSxIhPER90tY0RAGRXpLtlcJDrXRhjwt9QgUz9XciQYGU48DXkwFSAznrTcT/vHasemdeQsMoViTE04d6MYOKw0lJsEsFwYqNNUFYUP1XiAdIIKx0lUVdgjO78jxpVCzHtpy7k1L1Iq+jAPbBASgDB5yCKrgBNVAHGDyCZ/AK3own48V4Nz6mowtGntkDf2B8/gBTqJ4k</latexit>

~F (~r) = �rV (~r) = �mr�(~r)
<latexit sha1_base64="xPimOrv8YIdMn8XeWJM1d1fdrkI=">AAACLHicbZDLSsNAFIYn9VbrLerSzWAR6qIlEUE3QrEgLivYCzShTKaTduhkEmYmhRL6QG58FUFcWMStz+E0jVJbDwx8/P85nDm/FzEqlWVNjdza+sbmVn67sLO7t39gHh41ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOUNazO/NSJC0pA/qnFE3AD1OfUpRkpLXbPmjAhO7iawlIKYnMMbWIYORx5DsLmoFsow+DGc+oD+el2zaFWstOAq2BkUQVb1rvnq9EIcB4QrzJCUHduKlJsgoShmZFJwYkkihIeoTzoaOQqIdJP02Ak800oP+qHQjyuYqosTCQqkHAee7gyQGshlbyb+53Vi5V+7CeVRrAjH80V+zKAK4Sw52KOCYMXGGhAWVP8V4gESCCudb0GHYC+fvArNi4ptVeyHy2L1NosjD07AKSgBG1yBKrgHddAAGDyBF/AOpsaz8WZ8GJ/z1pyRzRyDP2V8fQNOT6Uy</latexit><latexit sha1_base64="xPimOrv8YIdMn8XeWJM1d1fdrkI=">AAACLHicbZDLSsNAFIYn9VbrLerSzWAR6qIlEUE3QrEgLivYCzShTKaTduhkEmYmhRL6QG58FUFcWMStz+E0jVJbDwx8/P85nDm/FzEqlWVNjdza+sbmVn67sLO7t39gHh41ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOUNazO/NSJC0pA/qnFE3AD1OfUpRkpLXbPmjAhO7iawlIKYnMMbWIYORx5DsLmoFsow+DGc+oD+el2zaFWstOAq2BkUQVb1rvnq9EIcB4QrzJCUHduKlJsgoShmZFJwYkkihIeoTzoaOQqIdJP02Ak800oP+qHQjyuYqosTCQqkHAee7gyQGshlbyb+53Vi5V+7CeVRrAjH80V+zKAK4Sw52KOCYMXGGhAWVP8V4gESCCudb0GHYC+fvArNi4ptVeyHy2L1NosjD07AKSgBG1yBKrgHddAAGDyBF/AOpsaz8WZ8GJ/z1pyRzRyDP2V8fQNOT6Uy</latexit><latexit sha1_base64="xPimOrv8YIdMn8XeWJM1d1fdrkI=">AAACLHicbZDLSsNAFIYn9VbrLerSzWAR6qIlEUE3QrEgLivYCzShTKaTduhkEmYmhRL6QG58FUFcWMStz+E0jVJbDwx8/P85nDm/FzEqlWVNjdza+sbmVn67sLO7t39gHh41ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOUNazO/NSJC0pA/qnFE3AD1OfUpRkpLXbPmjAhO7iawlIKYnMMbWIYORx5DsLmoFsow+DGc+oD+el2zaFWstOAq2BkUQVb1rvnq9EIcB4QrzJCUHduKlJsgoShmZFJwYkkihIeoTzoaOQqIdJP02Ak800oP+qHQjyuYqosTCQqkHAee7gyQGshlbyb+53Vi5V+7CeVRrAjH80V+zKAK4Sw52KOCYMXGGhAWVP8V4gESCCudb0GHYC+fvArNi4ptVeyHy2L1NosjD07AKSgBG1yBKrgHddAAGDyBF/AOpsaz8WZ8GJ/z1pyRzRyDP2V8fQNOT6Uy</latexit><latexit sha1_base64="xPimOrv8YIdMn8XeWJM1d1fdrkI=">AAACLHicbZDLSsNAFIYn9VbrLerSzWAR6qIlEUE3QrEgLivYCzShTKaTduhkEmYmhRL6QG58FUFcWMStz+E0jVJbDwx8/P85nDm/FzEqlWVNjdza+sbmVn67sLO7t39gHh41ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOUNazO/NSJC0pA/qnFE3AD1OfUpRkpLXbPmjAhO7iawlIKYnMMbWIYORx5DsLmoFsow+DGc+oD+el2zaFWstOAq2BkUQVb1rvnq9EIcB4QrzJCUHduKlJsgoShmZFJwYkkihIeoTzoaOQqIdJP02Ak800oP+qHQjyuYqosTCQqkHAee7gyQGshlbyb+53Vi5V+7CeVRrAjH80V+zKAK4Sw52KOCYMXGGhAWVP8V4gESCCudb0GHYC+fvArNi4ptVeyHy2L1NosjD07AKSgBG1yBKrgHddAAGDyBF/AOpsaz8WZ8GJ/z1pyRzRyDP2V8fQNOT6Uy</latexit>

http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
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3.0 Introdução

Gravitação Newtoniana Relatividade Geral
Gravitação é uma força que 
se propaga instantaneamente 
entre corpos materiais.

Gravitação é uma manifestação 
da curvatura do espaço-tempo. 
Soluções admitem propagação 

de ondas do espaço-tempo.

https://askeyphysics.org/2014/11/16/1110-1114-
interstellar-rosetta-gravity-g-free-fall/gravitywell/

https://physics.stackexchange.com/questions/406104/what-
does-spacetime-look-like-near-a-black-hole

Gµ⌫ =
8⇡G

c4
Tµ⌫

<latexit sha1_base64="Ln5mQKMq0Ts38TmZVR6aaIDCGCI=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VwY0mkYDdC0UVdVugLmhgm00k7dDIJMxOhhHyFG3/FjQtF3Io7/8ZpG1BbDwwczjmXO/f4MaNSWdaXUVhZXVvfKG6WtrZ3dvfM/YOOjBKBSRtHLBI9H0nCKCdtRRUjvVgQFPqMdP3x9dTv3hMhacRbahITN0RDTgOKkdKSZ541vNQJE+jwJIOXMK1BJ6awAZ1IT0F8V81g6yfhmWWrYs0Al4mdkzLI0fTMT2cQ4SQkXGGGpOzbVqzcFAlFMSNZyUkkiREeoyHpa8pRSKSbzs7K4IlWBjCIhH5cwZn6eyJFoZST0NfJEKmRXPSm4n9eP1FBzU0pjxNFOJ4vChIGVQSnHcEBFQQrNtEEYUH1XyEeIYGw0k2WdAn24snLpHNesa2KfVst16/yOorgCByDU2CDC1AHN6AJ2gCDB/AEXsCr8Wg8G2/G+zxaMPKZQ/AHxsc3mYqdxg==</latexit><latexit sha1_base64="Ln5mQKMq0Ts38TmZVR6aaIDCGCI=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VwY0mkYDdC0UVdVugLmhgm00k7dDIJMxOhhHyFG3/FjQtF3Io7/8ZpG1BbDwwczjmXO/f4MaNSWdaXUVhZXVvfKG6WtrZ3dvfM/YOOjBKBSRtHLBI9H0nCKCdtRRUjvVgQFPqMdP3x9dTv3hMhacRbahITN0RDTgOKkdKSZ541vNQJE+jwJIOXMK1BJ6awAZ1IT0F8V81g6yfhmWWrYs0Al4mdkzLI0fTMT2cQ4SQkXGGGpOzbVqzcFAlFMSNZyUkkiREeoyHpa8pRSKSbzs7K4IlWBjCIhH5cwZn6eyJFoZST0NfJEKmRXPSm4n9eP1FBzU0pjxNFOJ4vChIGVQSnHcEBFQQrNtEEYUH1XyEeIYGw0k2WdAn24snLpHNesa2KfVst16/yOorgCByDU2CDC1AHN6AJ2gCDB/AEXsCr8Wg8G2/G+zxaMPKZQ/AHxsc3mYqdxg==</latexit><latexit sha1_base64="Ln5mQKMq0Ts38TmZVR6aaIDCGCI=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VwY0mkYDdC0UVdVugLmhgm00k7dDIJMxOhhHyFG3/FjQtF3Io7/8ZpG1BbDwwczjmXO/f4MaNSWdaXUVhZXVvfKG6WtrZ3dvfM/YOOjBKBSRtHLBI9H0nCKCdtRRUjvVgQFPqMdP3x9dTv3hMhacRbahITN0RDTgOKkdKSZ541vNQJE+jwJIOXMK1BJ6awAZ1IT0F8V81g6yfhmWWrYs0Al4mdkzLI0fTMT2cQ4SQkXGGGpOzbVqzcFAlFMSNZyUkkiREeoyHpa8pRSKSbzs7K4IlWBjCIhH5cwZn6eyJFoZST0NfJEKmRXPSm4n9eP1FBzU0pjxNFOJ4vChIGVQSnHcEBFQQrNtEEYUH1XyEeIYGw0k2WdAn24snLpHNesa2KfVst16/yOorgCByDU2CDC1AHN6AJ2gCDB/AEXsCr8Wg8G2/G+zxaMPKZQ/AHxsc3mYqdxg==</latexit><latexit sha1_base64="Ln5mQKMq0Ts38TmZVR6aaIDCGCI=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VwY0mkYDdC0UVdVugLmhgm00k7dDIJMxOhhHyFG3/FjQtF3Io7/8ZpG1BbDwwczjmXO/f4MaNSWdaXUVhZXVvfKG6WtrZ3dvfM/YOOjBKBSRtHLBI9H0nCKCdtRRUjvVgQFPqMdP3x9dTv3hMhacRbahITN0RDTgOKkdKSZ541vNQJE+jwJIOXMK1BJ6awAZ1IT0F8V81g6yfhmWWrYs0Al4mdkzLI0fTMT2cQ4SQkXGGGpOzbVqzcFAlFMSNZyUkkiREeoyHpa8pRSKSbzs7K4IlWBjCIhH5cwZn6eyJFoZST0NfJEKmRXPSm4n9eP1FBzU0pjxNFOJ4vChIGVQSnHcEBFQQrNtEEYUH1XyEeIYGw0k2WdAn24snLpHNesa2KfVst16/yOorgCByDU2CDC1AHN6AJ2gCDB/AEXsCr8Wg8G2/G+zxaMPKZQ/AHxsc3mYqdxg==</latexit>

~F (~r) = �GMm

r2
r̂

<latexit sha1_base64="ZXCaHeIT0io5I378Kul5DjxX6g4=">AAACF3icbVDNS8MwHE39nPOr6tFLcAjzYGmHoBdhKKgXYYL7gLWONMu2sLQpSToYpf+FF/8VLx4U8ao3/xuzrgfdfBDyeO/3SH7PjxiVyra/jYXFpeWV1cJacX1jc2vb3NltSB4LTOqYMy5aPpKE0ZDUFVWMtCJBUOAz0vSHlxO/OSJCUh7eq3FEvAD1Q9qjGCktdUzLHRGcXKXl7BbpETyHxzCB17cBdLlOQvFQgSl0B0hpu2 OWbMvOAOeJk5MSyFHrmF9ul+M4IKHCDEnZduxIeQkSimJG0qIbSxIhPER90tY0RAGRXpLtlcJDrXRhjwt9QgUz9XciQYGU48DXkwFSAznrTcT/vHasemdeQsMoViTE04d6MYOKw0lJsEsFwYqNNUFYUP1XiAdIIKx0lUVdgjO78jxpVCzHtpy7k1L1Iq+jAPbBASgDB5yCKrgBNVAHGDyCZ/AK3own48V4Nz6mowtGntkDf2B8/gBTqJ4k</latexit><latexit sha1_base64="ZXCaHeIT0io5I378Kul5DjxX6g4=">AAACF3icbVDNS8MwHE39nPOr6tFLcAjzYGmHoBdhKKgXYYL7gLWONMu2sLQpSToYpf+FF/8VLx4U8ao3/xuzrgfdfBDyeO/3SH7PjxiVyra/jYXFpeWV1cJacX1jc2vb3NltSB4LTOqYMy5aPpKE0ZDUFVWMtCJBUOAz0vSHlxO/OSJCUh7eq3FEvAD1Q9qjGCktdUzLHRGcXKXl7BbpETyHxzCB17cBdLlOQvFQgSl0B0hpu2 OWbMvOAOeJk5MSyFHrmF9ul+M4IKHCDEnZduxIeQkSimJG0qIbSxIhPER90tY0RAGRXpLtlcJDrXRhjwt9QgUz9XciQYGU48DXkwFSAznrTcT/vHasemdeQsMoViTE04d6MYOKw0lJsEsFwYqNNUFYUP1XiAdIIKx0lUVdgjO78jxpVCzHtpy7k1L1Iq+jAPbBASgDB5yCKrgBNVAHGDyCZ/AK3own48V4Nz6mowtGntkDf2B8/gBTqJ4k</latexit><latexit sha1_base64="ZXCaHeIT0io5I378Kul5DjxX6g4=">AAACF3icbVDNS8MwHE39nPOr6tFLcAjzYGmHoBdhKKgXYYL7gLWONMu2sLQpSToYpf+FF/8VLx4U8ao3/xuzrgfdfBDyeO/3SH7PjxiVyra/jYXFpeWV1cJacX1jc2vb3NltSB4LTOqYMy5aPpKE0ZDUFVWMtCJBUOAz0vSHlxO/OSJCUh7eq3FEvAD1Q9qjGCktdUzLHRGcXKXl7BbpETyHxzCB17cBdLlOQvFQgSl0B0hpu2 OWbMvOAOeJk5MSyFHrmF9ul+M4IKHCDEnZduxIeQkSimJG0qIbSxIhPER90tY0RAGRXpLtlcJDrXRhjwt9QgUz9XciQYGU48DXkwFSAznrTcT/vHasemdeQsMoViTE04d6MYOKw0lJsEsFwYqNNUFYUP1XiAdIIKx0lUVdgjO78jxpVCzHtpy7k1L1Iq+jAPbBASgDB5yCKrgBNVAHGDyCZ/AK3own48V4Nz6mowtGntkDf2B8/gBTqJ4k</latexit><latexit sha1_base64="ZXCaHeIT0io5I378Kul5DjxX6g4=">AAACF3icbVDNS8MwHE39nPOr6tFLcAjzYGmHoBdhKKgXYYL7gLWONMu2sLQpSToYpf+FF/8VLx4U8ao3/xuzrgfdfBDyeO/3SH7PjxiVyra/jYXFpeWV1cJacX1jc2vb3NltSB4LTOqYMy5aPpKE0ZDUFVWMtCJBUOAz0vSHlxO/OSJCUh7eq3FEvAD1Q9qjGCktdUzLHRGcXKXl7BbpETyHxzCB17cBdLlOQvFQgSl0B0hpu2 OWbMvOAOeJk5MSyFHrmF9ul+M4IKHCDEnZduxIeQkSimJG0qIbSxIhPER90tY0RAGRXpLtlcJDrXRhjwt9QgUz9XciQYGU48DXkwFSAznrTcT/vHasemdeQsMoViTE04d6MYOKw0lJsEsFwYqNNUFYUP1XiAdIIKx0lUVdgjO78jxpVCzHtpy7k1L1Iq+jAPbBASgDB5yCKrgBNVAHGDyCZ/AK3own48V4Nz6mowtGntkDf2B8/gBTqJ4k</latexit>

~F (~r) = �rV (~r) = �mr�(~r)
<latexit sha1_base64="xPimOrv8YIdMn8XeWJM1d1fdrkI=">AAACLHicbZDLSsNAFIYn9VbrLerSzWAR6qIlEUE3QrEgLivYCzShTKaTduhkEmYmhRL6QG58FUFcWMStz+E0jVJbDwx8/P85nDm/FzEqlWVNjdza+sbmVn67sLO7t39gHh41ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOUNazO/NSJC0pA/qnFE3AD1OfUpRkpLXbPmjAhO7iawlIKYnMMbWIYORx5DsLmoFsow+DGc+oD+el2zaFWstOAq2BkUQVb1rvnq9EIcB4QrzJCUHduKlJsgoShmZFJwYkkihIeoTzoaOQqIdJP02Ak800oP+qHQjyuYqosTCQqkHAee7gyQGshlbyb+53Vi5V+7CeVRrAjH80V+zKAK4Sw52KOCYMXGGhAWVP8V4gESCCudb0GHYC+fvArNi4ptVeyHy2L1NosjD07AKSgBG1yBKrgHddAAGDyBF/AOpsaz8WZ8GJ/z1pyRzRyDP2V8fQNOT6Uy</latexit><latexit sha1_base64="xPimOrv8YIdMn8XeWJM1d1fdrkI=">AAACLHicbZDLSsNAFIYn9VbrLerSzWAR6qIlEUE3QrEgLivYCzShTKaTduhkEmYmhRL6QG58FUFcWMStz+E0jVJbDwx8/P85nDm/FzEqlWVNjdza+sbmVn67sLO7t39gHh41ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOUNazO/NSJC0pA/qnFE3AD1OfUpRkpLXbPmjAhO7iawlIKYnMMbWIYORx5DsLmoFsow+DGc+oD+el2zaFWstOAq2BkUQVb1rvnq9EIcB4QrzJCUHduKlJsgoShmZFJwYkkihIeoTzoaOQqIdJP02Ak800oP+qHQjyuYqosTCQqkHAee7gyQGshlbyb+53Vi5V+7CeVRrAjH80V+zKAK4Sw52KOCYMXGGhAWVP8V4gESCCudb0GHYC+fvArNi4ptVeyHy2L1NosjD07AKSgBG1yBKrgHddAAGDyBF/AOpsaz8WZ8GJ/z1pyRzRyDP2V8fQNOT6Uy</latexit><latexit sha1_base64="xPimOrv8YIdMn8XeWJM1d1fdrkI=">AAACLHicbZDLSsNAFIYn9VbrLerSzWAR6qIlEUE3QrEgLivYCzShTKaTduhkEmYmhRL6QG58FUFcWMStz+E0jVJbDwx8/P85nDm/FzEqlWVNjdza+sbmVn67sLO7t39gHh41ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOUNazO/NSJC0pA/qnFE3AD1OfUpRkpLXbPmjAhO7iawlIKYnMMbWIYORx5DsLmoFsow+DGc+oD+el2zaFWstOAq2BkUQVb1rvnq9EIcB4QrzJCUHduKlJsgoShmZFJwYkkihIeoTzoaOQqIdJP02Ak800oP+qHQjyuYqosTCQqkHAee7gyQGshlbyb+53Vi5V+7CeVRrAjH80V+zKAK4Sw52KOCYMXGGhAWVP8V4gESCCudb0GHYC+fvArNi4ptVeyHy2L1NosjD07AKSgBG1yBKrgHddAAGDyBF/AOpsaz8WZ8GJ/z1pyRzRyDP2V8fQNOT6Uy</latexit><latexit sha1_base64="xPimOrv8YIdMn8XeWJM1d1fdrkI=">AAACLHicbZDLSsNAFIYn9VbrLerSzWAR6qIlEUE3QrEgLivYCzShTKaTduhkEmYmhRL6QG58FUFcWMStz+E0jVJbDwx8/P85nDm/FzEqlWVNjdza+sbmVn67sLO7t39gHh41ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOUNazO/NSJC0pA/qnFE3AD1OfUpRkpLXbPmjAhO7iawlIKYnMMbWIYORx5DsLmoFsow+DGc+oD+el2zaFWstOAq2BkUQVb1rvnq9EIcB4QrzJCUHduKlJsgoShmZFJwYkkihIeoTzoaOQqIdJP02Ak800oP+qHQjyuYqosTCQqkHAee7gyQGshlbyb+53Vi5V+7CeVRrAjH80V+zKAK4Sw52KOCYMXGGhAWVP8V4gESCCudb0GHYC+fvArNi4ptVeyHy2L1NosjD07AKSgBG1yBKrgHddAAGDyBF/AOpsaz8WZ8GJ/z1pyRzRyDP2V8fQNOT6Uy</latexit>

Equação de Einstein

http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
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3.0 Introdução

Gravitação Newtoniana Relatividade Geral
Gravitação é uma força que 
se propaga instantaneamente 
entre corpos materiais.

Gravitação é uma manifestação 
da curvatura do espaço-tempo. 
Soluções admitem propagação 

de ondas do espaço-tempo.

Gµ⌫ =
8⇡G

c4
Tµ⌫

<latexit sha1_base64="Ln5mQKMq0Ts38TmZVR6aaIDCGCI=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VwY0mkYDdC0UVdVugLmhgm00k7dDIJMxOhhHyFG3/FjQtF3Io7/8ZpG1BbDwwczjmXO/f4MaNSWdaXUVhZXVvfKG6WtrZ3dvfM/YOOjBKBSRtHLBI9H0nCKCdtRRUjvVgQFPqMdP3x9dTv3hMhacRbahITN0RDTgOKkdKSZ541vNQJE+jwJIOXMK1BJ6awAZ1IT0F8V81g6yfhmWWrYs0Al4mdkzLI0fTMT2cQ4SQkXGGGpOzbVqzcFAlFMSNZyUkkiREeoyHpa8pRSKSbzs7K4IlWBjCIhH5cwZn6eyJFoZST0NfJEKmRXPSm4n9eP1FBzU0pjxNFOJ4vChIGVQSnHcEBFQQrNtEEYUH1XyEeIYGw0k2WdAn24snLpHNesa2KfVst16/yOorgCByDU2CDC1AHN6AJ2gCDB/AEXsCr8Wg8G2/G+zxaMPKZQ/AHxsc3mYqdxg==</latexit><latexit sha1_base64="Ln5mQKMq0Ts38TmZVR6aaIDCGCI=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VwY0mkYDdC0UVdVugLmhgm00k7dDIJMxOhhHyFG3/FjQtF3Io7/8ZpG1BbDwwczjmXO/f4MaNSWdaXUVhZXVvfKG6WtrZ3dvfM/YOOjBKBSRtHLBI9H0nCKCdtRRUjvVgQFPqMdP3x9dTv3hMhacRbahITN0RDTgOKkdKSZ541vNQJE+jwJIOXMK1BJ6awAZ1IT0F8V81g6yfhmWWrYs0Al4mdkzLI0fTMT2cQ4SQkXGGGpOzbVqzcFAlFMSNZyUkkiREeoyHpa8pRSKSbzs7K4IlWBjCIhH5cwZn6eyJFoZST0NfJEKmRXPSm4n9eP1FBzU0pjxNFOJ4vChIGVQSnHcEBFQQrNtEEYUH1XyEeIYGw0k2WdAn24snLpHNesa2KfVst16/yOorgCByDU2CDC1AHN6AJ2gCDB/AEXsCr8Wg8G2/G+zxaMPKZQ/AHxsc3mYqdxg==</latexit><latexit sha1_base64="Ln5mQKMq0Ts38TmZVR6aaIDCGCI=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VwY0mkYDdC0UVdVugLmhgm00k7dDIJMxOhhHyFG3/FjQtF3Io7/8ZpG1BbDwwczjmXO/f4MaNSWdaXUVhZXVvfKG6WtrZ3dvfM/YOOjBKBSRtHLBI9H0nCKCdtRRUjvVgQFPqMdP3x9dTv3hMhacRbahITN0RDTgOKkdKSZ541vNQJE+jwJIOXMK1BJ6awAZ1IT0F8V81g6yfhmWWrYs0Al4mdkzLI0fTMT2cQ4SQkXGGGpOzbVqzcFAlFMSNZyUkkiREeoyHpa8pRSKSbzs7K4IlWBjCIhH5cwZn6eyJFoZST0NfJEKmRXPSm4n9eP1FBzU0pjxNFOJ4vChIGVQSnHcEBFQQrNtEEYUH1XyEeIYGw0k2WdAn24snLpHNesa2KfVst16/yOorgCByDU2CDC1AHN6AJ2gCDB/AEXsCr8Wg8G2/G+zxaMPKZQ/AHxsc3mYqdxg==</latexit><latexit sha1_base64="Ln5mQKMq0Ts38TmZVR6aaIDCGCI=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VwY0mkYDdC0UVdVugLmhgm00k7dDIJMxOhhHyFG3/FjQtF3Io7/8ZpG1BbDwwczjmXO/f4MaNSWdaXUVhZXVvfKG6WtrZ3dvfM/YOOjBKBSRtHLBI9H0nCKCdtRRUjvVgQFPqMdP3x9dTv3hMhacRbahITN0RDTgOKkdKSZ541vNQJE+jwJIOXMK1BJ6awAZ1IT0F8V81g6yfhmWWrYs0Al4mdkzLI0fTMT2cQ4SQkXGGGpOzbVqzcFAlFMSNZyUkkiREeoyHpa8pRSKSbzs7K4IlWBjCIhH5cwZn6eyJFoZST0NfJEKmRXPSm4n9eP1FBzU0pjxNFOJ4vChIGVQSnHcEBFQQrNtEEYUH1XyEeIYGw0k2WdAn24snLpHNesa2KfVst16/yOorgCByDU2CDC1AHN6AJ2gCDB/AEXsCr8Wg8G2/G+zxaMPKZQ/AHxsc3mYqdxg==</latexit>

Válida no limite de baixos 
valores de potencial |Φ|; 
inválida para |Φ| →	∞.

Teoria mais correta da 
gravitação, válida tanto para os 

limites de alta como de baixa 
curvatura do espaço-tempo, 

concordando com a previsão 
Newtoniana (no limite clássico, 

i.e., baixa curvatura). 

~F (~r) = �GMm

r2
r̂

<latexit sha1_base64="ZXCaHeIT0io5I378Kul5DjxX6g4=">AAACF3icbVDNS8MwHE39nPOr6tFLcAjzYGmHoBdhKKgXYYL7gLWONMu2sLQpSToYpf+FF/8VLx4U8ao3/xuzrgfdfBDyeO/3SH7PjxiVyra/jYXFpeWV1cJacX1jc2vb3NltSB4LTOqYMy5aPpKE0ZDUFVWMtCJBUOAz0vSHlxO/OSJCUh7eq3FEvAD1Q9qjGCktdUzLHRGcXKXl7BbpETyHxzCB17cBdLlOQvFQgSl0B0hpu2 OWbMvOAOeJk5MSyFHrmF9ul+M4IKHCDEnZduxIeQkSimJG0qIbSxIhPER90tY0RAGRXpLtlcJDrXRhjwt9QgUz9XciQYGU48DXkwFSAznrTcT/vHasemdeQsMoViTE04d6MYOKw0lJsEsFwYqNNUFYUP1XiAdIIKx0lUVdgjO78jxpVCzHtpy7k1L1Iq+jAPbBASgDB5yCKrgBNVAHGDyCZ/AK3own48V4Nz6mowtGntkDf2B8/gBTqJ4k</latexit><latexit sha1_base64="ZXCaHeIT0io5I378Kul5DjxX6g4=">AAACF3icbVDNS8MwHE39nPOr6tFLcAjzYGmHoBdhKKgXYYL7gLWONMu2sLQpSToYpf+FF/8VLx4U8ao3/xuzrgfdfBDyeO/3SH7PjxiVyra/jYXFpeWV1cJacX1jc2vb3NltSB4LTOqYMy5aPpKE0ZDUFVWMtCJBUOAz0vSHlxO/OSJCUh7eq3FEvAD1Q9qjGCktdUzLHRGcXKXl7BbpETyHxzCB17cBdLlOQvFQgSl0B0hpu2 OWbMvOAOeJk5MSyFHrmF9ul+M4IKHCDEnZduxIeQkSimJG0qIbSxIhPER90tY0RAGRXpLtlcJDrXRhjwt9QgUz9XciQYGU48DXkwFSAznrTcT/vHasemdeQsMoViTE04d6MYOKw0lJsEsFwYqNNUFYUP1XiAdIIKx0lUVdgjO78jxpVCzHtpy7k1L1Iq+jAPbBASgDB5yCKrgBNVAHGDyCZ/AK3own48V4Nz6mowtGntkDf2B8/gBTqJ4k</latexit><latexit sha1_base64="ZXCaHeIT0io5I378Kul5DjxX6g4=">AAACF3icbVDNS8MwHE39nPOr6tFLcAjzYGmHoBdhKKgXYYL7gLWONMu2sLQpSToYpf+FF/8VLx4U8ao3/xuzrgfdfBDyeO/3SH7PjxiVyra/jYXFpeWV1cJacX1jc2vb3NltSB4LTOqYMy5aPpKE0ZDUFVWMtCJBUOAz0vSHlxO/OSJCUh7eq3FEvAD1Q9qjGCktdUzLHRGcXKXl7BbpETyHxzCB17cBdLlOQvFQgSl0B0hpu2 OWbMvOAOeJk5MSyFHrmF9ul+M4IKHCDEnZduxIeQkSimJG0qIbSxIhPER90tY0RAGRXpLtlcJDrXRhjwt9QgUz9XciQYGU48DXkwFSAznrTcT/vHasemdeQsMoViTE04d6MYOKw0lJsEsFwYqNNUFYUP1XiAdIIKx0lUVdgjO78jxpVCzHtpy7k1L1Iq+jAPbBASgDB5yCKrgBNVAHGDyCZ/AK3own48V4Nz6mowtGntkDf2B8/gBTqJ4k</latexit><latexit sha1_base64="ZXCaHeIT0io5I378Kul5DjxX6g4=">AAACF3icbVDNS8MwHE39nPOr6tFLcAjzYGmHoBdhKKgXYYL7gLWONMu2sLQpSToYpf+FF/8VLx4U8ao3/xuzrgfdfBDyeO/3SH7PjxiVyra/jYXFpeWV1cJacX1jc2vb3NltSB4LTOqYMy5aPpKE0ZDUFVWMtCJBUOAz0vSHlxO/OSJCUh7eq3FEvAD1Q9qjGCktdUzLHRGcXKXl7BbpETyHxzCB17cBdLlOQvFQgSl0B0hpu2 OWbMvOAOeJk5MSyFHrmF9ul+M4IKHCDEnZduxIeQkSimJG0qIbSxIhPER90tY0RAGRXpLtlcJDrXRhjwt9QgUz9XciQYGU48DXkwFSAznrTcT/vHasemdeQsMoViTE04d6MYOKw0lJsEsFwYqNNUFYUP1XiAdIIKx0lUVdgjO78jxpVCzHtpy7k1L1Iq+jAPbBASgDB5yCKrgBNVAHGDyCZ/AK3own48V4Nz6mowtGntkDf2B8/gBTqJ4k</latexit>

~F (~r) = �rV (~r) = �mr�(~r)
<latexit sha1_base64="xPimOrv8YIdMn8XeWJM1d1fdrkI=">AAACLHicbZDLSsNAFIYn9VbrLerSzWAR6qIlEUE3QrEgLivYCzShTKaTduhkEmYmhRL6QG58FUFcWMStz+E0jVJbDwx8/P85nDm/FzEqlWVNjdza+sbmVn67sLO7t39gHh41ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOUNazO/NSJC0pA/qnFE3AD1OfUpRkpLXbPmjAhO7iawlIKYnMMbWIYORx5DsLmoFsow+DGc+oD+el2zaFWstOAq2BkUQVb1rvnq9EIcB4QrzJCUHduKlJsgoShmZFJwYkkihIeoTzoaOQqIdJP02Ak800oP+qHQjyuYqosTCQqkHAee7gyQGshlbyb+53Vi5V+7CeVRrAjH80V+zKAK4Sw52KOCYMXGGhAWVP8V4gESCCudb0GHYC+fvArNi4ptVeyHy2L1NosjD07AKSgBG1yBKrgHddAAGDyBF/AOpsaz8WZ8GJ/z1pyRzRyDP2V8fQNOT6Uy</latexit><latexit sha1_base64="xPimOrv8YIdMn8XeWJM1d1fdrkI=">AAACLHicbZDLSsNAFIYn9VbrLerSzWAR6qIlEUE3QrEgLivYCzShTKaTduhkEmYmhRL6QG58FUFcWMStz+E0jVJbDwx8/P85nDm/FzEqlWVNjdza+sbmVn67sLO7t39gHh41ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOUNazO/NSJC0pA/qnFE3AD1OfUpRkpLXbPmjAhO7iawlIKYnMMbWIYORx5DsLmoFsow+DGc+oD+el2zaFWstOAq2BkUQVb1rvnq9EIcB4QrzJCUHduKlJsgoShmZFJwYkkihIeoTzoaOQqIdJP02Ak800oP+qHQjyuYqosTCQqkHAee7gyQGshlbyb+53Vi5V+7CeVRrAjH80V+zKAK4Sw52KOCYMXGGhAWVP8V4gESCCudb0GHYC+fvArNi4ptVeyHy2L1NosjD07AKSgBG1yBKrgHddAAGDyBF/AOpsaz8WZ8GJ/z1pyRzRyDP2V8fQNOT6Uy</latexit><latexit sha1_base64="xPimOrv8YIdMn8XeWJM1d1fdrkI=">AAACLHicbZDLSsNAFIYn9VbrLerSzWAR6qIlEUE3QrEgLivYCzShTKaTduhkEmYmhRL6QG58FUFcWMStz+E0jVJbDwx8/P85nDm/FzEqlWVNjdza+sbmVn67sLO7t39gHh41ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOUNazO/NSJC0pA/qnFE3AD1OfUpRkpLXbPmjAhO7iawlIKYnMMbWIYORx5DsLmoFsow+DGc+oD+el2zaFWstOAq2BkUQVb1rvnq9EIcB4QrzJCUHduKlJsgoShmZFJwYkkihIeoTzoaOQqIdJP02Ak800oP+qHQjyuYqosTCQqkHAee7gyQGshlbyb+53Vi5V+7CeVRrAjH80V+zKAK4Sw52KOCYMXGGhAWVP8V4gESCCudb0GHYC+fvArNi4ptVeyHy2L1NosjD07AKSgBG1yBKrgHddAAGDyBF/AOpsaz8WZ8GJ/z1pyRzRyDP2V8fQNOT6Uy</latexit><latexit sha1_base64="xPimOrv8YIdMn8XeWJM1d1fdrkI=">AAACLHicbZDLSsNAFIYn9VbrLerSzWAR6qIlEUE3QrEgLivYCzShTKaTduhkEmYmhRL6QG58FUFcWMStz+E0jVJbDwx8/P85nDm/FzEqlWVNjdza+sbmVn67sLO7t39gHh41ZRgLTBo4ZKFoe0gSRjlpKKoYaUeCoMBjpOUNazO/NSJC0pA/qnFE3AD1OfUpRkpLXbPmjAhO7iawlIKYnMMbWIYORx5DsLmoFsow+DGc+oD+el2zaFWstOAq2BkUQVb1rvnq9EIcB4QrzJCUHduKlJsgoShmZFJwYkkihIeoTzoaOQqIdJP02Ak800oP+qHQjyuYqosTCQqkHAee7gyQGshlbyb+53Vi5V+7CeVRrAjH80V+zKAK4Sw52KOCYMXGGhAWVP8V4gESCCudb0GHYC+fvArNi4ptVeyHy2L1NosjD07AKSgBG1yBKrgHddAAGDyBF/AOpsaz8WZ8GJ/z1pyRzRyDP2V8fQNOT6Uy</latexit>

Equação de Einstein



3.1 Gravitação Newtoniana

10https://en.wikipedia.org/wiki/Isaac_Newton#/
media/File:GodfreyKneller-IsaacNewton-1689.jpg

Isaac Newton (1642-1727)

Euclides (fl. 300 A.C.)

https://en.wikipedia.org/wiki/Euclid#/media/
File:Euklid-von-Alexandria_1.jpg

Espaço e tempo absolutos. 
Espaço é Euclideano (“plano”), 
obedecendo aos axiomas e teoremas 
da geometria de Euclides.

Todo objeto no Universo possui 
uma propriedade, dita “massa 
inercial” e outra propriedade, dita 
“massa gravitacional”. 

Força gravitacional:2a. Lei de Newton:

F = mia
<latexit sha1_base64="hg3vdcqd76QMfS7c67IzoMQl57E=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0ItQFMRjBfsBbQib7aZdursJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0o508bzvp2V1bX1jc3SVnl7Z3ev4u4ftHSSKUKbJOGJ6kRYU84kbRpmOO2kimIRcdqORjdTv/1IlWaJfDDjlAYCDySLGcHGSqFbuUVXSIR5TwnEJgiHbtWreTOgZeIXpAoFGqH71esnJBNUGsKx1l3fS02QY2UY4XRS7mWappiM8IB2LZVYUB3ks8Mn6MQqfRQnypY0aKb+nsix0HosItspsBnqRW8q/ud1MxNfBjmTaWaoJPNFccaRSdA0BdRnihLDx5Zgopi9FZEhVpgYm1XZhuAvvrxMWmc136v59+fV+nURRwmO4BhOwYcLqMMdNKAJBDJ4hld4c56cF+fd+Zi3rjjFzCH8gfP5AxJJkg0=</latexit><latexit sha1_base64="hg3vdcqd76QMfS7c67IzoMQl57E=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0ItQFMRjBfsBbQib7aZdursJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0o508bzvp2V1bX1jc3SVnl7Z3ev4u4ftHSSKUKbJOGJ6kRYU84kbRpmOO2kimIRcdqORjdTv/1IlWaJfDDjlAYCDySLGcHGSqFbuUVXSIR5TwnEJgiHbtWreTOgZeIXpAoFGqH71esnJBNUGsKx1l3fS02QY2UY4XRS7mWappiM8IB2LZVYUB3ks8Mn6MQqfRQnypY0aKb+nsix0HosItspsBnqRW8q/ud1MxNfBjmTaWaoJPNFccaRSdA0BdRnihLDx5Zgopi9FZEhVpgYm1XZhuAvvrxMWmc136v59+fV+nURRwmO4BhOwYcLqMMdNKAJBDJ4hld4c56cF+fd+Zi3rjjFzCH8gfP5AxJJkg0=</latexit><latexit sha1_base64="hg3vdcqd76QMfS7c67IzoMQl57E=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0ItQFMRjBfsBbQib7aZdursJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0o508bzvp2V1bX1jc3SVnl7Z3ev4u4ftHSSKUKbJOGJ6kRYU84kbRpmOO2kimIRcdqORjdTv/1IlWaJfDDjlAYCDySLGcHGSqFbuUVXSIR5TwnEJgiHbtWreTOgZeIXpAoFGqH71esnJBNUGsKx1l3fS02QY2UY4XRS7mWappiM8IB2LZVYUB3ks8Mn6MQqfRQnypY0aKb+nsix0HosItspsBnqRW8q/ud1MxNfBjmTaWaoJPNFccaRSdA0BdRnihLDx5Zgopi9FZEhVpgYm1XZhuAvvrxMWmc136v59+fV+nURRwmO4BhOwYcLqMMdNKAJBDJ4hld4c56cF+fd+Zi3rjjFzCH8gfP5AxJJkg0=</latexit><latexit sha1_base64="hg3vdcqd76QMfS7c67IzoMQl57E=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0ItQFMRjBfsBbQib7aZdursJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0o508bzvp2V1bX1jc3SVnl7Z3ev4u4ftHSSKUKbJOGJ6kRYU84kbRpmOO2kimIRcdqORjdTv/1IlWaJfDDjlAYCDySLGcHGSqFbuUVXSIR5TwnEJgiHbtWreTOgZeIXpAoFGqH71esnJBNUGsKx1l3fS02QY2UY4XRS7mWappiM8IB2LZVYUB3ks8Mn6MQqfRQnypY0aKb+nsix0HosItspsBnqRW8q/ud1MxNfBjmTaWaoJPNFccaRSdA0BdRnihLDx5Zgopi9FZEhVpgYm1XZhuAvvrxMWmc136v59+fV+nURRwmO4BhOwYcLqMMdNKAJBDJ4hld4c56cF+fd+Zi3rjjFzCH8gfP5AxJJkg0=</latexit> F = �GMgmg

r2
<latexit sha1_base64="nzxPcRMhnXXxlsT/i/+yxJc5vfU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoxpIUQTdCUVA3QgX7gCaGyXTSDp1JwsxEKCG/4MZfceNCEbfu3Pk3Ttsg2npg4HDOPdy5x48ZlcqyvozCwuLS8kpxtbS2vrG5ZW7vtGSUCEyaOGKR6PhIEkZD0lRUMdKJBUHcZ6TtD8/HfvueCEmj8FaNYuJy1A9pQDFSWvLMygU8hYcwhZfw2ksdwWE/g/yHOZEOQ3FXyzyzbFWtCeA8sXNSBjkanvnp9CKccBIqzJCUXduKlZsioShmJCs5iSQxwkPUJ11NQ8SJdNPJRRk80EoPBpHQL1Rwov5OpIhLOeK+nuRIDeSsNxb/87qJCk7clIZxokiIp4uChEEVwXE9sEcFwYqNNEFYUP1XiAdIIKx0iSVdgj178jxp1aq2VbVvjsr1s7yOItgD+6ACbHAM6uAKNEATYPAAnsALeDUejWfjzXifjhaMPLML/sD4+Abav5sw</latexit><latexit sha1_base64="nzxPcRMhnXXxlsT/i/+yxJc5vfU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoxpIUQTdCUVA3QgX7gCaGyXTSDp1JwsxEKCG/4MZfceNCEbfu3Pk3Ttsg2npg4HDOPdy5x48ZlcqyvozCwuLS8kpxtbS2vrG5ZW7vtGSUCEyaOGKR6PhIEkZD0lRUMdKJBUHcZ6TtD8/HfvueCEmj8FaNYuJy1A9pQDFSWvLMygU8hYcwhZfw2ksdwWE/g/yHOZEOQ3FXyzyzbFWtCeA8sXNSBjkanvnp9CKccBIqzJCUXduKlZsioShmJCs5iSQxwkPUJ11NQ8SJdNPJRRk80EoPBpHQL1Rwov5OpIhLOeK+nuRIDeSsNxb/87qJCk7clIZxokiIp4uChEEVwXE9sEcFwYqNNEFYUP1XiAdIIKx0iSVdgj178jxp1aq2VbVvjsr1s7yOItgD+6ACbHAM6uAKNEATYPAAnsALeDUejWfjzXifjhaMPLML/sD4+Abav5sw</latexit><latexit sha1_base64="nzxPcRMhnXXxlsT/i/+yxJc5vfU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoxpIUQTdCUVA3QgX7gCaGyXTSDp1JwsxEKCG/4MZfceNCEbfu3Pk3Ttsg2npg4HDOPdy5x48ZlcqyvozCwuLS8kpxtbS2vrG5ZW7vtGSUCEyaOGKR6PhIEkZD0lRUMdKJBUHcZ6TtD8/HfvueCEmj8FaNYuJy1A9pQDFSWvLMygU8hYcwhZfw2ksdwWE/g/yHOZEOQ3FXyzyzbFWtCeA8sXNSBjkanvnp9CKccBIqzJCUXduKlZsioShmJCs5iSQxwkPUJ11NQ8SJdNPJRRk80EoPBpHQL1Rwov5OpIhLOeK+nuRIDeSsNxb/87qJCk7clIZxokiIp4uChEEVwXE9sEcFwYqNNEFYUP1XiAdIIKx0iSVdgj178jxp1aq2VbVvjsr1s7yOItgD+6ACbHAM6uAKNEATYPAAnsALeDUejWfjzXifjhaMPLML/sD4+Abav5sw</latexit><latexit sha1_base64="nzxPcRMhnXXxlsT/i/+yxJc5vfU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoxpIUQTdCUVA3QgX7gCaGyXTSDp1JwsxEKCG/4MZfceNCEbfu3Pk3Ttsg2npg4HDOPdy5x48ZlcqyvozCwuLS8kpxtbS2vrG5ZW7vtGSUCEyaOGKR6PhIEkZD0lRUMdKJBUHcZ6TtD8/HfvueCEmj8FaNYuJy1A9pQDFSWvLMygU8hYcwhZfw2ksdwWE/g/yHOZEOQ3FXyzyzbFWtCeA8sXNSBjkanvnp9CKccBIqzJCUXduKlZsioShmJCs5iSQxwkPUJ11NQ8SJdNPJRRk80EoPBpHQL1Rwov5OpIhLOeK+nuRIDeSsNxb/87qJCk7clIZxokiIp4uChEEVwXE9sEcFwYqNNEFYUP1XiAdIIKx0iSVdgj178jxp1aq2VbVvjsr1s7yOItgD+6ACbHAM6uAKNEATYPAAnsALeDUejWfjzXifjhaMPLML/sD4+Abav5sw</latexit>

http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
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http://www.j-giesen.de/astro/NaturalUnits/planck.html
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11https://pt.wikipedia.org/wiki/Galileu_Galilei#/media/
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Força gravitacional:2a. Lei de Newton:

F = mia
<latexit sha1_base64="hg3vdcqd76QMfS7c67IzoMQl57E=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0ItQFMRjBfsBbQib7aZdursJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0o508bzvp2V1bX1jc3SVnl7Z3ev4u4ftHSSKUKbJOGJ6kRYU84kbRpmOO2kimIRcdqORjdTv/1IlWaJfDDjlAYCDySLGcHGSqFbuUVXSIR5TwnEJgiHbtWreTOgZeIXpAoFGqH71esnJBNUGsKx1l3fS02QY2UY4XRS7mWappiM8IB2LZVYUB3ks8Mn6MQqfRQnypY0aKb+nsix0HosItspsBnqRW8q/ud1MxNfBjmTaWaoJPNFccaRSdA0BdRnihLDx5Zgopi9FZEhVpgYm1XZhuAvvrxMWmc136v59+fV+nURRwmO4BhOwYcLqMMdNKAJBDJ4hld4c56cF+fd+Zi3rjjFzCH8gfP5AxJJkg0=</latexit><latexit sha1_base64="hg3vdcqd76QMfS7c67IzoMQl57E=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0ItQFMRjBfsBbQib7aZdursJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0o508bzvp2V1bX1jc3SVnl7Z3ev4u4ftHSSKUKbJOGJ6kRYU84kbRpmOO2kimIRcdqORjdTv/1IlWaJfDDjlAYCDySLGcHGSqFbuUVXSIR5TwnEJgiHbtWreTOgZeIXpAoFGqH71esnJBNUGsKx1l3fS02QY2UY4XRS7mWappiM8IB2LZVYUB3ks8Mn6MQqfRQnypY0aKb+nsix0HosItspsBnqRW8q/ud1MxNfBjmTaWaoJPNFccaRSdA0BdRnihLDx5Zgopi9FZEhVpgYm1XZhuAvvrxMWmc136v59+fV+nURRwmO4BhOwYcLqMMdNKAJBDJ4hld4c56cF+fd+Zi3rjjFzCH8gfP5AxJJkg0=</latexit><latexit sha1_base64="hg3vdcqd76QMfS7c67IzoMQl57E=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0ItQFMRjBfsBbQib7aZdursJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0o508bzvp2V1bX1jc3SVnl7Z3ev4u4ftHSSKUKbJOGJ6kRYU84kbRpmOO2kimIRcdqORjdTv/1IlWaJfDDjlAYCDySLGcHGSqFbuUVXSIR5TwnEJgiHbtWreTOgZeIXpAoFGqH71esnJBNUGsKx1l3fS02QY2UY4XRS7mWappiM8IB2LZVYUB3ks8Mn6MQqfRQnypY0aKb+nsix0HosItspsBnqRW8q/ud1MxNfBjmTaWaoJPNFccaRSdA0BdRnihLDx5Zgopi9FZEhVpgYm1XZhuAvvrxMWmc136v59+fV+nURRwmO4BhOwYcLqMMdNKAJBDJ4hld4c56cF+fd+Zi3rjjFzCH8gfP5AxJJkg0=</latexit><latexit sha1_base64="hg3vdcqd76QMfS7c67IzoMQl57E=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0ItQFMRjBfsBbQib7aZdursJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0o508bzvp2V1bX1jc3SVnl7Z3ev4u4ftHSSKUKbJOGJ6kRYU84kbRpmOO2kimIRcdqORjdTv/1IlWaJfDDjlAYCDySLGcHGSqFbuUVXSIR5TwnEJgiHbtWreTOgZeIXpAoFGqH71esnJBNUGsKx1l3fS02QY2UY4XRS7mWappiM8IB2LZVYUB3ks8Mn6MQqfRQnypY0aKb+nsix0HosItspsBnqRW8q/ud1MxNfBjmTaWaoJPNFccaRSdA0BdRnihLDx5Zgopi9FZEhVpgYm1XZhuAvvrxMWmc136v59+fV+nURRwmO4BhOwYcLqMMdNKAJBDJ4hld4c56cF+fd+Zi3rjjFzCH8gfP5AxJJkg0=</latexit> F = �GMgmg

r2
<latexit sha1_base64="nzxPcRMhnXXxlsT/i/+yxJc5vfU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoxpIUQTdCUVA3QgX7gCaGyXTSDp1JwsxEKCG/4MZfceNCEbfu3Pk3Ttsg2npg4HDOPdy5x48ZlcqyvozCwuLS8kpxtbS2vrG5ZW7vtGSUCEyaOGKR6PhIEkZD0lRUMdKJBUHcZ6TtD8/HfvueCEmj8FaNYuJy1A9pQDFSWvLMygU8hYcwhZfw2ksdwWE/g/yHOZEOQ3FXyzyzbFWtCeA8sXNSBjkanvnp9CKccBIqzJCUXduKlZsioShmJCs5iSQxwkPUJ11NQ8SJdNPJRRk80EoPBpHQL1Rwov5OpIhLOeK+nuRIDeSsNxb/87qJCk7clIZxokiIp4uChEEVwXE9sEcFwYqNNEFYUP1XiAdIIKx0iSVdgj178jxp1aq2VbVvjsr1s7yOItgD+6ACbHAM6uAKNEATYPAAnsALeDUejWfjzXifjhaMPLML/sD4+Abav5sw</latexit><latexit sha1_base64="nzxPcRMhnXXxlsT/i/+yxJc5vfU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoxpIUQTdCUVA3QgX7gCaGyXTSDp1JwsxEKCG/4MZfceNCEbfu3Pk3Ttsg2npg4HDOPdy5x48ZlcqyvozCwuLS8kpxtbS2vrG5ZW7vtGSUCEyaOGKR6PhIEkZD0lRUMdKJBUHcZ6TtD8/HfvueCEmj8FaNYuJy1A9pQDFSWvLMygU8hYcwhZfw2ksdwWE/g/yHOZEOQ3FXyzyzbFWtCeA8sXNSBjkanvnp9CKccBIqzJCUXduKlZsioShmJCs5iSQxwkPUJ11NQ8SJdNPJRRk80EoPBpHQL1Rwov5OpIhLOeK+nuRIDeSsNxb/87qJCk7clIZxokiIp4uChEEVwXE9sEcFwYqNNEFYUP1XiAdIIKx0iSVdgj178jxp1aq2VbVvjsr1s7yOItgD+6ACbHAM6uAKNEATYPAAnsALeDUejWfjzXifjhaMPLML/sD4+Abav5sw</latexit><latexit sha1_base64="nzxPcRMhnXXxlsT/i/+yxJc5vfU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoxpIUQTdCUVA3QgX7gCaGyXTSDp1JwsxEKCG/4MZfceNCEbfu3Pk3Ttsg2npg4HDOPdy5x48ZlcqyvozCwuLS8kpxtbS2vrG5ZW7vtGSUCEyaOGKR6PhIEkZD0lRUMdKJBUHcZ6TtD8/HfvueCEmj8FaNYuJy1A9pQDFSWvLMygU8hYcwhZfw2ksdwWE/g/yHOZEOQ3FXyzyzbFWtCeA8sXNSBjkanvnp9CKccBIqzJCUXduKlZsioShmJCs5iSQxwkPUJ11NQ8SJdNPJRRk80EoPBpHQL1Rwov5OpIhLOeK+nuRIDeSsNxb/87qJCk7clIZxokiIp4uChEEVwXE9sEcFwYqNNEFYUP1XiAdIIKx0iSVdgj178jxp1aq2VbVvjsr1s7yOItgD+6ACbHAM6uAKNEATYPAAnsALeDUejWfjzXifjhaMPLML/sD4+Abav5sw</latexit><latexit sha1_base64="nzxPcRMhnXXxlsT/i/+yxJc5vfU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoxpIUQTdCUVA3QgX7gCaGyXTSDp1JwsxEKCG/4MZfceNCEbfu3Pk3Ttsg2npg4HDOPdy5x48ZlcqyvozCwuLS8kpxtbS2vrG5ZW7vtGSUCEyaOGKR6PhIEkZD0lRUMdKJBUHcZ6TtD8/HfvueCEmj8FaNYuJy1A9pQDFSWvLMygU8hYcwhZfw2ksdwWE/g/yHOZEOQ3FXyzyzbFWtCeA8sXNSBjkanvnp9CKccBIqzJCUXduKlZsioShmJCs5iSQxwkPUJ11NQ8SJdNPJRRk80EoPBpHQL1Rwov5OpIhLOeK+nuRIDeSsNxb/87qJCk7clIZxokiIp4uChEEVwXE9sEcFwYqNNEFYUP1XiAdIIKx0iSVdgj178jxp1aq2VbVvjsr1s7yOItgD+6ACbHAM6uAKNEATYPAAnsALeDUejWfjzXifjhaMPLML/sD4+Abav5sw</latexit>

3.1 Gravitação Newtoniana

a = �GMg,�
r2�

✓
mg

mi

◆

<latexit sha1_base64="2kDjohMLhavmZ3xjSq+wbl1hjEQ="></latexit><latexit sha1_base64="2kDjohMLhavmZ3xjSq+wbl1hjEQ="></latexit><latexit sha1_base64="2kDjohMLhavmZ3xjSq+wbl1hjEQ="></latexit><latexit sha1_base64="2kDjohMLhavmZ3xjSq+wbl1hjEQ="></latexit>

http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
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Galileu Galilei (1564-1642)

https://pt.wikipedia.org/wiki/Galileu_Galilei#/media/
Ficheiro:Justus_Sustermans_-_Portrait_of_Galileo_Galilei,_1636.jpg

Força gravitacional:2a. Lei de Newton:

F = mia
<latexit sha1_base64="hg3vdcqd76QMfS7c67IzoMQl57E=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0ItQFMRjBfsBbQib7aZdursJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0o508bzvp2V1bX1jc3SVnl7Z3ev4u4ftHSSKUKbJOGJ6kRYU84kbRpmOO2kimIRcdqORjdTv/1IlWaJfDDjlAYCDySLGcHGSqFbuUVXSIR5TwnEJgiHbtWreTOgZeIXpAoFGqH71esnJBNUGsKx1l3fS02QY2UY4XRS7mWappiM8IB2LZVYUB3ks8Mn6MQqfRQnypY0aKb+nsix0HosItspsBnqRW8q/ud1MxNfBjmTaWaoJPNFccaRSdA0BdRnihLDx5Zgopi9FZEhVpgYm1XZhuAvvrxMWmc136v59+fV+nURRwmO4BhOwYcLqMMdNKAJBDJ4hld4c56cF+fd+Zi3rjjFzCH8gfP5AxJJkg0=</latexit><latexit sha1_base64="hg3vdcqd76QMfS7c67IzoMQl57E=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0ItQFMRjBfsBbQib7aZdursJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0o508bzvp2V1bX1jc3SVnl7Z3ev4u4ftHSSKUKbJOGJ6kRYU84kbRpmOO2kimIRcdqORjdTv/1IlWaJfDDjlAYCDySLGcHGSqFbuUVXSIR5TwnEJgiHbtWreTOgZeIXpAoFGqH71esnJBNUGsKx1l3fS02QY2UY4XRS7mWappiM8IB2LZVYUB3ks8Mn6MQqfRQnypY0aKb+nsix0HosItspsBnqRW8q/ud1MxNfBjmTaWaoJPNFccaRSdA0BdRnihLDx5Zgopi9FZEhVpgYm1XZhuAvvrxMWmc136v59+fV+nURRwmO4BhOwYcLqMMdNKAJBDJ4hld4c56cF+fd+Zi3rjjFzCH8gfP5AxJJkg0=</latexit><latexit sha1_base64="hg3vdcqd76QMfS7c67IzoMQl57E=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0ItQFMRjBfsBbQib7aZdursJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0o508bzvp2V1bX1jc3SVnl7Z3ev4u4ftHSSKUKbJOGJ6kRYU84kbRpmOO2kimIRcdqORjdTv/1IlWaJfDDjlAYCDySLGcHGSqFbuUVXSIR5TwnEJgiHbtWreTOgZeIXpAoFGqH71esnJBNUGsKx1l3fS02QY2UY4XRS7mWappiM8IB2LZVYUB3ks8Mn6MQqfRQnypY0aKb+nsix0HosItspsBnqRW8q/ud1MxNfBjmTaWaoJPNFccaRSdA0BdRnihLDx5Zgopi9FZEhVpgYm1XZhuAvvrxMWmc136v59+fV+nURRwmO4BhOwYcLqMMdNKAJBDJ4hld4c56cF+fd+Zi3rjjFzCH8gfP5AxJJkg0=</latexit><latexit sha1_base64="hg3vdcqd76QMfS7c67IzoMQl57E=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0ItQFMRjBfsBbQib7aZdursJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0o508bzvp2V1bX1jc3SVnl7Z3ev4u4ftHSSKUKbJOGJ6kRYU84kbRpmOO2kimIRcdqORjdTv/1IlWaJfDDjlAYCDySLGcHGSqFbuUVXSIR5TwnEJgiHbtWreTOgZeIXpAoFGqH71esnJBNUGsKx1l3fS02QY2UY4XRS7mWappiM8IB2LZVYUB3ks8Mn6MQqfRQnypY0aKb+nsix0HosItspsBnqRW8q/ud1MxNfBjmTaWaoJPNFccaRSdA0BdRnihLDx5Zgopi9FZEhVpgYm1XZhuAvvrxMWmc136v59+fV+nURRwmO4BhOwYcLqMMdNKAJBDJ4hld4c56cF+fd+Zi3rjjFzCH8gfP5AxJJkg0=</latexit> F = �GMgmg

r2
<latexit sha1_base64="nzxPcRMhnXXxlsT/i/+yxJc5vfU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoxpIUQTdCUVA3QgX7gCaGyXTSDp1JwsxEKCG/4MZfceNCEbfu3Pk3Ttsg2npg4HDOPdy5x48ZlcqyvozCwuLS8kpxtbS2vrG5ZW7vtGSUCEyaOGKR6PhIEkZD0lRUMdKJBUHcZ6TtD8/HfvueCEmj8FaNYuJy1A9pQDFSWvLMygU8hYcwhZfw2ksdwWE/g/yHOZEOQ3FXyzyzbFWtCeA8sXNSBjkanvnp9CKccBIqzJCUXduKlZsioShmJCs5iSQxwkPUJ11NQ8SJdNPJRRk80EoPBpHQL1Rwov5OpIhLOeK+nuRIDeSsNxb/87qJCk7clIZxokiIp4uChEEVwXE9sEcFwYqNNEFYUP1XiAdIIKx0iSVdgj178jxp1aq2VbVvjsr1s7yOItgD+6ACbHAM6uAKNEATYPAAnsALeDUejWfjzXifjhaMPLML/sD4+Abav5sw</latexit><latexit sha1_base64="nzxPcRMhnXXxlsT/i/+yxJc5vfU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoxpIUQTdCUVA3QgX7gCaGyXTSDp1JwsxEKCG/4MZfceNCEbfu3Pk3Ttsg2npg4HDOPdy5x48ZlcqyvozCwuLS8kpxtbS2vrG5ZW7vtGSUCEyaOGKR6PhIEkZD0lRUMdKJBUHcZ6TtD8/HfvueCEmj8FaNYuJy1A9pQDFSWvLMygU8hYcwhZfw2ksdwWE/g/yHOZEOQ3FXyzyzbFWtCeA8sXNSBjkanvnp9CKccBIqzJCUXduKlZsioShmJCs5iSQxwkPUJ11NQ8SJdNPJRRk80EoPBpHQL1Rwov5OpIhLOeK+nuRIDeSsNxb/87qJCk7clIZxokiIp4uChEEVwXE9sEcFwYqNNEFYUP1XiAdIIKx0iSVdgj178jxp1aq2VbVvjsr1s7yOItgD+6ACbHAM6uAKNEATYPAAnsALeDUejWfjzXifjhaMPLML/sD4+Abav5sw</latexit><latexit sha1_base64="nzxPcRMhnXXxlsT/i/+yxJc5vfU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoxpIUQTdCUVA3QgX7gCaGyXTSDp1JwsxEKCG/4MZfceNCEbfu3Pk3Ttsg2npg4HDOPdy5x48ZlcqyvozCwuLS8kpxtbS2vrG5ZW7vtGSUCEyaOGKR6PhIEkZD0lRUMdKJBUHcZ6TtD8/HfvueCEmj8FaNYuJy1A9pQDFSWvLMygU8hYcwhZfw2ksdwWE/g/yHOZEOQ3FXyzyzbFWtCeA8sXNSBjkanvnp9CKccBIqzJCUXduKlZsioShmJCs5iSQxwkPUJ11NQ8SJdNPJRRk80EoPBpHQL1Rwov5OpIhLOeK+nuRIDeSsNxb/87qJCk7clIZxokiIp4uChEEVwXE9sEcFwYqNNEFYUP1XiAdIIKx0iSVdgj178jxp1aq2VbVvjsr1s7yOItgD+6ACbHAM6uAKNEATYPAAnsALeDUejWfjzXifjhaMPLML/sD4+Abav5sw</latexit><latexit sha1_base64="nzxPcRMhnXXxlsT/i/+yxJc5vfU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoxpIUQTdCUVA3QgX7gCaGyXTSDp1JwsxEKCG/4MZfceNCEbfu3Pk3Ttsg2npg4HDOPdy5x48ZlcqyvozCwuLS8kpxtbS2vrG5ZW7vtGSUCEyaOGKR6PhIEkZD0lRUMdKJBUHcZ6TtD8/HfvueCEmj8FaNYuJy1A9pQDFSWvLMygU8hYcwhZfw2ksdwWE/g/yHOZEOQ3FXyzyzbFWtCeA8sXNSBjkanvnp9CKccBIqzJCUXduKlZsioShmJCs5iSQxwkPUJ11NQ8SJdNPJRRk80EoPBpHQL1Rwov5OpIhLOeK+nuRIDeSsNxb/87qJCk7clIZxokiIp4uChEEVwXE9sEcFwYqNNEFYUP1XiAdIIKx0iSVdgj178jxp1aq2VbVvjsr1s7yOItgD+6ACbHAM6uAKNEATYPAAnsALeDUejWfjzXifjhaMPLML/sD4+Abav5sw</latexit>

3.1 Gravitação Newtoniana

a = �GMg,�
r2�

✓
mg

mi

◆

<latexit sha1_base64="2kDjohMLhavmZ3xjSq+wbl1hjEQ="></latexit><latexit sha1_base64="2kDjohMLhavmZ3xjSq+wbl1hjEQ="></latexit><latexit sha1_base64="2kDjohMLhavmZ3xjSq+wbl1hjEQ="></latexit><latexit sha1_base64="2kDjohMLhavmZ3xjSq+wbl1hjEQ="></latexit>

1

http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
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Galileu Galilei (1564-1642)

https://pt.wikipedia.org/wiki/Galileu_Galilei#/media/
Ficheiro:Justus_Sustermans_-_Portrait_of_Galileo_Galilei,_1636.jpg

Força gravitacional:2a. Lei de Newton:

F = mia
<latexit sha1_base64="hg3vdcqd76QMfS7c67IzoMQl57E=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0ItQFMRjBfsBbQib7aZdursJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0o508bzvp2V1bX1jc3SVnl7Z3ev4u4ftHSSKUKbJOGJ6kRYU84kbRpmOO2kimIRcdqORjdTv/1IlWaJfDDjlAYCDySLGcHGSqFbuUVXSIR5TwnEJgiHbtWreTOgZeIXpAoFGqH71esnJBNUGsKx1l3fS02QY2UY4XRS7mWappiM8IB2LZVYUB3ks8Mn6MQqfRQnypY0aKb+nsix0HosItspsBnqRW8q/ud1MxNfBjmTaWaoJPNFccaRSdA0BdRnihLDx5Zgopi9FZEhVpgYm1XZhuAvvrxMWmc136v59+fV+nURRwmO4BhOwYcLqMMdNKAJBDJ4hld4c56cF+fd+Zi3rjjFzCH8gfP5AxJJkg0=</latexit><latexit sha1_base64="hg3vdcqd76QMfS7c67IzoMQl57E=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0ItQFMRjBfsBbQib7aZdursJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0o508bzvp2V1bX1jc3SVnl7Z3ev4u4ftHSSKUKbJOGJ6kRYU84kbRpmOO2kimIRcdqORjdTv/1IlWaJfDDjlAYCDySLGcHGSqFbuUVXSIR5TwnEJgiHbtWreTOgZeIXpAoFGqH71esnJBNUGsKx1l3fS02QY2UY4XRS7mWappiM8IB2LZVYUB3ks8Mn6MQqfRQnypY0aKb+nsix0HosItspsBnqRW8q/ud1MxNfBjmTaWaoJPNFccaRSdA0BdRnihLDx5Zgopi9FZEhVpgYm1XZhuAvvrxMWmc136v59+fV+nURRwmO4BhOwYcLqMMdNKAJBDJ4hld4c56cF+fd+Zi3rjjFzCH8gfP5AxJJkg0=</latexit><latexit sha1_base64="hg3vdcqd76QMfS7c67IzoMQl57E=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0ItQFMRjBfsBbQib7aZdursJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0o508bzvp2V1bX1jc3SVnl7Z3ev4u4ftHSSKUKbJOGJ6kRYU84kbRpmOO2kimIRcdqORjdTv/1IlWaJfDDjlAYCDySLGcHGSqFbuUVXSIR5TwnEJgiHbtWreTOgZeIXpAoFGqH71esnJBNUGsKx1l3fS02QY2UY4XRS7mWappiM8IB2LZVYUB3ks8Mn6MQqfRQnypY0aKb+nsix0HosItspsBnqRW8q/ud1MxNfBjmTaWaoJPNFccaRSdA0BdRnihLDx5Zgopi9FZEhVpgYm1XZhuAvvrxMWmc136v59+fV+nURRwmO4BhOwYcLqMMdNKAJBDJ4hld4c56cF+fd+Zi3rjjFzCH8gfP5AxJJkg0=</latexit><latexit sha1_base64="hg3vdcqd76QMfS7c67IzoMQl57E=">AAAB+HicbVBNS8NAEJ34WetHox69LBbBU0lE0ItQFMRjBfsBbQib7aZdursJuxuhhv4SLx4U8epP8ea/cdvmoK0PBh7vzTAzL0o508bzvp2V1bX1jc3SVnl7Z3ev4u4ftHSSKUKbJOGJ6kRYU84kbRpmOO2kimIRcdqORjdTv/1IlWaJfDDjlAYCDySLGcHGSqFbuUVXSIR5TwnEJgiHbtWreTOgZeIXpAoFGqH71esnJBNUGsKx1l3fS02QY2UY4XRS7mWappiM8IB2LZVYUB3ks8Mn6MQqfRQnypY0aKb+nsix0HosItspsBnqRW8q/ud1MxNfBjmTaWaoJPNFccaRSdA0BdRnihLDx5Zgopi9FZEhVpgYm1XZhuAvvrxMWmc136v59+fV+nURRwmO4BhOwYcLqMMdNKAJBDJ4hld4c56cF+fd+Zi3rjjFzCH8gfP5AxJJkg0=</latexit> F = �GMgmg

r2
<latexit sha1_base64="nzxPcRMhnXXxlsT/i/+yxJc5vfU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoxpIUQTdCUVA3QgX7gCaGyXTSDp1JwsxEKCG/4MZfceNCEbfu3Pk3Ttsg2npg4HDOPdy5x48ZlcqyvozCwuLS8kpxtbS2vrG5ZW7vtGSUCEyaOGKR6PhIEkZD0lRUMdKJBUHcZ6TtD8/HfvueCEmj8FaNYuJy1A9pQDFSWvLMygU8hYcwhZfw2ksdwWE/g/yHOZEOQ3FXyzyzbFWtCeA8sXNSBjkanvnp9CKccBIqzJCUXduKlZsioShmJCs5iSQxwkPUJ11NQ8SJdNPJRRk80EoPBpHQL1Rwov5OpIhLOeK+nuRIDeSsNxb/87qJCk7clIZxokiIp4uChEEVwXE9sEcFwYqNNEFYUP1XiAdIIKx0iSVdgj178jxp1aq2VbVvjsr1s7yOItgD+6ACbHAM6uAKNEATYPAAnsALeDUejWfjzXifjhaMPLML/sD4+Abav5sw</latexit><latexit sha1_base64="nzxPcRMhnXXxlsT/i/+yxJc5vfU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoxpIUQTdCUVA3QgX7gCaGyXTSDp1JwsxEKCG/4MZfceNCEbfu3Pk3Ttsg2npg4HDOPdy5x48ZlcqyvozCwuLS8kpxtbS2vrG5ZW7vtGSUCEyaOGKR6PhIEkZD0lRUMdKJBUHcZ6TtD8/HfvueCEmj8FaNYuJy1A9pQDFSWvLMygU8hYcwhZfw2ksdwWE/g/yHOZEOQ3FXyzyzbFWtCeA8sXNSBjkanvnp9CKccBIqzJCUXduKlZsioShmJCs5iSQxwkPUJ11NQ8SJdNPJRRk80EoPBpHQL1Rwov5OpIhLOeK+nuRIDeSsNxb/87qJCk7clIZxokiIp4uChEEVwXE9sEcFwYqNNEFYUP1XiAdIIKx0iSVdgj178jxp1aq2VbVvjsr1s7yOItgD+6ACbHAM6uAKNEATYPAAnsALeDUejWfjzXifjhaMPLML/sD4+Abav5sw</latexit><latexit sha1_base64="nzxPcRMhnXXxlsT/i/+yxJc5vfU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoxpIUQTdCUVA3QgX7gCaGyXTSDp1JwsxEKCG/4MZfceNCEbfu3Pk3Ttsg2npg4HDOPdy5x48ZlcqyvozCwuLS8kpxtbS2vrG5ZW7vtGSUCEyaOGKR6PhIEkZD0lRUMdKJBUHcZ6TtD8/HfvueCEmj8FaNYuJy1A9pQDFSWvLMygU8hYcwhZfw2ksdwWE/g/yHOZEOQ3FXyzyzbFWtCeA8sXNSBjkanvnp9CKccBIqzJCUXduKlZsioShmJCs5iSQxwkPUJ11NQ8SJdNPJRRk80EoPBpHQL1Rwov5OpIhLOeK+nuRIDeSsNxb/87qJCk7clIZxokiIp4uChEEVwXE9sEcFwYqNNEFYUP1XiAdIIKx0iSVdgj178jxp1aq2VbVvjsr1s7yOItgD+6ACbHAM6uAKNEATYPAAnsALeDUejWfjzXifjhaMPLML/sD4+Abav5sw</latexit><latexit sha1_base64="nzxPcRMhnXXxlsT/i/+yxJc5vfU=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoxpIUQTdCUVA3QgX7gCaGyXTSDp1JwsxEKCG/4MZfceNCEbfu3Pk3Ttsg2npg4HDOPdy5x48ZlcqyvozCwuLS8kpxtbS2vrG5ZW7vtGSUCEyaOGKR6PhIEkZD0lRUMdKJBUHcZ6TtD8/HfvueCEmj8FaNYuJy1A9pQDFSWvLMygU8hYcwhZfw2ksdwWE/g/yHOZEOQ3FXyzyzbFWtCeA8sXNSBjkanvnp9CKccBIqzJCUXduKlZsioShmJCs5iSQxwkPUJ11NQ8SJdNPJRRk80EoPBpHQL1Rwov5OpIhLOeK+nuRIDeSsNxb/87qJCk7clIZxokiIp4uChEEVwXE9sEcFwYqNNEFYUP1XiAdIIKx0iSVdgj178jxp1aq2VbVvjsr1s7yOItgD+6ACbHAM6uAKNEATYPAAnsALeDUejWfjzXifjhaMPLML/sD4+Abav5sw</latexit>

3.1 Gravitação Newtoniana

a = �GMg,�
r2�

✓
mg

mi

◆

<latexit sha1_base64="2kDjohMLhavmZ3xjSq+wbl1hjEQ="></latexit><latexit sha1_base64="2kDjohMLhavmZ3xjSq+wbl1hjEQ="></latexit><latexit sha1_base64="2kDjohMLhavmZ3xjSq+wbl1hjEQ="></latexit><latexit sha1_base64="2kDjohMLhavmZ3xjSq+wbl1hjEQ="></latexit>

1

}9.8 m s�2
<latexit sha1_base64="xl/fa0KxDibyl0xgSYT2nfCjT9A=">AAACBXicbZDLSgMxFIYzXmu9jbrURbAIbhxmimDdFd24rGAv0I4lk2ba0CQzJBmhDOPCja/ixoUibn0Hd76NaTuCtv4Q+PjPOZycP4gZVdp1v6yFxaXlldXCWnF9Y3Nr297ZbagokZjUccQi2QqQIowKUtdUM9KKJUE8YKQZDC/H9eYdkYpG4kaPYuJz1Bc0pBhpY3Xtg3OnAu9h2pEc8uyHVHabnpSzrl1yHXciOA9eDiWQq9a1Pzu9CCecCI0ZUqrtubH2UyQ1xYxkxU6iSIzwEPVJ26BAnCg/nVyRwSPj9GAYSfOEhhP390SKuFIjHphOjvRAzdbG5n+1dqLDip9SESeaCDxdFCYM6giOI4E9KgnWbGQAYUnNXyEeIImwNsEVTQje7Mnz0Cg7nut416el6kUeRwHsg0NwDDxwBqrgCtRAHWDwAJ7AC3i1Hq1n6816n7YuWPnMHvgj6+MbLiyXGQ==</latexit><latexit sha1_base64="xl/fa0KxDibyl0xgSYT2nfCjT9A=">AAACBXicbZDLSgMxFIYzXmu9jbrURbAIbhxmimDdFd24rGAv0I4lk2ba0CQzJBmhDOPCja/ixoUibn0Hd76NaTuCtv4Q+PjPOZycP4gZVdp1v6yFxaXlldXCWnF9Y3Nr297ZbagokZjUccQi2QqQIowKUtdUM9KKJUE8YKQZDC/H9eYdkYpG4kaPYuJz1Bc0pBhpY3Xtg3OnAu9h2pEc8uyHVHabnpSzrl1yHXciOA9eDiWQq9a1Pzu9CCecCI0ZUqrtubH2UyQ1xYxkxU6iSIzwEPVJ26BAnCg/nVyRwSPj9GAYSfOEhhP390SKuFIjHphOjvRAzdbG5n+1dqLDip9SESeaCDxdFCYM6giOI4E9KgnWbGQAYUnNXyEeIImwNsEVTQje7Mnz0Cg7nut416el6kUeRwHsg0NwDDxwBqrgCtRAHWDwAJ7AC3i1Hq1n6816n7YuWPnMHvgj6+MbLiyXGQ==</latexit><latexit sha1_base64="xl/fa0KxDibyl0xgSYT2nfCjT9A=">AAACBXicbZDLSgMxFIYzXmu9jbrURbAIbhxmimDdFd24rGAv0I4lk2ba0CQzJBmhDOPCja/ixoUibn0Hd76NaTuCtv4Q+PjPOZycP4gZVdp1v6yFxaXlldXCWnF9Y3Nr297ZbagokZjUccQi2QqQIowKUtdUM9KKJUE8YKQZDC/H9eYdkYpG4kaPYuJz1Bc0pBhpY3Xtg3OnAu9h2pEc8uyHVHabnpSzrl1yHXciOA9eDiWQq9a1Pzu9CCecCI0ZUqrtubH2UyQ1xYxkxU6iSIzwEPVJ26BAnCg/nVyRwSPj9GAYSfOEhhP390SKuFIjHphOjvRAzdbG5n+1dqLDip9SESeaCDxdFCYM6giOI4E9KgnWbGQAYUnNXyEeIImwNsEVTQje7Mnz0Cg7nut416el6kUeRwHsg0NwDDxwBqrgCtRAHWDwAJ7AC3i1Hq1n6816n7YuWPnMHvgj6+MbLiyXGQ==</latexit><latexit sha1_base64="xl/fa0KxDibyl0xgSYT2nfCjT9A=">AAACBXicbZDLSgMxFIYzXmu9jbrURbAIbhxmimDdFd24rGAv0I4lk2ba0CQzJBmhDOPCja/ixoUibn0Hd76NaTuCtv4Q+PjPOZycP4gZVdp1v6yFxaXlldXCWnF9Y3Nr297ZbagokZjUccQi2QqQIowKUtdUM9KKJUE8YKQZDC/H9eYdkYpG4kaPYuJz1Bc0pBhpY3Xtg3OnAu9h2pEc8uyHVHabnpSzrl1yHXciOA9eDiWQq9a1Pzu9CCecCI0ZUqrtubH2UyQ1xYxkxU6iSIzwEPVJ26BAnCg/nVyRwSPj9GAYSfOEhhP390SKuFIjHphOjvRAzdbG5n+1dqLDip9SESeaCDxdFCYM6giOI4E9KgnWbGQAYUnNXyEeIImwNsEVTQje7Mnz0Cg7nut416el6kUeRwHsg0NwDDxwBqrgCtRAHWDwAJ7AC3i1Hq1n6816n7YuWPnMHvgj6+MbLiyXGQ==</latexit>

Magnitude da 
aceleração gravitacional 

nas proximidades da 
superfície da Terra

1 em 1013
<latexit sha1_base64="ZBQcd53iCd89eUQZ4NwvnWfS1Bo=">AAAB/nicbVDLSgNBEJz1GeNrVTx5GQyCp7Cjgh6DXjxGMA9I1jA76U2GzOwuM7NCWDb4K148KOLV7/Dm3zh5HDSxoKGo6qa7K0gE18bzvp2l5ZXVtfXCRnFza3tn193br+s4VQxqLBaxagZUg+AR1Aw3ApqJAioDAY1gcDP2G4+gNI+jezNMwJe0F/GQM2qs1HEPCR5lbSUxyByPMPEeMnKed9ySV/YmwIuEzEgJzVDtuF/tbsxSCZFhgmrdIl5i/Iwqw5mAvNhONSSUDWgPWpZGVIL2s8n5OT6xSheHsbIVGTxRf09kVGo9lIHtlNT09bw3Fv/zWqkJr/yMR0lqIGLTRWEqsInxOAvc5QqYEUNLKFPc3opZnyrKjE2saEMg8y8vkvpZmXhlcndRqlzP4iigI3SMThFBl6iCblEV1RBDGXpGr+jNeXJenHfnY9q65MxmDtAfOJ8/IKqUSg==</latexit><latexit sha1_base64="ZBQcd53iCd89eUQZ4NwvnWfS1Bo=">AAAB/nicbVDLSgNBEJz1GeNrVTx5GQyCp7Cjgh6DXjxGMA9I1jA76U2GzOwuM7NCWDb4K148KOLV7/Dm3zh5HDSxoKGo6qa7K0gE18bzvp2l5ZXVtfXCRnFza3tn193br+s4VQxqLBaxagZUg+AR1Aw3ApqJAioDAY1gcDP2G4+gNI+jezNMwJe0F/GQM2qs1HEPCR5lbSUxyByPMPEeMnKed9ySV/YmwIuEzEgJzVDtuF/tbsxSCZFhgmrdIl5i/Iwqw5mAvNhONSSUDWgPWpZGVIL2s8n5OT6xSheHsbIVGTxRf09kVGo9lIHtlNT09bw3Fv/zWqkJr/yMR0lqIGLTRWEqsInxOAvc5QqYEUNLKFPc3opZnyrKjE2saEMg8y8vkvpZmXhlcndRqlzP4iigI3SMThFBl6iCblEV1RBDGXpGr+jNeXJenHfnY9q65MxmDtAfOJ8/IKqUSg==</latexit><latexit sha1_base64="ZBQcd53iCd89eUQZ4NwvnWfS1Bo=">AAAB/nicbVDLSgNBEJz1GeNrVTx5GQyCp7Cjgh6DXjxGMA9I1jA76U2GzOwuM7NCWDb4K148KOLV7/Dm3zh5HDSxoKGo6qa7K0gE18bzvp2l5ZXVtfXCRnFza3tn193br+s4VQxqLBaxagZUg+AR1Aw3ApqJAioDAY1gcDP2G4+gNI+jezNMwJe0F/GQM2qs1HEPCR5lbSUxyByPMPEeMnKed9ySV/YmwIuEzEgJzVDtuF/tbsxSCZFhgmrdIl5i/Iwqw5mAvNhONSSUDWgPWpZGVIL2s8n5OT6xSheHsbIVGTxRf09kVGo9lIHtlNT09bw3Fv/zWqkJr/yMR0lqIGLTRWEqsInxOAvc5QqYEUNLKFPc3opZnyrKjE2saEMg8y8vkvpZmXhlcndRqlzP4iigI3SMThFBl6iCblEV1RBDGXpGr+jNeXJenHfnY9q65MxmDtAfOJ8/IKqUSg==</latexit><latexit sha1_base64="ZBQcd53iCd89eUQZ4NwvnWfS1Bo=">AAAB/nicbVDLSgNBEJz1GeNrVTx5GQyCp7Cjgh6DXjxGMA9I1jA76U2GzOwuM7NCWDb4K148KOLV7/Dm3zh5HDSxoKGo6qa7K0gE18bzvp2l5ZXVtfXCRnFza3tn193br+s4VQxqLBaxagZUg+AR1Aw3ApqJAioDAY1gcDP2G4+gNI+jezNMwJe0F/GQM2qs1HEPCR5lbSUxyByPMPEeMnKed9ySV/YmwIuEzEgJzVDtuF/tbsxSCZFhgmrdIl5i/Iwqw5mAvNhONSSUDWgPWpZGVIL2s8n5OT6xSheHsbIVGTxRf09kVGo9lIHtlNT09bw3Fv/zWqkJr/yMR0lqIGLTRWEqsInxOAvc5QqYEUNLKFPc3opZnyrKjE2saEMg8y8vkvpZmXhlcndRqlzP4iigI3SMThFBl6iCblEV1RBDGXpGr+jNeXJenHfnY9q65MxmDtAfOJ8/IKqUSg==</latexit>

Estimativas atuais

m = mi = mg
<latexit sha1_base64="RSfTIXYvCDqI91ZFv7ZsH+OdqWU=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksgquSiKAboejGZQV7gTaEyXTSDp1JwsxEKCG48VXcuFDErU/hzrdx2gbU1h8GPv5zDmfOHyScKe04X1ZpaXllda28XtnY3NresXf3WipOJaFNEvNYdgKsKGcRbWqmOe0kkmIRcNoORteTevueSsXi6E6PE+oJPIhYyAjWxvLtA4EukfCznhSI5T88yH276tScqdAiuAVUoVDDtz97/ZikgkaacKxU13US7WVYakY4zSu9VNEEkxEe0K7BCAuqvGx6Qo6OjdNHYSzNizSaur8nMiyUGovAdAqsh2q+NjH/q3VTHV54GYuSVNOIzBaFKUc6RpM8UJ9JSjQfG8BEMvNXRIZYYqJNahUTgjt/8iK0TmuuU3Nvz6r1qyKOMhzCEZyAC+dQhxtoQBMIPMATvMCr9Wg9W2/W+6y1ZBUz+/BH1sc3VCOWGg==</latexit><latexit sha1_base64="RSfTIXYvCDqI91ZFv7ZsH+OdqWU=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksgquSiKAboejGZQV7gTaEyXTSDp1JwsxEKCG48VXcuFDErU/hzrdx2gbU1h8GPv5zDmfOHyScKe04X1ZpaXllda28XtnY3NresXf3WipOJaFNEvNYdgKsKGcRbWqmOe0kkmIRcNoORteTevueSsXi6E6PE+oJPIhYyAjWxvLtA4EukfCznhSI5T88yH276tScqdAiuAVUoVDDtz97/ZikgkaacKxU13US7WVYakY4zSu9VNEEkxEe0K7BCAuqvGx6Qo6OjdNHYSzNizSaur8nMiyUGovAdAqsh2q+NjH/q3VTHV54GYuSVNOIzBaFKUc6RpM8UJ9JSjQfG8BEMvNXRIZYYqJNahUTgjt/8iK0TmuuU3Nvz6r1qyKOMhzCEZyAC+dQhxtoQBMIPMATvMCr9Wg9W2/W+6y1ZBUz+/BH1sc3VCOWGg==</latexit><latexit sha1_base64="RSfTIXYvCDqI91ZFv7ZsH+OdqWU=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksgquSiKAboejGZQV7gTaEyXTSDp1JwsxEKCG48VXcuFDErU/hzrdx2gbU1h8GPv5zDmfOHyScKe04X1ZpaXllda28XtnY3NresXf3WipOJaFNEvNYdgKsKGcRbWqmOe0kkmIRcNoORteTevueSsXi6E6PE+oJPIhYyAjWxvLtA4EukfCznhSI5T88yH276tScqdAiuAVUoVDDtz97/ZikgkaacKxU13US7WVYakY4zSu9VNEEkxEe0K7BCAuqvGx6Qo6OjdNHYSzNizSaur8nMiyUGovAdAqsh2q+NjH/q3VTHV54GYuSVNOIzBaFKUc6RpM8UJ9JSjQfG8BEMvNXRIZYYqJNahUTgjt/8iK0TmuuU3Nvz6r1qyKOMhzCEZyAC+dQhxtoQBMIPMATvMCr9Wg9W2/W+6y1ZBUz+/BH1sc3VCOWGg==</latexit><latexit sha1_base64="RSfTIXYvCDqI91ZFv7ZsH+OdqWU=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksgquSiKAboejGZQV7gTaEyXTSDp1JwsxEKCG48VXcuFDErU/hzrdx2gbU1h8GPv5zDmfOHyScKe04X1ZpaXllda28XtnY3NresXf3WipOJaFNEvNYdgKsKGcRbWqmOe0kkmIRcNoORteTevueSsXi6E6PE+oJPIhYyAjWxvLtA4EukfCznhSI5T88yH276tScqdAiuAVUoVDDtz97/ZikgkaacKxU13US7WVYakY4zSu9VNEEkxEe0K7BCAuqvGx6Qo6OjdNHYSzNizSaur8nMiyUGovAdAqsh2q+NjH/q3VTHV54GYuSVNOIzBaFKUc6RpM8UJ9JSjQfG8BEMvNXRIZYYqJNahUTgjt/8iK0TmuuU3Nvz6r1qyKOMhzCEZyAC+dQhxtoQBMIPMATvMCr9Wg9W2/W+6y1ZBUz+/BH1sc3VCOWGg==</latexit>

http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
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3.1 Gravitação Newtoniana

m = mi = mg
<latexit sha1_base64="RSfTIXYvCDqI91ZFv7ZsH+OdqWU=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksgquSiKAboejGZQV7gTaEyXTSDp1JwsxEKCG48VXcuFDErU/hzrdx2gbU1h8GPv5zDmfOHyScKe04X1ZpaXllda28XtnY3NresXf3WipOJaFNEvNYdgKsKGcRbWqmOe0kkmIRcNoORteTevueSsXi6E6PE+oJPIhYyAjWxvLtA4EukfCznhSI5T88yH276tScqdAiuAVUoVDDtz97/ZikgkaacKxU13US7WVYakY4zSu9VNEEkxEe0K7BCAuqvGx6Qo6OjdNHYSzNizSaur8nMiyUGovAdAqsh2q+NjH/q3VTHV54GYuSVNOIzBaFKUc6RpM8UJ9JSjQfG8BEMvNXRIZYYqJNahUTgjt/8iK0TmuuU3Nvz6r1qyKOMhzCEZyAC+dQhxtoQBMIPMATvMCr9Wg9W2/W+6y1ZBUz+/BH1sc3VCOWGg==</latexit><latexit sha1_base64="RSfTIXYvCDqI91ZFv7ZsH+OdqWU=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksgquSiKAboejGZQV7gTaEyXTSDp1JwsxEKCG48VXcuFDErU/hzrdx2gbU1h8GPv5zDmfOHyScKe04X1ZpaXllda28XtnY3NresXf3WipOJaFNEvNYdgKsKGcRbWqmOe0kkmIRcNoORteTevueSsXi6E6PE+oJPIhYyAjWxvLtA4EukfCznhSI5T88yH276tScqdAiuAVUoVDDtz97/ZikgkaacKxU13US7WVYakY4zSu9VNEEkxEe0K7BCAuqvGx6Qo6OjdNHYSzNizSaur8nMiyUGovAdAqsh2q+NjH/q3VTHV54GYuSVNOIzBaFKUc6RpM8UJ9JSjQfG8BEMvNXRIZYYqJNahUTgjt/8iK0TmuuU3Nvz6r1qyKOMhzCEZyAC+dQhxtoQBMIPMATvMCr9Wg9W2/W+6y1ZBUz+/BH1sc3VCOWGg==</latexit><latexit sha1_base64="RSfTIXYvCDqI91ZFv7ZsH+OdqWU=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksgquSiKAboejGZQV7gTaEyXTSDp1JwsxEKCG48VXcuFDErU/hzrdx2gbU1h8GPv5zDmfOHyScKe04X1ZpaXllda28XtnY3NresXf3WipOJaFNEvNYdgKsKGcRbWqmOe0kkmIRcNoORteTevueSsXi6E6PE+oJPIhYyAjWxvLtA4EukfCznhSI5T88yH276tScqdAiuAVUoVDDtz97/ZikgkaacKxU13US7WVYakY4zSu9VNEEkxEe0K7BCAuqvGx6Qo6OjdNHYSzNizSaur8nMiyUGovAdAqsh2q+NjH/q3VTHV54GYuSVNOIzBaFKUc6RpM8UJ9JSjQfG8BEMvNXRIZYYqJNahUTgjt/8iK0TmuuU3Nvz6r1qyKOMhzCEZyAC+dQhxtoQBMIPMATvMCr9Wg9W2/W+6y1ZBUz+/BH1sc3VCOWGg==</latexit><latexit sha1_base64="RSfTIXYvCDqI91ZFv7ZsH+OdqWU=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksgquSiKAboejGZQV7gTaEyXTSDp1JwsxEKCG48VXcuFDErU/hzrdx2gbU1h8GPv5zDmfOHyScKe04X1ZpaXllda28XtnY3NresXf3WipOJaFNEvNYdgKsKGcRbWqmOe0kkmIRcNoORteTevueSsXi6E6PE+oJPIhYyAjWxvLtA4EukfCznhSI5T88yH276tScqdAiuAVUoVDDtz97/ZikgkaacKxU13US7WVYakY4zSu9VNEEkxEe0K7BCAuqvGx6Qo6OjdNHYSzNizSaur8nMiyUGovAdAqsh2q+NjH/q3VTHV54GYuSVNOIzBaFKUc6RpM8UJ9JSjQfG8BEMvNXRIZYYqJNahUTgjt/8iK0TmuuU3Nvz6r1qyKOMhzCEZyAC+dQhxtoQBMIPMATvMCr9Wg9W2/W+6y1ZBUz+/BH1sc3VCOWGg==</latexit>

Princípio da Equivalência:
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3.1 Gravitação Newtoniana

m = mi = mg
<latexit sha1_base64="RSfTIXYvCDqI91ZFv7ZsH+OdqWU=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksgquSiKAboejGZQV7gTaEyXTSDp1JwsxEKCG48VXcuFDErU/hzrdx2gbU1h8GPv5zDmfOHyScKe04X1ZpaXllda28XtnY3NresXf3WipOJaFNEvNYdgKsKGcRbWqmOe0kkmIRcNoORteTevueSsXi6E6PE+oJPIhYyAjWxvLtA4EukfCznhSI5T88yH276tScqdAiuAVUoVDDtz97/ZikgkaacKxU13US7WVYakY4zSu9VNEEkxEe0K7BCAuqvGx6Qo6OjdNHYSzNizSaur8nMiyUGovAdAqsh2q+NjH/q3VTHV54GYuSVNOIzBaFKUc6RpM8UJ9JSjQfG8BEMvNXRIZYYqJNahUTgjt/8iK0TmuuU3Nvz6r1qyKOMhzCEZyAC+dQhxtoQBMIPMATvMCr9Wg9W2/W+6y1ZBUz+/BH1sc3VCOWGg==</latexit><latexit sha1_base64="RSfTIXYvCDqI91ZFv7ZsH+OdqWU=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksgquSiKAboejGZQV7gTaEyXTSDp1JwsxEKCG48VXcuFDErU/hzrdx2gbU1h8GPv5zDmfOHyScKe04X1ZpaXllda28XtnY3NresXf3WipOJaFNEvNYdgKsKGcRbWqmOe0kkmIRcNoORteTevueSsXi6E6PE+oJPIhYyAjWxvLtA4EukfCznhSI5T88yH276tScqdAiuAVUoVDDtz97/ZikgkaacKxU13US7WVYakY4zSu9VNEEkxEe0K7BCAuqvGx6Qo6OjdNHYSzNizSaur8nMiyUGovAdAqsh2q+NjH/q3VTHV54GYuSVNOIzBaFKUc6RpM8UJ9JSjQfG8BEMvNXRIZYYqJNahUTgjt/8iK0TmuuU3Nvz6r1qyKOMhzCEZyAC+dQhxtoQBMIPMATvMCr9Wg9W2/W+6y1ZBUz+/BH1sc3VCOWGg==</latexit><latexit sha1_base64="RSfTIXYvCDqI91ZFv7ZsH+OdqWU=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksgquSiKAboejGZQV7gTaEyXTSDp1JwsxEKCG48VXcuFDErU/hzrdx2gbU1h8GPv5zDmfOHyScKe04X1ZpaXllda28XtnY3NresXf3WipOJaFNEvNYdgKsKGcRbWqmOe0kkmIRcNoORteTevueSsXi6E6PE+oJPIhYyAjWxvLtA4EukfCznhSI5T88yH276tScqdAiuAVUoVDDtz97/ZikgkaacKxU13US7WVYakY4zSu9VNEEkxEe0K7BCAuqvGx6Qo6OjdNHYSzNizSaur8nMiyUGovAdAqsh2q+NjH/q3VTHV54GYuSVNOIzBaFKUc6RpM8UJ9JSjQfG8BEMvNXRIZYYqJNahUTgjt/8iK0TmuuU3Nvz6r1qyKOMhzCEZyAC+dQhxtoQBMIPMATvMCr9Wg9W2/W+6y1ZBUz+/BH1sc3VCOWGg==</latexit><latexit sha1_base64="RSfTIXYvCDqI91ZFv7ZsH+OdqWU=">AAACAnicbZDLSsNAFIZP6q3WW9SVuBksgquSiKAboejGZQV7gTaEyXTSDp1JwsxEKCG48VXcuFDErU/hzrdx2gbU1h8GPv5zDmfOHyScKe04X1ZpaXllda28XtnY3NresXf3WipOJaFNEvNYdgKsKGcRbWqmOe0kkmIRcNoORteTevueSsXi6E6PE+oJPIhYyAjWxvLtA4EukfCznhSI5T88yH276tScqdAiuAVUoVDDtz97/ZikgkaacKxU13US7WVYakY4zSu9VNEEkxEe0K7BCAuqvGx6Qo6OjdNHYSzNizSaur8nMiyUGovAdAqsh2q+NjH/q3VTHV54GYuSVNOIzBaFKUc6RpM8UJ9JSjQfG8BEMvNXRIZYYqJNahUTgjt/8iK0TmuuU3Nvz6r1qyKOMhzCEZyAC+dQhxtoQBMIPMATvMCr9Wg9W2/W+6y1ZBUz+/BH1sc3VCOWGg==</latexit>

Princípio da Equivalência:

Em cada ponto do espaço, 
existe uma aceleração 

univocamente determinada.

~r 7�! ~a(~r)
<latexit sha1_base64="Xsx8+IA62AJ50T+GeTl0UFtJOBg=">AAACDXicbVDLSsNAFJ34rPUVdelmsAp1UxIRdFl047KCfUATymQ6bYfOI8xMCiXkB9z4K25cKOLWvTv/xmmahbYeGDiccy93zoliRrXxvG9nZXVtfWOztFXe3tnd23cPDltaJgqTJpZMqk6ENGFUkKahhpFOrAjiESPtaHw789sTojSV4sFMYxJyNBR0QDEyVuq5p8GE4FRlMGBSDDmKtZEw11BWLbzznlvxal4OuEz8glRAgUbP/Qr6EiecCIMZ0rrre7EJU6QMxYxk5SDRJEZ4jIaka6lAnOgwzdNk8MwqfTiQyj5hYK7+3kgR13rKIzvJkRnpRW8m/ud1EzO4DlMq4sQQgeeHBgmDNvGsGtinimDDppYgrKj9K8QjpBA2tsCyLcFfjLxMWhc136v595eV+k1RRwkcgxNQBT64AnVwBxqgCTB4BM/gFbw5T86L8+58zEdXnGLnCPyB8/kDMXmcPw==</latexit><latexit sha1_base64="Xsx8+IA62AJ50T+GeTl0UFtJOBg=">AAACDXicbVDLSsNAFJ34rPUVdelmsAp1UxIRdFl047KCfUATymQ6bYfOI8xMCiXkB9z4K25cKOLWvTv/xmmahbYeGDiccy93zoliRrXxvG9nZXVtfWOztFXe3tnd23cPDltaJgqTJpZMqk6ENGFUkKahhpFOrAjiESPtaHw789sTojSV4sFMYxJyNBR0QDEyVuq5p8GE4FRlMGBSDDmKtZEw11BWLbzznlvxal4OuEz8glRAgUbP/Qr6EiecCIMZ0rrre7EJU6QMxYxk5SDRJEZ4jIaka6lAnOgwzdNk8MwqfTiQyj5hYK7+3kgR13rKIzvJkRnpRW8m/ud1EzO4DlMq4sQQgeeHBgmDNvGsGtinimDDppYgrKj9K8QjpBA2tsCyLcFfjLxMWhc136v595eV+k1RRwkcgxNQBT64AnVwBxqgCTB4BM/gFbw5T86L8+58zEdXnGLnCPyB8/kDMXmcPw==</latexit><latexit sha1_base64="Xsx8+IA62AJ50T+GeTl0UFtJOBg=">AAACDXicbVDLSsNAFJ34rPUVdelmsAp1UxIRdFl047KCfUATymQ6bYfOI8xMCiXkB9z4K25cKOLWvTv/xmmahbYeGDiccy93zoliRrXxvG9nZXVtfWOztFXe3tnd23cPDltaJgqTJpZMqk6ENGFUkKahhpFOrAjiESPtaHw789sTojSV4sFMYxJyNBR0QDEyVuq5p8GE4FRlMGBSDDmKtZEw11BWLbzznlvxal4OuEz8glRAgUbP/Qr6EiecCIMZ0rrre7EJU6QMxYxk5SDRJEZ4jIaka6lAnOgwzdNk8MwqfTiQyj5hYK7+3kgR13rKIzvJkRnpRW8m/ud1EzO4DlMq4sQQgeeHBgmDNvGsGtinimDDppYgrKj9K8QjpBA2tsCyLcFfjLxMWhc136v595eV+k1RRwkcgxNQBT64AnVwBxqgCTB4BM/gFbw5T86L8+58zEdXnGLnCPyB8/kDMXmcPw==</latexit><latexit sha1_base64="Xsx8+IA62AJ50T+GeTl0UFtJOBg=">AAACDXicbVDLSsNAFJ34rPUVdelmsAp1UxIRdFl047KCfUATymQ6bYfOI8xMCiXkB9z4K25cKOLWvTv/xmmahbYeGDiccy93zoliRrXxvG9nZXVtfWOztFXe3tnd23cPDltaJgqTJpZMqk6ENGFUkKahhpFOrAjiESPtaHw789sTojSV4sFMYxJyNBR0QDEyVuq5p8GE4FRlMGBSDDmKtZEw11BWLbzznlvxal4OuEz8glRAgUbP/Qr6EiecCIMZ0rrre7EJU6QMxYxk5SDRJEZ4jIaka6lAnOgwzdNk8MwqfTiQyj5hYK7+3kgR13rKIzvJkRnpRW8m/ud1EzO4DlMq4sQQgeeHBgmDNvGsGtinimDDppYgrKj9K8QjpBA2tsCyLcFfjLxMWhc136v595eV+k1RRwkcgxNQBT64AnVwBxqgCTB4BM/gFbw5T86L8+58zEdXnGLnCPyB8/kDMXmcPw==</latexit>

~a(~r) =
d2~r

dt2
= �r�(~r)

<latexit sha1_base64="HoGMHRlcDvKWMGTtY3K59IoqdoM="></latexit><latexit sha1_base64="HoGMHRlcDvKWMGTtY3K59IoqdoM="></latexit><latexit sha1_base64="HoGMHRlcDvKWMGTtY3K59IoqdoM="></latexit><latexit sha1_base64="HoGMHRlcDvKWMGTtY3K59IoqdoM="></latexit>
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3.1 Gravitação Newtoniana

Em cada ponto do espaço, 
existe uma aceleração 

univocamente determinada.

~r 7�! ~a(~r)
<latexit sha1_base64="Xsx8+IA62AJ50T+GeTl0UFtJOBg=">AAACDXicbVDLSsNAFJ34rPUVdelmsAp1UxIRdFl047KCfUATymQ6bYfOI8xMCiXkB9z4K25cKOLWvTv/xmmahbYeGDiccy93zoliRrXxvG9nZXVtfWOztFXe3tnd23cPDltaJgqTJpZMqk6ENGFUkKahhpFOrAjiESPtaHw789sTojSV4sFMYxJyNBR0QDEyVuq5p8GE4FRlMGBSDDmKtZEw11BWLbzznlvxal4OuEz8glRAgUbP/Qr6EiecCIMZ0rrre7EJU6QMxYxk5SDRJEZ4jIaka6lAnOgwzdNk8MwqfTiQyj5hYK7+3kgR13rKIzvJkRnpRW8m/ud1EzO4DlMq4sQQgeeHBgmDNvGsGtinimDDppYgrKj9K8QjpBA2tsCyLcFfjLxMWhc136v595eV+k1RRwkcgxNQBT64AnVwBxqgCTB4BM/gFbw5T86L8+58zEdXnGLnCPyB8/kDMXmcPw==</latexit><latexit sha1_base64="Xsx8+IA62AJ50T+GeTl0UFtJOBg=">AAACDXicbVDLSsNAFJ34rPUVdelmsAp1UxIRdFl047KCfUATymQ6bYfOI8xMCiXkB9z4K25cKOLWvTv/xmmahbYeGDiccy93zoliRrXxvG9nZXVtfWOztFXe3tnd23cPDltaJgqTJpZMqk6ENGFUkKahhpFOrAjiESPtaHw789sTojSV4sFMYxJyNBR0QDEyVuq5p8GE4FRlMGBSDDmKtZEw11BWLbzznlvxal4OuEz8glRAgUbP/Qr6EiecCIMZ0rrre7EJU6QMxYxk5SDRJEZ4jIaka6lAnOgwzdNk8MwqfTiQyj5hYK7+3kgR13rKIzvJkRnpRW8m/ud1EzO4DlMq4sQQgeeHBgmDNvGsGtinimDDppYgrKj9K8QjpBA2tsCyLcFfjLxMWhc136v595eV+k1RRwkcgxNQBT64AnVwBxqgCTB4BM/gFbw5T86L8+58zEdXnGLnCPyB8/kDMXmcPw==</latexit><latexit sha1_base64="Xsx8+IA62AJ50T+GeTl0UFtJOBg=">AAACDXicbVDLSsNAFJ34rPUVdelmsAp1UxIRdFl047KCfUATymQ6bYfOI8xMCiXkB9z4K25cKOLWvTv/xmmahbYeGDiccy93zoliRrXxvG9nZXVtfWOztFXe3tnd23cPDltaJgqTJpZMqk6ENGFUkKahhpFOrAjiESPtaHw789sTojSV4sFMYxJyNBR0QDEyVuq5p8GE4FRlMGBSDDmKtZEw11BWLbzznlvxal4OuEz8glRAgUbP/Qr6EiecCIMZ0rrre7EJU6QMxYxk5SDRJEZ4jIaka6lAnOgwzdNk8MwqfTiQyj5hYK7+3kgR13rKIzvJkRnpRW8m/ud1EzO4DlMq4sQQgeeHBgmDNvGsGtinimDDppYgrKj9K8QjpBA2tsCyLcFfjLxMWhc136v595eV+k1RRwkcgxNQBT64AnVwBxqgCTB4BM/gFbw5T86L8+58zEdXnGLnCPyB8/kDMXmcPw==</latexit><latexit sha1_base64="Xsx8+IA62AJ50T+GeTl0UFtJOBg=">AAACDXicbVDLSsNAFJ34rPUVdelmsAp1UxIRdFl047KCfUATymQ6bYfOI8xMCiXkB9z4K25cKOLWvTv/xmmahbYeGDiccy93zoliRrXxvG9nZXVtfWOztFXe3tnd23cPDltaJgqTJpZMqk6ENGFUkKahhpFOrAjiESPtaHw789sTojSV4sFMYxJyNBR0QDEyVuq5p8GE4FRlMGBSDDmKtZEw11BWLbzznlvxal4OuEz8glRAgUbP/Qr6EiecCIMZ0rrre7EJU6QMxYxk5SDRJEZ4jIaka6lAnOgwzdNk8MwqfTiQyj5hYK7+3kgR13rKIzvJkRnpRW8m/ud1EzO4DlMq4sQQgeeHBgmDNvGsGtinimDDppYgrKj9K8QjpBA2tsCyLcFfjLxMWhc136v595eV+k1RRwkcgxNQBT64AnVwBxqgCTB4BM/gFbw5T86L8+58zEdXnGLnCPyB8/kDMXmcPw==</latexit>

~a(~r) =
d2~r

dt2
= �r�(~r)

<latexit sha1_base64="HoGMHRlcDvKWMGTtY3K59IoqdoM="></latexit><latexit sha1_base64="HoGMHRlcDvKWMGTtY3K59IoqdoM="></latexit><latexit sha1_base64="HoGMHRlcDvKWMGTtY3K59IoqdoM="></latexit><latexit sha1_base64="HoGMHRlcDvKWMGTtY3K59IoqdoM="></latexit>

r2�(~r) = 4⇡G⇢(~r)
<latexit sha1_base64="cvcH4DbEqGD1GBWNB3mxY7kk1gI=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0Wom5CUgm6EogtdVrAPaGKZTCfN0MkkzEwKJfQv3Pgrblwo4lZ3/o3TNoi2HrhwOOde7r3HTxiVyra/jMLK6tr6RnGztLW9s7tn7h+0ZJwKTJo4ZrHo+EgSRjlpKqoY6SSCoMhnpO0Pr6Z+e0SEpDG/U+OEeBEacBpQjJSWeqblcuQzdF+FbiOkFXdEcCYmp/AC1qCbUHgNXRHGP3rPLNuWPQNcJk5OyiBHo2d+uv0YpxHhCjMkZdexE+VlSCiKGZmU3FSSBOEhGpCuphxFRHrZ7K8JPNFKHwax0MUVnKm/JzIUSTmOfN0ZIRXKRW8q/ud1UxWcexnlSaoIx/NFQcqgiuE0JNingmDFxpogLKi+FeIQCYSVjrKkQ3AWX14mrarl2JZzWyvXL/M4iuAIHIMKcMAZqIMb0ABNgMEDeAIv4NV4NJ6NN+N93low8plD8AfGxzfc5Z3a</latexit><latexit sha1_base64="cvcH4DbEqGD1GBWNB3mxY7kk1gI=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0Wom5CUgm6EogtdVrAPaGKZTCfN0MkkzEwKJfQv3Pgrblwo4lZ3/o3TNoi2HrhwOOde7r3HTxiVyra/jMLK6tr6RnGztLW9s7tn7h+0ZJwKTJo4ZrHo+EgSRjlpKqoY6SSCoMhnpO0Pr6Z+e0SEpDG/U+OEeBEacBpQjJSWeqblcuQzdF+FbiOkFXdEcCYmp/AC1qCbUHgNXRHGP3rPLNuWPQNcJk5OyiBHo2d+uv0YpxHhCjMkZdexE+VlSCiKGZmU3FSSBOEhGpCuphxFRHrZ7K8JPNFKHwax0MUVnKm/JzIUSTmOfN0ZIRXKRW8q/ud1UxWcexnlSaoIx/NFQcqgiuE0JNingmDFxpogLKi+FeIQCYSVjrKkQ3AWX14mrarl2JZzWyvXL/M4iuAIHIMKcMAZqIMb0ABNgMEDeAIv4NV4NJ6NN+N93low8plD8AfGxzfc5Z3a</latexit><latexit sha1_base64="cvcH4DbEqGD1GBWNB3mxY7kk1gI=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0Wom5CUgm6EogtdVrAPaGKZTCfN0MkkzEwKJfQv3Pgrblwo4lZ3/o3TNoi2HrhwOOde7r3HTxiVyra/jMLK6tr6RnGztLW9s7tn7h+0ZJwKTJo4ZrHo+EgSRjlpKqoY6SSCoMhnpO0Pr6Z+e0SEpDG/U+OEeBEacBpQjJSWeqblcuQzdF+FbiOkFXdEcCYmp/AC1qCbUHgNXRHGP3rPLNuWPQNcJk5OyiBHo2d+uv0YpxHhCjMkZdexE+VlSCiKGZmU3FSSBOEhGpCuphxFRHrZ7K8JPNFKHwax0MUVnKm/JzIUSTmOfN0ZIRXKRW8q/ud1UxWcexnlSaoIx/NFQcqgiuE0JNingmDFxpogLKi+FeIQCYSVjrKkQ3AWX14mrarl2JZzWyvXL/M4iuAIHIMKcMAZqIMb0ABNgMEDeAIv4NV4NJ6NN+N93low8plD8AfGxzfc5Z3a</latexit><latexit sha1_base64="cvcH4DbEqGD1GBWNB3mxY7kk1gI=">AAACF3icbVDLSsNAFJ3UV62vqEs3g0Wom5CUgm6EogtdVrAPaGKZTCfN0MkkzEwKJfQv3Pgrblwo4lZ3/o3TNoi2HrhwOOde7r3HTxiVyra/jMLK6tr6RnGztLW9s7tn7h+0ZJwKTJo4ZrHo+EgSRjlpKqoY6SSCoMhnpO0Pr6Z+e0SEpDG/U+OEeBEacBpQjJSWeqblcuQzdF+FbiOkFXdEcCYmp/AC1qCbUHgNXRHGP3rPLNuWPQNcJk5OyiBHo2d+uv0YpxHhCjMkZdexE+VlSCiKGZmU3FSSBOEhGpCuphxFRHrZ7K8JPNFKHwax0MUVnKm/JzIUSTmOfN0ZIRXKRW8q/ud1UxWcexnlSaoIx/NFQcqgiuE0JNingmDFxpogLKi+FeIQCYSVjrKkQ3AWX14mrarl2JZzWyvXL/M4iuAIHIMKcMAZqIMb0ABNgMEDeAIv4NV4NJ6NN+N93low8plD8AfGxzfc5Z3a</latexit>

Equação de Poisson:

�(~r) = �G

Z
⇢(~x)

|~x� ~r|d
3
x

<latexit sha1_base64="I7nlcmNBfbYxVcQMKE2NJs/293c="></latexit><latexit sha1_base64="I7nlcmNBfbYxVcQMKE2NJs/293c="></latexit><latexit sha1_base64="I7nlcmNBfbYxVcQMKE2NJs/293c="></latexit><latexit sha1_base64="I7nlcmNBfbYxVcQMKE2NJs/293c="></latexit>

⇢(~x)
<latexit sha1_base64="+NZLSJ4aYrsorSQ2GpasgaTDBQs=">AAAB+HicbVBNS8NAEJ34WetHox69LBahXkoigh6LXjxWsB/QhLLZbtqlm03Y3RRr6C/x4kERr/4Ub/4bN20O2vpg4PHeDDPzgoQzpR3n21pb39jc2i7tlHf39g8q9uFRW8WpJLRFYh7LboAV5UzQlmaa024iKY4CTjvB+Db3OxMqFYvFg54m1I/wULCQEayN1LcrnhzFNW9CSfY4O0flvl116s4caJW4BalCgWbf/vIGMUkjKjThWKme6yTaz7DUjHA6K3upogkmYzykPUMFjqjys/nhM3RmlAEKY2lKaDRXf09kOFJqGgWmM8J6pJa9XPzP66U6vPYzJpJUU0EWi8KUIx2jPAU0YJISzaeGYCKZuRWREZaYaJNVHoK7/PIqaV/UXafu3l9WGzdFHCU4gVOogQtX0IA7aEILCKTwDK/wZj1ZL9a79bFoXbOKmWP4A+vzB6mykms=</latexit><latexit sha1_base64="+NZLSJ4aYrsorSQ2GpasgaTDBQs=">AAAB+HicbVBNS8NAEJ34WetHox69LBahXkoigh6LXjxWsB/QhLLZbtqlm03Y3RRr6C/x4kERr/4Ub/4bN20O2vpg4PHeDDPzgoQzpR3n21pb39jc2i7tlHf39g8q9uFRW8WpJLRFYh7LboAV5UzQlmaa024iKY4CTjvB+Db3OxMqFYvFg54m1I/wULCQEayN1LcrnhzFNW9CSfY4O0flvl116s4caJW4BalCgWbf/vIGMUkjKjThWKme6yTaz7DUjHA6K3upogkmYzykPUMFjqjys/nhM3RmlAEKY2lKaDRXf09kOFJqGgWmM8J6pJa9XPzP66U6vPYzJpJUU0EWi8KUIx2jPAU0YJISzaeGYCKZuRWREZaYaJNVHoK7/PIqaV/UXafu3l9WGzdFHCU4gVOogQtX0IA7aEILCKTwDK/wZj1ZL9a79bFoXbOKmWP4A+vzB6mykms=</latexit><latexit sha1_base64="+NZLSJ4aYrsorSQ2GpasgaTDBQs=">AAAB+HicbVBNS8NAEJ34WetHox69LBahXkoigh6LXjxWsB/QhLLZbtqlm03Y3RRr6C/x4kERr/4Ub/4bN20O2vpg4PHeDDPzgoQzpR3n21pb39jc2i7tlHf39g8q9uFRW8WpJLRFYh7LboAV5UzQlmaa024iKY4CTjvB+Db3OxMqFYvFg54m1I/wULCQEayN1LcrnhzFNW9CSfY4O0flvl116s4caJW4BalCgWbf/vIGMUkjKjThWKme6yTaz7DUjHA6K3upogkmYzykPUMFjqjys/nhM3RmlAEKY2lKaDRXf09kOFJqGgWmM8J6pJa9XPzP66U6vPYzJpJUU0EWi8KUIx2jPAU0YJISzaeGYCKZuRWREZaYaJNVHoK7/PIqaV/UXafu3l9WGzdFHCU4gVOogQtX0IA7aEILCKTwDK/wZj1ZL9a79bFoXbOKmWP4A+vzB6mykms=</latexit><latexit sha1_base64="+NZLSJ4aYrsorSQ2GpasgaTDBQs=">AAAB+HicbVBNS8NAEJ34WetHox69LBahXkoigh6LXjxWsB/QhLLZbtqlm03Y3RRr6C/x4kERr/4Ub/4bN20O2vpg4PHeDDPzgoQzpR3n21pb39jc2i7tlHf39g8q9uFRW8WpJLRFYh7LboAV5UzQlmaa024iKY4CTjvB+Db3OxMqFYvFg54m1I/wULCQEayN1LcrnhzFNW9CSfY4O0flvl116s4caJW4BalCgWbf/vIGMUkjKjThWKme6yTaz7DUjHA6K3upogkmYzykPUMFjqjys/nhM3RmlAEKY2lKaDRXf09kOFJqGgWmM8J6pJa9XPzP66U6vPYzJpJUU0EWi8KUIx2jPAU0YJISzaeGYCKZuRWREZaYaJNVHoK7/PIqaV/UXafu3l9WGzdFHCU4gVOogQtX0IA7aEILCKTwDK/wZj1ZL9a79bFoXbOKmWP4A+vzB6mykms=</latexit>

�(~r)
<latexit sha1_base64="MtQ/QCpUuw5GtoZsOlCVcKj7WIM=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEI9VISEfRY9OKxgv2AJpTNdtMu3WzC7qZQQ3+JFw+KePWnePPfuGlz0NYHA4/3ZpiZFyScKe0431ZpY3Nre6e8W9nbPzis2kfHHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0Gk7vc706pVCwWj3qWUD/CI8FCRrA20sCueq0xq3tTSjI5v0CVgV1zGs4CaJ24BalBgdbA/vKGMUkjKjThWKm+6yTaz7DUjHA6r3ipogkmEzyifUMFjqjys8Xhc3RulCEKY2lKaLRQf09kOFJqFgWmM8J6rFa9XPzP66c6vPEzJpJUU0GWi8KUIx2jPAU0ZJISzWeGYCKZuRWRMZaYaJNVHoK7+vI66Vw2XKfhPlzVmrdFHGU4hTOogwvX0IR7aEEbCKTwDK/wZj1ZL9a79bFsLVnFzAn8gfX5A2Hmkj0=</latexit><latexit sha1_base64="MtQ/QCpUuw5GtoZsOlCVcKj7WIM=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEI9VISEfRY9OKxgv2AJpTNdtMu3WzC7qZQQ3+JFw+KePWnePPfuGlz0NYHA4/3ZpiZFyScKe0431ZpY3Nre6e8W9nbPzis2kfHHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0Gk7vc706pVCwWj3qWUD/CI8FCRrA20sCueq0xq3tTSjI5v0CVgV1zGs4CaJ24BalBgdbA/vKGMUkjKjThWKm+6yTaz7DUjHA6r3ipogkmEzyifUMFjqjys8Xhc3RulCEKY2lKaLRQf09kOFJqFgWmM8J6rFa9XPzP66c6vPEzJpJUU0GWi8KUIx2jPAU0ZJISzWeGYCKZuRWRMZaYaJNVHoK7+vI66Vw2XKfhPlzVmrdFHGU4hTOogwvX0IR7aEEbCKTwDK/wZj1ZL9a79bFsLVnFzAn8gfX5A2Hmkj0=</latexit><latexit sha1_base64="MtQ/QCpUuw5GtoZsOlCVcKj7WIM=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEI9VISEfRY9OKxgv2AJpTNdtMu3WzC7qZQQ3+JFw+KePWnePPfuGlz0NYHA4/3ZpiZFyScKe0431ZpY3Nre6e8W9nbPzis2kfHHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0Gk7vc706pVCwWj3qWUD/CI8FCRrA20sCueq0xq3tTSjI5v0CVgV1zGs4CaJ24BalBgdbA/vKGMUkjKjThWKm+6yTaz7DUjHA6r3ipogkmEzyifUMFjqjys8Xhc3RulCEKY2lKaLRQf09kOFJqFgWmM8J6rFa9XPzP66c6vPEzJpJUU0GWi8KUIx2jPAU0ZJISzWeGYCKZuRWRMZaYaJNVHoK7+vI66Vw2XKfhPlzVmrdFHGU4hTOogwvX0IR7aEEbCKTwDK/wZj1ZL9a79bFsLVnFzAn8gfX5A2Hmkj0=</latexit><latexit sha1_base64="MtQ/QCpUuw5GtoZsOlCVcKj7WIM=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEI9VISEfRY9OKxgv2AJpTNdtMu3WzC7qZQQ3+JFw+KePWnePPfuGlz0NYHA4/3ZpiZFyScKe0431ZpY3Nre6e8W9nbPzis2kfHHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0Gk7vc706pVCwWj3qWUD/CI8FCRrA20sCueq0xq3tTSjI5v0CVgV1zGs4CaJ24BalBgdbA/vKGMUkjKjThWKm+6yTaz7DUjHA6r3ipogkmEzyifUMFjqjys8Xhc3RulCEKY2lKaLRQf09kOFJqFgWmM8J6rFa9XPzP66c6vPEzJpJUU0GWi8KUIx2jPAU0ZJISzWeGYCKZuRWRMZaYaJNVHoK7+vI66Vw2XKfhPlzVmrdFHGU4hTOogwvX0IR7aEEbCKTwDK/wZj1ZL9a79bFsLVnFzAn8gfX5A2Hmkj0=</latexit>
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3.1 Gravitação Newtoniana

Transformação Galileana entre referenciais inerciais:

x

y

z d2~r

dt2
=

~F

m
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3.1 Gravitação Newtoniana

Transformação Galileana entre referenciais inerciais:

x

y

z

x’

y’

z’

x

y

z

vx
“Tempo absoluto, 

flui por sua 
própria natureza 
sem relação com 

nada externo”

Origens dos dois 
referenciais coincidem em 

t = t’ = 0

(constante)

x

0 = x� v

x

t

y

0 = y

z

0 = z

t

0 = t

<latexit sha1_base64="qgOojvvilSCHopx5TgtRmAog978="></latexit><latexit sha1_base64="qgOojvvilSCHopx5TgtRmAog978="></latexit><latexit sha1_base64="qgOojvvilSCHopx5TgtRmAog978="></latexit><latexit sha1_base64="qgOojvvilSCHopx5TgtRmAog978="></latexit>



3.2 Fundamentos da Relatividade Restrita
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Einstein (1905): Relatividade Restrita (RR)
Einstein (1915): Relatividade Geral (RG)

RR: "On the Electrodynamics of Moving Bodies":

- Incompatibilidade da mecânica com as equações 
de Maxwell;
- Resultado nulo do experimento de Michelson-
Morley (inexistência do éter). 

Albert Einstein (1879-1955)

https://en.wikipedia.org/wiki/Albert_Einstein#/media/File:Einstein_patentoffice.jpg

https://en.wikipedia.org/wiki/Annus_Mirabilis_papers#Special_relativity
https://en.wikipedia.org/wiki/Annus_Mirabilis_papers#Special_relativity
https://en.wikipedia.org/wiki/Michelson%E2%80%93Morley_experiment
https://en.wikipedia.org/wiki/Michelson%E2%80%93Morley_experiment
https://en.wikipedia.org/wiki/Michelson%E2%80%93Morley_experiment
https://en.wikipedia.org/wiki/Michelson%E2%80%93Morley_experiment
http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
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RR: correção da mecânica (sem a presença da 
gravitação), a partir de dois postulados fundamentais.

3.2 Fundamentos da Relatividade Restrita

1) As equações que descrevem as leis básicas da 
física são as mesmas em todos os referenciais 
inerciais.
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RR: correção da mecânica (sem a presença da 
gravitação), a partir de dois postulados fundamentais.

3.2 Fundamentos da Relatividade Restrita

1) As equações que descrevem as leis básicas da 
física são as mesmas em todos os referenciais 
inerciais.

https://www.physicscentral.com/explore/plus/images/Galileo-s-Ship-large.jpg

http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
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RR: correção da mecânica (sem a presença da 
gravitação), a partir de dois postulados fundamentais.

3.2 Fundamentos da Relatividade Restrita

1) As equações que descrevem as leis básicas da 
física são as mesmas em todos os referenciais 
inerciais. Equações de Maxwell 

estabelecem a existência 
de ondas 
eletromagnéticas (OEM) 
se propagando com a 
velocidade da luz (c).

Se as Equações de Maxwell 
são idênticas em todos os 
referenciais inerciais, então as 
OEM viajam à velocidade c 
em todos os referenciais 
inerciais.

http://psi.phys.wits.ac.za/teaching/Connell/phys284/2005/lecture-01/lecture_01/node5.html

http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
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RR: correção da mecânica (sem a presença da 
gravitação), a partir de dois postulados fundamentais.

3.2 Fundamentos da Relatividade Restrita

1) As equações que descrevem as leis básicas da 
física são as mesmas em todos os referenciais 
inerciais.

2) A velocidade da luz no vácuo possui o mesmo 
valor (c) em todos os referenciais inerciais.



x

y

z

3.2 Fundamentos da Relatividade Restrita

x’

y’

z’

vx
(constante)

� ⌘ 1q
1�

�
v
c

�2
<latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="twAqpRX7+GfjVlBkJiE3FtB7BSU="></latexit><latexit sha1_base64="twAqpRX7+GfjVlBkJiE3FtB7BSU="></latexit><latexit sha1_base64="lV2G839X9wEavhijSBfeXiUkVXs="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit>
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3.2 Fundamentos da Relatividade Restrita

R
=
ct

<latexit sha1_base64="Xe547KldSI0VhqJ6iO57Hr7997Q=">AAAB73icbVBNS8NAEJ3Urxq/qh69LBbBU0lE0ItQ9OKxiv2ANpTNdtMu3Wzi7kQooX/CiwdFvPp3vPlvTNoctPXBwOO9GWbm+bEUBh3n2yqtrK6tb5Q37a3tnd29yv5By0SJZrzJIhnpjk8Nl0LxJgqUvBNrTkNf8rY/vsn99hPXRkTqAScx90I6VCIQjGImde7JFWFo2/1K1ak5M5Bl4hakCgUa/cpXbxCxJOQKmaTGdF0nRi+lGgWTfGr3EsNjysZ0yLsZVTTkxktn907JSaYMSBDprBSSmfp7IqWhMZPQzzpDiiOz6OXif143weDSS4WKE+SKzRcFiSQYkfx5MhCaM5STjFCmRXYrYSOqKcMsojwEd/HlZdI6q7lOzb07r9avizjKcATHcAouXEAdbqEBTWAg4Rle4c16tF6sd+tj3lqyiplD+APr8wfXno6E</latexit><latexit sha1_base64="Xe547KldSI0VhqJ6iO57Hr7997Q=">AAAB73icbVBNS8NAEJ3Urxq/qh69LBbBU0lE0ItQ9OKxiv2ANpTNdtMu3Wzi7kQooX/CiwdFvPp3vPlvTNoctPXBwOO9GWbm+bEUBh3n2yqtrK6tb5Q37a3tnd29yv5By0SJZrzJIhnpjk8Nl0LxJgqUvBNrTkNf8rY/vsn99hPXRkTqAScx90I6VCIQjGImde7JFWFo2/1K1ak5M5Bl4hakCgUa/cpXbxCxJOQKmaTGdF0nRi+lGgWTfGr3EsNjysZ0yLsZVTTkxktn907JSaYMSBDprBSSmfp7IqWhMZPQzzpDiiOz6OXif143weDSS4WKE+SKzRcFiSQYkfx5MhCaM5STjFCmRXYrYSOqKcMsojwEd/HlZdI6q7lOzb07r9avizjKcATHcAouXEAdbqEBTWAg4Rle4c16tF6sd+tj3lqyiplD+APr8wfXno6E</latexit><latexit sha1_base64="Xe547KldSI0VhqJ6iO57Hr7997Q=">AAAB73icbVBNS8NAEJ3Urxq/qh69LBbBU0lE0ItQ9OKxiv2ANpTNdtMu3Wzi7kQooX/CiwdFvPp3vPlvTNoctPXBwOO9GWbm+bEUBh3n2yqtrK6tb5Q37a3tnd29yv5By0SJZrzJIhnpjk8Nl0LxJgqUvBNrTkNf8rY/vsn99hPXRkTqAScx90I6VCIQjGImde7JFWFo2/1K1ak5M5Bl4hakCgUa/cpXbxCxJOQKmaTGdF0nRi+lGgWTfGr3EsNjysZ0yLsZVTTkxktn907JSaYMSBDprBSSmfp7IqWhMZPQzzpDiiOz6OXif143weDSS4WKE+SKzRcFiSQYkfx5MhCaM5STjFCmRXYrYSOqKcMsojwEd/HlZdI6q7lOzb07r9avizjKcATHcAouXEAdbqEBTWAg4Rle4c16tF6sd+tj3lqyiplD+APr8wfXno6E</latexit><latexit sha1_base64="Xe547KldSI0VhqJ6iO57Hr7997Q=">AAAB73icbVBNS8NAEJ3Urxq/qh69LBbBU0lE0ItQ9OKxiv2ANpTNdtMu3Wzi7kQooX/CiwdFvPp3vPlvTNoctPXBwOO9GWbm+bEUBh3n2yqtrK6tb5Q37a3tnd29yv5By0SJZrzJIhnpjk8Nl0LxJgqUvBNrTkNf8rY/vsn99hPXRkTqAScx90I6VCIQjGImde7JFWFo2/1K1ak5M5Bl4hakCgUa/cpXbxCxJOQKmaTGdF0nRi+lGgWTfGr3EsNjysZ0yLsZVTTkxktn907JSaYMSBDprBSSmfp7IqWhMZPQzzpDiiOz6OXif143weDSS4WKE+SKzRcFiSQYkfx5MhCaM5STjFCmRXYrYSOqKcMsojwEd/HlZdI6q7lOzb07r9avizjKcATHcAouXEAdbqEBTWAg4Rle4c16tF6sd+tj3lqyiplD+APr8wfXno6E</latexit>

x’

y’

z’

vx
(constante)

� ⌘ 1q
1�

�
v
c

�2
<latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="twAqpRX7+GfjVlBkJiE3FtB7BSU="></latexit><latexit sha1_base64="twAqpRX7+GfjVlBkJiE3FtB7BSU="></latexit><latexit sha1_base64="lV2G839X9wEavhijSBfeXiUkVXs="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit>
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3.2 Fundamentos da Relatividade Restrita

R
=
ct

<latexit sha1_base64="Xe547KldSI0VhqJ6iO57Hr7997Q=">AAAB73icbVBNS8NAEJ3Urxq/qh69LBbBU0lE0ItQ9OKxiv2ANpTNdtMu3Wzi7kQooX/CiwdFvPp3vPlvTNoctPXBwOO9GWbm+bEUBh3n2yqtrK6tb5Q37a3tnd29yv5By0SJZrzJIhnpjk8Nl0LxJgqUvBNrTkNf8rY/vsn99hPXRkTqAScx90I6VCIQjGImde7JFWFo2/1K1ak5M5Bl4hakCgUa/cpXbxCxJOQKmaTGdF0nRi+lGgWTfGr3EsNjysZ0yLsZVTTkxktn907JSaYMSBDprBSSmfp7IqWhMZPQzzpDiiOz6OXif143weDSS4WKE+SKzRcFiSQYkfx5MhCaM5STjFCmRXYrYSOqKcMsojwEd/HlZdI6q7lOzb07r9avizjKcATHcAouXEAdbqEBTWAg4Rle4c16tF6sd+tj3lqyiplD+APr8wfXno6E</latexit><latexit sha1_base64="Xe547KldSI0VhqJ6iO57Hr7997Q=">AAAB73icbVBNS8NAEJ3Urxq/qh69LBbBU0lE0ItQ9OKxiv2ANpTNdtMu3Wzi7kQooX/CiwdFvPp3vPlvTNoctPXBwOO9GWbm+bEUBh3n2yqtrK6tb5Q37a3tnd29yv5By0SJZrzJIhnpjk8Nl0LxJgqUvBNrTkNf8rY/vsn99hPXRkTqAScx90I6VCIQjGImde7JFWFo2/1K1ak5M5Bl4hakCgUa/cpXbxCxJOQKmaTGdF0nRi+lGgWTfGr3EsNjysZ0yLsZVTTkxktn907JSaYMSBDprBSSmfp7IqWhMZPQzzpDiiOz6OXif143weDSS4WKE+SKzRcFiSQYkfx5MhCaM5STjFCmRXYrYSOqKcMsojwEd/HlZdI6q7lOzb07r9avizjKcATHcAouXEAdbqEBTWAg4Rle4c16tF6sd+tj3lqyiplD+APr8wfXno6E</latexit><latexit sha1_base64="Xe547KldSI0VhqJ6iO57Hr7997Q=">AAAB73icbVBNS8NAEJ3Urxq/qh69LBbBU0lE0ItQ9OKxiv2ANpTNdtMu3Wzi7kQooX/CiwdFvPp3vPlvTNoctPXBwOO9GWbm+bEUBh3n2yqtrK6tb5Q37a3tnd29yv5By0SJZrzJIhnpjk8Nl0LxJgqUvBNrTkNf8rY/vsn99hPXRkTqAScx90I6VCIQjGImde7JFWFo2/1K1ak5M5Bl4hakCgUa/cpXbxCxJOQKmaTGdF0nRi+lGgWTfGr3EsNjysZ0yLsZVTTkxktn907JSaYMSBDprBSSmfp7IqWhMZPQzzpDiiOz6OXif143weDSS4WKE+SKzRcFiSQYkfx5MhCaM5STjFCmRXYrYSOqKcMsojwEd/HlZdI6q7lOzb07r9avizjKcATHcAouXEAdbqEBTWAg4Rle4c16tF6sd+tj3lqyiplD+APr8wfXno6E</latexit><latexit sha1_base64="Xe547KldSI0VhqJ6iO57Hr7997Q=">AAAB73icbVBNS8NAEJ3Urxq/qh69LBbBU0lE0ItQ9OKxiv2ANpTNdtMu3Wzi7kQooX/CiwdFvPp3vPlvTNoctPXBwOO9GWbm+bEUBh3n2yqtrK6tb5Q37a3tnd29yv5By0SJZrzJIhnpjk8Nl0LxJgqUvBNrTkNf8rY/vsn99hPXRkTqAScx90I6VCIQjGImde7JFWFo2/1K1ak5M5Bl4hakCgUa/cpXbxCxJOQKmaTGdF0nRi+lGgWTfGr3EsNjysZ0yLsZVTTkxktn907JSaYMSBDprBSSmfp7IqWhMZPQzzpDiiOz6OXif143weDSS4WKE+SKzRcFiSQYkfx5MhCaM5STjFCmRXYrYSOqKcMsojwEd/HlZdI6q7lOzb07r9avizjKcATHcAouXEAdbqEBTWAg4Rle4c16tF6sd+tj3lqyiplD+APr8wfXno6E</latexit>

c

2
t

2 = x

2 + y

2 + z

2
<latexit sha1_base64="kCGjL/KYn2j73W3ynQ5SEHjkzTk=">AAACA3icbVDLSsNAFJ34rPEVdaebwSIIQkmCoBuh6MZlBfuANi2T6aQdOpmEmYkYS8GNv+LGhSJu/Ql3/o2TNAttPTCXwzn3cuceP2ZUKtv+NhYWl5ZXVktr5vrG5ta2tbPbkFEiMKnjiEWi5SNJGOWkrqhipBULgkKfkaY/usr85h0Rkkb8VqUx8UI04DSgGCkt9ax93HVV14UX8F7XE5jm9aHrmmbPKtsVOwecJ05ByqBArWd9dfoRTkLCFWZIyrZjx8obI6EoZmRidhJJYoRHaEDamnIUEumN8xsm8EgrfRhEQj+uYK7+nhijUMo09HVniNRQznqZ+J/XTlRw7o0pjxNFOJ4uChIGVQSzQGCfCoIVSzVBWFD9V4iHSCCsdGxZCM7syfOk4VYcu+LcnJarl0UcJXAADsExcMAZqIJrUAN1gMEjeAav4M14Ml6Md+Nj2rpgFDN74A+Mzx9v2pQo</latexit><latexit sha1_base64="kCGjL/KYn2j73W3ynQ5SEHjkzTk=">AAACA3icbVDLSsNAFJ34rPEVdaebwSIIQkmCoBuh6MZlBfuANi2T6aQdOpmEmYkYS8GNv+LGhSJu/Ql3/o2TNAttPTCXwzn3cuceP2ZUKtv+NhYWl5ZXVktr5vrG5ta2tbPbkFEiMKnjiEWi5SNJGOWkrqhipBULgkKfkaY/usr85h0Rkkb8VqUx8UI04DSgGCkt9ax93HVV14UX8F7XE5jm9aHrmmbPKtsVOwecJ05ByqBArWd9dfoRTkLCFWZIyrZjx8obI6EoZmRidhJJYoRHaEDamnIUEumN8xsm8EgrfRhEQj+uYK7+nhijUMo09HVniNRQznqZ+J/XTlRw7o0pjxNFOJ4uChIGVQSzQGCfCoIVSzVBWFD9V4iHSCCsdGxZCM7syfOk4VYcu+LcnJarl0UcJXAADsExcMAZqIJrUAN1gMEjeAav4M14Ml6Md+Nj2rpgFDN74A+Mzx9v2pQo</latexit><latexit sha1_base64="kCGjL/KYn2j73W3ynQ5SEHjkzTk=">AAACA3icbVDLSsNAFJ34rPEVdaebwSIIQkmCoBuh6MZlBfuANi2T6aQdOpmEmYkYS8GNv+LGhSJu/Ql3/o2TNAttPTCXwzn3cuceP2ZUKtv+NhYWl5ZXVktr5vrG5ta2tbPbkFEiMKnjiEWi5SNJGOWkrqhipBULgkKfkaY/usr85h0Rkkb8VqUx8UI04DSgGCkt9ax93HVV14UX8F7XE5jm9aHrmmbPKtsVOwecJ05ByqBArWd9dfoRTkLCFWZIyrZjx8obI6EoZmRidhJJYoRHaEDamnIUEumN8xsm8EgrfRhEQj+uYK7+nhijUMo09HVniNRQznqZ+J/XTlRw7o0pjxNFOJ4uChIGVQSzQGCfCoIVSzVBWFD9V4iHSCCsdGxZCM7syfOk4VYcu+LcnJarl0UcJXAADsExcMAZqIJrUAN1gMEjeAav4M14Ml6Md+Nj2rpgFDN74A+Mzx9v2pQo</latexit><latexit sha1_base64="kCGjL/KYn2j73W3ynQ5SEHjkzTk=">AAACA3icbVDLSsNAFJ34rPEVdaebwSIIQkmCoBuh6MZlBfuANi2T6aQdOpmEmYkYS8GNv+LGhSJu/Ql3/o2TNAttPTCXwzn3cuceP2ZUKtv+NhYWl5ZXVktr5vrG5ta2tbPbkFEiMKnjiEWi5SNJGOWkrqhipBULgkKfkaY/usr85h0Rkkb8VqUx8UI04DSgGCkt9ax93HVV14UX8F7XE5jm9aHrmmbPKtsVOwecJ05ByqBArWd9dfoRTkLCFWZIyrZjx8obI6EoZmRidhJJYoRHaEDamnIUEumN8xsm8EgrfRhEQj+uYK7+nhijUMo09HVniNRQznqZ+J/XTlRw7o0pjxNFOJ4uChIGVQSzQGCfCoIVSzVBWFD9V4iHSCCsdGxZCM7syfOk4VYcu+LcnJarl0UcJXAADsExcMAZqIJrUAN1gMEjeAav4M14Ml6Md+Nj2rpgFDN74A+Mzx9v2pQo</latexit>

x’

y’

z’

vx
(constante)

c

2(t0)2 = (x0)2 + (y0)2 + (z0)2
<latexit sha1_base64="3Ssdk0ghshrq//VcVb3MUzXnMAQ=">AAACMnicbZDLSsNAFIYnXmu8RV26GSxCRShJEXQjFN3oroK9QJuWyXTaDp1MwsxEjKHP5MYnEVzoQhG3PoSTNote/GHg5zvncOb8XsioVLb9biwtr6yurec2zM2t7Z1da2+/JoNIYFLFAQtEw0OSMMpJVVHFSCMUBPkeI3VveJ3W6w9ESBrwexWHxPVRn9MexUhp1LFucbtUUO2kFQrqk9FJuwQvoVl4nCGnmsQL5GmamGbHyttFeyy4aJzM5EGmSsd6bXUDHPmEK8yQlE3HDpWbIKEoZmRktiJJQoSHqE+a2nLkE+km45NH8FiTLuwFQj+u4JhOTyTIlzL2Pd3pIzWQ87UU/ldrRqp34SaUh5EiHE8W9SIGVQDT/GCXCoIVi7VBWFD9V4gHSCCsdMppCM78yYumVio6dtG5O8uXr7I4cuAQHIECcMA5KIMbUAFVgMEzeAOf4Mt4MT6Mb+Nn0rpkZDMHYEbG7x99b6ac</latexit><latexit sha1_base64="3Ssdk0ghshrq//VcVb3MUzXnMAQ=">AAACMnicbZDLSsNAFIYnXmu8RV26GSxCRShJEXQjFN3oroK9QJuWyXTaDp1MwsxEjKHP5MYnEVzoQhG3PoSTNote/GHg5zvncOb8XsioVLb9biwtr6yurec2zM2t7Z1da2+/JoNIYFLFAQtEw0OSMMpJVVHFSCMUBPkeI3VveJ3W6w9ESBrwexWHxPVRn9MexUhp1LFucbtUUO2kFQrqk9FJuwQvoVl4nCGnmsQL5GmamGbHyttFeyy4aJzM5EGmSsd6bXUDHPmEK8yQlE3HDpWbIKEoZmRktiJJQoSHqE+a2nLkE+km45NH8FiTLuwFQj+u4JhOTyTIlzL2Pd3pIzWQ87UU/ldrRqp34SaUh5EiHE8W9SIGVQDT/GCXCoIVi7VBWFD9V4gHSCCsdMppCM78yYumVio6dtG5O8uXr7I4cuAQHIECcMA5KIMbUAFVgMEzeAOf4Mt4MT6Mb+Nn0rpkZDMHYEbG7x99b6ac</latexit><latexit sha1_base64="3Ssdk0ghshrq//VcVb3MUzXnMAQ=">AAACMnicbZDLSsNAFIYnXmu8RV26GSxCRShJEXQjFN3oroK9QJuWyXTaDp1MwsxEjKHP5MYnEVzoQhG3PoSTNote/GHg5zvncOb8XsioVLb9biwtr6yurec2zM2t7Z1da2+/JoNIYFLFAQtEw0OSMMpJVVHFSCMUBPkeI3VveJ3W6w9ESBrwexWHxPVRn9MexUhp1LFucbtUUO2kFQrqk9FJuwQvoVl4nCGnmsQL5GmamGbHyttFeyy4aJzM5EGmSsd6bXUDHPmEK8yQlE3HDpWbIKEoZmRktiJJQoSHqE+a2nLkE+km45NH8FiTLuwFQj+u4JhOTyTIlzL2Pd3pIzWQ87UU/ldrRqp34SaUh5EiHE8W9SIGVQDT/GCXCoIVi7VBWFD9V4gHSCCsdMppCM78yYumVio6dtG5O8uXr7I4cuAQHIECcMA5KIMbUAFVgMEzeAOf4Mt4MT6Mb+Nn0rpkZDMHYEbG7x99b6ac</latexit><latexit sha1_base64="3Ssdk0ghshrq//VcVb3MUzXnMAQ=">AAACMnicbZDLSsNAFIYnXmu8RV26GSxCRShJEXQjFN3oroK9QJuWyXTaDp1MwsxEjKHP5MYnEVzoQhG3PoSTNote/GHg5zvncOb8XsioVLb9biwtr6yurec2zM2t7Z1da2+/JoNIYFLFAQtEw0OSMMpJVVHFSCMUBPkeI3VveJ3W6w9ESBrwexWHxPVRn9MexUhp1LFucbtUUO2kFQrqk9FJuwQvoVl4nCGnmsQL5GmamGbHyttFeyy4aJzM5EGmSsd6bXUDHPmEK8yQlE3HDpWbIKEoZmRktiJJQoSHqE+a2nLkE+km45NH8FiTLuwFQj+u4JhOTyTIlzL2Pd3pIzWQ87UU/ldrRqp34SaUh5EiHE8W9SIGVQDT/GCXCoIVi7VBWFD9V4gHSCCsdMppCM78yYumVio6dtG5O8uXr7I4cuAQHIECcMA5KIMbUAFVgMEzeAOf4Mt4MT6Mb+Nn0rpkZDMHYEbG7x99b6ac</latexit>

� ⌘ 1q
1�

�
v
c

�2
<latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="twAqpRX7+GfjVlBkJiE3FtB7BSU="></latexit><latexit sha1_base64="twAqpRX7+GfjVlBkJiE3FtB7BSU="></latexit><latexit sha1_base64="lV2G839X9wEavhijSBfeXiUkVXs="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit>
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x

y

z

x

y

z

x’

y’

z’

3.2 Fundamentos da Relatividade Restrita

R
=
ct

<latexit sha1_base64="Xe547KldSI0VhqJ6iO57Hr7997Q=">AAAB73icbVBNS8NAEJ3Urxq/qh69LBbBU0lE0ItQ9OKxiv2ANpTNdtMu3Wzi7kQooX/CiwdFvPp3vPlvTNoctPXBwOO9GWbm+bEUBh3n2yqtrK6tb5Q37a3tnd29yv5By0SJZrzJIhnpjk8Nl0LxJgqUvBNrTkNf8rY/vsn99hPXRkTqAScx90I6VCIQjGImde7JFWFo2/1K1ak5M5Bl4hakCgUa/cpXbxCxJOQKmaTGdF0nRi+lGgWTfGr3EsNjysZ0yLsZVTTkxktn907JSaYMSBDprBSSmfp7IqWhMZPQzzpDiiOz6OXif143weDSS4WKE+SKzRcFiSQYkfx5MhCaM5STjFCmRXYrYSOqKcMsojwEd/HlZdI6q7lOzb07r9avizjKcATHcAouXEAdbqEBTWAg4Rle4c16tF6sd+tj3lqyiplD+APr8wfXno6E</latexit><latexit sha1_base64="Xe547KldSI0VhqJ6iO57Hr7997Q=">AAAB73icbVBNS8NAEJ3Urxq/qh69LBbBU0lE0ItQ9OKxiv2ANpTNdtMu3Wzi7kQooX/CiwdFvPp3vPlvTNoctPXBwOO9GWbm+bEUBh3n2yqtrK6tb5Q37a3tnd29yv5By0SJZrzJIhnpjk8Nl0LxJgqUvBNrTkNf8rY/vsn99hPXRkTqAScx90I6VCIQjGImde7JFWFo2/1K1ak5M5Bl4hakCgUa/cpXbxCxJOQKmaTGdF0nRi+lGgWTfGr3EsNjysZ0yLsZVTTkxktn907JSaYMSBDprBSSmfp7IqWhMZPQzzpDiiOz6OXif143weDSS4WKE+SKzRcFiSQYkfx5MhCaM5STjFCmRXYrYSOqKcMsojwEd/HlZdI6q7lOzb07r9avizjKcATHcAouXEAdbqEBTWAg4Rle4c16tF6sd+tj3lqyiplD+APr8wfXno6E</latexit><latexit sha1_base64="Xe547KldSI0VhqJ6iO57Hr7997Q=">AAAB73icbVBNS8NAEJ3Urxq/qh69LBbBU0lE0ItQ9OKxiv2ANpTNdtMu3Wzi7kQooX/CiwdFvPp3vPlvTNoctPXBwOO9GWbm+bEUBh3n2yqtrK6tb5Q37a3tnd29yv5By0SJZrzJIhnpjk8Nl0LxJgqUvBNrTkNf8rY/vsn99hPXRkTqAScx90I6VCIQjGImde7JFWFo2/1K1ak5M5Bl4hakCgUa/cpXbxCxJOQKmaTGdF0nRi+lGgWTfGr3EsNjysZ0yLsZVTTkxktn907JSaYMSBDprBSSmfp7IqWhMZPQzzpDiiOz6OXif143weDSS4WKE+SKzRcFiSQYkfx5MhCaM5STjFCmRXYrYSOqKcMsojwEd/HlZdI6q7lOzb07r9avizjKcATHcAouXEAdbqEBTWAg4Rle4c16tF6sd+tj3lqyiplD+APr8wfXno6E</latexit><latexit sha1_base64="Xe547KldSI0VhqJ6iO57Hr7997Q=">AAAB73icbVBNS8NAEJ3Urxq/qh69LBbBU0lE0ItQ9OKxiv2ANpTNdtMu3Wzi7kQooX/CiwdFvPp3vPlvTNoctPXBwOO9GWbm+bEUBh3n2yqtrK6tb5Q37a3tnd29yv5By0SJZrzJIhnpjk8Nl0LxJgqUvBNrTkNf8rY/vsn99hPXRkTqAScx90I6VCIQjGImde7JFWFo2/1K1ak5M5Bl4hakCgUa/cpXbxCxJOQKmaTGdF0nRi+lGgWTfGr3EsNjysZ0yLsZVTTkxktn907JSaYMSBDprBSSmfp7IqWhMZPQzzpDiiOz6OXif143weDSS4WKE+SKzRcFiSQYkfx5MhCaM5STjFCmRXYrYSOqKcMsojwEd/HlZdI6q7lOzb07r9avizjKcATHcAouXEAdbqEBTWAg4Rle4c16tF6sd+tj3lqyiplD+APr8wfXno6E</latexit>

c

2
t

2 = x

2 + y

2 + z

2
<latexit sha1_base64="kCGjL/KYn2j73W3ynQ5SEHjkzTk=">AAACA3icbVDLSsNAFJ34rPEVdaebwSIIQkmCoBuh6MZlBfuANi2T6aQdOpmEmYkYS8GNv+LGhSJu/Ql3/o2TNAttPTCXwzn3cuceP2ZUKtv+NhYWl5ZXVktr5vrG5ta2tbPbkFEiMKnjiEWi5SNJGOWkrqhipBULgkKfkaY/usr85h0Rkkb8VqUx8UI04DSgGCkt9ax93HVV14UX8F7XE5jm9aHrmmbPKtsVOwecJ05ByqBArWd9dfoRTkLCFWZIyrZjx8obI6EoZmRidhJJYoRHaEDamnIUEumN8xsm8EgrfRhEQj+uYK7+nhijUMo09HVniNRQznqZ+J/XTlRw7o0pjxNFOJ4uChIGVQSzQGCfCoIVSzVBWFD9V4iHSCCsdGxZCM7syfOk4VYcu+LcnJarl0UcJXAADsExcMAZqIJrUAN1gMEjeAav4M14Ml6Md+Nj2rpgFDN74A+Mzx9v2pQo</latexit><latexit sha1_base64="kCGjL/KYn2j73W3ynQ5SEHjkzTk=">AAACA3icbVDLSsNAFJ34rPEVdaebwSIIQkmCoBuh6MZlBfuANi2T6aQdOpmEmYkYS8GNv+LGhSJu/Ql3/o2TNAttPTCXwzn3cuceP2ZUKtv+NhYWl5ZXVktr5vrG5ta2tbPbkFEiMKnjiEWi5SNJGOWkrqhipBULgkKfkaY/usr85h0Rkkb8VqUx8UI04DSgGCkt9ax93HVV14UX8F7XE5jm9aHrmmbPKtsVOwecJ05ByqBArWd9dfoRTkLCFWZIyrZjx8obI6EoZmRidhJJYoRHaEDamnIUEumN8xsm8EgrfRhEQj+uYK7+nhijUMo09HVniNRQznqZ+J/XTlRw7o0pjxNFOJ4uChIGVQSzQGCfCoIVSzVBWFD9V4iHSCCsdGxZCM7syfOk4VYcu+LcnJarl0UcJXAADsExcMAZqIJrUAN1gMEjeAav4M14Ml6Md+Nj2rpgFDN74A+Mzx9v2pQo</latexit><latexit sha1_base64="kCGjL/KYn2j73W3ynQ5SEHjkzTk=">AAACA3icbVDLSsNAFJ34rPEVdaebwSIIQkmCoBuh6MZlBfuANi2T6aQdOpmEmYkYS8GNv+LGhSJu/Ql3/o2TNAttPTCXwzn3cuceP2ZUKtv+NhYWl5ZXVktr5vrG5ta2tbPbkFEiMKnjiEWi5SNJGOWkrqhipBULgkKfkaY/usr85h0Rkkb8VqUx8UI04DSgGCkt9ax93HVV14UX8F7XE5jm9aHrmmbPKtsVOwecJ05ByqBArWd9dfoRTkLCFWZIyrZjx8obI6EoZmRidhJJYoRHaEDamnIUEumN8xsm8EgrfRhEQj+uYK7+nhijUMo09HVniNRQznqZ+J/XTlRw7o0pjxNFOJ4uChIGVQSzQGCfCoIVSzVBWFD9V4iHSCCsdGxZCM7syfOk4VYcu+LcnJarl0UcJXAADsExcMAZqIJrUAN1gMEjeAav4M14Ml6Md+Nj2rpgFDN74A+Mzx9v2pQo</latexit><latexit sha1_base64="kCGjL/KYn2j73W3ynQ5SEHjkzTk=">AAACA3icbVDLSsNAFJ34rPEVdaebwSIIQkmCoBuh6MZlBfuANi2T6aQdOpmEmYkYS8GNv+LGhSJu/Ql3/o2TNAttPTCXwzn3cuceP2ZUKtv+NhYWl5ZXVktr5vrG5ta2tbPbkFEiMKnjiEWi5SNJGOWkrqhipBULgkKfkaY/usr85h0Rkkb8VqUx8UI04DSgGCkt9ax93HVV14UX8F7XE5jm9aHrmmbPKtsVOwecJ05ByqBArWd9dfoRTkLCFWZIyrZjx8obI6EoZmRidhJJYoRHaEDamnIUEumN8xsm8EgrfRhEQj+uYK7+nhijUMo09HVniNRQznqZ+J/XTlRw7o0pjxNFOJ4uChIGVQSzQGCfCoIVSzVBWFD9V4iHSCCsdGxZCM7syfOk4VYcu+LcnJarl0UcJXAADsExcMAZqIJrUAN1gMEjeAav4M14Ml6Md+Nj2rpgFDN74A+Mzx9v2pQo</latexit>

x’

y’

z’

vx
(constante)

c

2(t0)2 = (x0)2 + (y0)2 + (z0)2
<latexit sha1_base64="3Ssdk0ghshrq//VcVb3MUzXnMAQ=">AAACMnicbZDLSsNAFIYnXmu8RV26GSxCRShJEXQjFN3oroK9QJuWyXTaDp1MwsxEjKHP5MYnEVzoQhG3PoSTNote/GHg5zvncOb8XsioVLb9biwtr6yurec2zM2t7Z1da2+/JoNIYFLFAQtEw0OSMMpJVVHFSCMUBPkeI3VveJ3W6w9ESBrwexWHxPVRn9MexUhp1LFucbtUUO2kFQrqk9FJuwQvoVl4nCGnmsQL5GmamGbHyttFeyy4aJzM5EGmSsd6bXUDHPmEK8yQlE3HDpWbIKEoZmRktiJJQoSHqE+a2nLkE+km45NH8FiTLuwFQj+u4JhOTyTIlzL2Pd3pIzWQ87UU/ldrRqp34SaUh5EiHE8W9SIGVQDT/GCXCoIVi7VBWFD9V4gHSCCsdMppCM78yYumVio6dtG5O8uXr7I4cuAQHIECcMA5KIMbUAFVgMEzeAOf4Mt4MT6Mb+Nn0rpkZDMHYEbG7x99b6ac</latexit><latexit sha1_base64="3Ssdk0ghshrq//VcVb3MUzXnMAQ=">AAACMnicbZDLSsNAFIYnXmu8RV26GSxCRShJEXQjFN3oroK9QJuWyXTaDp1MwsxEjKHP5MYnEVzoQhG3PoSTNote/GHg5zvncOb8XsioVLb9biwtr6yurec2zM2t7Z1da2+/JoNIYFLFAQtEw0OSMMpJVVHFSCMUBPkeI3VveJ3W6w9ESBrwexWHxPVRn9MexUhp1LFucbtUUO2kFQrqk9FJuwQvoVl4nCGnmsQL5GmamGbHyttFeyy4aJzM5EGmSsd6bXUDHPmEK8yQlE3HDpWbIKEoZmRktiJJQoSHqE+a2nLkE+km45NH8FiTLuwFQj+u4JhOTyTIlzL2Pd3pIzWQ87UU/ldrRqp34SaUh5EiHE8W9SIGVQDT/GCXCoIVi7VBWFD9V4gHSCCsdMppCM78yYumVio6dtG5O8uXr7I4cuAQHIECcMA5KIMbUAFVgMEzeAOf4Mt4MT6Mb+Nn0rpkZDMHYEbG7x99b6ac</latexit><latexit sha1_base64="3Ssdk0ghshrq//VcVb3MUzXnMAQ=">AAACMnicbZDLSsNAFIYnXmu8RV26GSxCRShJEXQjFN3oroK9QJuWyXTaDp1MwsxEjKHP5MYnEVzoQhG3PoSTNote/GHg5zvncOb8XsioVLb9biwtr6yurec2zM2t7Z1da2+/JoNIYFLFAQtEw0OSMMpJVVHFSCMUBPkeI3VveJ3W6w9ESBrwexWHxPVRn9MexUhp1LFucbtUUO2kFQrqk9FJuwQvoVl4nCGnmsQL5GmamGbHyttFeyy4aJzM5EGmSsd6bXUDHPmEK8yQlE3HDpWbIKEoZmRktiJJQoSHqE+a2nLkE+km45NH8FiTLuwFQj+u4JhOTyTIlzL2Pd3pIzWQ87UU/ldrRqp34SaUh5EiHE8W9SIGVQDT/GCXCoIVi7VBWFD9V4gHSCCsdMppCM78yYumVio6dtG5O8uXr7I4cuAQHIECcMA5KIMbUAFVgMEzeAOf4Mt4MT6Mb+Nn0rpkZDMHYEbG7x99b6ac</latexit><latexit sha1_base64="3Ssdk0ghshrq//VcVb3MUzXnMAQ=">AAACMnicbZDLSsNAFIYnXmu8RV26GSxCRShJEXQjFN3oroK9QJuWyXTaDp1MwsxEjKHP5MYnEVzoQhG3PoSTNote/GHg5zvncOb8XsioVLb9biwtr6yurec2zM2t7Z1da2+/JoNIYFLFAQtEw0OSMMpJVVHFSCMUBPkeI3VveJ3W6w9ESBrwexWHxPVRn9MexUhp1LFucbtUUO2kFQrqk9FJuwQvoVl4nCGnmsQL5GmamGbHyttFeyy4aJzM5EGmSsd6bXUDHPmEK8yQlE3HDpWbIKEoZmRktiJJQoSHqE+a2nLkE+km45NH8FiTLuwFQj+u4JhOTyTIlzL2Pd3pIzWQ87UU/ldrRqp34SaUh5EiHE8W9SIGVQDT/GCXCoIVi7VBWFD9V4gHSCCsdMppCM78yYumVio6dtG5O8uXr7I4cuAQHIECcMA5KIMbUAFVgMEzeAOf4Mt4MT6Mb+Nn0rpkZDMHYEbG7x99b6ac</latexit>

x

0 = x� v

x

t

y

0 = y

z

0 = z

t

0 = t

<latexit sha1_base64="qgOojvvilSCHopx5TgtRmAog978="></latexit><latexit sha1_base64="qgOojvvilSCHopx5TgtRmAog978="></latexit><latexit sha1_base64="qgOojvvilSCHopx5TgtRmAog978="></latexit><latexit sha1_base64="qgOojvvilSCHopx5TgtRmAog978="></latexit>

Transformação Galileana:

� ⌘ 1q
1�

�
v
c

�2
<latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="twAqpRX7+GfjVlBkJiE3FtB7BSU="></latexit><latexit sha1_base64="twAqpRX7+GfjVlBkJiE3FtB7BSU="></latexit><latexit sha1_base64="lV2G839X9wEavhijSBfeXiUkVXs="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit>
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R
=
ct

<latexit sha1_base64="Xe547KldSI0VhqJ6iO57Hr7997Q=">AAAB73icbVBNS8NAEJ3Urxq/qh69LBbBU0lE0ItQ9OKxiv2ANpTNdtMu3Wzi7kQooX/CiwdFvPp3vPlvTNoctPXBwOO9GWbm+bEUBh3n2yqtrK6tb5Q37a3tnd29yv5By0SJZrzJIhnpjk8Nl0LxJgqUvBNrTkNf8rY/vsn99hPXRkTqAScx90I6VCIQjGImde7JFWFo2/1K1ak5M5Bl4hakCgUa/cpXbxCxJOQKmaTGdF0nRi+lGgWTfGr3EsNjysZ0yLsZVTTkxktn907JSaYMSBDprBSSmfp7IqWhMZPQzzpDiiOz6OXif143weDSS4WKE+SKzRcFiSQYkfx5MhCaM5STjFCmRXYrYSOqKcMsojwEd/HlZdI6q7lOzb07r9avizjKcATHcAouXEAdbqEBTWAg4Rle4c16tF6sd+tj3lqyiplD+APr8wfXno6E</latexit><latexit sha1_base64="Xe547KldSI0VhqJ6iO57Hr7997Q=">AAAB73icbVBNS8NAEJ3Urxq/qh69LBbBU0lE0ItQ9OKxiv2ANpTNdtMu3Wzi7kQooX/CiwdFvPp3vPlvTNoctPXBwOO9GWbm+bEUBh3n2yqtrK6tb5Q37a3tnd29yv5By0SJZrzJIhnpjk8Nl0LxJgqUvBNrTkNf8rY/vsn99hPXRkTqAScx90I6VCIQjGImde7JFWFo2/1K1ak5M5Bl4hakCgUa/cpXbxCxJOQKmaTGdF0nRi+lGgWTfGr3EsNjysZ0yLsZVTTkxktn907JSaYMSBDprBSSmfp7IqWhMZPQzzpDiiOz6OXif143weDSS4WKE+SKzRcFiSQYkfx5MhCaM5STjFCmRXYrYSOqKcMsojwEd/HlZdI6q7lOzb07r9avizjKcATHcAouXEAdbqEBTWAg4Rle4c16tF6sd+tj3lqyiplD+APr8wfXno6E</latexit><latexit sha1_base64="Xe547KldSI0VhqJ6iO57Hr7997Q=">AAAB73icbVBNS8NAEJ3Urxq/qh69LBbBU0lE0ItQ9OKxiv2ANpTNdtMu3Wzi7kQooX/CiwdFvPp3vPlvTNoctPXBwOO9GWbm+bEUBh3n2yqtrK6tb5Q37a3tnd29yv5By0SJZrzJIhnpjk8Nl0LxJgqUvBNrTkNf8rY/vsn99hPXRkTqAScx90I6VCIQjGImde7JFWFo2/1K1ak5M5Bl4hakCgUa/cpXbxCxJOQKmaTGdF0nRi+lGgWTfGr3EsNjysZ0yLsZVTTkxktn907JSaYMSBDprBSSmfp7IqWhMZPQzzpDiiOz6OXif143weDSS4WKE+SKzRcFiSQYkfx5MhCaM5STjFCmRXYrYSOqKcMsojwEd/HlZdI6q7lOzb07r9avizjKcATHcAouXEAdbqEBTWAg4Rle4c16tF6sd+tj3lqyiplD+APr8wfXno6E</latexit><latexit sha1_base64="Xe547KldSI0VhqJ6iO57Hr7997Q=">AAAB73icbVBNS8NAEJ3Urxq/qh69LBbBU0lE0ItQ9OKxiv2ANpTNdtMu3Wzi7kQooX/CiwdFvPp3vPlvTNoctPXBwOO9GWbm+bEUBh3n2yqtrK6tb5Q37a3tnd29yv5By0SJZrzJIhnpjk8Nl0LxJgqUvBNrTkNf8rY/vsn99hPXRkTqAScx90I6VCIQjGImde7JFWFo2/1K1ak5M5Bl4hakCgUa/cpXbxCxJOQKmaTGdF0nRi+lGgWTfGr3EsNjysZ0yLsZVTTkxktn907JSaYMSBDprBSSmfp7IqWhMZPQzzpDiiOz6OXif143weDSS4WKE+SKzRcFiSQYkfx5MhCaM5STjFCmRXYrYSOqKcMsojwEd/HlZdI6q7lOzb07r9avizjKcATHcAouXEAdbqEBTWAg4Rle4c16tF6sd+tj3lqyiplD+APr8wfXno6E</latexit>

c

2
t

2 = x

2 + y

2 + z

2
<latexit sha1_base64="kCGjL/KYn2j73W3ynQ5SEHjkzTk=">AAACA3icbVDLSsNAFJ34rPEVdaebwSIIQkmCoBuh6MZlBfuANi2T6aQdOpmEmYkYS8GNv+LGhSJu/Ql3/o2TNAttPTCXwzn3cuceP2ZUKtv+NhYWl5ZXVktr5vrG5ta2tbPbkFEiMKnjiEWi5SNJGOWkrqhipBULgkKfkaY/usr85h0Rkkb8VqUx8UI04DSgGCkt9ax93HVV14UX8F7XE5jm9aHrmmbPKtsVOwecJ05ByqBArWd9dfoRTkLCFWZIyrZjx8obI6EoZmRidhJJYoRHaEDamnIUEumN8xsm8EgrfRhEQj+uYK7+nhijUMo09HVniNRQznqZ+J/XTlRw7o0pjxNFOJ4uChIGVQSzQGCfCoIVSzVBWFD9V4iHSCCsdGxZCM7syfOk4VYcu+LcnJarl0UcJXAADsExcMAZqIJrUAN1gMEjeAav4M14Ml6Md+Nj2rpgFDN74A+Mzx9v2pQo</latexit><latexit sha1_base64="kCGjL/KYn2j73W3ynQ5SEHjkzTk=">AAACA3icbVDLSsNAFJ34rPEVdaebwSIIQkmCoBuh6MZlBfuANi2T6aQdOpmEmYkYS8GNv+LGhSJu/Ql3/o2TNAttPTCXwzn3cuceP2ZUKtv+NhYWl5ZXVktr5vrG5ta2tbPbkFEiMKnjiEWi5SNJGOWkrqhipBULgkKfkaY/usr85h0Rkkb8VqUx8UI04DSgGCkt9ax93HVV14UX8F7XE5jm9aHrmmbPKtsVOwecJ05ByqBArWd9dfoRTkLCFWZIyrZjx8obI6EoZmRidhJJYoRHaEDamnIUEumN8xsm8EgrfRhEQj+uYK7+nhijUMo09HVniNRQznqZ+J/XTlRw7o0pjxNFOJ4uChIGVQSzQGCfCoIVSzVBWFD9V4iHSCCsdGxZCM7syfOk4VYcu+LcnJarl0UcJXAADsExcMAZqIJrUAN1gMEjeAav4M14Ml6Md+Nj2rpgFDN74A+Mzx9v2pQo</latexit><latexit sha1_base64="kCGjL/KYn2j73W3ynQ5SEHjkzTk=">AAACA3icbVDLSsNAFJ34rPEVdaebwSIIQkmCoBuh6MZlBfuANi2T6aQdOpmEmYkYS8GNv+LGhSJu/Ql3/o2TNAttPTCXwzn3cuceP2ZUKtv+NhYWl5ZXVktr5vrG5ta2tbPbkFEiMKnjiEWi5SNJGOWkrqhipBULgkKfkaY/usr85h0Rkkb8VqUx8UI04DSgGCkt9ax93HVV14UX8F7XE5jm9aHrmmbPKtsVOwecJ05ByqBArWd9dfoRTkLCFWZIyrZjx8obI6EoZmRidhJJYoRHaEDamnIUEumN8xsm8EgrfRhEQj+uYK7+nhijUMo09HVniNRQznqZ+J/XTlRw7o0pjxNFOJ4uChIGVQSzQGCfCoIVSzVBWFD9V4iHSCCsdGxZCM7syfOk4VYcu+LcnJarl0UcJXAADsExcMAZqIJrUAN1gMEjeAav4M14Ml6Md+Nj2rpgFDN74A+Mzx9v2pQo</latexit><latexit sha1_base64="kCGjL/KYn2j73W3ynQ5SEHjkzTk=">AAACA3icbVDLSsNAFJ34rPEVdaebwSIIQkmCoBuh6MZlBfuANi2T6aQdOpmEmYkYS8GNv+LGhSJu/Ql3/o2TNAttPTCXwzn3cuceP2ZUKtv+NhYWl5ZXVktr5vrG5ta2tbPbkFEiMKnjiEWi5SNJGOWkrqhipBULgkKfkaY/usr85h0Rkkb8VqUx8UI04DSgGCkt9ax93HVV14UX8F7XE5jm9aHrmmbPKtsVOwecJ05ByqBArWd9dfoRTkLCFWZIyrZjx8obI6EoZmRidhJJYoRHaEDamnIUEumN8xsm8EgrfRhEQj+uYK7+nhijUMo09HVniNRQznqZ+J/XTlRw7o0pjxNFOJ4uChIGVQSzQGCfCoIVSzVBWFD9V4iHSCCsdGxZCM7syfOk4VYcu+LcnJarl0UcJXAADsExcMAZqIJrUAN1gMEjeAav4M14Ml6Md+Nj2rpgFDN74A+Mzx9v2pQo</latexit>

x’

y’

z’

vx
(constante)

c

2(t0)2 = (x0)2 + (y0)2 + (z0)2
<latexit sha1_base64="3Ssdk0ghshrq//VcVb3MUzXnMAQ=">AAACMnicbZDLSsNAFIYnXmu8RV26GSxCRShJEXQjFN3oroK9QJuWyXTaDp1MwsxEjKHP5MYnEVzoQhG3PoSTNote/GHg5zvncOb8XsioVLb9biwtr6yurec2zM2t7Z1da2+/JoNIYFLFAQtEw0OSMMpJVVHFSCMUBPkeI3VveJ3W6w9ESBrwexWHxPVRn9MexUhp1LFucbtUUO2kFQrqk9FJuwQvoVl4nCGnmsQL5GmamGbHyttFeyy4aJzM5EGmSsd6bXUDHPmEK8yQlE3HDpWbIKEoZmRktiJJQoSHqE+a2nLkE+km45NH8FiTLuwFQj+u4JhOTyTIlzL2Pd3pIzWQ87UU/ldrRqp34SaUh5EiHE8W9SIGVQDT/GCXCoIVi7VBWFD9V4gHSCCsdMppCM78yYumVio6dtG5O8uXr7I4cuAQHIECcMA5KIMbUAFVgMEzeAOf4Mt4MT6Mb+Nn0rpkZDMHYEbG7x99b6ac</latexit><latexit sha1_base64="3Ssdk0ghshrq//VcVb3MUzXnMAQ=">AAACMnicbZDLSsNAFIYnXmu8RV26GSxCRShJEXQjFN3oroK9QJuWyXTaDp1MwsxEjKHP5MYnEVzoQhG3PoSTNote/GHg5zvncOb8XsioVLb9biwtr6yurec2zM2t7Z1da2+/JoNIYFLFAQtEw0OSMMpJVVHFSCMUBPkeI3VveJ3W6w9ESBrwexWHxPVRn9MexUhp1LFucbtUUO2kFQrqk9FJuwQvoVl4nCGnmsQL5GmamGbHyttFeyy4aJzM5EGmSsd6bXUDHPmEK8yQlE3HDpWbIKEoZmRktiJJQoSHqE+a2nLkE+km45NH8FiTLuwFQj+u4JhOTyTIlzL2Pd3pIzWQ87UU/ldrRqp34SaUh5EiHE8W9SIGVQDT/GCXCoIVi7VBWFD9V4gHSCCsdMppCM78yYumVio6dtG5O8uXr7I4cuAQHIECcMA5KIMbUAFVgMEzeAOf4Mt4MT6Mb+Nn0rpkZDMHYEbG7x99b6ac</latexit><latexit sha1_base64="3Ssdk0ghshrq//VcVb3MUzXnMAQ=">AAACMnicbZDLSsNAFIYnXmu8RV26GSxCRShJEXQjFN3oroK9QJuWyXTaDp1MwsxEjKHP5MYnEVzoQhG3PoSTNote/GHg5zvncOb8XsioVLb9biwtr6yurec2zM2t7Z1da2+/JoNIYFLFAQtEw0OSMMpJVVHFSCMUBPkeI3VveJ3W6w9ESBrwexWHxPVRn9MexUhp1LFucbtUUO2kFQrqk9FJuwQvoVl4nCGnmsQL5GmamGbHyttFeyy4aJzM5EGmSsd6bXUDHPmEK8yQlE3HDpWbIKEoZmRktiJJQoSHqE+a2nLkE+km45NH8FiTLuwFQj+u4JhOTyTIlzL2Pd3pIzWQ87UU/ldrRqp34SaUh5EiHE8W9SIGVQDT/GCXCoIVi7VBWFD9V4gHSCCsdMppCM78yYumVio6dtG5O8uXr7I4cuAQHIECcMA5KIMbUAFVgMEzeAOf4Mt4MT6Mb+Nn0rpkZDMHYEbG7x99b6ac</latexit><latexit sha1_base64="3Ssdk0ghshrq//VcVb3MUzXnMAQ=">AAACMnicbZDLSsNAFIYnXmu8RV26GSxCRShJEXQjFN3oroK9QJuWyXTaDp1MwsxEjKHP5MYnEVzoQhG3PoSTNote/GHg5zvncOb8XsioVLb9biwtr6yurec2zM2t7Z1da2+/JoNIYFLFAQtEw0OSMMpJVVHFSCMUBPkeI3VveJ3W6w9ESBrwexWHxPVRn9MexUhp1LFucbtUUO2kFQrqk9FJuwQvoVl4nCGnmsQL5GmamGbHyttFeyy4aJzM5EGmSsd6bXUDHPmEK8yQlE3HDpWbIKEoZmRktiJJQoSHqE+a2nLkE+km45NH8FiTLuwFQj+u4JhOTyTIlzL2Pd3pIzWQ87UU/ldrRqp34SaUh5EiHE8W9SIGVQDT/GCXCoIVi7VBWFD9V4gHSCCsdMppCM78yYumVio6dtG5O8uXr7I4cuAQHIECcMA5KIMbUAFVgMEzeAOf4Mt4MT6Mb+Nn0rpkZDMHYEbG7x99b6ac</latexit>

x

0 = x� v

x

t

y

0 = y

z

0 = z

t

0 = t

<latexit sha1_base64="qgOojvvilSCHopx5TgtRmAog978="></latexit><latexit sha1_base64="qgOojvvilSCHopx5TgtRmAog978="></latexit><latexit sha1_base64="qgOojvvilSCHopx5TgtRmAog978="></latexit><latexit sha1_base64="qgOojvvilSCHopx5TgtRmAog978="></latexit>

Transformação Galileana:

x

0 = �(x� v

x

t)
y

0 = y

z

0 = z

t

0 = �(t� v

x

x/c

2)
<latexit sha1_base64="7wo5ywDGyIzex1DQSFmWNgtJ8PU="></latexit><latexit sha1_base64="7wo5ywDGyIzex1DQSFmWNgtJ8PU="></latexit><latexit sha1_base64="7wo5ywDGyIzex1DQSFmWNgtJ8PU="></latexit><latexit sha1_base64="7wo5ywDGyIzex1DQSFmWNgtJ8PU="></latexit>

Transformação de Lorentz:

x

� ⌘ 1q
1�

�
v
c

�2
<latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="twAqpRX7+GfjVlBkJiE3FtB7BSU="></latexit><latexit sha1_base64="twAqpRX7+GfjVlBkJiE3FtB7BSU="></latexit><latexit sha1_base64="lV2G839X9wEavhijSBfeXiUkVXs="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit>

� ⌘ 1q
1�

�
v
c

�2
<latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="twAqpRX7+GfjVlBkJiE3FtB7BSU="></latexit><latexit sha1_base64="twAqpRX7+GfjVlBkJiE3FtB7BSU="></latexit><latexit sha1_base64="lV2G839X9wEavhijSBfeXiUkVXs="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit><latexit sha1_base64="B76Gwhr0sBokCyoNSGdLQWProL8="></latexit>
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Como a Transformação de Lorentz da RR rompe as 
noções Newtonianas de espaço e de tempo?

3.2 Fundamentos da Relatividade Restrita
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z

x
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vx
(constante)
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Como a Transformação de Lorentz da RR rompe as 
noções Newtonianas de espaço e de tempo?

3.2 Fundamentos da Relatividade Restrita

x

y

z

x

y

z

vx
(constante)

x’

y’

z’

1

2

x’

y’

z’

(�`)2 = (x1 � x2)
2 + (y1 � y2)

2 + (z1 � z2)
2

<latexit sha1_base64="38LdkqIlllO9D6sWTst8xD34JbE=">AAACJ3icbVBLSwMxEM7WV11fVY9egkWoiGW3CHpRinrwWME+oK1LNp22odkHSVa6Lf03XvwrXgQV0aP/xGxbRKsDge8xw2Q+N+RMKsv6MFJz8wuLS+llc2V1bX0js7lVkUEkKJRpwANRc4kEznwoK6Y41EIBxHM5VN3eReJX70BIFvg3Kg6h6ZGOz9qMEqUlJ3OWa1wCVwQ3gHO8f1vAp2au79iHfaeQsAMzF2sWf7OBZoMJM03TyWStvDUu/BfYU5BF0yo5medGK6CRB76inEhZt61QNYdEKEY5jMxGJCEktEc6UNfQJx7I5nB85wjvaaWF24HQz1d4rP6cGBJPythzdadHVFfOeon4n1ePVPukOWR+GCnw6WRRO+JYBTgJDbeYAKp4rAGhgum/YtolglClo01CsGdP/gsqhbxt5e3ro2zxfBpHGu2gXZRDNjpGRXSFSqiMKLpHj+gFvRoPxpPxZrxPWlPGdGYb/Srj8wtadp7J</latexit><latexit sha1_base64="38LdkqIlllO9D6sWTst8xD34JbE=">AAACJ3icbVBLSwMxEM7WV11fVY9egkWoiGW3CHpRinrwWME+oK1LNp22odkHSVa6Lf03XvwrXgQV0aP/xGxbRKsDge8xw2Q+N+RMKsv6MFJz8wuLS+llc2V1bX0js7lVkUEkKJRpwANRc4kEznwoK6Y41EIBxHM5VN3eReJX70BIFvg3Kg6h6ZGOz9qMEqUlJ3OWa1wCVwQ3gHO8f1vAp2au79iHfaeQsAMzF2sWf7OBZoMJM03TyWStvDUu/BfYU5BF0yo5medGK6CRB76inEhZt61QNYdEKEY5jMxGJCEktEc6UNfQJx7I5nB85wjvaaWF24HQz1d4rP6cGBJPythzdadHVFfOeon4n1ePVPukOWR+GCnw6WRRO+JYBTgJDbeYAKp4rAGhgum/YtolglClo01CsGdP/gsqhbxt5e3ro2zxfBpHGu2gXZRDNjpGRXSFSqiMKLpHj+gFvRoPxpPxZrxPWlPGdGYb/Srj8wtadp7J</latexit><latexit sha1_base64="38LdkqIlllO9D6sWTst8xD34JbE=">AAACJ3icbVBLSwMxEM7WV11fVY9egkWoiGW3CHpRinrwWME+oK1LNp22odkHSVa6Lf03XvwrXgQV0aP/xGxbRKsDge8xw2Q+N+RMKsv6MFJz8wuLS+llc2V1bX0js7lVkUEkKJRpwANRc4kEznwoK6Y41EIBxHM5VN3eReJX70BIFvg3Kg6h6ZGOz9qMEqUlJ3OWa1wCVwQ3gHO8f1vAp2au79iHfaeQsAMzF2sWf7OBZoMJM03TyWStvDUu/BfYU5BF0yo5medGK6CRB76inEhZt61QNYdEKEY5jMxGJCEktEc6UNfQJx7I5nB85wjvaaWF24HQz1d4rP6cGBJPythzdadHVFfOeon4n1ePVPukOWR+GCnw6WRRO+JYBTgJDbeYAKp4rAGhgum/YtolglClo01CsGdP/gsqhbxt5e3ro2zxfBpHGu2gXZRDNjpGRXSFSqiMKLpHj+gFvRoPxpPxZrxPWlPGdGYb/Srj8wtadp7J</latexit><latexit sha1_base64="38LdkqIlllO9D6sWTst8xD34JbE=">AAACJ3icbVBLSwMxEM7WV11fVY9egkWoiGW3CHpRinrwWME+oK1LNp22odkHSVa6Lf03XvwrXgQV0aP/xGxbRKsDge8xw2Q+N+RMKsv6MFJz8wuLS+llc2V1bX0js7lVkUEkKJRpwANRc4kEznwoK6Y41EIBxHM5VN3eReJX70BIFvg3Kg6h6ZGOz9qMEqUlJ3OWa1wCVwQ3gHO8f1vAp2au79iHfaeQsAMzF2sWf7OBZoMJM03TyWStvDUu/BfYU5BF0yo5medGK6CRB76inEhZt61QNYdEKEY5jMxGJCEktEc6UNfQJx7I5nB85wjvaaWF24HQz1d4rP6cGBJPythzdadHVFfOeon4n1ePVPukOWR+GCnw6WRRO+JYBTgJDbeYAKp4rAGhgum/YtolglClo01CsGdP/gsqhbxt5e3ro2zxfBpHGu2gXZRDNjpGRXSFSqiMKLpHj+gFvRoPxpPxZrxPWlPGdGYb/Srj8wtadp7J</latexit>

�t = t2 � t1
<latexit sha1_base64="lwtGQ/rDgvFnilUPQzkHq52E8j0=">AAACAHicbVDLSsNAFJ34rPEVdeHCzWAR3FiSIuhGKOrCZQX7gDaEyXTSDp1MwsyNUEo3/oobF4q49TPc+TdO2iy09cC9HM65l5l7wlRwDa77bS0tr6yurZc27M2t7Z1dZ2+/qZNMUdagiUhUOySaCS5ZAzgI1k4VI3EoWCsc3uR+65EpzRP5AKOU+THpSx5xSsBIgXPYvWUCCAZ8hSGo4jPTPdu2A6fsVtwp8CLxClJGBeqB89XtJTSLmQQqiNYdz03BHxMFnAo2sbuZZimhQ9JnHUMliZn2x9MDJvjEKD0cJcqUBDxVf2+MSaz1KA7NZExgoOe9XPzP62QQXfpjLtMMmKSzh6JMYEhwngbuccUoiJEhhCpu/orpgChCwWSWh+DNn7xImtWK51a8+/Ny7bqIo4SO0DE6RR66QDV0h+qogSiaoGf0it6sJ+vFerc+ZqNLVrFzgP7A+vwBHF2TfA==</latexit><latexit sha1_base64="lwtGQ/rDgvFnilUPQzkHq52E8j0=">AAACAHicbVDLSsNAFJ34rPEVdeHCzWAR3FiSIuhGKOrCZQX7gDaEyXTSDp1MwsyNUEo3/oobF4q49TPc+TdO2iy09cC9HM65l5l7wlRwDa77bS0tr6yurZc27M2t7Z1dZ2+/qZNMUdagiUhUOySaCS5ZAzgI1k4VI3EoWCsc3uR+65EpzRP5AKOU+THpSx5xSsBIgXPYvWUCCAZ8hSGo4jPTPdu2A6fsVtwp8CLxClJGBeqB89XtJTSLmQQqiNYdz03BHxMFnAo2sbuZZimhQ9JnHUMliZn2x9MDJvjEKD0cJcqUBDxVf2+MSaz1KA7NZExgoOe9XPzP62QQXfpjLtMMmKSzh6JMYEhwngbuccUoiJEhhCpu/orpgChCwWSWh+DNn7xImtWK51a8+/Ny7bqIo4SO0DE6RR66QDV0h+qogSiaoGf0it6sJ+vFerc+ZqNLVrFzgP7A+vwBHF2TfA==</latexit><latexit sha1_base64="lwtGQ/rDgvFnilUPQzkHq52E8j0=">AAACAHicbVDLSsNAFJ34rPEVdeHCzWAR3FiSIuhGKOrCZQX7gDaEyXTSDp1MwsyNUEo3/oobF4q49TPc+TdO2iy09cC9HM65l5l7wlRwDa77bS0tr6yurZc27M2t7Z1dZ2+/qZNMUdagiUhUOySaCS5ZAzgI1k4VI3EoWCsc3uR+65EpzRP5AKOU+THpSx5xSsBIgXPYvWUCCAZ8hSGo4jPTPdu2A6fsVtwp8CLxClJGBeqB89XtJTSLmQQqiNYdz03BHxMFnAo2sbuZZimhQ9JnHUMliZn2x9MDJvjEKD0cJcqUBDxVf2+MSaz1KA7NZExgoOe9XPzP62QQXfpjLtMMmKSzh6JMYEhwngbuccUoiJEhhCpu/orpgChCwWSWh+DNn7xImtWK51a8+/Ny7bqIo4SO0DE6RR66QDV0h+qogSiaoGf0it6sJ+vFerc+ZqNLVrFzgP7A+vwBHF2TfA==</latexit><latexit sha1_base64="lwtGQ/rDgvFnilUPQzkHq52E8j0=">AAACAHicbVDLSsNAFJ34rPEVdeHCzWAR3FiSIuhGKOrCZQX7gDaEyXTSDp1MwsyNUEo3/oobF4q49TPc+TdO2iy09cC9HM65l5l7wlRwDa77bS0tr6yurZc27M2t7Z1dZ2+/qZNMUdagiUhUOySaCS5ZAzgI1k4VI3EoWCsc3uR+65EpzRP5AKOU+THpSx5xSsBIgXPYvWUCCAZ8hSGo4jPTPdu2A6fsVtwp8CLxClJGBeqB89XtJTSLmQQqiNYdz03BHxMFnAo2sbuZZimhQ9JnHUMliZn2x9MDJvjEKD0cJcqUBDxVf2+MSaz1KA7NZExgoOe9XPzP62QQXfpjLtMMmKSzh6JMYEhwngbuccUoiJEhhCpu/orpgChCwWSWh+DNn7xImtWK51a8+/Ny7bqIo4SO0DE6RR66QDV0h+qogSiaoGf0it6sJ+vFerc+ZqNLVrFzgP7A+vwBHF2TfA==</latexit>
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Como a Transformação de Lorentz da RR rompe as 
noções Newtonianas de espaço e de tempo?

3.2 Fundamentos da Relatividade Restrita
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vx
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x’
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z’

1
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y’

z’

(�`)2 = (x1 � x2)
2 + (y1 � y2)

2 + (z1 � z2)
2
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Como a Transformação de Lorentz da RR rompe as 
noções Newtonianas de espaço e de tempo?

3.2 Fundamentos da Relatividade Restrita
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(�`)2 = (x1 � x2)
2 + (y1 � y2)

2 + (z1 � z2)
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Como a Transformação de Lorentz da RR rompe as 
noções Newtonianas de espaço e de tempo?

3.2 Fundamentos da Relatividade Restrita
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(�s0)2 = �c2(�t0)2 + (�`0)2
<latexit sha1_base64="zIo0T6RjwE0KnEnlUnbUGfs80po=">AAACO3icbZDLS8NAEMY3vo2vqEcvi0WoiCUpgl4EUQ8eVewDmrZsttN26ebB7kQoof+XF/8Jb168eFDEq3fTmoKtDix8fL8ZZufzIik02vazMTM7N7+wuLRsrqyurW9Ym1tlHcaKQ4mHMlRVj2mQIoASCpRQjRQw35NQ8XoXQ165B6VFGNxhP4K6zzqBaAvOMLWa1m3evQSJjOpG4kZK+DCg+40iPTUPeaM4hjgJD8wxcEHKCWaaZtPK2QV7VPSvcDKRI1ldN60ntxXy2IcAuWRa1xw7wnrCFAouYWC6sYaI8R7rQC2VAfNB15PR7QO6lzot2g5V+gKkI/f3RMJ8rfu+l3b6DLt6mg3N/1gtxvZJPRFBFCME/GdRO5YUQzoMkraEAo6ynwrGlUj/SnmXKcYxjXsYgjN98l9RLhYcu+DcHOXOzrM4lsgO2SV54pBjckauyDUpEU4eyAt5I+/Go/FqfBifP60zRjazTSbK+PoGSvqp+w==</latexit><latexit sha1_base64="zIo0T6RjwE0KnEnlUnbUGfs80po=">AAACO3icbZDLS8NAEMY3vo2vqEcvi0WoiCUpgl4EUQ8eVewDmrZsttN26ebB7kQoof+XF/8Jb168eFDEq3fTmoKtDix8fL8ZZufzIik02vazMTM7N7+wuLRsrqyurW9Ym1tlHcaKQ4mHMlRVj2mQIoASCpRQjRQw35NQ8XoXQ165B6VFGNxhP4K6zzqBaAvOMLWa1m3evQSJjOpG4kZK+DCg+40iPTUPeaM4hjgJD8wxcEHKCWaaZtPK2QV7VPSvcDKRI1ldN60ntxXy2IcAuWRa1xw7wnrCFAouYWC6sYaI8R7rQC2VAfNB15PR7QO6lzot2g5V+gKkI/f3RMJ8rfu+l3b6DLt6mg3N/1gtxvZJPRFBFCME/GdRO5YUQzoMkraEAo6ynwrGlUj/SnmXKcYxjXsYgjN98l9RLhYcu+DcHOXOzrM4lsgO2SV54pBjckauyDUpEU4eyAt5I+/Go/FqfBifP60zRjazTSbK+PoGSvqp+w==</latexit><latexit sha1_base64="zIo0T6RjwE0KnEnlUnbUGfs80po=">AAACO3icbZDLS8NAEMY3vo2vqEcvi0WoiCUpgl4EUQ8eVewDmrZsttN26ebB7kQoof+XF/8Jb168eFDEq3fTmoKtDix8fL8ZZufzIik02vazMTM7N7+wuLRsrqyurW9Ym1tlHcaKQ4mHMlRVj2mQIoASCpRQjRQw35NQ8XoXQ165B6VFGNxhP4K6zzqBaAvOMLWa1m3evQSJjOpG4kZK+DCg+40iPTUPeaM4hjgJD8wxcEHKCWaaZtPK2QV7VPSvcDKRI1ldN60ntxXy2IcAuWRa1xw7wnrCFAouYWC6sYaI8R7rQC2VAfNB15PR7QO6lzot2g5V+gKkI/f3RMJ8rfu+l3b6DLt6mg3N/1gtxvZJPRFBFCME/GdRO5YUQzoMkraEAo6ynwrGlUj/SnmXKcYxjXsYgjN98l9RLhYcu+DcHOXOzrM4lsgO2SV54pBjckauyDUpEU4eyAt5I+/Go/FqfBifP60zRjazTSbK+PoGSvqp+w==</latexit><latexit sha1_base64="zIo0T6RjwE0KnEnlUnbUGfs80po=">AAACO3icbZDLS8NAEMY3vo2vqEcvi0WoiCUpgl4EUQ8eVewDmrZsttN26ebB7kQoof+XF/8Jb168eFDEq3fTmoKtDix8fL8ZZufzIik02vazMTM7N7+wuLRsrqyurW9Ym1tlHcaKQ4mHMlRVj2mQIoASCpRQjRQw35NQ8XoXQ165B6VFGNxhP4K6zzqBaAvOMLWa1m3evQSJjOpG4kZK+DCg+40iPTUPeaM4hjgJD8wxcEHKCWaaZtPK2QV7VPSvcDKRI1ldN60ntxXy2IcAuWRa1xw7wnrCFAouYWC6sYaI8R7rQC2VAfNB15PR7QO6lzot2g5V+gKkI/f3RMJ8rfu+l3b6DLt6mg3N/1gtxvZJPRFBFCME/GdRO5YUQzoMkraEAo6ynwrGlUj/SnmXKcYxjXsYgjN98l9RLhYcu+DcHOXOzrM4lsgO2SV54pBjckauyDUpEU4eyAt5I+/Go/FqfBifP60zRjazTSbK+PoGSvqp+w==</latexit>

(�s)2 = �c2(�t)2 + (�`)2
<latexit sha1_base64="HHdrj4OcB7Lq3Rc3yWmj3PBNkB8=">AAACIHicbZDJSgNBEIZ74hbHbdSjl8YgRMQwE4R4EYJ68BjBLJCNnk4ladKz0F0jhJBH8eKrePGgiN70aZzJAhr9oeHvr6rort8NpdBo259Gaml5ZXUtvW5ubG5t71i7exUdRIpDmQcyUDWXaZDChzIKlFALFTDPlVB1B1dJvXoPSovAv8NhCE2P9XzRFZxhjNpWIdu4BomManrcytML85S38nOGE3Zizu8NkDJBpmm2rYydsyeif40zMxkyU6ltfTQ6AY888JFLpnXdsUNsjphCwSWMzUakIWR8wHpQj63PPNDN0WTBMT2KSYd2AxUfH+mE/pwYMU/roefGnR7Dvl6sJfC/Wj3C7nlzJPwwQvD59KFuJCkGNEmLdoQCjnIYG8aViP9KeZ8pxjHONAnBWVz5r6nkc46dc27PMsXLWRxpckAOSZY4pECK5IaUSJlw8kCeyAt5NR6NZ+PNeJ+2pozZzD75JePrG2CEnYA=</latexit><latexit sha1_base64="HHdrj4OcB7Lq3Rc3yWmj3PBNkB8=">AAACIHicbZDJSgNBEIZ74hbHbdSjl8YgRMQwE4R4EYJ68BjBLJCNnk4ladKz0F0jhJBH8eKrePGgiN70aZzJAhr9oeHvr6rort8NpdBo259Gaml5ZXUtvW5ubG5t71i7exUdRIpDmQcyUDWXaZDChzIKlFALFTDPlVB1B1dJvXoPSovAv8NhCE2P9XzRFZxhjNpWIdu4BomManrcytML85S38nOGE3Zizu8NkDJBpmm2rYydsyeif40zMxkyU6ltfTQ6AY888JFLpnXdsUNsjphCwSWMzUakIWR8wHpQj63PPNDN0WTBMT2KSYd2AxUfH+mE/pwYMU/roefGnR7Dvl6sJfC/Wj3C7nlzJPwwQvD59KFuJCkGNEmLdoQCjnIYG8aViP9KeZ8pxjHONAnBWVz5r6nkc46dc27PMsXLWRxpckAOSZY4pECK5IaUSJlw8kCeyAt5NR6NZ+PNeJ+2pozZzD75JePrG2CEnYA=</latexit><latexit sha1_base64="HHdrj4OcB7Lq3Rc3yWmj3PBNkB8=">AAACIHicbZDJSgNBEIZ74hbHbdSjl8YgRMQwE4R4EYJ68BjBLJCNnk4ladKz0F0jhJBH8eKrePGgiN70aZzJAhr9oeHvr6rort8NpdBo259Gaml5ZXUtvW5ubG5t71i7exUdRIpDmQcyUDWXaZDChzIKlFALFTDPlVB1B1dJvXoPSovAv8NhCE2P9XzRFZxhjNpWIdu4BomManrcytML85S38nOGE3Zizu8NkDJBpmm2rYydsyeif40zMxkyU6ltfTQ6AY888JFLpnXdsUNsjphCwSWMzUakIWR8wHpQj63PPNDN0WTBMT2KSYd2AxUfH+mE/pwYMU/roefGnR7Dvl6sJfC/Wj3C7nlzJPwwQvD59KFuJCkGNEmLdoQCjnIYG8aViP9KeZ8pxjHONAnBWVz5r6nkc46dc27PMsXLWRxpckAOSZY4pECK5IaUSJlw8kCeyAt5NR6NZ+PNeJ+2pozZzD75JePrG2CEnYA=</latexit><latexit sha1_base64="HHdrj4OcB7Lq3Rc3yWmj3PBNkB8=">AAACIHicbZDJSgNBEIZ74hbHbdSjl8YgRMQwE4R4EYJ68BjBLJCNnk4ladKz0F0jhJBH8eKrePGgiN70aZzJAhr9oeHvr6rort8NpdBo259Gaml5ZXUtvW5ubG5t71i7exUdRIpDmQcyUDWXaZDChzIKlFALFTDPlVB1B1dJvXoPSovAv8NhCE2P9XzRFZxhjNpWIdu4BomManrcytML85S38nOGE3Zizu8NkDJBpmm2rYydsyeif40zMxkyU6ltfTQ6AY888JFLpnXdsUNsjphCwSWMzUakIWR8wHpQj63PPNDN0WTBMT2KSYd2AxUfH+mE/pwYMU/roefGnR7Dvl6sJfC/Wj3C7nlzJPwwQvD59KFuJCkGNEmLdoQCjnIYG8aViP9KeZ8pxjHONAnBWVz5r6nkc46dc27PMsXLWRxpckAOSZY4pECK5IaUSJlw8kCeyAt5NR6NZ+PNeJ+2pozZzD75JePrG2CEnYA=</latexit>

Invariante:
separação entre os 
eventos 1 e 2 no 
espaço-tempo

�s = �s0
<latexit sha1_base64="iPTHYNvgazzusTGEzYrNPOznyZY=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcFUSEXQjFHXhsoK9QBvLZHrSDp2ZhJmJUEKXbnwVNy4UcesjuPNtTNoI2vrDwMd/zuHM+f2IM20c58sqLCwuLa8UV0tr6xubW/b2TkOHsaJQpyEPVcsnGjiTUDfMcGhFCojwOTT94WVWb96D0iyUt2YUgSdIX7KAUWJSq2vvd66AG4I1xuf4h++STqSYgDEude2yU3EmwvPg5lBGuWpd+7PTC2ksQBrKidZt14mMlxBlGOUwLnViDRGhQ9KHdoqSCNBeMjlkjA9Tp4eDUKVPGjxxf08kRGg9En7aKYgZ6NlaZv5Xa8cmOPMSJqPYgKTTRUHMsQlxlgruMQXU8FEKhCqW/hXTAVGEmjS7LAR39uR5aBxXXKfi3pyUqxd5HEW0hw7QEXLRKaqia1RDdUTRA3pCL+jVerSerTfrfdpasPKZXfRH1sc3LniYKQ==</latexit><latexit sha1_base64="iPTHYNvgazzusTGEzYrNPOznyZY=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcFUSEXQjFHXhsoK9QBvLZHrSDp2ZhJmJUEKXbnwVNy4UcesjuPNtTNoI2vrDwMd/zuHM+f2IM20c58sqLCwuLa8UV0tr6xubW/b2TkOHsaJQpyEPVcsnGjiTUDfMcGhFCojwOTT94WVWb96D0iyUt2YUgSdIX7KAUWJSq2vvd66AG4I1xuf4h++STqSYgDEude2yU3EmwvPg5lBGuWpd+7PTC2ksQBrKidZt14mMlxBlGOUwLnViDRGhQ9KHdoqSCNBeMjlkjA9Tp4eDUKVPGjxxf08kRGg9En7aKYgZ6NlaZv5Xa8cmOPMSJqPYgKTTRUHMsQlxlgruMQXU8FEKhCqW/hXTAVGEmjS7LAR39uR5aBxXXKfi3pyUqxd5HEW0hw7QEXLRKaqia1RDdUTRA3pCL+jVerSerTfrfdpasPKZXfRH1sc3LniYKQ==</latexit><latexit sha1_base64="iPTHYNvgazzusTGEzYrNPOznyZY=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcFUSEXQjFHXhsoK9QBvLZHrSDp2ZhJmJUEKXbnwVNy4UcesjuPNtTNoI2vrDwMd/zuHM+f2IM20c58sqLCwuLa8UV0tr6xubW/b2TkOHsaJQpyEPVcsnGjiTUDfMcGhFCojwOTT94WVWb96D0iyUt2YUgSdIX7KAUWJSq2vvd66AG4I1xuf4h++STqSYgDEude2yU3EmwvPg5lBGuWpd+7PTC2ksQBrKidZt14mMlxBlGOUwLnViDRGhQ9KHdoqSCNBeMjlkjA9Tp4eDUKVPGjxxf08kRGg9En7aKYgZ6NlaZv5Xa8cmOPMSJqPYgKTTRUHMsQlxlgruMQXU8FEKhCqW/hXTAVGEmjS7LAR39uR5aBxXXKfi3pyUqxd5HEW0hw7QEXLRKaqia1RDdUTRA3pCL+jVerSerTfrfdpasPKZXfRH1sc3LniYKQ==</latexit><latexit sha1_base64="iPTHYNvgazzusTGEzYrNPOznyZY=">AAACCHicbZDLSsNAFIYn9VbrLerShYNFcFUSEXQjFHXhsoK9QBvLZHrSDp2ZhJmJUEKXbnwVNy4UcesjuPNtTNoI2vrDwMd/zuHM+f2IM20c58sqLCwuLa8UV0tr6xubW/b2TkOHsaJQpyEPVcsnGjiTUDfMcGhFCojwOTT94WVWb96D0iyUt2YUgSdIX7KAUWJSq2vvd66AG4I1xuf4h++STqSYgDEude2yU3EmwvPg5lBGuWpd+7PTC2ksQBrKidZt14mMlxBlGOUwLnViDRGhQ9KHdoqSCNBeMjlkjA9Tp4eDUKVPGjxxf08kRGg9En7aKYgZ6NlaZv5Xa8cmOPMSJqPYgKTTRUHMsQlxlgruMQXU8FEKhCqW/hXTAVGEmjS7LAR39uR5aBxXXKfi3pyUqxd5HEW0hw7QEXLRKaqia1RDdUTRA3pCL+jVerSerTfrfdpasPKZXfRH1sc3LniYKQ==</latexit>
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Como a Transformação de Lorentz da RR rompe as 
noções Newtonianas de espaço e de tempo?

3.2 Fundamentos da Relatividade Restrita

Espaço-tempo quadrimensional de Minkowski

 (1864-1909)

https://upload.wikimedia.org/wikipedia/commons/c/c5/De_Raum_zeit_Minkowski_Bild.jpg https://en.wikipedia.org/wiki/Minkowski_space#/media/File:World_line.svg

http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
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Como a Transformação de Lorentz da RR rompe as 
noções Newtonianas de espaço e de tempo?

3.2 Fundamentos da Relatividade Restrita

simultaneidade entre dois eventos é um conceito relativo
dilatação tempo

contração Lorentz



3.3 Fundamentos da Relatividade Geral

36

Generalizar a RR na presença da gravidade.

Constatação fundamental de Einstein:
“Princípio da Equivalência”.

manifestação da 
curvatura 

do espaço-tempo

https://thecuriousastronomer.files.wordpress.com/2014/12/img_3316.jpg

“O pensamento mais feliz da minha vida” 
(“The Origins of the General Theory of Relativity”, lecture 1933)

http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
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Princípio da Equivalência

3.3 Fundamentos da Relatividade Geral

Theoretical Concepts in Physics (Longair, 1984).
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Princípio da Equivalência

3.3 Fundamentos da Relatividade Geral

|a| = |g|
ga

luz luz

https://thecuriousastronomer.files.wordpress.com/2014/12/tmp7910_thumb_thumb.jpg

http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
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Princípio da Equivalência

3.3 Fundamentos da Relatividade Geral

g

luz

https://thecuriousastronomer.files.wordpress.com/2014/12/tmp7910_thumb_thumb.jpg

Feixe de luz se encurva na 
presença de gravitação.

Princípio de Fermat: a luz viaja entre dois 
pontos do espaço através de um trajetória 
que minimiza o tempo de viagem.

Considerando c = constante 
(vácuo) e espaço Euclideano: 
menor tempo ↦ menor espaço  ↦ reta.

Espaço-tempo é curvo na 
presença de massa-energia.

http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html


40

3.3 Fundamentos da Relatividade Geral

RG:  a aceleração gravitacional de 
um objeto é independente de sua 
massa e composição. 

https://pt.wikipedia.org/wiki/Geod%C3%A9sica#/media/Ficheiro:Geodesiques.png

Geodésica: trajetória mais curta entre 
dois pontos.

RG: objetos se movem seguindo a 
geodésica no espaço-tempo.

https://math.stackexchange.com/questions/316852/geodesics-on-a-2-sphere

http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
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3.3 Fundamentos da Relatividade Geral

Newton: 
Massa diz à gravidade como 

exercer força.
A força diz à massa como 

acelerar.

F = �GMm

r2
<latexit sha1_base64="EhoZMw7suehmbT/UIfVS3xpWkLE=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4MYyUwTdCEVB3QgV7APasWTStA3NY0gyQhlm46+4caGIWz/DnX9j2s5CWw8EDuecy809YcSoNp737eQWFpeWV/KrhbX1jc0td3unrmWsMKlhyaRqhkgTRgWpGWoYaUaKIB4y0giHl2O/8UiUplLcm1FEAo76gvYoRsZKHXfvCp7DY5jA61sO29JGoXoow7TjFr2SNwGcJ35GiiBDte N+tbsSx5wIgxnSuuV7kQkSpAzFjKSFdqxJhPAQ9UnLUoE40UEyOSCFh1bpwp5U9gkDJ+rviQRxrUc8tEmOzEDPemPxP68Vm95ZkFARxYYIPF3Uixk0Eo7bgF2qCDZsZAnCitq/QjxACmFjOyvYEvzZk+dJvVzyvZJ/d1KsXGR15ME+OABHwAenoAJuQBXUAAYpeAav4M15cl6cd+djGs052cwu+APn8wcn15Q0</latexit><latexit sha1_base64="EhoZMw7suehmbT/UIfVS3xpWkLE=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4MYyUwTdCEVB3QgV7APasWTStA3NY0gyQhlm46+4caGIWz/DnX9j2s5CWw8EDuecy809YcSoNp737eQWFpeWV/KrhbX1jc0td3unrmWsMKlhyaRqhkgTRgWpGWoYaUaKIB4y0giHl2O/8UiUplLcm1FEAo76gvYoRsZKHXfvCp7DY5jA61sO29JGoXoow7TjFr2SNwGcJ35GiiBDte N+tbsSx5wIgxnSuuV7kQkSpAzFjKSFdqxJhPAQ9UnLUoE40UEyOSCFh1bpwp5U9gkDJ+rviQRxrUc8tEmOzEDPemPxP68Vm95ZkFARxYYIPF3Uixk0Eo7bgF2qCDZsZAnCitq/QjxACmFjOyvYEvzZk+dJvVzyvZJ/d1KsXGR15ME+OABHwAenoAJuQBXUAAYpeAav4M15cl6cd+djGs052cwu+APn8wcn15Q0</latexit><latexit sha1_base64="EhoZMw7suehmbT/UIfVS3xpWkLE=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4MYyUwTdCEVB3QgV7APasWTStA3NY0gyQhlm46+4caGIWz/DnX9j2s5CWw8EDuecy809YcSoNp737eQWFpeWV/KrhbX1jc0td3unrmWsMKlhyaRqhkgTRgWpGWoYaUaKIB4y0giHl2O/8UiUplLcm1FEAo76gvYoRsZKHXfvCp7DY5jA61sO29JGoXoow7TjFr2SNwGcJ35GiiBDte N+tbsSx5wIgxnSuuV7kQkSpAzFjKSFdqxJhPAQ9UnLUoE40UEyOSCFh1bpwp5U9gkDJ+rviQRxrUc8tEmOzEDPemPxP68Vm95ZkFARxYYIPF3Uixk0Eo7bgF2qCDZsZAnCitq/QjxACmFjOyvYEvzZk+dJvVzyvZJ/d1KsXGR15ME+OABHwAenoAJuQBXUAAYpeAav4M15cl6cd+djGs052cwu+APn8wcn15Q0</latexit><latexit sha1_base64="EhoZMw7suehmbT/UIfVS3xpWkLE=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4MYyUwTdCEVB3QgV7APasWTStA3NY0gyQhlm46+4caGIWz/DnX9j2s5CWw8EDuecy809YcSoNp737eQWFpeWV/KrhbX1jc0td3unrmWsMKlhyaRqhkgTRgWpGWoYaUaKIB4y0giHl2O/8UiUplLcm1FEAo76gvYoRsZKHXfvCp7DY5jA61sO29JGoXoow7TjFr2SNwGcJ35GiiBDte N+tbsSx5wIgxnSuuV7kQkSpAzFjKSFdqxJhPAQ9UnLUoE40UEyOSCFh1bpwp5U9gkDJ+rviQRxrUc8tEmOzEDPemPxP68Vm95ZkFARxYYIPF3Uixk0Eo7bgF2qCDZsZAnCitq/QjxACmFjOyvYEvzZk+dJvVzyvZJ/d1KsXGR15ME+OABHwAenoAJuQBXUAAYpeAav4M15cl6cd+djGs052cwu+APn8wcn15Q0</latexit>

d2~r

dt2
=

~F

m
<latexit sha1_base64="FclMNW7M44hV75kFdOt5AMG3cbk=">AAACFXicbVDLSsNAFJ3UV42vqEs3g0VwISUpgm6EoiAuK9gHNGmZTKbt0JkkzEwKJeQn3Pgrblwo4lZw5984TbPQ1gMDh3PO5c49fsyoVLb9bZRWVtfWN8qb5tb2zu6etX/QklEiMGniiEWi4yNJGA1JU1HFSCcWBHGfkbY/vpn57QkRkkbhg5rGxONoGNIBxUhpqW+dpUGvBt0JwanI3EhHYaB6tQxeQTPN5dsMznWe9a2KXbVzwGXiFKQCCjT61pcbRDjhJFSYISm7jh0rL0VCUcxIZrqJJDHCYzQkXU1DxIn00vyqDJ5oJYCDSOgXKpirvydSxKWccl8nOVIjuejNxP+8bqIGl15KwzhRJMTzRYOEQRXBWUUwoIJgxaaaICyo/ivEIyQQVrpIU5fgLJ68TFq1qmNXnfvzSv26qKMMjsAxOAUOuAB1cAcaoAkweATP4BW8GU/Gi/FufMyjJaOYOQR/YHz+AC0Jni8=</latexit><latexit sha1_base64="FclMNW7M44hV75kFdOt5AMG3cbk=">AAACFXicbVDLSsNAFJ3UV42vqEs3g0VwISUpgm6EoiAuK9gHNGmZTKbt0JkkzEwKJeQn3Pgrblwo4lZw5984TbPQ1gMDh3PO5c49fsyoVLb9bZRWVtfWN8qb5tb2zu6etX/QklEiMGniiEWi4yNJGA1JU1HFSCcWBHGfkbY/vpn57QkRkkbhg5rGxONoGNIBxUhpqW+dpUGvBt0JwanI3EhHYaB6tQxeQTPN5dsMznWe9a2KXbVzwGXiFKQCCjT61pcbRDjhJFSYISm7jh0rL0VCUcxIZrqJJDHCYzQkXU1DxIn00vyqDJ5oJYCDSOgXKpirvydSxKWccl8nOVIjuejNxP+8bqIGl15KwzhRJMTzRYOEQRXBWUUwoIJgxaaaICyo/ivEIyQQVrpIU5fgLJ68TFq1qmNXnfvzSv26qKMMjsAxOAUOuAB1cAcaoAkweATP4BW8GU/Gi/FufMyjJaOYOQR/YHz+AC0Jni8=</latexit><latexit sha1_base64="FclMNW7M44hV75kFdOt5AMG3cbk=">AAACFXicbVDLSsNAFJ3UV42vqEs3g0VwISUpgm6EoiAuK9gHNGmZTKbt0JkkzEwKJeQn3Pgrblwo4lZw5984TbPQ1gMDh3PO5c49fsyoVLb9bZRWVtfWN8qb5tb2zu6etX/QklEiMGniiEWi4yNJGA1JU1HFSCcWBHGfkbY/vpn57QkRkkbhg5rGxONoGNIBxUhpqW+dpUGvBt0JwanI3EhHYaB6tQxeQTPN5dsMznWe9a2KXbVzwGXiFKQCCjT61pcbRDjhJFSYISm7jh0rL0VCUcxIZrqJJDHCYzQkXU1DxIn00vyqDJ5oJYCDSOgXKpirvydSxKWccl8nOVIjuejNxP+8bqIGl15KwzhRJMTzRYOEQRXBWUUwoIJgxaaaICyo/ivEIyQQVrpIU5fgLJ68TFq1qmNXnfvzSv26qKMMjsAxOAUOuAB1cAcaoAkweATP4BW8GU/Gi/FufMyjJaOYOQR/YHz+AC0Jni8=</latexit>



42

3.3 Fundamentos da Relatividade Geral

Newton: 
Massa diz à gravidade como 

exercer força.
A força diz à massa como 

acelerar.
Einstein: 

Massa-energia diz ao 
espaço-tempo como curvar.

Espaço-tempo curvo diz à 
massa-energia como se 

mover.

F = �GMm

r2
<latexit sha1_base64="EhoZMw7suehmbT/UIfVS3xpWkLE=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4MYyUwTdCEVB3QgV7APasWTStA3NY0gyQhlm46+4caGIWz/DnX9j2s5CWw8EDuecy809YcSoNp737eQWFpeWV/KrhbX1jc0td3unrmWsMKlhyaRqhkgTRgWpGWoYaUaKIB4y0giHl2O/8UiUplLcm1FEAo76gvYoRsZKHXfvCp7DY5jA61sO29JGoXoow7TjFr2SNwGcJ35GiiBDte N+tbsSx5wIgxnSuuV7kQkSpAzFjKSFdqxJhPAQ9UnLUoE40UEyOSCFh1bpwp5U9gkDJ+rviQRxrUc8tEmOzEDPemPxP68Vm95ZkFARxYYIPF3Uixk0Eo7bgF2qCDZsZAnCitq/QjxACmFjOyvYEvzZk+dJvVzyvZJ/d1KsXGR15ME+OABHwAenoAJuQBXUAAYpeAav4M15cl6cd+djGs052cwu+APn8wcn15Q0</latexit><latexit sha1_base64="EhoZMw7suehmbT/UIfVS3xpWkLE=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4MYyUwTdCEVB3QgV7APasWTStA3NY0gyQhlm46+4caGIWz/DnX9j2s5CWw8EDuecy809YcSoNp737eQWFpeWV/KrhbX1jc0td3unrmWsMKlhyaRqhkgTRgWpGWoYaUaKIB4y0giHl2O/8UiUplLcm1FEAo76gvYoRsZKHXfvCp7DY5jA61sO29JGoXoow7TjFr2SNwGcJ35GiiBDte N+tbsSx5wIgxnSuuV7kQkSpAzFjKSFdqxJhPAQ9UnLUoE40UEyOSCFh1bpwp5U9gkDJ+rviQRxrUc8tEmOzEDPemPxP68Vm95ZkFARxYYIPF3Uixk0Eo7bgF2qCDZsZAnCitq/QjxACmFjOyvYEvzZk+dJvVzyvZJ/d1KsXGR15ME+OABHwAenoAJuQBXUAAYpeAav4M15cl6cd+djGs052cwu+APn8wcn15Q0</latexit><latexit sha1_base64="EhoZMw7suehmbT/UIfVS3xpWkLE=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4MYyUwTdCEVB3QgV7APasWTStA3NY0gyQhlm46+4caGIWz/DnX9j2s5CWw8EDuecy809YcSoNp737eQWFpeWV/KrhbX1jc0td3unrmWsMKlhyaRqhkgTRgWpGWoYaUaKIB4y0giHl2O/8UiUplLcm1FEAo76gvYoRsZKHXfvCp7DY5jA61sO29JGoXoow7TjFr2SNwGcJ35GiiBDte N+tbsSx5wIgxnSuuV7kQkSpAzFjKSFdqxJhPAQ9UnLUoE40UEyOSCFh1bpwp5U9gkDJ+rviQRxrUc8tEmOzEDPemPxP68Vm95ZkFARxYYIPF3Uixk0Eo7bgF2qCDZsZAnCitq/QjxACmFjOyvYEvzZk+dJvVzyvZJ/d1KsXGR15ME+OABHwAenoAJuQBXUAAYpeAav4M15cl6cd+djGs052cwu+APn8wcn15Q0</latexit><latexit sha1_base64="EhoZMw7suehmbT/UIfVS3xpWkLE=">AAACAHicbVDLSgMxFM3UV62vURcu3ASL4MYyUwTdCEVB3QgV7APasWTStA3NY0gyQhlm46+4caGIWz/DnX9j2s5CWw8EDuecy809YcSoNp737eQWFpeWV/KrhbX1jc0td3unrmWsMKlhyaRqhkgTRgWpGWoYaUaKIB4y0giHl2O/8UiUplLcm1FEAo76gvYoRsZKHXfvCp7DY5jA61sO29JGoXoow7TjFr2SNwGcJ35GiiBDte N+tbsSx5wIgxnSuuV7kQkSpAzFjKSFdqxJhPAQ9UnLUoE40UEyOSCFh1bpwp5U9gkDJ+rviQRxrUc8tEmOzEDPemPxP68Vm95ZkFARxYYIPF3Uixk0Eo7bgF2qCDZsZAnCitq/QjxACmFjOyvYEvzZk+dJvVzyvZJ/d1KsXGR15ME+OABHwAenoAJuQBXUAAYpeAav4M15cl6cd+djGs052cwu+APn8wcn15Q0</latexit>

d2~r

dt2
=

~F

m
<latexit sha1_base64="FclMNW7M44hV75kFdOt5AMG3cbk=">AAACFXicbVDLSsNAFJ3UV42vqEs3g0VwISUpgm6EoiAuK9gHNGmZTKbt0JkkzEwKJeQn3Pgrblwo4lZw5984TbPQ1gMDh3PO5c49fsyoVLb9bZRWVtfWN8qb5tb2zu6etX/QklEiMGniiEWi4yNJGA1JU1HFSCcWBHGfkbY/vpn57QkRkkbhg5rGxONoGNIBxUhpqW+dpUGvBt0JwanI3EhHYaB6tQxeQTPN5dsMznWe9a2KXbVzwGXiFKQCCjT61pcbRDjhJFSYISm7jh0rL0VCUcxIZrqJJDHCYzQkXU1DxIn00vyqDJ5oJYCDSOgXKpirvydSxKWccl8nOVIjuejNxP+8bqIGl15KwzhRJMTzRYOEQRXBWUUwoIJgxaaaICyo/ivEIyQQVrpIU5fgLJ68TFq1qmNXnfvzSv26qKMMjsAxOAUOuAB1cAcaoAkweATP4BW8GU/Gi/FufMyjJaOYOQR/YHz+AC0Jni8=</latexit><latexit sha1_base64="FclMNW7M44hV75kFdOt5AMG3cbk=">AAACFXicbVDLSsNAFJ3UV42vqEs3g0VwISUpgm6EoiAuK9gHNGmZTKbt0JkkzEwKJeQn3Pgrblwo4lZw5984TbPQ1gMDh3PO5c49fsyoVLb9bZRWVtfWN8qb5tb2zu6etX/QklEiMGniiEWi4yNJGA1JU1HFSCcWBHGfkbY/vpn57QkRkkbhg5rGxONoGNIBxUhpqW+dpUGvBt0JwanI3EhHYaB6tQxeQTPN5dsMznWe9a2KXbVzwGXiFKQCCjT61pcbRDjhJFSYISm7jh0rL0VCUcxIZrqJJDHCYzQkXU1DxIn00vyqDJ5oJYCDSOgXKpirvydSxKWccl8nOVIjuejNxP+8bqIGl15KwzhRJMTzRYOEQRXBWUUwoIJgxaaaICyo/ivEIyQQVrpIU5fgLJ68TFq1qmNXnfvzSv26qKMMjsAxOAUOuAB1cAcaoAkweATP4BW8GU/Gi/FufMyjJaOYOQR/YHz+AC0Jni8=</latexit><latexit sha1_base64="FclMNW7M44hV75kFdOt5AMG3cbk=">AAACFXicbVDLSsNAFJ3UV42vqEs3g0VwISUpgm6EoiAuK9gHNGmZTKbt0JkkzEwKJeQn3Pgrblwo4lZw5984TbPQ1gMDh3PO5c49fsyoVLb9bZRWVtfWN8qb5tb2zu6etX/QklEiMGniiEWi4yNJGA1JU1HFSCcWBHGfkbY/vpn57QkRkkbhg5rGxONoGNIBxUhpqW+dpUGvBt0JwanI3EhHYaB6tQxeQTPN5dsMznWe9a2KXbVzwGXiFKQCCjT61pcbRDjhJFSYISm7jh0rL0VCUcxIZrqJJDHCYzQkXU1DxIn00vyqDJ5oJYCDSOgXKpirvydSxKWccl8nOVIjuejNxP+8bqIGl15KwzhRJMTzRYOEQRXBWUUwoIJgxaaaICyo/ivEIyQQVrpIU5fgLJ68TFq1qmNXnfvzSv26qKMMjsAxOAUOuAB1cAcaoAkweATP4BW8GU/Gi/FufMyjJaOYOQR/YHz+AC0Jni8=</latexit>

Gµ⌫ =
8⇡G

c4
Tµ⌫

<latexit sha1_base64="Ln5mQKMq0Ts38TmZVR6aaIDCGCI=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VwY0mkYDdC0UVdVugLmhgm00k7dDIJMxOhhHyFG3/FjQtF3Io7/8ZpG1BbDwwczjmXO/f4MaNSWdaXUVhZXVvfKG6WtrZ3dvfM/YOOjBKBSRtHLBI9H0nCKCdtRRUjvVgQFPqMdP3x9dTv3hMhacRbahITN0RDTgOKkdKSZ541vNQJE+jwJIOXMK1BJ6awAZ1IT0F8V81g6yfhmWWrYs0Al4mdkzLI0fTMT2cQ4SQkXGGGpOzbVqzcFAlFMSNZyUkkiREeoyHpa8pRSKSbzs7K4IlWBjCIhH5cwZn6eyJFoZST0NfJEKmRXPSm4n9eP1FBzU0pjxNFOJ4vChIGVQSnHcEBFQQrNtEEYUH1XyEeIYGw0k2WdAn24snLpHNesa2KfVst16/yOorgCByDU2CDC1AHN6AJ2gCDB/AEXsCr8Wg8G2/G+zxaMPKZQ/AHxsc3mYqdxg==</latexit><latexit sha1_base64="Ln5mQKMq0Ts38TmZVR6aaIDCGCI=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VwY0mkYDdC0UVdVugLmhgm00k7dDIJMxOhhHyFG3/FjQtF3Io7/8ZpG1BbDwwczjmXO/f4MaNSWdaXUVhZXVvfKG6WtrZ3dvfM/YOOjBKBSRtHLBI9H0nCKCdtRRUjvVgQFPqMdP3x9dTv3hMhacRbahITN0RDTgOKkdKSZ541vNQJE+jwJIOXMK1BJ6awAZ1IT0F8V81g6yfhmWWrYs0Al4mdkzLI0fTMT2cQ4SQkXGGGpOzbVqzcFAlFMSNZyUkkiREeoyHpa8pRSKSbzs7K4IlWBjCIhH5cwZn6eyJFoZST0NfJEKmRXPSm4n9eP1FBzU0pjxNFOJ4vChIGVQSnHcEBFQQrNtEEYUH1XyEeIYGw0k2WdAn24snLpHNesa2KfVst16/yOorgCByDU2CDC1AHN6AJ2gCDB/AEXsCr8Wg8G2/G+zxaMPKZQ/AHxsc3mYqdxg==</latexit><latexit sha1_base64="Ln5mQKMq0Ts38TmZVR6aaIDCGCI=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VwY0mkYDdC0UVdVugLmhgm00k7dDIJMxOhhHyFG3/FjQtF3Io7/8ZpG1BbDwwczjmXO/f4MaNSWdaXUVhZXVvfKG6WtrZ3dvfM/YOOjBKBSRtHLBI9H0nCKCdtRRUjvVgQFPqMdP3x9dTv3hMhacRbahITN0RDTgOKkdKSZ541vNQJE+jwJIOXMK1BJ6awAZ1IT0F8V81g6yfhmWWrYs0Al4mdkzLI0fTMT2cQ4SQkXGGGpOzbVqzcFAlFMSNZyUkkiREeoyHpa8pRSKSbzs7K4IlWBjCIhH5cwZn6eyJFoZST0NfJEKmRXPSm4n9eP1FBzU0pjxNFOJ4vChIGVQSnHcEBFQQrNtEEYUH1XyEeIYGw0k2WdAn24snLpHNesa2KfVst16/yOorgCByDU2CDC1AHN6AJ2gCDB/AEXsCr8Wg8G2/G+zxaMPKZQ/AHxsc3mYqdxg==</latexit>
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r2� = 4⇡G⇢
<latexit sha1_base64="97BhuzGqniorqy2cGQgbeTgJw3o=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4Kkkp6EYoutBlBfuAJpab6aQZOpmEmYlQQjdu/BU3LhRx6z+482+cPhbaeuDC4Zx7ufeeIOVMacf5tpaWV1bX1gsbxc2t7Z1de2+/qZJMEtogCU9kOwBFORO0oZnmtJ1KCnHAaSsYXI391gOViiXiTg9T6sfQFyxkBLSRuvaRJyDgcF/BXj1i+AJXsZcyfI09GSVdu+SUnQnwInFnpIRmqHftL6+XkCymQhMOSnVcJ9V+DlIzwumo6GWKpkAG0KcdQwXEVPn55IsRPjFKD4eJNCU0nqi/J3KIlRrGgemMQUdq3huL/3mdTIfnfs5EmmkqyHRRmHGsEzyOBPeYpETzoSFAJDO3YhKBBKJNcEUTgjv/8iJpVsquU3Zvq6Xa5SyOAjpEx+gUuegM1dANqqMGIugRPaNX9GY9WS/Wu/UxbV2yZjMH6A+szx9CUJZ8</latexit><latexit sha1_base64="97BhuzGqniorqy2cGQgbeTgJw3o=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4Kkkp6EYoutBlBfuAJpab6aQZOpmEmYlQQjdu/BU3LhRx6z+482+cPhbaeuDC4Zx7ufeeIOVMacf5tpaWV1bX1gsbxc2t7Z1de2+/qZJMEtogCU9kOwBFORO0oZnmtJ1KCnHAaSsYXI391gOViiXiTg9T6sfQFyxkBLSRuvaRJyDgcF/BXj1i+AJXsZcyfI09GSVdu+SUnQnwInFnpIRmqHftL6+XkCymQhMOSnVcJ9V+DlIzwumo6GWKpkAG0KcdQwXEVPn55IsRPjFKD4eJNCU0nqi/J3KIlRrGgemMQUdq3huL/3mdTIfnfs5EmmkqyHRRmHGsEzyOBPeYpETzoSFAJDO3YhKBBKJNcEUTgjv/8iJpVsquU3Zvq6Xa5SyOAjpEx+gUuegM1dANqqMGIugRPaNX9GY9WS/Wu/UxbV2yZjMH6A+szx9CUJZ8</latexit><latexit sha1_base64="97BhuzGqniorqy2cGQgbeTgJw3o=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4Kkkp6EYoutBlBfuAJpab6aQZOpmEmYlQQjdu/BU3LhRx6z+482+cPhbaeuDC4Zx7ufeeIOVMacf5tpaWV1bX1gsbxc2t7Z1de2+/qZJMEtogCU9kOwBFORO0oZnmtJ1KCnHAaSsYXI391gOViiXiTg9T6sfQFyxkBLSRuvaRJyDgcF/BXj1i+AJXsZcyfI09GSVdu+SUnQnwInFnpIRmqHftL6+XkCymQhMOSnVcJ9V+DlIzwumo6GWKpkAG0KcdQwXEVPn55IsRPjFKD4eJNCU0nqi/J3KIlRrGgemMQUdq3huL/3mdTIfnfs5EmmkqyHRRmHGsEzyOBPeYpETzoSFAJDO3YhKBBKJNcEUTgjv/8iJpVsquU3Zvq6Xa5SyOAjpEx+gUuegM1dANqqMGIugRPaNX9GY9WS/Wu/UxbV2yZjMH6A+szx9CUJZ8</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="RskRRaJa7a19qXGfrYiQcD4dNOs=">AAAB+nicbZBLSwMxFIXv+Ky16uhWF8EiuCozRdCNILjQZQX7gM5YMmmmE5pJhiQjlKEbN/4VNy4U8Ye489+YPhbaeiDwcU7CzT1Rxpk2nvftrKyurW9slrbK25Wd3T13v9LSMleENonkUnUirClngjYNM5x2MkVxGnHajobXk7z9SJVmUtybUUbDFA8EixnBxlo99ygQOOL4oY6CRsLQJTpDQcbQDQpUIntu1at5U6Fl8OdQhbkaPfcr6EuSp1QYwrHWXd/LTFhgZRjhdFwOck0zTIZ4QLsWBU6pDovpFmN0Yp0+iqWyRxg0dX+/KHCq9SiN7M0Um0QvZhPzv6ybm/giLJjIckMFmQ2Kc46MRJNKUJ8pSgwfWcBEMftXRBKsMDG2uLItwV9ceRla9Zrv1fw7D0pwCMdwCj6cwxXcQgOaQOAJXuAN3p1n59X5mNW14sx7O4A/cj5/AMpRlQw=</latexit><latexit sha1_base64="RskRRaJa7a19qXGfrYiQcD4dNOs=">AAAB+nicbZBLSwMxFIXv+Ky16uhWF8EiuCozRdCNILjQZQX7gM5YMmmmE5pJhiQjlKEbN/4VNy4U8Ye489+YPhbaeiDwcU7CzT1Rxpk2nvftrKyurW9slrbK25Wd3T13v9LSMleENonkUnUirClngjYNM5x2MkVxGnHajobXk7z9SJVmUtybUUbDFA8EixnBxlo99ygQOOL4oY6CRsLQJTpDQcbQDQpUIntu1at5U6Fl8OdQhbkaPfcr6EuSp1QYwrHWXd/LTFhgZRjhdFwOck0zTIZ4QLsWBU6pDovpFmN0Yp0+iqWyRxg0dX+/KHCq9SiN7M0Um0QvZhPzv6ybm/giLJjIckMFmQ2Kc46MRJNKUJ8pSgwfWcBEMftXRBKsMDG2uLItwV9ceRla9Zrv1fw7D0pwCMdwCj6cwxXcQgOaQOAJXuAN3p1n59X5mNW14sx7O4A/cj5/AMpRlQw=</latexit><latexit sha1_base64="yUSG/OEs/L+LoVZtvHFETdgY070=">AAACBXicbVBNS8NAEN3Ur1q/oh71sFgETyUpgl6Eogc9VrAf0MQy2W7apZtN2N0IJfTixb/ixYMiXv0P3vw3btsctPXBwOO9GWbmBQlnSjvOt1VYWl5ZXSuulzY2t7Z37N29popTSWiDxDyW7QAU5UzQhmaa03YiKUQBp61geDXxWw9UKhaLOz1KqB9BX7CQEdBG6tqHnoCAw30Ve/UBwxf4FHsJw9fYk4O4a5edijMFXiRuTsooR71rf3m9mKQRFZpwUKrjOon2M5CaEU7HJS9VNAEyhD7tGCogosrPpl+M8bFRejiMpSmh8VT9PZFBpNQoCkxnBHqg5r2J+J/XSXV47mdMJKmmgswWhSnHOsaTSHCPSUo0HxkCRDJzKyYDkEC0Ca5kQnDnX14kzWrFdSrurVOuXeZxFNEBOkInyEVnqIZuUB01EEGP6Bm9ojfryXqx3q2PWWvBymf20R9Ynz9BEJZ4</latexit><latexit sha1_base64="97BhuzGqniorqy2cGQgbeTgJw3o=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4Kkkp6EYoutBlBfuAJpab6aQZOpmEmYlQQjdu/BU3LhRx6z+482+cPhbaeuDC4Zx7ufeeIOVMacf5tpaWV1bX1gsbxc2t7Z1de2+/qZJMEtogCU9kOwBFORO0oZnmtJ1KCnHAaSsYXI391gOViiXiTg9T6sfQFyxkBLSRuvaRJyDgcF/BXj1i+AJXsZcyfI09GSVdu+SUnQnwInFnpIRmqHftL6+XkCymQhMOSnVcJ9V+DlIzwumo6GWKpkAG0KcdQwXEVPn55IsRPjFKD4eJNCU0nqi/J3KIlRrGgemMQUdq3huL/3mdTIfnfs5EmmkqyHRRmHGsEzyOBPeYpETzoSFAJDO3YhKBBKJNcEUTgjv/8iJpVsquU3Zvq6Xa5SyOAjpEx+gUuegM1dANqqMGIugRPaNX9GY9WS/Wu/UxbV2yZjMH6A+szx9CUJZ8</latexit><latexit sha1_base64="97BhuzGqniorqy2cGQgbeTgJw3o=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4Kkkp6EYoutBlBfuAJpab6aQZOpmEmYlQQjdu/BU3LhRx6z+482+cPhbaeuDC4Zx7ufeeIOVMacf5tpaWV1bX1gsbxc2t7Z1de2+/qZJMEtogCU9kOwBFORO0oZnmtJ1KCnHAaSsYXI391gOViiXiTg9T6sfQFyxkBLSRuvaRJyDgcF/BXj1i+AJXsZcyfI09GSVdu+SUnQnwInFnpIRmqHftL6+XkCymQhMOSnVcJ9V+DlIzwumo6GWKpkAG0KcdQwXEVPn55IsRPjFKD4eJNCU0nqi/J3KIlRrGgemMQUdq3huL/3mdTIfnfs5EmmkqyHRRmHGsEzyOBPeYpETzoSFAJDO3YhKBBKJNcEUTgjv/8iJpVsquU3Zvq6Xa5SyOAjpEx+gUuegM1dANqqMGIugRPaNX9GY9WS/Wu/UxbV2yZjMH6A+szx9CUJZ8</latexit><latexit sha1_base64="97BhuzGqniorqy2cGQgbeTgJw3o=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4Kkkp6EYoutBlBfuAJpab6aQZOpmEmYlQQjdu/BU3LhRx6z+482+cPhbaeuDC4Zx7ufeeIOVMacf5tpaWV1bX1gsbxc2t7Z1de2+/qZJMEtogCU9kOwBFORO0oZnmtJ1KCnHAaSsYXI391gOViiXiTg9T6sfQFyxkBLSRuvaRJyDgcF/BXj1i+AJXsZcyfI09GSVdu+SUnQnwInFnpIRmqHftL6+XkCymQhMOSnVcJ9V+DlIzwumo6GWKpkAG0KcdQwXEVPn55IsRPjFKD4eJNCU0nqi/J3KIlRrGgemMQUdq3huL/3mdTIfnfs5EmmkqyHRRmHGsEzyOBPeYpETzoSFAJDO3YhKBBKJNcEUTgjv/8iJpVsquU3Zvq6Xa5SyOAjpEx+gUuegM1dANqqMGIugRPaNX9GY9WS/Wu/UxbV2yZjMH6A+szx9CUJZ8</latexit><latexit sha1_base64="97BhuzGqniorqy2cGQgbeTgJw3o=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4Kkkp6EYoutBlBfuAJpab6aQZOpmEmYlQQjdu/BU3LhRx6z+482+cPhbaeuDC4Zx7ufeeIOVMacf5tpaWV1bX1gsbxc2t7Z1de2+/qZJMEtogCU9kOwBFORO0oZnmtJ1KCnHAaSsYXI391gOViiXiTg9T6sfQFyxkBLSRuvaRJyDgcF/BXj1i+AJXsZcyfI09GSVdu+SUnQnwInFnpIRmqHftL6+XkCymQhMOSnVcJ9V+DlIzwumo6GWKpkAG0KcdQwXEVPn55IsRPjFKD4eJNCU0nqi/J3KIlRrGgemMQUdq3huL/3mdTIfnfs5EmmkqyHRRmHGsEzyOBPeYpETzoSFAJDO3YhKBBKJNcEUTgjv/8iJpVsquU3Zvq6Xa5SyOAjpEx+gUuegM1dANqqMGIugRPaNX9GY9WS/Wu/UxbV2yZjMH6A+szx9CUJZ8</latexit><latexit sha1_base64="97BhuzGqniorqy2cGQgbeTgJw3o=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4Kkkp6EYoutBlBfuAJpab6aQZOpmEmYlQQjdu/BU3LhRx6z+482+cPhbaeuDC4Zx7ufeeIOVMacf5tpaWV1bX1gsbxc2t7Z1de2+/qZJMEtogCU9kOwBFORO0oZnmtJ1KCnHAaSsYXI391gOViiXiTg9T6sfQFyxkBLSRuvaRJyDgcF/BXj1i+AJXsZcyfI09GSVdu+SUnQnwInFnpIRmqHftL6+XkCymQhMOSnVcJ9V+DlIzwumo6GWKpkAG0KcdQwXEVPn55IsRPjFKD4eJNCU0nqi/J3KIlRrGgemMQUdq3huL/3mdTIfnfs5EmmkqyHRRmHGsEzyOBPeYpETzoSFAJDO3YhKBBKJNcEUTgjv/8iJpVsquU3Zvq6Xa5SyOAjpEx+gUuegM1dANqqMGIugRPaNX9GY9WS/Wu/UxbV2yZjMH6A+szx9CUJZ8</latexit><latexit sha1_base64="97BhuzGqniorqy2cGQgbeTgJw3o=">AAACBXicbVDLSsNAFJ34rPUVdamLwSK4Kkkp6EYoutBlBfuAJpab6aQZOpmEmYlQQjdu/BU3LhRx6z+482+cPhbaeuDC4Zx7ufeeIOVMacf5tpaWV1bX1gsbxc2t7Z1de2+/qZJMEtogCU9kOwBFORO0oZnmtJ1KCnHAaSsYXI391gOViiXiTg9T6sfQFyxkBLSRuvaRJyDgcF/BXj1i+AJXsZcyfI09GSVdu+SUnQnwInFnpIRmqHftL6+XkCymQhMOSnVcJ9V+DlIzwumo6GWKpkAG0KcdQwXEVPn55IsRPjFKD4eJNCU0nqi/J3KIlRrGgemMQUdq3huL/3mdTIfnfs5EmmkqyHRRmHGsEzyOBPeYpETzoSFAJDO3YhKBBKJNcEUTgjv/8iJpVsquU3Zvq6Xa5SyOAjpEx+gUuegM1dANqqMGIugRPaNX9GY9WS/Wu/UxbV2yZjMH6A+szx9CUJZ8</latexit>

Gµ⌫ =
8⇡G

c4
Tµ⌫

<latexit sha1_base64="Ln5mQKMq0Ts38TmZVR6aaIDCGCI=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VwY0mkYDdC0UVdVugLmhgm00k7dDIJMxOhhHyFG3/FjQtF3Io7/8ZpG1BbDwwczjmXO/f4MaNSWdaXUVhZXVvfKG6WtrZ3dvfM/YOOjBKBSRtHLBI9H0nCKCdtRRUjvVgQFPqMdP3x9dTv3hMhacRbahITN0RDTgOKkdKSZ541vNQJE+jwJIOXMK1BJ6awAZ1IT0F8V81g6yfhmWWrYs0Al4mdkzLI0fTMT2cQ4SQkXGGGpOzbVqzcFAlFMSNZyUkkiREeoyHpa8pRSKSbzs7K4IlWBjCIhH5cwZn6eyJFoZST0NfJEKmRXPSm4n9eP1FBzU0pjxNFOJ4vChIGVQSnHcEBFQQrNtEEYUH1XyEeIYGw0k2WdAn24snLpHNesa2KfVst16/yOorgCByDU2CDC1AHN6AJ2gCDB/AEXsCr8Wg8G2/G+zxaMPKZQ/AHxsc3mYqdxg==</latexit><latexit sha1_base64="Ln5mQKMq0Ts38TmZVR6aaIDCGCI=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VwY0mkYDdC0UVdVugLmhgm00k7dDIJMxOhhHyFG3/FjQtF3Io7/8ZpG1BbDwwczjmXO/f4MaNSWdaXUVhZXVvfKG6WtrZ3dvfM/YOOjBKBSRtHLBI9H0nCKCdtRRUjvVgQFPqMdP3x9dTv3hMhacRbahITN0RDTgOKkdKSZ541vNQJE+jwJIOXMK1BJ6awAZ1IT0F8V81g6yfhmWWrYs0Al4mdkzLI0fTMT2cQ4SQkXGGGpOzbVqzcFAlFMSNZyUkkiREeoyHpa8pRSKSbzs7K4IlWBjCIhH5cwZn6eyJFoZST0NfJEKmRXPSm4n9eP1FBzU0pjxNFOJ4vChIGVQSnHcEBFQQrNtEEYUH1XyEeIYGw0k2WdAn24snLpHNesa2KfVst16/yOorgCByDU2CDC1AHN6AJ2gCDB/AEXsCr8Wg8G2/G+zxaMPKZQ/AHxsc3mYqdxg==</latexit><latexit sha1_base64="Ln5mQKMq0Ts38TmZVR6aaIDCGCI=">AAACFnicbVDLSsNAFJ3UV62vqEs3g0VwY0mkYDdC0UVdVugLmhgm00k7dDIJMxOhhHyFG3/FjQtF3Io7/8ZpG1BbDwwczjmXO/f4MaNSWdaXUVhZXVvfKG6WtrZ3dvfM/YOOjBKBSRtHLBI9H0nCKCdtRRUjvVgQFPqMdP3x9dTv3hMhacRbahITN0RDTgOKkdKSZ541vNQJE+jwJIOXMK1BJ6awAZ1IT0F8V81g6yfhmWWrYs0Al4mdkzLI0fTMT2cQ4SQkXGGGpOzbVqzcFAlFMSNZyUkkiREeoyHpa8pRSKSbzs7K4IlWBjCIhH5cwZn6eyJFoZST0NfJEKmRXPSm4n9eP1FBzU0pjxNFOJ4vChIGVQSnHcEBFQQrNtEEYUH1XyEeIYGw0k2WdAn24snLpHNesa2KfVst16/yOorgCByDU2CDC1AHN6AJ2gCDB/AEXsCr8Wg8G2/G+zxaMPKZQ/AHxsc3mYqdxg==</latexit>

Einstein procurou uma equação de campo que 
pudesse relacionar a curvatura do espaço-tempo à 

sua densidade de massa-energia.

Analogia

Como podemos descrever matematicamente a 
curvatura do espaço-tempo?

campo vetorial campo tensorial
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Nota importante:

Vamos incialmente considerar superfícies bidimensionais de 
espaços com curvaturas isotrópicas e uniformes. Depois, 
vamos generalizar essas superfícies para espaços de maior 
dimensão.

Por exemplo, a superfície bidimensional de uma esfera é dita 
“2-esfera”, e podemos visualizá-la a partir do espaço 
tridimensional Euclideano (uma vez que a 2-esfera pode ser 
inserida neste).

3.4 Conceitos de Métrica e Curvatura

#
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Nota importante:

A superfície análoga da 2-esfera em 3 dimensões é a ``3-esfera’’, 
mas não conseguimos visualizá-la, pois iria requer nossa 
capacidade de processar visualmente o espaço Euclideano 
quadrimensional, onde ela estaria inserida.

Podemos, entretanto, entender a 3-esfera analogamente à 
2-esfera, como o conjunto de pontos equidistantes de um ponto 
central no espaço Euclideano quadrimensional.

3.4 Conceitos de Métrica e Curvatura

#
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Nota importante:

A 2-esfera e seus análogos em maiores dimensões têm 
curvatura positiva. 

Os únicos outros espaços que possuem curvatura isotrópica e 
uniforme são os espaços planos Euclideanos, de curvatura 
nula, e os espaços com curvatura negativa: o 2-hiperbolóide 
e seus análogos em maiores dimensões.

3.4 Conceitos de Métrica e Curvatura

#
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3.4 Conceitos de Métrica e Curvatura

http://abyss.uoregon.edu/~js/cosmo/lectures/lec15.html

↵+ � + � = ⇡
<latexit sha1_base64="qBAel1CwE2OlhabygQquZIQv1Tg=">AAACBnicbVDLSsNAFJ3UV62vqEsRBosgCCURQTdC0Y3LCvYBTSg300k7dCYJMxOhhK7c+CtuXCji1m9w5984TbPQ1gOXezjnXmbuCRLOlHacb6u0tLyyulZer2xsbm3v2Lt7LRWnktAmiXksOwEoyllEm5ppTjuJpCACTtvB6Gbqtx+oVCyO7vU4ob6AQcRCRkAbqWcfesCTIeBT7AVU530AQgC+wl7CenbVqTk58CJxC1JFBRo9+8vrxyQVNNKEg1Jd10m0n4HUjHA6qXipogmQEQxo19AIBFV+lp8xwcdG6eMwlqYijXP190YGQqmxCMykAD1U895U/M/rpjq89DMWJammEZk9FKYc6xhPM8F9JinRfGwIEMnMXzEZggSiTXIVE4I7f/IiaZ3VXKfm3p1X69dFHGV0gI7QCXLRBaqjW9RATUTQI3pGr+jNerJerHfrYzZasoqdffQH1ucPQKmXDg==</latexit><latexit sha1_base64="qBAel1CwE2OlhabygQquZIQv1Tg=">AAACBnicbVDLSsNAFJ3UV62vqEsRBosgCCURQTdC0Y3LCvYBTSg300k7dCYJMxOhhK7c+CtuXCji1m9w5984TbPQ1gOXezjnXmbuCRLOlHacb6u0tLyyulZer2xsbm3v2Lt7LRWnktAmiXksOwEoyllEm5ppTjuJpCACTtvB6Gbqtx+oVCyO7vU4ob6AQcRCRkAbqWcfesCTIeBT7AVU530AQgC+wl7CenbVqTk58CJxC1JFBRo9+8vrxyQVNNKEg1Jd10m0n4HUjHA6qXipogmQEQxo19AIBFV+lp8xwcdG6eMwlqYijXP190YGQqmxCMykAD1U895U/M/rpjq89DMWJammEZk9FKYc6xhPM8F9JinRfGwIEMnMXzEZggSiTXIVE4I7f/IiaZ3VXKfm3p1X69dFHGV0gI7QCXLRBaqjW9RATUTQI3pGr+jNerJerHfrYzZasoqdffQH1ucPQKmXDg==</latexit><latexit sha1_base64="qBAel1CwE2OlhabygQquZIQv1Tg=">AAACBnicbVDLSsNAFJ3UV62vqEsRBosgCCURQTdC0Y3LCvYBTSg300k7dCYJMxOhhK7c+CtuXCji1m9w5984TbPQ1gOXezjnXmbuCRLOlHacb6u0tLyyulZer2xsbm3v2Lt7LRWnktAmiXksOwEoyllEm5ppTjuJpCACTtvB6Gbqtx+oVCyO7vU4ob6AQcRCRkAbqWcfesCTIeBT7AVU530AQgC+wl7CenbVqTk58CJxC1JFBRo9+8vrxyQVNNKEg1Jd10m0n4HUjHA6qXipogmQEQxo19AIBFV+lp8xwcdG6eMwlqYijXP190YGQqmxCMykAD1U895U/M/rpjq89DMWJammEZk9FKYc6xhPM8F9JinRfGwIEMnMXzEZggSiTXIVE4I7f/IiaZ3VXKfm3p1X69dFHGV0gI7QCXLRBaqjW9RATUTQI3pGr+jNerJerHfrYzZasoqdffQH1ucPQKmXDg==</latexit><latexit sha1_base64="qBAel1CwE2OlhabygQquZIQv1Tg=">AAACBnicbVDLSsNAFJ3UV62vqEsRBosgCCURQTdC0Y3LCvYBTSg300k7dCYJMxOhhK7c+CtuXCji1m9w5984TbPQ1gOXezjnXmbuCRLOlHacb6u0tLyyulZer2xsbm3v2Lt7LRWnktAmiXksOwEoyllEm5ppTjuJpCACTtvB6Gbqtx+oVCyO7vU4ob6AQcRCRkAbqWcfesCTIeBT7AVU530AQgC+wl7CenbVqTk58CJxC1JFBRo9+8vrxyQVNNKEg1Jd10m0n4HUjHA6qXipogmQEQxo19AIBFV+lp8xwcdG6eMwlqYijXP190YGQqmxCMykAD1U895U/M/rpjq89DMWJammEZk9FKYc6xhPM8F9JinRfGwIEMnMXzEZggSiTXIVE4I7f/IiaZ3VXKfm3p1X69dFHGV0gI7QCXLRBaqjW9RATUTQI3pGr+jNerJerHfrYzZasoqdffQH1ucPQKmXDg==</latexit>

↵+ � + � = ⇡ +
A

r2
<latexit sha1_base64="bmNHmteQOVa0ri5pbr2uHsyr4Sw=">AAACFnicbVDLSgMxFM34rPU16tJNsAiCWGaKoBuh6sZlBfuAzljupJk2NJkZkoxQhn6FG3/FjQtF3Io7/8Z02oW2Hgg5OefeJPcECWdKO863tbC4tLyyWlgrrm9sbm3bO7sNFaeS0DqJeSxbASjKWUTrmmlOW4mkIAJOm8Hgeuw3H6hULI7u9DChvoBexEJGQBupY594wJM+4GPsBVTnew+EAHyBvYSZY3aJvdjcgOV9ZdSxS07ZyYHniTslJTRFrWN/ed2YpIJGmnBQqu06ifYzkJoRTkdFL1U0ATKAHm0bGoGgys/ysUb40ChdHMbSrEjjXP3dkYFQaigCUylA99WsNxb/89qpDs/9jEVJqmlEJg+FKcc6xuOMcJdJSjQfGgJEMvNXTPoggWiTZNGE4M6OPE8albLrlN3b01L1ahpHAe2jA3SEXHSGqugG1VAdEfSIntErerOerBfr3fqYlC5Y05499AfW5w/b2pys</latexit><latexit sha1_base64="bmNHmteQOVa0ri5pbr2uHsyr4Sw=">AAACFnicbVDLSgMxFM34rPU16tJNsAiCWGaKoBuh6sZlBfuAzljupJk2NJkZkoxQhn6FG3/FjQtF3Io7/8Z02oW2Hgg5OefeJPcECWdKO863tbC4tLyyWlgrrm9sbm3bO7sNFaeS0DqJeSxbASjKWUTrmmlOW4mkIAJOm8Hgeuw3H6hULI7u9DChvoBexEJGQBupY594wJM+4GPsBVTnew+EAHyBvYSZY3aJvdjcgOV9ZdSxS07ZyYHniTslJTRFrWN/ed2YpIJGmnBQqu06ifYzkJoRTkdFL1U0ATKAHm0bGoGgys/ysUb40ChdHMbSrEjjXP3dkYFQaigCUylA99WsNxb/89qpDs/9jEVJqmlEJg+FKcc6xuOMcJdJSjQfGgJEMvNXTPoggWiTZNGE4M6OPE8albLrlN3b01L1ahpHAe2jA3SEXHSGqugG1VAdEfSIntErerOerBfr3fqYlC5Y05499AfW5w/b2pys</latexit><latexit sha1_base64="bmNHmteQOVa0ri5pbr2uHsyr4Sw=">AAACFnicbVDLSgMxFM34rPU16tJNsAiCWGaKoBuh6sZlBfuAzljupJk2NJkZkoxQhn6FG3/FjQtF3Io7/8Z02oW2Hgg5OefeJPcECWdKO863tbC4tLyyWlgrrm9sbm3bO7sNFaeS0DqJeSxbASjKWUTrmmlOW4mkIAJOm8Hgeuw3H6hULI7u9DChvoBexEJGQBupY594wJM+4GPsBVTnew+EAHyBvYSZY3aJvdjcgOV9ZdSxS07ZyYHniTslJTRFrWN/ed2YpIJGmnBQqu06ifYzkJoRTkdFL1U0ATKAHm0bGoGgys/ysUb40ChdHMbSrEjjXP3dkYFQaigCUylA99WsNxb/89qpDs/9jEVJqmlEJg+FKcc6xuOMcJdJSjQfGgJEMvNXTPoggWiTZNGE4M6OPE8albLrlN3b01L1ahpHAe2jA3SEXHSGqugG1VAdEfSIntErerOerBfr3fqYlC5Y05499AfW5w/b2pys</latexit><latexit sha1_base64="bmNHmteQOVa0ri5pbr2uHsyr4Sw=">AAACFnicbVDLSgMxFM34rPU16tJNsAiCWGaKoBuh6sZlBfuAzljupJk2NJkZkoxQhn6FG3/FjQtF3Io7/8Z02oW2Hgg5OefeJPcECWdKO863tbC4tLyyWlgrrm9sbm3bO7sNFaeS0DqJeSxbASjKWUTrmmlOW4mkIAJOm8Hgeuw3H6hULI7u9DChvoBexEJGQBupY594wJM+4GPsBVTnew+EAHyBvYSZY3aJvdjcgOV9ZdSxS07ZyYHniTslJTRFrWN/ed2YpIJGmnBQqu06ifYzkJoRTkdFL1U0ATKAHm0bGoGgys/ysUb40ChdHMbSrEjjXP3dkYFQaigCUylA99WsNxb/89qpDs/9jEVJqmlEJg+FKcc6xuOMcJdJSjQfGgJEMvNXTPoggWiTZNGE4M6OPE8albLrlN3b01L1ahpHAe2jA3SEXHSGqugG1VAdEfSIntErerOerBfr3fqYlC5Y05499AfW5w/b2pys</latexit>

↵+ � + � = ⇡ � A

r2
<latexit sha1_base64="MN9OLsyQoL6RLJYoUJXjXNIiAQQ=">AAACFnicbVDLSgMxFM3UV62vUZdugkUQpGWmCLoRqm5cVrAP6NRyJ03b0GRmSDJCGfoVbvwVNy4UcSvu/BvT6Sy09UDI4Zx7b3KPH3GmtON8W7ml5ZXVtfx6YWNza3vH3t1rqDCWhNZJyEPZ8kFRzgJa10xz2ookBeFz2vRH11O/+UClYmFwp8cR7QgYBKzPCGgjde2SBzwaAj7Bnk91eg9ACMAX2IsYxqXkEnuhmYDlfWXStYtO2UmBF4mbkSLKUOvaX14vJLGggSYclGq7TqQ7CUjNCKeTghcrGgEZwYC2DQ1AUNVJ0rUm+MgoPdwPpTmBxqn6uyMBodRY+KZSgB6qeW8q/ue1Y90/7yQsiGJNAzJ7qB9zrEM8zQj3mKRE87EhQCQzf8VkCBKINkkWTAju/MqLpFEpu07ZvT0tVq+yOPLoAB2iY+SiM1RFN6iG6oigR/SMXtGb9WS9WO/Wx6w0Z2U9++gPrM8f3vGcrg==</latexit><latexit sha1_base64="MN9OLsyQoL6RLJYoUJXjXNIiAQQ=">AAACFnicbVDLSgMxFM3UV62vUZdugkUQpGWmCLoRqm5cVrAP6NRyJ03b0GRmSDJCGfoVbvwVNy4UcSvu/BvT6Sy09UDI4Zx7b3KPH3GmtON8W7ml5ZXVtfx6YWNza3vH3t1rqDCWhNZJyEPZ8kFRzgJa10xz2ookBeFz2vRH11O/+UClYmFwp8cR7QgYBKzPCGgjde2SBzwaAj7Bnk91eg9ACMAX2IsYxqXkEnuhmYDlfWXStYtO2UmBF4mbkSLKUOvaX14vJLGggSYclGq7TqQ7CUjNCKeTghcrGgEZwYC2DQ1AUNVJ0rUm+MgoPdwPpTmBxqn6uyMBodRY+KZSgB6qeW8q/ue1Y90/7yQsiGJNAzJ7qB9zrEM8zQj3mKRE87EhQCQzf8VkCBKINkkWTAju/MqLpFEpu07ZvT0tVq+yOPLoAB2iY+SiM1RFN6iG6oigR/SMXtGb9WS9WO/Wx6w0Z2U9++gPrM8f3vGcrg==</latexit><latexit sha1_base64="MN9OLsyQoL6RLJYoUJXjXNIiAQQ=">AAACFnicbVDLSgMxFM3UV62vUZdugkUQpGWmCLoRqm5cVrAP6NRyJ03b0GRmSDJCGfoVbvwVNy4UcSvu/BvT6Sy09UDI4Zx7b3KPH3GmtON8W7ml5ZXVtfx6YWNza3vH3t1rqDCWhNZJyEPZ8kFRzgJa10xz2ookBeFz2vRH11O/+UClYmFwp8cR7QgYBKzPCGgjde2SBzwaAj7Bnk91eg9ACMAX2IsYxqXkEnuhmYDlfWXStYtO2UmBF4mbkSLKUOvaX14vJLGggSYclGq7TqQ7CUjNCKeTghcrGgEZwYC2DQ1AUNVJ0rUm+MgoPdwPpTmBxqn6uyMBodRY+KZSgB6qeW8q/ue1Y90/7yQsiGJNAzJ7qB9zrEM8zQj3mKRE87EhQCQzf8VkCBKINkkWTAju/MqLpFEpu07ZvT0tVq+yOPLoAB2iY+SiM1RFN6iG6oigR/SMXtGb9WS9WO/Wx6w0Z2U9++gPrM8f3vGcrg==</latexit><latexit sha1_base64="MN9OLsyQoL6RLJYoUJXjXNIiAQQ=">AAACFnicbVDLSgMxFM3UV62vUZdugkUQpGWmCLoRqm5cVrAP6NRyJ03b0GRmSDJCGfoVbvwVNy4UcSvu/BvT6Sy09UDI4Zx7b3KPH3GmtON8W7ml5ZXVtfx6YWNza3vH3t1rqDCWhNZJyEPZ8kFRzgJa10xz2ookBeFz2vRH11O/+UClYmFwp8cR7QgYBKzPCGgjde2SBzwaAj7Bnk91eg9ACMAX2IsYxqXkEnuhmYDlfWXStYtO2UmBF4mbkSLKUOvaX14vJLGggSYclGq7TqQ7CUjNCKeTghcrGgEZwYC2DQ1AUNVJ0rUm+MgoPdwPpTmBxqn6uyMBodRY+KZSgB6qeW8q/ue1Y90/7yQsiGJNAzJ7qB9zrEM8zQj3mKRE87EhQCQzf8VkCBKINkkWTAju/MqLpFEpu07ZvT0tVq+yOPLoAB2iY+SiM1RFN6iG6oigR/SMXtGb9WS9WO/Wx6w0Z2U9++gPrM8f3vGcrg==</latexit>

Sejam α, β e γ os ângulos internos de um triângulo sobre a superfície bidimensional.

#

http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
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3.4 Conceitos de Métrica e Curvatura

#

d`2 = dr2 + du2
<latexit sha1_base64="jxGxiUHOzLCA13mpdcGjgeTPbb8=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEQShJEXQjFN24rGAf0KZlMpm0QyeTMDMRSuzCX3HjQhG3/oY7/8Zpm4W2Hrjcwzn3MneOn3CmtON8W0vLK6tr64WN4ubW9s6uvbffUHEqCa2TmMey5WNFORO0rpnmtJVIiiOf06Y/vJn4zQcqFYvFvR4l1ItwX7CQEayN1LMPgw7lHHUr6AoF0rQzFKTdSs8uOWVnCrRI3JyUIEetZ391gpikERWacKxU23US7WVYakY4HRc7qaIJJkPcp21DBY6o8rLp/WN0YpQAhbE0JTSaqr83MhwpNYp8MxlhPVDz3kT8z2unOrz0MiaSVFNBZg+FKUc6RpMwUMAkJZqPDMFEMnMrIgMsMdEmsqIJwZ3/8iJpVMquU3bvzkvV6zyOAhzBMZyCCxdQhVuoQR0IPMIzvMKb9WS9WO/Wx2x0ycp3DuAPrM8fqBaT6w==</latexit><latexit sha1_base64="jxGxiUHOzLCA13mpdcGjgeTPbb8=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEQShJEXQjFN24rGAf0KZlMpm0QyeTMDMRSuzCX3HjQhG3/oY7/8Zpm4W2Hrjcwzn3MneOn3CmtON8W0vLK6tr64WN4ubW9s6uvbffUHEqCa2TmMey5WNFORO0rpnmtJVIiiOf06Y/vJn4zQcqFYvFvR4l1ItwX7CQEayN1LMPgw7lHHUr6AoF0rQzFKTdSs8uOWVnCrRI3JyUIEetZ391gpikERWacKxU23US7WVYakY4HRc7qaIJJkPcp21DBY6o8rLp/WN0YpQAhbE0JTSaqr83MhwpNYp8MxlhPVDz3kT8z2unOrz0MiaSVFNBZg+FKUc6RpMwUMAkJZqPDMFEMnMrIgMsMdEmsqIJwZ3/8iJpVMquU3bvzkvV6zyOAhzBMZyCCxdQhVuoQR0IPMIzvMKb9WS9WO/Wx2x0ycp3DuAPrM8fqBaT6w==</latexit><latexit sha1_base64="jxGxiUHOzLCA13mpdcGjgeTPbb8=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEQShJEXQjFN24rGAf0KZlMpm0QyeTMDMRSuzCX3HjQhG3/oY7/8Zpm4W2Hrjcwzn3MneOn3CmtON8W0vLK6tr64WN4ubW9s6uvbffUHEqCa2TmMey5WNFORO0rpnmtJVIiiOf06Y/vJn4zQcqFYvFvR4l1ItwX7CQEayN1LMPgw7lHHUr6AoF0rQzFKTdSs8uOWVnCrRI3JyUIEetZ391gpikERWacKxU23US7WVYakY4HRc7qaIJJkPcp21DBY6o8rLp/WN0YpQAhbE0JTSaqr83MhwpNYp8MxlhPVDz3kT8z2unOrz0MiaSVFNBZg+FKUc6RpMwUMAkJZqPDMFEMnMrIgMsMdEmsqIJwZ3/8iJpVMquU3bvzkvV6zyOAhzBMZyCCxdQhVuoQR0IPMIzvMKb9WS9WO/Wx2x0ycp3DuAPrM8fqBaT6w==</latexit><latexit sha1_base64="jxGxiUHOzLCA13mpdcGjgeTPbb8=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEQShJEXQjFN24rGAf0KZlMpm0QyeTMDMRSuzCX3HjQhG3/oY7/8Zpm4W2Hrjcwzn3MneOn3CmtON8W0vLK6tr64WN4ubW9s6uvbffUHEqCa2TmMey5WNFORO0rpnmtJVIiiOf06Y/vJn4zQcqFYvFvR4l1ItwX7CQEayN1LMPgw7lHHUr6AoF0rQzFKTdSs8uOWVnCrRI3JyUIEetZ391gpikERWacKxU23US7WVYakY4HRc7qaIJJkPcp21DBY6o8rLp/WN0YpQAhbE0JTSaqr83MhwpNYp8MxlhPVDz3kT8z2unOrz0MiaSVFNBZg+FKUc6RpMwUMAkJZqPDMFEMnMrIgMsMdEmsqIJwZ3/8iJpVMquU3bvzkvV6zyOAhzBMZyCCxdQhVuoQR0IPMIzvMKb9WS9WO/Wx2x0ycp3DuAPrM8fqBaT6w==</latexit>

2-Esfera: superfície com 
curvatura positiva.

“métrica”
✓ =

r

R
<latexit sha1_base64="XPmYsra/wPpDddgTHudC2PenaCQ=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjgm6EohuXVewDOqVk0kwbmkmG5I5Qh+KvuHGhiFv/w51/Y9rOQlsPBA7nnMu9OWEiuAHP+3YKS8srq2vF9dLG5tb2jru71zAq1ZTVqRJKt0JimOCS1YGDYK1EMxKHgjXD4fXEbz4wbbiS9zBKWCcmfckjTglYqeseBDBgQPAlzjQOlI3iu3HXLXsVbwq8SPyclFGOWtf9CnqKpjGTQAUxpu17CXQyooFTwcalIDUsIXRI+qxtqSQxM51sev0YH1ulhyOl7ZOAp+rviYzExozi0CZjAgMz703E/7x2CtFFJ+MySYFJOlsUpQKDwpMqcI9rRkGMLCFUc3srpgOiCQVbWMmW4M9/eZE0Tiu+V/Fvz8rVq7yOIjpER+gE+egcVdENqqE6ougRPaNX9OY8OS/Ou/MxixacfGYf/YHz+QNLK5R2</latexit><latexit sha1_base64="XPmYsra/wPpDddgTHudC2PenaCQ=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjgm6EohuXVewDOqVk0kwbmkmG5I5Qh+KvuHGhiFv/w51/Y9rOQlsPBA7nnMu9OWEiuAHP+3YKS8srq2vF9dLG5tb2jru71zAq1ZTVqRJKt0JimOCS1YGDYK1EMxKHgjXD4fXEbz4wbbiS9zBKWCcmfckjTglYqeseBDBgQPAlzjQOlI3iu3HXLXsVbwq8SPyclFGOWtf9CnqKpjGTQAUxpu17CXQyooFTwcalIDUsIXRI+qxtqSQxM51sev0YH1ulhyOl7ZOAp+rviYzExozi0CZjAgMz703E/7x2CtFFJ+MySYFJOlsUpQKDwpMqcI9rRkGMLCFUc3srpgOiCQVbWMmW4M9/eZE0Tiu+V/Fvz8rVq7yOIjpER+gE+egcVdENqqE6ougRPaNX9OY8OS/Ou/MxixacfGYf/YHz+QNLK5R2</latexit><latexit sha1_base64="XPmYsra/wPpDddgTHudC2PenaCQ=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjgm6EohuXVewDOqVk0kwbmkmG5I5Qh+KvuHGhiFv/w51/Y9rOQlsPBA7nnMu9OWEiuAHP+3YKS8srq2vF9dLG5tb2jru71zAq1ZTVqRJKt0JimOCS1YGDYK1EMxKHgjXD4fXEbz4wbbiS9zBKWCcmfckjTglYqeseBDBgQPAlzjQOlI3iu3HXLXsVbwq8SPyclFGOWtf9CnqKpjGTQAUxpu17CXQyooFTwcalIDUsIXRI+qxtqSQxM51sev0YH1ulhyOl7ZOAp+rviYzExozi0CZjAgMz703E/7x2CtFFJ+MySYFJOlsUpQKDwpMqcI9rRkGMLCFUc3srpgOiCQVbWMmW4M9/eZE0Tiu+V/Fvz8rVq7yOIjpER+gE+egcVdENqqE6ougRPaNX9OY8OS/Ou/MxixacfGYf/YHz+QNLK5R2</latexit><latexit sha1_base64="XPmYsra/wPpDddgTHudC2PenaCQ=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyyCqzIjgm6EohuXVewDOqVk0kwbmkmG5I5Qh+KvuHGhiFv/w51/Y9rOQlsPBA7nnMu9OWEiuAHP+3YKS8srq2vF9dLG5tb2jru71zAq1ZTVqRJKt0JimOCS1YGDYK1EMxKHgjXD4fXEbz4wbbiS9zBKWCcmfckjTglYqeseBDBgQPAlzjQOlI3iu3HXLXsVbwq8SPyclFGOWtf9CnqKpjGTQAUxpu17CXQyooFTwcalIDUsIXRI+qxtqSQxM51sev0YH1ulhyOl7ZOAp+rviYzExozi0CZjAgMz703E/7x2CtFFJ+MySYFJOlsUpQKDwpMqcI9rRkGMLCFUc3srpgOiCQVbWMmW4M9/eZE0Tiu+V/Fvz8rVq7yOIjpER+gE+egcVdENqqE6ougRPaNX9OY8OS/Ou/MxixacfGYf/YHz+QNLK5R2</latexit>

du = xd� = R sin(r/R)d�
<latexit sha1_base64="dgQxP8U9laiLdVfumFKB2KOXEVc=">AAACDXicbZC7SgNBFIbPxluMt1VLm8EoxCbuiqCNELSxjMFcILuE2dlJMmR2dpmZFcOSF7DxVWwsFLG1t/NtnFwKjf4w8PGfczhz/iDhTGnH+bJyC4tLyyv51cLa+sbmlr2901BxKgmtk5jHshVgRTkTtK6Z5rSVSIqjgNNmMLga15t3VCoWi1s9TKgf4Z5gXUawNlbHPghTdIHuUeglfYYM1pCnmEClTB7XRkdTv2MXnbIzEfoL7gyKMFO1Y396YUzSiApNOFaq7TqJ9jMsNSOcjgpeqmiCyQD3aNugwBFVfja5ZoQOjROibizNExpN3J8TGY6UGkaB6Yyw7qv52tj8r9ZOdffcz5hIUk0FmS7qphzpGI2jQSGTlGg+NICJZOaviPSxxESbAAsmBHf+5L/QOCm7Ttm9OS1WLmdx5GEP9qEELpxBBa6hCnUg8ABP8AKv1qP1bL1Z79PWnDWb2YVfsj6+AVWhmTQ=</latexit><latexit sha1_base64="dgQxP8U9laiLdVfumFKB2KOXEVc=">AAACDXicbZC7SgNBFIbPxluMt1VLm8EoxCbuiqCNELSxjMFcILuE2dlJMmR2dpmZFcOSF7DxVWwsFLG1t/NtnFwKjf4w8PGfczhz/iDhTGnH+bJyC4tLyyv51cLa+sbmlr2901BxKgmtk5jHshVgRTkTtK6Z5rSVSIqjgNNmMLga15t3VCoWi1s9TKgf4Z5gXUawNlbHPghTdIHuUeglfYYM1pCnmEClTB7XRkdTv2MXnbIzEfoL7gyKMFO1Y396YUzSiApNOFaq7TqJ9jMsNSOcjgpeqmiCyQD3aNugwBFVfja5ZoQOjROibizNExpN3J8TGY6UGkaB6Yyw7qv52tj8r9ZOdffcz5hIUk0FmS7qphzpGI2jQSGTlGg+NICJZOaviPSxxESbAAsmBHf+5L/QOCm7Ttm9OS1WLmdx5GEP9qEELpxBBa6hCnUg8ABP8AKv1qP1bL1Z79PWnDWb2YVfsj6+AVWhmTQ=</latexit><latexit sha1_base64="dgQxP8U9laiLdVfumFKB2KOXEVc=">AAACDXicbZC7SgNBFIbPxluMt1VLm8EoxCbuiqCNELSxjMFcILuE2dlJMmR2dpmZFcOSF7DxVWwsFLG1t/NtnFwKjf4w8PGfczhz/iDhTGnH+bJyC4tLyyv51cLa+sbmlr2901BxKgmtk5jHshVgRTkTtK6Z5rSVSIqjgNNmMLga15t3VCoWi1s9TKgf4Z5gXUawNlbHPghTdIHuUeglfYYM1pCnmEClTB7XRkdTv2MXnbIzEfoL7gyKMFO1Y396YUzSiApNOFaq7TqJ9jMsNSOcjgpeqmiCyQD3aNugwBFVfja5ZoQOjROibizNExpN3J8TGY6UGkaB6Yyw7qv52tj8r9ZOdffcz5hIUk0FmS7qphzpGI2jQSGTlGg+NICJZOaviPSxxESbAAsmBHf+5L/QOCm7Ttm9OS1WLmdx5GEP9qEELpxBBa6hCnUg8ABP8AKv1qP1bL1Z79PWnDWb2YVfsj6+AVWhmTQ=</latexit><latexit sha1_base64="dgQxP8U9laiLdVfumFKB2KOXEVc=">AAACDXicbZC7SgNBFIbPxluMt1VLm8EoxCbuiqCNELSxjMFcILuE2dlJMmR2dpmZFcOSF7DxVWwsFLG1t/NtnFwKjf4w8PGfczhz/iDhTGnH+bJyC4tLyyv51cLa+sbmlr2901BxKgmtk5jHshVgRTkTtK6Z5rSVSIqjgNNmMLga15t3VCoWi1s9TKgf4Z5gXUawNlbHPghTdIHuUeglfYYM1pCnmEClTB7XRkdTv2MXnbIzEfoL7gyKMFO1Y396YUzSiApNOFaq7TqJ9jMsNSOcjgpeqmiCyQD3aNugwBFVfja5ZoQOjROibizNExpN3J8TGY6UGkaB6Yyw7qv52tj8r9ZOdffcz5hIUk0FmS7qphzpGI2jQSGTlGg+NICJZOaviPSxxESbAAsmBHf+5L/QOCm7Ttm9OS1WLmdx5GEP9qEELpxBBa6hCnUg8ABP8AKv1qP1bL1Z79PWnDWb2YVfsj6+AVWhmTQ=</latexit>

x = R sin(r/R)
<latexit sha1_base64="BXc5p0qXRW68pvLIN7SrVEKiwKQ=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSxCvdREBL0IRS8ea7Ef0Iay2W7bpZtN2N1IS8hf8eJBEa/+EW/+G7dtDtr6YODx3gwz8/yIM6Ud59vKra1vbG7ltws7u3v7B/ZhsanCWBLaICEPZdvHinImaEMzzWk7khQHPqctf3w381tPVCoWikc9jagX4KFgA0awNlLPLk7QDaqjrmIClRN5Xk/PenbJqThzoFXiZqQEGWo9+6vbD0kcUKEJx0p1XCfSXoKlZoTTtNCNFY0wGeMh7RgqcECVl8xvT9GpUfpoEEpTQqO5+nsiwYFS08A3nQHWI7XszcT/vE6sB9dewkQUayrIYtEg5kiHaBYE6jNJieZTQzCRzNyKyAhLTLSJq2BCcJdfXiXNi4rrVNyHy1L1NosjD8dwAmVw4QqqcA81aACBCTzDK7xZqfVivVsfi9aclc0cwR9Ynz98nZLI</latexit><latexit sha1_base64="BXc5p0qXRW68pvLIN7SrVEKiwKQ=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSxCvdREBL0IRS8ea7Ef0Iay2W7bpZtN2N1IS8hf8eJBEa/+EW/+G7dtDtr6YODx3gwz8/yIM6Ud59vKra1vbG7ltws7u3v7B/ZhsanCWBLaICEPZdvHinImaEMzzWk7khQHPqctf3w381tPVCoWikc9jagX4KFgA0awNlLPLk7QDaqjrmIClRN5Xk/PenbJqThzoFXiZqQEGWo9+6vbD0kcUKEJx0p1XCfSXoKlZoTTtNCNFY0wGeMh7RgqcECVl8xvT9GpUfpoEEpTQqO5+nsiwYFS08A3nQHWI7XszcT/vE6sB9dewkQUayrIYtEg5kiHaBYE6jNJieZTQzCRzNyKyAhLTLSJq2BCcJdfXiXNi4rrVNyHy1L1NosjD8dwAmVw4QqqcA81aACBCTzDK7xZqfVivVsfi9aclc0cwR9Ynz98nZLI</latexit><latexit sha1_base64="BXc5p0qXRW68pvLIN7SrVEKiwKQ=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSxCvdREBL0IRS8ea7Ef0Iay2W7bpZtN2N1IS8hf8eJBEa/+EW/+G7dtDtr6YODx3gwz8/yIM6Ud59vKra1vbG7ltws7u3v7B/ZhsanCWBLaICEPZdvHinImaEMzzWk7khQHPqctf3w381tPVCoWikc9jagX4KFgA0awNlLPLk7QDaqjrmIClRN5Xk/PenbJqThzoFXiZqQEGWo9+6vbD0kcUKEJx0p1XCfSXoKlZoTTtNCNFY0wGeMh7RgqcECVl8xvT9GpUfpoEEpTQqO5+nsiwYFS08A3nQHWI7XszcT/vE6sB9dewkQUayrIYtEg5kiHaBYE6jNJieZTQzCRzNyKyAhLTLSJq2BCcJdfXiXNi4rrVNyHy1L1NosjD8dwAmVw4QqqcA81aACBCTzDK7xZqfVivVsfi9aclc0cwR9Ynz98nZLI</latexit><latexit sha1_base64="BXc5p0qXRW68pvLIN7SrVEKiwKQ=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSxCvdREBL0IRS8ea7Ef0Iay2W7bpZtN2N1IS8hf8eJBEa/+EW/+G7dtDtr6YODx3gwz8/yIM6Ud59vKra1vbG7ltws7u3v7B/ZhsanCWBLaICEPZdvHinImaEMzzWk7khQHPqctf3w381tPVCoWikc9jagX4KFgA0awNlLPLk7QDaqjrmIClRN5Xk/PenbJqThzoFXiZqQEGWo9+6vbD0kcUKEJx0p1XCfSXoKlZoTTtNCNFY0wGeMh7RgqcECVl8xvT9GpUfpoEEpTQqO5+nsiwYFS08A3nQHWI7XszcT/vE6sB9dewkQUayrIYtEg5kiHaBYE6jNJieZTQzCRzNyKyAhLTLSJq2BCcJdfXiXNi4rrVNyHy1L1NosjD8dwAmVw4QqqcA81aACBCTzDK7xZqfVivVsfi9aclc0cwR9Ynz98nZLI</latexit>

R
<latexit sha1_base64="NfFBQKCbADihv37V0PCkDJe5Zns=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBrKGM1g==</latexit><latexit sha1_base64="NfFBQKCbADihv37V0PCkDJe5Zns=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBrKGM1g==</latexit><latexit sha1_base64="NfFBQKCbADihv37V0PCkDJe5Zns=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBrKGM1g==</latexit><latexit sha1_base64="NfFBQKCbADihv37V0PCkDJe5Zns=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBrKGM1g==</latexit>

r
<latexit sha1_base64="P507oPuRhKq0fchXf5sh3zZa6nQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LRTBP0IzqSPOSMGis9qMqgWnPr7hxklXgFqUGB5qD61R/GLI1QGiao1j3PTYyfUWU4Ezir9FONCWUTOsKepZJGqP1sfumMnFllSMJY2ZKGzNXfExmNtJ5Gge2MqBnrZS8X//N6qQmv/YzLJDUo2WJRmApiYpK/TYZcITNiagllittbCRtTRZmx4eQheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAGDEJ7hFd6cifPivDsfi9aSU8wcwx84nz8Rro0K</latexit><latexit sha1_base64="P507oPuRhKq0fchXf5sh3zZa6nQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LRTBP0IzqSPOSMGis9qMqgWnPr7hxklXgFqUGB5qD61R/GLI1QGiao1j3PTYyfUWU4Ezir9FONCWUTOsKepZJGqP1sfumMnFllSMJY2ZKGzNXfExmNtJ5Gge2MqBnrZS8X//N6qQmv/YzLJDUo2WJRmApiYpK/TYZcITNiagllittbCRtTRZmx4eQheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAGDEJ7hFd6cifPivDsfi9aSU8wcwx84nz8Rro0K</latexit><latexit sha1_base64="P507oPuRhKq0fchXf5sh3zZa6nQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LRTBP0IzqSPOSMGis9qMqgWnPr7hxklXgFqUGB5qD61R/GLI1QGiao1j3PTYyfUWU4Ezir9FONCWUTOsKepZJGqP1sfumMnFllSMJY2ZKGzNXfExmNtJ5Gge2MqBnrZS8X//N6qQmv/YzLJDUo2WJRmApiYpK/TYZcITNiagllittbCRtTRZmx4eQheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAGDEJ7hFd6cifPivDsfi9aSU8wcwx84nz8Rro0K</latexit><latexit sha1_base64="P507oPuRhKq0fchXf5sh3zZa6nQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LRTBP0IzqSPOSMGis9qMqgWnPr7hxklXgFqUGB5qD61R/GLI1QGiao1j3PTYyfUWU4Ezir9FONCWUTOsKepZJGqP1sfumMnFllSMJY2ZKGzNXfExmNtJ5Gge2MqBnrZS8X//N6qQmv/YzLJDUo2WJRmApiYpK/TYZcITNiagllittbCRtTRZmx4eQheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAGDEJ7hFd6cifPivDsfi9aSU8wcwx84nz8Rro0K</latexit>

dr
<latexit sha1_base64="uCKHNcPzUslDIcARMPD57DypQZA=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GPRi8cKthbaUDabbbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMvTKSw6HnfTmVtfWNzq7rt7uzu7R/UDo86Nk4N420Wy9h0Q2q5FJq3UaDk3cRwqkLJH8PJbeE/PnFjRawfcJrwQNGRFkPBKBZSZFx3UKt7DW8Oskr8ktShRGtQ++pHMUsV18gktbbnewkGGTUomOQzt59anlA2oSPey6mmitsgm986I2e5EpFhbPLSSObq74mMKmunKsw7FcWxXfYK8T+vl+LwOsiETlLkmi0WDVNJMCbF4yQShjOU05xQZkR+K2FjaijDPJ4iBH/55VXSuWj4XsO/v6w3b8o4qnACp3AOPlxBE+6gBW1gMIZneIU3RzkvzrvzsWitOOXMMfyB8/kDA+uNjA==</latexit><latexit sha1_base64="uCKHNcPzUslDIcARMPD57DypQZA=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GPRi8cKthbaUDabbbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMvTKSw6HnfTmVtfWNzq7rt7uzu7R/UDo86Nk4N420Wy9h0Q2q5FJq3UaDk3cRwqkLJH8PJbeE/PnFjRawfcJrwQNGRFkPBKBZSZFx3UKt7DW8Oskr8ktShRGtQ++pHMUsV18gktbbnewkGGTUomOQzt59anlA2oSPey6mmitsgm986I2e5EpFhbPLSSObq74mMKmunKsw7FcWxXfYK8T+vl+LwOsiETlLkmi0WDVNJMCbF4yQShjOU05xQZkR+K2FjaijDPJ4iBH/55VXSuWj4XsO/v6w3b8o4qnACp3AOPlxBE+6gBW1gMIZneIU3RzkvzrvzsWitOOXMMfyB8/kDA+uNjA==</latexit><latexit sha1_base64="uCKHNcPzUslDIcARMPD57DypQZA=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GPRi8cKthbaUDabbbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMvTKSw6HnfTmVtfWNzq7rt7uzu7R/UDo86Nk4N420Wy9h0Q2q5FJq3UaDk3cRwqkLJH8PJbeE/PnFjRawfcJrwQNGRFkPBKBZSZFx3UKt7DW8Oskr8ktShRGtQ++pHMUsV18gktbbnewkGGTUomOQzt59anlA2oSPey6mmitsgm986I2e5EpFhbPLSSObq74mMKmunKsw7FcWxXfYK8T+vl+LwOsiETlLkmi0WDVNJMCbF4yQShjOU05xQZkR+K2FjaijDPJ4iBH/55VXSuWj4XsO/v6w3b8o4qnACp3AOPlxBE+6gBW1gMIZneIU3RzkvzrvzsWitOOXMMfyB8/kDA+uNjA==</latexit><latexit sha1_base64="uCKHNcPzUslDIcARMPD57DypQZA=">AAAB63icbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GPRi8cKthbaUDabbbt0dxN2J0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMvTKSw6HnfTmVtfWNzq7rt7uzu7R/UDo86Nk4N420Wy9h0Q2q5FJq3UaDk3cRwqkLJH8PJbeE/PnFjRawfcJrwQNGRFkPBKBZSZFx3UKt7DW8Oskr8ktShRGtQ++pHMUsV18gktbbnewkGGTUomOQzt59anlA2oSPey6mmitsgm986I2e5EpFhbPLSSObq74mMKmunKsw7FcWxXfYK8T+vl+LwOsiETlLkmi0WDVNJMCbF4yQShjOU05xQZkR+K2FjaijDPJ4iBH/55VXSuWj4XsO/v6w3b8o4qnACp3AOPlxBE+6gBW1gMIZneIU3RzkvzrvzsWitOOXMMfyB8/kDA+uNjA==</latexit>

d`
<latexit sha1_base64="s15TTFlV2mT0X27Kwznc/QRCJWk=">AAAB7nicbVBNS8NAEJ34WeNX1aOXxSJ4KokIeix68VjBfkAbymYzbZduNmF3I5TQH+HFgyJe/T3e/Ddu2hy09cHA470ZZuaFqeDaeN63s7a+sbm1Xdlxd/f2Dw6rR8dtnWSKYYslIlHdkGoUXGLLcCOwmyqkcSiwE07uCr/zhErzRD6aaYpBTEeSDzmjxkqdqI9CuO6gWvPq3hxklfglqUGJ5qD61Y8SlsUoDRNU657vpSbIqTKcCZy5/UxjStmEjrBnqaQx6iCfnzsj51aJyDBRtqQhc/X3RE5jradxaDtjasZ62SvE/7xeZoY3Qc5lmhmUbLFomAliElL8TiKukBkxtYQyxe2thI2poszYhIoQ/OWXV0n7su57df/hqta4LeOowCmcwQX4cA0NuIcmtIDBBJ7hFd6c1Hlx3p2PReuaU86cwB84nz83rY7R</latexit><latexit sha1_base64="s15TTFlV2mT0X27Kwznc/QRCJWk=">AAAB7nicbVBNS8NAEJ34WeNX1aOXxSJ4KokIeix68VjBfkAbymYzbZduNmF3I5TQH+HFgyJe/T3e/Ddu2hy09cHA470ZZuaFqeDaeN63s7a+sbm1Xdlxd/f2Dw6rR8dtnWSKYYslIlHdkGoUXGLLcCOwmyqkcSiwE07uCr/zhErzRD6aaYpBTEeSDzmjxkqdqI9CuO6gWvPq3hxklfglqUGJ5qD61Y8SlsUoDRNU657vpSbIqTKcCZy5/UxjStmEjrBnqaQx6iCfnzsj51aJyDBRtqQhc/X3RE5jradxaDtjasZ62SvE/7xeZoY3Qc5lmhmUbLFomAliElL8TiKukBkxtYQyxe2thI2poszYhIoQ/OWXV0n7su57df/hqta4LeOowCmcwQX4cA0NuIcmtIDBBJ7hFd6c1Hlx3p2PReuaU86cwB84nz83rY7R</latexit><latexit sha1_base64="s15TTFlV2mT0X27Kwznc/QRCJWk=">AAAB7nicbVBNS8NAEJ34WeNX1aOXxSJ4KokIeix68VjBfkAbymYzbZduNmF3I5TQH+HFgyJe/T3e/Ddu2hy09cHA470ZZuaFqeDaeN63s7a+sbm1Xdlxd/f2Dw6rR8dtnWSKYYslIlHdkGoUXGLLcCOwmyqkcSiwE07uCr/zhErzRD6aaYpBTEeSDzmjxkqdqI9CuO6gWvPq3hxklfglqUGJ5qD61Y8SlsUoDRNU657vpSbIqTKcCZy5/UxjStmEjrBnqaQx6iCfnzsj51aJyDBRtqQhc/X3RE5jradxaDtjasZ62SvE/7xeZoY3Qc5lmhmUbLFomAliElL8TiKukBkxtYQyxe2thI2poszYhIoQ/OWXV0n7su57df/hqta4LeOowCmcwQX4cA0NuIcmtIDBBJ7hFd6c1Hlx3p2PReuaU86cwB84nz83rY7R</latexit><latexit sha1_base64="s15TTFlV2mT0X27Kwznc/QRCJWk=">AAAB7nicbVBNS8NAEJ34WeNX1aOXxSJ4KokIeix68VjBfkAbymYzbZduNmF3I5TQH+HFgyJe/T3e/Ddu2hy09cHA470ZZuaFqeDaeN63s7a+sbm1Xdlxd/f2Dw6rR8dtnWSKYYslIlHdkGoUXGLLcCOwmyqkcSiwE07uCr/zhErzRD6aaYpBTEeSDzmjxkqdqI9CuO6gWvPq3hxklfglqUGJ5qD61Y8SlsUoDRNU657vpSbIqTKcCZy5/UxjStmEjrBnqaQx6iCfnzsj51aJyDBRtqQhc/X3RE5jradxaDtjasZ62SvE/7xeZoY3Qc5lmhmUbLFomAliElL8TiKukBkxtYQyxe2thI2poszYhIoQ/OWXV0n7su57df/hqta4LeOowCmcwQX4cA0NuIcmtIDBBJ7hFd6c1Hlx3p2PReuaU86cwB84nz83rY7R</latexit>

R
<latexit sha1_base64="NfFBQKCbADihv37V0PCkDJe5Zns=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBrKGM1g==</latexit><latexit sha1_base64="NfFBQKCbADihv37V0PCkDJe5Zns=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBrKGM1g==</latexit><latexit sha1_base64="NfFBQKCbADihv37V0PCkDJe5Zns=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBrKGM1g==</latexit><latexit sha1_base64="NfFBQKCbADihv37V0PCkDJe5Zns=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8dW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBrKGM1g==</latexit>

du
<latexit sha1_base64="Gjv7Wf9+ywAE55keh8HFDLIIk64=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDabSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SjmaTox3QoecQZNVZ6CLNBtebW3TnIKvEKUoMCzUH1qx8mLItRGiao1j3PTY2fU2U4Ezit9DONKWVjOsSepZLGqP18fumUnFklJFGibElD5urviZzGWk/iwHbG1Iz0sjcT//N6mYmu/ZzLNDMo2WJRlAliEjJ7m4RcITNiYgllittbCRtRRZmx4VRsCN7yy6ukfVH33Lp3f1lr3BRxlOEETuEcPLiCBtxBE1rAIIJneIU3Z+y8OO/Ox6K15BQzx/AHzucPnpSNZw==</latexit><latexit sha1_base64="Gjv7Wf9+ywAE55keh8HFDLIIk64=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDabSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SjmaTox3QoecQZNVZ6CLNBtebW3TnIKvEKUoMCzUH1qx8mLItRGiao1j3PTY2fU2U4Ezit9DONKWVjOsSepZLGqP18fumUnFklJFGibElD5urviZzGWk/iwHbG1Iz0sjcT//N6mYmu/ZzLNDMo2WJRlAliEjJ7m4RcITNiYgllittbCRtRRZmx4VRsCN7yy6ukfVH33Lp3f1lr3BRxlOEETuEcPLiCBtxBE1rAIIJneIU3Z+y8OO/Ox6K15BQzx/AHzucPnpSNZw==</latexit><latexit sha1_base64="Gjv7Wf9+ywAE55keh8HFDLIIk64=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDabSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SjmaTox3QoecQZNVZ6CLNBtebW3TnIKvEKUoMCzUH1qx8mLItRGiao1j3PTY2fU2U4Ezit9DONKWVjOsSepZLGqP18fumUnFklJFGibElD5urviZzGWk/iwHbG1Iz0sjcT//N6mYmu/ZzLNDMo2WJRlAliEjJ7m4RcITNiYgllittbCRtRRZmx4VRsCN7yy6ukfVH33Lp3f1lr3BRxlOEETuEcPLiCBtxBE1rAIIJneIU3Z+y8OO/Ox6K15BQzx/AHzucPnpSNZw==</latexit><latexit sha1_base64="Gjv7Wf9+ywAE55keh8HFDLIIk64=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDabSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SjmaTox3QoecQZNVZ6CLNBtebW3TnIKvEKUoMCzUH1qx8mLItRGiao1j3PTY2fU2U4Ezit9DONKWVjOsSepZLGqP18fumUnFklJFGibElD5urviZzGWk/iwHbG1Iz0sjcT//N6mYmu/ZzLNDMo2WJRlAliEjJ7m4RcITNiYgllittbCRtRRZmx4VRsCN7yy6ukfVH33Lp3f1lr3BRxlOEETuEcPLiCBtxBE1rAIIJneIU3Z+y8OO/Ox6K15BQzx/AHzucPnpSNZw==</latexit>

r
<latexit sha1_base64="P507oPuRhKq0fchXf5sh3zZa6nQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LRTBP0IzqSPOSMGis9qMqgWnPr7hxklXgFqUGB5qD61R/GLI1QGiao1j3PTYyfUWU4Ezir9FONCWUTOsKepZJGqP1sfumMnFllSMJY2ZKGzNXfExmNtJ5Gge2MqBnrZS8X//N6qQmv/YzLJDUo2WJRmApiYpK/TYZcITNiagllittbCRtTRZmx4eQheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAGDEJ7hFd6cifPivDsfi9aSU8wcwx84nz8Rro0K</latexit><latexit sha1_base64="P507oPuRhKq0fchXf5sh3zZa6nQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LRTBP0IzqSPOSMGis9qMqgWnPr7hxklXgFqUGB5qD61R/GLI1QGiao1j3PTYyfUWU4Ezir9FONCWUTOsKepZJGqP1sfumMnFllSMJY2ZKGzNXfExmNtJ5Gge2MqBnrZS8X//N6qQmv/YzLJDUo2WJRmApiYpK/TYZcITNiagllittbCRtTRZmx4eQheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAGDEJ7hFd6cifPivDsfi9aSU8wcwx84nz8Rro0K</latexit><latexit sha1_base64="P507oPuRhKq0fchXf5sh3zZa6nQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LRTBP0IzqSPOSMGis9qMqgWnPr7hxklXgFqUGB5qD61R/GLI1QGiao1j3PTYyfUWU4Ezir9FONCWUTOsKepZJGqP1sfumMnFllSMJY2ZKGzNXfExmNtJ5Gge2MqBnrZS8X//N6qQmv/YzLJDUo2WJRmApiYpK/TYZcITNiagllittbCRtTRZmx4eQheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAGDEJ7hFd6cifPivDsfi9aSU8wcwx84nz8Rro0K</latexit><latexit sha1_base64="P507oPuRhKq0fchXf5sh3zZa6nQ=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDbbSbt0swm7G6GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSATXxnW/ndLa+sbmVnm7srO7t39QPTxq6zhVDFssFrHqBlSj4BJbhhuB3UQhjQKBnWBym/udJ1Sax/LRTBP0IzqSPOSMGis9qMqgWnPr7hxklXgFqUGB5qD61R/GLI1QGiao1j3PTYyfUWU4Ezir9FONCWUTOsKepZJGqP1sfumMnFllSMJY2ZKGzNXfExmNtJ5Gge2MqBnrZS8X//N6qQmv/YzLJDUo2WJRmApiYpK/TYZcITNiagllittbCRtTRZmx4eQheMsvr5L2Rd1z6979Za1xU8RRhhM4hXPw4AoacAdNaAGDEJ7hFd6cifPivDsfi9aSU8wcwx84nz8Rro0K</latexit>

N

S

d�
<latexit sha1_base64="6y5l+pmwcBjvw9/MhTcg+5XKgR0=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDJkdnaY6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KtBQWff/bW1vf2NzaLu2Ud/f2Dw4rR8ctm2aG8SZLZWo6EbVcCsWbKFDyjjacJpHk7Wh8N/PbT9xYkapHnGgeJnSoRCwYRSe1yaCnR4L0K1W/5s9BVklQkCoUaPQrX71ByrKEK2SSWtsNfI1hTg0KJvm03Mss15SN6ZB3HVU04TbM5+dOyblTBiROjSuFZK7+nshpYu0kiVxnQnFkl72Z+J/XzTC+CXOhdIZcscWiOJMEUzL7nQyE4QzlxBHKjHC3EjaihjJ0CZVdCMHyy6ukdVkL/FrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvnvZevHfvY9G65hUzJ/AH3ucPfzyPAQ==</latexit><latexit sha1_base64="6y5l+pmwcBjvw9/MhTcg+5XKgR0=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDJkdnaY6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KtBQWff/bW1vf2NzaLu2Ud/f2Dw4rR8ctm2aG8SZLZWo6EbVcCsWbKFDyjjacJpHk7Wh8N/PbT9xYkapHnGgeJnSoRCwYRSe1yaCnR4L0K1W/5s9BVklQkCoUaPQrX71ByrKEK2SSWtsNfI1hTg0KJvm03Mss15SN6ZB3HVU04TbM5+dOyblTBiROjSuFZK7+nshpYu0kiVxnQnFkl72Z+J/XzTC+CXOhdIZcscWiOJMEUzL7nQyE4QzlxBHKjHC3EjaihjJ0CZVdCMHyy6ukdVkL/FrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvnvZevHfvY9G65hUzJ/AH3ucPfzyPAQ==</latexit><latexit sha1_base64="6y5l+pmwcBjvw9/MhTcg+5XKgR0=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDJkdnaY6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KtBQWff/bW1vf2NzaLu2Ud/f2Dw4rR8ctm2aG8SZLZWo6EbVcCsWbKFDyjjacJpHk7Wh8N/PbT9xYkapHnGgeJnSoRCwYRSe1yaCnR4L0K1W/5s9BVklQkCoUaPQrX71ByrKEK2SSWtsNfI1hTg0KJvm03Mss15SN6ZB3HVU04TbM5+dOyblTBiROjSuFZK7+nshpYu0kiVxnQnFkl72Z+J/XzTC+CXOhdIZcscWiOJMEUzL7nQyE4QzlxBHKjHC3EjaihjJ0CZVdCMHyy6ukdVkL/FrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvnvZevHfvY9G65hUzJ/AH3ucPfzyPAQ==</latexit><latexit sha1_base64="6y5l+pmwcBjvw9/MhTcg+5XKgR0=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bj04jGCeUCyhNnJbDJkdnaY6RXCko/w4kERr36PN//GSbIHTSxoKKq66e6KtBQWff/bW1vf2NzaLu2Ud/f2Dw4rR8ctm2aG8SZLZWo6EbVcCsWbKFDyjjacJpHk7Wh8N/PbT9xYkapHnGgeJnSoRCwYRSe1yaCnR4L0K1W/5s9BVklQkCoUaPQrX71ByrKEK2SSWtsNfI1hTg0KJvm03Mss15SN6ZB3HVU04TbM5+dOyblTBiROjSuFZK7+nshpYu0kiVxnQnFkl72Z+J/XzTC+CXOhdIZcscWiOJMEUzL7nQyE4QzlxBHKjHC3EjaihjJ0CZVdCMHyy6ukdVkL/FrwcFWt3xZxlOAUzuACAriGOtxDA5rAYAzP8ApvnvZevHfvY9G65hUzJ/AH3ucPfzyPAQ==</latexit>

✓
<latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit><latexit sha1_base64="JqEnYvV6PtsKBJYmBVwEpjIMANw=">AAAB7XicbVDLSgNBEJyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOOsmY2ZllplcIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqSw6PvfXmFtfWNzq7hd2tnd2z8oHx41rU4NhwbXUpt2xCxIoaCBAiW0EwMsjiS0ovHtzG89gbFCqwecJBDGbKjEQHCGTmp2cQTIeuWKX/XnoKskyEmF5Kj3yl/dvuZpDAq5ZNZ2Aj/BMGMGBZcwLXVTCwnjYzaEjqOKxWDDbH7tlJ45pU8H2rhSSOfq74mMxdZO4sh1xgxHdtmbif95nRQH12EmVJIiKL5YNEglRU1nr9O+MMBRThxh3Ah3K+UjZhhHF1DJhRAsv7xKmhfVwK8G95eV2k0eR5GckFNyTgJyRWrkjtRJg3DySJ7JK3nztPfivXsfi9aCl88ckz/wPn8Ao/ePKA==</latexit>

x

<latexit sha1_base64="aU2pysM3BHfN5UL25fiuMETI3Uw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cqthbaUDbbTbt0swm7E7GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjG17n/8Mi1EbG6x0nC/YgOlQgFo2ilu6dKv1pz6+4MZJl4BalBgWa/+tUbxCyNuEImqTFdz03Qz6hGwSSfVnqp4QllYzrkXUsVjbjxs9mlU3JilQEJY21LIZmpvycyGhkziQLbGVEcmUUvF//zuimGl34mVJIiV2y+KEwlwZjkb5OB0JyhnFhCmRb2VsJGVFOGNpw8BG/x5WXSPqt7bt27Pa81roo4ynAEx3AKHlxAA26gCS1gEMIzvMKbM3ZenHfnY95acoqZQ/gD5/MHGsyNEA==</latexit><latexit sha1_base64="aU2pysM3BHfN5UL25fiuMETI3Uw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cqthbaUDbbTbt0swm7E7GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjG17n/8Mi1EbG6x0nC/YgOlQgFo2ilu6dKv1pz6+4MZJl4BalBgWa/+tUbxCyNuEImqTFdz03Qz6hGwSSfVnqp4QllYzrkXUsVjbjxs9mlU3JilQEJY21LIZmpvycyGhkziQLbGVEcmUUvF//zuimGl34mVJIiV2y+KEwlwZjkb5OB0JyhnFhCmRb2VsJGVFOGNpw8BG/x5WXSPqt7bt27Pa81roo4ynAEx3AKHlxAA26gCS1gEMIzvMKbM3ZenHfnY95acoqZQ/gD5/MHGsyNEA==</latexit><latexit sha1_base64="aU2pysM3BHfN5UL25fiuMETI3Uw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cqthbaUDbbTbt0swm7E7GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjG17n/8Mi1EbG6x0nC/YgOlQgFo2ilu6dKv1pz6+4MZJl4BalBgWa/+tUbxCyNuEImqTFdz03Qz6hGwSSfVnqp4QllYzrkXUsVjbjxs9mlU3JilQEJY21LIZmpvycyGhkziQLbGVEcmUUvF//zuimGl34mVJIiV2y+KEwlwZjkb5OB0JyhnFhCmRb2VsJGVFOGNpw8BG/x5WXSPqt7bt27Pa81roo4ynAEx3AKHlxAA26gCS1gEMIzvMKbM3ZenHfnY95acoqZQ/gD5/MHGsyNEA==</latexit><latexit sha1_base64="aU2pysM3BHfN5UL25fiuMETI3Uw=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cqthbaUDbbTbt0swm7E7GE/gMvHhTx6j/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrHuBNRwKRRvoUDJO4nmNAokfwjG17n/8Mi1EbG6x0nC/YgOlQgFo2ilu6dKv1pz6+4MZJl4BalBgWa/+tUbxCyNuEImqTFdz03Qz6hGwSSfVnqp4QllYzrkXUsVjbjxs9mlU3JilQEJY21LIZmpvycyGhkziQLbGVEcmUUvF//zuimGl34mVJIiV2y+KEwlwZjkb5OB0JyhnFhCmRb2VsJGVFOGNpw8BG/x5WXSPqt7bt27Pa81roo4ynAEx3AKHlxAA26gCS1gEMIzvMKbM3ZenHfnY95acoqZQ/gD5/MHGsyNEA==</latexit>

“distância geodésica”

O

d`2 = dr2 +R2 sin2(r/R)d�2
<latexit sha1_base64="3+WuwySNlGHJc4WxcfL+Ze5UNg8=">AAACFHicbVDLSgMxFM3UV62vUZdugkWoFOpMEXQjFN24rMU+oDMtmUymDc1khiQjlKEf4cZfceNCEbcu3Pk3pu0stPVAcg/n3EtyjxczKpVlfRu5ldW19Y38ZmFre2d3z9w/aMkoEZg0ccQi0fGQJIxy0lRUMdKJBUGhx0jbG91M/fYDEZJG/F6NY+KGaMBpQDFSWuqbZd8hjPWq8Ar6QpcybOjbkZTrUkrFWWNyCn0nHtJetW8WrYo1A1wmdkaKIEO9b345foSTkHCFGZKya1uxclMkFMWMTApOIkmM8AgNSFdTjkIi3XS21ASeaMWHQST04QrO1N8TKQqlHIee7gyRGspFbyr+53UTFVy6KeVxogjH84eChEEVwWlC0KeCYMXGmiAsqP4rxEMkEFY6x4IOwV5ceZm0qhXbqth358XadRZHHhyBY1ACNrgANXAL6qAJMHgEz+AVvBlPxovxbnzMW3NGNnMI/sD4/AG1xJt5</latexit><latexit sha1_base64="3+WuwySNlGHJc4WxcfL+Ze5UNg8=">AAACFHicbVDLSgMxFM3UV62vUZdugkWoFOpMEXQjFN24rMU+oDMtmUymDc1khiQjlKEf4cZfceNCEbcu3Pk3pu0stPVAcg/n3EtyjxczKpVlfRu5ldW19Y38ZmFre2d3z9w/aMkoEZg0ccQi0fGQJIxy0lRUMdKJBUGhx0jbG91M/fYDEZJG/F6NY+KGaMBpQDFSWuqbZd8hjPWq8Ar6QpcybOjbkZTrUkrFWWNyCn0nHtJetW8WrYo1A1wmdkaKIEO9b345foSTkHCFGZKya1uxclMkFMWMTApOIkmM8AgNSFdTjkIi3XS21ASeaMWHQST04QrO1N8TKQqlHIee7gyRGspFbyr+53UTFVy6KeVxogjH84eChEEVwWlC0KeCYMXGmiAsqP4rxEMkEFY6x4IOwV5ceZm0qhXbqth358XadRZHHhyBY1ACNrgANXAL6qAJMHgEz+AVvBlPxovxbnzMW3NGNnMI/sD4/AG1xJt5</latexit><latexit sha1_base64="3+WuwySNlGHJc4WxcfL+Ze5UNg8=">AAACFHicbVDLSgMxFM3UV62vUZdugkWoFOpMEXQjFN24rMU+oDMtmUymDc1khiQjlKEf4cZfceNCEbcu3Pk3pu0stPVAcg/n3EtyjxczKpVlfRu5ldW19Y38ZmFre2d3z9w/aMkoEZg0ccQi0fGQJIxy0lRUMdKJBUGhx0jbG91M/fYDEZJG/F6NY+KGaMBpQDFSWuqbZd8hjPWq8Ar6QpcybOjbkZTrUkrFWWNyCn0nHtJetW8WrYo1A1wmdkaKIEO9b345foSTkHCFGZKya1uxclMkFMWMTApOIkmM8AgNSFdTjkIi3XS21ASeaMWHQST04QrO1N8TKQqlHIee7gyRGspFbyr+53UTFVy6KeVxogjH84eChEEVwWlC0KeCYMXGmiAsqP4rxEMkEFY6x4IOwV5ceZm0qhXbqth358XadRZHHhyBY1ACNrgANXAL6qAJMHgEz+AVvBlPxovxbnzMW3NGNnMI/sD4/AG1xJt5</latexit><latexit sha1_base64="3+WuwySNlGHJc4WxcfL+Ze5UNg8=">AAACFHicbVDLSgMxFM3UV62vUZdugkWoFOpMEXQjFN24rMU+oDMtmUymDc1khiQjlKEf4cZfceNCEbcu3Pk3pu0stPVAcg/n3EtyjxczKpVlfRu5ldW19Y38ZmFre2d3z9w/aMkoEZg0ccQi0fGQJIxy0lRUMdKJBUGhx0jbG91M/fYDEZJG/F6NY+KGaMBpQDFSWuqbZd8hjPWq8Ar6QpcybOjbkZTrUkrFWWNyCn0nHtJetW8WrYo1A1wmdkaKIEO9b345foSTkHCFGZKya1uxclMkFMWMTApOIkmM8AgNSFdTjkIi3XS21ASeaMWHQST04QrO1N8TKQqlHIee7gyRGspFbyr+53UTFVy6KeVxogjH84eChEEVwWlC0KeCYMXGmiAsqP4rxEMkEFY6x4IOwV5ceZm0qhXbqth358XadRZHHhyBY1ACNrgANXAL6qAJMHgEz+AVvBlPxovxbnzMW3NGNnMI/sD4/AG1xJt5</latexit>



49

3.4 Conceitos de Métrica e Curvatura

#

d`2 = dr2 +R2 sin2(r/R)d✓2
<latexit sha1_base64="8yinvW3vu6pqdUHkTyvqL+rDs9s=">AAACFnicbVDLSgMxFM34rPVVdekmWARFrDNF0I1QdOOyFmuFTi2ZzK0NzWSG5I5Qhn6FG3/FjQtF3Io7/8b0sfB1ILmHc+4luSdIpDDoup/O1PTM7Nx8biG/uLS8slpYW78ycao51HksY30dMANSKKijQAnXiQYWBRIaQe9s6DfuQBsRq0vsJ9CK2K0SHcEZWqld2A99kPKmTE9oqG3ZozV7+0YoW3YyfVAb7NLQxy4guym3C0W35I5A/xJvQopkgmq78OGHMU8jUMglM6bpuQm2MqZRcAmDvJ8aSBjvsVtoWqpYBKaVjdYa0G2rhLQTa3sU0pH6fSJjkTH9KLCdEcOu+e0Nxf+8Zoqd41YmVJIiKD5+qJNKijEdZkRDoYGj7FvCuBb2r5R3mWYcbZJ5G4L3e+W/5Kpc8tySd3FYrJxO4siRTbJFdohHjkiFnJMqqRNO7skjeSYvzoPz5Lw6b+PWKWcys0F+wHn/Al6snGI=</latexit><latexit sha1_base64="8yinvW3vu6pqdUHkTyvqL+rDs9s=">AAACFnicbVDLSgMxFM34rPVVdekmWARFrDNF0I1QdOOyFmuFTi2ZzK0NzWSG5I5Qhn6FG3/FjQtF3Io7/8b0sfB1ILmHc+4luSdIpDDoup/O1PTM7Nx8biG/uLS8slpYW78ycao51HksY30dMANSKKijQAnXiQYWBRIaQe9s6DfuQBsRq0vsJ9CK2K0SHcEZWqld2A99kPKmTE9oqG3ZozV7+0YoW3YyfVAb7NLQxy4guym3C0W35I5A/xJvQopkgmq78OGHMU8jUMglM6bpuQm2MqZRcAmDvJ8aSBjvsVtoWqpYBKaVjdYa0G2rhLQTa3sU0pH6fSJjkTH9KLCdEcOu+e0Nxf+8Zoqd41YmVJIiKD5+qJNKijEdZkRDoYGj7FvCuBb2r5R3mWYcbZJ5G4L3e+W/5Kpc8tySd3FYrJxO4siRTbJFdohHjkiFnJMqqRNO7skjeSYvzoPz5Lw6b+PWKWcys0F+wHn/Al6snGI=</latexit><latexit sha1_base64="8yinvW3vu6pqdUHkTyvqL+rDs9s=">AAACFnicbVDLSgMxFM34rPVVdekmWARFrDNF0I1QdOOyFmuFTi2ZzK0NzWSG5I5Qhn6FG3/FjQtF3Io7/8b0sfB1ILmHc+4luSdIpDDoup/O1PTM7Nx8biG/uLS8slpYW78ycao51HksY30dMANSKKijQAnXiQYWBRIaQe9s6DfuQBsRq0vsJ9CK2K0SHcEZWqld2A99kPKmTE9oqG3ZozV7+0YoW3YyfVAb7NLQxy4guym3C0W35I5A/xJvQopkgmq78OGHMU8jUMglM6bpuQm2MqZRcAmDvJ8aSBjvsVtoWqpYBKaVjdYa0G2rhLQTa3sU0pH6fSJjkTH9KLCdEcOu+e0Nxf+8Zoqd41YmVJIiKD5+qJNKijEdZkRDoYGj7FvCuBb2r5R3mWYcbZJ5G4L3e+W/5Kpc8tySd3FYrJxO4siRTbJFdohHjkiFnJMqqRNO7skjeSYvzoPz5Lw6b+PWKWcys0F+wHn/Al6snGI=</latexit><latexit sha1_base64="8yinvW3vu6pqdUHkTyvqL+rDs9s=">AAACFnicbVDLSgMxFM34rPVVdekmWARFrDNF0I1QdOOyFmuFTi2ZzK0NzWSG5I5Qhn6FG3/FjQtF3Io7/8b0sfB1ILmHc+4luSdIpDDoup/O1PTM7Nx8biG/uLS8slpYW78ycao51HksY30dMANSKKijQAnXiQYWBRIaQe9s6DfuQBsRq0vsJ9CK2K0SHcEZWqld2A99kPKmTE9oqG3ZozV7+0YoW3YyfVAb7NLQxy4guym3C0W35I5A/xJvQopkgmq78OGHMU8jUMglM6bpuQm2MqZRcAmDvJ8aSBjvsVtoWqpYBKaVjdYa0G2rhLQTa3sU0pH6fSJjkTH9KLCdEcOu+e0Nxf+8Zoqd41YmVJIiKD5+qJNKijEdZkRDoYGj7FvCuBb2r5R3mWYcbZJ5G4L3e+W/5Kpc8tySd3FYrJxO4siRTbJFdohHjkiFnJMqqRNO7skjeSYvzoPz5Lw6b+PWKWcys0F+wHn/Al6snGI=</latexit>

d`2 = dr2 +R2 sinh2(r/R)d✓2
<latexit sha1_base64="rOHztfi9KzT5WMT67X+gENB+FOk=">AAACF3icbVDLSgMxFM34tr6qLt0Ei1AR6kwRdCOIblyq2Ad02pLJ3LHBTGZI7ghl6F+48VfcuFDEre78G9PahVYPJPdwzr0k9wSpFAZd99OZmp6ZnZtfWCwsLa+srhXXN+omyTSHGk9kopsBMyCFghoKlNBMNbA4kNAIbs+GfuMOtBGJusZ+Cu2Y3SgRCc7QSt1iJfRByk6VHtNQ27JHr+ztG6F6tpZzvX812KWhjz1A1ql2iyW34o5A/xJvTEpkjItu8cMPE57FoJBLZkzLc1Ns50yj4BIGBT8zkDJ+y26gZaliMZh2PtprQHesEtIo0fYopCP150TOYmP6cWA7Y4Y9M+kNxf+8VobRUTsXKs0QFP9+KMokxYQOQ6Kh0MBR9i1hXAv7V8p7TDOONsqCDcGbXPkvqVcrnlvxLg9KJ6fjOBbIFtkmZeKRQ3JCzskFqRFO7skjeSYvzoPz5Lw6b9+tU854ZpP8gvP+BTFZnNQ=</latexit><latexit sha1_base64="rOHztfi9KzT5WMT67X+gENB+FOk=">AAACF3icbVDLSgMxFM34tr6qLt0Ei1AR6kwRdCOIblyq2Ad02pLJ3LHBTGZI7ghl6F+48VfcuFDEre78G9PahVYPJPdwzr0k9wSpFAZd99OZmp6ZnZtfWCwsLa+srhXXN+omyTSHGk9kopsBMyCFghoKlNBMNbA4kNAIbs+GfuMOtBGJusZ+Cu2Y3SgRCc7QSt1iJfRByk6VHtNQ27JHr+ztG6F6tpZzvX812KWhjz1A1ql2iyW34o5A/xJvTEpkjItu8cMPE57FoJBLZkzLc1Ns50yj4BIGBT8zkDJ+y26gZaliMZh2PtprQHesEtIo0fYopCP150TOYmP6cWA7Y4Y9M+kNxf+8VobRUTsXKs0QFP9+KMokxYQOQ6Kh0MBR9i1hXAv7V8p7TDOONsqCDcGbXPkvqVcrnlvxLg9KJ6fjOBbIFtkmZeKRQ3JCzskFqRFO7skjeSYvzoPz5Lw6b9+tU854ZpP8gvP+BTFZnNQ=</latexit><latexit sha1_base64="rOHztfi9KzT5WMT67X+gENB+FOk=">AAACF3icbVDLSgMxFM34tr6qLt0Ei1AR6kwRdCOIblyq2Ad02pLJ3LHBTGZI7ghl6F+48VfcuFDEre78G9PahVYPJPdwzr0k9wSpFAZd99OZmp6ZnZtfWCwsLa+srhXXN+omyTSHGk9kopsBMyCFghoKlNBMNbA4kNAIbs+GfuMOtBGJusZ+Cu2Y3SgRCc7QSt1iJfRByk6VHtNQ27JHr+ztG6F6tpZzvX812KWhjz1A1ql2iyW34o5A/xJvTEpkjItu8cMPE57FoJBLZkzLc1Ns50yj4BIGBT8zkDJ+y26gZaliMZh2PtprQHesEtIo0fYopCP150TOYmP6cWA7Y4Y9M+kNxf+8VobRUTsXKs0QFP9+KMokxYQOQ6Kh0MBR9i1hXAv7V8p7TDOONsqCDcGbXPkvqVcrnlvxLg9KJ6fjOBbIFtkmZeKRQ3JCzskFqRFO7skjeSYvzoPz5Lw6b9+tU854ZpP8gvP+BTFZnNQ=</latexit><latexit sha1_base64="rOHztfi9KzT5WMT67X+gENB+FOk=">AAACF3icbVDLSgMxFM34tr6qLt0Ei1AR6kwRdCOIblyq2Ad02pLJ3LHBTGZI7ghl6F+48VfcuFDEre78G9PahVYPJPdwzr0k9wSpFAZd99OZmp6ZnZtfWCwsLa+srhXXN+omyTSHGk9kopsBMyCFghoKlNBMNbA4kNAIbs+GfuMOtBGJusZ+Cu2Y3SgRCc7QSt1iJfRByk6VHtNQ27JHr+ztG6F6tpZzvX812KWhjz1A1ql2iyW34o5A/xJvTEpkjItu8cMPE57FoJBLZkzLc1Ns50yj4BIGBT8zkDJ+y26gZaliMZh2PtprQHesEtIo0fYopCP150TOYmP6cWA7Y4Y9M+kNxf+8VobRUTsXKs0QFP9+KMokxYQOQ6Kh0MBR9i1hXAv7V8p7TDOONsqCDcGbXPkvqVcrnlvxLg9KJ6fjOBbIFtkmZeKRQ3JCzskFqRFO7skjeSYvzoPz5Lw6b9+tU854ZpP8gvP+BTFZnNQ=</latexit>

d`2 = dr2 + du2
<latexit sha1_base64="jxGxiUHOzLCA13mpdcGjgeTPbb8=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEQShJEXQjFN24rGAf0KZlMpm0QyeTMDMRSuzCX3HjQhG3/oY7/8Zpm4W2Hrjcwzn3MneOn3CmtON8W0vLK6tr64WN4ubW9s6uvbffUHEqCa2TmMey5WNFORO0rpnmtJVIiiOf06Y/vJn4zQcqFYvFvR4l1ItwX7CQEayN1LMPgw7lHHUr6AoF0rQzFKTdSs8uOWVnCrRI3JyUIEetZ391gpikERWacKxU23US7WVYakY4HRc7qaIJJkPcp21DBY6o8rLp/WN0YpQAhbE0JTSaqr83MhwpNYp8MxlhPVDz3kT8z2unOrz0MiaSVFNBZg+FKUc6RpMwUMAkJZqPDMFEMnMrIgMsMdEmsqIJwZ3/8iJpVMquU3bvzkvV6zyOAhzBMZyCCxdQhVuoQR0IPMIzvMKb9WS9WO/Wx2x0ycp3DuAPrM8fqBaT6w==</latexit><latexit sha1_base64="jxGxiUHOzLCA13mpdcGjgeTPbb8=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEQShJEXQjFN24rGAf0KZlMpm0QyeTMDMRSuzCX3HjQhG3/oY7/8Zpm4W2Hrjcwzn3MneOn3CmtON8W0vLK6tr64WN4ubW9s6uvbffUHEqCa2TmMey5WNFORO0rpnmtJVIiiOf06Y/vJn4zQcqFYvFvR4l1ItwX7CQEayN1LMPgw7lHHUr6AoF0rQzFKTdSs8uOWVnCrRI3JyUIEetZ391gpikERWacKxU23US7WVYakY4HRc7qaIJJkPcp21DBY6o8rLp/WN0YpQAhbE0JTSaqr83MhwpNYp8MxlhPVDz3kT8z2unOrz0MiaSVFNBZg+FKUc6RpMwUMAkJZqPDMFEMnMrIgMsMdEmsqIJwZ3/8iJpVMquU3bvzkvV6zyOAhzBMZyCCxdQhVuoQR0IPMIzvMKb9WS9WO/Wx2x0ycp3DuAPrM8fqBaT6w==</latexit><latexit sha1_base64="jxGxiUHOzLCA13mpdcGjgeTPbb8=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEQShJEXQjFN24rGAf0KZlMpm0QyeTMDMRSuzCX3HjQhG3/oY7/8Zpm4W2Hrjcwzn3MneOn3CmtON8W0vLK6tr64WN4ubW9s6uvbffUHEqCa2TmMey5WNFORO0rpnmtJVIiiOf06Y/vJn4zQcqFYvFvR4l1ItwX7CQEayN1LMPgw7lHHUr6AoF0rQzFKTdSs8uOWVnCrRI3JyUIEetZ391gpikERWacKxU23US7WVYakY4HRc7qaIJJkPcp21DBY6o8rLp/WN0YpQAhbE0JTSaqr83MhwpNYp8MxlhPVDz3kT8z2unOrz0MiaSVFNBZg+FKUc6RpMwUMAkJZqPDMFEMnMrIgMsMdEmsqIJwZ3/8iJpVMquU3bvzkvV6zyOAhzBMZyCCxdQhVuoQR0IPMIzvMKb9WS9WO/Wx2x0ycp3DuAPrM8fqBaT6w==</latexit><latexit sha1_base64="jxGxiUHOzLCA13mpdcGjgeTPbb8=">AAAB/3icbVDLSsNAFL3xWesrKrhxM1gEQShJEXQjFN24rGAf0KZlMpm0QyeTMDMRSuzCX3HjQhG3/oY7/8Zpm4W2Hrjcwzn3MneOn3CmtON8W0vLK6tr64WN4ubW9s6uvbffUHEqCa2TmMey5WNFORO0rpnmtJVIiiOf06Y/vJn4zQcqFYvFvR4l1ItwX7CQEayN1LMPgw7lHHUr6AoF0rQzFKTdSs8uOWVnCrRI3JyUIEetZ391gpikERWacKxU23US7WVYakY4HRc7qaIJJkPcp21DBY6o8rLp/WN0YpQAhbE0JTSaqr83MhwpNYp8MxlhPVDz3kT8z2unOrz0MiaSVFNBZg+FKUc6RpMwUMAkJZqPDMFEMnMrIgMsMdEmsqIJwZ3/8iJpVMquU3bvzkvV6zyOAhzBMZyCCxdQhVuoQR0IPMIzvMKb9WS9WO/Wx2x0ycp3DuAPrM8fqBaT6w==</latexit>

Plano: sem limite máximo de distância, área infinita.

Superfície de curvatura negativa uniforme: sem 
limite máximo de distância, área infinita.

`
max

= �R
<latexit sha1_base64="4LLca3qNTlYY2u8dPJDlUMd9edE=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksgqeSiKAXoejFYxX7AU0om+2mXbqbhN2NWEIu/hUvHhTx6s/w5r9x2+agrQ8GHu/NMDMvSDhT2nG+rdLS8srqWnm9srG5tb1j7+61VJxKQpsk5rHsBFhRziLa1Exz2kkkxSLgtB2Mrid++4FKxeLoXo8T6gs8iFjICNZG6tkHHuW8l3lSIIEfc3SJvGTI0F3Prjo1Zwq0SNyCVKFAo2d/ef2YpIJGmnCsVNd1Eu1nWGpGOM0rXqpogskID2jX0AgLqvxs+kCOjo3SR2EsTUUaTdXfExkWSo1FYDoF1kM1703E/7xuqsMLP2NRkmoakdmiMOVIx2iSBuozSYnmY0MwkczcisgQS0y0yaxiQnDnX14krdOa69Tc27Nq/aqIowyHcAQn4MI51OEGGtAEAjk8wyu8WU/Wi/VufcxaS1Yxsw9/YH3+AIJPla4=</latexit><latexit sha1_base64="4LLca3qNTlYY2u8dPJDlUMd9edE=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksgqeSiKAXoejFYxX7AU0om+2mXbqbhN2NWEIu/hUvHhTx6s/w5r9x2+agrQ8GHu/NMDMvSDhT2nG+rdLS8srqWnm9srG5tb1j7+61VJxKQpsk5rHsBFhRziLa1Exz2kkkxSLgtB2Mrid++4FKxeLoXo8T6gs8iFjICNZG6tkHHuW8l3lSIIEfc3SJvGTI0F3Prjo1Zwq0SNyCVKFAo2d/ef2YpIJGmnCsVNd1Eu1nWGpGOM0rXqpogskID2jX0AgLqvxs+kCOjo3SR2EsTUUaTdXfExkWSo1FYDoF1kM1703E/7xuqsMLP2NRkmoakdmiMOVIx2iSBuozSYnmY0MwkczcisgQS0y0yaxiQnDnX14krdOa69Tc27Nq/aqIowyHcAQn4MI51OEGGtAEAjk8wyu8WU/Wi/VufcxaS1Yxsw9/YH3+AIJPla4=</latexit><latexit sha1_base64="4LLca3qNTlYY2u8dPJDlUMd9edE=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksgqeSiKAXoejFYxX7AU0om+2mXbqbhN2NWEIu/hUvHhTx6s/w5r9x2+agrQ8GHu/NMDMvSDhT2nG+rdLS8srqWnm9srG5tb1j7+61VJxKQpsk5rHsBFhRziLa1Exz2kkkxSLgtB2Mrid++4FKxeLoXo8T6gs8iFjICNZG6tkHHuW8l3lSIIEfc3SJvGTI0F3Prjo1Zwq0SNyCVKFAo2d/ef2YpIJGmnCsVNd1Eu1nWGpGOM0rXqpogskID2jX0AgLqvxs+kCOjo3SR2EsTUUaTdXfExkWSo1FYDoF1kM1703E/7xuqsMLP2NRkmoakdmiMOVIx2iSBuozSYnmY0MwkczcisgQS0y0yaxiQnDnX14krdOa69Tc27Nq/aqIowyHcAQn4MI51OEGGtAEAjk8wyu8WU/Wi/VufcxaS1Yxsw9/YH3+AIJPla4=</latexit><latexit sha1_base64="4LLca3qNTlYY2u8dPJDlUMd9edE=">AAACAHicbVBNS8NAEJ3Ur1q/oh48eFksgqeSiKAXoejFYxX7AU0om+2mXbqbhN2NWEIu/hUvHhTx6s/w5r9x2+agrQ8GHu/NMDMvSDhT2nG+rdLS8srqWnm9srG5tb1j7+61VJxKQpsk5rHsBFhRziLa1Exz2kkkxSLgtB2Mrid++4FKxeLoXo8T6gs8iFjICNZG6tkHHuW8l3lSIIEfc3SJvGTI0F3Prjo1Zwq0SNyCVKFAo2d/ef2YpIJGmnCsVNd1Eu1nWGpGOM0rXqpogskID2jX0AgLqvxs+kCOjo3SR2EsTUUaTdXfExkWSo1FYDoF1kM1703E/7xuqsMLP2NRkmoakdmiMOVIx2iSBuozSYnmY0MwkczcisgQS0y0yaxiQnDnX14krdOa69Tc27Nq/aqIowyHcAQn4MI51OEGGtAEAjk8wyu8WU/Wi/VufcxaS1Yxsw9/YH3+AIJPla4=</latexit>

(antípodas da esfera)

Superfície de curvatura positiva uniforme tem 
área finita. 

Aesfera = 4⇡R2
<latexit sha1_base64="F7FoDW/tI0Q8ZIWulM8VqveoWPI=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlKQTdC1Y3LKvYBTQyT6U07dPJgZiKUUHDjr7hxoYhbf8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmFpeWV1rbhe2tjc2t4xd/daMk4FhSaNeSw6PpHAWQRNxRSHTiKAhD6Htj+8mvjtBxCSxdGdGiXghqQfsYBRorTkmQcXXuaIEIMMQJAxPsc17CQM395XPbNsVawp8CKxc1JGORqe+eX0YpqGECnKiZRd20qUmxGhGOUwLjmphITQIelDV9OIhCDdbPrDGB9rpYeDWOiKFJ6qvycyEko5Cn3dGRI1kPPeRPzP66YqOHMzFiWpgojOFgUpxyrGk0Bwjwmgio80IVQwfSumAyIIVTq2kg7Bnn95kbSqFduq2De1cv0yj6OIDtEROkE2OkV1dI0aqIkoekTP6BW9GU/Gi/FufMxaC0Y+s4/+wPj8AYODliA=</latexit><latexit sha1_base64="F7FoDW/tI0Q8ZIWulM8VqveoWPI=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlKQTdC1Y3LKvYBTQyT6U07dPJgZiKUUHDjr7hxoYhbf8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmFpeWV1rbhe2tjc2t4xd/daMk4FhSaNeSw6PpHAWQRNxRSHTiKAhD6Htj+8mvjtBxCSxdGdGiXghqQfsYBRorTkmQcXXuaIEIMMQJAxPsc17CQM395XPbNsVawp8CKxc1JGORqe+eX0YpqGECnKiZRd20qUmxGhGOUwLjmphITQIelDV9OIhCDdbPrDGB9rpYeDWOiKFJ6qvycyEko5Cn3dGRI1kPPeRPzP66YqOHMzFiWpgojOFgUpxyrGk0Bwjwmgio80IVQwfSumAyIIVTq2kg7Bnn95kbSqFduq2De1cv0yj6OIDtEROkE2OkV1dI0aqIkoekTP6BW9GU/Gi/FufMxaC0Y+s4/+wPj8AYODliA=</latexit><latexit sha1_base64="F7FoDW/tI0Q8ZIWulM8VqveoWPI=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlKQTdC1Y3LKvYBTQyT6U07dPJgZiKUUHDjr7hxoYhbf8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmFpeWV1rbhe2tjc2t4xd/daMk4FhSaNeSw6PpHAWQRNxRSHTiKAhD6Htj+8mvjtBxCSxdGdGiXghqQfsYBRorTkmQcXXuaIEIMMQJAxPsc17CQM395XPbNsVawp8CKxc1JGORqe+eX0YpqGECnKiZRd20qUmxGhGOUwLjmphITQIelDV9OIhCDdbPrDGB9rpYeDWOiKFJ6qvycyEko5Cn3dGRI1kPPeRPzP66YqOHMzFiWpgojOFgUpxyrGk0Bwjwmgio80IVQwfSumAyIIVTq2kg7Bnn95kbSqFduq2De1cv0yj6OIDtEROkE2OkV1dI0aqIkoekTP6BW9GU/Gi/FufMxaC0Y+s4/+wPj8AYODliA=</latexit><latexit sha1_base64="F7FoDW/tI0Q8ZIWulM8VqveoWPI=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBVUlKQTdC1Y3LKvYBTQyT6U07dPJgZiKUUHDjr7hxoYhbf8Kdf+O0zUJbD1w4nHMv997jJ5xJZVnfRmFpeWV1rbhe2tjc2t4xd/daMk4FhSaNeSw6PpHAWQRNxRSHTiKAhD6Htj+8mvjtBxCSxdGdGiXghqQfsYBRorTkmQcXXuaIEIMMQJAxPsc17CQM395XPbNsVawp8CKxc1JGORqe+eX0YpqGECnKiZRd20qUmxGhGOUwLjmphITQIelDV9OIhCDdbPrDGB9rpYeDWOiKFJ6qvycyEko5Cn3dGRI1kPPeRPzP66YqOHMzFiWpgojOFgUpxyrGk0Bwjwmgio80IVQwfSumAyIIVTq2kg7Bnn95kbSqFduq2De1cv0yj6OIDtEROkE2OkV1dI0aqIkoekTP6BW9GU/Gi/FufMxaC0Y+s4/+wPj8AYODliA=</latexit>
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3.4 Conceitos de Métrica e Curvatura

#

Extensão para (``hiper’’)superfícies tridimensionais, 
com curvatura homogênea e isotrópica.

Fazemos uma analogia com a métrica do espaço Euclidiano 
plano (k = 0):
d`

2 = dx

2 + dy

2 + dz

2
<latexit sha1_base64="QSOVzEWTaVPp4HgVPTqA/o0w3Do=">AAACBXicbVDLSsNAFL3xWesr6lIXg0UQhJIUQTdC0Y3LCvYBbVomk0k7dPJgZiLG0I0bf8WNC0Xc+g/u/BunbRbaemC4h3Pu5c49bsyZVJb1bSwsLi2vrBbWiusbm1vb5s5uQ0aJILROIh6Jlosl5SykdcUUp61YUBy4nDbd4dXYb95RIVkU3qo0pk6A+yHzGcFKSz3zwOtQzrsVdIG8e11OkJdOy0O30jNLVtmaAM0TOyclyFHrmV8dLyJJQENFOJaybVuxcjIsFCOcjoqdRNIYkyHu07amIQ6odLLJFSN0pBUP+ZHQL1Roov6eyHAgZRq4ujPAaiBnvbH4n9dOlH/uZCyME0VDMl3kJxypCI0jQR4TlCieaoKJYPqviAywwETp4Io6BHv25HnSqJRtq2zfnJaql3kcBdiHQzgGG86gCtdQgzoQeIRneIU348l4Md6Nj2nrgpHP7MEfGJ8/YAKV6g==</latexit><latexit sha1_base64="QSOVzEWTaVPp4HgVPTqA/o0w3Do=">AAACBXicbVDLSsNAFL3xWesr6lIXg0UQhJIUQTdC0Y3LCvYBbVomk0k7dPJgZiLG0I0bf8WNC0Xc+g/u/BunbRbaemC4h3Pu5c49bsyZVJb1bSwsLi2vrBbWiusbm1vb5s5uQ0aJILROIh6Jlosl5SykdcUUp61YUBy4nDbd4dXYb95RIVkU3qo0pk6A+yHzGcFKSz3zwOtQzrsVdIG8e11OkJdOy0O30jNLVtmaAM0TOyclyFHrmV8dLyJJQENFOJaybVuxcjIsFCOcjoqdRNIYkyHu07amIQ6odLLJFSN0pBUP+ZHQL1Roov6eyHAgZRq4ujPAaiBnvbH4n9dOlH/uZCyME0VDMl3kJxypCI0jQR4TlCieaoKJYPqviAywwETp4Io6BHv25HnSqJRtq2zfnJaql3kcBdiHQzgGG86gCtdQgzoQeIRneIU348l4Md6Nj2nrgpHP7MEfGJ8/YAKV6g==</latexit><latexit sha1_base64="QSOVzEWTaVPp4HgVPTqA/o0w3Do=">AAACBXicbVDLSsNAFL3xWesr6lIXg0UQhJIUQTdC0Y3LCvYBbVomk0k7dPJgZiLG0I0bf8WNC0Xc+g/u/BunbRbaemC4h3Pu5c49bsyZVJb1bSwsLi2vrBbWiusbm1vb5s5uQ0aJILROIh6Jlosl5SykdcUUp61YUBy4nDbd4dXYb95RIVkU3qo0pk6A+yHzGcFKSz3zwOtQzrsVdIG8e11OkJdOy0O30jNLVtmaAM0TOyclyFHrmV8dLyJJQENFOJaybVuxcjIsFCOcjoqdRNIYkyHu07amIQ6odLLJFSN0pBUP+ZHQL1Roov6eyHAgZRq4ujPAaiBnvbH4n9dOlH/uZCyME0VDMl3kJxypCI0jQR4TlCieaoKJYPqviAywwETp4Io6BHv25HnSqJRtq2zfnJaql3kcBdiHQzgGG86gCtdQgzoQeIRneIU348l4Md6Nj2nrgpHP7MEfGJ8/YAKV6g==</latexit><latexit sha1_base64="QSOVzEWTaVPp4HgVPTqA/o0w3Do=">AAACBXicbVDLSsNAFL3xWesr6lIXg0UQhJIUQTdC0Y3LCvYBbVomk0k7dPJgZiLG0I0bf8WNC0Xc+g/u/BunbRbaemC4h3Pu5c49bsyZVJb1bSwsLi2vrBbWiusbm1vb5s5uQ0aJILROIh6Jlosl5SykdcUUp61YUBy4nDbd4dXYb95RIVkU3qo0pk6A+yHzGcFKSz3zwOtQzrsVdIG8e11OkJdOy0O30jNLVtmaAM0TOyclyFHrmV8dLyJJQENFOJaybVuxcjIsFCOcjoqdRNIYkyHu07amIQ6odLLJFSN0pBUP+ZHQL1Roov6eyHAgZRq4ujPAaiBnvbH4n9dOlH/uZCyME0VDMl3kJxypCI0jQR4TlCieaoKJYPqviAywwETp4Io6BHv25HnSqJRtq2zfnJaql3kcBdiHQzgGG86gCtdQgzoQeIRneIU348l4Md6Nj2nrgpHP7MEfGJ8/YAKV6g==</latexit>

(coordenadas cartesianas)

d`2 = dr2 + r2[d✓2 + sin2(✓)d�2]
<latexit sha1_base64="6RvQ+HaUcFit/F8fdTM7MZl70Oo=">AAACJnicbZDLSgMxFIYz9T7eqi7dBIugCGWmCLopFN24rGCr0BlLJnNqQzOZITkjlNKnceOruHGhiLjzUcy0XXg7kOTn+88hyR9lUhj0vA+nNDe/sLi0vOKurq1vbJa3ttsmzTWHFk9lqm8iZkAKBS0UKOEm08CSSMJ1NDgv/Ot70Eak6gqHGYQJu1OiJzhDi7rlehyAlLc1WqextscRLXa3Q+MA+4CsQG5ghLLiYIoOrZf1hQVht1zxqt6k6F/hz0SFzKrZLb8EccrzBBRyyYzp+F6G4YhpFFzC2A1yAxnjA3YHHSsVS8CEo8k3x3Tfkpj2Um2XQjqh3ydGLDFmmES2M2HYN7+9Av7ndXLsnYYjobIcQfHpRb1cUkxpkRmNhQaOcmgF41rYt1LeZ5pxtMm6NgT/95f/inat6ntV//K40jibxbFMdskeOSA+OSENckGapEU4eSBP5IW8Oo/Os/PmvE9bS85sZof8KOfzC5VPoZE=</latexit><latexit sha1_base64="6RvQ+HaUcFit/F8fdTM7MZl70Oo=">AAACJnicbZDLSgMxFIYz9T7eqi7dBIugCGWmCLopFN24rGCr0BlLJnNqQzOZITkjlNKnceOruHGhiLjzUcy0XXg7kOTn+88hyR9lUhj0vA+nNDe/sLi0vOKurq1vbJa3ttsmzTWHFk9lqm8iZkAKBS0UKOEm08CSSMJ1NDgv/Ot70Eak6gqHGYQJu1OiJzhDi7rlehyAlLc1WqextscRLXa3Q+MA+4CsQG5ghLLiYIoOrZf1hQVht1zxqt6k6F/hz0SFzKrZLb8EccrzBBRyyYzp+F6G4YhpFFzC2A1yAxnjA3YHHSsVS8CEo8k3x3Tfkpj2Um2XQjqh3ydGLDFmmES2M2HYN7+9Av7ndXLsnYYjobIcQfHpRb1cUkxpkRmNhQaOcmgF41rYt1LeZ5pxtMm6NgT/95f/inat6ntV//K40jibxbFMdskeOSA+OSENckGapEU4eSBP5IW8Oo/Os/PmvE9bS85sZof8KOfzC5VPoZE=</latexit><latexit sha1_base64="6RvQ+HaUcFit/F8fdTM7MZl70Oo=">AAACJnicbZDLSgMxFIYz9T7eqi7dBIugCGWmCLopFN24rGCr0BlLJnNqQzOZITkjlNKnceOruHGhiLjzUcy0XXg7kOTn+88hyR9lUhj0vA+nNDe/sLi0vOKurq1vbJa3ttsmzTWHFk9lqm8iZkAKBS0UKOEm08CSSMJ1NDgv/Ot70Eak6gqHGYQJu1OiJzhDi7rlehyAlLc1WqextscRLXa3Q+MA+4CsQG5ghLLiYIoOrZf1hQVht1zxqt6k6F/hz0SFzKrZLb8EccrzBBRyyYzp+F6G4YhpFFzC2A1yAxnjA3YHHSsVS8CEo8k3x3Tfkpj2Um2XQjqh3ydGLDFmmES2M2HYN7+9Av7ndXLsnYYjobIcQfHpRb1cUkxpkRmNhQaOcmgF41rYt1LeZ5pxtMm6NgT/95f/inat6ntV//K40jibxbFMdskeOSA+OSENckGapEU4eSBP5IW8Oo/Os/PmvE9bS85sZof8KOfzC5VPoZE=</latexit><latexit sha1_base64="6RvQ+HaUcFit/F8fdTM7MZl70Oo=">AAACJnicbZDLSgMxFIYz9T7eqi7dBIugCGWmCLopFN24rGCr0BlLJnNqQzOZITkjlNKnceOruHGhiLjzUcy0XXg7kOTn+88hyR9lUhj0vA+nNDe/sLi0vOKurq1vbJa3ttsmzTWHFk9lqm8iZkAKBS0UKOEm08CSSMJ1NDgv/Ot70Eak6gqHGYQJu1OiJzhDi7rlehyAlLc1WqextscRLXa3Q+MA+4CsQG5ghLLiYIoOrZf1hQVht1zxqt6k6F/hz0SFzKrZLb8EccrzBBRyyYzp+F6G4YhpFFzC2A1yAxnjA3YHHSsVS8CEo8k3x3Tfkpj2Um2XQjqh3ydGLDFmmES2M2HYN7+9Av7ndXLsnYYjobIcQfHpRb1cUkxpkRmNhQaOcmgF41rYt1LeZ5pxtMm6NgT/95f/inat6ntV//K40jibxbFMdskeOSA+OSENckGapEU4eSBP5IW8Oo/Os/PmvE9bS85sZof8KOfzC5VPoZE=</latexit>

(coordenadas esféricas)

d`2 = dr2 +R2 sin2(r/R)[d✓2 + sin2(✓)d�2]
<latexit sha1_base64="lmutFaaxjB/6jZk0vPV7SiaRwdY="></latexit><latexit sha1_base64="lmutFaaxjB/6jZk0vPV7SiaRwdY="></latexit><latexit sha1_base64="lmutFaaxjB/6jZk0vPV7SiaRwdY="></latexit><latexit sha1_base64="lmutFaaxjB/6jZk0vPV7SiaRwdY="></latexit>

3-esfera (k = +1):

3-hiperbolóide (k = -1):
d`2 = dr2 +R2 sinh2(r/R)[d✓2 + sin2(✓)d�2]

<latexit sha1_base64="QNLgvt5DqBBL1GYzrDlmy9BSOh8="></latexit><latexit sha1_base64="QNLgvt5DqBBL1GYzrDlmy9BSOh8="></latexit><latexit sha1_base64="QNLgvt5DqBBL1GYzrDlmy9BSOh8="></latexit><latexit sha1_base64="QNLgvt5DqBBL1GYzrDlmy9BSOh8="></latexit>
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#

As únicas 3 métricas possíveis para hipersuperfícies 
(3D) com curvatura homogênea e isotrópica podem 
ser escritas de forma compacta como:

d`2 = dr2 + S2
(r)d⌦

2
<latexit sha1_base64="5X1plQFSl8D8p+Whc9eiLCBYFOo=">AAACFnicbVDLSgNBEJyNrxhfUY9eBoOgiGE3CHoRgl68GdGYQDYJvbOdZMjsg5lZISz5Ci/+ihcPingVb/6Nk8dBowVNF1XdzHR5seBK2/aXlZmbX1hcyi7nVlbX1jfym1t3KkokwyqLRCTrHigUPMSq5lpgPZYIgSew5vUvRn7tHqXiUXirBzE2A+iGvMMZaCO180e+i0K0SvSM+tK03CG9aaduH+IYhq3SvjygvnsVYBdoq5Rr5wt20R6D/iXOlBTIFJV2/tP1I5YEGGomQKmGY8e6mYLUnAkc5txEYQysD11sGBpCgKqZjs8a0j2j+LQTSVOhpmP150YKgVKDwDOTAeiemvVG4n9eI9Gd02bKwzjRGLLJQ51EUB3RUUbU5xKZFgNDgElu/kpZDyQwbZIcheDMnvyX3JWKjl10ro8L5fNpHFmyQ3bJPnHICSmTS1IhVcLIA3kiL+TVerSerTfrfTKasaY72+QXrI9vLFacOw==</latexit><latexit sha1_base64="5X1plQFSl8D8p+Whc9eiLCBYFOo=">AAACFnicbVDLSgNBEJyNrxhfUY9eBoOgiGE3CHoRgl68GdGYQDYJvbOdZMjsg5lZISz5Ci/+ihcPingVb/6Nk8dBowVNF1XdzHR5seBK2/aXlZmbX1hcyi7nVlbX1jfym1t3KkokwyqLRCTrHigUPMSq5lpgPZYIgSew5vUvRn7tHqXiUXirBzE2A+iGvMMZaCO180e+i0K0SvSM+tK03CG9aaduH+IYhq3SvjygvnsVYBdoq5Rr5wt20R6D/iXOlBTIFJV2/tP1I5YEGGomQKmGY8e6mYLUnAkc5txEYQysD11sGBpCgKqZjs8a0j2j+LQTSVOhpmP150YKgVKDwDOTAeiemvVG4n9eI9Gd02bKwzjRGLLJQ51EUB3RUUbU5xKZFgNDgElu/kpZDyQwbZIcheDMnvyX3JWKjl10ro8L5fNpHFmyQ3bJPnHICSmTS1IhVcLIA3kiL+TVerSerTfrfTKasaY72+QXrI9vLFacOw==</latexit><latexit sha1_base64="5X1plQFSl8D8p+Whc9eiLCBYFOo=">AAACFnicbVDLSgNBEJyNrxhfUY9eBoOgiGE3CHoRgl68GdGYQDYJvbOdZMjsg5lZISz5Ci/+ihcPingVb/6Nk8dBowVNF1XdzHR5seBK2/aXlZmbX1hcyi7nVlbX1jfym1t3KkokwyqLRCTrHigUPMSq5lpgPZYIgSew5vUvRn7tHqXiUXirBzE2A+iGvMMZaCO180e+i0K0SvSM+tK03CG9aaduH+IYhq3SvjygvnsVYBdoq5Rr5wt20R6D/iXOlBTIFJV2/tP1I5YEGGomQKmGY8e6mYLUnAkc5txEYQysD11sGBpCgKqZjs8a0j2j+LQTSVOhpmP150YKgVKDwDOTAeiemvVG4n9eI9Gd02bKwzjRGLLJQ51EUB3RUUbU5xKZFgNDgElu/kpZDyQwbZIcheDMnvyX3JWKjl10ro8L5fNpHFmyQ3bJPnHICSmTS1IhVcLIA3kiL+TVerSerTfrfTKasaY72+QXrI9vLFacOw==</latexit><latexit sha1_base64="5X1plQFSl8D8p+Whc9eiLCBYFOo=">AAACFnicbVDLSgNBEJyNrxhfUY9eBoOgiGE3CHoRgl68GdGYQDYJvbOdZMjsg5lZISz5Ci/+ihcPingVb/6Nk8dBowVNF1XdzHR5seBK2/aXlZmbX1hcyi7nVlbX1jfym1t3KkokwyqLRCTrHigUPMSq5lpgPZYIgSew5vUvRn7tHqXiUXirBzE2A+iGvMMZaCO180e+i0K0SvSM+tK03CG9aaduH+IYhq3SvjygvnsVYBdoq5Rr5wt20R6D/iXOlBTIFJV2/tP1I5YEGGomQKmGY8e6mYLUnAkc5txEYQysD11sGBpCgKqZjs8a0j2j+LQTSVOhpmP150YKgVKDwDOTAeiemvVG4n9eI9Gd02bKwzjRGLLJQ51EUB3RUUbU5xKZFgNDgElu/kpZDyQwbZIcheDMnvyX3JWKjl10ro8L5fNpHFmyQ3bJPnHICSmTS1IhVcLIA3kiL+TVerSerTfrfTKasaY72+QXrI9vLFacOw==</latexit>

d⌦2 ⌘ d✓2 + sin2(✓)d�2
<latexit sha1_base64="6KaJUg52MPZcSV0a16NShcZnruk=">AAACH3icbZBNSwMxEIaz9Xv9qnr0EixCRSi7RdSj6MWbFawWurVks9M2NJtdk1mhFP+JF/+KFw+KiLf+G9OPg7YOBF6ed4bJvGEqhUHPGzi5ufmFxaXlFXd1bX1jM7+1fWuSTHOo8kQmuhYyA1IoqKJACbVUA4tDCXdh92Lo3z2CNiJRN9hLoRGzthItwRla1MwfR8FVDG12X6YBPGTi0aVRgB3AITl0AyOUFcUxOrBe2hEWNPMFr+SNis4KfyIKZFKVZv47iBKexaCQS2ZM3fdSbPSZRsElPLlBZiBlvMvaULdSsRhMoz+674nuWxLRVqLtU0hH9PdEn8XG9OLQdsYMO2baG8L/vHqGrdNGX6g0Q1B8vKiVSYoJHYZFI6GBo+xZwbgW9q+Ud5hmHG2krg3Bnz55VtyWS75X8q+PCmfnkziWyS7ZI0XikxNyRi5JhVQJJ8/klbyTD+fFeXM+na9xa86ZzOyQP+UMfgAJcaB1</latexit><latexit sha1_base64="6KaJUg52MPZcSV0a16NShcZnruk=">AAACH3icbZBNSwMxEIaz9Xv9qnr0EixCRSi7RdSj6MWbFawWurVks9M2NJtdk1mhFP+JF/+KFw+KiLf+G9OPg7YOBF6ed4bJvGEqhUHPGzi5ufmFxaXlFXd1bX1jM7+1fWuSTHOo8kQmuhYyA1IoqKJACbVUA4tDCXdh92Lo3z2CNiJRN9hLoRGzthItwRla1MwfR8FVDG12X6YBPGTi0aVRgB3AITl0AyOUFcUxOrBe2hEWNPMFr+SNis4KfyIKZFKVZv47iBKexaCQS2ZM3fdSbPSZRsElPLlBZiBlvMvaULdSsRhMoz+674nuWxLRVqLtU0hH9PdEn8XG9OLQdsYMO2baG8L/vHqGrdNGX6g0Q1B8vKiVSYoJHYZFI6GBo+xZwbgW9q+Ud5hmHG2krg3Bnz55VtyWS75X8q+PCmfnkziWyS7ZI0XikxNyRi5JhVQJJ8/klbyTD+fFeXM+na9xa86ZzOyQP+UMfgAJcaB1</latexit><latexit sha1_base64="6KaJUg52MPZcSV0a16NShcZnruk=">AAACH3icbZBNSwMxEIaz9Xv9qnr0EixCRSi7RdSj6MWbFawWurVks9M2NJtdk1mhFP+JF/+KFw+KiLf+G9OPg7YOBF6ed4bJvGEqhUHPGzi5ufmFxaXlFXd1bX1jM7+1fWuSTHOo8kQmuhYyA1IoqKJACbVUA4tDCXdh92Lo3z2CNiJRN9hLoRGzthItwRla1MwfR8FVDG12X6YBPGTi0aVRgB3AITl0AyOUFcUxOrBe2hEWNPMFr+SNis4KfyIKZFKVZv47iBKexaCQS2ZM3fdSbPSZRsElPLlBZiBlvMvaULdSsRhMoz+674nuWxLRVqLtU0hH9PdEn8XG9OLQdsYMO2baG8L/vHqGrdNGX6g0Q1B8vKiVSYoJHYZFI6GBo+xZwbgW9q+Ud5hmHG2krg3Bnz55VtyWS75X8q+PCmfnkziWyS7ZI0XikxNyRi5JhVQJJ8/klbyTD+fFeXM+na9xa86ZzOyQP+UMfgAJcaB1</latexit><latexit sha1_base64="6KaJUg52MPZcSV0a16NShcZnruk=">AAACH3icbZBNSwMxEIaz9Xv9qnr0EixCRSi7RdSj6MWbFawWurVks9M2NJtdk1mhFP+JF/+KFw+KiLf+G9OPg7YOBF6ed4bJvGEqhUHPGzi5ufmFxaXlFXd1bX1jM7+1fWuSTHOo8kQmuhYyA1IoqKJACbVUA4tDCXdh92Lo3z2CNiJRN9hLoRGzthItwRla1MwfR8FVDG12X6YBPGTi0aVRgB3AITl0AyOUFcUxOrBe2hEWNPMFr+SNis4KfyIKZFKVZv47iBKexaCQS2ZM3fdSbPSZRsElPLlBZiBlvMvaULdSsRhMoz+674nuWxLRVqLtU0hH9PdEn8XG9OLQdsYMO2baG8L/vHqGrdNGX6g0Q1B8vKiVSYoJHYZFI6GBo+xZwbgW9q+Ud5hmHG2krg3Bnz55VtyWS75X8q+PCmfnkziWyS7ZI0XikxNyRi5JhVQJJ8/klbyTD+fFeXM+na9xa86ZzOyQP+UMfgAJcaB1</latexit>

S(r) =

8
<

:

R sin(r/R) ( = +1)
r ( = 0)
R sinh(r/R) ( = �1)

<latexit sha1_base64="c59/Gsj+vOcataP1yXKDS+I2v4w="></latexit><latexit sha1_base64="c59/Gsj+vOcataP1yXKDS+I2v4w="></latexit><latexit sha1_base64="c59/Gsj+vOcataP1yXKDS+I2v4w="></latexit><latexit sha1_base64="c59/Gsj+vOcataP1yXKDS+I2v4w="></latexit>
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d`2 = dr2 + S2
(r)d⌦

2
<latexit sha1_base64="5X1plQFSl8D8p+Whc9eiLCBYFOo=">AAACFnicbVDLSgNBEJyNrxhfUY9eBoOgiGE3CHoRgl68GdGYQDYJvbOdZMjsg5lZISz5Ci/+ihcPingVb/6Nk8dBowVNF1XdzHR5seBK2/aXlZmbX1hcyi7nVlbX1jfym1t3KkokwyqLRCTrHigUPMSq5lpgPZYIgSew5vUvRn7tHqXiUXirBzE2A+iGvMMZaCO180e+i0K0SvSM+tK03CG9aaduH+IYhq3SvjygvnsVYBdoq5Rr5wt20R6D/iXOlBTIFJV2/tP1I5YEGGomQKmGY8e6mYLUnAkc5txEYQysD11sGBpCgKqZjs8a0j2j+LQTSVOhpmP150YKgVKDwDOTAeiemvVG4n9eI9Gd02bKwzjRGLLJQ51EUB3RUUbU5xKZFgNDgElu/kpZDyQwbZIcheDMnvyX3JWKjl10ro8L5fNpHFmyQ3bJPnHICSmTS1IhVcLIA3kiL+TVerSerTfrfTKasaY72+QXrI9vLFacOw==</latexit><latexit sha1_base64="5X1plQFSl8D8p+Whc9eiLCBYFOo=">AAACFnicbVDLSgNBEJyNrxhfUY9eBoOgiGE3CHoRgl68GdGYQDYJvbOdZMjsg5lZISz5Ci/+ihcPingVb/6Nk8dBowVNF1XdzHR5seBK2/aXlZmbX1hcyi7nVlbX1jfym1t3KkokwyqLRCTrHigUPMSq5lpgPZYIgSew5vUvRn7tHqXiUXirBzE2A+iGvMMZaCO180e+i0K0SvSM+tK03CG9aaduH+IYhq3SvjygvnsVYBdoq5Rr5wt20R6D/iXOlBTIFJV2/tP1I5YEGGomQKmGY8e6mYLUnAkc5txEYQysD11sGBpCgKqZjs8a0j2j+LQTSVOhpmP150YKgVKDwDOTAeiemvVG4n9eI9Gd02bKwzjRGLLJQ51EUB3RUUbU5xKZFgNDgElu/kpZDyQwbZIcheDMnvyX3JWKjl10ro8L5fNpHFmyQ3bJPnHICSmTS1IhVcLIA3kiL+TVerSerTfrfTKasaY72+QXrI9vLFacOw==</latexit><latexit sha1_base64="5X1plQFSl8D8p+Whc9eiLCBYFOo=">AAACFnicbVDLSgNBEJyNrxhfUY9eBoOgiGE3CHoRgl68GdGYQDYJvbOdZMjsg5lZISz5Ci/+ihcPingVb/6Nk8dBowVNF1XdzHR5seBK2/aXlZmbX1hcyi7nVlbX1jfym1t3KkokwyqLRCTrHigUPMSq5lpgPZYIgSew5vUvRn7tHqXiUXirBzE2A+iGvMMZaCO180e+i0K0SvSM+tK03CG9aaduH+IYhq3SvjygvnsVYBdoq5Rr5wt20R6D/iXOlBTIFJV2/tP1I5YEGGomQKmGY8e6mYLUnAkc5txEYQysD11sGBpCgKqZjs8a0j2j+LQTSVOhpmP150YKgVKDwDOTAeiemvVG4n9eI9Gd02bKwzjRGLLJQ51EUB3RUUbU5xKZFgNDgElu/kpZDyQwbZIcheDMnvyX3JWKjl10ro8L5fNpHFmyQ3bJPnHICSmTS1IhVcLIA3kiL+TVerSerTfrfTKasaY72+QXrI9vLFacOw==</latexit><latexit sha1_base64="5X1plQFSl8D8p+Whc9eiLCBYFOo=">AAACFnicbVDLSgNBEJyNrxhfUY9eBoOgiGE3CHoRgl68GdGYQDYJvbOdZMjsg5lZISz5Ci/+ihcPingVb/6Nk8dBowVNF1XdzHR5seBK2/aXlZmbX1hcyi7nVlbX1jfym1t3KkokwyqLRCTrHigUPMSq5lpgPZYIgSew5vUvRn7tHqXiUXirBzE2A+iGvMMZaCO180e+i0K0SvSM+tK03CG9aaduH+IYhq3SvjygvnsVYBdoq5Rr5wt20R6D/iXOlBTIFJV2/tP1I5YEGGomQKmGY8e6mYLUnAkc5txEYQysD11sGBpCgKqZjs8a0j2j+LQTSVOhpmP150YKgVKDwDOTAeiemvVG4n9eI9Gd02bKwzjRGLLJQ51EUB3RUUbU5xKZFgNDgElu/kpZDyQwbZIcheDMnvyX3JWKjl10ro8L5fNpHFmyQ3bJPnHICSmTS1IhVcLIA3kiL+TVerSerTfrfTKasaY72+QXrI9vLFacOw==</latexit>

d⌦2 ⌘ d✓2 + sin2(✓)d�2
<latexit sha1_base64="6KaJUg52MPZcSV0a16NShcZnruk=">AAACH3icbZBNSwMxEIaz9Xv9qnr0EixCRSi7RdSj6MWbFawWurVks9M2NJtdk1mhFP+JF/+KFw+KiLf+G9OPg7YOBF6ed4bJvGEqhUHPGzi5ufmFxaXlFXd1bX1jM7+1fWuSTHOo8kQmuhYyA1IoqKJACbVUA4tDCXdh92Lo3z2CNiJRN9hLoRGzthItwRla1MwfR8FVDG12X6YBPGTi0aVRgB3AITl0AyOUFcUxOrBe2hEWNPMFr+SNis4KfyIKZFKVZv47iBKexaCQS2ZM3fdSbPSZRsElPLlBZiBlvMvaULdSsRhMoz+674nuWxLRVqLtU0hH9PdEn8XG9OLQdsYMO2baG8L/vHqGrdNGX6g0Q1B8vKiVSYoJHYZFI6GBo+xZwbgW9q+Ud5hmHG2krg3Bnz55VtyWS75X8q+PCmfnkziWyS7ZI0XikxNyRi5JhVQJJ8/klbyTD+fFeXM+na9xa86ZzOyQP+UMfgAJcaB1</latexit><latexit sha1_base64="6KaJUg52MPZcSV0a16NShcZnruk=">AAACH3icbZBNSwMxEIaz9Xv9qnr0EixCRSi7RdSj6MWbFawWurVks9M2NJtdk1mhFP+JF/+KFw+KiLf+G9OPg7YOBF6ed4bJvGEqhUHPGzi5ufmFxaXlFXd1bX1jM7+1fWuSTHOo8kQmuhYyA1IoqKJACbVUA4tDCXdh92Lo3z2CNiJRN9hLoRGzthItwRla1MwfR8FVDG12X6YBPGTi0aVRgB3AITl0AyOUFcUxOrBe2hEWNPMFr+SNis4KfyIKZFKVZv47iBKexaCQS2ZM3fdSbPSZRsElPLlBZiBlvMvaULdSsRhMoz+674nuWxLRVqLtU0hH9PdEn8XG9OLQdsYMO2baG8L/vHqGrdNGX6g0Q1B8vKiVSYoJHYZFI6GBo+xZwbgW9q+Ud5hmHG2krg3Bnz55VtyWS75X8q+PCmfnkziWyS7ZI0XikxNyRi5JhVQJJ8/klbyTD+fFeXM+na9xa86ZzOyQP+UMfgAJcaB1</latexit><latexit sha1_base64="6KaJUg52MPZcSV0a16NShcZnruk=">AAACH3icbZBNSwMxEIaz9Xv9qnr0EixCRSi7RdSj6MWbFawWurVks9M2NJtdk1mhFP+JF/+KFw+KiLf+G9OPg7YOBF6ed4bJvGEqhUHPGzi5ufmFxaXlFXd1bX1jM7+1fWuSTHOo8kQmuhYyA1IoqKJACbVUA4tDCXdh92Lo3z2CNiJRN9hLoRGzthItwRla1MwfR8FVDG12X6YBPGTi0aVRgB3AITl0AyOUFcUxOrBe2hEWNPMFr+SNis4KfyIKZFKVZv47iBKexaCQS2ZM3fdSbPSZRsElPLlBZiBlvMvaULdSsRhMoz+674nuWxLRVqLtU0hH9PdEn8XG9OLQdsYMO2baG8L/vHqGrdNGX6g0Q1B8vKiVSYoJHYZFI6GBo+xZwbgW9q+Ud5hmHG2krg3Bnz55VtyWS75X8q+PCmfnkziWyS7ZI0XikxNyRi5JhVQJJ8/klbyTD+fFeXM+na9xa86ZzOyQP+UMfgAJcaB1</latexit><latexit sha1_base64="6KaJUg52MPZcSV0a16NShcZnruk=">AAACH3icbZBNSwMxEIaz9Xv9qnr0EixCRSi7RdSj6MWbFawWurVks9M2NJtdk1mhFP+JF/+KFw+KiLf+G9OPg7YOBF6ed4bJvGEqhUHPGzi5ufmFxaXlFXd1bX1jM7+1fWuSTHOo8kQmuhYyA1IoqKJACbVUA4tDCXdh92Lo3z2CNiJRN9hLoRGzthItwRla1MwfR8FVDG12X6YBPGTi0aVRgB3AITl0AyOUFcUxOrBe2hEWNPMFr+SNis4KfyIKZFKVZv47iBKexaCQS2ZM3fdSbPSZRsElPLlBZiBlvMvaULdSsRhMoz+674nuWxLRVqLtU0hH9PdEn8XG9OLQdsYMO2baG8L/vHqGrdNGX6g0Q1B8vKiVSYoJHYZFI6GBo+xZwbgW9q+Ud5hmHG2krg3Bnz55VtyWS75X8q+PCmfnkziWyS7ZI0XikxNyRi5JhVQJJ8/klbyTD+fFeXM+na9xa86ZzOyQP+UMfgAJcaB1</latexit>

S(r) =

8
<

:

R sin(r/R) ( = +1)
r ( = 0)
R sinh(r/R) ( = �1)

<latexit sha1_base64="c59/Gsj+vOcataP1yXKDS+I2v4w="></latexit><latexit sha1_base64="c59/Gsj+vOcataP1yXKDS+I2v4w="></latexit><latexit sha1_base64="c59/Gsj+vOcataP1yXKDS+I2v4w="></latexit><latexit sha1_base64="c59/Gsj+vOcataP1yXKDS+I2v4w="></latexit>

Limites:

S ⇡ r (8)
<latexit sha1_base64="cgkLOk028s9MUPZuyn3pbQmNq9A=">AAACEHicbVC7TsMwFHV4lvIKMLJYVIiyVAlCgrGChbEI+pCaKLpx3daqk1i2g6ii8gcs/AoLAwixMrLxN7htBmg5kuWjc+7VvfeEgjOlHefbWlhcWl5ZLawV1zc2t7btnd2GSlJJaJ0kPJGtEBTlLKZ1zTSnLSEpRCGnzXBwOfabd1QqlsS3eiioH0EvZl1GQBspsI9ugswbgBAwwp75ZHKPJX7AZa+bSOAcT83jwC45FWcCPE/cnJRQjlpgf3mdhKQRjTXhoFTbdYT2M5CaEU5HRS9VVAAZQI+2DY0hosrPJgeN8KFROthsYF6s8UT93ZFBpNQwCk1lBLqvZr2x+J/XTnX33M9YLFJNYzId1E051gkep4M7TFKi+dAQIJKZXTHpgwSiTYZFE4I7e/I8aZxUXKfiXp+Wqhd5HAW0jw5QGbnoDFXRFaqhOiLoET2jV/RmPVkv1rv1MS1dsPKePfQH1ucPv2ucYA==</latexit><latexit sha1_base64="cgkLOk028s9MUPZuyn3pbQmNq9A=">AAACEHicbVC7TsMwFHV4lvIKMLJYVIiyVAlCgrGChbEI+pCaKLpx3daqk1i2g6ii8gcs/AoLAwixMrLxN7htBmg5kuWjc+7VvfeEgjOlHefbWlhcWl5ZLawV1zc2t7btnd2GSlJJaJ0kPJGtEBTlLKZ1zTSnLSEpRCGnzXBwOfabd1QqlsS3eiioH0EvZl1GQBspsI9ugswbgBAwwp75ZHKPJX7AZa+bSOAcT83jwC45FWcCPE/cnJRQjlpgf3mdhKQRjTXhoFTbdYT2M5CaEU5HRS9VVAAZQI+2DY0hosrPJgeN8KFROthsYF6s8UT93ZFBpNQwCk1lBLqvZr2x+J/XTnX33M9YLFJNYzId1E051gkep4M7TFKi+dAQIJKZXTHpgwSiTYZFE4I7e/I8aZxUXKfiXp+Wqhd5HAW0jw5QGbnoDFXRFaqhOiLoET2jV/RmPVkv1rv1MS1dsPKePfQH1ucPv2ucYA==</latexit><latexit sha1_base64="cgkLOk028s9MUPZuyn3pbQmNq9A=">AAACEHicbVC7TsMwFHV4lvIKMLJYVIiyVAlCgrGChbEI+pCaKLpx3daqk1i2g6ii8gcs/AoLAwixMrLxN7htBmg5kuWjc+7VvfeEgjOlHefbWlhcWl5ZLawV1zc2t7btnd2GSlJJaJ0kPJGtEBTlLKZ1zTSnLSEpRCGnzXBwOfabd1QqlsS3eiioH0EvZl1GQBspsI9ugswbgBAwwp75ZHKPJX7AZa+bSOAcT83jwC45FWcCPE/cnJRQjlpgf3mdhKQRjTXhoFTbdYT2M5CaEU5HRS9VVAAZQI+2DY0hosrPJgeN8KFROthsYF6s8UT93ZFBpNQwCk1lBLqvZr2x+J/XTnX33M9YLFJNYzId1E051gkep4M7TFKi+dAQIJKZXTHpgwSiTYZFE4I7e/I8aZxUXKfiXp+Wqhd5HAW0jw5QGbnoDFXRFaqhOiLoET2jV/RmPVkv1rv1MS1dsPKePfQH1ucPv2ucYA==</latexit><latexit sha1_base64="cgkLOk028s9MUPZuyn3pbQmNq9A=">AAACEHicbVC7TsMwFHV4lvIKMLJYVIiyVAlCgrGChbEI+pCaKLpx3daqk1i2g6ii8gcs/AoLAwixMrLxN7htBmg5kuWjc+7VvfeEgjOlHefbWlhcWl5ZLawV1zc2t7btnd2GSlJJaJ0kPJGtEBTlLKZ1zTSnLSEpRCGnzXBwOfabd1QqlsS3eiioH0EvZl1GQBspsI9ugswbgBAwwp75ZHKPJX7AZa+bSOAcT83jwC45FWcCPE/cnJRQjlpgf3mdhKQRjTXhoFTbdYT2M5CaEU5HRS9VVAAZQI+2DY0hosrPJgeN8KFROthsYF6s8UT93ZFBpNQwCk1lBLqvZr2x+J/XTnX33M9YLFJNYzId1E051gkep4M7TFKi+dAQIJKZXTHpgwSiTYZFE4I7e/I8aZxUXKfiXp+Wqhd5HAW0jw5QGbnoDFXRFaqhOiLoET2jV/RmPVkv1rv1MS1dsPKePfQH1ucPv2ucYA==</latexit>

r ⌧ R :
<latexit sha1_base64="im7xOtifsnn2kIf9ivMjCscnHC4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvXisYj+gDWWz3bRLN5u4OxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUrtTXpSknur3rlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/N7p2QE6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjpZ0IlKXLF5ovCVBKMyfR50heaM5RjSyjTwt5K2JBqytBGVLIheIsvL5PmWdVzq97deaV2ncdRhCM4hlPw4AJqcAt1aAADCc/wCm/Oo/PivDsf89aCk88cwh84nz/w8488</latexit><latexit sha1_base64="im7xOtifsnn2kIf9ivMjCscnHC4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvXisYj+gDWWz3bRLN5u4OxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUrtTXpSknur3rlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/N7p2QE6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjpZ0IlKXLF5ovCVBKMyfR50heaM5RjSyjTwt5K2JBqytBGVLIheIsvL5PmWdVzq97deaV2ncdRhCM4hlPw4AJqcAt1aAADCc/wCm/Oo/PivDsf89aCk88cwh84nz/w8488</latexit><latexit sha1_base64="im7xOtifsnn2kIf9ivMjCscnHC4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvXisYj+gDWWz3bRLN5u4OxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUrtTXpSknur3rlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/N7p2QE6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjpZ0IlKXLF5ovCVBKMyfR50heaM5RjSyjTwt5K2JBqytBGVLIheIsvL5PmWdVzq97deaV2ncdRhCM4hlPw4AJqcAt1aAADCc/wCm/Oo/PivDsf89aCk88cwh84nz/w8488</latexit><latexit sha1_base64="im7xOtifsnn2kIf9ivMjCscnHC4=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvXisYj+gDWWz3bRLN5u4OxFK6J/w4kERr/4db/4bt20O2vpg4PHeDDPzgkQKg6777RRWVtfWN4qbpa3tnd298v5B08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn6rSeujYjVA44T7kd0oEQoGEUrtTXpSknur3rlilt1ZyDLxMtJBXLUe+Wvbj9macQVMkmN6Xhugn5GNQom+aTUTQ1PKBvRAe9YqmjEjZ/N7p2QE6v0SRhrWwrJTP09kdHImHEU2M6I4tAselPxP6+TYnjpZ0IlKXLF5ovCVBKMyfR50heaM5RjSyjTwt5K2JBqytBGVLIheIsvL5PmWdVzq97deaV2ncdRhCM4hlPw4AJqcAt1aAADCc/wCm/Oo/PivDsf89aCk88cwh84nz/w8488</latexit>

 = 0 or  = �1 :

<latexit sha1_base64="0c6eQKs2EB5E9x2PSQ04135sJYk=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ3lhkRFEEounFZwT6gHUomzbSheZFkhDK0ezf+ihsXirj1A9z5N6btINp6IHA451xu7okUo8b6/pe3sLi0vLKaW8uvb2xubRd2dmtGJhqTKpZM6kaEDGFUkKqllpGG0gTxiJF61L8e+/V7og2V4s4OFAk56goaU4ysk9qFYquPlELwEvpwlLY0h1IP4Qj+yMfBhUv5JX8COE+CjBRBhkq78NnqSJxwIixmyJhm4CsbpkhbihkZ5luJIQrhPuqSpqMCcWLCdHLMEB46pQNjqd0TFk7U3xMp4sYMeOSSHNmemfXG4n9eM7HxeZhSoRJLBJ4uihMGrYTjZmCHaoItGziCsKburxD3kEbYuv7yroRg9uR5UjspBX4puD0tlq+yOnJgHxyAIxCAM1AGN6ACqgCDB/AEXsCr9+g9e2/e+zS64GUze+APvI9vQMOZLQ==</latexit><latexit sha1_base64="0c6eQKs2EB5E9x2PSQ04135sJYk=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ3lhkRFEEounFZwT6gHUomzbSheZFkhDK0ezf+ihsXirj1A9z5N6btINp6IHA451xu7okUo8b6/pe3sLi0vLKaW8uvb2xubRd2dmtGJhqTKpZM6kaEDGFUkKqllpGG0gTxiJF61L8e+/V7og2V4s4OFAk56goaU4ysk9qFYquPlELwEvpwlLY0h1IP4Qj+yMfBhUv5JX8COE+CjBRBhkq78NnqSJxwIixmyJhm4CsbpkhbihkZ5luJIQrhPuqSpqMCcWLCdHLMEB46pQNjqd0TFk7U3xMp4sYMeOSSHNmemfXG4n9eM7HxeZhSoRJLBJ4uihMGrYTjZmCHaoItGziCsKburxD3kEbYuv7yroRg9uR5UjspBX4puD0tlq+yOnJgHxyAIxCAM1AGN6ACqgCDB/AEXsCr9+g9e2/e+zS64GUze+APvI9vQMOZLQ==</latexit><latexit sha1_base64="0c6eQKs2EB5E9x2PSQ04135sJYk=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ3lhkRFEEounFZwT6gHUomzbSheZFkhDK0ezf+ihsXirj1A9z5N6btINp6IHA451xu7okUo8b6/pe3sLi0vLKaW8uvb2xubRd2dmtGJhqTKpZM6kaEDGFUkKqllpGG0gTxiJF61L8e+/V7og2V4s4OFAk56goaU4ysk9qFYquPlELwEvpwlLY0h1IP4Qj+yMfBhUv5JX8COE+CjBRBhkq78NnqSJxwIixmyJhm4CsbpkhbihkZ5luJIQrhPuqSpqMCcWLCdHLMEB46pQNjqd0TFk7U3xMp4sYMeOSSHNmemfXG4n9eM7HxeZhSoRJLBJ4uihMGrYTjZmCHaoItGziCsKburxD3kEbYuv7yroRg9uR5UjspBX4puD0tlq+yOnJgHxyAIxCAM1AGN6ACqgCDB/AEXsCr9+g9e2/e+zS64GUze+APvI9vQMOZLQ==</latexit><latexit sha1_base64="0c6eQKs2EB5E9x2PSQ04135sJYk=">AAACDHicbVDLSgMxFM34rPVVdekmWAQ3lhkRFEEounFZwT6gHUomzbSheZFkhDK0ezf+ihsXirj1A9z5N6btINp6IHA451xu7okUo8b6/pe3sLi0vLKaW8uvb2xubRd2dmtGJhqTKpZM6kaEDGFUkKqllpGG0gTxiJF61L8e+/V7og2V4s4OFAk56goaU4ysk9qFYquPlELwEvpwlLY0h1IP4Qj+yMfBhUv5JX8COE+CjBRBhkq78NnqSJxwIixmyJhm4CsbpkhbihkZ5luJIQrhPuqSpqMCcWLCdHLMEB46pQNjqd0TFk7U3xMp4sYMeOSSHNmemfXG4n9eM7HxeZhSoRJLBJ4uihMGrYTjZmCHaoItGziCsKburxD3kEbYuv7yroRg9uR5UjspBX4puD0tlq+yOnJgHxyAIxCAM1AGN6ACqgCDB/AEXsCr9+g9e2/e+zS64GUze+APvI9vQMOZLQ==</latexit>

lim
r!1

S(r) = 1
<latexit sha1_base64="TVgF3Q3hsK7FXa6Bf7sl2Rt8cNc=">AAACGnicbVBNS8NAEN3U7/pV9ehlsQj1UhIR9CIUvXhUtCo0JUy2m3bpZhN2J0oJ+R1e/CtePCjiTbz4b9zWHPx6MPB4b4aZeWEqhUHX/XAqU9Mzs3PzC9XFpeWV1dra+qVJMs14myUy0dchGC6F4m0UKPl1qjnEoeRX4fB47F/dcG1Eoi5wlPJuDH0lIsEArRTUPF+KOMg19bXoDxC0Tm6pL1SEo+I8yP0hpCkUDb1DD0s5qNXdpjsB/Uu8ktRJidOg9ub3EpbFXCGTYEzHc1Ps5qBRMMmLqp8ZngIbQp93LFUQc9PNJ68VdNsqPRol2pZCOlG/T+QQGzOKQ9sZAw7Mb28s/ud1MowOurlQaYZcsa9FUSYpJnScE+0JzRnKkSXAtLC3UjYADQxtmlUbgvf75b/kcrfpuU3vbK/eOirjmCebZIs0iEf2SYuckFPSJozckQfyRJ6de+fReXFev1orTjmzQX7Aef8EuMWhQA==</latexit><latexit sha1_base64="TVgF3Q3hsK7FXa6Bf7sl2Rt8cNc=">AAACGnicbVBNS8NAEN3U7/pV9ehlsQj1UhIR9CIUvXhUtCo0JUy2m3bpZhN2J0oJ+R1e/CtePCjiTbz4b9zWHPx6MPB4b4aZeWEqhUHX/XAqU9Mzs3PzC9XFpeWV1dra+qVJMs14myUy0dchGC6F4m0UKPl1qjnEoeRX4fB47F/dcG1Eoi5wlPJuDH0lIsEArRTUPF+KOMg19bXoDxC0Tm6pL1SEo+I8yP0hpCkUDb1DD0s5qNXdpjsB/Uu8ktRJidOg9ub3EpbFXCGTYEzHc1Ps5qBRMMmLqp8ZngIbQp93LFUQc9PNJ68VdNsqPRol2pZCOlG/T+QQGzOKQ9sZAw7Mb28s/ud1MowOurlQaYZcsa9FUSYpJnScE+0JzRnKkSXAtLC3UjYADQxtmlUbgvf75b/kcrfpuU3vbK/eOirjmCebZIs0iEf2SYuckFPSJozckQfyRJ6de+fReXFev1orTjmzQX7Aef8EuMWhQA==</latexit><latexit sha1_base64="TVgF3Q3hsK7FXa6Bf7sl2Rt8cNc=">AAACGnicbVBNS8NAEN3U7/pV9ehlsQj1UhIR9CIUvXhUtCo0JUy2m3bpZhN2J0oJ+R1e/CtePCjiTbz4b9zWHPx6MPB4b4aZeWEqhUHX/XAqU9Mzs3PzC9XFpeWV1dra+qVJMs14myUy0dchGC6F4m0UKPl1qjnEoeRX4fB47F/dcG1Eoi5wlPJuDH0lIsEArRTUPF+KOMg19bXoDxC0Tm6pL1SEo+I8yP0hpCkUDb1DD0s5qNXdpjsB/Uu8ktRJidOg9ub3EpbFXCGTYEzHc1Ps5qBRMMmLqp8ZngIbQp93LFUQc9PNJ68VdNsqPRol2pZCOlG/T+QQGzOKQ9sZAw7Mb28s/ud1MowOurlQaYZcsa9FUSYpJnScE+0JzRnKkSXAtLC3UjYADQxtmlUbgvf75b/kcrfpuU3vbK/eOirjmCebZIs0iEf2SYuckFPSJozckQfyRJ6de+fReXFev1orTjmzQX7Aef8EuMWhQA==</latexit><latexit sha1_base64="TVgF3Q3hsK7FXa6Bf7sl2Rt8cNc=">AAACGnicbVBNS8NAEN3U7/pV9ehlsQj1UhIR9CIUvXhUtCo0JUy2m3bpZhN2J0oJ+R1e/CtePCjiTbz4b9zWHPx6MPB4b4aZeWEqhUHX/XAqU9Mzs3PzC9XFpeWV1dra+qVJMs14myUy0dchGC6F4m0UKPl1qjnEoeRX4fB47F/dcG1Eoi5wlPJuDH0lIsEArRTUPF+KOMg19bXoDxC0Tm6pL1SEo+I8yP0hpCkUDb1DD0s5qNXdpjsB/Uu8ktRJidOg9ub3EpbFXCGTYEzHc1Ps5qBRMMmLqp8ZngIbQp93LFUQc9PNJ68VdNsqPRol2pZCOlG/T+QQGzOKQ9sZAw7Mb28s/ud1MowOurlQaYZcsa9FUSYpJnScE+0JzRnKkSXAtLC3UjYADQxtmlUbgvf75b/kcrfpuU3vbK/eOirjmCebZIs0iEf2SYuckFPSJozckQfyRJ6de+fReXFev1orTjmzQX7Aef8EuMWhQA==</latexit>

 = +1 :
<latexit sha1_base64="0hU1c8WWqoEv/3Bz4nDRtbmVxC0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigiIIRS8eK9gPaEKZbLft0k2y7G6EEvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvFAKro3rfjuFldW19Y3iZmlre2d3r7x/0NRJqihr0EQkqh2iZoLHrGG4EawtFcMoFKwVju6mfuuJKc2T+NGMJQsiHMS8zykaK/n+CKVEckPOvOtuueJW3RnIMvFyUoEc9W75y+8lNI1YbKhArTueK02QoTKcCjYp+almEukIB6xjaYwR00E2u3lCTqzSI/1E2YoNmam/JzKMtB5Hoe2M0Az1ojcV//M6qelfBRmPZWpYTOeL+qkgJiHTAEiPK0aNGFuCVHF7K6FDVEiNjalkQ/AWX14mzfOq51a9h4tK7TaPowhHcAyn4MEl1OAe6tAAChKe4RXenNR5cd6dj3lrwclnDuEPnM8fJciQbg==</latexit><latexit sha1_base64="0hU1c8WWqoEv/3Bz4nDRtbmVxC0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigiIIRS8eK9gPaEKZbLft0k2y7G6EEvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvFAKro3rfjuFldW19Y3iZmlre2d3r7x/0NRJqihr0EQkqh2iZoLHrGG4EawtFcMoFKwVju6mfuuJKc2T+NGMJQsiHMS8zykaK/n+CKVEckPOvOtuueJW3RnIMvFyUoEc9W75y+8lNI1YbKhArTueK02QoTKcCjYp+almEukIB6xjaYwR00E2u3lCTqzSI/1E2YoNmam/JzKMtB5Hoe2M0Az1ojcV//M6qelfBRmPZWpYTOeL+qkgJiHTAEiPK0aNGFuCVHF7K6FDVEiNjalkQ/AWX14mzfOq51a9h4tK7TaPowhHcAyn4MEl1OAe6tAAChKe4RXenNR5cd6dj3lrwclnDuEPnM8fJciQbg==</latexit><latexit sha1_base64="0hU1c8WWqoEv/3Bz4nDRtbmVxC0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigiIIRS8eK9gPaEKZbLft0k2y7G6EEvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvFAKro3rfjuFldW19Y3iZmlre2d3r7x/0NRJqihr0EQkqh2iZoLHrGG4EawtFcMoFKwVju6mfuuJKc2T+NGMJQsiHMS8zykaK/n+CKVEckPOvOtuueJW3RnIMvFyUoEc9W75y+8lNI1YbKhArTueK02QoTKcCjYp+almEukIB6xjaYwR00E2u3lCTqzSI/1E2YoNmam/JzKMtB5Hoe2M0Az1ojcV//M6qelfBRmPZWpYTOeL+qkgJiHTAEiPK0aNGFuCVHF7K6FDVEiNjalkQ/AWX14mzfOq51a9h4tK7TaPowhHcAyn4MEl1OAe6tAAChKe4RXenNR5cd6dj3lrwclnDuEPnM8fJciQbg==</latexit><latexit sha1_base64="0hU1c8WWqoEv/3Bz4nDRtbmVxC0=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBZBEEoigiIIRS8eK9gPaEKZbLft0k2y7G6EEvo3vHhQxKt/xpv/xm2bg7Y+GHi8N8PMvFAKro3rfjuFldW19Y3iZmlre2d3r7x/0NRJqihr0EQkqh2iZoLHrGG4EawtFcMoFKwVju6mfuuJKc2T+NGMJQsiHMS8zykaK/n+CKVEckPOvOtuueJW3RnIMvFyUoEc9W75y+8lNI1YbKhArTueK02QoTKcCjYp+almEukIB6xjaYwR00E2u3lCTqzSI/1E2YoNmam/JzKMtB5Hoe2M0Az1ojcV//M6qelfBRmPZWpYTOeL+qkgJiHTAEiPK0aNGFuCVHF7K6FDVEiNjalkQ/AWX14mzfOq51a9h4tK7TaPowhHcAyn4MEl1OAe6tAAChKe4RXenNR5cd6dj3lrwclnDuEPnM8fJciQbg==</latexit>

S
max

= R (em r/R = ⇡/2)
<latexit sha1_base64="g0F2g1mJxRx3gSTEteZWn6feKiA=">AAACEnicbVDLTgIxFO3gC/GFunTTSExgAzPERDcmRDcuEeWRAJl0Sgca2s6k7RjJBH7Bjb/ixoXGuHXlzr+xwCwUPMlNTs+5N733eCGjStv2t5VaWV1b30hvZra2d3b3svsHDRVEEpM6DlggWx5ShFFB6ppqRlqhJIh7jDS94dXUb94TqWgg7vQoJF2O+oL6FCNtJDdbuHXjjuSQo4cxvIA1OMnP3oSP4QTKUs2InZCWygU3m7OL9gxwmTgJyYEEVTf71ekFOOJEaMyQUm3HDnU3RlJTzMg404kUCREeoj5pGyoQJ6obz04awxOj9KAfSFNCw5n6eyJGXKkR90wnR3qgFr2p+J/XjrR/3o2pCCNNBJ5/5EcM6gBO84E9KgnWbGQIwpKaXSEeIImwNilmTAjO4snLpFEuOnbRuTnNVS6TONLgCByDPHDAGaiAa1AFdYDBI3gGr+DNerJerHfrY96aspKZQ/AH1ucPKZWbNw==</latexit><latexit sha1_base64="g0F2g1mJxRx3gSTEteZWn6feKiA=">AAACEnicbVDLTgIxFO3gC/GFunTTSExgAzPERDcmRDcuEeWRAJl0Sgca2s6k7RjJBH7Bjb/ixoXGuHXlzr+xwCwUPMlNTs+5N733eCGjStv2t5VaWV1b30hvZra2d3b3svsHDRVEEpM6DlggWx5ShFFB6ppqRlqhJIh7jDS94dXUb94TqWgg7vQoJF2O+oL6FCNtJDdbuHXjjuSQo4cxvIA1OMnP3oSP4QTKUs2InZCWygU3m7OL9gxwmTgJyYEEVTf71ekFOOJEaMyQUm3HDnU3RlJTzMg404kUCREeoj5pGyoQJ6obz04awxOj9KAfSFNCw5n6eyJGXKkR90wnR3qgFr2p+J/XjrR/3o2pCCNNBJ5/5EcM6gBO84E9KgnWbGQIwpKaXSEeIImwNilmTAjO4snLpFEuOnbRuTnNVS6TONLgCByDPHDAGaiAa1AFdYDBI3gGr+DNerJerHfrY96aspKZQ/AH1ucPKZWbNw==</latexit><latexit sha1_base64="g0F2g1mJxRx3gSTEteZWn6feKiA=">AAACEnicbVDLTgIxFO3gC/GFunTTSExgAzPERDcmRDcuEeWRAJl0Sgca2s6k7RjJBH7Bjb/ixoXGuHXlzr+xwCwUPMlNTs+5N733eCGjStv2t5VaWV1b30hvZra2d3b3svsHDRVEEpM6DlggWx5ShFFB6ppqRlqhJIh7jDS94dXUb94TqWgg7vQoJF2O+oL6FCNtJDdbuHXjjuSQo4cxvIA1OMnP3oSP4QTKUs2InZCWygU3m7OL9gxwmTgJyYEEVTf71ekFOOJEaMyQUm3HDnU3RlJTzMg404kUCREeoj5pGyoQJ6obz04awxOj9KAfSFNCw5n6eyJGXKkR90wnR3qgFr2p+J/XjrR/3o2pCCNNBJ5/5EcM6gBO84E9KgnWbGQIwpKaXSEeIImwNilmTAjO4snLpFEuOnbRuTnNVS6TONLgCByDPHDAGaiAa1AFdYDBI3gGr+DNerJerHfrY96aspKZQ/AH1ucPKZWbNw==</latexit><latexit sha1_base64="g0F2g1mJxRx3gSTEteZWn6feKiA=">AAACEnicbVDLTgIxFO3gC/GFunTTSExgAzPERDcmRDcuEeWRAJl0Sgca2s6k7RjJBH7Bjb/ixoXGuHXlzr+xwCwUPMlNTs+5N733eCGjStv2t5VaWV1b30hvZra2d3b3svsHDRVEEpM6DlggWx5ShFFB6ppqRlqhJIh7jDS94dXUb94TqWgg7vQoJF2O+oL6FCNtJDdbuHXjjuSQo4cxvIA1OMnP3oSP4QTKUs2InZCWygU3m7OL9gxwmTgJyYEEVTf71ekFOOJEaMyQUm3HDnU3RlJTzMg404kUCREeoj5pGyoQJ6obz04awxOj9KAfSFNCw5n6eyJGXKkR90wnR3qgFr2p+J/XjrR/3o2pCCNNBJ5/5EcM6gBO84E9KgnWbGQIwpKaXSEeIImwNilmTAjO4snLpFEuOnbRuTnNVS6TONLgCByDPHDAGaiAa1AFdYDBI3gGr+DNerJerHfrY96aspKZQ/AH1ucPKZWbNw==</latexit>

Smin = 0 (em r/R = ⇡)
<latexit sha1_base64="OfBtVZl8Ly1UGQsKx2YZ/5Vf8aE=">AAACEHicbVC7TsMwFHXKq5RXgJHFokKUpSQICRakChbG8uhDaqLKcd3Wqu1EtoNURekfsPArLAwgxMrIxt/gph2g5UhXOj7nXvneE0SMKu0431ZuYXFpeSW/Wlhb39jcsrd36iqMJSY1HLJQNgOkCKOC1DTVjDQjSRAPGGkEg6ux33ggUtFQ3OthRHyOeoJ2KUbaSG378K6deJJDTkUKL6ADR6XsTXgKR1Ae3xrRi+hR2y46ZScDnCfulBTBFNW2/eV1QhxzIjRmSKmW60TaT5DUFDOSFrxYkQjhAeqRlqECcaL8JDsohQdG6cBuKE0JDTP190SCuFJDHphOjnRfzXpj8T+vFevuuZ9QEcWaCDz5qBszqEM4Tgd2qCRYs6EhCEtqdoW4jyTC2mRYMCG4syfPk/pJ2XXK7s1psXI5jSMP9sA+KAEXnIEKuAZVUAMYPIJn8ArerCfrxXq3PiatOWs6swv+wPr8AfiBmp4=</latexit><latexit sha1_base64="OfBtVZl8Ly1UGQsKx2YZ/5Vf8aE=">AAACEHicbVC7TsMwFHXKq5RXgJHFokKUpSQICRakChbG8uhDaqLKcd3Wqu1EtoNURekfsPArLAwgxMrIxt/gph2g5UhXOj7nXvneE0SMKu0431ZuYXFpeSW/Wlhb39jcsrd36iqMJSY1HLJQNgOkCKOC1DTVjDQjSRAPGGkEg6ux33ggUtFQ3OthRHyOeoJ2KUbaSG378K6deJJDTkUKL6ADR6XsTXgKR1Ae3xrRi+hR2y46ZScDnCfulBTBFNW2/eV1QhxzIjRmSKmW60TaT5DUFDOSFrxYkQjhAeqRlqECcaL8JDsohQdG6cBuKE0JDTP190SCuFJDHphOjnRfzXpj8T+vFevuuZ9QEcWaCDz5qBszqEM4Tgd2qCRYs6EhCEtqdoW4jyTC2mRYMCG4syfPk/pJ2XXK7s1psXI5jSMP9sA+KAEXnIEKuAZVUAMYPIJn8ArerCfrxXq3PiatOWs6swv+wPr8AfiBmp4=</latexit><latexit sha1_base64="OfBtVZl8Ly1UGQsKx2YZ/5Vf8aE=">AAACEHicbVC7TsMwFHXKq5RXgJHFokKUpSQICRakChbG8uhDaqLKcd3Wqu1EtoNURekfsPArLAwgxMrIxt/gph2g5UhXOj7nXvneE0SMKu0431ZuYXFpeSW/Wlhb39jcsrd36iqMJSY1HLJQNgOkCKOC1DTVjDQjSRAPGGkEg6ux33ggUtFQ3OthRHyOeoJ2KUbaSG378K6deJJDTkUKL6ADR6XsTXgKR1Ae3xrRi+hR2y46ZScDnCfulBTBFNW2/eV1QhxzIjRmSKmW60TaT5DUFDOSFrxYkQjhAeqRlqECcaL8JDsohQdG6cBuKE0JDTP190SCuFJDHphOjnRfzXpj8T+vFevuuZ9QEcWaCDz5qBszqEM4Tgd2qCRYs6EhCEtqdoW4jyTC2mRYMCG4syfPk/pJ2XXK7s1psXI5jSMP9sA+KAEXnIEKuAZVUAMYPIJn8ArerCfrxXq3PiatOWs6swv+wPr8AfiBmp4=</latexit><latexit sha1_base64="OfBtVZl8Ly1UGQsKx2YZ/5Vf8aE=">AAACEHicbVC7TsMwFHXKq5RXgJHFokKUpSQICRakChbG8uhDaqLKcd3Wqu1EtoNURekfsPArLAwgxMrIxt/gph2g5UhXOj7nXvneE0SMKu0431ZuYXFpeSW/Wlhb39jcsrd36iqMJSY1HLJQNgOkCKOC1DTVjDQjSRAPGGkEg6ux33ggUtFQ3OthRHyOeoJ2KUbaSG378K6deJJDTkUKL6ADR6XsTXgKR1Ae3xrRi+hR2y46ZScDnCfulBTBFNW2/eV1QhxzIjRmSKmW60TaT5DUFDOSFrxYkQjhAeqRlqECcaL8JDsohQdG6cBuKE0JDTP190SCuFJDHphOjnRfzXpj8T+vFevuuZ9QEcWaCDz5qBszqEM4Tgd2qCRYs6EhCEtqdoW4jyTC2mRYMCG4syfPk/pJ2XXK7s1psXI5jSMP9sA+KAEXnIEKuAZVUAMYPIJn8ArerCfrxXq3PiatOWs6swv+wPr8AfiBmp4=</latexit>
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3.4 Conceitos de Métrica e Curvatura

#

d`2 = dr2 + S2
(r)d⌦

2
<latexit sha1_base64="5X1plQFSl8D8p+Whc9eiLCBYFOo=">AAACFnicbVDLSgNBEJyNrxhfUY9eBoOgiGE3CHoRgl68GdGYQDYJvbOdZMjsg5lZISz5Ci/+ihcPingVb/6Nk8dBowVNF1XdzHR5seBK2/aXlZmbX1hcyi7nVlbX1jfym1t3KkokwyqLRCTrHigUPMSq5lpgPZYIgSew5vUvRn7tHqXiUXirBzE2A+iGvMMZaCO180e+i0K0SvSM+tK03CG9aaduH+IYhq3SvjygvnsVYBdoq5Rr5wt20R6D/iXOlBTIFJV2/tP1I5YEGGomQKmGY8e6mYLUnAkc5txEYQysD11sGBpCgKqZjs8a0j2j+LQTSVOhpmP150YKgVKDwDOTAeiemvVG4n9eI9Gd02bKwzjRGLLJQ51EUB3RUUbU5xKZFgNDgElu/kpZDyQwbZIcheDMnvyX3JWKjl10ro8L5fNpHFmyQ3bJPnHICSmTS1IhVcLIA3kiL+TVerSerTfrfTKasaY72+QXrI9vLFacOw==</latexit><latexit sha1_base64="5X1plQFSl8D8p+Whc9eiLCBYFOo=">AAACFnicbVDLSgNBEJyNrxhfUY9eBoOgiGE3CHoRgl68GdGYQDYJvbOdZMjsg5lZISz5Ci/+ihcPingVb/6Nk8dBowVNF1XdzHR5seBK2/aXlZmbX1hcyi7nVlbX1jfym1t3KkokwyqLRCTrHigUPMSq5lpgPZYIgSew5vUvRn7tHqXiUXirBzE2A+iGvMMZaCO180e+i0K0SvSM+tK03CG9aaduH+IYhq3SvjygvnsVYBdoq5Rr5wt20R6D/iXOlBTIFJV2/tP1I5YEGGomQKmGY8e6mYLUnAkc5txEYQysD11sGBpCgKqZjs8a0j2j+LQTSVOhpmP150YKgVKDwDOTAeiemvVG4n9eI9Gd02bKwzjRGLLJQ51EUB3RUUbU5xKZFgNDgElu/kpZDyQwbZIcheDMnvyX3JWKjl10ro8L5fNpHFmyQ3bJPnHICSmTS1IhVcLIA3kiL+TVerSerTfrfTKasaY72+QXrI9vLFacOw==</latexit><latexit sha1_base64="5X1plQFSl8D8p+Whc9eiLCBYFOo=">AAACFnicbVDLSgNBEJyNrxhfUY9eBoOgiGE3CHoRgl68GdGYQDYJvbOdZMjsg5lZISz5Ci/+ihcPingVb/6Nk8dBowVNF1XdzHR5seBK2/aXlZmbX1hcyi7nVlbX1jfym1t3KkokwyqLRCTrHigUPMSq5lpgPZYIgSew5vUvRn7tHqXiUXirBzE2A+iGvMMZaCO180e+i0K0SvSM+tK03CG9aaduH+IYhq3SvjygvnsVYBdoq5Rr5wt20R6D/iXOlBTIFJV2/tP1I5YEGGomQKmGY8e6mYLUnAkc5txEYQysD11sGBpCgKqZjs8a0j2j+LQTSVOhpmP150YKgVKDwDOTAeiemvVG4n9eI9Gd02bKwzjRGLLJQ51EUB3RUUbU5xKZFgNDgElu/kpZDyQwbZIcheDMnvyX3JWKjl10ro8L5fNpHFmyQ3bJPnHICSmTS1IhVcLIA3kiL+TVerSerTfrfTKasaY72+QXrI9vLFacOw==</latexit><latexit sha1_base64="5X1plQFSl8D8p+Whc9eiLCBYFOo=">AAACFnicbVDLSgNBEJyNrxhfUY9eBoOgiGE3CHoRgl68GdGYQDYJvbOdZMjsg5lZISz5Ci/+ihcPingVb/6Nk8dBowVNF1XdzHR5seBK2/aXlZmbX1hcyi7nVlbX1jfym1t3KkokwyqLRCTrHigUPMSq5lpgPZYIgSew5vUvRn7tHqXiUXirBzE2A+iGvMMZaCO180e+i0K0SvSM+tK03CG9aaduH+IYhq3SvjygvnsVYBdoq5Rr5wt20R6D/iXOlBTIFJV2/tP1I5YEGGomQKmGY8e6mYLUnAkc5txEYQysD11sGBpCgKqZjs8a0j2j+LQTSVOhpmP150YKgVKDwDOTAeiemvVG4n9eI9Gd02bKwzjRGLLJQ51EUB3RUUbU5xKZFgNDgElu/kpZDyQwbZIcheDMnvyX3JWKjl10ro8L5fNpHFmyQ3bJPnHICSmTS1IhVcLIA3kiL+TVerSerTfrfTKasaY72+QXrI9vLFacOw==</latexit>

d⌦2 ⌘ d✓2 + sin2(✓)d�2
<latexit sha1_base64="6KaJUg52MPZcSV0a16NShcZnruk=">AAACH3icbZBNSwMxEIaz9Xv9qnr0EixCRSi7RdSj6MWbFawWurVks9M2NJtdk1mhFP+JF/+KFw+KiLf+G9OPg7YOBF6ed4bJvGEqhUHPGzi5ufmFxaXlFXd1bX1jM7+1fWuSTHOo8kQmuhYyA1IoqKJACbVUA4tDCXdh92Lo3z2CNiJRN9hLoRGzthItwRla1MwfR8FVDG12X6YBPGTi0aVRgB3AITl0AyOUFcUxOrBe2hEWNPMFr+SNis4KfyIKZFKVZv47iBKexaCQS2ZM3fdSbPSZRsElPLlBZiBlvMvaULdSsRhMoz+674nuWxLRVqLtU0hH9PdEn8XG9OLQdsYMO2baG8L/vHqGrdNGX6g0Q1B8vKiVSYoJHYZFI6GBo+xZwbgW9q+Ud5hmHG2krg3Bnz55VtyWS75X8q+PCmfnkziWyS7ZI0XikxNyRi5JhVQJJ8/klbyTD+fFeXM+na9xa86ZzOyQP+UMfgAJcaB1</latexit><latexit sha1_base64="6KaJUg52MPZcSV0a16NShcZnruk=">AAACH3icbZBNSwMxEIaz9Xv9qnr0EixCRSi7RdSj6MWbFawWurVks9M2NJtdk1mhFP+JF/+KFw+KiLf+G9OPg7YOBF6ed4bJvGEqhUHPGzi5ufmFxaXlFXd1bX1jM7+1fWuSTHOo8kQmuhYyA1IoqKJACbVUA4tDCXdh92Lo3z2CNiJRN9hLoRGzthItwRla1MwfR8FVDG12X6YBPGTi0aVRgB3AITl0AyOUFcUxOrBe2hEWNPMFr+SNis4KfyIKZFKVZv47iBKexaCQS2ZM3fdSbPSZRsElPLlBZiBlvMvaULdSsRhMoz+674nuWxLRVqLtU0hH9PdEn8XG9OLQdsYMO2baG8L/vHqGrdNGX6g0Q1B8vKiVSYoJHYZFI6GBo+xZwbgW9q+Ud5hmHG2krg3Bnz55VtyWS75X8q+PCmfnkziWyS7ZI0XikxNyRi5JhVQJJ8/klbyTD+fFeXM+na9xa86ZzOyQP+UMfgAJcaB1</latexit><latexit sha1_base64="6KaJUg52MPZcSV0a16NShcZnruk=">AAACH3icbZBNSwMxEIaz9Xv9qnr0EixCRSi7RdSj6MWbFawWurVks9M2NJtdk1mhFP+JF/+KFw+KiLf+G9OPg7YOBF6ed4bJvGEqhUHPGzi5ufmFxaXlFXd1bX1jM7+1fWuSTHOo8kQmuhYyA1IoqKJACbVUA4tDCXdh92Lo3z2CNiJRN9hLoRGzthItwRla1MwfR8FVDG12X6YBPGTi0aVRgB3AITl0AyOUFcUxOrBe2hEWNPMFr+SNis4KfyIKZFKVZv47iBKexaCQS2ZM3fdSbPSZRsElPLlBZiBlvMvaULdSsRhMoz+674nuWxLRVqLtU0hH9PdEn8XG9OLQdsYMO2baG8L/vHqGrdNGX6g0Q1B8vKiVSYoJHYZFI6GBo+xZwbgW9q+Ud5hmHG2krg3Bnz55VtyWS75X8q+PCmfnkziWyS7ZI0XikxNyRi5JhVQJJ8/klbyTD+fFeXM+na9xa86ZzOyQP+UMfgAJcaB1</latexit><latexit sha1_base64="6KaJUg52MPZcSV0a16NShcZnruk=">AAACH3icbZBNSwMxEIaz9Xv9qnr0EixCRSi7RdSj6MWbFawWurVks9M2NJtdk1mhFP+JF/+KFw+KiLf+G9OPg7YOBF6ed4bJvGEqhUHPGzi5ufmFxaXlFXd1bX1jM7+1fWuSTHOo8kQmuhYyA1IoqKJACbVUA4tDCXdh92Lo3z2CNiJRN9hLoRGzthItwRla1MwfR8FVDG12X6YBPGTi0aVRgB3AITl0AyOUFcUxOrBe2hEWNPMFr+SNis4KfyIKZFKVZv47iBKexaCQS2ZM3fdSbPSZRsElPLlBZiBlvMvaULdSsRhMoz+674nuWxLRVqLtU0hH9PdEn8XG9OLQdsYMO2baG8L/vHqGrdNGX6g0Q1B8vKiVSYoJHYZFI6GBo+xZwbgW9q+Ud5hmHG2krg3Bnz55VtyWS75X8q+PCmfnkziWyS7ZI0XikxNyRi5JhVQJJ8/klbyTD+fFeXM+na9xa86ZzOyQP+UMfgAJcaB1</latexit>

S(r) =

8
<

:

R sin(r/R) ( = +1)
r ( = 0)
R sinh(r/R) ( = �1)

<latexit sha1_base64="c59/Gsj+vOcataP1yXKDS+I2v4w="></latexit><latexit sha1_base64="c59/Gsj+vOcataP1yXKDS+I2v4w="></latexit><latexit sha1_base64="c59/Gsj+vOcataP1yXKDS+I2v4w="></latexit><latexit sha1_base64="c59/Gsj+vOcataP1yXKDS+I2v4w="></latexit>

Sistema de coordenadas
(r, ✓,�)

<latexit sha1_base64="sotOPxXymCXibyx8TkV6a06vR+U=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0GIIGFXBD0GvXiMYB6QLGF20psMmX0w06uENZ/ixYMiXv0Sb/6Nk2QPmljQdFHVzfSUn0ih0XG+rZXVtfWNzcJWcXtnd2/fLh00dZwqDg0ey1i1faZBiggaKFBCO1HAQl9Cyx/dTP3WAygt4ugexwl4IRtEIhCcoZF6dqmizmgXh4DM9GQoTnt22ak6M9Bl4uakTHLUe/ZXtx/zNIQIuWRad1wnQS9jCgWXMCl2Uw0J4yM2gI6hEQtBe9ns9Ak9MUqfBrEyFSGdqb83MhZqPQ59MxkyHOpFbyr+53VSDK68TERJihDx+UNBKinGdJoD7QsFHOXYEMaVMLdSPmSKcTRpFU0I7uKXl0nzvOo6Vffuoly7zuMokCNyTCrEJZekRm5JnTQIJ4/kmbySN+vJerHerY/56IqV7xySP7A+fwBW0JK/</latexit><latexit sha1_base64="sotOPxXymCXibyx8TkV6a06vR+U=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0GIIGFXBD0GvXiMYB6QLGF20psMmX0w06uENZ/ixYMiXv0Sb/6Nk2QPmljQdFHVzfSUn0ih0XG+rZXVtfWNzcJWcXtnd2/fLh00dZwqDg0ey1i1faZBiggaKFBCO1HAQl9Cyx/dTP3WAygt4ugexwl4IRtEIhCcoZF6dqmizmgXh4DM9GQoTnt22ak6M9Bl4uakTHLUe/ZXtx/zNIQIuWRad1wnQS9jCgWXMCl2Uw0J4yM2gI6hEQtBe9ns9Ak9MUqfBrEyFSGdqb83MhZqPQ59MxkyHOpFbyr+53VSDK68TERJihDx+UNBKinGdJoD7QsFHOXYEMaVMLdSPmSKcTRpFU0I7uKXl0nzvOo6Vffuoly7zuMokCNyTCrEJZekRm5JnTQIJ4/kmbySN+vJerHerY/56IqV7xySP7A+fwBW0JK/</latexit><latexit sha1_base64="sotOPxXymCXibyx8TkV6a06vR+U=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0GIIGFXBD0GvXiMYB6QLGF20psMmX0w06uENZ/ixYMiXv0Sb/6Nk2QPmljQdFHVzfSUn0ih0XG+rZXVtfWNzcJWcXtnd2/fLh00dZwqDg0ey1i1faZBiggaKFBCO1HAQl9Cyx/dTP3WAygt4ugexwl4IRtEIhCcoZF6dqmizmgXh4DM9GQoTnt22ak6M9Bl4uakTHLUe/ZXtx/zNIQIuWRad1wnQS9jCgWXMCl2Uw0J4yM2gI6hEQtBe9ns9Ak9MUqfBrEyFSGdqb83MhZqPQ59MxkyHOpFbyr+53VSDK68TERJihDx+UNBKinGdJoD7QsFHOXYEMaVMLdSPmSKcTRpFU0I7uKXl0nzvOo6Vffuoly7zuMokCNyTCrEJZekRm5JnTQIJ4/kmbySN+vJerHerY/56IqV7xySP7A+fwBW0JK/</latexit><latexit sha1_base64="sotOPxXymCXibyx8TkV6a06vR+U=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0GIIGFXBD0GvXiMYB6QLGF20psMmX0w06uENZ/ixYMiXv0Sb/6Nk2QPmljQdFHVzfSUn0ih0XG+rZXVtfWNzcJWcXtnd2/fLh00dZwqDg0ey1i1faZBiggaKFBCO1HAQl9Cyx/dTP3WAygt4ugexwl4IRtEIhCcoZF6dqmizmgXh4DM9GQoTnt22ak6M9Bl4uakTHLUe/ZXtx/zNIQIuWRad1wnQS9jCgWXMCl2Uw0J4yM2gI6hEQtBe9ns9Ak9MUqfBrEyFSGdqb83MhZqPQ59MxkyHOpFbyr+53VSDK68TERJihDx+UNBKinGdJoD7QsFHOXYEMaVMLdSPmSKcTRpFU0I7uKXl0nzvOo6Vffuoly7zuMokCNyTCrEJZekRm5JnTQIJ4/kmbySN+vJerHerY/56IqV7xySP7A+fwBW0JK/</latexit>
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3.4 Conceitos de Métrica e Curvatura

#

d`2 = dr2 + S2
(r)d⌦

2
<latexit sha1_base64="5X1plQFSl8D8p+Whc9eiLCBYFOo=">AAACFnicbVDLSgNBEJyNrxhfUY9eBoOgiGE3CHoRgl68GdGYQDYJvbOdZMjsg5lZISz5Ci/+ihcPingVb/6Nk8dBowVNF1XdzHR5seBK2/aXlZmbX1hcyi7nVlbX1jfym1t3KkokwyqLRCTrHigUPMSq5lpgPZYIgSew5vUvRn7tHqXiUXirBzE2A+iGvMMZaCO180e+i0K0SvSM+tK03CG9aaduH+IYhq3SvjygvnsVYBdoq5Rr5wt20R6D/iXOlBTIFJV2/tP1I5YEGGomQKmGY8e6mYLUnAkc5txEYQysD11sGBpCgKqZjs8a0j2j+LQTSVOhpmP150YKgVKDwDOTAeiemvVG4n9eI9Gd02bKwzjRGLLJQ51EUB3RUUbU5xKZFgNDgElu/kpZDyQwbZIcheDMnvyX3JWKjl10ro8L5fNpHFmyQ3bJPnHICSmTS1IhVcLIA3kiL+TVerSerTfrfTKasaY72+QXrI9vLFacOw==</latexit><latexit sha1_base64="5X1plQFSl8D8p+Whc9eiLCBYFOo=">AAACFnicbVDLSgNBEJyNrxhfUY9eBoOgiGE3CHoRgl68GdGYQDYJvbOdZMjsg5lZISz5Ci/+ihcPingVb/6Nk8dBowVNF1XdzHR5seBK2/aXlZmbX1hcyi7nVlbX1jfym1t3KkokwyqLRCTrHigUPMSq5lpgPZYIgSew5vUvRn7tHqXiUXirBzE2A+iGvMMZaCO180e+i0K0SvSM+tK03CG9aaduH+IYhq3SvjygvnsVYBdoq5Rr5wt20R6D/iXOlBTIFJV2/tP1I5YEGGomQKmGY8e6mYLUnAkc5txEYQysD11sGBpCgKqZjs8a0j2j+LQTSVOhpmP150YKgVKDwDOTAeiemvVG4n9eI9Gd02bKwzjRGLLJQ51EUB3RUUbU5xKZFgNDgElu/kpZDyQwbZIcheDMnvyX3JWKjl10ro8L5fNpHFmyQ3bJPnHICSmTS1IhVcLIA3kiL+TVerSerTfrfTKasaY72+QXrI9vLFacOw==</latexit><latexit sha1_base64="5X1plQFSl8D8p+Whc9eiLCBYFOo=">AAACFnicbVDLSgNBEJyNrxhfUY9eBoOgiGE3CHoRgl68GdGYQDYJvbOdZMjsg5lZISz5Ci/+ihcPingVb/6Nk8dBowVNF1XdzHR5seBK2/aXlZmbX1hcyi7nVlbX1jfym1t3KkokwyqLRCTrHigUPMSq5lpgPZYIgSew5vUvRn7tHqXiUXirBzE2A+iGvMMZaCO180e+i0K0SvSM+tK03CG9aaduH+IYhq3SvjygvnsVYBdoq5Rr5wt20R6D/iXOlBTIFJV2/tP1I5YEGGomQKmGY8e6mYLUnAkc5txEYQysD11sGBpCgKqZjs8a0j2j+LQTSVOhpmP150YKgVKDwDOTAeiemvVG4n9eI9Gd02bKwzjRGLLJQ51EUB3RUUbU5xKZFgNDgElu/kpZDyQwbZIcheDMnvyX3JWKjl10ro8L5fNpHFmyQ3bJPnHICSmTS1IhVcLIA3kiL+TVerSerTfrfTKasaY72+QXrI9vLFacOw==</latexit><latexit sha1_base64="5X1plQFSl8D8p+Whc9eiLCBYFOo=">AAACFnicbVDLSgNBEJyNrxhfUY9eBoOgiGE3CHoRgl68GdGYQDYJvbOdZMjsg5lZISz5Ci/+ihcPingVb/6Nk8dBowVNF1XdzHR5seBK2/aXlZmbX1hcyi7nVlbX1jfym1t3KkokwyqLRCTrHigUPMSq5lpgPZYIgSew5vUvRn7tHqXiUXirBzE2A+iGvMMZaCO180e+i0K0SvSM+tK03CG9aaduH+IYhq3SvjygvnsVYBdoq5Rr5wt20R6D/iXOlBTIFJV2/tP1I5YEGGomQKmGY8e6mYLUnAkc5txEYQysD11sGBpCgKqZjs8a0j2j+LQTSVOhpmP150YKgVKDwDOTAeiemvVG4n9eI9Gd02bKwzjRGLLJQ51EUB3RUUbU5xKZFgNDgElu/kpZDyQwbZIcheDMnvyX3JWKjl10ro8L5fNpHFmyQ3bJPnHICSmTS1IhVcLIA3kiL+TVerSerTfrfTKasaY72+QXrI9vLFacOw==</latexit>

d⌦2 ⌘ d✓2 + sin2(✓)d�2
<latexit sha1_base64="6KaJUg52MPZcSV0a16NShcZnruk=">AAACH3icbZBNSwMxEIaz9Xv9qnr0EixCRSi7RdSj6MWbFawWurVks9M2NJtdk1mhFP+JF/+KFw+KiLf+G9OPg7YOBF6ed4bJvGEqhUHPGzi5ufmFxaXlFXd1bX1jM7+1fWuSTHOo8kQmuhYyA1IoqKJACbVUA4tDCXdh92Lo3z2CNiJRN9hLoRGzthItwRla1MwfR8FVDG12X6YBPGTi0aVRgB3AITl0AyOUFcUxOrBe2hEWNPMFr+SNis4KfyIKZFKVZv47iBKexaCQS2ZM3fdSbPSZRsElPLlBZiBlvMvaULdSsRhMoz+674nuWxLRVqLtU0hH9PdEn8XG9OLQdsYMO2baG8L/vHqGrdNGX6g0Q1B8vKiVSYoJHYZFI6GBo+xZwbgW9q+Ud5hmHG2krg3Bnz55VtyWS75X8q+PCmfnkziWyS7ZI0XikxNyRi5JhVQJJ8/klbyTD+fFeXM+na9xa86ZzOyQP+UMfgAJcaB1</latexit><latexit sha1_base64="6KaJUg52MPZcSV0a16NShcZnruk=">AAACH3icbZBNSwMxEIaz9Xv9qnr0EixCRSi7RdSj6MWbFawWurVks9M2NJtdk1mhFP+JF/+KFw+KiLf+G9OPg7YOBF6ed4bJvGEqhUHPGzi5ufmFxaXlFXd1bX1jM7+1fWuSTHOo8kQmuhYyA1IoqKJACbVUA4tDCXdh92Lo3z2CNiJRN9hLoRGzthItwRla1MwfR8FVDG12X6YBPGTi0aVRgB3AITl0AyOUFcUxOrBe2hEWNPMFr+SNis4KfyIKZFKVZv47iBKexaCQS2ZM3fdSbPSZRsElPLlBZiBlvMvaULdSsRhMoz+674nuWxLRVqLtU0hH9PdEn8XG9OLQdsYMO2baG8L/vHqGrdNGX6g0Q1B8vKiVSYoJHYZFI6GBo+xZwbgW9q+Ud5hmHG2krg3Bnz55VtyWS75X8q+PCmfnkziWyS7ZI0XikxNyRi5JhVQJJ8/klbyTD+fFeXM+na9xa86ZzOyQP+UMfgAJcaB1</latexit><latexit sha1_base64="6KaJUg52MPZcSV0a16NShcZnruk=">AAACH3icbZBNSwMxEIaz9Xv9qnr0EixCRSi7RdSj6MWbFawWurVks9M2NJtdk1mhFP+JF/+KFw+KiLf+G9OPg7YOBF6ed4bJvGEqhUHPGzi5ufmFxaXlFXd1bX1jM7+1fWuSTHOo8kQmuhYyA1IoqKJACbVUA4tDCXdh92Lo3z2CNiJRN9hLoRGzthItwRla1MwfR8FVDG12X6YBPGTi0aVRgB3AITl0AyOUFcUxOrBe2hEWNPMFr+SNis4KfyIKZFKVZv47iBKexaCQS2ZM3fdSbPSZRsElPLlBZiBlvMvaULdSsRhMoz+674nuWxLRVqLtU0hH9PdEn8XG9OLQdsYMO2baG8L/vHqGrdNGX6g0Q1B8vKiVSYoJHYZFI6GBo+xZwbgW9q+Ud5hmHG2krg3Bnz55VtyWS75X8q+PCmfnkziWyS7ZI0XikxNyRi5JhVQJJ8/klbyTD+fFeXM+na9xa86ZzOyQP+UMfgAJcaB1</latexit><latexit sha1_base64="6KaJUg52MPZcSV0a16NShcZnruk=">AAACH3icbZBNSwMxEIaz9Xv9qnr0EixCRSi7RdSj6MWbFawWurVks9M2NJtdk1mhFP+JF/+KFw+KiLf+G9OPg7YOBF6ed4bJvGEqhUHPGzi5ufmFxaXlFXd1bX1jM7+1fWuSTHOo8kQmuhYyA1IoqKJACbVUA4tDCXdh92Lo3z2CNiJRN9hLoRGzthItwRla1MwfR8FVDG12X6YBPGTi0aVRgB3AITl0AyOUFcUxOrBe2hEWNPMFr+SNis4KfyIKZFKVZv47iBKexaCQS2ZM3fdSbPSZRsElPLlBZiBlvMvaULdSsRhMoz+674nuWxLRVqLtU0hH9PdEn8XG9OLQdsYMO2baG8L/vHqGrdNGX6g0Q1B8vKiVSYoJHYZFI6GBo+xZwbgW9q+Ud5hmHG2krg3Bnz55VtyWS75X8q+PCmfnkziWyS7ZI0XikxNyRi5JhVQJJ8/klbyTD+fFeXM+na9xa86ZzOyQP+UMfgAJcaB1</latexit>

S(r) =

8
<

:

R sin(r/R) ( = +1)
r ( = 0)
R sinh(r/R) ( = �1)

<latexit sha1_base64="c59/Gsj+vOcataP1yXKDS+I2v4w="></latexit><latexit sha1_base64="c59/Gsj+vOcataP1yXKDS+I2v4w="></latexit><latexit sha1_base64="c59/Gsj+vOcataP1yXKDS+I2v4w="></latexit><latexit sha1_base64="c59/Gsj+vOcataP1yXKDS+I2v4w="></latexit>

Sistema de coordenadas
(r, ✓,�)

<latexit sha1_base64="sotOPxXymCXibyx8TkV6a06vR+U=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0GIIGFXBD0GvXiMYB6QLGF20psMmX0w06uENZ/ixYMiXv0Sb/6Nk2QPmljQdFHVzfSUn0ih0XG+rZXVtfWNzcJWcXtnd2/fLh00dZwqDg0ey1i1faZBiggaKFBCO1HAQl9Cyx/dTP3WAygt4ugexwl4IRtEIhCcoZF6dqmizmgXh4DM9GQoTnt22ak6M9Bl4uakTHLUe/ZXtx/zNIQIuWRad1wnQS9jCgWXMCl2Uw0J4yM2gI6hEQtBe9ns9Ak9MUqfBrEyFSGdqb83MhZqPQ59MxkyHOpFbyr+53VSDK68TERJihDx+UNBKinGdJoD7QsFHOXYEMaVMLdSPmSKcTRpFU0I7uKXl0nzvOo6Vffuoly7zuMokCNyTCrEJZekRm5JnTQIJ4/kmbySN+vJerHerY/56IqV7xySP7A+fwBW0JK/</latexit><latexit sha1_base64="sotOPxXymCXibyx8TkV6a06vR+U=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0GIIGFXBD0GvXiMYB6QLGF20psMmX0w06uENZ/ixYMiXv0Sb/6Nk2QPmljQdFHVzfSUn0ih0XG+rZXVtfWNzcJWcXtnd2/fLh00dZwqDg0ey1i1faZBiggaKFBCO1HAQl9Cyx/dTP3WAygt4ugexwl4IRtEIhCcoZF6dqmizmgXh4DM9GQoTnt22ak6M9Bl4uakTHLUe/ZXtx/zNIQIuWRad1wnQS9jCgWXMCl2Uw0J4yM2gI6hEQtBe9ns9Ak9MUqfBrEyFSGdqb83MhZqPQ59MxkyHOpFbyr+53VSDK68TERJihDx+UNBKinGdJoD7QsFHOXYEMaVMLdSPmSKcTRpFU0I7uKXl0nzvOo6Vffuoly7zuMokCNyTCrEJZekRm5JnTQIJ4/kmbySN+vJerHerY/56IqV7xySP7A+fwBW0JK/</latexit><latexit sha1_base64="sotOPxXymCXibyx8TkV6a06vR+U=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0GIIGFXBD0GvXiMYB6QLGF20psMmX0w06uENZ/ixYMiXv0Sb/6Nk2QPmljQdFHVzfSUn0ih0XG+rZXVtfWNzcJWcXtnd2/fLh00dZwqDg0ey1i1faZBiggaKFBCO1HAQl9Cyx/dTP3WAygt4ugexwl4IRtEIhCcoZF6dqmizmgXh4DM9GQoTnt22ak6M9Bl4uakTHLUe/ZXtx/zNIQIuWRad1wnQS9jCgWXMCl2Uw0J4yM2gI6hEQtBe9ns9Ak9MUqfBrEyFSGdqb83MhZqPQ59MxkyHOpFbyr+53VSDK68TERJihDx+UNBKinGdJoD7QsFHOXYEMaVMLdSPmSKcTRpFU0I7uKXl0nzvOo6Vffuoly7zuMokCNyTCrEJZekRm5JnTQIJ4/kmbySN+vJerHerY/56IqV7xySP7A+fwBW0JK/</latexit><latexit sha1_base64="sotOPxXymCXibyx8TkV6a06vR+U=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0GIIGFXBD0GvXiMYB6QLGF20psMmX0w06uENZ/ixYMiXv0Sb/6Nk2QPmljQdFHVzfSUn0ih0XG+rZXVtfWNzcJWcXtnd2/fLh00dZwqDg0ey1i1faZBiggaKFBCO1HAQl9Cyx/dTP3WAygt4ugexwl4IRtEIhCcoZF6dqmizmgXh4DM9GQoTnt22ak6M9Bl4uakTHLUe/ZXtx/zNIQIuWRad1wnQS9jCgWXMCl2Uw0J4yM2gI6hEQtBe9ns9Ak9MUqfBrEyFSGdqb83MhZqPQ59MxkyHOpFbyr+53VSDK68TERJihDx+UNBKinGdJoD7QsFHOXYEMaVMLdSPmSKcTRpFU0I7uKXl0nzvOo6Vffuoly7zuMokCNyTCrEJZekRm5JnTQIJ4/kmbySN+vJerHerY/56IqV7xySP7A+fwBW0JK/</latexit>

Sistema de coordenadas
(x, ✓,�)

<latexit sha1_base64="eqxp4WoMIKVNKa6P/KeQn5MaiiM=">AAAB+nicbVDLSsNAFJ3UV62vVJduBotQQUoigi6LblxWsA9oQ5lMJ83QySTM3Kgl9lPcuFDErV/izr9x2mahrQcu93DOvcyd4yeCa3Ccb6uwsrq2vlHcLG1t7+zu2eX9lo5TRVmTxiJWHZ9oJrhkTeAgWCdRjES+YG1/dD312/dMaR7LOxgnzIvIUPKAUwJG6tvl6uMp7kHIgJiehPykb1ecmjMDXiZuTiooR6Nvf/UGMU0jJoEKonXXdRLwMqKAU8EmpV6qWULoiAxZ11BJIqa9bHb6BB8bZYCDWJmSgGfq742MRFqPI99MRgRCvehNxf+8bgrBpZdxmaTAJJ0/FKQCQ4ynOeABV4yCGBtCqOLmVkxDoggFk1bJhOAufnmZtM5qrlNzb88r9as8jiI6REeoilx0geroBjVQE1H0gJ7RK3qznqwX6936mI8WrHznAP2B9fkDYEKSxQ==</latexit><latexit sha1_base64="eqxp4WoMIKVNKa6P/KeQn5MaiiM=">AAAB+nicbVDLSsNAFJ3UV62vVJduBotQQUoigi6LblxWsA9oQ5lMJ83QySTM3Kgl9lPcuFDErV/izr9x2mahrQcu93DOvcyd4yeCa3Ccb6uwsrq2vlHcLG1t7+zu2eX9lo5TRVmTxiJWHZ9oJrhkTeAgWCdRjES+YG1/dD312/dMaR7LOxgnzIvIUPKAUwJG6tvl6uMp7kHIgJiehPykb1ecmjMDXiZuTiooR6Nvf/UGMU0jJoEKonXXdRLwMqKAU8EmpV6qWULoiAxZ11BJIqa9bHb6BB8bZYCDWJmSgGfq742MRFqPI99MRgRCvehNxf+8bgrBpZdxmaTAJJ0/FKQCQ4ynOeABV4yCGBtCqOLmVkxDoggFk1bJhOAufnmZtM5qrlNzb88r9as8jiI6REeoilx0geroBjVQE1H0gJ7RK3qznqwX6936mI8WrHznAP2B9fkDYEKSxQ==</latexit><latexit sha1_base64="eqxp4WoMIKVNKa6P/KeQn5MaiiM=">AAAB+nicbVDLSsNAFJ3UV62vVJduBotQQUoigi6LblxWsA9oQ5lMJ83QySTM3Kgl9lPcuFDErV/izr9x2mahrQcu93DOvcyd4yeCa3Ccb6uwsrq2vlHcLG1t7+zu2eX9lo5TRVmTxiJWHZ9oJrhkTeAgWCdRjES+YG1/dD312/dMaR7LOxgnzIvIUPKAUwJG6tvl6uMp7kHIgJiehPykb1ecmjMDXiZuTiooR6Nvf/UGMU0jJoEKonXXdRLwMqKAU8EmpV6qWULoiAxZ11BJIqa9bHb6BB8bZYCDWJmSgGfq742MRFqPI99MRgRCvehNxf+8bgrBpZdxmaTAJJ0/FKQCQ4ynOeABV4yCGBtCqOLmVkxDoggFk1bJhOAufnmZtM5qrlNzb88r9as8jiI6REeoilx0geroBjVQE1H0gJ7RK3qznqwX6936mI8WrHznAP2B9fkDYEKSxQ==</latexit><latexit sha1_base64="eqxp4WoMIKVNKa6P/KeQn5MaiiM=">AAAB+nicbVDLSsNAFJ3UV62vVJduBotQQUoigi6LblxWsA9oQ5lMJ83QySTM3Kgl9lPcuFDErV/izr9x2mahrQcu93DOvcyd4yeCa3Ccb6uwsrq2vlHcLG1t7+zu2eX9lo5TRVmTxiJWHZ9oJrhkTeAgWCdRjES+YG1/dD312/dMaR7LOxgnzIvIUPKAUwJG6tvl6uMp7kHIgJiehPykb1ecmjMDXiZuTiooR6Nvf/UGMU0jJoEKonXXdRLwMqKAU8EmpV6qWULoiAxZ11BJIqa9bHb6BB8bZYCDWJmSgGfq742MRFqPI99MRgRCvehNxf+8bgrBpZdxmaTAJJ0/FKQCQ4ynOeABV4yCGBtCqOLmVkxDoggFk1bJhOAufnmZtM5qrlNzb88r9as8jiI6REeoilx0geroBjVQE1H0gJ7RK3qznqwX6936mI8WrHznAP2B9fkDYEKSxQ==</latexit>

x ⌘ S(r)
<latexit sha1_base64="hm8iyKGct5mfMA7m5CNGowgJ8aQ=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6qYkIuiy6MZlRfuAJoTJdNIOnUzGmUmxxC78FTcuFHHrb7jzb5y2WWjrgQuHc+7l3ntCwajSjvNtFZaWV1bXiuuljc2t7R17d6+pklRi0sAJS2Q7RIowyklDU81IW0iC4pCRVji4mvitIZGKJvxOjwTxY9TjNKIYaSMF9sED9Mh9SofwNsi8ARICjSvyJLDLTtWZAi4SNydlkKMe2F9eN8FpTLjGDCnVcR2h/QxJTTEj45KXKiIQHqAe6RjKUUyUn03vH8Njo3RhlEhTXMOp+nsiQ7FSozg0nTHSfTXvTcT/vE6qows/o1ykmnA8WxSlDOoETsKAXSoJ1mxkCMKSmlsh7iOJsDaRlUwI7vzLi6R5WnWdqntzVq5d5nEUwSE4AhXggnNQA9egDhoAg0fwDF7Bm/VkvVjv1sestWDlM/vgD6zPH0ZglZs=</latexit><latexit sha1_base64="hm8iyKGct5mfMA7m5CNGowgJ8aQ=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6qYkIuiy6MZlRfuAJoTJdNIOnUzGmUmxxC78FTcuFHHrb7jzb5y2WWjrgQuHc+7l3ntCwajSjvNtFZaWV1bXiuuljc2t7R17d6+pklRi0sAJS2Q7RIowyklDU81IW0iC4pCRVji4mvitIZGKJvxOjwTxY9TjNKIYaSMF9sED9Mh9SofwNsi8ARICjSvyJLDLTtWZAi4SNydlkKMe2F9eN8FpTLjGDCnVcR2h/QxJTTEj45KXKiIQHqAe6RjKUUyUn03vH8Njo3RhlEhTXMOp+nsiQ7FSozg0nTHSfTXvTcT/vE6qows/o1ykmnA8WxSlDOoETsKAXSoJ1mxkCMKSmlsh7iOJsDaRlUwI7vzLi6R5WnWdqntzVq5d5nEUwSE4AhXggnNQA9egDhoAg0fwDF7Bm/VkvVjv1sestWDlM/vgD6zPH0ZglZs=</latexit><latexit sha1_base64="hm8iyKGct5mfMA7m5CNGowgJ8aQ=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6qYkIuiy6MZlRfuAJoTJdNIOnUzGmUmxxC78FTcuFHHrb7jzb5y2WWjrgQuHc+7l3ntCwajSjvNtFZaWV1bXiuuljc2t7R17d6+pklRi0sAJS2Q7RIowyklDU81IW0iC4pCRVji4mvitIZGKJvxOjwTxY9TjNKIYaSMF9sED9Mh9SofwNsi8ARICjSvyJLDLTtWZAi4SNydlkKMe2F9eN8FpTLjGDCnVcR2h/QxJTTEj45KXKiIQHqAe6RjKUUyUn03vH8Njo3RhlEhTXMOp+nsiQ7FSozg0nTHSfTXvTcT/vE6qows/o1ykmnA8WxSlDOoETsKAXSoJ1mxkCMKSmlsh7iOJsDaRlUwI7vzLi6R5WnWdqntzVq5d5nEUwSE4AhXggnNQA9egDhoAg0fwDF7Bm/VkvVjv1sestWDlM/vgD6zPH0ZglZs=</latexit><latexit sha1_base64="hm8iyKGct5mfMA7m5CNGowgJ8aQ=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWAR6qYkIuiy6MZlRfuAJoTJdNIOnUzGmUmxxC78FTcuFHHrb7jzb5y2WWjrgQuHc+7l3ntCwajSjvNtFZaWV1bXiuuljc2t7R17d6+pklRi0sAJS2Q7RIowyklDU81IW0iC4pCRVji4mvitIZGKJvxOjwTxY9TjNKIYaSMF9sED9Mh9SofwNsi8ARICjSvyJLDLTtWZAi4SNydlkKMe2F9eN8FpTLjGDCnVcR2h/QxJTTEj45KXKiIQHqAe6RjKUUyUn03vH8Njo3RhlEhTXMOp+nsiQ7FSozg0nTHSfTXvTcT/vE6qows/o1ykmnA8WxSlDOoETsKAXSoJ1mxkCMKSmlsh7iOJsDaRlUwI7vzLi6R5WnWdqntzVq5d5nEUwSE4AhXggnNQA9egDhoAg0fwDF7Bm/VkvVjv1sestWDlM/vgD6zPH0ZglZs=</latexit>

d`

2 =
dx

2

1� x

2
/R

2
+ x

2
d⌦2

<latexit sha1_base64="L2I+vfhJSXpcScJAdPi4k/4MVCU="></latexit><latexit sha1_base64="L2I+vfhJSXpcScJAdPi4k/4MVCU="></latexit><latexit sha1_base64="L2I+vfhJSXpcScJAdPi4k/4MVCU="></latexit><latexit sha1_base64="L2I+vfhJSXpcScJAdPi4k/4MVCU="></latexit>
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Na seção anterior, vimos como expressar a métrica (separação 
entre dois pontos) de espaços tridimensionais de curvatura 
homogênea e isotrópica.

RR: espaço-tempo 4D (“plano”), métrica de Minkowski.

RG + hom. e isot.: espaço-tempo quadrimensional (“curvo”), 
métrica de FLRW.

Na RR e RG, ao invés da separação entre pontos num espaço 
3D, precisamos considerar a separação entre dois eventos em 
4D.
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3.5 Métrica de FLRW

RR: separação no espaço-tempo entre dois eventos, 1 e 2. 

x

y

z

x

y

z

1

2

Usaremos as coordenadas esféricas para a 
parte espacial:

(t, r, ✓,�)
<latexit sha1_base64="WQSBuOntv9zyUrIj6gzYWuxmctk=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSxChVISEfRY9OKxgq2FJpTNdtMs3WzC7kQsoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1LBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqVyeZoqxDE5GoXkA0E1yyDnAQrJcqRuJAsIdgfDPzHx6Z0jyR9zBJmR+TkeQhpwSMNLCrdWiohgcRA9LAXhrxs4Fdc5rOHHiVuAWpoQLtgf3lDROaxUwCFUTrvuuk4OdEAaeCTStepllK6JiMWN9QSWKm/Xx++xSfGmWIw0SZkoDn6u+JnMRaT+LAdMYEIr3szcT/vH4G4ZWfc5lmwCRdLAozgSHBsyDwkCtGQUwMIVRxcyumEVGEgomrYkJwl19eJd3zpus03buLWuu6iKOMjtEJqiMXXaIWukVt1EEUPaFn9IrerKn1Yr1bH4vWklXMHKE/sD5/AEXAk0k=</latexit><latexit sha1_base64="WQSBuOntv9zyUrIj6gzYWuxmctk=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSxChVISEfRY9OKxgq2FJpTNdtMs3WzC7kQsoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1LBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqVyeZoqxDE5GoXkA0E1yyDnAQrJcqRuJAsIdgfDPzHx6Z0jyR9zBJmR+TkeQhpwSMNLCrdWiohgcRA9LAXhrxs4Fdc5rOHHiVuAWpoQLtgf3lDROaxUwCFUTrvuuk4OdEAaeCTStepllK6JiMWN9QSWKm/Xx++xSfGmWIw0SZkoDn6u+JnMRaT+LAdMYEIr3szcT/vH4G4ZWfc5lmwCRdLAozgSHBsyDwkCtGQUwMIVRxcyumEVGEgomrYkJwl19eJd3zpus03buLWuu6iKOMjtEJqiMXXaIWukVt1EEUPaFn9IrerKn1Yr1bH4vWklXMHKE/sD5/AEXAk0k=</latexit><latexit sha1_base64="WQSBuOntv9zyUrIj6gzYWuxmctk=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSxChVISEfRY9OKxgq2FJpTNdtMs3WzC7kQsoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1LBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqVyeZoqxDE5GoXkA0E1yyDnAQrJcqRuJAsIdgfDPzHx6Z0jyR9zBJmR+TkeQhpwSMNLCrdWiohgcRA9LAXhrxs4Fdc5rOHHiVuAWpoQLtgf3lDROaxUwCFUTrvuuk4OdEAaeCTStepllK6JiMWN9QSWKm/Xx++xSfGmWIw0SZkoDn6u+JnMRaT+LAdMYEIr3szcT/vH4G4ZWfc5lmwCRdLAozgSHBsyDwkCtGQUwMIVRxcyumEVGEgomrYkJwl19eJd3zpus03buLWuu6iKOMjtEJqiMXXaIWukVt1EEUPaFn9IrerKn1Yr1bH4vWklXMHKE/sD5/AEXAk0k=</latexit><latexit sha1_base64="WQSBuOntv9zyUrIj6gzYWuxmctk=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSxChVISEfRY9OKxgq2FJpTNdtMs3WzC7kQsoX/FiwdFvPpHvPlv3LY5aOuDgcd7M8zMC1LBNTjOt1VaW9/Y3CpvV3Z29/YP7MNqVyeZoqxDE5GoXkA0E1yyDnAQrJcqRuJAsIdgfDPzHx6Z0jyR9zBJmR+TkeQhpwSMNLCrdWiohgcRA9LAXhrxs4Fdc5rOHHiVuAWpoQLtgf3lDROaxUwCFUTrvuuk4OdEAaeCTStepllK6JiMWN9QSWKm/Xx++xSfGmWIw0SZkoDn6u+JnMRaT+LAdMYEIr3szcT/vH4G4ZWfc5lmwCRdLAozgSHBsyDwkCtGQUwMIVRxcyumEVGEgomrYkJwl19eJd3zpus03buLWuu6iKOMjtEJqiMXXaIWukVt1EEUPaFn9IrerKn1Yr1bH4vWklXMHKE/sD5/AEXAk0k=</latexit>

Evento 1:

(t+ dt, r + dr, ✓ + d✓,�+ d�)
<latexit sha1_base64="Htsm2oO6X/k3fsoSJv+GtsyrlAk=">AAACD3icbVDLSgMxFM3UV62vUZdugkWptJQZEXRZdOOygn1AZyiZTKYNzTxI7ghl6B+48VfcuFDErVt3/o1pOwttPZDk5Jx7Se7xEsEVWNa3UVhZXVvfKG6WtrZ3dvfM/YO2ilNJWYvGIpZdjygmeMRawEGwbiIZCT3BOt7oZup3HphUPI7uYZwwNySDiAecEtBS3zytQNWHmqz6subAkAGp+vOzhp1kyPVN72d9s2zVrRnwMrFzUkY5mn3zy/FjmoYsAiqIUj3bSsDNiAROBZuUnFSxhNARGbCephEJmXKz2TwTfKIVHwex1CsCPFN/d2QkVGoceroyJDBUi95U/M/rpRBcuRmPkhRYROcPBanAEONpONjnklEQY00IlVz/FdMhkYSCjrCkQ7AXR14m7fO6bdXtu4ty4zqPo4iO0DGqIBtdoga6RU3UQhQ9omf0it6MJ+PFeDc+5qUFI+85RH9gfP4A0oSbQg==</latexit><latexit sha1_base64="Htsm2oO6X/k3fsoSJv+GtsyrlAk=">AAACD3icbVDLSgMxFM3UV62vUZdugkWptJQZEXRZdOOygn1AZyiZTKYNzTxI7ghl6B+48VfcuFDErVt3/o1pOwttPZDk5Jx7Se7xEsEVWNa3UVhZXVvfKG6WtrZ3dvfM/YO2ilNJWYvGIpZdjygmeMRawEGwbiIZCT3BOt7oZup3HphUPI7uYZwwNySDiAecEtBS3zytQNWHmqz6subAkAGp+vOzhp1kyPVN72d9s2zVrRnwMrFzUkY5mn3zy/FjmoYsAiqIUj3bSsDNiAROBZuUnFSxhNARGbCephEJmXKz2TwTfKIVHwex1CsCPFN/d2QkVGoceroyJDBUi95U/M/rpRBcuRmPkhRYROcPBanAEONpONjnklEQY00IlVz/FdMhkYSCjrCkQ7AXR14m7fO6bdXtu4ty4zqPo4iO0DGqIBtdoga6RU3UQhQ9omf0it6MJ+PFeDc+5qUFI+85RH9gfP4A0oSbQg==</latexit><latexit sha1_base64="Htsm2oO6X/k3fsoSJv+GtsyrlAk=">AAACD3icbVDLSgMxFM3UV62vUZdugkWptJQZEXRZdOOygn1AZyiZTKYNzTxI7ghl6B+48VfcuFDErVt3/o1pOwttPZDk5Jx7Se7xEsEVWNa3UVhZXVvfKG6WtrZ3dvfM/YO2ilNJWYvGIpZdjygmeMRawEGwbiIZCT3BOt7oZup3HphUPI7uYZwwNySDiAecEtBS3zytQNWHmqz6subAkAGp+vOzhp1kyPVN72d9s2zVrRnwMrFzUkY5mn3zy/FjmoYsAiqIUj3bSsDNiAROBZuUnFSxhNARGbCephEJmXKz2TwTfKIVHwex1CsCPFN/d2QkVGoceroyJDBUi95U/M/rpRBcuRmPkhRYROcPBanAEONpONjnklEQY00IlVz/FdMhkYSCjrCkQ7AXR14m7fO6bdXtu4ty4zqPo4iO0DGqIBtdoga6RU3UQhQ9omf0it6MJ+PFeDc+5qUFI+85RH9gfP4A0oSbQg==</latexit><latexit sha1_base64="Htsm2oO6X/k3fsoSJv+GtsyrlAk=">AAACD3icbVDLSgMxFM3UV62vUZdugkWptJQZEXRZdOOygn1AZyiZTKYNzTxI7ghl6B+48VfcuFDErVt3/o1pOwttPZDk5Jx7Se7xEsEVWNa3UVhZXVvfKG6WtrZ3dvfM/YO2ilNJWYvGIpZdjygmeMRawEGwbiIZCT3BOt7oZup3HphUPI7uYZwwNySDiAecEtBS3zytQNWHmqz6subAkAGp+vOzhp1kyPVN72d9s2zVrRnwMrFzUkY5mn3zy/FjmoYsAiqIUj3bSsDNiAROBZuUnFSxhNARGbCephEJmXKz2TwTfKIVHwex1CsCPFN/d2QkVGoceroyJDBUi95U/M/rpRBcuRmPkhRYROcPBanAEONpONjnklEQY00IlVz/FdMhkYSCjrCkQ7AXR14m7fO6bdXtu4ty4zqPo4iO0DGqIBtdoga6RU3UQhQ9omf0it6MJ+PFeDc+5qUFI+85RH9gfP4A0oSbQg==</latexit>

Evento 2:

“espaço 3D”

t

1

2
ds

<latexit sha1_base64="UiUbUAlHFxmuCpw/uImLWY1xTxI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDabSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SjmaTox3QoecQZNVZ6CPWgWnPr7hxklXgFqUGB5qD61Q8TlsUoDRNU657npsbPqTKcCZxW+pnGlLIxHWLPUklj1H4+v3RKzqwSkihRtqQhc/X3RE5jrSdxYDtjakZ62ZuJ/3m9zETXfs5lmhmUbLEoygQxCZm9TUKukBkxsYQyxe2thI2ooszYcCo2BG/55VXSvqh7bt27v6w1boo4ynACp3AOHlxBA+6gCS1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MHm4yNZQ==</latexit><latexit sha1_base64="UiUbUAlHFxmuCpw/uImLWY1xTxI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDabSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SjmaTox3QoecQZNVZ6CPWgWnPr7hxklXgFqUGB5qD61Q8TlsUoDRNU657npsbPqTKcCZxW+pnGlLIxHWLPUklj1H4+v3RKzqwSkihRtqQhc/X3RE5jrSdxYDtjakZ62ZuJ/3m9zETXfs5lmhmUbLEoygQxCZm9TUKukBkxsYQyxe2thI2ooszYcCo2BG/55VXSvqh7bt27v6w1boo4ynACp3AOHlxBA+6gCS1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MHm4yNZQ==</latexit><latexit sha1_base64="UiUbUAlHFxmuCpw/uImLWY1xTxI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDabSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SjmaTox3QoecQZNVZ6CPWgWnPr7hxklXgFqUGB5qD61Q8TlsUoDRNU657npsbPqTKcCZxW+pnGlLIxHWLPUklj1H4+v3RKzqwSkihRtqQhc/X3RE5jrSdxYDtjakZ62ZuJ/3m9zETXfs5lmhmUbLEoygQxCZm9TUKukBkxsYQyxe2thI2ooszYcCo2BG/55VXSvqh7bt27v6w1boo4ynACp3AOHlxBA+6gCS1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MHm4yNZQ==</latexit><latexit sha1_base64="UiUbUAlHFxmuCpw/uImLWY1xTxI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cq9gPaUDabSbt0swm7G6GE/gMvHhTx6j/y5r9x2+agrQ8GHu/NMDMvSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SjmaTox3QoecQZNVZ6CPWgWnPr7hxklXgFqUGB5qD61Q8TlsUoDRNU657npsbPqTKcCZxW+pnGlLIxHWLPUklj1H4+v3RKzqwSkihRtqQhc/X3RE5jrSdxYDtjakZ62ZuJ/3m9zETXfs5lmhmUbLEoygQxCZm9TUKukBkxsYQyxe2thI2ooszYcCo2BG/55VXSvqh7bt27v6w1boo4ynACp3AOHlxBA+6gCS1gEMEzvMKbM3ZenHfnY9FacoqZY/gD5/MHm4yNZQ==</latexit>

d`
<latexit sha1_base64="xTGnf2ncayqKYoQl+pSAQijRfKM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKphbaUDabSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW7trO7t39QPzzq6DRXDH2WilR1Q6pRcIm+4UZgN1NIk1DgYzi+nfmPT6g0T+WDmWQYJHQoecwZNVbyoz4KMag33KY7B1klXkkaUKI9qH/1o5TlCUrDBNW657mZCQqqDGcCp7V+rjGjbEyH2LNU0gR1UMyPnZIzq0QkTpUtachc/T1R0ETrSRLazoSakV72ZuJ/Xi838XVQcJnlBiVbLIpzQUxKZp+TiCtkRkwsoUxxeythI6ooMzafmg3BW355lXQump7b9O4vG62bMo4qnMApnIMHV9CCO2iDDww4PMMrvDnSeXHenY9Fa8UpZ47hD5zPH8twjqk=</latexit><latexit sha1_base64="xTGnf2ncayqKYoQl+pSAQijRfKM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKphbaUDabSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW7trO7t39QPzzq6DRXDH2WilR1Q6pRcIm+4UZgN1NIk1DgYzi+nfmPT6g0T+WDmWQYJHQoecwZNVbyoz4KMag33KY7B1klXkkaUKI9qH/1o5TlCUrDBNW657mZCQqqDGcCp7V+rjGjbEyH2LNU0gR1UMyPnZIzq0QkTpUtachc/T1R0ETrSRLazoSakV72ZuJ/Xi838XVQcJnlBiVbLIpzQUxKZp+TiCtkRkwsoUxxeythI6ooMzafmg3BW355lXQump7b9O4vG62bMo4qnMApnIMHV9CCO2iDDww4PMMrvDnSeXHenY9Fa8UpZ47hD5zPH8twjqk=</latexit><latexit sha1_base64="xTGnf2ncayqKYoQl+pSAQijRfKM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKphbaUDabSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW7trO7t39QPzzq6DRXDH2WilR1Q6pRcIm+4UZgN1NIk1DgYzi+nfmPT6g0T+WDmWQYJHQoecwZNVbyoz4KMag33KY7B1klXkkaUKI9qH/1o5TlCUrDBNW657mZCQqqDGcCp7V+rjGjbEyH2LNU0gR1UMyPnZIzq0QkTpUtachc/T1R0ETrSRLazoSakV72ZuJ/Xi838XVQcJnlBiVbLIpzQUxKZp+TiCtkRkwsoUxxeythI6ooMzafmg3BW355lXQump7b9O4vG62bMo4qnMApnIMHV9CCO2iDDww4PMMrvDnSeXHenY9Fa8UpZ47hD5zPH8twjqk=</latexit><latexit sha1_base64="xTGnf2ncayqKYoQl+pSAQijRfKM=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKphbaUDabSbt0swm7G6GE/gYvHhTx6g/y5r9x2+agrQ8GHu/NMDMvzATXxnW/ncra+sbmVnW7trO7t39QPzzq6DRXDH2WilR1Q6pRcIm+4UZgN1NIk1DgYzi+nfmPT6g0T+WDmWQYJHQoecwZNVbyoz4KMag33KY7B1klXkkaUKI9qH/1o5TlCUrDBNW657mZCQqqDGcCp7V+rjGjbEyH2LNU0gR1UMyPnZIzq0QkTpUtachc/T1R0ETrSRLazoSakV72ZuJ/Xi838XVQcJnlBiVbLIpzQUxKZp+TiCtkRkwsoUxxeythI6ooMzafmg3BW355lXQump7b9O4vG62bMo4qnMApnIMHV9CCO2iDDww4PMMrvDnSeXHenY9Fa8UpZ47hD5zPH8twjqk=</latexit>

dt
<latexit sha1_base64="InEIokaclUuwilavHIHoecrfN6Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GU/gQvHhTx6i/y5r9x0+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj29zvPHFtRKIecZJyP6ZDJSLBKFrpIcTKoFpz6+4cZJV4BalBgeag+tUPE5bFXCGT1Jie56boT6lGwSSfVfqZ4SllYzrkPUsVjbnxp/NTZ+TMKiGJEm1LIZmrvyemNDZmEge2M6Y4MsteLv7n9TKMrv2pUGmGXLHFoiiTBBOS/01CoTlDObGEMi3srYSNqKYMbTp5CN7yy6ukfVH33Lp3f1lr3BRxlOEETuEcPLiCBtxBE1rAYAjP8ApvjnRenHfnY9FacoqZY/gD5/MH0faNeg==</latexit><latexit sha1_base64="InEIokaclUuwilavHIHoecrfN6Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GU/gQvHhTx6i/y5r9x0+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj29zvPHFtRKIecZJyP6ZDJSLBKFrpIcTKoFpz6+4cZJV4BalBgeag+tUPE5bFXCGT1Jie56boT6lGwSSfVfqZ4SllYzrkPUsVjbnxp/NTZ+TMKiGJEm1LIZmrvyemNDZmEge2M6Y4MsteLv7n9TKMrv2pUGmGXLHFoiiTBBOS/01CoTlDObGEMi3srYSNqKYMbTp5CN7yy6ukfVH33Lp3f1lr3BRxlOEETuEcPLiCBtxBE1rAYAjP8ApvjnRenHfnY9FacoqZY/gD5/MH0faNeg==</latexit><latexit sha1_base64="InEIokaclUuwilavHIHoecrfN6Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GU/gQvHhTx6i/y5r9x0+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj29zvPHFtRKIecZJyP6ZDJSLBKFrpIcTKoFpz6+4cZJV4BalBgeag+tUPE5bFXCGT1Jie56boT6lGwSSfVfqZ4SllYzrkPUsVjbnxp/NTZ+TMKiGJEm1LIZmrvyemNDZmEge2M6Y4MsteLv7n9TKMrv2pUGmGXLHFoiiTBBOS/01CoTlDObGEMi3srYSNqKYMbTp5CN7yy6ukfVH33Lp3f1lr3BRxlOEETuEcPLiCBtxBE1rAYAjP8ApvjnRenHfnY9FacoqZY/gD5/MH0faNeg==</latexit><latexit sha1_base64="InEIokaclUuwilavHIHoecrfN6Y=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDabTbt0swm7E6GU/gQvHhTx6i/y5r9x0+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj29zvPHFtRKIecZJyP6ZDJSLBKFrpIcTKoFpz6+4cZJV4BalBgeag+tUPE5bFXCGT1Jie56boT6lGwSSfVfqZ4SllYzrkPUsVjbnxp/NTZ+TMKiGJEm1LIZmrvyemNDZmEge2M6Y4MsteLv7n9TKMrv2pUGmGXLHFoiiTBBOS/01CoTlDObGEMi3srYSNqKYMbTp5CN7yy6ukfVH33Lp3f1lr3BRxlOEETuEcPLiCBtxBE1rAYAjP8ApvjnRenHfnY9FacoqZY/gD5/MH0faNeg==</latexit>

ds2 = �c2dt2 + dr2 + r2d⌦2
<latexit sha1_base64="oyFPivarrvpxp48s9S12RIujmyo=">AAACDnicbVDLSgMxFM34rPU16tJNsBQEscwMgm6Eoht3VrAPaKclk8m0oUlmSDJCKf0CN/6KGxeKuHXtzr8x085CWw8k93DOvST3BAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWwFShFFB6ppqRlqJJIgHjDSD4XXmNx+IVDQW93qUEJ+jvqARxUgbqWeXQ9X14CU8xV0v1IaewFBmJbvCzi0nfdT1enbJqThTwEXi5qQEctR69lcnjHHKidCYIaXarpNof4ykppiRSbGTKpIgPER90jZUIE6UP56uM4Flo4QwiqU5QsOp+ntijLhSIx6YTo70QM17mfif1051dOGPqUhSTQSePRSlDOoYZtnAkEqCNRsZgrCk5q8QD5BEWJsEiyYEd37lRdLwKq5Tce/OStWrPI4COARH4Bi44BxUwQ2ogTrA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bnDx7xmQA=</latexit><latexit sha1_base64="oyFPivarrvpxp48s9S12RIujmyo=">AAACDnicbVDLSgMxFM34rPU16tJNsBQEscwMgm6Eoht3VrAPaKclk8m0oUlmSDJCKf0CN/6KGxeKuHXtzr8x085CWw8k93DOvST3BAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWwFShFFB6ppqRlqJJIgHjDSD4XXmNx+IVDQW93qUEJ+jvqARxUgbqWeXQ9X14CU8xV0v1IaewFBmJbvCzi0nfdT1enbJqThTwEXi5qQEctR69lcnjHHKidCYIaXarpNof4ykppiRSbGTKpIgPER90jZUIE6UP56uM4Flo4QwiqU5QsOp+ntijLhSIx6YTo70QM17mfif1051dOGPqUhSTQSePRSlDOoYZtnAkEqCNRsZgrCk5q8QD5BEWJsEiyYEd37lRdLwKq5Tce/OStWrPI4COARH4Bi44BxUwQ2ogTrA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bnDx7xmQA=</latexit><latexit sha1_base64="oyFPivarrvpxp48s9S12RIujmyo=">AAACDnicbVDLSgMxFM34rPU16tJNsBQEscwMgm6Eoht3VrAPaKclk8m0oUlmSDJCKf0CN/6KGxeKuHXtzr8x085CWw8k93DOvST3BAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWwFShFFB6ppqRlqJJIgHjDSD4XXmNx+IVDQW93qUEJ+jvqARxUgbqWeXQ9X14CU8xV0v1IaewFBmJbvCzi0nfdT1enbJqThTwEXi5qQEctR69lcnjHHKidCYIaXarpNof4ykppiRSbGTKpIgPER90jZUIE6UP56uM4Flo4QwiqU5QsOp+ntijLhSIx6YTo70QM17mfif1051dOGPqUhSTQSePRSlDOoYZtnAkEqCNRsZgrCk5q8QD5BEWJsEiyYEd37lRdLwKq5Tce/OStWrPI4COARH4Bi44BxUwQ2ogTrA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bnDx7xmQA=</latexit><latexit sha1_base64="oyFPivarrvpxp48s9S12RIujmyo=">AAACDnicbVDLSgMxFM34rPU16tJNsBQEscwMgm6Eoht3VrAPaKclk8m0oUlmSDJCKf0CN/6KGxeKuHXtzr8x085CWw8k93DOvST3BAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWwFShFFB6ppqRlqJJIgHjDSD4XXmNx+IVDQW93qUEJ+jvqARxUgbqWeXQ9X14CU8xV0v1IaewFBmJbvCzi0nfdT1enbJqThTwEXi5qQEctR69lcnjHHKidCYIaXarpNof4ykppiRSbGTKpIgPER90jZUIE6UP56uM4Flo4QwiqU5QsOp+ntijLhSIx6YTo70QM17mfif1051dOGPqUhSTQSePRSlDOoYZtnAkEqCNRsZgrCk5q8QD5BEWJsEiyYEd37lRdLwKq5Tce/OStWrPI4COARH4Bi44BxUwQ2ogTrA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bnDx7xmQA=</latexit>

d`

2 = dx

2 + dy

2 + dz

2
<latexit sha1_base64="QSOVzEWTaVPp4HgVPTqA/o0w3Do=">AAACBXicbVDLSsNAFL3xWesr6lIXg0UQhJIUQTdC0Y3LCvYBbVomk0k7dPJgZiLG0I0bf8WNC0Xc+g/u/BunbRbaemC4h3Pu5c49bsyZVJb1bSwsLi2vrBbWiusbm1vb5s5uQ0aJILROIh6Jlosl5SykdcUUp61YUBy4nDbd4dXYb95RIVkU3qo0pk6A+yHzGcFKSz3zwOtQzrsVdIG8e11OkJdOy0O30jNLVtmaAM0TOyclyFHrmV8dLyJJQENFOJaybVuxcjIsFCOcjoqdRNIYkyHu07amIQ6odLLJFSN0pBUP+ZHQL1Roov6eyHAgZRq4ujPAaiBnvbH4n9dOlH/uZCyME0VDMl3kJxypCI0jQR4TlCieaoKJYPqviAywwETp4Io6BHv25HnSqJRtq2zfnJaql3kcBdiHQzgGG86gCtdQgzoQeIRneIU348l4Md6Nj2nrgpHP7MEfGJ8/YAKV6g==</latexit><latexit sha1_base64="QSOVzEWTaVPp4HgVPTqA/o0w3Do=">AAACBXicbVDLSsNAFL3xWesr6lIXg0UQhJIUQTdC0Y3LCvYBbVomk0k7dPJgZiLG0I0bf8WNC0Xc+g/u/BunbRbaemC4h3Pu5c49bsyZVJb1bSwsLi2vrBbWiusbm1vb5s5uQ0aJILROIh6Jlosl5SykdcUUp61YUBy4nDbd4dXYb95RIVkU3qo0pk6A+yHzGcFKSz3zwOtQzrsVdIG8e11OkJdOy0O30jNLVtmaAM0TOyclyFHrmV8dLyJJQENFOJaybVuxcjIsFCOcjoqdRNIYkyHu07amIQ6odLLJFSN0pBUP+ZHQL1Roov6eyHAgZRq4ujPAaiBnvbH4n9dOlH/uZCyME0VDMl3kJxypCI0jQR4TlCieaoKJYPqviAywwETp4Io6BHv25HnSqJRtq2zfnJaql3kcBdiHQzgGG86gCtdQgzoQeIRneIU348l4Md6Nj2nrgpHP7MEfGJ8/YAKV6g==</latexit><latexit sha1_base64="QSOVzEWTaVPp4HgVPTqA/o0w3Do=">AAACBXicbVDLSsNAFL3xWesr6lIXg0UQhJIUQTdC0Y3LCvYBbVomk0k7dPJgZiLG0I0bf8WNC0Xc+g/u/BunbRbaemC4h3Pu5c49bsyZVJb1bSwsLi2vrBbWiusbm1vb5s5uQ0aJILROIh6Jlosl5SykdcUUp61YUBy4nDbd4dXYb95RIVkU3qo0pk6A+yHzGcFKSz3zwOtQzrsVdIG8e11OkJdOy0O30jNLVtmaAM0TOyclyFHrmV8dLyJJQENFOJaybVuxcjIsFCOcjoqdRNIYkyHu07amIQ6odLLJFSN0pBUP+ZHQL1Roov6eyHAgZRq4ujPAaiBnvbH4n9dOlH/uZCyME0VDMl3kJxypCI0jQR4TlCieaoKJYPqviAywwETp4Io6BHv25HnSqJRtq2zfnJaql3kcBdiHQzgGG86gCtdQgzoQeIRneIU348l4Md6Nj2nrgpHP7MEfGJ8/YAKV6g==</latexit><latexit sha1_base64="QSOVzEWTaVPp4HgVPTqA/o0w3Do=">AAACBXicbVDLSsNAFL3xWesr6lIXg0UQhJIUQTdC0Y3LCvYBbVomk0k7dPJgZiLG0I0bf8WNC0Xc+g/u/BunbRbaemC4h3Pu5c49bsyZVJb1bSwsLi2vrBbWiusbm1vb5s5uQ0aJILROIh6Jlosl5SykdcUUp61YUBy4nDbd4dXYb95RIVkU3qo0pk6A+yHzGcFKSz3zwOtQzrsVdIG8e11OkJdOy0O30jNLVtmaAM0TOyclyFHrmV8dLyJJQENFOJaybVuxcjIsFCOcjoqdRNIYkyHu07amIQ6odLLJFSN0pBUP+ZHQL1Roov6eyHAgZRq4ujPAaiBnvbH4n9dOlH/uZCyME0VDMl3kJxypCI0jQR4TlCieaoKJYPqviAywwETp4Io6BHv25HnSqJRtq2zfnJaql3kcBdiHQzgGG86gCtdQgzoQeIRneIU348l4Md6Nj2nrgpHP7MEfGJ8/YAKV6g==</latexit>

d`2 = dr2 + r2[d✓2 + sin2(✓)d�2]
<latexit sha1_base64="6RvQ+HaUcFit/F8fdTM7MZl70Oo=">AAACJnicbZDLSgMxFIYz9T7eqi7dBIugCGWmCLopFN24rGCr0BlLJnNqQzOZITkjlNKnceOruHGhiLjzUcy0XXg7kOTn+88hyR9lUhj0vA+nNDe/sLi0vOKurq1vbJa3ttsmzTWHFk9lqm8iZkAKBS0UKOEm08CSSMJ1NDgv/Ot70Eak6gqHGYQJu1OiJzhDi7rlehyAlLc1WqextscRLXa3Q+MA+4CsQG5ghLLiYIoOrZf1hQVht1zxqt6k6F/hz0SFzKrZLb8EccrzBBRyyYzp+F6G4YhpFFzC2A1yAxnjA3YHHSsVS8CEo8k3x3Tfkpj2Um2XQjqh3ydGLDFmmES2M2HYN7+9Av7ndXLsnYYjobIcQfHpRb1cUkxpkRmNhQaOcmgF41rYt1LeZ5pxtMm6NgT/95f/inat6ntV//K40jibxbFMdskeOSA+OSENckGapEU4eSBP5IW8Oo/Os/PmvE9bS85sZof8KOfzC5VPoZE=</latexit><latexit sha1_base64="6RvQ+HaUcFit/F8fdTM7MZl70Oo=">AAACJnicbZDLSgMxFIYz9T7eqi7dBIugCGWmCLopFN24rGCr0BlLJnNqQzOZITkjlNKnceOruHGhiLjzUcy0XXg7kOTn+88hyR9lUhj0vA+nNDe/sLi0vOKurq1vbJa3ttsmzTWHFk9lqm8iZkAKBS0UKOEm08CSSMJ1NDgv/Ot70Eak6gqHGYQJu1OiJzhDi7rlehyAlLc1WqextscRLXa3Q+MA+4CsQG5ghLLiYIoOrZf1hQVht1zxqt6k6F/hz0SFzKrZLb8EccrzBBRyyYzp+F6G4YhpFFzC2A1yAxnjA3YHHSsVS8CEo8k3x3Tfkpj2Um2XQjqh3ydGLDFmmES2M2HYN7+9Av7ndXLsnYYjobIcQfHpRb1cUkxpkRmNhQaOcmgF41rYt1LeZ5pxtMm6NgT/95f/inat6ntV//K40jibxbFMdskeOSA+OSENckGapEU4eSBP5IW8Oo/Os/PmvE9bS85sZof8KOfzC5VPoZE=</latexit><latexit sha1_base64="6RvQ+HaUcFit/F8fdTM7MZl70Oo=">AAACJnicbZDLSgMxFIYz9T7eqi7dBIugCGWmCLopFN24rGCr0BlLJnNqQzOZITkjlNKnceOruHGhiLjzUcy0XXg7kOTn+88hyR9lUhj0vA+nNDe/sLi0vOKurq1vbJa3ttsmzTWHFk9lqm8iZkAKBS0UKOEm08CSSMJ1NDgv/Ot70Eak6gqHGYQJu1OiJzhDi7rlehyAlLc1WqextscRLXa3Q+MA+4CsQG5ghLLiYIoOrZf1hQVht1zxqt6k6F/hz0SFzKrZLb8EccrzBBRyyYzp+F6G4YhpFFzC2A1yAxnjA3YHHSsVS8CEo8k3x3Tfkpj2Um2XQjqh3ydGLDFmmES2M2HYN7+9Av7ndXLsnYYjobIcQfHpRb1cUkxpkRmNhQaOcmgF41rYt1LeZ5pxtMm6NgT/95f/inat6ntV//K40jibxbFMdskeOSA+OSENckGapEU4eSBP5IW8Oo/Os/PmvE9bS85sZof8KOfzC5VPoZE=</latexit><latexit sha1_base64="6RvQ+HaUcFit/F8fdTM7MZl70Oo=">AAACJnicbZDLSgMxFIYz9T7eqi7dBIugCGWmCLopFN24rGCr0BlLJnNqQzOZITkjlNKnceOruHGhiLjzUcy0XXg7kOTn+88hyR9lUhj0vA+nNDe/sLi0vOKurq1vbJa3ttsmzTWHFk9lqm8iZkAKBS0UKOEm08CSSMJ1NDgv/Ot70Eak6gqHGYQJu1OiJzhDi7rlehyAlLc1WqextscRLXa3Q+MA+4CsQG5ghLLiYIoOrZf1hQVht1zxqt6k6F/hz0SFzKrZLb8EccrzBBRyyYzp+F6G4YhpFFzC2A1yAxnjA3YHHSsVS8CEo8k3x3Tfkpj2Um2XQjqh3ydGLDFmmES2M2HYN7+9Av7ndXLsnYYjobIcQfHpRb1cUkxpkRmNhQaOcmgF41rYt1LeZ5pxtMm6NgT/95f/inat6ntV//K40jibxbFMdskeOSA+OSENckGapEU4eSBP5IW8Oo/Os/PmvE9bS85sZof8KOfzC5VPoZE=</latexit>

métrica de Minkowski
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3.5 Métrica de FLRW

ds2 = �c2dt2 + dr2 + r2d⌦2
<latexit sha1_base64="oyFPivarrvpxp48s9S12RIujmyo=">AAACDnicbVDLSgMxFM34rPU16tJNsBQEscwMgm6Eoht3VrAPaKclk8m0oUlmSDJCKf0CN/6KGxeKuHXtzr8x085CWw8k93DOvST3BAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWwFShFFB6ppqRlqJJIgHjDSD4XXmNx+IVDQW93qUEJ+jvqARxUgbqWeXQ9X14CU8xV0v1IaewFBmJbvCzi0nfdT1enbJqThTwEXi5qQEctR69lcnjHHKidCYIaXarpNof4ykppiRSbGTKpIgPER90jZUIE6UP56uM4Flo4QwiqU5QsOp+ntijLhSIx6YTo70QM17mfif1051dOGPqUhSTQSePRSlDOoYZtnAkEqCNRsZgrCk5q8QD5BEWJsEiyYEd37lRdLwKq5Tce/OStWrPI4COARH4Bi44BxUwQ2ogTrA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bnDx7xmQA=</latexit><latexit sha1_base64="oyFPivarrvpxp48s9S12RIujmyo=">AAACDnicbVDLSgMxFM34rPU16tJNsBQEscwMgm6Eoht3VrAPaKclk8m0oUlmSDJCKf0CN/6KGxeKuHXtzr8x085CWw8k93DOvST3BAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWwFShFFB6ppqRlqJJIgHjDSD4XXmNx+IVDQW93qUEJ+jvqARxUgbqWeXQ9X14CU8xV0v1IaewFBmJbvCzi0nfdT1enbJqThTwEXi5qQEctR69lcnjHHKidCYIaXarpNof4ykppiRSbGTKpIgPER90jZUIE6UP56uM4Flo4QwiqU5QsOp+ntijLhSIx6YTo70QM17mfif1051dOGPqUhSTQSePRSlDOoYZtnAkEqCNRsZgrCk5q8QD5BEWJsEiyYEd37lRdLwKq5Tce/OStWrPI4COARH4Bi44BxUwQ2ogTrA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bnDx7xmQA=</latexit><latexit sha1_base64="oyFPivarrvpxp48s9S12RIujmyo=">AAACDnicbVDLSgMxFM34rPU16tJNsBQEscwMgm6Eoht3VrAPaKclk8m0oUlmSDJCKf0CN/6KGxeKuHXtzr8x085CWw8k93DOvST3BAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWwFShFFB6ppqRlqJJIgHjDSD4XXmNx+IVDQW93qUEJ+jvqARxUgbqWeXQ9X14CU8xV0v1IaewFBmJbvCzi0nfdT1enbJqThTwEXi5qQEctR69lcnjHHKidCYIaXarpNof4ykppiRSbGTKpIgPER90jZUIE6UP56uM4Flo4QwiqU5QsOp+ntijLhSIx6YTo70QM17mfif1051dOGPqUhSTQSePRSlDOoYZtnAkEqCNRsZgrCk5q8QD5BEWJsEiyYEd37lRdLwKq5Tce/OStWrPI4COARH4Bi44BxUwQ2ogTrA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bnDx7xmQA=</latexit><latexit sha1_base64="oyFPivarrvpxp48s9S12RIujmyo=">AAACDnicbVDLSgMxFM34rPU16tJNsBQEscwMgm6Eoht3VrAPaKclk8m0oUlmSDJCKf0CN/6KGxeKuHXtzr8x085CWw8k93DOvST3BAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWwFShFFB6ppqRlqJJIgHjDSD4XXmNx+IVDQW93qUEJ+jvqARxUgbqWeXQ9X14CU8xV0v1IaewFBmJbvCzi0nfdT1enbJqThTwEXi5qQEctR69lcnjHHKidCYIaXarpNof4ykppiRSbGTKpIgPER90jZUIE6UP56uM4Flo4QwiqU5QsOp+ntijLhSIx6YTo70QM17mfif1051dOGPqUhSTQSePRSlDOoYZtnAkEqCNRsZgrCk5q8QD5BEWJsEiyYEd37lRdLwKq5Tce/OStWrPI4COARH4Bi44BxUwQ2ogTrA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bnDx7xmQA=</latexit>

métrica de Minkowski

componente espacial é Euclideana



(�,+,+,+)
<latexit sha1_base64="Y8KlGcKV1fSpiny9LAxjcqrBxaA=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBItQUcuMCLosunFZwT6kHUomzbTBJDMkGaEM/Qo3LhRx6+e482/MtLPQ1hMCh3Pu5d57gpgzbVz32yksLa+srhXXSxubW9s75d29lo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB403mt5+o0iyS92YcU1/goWQhI9hY6aF6dnqSveN+ueLW3CnQIvFyUoEcjX75qzeISCKoNIRjrbueGxs/xcowwumk1Es0jTF5xEPatVRiQbWfTheeoCOrDFAYKfulQVP1d0eKhdZjEdhKgc1Iz3uZ+J/XTUx45adMxomhkswGhQlHJkLZ9WjAFCWGjy3BRDG7KyIjrDAxNqOSDcGbP3mRtM5rnlvz7i4q9es8jiIcwCFUwYNLqMMtNKAJBAQ8wyu8Ocp5cd6dj1lpwcl79uEPnM8fqHiOVw==</latexit><latexit sha1_base64="Y8KlGcKV1fSpiny9LAxjcqrBxaA=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBItQUcuMCLosunFZwT6kHUomzbTBJDMkGaEM/Qo3LhRx6+e482/MtLPQ1hMCh3Pu5d57gpgzbVz32yksLa+srhXXSxubW9s75d29lo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB403mt5+o0iyS92YcU1/goWQhI9hY6aF6dnqSveN+ueLW3CnQIvFyUoEcjX75qzeISCKoNIRjrbueGxs/xcowwumk1Es0jTF5xEPatVRiQbWfTheeoCOrDFAYKfulQVP1d0eKhdZjEdhKgc1Iz3uZ+J/XTUx45adMxomhkswGhQlHJkLZ9WjAFCWGjy3BRDG7KyIjrDAxNqOSDcGbP3mRtM5rnlvz7i4q9es8jiIcwCFUwYNLqMMtNKAJBAQ8wyu8Ocp5cd6dj1lpwcl79uEPnM8fqHiOVw==</latexit><latexit sha1_base64="Y8KlGcKV1fSpiny9LAxjcqrBxaA=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBItQUcuMCLosunFZwT6kHUomzbTBJDMkGaEM/Qo3LhRx6+e482/MtLPQ1hMCh3Pu5d57gpgzbVz32yksLa+srhXXSxubW9s75d29lo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB403mt5+o0iyS92YcU1/goWQhI9hY6aF6dnqSveN+ueLW3CnQIvFyUoEcjX75qzeISCKoNIRjrbueGxs/xcowwumk1Es0jTF5xEPatVRiQbWfTheeoCOrDFAYKfulQVP1d0eKhdZjEdhKgc1Iz3uZ+J/XTUx45adMxomhkswGhQlHJkLZ9WjAFCWGjy3BRDG7KyIjrDAxNqOSDcGbP3mRtM5rnlvz7i4q9es8jiIcwCFUwYNLqMMtNKAJBAQ8wyu8Ocp5cd6dj1lpwcl79uEPnM8fqHiOVw==</latexit><latexit sha1_base64="Y8KlGcKV1fSpiny9LAxjcqrBxaA=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBItQUcuMCLosunFZwT6kHUomzbTBJDMkGaEM/Qo3LhRx6+e482/MtLPQ1hMCh3Pu5d57gpgzbVz32yksLa+srhXXSxubW9s75d29lo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB403mt5+o0iyS92YcU1/goWQhI9hY6aF6dnqSveN+ueLW3CnQIvFyUoEcjX75qzeISCKoNIRjrbueGxs/xcowwumk1Es0jTF5xEPatVRiQbWfTheeoCOrDFAYKfulQVP1d0eKhdZjEdhKgc1Iz3uZ+J/XTUx45adMxomhkswGhQlHJkLZ9WjAFCWGjy3BRDG7KyIjrDAxNqOSDcGbP3mRtM5rnlvz7i4q9es8jiIcwCFUwYNLqMMtNKAJBAQ8wyu8Ocp5cd6dj1lpwcl79uEPnM8fqHiOVw==</latexit>
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ds2 = �c2dt2 + dr2 + r2d⌦2
<latexit sha1_base64="oyFPivarrvpxp48s9S12RIujmyo=">AAACDnicbVDLSgMxFM34rPU16tJNsBQEscwMgm6Eoht3VrAPaKclk8m0oUlmSDJCKf0CN/6KGxeKuHXtzr8x085CWw8k93DOvST3BAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWwFShFFB6ppqRlqJJIgHjDSD4XXmNx+IVDQW93qUEJ+jvqARxUgbqWeXQ9X14CU8xV0v1IaewFBmJbvCzi0nfdT1enbJqThTwEXi5qQEctR69lcnjHHKidCYIaXarpNof4ykppiRSbGTKpIgPER90jZUIE6UP56uM4Flo4QwiqU5QsOp+ntijLhSIx6YTo70QM17mfif1051dOGPqUhSTQSePRSlDOoYZtnAkEqCNRsZgrCk5q8QD5BEWJsEiyYEd37lRdLwKq5Tce/OStWrPI4COARH4Bi44BxUwQ2ogTrA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bnDx7xmQA=</latexit><latexit sha1_base64="oyFPivarrvpxp48s9S12RIujmyo=">AAACDnicbVDLSgMxFM34rPU16tJNsBQEscwMgm6Eoht3VrAPaKclk8m0oUlmSDJCKf0CN/6KGxeKuHXtzr8x085CWw8k93DOvST3BAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWwFShFFB6ppqRlqJJIgHjDSD4XXmNx+IVDQW93qUEJ+jvqARxUgbqWeXQ9X14CU8xV0v1IaewFBmJbvCzi0nfdT1enbJqThTwEXi5qQEctR69lcnjHHKidCYIaXarpNof4ykppiRSbGTKpIgPER90jZUIE6UP56uM4Flo4QwiqU5QsOp+ntijLhSIx6YTo70QM17mfif1051dOGPqUhSTQSePRSlDOoYZtnAkEqCNRsZgrCk5q8QD5BEWJsEiyYEd37lRdLwKq5Tce/OStWrPI4COARH4Bi44BxUwQ2ogTrA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bnDx7xmQA=</latexit><latexit sha1_base64="oyFPivarrvpxp48s9S12RIujmyo=">AAACDnicbVDLSgMxFM34rPU16tJNsBQEscwMgm6Eoht3VrAPaKclk8m0oUlmSDJCKf0CN/6KGxeKuHXtzr8x085CWw8k93DOvST3BAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWwFShFFB6ppqRlqJJIgHjDSD4XXmNx+IVDQW93qUEJ+jvqARxUgbqWeXQ9X14CU8xV0v1IaewFBmJbvCzi0nfdT1enbJqThTwEXi5qQEctR69lcnjHHKidCYIaXarpNof4ykppiRSbGTKpIgPER90jZUIE6UP56uM4Flo4QwiqU5QsOp+ntijLhSIx6YTo70QM17mfif1051dOGPqUhSTQSePRSlDOoYZtnAkEqCNRsZgrCk5q8QD5BEWJsEiyYEd37lRdLwKq5Tce/OStWrPI4COARH4Bi44BxUwQ2ogTrA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bnDx7xmQA=</latexit><latexit sha1_base64="oyFPivarrvpxp48s9S12RIujmyo=">AAACDnicbVDLSgMxFM34rPU16tJNsBQEscwMgm6Eoht3VrAPaKclk8m0oUlmSDJCKf0CN/6KGxeKuHXtzr8x085CWw8k93DOvST3BAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWwFShFFB6ppqRlqJJIgHjDSD4XXmNx+IVDQW93qUEJ+jvqARxUgbqWeXQ9X14CU8xV0v1IaewFBmJbvCzi0nfdT1enbJqThTwEXi5qQEctR69lcnjHHKidCYIaXarpNof4ykppiRSbGTKpIgPER90jZUIE6UP56uM4Flo4QwiqU5QsOp+ntijLhSIx6YTo70QM17mfif1051dOGPqUhSTQSePRSlDOoYZtnAkEqCNRsZgrCk5q8QD5BEWJsEiyYEd37lRdLwKq5Tce/OStWrPI4COARH4Bi44BxUwQ2ogTrA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bnDx7xmQA=</latexit>

métrica de Minkowski

ds

2 =
X

µ⌫

gµ⌫dx
µ
dx

⌫ ⌘ gµ⌫dx
µ
dx

⌫

<latexit sha1_base64="W8h21LYkHTay84TMqDq3pLnAtkQ=">AAACQnicfVDLSgMxFM34rPVVdekmWARXZaYIuhGKblxWsA/ptCWTSdvQJDPmUSxDv82NX+DOD3DjQhG3LkzbQbQVDwTOPede7s0JYkaVdt0nZ2FxaXllNbOWXd/Y3NrO7exWVWQkJhUcsUjWA6QIo4JUNNWM1GNJEA8YqQX9i7FfGxCpaCSu9TAmTY66gnYoRtpK7dxNqFpFeAZ9ZXg78bmBvjBwlO1+FyMY3rXGRUqskvXJraED+G9TO5d3C+4EcJ54KcmDFOV27tEPI2w4ERozpFTDc2PdTJDUFDNilxpFYoT7qEsalgrEiWomkwhG8NAqIexE0j6h4UT9OZEgrtSQB7aTI91Ts95Y/MtrGN05bSZUxEYTgaeLOoZBHcFxnjCkkmDNhpYgLKm9FeIekghrm3rWhuDNfnmeVIsFzy14V8f50nkaRwbsgwNwBDxwAkrgEpRBBWBwD57BK3hzHpwX5935mLYuOOnMHvgF5/MLmuyxgA==</latexit><latexit sha1_base64="W8h21LYkHTay84TMqDq3pLnAtkQ=">AAACQnicfVDLSgMxFM34rPVVdekmWARXZaYIuhGKblxWsA/ptCWTSdvQJDPmUSxDv82NX+DOD3DjQhG3LkzbQbQVDwTOPede7s0JYkaVdt0nZ2FxaXllNbOWXd/Y3NrO7exWVWQkJhUcsUjWA6QIo4JUNNWM1GNJEA8YqQX9i7FfGxCpaCSu9TAmTY66gnYoRtpK7dxNqFpFeAZ9ZXg78bmBvjBwlO1+FyMY3rXGRUqskvXJraED+G9TO5d3C+4EcJ54KcmDFOV27tEPI2w4ERozpFTDc2PdTJDUFDNilxpFYoT7qEsalgrEiWomkwhG8NAqIexE0j6h4UT9OZEgrtSQB7aTI91Ts95Y/MtrGN05bSZUxEYTgaeLOoZBHcFxnjCkkmDNhpYgLKm9FeIekghrm3rWhuDNfnmeVIsFzy14V8f50nkaRwbsgwNwBDxwAkrgEpRBBWBwD57BK3hzHpwX5935mLYuOOnMHvgF5/MLmuyxgA==</latexit><latexit sha1_base64="W8h21LYkHTay84TMqDq3pLnAtkQ=">AAACQnicfVDLSgMxFM34rPVVdekmWARXZaYIuhGKblxWsA/ptCWTSdvQJDPmUSxDv82NX+DOD3DjQhG3LkzbQbQVDwTOPede7s0JYkaVdt0nZ2FxaXllNbOWXd/Y3NrO7exWVWQkJhUcsUjWA6QIo4JUNNWM1GNJEA8YqQX9i7FfGxCpaCSu9TAmTY66gnYoRtpK7dxNqFpFeAZ9ZXg78bmBvjBwlO1+FyMY3rXGRUqskvXJraED+G9TO5d3C+4EcJ54KcmDFOV27tEPI2w4ERozpFTDc2PdTJDUFDNilxpFYoT7qEsalgrEiWomkwhG8NAqIexE0j6h4UT9OZEgrtSQB7aTI91Ts95Y/MtrGN05bSZUxEYTgaeLOoZBHcFxnjCkkmDNhpYgLKm9FeIekghrm3rWhuDNfnmeVIsFzy14V8f50nkaRwbsgwNwBDxwAkrgEpRBBWBwD57BK3hzHpwX5935mLYuOOnMHvgF5/MLmuyxgA==</latexit><latexit sha1_base64="W8h21LYkHTay84TMqDq3pLnAtkQ=">AAACQnicfVDLSgMxFM34rPVVdekmWARXZaYIuhGKblxWsA/ptCWTSdvQJDPmUSxDv82NX+DOD3DjQhG3LkzbQbQVDwTOPede7s0JYkaVdt0nZ2FxaXllNbOWXd/Y3NrO7exWVWQkJhUcsUjWA6QIo4JUNNWM1GNJEA8YqQX9i7FfGxCpaCSu9TAmTY66gnYoRtpK7dxNqFpFeAZ9ZXg78bmBvjBwlO1+FyMY3rXGRUqskvXJraED+G9TO5d3C+4EcJ54KcmDFOV27tEPI2w4ERozpFTDc2PdTJDUFDNilxpFYoT7qEsalgrEiWomkwhG8NAqIexE0j6h4UT9OZEgrtSQB7aTI91Ts95Y/MtrGN05bSZUxEYTgaeLOoZBHcFxnjCkkmDNhpYgLKm9FeIekghrm3rWhuDNfnmeVIsFzy14V8f50nkaRwbsgwNwBDxwAkrgEpRBBWBwD57BK3hzHpwX5935mLYuOOnMHvgF5/MLmuyxgA==</latexit>

(convenção de Einstein)

(assinatura da métrica - convenção)

ds2 =

8
<

:

< 0 (“time� like”)
= 0 (“null”)
> 0 (“space� like”)

<latexit sha1_base64="DLemt/oZxayCVDgm6jfhcd2i+VM="></latexit><latexit sha1_base64="DLemt/oZxayCVDgm6jfhcd2i+VM="></latexit><latexit sha1_base64="DLemt/oZxayCVDgm6jfhcd2i+VM="></latexit><latexit sha1_base64="DLemt/oZxayCVDgm6jfhcd2i+VM="></latexit>

gµ⌫ =

0

BB@

�1 0 0 0
0 1 0 0
0 0 1 0
0 0 0 1

1

CCA

<latexit sha1_base64="rCd6kPaxeuNYoyQ4MVUbJ00VwtA="></latexit><latexit sha1_base64="uNmqOnA70+IcQzn826wbh3qwn1M="></latexit><latexit sha1_base64="uNmqOnA70+IcQzn826wbh3qwn1M="></latexit><latexit sha1_base64="uYBfSerjSHijpAx3mTfAmnkGSjY="></latexit>

(tensor métrico)

“light-like”

https://www.pitt.edu/~jdnorton/teaching/HPS_0410/chapters/spacetime/index.html

http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
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ds2 = �c2dt2 + dr2 + r2d⌦2
<latexit sha1_base64="oyFPivarrvpxp48s9S12RIujmyo=">AAACDnicbVDLSgMxFM34rPU16tJNsBQEscwMgm6Eoht3VrAPaKclk8m0oUlmSDJCKf0CN/6KGxeKuHXtzr8x085CWw8k93DOvST3BAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWwFShFFB6ppqRlqJJIgHjDSD4XXmNx+IVDQW93qUEJ+jvqARxUgbqWeXQ9X14CU8xV0v1IaewFBmJbvCzi0nfdT1enbJqThTwEXi5qQEctR69lcnjHHKidCYIaXarpNof4ykppiRSbGTKpIgPER90jZUIE6UP56uM4Flo4QwiqU5QsOp+ntijLhSIx6YTo70QM17mfif1051dOGPqUhSTQSePRSlDOoYZtnAkEqCNRsZgrCk5q8QD5BEWJsEiyYEd37lRdLwKq5Tce/OStWrPI4COARH4Bi44BxUwQ2ogTrA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bnDx7xmQA=</latexit><latexit sha1_base64="oyFPivarrvpxp48s9S12RIujmyo=">AAACDnicbVDLSgMxFM34rPU16tJNsBQEscwMgm6Eoht3VrAPaKclk8m0oUlmSDJCKf0CN/6KGxeKuHXtzr8x085CWw8k93DOvST3BAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWwFShFFB6ppqRlqJJIgHjDSD4XXmNx+IVDQW93qUEJ+jvqARxUgbqWeXQ9X14CU8xV0v1IaewFBmJbvCzi0nfdT1enbJqThTwEXi5qQEctR69lcnjHHKidCYIaXarpNof4ykppiRSbGTKpIgPER90jZUIE6UP56uM4Flo4QwiqU5QsOp+ntijLhSIx6YTo70QM17mfif1051dOGPqUhSTQSePRSlDOoYZtnAkEqCNRsZgrCk5q8QD5BEWJsEiyYEd37lRdLwKq5Tce/OStWrPI4COARH4Bi44BxUwQ2ogTrA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bnDx7xmQA=</latexit><latexit sha1_base64="oyFPivarrvpxp48s9S12RIujmyo=">AAACDnicbVDLSgMxFM34rPU16tJNsBQEscwMgm6Eoht3VrAPaKclk8m0oUlmSDJCKf0CN/6KGxeKuHXtzr8x085CWw8k93DOvST3BAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWwFShFFB6ppqRlqJJIgHjDSD4XXmNx+IVDQW93qUEJ+jvqARxUgbqWeXQ9X14CU8xV0v1IaewFBmJbvCzi0nfdT1enbJqThTwEXi5qQEctR69lcnjHHKidCYIaXarpNof4ykppiRSbGTKpIgPER90jZUIE6UP56uM4Flo4QwiqU5QsOp+ntijLhSIx6YTo70QM17mfif1051dOGPqUhSTQSePRSlDOoYZtnAkEqCNRsZgrCk5q8QD5BEWJsEiyYEd37lRdLwKq5Tce/OStWrPI4COARH4Bi44BxUwQ2ogTrA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bnDx7xmQA=</latexit><latexit sha1_base64="oyFPivarrvpxp48s9S12RIujmyo=">AAACDnicbVDLSgMxFM34rPU16tJNsBQEscwMgm6Eoht3VrAPaKclk8m0oUlmSDJCKf0CN/6KGxeKuHXtzr8x085CWw8k93DOvST3BAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWwFShFFB6ppqRlqJJIgHjDSD4XXmNx+IVDQW93qUEJ+jvqARxUgbqWeXQ9X14CU8xV0v1IaewFBmJbvCzi0nfdT1enbJqThTwEXi5qQEctR69lcnjHHKidCYIaXarpNof4ykppiRSbGTKpIgPER90jZUIE6UP56uM4Flo4QwiqU5QsOp+ntijLhSIx6YTo70QM17mfif1051dOGPqUhSTQSePRSlDOoYZtnAkEqCNRsZgrCk5q8QD5BEWJsEiyYEd37lRdLwKq5Tce/OStWrPI4COARH4Bi44BxUwQ2ogTrA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bnDx7xmQA=</latexit>

métrica de Minkowski

Fóton:
c

2
t

2 = x

2 + y

2 + z

2
<latexit sha1_base64="kCGjL/KYn2j73W3ynQ5SEHjkzTk=">AAACA3icbVDLSsNAFJ34rPEVdaebwSIIQkmCoBuh6MZlBfuANi2T6aQdOpmEmYkYS8GNv+LGhSJu/Ql3/o2TNAttPTCXwzn3cuceP2ZUKtv+NhYWl5ZXVktr5vrG5ta2tbPbkFEiMKnjiEWi5SNJGOWkrqhipBULgkKfkaY/usr85h0Rkkb8VqUx8UI04DSgGCkt9ax93HVV14UX8F7XE5jm9aHrmmbPKtsVOwecJ05ByqBArWd9dfoRTkLCFWZIyrZjx8obI6EoZmRidhJJYoRHaEDamnIUEumN8xsm8EgrfRhEQj+uYK7+nhijUMo09HVniNRQznqZ+J/XTlRw7o0pjxNFOJ4uChIGVQSzQGCfCoIVSzVBWFD9V4iHSCCsdGxZCM7syfOk4VYcu+LcnJarl0UcJXAADsExcMAZqIJrUAN1gMEjeAav4M14Ml6Md+Nj2rpgFDN74A+Mzx9v2pQo</latexit><latexit sha1_base64="kCGjL/KYn2j73W3ynQ5SEHjkzTk=">AAACA3icbVDLSsNAFJ34rPEVdaebwSIIQkmCoBuh6MZlBfuANi2T6aQdOpmEmYkYS8GNv+LGhSJu/Ql3/o2TNAttPTCXwzn3cuceP2ZUKtv+NhYWl5ZXVktr5vrG5ta2tbPbkFEiMKnjiEWi5SNJGOWkrqhipBULgkKfkaY/usr85h0Rkkb8VqUx8UI04DSgGCkt9ax93HVV14UX8F7XE5jm9aHrmmbPKtsVOwecJ05ByqBArWd9dfoRTkLCFWZIyrZjx8obI6EoZmRidhJJYoRHaEDamnIUEumN8xsm8EgrfRhEQj+uYK7+nhijUMo09HVniNRQznqZ+J/XTlRw7o0pjxNFOJ4uChIGVQSzQGCfCoIVSzVBWFD9V4iHSCCsdGxZCM7syfOk4VYcu+LcnJarl0UcJXAADsExcMAZqIJrUAN1gMEjeAav4M14Ml6Md+Nj2rpgFDN74A+Mzx9v2pQo</latexit><latexit sha1_base64="kCGjL/KYn2j73W3ynQ5SEHjkzTk=">AAACA3icbVDLSsNAFJ34rPEVdaebwSIIQkmCoBuh6MZlBfuANi2T6aQdOpmEmYkYS8GNv+LGhSJu/Ql3/o2TNAttPTCXwzn3cuceP2ZUKtv+NhYWl5ZXVktr5vrG5ta2tbPbkFEiMKnjiEWi5SNJGOWkrqhipBULgkKfkaY/usr85h0Rkkb8VqUx8UI04DSgGCkt9ax93HVV14UX8F7XE5jm9aHrmmbPKtsVOwecJ05ByqBArWd9dfoRTkLCFWZIyrZjx8obI6EoZmRidhJJYoRHaEDamnIUEumN8xsm8EgrfRhEQj+uYK7+nhijUMo09HVniNRQznqZ+J/XTlRw7o0pjxNFOJ4uChIGVQSzQGCfCoIVSzVBWFD9V4iHSCCsdGxZCM7syfOk4VYcu+LcnJarl0UcJXAADsExcMAZqIJrUAN1gMEjeAav4M14Ml6Md+Nj2rpgFDN74A+Mzx9v2pQo</latexit><latexit sha1_base64="kCGjL/KYn2j73W3ynQ5SEHjkzTk=">AAACA3icbVDLSsNAFJ34rPEVdaebwSIIQkmCoBuh6MZlBfuANi2T6aQdOpmEmYkYS8GNv+LGhSJu/Ql3/o2TNAttPTCXwzn3cuceP2ZUKtv+NhYWl5ZXVktr5vrG5ta2tbPbkFEiMKnjiEWi5SNJGOWkrqhipBULgkKfkaY/usr85h0Rkkb8VqUx8UI04DSgGCkt9ax93HVV14UX8F7XE5jm9aHrmmbPKtsVOwecJ05ByqBArWd9dfoRTkLCFWZIyrZjx8obI6EoZmRidhJJYoRHaEDamnIUEumN8xsm8EgrfRhEQj+uYK7+nhijUMo09HVniNRQznqZ+J/XTlRw7o0pjxNFOJ4uChIGVQSzQGCfCoIVSzVBWFD9V4iHSCCsdGxZCM7syfOk4VYcu+LcnJarl0UcJXAADsExcMAZqIJrUAN1gMEjeAav4M14Ml6Md+Nj2rpgFDN74A+Mzx9v2pQo</latexit>

x

y

z ds2 = 0
<latexit sha1_base64="oYPnVxZpI1sPDSmJtXj6RkgYUuo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9CIUvXisYD+gjWWzmbRLN5u4uxFK6Z/w4kERr/4db/4bt20O2vpg4PHeDDPzglRwbVz321lZXVvf2CxsFbd3dvf2SweHTZ1kimGDJSJR7YBqFFxiw3AjsJ0qpHEgsBUMb6Z+6wmV5om8N6MU/Zj2JY84o8ZK7VA/VMkVcXulsltxZyDLxMtJGXLUe6WvbpiwLEZpmKBadzw3Nf6YKsOZwEmxm2lMKRvSPnYslTRG7Y9n907IqVVCEiXKljRkpv6eGNNY61Ec2M6YmoFe9Kbif14nM9GlP+YyzQxKNl8UZYKYhEyfJyFXyIwYWUKZ4vZWwgZUUWZsREUbgrf48jJpViueW/Huzsu16zyOAhzDCZyBBxdQg1uoQwMYCHiGV3hzHp0X5935mLeuOPnMEfyB8/kDYlGO3g==</latexit><latexit sha1_base64="oYPnVxZpI1sPDSmJtXj6RkgYUuo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9CIUvXisYD+gjWWzmbRLN5u4uxFK6Z/w4kERr/4db/4bt20O2vpg4PHeDDPzglRwbVz321lZXVvf2CxsFbd3dvf2SweHTZ1kimGDJSJR7YBqFFxiw3AjsJ0qpHEgsBUMb6Z+6wmV5om8N6MU/Zj2JY84o8ZK7VA/VMkVcXulsltxZyDLxMtJGXLUe6WvbpiwLEZpmKBadzw3Nf6YKsOZwEmxm2lMKRvSPnYslTRG7Y9n907IqVVCEiXKljRkpv6eGNNY61Ec2M6YmoFe9Kbif14nM9GlP+YyzQxKNl8UZYKYhEyfJyFXyIwYWUKZ4vZWwgZUUWZsREUbgrf48jJpViueW/Huzsu16zyOAhzDCZyBBxdQg1uoQwMYCHiGV3hzHp0X5935mLeuOPnMEfyB8/kDYlGO3g==</latexit><latexit sha1_base64="oYPnVxZpI1sPDSmJtXj6RkgYUuo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9CIUvXisYD+gjWWzmbRLN5u4uxFK6Z/w4kERr/4db/4bt20O2vpg4PHeDDPzglRwbVz321lZXVvf2CxsFbd3dvf2SweHTZ1kimGDJSJR7YBqFFxiw3AjsJ0qpHEgsBUMb6Z+6wmV5om8N6MU/Zj2JY84o8ZK7VA/VMkVcXulsltxZyDLxMtJGXLUe6WvbpiwLEZpmKBadzw3Nf6YKsOZwEmxm2lMKRvSPnYslTRG7Y9n907IqVVCEiXKljRkpv6eGNNY61Ec2M6YmoFe9Kbif14nM9GlP+YyzQxKNl8UZYKYhEyfJyFXyIwYWUKZ4vZWwgZUUWZsREUbgrf48jJpViueW/Huzsu16zyOAhzDCZyBBxdQg1uoQwMYCHiGV3hzHp0X5935mLeuOPnMEfyB8/kDYlGO3g==</latexit><latexit sha1_base64="oYPnVxZpI1sPDSmJtXj6RkgYUuo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9CIUvXisYD+gjWWzmbRLN5u4uxFK6Z/w4kERr/4db/4bt20O2vpg4PHeDDPzglRwbVz321lZXVvf2CxsFbd3dvf2SweHTZ1kimGDJSJR7YBqFFxiw3AjsJ0qpHEgsBUMb6Z+6wmV5om8N6MU/Zj2JY84o8ZK7VA/VMkVcXulsltxZyDLxMtJGXLUe6WvbpiwLEZpmKBadzw3Nf6YKsOZwEmxm2lMKRvSPnYslTRG7Y9n907IqVVCEiXKljRkpv6eGNNY61Ec2M6YmoFe9Kbif14nM9GlP+YyzQxKNl8UZYKYhEyfJyFXyIwYWUKZ4vZWwgZUUWZsREUbgrf48jJpViueW/Huzsu16zyOAhzDCZyBBxdQg1uoQwMYCHiGV3hzHp0X5935mLeuOPnMEfyB8/kDYlGO3g==</latexit>

A trajetória do fóton é uma 
geodésica nula no espaço-tempo 4D.

Cada segmento ds da trajetória é nulo. 
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3.5 Métrica de FLRW

ds2 = �c2dt2 + dr2 + r2d⌦2
<latexit sha1_base64="oyFPivarrvpxp48s9S12RIujmyo=">AAACDnicbVDLSgMxFM34rPU16tJNsBQEscwMgm6Eoht3VrAPaKclk8m0oUlmSDJCKf0CN/6KGxeKuHXtzr8x085CWw8k93DOvST3BAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWwFShFFB6ppqRlqJJIgHjDSD4XXmNx+IVDQW93qUEJ+jvqARxUgbqWeXQ9X14CU8xV0v1IaewFBmJbvCzi0nfdT1enbJqThTwEXi5qQEctR69lcnjHHKidCYIaXarpNof4ykppiRSbGTKpIgPER90jZUIE6UP56uM4Flo4QwiqU5QsOp+ntijLhSIx6YTo70QM17mfif1051dOGPqUhSTQSePRSlDOoYZtnAkEqCNRsZgrCk5q8QD5BEWJsEiyYEd37lRdLwKq5Tce/OStWrPI4COARH4Bi44BxUwQ2ogTrA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bnDx7xmQA=</latexit><latexit sha1_base64="oyFPivarrvpxp48s9S12RIujmyo=">AAACDnicbVDLSgMxFM34rPU16tJNsBQEscwMgm6Eoht3VrAPaKclk8m0oUlmSDJCKf0CN/6KGxeKuHXtzr8x085CWw8k93DOvST3BAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWwFShFFB6ppqRlqJJIgHjDSD4XXmNx+IVDQW93qUEJ+jvqARxUgbqWeXQ9X14CU8xV0v1IaewFBmJbvCzi0nfdT1enbJqThTwEXi5qQEctR69lcnjHHKidCYIaXarpNof4ykppiRSbGTKpIgPER90jZUIE6UP56uM4Flo4QwiqU5QsOp+ntijLhSIx6YTo70QM17mfif1051dOGPqUhSTQSePRSlDOoYZtnAkEqCNRsZgrCk5q8QD5BEWJsEiyYEd37lRdLwKq5Tce/OStWrPI4COARH4Bi44BxUwQ2ogTrA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bnDx7xmQA=</latexit><latexit sha1_base64="oyFPivarrvpxp48s9S12RIujmyo=">AAACDnicbVDLSgMxFM34rPU16tJNsBQEscwMgm6Eoht3VrAPaKclk8m0oUlmSDJCKf0CN/6KGxeKuHXtzr8x085CWw8k93DOvST3BAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWwFShFFB6ppqRlqJJIgHjDSD4XXmNx+IVDQW93qUEJ+jvqARxUgbqWeXQ9X14CU8xV0v1IaewFBmJbvCzi0nfdT1enbJqThTwEXi5qQEctR69lcnjHHKidCYIaXarpNof4ykppiRSbGTKpIgPER90jZUIE6UP56uM4Flo4QwiqU5QsOp+ntijLhSIx6YTo70QM17mfif1051dOGPqUhSTQSePRSlDOoYZtnAkEqCNRsZgrCk5q8QD5BEWJsEiyYEd37lRdLwKq5Tce/OStWrPI4COARH4Bi44BxUwQ2ogTrA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bnDx7xmQA=</latexit><latexit sha1_base64="oyFPivarrvpxp48s9S12RIujmyo=">AAACDnicbVDLSgMxFM34rPU16tJNsBQEscwMgm6Eoht3VrAPaKclk8m0oUlmSDJCKf0CN/6KGxeKuHXtzr8x085CWw8k93DOvST3BAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWwFShFFB6ppqRlqJJIgHjDSD4XXmNx+IVDQW93qUEJ+jvqARxUgbqWeXQ9X14CU8xV0v1IaewFBmJbvCzi0nfdT1enbJqThTwEXi5qQEctR69lcnjHHKidCYIaXarpNof4ykppiRSbGTKpIgPER90jZUIE6UP56uM4Flo4QwiqU5QsOp+ntijLhSIx6YTo70QM17mfif1051dOGPqUhSTQSePRSlDOoYZtnAkEqCNRsZgrCk5q8QD5BEWJsEiyYEd37lRdLwKq5Tce/OStWrPI4COARH4Bi44BxUwQ2ogTrA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bnDx7xmQA=</latexit>

métrica de Minkowski

Fóton: ds2 = 0
<latexit sha1_base64="oYPnVxZpI1sPDSmJtXj6RkgYUuo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9CIUvXisYD+gjWWzmbRLN5u4uxFK6Z/w4kERr/4db/4bt20O2vpg4PHeDDPzglRwbVz321lZXVvf2CxsFbd3dvf2SweHTZ1kimGDJSJR7YBqFFxiw3AjsJ0qpHEgsBUMb6Z+6wmV5om8N6MU/Zj2JY84o8ZK7VA/VMkVcXulsltxZyDLxMtJGXLUe6WvbpiwLEZpmKBadzw3Nf6YKsOZwEmxm2lMKRvSPnYslTRG7Y9n907IqVVCEiXKljRkpv6eGNNY61Ec2M6YmoFe9Kbif14nM9GlP+YyzQxKNl8UZYKYhEyfJyFXyIwYWUKZ4vZWwgZUUWZsREUbgrf48jJpViueW/Huzsu16zyOAhzDCZyBBxdQg1uoQwMYCHiGV3hzHp0X5935mLeuOPnMEfyB8/kDYlGO3g==</latexit><latexit sha1_base64="oYPnVxZpI1sPDSmJtXj6RkgYUuo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9CIUvXisYD+gjWWzmbRLN5u4uxFK6Z/w4kERr/4db/4bt20O2vpg4PHeDDPzglRwbVz321lZXVvf2CxsFbd3dvf2SweHTZ1kimGDJSJR7YBqFFxiw3AjsJ0qpHEgsBUMb6Z+6wmV5om8N6MU/Zj2JY84o8ZK7VA/VMkVcXulsltxZyDLxMtJGXLUe6WvbpiwLEZpmKBadzw3Nf6YKsOZwEmxm2lMKRvSPnYslTRG7Y9n907IqVVCEiXKljRkpv6eGNNY61Ec2M6YmoFe9Kbif14nM9GlP+YyzQxKNl8UZYKYhEyfJyFXyIwYWUKZ4vZWwgZUUWZsREUbgrf48jJpViueW/Huzsu16zyOAhzDCZyBBxdQg1uoQwMYCHiGV3hzHp0X5935mLeuOPnMEfyB8/kDYlGO3g==</latexit><latexit sha1_base64="oYPnVxZpI1sPDSmJtXj6RkgYUuo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9CIUvXisYD+gjWWzmbRLN5u4uxFK6Z/w4kERr/4db/4bt20O2vpg4PHeDDPzglRwbVz321lZXVvf2CxsFbd3dvf2SweHTZ1kimGDJSJR7YBqFFxiw3AjsJ0qpHEgsBUMb6Z+6wmV5om8N6MU/Zj2JY84o8ZK7VA/VMkVcXulsltxZyDLxMtJGXLUe6WvbpiwLEZpmKBadzw3Nf6YKsOZwEmxm2lMKRvSPnYslTRG7Y9n907IqVVCEiXKljRkpv6eGNNY61Ec2M6YmoFe9Kbif14nM9GlP+YyzQxKNl8UZYKYhEyfJyFXyIwYWUKZ4vZWwgZUUWZsREUbgrf48jJpViueW/Huzsu16zyOAhzDCZyBBxdQg1uoQwMYCHiGV3hzHp0X5935mLeuOPnMEfyB8/kDYlGO3g==</latexit><latexit sha1_base64="oYPnVxZpI1sPDSmJtXj6RkgYUuo=">AAAB73icbVBNS8NAEJ34WetX1aOXxSJ4KkkR9CIUvXisYD+gjWWzmbRLN5u4uxFK6Z/w4kERr/4db/4bt20O2vpg4PHeDDPzglRwbVz321lZXVvf2CxsFbd3dvf2SweHTZ1kimGDJSJR7YBqFFxiw3AjsJ0qpHEgsBUMb6Z+6wmV5om8N6MU/Zj2JY84o8ZK7VA/VMkVcXulsltxZyDLxMtJGXLUe6WvbpiwLEZpmKBadzw3Nf6YKsOZwEmxm2lMKRvSPnYslTRG7Y9n907IqVVCEiXKljRkpv6eGNNY61Ec2M6YmoFe9Kbif14nM9GlP+YyzQxKNl8UZYKYhEyfJyFXyIwYWUKZ4vZWwgZUUWZsREUbgrf48jJpViueW/Huzsu16zyOAhzDCZyBBxdQg1uoQwMYCHiGV3hzHp0X5935mLeuOPnMEfyB8/kDYlGO3g==</latexit>

Trajetória radial: d⌦ = 0
<latexit sha1_base64="LbEU8yHXEw5DGYU3Fo8zsPXkajs=">AAAB8nicbZDLSgMxFIbP1Fsdb1WXboJFcFVm3OimWHTjzgr2Au1QMplMG5pMhiQjlKHgS7hxoYhb38O9O9/G9LLQ1h8CH/9/DjnnhCln2njet1NYWV1b3yhuulvbO7t7pf2DppaZIrRBJJeqHWJNOUtowzDDaTtVFIuQ01Y4vJ7krQeqNJPJvRmlNBC4n7CYEWys1Ym6t4L2Maoir1cqexVvKrQM/hzKl59u9REA6r3SVzeSJBM0MYRjrTu+l5ogx8owwunY7WaappgMcZ92LCZYUB3k05HH6MQ6EYqlsi8xaOr+7six0HokQlspsBnoxWxi/pd1MhNfBDlL0szQhMw+ijOOjEST/VHEFCWGjyxgopidFZEBVpgYeyXXHsFfXHkZmmcV36v4d365dgUzFeEIjuEUfDiHGtxAHRpAQMITvMCrY5xn5815n5UWnHnPIfyR8/EDMhqSCA==</latexit><latexit sha1_base64="gptMSXbK25FBVmeYo+P3cA8SWRo=">AAAB8nicbZDLSgMxFIYzXut4q7p0EyyCqzLjRjfFoht3VrAXaIeSyWTa0GQyJGeEMvQx3LhQpFvfw70b8W1MLwtt/SHw8f/nkHNOmApuwPO+nZXVtfWNzcKWu72zu7dfPDhsGJVpyupUCaVbITFM8ITVgYNgrVQzIkPBmuHgZpI3H5k2XCUPMExZIEkv4TGnBKzVjjp3kvUIrmCvWyx5ZW8qvAz+HEpXH24lHX+5tW7xsxMpmkmWABXEmLbvpRDkRAOngo3cTmZYSuiA9FjbYkIkM0E+HXmET60T4Vhp+xLAU/d3R06kMUMZ2kpJoG8Ws4n5X9bOIL4Mcp6kGbCEzj6KM4FB4cn+OOKaURBDC4RqbmfFtE80oWCv5Noj+IsrL0PjvOx7Zf/eL1Wv0UwFdIxO0Bny0QWqoltUQ3VEkUJP6AW9OuA8O2/OeFa64sx7jtAfOe8/I6mTfA==</latexit><latexit sha1_base64="gptMSXbK25FBVmeYo+P3cA8SWRo=">AAAB8nicbZDLSgMxFIYzXut4q7p0EyyCqzLjRjfFoht3VrAXaIeSyWTa0GQyJGeEMvQx3LhQpFvfw70b8W1MLwtt/SHw8f/nkHNOmApuwPO+nZXVtfWNzcKWu72zu7dfPDhsGJVpyupUCaVbITFM8ITVgYNgrVQzIkPBmuHgZpI3H5k2XCUPMExZIEkv4TGnBKzVjjp3kvUIrmCvWyx5ZW8qvAz+HEpXH24lHX+5tW7xsxMpmkmWABXEmLbvpRDkRAOngo3cTmZYSuiA9FjbYkIkM0E+HXmET60T4Vhp+xLAU/d3R06kMUMZ2kpJoG8Ws4n5X9bOIL4Mcp6kGbCEzj6KM4FB4cn+OOKaURBDC4RqbmfFtE80oWCv5Noj+IsrL0PjvOx7Zf/eL1Wv0UwFdIxO0Bny0QWqoltUQ3VEkUJP6AW9OuA8O2/OeFa64sx7jtAfOe8/I6mTfA==</latexit><latexit sha1_base64="6zyu5gUDluGK/T2Rjl2to/w1MvU=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoPgKex60YsQ9OLNCOYByRJmZ3uTIfNYZmaFsOQzvHhQxKtf482/cZLsQRMLGoqqbrq7opQzY33/2yutrW9sbpW3Kzu7e/sH1cOjtlGZptCiiivdjYgBziS0LLMcuqkGIiIOnWh8O/M7T6ANU/LRTlIIBRlKljBKrJN6cf9ewJDga+wPqjW/7s+BV0lQkBoq0BxUv/qxopkAaSknxvQCP7VhTrRllMO00s8MpISOyRB6jkoiwIT5/OQpPnNKjBOlXUmL5+rviZwIYyYicp2C2JFZ9mbif14vs8lVmDOZZhYkXSxKMo6twrP/ccw0UMsnjhCqmbsV0xHRhFqXUsWFECy/vEraF/XArwcPQa1xU8RRRifoFJ2jAF2iBrpDTdRCFCn0jF7Rm2e9F+/d+1i0lrxi5hj9gff5A8LTkDs=</latexit>

(✓,� = const)

<latexit sha1_base64="sBDpLmX2Q68hRoPO/zxZHBuAAPY=">AAACBnicbVA9SwNBEJ3zM8avqKUIS4IQUcKdjTZC0MYygvmAXAh7m02yuLd37M4J4Uhl48+wtbFQxNbfYOe/cfNRaOKDgcd7M8zMC2IpDLrut7OwuLS8sppZy65vbG5t53Z2ayZKNONVFslINwJquBSKV1Gg5I1YcxoGkteDu6uRX7/n2ohI3eIg5q2Q9pToCkbRSu3cQdHHPkdKTogf9wW5IKmvQ8IiZXB41M4V3JI7Bpkn3pQUynn/+AkAKu3cl9+JWBJyhUxSY5qeG2MrpRoFk3yY9RPDY8ruaI83LVU05KaVjt8YkkOrdEg30rYUkrH6eyKloTGDMLCdIcW+mfVG4n9eM8HueSsVKk6QKzZZ1E0kwYiMMiEdoTlDObCEMi3srYT1qaYMbXJZG4I3+/I8qZ2WPLfk3XiF8iVMkIF9yEMRPDiDMlxDBarA4AGe4RXenEfnxXl3PiatC850Zg/+wPn8ARefmRY=</latexit><latexit sha1_base64="4tQY1MP7b/jPjm1b4Y2wE9cgt40=">AAACBnicbVDLSsNAFJ3UV62vqEsRhhahopTEjW6EoBuXFewDmlAm02k7OJmEmRuhhK7c+AH+hBsXirj1G9z1b5w+Ftp64MLhnHu5954wEVyD44ys3NLyyupafr2wsbm1vWPv7tV1nCrKajQWsWqGRDPBJasBB8GaiWIkCgVrhPfXY7/xwJTmsbyDQcKCiPQk73JKwEht+7DsQ58BwafYT/ocX+LMVxGmsdQwPG7bJafiTIAXiTsjJa/onzyPvEG1bX/7nZimEZNABdG65ToJBBlRwKlgw4KfapYQek96rGWoJBHTQTZ5Y4iPjNLB3ViZkoAn6u+JjERaD6LQdEYE+nreG4v/ea0UuhdBxmWSApN0uqibCgwxHmeCO1wxCmJgCKGKm1sx7RNFKJjkCiYEd/7lRVI/q7hOxb11S94VmiKPDlARlZGLzpGHblAV1RBFj+gFvaF368l6tT6sz2lrzprN7KM/sL5+ACEJmpw=</latexit><latexit sha1_base64="4tQY1MP7b/jPjm1b4Y2wE9cgt40=">AAACBnicbVDLSsNAFJ3UV62vqEsRhhahopTEjW6EoBuXFewDmlAm02k7OJmEmRuhhK7c+AH+hBsXirj1G9z1b5w+Ftp64MLhnHu5954wEVyD44ys3NLyyupafr2wsbm1vWPv7tV1nCrKajQWsWqGRDPBJasBB8GaiWIkCgVrhPfXY7/xwJTmsbyDQcKCiPQk73JKwEht+7DsQ58BwafYT/ocX+LMVxGmsdQwPG7bJafiTIAXiTsjJa/onzyPvEG1bX/7nZimEZNABdG65ToJBBlRwKlgw4KfapYQek96rGWoJBHTQTZ5Y4iPjNLB3ViZkoAn6u+JjERaD6LQdEYE+nreG4v/ea0UuhdBxmWSApN0uqibCgwxHmeCO1wxCmJgCKGKm1sx7RNFKJjkCiYEd/7lRVI/q7hOxb11S94VmiKPDlARlZGLzpGHblAV1RBFj+gFvaF368l6tT6sz2lrzprN7KM/sL5+ACEJmpw=</latexit><latexit sha1_base64="AICMUZeFSVAuHKRWQ/FyddDyp8M=">AAACBnicbVBNS8NAEN34WetX1KMIi0WoICXxoheh6MVjBfsBTSib7aZZutmE3YlQQk9e/CtePCji1d/gzX/jts1BWx8MPN6bYWZekAquwXG+raXlldW19dJGeXNre2fX3ttv6SRTlDVpIhLVCYhmgkvWBA6CdVLFSBwI1g6GNxO//cCU5om8h1HK/JgMJA85JWCknn1U9SBiQPAZ9tKI4yuceyrGNJEaxqc9u+LUnCnwInELUkEFGj37y+snNIuZBCqI1l3XScHPiQJOBRuXvUyzlNAhGbCuoZLETPv59I0xPjFKH4eJMiUBT9XfEzmJtR7FgemMCUR63puI/3ndDMJLP+cyzYBJOlsUZgJDgieZ4D5XjIIYGUKo4uZWTCOiCAWTXNmE4M6/vEha5zXXqbl3bqV+XcRRQofoGFWRiy5QHd2iBmoiih7RM3pFb9aT9WK9Wx+z1iWrmDlAf2B9/gAFIJeN</latexit>

c2dt2 = dr2 ) dr
dt = ±c

<latexit sha1_base64="NZ4OOtbtVeShijumCPOrsOUgsVs="></latexit><latexit sha1_base64="6q7TC2FxZwPo8h1fCxNvgHYUWAc="></latexit><latexit sha1_base64="6q7TC2FxZwPo8h1fCxNvgHYUWAc="></latexit><latexit sha1_base64="UmbcYPuzXzTj3R1vUbXlMa8xuGM=">AAACG3icbVC7TsMwFHV4lvAKMLJYVEhMVdIFFqQKFsaC6ENqSuU4TmvViSP7BlRF/Q8WfoWFAYSYkBj4G9w2A7Rcyb5H554j+54gFVyD635bS8srq2vrpQ17c2t7Z9fZ229qmSnKGlQKqdoB0UzwhDWAg2DtVDESB4K1guHlZN66Z0pzmdzCKGXdmPQTHnFKwFA9p0rvqjgEc53jUJnm3/D+AIhS8gHbeaiwL43fSMZG4acxpj2n7FbcaeFF4BWgjIqq95xPP5Q0i1kCVBCtO56bQjcnCjgVbGz7mWYpoUPSZx0DExIz3c2nu43xsWFCHEllTgJ4yv525CTWehQHRhkTGOj52YT8b9bJIDrr5jxJM2AJnT0UZQKDxJOgcMgVoyBGBhCquPkrpgOiCAUTp21C8OZXXgTNasVzK961V65dFHGU0CE6QifIQ6eohq5QHTUQRY/oGb2iN+vJerHerY+ZdMkqPAfoT1lfPycnnwA=</latexit>
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3.5 Métrica de FLRW

ds2 = �c2dt2 + dr2 + r2d⌦2
<latexit sha1_base64="oyFPivarrvpxp48s9S12RIujmyo=">AAACDnicbVDLSgMxFM34rPU16tJNsBQEscwMgm6Eoht3VrAPaKclk8m0oUlmSDJCKf0CN/6KGxeKuHXtzr8x085CWw8k93DOvST3BAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWwFShFFB6ppqRlqJJIgHjDSD4XXmNx+IVDQW93qUEJ+jvqARxUgbqWeXQ9X14CU8xV0v1IaewFBmJbvCzi0nfdT1enbJqThTwEXi5qQEctR69lcnjHHKidCYIaXarpNof4ykppiRSbGTKpIgPER90jZUIE6UP56uM4Flo4QwiqU5QsOp+ntijLhSIx6YTo70QM17mfif1051dOGPqUhSTQSePRSlDOoYZtnAkEqCNRsZgrCk5q8QD5BEWJsEiyYEd37lRdLwKq5Tce/OStWrPI4COARH4Bi44BxUwQ2ogTrA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bnDx7xmQA=</latexit><latexit sha1_base64="oyFPivarrvpxp48s9S12RIujmyo=">AAACDnicbVDLSgMxFM34rPU16tJNsBQEscwMgm6Eoht3VrAPaKclk8m0oUlmSDJCKf0CN/6KGxeKuHXtzr8x085CWw8k93DOvST3BAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWwFShFFB6ppqRlqJJIgHjDSD4XXmNx+IVDQW93qUEJ+jvqARxUgbqWeXQ9X14CU8xV0v1IaewFBmJbvCzi0nfdT1enbJqThTwEXi5qQEctR69lcnjHHKidCYIaXarpNof4ykppiRSbGTKpIgPER90jZUIE6UP56uM4Flo4QwiqU5QsOp+ntijLhSIx6YTo70QM17mfif1051dOGPqUhSTQSePRSlDOoYZtnAkEqCNRsZgrCk5q8QD5BEWJsEiyYEd37lRdLwKq5Tce/OStWrPI4COARH4Bi44BxUwQ2ogTrA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bnDx7xmQA=</latexit><latexit sha1_base64="oyFPivarrvpxp48s9S12RIujmyo=">AAACDnicbVDLSgMxFM34rPU16tJNsBQEscwMgm6Eoht3VrAPaKclk8m0oUlmSDJCKf0CN/6KGxeKuHXtzr8x085CWw8k93DOvST3BAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWwFShFFB6ppqRlqJJIgHjDSD4XXmNx+IVDQW93qUEJ+jvqARxUgbqWeXQ9X14CU8xV0v1IaewFBmJbvCzi0nfdT1enbJqThTwEXi5qQEctR69lcnjHHKidCYIaXarpNof4ykppiRSbGTKpIgPER90jZUIE6UP56uM4Flo4QwiqU5QsOp+ntijLhSIx6YTo70QM17mfif1051dOGPqUhSTQSePRSlDOoYZtnAkEqCNRsZgrCk5q8QD5BEWJsEiyYEd37lRdLwKq5Tce/OStWrPI4COARH4Bi44BxUwQ2ogTrA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bnDx7xmQA=</latexit><latexit sha1_base64="oyFPivarrvpxp48s9S12RIujmyo=">AAACDnicbVDLSgMxFM34rPU16tJNsBQEscwMgm6Eoht3VrAPaKclk8m0oUlmSDJCKf0CN/6KGxeKuHXtzr8x085CWw8k93DOvST3BAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWwFShFFB6ppqRlqJJIgHjDSD4XXmNx+IVDQW93qUEJ+jvqARxUgbqWeXQ9X14CU8xV0v1IaewFBmJbvCzi0nfdT1enbJqThTwEXi5qQEctR69lcnjHHKidCYIaXarpNof4ykppiRSbGTKpIgPER90jZUIE6UP56uM4Flo4QwiqU5QsOp+ntijLhSIx6YTo70QM17mfif1051dOGPqUhSTQSePRSlDOoYZtnAkEqCNRsZgrCk5q8QD5BEWJsEiyYEd37lRdLwKq5Tce/OStWrPI4COARH4Bi44BxUwQ2ogTrA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bnDx7xmQA=</latexit>

métrica de Minkowski

ds2 = �c2dt2 + a(t)2[dr2 + S2
(r)d⌦

2]
<latexit sha1_base64="LmGMDMds1BTPUdyodXhVY9PrP+g="></latexit><latexit sha1_base64="LmGMDMds1BTPUdyodXhVY9PrP+g="></latexit><latexit sha1_base64="LmGMDMds1BTPUdyodXhVY9PrP+g="></latexit><latexit sha1_base64="LmGMDMds1BTPUdyodXhVY9PrP+g="></latexit>

métrica de FLRW

S(r) =

8
<

:

R0 sin(r/R0) ( = +1)
r ( = 0)
R0 sinh(r/R0) ( = �1)

<latexit sha1_base64="iv8FQHlD4/gYpYlRoQL6BmgbeGY="></latexit><latexit sha1_base64="iv8FQHlD4/gYpYlRoQL6BmgbeGY="></latexit><latexit sha1_base64="iv8FQHlD4/gYpYlRoQL6BmgbeGY="></latexit><latexit sha1_base64="iv8FQHlD4/gYpYlRoQL6BmgbeGY="></latexit>

(t=0)

Friedmann–Lemaître–Robertson–Walker

Espaço-tempo com curvatura homogênea e 
isotrópica que pode expandir ou contrair:

Fator de escala

a(t0) ⌘ 1
<latexit sha1_base64="pb7+r7whrUkaJ1W/7O9auUodbjY=">AAAB+HicbVBNSwMxEM36WetHVz16CRahXsquCHosevFYwX5AuyzZNNuGZrNrMinU0l/ixYMiXv0p3vw3pu0etPXBwOO9GWbmRZngGjzv21lb39jc2i7sFHf39g9K7uFRU6dGUdagqUhVOyKaCS5ZAzgI1s4UI0kkWCsa3s781ogpzVP5AOOMBQnpSx5zSsBKoVsiFQi9c9xlj4aPsB+6Za/qzYFXiZ+TMspRD92vbi+lJmESqCBad3wvg2BCFHAq2LTYNZplhA5Jn3UslSRhOpjMD5/iM6v0cJwqWxLwXP09MSGJ1uMksp0JgYFe9mbif17HQHwdTLjMDDBJF4tiIzCkeJYC7nHFKIixJYQqbm/FdEAUoWCzKtoQ/OWXV0nzoup7Vf/+sly7yeMooBN0iirIR1eohu5QHTUQRQY9o1f05jw5L86787FoXXPymWP0B87nD+LRke0=</latexit><latexit sha1_base64="pb7+r7whrUkaJ1W/7O9auUodbjY=">AAAB+HicbVBNSwMxEM36WetHVz16CRahXsquCHosevFYwX5AuyzZNNuGZrNrMinU0l/ixYMiXv0p3vw3pu0etPXBwOO9GWbmRZngGjzv21lb39jc2i7sFHf39g9K7uFRU6dGUdagqUhVOyKaCS5ZAzgI1s4UI0kkWCsa3s781ogpzVP5AOOMBQnpSx5zSsBKoVsiFQi9c9xlj4aPsB+6Za/qzYFXiZ+TMspRD92vbi+lJmESqCBad3wvg2BCFHAq2LTYNZplhA5Jn3UslSRhOpjMD5/iM6v0cJwqWxLwXP09MSGJ1uMksp0JgYFe9mbif17HQHwdTLjMDDBJF4tiIzCkeJYC7nHFKIixJYQqbm/FdEAUoWCzKtoQ/OWXV0nzoup7Vf/+sly7yeMooBN0iirIR1eohu5QHTUQRQY9o1f05jw5L86787FoXXPymWP0B87nD+LRke0=</latexit><latexit sha1_base64="pb7+r7whrUkaJ1W/7O9auUodbjY=">AAAB+HicbVBNSwMxEM36WetHVz16CRahXsquCHosevFYwX5AuyzZNNuGZrNrMinU0l/ixYMiXv0p3vw3pu0etPXBwOO9GWbmRZngGjzv21lb39jc2i7sFHf39g9K7uFRU6dGUdagqUhVOyKaCS5ZAzgI1s4UI0kkWCsa3s781ogpzVP5AOOMBQnpSx5zSsBKoVsiFQi9c9xlj4aPsB+6Za/qzYFXiZ+TMspRD92vbi+lJmESqCBad3wvg2BCFHAq2LTYNZplhA5Jn3UslSRhOpjMD5/iM6v0cJwqWxLwXP09MSGJ1uMksp0JgYFe9mbif17HQHwdTLjMDDBJF4tiIzCkeJYC7nHFKIixJYQqbm/FdEAUoWCzKtoQ/OWXV0nzoup7Vf/+sly7yeMooBN0iirIR1eohu5QHTUQRQY9o1f05jw5L86787FoXXPymWP0B87nD+LRke0=</latexit><latexit sha1_base64="pb7+r7whrUkaJ1W/7O9auUodbjY=">AAAB+HicbVBNSwMxEM36WetHVz16CRahXsquCHosevFYwX5AuyzZNNuGZrNrMinU0l/ixYMiXv0p3vw3pu0etPXBwOO9GWbmRZngGjzv21lb39jc2i7sFHf39g9K7uFRU6dGUdagqUhVOyKaCS5ZAzgI1s4UI0kkWCsa3s781ogpzVP5AOOMBQnpSx5zSsBKoVsiFQi9c9xlj4aPsB+6Za/qzYFXiZ+TMspRD92vbi+lJmESqCBad3wvg2BCFHAq2LTYNZplhA5Jn3UslSRhOpjMD5/iM6v0cJwqWxLwXP09MSGJ1uMksp0JgYFe9mbif17HQHwdTLjMDDBJF4tiIzCkeJYC7nHFKIixJYQqbm/FdEAUoWCzKtoQ/OWXV0nzoup7Vf/+sly7yeMooBN0iirIR1eohu5QHTUQRQY9o1f05jw5L86787FoXXPymWP0B87nD+LRke0=</latexit>
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ds2 = �c2dt2 + a(t)2[dr2 + S2
(r)d⌦

2]
<latexit sha1_base64="LmGMDMds1BTPUdyodXhVY9PrP+g="></latexit><latexit sha1_base64="LmGMDMds1BTPUdyodXhVY9PrP+g="></latexit><latexit sha1_base64="LmGMDMds1BTPUdyodXhVY9PrP+g="></latexit><latexit sha1_base64="LmGMDMds1BTPUdyodXhVY9PrP+g="></latexit>

métrica de FLRW

coordenadas “comóveis” ou “próprias”

www.damtp.cam.ac.uk/user/db275/cosmology.pdf 

(r, ✓,�)
<latexit sha1_base64="sotOPxXymCXibyx8TkV6a06vR+U=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0GIIGFXBD0GvXiMYB6QLGF20psMmX0w06uENZ/ixYMiXv0Sb/6Nk2QPmljQdFHVzfSUn0ih0XG+rZXVtfWNzcJWcXtnd2/fLh00dZwqDg0ey1i1faZBiggaKFBCO1HAQl9Cyx/dTP3WAygt4ugexwl4IRtEIhCcoZF6dqmizmgXh4DM9GQoTnt22ak6M9Bl4uakTHLUe/ZXtx/zNIQIuWRad1wnQS9jCgWXMCl2Uw0J4yM2gI6hEQtBe9ns9Ak9MUqfBrEyFSGdqb83MhZqPQ59MxkyHOpFbyr+53VSDK68TERJihDx+UNBKinGdJoD7QsFHOXYEMaVMLdSPmSKcTRpFU0I7uKXl0nzvOo6Vffuoly7zuMokCNyTCrEJZekRm5JnTQIJ4/kmbySN+vJerHerY/56IqV7xySP7A+fwBW0JK/</latexit><latexit sha1_base64="sotOPxXymCXibyx8TkV6a06vR+U=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0GIIGFXBD0GvXiMYB6QLGF20psMmX0w06uENZ/ixYMiXv0Sb/6Nk2QPmljQdFHVzfSUn0ih0XG+rZXVtfWNzcJWcXtnd2/fLh00dZwqDg0ey1i1faZBiggaKFBCO1HAQl9Cyx/dTP3WAygt4ugexwl4IRtEIhCcoZF6dqmizmgXh4DM9GQoTnt22ak6M9Bl4uakTHLUe/ZXtx/zNIQIuWRad1wnQS9jCgWXMCl2Uw0J4yM2gI6hEQtBe9ns9Ak9MUqfBrEyFSGdqb83MhZqPQ59MxkyHOpFbyr+53VSDK68TERJihDx+UNBKinGdJoD7QsFHOXYEMaVMLdSPmSKcTRpFU0I7uKXl0nzvOo6Vffuoly7zuMokCNyTCrEJZekRm5JnTQIJ4/kmbySN+vJerHerY/56IqV7xySP7A+fwBW0JK/</latexit><latexit sha1_base64="sotOPxXymCXibyx8TkV6a06vR+U=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0GIIGFXBD0GvXiMYB6QLGF20psMmX0w06uENZ/ixYMiXv0Sb/6Nk2QPmljQdFHVzfSUn0ih0XG+rZXVtfWNzcJWcXtnd2/fLh00dZwqDg0ey1i1faZBiggaKFBCO1HAQl9Cyx/dTP3WAygt4ugexwl4IRtEIhCcoZF6dqmizmgXh4DM9GQoTnt22ak6M9Bl4uakTHLUe/ZXtx/zNIQIuWRad1wnQS9jCgWXMCl2Uw0J4yM2gI6hEQtBe9ns9Ak9MUqfBrEyFSGdqb83MhZqPQ59MxkyHOpFbyr+53VSDK68TERJihDx+UNBKinGdJoD7QsFHOXYEMaVMLdSPmSKcTRpFU0I7uKXl0nzvOo6Vffuoly7zuMokCNyTCrEJZekRm5JnTQIJ4/kmbySN+vJerHerY/56IqV7xySP7A+fwBW0JK/</latexit><latexit sha1_base64="sotOPxXymCXibyx8TkV6a06vR+U=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0GIIGFXBD0GvXiMYB6QLGF20psMmX0w06uENZ/ixYMiXv0Sb/6Nk2QPmljQdFHVzfSUn0ih0XG+rZXVtfWNzcJWcXtnd2/fLh00dZwqDg0ey1i1faZBiggaKFBCO1HAQl9Cyx/dTP3WAygt4ugexwl4IRtEIhCcoZF6dqmizmgXh4DM9GQoTnt22ak6M9Bl4uakTHLUe/ZXtx/zNIQIuWRad1wnQS9jCgWXMCl2Uw0J4yM2gI6hEQtBe9ns9Ak9MUqfBrEyFSGdqb83MhZqPQ59MxkyHOpFbyr+53VSDK68TERJihDx+UNBKinGdJoD7QsFHOXYEMaVMLdSPmSKcTRpFU0I7uKXl0nzvOo6Vffuoly7zuMokCNyTCrEJZekRm5JnTQIJ4/kmbySN+vJerHerY/56IqV7xySP7A+fwBW0JK/</latexit>

tempo “cósmico” ou “próprio”

Tempo medido por um referencial que 
observa o universo expandindo de forma 

uniforme e isotrópica ao seu redor.

As coordenadas comóveis de um dado ponto 
são constantes num universo expandindo de 
forma homogênea e isotrópica.

a(t1)
<latexit sha1_base64="eKCIHnO3RTHiChFcv8Rvk2M2Pms=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BItQLyURQY9FLx4r2A9oQ9lsN+3azW7YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YSK4Qc/7dgpr6xubW8Xt0s7u3v5B+fCoZVSqKWtSJZTuhMQwwSVrIkfBOolmJA4Fa4fj25nffmLacCUfcJKwICZDySNOCVqpRarY98/75YpX8+ZwV4mfkwrkaPTLX72BomnMJFJBjOn6XoJBRjRyKti01EsNSwgdkyHrWipJzEyQza+dumdWGbiR0rYkunP190RGYmMmcWg7Y4Ijs+zNxP+8borRdZBxmaTIJF0silLhonJnr7sDrhlFMbGEUM3trS4dEU0o2oBKNgR/+eVV0rqo+V7Nv7+s1G/yOIpwAqdQBR+uoA530IAmUHiEZ3iFN0c5L86787FoLTj5zDH8gfP5A4W2jmw=</latexit><latexit sha1_base64="eKCIHnO3RTHiChFcv8Rvk2M2Pms=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BItQLyURQY9FLx4r2A9oQ9lsN+3azW7YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YSK4Qc/7dgpr6xubW8Xt0s7u3v5B+fCoZVSqKWtSJZTuhMQwwSVrIkfBOolmJA4Fa4fj25nffmLacCUfcJKwICZDySNOCVqpRarY98/75YpX8+ZwV4mfkwrkaPTLX72BomnMJFJBjOn6XoJBRjRyKti01EsNSwgdkyHrWipJzEyQza+dumdWGbiR0rYkunP190RGYmMmcWg7Y4Ijs+zNxP+8borRdZBxmaTIJF0silLhonJnr7sDrhlFMbGEUM3trS4dEU0o2oBKNgR/+eVV0rqo+V7Nv7+s1G/yOIpwAqdQBR+uoA530IAmUHiEZ3iFN0c5L86787FoLTj5zDH8gfP5A4W2jmw=</latexit><latexit sha1_base64="eKCIHnO3RTHiChFcv8Rvk2M2Pms=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BItQLyURQY9FLx4r2A9oQ9lsN+3azW7YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YSK4Qc/7dgpr6xubW8Xt0s7u3v5B+fCoZVSqKWtSJZTuhMQwwSVrIkfBOolmJA4Fa4fj25nffmLacCUfcJKwICZDySNOCVqpRarY98/75YpX8+ZwV4mfkwrkaPTLX72BomnMJFJBjOn6XoJBRjRyKti01EsNSwgdkyHrWipJzEyQza+dumdWGbiR0rYkunP190RGYmMmcWg7Y4Ijs+zNxP+8borRdZBxmaTIJF0silLhonJnr7sDrhlFMbGEUM3trS4dEU0o2oBKNgR/+eVV0rqo+V7Nv7+s1G/yOIpwAqdQBR+uoA530IAmUHiEZ3iFN0c5L86787FoLTj5zDH8gfP5A4W2jmw=</latexit><latexit sha1_base64="eKCIHnO3RTHiChFcv8Rvk2M2Pms=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BItQLyURQY9FLx4r2A9oQ9lsN+3azW7YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YSK4Qc/7dgpr6xubW8Xt0s7u3v5B+fCoZVSqKWtSJZTuhMQwwSVrIkfBOolmJA4Fa4fj25nffmLacCUfcJKwICZDySNOCVqpRarY98/75YpX8+ZwV4mfkwrkaPTLX72BomnMJFJBjOn6XoJBRjRyKti01EsNSwgdkyHrWipJzEyQza+dumdWGbiR0rYkunP190RGYmMmcWg7Y4Ijs+zNxP+8borRdZBxmaTIJF0silLhonJnr7sDrhlFMbGEUM3trS4dEU0o2oBKNgR/+eVV0rqo+V7Nv7+s1G/yOIpwAqdQBR+uoA530IAmUHiEZ3iFN0c5L86787FoLTj5zDH8gfP5A4W2jmw=</latexit>

a(t2)
<latexit sha1_base64="g+id0ZO8Gtrz0ezxVGTpkYUKd/A=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSLUS0mKoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2d++4lrI2L1gJOE+xEdKhEKRtFKLVrBfu2iXyq7VXcOskq8nJQhR6Nf+uoNYpZGXCGT1Jiu5yboZ1SjYJJPi73U8ISyMR3yrqWKRtz42fzaKTm3yoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjMXicDoTlDObGEMi3srYSNqKYMbUBFG4K3/PIqadWqnlv17i/L9Zs8jgKcwhlUwIMrqMMdNKAJDB7hGV7hzYmdF+fd+Vi0rjn5zAn8gfP5A4c7jm0=</latexit><latexit sha1_base64="g+id0ZO8Gtrz0ezxVGTpkYUKd/A=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSLUS0mKoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2d++4lrI2L1gJOE+xEdKhEKRtFKLVrBfu2iXyq7VXcOskq8nJQhR6Nf+uoNYpZGXCGT1Jiu5yboZ1SjYJJPi73U8ISyMR3yrqWKRtz42fzaKTm3yoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjMXicDoTlDObGEMi3srYSNqKYMbUBFG4K3/PIqadWqnlv17i/L9Zs8jgKcwhlUwIMrqMMdNKAJDB7hGV7hzYmdF+fd+Vi0rjn5zAn8gfP5A4c7jm0=</latexit><latexit sha1_base64="g+id0ZO8Gtrz0ezxVGTpkYUKd/A=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSLUS0mKoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2d++4lrI2L1gJOE+xEdKhEKRtFKLVrBfu2iXyq7VXcOskq8nJQhR6Nf+uoNYpZGXCGT1Jiu5yboZ1SjYJJPi73U8ISyMR3yrqWKRtz42fzaKTm3yoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjMXicDoTlDObGEMi3srYSNqKYMbUBFG4K3/PIqadWqnlv17i/L9Zs8jgKcwhlUwIMrqMMdNKAJDB7hGV7hzYmdF+fd+Vi0rjn5zAn8gfP5A4c7jm0=</latexit><latexit sha1_base64="g+id0ZO8Gtrz0ezxVGTpkYUKd/A=">AAAB7XicbVBNS8NAEJ34WetX1aOXxSLUS0mKoMeiF48V7Ae0oWy2m3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/nbX1jc2t7cJOcXdv/+CwdHTcMnGqGW+yWMa6E1DDpVC8iQIl7ySa0yiQvB2Mb2d++4lrI2L1gJOE+xEdKhEKRtFKLVrBfu2iXyq7VXcOskq8nJQhR6Nf+uoNYpZGXCGT1Jiu5yboZ1SjYJJPi73U8ISyMR3yrqWKRtz42fzaKTm3yoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjMXicDoTlDObGEMi3srYSNqKYMbUBFG4K3/PIqadWqnlv17i/L9Zs8jgKcwhlUwIMrqMMdNKAJDB7hGV7hzYmdF+fd+Vi0rjn5zAn8gfP5A4c7jm0=</latexit>

a(t3)
<latexit sha1_base64="pqNnhah4ciFkBOXqUn42WpME3es=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBHqpSQq6LHoxWMF+wFtKJvtpl272Q27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvTAQ36Hnfzsrq2vrGZmGruL2zu7dfOjhsGpVqyhpUCaXbITFMcMkayFGwdqIZiUPBWuHoduq3npg2XMkHHCcsiMlA8ohTglZqkgr2Ls56pbJX9WZwl4mfkzLkqPdKX92+omnMJFJBjOn4XoJBRjRyKtik2E0NSwgdkQHrWCpJzEyQza6duKdW6buR0rYkujP190RGYmPGcWg7Y4JDs+hNxf+8TorRdZBxmaTIJJ0vilLhonKnr7t9rhlFMbaEUM3trS4dEk0o2oCKNgR/8eVl0jyv+l7Vv78s127yOApwDCdQAR+uoAZ3UIcGUHiEZ3iFN0c5L8678zFvXXHymSP4A+fzB4jAjm4=</latexit><latexit sha1_base64="pqNnhah4ciFkBOXqUn42WpME3es=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBHqpSQq6LHoxWMF+wFtKJvtpl272Q27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvTAQ36Hnfzsrq2vrGZmGruL2zu7dfOjhsGpVqyhpUCaXbITFMcMkayFGwdqIZiUPBWuHoduq3npg2XMkHHCcsiMlA8ohTglZqkgr2Ls56pbJX9WZwl4mfkzLkqPdKX92+omnMJFJBjOn4XoJBRjRyKtik2E0NSwgdkQHrWCpJzEyQza6duKdW6buR0rYkujP190RGYmPGcWg7Y4JDs+hNxf+8TorRdZBxmaTIJJ0vilLhonKnr7t9rhlFMbaEUM3trS4dEk0o2oCKNgR/8eVl0jyv+l7Vv78s127yOApwDCdQAR+uoAZ3UIcGUHiEZ3iFN0c5L8678zFvXXHymSP4A+fzB4jAjm4=</latexit><latexit sha1_base64="pqNnhah4ciFkBOXqUn42WpME3es=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBHqpSQq6LHoxWMF+wFtKJvtpl272Q27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvTAQ36Hnfzsrq2vrGZmGruL2zu7dfOjhsGpVqyhpUCaXbITFMcMkayFGwdqIZiUPBWuHoduq3npg2XMkHHCcsiMlA8ohTglZqkgr2Ls56pbJX9WZwl4mfkzLkqPdKX92+omnMJFJBjOn4XoJBRjRyKtik2E0NSwgdkQHrWCpJzEyQza6duKdW6buR0rYkujP190RGYmPGcWg7Y4JDs+hNxf+8TorRdZBxmaTIJJ0vilLhonKnr7t9rhlFMbaEUM3trS4dEk0o2oCKNgR/8eVl0jyv+l7Vv78s127yOApwDCdQAR+uoAZ3UIcGUHiEZ3iFN0c5L8678zFvXXHymSP4A+fzB4jAjm4=</latexit><latexit sha1_base64="pqNnhah4ciFkBOXqUn42WpME3es=">AAAB7XicbVBNS8NAEJ34WetX1aOXYBHqpSQq6LHoxWMF+wFtKJvtpl272Q27E6GE/gcvHhTx6v/x5r9x2+agrQ8GHu/NMDMvTAQ36Hnfzsrq2vrGZmGruL2zu7dfOjhsGpVqyhpUCaXbITFMcMkayFGwdqIZiUPBWuHoduq3npg2XMkHHCcsiMlA8ohTglZqkgr2Ls56pbJX9WZwl4mfkzLkqPdKX92+omnMJFJBjOn4XoJBRjRyKtik2E0NSwgdkQHrWCpJzEyQza6duKdW6buR0rYkujP190RGYmPGcWg7Y4JDs+hNxf+8TorRdZBxmaTIJJ0vilLhonKnr7t9rhlFMbaEUM3trS4dEk0o2oCKNgR/8eVl0jyv+l7Vv78s127yOApwDCdQAR+uoAZ3UIcGUHiEZ3iFN0c5L8678zFvXXHymSP4A+fzB4jAjm4=</latexit>

http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
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3.5 Métrica de FLRW

ds2 = �c2dt2 + a(t)2[dr2 + S2
(r)d⌦

2]
<latexit sha1_base64="LmGMDMds1BTPUdyodXhVY9PrP+g="></latexit><latexit sha1_base64="LmGMDMds1BTPUdyodXhVY9PrP+g="></latexit><latexit sha1_base64="LmGMDMds1BTPUdyodXhVY9PrP+g="></latexit><latexit sha1_base64="LmGMDMds1BTPUdyodXhVY9PrP+g="></latexit>

métrica de FLRW

tempo “cósmico” ou “próprio”

Tempo conforme: d⌘ =
dt

a(t)
<latexit sha1_base64="Adfx8X27qyjfLJwLXc7ProLJkYc=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZREBN0IRTcuK9gHNKFMJpN26CQTZm6EEurGX3HjQhG3/oU7/8Zpm4W2Hhg4nHMud+4JUsE1OM63tbS8srq2Xtoob25t7+zae/stLTNFWZNKIVUnIJoJnrAmcBCskypG4kCwdjC8mfjtB6Y0l8k9jFLmx6Sf8IhTAkbq2Ych9hgQfIXzELAnTRaTKpyOe3bFqTlT4EXiFqSCCjR69pcXSprFLAEqiNZd10nBz4kCTgUbl71Ms5TQIemzrqEJiZn28+kFY3xilBBHUpmXAJ6qvydyEms9igOTjAkM9Lw3Ef/zuhlEl37OkzQDltDZoigTGCSe1IFDrhgFMTKEUMXNXzEdEEUomNLKpgR3/uRF0jqruU7NvTuv1K+LOkroCB2jKnLRBaqjW9RATUTRI3pGr+jNerJerHfrYxZdsoqZA/QH1ucPTPKVgA==</latexit><latexit sha1_base64="Adfx8X27qyjfLJwLXc7ProLJkYc=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZREBN0IRTcuK9gHNKFMJpN26CQTZm6EEurGX3HjQhG3/oU7/8Zpm4W2Hhg4nHMud+4JUsE1OM63tbS8srq2Xtoob25t7+zae/stLTNFWZNKIVUnIJoJnrAmcBCskypG4kCwdjC8mfjtB6Y0l8k9jFLmx6Sf8IhTAkbq2Ych9hgQfIXzELAnTRaTKpyOe3bFqTlT4EXiFqSCCjR69pcXSprFLAEqiNZd10nBz4kCTgUbl71Ms5TQIemzrqEJiZn28+kFY3xilBBHUpmXAJ6qvydyEms9igOTjAkM9Lw3Ef/zuhlEl37OkzQDltDZoigTGCSe1IFDrhgFMTKEUMXNXzEdEEUomNLKpgR3/uRF0jqruU7NvTuv1K+LOkroCB2jKnLRBaqjW9RATUTRI3pGr+jNerJerHfrYxZdsoqZA/QH1ucPTPKVgA==</latexit><latexit sha1_base64="Adfx8X27qyjfLJwLXc7ProLJkYc=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZREBN0IRTcuK9gHNKFMJpN26CQTZm6EEurGX3HjQhG3/oU7/8Zpm4W2Hhg4nHMud+4JUsE1OM63tbS8srq2Xtoob25t7+zae/stLTNFWZNKIVUnIJoJnrAmcBCskypG4kCwdjC8mfjtB6Y0l8k9jFLmx6Sf8IhTAkbq2Ych9hgQfIXzELAnTRaTKpyOe3bFqTlT4EXiFqSCCjR69pcXSprFLAEqiNZd10nBz4kCTgUbl71Ms5TQIemzrqEJiZn28+kFY3xilBBHUpmXAJ6qvydyEms9igOTjAkM9Lw3Ef/zuhlEl37OkzQDltDZoigTGCSe1IFDrhgFMTKEUMXNXzEdEEUomNLKpgR3/uRF0jqruU7NvTuv1K+LOkroCB2jKnLRBaqjW9RATUTRI3pGr+jNerJerHfrYxZdsoqZA/QH1ucPTPKVgA==</latexit><latexit sha1_base64="Adfx8X27qyjfLJwLXc7ProLJkYc=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZREBN0IRTcuK9gHNKFMJpN26CQTZm6EEurGX3HjQhG3/oU7/8Zpm4W2Hhg4nHMud+4JUsE1OM63tbS8srq2Xtoob25t7+zae/stLTNFWZNKIVUnIJoJnrAmcBCskypG4kCwdjC8mfjtB6Y0l8k9jFLmx6Sf8IhTAkbq2Ych9hgQfIXzELAnTRaTKpyOe3bFqTlT4EXiFqSCCjR69pcXSprFLAEqiNZd10nBz4kCTgUbl71Ms5TQIemzrqEJiZn28+kFY3xilBBHUpmXAJ6qvydyEms9igOTjAkM9Lw3Ef/zuhlEl37OkzQDltDZoigTGCSe1IFDrhgFMTKEUMXNXzEdEEUomNLKpgR3/uRF0jqruU7NvTuv1K+LOkroCB2jKnLRBaqjW9RATUTRI3pGr+jNerJerHfrYxZdsoqZA/QH1ucPTPKVgA==</latexit>

Fatorização da métrica de FLRW:

ds2 = �c2dt2 + dr2 + r2d⌦2
<latexit sha1_base64="oyFPivarrvpxp48s9S12RIujmyo=">AAACDnicbVDLSgMxFM34rPU16tJNsBQEscwMgm6Eoht3VrAPaKclk8m0oUlmSDJCKf0CN/6KGxeKuHXtzr8x085CWw8k93DOvST3BAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWwFShFFB6ppqRlqJJIgHjDSD4XXmNx+IVDQW93qUEJ+jvqARxUgbqWeXQ9X14CU8xV0v1IaewFBmJbvCzi0nfdT1enbJqThTwEXi5qQEctR69lcnjHHKidCYIaXarpNof4ykppiRSbGTKpIgPER90jZUIE6UP56uM4Flo4QwiqU5QsOp+ntijLhSIx6YTo70QM17mfif1051dOGPqUhSTQSePRSlDOoYZtnAkEqCNRsZgrCk5q8QD5BEWJsEiyYEd37lRdLwKq5Tce/OStWrPI4COARH4Bi44BxUwQ2ogTrA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bnDx7xmQA=</latexit><latexit sha1_base64="oyFPivarrvpxp48s9S12RIujmyo=">AAACDnicbVDLSgMxFM34rPU16tJNsBQEscwMgm6Eoht3VrAPaKclk8m0oUlmSDJCKf0CN/6KGxeKuHXtzr8x085CWw8k93DOvST3BAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWwFShFFB6ppqRlqJJIgHjDSD4XXmNx+IVDQW93qUEJ+jvqARxUgbqWeXQ9X14CU8xV0v1IaewFBmJbvCzi0nfdT1enbJqThTwEXi5qQEctR69lcnjHHKidCYIaXarpNof4ykppiRSbGTKpIgPER90jZUIE6UP56uM4Flo4QwiqU5QsOp+ntijLhSIx6YTo70QM17mfif1051dOGPqUhSTQSePRSlDOoYZtnAkEqCNRsZgrCk5q8QD5BEWJsEiyYEd37lRdLwKq5Tce/OStWrPI4COARH4Bi44BxUwQ2ogTrA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bnDx7xmQA=</latexit><latexit sha1_base64="oyFPivarrvpxp48s9S12RIujmyo=">AAACDnicbVDLSgMxFM34rPU16tJNsBQEscwMgm6Eoht3VrAPaKclk8m0oUlmSDJCKf0CN/6KGxeKuHXtzr8x085CWw8k93DOvST3BAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWwFShFFB6ppqRlqJJIgHjDSD4XXmNx+IVDQW93qUEJ+jvqARxUgbqWeXQ9X14CU8xV0v1IaewFBmJbvCzi0nfdT1enbJqThTwEXi5qQEctR69lcnjHHKidCYIaXarpNof4ykppiRSbGTKpIgPER90jZUIE6UP56uM4Flo4QwiqU5QsOp+ntijLhSIx6YTo70QM17mfif1051dOGPqUhSTQSePRSlDOoYZtnAkEqCNRsZgrCk5q8QD5BEWJsEiyYEd37lRdLwKq5Tce/OStWrPI4COARH4Bi44BxUwQ2ogTrA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bnDx7xmQA=</latexit><latexit sha1_base64="oyFPivarrvpxp48s9S12RIujmyo=">AAACDnicbVDLSgMxFM34rPU16tJNsBQEscwMgm6Eoht3VrAPaKclk8m0oUlmSDJCKf0CN/6KGxeKuHXtzr8x085CWw8k93DOvST3BAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWwFShFFB6ppqRlqJJIgHjDSD4XXmNx+IVDQW93qUEJ+jvqARxUgbqWeXQ9X14CU8xV0v1IaewFBmJbvCzi0nfdT1enbJqThTwEXi5qQEctR69lcnjHHKidCYIaXarpNof4ykppiRSbGTKpIgPER90jZUIE6UP56uM4Flo4QwiqU5QsOp+ntijLhSIx6YTo70QM17mfif1051dOGPqUhSTQSePRSlDOoYZtnAkEqCNRsZgrCk5q8QD5BEWJsEiyYEd37lRdLwKq5Tce/OStWrPI4COARH4Bi44BxUwQ2ogTrA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bnDx7xmQA=</latexit>

métrica de Minkowski estática
(pois as variáveis são comóveis)

Fator de escala
(reparametrizado)

ds2 = a(⌘)2[�c2d⌘2 + dr2 + S2
(r)d⌦

2]
<latexit sha1_base64="KQ3A8CjjcEQ19iKHyhR8bla9cp8="></latexit><latexit sha1_base64="KQ3A8CjjcEQ19iKHyhR8bla9cp8="></latexit><latexit sha1_base64="KQ3A8CjjcEQ19iKHyhR8bla9cp8="></latexit><latexit sha1_base64="KQ3A8CjjcEQ19iKHyhR8bla9cp8="></latexit>
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3.5 Métrica de FLRW

Tempo conforme: d⌘ =
dt

a(t)
<latexit sha1_base64="Adfx8X27qyjfLJwLXc7ProLJkYc=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZREBN0IRTcuK9gHNKFMJpN26CQTZm6EEurGX3HjQhG3/oU7/8Zpm4W2Hhg4nHMud+4JUsE1OM63tbS8srq2Xtoob25t7+zae/stLTNFWZNKIVUnIJoJnrAmcBCskypG4kCwdjC8mfjtB6Y0l8k9jFLmx6Sf8IhTAkbq2Ych9hgQfIXzELAnTRaTKpyOe3bFqTlT4EXiFqSCCjR69pcXSprFLAEqiNZd10nBz4kCTgUbl71Ms5TQIemzrqEJiZn28+kFY3xilBBHUpmXAJ6qvydyEms9igOTjAkM9Lw3Ef/zuhlEl37OkzQDltDZoigTGCSe1IFDrhgFMTKEUMXNXzEdEEUomNLKpgR3/uRF0jqruU7NvTuv1K+LOkroCB2jKnLRBaqjW9RATUTRI3pGr+jNerJerHfrYxZdsoqZA/QH1ucPTPKVgA==</latexit><latexit sha1_base64="Adfx8X27qyjfLJwLXc7ProLJkYc=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZREBN0IRTcuK9gHNKFMJpN26CQTZm6EEurGX3HjQhG3/oU7/8Zpm4W2Hhg4nHMud+4JUsE1OM63tbS8srq2Xtoob25t7+zae/stLTNFWZNKIVUnIJoJnrAmcBCskypG4kCwdjC8mfjtB6Y0l8k9jFLmx6Sf8IhTAkbq2Ych9hgQfIXzELAnTRaTKpyOe3bFqTlT4EXiFqSCCjR69pcXSprFLAEqiNZd10nBz4kCTgUbl71Ms5TQIemzrqEJiZn28+kFY3xilBBHUpmXAJ6qvydyEms9igOTjAkM9Lw3Ef/zuhlEl37OkzQDltDZoigTGCSe1IFDrhgFMTKEUMXNXzEdEEUomNLKpgR3/uRF0jqruU7NvTuv1K+LOkroCB2jKnLRBaqjW9RATUTRI3pGr+jNerJerHfrYxZdsoqZA/QH1ucPTPKVgA==</latexit><latexit sha1_base64="Adfx8X27qyjfLJwLXc7ProLJkYc=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZREBN0IRTcuK9gHNKFMJpN26CQTZm6EEurGX3HjQhG3/oU7/8Zpm4W2Hhg4nHMud+4JUsE1OM63tbS8srq2Xtoob25t7+zae/stLTNFWZNKIVUnIJoJnrAmcBCskypG4kCwdjC8mfjtB6Y0l8k9jFLmx6Sf8IhTAkbq2Ych9hgQfIXzELAnTRaTKpyOe3bFqTlT4EXiFqSCCjR69pcXSprFLAEqiNZd10nBz4kCTgUbl71Ms5TQIemzrqEJiZn28+kFY3xilBBHUpmXAJ6qvydyEms9igOTjAkM9Lw3Ef/zuhlEl37OkzQDltDZoigTGCSe1IFDrhgFMTKEUMXNXzEdEEUomNLKpgR3/uRF0jqruU7NvTuv1K+LOkroCB2jKnLRBaqjW9RATUTRI3pGr+jNerJerHfrYxZdsoqZA/QH1ucPTPKVgA==</latexit><latexit sha1_base64="Adfx8X27qyjfLJwLXc7ProLJkYc=">AAACAXicbVDLSsNAFJ34rPUVdSO4GSxC3ZREBN0IRTcuK9gHNKFMJpN26CQTZm6EEurGX3HjQhG3/oU7/8Zpm4W2Hhg4nHMud+4JUsE1OM63tbS8srq2Xtoob25t7+zae/stLTNFWZNKIVUnIJoJnrAmcBCskypG4kCwdjC8mfjtB6Y0l8k9jFLmx6Sf8IhTAkbq2Ych9hgQfIXzELAnTRaTKpyOe3bFqTlT4EXiFqSCCjR69pcXSprFLAEqiNZd10nBz4kCTgUbl71Ms5TQIemzrqEJiZn28+kFY3xilBBHUpmXAJ6qvydyEms9igOTjAkM9Lw3Ef/zuhlEl37OkzQDltDZoigTGCSe1IFDrhgFMTKEUMXNXzEdEEUomNLKpgR3/uRF0jqruU7NvTuv1K+LOkroCB2jKnLRBaqjW9RATUTRI3pGr+jNerJerHfrYxZdsoqZA/QH1ucPTPKVgA==</latexit>

Fatorização da métrica de FLRW:

ds2 = �c2dt2 + dr2 + r2d⌦2
<latexit sha1_base64="oyFPivarrvpxp48s9S12RIujmyo=">AAACDnicbVDLSgMxFM34rPU16tJNsBQEscwMgm6Eoht3VrAPaKclk8m0oUlmSDJCKf0CN/6KGxeKuHXtzr8x085CWw8k93DOvST3BAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWwFShFFB6ppqRlqJJIgHjDSD4XXmNx+IVDQW93qUEJ+jvqARxUgbqWeXQ9X14CU8xV0v1IaewFBmJbvCzi0nfdT1enbJqThTwEXi5qQEctR69lcnjHHKidCYIaXarpNof4ykppiRSbGTKpIgPER90jZUIE6UP56uM4Flo4QwiqU5QsOp+ntijLhSIx6YTo70QM17mfif1051dOGPqUhSTQSePRSlDOoYZtnAkEqCNRsZgrCk5q8QD5BEWJsEiyYEd37lRdLwKq5Tce/OStWrPI4COARH4Bi44BxUwQ2ogTrA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bnDx7xmQA=</latexit><latexit sha1_base64="oyFPivarrvpxp48s9S12RIujmyo=">AAACDnicbVDLSgMxFM34rPU16tJNsBQEscwMgm6Eoht3VrAPaKclk8m0oUlmSDJCKf0CN/6KGxeKuHXtzr8x085CWw8k93DOvST3BAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWwFShFFB6ppqRlqJJIgHjDSD4XXmNx+IVDQW93qUEJ+jvqARxUgbqWeXQ9X14CU8xV0v1IaewFBmJbvCzi0nfdT1enbJqThTwEXi5qQEctR69lcnjHHKidCYIaXarpNof4ykppiRSbGTKpIgPER90jZUIE6UP56uM4Flo4QwiqU5QsOp+ntijLhSIx6YTo70QM17mfif1051dOGPqUhSTQSePRSlDOoYZtnAkEqCNRsZgrCk5q8QD5BEWJsEiyYEd37lRdLwKq5Tce/OStWrPI4COARH4Bi44BxUwQ2ogTrA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bnDx7xmQA=</latexit><latexit sha1_base64="oyFPivarrvpxp48s9S12RIujmyo=">AAACDnicbVDLSgMxFM34rPU16tJNsBQEscwMgm6Eoht3VrAPaKclk8m0oUlmSDJCKf0CN/6KGxeKuHXtzr8x085CWw8k93DOvST3BAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWwFShFFB6ppqRlqJJIgHjDSD4XXmNx+IVDQW93qUEJ+jvqARxUgbqWeXQ9X14CU8xV0v1IaewFBmJbvCzi0nfdT1enbJqThTwEXi5qQEctR69lcnjHHKidCYIaXarpNof4ykppiRSbGTKpIgPER90jZUIE6UP56uM4Flo4QwiqU5QsOp+ntijLhSIx6YTo70QM17mfif1051dOGPqUhSTQSePRSlDOoYZtnAkEqCNRsZgrCk5q8QD5BEWJsEiyYEd37lRdLwKq5Tce/OStWrPI4COARH4Bi44BxUwQ2ogTrA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bnDx7xmQA=</latexit><latexit sha1_base64="oyFPivarrvpxp48s9S12RIujmyo=">AAACDnicbVDLSgMxFM34rPU16tJNsBQEscwMgm6Eoht3VrAPaKclk8m0oUlmSDJCKf0CN/6KGxeKuHXtzr8x085CWw8k93DOvST3BAmjSjvOt7W0vLK6tl7YKG5ube/s2nv7DRWnEpM6jlksWwFShFFB6ppqRlqJJIgHjDSD4XXmNx+IVDQW93qUEJ+jvqARxUgbqWeXQ9X14CU8xV0v1IaewFBmJbvCzi0nfdT1enbJqThTwEXi5qQEctR69lcnjHHKidCYIaXarpNof4ykppiRSbGTKpIgPER90jZUIE6UP56uM4Flo4QwiqU5QsOp+ntijLhSIx6YTo70QM17mfif1051dOGPqUhSTQSePRSlDOoYZtnAkEqCNRsZgrCk5q8QD5BEWJsEiyYEd37lRdLwKq5Tce/OStWrPI4COARH4Bi44BxUwQ2ogTrA4BE8g1fwZj1ZL9a79TFrXbLymQPwB9bnDx7xmQA=</latexit>

métrica de Minkowski estática
(pois as variáveis são comóveis)

Fator de escala
(reparametrizado)

Ao transformarmos para o tempo conforme, como a luz 
viaja na geodésica nula (ds = 0), sua propagação no espaço-

tempo de FLRW é matematicamente a mesma que no 
espaço-tempo de Minkowski.

ds2 = a(⌘)2[�c2d⌘2 + dr2 + S2
(r)d⌦

2]
<latexit sha1_base64="KQ3A8CjjcEQ19iKHyhR8bla9cp8="></latexit><latexit sha1_base64="KQ3A8CjjcEQ19iKHyhR8bla9cp8="></latexit><latexit sha1_base64="KQ3A8CjjcEQ19iKHyhR8bla9cp8="></latexit><latexit sha1_base64="KQ3A8CjjcEQ19iKHyhR8bla9cp8="></latexit>
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65Introduction to Cosmology (Ryden, 2a. ed. 2017)

Qual a distância entre a 
galáxia e o observador, 
considerando que o Universo 
está em expansão? 

A distância entre dois pontos 
aumenta com o tempo.

Precisamos especificar o 
tempo que estabelece a 
distância correta.

fóton emitido no 
tempo cósmico te.

fóton recebido no 
tempo cósmico t0.

http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
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dp(t)
<latexit sha1_base64="RVHEdhxAI6Ovu71y/DF91xRGvNg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BItQLyURQY9FLx4r2A9oQ9lstu3azW7YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YSK4Qc/7dgpr6xubW8Xt0s7u3v5B+fCoZVSqKWtSJZTuhMQwwSVrIkfBOolmJA4Fa4fj25nffmLacCUfcJKwICZDyQecErRSK+onVTzvlytezZvDXSV+TiqQo9Evf/UiRdOYSaSCGNP1vQSDjGjkVLBpqZcalhA6JkPWtVSSmJkgm187dc+sErkDpW1JdOfq74mMxMZM4tB2xgRHZtmbif953RQH10HGZZIik3SxaJAKF5U7e92NuGYUxcQSQjW3t7p0RDShaAMq2RD85ZdXSeui5ns1//6yUr/J4yjCCZxCFXy4gjrcQQOaQOERnuEV3hzlvDjvzseiteDkM8fwB87nD+pyjq4=</latexit><latexit sha1_base64="RVHEdhxAI6Ovu71y/DF91xRGvNg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BItQLyURQY9FLx4r2A9oQ9lstu3azW7YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YSK4Qc/7dgpr6xubW8Xt0s7u3v5B+fCoZVSqKWtSJZTuhMQwwSVrIkfBOolmJA4Fa4fj25nffmLacCUfcJKwICZDyQecErRSK+onVTzvlytezZvDXSV+TiqQo9Evf/UiRdOYSaSCGNP1vQSDjGjkVLBpqZcalhA6JkPWtVSSmJkgm187dc+sErkDpW1JdOfq74mMxMZM4tB2xgRHZtmbif953RQH10HGZZIik3SxaJAKF5U7e92NuGYUxcQSQjW3t7p0RDShaAMq2RD85ZdXSeui5ns1//6yUr/J4yjCCZxCFXy4gjrcQQOaQOERnuEV3hzlvDjvzseiteDkM8fwB87nD+pyjq4=</latexit><latexit sha1_base64="RVHEdhxAI6Ovu71y/DF91xRGvNg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BItQLyURQY9FLx4r2A9oQ9lstu3azW7YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YSK4Qc/7dgpr6xubW8Xt0s7u3v5B+fCoZVSqKWtSJZTuhMQwwSVrIkfBOolmJA4Fa4fj25nffmLacCUfcJKwICZDyQecErRSK+onVTzvlytezZvDXSV+TiqQo9Evf/UiRdOYSaSCGNP1vQSDjGjkVLBpqZcalhA6JkPWtVSSmJkgm187dc+sErkDpW1JdOfq74mMxMZM4tB2xgRHZtmbif953RQH10HGZZIik3SxaJAKF5U7e92NuGYUxcQSQjW3t7p0RDShaAMq2RD85ZdXSeui5ns1//6yUr/J4yjCCZxCFXy4gjrcQQOaQOERnuEV3hzlvDjvzseiteDkM8fwB87nD+pyjq4=</latexit><latexit sha1_base64="RVHEdhxAI6Ovu71y/DF91xRGvNg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BItQLyURQY9FLx4r2A9oQ9lstu3azW7YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YSK4Qc/7dgpr6xubW8Xt0s7u3v5B+fCoZVSqKWtSJZTuhMQwwSVrIkfBOolmJA4Fa4fj25nffmLacCUfcJKwICZDyQecErRSK+onVTzvlytezZvDXSV+TiqQo9Evf/UiRdOYSaSCGNP1vQSDjGjkVLBpqZcalhA6JkPWtVSSmJkgm187dc+sErkDpW1JdOfq74mMxMZM4tB2xgRHZtmbif953RQH10HGZZIik3SxaJAKF5U7e92NuGYUxcQSQjW3t7p0RDShaAMq2RD85ZdXSeui5ns1//6yUr/J4yjCCZxCFXy4gjrcQQOaQOERnuEV3hzlvDjvzseiteDkM8fwB87nD+pyjq4=</latexit>

Distância própria:
Comprimento da 
geodésica espacial entre 
dois pontos quando o 
fator de escala é a(t).

Métrica de FLRW para um t fixo:

ds2 = a(t)2[dr2 + S2
(r)d⌦

2]
<latexit sha1_base64="3+meQX6mS7cJdXxEBdSvgqoXLTU="></latexit><latexit sha1_base64="3+meQX6mS7cJdXxEBdSvgqoXLTU="></latexit><latexit sha1_base64="3+meQX6mS7cJdXxEBdSvgqoXLTU="></latexit><latexit sha1_base64="3+meQX6mS7cJdXxEBdSvgqoXLTU="></latexit>

Ao longo da geodésica espacial percorrida pelo fóton, 
os ângulos são os mesmos, logo a métrica de FLRW 
para um t fixo se reduz à:

(✓,� = const)

<latexit sha1_base64="sBDpLmX2Q68hRoPO/zxZHBuAAPY=">AAACBnicbVA9SwNBEJ3zM8avqKUIS4IQUcKdjTZC0MYygvmAXAh7m02yuLd37M4J4Uhl48+wtbFQxNbfYOe/cfNRaOKDgcd7M8zMC2IpDLrut7OwuLS8sppZy65vbG5t53Z2ayZKNONVFslINwJquBSKV1Gg5I1YcxoGkteDu6uRX7/n2ohI3eIg5q2Q9pToCkbRSu3cQdHHPkdKTogf9wW5IKmvQ8IiZXB41M4V3JI7Bpkn3pQUynn/+AkAKu3cl9+JWBJyhUxSY5qeG2MrpRoFk3yY9RPDY8ruaI83LVU05KaVjt8YkkOrdEg30rYUkrH6eyKloTGDMLCdIcW+mfVG4n9eM8HueSsVKk6QKzZZ1E0kwYiMMiEdoTlDObCEMi3srYT1qaYMbXJZG4I3+/I8qZ2WPLfk3XiF8iVMkIF9yEMRPDiDMlxDBarA4AGe4RXenEfnxXl3PiatC850Zg/+wPn8ARefmRY=</latexit><latexit sha1_base64="4tQY1MP7b/jPjm1b4Y2wE9cgt40=">AAACBnicbVDLSsNAFJ3UV62vqEsRhhahopTEjW6EoBuXFewDmlAm02k7OJmEmRuhhK7c+AH+hBsXirj1G9z1b5w+Ftp64MLhnHu5954wEVyD44ys3NLyyupafr2wsbm1vWPv7tV1nCrKajQWsWqGRDPBJasBB8GaiWIkCgVrhPfXY7/xwJTmsbyDQcKCiPQk73JKwEht+7DsQ58BwafYT/ocX+LMVxGmsdQwPG7bJafiTIAXiTsjJa/onzyPvEG1bX/7nZimEZNABdG65ToJBBlRwKlgw4KfapYQek96rGWoJBHTQTZ5Y4iPjNLB3ViZkoAn6u+JjERaD6LQdEYE+nreG4v/ea0UuhdBxmWSApN0uqibCgwxHmeCO1wxCmJgCKGKm1sx7RNFKJjkCiYEd/7lRVI/q7hOxb11S94VmiKPDlARlZGLzpGHblAV1RBFj+gFvaF368l6tT6sz2lrzprN7KM/sL5+ACEJmpw=</latexit><latexit sha1_base64="4tQY1MP7b/jPjm1b4Y2wE9cgt40=">AAACBnicbVDLSsNAFJ3UV62vqEsRhhahopTEjW6EoBuXFewDmlAm02k7OJmEmRuhhK7c+AH+hBsXirj1G9z1b5w+Ftp64MLhnHu5954wEVyD44ys3NLyyupafr2wsbm1vWPv7tV1nCrKajQWsWqGRDPBJasBB8GaiWIkCgVrhPfXY7/xwJTmsbyDQcKCiPQk73JKwEht+7DsQ58BwafYT/ocX+LMVxGmsdQwPG7bJafiTIAXiTsjJa/onzyPvEG1bX/7nZimEZNABdG65ToJBBlRwKlgw4KfapYQek96rGWoJBHTQTZ5Y4iPjNLB3ViZkoAn6u+JjERaD6LQdEYE+nreG4v/ea0UuhdBxmWSApN0uqibCgwxHmeCO1wxCmJgCKGKm1sx7RNFKJjkCiYEd/7lRVI/q7hOxb11S94VmiKPDlARlZGLzpGHblAV1RBFj+gFvaF368l6tT6sz2lrzprN7KM/sL5+ACEJmpw=</latexit><latexit sha1_base64="AICMUZeFSVAuHKRWQ/FyddDyp8M=">AAACBnicbVBNS8NAEN34WetX1KMIi0WoICXxoheh6MVjBfsBTSib7aZZutmE3YlQQk9e/CtePCji1d/gzX/jts1BWx8MPN6bYWZekAquwXG+raXlldW19dJGeXNre2fX3ttv6SRTlDVpIhLVCYhmgkvWBA6CdVLFSBwI1g6GNxO//cCU5om8h1HK/JgMJA85JWCknn1U9SBiQPAZ9tKI4yuceyrGNJEaxqc9u+LUnCnwInELUkEFGj37y+snNIuZBCqI1l3XScHPiQJOBRuXvUyzlNAhGbCuoZLETPv59I0xPjFKH4eJMiUBT9XfEzmJtR7FgemMCUR63puI/3ndDMJLP+cyzYBJOlsUZgJDgieZ4D5XjIIYGUKo4uZWTCOiCAWTXNmE4M6/vEha5zXXqbl3bqV+XcRRQofoGFWRiy5QHd2iBmoiih7RM3pFb9aT9WK9Wx+z1iWrmDlAf2B9/gAFIJeN</latexit>

ds = a(t)dr
<latexit sha1_base64="utv+6mlRZrv8fNbEiyFqdINDafo=">AAAB83icbVDJSgNBEK2JW4xb1KOXJkGICGHGi16EoBePEcwCmSH09PQkTXoWumuEMOQ3vHgwiFd/xpt/Y2c5aOKDgsd7VVTV81MpNNr2t1XY2Nza3inulvb2Dw6PyscnbZ1kivEWS2Siuj7VXIqYt1Cg5N1UcRr5knf80f3M7zxzpUUSP+E45V5EB7EIBaNoJDfQ5JbQGl6QQPXLVbtuz0HWibMk1UbFvZwCQLNf/nKDhGURj5FJqnXPsVP0cqpQMMknJTfTPKVsRAe8Z2hMI669fH7zhJwbJSBhokzFSObq74mcRlqPI990RhSHetWbif95vQzDGy8XcZohj9liUZhJggmZBUACoThDOTaEMiXMrYQNqaIMTUwlE4Kz+vI6aV/VHbvuPDrVxh0sUIQzqEANHLiGBjxAE1rAIIUXeIOplVmv1rv1sWgtWMuZU/gD6/MHIPqR6A==</latexit><latexit sha1_base64="mSWVTIec6qau+52oLQqdekeTQs0=">AAAB83icbVDLSsNAFJ34rPVVdelmaBEqQknc6EYIunFZwT6gCWUymbRDJ5MwcyOE0L8QNy4UcevPuOvfOH0stPXAhcM593LvPUEquAbbnlhr6xubW9ulnfLu3v7BYeXouK2TTFHWoolIVDcgmgkuWQs4CNZNFSNxIFgnGN1N/c4TU5on8hHylPkxGUgecUrASF6o8Q0mdTjHoepXanbDngGvEmdBam7Vu3ieuHmzX/n2woRmMZNABdG659gp+AVRwKlg47KXaZYSOiID1jNUkphpv5jdPMZnRglxlChTEvBM/T1RkFjrPA5MZ0xgqJe9qfif18sguvYLLtMMmKTzRVEmMCR4GgAOuWIURG4IoYqbWzEdEkUomJjKJgRn+eVV0r5sOHbDeXBq7i2ao4ROURXVkYOukIvuURO1EEUpekFv6N3KrFfrw/qct65Zi5kT9AfW1w8qZJNu</latexit><latexit sha1_base64="mSWVTIec6qau+52oLQqdekeTQs0=">AAAB83icbVDLSsNAFJ34rPVVdelmaBEqQknc6EYIunFZwT6gCWUymbRDJ5MwcyOE0L8QNy4UcevPuOvfOH0stPXAhcM593LvPUEquAbbnlhr6xubW9ulnfLu3v7BYeXouK2TTFHWoolIVDcgmgkuWQs4CNZNFSNxIFgnGN1N/c4TU5on8hHylPkxGUgecUrASF6o8Q0mdTjHoepXanbDngGvEmdBam7Vu3ieuHmzX/n2woRmMZNABdG659gp+AVRwKlg47KXaZYSOiID1jNUkphpv5jdPMZnRglxlChTEvBM/T1RkFjrPA5MZ0xgqJe9qfif18sguvYLLtMMmKTzRVEmMCR4GgAOuWIURG4IoYqbWzEdEkUomJjKJgRn+eVV0r5sOHbDeXBq7i2ao4ROURXVkYOukIvuURO1EEUpekFv6N3KrFfrw/qct65Zi5kT9AfW1w8qZJNu</latexit><latexit sha1_base64="XFT59MqPGe7fNsFICf5BP4saiec=">AAAB83icbVBNS8NAEJ34WetX1aOXxSLUS0m86EUoevFYwX5AG8pms2mXbjZhdyKU0L/hxYMiXv0z3vw3btsctPXBwOO9GWbmBakUBl3321lb39jc2i7tlHf39g8OK0fHbZNkmvEWS2SiuwE1XArFWyhQ8m6qOY0DyTvB+G7md564NiJRjzhJuR/ToRKRYBSt1A8NuSG0hhck1INK1a27c5BV4hWkCgWag8pXP0xYFnOFTFJjep6bop9TjYJJPi33M8NTysZ0yHuWKhpz4+fzm6fk3CohiRJtSyGZq78nchobM4kD2xlTHJllbyb+5/UyjK79XKg0Q67YYlGUSYIJmQVAQqE5QzmxhDIt7K2EjaimDG1MZRuCt/zyKmlf1j237j141cZtEUcJTuEMauDBFTTgHprQAgYpPMMrvDmZ8+K8Ox+L1jWnmDmBP3A+fwAOe5Bf</latexit>

fóton emitido no 
tempo cósmico te.

fóton recebido no 
tempo cósmico t0.
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dp(t) = a(t)
R r
0 dr = a(t)r

<latexit sha1_base64="sLv2LE2KFMddyyq0Ddskj5ig44M=">AAACC3icbVC7SgNBFL3r2/iKWtoMCUJswq6NNkLQxjKCeUCyLrOzszo4O7vM3BVCECxt/BUbC0Vs/QE78TvsnTwEjR643MM59zJzT5hJYdB1352p6ZnZufmFxcLS8srqWnF9o2nSXDPeYKlMdTukhkuheAMFSt7ONKdJKHkrvDwa+K0rro1I1Sn2Mu4n9FyJWDCKVgqKpSjIKrhDDggdtK5QGLhnmkT6W9JBsexW3SHIX+KNSbm28/lxAwD1oPjWjVKWJ1whk9SYjudm6PepRsEkvy50c8Mzyi7pOe9YqmjCjd8f3nJNtq0SkTjVthSSofpzo08TY3pJaCcTihdm0huI/3mdHON9vy9UliNXbPRQnEuCKRkEQyKhOUPZs4QyLexfCbugmjK08RVsCN7kyX9Jc7fquVXvxCvXDmGEBdiCElTAgz2owTHUoQEMbuEeHuHJuXMenGfnZTQ65Yx3NuEXnNcvzNWaoQ==</latexit><latexit sha1_base64="7Pa00q8aBJpGUEKwODFNNmtDsIU=">AAACC3icbVC7SgNBFJ31GeNr1dJmSBCSJuzaaCMEbSwjmAckcZmdnSRDZmeXmbuBENJZ2PgrNikUtfUH7MTvsHfyEDTxwOUezrmXmXv8WHANjvNhLS2vrK6tpzbSm1vbO7v23n5FR4mirEwjEamaTzQTXLIycBCsFitGQl+wqt+9GPvVHlOaR/Ia+jFrhqQteYtTAkby7EzgxTnI4zNMxq3BJXjOjcKB+pGUZ2edgjMBXiTujGSL+a/P3ujltuTZ740goknIJFBBtK67TgzNAVHAqWDDdCPRLCa0S9qsbqgkIdPNweSWIT4ySoBbkTIlAU/U3xsDEmrdD30zGRLo6HlvLP7n1RNonTYHXMYJMEmnD7USgSHC42BwwBWjIPqGEKq4+SumHaIIBRNf2oTgzp+8SCrHBdcpuFdutniOpkihQ5RBOeSiE1REl6iEyoiiO/SAHtGTdW+NrGfrdTq6ZM12DtAfWG/fWQ2ciQ==</latexit><latexit sha1_base64="7Pa00q8aBJpGUEKwODFNNmtDsIU=">AAACC3icbVC7SgNBFJ31GeNr1dJmSBCSJuzaaCMEbSwjmAckcZmdnSRDZmeXmbuBENJZ2PgrNikUtfUH7MTvsHfyEDTxwOUezrmXmXv8WHANjvNhLS2vrK6tpzbSm1vbO7v23n5FR4mirEwjEamaTzQTXLIycBCsFitGQl+wqt+9GPvVHlOaR/Ia+jFrhqQteYtTAkby7EzgxTnI4zNMxq3BJXjOjcKB+pGUZ2edgjMBXiTujGSL+a/P3ujltuTZ740goknIJFBBtK67TgzNAVHAqWDDdCPRLCa0S9qsbqgkIdPNweSWIT4ySoBbkTIlAU/U3xsDEmrdD30zGRLo6HlvLP7n1RNonTYHXMYJMEmnD7USgSHC42BwwBWjIPqGEKq4+SumHaIIBRNf2oTgzp+8SCrHBdcpuFdutniOpkihQ5RBOeSiE1REl6iEyoiiO/SAHtGTdW+NrGfrdTq6ZM12DtAfWG/fWQ2ciQ==</latexit><latexit sha1_base64="xv6gUtGc4K54kDB/k3weP6T4g0I=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4tQNyVxoxuh6MZlBfuAtobJZNIOnUzCzI1QQvdu/BU3LhRx6w+482+cthG09cDlHs65l5l7/ERwDY7zZRVWVtfWN4qbpa3tnd09e/+gpeNUUdaksYhVxyeaCS5ZEzgI1kkUI5EvWNsfXU399j1TmsfyFsYJ60dkIHnIKQEjeXY58JIqnOALTKatxyV4zp3CgfqRlGdXnJozA14mbk4qKEfDsz97QUzTiEmggmjddZ0E+hlRwKlgk1Iv1SwhdEQGrGuoJBHT/Wx2ywQfGyXAYaxMScAz9fdGRiKtx5FvJiMCQ73oTcX/vG4K4Xk/4zJJgUk6fyhMBYYYT4PBAVeMghgbQqji5q+YDokiFEx8JROCu3jyMmmd1lyn5t64lfplHkcRHaEyqiIXnaE6ukYN1EQUPaAn9IJerUfr2Xqz3uejBSvfOUR/YH18Ax/Ql+g=</latexit>

Integrando ao longo da coordenada comóvel radial, 
obtemos a distância própria num tempo t fixo:
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Nota: r é uma coordenada
comóvel, i.e., constante 
durante toda a expansão.

r =

dp(t)
a(t) = const

<latexit sha1_base64="UzwbXvZw1xaPF0XaAmU1IMzcHY8=">AAACEHicbVC7SgNBFL3r2/iKWtoMBlGbsJtGGyFoY6lgHpAsYXYyq4OzM8vMXSEs8Q9s/BUbC0VsLe3sLPwAP8HJo/B1YOBwzrncuSdKpbDo+2/exOTU9Mzs3HxhYXFpeaW4ula3OjOM15iW2jQjarkUitdQoOTN1HCaRJI3osujgd+44sYKrc6wl/IwoedKxIJRdFKnuG3IAclJt5Pu4C5pa5cl1NG+k6/ztkkI08piv1Ms+WV/CPKXBGNSqlY+Pt8B4KRTfG13NcsSrpBJam0r8FMMc2pQMMn7hXZmeUrZJT3nLUcVTbgN8+FBfbLllC6JtXFPIRmq3ydymljbSyKXTChe2N/eQPzPa2UY74e5UGmGXLHRojiTBDUZtEO6wnCGsucIZUa4vxJ2QQ1l6DosuBKC3yf/JfVKOfDLwWlQqh7CCHOwAZuwAwHsQRWO4QRqwOAG7uABHr1b79578p5H0QlvPLMOP+C9fAHtrZ5G</latexit><latexit sha1_base64="uK2Ae8SCrpC91vhZbAO/R3KO3lo=">AAACEHicbVC7SgNBFJ2Nrxhf8dHZDAYxNmE3jTZCUAvLCOYBSQizk0kyZHZmmbkrhCX+gY2/YmOhiK2VWGnvB/gJTh6FJh4YOJxzLnfu8UPBDbjup5OYm19YXEoup1ZW19Y30ptbZaMiTVmJKqF01SeGCS5ZCTgIVg01I4EvWMXvnQ39yjXThit5Bf2QNQLSkbzNKQErNdMHGp/gGLeaYRYOcV3ZLCaWDqx8E9d1gKmSBgbNdMbNuSPgWeJNSKaQ//r+OH/bKTbT7/WWolHAJFBBjKl5bgiNmGjgVLBBqh4ZFhLaIx1Ws1SSgJlGPDpogPet0sJtpe2TgEfq74mYBMb0A98mAwJdM+0Nxf+8WgTt40bMZRgBk3S8qB0JDAoP28EtrhkF0beEUM3tXzHtEk0o2A5TtgRv+uRZUs7nPDfnXXqZwikaI4l20R7KIg8doQK6QEVUQhTdonv0iJ6cO+fBeXZextGEM5nZRn/gvP4AbqufZg==</latexit><latexit sha1_base64="uK2Ae8SCrpC91vhZbAO/R3KO3lo=">AAACEHicbVC7SgNBFJ2Nrxhf8dHZDAYxNmE3jTZCUAvLCOYBSQizk0kyZHZmmbkrhCX+gY2/YmOhiK2VWGnvB/gJTh6FJh4YOJxzLnfu8UPBDbjup5OYm19YXEoup1ZW19Y30ptbZaMiTVmJKqF01SeGCS5ZCTgIVg01I4EvWMXvnQ39yjXThit5Bf2QNQLSkbzNKQErNdMHGp/gGLeaYRYOcV3ZLCaWDqx8E9d1gKmSBgbNdMbNuSPgWeJNSKaQ//r+OH/bKTbT7/WWolHAJFBBjKl5bgiNmGjgVLBBqh4ZFhLaIx1Ws1SSgJlGPDpogPet0sJtpe2TgEfq74mYBMb0A98mAwJdM+0Nxf+8WgTt40bMZRgBk3S8qB0JDAoP28EtrhkF0beEUM3tXzHtEk0o2A5TtgRv+uRZUs7nPDfnXXqZwikaI4l20R7KIg8doQK6QEVUQhTdonv0iJ6cO+fBeXZextGEM5nZRn/gvP4AbqufZg==</latexit><latexit sha1_base64="jd8VaMcTCbP5dkEzsJ6lt1wsvO0=">AAACEHicbVC7SgNBFJ31GeMramkzGMTYhF0bbYSgjWUE84BsWGZnJ8mQ2Zll5q4QlvgHNv6KjYUitpZ2/o2TZAtNPDBwOOdc7twTJoIbcN1vZ2l5ZXVtvbBR3Nza3tkt7e03jUo1ZQ2qhNLtkBgmuGQN4CBYO9GMxKFgrXB4PfFb90wbruQdjBLWjUlf8h6nBKwUlE40vsQZjoKkAqfYVzaLiaVjKz9kvo4xVdLAOCiV3ao7BV4kXk7KKEc9KH35kaJpzCRQQYzpeG4C3Yxo4FSwcdFPDUsIHZI+61gqScxMN5seNMbHVolwT2n7JOCp+nsiI7Exozi0yZjAwMx7E/E/r5NC76KbcZmkwCSdLeqlAoPCk3ZwxDWjIEaWEKq5/SumA6IJBdth0ZbgzZ+8SJpnVc+terdeuXaV11FAh+gIVZCHzlEN3aA6aiCKHtEzekVvzpPz4rw7H7PokpPPHKA/cD5/AK4TmyA=</latexit>

Integrando ao longo da coordenada comóvel radial, 
obtemos a distância própria num tempo t fixo:

dp(t) = a(t)r
<latexit sha1_base64="JItFCIie4DVXvLvr1/bRgoJnzAg=">AAAB+HicbVC7TsMwFL3hWcqjAUYWi4JUliphgQWpgoWxSPQhtVHkOG5r1XEi20EqUb+EhQGEWBmY+QY2PoQdp+0ALUe6ukfn3CtfnyDhTGnH+bKWlldW19YLG8XNre2dkr2711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLzK/dYdlYrF4laPEupFuC9YjxGsjeTbpdBPKvoEXSCcN+nbZafqTIAWiTsj5drR9/sHANR9+7MbxiSNqNCEY6U6rpNoL8NSM8LpuNhNFU0wGeI+7RgqcESVl00OH6Njo4SoF0tTQqOJ+nsjw5FSoygwkxHWAzXv5eJ/XifVvXMvYyJJNRVk+lAv5UjHKE8BhUxSovnIEEwkM7ciMsASE22yKpoQ3PkvL5LmadV1qu6NW65dwhQFOIBDqIALZ1CDa6hDAwik8ABP8GzdW4/Wi/U6HV2yZjv78AfW2w/qYpQ6</latexit><latexit sha1_base64="TXvmzcpnNX2e83vI3Yc+8w7K6Yk=">AAAB+HicbVC7TgJBFJ3FF4LKqqXNRDTBhuzaaGNCtLHERB4JkM3s7CxMmH1k5i4JbvgSGwuNsbXwB/wDOz9Ea2eBQsGT3NyTc+7N3DluLLgCy/o0ciura+sb+c1CcWt7p2Tu7jVVlEjKGjQSkWy7RDHBQ9YADoK1Y8lI4ArWcodXmd8aMal4FN7COGa9gPRD7nNKQEuOWfKcuAIn+AKTrEnHLFtVawq8TOw5KdeOvt7eR8XvumN+dL2IJgELgQqiVMe2YuilRAKngk0K3USxmNAh6bOOpiEJmOql08Mn+FgrHvYjqSsEPFV/b6QkUGocuHoyIDBQi14m/ud1EvDPeykP4wRYSGcP+YnAEOEsBexxySiIsSaESq5vxXRAJKGgsyroEOzFLy+T5mnVtqr2jV2uXaIZ8ugAHaIKstEZqqFrVEcNRFGC7tEjejLujAfj2XiZjeaM+c4++gPj9QfjApW0</latexit><latexit sha1_base64="TXvmzcpnNX2e83vI3Yc+8w7K6Yk=">AAAB+HicbVC7TgJBFJ3FF4LKqqXNRDTBhuzaaGNCtLHERB4JkM3s7CxMmH1k5i4JbvgSGwuNsbXwB/wDOz9Ea2eBQsGT3NyTc+7N3DluLLgCy/o0ciura+sb+c1CcWt7p2Tu7jVVlEjKGjQSkWy7RDHBQ9YADoK1Y8lI4ArWcodXmd8aMal4FN7COGa9gPRD7nNKQEuOWfKcuAIn+AKTrEnHLFtVawq8TOw5KdeOvt7eR8XvumN+dL2IJgELgQqiVMe2YuilRAKngk0K3USxmNAh6bOOpiEJmOql08Mn+FgrHvYjqSsEPFV/b6QkUGocuHoyIDBQi14m/ud1EvDPeykP4wRYSGcP+YnAEOEsBexxySiIsSaESq5vxXRAJKGgsyroEOzFLy+T5mnVtqr2jV2uXaIZ8ugAHaIKstEZqqFrVEcNRFGC7tEjejLujAfj2XiZjeaM+c4++gPj9QfjApW0</latexit><latexit sha1_base64="TH4CZG/wjqj79H9LKJsuAUqEloQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBotQNyVxoxuh6MZlBfuANoTJZNIOnUzCzESooV/ixoUibv0Ud/6NkzYLbT1wuYdz7mXunCDlTGnH+bbW1jc2t7YrO9Xdvf2Dmn141FVJJgntkIQnsh9gRTkTtKOZ5rSfSorjgNNeMLkt/N4jlYol4kFPU+rFeCRYxAjWRvLtWuinDX2OrhEumvTtutN05kCrxC1JHUq0fftrGCYki6nQhGOlBq6Tai/HUjPC6aw6zBRNMZngER0YKnBMlZfPD5+hM6OEKEqkKaHRXP29keNYqWkcmMkY67Fa9grxP2+Q6ejKy5lIM00FWTwUZRzpBBUpoJBJSjSfGoKJZOZWRMZYYqJNVlUTgrv85VXSvWi6TtO9d+utmzKOCpzAKTTAhUtowR20oQMEMniGV3iznqwX6936WIyuWeXOMfyB9fkDIAGRaw==</latexit>
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Qual é a taxa de mudança da distância própria entre dois pontos?

ḋp = ȧr =
�
ȧ
a

�
dp

<latexit sha1_base64="D5/dMYx9B3/Z7oGqdPg+r7MwhX0="></latexit><latexit sha1_base64="lzHbcnOkUWXp18G7oqlOySyMG9M="></latexit><latexit sha1_base64="lzHbcnOkUWXp18G7oqlOySyMG9M="></latexit><latexit sha1_base64="97S2Mpv1a89vOy8j/NqhmlGmhbY=">AAACKXicbZDLSgMxFIYz9VbrbdSlm4NFqJsy40Y3QtGNywr2Au0wZNJMG5q5kJwRytDXceOruFFQ1K0vYnoRtPVA4Mt/Lsn5g1QKjY7zYRVWVtfWN4qbpa3tnd09e/+gqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJ7kW/dcaZHEdzhKuRfRfixCwSgaybdr3V6Cec9Px3AJU6ZjUGAupa7kIUIF8h+5m5hJMAEl+gOEUzB9vl12qs40YBncOZTJPOq+/WLmsSziMTJJte64TopeThUKJvm41M00Tykb0j7vGIxpxLWXTzcdw4lRehAmypwYYar+7shppPUoCkxlRHGgF3MT8b9cJ8PwwstFnGbIYzZ7KMwkYAIT26AnFGcoRwYoU8L8FdiAKsrQmFsyJriLKy9D86zqOlX31i3XruZ2FMkROSYV4pJzUiM3pE4ahJEH8kReyZv1aD1b79bnrLRgzXsOyZ+wvr4Bm2Ck+g==</latexit>

r =

dp(t)
a(t) = const

<latexit sha1_base64="UzwbXvZw1xaPF0XaAmU1IMzcHY8=">AAACEHicbVC7SgNBFL3r2/iKWtoMBlGbsJtGGyFoY6lgHpAsYXYyq4OzM8vMXSEs8Q9s/BUbC0VsLe3sLPwAP8HJo/B1YOBwzrncuSdKpbDo+2/exOTU9Mzs3HxhYXFpeaW4ula3OjOM15iW2jQjarkUitdQoOTN1HCaRJI3osujgd+44sYKrc6wl/IwoedKxIJRdFKnuG3IAclJt5Pu4C5pa5cl1NG+k6/ztkkI08piv1Ms+WV/CPKXBGNSqlY+Pt8B4KRTfG13NcsSrpBJam0r8FMMc2pQMMn7hXZmeUrZJT3nLUcVTbgN8+FBfbLllC6JtXFPIRmq3ydymljbSyKXTChe2N/eQPzPa2UY74e5UGmGXLHRojiTBDUZtEO6wnCGsucIZUa4vxJ2QQ1l6DosuBKC3yf/JfVKOfDLwWlQqh7CCHOwAZuwAwHsQRWO4QRqwOAG7uABHr1b79578p5H0QlvPLMOP+C9fAHtrZ5G</latexit><latexit sha1_base64="uK2Ae8SCrpC91vhZbAO/R3KO3lo=">AAACEHicbVC7SgNBFJ2Nrxhf8dHZDAYxNmE3jTZCUAvLCOYBSQizk0kyZHZmmbkrhCX+gY2/YmOhiK2VWGnvB/gJTh6FJh4YOJxzLnfu8UPBDbjup5OYm19YXEoup1ZW19Y30ptbZaMiTVmJKqF01SeGCS5ZCTgIVg01I4EvWMXvnQ39yjXThit5Bf2QNQLSkbzNKQErNdMHGp/gGLeaYRYOcV3ZLCaWDqx8E9d1gKmSBgbNdMbNuSPgWeJNSKaQ//r+OH/bKTbT7/WWolHAJFBBjKl5bgiNmGjgVLBBqh4ZFhLaIx1Ws1SSgJlGPDpogPet0sJtpe2TgEfq74mYBMb0A98mAwJdM+0Nxf+8WgTt40bMZRgBk3S8qB0JDAoP28EtrhkF0beEUM3tXzHtEk0o2A5TtgRv+uRZUs7nPDfnXXqZwikaI4l20R7KIg8doQK6QEVUQhTdonv0iJ6cO+fBeXZextGEM5nZRn/gvP4AbqufZg==</latexit><latexit sha1_base64="uK2Ae8SCrpC91vhZbAO/R3KO3lo=">AAACEHicbVC7SgNBFJ2Nrxhf8dHZDAYxNmE3jTZCUAvLCOYBSQizk0kyZHZmmbkrhCX+gY2/YmOhiK2VWGnvB/gJTh6FJh4YOJxzLnfu8UPBDbjup5OYm19YXEoup1ZW19Y30ptbZaMiTVmJKqF01SeGCS5ZCTgIVg01I4EvWMXvnQ39yjXThit5Bf2QNQLSkbzNKQErNdMHGp/gGLeaYRYOcV3ZLCaWDqx8E9d1gKmSBgbNdMbNuSPgWeJNSKaQ//r+OH/bKTbT7/WWolHAJFBBjKl5bgiNmGjgVLBBqh4ZFhLaIx1Ws1SSgJlGPDpogPet0sJtpe2TgEfq74mYBMb0A98mAwJdM+0Nxf+8WgTt40bMZRgBk3S8qB0JDAoP28EtrhkF0beEUM3tXzHtEk0o2A5TtgRv+uRZUs7nPDfnXXqZwikaI4l20R7KIg8doQK6QEVUQhTdonv0iJ6cO+fBeXZextGEM5nZRn/gvP4AbqufZg==</latexit><latexit sha1_base64="jd8VaMcTCbP5dkEzsJ6lt1wsvO0=">AAACEHicbVC7SgNBFJ31GeMramkzGMTYhF0bbYSgjWUE84BsWGZnJ8mQ2Zll5q4QlvgHNv6KjYUitpZ2/o2TZAtNPDBwOOdc7twTJoIbcN1vZ2l5ZXVtvbBR3Nza3tkt7e03jUo1ZQ2qhNLtkBgmuGQN4CBYO9GMxKFgrXB4PfFb90wbruQdjBLWjUlf8h6nBKwUlE40vsQZjoKkAqfYVzaLiaVjKz9kvo4xVdLAOCiV3ao7BV4kXk7KKEc9KH35kaJpzCRQQYzpeG4C3Yxo4FSwcdFPDUsIHZI+61gqScxMN5seNMbHVolwT2n7JOCp+nsiI7Exozi0yZjAwMx7E/E/r5NC76KbcZmkwCSdLeqlAoPCk3ZwxDWjIEaWEKq5/SumA6IJBdth0ZbgzZ+8SJpnVc+terdeuXaV11FAh+gIVZCHzlEN3aA6aiCKHtEzekVvzpPz4rw7H7PokpPPHKA/cD5/AK4TmyA=</latexit>

d[dp(t)]
dt ⌘ ḋp(t) ⌘ vp(t)

<latexit sha1_base64="a4nwvayTRcTuAksqsqomjuH9wLk=">AAACI3icbVDLSgMxFL1TX7W+qi7dBIvQbsqMG8VVURCXFewD2qFkMmkbmnmY3CmUof/ixl9x40IpblwIforpY6GtBwKHc85Nco8XS6HRtj+tzNr6xuZWdju3s7u3f5A/PKrrKFGM11gkI9X0qOZShLyGAiVvxorTwJO84Q1upn5jyJUWUfiAo5i7Ae2FoisYRSN18lepT1rE78RFLBGXtCMTJj6OSZs/JmJIcm0/wtT442lgIQ5n8U6+YJftGcgqcRakUCnZt98AUO3kJ+YylgQ8RCap1i3HjtFNqULBJB/n2onmMWUD2uMtQ0MacO2msx3H5MwoPulGypwQyUz9PZHSQOtR4JlkQLGvl72p+J/XSrB76aYijBPkIZs/1E0kwYhMCyO+UJyhHBlCmRLmr4T1qaIMTa05U4KzvPIqqZ+XHbvs3DuFyjXMkYUTOIUiOHABFbiDKtSAwRO8wBu8W8/WqzWxPubRjLWYOYY/sL5+AHy8pHo=</latexit><latexit sha1_base64="dFbHPUDxCp2fOOu7nSpcJOLsqDs="></latexit><latexit sha1_base64="dFbHPUDxCp2fOOu7nSpcJOLsqDs="></latexit><latexit sha1_base64="+xMkyIG4IhBiz8BL4O5FbW43CDA=">AAACI3icbVC7TsMwFHV4lvIKMLJYVEhlqRIWEFMFC2OR6ENKospx3Naq88C+qVRF+RcWfoWFAVSxMPAvuGkGaDmSpaNzzrV9j58IrsCyvoy19Y3Nre3KTnV3b//g0Dw67qg4lZS1aSxi2fOJYoJHrA0cBOslkpHQF6zrj+/mfnfCpOJx9AjThHkhGUZ8wCkBLfXNmyzADg76SR0usIfdWIdxADl22VPKJ7jqBjFk2s/ngVKcFPG+WbMaVgG8SuyS1FCJVt+c6ctoGrIIqCBKObaVgJcRCZwKllfdVLGE0DEZMkfTiIRMeVmxY47PtRLgQSz1iQAX6u+JjIRKTUNfJ0MCI7XszcX/PCeFwbWX8ShJgUV08dAgFRhiPC8MB1wyCmKqCaGS679iOiKSUNC1VnUJ9vLKq6Rz2bCthv1g15q3ZR0VdIrOUB3Z6Ao10T1qoTai6Bm9onf0YbwYb8bM+FxE14xy5gT9gfH9AyHVors=</latexit>

Nota: r é uma coordenada
comóvel, i.e., constante 
durante toda a expansão.

r =

dp(t)
a(t) = const

<latexit sha1_base64="UzwbXvZw1xaPF0XaAmU1IMzcHY8=">AAACEHicbVC7SgNBFL3r2/iKWtoMBlGbsJtGGyFoY6lgHpAsYXYyq4OzM8vMXSEs8Q9s/BUbC0VsLe3sLPwAP8HJo/B1YOBwzrncuSdKpbDo+2/exOTU9Mzs3HxhYXFpeaW4ula3OjOM15iW2jQjarkUitdQoOTN1HCaRJI3osujgd+44sYKrc6wl/IwoedKxIJRdFKnuG3IAclJt5Pu4C5pa5cl1NG+k6/ztkkI08piv1Ms+WV/CPKXBGNSqlY+Pt8B4KRTfG13NcsSrpBJam0r8FMMc2pQMMn7hXZmeUrZJT3nLUcVTbgN8+FBfbLllC6JtXFPIRmq3ydymljbSyKXTChe2N/eQPzPa2UY74e5UGmGXLHRojiTBDUZtEO6wnCGsucIZUa4vxJ2QQ1l6DosuBKC3yf/JfVKOfDLwWlQqh7CCHOwAZuwAwHsQRWO4QRqwOAG7uABHr1b79578p5H0QlvPLMOP+C9fAHtrZ5G</latexit><latexit sha1_base64="uK2Ae8SCrpC91vhZbAO/R3KO3lo=">AAACEHicbVC7SgNBFJ2Nrxhf8dHZDAYxNmE3jTZCUAvLCOYBSQizk0kyZHZmmbkrhCX+gY2/YmOhiK2VWGnvB/gJTh6FJh4YOJxzLnfu8UPBDbjup5OYm19YXEoup1ZW19Y30ptbZaMiTVmJKqF01SeGCS5ZCTgIVg01I4EvWMXvnQ39yjXThit5Bf2QNQLSkbzNKQErNdMHGp/gGLeaYRYOcV3ZLCaWDqx8E9d1gKmSBgbNdMbNuSPgWeJNSKaQ//r+OH/bKTbT7/WWolHAJFBBjKl5bgiNmGjgVLBBqh4ZFhLaIx1Ws1SSgJlGPDpogPet0sJtpe2TgEfq74mYBMb0A98mAwJdM+0Nxf+8WgTt40bMZRgBk3S8qB0JDAoP28EtrhkF0beEUM3tXzHtEk0o2A5TtgRv+uRZUs7nPDfnXXqZwikaI4l20R7KIg8doQK6QEVUQhTdonv0iJ6cO+fBeXZextGEM5nZRn/gvP4AbqufZg==</latexit><latexit sha1_base64="uK2Ae8SCrpC91vhZbAO/R3KO3lo=">AAACEHicbVC7SgNBFJ2Nrxhf8dHZDAYxNmE3jTZCUAvLCOYBSQizk0kyZHZmmbkrhCX+gY2/YmOhiK2VWGnvB/gJTh6FJh4YOJxzLnfu8UPBDbjup5OYm19YXEoup1ZW19Y30ptbZaMiTVmJKqF01SeGCS5ZCTgIVg01I4EvWMXvnQ39yjXThit5Bf2QNQLSkbzNKQErNdMHGp/gGLeaYRYOcV3ZLCaWDqx8E9d1gKmSBgbNdMbNuSPgWeJNSKaQ//r+OH/bKTbT7/WWolHAJFBBjKl5bgiNmGjgVLBBqh4ZFhLaIx1Ws1SSgJlGPDpogPet0sJtpe2TgEfq74mYBMb0A98mAwJdM+0Nxf+8WgTt40bMZRgBk3S8qB0JDAoP28EtrhkF0beEUM3tXzHtEk0o2A5TtgRv+uRZUs7nPDfnXXqZwikaI4l20R7KIg8doQK6QEVUQhTdonv0iJ6cO+fBeXZextGEM5nZRn/gvP4AbqufZg==</latexit><latexit sha1_base64="jd8VaMcTCbP5dkEzsJ6lt1wsvO0=">AAACEHicbVC7SgNBFJ31GeMramkzGMTYhF0bbYSgjWUE84BsWGZnJ8mQ2Zll5q4QlvgHNv6KjYUitpZ2/o2TZAtNPDBwOOdc7twTJoIbcN1vZ2l5ZXVtvbBR3Nza3tkt7e03jUo1ZQ2qhNLtkBgmuGQN4CBYO9GMxKFgrXB4PfFb90wbruQdjBLWjUlf8h6nBKwUlE40vsQZjoKkAqfYVzaLiaVjKz9kvo4xVdLAOCiV3ao7BV4kXk7KKEc9KH35kaJpzCRQQYzpeG4C3Yxo4FSwcdFPDUsIHZI+61gqScxMN5seNMbHVolwT2n7JOCp+nsiI7Exozi0yZjAwMx7E/E/r5NC76KbcZmkwCSdLeqlAoPCk3ZwxDWjIEaWEKq5/SumA6IJBdth0ZbgzZ+8SJpnVc+terdeuXaV11FAh+gIVZCHzlEN3aA6aiCKHtEzekVvzpPz4rw7H7PokpPPHKA/cD5/AK4TmyA=</latexit>

Integrando ao longo da coordenada comóvel radial, 
obtemos a distância própria num tempo t fixo:

dp(t) = a(t)r
<latexit sha1_base64="JItFCIie4DVXvLvr1/bRgoJnzAg=">AAAB+HicbVC7TsMwFL3hWcqjAUYWi4JUliphgQWpgoWxSPQhtVHkOG5r1XEi20EqUb+EhQGEWBmY+QY2PoQdp+0ALUe6ukfn3CtfnyDhTGnH+bKWlldW19YLG8XNre2dkr2711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLzK/dYdlYrF4laPEupFuC9YjxGsjeTbpdBPKvoEXSCcN+nbZafqTIAWiTsj5drR9/sHANR9+7MbxiSNqNCEY6U6rpNoL8NSM8LpuNhNFU0wGeI+7RgqcESVl00OH6Njo4SoF0tTQqOJ+nsjw5FSoygwkxHWAzXv5eJ/XifVvXMvYyJJNRVk+lAv5UjHKE8BhUxSovnIEEwkM7ciMsASE22yKpoQ3PkvL5LmadV1qu6NW65dwhQFOIBDqIALZ1CDa6hDAwik8ABP8GzdW4/Wi/U6HV2yZjv78AfW2w/qYpQ6</latexit><latexit sha1_base64="TXvmzcpnNX2e83vI3Yc+8w7K6Yk=">AAAB+HicbVC7TgJBFJ3FF4LKqqXNRDTBhuzaaGNCtLHERB4JkM3s7CxMmH1k5i4JbvgSGwuNsbXwB/wDOz9Ea2eBQsGT3NyTc+7N3DluLLgCy/o0ciura+sb+c1CcWt7p2Tu7jVVlEjKGjQSkWy7RDHBQ9YADoK1Y8lI4ArWcodXmd8aMal4FN7COGa9gPRD7nNKQEuOWfKcuAIn+AKTrEnHLFtVawq8TOw5KdeOvt7eR8XvumN+dL2IJgELgQqiVMe2YuilRAKngk0K3USxmNAh6bOOpiEJmOql08Mn+FgrHvYjqSsEPFV/b6QkUGocuHoyIDBQi14m/ud1EvDPeykP4wRYSGcP+YnAEOEsBexxySiIsSaESq5vxXRAJKGgsyroEOzFLy+T5mnVtqr2jV2uXaIZ8ugAHaIKstEZqqFrVEcNRFGC7tEjejLujAfj2XiZjeaM+c4++gPj9QfjApW0</latexit><latexit sha1_base64="TXvmzcpnNX2e83vI3Yc+8w7K6Yk=">AAAB+HicbVC7TgJBFJ3FF4LKqqXNRDTBhuzaaGNCtLHERB4JkM3s7CxMmH1k5i4JbvgSGwuNsbXwB/wDOz9Ea2eBQsGT3NyTc+7N3DluLLgCy/o0ciura+sb+c1CcWt7p2Tu7jVVlEjKGjQSkWy7RDHBQ9YADoK1Y8lI4ArWcodXmd8aMal4FN7COGa9gPRD7nNKQEuOWfKcuAIn+AKTrEnHLFtVawq8TOw5KdeOvt7eR8XvumN+dL2IJgELgQqiVMe2YuilRAKngk0K3USxmNAh6bOOpiEJmOql08Mn+FgrHvYjqSsEPFV/b6QkUGocuHoyIDBQi14m/ud1EvDPeykP4wRYSGcP+YnAEOEsBexxySiIsSaESq5vxXRAJKGgsyroEOzFLy+T5mnVtqr2jV2uXaIZ8ugAHaIKstEZqqFrVEcNRFGC7tEjejLujAfj2XiZjeaM+c4++gPj9QfjApW0</latexit><latexit sha1_base64="TH4CZG/wjqj79H9LKJsuAUqEloQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBotQNyVxoxuh6MZlBfuANoTJZNIOnUzCzESooV/ixoUibv0Ud/6NkzYLbT1wuYdz7mXunCDlTGnH+bbW1jc2t7YrO9Xdvf2Dmn141FVJJgntkIQnsh9gRTkTtKOZ5rSfSorjgNNeMLkt/N4jlYol4kFPU+rFeCRYxAjWRvLtWuinDX2OrhEumvTtutN05kCrxC1JHUq0fftrGCYki6nQhGOlBq6Tai/HUjPC6aw6zBRNMZngER0YKnBMlZfPD5+hM6OEKEqkKaHRXP29keNYqWkcmMkY67Fa9grxP2+Q6ejKy5lIM00FWTwUZRzpBBUpoJBJSjSfGoKJZOZWRMZYYqJNVlUTgrv85VXSvWi6TtO9d+utmzKOCpzAKTTAhUtowR20oQMEMniGV3iznqwX6936WIyuWeXOMfyB9fkDIAGRaw==</latexit>
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3.6 Distância Própria

Qual é a taxa de mudança da distância própria entre dois pontos?

ḋp = ȧr =
�
ȧ
a

�
dp

<latexit sha1_base64="D5/dMYx9B3/Z7oGqdPg+r7MwhX0="></latexit><latexit sha1_base64="lzHbcnOkUWXp18G7oqlOySyMG9M="></latexit><latexit sha1_base64="lzHbcnOkUWXp18G7oqlOySyMG9M="></latexit><latexit sha1_base64="97S2Mpv1a89vOy8j/NqhmlGmhbY=">AAACKXicbZDLSgMxFIYz9VbrbdSlm4NFqJsy40Y3QtGNywr2Au0wZNJMG5q5kJwRytDXceOruFFQ1K0vYnoRtPVA4Mt/Lsn5g1QKjY7zYRVWVtfWN4qbpa3tnd09e/+gqZNMMd5giUxUO6CaSxHzBgqUvJ0qTqNA8lYwvJ7kW/dcaZHEdzhKuRfRfixCwSgaybdr3V6Cec9Px3AJU6ZjUGAupa7kIUIF8h+5m5hJMAEl+gOEUzB9vl12qs40YBncOZTJPOq+/WLmsSziMTJJte64TopeThUKJvm41M00Tykb0j7vGIxpxLWXTzcdw4lRehAmypwYYar+7shppPUoCkxlRHGgF3MT8b9cJ8PwwstFnGbIYzZ7KMwkYAIT26AnFGcoRwYoU8L8FdiAKsrQmFsyJriLKy9D86zqOlX31i3XruZ2FMkROSYV4pJzUiM3pE4ahJEH8kReyZv1aD1b79bnrLRgzXsOyZ+wvr4Bm2Ck+g==</latexit>

d[dp(t)]
dt ⌘ ḋp(t) ⌘ vp(t)

<latexit sha1_base64="a4nwvayTRcTuAksqsqomjuH9wLk=">AAACI3icbVDLSgMxFL1TX7W+qi7dBIvQbsqMG8VVURCXFewD2qFkMmkbmnmY3CmUof/ixl9x40IpblwIforpY6GtBwKHc85Nco8XS6HRtj+tzNr6xuZWdju3s7u3f5A/PKrrKFGM11gkI9X0qOZShLyGAiVvxorTwJO84Q1upn5jyJUWUfiAo5i7Ae2FoisYRSN18lepT1rE78RFLBGXtCMTJj6OSZs/JmJIcm0/wtT442lgIQ5n8U6+YJftGcgqcRakUCnZt98AUO3kJ+YylgQ8RCap1i3HjtFNqULBJB/n2onmMWUD2uMtQ0MacO2msx3H5MwoPulGypwQyUz9PZHSQOtR4JlkQLGvl72p+J/XSrB76aYijBPkIZs/1E0kwYhMCyO+UJyhHBlCmRLmr4T1qaIMTa05U4KzvPIqqZ+XHbvs3DuFyjXMkYUTOIUiOHABFbiDKtSAwRO8wBu8W8/WqzWxPubRjLWYOYY/sL5+AHy8pHo=</latexit><latexit sha1_base64="dFbHPUDxCp2fOOu7nSpcJOLsqDs="></latexit><latexit sha1_base64="dFbHPUDxCp2fOOu7nSpcJOLsqDs="></latexit><latexit sha1_base64="+xMkyIG4IhBiz8BL4O5FbW43CDA=">AAACI3icbVC7TsMwFHV4lvIKMLJYVEhlqRIWEFMFC2OR6ENKospx3Naq88C+qVRF+RcWfoWFAVSxMPAvuGkGaDmSpaNzzrV9j58IrsCyvoy19Y3Nre3KTnV3b//g0Dw67qg4lZS1aSxi2fOJYoJHrA0cBOslkpHQF6zrj+/mfnfCpOJx9AjThHkhGUZ8wCkBLfXNmyzADg76SR0usIfdWIdxADl22VPKJ7jqBjFk2s/ngVKcFPG+WbMaVgG8SuyS1FCJVt+c6ctoGrIIqCBKObaVgJcRCZwKllfdVLGE0DEZMkfTiIRMeVmxY47PtRLgQSz1iQAX6u+JjIRKTUNfJ0MCI7XszcX/PCeFwbWX8ShJgUV08dAgFRhiPC8MB1wyCmKqCaGS679iOiKSUNC1VnUJ9vLKq6Rz2bCthv1g15q3ZR0VdIrOUB3Z6Ao10T1qoTai6Bm9onf0YbwYb8bM+FxE14xy5gT9gfH9AyHVors=</latexit>

Para o tempo atual 
(hoje), t = t0, temos:

vp(t0) = H0dp(t0)
<latexit sha1_base64="P1hvnT0wd0OnTgVFvTE21KVRXOs=">AAACAHicbVC7TsMwFL3hWcorwMDAYlGQylIlLLAgVbB0LBJ9SG0UOY7bWnWcyHYqVVEXfoWFAYRYGJj4BjY+hB33MUDLka50fM698r0nSDhT2nG+rKXlldW19dxGfnNre2fX3tuvqziVhNZIzGPZDLCinAla00xz2kwkxVHAaSPo34z9xoBKxWJxp4cJ9SLcFazDCNZG8u3DgZ8Ute+coStU8R0Uzp6+XXBKzgRokbgzUiiffL99AEDVtz/bYUzSiApNOFaq5TqJ9jIsNSOcjvLtVNEEkz7u0pahAkdUednkgBE6NUqIOrE0JTSaqL8nMhwpNYwC0xlh3VPz3lj8z2ulunPpZUwkqaaCTD/qpBzpGI3TQCGTlGg+NAQTycyuiPSwxESbzPImBHf+5EVSPy+5Tsm9dQvla5giB0dwDEVw4QLKUIEq1IDACB7gCZ6te+vRerFep61L1mzmAP7Aev8B5GuW8Q==</latexit><latexit sha1_base64="xKBVtV4TjX1SWaGO+/2iN8i7jUc=">AAACAHicbVC7TsMwFHV4lpZHgIGBxaIglaVyWGBBqmDpWCT6kNoochynteo4ke1UqqIu/AoLAwixMLDyB2x8CMy4jwFajnSl43Pule89fsKZ0gh9WkvLK6tr67mNfGFza3vH3t1rqDiVhNZJzGPZ8rGinAla10xz2kokxZHPadPvX4/95oBKxWJxq4cJdSPcFSxkBGsjefbBwEtK2kOn8BJWPQSD2dOzi6iMJoCLxJmRYuX46/V9UPiuefZHJ4hJGlGhCcdKtR2UaDfDUjPC6SjfSRVNMOnjLm0bKnBElZtNDhjBE6MEMIylKaHhRP09keFIqWHkm84I656a98bif1471eGFmzGRpJoKMv0oTDnUMRynAQMmKdF8aAgmkpldIelhiYk2meVNCM78yYukcVZ2UNm5cYqVKzBFDhyCI1ACDjgHFVAFNVAHBIzAPXgET9ad9WA9Wy/T1iVrNrMP/sB6+wHdC5hr</latexit><latexit sha1_base64="xKBVtV4TjX1SWaGO+/2iN8i7jUc=">AAACAHicbVC7TsMwFHV4lpZHgIGBxaIglaVyWGBBqmDpWCT6kNoochynteo4ke1UqqIu/AoLAwixMLDyB2x8CMy4jwFajnSl43Pule89fsKZ0gh9WkvLK6tr67mNfGFza3vH3t1rqDiVhNZJzGPZ8rGinAla10xz2kokxZHPadPvX4/95oBKxWJxq4cJdSPcFSxkBGsjefbBwEtK2kOn8BJWPQSD2dOzi6iMJoCLxJmRYuX46/V9UPiuefZHJ4hJGlGhCcdKtR2UaDfDUjPC6SjfSRVNMOnjLm0bKnBElZtNDhjBE6MEMIylKaHhRP09keFIqWHkm84I656a98bif1471eGFmzGRpJoKMv0oTDnUMRynAQMmKdF8aAgmkpldIelhiYk2meVNCM78yYukcVZ2UNm5cYqVKzBFDhyCI1ACDjgHFVAFNVAHBIzAPXgET9ad9WA9Wy/T1iVrNrMP/sB6+wHdC5hr</latexit><latexit sha1_base64="z3JQX5ssRTn+cWqwxq/Jc6buYLA=">AAACAHicbVC7SgNBFL3rM8bXqoWFzWAQYhNmbbQRgjYpI5gHJMsyOzubDJl9MDMbCEsaf8XGQhFbP8POv3GSbKGJBy6cOede5t7jp4IrjfG3tba+sbm1Xdop7+7tHxzaR8dtlWSSshZNRCK7PlFM8Ji1NNeCdVPJSOQL1vFH9zO/M2ZS8SR+1JOUuREZxDzklGgjefbp2Eur2sOX6BY1PIyC4unZFVzDc6BV4hSkAgWanv3VDxKaRSzWVBCleg5OtZsTqTkVbFruZ4qlhI7IgPUMjUnElJvPD5iiC6MEKEykqVijufp7IieRUpPIN50R0UO17M3E/7xepsMbN+dxmmkW08VHYSaQTtAsDRRwyagWE0MIldzsiuiQSEK1yaxsQnCWT14l7auag2vOg1Op3xVxlOAMzqEKDlxDHRrQhBZQmMIzvMKb9WS9WO/Wx6J1zSpmTuAPrM8fGgqUIg==</latexit>

Constante de Hubble
H0 ⌘

�
ȧ
a

�
t=t0

<latexit sha1_base64="uqZEbnSpv99qODBY0+dRdWokIT0="></latexit><latexit sha1_base64="Tc64X4EtoWZ85rMoZVG6RuBeRH4="></latexit><latexit sha1_base64="Tc64X4EtoWZ85rMoZVG6RuBeRH4="></latexit><latexit sha1_base64="LcqAhlXEkE7mqizJU5r1rFAUWk4=">AAACIXicbVDLSsNAFJ34rPEVdelmsAi6KYkbuxFEN11WsFpoQphMb9qhk4czN0IJ/RU3/oobF4p0J/6M05qFrwMDh3PumZl7olwKja77bi0sLi2vrNbW7PWNza1tZ2f3RmeF4tDhmcxUN2IapEihgwIldHMFLIkk3Eajy5l/ew9Kiyy9xnEOQcIGqYgFZ2ik0Gm2Qpf6cFeIe9uXECM9oqXfz7BkE+pnJkpnRInBEOlxaJdIzyiG7iR06m7DnYP+JV5F6qRCO3Sm5lpeJJAil0zrnufmGJRMoeASJrZfaMgZH7EB9AxNWQI6KOcbTuihUfo0zpQ5KdK5+j1RskTrcRKZyYThUP/2ZuJ/Xq/AuBmUIs0LhJR/PRQXkmJGZ3XRvlDAUY4NYVwJ81fKh0wxjqZU25Tg/V75L7k5aXhuw7vy6ucXVR01sk8OyBHxyCk5Jy3SJh3CyQN5Ii/k1Xq0nq03a/o1umBVmT3yA9bHJ0dVobM=</latexit>

r =

dp(t)
a(t) = const

<latexit sha1_base64="UzwbXvZw1xaPF0XaAmU1IMzcHY8=">AAACEHicbVC7SgNBFL3r2/iKWtoMBlGbsJtGGyFoY6lgHpAsYXYyq4OzM8vMXSEs8Q9s/BUbC0VsLe3sLPwAP8HJo/B1YOBwzrncuSdKpbDo+2/exOTU9Mzs3HxhYXFpeaW4ula3OjOM15iW2jQjarkUitdQoOTN1HCaRJI3osujgd+44sYKrc6wl/IwoedKxIJRdFKnuG3IAclJt5Pu4C5pa5cl1NG+k6/ztkkI08piv1Ms+WV/CPKXBGNSqlY+Pt8B4KRTfG13NcsSrpBJam0r8FMMc2pQMMn7hXZmeUrZJT3nLUcVTbgN8+FBfbLllC6JtXFPIRmq3ydymljbSyKXTChe2N/eQPzPa2UY74e5UGmGXLHRojiTBDUZtEO6wnCGsucIZUa4vxJ2QQ1l6DosuBKC3yf/JfVKOfDLwWlQqh7CCHOwAZuwAwHsQRWO4QRqwOAG7uABHr1b79578p5H0QlvPLMOP+C9fAHtrZ5G</latexit><latexit sha1_base64="uK2Ae8SCrpC91vhZbAO/R3KO3lo=">AAACEHicbVC7SgNBFJ2Nrxhf8dHZDAYxNmE3jTZCUAvLCOYBSQizk0kyZHZmmbkrhCX+gY2/YmOhiK2VWGnvB/gJTh6FJh4YOJxzLnfu8UPBDbjup5OYm19YXEoup1ZW19Y30ptbZaMiTVmJKqF01SeGCS5ZCTgIVg01I4EvWMXvnQ39yjXThit5Bf2QNQLSkbzNKQErNdMHGp/gGLeaYRYOcV3ZLCaWDqx8E9d1gKmSBgbNdMbNuSPgWeJNSKaQ//r+OH/bKTbT7/WWolHAJFBBjKl5bgiNmGjgVLBBqh4ZFhLaIx1Ws1SSgJlGPDpogPet0sJtpe2TgEfq74mYBMb0A98mAwJdM+0Nxf+8WgTt40bMZRgBk3S8qB0JDAoP28EtrhkF0beEUM3tXzHtEk0o2A5TtgRv+uRZUs7nPDfnXXqZwikaI4l20R7KIg8doQK6QEVUQhTdonv0iJ6cO+fBeXZextGEM5nZRn/gvP4AbqufZg==</latexit><latexit sha1_base64="uK2Ae8SCrpC91vhZbAO/R3KO3lo=">AAACEHicbVC7SgNBFJ2Nrxhf8dHZDAYxNmE3jTZCUAvLCOYBSQizk0kyZHZmmbkrhCX+gY2/YmOhiK2VWGnvB/gJTh6FJh4YOJxzLnfu8UPBDbjup5OYm19YXEoup1ZW19Y30ptbZaMiTVmJKqF01SeGCS5ZCTgIVg01I4EvWMXvnQ39yjXThit5Bf2QNQLSkbzNKQErNdMHGp/gGLeaYRYOcV3ZLCaWDqx8E9d1gKmSBgbNdMbNuSPgWeJNSKaQ//r+OH/bKTbT7/WWolHAJFBBjKl5bgiNmGjgVLBBqh4ZFhLaIx1Ws1SSgJlGPDpogPet0sJtpe2TgEfq74mYBMb0A98mAwJdM+0Nxf+8WgTt40bMZRgBk3S8qB0JDAoP28EtrhkF0beEUM3tXzHtEk0o2A5TtgRv+uRZUs7nPDfnXXqZwikaI4l20R7KIg8doQK6QEVUQhTdonv0iJ6cO+fBeXZextGEM5nZRn/gvP4AbqufZg==</latexit><latexit sha1_base64="jd8VaMcTCbP5dkEzsJ6lt1wsvO0=">AAACEHicbVC7SgNBFJ31GeMramkzGMTYhF0bbYSgjWUE84BsWGZnJ8mQ2Zll5q4QlvgHNv6KjYUitpZ2/o2TZAtNPDBwOOdc7twTJoIbcN1vZ2l5ZXVtvbBR3Nza3tkt7e03jUo1ZQ2qhNLtkBgmuGQN4CBYO9GMxKFgrXB4PfFb90wbruQdjBLWjUlf8h6nBKwUlE40vsQZjoKkAqfYVzaLiaVjKz9kvo4xVdLAOCiV3ao7BV4kXk7KKEc9KH35kaJpzCRQQYzpeG4C3Yxo4FSwcdFPDUsIHZI+61gqScxMN5seNMbHVolwT2n7JOCp+nsiI7Exozi0yZjAwMx7E/E/r5NC76KbcZmkwCSdLeqlAoPCk3ZwxDWjIEaWEKq5/SumA6IJBdth0ZbgzZ+8SJpnVc+terdeuXaV11FAh+gIVZCHzlEN3aA6aiCKHtEzekVvzpPz4rw7H7PokpPPHKA/cD5/AK4TmyA=</latexit>

Nota: r é uma coordenada
comóvel, i.e., constante 
durante toda a expansão.

r =

dp(t)
a(t) = const

<latexit sha1_base64="UzwbXvZw1xaPF0XaAmU1IMzcHY8=">AAACEHicbVC7SgNBFL3r2/iKWtoMBlGbsJtGGyFoY6lgHpAsYXYyq4OzM8vMXSEs8Q9s/BUbC0VsLe3sLPwAP8HJo/B1YOBwzrncuSdKpbDo+2/exOTU9Mzs3HxhYXFpeaW4ula3OjOM15iW2jQjarkUitdQoOTN1HCaRJI3osujgd+44sYKrc6wl/IwoedKxIJRdFKnuG3IAclJt5Pu4C5pa5cl1NG+k6/ztkkI08piv1Ms+WV/CPKXBGNSqlY+Pt8B4KRTfG13NcsSrpBJam0r8FMMc2pQMMn7hXZmeUrZJT3nLUcVTbgN8+FBfbLllC6JtXFPIRmq3ydymljbSyKXTChe2N/eQPzPa2UY74e5UGmGXLHRojiTBDUZtEO6wnCGsucIZUa4vxJ2QQ1l6DosuBKC3yf/JfVKOfDLwWlQqh7CCHOwAZuwAwHsQRWO4QRqwOAG7uABHr1b79578p5H0QlvPLMOP+C9fAHtrZ5G</latexit><latexit sha1_base64="uK2Ae8SCrpC91vhZbAO/R3KO3lo=">AAACEHicbVC7SgNBFJ2Nrxhf8dHZDAYxNmE3jTZCUAvLCOYBSQizk0kyZHZmmbkrhCX+gY2/YmOhiK2VWGnvB/gJTh6FJh4YOJxzLnfu8UPBDbjup5OYm19YXEoup1ZW19Y30ptbZaMiTVmJKqF01SeGCS5ZCTgIVg01I4EvWMXvnQ39yjXThit5Bf2QNQLSkbzNKQErNdMHGp/gGLeaYRYOcV3ZLCaWDqx8E9d1gKmSBgbNdMbNuSPgWeJNSKaQ//r+OH/bKTbT7/WWolHAJFBBjKl5bgiNmGjgVLBBqh4ZFhLaIx1Ws1SSgJlGPDpogPet0sJtpe2TgEfq74mYBMb0A98mAwJdM+0Nxf+8WgTt40bMZRgBk3S8qB0JDAoP28EtrhkF0beEUM3tXzHtEk0o2A5TtgRv+uRZUs7nPDfnXXqZwikaI4l20R7KIg8doQK6QEVUQhTdonv0iJ6cO+fBeXZextGEM5nZRn/gvP4AbqufZg==</latexit><latexit sha1_base64="uK2Ae8SCrpC91vhZbAO/R3KO3lo=">AAACEHicbVC7SgNBFJ2Nrxhf8dHZDAYxNmE3jTZCUAvLCOYBSQizk0kyZHZmmbkrhCX+gY2/YmOhiK2VWGnvB/gJTh6FJh4YOJxzLnfu8UPBDbjup5OYm19YXEoup1ZW19Y30ptbZaMiTVmJKqF01SeGCS5ZCTgIVg01I4EvWMXvnQ39yjXThit5Bf2QNQLSkbzNKQErNdMHGp/gGLeaYRYOcV3ZLCaWDqx8E9d1gKmSBgbNdMbNuSPgWeJNSKaQ//r+OH/bKTbT7/WWolHAJFBBjKl5bgiNmGjgVLBBqh4ZFhLaIx1Ws1SSgJlGPDpogPet0sJtpe2TgEfq74mYBMb0A98mAwJdM+0Nxf+8WgTt40bMZRgBk3S8qB0JDAoP28EtrhkF0beEUM3tXzHtEk0o2A5TtgRv+uRZUs7nPDfnXXqZwikaI4l20R7KIg8doQK6QEVUQhTdonv0iJ6cO+fBeXZextGEM5nZRn/gvP4AbqufZg==</latexit><latexit sha1_base64="jd8VaMcTCbP5dkEzsJ6lt1wsvO0=">AAACEHicbVC7SgNBFJ31GeMramkzGMTYhF0bbYSgjWUE84BsWGZnJ8mQ2Zll5q4QlvgHNv6KjYUitpZ2/o2TZAtNPDBwOOdc7twTJoIbcN1vZ2l5ZXVtvbBR3Nza3tkt7e03jUo1ZQ2qhNLtkBgmuGQN4CBYO9GMxKFgrXB4PfFb90wbruQdjBLWjUlf8h6nBKwUlE40vsQZjoKkAqfYVzaLiaVjKz9kvo4xVdLAOCiV3ao7BV4kXk7KKEc9KH35kaJpzCRQQYzpeG4C3Yxo4FSwcdFPDUsIHZI+61gqScxMN5seNMbHVolwT2n7JOCp+nsiI7Exozi0yZjAwMx7E/E/r5NC76KbcZmkwCSdLeqlAoPCk3ZwxDWjIEaWEKq5/SumA6IJBdth0ZbgzZ+8SJpnVc+terdeuXaV11FAh+gIVZCHzlEN3aA6aiCKHtEzekVvzpPz4rw7H7PokpPPHKA/cD5/AK4TmyA=</latexit>

Integrando ao longo da coordenada comóvel radial, 
obtemos a distância própria num tempo t fixo:

dp(t) = a(t)r
<latexit sha1_base64="JItFCIie4DVXvLvr1/bRgoJnzAg=">AAAB+HicbVC7TsMwFL3hWcqjAUYWi4JUliphgQWpgoWxSPQhtVHkOG5r1XEi20EqUb+EhQGEWBmY+QY2PoQdp+0ALUe6ukfn3CtfnyDhTGnH+bKWlldW19YLG8XNre2dkr2711RxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLzK/dYdlYrF4laPEupFuC9YjxGsjeTbpdBPKvoEXSCcN+nbZafqTIAWiTsj5drR9/sHANR9+7MbxiSNqNCEY6U6rpNoL8NSM8LpuNhNFU0wGeI+7RgqcESVl00OH6Njo4SoF0tTQqOJ+nsjw5FSoygwkxHWAzXv5eJ/XifVvXMvYyJJNRVk+lAv5UjHKE8BhUxSovnIEEwkM7ciMsASE22yKpoQ3PkvL5LmadV1qu6NW65dwhQFOIBDqIALZ1CDa6hDAwik8ABP8GzdW4/Wi/U6HV2yZjv78AfW2w/qYpQ6</latexit><latexit sha1_base64="TXvmzcpnNX2e83vI3Yc+8w7K6Yk=">AAAB+HicbVC7TgJBFJ3FF4LKqqXNRDTBhuzaaGNCtLHERB4JkM3s7CxMmH1k5i4JbvgSGwuNsbXwB/wDOz9Ea2eBQsGT3NyTc+7N3DluLLgCy/o0ciura+sb+c1CcWt7p2Tu7jVVlEjKGjQSkWy7RDHBQ9YADoK1Y8lI4ArWcodXmd8aMal4FN7COGa9gPRD7nNKQEuOWfKcuAIn+AKTrEnHLFtVawq8TOw5KdeOvt7eR8XvumN+dL2IJgELgQqiVMe2YuilRAKngk0K3USxmNAh6bOOpiEJmOql08Mn+FgrHvYjqSsEPFV/b6QkUGocuHoyIDBQi14m/ud1EvDPeykP4wRYSGcP+YnAEOEsBexxySiIsSaESq5vxXRAJKGgsyroEOzFLy+T5mnVtqr2jV2uXaIZ8ugAHaIKstEZqqFrVEcNRFGC7tEjejLujAfj2XiZjeaM+c4++gPj9QfjApW0</latexit><latexit sha1_base64="TXvmzcpnNX2e83vI3Yc+8w7K6Yk=">AAAB+HicbVC7TgJBFJ3FF4LKqqXNRDTBhuzaaGNCtLHERB4JkM3s7CxMmH1k5i4JbvgSGwuNsbXwB/wDOz9Ea2eBQsGT3NyTc+7N3DluLLgCy/o0ciura+sb+c1CcWt7p2Tu7jVVlEjKGjQSkWy7RDHBQ9YADoK1Y8lI4ArWcodXmd8aMal4FN7COGa9gPRD7nNKQEuOWfKcuAIn+AKTrEnHLFtVawq8TOw5KdeOvt7eR8XvumN+dL2IJgELgQqiVMe2YuilRAKngk0K3USxmNAh6bOOpiEJmOql08Mn+FgrHvYjqSsEPFV/b6QkUGocuHoyIDBQi14m/ud1EvDPeykP4wRYSGcP+YnAEOEsBexxySiIsSaESq5vxXRAJKGgsyroEOzFLy+T5mnVtqr2jV2uXaIZ8ugAHaIKstEZqqFrVEcNRFGC7tEjejLujAfj2XiZjeaM+c4++gPj9QfjApW0</latexit><latexit sha1_base64="TH4CZG/wjqj79H9LKJsuAUqEloQ=">AAAB+HicbVDLSsNAFL3xWeujUZduBotQNyVxoxuh6MZlBfuANoTJZNIOnUzCzESooV/ixoUibv0Ud/6NkzYLbT1wuYdz7mXunCDlTGnH+bbW1jc2t7YrO9Xdvf2Dmn141FVJJgntkIQnsh9gRTkTtKOZ5rSfSorjgNNeMLkt/N4jlYol4kFPU+rFeCRYxAjWRvLtWuinDX2OrhEumvTtutN05kCrxC1JHUq0fftrGCYki6nQhGOlBq6Tai/HUjPC6aw6zBRNMZngER0YKnBMlZfPD5+hM6OEKEqkKaHRXP29keNYqWkcmMkY67Fa9grxP2+Q6ejKy5lIM00FWTwUZRzpBBUpoJBJSjSfGoKJZOZWRMZYYqJNVlUTgrv85VXSvWi6TtO9d+utmzKOCpzAKTTAhUtowR20oQMEMniGV3iznqwX6936WIyuWeXOMfyB9fkDIAGRaw==</latexit>
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3.6 Distância Própria

Para o tempo atual 
(hoje), t = t0, temos:

vp(t0) = H0dp(t0)
<latexit sha1_base64="P1hvnT0wd0OnTgVFvTE21KVRXOs=">AAACAHicbVC7TsMwFL3hWcorwMDAYlGQylIlLLAgVbB0LBJ9SG0UOY7bWnWcyHYqVVEXfoWFAYRYGJj4BjY+hB33MUDLka50fM698r0nSDhT2nG+rKXlldW19dxGfnNre2fX3tuvqziVhNZIzGPZDLCinAla00xz2kwkxVHAaSPo34z9xoBKxWJxp4cJ9SLcFazDCNZG8u3DgZ8Ute+coStU8R0Uzp6+XXBKzgRokbgzUiiffL99AEDVtz/bYUzSiApNOFaq5TqJ9jIsNSOcjvLtVNEEkz7u0pahAkdUednkgBE6NUqIOrE0JTSaqL8nMhwpNYwC0xlh3VPz3lj8z2ulunPpZUwkqaaCTD/qpBzpGI3TQCGTlGg+NAQTycyuiPSwxESbzPImBHf+5EVSPy+5Tsm9dQvla5giB0dwDEVw4QLKUIEq1IDACB7gCZ6te+vRerFep61L1mzmAP7Aev8B5GuW8Q==</latexit><latexit sha1_base64="xKBVtV4TjX1SWaGO+/2iN8i7jUc=">AAACAHicbVC7TsMwFHV4lpZHgIGBxaIglaVyWGBBqmDpWCT6kNoochynteo4ke1UqqIu/AoLAwixMLDyB2x8CMy4jwFajnSl43Pule89fsKZ0gh9WkvLK6tr67mNfGFza3vH3t1rqDiVhNZJzGPZ8rGinAla10xz2kokxZHPadPvX4/95oBKxWJxq4cJdSPcFSxkBGsjefbBwEtK2kOn8BJWPQSD2dOzi6iMJoCLxJmRYuX46/V9UPiuefZHJ4hJGlGhCcdKtR2UaDfDUjPC6SjfSRVNMOnjLm0bKnBElZtNDhjBE6MEMIylKaHhRP09keFIqWHkm84I656a98bif1471eGFmzGRpJoKMv0oTDnUMRynAQMmKdF8aAgmkpldIelhiYk2meVNCM78yYukcVZ2UNm5cYqVKzBFDhyCI1ACDjgHFVAFNVAHBIzAPXgET9ad9WA9Wy/T1iVrNrMP/sB6+wHdC5hr</latexit><latexit sha1_base64="xKBVtV4TjX1SWaGO+/2iN8i7jUc=">AAACAHicbVC7TsMwFHV4lpZHgIGBxaIglaVyWGBBqmDpWCT6kNoochynteo4ke1UqqIu/AoLAwixMLDyB2x8CMy4jwFajnSl43Pule89fsKZ0gh9WkvLK6tr67mNfGFza3vH3t1rqDiVhNZJzGPZ8rGinAla10xz2kokxZHPadPvX4/95oBKxWJxq4cJdSPcFSxkBGsjefbBwEtK2kOn8BJWPQSD2dOzi6iMJoCLxJmRYuX46/V9UPiuefZHJ4hJGlGhCcdKtR2UaDfDUjPC6SjfSRVNMOnjLm0bKnBElZtNDhjBE6MEMIylKaHhRP09keFIqWHkm84I656a98bif1471eGFmzGRpJoKMv0oTDnUMRynAQMmKdF8aAgmkpldIelhiYk2meVNCM78yYukcVZ2UNm5cYqVKzBFDhyCI1ACDjgHFVAFNVAHBIzAPXgET9ad9WA9Wy/T1iVrNrMP/sB6+wHdC5hr</latexit><latexit sha1_base64="z3JQX5ssRTn+cWqwxq/Jc6buYLA=">AAACAHicbVC7SgNBFL3rM8bXqoWFzWAQYhNmbbQRgjYpI5gHJMsyOzubDJl9MDMbCEsaf8XGQhFbP8POv3GSbKGJBy6cOede5t7jp4IrjfG3tba+sbm1Xdop7+7tHxzaR8dtlWSSshZNRCK7PlFM8Ji1NNeCdVPJSOQL1vFH9zO/M2ZS8SR+1JOUuREZxDzklGgjefbp2Eur2sOX6BY1PIyC4unZFVzDc6BV4hSkAgWanv3VDxKaRSzWVBCleg5OtZsTqTkVbFruZ4qlhI7IgPUMjUnElJvPD5iiC6MEKEykqVijufp7IieRUpPIN50R0UO17M3E/7xepsMbN+dxmmkW08VHYSaQTtAsDRRwyagWE0MIldzsiuiQSEK1yaxsQnCWT14l7auag2vOg1Op3xVxlOAMzqEKDlxDHRrQhBZQmMIzvMKb9WS9WO/Wx6J1zSpmTuAPrM8fGgqUIg==</latexit>

Constante de Hubble
H0 ⌘

�
ȧ
a

�
t=t0

<latexit sha1_base64="uqZEbnSpv99qODBY0+dRdWokIT0="></latexit><latexit sha1_base64="Tc64X4EtoWZ85rMoZVG6RuBeRH4="></latexit><latexit sha1_base64="Tc64X4EtoWZ85rMoZVG6RuBeRH4="></latexit><latexit sha1_base64="LcqAhlXEkE7mqizJU5r1rFAUWk4=">AAACIXicbVDLSsNAFJ34rPEVdelmsAi6KYkbuxFEN11WsFpoQphMb9qhk4czN0IJ/RU3/oobF4p0J/6M05qFrwMDh3PumZl7olwKja77bi0sLi2vrNbW7PWNza1tZ2f3RmeF4tDhmcxUN2IapEihgwIldHMFLIkk3Eajy5l/ew9Kiyy9xnEOQcIGqYgFZ2ik0Gm2Qpf6cFeIe9uXECM9oqXfz7BkE+pnJkpnRInBEOlxaJdIzyiG7iR06m7DnYP+JV5F6qRCO3Sm5lpeJJAil0zrnufmGJRMoeASJrZfaMgZH7EB9AxNWQI6KOcbTuihUfo0zpQ5KdK5+j1RskTrcRKZyYThUP/2ZuJ/Xq/AuBmUIs0LhJR/PRQXkmJGZ3XRvlDAUY4NYVwJ81fKh0wxjqZU25Tg/V75L7k5aXhuw7vy6ucXVR01sk8OyBHxyCk5Jy3SJh3CyQN5Ii/k1Xq0nq03a/o1umBVmT3yA9bHJ0dVobM=</latexit>

Num universo em expansão homogênea e isotrópica, 
velocidade de recessão de uma galáxia (associada ao 

fundo em expansão) aumenta linearmente com a 
distância própria entre o observador e a galáxia 

observada (velocidade e distância avaliadas hoje). 

H0 = 68± 2 km/s Mpc�1
<latexit sha1_base64="BOG9VVeftNn79wKYvfrMlMuLYKA=">AAACD3icbZC7SgNBFIbPxluMt6ilzZCgCGLcTaFphKBNGiGCuUA2htnJJBkys7vMzAphiU9g4xv4DDYWitja2vk2Ti6FJv4w8PGfczhzfi/kTGnb/rYSC4tLyyvJ1dTa+sbmVnp7p6qCSBJaIQEPZN3DinLm04pmmtN6KCkWHqc1r385qtfuqFQs8G/0IKRNgbs+6zCCtbFa6YNSy0bn6LSA3FCgPLpHsSsF6osTZfgqJMPb+NgZttJZO2ePhebBmUK2mHGPngCg3Ep/ue2ARIL6mnCsVMOxQ92MsdSMcDpMuZGiISZ93KUNgz4WVDXj8T1DtG+cNuoE0jxfo7H7eyLGQqmB8EynwLqnZmsj879aI9KdQjNmfhhp6pPJok7EkQ7QKBzUZpISzQcGMJHM/BWRHpaYaBNhyoTgzJ48D9V8zrFzzrWTLV7AREnYgwwcggNnUIQSlKECBB7gGV7hzXq0Xqx362PSmrCmM7vwR9bnD1gtmzc=</latexit><latexit sha1_base64="W3HOmY+uXAnkLijt6dkSajvJl9M=">AAACD3icbZDLSsNAFIYnXmu9RV26GVoUQaxJF9qNEHTTjVDBXqCJZTKdtkNnkjAzEUKoT+BG8EncuFDErVt3fRunl4W2/jDw8Z9zOHN+P2JUKssaGguLS8srq5m17PrG5ta2ubNbk2EsMKnikIWi4SNJGA1IVVHFSCMSBHGfkbrfvxrV6/dESBoGtyqJiMdRN6AdipHSVss8LLcseAHPStCNOCzCB5i6gsM+P5WaryM8uEtP7EHLzFsFayw4D/YU8k7OPX4eOkmlZX677RDHnAQKMyRl07Yi5aVIKIoZGWTdWJII4T7qkqbGAHEivXR8zwAeaKcNO6HQL1Bw7P6eSBGXMuG+7uRI9eRsbWT+V2vGqlPyUhpEsSIBnizqxAyqEI7CgW0qCFYs0YCwoPqvEPeQQFjpCLM6BHv25HmoFQu2VbBv7LxzCSbKgH2QA0fABufAAWVQAVWAwSN4AW/g3XgyXo0P43PSumBMZ/bAHxlfP2GXnL0=</latexit><latexit sha1_base64="W3HOmY+uXAnkLijt6dkSajvJl9M=">AAACD3icbZDLSsNAFIYnXmu9RV26GVoUQaxJF9qNEHTTjVDBXqCJZTKdtkNnkjAzEUKoT+BG8EncuFDErVt3fRunl4W2/jDw8Z9zOHN+P2JUKssaGguLS8srq5m17PrG5ta2ubNbk2EsMKnikIWi4SNJGA1IVVHFSCMSBHGfkbrfvxrV6/dESBoGtyqJiMdRN6AdipHSVss8LLcseAHPStCNOCzCB5i6gsM+P5WaryM8uEtP7EHLzFsFayw4D/YU8k7OPX4eOkmlZX677RDHnAQKMyRl07Yi5aVIKIoZGWTdWJII4T7qkqbGAHEivXR8zwAeaKcNO6HQL1Bw7P6eSBGXMuG+7uRI9eRsbWT+V2vGqlPyUhpEsSIBnizqxAyqEI7CgW0qCFYs0YCwoPqvEPeQQFjpCLM6BHv25HmoFQu2VbBv7LxzCSbKgH2QA0fABufAAWVQAVWAwSN4AW/g3XgyXo0P43PSumBMZ/bAHxlfP2GXnL0=</latexit><latexit sha1_base64="tv6u7de7T9VSMC0/2gvnXgq/iAs=">AAACD3icbZC7TsMwFIadcivlFmBksahALJSkA3RBqmDpglQkepGaEDmu01q1k8h2kKooPAELr8LCAEKsrGy8DW6bAQq/ZOnTf87R8fn9mFGpLOvLKCwsLi2vFFdLa+sbm1vm9k5bRonApIUjFomujyRhNCQtRRUj3VgQxH1GOv7oclLv3BEhaRTeqHFMXI4GIQ0oRkpbnnnY8Cx4Dk9r0Ik5rMJ7mDqCwxE/kZqvYpzdpsd25pllq2JNBf+CnUMZ5Gp65qfTj3DCSagwQ1L2bCtWboqEopiRrOQkksQIj9CA9DSGiBPpptN7MnignT4MIqFfqODU/TmRIi7lmPu6kyM1lPO1iflfrZeooOamNIwTRUI8WxQkDKoITsKBfSoIVmysAWFB9V8hHiKBsNIRlnQI9vzJf6FdrdhWxb62y/WLPI4i2AP74AjY4AzUQQM0QQtg8ACewAt4NR6NZ+PNeJ+1Fox8Zhf8kvHxDUWuma4=</latexit>
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3.6 Distância Própria

Para o tempo atual 
(hoje), t = t0, temos:

vp(t0) = H0dp(t0)
<latexit sha1_base64="P1hvnT0wd0OnTgVFvTE21KVRXOs=">AAACAHicbVC7TsMwFL3hWcorwMDAYlGQylIlLLAgVbB0LBJ9SG0UOY7bWnWcyHYqVVEXfoWFAYRYGJj4BjY+hB33MUDLka50fM698r0nSDhT2nG+rKXlldW19dxGfnNre2fX3tuvqziVhNZIzGPZDLCinAla00xz2kwkxVHAaSPo34z9xoBKxWJxp4cJ9SLcFazDCNZG8u3DgZ8Ute+coStU8R0Uzp6+XXBKzgRokbgzUiiffL99AEDVtz/bYUzSiApNOFaq5TqJ9jIsNSOcjvLtVNEEkz7u0pahAkdUednkgBE6NUqIOrE0JTSaqL8nMhwpNYwC0xlh3VPz3lj8z2ulunPpZUwkqaaCTD/qpBzpGI3TQCGTlGg+NAQTycyuiPSwxESbzPImBHf+5EVSPy+5Tsm9dQvla5giB0dwDEVw4QLKUIEq1IDACB7gCZ6te+vRerFep61L1mzmAP7Aev8B5GuW8Q==</latexit><latexit sha1_base64="xKBVtV4TjX1SWaGO+/2iN8i7jUc=">AAACAHicbVC7TsMwFHV4lpZHgIGBxaIglaVyWGBBqmDpWCT6kNoochynteo4ke1UqqIu/AoLAwixMLDyB2x8CMy4jwFajnSl43Pule89fsKZ0gh9WkvLK6tr67mNfGFza3vH3t1rqDiVhNZJzGPZ8rGinAla10xz2kokxZHPadPvX4/95oBKxWJxq4cJdSPcFSxkBGsjefbBwEtK2kOn8BJWPQSD2dOzi6iMJoCLxJmRYuX46/V9UPiuefZHJ4hJGlGhCcdKtR2UaDfDUjPC6SjfSRVNMOnjLm0bKnBElZtNDhjBE6MEMIylKaHhRP09keFIqWHkm84I656a98bif1471eGFmzGRpJoKMv0oTDnUMRynAQMmKdF8aAgmkpldIelhiYk2meVNCM78yYukcVZ2UNm5cYqVKzBFDhyCI1ACDjgHFVAFNVAHBIzAPXgET9ad9WA9Wy/T1iVrNrMP/sB6+wHdC5hr</latexit><latexit sha1_base64="xKBVtV4TjX1SWaGO+/2iN8i7jUc=">AAACAHicbVC7TsMwFHV4lpZHgIGBxaIglaVyWGBBqmDpWCT6kNoochynteo4ke1UqqIu/AoLAwixMLDyB2x8CMy4jwFajnSl43Pule89fsKZ0gh9WkvLK6tr67mNfGFza3vH3t1rqDiVhNZJzGPZ8rGinAla10xz2kokxZHPadPvX4/95oBKxWJxq4cJdSPcFSxkBGsjefbBwEtK2kOn8BJWPQSD2dOzi6iMJoCLxJmRYuX46/V9UPiuefZHJ4hJGlGhCcdKtR2UaDfDUjPC6SjfSRVNMOnjLm0bKnBElZtNDhjBE6MEMIylKaHhRP09keFIqWHkm84I656a98bif1471eGFmzGRpJoKMv0oTDnUMRynAQMmKdF8aAgmkpldIelhiYk2meVNCM78yYukcVZ2UNm5cYqVKzBFDhyCI1ACDjgHFVAFNVAHBIzAPXgET9ad9WA9Wy/T1iVrNrMP/sB6+wHdC5hr</latexit><latexit sha1_base64="z3JQX5ssRTn+cWqwxq/Jc6buYLA=">AAACAHicbVC7SgNBFL3rM8bXqoWFzWAQYhNmbbQRgjYpI5gHJMsyOzubDJl9MDMbCEsaf8XGQhFbP8POv3GSbKGJBy6cOede5t7jp4IrjfG3tba+sbm1Xdop7+7tHxzaR8dtlWSSshZNRCK7PlFM8Ji1NNeCdVPJSOQL1vFH9zO/M2ZS8SR+1JOUuREZxDzklGgjefbp2Eur2sOX6BY1PIyC4unZFVzDc6BV4hSkAgWanv3VDxKaRSzWVBCleg5OtZsTqTkVbFruZ4qlhI7IgPUMjUnElJvPD5iiC6MEKEykqVijufp7IieRUpPIN50R0UO17M3E/7xepsMbN+dxmmkW08VHYSaQTtAsDRRwyagWE0MIldzsiuiQSEK1yaxsQnCWT14l7auag2vOg1Op3xVxlOAMzqEKDlxDHRrQhBZQmMIzvMKb9WS9WO/Wx6J1zSpmTuAPrM8fGgqUIg==</latexit>

Constante de Hubble
H0 ⌘

�
ȧ
a

�
t=t0

<latexit sha1_base64="uqZEbnSpv99qODBY0+dRdWokIT0="></latexit><latexit sha1_base64="Tc64X4EtoWZ85rMoZVG6RuBeRH4="></latexit><latexit sha1_base64="Tc64X4EtoWZ85rMoZVG6RuBeRH4="></latexit><latexit sha1_base64="LcqAhlXEkE7mqizJU5r1rFAUWk4=">AAACIXicbVDLSsNAFJ34rPEVdelmsAi6KYkbuxFEN11WsFpoQphMb9qhk4czN0IJ/RU3/oobF4p0J/6M05qFrwMDh3PumZl7olwKja77bi0sLi2vrNbW7PWNza1tZ2f3RmeF4tDhmcxUN2IapEihgwIldHMFLIkk3Eajy5l/ew9Kiyy9xnEOQcIGqYgFZ2ik0Gm2Qpf6cFeIe9uXECM9oqXfz7BkE+pnJkpnRInBEOlxaJdIzyiG7iR06m7DnYP+JV5F6qRCO3Sm5lpeJJAil0zrnufmGJRMoeASJrZfaMgZH7EB9AxNWQI6KOcbTuihUfo0zpQ5KdK5+j1RskTrcRKZyYThUP/2ZuJ/Xq/AuBmUIs0LhJR/PRQXkmJGZ3XRvlDAUY4NYVwJ81fKh0wxjqZU25Tg/V75L7k5aXhuw7vy6ucXVR01sk8OyBHxyCk5Jy3SJh3CyQN5Ii/k1Xq0nq03a/o1umBVmT3yA9bHJ0dVobM=</latexit>

H0 = 68± 2 km/s Mpc�1
<latexit sha1_base64="BOG9VVeftNn79wKYvfrMlMuLYKA=">AAACD3icbZC7SgNBFIbPxluMt6ilzZCgCGLcTaFphKBNGiGCuUA2htnJJBkys7vMzAphiU9g4xv4DDYWitja2vk2Ti6FJv4w8PGfczhzfi/kTGnb/rYSC4tLyyvJ1dTa+sbmVnp7p6qCSBJaIQEPZN3DinLm04pmmtN6KCkWHqc1r385qtfuqFQs8G/0IKRNgbs+6zCCtbFa6YNSy0bn6LSA3FCgPLpHsSsF6osTZfgqJMPb+NgZttJZO2ePhebBmUK2mHGPngCg3Ep/ue2ARIL6mnCsVMOxQ92MsdSMcDpMuZGiISZ93KUNgz4WVDXj8T1DtG+cNuoE0jxfo7H7eyLGQqmB8EynwLqnZmsj879aI9KdQjNmfhhp6pPJok7EkQ7QKBzUZpISzQcGMJHM/BWRHpaYaBNhyoTgzJ48D9V8zrFzzrWTLV7AREnYgwwcggNnUIQSlKECBB7gGV7hzXq0Xqx362PSmrCmM7vwR9bnD1gtmzc=</latexit><latexit sha1_base64="W3HOmY+uXAnkLijt6dkSajvJl9M=">AAACD3icbZDLSsNAFIYnXmu9RV26GVoUQaxJF9qNEHTTjVDBXqCJZTKdtkNnkjAzEUKoT+BG8EncuFDErVt3fRunl4W2/jDw8Z9zOHN+P2JUKssaGguLS8srq5m17PrG5ta2ubNbk2EsMKnikIWi4SNJGA1IVVHFSCMSBHGfkbrfvxrV6/dESBoGtyqJiMdRN6AdipHSVss8LLcseAHPStCNOCzCB5i6gsM+P5WaryM8uEtP7EHLzFsFayw4D/YU8k7OPX4eOkmlZX677RDHnAQKMyRl07Yi5aVIKIoZGWTdWJII4T7qkqbGAHEivXR8zwAeaKcNO6HQL1Bw7P6eSBGXMuG+7uRI9eRsbWT+V2vGqlPyUhpEsSIBnizqxAyqEI7CgW0qCFYs0YCwoPqvEPeQQFjpCLM6BHv25HmoFQu2VbBv7LxzCSbKgH2QA0fABufAAWVQAVWAwSN4AW/g3XgyXo0P43PSumBMZ/bAHxlfP2GXnL0=</latexit><latexit sha1_base64="W3HOmY+uXAnkLijt6dkSajvJl9M=">AAACD3icbZDLSsNAFIYnXmu9RV26GVoUQaxJF9qNEHTTjVDBXqCJZTKdtkNnkjAzEUKoT+BG8EncuFDErVt3fRunl4W2/jDw8Z9zOHN+P2JUKssaGguLS8srq5m17PrG5ta2ubNbk2EsMKnikIWi4SNJGA1IVVHFSCMSBHGfkbrfvxrV6/dESBoGtyqJiMdRN6AdipHSVss8LLcseAHPStCNOCzCB5i6gsM+P5WaryM8uEtP7EHLzFsFayw4D/YU8k7OPX4eOkmlZX677RDHnAQKMyRl07Yi5aVIKIoZGWTdWJII4T7qkqbGAHEivXR8zwAeaKcNO6HQL1Bw7P6eSBGXMuG+7uRI9eRsbWT+V2vGqlPyUhpEsSIBnizqxAyqEI7CgW0qCFYs0YCwoPqvEPeQQFjpCLM6BHv25HmoFQu2VbBv7LxzCSbKgH2QA0fABufAAWVQAVWAwSN4AW/g3XgyXo0P43PSumBMZ/bAHxlfP2GXnL0=</latexit><latexit sha1_base64="tv6u7de7T9VSMC0/2gvnXgq/iAs=">AAACD3icbZC7TsMwFIadcivlFmBksahALJSkA3RBqmDpglQkepGaEDmu01q1k8h2kKooPAELr8LCAEKsrGy8DW6bAQq/ZOnTf87R8fn9mFGpLOvLKCwsLi2vFFdLa+sbm1vm9k5bRonApIUjFomujyRhNCQtRRUj3VgQxH1GOv7oclLv3BEhaRTeqHFMXI4GIQ0oRkpbnnnY8Cx4Dk9r0Ik5rMJ7mDqCwxE/kZqvYpzdpsd25pllq2JNBf+CnUMZ5Gp65qfTj3DCSagwQ1L2bCtWboqEopiRrOQkksQIj9CA9DSGiBPpptN7MnignT4MIqFfqODU/TmRIi7lmPu6kyM1lPO1iflfrZeooOamNIwTRUI8WxQkDKoITsKBfSoIVmysAWFB9V8hHiKBsNIRlnQI9vzJf6FdrdhWxb62y/WLPI4i2AP74AjY4AzUQQM0QQtg8ACewAt4NR6NZ+PNeJ+1Fox8Zhf8kvHxDUWuma4=</latexit>

Introduction to Cosmology (Ryden, 2a. ed. 2017)

Diagrama de Hubble

http://www.j-giesen.de/astro/NaturalUnits/planck.html
http://www.j-giesen.de/astro/NaturalUnits/planck.html
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3.6 Distância Própria

Igualando a velocidade de recessão à velocidade da luz (c):

Notas: 

vp(t0) = H0dp(t0) = c
<latexit sha1_base64="n5BWfzN15/FIa8EL6zNuM7TPbBQ=">AAACBXicbVC7SgNBFL3rM8bXqqUWg1GITdi10UYI2qSMYB6QLMvs7GwyZPbBzGwgLGls/BUbC0XS6jfY+SH2Th6gJh64cOace5l7j5dwJpVlfRpLyyura+u5jfzm1vbOrrm3X5dxKgitkZjHoulhSTmLaE0xxWkzERSHHqcNr3cz9ht9KiSLozs1SKgT4k7EAkaw0pJrHvXdpKhc6wxdoYprIf/nSZBrFqySNQFaJPaMFMonX6N3AKi65kfbj0ka0kgRjqVs2VainAwLxQinw3w7lTTBpIc7tKVphEMqnWxyxRCdasVHQSx0RQpN1N8TGQ6lHISe7gyx6sp5byz+57VSFVw6GYuSVNGITD8KUo5UjMaRIJ8JShQfaIKJYHpXRLpYYKJ0cHkdgj1/8iKpn5dsq2Tf2oXyNUyRg0M4hiLYcAFlqEAVakDgHh7hGV6MB+PJeDVG09YlYzZzAH9gvH0DRVWYIw==</latexit><latexit sha1_base64="srw2XIgEOAj7G2ctTx3yCrgscWg=">AAACBXicbVC7SgNBFJ31GRMfq5ZaDEYhNmHWRhshaJMygnlAEpbZ2dlkyOzsMjMbCEsaG3/FxkKRtBb+gZ0forWTB6iJBy6cOede5t7jxZwpjdCHtbS8srq2ntnI5ja3tnfs3b2aihJJaJVEPJINDyvKmaBVzTSnjVhSHHqc1r3e9div96lULBK3ehDTdog7ggWMYG0k1z7su3FBu+gUXsKyi6D/8yTQtfOoiCaAi8SZkXzp+HP01s99VVz7veVHJAmp0IRjpZoOinU7xVIzwukw20oUjTHp4Q5tGipwSFU7nVwxhCdG8WEQSVNCw4n6eyLFoVKD0DOdIdZdNe+Nxf+8ZqKDi3bKRJxoKsj0oyDhUEdwHAn0maRE84EhmEhmdoWkiyUm2gSXNSE48ycvktpZ0UFF58bJl67AFBlwAI5AATjgHJRAGVRAFRBwBx7AE3i27q1H68UaTVuXrNnMPvgD6/UbPfWZnQ==</latexit><latexit sha1_base64="srw2XIgEOAj7G2ctTx3yCrgscWg=">AAACBXicbVC7SgNBFJ31GRMfq5ZaDEYhNmHWRhshaJMygnlAEpbZ2dlkyOzsMjMbCEsaG3/FxkKRtBb+gZ0forWTB6iJBy6cOede5t7jxZwpjdCHtbS8srq2ntnI5ja3tnfs3b2aihJJaJVEPJINDyvKmaBVzTSnjVhSHHqc1r3e9div96lULBK3ehDTdog7ggWMYG0k1z7su3FBu+gUXsKyi6D/8yTQtfOoiCaAi8SZkXzp+HP01s99VVz7veVHJAmp0IRjpZoOinU7xVIzwukw20oUjTHp4Q5tGipwSFU7nVwxhCdG8WEQSVNCw4n6eyLFoVKD0DOdIdZdNe+Nxf+8ZqKDi3bKRJxoKsj0oyDhUEdwHAn0maRE84EhmEhmdoWkiyUm2gSXNSE48ycvktpZ0UFF58bJl67AFBlwAI5AATjgHJRAGVRAFRBwBx7AE3i27q1H68UaTVuXrNnMPvgD6/UbPfWZnQ==</latexit><latexit sha1_base64="NoHTeFZ0qxiC3OknOCeYtyjqLJU=">AAACBXicbVDLSsNAFJ34rPUVdamLwSLUTUnc6EYouumygn1AG8JkMm2HTiZh5qZQQjdu/BU3LhRx6z+482+ctgG19cCFM+fcy9x7gkRwDY7zZa2srq1vbBa2its7u3v79sFhU8epoqxBYxGrdkA0E1yyBnAQrJ0oRqJAsFYwvJ36rRFTmsfyHsYJ8yLSl7zHKQEj+fbJyE/K4Dvn+BrXfAeHP0+KfbvkVJwZ8DJxc1JCOeq+/dkNY5pGTAIVROuO6yTgZUQBp4JNit1Us4TQIemzjqGSREx72eyKCT4zSoh7sTIlAc/U3xMZibQeR4HpjAgM9KI3Ff/zOin0rryMyyQFJun8o14qMMR4GgkOuWIUxNgQQhU3u2I6IIpQMMEVTQju4snLpHlRcZ2Ke+eWqjd5HAV0jE5RGbnoElVRDdVRA1H0gJ7QC3q1Hq1n6816n7euWPnMEfoD6+MbeuWVVA==</latexit>

dH(t0) ⌘ c
H0

<latexit sha1_base64="CyY7rdp3cR/q9Wiw1y3oXxV0QIg=">AAACDHicbVDLSgMxFL3js9ZX1aWbYBHqpmTc6LLopssK9gGdMmQymTY08zDJFMowH+DGb/AP3LhQpFs/wJ1/Y/pYaOuBwOGcc7m5x0sEVxrjb2ttfWNza7uwU9zd2z84LB0dt1ScSsqaNBax7HhEMcEj1tRcC9ZJJCOhJ1jbG95O/faIScXj6F6PE9YLST/iAadEG8ktlX03c2SI6nlFu/gCOewh5SOUUeTEZg7VXZybFK7iGdAqsRekXMP25BkAGm7py/FjmoYs0lQQpbo2TnQvI1JzKlhedFLFEkKHpM+6hkYkZKqXzY7J0blRfBTE0rxIo5n6eyIjoVLj0DPJkOiBWvam4n9eN9XBdS/jUZJqFtH5oiAVSMdo2gzyuWRUi7EhhEpu/orogEhCtemvaEqwl09eJa3Lqo2r9p1drt3AHAU4hTOogA1XUIM6NKAJFB7hBd7g3XqyXq0PazKPrlmLmRP4A+vzB0aznAY=</latexit><latexit sha1_base64="XZg1EJbhSWOmMRCaNN0ZGLKnzDI=">AAACDHicbVC7TsMwFHXKq5RXCyOLRYVUlsphgbGCpWOR6ENqoshx3NaqnQTbqVRF+QAWvoCVmYUBhLryAWxsfAruY4CWI1k6OudcXd/jx5wpjdCXlVtb39jcym8Xdnb39g+KpcOWihJJaJNEPJIdHyvKWUibmmlOO7GkWPictv3h9dRvj6hULApv9TimrsD9kPUYwdpIXrEceKkjBaxnFe2hM+jQu4SNYEqgE5k5WPdQZlKoimaAq8RekHIN2ZOn0uN3wyt+OkFEEkFDTThWqmujWLsplpoRTrOCkygaYzLEfdo1NMSCKjedHZPBU6MEsBdJ80INZ+rviRQLpcbCN0mB9UAte1PxP6+b6N6lm7IwTjQNyXxRL+FQR3DaDAyYpETzsSGYSGb+CskAS0y06a9gSrCXT14lrfOqjar2jV2uXYE58uAYnIAKsMEFqIE6aIAmIOAePINX8GY9WC/WuzWZR3PWYuYI/IH18QNfGJ2Y</latexit><latexit sha1_base64="XZg1EJbhSWOmMRCaNN0ZGLKnzDI=">AAACDHicbVC7TsMwFHXKq5RXCyOLRYVUlsphgbGCpWOR6ENqoshx3NaqnQTbqVRF+QAWvoCVmYUBhLryAWxsfAruY4CWI1k6OudcXd/jx5wpjdCXlVtb39jcym8Xdnb39g+KpcOWihJJaJNEPJIdHyvKWUibmmlOO7GkWPictv3h9dRvj6hULApv9TimrsD9kPUYwdpIXrEceKkjBaxnFe2hM+jQu4SNYEqgE5k5WPdQZlKoimaAq8RekHIN2ZOn0uN3wyt+OkFEEkFDTThWqmujWLsplpoRTrOCkygaYzLEfdo1NMSCKjedHZPBU6MEsBdJ80INZ+rviRQLpcbCN0mB9UAte1PxP6+b6N6lm7IwTjQNyXxRL+FQR3DaDAyYpETzsSGYSGb+CskAS0y06a9gSrCXT14lrfOqjar2jV2uXYE58uAYnIAKsMEFqIE6aIAmIOAePINX8GY9WC/WuzWZR3PWYuYI/IH18QNfGJ2Y</latexit><latexit sha1_base64="+bcCgFozIJpwtZD/SJFgr8bIgC0=">AAACDHicbVC7TsMwFHV4lvIqMLJYVEhlqRwWGCtYOhaJPqSmihzHaa3aTrCdSlWUD2DhV1gYQIiVD2Djb3DbDNByJEtH55yr63uChDNtEPp21tY3Nre2Szvl3b39g8PK0XFHx6kitE1iHqtegDXlTNK2YYbTXqIoFgGn3WB8O/O7E6o0i+W9mSZ0IPBQsogRbKzkV6qhn3lKwGZeMz66gB59SNkEZgR6sZ2DTR/lNoXqaA64StyCVEGBll/58sKYpIJKQzjWuu+ixAwyrAwjnOZlL9U0wWSMh7RvqcSC6kE2PyaH51YJYRQr+6SBc/X3RIaF1lMR2KTAZqSXvZn4n9dPTXQ9yJhMUkMlWSyKUg5NDGfNwJApSgyfWoKJYvavkIywwsTY/sq2BHf55FXSuay7qO7eudXGTVFHCZyCM1ADLrgCDdAELdAGBDyCZ/AK3pwn58V5dz4W0TWnmDkBf+B8/gCWh5oI</latexit>

Distância de Hubble

dH(t0) = 4380± 130 Mpc
<latexit sha1_base64="igBvoLyCjnpFA76paX4/MuVrSCk=">AAACFXicbVDLSgMxFL3js9ZX1aWbi0VQlJJRQTdC0U03goJVoVOGTJpqaDIzJBmhDPUj3Lj1M9y4UMSt4M6/MW1d+DoQOJxzLjf3RKkUxhLy4Y2Mjo1PTBamitMzs3PzpYXFM5NkmvE6S2SiLyJquBQxr1thJb9INacqkvw86hz2/fNrro1I4lPbTXlT0ctYtAWj1klhabMV5oFWWOvhmg3JOu5jcWd7jyAGqUJ/m+ANDgJHKeuFpTKpkAHwL/G/SLm6EmzcA8BxWHoPWgnLFI8tk9SYhk9S28yptoJJ3isGmeEpZR16yRuOxlRx08wHV/Vw1SktbCfavdjiQP0+kVNlTFdFLqmovTK/vb74n9fIbHuvmYs4zSyP2XBRO5NoE+xXhC2hObOy6whlWri/IruimjLriiy6EvzfJ/8lZ1sVn1T8E79cPYAhCrAMK7AGPuxCFWpwDHVgcAsP8ATP3p336L14r8PoiPc1swQ/4L19Av04nG8=</latexit><latexit sha1_base64="MDYVm4UIVhunK19GkjEivyIrX9c="></latexit><latexit sha1_base64="MDYVm4UIVhunK19GkjEivyIrX9c="></latexit><latexit sha1_base64="1pkqZK47O/dDmMf68TAACI3zFcE=">AAACFXicbVDLSgMxFM34rPVVdenmYhEqSMlYwW6EoptuhAr2AW0ZMmnahiYzQ5IRylA/wo2/4saFIm4Fd/6N6WOhrQcCh3PO5eYePxJcG4y/naXlldW19dRGenNre2c3s7df02GsKKvSUISq4RPNBA9Y1XAjWCNSjEhfsLo/uB779XumNA+DOzOMWFuSXsC7nBJjJS9z2vGSlpJQHkHOePgELiF9XihigFYkwS1geIBJ4CaiIy+TxXk8ASwSd0ayaIaKl/lqdUIaSxYYKojWTRdHpp0QZTgVbJRuxZpFhA5IjzUtDYhkup1MrhrBsVU60A2VfYGBifp7IiFS66H0bVIS09fz3lj8z2vGpltsJzyIYsMCOl3UjQWYEMYVQYcrRo0YWkKo4vavQPtEEWpskWlbgjt/8iKpneVdnHdv3WzpalZHCh2iI5RDLrpAJVRGFVRFFD2iZ/SK3pwn58V5dz6m0SVnNnOA/sD5/AHquZrm</latexit>

Galáxias mais distantes (de nós) do que esse valor recedem 
com velocidade maior do que a da luz.
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3.6 Distância Própria

Notas: 

Galáxias mais distantes (de nós) do que a distância de 
Hubble recedem com velocidade maior do que a da luz.

Este resultado não está em conflito com a 
relatividade geral: é permissível que dois 
pontos se afastem com velocidade maior do 
que a luz devido à expansão do espaço.

Na relatividade restrita, o espaço é estático e dois 
objetos massivos não podem atingir velocidade relativa 
(entre ambos) que seja maior do que a velocidade da luz.
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fóton emitido no 
tempo cósmico te.

fóton recebido no 
tempo cósmico t0.

3.6 Distância Própria

dp(t)
<latexit sha1_base64="RVHEdhxAI6Ovu71y/DF91xRGvNg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BItQLyURQY9FLx4r2A9oQ9lstu3azW7YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YSK4Qc/7dgpr6xubW8Xt0s7u3v5B+fCoZVSqKWtSJZTuhMQwwSVrIkfBOolmJA4Fa4fj25nffmLacCUfcJKwICZDyQecErRSK+onVTzvlytezZvDXSV+TiqQo9Evf/UiRdOYSaSCGNP1vQSDjGjkVLBpqZcalhA6JkPWtVSSmJkgm187dc+sErkDpW1JdOfq74mMxMZM4tB2xgRHZtmbif953RQH10HGZZIik3SxaJAKF5U7e92NuGYUxcQSQjW3t7p0RDShaAMq2RD85ZdXSeui5ns1//6yUr/J4yjCCZxCFXy4gjrcQQOaQOERnuEV3hzlvDjvzseiteDkM8fwB87nD+pyjq4=</latexit><latexit sha1_base64="RVHEdhxAI6Ovu71y/DF91xRGvNg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BItQLyURQY9FLx4r2A9oQ9lstu3azW7YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YSK4Qc/7dgpr6xubW8Xt0s7u3v5B+fCoZVSqKWtSJZTuhMQwwSVrIkfBOolmJA4Fa4fj25nffmLacCUfcJKwICZDyQecErRSK+onVTzvlytezZvDXSV+TiqQo9Evf/UiRdOYSaSCGNP1vQSDjGjkVLBpqZcalhA6JkPWtVSSmJkgm187dc+sErkDpW1JdOfq74mMxMZM4tB2xgRHZtmbif953RQH10HGZZIik3SxaJAKF5U7e92NuGYUxcQSQjW3t7p0RDShaAMq2RD85ZdXSeui5ns1//6yUr/J4yjCCZxCFXy4gjrcQQOaQOERnuEV3hzlvDjvzseiteDkM8fwB87nD+pyjq4=</latexit><latexit sha1_base64="RVHEdhxAI6Ovu71y/DF91xRGvNg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BItQLyURQY9FLx4r2A9oQ9lstu3azW7YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YSK4Qc/7dgpr6xubW8Xt0s7u3v5B+fCoZVSqKWtSJZTuhMQwwSVrIkfBOolmJA4Fa4fj25nffmLacCUfcJKwICZDyQecErRSK+onVTzvlytezZvDXSV+TiqQo9Evf/UiRdOYSaSCGNP1vQSDjGjkVLBpqZcalhA6JkPWtVSSmJkgm187dc+sErkDpW1JdOfq74mMxMZM4tB2xgRHZtmbif953RQH10HGZZIik3SxaJAKF5U7e92NuGYUxcQSQjW3t7p0RDShaAMq2RD85ZdXSeui5ns1//6yUr/J4yjCCZxCFXy4gjrcQQOaQOERnuEV3hzlvDjvzseiteDkM8fwB87nD+pyjq4=</latexit><latexit sha1_base64="RVHEdhxAI6Ovu71y/DF91xRGvNg=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BItQLyURQY9FLx4r2A9oQ9lstu3azW7YnQgl9D948aCIV/+PN/+N2zYHbX0w8Hhvhpl5YSK4Qc/7dgpr6xubW8Xt0s7u3v5B+fCoZVSqKWtSJZTuhMQwwSVrIkfBOolmJA4Fa4fj25nffmLacCUfcJKwICZDyQecErRSK+onVTzvlytezZvDXSV+TiqQo9Evf/UiRdOYSaSCGNP1vQSDjGjkVLBpqZcalhA6JkPWtVSSmJkgm187dc+sErkDpW1JdOfq74mMxMZM4tB2xgRHZtmbif953RQH10HGZZIik3SxaJAKF5U7e92NuGYUxcQSQjW3t7p0RDShaAMq2RD85ZdXSeui5ns1//6yUr/J4yjCCZxCFXy4gjrcQQOaQOERnuEV3hzlvDjvzseiteDkM8fwB87nD+pyjq4=</latexit>

Distância própria:
Uma galáxia observada hoje 
está a uma distância própria 
dada por:

dp(t0) = a(t0)r = r
<latexit sha1_base64="JH/a6Rtm5kJSWW/Ff4XgAzrh16c=">AAACAHicbZC7TsMwFIZPuJZyCzAwsFgUpLJUCQssSBUsjEWiF6mNIsdxWquOE9kOUlV14VVYGECIhYGJZ2DjQdhxmw7Q8kuWPv3nHB2fP0g5U9pxvqyFxaXlldXCWnF9Y3Nr297Zbagkk4TWScIT2QqwopwJWtdMc9pKJcVxwGkz6F+N6807KhVLxK0epNSLcVewiBGsjeXb+6GflrXvnKALhHOQBqVvl5yKMxGaB3cKperR99sHANR8+7MTJiSLqdCEY6XarpNqb4ilZoTTUbGTKZpi0sdd2jYocEyVN5wcMELHxglRlEjzhEYT9/fEEMdKDeLAdMZY99RsbWz+V2tnOjr3hkykmaaC5IuijCOdoHEaKGSSEs0HBjCRzPwVkR6WmGiTWdGE4M6ePA+N04rrVNwbt1S9hFwFOIBDKIMLZ1CFa6hBHQiM4AGe4Nm6tx6tF+s1b12wpjN78EfW+w9ZWJaX</latexit><latexit sha1_base64="I+NSVnktUuGRYi1dw+fYD27HdEk=">AAACAHicbZC7SgNBFIZn4y0mXlYtLGwGoxCbsGujjRC0sYxgLpAsy+zsJBkye2HmbCAsaXwVGwtFbCxsfQM7H0RrJ9kUmvjDwMd/zuHM+b1YcAWW9WnklpZXVtfy64XixubWtrmz21BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1xN6s0hk4pH4S2MYuYEpBfyLqcEtOWa+74bl8G1TvAFJhlIjdI1S1bFmgovgj2DUvXo6/V9WPyuueZHx49oErAQqCBKtW0rBiclEjgVbFzoJIrFhA5Ij7U1hiRgykmnB4zxsXZ83I2kfiHgqft7IiWBUqPA050Bgb6ar03M/2rtBLrnTsrDOAEW0mxRNxEYIjxJA/tcMgpipIFQyfVfMe0TSSjozAo6BHv+5EVonFZsq2Lf2KXqJcqURwfoEJWRjc5QFV2jGqojisboHj2iJ+POeDCejZesNWfMZvbQHxlvP1H4mBE=</latexit><latexit sha1_base64="I+NSVnktUuGRYi1dw+fYD27HdEk=">AAACAHicbZC7SgNBFIZn4y0mXlYtLGwGoxCbsGujjRC0sYxgLpAsy+zsJBkye2HmbCAsaXwVGwtFbCxsfQM7H0RrJ9kUmvjDwMd/zuHM+b1YcAWW9WnklpZXVtfy64XixubWtrmz21BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1xN6s0hk4pH4S2MYuYEpBfyLqcEtOWa+74bl8G1TvAFJhlIjdI1S1bFmgovgj2DUvXo6/V9WPyuueZHx49oErAQqCBKtW0rBiclEjgVbFzoJIrFhA5Ij7U1hiRgykmnB4zxsXZ83I2kfiHgqft7IiWBUqPA050Bgb6ar03M/2rtBLrnTsrDOAEW0mxRNxEYIjxJA/tcMgpipIFQyfVfMe0TSSjozAo6BHv+5EVonFZsq2Lf2KXqJcqURwfoEJWRjc5QFV2jGqojisboHj2iJ+POeDCejZesNWfMZvbQHxlvP1H4mBE=</latexit><latexit sha1_base64="kYRbUVYc/VMXBWuycyvcj3w4n5Y=">AAACAHicbZC7SgNBFIbPeo3xtmphYTMYhNiEXRtthKCNZQRzgWRZZmdnkyGzF2bOCiGk8VVsLBSx9THsfBsnyRaa+MPAx3/O4cz5g0wKjY7zba2srq1vbJa2yts7u3v79sFhS6e5YrzJUpmqTkA1lyLhTRQoeSdTnMaB5O1geDuttx+50iJNHnCUcS+m/UREglE0lm8fh35WRd85J9eEzkEZVL5dcWrOTGQZ3AIqUKjh21+9MGV5zBNkkmrddZ0MvTFVKJjkk3Iv1zyjbEj7vGswoTHX3nh2wIScGSckUarMS5DM3N8TYxprPYoD0xlTHOjF2tT8r9bNMbryxiLJcuQJmy+KckkwJdM0SCgUZyhHBihTwvyVsAFVlKHJrGxCcBdPXobWRc11au69W6nfFHGU4AROoQouXEId7qABTWAwgWd4hTfryXqx3q2PeeuKVcwcwR9Znz+O6JPI</latexit>

A distância própria até uma 
galáxia distante (considerada 
para um observador em t=t0) 
é igual à diferença entre as 
coordenadas radiais comóveis 
da galáxia (rgal = r) e do 
observador (robs = 0), onde 
tomamos a normalização:

a(t0) ⌘ 1
<latexit sha1_base64="pb7+r7whrUkaJ1W/7O9auUodbjY=">AAAB+HicbVBNSwMxEM36WetHVz16CRahXsquCHosevFYwX5AuyzZNNuGZrNrMinU0l/ixYMiXv0p3vw3pu0etPXBwOO9GWbmRZngGjzv21lb39jc2i7sFHf39g9K7uFRU6dGUdagqUhVOyKaCS5ZAzgI1s4UI0kkWCsa3s781ogpzVP5AOOMBQnpSx5zSsBKoVsiFQi9c9xlj4aPsB+6Za/qzYFXiZ+TMspRD92vbi+lJmESqCBad3wvg2BCFHAq2LTYNZplhA5Jn3UslSRhOpjMD5/iM6v0cJwqWxLwXP09MSGJ1uMksp0JgYFe9mbif17HQHwdTLjMDDBJF4tiIzCkeJYC7nHFKIixJYQqbm/FdEAUoWCzKtoQ/OWXV0nzoup7Vf/+sly7yeMooBN0iirIR1eohu5QHTUQRQY9o1f05jw5L86787FoXXPymWP0B87nD+LRke0=</latexit><latexit sha1_base64="pb7+r7whrUkaJ1W/7O9auUodbjY=">AAAB+HicbVBNSwMxEM36WetHVz16CRahXsquCHosevFYwX5AuyzZNNuGZrNrMinU0l/ixYMiXv0p3vw3pu0etPXBwOO9GWbmRZngGjzv21lb39jc2i7sFHf39g9K7uFRU6dGUdagqUhVOyKaCS5ZAzgI1s4UI0kkWCsa3s781ogpzVP5AOOMBQnpSx5zSsBKoVsiFQi9c9xlj4aPsB+6Za/qzYFXiZ+TMspRD92vbi+lJmESqCBad3wvg2BCFHAq2LTYNZplhA5Jn3UslSRhOpjMD5/iM6v0cJwqWxLwXP09MSGJ1uMksp0JgYFe9mbif17HQHwdTLjMDDBJF4tiIzCkeJYC7nHFKIixJYQqbm/FdEAUoWCzKtoQ/OWXV0nzoup7Vf/+sly7yeMooBN0iirIR1eohu5QHTUQRQY9o1f05jw5L86787FoXXPymWP0B87nD+LRke0=</latexit><latexit sha1_base64="pb7+r7whrUkaJ1W/7O9auUodbjY=">AAAB+HicbVBNSwMxEM36WetHVz16CRahXsquCHosevFYwX5AuyzZNNuGZrNrMinU0l/ixYMiXv0p3vw3pu0etPXBwOO9GWbmRZngGjzv21lb39jc2i7sFHf39g9K7uFRU6dGUdagqUhVOyKaCS5ZAzgI1s4UI0kkWCsa3s781ogpzVP5AOOMBQnpSx5zSsBKoVsiFQi9c9xlj4aPsB+6Za/qzYFXiZ+TMspRD92vbi+lJmESqCBad3wvg2BCFHAq2LTYNZplhA5Jn3UslSRhOpjMD5/iM6v0cJwqWxLwXP09MSGJ1uMksp0JgYFe9mbif17HQHwdTLjMDDBJF4tiIzCkeJYC7nHFKIixJYQqbm/FdEAUoWCzKtoQ/OWXV0nzoup7Vf/+sly7yeMooBN0iirIR1eohu5QHTUQRQY9o1f05jw5L86787FoXXPymWP0B87nD+LRke0=</latexit><latexit sha1_base64="pb7+r7whrUkaJ1W/7O9auUodbjY=">AAAB+HicbVBNSwMxEM36WetHVz16CRahXsquCHosevFYwX5AuyzZNNuGZrNrMinU0l/ixYMiXv0p3vw3pu0etPXBwOO9GWbmRZngGjzv21lb39jc2i7sFHf39g9K7uFRU6dGUdagqUhVOyKaCS5ZAzgI1s4UI0kkWCsa3s781ogpzVP5AOOMBQnpSx5zSsBKoVsiFQi9c9xlj4aPsB+6Za/qzYFXiZ+TMspRD92vbi+lJmESqCBad3wvg2BCFHAq2LTYNZplhA5Jn3UslSRhOpjMD5/iM6v0cJwqWxLwXP09MSGJ1uMksp0JgYFe9mbif17HQHwdTLjMDDBJF4tiIzCkeJYC7nHFKIixJYQqbm/FdEAUoWCzKtoQ/OWXV0nzoup7Vf/+sly7yeMooBN0iirIR1eohu5QHTUQRQY9o1f05jw5L86787FoXXPymWP0B87nD+LRke0=</latexit>
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3.6 Distância Própria

Nota: dp(t0) = a(t0)r = r
<latexit sha1_base64="JH/a6Rtm5kJSWW/Ff4XgAzrh16c=">AAACAHicbZC7TsMwFIZPuJZyCzAwsFgUpLJUCQssSBUsjEWiF6mNIsdxWquOE9kOUlV14VVYGECIhYGJZ2DjQdhxmw7Q8kuWPv3nHB2fP0g5U9pxvqyFxaXlldXCWnF9Y3Nr297Zbagkk4TWScIT2QqwopwJWtdMc9pKJcVxwGkz6F+N6807KhVLxK0epNSLcVewiBGsjeXb+6GflrXvnKALhHOQBqVvl5yKMxGaB3cKperR99sHANR8+7MTJiSLqdCEY6XarpNqb4ilZoTTUbGTKZpi0sdd2jYocEyVN5wcMELHxglRlEjzhEYT9/fEEMdKDeLAdMZY99RsbWz+V2tnOjr3hkykmaaC5IuijCOdoHEaKGSSEs0HBjCRzPwVkR6WmGiTWdGE4M6ePA+N04rrVNwbt1S9hFwFOIBDKIMLZ1CFa6hBHQiM4AGe4Nm6tx6tF+s1b12wpjN78EfW+w9ZWJaX</latexit><latexit sha1_base64="I+NSVnktUuGRYi1dw+fYD27HdEk=">AAACAHicbZC7SgNBFIZn4y0mXlYtLGwGoxCbsGujjRC0sYxgLpAsy+zsJBkye2HmbCAsaXwVGwtFbCxsfQM7H0RrJ9kUmvjDwMd/zuHM+b1YcAWW9WnklpZXVtfy64XixubWtrmz21BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1xN6s0hk4pH4S2MYuYEpBfyLqcEtOWa+74bl8G1TvAFJhlIjdI1S1bFmgovgj2DUvXo6/V9WPyuueZHx49oErAQqCBKtW0rBiclEjgVbFzoJIrFhA5Ij7U1hiRgykmnB4zxsXZ83I2kfiHgqft7IiWBUqPA050Bgb6ar03M/2rtBLrnTsrDOAEW0mxRNxEYIjxJA/tcMgpipIFQyfVfMe0TSSjozAo6BHv+5EVonFZsq2Lf2KXqJcqURwfoEJWRjc5QFV2jGqojisboHj2iJ+POeDCejZesNWfMZvbQHxlvP1H4mBE=</latexit><latexit sha1_base64="I+NSVnktUuGRYi1dw+fYD27HdEk=">AAACAHicbZC7SgNBFIZn4y0mXlYtLGwGoxCbsGujjRC0sYxgLpAsy+zsJBkye2HmbCAsaXwVGwtFbCxsfQM7H0RrJ9kUmvjDwMd/zuHM+b1YcAWW9WnklpZXVtfy64XixubWtrmz21BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1xN6s0hk4pH4S2MYuYEpBfyLqcEtOWa+74bl8G1TvAFJhlIjdI1S1bFmgovgj2DUvXo6/V9WPyuueZHx49oErAQqCBKtW0rBiclEjgVbFzoJIrFhA5Ij7U1hiRgykmnB4zxsXZ83I2kfiHgqft7IiWBUqPA050Bgb6ar03M/2rtBLrnTsrDOAEW0mxRNxEYIjxJA/tcMgpipIFQyfVfMe0TSSjozAo6BHv+5EVonFZsq2Lf2KXqJcqURwfoEJWRjc5QFV2jGqojisboHj2iJ+POeDCejZesNWfMZvbQHxlvP1H4mBE=</latexit><latexit sha1_base64="kYRbUVYc/VMXBWuycyvcj3w4n5Y=">AAACAHicbZC7SgNBFIbPeo3xtmphYTMYhNiEXRtthKCNZQRzgWRZZmdnkyGzF2bOCiGk8VVsLBSx9THsfBsnyRaa+MPAx3/O4cz5g0wKjY7zba2srq1vbJa2yts7u3v79sFhS6e5YrzJUpmqTkA1lyLhTRQoeSdTnMaB5O1geDuttx+50iJNHnCUcS+m/UREglE0lm8fh35WRd85J9eEzkEZVL5dcWrOTGQZ3AIqUKjh21+9MGV5zBNkkmrddZ0MvTFVKJjkk3Iv1zyjbEj7vGswoTHX3nh2wIScGSckUarMS5DM3N8TYxprPYoD0xlTHOjF2tT8r9bNMbryxiLJcuQJmy+KckkwJdM0SCgUZyhHBihTwvyVsAFVlKHJrGxCcBdPXobWRc11au69W6nfFHGU4AROoQouXEId7qABTWAwgWd4hTfryXqx3q2PeeuKVcwcwR9Znz+O6JPI</latexit>

A distância própria não é 
observável! 

(Não podemos medí-la...)
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3.6 Distância Própria

Nota: dp(t0) = a(t0)r = r
<latexit sha1_base64="JH/a6Rtm5kJSWW/Ff4XgAzrh16c=">AAACAHicbZC7TsMwFIZPuJZyCzAwsFgUpLJUCQssSBUsjEWiF6mNIsdxWquOE9kOUlV14VVYGECIhYGJZ2DjQdhxmw7Q8kuWPv3nHB2fP0g5U9pxvqyFxaXlldXCWnF9Y3Nr297Zbagkk4TWScIT2QqwopwJWtdMc9pKJcVxwGkz6F+N6807KhVLxK0epNSLcVewiBGsjeXb+6GflrXvnKALhHOQBqVvl5yKMxGaB3cKperR99sHANR8+7MTJiSLqdCEY6XarpNqb4ilZoTTUbGTKZpi0sdd2jYocEyVN5wcMELHxglRlEjzhEYT9/fEEMdKDeLAdMZY99RsbWz+V2tnOjr3hkykmaaC5IuijCOdoHEaKGSSEs0HBjCRzPwVkR6WmGiTWdGE4M6ePA+N04rrVNwbt1S9hFwFOIBDKIMLZ1CFa6hBHQiM4AGe4Nm6tx6tF+s1b12wpjN78EfW+w9ZWJaX</latexit><latexit sha1_base64="I+NSVnktUuGRYi1dw+fYD27HdEk=">AAACAHicbZC7SgNBFIZn4y0mXlYtLGwGoxCbsGujjRC0sYxgLpAsy+zsJBkye2HmbCAsaXwVGwtFbCxsfQM7H0RrJ9kUmvjDwMd/zuHM+b1YcAWW9WnklpZXVtfy64XixubWtrmz21BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1xN6s0hk4pH4S2MYuYEpBfyLqcEtOWa+74bl8G1TvAFJhlIjdI1S1bFmgovgj2DUvXo6/V9WPyuueZHx49oErAQqCBKtW0rBiclEjgVbFzoJIrFhA5Ij7U1hiRgykmnB4zxsXZ83I2kfiHgqft7IiWBUqPA050Bgb6ar03M/2rtBLrnTsrDOAEW0mxRNxEYIjxJA/tcMgpipIFQyfVfMe0TSSjozAo6BHv+5EVonFZsq2Lf2KXqJcqURwfoEJWRjc5QFV2jGqojisboHj2iJ+POeDCejZesNWfMZvbQHxlvP1H4mBE=</latexit><latexit sha1_base64="I+NSVnktUuGRYi1dw+fYD27HdEk=">AAACAHicbZC7SgNBFIZn4y0mXlYtLGwGoxCbsGujjRC0sYxgLpAsy+zsJBkye2HmbCAsaXwVGwtFbCxsfQM7H0RrJ9kUmvjDwMd/zuHM+b1YcAWW9WnklpZXVtfy64XixubWtrmz21BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1xN6s0hk4pH4S2MYuYEpBfyLqcEtOWa+74bl8G1TvAFJhlIjdI1S1bFmgovgj2DUvXo6/V9WPyuueZHx49oErAQqCBKtW0rBiclEjgVbFzoJIrFhA5Ij7U1hiRgykmnB4zxsXZ83I2kfiHgqft7IiWBUqPA050Bgb6ar03M/2rtBLrnTsrDOAEW0mxRNxEYIjxJA/tcMgpipIFQyfVfMe0TSSjozAo6BHv+5EVonFZsq2Lf2KXqJcqURwfoEJWRjc5QFV2jGqojisboHj2iJ+POeDCejZesNWfMZvbQHxlvP1H4mBE=</latexit><latexit sha1_base64="kYRbUVYc/VMXBWuycyvcj3w4n5Y=">AAACAHicbZC7SgNBFIbPeo3xtmphYTMYhNiEXRtthKCNZQRzgWRZZmdnkyGzF2bOCiGk8VVsLBSx9THsfBsnyRaa+MPAx3/O4cz5g0wKjY7zba2srq1vbJa2yts7u3v79sFhS6e5YrzJUpmqTkA1lyLhTRQoeSdTnMaB5O1geDuttx+50iJNHnCUcS+m/UREglE0lm8fh35WRd85J9eEzkEZVL5dcWrOTGQZ3AIqUKjh21+9MGV5zBNkkmrddZ0MvTFVKJjkk3Iv1zyjbEj7vGswoTHX3nh2wIScGSckUarMS5DM3N8TYxprPYoD0xlTHOjF2tT8r9bNMbryxiLJcuQJmy+KckkwJdM0SCgUZyhHBihTwvyVsAFVlKHJrGxCcBdPXobWRc11au69W6nfFHGU4AROoQouXEId7qABTWAwgWd4hTfryXqx3q2PeeuKVcwcwR9Znz+O6JPI</latexit>

A distância própria não é 
observável! 

(Não podemos medí-la...)

Distâncias “d” determinadas por velas-
padrão (estrelas variáveis Cefeidas).

Deslocamento Doppler 
não-relativístico para 
relacionar o redshift 
observado à velocidade 
de recessão.

Diagrama de Hubble

v = cz
<latexit sha1_base64="fqz2o477I8S/XO5rkfCzRomuE1E=">AAAB7XicbZDLSgMxFIbP1Fsdb1WXboJFcFVm3OimWHTjsoK9QDuUTJppYzPJkGQKdSj4CG5cKOLWR3HvzrcxvSy09YfAx/+fQ845YcKZNp737eRWVtfWN/Kb7tb2zu5eYf+grmWqCK0RyaVqhlhTzgStGWY4bSaK4jjktBEOrid5Y0iVZlLcmVFCgxj3BIsYwcZa9SEqI/LQKRS9kjcVWgZ/DsXLT7f8CADVTuGr3ZUkjakwhGOtW76XmCDDyjDC6dhtp5ommAxwj7YsChxTHWTTacfoxDpdFEllnzBo6v7uyHCs9SgObWWMTV8vZhPzv6yVmugiyJhIUkMFmX0UpRwZiSaroy5TlBg+soCJYnZWRPpYYWLsgVx7BH9x5WWon5V8r+Tf+sXKFcyUhyM4hlPw4RwqcANVqAGBe3iCF3h1pPPsvDnvs9KcM+85hD9yPn4AGs2QUA==</latexit><latexit sha1_base64="45b3Lv9wKvtoRC5rYO/2nzlBYoQ=">AAAB7XicbZC7SgNBFIbPeo3rLWppMxgEq7Bro00waGMZwVwgWcLsZDYZMzuzzMwG4pJ3sLFQxMbCR7G3Ed/GyaXQxB8GPv7/HOacEyacaeN5387S8srq2npuw93c2t7Zze/t17RMFaFVIrlUjRBrypmgVcMMp41EURyHnNbD/tU4rw+o0kyKWzNMaBDjrmARI9hYqzZAJUTu2/mCV/QmQovgz6Bw8eGWkrcvt9LOf7Y6kqQxFYZwrHXT9xITZFgZRjgdua1U0wSTPu7SpkWBY6qDbDLtCB1bp4MiqewTBk3c3x0ZjrUexqGtjLHp6flsbP6XNVMTnQcZE0lqqCDTj6KUIyPReHXUYYoSw4cWMFHMzopIDytMjD2Qa4/gz6+8CLXTou8V/Ru/UL6EqXJwCEdwAj6cQRmuoQJVIHAHD/AEz450Hp0X53VauuTMeg7gj5z3HwxckcQ=</latexit><latexit sha1_base64="45b3Lv9wKvtoRC5rYO/2nzlBYoQ=">AAAB7XicbZC7SgNBFIbPeo3rLWppMxgEq7Bro00waGMZwVwgWcLsZDYZMzuzzMwG4pJ3sLFQxMbCR7G3Ed/GyaXQxB8GPv7/HOacEyacaeN5387S8srq2npuw93c2t7Zze/t17RMFaFVIrlUjRBrypmgVcMMp41EURyHnNbD/tU4rw+o0kyKWzNMaBDjrmARI9hYqzZAJUTu2/mCV/QmQovgz6Bw8eGWkrcvt9LOf7Y6kqQxFYZwrHXT9xITZFgZRjgdua1U0wSTPu7SpkWBY6qDbDLtCB1bp4MiqewTBk3c3x0ZjrUexqGtjLHp6flsbP6XNVMTnQcZE0lqqCDTj6KUIyPReHXUYYoSw4cWMFHMzopIDytMjD2Qa4/gz6+8CLXTou8V/Ru/UL6EqXJwCEdwAj6cQRmuoQJVIHAHD/AEz450Hp0X53VauuTMeg7gj5z3HwxckcQ=</latexit><latexit sha1_base64="IUYtHo0/aU50CTGNMv/6ZRpFAJY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9l40YtQ9OKxgv2AdinZNNvGZpMlyRbq0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmhYngxvr+t1dYW9/Y3Cpul3Z29/YPyodHTaNSTVmDKqF0OySGCS5Zw3IrWDvRjMShYK1wdDvzW2OmDVfywU4SFsRkIHnEKbFOao7RNaJPvXLFr/pzoFWCc1KBHPVe+avbVzSNmbRUEGM62E9skBFtORVsWuqmhiWEjsiAdRyVJGYmyObXTtGZU/ooUtqVtGiu/p7ISGzMJA5dZ0zs0Cx7M/E/r5Pa6CrIuExSyyRdLIpSgaxCs9dRn2tGrZg4Qqjm7lZEh0QTal1AJRcCXn55lTQvqtiv4ntcqd3kcRThBE7hHDBcQg3uoA4NoPAIz/AKb57yXrx372PRWvDymWP4A+/zB6uGjoM=</latexit>

v = H0d
<latexit sha1_base64="cUvyFduQG+OM/8h3MotnItNbAn8=">AAAB8HicbZDLSgMxFIbP1Futt6rgxk2wCK7KjBvdCEU3XbZgL9IONZPJtKFJZkgyhTL0Kdy4UMStj+POjc9iello6w+Bj/8/h5xzgoQzbVz3y8mtrW9sbuW3Czu7e/sHxcOjpo5TRWiDxDxW7QBrypmkDcMMp+1EUSwCTlvB8G6at0ZUaRbLezNOqC9wX7KIEWys9TBCN6jac1HYK5bcsjsTWgVvAaXKSf37EQBqveJnN4xJKqg0hGOtO56bGD/DyjDC6aTQTTVNMBniPu1YlFhQ7WezgSfo3DohimJlnzRo5v7uyLDQeiwCWymwGejlbGr+l3VSE137GZNJaqgk84+ilCMTo+n2KGSKEsPHFjBRzM6KyAArTIy9UcEewVteeRWal2XPLXt1r1S5hbnycApncAEeXEEFqlCDBhAQ8AQv8Ooo59l5c97npTln0XMMf+R8/ABtN5EE</latexit><latexit sha1_base64="Rm24dlQeMtw+B4Of82CAV6FdRw8=">AAAB8HicbZDLSgMxFIbP1Futt6rgxk2wCK7KjBvdCKVuumzBXqQdSiaTtqFJZkgyhTL0Kdy4UMSt4Fv4BO7c+Cyml4W2/hD4+P9zyDkniDnTxnW/nMza+sbmVnY7t7O7t3+QPzxq6ChRhNZJxCPVCrCmnElaN8xw2ooVxSLgtBkMb6d5c0SVZpG8M+OY+gL3Jesxgo217kfoBlW6Lgq7+YJbdGdCq+AtoFA6qX2z9/JHtZv/7IQRSQSVhnCsddtzY+OnWBlGOJ3kOommMSZD3KdtixILqv10NvAEnVsnRL1I2ScNmrm/O1IstB6LwFYKbAZ6OZua/2XtxPSu/ZTJODFUkvlHvYQjE6Hp9ihkihLDxxYwUczOisgAK0yMvVHOHsFbXnkVGpdFzy16Na9QKsNcWTiFM7gAD66gBBWoQh0ICHiAJ3h2lPPovDiv89KMs+g5hj9y3n4AvniSwA==</latexit><latexit sha1_base64="Rm24dlQeMtw+B4Of82CAV6FdRw8=">AAAB8HicbZDLSgMxFIbP1Futt6rgxk2wCK7KjBvdCKVuumzBXqQdSiaTtqFJZkgyhTL0Kdy4UMSt4Fv4BO7c+Cyml4W2/hD4+P9zyDkniDnTxnW/nMza+sbmVnY7t7O7t3+QPzxq6ChRhNZJxCPVCrCmnElaN8xw2ooVxSLgtBkMb6d5c0SVZpG8M+OY+gL3Jesxgo217kfoBlW6Lgq7+YJbdGdCq+AtoFA6qX2z9/JHtZv/7IQRSQSVhnCsddtzY+OnWBlGOJ3kOommMSZD3KdtixILqv10NvAEnVsnRL1I2ScNmrm/O1IstB6LwFYKbAZ6OZua/2XtxPSu/ZTJODFUkvlHvYQjE6Hp9ihkihLDxxYwUczOisgAK0yMvVHOHsFbXnkVGpdFzy16Na9QKsNcWTiFM7gAD66gBBWoQh0ICHiAJ3h2lPPovDiv89KMs+g5hj9y3n4AvniSwA==</latexit><latexit sha1_base64="IX8AlY+2qZKgySry8NaV99/9vOE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0m86EUoeumxgv2QNpTNZtMu3d2E3U2hhP4KLx4U8erP8ea/cdPmoK0PBh7vzTAzL0g408Z1v53SxubW9k55t7K3f3B4VD0+6eg4VYS2Scxj1QuwppxJ2jbMcNpLFMUi4LQbTO5zvzulSrNYPppZQn2BR5JFjGBjpacpukXNoYvCYbXm1t0F0DrxClKDAq1h9WsQxiQVVBrCsdZ9z02Mn2FlGOF0XhmkmiaYTPCI9i2VWFDtZ4uD5+jCKiGKYmVLGrRQf09kWGg9E4HtFNiM9aqXi/95/dREN37GZJIaKslyUZRyZGKUf49CpigxfGYJJorZWxEZY4WJsRlVbAje6svrpHNV99y69+DVGndFHGU4g3O4BA+uoQFNaEEbCAh4hld4c5Tz4rw7H8vWklPMnMIfOJ8/3pCPHw==</latexit>

z = (H0/c)d
<latexit sha1_base64="fMv9Zef36HKhFD/mpW4gg4LD0l0=">AAAB9HicbVDLSgNBEOyNrxhfUY9ehgQhIsRdL3oRgl5yjGAekCxhdnY2GTI7u5mZDcQl3+HFQ0S8+jHe/Bsnj4MmFjQUVd10d3kxZ0rb9reV2djc2t7J7ub29g8Oj/LHJw0VJZLQOol4JFseVpQzQeuaaU5bsaQ49DhteoOHmd8cUalYJJ70OKZuiHuCBYxgbST3Gd2hUrVrX5EL5HfzRbtsz4HWibMkxUqhczkFgFo3/9XxI5KEVGjCsVJtx461m2KpGeF0kuskisaYDHCPtg0VOKTKTedHT9C5UXwURNKU0Giu/p5IcajUOPRMZ4h1X616M/E/r53o4NZNmYgTTQVZLAoSjnSEZgkgn0lKNB8bgolk5lZE+lhiok1OOROCs/ryOmlclx277Dw6xco9LJCFMyhACRy4gQpUoQZ1IDCEF5jCmzWyXq1362PRmrGWM6fwB9bnD+0dkbc=</latexit><latexit sha1_base64="Dm61z30/CwXvIuUBsSjOUIF1kQ4=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGICHHGi16EQS85RjALJEPo6elJmvQsdvcExiF/IXjxoIhXP8Zb/sbOctDEBwWP96qoqufGnEllmhMjt7a+sbmV3y7s7O7tHxQPj5oySgShDRLxSLRdLClnIW0opjhtx4LiwOW05Q7vpn5rRIVkUfig0pg6Ae6HzGcEKy05T+gGVWo984KcIa9XLJtVcwa0SqwFKdul7vnzxE7rveJ314tIEtBQEY6l7FhmrJwMC8UIp+NCN5E0xmSI+7SjaYgDKp1sdvQYnWrFQ34kdIUKzdTfExkOpEwDV3cGWA3ksjcV//M6ifKvnYyFcaJoSOaL/IQjFaFpAshjghLFU00wEUzfisgAC0yUzqmgQ7CWX14lzcuqZVate6ts38IceTiBElTAgiuwoQZ1aACBR3iBN3g3Rsar8WF8zltzxmLmGP7A+PoB9oeTPQ==</latexit><latexit sha1_base64="Dm61z30/CwXvIuUBsSjOUIF1kQ4=">AAAB9HicbVDJSgNBEK2JW4xb1KOXJkGICHHGi16EQS85RjALJEPo6elJmvQsdvcExiF/IXjxoIhXP8Zb/sbOctDEBwWP96qoqufGnEllmhMjt7a+sbmV3y7s7O7tHxQPj5oySgShDRLxSLRdLClnIW0opjhtx4LiwOW05Q7vpn5rRIVkUfig0pg6Ae6HzGcEKy05T+gGVWo984KcIa9XLJtVcwa0SqwFKdul7vnzxE7rveJ314tIEtBQEY6l7FhmrJwMC8UIp+NCN5E0xmSI+7SjaYgDKp1sdvQYnWrFQ34kdIUKzdTfExkOpEwDV3cGWA3ksjcV//M6ifKvnYyFcaJoSOaL/IQjFaFpAshjghLFU00wEUzfisgAC0yUzqmgQ7CWX14lzcuqZVate6ts38IceTiBElTAgiuwoQZ1aACBR3iBN3g3Rsar8WF8zltzxmLmGP7A+PoB9oeTPQ==</latexit><latexit sha1_base64="TwcBCWLEYpYUgE8OGTwiWaXbA5A=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahXmriRS9C0UuPFewHtKFsNpt26WYTdzeFGvo7vHhQxKs/xpv/xk2bg7Y+GHi8N8PMPC/mTGnb/rYKa+sbm1vF7dLO7t7+QfnwqK2iRBLaIhGPZNfDinImaEszzWk3lhSHHqcdb3yX+Z0JlYpF4kFPY+qGeChYwAjWRnKf0A2qNgb2BTlH/qBcsWv2HGiVODmpQI7moPzV9yOShFRowrFSPceOtZtiqRnhdFbqJ4rGmIzxkPYMFTikyk3nR8/QmVF8FETSlNBorv6eSHGo1DT0TGeI9Ugte5n4n9dLdHDtpkzEiaaCLBYFCUc6QlkCyGeSEs2nhmAimbkVkRGWmGiTU8mE4Cy/vEralzXHrjn3TqV+m8dRhBM4hSo4cAV1aEATWkDgEZ7hFd6sifVivVsfi9aClc8cwx9Ynz/anpAu</latexit>

ou

z ⌘ �
obs

��
em

�
em

<latexit sha1_base64="Y5hukD95rjCfix6mnisGbqObkmw="></latexit><latexit sha1_base64="6vQZ91fG8CaD7UTamUDjno9AGj4="></latexit><latexit sha1_base64="6vQZ91fG8CaD7UTamUDjno9AGj4="></latexit><latexit sha1_base64="eUju56MbmTjnbjvuteCmfPTG+6I=">AAACM3icbVDLSgMxFM3UVx1fVZdugkVwY5lxo8uiG3FVwT6gU0omvW1Dk8mYZAp1mH9y44+4EMSFIm79B9PHwrYeCBzOuSfJPWHMmTae9+bkVlbX1jfym+7W9s7uXmH/oKZloihUqeRSNUKigbMIqoYZDo1YAREhh3o4uB779SEozWR0b0YxtATpRazLKDFWahduH3EADwkbYjd1A26DHdJOAyWwDHWGz/CcBiLDbiDthe6i7mbtQtEreRPgZeLPSBHNUGkXXoKOpImAyFBOtG76XmxaKVGGUQ6ZGyQaYkIHpAdNSyMiQLfSyc4ZPrFKB3elsicyeKL+TaREaD0SoZ0UxPT1ojcW//OaieletlIWxYmBiE4f6iYcG4nHBeIOU0ANH1lCqGL2r5j2iSLU2JpdW4K/uPIyqZ2XfK/k3/nF8tWsjjw6QsfoFPnoApXRDaqgKqLoCb2iD/TpPDvvzpfzPR3NObPMIZqD8/ML0BWp0A==</latexit>
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3.6 Distância Própria

Nota: dp(t0) = a(t0)r = r
<latexit sha1_base64="JH/a6Rtm5kJSWW/Ff4XgAzrh16c=">AAACAHicbZC7TsMwFIZPuJZyCzAwsFgUpLJUCQssSBUsjEWiF6mNIsdxWquOE9kOUlV14VVYGECIhYGJZ2DjQdhxmw7Q8kuWPv3nHB2fP0g5U9pxvqyFxaXlldXCWnF9Y3Nr297Zbagkk4TWScIT2QqwopwJWtdMc9pKJcVxwGkz6F+N6807KhVLxK0epNSLcVewiBGsjeXb+6GflrXvnKALhHOQBqVvl5yKMxGaB3cKperR99sHANR8+7MTJiSLqdCEY6XarpNqb4ilZoTTUbGTKZpi0sdd2jYocEyVN5wcMELHxglRlEjzhEYT9/fEEMdKDeLAdMZY99RsbWz+V2tnOjr3hkykmaaC5IuijCOdoHEaKGSSEs0HBjCRzPwVkR6WmGiTWdGE4M6ePA+N04rrVNwbt1S9hFwFOIBDKIMLZ1CFa6hBHQiM4AGe4Nm6tx6tF+s1b12wpjN78EfW+w9ZWJaX</latexit><latexit sha1_base64="I+NSVnktUuGRYi1dw+fYD27HdEk=">AAACAHicbZC7SgNBFIZn4y0mXlYtLGwGoxCbsGujjRC0sYxgLpAsy+zsJBkye2HmbCAsaXwVGwtFbCxsfQM7H0RrJ9kUmvjDwMd/zuHM+b1YcAWW9WnklpZXVtfy64XixubWtrmz21BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1xN6s0hk4pH4S2MYuYEpBfyLqcEtOWa+74bl8G1TvAFJhlIjdI1S1bFmgovgj2DUvXo6/V9WPyuueZHx49oErAQqCBKtW0rBiclEjgVbFzoJIrFhA5Ij7U1hiRgykmnB4zxsXZ83I2kfiHgqft7IiWBUqPA050Bgb6ar03M/2rtBLrnTsrDOAEW0mxRNxEYIjxJA/tcMgpipIFQyfVfMe0TSSjozAo6BHv+5EVonFZsq2Lf2KXqJcqURwfoEJWRjc5QFV2jGqojisboHj2iJ+POeDCejZesNWfMZvbQHxlvP1H4mBE=</latexit><latexit sha1_base64="I+NSVnktUuGRYi1dw+fYD27HdEk=">AAACAHicbZC7SgNBFIZn4y0mXlYtLGwGoxCbsGujjRC0sYxgLpAsy+zsJBkye2HmbCAsaXwVGwtFbCxsfQM7H0RrJ9kUmvjDwMd/zuHM+b1YcAWW9WnklpZXVtfy64XixubWtrmz21BRIimr00hEsuURxQQPWR04CNaKJSOBJ1jTG1xN6s0hk4pH4S2MYuYEpBfyLqcEtOWa+74bl8G1TvAFJhlIjdI1S1bFmgovgj2DUvXo6/V9WPyuueZHx49oErAQqCBKtW0rBiclEjgVbFzoJIrFhA5Ij7U1hiRgykmnB4zxsXZ83I2kfiHgqft7IiWBUqPA050Bgb6ar03M/2rtBLrnTsrDOAEW0mxRNxEYIjxJA/tcMgpipIFQyfVfMe0TSSjozAo6BHv+5EVonFZsq2Lf2KXqJcqURwfoEJWRjc5QFV2jGqojisboHj2iJ+POeDCejZesNWfMZvbQHxlvP1H4mBE=</latexit><latexit sha1_base64="kYRbUVYc/VMXBWuycyvcj3w4n5Y=">AAACAHicbZC7SgNBFIbPeo3xtmphYTMYhNiEXRtthKCNZQRzgWRZZmdnkyGzF2bOCiGk8VVsLBSx9THsfBsnyRaa+MPAx3/O4cz5g0wKjY7zba2srq1vbJa2yts7u3v79sFhS6e5YrzJUpmqTkA1lyLhTRQoeSdTnMaB5O1geDuttx+50iJNHnCUcS+m/UREglE0lm8fh35WRd85J9eEzkEZVL5dcWrOTGQZ3AIqUKjh21+9MGV5zBNkkmrddZ0MvTFVKJjkk3Iv1zyjbEj7vGswoTHX3nh2wIScGSckUarMS5DM3N8TYxprPYoD0xlTHOjF2tT8r9bNMbryxiLJcuQJmy+KckkwJdM0SCgUZyhHBihTwvyVsAFVlKHJrGxCcBdPXobWRc11au69W6nfFHGU4AROoQouXEId7qABTWAwgWd4hTfryXqx3q2PeeuKVcwcwR9Znz+O6JPI</latexit>

A distância própria não é 
observável! 

(Não podemos medí-la...)

Porém, podemos medir o 
redshift da luz da  galáxia 
(emitida em t = te), recebida 
pelo observador (em t=t0).

z ⌘ �
obs

��
em

�
em

<latexit sha1_base64="Y5hukD95rjCfix6mnisGbqObkmw="></latexit><latexit sha1_base64="6vQZ91fG8CaD7UTamUDjno9AGj4="></latexit><latexit sha1_base64="6vQZ91fG8CaD7UTamUDjno9AGj4="></latexit><latexit sha1_base64="eUju56MbmTjnbjvuteCmfPTG+6I=">AAACM3icbVDLSgMxFM3UVx1fVZdugkVwY5lxo8uiG3FVwT6gU0omvW1Dk8mYZAp1mH9y44+4EMSFIm79B9PHwrYeCBzOuSfJPWHMmTae9+bkVlbX1jfym+7W9s7uXmH/oKZloihUqeRSNUKigbMIqoYZDo1YAREhh3o4uB779SEozWR0b0YxtATpRazLKDFWahduH3EADwkbYjd1A26DHdJOAyWwDHWGz/CcBiLDbiDthe6i7mbtQtEreRPgZeLPSBHNUGkXXoKOpImAyFBOtG76XmxaKVGGUQ6ZGyQaYkIHpAdNSyMiQLfSyc4ZPrFKB3elsicyeKL+TaREaD0SoZ0UxPT1ojcW//OaieletlIWxYmBiE4f6iYcG4nHBeIOU0ANH1lCqGL2r5j2iSLU2JpdW4K/uPIyqZ2XfK/k3/nF8tWsjjw6QsfoFPnoApXRDaqgKqLoCb2iD/TpPDvvzpfzPR3NObPMIZqD8/ML0BWp0A==</latexit>

O redshift não diz nada sobre a 
distância própria até a galáxia, porém 
informa qual era o fator de escala no 
tempo em que a luz foi emitida: a(te).

z ⌘ �
obs

��
em

�
em

<latexit sha1_base64="Y5hukD95rjCfix6mnisGbqObkmw="></latexit><latexit sha1_base64="6vQZ91fG8CaD7UTamUDjno9AGj4="></latexit><latexit sha1_base64="6vQZ91fG8CaD7UTamUDjno9AGj4="></latexit><latexit sha1_base64="eUju56MbmTjnbjvuteCmfPTG+6I=">AAACM3icbVDLSgMxFM3UVx1fVZdugkVwY5lxo8uiG3FVwT6gU0omvW1Dk8mYZAp1mH9y44+4EMSFIm79B9PHwrYeCBzOuSfJPWHMmTae9+bkVlbX1jfym+7W9s7uXmH/oKZloihUqeRSNUKigbMIqoYZDo1YAREhh3o4uB779SEozWR0b0YxtATpRazLKDFWahduH3EADwkbYjd1A26DHdJOAyWwDHWGz/CcBiLDbiDthe6i7mbtQtEreRPgZeLPSBHNUGkXXoKOpImAyFBOtG76XmxaKVGGUQ6ZGyQaYkIHpAdNSyMiQLfSyc4ZPrFKB3elsicyeKL+TaREaD0SoZ0UxPT1ojcW//OaieletlIWxYmBiE4f6iYcG4nHBeIOU0ANH1lCqGL2r5j2iSLU2JpdW4K/uPIyqZ2XfK/k3/nF8tWsjjw6QsfoFPnoApXRDaqgKqLoCb2iD/TpPDvvzpfzPR3NObPMIZqD8/ML0BWp0A==</latexit>

Observável:

) a(te)
<latexit sha1_base64="mr9OLzv/toZ9OXF0s5vzr50+0Gk=">AAAB+3icbVDJSgNBEK2JW4zbGI9eGoMQEcKMFz0GvXiMYhbIDKGn05M06VnorlFDyK+I4EERr/6IN//GznLQxAcFj/eqqKoXpFJodJxvK7eyura+kd8sbG3v7O7Z+8WGTjLFeJ0lMlGtgGouRczrKFDyVqo4jQLJm8HgauI377nSIonvcJhyP6K9WISCUTRSxy56t6LXR6pU8kBoGTv8pGOXnIozBVkm7pyUqkfe6TMA1Dr2l9dNWBbxGJmkWrddJ0V/RBUKJvm44GWap5QNaI+3DY1pxLU/mt4+JsdG6ZIwUaZiJFP198SIRloPo8B0RhT7etGbiP957QzDC38k4jRDHrPZojCTBBMyCYJ0heIM5dAQypQwtxLWp4oyNHEVTAju4svLpHFWcZ2Ke+OWqpcwQx4O4QjK4MI5VOEaalAHBo/wBK/wZo2tF+vd+pi15qz5zAH8gfX5A1qIlXQ=</latexit><latexit sha1_base64="6KDHPXPhdqxcjVYI3Axtpa+hk14=">AAAB+3icbVDLSsNAFJ3UV62vWJduhhahIpTEjS6DblxWsQ9oQphMJ+3QyYOZGzWU/oVrNy4UceuPuOvfOH0stPXAhcM593LvPUEquALLmhiFtfWNza3idmlnd2//wDwst1SSScqaNBGJ7AREMcFj1gQOgnVSyUgUCNYOhtdTv/3ApOJJfA95yryI9GMeckpAS75Zdu94fwBEyuQRkxr47NQ3q1bdmgGvEntBqk7FPXueOHnDN7/dXkKziMVABVGqa1speCMigVPBxiU3UywldEj6rKtpTCKmvNHs9jE+0UoPh4nUFQOeqb8nRiRSKo8C3RkRGKhlbyr+53UzCC+9EY/TDFhM54vCTGBI8DQI3OOSURC5JoRKrm/FdEAkoaDjKukQ7OWXV0nrvG5bdfvWrjpXaI4iOkYVVEM2ukAOukEN1EQUPaEX9IbejbHxanwYn/PWgrGYOUJ/YHz9AGPylvo=</latexit><latexit sha1_base64="6KDHPXPhdqxcjVYI3Axtpa+hk14=">AAAB+3icbVDLSsNAFJ3UV62vWJduhhahIpTEjS6DblxWsQ9oQphMJ+3QyYOZGzWU/oVrNy4UceuPuOvfOH0stPXAhcM593LvPUEquALLmhiFtfWNza3idmlnd2//wDwst1SSScqaNBGJ7AREMcFj1gQOgnVSyUgUCNYOhtdTv/3ApOJJfA95yryI9GMeckpAS75Zdu94fwBEyuQRkxr47NQ3q1bdmgGvEntBqk7FPXueOHnDN7/dXkKziMVABVGqa1speCMigVPBxiU3UywldEj6rKtpTCKmvNHs9jE+0UoPh4nUFQOeqb8nRiRSKo8C3RkRGKhlbyr+53UzCC+9EY/TDFhM54vCTGBI8DQI3OOSURC5JoRKrm/FdEAkoaDjKukQ7OWXV0nrvG5bdfvWrjpXaI4iOkYVVEM2ukAOukEN1EQUPaEX9IbejbHxanwYn/PWgrGYOUJ/YHz9AGPylvo=</latexit><latexit sha1_base64="A0rrfSCEQT8ARBQpnt3jw0CvE00=">AAAB+3icbVA9T8MwEHXKVylfoYwsFhVSWaqEBcYKFsaC6IfURpHjuq1Vx47sC1BF/SssDCDEyh9h49/gthmg5UknPb13p7t7USK4Ac/7dgpr6xubW8Xt0s7u3v6Be1huGZVqyppUCaU7ETFMcMmawEGwTqIZiSPB2tH4eua3H5g2XMl7mCQsiMlQ8gGnBKwUuuXeHR+OgGitHjGpQsjOQrfi1bw58Crxc1JBORqh+9XrK5rGTAIVxJiu7yUQZEQDp4JNS73UsITQMRmyrqWSxMwE2fz2KT61Sh8PlLYlAc/V3xMZiY2ZxJHtjAmMzLI3E//zuikMLoOMyyQFJuli0SAVGBSeBYH7XDMKYmIJoZrbWzEdEU0o2LhKNgR/+eVV0jqv+V7Nv/Ur9as8jiI6Rieoinx0geroBjVQE1H0hJ7RK3pzps6L8+58LFoLTj5zhP7A+fwBSAmT6w==</latexit>

fóton emitido no 
tempo cósmico te.

fóton recebido no 
tempo cósmico t0.
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3.6 Distância Própria

z ⌘ �
obs

��
em

�
em

<latexit sha1_base64="Y5hukD95rjCfix6mnisGbqObkmw="></latexit><latexit sha1_base64="6vQZ91fG8CaD7UTamUDjno9AGj4="></latexit><latexit sha1_base64="6vQZ91fG8CaD7UTamUDjno9AGj4="></latexit><latexit sha1_base64="eUju56MbmTjnbjvuteCmfPTG+6I=">AAACM3icbVDLSgMxFM3UVx1fVZdugkVwY5lxo8uiG3FVwT6gU0omvW1Dk8mYZAp1mH9y44+4EMSFIm79B9PHwrYeCBzOuSfJPWHMmTae9+bkVlbX1jfym+7W9s7uXmH/oKZloihUqeRSNUKigbMIqoYZDo1YAREhh3o4uB779SEozWR0b0YxtATpRazLKDFWahduH3EADwkbYjd1A26DHdJOAyWwDHWGz/CcBiLDbiDthe6i7mbtQtEreRPgZeLPSBHNUGkXXoKOpImAyFBOtG76XmxaKVGGUQ6ZGyQaYkIHpAdNSyMiQLfSyc4ZPrFKB3elsicyeKL+TaREaD0SoZ0UxPT1ojcW//OaieletlIWxYmBiE4f6iYcG4nHBeIOU0ANH1lCqGL2r5j2iSLU2JpdW4K/uPIyqZ2XfK/k3/nF8tWsjjw6QsfoFPnoApXRDaqgKqLoCb2iD/TpPDvvzpfzPR3NObPMIZqD8/ML0BWp0A==</latexit>

Conexão entre z e a(te):

A luz da galáxia distante se 
propagou ao longo de uma 
geodésica nula (ds = 0):

(✓,� = const)

<latexit sha1_base64="sBDpLmX2Q68hRoPO/zxZHBuAAPY=">AAACBnicbVA9SwNBEJ3zM8avqKUIS4IQUcKdjTZC0MYygvmAXAh7m02yuLd37M4J4Uhl48+wtbFQxNbfYOe/cfNRaOKDgcd7M8zMC2IpDLrut7OwuLS8sppZy65vbG5t53Z2ayZKNONVFslINwJquBSKV1Gg5I1YcxoGkteDu6uRX7/n2ohI3eIg5q2Q9pToCkbRSu3cQdHHPkdKTogf9wW5IKmvQ8IiZXB41M4V3JI7Bpkn3pQUynn/+AkAKu3cl9+JWBJyhUxSY5qeG2MrpRoFk3yY9RPDY8ruaI83LVU05KaVjt8YkkOrdEg30rYUkrH6eyKloTGDMLCdIcW+mfVG4n9eM8HueSsVKk6QKzZZ1E0kwYiMMiEdoTlDObCEMi3srYT1qaYMbXJZG4I3+/I8qZ2WPLfk3XiF8iVMkIF9yEMRPDiDMlxDBarA4AGe4RXenEfnxXl3PiatC850Zg/+wPn8ARefmRY=</latexit><latexit sha1_base64="4tQY1MP7b/jPjm1b4Y2wE9cgt40=">AAACBnicbVDLSsNAFJ3UV62vqEsRhhahopTEjW6EoBuXFewDmlAm02k7OJmEmRuhhK7c+AH+hBsXirj1G9z1b5w+Ftp64MLhnHu5954wEVyD44ys3NLyyupafr2wsbm1vWPv7tV1nCrKajQWsWqGRDPBJasBB8GaiWIkCgVrhPfXY7/xwJTmsbyDQcKCiPQk73JKwEht+7DsQ58BwafYT/ocX+LMVxGmsdQwPG7bJafiTIAXiTsjJa/onzyPvEG1bX/7nZimEZNABdG65ToJBBlRwKlgw4KfapYQek96rGWoJBHTQTZ5Y4iPjNLB3ViZkoAn6u+JjERaD6LQdEYE+nreG4v/ea0UuhdBxmWSApN0uqibCgwxHmeCO1wxCmJgCKGKm1sx7RNFKJjkCiYEd/7lRVI/q7hOxb11S94VmiKPDlARlZGLzpGHblAV1RBFj+gFvaF368l6tT6sz2lrzprN7KM/sL5+ACEJmpw=</latexit><latexit sha1_base64="4tQY1MP7b/jPjm1b4Y2wE9cgt40=">AAACBnicbVDLSsNAFJ3UV62vqEsRhhahopTEjW6EoBuXFewDmlAm02k7OJmEmRuhhK7c+AH+hBsXirj1G9z1b5w+Ftp64MLhnHu5954wEVyD44ys3NLyyupafr2wsbm1vWPv7tV1nCrKajQWsWqGRDPBJasBB8GaiWIkCgVrhPfXY7/xwJTmsbyDQcKCiPQk73JKwEht+7DsQ58BwafYT/ocX+LMVxGmsdQwPG7bJafiTIAXiTsjJa/onzyPvEG1bX/7nZimEZNABdG65ToJBBlRwKlgw4KfapYQek96rGWoJBHTQTZ5Y4iPjNLB3ViZkoAn6u+JjERaD6LQdEYE+nreG4v/ea0UuhdBxmWSApN0uqibCgwxHmeCO1wxCmJgCKGKm1sx7RNFKJjkCiYEd/7lRVI/q7hOxb11S94VmiKPDlARlZGLzpGHblAV1RBFj+gFvaF368l6tT6sz2lrzprN7KM/sL5+ACEJmpw=</latexit><latexit sha1_base64="AICMUZeFSVAuHKRWQ/FyddDyp8M=">AAACBnicbVBNS8NAEN34WetX1KMIi0WoICXxoheh6MVjBfsBTSib7aZZutmE3YlQQk9e/CtePCji1d/gzX/jts1BWx8MPN6bYWZekAquwXG+raXlldW19dJGeXNre2fX3ttv6SRTlDVpIhLVCYhmgkvWBA6CdVLFSBwI1g6GNxO//cCU5om8h1HK/JgMJA85JWCknn1U9SBiQPAZ9tKI4yuceyrGNJEaxqc9u+LUnCnwInELUkEFGj37y+snNIuZBCqI1l3XScHPiQJOBRuXvUyzlNAhGbCuoZLETPv59I0xPjFKH4eJMiUBT9XfEzmJtR7FgemMCUR63puI/3ndDMJLP+cyzYBJOlsUZgJDgieZ4D5XjIIYGUKo4uZWTCOiCAWTXNmE4M6/vEha5zXXqbl3bqV+XcRRQofoGFWRiy5QHd2iBmoiih7RM3pFb9aT9WK9Wx+z1iWrmDlAf2B9/gAFIJeN</latexit>

fóton emitido no 
tempo cósmico te.

fóton recebido no 
tempo cósmico t0.

z ⌘ �
obs

��
em

�
em

<latexit sha1_base64="Y5hukD95rjCfix6mnisGbqObkmw="></latexit><latexit sha1_base64="6vQZ91fG8CaD7UTamUDjno9AGj4="></latexit><latexit sha1_base64="6vQZ91fG8CaD7UTamUDjno9AGj4="></latexit><latexit sha1_base64="eUju56MbmTjnbjvuteCmfPTG+6I=">AAACM3icbVDLSgMxFM3UVx1fVZdugkVwY5lxo8uiG3FVwT6gU0omvW1Dk8mYZAp1mH9y44+4EMSFIm79B9PHwrYeCBzOuSfJPWHMmTae9+bkVlbX1jfym+7W9s7uXmH/oKZloihUqeRSNUKigbMIqoYZDo1YAREhh3o4uB779SEozWR0b0YxtATpRazLKDFWahduH3EADwkbYjd1A26DHdJOAyWwDHWGz/CcBiLDbiDthe6i7mbtQtEreRPgZeLPSBHNUGkXXoKOpImAyFBOtG76XmxaKVGGUQ6ZGyQaYkIHpAdNSyMiQLfSyc4ZPrFKB3elsicyeKL+TaREaD0SoZ0UxPT1ojcW//OaieletlIWxYmBiE4f6iYcG4nHBeIOU0ANH1lCqGL2r5j2iSLU2JpdW4K/uPIyqZ2XfK/k3/nF8tWsjjw6QsfoFPnoApXRDaqgKqLoCb2iD/TpPDvvzpfzPR3NObPMIZqD8/ML0BWp0A==</latexit>

Observável:

) a(te)
<latexit sha1_base64="mr9OLzv/toZ9OXF0s5vzr50+0Gk=">AAAB+3icbVDJSgNBEK2JW4zbGI9eGoMQEcKMFz0GvXiMYhbIDKGn05M06VnorlFDyK+I4EERr/6IN//GznLQxAcFj/eqqKoXpFJodJxvK7eyura+kd8sbG3v7O7Z+8WGTjLFeJ0lMlGtgGouRczrKFDyVqo4jQLJm8HgauI377nSIonvcJhyP6K9WISCUTRSxy56t6LXR6pU8kBoGTv8pGOXnIozBVkm7pyUqkfe6TMA1Dr2l9dNWBbxGJmkWrddJ0V/RBUKJvm44GWap5QNaI+3DY1pxLU/mt4+JsdG6ZIwUaZiJFP198SIRloPo8B0RhT7etGbiP957QzDC38k4jRDHrPZojCTBBMyCYJ0heIM5dAQypQwtxLWp4oyNHEVTAju4svLpHFWcZ2Ke+OWqpcwQx4O4QjK4MI5VOEaalAHBo/wBK/wZo2tF+vd+pi15qz5zAH8gfX5A1qIlXQ=</latexit><latexit sha1_base64="6KDHPXPhdqxcjVYI3Axtpa+hk14=">AAAB+3icbVDLSsNAFJ3UV62vWJduhhahIpTEjS6DblxWsQ9oQphMJ+3QyYOZGzWU/oVrNy4UceuPuOvfOH0stPXAhcM593LvPUEquALLmhiFtfWNza3idmlnd2//wDwst1SSScqaNBGJ7AREMcFj1gQOgnVSyUgUCNYOhtdTv/3ApOJJfA95yryI9GMeckpAS75Zdu94fwBEyuQRkxr47NQ3q1bdmgGvEntBqk7FPXueOHnDN7/dXkKziMVABVGqa1speCMigVPBxiU3UywldEj6rKtpTCKmvNHs9jE+0UoPh4nUFQOeqb8nRiRSKo8C3RkRGKhlbyr+53UzCC+9EY/TDFhM54vCTGBI8DQI3OOSURC5JoRKrm/FdEAkoaDjKukQ7OWXV0nrvG5bdfvWrjpXaI4iOkYVVEM2ukAOukEN1EQUPaEX9IbejbHxanwYn/PWgrGYOUJ/YHz9AGPylvo=</latexit><latexit sha1_base64="6KDHPXPhdqxcjVYI3Axtpa+hk14=">AAAB+3icbVDLSsNAFJ3UV62vWJduhhahIpTEjS6DblxWsQ9oQphMJ+3QyYOZGzWU/oVrNy4UceuPuOvfOH0stPXAhcM593LvPUEquALLmhiFtfWNza3idmlnd2//wDwst1SSScqaNBGJ7AREMcFj1gQOgnVSyUgUCNYOhtdTv/3ApOJJfA95yryI9GMeckpAS75Zdu94fwBEyuQRkxr47NQ3q1bdmgGvEntBqk7FPXueOHnDN7/dXkKziMVABVGqa1speCMigVPBxiU3UywldEj6rKtpTCKmvNHs9jE+0UoPh4nUFQOeqb8nRiRSKo8C3RkRGKhlbyr+53UzCC+9EY/TDFhM54vCTGBI8DQI3OOSURC5JoRKrm/FdEAkoaDjKukQ7OWXV0nrvG5bdfvWrjpXaI4iOkYVVEM2ukAOukEN1EQUPaEX9IbejbHxanwYn/PWgrGYOUJ/YHz9AGPylvo=</latexit><latexit sha1_base64="A0rrfSCEQT8ARBQpnt3jw0CvE00=">AAAB+3icbVA9T8MwEHXKVylfoYwsFhVSWaqEBcYKFsaC6IfURpHjuq1Vx47sC1BF/SssDCDEyh9h49/gthmg5UknPb13p7t7USK4Ac/7dgpr6xubW8Xt0s7u3v6Be1huGZVqyppUCaU7ETFMcMmawEGwTqIZiSPB2tH4eua3H5g2XMl7mCQsiMlQ8gGnBKwUuuXeHR+OgGitHjGpQsjOQrfi1bw58Crxc1JBORqh+9XrK5rGTAIVxJiu7yUQZEQDp4JNS73UsITQMRmyrqWSxMwE2fz2KT61Sh8PlLYlAc/V3xMZiY2ZxJHtjAmMzLI3E//zuikMLoOMyyQFJuli0SAVGBSeBYH7XDMKYmIJoZrbWzEdEU0o2LhKNgR/+eVV0jqv+V7Nv/Ur9as8jiI6Rieoinx0geroBjVQE1H0hJ7RK3pzps6L8+58LFoLTj5zhP7A+fwBSAmT6w==</latexit>

f(t) indep. t
{ {

c2dt2 = a(t)2dr2
<latexit sha1_base64="iSsG9ANg8RyRNWyjhDA92iPN944=">AAAB/3icbZDLSgMxFIYz9VbrbVRw4yZYhLopM0XQjVB047KCvUA7LZlM2oZmMkNyRihjF76KGxeKuPU13Pk2pu0stPVAwsf/n0NOfj8WXIPjfFu5ldW19Y38ZmFre2d3z94/aOgoUZTVaSQi1fKJZoJLVgcOgrVixUjoC9b0RzdTv/nAlOaRvIdxzLyQDCTvc0rASD37iHYrAXQr+AqTEpwZCJS5enbRKTuzwsvgZlBEWdV69lcniGgSMglUEK3brhODlxIFnAo2KXQSzWJCR2TA2gYlCZn20tn+E3xqlAD3I2WOBDxTf0+kJNR6HPqmMyQw1IveVPzPayfQv/RSLuMEmKTzh/qJwBDhaRg44IpREGMDhCpudsV0SBShYCIrmBDcxS8vQ6NSdp2ye3derF5nceTRMTpBJeSiC1RFt6iG6oiiR/SMXtGb9WS9WO/Wx7w1Z2Uzh+hPWZ8/XSuTuw==</latexit><latexit sha1_base64="iSsG9ANg8RyRNWyjhDA92iPN944=">AAAB/3icbZDLSgMxFIYz9VbrbVRw4yZYhLopM0XQjVB047KCvUA7LZlM2oZmMkNyRihjF76KGxeKuPU13Pk2pu0stPVAwsf/n0NOfj8WXIPjfFu5ldW19Y38ZmFre2d3z94/aOgoUZTVaSQi1fKJZoJLVgcOgrVixUjoC9b0RzdTv/nAlOaRvIdxzLyQDCTvc0rASD37iHYrAXQr+AqTEpwZCJS5enbRKTuzwsvgZlBEWdV69lcniGgSMglUEK3brhODlxIFnAo2KXQSzWJCR2TA2gYlCZn20tn+E3xqlAD3I2WOBDxTf0+kJNR6HPqmMyQw1IveVPzPayfQv/RSLuMEmKTzh/qJwBDhaRg44IpREGMDhCpudsV0SBShYCIrmBDcxS8vQ6NSdp2ye3derF5nceTRMTpBJeSiC1RFt6iG6oiiR/SMXtGb9WS9WO/Wx7w1Z2Uzh+hPWZ8/XSuTuw==</latexit><latexit sha1_base64="iSsG9ANg8RyRNWyjhDA92iPN944=">AAAB/3icbZDLSgMxFIYz9VbrbVRw4yZYhLopM0XQjVB047KCvUA7LZlM2oZmMkNyRihjF76KGxeKuPU13Pk2pu0stPVAwsf/n0NOfj8WXIPjfFu5ldW19Y38ZmFre2d3z94/aOgoUZTVaSQi1fKJZoJLVgcOgrVixUjoC9b0RzdTv/nAlOaRvIdxzLyQDCTvc0rASD37iHYrAXQr+AqTEpwZCJS5enbRKTuzwsvgZlBEWdV69lcniGgSMglUEK3brhODlxIFnAo2KXQSzWJCR2TA2gYlCZn20tn+E3xqlAD3I2WOBDxTf0+kJNR6HPqmMyQw1IveVPzPayfQv/RSLuMEmKTzh/qJwBDhaRg44IpREGMDhCpudsV0SBShYCIrmBDcxS8vQ6NSdp2ye3derF5nceTRMTpBJeSiC1RFt6iG6oiiR/SMXtGb9WS9WO/Wx7w1Z2Uzh+hPWZ8/XSuTuw==</latexit><latexit sha1_base64="iSsG9ANg8RyRNWyjhDA92iPN944=">AAAB/3icbZDLSgMxFIYz9VbrbVRw4yZYhLopM0XQjVB047KCvUA7LZlM2oZmMkNyRihjF76KGxeKuPU13Pk2pu0stPVAwsf/n0NOfj8WXIPjfFu5ldW19Y38ZmFre2d3z94/aOgoUZTVaSQi1fKJZoJLVgcOgrVixUjoC9b0RzdTv/nAlOaRvIdxzLyQDCTvc0rASD37iHYrAXQr+AqTEpwZCJS5enbRKTuzwsvgZlBEWdV69lcniGgSMglUEK3brhODlxIFnAo2KXQSzWJCR2TA2gYlCZn20tn+E3xqlAD3I2WOBDxTf0+kJNR6HPqmMyQw1IveVPzPayfQv/RSLuMEmKTzh/qJwBDhaRg44IpREGMDhCpudsV0SBShYCIrmBDcxS8vQ6NSdp2ye3derF5nceTRMTpBJeSiC1RFt6iG6oiiR/SMXtGb9WS9WO/Wx7w1Z2Uzh+hPWZ8/XSuTuw==</latexit>

Queremos obter a 
diferença entre os dois 
eventos no espaço-tempo.

c
dt

a(t)
= dr

<latexit sha1_base64="6Ab/p4hN3gew4wjFlIvueI5Zo/M=">AAAB/nicbVDLSgMxFM3UV62vqrhyEyxC3ZQZEXQjFN24rGAf0A4lk8m0oZlkSO4IZSj4K25cKOLW73Dn35i2s9DWA4HDOedyb06QCG7Adb+dwsrq2vpGcbO0tb2zu1feP2gZlWrKmlQJpTsBMUxwyZrAQbBOohmJA8Haweh26rcfmTZcyQcYJ8yPyUDyiFMCVuqXjyjOQugpm8GkCmcTfI1D3S9X3Jo7A14mXk4qKEejX/7qhYqmMZNABTGm67kJ+BnRwKlgk1IvNSwhdEQGrGupJDEzfjY7f4JPrRLiSGn7JOCZ+nsiI7Ex4ziwyZjA0Cx6U/E/r5tCdOVnXCYpMEnni6JUYFB42gUOuWYUxNgSQjW3t2I6JJpQsI2VbAne4peXSeu85rk17/6iUr/J6yiiY3SCqshDl6iO7lADNRFFGXpGr+jNeXJenHfnYx4tOPnMIfoD5/MHeQmUgQ==</latexit><latexit sha1_base64="6Ab/p4hN3gew4wjFlIvueI5Zo/M=">AAAB/nicbVDLSgMxFM3UV62vqrhyEyxC3ZQZEXQjFN24rGAf0A4lk8m0oZlkSO4IZSj4K25cKOLW73Dn35i2s9DWA4HDOedyb06QCG7Adb+dwsrq2vpGcbO0tb2zu1feP2gZlWrKmlQJpTsBMUxwyZrAQbBOohmJA8Haweh26rcfmTZcyQcYJ8yPyUDyiFMCVuqXjyjOQugpm8GkCmcTfI1D3S9X3Jo7A14mXk4qKEejX/7qhYqmMZNABTGm67kJ+BnRwKlgk1IvNSwhdEQGrGupJDEzfjY7f4JPrRLiSGn7JOCZ+nsiI7Ex4ziwyZjA0Cx6U/E/r5tCdOVnXCYpMEnni6JUYFB42gUOuWYUxNgSQjW3t2I6JJpQsI2VbAne4peXSeu85rk17/6iUr/J6yiiY3SCqshDl6iO7lADNRFFGXpGr+jNeXJenHfnYx4tOPnMIfoD5/MHeQmUgQ==</latexit><latexit sha1_base64="6Ab/p4hN3gew4wjFlIvueI5Zo/M=">AAAB/nicbVDLSgMxFM3UV62vqrhyEyxC3ZQZEXQjFN24rGAf0A4lk8m0oZlkSO4IZSj4K25cKOLW73Dn35i2s9DWA4HDOedyb06QCG7Adb+dwsrq2vpGcbO0tb2zu1feP2gZlWrKmlQJpTsBMUxwyZrAQbBOohmJA8Haweh26rcfmTZcyQcYJ8yPyUDyiFMCVuqXjyjOQugpm8GkCmcTfI1D3S9X3Jo7A14mXk4qKEejX/7qhYqmMZNABTGm67kJ+BnRwKlgk1IvNSwhdEQGrGupJDEzfjY7f4JPrRLiSGn7JOCZ+nsiI7Ex4ziwyZjA0Cx6U/E/r5tCdOVnXCYpMEnni6JUYFB42gUOuWYUxNgSQjW3t2I6JJpQsI2VbAne4peXSeu85rk17/6iUr/J6yiiY3SCqshDl6iO7lADNRFFGXpGr+jNeXJenHfnYx4tOPnMIfoD5/MHeQmUgQ==</latexit><latexit sha1_base64="6Ab/p4hN3gew4wjFlIvueI5Zo/M=">AAAB/nicbVDLSgMxFM3UV62vqrhyEyxC3ZQZEXQjFN24rGAf0A4lk8m0oZlkSO4IZSj4K25cKOLW73Dn35i2s9DWA4HDOedyb06QCG7Adb+dwsrq2vpGcbO0tb2zu1feP2gZlWrKmlQJpTsBMUxwyZrAQbBOohmJA8Haweh26rcfmTZcyQcYJ8yPyUDyiFMCVuqXjyjOQugpm8GkCmcTfI1D3S9X3Jo7A14mXk4qKEejX/7qhYqmMZNABTGm67kJ+BnRwKlgk1IvNSwhdEQGrGupJDEzfjY7f4JPrRLiSGn7JOCZ+nsiI7Ex4ziwyZjA0Cx6U/E/r5tCdOVnXCYpMEnni6JUYFB42gUOuWYUxNgSQjW3t2I6JJpQsI2VbAne4peXSeu85rk17/6iUr/J6yiiY3SCqshDl6iO7lADNRFFGXpGr+jNeXJenHfnYx4tOPnMIfoD5/MHeQmUgQ==</latexit>
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3.6 Distância Própria

z ⌘ �
obs

��
em

�
em

<latexit sha1_base64="Y5hukD95rjCfix6mnisGbqObkmw="></latexit><latexit sha1_base64="6vQZ91fG8CaD7UTamUDjno9AGj4="></latexit><latexit sha1_base64="6vQZ91fG8CaD7UTamUDjno9AGj4="></latexit><latexit sha1_base64="eUju56MbmTjnbjvuteCmfPTG+6I=">AAACM3icbVDLSgMxFM3UVx1fVZdugkVwY5lxo8uiG3FVwT6gU0omvW1Dk8mYZAp1mH9y44+4EMSFIm79B9PHwrYeCBzOuSfJPWHMmTae9+bkVlbX1jfym+7W9s7uXmH/oKZloihUqeRSNUKigbMIqoYZDo1YAREhh3o4uB779SEozWR0b0YxtATpRazLKDFWahduH3EADwkbYjd1A26DHdJOAyWwDHWGz/CcBiLDbiDthe6i7mbtQtEreRPgZeLPSBHNUGkXXoKOpImAyFBOtG76XmxaKVGGUQ6ZGyQaYkIHpAdNSyMiQLfSyc4ZPrFKB3elsicyeKL+TaREaD0SoZ0UxPT1ojcW//OaieletlIWxYmBiE4f6iYcG4nHBeIOU0ANH1lCqGL2r5j2iSLU2JpdW4K/uPIyqZ2XfK/k3/nF8tWsjjw6QsfoFPnoApXRDaqgKqLoCb2iD/TpPDvvzpfzPR3NObPMIZqD8/ML0BWp0A==</latexit>

Conexão entre z e a(te):

máximo da onda emitida 
no tempo cósmico te.

máximo da onda recebida 
no tempo cósmico t0.

t0
<latexit sha1_base64="xlSjx8x/GVCADW3B3T5DfKKATbE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9jkuagrQ8GHu/NMDMviAU31nW/ncra+sbmVnW7trO7t39QPzzqmijRDDssEpHuBdSg4Ao7lluBvVgjlYHAx2B6m/uPT6gNj9SDncXoSzpWPOSM2kIaurVhveE23QJklXglaUCJ9rD+NRhFLJGoLBPUmL7nxtZPqbacCZzXBonBmLIpHWM/o4pKNH5a3DonZ5kyImGks1KWFOrviZRKY2YyyDoltROz7OXif14/seG1n3IVJxYVWywKE0FsRPLHyYhrZFbMMkKZ5tmthE2opsxm8eQheMsvr5LuRdNzm979ZaN1U8ZRhRM4hXPw4ApacAdt6ACDCTzDK7w50nlx3p2PRWvFKWeO4Q+czx85J42v</latexit><latexit sha1_base64="xlSjx8x/GVCADW3B3T5DfKKATbE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9jkuagrQ8GHu/NMDMviAU31nW/ncra+sbmVnW7trO7t39QPzzqmijRDDssEpHuBdSg4Ao7lluBvVgjlYHAx2B6m/uPT6gNj9SDncXoSzpWPOSM2kIaurVhveE23QJklXglaUCJ9rD+NRhFLJGoLBPUmL7nxtZPqbacCZzXBonBmLIpHWM/o4pKNH5a3DonZ5kyImGks1KWFOrviZRKY2YyyDoltROz7OXif14/seG1n3IVJxYVWywKE0FsRPLHyYhrZFbMMkKZ5tmthE2opsxm8eQheMsvr5LuRdNzm979ZaN1U8ZRhRM4hXPw4ApacAdt6ACDCTzDK7w50nlx3p2PRWvFKWeO4Q+czx85J42v</latexit><latexit sha1_base64="xlSjx8x/GVCADW3B3T5DfKKATbE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9jkuagrQ8GHu/NMDMviAU31nW/ncra+sbmVnW7trO7t39QPzzqmijRDDssEpHuBdSg4Ao7lluBvVgjlYHAx2B6m/uPT6gNj9SDncXoSzpWPOSM2kIaurVhveE23QJklXglaUCJ9rD+NRhFLJGoLBPUmL7nxtZPqbacCZzXBonBmLIpHWM/o4pKNH5a3DonZ5kyImGks1KWFOrviZRKY2YyyDoltROz7OXif14/seG1n3IVJxYVWywKE0FsRPLHyYhrZFbMMkKZ5tmthE2opsxm8eQheMsvr5LuRdNzm979ZaN1U8ZRhRM4hXPw4ApacAdt6ACDCTzDK7w50nlx3p2PRWvFKWeO4Q+czx85J42v</latexit><latexit sha1_base64="xlSjx8x/GVCADW3B3T5DfKKATbE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9jkuagrQ8GHu/NMDMviAU31nW/ncra+sbmVnW7trO7t39QPzzqmijRDDssEpHuBdSg4Ao7lluBvVgjlYHAx2B6m/uPT6gNj9SDncXoSzpWPOSM2kIaurVhveE23QJklXglaUCJ9rD+NRhFLJGoLBPUmL7nxtZPqbacCZzXBonBmLIpHWM/o4pKNH5a3DonZ5kyImGks1KWFOrviZRKY2YyyDoltROz7OXif14/seG1n3IVJxYVWywKE0FsRPLHyYhrZFbMMkKZ5tmthE2opsxm8eQheMsvr5LuRdNzm979ZaN1U8ZRhRM4hXPw4ApacAdt6ACDCTzDK7w50nlx3p2PRWvFKWeO4Q+czx85J42v</latexit>

te
<latexit sha1_base64="diWuHn1Umpqm2zqMqZGLBdkDnxM=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GPRi8cKphbaUDbbTbt0swm7E6GU/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvyqQw6HnfTmVtfWNzq7rt7uzu7R/UDo/aJs014wFLZao7ETVcCsUDFCh5J9OcJpHkj9H4tvAfn7g2IlUPOMl4mNChErFgFK0UYJ+7br9W9xreHGSV+CWpQ4lWv/bVG6QsT7hCJqkxXd/LMJxSjYJJPnN7ueEZZWM65F1LFU24CafzY2fkzCoDEqfalkIyV39PTGlizCSJbGdCcWSWvUL8z+vmGF+HU6GyHLlii0VxLgmmpPicDITmDOXEEsq0sLcSNqKaMrT5FCH4yy+vkvZFw/ca/v1lvXlTxlGFEziFc/DhCppwBy0IgIGAZ3iFN0c5L86787ForTjlzDH8gfP5A78Ejfg=</latexit><latexit sha1_base64="diWuHn1Umpqm2zqMqZGLBdkDnxM=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GPRi8cKphbaUDbbTbt0swm7E6GU/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvyqQw6HnfTmVtfWNzq7rt7uzu7R/UDo/aJs014wFLZao7ETVcCsUDFCh5J9OcJpHkj9H4tvAfn7g2IlUPOMl4mNChErFgFK0UYJ+7br9W9xreHGSV+CWpQ4lWv/bVG6QsT7hCJqkxXd/LMJxSjYJJPnN7ueEZZWM65F1LFU24CafzY2fkzCoDEqfalkIyV39PTGlizCSJbGdCcWSWvUL8z+vmGF+HU6GyHLlii0VxLgmmpPicDITmDOXEEsq0sLcSNqKaMrT5FCH4yy+vkvZFw/ca/v1lvXlTxlGFEziFc/DhCppwBy0IgIGAZ3iFN0c5L86787ForTjlzDH8gfP5A78Ejfg=</latexit><latexit sha1_base64="diWuHn1Umpqm2zqMqZGLBdkDnxM=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GPRi8cKphbaUDbbTbt0swm7E6GU/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvyqQw6HnfTmVtfWNzq7rt7uzu7R/UDo/aJs014wFLZao7ETVcCsUDFCh5J9OcJpHkj9H4tvAfn7g2IlUPOMl4mNChErFgFK0UYJ+7br9W9xreHGSV+CWpQ4lWv/bVG6QsT7hCJqkxXd/LMJxSjYJJPnN7ueEZZWM65F1LFU24CafzY2fkzCoDEqfalkIyV39PTGlizCSJbGdCcWSWvUL8z+vmGF+HU6GyHLlii0VxLgmmpPicDITmDOXEEsq0sLcSNqKaMrT5FCH4yy+vkvZFw/ca/v1lvXlTxlGFEziFc/DhCppwBy0IgIGAZ3iFN0c5L86787ForTjlzDH8gfP5A78Ejfg=</latexit><latexit sha1_base64="diWuHn1Umpqm2zqMqZGLBdkDnxM=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GPRi8cKphbaUDbbTbt0swm7E6GU/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvyqQw6HnfTmVtfWNzq7rt7uzu7R/UDo/aJs014wFLZao7ETVcCsUDFCh5J9OcJpHkj9H4tvAfn7g2IlUPOMl4mNChErFgFK0UYJ+7br9W9xreHGSV+CWpQ4lWv/bVG6QsT7hCJqkxXd/LMJxSjYJJPnN7ueEZZWM65F1LFU24CafzY2fkzCoDEqfalkIyV39PTGlizCSJbGdCcWSWvUL8z+vmGF+HU6GyHLlii0VxLgmmpPicDITmDOXEEsq0sLcSNqKaMrT5FCH4yy+vkvZFw/ca/v1lvXlTxlGFEziFc/DhCppwBy0IgIGAZ3iFN0c5L86787ForTjlzDH8gfP5A78Ejfg=</latexit>

t0 + �0/c
<latexit sha1_base64="NlzLBdV+LsUiPN41ZOln7+DRme4=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEoU5E0GXRjcsK9gFtCJPJpB06mYSZiRBC/RU3LhRx64e482+ctFlo64GBwzn3cO+cIOVMaYS+rZXVtfWNzdqWvb2zu7fvHBx2VZJJQjsk4YnsB1hRzgTtaKY57aeS4jjgtBdMbku/90ilYol40HlKvRiPBIsYwdpIvlPXPoJncMhNJMQ+Oie27TsN1EQzwGXiVqQBKrR952sYJiSLqdCEY6UGLkq1V2CpGeF0ag8zRVNMJnhEB4YKHFPlFbPjp/DEKCGMEmme0HCm/k4UOFYqjwMzGWM9VoteKf7nDTIdXXsFE2mmqSDzRVHGoU5g2QQMmaRE89wQTCQzt0IyxhITbfoqS3AXv7xMuhdNFzXd+8tG66aqowaOwDE4BS64Ai1wB9qgAwjIwTN4BW/Wk/VivVsf89EVq8rUwR9Ynz+b15LJ</latexit><latexit sha1_base64="NlzLBdV+LsUiPN41ZOln7+DRme4=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEoU5E0GXRjcsK9gFtCJPJpB06mYSZiRBC/RU3LhRx64e482+ctFlo64GBwzn3cO+cIOVMaYS+rZXVtfWNzdqWvb2zu7fvHBx2VZJJQjsk4YnsB1hRzgTtaKY57aeS4jjgtBdMbku/90ilYol40HlKvRiPBIsYwdpIvlPXPoJncMhNJMQ+Oie27TsN1EQzwGXiVqQBKrR952sYJiSLqdCEY6UGLkq1V2CpGeF0ag8zRVNMJnhEB4YKHFPlFbPjp/DEKCGMEmme0HCm/k4UOFYqjwMzGWM9VoteKf7nDTIdXXsFE2mmqSDzRVHGoU5g2QQMmaRE89wQTCQzt0IyxhITbfoqS3AXv7xMuhdNFzXd+8tG66aqowaOwDE4BS64Ai1wB9qgAwjIwTN4BW/Wk/VivVsf89EVq8rUwR9Ynz+b15LJ</latexit><latexit sha1_base64="NlzLBdV+LsUiPN41ZOln7+DRme4=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEoU5E0GXRjcsK9gFtCJPJpB06mYSZiRBC/RU3LhRx64e482+ctFlo64GBwzn3cO+cIOVMaYS+rZXVtfWNzdqWvb2zu7fvHBx2VZJJQjsk4YnsB1hRzgTtaKY57aeS4jjgtBdMbku/90ilYol40HlKvRiPBIsYwdpIvlPXPoJncMhNJMQ+Oie27TsN1EQzwGXiVqQBKrR952sYJiSLqdCEY6UGLkq1V2CpGeF0ag8zRVNMJnhEB4YKHFPlFbPjp/DEKCGMEmme0HCm/k4UOFYqjwMzGWM9VoteKf7nDTIdXXsFE2mmqSDzRVHGoU5g2QQMmaRE89wQTCQzt0IyxhITbfoqS3AXv7xMuhdNFzXd+8tG66aqowaOwDE4BS64Ai1wB9qgAwjIwTN4BW/Wk/VivVsf89EVq8rUwR9Ynz+b15LJ</latexit><latexit sha1_base64="NlzLBdV+LsUiPN41ZOln7+DRme4=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEoU5E0GXRjcsK9gFtCJPJpB06mYSZiRBC/RU3LhRx64e482+ctFlo64GBwzn3cO+cIOVMaYS+rZXVtfWNzdqWvb2zu7fvHBx2VZJJQjsk4YnsB1hRzgTtaKY57aeS4jjgtBdMbku/90ilYol40HlKvRiPBIsYwdpIvlPXPoJncMhNJMQ+Oie27TsN1EQzwGXiVqQBKrR952sYJiSLqdCEY6UGLkq1V2CpGeF0ag8zRVNMJnhEB4YKHFPlFbPjp/DEKCGMEmme0HCm/k4UOFYqjwMzGWM9VoteKf7nDTIdXXsFE2mmqSDzRVHGoU5g2QQMmaRE89wQTCQzt0IyxhITbfoqS3AXv7xMuhdNFzXd+8tG66aqowaOwDE4BS64Ai1wB9qgAwjIwTN4BW/Wk/VivVsf89EVq8rUwR9Ynz+b15LJ</latexit>

te + �e/c
<latexit sha1_base64="j9Hu2lKyJY0F4jwrmUA4ZM9Sv5I=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEoSYi6LLoxmUF+4A2hMnkph06eTAzEUKov+LGhSJu/RB3/o2TNgttPTBwOOce7p3jp5xJZdvfxsrq2vrGZm3L3N7Z3du3Dg67MskEhQ5NeCL6PpHAWQwdxRSHfiqARD6Hnj+5Lf3eIwjJkvhB5Sm4ERnFLGSUKC15Vl15gM/wkOtIQDw4p6bpWQ27ac+Al4lTkQaq0Pasr2GQ0CyCWFFOpBw4dqrcggjFKIepOcwkpIROyAgGmsYkAukWs+On+EQrAQ4ToV+s8Ez9nShIJGUe+XoyImosF71S/M8bZCq8dgsWp5mCmM4XhRnHKsFlEzhgAqjiuSaECqZvxXRMBKFK91WW4Cx+eZl0L5qO3XTuLxutm6qOGjpCx+gUOegKtdAdaqMOoihHz+gVvRlPxovxbnzMR1eMKlNHf2B8/gBAspMz</latexit><latexit sha1_base64="j9Hu2lKyJY0F4jwrmUA4ZM9Sv5I=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEoSYi6LLoxmUF+4A2hMnkph06eTAzEUKov+LGhSJu/RB3/o2TNgttPTBwOOce7p3jp5xJZdvfxsrq2vrGZm3L3N7Z3du3Dg67MskEhQ5NeCL6PpHAWQwdxRSHfiqARD6Hnj+5Lf3eIwjJkvhB5Sm4ERnFLGSUKC15Vl15gM/wkOtIQDw4p6bpWQ27ac+Al4lTkQaq0Pasr2GQ0CyCWFFOpBw4dqrcggjFKIepOcwkpIROyAgGmsYkAukWs+On+EQrAQ4ToV+s8Ez9nShIJGUe+XoyImosF71S/M8bZCq8dgsWp5mCmM4XhRnHKsFlEzhgAqjiuSaECqZvxXRMBKFK91WW4Cx+eZl0L5qO3XTuLxutm6qOGjpCx+gUOegKtdAdaqMOoihHz+gVvRlPxovxbnzMR1eMKlNHf2B8/gBAspMz</latexit><latexit sha1_base64="j9Hu2lKyJY0F4jwrmUA4ZM9Sv5I=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEoSYi6LLoxmUF+4A2hMnkph06eTAzEUKov+LGhSJu/RB3/o2TNgttPTBwOOce7p3jp5xJZdvfxsrq2vrGZm3L3N7Z3du3Dg67MskEhQ5NeCL6PpHAWQwdxRSHfiqARD6Hnj+5Lf3eIwjJkvhB5Sm4ERnFLGSUKC15Vl15gM/wkOtIQDw4p6bpWQ27ac+Al4lTkQaq0Pasr2GQ0CyCWFFOpBw4dqrcggjFKIepOcwkpIROyAgGmsYkAukWs+On+EQrAQ4ToV+s8Ez9nShIJGUe+XoyImosF71S/M8bZCq8dgsWp5mCmM4XhRnHKsFlEzhgAqjiuSaECqZvxXRMBKFK91WW4Cx+eZl0L5qO3XTuLxutm6qOGjpCx+gUOegKtdAdaqMOoihHz+gVvRlPxovxbnzMR1eMKlNHf2B8/gBAspMz</latexit><latexit sha1_base64="j9Hu2lKyJY0F4jwrmUA4ZM9Sv5I=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEoSYi6LLoxmUF+4A2hMnkph06eTAzEUKov+LGhSJu/RB3/o2TNgttPTBwOOce7p3jp5xJZdvfxsrq2vrGZm3L3N7Z3du3Dg67MskEhQ5NeCL6PpHAWQwdxRSHfiqARD6Hnj+5Lf3eIwjJkvhB5Sm4ERnFLGSUKC15Vl15gM/wkOtIQDw4p6bpWQ27ac+Al4lTkQaq0Pasr2GQ0CyCWFFOpBw4dqrcggjFKIepOcwkpIROyAgGmsYkAukWs+On+EQrAQ4ToV+s8Ez9nShIJGUe+XoyImosF71S/M8bZCq8dgsWp5mCmM4XhRnHKsFlEzhgAqjiuSaECqZvxXRMBKFK91WW4Cx+eZl0L5qO3XTuLxutm6qOGjpCx+gUOegKtdAdaqMOoihHz+gVvRlPxovxbnzMR1eMKlNHf2B8/gBAspMz</latexit>

�0
<latexit sha1_base64="d90rFjyWHc2mOvW8AER0YtZfLsY=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMlk0g6dTMLMjVBK/8KNC0Xc+jfu/BsnbRbaemDgcM65zL0nSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj29zvPHFtRKIecJJyP6ZDJSLBKFrpsS9tNKQDtzKo1ty6OwdZJV5BalCgOah+9cOEZTFXyCQ1pue5KfpTqlEwyWeVfmZ4StmYDnnPUkVjbvzpfOMZObNKSKJE26eQzNXfE1MaGzOJA5uMKY7MspeL/3m9DKNrfypUmiFXbPFRlEmCCcnPJ6HQnKGcWEKZFnZXwkZUU4a2pLwEb/nkVdK+qHtu3bu/rDVuijrKcAKncA4eXEED7qAJLWCg4Ble4c0xzovz7nwsoiWnmDmGP3A+fwCcs5A0</latexit><latexit sha1_base64="d90rFjyWHc2mOvW8AER0YtZfLsY=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMlk0g6dTMLMjVBK/8KNC0Xc+jfu/BsnbRbaemDgcM65zL0nSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj29zvPHFtRKIecJJyP6ZDJSLBKFrpsS9tNKQDtzKo1ty6OwdZJV5BalCgOah+9cOEZTFXyCQ1pue5KfpTqlEwyWeVfmZ4StmYDnnPUkVjbvzpfOMZObNKSKJE26eQzNXfE1MaGzOJA5uMKY7MspeL/3m9DKNrfypUmiFXbPFRlEmCCcnPJ6HQnKGcWEKZFnZXwkZUU4a2pLwEb/nkVdK+qHtu3bu/rDVuijrKcAKncA4eXEED7qAJLWCg4Ble4c0xzovz7nwsoiWnmDmGP3A+fwCcs5A0</latexit><latexit sha1_base64="d90rFjyWHc2mOvW8AER0YtZfLsY=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMlk0g6dTMLMjVBK/8KNC0Xc+jfu/BsnbRbaemDgcM65zL0nSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj29zvPHFtRKIecJJyP6ZDJSLBKFrpsS9tNKQDtzKo1ty6OwdZJV5BalCgOah+9cOEZTFXyCQ1pue5KfpTqlEwyWeVfmZ4StmYDnnPUkVjbvzpfOMZObNKSKJE26eQzNXfE1MaGzOJA5uMKY7MspeL/3m9DKNrfypUmiFXbPFRlEmCCcnPJ6HQnKGcWEKZFnZXwkZUU4a2pLwEb/nkVdK+qHtu3bu/rDVuijrKcAKncA4eXEED7qAJLWCg4Ble4c0xzovz7nwsoiWnmDmGP3A+fwCcs5A0</latexit><latexit sha1_base64="d90rFjyWHc2mOvW8AER0YtZfLsY=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMlk0g6dTMLMjVBK/8KNC0Xc+jfu/BsnbRbaemDgcM65zL0nSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj29zvPHFtRKIecJJyP6ZDJSLBKFrpsS9tNKQDtzKo1ty6OwdZJV5BalCgOah+9cOEZTFXyCQ1pue5KfpTqlEwyWeVfmZ4StmYDnnPUkVjbvzpfOMZObNKSKJE26eQzNXfE1MaGzOJA5uMKY7MspeL/3m9DKNrfypUmiFXbPFRlEmCCcnPJ6HQnKGcWEKZFnZXwkZUU4a2pLwEb/nkVdK+qHtu3bu/rDVuijrKcAKncA4eXEED7qAJLWCg4Ble4c0xzovz7nwsoiWnmDmGP3A+fwCcs5A0</latexit>

�e
<latexit sha1_base64="H5rTciAjmEEkb5CLBX7esMEz8NM=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMnkph06mYSZiVBK/8KNC0Xc+jfu/BsnbRbaemDgcM65zL0nSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8m/udJ1SaJ/LBTFL0YzqUPOKMGis99oWNhnSAlUG15tbdOcgq8QpSgwLNQfWrHyYsi1EaJqjWPc9NjT+lynAmcFbpZxpTysZ0iD1LJY1R+9P5xjNyZpWQRImyTxoyV39PTGms9SQObDKmZqSXvVz8z+tlJrr2p1ymmUHJFh9FmSAmIfn5JOQKmRETSyhT3O5K2IgqyowtKS/BWz55lbQv6p5b9+4va42boo4ynMApnIMHV9CAO2hCCxhIeIZXeHO08+K8Ox+LaMkpZo7hD5zPH+08kGk=</latexit><latexit sha1_base64="H5rTciAjmEEkb5CLBX7esMEz8NM=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMnkph06mYSZiVBK/8KNC0Xc+jfu/BsnbRbaemDgcM65zL0nSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8m/udJ1SaJ/LBTFL0YzqUPOKMGis99oWNhnSAlUG15tbdOcgq8QpSgwLNQfWrHyYsi1EaJqjWPc9NjT+lynAmcFbpZxpTysZ0iD1LJY1R+9P5xjNyZpWQRImyTxoyV39PTGms9SQObDKmZqSXvVz8z+tlJrr2p1ymmUHJFh9FmSAmIfn5JOQKmRETSyhT3O5K2IgqyowtKS/BWz55lbQv6p5b9+4va42boo4ynMApnIMHV9CAO2hCCxhIeIZXeHO08+K8Ox+LaMkpZo7hD5zPH+08kGk=</latexit><latexit sha1_base64="H5rTciAjmEEkb5CLBX7esMEz8NM=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMnkph06mYSZiVBK/8KNC0Xc+jfu/BsnbRbaemDgcM65zL0nSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8m/udJ1SaJ/LBTFL0YzqUPOKMGis99oWNhnSAlUG15tbdOcgq8QpSgwLNQfWrHyYsi1EaJqjWPc9NjT+lynAmcFbpZxpTysZ0iD1LJY1R+9P5xjNyZpWQRImyTxoyV39PTGms9SQObDKmZqSXvVz8z+tlJrr2p1ymmUHJFh9FmSAmIfn5JOQKmRETSyhT3O5K2IgqyowtKS/BWz55lbQv6p5b9+4va42boo4ynMApnIMHV9CAO2hCCxhIeIZXeHO08+K8Ox+LaMkpZo7hD5zPH+08kGk=</latexit><latexit sha1_base64="H5rTciAjmEEkb5CLBX7esMEz8NM=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMnkph06mYSZiVBK/8KNC0Xc+jfu/BsnbRbaemDgcM65zL0nSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8m/udJ1SaJ/LBTFL0YzqUPOKMGis99oWNhnSAlUG15tbdOcgq8QpSgwLNQfWrHyYsi1EaJqjWPc9NjT+lynAmcFbpZxpTysZ0iD1LJY1R+9P5xjNyZpWQRImyTxoyV39PTGms9SQObDKmZqSXvVz8z+tlJrr2p1ymmUHJFh9FmSAmIfn5JOQKmRETSyhT3O5K2IgqyowtKS/BWz55lbQv6p5b9+4va42boo4ynMApnIMHV9CAO2hCCxhIeIZXeHO08+K8Ox+LaMkpZo7hD5zPH+08kGk=</latexit>

c

Z t0

te

dt

a(t)
=

Z r

0
dr = r

<latexit sha1_base64="tttEWtigEDauamk7v/Pe8FvaVLk=">AAACIHicbVDLSgMxFM3Ud31VXbq5WIS6KTMi6EYQ3bisYKvQx5DJpG1oJjMkd4QyzKe48VfcuFBEd/o1po+Ftl5IOJwHyT1BIoVB1/1yCguLS8srq2vF9Y3Nre3Szm7DxKlmvM5iGev7gBouheJ1FCj5faI5jQLJ74LB1Ui/e+DaiFjd4jDh7Yj2lOgKRtFSfumUQUso9DP0ed6xt5tDFiK0YpsCWsEjyKF4PjG5HQ2hhnPQ4JfKbtUdD8wDbwrKZDo1v/TZCmOWRlwhk9SYpucm2M6oRsEkz4ut1PCEsgHt8aaFikbctLPxgjkcWiaEbqztUQhj9ncio5Exwyiwzohi38xqI/I/rZli96ydCZWkyBWbPNRNJWAMo7YgFJozlEMLKNPC/hVYn2rK0HZatCV4syvPg8Zx1XOr3s1J+eJyWscq2ScHpEI8ckouyDWpkTph5JE8k1fy5jw5L8678zGxFpxpZo/8Gef7ByaYoQM=</latexit><latexit sha1_base64="tttEWtigEDauamk7v/Pe8FvaVLk=">AAACIHicbVDLSgMxFM3Ud31VXbq5WIS6KTMi6EYQ3bisYKvQx5DJpG1oJjMkd4QyzKe48VfcuFBEd/o1po+Ftl5IOJwHyT1BIoVB1/1yCguLS8srq2vF9Y3Nre3Szm7DxKlmvM5iGev7gBouheJ1FCj5faI5jQLJ74LB1Ui/e+DaiFjd4jDh7Yj2lOgKRtFSfumUQUso9DP0ed6xt5tDFiK0YpsCWsEjyKF4PjG5HQ2hhnPQ4JfKbtUdD8wDbwrKZDo1v/TZCmOWRlwhk9SYpucm2M6oRsEkz4ut1PCEsgHt8aaFikbctLPxgjkcWiaEbqztUQhj9ncio5Exwyiwzohi38xqI/I/rZli96ydCZWkyBWbPNRNJWAMo7YgFJozlEMLKNPC/hVYn2rK0HZatCV4syvPg8Zx1XOr3s1J+eJyWscq2ScHpEI8ckouyDWpkTph5JE8k1fy5jw5L8678zGxFpxpZo/8Gef7ByaYoQM=</latexit><latexit sha1_base64="tttEWtigEDauamk7v/Pe8FvaVLk=">AAACIHicbVDLSgMxFM3Ud31VXbq5WIS6KTMi6EYQ3bisYKvQx5DJpG1oJjMkd4QyzKe48VfcuFBEd/o1po+Ftl5IOJwHyT1BIoVB1/1yCguLS8srq2vF9Y3Nre3Szm7DxKlmvM5iGev7gBouheJ1FCj5faI5jQLJ74LB1Ui/e+DaiFjd4jDh7Yj2lOgKRtFSfumUQUso9DP0ed6xt5tDFiK0YpsCWsEjyKF4PjG5HQ2hhnPQ4JfKbtUdD8wDbwrKZDo1v/TZCmOWRlwhk9SYpucm2M6oRsEkz4ut1PCEsgHt8aaFikbctLPxgjkcWiaEbqztUQhj9ncio5Exwyiwzohi38xqI/I/rZli96ydCZWkyBWbPNRNJWAMo7YgFJozlEMLKNPC/hVYn2rK0HZatCV4syvPg8Zx1XOr3s1J+eJyWscq2ScHpEI8ckouyDWpkTph5JE8k1fy5jw5L8678zGxFpxpZo/8Gef7ByaYoQM=</latexit><latexit sha1_base64="tttEWtigEDauamk7v/Pe8FvaVLk=">AAACIHicbVDLSgMxFM3Ud31VXbq5WIS6KTMi6EYQ3bisYKvQx5DJpG1oJjMkd4QyzKe48VfcuFBEd/o1po+Ftl5IOJwHyT1BIoVB1/1yCguLS8srq2vF9Y3Nre3Szm7DxKlmvM5iGev7gBouheJ1FCj5faI5jQLJ74LB1Ui/e+DaiFjd4jDh7Yj2lOgKRtFSfumUQUso9DP0ed6xt5tDFiK0YpsCWsEjyKF4PjG5HQ2hhnPQ4JfKbtUdD8wDbwrKZDo1v/TZCmOWRlwhk9SYpucm2M6oRsEkz4ut1PCEsgHt8aaFikbctLPxgjkcWiaEbqztUQhj9ncio5Exwyiwzohi38xqI/I/rZli96ydCZWkyBWbPNRNJWAMo7YgFJozlEMLKNPC/hVYn2rK0HZatCV4syvPg8Zx1XOr3s1J+eJyWscq2ScHpEI8ckouyDWpkTph5JE8k1fy5jw5L8678zGxFpxpZo/8Gef7ByaYoQM=</latexit>

c

Z t0+�0/c

te+�e/c

dt

a(t)
=

Z r

0
dr = r

<latexit sha1_base64="EtVEhG07I6YSIgLhsCqQgybUB18="></latexit><latexit sha1_base64="EtVEhG07I6YSIgLhsCqQgybUB18="></latexit><latexit sha1_base64="EtVEhG07I6YSIgLhsCqQgybUB18="></latexit><latexit sha1_base64="EtVEhG07I6YSIgLhsCqQgybUB18="></latexit>

�0 6= �e
<latexit sha1_base64="E4rPe0DTvv+lYGpz1ngzhEcTdEc=">AAACAXicbVBPS8MwHE3nvzn/Vb0IXoJD8DRaEfQ49OJxgtuEtZQ0/XULS9OSpMIY8+JX8eJBEa9+C29+G9Otgm4+CLy8934kvxdmnCntOF9WZWl5ZXWtul7b2Nza3rF39zoqzSWFNk15Ku9CooAzAW3NNIe7TAJJQg7dcHhV+N17kIql4laPMvAT0hcsZpRoIwX2gcdNOCKBgz0B+OcGtcCuOw1nCrxI3JLUUYlWYH96UUrzBISmnCjVc51M+2MiNaMcJjUvV5AROiR96BkqSALKH083mOBjo0Q4TqU5QuOp+ntiTBKlRklokgnRAzXvFeJ/Xi/X8YU/ZiLLNQg6eyjOOdYpLurAEZNANR8ZQqhk5q+YDogkVJvSihLc+ZUXSee04ToN9+as3rws66iiQ3SETpCLzlETXaMWaiOKHtATekGv1qP1bL1Z77NoxSpn9tEfWB/f6OOV4Q==</latexit><latexit sha1_base64="E4rPe0DTvv+lYGpz1ngzhEcTdEc=">AAACAXicbVBPS8MwHE3nvzn/Vb0IXoJD8DRaEfQ49OJxgtuEtZQ0/XULS9OSpMIY8+JX8eJBEa9+C29+G9Otgm4+CLy8934kvxdmnCntOF9WZWl5ZXWtul7b2Nza3rF39zoqzSWFNk15Ku9CooAzAW3NNIe7TAJJQg7dcHhV+N17kIql4laPMvAT0hcsZpRoIwX2gcdNOCKBgz0B+OcGtcCuOw1nCrxI3JLUUYlWYH96UUrzBISmnCjVc51M+2MiNaMcJjUvV5AROiR96BkqSALKH083mOBjo0Q4TqU5QuOp+ntiTBKlRklokgnRAzXvFeJ/Xi/X8YU/ZiLLNQg6eyjOOdYpLurAEZNANR8ZQqhk5q+YDogkVJvSihLc+ZUXSee04ToN9+as3rws66iiQ3SETpCLzlETXaMWaiOKHtATekGv1qP1bL1Z77NoxSpn9tEfWB/f6OOV4Q==</latexit><latexit sha1_base64="E4rPe0DTvv+lYGpz1ngzhEcTdEc=">AAACAXicbVBPS8MwHE3nvzn/Vb0IXoJD8DRaEfQ49OJxgtuEtZQ0/XULS9OSpMIY8+JX8eJBEa9+C29+G9Otgm4+CLy8934kvxdmnCntOF9WZWl5ZXWtul7b2Nza3rF39zoqzSWFNk15Ku9CooAzAW3NNIe7TAJJQg7dcHhV+N17kIql4laPMvAT0hcsZpRoIwX2gcdNOCKBgz0B+OcGtcCuOw1nCrxI3JLUUYlWYH96UUrzBISmnCjVc51M+2MiNaMcJjUvV5AROiR96BkqSALKH083mOBjo0Q4TqU5QuOp+ntiTBKlRklokgnRAzXvFeJ/Xi/X8YU/ZiLLNQg6eyjOOdYpLurAEZNANR8ZQqhk5q+YDogkVJvSihLc+ZUXSee04ToN9+as3rws66iiQ3SETpCLzlETXaMWaiOKHtATekGv1qP1bL1Z77NoxSpn9tEfWB/f6OOV4Q==</latexit><latexit sha1_base64="E4rPe0DTvv+lYGpz1ngzhEcTdEc=">AAACAXicbVBPS8MwHE3nvzn/Vb0IXoJD8DRaEfQ49OJxgtuEtZQ0/XULS9OSpMIY8+JX8eJBEa9+C29+G9Otgm4+CLy8934kvxdmnCntOF9WZWl5ZXWtul7b2Nza3rF39zoqzSWFNk15Ku9CooAzAW3NNIe7TAJJQg7dcHhV+N17kIql4laPMvAT0hcsZpRoIwX2gcdNOCKBgz0B+OcGtcCuOw1nCrxI3JLUUYlWYH96UUrzBISmnCjVc51M+2MiNaMcJjUvV5AROiR96BkqSALKH083mOBjo0Q4TqU5QuOp+ntiTBKlRklokgnRAzXvFeJ/Xi/X8YU/ZiLLNQg6eyjOOdYpLurAEZNANR8ZQqhk5q+YDogkVJvSihLc+ZUXSee04ToN9+as3rws66iiQ3SETpCLzlETXaMWaiOKHtATekGv1qP1bL1Z77NoxSpn9tEfWB/f6OOV4Q==</latexit>

Em geral:

)
Z t0

te

dt

a(t)
=

Z t0+�0/c

te+�e/c

dt

a(t)
<latexit sha1_base64="5V3UECGiJjNaS+ZGvE2OvNgMgeY="></latexit><latexit sha1_base64="5V3UECGiJjNaS+ZGvE2OvNgMgeY="></latexit><latexit sha1_base64="5V3UECGiJjNaS+ZGvE2OvNgMgeY="></latexit><latexit sha1_base64="5V3UECGiJjNaS+ZGvE2OvNgMgeY="></latexit>

{
A integral de te a t0 tem sempre o mesmo 
valor para uma dada altura fixa da onda EM.

(e.g., máximo)
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3.6 Distância Própria

z ⌘ �
obs

��
em

�
em

<latexit sha1_base64="Y5hukD95rjCfix6mnisGbqObkmw="></latexit><latexit sha1_base64="6vQZ91fG8CaD7UTamUDjno9AGj4="></latexit><latexit sha1_base64="6vQZ91fG8CaD7UTamUDjno9AGj4="></latexit><latexit sha1_base64="eUju56MbmTjnbjvuteCmfPTG+6I=">AAACM3icbVDLSgMxFM3UVx1fVZdugkVwY5lxo8uiG3FVwT6gU0omvW1Dk8mYZAp1mH9y44+4EMSFIm79B9PHwrYeCBzOuSfJPWHMmTae9+bkVlbX1jfym+7W9s7uXmH/oKZloihUqeRSNUKigbMIqoYZDo1YAREhh3o4uB779SEozWR0b0YxtATpRazLKDFWahduH3EADwkbYjd1A26DHdJOAyWwDHWGz/CcBiLDbiDthe6i7mbtQtEreRPgZeLPSBHNUGkXXoKOpImAyFBOtG76XmxaKVGGUQ6ZGyQaYkIHpAdNSyMiQLfSyc4ZPrFKB3elsicyeKL+TaREaD0SoZ0UxPT1ojcW//OaieletlIWxYmBiE4f6iYcG4nHBeIOU0ANH1lCqGL2r5j2iSLU2JpdW4K/uPIyqZ2XfK/k3/nF8tWsjjw6QsfoFPnoApXRDaqgKqLoCb2iD/TpPDvvzpfzPR3NObPMIZqD8/ML0BWp0A==</latexit>

Conexão entre z e a(te):

máximo da onda emitida 
no tempo cósmico te.

máximo da onda recebida 
no tempo cósmico t0.

t0
<latexit sha1_base64="xlSjx8x/GVCADW3B3T5DfKKATbE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9jkuagrQ8GHu/NMDMviAU31nW/ncra+sbmVnW7trO7t39QPzzqmijRDDssEpHuBdSg4Ao7lluBvVgjlYHAx2B6m/uPT6gNj9SDncXoSzpWPOSM2kIaurVhveE23QJklXglaUCJ9rD+NRhFLJGoLBPUmL7nxtZPqbacCZzXBonBmLIpHWM/o4pKNH5a3DonZ5kyImGks1KWFOrviZRKY2YyyDoltROz7OXif14/seG1n3IVJxYVWywKE0FsRPLHyYhrZFbMMkKZ5tmthE2opsxm8eQheMsvr5LuRdNzm979ZaN1U8ZRhRM4hXPw4ApacAdt6ACDCTzDK7w50nlx3p2PRWvFKWeO4Q+czx85J42v</latexit><latexit sha1_base64="xlSjx8x/GVCADW3B3T5DfKKATbE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9jkuagrQ8GHu/NMDMviAU31nW/ncra+sbmVnW7trO7t39QPzzqmijRDDssEpHuBdSg4Ao7lluBvVgjlYHAx2B6m/uPT6gNj9SDncXoSzpWPOSM2kIaurVhveE23QJklXglaUCJ9rD+NRhFLJGoLBPUmL7nxtZPqbacCZzXBonBmLIpHWM/o4pKNH5a3DonZ5kyImGks1KWFOrviZRKY2YyyDoltROz7OXif14/seG1n3IVJxYVWywKE0FsRPLHyYhrZFbMMkKZ5tmthE2opsxm8eQheMsvr5LuRdNzm979ZaN1U8ZRhRM4hXPw4ApacAdt6ACDCTzDK7w50nlx3p2PRWvFKWeO4Q+czx85J42v</latexit><latexit sha1_base64="xlSjx8x/GVCADW3B3T5DfKKATbE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9jkuagrQ8GHu/NMDMviAU31nW/ncra+sbmVnW7trO7t39QPzzqmijRDDssEpHuBdSg4Ao7lluBvVgjlYHAx2B6m/uPT6gNj9SDncXoSzpWPOSM2kIaurVhveE23QJklXglaUCJ9rD+NRhFLJGoLBPUmL7nxtZPqbacCZzXBonBmLIpHWM/o4pKNH5a3DonZ5kyImGks1KWFOrviZRKY2YyyDoltROz7OXif14/seG1n3IVJxYVWywKE0FsRPLHyYhrZFbMMkKZ5tmthE2opsxm8eQheMsvr5LuRdNzm979ZaN1U8ZRhRM4hXPw4ApacAdt6ACDCTzDK7w50nlx3p2PRWvFKWeO4Q+czx85J42v</latexit><latexit sha1_base64="xlSjx8x/GVCADW3B3T5DfKKATbE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9jkuagrQ8GHu/NMDMviAU31nW/ncra+sbmVnW7trO7t39QPzzqmijRDDssEpHuBdSg4Ao7lluBvVgjlYHAx2B6m/uPT6gNj9SDncXoSzpWPOSM2kIaurVhveE23QJklXglaUCJ9rD+NRhFLJGoLBPUmL7nxtZPqbacCZzXBonBmLIpHWM/o4pKNH5a3DonZ5kyImGks1KWFOrviZRKY2YyyDoltROz7OXif14/seG1n3IVJxYVWywKE0FsRPLHyYhrZFbMMkKZ5tmthE2opsxm8eQheMsvr5LuRdNzm979ZaN1U8ZRhRM4hXPw4ApacAdt6ACDCTzDK7w50nlx3p2PRWvFKWeO4Q+czx85J42v</latexit>

te
<latexit sha1_base64="diWuHn1Umpqm2zqMqZGLBdkDnxM=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GPRi8cKphbaUDbbTbt0swm7E6GU/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvyqQw6HnfTmVtfWNzq7rt7uzu7R/UDo/aJs014wFLZao7ETVcCsUDFCh5J9OcJpHkj9H4tvAfn7g2IlUPOMl4mNChErFgFK0UYJ+7br9W9xreHGSV+CWpQ4lWv/bVG6QsT7hCJqkxXd/LMJxSjYJJPnN7ueEZZWM65F1LFU24CafzY2fkzCoDEqfalkIyV39PTGlizCSJbGdCcWSWvUL8z+vmGF+HU6GyHLlii0VxLgmmpPicDITmDOXEEsq0sLcSNqKaMrT5FCH4yy+vkvZFw/ca/v1lvXlTxlGFEziFc/DhCppwBy0IgIGAZ3iFN0c5L86787ForTjlzDH8gfP5A78Ejfg=</latexit><latexit sha1_base64="diWuHn1Umpqm2zqMqZGLBdkDnxM=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GPRi8cKphbaUDbbTbt0swm7E6GU/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvyqQw6HnfTmVtfWNzq7rt7uzu7R/UDo/aJs014wFLZao7ETVcCsUDFCh5J9OcJpHkj9H4tvAfn7g2IlUPOMl4mNChErFgFK0UYJ+7br9W9xreHGSV+CWpQ4lWv/bVG6QsT7hCJqkxXd/LMJxSjYJJPnN7ueEZZWM65F1LFU24CafzY2fkzCoDEqfalkIyV39PTGlizCSJbGdCcWSWvUL8z+vmGF+HU6GyHLlii0VxLgmmpPicDITmDOXEEsq0sLcSNqKaMrT5FCH4yy+vkvZFw/ca/v1lvXlTxlGFEziFc/DhCppwBy0IgIGAZ3iFN0c5L86787ForTjlzDH8gfP5A78Ejfg=</latexit><latexit sha1_base64="diWuHn1Umpqm2zqMqZGLBdkDnxM=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GPRi8cKphbaUDbbTbt0swm7E6GU/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvyqQw6HnfTmVtfWNzq7rt7uzu7R/UDo/aJs014wFLZao7ETVcCsUDFCh5J9OcJpHkj9H4tvAfn7g2IlUPOMl4mNChErFgFK0UYJ+7br9W9xreHGSV+CWpQ4lWv/bVG6QsT7hCJqkxXd/LMJxSjYJJPnN7ueEZZWM65F1LFU24CafzY2fkzCoDEqfalkIyV39PTGlizCSJbGdCcWSWvUL8z+vmGF+HU6GyHLlii0VxLgmmpPicDITmDOXEEsq0sLcSNqKaMrT5FCH4yy+vkvZFw/ca/v1lvXlTxlGFEziFc/DhCppwBy0IgIGAZ3iFN0c5L86787ForTjlzDH8gfP5A78Ejfg=</latexit><latexit sha1_base64="diWuHn1Umpqm2zqMqZGLBdkDnxM=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GPRi8cKphbaUDbbTbt0swm7E6GU/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvyqQw6HnfTmVtfWNzq7rt7uzu7R/UDo/aJs014wFLZao7ETVcCsUDFCh5J9OcJpHkj9H4tvAfn7g2IlUPOMl4mNChErFgFK0UYJ+7br9W9xreHGSV+CWpQ4lWv/bVG6QsT7hCJqkxXd/LMJxSjYJJPnN7ueEZZWM65F1LFU24CafzY2fkzCoDEqfalkIyV39PTGlizCSJbGdCcWSWvUL8z+vmGF+HU6GyHLlii0VxLgmmpPicDITmDOXEEsq0sLcSNqKaMrT5FCH4yy+vkvZFw/ca/v1lvXlTxlGFEziFc/DhCppwBy0IgIGAZ3iFN0c5L86787ForTjlzDH8gfP5A78Ejfg=</latexit>

t0 + �0/c
<latexit sha1_base64="NlzLBdV+LsUiPN41ZOln7+DRme4=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEoU5E0GXRjcsK9gFtCJPJpB06mYSZiRBC/RU3LhRx64e482+ctFlo64GBwzn3cO+cIOVMaYS+rZXVtfWNzdqWvb2zu7fvHBx2VZJJQjsk4YnsB1hRzgTtaKY57aeS4jjgtBdMbku/90ilYol40HlKvRiPBIsYwdpIvlPXPoJncMhNJMQ+Oie27TsN1EQzwGXiVqQBKrR952sYJiSLqdCEY6UGLkq1V2CpGeF0ag8zRVNMJnhEB4YKHFPlFbPjp/DEKCGMEmme0HCm/k4UOFYqjwMzGWM9VoteKf7nDTIdXXsFE2mmqSDzRVHGoU5g2QQMmaRE89wQTCQzt0IyxhITbfoqS3AXv7xMuhdNFzXd+8tG66aqowaOwDE4BS64Ai1wB9qgAwjIwTN4BW/Wk/VivVsf89EVq8rUwR9Ynz+b15LJ</latexit><latexit sha1_base64="NlzLBdV+LsUiPN41ZOln7+DRme4=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEoU5E0GXRjcsK9gFtCJPJpB06mYSZiRBC/RU3LhRx64e482+ctFlo64GBwzn3cO+cIOVMaYS+rZXVtfWNzdqWvb2zu7fvHBx2VZJJQjsk4YnsB1hRzgTtaKY57aeS4jjgtBdMbku/90ilYol40HlKvRiPBIsYwdpIvlPXPoJncMhNJMQ+Oie27TsN1EQzwGXiVqQBKrR952sYJiSLqdCEY6UGLkq1V2CpGeF0ag8zRVNMJnhEB4YKHFPlFbPjp/DEKCGMEmme0HCm/k4UOFYqjwMzGWM9VoteKf7nDTIdXXsFE2mmqSDzRVHGoU5g2QQMmaRE89wQTCQzt0IyxhITbfoqS3AXv7xMuhdNFzXd+8tG66aqowaOwDE4BS64Ai1wB9qgAwjIwTN4BW/Wk/VivVsf89EVq8rUwR9Ynz+b15LJ</latexit><latexit sha1_base64="NlzLBdV+LsUiPN41ZOln7+DRme4=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEoU5E0GXRjcsK9gFtCJPJpB06mYSZiRBC/RU3LhRx64e482+ctFlo64GBwzn3cO+cIOVMaYS+rZXVtfWNzdqWvb2zu7fvHBx2VZJJQjsk4YnsB1hRzgTtaKY57aeS4jjgtBdMbku/90ilYol40HlKvRiPBIsYwdpIvlPXPoJncMhNJMQ+Oie27TsN1EQzwGXiVqQBKrR952sYJiSLqdCEY6UGLkq1V2CpGeF0ag8zRVNMJnhEB4YKHFPlFbPjp/DEKCGMEmme0HCm/k4UOFYqjwMzGWM9VoteKf7nDTIdXXsFE2mmqSDzRVHGoU5g2QQMmaRE89wQTCQzt0IyxhITbfoqS3AXv7xMuhdNFzXd+8tG66aqowaOwDE4BS64Ai1wB9qgAwjIwTN4BW/Wk/VivVsf89EVq8rUwR9Ynz+b15LJ</latexit><latexit sha1_base64="NlzLBdV+LsUiPN41ZOln7+DRme4=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEoU5E0GXRjcsK9gFtCJPJpB06mYSZiRBC/RU3LhRx64e482+ctFlo64GBwzn3cO+cIOVMaYS+rZXVtfWNzdqWvb2zu7fvHBx2VZJJQjsk4YnsB1hRzgTtaKY57aeS4jjgtBdMbku/90ilYol40HlKvRiPBIsYwdpIvlPXPoJncMhNJMQ+Oie27TsN1EQzwGXiVqQBKrR952sYJiSLqdCEY6UGLkq1V2CpGeF0ag8zRVNMJnhEB4YKHFPlFbPjp/DEKCGMEmme0HCm/k4UOFYqjwMzGWM9VoteKf7nDTIdXXsFE2mmqSDzRVHGoU5g2QQMmaRE89wQTCQzt0IyxhITbfoqS3AXv7xMuhdNFzXd+8tG66aqowaOwDE4BS64Ai1wB9qgAwjIwTN4BW/Wk/VivVsf89EVq8rUwR9Ynz+b15LJ</latexit>

te + �e/c
<latexit sha1_base64="j9Hu2lKyJY0F4jwrmUA4ZM9Sv5I=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEoSYi6LLoxmUF+4A2hMnkph06eTAzEUKov+LGhSJu/RB3/o2TNgttPTBwOOce7p3jp5xJZdvfxsrq2vrGZm3L3N7Z3du3Dg67MskEhQ5NeCL6PpHAWQwdxRSHfiqARD6Hnj+5Lf3eIwjJkvhB5Sm4ERnFLGSUKC15Vl15gM/wkOtIQDw4p6bpWQ27ac+Al4lTkQaq0Pasr2GQ0CyCWFFOpBw4dqrcggjFKIepOcwkpIROyAgGmsYkAukWs+On+EQrAQ4ToV+s8Ez9nShIJGUe+XoyImosF71S/M8bZCq8dgsWp5mCmM4XhRnHKsFlEzhgAqjiuSaECqZvxXRMBKFK91WW4Cx+eZl0L5qO3XTuLxutm6qOGjpCx+gUOegKtdAdaqMOoihHz+gVvRlPxovxbnzMR1eMKlNHf2B8/gBAspMz</latexit><latexit sha1_base64="j9Hu2lKyJY0F4jwrmUA4ZM9Sv5I=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEoSYi6LLoxmUF+4A2hMnkph06eTAzEUKov+LGhSJu/RB3/o2TNgttPTBwOOce7p3jp5xJZdvfxsrq2vrGZm3L3N7Z3du3Dg67MskEhQ5NeCL6PpHAWQwdxRSHfiqARD6Hnj+5Lf3eIwjJkvhB5Sm4ERnFLGSUKC15Vl15gM/wkOtIQDw4p6bpWQ27ac+Al4lTkQaq0Pasr2GQ0CyCWFFOpBw4dqrcggjFKIepOcwkpIROyAgGmsYkAukWs+On+EQrAQ4ToV+s8Ez9nShIJGUe+XoyImosF71S/M8bZCq8dgsWp5mCmM4XhRnHKsFlEzhgAqjiuSaECqZvxXRMBKFK91WW4Cx+eZl0L5qO3XTuLxutm6qOGjpCx+gUOegKtdAdaqMOoihHz+gVvRlPxovxbnzMR1eMKlNHf2B8/gBAspMz</latexit><latexit sha1_base64="j9Hu2lKyJY0F4jwrmUA4ZM9Sv5I=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEoSYi6LLoxmUF+4A2hMnkph06eTAzEUKov+LGhSJu/RB3/o2TNgttPTBwOOce7p3jp5xJZdvfxsrq2vrGZm3L3N7Z3du3Dg67MskEhQ5NeCL6PpHAWQwdxRSHfiqARD6Hnj+5Lf3eIwjJkvhB5Sm4ERnFLGSUKC15Vl15gM/wkOtIQDw4p6bpWQ27ac+Al4lTkQaq0Pasr2GQ0CyCWFFOpBw4dqrcggjFKIepOcwkpIROyAgGmsYkAukWs+On+EQrAQ4ToV+s8Ez9nShIJGUe+XoyImosF71S/M8bZCq8dgsWp5mCmM4XhRnHKsFlEzhgAqjiuSaECqZvxXRMBKFK91WW4Cx+eZl0L5qO3XTuLxutm6qOGjpCx+gUOegKtdAdaqMOoihHz+gVvRlPxovxbnzMR1eMKlNHf2B8/gBAspMz</latexit><latexit sha1_base64="j9Hu2lKyJY0F4jwrmUA4ZM9Sv5I=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEoSYi6LLoxmUF+4A2hMnkph06eTAzEUKov+LGhSJu/RB3/o2TNgttPTBwOOce7p3jp5xJZdvfxsrq2vrGZm3L3N7Z3du3Dg67MskEhQ5NeCL6PpHAWQwdxRSHfiqARD6Hnj+5Lf3eIwjJkvhB5Sm4ERnFLGSUKC15Vl15gM/wkOtIQDw4p6bpWQ27ac+Al4lTkQaq0Pasr2GQ0CyCWFFOpBw4dqrcggjFKIepOcwkpIROyAgGmsYkAukWs+On+EQrAQ4ToV+s8Ez9nShIJGUe+XoyImosF71S/M8bZCq8dgsWp5mCmM4XhRnHKsFlEzhgAqjiuSaECqZvxXRMBKFK91WW4Cx+eZl0L5qO3XTuLxutm6qOGjpCx+gUOegKtdAdaqMOoihHz+gVvRlPxovxbnzMR1eMKlNHf2B8/gBAspMz</latexit>

�0
<latexit sha1_base64="d90rFjyWHc2mOvW8AER0YtZfLsY=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMlk0g6dTMLMjVBK/8KNC0Xc+jfu/BsnbRbaemDgcM65zL0nSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj29zvPHFtRKIecJJyP6ZDJSLBKFrpsS9tNKQDtzKo1ty6OwdZJV5BalCgOah+9cOEZTFXyCQ1pue5KfpTqlEwyWeVfmZ4StmYDnnPUkVjbvzpfOMZObNKSKJE26eQzNXfE1MaGzOJA5uMKY7MspeL/3m9DKNrfypUmiFXbPFRlEmCCcnPJ6HQnKGcWEKZFnZXwkZUU4a2pLwEb/nkVdK+qHtu3bu/rDVuijrKcAKncA4eXEED7qAJLWCg4Ble4c0xzovz7nwsoiWnmDmGP3A+fwCcs5A0</latexit><latexit sha1_base64="d90rFjyWHc2mOvW8AER0YtZfLsY=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMlk0g6dTMLMjVBK/8KNC0Xc+jfu/BsnbRbaemDgcM65zL0nSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj29zvPHFtRKIecJJyP6ZDJSLBKFrpsS9tNKQDtzKo1ty6OwdZJV5BalCgOah+9cOEZTFXyCQ1pue5KfpTqlEwyWeVfmZ4StmYDnnPUkVjbvzpfOMZObNKSKJE26eQzNXfE1MaGzOJA5uMKY7MspeL/3m9DKNrfypUmiFXbPFRlEmCCcnPJ6HQnKGcWEKZFnZXwkZUU4a2pLwEb/nkVdK+qHtu3bu/rDVuijrKcAKncA4eXEED7qAJLWCg4Ble4c0xzovz7nwsoiWnmDmGP3A+fwCcs5A0</latexit><latexit sha1_base64="d90rFjyWHc2mOvW8AER0YtZfLsY=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMlk0g6dTMLMjVBK/8KNC0Xc+jfu/BsnbRbaemDgcM65zL0nSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj29zvPHFtRKIecJJyP6ZDJSLBKFrpsS9tNKQDtzKo1ty6OwdZJV5BalCgOah+9cOEZTFXyCQ1pue5KfpTqlEwyWeVfmZ4StmYDnnPUkVjbvzpfOMZObNKSKJE26eQzNXfE1MaGzOJA5uMKY7MspeL/3m9DKNrfypUmiFXbPFRlEmCCcnPJ6HQnKGcWEKZFnZXwkZUU4a2pLwEb/nkVdK+qHtu3bu/rDVuijrKcAKncA4eXEED7qAJLWCg4Ble4c0xzovz7nwsoiWnmDmGP3A+fwCcs5A0</latexit><latexit sha1_base64="d90rFjyWHc2mOvW8AER0YtZfLsY=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMlk0g6dTMLMjVBK/8KNC0Xc+jfu/BsnbRbaemDgcM65zL0nSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj29zvPHFtRKIecJJyP6ZDJSLBKFrpsS9tNKQDtzKo1ty6OwdZJV5BalCgOah+9cOEZTFXyCQ1pue5KfpTqlEwyWeVfmZ4StmYDnnPUkVjbvzpfOMZObNKSKJE26eQzNXfE1MaGzOJA5uMKY7MspeL/3m9DKNrfypUmiFXbPFRlEmCCcnPJ6HQnKGcWEKZFnZXwkZUU4a2pLwEb/nkVdK+qHtu3bu/rDVuijrKcAKncA4eXEED7qAJLWCg4Ble4c0xzovz7nwsoiWnmDmGP3A+fwCcs5A0</latexit>

�e
<latexit sha1_base64="H5rTciAjmEEkb5CLBX7esMEz8NM=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMnkph06mYSZiVBK/8KNC0Xc+jfu/BsnbRbaemDgcM65zL0nSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8m/udJ1SaJ/LBTFL0YzqUPOKMGis99oWNhnSAlUG15tbdOcgq8QpSgwLNQfWrHyYsi1EaJqjWPc9NjT+lynAmcFbpZxpTysZ0iD1LJY1R+9P5xjNyZpWQRImyTxoyV39PTGms9SQObDKmZqSXvVz8z+tlJrr2p1ymmUHJFh9FmSAmIfn5JOQKmRETSyhT3O5K2IgqyowtKS/BWz55lbQv6p5b9+4va42boo4ynMApnIMHV9CAO2hCCxhIeIZXeHO08+K8Ox+LaMkpZo7hD5zPH+08kGk=</latexit><latexit sha1_base64="H5rTciAjmEEkb5CLBX7esMEz8NM=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMnkph06mYSZiVBK/8KNC0Xc+jfu/BsnbRbaemDgcM65zL0nSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8m/udJ1SaJ/LBTFL0YzqUPOKMGis99oWNhnSAlUG15tbdOcgq8QpSgwLNQfWrHyYsi1EaJqjWPc9NjT+lynAmcFbpZxpTysZ0iD1LJY1R+9P5xjNyZpWQRImyTxoyV39PTGms9SQObDKmZqSXvVz8z+tlJrr2p1ymmUHJFh9FmSAmIfn5JOQKmRETSyhT3O5K2IgqyowtKS/BWz55lbQv6p5b9+4va42boo4ynMApnIMHV9CAO2hCCxhIeIZXeHO08+K8Ox+LaMkpZo7hD5zPH+08kGk=</latexit><latexit sha1_base64="H5rTciAjmEEkb5CLBX7esMEz8NM=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMnkph06mYSZiVBK/8KNC0Xc+jfu/BsnbRbaemDgcM65zL0nSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8m/udJ1SaJ/LBTFL0YzqUPOKMGis99oWNhnSAlUG15tbdOcgq8QpSgwLNQfWrHyYsi1EaJqjWPc9NjT+lynAmcFbpZxpTysZ0iD1LJY1R+9P5xjNyZpWQRImyTxoyV39PTGms9SQObDKmZqSXvVz8z+tlJrr2p1ymmUHJFh9FmSAmIfn5JOQKmRETSyhT3O5K2IgqyowtKS/BWz55lbQv6p5b9+4va42boo4ynMApnIMHV9CAO2hCCxhIeIZXeHO08+K8Ox+LaMkpZo7hD5zPH+08kGk=</latexit><latexit sha1_base64="H5rTciAjmEEkb5CLBX7esMEz8NM=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMnkph06mYSZiVBK/8KNC0Xc+jfu/BsnbRbaemDgcM65zL0nSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8m/udJ1SaJ/LBTFL0YzqUPOKMGis99oWNhnSAlUG15tbdOcgq8QpSgwLNQfWrHyYsi1EaJqjWPc9NjT+lynAmcFbpZxpTysZ0iD1LJY1R+9P5xjNyZpWQRImyTxoyV39PTGms9SQObDKmZqSXvVz8z+tlJrr2p1ymmUHJFh9FmSAmIfn5JOQKmRETSyhT3O5K2IgqyowtKS/BWz55lbQv6p5b9+4va42boo4ynMApnIMHV9CAO2hCCxhIeIZXeHO08+K8Ox+LaMkpZo7hD5zPH+08kGk=</latexit>

�0 6= �e
<latexit sha1_base64="E4rPe0DTvv+lYGpz1ngzhEcTdEc=">AAACAXicbVBPS8MwHE3nvzn/Vb0IXoJD8DRaEfQ49OJxgtuEtZQ0/XULS9OSpMIY8+JX8eJBEa9+C29+G9Otgm4+CLy8934kvxdmnCntOF9WZWl5ZXWtul7b2Nza3rF39zoqzSWFNk15Ku9CooAzAW3NNIe7TAJJQg7dcHhV+N17kIql4laPMvAT0hcsZpRoIwX2gcdNOCKBgz0B+OcGtcCuOw1nCrxI3JLUUYlWYH96UUrzBISmnCjVc51M+2MiNaMcJjUvV5AROiR96BkqSALKH083mOBjo0Q4TqU5QuOp+ntiTBKlRklokgnRAzXvFeJ/Xi/X8YU/ZiLLNQg6eyjOOdYpLurAEZNANR8ZQqhk5q+YDogkVJvSihLc+ZUXSee04ToN9+as3rws66iiQ3SETpCLzlETXaMWaiOKHtATekGv1qP1bL1Z77NoxSpn9tEfWB/f6OOV4Q==</latexit><latexit sha1_base64="E4rPe0DTvv+lYGpz1ngzhEcTdEc=">AAACAXicbVBPS8MwHE3nvzn/Vb0IXoJD8DRaEfQ49OJxgtuEtZQ0/XULS9OSpMIY8+JX8eJBEa9+C29+G9Otgm4+CLy8934kvxdmnCntOF9WZWl5ZXWtul7b2Nza3rF39zoqzSWFNk15Ku9CooAzAW3NNIe7TAJJQg7dcHhV+N17kIql4laPMvAT0hcsZpRoIwX2gcdNOCKBgz0B+OcGtcCuOw1nCrxI3JLUUYlWYH96UUrzBISmnCjVc51M+2MiNaMcJjUvV5AROiR96BkqSALKH083mOBjo0Q4TqU5QuOp+ntiTBKlRklokgnRAzXvFeJ/Xi/X8YU/ZiLLNQg6eyjOOdYpLurAEZNANR8ZQqhk5q+YDogkVJvSihLc+ZUXSee04ToN9+as3rws66iiQ3SETpCLzlETXaMWaiOKHtATekGv1qP1bL1Z77NoxSpn9tEfWB/f6OOV4Q==</latexit><latexit sha1_base64="E4rPe0DTvv+lYGpz1ngzhEcTdEc=">AAACAXicbVBPS8MwHE3nvzn/Vb0IXoJD8DRaEfQ49OJxgtuEtZQ0/XULS9OSpMIY8+JX8eJBEa9+C29+G9Otgm4+CLy8934kvxdmnCntOF9WZWl5ZXWtul7b2Nza3rF39zoqzSWFNk15Ku9CooAzAW3NNIe7TAJJQg7dcHhV+N17kIql4laPMvAT0hcsZpRoIwX2gcdNOCKBgz0B+OcGtcCuOw1nCrxI3JLUUYlWYH96UUrzBISmnCjVc51M+2MiNaMcJjUvV5AROiR96BkqSALKH083mOBjo0Q4TqU5QuOp+ntiTBKlRklokgnRAzXvFeJ/Xi/X8YU/ZiLLNQg6eyjOOdYpLurAEZNANR8ZQqhk5q+YDogkVJvSihLc+ZUXSee04ToN9+as3rws66iiQ3SETpCLzlETXaMWaiOKHtATekGv1qP1bL1Z77NoxSpn9tEfWB/f6OOV4Q==</latexit><latexit sha1_base64="E4rPe0DTvv+lYGpz1ngzhEcTdEc=">AAACAXicbVBPS8MwHE3nvzn/Vb0IXoJD8DRaEfQ49OJxgtuEtZQ0/XULS9OSpMIY8+JX8eJBEa9+C29+G9Otgm4+CLy8934kvxdmnCntOF9WZWl5ZXWtul7b2Nza3rF39zoqzSWFNk15Ku9CooAzAW3NNIe7TAJJQg7dcHhV+N17kIql4laPMvAT0hcsZpRoIwX2gcdNOCKBgz0B+OcGtcCuOw1nCrxI3JLUUYlWYH96UUrzBISmnCjVc51M+2MiNaMcJjUvV5AROiR96BkqSALKH083mOBjo0Q4TqU5QuOp+ntiTBKlRklokgnRAzXvFeJ/Xi/X8YU/ZiLLNQg6eyjOOdYpLurAEZNANR8ZQqhk5q+YDogkVJvSihLc+ZUXSee04ToN9+as3rws66iiQ3SETpCLzlETXaMWaiOKHtATekGv1qP1bL1Z77NoxSpn9tEfWB/f6OOV4Q==</latexit>

Em geral:

Z t0

te

dt

a(t)
�

Z t0

te+�e/c

dt

a(t)
=

Z t0+�0/c

te+�e/c

dt

a(t)
�

Z t0

te+�e/c

dt

a(t)
<latexit sha1_base64="cYbunoECTBs/1BVl8hJoaN/NfFA="></latexit><latexit sha1_base64="cYbunoECTBs/1BVl8hJoaN/NfFA="></latexit><latexit sha1_base64="cYbunoECTBs/1BVl8hJoaN/NfFA="></latexit><latexit sha1_base64="cYbunoECTBs/1BVl8hJoaN/NfFA="></latexit>

Z te+�e/c

te

dt

a(t)
=

Z t0+�0/c

t0

dt

a(t)
<latexit sha1_base64="q35iFTYECpsOZvuIeTjTurKqgOI="></latexit><latexit sha1_base64="q35iFTYECpsOZvuIeTjTurKqgOI="></latexit><latexit sha1_base64="q35iFTYECpsOZvuIeTjTurKqgOI="></latexit><latexit sha1_base64="q35iFTYECpsOZvuIeTjTurKqgOI="></latexit>

A integral tem o mesmo valor para 
dois máximos sucessivos da onda EM.

(ou outra altura fixa)
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3.6 Distância Própria

z ⌘ �
obs

��
em

�
em

<latexit sha1_base64="Y5hukD95rjCfix6mnisGbqObkmw="></latexit><latexit sha1_base64="6vQZ91fG8CaD7UTamUDjno9AGj4="></latexit><latexit sha1_base64="6vQZ91fG8CaD7UTamUDjno9AGj4="></latexit><latexit sha1_base64="eUju56MbmTjnbjvuteCmfPTG+6I=">AAACM3icbVDLSgMxFM3UVx1fVZdugkVwY5lxo8uiG3FVwT6gU0omvW1Dk8mYZAp1mH9y44+4EMSFIm79B9PHwrYeCBzOuSfJPWHMmTae9+bkVlbX1jfym+7W9s7uXmH/oKZloihUqeRSNUKigbMIqoYZDo1YAREhh3o4uB779SEozWR0b0YxtATpRazLKDFWahduH3EADwkbYjd1A26DHdJOAyWwDHWGz/CcBiLDbiDthe6i7mbtQtEreRPgZeLPSBHNUGkXXoKOpImAyFBOtG76XmxaKVGGUQ6ZGyQaYkIHpAdNSyMiQLfSyc4ZPrFKB3elsicyeKL+TaREaD0SoZ0UxPT1ojcW//OaieletlIWxYmBiE4f6iYcG4nHBeIOU0ANH1lCqGL2r5j2iSLU2JpdW4K/uPIyqZ2XfK/k3/nF8tWsjjw6QsfoFPnoApXRDaqgKqLoCb2iD/TpPDvvzpfzPR3NObPMIZqD8/ML0BWp0A==</latexit>

Conexão entre z e a(te):

máximo da onda emitida 
no tempo cósmico te.

máximo da onda recebida 
no tempo cósmico t0.

t0
<latexit sha1_base64="xlSjx8x/GVCADW3B3T5DfKKATbE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9jkuagrQ8GHu/NMDMviAU31nW/ncra+sbmVnW7trO7t39QPzzqmijRDDssEpHuBdSg4Ao7lluBvVgjlYHAx2B6m/uPT6gNj9SDncXoSzpWPOSM2kIaurVhveE23QJklXglaUCJ9rD+NRhFLJGoLBPUmL7nxtZPqbacCZzXBonBmLIpHWM/o4pKNH5a3DonZ5kyImGks1KWFOrviZRKY2YyyDoltROz7OXif14/seG1n3IVJxYVWywKE0FsRPLHyYhrZFbMMkKZ5tmthE2opsxm8eQheMsvr5LuRdNzm979ZaN1U8ZRhRM4hXPw4ApacAdt6ACDCTzDK7w50nlx3p2PRWvFKWeO4Q+czx85J42v</latexit><latexit sha1_base64="xlSjx8x/GVCADW3B3T5DfKKATbE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9jkuagrQ8GHu/NMDMviAU31nW/ncra+sbmVnW7trO7t39QPzzqmijRDDssEpHuBdSg4Ao7lluBvVgjlYHAx2B6m/uPT6gNj9SDncXoSzpWPOSM2kIaurVhveE23QJklXglaUCJ9rD+NRhFLJGoLBPUmL7nxtZPqbacCZzXBonBmLIpHWM/o4pKNH5a3DonZ5kyImGks1KWFOrviZRKY2YyyDoltROz7OXif14/seG1n3IVJxYVWywKE0FsRPLHyYhrZFbMMkKZ5tmthE2opsxm8eQheMsvr5LuRdNzm979ZaN1U8ZRhRM4hXPw4ApacAdt6ACDCTzDK7w50nlx3p2PRWvFKWeO4Q+czx85J42v</latexit><latexit sha1_base64="xlSjx8x/GVCADW3B3T5DfKKATbE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9jkuagrQ8GHu/NMDMviAU31nW/ncra+sbmVnW7trO7t39QPzzqmijRDDssEpHuBdSg4Ao7lluBvVgjlYHAx2B6m/uPT6gNj9SDncXoSzpWPOSM2kIaurVhveE23QJklXglaUCJ9rD+NRhFLJGoLBPUmL7nxtZPqbacCZzXBonBmLIpHWM/o4pKNH5a3DonZ5kyImGks1KWFOrviZRKY2YyyDoltROz7OXif14/seG1n3IVJxYVWywKE0FsRPLHyYhrZFbMMkKZ5tmthE2opsxm8eQheMsvr5LuRdNzm979ZaN1U8ZRhRM4hXPw4ApacAdt6ACDCTzDK7w50nlx3p2PRWvFKWeO4Q+czx85J42v</latexit><latexit sha1_base64="xlSjx8x/GVCADW3B3T5DfKKATbE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9jkuagrQ8GHu/NMDMviAU31nW/ncra+sbmVnW7trO7t39QPzzqmijRDDssEpHuBdSg4Ao7lluBvVgjlYHAx2B6m/uPT6gNj9SDncXoSzpWPOSM2kIaurVhveE23QJklXglaUCJ9rD+NRhFLJGoLBPUmL7nxtZPqbacCZzXBonBmLIpHWM/o4pKNH5a3DonZ5kyImGks1KWFOrviZRKY2YyyDoltROz7OXif14/seG1n3IVJxYVWywKE0FsRPLHyYhrZFbMMkKZ5tmthE2opsxm8eQheMsvr5LuRdNzm979ZaN1U8ZRhRM4hXPw4ApacAdt6ACDCTzDK7w50nlx3p2PRWvFKWeO4Q+czx85J42v</latexit>

te
<latexit sha1_base64="diWuHn1Umpqm2zqMqZGLBdkDnxM=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GPRi8cKphbaUDbbTbt0swm7E6GU/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvyqQw6HnfTmVtfWNzq7rt7uzu7R/UDo/aJs014wFLZao7ETVcCsUDFCh5J9OcJpHkj9H4tvAfn7g2IlUPOMl4mNChErFgFK0UYJ+7br9W9xreHGSV+CWpQ4lWv/bVG6QsT7hCJqkxXd/LMJxSjYJJPnN7ueEZZWM65F1LFU24CafzY2fkzCoDEqfalkIyV39PTGlizCSJbGdCcWSWvUL8z+vmGF+HU6GyHLlii0VxLgmmpPicDITmDOXEEsq0sLcSNqKaMrT5FCH4yy+vkvZFw/ca/v1lvXlTxlGFEziFc/DhCppwBy0IgIGAZ3iFN0c5L86787ForTjlzDH8gfP5A78Ejfg=</latexit><latexit sha1_base64="diWuHn1Umpqm2zqMqZGLBdkDnxM=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GPRi8cKphbaUDbbTbt0swm7E6GU/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvyqQw6HnfTmVtfWNzq7rt7uzu7R/UDo/aJs014wFLZao7ETVcCsUDFCh5J9OcJpHkj9H4tvAfn7g2IlUPOMl4mNChErFgFK0UYJ+7br9W9xreHGSV+CWpQ4lWv/bVG6QsT7hCJqkxXd/LMJxSjYJJPnN7ueEZZWM65F1LFU24CafzY2fkzCoDEqfalkIyV39PTGlizCSJbGdCcWSWvUL8z+vmGF+HU6GyHLlii0VxLgmmpPicDITmDOXEEsq0sLcSNqKaMrT5FCH4yy+vkvZFw/ca/v1lvXlTxlGFEziFc/DhCppwBy0IgIGAZ3iFN0c5L86787ForTjlzDH8gfP5A78Ejfg=</latexit><latexit sha1_base64="diWuHn1Umpqm2zqMqZGLBdkDnxM=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GPRi8cKphbaUDbbTbt0swm7E6GU/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvyqQw6HnfTmVtfWNzq7rt7uzu7R/UDo/aJs014wFLZao7ETVcCsUDFCh5J9OcJpHkj9H4tvAfn7g2IlUPOMl4mNChErFgFK0UYJ+7br9W9xreHGSV+CWpQ4lWv/bVG6QsT7hCJqkxXd/LMJxSjYJJPnN7ueEZZWM65F1LFU24CafzY2fkzCoDEqfalkIyV39PTGlizCSJbGdCcWSWvUL8z+vmGF+HU6GyHLlii0VxLgmmpPicDITmDOXEEsq0sLcSNqKaMrT5FCH4yy+vkvZFw/ca/v1lvXlTxlGFEziFc/DhCppwBy0IgIGAZ3iFN0c5L86787ForTjlzDH8gfP5A78Ejfg=</latexit><latexit sha1_base64="diWuHn1Umpqm2zqMqZGLBdkDnxM=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GPRi8cKphbaUDbbTbt0swm7E6GU/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvyqQw6HnfTmVtfWNzq7rt7uzu7R/UDo/aJs014wFLZao7ETVcCsUDFCh5J9OcJpHkj9H4tvAfn7g2IlUPOMl4mNChErFgFK0UYJ+7br9W9xreHGSV+CWpQ4lWv/bVG6QsT7hCJqkxXd/LMJxSjYJJPnN7ueEZZWM65F1LFU24CafzY2fkzCoDEqfalkIyV39PTGlizCSJbGdCcWSWvUL8z+vmGF+HU6GyHLlii0VxLgmmpPicDITmDOXEEsq0sLcSNqKaMrT5FCH4yy+vkvZFw/ca/v1lvXlTxlGFEziFc/DhCppwBy0IgIGAZ3iFN0c5L86787ForTjlzDH8gfP5A78Ejfg=</latexit>

t0 + �0/c
<latexit sha1_base64="NlzLBdV+LsUiPN41ZOln7+DRme4=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEoU5E0GXRjcsK9gFtCJPJpB06mYSZiRBC/RU3LhRx64e482+ctFlo64GBwzn3cO+cIOVMaYS+rZXVtfWNzdqWvb2zu7fvHBx2VZJJQjsk4YnsB1hRzgTtaKY57aeS4jjgtBdMbku/90ilYol40HlKvRiPBIsYwdpIvlPXPoJncMhNJMQ+Oie27TsN1EQzwGXiVqQBKrR952sYJiSLqdCEY6UGLkq1V2CpGeF0ag8zRVNMJnhEB4YKHFPlFbPjp/DEKCGMEmme0HCm/k4UOFYqjwMzGWM9VoteKf7nDTIdXXsFE2mmqSDzRVHGoU5g2QQMmaRE89wQTCQzt0IyxhITbfoqS3AXv7xMuhdNFzXd+8tG66aqowaOwDE4BS64Ai1wB9qgAwjIwTN4BW/Wk/VivVsf89EVq8rUwR9Ynz+b15LJ</latexit><latexit sha1_base64="NlzLBdV+LsUiPN41ZOln7+DRme4=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEoU5E0GXRjcsK9gFtCJPJpB06mYSZiRBC/RU3LhRx64e482+ctFlo64GBwzn3cO+cIOVMaYS+rZXVtfWNzdqWvb2zu7fvHBx2VZJJQjsk4YnsB1hRzgTtaKY57aeS4jjgtBdMbku/90ilYol40HlKvRiPBIsYwdpIvlPXPoJncMhNJMQ+Oie27TsN1EQzwGXiVqQBKrR952sYJiSLqdCEY6UGLkq1V2CpGeF0ag8zRVNMJnhEB4YKHFPlFbPjp/DEKCGMEmme0HCm/k4UOFYqjwMzGWM9VoteKf7nDTIdXXsFE2mmqSDzRVHGoU5g2QQMmaRE89wQTCQzt0IyxhITbfoqS3AXv7xMuhdNFzXd+8tG66aqowaOwDE4BS64Ai1wB9qgAwjIwTN4BW/Wk/VivVsf89EVq8rUwR9Ynz+b15LJ</latexit><latexit sha1_base64="NlzLBdV+LsUiPN41ZOln7+DRme4=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEoU5E0GXRjcsK9gFtCJPJpB06mYSZiRBC/RU3LhRx64e482+ctFlo64GBwzn3cO+cIOVMaYS+rZXVtfWNzdqWvb2zu7fvHBx2VZJJQjsk4YnsB1hRzgTtaKY57aeS4jjgtBdMbku/90ilYol40HlKvRiPBIsYwdpIvlPXPoJncMhNJMQ+Oie27TsN1EQzwGXiVqQBKrR952sYJiSLqdCEY6UGLkq1V2CpGeF0ag8zRVNMJnhEB4YKHFPlFbPjp/DEKCGMEmme0HCm/k4UOFYqjwMzGWM9VoteKf7nDTIdXXsFE2mmqSDzRVHGoU5g2QQMmaRE89wQTCQzt0IyxhITbfoqS3AXv7xMuhdNFzXd+8tG66aqowaOwDE4BS64Ai1wB9qgAwjIwTN4BW/Wk/VivVsf89EVq8rUwR9Ynz+b15LJ</latexit><latexit sha1_base64="NlzLBdV+LsUiPN41ZOln7+DRme4=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEoU5E0GXRjcsK9gFtCJPJpB06mYSZiRBC/RU3LhRx64e482+ctFlo64GBwzn3cO+cIOVMaYS+rZXVtfWNzdqWvb2zu7fvHBx2VZJJQjsk4YnsB1hRzgTtaKY57aeS4jjgtBdMbku/90ilYol40HlKvRiPBIsYwdpIvlPXPoJncMhNJMQ+Oie27TsN1EQzwGXiVqQBKrR952sYJiSLqdCEY6UGLkq1V2CpGeF0ag8zRVNMJnhEB4YKHFPlFbPjp/DEKCGMEmme0HCm/k4UOFYqjwMzGWM9VoteKf7nDTIdXXsFE2mmqSDzRVHGoU5g2QQMmaRE89wQTCQzt0IyxhITbfoqS3AXv7xMuhdNFzXd+8tG66aqowaOwDE4BS64Ai1wB9qgAwjIwTN4BW/Wk/VivVsf89EVq8rUwR9Ynz+b15LJ</latexit>

te + �e/c
<latexit sha1_base64="j9Hu2lKyJY0F4jwrmUA4ZM9Sv5I=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEoSYi6LLoxmUF+4A2hMnkph06eTAzEUKov+LGhSJu/RB3/o2TNgttPTBwOOce7p3jp5xJZdvfxsrq2vrGZm3L3N7Z3du3Dg67MskEhQ5NeCL6PpHAWQwdxRSHfiqARD6Hnj+5Lf3eIwjJkvhB5Sm4ERnFLGSUKC15Vl15gM/wkOtIQDw4p6bpWQ27ac+Al4lTkQaq0Pasr2GQ0CyCWFFOpBw4dqrcggjFKIepOcwkpIROyAgGmsYkAukWs+On+EQrAQ4ToV+s8Ez9nShIJGUe+XoyImosF71S/M8bZCq8dgsWp5mCmM4XhRnHKsFlEzhgAqjiuSaECqZvxXRMBKFK91WW4Cx+eZl0L5qO3XTuLxutm6qOGjpCx+gUOegKtdAdaqMOoihHz+gVvRlPxovxbnzMR1eMKlNHf2B8/gBAspMz</latexit><latexit sha1_base64="j9Hu2lKyJY0F4jwrmUA4ZM9Sv5I=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEoSYi6LLoxmUF+4A2hMnkph06eTAzEUKov+LGhSJu/RB3/o2TNgttPTBwOOce7p3jp5xJZdvfxsrq2vrGZm3L3N7Z3du3Dg67MskEhQ5NeCL6PpHAWQwdxRSHfiqARD6Hnj+5Lf3eIwjJkvhB5Sm4ERnFLGSUKC15Vl15gM/wkOtIQDw4p6bpWQ27ac+Al4lTkQaq0Pasr2GQ0CyCWFFOpBw4dqrcggjFKIepOcwkpIROyAgGmsYkAukWs+On+EQrAQ4ToV+s8Ez9nShIJGUe+XoyImosF71S/M8bZCq8dgsWp5mCmM4XhRnHKsFlEzhgAqjiuSaECqZvxXRMBKFK91WW4Cx+eZl0L5qO3XTuLxutm6qOGjpCx+gUOegKtdAdaqMOoihHz+gVvRlPxovxbnzMR1eMKlNHf2B8/gBAspMz</latexit><latexit sha1_base64="j9Hu2lKyJY0F4jwrmUA4ZM9Sv5I=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEoSYi6LLoxmUF+4A2hMnkph06eTAzEUKov+LGhSJu/RB3/o2TNgttPTBwOOce7p3jp5xJZdvfxsrq2vrGZm3L3N7Z3du3Dg67MskEhQ5NeCL6PpHAWQwdxRSHfiqARD6Hnj+5Lf3eIwjJkvhB5Sm4ERnFLGSUKC15Vl15gM/wkOtIQDw4p6bpWQ27ac+Al4lTkQaq0Pasr2GQ0CyCWFFOpBw4dqrcggjFKIepOcwkpIROyAgGmsYkAukWs+On+EQrAQ4ToV+s8Ez9nShIJGUe+XoyImosF71S/M8bZCq8dgsWp5mCmM4XhRnHKsFlEzhgAqjiuSaECqZvxXRMBKFK91WW4Cx+eZl0L5qO3XTuLxutm6qOGjpCx+gUOegKtdAdaqMOoihHz+gVvRlPxovxbnzMR1eMKlNHf2B8/gBAspMz</latexit><latexit sha1_base64="j9Hu2lKyJY0F4jwrmUA4ZM9Sv5I=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEoSYi6LLoxmUF+4A2hMnkph06eTAzEUKov+LGhSJu/RB3/o2TNgttPTBwOOce7p3jp5xJZdvfxsrq2vrGZm3L3N7Z3du3Dg67MskEhQ5NeCL6PpHAWQwdxRSHfiqARD6Hnj+5Lf3eIwjJkvhB5Sm4ERnFLGSUKC15Vl15gM/wkOtIQDw4p6bpWQ27ac+Al4lTkQaq0Pasr2GQ0CyCWFFOpBw4dqrcggjFKIepOcwkpIROyAgGmsYkAukWs+On+EQrAQ4ToV+s8Ez9nShIJGUe+XoyImosF71S/M8bZCq8dgsWp5mCmM4XhRnHKsFlEzhgAqjiuSaECqZvxXRMBKFK91WW4Cx+eZl0L5qO3XTuLxutm6qOGjpCx+gUOegKtdAdaqMOoihHz+gVvRlPxovxbnzMR1eMKlNHf2B8/gBAspMz</latexit>

�0
<latexit sha1_base64="d90rFjyWHc2mOvW8AER0YtZfLsY=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMlk0g6dTMLMjVBK/8KNC0Xc+jfu/BsnbRbaemDgcM65zL0nSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj29zvPHFtRKIecJJyP6ZDJSLBKFrpsS9tNKQDtzKo1ty6OwdZJV5BalCgOah+9cOEZTFXyCQ1pue5KfpTqlEwyWeVfmZ4StmYDnnPUkVjbvzpfOMZObNKSKJE26eQzNXfE1MaGzOJA5uMKY7MspeL/3m9DKNrfypUmiFXbPFRlEmCCcnPJ6HQnKGcWEKZFnZXwkZUU4a2pLwEb/nkVdK+qHtu3bu/rDVuijrKcAKncA4eXEED7qAJLWCg4Ble4c0xzovz7nwsoiWnmDmGP3A+fwCcs5A0</latexit><latexit sha1_base64="d90rFjyWHc2mOvW8AER0YtZfLsY=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMlk0g6dTMLMjVBK/8KNC0Xc+jfu/BsnbRbaemDgcM65zL0nSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj29zvPHFtRKIecJJyP6ZDJSLBKFrpsS9tNKQDtzKo1ty6OwdZJV5BalCgOah+9cOEZTFXyCQ1pue5KfpTqlEwyWeVfmZ4StmYDnnPUkVjbvzpfOMZObNKSKJE26eQzNXfE1MaGzOJA5uMKY7MspeL/3m9DKNrfypUmiFXbPFRlEmCCcnPJ6HQnKGcWEKZFnZXwkZUU4a2pLwEb/nkVdK+qHtu3bu/rDVuijrKcAKncA4eXEED7qAJLWCg4Ble4c0xzovz7nwsoiWnmDmGP3A+fwCcs5A0</latexit><latexit sha1_base64="d90rFjyWHc2mOvW8AER0YtZfLsY=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMlk0g6dTMLMjVBK/8KNC0Xc+jfu/BsnbRbaemDgcM65zL0nSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj29zvPHFtRKIecJJyP6ZDJSLBKFrpsS9tNKQDtzKo1ty6OwdZJV5BalCgOah+9cOEZTFXyCQ1pue5KfpTqlEwyWeVfmZ4StmYDnnPUkVjbvzpfOMZObNKSKJE26eQzNXfE1MaGzOJA5uMKY7MspeL/3m9DKNrfypUmiFXbPFRlEmCCcnPJ6HQnKGcWEKZFnZXwkZUU4a2pLwEb/nkVdK+qHtu3bu/rDVuijrKcAKncA4eXEED7qAJLWCg4Ble4c0xzovz7nwsoiWnmDmGP3A+fwCcs5A0</latexit><latexit sha1_base64="d90rFjyWHc2mOvW8AER0YtZfLsY=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMlk0g6dTMLMjVBK/8KNC0Xc+jfu/BsnbRbaemDgcM65zL0nSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj29zvPHFtRKIecJJyP6ZDJSLBKFrpsS9tNKQDtzKo1ty6OwdZJV5BalCgOah+9cOEZTFXyCQ1pue5KfpTqlEwyWeVfmZ4StmYDnnPUkVjbvzpfOMZObNKSKJE26eQzNXfE1MaGzOJA5uMKY7MspeL/3m9DKNrfypUmiFXbPFRlEmCCcnPJ6HQnKGcWEKZFnZXwkZUU4a2pLwEb/nkVdK+qHtu3bu/rDVuijrKcAKncA4eXEED7qAJLWCg4Ble4c0xzovz7nwsoiWnmDmGP3A+fwCcs5A0</latexit>

�e
<latexit sha1_base64="H5rTciAjmEEkb5CLBX7esMEz8NM=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMnkph06mYSZiVBK/8KNC0Xc+jfu/BsnbRbaemDgcM65zL0nSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8m/udJ1SaJ/LBTFL0YzqUPOKMGis99oWNhnSAlUG15tbdOcgq8QpSgwLNQfWrHyYsi1EaJqjWPc9NjT+lynAmcFbpZxpTysZ0iD1LJY1R+9P5xjNyZpWQRImyTxoyV39PTGms9SQObDKmZqSXvVz8z+tlJrr2p1ymmUHJFh9FmSAmIfn5JOQKmRETSyhT3O5K2IgqyowtKS/BWz55lbQv6p5b9+4va42boo4ynMApnIMHV9CAO2hCCxhIeIZXeHO08+K8Ox+LaMkpZo7hD5zPH+08kGk=</latexit><latexit sha1_base64="H5rTciAjmEEkb5CLBX7esMEz8NM=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMnkph06mYSZiVBK/8KNC0Xc+jfu/BsnbRbaemDgcM65zL0nSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8m/udJ1SaJ/LBTFL0YzqUPOKMGis99oWNhnSAlUG15tbdOcgq8QpSgwLNQfWrHyYsi1EaJqjWPc9NjT+lynAmcFbpZxpTysZ0iD1LJY1R+9P5xjNyZpWQRImyTxoyV39PTGms9SQObDKmZqSXvVz8z+tlJrr2p1ymmUHJFh9FmSAmIfn5JOQKmRETSyhT3O5K2IgqyowtKS/BWz55lbQv6p5b9+4va42boo4ynMApnIMHV9CAO2hCCxhIeIZXeHO08+K8Ox+LaMkpZo7hD5zPH+08kGk=</latexit><latexit sha1_base64="H5rTciAjmEEkb5CLBX7esMEz8NM=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMnkph06mYSZiVBK/8KNC0Xc+jfu/BsnbRbaemDgcM65zL0nSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8m/udJ1SaJ/LBTFL0YzqUPOKMGis99oWNhnSAlUG15tbdOcgq8QpSgwLNQfWrHyYsi1EaJqjWPc9NjT+lynAmcFbpZxpTysZ0iD1LJY1R+9P5xjNyZpWQRImyTxoyV39PTGms9SQObDKmZqSXvVz8z+tlJrr2p1ymmUHJFh9FmSAmIfn5JOQKmRETSyhT3O5K2IgqyowtKS/BWz55lbQv6p5b9+4va42boo4ynMApnIMHV9CAO2hCCxhIeIZXeHO08+K8Ox+LaMkpZo7hD5zPH+08kGk=</latexit><latexit sha1_base64="H5rTciAjmEEkb5CLBX7esMEz8NM=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMnkph06mYSZiVBK/8KNC0Xc+jfu/BsnbRbaemDgcM65zL0nSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8m/udJ1SaJ/LBTFL0YzqUPOKMGis99oWNhnSAlUG15tbdOcgq8QpSgwLNQfWrHyYsi1EaJqjWPc9NjT+lynAmcFbpZxpTysZ0iD1LJY1R+9P5xjNyZpWQRImyTxoyV39PTGms9SQObDKmZqSXvVz8z+tlJrr2p1ymmUHJFh9FmSAmIfn5JOQKmRETSyhT3O5K2IgqyowtKS/BWz55lbQv6p5b9+4va42boo4ynMApnIMHV9CAO2hCCxhIeIZXeHO08+K8Ox+LaMkpZo7hD5zPH+08kGk=</latexit>

�0 6= �e
<latexit sha1_base64="E4rPe0DTvv+lYGpz1ngzhEcTdEc=">AAACAXicbVBPS8MwHE3nvzn/Vb0IXoJD8DRaEfQ49OJxgtuEtZQ0/XULS9OSpMIY8+JX8eJBEa9+C29+G9Otgm4+CLy8934kvxdmnCntOF9WZWl5ZXWtul7b2Nza3rF39zoqzSWFNk15Ku9CooAzAW3NNIe7TAJJQg7dcHhV+N17kIql4laPMvAT0hcsZpRoIwX2gcdNOCKBgz0B+OcGtcCuOw1nCrxI3JLUUYlWYH96UUrzBISmnCjVc51M+2MiNaMcJjUvV5AROiR96BkqSALKH083mOBjo0Q4TqU5QuOp+ntiTBKlRklokgnRAzXvFeJ/Xi/X8YU/ZiLLNQg6eyjOOdYpLurAEZNANR8ZQqhk5q+YDogkVJvSihLc+ZUXSee04ToN9+as3rws66iiQ3SETpCLzlETXaMWaiOKHtATekGv1qP1bL1Z77NoxSpn9tEfWB/f6OOV4Q==</latexit><latexit sha1_base64="E4rPe0DTvv+lYGpz1ngzhEcTdEc=">AAACAXicbVBPS8MwHE3nvzn/Vb0IXoJD8DRaEfQ49OJxgtuEtZQ0/XULS9OSpMIY8+JX8eJBEa9+C29+G9Otgm4+CLy8934kvxdmnCntOF9WZWl5ZXWtul7b2Nza3rF39zoqzSWFNk15Ku9CooAzAW3NNIe7TAJJQg7dcHhV+N17kIql4laPMvAT0hcsZpRoIwX2gcdNOCKBgz0B+OcGtcCuOw1nCrxI3JLUUYlWYH96UUrzBISmnCjVc51M+2MiNaMcJjUvV5AROiR96BkqSALKH083mOBjo0Q4TqU5QuOp+ntiTBKlRklokgnRAzXvFeJ/Xi/X8YU/ZiLLNQg6eyjOOdYpLurAEZNANR8ZQqhk5q+YDogkVJvSihLc+ZUXSee04ToN9+as3rws66iiQ3SETpCLzlETXaMWaiOKHtATekGv1qP1bL1Z77NoxSpn9tEfWB/f6OOV4Q==</latexit><latexit sha1_base64="E4rPe0DTvv+lYGpz1ngzhEcTdEc=">AAACAXicbVBPS8MwHE3nvzn/Vb0IXoJD8DRaEfQ49OJxgtuEtZQ0/XULS9OSpMIY8+JX8eJBEa9+C29+G9Otgm4+CLy8934kvxdmnCntOF9WZWl5ZXWtul7b2Nza3rF39zoqzSWFNk15Ku9CooAzAW3NNIe7TAJJQg7dcHhV+N17kIql4laPMvAT0hcsZpRoIwX2gcdNOCKBgz0B+OcGtcCuOw1nCrxI3JLUUYlWYH96UUrzBISmnCjVc51M+2MiNaMcJjUvV5AROiR96BkqSALKH083mOBjo0Q4TqU5QuOp+ntiTBKlRklokgnRAzXvFeJ/Xi/X8YU/ZiLLNQg6eyjOOdYpLurAEZNANR8ZQqhk5q+YDogkVJvSihLc+ZUXSee04ToN9+as3rws66iiQ3SETpCLzlETXaMWaiOKHtATekGv1qP1bL1Z77NoxSpn9tEfWB/f6OOV4Q==</latexit><latexit sha1_base64="E4rPe0DTvv+lYGpz1ngzhEcTdEc=">AAACAXicbVBPS8MwHE3nvzn/Vb0IXoJD8DRaEfQ49OJxgtuEtZQ0/XULS9OSpMIY8+JX8eJBEa9+C29+G9Otgm4+CLy8934kvxdmnCntOF9WZWl5ZXWtul7b2Nza3rF39zoqzSWFNk15Ku9CooAzAW3NNIe7TAJJQg7dcHhV+N17kIql4laPMvAT0hcsZpRoIwX2gcdNOCKBgz0B+OcGtcCuOw1nCrxI3JLUUYlWYH96UUrzBISmnCjVc51M+2MiNaMcJjUvV5AROiR96BkqSALKH083mOBjo0Q4TqU5QuOp+ntiTBKlRklokgnRAzXvFeJ/Xi/X8YU/ZiLLNQg6eyjOOdYpLurAEZNANR8ZQqhk5q+YDogkVJvSihLc+ZUXSee04ToN9+as3rws66iiQ3SETpCLzlETXaMWaiOKHtATekGv1qP1bL1Z77NoxSpn9tEfWB/f6OOV4Q==</latexit>

Em geral:

1

a(te)

Z te+�e/c

te

dt =
1

a(t0)

Z t0+�0/c

t0

dt
<latexit sha1_base64="j/vMHa3jk7yApBisr4HqgYdtiRY="></latexit><latexit sha1_base64="j/vMHa3jk7yApBisr4HqgYdtiRY="></latexit><latexit sha1_base64="j/vMHa3jk7yApBisr4HqgYdtiRY="></latexit><latexit sha1_base64="j/vMHa3jk7yApBisr4HqgYdtiRY="></latexit>

) �e

a(te)
=

�0

a(t0)
<latexit sha1_base64="V0k+2H8O5dBdHno5SwjqZuNt7lo=">AAACKnicbVDLSgNBEJz1bXxFPXoZDIJewq4IehF8XDxGMSpkw9I76SSDszvLTK8SlnyPF3/FSw6KePVDnMSAz4KBoqqLnq44U9KS7796E5NT0zOzc/OlhcWl5ZXy6tqV1bkRWBdaaXMTg0UlU6yTJIU3mUFIYoXX8e3p0L++Q2OlTi+pl2EzgU4q21IAOSkqH4cXstMlMEbf81IRKhdtQYQ81C7GYZsi3OmXDr8s/5vlOysqV/yqPwL/S4IxqbAxalF5ELa0yBNMSSiwthH4GTULMCSFwn4pzC1mIG6hgw1HU0jQNovRqX2+5ZQWb2vjXkp8pH5PFJBY20tiN5kAde1vbyj+5zVyah80C5lmOWEqPhe1c8VJ82FvvCUNClI9R0AY6f7KRRcMCHLtDksIfp/8l1ztVgO/GpzvVY5OxnXMsQ22ybZZwPbZETtjNVZngj2wJ/bMXrxHb+C9em+foxPeOLPOfsB7/wBXjaVL</latexit><latexit sha1_base64="V0k+2H8O5dBdHno5SwjqZuNt7lo=">AAACKnicbVDLSgNBEJz1bXxFPXoZDIJewq4IehF8XDxGMSpkw9I76SSDszvLTK8SlnyPF3/FSw6KePVDnMSAz4KBoqqLnq44U9KS7796E5NT0zOzc/OlhcWl5ZXy6tqV1bkRWBdaaXMTg0UlU6yTJIU3mUFIYoXX8e3p0L++Q2OlTi+pl2EzgU4q21IAOSkqH4cXstMlMEbf81IRKhdtQYQ81C7GYZsi3OmXDr8s/5vlOysqV/yqPwL/S4IxqbAxalF5ELa0yBNMSSiwthH4GTULMCSFwn4pzC1mIG6hgw1HU0jQNovRqX2+5ZQWb2vjXkp8pH5PFJBY20tiN5kAde1vbyj+5zVyah80C5lmOWEqPhe1c8VJ82FvvCUNClI9R0AY6f7KRRcMCHLtDksIfp/8l1ztVgO/GpzvVY5OxnXMsQ22ybZZwPbZETtjNVZngj2wJ/bMXrxHb+C9em+foxPeOLPOfsB7/wBXjaVL</latexit><latexit sha1_base64="V0k+2H8O5dBdHno5SwjqZuNt7lo=">AAACKnicbVDLSgNBEJz1bXxFPXoZDIJewq4IehF8XDxGMSpkw9I76SSDszvLTK8SlnyPF3/FSw6KePVDnMSAz4KBoqqLnq44U9KS7796E5NT0zOzc/OlhcWl5ZXy6tqV1bkRWBdaaXMTg0UlU6yTJIU3mUFIYoXX8e3p0L++Q2OlTi+pl2EzgU4q21IAOSkqH4cXstMlMEbf81IRKhdtQYQ81C7GYZsi3OmXDr8s/5vlOysqV/yqPwL/S4IxqbAxalF5ELa0yBNMSSiwthH4GTULMCSFwn4pzC1mIG6hgw1HU0jQNovRqX2+5ZQWb2vjXkp8pH5PFJBY20tiN5kAde1vbyj+5zVyah80C5lmOWEqPhe1c8VJ82FvvCUNClI9R0AY6f7KRRcMCHLtDksIfp/8l1ztVgO/GpzvVY5OxnXMsQ22ybZZwPbZETtjNVZngj2wJ/bMXrxHb+C9em+foxPeOLPOfsB7/wBXjaVL</latexit><latexit sha1_base64="V0k+2H8O5dBdHno5SwjqZuNt7lo=">AAACKnicbVDLSgNBEJz1bXxFPXoZDIJewq4IehF8XDxGMSpkw9I76SSDszvLTK8SlnyPF3/FSw6KePVDnMSAz4KBoqqLnq44U9KS7796E5NT0zOzc/OlhcWl5ZXy6tqV1bkRWBdaaXMTg0UlU6yTJIU3mUFIYoXX8e3p0L++Q2OlTi+pl2EzgU4q21IAOSkqH4cXstMlMEbf81IRKhdtQYQ81C7GYZsi3OmXDr8s/5vlOysqV/yqPwL/S4IxqbAxalF5ELa0yBNMSSiwthH4GTULMCSFwn4pzC1mIG6hgw1HU0jQNovRqX2+5ZQWb2vjXkp8pH5PFJBY20tiN5kAde1vbyj+5zVyah80C5lmOWEqPhe1c8VJ82FvvCUNClI9R0AY6f7KRRcMCHLtDksIfp/8l1ztVgO/GpzvVY5OxnXMsQ22ybZZwPbZETtjNVZngj2wJ/bMXrxHb+C9em+foxPeOLPOfsB7/wBXjaVL</latexit>

Fora da integral: durante o 
tempo entre dois máximos 
da onda (seja na emissão ou 
na recepção), o Universo 
não expandiu quase nada.

H�1
0 ⇡ 14 Gyr

<latexit sha1_base64="hfGKGTJHcZJ5IcRiIMZhbpz6Ksc=">AAACB3icbVC7SgNBFL3rM8bXqqUgg0GwMeyIoGATtDBlBPOAJMbZySQZMvtgZlZclrWysfI/bCwUsfUX7PwbJ49CEw9cOJxzL/fe44aCK+0439bM7Nz8wmJmKbu8srq2bm9sVlQQScrKNBCBrLlEMcF9VtZcC1YLJSOeK1jV7Z8P/Ootk4oH/pWOQ9b0SNfnHU6JNlLL3im2nOvkAKeoQcJQBncIH6H7pCE9dBHLtGXnnLwzBJomeExyhdzT6Q0AlFr2V6Md0MhjvqaCKFXHTqibCZGaU8HSbCNSLCS0T7qsbqhPPKaayfCPFO0ZpY06gTTlazRUf08kxFMq9lzT6RHdU5PeQPzPq0e6c9JMuB9Gmvl0tKgTCaQDNAgFtblkVIvYEEIlN7ci2iOSUG2iy5oQ8OTL06RymMdOHl/iXOEMRsjANuzCPmA4hgIUoQRloPAAz/AKb9aj9WK9Wx+j1hlrPLMFf2B9/gAY6pmq</latexit><latexit sha1_base64="9j9/eLP16vhVKxLBtFuOpNhKRXE=">AAACB3icbVC7SgNBFJ31GeNr1VKRwUWwMeyIoGATtDBlBPPAZF1mJ5NkyOyDmVlxWdbKxsr/EMFCEVt/wc6/cfIoNPHAhcM593LvPV7EmVS2/W1MTc/Mzs3nFvKLS8srq+baelWGsSC0QkIeirqHJeUsoBXFFKf1SFDse5zWvN5Z36/dUCFZGFyqJKKOjzsBazOClZZcc7vk2tfpPspgE0eRCG8hOoR3aVP48DwRmWtadsEeAE4SNCJW0Xo8aV1tPZdd86vZCkns00ARjqVsIDtSToqFYoTTLN+MJY0w6eEObWgaYJ9KJx38kcFdrbRgOxS6AgUH6u+JFPtSJr6nO32sunLc64v/eY1YtY+dlAVRrGhAhovaMYcqhP1QYIsJShRPNMFEMH0rJF0sMFE6urwOAY2/PEmqBwVkF9AFsoqnYIgc2AQ7YA8gcASKoATKoAIIuAdP4BW8GQ/Gi/FufAxbp4zRzAb4A+PzB6FzmtA=</latexit><latexit sha1_base64="9j9/eLP16vhVKxLBtFuOpNhKRXE=">AAACB3icbVC7SgNBFJ31GeNr1VKRwUWwMeyIoGATtDBlBPPAZF1mJ5NkyOyDmVlxWdbKxsr/EMFCEVt/wc6/cfIoNPHAhcM593LvPV7EmVS2/W1MTc/Mzs3nFvKLS8srq+baelWGsSC0QkIeirqHJeUsoBXFFKf1SFDse5zWvN5Z36/dUCFZGFyqJKKOjzsBazOClZZcc7vk2tfpPspgE0eRCG8hOoR3aVP48DwRmWtadsEeAE4SNCJW0Xo8aV1tPZdd86vZCkns00ARjqVsIDtSToqFYoTTLN+MJY0w6eEObWgaYJ9KJx38kcFdrbRgOxS6AgUH6u+JFPtSJr6nO32sunLc64v/eY1YtY+dlAVRrGhAhovaMYcqhP1QYIsJShRPNMFEMH0rJF0sMFE6urwOAY2/PEmqBwVkF9AFsoqnYIgc2AQ7YA8gcASKoATKoAIIuAdP4BW8GQ/Gi/FufAxbp4zRzAb4A+PzB6FzmtA=</latexit><latexit sha1_base64="ckcOVmH2sjDuNtcqtHPnUVIEiBc=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgxpIRQZdFF3ZZwT6giWEynbRDJw9mJmIIceXGX3HjQhG3/oI7/8Zpm4W2HrhwOOde7r3HizmTyrK+jdLC4tLySnm1sra+sbllbu+0ZZQIQlsk4pHoelhSzkLaUkxx2o0FxYHHaccbXY79zh0VkkXhjUpj6gR4EDKfEay05Jr7Dde6zY5RDm0cxyK6h+gUPmS2COBVKnLXrFo1awI4T1BBqqBA0zW/7H5EkoCGinAsZQ9ZsXIyLBQjnOYVO5E0xmSEB7SnaYgDKp1s8kcOD7XSh34kdIUKTtTfExkOpEwDT3cGWA3lrDcW//N6ifLPnYyFcaJoSKaL/IRDFcFxKLDPBCWKp5pgIpi+FZIhFpgoHV1Fh4BmX54n7ZMasmroGlXrF0UcZbAHDsARQOAM1EEDNEELEPAInsEreDOejBfj3fiYtpaMYmYX/IHx+QMAkpgd</latexit>

�/c ⇡ 2⇥ 10�15s ⇡ 10�32H�1
0

<latexit sha1_base64="EPQG6gVY3K2g0PpPcV7vsrERtSI="></latexit><latexit sha1_base64="k4VCC3tra8HZpPdWIUXEyTKavcw="></latexit><latexit sha1_base64="k4VCC3tra8HZpPdWIUXEyTKavcw="></latexit><latexit sha1_base64="YK9zuSetI+Lz9m0esI0uOMiOeN4=">AAACKXicbVDLSgMxFM34rONr1KWbYBHcWCcV0WXRTZcV7AM6tWTStA3NTIYkI5ZhfseNv+JGQVG3/ojpdARtPRA4nHMuuff4EWdKu+6HtbC4tLyyWliz1zc2t7adnd2GErEktE4EF7LlY0U5C2ldM81pK5IUBz6nTX90NfGbd1QqJsIbPY5oJ8CDkPUZwdpIXaficRPu4RMCPRxFUtxDuww9zQKqIHJvk2N0lkJl/5iZdFpOYbWbmWnXKbolNwOcJygnRZCj1nVevJ4gcUBDTThWqo3cSHcSLDUjnKa2FysaYTLCA9o2NMRmk06SXZrCQ6P0YF9I80INM/X3RIIDpcaBb5IB1kM1603E/7x2rPsXnYSFUaxpSKYf9WMOtYCT2mCPSUo0HxuCiWRmV0iGWGKiTbm2KQHNnjxPGuUSckvoGhUrl3kdBbAPDsARQOAcVEAV1EAdEPAAnsAreLMerWfr3fqcRhesfGYP/IH19Q1j+6OY</latexit>

Tempo de Hubble

(para luz visível)
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3.6 Distância Própria

z ⌘ �
obs

��
em

�
em

<latexit sha1_base64="Y5hukD95rjCfix6mnisGbqObkmw="></latexit><latexit sha1_base64="6vQZ91fG8CaD7UTamUDjno9AGj4="></latexit><latexit sha1_base64="6vQZ91fG8CaD7UTamUDjno9AGj4="></latexit><latexit sha1_base64="eUju56MbmTjnbjvuteCmfPTG+6I=">AAACM3icbVDLSgMxFM3UVx1fVZdugkVwY5lxo8uiG3FVwT6gU0omvW1Dk8mYZAp1mH9y44+4EMSFIm79B9PHwrYeCBzOuSfJPWHMmTae9+bkVlbX1jfym+7W9s7uXmH/oKZloihUqeRSNUKigbMIqoYZDo1YAREhh3o4uB779SEozWR0b0YxtATpRazLKDFWahduH3EADwkbYjd1A26DHdJOAyWwDHWGz/CcBiLDbiDthe6i7mbtQtEreRPgZeLPSBHNUGkXXoKOpImAyFBOtG76XmxaKVGGUQ6ZGyQaYkIHpAdNSyMiQLfSyc4ZPrFKB3elsicyeKL+TaREaD0SoZ0UxPT1ojcW//OaieletlIWxYmBiE4f6iYcG4nHBeIOU0ANH1lCqGL2r5j2iSLU2JpdW4K/uPIyqZ2XfK/k3/nF8tWsjjw6QsfoFPnoApXRDaqgKqLoCb2iD/TpPDvvzpfzPR3NObPMIZqD8/ML0BWp0A==</latexit>

Conexão entre z e a(te):

máximo da onda emitida 
no tempo cósmico te.

máximo da onda recebida 
no tempo cósmico t0.

t0
<latexit sha1_base64="xlSjx8x/GVCADW3B3T5DfKKATbE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9jkuagrQ8GHu/NMDMviAU31nW/ncra+sbmVnW7trO7t39QPzzqmijRDDssEpHuBdSg4Ao7lluBvVgjlYHAx2B6m/uPT6gNj9SDncXoSzpWPOSM2kIaurVhveE23QJklXglaUCJ9rD+NRhFLJGoLBPUmL7nxtZPqbacCZzXBonBmLIpHWM/o4pKNH5a3DonZ5kyImGks1KWFOrviZRKY2YyyDoltROz7OXif14/seG1n3IVJxYVWywKE0FsRPLHyYhrZFbMMkKZ5tmthE2opsxm8eQheMsvr5LuRdNzm979ZaN1U8ZRhRM4hXPw4ApacAdt6ACDCTzDK7w50nlx3p2PRWvFKWeO4Q+czx85J42v</latexit><latexit sha1_base64="xlSjx8x/GVCADW3B3T5DfKKATbE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9jkuagrQ8GHu/NMDMviAU31nW/ncra+sbmVnW7trO7t39QPzzqmijRDDssEpHuBdSg4Ao7lluBvVgjlYHAx2B6m/uPT6gNj9SDncXoSzpWPOSM2kIaurVhveE23QJklXglaUCJ9rD+NRhFLJGoLBPUmL7nxtZPqbacCZzXBonBmLIpHWM/o4pKNH5a3DonZ5kyImGks1KWFOrviZRKY2YyyDoltROz7OXif14/seG1n3IVJxYVWywKE0FsRPLHyYhrZFbMMkKZ5tmthE2opsxm8eQheMsvr5LuRdNzm979ZaN1U8ZRhRM4hXPw4ApacAdt6ACDCTzDK7w50nlx3p2PRWvFKWeO4Q+czx85J42v</latexit><latexit sha1_base64="xlSjx8x/GVCADW3B3T5DfKKATbE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9jkuagrQ8GHu/NMDMviAU31nW/ncra+sbmVnW7trO7t39QPzzqmijRDDssEpHuBdSg4Ao7lluBvVgjlYHAx2B6m/uPT6gNj9SDncXoSzpWPOSM2kIaurVhveE23QJklXglaUCJ9rD+NRhFLJGoLBPUmL7nxtZPqbacCZzXBonBmLIpHWM/o4pKNH5a3DonZ5kyImGks1KWFOrviZRKY2YyyDoltROz7OXif14/seG1n3IVJxYVWywKE0FsRPLHyYhrZFbMMkKZ5tmthE2opsxm8eQheMsvr5LuRdNzm979ZaN1U8ZRhRM4hXPw4ApacAdt6ACDCTzDK7w50nlx3p2PRWvFKWeO4Q+czx85J42v</latexit><latexit sha1_base64="xlSjx8x/GVCADW3B3T5DfKKATbE=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cKthbaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9jkuagrQ8GHu/NMDMviAU31nW/ncra+sbmVnW7trO7t39QPzzqmijRDDssEpHuBdSg4Ao7lluBvVgjlYHAx2B6m/uPT6gNj9SDncXoSzpWPOSM2kIaurVhveE23QJklXglaUCJ9rD+NRhFLJGoLBPUmL7nxtZPqbacCZzXBonBmLIpHWM/o4pKNH5a3DonZ5kyImGks1KWFOrviZRKY2YyyDoltROz7OXif14/seG1n3IVJxYVWywKE0FsRPLHyYhrZFbMMkKZ5tmthE2opsxm8eQheMsvr5LuRdNzm979ZaN1U8ZRhRM4hXPw4ApacAdt6ACDCTzDK7w50nlx3p2PRWvFKWeO4Q+czx85J42v</latexit>

te
<latexit sha1_base64="diWuHn1Umpqm2zqMqZGLBdkDnxM=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GPRi8cKphbaUDbbTbt0swm7E6GU/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvyqQw6HnfTmVtfWNzq7rt7uzu7R/UDo/aJs014wFLZao7ETVcCsUDFCh5J9OcJpHkj9H4tvAfn7g2IlUPOMl4mNChErFgFK0UYJ+7br9W9xreHGSV+CWpQ4lWv/bVG6QsT7hCJqkxXd/LMJxSjYJJPnN7ueEZZWM65F1LFU24CafzY2fkzCoDEqfalkIyV39PTGlizCSJbGdCcWSWvUL8z+vmGF+HU6GyHLlii0VxLgmmpPicDITmDOXEEsq0sLcSNqKaMrT5FCH4yy+vkvZFw/ca/v1lvXlTxlGFEziFc/DhCppwBy0IgIGAZ3iFN0c5L86787ForTjlzDH8gfP5A78Ejfg=</latexit><latexit sha1_base64="diWuHn1Umpqm2zqMqZGLBdkDnxM=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GPRi8cKphbaUDbbTbt0swm7E6GU/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvyqQw6HnfTmVtfWNzq7rt7uzu7R/UDo/aJs014wFLZao7ETVcCsUDFCh5J9OcJpHkj9H4tvAfn7g2IlUPOMl4mNChErFgFK0UYJ+7br9W9xreHGSV+CWpQ4lWv/bVG6QsT7hCJqkxXd/LMJxSjYJJPnN7ueEZZWM65F1LFU24CafzY2fkzCoDEqfalkIyV39PTGlizCSJbGdCcWSWvUL8z+vmGF+HU6GyHLlii0VxLgmmpPicDITmDOXEEsq0sLcSNqKaMrT5FCH4yy+vkvZFw/ca/v1lvXlTxlGFEziFc/DhCppwBy0IgIGAZ3iFN0c5L86787ForTjlzDH8gfP5A78Ejfg=</latexit><latexit sha1_base64="diWuHn1Umpqm2zqMqZGLBdkDnxM=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GPRi8cKphbaUDbbTbt0swm7E6GU/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvyqQw6HnfTmVtfWNzq7rt7uzu7R/UDo/aJs014wFLZao7ETVcCsUDFCh5J9OcJpHkj9H4tvAfn7g2IlUPOMl4mNChErFgFK0UYJ+7br9W9xreHGSV+CWpQ4lWv/bVG6QsT7hCJqkxXd/LMJxSjYJJPnN7ueEZZWM65F1LFU24CafzY2fkzCoDEqfalkIyV39PTGlizCSJbGdCcWSWvUL8z+vmGF+HU6GyHLlii0VxLgmmpPicDITmDOXEEsq0sLcSNqKaMrT5FCH4yy+vkvZFw/ca/v1lvXlTxlGFEziFc/DhCppwBy0IgIGAZ3iFN0c5L86787ForTjlzDH8gfP5A78Ejfg=</latexit><latexit sha1_base64="diWuHn1Umpqm2zqMqZGLBdkDnxM=">AAAB7HicbVBNS8NAEJ3Urxq/qh69LBbBU0lE0GPRi8cKphbaUDbbTbt0swm7E6GU/gYvHhTx6g/y5r9x0+agrQ8GHu/NMDMvyqQw6HnfTmVtfWNzq7rt7uzu7R/UDo/aJs014wFLZao7ETVcCsUDFCh5J9OcJpHkj9H4tvAfn7g2IlUPOMl4mNChErFgFK0UYJ+7br9W9xreHGSV+CWpQ4lWv/bVG6QsT7hCJqkxXd/LMJxSjYJJPnN7ueEZZWM65F1LFU24CafzY2fkzCoDEqfalkIyV39PTGlizCSJbGdCcWSWvUL8z+vmGF+HU6GyHLlii0VxLgmmpPicDITmDOXEEsq0sLcSNqKaMrT5FCH4yy+vkvZFw/ca/v1lvXlTxlGFEziFc/DhCppwBy0IgIGAZ3iFN0c5L86787ForTjlzDH8gfP5A78Ejfg=</latexit>

t0 + �0/c
<latexit sha1_base64="NlzLBdV+LsUiPN41ZOln7+DRme4=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEoU5E0GXRjcsK9gFtCJPJpB06mYSZiRBC/RU3LhRx64e482+ctFlo64GBwzn3cO+cIOVMaYS+rZXVtfWNzdqWvb2zu7fvHBx2VZJJQjsk4YnsB1hRzgTtaKY57aeS4jjgtBdMbku/90ilYol40HlKvRiPBIsYwdpIvlPXPoJncMhNJMQ+Oie27TsN1EQzwGXiVqQBKrR952sYJiSLqdCEY6UGLkq1V2CpGeF0ag8zRVNMJnhEB4YKHFPlFbPjp/DEKCGMEmme0HCm/k4UOFYqjwMzGWM9VoteKf7nDTIdXXsFE2mmqSDzRVHGoU5g2QQMmaRE89wQTCQzt0IyxhITbfoqS3AXv7xMuhdNFzXd+8tG66aqowaOwDE4BS64Ai1wB9qgAwjIwTN4BW/Wk/VivVsf89EVq8rUwR9Ynz+b15LJ</latexit><latexit sha1_base64="NlzLBdV+LsUiPN41ZOln7+DRme4=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEoU5E0GXRjcsK9gFtCJPJpB06mYSZiRBC/RU3LhRx64e482+ctFlo64GBwzn3cO+cIOVMaYS+rZXVtfWNzdqWvb2zu7fvHBx2VZJJQjsk4YnsB1hRzgTtaKY57aeS4jjgtBdMbku/90ilYol40HlKvRiPBIsYwdpIvlPXPoJncMhNJMQ+Oie27TsN1EQzwGXiVqQBKrR952sYJiSLqdCEY6UGLkq1V2CpGeF0ag8zRVNMJnhEB4YKHFPlFbPjp/DEKCGMEmme0HCm/k4UOFYqjwMzGWM9VoteKf7nDTIdXXsFE2mmqSDzRVHGoU5g2QQMmaRE89wQTCQzt0IyxhITbfoqS3AXv7xMuhdNFzXd+8tG66aqowaOwDE4BS64Ai1wB9qgAwjIwTN4BW/Wk/VivVsf89EVq8rUwR9Ynz+b15LJ</latexit><latexit sha1_base64="NlzLBdV+LsUiPN41ZOln7+DRme4=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEoU5E0GXRjcsK9gFtCJPJpB06mYSZiRBC/RU3LhRx64e482+ctFlo64GBwzn3cO+cIOVMaYS+rZXVtfWNzdqWvb2zu7fvHBx2VZJJQjsk4YnsB1hRzgTtaKY57aeS4jjgtBdMbku/90ilYol40HlKvRiPBIsYwdpIvlPXPoJncMhNJMQ+Oie27TsN1EQzwGXiVqQBKrR952sYJiSLqdCEY6UGLkq1V2CpGeF0ag8zRVNMJnhEB4YKHFPlFbPjp/DEKCGMEmme0HCm/k4UOFYqjwMzGWM9VoteKf7nDTIdXXsFE2mmqSDzRVHGoU5g2QQMmaRE89wQTCQzt0IyxhITbfoqS3AXv7xMuhdNFzXd+8tG66aqowaOwDE4BS64Ai1wB9qgAwjIwTN4BW/Wk/VivVsf89EVq8rUwR9Ynz+b15LJ</latexit><latexit sha1_base64="NlzLBdV+LsUiPN41ZOln7+DRme4=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEoU5E0GXRjcsK9gFtCJPJpB06mYSZiRBC/RU3LhRx64e482+ctFlo64GBwzn3cO+cIOVMaYS+rZXVtfWNzdqWvb2zu7fvHBx2VZJJQjsk4YnsB1hRzgTtaKY57aeS4jjgtBdMbku/90ilYol40HlKvRiPBIsYwdpIvlPXPoJncMhNJMQ+Oie27TsN1EQzwGXiVqQBKrR952sYJiSLqdCEY6UGLkq1V2CpGeF0ag8zRVNMJnhEB4YKHFPlFbPjp/DEKCGMEmme0HCm/k4UOFYqjwMzGWM9VoteKf7nDTIdXXsFE2mmqSDzRVHGoU5g2QQMmaRE89wQTCQzt0IyxhITbfoqS3AXv7xMuhdNFzXd+8tG66aqowaOwDE4BS64Ai1wB9qgAwjIwTN4BW/Wk/VivVsf89EVq8rUwR9Ynz+b15LJ</latexit>

te + �e/c
<latexit sha1_base64="j9Hu2lKyJY0F4jwrmUA4ZM9Sv5I=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEoSYi6LLoxmUF+4A2hMnkph06eTAzEUKov+LGhSJu/RB3/o2TNgttPTBwOOce7p3jp5xJZdvfxsrq2vrGZm3L3N7Z3du3Dg67MskEhQ5NeCL6PpHAWQwdxRSHfiqARD6Hnj+5Lf3eIwjJkvhB5Sm4ERnFLGSUKC15Vl15gM/wkOtIQDw4p6bpWQ27ac+Al4lTkQaq0Pasr2GQ0CyCWFFOpBw4dqrcggjFKIepOcwkpIROyAgGmsYkAukWs+On+EQrAQ4ToV+s8Ez9nShIJGUe+XoyImosF71S/M8bZCq8dgsWp5mCmM4XhRnHKsFlEzhgAqjiuSaECqZvxXRMBKFK91WW4Cx+eZl0L5qO3XTuLxutm6qOGjpCx+gUOegKtdAdaqMOoihHz+gVvRlPxovxbnzMR1eMKlNHf2B8/gBAspMz</latexit><latexit sha1_base64="j9Hu2lKyJY0F4jwrmUA4ZM9Sv5I=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEoSYi6LLoxmUF+4A2hMnkph06eTAzEUKov+LGhSJu/RB3/o2TNgttPTBwOOce7p3jp5xJZdvfxsrq2vrGZm3L3N7Z3du3Dg67MskEhQ5NeCL6PpHAWQwdxRSHfiqARD6Hnj+5Lf3eIwjJkvhB5Sm4ERnFLGSUKC15Vl15gM/wkOtIQDw4p6bpWQ27ac+Al4lTkQaq0Pasr2GQ0CyCWFFOpBw4dqrcggjFKIepOcwkpIROyAgGmsYkAukWs+On+EQrAQ4ToV+s8Ez9nShIJGUe+XoyImosF71S/M8bZCq8dgsWp5mCmM4XhRnHKsFlEzhgAqjiuSaECqZvxXRMBKFK91WW4Cx+eZl0L5qO3XTuLxutm6qOGjpCx+gUOegKtdAdaqMOoihHz+gVvRlPxovxbnzMR1eMKlNHf2B8/gBAspMz</latexit><latexit sha1_base64="j9Hu2lKyJY0F4jwrmUA4ZM9Sv5I=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEoSYi6LLoxmUF+4A2hMnkph06eTAzEUKov+LGhSJu/RB3/o2TNgttPTBwOOce7p3jp5xJZdvfxsrq2vrGZm3L3N7Z3du3Dg67MskEhQ5NeCL6PpHAWQwdxRSHfiqARD6Hnj+5Lf3eIwjJkvhB5Sm4ERnFLGSUKC15Vl15gM/wkOtIQDw4p6bpWQ27ac+Al4lTkQaq0Pasr2GQ0CyCWFFOpBw4dqrcggjFKIepOcwkpIROyAgGmsYkAukWs+On+EQrAQ4ToV+s8Ez9nShIJGUe+XoyImosF71S/M8bZCq8dgsWp5mCmM4XhRnHKsFlEzhgAqjiuSaECqZvxXRMBKFK91WW4Cx+eZl0L5qO3XTuLxutm6qOGjpCx+gUOegKtdAdaqMOoihHz+gVvRlPxovxbnzMR1eMKlNHf2B8/gBAspMz</latexit><latexit sha1_base64="j9Hu2lKyJY0F4jwrmUA4ZM9Sv5I=">AAAB/HicbVDLSsNAFJ34rPEV7dLNYBEEoSYi6LLoxmUF+4A2hMnkph06eTAzEUKov+LGhSJu/RB3/o2TNgttPTBwOOce7p3jp5xJZdvfxsrq2vrGZm3L3N7Z3du3Dg67MskEhQ5NeCL6PpHAWQwdxRSHfiqARD6Hnj+5Lf3eIwjJkvhB5Sm4ERnFLGSUKC15Vl15gM/wkOtIQDw4p6bpWQ27ac+Al4lTkQaq0Pasr2GQ0CyCWFFOpBw4dqrcggjFKIepOcwkpIROyAgGmsYkAukWs+On+EQrAQ4ToV+s8Ez9nShIJGUe+XoyImosF71S/M8bZCq8dgsWp5mCmM4XhRnHKsFlEzhgAqjiuSaECqZvxXRMBKFK91WW4Cx+eZl0L5qO3XTuLxutm6qOGjpCx+gUOegKtdAdaqMOoihHz+gVvRlPxovxbnzMR1eMKlNHf2B8/gBAspMz</latexit>

�0
<latexit sha1_base64="d90rFjyWHc2mOvW8AER0YtZfLsY=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMlk0g6dTMLMjVBK/8KNC0Xc+jfu/BsnbRbaemDgcM65zL0nSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj29zvPHFtRKIecJJyP6ZDJSLBKFrpsS9tNKQDtzKo1ty6OwdZJV5BalCgOah+9cOEZTFXyCQ1pue5KfpTqlEwyWeVfmZ4StmYDnnPUkVjbvzpfOMZObNKSKJE26eQzNXfE1MaGzOJA5uMKY7MspeL/3m9DKNrfypUmiFXbPFRlEmCCcnPJ6HQnKGcWEKZFnZXwkZUU4a2pLwEb/nkVdK+qHtu3bu/rDVuijrKcAKncA4eXEED7qAJLWCg4Ble4c0xzovz7nwsoiWnmDmGP3A+fwCcs5A0</latexit><latexit sha1_base64="d90rFjyWHc2mOvW8AER0YtZfLsY=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMlk0g6dTMLMjVBK/8KNC0Xc+jfu/BsnbRbaemDgcM65zL0nSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj29zvPHFtRKIecJJyP6ZDJSLBKFrpsS9tNKQDtzKo1ty6OwdZJV5BalCgOah+9cOEZTFXyCQ1pue5KfpTqlEwyWeVfmZ4StmYDnnPUkVjbvzpfOMZObNKSKJE26eQzNXfE1MaGzOJA5uMKY7MspeL/3m9DKNrfypUmiFXbPFRlEmCCcnPJ6HQnKGcWEKZFnZXwkZUU4a2pLwEb/nkVdK+qHtu3bu/rDVuijrKcAKncA4eXEED7qAJLWCg4Ble4c0xzovz7nwsoiWnmDmGP3A+fwCcs5A0</latexit><latexit sha1_base64="d90rFjyWHc2mOvW8AER0YtZfLsY=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMlk0g6dTMLMjVBK/8KNC0Xc+jfu/BsnbRbaemDgcM65zL0nSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj29zvPHFtRKIecJJyP6ZDJSLBKFrpsS9tNKQDtzKo1ty6OwdZJV5BalCgOah+9cOEZTFXyCQ1pue5KfpTqlEwyWeVfmZ4StmYDnnPUkVjbvzpfOMZObNKSKJE26eQzNXfE1MaGzOJA5uMKY7MspeL/3m9DKNrfypUmiFXbPFRlEmCCcnPJ6HQnKGcWEKZFnZXwkZUU4a2pLwEb/nkVdK+qHtu3bu/rDVuijrKcAKncA4eXEED7qAJLWCg4Ble4c0xzovz7nwsoiWnmDmGP3A+fwCcs5A0</latexit><latexit sha1_base64="d90rFjyWHc2mOvW8AER0YtZfLsY=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMlk0g6dTMLMjVBK/8KNC0Xc+jfu/BsnbRbaemDgcM65zL0nSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj29zvPHFtRKIecJJyP6ZDJSLBKFrpsS9tNKQDtzKo1ty6OwdZJV5BalCgOah+9cOEZTFXyCQ1pue5KfpTqlEwyWeVfmZ4StmYDnnPUkVjbvzpfOMZObNKSKJE26eQzNXfE1MaGzOJA5uMKY7MspeL/3m9DKNrfypUmiFXbPFRlEmCCcnPJ6HQnKGcWEKZFnZXwkZUU4a2pLwEb/nkVdK+qHtu3bu/rDVuijrKcAKncA4eXEED7qAJLWCg4Ble4c0xzovz7nwsoiWnmDmGP3A+fwCcs5A0</latexit>

�e
<latexit sha1_base64="H5rTciAjmEEkb5CLBX7esMEz8NM=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMnkph06mYSZiVBK/8KNC0Xc+jfu/BsnbRbaemDgcM65zL0nSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8m/udJ1SaJ/LBTFL0YzqUPOKMGis99oWNhnSAlUG15tbdOcgq8QpSgwLNQfWrHyYsi1EaJqjWPc9NjT+lynAmcFbpZxpTysZ0iD1LJY1R+9P5xjNyZpWQRImyTxoyV39PTGms9SQObDKmZqSXvVz8z+tlJrr2p1ymmUHJFh9FmSAmIfn5JOQKmRETSyhT3O5K2IgqyowtKS/BWz55lbQv6p5b9+4va42boo4ynMApnIMHV9CAO2hCCxhIeIZXeHO08+K8Ox+LaMkpZo7hD5zPH+08kGk=</latexit><latexit sha1_base64="H5rTciAjmEEkb5CLBX7esMEz8NM=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMnkph06mYSZiVBK/8KNC0Xc+jfu/BsnbRbaemDgcM65zL0nSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8m/udJ1SaJ/LBTFL0YzqUPOKMGis99oWNhnSAlUG15tbdOcgq8QpSgwLNQfWrHyYsi1EaJqjWPc9NjT+lynAmcFbpZxpTysZ0iD1LJY1R+9P5xjNyZpWQRImyTxoyV39PTGms9SQObDKmZqSXvVz8z+tlJrr2p1ymmUHJFh9FmSAmIfn5JOQKmRETSyhT3O5K2IgqyowtKS/BWz55lbQv6p5b9+4va42boo4ynMApnIMHV9CAO2hCCxhIeIZXeHO08+K8Ox+LaMkpZo7hD5zPH+08kGk=</latexit><latexit sha1_base64="H5rTciAjmEEkb5CLBX7esMEz8NM=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMnkph06mYSZiVBK/8KNC0Xc+jfu/BsnbRbaemDgcM65zL0nSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8m/udJ1SaJ/LBTFL0YzqUPOKMGis99oWNhnSAlUG15tbdOcgq8QpSgwLNQfWrHyYsi1EaJqjWPc9NjT+lynAmcFbpZxpTysZ0iD1LJY1R+9P5xjNyZpWQRImyTxoyV39PTGms9SQObDKmZqSXvVz8z+tlJrr2p1ymmUHJFh9FmSAmIfn5JOQKmRETSyhT3O5K2IgqyowtKS/BWz55lbQv6p5b9+4va42boo4ynMApnIMHV9CAO2hCCxhIeIZXeHO08+K8Ox+LaMkpZo7hD5zPH+08kGk=</latexit><latexit sha1_base64="H5rTciAjmEEkb5CLBX7esMEz8NM=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMnkph06mYSZiVBK/8KNC0Xc+jfu/BsnbRbaemDgcM65zL0nSAXXxnW/ndLa+sbmVnm7srO7t39QPTxq6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8m/udJ1SaJ/LBTFL0YzqUPOKMGis99oWNhnSAlUG15tbdOcgq8QpSgwLNQfWrHyYsi1EaJqjWPc9NjT+lynAmcFbpZxpTysZ0iD1LJY1R+9P5xjNyZpWQRImyTxoyV39PTGms9SQObDKmZqSXvVz8z+tlJrr2p1ymmUHJFh9FmSAmIfn5JOQKmRETSyhT3O5K2IgqyowtKS/BWz55lbQv6p5b9+4va42boo4ynMApnIMHV9CAO2hCCxhIeIZXeHO08+K8Ox+LaMkpZo7hD5zPH+08kGk=</latexit>

�0 6= �e
<latexit sha1_base64="E4rPe0DTvv+lYGpz1ngzhEcTdEc=">AAACAXicbVBPS8MwHE3nvzn/Vb0IXoJD8DRaEfQ49OJxgtuEtZQ0/XULS9OSpMIY8+JX8eJBEa9+C29+G9Otgm4+CLy8934kvxdmnCntOF9WZWl5ZXWtul7b2Nza3rF39zoqzSWFNk15Ku9CooAzAW3NNIe7TAJJQg7dcHhV+N17kIql4laPMvAT0hcsZpRoIwX2gcdNOCKBgz0B+OcGtcCuOw1nCrxI3JLUUYlWYH96UUrzBISmnCjVc51M+2MiNaMcJjUvV5AROiR96BkqSALKH083mOBjo0Q4TqU5QuOp+ntiTBKlRklokgnRAzXvFeJ/Xi/X8YU/ZiLLNQg6eyjOOdYpLurAEZNANR8ZQqhk5q+YDogkVJvSihLc+ZUXSee04ToN9+as3rws66iiQ3SETpCLzlETXaMWaiOKHtATekGv1qP1bL1Z77NoxSpn9tEfWB/f6OOV4Q==</latexit><latexit sha1_base64="E4rPe0DTvv+lYGpz1ngzhEcTdEc=">AAACAXicbVBPS8MwHE3nvzn/Vb0IXoJD8DRaEfQ49OJxgtuEtZQ0/XULS9OSpMIY8+JX8eJBEa9+C29+G9Otgm4+CLy8934kvxdmnCntOF9WZWl5ZXWtul7b2Nza3rF39zoqzSWFNk15Ku9CooAzAW3NNIe7TAJJQg7dcHhV+N17kIql4laPMvAT0hcsZpRoIwX2gcdNOCKBgz0B+OcGtcCuOw1nCrxI3JLUUYlWYH96UUrzBISmnCjVc51M+2MiNaMcJjUvV5AROiR96BkqSALKH083mOBjo0Q4TqU5QuOp+ntiTBKlRklokgnRAzXvFeJ/Xi/X8YU/ZiLLNQg6eyjOOdYpLurAEZNANR8ZQqhk5q+YDogkVJvSihLc+ZUXSee04ToN9+as3rws66iiQ3SETpCLzlETXaMWaiOKHtATekGv1qP1bL1Z77NoxSpn9tEfWB/f6OOV4Q==</latexit><latexit sha1_base64="E4rPe0DTvv+lYGpz1ngzhEcTdEc=">AAACAXicbVBPS8MwHE3nvzn/Vb0IXoJD8DRaEfQ49OJxgtuEtZQ0/XULS9OSpMIY8+JX8eJBEa9+C29+G9Otgm4+CLy8934kvxdmnCntOF9WZWl5ZXWtul7b2Nza3rF39zoqzSWFNk15Ku9CooAzAW3NNIe7TAJJQg7dcHhV+N17kIql4laPMvAT0hcsZpRoIwX2gcdNOCKBgz0B+OcGtcCuOw1nCrxI3JLUUYlWYH96UUrzBISmnCjVc51M+2MiNaMcJjUvV5AROiR96BkqSALKH083mOBjo0Q4TqU5QuOp+ntiTBKlRklokgnRAzXvFeJ/Xi/X8YU/ZiLLNQg6eyjOOdYpLurAEZNANR8ZQqhk5q+YDogkVJvSihLc+ZUXSee04ToN9+as3rws66iiQ3SETpCLzlETXaMWaiOKHtATekGv1qP1bL1Z77NoxSpn9tEfWB/f6OOV4Q==</latexit><latexit sha1_base64="E4rPe0DTvv+lYGpz1ngzhEcTdEc=">AAACAXicbVBPS8MwHE3nvzn/Vb0IXoJD8DRaEfQ49OJxgtuEtZQ0/XULS9OSpMIY8+JX8eJBEa9+C29+G9Otgm4+CLy8934kvxdmnCntOF9WZWl5ZXWtul7b2Nza3rF39zoqzSWFNk15Ku9CooAzAW3NNIe7TAJJQg7dcHhV+N17kIql4laPMvAT0hcsZpRoIwX2gcdNOCKBgz0B+OcGtcCuOw1nCrxI3JLUUYlWYH96UUrzBISmnCjVc51M+2MiNaMcJjUvV5AROiR96BkqSALKH083mOBjo0Q4TqU5QuOp+ntiTBKlRklokgnRAzXvFeJ/Xi/X8YU/ZiLLNQg6eyjOOdYpLurAEZNANR8ZQqhk5q+YDogkVJvSihLc+ZUXSee04ToN9+as3rws66iiQ3SETpCLzlETXaMWaiOKHtATekGv1qP1bL1Z77NoxSpn9tEfWB/f6OOV4Q==</latexit>

Em geral:

1

a(te)

Z te+�e/c

te

dt =
1

a(t0)

Z t0+�0/c

t0

dt
<latexit sha1_base64="j/vMHa3jk7yApBisr4HqgYdtiRY="></latexit><latexit sha1_base64="j/vMHa3jk7yApBisr4HqgYdtiRY="></latexit><latexit sha1_base64="j/vMHa3jk7yApBisr4HqgYdtiRY="></latexit><latexit sha1_base64="j/vMHa3jk7yApBisr4HqgYdtiRY="></latexit>

) �e

a(te)
=

�0

a(t0)
<latexit sha1_base64="V0k+2H8O5dBdHno5SwjqZuNt7lo=">AAACKnicbVDLSgNBEJz1bXxFPXoZDIJewq4IehF8XDxGMSpkw9I76SSDszvLTK8SlnyPF3/FSw6KePVDnMSAz4KBoqqLnq44U9KS7796E5NT0zOzc/OlhcWl5ZXy6tqV1bkRWBdaaXMTg0UlU6yTJIU3mUFIYoXX8e3p0L++Q2OlTi+pl2EzgU4q21IAOSkqH4cXstMlMEbf81IRKhdtQYQ81C7GYZsi3OmXDr8s/5vlOysqV/yqPwL/S4IxqbAxalF5ELa0yBNMSSiwthH4GTULMCSFwn4pzC1mIG6hgw1HU0jQNovRqX2+5ZQWb2vjXkp8pH5PFJBY20tiN5kAde1vbyj+5zVyah80C5lmOWEqPhe1c8VJ82FvvCUNClI9R0AY6f7KRRcMCHLtDksIfp/8l1ztVgO/GpzvVY5OxnXMsQ22ybZZwPbZETtjNVZngj2wJ/bMXrxHb+C9em+foxPeOLPOfsB7/wBXjaVL</latexit><latexit sha1_base64="V0k+2H8O5dBdHno5SwjqZuNt7lo=">AAACKnicbVDLSgNBEJz1bXxFPXoZDIJewq4IehF8XDxGMSpkw9I76SSDszvLTK8SlnyPF3/FSw6KePVDnMSAz4KBoqqLnq44U9KS7796E5NT0zOzc/OlhcWl5ZXy6tqV1bkRWBdaaXMTg0UlU6yTJIU3mUFIYoXX8e3p0L++Q2OlTi+pl2EzgU4q21IAOSkqH4cXstMlMEbf81IRKhdtQYQ81C7GYZsi3OmXDr8s/5vlOysqV/yqPwL/S4IxqbAxalF5ELa0yBNMSSiwthH4GTULMCSFwn4pzC1mIG6hgw1HU0jQNovRqX2+5ZQWb2vjXkp8pH5PFJBY20tiN5kAde1vbyj+5zVyah80C5lmOWEqPhe1c8VJ82FvvCUNClI9R0AY6f7KRRcMCHLtDksIfp/8l1ztVgO/GpzvVY5OxnXMsQ22ybZZwPbZETtjNVZngj2wJ/bMXrxHb+C9em+foxPeOLPOfsB7/wBXjaVL</latexit><latexit sha1_base64="V0k+2H8O5dBdHno5SwjqZuNt7lo=">AAACKnicbVDLSgNBEJz1bXxFPXoZDIJewq4IehF8XDxGMSpkw9I76SSDszvLTK8SlnyPF3/FSw6KePVDnMSAz4KBoqqLnq44U9KS7796E5NT0zOzc/OlhcWl5ZXy6tqV1bkRWBdaaXMTg0UlU6yTJIU3mUFIYoXX8e3p0L++Q2OlTi+pl2EzgU4q21IAOSkqH4cXstMlMEbf81IRKhdtQYQ81C7GYZsi3OmXDr8s/5vlOysqV/yqPwL/S4IxqbAxalF5ELa0yBNMSSiwthH4GTULMCSFwn4pzC1mIG6hgw1HU0jQNovRqX2+5ZQWb2vjXkp8pH5PFJBY20tiN5kAde1vbyj+5zVyah80C5lmOWEqPhe1c8VJ82FvvCUNClI9R0AY6f7KRRcMCHLtDksIfp/8l1ztVgO/GpzvVY5OxnXMsQ22ybZZwPbZETtjNVZngj2wJ/bMXrxHb+C9em+foxPeOLPOfsB7/wBXjaVL</latexit><latexit sha1_base64="V0k+2H8O5dBdHno5SwjqZuNt7lo=">AAACKnicbVDLSgNBEJz1bXxFPXoZDIJewq4IehF8XDxGMSpkw9I76SSDszvLTK8SlnyPF3/FSw6KePVDnMSAz4KBoqqLnq44U9KS7796E5NT0zOzc/OlhcWl5ZXy6tqV1bkRWBdaaXMTg0UlU6yTJIU3mUFIYoXX8e3p0L++Q2OlTi+pl2EzgU4q21IAOSkqH4cXstMlMEbf81IRKhdtQYQ81C7GYZsi3OmXDr8s/5vlOysqV/yqPwL/S4IxqbAxalF5ELa0yBNMSSiwthH4GTULMCSFwn4pzC1mIG6hgw1HU0jQNovRqX2+5ZQWb2vjXkp8pH5PFJBY20tiN5kAde1vbyj+5zVyah80C5lmOWEqPhe1c8VJ82FvvCUNClI9R0AY6f7KRRcMCHLtDksIfp/8l1ztVgO/GpzvVY5OxnXMsQ22ybZZwPbZETtjNVZngj2wJ/bMXrxHb+C9em+foxPeOLPOfsB7/wBXjaVL</latexit>

a(t0) ⌘ 1
<latexit sha1_base64="pb7+r7whrUkaJ1W/7O9auUodbjY=">AAAB+HicbVBNSwMxEM36WetHVz16CRahXsquCHosevFYwX5AuyzZNNuGZrNrMinU0l/ixYMiXv0p3vw3pu0etPXBwOO9GWbmRZngGjzv21lb39jc2i7sFHf39g9K7uFRU6dGUdagqUhVOyKaCS5ZAzgI1s4UI0kkWCsa3s781ogpzVP5AOOMBQnpSx5zSsBKoVsiFQi9c9xlj4aPsB+6Za/qzYFXiZ+TMspRD92vbi+lJmESqCBad3wvg2BCFHAq2LTYNZplhA5Jn3UslSRhOpjMD5/iM6v0cJwqWxLwXP09MSGJ1uMksp0JgYFe9mbif17HQHwdTLjMDDBJF4tiIzCkeJYC7nHFKIixJYQqbm/FdEAUoWCzKtoQ/OWXV0nzoup7Vf/+sly7yeMooBN0iirIR1eohu5QHTUQRQY9o1f05jw5L86787FoXXPymWP0B87nD+LRke0=</latexit><latexit sha1_base64="pb7+r7whrUkaJ1W/7O9auUodbjY=">AAAB+HicbVBNSwMxEM36WetHVz16CRahXsquCHosevFYwX5AuyzZNNuGZrNrMinU0l/ixYMiXv0p3vw3pu0etPXBwOO9GWbmRZngGjzv21lb39jc2i7sFHf39g9K7uFRU6dGUdagqUhVOyKaCS5ZAzgI1s4UI0kkWCsa3s781ogpzVP5AOOMBQnpSx5zSsBKoVsiFQi9c9xlj4aPsB+6Za/qzYFXiZ+TMspRD92vbi+lJmESqCBad3wvg2BCFHAq2LTYNZplhA5Jn3UslSRhOpjMD5/iM6v0cJwqWxLwXP09MSGJ1uMksp0JgYFe9mbif17HQHwdTLjMDDBJF4tiIzCkeJYC7nHFKIixJYQqbm/FdEAUoWCzKtoQ/OWXV0nzoup7Vf/+sly7yeMooBN0iirIR1eohu5QHTUQRQY9o1f05jw5L86787FoXXPymWP0B87nD+LRke0=</latexit><latexit sha1_base64="pb7+r7whrUkaJ1W/7O9auUodbjY=">AAAB+HicbVBNSwMxEM36WetHVz16CRahXsquCHosevFYwX5AuyzZNNuGZrNrMinU0l/ixYMiXv0p3vw3pu0etPXBwOO9GWbmRZngGjzv21lb39jc2i7sFHf39g9K7uFRU6dGUdagqUhVOyKaCS5ZAzgI1s4UI0kkWCsa3s781ogpzVP5AOOMBQnpSx5zSsBKoVsiFQi9c9xlj4aPsB+6Za/qzYFXiZ+TMspRD92vbi+lJmESqCBad3wvg2BCFHAq2LTYNZplhA5Jn3UslSRhOpjMD5/iM6v0cJwqWxLwXP09MSGJ1uMksp0JgYFe9mbif17HQHwdTLjMDDBJF4tiIzCkeJYC7nHFKIixJYQqbm/FdEAUoWCzKtoQ/OWXV0nzoup7Vf/+sly7yeMooBN0iirIR1eohu5QHTUQRQY9o1f05jw5L86787FoXXPymWP0B87nD+LRke0=</latexit><latexit sha1_base64="pb7+r7whrUkaJ1W/7O9auUodbjY=">AAAB+HicbVBNSwMxEM36WetHVz16CRahXsquCHosevFYwX5AuyzZNNuGZrNrMinU0l/ixYMiXv0p3vw3pu0etPXBwOO9GWbmRZngGjzv21lb39jc2i7sFHf39g9K7uFRU6dGUdagqUhVOyKaCS5ZAzgI1s4UI0kkWCsa3s781ogpzVP5AOOMBQnpSx5zSsBKoVsiFQi9c9xlj4aPsB+6Za/qzYFXiZ+TMspRD92vbi+lJmESqCBad3wvg2BCFHAq2LTYNZplhA5Jn3UslSRhOpjMD5/iM6v0cJwqWxLwXP09MSGJ1uMksp0JgYFe9mbif17HQHwdTLjMDDBJF4tiIzCkeJYC7nHFKIixJYQqbm/FdEAUoWCzKtoQ/OWXV0nzoup7Vf/+sly7yeMooBN0iirIR1eohu5QHTUQRQY9o1f05jw5L86787FoXXPymWP0B87nD+LRke0=</latexit>

z ⌘ �0��e
�e

<latexit sha1_base64="g1MCEBH7vY0hwDtoOUBc11yiYus=">AAACHXicbVDLSgMxFL3js46vqks3wSK4scyIoMuiG5cV7AM6pWTS2zY08zDJFOrQH3GjPyK4caGICzfi35g+FG09EDicc0+Se/xYcKUd59Oam19YXFrOrNira+sbm9mt7bKKEsmwxCIRyapPFQoeYklzLbAaS6SBL7Did8+HfqWHUvEovNL9GOsBbYe8xRnVRmpkj2+Ih9cJ7xE7tT1hgk3acMgh+eZIbC8yN/yYaA8a2ZyTd0Ygs8SdkFzBcR/uAaDYyL57zYglAYaaCapUzXViXU+p1JwJHNheojCmrEvbWDM0pAGqejrabkD2jdIkrUiaE2oyUn8nUhoo1Q98MxlQ3VHT3lD8z6slunVaT3kYJxpDNn6olQiiIzKsijS5RKZF3xDKJDd/JaxDJWXaFGqbEtzplWdJ+SjvOnn30s0VzmCMDOzCHhyACydQgAsoQgkY3MIjPMOLdWc9Wa/W23h0zppkduAPrI8vyO2iCw==</latexit><latexit sha1_base64="xPKlYtwZrAC600z83xu24hucVUw=">AAACHXicbVDLSgMxFM3UVx1frS7dBIvgxjIjgi6LblxWsA/olCGTuW1DMw+TTKEO/RERXPkZghsXirhwI+78FNOHoq0HAodz7klyjxdzJpVlfRiZufmFxaXssrmyura+kctvVmWUCAoVGvFI1D0igbMQKoopDvVYAAk8DjWvezr0az0QkkXhherH0AxIO2QtRonSkps7vMIOXCash83UdLgO+sS18D7+5oBNJ9I3/JhgDtxcwSpaI+BZYk9IoWTZ93f5m8+ym3tz/IgmAYSKciJlw7Zi1UyJUIxyGJhOIiEmtEva0NA0JAHIZjraboB3teLjViT0CRUeqb8TKQmk7AeengyI6shpbyj+5zUS1TpupiyMEwUhHT/USjhWER5WhX0mgCre14RQwfRfMe0QQajShZq6BHt65VlSPSjaVtE+twulEzRGFm2jHbSHbHSESugMlVEFUXSNHtATejZujUfjxXgdj2aMSWYL/YHx/gXhUqOd</latexit><latexit sha1_base64="xPKlYtwZrAC600z83xu24hucVUw=">AAACHXicbVDLSgMxFM3UVx1frS7dBIvgxjIjgi6LblxWsA/olCGTuW1DMw+TTKEO/RERXPkZghsXirhwI+78FNOHoq0HAodz7klyjxdzJpVlfRiZufmFxaXssrmyura+kctvVmWUCAoVGvFI1D0igbMQKoopDvVYAAk8DjWvezr0az0QkkXhherH0AxIO2QtRonSkps7vMIOXCash83UdLgO+sS18D7+5oBNJ9I3/JhgDtxcwSpaI+BZYk9IoWTZ93f5m8+ym3tz/IgmAYSKciJlw7Zi1UyJUIxyGJhOIiEmtEva0NA0JAHIZjraboB3teLjViT0CRUeqb8TKQmk7AeengyI6shpbyj+5zUS1TpupiyMEwUhHT/USjhWER5WhX0mgCre14RQwfRfMe0QQajShZq6BHt65VlSPSjaVtE+twulEzRGFm2jHbSHbHSESugMlVEFUXSNHtATejZujUfjxXgdj2aMSWYL/YHx/gXhUqOd</latexit><latexit sha1_base64="jTpL1rXIaY/tkgo4trnq6aYfKUs=">AAACHXicbVDLSgMxFM34rONr1KWbYBHcWGZE0GXRjcsK9gGdoWQyd9rQzMMkU6hDf8SNv+LGhSIu3Ih/Y9qOoq0HAodz7klyj59yJpVtfxoLi0vLK6ulNXN9Y3Nr29rZbcgkExTqNOGJaPlEAmcx1BVTHFqpABL5HJp+/3LsNwcgJEviGzVMwYtIN2Yho0RpqWOd3mEXbjM2wGZuulwHA9Kx8TH+5oBNN9E3/JhgjjpW2a7YE+B54hSkjArUOta7GyQ0iyBWlBMp246dKi8nQjHKYWS6mYSU0D7pQlvTmEQgvXyy3QgfaiXAYSL0iRWeqL8TOYmkHEa+noyI6slZbyz+57UzFZ57OYvTTEFMpw+FGccqweOqcMAEUMWHmhAqmP4rpj0iCFW6UFOX4MyuPE8aJxXHrjjXTrl6UdRRQvvoAB0hB52hKrpCNVRHFN2jR/SMXowH48l4Nd6mowtGkdlDf2B8fAEY0KAN</latexit> z + 1 = a(t0)
a(te)

= 1
a(te)

<latexit sha1_base64="Catq5c1g+5+o+s+h21y7+rwThm4=">AAACHHicbVDLSgMxFL3js46vUZdugkVoEcqkLnQjFN24rGAf0JYhk6ZtaOZBkhHq0A9x46+4caGIGxeCOxd+gJ9g+lho64HAyTnnktzjx4Ir7bof1sLi0vLKambNXt/Y3Np2dnarKkokZRUaiUjWfaKY4CGraK4Fq8eSkcAXrOb3L0Z+7YZJxaPwWg9i1gpIN+QdTok2kucc36IjhNEZSklOe24eNSMTR6MLy6OhMewUz4iek3UL7hhonuApyZaKX9+fAFD2nLdmO6JJwEJNBVGqgd1Yt1IiNaeCDe1molhMaJ90WcPQkARMtdLxckN0aJQ26kTSnFCjsfp7IiWBUoPAN8mA6J6a9Ubif14j0Z3TVsrDONEspJOHOolAOkKjplCbS0a1GBhCqOTmr4j2iCRUmz5tUwKeXXmeVIsF7BbwFc6WzmGCDOzDAeQAwwmU4BLKUAEKd/AAT/Bs3VuP1ov1OokuWNOZPfgD6/0H1HWggA==</latexit><latexit sha1_base64="LMOZ0t73OCGK81OAJeeAoH1orUU=">AAACHHicbVDLSgMxFM3UVx1f42PnJliEFqFM6kI3QlEXLivYB7TDkEnTNjTzIMkIdeiHuPFX3LhQRBAXons/wE8w03ahrQcCJ+ecS3KPF3EmlW1/Gpm5+YXFpeyyubK6tr5hbW7VZBgLQqsk5KFoeFhSzgJaVUxx2ogExb7Had3rn6V+/ZoKycLgSg0i6vi4G7AOI1hpybUOb+ABRPAEJjivXLsAW6GOw/RCC3CoDTNBU6Jr5eyiPQKcJWhCcuXS1/fH+etOxbXeWu2QxD4NFOFYyiayI+UkWChGOB2arVjSCJM+7tKmpgH2qXSS0XJDuK+VNuyEQp9AwZH6eyLBvpQD39NJH6uenPZS8T+vGavOsZOwIIoVDcj4oU7MoQph2hRsM0GJ4gNNMBFM/xWSHhaYKN2nqUtA0yvPklqpiOwiukS58ikYIwt2wR7IAwSOQBlcgAqoAgJuwT14BE/GnfFgPBsv42jGmMxsgz8w3n8AVXOhoA==</latexit><latexit sha1_base64="LMOZ0t73OCGK81OAJeeAoH1orUU=">AAACHHicbVDLSgMxFM3UVx1f42PnJliEFqFM6kI3QlEXLivYB7TDkEnTNjTzIMkIdeiHuPFX3LhQRBAXons/wE8w03ahrQcCJ+ecS3KPF3EmlW1/Gpm5+YXFpeyyubK6tr5hbW7VZBgLQqsk5KFoeFhSzgJaVUxx2ogExb7Had3rn6V+/ZoKycLgSg0i6vi4G7AOI1hpybUOb+ABRPAEJjivXLsAW6GOw/RCC3CoDTNBU6Jr5eyiPQKcJWhCcuXS1/fH+etOxbXeWu2QxD4NFOFYyiayI+UkWChGOB2arVjSCJM+7tKmpgH2qXSS0XJDuK+VNuyEQp9AwZH6eyLBvpQD39NJH6uenPZS8T+vGavOsZOwIIoVDcj4oU7MoQph2hRsM0GJ4gNNMBFM/xWSHhaYKN2nqUtA0yvPklqpiOwiukS58ikYIwt2wR7IAwSOQBlcgAqoAgJuwT14BE/GnfFgPBsv42jGmMxsgz8w3n8AVXOhoA==</latexit><latexit sha1_base64="w5ePf6HSiUDKH6rtQ3ncETDvEI4=">AAACHHicbVDNS8MwHE39nPWr6tFLcAgbwmj0oBdh6MXjBPcBWylplm5haVqSVJhlf4gX/xUvHhTx4kHwvzHdetDNB4GX996P5PeChDOlXffbWlpeWV1bL23Ym1vbO7vO3n5LxakktEliHstOgBXlTNCmZprTTiIpjgJO28HoOvfb91QqFos7PU6oF+GBYCEjWBvJd84e4AlE8BJmuKJ9twp7sYnD/EKrcGIMO0Nzou+U3Zo7BVwkqCBlUKDhO5+9fkzSiApNOFaqi9xEexmWmhFOJ3YvVTTBZIQHtGuowBFVXjZdbgKPjdKHYSzNERpO1d8TGY6UGkeBSUZYD9W8l4v/ed1UhxdexkSSairI7KEw5VDHMG8K9pmkRPOxIZhIZv4KyRBLTLTp0zYloPmVF0nrtIbcGrpF5fpVUUcJHIIjUAEInIM6uAEN0AQEPIJn8ArerCfrxXq3PmbRJauYOQB/YH39AJTbnVo=</latexit>

{
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3.6 Distância Própria

z ⌘ �
obs

��
em

�
em

<latexit sha1_base64="Y5hukD95rjCfix6mnisGbqObkmw="></latexit><latexit sha1_base64="6vQZ91fG8CaD7UTamUDjno9AGj4="></latexit><latexit sha1_base64="6vQZ91fG8CaD7UTamUDjno9AGj4="></latexit><latexit sha1_base64="eUju56MbmTjnbjvuteCmfPTG+6I=">AAACM3icbVDLSgMxFM3UVx1fVZdugkVwY5lxo8uiG3FVwT6gU0omvW1Dk8mYZAp1mH9y44+4EMSFIm79B9PHwrYeCBzOuSfJPWHMmTae9+bkVlbX1jfym+7W9s7uXmH/oKZloihUqeRSNUKigbMIqoYZDo1YAREhh3o4uB779SEozWR0b0YxtATpRazLKDFWahduH3EADwkbYjd1A26DHdJOAyWwDHWGz/CcBiLDbiDthe6i7mbtQtEreRPgZeLPSBHNUGkXXoKOpImAyFBOtG76XmxaKVGGUQ6ZGyQaYkIHpAdNSyMiQLfSyc4ZPrFKB3elsicyeKL+TaREaD0SoZ0UxPT1ojcW//OaieletlIWxYmBiE4f6iYcG4nHBeIOU0ANH1lCqGL2r5j2iSLU2JpdW4K/uPIyqZ2XfK/k3/nF8tWsjjw6QsfoFPnoApXRDaqgKqLoCb2iD/TpPDvvzpfzPR3NObPMIZqD8/ML0BWp0A==</latexit>

Conexão entre z e a(te):

z + 1 = a(t0)
a(te)

= 1
a(te)

<latexit sha1_base64="Catq5c1g+5+o+s+h21y7+rwThm4=">AAACHHicbVDLSgMxFL3js46vUZdugkVoEcqkLnQjFN24rGAf0JYhk6ZtaOZBkhHq0A9x46+4caGIGxeCOxd+gJ9g+lho64HAyTnnktzjx4Ir7bof1sLi0vLKambNXt/Y3Np2dnarKkokZRUaiUjWfaKY4CGraK4Fq8eSkcAXrOb3L0Z+7YZJxaPwWg9i1gpIN+QdTok2kucc36IjhNEZSklOe24eNSMTR6MLy6OhMewUz4iek3UL7hhonuApyZaKX9+fAFD2nLdmO6JJwEJNBVGqgd1Yt1IiNaeCDe1molhMaJ90WcPQkARMtdLxckN0aJQ26kTSnFCjsfp7IiWBUoPAN8mA6J6a9Ubif14j0Z3TVsrDONEspJOHOolAOkKjplCbS0a1GBhCqOTmr4j2iCRUmz5tUwKeXXmeVIsF7BbwFc6WzmGCDOzDAeQAwwmU4BLKUAEKd/AAT/Bs3VuP1ov1OokuWNOZPfgD6/0H1HWggA==</latexit><latexit sha1_base64="LMOZ0t73OCGK81OAJeeAoH1orUU=">AAACHHicbVDLSgMxFM3UVx1f42PnJliEFqFM6kI3QlEXLivYB7TDkEnTNjTzIMkIdeiHuPFX3LhQRBAXons/wE8w03ahrQcCJ+ecS3KPF3EmlW1/Gpm5+YXFpeyyubK6tr5hbW7VZBgLQqsk5KFoeFhSzgJaVUxx2ogExb7Had3rn6V+/ZoKycLgSg0i6vi4G7AOI1hpybUOb+ABRPAEJjivXLsAW6GOw/RCC3CoDTNBU6Jr5eyiPQKcJWhCcuXS1/fH+etOxbXeWu2QxD4NFOFYyiayI+UkWChGOB2arVjSCJM+7tKmpgH2qXSS0XJDuK+VNuyEQp9AwZH6eyLBvpQD39NJH6uenPZS8T+vGavOsZOwIIoVDcj4oU7MoQph2hRsM0GJ4gNNMBFM/xWSHhaYKN2nqUtA0yvPklqpiOwiukS58ikYIwt2wR7IAwSOQBlcgAqoAgJuwT14BE/GnfFgPBsv42jGmMxsgz8w3n8AVXOhoA==</latexit><latexit sha1_base64="LMOZ0t73OCGK81OAJeeAoH1orUU=">AAACHHicbVDLSgMxFM3UVx1f42PnJliEFqFM6kI3QlEXLivYB7TDkEnTNjTzIMkIdeiHuPFX3LhQRBAXons/wE8w03ahrQcCJ+ecS3KPF3EmlW1/Gpm5+YXFpeyyubK6tr5hbW7VZBgLQqsk5KFoeFhSzgJaVUxx2ogExb7Had3rn6V+/ZoKycLgSg0i6vi4G7AOI1hpybUOb+ABRPAEJjivXLsAW6GOw/RCC3CoDTNBU6Jr5eyiPQKcJWhCcuXS1/fH+etOxbXeWu2QxD4NFOFYyiayI+UkWChGOB2arVjSCJM+7tKmpgH2qXSS0XJDuK+VNuyEQp9AwZH6eyLBvpQD39NJH6uenPZS8T+vGavOsZOwIIoVDcj4oU7MoQph2hRsM0GJ4gNNMBFM/xWSHhaYKN2nqUtA0yvPklqpiOwiukS58ikYIwt2wR7IAwSOQBlcgAqoAgJuwT14BE/GnfFgPBsv42jGmMxsgz8w3n8AVXOhoA==</latexit><latexit sha1_base64="w5ePf6HSiUDKH6rtQ3ncETDvEI4=">AAACHHicbVDNS8MwHE39nPWr6tFLcAgbwmj0oBdh6MXjBPcBWylplm5haVqSVJhlf4gX/xUvHhTx4kHwvzHdetDNB4GX996P5PeChDOlXffbWlpeWV1bL23Ym1vbO7vO3n5LxakktEliHstOgBXlTNCmZprTTiIpjgJO28HoOvfb91QqFos7PU6oF+GBYCEjWBvJd84e4AlE8BJmuKJ9twp7sYnD/EKrcGIMO0Nzou+U3Zo7BVwkqCBlUKDhO5+9fkzSiApNOFaqi9xEexmWmhFOJ3YvVTTBZIQHtGuowBFVXjZdbgKPjdKHYSzNERpO1d8TGY6UGkeBSUZYD9W8l4v/ed1UhxdexkSSairI7KEw5VDHMG8K9pmkRPOxIZhIZv4KyRBLTLTp0zYloPmVF0nrtIbcGrpF5fpVUUcJHIIjUAEInIM6uAEN0AQEPIJn8ArerCfrxXq3PmbRJauYOQB/YH39AJTbnVo=</latexit>

O redshift que observamos de um objeto distante 
depende apenas dos fatores de escala relativos 
no tempo da emissão e no tempo da recepção. 
Isto é, o redshift não depende de como a 
transição entre a(te) e a(t0) for feita (abrupta, 
gradual, monotônica, oscilatória... etc).



Fundamentos de Cosmologia
Aula 3

Concluída

AST-413-4 - INPE - 2020-3

Prof. Dr. Carlos Alexandre Wuensche
Prof. Dra. Christine Córdula Dantas 

85


